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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, 'H nuclear magnetic resonance spectroscopy was
the most important. This spectrum ('H 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 e€-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
l1la-mercaptosecosporidesmin-3-S-acetate, methyl 3-mercaptosecosporidesmin-
1la-S-acetate; and one of the antigens was cross-linked poly (ethoxy)-
poly (secosporidesmin-S,S'-diacetyl)poly- (L-1lysine). Of other new
derivatives of sporidesmin that were synthesized, 3,lla-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 diazonium coupling with suitable bridging groups. Having success-
fully acylated with the chloroacetyl group (forming sporidesmin di(chloro-
acetate) it may be possible 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 epidithicdioxopiper-
azine ring by rupturing the pyrrolidine ring: the products were the
strongly coloured substituted indoleazobenzenes, S5-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-methy1-2',4'—dinitrOpyrrolo[Z,S-b]iruio1e—2-azobenzene was obtained.

These indoleazobenzenes are new compounds.

In the search for methods of diazonium coupling to o—dihydroxy—
benzene, veratrole, the following new compounds were synthesized: 2-

chloro-3',4'-dimethoxy-4-nitrobiphenyl, 2-chloro-4'-hydroxy-3'-methoxy-
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4-nitroazobenzene, 4'-hydroxy-3'-methoxy-2,4-dinitroazobenzene, 3',4'-
dimethoxy-2,4-dinitroazobenzene, 2-chloro-3',4'-dimethoxy-4-nitroazo-

benzene and 2-chloro-4,5-dimethoxy-2',4'-dinitroazobenzene.

In the '3C 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 of 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 com-
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 0il) showed there were only minor differences between them.

The hydrogen bonding analysis revealed that the C-S bonds of 3,1la-di-
mercaptosecosporidesmin and sporidesmin-E were similarly orientated (i.e.
diverging) and not more or less paraliel as in sporidesmin-D.  The mono-
mercapto-derivative (methyl lla-mercaptosecosporidesmin-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 amido-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 *3C nuclear magnetic
resonance spectroscopy, and the infrared 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 diseasc called Facial Eczema.

A history of this diseasc 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, Pithomyces chartarium
(Berk. and Curt.) M.B. Ellis. From cultures of this organism, Synge and
Fhite (1959) isolated an active compound, having the molecular formula
C18H20C1N30682.CC14 which they named sporidesmin (henceforth abbreviated
to sdm). (The fungus was, at first, named Sporidesmium bakeri Syd.

The name, pithomycin, was avoided in case the substance might be consider-
ed an antiﬁiotic 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.
Imnunisation is one of the possibilities. The 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

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
sfructural 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 (1.5a), isodehydro-
gliotoxin (1.5b), chaetocin (1.6a), and verticillin-A (1.6b) (all listed
by Taylor, 1971), ofyzachlorin (Kato, et al., 1969), dioxychaetocin (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 § 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 (O,
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), verruculogen; Shiba and Nunami
(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 *3C nuclear magnetic resonance (*3C n.m.r.) spectroscopy had been
published on epidithiodioxopiperazine compounds, the '3C 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‘aZ., 1975; 6eslauriers, 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 '3C

OH OH
Cl~, ]
L ! L
MeO OMeO:Q\
MeO e MeO e N
(1.9) Me SMe (1.10) Me

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

* The brackets refer to the particular experiment or experiments in the
Experimental.



For comparison, the already known compound sdm-D was prepared (A-C1)
and its '3C n.m.r. spectrum examined. In chapter 3, 'The !3C 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., 1968; Francis,
et al., 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., 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 '3C 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. chartarum and devised a synthesis for the
compound from sdm. The synthesis showed that the -S5-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 mild reagents e.g. repecat-
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, 5,5'-dichloro-6,6',7,7'-tetramethoxy-1,1%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.3,1la-dimercaptosecosdm (1.11) was obtained (A-B1).

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 (pll). 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-C1l) 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-C5) 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-mercaptosecosdm-1la-S-acetate (1.13a) (A-C5c) and (m)ethyl lla-mercap-

tosecosdm-3-S-acetate (1.14) (A-C4b) and (A-C5b), tended to occur.



The structures of these two isomers (3-mercapto and 1la-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 VSH 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 sdm-E (1.10) (above)
might assist in distinguishing the two compounds, hence the chapter (5)
on 'The infra-red solution spectra (4000—2700 cm ') 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-amino-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-Céc—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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refincenents to the method were applied none gave consistent results.

When the -S-S- bridge of sdm was modified by opening and alkylating
(McI) (A-Claii) then the substance ceased to be so toxic (Hela cells,

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

treated with 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 al.,

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

- . 3 .
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




toxicity of sdm so a derivative 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 l-methoxynaphthalene and observed that with time the product lost the
methyl group to yield 4-(4'-nitrobenzeneazo)-l-naphthol.  Should
diazonium coupling to 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

jnterest 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 sdm

dissolved in ethanol and prbduced 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). Use of acetone

instead of alcohol did not yield a sdm derivative either.

2,4-Dinitroaniline is a weaker base than p-nitroaniline, and
therefore, according to Schoutissen (1933c) the diazonium salt from
2,4-dinitroaniline would be a more powerful coupling agent in conc.

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). In this acid (A-F2I1I), diazo-
a

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 (pKa = 0.70, Chemical Rubber, 1964) (A-F2IV) in
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
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in aqueous acid.  Trifluoroacetic acid is an anhydrous liquid acid

(pPK = 0.23, Ansell and Gigg, 1965), in which trifluoroacetic 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 glutarate was selected. The main product of the reaction with

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

MeO @

@) \M
Ho ©

monomethyl glutarate ester were obtained from a number of syntheses.

Since tfaa dchydrated and dethionated sdm to anhydrodethiosdm, no acid
mixture containing tfaa could be used as a solvent in any reaction
involving sdm. No esterification of sdm was achieved with monomethyl

glutarate in the presence of a substituted carbodiimide (A-D1b). -

Since, then, anhydrodethiosdm was obtained as a stable byproduct
of the above reaction, it was reasoned that it might be stable to
diazonium coupling. It also decomposed but in a different way from

that of intact sdm (A-F2IVb).

Seeiﬁg that.sdm could be acety;;ted'with acetic anhydride and
pyridine it was reasoned that chloroacetic anhydride and pyridine should
be effective (A—D4).f In order to link the sdm chloroacetate onto a
protein another bridging group was nceded i.e. to link the methylencs of
the chloromethyl groups to the e-amino-groups. For this purpose S-ace-
tylmercaptosuccinic anhydride (samsa) (AQD4V) was used (Marks, 1967).

The anhydride acylates the protein, and the mercapto—g}oup 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 1.1a) 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:

the one on C-3 was 3-S but the others were 12 (on C-11a) 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 3,1la-epidithio-group.) Arising from
this system of numbering the sulphur atoms, 1l1a-S an S-12 are used

interchangeably for the same S-atom which is on C-1la.

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 wﬁether 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 diazonium coupling at the aromatic

hydrogen.

§1. Derdlvatives grom the Opening of the -S-S- Bridge

3,11a-Dimercaptosecosporidesmin (1.11) (A-B1)

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-B1iii) 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

(CHClS) 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 (CHC13) showed promise there was a chance that the peak

at 2535 cm”! 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 ! 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 (-S7) is so reactive
(Fontana and Toniolo, 1974) and because of the close proximity of the two
ionic sulphur atoms (c. 3.2 R, 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
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-CSbiva)
and from washing chloroform extracts (of mercaptosecosdm derivatives)
with alkaline solutions (c¢. pH 10) (A-Blv, A-C5cvi) 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-Cl1, 4,

5, 8).

The *H n.m.r. spectrum of this compound was, for the common protons
(apart from the positions of the 2 hydroxy-Hs) 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-1la-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 § 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 spectra (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, 11a-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 6 2.00 and 1.95. The former is
comparable with that of sdm (6 2.03, Ronaldson, et al., 1563) while the
latter with that of dimercaptosecosdm (S8 1.96). Upon reducing the
temperature (to —400) at which the 'H n.m.r. spectrum of sdm-E was deter-
mined, the 3-Me peak occurs as a broad singlet (8§ e¢. 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 3,1la-dimercaptosecosdm before the -S-S- bridge
reformed. A red brown precipitate of copper was obtained from the

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

After obtaining the 3,1la-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 spectrum 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 (2535
cm 1) nor the pattern of the dimercaptosecosdm (Fig. IR2.4) between 940
and 600 cm 2. Instead it showed a spectrum similar to that of sdm
(Fig. IR2.3) except in the 1400 to 1300 cm ! 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 } the copper derivative had a strong peak at 1385, a less
strong one at 1345 and a medium to weak peak at 1310 cm™' comparable
with those of 3,1la—dimercaptosecosdm.. Hence the cupric ions had not

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

for which this interim structure is suggested.

< s

N =0 \

5

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 '°3C

nuclear magnetic resonance spectra with those of sporidesmin' (see

Chapter 4).

[13-3°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 (3°S) would

produce the desired compound.

Immediately the 3°S was received it was diluted (CcHg) and 1/3 of
it taken and evaporated to drymess. The sdm.C6H6 and radiosulphur were
redissolved in pyridine; the vessel, wrapped in foil, was heated (320,
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 CHC13) was washed (dil. HC1l, pH 3 then HZO). 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 SiO2 gel G in
7 mm tube) with chloroform-benzene (1:4). Each fraction was collected
vhen 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 3°S

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-CHC13 7:13) the RF (t.1l.c. SiO2 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—BSvi).
2. Sdm, in the same solvent system and adsorbent, 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 simplifiecs 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 ([13,14-3582]-

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, sce later
(this Chapter under §3, 'The results of trcating animals with the modi-

fied sporidesmin-protein complexes').

Sdm-E diacetate
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, CHSCOOH), 391 (433-42, CHZCO)
and 373 (391-18, HZO). 373 1Is the molecular weight for anhydrodethiosdm

(1.16) (Hodges, et al., 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.
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§2.  The Alkylation of the Sulphwr Atoms

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
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 '3C n.m.r. of sdm-D is discussed in Chapter 3, 'The ?3C 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 '3C n.m.r. spectra were obtained for sdm and sdm-D it
was considered that the 3-proton singlet peak at § 3.30—3.37 in the 'y
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 & 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-dimethy1urécil (Varian, 1963) resonates at § 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 § 2.92, 3.02 and 3.22.
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resp. (Varian, 1963). Even though the dimethyluracil was not strictly
comparable with the dioxopiperazine ring of sdm yet there was some

similarity. In Chapter 3 the basis for reversing these assignments is

set out.

The function of pyridine in the reactions.-From experiment (A-C5ai) 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- (B-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 pyridinium 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 haloacetic ester to form N-alkoxycarbonyl-

methylpyridinium halide (Scheme 1.1) which then was the alkylating agent.

[3,11a- (SC'3H3) ,1Sporidesmin-D (A-Cib)

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 witﬁ sdm-E (for [13-3°S]sdm-E see above,

§1) so an attempt was made to prepare [3,11a- (SC3H,,) . ]sdm-D. The method

3)2

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. Thercfore instead of purifying the c¢. 40 pg of product by t.l.c.
the whole product of the reaction was chromatographed, 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. The final small volume of solvent-solute was

transferred to a column.

After the dead volume had emerged, the raaioactive counts (x 10 &)
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 (R 1.15) than sdm-D while

sdm-D
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.1l.c. of fraction 5 suggested that [3,11a—(SCaH3)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). For its use in

the immunological experiment see §3.

