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Abstract

Janthitrems are believed to be involved in the nkesksporadic cases of AR37-
infected perennial ryegrass staggers. Investigatioto the role of janthitrems in
perennial ryegrass staggers are difficult as igmlabf the compounds from the
ryegrass is hindered by the inherent instabilityttidse compounds. Therefore
attempts were made to isolate janthitrems from leerreative source, allowing
these janthitrem analogues to be used as surrof@atesndophyte produced

janthitrems.

Analysis of a series d?enicillium janthinellumcultures revealed the presence of
janthitrems in a number of strains, including jainém B, janthitrem C and two
novel janthitrem compounds. Detailed one- and dimoensional NMR and mass
spectral techniques identified the two novel commosu as 11,12-
epoxyjanthitrems B and C, which were subsequeniergthe trivial names
janthitrems A and D, respectively. Janthitrems mil & were isolated and
identified by NMR and revisions of some previousgported chemical shift
assignments were proposed. In addition to théhjmems, penitrems were also

identified in two strains dP. janthinellum.

The isolated janthitrem B was utilised for the depenent of efficient extraction
procedures, and for the determination of idealagferconditions for janthitrem
compounds. A method for the extraction and isofabf janthitrem B from &.
janthinellumculture was developed and optimised to yield 6 mgothitrem B
from 900 mL of fungal culture in two days. Statyilstudies of janthitrem B
indicated the ideal storage condition which minedisdegradation was dry at

—-80°C where only 7% sample loss was observed dd@days.



Bioactivity studies of janthitrems A and B foundesie compounds to be
tremorgenic to mice, with janthitrem A (an epoxyatrem) inducing more
severe tremors than janthitrem B. Insect testiag showed that both janthitrems
A and B displayed anti-insect activity to porinarvie. Since the
epoxyjanthitrems, which are associated with AR3@ophyte-infected ryegrass,
were also shown to be tremorgenic and to displdiimsect activity, the insect
resistance and the sporadic cases of ryegrassessagigplayed by AR37 may be

related to the presence of epoxyjanthitrem compsund

LC-UV-MS analysis of janthitrems A-D, penitrems Adélitrem B, paspalinine,
paxilline and terpendole C found these indole—d&apids to be more sensitive
by analysis using an APCI source as opposed toSArs&urce. APCI negative
ion LC-UV-MS required source induced dissociation dombination with
increased collision energy to suppress an acethtech peak, sourced from the
acetic acid buffer. Negative ion M&nd MS data produced more informative
fragments compared to the conventional positive MSf and MS data. The
availability of both positive and negative ion LCVEMS methodologies will
allow future endophyte products to be more thorbugitreened for different

classes of secondary metabolites.

Extracts of mouldy walnuts were analysed for thespnce of tremorgenic
mycotoxins after a dog was found to exhibit sympmorcharacteristic of
tremorgenic mycotoxicosis. LC-UV-MS analysis ofe ttmouldy walnuts
identified the tremorgenic mycotoxins penitrems A-Rus confirming the
veterinarian’s tentative diagnosis of canine tregeaic mycotoxicosis — the first

reported case in New Zealand.
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Abstract

Janthitrems are believed to be involved in the nkesksporadic cases of AR37-
infected perennial ryegrass staggers. Investigatioto the role of janthitrems in
perennial ryegrass staggers are difficult as igmlabf the compounds from the
ryegrass is hindered by the inherent instabilityttidse compounds. Therefore
attempts were made to isolate janthitrems from leerreative source, allowing
these janthitrem analogues to be used as surrof@atesndophyte produced

janthitrems.

Analysis of a series d?enicillium janthinellumcultures revealed the presence of
janthitrems in a number of strains, including jainém B, janthitrem C and two
novel janthitrem compounds. Detailed one- and dimoensional NMR and mass
spectral techniques identified the two novel commosu as 11,12-
epoxyjanthitrems B and C, which were subsequeniergthe trivial names
janthitrems A and D, respectively. Janthitrems mil & were isolated and
identified by NMR and revisions of some previousgported chemical shift
assignments were proposed. In addition to théhjmems, penitrems were also

identified in two strains dP. janthinellum.

