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ABSTRACT 

This thesis was concerned with the chemistry of two fungal products, 

sporidesmin and crepidotine. The structure of sporidesmin was known but 

aspects of its chemistry, such as how it could be modified to function as 

an antigen, were not. The structure of crepidotine was unknown but was 

elucidated in the course of this work. 

Since only 50 mg of crepidotine was available, non-destructive 

methods were used to arrive at the structure, 2-phenyl-1,6-naphthyridin-

4-one. Of these methods, 1H nuclear magnetic resonance spectroscopy was 

the most important. This spectrum (1H n.m.r.) of crepidotine was com­

pared with known or expected spectra of possible isomers most of which 

were unknown. 

Sporidesmin is the toxin which causes Facial Eczema. One approach 

for combating the problem of Facial Eczema is to develop antibodies in 

the animals against sporidesmin. Sporidesmin is too small a molecule 

per se to induce antibody formation so one of the aims of this thesis was 

to produce derivatives of sporidesmin and to complex them to proteins. 

Proteins with many molecules of sporidesmin covalently bound to them 

were produced to be used as antigens. When animals were treated with 

these antigens, antibodies were detected in their sera. The titre was 

low for sporidesmin complexed to albumins but four times higher when 

sporidesmin was complexed to bovine thyroglobulin. 

The method of complexing sporidesmin to the proteins was to open the 

-S-S- bridge (in sporidesmin) and alkylate the sulphur atoms with iodo­

acetic esters. When protein was treated with these sporidesmin deriva­

tives the £-amino-groups of the lysyl residues (in the protein) were 

transacylated yielding modified sporidesmin covalently bound to the 

protein, synthetic or natural. 
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The new compounds formed from sporidesmin in these syntheses were: 

diethyl and dimethyl secosporidesmin-S,S'-diacetate, ethyl and methyl 

11a-mercaptosecosporidesmin-3-S-acetate, methyl 3-mercaptosecosporidesmin-

11a-S-acetate; and one of the antigens was cross-linked poly(ethoxy)­

poly(secosporidesmin-S,S'-diacetyl)poly-(L-lysine). Of other new 

derivatives of sporidesmin that were synthesized, 3,11a-dimercaptoseco­

sporidesmin, S,S'-homosporidesmin, and sporidesmin 11-(methyl glutarate), 

the first was the most difficult to prepare. When attempted in the 

normal way (opening the -S-S- bridge as for the above esters) only 

sporidesmin was recovered. But the dimercapto-compound was obtained 

when oxygen was eliminated in the reaction. 

Because the toxicity of the sporidesmin molecule resides in the 

epidithiodioxopiperazine ring, means of covalently linking sporidesmin 

to protein without altering the -S-S- bridge were sought, e.g. acylation 

or diazo"nium coupling with suitable bridging groups. Having success­

fully acylated with the chloroacetyl group (forming sporidesmin di(chloro­

acetate) it may be ~ossible to complex this ester to protein through the 

halogen atom. 

In the diazonium coupling reaction, the sole aromatic hydrogen 

resisted coupling. Diazonium salts eliminated the epidithiodioxopiper­

azine ring by rupturing the pyrrolidine ring: the products were the 

strongly coloured substituted indoleazobenzenes, 5-chloro-2-hydroxy-6,7-

dimethoxy-1-methyl-4'-nitroindole-3-azobenzene and the 2'-chloro- and 

2'-nitro-analogues. From anhydrodethiosporidesmin 5-chloro-6,7-dimethoxy-

8-methyl-2' ,4'-dinitropyrrolo[2,3-b]inqole-2-azobenzene was obtained. 

These indolcazobenzenes are new compounds. 

In the search for methods of diazonium coupling to a-dihydroxy­

benzene, veratrole, the following new compounds were synthesized: 2-

chloro-3' ,4'-dimethoxy-4-nitrobiphenyl, 2-chloro-4'-hydroxy-3'-methoxy-



4-ni troazobenzene, 4' -hydroxy-3' -methoxy-2 ,_4-dini troazobenzene, 3', 4' -

dimethoxy-2,4-dinitroazobenzene, 2-ch1oro-3' ,4'-dimethoxy-4-nitroazo­

benzene and 2-chloro-4,5-dimethoxy-2' ,4'-dinitroazobenzene. 
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In the 13 C nuclear magnetic resonance spectra of sporidesmin and 

sporidesmin-D (dimethylthiosecosporidesmin) (decoupled and undecoupled) 

the peaks were assigned to the appropriate carbons. Where a resonance 

seemed anomalous, a reasonable explanation of the anomaly has been put for-

ward. Comparison of the spectra ~f the two compounds indicated the 

resonances of those carbons which were involved in the strained epidithio-

dioxopiperazine ring system. Having assigned the peaks for sporidesmin, 

the structure of unknown analogues may now be more readily elucidated. 

An analogue of sporidesmin, sporidesmin-E, of comparable toxicity, 

having an -S-S-S- bridge was synthesized from sporidesmin for field 

studies. It was an unstable molecule readily decomposing to sporidesmin 

plus sulphur, e.g. pure sporidesmin-E always showed three spots in thin 

layer chromatography. The mixed melting point between these two cora­

pounds was undepressed (they melted within 3.5° of each other). That 

sporidesmin-E had been formed was confirmed by the M+ being 32 mass units 

greater than sporidesmin but this was still no criterion of purity. In 

the hydrogen-bonding investigation of the two compounds sporidesmin ab­

sorbed in the vOH region where sporidesmin-E did not so the degree that 

sporidesmin-E was contaminated with sporidesmin could be determined. 

Comparison of the infra-red spectra of sporidesmin and sporidesmin-E 

prepared in different ways (in KBr from MeOH or EtOEt, in nujol or in 

halocarbon oil) showed there were only minor differences between them. 

The hydrogen bonding analysis revealed that the C-S bonds of 3,lla-di­

mercaptosecosporidesmin and sporidesmin-E were similarly orientated (i.e. 

diverging) and not more or less parallel as in sporidesrnin-D. The mono-

mercapto-derivative (methyl lla-rnercaptosecosporidesmin-3-S-acetate) show­

ed no vSH peak: the elements of the thiol group are present (m.s.) but 

the hydrogen is ionic and with the adjacent amide-group is apparently in 

hyperconjugation. 



PREFACE 

This thesis is concerned with the chemistry of two fungal meta­

bolites, sporidesmin and crepidotine. The structure of sporidesmin 

was known but facets of its chemistry were not, such as how it could 

be modified to function as an antigen, its 13C nuclear magnetic 
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resonance spectroscopy, and the infra-red spectroscopy (OH stretching 

region particularly) of it and of some of its analogues and derivatives. 

On the other hand the structure of crepidotine was unknown: a structure 

has been deduced using the non-degradative methods of spectroscopy. 
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CHAPTER 1. SOME CHEMISTRY OF SPORIDESMIN 

Introduction 

The sheep industry of New Zealand has, since before the beginning 

of this century, been troubled by a disease called Facial Eczema. 

A history of this disease has been outlined in reviews by Mortimer, 

et al. (1977), di Menna, _et al. (1977) and Atherton, et al. (1974) in 

which they described how the liver is affected by the disease. 

In 1959 (Thornton and Percival) it was shown that facial eczema was 

associated with a high-sporing strain of a fungus, PithormJces chartarum 

(Berk. and Curt.) M.B. Ellis. From cultures of this organism, Synge and 

l\11ite (1959) isolated an active compound, having the molecular formula 

C18H20CIN3O6s2 . CC1 4 which they named sporidesmin (henceforth abbreviated 

to sdm). (Th"' f s a t -F. t- d S • • • 7 • • '"' ungu w s, a ~irs _, name por1.-aesm1.-wn oaKer1, Syd. 

The name, pithomycin, was avoided in case the substance might be consider­

ed an antibiotic like the many '-mycins' being isolated at the time.) 

Feeding experiments have amply proved that sdm is implicated in the 

disease facial eczema (Mortimer and Taylor, 1962). 

As sheep numbers have increased with the country's more intensive 

agriculture so have the number of animals that have been affected by 

facial eczema. In 1935 and 1938 the weather conditions were right for 

the disease to reach epidemic proportions: millions of sheep died. 

Since then farmers have been awaiting a practical cure for the disease. 

Immunisation is one of the possibilities. TI1e main purpose of this 

study is to produce_a large molecule e.g. a protein with sdms covalently 

bound to it in the hope of stimulating animals to produce antibodies to 

the toxin. 
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The structure of sdm was elucidated by X-ray analysis (Fridrichsons 

and Mathieson, 1962) and later refined (Beecham, et al., 1966) to the 

structure (1.1). This structure was substantiated chemically 

(Ronaldson, et al., 1963, Hodges, et al., 1963a and b). 

The crystals which were used in the X-ray analysis were the methy-

lene dibromide solvate. Other solvates also occur and those that have 

been described are the carbon tetrachloride, methyl iodide, and benzene 

solvates (Ronaldson, et al., 1963). Sdm is usually stored and used as 

the sdm benzene solvate because it can be readily prepared without de­

composition and because the benzene solvate appears to be quite stable 

when stored in a refrigerator. 

The chemistry of sdm has been reviewed by Taylor (1971), Atherton, 

et al. (1974) and White, et al. (1977). 

The following 'Rationale' sets out the thinking which led to the 

various experiments. The main object was to complex sdm to protein for 

use in immunological studies in association with other scientists (Jonas 

and Ronaldson, 1974·; Fairclough, pers. comm.). 

Some other chemical experiments with sdm are also described. 

Rationale 

2 

With time more and more naturally occurring epidithiodioxopiperazine 

ring compounds are being discovered as metabolites or toxins. They all 

have toxicological properties (to at least one class of organism). The 

structural diversity of this important group of toxins is indicated by 

the following list of epidithiodioxopiperazine ring compounds: sdm (1.1), 

aranotin (1.2a), acetylaranotin (1.2b), apoaranotin (1.3), gliotoxin 

(1.4a), gliotoxin acetate (1.4b), dehydrogliotoxin (1.Sa), isodehydro­

gliotoxin (1.Sb), chaetocin (1.6a), and verticillin-A (1.6b) (all listed 

by Taylor, 1971), oryzachlorin (Kato, et al., 1969), dioxychactocin (1. 6c) 

(Hauser, et al., 1972), melinacidins I to IV (Argoudelis, 1972), verti-
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cillins-B (1. 6d) and -C (= -B with 5 sulphurs) (Minato, et al . ., 1973), 

hyalodendrin (1.7) (Strunz, et al . ., 1973), and chetomin (1.8) (Mcinnes, 

et al . ., 1976). As well, with these compounds there may be naturally 

occurring related substances with variable numbers of sulphur atoms (0, 

1, 3 or 4) or methylthio-groups. There is also the growing group of 

naturally occurring dioxopiperazines: Sammes (1975) listed at least 22 

simple dioxopiperazines and 13 echinulins and related compounds, and 

bicyclomycin, and dibromophakellin; Yamazaki, et al. (1975) reported 

fumitremorgin A; Cole, et al. (1972), verruculoge_n; Shiba and Nunami 
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(1974), BP-II; and Dorn and Arigoni (1974), gliovictin. Related to the 

dioxopiperazine compounds may be the mono- and/or di-(methylthio)-ana­

logues. 

Because of this importance of the dioxopiperazine series and because 

no 13C nuclear magnetic resonance (13 C n.m.r.) spectroscopy had been 

published on epidithiodioxopiperazine compounds, the 13 C n.m.r. spectro­

scopy of sdm was undertaken, to facilitate the elucidation of the structure 

of such new compounds as they are discovered. A few simple dioxopiper­

azines had been examined (Ottnad, et al . ., 1975; Deslauriers, et al . ., 

1975). The sdm benzene solvate (sdm.C6H6) as prepared according to 

Ronaldson, et al. (1963) and Ronaldson and Fyvie (1973), always contained 

a small amount of sdm-D (1.9) and sdm-E (1.10). Therefore, for a 13 C 

OH OH OH OH 
Cl Cl 

SMe , 

MeO N N OMeO ~ f'½e 
O~N'Me 

fv1e0 MeO fv1e 
0 '-Me 

(1.9) MeSMe (1.10) e 
n.m.r. study of sdrn, sdm free from sdm-D and sdm-E was prepared (A-A)*. 

* The brackets refer to the particular experiment or experiments in the 
Experimental. 
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For comparison, the already known compound sdm-D was prepared (A-Cl) 

d • t i 3c • an 1 s n.m.r. spectrum examined. In chapter 3, 'The 13C nuclear 

magnetic resonance spectra of sporidesmin and sporidesmin-D,' the two 

spectra are discussed and the peaks assigned. 

Because sdm-E (1.10) was reported (Brewer, et al. 3 1968; Francis, 

et al.3 1972) to be 10 times more toxic than sdm, attempts were made to 

prepare it. It had already been prepared by a laborious method (Rahman, 

et al.3 1969). The simpler method of Murdock and Angier (1970) was 

successfully applied (A-B3). Sdm-E proved to be a rather labile sub-

stance hence procedures were developed (Chapter 4) for the character­

ization of the compound and the differentiation of it from sdm ('Spori­

desmin-E, its synthesis, and comparison of its infra-red and 13 C nuclear 

magnetic resonance spectra with those of sporidesmin'). 

To provide a bridge by which sdm might be covalently linked to a 

protein; acylation was considered. Sdm was acylated with acetic anhy-

dride (Ronaldson, et al., 1963) but attempts at acylation with succinic 

anhydride (White, pers. comm.) or with chloroacetyl chloride (A-D3) were 

unsuccessful. Therefore, other points of entry into the molecule were 

sought. 

Jamieson, et al. (1969) isolated the analogue sdm-D (1.9) (mentioned 

above) from cultures of P. chaptarwn and devised a synthesis for the 

compound from sdm. The synthesis showed that the -S-S- bridge of the 

epidithiodioxopiperazine ring system could be opened and alkylated with 

little decomposition occurring in the rest of the molecule. [The name 

epidithiodioxopiperazine is used in preference to the name dioxoepidithio­

piperazine (I.U.P.A.C., 1965, 515.4) because so often this ring system 

will be compared and contrasted with the dioxopiperazine ring of which 

the former system is a.derivative.] 
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The problem with the chemistry of sdm has been that the molecule 

broke down readily when treated with seemingly mi 1 d reagents e.g. repeat­

ed recrystallization from methanol-water resulted at each step in a pro­

duct which became more green, from the formation of more and more of the 

substituted indigotin, S,5'-dichloro-6,6' ,7,7'-tetramethoxy-l,lt.dimethyl­

indigotin. 

Several unsuccessful attempts were made to obtain the dimercapto­

compound but when air was excluded in the work-up of the reaction products 

then the 3,lla-dimercaptosecosdm (1.11) was obtained (A-Bl). 

Seeing that the sulphurs could be so alkylated it was reasoned that 

by alkylation with a compound having a group which would readily condense 

with a protein, sdm could then be complexed to protein. The immunologist 

suggested complexing to poly-L-lysine (p11). It is well known that ethyl 

and methyl esters condense at room temperature with primary aliphatic 

amino-groups (as in pll) (Ansell and Gigg, 1965). So in the sdm-D syn-

thesis (A-Cl) ethyl chloroacetate (and sodium iodide) was used instead of 

methyl iodide (A-C4) (Scheme 1.1). This alkylation with an ethyl halo-

acetate yielded a product which did not crystallize. Because diethyl 

secosdm-S,S'-diacetate (1.12b) would not crystallize, the possibility of 

partial transesterification between the ethyl group of the ester and the 

methyl of the methanol solvent under the influence of sodium borohydride, 

was considered. So the methyl ester of chloroacetic acid was tried 

(A-CS) instead of the ethyl ester but crystallization still did not even-

tuate. 

The synthesis required the use of a large excess (20 fold) of chloro­

compound: when lesser amounts were used then the monoacetates, methyl 

3-rnercaptosecosdm-lla-S-acetate (1.13a) (A-CSc) and (m)ethyl lla-mercap­

tosecosdrn-3-S-acetate (1.14) (A-C4b) and (A-CSb), tended to occur. 
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The structures of these two isomers (3-mercapto and lla-mercapto) 

(1.13, 1.14) were resolved largely by mass spectrometry. The infra-red 

(i. r.) spectrum of the former showed a well-defined peak in the vSH region 

but that of the other compound showed no such peak. 

This absence of a \!SH peak in a mercapto-compound prompted a study 

in hydrogen bonding in these compounds. There was also the possibility 

that the high frequency i.r. spectra of sdm (1.1) and sdrn-E (1.10) (above) 

might assist in distinguishing the two compounds, hence the chapter (5) 

on 'The infra-red solution spectra (4000-2700 cm- 1) of sporidesmin and 

its derivatives'. 

Complexations to several different proteins were requested, begin­

ning with pll, then bovine plasma albumin (bpa), rabbit serum albumin 

(rsa), ovalbumin (ova) and latterly bovine thyroglobulin (btg). Since 

they all contained lysyl residues, the same synthetic procedure was used 

with each (A~C6a-f). 

In order to estimate the degree of substitution of the E-amino-groups 

in the pll preparations and so show that covalent bonding had actually 

occurred rather than protein binding of the acetate, ninhydrin estimation 

(A-C6aiv) of the E-arnino-groups of the lysyls was used (Slobodian, et al., 

1962). By applying the estimation to equal quantities of pll in the 

unsubstituted and the substituted state a ratio could be obtained 

indicating the degree of substitution in the complex. For the natural 

proteins, that covalent bonding had taken place was shown by a change in 

the electrophoretic pattern for the substituted compared with the un­

substituted protein (A-C6c-f). 

Considerable difficulty was experienced in obtaining consistent 

results in the ninhydrin estimations. Other workers have also experi­

enced similar difficulties (Wolff, pers. comm.). Although a number of 
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rcfincn~:nts to the method were applied none gave consistent results. 

\\hen the -S-S- bri<lgc of sdm wa~ modified by opening and alkylating 

(Mel) (A-Claii) then the substance ceased to be • so toxic (Hela cells, 

Taylor, 1971). 11ic antibodies produced by the animals which have been 

treated v;i th some of the protein complexes are only of low titre (Jonas 

and Ronaldson, 1974). Nevertheless, in immunological terms it was 

believed to matter little whether the actual hapten used in complexation 

was as toxic as the original molecule or not, so long as it retained the 

general shape of the toxic molecule. 

A Courtauld model of sdm shows how prominent on the surface of the 

molecule the two sulphur atoms are (Plate 1. 1). But when the S-alkyl-' 

ated sdm was complexed to protein these sulphur atoms ceased to be 

prominent: in fact, they tended to be hidden by the rest of the molecule. 

Therefore, it is reasonable to consider that a more specific immunological 

response (than reported by Jonas and Ronaldson, 1974) might be generated 

if the prominent sulphur atoms of sdm could be retained and the sdm 

complexed to protein by other routes than through-opening the disulphide 

bridge. Greater specificity has been obtained in the steroid field by 

coupling the steroid to protein through pathways other than through the 

functional groups already present on the hormone (e.g. Hillier, et aZ.~ 

1973). The functional groups in steroid hormones are usually involved 

in the hormonal activity. Therefore, a search was made for other points 

of entry into the sdm molecule. In tissue culture (Taylor, 1971) sdm-B 

(1.15) which has only the tertiary hydroxy-group (10b-'OH), has 1/3 of the 

OH 
Cl 

MeO 

(1.15) 
MeO 
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toxicity of sdm d • • so a er1vat1ve through the secondary hydroxy-group 

(11-0H) would, perhaps, lose a small amount of specificity. Whether the 

aromatic hydrogen in sdm is involved in the toxicity is unknown. 

In the sdm molecule there is one aromatic hydrogen. It was not 

possible to sulphonate sdm because of its instability to sulphuric acid. 

Diazonium coupling was therefore a possibility but para to this aromatic 

hydrogen is a methoxy-group. It was discovered (Fieser and Fieser, 

1961; Turner and Harris, 1960) that anisole or veratrole would dia­

zonium couple with diazonium salts of the very weakly basic anilines, 

e.g. p-nitroaniline. 

Because sdm was in short supply and what was available was very 

costly, diazonium coupling was attempted first to veratrole because sdm 

is a derivative of veratrole and because veratrole was readily available. 

Bunnett and Hoey (1958) performed p-nitrobenzene diazonium coupling 

to 1-methoxynaphthalene and observed that with time the product lost the 

methyl group to yield 4-(4'-nitrobenzeneazo)-1-naphthol. Should 

diazonium coupling ~o sdm occur, it may then be possible thus to demethy-

late the 7-methoxy-group of sdm. Such a compound is of interest to the 

Experimental Pathologists (in the study of the pathology of sdm) and of 

use in preparing sdm labelled in that position for biochemical studies. 

Furthermore, an azo-compound can be reduced to two anilines, so the 

amino-group that would be on sdm (in the 10-position) could be diazotized 

for coupling directly to proteins (containing tyrosines), hence the 

interest in diazonium coupling to sdm. 

p-Nitroaniline (A-Flaiii) diazotized readily in concentrated hydro­

chloric acid but the reaction with veratrole was far from complete, no 

azo-compound precipitated out and a complex mixture was recovered by 

solvent extraction._ Diazotized p:..nitroaniline was reacted with s"dm 

dissolved in ethanol and produced nitrobenzene by the Sandmeyer reaction 



(Cowdrey and Davies, 1952) and a compound of m/e 594 instead of 622 

(which would have been the 4'-nitrobenzeneazo-10-sdm). 

instead of alcohol did not yield a sdrn derivative either. 

Use of acetone 

2,4-Dinitroaniline is a weaker base than p-nitroaniline, and 

therefore, according to Schoutissen (1933c) the diazoniurn salt from 

2,4-dinitroaniline would be a more powerful coupling agent in cone. 

acids, hence the attempts at 2,4-dinitrobenzene diazonium coupling to 

veratrole and to sdm (A-F2). 

In order to recognize the products from the diazonium coupling to 

veratrole, and since the direct synthesis was not as straightforward as 

textbooks inferred, diazonium coupling to guaiacol was carried out. It 

gave satisfactory products which were then methylated with diazomethane. 

Mass spectrometry of products from coupling with 2,4-dinitrobenzene 

diazonium chloride (prepared in concentrated hydrochloric acid) showed 

that a chlorine radicle had substituted a nitro-group. To decide which 

nitro-group had been substituted the Sandmeyer reaction with potassium 

iodide was carried out (A-F2Id). 

Because of this substitution of the nitro-group diazotization was 

attempted in other concentrated acids such as orthophosphoric acid 

(pK = 2.12, Chemical Rubber, 1964). 
a 

In this acid (A-F2III), diazo-

tization took place but there was no reaction with sdm (A-F2IIIc). 

This finding led to the choice of the more powerful acid, saturated 

trichloroacetic acid (pK = 0.70, Chemical Rubber, 1964) (A-F2IV) in 
a 

which the diazotized 2,4-dinitroaniline reacted with sdm (A-F2IVc), 

again with decomposition of the sdm molecule. 

p-Nitrobenzene, 2-chloro-4-nitrobenzene, or 2,4-dinitrobenzene 

diazonium salts in aqueous acids promoted decomposition of sdm in the 

pyrroloepidithiodioxopiperazine ring system, so non-aqueous acids were 

turned up in· the literature. Sdm has an N-C-N group which hydrolyzes 

9 
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in aqueous acid. Trifluoroacetic acid is an anhydrous liquid acid 

(pK = 0 • 23, Ansell and Gigg, 1965), in which trifluoroacctic anhydride 

(tfaa) could be used to take up water as it is formed. Tedder (1955) 

reviewed the chemistry of tfaa and indicated that it 'catalyzes' diffi-

cult esterificationsunder mild conditions. This paper indicated that 

esterification with strong acids, e.g. chloroacetic acid, was unsatisfac­

tory, as was succinic acid; while adipic acid gave good results, so mono-

methyl glutaratc was selected. The main product of the reaction with 

sdm (A-Dla) was anhydrodethiosdm (1.16). Only a few milligrams of the 

Cl 

0 
• ~ ~N c1.16) 

f'v1e0 N 'Me 
H2 

Meo 
Meo 

rnonomethyl glutarate ester were obtained from a number of syntheses~ 

Since tfaa· dehydrated and dethionatcd sdm to anhydrodethiosdm, no acid 

mixture containing tfaa could be used as a solvent in any reaction 

involving sdm. No esterification of sdm was ach:i,eved with monomethyl 

glutarate in the presence of a substituted carbodiimide (A-Dlb). 

Since, then, anhydrodethiosdm was obtained as a stable byproduct 

of the above reaction, it was reasoned that.it might be stable to 

diazoniwn coupling. It also decomposed but in a different way from 

that of intact sdm (A-F2IVb). 

Seeing that sdm could be acetylated with acetic anhydride and 

pyridine it was reasoned that chloroacetic anhydride and pyridine should 

b6 effective (A-D4).· In order to link the sdm chloroacetate onto a 

protein another bridging group was needed i.e. to link the mcthylcncs of 

the chloromcthyl groups to the e:-ainino-groups. For this purpose S-acc-

tylrncrcaptosuccinic anhydride (samsa) (A-D4v) was used (Marks, 1967). 

111e anhydride acylatcs the protein, and the mercapto-group from hydro-
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lysis of the acetylmercapto-moiety, should react with the halogenated 

hapten. Linking the sdm to protein through the secondary hydroxy-group 

does not expose the sulphur atoms as markedly as a linkage through the 

remaining aromatic site would do. 

Under the acid conditions used only 2,4-dinitrobenzene diazonium 

salt coupled to veratrole (A-F2IIIaii, A-F2IVa). Therefore coupling to 

sdm at the aromatic hydrogen was expected. Instead coupling produced 

rather interesting elimination reactions (A-F2IVc). The same reactions 

were also observed with the less reactive diazonium salts, e.g. 4-nitro-

benzene diazonium chloride (A-Flciii). Nevertheless, although it had 

not been possible to link sdm through an azo-group to a protein, it had 

been possible to link it through modifying the -S-S- bridge (A-C6). 

Only a partial success in producing antibodies to sdm was achieved when 

animals were treated with poly-L-lysine covalently complexed to this 

modified sdm (Table 2.5) (Jonas and Ronaldson, 1974). A greater titre 

(c. 4 times) was obtained when modified sdm was complexed to bovine 

thyroglobulin (Table 2.5). 

The system of numbering the atoms in the sdms was that adopted by 

Chemical Abstracts (see 1.la) with the following extension. For 

convenience of comparing the epipolythio-groups of sdm-E and sdm-G (1.17) 

with the epidithio-group in sdm the sulphur atoms were numbered this way: 

10 OH OH 
Cl ....------11 

MeO 
7 

MeO (1.17) 

6 

~ N'le 

---512 
0 $13 

~-fVle_~14 

e 
the one on C-3 was 3~S but the others were 12 (on C-lla) et seq. 

(Chemical Abstracts numbers the atoms in sdm-E in a different order from 

the order in which it numbers the atoms in sdm. For sdm-E it numbers 
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the sulphur atoms, 1, 2, 3 whereas in sdm the sulphur atoms are un­

numbered but referred to as the 3,lla-epidithio-group.) Arising from 

this system of numbering the sulphur atoms, lla-S an S-12 are used 

interchangeably for the same S-atom which is on C-lla. 

To name the ester derivatives of sdm the conjunctive nomenclature 

in Rule C-52 and examples under Rule C-463 were followed (I.U.P.A.C., 

1965). In naming the protein complexes the syllable (m)ethoxy is in 

brackets because it was uncertain whether the methoxy or ethoxy had been 

completely substituted. 
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CHAPTER 2. RESULTS AND DISCUSSION 

In this chapter is discussed in the first Sections (§§ 1,2,3) the 

sporidesmin (sdm) derivatives which were prepared and used in linking 

modified sdm to protein. Briefly, the discussion begins with dimercapto­

secosdm (1.11) which is the simplest sdm derivative with an opened -S-S­

bridge. This is followed by the derivatives obtained by alkylation of 

the opened -S-S- bridge and then the complexing to protein of this 

modified sdm. 

The final sections (§§ 4,5) are concerned.with derivatives obtained 

by reaction at other positions in the molecule such as acylation of the 

secondary hydroxy-group and attempts at diazoniurn coupling at the aromatic 

hydrogen. 

§1. Ve.Juva.Uvv., oil.om :the Open.,[ng oo :the -s-s- 13Ju.dge 

3,11a-Dimercaptosecosporidesmin (1.11) (A-Bl) 

Since sodium borohydride reduction of sdm followed by alkylation 

(methy) iodide) produced the alkylated dimercaptosecosdm, sdm-D (1.9), 

attempts were made to obtain the intermediate compound, dimercaptosecosdm 

(1.11). The first two attempts (A-Bli, ii)· using the same methods as 

were used in the alkylating experiments described later, failed. When 

the acidified residue from the reaction was extracted with chloroform, 

the product by i.r. analysis and by the mass spectrum (m/e 473) was sdm 

itself. 

For the third preparation (A-Bliii) cold methanol was added to sdm 

and sodium borohydride in a small flask. When warmed the suspension 

dissolved and before effervescence ceased chloroform and water were add­

ed to exclude air. Upon shaking, an emulsion was obtained'which was 

filtered from the chloroform. No peaks (vSH) were observed in this 

(CHCl 3) extract. When the raffinate was acidified, it became turbid 
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(i.e. the two S-s had been protonated to SHs and so the substance was 

insoluble) and was extracted with chloroform (not an emulsion this time). 

Again air was excluded during shaking. Although the i.r. spectrum of 

this solution (CHC1 3) showed promise there was a chance that the I?eak 

at 2535 cm- 1 was not real because of the absorbances of chloroform in 

that region. Increasing the concentration of sdm (A-Bliv) in the 

reaction showed that the peak observed at 2535 cm- 1 was, in fact, due 

to the synthesized solute. When the compound was eventually obtained 

(A-Bliv, v; m/e 475), it was then clear why the first two attempts had 

been unsuccessful. Because the thiolate ion (-S-) is so reactive 

(Fontana and Tonio lo, 1974) and because of the close proximity of the two 

ionic sulphur atoms (c. 3.2 ~' Courtauld model) when they were formed in 

the presence of dissolved oxygen (Scheme 1.1) there was oxidation to the 

-S-S- bridge again (see also under Chapter 5, 'The infra-red solution 

-1 spectra (4000-2700 cm ) of sporidesmin and its derivatives'). So 

when oxygen was excluded in the work-up by performing the extraction 

while hydrogen was still being evolved, then the dimercapto-compound was 

obtained. It would appear from the experiments under (A-Blva, A-C5biva) 

and from washing chloroform extracts (of mercaptosecosdm derivatives) 

with alkaline solutions (c. pH 10) (A-Blv, A-CScvi) that the -SH group 

once it was formed on the dioxopiperazine ring (Scheme 1.1) was inert to 

reaction either with alkaline solutions or with alkyl iodide. On the 

other hand, when the -S compound was formed (A-Bliii) from reaction of 

sdm with sodium borohydride, nothing was extractable till the solution 

was made acid, and while still in the newly formed ionic condition, 

reaction (with iodo-compounds or dissolved oxygen) took place (A-Cl, 4, 

5, 8). 

TI1e 1 H n.m.r. spectrum of this compound was, for the common protons 

(apart from the positions of the 2 hydroxy-Rs) similar to that of sdm-D 

(1.9) (neglecting the ethyl ether peaks for the sdm-D etherate). It 
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was desired to know what happened to the SH resonances when the adjacent 

CH protons were irradiated but because of the overlapping of the 2 

methoxy-peaks and the 2 N-methyl peaks the result could not be clearly 

observed. Because the 3-SH proton split the 3-Me peak (d) in methyl 

3-mercaptosecosdm-lla-S-acetate (1.13) it was expected that there would 

here be the same phenomenon in dimercaptosecosdm. However, it trans­

pired that the 3-Me peak in dimercaptosecosdm was not split but only 

slightly broadened. Although the C-Me peak was not split, it was 

irradiated which resulted in the disappearance of the major peak in the 

SH multiplet at o 3.66. Because of the overlapping peaks, it could not 

be observed where this SH resonance now occurred. From the work under 

'The infra-red solution ~pectra (4000-2700 cm- 1) of sporidesmin and 

derivatives' (chapter 5) it would appear that perturbing the methyl 

adjacent to the mercapto-group (3-SH) had upset the dynamic equilibrium 

which existed between the 2 mercapto-groups. In that chapter (5) it is 

suggested that the relationship between the 2 C-S bonds (3-CS, lla-CS) 

in dimercaptosecosdm was similar to that between the same 2 bonds in 

sdm-E. In line with this was the shift in the resonances of the adjacent 

3-Me protons. For sdm-E (Safe and Taylor, 1971) there are 2 conformers 

for which the 3-Me protons resonate at o 2.00 and 1.95. The former is 

comparable with that of sdm (o 2.03, Ronaldson, et al., 1963) while the 

latter with that of dimercaptosecosdm (o 1.96). Upon reducing the 

temperature (to -40°) at which the 1H n.m.r. spectrum of sdm-E was deter­

mined, the 3-Me peak occurs as a broad singlet (o a. 1.7) (Safe and 

Taylor, 1971). 

A copper derivative of sporidesmin (A-B2) 

The first attempt (A-B2i) at synthesizing this substance was made 

in the hope of arresting 3,lla-dimercaptosecosdm before the -S-S- bridge 

reformed. A red brown precipitate of copper wa.s obtained from the 

reaction of the sodium borohydride with the cupric chloride consequently 
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only sdm was recovered. 

After obtaining the 3,lla-dimercaptosecosdm crystalline another 

attempt was made to prepare the copper derivative (A-B2ii). That 

reaction between the dimercapto-compound and the cupric acetate had taken 

place was indicated by the marked change in colour from the green-blue of 

the cupric acetate to an olive green and further, upon evaporation of the 

methanol, there was the smell of acetic acid. The complex, of unknown 

structure, was non-crystalline, insoluble in water but soluble in 

methanol. The mass spectrwn showed no definite parent peak (m/e 536) 

corresponding to the copper derivative. 

The i.r. spectrum of the amorphous product showed no vSH peak (25.35 

cm-J) nor the pattern of the dimercaptosecosdm (Fig. IR2.4) between 940 

and 600 cm-J. Instead it showed a spectrum similar to that of sdm 

(Fig. IR2.3) except in the 1400 to 1300 cm- 1 region (Fig. IR2.2). Where 

sdm had a medium peak at 1380, a very strong peak at 1350 and a medium 

one at 1310 cm-1 the copper derivative had a strong peak at 1385, a less 

strong one at 1345 and a medium to weak peak at 1310 cm-1 comparable 

with those of 3,lla-dimercaptosecosdm. Hence the cupric ions had not 

oxidized the dimercaptosecosdm back to sdm but had formed a new substance, 

for which this int,erim structure is suggested. 

<~\ 
> ~lo Cu 

_0= N-Me/ 
--s 

+ Cu(OAc)2 + AcOH· 

Because of the interest, in the field, of combating facial eczema 

with zinc salts, the zinc derivative (A-B2iii) was attempted but it did 

not crystallize either. 
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Sporidesmin-E (1.10) 

The discussion of the chemistry of sdm-E (A-B3) is set out under 

'Sporidesmin~E, its synthesis and comparison of its infra-red and 13C 

nuclear magnetic resonance spectra with those of sporidesmin' (see 

Chapter 4). 

[13- 35 S]Sporidesmin-E (A-B3vi) 

To assay the serum from animals which have been treated with the 

protein which has had modified sdm complexed to it, it was necessary to 

have some form of sdm which was similar to the sdm hapten and which bore 

a radioactive atom(s). Since sulphur could be incorporated into sdm 

fairly simply it was considered that using radiosulphur ( 35S) would 

produce the desired compound. 

Immediately the 35S was received it was diluted (C6H6) and 1/3 of 

it taken and evaporated to dryness. The sdm.C6H6 and radiosulphur were 

redissolved in pyridine; 0 the vessel, wrapped in foil, was heated (32 , 

3 h). This method of synthesis was the same as that used to synthesize 

sdm-E (see Chapter .4). To remove excess pyridine the reaction mixture 

(in CHC1 3) was washed (dil. HCl, pH 3 then H20). In order not to cause 

decomposition by drying and yet to remove the chloroform, the chloroform 

solution was diluted with benzene, evaporated to a small volume, re-

diluted with benzene and again evaporated to a small volume. This ben-

zene solution was chromatographed in a microcolumn (1 g Si02 gel Gin 

7 mm tube) with chloroform-benzene (1:4). Each fraction was collected 

when the free surface of the solvent had moved 10 cm and the radio-

activity of each was determined. After the radioactive front and the 

relatively inactive trough, fractions 6 and 7 had considerable activity. 

Fraction 8 which had only half the activity of either fractions 6 or 7, 

was chosen for the radioassay work because it was farther from any 35S 

which may be 'tailing'. 
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For the immunologist it was necessary to achieve the following: 

1. complete elimination of unreacted radiosulphur, 

2. complete elimination of unreacted sdm, and 

3. the highest incorporation of radioactivity possible. 

These goals were achieved by the following procedures: 

1. In the solvent mixture (C6H6-CHC1 3 7:13) the RF (t.l.c. Si02 gel 

G F254 ; for elemental sulphur was 0.76 which meant that it would be 

eluted from a column of the same adsorbent, near the front, hence the 

high radioactivity of fraction 1 (A-B3vi). 

2. Sdm, in the same solvent system and adsorben½ had an RF (0.44) 

somewhat higher than for sdm-E (0.3). Therefore, fraction 8 

(A-B3vi) was chosen because it contained a reasonable level of radio­

activity and was sufficiently behind the point where unreacted sdm 

might be expected to occur. 

3. On occasions, for radiotracer studies the radioactive element is 

diluted with non-radioactive material for the reaction. This 

procedure simplifies the work but lowers the specific activity. For 

the reaction described here, then, the elemental radiosulphur had to 

be used as received. The quantities were so small that there was in-

sufficient to use t.l.c. for monitoring even the arrival of the sdm 

front. 

The ratio of atoms of sulphur to molecules of sdm (A-B3vi) was great­

er than unity so as to reduce the percentage of unreacted sdm. That 

the extra sulphur should appear as sdm-G (1.17) was of no concern because 

the latter compound would have a higher specific activity ([13,14- 35S2]­

sdm-G) and some may have been present in fraction 8. 

The fractions were not evaporated to dryness and weighed, because as 

observed above evaporation to dryness led to decomposition of sdm-E with 

the formation of sdm and sulphur. 
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For the results of using this radioactive sdm derivative, see later 

(this Chapter under §3, 'The results of treating animals with the modi­

fied sporidesmin-protein complexes'). 

Sdm-E di-acetate 

This compound was synthesized (A-B3a) according to Rahman, et al,. 

(1969) to confirm that sdm-E had been synthesized. As they recorded, 

the compound has not crystallized, having remained a gum for more than 

three years. 

The ultimate analysis was satisfactory for a gum. The mass spectrum 

was interesting in that the parent peak, m/e 589, was strong but there was 

a minor peak present at m/e 589 + 32 = 621. This was the parent peak for 

the diacetate of sdm-G (1.17), which may have been present in the gum or 

probably was synthesized on the instrument probe because free sulphur 

arose in the fragmentation. The other peaks were 557 (589-32), 525 

(589-2. 32), 493 (589-3. 32), 433 (493-60, CH3COOH), 391 (433-42, CH2CO) 

and 373 (391-18, H20). 373 Is the molecular weight for anhydrodethiosdm 

(1.16) (Hodges, et ai.~ 1964). 

Later, the instability of sdm-E will be discussed (Chapter 4) and 

how evaporation to a gum caused decomposition to sdm and sulphur. Such 

a decomposition process opens up the possibility that the non-crystalline 

sdm-E diacetate material might have been contaminated with sdm diacetate. 

The m/e for sdm diacetate is 557. There was a minor peak at m/e 557 in 

the sdm-E diacetate spectrum and although some of it might be attribut­

able to sdm diacetate it was as much as would be expected from the loss 

of one S from sdm-E diacetate under the conditions of mass spectrometry. 

Because the M+-32 peak in sdm-E acetate was less than 10% of the M+ peak 

while that in sdm-E was 50% (of the sdm-E M+ peak), it would appear that 

the sdm-E, acetate was somewhat more stable than the alcohol (sdm-E). 

There was no peak at either m/e 505 or 473 which would have suggested 

unaltered sdm-E and sdm. 



§2. The. A.t/2.yla..uon 06 .the_ SulphWL Aforrv., 

1. With methyl iodide. 

Sporidesmin-D (1.9) 

As a model reaction sdm-D (1.9) was synthesized as described by 

Jamieson, et al. (1969). No product was obtained (A-Clai) because the 
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reducing properties of the sodium borohydride solution in methanol (3 ml, 

2 mM) were quickly exhausted at room temperature. But when the sodium 

borohydride was dissolved in methanol which had been cooled (dry ice­

AcMe) (A-Claii, iii) the evolution of hydrogen was slow and upon mixing 

and allowing the reaction mixture to warm slowly, reduction of the -S-S­

bridge resulted and methylation of the sulphur atoms followed. 

This opening of the -S-S- bridge without decomposition of the rest 

of the molecule, followed by alkylation is the key to the following syn­

theses (Scheme 1.1). 

The 13 C n.m.r. of sdm-D is discussed in Chapter 3, 'The 13 C nuclear 

magnetic resonance of sporidesmin and sporidesmin-D' and the hydrogen 

bonding and C-H stretching vibrations are discussed in Chapter 5 on 'The 

infra-red solution spectra (4000-2700 cm- 1 ) of sporidesmin and its 

derivatives'. 

Until these 13 C n.m.r. spectra were obtained for sdm and sdm-D it 

was considered that the 3-proton singlet peak at o 3.30-3.37 in the 1H 

n.m.r. spectra of sdm (Ronaldson, et al.~ 1963) and sdm-D was due to the 

methyl on the lactam-N of the dioxopiperazine ring and that the 3-proton, 

singlet peak at o 3. 07 _was due to the methyl on the indoline-N. The 

reason for assigning these two methyls in this way was that the amido-N 

methyl in 1,3-dimethyluracil (Varian, 1963) resonates at o 3.30, 3.37 or 

3.43 whereas in the saturated pentacyclic ring the indoline-N methyl of 

eserine, 1,3,3-trimethyl-2-exomethyleneindole and 2-exoformylmethyl­

ene-1,3,3-trimethylindole resonate at o 2.92, 3.02 and 3.22. 



resp. (Varian, 1963). Even though the dim~thyluracil was not strictly 

comparable with the dioxopiperazine ring of sdm yet there was some 

similarity. 

set out. 

In Chapter 3 the basis for reversing these assignments is 
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The function of pyridine in the reactions.-From experiment (A-CSai) no 

alkylation took place when the cold methanolic solution of sodium boro­

hydride was added to the methanolic solution of sdm and alkylating agent 

(methyl chloroacetate + Nal). But- after the addition of pyridine, 

alkylation of the sulphur atoms took place. The presence of pyridine 

was thus essential but its function was more than that of an acid 

scavenger (Allinger, et al., 1971) for the hydriodic acid as it was form-

ed. Because of the decomposition of the sodium borohydride during the 

reaction there was an excess of hydroxide ions. The contribution of 

the pyridine here may be comparable with its effective function in 

acylations using acyl chlorides (N-acylpyridinium chloride, Allinger, 

et al., 1971). Stahmann, et al. (1946) found that bis-(S-pyridinium-

ethyl)sulphone dichloride alkylated cysteine to the biscystenyl deriva-

tive of divinyl sulphone. Borrows, et al. (1949) observed the same 

phenomenon with N-substituted pyridiniwn salts in alkylating phenols to 

a diphenyl ether. Hence, it was that alkylating function of pyridine 

that was observed here and in the reactions described subsequently. The 

pyridine reacted first with the haloacetiG ester to form N-alkoxycarbonyl­

methylpyridinium halide (Scheme 1. 1) which then was the alkylating agent. 

[3,11a-(SC 3 H3)2]Sporidesmin-D (A-Clb) 

To assay the sera from sheep which had been treated with a sdm anti­

gen, some radioactive sdm derivative was required. Sdm-D was a reason­

ably stable sdm analogue compared with sdm-E (for [13- 35S]sdm-E see above, 

§1) so an attempt was made to prepare [3,11a-(SC3H3) 2]sdm-D. The method 

of synthesis followed the outline used to prepare sdm-D from sdm but using 
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[ 3H3]methyl iodide instead of methyl iodide. Microgram amounts of 

compounds tend to decompose when chromatographed on a t.l.c. plate: 

this decomposition of the solute seems to occur, when the plate is dry­

ing. Therefore instead of purifying the c. 40 µg of product by t.l.c. 

the whole product of the reaction was chrornatographed, without evapor-

ation to dryness. To change from chloroform to benzene solution the 

second solvent was added and the lower boiling chloroform evaporated off: 

this process was repeated. 

transferred to a column. 

The final small volume of solvent-solute was 

After the dead volume had emerged, the radioactive counts (x 10- 6 ) 

for the respective fractions were: 34, 3.5, 1.6, 1.2, 4.7, 1.8, 1.9, 

0.9 and 0.5. Thus it appeared that fraction 5 was the one required. 

Fraction 1 on examination by t.l.c. showed a very strong radioactive peak 

at the origin and a strong one just faster (Rd D 1.15) than sdm-D while s m-

fraction 5 also showed (after concentrating to 1/10 vol) a peak at the 

origin somewhat larger than that at sdm-D. The large peak at the origin 

from the t.l.c. of fraction 5 suggested that [3,lla-(SC 3H3) 2]sdm-D was 

unstable (owing to either the treatment, the t.l.c. spotting or radio-

lysis). Fraction 5 developed an amber colour when it was concentrated. 

For the immunoassay, fractions 6 and 7 (of the tailing peak) were com-

bined and used because they had not been concentrated). 

the immunological experiment see §3. 

Sporidesmin-D diacetate (A-C2) 

For its use in 

Only the molecular weight of this acetate, synthesized from sdm-D.­

EtOEt, acetic anhydride and pyridine in the usual way (Jamieson, et al., 

1969), was checked. The mass spectrum showed M+ at m/e 587, and this 

was consistent with the conversion of sdm-D (C20H26ClN3o6s2, M 503) to 

the diacetate (C24H30ClN3o8s2, M 587). 



2. With chloroacetic acid. 

Secosporidesnrin-S, S' -diacetic acid 
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The two attempts (A-C3i, ii) to produce this acid by alkylation of 

the opened -S-S- bridge with sodium chloroacetate or chloroacetic acid 

were unsuccessful perhaps for the same reason that bis-(S-pyridiniumethyl)­

sulphide (Stahmann, et al., 1946, reason not given) did not alkylate 

cysteine, whereas the sulphone did. 

A third attempt by treating sdm with sodium sulphide (after Dutcher, 

et al., 1945) and alkylating with chloroacetic acid also failed (A-C3iii). 

Dutcher, et al. also failed to alkylate gliotoxin this way when using 

benzyl chloride as the alkylating agent. The sdm dissolved in the aqueous 

solution of sodium sulphide suggesting that a reaction had taken place to 

form the disodium mercaptide (Dutcher, et al., 1945). 

A fourth attempt (A-C5d) was made beginning with one of the non-

crystalline esters (methyl, 1.12a) described below. Since sdm and its 

derivatives are labile to acid and alkaline hydrolytic action (Ronaldson, 

et al., 1963), the ~ess drastic process of hydrolysis with an ion exchange 

resin (Amberlite IR-100 in the acid form) at room temperature was used. 

Since water was the medium in which this hydrolysis takes place and since 

the ester was water insoluble the latter was spread as a film over the 

surface of the flask to which the ion exchange resin and water were added. 

After shaking for 20 days the filtrate was extracted first with chloro-

form then with ether. Only the residue from the ether extract showed 

any suggestion of the formation of carboxylic acids by the three i.r. 

spectral peaks: two broad ones in the carboxylic acid hydrogen-bonding 

area (2700-2500 cm- 1) and one very strong one in the carboxy-carbonyl 

region (1720Vi cm- 1 , not at 1730s cm- 1 for the ester, Nakanishi, 1964). 

Because the yields were low, these syntheses were not pursued further. 



Expt 

a i. 

a ii. 

a iii. 

b iv. 

Sdm.C6H6 
(µmol) 

190 

59 

200 

1000 

Table 2.1. Reagents used in the syntheses (A-C4a, b) of diethyl 
secosporidesmin-S,S'-diacetate. 

Pyridine 

(µt) 

400 

130 

550 

2750 

(Solvent system for t.l.c.: ether-benzene 2:3.) 

ClCH2COOEt 

(mmol) 

20 

1 

4 

20 

Na! 

(mmol) 

1. 2 

4.1 

21 

MeOH 

(ml) 

2.4 

1.5 

4.6 

18 

NaBH4 

(mg) 

30 

15 

76 

292 

Product 

(sdm) 

(1.12b) 

(sdm) 

(1. 12b) 

(1. 12b) 

(1. 14b) 

Rsdm 

0.8 

1.0 

0.8 

0.8 

0.4 

,!:rude Yield 

(%) 

100 

1 

86 

38 

21 



Expt 

a i. 

a ii. 

a iii. 

b iv. 

CV. 

C Vi. 

Sdm.C6H6 
(µmol) 

1000 

500 

430 

400 

1000 

2000 

Table 2.2. Reagents used in the syntheses (A-C5a-c) of dimethyl 
secosporidesmin-S,S'-diacetate. 

Pyridine 

(µt) 

(1200)* 

600 

500 

500 

1200 

2400 

(Solvent system for t.l.c.: ether-benzene 2:3.) 

ClCHfOOMe 

(rnmol) 

5.7 

2.9 

2 

2 

5.7 

11.5 

NaI 

(µmol) 

270 

135 

110 

125 

270 

650 

MeOH 

(ml) 

12 

6 

·4 

4 

12 

24 

NaBH4 

(mg) 

193 

96 

56 

61 

193 

320 

Product 

(1. 1) 
(1.12a) 

(1. 1) 
(1. 12a) 
(1.14a) 

(1. 12a) 
(1.14a) 

(1. 1) 
(1.13) 
(1. 12a) 
(1. 14a) 

(1. 1) 
(1.13) 
(1.12a) 
(1. 14a) 

* The pyridine was not added at the beginning of the synthesis. 

R sdm 

1.00 
0.59 

1.00 
0.59 
0.22 

0.59 
0.22 

1.00 
0.70 
0.59 
0.22 

1.00 
0.70 
0.59 
0.22 

Crude Yield 

(%) 

11 
68 

34 
39 
24 

70 
20 

5 
86 
10 

1 

20 
27 
27 
18 
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3. With chZoroacetic esters. 

Di(m)ethyZ secosporidesmin-S,S'-diacetates (1.12), 

(M)ethyZ lla-mercaptosecosporidesmin-3-S-acetates (L 14), and 

Methyl 3-mercaptosecosporidesmin-lla-S-acetate (1.13) 

As set out in the 'Rationale' (Chapter 1) these syntheses (A-C4, 5) 

were attempted to furnish the hapten (sdm) with a group which may be 

used to link it to lysine-containing proteins. 

The first attempt at this synthesis failed (A-C4ai) (Table 2.1) 

because both sodium iodide and cooling were absent. In the alkylation 

of thiols an iodo-alkylating reagent is required (Jocelyn, 1972), hence 

the use of sodium iodide in each reaction. For the ethyl ester reactions, 

c. a mole (NaI) for each mole of alkylating agent was used while for the 

methyl esters only c. 1/20 mole was used. The latter ratio was satis-

factory, because, as reaction proceeded, more chloroacetate would be 

trans iodinated. It is well-known that the transiodination equilibrium 

favours the formation of the iodide. 

A cold solutio~ of sodium borohydride in methanol was added to a cold 

solution of sdm and sodium iodide in pyridine, (m)ethyl chloroacetate and 

methanol. The reagents dissolved freely. When the product was acid-

ified in work-up the quantity of N-alkoxycarbonylmethylpyridinium salt 

was negligible (compare A-C4aii with A-C4aiii). Chromatography in ben­

zene with increasing concentrations of ether yielded after unchanged sdm, 

methyl 3-mercaptosecosdm-lla-S-acetate (1.13) (from methyl chloroacetate 

only), di (m)ethyl secosdm-S,S' -diacetate (1.12) as a gum and finally 

(m)ethyl lla-mercaptosecosdm-3-S-acetate (1.14) (for RFs see Tables 2.1, 

2.2). Because the RFs of dimethyl secosdm-S,S'-diacetate and methyl 

3-mercaptosecosdm-lla-S-acetate were -so close they were not completely 

separated (e.g. compound 1.13 not detected in experiment A-CSaiii) in 

the above sol vent system. T .1.·c. of the mixture with chloroform (RF 

0.64), ethyl acetate (PF 0.53), acetone (RF 0.83), t-butyl alcohol-benzene 



(1:9, RF 0.61), methanol-benzene (1:9, RF 0_.72) or with acetone-benzene 

(3:17, RF 0.41) showed no separation.· From this latter system it was 

deduced that ether alone was the solvent that effected the separation 

in ether-benzene mixtures. The solvents that effected separations 

were: ether (RF 0.70, 0.80), acetone-light petroleum (40-60°) (1:3, 

RF 0.25, 0.36), ether-light petroleum (1:1 RF 0.045, 0.09), (4:1 RF 

25 

0.18, 0.2s); and (23:2 RF 0.49, 0.60). The greatest percentage apparent 

separation was with ether-light petroleum (40-60°) (1:1), hence those 

fractions containing both compounds were rechromatographed in light 

0 petroleum (40-60) and developed with ether. At the 1 mmol level 

(A-C5cv) this process effectively separated these substances but at the 

2 mmol level (A-C5cvi) it was necessary to chromatograph a third time 

(C6H6 with more slowly increasing concentrations of EtOEt). 

The ratio of (m)ethyl chloroacetate to sdm was a. 20:1 for the ethyl 

esters and a. 5:1 for the methyl esters, yet even with the high ratio 

some monosubstituted derivatives (ethyl lla-mercaptosecosdm-3-S-acetate, 

1.14b) were formed (Table 2.1, biv). The other monosubstituted (methyl 

3-mercaptosecosdm-lla-S-acetate,l.13a) compound appeared in quantity only 

under the methyl ester syntheses (Table 2.2, cv, cvi). 

In the attempt to obtain the secosdm-S,S 1 -diacetates crystalline, 

the following crystallizing systems were tried on the gum: acetone-light 

petroleum (80-100°), benzene-light petroleum, acetone-water, ethyl 

acetate-light petroleum. An ether solution (100 µ1) of the gum (1 mg) 

was applied across a t.1.c. plate and developed (Et0Et-C6H6 2:3). 

Elution of the quenching zone yielded a gum which would not crystallize. 

Another approach was to obtain a diacetate derivative which might 

crystallize readily and at the same time have a 'good leaving group' for 

the acylation process. Attempts were made to prepare dipicryl secosdm-

s ,S' -diacetate and then di- (p-nitrophenyl) secosdm-S ,S' -diacetate because 

the picryl synthesis failed. 



In attempting to synthesize the picryl chloroacetate from chloro­

acetyl chloride and sodium picrate or pyridine and picric acid (A-C7i), 

no product was obtained having ester carbonyl (>1700 cm- 1) or chloro­

acetate C-0-C (e. 1150 cm- 1 ) i. r. absorption. 
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p-Nitrophenyl chloroacetate (A-C7ii) (Auwers, et al., 1927) was 

synthesized and the i.r. spectrum of the crystals showed absorptions at 

1770 cm- 1 (ester C=O) and 1140 cm- 1 (chloroacetate C--0-C). This ester 

was used in reaction with sdm (A-C7iii) in the same way as methyl chloro­

acetate was used in the previous syntheses. Only p~nitrophenol and 

dimethyl secosdm-S,S'-diacetate were obtained. This was not surprising 

since basic (pyridine)methanolysis of p-nitrophenyl acetate readily 

occurs (Kirkien-Konasiewicz, et al., 1967) i.e. the p-nitrophenyl group 

was such a good leaving group that it was readily replaced by the methyl 

of methanol (in presence of pyridine). 

After this, sublimation (0.001 mmHg) was attempted: the gum 

commenced darkening at 74° and was dark brown at 120° but nothing had 

sublimed. Since trimethylsilyl ethers are more volatile, the ester 

(1.12a) was trimethylsilylated with hexamethyldisilazane (A-CSe), after 

Safe and Taylor (1972). Although it was possible to wash the product 

(CHC1 3 solution) with water, it was not possible to chromatograph it 

either on t.l.c. or in a colwnn, without it hydrolyzing. That the two 

hydroxy-groups of the ester had been trimethylsilylated was shown by the 

1 H n.m.r. spectrum where there were no peaks corresponding to the 

hydroxy-Rs, the CH (o 4.61) of the secondary hydroxy-group was unsplit, 

and the two trimethylsilyl peaks appeared as two equally intense peaks 

at different frequencies (o 0.05, -0.17). Further the aromatic proton 

had shifted upfield by 0.30 ppm. It is suggested that this shielding of 

the aromatic proton resonance upon trimethylsilylation resulte~ from the 

close proximity (Courtauld model) of both groups to this proton. For 

the impurities in this uncrystallized substance there were only 3 
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extraneous peaks (o 4.7, 3.5, 3.1) whose intensities were little more 

than that of the background. 

When this substance was sublimed some hairlike cystals appeared, 

which did not increase with time although the sublimation was prolonged 

(2 d). The hairlike cyrstals had the same i.r. spectrum as the unsub-

limed product so they were not some volatile extraneous material. 

Also when diethyl secosdm-S,S' -diacetate (1.12b) would not crystal­

lize, it was suspected that the sodium borohydride was effecting suffic­

ient transesterification of the ethyl ester to the methyl ester in the 

methanol, to hinder crystallization. Hence to avoid the chance of 

partial transesterification methyl chloroacetate was used: even so 

crystallization again (after chromatography) did not occur. By contrast 

the monoalkyl mercaptosecosdm-S-acetate esters crystallized quite readily. 

When the gum of methyl lla-mercaptosecosdm-3-S-acetate from experiment 

(A-CSaiii) was being prepared for complexation to pll (A-C6aii) it dis-

solved freely in the alcohol then suddently crystallized out and would 

not redissolve. 

Because repeated crystallization did not give a sharp melting point 

for methyl lla-mercaptosecosdm-3-S-acetate (1.14a) (A-CSbiv) further 

t.l.c. on the crystals was investigated: acetone-ethyl acetate (1:1) 

RF 0.9, t-butyl alcohol-light petroleum (40-60°) (1:9) RF 0.6, acetone­

chloroform (l:l) RF 0.6 one spot in iodine vapour, t-butyl alcohol-benzene 

(1:4) RF 0.74 one spot in iodine vapour, and methyl cyanide-ether (7:43) 

RF 0.4 one spot in iodine vapour, on silica gel sheets. On polyamide 

sheets, water gave an RF of 0.0; methanol, RF >0.9 with tailing; and 

methanol-water (1:1), RF <0.1 with tailing. But none of these systems 

separated any exogenous material. On sublimation (0.01 mmHg) the ester 

was stable to 118° then browned (120°) and turned black (126°) without 
I 

subliming. Upon ultimate analysis it was found tha:t the molecule 



28 

crystallized with a molecule of water hence the indefinite melting point 

(150-156°). TI1e ester did not decompose when boiled in ethanol. It 

was freely soluble in benzene, acetone, acetic acid and chloroform but 

not in ether and only partially in ethanol, methanol and ethyl acetate. 

The following chemical tests for the presence of a mercapto-group 

in ethyl (1.14b) (A-C4biv) and methyl 11a-mercaptosecosdm-3-S-acetate 

(1.14a) (A-C4aiii) and methyl 3-mercaptosecosdm-lla-S-acetate (1. 13) 

(A-C5cv) were applied: 

1. Though Grete's (1931) reagent, modified sodium nitroprusside, gave 

a fleeting red positive with dithiothreitol, there was no positive 

red coloration with either the lla- or the 3-mercapto-esters, perhaps, 

because of the insolubility of the esters in the reagent. Although 

acetone is a good solvent for these derivatives, it could not be used 

to dissolve the esters for this reaction, since acetone alone gave a 

stable deep red colour, a false positive. 

2. Acetone solutions of the latter compound gave a positive yellow 

colour with Ellman' s reagent [after Ellman (1959), Beutler, et al. 

(1963), 5,5'-dithiobis-(2-nitrobenzoic acid)]. But a similar solution 

of the former compound gave no yellow coloration. 

ammonium ions gave a false positive.) 

(A slight excess of 

3. Sdm, 3- and lla-mercaptosecosdm esters, sdm-D and both methyl and 

ethyl secosdm-S,S'-diacetates (20 µg each) were disc chromatographed 

(H20) and sprayed with azide-iodine (Feigl, 1966) solution. This showed 

both sdm and methyl 3-mercaptosecosdm-lla-S-acetate as colourless spots 

(starch) at the same RF, sdm-D as a colourless mark which quickly dis­

appeared and the others could not be detected. 

Consistent with methyl 3-mercaptosecosdm-11a-S-acetate (1.13) giv­

ing the positive thiol reactions above, its i.r. spectrum (KBr) showed a 

peak at 2535 crn- 1 , in the S-H stretching region (see Fig. IR2.1). The 

1H n.rn.r. spectrum indicated the position of this thiol group because the 
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single proton quartet at o 3.98 collapsed to a singlet when the 3-proton 

doublet at o 1.89 was irradiated. The J value of c. 2 Hz was low for 

the possible alternative of the methyl being split by a methine (J 6-8 Hz) 

but was consistent with long-range coupling, e.g. i.JHSCCH Jochims, et 
3 

al. (1969) have observed long-range couplings of i.J c. 2 Hz in several 

deoxypyranoses. They point out that a coplanar arrangement of the two 

protons and of the connecting atoms was necessary and that long-range 

coupling rapidly diminished at even slight deviation from coplanarity. 

In a Courtauld model of compound (1.13) coplanarity obtained when the S-H 

bond was more or less parallel to the CH3-c bond (see 'The infra-red 

solution spectra (4000-2700 cm- 1 ) of sporidesmin and its derivatives', 

Chapter 5, for further discussion of this structure). Consideration of 

the mass spectral results (Fig. MS2.1) for the 3-mercapto-compound 

suggested that, under the conditions of fragmentation, the mercapto-group 

formed H2S at the expense of one of the protons of the adjacent methyl 

group, comparable with the synthesis of anhydrodethiosdm from sdm di­

acetate (Hodges, et al.~ 1964). 

Again for the isomeric compound (1.14), that the chemical tests for 

thiol were negative (azide-iodine was positive in the test tube but the 

test is non-specific) was consistent with its i.r. spectrum (KBr) showing 

no S-H stretching peak (see 'The infra-red solution spectra (4000-2700 

cm- 1) of sporidesmin and its derivatives'). The 1H n.m.r. spectrum 

showed no single proton peak which could be assigned to an SH. Con­

clusive proof of the presence of an SH group came from this mass spectral 

data (Fig. MS2.2) that there was an M+-34 peak and that it was about 6 

times (in relation to the M+ peak) as intense as that in the mass spectrum 

of compound (1.13). The great ease of formation of H2s in the mass 

spectrometer could arise from the close proximity of the thiol to the 

exchangeable hydrogen, hence structure (L 14a), methyl lla-mercaptoseco­

sporidesmin-3-S-acetate. 



4. With methylene dichloride (A:-C8) 

S,S'-liomosporidesmin (2.1) 

30 

Since it was possible both to alkyla.te the sulphur atoms of sdm 

(above) or to incorporate another sulphur atom between the two in sdm 

(sdm-E) without the molecule decomposing to either anhydrodethiosdm or 

to the substituted indigotin, it may be possible to separate the sulphurs 

and link them together with a methylene. By alkylating the opened -S-S-

bridge with the bifunctional methylene diiodide (A-C8i-iii) instead of 

the monofunctional iodoacetate (ClCH2co, NaI, as before) it was possible 

to obtain crystalline the S,S'-homo-derivative of sdm. 

The protons of the new S-CH2-s group appeared either as two singlets 

0.04 ppm apart or as a doublet (J 2 Hz) of intensity 2 at o 4.00. Since 

the unstrained divalent-sulphur bond-angle is 105°, the molecule can 

exist in 

or 

0 (2.1) 

The two peaks were nearly equal in height (height of o 4.02, 0.9 that of 

o 3.98) suggesting that the concentration (in CDC1 3) of each confoTmer 

was about equal. If on the other hand there was only one of these con-

formers, the two protons would be in quite different environments. But 

apparently they were resonating at nearly the same frequency. Since the 

coupling constant for unstrained geminal hydrogen atoms (bond angle c. 

110°) is c. 12 Hz (Emsley, et al., 1965a), the Av/J would be so small 

that lines 1 and 4 of the AB pattern would not be detected (Silverstein 

and Bassler, 1968). The other protons of the molecule resonated at the 

same frequencies as for other sdm derivatives. 

This S ,S' -homosdm derivative was comparable with the 12a-p-anisyi--S, -

S'-homosdmsynthesized by Kishi, et al,. (1973) from l,6-dimethyl-2,5-dioxo-
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piperazine. They were able to remove the_p-methoxybenzylidene group and 

form the -S-S- bridge as the last step in their synthesis of sdm. 

The syntheses of 12a-phenyl-S,S'-homosdm (2.2) (A-C9) (from benzyl­

idene dichloride), S ,S' -dihomosdm (2._3) (A-Cl0) (from et_hylene dibromide), 

and 12a,12b-di(methoxycarbonyl)-S,S'-dihomosdm (2.4) (A-Cll) (from dimethyl 
I 

( 2. 2) (2.3) (2. 4) 

2,3-dibromosuccinate) were also attempted but in each case the expected 

substance was not detected in the column effluent. 
I 

Even so, there was 

no decomposition to orange (anhydrodethiosdm) or blue-green (substituted 

indigotin) colours. 

Some observations on the infra-red (KBr) and 1H nuclear magnetic 

resonance spectra or the preceding sporidesmin derivatives.-The basic sdm 

molecule was so large in comparison wi:th the size·of the modifications in 

the sulphur area that it is not surprising that all the spectra present a 

generic similarity. Only the VOH, vSH and vCO regions were useful 

structurally; the following observations are mostly subjective. 

(a) The C-H stretching region to the C-H bending region (3000-1400 cm- 1 ) 

(Fig. IR2.1) 

Sdm-D (1.9), diethyl secosdm-S,S 1 -diacetate (1.Pb) and ethyl lla-
; 

mercaptosecosdrn-3-S-acetate (1.14b) showed stronger peaks (than the others) 

at c. 3000 cm- 1 which may be attributed to the methyl of the S-Me and CH2-

Me (see the analysis of the solution.spectra in Chapter 5, 'The infra-red 

solution spectra (4000-2700 cm- 1) of sdm and derivatives'). The other 

compounds (1.1; 1.10-1.12a, 1.13, 1.14a, 1.15, 2.1) showed only well 

defined weak-peaks or shoulders. 
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Fig. IR2.2. The infra-red peaks between 1400 and 1300 crn- 1 (KBr) for sporidesrnin, some analogues and derivatives. 
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In Fig. IR2.1 for methyl 3-mercaptosecosdm-lla-S-acetate (1.13) and 

3, lla-dimcrcaptosecosdm (1.11) there were the vSH peaks at c. 2530 cm- 1 : 

for both methyl and ethyl lla-mercaptosecosdm-3-S-acetates the same vSH 

• -1 region (2600-2500 cm ) was displayed showing the absence of any peaks. 

For discussion of this phenomcnonsee Chapter 5, 'The infra-red solution 

spectra (4000-2700 cm- 1) of sporidesmin and its derivatives'. 

The acetates (1.12-1.14) had peaks at 1740-1710 cm- 1 for the ester 

carbonyls as well as the lactam carbonyl peaks (1700-1630 cm-1 ) which 

were common to all the spectra. 

In the asymmetrical methyl C-H bending (1465 cm- 1) and the 'per­

turbed' methylene (1410 cm- 1 ) region they all had the characteristic 

pattern; though methylenes were absent in sdm, sdm-B, sdm-D, sdm-E and 

3,lla-dimercaptosecosdm yet the 'perturbed' methylene (1410 cm- 1) peak 

was always present. 

(b) The peaks be-tween 1400 and 1300 cm-1 (Fig. IR2.2) 

In both sdm and sdm-B the peaks at 1380 cm-1 were weak to medium 

and those at 1345 cm-1 were strong to very strong while in all the other 

compounds where the -S-S- bridge has been opened (including 3,lla-dimer-

captosecosdm), the relative intensities were reversed. 

anomalous: these two peaks were of c. equal intensity.) 

(Sdm-E was 

In the same 

compounds where the peaks at 1380 cm-1 were strong there were one or two 

extra Me groups (SMe, COOMe, CH2Me, particularly in diethyl secosdm-S,S'­

diacetate) which might contribute to the increased intensity but there 

was this increased intensity at 1380 cm-1 in 3,lla-dimercaptosecosdm where 

there were no extra Me groups. This suggests that the peak at 1380 cm- 1 

for the symmetrical deformation mode of the hydrogen atoms of the C-CH3 

group (Bellamy, 1975a) shifted from this normal position to the lower 

frequency at 1345 cm~ 1 • This shift was the result of the strain that 

the -S-S- bridge applied to the dioxopiperazine ring in sdm and sdm-B. 
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Fig. IR2. 4. 
The infra-red spectra (1300-600 cm- 1 , KBr) for some derivatives 
of sporidesmin. 



At the same time there was no evidence for a comparable shift in the 

asymmetrical deformation. 

The medium to strong peak at c. 1310 cm- 1 attributed by Bellamy 

(1975d) to primary and secondary alcohol vibrations, was weak in 3,lla­

dimercaptosecosdm. 

(c) The peaks between 1300 and 600 cm- 1 (Figs IR2.3, IR2.4) 
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The spectra for dimethyl and diethyl secosdm-S,S'-diacetates (1.12) 

are almost indistinguishable from each other and similarly for methyl 

and ethyl lla-mercaptosecosdm-3-S-acetates (1.14) except for the shape 

and position of the strong peaks at c. 1200 cm- 1 . For the methyl homo­

logue the peak tended to be sharp (at 1200 cm- 1 ) while that for the ethyl 

homologue was broad with its apex at 1185 cm- 1 . Perchard (1970) observed 

a comparable shift in going from MeOC2D5 (1192s) to CD~OEt (1159m, KBr). 

In other sdm derivatives where the COOAlk group was absent there tended 

to be medium peaks at c. 1200 cm- 1 . In S,S'-homosdm (2.1) there was a 

weak, well defined peak at 1200 cm - J and a strong one at 1190 cm- l. 

Mooney (1963) attributed a peak in the spectrum of o-chloroanisole 

at 1247 cm-l to aryl-0-Me vibrations. This function is common to all 

the sdm derivatives. For the Figs IR2.3 and IR2.4 the non-ester deriva-

tives all have medium to strong peaks at 1240-1250 cm- 1 while the esters 

have weaker ones at c. 1260 cm- 1 . 

On the whole the C-0 vibrations at c. 1040 cm-l were among the 

strongest of the peaks, sometimes stronger than the vCO peaks notably in 

sdm-B. With this peak was always the one at c. 1000 cm- 1 which was 

weakest in the two ethyl esters (of lla-mercaptosecosdm-S-acetate, 

1.14b, and secosdm-S,S1 -diacetate, 1.12b),weak to medium in 3,lla-dimer­

captosecosdm (1.11), sdm-D (1.9) and sdm-B (1.15), medium in sdm and the 

three methyl esters (of 3- and 11a-mercaptosecosdra- lla-S-acetate, 1.13, 

1. 14a, and secosdm-S ,S' -diacetate, 1.12a), and strong in S ,S 1 -homosdm 
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(2.1) and sdm-E (1.10). No suggestion is made as to assignment except 

that this vibration was very sensitive to the structural environment: 

it is strong where the epithio-bridge was 3-membered (e.g. the latter 2 

compounds 2.1 and 1.10) (Fig. IR2.4). 

The spectrum of sdm had an outstanding (medium) doublet at 752, 

740 -1 cm The peak at 752 cm- 1 was present (slightly less intense) in 

sdm-B but the one at 740 was absent. The peak at 740 cm- 1 in sdm may 

be attributed to an out-of-plane bonded OH deformation frequency (Bellamy, 

1975e). As is discussed in Chapter 5, 'The infra-red solution spectra 

(4000-2700 cm- 1 ) of sdm and derivatives', the hydrogen bonding in sdm 

was quite different from that in the other derivatives. 

(d) 1H nuclear magnetic resonance 

l In each of the H n.m.r. spectra there were a set of overlapping 

peaks, more or less unresolved in the region of o 3.9-3.7, which 

included the two aromatic methoxy-groups and (for the esters) the ester 

methoxy-groups and the methylenes occurring between the sulphur atoms 

and the carboxy-groups. Compound (1.13, 3-mercaptosecosdm-lla-S-acetate) 

showed a split (d) proton peak (o 4.65, J 4 Hz) but there was no sign of 

the other split peak; the latter was the peak of a hydroxy-group and 

consequently broad and of indefinite position, perhaps under the over­

lapping methyl peaks. 

The aliphatic 3-methyl in sdm (1. 1) was deshielded (o 2. 03) 

(Ronaldson, et al.~ 1963) by the strained condition of the epidithiodioxo-

piperazine ring system. Because of the planarity of the two amido-groups, 

a dioxopiperazine ring is compelled to be boat shaped. In an epidithio-

dioxopiperazine ring system the C-S-S-C group constrains the dioxo­

piperazine ring to bend even further from planarity (see Plate 5.1). 

Added to this the dioxopiperazine ring forces the epidithio-group (C-S-S-C) 

to have a dihedral angle of only 10-20° (Rahman, et al~., 1970; Safe and 
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Taylor, 1971), compared with its normal orientation of 90°. When this 

strained condition was released as in sdm-D (1.9) and the esters, seco­

sdm-S,S'-diacetate (1.12) and 3-mercaptosecosdm-lla-S-acetate (1.13), 

the C-methyl peak shifted upfield to o 1. 90-1. 86. But under the 

environment as suggested for methyl lla-mercaptosecosdm-3-S-acetate (1.14) 

in Chapter 5, there was deshielding comparable with that in sdm. TI1ere 

was a similar deshielding in dimercaptosecosdm (1.11) and sdm-E (1.10), 

which deshielding was discussed under '3,lla-Dimercaptosecosdm', above. 

Possibly it was this strained condition that accounted for the in­

tensity of the band at 308 nm in the u.v. spectrum of sdm (log E 3.96) 

A-A) for it was double (or more) that in the compounds where the sulphurs 

were alkylated, viz. the log ES were for diethyl secosdm-S,S 1 -diacetate, 

3.29 (A-C4aiii); dimethyl secosdm-S,S'-diacetate, 3.34 (A-CSai); methyl 

lla-mercaptosecosdm-3-S-acetate, 3.65 (A-C5biv); and methyl 3-mercapto­

secosdm~lla-S-acetate, 3.64 (A-C5cv). 
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§ 3. The. An.tig e.~ 

These syntheses (based on Ansell and Gigg, 1965) were undertaken in 

nrder to produce high molecular weight (c. 100,000 or more) complexes, 

the antigens, (containing sporidesmin (sdm) molecules covalently bound 

to protein) so that when the complex was administered to animals it would 

stimulate the production of antibodies to sdm. 

The formation of the modified-sporidesmin protein complex.-The proteins 

were dissolved in small amounts of water. They all (synthetic or 

natural) dissolved freely. Then alcohol was added (Et0H-H20 2:3). 

Poly- (L-lysine) (pll) formed a clear aqueous-alcohol solution. Bovine 

plasma albumin (bpa), rabbit serum albumin (rsa) and bovine thyroglobulin 

(btg) all tun1ed slightly cloudy upon additon of the alcohol but became 

clear when the pH was raised to 8. Ovalbumin (ova) (A-C6ei) came out 

of solution at low concentrations of alcohol (Et0H-H2o c. 1:6) and did 

not redissolve on dilution (H20) nor upon raising the pH to 9, so the 

first synthesis with this protein had to be abandoned. This concentration 

of alcohol was too low to bring sufficient sdm ester derivative into 

solution for reaction. 