Sporidesmin-D diacetate (A-C2)

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 (C20H26C1N"0 S,, M 503) to

376722

the diacetate (C24H30C1N30882, M 587).
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2.  With chloroacetic actid.
Secosporidesmin-S,S'-diacetic acid

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- (B-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 aquecus
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 less drastic process of hydrolysis with an icn 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 (1720vs cm ', not at 1730s cm™! for the ester, Nakanishi, 1964).

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



Expt

a iii.

b iv.

Sdm.C6H6

(umo1)

190

59

200

1000

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

(Solvent system for t.l.c.: ether-benzene 2:37)

Pyridine ClCHZCOOEt NaI MeOH NaBH4 Product
(MR) (mmo1) (mmo1) (ml) (mg)

400 20 - 2.4 30 (sdm)

130 1 1.2 1.5 15 (1.12b)
550 4 4.1 4.6 76 (sdm)

(1.12b)

2750 20 21 18 292 (1.12b)

(1.14b)

sdm

0.8

1.0
0.8

0.8
0.4

Crude Yield
(%)

100

86

38
21



Expt

a iii.

b iv.

Sdm.C6H6

(umol)

1000

500

430

400

1000

2000

Table 2.2.

Pyridine
(uR)

(1200) *

600

500

500

1200

2400

(Solvent system for t.l.c.:

C1CH,COOMe

2

(mmo1l)

5.7

2.9

5.7

11.5

Nal

(umol)

270

135

110

125

270

650

ether-benzene 2:3.)

MeOH
(ml)

12

12

24

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

NaLBH.4 Product
(mg)
193 (1.1
(1.12a)
96 -
56 (1.1
(1.12a)
(1.14a)
61 (1.12a)
(1.14a)
193 (1.1
(1.13)
(1.12a)
(1.14a)
320 (1.1)
(1.13)
(1.12a)
(1.14a)

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

o O

OO O

(el e NN

.00
.59
.22

.59
.22

.00
.70
.59
.22

.00
.70
.59
.22

Crude Yield

34
39
24

70
20
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3.  With chloroacetic esters.
Di(m)ethyl secosporidesmin-S,S'-diacetates (1.12),
(M)ethyl 1la-mercaptosecosporidesmin-3-S-acetates (1.14), 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 (Nal) for each mole of alkylating agent was used while for the
methyl esters only e¢. 1/20 mole was used. The latter ratio was satis-
factory, because, as reaction proceeded, more chloroacetate would be
transiodinated. It is-well-known that the transiodination equilibrium

favours the formation of the iodide.

A cold solution 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-5,S'-diacetate (1.12) as a gum and finally
(m)ethyl 1la-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-1la-S-acetate were so close they were not completely
separated (e.g. compound 1.13 not detected in experiment A-C5aiii) in

the above solvent system. T.l.c. of the mixture with chloroform (RF

0.64), ethyl acetate (PF 0.53), acetone (Ry 0.83), t-butyl alcohol-benzene
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(1:9, E} 0.61), methanol-benzene (1:9, RF 0.72) or with acetone-benzene
(3:17, B% 0.41) showed no separation.  From this latter system it was
deduced that ether alone was the solvent that effected the separation
in cther-benzene mixtures. The solvents that effected separations
were:  ether (R 0.70, 0.80), acetone-light petroleum (40—60°) (1:3,

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

F F

0.18, 0.25), and (23:2 RF 0.49, 0.60). The greatest percentage apparent
separation was with ether-light pet;oleum (40——600) (1:1), hence those
fractions containing both compounds were rechromatographed in light
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-CS5Scvi) 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 ¢. 20:1 for the ethyl
esters and ¢. 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-1la-S-acetate,1.13a) compound appeared in quantity only

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

In the attempt to obtain the secosdm-S,S'-diacetates crystalline,
the following crystallizing systems were tried on the gum: acetone-light
petroleum (80——1000), benzene-light petroleum, acetone-water, ethyl
acetate-light petroleum. An ether solution (100 pl) of the gum (1 mg)
was applied across a t.l.c. plate and developed (EtOEt-C6H6 2:3).

Elution of the quenchingzone 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-

5,5'-diacetate and then di-(p-nitrophenyl) secosdm-5,S'-diacetate because

the picryl synthesis failed.
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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 !) or chloro-

acetate C-0-C (e. 1150 cm ') i.r. absorption.

p-Nitrophenyl chloroacetate (A-C7ii) (Auwers, et al., 1927) was
synthesized and the i.r. spectrum of the crystals showed absorptions at
1770 cm™? (ester C=0) and 1140 cm ! (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).

Affer 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-C5e), after
Safe and Taylor (1972). Although it was possible to wash the product
(CHCl3 solution) with water, it was not possible to chromatograph it
either on t.1.c. or in a column, without it hydrolyzing. That the two
hydroxy-groups of the ester had been trimethylsilylated was shown by the
14 n.m.r. spectrum where there were no peaks corresponding to the
hydroxy—H;, the CH (8§ 4.61) of the secondary hydroxy-group was unsplit,
and the two trimethylsilyl peaks appeared as two equally intense peaks
at different frequencies (8 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 resulteq 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 (6§ 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-S5,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-acétate esters crystallized quite readily.
When the gum of methyl 1lla-mercaptosecosdm-3-S-acetate from experiment
(A-C5aiii) was being prepared for complexation to pll (A-C6éaii) 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 l1la-mercaptosecosdm-3-S-acetate (1.14a) (A-C5biv) further
t.1l.c. on the crystals was investigated: acetone-ethyl acetate (1:1)

Ry 0.9, t-butyl alcohol-light petroleum (40—60°) (1:9) Ry 0.6, acetone-
chloroform (1:1) 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 (1200) and turned black (}260) without

subliming. Upon ultimaté analysis it was found that the molecule
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crystallized with a molecule of water hence the indefinite melting point

o . . .
(150—1567). The 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 ethanocl, methanol and ethyl acetate.

The following chemical tests for the presence of a mercapto-group
in ethyl (1.14b) (A-C4biv) and methyl 1la-mercaptosecosdm-3-S-acetate
(1.14a) (A-C4aiii) and methyl 3-mercaptosecosdm-lla-S-acetate (1.13)
(A-C5cv) were applied:

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

a fleeting red positive with dithiothreitol, there was no positive
red coloration with either the 1la- 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. (A slight excess of
ammonium ions gave a false positive.)
3. Sdm, 3- and lla-mercaptosecosdm esters, sdm-D and both methyl and
ethyl secosdm-S,S'-diacetates (20 pg each) were disc chromatographed
(HZO) 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 R_, sdm-D as a colourless mark which quickly dis-

F’
appeared and the others could not be detected.

Consistent with methyl 3-mercaptosecosdm-lia-S-acetate (1.13) giv-
ing the positive thiol reactions above, its i.r. spectrum (KBr) showed a
peak at 2535 cm !, in the S-H stretching region (see Fig. IR2.1).  The

1H n.m.r. spectrum indicated the position of this thiol group because the
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single proton quartet at & 3.98 collapsed to a singlet when the 3-proton
doublet at § 1.89 was irradiated. The J value of e¢. 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. *J

HSCCH3

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

Jochims, et

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 ') 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 HZS 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™!) of sporidesmin and its derivatives'). The 'H 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 st in the mass
spectrometer could arise from the close proximity of the thiol to the
exchangeable hydrogen, hence structure (1.14a), methyl lla-mercaptoseco-

sporidesmin-3-S-acetate.
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4. With methylene dichloride (A-C8)
S,S'-Homosporidesmin (2.1)

Since it was possible both to alkylate 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 methyiene. By alkylating the opened -S-S-
bridge with the bifunctional methylene diiodide (A-C8i—iii) instead of
the monofunctional iodoacetate (ClCHZCO, Nal, as before) it was possible

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

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

0.04 ppm apart or as a doublet (J 2 Hz) of intensity 2 at 8 4.00. Since

the unstrained divalent -sulphur bond-angle is 1050, the molecule can
exist in two conforymations: r,/”}/////ﬂ
: N \\\

or

0 PN e g

LH,
S N

The two peaks were nearly equal in height (height éf § 4.02, 0.9 that of
§ 3.98) suggesting that the concentration (in CDC13) of each conformer
was about cqual. 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 e. 12 Hz (Emsley, et al., 1965a), the A\)/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-anisyl-S,-

S'-homosdm synthesized by Kishi, et al. (1973) from 1,6-dimethyl-2,5-dioxo-
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piperazine. They were able to remove the_p;methoxybenzylidene grouﬁ and

form the -S-S- bridge as the last stép 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-C10) (from ethylene dibromide),

and 12a,12b-di (methoxycarbonyl)-S,S"'-dihomosdm (2.4) (A-C11) (from dimethyl
. . ]

< s < I—S < —s5
N FO }3+4F3r] N O g:kiz N O (;*4{:()()BAE?
0 - ¢ Oi\@— £, O\ A= LHCOOMe
S

(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 effluqnt. Even so, there was

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

indigotin) colours.

Some observations on the infra-red (KBr) and *H nuclear magnetic
resonance spectra oj the preceding sporidesmin derivatives.-The basic sdm
molecule was so large in comparison with 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 ')
(Fig. IR2.1)

Sdm-D (1.9), diethyl secogdm—S,S'—diacetate (1.12b) and ethyl 1la-
mercaptosecosdm-3-S-acetate (1.14b) showed stronger peaks (than the others)
at c..3000 cm ! which may be attributed to the methyl of the S-Me and CH,-
Me (see the analysis of the solution spectra in Chapter S5, 'The infra-red
solution spectra (4000—2700 cm™!) of sdm and derivatives'). The other

compounds (1.1; 1.10—1.12a, 1.13, 1.1l4a, 1.15, 2.1) showed only well

defined weak-peaks or shoulders.
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In Fig. IR2.1 for methyl 3-mercaptosecosdm-lla-S-acetate (1.13) and
3,11a-dimercaptosecosdm (1.11) there were the VSH peaks at c. 2530 cm ':
for both methyl and ethyl lla-mercaptosecosdm-3-S-acetates the same VSH
region (2600—2500 cm ') was displayed showing the absence of any peaks.
For discussion of this phenomenonsee Chapter 5, 'The infra-red solution

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

The acetates (1.12—1.14) had peaks at 1740—1710 cm ' for the ester
carbonyls as well as the lactam carbonyl peaks (1700—1630 cm™?) which

were common to all the spectra.

In the asymmetrical methyl C-H bending (1465 cm !) and the 'per-
turbed' methylene (1410 cm ') region they all had the characteristic
pattern; though methylenes were absent in sdm, sdm-B, sdm-D, sdm-E and
3,1la-dimercaptosecosdm yet the 'perturbed' methylene (1410 cm™ ') peak

was always present.

(b) The peaks between 1400 and 1300 ecm * (Fig. IR2.2)

In both sdm and sdm-B the peaks at 1380 cm ! were weak to medium
and those at 1345 cm ! were strong to very strong while in all the other
compounds where the -S-S- bridge has been opened (including 3,1la-dimer-
captosecosdm), the relative intensities were reversed. (Sdm-E was
anomalous: these two peaks were of c¢. equal intensity.) In the same
compounds where the peaks at 1380 cm™? were strong there were one or two
extra Me groups (SMe, COOMe, CHZMe, particularly in diethyl secosdm-S,S'-
diacetate) which might contribute to the increased intensity but there

1

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

there were no extra Me groups. This suggests that the peak at 1380 cm™!

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

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

1

frequency at 1345 cm '. This shift was the result of the strain that

the -S-S- bridge applied to the diokopipefazine ring in sdm and sdm-B.
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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 ' attributed by Bellamy

(1975d) to primary and secondary alcohol vibrations, was weak in 3,1la-

dimercaptosecosdm.