The isolated janthitrem B was utilised for the depenent of efficient extraction
procedures, and for the determination of idealagferconditions for janthitrem
compounds. A method for the extraction and isofabf janthitrem B from &.
janthinellumculture was developed and optimised to yield 6 mgothitrem B
from 900 mL of fungal culture in two days. Statyilstudies of janthitrem B
indicated the ideal storage condition which minedisdegradation was dry at

—-80°C where only 7% sample loss was observed dd@days.



Bioactivity studies of janthitrems A and B foundesie compounds to be
tremorgenic to mice, with janthitrem A (an epoxyatrem) inducing more
severe tremors than janthitrem B. Insect testiag showed that both janthitrems
A and B displayed anti-insect activity to porinarvie. Since the
epoxyjanthitrems, which are associated with AR3@ophyte-infected ryegrass,
were also shown to be tremorgenic and to displdiimsect activity, the insect
resistance and the sporadic cases of ryegrassessagigplayed by AR37 may be

related to the presence of epoxyjanthitrem compsund

LC-UV-MS analysis of janthitrems A-D, penitrems Adélitrem B, paspalinine,
paxilline and terpendole C found these indole—d&apids to be more sensitive
by analysis using an APCI source as opposed toSArs&urce. APCI negative
ion LC-UV-MS required source induced dissociation dombination with
increased collision energy to suppress an acethtech peak, sourced from the
acetic acid buffer. Negative ion M&nd MS data produced more informative
fragments compared to the conventional positive MSf and MS data. The
availability of both positive and negative ion LCVEMS methodologies will
allow future endophyte products to be more thorbugitreened for different

classes of secondary metabolites.

Extracts of mouldy walnuts were analysed for thespnce of tremorgenic
mycotoxins after a dog was found to exhibit sympmorcharacteristic of
tremorgenic mycotoxicosis. LC-UV-MS analysis ofe ttmouldy walnuts
identified the tremorgenic mycotoxins penitrems A-Rus confirming the
veterinarian’s tentative diagnosis of canine tregeaic mycotoxicosis — the first

reported case in New Zealand.
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CHAPTER ONE

| ntroduction

11 Perennial Ryegrass Staggers

Perennial ryegrass staggers (hereafter referrad tgegrass staggers) is a nervous
disorder affecting animals such as sheep, cattbesels and deer (Armstrong,
1956; Cunningham and Hartley, 1959; Galey et @911 Hunt et al., 1983;
Mackintosh et al., 1982; Mitchell and McCaughan92;9Munday et al., 1985;
Odriozola et al., 1993) that graze perennial ryggfaolium perennd..) pastures
infected with the endophyteeotyphodium lolii The disease is most prevalent in
New Zealand and Australia (Armstrong, 1956; Cunharg and Hartley, 1959; di
Menna et al., 1976; Fink-Gremmels and Blom, 1994ch&ll and McCaughan,
1992; Munday et al., 1985) but has also been regari the United Kingdom
(Clegg and Watson, 1960), United States (Galey.el@91; Hunt et al., 1983),
Argentina (Odriozola et al., 1993) and the Nethwita (Fink-Gremmels and
Blom, 1994).

The name ryegrass staggers was so given due tstabgering gait of affected
animals when grazing perennial ryegrass dominardtupss (Figure 1.1)
(Cunningham and Hartley, 1959; Gilruth, 1906). T$emptoms of ryegrass
staggers include severe muscular incoordination hgipetrsensitivity to external
stimuli such as sunlight and loud noises. Thesgp$yms can be observed one to
two weeks after initial exposure which begins &nwrs of the head, neck and
shoulders, progressing to head nodding and uncuaieti limb jerking. The
condition (which is prevalent in autumn) is raréhtal, however, deaths from

misadventure (such as falling from a cliff) canuarcc



Perennial ryegrass staggers is estimated to castAdaland $100 million a year
as a result of lost animal production (AgReseaP€l)5). Ryegrass staggers can
cause decreased weight gain in livestock (Fletched Barrell, 1984) and
increased time and labour for feeding, moving, shgaand drenching affected
animals. Ryegrass staggers also severely impacta fnanagement where

movement of affected animals can be a major issue.