To the solution of protein was added the alcoholic solution of the 

modified-sdrn ester after it had been diluted with water (Et0H-H20 2:3). 

If the ester came out of solution upon addition of water, dilution with 

alcohol (and H20) or with the protein solution redissolved the ester. 

On the whole it was not difficult to obtain an aqueous-alcohol solution 

of the esters. 

The gum of (m)ethyl lla-mercaptosecosdm-3-S-acetate (1.14) dissolved 

in alcohol, but immediately it crysta-llized out. Boiling the alcoholic 

solution did not redissolve it nor did the compound decompose at that 

temperature. h~at could be dissolved in the aqueous alcohol was com-

plexed to protein but gave only a low concentration of hapten on the 



NH 
+ I ••.. . 
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co 
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Scheme 2.1 
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protein (A-C6aii). 

After mixing the protein and the ester solutions, the pH was raised 

to c. 9-10. The protein in the solution became cloudy as the pH passed 

through its isoelectric point but it redissolved at higher pH. As 

reaction (Scheme 2.1) between the ester group and the lysyl £-amino­

groups of the proteins took place (room temperature),the pH of the 

solution fell to c. neutral point where reaction ceased till the pH was 

raised again. 

Upon completion of reaction the complex was concentrated (reduced 

pressure) to remove most of the alcohol. When the slightly cloudy 

aqueous suspension was extracted (CHC1 3) it would become a dense white 

suspension which often did not redissolve on dilution (H20 or Et0H). 

Apparently the chloroform denatured the protein. An aqueous solution 

of protein (bpa) was unaltered by extraction with chloroform but when 

alcohol was present then a dense white suspension resulted from chloro-

form extraction. When bpa precipitated in this way or treated with ether 

(which did not caus~ the dense white precipitate) was compared electro­

phoretically with natural protein, there was no difference between the 

treated and untreated proteins in the distance that they moved. 

form-precipitated bpa redissolved in water. 

O1loro-

Since ether did not appear to cause this precipitation it was used 

to remove excess unreacted ester from the aqueous suspension. This was 

done in order to obtain the u.v. spectrum of the complex and to obtain 

(by difference) an estimate of the substition that had taken place. The 

u.v. spectrum showed the characteristic peaks of the modified sdm (217, 

251 and 302 nm). 

Since the samples were solvent extracted to remove any unreacted 

modified-sdm ester, -the presence of modified-sdm ester peaks in the u.v. 

spectrum suggested that the hapten (sdm) was covalently bound to the pro-



tein. Nevertheless, it was not overlooked that some of the ester may 

be 'protein bound' to the protein. 

The complexed protein product tended to be less water soluble than 

the natural protein, because hydrophilic groups (E-aminos) had been 

replaced by the hydrophobic modified sdms. In most (A-C6ai-v) of the 

preparations the product was alcohol-water soluble. Diluting the 

alcohol-water (2:3) solution of complexed rsa (A-C6dii) with water pre­

cipitated the complex. TI1is radic~l alteration in solubility was it­

self evidence that the hapten had been covalently bound to the protein. 

In this case, poly-(3-mercaptosecosporidesmin-lla-S-acetyl)rabbit serum 

albumin, there was no cross-linking (see below) since the ester (3-mer­

captosecosdm-lla-S-acetate) was monofunctional. 
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For the preparation containing the complex, poly-(lla-mercaptoseco­

sporidesmin-3-S-acetyl)poly-(L-lysine) (A-C6aii), when the ethanol-water 

solution was being evaporated (reduced pressure), as the alcohol evapor-

ated so white amorphous material separated from solution. This material 

redissolved upon addition of ethanol. Similar properties to this on 

evaporation were observed for poly(methoxy)poly(secosporidesmin-S,S'-di­

acetyl)poly-(L-lysine) (A-C6aiii). 

But insolubility in other experiments (A-C6avi-viii) using higher 

concentrations of the bifunctional diesters showed itself by a gel being 

precipitated which it was suggested was the cross-linked product i.e. 

each of the two functional groups on the diacetate esters had complexed 

to lysine residues in separate protein molecules and to each protein 

molecule there would be a number of bifunctional (secosdm-S,S'-diacetyl) 

groups so this cross-linking condition would be compounded throughout the 

gel. The gel, cross-linked poly(ethoxy)poly(sccosporidesmin-S,S'-di­

acetyl)poly-(L-lysine), was insoluble not only in the reaction medium but 

also in water over the pH range of 2-10, in methanol, chloroform, N,N-

dimethylformamide or trifluoroacetic acid. Heating in the latter solvent 
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decomposed the modified sdm moiety to the substituted indigotin (dark 

blue). 

TI1e presence of this gel was particularly marked in the experiment 

(A-C6aviii) where an automatic titrator was used to maintain the pll 

constant. From the ultimate analysis of the material and the molecular 

formulae of N,N'-disubstituted lysyl (-NH-(CH2)4-CH(CO-)NH-) and seco­

sdm-S,S 1 -di(acetyllysyl) this equation was arrived at: 

x(S6.4C + 9.4H + 21.8N + 12.40) + (1-x)(S0.3C + S.7H + 4.4Cl + 12.lN + 

19.70 + 7.9S) is nearest to (46.9C + 6.3H + 3.7Cl + 12.2N + 2S.60 + S.4S) 

So for carbon where S6.4x + (1-x)S0.3 ~ 46.9 was made= 0 

was the value X = -0.S5 

and for hydrogen = 0.16 

chlorine = 0.16 

nitrogen = 0.01 

oxygen = -0.81 

sulphur = 0.32. 

Since the values for x for both hydrogen and chlorine were equal at 0.16 

(= the average for the positive values), it is suggested that c. 84% of 

the gel was secosdm-S,S'-di(acetyllysyl). Since 31.3% of secosdm-S,S'-

di (acetyllysyl) is lysyl and 84% of the whole was secosdm-S ,S' -di (acetyl­

lysyl) then (0.313 x 84) 26.3% of the whole was substituted lysyl. 16% 

Of the whole was unsubstituted lysyl (100 - 84%) therefore the total 

lysyl in the gel was 42.3% and hence 26.3/42.3 = 62% of the s-amino groups 

of the lysyl moieties were substituted. If 62% were substituted, it 

would require: C, S1. 2; H, 6.3; Cl, 3. 7; N, 13.6; S, 6.6% compared 

with found: C, 46.9; H, 6.3; Cl, 3.7; N, 12.2; S, 5.4%. Further, 

since 58.3% of secosdm-S,S'-di(acetyllysyl) is the elements rif sdm theri 

58.3% of 84 = 49% of the gel, cross-linked poly(methoxy)poly(scco­

sporidesmin-S,S'-diacetyl)poly-(L-lysinc), came from the elements of sdm. 
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(mg) 

i. 22 

ii. (62. 5 
-(82 

iii. 148 

iv. 103 

v. 21 

vi. 21 

vii. 20 

viii. 53 

ix. 105 

Table 2.3. Quantities cf reagents in complexing modified sporidesmin to a 
synthetic protein, poly-(L-lysinc)HBr (A-C6a). 

Protein 

(M) 

139,000 

(139,000 -( 70,000 

70,000 

180,000 

180,000 

180,000 

180,000 

180,000 

70,000 

Sdm derivatives Reaction Unchanged Calculated Product 
time sdm deriv- secosdm in solubility 

ative complex in Et0H-H20 

(No) (mg) (days) (mg) 19') I. 0 

(1. 12b) 19.2 1 7.6 36 Soluble 

(1. 14a) 121 3 74 31 do. 

(1.12a) 139 2 30 42 do. 

(1. 12a) 30 4 6 22 do. 

(1. 12a) 47 4 10 62 do. 

(1.12a) 53 7 - - gel (23 mg) 

(1. 12b) 50 3 28 - gel (28 mg) 

(1.12a) 300 5 h - 49 gel (63 mg) 

control - 3 

* Apparently most of the £-amino groups of the lysyls had reacted but 
for many of the di-ester molecules (>18%) only one ester group had 
reacted. 

Calculated% £-amino-
groups substituted: 

No of ester groups 

one two 

17 34 

12.5 

22 44 

8 16 

61 122* 

- 62 
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A-C6ai. 

aii. 

aiii. 

avii. 

aviii. 

aix. 

c. 

dii. 

aiv. 

Table 2.4. Names of Antigens, Complexes between modified 
Sporidesmin (sdm) and proteins. 

Modified protein Product moving as a discrete 
protein (electrophoretically) 

Poly(ethoxy)poly(secosdm-S,S'-diacetyl)poly-(L-lysine) 

Poly-(lla-mercaptosecosdm-3-S-acetyl)poly-(L-lysine) 

Poly(methoxy)poly(secosdm-S,S'-diacetyl)poly-(L-lysine) 

Cross-linked poly(ethoxy)poly(secosdm-S,S'-diacetyl)poly-(L-lysine) 

Cross-linked poly(methoxy)poly(secosdm-S,S'-diacetyl)poly-(L-lysine) 

Poly(chloroacetyl)poly-(L-lysine) 

Poly(methoxy)poly(secosdm-S,S 1 -diacetyl)bovine plasma albumin 

Poly-(3-mercaptosecosdrn-lla-S-acetyl)rabbit serum albumin 

Poly(ethoxy)poly(secosdm-S,S'-diacetyl)rabbit serum albumin 

(%) 

33% 

91% 

100% 

R . protein 

o. 77 

0.80 

0.80 

eii. Poly(ethoxy)poly(secosdm-S,S'-diacetyl)ovalburnin 

f. Poly(ethoxy)poly(secosdm-S,S'-diacetyl)bovine thyroglobulin 99% 1. 2 
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For a control in the immunological work pll substituted with chloro­

acetyl groups, a mixture containing poly(chloroacetyl)poly-(L-lysine), 

was prepared (A-C6aix) from ethyl chloroacetate in the same way as the 

modified-sdm complexes were. 

In order to show chemically that the modified sdm was covalently 

bound to the pll and not 'protein bound' it was necessary to assay the 

solutions for the concentration of £-amino-groups in relation to those 

of untreated pll of the same concentration. Boyd, et al. (1972) and 

Slobodian, et al. (1962) used the ninhydrin estimation to show that they 

had acetylated the £-amino-groups of protein. For experiment (A-C6aiv) 

the assay showed that 12. 6% of the lysyl groups in the pll had been 

substituted. This result was comparable with the result (16%, Table 

2.3) derived from the weight of the reagents which appeared to enter 

into reaction; the difference suggests c. 40% of the ester was monosub­

stituted (assuming that all the pll chains were acylated at least once). 

Thus this evidence of substitution of £-amino-groups in synthetic pll 

agreed with electrophoretic observations on natural proteins. Electro-

phoresis (A-C6c-f, Table 2 .4) showed that new proteins had been formed 

from the natural proteins. 

In the second experiment (A-C6av) where the ninhydrin assay was 

used the result suggested that there was 15% substitution. In this 

experiment the absorbance readings were so variable that no reliance 

could be placed upon the result. Even though a nrnnber of refinements 

had been applied to the method, no reproducible results could be obtain­

ed. It is well-known that it is difficult to obtain reproducible results 

in the ninhydrin assay, so assaying by ninhydrin was abandoned. There 

was, in addition, no agreement between the ninhydrin assay (15%) and the 

result (122% of reacted and unreacted functional groups, -COOMe, Table 

2.3) calculated from the amounts of the reagents which appeared to enter 

into reaction and supposing all the £-amino-groups .(100 µmol) had re-
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ration 

Expt 

Table 2.5. The immunologist's results from applying to animals the 
antigens synthesized from sporidesmin (sdm). 

Condition Sdm Degree of Animals 
of hapten substitution IHA* 

(%) (%) 

Results 
Warm CFT** 

with ACDMBA-. 

Immunologist: Jonas, pers. comm. 
KLH*** 

1 A-C6ai. diethyl diacetate-pll 36 17-34 6 rabbits +ve IHA* 
Titre 1:160 

2 

3 

3 

4 

5 

6 

7 

8 

9 

10 

aii. 

aiii. 

do. 

c. 

dii. 

aiv. 

av. 

aviii. 

div. 

eii. 

methyl 3-S-acetate-pll 31 

dimethyl diacetate-pll 42 

mixed with methylated bsa do. 
and phosphorylated bsa 

dimethyl diacetate-bpa 2.5 

methyl lla-S-acetate-rsa 22 

dimethyl diacetate-pll 22 

dimethyl diacetate-pll 62 

dimethyl diacetate-pll 49 

diethyl diacetate-rsa 27 

diethyl diacetate-ova 7.3 

12.5 

22-44 

do. 

6-12 

69-100 

8-16 

61-100 

62 

100 

39-78 

6 rabbits 

3 rabbits 
guinea pigs 

guinea pigs 

4 rabbits 

10 guinea pigs 

4 rabbits 

not yet tested 

doubtful +ve -ve 

-ve -ve 
-ve 

-ve 

-ve 

-ve 

-ve 

4 rabbits doubtful +ve one animal +ve 

not yet tested 

not yet tested 

Immunologist: Fairclough, pers. comm. 

11 A-C6f. diethyl diacetate-btg 35 4 sheep see Table 2. 8 
2 rabbits 

* Where IHA represents indirect haemagglutination test, see Jonas and Ronaldson (1974). 

** Where CFT represents Complement fixation test. 

*** Where ACDMBA-KLH represents 2-amino-5-chloro-3,4-dimethoxybenzyl alcohol-keyhole limpet haemocyanin. 
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(name) (mg) (M) 

c. bpa 300 65,000 

di. rsa 60 65,000 

dii. rsa 56 do. 

diii. rsa 61 do. 

div. rsa 54 do. 

ei. ova 712 46,000 

eii. ova 620 do. 

f. btg 22 660,000 

Table 2.6. Quantities of reagents in complexing modified 
sporidesmin to natural proteins (A-C6). 

Sporidesmin derivative Reaction Calculated 
time apparent 

secosdm 
in complex 

(recov-
(/mol) (l.lmol) (No) (mg) ered) (l.lmol) (days) (%) 

58 266 (1. 12a) 26 16 16 2 2.5 

58 54 (1. 12a) 21 21 - 2 

do. 50 (1.13) 23 4 34. 5 2.5 22 

do. 55 (1.13) 23 23 - 6 

do. 48 · (1.12b) 53 4 76 3 36 

20 310 (1. 12b) 100 87 20 1 h -

do. 270 (1. 12b) 87 19 105 12 7.3 

137 4.6 (1. 12b) 19 1 28 7 35 

* ~ssuming all the acylating agent was covalently bound. 

** Assuming that only one -COOAlk group reacted. 

Calculated 
e:-amino 
groups 

substituted 

(%) 

6 

69 

76 

-

39** 

-

No. of lysyl Protein 
groups sub- binding 
stituted/ (mol of 
molecule ester/mol 

where only protein) 
one COOAlk 

reacted 

10 nil* 

44 out of 58 nil* 

44 out of 58 49 

- a. 1. 3 

<8 

- >685 



acted. Of the 122 µmol of functional groups of the bifunctional modi-

fied sdm (dimethyl secosdm-S,S'-diacetate) at least 22 µmol had not 

reacted. But since the ninhydrin test showed a positive reaction 

(even though the reading was not reproducible) it indicated that at 
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least some of the lysyl £-amino-groups were unsubstituted hence less than 

100 µmol of the 122 (and more than 61 µmol) had entered into reaction 

(neglecting 'protein binding') to form the poly(methoxy)poly(seco­

sporidesmin--S,S' -diacetyl)poly- (L-lysine): rather than only 15% as assay­

ed by ninhydrin. 

In addition to the evidence of the major change in solubility and 

the change in the nwnber of unsubstituted amino-groups (relative to un­

treated pll), (and the altered electrophoretic pattern in natural proteins) 

the proof that covalent bonding between the modified sdm and the synthetic 

protein (pll) had been achieved was in the fact that antibodies to sdm 

had been raised in the animal as the result of injecting the mixture 

containing the pll complex, poly(ethoxy)poly(secosporidesmin-S,S'-di­

acetyl)poly- (L-lysine), (A-C6ai, Table 2. 5) (Jonas and Ronaldson, 1974). 

For the non-synthetic proteins (Table 2.6) the method of synthesis 

(A-C6c-f) was the same as for the synthetic protein, pll. No difficulty 

was experienced in dissolving these proteins in the ethanol-water (2:3) 

except in the case of ovalbumin mentioned above. For the synthesis 

(A-C6eii) with this protein, a film of the diethyl secosdm-S,S'-diacetate 

was formed over the wall of the reaction flask and the ovalbumin in as 

high a concentration of alcohol (Et0H-H20 1:4.9) as possible without 

denaturing it, was added. Since less than a quarter of the original 

ester was recovered at the end of the experiment, it was assumed that 

some, if not most, was covalently bound. Protein binding is a rapid 

reaction (Last, 1969; Mester, et aZ., 1970) and with the first ovalbumin 

experiment (A-C6ei) 87% modified sdm ester was recovered in less than 1 h 

so it is suggested that no more than c. 13% would be 'protein bound' in 



Table 2.7. Molecular weights (M) for the -S-acetyl estc:·s of 
modified sporidcsmin and lysine for calculations. 

Sporidesmin (sdm) .. 473.S 

Mercaptosecosdm- S--acetyl 516.S 

Secosdm-S,S'-diacetyl 557 .s 

Methyl mercaptosecosdm-S-acetate 547 .5 

Ethyl mercaptosecosdm-S-acetate 561. 5 

S--Methoxycarbonylmethylsecosdm-S-acetyl 588.5 

S-Ethoxycarbonylmethylsecosdm-S-acetyl 602.S 

Dimethyl secosdm-S,S'-diacetate 619.5 

Diethyl secosdm-S,S'-diacetate 647.5 

Lysine· 146 

128 

Lysine. HBr 227 

Na-substituted lysyl.HBr 209 

N,N'-disubstituted lysyl 127 
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the second experiment, where some poly(ethoxy)poly(secosporidesmin-S,S'­

diacctyl)ovall>umin was obtained. 

Since non-covalent binding ('protein binding' of compounds to 

proteins) is rapid, e.g. tetracycline is bound to ribosomes in 8 min 

(Last, 1969) or with oestradiol added to rabbit uterine cytoplasm, 90% 

is bound in less than 30 min (Mester, et ai . ., 1970), the slowness of the 

reaction between the modified-sdm esters and the protein (5 h with a 

titrator, A-C6aviii) suggests that,. although some protein binding of the 

ester may have taken place, the major reaction had been a transacylation. 

TI1is was further evidence that a covalent bond had been formed. This 

transacylation is comparable with that of lysine residues in serum 

albumin when the latter is treated in vivo or in vitro with acetyl­

salicyclic acid (Pinckard, et ai . ., 1970). 

The caZcuiation of the percentage of sdm in the protein compZexes.-For 

Experiment (A-C6ai) (assuming no losses during preparation) 

From Table 2.3, 22 mg pll.HBr - 22 x 127/209 = 13.5 mg N,N'-disub­

stituted lysyl residues (for M see Table 2.7) 

In 11.6 mg of the ester 11.6 x 558/648 = 10.0 mg secosdm-S,S'-

diacetyl 

23.5 mg complex 

10.0 mg modified sdm = 10.0 x 473/558 = 8.5 mg of final product was de­

rived from the elements of sdm 

therefore 8.5/23.5 x 100 = 36% of the complex was the elements of sdm. 

The calcuiation of the percentage of substituted Zysyi residues in the 

corrplexes.-For Experiment (A-C6ai) above 

11.6 mg diethyl secosdm-S,S'-diacetat.e appeared to enter into the reaction 

11.6/648 = 18 µmol of the ester 

13.5 mg of N,N'-disubstituted lysyls 

13.5/127 =105 µmol of lysyls 



If only one functional group of the ester reacted in each case there 

would be: 

18/105 X 100 = 17% 

Hence between 17 and 34% of the lysyl groups were substituted. (The 

number of terminal a-amino-groups was negligible.) 
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The corresponding results for the other preparations (A-C6aii-A-C6f) 

were calculated in the same way and presented in Tables 2.3 and 2.6. For 

the experiments involving natural proteins where electropherograms and 

the number of lysyl residues/molecule were known (Peters, 1970; Tristram 

and Smith, 1963), an attempt was made to suggest the number of lysyl 

groups which had been substituted in the new protein. From the electro-

phorctic result for (A-C6dii) where substitution was with the mono­

functional ester, 3-mcrcaptosccosdm-lla--S-acetatc, 91% of the product mi­

grated as a discrete new protein (Rrsa 0.80). Since the staining of 

electropherograms is a function of the protein only, then (Table 2.6): 

91% of the SO µmol of E-amino-groups were in the new compound. 

i.e. 45.7 µmol" II II II II II II II 

From the Table 2.6, 34.S µmol of 3-mercaptosecosdm-lla-S-acetate appeared 

to enter into reaction. 

Hence in the new compound (assuming that each rsa molecule was equally 

substituted) 

34.5/45.7 x 100 = 75% of the E-amino-groups in the new protein were 

substituted: 

or 34.5/45.7 x 58 = 44 of the 58 E-amino-groups were substituted in 

each of the new rsa molecules, poly-(3-mercaptosccosporidesmin-lla-S­

acetyl)rabbit serum albumin. 

It is suggested that since in acylation of rsa with the monofunctional 

ester, 3-mercaptosecosdm-lla-S-acetate, 44 of the 58 lysyl residues were 

substituted, acylation of rsa, therefo~e, with the bifunctional ester, 

diethyl secosdm-S,S'-diacetate, (A-C6div) would substitute the same number 
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of lysyl groups. (In this preparation, from electrophoresis, there was 

no protein which was unaltered: the new protein moved as a discrete 

entity as for A-C6dii.) 

Hence from Table 2.6, 44/58 x 48 µmol of s-amino-groups 

= 36 µmol of S-ethoxycarbonylmethylsecosdm-S'-acetyl if each mole-

cule was monosubstituted. 

But 76 µmol of diester were not solvent extracted (EtOEt). 

Hence the new protein, poly(ethoxy)poly(secosporidesmin-S,S'-diacetyl)­

rabbit serum albumin, had adsorbed or 'protein bound' 40 µmol of diethyl 

secosdm-S,S'-diacetate, i.e. at most 44 mol of monosubstituted diester were 

covalently bonded/rnol of rsa and in this preparation, at least 49 mol/mol 

of diester were 'protein bound'. 

Similarly for bpa (Rb 0.77) where at least 33% moved as the discrete pa 

band (A-C6c) for poly(methoxy)poly(secosporidesmin-S,S'-diacetyl)-bovine 

plasma albumin, between 10 (where one of each pair of the ester functional 

groups had reacted) and 21 (where both had reacted) of the 58 s-amino­

groups had been substituted. 

The stained el"ectropherogram of the new protein derived from bovine 

thyroglobulin (btg) and diethyl secosdm-S,S'-diacetate (A-C6f) showed, as 

with bpa and rsa, a new discrete band which moved faster (Rb 1.2, under tg 

the same conditions as used for bpa and rsa) than the untreated btg. 

Both the new protein which showed c. 1% residual natural btg and the btg, 

showed tails to the origin. 

From the Table 2.6, all the 4.6 µmol of s-amino-groups were in the new 

compound, and 28 µmol of diethyl secosdm-S,S'-diacetate, 

appeared to enter into reaction. 

Hence in this new complex, poly(ethoxy)poly(secosporidesmin-S,S'-diacetyl)­

bovine thyroglobulin, and adsorbed diethyl secosdm-S,S'-diacetate, 

there is 28/4.6 x 100 = 600% of adsorbed or 'protein 

bound' and covalently bound material. 

If all (which is not expected) the lysyl groups in the btg were substi­

tuted with S-ethoxycarbonylmethylsecosdm-S'-acetyl (137 mol/mol) then 5 

times as many more (685 mol/mol btg) were adsorbed or 'protein bound'. 



Table 2.8. 

A. 

B. 

The antibody titre for the animals treated with the antigen, modified 
sporidesmin complexed to bovine thyroglobulin (Fairclough, pers. comm.). 

Sheep: plasma assayed with [3,lla-(SC 3H3)2]sporidesmin-D. 

Sheep Plasma dilution Counts in precipitate % Bound 

1 1:500 730 17.3 
1:2500 480 11.3 

2 1:500 2079 49.5 
1:2500 264 6.3 

3 1:500 1856 44.1 
1:2500 709 16.8 

4 1:500 909 21.6 
1:2500 866 20.7 

Total counts 4200 

Rabbits: plasma assayed with [13-~S]sporidesmin-E. 

Rabbit Plasma dilution % Bound 

A 1:10 60.2 
1:20 58.2 
1:40 33.6 
1: 100 12.5 

B 1:10 96.2 
1:20 55.4 
1:40 34. 2 
1: 100 20.0 
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was 

For natural proteins, substituted with bifunctional esters, there 

no insoluble (H20, H20-Et0H, EtOI-1) gel as had occurred in similar 

experiments (A-C6avi-viii) with pll. Therefore it is suggested that 

whereas cross-linkage was suspected with pll, it was absent in the 

natural protein complexes. Whether both alkoxycarbonyls in bifunctional 

esters had reacted with two separate E-amino-groups in any one molecule 

of the natural proteins is unknown. Only those E-amino-groups which 

are within a certain interatomic distance of each other and which are not 

sterically hindered would be able to react. This interatomic distance 

is the limit of the range of the second acylating group in the secosdm­

S,S'-diacctate, when the first one has already reacted. 

The results of treating animals with the modified sporidesmin-protein 

complexes.-Tirn results from treating animals with the antigens, prepared 

above are set out in Table 2.5. Preparations 1 and 8 produced some 

positive antibody response in the respective animals, but at only a low 

titre. The results from using Preparation 1 have been published by 

Jonas and Ronaldson (1974). 

For Preparation 11 (Table 2.5) in which 4 sheep and 2 rabbits were 
• 

treated (Fairclough, pers. comm.), the plasmas of the former were tested 

with [3,lla-(SC3 H3) 2]sdm-D (A-Clb) and counted at two dilutions, see 

Table 2.8, while the latter were assayed with [13- 35 S]sdm-E (A-B3vi), see 

also Table 2.8. From the results the antibody titre, defined by Abraham 

(1975) as the dilution at which 50% of the radioactivity was bound, was 

for the sheep <1:200, 1:500, a. 1:400, c. 1:200 and for the rabbits 1:30 

and 1: 28 respectively. At least, two of the 4 sheep showed a promising 

result (1:400 and 1:500). By treating a larger number of animals, others 

may be found which will give a higher antibody titre than these two. So 

immunization against facial eczema might yet be achieved by using modified 

sdm complexed to proteins of high molecular weight (>600,000). 
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Attempts at condensing lysine with secosporidesmin-S,S'-diesters.-Since 

dimethyl secosdm-S,S'-diacetate condensed so readily with poly-(L-lysine) 

without warming, the similar acylation of the £-amino-group of lysine 

with the secosdm-S,S'-diacetate was attempted (A-C6b). If this 

acylation could be achieved it was proposed to hydrolyze the modified 

sdm-protein complex with the enzyme, pronase, and look for the acylated 

lysine in the product, as a further proof of covalent bonding. 

It appeared from Ansell and Gigg (1965) that the reaction took place 

readily at room temperature and since the condensation of the above 

esters with pll (A-C6a) was satisfactory at that temperature there should 

be no problem with lysine itself. In order to prevent reaction occur-

ring with the a-amino-group, this group was protected by forming the 

copper chelate (A-C6bi) (\'lith the amino-acid rr:oiety) thus leaving the 

£-amino-group free (Taniyama, et al . ., 1971). Acylation of the copper 

chelate·with either modified sdm ester or with ethyl acetate was un­

successful (the ester peak at 1725 cm- 1 was apparently undiminished in 

the product) . Since the £-amino-group is more basic CP\ 5.05, Chemical 

Rubber, 1964) than the a-amino-group (p~ 11.8) direct acylation (without 

chelation) should react preferentially (Okawa and Hase, 1965) with the 

£-amino-group: this was attempted first at close to neutrality (pH 7.5-

8) (A-C6bii) then at a higher pH (c. 9) (A-C6biii). In these two 

experiments only starting materials were detected (t.l.c.). The lysine 

was visualized (on t.l.c.) with Folin's (1922) reagent and in the last 

experiment the plates were also sprayed with either ninhydrin or with 

bromocresol purple. These two latter sprays were used to check whether 

the u.v. quenching spots (sdm derivatives) on the plates were amino-acids 

but they were not. 

In acylations of amines with esters (Hayes and Gever, 1951; Rebstock, 

0 et al . ., 1951) it is necessary to heat the reaction mixture to 90-100, 

at which temperature rr,ost sdm derivatives decompose. The derivative, 
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(N £'N~ - (secosdm-S ,S' -diacetyl )di- (L-lysine )_, may have been prepared by 

alkylating the opened -S-S- bridge of-sdm with N -chloroacetyl-L-lysifte 
£ 

(Birnbaum, et al., 1952). 

Since acylation of the £-amino-group of lysine with the sdm ester 

was unsuccessful, the other methods (above) of demonstrating that a co­

valent link had been formed were used. 
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§4. Vvuva;u,vv., on Spotu_dv.,m.,i_,11 by 

E1.,:tvufle,a-t<,on (A-V) ofL Q_u.a;teJ1,n,,i__za;ti,on (A-El 

These syntheses were undertaken in order to produce a sdm derivative 

in which the -S-S- bridge was retained. Since sdm-D (1.9) was less than 

1/lOOOth the toxicity (by tissue culture, Taylor, 1971) of sdm itself, it 

was considered the molecule was toxic as long as the -S-S- bridge was 

intact. Hence, in order to stimulate animals to produce antibodies to 

the toxic sdm rather than to the non-toxic modified sdm it was necessary 

to retain the toxigenic epidithiodioxopiperazine ri~g system by synthe­

sizing sdm derivatives which have the bridging (between sdm and protein) 

group covalently bonded at afunctional group other than the -S-S- bridge. 

Sdm (1.1) has two hydroxy-groups, (one, 11-0H, a secondary-hydroxy; the 

other, lOb-OH, tertiary-) an indoline-N, and an aromatic hydrogen. 

Acylation of sporidesmin.-Attempts to acylate sdm met with mixed success. 

Acetylation with acetic anhydride and pyridine (Ronaldson, et al., 1963) 

was successful, but acylation in the usual way with succinic anhydride 

failed (White, pers. comm.). Therefore, in order to acylate with a 

compound which would provide a functional group (Cl-) for bridging to 

protein, acylation with chloroacetyl chloride (and N,N-dimethylalanine) 

(A-D3) was attempted but the yield was negligible (14% in A-D3i). 

Similarly with tosylation (with p-toluenesulphonyl chloride) (A-D2) 

there was the formation of a small amount of a substance other than sdm 

(c. 20% by t.l.c.) after 48 d. The i.r. spectrum of the crude product 

showed unchanged sdm with no intense R-S02-0R' peak between 1420 and 

1330 cm- 1 . There was a small peak (1175 cm- 1 ) in the 1200-1145 cm- 1 

R-S02-0R' region (Nakanishi, 1964). 
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Sporidesmin 11-(methyl glutarate) (2.5) 

Since the above acylations failed, other avenues of acylation were 

sought. 

In order to have methoxycarbonyl groups so that they would acylate 

the lysyl E-amino-groups of proteins and in order that the sdm would be 

held away from the surface of the protein, 'snail-eye like', and so be 

exposed for antibody induction and recognition, monomethyl glutarate 

(mmg) was chosen. Because White (pers. comm.) failed to acylate sdm 

with succinic anhydride and pyridine and because Tedder's (1955) review 

suggested that trifluoroacetic anhydride (tfaa) 'catalyzed' difficult 

acylations tfaa was adopted to 'catalyze' acylation with mmg. 

was done in a dry box. 

'The work 

In synthesis (A-Dlai) mmg and tfaa were mixed immediately before 

adding the mixture to the dry sdm. The latter did not dissolve but 

immediately turned dark orange. This orange material was the major 

product and by i.r. spectroscopy was anhydrodethiosdm (adsdm, 1.16). 

This compound is us.ually synthesized from the diacetate of sdm by the 

dehydrating action of boron trifluoride etherate (Hodges, et al., 1964) 

but here tfaa functioned as the acylating, dehydrating and desulphurizing 

agent simultaneously. 

Because of this dehydration and desulphurization, a mixture (mol for 

mol) of rnmg and tfaa was made up (A-Dlaii) and stored. The mixture 

developed a light amber suggesting that a reaction had taken place per-

haps to the mixed anhydride. The reaction of this mixture with sdm.-

c6H6 (0.1 mmol, incompletely dissolved in AcMe) (A-Dlaiia,S) produced an 

orange solution only slowly. Even so chromatography yielded no more 

than a. 27% of a gum. In the 0.2 mmol expeTiment (A-Dlaiiy) where more 

of the benzene solv~te of sdm was first diss0~ved in the acetone the 

reaction product, a gum (80 µmol), crystallized (C6H6). The m/e (601, 

W) was that of sporidesmin 11-(methylglutarate) (2.5) whose i.r. spectrum 
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showed peaks at 3600 (OH), 17 50, 17 40 (mct!1yl and s<lm ester C:::O), 1710 

OH 
Cl OOC (C H2)3COOiV1e 

Me.O 

MeO 

N N 1/0 

~e l¾N 
O'/~ '-Me 

Me 

( 2. 5) 

Because of the difficulty in dissolving the sdm benzene solvate in 

small amounts of acetone the system of completely dissolving the solvate 

first in acetone and nung was investigated (A-Dlaiii). 

was added the solution immediately turned dark amber. 

After the tfaa 

During the work-

up, acetone was used to oLtain the ester solution free from as much of 

the acetone-insoluble adsdm as possible. By maintaining the solute in 

solution but changing the solvent from acetone to ether, crystals formed. 

Their i.r. spectrum showed a strong peak at e. 1800 cm- 1 which is 

characteristic of trifluoroacetates. Upon chromatography of these 

crystals no esters were obtained. In the chromatographic process the 

labile trifluoroacctate hydrolyzed back to sdm. In this experiment 

where the mixed anhydride was not used no ester resulted. Apparently 

the tfaa forms a mixed anhydride with the acylating acid, ~hich anhydride 

then reacts with the substrate to yield trifluoroacetic acid and the 

acylated substance. 

leaving group. 

The trifluoroacetyl group therefore is a good 

When the sdm solvate was completely dissolved in acetone (A-Dlaiv) 

and the mixed anhydride (1:l ratio sdm to tfaa) added the crude yield was 

17%. Repeating this experiment (A-Dlav) with more tfaa (2.3 times) and 

with amorphous sdm (benzene-free, from evaporating an AcMe solution) 

resulted in only a 10% crude yield. Similarly in (A-Dlavi) upon further 

increasing the concentration of the tfaa (in the mixed anhydride) to sdm 

(5 to 1) resulted in a similar percentage yield of the e:x-pected ester. 



It appears that tfaa has fallen into disrepute as 'catalyst' in 

acylations and that the substituted carbodiimides are more widely used. 

Hence one attempt was made (A-Dlb) to form sdm 11-(methyl glutarate) 

using 1-ethyl-3-(3-dimethylaminopropyl)carbodiirnide hydrochloride but 

no ester peaks appeared in i.r. spectra even after prolonged treatment 

(7 months). 
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Upon reconsidering the original reasons for attempting to prepare 

sdm 11-(methyl glutarate) the following may be said. Monomethyl 

glutarate was chosen because it was hoped that the methoxycarbonyl group 

would readily acylate the lysyl £-amino-groups of proteins. There is 

no reason why the sporidesmin-0-carbonyl (sdm-OOC-)group should not 

function similarly as an acylating group. The rate of acylation is 

inversely profortional (Ansell and Gigg, 1965) to the molecular weight 

of the alkoxy-group but this resistance to acylation is defeated by the 

time it takes for the acylation reaction to complete. Further, the 3 

methylene groups might place the sdm on a stalk as it were but it is 

more likely that such a group would readily bend round so that the sdm 

would 'dissolve' in the body of a natural protein. 

Arising out of the finding that tfaa in one experimental step con­

verts sdrn to anhydrodethiosdm has come the basis upon which other workers 

have produced a method for estimating sporidesmin in culture extracts and 

in biochemical reactions with sdm. Unfortunately it is not specific for 

sdm alone: sdm-D (1. 9), sdm-E (1.10) and sdm-G (1.17) will also give the 

same reaction. In cultures these three compounds are minor constituents. 

Sporidesmin di(chZoroacetate) 

Since acylation with monomethyl glutarate-trifluoroacetic anhydride 

gave a poor yield (A-D1) and a glutaryl bridge between the sdm and protein 

would beof doubtful value, and since acylation with chloroacetyl chloride 

failed (A-D3) it was considered that a reinvestigation of chloroacetylation 
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along the lines of the successful acetylation (Ronaldson, et aZ., 1963) 

might be profitable. 

In the first synthesis (A-D4iii) it appeared (t.l.c.) that by the 

end of 30 min the whole of the sdm had been acylated to the chloroacetate, 

but upon leaving overnight as would be done with acetic anhydride, the 

product decomposed. 

When chloroacetic anhydride (c. 2 mmol) and sdm (c. 1 mmol) were 

dissolved in pyridine, there was no sdm left after 10 min (t.l.c.). 

There was a 70% yield of crude ester, upon chromatography (A-D4iv). 

CorrrpZexirt{J sporidesmin di(chZoroacetate) to protein (A-D4v).-It was not 

possible to link the chloro- (or iodo-) compound directly with a protein 

without first forming sulphhydryl groups in the protein. It was better 

(because of the larger number involved) first to react an acetylated 

mercapto-compound with the protein's lysyl groups then regenerate the 

mercapto-groups in the presence of the iodinated sdm derivative (provided 

that the halo-group of the halo-acetic ester does not first hydrolyze). 

In bpa there are more available lysyl-Ns than sulphur atoms to which to 

link haptens. The method of Marks (1967) was adapted to this work. 

He used S-acetylmercaptosuccinic anhydride (samsa) to acylate the 

protein. The modified protein was then separated from small molecules 

(unreacted samsa, etc.) on a sephadex column. This modified protein 

was then treated with hydroxylamine hydrochloride to hydrolyze the acetyl 

off the mercapto-group so that the latter could react with the iodinated 

sdm derivative. In this latter reaction there was no pH change 

registered by the automatic titrator: as each mercapto-group is alkyla.ted 

+ with the sdm derivative there should be an H formed. There was no 

evidence of this occurring. Further after the aqueous solution had been 

ether extracted and the raffinate examined in the u.v. (against bpa) 

there were no sdm peaks. Perhaps in this preparation, for there to be 
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no reaction, the SI-Is were as inert as those in the lla-mercaptosecosdrns 

described above: there was no reaction with iodoacetamide. Or it may 

be that the halo-group in both the halo-acetic ester and the iodoacetamide 

had hydrolyzed. 

Quaternization of sporidesmin (A-E).-As a first step in exploring the 

possibility of entering the sdm molecule this ways sdm was treated with 

methyl iodide in a sealed tube. This was heated in boiling water (1.5 

d). Upon treating the product with Reinecke salt no derivative of sdm 

(i.r.) was formed. This is not surprising, because, although the sdm 

is a 1-methylindoline derivative, sdm has another nitrogen forming a 

1,3-diaza group. Hodson and Smith (1957) pointed out, in respect of· 

folicanthine (2 .6) (Mason 1 1966) that for the J,3-diaza-group in contrast 

to the 1,4(or more)-diaza-groups, when the Nb is protonated (in dil. acid), 

the N was rendered virtually non-basic. 
a 

So with sdm the Nb is an amide 

which may have the structure ;N-C=O 't- )N+ =C-0- hence similarly 

rendering the indoline-N virtually non-basic. 

(2. 6) 



§ s . V.la.zo niwn Cou.pung ;to Sdm 

As set out in the Rationale (Chapter 1) attempts at diazonium 

coupling to sdm were made in order 1. to retain the -S-S- bridge intact 

2. to attach a functional group at the remaining aromatic hydrogen 

(position 10) by reducing the new azo-group to an amino-group so that 

it could then be diazotized for coupling to protein or 3. to diazonium 

couple with a diazonium compound which already has a group which will 

condense with protein and 4. having coupled then perhaps to hydrolyze 

off the methyl of the 7-OMe group. 

A number of attempts were made to diazonium couple to veratrole 

because sdm is a substituted veratrole. Further, it was considered 

that these attempts with a model compound might indicate the optimum 

conditions for coupling to sdm. But the work of diazonium coupling 
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(A-F) to the dimethyl ether of o-dihydroxybenzene (veratrole) showed 

that it occurred to only a limited extent and when applied to the sdm no 

diazonium coupling at its remaining aromatic hydrogen took place. 

The reaction which was looked for with the model compound was the 

one which would give a r.easonable yield (c. 50% or more) of a (no more 

than 2) product which could be readily recovered by extraction or pre­

ferably filtration. 

The media in which diazoniwn coupling was attempted: 

The weaker the aniline base the stronger the acid needed to effect 

diazotization (Zollinger, 1961a) and then, similarly, the weaker the 

aniline base the stronger the diazotized aniline is as a coupling reagent 

(Meyer, et aZ., 1914; Schoutissen, 1933c). [2,4-Dini troaniline is such 

a weak base that it forms no salts (Heilbron, 1965).] The diazonium 

group is by far the most strongly electron-attractive substituent known 

(Zollinger, 1973). 



(a) Sulphw?ic acid 

Hence the commonest strong acid, cone. sulphuric, was tried; un­

fortunately sdm was not stable in this acid but was more stable dis­

solved in cone. hydrochloric acid. 
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Although p-nitroaniline was diazotized in sulphuric acid, veratrole 

resisted diazonium coupling to it (A-Flai, ii). No precipitate could 

be obtained from the intensely coloured reaction mixture after diluting 

with water (50 volumes). 3,4-Dimethoxy-4-nitroazobenezene (A-Flbii), 

the expected product, was later found to be, for practical purposes, 

insoluble in water or dilute acid, so if it had. formed it would have 

appeared as a precipitate. Although there was negligible reaction with 

veratrole, the diazonium salt was unspent, since there was immediate 

reaction with phenols (B-naphthol) producing a red precipitate (A-Flaii). 

Haginiwa, et al. (1958) reported c. 100% yield of hydroxymethoxy­

plus dimethoxy-2,4-dinitroazobenzene from coupling 2,4-dinitrobenzene 

diazonium sulphate with veratrole in acetic acid. But because of the 

instability of sdm in sulphuric acid this reaction was not followed up. 

To make an authentic preparation of this azo-derivative (3' ,4'-dimeth­

oxy-2,4-dinitroazobenzene) the following system of synthesis was pursued 

with guaiacol. 

The 2,4-dinitroaniline was diazotized in cone. sulphuric acid-acetic 

acid and coupled to guaiacol (A-F2IIai); the reaction formed a deep red 

dye. Because crystals were observed to be floating on the mixture, 

concentration of the acetic acid solution was attempted but this did not 

produce more crystals, instead it produced only tars (from H2so4 

digestion). The experiment was repeated (A-F2IIaii) using the conven-

tional method of pouring into water. 

contained at least 5 substances. 

This again produced tar which 



(b) Cone. hydrochloric acid 

Taylor (Hodges, et al . ., 1963b) noted that sdm was soluble in cone. 

hydrochloric acid. Such solutions fairly rapidly (15 min) turn a 

green-blue colour (substituted indigotin) but sdm can be recovered un­

altered from solutions in hydrochloric acid by dilution and extraction 

(CHC1 3). So if the sdm was left in acid for no longer than 30 min c. 

80% could be recovered and thus in a reaction a reasonable yield could 

be expected. 

(i) p-Nitroaniline 

Hence diazotization and coupling were investigated in this acid. 

Diazotization of p-nitroaniline in dil. hydrochloric acid was carried 

out by Nietzki, in 1887. In this work (A-Flaiii) the p-nitroaniline 

was suspended in cone. hydrochloric acid and aqueous sodium nitrite 

added. When the two were mixed the p-nitroaniline dissolved as diazo-

tization took place. As with p-nitroaniline in sulphuric acid, in-
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sufficient reaction with veratrole (in methanol) took place to produce a 

precipitate (A-Flai). From the lowness of the yield of 3,4-dimethoxy-

4'-nitroazobenzene it was clear that diazonium coupling of p-nitroaniline 

to veratrole was not a satisfactory means of entering the o-dimethoxy­

benzene ring. 

4-Hydroxy-3-methoxy-4'-nitroazobenzene (A-F1bi) 

For comparison and for identification of the azo-compound in the 

extracts of reactions between p-nitrobenzenediazonium chloride and 

vcratrole, p-nitroaniline was diazotized in hydrochloric acid (c. 0.8 M) 

and guaiacol (in methanol) added (A-Flbi). This reaction immediately 

deposited a dark orange mass (yield c. 40%). Hence it was reasoned an 

acid medium was no hindrance to this diazonium coupling. Raising the 

pH (to 5.5) did not produce a Gomberg reaction (Grieve and Hey, 1938) 

(see later) but increased the yield (c. 10%) of the crystalline compound. 

For the melting point, Colombano and Leonardi (1908) recorded 
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125-135° which is widely different from th?-t observed here (170.5--173°). 

Pal.kin and Wales (1924) and Wales and·Palkin (1926) claimed they obtained 

the compound and reported its u. v. spectrum but not its melting point. 

But since the following compound (3,4-dimethoxy-4'-nitroazobenzene) was 

obtained by simple methylation of this compound, and since its melting 

• ( 0 O point 157.5-160) agrees with a recently published value (158) the 

structure implied in the heading is confirmed. It is generally accepted 

that diazonium coupling takes place para to the hydroxy-group (Zollinger, 

1961d). 

3,4-Dimethox-u-4'-ni-troazobenzene (A-Flbii) 

This compound was synthesized from the above compound by methylation 

with diazomethane. The melting po int ( 15 7. 5-160°) agreed with that 

reported by Kokkinos and Wizinger (1971) who also synthesized it from 

4-hydroxy-3-methoxy-4 1 -nitroazobenzene but used methyl iodide as the 

methylating agent. 

S-Chloro-2-hydroxy-6,7-dimethoxy-l-methyl-4 1-nitroindole-3-azobenzene 

This compound, derived from diazotized p-nitroaniline and sdm, and 

its 2-chloro-4-nitro- and 2,4-dinitro- analogues are dealt with together, 

see later. It was formed when a solution of sdm was added to the p-nitro-

benzene diazonium chloride solution in cone. hydrochloric acid. When 

sdm, dissolved in methanol or ethanol (A-Flci, iii) was added, there was 

the smell of nitrobenzene. This was a Sandmeyer reaction (Cowdrey and 

Davis, 1952); but occurred in the cold (ice bath) in contrast to the 

deamination of sym-tribromoaniline which occurred in the hot (boiling 

alcohol) as described by Vogel (1966). 

Solvents in which sporidesmin was added to the diazonium solution.-To 

avoid the Sandmeyer reaction with alcohols, sdm was dissolved in acetone 

(A-Flcii) but this modification produced only low molecular weight 

materials (m/e 293 and 254). Indeed, (under experiments with 2,4-di-

nitroaniline) acetone-cone. hydrochloric acid alone (A-F2Iciv) produced 
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coloured compounds (yellow-<leep orange) and mcsityl oxide (Schmidt, 

1932). After this the sdm was added-, dissolved in chloroform, which 

formed two phases with the diazonium chloride solution. The chloroform 

phase was purplish but the yield of pigment was negligible. 

Since sdm was soluble in cone. hydrochloric acid and that acid was 

the medium which had been used.to form the diazonium chloride, sdm was 

taken up in it and added quickly (A-F2Icv). After one hour chloroform 

gave a coloured extract which was n:iainly sdm (i. r.) but when the reaction 

mixture was allowed to stand (20 h, s0 ) (A-F2Icvi) and the extract 

chromatographed sufficient sulphur was recovered to equal that which was 

added as sdm, and the quantity of any azo-compound was minimal (0.5 mg). 

(b) 2,4-Dinitroaniline 

In diazotizing 2,4-dinitroaniline in cone. hydrochloric acid (A-F2I) 

it was observed that a pressure built up (A-F2Iai) in the flask used in 

the reaction. Further, when excess nitrous acid was discharged with 

urea (A-F2Iaiii) a rather large amount of urea had to be used (c. 1 g 

for a 2 mmol reaction). When it was attempted to couple 2,4-dinitro-

aniline to guaiacol (A-F2Ibi) then it was discovered (mass spectrum) 

that a nitro-group was being replaced by a chlorine (Meldola's work 

summarised in Saunders 1949b). 4'-Hydroxy-3'-methoxy-2,4-dinitroazo-

+ benzene required an m/e for M of 318. + Instead, the M values 

were m/e 309 and 307, e.g. 318 minus 307 = 11 = 46 - 35 (m/e N02 - Cl). 

This finding explained the above observations. The increased 

pressure arose from the excess of unstable nitrous acid not being used 

up in diazotization and so excess urea was needed to discharge the 

nitrous acid. In the synthesis (A-F2Icv) only a small amount of nitrite 

was used because of the 'self diazotizing' effect (from the displacement 

of the N02 group from the 2,4-dinitroaniline) once diazotization had 

commenced (Saunders, 1949b). 



2-Chloro-l-iodo-4-nitrobenzene (A-F2Id) 

In ordei· to ascertain which nitro-group had been substituted by 

chlorine the chloroiodonitrobenzene derivative was synthesized. By 

coIMIBncing with the diazotization of 2,4-dinitroaniline in cone. hydro­

chloric acid (A-F2Id) and replacing the diazonium group with iodine 

59 

(by adding potassium iodide to the diazonium chloride solution, a 

Sandmeyer reaction) a compound melting at 96-98.5° was obtained. Of 

the two possible isomers which would form, one, the 4-chloro-1-iodo-

2-nitrobenzene, melted at 63° (Korner, 1875) and the other, 2-chloro-1-

iodo-4-nitrobenzene, melted at 99° (Wallagh and Wibaut, 1936). So it 

was established that the nitre-group ortho to the diazonium group was 

substituted. In the mass spectrum the M+ peak was m/e 283 which is 

what is calculated for c6H335ClIN02. 

Therefore those products from the diazotization of 2,4-dinitro­

aniline in cone. hydrochloric acid were all derivatives of 2-chloro-4-

nitrobenzene diazonium chloride. 

2-Chloro-4 1 -hydroxy-3 1 -methoxy-4-nitroazobenzene (A-F2Ibi) 

This compound was obtained from coupling the diazotized 2,4-dinitro-

aniline (cone. HCl and AcOH) to guaiacol. As observed above, from the 

synthesis of 2-chloro-1-iodo-4-nitrobenzene it was 2-chloro-4-nitro­

benzene diazonium chloride which formed in cone. hydrochloric acid. 

It is accepted, as stated by Zollinger (1961d), that 98% of the coupling 

occurred para to the hydroxy-group. 

2-Chloro-3 1 ,4'-dimethoxy-4-nitroazobenzene (A-F2Ibii) 

This compound was obtained from that above by simple mcthylation 

(CH2N2). 

The 1 H n.m.r. spectra of the above two compounds were essentially 

the same except tha't, in that of the former was the proton peak ( o 6. 17) 
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for the hydroxy-group and in the latter was_ the second methoxy-peak 

(o 3.98). TI1e down field resonances- (o 8.41, 8.39), showing meta­

splitting (2 Hz), were attributed to those between the chloro- and nitre­

groups (H-3) (o 8.3 in 3,4-dichloronitrobenzene, Pouchert and Campbell, 

1974). The corresponding resonances which showed the same meta-split­

ting were the downfield doublets (o 8.20, 8.16) of the AB pattern for 

the coupling of the ortho-protons (H-5, -6) (o 8.05 in 3,4-dichloro­

nitrobenzene, Pouchert and Campbell_, 1974). In these azo-compounds the 

doublets for the H-6 protons were well upfield (compared with the bi­

phenyl compound, below) at o 7.07 and 7.02 (resp.). In neither case 

were the splitting patterns (at 60 MHz) for the hydroxymethoxy- or 

dimethoxy-moieties readily interpretable. For the guaiacol derivative 

there were 6 lines; each of the 3 intense lines had a less intense one 

(1/5 intensity) upfield from it by c. 2 Hz. The two upfield intense 

lines were c. 6.5 Hz apart. But, for the dimethoxy-derivative there 

were 5 lines: the major downfield one was broadened (higher resolution 

may have split it). The other 4 lines appeared to form an AB pattern of 

2 Hz, c. 0.13 ppm apart: these spectra were in the class called 'decept­

ively simple spectra' Bishop, 1968). Two hertz was too low for ortho­

splitting (6-9 Hz, Emsley, et al., 1965b): c. 8 Hz was expected, as 

was observed above for the nitrochloro-moiety. There were 8 Hz between 

the upfield minor peak (for the 4 upfield lines) and the downfield major 

one and vice versa. It was suggested that the patterns were between 

that of ABC and M'A": they did not indicate the substitution pattern. 

Diazonium coupling takes place para to the hydroxy-group (Zollinger, 

1961d) except where the position para to the hydroxy-group is blocked 

which latter condition was not so for guaiacol. Hence the 1,2,4-sub­

stitution pattern suggested in the headings (above). 
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2-Chloro-4, S-d-imethoxy-2', 4' -dinitroazobenzene (A-F2lai) 

In the four attempts, (A-F2Iai-iv), to couple 2-chloro-4-nitro­

benzcnc diazonium chloride to veratrole, no 2-chloro-3' ,4'-dimcthoxy-4-

nitroazobenzene was detected only a 'red tar', 2-chloro-4,5-dimethoxy-

2' ,4'-dinitroazobenzene, and two substituted biphenyls (below). 

The substance, 2-chloro-4,5-dirnethoA')'-2' ,4'-dinitroazobcnzene, was 

unexpected and was obtained as a result of adding neat veratrole to the 

diazotized 2,4-dinitroaniline in c~nc. hydrochloric acid. It formed 

immediately as a 'red tar' on the stirring rod and its production did 

not increase with time. After crystallizing, the compound had an M+ 

of m/e 366 which agreed with the molecular formula c14H11C1N4o6 . In 

analyzing its mass spectrum it was expected to find the chlorine on the 

nitrobenzene moiety of the molecule as in the previous compounds syn­

thesized from 2,4-dinitroaniline diazotized in cone. hydrochloric acid. 

The mass spectrum showed a metastable peak at m/e 108.3, for the trans-

it.ion 366➔199. The difference between the parent ion (366) and the ion 

of mass 199 was 167 which equals the mass of the dinitrophenyl group; 

while 199 equals the mass of the chlorodimethoxyphenylazo-group. So, it 

appeared that in the cone. hydrochloric acid solution of the diazonium 

chloride there was some 2,4-dinitrobenzene diazonium salt which had not 

converted to the 2-chloro-4-nitrobenzene diazonium chloride and which 

reacted immediately with the veratrole. At the same time, because of 

the reaction: 2NO; + 2Cl + 4It + 2NO + Cl 2 + 2H2O (Zollinger, 1961a) 

the veratrole was chlorinated. 

The 1 H n. rn. r. spectrwn of this compound showed, apart from the 

methoxy-peaks at o 3.96 and 3.87, these aromatic proton peaks: a doublet 

(J 2 Hz) at cS 8.77 for the proton between the two nitro-groups (H-3'; in 

eight 2,4-dinitrobenzene compounds, this proton resonates between cS 8.88 

and 8.68, Pouchert and Campbell, 1974), split' by long-range coupling to 

the H-5' proton; two doublets at o 8.48 and 7.88, J 10 Hz, (the former 
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a doublet of doublets, J 2 Hz, therefore assigned to H-5') forming an 

AB pattern for the two adjacent protons (splitting each other) between 

the 4'-nitro-group and the azo-group (protons ortho to the azo-group in 

azobenzene resonate at 6 7.88, Simons and Zanger, 1972); and two 

singlet peaks at 6 7.33 and 7.03 for the two protons on the o-dimethoxy-

aromatic ring. The azo- and nitro-groups shift proton signals down-

field. For the other ring the influence of the azo-group was modified 

by the adjacent methoxy-groups: in 3,4-dimethoxyacetophenone (an X=Y­

phenyl compound) the 2-proton resonates at 6 7.37 (Pouchert and Campbell, 

1974) which suggests that the resonance at 6 7;33 be attributed to the 

6-proton. In m-chloroanisole (Pouchert and Campbell, 1974) the aromatic 

proton envelope is centred on c. 6 7.0 which therefore suggests that the 

resonance at 6 7.03 be attributed to the 3-proton. Were the structure 

of the dimethoxy-benzene group such that the two protons were adjacent 

as in a 2-chloro-3,4-dimethoxyazo-group then there would be an upfield 

AB pattern which was not present. 

2-Chloro-3', 4 '-dimethoxy--4-nitrobiphenyl and 

2,2'-Dichloro-4' ,5'-dimethoxy-4-nitrobiphenyl (A-F2Iaiv) 

These two yellow substances were unexpected products from the 

addition of veratrole dissolved in acetic acid to diazotized 2,4-dinitro­

aniline (in cone. hydrochloric acid) diluted with acetic acid (1-fold). 

Tiie mass spectrum of the crystalline material which was sublimed from the 

+ extract (CHC1 3) showed the M peaks (m/e 295, 293) for 2-chloro-3' ,4'-

dimethoxy-4-nitrobiphenyl and another set of M+ peaks 34 mass units more 

(m/e 331, 329, 327). These extra peaks whose isotopic ratios indicated 

two chlorines suggested the 2, 2' -dichloro-4 1·, 5' -dimethoxy-4-ni trobiphenyl. 

This position for the extra chlorine atom was indicated on the basis of 

the proven position of the chlorine atom in 2-chloro-4,5-dimethoxy-2'4'-

dinitroazobenzene, above. This statement implies that in the latter 

case the veratrole was chlorinated before coupling, or in the former case 



before substitution by the 2,4-dinitrophenyl radicle. 

When the excess nitrous acid was discharged with urea (A-F2Iaiii) 

so that the reaction, 2N□- + 2Cl- + 4H+ + 2NO + Cl + 2H O (Zollinaer 
2 2 2 ° ' 

1961a), was absent, there was no formation of the dichloro-substance 

with the 2-chloro-3' ,4'-dimethoxy-4-nitrobiphenyl. 
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In the 1H n.m.r. spectrum of 2-chloro-3',4'-dimethoxy-4-nitrobiphenyl 

there was the downfield peak (o 8.36) for the proton (H-3) between the 

nitro-group and the chlorine (o 8.3 in 3,4-dichloro-1-nitrobenzene, 

Pouchcrt and Campbell, 1974) showing meta-splitting (c. 2.5 Hz). The 

downfield half of the AB pattern (o 8.18) for the two ortho-protons 

(H-5, -6) was a doubJct of doublets (2.5, 8 Hz) so it was attributed to 

the proton (H-5) meta to the one_ resonating at o 8.36 (above) (o 8.05 in 

3,4-dichloro-1-nitrobenzene, Pouchert and Campbell, 1974). The upfield 

half of the AB pattern (o 7.53) was then attributed to the other proton 

(H-6) (6 7.78 in 4,4'-dinitrobiphenyl, Pouchert and Campbell, 1974). 

For the dimethoxyphenyl moiety all three protons resonated at the same 

frequency (o 7.02). Since each proton was in a different environment it 

is suggested that it was an M'A" condition. Since there was no split-

ting pattern, the orientations, 1,2,3 or 1,2,4 could not be distinguished 

explicitly. The latter orientation was preferred, on steric grounds and 

because for dialkoxy-1,2,4-orientations a single peak is not unusual 

(o 6.7-6.8, 4-ethoxy-3-methoxy-, 2,5- and 3,4-dimethoxy-phenylacetic 

acid and 3-(3,4-dimethoxyphenyl)propionic acid, Pouchcrt and Campbell, 

1974). (Some 1,2,3-orientation compounds e.g. 2,3-dihydroxytoluene and 

2,3-dimethoxyphenylcyanide, also have a single aromatic peak, Pouchert 

and Campbell, 1974.) The remaining upfield signal (o 3.93) of 6 protons 

was that for the two methoxy-groups. 
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2 ',S-Dichl01°0-2-•hyd1°0X1J-6, 7-dimethoxy-1-me·thyl-4 '-nitroindole-3--azobenzene 

This compound, obtained from 2,4-dinitroaniline diazotized in hydro­

chloric acid and sdm, and its 4-nitro- and 2,4-dinitro-analogues are 

dealt with together, see below. 

Acetic acid.-In a number of the syntheses acetic acid was used, after 

Bunnett and Hoey (1958), with the mineral acid in the diazotization 

process e.g. with sulphuric acid (A-Flai, ii; A-F2IIai), or with cone. 

hydrochloric acid (A-F2Iaiii, iv; A-F2Ibi). At other times just the 

veratrole was in acetic acid, when it was added to the diazonium salt 

prepared in mineral acid (A-F2Iaii) alone. The presence or absence of 

acetic acid did not seem to alter the result. In one series (A-F2Ia) 

there was a different result when acetic acid was present (A-F2Iaii, iii) 

from that when it was absent (A-F2Iai). For the latter there was a 

'red tar' (2-chloro-4,5-dimethoxy-2' ,4'-dinitroazobenzene, see above) 

which formed immediately on the addition of the veratrole to the diazon­

ium salt in cone. hydrochloric acid but which did not form when veratrole 

was added in acetic acid. 

Compounds resulting from the raising of the pH of the acid solution of 

the diazonium salt and dimethoxy substrate.-Since the yield of 3,4-di­

methoxy-4'-nitroazobenzene (A-Flai, iii) was almost negligible when the 

syntheses were carried out in either sulphuric or hydrochloric acids 

(Schoutissen, 1933a,c), the effect of raising the pH was investigated. 

Since guaiacol was successfully coupled in an acid medium (A-Flbi), acid 

conditions are not a hindrance to coupling. Saunders (1949c) and 

Zollinger (1961b) both suggested that coupling took place in acid media 

between energetic diazo-compounds e.g. the p-nitrobenzene diazonium salts 

and arylalkyl ethers. When the pH of the reaction mixture (A-Flaii) in 

sulphuric acid-acetic acid was raised (to c. 3) orange material was 

extracted. The amount of this orange material seemed to increase with 

increase in pH up to more than 7 when the amount formed made the mixture 
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a rusty red colour. TI1e mass spectrum of the crude product showed no 

l)caks at m/e 287 (tl1e ~1+ k f 3 4 d" 1 4 • 1• pea or , - 1met1oxy- 1 -n1troazobenzene) but 

peaks at m/e 259 and 380 which corresponded to those for 3,4-dimethoxy-

4'-nitrobiphenyl and 4' ,5'-dimethoxy-4,4"-dinitroterphenyl (resp.). 

This latter name assumes that the nitrophenyl groups entered para to the 

methoxy-groups to form an o-terphenyl. 

A similar result was obtained 1<l1en the same (i.e. addition of 

alkali) reaction was carried out in cone. hydrochloric acid (after 

Nietzki, 1887) (A-Flaiii). 

the leading zone sublimed. 

Here the product was chromatographed and 

The mass spectrum of this sublimate showed 

+ M peaks at m/e 501 and 622 as well as at 259 and 380. TI1ese m/e 

peaks are 121 mass units apart, i.e. nitrophenyl minus the substituted 

hydrogen (m/e 122-1); a Gomberg-like (Grieve and Hey, 1938) type of 

reaction in which tris- and tetrakis- (p-ni trophenyl)veratroles had been 

formed. (This main fraction from chromatography had the same RF of 

0.88 (Al 2o3 T, CI-IC1 3) as for 3,4-dimethoxy-4'~nitroazobenzene, which was 

confusing.) There was much froth associated with the reaction (A-Flaiii). 

This was not surprising because in the Gomberg (Saunders, 1949d) reaction 

to produce the mono- and poly-phenyls (p-nitrophenyldimethoxybenzene, 

bis-, tris- and tetrakis- (p-nitrophenyl)dimethoxybenzenes) nitrogen gas 

was evolved leaving the p-nitrophenyl radical to react at the aromatic 

hydrogens of the veratrole. The limitation to the number of p-nitro-

phenyl groups which would react with one molecule of veratrole was its 

number of aromatic hydrogens (m/e 622 was equivalent to 4 substituents). 

It is plausible to consider that the reaction could produce two p-nitro­

phenyl veratroles, four bis- (p-nitrophenyl)veratroles, two tris- (p-nitro-

phenylveratroles, and one tetrakis-(p-nitrophenyl)veratrole. Since the 

possible number of isomers was so great no further attempt was made to 

obtain any pure compound. 
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10- (4-Ni-tl?ophenyl)sporidesmin 

Although it was a methanol solution of guaiacol that was added to 

the p-nitrobenzcne diazonium salt there was no smell of nitrobenzene 

detected about the reaction mixture. But when sdm, dissolved in 

methanol (as mentioned before), was added to the diazonium salt in hydro­

chloric acid (1. 1 M) (A-Flci) there was no immediate reaction (coupling): 

there was the evolution of tiny bubbles (N2) and the smell of nitro-

benzene was much in evidence. Similarly with sdm dissolved in ethanol 

and treated with diazonium salt in hydrochloric acid, (5 M) (Schwalbe, 

1905) (A-Flciii) there was this Sandmeyer reaction but in spite of this 

reaction with the ethanol there was an intensely coloured product in 

very low yield, see 5-chloro-2-hydroxy-6,7-dimethoxy-1-methyl-4'-nitro­

indole-3-azobenzene, later. 

In the mass spectrometry of the red crystalline product of the 

reaction of p-nitrobenzene diazonium chloride with sdm dissolved in 

methanol (A-Flci) a weak M+ peak of 594 was detected. 

value corresponded to that of 10-(p-nitrophenyl)sdm. 

+ Such an M 

For sdm there was 

only one aromatic hydrogen to substitute and assuming that the reaction 

(A-Flci) took place at the para-position on the nitrophenyl group, 10-

(p-nitrophenyl)sdm would be formed. Strictly a reaction of p-nitro-

benzene diazonium chloride with sdm (A-Flci) in this way in acid was not 

a Gomberg reaction (Saunders, 1949). Though it occurred at the pH of 

the cone. hydrochloric acid used in diazotizing the aniline, it was 

Gomberg-like. Gomberg reactions usually occur at pHs greater than 7. 

The Gomberg reaction has been recorded as taking place in strong acid 

CH so -AcOH) in the reaction of 2,4-dinitrobenzenediazonium salts with 
2 4 

thiophen (Bartle, et al., 1974). Th~ experiment has been repeated 

(A-Flciii) in the search for this substance but no fraction has appeared 

whose i.r. spectrum showed the characteristic pattern of sdm between 

1700 and 1300 cm- 1 . 



Even when the pH was raised rapidly (A-Flciv) in the hope of forming 

the p-nitrophcnyl radicle in presence of sdm no sdm derivative was 

detected. TI1ere was no violent evolution of gas in this reaction. 

Perhaps the pH was not taken high enough to cause a Gomberg reaction as 

occurred in experiment (A-Flaiii). 

67 

The formation of 10- (p-ni trophenyl) sdm which could be expected from 

the occurrence of the biphenyl in the reaction of diazonium salts with 

veratrole would have been a satisfactory achievement. Further experi-

rncnts may elucidate how this type of compound may be achieved. 

(c) Orthophosphoric acid 

The substitution of chlorine for the nitro-group in 2,4-dinitro­

aniline lessened the strength of the diazonium salt so other media were 

looked for in which to do the diazotization. Sulphuric acid was an 

obvious choice (A-F2Ilai, ii) but was not persisted with, for reasons 

stated above. 

Schoutissen (1933b) successfully tetrazotized the weak base p-phenyl­

enediarnine in orthophosphoric acid (with nitrite dissolved in sulphuric 

acid). Hence phosphoric acid was tried (A-F2III). Although 2,4-d.i-

nitroaniline was not freely soluble in the phosphoric acid, it dissolved 

during diazotization after the addition of (dry) sodium nitritc,.so very 

little dinitroaniline was unreacted at the end of one hour. Upon reaction 

with veratrole (A-F2IIIai, ii) this preparation of diazonium phosphate 

was sufficiently strong to yield c. 10% of product (by CHC1 3 extraction). 

Sublimation of this product yielded both 3' ,4'-dimetho:Xy-2,4-dinitroazo­

benzene and 3' ,4'-dimethoxy-2,4-dinitrobiphenyl in separate bands in the 

gradient sublimation tube. The higher-melting compound, the biphenyl 

(177-178°) sublimed to the cooler part of the tube while the azo-compound 

(152-152.5°) sublimed the least distance. 
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When this diazonium phosphate had sdm, dissolv~d in phosphoric acid, 

added to it (A-F2IIIc) there was no reaction since, although there were 

green colours, the sdm was recovered almost quantitatively. This un-

altered sdm crystallized spontaneously. That there was no reaction in 

this medium, suggested that orthophosphoric acid was not a strong enough 

acid (pKa 2.12, Chemical Rubber, 1964). 

4' -Hyd:eoxy-3' -methoxy-2 ,4-dinitroazobenzene (A-F2IIIbi) 

To identify the product of reaction between 2,4-dinitrobenzene diazo­

nium phosphate and veratrole, 3' ,4'-dimcthoxy-2,4-dinitroazobenzene was 

synthesized via the conventional route through coupling to the phenolic 

compound, guaiacol, and then methylating. Coupling to guaiacol (in 

H3P04) in the acid medium (cone. H3P04) yielded 54% of crystalline 

compound. 

Its 1H n.m.r. spectrum (CD3coco3) showed the phenolic peak as a 

singlet at o 2.98, the methoxy-singlet at o 3.91 (o 3.80 for anisole, 

Pouchert and Campbell, 1974) and the aromatic peaks (o 7-9). These 

formed two groups ( o 7. 0-7. 65; 7. 9-8. 9) each cons is ting of a split 

singlet (long-range coupling) and an AB pattern. The upfield group 

showed an ortho-doublet (H-5', o 7.03, 9 Hz) comparable with the position 

of the aromatic proton resonances in 4-hydroxyazobenzene (o 6.93, CDC1 3, 

Pouchert and Campbell, 1974). The other ol"tho-doublet (H-6', 9 Hz) was 

at o 7.63. This resonance with that of H-2' (O 7.45) was shifted down-

field. (from that of benzene, o 7. 3) because of being adjacent to the azo--

group. Being meta to each other, each showed meta-splitting (2 Hz). 

The lower field group showed deshielding because of the two electron­

withdrawing nitro-groups and the azo-group. Within this lower field 

group the upfield doublet (of the AB pattern, o 7. 94, 9 Hz) showed no 

long-range coupling so it was attributed to the proton ol"tho to the azo­

group (H-6). The adjacent proton (H-5, o 8.63) showed a doublet (9 Hz, 

ortho-splitting) of doublets (2 Hz, meta-splitting). TI1e singlet (for 
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H-3, meta to H-5), split by long-range coupling (2 Hz, meta-splitting), 

was further dmvnficld (o 8.85), because of being between an azo-group 

and a nitro-group. 

If the coupling to guaiacol had taken place ortho to the hydro1..y­

group, the upfield group would have shown two doublets (both showing 

long-range coupling) and a triplet comparable with that shown by 3-methyl­

salicylic acid (Pouchert and Campbell, 1974); or it would have shawn some 

modification thereof. Haginiwa, et al. (1958) reacted 2,4-dinitrobenzene 

diazonium sulphate (in AcOH) with veratrole but claimed no more than 

c13H10N4o6 m.p. 173-175° for 70% of the product. The Chemical Abstracts 

(1958) abstracted the paper (in Japanese) to claim 3-hydroxy-2-methoxy-2' ,-

4'-dinitroazobenzene as the structure of this compound. Since as shown 

above (from 1H n.m.r. evidence) this is not the structure for c13H10N4o6 
0 m.p. 174.5-176.5, therefore 4'hydroxy-3'-methoxy-2,4-dinitroazobenzene 

is claimed, in this work, to be a 'new compound'. Further it is 

suggested that Haginiwa, et al. (1958) synthesized not 3-hydroxy-2-

methoxy-2' ,4'-dinitroazobenzene but 4'-hydroxy-3'-rnethoxy-2,4-dinitro-

azobenzene. 

3', 4' -Dimethoxy-2, 4-dinitl•oazobenzene (A-F2IIIbii) 

This compound was synthesized from the compound above by simple 

Because the 4'-hydroxy-3'-methoxy-2,4'dinitroazo­

benzene was not freely soluble in ether, for methylation with diazornethane, 

it was dissolved (AcMe) and evaporated to a film onto the wall of the 

flask. Since upon addition of the ether some of the dye crystallized, 

the ethereal solution was poured off after what was still amorphous 

(film) had dissolved and reacted. TI1en the crystalline material was 

redissolved and spread again as a film. 

nitroazobenzenc melted at 151-152°. 

TI1e 3' ,4'-dimethoxy-2,4-di-

The same compound was also obtained from 2,4-dinitrobenzene dia.zo-
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nium phosphate and veratrole (A-F2IIIaii) or 2,4-dinitrobenzene diazonium 

trichloroacetate and veratrole (A-F2IVa) in <8% and c. 25% yield (resp.). 

TI1e mixed melting point of the latter preparation with that synthesized 

above was 150-151.5°. 

Again, Chemical Abstracts (1958) claimed that Haginiwa, et aZ.. 

(1958) obtained 2,3-dimethoxy-2' ,4'-dinitroazobenzene (m.p. 135°) from 

veratrole and 2,4-dinitroazobenzene diazonium sulphate. That compound 

may melt at that temperature but it is doubtful whether they obtained it 

in their synthesis: 2,4-dinitrobenzene diazonium sulphate in acetic 

acid is unlikely to react differently (i.e. ortho to a methoxy-group of 

veratrole) from 2,4-dinitrobenzene diazonium phosphate in orthophosphoric 

acid, which reacted para to a methoxy-group (as shown above). 

3' ,4'-Dimethoxy-2,4-dinitrobiphenyZ. (A-F2IIIaii) 

These yellow crystals (a few mg by sublimation) appeared with 3' ,-

4'-dimethoxy-2,4-dinitroazobenzene, in the product from the reaction of 

2,4-dinitrobenzene diazonium phosphate with veratrole in orthophosphoric 

acid. The yield was low (<5%). + Since the M was 304, 3' ,4'-dimethoxy-

2,4-dinitrobiphenyl (M 304) is suggested 

(d) TrichZ.oroacetic acid (tea) 

Trichloroacetic acid was a stronger acid (pK 0.70, Chemical a . 

Rubber, 1964) than orthophosphoric acid but it is a solid. A saturated 

solution in water contained very little water (100 g of a saturated 

solution contains 92.3 g tea at 25°, Seidell, 1941). Although after 

the 2,4-dinitroaniline was dissolved in the saturated tea the solution 

became a suspension of crystals on cooling, this did not inhibit diazo­

tization on addition of sodium nitrite solution (A-F2IVa). 



S-Chl01~0-6, 7-dimethoxy-8-methyl-2', 4 '-cHni-ti~opyrr•olo[2, 3-b]indole-2-

azobenzene (A-F2IVb) 
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In several experiments using trifluoroacetic anhydride (tfaa) as a 

'catalyst' in the csterification of sdm (see §4, above), the main product 

was anhydrodethiosdm (adsdm), a yellow to yellow-orange derivative, in 

which sdm had lost the two sulphur atoms and two molecules of water. 

Adsdm was considered to be fairly stable since it had aromatic-like 

properties (Hodges, pcrs. comm.). Since it was stable to tfaa it might 

be possible to dicizonium couple at its remaining aromatic site. 

At the pH of the 2,4-dinitrobenzene diazonium salt in saturated tea 

solution there was no react.ion with adsdm (A-F2IVb). Binks and Ridd 

(1957), in p-nitrobenzene diazonium coupling to indole, made the indole 

solution alkaline (with 0.11 M KOH) before adding the diazotizcd aniline 

(in O. 9 M hydrochloric ac1d). When the solution of adsdm in saturated 

tea ,-.,as neutralized the adsdm came out of solution (i.e. it was water 

insoluble) but redissolved when the solution was made alkaline (with 

10 M NaOI-1). When the diazonium salt in tea was added there was an 

immediate reaction to products of a dark red colour. 

yield upon chloroform extraction and crystallization. 