(c) The peaks between 1300 and 600 e¢m” ' (Figs IR2.3, IR2.4)

The Spéctra 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 I, For the methyl homo-
logue the peak tended to be sharp (at 1200 cm™ !) while that for the ethyl
homologue was broad with its apex at 1185 cm 1. Perchard (1970) observed
a comparable shift in going from MeOC

Dg (1192s) to CD,OEt (1159m, KBr).

2 3

In other sdm derivatives where the COOAlk group was absent there tended
to be medium peaks at c. 1200 cm 1. In S5,S5'-homosdm (2.1) there was a

weak, well defined peak at 1200 cm * and a strong one at 1190 cm .

Mooney (1963) attributed a peak in the spectrum of o-chloroanisole
at 1247 cm ? to aryl-O-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” ! while the esters

have weaker ones at c¢. 1260 cm 1.

On the whole the C-O vibrations at c. 1040 cm ?

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 e. 1000 cm” ! which was
weakest in the two ethyl esters (of 1la—mercaptoéecosdm—Shacetate,
1.14b, and secosdm-S,S'-diacetate, 1.12b),weak to medium in 3,1la-dimexr-
captosecosdm (1.11), sdm-D (1.9) and édm-B (1.15), medium in sdm and the

three methyl esters (0f3- and 1la-mercaptosecosdm-1la-S-acetate, 1.13,

1.14a, and secosdm-S,S'-diacetate, 1.12a), and strong in $,5' -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 cm ’. The peak at 752 cm ' was present (slightly less intense) in
sdm-B but the one at 740 was absent. The peak at 740 cm ' in sdm may
be attributed to an out-of-plane bonded OH deformation frequency (Bellamy,
1875e). As is discussed in Chapter 5, 'The infra-red solution spectra
(4000—2700 cm—l) of sdm and derivatives', the‘hydrogen bonding in sdm

was quite different from that in the other derivatives.

(@) H nuclear magnetic resonance

In each of the *H n.m.r. spectra there were a set of overlapping
peaks, more or less unresolved in the region of § 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 (6 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 (S 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 10-20o (Rahman, et al., 1970; Safe and
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Taylor, 1971), compared with its normal orientation of 900. When this
strained condition was released as in sdm-D (1.9) and the esters, seco-
sdm-5,S'-diacetate (1.12) and 3-mercaptosecosdm-1lla-S-acetate (1.13),

the C-methyl peak shifted upfield to & 1.90—1.86. But under the
environment as suggested for methyl 1lla-mercaptosecosdm-3-S-acetate (1.14)
in Chapter 5, there was deshielding comparable with that in sdm. There
was a similar deshielding in dimercaptosecosdm (1.11) and sdm-E (1.10),

which deshielding was discussed under '3,1la-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 € 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'-diacetate,
3.29 (A-C4aiii); dimethyl secosdm-S,S'-diacetate, 3.34 (A-C5ai); methyl
lla-mercaptosecosdm-3-S-acetate, 3.65 (A-C5biv); and methyl 3-mercapto-

secosdm-1la-S-acetate, 3.64 (A-CS5cv).
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§3.  The Antigens

These syntheses (based on Ansell and Gigg, 1965) were undertaken in
order to produce high molecular weight (e. 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 (EtOH-H,0 2:3).

2
Poly- (L-lysine) (pl1) formed a clear aqueous-alcohol solution. Bovine
plasma albumin (bpa), rabbit serum albumin (rsa) and bovine thyroglobulin
(btg) all turned 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 (EtOH-H,0 e¢. 1:6) and did

2
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-sdm ester after it had been diluted with water (EtOH-H,0 2:3).

2
If the ester came out of solution upon addition of water, dilution with
alcohol (and HZO) 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)ethyi lla-mercaptosecosdm-3-S-acetate (1.14) dissolved
in alcohol, but immediately it crystallized out. Boiling the alcoholic
solution did not redissolve it nor did the compound decompose at that
temperature. What could be dissolved in the aqueous alcohol was com-

plexed to protein but gave only a low concentration of hapten on the
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protein (A-C6aii).

After mixing the protein and the ester solutions, the pH was raised
to e. 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 e-amino-
groups of the proteins took place (room temperature), the pH of the

solution fell to e. 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 (CHC13) it would become a dense white
suspension which often did not redissolve on dilution (HZO or EtOH).
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 cause 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. Chloro-

form-precipitated bpa redissolved in water.

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-
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tein. Neverthcless, 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—vVv) 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. This radical alteration in solubility was it-
self evidence that the hapten had been covalently bound to the protein.
In this case, poly-(3-mercaptosecosporidesmin-1la-S-acetyl)rabbit serum .
albumin, there was no cross-linking (see below) since the ester (3-mer-

captosecosdm-1la-S-acetate) was monofunctional.

For the preparation containing the complex, poly-(lla-mercaptoseco-
sporidesmin-3-S-acetyl)poly- (L-1lysine) (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-1lysine) (A-C6aiii).

But insolubility in other experiments (A-C6éavi—viii) using higher
concentrations of the bifunctional diesters showed itself by a gel being
precipitated which it was Sugéested 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 (secosporidesmin-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



decomposed the modified sdm moicty to the substituted indigotin (dark

blue).

The presence of this gel was particularly marked in the experiment
(A-C6aviii) where an automatic titrator was used to maintain the pH
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-5,S5'~-di (acetyllysyl) this equation was arrived at:
x(56.4C + 9.4H + 21.8N + 12.40) + (1-x)(50.3C + 5.7H + 4.4C1 + 12.1IN +
19.70 + 7.9S8) is nearest to (46.9C + 6.3H + 3.7Cl + 12.2N + 25.60 + 5.45S)

So for carbon where 56.4x + (1-x)50.3 - 46.9 was made = 0

was the value x = -0.55
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 €-amino groups
of the lysyl moieties were substituted. If 62% were substituted, it
would require: C, 51.2; 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 of sdm then
58.3% of 84 = 49% of the gel, cross-linked poly (methoxy)poly (seco-

sporidesmin-S,S'-diacetyl)poly- (L-lysine), came from the elements of sdm.



Table 2.3. uantities of reagents in complexing modified sporidesmin to a
synthetic protein, poly-(L-lysine)HBr (A-C6a).

Expt Protein Sdm derivatives Reaction  Unchanged  Calculated Product Calculated % e-amino-
time sdm deriv-  secosdm in  solubility  groups substituted:
ative complex in EtOH-H20 No of ester groups
(mg) (1) (No) (mg) (days) (mg) (%) one two
i. 22 139,000 (1.12b) 19.2 1 7.6 36 Soluble 17 34
ii. -Egg's’ -Eligjggg (1.142) 121 3 74 31 do. 12.5 -
iii. 148 70,000 (1.12a) 139 2 30 42 do. 22 44
iv. 103 180,000 (1.12a) 30 4 6 22 do. 8 16
V. 21 180,000  (1.12a) 47 4 10 62 do. 61 122*
vi. 21 180,000  (1.12a) 53 7 - - gel (23 mg) - -
vii. 20 180,000  (1.12b) 50 3 28 - gel (28 mg) - -
viii. 53 180,000 (1.12a) 300 S5h - 49 gel (63 mg) - 62
ix. 165 70,000 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.



Table 2.4. Names of Antigens, Complexes between modified
Sporidesmin (sdm) and proteins.

Product moving as a discrete

Expt Modified protein protein (electrophoretically)
) Rprotein
A-Céai. Poly (ethoxy)poly (secosdm-S,S"diacetyl)poly- (L-lysine)
aii. Poly- (1la-mercaptosecosdm-3-S-acetyl)poly- (L-lysine)
aiii. Poly (methoxy)poly (secosdm-S,S'~-diacetyl)poly- (L-1lysine)
avii. Cross-linked poly (ethoxy)poly (secosdm-S$,S'-diacetyl)poly- (L-1lysine)
aviii. Cross-linked poly(methoxy)poly(secosdm-S,S'-diacetyl)poly—(L-lysine)
aix. Poly (chloroacetyl)poly- (L-lysine)
c. Poly (methoxy)poly (secosdm-S,S5'-diacetyl)bovine plasma albumin 33% 0.77
dii. Poly- (3-mercaptosecosdm-1la-S-acetyl)rabbit serum albumin 91% 0.80
aiv. Poly (ethoxy)poly (secosdm-S5,S"'-diacetyl)rabbit serum albumin 100% 0.80
eii. Poly (ethoxy)poly (secosdm-S,S'-diacetyl)ovalbumin

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 e-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 e-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 number 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 reproducibie 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 e-amino-groups (100 pmol) had re-



Table 2.5, The immunologist's results from applying to animals the
antigens synthesized from sporidesmin (sdm).

Prepa- Expt Condition Sdm Degree of Animals Results
ration of hapten substitution IHA* Warm CFT**
(%) (%) with ACDMBA-
KLH***
Immunologist: Jonas, pers. comm.
1 A-C6ai. diethyl diacetate-pll 36 1734 6 rabbits +ve IHA* -
Titre 1:160
2 aii. methyl 3-S-acetate-pll 31 12.5 6 rabbits doubtful +ve -ve
3 aiii. dimethyl diacetate-pll 42 22—44 3 rabbits -ve -ve
guinea pigs -ve -
3 do. mixed with methylated bsa do. do. guinea pigs -ve -
and phosphorylated bsa
4 c. dimethyl diacetate-bpa 2.5 6—12 4 rabbits -ve -
5 dii. methyl 1la-S-acetate-rsa 22 69—100 10 guinea pigs -ve -
6 aiv. dimethyl diacetate-pll 22 8—16 4 rabbits -ve -
7 av. dimethyl diacetate-pll 62 61—100 not yet tested
8 aviii. dimethyl diacetate-pll 49 62 4 rabbits doubtful +ve one animal +ve
9 div. diethyl diacetate-rsa 27 100 not yet tested
10 eii. diethyl diacetate-ova 7.3 39—78 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.



Expt

di.

dii.

diii.

div.
€i.

eii.

Protein

Table 2.6.

Quantities of reagents in complexing modified

sporidesmin to natural proteins (A-C6).

Sporidesmin derivative

(recov-

(name) (mg) (M) (/mol) (Umol) (No) (mg) ered) (Mmol)
bpa 300 65,000 58 266 (1.12a) 26 16 16
rsa 60 65,000 58 54 (1.12a) 21 21 -
rsa 56 do. do. 50 (1.13) 23 4 34.5
rsa 61 do. do. 55 (1.13) 23 23 -
rsa 54 do. do. 48 (1.12b) 53 4 76
ova 712 46,000 20 310 (1.12b) 100 87 20
ova 620 do. do. 270 (1.12b) 87 19 105
btg 22 660,000 137 4.6 (1.12b) 19 1 28

* Assuming all the acylating agent was

Reaction Calculated

time apparent
secosdm
in complex
(days) (%)
2 2.5
2 -
2.5 22
6 -
3 36
1h -
12 7-3
7 35

covalently bound.

** Assuming that only one -COOAlk group reacted.

Calculated
€-amino
groups
substituted

69

76

39**

No. of lysyl
groups sub-
stituted/
molecule
where only
one COOAlk
reacted

10

44 out of 58

44 out of 58

<8

Protein
binding
(mol of
ester/mol
protein)

nil*

nil¥*

49

>685
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acted. Of the 122 umol of functional groups of the bifunctional modi-

fied sdm (dimethyl secosdm-S,S'-diacetate) at least 22 umol had not
reacted. But since the ninhydrin test showed a positive reaction

(even though the reading was not reproducible) it indicated that at

least some of the lysyl e-amino-groups were unsubstituted hence less than
100 umol of the 122 (and more than 61 umol) 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 éhange in solubility and
the change in the number 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 (pl11) 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 p1l complex, poly(ethoxy)poly (secosporidesmin-S,S'-di-

acetyl)poly- (L-lysine), (A-Céai, 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)
excep£ 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 (EtOH—HZO 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 al., 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 e. 13% would be 'protein bound' in



Molecular weights (¥) for the -S-acetyl esters of

Table 2.7. : !
modified sporidesmin and lysine for calculations.