Ryegrass staggers is caused by tremorgenic myostotkiat are present in
ryegrass plants infected with the endophytic fungastyphodium loli(formerly
known asAcremonium lol)i. This fungus is termed an endophyte as it is an
organism which resides within the plant tissue @kee 1995). Though it was
realised that fungal tremorgens were the causgegfrass staggers in the 1980s, it

took many years of research to establish and suiieti this finding.

1.2  History of Ryegrass Staggers

A connection between the endophyte of ryegrassaamchal toxicity was first
investigated by Neill (1941). Sparrows, chickemags and mice were fed ground
ryegrass seeds, but tremors were not observed {@vam, 1958; Neill, 1941).



This experimental observation along with the belfield by Neill that “a widely
distributed fungus such as th®lium endophyte could not be responsible for
localised outbreaks of ryegrass staggers” (Cunmimgland Hartley, 1959),
subsequently led to the conclusion that the endeplyas not the cause of
ryegrass staggers. Keogh (1973) made the impadtacbvery that sheep forced
to graze the base of pastures were affected byragegtaggers whereas sheep
grazing longer pastures did not suffer the disord€lonsequently, soil-borne
fungi, which would be consumed by sheep grazingrtsipastures, were

considered as a possible cause of ryegrass staggers

Sheep and calves orally dosed with the homogemsgzelium of Penicillium
cyclopium(a fungus which occurs in New Zealand soils) predusymptoms
similar to ryegrass staggers (di Menna et al., 19 inical symptoms were also
reproduced by Gallagher et al. (1977) wHeenicillium species (isolated from
perennial ryegrass pastures and the excremenfexfted animals) were cultured
and fed to animals. Further reports (di Menna klachtle, 1978; Mantle et al.,
1977; Mantle et al., 1978; Shreeve et al., 1978¥uonigi isolated from soils
producing tremorgenic toxins substantiated theifigebf Gallagher et al. (1977).
However, contrary to this reasoning, White et 8980) reported that the quantity
of soil ingested by the animal was unlikely to glisufficient tremorgens to cause
ryegrass staggers. A possible explanation wastligatremorgens produced by
the fungi in the soil could be absorbed by the soot the plant and then
translocated into the leaves. This theory wasngtrened by experimental
evidence where extracts of plants grown in sandaoeing Penicilliumcrustosum
mycelium were found to be tremorgenic in contrasthie control plant extracts

which were non-tremorgenic (White et al., 1980).

Tremorgens such as penitrem A, fumitremorgins A Bnghnthitrems A-C and

verruculogen were found in pastures where ryegsteggers had been reported



(Gallagher et al., 1980a). These studies indicttatifungal tremorgens may be

the cause of ryegrass staggers.

In 1981, an experimental trial to measure hoggewtr on three different
perennial ryegrass cultivars was carried out. mydrought conditions a 100%
incidence of ryegrass staggers was observed oplohe50% on another and no
incidence on the other plot. The three plots wswbsequently extensively
compared which showed a strong correlation betwd®n percentage of
endophyte infection and the severity of ryegrasggars (Fletcher and Harvey,
1981; Mortimer et al., 1982). Fletcher and Har(#981) reinforced this finding
with the observation that the endophyte was comatsdt in the base of the plant.
Gallagher et al. (1981) examined the grass whiah deused ryegrass staggers
and identified two compounds (lolitrems A and B)iethwere tremorgenic to
mice. A year later Gallagher et al. (1982a) showmat feeding sheep with
lolitrem-containing seeds gave clinical signs thadre indistinguishable from
ryegrass staggers. These results indicated thia¢hos were involved in ryegrass

staggers.

Further studies showed a correlation between tlesepce of lolitrems and
endophyte infection (Gallagher et al., 1982b). €amuently, it was believed that
removal of the endophyte from ryegrass would restihe ryegrass staggers issue.
However, it soon became evident that removal ofetidophyte would not be the
answer, as trials conducted on endophyte-free addphyte-infected ryegrass
pastures showed that endophyte-free ryegrass ttladgliowth and severe damage
(Figure 1.2) due to the larvae of the Argentinemsteveevil (istronotus

bonariensi3 (Figure 1.3) (Mortimer and di Menna, 1983; Morgirret al., 1982).



Figure 1.2. Comparison of endophyte-free perenmjegrass (left) to
endophyte-infected perennial ryegrass (right). d@amage to the endophyte-
free ryegrass was inflicted by the Argentine stegewil. Photo courtesy of

AgResearch, Ruakura.