There was a 50% 

The molecular formula.for these crystals was c 19H15c1N606 . The 

i.r. spectrum (Table 2.9) showed that there were nitro-groups present. 

When the elements for the dinitroazobenzene (C6H3N404) were subtracted 

The stable indole moiety of partial 

structure: Cl 

MeO 
MeO 

TI1C i.r. spectrum of the crystals did not show the carbonyl stretch­

ing peaks of adsdm (1710, 1655 cm- 1 , Hodges, et al.~ 1964), so the 
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product was not a substitutecl adsdm. This absence of carbonyl absorp-

tion (i.r. spectrum) indicated that the CO-C(=CH2J-N(CH3J-CO group of 

the <lioxopiperazine ring had been hydrolyzed off in the reaction. It 

was known that the clioxopiperazine ring of adsdm would rapidly hydrolyze 

to a colourless amino-acid in 5% methanolic potash but not to the 

complete removal of the CO-C(=CH2)-NMe-CO group. This amino-acid from 

adsdm upon methylation (with CH2N2) reformed the adsdm (unpublished data). 

Scharwin and Kaljanoff (1908) reported that diazobenzenesulphonic acid 

eliminated the carboxy-group from p-dimethylaminobenzoic acid. Hence 

this mechanism is suggested: either a. the alkali hydrolyzed the 1,2-

lactam (locants as for sdm) to the amino-acid (2.7) (Scheme 2.2) from 

which the 2,4-dinitrobenzene diazonium salt eliminated the carboxy-group 

(2.8) followed by further hydrolysis of the 4,5--amidc to the --NH- (2.9); 

orb. the hydrolyses (and elimination) took place in reverse order; or 

c. the diazonium salt ruptured the lla-C-CO bond (sdm locant) first, to 

be followed by hydrolysis of the 4,5-amido-bond. The i.r. spectrum in 

nujol of the compound (2.9) showed a hydrogen-bonded NH peak (a. 3300 

There was also the medium peak at 1650 cm- 1 (nujol) for a 

pyrrolo-double bond which was not conjugated with the indole-double 

bond system but was conjugated to that of the azobenzene system. For 

5-chloro-2-hydroxy-6,7-dimethoxy-1-methyl-2' ,4'-dinitroindole-3-azo­

benzene (see later) the i.r. absorption (nujol) for the tautomeric 

-1 oxindole carbonyl was at a higher frequency (1710 cm ) than those for 

the mono-nitre-analogues (1660-1665 cm- 1) which suggested that it may 

be that the dinitroazobenzene group in (2.8) was causing the shift of 

the pyrrolo-double bond absorption from its usual frequency (<1600 cm- 1 , 

-1 Bellamy, 1975£) to that observed here (1645 cm ). From this reasoning 

it is suggested that the remaining C/l2N (above) completed the pyrrolo­

ring, hence the structure, 5-chloro-6,7-dimethoxy-8-methyl-2',4'-di­

nitropyrrolo[2,3-b]indole-2-azobenzene, is plausible. 



The 1H n.m.r. did not contribute any conclusive structural data. 

It showed a broad peak well downfield (o 12.4) for the pyrrolo-NH: the 

typical pattern (o 9.05, d J 2 Hz; 8.18, dd J 9.5, 2 Hz; 8.03, d J 

9.5 Hz) for the 2,4-dinitroazobenzene group as was observed above for 

4'-hydroxy-3'-methoxy-2,4-dinitroazobenzene (o 8.9-7.9): a singlet 
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(1 H) on the side of the CHC1 3 peak (o 7.30, no spectrum to confirm this 

was obtained in either AcMe-d6 or cc1 4 because of insolubility) attri­

buted to the aromatic proton (H-4) (the same proton in adsdm resonated 

at cithero7.65 or 7.41, Hodges, et al.~ 1964): a singlet (o 6.65) 

attributed to the pyrrolo-H (H-3); the resonances of protons on aromatic 

rings adjacent to azo-groups usually shift downfield by c. 0.5 ppm but 

this pyrrolo-H had shifted upfield by more than 0.75 ppm compared with 

its resonance in adsdm but compared with the resonance of the corres­

ponding proton in 2-methylindole and substituted 2-methylindoles 

(Pouchert and Campbell, 1974) it was downfield by c. 0. 45 ppm: and two 

singlets of 6 (o 4.27) and 3 (o 3.62) protons each, for the two methoxy­

groups and the N-methyl-group (resp.). 

5-Chloro-2-hyd:I'oxy-6,7-dimethoxy-l-methyl-4'-nitroindole-3-azobenzene 

(2 .11a) (A-Flciii) 

2' ,5-Dichloro-2-hyd:I'oxy-6,7-dimethoxy-l-methyl-4'-nitroindole-3-azo­

benzene (2.llb) (A-F2Icii) 

5-Ch Zaro- 2-hyd:I'oi-y-6, 7-dimethoxy-1-methy l- 2 ' , 4' -dini troindo le-3-azo­

benzene (2. llc) (A-F2IVc) 

Although the foregoing reactions of coupling nitrobenzene or chloro­

nitrobenzene diazonium salts with veratrole yielded biphenyl derivatives 

and not azo-compounds, sdm was treated with these diazonium salts. Be­

fore it was known that it was the 2-chloro-derivate of the diazonium 

chloride which had been formed, the diazotized 2,4-dinitroaniline (in 

cone. HCl) was reacted with sdm (in AcMe). Reaction for 15 min yielded 

a trace of a dark purple substance plus unreacted dinitroanilinc and sdm 
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(t. 1. c. of CHC1 3 extract) (A-P2Ici) but on reaction overnight purple 

crystals were filtered out (c. 24%). Although the filtrate darkened 

on exposure to air, the extract (CHC1 3) of the darkened filtrate did 

not show any spot corresponding to the purple crystals (A-F2Icii). 

Similarly p-nitrobenzene diazonium chloride yielded 8% of purple crystals. 

Because 2,4-dinitrobenzene diazonium salts (trichloroacetate) 

yielded c. 25% of 2,4-dinitro-3',4'-dimethoxybenzene from veratrole, it 

might so react with sdm. When the 2,4-dinitroaniline was diazotized in 

orthophosphoric acid forming 2,4-dinitrobenzene diazonium phosphate and 

sdm added, there was no reaction (as mentioned above). Sdm was 

recovered unaltered. But when 2,4-dinitrobenzene diazonium trichloro-

acetate in saturated trichloroacetic acid was reacted with sdm (dissolved 

in sr,turated trichloroacetic acid) then a purple compound (8%) was slowly 

formed. 

The i.r. spectra of these compounds (in nujol) showed a hydrogen­

bonded OH peak (c. 3400 cm- 1) and medium peaks at 1660, 1665 and 1710 

cm - 1 (resp. ) . TI1is is consistent with the molecules being tautomeric 

and existing mainly in the hydroxy-state. Both the characteristic sdm­

carbonyl peaks (1700 and 1675 cm- 1) (and the pattern for sdm between 

1500 and 1300 cm- 1) were absent, which suggested that in the reaction the 

epidithiodioxopiperazine ring had been lost. The respective molecular 

formulae were c17I\5ClN4o5, c17H14cl2N4o5 and c17H14ClN5o7 . Since there were 

no dioxopiperazine-Ns in these compounds (i.r.) and since there were 4-5 

nitrogen atoms present it is suggested that 2 of them were azo-Ns i.e. 

part of each molecule was respectively c6H4N3o2, c6H3ClN3o2 and C6H3N4o4 

derived from the coupling reagents. Tilis left c11H11 ClN03 . The mole­

cular formula for 5-chloro-6,7-dimethoxy-1-methylindolyl, derived from 

sdm, was c11H11clN02 which left one oxygen atom; hence the suggested 

hydroxy-groups in the headings. 
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A 1 H n. m. r. spectrum of any. or all thes.e compounds would not help in 

deciding the position of the substituted azobenzene group and the hydroxy­

group because if they were adjacent to each other on the pyrrolo-ring 

there would be no protons (H-2; H-3). The aromatic proton (H-4) would 

be shifted from its resonance position (o 7.08) for the indoline ring 

system of sdm: the resonance of that proton shifts downfield when sdm is 

converted into the indole derivative anhydrodethiosdm (1. 16) (o 7 ~ 65 or 

7.41 ppm, Hodges, et al., 1964). Even supposing the azo-group were in 

the 4 position, theH-2 or H-3 protons would still be in an aromatic 

environment and therefore not readily assignable. 

Chemically a structure could be deduced. The acid unstable 1,3-

diaza-group hydrolyzed and dehydrated in the strong acid (Robinson, 

1963), A similar reaction has been recorded by Hodges, et al. (1966): 

when anhydrosdm-B (2.12)was treated with boron trifluoride ether complex, 

the product was isosdm-8 (2.13). In this reaction the elements of water 

had been added across the 5-N-C-Sa bond. Zollinger (1961c) reviewed 

work where diazonium coupling took place at the o:-carbon (to the phenyl 

group) of vinologues of dialkylanilines. The structure (2.10) was 

a similar vinologue i.e. an N-aryl-N-methyl-B-aminostyrene, -in which it 

is suggested, the diazonium salt eliminated the 3-hydroxymethylenc-1,6-

dimethyl-2,5-dioxopiperazine group as in Scheme 2.3. The sulphur 

bridge was probably lost early in the dehydration step as in the form­

ation of anhydrodethiosdm (1.16) (Hodges~ et al., 1964), (c.f. prolonged 

action of cone. hydrochloric acid on sdm~ above). 



Table 2.9. Infra-red spectra (KBr) of ni trobenzene compounds. 
The nitro group • Subs ti tut ion In-plane 

Compounds Phenyl nucleus C-N CNO pattern bending 
V V stret- ben- Two 02•- Iso- intensi-as s ching ding tho-Hs lated fied by 

Hs -ve group 

2-Chloro-1-iodo-4-nitrobenzene 1590m (1510s)* 1445m 1510vs 1330vvs 880s - 825m 880s 

4-Hydroxy-3-methoxy-4'-nitroazobenzene 1600m, 1S8Ss, 151Svs 1340vs 860m 615w 850s 865s 1270vs 
1510vs, 1450m. 

3,4-Dimethoxy-4'-nitroazobenzene 1595s (1500vs) 1525- 1340vs (860s) 615w 805s 860s 126Sbrvs 
1450m. lSOOvs 

2-Chloro-3' ,4'-dimethoxy-4-nitro- 1600m, 1580s, 1515vs 1335vsbr 870m - 800s 860s 1250s 
biphenyl lSOSvs, 1450sh 

2-Chloro-4Lhydroxy-3'-methoxy-4-nitro- 1590s, (lSOOvs), lSOOvs 1340vs (865s) 620w 820m 865s 1270vs 
azobenzene 1450m 

2-Chloro-3' ,4'-dimethoxy-4-nitroazo- 1590m, (1510vs) 1510vs 1340vs 860w - 800m 870m 1270vs 
benzene 1455m 

4'-Hydroxy-3'-methoxy-2,4-dinitroazo- 1610s, 1595s, 1580s, 1500s 1340vs (865m) 620m 830- 865m 1255m 
benzene (1500s), 1450sh. 840m 
3' ,4'-Dimethoxy-2,4-dinitroazobenzene 1590s, 1505s, 1460m. 1530s 1340vs (860s) 620m 835m 860s 1270vs 
2-Chloro-4,5-dimethoxy-2' ,4'-dinitro- 1595s, 1500s, 1445m. 1530s l33Svs (860s) - 830m 860s 1270vs 
azobenzene 

5-Chloro-2-hydroxy-6,7-dimethoxy-1- (1600vs), 1505m, 1600vs 1330s (840s) 625m 840s - 1270vs 
methyl-4'-nitroindole-3-azobenzene 145Smsh. 
2' ,S-Dichloro-2-hydroxy-6,7-dimethoxy- (1600vs), 1580m, 1600vs 1330vs 840m 620w 800m 890m 1260s 
1-methyl-1'-nitroindole-3-azobenzene 1500s, 1450m. 

S-Chloro-2-hydroxy-6,7-dimethoxy-1-me- 1610s, 1595s .1610s 1340vs (835m) 610w 835m 915m 1265s 
thyl-2' ,4'-dinitroindole-3-azobenzene lSOSmsh, 1455m. 1595s 

5-Chloro-6,7-dimethoxy-8-methyl-2' ,4'- 1610vs, 158Svs, 1600vs 1330vs (830m) 600w 830m 855m 1260m 
dinitropyrrolo[2,3-b]indole-2-azobenzene 1500s, 1445m. 158Svs 

*Those frequencies inside brackets ( ) , represent those which could be hidden by other group absorptions. 
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Therefore the structures, 5-chloro--2-hydroxy-6, 7-dimethoxy-1-

mcthyl-4' -nitroindole-3-azobenzeno (2.lla), 2' ,5-dichloro-2-hydroxy-

6,7-dimcthoxy-1-methyl-4 1 -nitroindole-3-azobenzene (2.llb) and 5-chloro-

2-hydroxy-6,7-dimethoxy-1-methyl-2' ,4'-dinitroindole-3-azobenzene (2.11c) 

are suggested for the compounds derived respectively from p-nitro-, 

2-chloro-4-nitro- and 2,4-dinitro-benzene diazonium salts. 

The infra-red spectra of the foregoing azo- and nitro-compounds.-Apart 

from the very strong nitro-group peaks at c. 1510 and 1340 cm~ 1 .. and the 

phenyl group peaks at c. 1590 and 1450 cm- 1 , any assignment to other 

peaks was purely subjective. These peaks and some others (substitution 

pattern) are set out in Table 2.9. Though a number (9) of the compounds 

had C-Cl functions, none showed strong peaks at <650 cm- 1 attributable 

to C-Cl vibration. Plyler (1950) reported that the C-Cl absorption for 

chlorobenzene was weak, which observation is consistent with that 

observed in the foregoing compounds, for sdm, and for all those compounds 

derived from sdm. In respect of these weak absorptions it is noted that 

4-hydroxy-3-methoxy-4'-nitroazobenzene and 3,4-dimethoxy-4-nitroazo­

benzene had weak absorptions at 612 cm- 1 without any C-Cl function while 

3-chloro-4-iodo-1-nitrobenzene, 2-chloro-3',4'-dimethoxybiphenyl and 2-

chloro-4,5-dimethoxy-2' ,4'-dinitroazobenzene showed no absorption at less 

than 630 cm- 1 . 
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§6. Conc .. lMlon. 

1 - The -S-S- bridge of sdm may be opened and alkylated without the rest 

of the molecule decomposing. 

2 - By using alkoxyc;irbonylalkyl groups the sdm molecule was successfully 

complexed to proteins (through the lysyl residues) to form antigens. 

3 - By the antibody titre (using the precipitation of a radioactive 

derivative of sdm) these antigens show some activity in stimulating 

sheep to produce antibodies to sdm. 

4 - Attempts to diazonium coupling to sdm did not produce compounds 

coupled at the aromatic hydrogen but compounds coupled elsewhere by 

an elimination process. The elimination eliminated the epidithio-

dioxopiperazine ring moiety which it was hoped to preserve. 

5 - By 0-acylation w1th a suitable bridging reagent it may be possible 

to link sdm to protein while preserving the -S-S- bridge. 



CHAPTER 3. THE 13c NUCLEAR MAGNETIC RESONANCE OF 

SPORIDESMIN AND SPORIDESMIN-D 

Pu1,ification of Sp01°idesmin 
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Because of the close similarity in polarity of sdm, sdm-D and sdm-E, 

the latter two, after all the partitioning, column chromatography 

(Ronaldson and Fyvie, 1973) and crystallizations, were not readily 

separated from sdm. A system of chromatography to separate sdm (1.1) 

from sdm-D (1.9) and sdm-E (1.10) was arrived at thus: on t.l.c. (Si02 

gel G F 254 ) acetone alone moved sdm, sdm-D, sdm-E and sdm-G (1. 17) all 

the same distance (RF 0.61); benzene alone moved them less than RF 0.1; 

but acetone-benzene (1:9) moved sdm to RF 0.52, sdm-E 0.50, sdm-D and 

sdm-G 0.35; chloroform alone moved sdm to RF 0.51, sdm-D and sdm-E to 

0.40 and sdm-G to 0.27. From a number of combinations of chloroform 

and benzene, the best separation was obtained with the mixture (CHC1 3-

C6H6 13:7). Under the conditions of the t.l.c. plates at the time, 

this mixture gave the following RF values: sdm 0. 31, sdm-E O. 24, sdm-D 

O. 18 and sdm-G O. 16. and separated all four when they were all applied at 

the same point on the t.l.c. plate. 

When, therefore, sdm as prepared by Ronaldson and Fyvie (1973), was 

chromatographed on a column of silica gel G and developed with benzene 

containing increasing concentrations of chloroform, it was possible to 

elute the sdm free (by t.l.c.) of either sdm-D or sdm-E. It was found 

advisable, as a general rule, to keep the concentration of the more polar 

solvent considerably lower than that use_d in t.l.c. The appropriate 

fractions were crystallized from methanol-water to give unsolvated sdm 

ready for 13 C n.m.r. (A-A). 

If having crystallized the sdm (unsolvated), as produced above, it 

was found necessary·to recrystallize from methanol-water, each crystal­

lization in the conventional way produced a decomposition product which 
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Fig. CM3.1 (a) Decoupled spectrum of sdm; (b) decoupled spectrum of sdm-D; (a) unde­
coupled spectrum of sdm-D, showing the multiplicities. The peaks in (c) between 140 and 
155 ppm have been doubled in intensity. The five truncated peaks in the (a) spectrum, 
b~tween 27 and 33 ppm, are those of co3coco3. 
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was greener (akin to the green produced by hot, dilute alkali, Ronaldson, 

et al., 19u3) at each step. Charcoal had to be used each time. Melt-

ing point determinations were no criteria of ultimate purity because 

mixtures with sdm-E did not give the usual depression in melting point 

(A-B3iv). 

M1en sdm-D (A-Claiii) was treated with acetone to remove etheT of 

crystallization, and redissolved several times there was not the de­

composition to greens as with sdm, so it was considered to be more stable 

and hence satisfactory for the overnight treatment required to obtain the 

undecoupled 13 C n.rn.r. spectrum. 

13 C Nuclear Magnetic Resonance 

In the following discussion where a resonance shows a long-range 

multiplicity and no one-bond carbon-hydrogen splitting, it was consider­

ed, in the first instance, as a singlet and~ was the width at half 
Yz 

height. 

Fig. CM3.1 sets out the proton-noise-decoupled spectra of the two 

compounds, sdm and sdrn-D, and the undecoupled spectrum of sdm-D. In 

this figure the spectral width for the two decoupled spectra was 4 kHz 

and for the undecoupled spectrum 2.5 kHz, which gives 1.221 Hz between 

any two data points, hence the coupling constants quoted in this dis­

cussion are multiples of this value and are± 1.2 Hz or better. To 

correct for the difference in intensity between the two decoupled spectra 

of sdrn and sdrn-D, that for sdrn-D was increased by a factor (1.18), deter­

mined by making the average height of the three least-shifted resonances 

(at 90.3, 119 and 141 ppm) in sdm-D equal to that of the same three in 

sdrn. The peaks fell naturally into four groups: (a) the methyl carbon 

peaks from 10 to 65 ppm, (b) the methine and quaternary carbon peaks from 

65 to 100 ppm, (c) ~he aromatic peaks from 115 to 155 ppm and (d) the two 

lactam carbonyl peaks about 165 ppm. 
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The following discussion deals with the carbon-13 shieldings (3.la, 

b) and 1J spin-spin couplings. The discussion of the long range coup­

ling relevant to sections (a) and (b), is at the end of section (b). 

(a) The Methyl Peaks 

(i) At 14.5 and 1S.6 ppm (q). J 140 Hz (sdrn-D).-Although these two 

S-methyl resonances were more shielded than those in dimethyl sulphide 

(19.5 ppm, Stothcrs, 1972i), their positions were consistent with those 

of the S-methyls in methionine (15.0 ppm) and thioanisolc (15.6 ppm, 

Johnson and Jankowski, 1972). In the Dreiding model the two sulphurs 

were c. equidistant from their adjacent lactam carbonyl oxygens. The 

proximity of carbonyl groups (see later) was a factor in the shielding. 

By contrast the proton peaks of the S-methyl {cS 2.32, 2.40) were 

downfield (by c. 0. 5 ppm) from that of the C-methyl (cS 1. 87, Jamieson, 

et al., 1969), while these S-methyl carbon peaks were upfield. The 

coupling constants in sdm-D were comparable with those in dimethyl 

sulphide (138 Hz). 

(ii) At 18.2 ppm (sdm) and 25.5 ppm (q), J 131.2 Hz (sdrn-D).-In sdm 

there was no ambiguity in assigning the peak at 18.2 ppm to the carbon 

of the C-methyl; the 2-methyl peak of 1,2,4-trimethylpiperazine absorbed 

at 17.8 ppm (Ellis and Jones, 1972) and the 2- and 5-mcthyls of cis-2,5-

dimethylpiperazine absorbed at 18.3 ppm (Johnson and Jankowski, 1972). 

By irradiating the C-methyl protons at c5 1.79 in the 1 H spectrum of 

sdm-D (acetone), the carbon peak observed to be at 18.2 ppm in sdm was 

observed to be downfield by 7.3 ppm in sdm-D. This deshielding of the 

carbon stood in contrast to what was observed for the C-methyl protons 

(o 1.87 C-CH3 , 2.32 and 2.40 S-CH3, Jamieson, et al., 1969). 

Dorman and Bovey (1973) have observed the strong carbon-13 shielding 

effect of a.mido-carbonyl oxygens on N-alkyl carbons and they concluded 

that a similar effect could occur at the B-carbon. In a Dreiding model 
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of sclm-D the methyl carbon (B to the nitrogen) was not coplanar with the 

1-carbonyl oxygen, hence the deshield1ng (7.3 ppm) observed by releasing 

the strain upon the dioxopiperazine ring by opening the -S-S- bridge. 

Therefore, it might be that there were a shielding and an equal and 

opposite deshielding which made the methyl-C of the C-methyl resonance 

in sdm appear at 18.2 ppm. In the piperazines quoted above (chair 

conformation~ Ellis and Jones, 1972) there were no strains in the rings 

(comparable with those in sdrn) wher~as in sdm there were deshielding 

strains imposed upon the piperazine ring (boat conformation) by the fused 

pyrrolidine ring, the -S-S- bridge and by the two amido-groups. All 

these strains were opposed by the shielding arising from the near coplan­

arity of the methyl-carbon with the 1-carbonyl oxygen in sdm. 

According to Haake et al. (1964) increased electronegativity of the 

atom upon which a methyl resided increased the coupling constant of that 

methyl gi·oup. The coupling constant for the four methyl groups on the 

quaternary carbon of 2,2-dimethylpropane, (Stothers, 19729,) was 124 Hz 

(25% 's' character, Jackman and Sternhell, 1969) but in sdm-D the value 

was 131 Hz (greater 's' character), hence the sulphur, nitrogen and 

carbonyl adjacent to the C-3 in the di(methylthio)dioxopiperazine ring 

conferred electronegativity on this carbon atom, which electronegativity 

accounted for the increased one-bond coupling constant of the methyl. 

(iii) At 27.3 ppm (sdm) and 28.8 ppm (q), J 140.4 Hz (sdm-D).-TI1is 

methyl resonance of the N-methyl lactam in sdm was strongly shielded 

compared with that of the N-methyls in 1,2,4-trimethylpiperazine (42.9 

ppm, Ellis and Jones, 1972), dibenzyl methylamine (42.1 ppm), N,N-di­

methylpropanediamine (45.4 ppm) and 3-dimethylamino-2,2-dimethylpropion­

aldehyde (47.2 ppm), (Johnson and Jankowski, 1972). This shielding 

(>13 ppm) was attributed to the strong carbon-13 shielding effect of the 

lactam-carbonyl oxygen (Dorman and Bovey, 1973), as was observed for the 

N:..methyls in 1,3-dimethyluracil (27.5 ppm) and ethyl methylcarbamate 
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(27. 4 ppm) (Johnson and ,Jankowski, 1972), 3~ethyl-1-methyl-3-pheriyl-

glutarimidc (26-27 ppm, Dorlet and Van Binst, 1973). In tryptophan-

dehydrobutyrine dioxopiperazine (3.2) (Kakinuma and Rinehart, 1974) the 

corresponding N-rnethyl resonates at 32.8 ppm. TI1is deshielding may be 

attributed to the influence of the exo-double bond upon the dioxopipera­

zine ring. Models of this ring system did not conform to those in sdm 

or sdm-D. -In the sdms, the shielding in sdm-D was 1. S ppm less than 

that in sdm because, when the strain of the -S-S- bridge was relaxed, the 

coplanarity with the oxygen of the lactam and with the 3-methyl was less­

ened; in a model where a pyrrolidine ring was fused to a dioxopiperazine 

ring the lactam group tended to be less planar. In sdm-D the coupling 

constant was comparable with that of the N-methyl acetamides (138 Hz, 

Stothers, 1972£). 

(iv) At 39.2 ppm (sdm) and 41.3 ppm (q), J 137.9 Hz (sdm-D).-Yates, 

et al. (1973) studied the carbon-13 spectrum of aspidophytine (3. 3) which 

contained a 6,7-dimcthoxy-1-methylindoline moiety, and assigned the peak 

at 35.4 ppm to the N-methyl carbon. Similarly, Lukacs, et al. (1974}, 

studying tabersonine (3.Sa) and 1-methyl-2,16-dihydrovincadifformines 

(3. Sb-e) containing a 1-methylindoline moiety, found that the N-methyl 

carbon resonated at 35-36 ppm. In both sdm and sdm-D the N-methyl 

carbon absorbed at lower fields and in both compounds the methyl was 

sterically crowded by a carbonyl of the dioxopiperazine ring, producing a 

deshielding of 5.9 ppm in sdm-D. The strain of the -S-S- bridge in sdm 

tended to move the carbonyl oxygen away from the N-methyl, hence the 

absorption at higher field. 

By irradiating the protons of the N-methyl group (in sdm-D) at o 

3.01 the carbon resonance at 28.8 ppm-remained a singlet while that at 

41. 3 ppm was split (q). Conversely, when the protons of the N-methyl 

group at o 3.3 were irradiated the peak at 41.3 ppm was unsplit while 

that at 28.8 ppm was split (q). 
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The coupling constant (137.9 Hz) exceeded that reported (Stothers, 

1972£) for mcthylamine (133 Hz). The significantly greater value for 

this constant in sdm-D was attributed to enhancement of the electro­

negativity (reflecting greater 's' character) of the indoline nitrogen 

by the benzene ring. 
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(v) At 60.9 ppm (sdm) and 60.3 and 61.0 ppm (q), J 144.9 Hz (sdm-D).­

No ambiguity exists in the assignment of these resonances in either com­

pound, for the intensity of the singlet in sdm about equalled the sum of 

the two peaks in sdm-D and these occurred within the chemical shift range 

of comparable aromatic methoxy-groups in aspidophytine (3.3) and 

haplophytine (3.4) (55.8-61.1 ppm, Yates, et al., 1973). 

The use of the shieldings of the methyl-Cs of methylated alcohols 

and phenols as a diagnostic tool is fraught with difficulties. The 

following analysis of the recorded values (ranging from 48.9 to 65.6 ppm) 

demonstrates the problems. 

The carbons of the methoxy-groups of the simplest ether, dimethyl 

ether, resonate at 59.4 ppm (Stothers, 1972h). When one methyl is sub-

stituted by an ethylene as in 1,2-dimethoxyethane, methoxyethyl thiogly­

colate and bis-(2-methoxyethyl)phthalate the carbon of the methoxy-group 

is shielded to 58.6-58.7 ppm (Johnson and Jankowski, 1972). Further, 

substitution on the a-carbon as in 3-methoxybutan-1-ol produces greater 

shielding (55.8 ppm, Johnson and Jankowski, 1972). In a series of a-

and S-substituted L-cladinosides (3.6a,b) (3.7a-f) the 3-methoxy-groups 

(carbohydrate numbering system) are on methylated-Cs in tetrahydropyran 

rings and their resonances occur between 48.9 and 49.6 ppm (Terui, et 

al.,.1975b). (Within this group of erythromycins (3.7a-f) there is 

the same phenomenon as is observed in the aromatic series, see below.) 

Methyl pyranosides (e.g. 3.8) show, with increasing substitution, 

a similar series of shieldings. The series is anomalous, however, 
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because in at least two of the many possible monomethyl pyranosides the 

2- or 3-methoxy-methyl-Cs of the 2- or 3-niethyl pyranosides, resonate 

(59.6-62.8 ppm, Bock and Pedersen, 1974, Dorman and Roberts, 1970) at 

values more des]1ielded than that in dimethyl ether (59.4 ppm, Stothers, 

1972h). But the methoxy-methyl-Cs of the 1-methylpyranosides resonate 

at 55.1-58.7 ppm (Burton, et al., 1971; Dorman and Roberts, 1970; 

Uchida, et al., 1975). Acetylation of the methyl pyranosides almost 

invariably shields the methyl-Cs of the 1-methoxy-groups. A 4-amino-

group shields the rnethyl-C of the 1-methoxy-group even more (52.4 ppm 

Uchida, et al., 1975). 

Against these increased shieldings with increasing substitution in 

aliphatic molecules are the phenomena observed in the aromatic series. 

Beginning with simplest aromatic methoxy-compound, anisole (54.7 ppm, 

Johnson and Jankowski, 1972), increasing substitution on carbons 

becoming less remote from the methoxy-group (except the anomalous 

a-methyl, a-ethyl, m-methyl and 2,5-dimethyl, 54.5-54.4 ppm, Dhami and 

St.others, 1966) deshields the methyl-C of the aromatic methoxy-group as 

' in Table 3 .1. [Johnson and Jankowski (1972) set out a number (c. 20) 

of methoxy-aromatic compounds in which all the methyl-Cs of the methoxy-

groups resonated between 55.0 and 57.3 ppm.] Crowding of the anisole--

methoxy-group (54.7 ppm) by 2,6-di-isopropyl deshields that methyl-C by 

7 ppm (62.0 ppm), 2,6-di-t-butyl deshields by nearly 10 ppm (64.5 ppm) 

and electron-withdrawing by a 4-nitro as well deshields the methyl-C by 

nearly 11 ppm (2,6-di-t-butyl-4-nitroanisole, 65.6 ppm, Dhami and 

Stothers, 1966). These latter structures are not strictly comparable 

with what is observed in sdm. 

The methyl-Cs of the methoxy-groups of substituted 2-methoxycyclohex-

2-enones formed another series with similarity to that of the aromatic 

series above. The rnethyl-C of the methoxy-group of 2-rnethoxycyclohex-2-

enone resonated at 53.7 ppm (Polansky, et al., 1975) (more shielded than 
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Table 3. 1. Resonance frequencies of aromatic methoxy-Cs (in increasing order of frequency). 

Chemical Relation to Aromatic ring Derivative or Structure Reference 

shift and nearest structure type of 
(ppm) substituent derivative 

54.9 - m- to -cc3 6-Methoxytetralin 3-Methoxymorphinane (3. 9a-h) Terui, et aZ.., 1975a. 
55.2 derivatives 

55.0 - m- to -NH 6-Methoxyindoline Vandrikidine (3 .10) Wenkcrt, et al . ., 
55.3 Vandrikine (3.11) 1973b. 

m- to -NMe 6-Methoxy-1-methylindoline Vindoline (3.12) 
Dihydrovindoline (3.13) 

55.3 p- to -Cl Methoxybenzene 4-Chloroanisole Johnson & Jankowski, 
1972. 

55.8 o- to -OH 5-Hydroxy-6-methoxytetralin Sinomenine (3 .14) Terui, et al . ., 1975a. 

55.8 o- to -OMe 6,7-Dimethoxy-1-methylindoline Aspidophytine (3. 3) Yates, et al . ., 1973. 

55.8, o- to -OMe 1,2-Dimethoxybenzene 2-(3,4-Dimethoxy- Johnson & Jankowski, 
55.9 phenyl)ethylamine 1972. 

55.9 - o- to -OMe 5,6-Dimethoxyindoline Carapanaubine (3.15) Wenkert, et al . ., 
56.8 Hazuntinine (3 .16) 1973b. 

56.2 - o- to epoxide 5-Epoxy-6-methoxytetralin Thebaine derivs (3.17a,b) Terui, et aZ . ., 1975a. 
57.0 ring Codeine derivs (3.18a-f) 

57.1 - o- to -OMe 6,7-Dimethoxy-2-oxatetralin* Lycorenine (3 .19) Crain, et al . ., 1971. 
57.5 and both 6,7-Dimethoxy-2-azatetralin** An amaryllidaceous (3.20) 

m- to -CH alkaloid 

60.3 o- to 8-Methoxy-6,7-methylenedioxy- Buphanamine (3.21) Crain, et al . ., 1971. 
-OCH20- 2-azatetralin** 

58.5-60.9 adj. to 6,7-Dimethoxy-1-methylindoline Haplophytine (3 .4) Yates, et al . ., 1973. 
60.3-61.0 -OMe and/or Sdm-D (1. 9) this work. 
60.9 -N1'1e Sdm (1.1) this work. 
61.1 Aspidophytine (3.3) Yates, et al . ., 19 7 3. 

*And** represent isochroman and tetrahydroisoquinoline (resp.). They have been named above as co 
derivatives of tetralin for ease of comparison. U1 
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in anisolc). Doth in quassin (3.22) where a 2-methoxy-4,6-dimethyl-

OMc 

Meo (3.22) 

cyclohex-2-enone is fused [S,6] to a saturated hexacyclic ring, and in 

sinomenine (3. 14) where a 2-methoxycyclohex-2-enone ring is fused [ 4, S-: 

1' ,2'] to a saturated hexacyclic ring and a 5-N-methylpiperidine ring, 

'the methyl-Cs of the methoxy-groups are deshielded by 0.9 ppm (54.6 ppm, 

Polonsky, et al., 1975; Terui, et al . ., 1975a). In quassin (3.22) there 

is a second a-methoxy-group (12-) whose 2-methoxy-3,5-dimethylcyclohex-2-

enone ring is fused [4,5] and [5,6] to a o-lactone and a saturated hexacy­

cli.c ring. The methyl-C of this methoxy-group is deshielded by 5. 2 ppm 

(S8.9 ppm, Polansky, et al., 197S). This similarity described here be-

th'cen subs ti tutcd anisoles ancl 2-mcthm .. ycyclohex-2-enones is hinted at· by 

Polonsky, et al.., (197S) when they s~id "the shift of the 2-methoxy-group 

(of quassin) is normal. ... ·, the 12-methoxy-group is deshielclecl by c. 4 

ppm, reminiscent of the deshielding effect on the methoxy-shift of 

anisoles by two ortho-substituents 11 • 

In the 'mixed multitude' of metho:xycyclohexenes (1-methoxycyclo­

hexcnes, 3-methoxycyclohc,.encs ancl 3-metho:x.ycyclohcx-2-enones) in Table 

3.2, there appears (without the knowledge of the shicldings in the 

simplest appropriate methoxycyclohexcnes) to be increased shielding of 

the methyl-Cs of the rnethoxy-groups with increased substitution. Al­

though this statement stands in contrast to that above concerning the 

2-mcthoxycyclohex-2-cnone, there is a suggestion from Torri and Azzaro 

(1974) that 3-substitutcd cyclohex-2-enones differ from tho 2-subst.itutcd 

ones. 1liey reported that the methyl-C of 2-mcthylcyclohcx-2-cnone 
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Table 3.2. The resonance frequencies of methoxy-Cs in some methoxycyclohexenes 

Derivative or 
type of 

derivative 

Griseofulvin and 
Epigriseofulvin 

Tazettine and 
derivatives 

Amaryll idaceous 
alkaloids 

10-Methoxy-lOb­
rnethoxycarbonyl­
hydrojulolidines 

Dehydrogriseofulvin 

Isogriseofulvin 

Thebaine 

8,14-Dehydro­
thebaine 

Structure 

(3.23a,b) 

(3. 24a-d) 

(3.20) 
(3.25) 

(3. 26) 

(3. 27) 

(3.28) 

(3.17a) 

(3.17b) 

Cyclohexene ring structure 
and environment 

3-Methoxy-5-methylcyclohex-2-enone linked 
[4-2'] spiro to a 3-coumaranone 

3-Methoxycyclohexene fused [5,6-1' ,7a'] to a 
tetrahydropyrano[2,3-c]pyrrolidine 

4-Hydroxy-3-methoxycycl0hexene fused [1,6,5-
1' ,Sa' ,8 1 ] to an indolizidine or [l,6-6 1 ,7'] 
to a 1-azabicyclo[3.2.l]octane resp. 

3-Methoxy-5-methoxycarbonylcyclohex-2--enone 
fused [4,5,6-1' ,9a' ,9'] to a quinolizidine 

3-Methoxy-5-methylcyclohexa-2,5-dienone 
linked spiro [4-2'] to a 3-coumaranone 

3-Methoxy-5-methylcyclohex-2-enone 
linked spiro [6-2'] to a 3-coumaranone 

1-Methoxycyclohexa-1,3-diene fused [4,5,6-
12' ,5' ,6 1] to a 2-aza-7-oxatricyclo­
[6.3.l.o 5 •9]dodec-9-ene 

1-Methoxycyclohexene fused [4,5,6-12' ,5',6'] 
to a 2-aza-7-oxatricyclo[6.3.1.0 5 ' 9]dodec-
9-ene 

Reference 

Levine, et aZ., 1975. 

Crain, et aZ., 1971. 

Crain, et aZ., 1971. 

Wenkert, et aZ., 
1_973a. 

Levine, et aZ., 1975. 

Levine, et aZ., 1975. 

Terui, et aZ., 1975a. 

Terui, et aZ., 1975a. 

o:) 

-.J 
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resonated at 16.1 ppm while that of the 3-mcthyl isomer at 24.4 ppm. 

Since the methyl-C of the methoxy-group of 2-mcthoxycyclohcx-2-cnone 

resonated at 53.7 ppm it could be argued that the one for the 3-methoxy­

isomer would resonate c. 60 ppm. 

For the 1-methoxycyclohexenes and the 3-methoxycyclohex-2-enones 

canonical structures can be written which are not possible for the 

2-methoxycyclohex-2-enones or the aromatic series. Since it is not 

possible to write a canonical structure for the 3-methoxycyclohexenes, 

their methoxy-methyl-Cs may belong to the same group as those for the 

2-methoxycyclohex-2-enones. 

Seeing that with aromatic compounds the carbon bearing the methoxy­

group is completely substituted; further substitution can occur only on 

adjacent carbons. Stothers (1972a) lists the following alkanes in 

which an aliphatic.methyl is on a methylene-C adjacent to the carbon 

bearing the increasing substitution: MeCH2CI-I3_. 15.6 ppm; EtCII2CH3 , 13.2; 

ppm, where shielding of the terminal mcthyl-C increases with increasing 

substitution at C-3. 

There is a similar series of shicldings in the polymethyl benzenes 

but it arises from stcric interactions between the methyl groups 

(Stothers, 1972e). 

The conclusion drawn from this study is that, in general, the 

methoxy-methyl-Cs resonate, in the aliphatic series, upfield (to a.48 

ppm) from that of dimethyl ether (59.4 ppm) except for the 2- or 3-methoxy­

methyl-Cs of the 2-' or 3-methylpyranosides (59. 6-- c. 63 ppm) and in the 

aromatic series downficld (to a. 66 ppm, when crowded) from that of anisolc 
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(54. 7 ppm) except for some methylanisoles (2, 5-dimcthylanisolc, 54. 4 ppm). 

And further that the methoxy-methyl-Cs of the sdms resonate at about the 

lowest field observed for methoxy-groups (not croi:ded by bulky alkyl s). 

The coupling constant for these (sdm--D) mcthoxy-groups (144.9 Hz) 

could be compared with that reported (Stothers, 19729,) for methanol 

(142 liz); the greater value in the former case may be attributed to the 

aromatic enhancement of the electronegativity of the oxygen atoms. 

(b) The Peaks from Quaternary and Methine Carbons~ and Long-Range 

Coupling 

(i) At 74.5 ppm (sdm) and 69. 7 (s) (sdm-D) and at 77. 7 ppm (sdrn) 

and 73.1 ppm (s) (sdm-D).-The intensity ratio of these two peaks in sdm 

was comparable with the ratio of the two in sdm-D but both peaks in goine 

from sdm to sdm-D have shifted to higher field by a similar amount (4.8 

and 4. 6 ppm). Hence these two peaks were assigned to those quaternary 

carbons in the dioxopiperazine ring which were affected by the opening 

of the -S-S- bridge. These assignments were confirmed by long-range 

coupling (see below). The former (C-3, sdm-D) resonance was strongly 

l ttN-quadrupole broadened (W1 c. 14. 6 Hz) while the latter (for C-lla) 
~ 

was less broadened (~ c.11 Hz). 
~ 

This broadening was indicative of 

adjacent nitrogen atoms (Levy and Nelson, 1972a). 

Some dioxopiperazine ring systems (Deslauriers, et al.~ 1975; 

Kakinuma and Rinehart, 1974; Ottnad, et al.~ 1975) have been investi­

gated and in each of the 9 synthesized rings the carbons (C-3 and C-6) 

are either a methylene or methine. The methylene-C, derived from 

glycine, resonates between 43.7 and 45.5 ppm; the methines with adjacent 

methylenes, derived from cystine or leucine, resonate between 53.8 and 

54.5; those methines which, though adjacent to a methylene, are S to an 

aromatic group e.g. derived from tryptophan, phenylalanine or tyrosine, 

resonate bet~een 56.7 and 57.3 ppm; and the methine adjacent to a mcthine, 



(3.29) 
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derived from valinc resonates at 60.8 ppm. Though the methine in 

tryptopl1an-dehydrobutyrine dioxopiperazine (3.2) is B to an indole it is 

dcshieldcd (to 63.3 ppm by c. 6.5 ppm) by the adjacent N-rnethyl (Ellis 

and Jones, 1972) and by the strain imposed by the exo-double bond upon 

the configuration of the dioxopiperazine ring (referred to under a,iii 

above). In the neurotoxin, roquefortine (3.29), the corresponding 

methine is part of a 1,2,3,3a,8,8a-hexahydropyrrolo[2,3-b]indole ring 

system (as in the sdms) and is shielded (c. 20 ppm compared with sdm) to 

58.8 ppm (Scott, et al., 1976). The dioxopiperazine ring of this com-

pound is also strained by an exo-double bond (at C-3) which contributes 

some deshielding to the methine. Although the methine is not adjacent 

to an N-methyl it is adjacent to an N-methine which might also contribute 

some deshielding. So the observed upfield shift for this methine (to 

58.8 ppm) is attributed to the shielding effect of a fused hexahydro-

pyrroloindole ring system. (Scott, et al., 1976, have not indicated the 

conformation of the roquefortine molecule.) In the sdms t11ese methine 

carbons were quaternary and were strongly deshiE:lde<l (by 11-19 ppm). 

Although being quaternary deshielded them c. 2 ppm more than methines 

(as in 1,1,3-trimethylcyclohexane, Stothers, 1972c), the observed shift 

of C-lla (to 73.1 ppm, sdm-D) was accounted for by the deshielding effect 

of the adjacent sulphur atom and by being B to an oxygen atom (5--10 ppm, 

Stothers, 1972f) in a pyrrolidinediol. Alkylated sulphur atoms deshield 

adjacent methylenes by 0-6 ppm (Desimone, et al., 1974) compared with 

corresponding alkanes (Stothers, 1972a,b,i). Although the carbon, C-3, 

is not B to a hydroxy-group, nevertheless it was deshielded (to 69.7 ppm, 

sdm-D) from the frequency observed for the methine (54 ppm, Deslauriers, 

et al., 1975) in the dioxopiperazine from leucine by being adjacent to an 

N-methyl (8-9 ppm, Ellis and Jones, 1972) and an S-methyl (0-5 ppm). 

But replacing the isobutyl group of leucine with the methyl group shields 

i 
the carbon bearing this methyl by 4.6-5.6 ppm (going from Bu CH2Me to 
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McC1Il1c shows a. shielding of 4.6 ppm and from BuiCH3 to MecH3 , 5.6 ppm, 

Stothers, 1972a). The further deshiel<ling was accounted for by the 

interaction of the two adjacent methyl groups, which in a Dreiding model 

were almost coplanar. TI1e dioxopiperazine ring was rigidly held in the 

boat configuration by the planarity of the a.mi.do-groups. 

(ii) At 82.5 ppm (sdm) and 80.4 ppm (d) (sdm-D), J 158.7 Hz.-In a 

list of sec~ndary alcohols (Stothers, 1972g) the shieldings decrease from 

propan-2-ol (63.7 ppm) to 2,2,4,4-~etramethylpentan-3-ol (85.0 ppm) as 

the carbinyl groups become more sterically crowded with a-substitution; 

similarly with the carbinyl group in these sdms. On the one side the 

a-substitution was with an aromatic group (the OH on this carbon was 

trans) and on the other it was with a lactam carbonyl which was more 

sterically crowding in sdm than in sdm-D. In the 1713-hydroxy-steroids 

(testosterones) the carbinyl carbon chemical shifts are comparable (81. 3 

ppm) (Stothers, 1972m). 

2-, 3- And 4-carbinyls in pyranoses (3.8) have coupling constants 

of 141-148 Hz (Bock and Pedersen, 1974). Because of the sym.~etry of 

the dioxopiperazine ring, the argument (see above), deduced from Haake, 

et al. (1964) for the influence of the electronegativity of the C-3 carbon 

upon the coupling constant of the methyl group, accounted for the coupling 

constant of the CH of this carbinyl group being 10 Hz larger. 

(iii) At 90.4 ppm (sdm) and 90.3 ppm (s) (sdm-D).-In the undecoupled 

spectrum of sdm-D this was a broad peak (T.,7i c. 12 Hz), showing some multi­
Yi 

plicity. It consisted of a quaternary carbon singlet with the upfield 

half of the split adjacent resonance partly superimposed upon it. The 

only carbon to which this singlet could be attributed was the remaining 

quaternary carbon C-10b (no appearance of nuclear Overhauser enhancement). 

This hydroxylated carbon was S to two nitrogens in a 1,2,3,3a,8,8a-hexa-

hydropyrrolof 2, 3-b] indole ring system. These two facts accounted for 
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the degree of deshielding. Applying the relationship _between the 

shieldings of carbons a to methyl groups a11d the shieldings of carbons a to 

hydroxy-groups (Roberts, et al . ., 1970), to the ring-junction quaternary 

C-9 of trans-9-mcthyldecalin (34 .8 ppm, Dalling, et al . ., 1973) (of 

comparable spatial arrangement but not ring size) gives c. 73 ppm. 

Hence the environment of C-lOb was associated with special parameters 

which may appear in aspidophytine (3.3) (Yates, et al . ., 1973). Here 

C-12 (57.3 ppm) is a quaternary bridgehead carbon to three rings of which 

only the indoline is strictly con~arable with sdms. Though this carbon 

(in aspidophytine) bears a CH2cH2N group instead of a methyl, yet apply­

ing the above relationship (Roberts, et al . ., 1970) gives more than 90 ppm 

for the resonance of this carbon when hydroxylated. 

(iv) At 95.3 ppm (sd~) and 96.0 ppm (d), J 161.1 Hz (sdm-D).-This 

resonance was attributed to the one remaining non-aromatic methine-C which 

occurred between two nitrogen atoms. For this reason it was at low field 

and was 14N-quadrupole broadened (1171 c. 11 Hz) (Levy and Nelson, 1972a). 
-'i 

In aspidophytine (3.3) (Yates, et al . ., 1973) the corresponding 

methine-C, which is adjacent to only one nitrogen and at a ring junction 

between an indoline and a cyclohexene, resonates at 72 ppm. This carbon 

could be deshielded, a few ppm, by the adjacent double bond in the cyclo-

hexene ring. That the methine-C in the sdms was deshielded by 20 ppm 

more than that in aspidophytine was accounted for by the second adjacent 

nitrogen (a nitrogen deshields by c. 20 ppm, Levy and Nelson, 1972b) and 

by being f3 to a hydroxy-group (5-10 ppm, Stothers, 1972£). 

In hodgkinsine (3.30) and psychotridine (3.31) which both possess 

the 1,2,3,3a,8,8a-hexahydropyrrolo[2,3-b]indole ring system as do the 

sdms, the methine-Cs of the N-CH-N groups resonate between 82.2 and 83.1 

ppm (Hart, et al . ., 1974). f3 To each of these methines (resonating in 

this range) and influencing each is an adjacent hexahydropyrroloindolc 
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ring system. An estimate of this influence, was obtained from the 

shieldings of a carbon which is in a side chain (at C-3a of the 

pyrrolo[2,3-b]pyrrole rings) and which is y to the ·methine as, for 

exan~le, in roquefortine (3.29) (Scott, et aZ.~ 1976). The appropriate 

carbon here is an olefinic methine in a 1,1-dimethylprop-2-enyl group and 

it resonates at 143.4 ppm. This is 6 ppm shielded from that of the 

corresponding olefinic-methine carbons in neohexene (149.5 ppm, Johnson 

and Jankowski, 1972) and 3-methylbutene (148.4 ppm, Stothers, 1972d). 

Therefore, it is considered that each methine in hodgkinsine and psy­

chotridine is similarly shielded since each one bears the same relation­

ship to a 1,2,3,3a,8,8a-hexahydropyrrolo[2,3-h]indole ring system, hence 

this methine in 1-rnethyl-1,2,3,3a,8,8a-hexahydropyrrolo[2,3-b]indole would 

be expected to resonate at c. 6 ppm downfield from those in hodgkinsine 

and psychotridine (i.e. c. at 89 ppm). In sdm and sdm-D this methine-C 

was S to a hydroxy-function which deshielded it by a further 5-10 ppm 

(Stothers, 1972f). In hodgkinsine and psychotridine the methines are 

adjacent to llb--methyls which condition was comparable with that in the 

sdms where the rnethines were adjacent to N -methyls. a 
Amido-carbonyl 

oxygens have strong shielding effects upon their adjacent N-methyl carbons 

(as observed under a,iii) but apparently not so upon adjacent N-rnethine 

carbons in rings as in 1,3-dimethyluracil (143.2 ppm) and 2-pyridone 

(141.6 ppm, Johnson and Jankowski, 1972) compared with that in bicyclo­

[2,2,l]hepta-2,5-diene (143.3 ppm, Johnson and Jankowski, 1972). 

Further, in roquefortine (3.29) the N-CH-N methine-C resonates at 

78.3 ppm. In a series of olefins (cis-hex-2-ene, hept-2-ene, oct-2-ene 

and oct-1-ene, Johnson and Jankowski, 1972) the carbon y to the double 

bond· (C=C) resonates at the same (within 1 ppm) ppm as that of the cor-

responding alkanes (Stothers, 1972a). When a methyl group is sub-

stituted for the diinethylpropanyl group in 3,3-dimethylpentane the 

resonance of the carbon S (6.8 ppm, Stothers, 1972a) to the dimethyl-
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propanyl group is clcshiclded by c. 9 ppm (to 15.6 in propane, Stothers, 

1972a). So it was calculated that the methine-C would resonate at c. 

87 ppm (78 + 9) if the dimethylpropenyl group of roquefortine was replaced 

by a methyl group. Further, substitution with a hydroxy-group at the 

same position would deshield the methine even further (5-10 ppm, 

Stothcrs, 1972f). Then finally, the methyl group on the adjacent 

nitrogen in·sdrn would deshield the methine by another (c.) 9 ppm (a 

carbons in pyrrolidinc, 47.1 ppm, and in N-methylpyrrolidine, 56.7 ppm, 

Levy ancl Nelson, 1972b,c). 

Hence it is not surprising that this methine in sdm and sdm-D 

resonated so far downfield (95.3 and 96.0 ppm compared with 78.3 ppm in 

roquefortine) . 

This rnethine proton was between two nitrogen atoms, only one of 

which (N-rnethyl) had lone pair electrons; the other was a lactam nitro­

gen. The CH coupling constant for methylamine is c. 132 Hz (Stothers, 

1972,Q,) or 137 Hz for diaminomethylenes (Levy and Nelson, 1972d), reflect­

ing the nitrogen electronegativity, but in the sdms the proton was 

rigidly held in approximately the same plane (Dreiding model) as the lone 

pair of electrons on the indoline-N, hence the large value (Bock and 

Pedersen, 1974) of 161 Hz. The proximity of the equatorial H-1 to the 

lone pairs on the pyranoid-ring oxygen atom, in a-anomers of hexopyranoses 

(Bock and Pedersen, 1974), makes the coupling constant 7-8 Hz greater 

than that of the axial hydrogen atom. 

(v) Long-range spin-spin coupling.-In the undecoupled spectrum of 

sdrn-D there were three non-aromatic resonances which showed long-range 

splittings, two doublets of 3.7 and one of 2.4 Hz. These occurred on 

the N-methyl quartet (41. 3 ppm), the ·pyrrolo[l, 2-a]pyrazine quaternary 

carbon singlet (73.1 ppm) and a carbonyl (165 ppm) singlet (resp.). 

Each of these carbons was three bonds removed, through a nitrogen atom, 
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from the same methine proton (Sa) which was itself.between two nitrogen 

atoms. TI1ere were two opposing factors affecting the value of these 

long-range coupling constants. One factor was that 3JHCNC values in a 

planar five-membered ring are about 15.S Hz, e.g. thiazole (3.32) 

Q (3.32) 

(Bojesen, et al., 1971). Against this large value was the fact that in 

a Dreiding model these C-N-C-H groups have a dihedral angle of either 

0 0 • 120 or 60 (approx.) which by Conroy's curve (Conroy, 1960) would reduce 

the coupling constant to about a quarter of the value expected in a planar 

molecule. There were two more C-N-C-H groups both influencing the same 

aromatic-C (141.0 ppm, C-6a). One group was CNCH and the other CNCIL, 
.:, 

but the resonance (141.0 ppm) was broad (vii c. 7 Hz) and unresolved. 
~ 

h • 3J Te 2-Me protons were in a CNCH 
3 

relationship to two carbons, C-3 

(69.7 ppm) and C-1 (167.1 ppm), but both these resonances showed 1 ~N­

quadrupole broadening, hence in the former no splitting pattern was 

observed while in the latter there was.only a suggestion of it. 

In addition to the N-methyl being split by a methine proton there 

was also the methine carbon resonance (96 ppm) being split into an 

unsymmetrical poorly defined quartet by long-range coupling to the hydro­

gens of the N-methyl group (at 41.3 ppm): 3JH CNC c. 3.7 Hz. 
3 

There were two other carbon nuclei (the CHOH and the aromatic carbon 

10a) which bore the same spacial relationship to the rnethine proton (Sa) 

but the grouping was H-C-C-C ancl the splitting was not observable (i.e. 

it was less than 1 Hz). Similarly with the same groupings centred upon 

the proton nuclei at C-10 and C-11, the former could be expected to split 

the resonance of carbon C-lOb and the latter those of carbons C-1, C-Sa 

and C-lOa, but likewise no splitting appeared. 
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(c) The Aromatic Peaks and Their Long-Range Couplings 

Because of additivity it is inteiesting to note the average shield­

ings for the six aromatic carbons: in benzenes, 128.7 ppm (Stothers, 

1972j); in tabersonine (3.5a) and four 1-methyl-2,16-dihydrovincadif­

formines (and derivatives) (3.5b-e) (indolines without aromatic 

substitution), 127.1±0.5 ppm (Lukacs, et al., 1974); in six Asp1:dosperma 

alkaloids (.'.5.10-3.13, 3.15, 3.16) (indolines with 6-methoxy-, 5,6-di­

methoxy- or 6-methoxy-l-methyl substitution), 126.6±0.4 ppm (Wenkert, 

et al., 197:)b); in a series of eight 3-methoxymorphinanes (3. 9a-h), 

six codeines (3.18a-f) and two thebaines (3.17a,b) (6-methoxy-1,2,3,4-

tetrahydronaphthalenes with or without an ether-linked ring at position 

5), 129.7±0.4 ppm (Terui, ct al., 1975a)_; in aspidophytine (3.3) and 

haplophytine (3 .4) (6, 7-dimethoxy-1-methylindolines), 134 and 135. 7 ppm 

(resp.) (Yates, et al., 1973); and for sdm, 134.1 and sdm-D, 134.6 ppm. 

It appears that a 1,2-dimethoxy-3-methylamino-grouping on an aromatic 

ring or a 1-methyl-6, 7-dimethoxyindoline has an overall deshielding 

effect upon the aromatic-C resonances. 

Stothcrs (1972j) and Levy and Nelson (1972f) together listed a 

number (29) of aryl-carbon shieldings for monosubstituted benzenes in 

which, in general, those compounds whose additivity showed shielding, had 

activating groups (Packer and Vaughan, 1958) except phenylcyanate, phenyl­

cyanide, trifluoromethylbenzene and iodobenzene while those whose addi­

tivity showed deshielding had deactivating groups except phenolate ion, 

diphenyl and alkylbenzenes. That the additivity in sdm showed deshield-

ing and, that deshielding may be indicative of deactivation, may account, 

in part, for the failure to achieve diazonium coupling at the aromatic 

hydrogen of sdm (Chaper 2). 

On considering that in sdm-D the sole aromatic proton, adjacent to 

C-Cl, had a coupling constant of 166.0 Hz, i.e. 8.5 Hz greater than in 
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benzcnes observed the coupling constant for the methine adjacent to a 
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C-Cl as 166.5 Hz, it is suggested that in the aromatic ring, the chlorine 

atom has a strong influence on the coupling constant of an adjacent CH 

group. This influence extended further because (1) there was a well 

defined long-range coupling (at 119. 1 ppm) of 3. 7 Hz comparable with the 

3.5 Hz recorded by Tarpley and Goldstein for the (Cl) 13 CCJI group, and 

(2) in sdm-D there was an unsplit aromatic-quaternary-carbon resonance 

(128.3 ppm) similarly comparable with Tarpley and Goldstein's record of 

a negligible coupling constant (0. 02 Hz) for the 13 CCH (CCl) group. Hence 

these three peaks (i)-(iii): 

(i) At 118.8 ppm (sdm) and 119.1 ppm (smn-D).-These were attributed 

to the carbon bearing the chlorine atom. This resonance was shielded by 

9.6 ppm (from c6H6); the summation of the shielding (15.5 ppm, Stothers, 

1972j) by an o-methoxy-group together with the deshielding (6.4 ppm, 

Stothers, 1972j) effect of the chlorine atom totaled 9.1 ppm. The 

closeness of the calculated result may be fortuitous. The sQmc 

calculation does not apply in l-chloro-2,4-dimethoxy-5-nitrobenzene 

(difference 5. 8 ppm), 5-chloro-2 ,4-dimethoxyaniline (difference 5. 8 ppm) 

and 2-chloro-4-methoxyanisole (difference 3.4 ppm) (Johnson and Jankowski, 

1972). 

(ii) At 121.0 ppm (smn) and 121.8 ppm (d), J 166.0 Hz (smn-DJ.-

These were unambiguously attributed to the sole aromatic CH group. (nuclear 

Overhauser enhancement). It was shielded by 7 ppm (from c6H6) by being 

para to a methoxy- group (8. 9 ppm, Stothers, 1972j). In 2-(3,4-dimethoxy-

phenyl)ethylamine the corresponding carbons resonate at 120.7 ppm (Johnson 

and Jankowski, 1972). 

(iii) At 126.9 ppm (smn) and 128.3 ppm (s) (smn-D).-These were 

assigned to the ring-junction carbon (C-lOa). The small shielding (by 

1.4 ppm) in sdm arose from reduced steric crowding by the secondary 
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hydroxy-group (at C-11) when the dioxopiperazine ring was strained by 

the -S-S- bridge. In a number of indolincs with or without 6- and/or 

7-methoxy-substitution (3.3, Yates, et al.., 1973; 3.5 a-e, Lukacs, et 

al . ., 1974; 3.10, 3.11, Wenkert, et al . ., 1973b) their C-3a carbons 

(corresponding to C-lOa) resonate at 130 ppm or more (except in the 

indoline alkaloids haplophytine, (3.4, and vindoline and derivatives, 

3.12, 3.13) but when there is substitution in the 5-position (MeO, 3.16 

or Cl) then C-3a is shielded to c. 128 ppm. 

(iv) At 140.8 ppm (sdm) and 141.0 ppm (sdm-D).-Of the three remain­

ing aromatic resonances this one (in sdm-D) showed 14N-quadrupole broad­

ening (Levy and Nelson., 1972a) (W1 c. 7.3 Hz) and no resolution; there­
~ 

fore it was attributed to the ring-junction carbon (C-6a) bearing the 

NMe. 

(v) At 145.8 ppm (sdm) and 146.1 ppm (sdm-D).-This resonance showed 

two quartets (3JCOCH 6.1 Hz) separated by (4JCCCCH) 2.4 Hz: so it was 

attributed to the methoxy-carbon (C-7). 

(vi) At 151.6 ppm (sdm) and 151.3 ppm (sdm-D).-Here similarly, this 

resonance showed to quartets ( 3JCOCH 7.3 Hz) separated by ( 3JCCCH) 3.7 Hz 

so it was assigned to the methoxy-carbon (C-8). 

The two adjacent methoxy-groups had a mutual shielding effect (15.5 

ppm, Stothers, 1972j) upon their a-ring carbon resonances. The adjacent 

(to the 7-0Me) N-methyl group had an additional shielding effect (15.6 

ppm) on C-7. The CCl group on the other hand had a negligible (0.2 ppm) 

deshielding effect upon the resonance of C-8, hence C-7 was shielded more 

than C-8. 

(d) J.'he Carbonyl Resonances of the Lactams 

(i) At 164.9 ppm (sdm) and 165.0 ppm (sdm-D).-Though showing 14N­

quadrupole broadening (W½ c. 7.3 Hz), this resonance was clearly split 

into a doublet (3,JCNCH 2.4 Hz) as discussed above. 

was attributed to the 4-CO group in the sdms. 

Hence this resonance 



P-helical M-helical 

(3.33a) (3.33b) 
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(ii) At 166.7 ppm (sdm) and 167.1 ppm _(sd.m-D).-This peak also showed 
1 ,, 

N-quadrt~olc broadening (~ c. 8.5 Uz). 
"2 

It was unsy@nctrically split 

(3 -6 Ifz) and the spectrum showed a suggestion of splitting into a quartet 

as would be expected from the protons of the methyl group on the adjacent 

nitrogen. The strain applied to this 1-CO by the -S-S- bridge in sdm 

did not have a profound effect (0.4 ppm) nor was there much change in 

orientation ~n a Dreiding model. 

Deslauriers, et al. (1975) synthesized a number of symmetrical and 

unsymmetrical <lioxopiperazines and reported the 13 C carbonyl shieldings 

to be between 167.2 and 170.2 ppm (dimethylsulphoxide-d6). In the same 

solvent the dioxopiperazine from cystine shows two resonances at low 

0 temperature and only one acJve 40 (Ottnad, et al.~ 1975). Tirn main 

resonance is at 170.7 ppm while the minor one (for the M-helicity) is at 

166.7 ppm. These two helicities (3.33a,b) arise from the two arrange-

ments that the -CH2-S-S-CH2- bridge can asswne. In all the above dioxo-

pipcrazine rings the 3-C and the 6-C are both methines (or methine and 

methylene) which give the carbonyls a different envil·ornnent from that in 

the sdms. Nevertheless the carbonyls of the sdms, of tryptophan-dehydro-

butyrine dioxopiperazine (3.2) and the M-helical cystine dioxopiperazine 

resonated within a range (160.5-167.1 ppm) which is very little shielded 

from that of the above (synthesized) dioxopiperazine carbonyls. Further-

more, in a list of amides (Levy and Nelson, 1972h) the carbonyls of the 

sdms resonated at frequencies between (more or less) those of the 

deshielded formamides (163.4 ppm, except formamide itself, 165.S ppm and 

trans-N-rnethylformamide, 166.7 ppm) and the shielded acetamides (169.1 

ppm). 

Conclusions 

From studying the undecoupled spectrum of sdm-D it was possible to 

assign the 13 c peaks in the decoupled spectra of both sdm-D and sdm. 

The long-range coupling especially in the aromatic ring and that through 
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hetero-atoms was particularly helpful. 

!lad these complex molecules been of unknown structure then the 

elucidation of their structures from the 13 C n.rn.r. spectra would have 

been difficult, e.g. the highly deshielded position of the diazamethine-C 

(95-96 ppm) was anomalous as explained above, since it resonated at the 

same position as the B-olefinic-C in vinyl acetate (Levy and Nelson, 

1972e). 

The relaxation of strain was clearly manifested in the differences 

between the spectra of the strained epidithiodioxopi~erazine ring (sdm) 

and the opened -S-S- bridge (sdm-D), indicated by the dotted lines 

(Fig. Cl'-13.1) between the two spectra. This is valuable in understanding 

the sdm molecule but such shifts in an unknown could not be readily 

recognized till a strained -S-S- bridge had been established. 



CHAPTER 4. SPORIDESMIN-E, ITS SYNTHESIS, AND 

COMPARISON OF ITS INFRA-RED AND 13c NUCLEAR 

MAGNETIC RESONANCE SPECTRA WITH THOSE OF SPORIDESMIN 

Sun thesis 
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Rahman, et al. in 1969 isolated another sdrn analogue from cultures 

of Pithomuces chartarwri. This analogue had three sulphur atoms 

(C 18II20ClN3o6s3 .c4H10o) instead of the two as in sdm: they named the 

compound sdrn-E (1.10). They also synthesized it from sdm, by heating 

the latter for two min with sulphur (13 atom equivalents) and phosphorus 

pentasulphide (2 equivalents) in carbon disulphide (yield 36%). In 1970, 

Murdock and Angier converted acetylaranotin (1. 2b) to the epi tri thio -

compound by simply warming (25°) acetylaranotin with elemental sulphur 

(1 atom equivalent) in pyridine. The synthetic method (A-B3) adopted 

in this work was the latter (which is new for the sdm series) with the 

same observation that Murdock and Angier made that the epitetrathio­

compound (sdm-G) (1. 17) also formed; the yield of crystals was 92% 

(A-B3iii). Column. chromatography separated unreacted sdm and sdm-G 

from sdm-E, after which the sdm-E etherate crystallized freely. But, 

though carefully prepared and crystallized in subdued light, two­

dimensional chromatography always yielded as many as three spots, two of 

them minor ones (sdm and sdm-G). 

The study of this compound was taken up because it had been claimed 

(Brewer, et al.~ 1968) that sdm-E was 10 times more toxic than sdm. It 

was known that sdm as prepared by the method of Ronaldson, et al. (1963) 

contained c. 5% of sdm-E. The experimental pathologists needeq sdm-E 

in order to check that it was so toxic and for this purpose they required 

it as pure as possible similarly sdm for comparison was also required 

pure (A-A). 



Fig. IR4 .1. The i.r. spectrum of sporidesmin-E.EtOEt in KBr 
ground with ether (A-B3iii). 
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Fig. IR4.2. 
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The i. r. spectrum of authentic sporidesmin-E. EtOEt 
received from A. Taylor, and prepared as for IR4.1. 
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Propcr·ties 

From a chemical poi11t or~ vi· cw tl11· s corn~1.,ound, sd E • t· m-·, was enigma-ic 

as the following discussion demonstrates. 

The parent peak for the mass spectrum of the crystals, sdm-E.EtOEt, 

showed the expected values 507 and 505 (A-B3iv) for the two chlorine 

isotopes. The mass spectra of both sdm and sdm-E were mainly the same 

(there were minor differences) except that sdm-E clearly showed the step­

wise loss of each of the three sulphur atoms down to m/e 409 and a peak 

at m/e 256 equivalent to s8 . Sdm, on the other hand, showed only the 

loss of s2 from the parent peak (m/e 473) to m/e 409 and no s8 peak. 

The optical rotation, [a] 0 (-166°, c 0.06 in CHC1 3), was comparable 

with that (-132°, c O. 064 in CHCl 3) reported by Rahman, et al. (1969) and 

0 
considerably different from that (+6.9, c 1.4 in CHC1 3) for sdm 

(Ronaldson, et al.~ 1963). The melting point presented a problem: 

Rahman, et al. (1969) quoted sdm-E.EtOEt, m.p. 180° (from ether) whereas 

it was found that sdm-E.EtOEt melted at 144.5-148°. In case the ether 

0 could be driven off readily at the efflorescent point (125-135) sdm-E 

was maintained at that temperature (45 min) to allow it to recrystallize 

(A-B3iv): instead it liquified and decomposed. By dissolving sdm-E 

(as a gum) in a minimum of ethyl acetate and adding acetic acid, sdm-E 

free of solvent of crystallization was obtained and it melted at 181-

182.5° (lit. 180-185°) (A-B3iv). The melting point of this unsolvated 

sdm-E after storing in a refrigerator for three months was altered only 

slightly (179-182.5°). The melting point of a mixture of this sample 

with unsolvated sdm showed no depression (178.5-182.5°) so the melting 

point could not be relied on as an indicator of purity. 

Infra-red Spectra (A-B3iii,iv) 

The i.r. spectrum (KBr) of sdm-E.EtOEt (ground in EtOEt) (Fig. IR4.1) 

was identical with that of an authentic sample of sdm-E.EtOEt (also ground 



Fig. IR4.3. The i.r. spectrum of unsolvated 
sporidesmin in KBr ground with ether. 



Fig. IR4. 5. 

Fig. IR4. 6. 

1ne i.r. spectrum of unsolvated sporidesmin-E in 
KBr ground with ether. 

The i. r. spectrwn of sporidesmin-E. EtOEt in KBr 
ground with methanol. 
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in EtOEt) (Fig. rn.4. 2), obtained from A. Taylor, of Safe and Taylor (1971). 

(Samples for i.r. spectroscopy were usually ground in MeOH.) 

\\11en unsol vatcd sclm was ground with potassium bromide in the presence 

of ether the spectrum (Pig. IR4.3) was different from that obtained when 

sclrn was ground in the presence of methanol (Pig. IR4.4) (perhaps an 

ctherate of sdm forms). Sdm ground in the presence of methanol did not 

form a methanol.ate seeing that unsolvated sdm was obtained from methanol-

water. Furthermore, this (ex EtOEt) spectrum of sdm (Fig. IR4.3) was 

markedly different from that of sdm-E.EtOEt (Fig. IR4.1) prepared the 

same ,-.'ay. But the spectrum of unsolvated sdm-E ground in the presence 

of ether (Fig. IR4. 5) was also markedly different from that obtained 

from the solvatc, sdm-E.EtOEt, (Fig. IR4.1) and by contrast, little 

different from that for unsolvated sdm, ex ether (Fig. IR4.3). This 

suggests that the formation of solvated (EtOEt) sdrn-E from unsolvated 

sdm-E wis a slow reaction. The differences between the i.r. spectra 

of unsolvated sdm and sdm-E (both ex ether) (Figs IR4.2, IR4.4) were: 

the carbonyl shoulder in sdm (1700 crn- 1 ) was absent in sdm-E; the small 

peak (1380 crn- 1 ) in sdm was shifted (1375 crn- 1 ) and stronger; the peak 

at 1270 cm- 1 in sdrn was absent in sdm-E; the medium peak at 1140 cm- 1 

as almost absent in sdm-E; the weak peak at 820 cm- 1 was reduced to a 

shoulder in sdm-E; a weak peak at 770 cm- 1 in sdm-E was absent in sdm; 

the medium singlet at 737 cm- 1 was split into a medium doublet (735 and 

730 cm- 1 ) in sdm-E; and the weak doublet at 723 and 714 cm- 1 in sdm 

appeared as a singlet in sdm-E at 710 cm- 1 • 

When sdm-E.EtOEt was ground in the presence of methanol (Fig. 

IR4.6), the spectrW11 was again only little altered from that of sdm 

(Fig. IR4.4). The following minor differences were observed: the 

strong shoulder at 1600 cm- 1 in sdm was a weak shoulder in sdm-E; the 

strong peak at 1350 cm- 1 in sdm was weaker (relative to that at 1410 cm- 1 ) 

in sdm-E and shifted to 1340 cm- 1 ; the strong peak at 1205 cm- 1 in sdm 



Fig. IR.4.7. The i.r. spectrum of unsolvated sporidesmin ground in 
halocarbon oil. 

Fig. IR4.8. The i.r. spectrum of unsolvated sporidesmin-E ground in halocarbon 
oil. 



Fig. IR4.9. The i.r. spectrum of unsolvated sporidesrnin ground in nujol. 

i. 

360.0 3300 .1S00 1000 600 crn- 1 

::!'. .!:' :::: :;- ,, \.·j, • < :.· : : ,: :,.:f,,.· ;, 'i, ' :: I· ' . . • . i :: /\ I' ' 

;.~ y~ t- +: .1:q.:_\ -;Jr, . ...'.-t~~: :~:.;_.: ~~st/ f,\l_:_;: _ft .. : 7 (_ ·f' - L ... -·- =-7 .. : i-' l- -- -,,; 
;;,: ._,y, :;,: :;- .::, 1:;:_ ::;:! !;: /i'.:::, ,·;:·:\:ini T,i:~ • ; ,i' --~ -~-- .,: ~. :_, rt~T "" 
:.S > . J / i :i ': ::: : • ~ ~-' : : : I··-, · '.:: \. \ • J > ... ' . I?.' j : V I .. • • ! .. .. T: • • • • • • i "+-~-\; 

.. ' 

·-·--•: 

i-:--:-:-1'';'7':":-t":'cc:--t~+-,.-'-:-c--t---"---+--'--l----r-"--+----~ 70 

,rr ,if. ' , ... •. . :. !, -· ••• CH~' F a-r--1- '" -- F __ 1 __ --.- L-1--c·l·-•··-··l--•-1'···· ~ 
:1:1 I.:::::: :1!: !i j·::'. ::i; i:;: !:i:,i::~ '.~!:,:!~ :i:: >::j:'.:; ,::. '.!< i::~ :;::1:::: ::i;:':'; :::_::; !::! :· ;·:· 

Fig. IR4.10. The i.r. spectrum of unsolvated sporidesrnin-E ground in 
nujol. 



104 

was split into two almost equal peaks at 1205 and 1185 cm- 1 in sdm-E; 

the medium pe;ak at 1145 cm- 1 in sdm was absent in sdm-E; a weak broad 

pe~k in sdm-E at 940 cm- 1 was absent in sdm; a weak peak in sdm at 

820 cm- 1 was absent in sdm-E; a singlet medium peak at 740 cm- 1 in sdm 

appeared as two medium peaks at 735 and 728 cm- 1 in sdm-E while a weak 

broad peak in sdm at 720 cm- 1 appeared as a weak but sharp peak in sdm-E. 

When unsolvated sdm and sdm-E were compared in halocarbon oil (Figs 

IR4.7, IR4.8), there were these differences: sdm-E showed a small OH 

stretching peak at 3540 cm- 1 which was a weak shoulder in sdm at 3490 

cm- 1 on the peak 3420 cm- 1 • the 
a· 

strong at ti.VI-< for the C=O stretching , 
2 

peak (1680 cm- 1 ) in sdm-E was broader than that in sdm; a weak peak at 

1440 cm- 1 in sdm-E was absent in sdm; the weak peak at 1380 cm- 1 in sdm 

was strong in sdm-E and shifted to 1370 cm- 1 ; the asymmetrical peak in 

sdm at 835 cm- 1 was almost an equal doublet at 840 and 830 cm- 1 ; the 

weak peak at 765 cm- 1 in sdm was somewhat stronger in sdm-E and the 

medium sharp peak at 750 cm- 1 was broader in sdm-E. 

Some of these differences were also present in the nujol mulls 

(Figs IR4. 9, IR4. lO) of the two compounds but there were also other 

differences: the shoulder at 3490 cm- 1 in sdm was shifted to a weak 

sharp peak at 3540 cm- 1 in sdm-E; the weak peak in sdm at 1265 cm- 1 was 

absent in sdm-E; the medium peak (more or less a doublet) at 1150-1140 

cm- 1 was very weak in sclm-E; the very weak (almost a shoulder) sharp 

peak at 800 cm- 1 was absent in sdm-E; the medium sharp singlet at 738 

cm- 1 was almost a doublet in sdm-E at 735-730 cm- 1 ; while the weak well 

,defined doublet at 723 and 715 in sdm was a sharp singlet at 712 cm- 1 ; 

and the two medium peaks at 640 and 615 cm- 1 were only weak ones in sdm-E. 