Sporidesmin (sdm) 473.5
Mercaptosecosdm-S-acetyl 516.5
Secosdm-S5,S'-diacetyl 557.5
Methyl mercaptosecosdm-S-acetate .. .. - 547.5
Ethyl mercaptosecosdm-S-acetate - .. .. .. .. 561.5
S»Methoxycarbonylmethylsecosdm—S—a;etyl - .. .. .. 588.5
S-Ethoxycarbonylmethylsecosdm-S-acetyl - .. .. .. 602.5
Dimethyl secosdm-S,S'-diacetate .. .. .. .. .. 619.5
Diethyl secosdm-S,S'-diacetate . .. - .. .. 647.5
Lysine’ .o - .. .. - .o .. .. 146
Na-substituted lysyl (NHZ(CH4)4CH(CO-)NH—) .. .. .. 128
Lysine. HBr .. .. .. .. - .. .. .. 227
Na—substituted lysyl.HBr o .. .. .. .. .. 209

N,N'-disubstituted lysyl .o .. .o .o .. .. 127
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the second experiment, where some poly (ethoxy)poly (secosporidesmin-S,S"'-

diacetyl)ovalbumin 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 al., 1970), the slowness of the
reaction befween 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.
This 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 im vivo or im vitro with acetyl-

salicyclic acid (Pinckard, et al., 1970).

The calculation of the percentage of sdm in the protein complexes.-For
Experiment (A-C6ai) (assuming no losses during preparation)

From Table 2.3, 22 mg p11.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 calculation of the percentage of substituted lysyl residues in the

complexes.-For Experiment (A-C6ai) above

11.6 mg diethyl secosdm-S,S'-diacetate appeared to enter into the reaction
11.6/648 = 18 umol of the ester

13.5 mg of N,N'-disubstituted lysyls

13.5/127 =105 pmol of 1lysyls
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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.)

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-
phoretic result for (A-C6dii) where substitution was with the mono-
functional ester, 3-mercaptosccosdm-1lla-S-acetate, 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 50 uymol of e-amino-groups were in the new compound.
i.e. 45.7 umol " " " wenwomon " .
From the Table 2.6, 34.5 umol of 3-mercaptosecosdm-1la-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 c-amino-groups were substituted in
each of the new rsa molecﬁles, poly- (3-mercaptosccosporidesmin-1la-5-
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-Cé6dii.)
Hence from Table 2.6, 44/58 x 48 umol of e-amino-groups
= 36 umol of S-ethoxycarbonylmethylsecosdm-S'-acetyl if each mole-

cule was monosubstituted.
But 76 umol 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 umol of diethyl
secosdm-S,S"'-diacetate, i.e. at most 44 mol of monosubstituted diester were
covalently bonded/mol of rsa and in this preparation, at least 49 mol/mol
of diester were 'protein bound'.

Similarly for bpa (Rbpa 0.77) where at least 33% moved as the discrete
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 €-amino-
groups had been substituted.

The stained electropherogram 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'(Rbtg 1.2, under
the same conditions as used for bpa and rsa) than the untreated btg.

Both the new protein which showed e. 1% residual natural btg and the btg,
showed tails to the origin.

From the Table 2.6, all the 4.6 pymol of e-amino-groups were in the new
compound, and 28 umol of diethyl secosdm-S5,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. The antibody titre for the animals treated with the antigen, modified
sporidesmin complexed to bovine thyroglobulin (Fairclough, pers. comm.).

A. Sheep: plasma assayed with [3,11a-(SC3H3)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

B. 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



For natural proteins, substituted with bifunctional esters, there
was no insoluble (HZO’ HZO—EtOH, EtOH) gel as had occurred in similar
experiments (A-C6avi—viii) with pill. 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—émino—groups in any one molecule
of the natural proteins is unknown. Only those €-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'-diacectate, when the first one has already reacted.

The results of treating animals with the modified sporidesmin-protein
complexes.-The 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 [3,11a-(SC*H,),]sdm-D (A-Clb) and counted at two dilutions, see

3)2
Table 2.8, while the latter were assayed with [13-°°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, c. 1:400, e. 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
immun

jzation 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-S5,S'-diacetate was attempted (A-COGb). 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 Ansecll 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) (with the amino-acid moiety) 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 ! was apparently undiminished in
the product). Since the e-amino-group is more basic (pr 5.05, Chemical
Rubber, 1964) than the a-amino-group (pr 11.8) direct acylation (without
chelation) should react preferentially (Okawa and Hase, 1965) with the
g-amino-group: this was attempted first at close to neutrality (pH 7.5—
8) (A-Cébii) then at a higher pH (e. 9) (A-Cébiii). 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 fhey were not.

In acylations of amines with esters (Hayes and Gever, 1951; Rebstock,
et al., 1951) it is necessary to heat the reaction mixture to 90——1000,

at which temperature most sdm derivatives decompose. The derivative,



47

(Ne,Né-(secosdm—S,S'-diacetyl)di—(L—lysine)J may have been prepared by
alkylating the opened -S-S- bridge of sdm with Ne-chloroacetyl—L-lysine

(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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84. Derdivatives of Spornidesmin by

Esterigication (A-D) or Quatesnization (A-E)

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
1/1000th 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 ring system by synthe-
sizing sdm derivatives which have the bridging (between sdm and protein)
group covalently bondedat afunctional group other than the -S-S- bridge.
Sdm (1.1) has two hydroxy-groups, (one, 11-OH, a secondary-hydroxy; the

other, 10b-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 arhydride
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 V,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
(e. 20% by t.l.c.) after 48 d. The i.r. spectrum of the crude product
showed unchanged sdm with no intense R—SOZ—OR' peak between 1420 and
1

1330 cm 1. There was a small peak (1175 cm }) in the 1200—1145 cm”

R—SOZ-OR' 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. The work

was done in a dry box.

In synthesis (A-Dlai) mmg and tfaa were mixed immediately before
adding the mixture to the dry sdm. The latter did not dissolve but
immediafely turned dark orange. This orange material was the major
product and by i.r. spectroscopy was anhydrodethiosdm (adsdm, 1.16).

This compound is usually 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 mmg 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,B) produced an
orange solution only slowly. Even so chromatography yielded no more
than ¢. 27% of a gum. In the 0.2 mmol experiment (A-Dlaiiy) where more

of the benzene solvate of sdm was first dissc.ved in the acetone the

reaction product, a gum (80 umol), crystallized (C6H6). The m/e (601,

M+) was that of sporidesmin 11-(methylglutarate) (2.5) whose i.r. spectrum
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showed.peaks at 3600 (OH), 1750, 1740 (methyl and sdm ester C=0), 1710
and 1665 cm !, OH

Cl /O\ | ~00C(CH,)3CO0Me

MeO N/L O

N ~
| Sg (2.5)
MeO Me
N\Me

‘Me

Because of the difficulty in dissclving the sdm benzene solvate in

small amounts of acetone the system of completely dissolving the solvate
first in acetone and mmg was investigated (A-Dlaiii). After the tfaa
was added the solution immediately turned dark amber. During the work-
up, acetone was used to obLtain 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 ! which is
characteristic of trifluoroacetates. Upon chromatography of these
crystals no esters were obtained. In the chromatographic process the
labile trifluoroacetate 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, which anhydride
then reacts with the substrate to yield trifluoroacetic acid and the
acylated substance. The trifluoroacetyl group therefore is a good

leaving group.

When the sdm solvate was completely dissolved in acetone (A-Dlaiv)
and the mixed anhydride (1:1 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 expected ester.
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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-D1b) to form sdm 11-(methyl glutarate)
using 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride but
no ester peaks appeared in i.r. spectra even after prolonged treatment

(7 months).

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 e-amino-groups of proteins. There is
no reason why the sporidesmin-O-carbonyl (sdm-00C-)group should not
function similarly as an acylating group. The rate of acylation is
inversely proportional (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 wouid 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 sdm 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(chloroacetate)

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 al., 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 (e. 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).

Complexing sporidesmin di(chloroacetate) to protein (A-DAv).-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 alkylated
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 SHs were as inert as those in the lla-mercaptosecosdms
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 way, 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, becauée, although the sdm
is a l-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, 1966) that for the 13-diaza-group in contrast
to the 1,4 (or more)}-diaza-groups, when the Nb is protonated (in dil. acid),
the Na was-rendered virtually non-basic. So with sdm the Nb is an amide
+ \

which ﬁay have the structure :>N-C=0 < ,/N+=C-O- hence similarly

rendering the indoline-N virtually non-basic.

Me Me

g
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85.  Ddiazonium Coupling Lo 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
(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 toock place.

The reaction which was looked for with the model compound was the
one which would give a reasonable yield (e. 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 diazonium 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 al., 1914; Schoutissen, 1933c). [2,4-Dinitroaniline 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).
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(a) Sulphuric acid

Hence the commonest strong acid, conc. sulphuric, was tried; un-
fortunately sdm was not stable in this acid but was more stable dis-
solved in conc. hydrochloric acid.

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-F1bii),
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 e. 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 conc. sulphuric acid-acetic
acid and coupled to guaiacol (A-F2IJai); 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 HZSO4
digestion).  The experiment was repeated (A-F2IIaii) using the conven-
tional method of pouring into water. This again produced tar which

contained at least 5 substances.
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(b) Cone. hydrochloric acid

Taylor (Hodges, et al., 1963b) noted that sdm was soluble in conc.
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
(CHClS). So if the sdm was left in acid for no longer than 30 min ec.
80% could be recovered and thus in a reaction a reasonable yield could
be expected.

(1) 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 conc. 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-
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

veratrole, p-nitroaniline was diazotized in hydrochloric acid (e. 0.8 M)

and guaiacol (in methanol) added (A-F1bi). 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 that observed here (170.5-1730).
Palkin 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
point (157.5——1600) agrees with a recently published value (1580) 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-Dimethoxy-4"'-nitroazobenzene (A-Flbii)

This compound was synthesized from the above compound by methylation
with diazomethane. The melting point (157.5——1600) agreed with that
reported by Kokkinos and Wizinger (1971) who also synthesized it from
4-hydroxy-3-methoxy-4"'-nitroazobenzene but used methyl iodide as the

methylating agent.

5-Chloro-2-hydroxy-6,7-dimethoxy-1-methyl-4'-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 conc. 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 diazoniwnm solution.-To
avoid the Sandmeyer reaction with aléohols, 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-conc. hydrochloric acid alone (A-F2Iciv) produced
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coloured compounds (yellow-deep orange) and mesityl 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 conc. 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 mainly sdm (i.r.) but when the reaction
mixture was allowed to stand (20 h, 50) (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 conc. hydrochloric acid (A-F2I)
it was obscrved 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 = }1 = 46 - 35 (m/e NO2 - 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 NO2 group from the 2,4-dinitroaniline) once diazotization had

commenced (Saunders, 1949b).
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2-Chloro-1-iodo-4-nitrobenzene (A-F21d)

In ordex to ascertain which nitro-group had been substituted by
chlorine the chloroiodonitrobenzene derivative was synthesized. By
commencing with the diazotization of 2,4—dinitroaniline in conc. hydro-
chloric acid (A-F2Id) and replacing the diazonium group with iodine
(by adding potassium iodide to the diazonium chloride solution, a
Sandmeyer reaction) a compound melting at 96—98.5° was obtained. Oof
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 nitro-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‘C6H335C1IN02.

Therefore those products from the diazotization of 2,4-dinitro-
aniline in conc. hydrochloric acid were all derivatives of 2-chloro-4-

nitrobenzene diazonium chloride.