The damage to pastures by the Argentine stem weslestimated in 1991 to

cost New Zealand $46—200 million per year (Prestiefgal., 1991).

Figure 1.3. Argentine stem weevil. Photo courtgsfxgResearch, Ruakura.

It was subsequently shown that in addition to tkenbrgens, the endophyte also
produced peramine. Peramine (Figure 1.4), isoldtgdRowan and Gaynor
(1986), is known to be responsible for insecticigetivity. The concentration of
peramine was found to be greater in the youngerpeoed to older leaves of

ryegrass tillers (Keogh et al., 1996). During sgednination, peramine moves



through to the developing seedling protecting iiagt insect activity until the
post-germination endophyte activity starts to gateenew peramine (Ball et al.,

1993).

N NH
H 2

Figure 1.4. Peramine.

1.2.1 The Advantages and Disadvantages of Endophyte-Infected Perennial
Ryegrass
The plant—fungus association produces a nhumbeopmipounds, some of which

are beneficial and some detrimental to agricultsiris

(@)

©)

Figure 1.5. Comparison of (a) endophyte-infected @) endophyte-free
grass, (Schardl et al., 2007).

In addition to causing ryegrass staggers, otherpoamds produced by the
endophyte—grass association give the host plantased survival under climatic
stress, reduced insect attack, produce more hedrady@ersist longer in grazing

pastures (Figure 1.5). For example, peramine siééeding and egg deposition



by larval and adult Argentine stem weevil (Ballat, 1993; Mortimer and di

Menna, 1983; Prestidge and Ball, 1993; Prestidge €1982).

1.2.2 Optionsfor Control of Ryegrass Staggers

Ryegrass staggers is more prevalent in sheep,athelehorses compared to cattle
as these animals graze closer to the base of déin¢ thlereby ingesting more basal
sheath material (as the tremorgens are concentedtéde base of the plant).
Furthermore, outbreaks of ryegrass staggers maiotyir during summer and
autumn where reduced pasture growth leads to cqutsumof a greater portion
of the basal area of the plant. Because ryegtaggesrs is a reversible condition
and complete recovery of the animal is possibleyeaaowere made to put
practices in place to minimise the occurrence efjrgss staggers. Such practices
included “diluting” the amount of endophyte-infedtgerennial ryegrass by

growing companion grass species such as white rc{@violium repens.

Grazing management can minimise ryegrass staggersskricting consumption
of the basal plant material. However, this practgdifficult when the grass is in
short supply, and also when the animal is suffefiom the disease as movement
of the animal will be difficult. Another option i® breed animal resistance to
ryegrass staggers. Ryegrass staggers is a heritai (Campbell, 1986) and
therefore resistance to the disease can be incrégskreeding from rams which

are not prone to the disease.

In addition to having such practices in place, aese has been carried out to
resolve the endophyte-related disorders by idangfyendophyte types which
vary in toxin production. Research has focusedlisaovering and developing
endophytes which produce the beneficial compoundbowt the detrimental

ones. Such endophytes would confer resistancendeci pests such as the



Argentine stem weevil without inducing toxic effecbn livestock. These
endophytes (termed “novel” endophytes) aim to redine negative effects on

stock health while maintaining the benefits.

1.3  Toxicoses Associated with Grasses I nfected with Endophytic Fungi

The grass—endophyte interaction is mutualistic @t the plant and the fungus
receive benefits (Scott and Schardl, 1993). Thetpbrovides the fungus with a
suitable environment and the fungus protects thisrenment by producing the
protective chemicals i.e. mycotoxins. The grasdephyte interaction can
produce compounds which are beneficial for plandtwgin and persistence,
however, this interaction can also produce compsuvtich can be deleterious to
the health of the animal which graze the infectedtyres. These detrimental
compounds are responsible for a number of conditisnch as tall fescue
toxicosis (caused by tall fescue infected with #mdophyte Neotyphodium

coenophialumand ryegrass staggers (causedibiolii).

1.3.1 Ryegrass Staggers
As discussed in Sections 1.1 and INgotyphodium loliinfected perennial

ryegrass is associated with ryegrass staggers.