It is appropriate to find only minor i.r. differences between these 

two compounds since sdm-E is sclm with an extra sulphur atom in the -S-S-

bridge. 
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' ' I I ' I ' . ; ' " ' " I • ' : l ' ' I I I I ' I-' - • l i .. '; ; t' i I" ' I i i i : ' ! I ' I : I ' ' ;--,,-;--~,~~ -. -•• 

I i i ' I ' l ' I .1' ,' ' ! I I 1' I ' I ! 1-1 I I ' : I I ' I / i ' j ' I .• 1 I 1' .-- -··-1·+ -~ , , ·t' , . , 1 , i 1 , , , , , , > / .~: , I ) I ,-, f;-- t·-;--,·'· -"-T+r· .,., • .L:.. 'J t.1 .,·•t•' •.' ': ,,; -
'i!, _!' .,.t,--·,J..,' • •,. '' I I ; I • 7, :. • •r-··;t ..,_ s"' L'_, f'i~, '• ,i, ~,,,,J,,r,, '+1•"1~,·, J ,, • i, ,11Ml 
~ 

' 11 . ~ ..L .. -,- ---- I ••• ',, I ' ' ' : I : : ' I i 

: '., I 11:i ii::/'iil µ·;, J:1;

8
,.:_ :1· -~;, 

' : ! I I i : I I I I II I ' ~I ! ! I I • I ' .' : ' _· ' Ii • I jTI r· r;-;---·-n·~---W+Ll .. Ltl-' ..1..: r! iii!! 1 :;: j.i! I , 1 • 1 j J ! I 1 • T -r!-t+- .-·•-4 ··•-~·' •• ,...L..L 

\:._' ild ! i I ! 1 u_ ,: 1c • ~'.1·rt :tt'_(i : : : _! : : : 1 ! : 1 1 ! 1 i 1 
:: 111 [ i t I!: ; : :-bl·-.-:: '; ;·. ~ ':' I I _,_1_! ! I I I' 
, • , , , 1·1,: ~1,t• , ; 1 1 ! ·'·' ,· ,i,:,, , 1 ,, -·-

\,_ ·ii-rt· -:+H _q-:r1 #~! J~ ~fr;_ : 1 
: , 

';, ! i '/'; i: i' Ii :·1· 1' 1 ii 1' 
I ! I ' I [ }:'" i i I I I I i I -! ' • 
,'J ~--I-. .;...;.........' !~ 
if.: ·;111!.i i'!: i:lj, 1 -'-;, • 
I 'I I I' I ' ' '.' •• 

. L;..,.;. :.Ji-J . .:_LJ : 1 I • 1 r I I : , ! : , i , • 1 : I t: i : : I I I! : .·d-'· ·;--t·;·-: -1··:-1 t., ••• J 1.;.L;. 
! I I' : i I ! i ! I I ! i ! I I I ! I : i i I : ! i ! i : I i : lj: i : i 

-: .. {, ! i i: i :- ) i i / : : ; : : ; ; · ·f-H- ;:: : : : ; ~ 
~-.. . -··'• .. I . ! • : • i ' ' I I ' ! .• I I '· I I · I I 1 ' I I : I • , ,---+-,· _ . ..;_~- · I r '. ! , , ! , l , i 1 : 'j. : .L · i , : , T:-::· ·!-'-I-.-·;-+-:· •• , • .L.;_;_ J....i..-,_ ; __ L..LJ.. 
I: 'I '; i ,., ' : I' I 'I:: • I I! ':.' : • '. i I!·· I 

1.-: 1~ I ,i I I I ! : I i ! i ! j ; I l I : : I ' : ; ; ! • ! ! • 
I i ! 1! : : .cm-;- 7TTT ; i I i ' • • ! '_;_I _:..;_ 
1,11-ii:fl!/-l I/ti ; __ !:I'. ,_1:-1 i:i: 1 :;:·;l'ii/ 
r~(nj rJ\, L~ Bf : 8+ L!T1 ~W+it_w_; __ i __ J 
l;~1;r~ _11_i1 ~-1·-1-j ~-1-:-r ~-r-r~r i-i7·-i •·'.·; _;,: 

'I 

di.· 
; : ! ! 

I I . : 1...:-t ; : ; , : 1 ! ~ i 1 'l J.; i : t·1.f ] i i ! , : ! ! ; : i 
I . ,1

' i I I : I I ' ; ' ' • : I : ; ' ' ' ' • -- ---L_:_j 
, ·': I ; , : : ! " I I , , , , " • , • • ill ! ,, ': ! ! I! i . I I I 'II: /:.' I'' I I I t'' ' I. 

-:·;-,-+ti '-'~-.Lu...; __ :_:1 1_ 1:,! !;': ;~ :.1'': ;,:,_ 
: ! I ! ! : : i I ! i 11 ! : t" -,.,:--- ---,---- --;:-- ,.. ---· •• _l.J..4 k a, , i _·! _· i ! j f I j I ' , i ' !' 'ffii : I • 'i' ,-~ ,~; :-, ,~_:: .. ~:-:: ::i.: ,!: ~:_:· ,m···1 _ i '. _Ji! 
'f: ,J~ l:{l:- .[lT'~ ,-,-1-·· , : 1, • f \·. 1 1. <,;+;I :~:_;j ,i-f!·:r:;t i•-'' :Y' 1 \:.Jl}.it, T·r-L L: 1.J-li 1 rL- ,~uJ '-j+r • •¼- 1 ii [T 1,t-,- - i 

r: ',· ·;··;·•·t· ._,_ iJT'I It· ,.,1 I!·: - , f 

;

.· ?H ::Hi '. :./; +~ \11;++7t. ~--·' 'I 
. ~· •-,- , . 1.. r'·:-· . , 1 F]'· 1 1· , ., • , 1 ~- · • I• ,. I I • • ,, .. 
· ·t-!-ti i--+-r-•· . ~- 1 -;-,~ +-•+- __ ;._ !i~~-~tf l I i 

1 

;-_:·t:: ~-;-.:.'"+- ,:-:+ ·;+'-" ~...;--·: : ,! r ' • ' •~r--;-- -"--:::-., 
'. ,.) : •. : i ' .·t I 1 l-1· r· 'I llirl. T, -h - ·11 ·' j__!_, 
------ ' . ' ~ • I I j_ I 4 J' I i. t-'f·t -• t-1-! 

- i-i~:.; . .t t1_'. !.i-- I ·:·j · ' '77-t.:t- , ,, i--l.- ' i-.Ll. ·1-.' t .' i '1 )-, ., .. _J -f- !. ' .. Ll 'r , -•, L -1·1·• ; • I .. r.,., ;,·,· ,-;-1+ i-~-1-1 i; .. L,-:d•Jr ,,1-• '-'·•-1· .,:.i 

cilq{lJt' t~t i{t1 1Jit Jl:v ::-rt-ml ;;~ 
3000 cm-1 

IR4.14 and IR4.15. 

1ITITT~8i ~i: [~'f 4~~'1·£t;l}i_ fil .. t~ I,,,,,,_,,, 1,,,,~1, .tL ... ,_,_ -c, .L 
t~+l+i.Li+:.:f, : f: Lii,171.i: il;l Ji: lH JI, I,,, ._,,,, I'' 1 '+1 • ,- "Lii; -'-'--" , , k f;'' 

!j\lit11~4~ 11m.~ w1 ~ttl~-. J1.Jffft H __ H UH _illj,-111:r 1r_ri i 1-d_ ::: : ' i Jl~-;1 1: :!: : , : ,, i ,.,, 1 : TF' r1r: :,, ,- t," f 1-·, •· ! • 1-L ., L , •• ,. ' ' I . : I. ... , I ·1 I ! I ! . I '-' 

1 1-:\: •-~---·I·, 1
.11- l•·t I• I I J, · -- •-, 

~ r~Jti{Ji" I ; : ;:,: : i ~'. ; JLillt ~. t ~ 1 , i M ' .. , -, ,_ ..... -r-- - . ,, , ' . • . ' ,~ 

± !±f ~t;t ~fil t 1:~i! !; ' . , • !~'.: I 
_T·,::j:.,:-.;. TJ-1·\: -,=1-1-- , I I, , '-~-! ,~r:--ti f I : : ::: : i(:tf i~! fa, ;f i Jl4t1lhl j t :/~: 

·::::r-,:-;- ' I. , • ' I " ' I • I I I ' I .. ' ' l I ' . ' , • -~ , j 1 • 1 1 ,-1 t r --
' ' • '.. I C • I ' ' l j I ' ' 1 t...;.__.__ _.._ • · ' 

-· '-:i; ·:_.-: _:,~. ; •• ,:~t~:~,.1-L:1::11i~~:1:J:·t Ll , 1 ··•·•-, :;;;i,,.,., ... , .... ~--1----··• 
•' :i' ''-'; ; ~,~ sf! ; :: : ;-: :ti::tr: ' r •c: ,: ;::: 
!,:-;_-, ·-_-·t·_'. I '·1_·" ;: ·_' - L;_,_·\ · ,.·;_,_ .. L., ,., !·1:,·: ' .. ·'I .. :' F Lb-,: .:~:,-r - :-: ! ,Ti r, •, , · · · ~ 
i~~y ' '' ' ·-•-, ·-- • 3000 cm- 1 3500 

Fig. IR4 .13 is of 

·::-:: ilTl i]·ii Jil!.Li-11 t,H HH L'.L:l·-:-:·li 
I i,_1J_ j_i_ ~J.- I ~1.d.L ~. ufl:J.i J...Li.j_ j_ ! ~- r ~-Lii:.:~ 

ii:! ,1.'11 1l11.!: tJ1·11!;•i:l !t:: !it:: .qi:.;!iY: 
I i i"' I , i , • ' :. : . -I • 1-·J- j : ,. i .; • i ·i-•_ • J_ , _, ~ f t ! [_; J....L_: --~~ ,-1-i Jj.J_1· t-r-.- 1.~-~1 i-i-~I ,-:-:~.:.-

' ,., '111 :1 1 :-1-:·I ri··i·i 11 1, :' .. _' •1··4tt.·,_ • __ ,·,_· •. I• f ,, i1 .! ;11 - l•ii 11!; i,:: :;11 
•1 /! H~- i++ .+4i I_ • I ;_t;:~~+. : :-: : '.: :-:-

' I I I! I ' I •. , • L ' ' ... ' • .. '.' • • •••• 

I i . I I , .: I I : : Li_'' : ., : : ' . ; ; ,_, 
'' I '! I •-: i: ••• , •. j ,.I, •• 
- ·--- --;i • 

T!i i­
t 1jj:-:···\ 

-~111 :~--,u'.: ·::~;:{ t:~:: i-r::=:: -r~~~ ~- , .: m'.~-. '/:'.: ~D:~~ 
•111 1 ,, -_ 1-1-1 l !_-_,_-'_J· _LJ::j .• 1 _ -_1 .1·_·1_,_ , i··'· ·_ , .. ,_ · ,., ': • I I' ' • 1· I I I .... I I I I.• .. ' I - L ! I ' " ' f ,l ' ' : ' 

_:t f.c.! • _ r++-' .J:..LL ++{J.:. ,-J-i+l--:---: ·--- :-::-:r:T" , , , . 
,1,,; I ,·!·: • --1 'li J.t.J-!. ,_,_rJ , . , : , 1.: , . : , 

~ ~:~~-:::: ,:j \ti--: \;_:r \'.\~.-)/:-r'.~:i~\\; 
' I_ I I ·_! ! : I I i I -i : j '·, i. " ! ' -" ' • ,., t- ·_ ·_ . I • ,_ ' ' • • I o ' ' ' • • --r;-- ___ _. ·- ---1--

-:; -r-i-+1•11,: -[-~i ; i I I T1TT :·t-~-\ :,.! \ i ; :· 1 ; ;.; ' • :. ' ! i ;:1 1 ' ' I , 1 ,. I IL • ! I • 1 i I : I • i : 11 ! ! .I i : : I I ' I : I ' j I ! ;_ ' l . • ' j • . . ' I 
I 1-1' I L; !·1 :·,_i·\ : : i l ~-Lt; IT:.11.i :_i·_; 
I. 'I I 1-l·f ,.;..::, I:; i ; •-: I i 'l: : ' : 

·,~ U±+ ~+ : '_j:.~ J-:# -:-H ! ~;~~ ~-~ I ! .. ::, ! , ·1 , 1 , I . 1--, 1 , : , ~ ·:! ,1, 

t-!~! iI i\lj !! i~i~~ 
+ :_i:.L-_1 -,,_.,.,1,1-~~, .. :.: . .:1-• ·-!'+ 
..,.--⇒- ,-:-tr "iT.:'"'.".,, .. •+i-! l:·'-,;I: 1·•·11- ,~-+ -; :~:,-i ;·tT: !li; ~o:i ,:·nLti:~,i~:::-: ;.-,,u 

3500 3000 cm-1 

etherate crystals (Experiment A-B3iii) in Figs IR4.13, I.r. spectra of sporidesmin-E. 
tetrachloride (50 mm cell). Fig. IR4.14 is carbon 

crystallized 
10 mm) after 

of etherate 
after evaporating solution (AcMe) to a gum. 
dissolving (CHC1 3) and evaporating to a film. 

Fig. 
crystals (in CHC1 3-CC14 
IR4.15 is of unsolvated 

1:19, 10 mm cell), 
sporidesmin-E (CCl4, 6 JTu~, 
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IIydrogen bonding in sdm-E 

In Drciding models of sdrn and sdm-E the distance between the oxygen 

of the 1-CO and the hydrogen of the 11-0H was 22% greater in sdm-E. 

·n1is difference was reflected in the hydrogen-bonding frequencies in the 

i. r. solution (CCl 4) spectra of the two compounds. [For the general 

discussion of the hydrogen bonding see Chapter 5, 1 The infra-red solution 

spectra (4000-.;2700 cm- 1 ) of sporidesmin and its derivatives'.] 

The spectrum of sdm-E unsolvated (Fig. IR4. ll) (c. 2 mM in cc14 , 

5 cm cell) (D-El) showed the following peaks: 

1. 

2. 

3. 

\> 3700 

3590 

cm- 1 

II 

3530 II 

' 
103, 

60, 

32 

100 11 

This spectrum was markedly different from that of sdm (Fig. IR4.12) 

but it had similarities to those of sdm-B (Fig. IRS.7) and 3,lla-dimer-

captosecos<lm (Fig. IRS.19). The differences between the two spectra 

(for sdm and sdm-E) indicated the configurational change effected by the 

incorporation of the third sulphur atom (S-13) between the two (3-S and 

S-12) in sdm. Not only did the 11-0H group move away (Plate 5.1) (going 

from sdm to sdm-E) from the 1-CO but also the hydroxy-group was less 

colinear with the lone pair electrons on the carbonyl oxygen. 

The crystals from the synthesis (A-B3iii) were examined in a satu­

rated solution (5 cm, CC14) (B-E3) and there was no sign of any shoulder 

corresponding to the peak of sdm at 3450 cm -i (Fig. IR4. 13). But after 

the 13 c n.m.r. experiment (A-B3iii) where an acetone solution was evap­

orated to a resin to remove the ether of crystallization it was recrystal-

lized several times from ether. Each time there was always a broad 

shoulderat3450 cm- 1 (Fig. IR4.14) (B-E2). Similarly, when it was dis-• 

solved in chloroform and evaporated to a film there was the appearance of 

a shoulder (3450 cm- 1 , CHC1 3 did not absorb at this frequency) (Fig. IR.4.15): 
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The i.r. spectra of mixtures of sporidesmin (50, 20, 0%) and sporidesmin-E (50, 80, 100%) (contaminated with 
sporidesmin). 
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the film dissolved readily in carbon tetrachloride. 

In a series of spectra of mixtures of sdm and sdm-E (contaminated 

with some sdm, Fig. IR4.16), when there was c.25% of sdm the shoulder at 

3450 cm- 1 was beginning to appear as a peak. After the 13c n.m.r. 

experirnent (referred to above) the shoulder corresponding to sdm was 

consistent with the estimated 15% as assessed on the relative intensities 

observed in 'the 13 C n.m.r. spectrum (Fig. CM4.1). 

C-H Stretching 1?egion 

There was only a negligible difference (as mentioned in Chapter 5, 

'The infra-red solution spectra (4000-2700 cm- 1) of sporidesmin and its 

derivatives') between the solution spectra of the C-H stretching region 

for sdm (Fig. IR4. 12) and sdm-E (Fig. IR4 .11). In the former there was 

a trough between the peaks at 2940 and 2900 cm- 1 while in the latter- the 

peak at 2900 cm-1 appeared as a shoulder on the 2940 cm- 1 peak. 

Instability of Sdm-E 

Whenever sdm-E was analysed by t.1. c. (A-B3ii) a spot corresponding 

to sdm was always present. In two dimensional t.l.c. that spot which 

separated from sdm, etc., and was in the position for sdm-E in the first 

direction, was always, in the second direction apparently resolved again 

into two spots: the minor one corresponding to where sdm would be, if it 

had been spotted onto the sdm-E spot at the end of chromatographing in 

the first direction. From this latter observation it was deduced that 

sdm-E broke down when it was evaporated to dryness on a silica gel G F254 

plate. To confirm this sdm-E was eluted after chromatographing in two 

directions (A-B3v) and rechromatographed; this resulted in three spots. 

Hence t.l.c. on silica gel G F254 pla~es was not a satisfactory system to 

monitor the disappearance of sdm (in the synthesis of sdm-E) or to deter-

mine the purity of sdm-E. Although purification of some sort may have 

been achieved by column chromatography, in the process of dispersing the 
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Fig. CM4.1. The decoupled 13 C nuclear magnetic resonance spectra of (a) spori­
desmin-D, (b) sporidesmin-E (showing the peaks of residual EtOEt and the 
contaminating sporidesmin) and (c) sporidesmin, in acetone-d6 (t.m.s.). 



107 

reaction residue on the silica gel G (A-B3i,ii) and evaporating the 

fractions dry for weighing, decomposition would occur and finally, after 

spotti~g on silica gel G plates t.l.c. monitoring would give only a 

false answer. 

Sdm-E broke down not only on silica gel but also on evaporating to 

an expanded resin. The least handled crystals were those from experiment 

(A-B3iii) where the gum after evaporating the chloroform (work-up) 

solution (without column chromatog1~aphy) spontaneously precipitated 

crystals upon dissolving in ether. In order to have the spectrum of 

the sample free of the 13 C n.rn.r. peaks of ether and of the traces of 

pyridine, the above sdm-E.EtOEt crystals (A-B3iii) were dissolved in 

acetone (in subdued light) and evaporated to an expanded resin. When 

this expanded resin was dissolved again in deuteroacetone for 13 C n.rn.r. 

analysis there was a precipitate of elemental sulphur. 

13 C Nuclear Magnetic Resonance (Fig. CM4.1) 

Consistent with the appearance of sulphur in the solution (A-B3iii) 

the 13 C n.m.r. spectrum of sdm-E showed the complete spectrum of sdm. 

By comparing the intensities of the peaks for the residual sdm with the 

shifted peaks for the corresponding carbons in sdm-E (at 18.2 ppm, sdm, 

compared with those at 22.5, 23.6 and 23.9 ppm, sdm-E, and 39.2 ppm, sdm, 

with those at 40.5 and 41.0 ppm, sdm-E) it was calculated that 15% of the 

whole was sdm. 

The sample of sdrn-E from a 13 C n.m.r .. experiment was recrystallized 

several times from ether (B-E2) but these sdrn-E.EtOEt crystals gave the 

same 13 c n.rn.r. spectrum with sdm still present and at about the same 

proportion. 

Rahman, et al. (1969) showed from 1H n.m.r. spectroscopy that in 

solution sdm-E existed in two conformers because of the duplication of 

peaks and suggested that they arose from the two conformations of the 
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-S-S-S- bridge (Fig. PM4.1). Ilerc again in the 13 C n.m.r. of sdm-E 

there was evidence of conformers. '11ie foJ.lowing observations on the 

13 C n.m.r. spectrum of sdm-E have been made after making allowance for 

the presence of the sdm peaks. 

Where the peaks for the two conformers were well resolved (and from 

those of sdm) the relative peak intensities suggested that at the 

0 temperature of observation (c. 30) 28% was as the minor conformer. 

This figure was the average of the following percentages: at 22.5 ppm, 

31%; at 40.5 ppm, 35%; at 89.1 ppm, 28%; at 94-.7 ppm, 28%; and at 

120.4 ppm, 21%. 

The resonances of the four carbons in the dioxopiperazine ring 

i.e. the two carbonyl carbons (167.4 ppm) and the two carbons linked 

through the epitrithio-group (74.3, 84. 7 ppm), all appeared as single 

peaks for the two conformers. That for the aromatic carbon which bore 

the methylated nitrogen (141.0 ppm) was not split either. In these 

cases the splitting might not be apparent because of the instrument's 

limit of sensitivity which was 1. 2 Hz between any two data points. 

For the aromatic carbon bearing the 8-0Me (151.6 ppm), the carbinyl 

carbon (81.9 ppm), the methoxy-carbons (60.9 ppm) and the aromatic 

carbon bearing the 7-0Me (146.2 ppm), the resonances for the minor con-

former were shielded by 0.3, 0.4, 0.5 and 0.9 ppm resp. While for the 

methyl-Con the indoline-N (4-0.5 ppm), the quaternary carbon bearing a 

hydroxy-group (89.1 ppm), its adjacent aromatic carbon (126.8 ppm), the 

mcthyl-C of the amido-N-methyl (28.2 ppm), the mcthyl-C of the C-methyl 

(22.5 ppm), the methine carbon between the two nitrogens (94.7 ppm), the 

aromatic methinc-C (120.4 ppm) and the aromatic-C bearing the chlorine 

(119.2 ppm), the resonances for the minor conformer were deshielded by 

0.5, 0.8, 0.8, 0.9, 1.3, 1.3, 1.7 and 2.1 ppm resp. In the former list 

of upfield resonances (for the minor conformer) the carbinyl-C had a 



Fig. PM4. L 
' 

The 1 1-1 nuclear magnetic resonance spectrum of 
sporidesmin-E at o0 . The chloroform-d solution 
of sporidesmin-E.EtOEt was cooled to -40° and the 
ether removed as the solution warmed to 0°. 
(Copied from Safe and Taylor, 1971.) 

-------~-----------.... 
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ppm CS2 

Fig. CM4.2. Schematic representation of the 13 C nuclear 
magnetic resonance spectrum of N-formylsarcosine. 
The more intense set of peaks represents the 
spectrum of the fa•ans-conformer. (Copied from 
Dorman and Bovey, 1973.) 

a CH2 

Fig. CM4.3. The 13C nuclear magnetic resonance spectrum of 
N,N-di-n-butylformarnide (aliphatic region shown). 
(Copied from Levy and Nelson, 1972.) 



corresponding proton which also resonated upfield (0 .10 ppm) in the 

minor conformer (Safe and Taylor, 1971). In the published 1H n.m.r. 

spectrum of sdm-E (CDC1 3 , 0°) (Safe and Taylor, 1971) (Fig. PM4.1) it 

was not possible to determine which proton peaks in the methoxy-group 

109 

of resonances belonged to the minor conformer. TI1e peak for the amido-

N-methyl-C (in the 13 C spectrum) were obscured by those for the deutero­

acetone, nevertheless that for the conformer appeared to be downfield 

wl1ile in the 1 H n.m.r. spectrum that for the corresponding protons was 

upfield (0.12 ppm). In the other cases where the carbon resonances were 

deshieldcd so were the corresponding proton resonances; the protons on 

the methyl on the indoline-N (0.17 ppm), C-methyl protons (0.05 ppm), 

the methine proton between the two nitrogens (0.12 ppm) and the aromatic 

proton (0. 05 ppm from the displayed spectrwn). 

Dorman and Bovey (1973) displayed the 13 C n.m.r. spectrum of N­

formylsarcosine (Fig. CM4.2) which demonstrated the cis- and trans-con-

formers arising from the partial rigidity of the amido-grouping. Walter 

and Maerten (1968) reported the 1H n.m.r. spectrum of N-isopropylformamide 

and of N-isobutylformamidc and showed the existence of two conformers for 

each (o 4.01 and 3.50, and o 3.05 and 3.00 resp. for the a-protons). 

Then, Levy and Nelson (1972g) published the 13 C n.m.r. spectrum of N.,N­

di-n-butylformamide which showed (Fig. CM4.3) each of the two alkyl 

chains had a separate pattern, the one upfield demonstrating the carbonyl 

compression. In the N.,N-di-n-butylformamide spectrum ~Levy and Nelson, 

1972g) the more removed that the carbon was from the amido-group the 

smaller was the to value. 

If the general case was that the carbons nearest the centre of con­

formational interchange showed the greatest shift, then in sdm-E it could 

be argued that the potential centre for conformational interchange was 

not the cpitrithio-group. The carbon whose resonance showed the great­

est to valuc·(2.1 ppm) was the aromatic CCl (its adjacent carbon (8-McOC) 
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showed a minimal shift, 0.3 ppm) and it was, in the ring system, about 

the farthest removed from the epitrithio-group. But this deduction was 

not consistent with the absence of conformers in the 13 C n.m.r. spectra 

of sdm and sdm-D. Seeing that both sdm-D and sdm-E have been derived 

from sdm, they all had the same basic ring structure (apart from the 

sulphur atoms) and therefore, apart from the sulphurs, they all should 

have the same conformers. 

For some of these (in sdm-E) conformer shifts, the sulphur atom 

(S-13) could be considered to modify the electric field of the carbonyls 

in the dioxopiperazine ring. When it (the S-13 atom) was one way it had 

a shielding effect upon the carbinyl-C (C-11) (0.4 ppm) (anti to the 

4-CO) and a deshielding effect upon (in increasing order of the effect) 

the indoljne-N-methyl-C, (0.5 ppm) the quaternary-carbinol-C (C-lOb) 

(0. 8 ppm) (syn to the 4-CO), 3-methyl-C (anti to the 1-CO) (1. 3 ppm) and 

the carbon (C-5a) between the two nitrogens (1.3 ppm) (syn to the 4-CO, 

Do:.:-man and Bovey, 1973). 

TI1e following ~s a discussion of the resonance positions observed for 

the major conformer, comparing them with those for sdm and sdm-D. 

(i) At 22.5, 28.2 and 40.5 ppm.-These methyl-C peaks (3-methyl, 

2-methyl and 6-methyl resp.) each resonated at positions between those 

for sdm and sdm-D. Each peak was 60% nearer that of sdm-D, indicative 

of the relaxation of the strain imposed by the -S-S- bridge in sdm. Not 

only did the bond lengths of the C-S and S-S bonds apply a strain to the 

dioxopiperazine ring but also the dihedral angle of the C-S-S-C group. 

This dihedral angle, 90° when unrestrained (Rahman, et al.~ 1970), was 

about 10-20° (Safe and Taylor, 1971) in sdm. If a Dreiding model can 

be relied upon,· the cpitrithio-group applied an expanding strain (Plate 

5.1) on the dioxopiperazine ring in contrast to the contracting strain 

in sdm, i.e. the C-S bonds converge in sdm, were more or less parallel 

in sdm-D and diverge in sdm-E (see under 'sdm-E', Chapter 5). So the 
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relaxation was not as complete as in sdrn-D. The C-S-S-S dihedral 

angle was c. 60° (in sdm-E) which angle was considerably closer to the 

unrestrained dihedral angle (90°) for sulphur atoms, therefore it could 

be expected that the epitrithio-group in sdm-E would be a stable condition. 

Instead, as observed above, sdm-E showed considerable instability. 

(ii) At 60.9 ppm.-This peak for the two methoxy-Cs was at the same 

position as that in sdm. 

(iii) A-t 74.3 ppm.-This peak and that at 84.7 ppm showed no nuclear 

Overhauser enhancement agreeing with their corresponding carbons bearing 

no protons. Although the methyl-C of the C-methyl resonated between 

that of sdrn and sdm-D the carbon (C-3) here bearing that methyl, reson­

ated at the same frequency as that in sdrn. This might be attributed to 

the effect of the divergence of the C-S bond (mentioned above) i.e. in 

the relatively relaxed condition in sdrn-D carbon-3 resonated at 69.7 ppm 

while either the convergent strain (sdm) or the divergent strain (sdrn-E 

at C-3) deshielded to c. the same value (74.3 p~m). 

The peak (84. 7 ppm) for the carbon 'para' (in the c-1.ioxopiperazine 

ring) (C-lla) to the above carbon (C-3) was subject to the same divergent 

strain but was also subject to the restraint of the fused pyrrolidine 

ring. Because of the fusing of the dioxopiperazine and pyrrolidine 

rings this bridgehead C-S bond had a rigid direction to which the 

orientation of the epitrithio-group was applying a modifying stress in 

the direction of the pyrrolidine ring (in respect of the sulphur end of 

the C-S bond) while the dioxopiperazine ring was being forced away. 

This strain at C-lla was reflected in the deshiclding to 84.7 ppm from 

73.1 ppm (in sdm-D). 

In sdm and sdm-D the resonances for carbons-3 and -lla were 3.3 ppm 

apart but in the epitrithio-compound (sdm-E) they were 9.6 ppm apart. 

Tiiis downfield shift of 6.3 ppm indicated that the epitrithio-group had 

a profound effect compared with the epidithio-group (sdm) or the dimethyl-
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thio-group (sdm-D). 

(iv) At 8J..9, 89.1 and 94.7 ppm.-These three peaks assigned to the 

carbinyl-•C, the tertiary hydroxy-group--C and the diazamethine-C (resp.) 

were all in the pyrrolidinediol ring and each reflected the propagation 

of the above C-S bond divergence effect in different ways. They were 

all shielded in respect of the corresponding resonances in sdm (by 0.6, 

1.3 and 0.6 ppm resp.) but only that for the carbinyl-C occurred between 

those for sdm and sdm-D (deshielded from that of the latter by 1.5 ppm). 

The tertiary hydroxy-group-C and the diazamethine-C lie opposite (in the 

pyrrolidinediol ring) the carbon (C-lla) bearirig the divergent C-S bond: 

they were shielded by 1.2 ppm from corresponding values for the relatively 

relaxed molecule sdm-D. 

(v) The m~omatic carbon peaks at 119. 2, 120. 4, 126. 8, 141. 0, 146. 2 

and 151.6 ppm.-As before, these peaks were assigned to the chloro-carbon 

(C-9), the aromatic methine carbon (C-10), its adjacent ring-junction 

carbon (C-lOa), the carbon (C-6a) bearing the methylated nitrogen and 

the carbons (C-7 and -8) bearing the 7- and 8-methoxy-groups respectively. 

The carbon bearing the methylated nitrogen resonated at the frequency of 

that for both sdm and sdm-D (within 0.2 ppm), the chloro-carbon and C-7 

both resonated at the same frequency as in sdm-D, and both C-lOa and C-8 

resonated as in sdm while the remaining methine carbon resonated at less 

than in either sdm (0.6 ppm) or sdm-D (1.4 ppm). 

Here the average (134.2 ppm) of these shieldings fell between those 

for sdm and sdm-D. That for the minor conformer was 134.8 ppm (sdm-D, 

134.6 ppm). For the major conformer these differences were small. 

(vi) At 167.4 ppm.-This was the peak for the carbonylcarbons. Al­

though the two carbonyls were in quite different environments and although 

their resonances were well resolved in both sdm and sdm-D, in sdm-E they 

were coalesced and they occurred slightly downficld from the most de­

shielded (167.1 ppm, sdm-D) of the carbonyl resonances for sdm and sdm-D. 
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Of the resonances of the minor conformer which were not within: the 

range of those of sclm and sdm-D, one was l. 2 ppm upfield (the chloro­

carbon) from that for sdm-D while the rest were either within the range 

or \vi thin 0. 7 ppm of it. Likewise, of the resonances of the major 

conformer which were not within this range one was deshielded from sdm-D 

by 7. 0 ppu (C-lla) (which has been discussed) and another by 1. 2 ppm 

(C-10b) and the rest fall within O. 7 ppm of the range. So on the whole, 

the resonances of the two sdm-E conformers occurred quite closely to 

those of the parent compound (sdm) and the S.,S'-dimethyl compound (sdm-D). 

Conclusion 

Seeing that mixed melting point determinations on sdm-E (with sdm) 

did not show the expected depression and seeing that sdm and sdm-E melted 

within 3.5° of each other (sdm, 179°, Ronaldson, et al . ., 1963; sdm-E, 

0 181-182.5, this work) a more definitive indication that an epitrithio-

compound had been formed from sdm was needed: the molecular.weight by 

mass spectrometry (505 = 473 + 32) provided this indication. 

The following is a suggestion for obtaining sdm-E. EtOEt as pure as 

possible, since conventional techniques, the results from which have been 

described, caused decomposition to sdm from which sdm-E could not be 

subsequently separated by recrystallization. 

TI1e chloroform solution of the reaction product after the synthesis 

of sdm-E (A-B3iii) should be washed with dilute acid to remove the 

0 pyridine and then concentrated (at less than 45) to a small volume (of 

Ether would need to be added and evaporated repeatedly, taking 

care not to evaporate to a gum, till crystals appeared on cooling. It 

may be possible to recrystallize from ether. 

The 13 c n.m.r. peaks of ether (17.1 and 67.4 ppm, Stothers, 1972h) 

and pyridine (124.1, 136.1, 150.4 ppm, Stothers, 1972k) do not interfere 

in the spectrum of sdm-E, therefore, the above preparation dissolved 
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directly 1n <lcuteroacetone should give a spectrum with a minimum of sdm. 

TI1c quantity of contaminotion of the sdm-E.EtOEt with silin could 

possibly be determined by 1 ll n.rn.r. spectroscopy; the il-H peak for 

sdm (o 4.58) occurred between those of the conformers of sdm-E (cS 4.62 

and 4.52) (Fig. PM4.1); similarly, for the 2-CH3 peak which occurred at 

o 3.07 for sdm and o 3.14 and 3.02 for sdm-E; for the 6-CH3 and 3-CH3 

those for sdm (o 3.30 and 2.03 resp.) were upfield from the peaks for 

sdm-E at o 3.50 and 3.33, and o 2.00 and 1.95 (resp.). Though most of 

the peaks for sdrn are shifted only 0.03 to 0.05 ppm from the nearest 

conformer peaks of sdm-E, with careful spectrometric resolution, an 

assessfilent of purity could be made. 

TI1ere was a suggestion from the observation of the hydrogen bonding 

spectra of unsolvatecl sdm-E that Tecrystallization through ethyl acetate­

acetic acid may effect purification of sdrn-E. But the yield at each 

crystallization ~-:as far from quantitative. It would not be easy to 

recover sdm-E from the acetic acid mother liquors. 

Crystalline sdm-E.EtOEt (A-B3i) was checked on tissue culture and 

sheep by the Ruakura Experimental Pathology Section. The in vitro 

tissue culture results showed that sdm-E was no more toxic than sdm and 

similarly in sheep there was no significant differences in liver damage 

between the two compounds. By both methods they were equally toxic. 

Nevertheless, the sdm-E intoxicated animals were, on average, photo­

sensitive in fewer days and there was a difference in the bladder lesions 

between the two groups (sdm and sdm-E treated). 
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CH/\PTEf\ 5. THE INFRA-RED SOLUTION SPECTRA 

(4000--2700 crn- 1) ciF SPORIDESMIN AND 

ITS DEF<IVATIVES 
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This study \\'as made as an extension to the comparison of the hydrogen­

bonding spectra of sdm and sdm-E and because of the anomaly that the lla-

mercaptosecosdms had no vSH peaks. for the discussion of the comparison 

of s<lm with sdm-E see Chaper 4, 'Sporidesmin-E, its synthesis and 

comparison of its infra-red and 13 c· nuclear magnetic resonance spectra 

with those of sporidesmin'. 

TI1e frequency range 4000 to 2700 cm- 1 , covers the absorbances due to 

free and hydrogen-bonded 0-H stretching (Tichy, 1965). To avoid solvent 

interaction with the solutes carbon tetrachloride was chosen for the 

solvent. Carbon tetrachloride has absorption bands (augmented by the 

50 mm path length) in this frequency range but these, when balanced out 

did not absorb so greatly that a spectrum could not be obtained (Fig. 

IRS.1). Spectrum (Fig. IRS. 1) was obtained ,-:i th the instrument set in 

'imbalance' (B-Al) to show up the areas where 'blanketing' (Jones and 

Sanclorfy, 1956) would render spectra unreliable. Blanketing began at 

2400 cm- 1 , owing to the broad bands of atmospheric carbon dioxide (2349 

cm- 1 , . Bellamy, 1958a), moisture (c. 2340 cm- 1 , Sadtler, 1962), carbon 

tetrachloride (c. 2280 cm- 1 , Jones and Sandorfy, 1956) and the end 

absorption of the silica cells. 

MethanoZ..-To verify that the carbon tetrachloride used was satis­

factory for these measurements and to calibrate the instrument (a 1965 

Beckman IRS), solutions of methanol (c. 5.5 and 8 mM) (B-A2,3) (Figs 

IR5.2, 5.3) were examined. Only the. free O-H stretching peak was 

observed even at the higher concentration. Compared with the position 

-1 d that the instrument recorded the 2850 cm peak (which was recorde· on 

each spectrum) for the polystyrene film that for methanol was 3652-3654 



cm- 1 which was 10 cm- 1 higher than published results, determined with 

correctly calibrated instruments (Bellamy c1nd Pace, 1966, 3642 cm- 1; 
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van der Maas and Lutz, 1974, 3644 cm- 1). 

were adjusted for this error. 

The frequencies reported here 

The peak heights increased approximately linearly (within the 

capability of the instrument) as the path length was increased (from 10 

to 50 mm) (e.g. 20 and 50 mm, Fig. IR5.3). At the longest path length 

(50 mm) the apparent molecular extinction coefficient (Ea, Jones and 

Sandorfy, 1956) for methanol was c. 47 and the apparent width at half 

height (Lwt) was 46 cm- 1 . 
~ 

Van der Maas and Lutz (1974) with more 

a sophisticated instruments, reported a tv., of 21 for methanol. 
~ 
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§ 1. Sp0Jr.,Lde-0m-{11 (1.1) 

To avoid intermolecular hydrogen bonding absorptions which are not 

expect.eel in <lihy<lroxy-compounds in solutions of lower concentration than 

5 mM (Kuhn, 1952) i,hc concentrations of the sdm solutions \•,ere 5 mM or 

less. Two hydrogen-bonded dimers (involving carbonyl oxygen acceptors) 

arc known a! lmver concentrations (1 mM solution of a derivative of 3-

hydroxycyclohexanone (5.1), Hanousek, 1964, and 0.24 mM solution of 3-

acetyl-5-hydroxybenzothiophene (5. 2), Brmm, et al.., 1963) but in both 

cases the band corresponding to the dimer was at less than 3400 cm- 1 . 

0-H •· ... O 

R 

(5.1) 

Me 
I 

H ·-o-c ··~·.. -~--

C=O· • ·HO 

~e cs.2J 

No OIi stretching bands in the sdm compounds examined occurred as low as 
. 

this. Unsolvatcd sdrn and unsolvated sdm-E (B-Bl, B-El) were fairly 

insoluble (CC1 4); nearly saturated solutions, at room temperature were 

c. 2 rnM. 

TI1e spectrum of sdm (c. 2 rnM in a 50 mm cell, B-Bl~ (Fig. IR5.4) 

shmve<l the following peaks: 

cm- 1 , 
a 95, 

a 26 cm- 1 , 16 relative peak 1. v3592 e: l':,. \)J area. 
'2 

2. 3520 II 39, * 3 ti II II 

3. 3450 II 70, 150 II 113 II II II , 

The approximate (±10%) relative peak areas were obtained by cutting out 

the peaks (derived from 50 mm of 2 mM solutions fo:r each compound) and 

weighing. •kPeak No. 2 above was a small definite peak on the side of 

peak No.3. 
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The relationship between the•two hydroxy-groups in the sdms was 

compa:cablc with that in 1, 2-trans-cyclopentanediol ,vhich is the simplest 

case (Kuhn, 1952) and which shows only a free OH stretching band (at 

3620 cm- 1 ). In the absorptions observed here the most intense peak 

-1 was more than 25 cm less tl1an this frequency. 

In a Courtauld model of sdm (Plate 1.1) the hydrogen of the 11-0H 

was contiguous to the oxygen of the 1-CO so the broad peak at 3450 cm- 1 

was assigned to this structure. The two oxygens (centre to centre in 

the model) were c. 2.5 R apart hence the interatomic distance between the 

hydrogen and its hydrogen-bonded oxygen was c. • 1. 5 ~ 

1. 3 ~). Applying the Kubota, et al. (1966) formula 

where R is the internuclear distance in ~' gives 1.6 

- 1 lated from 3627 cm for secondary alcohols (Oki, et 

(Dreiding model 

f::,v - 412 - 143R, 

~- !::,v Is calcu-

al.~ 1968). In the 

models the hydrogen of the lOb-OH was not apparently contiguous to any 

other atom. TI1e narrow sharp peak (3592 cm- 1 ) was consistent with this 

environment. 

Among the hundreds of saturated aliphatic compounds listed by Tichy 

(1965) the greater number of the free vOH values occurred at or more than 

-1 c. 3618 cm . (This value is approximate; many free values occur below 

it and many TT-bonded values occur above it.) h~ere an aromatic ring 

bears a hydroxy-group or the hydroxy-group is a or B to an aromatic ring 

then in most cases the 'free' vOH value occurs at or less than c. 3618 

cm- 1 which shift in frequency suggests that in the latter there are 

OH•••TT-bondings. 
a 

From the work of Hanaya, et al. (1974) the l'>v1 for 
"2 

OH•••n-bonding (11-16 cm- 1 ) appeared to be less than for the free OH 

-1 (15-25 cm ) . The lOb-OH of sdm was a to an aromatic ring so it is 

suggested that the shifting to 2592 cm- 1 was the result of OH•••n-bonding. 

Schlcyer (1958) observed that the intensity of the non-borided peak 

relative to the TI-bonded one decreased as the number of carbons between 
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the functional groups decreased and that the strength of the hydrogen 

bond also decreased (f:..v decreased). 11rns in going from y-phenylpropanol 

to phenol the band for the free primary hydroxy-group (3638 cm- 1 in y­

phenylpropanol) became a shoulder in benzyl alcohol and disappeared in 

phenol; while the OH·••n-band, absent in y-phenylpropanol, of comparable 

intensity with the free one in B-phenylethanol (3606 cm- 1 ), dominant in 

benzyl alcohol (3615 cm- 1 ) was alone in phenol (3614 cm- 1 ) (Huggins and 

Pimentel, 1956). Therefore, because the lOb-OH was adjacent to a 

benzene ring the absence of a band about or more than the free-tertiary­

hydroxy-group frequency (3618 cm- 1 , Oki, et al.:, 1968) in the sdm 

compounds was not unexpected. 

The small peak (relative peak area 3) at 3520 cm- 1 was difficult to 

interpret. Joris, et al. (1968) pointed out that a small peak on the 

side of another might have apparent high intensity but when decomposed 

with a Curve Resolver this small peak represented only a small percentage 

of the recorded peak area. Hence the use of the relative peak area even 

though it was approximate compared with results using a Curve Resolver. 

This peak is further discussed under 'sporidesmin-B'. 

Other> solvents.-Because of the low solubility of sdm in carbon 

tetrachloride, only low intensity spectra were obtained with 10 mm cells. 

Till longer path length cells arrived another non-polar solvent was 

employed i.e. tctrachloroethylene (B-B2) (Fig. IR5.5). In this solvent 

the solubility and therefore the intensity for sdm was 20% less but the 

band frequencies were unaltered. For the same reason sdm was dissolved 

in chloroform (50 µ,Q,) and diluted (to 1 ml. CC14 . 6 mM sdm) (Fig. IRS.6). 

This procedure produced an intensity 2.6 times as 2reat as 10 mm of the 

saturated solution (CC14). TI1e band frequencies were a2ain unchanged 

but the intensity ratios (£;590/£;450 ) were 10% greater than that for 

the spectrum in carbon tetrachloride alone. 
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Figs IR5.7A, IRS.7B. Spectra of sporidesmin-B in carbon 
tetrachloride (A. 3.3 mM in 30 mm cell; B. 2 mM in 50 
mm cell). 
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Fig. IRS.8. Spectrum of sporidesmin-B in carbon 
tetrachloride-deuterium oxide. 



§ 2. SpoJI.,e,de-6mLn-B (1. 15) 

1hc second epi<lithiodioxopipcrazine toxin to be isolated from 

Pitho1nyccs chax>tarw11 cultures (Ronald.son, et al., 1963; Rahman and 
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only the tertiary one. Without the secondary hydroxy-group absorptions, 

assignment of the peaks from s<lm-B should be simplified. 

Sdm-B dissolved more readily (in cc1 4 , B-Cl) (Fig. IR5.7) than sdm 

and was made a 3.3 JTu\l solution. The i. r. spectrum of this solution 

showed the following peaks in the OH-stretching region (30 mm cell): 

1. 

2. 

3. 

v 3592 cm- 1 

3520 11 

3394 " 

, a 
E 69, 

35, 

14, 

"va 20 cm- 1 u 1 , 
'2 

7 2 " 

70 " 

12 relative peak area. 

50 

5 II 

" II 

II II 

It was.apparent that the main bands displayed by sdm-B (at 3592 and 

3520 cm- 1 ) were also present in the spectrum of sdm. Whereas the peak 

at 3520 cm- 1 in sdm was small (rel. peak area 3) the corresponding peak 

in sdm-B was c. 16 times larger (rel. peak area 50) and at the sarac time 

the size of the peak at 3592 cm- 1 was smaller in sdm-B (c. 75% of that 

in sdm, by rel. peak area). 

Apart from the TI-bonding, discussed above, (and apart from the 11-

trans-hydroxy-group in other sclm derivatives) the possible atoms to which 

the lOb-OH-hydrogen might hydrogen bond were 1. the amido-ni trogen, N-5, 

2. the incloline nitrogen, N-6, and 3. the sulphur atom, S-12. There 

is no possibility of hydrogen bonding to an amido-nitrogen because an 

amido-nitrogen is planar, having no lone pair electrons (Robin, et al., 

1970). The indoline nitrogen in the sdm compounds was, if anything only 

very weakly basic; this nitrogen did not quaternize (A-E). Added to 

this, from Tichy's review (1965), it would seem that of the five-member-

ed hetcrocycles only the thiacyclopentan-3-ol compounds showed intra-

molecular hydrogen bonding. In the Dreiding model, whether the C-S 
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bonds \·;ere converging (cpiclithio-compounds), parallel (S-alkylat.cd 

compounds) or cli verging (cpi tri thio-compGund s) there \vcrc minimal changes 

in the hetcrocyclic ring of the indoline moiety. Instead, upon 

modification of the -S-S- bd<lgc of the epiclithiodioxopiperazine ring 

(by 5-Dlkylation, reduction to the dimercapto or incorporation of a 

third sulphur as in sdm-E, see later) the spectra were markedly altered: 

the absorptions of the lOb-OH were shifted to other frequencies (3553-

These changes will be shown to be consistent with the 

structure: 12-S• • •HO-lOb. Some of these changes necessitated modi-

fication also in the OH•••1T-bonding which peak suffered reduction in 

size till it ivas absent in one compound (methyl 11a-mercaptosecosdm<~-S-

acetate). So therefore, it is suggested that in sdm-B the intramole-

cular hydrogen bond was from the tertiary hydroxy-group, 10b-OH, to the 

sulphur atom,• S-12, of the epidi thio-group. 

In the models the hydrogen atom was about 3.6 ~ (Courtauld 3.4 R 

and Drciding 3.8 R) from the sulphur atom and not far removed from the 

orbital of one of the latter's lone pair electrons. Applying the Kubota, 

et aZ. (1966) formula f1v = 412 - 143R gave R = 2.2 5l. Although the 

Kubota formula may not strictly apply to these conditions the result did 

indicate that the electronic and atomic orientation in this part of the 

sdm and sdm-B molecules was such that hydrogen bonding was favoured. 

Carlson, et aZ. (1970) described OH•••S interaction in 1-cyano-2-

hydroxy-3,4-epithiobutanes where l:!.v was 138 and 123 cm- 1 (for the threo 

(5. 3) and erytlweo (5 .4) isomers in CC14). In comparison with sdm-B 

HO~CH2CN 

5,) cs. 3) 

these were high values, because the two 

HOWCH2CN 

0 5 cs.4) 

groups, 2-cyano-1-hydroxycthyl 

and cyclothiapropyl, could freely rotate to a position favouring intra-

molecular hydrogen bonding. In the sterically rigid sdm-B the t:.v was 

only 97 cm- 1 , indicative of a weaker hydrogen bond. 
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\\1wre t1iere arc two OH stretching peaks (one free and the other 

hydrogen bonded) in the solution i.r. spectrum of a non-rigid monohydroxy­

thio-compound their presence hA.s been explained in terms of the possible 

conformations of the molecule (Luttringhaus, et al . ., 1962). 1110 free 

peak is proposed to arise when the conformation is in the form where the 

hydroxy-H cannot bond to any lone pair electrons and vice versa for the 

hydrogen-bonded peak. Thiacyclohexan-3-ol and thiacyclopentan-3-ol 

(Luttringhaus, et al.., 1962) both show this phenomenon but the ~bove 

explanation docs not ex'J)lain the two peaks observed in the spectrum of 

thiacyclobutan-3-ol (thietan-3-ol, 3617 and 3601 cm- 1 ). This compound, 

according to the abstract (Chemical Abstracts, 1973) of the paper by 

Arbuzov, et al. (1971), has a saddle configuration with the 3-C sub­

stituent in a pseudocquatorial position. The rigidity in the conform­

ation of thietan-3-ol is of such a kind that it allows only weak hydrogen 

bonding .of the OH hydrogen to the S atom (6v 16). Thus, it is plausible 

to think that the hydrogen atom spends only a portion of its time within 

the ranr,e of the lone pair electrons of the sulphur atom hence the minor 

peak at 3601 cm- 1 and the major portion of its time outside the influ-

ence of the lone pair electrons hence the major sharp peak at 3617 cm- 1 

(similar to a B rotamer, as defined by Joris, et al . ., 1968). So with 

sdm-B assuming that there was OH•••n-interaction (3592 cm- 1) (as discus­

sed above) the hydrogen of the tertiary-hydroxy-group shared its time 

between the influence of either the aromatic TT-electrons or the lone pair 

electrons of the sulphur atom (S-12). The OH bond in sdm-B was (by the 

Courtauld model) more colinear (Tichy, 1965) with the sulphur lone-pair 

orbital than in thictan-3-ol, hence the greater !w value (c. 97 cm - ) 

for sdm-B. 

1110 greater relative peak area (50 at 3520 cm- 1 ) in sdm-B than in 

sdm (rel. peak area 3) indicated that a greateT percentage of hydroxy­

hydrogens were participating in hydrogen bonding to the sulphur atom than 



in s<lm. nccause there was no secondary hydrO)-.')'-group (11-0H) hycb:ogcn 

bonding to the 1-CO, it is suggested that there was a local steric 

relaxation ot tl1c 11-methylenc sufficient to allow a higher percentage 

of hydrogen bonding to the sulphur atom to occur in sdm-B. [ 13c • n.m.1. 

of s<lm-B might reveal this effect if it could be determined in carbon 

tetrachloride (or cs2) instead of the proton accepting solvent acetone.] 

To obtiin some information on the significance of the small broad 

peak (at 3394 cm- 1 , sdm-B) the 3. 3 mM solution was diluted to 2 JTu'vi and 

read in a 50 mm cell (B-Cl) (Fig. IRS. 7B). Tirnre was no change in the 

relative peak height or area thus establishing that it did not arise 

from dimerisation (Hanousek, 1964) or intermolecular hydrogen bonding. 

TI1e peak remained after the: sample was carefully dried (B-C2) so it was 

not due to hydrogen bonding to extraneous water. When the sample was 

deuterated (B-C3, 60°, 30 min) this peak was still present in the 0-H 

stretching region (3394 cm- 1) (Fig. IRS.8) and not in the 0-D stretching 

Thus it is suggested that it was an 0vert.one from 

the carbonyl absorptions (1700-1650 cm- 1). 

See end of next section (3) for the discussion of the effect of a 

proton acceptor solvent (EtOEt). 
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Figs IR5.9A and IRS.9B. Spectra of sporidesmin-D (~. sdm-D.EtOEt, 10 mM in 10 
B. sdm-D unsolvated, 2 m>l in 50 mm cell) in carbon tetrachloride. 

,-~H r-·· .. ~-·-
mmcell; 
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§ 3. Spo1ude/2min-V (l. 9) 

In sdm and s<lm-B the C-S-S-C bonds of the epidithio-group were 

rigidly held in position. In sdm-D the -S-S- bridge was opened and the 

two sulphur atoms methylated (Jamieson, et al . ., 1969) (A-Claiii). It 

was not possible to obtain crystals of sdm-D unsolvatcd; it occurred 

as the ethcrate. 

Sdm-D (C20H26 ClN3o6s2 .c4 H10o), isolated from Pithomyces chartarum 

cultures by Jamieson, et al. (1969) was found to be relatively inactive, 

toxicologically (Taylor, 1971), which suggests that the toxicity of sdm 

and its toxic analogues lay in the epipolythio-group. 

Although sdm-D.EtOEt still had the two hydroxy-gro1:ps it was 

infinitely more soluble (CC1 4) (B-Dl) than either sdm or sdm-E. The i.r. 

spectrum of the 10 and 2 mM solutions (10 and SO mm cells) of sdm-D showed 

negligible differences (between each other) in the following peaks (Fig. 

IRS.9). 

1. 3592 cm- 1 a 
40, 

a 
shoulder, relative \) £ /J'Jl 4 p0ak area. , 

'2 

2. 3550 II 59, II 16 II II II , 

3. 3455 II 110, c. 190 cm- 1 146 II II II , 

Compared with sdm, sdm-B and sdm-E, the spectrum of sdm-D showed 

considerable differences. Though the frequency of the peak at 3592 cm·- 1 

was unchanged from the former, it was only a minor peak (rel. peak area 

4). TI1e /Jv (3618 - 3550 = 68 cm- 1 , Oki, et al . ., 1968) for the peak at 

3550 cm- 1 indicated a weaker hydrogen bonding for this structure (OH•••-

O=C, sdrn-D) than in the former compounds (/Jv 98, 98). While the peak at 

3455 cm- 1 showed its hydrogen bonding to be only fractionally weaker 

1 - 1 (than sdm, 3450 cm-) in sdrn-D (/Jv = 3627 - 3455 = 172 cm ). Although 

0-H stretching absorption intensities or areas do not correlate quanti­

tatively with structure (unlike the correlation between protons and 

proton peak intensities in n.m.r.), in a semiquantitative way peak areas 
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have some significance. M1ere a considerable percentage (c. 12 and 

18 96) of the 0-11 stretching appeared in the OH•• •TI-condition in sdm and 

sdm-B, in sdm-D only a small percentage (a. 2.4%) occurred as OH••~TI­

bonding. But what was a small peak (3520 cm- 1 ) in sdm (rel. peak area 

3) was five times as large in sdm-D (rel. peak area 16) suggesting that 

the configuration of sdm-D enabled more of the hydroxy-hydrogens (lOb-

011) to bond ~o the sulphur atom rather than to that aromatic TI-electrons. 

The configuration of sdm-D had these features: 1. in the Dreiding model 

the lOb-OI-l•••S plane was a. 10% further removed from the hydrogen of the 

CH-11 than in sdm, so the lOb-01-1• • ·S hydrogen bonding was less sterically 

crov.'ded by the methine-H of the 11-carbinyl (whose OH was hydrogen bonded 

to the 1-CO, t-:,v 77 cm- 1 ) ani 2. the methylthio-group was free to rotate 

till one pair of the sulphur's lone-pair electrons was more nearly 

colinear with the 0-H bond. But the result of these combined effects 

was not as great as that observed above in sdm-B, where the relative peak 

(3520 cm- 1 ) area was c. 50, because in sdm-B there was no 11-01--1• • •O=C 

hydro&en bond to thrust the C-11 hydrogen in the way of the lOb-OH···S 

hydrogen bond. 

Though the bond length (the 1-CO oxygen moved away from the 11-0H 

hydrogen on opening the -S-S- bridge, Plate 5.1) of the 11-0H•••O=C 

hydrogen bond was slightly greater in sdm-D (c. 1. 7 ~ calc., compared 

with 1.6 R for sdm) and therefore, that much weaker, the corresponding 

band (3455 cm- 1 ) was a. 30% larger ~y rel. peak area) than the one in 

sdm. 

:the effect of ether on the spectra of sdm-D and sdm-B. -According to 

the work of Bellamy, et ai. (1966) and Kuhn (1952) ether functioned as a 

hydrogen acceptor in hydrogen bonding·. The former workers used 5% 

solutions (c. 480 mM) of ether in carbon tetrachloride, which was a large 

excess over the concentration of the solutes (2-10 mM). 
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Plate 5.1. Drejding models showing the orientation of some 

bonds in three sporidesmins: sporidesmin-E (sdm-E) 

(epitrisulphide group on the right), sporidesmin-D 

(sdm-D) (methyl groups of the s-methyls not in the model 

but shown opposite) and sporidesmin (sdm). The arcs be-

tween the C-S bonJs indicate their divergence, parallel­

ness and convergence (resp.), while the arcs between the 

C-0 bonds (11-0H, 1-C=O) indicate the respective changes 

resulting from the changes made to the orientation of 

the C-S bonds. (The hydrogen of the 11-0H in these 

models is not in the hydrogen-bonded position.) The 

greRter the arc the greater the interatornic distance 

between the oxygens. The dotted lines (on the right) 

indicate S-S and S-Me bonds while the others indicate 

the dioxopiperazine rings. The positions of the third 

nitrogen are also indicated. 
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For sdm-D.EtOEt (a 1:1 molar ratio) (Fig. 1R5.9A) intermolecul:rr 

hydrogen boncl:ing to the ether molecule was not observed between the 2 

and 10 rnM solutions (the 10 mM solution had been evaporated before 

dilution to 2 mM). This observation was not surprising since inter-
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molecular hydrogen bonding between the same kind of molecules begins at 

about 10 n~ and increases with increasing concentration. After evapor-

ating the solution to dryness and desiccating there was no change in any 

of the absorptions (Figs IRS.9B, 5.10). 

But \'ihen the concentration of the ether (sdm-D) was raised (to c. 

480 mM, a 48 molar excess) (B-D3) a shoulder appeared at c. 3360 cm- 1 

(Fig. IRS .11). There was no alteration in the intensity of the peak 

at 3455 cm- 1 . Both the peaks at 3592 and 3550 cm- 1 were reduced in 

area. Though the former was small in sdm-D, yet it was still present in 

the 5% ether solution. It was as though the proton accepting molecules 

of ether had incompletely competed with the sulphur atom and the TI­

electrons for hydrogen bonding with the lOb-OH and not at all with the 

1-CO for the 11-0H hydrogens. 

This observation \vas confirmed with sdm-B (in 5% EtOEt in CC14), 

where the spectrum (Fig. IRS.12) (B-C4) showed a large peak (Ea 52, 

Here again both the peaks (at 3592 and 

3520 cm- 1) were reduced in area; the latter was only a shoulder (Ea 26). 

So the ether competed with both the sulphur atom and the 1T-electrons of 

the aromatic :ring for the lOb-OH hydrogen. 
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§4. SpofL,i,deoniJ.n-E (1. 10) 

(Sec also Chapter 4, 'Spori<lcsmin-E, its synthesis, and comparison 

of its infra-red and 13 C nuclear magnetic resonance spectra with those 

of sporidesrnin' .) 

The spectrwn of sdm-E (Fig. IR4 .11) (c. 2 mM in CC14 , 50 mm cell) 

(B-El) showed the following peaks: 

1. 

2. 

v 3590 

3530 II 

a 
E 103, 

60, 100 II 

14.4 relative peak area. 

81 II II II 

Although the incorporating of the third sulphur atom (S-13) betwec1• 

the th'O in sdm (3-S, S-12) was only a small change to the molecule (see 

Chapter 4), the alteration shown in the solution spectra (from sdm, 

Fig. IR5.4, to sdm-E) was considerable. This alteration was reasonably 

attributed to the influence of the S-13 sulphur atom. By the figure 

(Plate 5.1) it may be observed that in sdm the C-S bonds converged, in 

sdm-D they were almost parallel and in sdm-E they diverged. This di-

vergence of the C-S bonds distorted the dioxopiperazine ring from the 

relaxed condition in sdm-D or the strained condition (in the opposite 

sense) in sdm. This distortion was pTopagated into the adjacent pyr-

rolidine ring so that the interatomic distance between the oxygen of the 

1-CO and the hydrogen of the 11-0H (as seen in Plate 5.1) was increased 

from that in sdm. Intramolecular hydrogen bonds weaken with increase 

in internuclear distance and the weakening is indicated by smaller f.,v 

values (3627 - 3530 = 97 cm- 1 ). This state was reflected in the spectrum 

(Fig. IR4.11) where the peak which in sdm (Fig. IR5.4, 34SO cm- 1 ) indi­

cated the strong hydrogen bonding (b,v 177 cm- 1) of the 11-0H hydrogcn_to 

the oxygen of the 1-CO, was now in a position (3530 cm- 1 ) which was 

similar to that for the lOb-OH·••S in sdm-B (35;~o cm- 1 ). So the spectrum 

showed only two peaks; the 10b-OH•••TI-interaction at 3590 cm- 1 (as 

observed in previous spectra) and the broad one at 3530 cm- 1 consisting 

of the two intramolecular absorptions 11-0H•••OC (as discussed above) and 



Frequency 

Sdm (1. 1) 

Sdm-B (1.15) 

Sdra-D • (1. 9) 

Sdm-E (1.10) 

3-SH-COOMe 

(1.13) 

lla-SH-COOMe 

(1.14a) 

di-SH (1. 11) 

Table 5.1. Relative peak areas for sporidesmin and derivatives 

3592-0 3553-43 3535-30 

16 

12 

4 16 

14.4 81 

1.6 10 

i7 

c. 9 c. 4 

3520 

3 

50 

c. 54 

3474-0 

147 

107 

3455-0 
cm- 1 

113 

146 

Total.relative 

peak area 

132 

62 

166 

95 

158 

124 
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lOb-OH~ • •S (ivhich was common to tho previous spectra). In the spectrum 

(fig. IIVl. 11) there is a suggestion t:hat the broad peak at 3430 cm-1 was 

split into a doublet. 

Apply:i ng the Kubota, e-t aZ. (1966) formula 11v = 97 cm-1 = 412 - 14:m 

gave R = 2.3 R ,<l1ereas the measured value on a Dreicling model was 1.7 R. 
TI1is l'lide discrepancy pointed to the lack of colinearity of the 0-H bond 

with the long pair electrons on the C=O oxygen. 

It is noteworthy that the total relative peak area (fo-r the dihydroxy­

compounds, 124-166, Table 5.1) was least (95) for this compound. This 

is a function of the well-known observation that the lower the frequency 

of a peak the b:roader and intenser the peak. 

To examim., the individual contributions by the tertiary hydroxy- or 

the secondary hydroxy-hydrogens to the hydrogen-bonding peaks, it would 

be necessary to synthesize the epitrithio-dcrivatives of sdm-B (5.5) and 

lOb-dcoxysdm (5.6). The synthesis of the latter compound from sdm is a 

YA OH . Cl OH 
Clior-x H2 - - , o- 7= ___ ,_/ 

MeO y"N N~ ,..-0 MeO N t-:J ~ 
MeO ~e 0 ,ls=:5N,Me Meo ~e 0 J¾N'Me 
(5.5) /y (5.6) ~.,.,.,..Y. 

tvle 
major undertaking, while that of the former is delayed by the lack of 

supply of sdm-B. 

Other soZvents.-As with sdm the problem of the low solubility (CC14) 

when only 10 mm cells were available, waspartially overcome hy dis­

solving the solvated compound in chloroform (50 11£) and making up to 

volume (1 ml) with carbon tetrachloride (e.g. B-E2) and using the same 

solvent mixture in the reference beam (in 10 mm cells). In this way 

( Fl• g IR4 14) al though the band frequencies wer_e unal tercd the 11cak C • g • • . . • 

heights were enhanced by c. 3 times since this solution was c. 5.3 mi\1. 
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(Hence the concentration of the nearly saturated solution of unsolvatcd 

sdm-E (CC1 4) was c. 2 rnM, at room temperature.) 

As with sdrn-D.EtOEt, when a saturated solution of sdm-E.EtOEt 

(B-E3) was examined in carbon tetrachloride (Fig. IR4.13), although the 

molar ratio of ether to sdm-E was 1:1 there was no sign of intermole­

cular hydrogen bonding to the ether (at less than 3500 cm- 1). 
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Fig. IRS.13. Spectrum of methyl 3-mercaptosecosporidesmin-lla­
S-acetate in carbon tetrachloride (6 mM in 20 mm 
cell). 
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§ 5. Methyl 3-meKc.ap.fo,t, e.c.01.1po1L,t.de/2mi11-1la-S-ac.e,,ta.te. (1. 13) 

The high frequency i. r. spectrum (CCI 4) of this. compound, 

synthesized (A-C5c) from sdm, showed these peaks (Fig. IR5.13); it was 

more freely soluble (CCl 4) (13-Fl) than sdm, so a 6.3 mM solution was 

exo.mined in a 20 mm cell: 

1. \) 3592 cm- 1 a shoulder, a relative £ !c,.v 1. 6 peak area. , 
½ 

2. 3550 'I weak peak, 9.6 " " II 

3. 3474 II 126, 230 -1 cm , 147 " " " 
4. 2540 II 32, 30 " 16.6 " " " 
(The relative peak areas recorded here have been adjusted from the values 

for the 20 nun of the 6.3 mM solution to those for 20 mm of a 5 mM 

solution). 

As it might be expected the spectrum (Fig. IR5.l3) of this compound 

between 3700 and 3200 cm- 1 was similar to that of sdm-D (Fig. IR5.9), 

-1 except that the peak at 3592 cm has nearly disappeared, and that at 

3550 cm- 1 was weaker and the third peak has shifted to a higher frequency 

(froTu 3455 to 3474 cm- 1 ). 

The major peak (3474 cm-1 ) was attributed (as in the previous 

compounds) to the 11-0H•••O=C interaction. The intramolecular hydrogen 

bonding was progressively weaker in going from sdm (/:,.v 177 cm- 1), to 

sdm-D (~v 172 cm- 1 ) and to this compound (~v 153 cm- 1 ), but the relative 

peak areas for the latter two compounds were the same (146 and 147 

resp.). Though, from the Kubota, et al. (1966) formula 6V = 412 - 143R, 

the internuclear distance between the hydrogen of the 11-0H and oxygen 

of the 1-C=O was 1.8 i (0.2 ~ greater than in sdm and consequently 

weaker) yet the percentage of hydrogens participating would be the same 

as for sdm (100%) since there were no other vOH bands attributable to 

these groups in the spectra of either compound. This progressive weak-

ening of the hydrogen bonding was associated with the relaxation of the 



strain applied to the epidithiodioxopiperazine ring in going from sdm 

to sdm-D (as mentioned above) and then. to the stcric effect of the 

methoxycarbonyln:cthyl enc on the environment of the S-12 sulphur atom. 

That the relative peak arc;::. for a hydroxy--group of one compound c::mnot 

be used to predict quantit2tively the number of hydroxy-groups for 

another compound was exemplified here. For this compound and sdm-D 

the relative peak area for one 11-OH group was 147 and for the corres­

ponding group in sclm and in methyl lla--mcrcaptosecosdm-3-S-aceta.te the 

relative peak areas were 113 and 107 (resp.) (see Table 5.1); the former 

were 40% larger. 

By the same token, for the corresponding hydroxy-groups (10b-OH) 

in this compound and sclrn-D, the combined relative peak area (11) of the 

two absorbances at 3592 and 3550 cm- 1 was only about half of the area of 

those in sdm-D (20). It seems that the OH•• -1r-bonding was least in this 

compound compared with the previous ones so the S-12 sulphur atom must be 

in the most favourable position to compete against the aromatic 1r-elec­

trons for the l0b-OH hydrogeI1s compared with its position in the others. 

In the models the internuclear distances between the hydroxy-hydrogens 

and the sulphur atoms in sdm-D and this compound (1.13) were the same: 

the frequency of the absorbances (3550 cm- 1) were the same in the two 

compounds but the intensities were considerably different. 

The fourth absorbance at c. 2540 cm- 1 was typical of an S-H 

stretching absorbance (Jones and Sandorfy, 1956). Among the possibili-

ties of intramolecular SH hydrogen bonding (SH•••X) in this compound the 

following were the more likely, in increasing order of likelihood: an 

interaction between the thiol group and 

1. either of the oxygens of the carbo~1yl groups (1-CO or 4-CO); the 

thiol group was about equidistant (3.3-3.5 ~) from either oxygen and 

could form either a 6- or 5-membered ring (resp.) 

2. either of the oxygens of the lla-S-acetate group; this group may 



readily dispose to form a strong hydrogen bond, the ring would be 10 

membered and 
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3. the S-12 sulphur atom; by the Dreiding model this sulphur atom was 

c. 1.4 R from the thiol hydrogen, a ?-membered ring. 

In the 1H n.m.r. spectrum (see Chapter 2) of this compound, long 

range coupling (t+J c. 2 Hz) ·was observed between a split methyl peak and 

a single proton peak split into a quartet. Long range coupling requires 

coplanari ty (Jochims, et al . ., 1969): the H-S of the HSCCH3 group must 

be coplanar \\Ii th the CCH3 group. For this to occur.the S-H group must 

be either adjacent to the methyl group or opposite to it, i.e. hydrogen 

bonded to the S-12 sulphur atom. So this 1H n.m.r. observation ruled 

out the possibility of the 3-SH hydrogen bonding to either of the carbonyl 

oxygens (1-CO or 4-CO) or to either of the oxygens of the oxycarbonyl 

group of the lla-S-acetate, for in none of these cases would the S-H bond 

be coplanar with the C-CH3 bond. Further, from the work of Mori, et al. 

(1971) it would appear that a- and S-mercaptoalkanoates (e.g. derivatives 

of acetic to butyric acids) ands.:.. and y-mercaptoethoxyalkanes do not 

form intramolecular hydrogen bonds. An intramolecular hydrogen bond in 

these compounds would form 5- or 6-membered rings with either the carbonyl-

0 or the alkoxy-O. In these compounds the peaks they observed (c. 2583 

and c. 2577 cm- 1 ) were comparable with those they observed in alkyl 

-1 mercaptans (2586 and c.2576 cm ). 

The frequency and intensity of the peak for this SH group (in methyl 

3-mercaptosecosdm-11a-S-acetate) was comparable with that for the intra­

molecularly hydrogen bonded thiols (Mori, et al . ., 1971) of o-mercapto­

benzyl ether and thiosalicylic acid and esters (2560-2523 cm- 1 , e:a 

8-32). They attributed these low frequency bands to hydrogen bonding 

because they were absent in mercaptobenzenes and p-mercaptobenzoates. 

In the S-H stretching region, the bands did not cover such a great 
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number of frequencies as was observed in the 0-H stretching region. 

As yet not much <lata have been recorded fer intramolecularly hydrogen­

bonded thiolcompounJs especially the SH•••S type (Zuika and Bankovskii, 

1973) so it is not possible to make structural deductions from the S-H 

stretching ban<l frequencies and intensities. All that could be observed 

was that the well defined peak at 2540 cm- 1 was consistent with the 

SH•••S bond suggested from the 1H n.m.r. work. 

In the spectrum of methyl 3-mercaptosecosdm-lla-S-acctate (Fig. 

IR5.13) there was the suggestion of a peak at 2580 cm- 1 (£a 2) which may 

be the absorbance for the free 3-SH group. 

So it is suggested that one lone pair of electrons on the S-12 

sulphur atom was hydrogen bonded to the lOb-OH (lOb-OH•••S) and the lone 

pair on the other side hydrogen bonded to the 3-SH (3-SH•••S). They may or 

may not hydrogen bond simultaneously but there could be an overall 

equilibrium thus: 

_){ 
lOb-Oll• • •TT --=----- :S:•••HS .... 

CH2COOMe 

(3550 cm- 1 ) (2540 cm- 1 ) 



3500 3000 2600 cm-.1 

r '··c-.•. -;L-. --. ·~,--.-q.·.· as~· L~.}~. ,t , -."' il,r1.··:· ·
1 

I ~1 
i-:_~;.lij '--<I~-:_.;} .:~(:t: .. ;=::-~·:.- .!:L:.: ~-- '.:.:.! !·h+ ri1·t·; ·i·~i~ j+:Ltrl~ i~r-8·. 
- • • • ' ' • ' ' ' I • ' • • ' ' .. -1-,-,-......... , " ' I IJ 7 r c.: -~ ... , '-i '..;_,., , .. r·•-1·•·: :·· r:·1 ... ; i I I I !_j . -t 1+ ··-r .. +r, . 

1-~ 70>t~rr:;; :u· !-ml~: ~~~f 11m-~ ~~t;I ·c·H·J •: • j :· ,., l :--:-', ,. t l >, .. , .. ,....: .. ) .... ,,., .. ,. \-i·, 1· ·;·,·:·I ! :. ~ j_::-:::.,.: :.:_I . .-:-~ _J:.:::~~·~l.iit,0::(,;:=~h .l~=-~ ij~j: E-r~ ?4f 
P=-- l) .7. -·11·,-,-,-•-r--- .... ·_•-_:-_·.··;-_r:=:·r~- .. .l., •. , -i-•-•-• l-'.·i·'· -f..-l-1, ·•·h-~ 

L• /Pf- _.E , ': 'F t ~ ·~~ '! :;9 ~';~ L1& ·.~ 
I j I I B" . ,,,. ''Jt·· 1 ,L ! ,, ,,,, l'''!i.L. 

R+V i '.-ii-:~- '<1~f-\W1 d{~-- [~~- w1 

___ 1UL/1~-·,.:-~--1--_ -. J-•. '' -!~-.-__ ._£\_ -~.J- 1k\~·- .. i• ,_• ••. ,·1++-]·7· T •.•. - .... •1 H ' . I' I' I"· ' ', .. ,' ~.,_·_: _, -~• 1 · . . ..,...;._·. --~- r·· • -i--:-:-:----,- . ~ 
-·- I I 'I'' f /. ,, .. ,,,, ,,,, 
t--~1--·~\1~:rJ~---(-=~f:~==i=~~:, ~=~~=~--~ ~---- ':~-~-i1 

==:r· J .. ·j_:; =:=:;.-=:+= '/·:=-JI:$;~:_:~:~':~.~· 
-----~-=::+~t-,-~-------.r-:--::::.t.·:-.• _ .. ~-~-~ ~-.~f~11::.L·'i! .••. 1-:- -----1=-.. --. i ----:·::~7-~-:-if,-~+:~·:-~ ·:·~-~-~F::-t~·-.. -ijiT±·••• ·1, 0:11 ••~y•~ 

' , .. j ;;i .. '' ' • I' 'j ' .. 'l' ... : :.: , .. " ... ; "' 
----~~~---1~-4~~1 :_: :..!=.--: -t~::·t=.:~_:~;- -~=-~ ~~: ~:. :~ 
Fig. IRS.14A. Spectrum of methyl lla-mercapto­

secosporidesmin-3-S-acetate in 
carbon tetrachloride (1.8 mM in 
SO mm cell). 