2-Chloro-4"'-hydroxy-3"-methoxy-4-nitroazobenzene (A-F2Ibi)

This compound was obtained from coupling the diazotized 2,4-dinitro-
aniline (conc. HC1 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 conc. hydrochloric acid.

It is accepted, as stated by Zollinger (1961d), that 98% of the coupling

occurred para to the hydroxy-group.

2-Chloro-3"',4"'-dimethoxy-4-nitroazobenzene (A—inbii)

This compound was obtained from that above by simple methylation
(CH,N,).

The *H n.m.r. spectra of the above two compounds were essentially

the same except that, in that of the former was the proton peak (8 6.17)
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for the hydroxy-group and in the latter was. the second methoxy-peak

(6 3.98). The down field resonances (§ 8.41, 8.39), showing meta-
splitting (2 Hz), were attributed to those between the chloro- and nitro-
groups (H-3) (6 8.3 in 3,4-dichloronitrobenzene, Pouchert and Campbell,
1974). The corresponding resonances which showed the same meta-split-
ting were the downfield doublets (8 8.20, 8.16) of the AB pattern for
the coupling of the ortho-protons (H-5, -6) (8§ 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 § 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 e. 2 Hz. The two upfield intense
lines were ¢. 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 betwecn
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 AA'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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Z*ChZoro~4,5—dimethoxy~2',4'—dinitroazobeng¢ne (A-F21ai)

In the four attempts, (A-F2Iai—iv), to couple 2-chloro-4-nitro-
benzene diazonium chloride to veratrole, no 2-chloro-3',4'~-dimethoxy-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-dimethoxy-2',4'-dinitroazobenzene, was
unexpected and was obtained as a result of adding neat veratrole to the
diazotized 2,4-dinitroaniline in cqné. 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 C14H11C1N406. In
analyzing its mass spectrumn 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 conc. hydrochloric acid.
The mass spectrum showed a metastable peak at m/e 108.3, for the trans-
ition 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 conc. 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: 2N0£ +2C17 + 4H  » 2NO + Cl, + 2H,0 (Zollinger, 1961a)
the veratrole was chlorinated.

The 'H n.m.r. spectrum of this compound showed, apart from the
methoxy-peaks at § 3.96 and 3.87, these aromatic proton peaks: a doublet
(J 2 Hz) at § 8.77 for the proton between the two nitro-groups (H-3'; in
eight 2,4-dinitrobenzene compounds, this proton resonates between § 8.88

and 8.68, Pouchert and Campbell, 1974), split by long-range coupling to

the H-5' proton; two doublets at § 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 § 7.88, Simons and Zanger, 1972); and two
singlet peaks at § 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 § 7.37 (Pouchert and Campbell,
1974) which suggests that the resonance at § 7.33 be attributed to the
6-proton. In m-chloroanisole (Pouchert and Campbell, 1974) the aromatic
proton envelope is centred on e¢. § 7.0 which therefore suggests that the
resonance at § 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 conc. hydrochloric acid) diluted with acetic acid (1-fold).
The mass spectrum of the crystalline material which was sublimed from the
extract (CHC13) showed the M peaks (m/e 29?, 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",5'-dimethoxy-4-nitrobiphenyl.
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
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before substitution by the 2,4-dinitrophenyl radicle.

When the excess nitrous acid was discharged with urea (A-F2Iaiii)
so that the reaction, 2NO£ + 2C17 + 4H' > 2NO + CL, + 2H20 (Zollinger,
1961a), was absent, there was no formation of the dichloro-substance

with the 2-chloro-3',4'-dimethoxy-4-nitrobiphenyl.

In the 'H n.m.r. spectrum of 2-chloro-3',4'-dimethoxy-4-nitrobiphenyl
there was the downfield peak (§ 8.36) for the proton (H-3) between the
nitro-group and the chlorine (8§ 8.3 in 3,4-dichloro-1-nitrobenzene,
Pouchert and Campbell, 1974) showing meta-splitting (e. 2.5 Hz). The
downfield half of the AB pattern (8 8.18) for the two ortho-protons
(H-5, -6) was a doublot of doublets (2.5, 8 Hz) so it was attributed to
the proton (H-5) meta to the one resonating at & 8.36 (above) (8§ 8.05 in
3,4-dichloro-1-nitrobenzene, Pouchert and Campbell, 1974). The upfield
half of the AB pattern (S 7.53) was then attributed to the other proton
(H-6) (8 7.78 in 4,4'-dinitrobiphenyl, Pouchert and Campbell, 1974).

For the dimethoxyphenyl moiety all three protons resonated at the same
frequency (6 7.02).  Since each proton was in a different environment it
is suggested that it was an AA'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

(6§ 6.7—6.8, 4-ethoxy-3-methoxy-, 2,5- and 3,4-dimethoxy-phenylacetic
acid and 3-(3,4-dimethoxyphenyl)propionic acid, Pouchert 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 (§ 3.93) of 6 protons

was that for the two methoxy-groups.
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2',5-Dichloro-2-hydroxy~6 ,7-dimethoxy-1-methy 1-4 ' ~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 conc.
hydrochloric acid (A-F2Ilaiii, 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 conc. 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-F1bi), 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 ec. 3) orange material was
extracted. The amount of this orange material scemed 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. The mass spectrum of the crude product showed no

peaks at m/e 287 (the M peak for 3,4-dimethoxy-4'-nitroazobenzene) 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 when the same (i.e. addition of
alkali) reaction was carried out in conc. hydrochloric acid (after
Nietzki, 1887) (A-Flaiii). Here the product was chromatographed and
the leading zone sublimed. The mass spectrum of this sublimate showed
M peaks at m/e 501 and 622 as well as at 259 and 380. These m/e
peaks are 121 mass units apart, i.e. nitrophenyl minus the substituted
hydrogen (m/e 122-1); a Gomberg-like (Grié?e and Hey, 1938) typec of
reaction in which tris- and tetrakis- (p-nitrophenyl)veratroles had been
formed. (This main fraction from chromatography had the same R_ of

F

0.88 (A120 T, CHC13) as for 3,4-dimethoxy-4'-nitroazobenzene, which was

3
confusing.) There was much froth associated with the reaction (A-Flaiii).
This was not Surpri;ing 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-
phenylveratroles, 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 comﬁound.
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10- (4-Nitrophenyl)sporidesmin

Although it was a methanol solution of guaiacol that was added to
the p-nitrobenzene 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 (Nz) 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. Such an M
value corresponded to that of 10- (p-nitrophenyl)sdm. 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 conc. hydrochloric acid used in diazotizing the aniline, it was
Gomberg-1like. Gomberg reactions usually occur at pHs greater than 7.
The Gomberg reaction has been recorded as taking place in strong acid
(H2804—ACOH) in the reaction of 2,4-dinitrobenzenediazonium salts with
thiophen (Bartle, et al., 1974). The 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™ .
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Even when the pH was raised rapidly (A-Flciv) in the hope of forming
the p-nitrophenyl radicle in presence of sdm no sdm derivative was
detccted. There was no violent evolution of gas in this reaction.

Perhaps the pll was not taken high enough to cause a Gomberg reaction as

occurred in cxperiment (A-Flaiii).

The formation of 10- (p-nitrophenyl)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-

ments 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-F2IIai, ii) but was not persisted with, for reasons

stated above.

Schoutissen (1933b) successfully tetrazotized the weak base p-phenyl-
enediamine in orthophosphoric acid (with nitrite dissolved in sulphuric
acid). Hence phosphoric acid was tried (A-F2III). Although 2,4-di-
nitroaniline was not freely soluble in the phosphoric acid, it dissolved
during diazotization after the addition of (dry) sodium nitrite, 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 e. 10% of product (by CHCl3 extraction).
Sublimation of this product yielded both 3',4'-dimethoxy-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—1780) sublimed to the cooler part of the tube while the azo-compound

(152-152.50) sublimed the least distance.
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When this diazonium phosphate had sdm, dissolved 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'-Hydroxy-3'-methoxy-2,4-dinitroazcbenzene (A-F2I1Ibi)

To identify the product of reaction between 2,4-dinitrobenzene diazo-
nium phosphate and veratrole, 3',4'-dimethoxy-2,4-dinitroazobenzene was
synthesized via the conventional route through coupling to the phenolic
compound, guaiacol, and then methylating. Coupling to guaiacol (in
H3PO4) in the acid medium (conc. H3P04) yielded 54% of crystalline

conmpound.

Its 'H n.m.r. spectrum (CDSCOCDB) showed the phenolic peak as a
singlet at § 2.98, the methoxy-singlet at § 3.91 (§ 3.80 for anisole,
Pouchert and Campbell, 1974) and the aromatic peaks (8 7—9). These
formed two groups (8 7.0—7.65; 7.9—8.9) each consisting of a split
singlet (long-range coupling) and an AB pattern. The upfield group
showed an ortho-doublet (H-5', & 7.03, 9 Hz) comparable with the position
of the aromatic proton resonances in 4-hydroxyazobenzene (8§ 6.93, CDC13,
Pouchert and Campbell, 1974). The other ortho-doublet (H-6', 9 Hz) was
at 8 7.63. This resonance with that of H-2' (S 7.45) was shifted down-
field (from that of benzene, § 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 becausc of the two electron-
withdrawing nitro-groups and the azo-group. Within this lower field
group the upfield doublet (of the AB pattern, § 7.94, 9 Hz) showed no
long-range coupling so it was attributed to the proton ortho to the azo-
group (H-6). The Adjacent proton (H-5, 8 8.63) showed a doublet (9 Hz,

ortho-splitting) of doublets (2 Hz, meta-splitting). The singlet (for
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H-3, meta to H-5), split by long-range coupling (2 Hz, meta-splitting),
was further downfield (8§ 8.85), becausc of being between an azo-group

and a nitro-group.

If the coupling to guaiacol had taken place ortho to the hydroxy-
group, the upfield group would have shown two doublets (both showing
long-range coupling) and a triplet comparabie,with that shown by 3-methyl-
salicylic acid (Pouchert and Campbell, 1974); or it would have shown some
modification therecof. Haginiwa, et al. (1958) reacted 2,4-dinitrobenzene
diazonium sulphate (in AcOH) with veratrole but claimed no more than
C13H10N406 m.p. 173—175° for 70% of the produét. 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 'H n.m.r. evidence) this is not the structure for C13H10N406
m.p. 174.5—-176.50, 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'-methoxy-2,4-dinitro-

azobenzene.

31,4"'-Dimethoxy-2,4-dinitroazobenzene (A-F2I11bii)

This compound was synthesized from the compound above by simple
methylation (CHZNZ). Because the 4'-hydroxy-3'-methoxy-2,4'dinitroazo-
benzene was not freely soluble in ether, for methylation with diazomethane,
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. Then the crystalline material was
redissolved and spread again as a film. The 3',4'-dimethoxy-2,4-di-

nitroazobenzene melted at 151——1520.

The same compound was also obtained from 2,4-dinitrobenzene diazo-
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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% yicld (resp.).
The mixed melting point of the latter preparation with that synthesized

above was 150——151.50.

Again, Chemical Abstracts (1958) claimed that Haginiwa, et al.
(1958) obtained 2,3-dimethoxy-2',4'-dinitroazobenzene (m.p. 1350) from
veratrole and 2,4-dinitroazobenzene diazonium sulphate. That compound
may meclt 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-dinitrobiphenyl (A-F2II1laii)

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 (¥ 304) is suggested

(d) Trichloroacetic acid (tca)

Trichloroacetic acid was a stronger acid (pKa 0.70, Chemical
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 tca at 250, Seidell, 1941). Although after
the 2,4-dinitroaniline was dissolved in the saturated tca the solution
becane a suspension of crystals on cooling, this did not inhibit diazo-

tization on addition of sodium nitrite solution (A-F2IVa).
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S—ChZoro—G,7~dimethoxy—8-methyl—2',4‘—dinitropyrroio[2,3—b]indole—2~
azobenzene (A-F2IVb)

In several experiments using trifluoroacetic anhydride (tfaa) as a
'catalyst' in the esterification 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, pers. comm.). Since it was stable to tfaa it might

be possible to diazonium couple at its remaining aromatic site.