2800 2500 cm- .l 

;·iT: 

mt ·:1w, 
~r·j!i ' I __ J·:;~: \;:!.'. 

t' I I h-• I ' -_,.. . ,- . ; -l-l I i •• I ,- ' I • ' ' I ' •· Ht 1 1-1·,_ .rr~-: :-1:: ·, u 
. 1'1 L jjl-+! .1 .1; ir f-j 1 + 1.:.L 
I -, - ' t ~- _, I I ' ., .,.:.'. _I I, ,-·• ·.' • "I•-:-
1 

-•- I r-• I , 

., .,.J J I : I I·,.' • ' I- ' .., -ttJi: Y!l! ;·. Fl I: ti~;-'. 
; L.j . .l ~--Tl 1:4 ·- . •·I., 

Jill iilf ~t K Cc ,· IB I I ! 11 .- ....,....:...:.:::--· .• r..,., ••• 
I! Ii. ,·: •·I '. L;.i.'.. 
'. 'If: I I I' ' ' L . I ,1 ( I •• -:--•--i I - L- I I I 

:[tt~·--1 ;}· :.:: •• -;:-~}: ~ 
r::p: ·i;: · '':, ;1.-.~---i :~_,· 
:T:---- ·".'-- .. ..i:.:.. ,t\J : :~ 
L,lJ ..!,t : . : : . -~-r ,.---1 I Ii I }t;J.c..;iJl --· .. .Jft~-! ,7::, • ,1:~~ 

--· ..... •-·•- ---·· T"- ---· 

-· ; I I -- .,!_ I i . ' I • --

.. I 1 '}',. · 1, .. 
.; .. , .. ).. ---~ __ ,~ ; ____ l, __ _ 

~cr~·ii_=_:1~~~--: ____ ---
.. t··•· -.---. -T ..... ·ru----. ,.-•···· --· • -t-•i- ~- ··--: f' ''' ': • ' 1 ,-, I ' I I ' I • I I I . . " . 
i l '.:.\ '.; '. '. : ii·:. :_-[ ·: i;. 
'I'• ''', • ' 
,~· ~- .-.--...- -----

__ • •. -~·-· ., .. • -- __ • - !_ ___ _ 

Fig. IRS.14B. Spectrum (2700 to 
2500 cm- 1 ) of methy! lla­
mercaptosecosporidesmin-3-
S-acetate in 2.5% chloro­
form-carbon tetrachloride 
(13.3 mM in 50 mm cell). 

.... 
I 

E 
(.) 

0 0 
0 0 
Lt) 0 
,-I .... 

ttrlil TI: 1-'dt j 
{

I 

•• , • ,, - -• -}]:' ~ _) . I . : : J r i ··~:;M. -'~~q1 -:1 .'~1 .i:Jt~r~ - .: 
::- :T' " - ' - •. ' : ' ·j .. : I _! 

:;;p;,1;:! ! :::k ,Pt: ~ 
.. ~::;\H.'. :HH:: ;:'.:i;,i:,.:'.'1,:-1:':·\,-, ·J,,;: 

Fig. IRS.15. Spectrum (1500-
1000 cm- 1 ) of methyl lla­
mercaptosecosporidesmin-
3-S-acetate (KBr). 



135 

§6. Metf1y,f J J a-mu1-c.apto,.s ec_o.6 po1,ide.-0m{n- 3-S-a.e,e;tccte.. H2 O ( 1. 1.4a) 

Thj s isrn,~cr (of the previous compound) also synthesized from sdm 

(A-C5b) was poorly soluble in carbon tetrcichloride. The unsolvated 

compound 1,;as about twice as soluble. Upon heating (56°) a suspension 

of the crystalline monohydratc (sufficient to make 5 ml of 1.8 mM 

solution in _CC1 4 ) under reduced pressure (c. 400 mm Hg) the water and any 

residual methanol (from recrystallization) were removed as the crystals 

dissolved (B-Gl). 

(Fig. IRS. 1·1-A): 

This solution (50 mm cell) gave the following peaks 

1. v 3553 cm- 1 a 
60, 

a 
E 6\!1 17 relative peak area. , 

-'z 

2. 3470 11 129, 120 cm- 1 107 11 11 If , 

3. 2510 II 1. 7, a very weak peak. 

TI1e mercapto-structure of this compound was established from mass 

spect1·al data (see Chapter 2). 

This spectrum (3650 - 3200 cm- 1 ) was similar to those of both sdm-D 

and methyl 3-mercaptosecosdm-lla-S-acetate, except that there was no peak 

for OH•••n-electron interaction. This was present in sdm-D, negligible 

in the 3-mercapto-compound and absent in this compound. The peak at 

3470 cm- 1 was consistent with the corresponding peak in the 3-mercapto-

-1 compound (3474 cm ). As assigned previously this band (3470 cm- 1) was 

attributed to the 11-0H•••O=C' interaction. Though the c~mpound was a 

-1 mercapto-compound any S-l-1 stretching band (2600--2500 cm ) was non-

existent. 

It is suggested that hydrogen bonding of the lOb-OH hydrogen to the 

S-12 sulphur atom was so strongly favoured that lOb-OH•••n-interaction 

was inhibited. The lOb-OH then showed complete hydrogen bonding to the 

-1 
lla-SH sulphur atom (3553 cm ). In these two isomers as described 

under 'sporidesmin-D' (above), the steric interference of the mcthine-H 

(C-11) with the lOb-OH•••S-12 iritcraction was negligible, owing to the 
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relaxation of the dioxopiperazine ring consequent upon the opening of 

the -S-S- bridge. 

Since both the thiol in the 3-mercapto-compound and that in this 

compound were 'para' to each other on a dioxopiperazine ring it would 

be expected that the two thiol groups would have comparable S-I-I stretch-

ing bands. Instead, in this compound, the i.r. spectrum (Fig. IRS .14A) 

would indicate that there was no SH group present. When a 13. 3 mM 

solution (CI-IC1 3-cc14 1:39) (B-G2) was examined, three peaks (Fig. IRS.14B) 

-1 appeared between 2600 and 2500 cm [Above it was indicated that 

hydroxy-compounds begin intermolecularly hydrogen bonding with increasing 

concentration (at c. 10 mM in CC1 4) but thiol compounds tend not to be so 

active till the concentration is considerably greater (c. 163 mM benzene-

thiol in cc14 , Josien, et aZ.~ 1957a).] The strongest of these showed 

an apparent E of 1.7. This value was less than that obtained by Mori, 

et aZ. (1971) for simple aliphatic (methyl to t-butyl) mercaptans (sa 

2.2-2. 7). Bellamy (1958b) noted that SH peaks are sometimes difficult 

to detect but gave no examples. On the other hand, these peaks may not 

arise from S-H stretching vibrations. Josien, et aZ. (1957b) suggested 

that a weak peak at 2580-2570 cm- 1 in a series of p-halogenobenzenethiols 

-1 or even as low as 2544 cm (o-bromobenzenethiol) arose from the sum of 

two other strong peaks in the 1500-1000 crn-1 region. This weak peak 

at 2510 cm- 1 almost equalled the sum of the two at 1465 and 1040 cm- 1 in 

the KBr spectrum (Fig. IRS. 15). Deuteration was not attempted because 

when the lOb-O11 hydroxy-group was deuterated then its O-D stretching peak 

would cover the 2600-2500 crn-1 band so that an unequivocal answer would 

not be obtained. 

In case the S-H stretching band should be suppressed by hydrogen 

bonding to the l0b-O1-I, the methyl lla-mercaptosecosdrn-3-S-acetate di­

(chloroacetate) was synthesized (B-G3) to remove the lOb-OH function. 

Methyl lla-rnercaptosecosdrn-3-S-acetate was dissolved in pyridine and 
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treated for a short time (45 min) with chloroacetic anhydride. The m;1.ss 

spectrum of tl1e product after chromatography showed a stronger set (>4 

times as intense) of peaks (3 chlorine-atom pattern) at /',t-H2s (m/e 665, 

667, 669, 671) than the parent peaks (m/e 699, 701, 703, 705 M+). This 

loss of the clements of 112s to give a fragment of greater intensity than 

the parent peaks was characteristic of the fragmentation of methyl lla­

mercaptosecosdm-3-S-acetatc (see Chapter 2) and suggests that only 0-

acylation had occurred and no S-acylation. Further, supposing it had 

been acetylated on one oxygen and the sulphur, then there would have been 

an 0!-1 function remaining but in the i. r. spectl~um (Fig. IRS. 16 acetone 

film) there was no v OH peak. Also this i.r. spectrum showed no bands 

in the SH stretching region. So suppression of the SH stretching peak 

was not attributable to the effect of the 10b-OH hydrogen bonding to the 

SH. 

The difference between the environments of the 3-SH and the lla-SI-I 

(in their respective compounds) was that the latter was adjacent to a 

nitrogen atom, a carbinol-C (C-11) in a pyrrolidine ring and a carbonyl 

group (1-CO) hydrogen bonded to the carbinol-Oll, (11-0H) while the former 

was on a carbon bearing a methyl, an N-methyl group and a non-bonded 

carbonyl (4-CO). (The two C==O groups of the sdm absorbed (vCO) at 

different frequencies (Fig. IRS.17) indicative of the difference in 

environment.) It appears that the 11-0H•••O=C (1-CO) bond inhibited 

3-SH·••O=C (1-CO) bonding in the 3-mercapto-compound. But in the lla- SH 

isomer the 4-CO was otherwise non-bonded and so free to hydrogen bond to 

the hydrogen of the 11a-SH (6-membered ring). 

Within a group of keto-enol compounds where the equilibrium is very 

much in one direction; this direction is ascertained by the presence or 

absence of the appropriate stretching frequencies e.g. from the absence 

of any S-H stretching absorptions in the spectrum of mercaptobenzthiazole, 

it was given a thioketonc structure (5.7) (Bellamy, 1958b). Again no 
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0-H stretching peaks were detected in the spectra of either 2-hydroxy-

1-nitrosonc:phth:ilcnc (Amstutz, e-t al . ., 1951) or 1-hydroxyanthraquinonc 

(Flett, l 948). Bcl lamy and Pace (1969) suegested here that there are 

very large frequency shifts producing very broad and very weak OH bands. 

Other workers (Silverstein and Bassler, 1968; Bellamy, 1975c) indicated 

that reso11:1nce conditions explain broad shallow bands for tautomeric 

species. Silverstein and Bassler (1968) also pointed out that this 

resonance effect in B-diketones influences the C=O stretci1ing peaks as 

well, i.e. the peaks shift to a lower frequency, are more intense and 

are broader. In the C=O stretching region on the i. r. spectrum (Fig. 

IRS.15 in KBr) of the lla-mercapto-con:pound, the amido-carbonyl peak at 

1650 cm- 1 was more intense and broader than the other ari;ido-carbonyl 

peak (1680 cm- 1), whereas in the 3-mercapto-compound the C=O stretching 

peaks were of equal intensity (Fig. IRS.18 in KBr). 

Although the dioxopiperazine ring is not a S-diketone and hence 

unable to present a resonating structure, amides can be represented in 

two valence-bond structures (5.8, 5.9) (Robin, et al . ., 1970). Under the 

influence of the lla-SH hydrogen and the rest of its environment the 4-CO 

and the pyrrolidine-N, it is suggested, favoured the dipolar structure 

(5. 10), the O of which withdrew the proton from the weaker (than an 0-H 

bond) S-H bond (lla-SH). Thus the hydrogen was not residing on either 

the 0- oxygen or the lla-S sulphur atom. This relationship is akin to 

hyperconjugation, so that there is no SH group per se to produce S-H 

stretching peaks. Altogether this no-bond hydrogen bridge completed a 

6-membered ring; it seems tha.t intramolecular hydrogen bonding from S-H 

to oxygen (SH·••OC) occurs in (at least) 6-membered rings rather than 5-

membered rings (Zuika and Bankovskii, 1973; they cited thioglycollic 

acid but Mori, et al . ., 1971, did not observe intramolecular hydrogen 

bonding in the ester). 
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So the S-H stretching peak was absent because the proton was parti-

cipating in~ no-bond hydrogen bridge. This phenomenon is similar to 

what was observed by Bline and Hadzi (1958); they called it the 

tunnelling of the hydrogen. 

S-12 sulphur atom was: 

10b-OH• • • S 

The overall hydrogen bonding around the 

- + 
0 -C=N 

3543 cm- 1 (no vSH peak) 1650 cm- 1 

An attempt was made to confirm this type of structure by examining 

the compound in the presence of a high concentration of an organic alkali, 

e.g. 25% diethylamine (B-G5). Since as little as a 1 mm path length was 

required to obtain no more than 50% transmission, insufficient of the 

mercapto-cornpound could be dissolved in the mixture to give a definitive 

vSH peak. 
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Fig. IRS. 19. Tne .. r. spectrum of 3,lla-dimercaptosecosporidesmin in 
carbon tetrachloride (saturated solution). 
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Fig. IRS.20. The vSH spectrum 
of 3,lla-dimercaptoseco­
sporidesmin in 10% chloro­
form-carbon tetrachloride. 
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§7. 3, lla--V-i.1ncJLccqxl:o,5c.c.o.6poJr.Jdc./51iu.n (1.11) 

This compound, synthesized from sdrn (A-Bl) wo.s not sufficiently 

soluble (C:C:1 4 ) to make a S rn!1l solution so the spectrum (Fig. IRS.19) 

(B-111) \l'as of a saturated solution (hence no Ea or rel. peak area 

assessment). 

1. 3590 cn1- 1 , 
a 

26 cm- 1 \) !wt, 
2 

2. 3535 ,, 
unresolved from peak 

3. 3520 II 90 II 

4. 2564 II unresolved from peak 

5. 2520 11 80 11 

3. 

5. 

This spectrum (3700-3400 cm-:) bore a close resemblance to that of 

sdrn-E (Fig. IR4.ll) except that in the latter the broad peak c. 3530 cm- 1 

was by comparison less intense in respect of the peak at 3590 cm- 1 than 

in this compound. furthermore in sdm-E this peak was sharper with only 

a suggestion of being a doublet; while in this compound it was quite 

clearly split into a doublet and thus broader. In a Dreiding model the 

internuclear distance bct,-:een the hydrogen of the lOb-OH group and the 

S-12 sulphur atom did not seem to change in going from the structure of 

sdm-E to that of the opened ring, so it is suggested that the peak at 

3535 crn- 1 (,vhich was S cm- 1 more than in sclm-E) be attributed to the 

lOb-Oll••·S (L\v c. 83 cm- 1 ) interaction, as deduced under 'Sporidesmin-B' 

(above). Since the strong sharp peak at 3590 cm- 1 was relatively less 

intense than in sdm-E, it is suggested that in this compound the 1r-elec­

trons compete for the lOb-OH less effectively than they do in sdm-E. 

By slight contrast to s<lm-E the peak at 3520 cm- 1 attributed to the 

11-0H·••O=C-l interaction indicated that this ini~raction was ·slightly 

stronger (~v = 107 cm- 1 ) than in sdm-E (97 cm- 1 ). 

In order that this <lirnercapto-compouncl ancl sdm-E should produce 

-1 
similar i.r. spectra (between 3700 and 3400 cm ) tl1erc must be similarity 
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in structure ,~ssociatcd with the functional groups which distinguish 

the compornds . Chemically, the difference betHeen the functional groups 

was great: sdm-E had an -S-S-S- bridge while the dirnercapto-compound had 

two -SH r,roups in the place of this sulphur bridge. In sdm-E the 

spectrum reflected the conformational effect of the 'divc1:ging' C-S 

bonds (discussed under 'Sporidesmin--E' above) so with this compound the 

intrarnolecular hydrogen-bonding interaction and the mutual polar repulsion 

between the t\W mercapto-groups produced a divergence of the C-S bonds 

similar to what was observed in sdm-E. The forces of mutual attraction 

between the two SH••• S hydrogen bonds (lla-SH• • •S-3 ::;;;:3-SH• • ·S-lla) 

though weak so held the two hydrogens of the SH groups juxtaposed that 

polar repulsive forces (greater than the attractive H-bonding forces) 

thrusted the t\w SH groups apart. This thrusting apart resulted in 

divergence of the C-S bonds giving a similar conformation to that in sdm-E 

and consequently a similai· spectrum. As a result of this, the 1-CO 

oxygen was rotated (on the 3,6 axis of the 2,5-dioxopiperazine ring) away 

from the 11-0H hydroxy-Ii, producing almost as weak a H-bond as in sdm-E: 

bv = 3627 - 3520 = 107 cm-1 , compared with 97 cm-1 in sdm-E and 177 cm-1 

in sdm. 

Tirnt the orientation in relation to the rest of the molecule, of the 

S-H bond of the 3-SH group .,.was diffcrc11t from that in methyl 3-mercapto­

sccosdm-11a-S-acetate was indicated in the 1H n.m.r. spectrum (see 

Chapter 2). For the latter compound the 3-Me proton peak appeared as a 

doublet and the S-H proton peak as a quartet which indicated the oricn-

tation of the S-H bond (in the same plane as the CCII3 bonds). I3ut in 

the former there was no such splitting and therefore the S_-H bond was not 

confined in the plane of the CO~ bonds. This observation is consistent 

with the orientation deduced here from hydrogen-bonding observations. 

The two thiol groups were cis to each other at positions 3 and 6 on 
•1 

a chair ring (2,5-clioxopiperazinc ring): they were so close together it 
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Fig. IRS . 21. The i. r . 
spectrum of methyl 
lla-mercaptoseco­
sporides::ii::i-3-S­
acetate.H?O in 
carbon tetrachloride 
showing the water 
peaks ~t c. 3710 and 
3610 cm- 1 . 
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Fig. IRS.22. The i.r. spectrum 
of sporidesmin in carbon 
tetrachloride-deuterium 
oxide showing the unaffect­
ed_~eaks at 3390 and 3330 
cm . 

Fig. IRS.23. The i.r. spectrum 
of sporidesmin-D in carbon 
tetrachloride-deuterium 
oxide showing the unaffect­
ed_?eaks at 3340 and 3290 
cm . 

Fig. IR5.24. The i.r. spectrum 
of sporidesmin-E in carbon 
tetrachloride-deuteriu.~ 
oxide showing the unaffect­
ed_?eaks at 3390 and 3330 
cm . 
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j_s not surprising tl1at ring closure occurred in the presence of dissolved 

oxygen bct\,...:en tho tv.'o sulphurs \·:hen they were ionized (A-Bli,ii), 

C-S-S-C dihedral angle notwithstanding. 

The two peaks in the S-H stretching region (2600--2500 cm- 1 ) (Figs 

IRS.19, 5.20) might indicate the presence of two mcrcapto-groups 

especially since, as shown above, the hydrogen of the lla-SH was not in 

the same state as in methyl lla-rnercaptosecosdm-3-S-acetate· (where the 

S-H stretching absorption was absent) so that it could have a much 

greater Ea value comparable with that of the 3-SH group in methyl 3-mer-

captosccosdm-lla-S-acetate (Fig. IR5.13). Or the splitting might arise 

from the S-12 being sometimes hydrogen bonded to 10b-OH (3535 or 3520 cm- 1) 

and sometimes not (3590 cm- 1). 

TT•• •H0-10b 

3590 cm- 1 

10b-OH·••:SH --=--- lla-S: • • • HS-3 3-S: • • •HS-11a 

2564 and 2520 cm- 1 
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§ 8. M-c/2 c.c,tlanc.,01!/2 001.,, vwa.,t-i,o M 

Tlze ext10 0.neous peal< at 3700 e:m- 1 

h11(~n methyl l la-mercaptosccosdm-3-S-acetate. H2o was examined (Fig. 

JRS.21) (I3-G4) in the same way that the previous compounds were, there 

were extraneous peaks at c. 3700, 3645 and 3613 crn- 1 . Saumagne and 

Josien (1958) shO\'-'ed the spectrum of water (in CCI 4) absorbing at 3708 

and 3613 cm - i. So in case two of these extraneous peaks might be 

attributable to water the solution of the methyl lla-mercaptosecosdm-3-

0 S-acetate was evaporated at 56 (reduced pressure) (B-Gl). The result 

was (fig. IR5.14A) where all three extraneous peaks had disappeared and 

where 3700 cm- 1 peak had been, there was now a trough indicating that the 

reference carbon tetrachloride contained traces of water. (The peak at 

3645 cm- 1 was due to methanol from the freshly crystallized substance.) 

In the two spectra (Figs IR5.21, 5.14a) with or without water, the 

absorption frequencies were identical, indicating that although the 

carbon tetrachloride was wet the concentration of the water was too lm~ 

to alter the spectr~. In each of the other spectra there was a peak of 

variable intensity at c. 3700 cm- 1 which was attributed to water adsorbed 

on the solutes. 

Specti~a after' deuteration 

The result after adding deuterium oxide to sdm-B was discussed under 

the heading of 'Sporidesmin-B' above. Three of the other compounds (sdm, 

sdrn-D, sdm-E) were also treated with deuterium oxide to check that the 

weak shoulders or peaks (3500-3200 cm- 1 ), in their spectra were not due 

to O-H stretching. \~1ereas for sdm-B there was only one peak which did 

not shift on deuteration, for each of the above compounds there were two 

weak peaks: sdm, well-defined weak peaks at 3390 and 3330 cm- 1 (Fig. 

IRS. 22); sdrn-D, wea-k peaks at 3340 and 3290 cm- 1 (Fig. IRS. 23); and 

sdm-E, well-defined weak p~aks at 3390 and 3330 cm-1 (Fig. IRS.24). 



T2ble 5.2. CH Stretching peaks of sporidesmin and derivatives (CC1 4 solution). 

Sdm (1.1) IRS.4 2995s 2970sh* 2940vs 2900s 2870sh 2850m 2825m 

Sdm-B (1. 15) IRS.7A 3000sbr 2940vs 2900s 2855m 2825m 

Sdm-D (1. 9) IRS. 9B 2995s 2940vs 2930vs 2900sh 2860m 2830w 
sharp 

Sdm-E (1.10) IR4 .11 2990s 2970sh-i, 2940vs 2900sh 2850m 2820m 

3-SH-COO:-le (1.13) IRS.13 3000s 2960w 2940vs 2900sh 2880 2850m 2830w 

lla-SH-COOMe (1. 14a) IRS .14A 3000s 2960sh 294Svs 2870 2850m 2830sh 

Di-SH (1. 11) IRS.19 2995s 2970sh** 2940vs 2900wsh 2870sh 2850w 2830sh 

* -1 
shoulder on peak at 2995-2990 cm 

** -1 
shoulder on peak at 2940 cm 
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These four spectra gave sufficient ev:iclencc to conclude that the shoulders 

also observed in the spectra of methyl 3-rnercaptosccosdm-lla-8-acetate 

(Fig. lRS.13, 3390 and 3300 crn- 1 ), mctl1yl lla-mcrcaptosecosdrn-3-8-acctatc 

(Fig. IR5.14a, 3390 and 3300 cm- 1), and 3,lla-dimcrcaptosecosdm (Fig. 

IR5.19, 3420 and 3380 cm- 1 ) were not associated with 0-H stretching 

phenomena but to overtones from carbonyl absorptions. 

The CH stPetcldng fr>equencies 

1 - 1 T 1e C-H stretching peaks (3200-2700 cm ) for these compounds \·Jere 

very complex but the following observations might be made (Table 5.2). 

Of the C-H functions in the sdm molecule and some derivatives (sdm-E, 

dimercaptosdm) there were 5 methyls (one C-Me, two 0-Me, two N-Me) one 

aromatic methine and two aliphatic methines. The single aromatic 

methine did not appear (3100-3000 cm- 1 ) in any of the spectra and the· 

aliphatic methine (CHOH, NCI-IN) bands lvere expected to be so weak that 

they would not be apparent (Jones and Sandorfy, 1956, Bellamy, 1975b). 

Hence the comp] ex C-H stretching peak was mainly attributable to the fi·,re 

methyl groups. 

In alkanes the methyl v peak was strong and occurs at 2962 ± 10 as 

cm- 1 (Bellamy, 1975a) but at this frequency in these compounds there were 

no strong peaks. Polar groups not directly attached to the methyl group 

could produce upward shifts of the vCH bands (Bellamy, 1975a). Pozefsky 

and Coggeshall (1951) reported increased frequencies (2976-2965 cm- 1 ) 

for methyl groups 8 to sulphur atoms and Gotch and Takenaka (1961) re-

ported v 2986 cm- 1 for the 8-methyl in propionic acid. 
as 

Altogether 

there were three polar groups 8 to the 3-Me (-S-, -CO-, -NMe-) contribut­

ing to an increase in frequency so the peaks at 3000-2990 cm- 1 were 

ascribed to the asymmetrical stretching frequency of the 3-Me group. 

Compared with the nq.rrowness of this peak in the other compounds that in 

sdm-B was broad. This broadness could be ascribed to its -CH - stretch-
2 
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ing peak shjftcd for the same reasons that the 3-Me peak was (Kivelson, 

et al . ., 1961). 

The v 5 band \•;as e:>cpected to be c. 90 cm - i less: in the spectra of 

sdm and sdm-B there were well marked peaks at 2900 cm- 1 ; in the spectra 

of sdm-0, sdm-E, 3-mercapto-compound and the dimercapto-compound there 

were shoulders at 2910-2900 cm- 1; while in the lla-mercapto-compound the 

peak w2s eclipsed by the very strong broad peak at 2940 cm- 1 . 

The most intense peak in all the spectra (except sdm-0) was at 

2940 cm - 1 \·.'hich was too low to be that of the C-Me v 
as Henbest, et al. 

(1957) reported 2948 cm- 1 for the methoxy-stretching peak of veratrole. 

It is suggested that the intense peak at 2940 cm- 1 arose from the v as 

(Nolin and Jones, 1956) of the aromatic dimethoxy-group of sdm and its 

derivatives. The shift to lower frequency might be due to the influence 

of the two adjacent polar groups (9-Cl, NMe-6). The corresponding v 
s 

bands could be those at c. 2850 cm-1 (Nolin and Jones, 1956). Henbest, 

et al. (1957) and Briggs, et al. (1957) both reported absorptions at 

2832-3 cm- 1 for veratrole. In the spectra of the sdms there were well 

marked peaks at 2930-20 cm-1 which might be attributable to either or 

both the aromatic methoxy-groups or the indoline-N methyl. In the 

spectra of the two mono-mercapto-compounds there were two small but well-

defined peaks at 2960 and 2880-70 cm-1 . These two peaks were attri-

buted to their methoxy-groups (of the rnethoxycarbonyl group) (Bellamy, 

1968)~ 
-1 The peak at 2960 cm-1 was a doublet with that at 2940 cm and 

together they formed a broad peak. 

Tirn 2-Me group in sdrns was on an amido-N hence (Braunhol tz, et al . ., 

1958) there were no absorptions at 2805-2780 

Sdm-D had a very strong peak at 2930 cm-1 (stronger than at 2940 

l ~ cm- ) and a weaker one at 2860 cm which were absent from all the other 

spectra. 111esc were attributed to the methyls of the two S-methyls 



Fig. IRS.25. The vCH spectrum of sporidesmin.­
C6H6 showing that_the peaks of 
benzene (>3020 cm 1) do not over­
lap those (<3020 cm- 1) of spori­
desrnin. 



(Pozcfsky and Coggeshall, 1951). 

Comparing the C--H stretching regions of the spectra of the two 

rncrcapto-isoi:iers rcvea] cd only minor differences between them. This 
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was not surprising. Mlile as would be expected, the spectrum for the 

dimercopto-compound differed from them both, by virtue of the absence 

of either of the carbomethoxy-peaks. Although there was no difference 

between sdm, sdm-E and dimercaptosdm except in the constitution of the 

sulphurs, there were quite marked differences among the spectra. There 

was a shoulder (2960 cm- 1 ) on the side of the strong peak (2940 cm- 1 ) 

in dimercaptosdm which Has a trough in both sdm and sdm-E and where 

there was a well dcfineJ peak (2825 cm- 1 , sdm, sdm-E) there was only a 

very weak shoulder in the dimercapto-compound. Further the peak in sdra 

at 2900 cm- 1 was a sharp shoulder in sclm-E and a smooth shoulder in di­

mercaptosdm. 

M1~re the spectra were obtained for solvated molecules (Figs IR4.14, 

5.9) the spectra of the C-H stretching region were masked by those of 

the solvents. The sdm benzene solvate (Fig. IRS.25) was an exception 

because the spectrum of benzene (3100-3000 cm- 1) occurred outside the 

C-H stretching region for sdm. In order to obtain the unsolvated 

spectrum of sdm-D it was dissolved in acetone and evaporated to dryness 

twice (B-D2) (Fig. IRS.10). 
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§9. Conc..lu.J.i,fon 

The solution spectra (as discussed abc>ve) of sdm and sdm-E \•Jere 

distinctive,· eJ· tl1c - co 1 1 d E • tl • d f 1 . . .1 :!!pounc w 1en s m- ◄ is syn 1esize rom sc m may 

be identified by the vO!l (3450 cm- 1 is absent in sdm-E) bands. 

111c study made the suggestion for the absence of a vSH peak in the 

spectrum of methyl lla-mercaptosecosdrn-3-S-acctate. The proton of the 

SH was participating in a no-bond hydrogen bridge between an O and an 

On the whole, for structural elucidation the vOH intense peaks 

indicated that there was at leu.st one hydroxy-group in each compound and 

that it was hydrogen bonded (broad, intense and at <3580 cm- 1). In sdm, 

sdm-B, sdm-E and 3,lla-dimercaptosecosdm the well-defined sharp peak 

(c. 3590 cm- 1) indicated a hydroxy-group, a- to and TT-bonded to an 

aromatic ring. The presence of a VSH peak showed the presence of a 

thiol group but the absence of a VSH peak did not prove the absence of a 

potential thiol group, as in methyl lla-rnercaptosecosdm-3-S-acetate. 

But when the structures of these molecules were knovm then the 

solution spectra in the vOH region (the 11-0H••·OC-1 bonding peaks at 

3530--3450 cm-1 ) assumed importance in showing the conformational strain 

in the dioxopiperazine rings of the different compounds. This conform-

ational strain was controlled by the spatial relationship of the two 

C-S bonds to each other, whether they were converging, almost parallel 

or diverging. For eacfi of these 3 relationships of the bond pairs the 

strain in the dioxopiperazine ring and its adjacent pyrrolidine ring 

was different. When the bonds were converging (sdm) the 11-0H hydrogen 

was nearest the oxygen of the 1-CO so that that bond was the strongest 

-1 
and the band frequency lowest (3450 cm ). Where the bonds were c. 

parallel (sdm-D, methyl 3-mercaptosecosdm-lla-S-a.cetate, methyl lla­

rncrcaptosecosdm-3~5-acetate) the interatomic distance (H to 0) was great-
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er anc.l consequently the frequency not so lo'l:'7 (3455, 3470, 3474 cm- 1 resp.). 

Finally for the diverging bonds (sdm-E, 3,lla-dimercaptosecosdm) the intor­

atomic distance was greatest and the frequency highest (3530, 3535 cm- 1 

resp.). That the conformation of the dioxopiperazinc ring was a boat 

was not altered but the distance between its 1 and 4 carbons changed. 

This interatomic distance was least in the converging condition in sdm and 

increased tl-rrough the parallel (relaxed condition) to the diverging 

condition in sdm-E and 3,lla-dimercaptosecosdm. When more is knO\m about 

the relationship between interatomic distance and hydrogen-bonding 

frequency shifts it might be possible to compute such a distance as that 

between carbons 1 and 4 in these dioxopiperazine rings. 

Diagnostically, the i. r. solution spectrwn (4000-2700 cm- 1 ) might 

be used to identify any one of the 7 compounds (§§ 1-7 ahove) (provided 

they were nearly pure) thus: 

la. The TI-bonding peak (c. 3590 cm- 1) is well-defined and the 

most intense. 

b. The TI-bonding peak is weak or absent. 

2. 

5. 

2a. A well-defined doublet (unequal) in the vSH region. 

3,lla-dimercaptosecosdm. 

b. No VSH peak. 

3a. Strong broad peak at 3450 cm- 1 • 

b. No peak at 3450 cm- 1 , medium broad well-defined peak 

-1 at 3530-3520 cm . 

4a. 
1 - l Peak at 3520 cm- a singlet, a weak peak at 3394 cm 

(not vOH, D20). 

b. Peak at 3530 cm- 1 a doublet (c. 10 cm- 1 apart), peak 

at 3390 cm- 1 only a weak shoulder. 

3. 

sdm. 

4. 

sdm-B. 

sdm-E. 

Sa. vSH peak well-defined. methyl 3-mercaptosecosdm-lla-S-acetate. 

b. vSH peak absent. 



6 - i l a. Strongest VCH peak at c. 2930 cm (S-CH3) adjacent to tic 

2945 cm- 1 (Ar-0-CH3) peak, TI-bonding peak weak. sdm-D. 

b. Strongest vCH peak at 2940 cm- 1 , 2960 cm- 1 (COOMe) peak; 

adjacent to the TT-bonding peak negligible. 

methyl lla-mercaptosecosdm-3-S-acetatc. 
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CHAPTEF~ 6. 

Gcner,a Z e;;~pen>nenta Z conditions 

Thin lo.ycr chromatography (t.l.c.) on Eastman Chrorn:-tgTam sheets 

6060 silica gel, witl1 fluorescent indicator, was used to monitor re­

actions and column chromatography. 
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In mixtures of solvents th,, numbers indicate the volume ratios of 

each solvent. The following abbreviations for solvents have been used: 

carbon disulphide, cs2 ; carbon tetrachloride, CC1 4 ; benzene, c6H6; 

chloroform, CHC1 3; ether (diethyl ether), EtOEt; ethyl acetate, EtOAc; 

acetone, Act.le; t t-butyl alcohol (2-methylpropan-2-ol), Bu OH; ethanol, 

EtOI-1; methanol, MeOI-1; water, I-120; pyridine, py; and acetic acid, 

AcOI-1. Only 'Analar' solvents were used. Any ether used was peroxide-

free otl1en11ise, in sdm work, dark blue and green products fon11ed (sub-

stituted indigotin) resulting in drastic losses (A-C5aii). To check 

for peroxide, ether was shaken with sodium iodide solution then starch 

solution added. To check that a colourless ncg;:tivc wa~ not the result 

of decomposed starch, a drop of hydrogen peroxide was added. 

For most column chromatography (50 mm long by 25 mm wide or less) 

'Merck' silica gel G was used under pressure (blow ball). These columns 

gave results which were comparable with those obtained by t.l.c. Where 

the sample was not soluble in the less polar solvent, used to make up the 

column, then the sample was dispersed on a small amount of the silica gel 

with a more polar solvent (usually AcMe) and dried. Care was taken that 

the silica gel, after the sample was dispersed on it, was free flowing 

and finely ground. Fraction sizes were measured by the distance.that 

the tree surface of the developing solvent travelled. 

Melting points (Kofler block) are uncorrected. I.r. spectra were 

recorded for micro-potassium bromide pellets (because of the presence 
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of extraneous \·mter, values above 3100 cm- 1 were neglected) and the u.v. 

spectra in ethanol (stated in absorbance units (A.U.)). Mass spectra 

were measured \d th a Varian M/\T CHS instrument (by Dr P. Holland). 

The 11-i 11.111.r. spectra in deuterochloroform (CDC1 3) (unless stated other­

wise) with tetramethyls:i.lanc (t.m.s.) as internal standard, were deter­

mined on a JEOL C-60HL spectrometer (some by S. Gumbley, some by Miss 

K.J. Ronaldson and some by Dr A.L. Wilkins) or a Varian T60 (by 

D. Calvert at the University of Auckland). 

For the 13 C n.m.r. spectra these were recorded at the University of 

Auckland (D. Calvert) on a JEOL JNM-FX60 FT n.m.r. spectrometer, in 

deuteroacetone (CD3COCD3) solutions and t.m.s. for the internal standard. 

It was not possible to run the spectra in the usual n.m.r. solvent, 

CDC1 3, because at the high concentration needed for 13 C n.m.r., sdm 

crystallized out as the deuterochloroform solvate. 

When the -S-S- bridge (3-S, S-12) in sdm was being opened by sodium 

borohydride there was always a sulphuretted smell but, nevertheless, 

the yield of modified sdm was satisfactory. The reaction mixture (from 

any experiment involving sdm) must be evaporated carefully under reduced 

pressure, as it turned brown if the water bath reached so0 and, although 

the products after chromatography were satisfactory, the yield was re-

duced. Because of this heat instability of sdm and sdm products the 

latter could not be purified for analysis by sublimation. Ultimate 

analyses were performed by the Microchemical Laboratory, University of 

Otago. 

The electrophoresis of the protein preparations (some by T. Stanbridge 

and some by B. Coe) were performed in a Gelman Instrument Co. instrument, 

using Sepraphorc III strips, tris-barbital-I-!Cl buffer, pH 8.3, Ponceau S 

staining and scanning. 



Table 6 .1. Reagents used in the synthesis of 3,lla-dimercaptosecosporidesmin (A-B). 

Expt Sdm.C6H6 NaBH4 Conditions Yield of di-SH cpd 

(µmol) (mg) (\!SH AU) (Crystals %) 

i. 120 34 Air not 

excluded 

ii. 4 14 do. 

lll. 23 7 Air excluded 0.035 

iv. 110 44 do. 0.35 

v. 200 88 do. 46 



Jr_:; 2 

A-A. Spm·1-dP-smin f1·ee of sdm-E 

SJm. c6116 (G37 mg) was chromatog1_·aphed on silica gel G (14 g) with 

benzene. In the benzene-chloroform (9:1.) fractions (60-110 cm) no 

sdm-E (by t.l.c.) was detected in the sdm (410 mg). The mixture of 

sdm and sdm-E remaining on the column was eluted with increasing con-

centrations of chloroform and with ether-acetone (4:1). 1l1e sdm was 

crystallized once by dissolving in acetone, evaporating twice (waterbath 

at less than 50°) to an expanded resin, dissolving in methanol, warming 

witl1 charcoal if necessary, then crystallizing by adding drops of water. 

This procedure produced sdm, m.p. 179°, without solvent of crystalliz­

ation (if recrystallization had to be repeated then it was usually 

necessary to repeat the charcoal step); v (KBr ground in McOJ-I) see max 

Figs 1R2.1, IR2.2, IR2.3, IR4.4; (KBr ground in EtOEt) see Fig. IR4.3; 

(halocarbon) see Fig. IR4.7; (nujol) see Fig. IR4.9; (film from AcMe) 

see Fig. JRS.17; (CC14) see Fig. IR4.12 or IR5.4; (CC1 2 :CCJ 2) see 

Fig. IR5.5; ((]ICJ 3-cc14 1:20) see Fig. IR5.6: 13C n.m.r. see Fig. CM3.J.: 

+ m/e 475, 473 (M ), 409, 373: sdm.C6H6 A 220 (log E 4.68), 250 (4.30), max 

300 (3.96): v (CC1 4) see Fig. IR5.25; max 

A-B. Reactions at the sulphur atoms (other than alkylation) 

A-Bl. 3,lla-Dimercaptosecosporidesmin (1.11) 

i. Sdm. c6H6 (Table 6. 1) in methanol was reacted with a cooled 

methanolic solution of sodium borohydride. The i.r. spectrum (after 

0.5 h) showed no -SH stretching peaks (2600-2500 cm- 1). 

ii. In this second experiment (Table 6. 1) the i. r. spectrum of the 

crude reaction mixture (after 15 min) showed no -SH stretching peaks. 

The i.r. spectra of the chtoroforrn extract of the residue, either be­

fore or after acidification did not show any -SH stretching peaks but 

only those of essentially unaltered sdm. The mass spectrum of the 

+ ~ + 
acidified extract showed m/e 475 and 473 (M) (m/e sdm 475, 473, M ). 
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A--Bl. Cont'd 

iii. Sdlil. L'.6116 (Table 6.1) and sodium borohydri<l•,:; were cooled in a small 

(5 ml) flask and cold methanol aclded. As the suspension warmed it 

effervesced and dissolved. Before (10 min) effervescence subsided, 

chloroform (1 ml) was added (no ppte) and water to fill the flask 

completely. After shaking vigorously, the chloroform emulsion was 

filtered into a silica cell (u.v. 1 mm light path). The i.r. spectrum 

(against CHC1 3) of the solution showed no peak between 2700 and 2400 

cm- 1 . 

The addition of cone. hydrochloric acid (20 µ9,) turned the aqueous 

pl1ase turbid. Shaking with more chloroform (1 ml) resulted in both 

layers becoming clear. The i. r. spectrum of this extr;:~ct (CHCl 3) 

iv. The above experiment was repeated (Table 6.1) and to exclude air 

water was added before effervescence ceased. The chloroform extract 

after acidification (120 µ,Q, cone. HCl) gave a large (0.35 A.U.) i.r. 

peak of ci1e same width (~ 7 cm- 1) at 2535 
. "2 

-1 cm (CHC1 3 solution) as 

found previously. Crystals appeared on adding water (1 drop) to a 

methanol solution. TI1ey were soluble in ether, chloroform or acetone 

but t.l.c. (C6H6-Et0Et 7:3) gave a brownish tail from the origin to Rsdm 

0.5 and a small spot corresponding to sdm, while with methanol-benzene 

(1: 19) there was a tail all the way from the origiJl to sdm. 

v. Experiment iv. was repeated at 0.2 mmol level (Table 6.1). Crys-

tals (52 mg) of 3, lla-dimercaptosecosporidesmin (1.11) \vere obtained 

0 + 
from methanol-water, m.p. 170-172.5 (Found: m/e 477, 475 (M ); C, 

45.5; H, 4.7; N, 8.8. 

M 477, 475 resp.; C, 45.4; H, 4.7; N, 8.8%): \) (KBr) see Figs max 

IR2 .1, IR2.2, IR2.4; (CC14) sec Fig. IRS.19; (CHCl 3-CCl 4 ) see Fig. 

IR5.20: 0 (CDCI 3 sat. sol.) 7.10, 1 H, s, H-10; 5.30, l H, s, H-5a; 
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A- Bl,·. cont'd 

4.64, 1 II, d J 2.9 Hz, I-l-11, collapsed to a singlet with o2o and with 

irradiation at 3.36; 3. 81, 3 J-1, s, CHO· 3 , 3.8-2.0, 

3 II, rn, 11-011 and 2 SHs, disappeared with D20; 3.36, 3 H, s, CH3N-6; 

3.09, 3 H, s, CI-I3N-2; 1.96, 3 H, s, CH3C-3; 1.25, 1 H, brs, lOb-OH, 

disappeared with D20. 

An attempt was made to separate the dirnercaptosdrn from the N-rnethoxy-

carbonylmethylpyridinium salt in the reaction mixture. The latter was 

dissolved in chloroform and extracted with alkali (c. pH 10). Then the 

alkaline solution was acidified and extracted (CHC1 3). But this 

extract contained nothing showing absorptions in the vSH region. 

The 5,5'-dithiobis-(2-nitrobenzoic acid) test was positive; but 

although the sodium nitroprusside test was positive to dithiothr~itol, 

it was negative to the dimercaptosecosdrn. 

va. Alkylation of 3,lla-dimercaptosecosporidcsrnin 

Dimercaptosecosdm (50 mg, 0.1 mmol), sodium iodide (20 mg) methyl 

chloroacetate (200 µt, 2 mmol), and pyridine (0.5 ml) were dissolved in 

methanol (1 ml). T.l.c. of the washed product (after 90 min) showed 

only a spot at the origin and at the position of sdm. 

A-B2. Copper derivatives of dunercaptosecosporidesmin 

i. Sdm. c6H6 (55 mg, 0 .1 mmol) and cupric chloride dihydrate (17 mg, 

0.1 mrnol) were dissolved in methanol and cooled: cold sodium borohydride 

(39 mg) in methanol (2 ml) was added and the whole turned to a red 

brown precipitate. A control (without s<lrn) gave the same result: when 

the precipitate settled the supernatant liquid was colourless but with 

time the precipitate dissolved giving a green solution. The sample 

containing sdm turned brown. Nothing crystalline was recovered from the 

evaporation of solvents from the sdrn reaction product. The major spot 

on t.l.c. (Me0H-C6H6 1:4) was sdm. 
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A-B2 Cont' <l 

ii. 3,lla-Dimercaptosecosdm (4.2 mg, 8.9 µmol) was dissolved in 

methanol (0.3 ml). Cupric acetate (H20) (2 mg, 10 µmol) was dissolved 

in methanol (0.5 ml) and added slowly. One drop of the copper solution 

turned the sdm solution olive-green from the green--blue of the cupric 

acetate solution. The olive-green changed to amber overnight. A 

white cloudiness resulted from the addition of water. On evaporation 

no crystals formed but there was a strong acetic-acid smell: this gum 

was examined by i.r. spectroscopy, v (KBr) 1655vsbr, 1465s, 1410vs, max 

1385s, 1345m, 1310w, 1040vs, 915vw, 890vw, 830vwbr, 750w, 740w, 620 vw 

cm - i. 

lJ.l. The zinc derivative \las formed as under ii with zinc salts. 

A- B3. Spor1:desmin-E 

i. After Murdock and Angier (1970), sdm. c6H6 (116 mg, 0. 21 mmol) 

and sulphur (6.8 mg, 0.21 mmol of S) were dissolved in pyridine (1.2 ml) 

the flask being wrapped in foil and warmed (32°) (water-bath 2 h). On 

t.l.c. (1st direction Et0Et-C6H6 1:4 and 2nd ButOH-petroleum spirit 

40-60° 1:4) there was a weak sdm spot, a strong spot (sdm-E) and a 

third weak spot (sdm-G ?) with an RF similar to that of sdm-D. 

To react the remaining sdm more reactants were added and excess 

(10%) sulphur; sdm.C6H6 (214 mg), sulphur (14.7 mg). T. 1. c. (after 

1. 5 h) showed much sdm-G and still some sdm. 

The acid washed product was chromatographed with benzene-ethyl 

acetate (9:1). Sdm-E was eluted in the first fraction (20 cm). By 

t .1. c. (2 dimensional as above) it contained sdm; further fractions 

contained sdm and sdm-G as well as the sdm-E. 

The sdm-E.EtOEt crystals were obtained from ether and were used in 

animal feeding trials. 



A-B3 

ii. 
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Cont'd 

Sclm.C6II6 (663 mg, 1.2 mmol) and sulphur (38.2 mg, 1.2 mmol of S) 

were mixed with pyricliue (1.5 ml). Not all the sulphur dissolved 

immcc.li,:tt.ely. TI1e flask, 111rapped in foil, was maintained at 32° (2. 5 h). 

The following process and chromatography were carried out in subdued 

light. The py:r-iclinc was evaporated under reduced pressure and the 

rcsitlu12 distribu:.,ed onto silica gel G. t Chromatography (Bu OH-

petroleum spirit, 40--60° 1: 19) yielded a gum (415 mg). The fractions 

,.,ere dissolved (EtOEt) for t.1.c. monitoring: sdm-E.EtOEt crystallized 

(316 mg) spontaneously. Each fraction on t.l.c. showed a fast moving 

trace (sdm) and a slow one (sdm-G), the latter two compounds increasing 

with fraction number. In two dimensional t.l.c., the sdm-E spot (from 

the first direction) in the second direction invariably had a shadow 

corresponding to sdm. 

The above crystals (316 mg) were rechromatographed with benzene­

ethyl acetate (49:1) to yield a gum 254 mg from which sdm-E.EtOEt 

(200 mg) was obtained. 

iii. The above experiment was repeated with sdm.C6H6 (800 mg, 1.45 mmol), 

sulphur (46. 4, 1. 45 mmol of S) and pyridine (5 ml, 4 h). The pyridine 

solution was evaporated to a small volume, which (in CI-IC1 3) was acid 

washed and then evaporated to a fluffy gum. This gum dissolved readily 

in a small amount of ether and immediately precipitated crystals. 

These crystals (724 mg) had the same i. r. spectrum (KBr ex EtOEt, see 

Fig. IR4 .1) as was obtained from those prepared under (i) and (ii). 

But when the KBr and sdm-E. EtOEt were ground in the presence of ·Jnethanol 

instead of ether then the i.r. spectrum was essentially that of sdm 

except between 1240 and 1080, 890 and 800, and 780 and 700 cm- 1 , see 

Fig. IR4.6; for solution spectra see (H-E) later. 

For 13c n.m.r. these crystals were dissolved in acetone and in the 

dark evaporated to a film to remove the ether of crystallization, then 

redissolved in acetone-d6 , see Fig. CM4.1. 
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A- 13~'\ Cont' J 

iv. UnsoZvated sporidesm1.:n-E 

Recrystallized sdm-E.EtOEt melted 144.5-148° (180-185° Rahman, 

et al . ., 1969), [o:] 0 -166° (c O. 060 in CHCl 3). A sample from these 

authors melted at 139-142°. 0 Sdm-E. EtOEt cffloresced at 125-135 

and when the sample was held (45 min) at 135° it all melted with 

decomposition. 

When ether-free sdm-E (by evaporating either CHCJ. 3 or AcMe 

solutions of the etheratc) ,,,as dissolved in a minimum of ethyl acetate 

0 and acetic acid added sdm-E crystallized, rn. p. 181-182. 5 : \! (KBr max 

ground in MeOH) sec Figs IR2.1, IR2.2, IR2.3; (KBr ground in EtOEt) 

see Fig. IR4.5; (halocarbon oil) see Fig. IR4.8; (nujol) see Fig. 

IR4.10; (CC14) see Fig. IR4.11; (CC14 -o2o) see Fig. IR5.24: m/e 507, 

sos ul), 473, 441, 409, 256 cs8). 

In three months (5°) the m.p. was 179-182.5; mixed m.p. of this 

sample of sdr,1-E with sdm was 178.5-182.5°. 

v. Stability of sporidesmin-E 

A sample (c. 20 µg) sdm-E was chromatographed in two directions 

t on a t.l.c. plate (1st direction Et0Et-C6H6 1:4 and 2nd Bu OH-petroleum 

spirit 40-60° 1:4) and the sdm-E spot eluted and spotted onto another 

plate; this latter chromatogram showed three spots. 

The same three-spot phenomenon was observed (C6H6-CHC1 3 7:13) 

when sdm--E. EtOEt and unsol vat eel sdm-E were spotted on the same plate: 

the amounts of the corresponding spots were about the same. 

vi. [13- 35S]Sporidesmin-E 

Sdm.c6H6 (338 µg, 0.6 µrnol) and sulphur-35 (24 µg, 0.75 µmol of 

35S) were dissolved in pyridine (100 µ£), wrapped in foil and warmed 

0 (32 , 3 h). In subdued light the chloroform solution of the product 

was acid washed and evaporated to a small volume. Benzen~ was added 



Expt 

.J.. 

ii. 

iii. 

Table 6.2. 

Sdm.C6H6 

(µmol) 

190 

490 

1000 

Reagents used in the synthesis (A-Cl) of sporidesmin-D. 

Pyridine Mel 

(ml) (µmol) 

0.4 32 

1 80 

2 160 

NaBH4 
MeOH Product 

(ml) (mg) 

3 

7 

12 

70 

124 

221 

Sdm 

Sdm-D 

Sdm 

Sdm-D 

Crude yield 

(%) 

6 

94 

10 

87 
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twice 2.nJ each tirnc evaporatc<l to a small volume. This was chrornato-

gr.:ipheJ (1 g SiO?. gel G in 7 mm column) and developed (C6H6-cnc1 3 4: 1). 

The fractions (10 cm) were counted (by : .. Fairclough, Ruakura Agri­

cultural lkscarch Centre) in a Nuclear Chicago S scintillator for 

radioo_ctivity. Their relative activities were: fraction 1, 105; 2, 

24; 3, 21; 4, 19; 5, 39; 6, 483; 7, 449; 8, 232; 9, 161; 10, 107; 

11, 61; 12; 34 ; 13, 7 5 and lti, 7 2. Fraction 8 was used for the 

raclioimmunoassay 1.-ork. 

A-B3a Sp01°idesmin-E diaceta-te 

After Rahman, et al. (1969), sdm-E.EtOEt (56.5 mg, 0.10 rnmol) was 

dissolved in acetic anhydride (100 µ£, 1 mmol) and pyridine (400 µ£) 

and held in the dark (3 d). The whole was evaporated to an expanded 

gum which could not be crystallized (3 y) (Found: C, 45.3; H, 4.2; 

Cl, 6.5; N, 7.0; S, 16.1. 

4. 1; Ci, 6.0; N, 7. 1; s, 16.3%): \) (nujol) 1754, 1695sh, 1688 and max 

1597 cm- 1 

' 
(no sign of any AcOAc or py peaks): m/e 621, 589 (!,/)' 557, 

525, 493, 433, 391, 373 at 135°. 

A-C. S aZkyZation 

A-Cla Sporidesmin-D (sdm-D) (1. 9) (after the method of Jamieson, et al . ., 

1969) 

i. Sdm. c6H6 (Table 6. 2) was dissolved in methanol, pyridine and methyl 

iodide. The solution turned yellow and then a precipitate formed which 

was dissolved in more methanol (0.8 ml). The sodium borohydride which 

had been dissolved in methanol with violent effervescence was added to 

the above solution. The i.r. spectrum (after 4 h) showed unchanged sdm. 

More sodium borohydride (42 mg) was added directly to the solution. A 

small sample dissolved in chloroform-water and washed with water gave an 

i. r. spectrum different from sdm. 

reacted sdm still present. 

T.1.c. (Et0Et-C6H6 3:22) showed un-
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The residue after washing was chromatographed to yield four 

products each in a small amount. 

ii. The above experiment was repeated: sdm.C6H6 (Table 6.2) was dis­

solved in methanol, pyridine and methyl iodi~e and cooled (dry ice-

Sodium borohyclride was dissolved in cooled (dry ice-AcMe) 

methanol and added to the sdm solution. Bubbles of hydrogen appeared 

only slowly. After allowing to warm (3 h), and evaporating off the 

methanol and methyl iodide (reduced pressure) and washing, the i.r. 

spectrum showed no sdm. Chromatography (Et0Et-C6H6 3:22; 5 cm 

fractions) yielded sdm (14 mg) and a gum (240 mg) which crystallized 

spontaneously after evaporating ether from it. 

iii. In this e)..-periment (Table 6. 2) the chloroform solution in work-

up was washed with dil. hydrochloric acid and the residue chromatographed 

yielding sdm (60 mg) and sdm-D (464 mg) as a gum which crystallized 

(367 mg) spontaneously in the presence of ether. Sporidesmin-D etherate 

was obtained (EtOEt), m.p. the crystals dissolved in the ether of crystal­

lization at c. 80°, boiled to an opaque gum which was clear and fluid at 

0 (lit. above 110-120 ) (Found: m/e 505, 503 (J,l); C, 50.1; H, 

6.3; Cl, 6.3; N, 7.2; S, 11.5. 

M 505 ( 37 Cl), 503 ( 35Cl); C, 49.9; H, 6.2; Cl 6 1• N 7 3· S, 11.1!!:o)·. , . , , . , 

v (KBr ground in MeOH) see Figs IR2. 1, IR2. 2, IR2. 3; (CC14) see Fig. 
max 

IR5.9A; (Et0Et-CC14 1:19) see Fig. IR 5.11: sdm-D (unsolvated) \J max 

(CC1 4) see Figs IR5.9B, IR5.10; (unsolvated) (CC14-D20) see Fig. IR5.23). 

0 7.07, 1 H, s, Ari-I; 5.30, 1 H, s, NCI-IN; 4.63, 1 H, d J 3.5 Hz, CHOI-I 

collapsed to a singlet with D20; 3.90, 1 H, s, COH; 3.87, 3.80, 6 H, 

2 s, 2CH30Ar; 3.45, 4 H, q J 6 Hz, CH 2 of EtOEt; 3.37, 3 H, s, ArNCH3; 

3.07, 3 H, s, CONCH3 ; 2.97, 1 H, d J 3.5 Hz, CHOI:l, disappeared with DO· 2 ' 

2.40, 2.34, 6 H, 2 s, 2CH S· 3 , 1. 87, 3 H, s, CCII· 3' 1.20, 6 I-1, t J 6 Hz, 
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C!I3 of EtOEt: m/e 457, tl-55, 410, 408, 242, 240. 

For 13 C n.m.r. the sdm-D.EtOEt crystals were dissolved in acetone 

and evaporated twice (watcrbath at 50°) to an expanded resin and then 

dissolved in acctone-d6 , see spectrum CM3.1. 

A-Clb. [3, lla- (SC 3 H3) 2]8poridesndn-D 

A cooled (dry ice-Adle) ampoule of [ 3 H3]mcthyliodide (25 mCi) was 

broken and the contents dissolved out in 3 lots of methanol (total 750 

JJ£). Sdm.C6H6 (41 }Jg, 0.08 pmol) was dissolved in this methanol with 

pyridine (2 µ.Q,) and then cooled. Several drops of cold (dry ice-AcMe) 

methanol solution of sodiwn borohydride (c. 30. µg) were added and bubbles 

appeared on warming. The residue after washing the chloroform solution 

was diluted with benzene, evaporated to a small volume, rediluted with 

benzene, and again concentrated to a small volume and applied to a silica 

gel G (1 g) column (57 mm long). After the dead volume (1.7 ml) 9 

fractions were collected (2x25 mm, 4x50 mm, 3x100 mm movement of free 

solvent surface) in ether-benzene (1:9). To have a sufficient 

concentration of solute for t. l. c. the volume of fraction 5 was reduced 

to 1/lOth. 

A-C2. Sporidesmin-D diacetate (after the method of Jamieson, et aZ.~ 

1969) 

Sdm-D.EtOEt (52 mg, 0.09 rnmol) was dissolved in pyridine (160 µ.Q,) 

and acetic anhydride (40 JJl, 0.4 mmol). After allowing to stand (9 d), 

the reaction mixture was evaporated to a gum, dissolved in ether, washed 

(dil. acid) dried and evaporated again to a gum which crystallized 

+ 35 spontaneously, giving m/e 589 and 587 (M) for c24 H30 ClN3o8s2 and 

c24 H30 37 ClN3o8s2, resp. 
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A-C3. 8eeo,;pm,•idesm-in-S, S' -diacetic aciif 

[Sodium chloroacetate was prepared from chloroacetic acid (1.95 g), 

neutralized witl1 sodjum carbonate (1.06 g) and concentrated to a wet 

crystalline mass, v (KBr) 1595vs (CO□-), 1415vs, 770 (C-Cl) cm- 1.] max 

1. Sdm.c6116 (112 mg, 0.2 mmol), sodium chloroacetate (167 mg, wet, 

c. 1. 4 mmol) ancl sodim1 iodide (8 mg) were dissolved in pyridine (300 µ9,), 

and methanol and cooled. Sodium borohydride (SO mg) was dissolved in 

cold (dry ice-AcMe) mcthrmol and added. After 30 min the chloroform 

extract of the alkaline solution showed sdm (i.r.); acidification and 

chloroform or ether extraction yielded i..r. spectra without peaks at 

c. 1410 or 1460 cm- 1 . This chloroform extract showed 2 spots on t.l.c. 

Since no fractions from chromatography 

(C6!\-Ac.OH 23: 2 with increasing concentrations of MeOH) showed peaks at 

1410 cm- 1 (for sdm or its derivatives) they were discarded. 

11. The above experiment was repeated using chloroaceticacid (96 mg). 

Sdm (73 mg) was recovered. As in preparation i. the e;ctract (CHCl 3) 

after acidification gave the same i.r. spectrum and 2 spots on t.l.c. 

iii. Sdm.C6H6 (56 mg, 0.1 mmol) (dissolved in AcMc and evaporated to 

an expanded resin) was dissolved in a sodium sulphide solution (48 mg, 

0.2 mmol Na2s, 9H20 in 4.8 ml I-120, p!-l >10.5). To this was added a 

solution of chloroacetic acid (18.9 mg, 0.2 mmol in 1.9 ml H20). Sdm .. 
was recovered unchanged from the alkaline solution and the extract 

(CHCl 3) of the acidified solution had an i. r. spectrum similar to those 

above, so the preparation was again discarded. 

A-C4. S-aZl<ylation with ethyZchZoroacetate 

A-C4a. Diethyl secosporidesmin-S,S'-diacetate (1.12b) 

i. Sdm.c61-16 (Table 2.1) was dissolv_cd in pyridine, methanol and ethyl 
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chloroacet?te. A solution of sodium borohydride dissolved in methanol 

was added to the above solution. After 5 h the i.r. spectrum of a test 

sample (washed, CHC1 3-H20) showed only sdm. T.l.c. of the final gum 

after \,'ork-up also shmved only sdm which was recovered. 

ii. Sdm.c6116 (Table 2.1) was dissolved in the pyridine, methanol and 

ethyl chloroaceta~e. TI1is time sodium iodide was added and the solution 

cooled. Sodium borohydride, dissolved in cooled methanol was added, 

then the reaction mixture was allowed to warm. Some sodium chloride 

crystallized out (cubic system). The i. r. spectrum (1500-600 cm- 1 ) 

at 10 min, of the crude reaction mixture was the same as that of the 

final product. When at 2 h the mixture was evaporated to a gum and 

washed (CHC1 3-H20) crystals appeared on drying, which it is suggested 

were N-ethoxycarbonylmethylpyridinium salt. This suggestion was made 

because the crystals were only slightly soluble in methanol, acetone, 

ethyl acetate or ether-benzene but they were soluble in water. Their 

i.r. spectrum was the same as that obtained for the crystals from ethyl 

chloroacetate and pyridine. Chromatographing the mixture of gum and 

crystals with ether-benzene (3:22) yielded a gum (40 mg t.l.c., EtOEt-

iii. The above experiment (Table 2.1) was repeated. After 2 h 

reaction time, the methanol was evaporated and the residue acid-washed 

(CHC1 3) and chromatographed. Ether-benzene (1:9, 25 cm) removed sdm 

( 1.2 mg), then (1:4, 40 cm) a gum (111 mg, Rsdm 0.85 on t.l.c., Et0Et­

c6H6 7:13) of diethyl secosporidesmin-S,S 1 -diacetate which could not be 

crystallized (Found: m/e 647.1333 ( 35Cl) and 6t,9.1341 ( 37 Cl); C, 48.2; 

H, 5.0; Cl, 6.0; N, 6.5; S, 9.5. 

N3o10s2 require 647~1374 and 649.1345 resp.; C, 48.2; H, 5.3; Cl, 5.5; 

N, 6.5; s, 9.9%): A 217 nm (log£ 4.62), 252 (4.06), 303 (3.29): max 
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\!111,,x, (KBr) sec Fib0 s IR2.1, IR2.2, IR2.~.· J:' 7 08 1 I-! s II-10· r::; 7 1 '-'-·, - u • , ' ' , ~ • _-, ' 

1 H, s, ll--Sa; 4.64, 1 II, s, Il-11; 4.21 and 4.27, 4 I-I, 2 q, J 7 Hz, 

3.79 and 3.8G, 6 H, 2 s, 2CH.,0; 
.) 

3.68, 4 H, s, 2SCH2COO; 

3.35, 3 H, s, 6-C!l3 ; 1.87, 31-I, s, 3-CH • 3' 1. 31 

A-C4b. Ethyl l 1a-mercaptosecospon:desmin-3-S-acetate (1.14b) 

iv. The above e:>,_1)erimcnt (Table 2. 1) was repeated at a 1 mmol level. 

Chronatography in benzene with increasing concentrations of ether yield­

ed sdm, diethyl secosdm-S.,S'-diacetate (243 mg) and a gum (118 mg, R d s m 

0.46 on t.l.c. Et0Et-C6H6 7:13) giving crystals of ethyl lla-mercapto-

secosporidesrnin-3-S-acetate from ethanol, m.p. 135-145°: v (KBr) max 

see Figs IR2.1, IR2.2, IR2.4: + m/ e 64 5 , 64 3 (M ) . 

A-CS. S alkylation with methyl chloroacetate 

A-CSa. Dimethyl secosporidesmin-S,S'-diacetate (1.12a) 

[Methyl chloroacetate (after Cohen, 1926) was prepared from 

chloroacctic acid (10 g) by refluxing (5.5 h) with acidified (H2so4) 

methanol (15 ml). After washing (Na!-IC03) the residue was distilled 

(131.5°) (131.5° Chemical Rubber, 1964).] 

This dimethyl ester was prepared in a similar way to that for the 

diethyl ester: 

i. Sdm. cl16 (Table 2. 2), sodium iodide, and methyl chloroacetate were 

dissolved in methanol and reacted with sodium borohydride solution in 

the cold. After 20 min the i.r. spectrum showed sdm unchanged so 

pyridine (1.2 ml) was added to the reaction mixture. After 30 min the 

i. r. spectrum had changed. Chromatography of the residue (after CHCl -
3 

H20) yielded sdm (60 mg), a trace of low RF material and dimethyl seco­

sporidesmin-S, S' -diacetate (1.12) (420 mg) as a gum which could not be 
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Cl')'Stalli:..cd (Foun<l: m/e 619.1017 and 621.0982. 

C II 37 CP1 0 <' • 61° 1061 1 621 10~2 ) 1 21E 24 30 , i,3 10 o 2 require ., . anc . .) resp. : /\max J nm 

(log E 4.65), 251 (4.11), 302 (3.34): V (KBr) see Figs IR2.1, IR2.2, max 

rn. 2 . 3 : o 7 . 12 , 1 H , s , H - 10 ; 5 . 34 , 1 H , s , [·! - 5 a ; 4 . 6 5 , 1 H , s , H- 11 ; 

4.00, 1 II, s, OH; 3.88, 3.83, 3.80 and 3.76, 12 H, 4 s, 2CII30 and 

2COOCII3 ; 3.74 and 3.70, 4 I--1, 2 s, 2SCH2COO; 3.36, 3 H, s, 6-CH3 ; 3.09, 

3 H, s, 2-CJI3 ; 1.90, 3 I--1, s, 3-CH3 . 

ii. TI1c above preparation was repeated (Table 2.2) with half quanti­

ties. 

In chrcmatography the colwnn shm,·ed no colours when loaded but 

blue colours (the substituted indigotin) appeared as it developed. It 

was suspected that the ether was contaminated with peroxide: the 

peroxide test (Nal dissolved in starch solution) was positive. As a 

consequence of the peroxide the yield was negligible. 

iii. TI1e above experiment (i) was repeated (Table 2.2). 

Chromatography with ether·-Lenzene (1: 4) yielded sdm (80 mg) then 

dimethyl sccosdrn-S,S'-diacetate (110 mg) and another gwn (120 mg); the 

fractions were accumulated according to the t .1. c. (Et0Et-Cll6 2: 3) 

result. 

A-C5b. Methyl lla-mercaptosecosporidesmin-3-S-acetate (1.14a) 

iv. Experiment iii. above was repeated (Table 2.2). This ti.me the 

low RF (t.l.c.) gum crystallized to yield methyl 1la-mercap-toseco-

o 
sporidesmin-3-S--acetate from methanol, rn. p. 150-156 after repeated 

recrystallizations (Found: m/e 547.0828; C, 44.8; H, 4.5; Cl, 6.5; 

N, 7.6; S, 11.3. 

o8s2,H20 requires C, 44.6; H, 5.0; Cl, 6.3; N, 7.4; S, 11.3%: 

A 222 nm (log E 4.62), 253 (4.21), 300 (3.65) almost a shoulder; 
max 

v (KBr) see Figs. IR2.1, IR2.2,. IR2.4, IR5.15;_ (CC14) see Fig. IRS.21; 
max 
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Coinpou1 1c1 (1. 14a) unsolvatcd \l 
max (CC14) sec Fig. IRS. J.4/\; 

ditto (CHC1 3-cc14 1:39) sec Fig. IRS .14B 

(vSll) : 0 7.07, 1 H, s, I-I-10; 5.35, 1 H, s, H-5a; 5.04, l H, s (b), OH; 

4. 64, 1 ll., s (b), H-11; 3.78 and 3.83, 9 lI, 2 s, 2CH30 and COOCH~; :, 

3.75, 2 H, s SCH2COO; 3.37, 3 H, s, 6-CH3 ; 3.00, 3 H, s, 2--CII • 2.02, ' 3' 
3 H, 3-Cll3 ; m/e + + s, 515, 513 (M -II S) (176 and 300 90 of M resp.). 2 

i vex. A Zky Zation of methy Z l la-mercaptosecospo11idesmin-3-S-aceta.te 

Methyl lla-mcrcaptosecosdm-3-S-acetate (10 mg) in methanol (2 ml) 

and pyridine (36 µ1) with methyl chloroacetate (18 µ1) and sodium iodide 

0 (27 mg) were heated 34 , 1 d). Examination by t.l.c. revealed no 

formation of dimethyl secosdm-S,S'-diacetate. 

No new compounds (t.l.c.) were observed when methyl iodide (250 µ!) 

was used in a similar experiment. 

A-C5c. Methyl 3-mercaptosecosporidesmin-lla-S-acetate (1.13) 

v. For quanti tie_s in this preparation see Table 2. 2. 

Chromatography of the product yielded sdm (32 mg in 20 cm Et0Et­

c6H6 1:9), a fraction (5 cm) consisting of a gum (51 mg, Rsdm 0.61 and 

a trace of sdm, t .1. c. Et0Et-C6I\ 2: 3), a large (4 77 mg) fraction (40 cm, 

1:4) showing two spots on t.l.c. (Rd 0.61 and 0.59) very close to-
s m 

gether, a fraction (60 cm) consisting of dimethyl secosdm-S,S'-diacctate 

(R d O. 59) and another fraction (60 cm 7: 13) containing methyl lla--mer­
s m 

captosecosdm-3-S-acetate (Rsdm 0.19) with traces of the preceding 

compound. 

That gum (477 mg) showing the two substances, was rechromatographed 

(14 mm Vitreosil column) on silica gel G F 254 (5 g). 'The latter silica 

gel was used to facilitate the 'cutting' of the fractions (under the 254 

nm lamp). The column was loaded using light petroleum (40-60°) and 

eluted with light petroleum containing increasing concentrations of ether. 
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The m;i.jor quenching zone did not begin to move till the concentration 

of ether renched 60~ii, to yield a single component fraction (240 mg, 

t.l.c. RF 0.83, 9:1) followed by another (155 mg) containing dimethyl 

secosdril-S,S' -<liacetate as well, and finally a fraction (10 mg) which 

crystallized to methyl lla-mercaptosecosdm-3-S-acetate. 

The single con,:;_Jonent fraction (240 mg) was dissolved in acetone 

and diluted with ether. Repeated evaporation and addition of ether 

produced crystals of methyl 3-mercaptosecosporidesmiii-lla-S-aceta-te 

(1.13). 1bis conwenced melting at 103°, resolidified at 114° and 
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remelted at 151-166° (dee.) (Found: m/e 547.0795 ( 35Cl) and 549.0893 

549.0822 resp.): A 221 nm (log £ 4. 67), 254 (4.14), 305 (3. 64); 
max 

\) (KBr) see Figs IR2.1, IR2.2, IR2.4, IRS. 18 (vCO); (CC14) see 
max 

Fig. IRS.13: 0 7.07, 1 H, s, H-10; 5.30, 1 H, s, H-Sa; 4.75, 1 H, s, 

OH; 4.65, 1 H, d, J 4 Hz, H-11; 3.98, 1 H, q, J 2 Hz, 3-SH; 3.78, 

3.80 and 3. 82, 9 H, 3 s, 2CH30 and COOCH3; 3.75, 2 H, s, SCH2COO; 3.34, 

3 H, s, 6-CH3; 3.04, 3 I-!, s, 2-CH3; 1. 87, 3 H, d, J 2 Hz, 3-CH3 : m/e 

(M+ -H2S) and 57% + 
513, 515 (51 of M resp.). 

vi. A 2 rnmol preparation (Table 2.2) 

Chromatography of the (dil.) acid-washed residue with ether-benzene 

(1:4) yielded sdm (250 mg), a mixture of 3 compounds (550 mg), dimethyl 

secosdm-S,8'-diacetate (150 mg), a mixture of 2 compounds (62 mg), and 

m::::thyl lla-mercaptosecosdm-3-S-acetate (210 mg). 

Rechromatography of the mixture (550 mg) developed with light 

petroleum-ether yielded sdm (18 mg), methyl 3-mcrcaptosecosdm-lla-S-· 

acetate (61 mg), and a mixture of this methyl compound and dimethyl 

secosdm-S,S''-diacetate (400 mg) which was chromatographed (ether-benzene) 

again. This yielded methyl 3-mercaptosecosdrn-lla.-S-acetate (23 mg) and 

dimethyl secosdm-S.,S '-diacetate (360 mg). 
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An attempt was made at separating the 3--rnercapto-cornpound fi-om the 

diacctatc by partition between sodium hydroxide solution (1.2M) and 

chloroforn:. TI1e ci1loroform extract contained the same relative concen-

trations as the original mixture. The raffinate after acidification 

contained only a trace of the two compounds. 

A-C5d. Hycb.0 0 Zy zing dhnethy i secosporidesmin-S, Sr -diace t~ate 1,:n: th ion 

exchange resin 

After Davies and TI1omas (1952), an ether solution of dimethyl 

secosdm-S,S 1 -diacetate (60 mg, 0.1 mmol) was evaporated to a film over 

the wall of a small flas1~. Ion exchange resin, IR 100 (H) (35 mg) was 

added ~ith water (1.6 ml) and shaken (20 d). TI1e resin was filtered 

out and the filtr~te extracted (CHC1 3 then EtOEt). The residue (EtOEt 

extract) showed 2 broad pea.ks between 2700 and 2500 cm- 1 and another at 

A-C5e. Trimethy Zsi ly lat-ion of secosporidesmin-S, S' -diacetate 

After Safe and Taylor (1972), dimethyl secosdm-S,S 1 -diacetate (36 

mg) was dissolved in pyridine (500 µ£), hexamethyldisilazane (200 µ£) 

and trimethylsilyl chloride (100 µ.Q,) and stood (3 d) at room temperature. 

Washing the solution (CHC1 3) with water removed a whitish material 

(NH4 Cl ?) . The noncrystalline residue was dimethyl 0,0'-bis(trimethyl-

silyl)secosporidesmin-S,S'-diacetate: 8 6.82, 1 H, s, H-10; 5.38, 1 H, 

s, H-Sa; 4.61, 1 H, s, H-11; 3.87, 3.80, 6 H, 2 s, 2CH30Ar; 3.75, 6 H, 

s, 2COOCH3; 3.37, 3 H, s, 6-CH3; 3.09, 3 H, s, 2-CH3; 1.85, 3 II, s, 

When the product 

was subjected to sublimation (0.001 mmI-lg) it was stable to 123° but 

b turned brown at 130 ; the sublimate was hairlike crystals which di<l not 

appear to grow with time (2 d). Both the sublimate and the original 
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mc:.tcrial had the same i.r. spectra. 

An attempt at chroJilatographins (Si02 gel, c6H6-Et0Et) the trimcthyl­

silyl ether, either by column or t .1. c., resulted in hydrolysis to the 

ester. 

A-C6. Complexing the ester dm~ivatives of sporidesmin to proteins 

and lysine. 

A-C6a. To poly-(L-lysine) (pll) 

i. rlith diethyl secosporidesmin-S, S 1 -diacetate 

Pll.HBr (Sigma) (see Table 2.3) was dissolved in water (4.2 ml) 

and ethanol (2.8 ml) added. Diethyl secosdm-S,S'-diacetate was dis-

solved in ethanol (0.8 ml) and water (1.2 ml) added which turned the 

solution cloudy. This cloudiness disappeared on addition of the pll 

solution. TI1e pH was corrected to c. 10 (paper) with sodium hydroxide 

(0.lM) and the solution allowed to stand overnight. The alcohol was 

evaporated from the neutralized solution and excess ester (by i.r. 

spectrum) extracted (CHC1 3, 7.6 mg). The dried residue of (ethoxy)-

poly (secosporidesmin-S ,S' -diacetyl )poly-(L-lysine) which showed the peaks 

of modified sdm (1470, 1410, 1380 cm- 1 ) but no ester peaks (1725 cm- 1 ), 

was forwarded for immunological studies ... Preparation 1. (Table 2. 5). 

ii. With methyl lla-mercaptosecosporidesmin-3-S-acetate 

Pll.HBr (Sigma, M 139,000, and Miles, M 70,000, Table 2.3) was 

dissolved in water and alcohol as above. Methyl lla-mercaptosecosdm-3-

S-acetate as a gum was dissolved in ethanol but crystallized out. The 

pH of the mixture was raised to 9 (paper) and shaken (2 d). The 

aqueous suspension after concentration was diluted (H20, 50 ml) and 

extracted (CHC1 3, 74 mg). The dried residue of poly~lla-mercaptoseco-

sporidesmin-3-S-acctyl)poly~L-lysine) was again forwarded for immuno-

logical studies. Preparation 2. (Table 2.5). 
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iii. vii-th dhncthyl secospm~idesmin-S,S'-d-focetate 

Pll.Imr (Hiles, Table 2.3) was dissolved in water (29 ml). 

Dimethyl secosclm-5',S'-diacctate was dissolved in ethanol (12 ml) and 

transferred to the protein solution (EtOH, 7 ml). In 24 h the pH fell 

from 9 to 8 (paper). The aqueous suspension after concentration was 

extrac tcd (CIICl 3 , 30 mg) and dried for immunological studies. 

Preparation 3. (Table 2.5). 

111is complex, (methoxy)poly (secosporidesmin-S ;S' -diacetyl )poly-(L-lysine), 

was found to be insoluble in water but soluble in aqueous methanol or 

aqueous ethano 1. 

iv. Preparation iii. was repeated 

The aqueous suspension from this preparation (see Table 2.3) after 

evaporation of the alcohol was made up to 9.8 ml i.e. 1 ml= 50 µmol of 

lysyls. 

The percentage substitution was estimated in aliquots of this 

solution by the Boyd, et al. (1972) modification of the Moore and Stein 

(1948) method. The ninhydrin solution used was that prepared for the 

Amino Acid Autoanalyser. 

The readings for the pll. HBr were: 

0.588, 0.589, 0.562 Average: 0.579 A.U. 

TI1e readings for the substituted pll were: 

0.510, 0.518, 0.490 Average: 0.506 A.U. 

TI1e difference was 0.073, therefore, the percentage substitution was 

0.073/0.579 = 12.6% substitution. 

The aqueous concentrate from evaporating the above alcoholic 

solution under reduced pressure, was gently extracted (EtOEt, 5.6 mg, m/e 

647 (M+) i.e. unchanged diacetate) and dried for immunological studies. 

Preparation 6. (Tab 1 e 2 . 5) . 
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TI1e u.v. spectrum for this preparation (against an equal concen­

tration of pll.HBr) showed bands at 217 (shoulder on encl absorption), 

251 and 302 nm -equivalent to those for the diacetate. 

v. Attempt to satw.~ate p11 with modified sporidesmin 

The reagents were dissolved as before (Table 2.3) and the pH 

adjusted to 9. After 4 d the prepa~ation was analyzed by the same 

method as under iv. above and gave the fol lm.'ing results in absorbance 

units: 

Sdm complex: 0.439, 0.443, 0.374 Average: 0.419. 

Pll control: 0.536, 0.531, 0.524 Average: 0.530. Therefore: 

0.419 100 79.0% unsubstituted. X = 0.530 

Replicate: Sdm complex: 0.489, 0.536, 0.503 Average: 

Pll control: 0.572, 0.555, 0.560 Average: 

Therefore 
0.509 100 90.5% unsubstituted. --- X = 
0.562 

Replicate: Sdm complex: 0.478, 0.451, 0.458 Average: 

Pll control: 0.522, 0.525, 0.598 Average: 

Therefore~:!!~ x 100 = 84.5% unsubstituted. 

0.509. 

0.562. 

0.462. 

0.548. 

TI1e average unsubstitution was 85% suggesting that only c. 15% of the 

£ -amino-groups of the pll have been substituted. 

TI1e aqueous suspension was ether extracted (9.6 mg) and dried to 

yield (metho:i-..-y)poly (secosporidesrnin-S ,S' -diacetyl )poly-(L'-lysine). 

Preparation 7. (Tab 1 e 2 . 5) . 

vi. Second attempt to saturate p11 with modified sporidesmin (Table 2.3) 

As the pH dropped from 9 it was corrected and during this process a 

gel precipitated (22.8 mg). This gel was washed and dried for irnmuno-

logical studies, see viii. below. 
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The reagents (Table 2.3) were mixed in the same way as previously 

and the pl-I manually maintained at 9 till constant. This again yielded 

an insoluble material (27.7 mg), cross-linked (ethoxy)poly(secosporides­

min-S,S'-diacctyl)pol~(L-lysine), which was collected by centrifuging 

(washed, Et0!-I-H20 2: 3). It was insoluble in the supernatant liquid 

(pl-I 2--10), methanol, chloroform, N,N-dimethylformamide or trifluoi-o-

acetic acid. Mien heated in the latter solvent it turned dark blue 

without dissolving. This preparation was combined with viii. below. 

viii. Fow1 th prepan'.ltion, using a pH titr·ator 

Pll.I-IBr (Table 2.3) and dimethyl secosdm-8,S'-diacetate were mixed 

with sufficient ethanol-water (2:3, c. 30 ml) for the titrator which 

maintained the pH at 10. 5 (under N2 , with 0. 33M NaOB). The insoluble 

material (67. 3 mg), collected (5 h) as under vii. and washed gave cross-

linked po Zy (methoxy) po Zy ( secosporidesmin-S, S' -diacety l,) po Zy-{L- Zy sine) 

(found: C, 46.9; I-I, 6.3; Cl, 3.7; N, 12.2; S, 5.4. If 62% of the 

£-amino-groups were substituted it would require C, 51. 2; H, 6. 3; Cl, 

3 7 N 1~ 6 S, 6.6%): V • • ; ' - • ; max (KBr) 1465, 1410, 1380, 1350, 1305, 1100, 

1035, 1000, 855 and 780 cm- 1 . The remainder of this preparation to--

gether with those from vi. and vii. above was sent for immunological 

studies. Preparation 8. (Table 2. 5). 

The i.r. spectrum of the dried supernatant (from the gel) which 

did not precipitate white material upon evaporation under reduced pres­

sure, showed no peaks (i.r.) characteristic of the dimethyl secosdm-S,S'­

diacetate. 

ix. As a control for irrnnunology, poly-(L-Zysine) was acylated with 

methyl ch loroa_cetate 

Methyl chloroacetate (24 µ1, 0.27 mmol) in alcohol was added to 
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plJ.I!Br (105 mg, 0.5 mrnolas lysyls) rn water (15 ml) and the pH 

adjusted to c. 9. After 3 days the preparation, poly(chloroacetyl)-

poly-(L-lysine), 1,as dried for immunology. 

A-C6b. To lysine 

i. Atten~;,t at cey lation of the copper• chelate of lysine 

After Taniyama, et al. (1971)- lysine (128 mg, m.p. 240-255° 

therefo-c·e dihydrochloride dihydrate, 0. 5 mmol) ivas dissolved in water 

D2 

(200 p_(~) and adjusted to pH 9. 5. Copper sulphate (bluish white, nearly 

anhydrous, 57.0 mg, c. 0.35 mmol) was dissolved in a minimum of water 

and added to the lysine solution producing a deep blue solution (pH 8.5, 

A 630 nm) which formed two phases with ethc1nol, instead of precipi-max 

ta.ting the copper chelate. 

There was no reaction between this copper chelate of lysine and 

either dimethyl secosdm-S,S'-diacetate or ethyl acetate: there was still 

the ester peak at 1725 cm- 1 . The synthesis was discarded. 

ii. Atterrrpt at acylation at pH 7-8 without copper chelation 

After Okawa and Hase (1965), dimethyl secosdm-S,S'-diacetate (20 

mg) in ethanol-water (2:3) was added to lysine.2HC1 (17 mg) dissolved in 

ethanol-water (2:3, total 1.2 ml) and adjusted to pl-I 7.5-8 (paper). 

T.l.c. (BunOH saturated with 1.SM I-ICl) showed dimethyl secosdm-S,S'-dia-

cetate (RF 0.9) and lysine at the origin with no other spot. Lysine 

was visualized with sodium S-naphthoquinone-4-sulphonate (1%) and sodium 

carbon;ite (5%) (Falin, 1922). 

iii. Attempt at acylation at pH c. 9 without copper chelation 

Lysine.2HC1 (8.3 mg) and dimethyl secosdm-S,S'-diacetate (10 mg) 

were dissolved together (Et0H-H20 2:3) and maintained at pH 9 for 5 d. 

T.1.c. (Et0Et-C6H6 3:7) showed only one mobile spot but t.l.c. (CHC1 3-
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McOII-J.11.1 NI13 4:4:1) showed a second spot slower than the ester (R 
ester 

O.GS) which increased as the ester spot decreased. TI1e lysine spot was 

visualized with Folin's (1922) reagent and by ninhy<lrin (Randerath, 

19642). 

19G4b). 

TI1e plates were also sprayed with bromocresol purple (Randerath, 

.None of the u.v. quenching spots appeared as spots upon spraying 

with either the ninhydrin, the bromocresol purple or the Folin's reagent. 

A-C6c. To bovine plasma albumin (bpa) 

Bpa (Table 2.6) was dissolved in water (5 ml) but turned cloudy 

when alcohol (2.3 ml) was added. The cloudiness disappeared upon 

raising the pH to 9. To this solution was added dimethyl secosdm-S,S'-

diacctate in alcohol (2 ml) an<l water (3 ml) (just cloudy). Electl'O-

phoresis after one day's reaction showed 33% of the modified-sdm--treated 

protein to move at a slower rate (Rb 0.77). pa 

(pH 4) aqueous residue was extracted (CHC1 3 , 16 

After 2 d the acidified 

mg). Chloroform tended 

to cause these aqueous solutions to become cloudy: the cloudiness re-

dissolved in ethanol. The suspension, (methoxy)poly (secosporidesmin-S ,S' -

diacetyl)bovine plasma albwnin, was evaporated to a small volume for 

immunological studies. Preparation 4. (Table 2.5). 

A-C6d. To rabbit serwn albumin (rsa) 

i. With dimethyl secosporidesmin-S,S'-diacetate 

To the dimethyl secosdm-S,S'-diacetate (Table 2.6) dissolved in 

ethanol (1 ml) and water (1.5 ml) was added rsa dissolved in water (3 ml, 

pH 9) and ethanol (2 ml). After 2 d the preparation was checked electro-

phoretically but the migration showed no difference from that of natural 

rsa. TI1e aqueous residue was extracted with ether and the raffinate 

examined spectrophotometrically. TI1is u.v. spectrum showed no peaks due 

to sdm. No substitution had occurred. 
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ii. Y-ith methyl 3--mer•captosecosporidesmin-lla-S-acetate 

'Ilic rnethyl 3-mercaptosecosdrn-lla-S-acetate (Table 2.6) dissolved 

in ethanol-water (2:3) was added to rsa in ethanol-water (2:3) making a 

slightly cloudy suspension (7.5 ml, pH 5.5). M1en correcting the pH 

there was a heavy precipitate (pH 6--6.25 c. the isoelectric point) 

which cleared (pH 8). Electrophoresis after 21 h shmved two bands. 

The are::--.s under the scanning curves indicated 57% had reacted. At 45 h 

there were again 2 bands: 75% had reacted. 

protein moved in the slower band. 

After 62 h 91% of the 

Taking the whole sample up with water (6 ml) caused a copious 

precipitate which did not extract with ether (3.8 mg). The u.v. spectrum 

of the raffin2.te (in EtOH-H20 solution) showed peaks at 215 and 252 nm, 

characteristic of sdm. TI1e suspension, poly-(3--mercaptosecosporidesmin­

lla-S-acetyl)rabbi t serum albumin was dried for immunological studies. 

Preparation 5. (Table 2.5). 

iii. Preparation if. repeated (Table 2.6) 

After 6 d, electrophoresis showed only one band moving at the 

same rate as that of natural rsa. 

successful. 

Therefore, the experiment was un-

iv. With diethylsecosporidesmin-S,S 1 -diacetate 

The reaction mixture (Table 2.6) was maintained at pH 9-10. 

After 3 d, electrophoresis showed only one discrete band moving more 

slowly than rsa. The concentrated aqueous solution was extracted 

(EtOEt, 3.9 mg) and the raffinate showed the u.v. spectral pattern 

characteristic of sdms superimposed upon the end absorption of rsa. 

The dried suspension of (ethoxy)poly(sccosporidesmin-S,S'-diacetyl)­

rabbi t serum albumin,. was forwarded for immunological studies. 

Preparation 9. (Table 2.5). 
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1 • To diethyl secosdm-S,S'-diacetatc (Table 2.6) in ethanol, oval-

bumin in water wns added. A white curd separated immediately and did 

not redissolve when the pll was raised to 8. 5. Excess water did not 

redissolve it either. In less than 1 h, it was carefully extracted 

(EtOEt, 87 mg). '!110 i.r. spectrum of this extract was consistent with 

the orieinal spectrum of the diacetate. 

11. An aqueous (15.5 ml) solution of ovalbumin (Table 2.6) was added 

to a film of diethyl secosclm-S,S'-diacetate, and the pH raised to 9.5. 

After stirring for 2 d, no impression seemed to be made on the film. 

When a sample was made 16% with ethanol (containing the diester), it was 

cloudy but the cloudiness was extractable with ether. Hence, alcohol 

(3 ml) was added to enhance the rate of solution of the ester film. 

This gave a slightly cloudy suspension. Next day electrophoresis 

showed no slow moving bands. Four days after adding the ethanol, more 

(1 ml) was added. Electrophoresis now showed a band remaining at the 

origin. After another 8 d of continual stirring the aqueous suspension 

was extracted (19 mg) with ether leaving a cloudy raffinate. The filter­

ed raffinate showed the peaks of sdm superimposed on the end absorption 

in the u.v. The dried suspension of (ethoxy)poly(secosporidcsmin-S,S'-

diacetyl)ovalbumin was forwarded for immunological studies. 

Preparation 10. (Table 2.5) 

A-C6f. To bovine thyroglobulin (btg) 

To bovine thyroglobulin (Sigma, Table 2.6) in water (0.7 ml), 

diethyl secosdm-✓S,S'-diacetate in ethanol (2.5 ml) and water (3.75 ml) 

was added and formed a cloudy suspension which remained cloudy after more 

water (3 ml) was added. On raising the pH to 9.5 (BDH paper) the cloudi-

ness disappeared. In the electrophoretic pattern after 7 d the sub­

stituted thyroglobulin moved faster (Rbtg 1. 2) than mi.tural thyroglobulin 



176 

A-C6f cont 1 d 

but tailed back to the origin. 

TI1e aqueous suspension (pH 5.5 without correction) containing the 

poly(cthoxy)poly(sccosporidesmin-S,S'-diacctyl)bovinc thyroglobulin, was 

extracted (1 mg) with ether then concentrated to 5 mg equivalent thyro­

glollulin/ml for injection into sheep. 

In collaboration with R. Fairclough, 4 Perendale lambs were 

selected and each was injected with c. 1.25 mg equivalents of thyro-

globulin blended with Freund's adjuvant. 

same kind was given after 2 months. 

A 'booster' injection of the 

A-C7. S-alkylation with the chloroacetate of a 'good leaving group' 

and one which promotes crystaUizat,fon 

i. Sodiwn picra·te and chloroacetyl chloride 

Chloroacetyl chloride (191 mg, 1. 7 mmol) was added to the dried 

sodium salt of picric acid (427 mg, 1. 7 mmol), and warmed. The i.r. 

spectrum of the product showed no peaks around 1700 crn- 1 or more, nor a 

- 1 broad peak around 1150 cm . 

Only picric acid was recovered from picric acid plus chloroacetyl 

chloride and even when pyridine was added. 

ii. p-Nitrophenyl chloroacetate (After Auwers, et al., 1927) 

To p-ni trophenol (354 mg, 2. 55 mmol), chloroacetyl chloride (400 

mg, 3.54 mmol) and ether (5 ml), pyridine (285 µ,Q,, 3.54 mmol) was slowly 

added. After refluxing (30 min) and filtering out the pyridinium hydro-

chloride the ether evaporated leaving crystals (68%). TI1e brown crystals 

from benzene were sublimed (80-88° at O. 001 mmHg) m. p. 94° (lit. 94°). 

The i. r. spectrum (KBr from AcMe-EtOEt) of _these crystals showed a 

doublet peak at 1770 cm- 1 (ester C=O) and 1140 cm- J. (chloroacet~.c ester 

C-0-C). 
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iii. p-Fli·{;2-oplzenol chlor1oace-tate and sdm/sodiwn boPohydr,ide 

Sdm.c6116 (55.3 mg, 0.1 mmol), p-nitrophenyl chloroacctate (66.6 mg, 

0. 3 1:u.,ol) sodium iodide (3. 3 mg) were dissolved in pyridine (130 µt) and 

methanol, and cooled. Sodium borohydride (33 mg) in methanol (cold) was 

added. Chromatography (C6H6-Et0Et) of the product yielded 2 fractions, 

one (48 mg), p-nitrophcnol (i.r.), and two (39 mg), dimethyl secosdm-S,S'-

di2cetate (i.r.). 

A-CB. S,S'-Homosporidesmin 

i. Sdm.C6H6 (25 mg, 50 11mol) was dissolved in methanol (1.5 ml), 

pyridine (0.1 ml) and methylene diiodidc (320 mg, 1.2 mmol, washed with 

thiosulphate solution) and cooled. Sodium borohydride (14 mg) was dis-

solved in cooled (dry ice-AcMe) methanol (0.7 ml) and added. T. l. c. 

after 1 h showed a negligible amount of unreacted sdm. Chromatography 

of the washed product yielded sdm (1.8 mg), a gum (14.5 mg) and a third 

substance (2.6 mg). 

ii. Sdm.C6I-16 (109 mg, 0.2 mmol) was treated as above. Crystals formed 

- + + in the cold, presumably I PY -CH2-py I-. After 1 h the i.r. spectrum 

of the crude reaction mixture showed negligible sdm but a new pattern. 

So the residue from evaporating the methanol, was washed (CHC1 3 -H2□) and 

chromatographed (C6H6-Et0Et 22:3). The gum which was eluted between 20 

and 40 cm of solvent (13 mm column) remained uncrystallized for 4 months 

during which time it decomposed to a deep orange colour. Chromatography 

yielded a pink zone (substituted isatin) and an orange zone (anhydro­

dethiosdm) followed by a colourless gum which was dissolved (with the gum 

under i.) in acetone. Repeated evaporation and addition of ether. 

produced crystals, m.p. 238.5-240.5, of S,S'-homosporidesmin (Found: m/e 

+ 9 4 8 9 , 4 8 7 (M. ) ; C , 4 6 . 8 ; H, 4 . 7 ; Cl , 7 . 5 ; N, 8 . ; S, 12.9. 

35CJN3o6s2 requires M 487; C, 46.8; H, 4.5; Cl, 7.3; N, 8.6; S, 13.1%): 



178 

A-C8ii cont 1 cl 

o 7.05, 1 H, s, ll-10; 5.3S, 1 H, .s, II-Sa; 4.48, 1 H, d, J 2Hz, H-11, 

collapsed to a singlet with D20; 4.02, 3.98, 2 H, 2 s, SCH2S (conform­

ational isomers); 3.87, 3.83, 6 II, 2 s, 2CH30Ar; 3.55, 1 H, d, J 2 Hz·, 

11-0H, disappeared with o2o; 3.40, 3 H, s, 6-CI-I • 
3' 3.18, 1 I-I, s, lOb-OJl, 

disappeared with o2o; 3.08, 3 H, s, 2-CH3; 1.90, 3 H, s, 3-CH3: 

(KBr) see Figs IR2.1, IR2.2, IR2.4, IR5.18. 

iii. A 1 11rmol level of production 

V max 

Chromatography (Et0Et-C6H6 3:22) yielded sdrn (10 mg), the gum 

(homosdm, 390 mg), a substance (1:3) by t.l.c. (Et0Et-C6H6 2:3) Rh d omos m 

0.63 (62 mg) which turned brown on the t.l.c. plate and another (EtOEt-

TI1ese latter were not identified. 

A-C9. At-tempted preparation of l2a-phenyl-S, S 1 -homosporidesmin (2. 2) 

Sdm-C6H6 (111 mg, 0.2 rnmol) was dissolved in methanol, pyridine 

(550 µ£) witL sodium iodide and benzylidene dichloride (320 mg, 1.3 rnmol), 

and cooled. Sodium borohydride (60 mg) was dissolved in cooled methanol 

and added. After allowing to warm (2 h) the evaporated residue in 

chloroform was washed with acid and bicarbonate. Chromatography (EtOEt-

c6H6 1:9) yielded 23 mg sdrn (50 cm) and 2 mg (7:13) of gum. A further 

11 mg was obtained with methanol (50 cm). Over 90 mg were unaccounted 

for. TI1is synthesis was not pursued any further. 

A-ClO. Attempted preparation of S,S'-dihomosporidesmin (2.3) 

i. To sdm.C6H6 (72 mg, 0.13 mmol) dissolved in pyridine, methanol 

and ethylene dibromide (229 mg, 2.3 mmol from ethylene and bromine, 

Gattermann, 1938) and cooled, was added sodium borohydride (34 mg). The 

residue after washing (CHC1 3-H20) was chromatographed. 

gum (~9 mg) was recovered. 

Sdm (11 mg) as a 
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]. J .. rDlC above was rcr)catcd with 100 mg sdm C 11 • 6 -6. 

The silic::i gel used in the chromatography gave an unsatisfactory answer: 

S(b (45 mg) and a long indefinite tail was obtained. 

A-Cll. /J.ttempted preparation of 12a, l2b-di(methoxycarbonyZ)-S,S'-di­

homosporidesmin (2.4) 

Sdm.C6H6 (78 mg, 0.14 mmol) was dissolved in pyridine (0.3 ml) 

and methanol with sodium iodide (170 mg) and dimethyl 2,3-dibromo­

succinatc (from fwnaric acid and bromine, after Rhinesmith, 1943, methy-

lated with diazornethane, DeBoer and Backer, 1956), and cooled. Sodium 

borohydride (36 mg) in cooled methanol was added. After 18 h the 

product, dis sol ve<l in chloi·oforr,1, was washed with soditL11 thiosulpha te and 

water. Chromatography (Si02 gel, Et0Et-C6i~ 2:3) yielded no fractions 

containing sdm derivatives. In the search for the fractions the t.l.c. 

plates were sprayed with silver nitrate (5%) to indicate the position of 

sulphur containing compounds but none appeared. 

A-D. 0-Acylation 

A-Dl. vlith monomethyZ gZutarate (mmg) 

A-Dla. In the p11esence of trifZuoroacetic anhydride (tfaa) 

Sporidesmin 11-(methyZ glutarate) (2.5) 

i. Tfaa (140 µ£, 1 rnmol) and mmg (59.4 mg, 0.4 mmol) were mixed (dry 

box). Sdm.C6H6 (108.5 mg, 0.2 mmol) was added and the solution immed-

iately turned dark brown. After 40 min the excess tfaa was removed 

under reduced pressure and the residue washed (NallC03 solution). The 

main product was anhydrodethiosdm (i. r.) (1. 16) . 

ii. Tfaa was mixeo • (rnol/mol as near as possible)· with mmg and scaled 

in glass phials and held (3°) till needed. The mixture turned to a 

• d 1 1 (3°). light amber colour but rema1ne t1at co our 
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iicc Sd]lj.C6H6 (S4 mg, 0.1 rnmol) was dissolved (not completely) in a few 

(3) drops of acetone o.nd, in a dry bo):, the mixture (60 µ,Q,) of tfaa (0. 24 

rnmol) and mrn::; (0.24 mmol) added. The rc,action mixture turned brown 

slowly. After 30 min the mixture was washed (Nal!C03). T.l.c. of the 

residlic sho,·:ed much unreacted sdm and another spot of higher RF than sdm. 

TI1e mass spectrum of the crude residue showed a series of peaks 32 mass 

units apart. 

iif:L To sclm. C6I-I6 (53 mg, 0 .1 mmol) in acetone was added (in a dry box) 

the mixture (130 µ9.) of tfaa (0.5 mmol) and mmg (0.5 mmol). After 20 

min the mixture was washed (Na!-IC03 solution) and concentrated. Chromato­

graphy (C6116-EtOEt 9:1) yielded unchanged sdm (33 mg) and a gum (16 mg) 

with an Rsdm of 0.75 (C61-16-EtOEt 1:4). 

iiy. To sdm.C6I-I6 (111 mg, 0.2 mmol) in acetone (nearly all dissolved) 

was added the mixture (260 µ,Q,) of tfaa (1 mmol) and mmg (1 mmol). After 

30 min the mixture (in CHCl 3) \·ms washed (NaHC03 , till alkaline) and 

evaporated to dryness immediately. Chromatography (as under iif3) yielded 

sdm (70 mg) and a gum (50 mg), which yielded crystals of sporidesmin 11-­

o (methyl glutarate) ( 2.5) from benzene, m.p. 167-169 (Found: m/e 603 

and 601; S, 10.3. 

and 601 resp.; s, 10.7%): \! (KBr) 3300 (OH), 1750vs and 1740vs (ester max . 

C=O), 17 lOvs, 1665vs (sdm-COs), 14 70s, 1410s, 1350s (sdm peaks), 1330s, 

1200s (RCOOR), 1160vs (RCOOMe) cm- 1 • 

iii. To sdm.C6H6 (111 mg, 0.2 mmol) was added mmg (62 mg, 0.42 mmol) and 

acetone (200 µ.R.) to dissolve the sdm completely. When tfaa (133 mg, 0.63 

mmol) was added (in dry box) the mixture turned amber quickly. After 30 

min the mixture (taken up in CHC1 3) was washed (NaHC03 solution). By 

diluting (Tepeatedly) a filtered (to remove anhydroclethiosdm, insoluble in 

AcMe) acetone solution with ether and evaporating (to reduce the concen-
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tn1t:i.on of /\die) crystals formed whose i.r. spe:ctrum showed a strong peak 

- 1 . at 1800 c:; (tr:ifluoroacctate). The whole reaction product \vas chromato-

graphed (as under iii.S.) to yield a yellow band (31 mg) and sdm (48 mg) but 

no fr;ictions containing esters. When the yellow band was dissolve,d (Ac.Me) 

crystals of anhyclroclethiosdm deposited. 

iv. Tfaa (348 mg, 0.63 mmol) and mmg (200 mg, 1.37 mmol) were mixed 

and allowed to stand (warmed to 40° for 15 min) for 4 h. This mixture 

of anhyclrides was added to sdm.C6H6 (348 mg, 0.63 mmol) dissolved in 

acetone (500 11£). The Wt'.shed (as above) reaction mixture was chroma to-

graphed to yield sdm (300 mg) and ester (65 mg). 

v. Tfaa (48 mg, 0.23 mmol) and mmg (28 mg, 0.19 mmol) were mixed and 

warmed (40° for 30 min). Sdm.ClI6 (53 mg, 0.096 mmol) was dissolved in 

acetone and evaporated to a fluff and then desiccated. To this was added 

the mixed anhydride which dissolved the fluff but not the film on the wall 

of the reaction vessel. After 15 mir. acetone (over 'drierite', a drop) 

was added which dissolved the film immediately. The washed reaction 

mixture upon chromatography yielded sdm (25 mg) and ester (6 mg). 

vi. Tfaa (431 mg, 2.05 rnmol) and rnmg (243 mg, 1.7 mrnol) were mixed and 

held (3°) for 60 days. Sdm.C6H6 (220 mg, 0.4 mmol) was dissolved in 

acetone and evaporated to a fluff and redissolved in acetone (120 µ.Q,). 

The mixed anhydride was added to this solution which turned amber with 

anhydrodethiosdm crystallizing out. The residue after washing (as above) 

was chrornatographed and yielded sdm (100 mg) and a mixture (50 mg) 

containing some ester and anhydrodethiosdrn. 

A-Dlb. Wit;h ca...-v>bodiimide 

After Sheehan,, ei; al. (1965), sdm.c6116 (55 mg, 0.1 mmol), mmg (18 

mg, 0.12 mmol) and triethylamine (15 µ,Q,) were dissolved in methylene 
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dichloride (14 µi). 1-Ethyl-3-(3-dimcthylaminopropyl)carbodiimicle 
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hyclrochlor:i de (21. 6 mg, 0.11 mrnol) was added and the mixture allowed to 

stand (l d) at room temperature. The i.r. spectrum after washing was 

th:Jt of sdi,1. It was still the same afteT warming (40°, 1 h). After 7 

months standing there vere still no ester peaks in the i.r. spectrum of 

the ocid \,ashed product. 

A-D2. f,,'[th p-toluene-sulphonyl chloride 

Sdrn-C6H6 (56.5 mg, 0.1 mmol) was dissolved in pyridine (0.8 ml) 

and toluenc-p-sulphonyl chloride (38 mg, 0.2 mmol), recrystallized 

according to Fieser and Fieser (1967), added. 0 After 48 d (3 ), there 

were no crystals but the solution had turned a light amber. Although 

t.l.c. suggested that c. 20% had reacted the i.r. spectrum showed un­

changed s<lrn with a small peak at 1175 cm- 1 . 

A-D3. With chloroacetyl chloride 

i. With a mixture of chloroacetyl chZo1~ide and N,N-dimethy'l-aniline 

Mixtures of dimethyl aniline and chloroacetyl chloride became a 

thick, black mass in an hour. 

By the method of Hauser, et al. (1944) sdm.C6H6 (112 mg, 0.2 mmol) 

was added to a mixture of N,N-- dirnethylaniline (50 µ9,, 0.4 mmol) and 

chloroacetyl chloride (31 µ9,, 0.4 mmol). It was warmed in a bath (65°) 

for a short time to dissolve all the sdm. The i.r. spectrum (2 h) 

showed mainly sdm. 'Ibere was a small faster moving spot on the t.1.c. 

This spot was no larger after another 16 h 

reaction time. At this stage the mass was sticky but clear and deep 

green. On chromatography ether-benzene (3:97) eluted 14% of the product: 

the rest was sdm. The i. r. spectrum of this 14 % fraction had peaks at 

1765m, and l135brs cm- 1 , but no large peak in the C-Cl absorbing region. 
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ii• 1-litlz chlm>oacctyl chlo1°idc added ·to a solution of oporidcsmin 

Sdm.Cc/16 (111 mg, 0. 2 mrnol) was dissolved in N,N-(1:iiactllylaniline 

(50 pt, 0.4 rnmol) and acetone (200 pt) ancl chloroacctyl chloride (31 p9", 

0.4 mmol) added, 1vith cooling. After 90 min it was evaporated under 

reduceJ pressure and partitioned between ether and water. 

laye:r contaim,J mainly sdm (i. r.). 

The ether 

iii. No. ii. repeated with the same sclm sample and same order of adding 

the rco gents. The sdrn fluff completely dissolved (very slowly at 45°) 

without adding any acetone. Before adding the chloroacetyl chloride the 

solution was frozen (Westhcimer and Shookhoff, 1940). After warming and 

standing at room temperature (2 h), the washed sample showed only sdm 

(i.r.). 

A-D4. ~lith chloroacetic anhydride 

i. Synthesis of chZoroacetic anhydl0ide 

After Katyshkina and Kraft (1959) chloroacetic acid (11.95 g, 

127 mmol), boiled to remove water, was added to chloroacetyl chloride 

(21.55 g, 192 mmol) and potassium chloride (100 mg); the whole mixture 

was gently refluxed till there was no appearance of chloroacetic acid 

peaks in the i.r. spectrum (less than 7 h) (the HCl gas was trapped). 

At about 7 h the refluxing mixture darkened. By next morning the whole 

mass had crystallized. Upon distilling the mixture on the teflon spin-

ning band colunm excess chloroacetyl chloride was recovered but the 

residue in the still pot was a black solid even at 120°. This solid 

had no anhydride peaks in the i.r. spectrum. 

ii. TI1e above experiment was repeated. Instead of distilling the 

product it was filtered to remove as much of the chloroacetyl chloride as 

possible .without hydrolyzing the anhydride. The product was not free of 

chloride but was satisfactory in the following experiment. 
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ui • Ch?,OJ>r:Jaect;ylation of spor•idem11hi afte1? Whi-te (Ronaldson, et al. 

1963) 

To sdm (residue from experiment A-D3iii. above) dissolved in 

pyridj ':~ (0 .11- ml) was added the cnide chloroacctic anhydride (300 mg). 
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/,fter 30 min there was a single spot (R 1 4 EtOEt-c6116 3:7). 
sdm • Over-

night the whole reaction mass set to a glass. 

showed only material at the origin. The reaction time had been too 

iv. The above repeated 

To sdrn.C6H6 (S3 mg, 0.1 mmol) in pyridine (200 µ,Q,) chloroacetic 

anhydride (102 mg, <0.3 mmol) was added and the solution turned an amber 

colour. T.l.c. (10 min) showed no sdm but another spot Rd 1.3 (EtOEt­s m 

c6II6 3: 7). Therefore at 20 min the reaction mass wc:s dissolved in 

chloroform and washed with water. T.l.c. showed only one spot faster 

than sdm and the i.r. spectrum showed peaks at 1765s (COOR), 1140bvs 

(ROCOCCl), 780m (CCl) cm- 1 . Chromatography (ether-benzene 1:49) yielded 

44 mg of an ester with m/e 629, 627, 625 (l/). 

v. Complexing sporidesmin di(chloroacetate) to bovine plasma albumin 

As described by Marks (1967) bpa (200 mg) was acylated with S-

acetylmercaptosuccinic anhydride (samsa) (31.8 mg). After separating 

the protein from unreacted samsa (sephadex column), the protein was 

treated with hydroxylamine.HCl (19 mg) sodium iodide (20 mg) and the sdm 

di (chloroacetate) (44 mg, prepared under iv.) in an automatic titrator to 

maintain the pH constant at 7.5. There was no change in pH with time 

(i.e. the titrator did not add any alkali). After 1 h iodoacetamide 

(15 mg) was added but the titrator did not respond. The aqueous phase 

was concentrated (in vacuo) and the extract (EtOEt 14 mg) was sdm (i. r.). 

When th:i,s raffinate was compared with natural bpa (u.v.) there wer~ no 

sdm peaks. 
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A-E. ,1ttcn:pt; at qu1.1tch,1:r:.at-Z:o:1. ·IJ)ith mc>tln;Z iodide 

Sdm.C61l6 (11.5 rng, 20 µmol) was dissolved in methyl iodide (1.02 g, 

7 mmol) in 

dark (2 t1). 

sealed tabe. No cha,1ges were observed upon storing in the 

Upon heating the tube in a boiling water bath (34 h) two 

phases appea:ted. 

Upon treating the residue (from evaporation of the iodide) dis­

solved 1n dil. acid with a filtered solution of Reinecke salt there was an 

immediate formation of crystals. The quantity was negligible and the i.r. 

spectrum did not show peaks characteristic of sdm. 

A-F. Diarwniurn coupling 

A-Fl. p-Nitroan:Uine 

A-FL). Reacti-on of diazotized p-nitrocmiZine 1.vith ve::,:,atroZe 

i. p-Ni troanilinc (140 mg, 1 mmol) was diazotized according to Bunnett 

and Hoey· (1958) (in H2so4 + AcOI-1). The reaction mixture turned pale 

yellow aJn:ost immediately upon diazotization and if shaken it crystallized 

to a solid mass. When veratrole (128 µ£ in AcOH) was added to the diazo-

nium suspension (after 30 min) there was an immediate reaction to dark 

purple. After 15 min the reaction mixture was allowed to warm to room 

temperature, was poured into ice-water (2.5 gin 7.5 ml) and filtered. 

No precipitate was found on the filter; dark red material was expected 

(Kokkinos and Wizinger, 1971). 

ii. The above reaction was performed with more acetic acid (12 ml 

instead of only 1.6 ml). The diazotization was satisfactory, yielding 

an off white to pale yellow solution almost immediately on mixing. The 

diazonium sulphate crystallized readily on the ice bath from the acetic 

acid solution; it dissolved quickly on warming (40°). When the vera­

trole (in 2 ml AcOH) was added, the mixture turned darker and finally a 

brown colour. The mixture (after 2 hat room temperature) was poured 

into ice-water (15 gin 45 ml) producing a yellow orange solution. When 
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the pll w;1 s 111adc 2. 5 (pcJ lets of N::10H) the solution turned cloudy. (A 

test sample of the solution, at this stage, turned red with S-naphthol, 

indicating that there was still free diazonium salt.) 

At pl! 3--3. 5 the colour was extracted (EtOAc). As more caustic 

(NaOII) added so more cloudiness formed which could be extracted 

(EtOAc) as an orange solution. 

rusty red. 

At high pH (>7) the solution turned 

The rn"terial extracted (EtOAc) was examined by mass spectroscopy 

which showed peaks at m/e 259 and 380, (mono- and di--{p-nitrophenyl)vera­

trole but no peak at 287 (3,4-dimcthoxy-4'-nitroazobcnzene). 

11L Diazotizing p-nitroaniUne in cone. hydrochloric acid~ after 

Nietzl<.i (1887) 

p-Nitroaniline (690 mg, 5 mmol) in cone. hydrochloric acid (10 ml) 

and sodium nitrite (380 mg, 5.5 mmol) in water (10 ml). The p-nitro-

aniline was not freely soluble in the acid but dissolved immediately upon 

addition of the sodi11m nitrite solution to give a light amber solution. 

If veratrole (138 µQ,, 1 mmol) in methanol (1. 5 ml) and water (1. 8 ml) was 

added slowly at this stage the reaction turned red with only a trace of 

precipitate. When alkali (10M NaOH) was added (to pH 7) a dark brown 

frothy mass resulted which turned dark purple with veratrole (138 µ£, 1 

mmol in MeOI-I). But when the alkali was added more slowly there was a 

sudden change to a brown precipitate at c. pH 4.5, at which pH,addition 

of veratrole produced a brown suspension. This brown suspension became 

a dark purple on raising the pH. A sbnilar series of colour changes 

were obtained when the veratrole was added to the diluted (H20) diazoniwn 

salt solution and the pH slowly raised· to about 9. 

TI1e ethyl acetate extracts of the above preparations were combined 

and chromatographed (CHC1 3). When some (100 mg) of the leading and main 

fraction (500.mg out of a theoretical 1.5 g) was sublimed (107°, 0.001 
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JJ:nllg) the follm·.'ing zones ,veTc obtained: 1. a colourless liquid, vcra­

tro] ,,: (i.r. spectrum); 2. crystals, p-nitroanilinc (i.r. spectrum); 

3. a yellm, oil containing crystals; ancl 4. dark brown at the origin. 

The mass spectrum of the crystals in zone 3. showed m/e 259, 380, 501 

and 622 (mono- and poly-(p-nitrophenyl)voratrolcs). 

A-Flt. Synthesi.s of 3,/1,-dimethoD--y-4'-nitroazobenzene 

A-F lbi. Synthesis of 4-hyd:Poxy- 3-methoxy-4 '-ni troazobenzene from 

guaiacol 

p-Nitroaniline (135 mg, 1 mmol) suspended in water (3 ml) and cone. 

hydrochloric acid (0.26 ml) and sodium nitrite (76 mg, 1. 1 rnmol) in water 

(0.75 ml) were mixed (in an ice bath). After 30 min guaiacol (116 mg, 

0.94 rnmol) dissolved in methanol (1 ml) and water (1 ml), was added. 

There \vas an immediate reaction which (during 90 min) deposited a dark 

orange mass (140 mg crystals). The supernatant uvm raising the pH to 

5.5 turned purple which precipitated more orange material on acidifi-

cation (same i.r. spectrum as the dark-orange mass before). From the 

combined orange masses, 4-hydroxy-3-methoxy-4'-nitroazobenzene was 

crystallized (MeOH), m. p. 170. 5-173° (125-135°, Colombano and 

Leonardi, 1908) (Found: M+ 273; C, 57.4; H, 4.2; N, 15.3. Cale. 

for c13tt11N304 : M 273; 

Table 2.9. 

C, 57.1; H, 4.1; N, 15.4%.): v (KBr) see max 

ii. 3,4-Dimethoxy-4'-nitroazobenzene 

4-Hydroxy-3-methoxy-4'-nitroazobenzene (83 mg, 0.3 mmol), suspended 

in ether, was methylated with diazomethane, generated (Aldrich, 1970) 

from N-methyl-N-nitro-p-toluenesulphonamide (Diazald @ ) , (848 mg, 4 

mmol) in an Aldrich diazomethane kit. After 30 h, the ether was full of 

crystals. Filtration yielded 3,4-dimethoxy-4'-nitroazobenzene, m.p. 

157. 5-160° (158°, Kokkinos and Wizinger, 1971) (Found: 
+ 

m/e287(M). 
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Cale. for C II N O • ~.1 287.) ·. 14 B 3 4. 1 - v (KBr) see Table 2.9. max 

A-F 1c. p-llih,obe11zenccl1:a;;oniwn chloride coupling to sdm 

i. p-:Jitrc·niline (138 mg, 1 rmnol) was diazotized according to Sch\valbe 

(1905) in hydrochloric acid (6 ml, SM) with sodium nitrite (75 mg, 1.1 

mmol). To this Schwalbe solution was added sdm.c6u6 (54 mg, 0.1 mmol) 

in methanol (5 ml). After several hours there was a strong smell of 

ni trobenzene (San<lmeyer reaction) and bub bl es of nitrogen. Next day 

there was a red amorphous precipitate, giving crystals (3 mg) (CHC1 3) 

whose mass spectrum showed well defined peaks at m/e 578 and 576 (M+-18), 

+ and a weak one at m/e 594 (M ). 10-(4-Nitrophcnyl)sporidesmin, c24H23-

ii. 'The above experiment (i) was repeated but the sdm was added in 

acetone solution. TI1e mixture darkened slowly and dark red flocks 

precipitated. This experiment was no improvement on the one above. 

The filtrate was a dark colour whose extract (EtOAc) showed a 

leading purple spot on t.l.c. (CHC1 3). The mass spectrum of the leading 

zone from chromatography (CHC1 3-c61--16 1:4) showed small peaks at m/e 295 

and 293 and major pea.ks at m/e 256 and 254. These were not the kind of 

products desired so the experiment was abandoned. 

iii. Experiment (i) above was repeated but with the sdm dissolved in 

ethanol. 
0 The precipitate (72 mg, after 4 d, 5) was chroma.tographed. 

In none of the fractions was there any suggestion (i. r.) of a sdm 

derivative. A deep violet fraction (3.2 mg, 8 µmol) was obtained, which 

yielded crystals of 5-chloro-2-hydroxy-6, 7-dimethoxy-1-methyl-4 '-nitl•o-

o 
indole-3-azobenzene from CHC1 3-Me0H, rn.p. 246-247.5 (Found: m/e 

390.073 (M+); c 17H15 35 ClN4o5 requires M 390.073): vmax (KBr) see Table 

2. 9; and (nuj ol) 3400wbr (OH), 1660m (CO) 1600s cm - i. 
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A control experiment consisting of tl1e above reagents and ethanol 

but no .c;clm produced bubbles of nitrogen for c. 1 h. TI1e reaction with 

sclm conti_nued producing bubbles till the point of filtration. 

iv. In nnother repec1t of experiment (i) above, the pH was raised to 

above 7 with drops of sodium hydroxide solution (10M). TI1ere was no 

violent evolution of gas. The solution was extracted (CHC1 3) then 

acidified and re-extracted. In the chromatographed products there was 

no sign (i.r.) of any sdm derivatives only a trace of the above, 5-

chloro-2-hydroxy-6,7-dimethoxy-1-rnethyl-4'-nitroindole-3-azobenzene, in 

the c~tract of the acidified raffinate. 

A-F2. 2,4-Dinitroaniline 

A-F2I. Diazotization in cone. hydrochloric acid 

A- F 2 Ia . Coupling to v eratl0 0 le 

i. 2,4-Dinitroaniline (366 mg, 2 mmol) and sodium nitrite (151 mg, 

2.2 mmol) were ground together. Cone. hydrochloric acid (18.5°) was 

added and the mixture stirred (2 h). A pressure developed in the flask 

(the stopper blew off). When veratrole (255 µt, 2 mmol) was added an 

orange solution and a 'red tar' (157 mg) resulted. When the orange 

solution (filtered) was poured into water (100 ml) there was no precipi-

tation. Continued extraction (CHC1 3 then EtOEt) leached out only a 

yellow material. When resorcinol was added to the raffinate, there was 

a copious red precipitate which showed that all the diazonium chloride 

had not reacted in the precipitation of the 'red tar'. 

Recrystallization of the 'red tar' yielded dark red woolly crystals 

(16.4 mg) and a mother liquor smelling strongly of veratrole which was 

0 evaporated (70 0.5 mmllg). T.l.c. of the crystals showed an orange spot 

with the same RF as 2-chloro-3' ,4'-dimethoxy-4-nitroazobenzene and a 
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rurp] c .spot (Roranrrc 0. 26) while the motl1c1· liquor shm-:cd the same spots 
"' 

in rcvcr.sccl intcn'.,i ti.es. 

Chromatography (CIICJ. 3-c6 116 1 :4) of the 'red tar' produced deep red 

or:ingc crysto.ls (54 mg) and two <lark purple bands (5 mg ea.). TI1e 

crystc1ls \•:ere 2-cltloro-4,5-dimetlzox>J-2' ,4'-dinitroa?.obenzene from acetonc­

methancl, rn.p. 222-224° (Found: m/e 368, 366 (ls/): C, 46. ~i,; H, 3.1; 

N, 15.l. 

C, 45.9; H, 3.0; v (KBr) see Table 2.9: max 

8.77, 1 H, d, J 2 Hz, H-3'; 8.48, 1 H, d<l, J 10 and 2 Hz, H-5'; 7.88, 

1 H, cl, J 10 Hz, H-r)•; 7.33, 1 H, s, H-6; 7.03, 1 H, s, H-3; 3.96, 3 

H, s, OCH3; 3.87, 3 H, s, 0CH3 : m/e 199, m* 108.3 (366 ->199 (C8H8-

ClN2o2) + 1G7). 

ii. The above synthesis (i) was repeated but tl1c veratrole was added 

in acetic acid (1 ml) <lropwise. Reaction took place immediately but, 

even after adding more (2.5 ml) acetic acid there were still unreacted 

crystals of the diazonium chloride. There was no appearance of the· 

'red tc1r' (i). The reaction mixture was poured (after 30 min) into 

water (100 ml) but this did not result in the pi·ecipi tat ion of any azo-­

compound. 

iii. Discharging the excess nitrous acid 1.J·ith urea 

2,4-Dinitroaniline (367 mg, 2 mmol) and sodium nitrite (145 mg, 

2.1 rnmol) were diazotized (ice bath) in cone. hydrochloric acid (4 ml) 

and acetic acid (3 ml). As much as 1 g of urea was needed. There 

was an immediate reaction upon addition of veratrole (255 µt, 2 mmol in 

1 ml AcOH). 

TI1e very dark brown extract (C!IC1 3) (547 mg) yielded (at so0 , O.S 

mrnIIg) a pale yellow ~il (136 mg) giving yellow crystals of 2-chloro-3' ,-

4' -dimethoxy-4-nitrobiphcmyl from acetone, m.p. 126.5-:-127° (Found: m/e 
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+ 
7.0 3 (M ): C, S6.9; H, 4.0; 

c, 57.3; 11, 4.1; 

N, 4. 6. 

\) 
max (KGr) sec Table 2.9: cS (CDC1 3) 8.36, 

1 H, cl, J 2.5 Hz, 11-3,· 8 18 1 H dd J 8 a11' 2 5 1-Iz H 5 •' , , ·U • '-; 7.53, l H, 

cl, J 8 Hz, 11-6; 7.02, ~~ H, s, H-2', -5', -6'; 3.93, 6 H, s, 2OCH,,. 
::, 

iv. \\11cn the diazotizc.tion under (i) was carried out in cone. hydro-­

chloric acid (4 ml, 2 h) and then acetic acid (4 ml) added, diazonium 

chloride crystals still (1 h) remained. Veratrole (255 µ£) in acetic 

acid (750 µt) was added. TI1e mixture was poured (next day) into water 

(100 ml) and extracted (CHC1 3) (394 mg). TI1is residue when heated 

(80°) ,,·n (0 4 ' f ,., vac:.w . mml!gJ or several days lost weight (166 mg, perhaps 

vcratrole). Repeated extraction (0.2M NaOH) of the residue (in CHC1 3) 

gave a chloroform solution (176 mg). 

0 Sublimation (0.04 mml-Ig, 200) of the chloroform extract (40 mg) 

0 gave a mixture (8 mg) (m.p. 120-126, AcMe-MeOH) of 2-chloro-3' ,4'-

+ 
dimetho).-y-4-nitrobiphenyl (i.r.) ([n/e 295 and 293 (M )) and 2,2'-dichloro-

4' ,5'-dimethoxy-4-nitrobiphenyl (m/e 331, 329 and 327 (M+)) and an orange 

zone (9 mg) which was not 2-chloro-3 1 ,4' -dimetho).-y-4-nitroazobenzene 

(i.r.). 

A-F2Ib. Synthesis of 2-chloro-3', 4' -dimethoxy-4--nitroazobenzene 

i. 2-Chloro-4'-hydJ:,oxy-3'-methoxy-4-nitroazobenzene from guaiacoZ 

2,4-Dinitroanilinc (365 mg, 2 mmol) and sodium nitrite (151 mg, 

2.2 mmol) were ground together. Cold cone. hydrochloric acid (4 ml) 

and acetic acid (3 ml) were added and urea (c. 1 g, after 1 h) was added 

till there was no further evolution of carbon dioxide and no smell of 

nitrogen dioxide. 111en guaiacol (24-7 mg, 2 mmDl) in acetic acid (1 ml) 

was added and the reaction mixture left (overnight, at 5°). The red 

precipitate (500 mg) was filtered off and fine red needles of 2-chloro-

4' -hydJ:,oxy-3i-metho:r:y--4-nitroazobenzene were obtained from methanol, m.p. 
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1S0.5--152° (Found: m/ eo .309 ;i.nd .307 (M ) : C, 50.5; II, 3.4; Cl, 11.8; 

N, 13.2. 

C, 50.8; H, 3.3; CI, 11.5; N, 13.7%): v (Kllr) see Table 2.9: max 6 

(CDCl_) 8.~:1, 1 II, cl, J 2 Hz, H-3; 8.20, 1 H, dd, J 8.5 and 2 I-lz, H-S; 

7.8--7.5, 3 II, 6, II-2', -5', -6'; 7.07, 1 H, d, J 8.S Hz, H-6; 6.17, 

1 H, s, Oii; 4.00, 3 H, s, OCJJ3 . 

ii. J.Jethylation of 2-chlm;o-4 '-hydroxy-3; -methoxiJ-4-nitroazobenzene 

2-Chloro-4'-hydroxy-3'-methoxy-4-nitroazobenzcne (104 mg, 0.34 mmol) 

was methylated in the same way as under (A-Flbii) above. The mixture 

after evaporating the solvent (EtOEt and MeOH) was dissolved (AcMe) and 

crystals of 2-chloro-3' ,4'-dimetho~--y-4-nitroazobenzene obtained, m.p. 

1S7-1S8° (Found: m/e 323 and 321 (f.t): C, 52.1; H, 3.9; Cl, 11.2; 

N, 12.9. 

C, 52.3; H, 3.8; Cl, 11.0, N, 13.1%): v (KBr) see Table 2.9: max 6 

(CDCl) 8.39, 1 H, d, J 2 Hz, H-3; 8.16, 1 H, dcl, J 8.S and 2 Hz, H-5; 

7.8-7.5, 3 H, rn, 5, H-2', -5', -6'; 7.02, 1 II, d, J 8.5 Hz, H-6; 4.00 

A-F2Ic. Coup Zing to sdm 

i. 2,4-Dini 1:roaniline (185 mg, 1 mmol) and sodium nitrite (74 mg, 

1.07 mmol) were ground together. Cold (ice bath) cone. hydrochloric 

acid (4 ml) was added and stirred (2 h). All the dinitroaniline dis-

solved to give a slightly yellow suspension of fine needles of the 

diazonium chloride. The whole was diluted (to 10 ml) with cone. hydro-

chloric acid. To an aliquot (1.2 ml) of this suspension, sdm.C6H6 

(5.$ mg, 0.1 mmol) in acetone (3 ml) was added. The mixture (after 15 

min) was evaporated under reduced pressure (removing AcMe and excess HCl) 

and the chloroform solution of the residue washed (saturated Na!·IC03 and 

T.l.c. (Al 2o3 T, c61~) showed dinitroaniline (at the origin), sdm 
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(Rr, 0.06) a l)Ul'I)lc s1Jot (R.1,, 0.5) and a c0Jot1J',•lcss t ( 1 • R . spo qucnc nng, F 

0.6). 

ii. SyHthcsis (i) above vrns repeated and the reaction mixture left 

(5°) overnight. Purple crystals (m.p. 234.5-242.5°) were filtered 

off (9.9 mg, 24 pmo1). (The filtrate darkened while exposed to light 

and air. T.l.c. of an extract (CHC1 3) of the filtrate showed no spot 

corresponding to the crystals.) 2 1 ,5-D-ichloro-2-hyd:ro:i;y-6, 7-dimethoxy-

l-mcthyl-4'-nitroindole-3-azobenzene was obtained from chloroform-

o + methanol, m.p. 244-245 (Found: m/e 428, 426, 424.032 (M ). 

424.032 resp.): 

(CO) 1595s cm- 1 . 

v (KBr) see Table 2.9; max (nujol) 3400wbr (OH) 1665m 

iii. 0 Synthesis (ii) was repeated and the reaction mixture left (5, 2½ 

d) but the yield (11 µmol) was poor. 

iv. Acetone and cone. hydrochloric acid on mixing turned pale yellow 

(1 h), then yellow (overnight), and finally to a deep orange with the 

smell of mesityl oxide (Schmidt, 1932). 

was dissolved in chloroform. 

To avoid this side reaction sclm 

'The above synthesis (ii) was repeated with 2,4-dinitroaniline (37 

mg, 0.2 w~ol), sodium nitrite (14.8 mg, 0.21 mmol) in cold cone. hydro­

chloric acid and sdm.C6H6 (108 mg, 0.2 mmol) in chloroform (2.5 ml). 

With vigorous shaking the chloroform phase turned pale purple but did 

not increase in colour density with time (t.l.c.). 

purple compound was recovered. 

v. Sdm dissolved in cone. hyd:roch~oric acid 

Only a trace of the 

2,4-Dinitroaniline (10.4 mg, 57 µmol) was ground together with 

sodium nitrite (only 1 mg because of 'self-diazotization' effect) and 

cold cone. hydrochloric acid (0.5 ml) added (ice bath). 
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(26.7 P-:J, -18 prnol) in cone. hydrochloric acid (1 ml) (turned green 

slowly) was added to the <liazonium suspension. Tirn reaction produced 

a grey-br01-m suspension which was extracted (ClfCl 3). 

showed the extract to be.mainly sdm. 

The i.r. spectrum 

vi. 'l11e above experiment (v) was repe:itecl using double the quanti tics. 

Upon the addition of the sdm there was no immediate reaction but the 
. 0 

mixture turned brownish (1 h) and purplish brown (20 h, 5 ) . T. l.c. 

of the extract (CHCl 3) (40 mg) showe,: a black spot at the origin and a 

faint pink purplish spot. Chromatography (C6H6) yielded several spots 

(t .1. C.) 1. sulphur (t.l.c. and i.r. spectrum) (3 mg) = to all 

the sulphur in the sdm. 

2. a quenching spot (colourless) (4.6 mg) 

3. a slower quenching spot (colourless) (0.8 mg) 

4. a purple and quenching spot (0.5 mg) 

5. a yellow spot (1.1 mg). 

A-F2Id. Reaction with potassium iodide 

2,4-Dinitroaniline (368 mg, 2 mmol) was diazotized with sodium 

nitrite (147 mg, 2.1 mmol) in cone. hydrochloric acid. After Hodgson 

and Walker (1933), this suspension was added to potassium iodide (420 

mg, 2.5 mmol) solution (400 µ£ H20). The extract (CHC1 3) was washed 

(aq. Na2s2o3, aq. NaHC03, H20) and the residue (408 mg, 72%) sublimed 

(80°, o. 3 mrnlfg). 2-Chloro-1-iodo-4-nitrobenzene was obtained from 

methanol, m.p. 96-98.5° (99°, Wallagh and Wibaut, 1936). Mass 

spectrum m/e 285 and 283 (M+) 269, 267, 255, 253, 239, 237, 226, 224, 

128, 127, 126, 112, 110, 88, 86, 84, 82, 80, 75. 

IN02 and CH 35ClINO: M 285 and 283 resp. 
6 3 2 
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A-F2Il:L. Coup7,Jng to gua?'.aco'l 

i. 2,'1-Dinitroaniline (367 mg, 2 mmol) was dissolved in acetic acid 

(2 ml) with warming but it crystallized immediately on cooling (ice 

b0.th). Sodium nitrite (152 mg, 2. 2 1mnol) ,-Jas dissolved in cone. 

sulphuric acid (1 ml, 70°), cooled (ice bath) and added to the acetic 

acid suspension (af·ter Hodgson and Walker, 1935; Guns tone and Tucker, 

1952). There was darkening, leading to a brown suspension, containing 

dendritic plates. 

Guaiacol (247 mg, 2 mmol), dissolved in acetic acid (1.5 ml), was 

added and it immediately reacted to give a deep red. Crystals appeared 

around the neck of the flask, hence an attempt was made to concentrate 

by cvapora.ting the acetic acid under reduced pressure. This served only 

to ecl1ance the destructive (dehydrating) action of the sulphuric acid and 

led to the production of tar (which appeared when poured into 70 ml H20). 

ii. Diazo·tization according to Saunders (1949a) 

Sodium nitrit~ (148 mg, 2.1 mmol) was dissolved in cone. sulphuric 

0 acid (1 ml, 70 ). Finely ground 2,4-dinitroaniline (365 mg, 2 mmol) 

was added (dry) to the above solution (30---35°) to produce acicular 

crystals in a brown matrix. After Haginiwa, et al. (1958), guaiacol 

(249 mg, 2 mmol) in acetic acid (2.5 ml) was added to the above suspen-

sion (ice bath). 

ml) and filtered. 

The reaction mixture was poured into ice water (100 

T .1. c. (polyamide with MeOH) shO\ved the tarry 

precipitate to be a mixture of a red, brown, and 2 yellow spots of com­

parable intensity (360 nm) while the filtrate (CHC1 3 extract) showed 

another grey spot as well. The experiment was discarded. 
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A-F21Tfo. Coupl?'.nu -to vcraLrole 

i. 2,t1-Dinit.roc1r1il:inc (1.83 mg, 1 mmol) was ground a11J mi.xcd 11ith 

orthopho~;phoric acid ('1 ml): it 111as not completely soluble. Sodium 

1% 

ni tri tc (79. S 1:1g, 1. 15 rnmol) w1.s groun<l. and a<lded dry to the suspension 

(ice bath). Veratrolc (128 µ1, 1 rnmol) (after 1 h) in orthophosphoric 

acid (1 ml) was added, resulting in an in~e<liate reaction to give a deep 

reel, \,'hjch was extracted (CHC1 3 , after 15 min, 24 mg, after evaporation 

of volatile material). Sublimation (gradient) of the crystalline 

i·csi<luc y:.clde<l two substances: a. dark red crystals (proximal) and 

b. yellow crystals (distal to heat source). 

ii. Experiment (i) was repeated: the reaction mixture (after 15 min) 

shm.;cd no unreacted -veratrole (by adding a drop of the reaction mixture 

to water). Residual veratrole, from the pipette used to transfer it in 

acid solution to the reaction mixture, appeared as droplets when diluted 

with water. The reaction mixture was poured into ice water and extract-

eel (CHC1 3) yielding crystals (26 mg) after any traces of veratrole had 

evaporated. Sublirnation (gradient) yielded the same pair of substances 

as under (i) above. 

a. Dark red crystals of 3' ,4'-dunethoxzJ-2,4-dinitroa;wbenzene, m.p. 

152-152. 5° (135°, llaginiwa, et al., 1958), were obtained (Found: m/e 

+ 
332. 077 (M ) . v (KBr) see Table 2.9. 

max 

b. Yellmv crystals of 3' ,4'-dimcthoxy-2,4-dinitrobiphcnyl, m.p. 177-

178°, were obtained (Found: 
+ m/e 304 (M ) . 

A-F2Illb. Synthesis of 3', 4' -d1:metho:x;y-2, 4-dinitroazoben.zene 

1 . Synthesis of 4' -hydroxy-3' -methoxy-2,4-dinitroazoben;::,ene 

2 ,4-Di.~1i troaniline (368 mg, 2 mrnol) was ground an<l m:i.xod (with 

warming) with orthophosphoric acid (8 ml). Sodium nitrite (166 mg, 

2. 4 mr.1ol) was ground and added <lry to the suspcns:i Oll of dini troanil inc :i.n 



197 

A--F2JIIbi cont'd 

phosphoric ac:icJ (ice bath). A solution of guaiacol (252.8 mg, 2 mmol) 

i11 orthopLosphoric ocid (5 ml) was aduecl (<lropwise) (after 50 min). 

U1)on :r)Ouring into ice-water (after 40 min) an amorphous solid floated. 

This wa:, dis sol vcd (CIIC1 3) and filtered to yield a residue (530 mg). 

Cryst~:ls (34,1 mg, AcMe-~-lcOH), m.p. 174.5--176.5° (sublimed) of 4'-hy-

d1'0:cy-3'--rnetlw:cy--2,4-dinitl'oazoben:~ene were obtained (Found: m/e 318 

+ 
(N ) ; C, 49.3; H, 3. 1; N, 17.3. c13H10N4o6 requires M 318; C, 

49.1; II, 3.2; N 17.6%): \) , 
max (KBr) see Table 2.9: 0 (CD3COCD3) 8.85, 

1 11, d, ,T 2 Hz, H-3; 8.63, 1 I-I, dd, J 9 and 2 Hz, H-5; 7.94, 1 H, d, 

9 Hz, H-6; 7.63, 1 H, dd, J 9 and 2 Hz, H-6'; 7.45, 1 H, d, J 2 Hz, 

H-2'; 7.03, 1 H, d, J 9 Hz, H-5'; 3.91, 3 H, s, OCH3; 2.98, 1 H, s, 

OH. 

J 

ii. Methylation of 4'-hydro;;,-y-3'-methoxy-2,4-dinitroazobenzene 

4'-Hydroxy-3'-methoxy-2,4-dinitroazobenzene (19.6 mg, 60 pmol) was 

evaporated to a film (from AcMe) and dissolved in ether (some crystal-

lizcd out). It was methylated in the same way as under (A-Fibii) above. 

Because of the formation of crystals the ethereal solution of diazo­

mcthane was poured off, the crystals redissolved in acetone and evaporated 

to a film, and the ethereal solution of diazomethane returned. The 

orange solution (AcMe) turned dark blue from alkali in the glass. This 

pH was corrected with some HCl vapour from cone. hydrochloric acid and a 

film again formed. After sublimation and chromatography, red crystals 

(AcMe-EtOEt) of 3' ,4'-dimethoxy-2,4-dinitroazobenzene (11.8 mg), m.p. 

151-152°, were obtained. \J (KBr) 3100m, 2840w (OMe, \J ) , 1590s (Ph max s 

conjugated with N=N), 1530vs (N02, Vas)' 1505s (Ph), 1460m (Ph) 1340vs 

(N02, vs)' 1270vvs (Ph, 1,2,4-subst., in-plane bending, intensified by 

N02), 1245s (OMe, 6as)' 1020m (OMe, os)' 860m (C-N stret.), 835m (Ph, 

adjacent aromatic Hs), 620 (N02 , CNO bending) cm- 1 (Nakanishi, 1964). 
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A-F21 IIc. Coup llng to spor·idcsmin 

2,4--Dinitroaniline (18. 2 mg, 0.1 11unol) was diazotizcd as above in 

orthorho:;p]10ric acid to which sdm.C6l!6 (5S mg, 0.1 mmol) in orthophos-

phoric 2cid (400 µ£) was added. 111e pale green sdm solution in acid 

turned a deeper green. Upon extraction (CHCl 3) the sdm ,vas -almost 

quontitativcly recovered (S7.6 mg crude). 

A-F2 IV. Dim,wtization in saturated tr-Ichlo1~oacetic acid (tea) 

A-F2IVa. Couplirzg to vera·frole 

2,4-Dinitroaniline (184 mg, 1 mmol) was ground and dissolved in 

saturated tea (4 ml), with warming but the solution crystallized on 

cooling (ice bath). Sodium nitrite (72.6 mg, 1.05 rnmol) was ground and 

acl<led dry. Saturated tea was far less viscous than orthophosphorie 

• l acJ.a. Veratrole (128 mg, 1 mmol), dissolved in saturated tea (freely 

soluble), was added (after 15 min), yielding a dark red-brown colour 

immediately. After 15 min the washed (Na2co3) extract (CHC1 3) yielded 

109 n:g which was chromatographed. Red crystals of 3 1 ,4'-dimethoxy-2,4-

0 
dinitroazobenzene (78 mg, 0.23 mmol), m.p. 150---151, rn.m.p. 150-151.5 , 

were obtained from acetone-ether. 

A-F2IVb. Coupling to anhydrodethiosporidesmin (adsdm) 

2,4-Dinitroaniline (18.2 mg, 0.1 rnmol) was dissolved in saturated 

tea (400 µQ.) and sodium nitrite (8.6 mg, 0.11 mmol) was ground and added 

dry (ice bath). A few drops of a solution of adsdm (37.8 mg, 0.1 rnmol) 

in saturated tea (500 µQ.) were added without reaction. After Binks and 

Ridd (1957), sodium hydroxide (lOM) was added, dropwisc, to the solution 

of adsdm (which became insoluble and then redissolved) till alkaline 

(paper) then the diazonium salt added, giving an immediate colour 

reaction. The colour was extracted (CHC1 3) giving crystals (23.4 mg, 

0.05 mmol) from methanol, m.p. 258-259°, of 5-chloro-6,7-dimet:hoxy-8-
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me-U1yl-2' ,4'--d-initropyr1°07o[2,3-b]inrlole-2-azobenzene (Pound: C, 48.S; 

I-I, 3.2; N, 17.6. 

v (KBr) sec Table 2.9; max (nuj ol) 3420wbr, 3300wbr (NH), 

1650;n, 1610s CTii- 1 : 0 (CDC:1 3) 12.4, 1 II, brs, NH, D20 exchange; 9.05, 

1 I I, d, 2 Hz, H-3'; 8.18, 1 H, dd, 9.5 and 2 Hz, H-5'; 8.03, J. H d, , 

9.5 liz, H-6'; 7.30, 1 H, s, H-4; 6.65, J. H, s, H-3; 4.27, 6 H, s' 

2 C!l30; 3.62, 3 H, NCH3 : m/e 460 and 458 
+ s, (/.1 ) . 

A-F21Vc. Coup Ung to sporidesmin 

2,4-Dinitroaniline (18.6 mg, 0.1 mmol) was ground and dissolved in 

saturated tea (400 µ,Q,). Sodium nitrite (7 .1 mg, 0.105 mmol) was ground 

and added dry (ice bath). Sdm.C6H6 (54.6 mg, 0.1 mmol) in saturated 

tea (sdrn turned green as quickly as in H3PO4) was added (after 2 h): a 

dark purple colour slowly developed, ~1ich was extracted (CHC1 3 ). 

Crystals (3.6 mg, 8 µmol) of 5-chloro-2-hydroxy-6,7-dimethoxy-l-methyl-

2' ,4'-d-tnitroindole-3-azobenzene appeared, m.p. 277.5--280.5°, in the 

residue; methanol separated the matrix from the crystals (Found: m/e 

V (KBr) 1680 cm- 1 
max 

and Table 2.9, and (nujol) 3400wbr, 1710m, 1620s, 1590s cm- 1 • 

B. The hydrogen-bonding experiments for Chapters 4 and 5. 

B-Al. The carbon tetrachloride (Analar) used in the subsequent experi­

ments was examined in 50 mm Hellma Infrasil cells b'etween 4000 

and 24 0 0 cm - 1 . The instrument was set out of 'balance'. See Fig. 

IRS. 1. Between 3800 and 3550 cm- 1 a further reading was made by 

inserting the reference cell in the sample beam and the sample cell in 

the reference beam ('cells reversed'). 

For each of 'the subsequent observations (in Hellma Infrasil 

cells) the instru~ent was cor~ectly 'balanced' ~hd the pos{tion of the 



B--/\1, cont' cl 

2850 cm- 1 p2ak for polystyrene recorJcd. 

B-J\2. In 10, 20, 30 and 50 mm ceJls, 5.5 mM methanol (Analar) in 

carbo,1 tetrachlori<le was examined. For the spectra of this 

solution in the 50 and 20 ~n cells see Figs 5.3A and 5.3B (resp.). 

13-/\3. In a 10 lllJTI eel 1 8 mM methanol in carbon tetrachloric1c was 

exarnined. See Fig. IRS.2. 

B-B. Sp01~idcsmin (1.1) 

B-Bl. Unsolvated sdm (A-A) (6.2 mg) was ground and dissolved (CC1 4 , 

6.5 ml) with warming (45°). - This solution (c. 2 nM) after 

standing, was filtered a11d recorded in a 50 mm cell, see Fig. rn.4.12 

or IR5.4. 

200 

B-B2. A saturated solution (5 ml CC1 2=CC1 2 with warming) of unsolvated 

sdm (10 mg, <2 mM) was examined in a 10 mm cell, see Fig, TR5.S. 

About 8 mg of the sdm dissolved. 

B-133. Unsolvated sdm (2.4 mg) was dissolved in chloroform--carbon 

tetrachloride (85 µ,Q, 1: 1) and made up to 850 µ,Q, (CCl 4 , 6 JTu'v!). 

Spectrum (Fig. IRS. 6) was recorded for a 10 mm cell using chloroform­

carbon tetrachloride (1:19) in the reference cell. 

B-134. Sdm.C6H6 (4.4 mg) was dissolved in carbon tetrachloride (1.3 ml, 

c. 6 rnM). For the spectrum (10 mm eel 1) of this solution see 

Fig. IRS. 25. 

B-BS. The above solution (B-B4) was. treated with deuterium oxide (D20) 

was warmed (45°), see spectrum (Fig. IRS.22) of this solution, 

using carbon tetrachloride saturated with deuterium oxide for the 

reference beam. 
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13-C. Spm•1:desrdn--B (1. 15) 

13- Cl. Sdrn-R (prepared by E.P. \~1ite) (4.6 mg) was dissolved (CC1 4 , 

3 ml, 3.3 rnM) ,-,ith warming. TI1is solution was recorded (30 run 

cell, sec Fig. IRS. 7A) Gnd then diluted (to 5 ml, 2 1rJI) and reread (50 

mm cell, sec Fig. IRS. 7D). 

B-C2. The above solution was evaporated (45°, reduced pressure) to 

dryness to remove any water azeotropically, desiccated ancl 

rccord2d (3 ml). 

B-C3. Sdm-B (2.3 mg) was dissolved in carbon tetrachloride (2 ml, 

2. 5 JTu"I) and deuterium oxide added. After warming (60°, 30 min) 

the solution was recorded (50 mm cell) against carbon te'c:achlori<le 

saturated with deuterim:, oxide, see spectrum (Fig. IRS.8). 

B-C4. Sdm-B (4.6 mg) was dissolved in ether-carbon tetrachloride (1:19, 

2 ml, 5 mM), see Fig. IRS. 12 for the spectrum (20 mm cell) 

recorded again::;t ethe::'.'-caybcn tetrachloride (1:19 in reference cell). 

B-D. Sp01~idesmin-D (1. 9) 

B-D1. Sdm-D.Et0Et (A-Claiii) (5.8 mg) was dissolved in carbon tetra­

chloride (1. 1 ml, c. 10 mM) and observed in a 10 mm cell, see 

Fig. IRS. 9/\. The sdm-D dissolved immediately in the few drops of 

solvent (CC14 ) used to rinse the measuring cylinder. The same solution 

0 was evaporated (45 , reduced pressure) to remove the ether of crystal-

lization and redissolved (5 ml, c. 2 JTu\1), see Fig. IRS.913 (50 mm cell) 

for the spectrum. 

B-D2. Sdm-D.EtOEt (2.8 mg) was dissolved in acetone and evaporated 

(this process repeated) to remove the ether. Carbon tetra-

chloride (2 ml, 2 mM) was added, see Fig. IRS. 10 for the spectrum (20 nun 

cell). 
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B-03. Sdm-D.EtOEt (5.8 mg) was dissolved in carbon tetrachloride 

(950 ]Ji) and ether (50 p9,) addeJ (total volume 1 ml, c. 1.0 mM). 

111e spectrum (Fig. IR'.. l 1, 10 mm cclJ) was recorded against ether-carbon 

tetrcichloride (1:19, in the reference beam). 

B-D4. The solution from experiment B-D2 was saturated with deuterium 

oxide ,., ; th warr.1ing (S0°). The spectrum of this solution (50 mm 

cell) against c0.rbon tetrachlo::cide saturated with deuterium oxide was 

Fig. IR5.23. 

B-E. Sporidesmin-E (l. 10) 

B-El. Unsolvatcd sdm-E (A-B3iv) (6.5 mg) was grnund and washed with 

carbon tetrachloride into a measuring cylinder (6. 5 ml, c. 2 n1i¾). 

The suspension dissolved readily on warming. Some crystals appeared on 

cooling. See Fig. IR4.11 for the spectrum (50 mm cell). 

B-E2. TI1e sdm-E which was recovered from the 13C n.m.r. experiment 

(A-I\3iii) was recrystallized from ether several times (for fuTther 

13c n.m.r. analysis). This sdm-E.EtOEt (3.2 mg) was dissolved in chlorn­

form (50 µ9,) and made up to 1 ml (CC14 , c. 6 mM) and recorded (10 mm cell) 

against chloroform-carbon tetrachloride (1:19), see Fig. IR4.14. 

B-E3. A saturated solution of sdm-E.EtOEt (A-B3iii) in carbon tetra­

chloride was examined in a 50 mm cell, see Fig. IR4.13. 

B-E4. Unsolvated sdm-E (A-B3iv) (5.0 mg) was dissolved in carbon tetTa­

chloride (5 ml, c. 2 mM) with warming (45°). TI1e solution was 

saturated with deuterium oxide (45°, 30 min) and recorded (Fig. IRS.24) 

against carbon tetrachloride saturated with deuterium oxide. 

13-E5. Unsolvated sdm-E (A-B3iv) (2.9 mg) was dissolved in chloroform 

and evaporated to a film. Por the spectrum of this film (CC1 4 , 

6 mM, 10 mm cell) see Fig. IR4.15. 
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B-F. gethy i Z.--me1•captoc:eeospor-idcsm/n-1.1a:...S-acetate (1. 13) (A-CSc) 

B-F l. This compound (1. 13) (7. 1 mg) dis sol vcd freely in carbon tetra­

chloricL, (2 ml, c. 6. 3 mM) to give the spectrum, Fig. IRS. 13 

(20 r.!;;-i eel 1). 

B-G. Met\(l .11a-mercaptosecosporidesmin-3-S-acetate (1. 14a) (A-CSb) 

B-Cl. This compound (1.14a) (5.0 mg) was dissolved in carbon tetra­

chloride and evaporated dry. (50°, reduced pressure) to azeotrope 

the water of crystallization out and then redissolved (5 ml, c. 1.8 rn.M), 

sec Fig. IRS. 14A for the spectrum (SO mm cell). 

D-G2. For a stronger spectrum in the vSH region this compound (37.5 mg) 

was dissolved in chloroform (125 µ,Q,) and made up to 5 ml (CC14 , 

13.3 mM), see Fig. IRS.JtlB (50 mm cell). 

E G3. Methyl 11a-mercaptosecosporidesmin-3-S-acetate di(chZ-oroacetate) 

Compound (1. 14a) (16 mg) and chloroacetic anhydride (33 mg, 

0.19 mmol) were dissolved in pyridine (65 µ,11,). The crude film (after 

45 min) shm .. ed no VOH peaks. 

lla-mercaptosecosporidesmin-3-S-acetate di(chloroacetate) was obtained 

as a gum (Found: m/e small peaks at 703, 701, 699 (M+) and intense at 

671, 669, 667 (most intense), 665 (characteristic 3 chlorine peaks). 

Its i.r. spectrum 

as a film from acetone (Fig. IRS. 16) showed no vOH or vSH peaks. 