At the pH of the 2,4-dinitrobenzene diazonium salt in saturated tca
solution there was no reaction 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 diazotized aniline
(in 0.9 M hydrochloric acid). When the solution of adsdm in saturated
tca was neutralized the adsdm came out of solution (i.e. it was water
insoluble) but redissolved when the solution was made alkaline (with
10 M NaOH). When the diazonium salt in tca was added there was an
immediate reaction to products of a dark red colour. There was a 50%

yield upon chloroform extraction and crystallization.

The molecular formula for these crystals was C19H15C1N606.

i.r. spectrum (Table 2.9) showed that there were nitro-groups present.

The

When the elements for the dinitroazobenzene (C6H3N404) were subtracted

there was C13H12C1N202 left. The stable indole moiety of partial

MeO N
MeO r\|/1e

accounted for C11H10C1N02 which left C2H2N.

structure: (:l

The i.r. spectrum of the crystals did not show the carbonyl stretch-

ing peaks of adsdm (1710, 1655 gm_?, Hodges, et al., '1964), so the
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product was not a substituted adsdm. This absence of carbonyl absorp-
tion (i.r. spectrum) indicated that the CO—C(=CH2)-N(CH3)-CO group of

the dioxopiperazine ring had been hydrolyzed off in the reaction. It
was known that the dioxopiperazine 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-amide to the -NH- {(2.9);
or b. the hydrolyses (and elimination) took place in reverse order; or

c. the diazonium salt ruptured the 11a-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 (e. 3300
cm ). There was also the medium peak at 1650 cm ' (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
oxindole carbonyl was at a higher frequency (1710 cm !) than those for
the mono-nitro-analogues (1660—1665 cm !) which suggested that it may
be that the dihitroazobenzene group in (2.8) was causing the shift of
the pyrrolo-double bond absorption from its usual freguency (<1600 cm™?,
Bellamy, 1975f) to that observed here (1645 cm-l). From this reasoning
it is suggested that the remaining C2H2N (above) completed the pyrrolo-

ring, hence the structure, 5-chloro-6,7-dimethoxy-8-methyl-2"',4"'-di-

nitropyrrolo[2,3-blindole-2-azobenzene, is plausible.
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The 'H n.m.r. did not contribute any conclusive structural data.
It showed a broad peak well downfield (8 12.4) for the pyrrolo-NH: the
typical pattern (8§ 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 (§ 8.9—7.9): a singlet
(1 H) on the side of the CHCl3 peak (8 7.30, no spectrum to confirm this
was obtained in either AcMe—d6 or CCl4 because of insolubility) attri-
buted to the aromatic proton (H-4) (the same proton in adsdm resonated
at cither § 7.65 or 7.41, Hodges, et al., 1964): a singlet (8§ 6.65)
attributed to the pyrrolo-H (H-3); the resonances of protons on aromatic
rings adjacent to azo-groups usually shift downfield by e. 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 (6 4.27) and 3 (S 3.62) protons each, for the two methoxy-

groups and the N-methyl-group (resp.).

5-Chloro-2-hydroxy~6,7-dimethoxy-1-methyl-4'-nitroindole-3-azobenzene
(2.112) (A-Flciii)
2',5-Dichloro-2-hydroxy-6,7-dimethoxy-1-methyl-4'-nitroindole-3-azo-
benzene (2.11b) (A-F2Icii)
5-Chloro-2-hydroxy-6,7-dimethoxy-1-methy1-2"',4'-dinitroindole-3-azo-
benzene (2.11c) (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
conc. HC1) 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.l.c. of CHCl3 extract) (A-F2Ici) but on reaction overnight purple

crystals were filtered out (e. 24%). Although the filtrate darkened
on exposure to air, the extract (CHCIS) 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 e. 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 saturated trichloroacetic acid) then a purple comp0undA(8%) was slowly

formed.

The i.r. spectra of these compounds (in nujol) showed a hydrogen-

bonded OH peak (e. 3400 cm'l) and medium peaks at 1660, 1665 and 1710

cm™ ! (resp.). This is consistent with the molecules being tautomeric

and existing mainly in the hydroxy-state. Both the characteristic sdm-
carbonyl peaks (1700 and 1675 cm ') (and the pattern for sdm between

1500 and 1300 cm'l) were absent, which suggested that in the reaction the
epidithiodioxopiperazine ring had been lost. The respective molecular
formulae were C17H15C1N405, C17H14¢12N4O5 and C17H14C1NSO7. 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 C6H N,0,, C_H,CIN_,O, and C_H_N O

4°3°2° V63732 634 4

derived from the coupling reagents. This left C11H11C1N03. The mole-

cular formula for 5-chloro-6,7-dimethoxy-1-methylindolyl, derived from

sdm, was 011H11C1N02 which left one oxygen atom; hence the suggested

hydroxy-groups in the headings.
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A 'Hn.m.r. spectrum of any. or all these 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 (§ 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) (& 7.65 or
7.41 ppm, Hodges, et al., 1964). Even supposing the azo-group were in
the 4 position, the H-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. (196¢):
when anhydrosdm-B (2.12)was treated with boron trifluoride ether complex,

the product'was isosdm-B (2.13). In this reaction the elements of water

D\ [ ]® BF,.Et,0 IL/HL 2
NN 327, \ OHNS\S/O

I
hAE?() hJ\\hAG? hAE; 0 Pd\‘hAE?

(2.12) Me (2.13) Me
had been added across the 5-N-C-5a bond. Zollinger (1961c) reviewed

work where diazonium coupling took place at the a-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-hydroxymethylene-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 ;he form-

ation of anhydrodethiosdm (1.16) (Hodges, et al., 1964), (c.f. prolonged

action of conc. hydrochloric acid on sdm, above).



Table 2.9.

Compounds

2-Chloro-1-iodo-4-nitrobenzene

4-Hydroxy-3-methoxy-4'-nitroazobenzene
3,4-Dimethoxy-4'-nitroazobenzene

2-Chloro-3',4'-dimethoxy-4-nitro-
biphenyl
2-Chloro-4“hydroxy-3'-methoxy-4-nitro-
azobenzene

2-Chloro-3',4'-dimethoxy-4-nitroazo-
benzene

4'-Hydroxy-3'-methoxy-2,4-dinitroazo-
benzene

3',4'-Dimethoxy-2,4-dinitroazobenzene
2-Chloro-4,5-dimethoxy-2',4'-dinitro-
azobenzene
S5-Chioro-2-hydroxy-6,7-dimethoxy-1-
methyl-4'-nitroindole-3-azobenzene

2',5-Dichloro-2-hydroxy-6,7-dimethoxy-
1-methyl-%'-nitroindole-3-azobenzene

5-Chloro-2-hydroxy-6,7-dimethoxy-1-me-
thyl-2',4'-dinitroindole-3-azobenzene

5-Chloro-6,7-dimethoxy-8-methyl-2',4"'-

dinitropyrrolo[2,3-b]indole-2-azobenzene

Infra-red spectra (KBr) of nitrobenzene compounds.
The nitro group

Phenyl nucleus

1590m (1510s)* 1445m

1600m, 158S5s,
1510vs, 1450m.

1595s (1500vs)
1450m.

1600m, 1580s,
1505vs, 1450sh

1590s, (1500vs),
1450m

1590m,
1455m

1610s, 1595s, 1580s,
(1500s), 1450sh.

1590s, 1505s, 1460m.
1595s, 1500s, 1445m.

(1510vs)

(1600vs), 1505m,
1455msh.

(1600vs), 1580m,
1500s, 1450m.

1610s, 1595s
1505msh, 1455m.

1610vs, 1585vs,
1500s, 1445m.

as

1510vs
1515vs

1525—

1500vs

1515vs

1500vs

1510vs

1500s

1530s
1530s

1600vs

1600vs

.1610s

1595s

1600vs
1585vs

\Y
S

1330vvs
1340vs

1340vs
1335vsbr
1340vs
1340vs
1340vs

1340vs
1335vs

1330s
1330vs

1340vs

1330vs

C-N
stret-
ching

880s
860m

(860s)
870m

(865s)
860w

(865m)

(860s)
(860s)

(840s)
840m

(835m)

(830m)

CNO
ben-
ding
615w

615w

620w

620m

620m

625m
620w

610w

600w

+ Substitution
pattern
Two or- Iso-
tho-Hs lated

Hs
825m 880s
850s 865s
805s 860s
800s 860s
820m 865s
800m 870m
830— 865m
840m
835m 860s
830m 860s
840s -
800m 890m
835m 915m
830m 855m

In-plane
bending
intensi-
fied by
-ve group

1279vs

1265brvs

1250s

1270vs

1270vs

1255m

1270vs
1270vs

1270vs
1260s
1265s

1260m

*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-
methyl-4'-nitroindole-3-azobenzenc (zllla), 2',5-dichloro-2-hydroxy-
6,7-dimethoxy-1-methyl-4f-nitroindole-3-azobenzene (2.11b) 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 péaks at ¢. 1510 and 1340 cm ' and the
phenyl group peaks at c. 1590 and 1450 cm !, 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 ! attributable
to C-Cl1 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-

! without any C-Cl function while

benzene had weak absorptions at 612 cm~
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 !.
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86. Conclusion

The -S-S- bridge of sdm may be opened and alkylated without the rest
of the molecule decomposing.

By using alkoxycarbonylalkyl groups the sdm molecule was successfully
complexed to proteins (through the lysyl residues) to form antigens.
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.

Attempts to diazonium coupling to sdm did not produce compounds
coupled at the aromatic hydrogen but compoﬁnds coupled elsewhere by
an elimination process. The elimination eliminated the epidithio-
dioxopiperazine ring moiety which it was hoped to preserve.

By O-acylation with a suitable bridging reagent it may be possible

to link sdm to protein while preserving the -S-S- bridge.
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CHAPTER 3. THE 13C NUCL.LEAR MAGNETIC RESONANCE OF
SPORIDESMIN AND SPORIDESMIN-D

Purification of Sporidesmin

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. (SiO2
gel G F254) 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 R, 0.52, sdm-E 0.50, sdm-D and

F
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 (CHC13-
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 0.24, sdm-D
0.18 and sdm-G 0.16. 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 used in t.l.c.  The appropriate
fractions were crystallized from methanol-water to give unsolvated sdm

ready for '°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; (e) unde-

coupled spectrum of sdm-D, showing the multiplicities. The peaks in (¢) between 140 and
155 ppm have been doubled in intensity. The five truncated peaks in the (¢) spectrum,
between 27 and 33 ppm, are those of CDSCOCDS.



was greener (akin to the green produced by hot, dilute alkali, Ronaldson,
et al., 1503) at cach step. Charcoal had to be used cach time. Melt-
ing point determinations were no criteria of ultimate purity because

mixturcs with sdm-E did not give the usual depression in melting point

(A-B3iv).

When sdm-D (A-Claiii) was treated with acetone to remove ether 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 *3C n.m.r. spectrum.

13C 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 W% was the width at half

height.

Fig. CM3.1 sets out the proton-noise-decoupled spectra of the two
compounds, sdm and sdm-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 betweem the two decoupled spectra
of sdm and sdm-D, that for sdm-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
sdm. 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) the aromatic peaks from 115 to 155 ppm and (d) the two

lactam carbonyl peaks about 165 ppm.