B-G4. Fig. IRS.21 was the spectrum (50 mm cell) of a saturated solution 

of crystals (solvated with H20) of compound (1.14a) in carbon 

tetrachloride. 

B-GS. A solution of diethylamine in chloroform-carbon tetrachloride 

(1:2.5:6.5) was examined. Even in a 1 mm cell (silica) the 

transmission was only 50% (against CJICJ. 3-cc14 2.S:6.5). 
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B-11. 3., 11a-D,Zmercaptosecospor'iclesmin (1. 11) (A-Bl) 

13-111. fig. rn.s. 19 was rccor<led (SO mm cell) for a saturated solution 

of compound (1.11). Carbon tetrachloride (S ml) was warmed 

and shaken with 11.8 mg of the compound and then filtered. 

B-H2. Compound (1.11) (11. 8 mg) was dissolved in chloroform (500 µ9-) 

and made llp to 5 ml (CC1 4) and recorded (50 mm cell) against 

chloroform-carbon tetrachloride (1:9). 

IRS.20. 

For the vSH region sec Fig. 

C. For the Experimental for crepidotine (C) see the end of Chapter 7. 



Table 7.1. Ultra-violet sr,cctra (l'.11i te, pers. ccw1;ti.) 

Crepic1otine, 

In methanol. 

In 

In 

205 nm log c 4.45 

226 

238 

332 

4.29 

4.28 

4.23 

acidified methanol. 

206 nm log c 4.45 

259 4.14 

377 4.33 

alkaline methanol. 

257 nm_log c 4.39 

352 4.13 

Benza1acetonc in methan.ol. 

209, 221, 226 and 289 nm. 

Benzalacetophenone in methanol. 

206, 218, 226 and 305 nm. 

Conjugntc<l/arom2tic 

systeri1 

A nitrogen in a different 

ring from that of the 

tautomerizing one. 

Phenyl conjugated to 

carbonyl. 

Phenyl conjugated to 

carbonyl. 
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Fig. 7.2. TI1e 1H n.m. r. spectra of crepidotinc in acetic acid (AcOH, 85°), 
dimethyl sulphoxide (dmso-d6 , 85°), dimethyl sulphoxide-chloro­
form (dmso-d6-coc1 3, 38:5, 85°), pyridine (py-d5 , 30°) and tri­
fluoroacctic acid (tfa-d, 65°). 



Compound 

Crepidotine 

Isoquinoline 

2-Quinolone 

2-Pyridone 

Table 7.2. 

Solvent 

clmso-d6 

AcOH 
tfa-d 
tfa-d 

py-d5 

dmso-d 
AcOH 6 
AcOH 
tfa-d 
tfa-d 
py-d 

5 neat 

dmso-d6 
AcOH 
AcOH 
tfa-d 
tfa-d 
py-d - s 

dmso-d 
Ac ('l--1 6 u .. 

AcOE 
tfa-d 
tfa-d 

1 H Nuclear magnetic resonance spectral data for crepidotine and model compounds 

Temp. OH/NH, Ha, Hb, He, Benzo, Phenyl, CH-CO, 

s d d m m s 

85° 11.4s, 9.36, 8.69, 7.54, {;::s=;:~~:} 6.81, 

85° - 9.47, 8.70, 7.67, 7.9 -7.4, 6.93, 
0 65 - 9.73, 8.73, 8.20, 8.05-7.5, 7.35, 

30° - 9.67, 8.67, 8.15, 7.95-7.55, 7.32, 

30° 9 97 8 80 * {7 • 95 - 7 • 7 '} 6 65 
• ' • ' 7.7 -7.3, • ' 

85° 
65° 
30° 
65° 
30° 
35° 
85° 

85° 
65° 
30° 
6.50 
30° 
85° 

ss0 

65° 
30° 
C: ,-0 
v.:. 
30° 

11.45, 

8.55, 

11.1, 

9.42, 
9.58, 
9.69, 
9.63, 
9.65, 
9.42, 
9.38, 

8.63, 
8.58, 
8.65, 
8.7 
8.4 
8.68, 
8.71, 

8.25 
8.4 
8.28, 

8.0 
7.9 

7.5, 
7.7, 

8.5 -7.4, 
8.0, 
8.0, 
7.4, 
7.2, 

7.75~7.0, 
7.8 -7.1, 
7.8 -7.1, 
8.2 -7.6, 
8.2 -7.6, 
7.6 -6.9, 

d 
6.51, 
6. 81, 
6.82, 
7.37, 
7 .42, 
6.73, 

H-3, -6, m 
6.4 -6.1, 
6.9 -6.4, 
6.95-6.4, 
7.6 -7.2, 
7.6 -7.3, 

P.;::-c:-.on H 
C 

is 2djac~~t to proton f\_,, while protons H and r~ are on either side of a nitrogen. 
;.; a .u 

s == singlet; d =-= do·.1blet; :n = multiplet. Represents extent of multiplet. 

* Resonance under phenyl envelope. 

(6). 

CH=C-CO, 

d 
7.88, 
8.00, 
8.00, 
8.70, 
8.75, 
7.70, 

H-4, -S, m 
7.6 -7.3, 
7.95-7.5, 
7. 9 - 7. 55, 
8.5 -8.0. 
8.6 -8.1. 

J. 

6. 

6. 
6.6. 
6.6. 

5.6. 
6. 1. 
6.1. 

5.6. 
6.0. 

9.5. 
9.5. 
9.5. 
9.0. 
9.0. 
9.7. 
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CREPIDOTIN[ 

This fungctl met:,bolite prescntcJ a challenge in deducing a structure. 

It c~:;,C! frcn1 a fungus. Crep-idotus sp., which was discovered (l\'hitc, pers. 

co~m.) ~rowing on a log in the local Claudelands Bush. When the fungus 

Kus discovcn:d all the_-: 1.·as available was collected. A year later, when 

the fungus was c~;cctcd to be fruiting, it was found that there was no 

log left cu~d no fungus growing at the site. Only SO mg of the \':hi te 

crystall :i ne alkaloid, crcpidotine, m. p. 242-3° was obtained. Because 

of the shortness of supply of this compound and no hope of obtaining mo:te 

of it, more or less non-degradative methods (mainly 1H n.m.r.) were 

applied to deduce its structure. 

I:-:c fol 101_•:ing properties (White, pers. comm.) were al:r·erHly known: 

molecuJ ar formula c14I\0N20, m/e 222. 0790 (lt), (calc. 222. 0793), in­

soluble in cournon organic solvents, soluble in dil. acid and unchanged 

upon hot alkaline ethanolic hydrolysis. The u.v. spectrum, in neutral 

mcthzinol, acidified methanol, and in alkaline methanol, was that of a 

highly conjugated aromatic system (Table 7.1). In the i.r. spectrum 

(Pig. 7. 1) tl1cre were no peaks between 2300 and 1750 cm- 1 • 

§ 1. Rlng-6 and Vouble. Bon~ ,ln :the. S:tJwc.:tufl.e. 

Since crepidotine was so insoluble in the usual organic solvents 

e.g. acetone or chloroform, for the 1 H n.m.r. study it was examined 

first in dimcthylsulphoxide (dmso-d6) (Fig. 7.2, Table 7.2) in which 

solvent it dissolved on heating (85°). The spectrum obtained had no 

resonances corresponding to protons in either a saturated environment 

And since there was an or an cxocyclic double bond (< cS 6.5 ppm). 
-1 

absence of peaks between 2300 and 1750 cm in the i.r. spectrum (Fig. 

1) 1 were no tri11lc bonds or allene functions. 7. _ t 1cre 
Hence the mole-

cule must be a conjugated or aromatic system which was substantiated by 



Table 7.3. The moss spcctr;il daUt for crcpidotinc (R. l lodtc:-s, 
pcrs. comm. ) 

CO; 

+ HCN; 

+ + 222 ➔ 195 + 27; 

+ 
+ J94 + 28; 

rn* 171.3. 

m* 169.5. 

143.7. 

c14HlON;,o+ ➔ c 7H51,,;0+ + C7H5N; 222+ ➔ 119+ +103; m·k 63.8. 

+ 
+ C6H5N + + 91+ C7H5NO + CO; 119 ➔ + 28; m* 69.6. 

C T + 
_13H9N2 

+ 
193 . 

+ + c12H8N 166. 

+ 140 . 



the u. ,·. ~,pcct nun ('lahJ.e 7. 1). Since the molecular formula, c14I\0N20, 

unsDtur;1t:ion indc-~x was 1J. As then~ arc no more than 8 conjugated 

dou:Jlc bonJs for 16 carbons theTe must be 2t least 3 rings (or 7 double 

TI1e 2r0Datic envelope between o 7.9 and 7.35 (Fig. 7.2) consisted 

of 6 protons, one (o 7.54) of which, by decoupling the doublet at o 8.69, 

belonged to a different system. The remaining 5 protons occurred in 

two groups (o 7.9--7.65 and 7.65-7.35) of 2 and 3 protons (resp.) which 

arrangement was reminiscent of that of a benzoyl, PhCO (Emsley, et al . ., 

1966c) e.g. in benzamide, benzohydroxamic acid, bromoacetophenone 

and bem:aldchyde (Pouchert and Campbell, 1974). TI1e i. r. spectrum 

(Fig. 7.1) showed two strong peaks, at 750 and 690 cm- 1 , attributable to 

a p11enyl group. The mass spectrwn (Table 7. 3) showed the loss of a 

+ + 222 +119 + 103; M* 

63.8) which it is suggested was phenyl cyanide. Hence the phenyl group 

was adjacent to a nitrogen atom and was not on a carbonyl group ( no loss 

of m/e 105 in the mass spectrum). 

'J.'he basic car-hon skeleton 

Because of the diversities of the 2- and 3-ring structures of the 

alkaloids set out by Raffauf (1970), it was considered necessary to look 

at every possible basic ring structure which could be applied to 

crepidotine. Compared with the ring systems in the alkaloids produced 

by higher plants the ring systems of alkaloids from fungi tend to be 

atypical. The ring systems of higher-:-plant compounds colour the thinking 

in deducing the structures of compounds derived from fungi,e.g. all the 

evidence indicated that another fungal alkaloid, lepistine, had a pyrro-

1.izidine-type structure but X-ray crystallography showed the ·ring slructure 



to he a pcrhycl:ru-2,S--mcl:hc1nn-SJJ-pyri.do['.),2 .. b]-1,4-oxazinc (C./\.. name, 

197S; Lainr,, el al._, 197S). 

20'i' 

Suicc, in the rheny1 group (shown ubovc), there arc 3 double bonds 

and 1 rinr,, there remains now a total of 7 units of double bonds and rings, 

i.e. at least 2 rings 2nd up to 5 double bonds for the c8115N2o or for this 

r0c1sord ng (each N = Cll and O i· s 11eglcctC:~rl) C H • - 10 7 (8). 

In tricyclo c10118 structures there ,wuld be 4 double bonds. For 

the 8 protons to be all downf:i.eld (n.m.r.) they must all be associated 

with the 4 double bonds. 111e only tricyclic structure which fulfils 

this requirement is the unlikely tricyclo[2,2,2,2]decatctraene. But 

the u. v. s:pectru__;,1 of this compound would not be that of a conjugated 

chromophore which the spectrwn ('fable 7 .1) of crepidotine showed. (A 

tetracyclic compound of c10H8 would have fewer (3) double bonds for the 

8 protons.) 

The fuZvalene types.-In the conjugated-double bond series where there 

<1rc two odd-nurnlK:rccl rings linked. together by a double bond (e.g. 

fulvalcne) for c10H8 there are 4 possibilities: 5-(2,4-cyclopentadien-

1-yli clene)--1, 3-cyclopcntadicne (ful valene), 7- (2-cyclopropen-1-yliclene)-

1, 3, 5-cycloheptatricnc (triaheptafulvalcne), 1-(2,4-cyclopentadien-1-

ylidenc)-2-(2-cyclopropcn-1-ylidene)cthane (the vinologue of triapenta­

fulvalene or of calicene) and 1,4-bis-(2-cyclopropen-1-yliclene)-2-butene 

(the divinologue of triafulvalcnc). TI1e properties of these fulvalencs 

(except perl1aps the vinologue of calicene, Ken<le, et al._, 1966) are 

those of the polycnes (Hess and Schaad, 1971) whose u.v. spectra would 

show absorbances at more than 3~-S2 nm (Scott, 1964). Fulvalcnc (obtain-

ed only in solution) and the 3 triafulvalenc derivatives are unstable 

(Hess and Schaad, 1971). 
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Triapenuiful valcnes are protonated in trifluoroacetic acid 

(Be.rgm:,nn, 1968) to 

but in the n.rn.r. spectrum of crepidotino in this solvent (Table 7.2) 

there was no aliphatic proton resonance. The same observation applies 

to their vinologucs, the 1-(2,4-cyclopentadien-l-ylidene)-2-(2-cyclo-

propcn-1-ylide~c)ethane. But for the triaheptafulvalene since both 

hcptafulvene and triafulvene tend to be cationic (Bergmann, 1968) there 

is no such protonation. 

On the basis of stability and u.v. spectrum (Table 7.1) it would 

sec;;] that c1 epidotine does not have basically a fulvalene type of 

structure but this cannot be stated categorically. The phenyl group 

(of crepidotine) and the two nitrogen atoms could stabilize the mole--

cule. Using Hess and Schaad's (1971) system of prediction 2 phenyl 

groups ,wuld be needed to stabilize fulvalene (c. -0. 033!3 to c. 0. 017 S 

with 2 phenyl groups), cyclopropenylidene cycloheptatriene (c. -0.040S 

to c. 0.031B with 2 phenyl groups), biscyclopropenyliclene-2-butene (c. 

-0.lOOS to c. 0.009S with 2 phenyl groups). Triafulvenes are stable 

when 2,3-disubstituted with phenyl groups (Bergmann, 1968), and in tria.­

pcntafulvalenes when the triafulvene group is 2,3-disubstituted with 

diisopropylamino-groups (Yoshida, et al.., 1975). The contribution of 

the nitrogen atoms to stability is dependent upon their positions in 

the molecule: they sometimes stabilize and other times destabilize 

(Hess, et al . ., 1975). Further, the two nitrogen atoms could effect a 

hypsochromic shift in the u.v. (e.g. 5-azaazulene with multiple absorp­

tions between 420 a11d 680 nm compared with 6-dimethylamino-5,7-diaza­

azulene with absorptions ending at c. 500 nm; Muller-Westerhoff and 



ll:1fncr, Ji;(i7). The position and effect of the nitrogen atoms as 

indic;:itcd by 1 II n.rn.r. \·1ill be discussed later. 

Fusee.? b1:euc to systems. -n1eoretical ly, for the bicyc1odecapentaencs, 

C10rr8 , tho·c are 9 structures of the form bicyclo[x, y, z]clecapcntaene, 

l " -w lCTC x > y -;- z. and where x + y + z = 8. (A spiro-~ondition would 

demand an al lene grolip or a methylene and a triple bond.) If all these 

t)'pcs existed, each type would be a conjugated double bond system, hence 

their protons would reso112te downficJ d (at c. o 5 or more). 

TI1e bicyc1o[7,1,0]deca-1,3,5,7,9--pentacne type of compound hu.s 

been reported only as the bicyclodecane (Moore and Ward, 1962). 

Bicyclo[7,1,0]deca-1,3,5,7,9-pentaene is a triafulvene in a cyclonona-

tetraene ring. It is referred to by Toyota and Nakajima (1973) who 

infer that it is too unstable to exist. 

Bicyclo[6,2,0]deca-2,4,6,9-tetraene readily isomerizes to trans-

9,10-dihydronaphthalene at 70° (Masamune, et al . ., 1967) so it is infer­

red that the 1,3,5,7,9--pentaene compound would be even less stable. 

Several attempts at its synthesis have failed (Elix, et al . ., 1970). 

Cyclooctatetraene has been isolated and its protons resonate at o 5.7 

(Fritz and Sellmann, 1967; Meinwald and Tsuruta, 1970), indicating its 

bck of aromaticity (Hess and Schaad, 1971). The presence of the 

unsaturated cyclobutadiene ring might help to flatten the molecule 

(Rosowsky et al . ., 1960): it would still not be aromatic. Three 9-t-

butoxybicyclo[6,2,0]deca-1,3,5,7,9-pentaenes have been synthesized 

(Schroder and Rottele, 1968) where the 6 cyclooctatetraene protons 

resonate between o 6.5 and 6.0, more olefinic than aromatic (though more 

aromatic than cyclooctatetraene o 5.7), while the one cyclobutenyl proton 

reson,lting at o 6.9 reflects a more aromatic sUcte. These compounds 

are all coloured red and are air-sensitive. 

Bicyclo-[5,2,1]-, -[4,2,2]- and -[3,3,2]-decapentaenes are all 
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(i17ith -i~Ci,2,0]- above) cthcn0-derivatives of cyclooctatetraenc (-1,3--; 

-1,4- and ··1,5- resp.) and hence they would lack planarity; their pro-

tons 1-.·(:n1ld resoncttc in the olcfinic area. Each of these compounds has 

a double bond at both ring-junctions. Some 'anti-Brcdt' compounds where 

S ~ 8 (Buci1anan, 1974) have been prepared but these have only one ring-

junction double bond. Therefo~e none of them (with two ring-junction 

double bonds) is likely to be found; each is an impossible structure 

(Prinzbach, pers. comm.): and thus none is likely to be the basic 

structure of crepidotine. (Bicyclo[S,2,l]decapentaene is the fulvene 

isomer of bicyclo[7,l,O]decapentaene, above.) Only a bicyclo[S,2,1]-

decatricnon~ has been described (Press and Shechter, 1975). The near-

est structure to bicyclo[4,2,2]decapentacnc is bicyclo[4,2,2]deca-2,4,7,9-

tctraene (Press and Shechter, 1975), which is eci1ylenic (by 1H n.m.r.) and 

st::i.blc. Again the nearest sturcture to bicyclo[3,3,2]decapentaene is 

3-phenylbicyclo[3,3,2]deca-2,6,9-triene which is also stable and ethylenic 

(Schroder, 1965). 

According to the Ring Indexes (Patterson, et al., 1960) not even the 

saturated hydrocarbon bicyclo[6,1,l]decane has been obtained. The 8-

ketone of its homologue bicyclo[5,1,l]nonane has been isolated (Gutsche 

and Smith, 1960). The hydroxypropellatriene, 7-hydroxybicyclo [ 4, 3, 1]-

deca-2,4,8-triene (Willcott, et al.~ 1971), is the nearest to bicyclo-

[4,3,l]decapentaene. From a Courtauld model there would be no room for 

the proton, H-10, in such a planar aromatic pentaene compound. These 

two types (bicyclo-[6,1,1]- and -[4,3,1]-decapentacnes) are also 'anti-

Bredt' compounds with two ring-junction double bonds. Nevertheless, 

Vogel and Roth (1964) proposed the structure bicycJ.0[4,4,l]undcca-l,3,5-

7,9-pcntaene for a c11H10 hydrocarbon i.e. a methano-bridge joining two 

ring-junction double bonds. The two methano-protons of this almost 

planar compound resonate at o -0.5, while the 8 peripheral protons 

resonate in a multiplet centred at o 7.2. This doubly 'anti-Brcdt' 
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cornpcnmd is not borderline for one double--bond ring junction (S = 9) 

but it. is sugge:;tecl it is for two (Buchanan, 1974). Though the peri-

phcral protons resonate in the aronntic region the compound exhibits 

olcf:i.nic properties. A 10n electron seemingly aromatic system has been 

iso].atcdas an 2ni 0·,n (Radlick and Rosen, 1966), bicyclo[4,3,l]dcca-2,4,6,-

8,-tctracnyl ion, showing 2 protons resonating at 6 7.06, 5 at 6.02 and 

one each at -0.45 and -0.95. The anion was unstable, rcveTting to a 

tricyclic compound in the presence of water. In 1972 Ahlberg, et al., 

protonated bicyclo[4,2,2]decatetraene and obtained the same carbon 

skeleton, bicyclo[4,3,1]dcc2.-2,4,7-trienyl, as a cation. This bishomo-

tropyliu;n ion sl10wed 6 8.03 (3-H and 4-H), 6.87 (2-H and 5-H), 6.85 (8-H) 

and 6. 62 (7-lf and 9-H) for the tropylium ring protons and o 1. 04 and 

O.OC for the methano-bridge protons. In Vogel and Roth's compound and 

in both these ions the methane-protons are strongly shielded from the 

usual methylene position (c. o 1. 25 ppm) which state would be character­

istic of H-10 in bicyclo[4,3,l]decapentaene if this impossible structure 

(Prinzbach, pers. comm.) could be formed. In crcpidotine there is no 

such strongly shielded proton. From the literature it seems that methino-

and etheno-bridged compounds in the decapentaene series arc rare. 

Bicyclo[6,1,l]decapentaene would be an analogue of cyclooctatetracne 

(therefore its protons would resonate in the olefinic region) where one 

double bond is replaced by a cyclobutadiene group. TI1ough cycloocta-

tetraene as a 'tub' is unstrained and therefore stable, fitting a cyclo­

butadiene into it would accentuate the inherent strain of the latter by 

bending opposite exo-cyclic bonds out of the plane of the ring. Cyclo-

butadiene per se is so unstable that it has been detected only as a mass 

spectrometer peak during flash vacuum pyrolysis of photo-a-pyrone 

(Herndon, 1976). (Cyclobutadiene is stable as the phenyl derivative or 

as an iron carbonyl complex.) Hence bicyclo[6,l,l]dccapentaene need 

not be considered as a basic skeleton for crcpidotine: it is unstable 
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(Prinz.L:ich, pcrs. ccirnm.). 

The aromatic hydrocarbons bicyclo[S,3,0]- and -[4,4,0]-dccapcntaene 

are \vcl J. kvY,m as aznlcnes and naphthalenes. 

Rcturnj_ng to the discussion of the 1H n.m.r., for a number (9) of 

bcnzoyl compounds (Vari:in, 1963) the aromatic multiplet is O. 8 to 1. 0 

ppm wide and the width of the trough between the groups is 0.3 to 0.5 

ppm (meastffing from furthest downfield peak of the meta- and para-reson­

onccs to tlw furthest upfield peak of the ortho--), while for crepidotine 

(Fig. 7.2) the corresponding values were 0.6 and 0.17 ppm. Where a 

phenyl. ~roup is f3 to a carbonyl of an a,S-unsaturated ketone then the 

aromatic multiplet is contracted to a single envelope of peaks (c. 0.5 

ppm wide) e.g. tl?ans-cinnamic acid (Varian, 1963), tl?ans-cinnamaldehyde, 

a-mc"t.:hylcinnamaldehyde and S-phenylcinnamaldchyde (Pouchert and Campbell, 

1974) and where the phenyl is a to the nitrogen in a hexacyclic lactam as 

in 3,5-diacety1-4-methyl-6-phenyl-2-pyrido11c and 3-acctyl-5-cyano-4,6-di­

phenyl-2-pyridone (in dmso-d6) the phenyl protons resonate in a singlet 

(at c. o 7.4, Kato, et al . ., 1975). But when the phenyl group of the 

B-phcnyl-o:,S-unsaturated ketone is adjacent to the hetero-atom in a ring 

as in flavone, 5-hydroxy-7-methoxyflavone and 5, 7-dihydroxyflavone 

(Pouchert and Campbell, 1974) the aromatic multiplet (for the phenyl 

protons) is again divided into two groups. This time the aromatic en­

velope is O. 7-0. 8 ppm wide (not as wide as for the benzoyl group, 0. 8--

1. O ppm) and the trough between the two groups c. 0. 2 ppm. For 5, 6-di-­

methyl- (o 7.9-7.3), 3,6-dimethyl- (o 7.7-7.3), 6-ethyl-5-methyl-2-

phenyl-4-pyrone (o 7.9-7.3) and 3,5,6-trimethyl-2-phenyl-4-pyridone 

(o 7.7-7.3) (Wittek, et al . ., 1973); 6-rnethyl-2-phenyl- (o 7.65-7.28) 

and 2,6-diphenyl-4-pyridone (o 7.9-7.3) (Kashima, et al . ., 1969); and 

2,3-clihydro-2,6-diphenyl-4-pyridonc (o 7.7-7.2) (Kashima, et al . ., 1970) 
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the v;i chh of the aroi!t~ltic envelope is beth·een 0. 4 and 0. 6 ppm, compa:cab::.c 

v.ith that of crcriic1otinc (0. 6 ppm). Similarly, where Ll1e phenyl is ~art 

0 ~ a -[f'n==C-CO-NH- group as in 3-acctyl-5-cyanov-4,6-diphenyl-2-pyridonc 

the phenyl protons resonate as a multiplet (o 7.45-7.90, Kato, et al.~ 

197 5) . [J,!0:i. thcr Wi ttck (1973), Kashima (1969, 1970) nor Kato (1975) 

published tlwir spectra so it is not known whether the aromatic rnul tiplet 

for these 2-phenyl-4-pyridones or 6-phenyl-2-pyridones occurred in two 

groups or not.] Since the aromatic envelope for crepidotine shmved 

sirnilaritics to that of flavones and 2-phcnyl-4-pyridones and the cle­

ments of phenyl cyanide must occur together it is suggested that 

-NH-CPh=CH-CO- t -N=CPh-CH=COH-

formed part of a ring in crepidotine. Were this nitrogen an unsaturated 

one, e.g. CH=-=N--CPh=C, and the keto-groL:p tautomerizing with the other 

nitrogen then the structure -N=CPh- could not form. This -N=CPh- has to 

form (by tautomerisrn) in order that the neutral fragment phenyl cyanide 

should result in mass spectrometry. Only two single bonds have to be 

ruptured to form phenyl cyanide from -N=CPh-, other wise two double 

bonds would have to be ruptured. The labile proton in the tautomeriz:ing 

system resonated as a very broad (iv1 30 Hz), shallow peak at o 11.45 
'2 

(dmso-d6 ; Table 7. 2). 

It is interesting to note in this context the similarity between the 

two resonances of the 2- or 6-phenyl groups on N-methylated 4- or 2-pyri-

clones. Weber (1975) published the spectra for both 1-methyl-6-phenyl-2-

pyridone and l-methyl-2-phenyl-4-pyridone showing both the phenyl ·reson­

ances as singlets (dmso-d6-o2o) at o 7.5 and 7.55 (both c. 0.3 ppm wide). 

That the oxygen of crepidotine existed as a carbonyl conjugated to 

a phenyl group was consistent with the strong peaks at 1670 and 1605 cm- 1 

in its i.r. spectrum (Fig. 7.1). The i.r. spectrum of benzalacetonc 

(nujol) shows strong peaks at 1670 and 1605 cm- 1 (White, pers. comm.), 

2-phcnyl-4ll-pyrido[l,2-a]pyrimidin-4-dne (Ring Index nomenclature) at 



H80 u:,- 1 (Mendel, 1972) and 1--rnethyl-2-phcnyl-4-pyriclone at lGSS cm- 1 

(l'.'l'l.Jcr, 1975). 
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The singlet at o 6.81 in the 1 11 n.rn.r. spectrum (drnso-d6 , Pig. 7.2, 

TabJa 7.2) was consistent with this structtrre. The following compounds, 

having the Ph-C=Cl!-C=O group in· an unsatu:::·ated ring, are reported to have 

resonances at about this position: flavone (o 6.71), 5-hydroxy-7-rnethoxy­

flavo11e (o 6. 87, dmso-d6-CDCJ. 3), 5, 7-dihydroA'Yflavone (o 6. 74, dmso-d6-

CDC1 3), u-naphthoflavone (o 6.69), B-naphthoflavone (o 6.98) (Pouchert 

ancl Car•,j_Jbcll, 1974), 5,6-dimcthyl-2-phcnyl-4-pyrone and 6-ethyl-S-methyl-

2-phcnyl-4--pyronc (o 6. 70 each, Wittek, et al., 1973) and 2,6-diphenyl-4-

pyridone (o 6. 75, Kashima, et al., 1969). 2-Quinolone and 2-pyddone 

also hcive =CH-CO- groups and the posi t:i.on.s where these protons resonate 

(in tl1e same solvents as for crcpidotinc) 2TC set out in Table 7.2. 

Matter, et al., (1969a) obtained a set of values for predicting the 

resonance of an olcfinic proton by the addition of a set of parameters 

which had been arrived at by examining (statistically) a number of model 

compounds. By applying these values to the resonance for H-3 it was 

found that the observed value was downficld by 1.13 ppm from the calcu-

lated value. This down.field difference was the same as that calculated 

by Matter, et al., (1969b) for pyrone (1.17 ppm) which was a further 

suggestion that crcpidotine had the -NH-CPh=Cll-CO- structure. 

Crcpidotine dissolved in sodium hydroxide solution and was recovered 

unchanged on acidification (White, pers. comm.). This observation was 

consistent with this 4-pyridone formula since 2- and 4-pyridones can have 

a zwitterionic structure: 0 

• 
·111at pyridones can exist as these zwitterions, enables them to form 
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salts v,ith cithc1 ac:ic'.s or alkalis (Smith, 197G). 

Retu:rning to the ori_r-,inal 1 H n.m.i·. s1Jc~c·1..··run,1 (l1n~c -7 p· 7 2) _, - ( " :, ) -a. 6 , 1 p;. . 

there h'as 21i outstanding feature in the 1 1-:l n.m.r. spectrum of a well­

dcfjnccl sharp singlet at o 9.36 and an equally sharp doublet at o 8.69, 

,J 6 I Iz. Decoupling thi:; doublet revealed the other half of the AB 

pattern to be centred ; t o 7 .54 under the phenyl mu·' 1:iplet. ('Tiwre was 

no \!CO pc;1k a,._-_ c. 17 35 cm - 1 which might have indicated an aldehyde for 

the sharp :; inglet at o 9. 36.) Since the association of the oxygen and 

one nit:·· c,1 atom has been accounted for, this 1 H n.m.r. pattern must be 

that of the resonances of the remaining hydrogens deshielded by an un-

saturated nitrogen (i.e. the other nitrogen). Protons adjacent to 

aromatic-N atoms tend to be: deshielded in comparison with those in 

benzene rings, e.g. o 8.6 in pyridine (Pouchcrt and Campbell, 1974) as 

against o 7. 23 in benzene (Simons ;,;nd Zang er, 1972). When protons are 

adj accr:.t to an azo- group i1' an .N-heteroaromatic ring they are further 

downfield than in pyridine (o 9.21, pyridazine, Varian, 1963) but with 

crepidotine in view of the reasoning above, there could not be an azo­

group, only an =N-NH- group where the adjacent protons do not resonate 

so far downfield (o 7. 63, pyrazole, Pouchert and Campbell, 1974). TI1e 

protons in some NH groups resonate at c. o 9.3 but the peak is broad, 

e.g. pyrrole (Varian Associates, 1963). But when the proton is adjacent 

to both an aromatic-Nanda ring-junction carbon, as the H-1 proton of 

isoquinoline (o 9.42, dmso-d6 , 85°) or the H-4 proton in 6-phenyl-5-aza­

azulene (o 9.40, Hafner, et aZ. 3 1970), it resonates at a o value com-

a 
parable with that for crepiclotine (o 9.36, dmso-d6 , 85 ) . 

Not only did the H-1 proton of isoquinoline resonate at a similar 

frequency to one in crepidotine but also did the H-3 proton in isoquino­

linc resonate (6 8.63, dmso-~6 , 85°, Table 7.2) at a frequency similar 



to ,inc,c~,r proton in crcpic.lotine (o 8.69, clrnso-d6 , 85°, Table 7 .2). 

('L,c u1:ficltl lialf of the AB quartet for isoqu:i.noline ,,as hidden under 
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tLc bcnzo--proton resonances.) (Pyrimidine has a very similar resonance 

pntter;1 \.'5th sharp peats at o 9.28, s, 1 Hand 8.8 d, 2 I--1 (Pouchert and 

Crn;1pbc:ll, 1974) but both nitrogens arc un:-aturated.) These similar 

reso1a:};1cc:- for both isoquinoli11c and crepidotine suggest that there was 

this stTucturc in c,'cpidotinc, 

C=CH-N=CH-CH= 

as a pyri<lo-ring. This partial structure is consistent with 

CTepidotin8 soluble in dilute acid (White, pers. com.ir1.) 

§2. The. To.tat Sbtuc;tuJLe_ 

Having suggested the immediate environruents of the phenyl group, 

the oxygen, the 2 nitrogens and the 10 hydrogens, now they arc to be 

considered in relation to the carbon skeletons discussed earlier. 

As a fulvalene derivative 

In the fulvalene series, the ring doulJle bonds of fulvalene itself 

will add tetracyanoethylene (Bergmann, 1968) hence these double bonds 

are olefinic so, were the 3-CH group replaced by a N atom, the adjacent 

protons would not resonate as far downfield (o 9.4 and 8.7) as was 

observed for crepidotine. The 2 and 3 protons of 6,6-diphenyl-1,4-di-

azafulvcnc resonate at o 8.28 (Rohr and Staab, 1965). When these 

resonflnces are compared with those of the fully aromatic compound, 

pyrazinc, whose protons resonate at o 8.64- (Pquchert and Campbell, 1974) 

the difference indicates that azafulvalencs would tend to be inter-

mediate between being fully aromatic or fully olefinic. From the work 

of Watanabe, et al . ., (1975) and Kobayashi, et al . ., (1975) it appears 

that the red 2-azacyclopenta-2,4-dicn-1-ylidene group is unstable, 

dimerizing rca<lj_ly to a pyrrole derivative. 



'f11,; tautm:cr-ic half of the molecule would h:i.ve the structure 

H 
t I 

-----~' \j ... .._l ! fJ h --·· -~ 
,-~ 

I 
I 

0 
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l<ctJcr, et al . ., (1963) synthesized 5-bcnzylidene-1,2-diphenyl-2-pyrrolin-

4-onc 1'ihich structu:ce, apart from the N-phenyl, was basically the same 

as tlic left hand tautomcT. Metler's compound was red, sensitive to 

both dilute acid and base, showed vinylic proton resonances (o 5.71 or 

(1. 27); these properties are 1,cll removed from those of crepidotine. 

Indigoti.n which is a highly coloured (indigo) fulvalene derivative, 

2,2'-diaza--3,tl:3' ,4'-dibenzo-5,S'-dihydroxyfulvalene, is stable. A 

substituted indigotin is the stable decomposition product from sporides­

min. The heterocyclic ring in indigotin is comparable with that of 

Metler's pyrrolinone above. 

5-Methoxy-2, 5-_dimethyl-2-pyrrolin-4-one and 5-hydroxy-5-methoxy­

methyl-2-mctltyl-2-pyrrolin-4-one, comparable with Metler's pyrrolinone, 

were recently synthesized (Lightner and Low, 1975) in which the proton 

a to the CO resonated at o 5.8 and the C=O stretching frequency was at 

These values are markedly different from those of crepido­

tine (o 6.81 and 1670 cm- 1). 

Among the triafulvalenes, were the 2-CH (in the cyclopropenylidene 

ring) replaced by a N then the adjacent proton would resonate further 

downfield than o 9.36 (o 10.0, 3-styryl-1-azirine, Isomura, et. al . ., 

1972). In the same ring if the phenyl group were on 3-C, it would 

help to stabilize the azirine ring· but it would not be B to a carbonyl 

group. The cyclop~·openylidcne ring (without a nitrogen) would be 

unstable unless it had two phenyl groups on it. For the cyclohepta-
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tricny] idc::n:: moiety (of trinhcptafu.lvalcnc) there could be these 

N 
B 11 

0 ::::.-···h,...==<. N 
Ph 

The nitrogens in structure B cannot tautornerize and structure 13 also has 

tl-10 al_iphatic protons. In structuie A the proton adjacent to the 

11nsaturated nitrogen, would, because of the adjacent keto-enol group, not 

be desLiddecl to o 9. 36. Were the nit1ugen adjacent to the carbonyl, so 

that this proton Hould be between an unsaturated nitrogen and an exo­

cyclic double bond, it would not resonate further <lownfield than cS 8.5 

(o 8.13 isonitrosoacetophenone, Varian, 1963). For structures C and D, 

ci1e proton adjacent to the unsaturated nitrogen would resonate c. 8 8.1 

(indazole, Pouchert and Campbell, 1974) or c. cS 8.4 (benzimidazole, 

Pouchert and Campbell, 1974) respectively. In none of the structures 

A-D would there be a proton resonating as far downficld as cS 9. 36. 

T1w vinologuc structures were suggested above: the ethane-groups 

(=CI-I-Cl!=) would have olefinic protons. And this stn1cture for a vino-

logue 
VOH yo 

N NH 

lnl Ph -+ 

xh 
+-

I N- N 
cannot be entertained because when the clements of phenyl cyanide arc 

removed (in mass spe'..:troraetry) the remainder docs not form an ion of 

m/e 119 (Table 7.3). 
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Cb the b~1'.; i .'._; of (;i) the l::i.ck of colour (h) t11c staliil ity (c) the 

sp,~ct 1't.un of crcpidobllc, :it. is cc.msidc·rcd that it is not. a llcrivat.ivc 

of C11L',~Llcnc; (ll' :it:.; isomers, a.Ll or 1•:hich arc strongly coJunrctl. 

In the lJicyclo-scr:ic.s outlined above, the t1-;o nitrogen atoms and 

th c 11hci1yl group have particular influences on their properties. 

In 2-methoxyazocine (an 8-mernberccl-hetcrocyclic tetraene) the 

proton adjacent to the unsaturated nitrogen resonates in the olofinic 

region (5 6.54, Paquette, et al.~ 1971 compared with 8 8.5 for iso-

quinoline, Simons and Zanger, 1972). Since in the fully unsaturated 

aza-ring systems larger than 7 members the protons resonate upfield 

from tl1e ,1 romatic region, it is unlikely that crepidotine is one of the 

isomers of either phenyl<liazabicyclo[7,1,0]decatctraenone or phenyldiaza-

1,x-cthcnocyclooctatrienone (x = 2,3,4 or 5). 

To co11tTilmte stability to the triafulvc,,c grcup in bicyclo[7,1,0]-

clccatetraenes the phenyl group would need to be at position 10 (i.e. on 

the triafulvene group). Were this so then a nitrogen would have to be 

at either positions 1 or 9 (i.e. to form phenyl cyanide in mass spectro­

metry) in which position the nitrogen could not tautomerize as described 

above. For the same reason the cyclopropene group cannot be an azirine. 

Crcpidotine could not be a bridged (etheno) diazacyclooctatctraene 

(i.e. a diazabicyclo-[6,2,0]-, -[5,2,1]-, -[4,2,2]- or -[3,3,2]-decapen­

taonc) bec1use the above reasoning required both rings of the bicyclo-

-
structure to be aromatic when protonated (tfa-d, Table 7.2). ·Proton-

at.ion (on a heteroatom) would produce a completely conjugated system but 

cyclooctatetraenos tend to be non-planar (Person, et al.~ 1952) and to 

have olcfinic protons except when protonated. In this concli tion f:i.ve 

of the protons o.re arorn~tic (o 8.6), three olcfinic (o 6.6 and 5.2) and 
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one stro11r,ly sh:i.clclccl (6 -0.6, Laszlo and Stang, ]971). The prc:scncc 

o{ nitrogen in isoquincl:ine dcshiclds one proton (11-1) by 1. 5 1,prn COl[]­

parccl 1,•ith 11-1 in nap'.1thctlenc (centred at cS 7 .68 ppm, Simons and Zangcr, 

.1 ~: -_7 2 .) . I f cl • • . . • an unsaturz,tc 111. trogen were in a cyclooctatctracnc ring it 

rn:i zht c1c:;hicl cl on aclj accnt proton by 2 ppm (to c. o 7. 7) so that it 

\'mild appcc•1· to be in an aromatic environment but it ,wuld take more 

<lcslticlding tkm that to account for the resonances, cS 9.36 and 8.69, 

Tccordcd for c:rcpiclotinc (Table 7.2). As indicated above, the proton 

ac3 a cent to the ni trot en in 2-mcthoxyazocine resonates at. o 6. 54 

(Paquette, ct al._, 1971), more olefinic than aromatic. 

It would appear that only the bicyc1o-[4,4,0]- ancl -[5,3,0]-dccap-

ent2encs arc stable aromatic types of compounds. 1nc former, naph-

tl1alene, is colom .. ·lC;ss with neither half io11i.c; the latter, azulcne, 

is highly coloured and dipolar (the 7-membered ring tends to be cationic 

,-;hile the 5-membered ring tends to be anionic). By contrast the other 

tJicyclodcc:c1pentaenes, where they exist, have poJ.yo1cfinic properties 

(not aromatic properties). The lattcT become aromatic only when pro-

t.onated (to be a cation) or dcprotonated (to be an anion). Crepidotine 

was aromatic (see 1 H n.m.:r.) without ionization. 

can be made for the diazabicycloclecatetracnoncs. 

As an azaazulene 

The same observation 

Given these partial structures: •-NIJ--CPh=CH--CO an<l C=CH-N=CII--CI-I= 

(or C=CII-N°= and -N==CII-CH==) the following phenylpyrroloazcpinones or 

phcnylcliazaazulenones and their tautomers were po~;sibilities: 

OH 
A 

Ph ' ,...,-: f\J- • N 
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A1~ulcncs nre strongly blue and violet coloui'cd (Gore.on, 1952). 5-Aza-

azuJcnc is also violet coloured (Ho.fner and Krcudcr, 1961) but a series 

(>J4) of 2-oxocyclohepta[b]pyrroles and 2,8-dioxocyclohepto.[b]pyrroles 

\\'ere ycl lc1,.1 or or;-1.ng0 (Nakao, et al., 1965; Sato, et al., 1973). Also 

~evcrRl (>7) 1H-cyclohepta[l,2-d:3,4-d 1 ]diimidazolos were yellow 

(CaricJlo, et al., 1974a,b). Up to 1976 pyrroloazepinones had not been 

dc::;criocd but by comparison with the above compounds it would appear that 

such co1r;p::;unds \,·ould be yellow coloun:J or strongly absorbing in the near 

u.v. Crepidotine is colourless and has no intense absorptions at more 

than 332 nm (Table 7.1). 

Structures A and B above could both show the AB pattern of crepido­

tinc (cS 8.69, d, and 7.54, d) for protons H-2 and H-3. The singlet at 

cS 6.77 could be attributecl to proton H-5 in structure A, and H-7 in B. 

Only if the azepino-N did not tautomerize (and it would, Bodor, et al., 

1970) could the proton adjacent to the N resonate at cS 9.36 (cS 9.40 in 

6-phcnyl--.S-azaazl1lcne, Hafner, et al., 1970). Hence on the whole, crep-

idotine \·:as unlikely to have a phenylpyrroloazepinone structure (or 

phenyldiazabicyclo[S,3,0]deca-1,3,5,7,9-pentaenol). 

As a naphthyridine 

The remaining bicyclo-system is the bicyclo[4,4,0]decapentaene, 

naphthalene. As discussed above the 1H n.m.r. spectrum suggests there 

are two moieties in the molecule: (a) the tautomeric system 

-NH-CPh=CH-CO- t -N=CPh-CH==COH-

as in 2-phenyl-4-pyridone and (b) the unsaturated nitrogen environment 

C-CI-l==N-CI-l==CH 

as in isoquinoline. These two moieties together form a 2-phcnyl-1,6-

or -1,7-naphthyridin-4-one. 



'i'hc 1H r1uclea1; l!la.( .. Jnel;ie resonanc.-e 1:-,, ac,.,·c1."',.---·1'l1E! 1 I-' n 111 r SJ)cc·t,-l., C)f • v l. . I • 1,. , • •. .c l!" : 

crcpidoti11c shifted downficld in acetic acid (Fig. 7.2, Table 7.2 at 

85°) and even further in trifluoroacctic ac:i.cl (tfa) (Fig. 7. 2, Table 
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7.2). rl11c extent of the downficld shift in tfa-d from tl1·1t 1· n dmso d 
C • • - 6 

(85°) (in PF::) is set out here: -

Consistent \vi th the 4-pyridonc ring becoming aromatic upon proton-­

at ion in tfa-d the resonances for the protons of the phenyl group now 

appear as ,lD almost single envelope i.e. the influence of the carbonyl 

group has been lost because the carbonyl group has become a phenolic-OH. 

The phenyl- proton rrmltiplet for 6-nitrc-2-phcnyl--4--quinolone in tfa-d 

appears os a single envelope (o 8.2-7.5, Pouchert and Campbell, 1974). 

TI1e most intense peak for the single aromatic envelope for crepidotine 

in tfa-d was at cS 7.67 while that for 6-nitro-2-phenyl-4-quinolone (tfa-

d) is at cS 7. 81. Another comparison would be with the 1H n.m.r. spectrum 

of the phenyl group in 2-phenylpyridine but this is complicated by the 

resonances for the unsymmetrically arranged pyridine protons. It 

appears that these phenyl protons resonate as a multiplet between o 7.6 

and 7. 35 (CDCl 3' Pouchert and Campbell, 1974) with the most intense peak 

at o 7.4. 

Since the shift for the phC=CH was not as great as that for the pro­

ton at cS 7. 54 (dmso-d6), it could be reasoned that the environment of 

the PhC==CH had not altered and that the observed shift was the result 

only of the 1II n.m.r. spectrum being determined in tfa. When an aromatic 

proton is ortho to an OH and a ~1cnyl group that proton is shielded (by 

c. 0.5 ppm for OH and c. -0.2 ppm for c6H5 , Laszlo and Stang, 1971). 

Jlence for the PhC=Cll proton, were there no adjacent Oil, a shift of c .. 

0.88 ppm could be co11sidcrcd to have taken place (6 tfa-d - dmso-d6 , 
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0. S8 -: Cl . .S - 0. 2 :.:: O. 88 ppm). for 2-quinolone (and 2-pyrl<lonc) the 

rcso1Fu1cc for proton H-3 shifts O. 86 ppm downficl<l in going from drnso-d,:: 

to tfa-d (6 6.51, clmso, to 7.37, tfa sec Table 7.2). In the above 

cases it is c,uggcstcd that in the strong acid, tfa, the molecules are 

proton:::tccl sn that the condition of the ring changes from that of a 

/4-pyr:i<lonc to that of a 4-hy<lroxypyridinium. 

0 HO+ HO 

OPh ◊Ph 
I 

t{~ __ ._::"::,,. 
~ 

"" (wp.,.,;.1'·1 ~----
I\J.,,.. . 

H H 
Since cyclohexa-2,4-dicnone is a tautomer of phenol (Green, 1968) 

the shift of the H-2 proton resonance in going from 6, ,_.-disubsti tuted 

cyclohcxa-2,4-dienonc to phenol would be co:r.1parable with that observ~d 

above. The H-2 proton in 6-acetoxy-6-mcthyl-2,4-cyclohexadienone 

V 

resonates at cS 6.16 (CDC1 3, Botherncr-By and Moser, 1968), that in 6-

dichlororncthyl-6-methyl-2 ,4-cyclohexadienone at o 6·. 02 (CCI 4 , Friedrich, 

1968) and 6-~~llyl-6-rnethyl-2,4-cyclohexadienone at o 5. 92 (Hansen, e-t; 

al . ., 1968) compared with phenol at cS 7.3-6.65 (Simons and Zanger, 1972, 

or cS 6.7 in hydroquinonc, Pouchert and Campbell, 1974). 

TI1is confirms the suggested structure and points t.o a 6-membered 

aromatic ring, which is capable of tautomerizing, as in 4-pyridone. 

From the above observations two structures for crcpidotine are 

proposed: 
0 

or 

Both arc consistent. with the mass spectral data (see Table 7.3), u.v. 

(sec later), and 1 H n.rn.r. (drnso-d6). Czuba and Wozniak (1975) examined 
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the 1 H n.m.r. spectra of both 1,6- and 1,7-naphthyridin-4-oncs in which 

the following shicldings Co) were observed, and the difference from 

crepidotine shown: 

Proton: H N I\ H 2 3 Total a C 
difference 

1,6-naphthyridin-4-one: 0 9.42 8.80 7.66 8.19 6.38 

Difference: 0.06 0.11 0.12 =0.29 

Crepidotine: 9.36 8.69 7.54 Ph 6.81 

Difference: 0.05 0.06 0.55 =0.66 

1,7-naphthyridin-4-one: 9.31 8.63 8.09 8.25 6.37. 

Considering only the resonances for the pyrido-protons, Ha, Hb and He 

which are the appropriate ones to compare, for Ha and Hb those for 

crepidotinc lay between those for the 1,6- and 1,7-isomers. The 

resonance for the crepidotine proton H was midway between those for the 
a 

two model isomers while that for 1b was 65% in favour of the 1,7-isomer. 

But the resonance for H for crepidotine was upfield from that of the 
C 

1,6-isomer which also was upfield from that of the 1,7-isomer so at 

this point crepidotine strongly favoured the 1,6-naphthyridine structure. 

Further, the overall difference for these three protons again strongly 

favours the 1,6-isomer. 

It is interesting to note that the sum of the 4 o values for 

crepidotine was 32.40 ppm while those for the two isomers are 32.26 and 

32.40 ppm (resp.) which tends to confirm the structure of crepidotine to 

be in the naphthyridine class. 

The 1H n.m.r. spectra in the different solvents (see Fig. 7.2) 

showed the single proton peak at o 6.81 (dmso-d6) to be taller and 

sharper than the single proton peak at o 9.36. When crepidotine was 

examined in tfa-d the hidden doublet that was at o 7.54 in dmso-d6 now 

appeared separately 'from the aromatic envelope and appeared taller and 

sharper than its corresponding downficld doublet. This observation 



Table 7.4. Ultraviolet spectra, i a (log E), of naphthalene and crepidotine (preferred structure) with those of the inter-
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mediate combinations of the latter's substituents . 
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E2 ~;~ 
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/n"phthalen~ 286 

(5.0)a 

(3.6) 
(3. 7) 
(3. 75) 
(3. 6) 
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297 (2. 5) 
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OOPh N 
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DH 
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260s (3.58) 
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290 (3.9) '/ 230 (4.5) 
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OOPh:::s · N 32s 
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,316'(4.1) 
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329 (4 .1)..,.. .,, 

... 

' ,, 
,,, 

, .. , 

' 
' 

/ , 
' ,I' / ,, ... 
~ , ... 

309 (3.81) .,.,.. '-.... ' 
332 (2.59-2.96) 314 (3.45) 

,, '\ ., I ,, ... 
.. , ' ' '\ ' 

' ' ... 
' I 

\\N ~OH ~~ ~ OH 
i oo"-.&-.. . 

(4.55) 247 (4. 7)J 

c3.9oi O Q Ph2s3 (4.11i 

r-1\~ 240 (4.4)k NN~O 
~'ff) 323 (3.98) ~Ph 

(4.06) N N, 321 (4.48) 
(4.08) , 

--------- 2-phenyl-l,8- '-
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Ph 
-+ 
+ 
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/ naphthyridine 6-phenyliso-
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OH 
. 205 

Ph;;~ 
( 4. 45) 

(4.29) 
(4.28) 
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a. Friedel and Orchin, 1951. e. Moszew, et al,., 1961. i. 
j . 
k. 

Goodwin, et al,., 1957. 
Hawes and Wibberley, 1967. 
Mason, 1975b. 

b. Silverstein and Bassler, 1968. 
c. Holloway, et al., 1968. 
d. DMS, 1966 

f. Schenker, et al., 1966. 
g. Williams, et al., 1968. 
h. Albert and Armarego, 1963. s. = shoulder. 

N 
N 
u, 
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suggested th'3.t the resonances at cS 9.73 and 8.73 (tfa-d) were broadened 

by either unresolved long-range splitting or 14N-quadrupole broadening. 

Decoupling the doublet at cS 8.69 (dmso-d6 ) caused only a deformation of 

the peak at cS 9.36, instead of a sharpening of it. Whether it was 

mutual unresolved _long-range splitting or 14N-quadrupole broadening, 

this minor observation is consistent with the suggested structure: 

=CH-N=CH-CH=. 

The ultra-violet spectra. -Scott (1964) pointed out that the introduction 

of a nitrogen atom into the ring system of naphthalene has a remarkably 

slight effect on the u.v. spectrum. In Table 7.4 is set out the u.v. 

spectra of naphthalene and crepidotine (suggested structure) with all 

the intermediate combinations of the substituents and their u.v. spectra 

where known or that of a near isomer. That for naphthalene reveals a 

fine structure (in three groups E1-, E2- and B-bands, Silverstein and 

Bassler, 1968) with many (c. 6) minor peaks between 257 and 312 nm and 

the reduction of intensity with increase in wavelength. Upon the intro-

duction of one substituent (either phenyl or hydro:>..')') much of the fine 

structure is lost but the absorptions are still in three groups and the 

intensities at longer wavelengths are greater; also there are still 

absorptions between 250 and 300 nm: similarly with the introduction of 

the two nitrogen atoms, but the effect is not so marked. Upon the 

introduction of a second group there are mostly only three absorptions, 

all of which are intense (log E: >4.35) and absent between 250 and 290 nm, 

except those for phenylnaphthol.s. When there are three groups the u.v. 

spectrum shows a peak about 240-260 nm and another group at 310-335 nm 

(all of log E: >4) with a trough between. Finally crepidotine showed, 

as well as the peak at 205 nm, absorptions at 226 and 238 separated by a 

trough from the absorption at 332 nm, all of intensity greater than 4 

(log E:). TI1e u.v. spectrum of crepidotine was therefore consistent with 
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its being a highly conjugated and aromatic system. [4~Phcnyl-2-quino­

lone has a u.v. spectrum of \max (log E) 226 (4.57), 278 (3.89), and 

331 (3.79) nm (Iwai and Hiraoka, 1963), i.e. an absorption between 250 

and 300 nm, absent in crepidotine, and the intensity at\ 331 nm 
max 

less than half of that in crepidotine.J 

The u.v. spectra of crepidotine, benzalacetophenone and benzalace-

tone all have a common feature (see Table 7 .1). (Both these compounds 

have olefinic protons.) In each of them there are two unresolved peaks 

of almost equal intensity occurring in the benzenoid region (Scott, 1964) 

between 218 and 238 nm, suggesting their extended conjugated systems, 

B-phenyl-a,S-unsaturated ketones. 

Upon the addition of acid to crepidotine the peak at 205 nm was not 

affected (Table 7.1) but those at 226 and 238 nm became degenerate batho­

chromically to 259 nm, with reduced intensity (log E c.4.14). This 

agreed with the pyridone ring or the extended conjugated system (above) 

becoming aromatic on protonation, so the molecule became like 3-phenyl-

phenol in acid (250 nm, log E 4.14, Kreiter, et al . ., 1954). Further, 

the absorption at 332 nm shifted markedly to 377 nm with increase in 

intensity (log E c. 4.33). This red shift also appeared when crepido-

tine became a pink solution in tfa-d (for 1H n.m.r.). Similarly upon 

raising the pH the peaks at 226 and 238 nm again became degenerate batho­

chromically to 257 nm with greater intensity (log E c. 4.39) and that at 

332 nm also shifted (bathochromically) to 352 nm (with almost equal 

intensity, see Table 7.1). 1-Naphthol shows similar shifts in alkali: 

233 to 247 nm and 295 to 333 nm (DMS, 1966). This suggests that for 

crcpidotine in contrast to 1,5-naphthyridin-4-onc (Bailey, et al . ., 1967) 

the keto-form (ethanol solution) did not absorb at the same w'avelength 

as the anion. (Crepidotinc was not sufficiently soluble in non polar 

sol vents to determine the absorptions of the enol form.) 



Table 7.5. vCO absorptions of tautorneric oxo-N-heteroaromatic 
compounds. 

a. a-Carbonyl compounds from Mason's (1957a) table. 

Frequency Compound Relation of Classification 
(cm- 1 ) CO to N 

1640 2-quinolone 2-oxo-1-aza } 1650 2-pyridone do. the CO a to one N. 
1653 1-isoquinolone 1-oxo-2-aza 

1658 phthalazin-1-one 1-oxo-2, 3-diaza} the CO a to a N which 
1660 cinnolin-3-one 3-oxo-1,2-diaza is adjacent to an-
1678, 1652 pyridazin-3-one do. other N. 

1690, 1642 quinozalin-2-one 2-oxo-1,4-diaza 
1692, 1650 5-hydroxy-1,4,- 1-oxo-2,5,8-

6-triazanaph- triaza the CO a to one N and 
thalene B or peri to another. 1693 1,7-naphthyridin- 1-oxo-2,8-diaza 
8-one 

1710, 16G2 pyrazin-2-one 2-oxo-1,4-diaza 

1710, 1670 4-hydroxy-1,3,5- 1-oxo-2, 4, S- } 
triazanaph- triaza the CO a to one N and 
thalene y to another. 

1716m, 1684 pyrimidin-4-one 1-oxo-2,4-diaza 

1733m, 1647 pyrimidin-2-one 2-oxo-1,3-diaza the CO a to two Ns. 

b. y-Carbonyl compounds. 

Frequency 
(cm- 1 ) 

1624 

1625 

1638 

1640 

Compound 

1,5-naphthyridin-4-one 

4-hydroxy-1,5,8-triaza­
naphthalene 

4 quinolone 

2,8-dimethyl-
2,6,8-tri.­

methyl-
2,5,6,8-tetra­

rnethyl 

1,7-naphthyr­
idin-4-one 

Relation of 
CO to N 

1-oxo-4,8-
diaza 

Reference 

Ma.son (1957a) 

1-oxo-4,5,-
8-triaza 

do. 

1-oxo-4-aza do. 

1-oxo-4, 6-
diaza 

{ 
Achrernowicz 

and 
Mlochowski 

(1973) 
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Neither 4-quinolonc, 2-methyl-4-quinolone (EtOH, Ewing and Steck, 

1946) nor 2-phenyl-4-quinolone (EtOH, Goodwin, et al., 1957) shows a 

bathochromic shift in either dilute base or acid. But both 4-hydroxy-

1,5-naphthyridine and 8-hydroxyquinoline show marked bathochromic shifts 

in aqueous acid (Bailey, et al., 1967) which shifts,they suggested,were 

associated with the 4-0H and the 5-aza (in the former compound) rather 

than the 1-aza. Comparable model compounds for crepidotine are either 

5-hydroxyisoquinoline (for a 1,7-naphthyridine-type structure) or 8-hy-

droxyisoquinoline (for a 1,6-naphthyridine-type structure). Both these 

compounds show bathochromic shifts in acid (the former 17 and 39 nm, 

Ewing and Steck, 1946; Nakanishi, et al., 1961: the latter 11 and 47 

nm, Schenker, et al., 1966) comparable with that of crepidotine (27 and 

45 nm, for the bands at 230 and 330 resp.). 

§ 3. An A,Ue.Jl_na;u,ve, .StJtu..dWLe. 

Although the i.r. absorptions at 1670vs and 1610s cm- 1 (KBr) for 

crepidotine appeared to support an -NH-CPh=CH-CO- structure, there are 

only absorptions at 1632s and 1608s cm- 1 (KBr) for 2-phenyl-4-quinolone 

(Staskun, 1966) whose structure is closely analogOus to that suggested 

for crepidotine. Crepidotine had strong absorptions at 1630 and 1610 

cm- 1 but that at 1670 cm- 1 was a great deal stronger. The frequencies 

of the vC=O absorptions of 2-pyridones (Table 7.5) are nearer that of 

crcpidotine than are those of 4-pyridones (see Table 7.5). Bajwa and 

Joullie (1972) observed that 2-quinolones absorb between 1640 and 1670 

cm- 1 while 4-quinolones do between 1620 and l6SO cm- 1 • For the 1-iso-

quinolone series the vC=O peak occurs at 1653s cm- 1 for 1-isoquinolone; 

l693s cm- 1 for 2, 8-naphthyridin-1-one (Mason, 1957a); 1700, 1675, 1660, 

1600 cm-1 for 4-quinazolinone (Pouchert, 1970); and 1710, 1670 for 4-

hy<lroxy- l, 3, 5-triazanaphthalene (Mason, 1957a.): i.e., the more nitrogens 

in the arom;itic molecule the higher the vC=O fTequency. By contrast in 
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the 4-quinolone series the 'VC=O absorbs between 1624 and 1640 cm- 1 for 

a number of compounds (Table 7.5) i.e~ there is no apparent increase in 

the 'VC=O frequency with increase in the number of nitrogens in the 

aromatic molecule. This evidence suggests that crepidotine was not a 

derivative of 4-pyridone. The presence of a phenyl group conjugated to 

the carbonyl of 4-quinolones did not change the frequency of their 

carbonyl abs~rptions either (1638 crn- 1 , 4-quinolone, Mason 1957a; 1637 

7-nitro-2-phenyl-4-quinolone; 

phenyl-4-quinolone, Pouchert, 1970). 

1639 cm- 1 , 7-fluorosulphonyl-2-

In order that the compound should be able to lose the neutral 

frag~ent, phenyl cyanide, in mass spectrometry and shou~d have a 2-pyri­

done structure, a structure comparable with 1-phenyl-3-isoquinolone is 

suggested. This type of compound 

~ NH 
Ph 

has some phenolic properties (Bentley, et al . ., 1952), has the H-4 proton 

resonating at c. o 6.8 (o 6. 79 in 2-rnethyl-3--isoquinolone, Evans, et a"l.., 

1967) and has the CO absorbing between 1650 and 1675 crn- 1 (3-isoquino­

lone, 1650 cm- 1 , Baumgarten, et aZ.., 1961; 1-benzyltetramethoxy-3-iso­

quinolone, 1663 crn- 1 , Elliott, 1972; 1-phenyl-1,4-dihydro-3-isoquino­

lone, 1670 cm- 1 , Deak, et al . ., 1973; cinnolin-3-one, 1672 crn- 1 , 

Baumgarten, et al . ., 1961). Although they have these properties, 3-iso-

quinolones tend to be unstable (2-methyl-3-isoquinolone), yellow (1-

methyl-3-isoquinolone, Evans, et aZ. .,· 1967; \nax for 1-phenyl-3-iso-

quinolone 350 (3. 76), 420 (3.34) nm, Jones, 1969) compounds. In spite 

of these vCO frequencies (1651-1672 cm- 1) being close to that of crepi­

clotinc, the 'VCO frequencies for 1,2,4--triphcnyl- and 4-benzyl-1-phenyl-
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3-isoquinolones are at 1620 cm- 1 (Deak and I-lazai, 1973; Nakazawa, et 

al.~ 1974). So it would appear, therefore, that 3-isoquinolones do 

not fall within the vCO range of 2-pyridones (Table 7.5). Further the 

phenyl group would not be S to the carbonyl in an a.,13-unsaturated ketone 

system as is suggested by the u.v. spectrum (218-238 nm) when compared 

with those of benzalacctophenone and benzalacetone (see above). 

From the shape of the phenyl envelope in the 1H n.m.r. spectra of 

4-phenylpyrimidine and 2,5-diphenyl-1,3,4-oxadiazole, phenyl derivatives 

of single heterocyclic rings, (cS 8.3-8.0 and 7.85-7.4 resp., Pouchert 

and Campbell, 1974) the phenyl group does not have to be constituted as 

a benzoyl or be S to the carbonyl in an a.,S-unsaturated ketone ring 

system 1n order to resonate in two groups. Tnough the resonances of the 

phenyl groups of these two compounds are in two groups the ortho-pro­

tons resonate (cS 8.3-8.0) much further downfield than those of crepi­

dotine (cS 7.9-7.65) and the width of the trough is greater (0.2 and 

0.35 ppm resp.) than that for crepidotine. Against this occurrence of 

phenyl resonances in two groups is the observation (before) that the 

phenyl resonances of both 3,5-diacetyl-4-methyl-6-phenyl-2-pyridone and 

3-acetyl-S-cyano-4,6-diphenyl-2-pyridone (dmso-d6) occur as singlets 

(Kato, et al.~ 1975). TI1ese structures are nearer to what crepidotine 

might be than the two former whose phenyl groups resonate in two groups. 

It is possible that the second nitrogen (the 6- or 7-aza in 1-phenyl-

2,6- or -2,7-naphthyridin-3-one) may cause a hypsochromic shift in the 

u.v. spectrum from c. 400 nm (for 3-isoquinolones) to that of crcpidotine 

at 332 nm. Tiiis shift is comparable with that observed by Muller-

Westerhoff and Hafner (1967) in the u.v. absorptions in going from 6-di­

methylamino-S-azaazulcnc to 6-dimcthylamino-5,7-diazaazulene, where there 

was a hypsochromic shift of c. 100 nm. 

B • 1 -t a., (1967 • sec above) clemonstrate<l for. hydroxyna1)hth)'-a1 cy, e,, 1,. ~ , 
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riclines that their u.v. spectra were a function of the hydroxy-group in 

one ring and the nitrogen in the other. Nakanishi, et al., (1961) 

worked with the u.v. spectra of 5-, 6-, 7- and 8-hydroxyisoquinolines 

and showed that there was significance in the position of the deepest 

trough in these compounds and their ions. For 5- and 8-hydroxyisoquin-

oline the deepest trough occurs c. 260 nm in methanol, 265-270 nm in 

acid and 275 and 290 nm (resp.) in alkali: while for 6-hydroxyisoquin­

oline they all occur at c. 270-275 nm and for 7-hydroxyisoquinoline at 

c. 295-310 nm. When crepidotine (275, 305 and 295 nm in methanol, 

acid and alkali resp.) was compared with the above values it was nearest 

to tl1at of 7-hydroxyisoquinoline. Nevertheless, the s~cctra for 7-

hydroxyisoquinoline hav:e peaks (log E 3.5 to 4.0) between 260 and 300 nm, 

which were absent for crepidotine. 

As stated above, though 1-phenyl-3-isoquinolones may have vCO . 
peaks at c. 1670 cm- 1 and their H-4 protons resonate at c. 6 6.81, 

their phenyl groups do not seem to resonate in two groups of multiplets 

neither do their u.v. spectra have marked similarities to those (neutral, 

acid, base) of crepidotine. On the other hand 2,6-naphthyridines are 

known in the plant kingdom: Harkiss (1971) discovered 4-methyl-2,6-

naphthyridine in Antirrhinum majus L. In the literature there is a 

paucity of data (u.v., i.r., n.m.r. etc.) on 3~isoquinolones and their 

derivatives, by which an exhaustive comparison could be made between 

them as model compounds and crcpidotine. 



§ 4. Co nc.lU/2io n 

In conclusion, this structure for crepidotine is proposed 

0 

...::.. N 
Ph~ 

H 

OH 

~Ph 
N 
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It is preferred because of the stability of crepidotine and because, 

apart from the vCO value, the weight of evidence above favours 2-phenyl-

1,6-naphthyridin-4-one. With this proposed structure for crepidotine 

it is difficult to see how it could be degraded to elucidate the 

structure. Given a larger supply of crepidotine the application of 

lithium aluminium hydride reduction has been suggested but crepidotine 

is insoluble in either ether or tetrahydrofuran which are the usual 

solvents for this reaction. Were such a reaction successful the 

carbonyl might be reduced to a methylene so then this 1,4-dihydropyridine 

ring might op8n during oxidation. 

13 c n.rn.r. could be investigated. 

Further with the larger supply, the 

This would have to be done in tfa-d, 

in which solvent very few other compounds for comparison have been 

examined. On the whole the final structure may have to await an X-ray 

crystallographic examination. 
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ExpeJume.m:a.l 6 alt Cha.p-tvt 7, Clte.pidotine. 

C. Spectra of crepidotine 

C-A. 1 H Nuclear magnetic resonance spectra, see Fig. 7.2 and Table 7.2. 

i. Crepidotine 

The crystalline crepidotine (supplied by E. P. White) (c. SO mg) was 

dissolved in deuterodimethylsulphoxide (dmso-d6) at 85° and filtered in 

a hot air bath. This solution was transferred to the n.m.r. tube, while 

it was still hot and the spectrum recorded at 85°. 

The same sample (of crepidotine) was recovered and redissolved in 

acetic acid (85°) then in deuterotrifluoroacetic acid (tfa-d) (65° and 

30°) for the respective spectra. Crepidotine was freely soluble in 

tfa-d. The pyridine (py-d5) spectrum was of a saturated solution (30°) 

by E.P. White (pers. comm.). 

ii . Model compounds 

In Table 7.2 is set out the 1H n.m.r. results for isoquinoline, 

2-quinolone and 2-pyridone determined in dmso-d6 (85°), acetic acid 

0 0 0 0 0 (65 and 30 ), tfa-d (65 and 30) and py-d5 (85 , except 2-pyridone). 

The spectrum for neat isoquinoline was also determined. 

C-B. Ultra-violet spectra (u.v.) 

This was determined in methanol, neutral, acidified and alkaline, 

by E. P. White (pers. comm.). 

C-C. Infra-red spectrwn (i.r.) 

This was recorded for a micropellet of potassium bromide (KBr), 

see Fig. 7. 1. 

C-D. Mass spectrum 

The mass spectrum was determined by Prof. R. Hodges, Massey 

University. 
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CHAPTER 8, CONCLUSION 

1. Derivatives of sporidesmin were produced which would complex with 

proteins. When these materials were used as antigens in animals, 

antibodies were detected in their sera. 

2. An antibody titre of 1:500 from treating sheep with the antigen, 

modified sporidesmin complexed to bovine thyroglobulin, strongly 

suggests that there is some hope of immunizing sheep against Facial Eczema. 

3. Being able to chloroacetylate sdm supplies a route for complexing 

sdm to protein (provided the chlorine atom does not hydrolyze too 

readily) without altering the disulphide bridge which is the toxic centre 

of the molecule. 

4. p-Nitrobenzene diazonium salt or derivatives of it (2-chloro- or 

2-nitro-) are too active an environment for sdm. The sdm molecule and 

even the otherwise stable anhydrodethiosdm break down in the presence 

of the salt without coupling at the aromatic hydrogen. The breakdown 

involves an unusual .elimination reaction. 

5. Though sdm-E is only a little different from sdm (i.e. an epitri­

thio-bridge instead of an epidithio-one), it is labile. Its main decompo­

sition product is sdm (plus some sulphur and sdm-G). A method of 

preparation, to obtain it as pure as possible, has been suggested. Its 

mixed melting point with sdm does not depress but the degree of contamin­

ation with sdm is indicated in the i.r. spectrum of the carbon tetra­

chloride solution. Sdm-E does not have the vOH band at 3450 cm- 1 which 

sdm has. 

6. The carbon tetrachloride solution spectra between 3650 and 3300 cm- 1 

of sdm and some derivatives serve to identify structural features in the 

molecules. Sdm-E and 3,lla-dimercaptosecosdm have similar spectra 

therefore their C-S bonds are similarly orientated. Sdm-B has only one 

hydroxy-group (lOb-OH) but two strong vOll peaks. The high frequency one 
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of these, strong in sdm, sdm-E and 3,lla-dimercaptosecosdm, is nearly 

absent in sdm-D, methyl 3-mercaptosecosdm-lla-S-acetate and methyl lla­

mercaptosecosdm-3-S-acetate, although all these compounds have the same 

hydroxy-group (l0b-OH) as sdm-B. This points to the radical change in 

the structure of the epidithiodioxopiperazine ring when the -S-S- bridge 

is opened. 

7. A suggestion is made to explain the absence of any vSH band or of 

chemical evidence for a thiol group for methyl lla-mercaptosecosdm-3-S­

acetate when the mass spectral data indicated the presence of a potential 

thiol group. The elements of the thiol group are present but they with 

an adjacent amido-group are participating in a state which is akin to 

hyperconjugation. 

8. Further information on the change in the dioxopiperazine ring (from 

opening the -S-S- bridge) was obtained from the 13 C n.m.r. spectra of 

sdm and sdm-D. The comparison of these spectra indicated the strain 

under which the dioxopiperazine ring existed in sdm. 

9. Arising out of this work, three papers have been published. Xerox 

copies of these papers are in the Appendices of this work. 

Appendix a. The production of rabbit antibodies to sporidesmin, Jonas 

and Ronaldson (1974) describes the results from using the antigen, modi­

fied sporidesmin complexed to poly-(L-lysine), whose synthesis is des­

cribed in chapter 2. 

Appendix b. Sporidesmins. XIV Modifications to the opened -S-S- bridge 

of sporidesmin for coupling to proteins by transacyZation, Ronaldson (1975) 

describes the synthesis of the antigens used in the above publication. 

Appendix c. Sporidesmins. XV 

sporidesmin and sporidesmin-D. 

The 13 C nuclear magnetic resonance of 

The evidence in -the spectra for strain 

irnposed by an epidithio bridge, Ronaldson (1976) gives the assignments of 

the peaks as described in chapter 3. 
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10. The structure of crepidotine was elucidated. Since there was only 

50 mg of this fungal product available, non-destructive methods were 

used to arrive at the structure, 2-phenyl-1,6-naphthyridin-4-one. Of 

these methods, 1H nuclear magnetic resonance spectroscopy was the most 

important. TI1is spectrum ( 1H n.m.r.) of crepidotine was compared with 

the known or expected spectra of possible isomeric structures most of 

which were unknown. Infra-red and ultra-violet spectra of compounds of 

comparable structure (where known) were also considered. A metastable 

peak in the mass spectrum indicating the formation of the neutral 

fragment, phenyl cyanide, was important in showing that there was a 

phenyl group and that the elements of phenyl cyanide occurred together. 

Confirmation of the structure deduced awaits the synthesis of crepidotine. 
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THE PRODUCT£0N OF RABBIT ANTITIODIES TO SPORIDESMJN 

w. E. JoNAS* and J. w. RONALDSONt 

INTRODUCTION 

SPOl{IDFS\U ~. the causative agent of 
facial eczema, is a low molecular we.ight 
(473) hepatotoxin prn<luced by the 
fungus l'itlto1J1yces clwrtan1m. Being a 
small molecule, it is unlikely that 
sporidcsmin would be capable, by itself, 
of inducing an antibody response in an 
animal. Howe\'er, an antibody response 
can of ten be prnducecl ai!ainst a low 
molecular weight mclccule, provided 
that the molecule. is co,·alently coupled 
to a prnlcin with a molecular weight of 
apprnxirnatcly 10 000 or greater. 

The. work reported in this paper is part 
of an in\'estigation concerning the possi­
bility of controlli1-.~ facial eczema by vac­
cination. The results presented show that 
a spcriclcsrnin-pcly-1.-lvsinc complex when 
injected into some rabbits resulted rn an 
~ntibccly response to sporidc~min. The 
snoridcsmin-poh-r.-lvsinc complex was 
n'rcnared bv breaking the disulphide 
brid;::c across tbe dioxopioerazinc rin}'! 
of spcriclesrnin, alkvlati~1g the _sulphydryl 
groups and then reactmg this comf?lcx 
with the £-amino grcups of poly-L-lysme. 

MATERIALS AND METHODS 

MATERIALS 

Crvstallinc. sporidesmin prepared as 
sncridcsmin benzene sclvatc was used as 
the scu1-cc r,[ sp:::iric.lesmin. Other sub­
stances usecl were: Poly-L-lysine hy?ro­
brcmidc. Type I. molecular ,ve1ght 
139 000: nr.-t ryptoph.111 ( Si~ma Che_rnical 
Company, St Leu is. :\To.!; kcyl:iole limpet 
kiemocyanin (Pacific l310-iv1_annc Supp~y 
Co., Venice, Calif.); bovme. album111 
powder (Armour Plw.r111~ceu~1cal Com­
pany, Illinois); rabbit album111, crystal-

•w. E. Jonas, B.V.Sc., Dip. Microbiol.. Ph.D., 
M.A.C.V.Sc., \Vallaccville Animal Research Centre. 
Research Division. \linistry of Agriculture and 
Fisheries, Private Bag, Upper Hutt. 

tJ. \V. Ronaltlson. M.Sc .. Ru;ikura Agricultural R~­
sc;irch Centre. Rc,can:h Division. Minisl1? of Agn­
culturc mid Fisheries, Pri\'alc B;ig, Hamtlton. 

lizcd (Mann Research Laboratories, 
N.Y.); scrotonin-crc.atinine-pl10sphate (5-
hydroxy - tryptaminc - creatinine - phos­
phate) (l3DH Ltd, England); 6-nitro­
vcratralclchyclc ( K & K Laboratories Inc., 
Hollywoccl); sulphamcthoxydiazine ( Bay­
rena: Dayer Pharmaceutical Companv, 
Germany); sulphadirnethoxinc ( i\1adri­
bon: Roche Products Ltd, Englanc.l); 
sulphamethoxypyridazine. (Micliccl: Park 
Davis and Company, Sydney). 5,5'­
clichlcro-6,6',7,7' - tctramcthoxy- N,N' di­
methyl indigo, 5-chloro,6,7-climethoxv N­
metlwl isatin, 5-chloro-6-hvclroxv-7-rneth­
oxy N'-methyl isatin, gliot.oxin and ber­
bcrine were obtained f1cnn Dr E. P. White 
(Ruakura Agricultural Research Centre.). 
5-chloroindole-2-carboxylic :,cicl was svn­
thesizcd bv A. Erasmuson (Victoria Uni­
versity cf Wellington). 5-chlorovanillin 
was synthesized by K. McN'atty (Wallacc­
ville Animal Research Centre). 

PREP.\lt".TIO\! OF SPORIDES;\HN COl\lPLEXES 
FOi~ L\H·Il.i1'IZATION 

Spcriclesmi;r-pnfr-L-lysine comolex: The 
method of ccunling sporidcsmin to poJv. 
L-lysine and albumins will be described 
in detail e.lscwhcre. In brief, sporiclcsmin 
was treated with scdium borolivdridc to 
open the disulphide bl"idge across the 
dioxcpiperazine ring. The sulph,,drvl 
grcuos were then a)kvlated and the 
alkvlatccl S,S'-scco sporidesmin cliace1 ic 
acid methvl ester then reactec.1 with oolv­
L-lysine. The preparation used in these 
experiments had approximatelv 28% cf 
the lvsine residues substituted with 
spcridcsmin. 

S poricles111in-poly-L-!vsine-lceyl10.Te linz pe ! 
hacmocvanin co111 plex: The method de­
scribcc!'by Jaff et rd. (1971) for coupling 
nrcstaofai1clin PGF2a to succinvlated 
bcvinc~ albumin was used for cottpling 
sporidesmin-poly-1.-lysinc to keyhole lim­
pet haemocyanin. 

PIWDUCTION OF AN:TTSER.\ 

Two rabbits received approxinntclv 
1.4 mg sporiclcsmin-pclv-1.-lysinc ( 28 ~o 
preparation) nt multiple intraclerrnal 
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sites on 3 occasions, each course of in­
ject ions being 2 weeks ap .. H't. Four rab­
bits each received app1·oximatcly 1.4 mg 
of the sporiclcsmin-poly-1.-lysinc intrn­
muscularly as abo\'c. One rabbit received 
1.6 rng of the sporidesmin-poly-L-lysinc­
kcyhole limpet hacmocyanin on 5 occa­
sions, e,1<.:h injection being 4 weeks apa1·t. 
Four rabbits were injected intramuscu­
larly with poly-1.-lysinc; 2 received 2 mg 
and 2 received 20 mg per injection for 3 
injc.ctions, each 6 weeks apart. Four 
guinea-pigs were immunized on three oc­
casions with rabbit albumin. All antigens 
were given in Freuncl's complete. ad_iu­
vant. 

PREP/\RATIO:S: OF SPOIUDES.\lIN-ALI3Ul\lIN: 
C0.\1PLEXES FOR SEROLOGY 

The sporidesmin-rabbit albumin com­
plex was prcpa1·ed as described above. 
The. dried complex was taken up in dis­
tilled water and dialysed against a 
number of changes of distilled 
water for 2 days. The dialysatc 
was centrif ugcd an·d the deposit was 
taken up in 0.15.\1 pH 7.2 phosphate 
buff er. 

A sporidcsmin-bovine albumin complex 
was prcpa1-c<l as above, but was not 
dialysed prior to use:. 

All the sooriclcsmin-complex prepara­
tions were ;ubjectcd to spectral analysis 
in a Shirnadzu QV spectrophotometer. 
Some preparations were sieved through 
columns of coarse Se.phadex G25 (Phar­
macia Ltd). 

COUPJ.TNG OF THE SPORIDES:\IIN-RABBIT 
ALBUMIN COi\1PLEX TO ERYTHROCYTES FOR 
THE INDIRECT HAE.\1AGGLUTINATION TEST 

The bis-diazotizcd bcnzidine method 
described bv Gordon et l!l. ( 1 ?58) . was 
used with slig;ht modificat10ns. fhe m~u­
bation ncriocl wns reduced from 15 mm­
utes to· 12 minutes nnd the finnl conce~:-­
tration of erythrocytes re.cluced from 1 ,o 

to 0.33%. 

ON TEST J!',;Dl!U:CT J-IAEM1\GGLUTIN/\Tl 

(IHA) 
IHA tests were done in 50 X 8 mm 

tubes with 0.2 ml volumes of each re- • 

actant. All dilutions were made in 0.15.\t 
pl-I 7.2 phosphate buffet- containing 0.5% 
of heat-inactivated normal guin,:a-pig 
serum. For the IHA inhibition tc:sts, 
0.2 ml volumes of the albumins or low 
molecular weight molecules were added 
to the antiscra at least 30 min priOJ- to 
adding the coupled cry! hrncytes. All 1 HA 
tests were, left on the bench o\'ernight 
and read the following day. 

EQUILil3RIUM DI/\L YSIS 

To 3.8 ml of the scrum under test was 
added 0.68 mg of sporidesmin benzene 
solvate suspended in 0.2 ml of saline. 
Two dialysis bags (Visking dialysis tub­
ing, boilc.d and rinsed in a number of 
changes of distilled water) containing 
2 ml of the sporidesmin-serurn mixture 
were prepared from the 4 ml volume of 
sporidesmin-serum mixture. The bags 
were rinsed, dric.d and placed in a glass­
stoppered tube with 4 ml of benzene. The 
tubes were rotated at room temperature 
for 24 h and the optical density of the 
be.nzene phase read at 300 nm. 

RESULTS 

SPORJOESMIN CO.:\lPLEXES : SPECTROSCOPIC 
ANALYSIS 

Sporidesmin-poly-L-lysine complex: The 
absorption spectra of poly-1.-lysinc or 
treated poly-L-lysines arc shown in Fig. 1. 

2.0 

.::, 1.5 

.iii 
C 

~ 1.0 

0 
u 0.5 
~ 
0 o L~~~~-:_:8::::-~r ~~~ ...... 

240 260 280 
Wavelength (nm) 

FIG. 1: The '1bsorptio11 spectrnm of the sporidcsmi11-
poly-L-lysi11c complex <-:-, I mg/1111) used for i111-
m1111izatio11 compared with cl1loroacetylatcd poly-I,. 
lysine (e>--0, / mg/1111) and 1111/reatecl po/y.i,-/ysi11e 

(A-A, JO mg/1111). 
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The sporidcsmin-poly-1.-lysinc complex 
shows end absorption in the vicinity of 
260 nm and a peak al 300 nm. Chiorn­
acetylatcd poly-1.-lysine shows . encl ab­
so1·ption in the \'icinity of 240 nm ancl a 
small peak at 320 nm. Poly-L-lysine, at 
10 mg pct· ml, showed encl absorption 
only in the vicinity of 2-10 nm. The ab­
sorption spectrum of sporidesmin-polv-1.­
lysine complex was unaltcrc.d even after 
sieving the material th1·ough a Scphaclex 
G25 (coarse) column. 

Sporides111i11-a!fmmi12 co111plexes: Both 
the sporiclcsmin-bovine albumin ~rnd the 
sporiclcsmin-1·abbit albumin complexes 
showed the characteristic spo1·idcsmin 
peak at 300 nm ( sec spuriclesmin-poly-L­
lysinc, Fig. 1 ). The sporidcsrnin-rnbbit 
albumin complex was separate.cl into a 
supernatant and a deposit fraction by 
dialysis and then centrifugation. The 
supernatant (water-soluble fraction) 
showed a characteristic p1·otein absorp­
tion spectrum with a peak of 280 nm, 
but the deposit ( wa tcT-insoluble frac­
tion) gave an absorption spectrum with 
a peak at 300 nm similar to that shown 
in Fig. I for sporidesmin-poly-L-lysine. 

S po rid esm i11-poly-L-lnir,e-f.:ey!zole li111 pet 
haen10cyw1i11 cc111 r,lex: The absorption 
spectrum of the Sephaclex G25 (coarse) 
exclusion peak of the sporidesmin-poly-L­
lysine-kcvhole limpet hacmocyanin com­
olex diff erccl markedly from untreated 
haemocyanin. The spectrum of the com-

plex did not show the 300 nm peak seen 
with sporidcsmin-poly-L-lysin~ ( Fig. 1). 

COUPLING or, SPORlDESl\flN-R,\BIHT ALBU­
MIN CO!\IPLEX TO EilYTIIROCYTES BY BIS­
DIAZOTIZED BENZlDI NE 

Initial experiments showed that the 
spo1·idcsmin-rabbit albumin complex, 
prior to dialysis, could not be coupled 
to erythrncytes by bis-diazotized benzi­
dinc. After dialysis against distilled water 
and separation by centrifugation into a 
supe.rnatant and deposit fraction, it w:i.s 
shown that the deposit fraction (in phos­
phate buffer) could be coupled to erythro­
cytes with bis-diazotizcd benzidinc. 

REACTTO\! or, ERYTHROCYTES COUPLED TO 
S PORJDES:\I I r--:-R.-\Bl31T ALBUMIN WITH 
VARJOUS A~TISERA 

The results in Table 1 give the titres 
of some of the antiscra use.cl when tested 
against erythrocytes or erythrocytes 
ccuplcd to rabbit albumin or the 
sporiclesmin-rabbit albumin complex. 
The antiscra from the rabbits injected 
with sporidesmin - poly - L - lysine or 
sporidcsmin-poly-L-lysine - keyhole limpet 
hacmocyanin reacted with e.rythrocytes 
coupled to sporidesrnin-rabbit albumin 
only. The antisera from the guinea-pigs 
injected with rabbit albumin reacted with 
both lots of coupled erythrocytes. The 
anti-poly-L-lysine did not react with any 
erythrocytes. 

TABLE 1 

Titre of Antiscrn (Reciprocal) from Rabbits Injected with Sporidcsmin-poly-1.-lysine complexes. Reaction 
with Rabbit Albumin er Sporidesmin-Rabbit Albumin Complex Coupled to Erythrocytes by bis-Diazotized 

Benzidine. Indirect H:.icm:.igglutination Test. 

Serum fro111 

Rabbits injected with: 
Nothing 
Sporidcsm i 11-poly-L-lysi ne 

lniradenn~lly 
Int ramuscul:.irly 

Sporidcsmin-poly-t.-lysine-kcyholc limpet hacmocyanin 
Poly-1.-lysine 

Guinca-pir,s injected with: 

Erythrocytes Coupled to 
Sporidesmin-

Rabbll Rabbll 
Nothing Albumin Albumin 

0"' 0 0 

0 0 160 
0 0 160 
0 0 20 
0 0 0 

0 > 2560 > 2560 Rabf->it :.ilbumin ~-------------------------
•~cgative at 1: 10 dilution. 
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TABLE 2 
lndirl·ct !1;1L·m:1gglutinatio11 lnhihition Test Re·icti f A • f with S .· I. . I I ... , on o 1111,era rom the Rabbits Injected Intradcrmallv 

___ P_0_1_1' t~m 111-po Y·L- ys111e 111 the presence of Sporidcsmin mid/or Albumins • 

Inhibitor Used and Co11cc11tratio11 

Nothinr; .... .... . ... 
Sporidc:~min (s:Jturatccl solution)··· 
Rabbit :dhu!nin (1 mg/mil .... 
Sporick~min plus rabbit albumin 
Sporiclc~min-rc1bbit albumin complex 
Bovine ,ilhumin ( I mg/ml) .... 

(approx. I mg/ml) 

Titre (reciprocal) of Anti-serum 
with Sporidesmin-Ra/;bit Alb111ni11 

Coupled Erythrocytes 

Sporicks111in plus bovin;; albumin 
Sporidcsmin-bovinc albumin complex (approx. I mg/ml) 

160 
10 

160 
10 
20 

160 
20 
20 

----

INilll31TION TESTS W!Tll SPOHlDESMIN­
RABBIT ALllU\110i CoUPLFD ERYTIIHOCYTES 
AND ANTISEIU FIW\f RAB13lTS INJECTED 
\VITI! SJ>OIUDES\11:--.: Co:-.JPLEXES (INDIRECT 

• HAE,v1AGGLLiTINATlON TESTS) 

The results in Table 2 show the eITect 
of sporidesrnin, rabbit or bovine albumin 
mixtun'.S of sporidcsmin and the albu~ 
min ~mcl the spo1·iclcsrnin-albi.1rnin com­
plexes on the ability of the antisera from 
the. rabbits in jcctecl intradermally with 
sporidesrnin-poly-1.-lysine to agglutinate 
the sporidcsmin-rabbit albumin coupled 
eryth1 ocytcs. It can be sc.en that the anti­
body activity was inhibited only when 
sporidesrnin was present. 

The results presented in Table 3 show 
the effect of various low molecular weight 
molecules on the same indirect haemag­
glutination system as described for Table 
2. Only those molecules having a struc­
ture similar to the substituted indole 
nucleus of snoridesmin and 5-chlorovanil­
]ic acid h~,d any inhibitory effect. 

Similar results to those shown in 
Tables 2 and J were obtained with the 
antisera from the 4 rabbits in jcctcd intra­
muscularlv with sporidesmin-poly-L­
lysine and the rabbit injected with the 
sporidesrnin-poly-1.-lvsine-kcyhole, limpet 
haemocyanin complex. 

Eouu.rnRIUM: DIAL YSJS EXPERIMENTS 

Using a modified equilibrium dialysis 
system it was consistently found that the 
11oolcd antisera from the two rabbits in­
_icctcd int radcnnally with spori~lesmi:1-
poly-1.-lysinc bound more sponcl~smm 
than did scrum from normal rabbits or 

sc.rum from a number of rabbits each 
injcct~d with different antigens. Control 
cxpenments showed that an antiserum 
containing antibodies to bovine albumin 
had the same titre before and after a 
24-hour period of dialysis against ben­
zene. 

DISCUSSION 

The method which has been used in 
experiments to couple sporidcsrnin to 
poly-L-lysine has relied on the openino 
of the disulphide bridge in the dioxi 
pipcrazine, ring of the sporidesmin mole­
cule. Thus, one or both of the sulphur 
at_oms could be ayailablc for coupling 
with the poly-L-lysrne or albumin (pre­
sur~1ably !hrough the e:-amino group of 
lys111e residues). The sporidcsmin-polv-L­
lysinc complex may have the follO\ving 
structure. 

I 
NH 

OH I ! I 
'-:,----1---1 S1-CH2-CO-, NH-(CH2kCCH 

I I I 

OCH3 

O I I CO 
N ~ I I : 
I I I : 

0~HcH, 1 1 NH 

tit, ------- I I I sl -CH,-Co- 1 NH-(CH2),-CH 
I I I 
I I CO 
I &ridging I 

Sparidesmin I group I Poly-L-lysir,., 
I I 

Poly-L-lysinc., the high molecular wei!<ht 
can-ier used in these experiments mav bv 
itself be non-antigenic (Maurci· et .. a!., 
1959). It has been shown, however, that 
pcnicillin-poly-1.-lysine ( Parker et al., 
1965) or 2,4-clinitrophc.nol-p~Jly-1.-lysinc 
(Kantor et al., 1963) complexes arc cap­
able of inducing an antibody response 
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TABLE 3 
ln_clirLct l~:icm:1gr-lu1i11ation l11hihitio11 Test. Reaction of Antiser· 
with Spondc~111111-poly-L-lysine in the Pn:sence of Low Mt,l•·ct1la',1_ fr01~1 ihc Rabbits Injected Jntradermalty 

Sporidcsmin* 
~ WL·1ght Mokcuks Struclurally Simil.n t:) 

Inhibitor Used a11d Co11cc11tratio11 
-----

None 

Sporidcsmin (saturntcd solution) 

5,5'-dich loro-6,6'7 ,7'-tctr,1-mcthoxy-
N.N' dimethyl indigo (salurated solution) 

5-chloro-6.7 ,-dimuhoxy N-mcthyl isatin 
(saturated solution) 

S'.chlaro-6-hydroxy-7-mcthoxy N-methyl irntin 
(0.08 mg/ml) 

5-chlornindolc-2-c:irboxylic acid (s3turated solution) 

5-hydroxy-tryptaminc! (I mg/ml) 

Tryptophan (saturated solution) 

5-chlo, ovanitlin ( I mg/ml) 

Gliotoxin (I m2/m1) 

--------

Titre (reciprocal) of Anti­
sera with Sporidesmi11-

Rabbit A lbumi11 Coupled 
Erythrocytes 

160 

10 

Ot 

0 

0 

0 

160 

160 

40 

160 

Formula 

•Jn addition to tli..: compounds listed, some other molecules possessing mcthoxy (OCH.,) groups were 
tested. They wen.: 6-nitro-veratraldchyde, be,·berine, sulphametlioxydiazine, rnlphadimL:thoxine sulpha-
mcthoxypyrid:17inc. None of these compounds inhibited the reaction. 

tNcgativc at I: 10 dilution. 

specific for tlie penicillin or 2,4-dinitro­
phcnol mclcculcs. The experiments of 
Parke1· et al. ( J 965) showed that the. 
,1mount of hapten coupled to poly-L-. 
lysine for the purrJoses of immunizatiO(l 
was critical. Thcrcf ore, the weak anti­
body response exhibited by the rabbits 
to sporiclcsrnin-polv-1.-lysinc may have. 
been due to a subonlimal immumzrng 
preparation of sporidesmin-poly-r.-lysin~. 

A major practical p1·oblcm 111 expcn­
rncnts with sporiclesmin is its solubility 
in physiological solutions such as saline 
and phosphate bul1crs that are usually 

used in serological tests. Consequently, 
equilibrium dialysis - a valuable method 
in hapten irnmunology - is of limited 
use. A modified form of the method was 
used initiallv as a method of detcctin(T 
antibodies to sporidesmin. Although bcr~ 
zcnc moved acrcss the. cli::llysis mem­
brane into the scn1m and resulted in 
cloudiness, the titre of a control rrnti­
bccly (anti-bovine albumin), measured 
by an inckpcndcnt method, remained un­
ch::rngc.d. Although the antisera from the 
rabbits injected with sporidcsmin-polv-1.­
!ysine ah,1ays bound more sporides111in 
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than no1·mal scrum or any other immune 
scrum, the cliffcrcncc was very small. It 
is no\v appnxiatc<l that this small dif. 
frrcncc could be. due io the low titre of 
antibodies produced and not a fault of 
the method used. 

The sporidesmin-rabbit albumin com­
plex was p1·cparcd for the indirect hac­
magglu ti nation test with two factors in 
mind. First, rabbit albumin was used as 
it was considered unlikely that rabbits 
in_jcctcd with spor·idesmin-poly-1.-lysinc 
would p1·oduce antibodies that would 
cross-1-cact with rabbit albumin. Second­
ly, as it was considered that spo1·idcsmin 
would probablv couple to the £-amino 
group of the lysine in albumin ( there are 
60 to 70 lysines in albumin), the amount 
of sporidesmin coupled was limited to 
leave some lysine residues to react ,vith 
the bis-diazotizecl bcnzidine to enable the 
sporidc.smin-rabbit albumin complex to 
be coupled to an erythrocyte. 

Despite tbese considerations, the in-­
direct lic,e.magglutination test used did not 
work in the initi,d experiments. Subse­
quently it was found that some. factor in 
the m1dialyscd sporidcsrnin-rabbit albu­
min complex pre\·entecl the co_mplex fro!11 
coupling to crvt h rocytes via the lns-
ck1zotized bcm:idine. . 

Once a satisfacto1-y indicator particle 
was produced, it was shown (Table I) 
that the. antisera from some of. the rab­
bits in jcctccl with sporidcsm111-poly-L­
)ysine iirnnunizing :rntigens would a~glu­
tinate the narticlcs. That _the a_nt1sera 
c1.ctccl specifically with ~pondcs1m:1 was 
indicated by the. followmg results. 
( 1) The anti~snori~esmin-poly-L-ly_sine_ ?r 

a:nti-sponclcsmin-poly - L - lysme-\....ey­
hole limpet hacrnocyanin did not re­
act with the en·throcvtcs or the rab­
bit albumin (Table 1). 

(2) The reaction between the antisera a~1d 
the indicator pa1·ticle ,vas only m­
hibited by sporidesmin (Table 2) or 
cornoouncls that arc structurally re­
lated to the indolc e,ncl of the 
sporiclcsmin molecule (1able 3). 

the 5-chlorovanillin inhibited the anti­
spoi-idcsrnin antibodic.s. Attempts wc1·e 
made to inhibit the reaction with poly-
1.-lysine, poly-1.-lysine plus sporidesmin 
and sporidesmin-poly-1.-lysinc, but all 
these compounds, even in very low con­
centrations, caused "non-specific" agglu­
tination ol' erythrocytes. 

Although a number of other "poten­
tial" immunizing antigens have been pre­
pared and injected into rabbits and 
guinea-pigs, only the three lots of anti­
sc-ra from the seven rabbits inje.cted with 
sporidesmin-poly-L-lysine or sporidcsmin­
poly-L-lysiric-keyhole limpet haemocyanin 
have so far contained antibodies to 
sporidesmin. 

SUMMARY 

Rabbits were injected with a sporides­
min-poly-L-lysine complex. The complex. 
was prepared by breaking the disulphide 
bridge in the dioxopiperazine ring of 
sporidesmin, alkylating the sulphydryl 
groups and then re.acting this prepara­
tion with the E-amino group of poly-I.­
lysine. Antibodies were detected by a 
modified equilibrium dialysis method 
and an indirect haemagglutination test 
utilizing an erythrocyte-bis-diazotizcd 
benzidine - rabbit albumin - sporidcsmin 
complex. Indirect haemagglutination in­
hibition tests showed that the antibodies 
were inhibited by sporidcsmin and in­
dole derivatives structuralJy related to 
sporidesmin. 
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2~carb-.>xylic acid and, to a lesser extent, 
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Sporidcsmins. XIV'~ 
l\1odiEcations to the Opened -S-S- Bridge 
of Sporidcsmin for Counlina to 

• b 

Proteins by Transacylation 

John IV. Ronaldson 

Ruakura Agricultural Research Centre, Private Bag, Hamilton, New Zealand. 

Abstract 

Alkylation of the opened -S-S- bridge of sporidcsmin formed diethyl secosporidesmin-S,S'­
diac<!l.!tc (3), dimethyl sccosporidcsmin-S,S'-diacctate (4), methyl 3-mercap:usccosporidesmin­
l Ja-S-acetate (5) and mct_hyl I la-mercaptosccosporidesmin-3-S-acetate (6) which were condensed 
with c-amino groups of poly(L-lysinc), bovine plasma albumin and rabbit scrum albumin. The 
thiol group in compound (6) could not be demonstrated by conventional tests but its presence 
was cstablisr.ed by its mass spcctr_um. 

Sporidcsmin (sclm) (1) has been shown to be the toxin causing facial eczema,1 an 
economically important disease in farm animals in New Zealand. For immuno­
logical studies on this disease,2 it is essential to link the toxin to a large molecule. 
This paper describes the covalent linking of modified sdm to protein. 

(1) 

Syntheses 

(2) 
(3) 
(4) 
(5) 
(6)' 

'R' 
Mc 

CH2COOEt 
CH 2COOMe 

CII 2COOMe 

H 

Me 

CH2COOEt 
CH2COOi\lc 

H 
CH2COO'.lle 

H OH 

N 

N 
0 3 '-i\Ic 

~le SR" 

Taylor ct al. 3 opened the -S-S-· bridge of sdm in the presence of methyl iodide 
and formed S,S'-climcthylsccosporidcsmin (sdm-D) (2). The same procedure was 
adopted but using methyl or ethyl chloroacetate and sodium iodide instead of meth~l 
iodide. When an excess of 20 moles of ester to each mole of sdm was used the mam 

• Part XllI, J. Chem. Soc., Perkin Trans. l, 1972, 472. 

1 Mortimer, P. II., an<l Collins, D.S., Res. Vet. Sci., 1968, 9, 136. 
2 Jonas, w. E., and Ronaldson, J. \V., N. Z. Vet. J., 1974, 22, 111. 
J Jamieson, \V. D., Rahman, R., and Taylor, A., J. Chem. Soc., C, 1969, 1564. 
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product was the non-crystalline diethyl (or methyl) sccosporidcsmin-S,S'-diacctate 
(3) or (4). But when an excess of only 5 moles of ester to that of sclm \\ias used, as 
well as the diacctate, crystallin~ methyl 3-mercaptosccosporiclesmin-l la-S-acetate (5) 
and crystalline methyl l la-mcrcaptosccosporidesrnin-3-S-acetate (6) were obtained. 

Poly(L-lysinc) (pll), bovine plasma albumin (hpa) and rabbit scrum albumin (rsa) 
were selected for complexing to the s11bstituted sdm compounds because they pos­
sessed primary i:-amino groups which could be transacylated4 •5 by the esters described 
above. Solutions of the protein in water and the ester in alcohol were mixed so 
that the hnpten* concentration was some>vhat higher than that finally required. 

Experimental 

The pll,I IBr was supplied by Sigma (mol. wt > 70000 and 139000) and Miles (1110I. wt 30000-
70000) and the bpa and rsa by Dr Jonas, Wallaceville Animal Research Centre. 

Thin-layer chromatography on Eastman Chromagram sheets 6060 silica gel, with fluoroscent 
indicator, was used to monitor column chromatography. Any ether used was peroxide-free 
otherwis<.: dark blue products formed resulting in drastic losses. 

Melling points (Koner block) are uncorrected. Lr. spectra were measured in micro potassium 
bromide pellets (bee,1use of the presence of extraneous water, values above 3100 cm- 1 were 
neglected) and the u.v. spectra in ethanol. Mass spectra were measured by a Varian ~!AT CH5 
instrument and p.m.r. spectra were recorded on a JEOL C-60!:-IL spectrometer or a Varian T60 
with CDCl 3 solutions. 

\Vhen the -S-S- bridge was being opened by sodium borohydride there was always a sulphuretted 
smell but ne\'erthcle~s the yidd of modified sdm was satisfactory. The reaction mixture must be 
evaporated c:i.rcfully, as it turns brown if the water bath reaches 50" and, although the products 
after chromatography arc satisfactory, the yield is reduced. 

Taule 1. Qu:mtitiC'S of reactants in synthesis from sdm 

Solvent system for t.l.c. ether-benzene 2: 3 

Expt sdm Nal3H 4 Nal CICH 2 COOR Products Rsdm Crude 
(mmol) (mmol) (mmol) R (mmol) yield(%) 

1 0·2 2 4 Et 4 (3) 0·8 86 
2 0·4 1 ·6 0·13 Me 2 (4) 0·53 70 

(6) 0·13 20 

3 2 8 0·66 Me 11 ·5 • (1) 1 ·0 20 
(4) 0·59 27 
(5) 0·70 27 
(6) 0·22 18 

Diethyl Secosporidcsmin-S,S'-diacetate (3) 

Table 1 sets out the quantities of reagents used in synthesizing (3) by the following method. 
A cooled (dry ice/acetone) solution of sodium borohydrk_le di~sol_ved in methanol (3 • S ml) w~s 
added to a cooled solution of sdm benzene solvate, sodium iod1tk and ethyl chloroacctatc 111 

pyridine (0 · 55 ml) and methanol (O· S ml). The ~1ixture ,~a~ allowed. to w~r~1 sl~\\'.ly, (2} h) then 
t l d ·r r'cluccd pressure The residual pymhne solution ,,aJ ac1d1ficd and the evapora el un " " • . . ,. . • •h· ,1 

extract (CHCI,) concentrated and filtered through silica gel G (4· 5 g). I hose fract10ns \\ 1c 1 were 

• That portion of an antigenic molecule or antigenic complex, that determines its imm_unological 
specificity, but which faiis by itself to elicit the formation of a dctcct:ible amount of antibody. 

, Ansell, M. F., and Gigg, R. H., in 'Rodd's Chemistry of Cal"bon Compounds' (Ed. S. CofTcy) 
Vol. le, p. 167 (Elsevier: Amsterdam 1965). , . . . 
• p· k . t J' N 'f·i•vk"111s D and Farr R. S., Artlmt1s Rhe11111_, 1970, 13, 361. ~ inc -att, '-· ., 1 , .. , ., , 
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en 
Tnble 2. Vibrational spectra for compounds (1)-(6) 6 ..., 

a: 
(1) (2) (3) (4) (5) (6) (I) (2) (3) (4) (5) (6) ~ 

3020sh 1144m 1152w 1153w 1160w 1160w ;;:; 
30l0m,sh 3010s }A 3000s 30l0m,sh 3010m,sh 1114w} 1120sh lllSm 1115m X 

2990s 1100m I 100s. 1100m 1105m I IOOvw < 
. 2960s 2960s 2960s 2955s IOS5m 

2950s 2935s 1065m } 1067w 1060sh 1060sh 1060sh 
2880w,sh 2890w,sh 1050t 

2870m,sh 2870sh 2870m 1037vs 1040vs 1040vs 1040vs 1035vvs 1037vs 
2865m 2860w,sh 10!5w 
2535m 1000s 1009s 1000s 1000s 999s 995s 

1725vs l 730vs l 732s 1720s 978sh 985m 9S5s h 
1700vs 965sh 955vw 960vw 953w 

1680vs 1685vs } • 1685vs } 1680vs 910w 920w 920w 910w 915vw 

1655vs 1655vs 1650vvs 897m 860m S50m 
1675vs 1675vs } 894m 897w 897w 895w 895m 890w 

1640vs . 1640vs 1640vs 855m,sh 850m } 852w 850m 850m 
1603m 1602m 1600w • 1600w 1600w • 1600vw 840m 843w 
1465vs 1465vs 1465vs 1465vs 1465vs 1465s 820w 816m 825w 820w 820m 

l452n1 810w 
1435m 1435w 785m } 

1412vs 1410vs 1412vs 1412vs 1410vs 1410s 780w 777m 780m 780w 780m 780w 
1380m 1385sh 1383vs 1383vs 1380vs 1380vs } 752m 753m 752w 753w 753w 750w 

1375vs 1370vs 738m 738m } 
1346vs 1348s 1348m 1348m 1348s 1343s 730m 730w 730vw 730w 

1323m now 723w 
1310m 1305m 1300vs 1303vs 1305s 1310s 712w 710w 710w 709vw 707vw 
1260w,sh 1258m 1262m 1260sh 1258m 1260w 690w } 690m } 690w } 690w 
1246m 1248m 124Ssh 680sh 6S0m 680w 680w 680w 677w 

1230w 1228w 650v 
1203s 1200s 1200vs 1200vs 1203vs 638w 630w 630vw 630vw 

1190sh 1185vs 1177m 615vw 623m 
Iv 

A Unresolved peaks. ~ 
V, 

N 
u, 
I.O 
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clu!~d in clher~~)e,~zcne ~1-: 4) a~d which on t.l.c. had an R,dm of 0-85 (Et 2 O-C6 I! 6 7: 13) were 
collc~ted and y1Lidcd a While flull (111 mg, 86%) (which has not crystallized in more th:111 7 months) 
of diethyl srrosporid1:-i111i11-S,S'-diacctate (Found: 111/c 647-1333 ("Cl) and 649· 1341 (3 7 CI); 
C, 4~·2; If, 5-0; Ci, 6-0; N, 6·5; S, 9·5. C 2 "H"35CIN 3 O1 oS 2 and Cu,H34 37 CIN3 O 10S2 

require 647-137-1 and 649-1345 resp.; C, 48·2; II, 5-3; Cl, 5·5; N, 6·5; S, 9·9%). )_m•x 

217 nn: (log c 4 • 62), 252 (.l • OG), 303 (3 • 29). l'ma. Table 2 (3). P.m.r. o 1 · 31 and l · 34, t, J 7 Hz, 
2Cll,Cll-'; l ·87, s, C3-CHJ; 3·07, s, N6-Cll 3; 3·35, s, N2-CII 3 ; 3·68, s, 2SCH 2 COO; 
3·79 and 3·86, s, 2CH3O; 4·21 and 4·27, q, J7 Hz, 2OCH 2 CH 3 • 4·64 s Hll· 5·31 s H5·t· 
7 • 08, s, H I 0. ' ' ' ' ' ' ' 

Dimethyl ScemporidC's111i11-S,S'-diacctare (4) 

This was prepared similarly to (3) with modifications as in Table 1 (exp! 2). Dimethyl 
sccosporidcs111i11-S,S'-diacera1,, was obt:iined by chrom:itography (El 2 O-C6 H 6 I : 4) as a colourless 
gum (Found: m/e 619-1017 and 621 ·0982. CHH 30"CIN3 O, 0 S2 and C 24 H3037CIN 3 O 10S2 require 
619 • I 061 and 62 I • I 032 resp.). 1.0 "" 216 nm (log c 4 • 65), 251 (4 • 11), 302 (3 • 34); l'mn Table 2 (4). 
P.m.r. o 1 ·90, s, C3-CI-IJ; 3·09, s, N 6-CH,; 3·36, s, N2-CH 3 ; 3·70 and 3·74, s, 2SCH2 COO; 
3·76,3·80,3·83and3·88,s,2CH3 Oand2COOCH 3 • 4·00 s OH· 4·65 s IIII· 5·34 s H5a· 
7· 12, s, l-l 10. , , , , , , , , , .. ' 

Methyl I Ja-l\fcrcaptosccosporidC's111i11-J-S-acetate (6) 

By further elution of the above silica gel with ether-ben7ene (2: 3) another gum (54 mg) was 
obtained, R,am 0· 13 (Table I), giving stellate clusters of methyl /Ja-mc-rcaptosecosporides111in-3-S­
acctate from methanol, m.p. 150-156' after repeated crystallizations (Found: 111/e 547 · 0828; C, 44· 8; 
JI, 4·5; Cl, 6-5; N, 7-6; S, 11 ·3. C 21 H 26 35 CIN 3 O 8 S2 requires 547-0350 and C 2 ,H26CIN3 O8 S2 ,­

H,O requires C, 44·6; H, 5·0; Cl, 6·3; N, 7·4; S, ll ·3%). ;_"'" 222 nm (logc4·62), 253 (4·21), 
300(3·65)almostashoulder; vm,. Tablc2(6). P.m.r.o2·02,s,C3-CH3; 3·00,s, N6-CH3 ; 3·37, 
s, N2-CH.1; 3·75, s, SCII,COO; 3-78 and 3·83, s, 2CH.,O and COOCH3; 4·64, s(b), Hll; 
5 ·04, s(b), OIi; 5 • 35, s, H 5a; 7-07, s, H 10. l\fass spectrum (M + - H 2 S) 513, 515 (300 and 176 % 
of M + resp.). 

Methyl J-.\fcrcaptosccosporides111i11-/ Ja-S-acetate (5) 

The quantities as set out in Table 1 (expt 3) were allowed to react (I¾ h) in pyridine (2·4 ml) 
and methanol (24 ml) and chrom:itographcd (11 g silica gel G, C0 H 6 -Et2 O); 90 ml (9: 1) yielded 
(I), 100 ml (4: 1) yielded (4) and (5) as a gum, 180 ml (4: 1) yielded (4) and finally 400 ml (13: 7) 
yielded (6). The gum was rcchromatographccl (5 g silica gel G) in ether-light petroleum (40-60°) 
and SO ml Cl: 2) eluted a trace of (I) and 50 ml (4: I) removed a gum (400 mg). This was dissolved 
in acetone and ether added. Repeated evaporation and addition of ether produced crystals of 
methyl J-111acaptosccosporidcs111i11-J /a-S-acerare (5). This commenced melting at 103°, rcsolidified 
at J )4° and remelted at 151-166° (dee.) (Found: 111/c 547·0795 (35 CI) and 549·0S93 (3 7 Cl). 
C 21 H 26 35CJN3 O 8 S 2 and C 2 ,H 26 37 CIN3O 8 S, require 547·0850 and 549-0822 resp.) .. J.m,. 221 nm 
(logi:4·67), 254 (4·14), 305 (3·6,1); l'max Table 2 (5). P.m.r. o 1·87, d, J2, C3-CH3; 2·14, s, 
t mole acetone of cryst:illization; 3·04, s, N6-CHJ;· 3·34, s, N2-CHJ; 3·75, s, SCI-I,COO; 
3·78, 3·80 and 3·82, s, 2CH 3 O and COOCI-13; 3·98, q, J2 Hz, C3-SH; 4-65, d, J4 Hz, I-Ill; 
4·75, s, OH; 5 • 30, s, H 5a; 7 • 07, s, HI 0. Mass spc.ctrum (M + - H,S) 513, 515 (51 and 57 % of 
M+ resp.). 

Covalent Bonding to Protein 

The gcnernl method was to dissolve the protein in w:iter (c. 30 mg/ml) and the ester in alcohol 
(c. g mg/ml) using the qu:intitics set out in Table 3 and adj\1sling the final s~lutio:1 to pl_f 9. 
\Vhen the solvent was adjusted to •IO/~ alcohol both the protcm and ester remamed m solution. 
Some dilTiculty was experienced with comroun<l (6) (cxrt 2, Table 3) because of its low solubility; 
the reaction mixture was therefore continuously s_hakcn but even so only about 1/3 of the ester 
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react:d. Experiment~ 4 an<;l 5 (Table 3) were monitored elcctrophorctically,* and experiment 6 
colonmetn,-~lly _by ninhydrin.L Each of the above preparations after removing the alcohol was 
extracted with either <;hloroform or ether before cvaporating to dryness. Expcrimcnt 7 (Table 3) 
was p~rformcd under nitrogen in a pH-Stat at pH 9 and the insoluble product examined by ultimate 
analysis. 

Table 3. Quantities of reagents in complexing to proteins 

Expt Protein sdm derivatives Reaction Unchanged sdm 
Name Wt (mg) Mol. wt No. Wt (mg) time (days) deriv. (mg) 

1 pll,HBr 22 139000 (3) 19·3 I 7·6 
2 pll,HBr 144 139000 (6) 121 3 74 
3 pll,HBr 148 30--70000 (4) 130 2 30 
4 bpa 300 (4) 26 2 16 
5 rsa 56 (5) 23 3 4 
6 pll,HBr 103 > 70000 (4) 30 4 6 
7 pll, II Br 72 >70000 (3) 400 5h A 

A Insoluble precipitate, 94 mg, obtained. 

Rcsl!lts cf Co111plcxi11g ,\1odific!d sdm to Prof{'ill 

Each complexed protein preparation (except that from expt 7, Table 3) was water-insoluble 
but soluble in aqueous alcohol. \\'hen the cloudy aqueous suspensions were extracted with chloro­
form a bulky precipitate resulted (denatured) but they were apparently unaffected by extraction with 
ether. In electrophoresis I /3 of the product frcm experiment 4 (Table 3) moved as a single entity 
and at a slower rate than unsub,tituted bpa. But in experiment 5, 60 % appeared in the slow moving 
band after one day, 80~{; after two days and after three days there was less than 7% remaining in 
the rsa band. The u.v. spectrum of this aqueous suspension after ether extraction showed bands 
at 215 and 252 nm, characteristic of compound (5). The u.v. spectrum for preparation 6 (after extrac­
tion with ether) showed b:rnJs at 217 (shoulder on the end absorption of the pll), 251 and 302 nm 
equivalent to those for compound (4). The ninhydrin estimation on this preparation showed that 
12·5% of the c-amino groups had been substituted with modified sdm. It is suggested that the 
insoluble (in water, pH 1-9, alcohol, tritluoroacetic acid and dimethylformami<le) material from 
experiment 7 (Table 3) is a cross-linked product (Found: C, 46·9; H, 6·3; Cl, 3·7; N, 12·2; 
S, 5·4. If 62% of the amino groups were substituted it would require C, 51 ·2; H, 6·3; Cl, 3·7; 

N, 13·6; S, 6·6%). 

Discussion 
For compound (5), methyl 3-mercaptosccosporiclesmin-l la-S-acetate, colour 

tests for thiols, 5,5'-dithiobis(2-nitrobenzoic acid) (dtnb), 7 and azide-iocline8 were 
positive (the Grote test9 was negative owing t_o the insolubility of the compound in 
the reagent). Its i.r. spectrum showed a peak at 2535 cm- 1 , in the S-H stretching 
region. The p.m.r. spectrum indicated the position of this thiol group because the 
sino\e proton quartet at b 3 ·98 collapsed to a singlet when the 3-prolon doublct at 
{> ts9 was irradiated. The J value of 2 Hz is low for the possible alternative of the 

• Gelman J nstrument Co., Scpraphore III, tris-barbital-HCI buffer, pH 8 • 3, l'onceau S staining 

and scanning. 
6 Slobodinn, E., Mechanic, G., and Levy, M., Scil'llc{', 1962, 135, 441. 
, Beutler, E., Duron, 0., and Kelly, B. M., J. L11/,. Cli11. ,\fed., 1963, 61, 882. 
a Feigl, F., 'Spot Tests in Organic Analysis' p. 219 (Elsevier: Amsterdam 1966). 

1> Grote, J. W., J. Biol. Chem., 1931, 93, 25. 
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methyl being split by a mcthinc (./ 6-8 Hz) but is consistent with long-ranoe couplino­
c.g. 4J(IISCCJ I.,). Jochims ct a!. 10 have observed long-range couplings ;f 4J c. 2 i~ 
several dcoxypyranoscs. They point out that a coplanar arrangement of the two 
pro~ons i'.n'! ~f the connecting atoms ,vas ncccessary and that long-range coupling 
rapidly d11rnn1shcd at even slight deviations from copbnarity. In a Courtauld model 
of compound (5) corlanarity obtains when the S-H bond is more or less antiparallcl 
to the CH3-C bond, so hydrogen bonding to the adjacent carbonyl oxygen of the 
dioxopipcrazinc ring is structurally impossible; furthermore, this oxygen-hydrogen 
distance is too great. Consideration of the mass spectral results for the 3-SH com­
pound suggests that, under the conditions of fragmentation, the SH group forms 
H 2 S at the expense of one of the protons of the adjacent methyl group, comparable 
with the synthesis of anhydroclcthiosporiclcsmin from sd1i1 cliacctate.11 

For the isomeric compound (6) cltnb, azide-iodinc on paper and Grote tests were neg­
ative for SH (azidc-iodinc was positive in the test tube but the test is non-specific). 
When the i.r. of this compound was run normally there was no S-H stretching peak 
but when about 15 times as much compound was compressed into the micro-K.Br 
pellet a weak absorption showed at 2520 cm -i. The p.m.r. spectrum shows no single 
proton peak which could be assigned to an SH but it is suggested that a different 
environment has shifted such a peak upfield from c. o 3 ·98 (as in the 3-SH compound) 
so that it is lost under the ovcrlappirig multipict of methyls at c5 3 ·9-3 ·7. Conclusive 
proof of the presence of an SH group came from this mass spectral data that there is 
an M + - 34 peak and that it is about 6 times (in relation to the M + peak) as intense as 
that in the mass spectrum of compound (5). The great ease of formation of H 2 S in the 
mass spectrometer could arise from the close proximity of the thiol to the exchange­
able hydrogens, hence the structure (6), methyl l la-mercaptosccosporidcsmin-3-S­
acctate. 

That the 11 a-SH of compound (6) should be so chemically inert suggests stcrie 
hindrance and/or hydrogen bonding. From a Courtauld model the !Ob-OH group 
hinders approach to this SH group so much that prolonged treatment with either iodo­
acctic ester or methyl iodide at 34° would not alkylate it. The I la-SH bears a similar 
relationship to the dioxopiperazinc ring as docs the 3-SH (sec above) so that hydrogen 
bonding to the :-idjacent carbonyl oxygen is unlikely, but structurally the hydrogen of 
the SH group is so close to the oxygen of the !Ob-OH group that there could be 

hydrooen bonding to it. 
Jn ~ach of the p.m.r. spectra there arc a set of overlapping peaks, more or less 

unresolved in the region of o 3 • 9-3 • 7, which include the two aromatic methoxyls and 
(for the esters) the ester 111ethoxyls and the methylcnes occurring between the suliJhur 
atoms and the carboxyl group. Compound (5) shows a split proton peak (o 4 • 65, J 
4 Hz) but there is no sign of the other split peak; the latter is the peak of a hydroxyl 
and consequently broad and of indefinite position, perhaps hidden under the over-

lapping methyl peaks. . . 
The aliphatic 3-methyl in sdm (I) is dcsluclclcd (o_ 2·03)~ 2 by the _stramcd con-

dition of the cpidithiadioxopiperazine ring system m which the d1hcdral angle 

10 J I • J c Otting W Seeliger A. and Taigel, G., Chem. Ber., 1969, 102, 255. oc 11n1s, . ., , ·, ... , , 
11 Hodges, R., Ronaldson, J. \V., Shannon, J. S., Taylor, A., and \Vhite, E. P., J. Chem. Soc., 

!;6R4' 26
1• 1 J \V Taylor A White E p and Abraham, R. J., J. Chem. Soc., 1%3, 3172. ona c son, . ., , , ., , . ., 
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C--S--S-C is fo1_-ced to be 10-20° and the dioxopiperazinc ring is constrained by the two 
sulphurs to be JO the boat form. 13 \Vhen this strained condition is released as in sdm-O 
(2) and compounds (3), (4) and (5) the methyl peak shifts upfield to J I ·90-1 ·86. 
!3ut t'.ndcr the environment as sugge~tcd above for compound (6) there is dcshiclding 
Ill ll11s compound comparable with that in sdm. 

Perhaps it is this strained condition that accounts for the intensity of the band at 
30S nm in the u.v. spectrum ofsdm (I) (logl: 3·96) for it is double that in compounds 
(2), 3 (3), (4), (5) and (6) where the sulphurs are alkylated. 

In the i.r. spectra, the C-H stretching region shows two distinct patterns, that for 
compounds (I), (4), (5) and (6) (Table 2) and that for compounds (2) and (3). Only 
the cs.ters (3), (4), (5) and (6) have peaks at 1720-1732 cm- 1 ; the latter two at half the 
intensity of the former two. The c~o stretching region (1600-1700 cm- 1) is similar 
in (3), (4) and (5) while (2) and (6) arc similar to each other but not to the former; as 
expected sdm (l) is different from any. In the asymmetrical methyl (1465 cm- 1) C-H 
bending and the 'perturbed methylene' (1410 cm- 1) region, they all have the charac­
teristic pattern, though metr,ylenes arc absent in sdm and sdm-O, but the symmetrical 
vibrations around 1380 cm- 1 in compounds (2), (3), (4), (5) and (6) show increased 
intensity for the extra S-methyls, C-methyls and carboxymethyls (as the case may be) 
over those in sdm (!). The molecule is so large in comparison with the size of the 
modi11cations in the sulrhur area tiwt it is not surprising that there arc so many com­
mon i.r. peaks at 1340-1350, 1300-1310, 1240-1262, 1200, 1035-1040 (C-O-C func­
tion), 999-1000, 890-897, 780, 750-753 and 680 cm- 1 (Table 2), each one having a 
charactcri<;tic intensity. 

When non-covalent binding (of compounds to proteins) takes place the process is 
rapid, e.g. tetracycline is bound to ribosomes in 8 min, 14 or with ocstradiol added to 
rabbit uterine cytoplasm, 90% is bound in less than 30 min. 15 Hence the slowness of 
the reaction between the esters and protein suggests that, although some protein 
binding of the ester may have taken place the major reaction has been a transacylation 
resulting in a specific number (for the albumins) of lysine-s-aminos (c. 10 in the case 
of expt 4 and 40 in expt 5, Table 3) being converted to amides and yielding a single • 
molecular entity of acylated albumin (microheterogeneity16 apart). This transacyl­
ation is comparable with that of lysine residues in scrum albumin when the latter is 
treated in rivo and in vitro with acetylsalicylic acid. 5 That an immunological response 
has been elicited with preparation I (Table 3) is indicative of covalent bonding to the 

protein substratc. 2 

The ultimate analysis of the insoluble product from experiment 7 (Table 3), showed 
a carbon percentage ( 46 • 9 %) which is lower than that in either of the lysyl (56 • 4 %) or 
secosporidesmin-S,S'-bis(acetyl+N-lysyl) (50 • 4 ~~) moieties. But the. percent~ge of 
chlorine and hydrogen agree with 62 ~·~ of the amino groups of the pl! bemg substituted 
with modi11ed sdm, and the values for sulphur and nitrogen are about equally dis­
placed. For values less than 62 % substitution the calculated percentage of sulphur 

decreases and that of nitrogen increases. 

13 Rahman, R., Safe, S., and Taylor, A., Quart. Rev., Chem. Soc., 1970, 24, 208; Safe, S., and 

Taylor, A., J. Clicm. Soc., C, 1971, 1189. 
14 Last, J. A., !Jiochi111. /liopl1ys. Acta, 1969, 195,506.. . 
15 Mester, J., Robertson, D. M., Fcherty, P., and Kcll1e, A. E., ~wc/1e111. J., 1970, 120,831. 
16 Hansson, v., Larsen, J., and Reusch, E., Steroids, 1972, 20, 5;,5. 
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Boyd ct al. 17 and Slobodian ct a!. 6 used ninhydrin estimation to show that they 
had acctylated the r.-amino groups of proteins (including bsa). Similarly in this work, 
ninhyclrin estimation shows that the observed clcctrophoretic changes are due to 
modified sdm being covalently bound to c-amino groups of proteins (the percentage 
of et-nmino groups being negligible). 

Acl,no\Ylcdgmcnt 

Thanks arc due to Dr P. T. Holland (Ruakura Ag. Res. Centre) for measurements 
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Sporilirsmins. XV* 
The 13C N uclcar I\1 af~netic Resonance 
Spectra of Sporidcsmin and Sporiclcsmin-D. 
The EvidC'JJce in ihc Sprctra for 
Strain I mposcd IJy an Epidithio Bridge 

Jo/111 TV. Rona!dson 

Aust. J. Chem., 1976, 29, 2307-14 

Ruakura Agricultural Research Centre, Privat~ Bag, Hamilton, New Zealand. 

Abstract 

The proton-noise-decoupled tJC n.m.r. spectra of sporidesmin and sporiclcsmin-D arc presented. The 
detailed assignments were workcd out from the undccouplcd spectrum of sporidesmin-O. The 3-
methyl resonance moved down11cld (by 7 • 3 ppm) upon cleavage of the -S-S- bridge in sporidesmin 
while the peaks of the two quatcrnary carbons to which the sulphurs arc bound moved upfield (by 
4 • 7 ppm). Lac tam N-methyl and indoline N-mctliyl proton resonance decoupling showed that their 
p.m.r. assignments should be reversed. The elcctronegativity of nitrogen, sulphur and carbonyl 
groups increased the coupling constants -::-f t!ie 3-CH 3 by 7 Hz and of the I !-CH by JO Hz. The carbon 
of the lactam N-mcthyl was shielded by 14 ppm. There were six three-bond couplings, four HCNtJC 
and two HCO"C, evident but no non-aromatic HCC13C couplings. 

Int reduction 

Ronald son I reported that when the -S-S- bridge across the dioxopipcrazine ring in 
sporidesmin (sdm) (I) is opened and alkylated as in sdm-D (S,S'-dimethylsecospori- • 
desmin) (2), the proton resonances of the 3-methyl group move upfield by O· 16 ppm 
(in CDCIJ or O • 23 in CD 3 COCD 3 ), indicating a relaxation of the strained condition 
in sdrn. This paper sets out the proton-noise-decoupled !JC n.m.r. spectra of both 
sdrn and sdm-D with the undecoup!ed spectrum of the latter, and discusses the 
seemingly anomalous dcshicldings which attended the carbon resonances in the above 

relaxation. 
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Previous 13 C 11.111.r. data for 6,7-dimcthoxy-l-methylindolincs 2 and for some dioxo­
pipcrazinc rings 3 •4 arc available but no data arc available on 3,3a-dihyclroxy-J ,2,3,3a,-
8_,8a-hcxahydropyrrolo[2,3-h]inclolc ring systems nor on the dioxocpidithiopipcrazinc 
nng, so sdm and sdm-D arc useful model compounds where both these latter systems 
arc fused into one molecule. These systems arc integral moieties ofan important series 
of mycotoxins, so the data presented will be useful in structural elucidation of inore 
mycotoxins in this series. 

Experimental 

The spectra were recorded at the University of Auckland on a JEOL JNM-FX60 FT n.m.r. 
spectrometer with CDJCOCD, solutions and tetramethylsilane as internal standard. It was not 
possihle to nu, the spectra in the usual n.m.r. solvent, CDCl 3 , because at the high concentration needed 
for DC n.m.r. sdm crystallized out as the deuterochloroform solvate. 

In Fig. 1 the spectral width for the two decoupled spectra was 4 kHz and for the undecouplcd 
spectrum 2 • 5 k llz, which gi\·es I • 22 I l Iz between any two data points, hence the coupling constants 
quoted in the text arc multiples of this value and arc ±I· 2 I lz or better. To correct for the difference 
in intensity between the two dLcouplcd spectra, that for sdm-D in Fig. I was increased by a factor 
(I· I 8), determined by m::iking the aver::ige height of the three least-shifted resonances (at 90 • 3, I I 9 
and 141 ppm) in sdm-D equal to that of the same three in sdm. 

\Vhcrc a 1cso11a11cc shov.s Jong-range multip!icity and no one-bond carbon-hydrogen splitting, it is 
considered, in the first instance, as a singlet and Wh/ 2 is the width at half height. 

The system used to number the carbon atoms is that adopted by Chemical Abstracts. 

_Sporidesmin Free from Analogues 

Sporidcsmin, concentrated according to the scheme of Ronaldson and Fyvie, 5 has a small amount 
(sometimes as much as 5~;) of naturally occurring sdm-D and sdm-E co-crystallized with it. To obtain 
sclm free from these cont:.minants, sdm benzene solvate (637 mg) was chromatographed (CHCl,­
C 6 H 6 J : 9) on a colu•11n (24 mm diam.) of silica gel G (14 g). Those fractions (50 ml) which showed 
no sdm-D or sdm-E (t.l.c. CHCl,-C6 H6 13 : 7)were collccted(417 mg), and crystallized (MeOH/H,O). 

Results and Discussion 

Fig. J sets out the proton-noise-decoupled spectra of the two compounds and the 
undccouplcd spectrum of sdm-D. The peaks fall naturally into four groups: (a) the 
methyl carbon peaks from c5 IO to 65, (b) the methine and quaternary carbon peaks 
from J 65 to 100, (c) the aromatic peaks from o 115 to 155 and, (d) the two lactam 

carbonyl peaks about o 165. 
The following discussion deals with the carbon-I 3 shieldings and 11 spin-spin 

couplings. The discussion of the long-range coupling relevant to sections (a) and (b), 

is at the end of section (b ). 

(a) The Methyl Peaks 
(i) At 14·5 and 15·6 pp~n (~), J 140 llz(s:lm-D).-Tl~; tw~ ~·-m~thy~ rc~onan~es a~e 

more shielclecl than those 111 d1111cthyl sulphide (c.5 19 • 5 ). 1 his sh1cld111g 1s att11but1.:d 

2 Yates, P., MacLachlan, F. N., Rae, I. D., Roscnl:crger, M., Szabo, A.G., Willis, C.R., Cav·~, M. P., 
l3chforouz l\L Lakshmikantham, M. V., and Zeiger, \V., J. Am. Chem. Soc., 1973, 95, 784 ... 
3 0 d ~1 j fartter p and Jun" G. Jloppc-Sevlcr's Z. Physiol. Chem., 1975, 356, 1011. 

ttna ' n ., L , ., c,, ' • • I R J A C' s 
4 Deslauriers, R., Grzonka, z., Schaumburg, K., Shiba, T., and \\ alter, ., • 111. ,1cm. oc., 

1975, 97, 5093. 
s Ronaldson, J. W., and Fyvie, A. A., Lnb. Pract., 1973, 22, 734. 
6 Stothcrs, J. B., 'Carbon-13 N.M. R. Sp.::ctrosco·py' (a) p. I 39; (b) pp. 140-1; (c) p. 158; (d) p. I 97; 

(e) p. 337; (f) p. 447 (Academic Press: New York 1972). 
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to the proximity of the lactam carbonyl groups (sec below). The proton peaks of the 
S-methyl arc down field (by O • 5 ppm) from that of the C-mi?thyl, 7 while these S-mcthyl 
carbon peaks arc upfield. The coupling constants in sdm-D arc comparable with 
those in dimethyl sulphide (138 Hz). 

(ii) At 18·2 ppm (sclm) and 25·5 pp111 (q), J 131·2 llz (sclm-D).---ln sdm there was 
no ambiguity in assigning the pi?ak at 18 • 2 ppm to the C-mcthyl; the 2-mcthyl peak 
of 1,2,4-trimethylpiperazinc absorbs at 17·8 ppm. 8 

By irradiating the C-mcthyl protons at I· 79 ppm in the proton spectrum of sdm-D 
(acetone), the carbon peak that was at 1-S • 2 ppm in sclm was observed to be downficld 
by 7 • 3 ppm. This deshiclding of the carbon stands in contrast to what was observed 
for the C-methyl protons. 1 • 7 Dorman and l3ovcy9 have observed the strong carbon-I 3 
shielding effect of amide carbonyl oxygens on N-alkyl carbons and they eonclucle that 
a similar effect could occur at the /J-carbon. In a Drcicling model ofsdm-D the methyl 
carbon (ff to the nitrogen) is not coplanar with the I-carbonyl oxygen, hence the 
deshiclding observed by releasing the strain upon the dioxopiperazine ring by opening 
the -S-S- bridge. 

According to Haake et a!. 10 increased elcctronegativity of the atom upon which a 
methyl resides increases the coupling constant of that methyl group. The coupling 
constant for the four methyl groups on the quaternary carbon of2,2-dimethylpropanc6 c 

is 124 IIz but in sdm-D the value is 131 Hz, hence the sulphur. nitrogen and carbonyl 
. adjacent to the C 3 in the di(methylthio)dioxopiperazine ring confer electronegativity 
on this carbon atom, which accounts for the increased one-bond coupling constant of 
the methyl. 

(iii) At 27·3 ppm (sdm) and 28·8 ppm (q), J 140·4 Hz (sdm-D).-This methyl 
resonance of the N-rnethyl lactarn in sdm is strongly shielded compared with that of the 
I-methyl (42·9 ppm) in 1,2,4-trimethylpiperazine. 3 This shielding is allributed to the 
strong carbon-13 shielding effect of the lactam carbonyl oxygen. 9 This shielding is 
less in sdm-D by I· 5 ppm because, when the strain of the -S-S- bridge is relaxed, the 
coplanarity of the lactam is lessened; in a model where a pyrrolidine ring is fused to a 
dioxopiperazinc ring the lactam group tends to be less coplanar. fn sdm-D the coup-· 
Jing constant is comparable with that of the N-methyl acctamidcs (138 Hz). 6 ' 

(iv) At 39·2 ppm (sdm) and 41·3 ppm (q), J 137·9 Hz (sdm-D).-Yates et al. 2 

studied the carbon- I 3 spectrum of aspidophytine which contains a 6,7-dimethoxy-l­
mcthylindolinc moiety, and assigned the peak at 35·4 ppm to the N-methyl carbon. 
Similarly, Lukacs et a/., 11 studying l-mcthyl-2,16-dihydrovincadifformines containing 
a J-mcthylindoline moiety, found that the N-methyl carbon absorbed at 35-36 ppm. 
In both sdm and sdm-D the N-methyl carbon adsorbs at lower fields and in both 
compounds the methyl is sterically crowded by a carbonyl of the dioxopiperazine ring, 
producing a deshiclding of 5 · 9 ppm in sclm-D. The strain of the -S-S- bridge i1_1 sdm 
tends to move the carbonyl oxygen away from the N-methyl, hence the absorption at 

higher field. 

, Jamieson, \V. D., Rahman, R., and Taylor, A., J. Chem. Soc. C, 1969, 1564. 
s Ellis, G., and Jones, R. G., J. Chem. Soc., I'crki11 Trans. 2, 1972, 437. 
9 Dorman, D. E., and Bovey, F. A., J. Org. Chem., 1973, 38, 1719. 
10 Haake, P., Miller, w. 13., and Tyssee, D. A., J. Am. Chem. Soc., 1964, 86, 3577; 
11 Lukacs, G., De Bcllcfon, M., Le Men-Olivier, L., Levy, J., and Le Men, J., Tetrahedron Lrtt., 

1974, 487. 
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By swamping the protons of the N-mcthyl group (in sdm-D) at J 3 · 01 the carbon 
resonance at 28 • 8 ppm remains a singlet while that at 4 I· 3 ppm is split (q). Conversely, 
~vhen th~ pro_tons of the N-methyl group at J 3 • 3 arc irradiated the peak at 41 · 3 ppm 
1s unspht while that at 28·8 ppm is split (q). These observations reverse the assiirn-
ments which have been made for these N-methyl protons. 1 ~ 

The coupling constant ( 137 • 9 Hz) exceeds that reported 6 e for methylamine (133 
Hz). The significantly greater value for this constant in sdm-D is attributed to en­
hancement of the electronegativity of the indoline nitrogen by the benzene ring. 

(v) At 60 • 9 ppm (sdm) and 60 • 3 and 61 • 0 ppm (q ), J 144 • 9 11::: (sdm-D).-I-Iere there 
is no ambiguity in either compound, for the intensity of the single peak in sdm about 
equals the sum of the two in sdm-D and these occur within the 1'ange assigned to com­
parable aromatic rnethoxy groups in aspidophytine and haplophytine (55 • 8-61 • I 
ppm).2 

Here the coupling constant (144·9 Hz) can be compared with that rcported 6 c for 
methanol (142 Hz), the greater value in the former case may be attributed to the 
aromatic enhancement of electroncgativity of the oxygen atoms. 

(b) The Peaks.from Quaternary and Afethine Carbons, and Long-Range Coupling 

(i) At 74·5 ppm (sdm) and 69· 7 (s) (sdm-D) and at 77· 7 ppm (sd111) and 73· l ppm 
(s) (sd111-D).-The intensity ratio of these two peaks in sdm is comparable with the 

· ratio of the two in sdm-D {Fig. I) and so both peaks in going from sdm to sdm-D have 
shifted to higher field by a similar amount ( 4 • 8 and 4 • 6 ppm). I-knee these two peaks 
are assigned to those quaternary carbons in the dioxopiperazinc ring which arc affected 
by the opening of the -S-S- bridge. Because of the symmetry of the di(methylthio)­
dioxopipcrazine ring system each of these carbon atoms is deshieldcd by a nitrogen 
atom, a sulphur atom and a carbonyl group. One (C 3) carries a methyl group, soil is 
assigned to the higher field while the other cmbon (C 1 Ia) is adjacent to an alcohol 
function in a pyrrolidinediol ring60 • 12 and is therefore deshielded (comparatively). 

(ii) At 82· 5 pp111 (sdm) and 80· 4 ppm (d) (sdm-D), J 158· 7 Hz.-In a list of secondary 
alcohols6 b the shieldings decrease from propan-2-ol (63-7 ppm) to 2,2,4,4-tetramcthyl~ 
pcntan-3-ol (85 • 0 ppm) as the carbinyl group becomes more sterically crowded with 
o:-substitution; simil:lrly with the carbinyl group in these sporidesmins. On the one 
side the c,;-substitution is with an aromatic group (the OH on this carbon is trans) and 
on the other it is with a Jactam carbonyl which is more sterically crowding in sdm than 
in sdm-D. In the 17 /J-hycl roxy steroids (testosterones) the c1rbinyl carbon chemical 
shifts arc comparable (SI· 3 ppm). 6 f 

2-, 3- and 4-Carbinyls in pyranoses have coi1pling constants of 141-8 Hz. 13 Because 
of the symmetry of the dioxopipcrazine ring, the argument (sec above), deduced from 
Haake ct af., 10 for the influence of the electronegativity of the C 3 carbon upon the 
coupling constant of the methyl group, accounts for the coupling constant of the CH 
of this carbinyl group being IO Hz larger. 

(iii) At 90·4 ppm (sd111) and 90·3 ppm (s) (sd111-D).-In the undccouplcd spectrum 
of sdm-D this is a broad peak ( IV1,;z c. I 2 Hz), showing some multiplicity. It consists of 
a quaternary carbon singlet partly hidden by the upfield half of the split adjacent 

12 Grover, S. I I., and Stothcrs, J. n., Ca11. J. Chem., 1974, 52, 870. 
13 Bock, K .. and Pedersen, C .. J. Chc111. Soc .. Perkin Trans. 2. 1974, 293. 
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resonance. The only carbon to which this singlet can be attributed is the quaternary 
carbon CI Ob. This hydroxylated carbon is {J to two nitrogens in a 1,2,3,3a,8,8a­
hexahydropyrrolo[2,3-b ]inclole ring system. These two facts account for the de!'.ree of 
deshielding. Applying the relationship between the shieldings of carbons,✓. to ~1ethyl 
groups and the shielclings of carbons o: to hydroxyl groups, 14 to the bridgehead 
quaternary C 9 of trans-9-methyldecalin 15 (of comparabJe spatial arrangement but not 
ring size) gives c. 73 ppm. Hence the environment of C !Ob is associated with special 
parameters which may appear in aspidophylinc. 2 Here C 12 (57 • 3 ppm) is a quaternary 
bridgehead carbon to three rings of which only the indolinc is strictly comparable with 
sporidesmins. Though this carbon (in aspidophytine) bears a CH 2 CH 2 N group 
instead of a methyl, yet applying the above rclationship14 gives more than 90 ppm for 
the resonance of this carbon when hydroxy lated. 

(iv) At 95 • 3 ppm (sdm) and 96 • 0 ppm (d ), J 161 • 1 Hz (sdm-D).-This resonance is 
attributed to the one remaining non-aromatic methine which occurs between two 
nitrogen atoms. For this reason it is at low field and is 14 N-quadrupole-broadened 16 a 

(W,, 12 c. II Hz). 
In aspidophytine 2 the corresponding methine carbon, which is adjacent to only one 

nitrogen and at a bridgehead between an incloline and a cyclohexene, resonates at 72 
ppm. This carbon could be shielded, a few ppm, by the adjacent double bond in the 
cyclohexenc ring. That the methine in the sporidesmins is deshiclded by more than 

-20 ppm than that in aspidophytine is accounted for by tltc second adjacent nitrogen; a 
nitrogen clcshiclds by c. > 20 ppm. 16b 

Though this methine proton is between two nitrogen atoms, only one (N-methyl) 
has Jone pair electrons; the other is a lactam nitrogen. The CH coupling constant for 
methylamine is c. 132 Hz6 " or 137 Hz for diaminomethylenes,16 c reflecting the nitrogen 
electronegativity, but in the sporidcsmins the proton i;, rig,idly held in approximately 
the same plane (Dreiding model) as the lone pair of electrons on the indoline nitrogen 
atom, hence the large valuc 13 of 161 Hz. The proximity of the eq~·.atorial HI to the 
Jone pairs on the pyranoid-ring oxygen atom, in -x anomers ofhcxopyranoses,13 makes 
the coupling constant 7-8 Hz greater than that of the axial hydrogen atom. 

(v) Long-range spin-spin coupling.-Jn the undecouplcd spectrum of sdm-D there 
are three non-aromatic resonances which show long-range splittings, two doublets of 
3·7 and one of 2·4 Hz. These occur on the N-methyl quartet, the pyrrolo[I,2-a)­
pyrazine quaternary carbon singlet and a carbonyl (I 65 ppm) singlet (respectively). 
Each of these carbons is three bonds removed, through a nitrogen atom, from the 
same mcthine proton (Sa) which is itself between two nitrogen atoms. There arc two 
opposing factors affecting the value of these long-range coupling constants. One factor 
is that 3J1,cNc values in a planar five-membered ring arc about 15·5 Hz, e.g. 
thiazoie. 17 Against this large value is the fact that in a Drciding model these C-N-C-H 
groups have a dihedral angle of either 120° or 60° (approx.) whi.ch by Conroy's curve 18 

14 Roberts, J. D., Weigert, F. J ., Kroschwitz, J. I., and Reich, H. J.,J. Am. Chem. Soc., 1970, 92, 1338. 
1 5 Dailing, D. K., Grant, D. M., and Paul, E.G., J. A111. Chem: Soc., 1973, 95, 3718. . . , 
16 Levy, G. c., and Nelson, G. L., 'Carbon-13 Nuclear Magnetic Resonance for Org~n1e Chemists 
(a) p. 31; (/,) p. 52; (c) p. 58 (Wiky-Jntcrscirncc: New York 1972). 
11 Bojcscn, J. N., Hog, J. 1-1., Nielsen, J. T., Petersen, I. 8., and Sch~urnburg, K., Acta Chem. Scall([., 

1971, 25, 2739. . , I 
1s Conroy, H., in 'Advances in Organic Chemistry: rvfcthods and Results (Eds R. A. Raphae, 
E. C. Taylor, and W. \Vynbcrg) Vol. 2, p. 265 (lntcrscicncc: New York 1960). 
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would reduce the coupling constant to about a quarter of the value expected in a 
planar molecule. A fourth C-N-C-H group occurs in the molecule where the 13 C is 
aromatic, but the resonance is broad (W,,12 c. 7 Hz) and unresolved. 

In addition to the N-mcthyl being split by a methine proton there is also the methine 
carbon resonance being split into an unsymmetrical poorly defined quartet by Jong­
range coupling to the hydrogens of the N-methyl group: 3JMcNC c. 3 • 7 Hz. 

There are two other carbon nuclei (the CHO I I and the aromatic carbon I 0a) which 
bear the same special relationship to this (Sa) methinc proton but the grouping is 
H-C--C-C and the splitting docs not appear (i.e. it is less than l Hz). 

(c) The Aromatic Peaks a11d Their Long-Ra11ge Co11p/i11gs 

Because of additivity it is interesting to note the average shieldings for the six 
aromatic carbons: in benzene 128 • 7 ppm, 6 " in five l-methyl-2, I 6-dihydrovincadiffor­
mincs 11 (indolines without aromatic substitution) 127 • I ± 0 • 5 ppm, in six Aspidosperma 
alkaloids 19 (indolines with 6-mclhoxy; 5,6-dimethoxy or 6-mcthoxy-I-methyl substi­
tution) 126 • 6 ± 0 • 4 ppm, in a series of eight 3-methoxymorphinanes, six codeines and 
two thebaincs 20 (6-mcthoxy-1,2,3.4-tetrnhydronaphthalcncs with or without an ether­
linked ring at position 7) 129·7 ±0·4 ppm, in two aspidophytines 2 (6,7-dimethoxy-l­
methylindolines) 134 ppm and for sdm 134 • I and sdm-D I 34 • 6 ppm. Jt appears that a 
J ,2-dimethoxy-3-N-methyl group on an aromatic ring has an overall clcshiclding effect. 

On considering that in sdm-D the sole aromatic proton, adjacent to C-CI, has a 
coupling constant of I 66 • 0 Hz, i.e. 8 • 5 Hz greater than in benzene, and that Tarpley 
and Golclstein 21 working on ortho dichlorobenzenes observed the coupling constant 
for the me thine adjacent to a C-CI as I 66 • 5 Hz, it is suggested that in the aromatic 
ring. the chlorine atom has a strong influence on the coupling constant of an adjacent 
CH group. This influence extends further because (A) there is a well dc11ned long-range 
coupling (at 119· l ppm) of 3·7 Hz comparablc\vith the 3·5 Hz recorclecl by Tarpley 
and Goldstein for the (CI)' 3 CCH group, and (n)"in sclm-D there is an unsplit aromatic 
quaternary carbon resonance (128·3 ppm) similarly comparable with Tarpley and 
Goldstein's record of a negligible coupling constant (0·02 Hz) for the 13 CCH(CCI)" 
group. Hence these three peaks (i)-(iii): 

(i) At J 18 • 8 ppm (sdm) and 119 • 1 ppm (sdm-D).-Thcse are attributed to the carbon 
bearinn the chlorine atom. This resonance is shielded by 9·6 ppm (from C 6 H6); the 

b 

summation of the shielding ( 15 • 5 ppm) 6 d by an ortho mcthoxy group together with the 
dcshiclcling (6·4 ppm) 6 " efTect of the chlorine atom totals 9· l ppm. 

(ii) At J 2 J • O ppm (sdm) and 121 ·S ppm (d), J 166 ·0 Hz (sdm-D).- These are un­
ambinuouslv attributed to the sole aromatic CH group. It is shielded by 7 ppm (from 

b • 6 / 
C 6 H 6 ) by being para to a methoxy group (8·9 ppm'). 

(iii) At 126·9 ppm (sd111) and 128·3 ppm (s) (sdm-D).-These are assigned to the 
bridgehead carbon (C !0a). The small shielding (by 1 ·4 ppm) in sdm arises from 
reduced steric crowding by the secondary hydroxyl (at C 11) when the dioxopiperazine 
ring is strained by the -S-S- bridge. In a number of indolines with or without 6-

19 Wenker!, L, Cochran, D. w., Hagaman, E. W., Schell, F. M., Neuss, N., Katner, A. S., Potier, P., 
Kan, c., Plat, M., Koch, M., Mchri, H., Poisson, J., Kuncsch, N., and Rolland, Y., J. Am. Chem. Soc., 

1973, 95, 4990. . 
20 Tenii, Y., Tori, K., Maeda, s., and Sawa, Y. !{-, Tctralll•tlron Lett., 1975, 2853. 
21 Tarpley, A. R., Jr, and Goldstein, J. H., J. Mui. Spec/rose., 1971, 37, 432. 
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and/or 7-mcthoxy substitution 2 • 11 •19 their C 3a (corresponding to C I0a) resonates at 
130 ppm or more (except in the indolinc alkaloid vindolinc and dcrivatives) 19 but when 
there is substitution in the 5~position (MeO, 19 or Cl) then C3a is shielded to c. 128 
ppm. 

(iv) At 140·8 ppm (sdm) and 141 ·0 ppm (sr/111-D).--Ofthc three remaining aromatic 
resonances this one (in sdm-D) shows 14·N quadrupole broadening 160 UVi12 c. 7 ·3 Hz) 
and no resolution; therefore it is attributed to the bridgehead carbon (C 6a). 

(v) At 145 ·8 ppm (sdm) and 146 • 1 ppm (sc/111-D).-This resonance shows two 
quartets (3Jcorn 6· l Hz) separated by (4lccccH) 2·4 Hz so it is attributed to the rneth­
oxy carbon (C 7). 

(vi) At 151·6 ppm (sdm) and 151'3 ppm (sdm-D).-Herc similarly, this resonance 
shows two quartets (3 learn 7 • 3 Hz) separated by (3 lccc11) 3 • 7 Hz so it is applied to 
the mcthoxy carbon (C 8). 

The two adjacent mclhoxy groups have a mutual shielding effect (I 5 • 5 ppm6d) 

upon their 'l. ring carbon resonances but the N-methyl group, adjacent to the 7-Ol'v1e, 
has an additional shielding effect (15·6 ppmc,d) on C7, while the CCI group has a 
negligible (0 • 2 ppm 6 ") dcshiclding effect upon the resonance of C 8, hence C 7 is 
shielded more than C 8. 

(d) Tfze Carbonyl Resonances of the L..actams 

(i) At 164·9 ppm (sdm) and 165·0 ppm (sdm-D).-Though showing 14N quadrupole 
broadening (1Vi12 c. 7·3 Hz), this resonance is clearly split into a doublet C3JcNCH 2·4 
Hz) as discussed above. Hence this resonance is attributed to the 4-CO group in the 
sporidesmins. 

(ii) At 166· 7 ppm (sr/111) and 167· l ppm (sdm-D).-This peak also shows 14 N qu:id­
rupole broadening ( W,,; 2 c. 8 • 5 Hz). It is unsymmetrically split (3 • 6 Hz) and the 
spectrum shows a suggestion of splitting into a quartet as would be expected from the 
protons of the methyl group on the adjacent nitrogen. The strain applied to this I-CO 
by the -S-S- bridge in sdm docs not have a profound effect (0·4 ppm) nor is there 
much change in orientation in a Dreiding model. 
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