OH
’ 825
777 O

OH

,80.4 14.5%
SMe

O
1671

: 903
1 11
MTOJQ{O 73.]

60.3 '
61.9 MeO Me 165.0
4.3

N

3 S/

O 679 \Mezaa
(3.1b)

* Values interchangeable.
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The following discussion deals with the carbon-13 shieldings (3.1a,
b) and g spin-spin couplings. The discussion of the long range coup-

ling relcvant to sections (a) and (b), is at the end of section ).

(@) The Methyl Peaks

(i) At 14.5 and 15.6 ppm (q). J 140 Hz (sdm-D).-Although these two
S-methyl rcsonances were more shielded than those in dimethyl sulphide
(19.5 ppm, Stothers, 1972i), their positions were consistent with those
of the S-methyls in methionine (15.0 ppm) and thioanisole (15.6 ppm,
Johnson and Jankowski, 1972). In the Dreiding model the two sulphurs
were ¢. 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 (S8 2.32, 2.40) were
downfield (by c¢. 0.5 ppm) from that of the C-methyl (§ 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 (sdm-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-methyls of cis-2,5-

dimethylpiperazine absorbed at 18.3 ppm (Johnson and Jankowski, 1972).

By irradiating the C-methyl protons at § 1.79 in the '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

(§ 1.87 C—CHS, 2.32 and 2.40 S-CHS, Jamieson, et al., 1969).

Dorman and Bovey (1973) have observed the strong carbon-13 shielding
effect of amido-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 sdm-D the methyl carbon (B to the nitrogen) was not coplanar with the
l-carbonyl oxygen, hence the deshiclding (7.3 ppm) observed by releasing
the strain upon the dioxopiperazine ring by opening the -S-S- bridge.
Thercefore, 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 appcar at 18.2 ppm. In the piperazines quoted above (chair
conformation; Ellis and Jones, 1972) therc were no strains in the rings
(comparable with those in sdm) whereas 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 group. The coupling constant for the four methyl groups on the
quaternary carbon of 2,2-dimethylpropane, (Stothers, 19722) 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 ana
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).-This
methyl resonance of the N-methyl lactam in sdm was strongly shielded
compared with that of the N-methyls in 1,2,4-trimethy1piperazine (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), Stethyl—1—methy1~3—pheny1-
glutarimide (26-27 ppm, Dorlet and Van Binst, 1973). In tryptophan-
dehydrobutyrine dioxopiperazine (3.2) (Kakinuma and Rinchart, 1974) the
corresponding N-methyl resonates at 32.8 ppm. This 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 1.5 ppm less than
that in sdm because, when the strain of the -S-S- bridge was relaxed, the
coplanarity with the oxygen of the iactam 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, 19722).

(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-dimethoxy-1-methylindoline moiety, and assigned the peak
at 35.4 ppm to the N-methyl carbon. Similarly, Lukacs, et al. (1974),
studying tabersonine (3.5a) and 1-methyl-2,16-dihydrovincadifformines
(3.5b—e) containing a l-methylindoline moiety, found that the N-methyl
carbon resonated at 3536 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 §
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 § 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) excecded that reported (Stothers,
19724) 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.

(v) At 60.9 ppm (sdm) and 66.3 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 o-carbon as in 3-methoxybutan-1-ol produces greater
shielding (55.8 ppm, Johnson and Jankowski, 1972). In a series of a-
and B-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 possib{e monomethyl pyranosides the
2- or 3-methoxy-methyl-Cs of the 2- or 3-methyl pyranosides, resonate
(59.6—62.8 ppm, Bock and Pedersen, 1974, Dorman and Roberts, 1970) at
values more deshielded 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 methyl-C of the i—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
o-methyl, o-ethyl, m-methyl and 2,5-dimethyl, 54.5—54.4 ppm, Dhami and
Stothers, 1966) deshields the methyl-C of the aromatic methoxy-group as
in Table 3.1. [Johnson and Jankowsﬁi (1972) set out a number (e. 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 elcctron-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 methyl-C of the methoxy-group of 2-methoxycyclohex-2-

enone resonated at 53.7 ppm (Polonsky, et al., 1975) (more shiclded 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 al., 1975a.
55.2 derivatives
55.0 - m- to -NH 6-Methoxyindoline Vandrikidine (3.10) Wenkert, 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 -Cl1 Methoxybenzene 4-Chloroanisole Johnson & Jankowski,
1972.
55.8 o- to -OH S5-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 §& Jankowéki,
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 al., 1975a.
57.0 ring Codeine derivs (3.18a—1f)
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.
-0CH,0- 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 -NMe Sdm (1.1) this work.
61.1 Aspidophytine (3.3) Yates, et al., 1S73.
* And ** represent isochroman and tetrahydroisoquinoline (resp.). They have been named above as Pt

derivatives of tetralin for ease of comparison.
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in anisole). Both in quassin (3.22) where 2 2-methoxy-4,6-dimethyl-

OMrp

9 12

MeO (3.22)

cyclohex-2-enone is fused [5,6] to a saturated hexacyclic ring, and in
sinomenine (3.14) where a 2-methoxycyclohex-2-enone ring is.fused [4,5~;
1',2'] to a satéfated 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 sccond G-methoxy-group (12-) whose 2-methoxy-3,5-dimethylcyclohex-2-
enone ring is fused [4,5] and [5,6] to a §-lactone and a saturated hexacy-
clic ring. The methyl—C.of this methoxy-group is deshielded by 5.2 ppm
(58.9 ppm, Polonsky, et aZ;, 1975). This similarity described here be-
tween substituted anisoles and 2-methoxycyclohex-2-enones is hinted at by
Polonsky, et al., (1975) when they said ''the shift of the 2-methoxy-group
(of quassin) is normal...., the 12—méthoxy~group is deshielded by ec. 4

ppm, reminiscent of the deshielding effect on the methoxy-shift of

anisoles by two ortho-substituents'.

In the 'mixed multitudg' of methoxycyclohexenes (i—methoxycyclo~
hexenes, 3-methoxycyclohcxenes and 3-methoxycyclohex-2-enones) in Table
3.2, there appears (without the knowledge of the shieldings in the
simplest appropriate methoxycyclohexenes) to be increased shielding of
the methyl-Cs of the methoxy-groups with increased substitution.  Al-
though this statement stands in contrast to that above concerning the
2-methoxycyclohex-2-enone, there is a suggestion from Torri and Azzaro
(1974) that 3-substituted cyclohex-2-enoncs differ from the 2-substituted

ones. They rcported that the methyl-C of 2-mcthylcyclohex-2-enone
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56.8
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56.7

56.9 &
56.3

56.8 —
55.4

56.7

56.2

54.7

.54.2

Table 3.2. The resonance frequencies of methoxy-Cs in some methoxycyclohexenes

Derivative or
type of
derivative

Griseofulvin and
Epigriseofulvin

Tazettine and
derivatives

Amaryllidaceous
alkaloids

10-Methoxy-10b-
methoxycarbonyl-
hydrojulolidines

Dehydrogriseofulvin

Isogriseofulvin

Thebaine

8,14-Dehydro-
thebaine

Structure

(3.23a,b)

(3.

(3.
(3.

(3.

(3.

(3.

(3.

(3.

24a—d)

20)
25)

26)

27)

28)

17a)

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-clpyrrolidine

4-Hydroxy-3-methoxycyclchexene fused [1,6,5-
1',8a',8'] to an indolizidine or [1,6-6',7']
to a l-azabicyclo[3.2.1]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'] to a 2-aza-7-oxatricyclo-
[6.3.1.0% °]dodec-9-ene

1-Methoxycyclohexene fused [4,5,6-12',5',6']
to a 2-aza-7-oxatricyclo[6.3.1.0%"®]dodec-
9-ene

Reference

Levine, et al., 1975.

Crain, et al., 1971.

Crain, et al., 1971.

Wenkert, et al.,

1973a.
Levine, et al., 1975.
Levine, et aZ;, 1975.

Terui, et al., 1975a.

Terui, et al., 1975a.

LB
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resonated at 16.1 ppm while that of the 3-methyl isomer at 24.4 ppm.
Since the methyl-C of the methoxy-group of 2-methoxycyclohex-2-enone

resonated at 53.7 ppm it could be argued that the one for the 3-methoxy-

isomer would resonate ¢. 60 ppm.

For the 1-methoxycyclohexenes and the 3-methoxycyclohex-2-enones

cancnical structures can be written which are not possible for the

0 o}
I

0N .A

I‘Q)Me O Me

2-mecthoxycyclohex-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.

Sceing 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: MeCHZCHS, 15.6 ppm; EtCHZCHS, 13.2;
PriCHZCHs, 11.5; BusCHZCHS, 11.3; ButCHZCHS, 8.7; and AthHZCHS’ 6.8

ppm, where shielding of the terminal methyl-C increases with increasing

substitution at C-3.

There is a similar series of shieldings in the polymethyl benzenes
but it arises from steric interactions between the methyl groups

(Stothers, 1972e¢).

The conclusion drawn from this study is that, in general, the
methoxy-methyl-Cs fcsonate, in the aliphatic series, upfield (to c.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 downfield (to e. 66 ppm, when crowded) from that of anisole
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(54.7 ppm) except for some methylanisoles (2,5-dimethylanisole, 54.4 ppm).
And further that the methoxy-methyl-Cs of the sdms resonate at about thc

lowest field observed for methoxy-groups (not crowded by bulky alkyls).

The coupling constant for these (sdm-D) methoxy-groups (144.9 Hz)
could be compared with that reported (Stothers, 1972%) for methanol
(142 Hz); 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

(1) At 74.5 ppm (sdm) and 69.7 (s) (sdn-D) and at 77.7 ppm (sdm)
and 73.1 ppm (s) (sdm-D).-The intensity ratio oflthese two peaks in sdm
was comparable with the ratio of the two in sdm-D but both peaks in going
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 werc 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
lqN—quadrupole broadened (W% c. 14.6 Hz) while the latter (for C-11la)
was less broadened (W,/2 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 B to an
aromatic group e.g. derived from tryptophan, phenylalanine or tyrosine,

resonate between 56.7 and 57.3 ppm; and the methine adjacent to a methine,
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derived from valine resonates at 60.8 ppm. Though the methine in
tryptophan-dehydrobutyrine dioxopiperazine (3.2) is B to an indole it is
deshielded (to 63.3 ppm by ¢. 6.5 ppm) by the adjacent NV-methyl (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 (e. 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 tihese methine
carbons were quaternary and were strongly deshielded (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-11la (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

the carbon bearing this methyl by 4.6—5.6 ppm (going from Bu10H2Me to
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MoCHZMc shows a shielding of 4.6 ppm and from BuICH3 to MeCH,, 5.6 ppm,
Stothers, 1972a). The further deshielding was accounted for by the
interaction of the two adjacent methyl groups, which in a Dreiding model

were almost coplanar. The dioxopiperazine ring was rigidly held in the

boat configuration by the planarity of the amido-groups.

(i1) At 82.5 ppm (sdm) and 80.4 ppm (d) (sdm-D), J 158.7 Hz.-In a
list of secéndary alcohols (Stothers, 1972g) the shieldings decrease from
propan-2-ol (63.7 ppm) to 2,2,4,4-tetramethylpentan-3-cl (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
o-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 17B-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 symmetry 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 (I«/l/2 e. 12 Hz), showing some multi-
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 f to two nitrogens in a 1,2,3,3a,8,8a-hexa-

hydropyrrolo[Z,S—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 o to methyl groups and the shieldings of carbons a to
hydroxy-groups (Roberts, et al., 1970), to the ring-junction quaternary
C-9 of trans-9-methyldecalin (34.8 ppm, Dalling, et al., 1973) (of
comparable spatial arrangement but not ring size) gives e. 73 ppm.

Hence the environment of C-10b 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 comparable 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 (sdm) 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 ll’]V—quadrupole broadened (#, c. 11 Hz) (Levy and Nelson, 1972a).
2

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 e. 20 ppm, Levy and Nelson, 1972b) and

by being B to a hydroxy-group (5—10 ppm, Stothers, 1972f).

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). B To each of these methines (resonating in

this range) and influencing each is an adjacent hexahydropyrroloindole



93

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-p]Ipyrrole rings) and which is y to the methine as, for
example, in roquefortine (3.29) (Scott, et al., 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-b]indole ring system, hence
this methine in 1-methyl-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 sdﬁ and sdm-D this methine-C
was B to a hydroxy-function which deshielded it by a further 5-—-10 ppm
(Stothers, 1972f). In hodgkinsine and psychotridine the methines are
adjaccnt to Nb~methyls which condition was comparable with that in the
sdms where the methines were adjacent to Na—methyls. 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-methine
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-

[2,2,1]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 (c¢is-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 dimethylpropanyl group in 3,3-dimethylpentane the

resonance of the carbon B (6.8 ppm, Stothers, 1972a) to the dimethyl-
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propanyl group is deshielded by c. 9 ppm (tp 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,
Stothers, 1972f). Then finally, the methyl group on the adjacent
nitrogen in-sdm would deshield the methine by another (c.) 9 ppm (a
carbons in pyrrolidine, 47.1 ppm, and in N-methylpyrrolidine, 56.7 ppm,

Levy and 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 methine proton was between two nitrogen atoms, only one of
which (W-methyl) had lone pair electrons; the other was a lactam nitro-
gen. The CH coupling constant for methylamine is ¢. 132 Hz (Stothers,
16724%) 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-¥, 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
sdm-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[1,2-c]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 (5a) which was itself between two nitrogen

atoms. There 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 15.5 Hz, c.g. thiazole (3.32)

[[‘N s
g

(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
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 CNCHS,
but the resonance (141.0 ppm) was broad (W% e. 7 Hz) and unresolved.

The 2-Me protons were in a 37 relationship to two carbons, C-3

CNCHz
(69.7 ppm) and C-1 (167.1 ppm), but both these resonances showed M-
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 cNe ©* 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 methine proton (5a)
but the grouping was H-C-C-C and thc 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-10b and the latter those of carbons C-1, C-5a

and C-10a, but likewise no splitting appeared.
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(¢) The Aromatic Peaks and Their Long-Range Couplings

Because of additivity it is interesting 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 Aspidosperma
alkaloids (3.10-3.13, 3.15, 3.16) (indolines with 6-methoxy-, 5,6-di-
methoxy- or 6-methoxy-1-methyl subgtitution), 126.6+0.4 ppm (Wenkert,
et al., 1973b); 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), 129.7x0.4 ppm (Terui, et 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 l-methyl-6,7-dimethoxyindoline has an overall deshielding

effect upon the aromatic-C resonances.

Stothers (1972j) and Levy and Nelson (1972f) together listéd 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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benzene, and that Tarpley and Goldstein (1971) working on o-dichloro-
benzenes observed the coupling constant for the methine adjacent to a
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 (Cl1)!3ccH 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 3CCH(CC1) group. Hence
these three peaks (1)— (iii):

(1) At 118.8 ppm (sdm! and 119.1 ppm (sdm-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 same
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 (sdm) and 121.8 ppm (d), J 166.0 Hz (sdm-D).-
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 (sdm) and 123.3 ppm (s) (sdm-D).-These were
assigned to the ring-junction carbon (C-10a).  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 indolines 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-10a) 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 ¢. 128 ppm.

(iv) At 140.8 ppm (sdm) and 141.0 ppm (edm-D).-Of the three remain-
ing aromatic resonances this one (in sdm-D) showed '“N-quadrupole broad-
ening (Levy and Nelson, 1972a) (W% e. 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 &

6.1 Hz) separated by (*J..oqy) 2-4 Hz so it was

CocCH
attributed to the methoxy-carbon (C-7).

cccc

(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 (SJCCCH) 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-OMe) 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) The Carbonyl Resonances of the Lactams

(i) At 164.9 ppm (sdm) and 165.0 ppm (sdm-D).-Though showing Ty
quadrupole broadening (W% e. 7.3 Hz), this resonance was clearly split
into a doublet (3JCNCH 2.4 Hz) as discussed above. Hence this resonance

was attributed to the 4-CO group in the sdms.



P-helical

(3.33a)

M-helical

(3.33b)
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(i1) At 166.7 ppm (sdm) and 167.1 ppm (sdm-D).-This peak also showed
1"N—quadrupolo broadening (W% c. 8.5 Nz). It was unsymmetrically split
(3.6 lz) and the spcctrum 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
oricntation in a Dreiding model.

Deslauriers, et al. (1975) synthesized a number of symmetrical and
unsymmetrical dioxopiperazines and reported the *3C carbonyl shieldings
to be between 167.2 and 170.2 ppm (dimethylsulphoxide—dé). In the same
solvent the dioxopiperazine from cystine shows two resonances at low
temperature and only one atove 40° (Ottnad, et al., 1975). The 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 -CH -5-5-CH,- bridge can assume. In all the above dioxo-

2
pipcrazine rings the 3-C and the 6-C are both methines (or methine and
methylene) which give the carbonyls a different environment 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

deshiclded formamides (163.4 ppm, except formamide itself, 165.5 ppm and

trans-N-methylformamide, 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¢ 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.

llad these complex molecules been of unknown structure then the
clucidation of their structures from the '3C n.m.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 epidithiodioxoPiperazine ring (sdm)
and the opened -S-S- bridge (sdm-D), indicated by the dotted lines
(Fig. CM3.1) 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.
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CHAPTER 4. SPORIDESMIN-E, ITS SYNTHESIS., AND
COMPARISON OF ITS INFRA-RED AND 13C NUCLEAR
MAGNETIC RESONANCE SPECTRA WITH THOSE OF SPORIDESMIN

Synthesis

Rahman, et al. in 1969 isolated another sdm analogue from cultures
of Pithomyces chartarun. This analogue had three sulphur atoms
(C18H20C1N306SS.C4H100) instead of the two as in sdm: they named the
compound sdm-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 epitrithio—
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 e. 5% of sdm-E.. The experimental pathologists needed sdm-E
in order to check that it was so toxic and for this purpose they required
it as purc as possible similarly sdm for comparison was also required

pure (A-A).
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Properties

From a chemical point of view this compound, sdm-E, was enigmatic

as the following discussion ‘demonstrates.

The parent peak for the mass spectrum of the crystals, sdm-E.EtOLt,
showed the expccted 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 werc minor differences) except that sdm-E clearly showed the step-
wise loss of cach of the three sulphur atoms down to m/e 409 and a peak
at m/e 256 equivalent to S

8" 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]D (—1660, ¢ 0.06 in CHCIS), was comparable
with that (-1320, c 0.064 in CHCIS) reported by Rahman, et al. (1969) and
considerably different from that (+6.90, e 1.4 in CHCIS) 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
could be driven off readily at the efflorescent point (125—4350) sdm-E
was maintained at that temperature (45 min) to allow it to recrystallize
(A-B3iv): 1instead it liquified and decomposed. By dissolving sdm-E
(as a gum) in a minimum of ethyl acetate and adding acetic acid, sdm-E
frec of solvent of crystallization was obtained and it melted at 181 —
182.5° (1it. 180—1850) (A-B3iv). The melting point of this unsolvated
sdm-E after storing in a refrigerator for three months was altered only
slightly (179-182.50). The melting point of a mixture of this sample
with unsolvated sdm showed no depression (178.5—182.50) 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.EtOLt (also ground
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in EtOLt) (Fig. IR4.2), obtained from A. Taylor, of Safe and Taylor (1971).

(Samples for i.r. spectroscopy were usually ground in MeOH. )

When unsolvated sdm was ground with potassium bromide in the presence
of ether the spectrum (Fig. IR4.3) was different from that obtained when
sdm was ground in the presence of methanol (Fig. IR4.4) (perhaps an
ctherate of sdm forms). Sdm ground in the presence of methanol did not
form a methanolate seeing that unsolvated sdm was obtained from methanol-
water. Furthermore, this (ex EtOEt) spectrum of sdm (Fig. IR4.3) was
markedly differcnt from that of sdm-E.EtOEt (Fig. IR4.1) prepared the
same way. 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 solvate, sdm-E.EtOEt, (Fig. IR4.1) and by c0ntrast, little
different from that for unsolvated sdm, ex ether (Fig. IR4.3). This
suggests that the formation of solvated (EtOEt) sdm-E from unsolvated
sdm-E was 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 cm™!) was absent in sdm-E; the small
peak (1380 cm ?) in sdm was shifted (1375 cm ') and stronger; the peak
at 1270 cm” ! in sdm was absent in sdm-E; the medium peak at 1140 cm™®
as almost absent in sdm-E; the weak peak at 820 cm ' was reduced to a

shoulder in sdm-E; a weak peak at 770 cm !

in sdm-E was absent in sdm;
the medium singlet at 737 cm~! was split into a medium doublet (735 and
730 cm !) in sdm-E; and the weak doublet at 723 and 714 cm ! in sdm

appeared as a singlet in sdm-E at 710 cm '.

When sdm-E.EtOEt was ground in the presence of methanol (Fig.
IR4.6), the spectrum was again only little altered from that of sdm
(Fig. IR4.4). The following minor differences were observed: the
strong shoulder at 1600 cm ! in sdm was a weak shoulder in sdm—E;' the

strong peak at 1350 cm”™! in sdm was weaker (relative to that at 1410 cm™ ')

1 1

in sdm-E and shifted to 1340 cm™!; the strong peak at 1205 cm”™" in sdm
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was split into two almost equal peaks at 1205 and 1185 cm™! in sdm-E;
the medium peak at 1145 cm™ ! in sdm was absent in sdm-E; a weak broad
peak in sdm-L at 940 cm™ ! was absent in sdm; a weak peak in sdm at

820 cm™! was absent in sdm-E; a singlet medium peak at 740 cm™! in sdm
appearcd as two medium peaks at 735 and 728 cm™! in sdm-E while a weak

broad peak in sdm at 720 cm™ ' 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 ! which was a weak shoulder in sdm at 3490

1

cm ! on the strong peak at 3420 cm !

; the Avg for the C=0 stretching

peak (1680 cm ') in sdm-E was broader than that in sdm; a weak peak at

1

1440 cm”} in sdm-E was absent in sdm; the weak peak at 1380 cm ! in sdm

was strong in sdm-E and shifted to 1370 cm™}; the asymmetrical peak in

1 1

sdm at 835 cm ' was almost an equal doublet at 840 and 830 cm '; the

weak peak at 765 cm ! in sdm was somewhat stronger in sdm-E and the

1

medium sharp peak at 750 cm ° was broader in sdm-E.

Some of these differences were also present in the nujol mulls

(Figs IR4.9, IR4.10) of the two compounds but there were also other

1

differences: the shoulder at 3490 cm ! in sdm was shifted to a weak

1

! in sdm-E; the weak peak in sdm at 1265 cm ! was

sharp peak at 3540 cm”
absent in sdm-E; the medium peak (more or less a doublet) at 1150-1140

cm ! was very weak in sdm-E; the very weak (almost a shoulder) sharp

peak at 800 cm ! was absent in sdm-E; the medium sharp singlet at 738

em ! was almost a doublet in sdm-E at 735-730 cm"l; while the weak well

defined doublet at 723 and 715 in sdm was a sharp singlet at 712 cm ';
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