1.3.2 Tall Fescue Toxicosis

Tall fescue infected with the endophy#scremonium coenophialunfmore
recently classified adleotyphodium coenophialyns a popular pasture forage
and covers approximately 35 million acres in theAU&hd Canada (Blodgett,

2001). Its popularity is due to its ease of essdbhent, wide range of adaptation,



pest resistance, tolerance to abuse and good seddction (Hoveland, 1993).
However, tall fescue has also been associated patr animal performance.
Beef calf gains and cow conception rates were fdorae substantially lower on
tall fescue compared to tall fescue—legume (i.k.féacue pasture diluted with
legumes) (Petritz et al., 1980). The pregnanocy ohtheifers on highly infected
endophyte tall fescue was only 55% compared to 86%all fescue infected with
low levels of endophyte (Schmidt, 1986). In adufiti lower milk production
(Seath et al., 1956) and poor animal performanaamlkén et al., 1979) in cows
have also been observed. At one stage tall feteoueosis was estimated to cost

the US beef industry $600 million per annum (Howrdlal993).

Symptoms of tall fescue toxicosis include decreas®dm prolactin (a hormone
which is necessary for mammary development and prtiduction), agalactia
(decreased milk production) and reproduction proisiéHemken and Bush, 1989;
Hemken et al.,, 1984). Reproduction problems irelymolonged gestation,
inhibition of mammary gland development, thickengldcentas and affected
fertility (Meerdink, 2002). Removal of pregnant mes from affected pastures
leads to improvement/elimination of symptoms depeman the time of removal

(Meerdink, 2002).

Tall fescue toxicosis is also responsible for feséot and summer syndrome.
Fescue foot, which occurs mainly in cattle, is agganous condition affecting the
extremities such as the feet, ears and tail (vaestgck and McDonald, 1992).
Summer syndrome is a condition which as the nanggesis occurs during
summer and is associated with reduced weight gioreased milk production,
increased respiration, excessive salivation anderfefvan Heeswijck and
McDonald, 1992). The compounds responsible forrmanmsyndrome and fescue
foot are the ergot alkaloids (particularly ergomali(Figure 1.6)) which are

produced by the endophyte—grass association. BEligevhas also been found in
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endophyte-infected ryegrass (Rowan and Shaw, 1883unting for reports of
heat stress in livestock (Easton et al., 1996; Slghd, 1984). Ergovaline may
also interact with lolitrem B to exacerbate ryegrataggers (Fletcher and Easton,

1997).

Figure 1.6. Ergovaline.

Although removal of endophytes is easy, nil endopligscue is not an option as
the endophyte produces other compounds which peob&hefits such as good
pasture growth, pest resistance, tolerance to amaséhe ability to establish itself

in a range of conditions. These benefits are plexviby the loline alkaloids.

Lolines are alkaloids which deter insect feeding aave insecticidal properties
(Bush et al., 1993; Wilkinson et al., 2000). Lenwere originally isolated from
Lolium cuneatunNevski (Gramineae) (Yunusov and Akramov, 195bdlines

are saturated pyrrolizidines comprising an oxygaddge between C-2 and C-7
(Faulkner et al., 2006; Powell and Petroski, 19928 amino group is located at
C-1 and the various types of lolines are differaeti by the substituent on this

amino group.

The loline-type alkaloids (Figure 1.7) include k@i norloline N-methylloline,N-

formylloline, N-acetylloline, N-formylnorloline andN-acetylnorloline (Faulkner
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et al., 2006; Jackson et al., 1996; Petroski etlaP4; Powell and Petroski, 1992;
Yates et al., 1990).

Loline R=H R =CH;
N-Formylloline R = CHO R =CHs
N-Acetylloline R =COCH R;=CH;
N-Methylloline R =CH; R, = CHs
Norloline R=H R=H

N-Acetylnorloline R=COCH R;=H
N-Formylnorloline R = CHO R=H

Figure 1.7. Structures of lolinéy-formylloline N-acetylloline, N-methylloline,
norloline,N-acetylnorloline andN-formylloline.

The activities of these loline compounds vary, withformylloline and N-
acetylloline appearing to have a more significaffeat in insect deterrence
(Powell and Petroski, 1992). The lolines are lvelitto be non-toxic to mammals

(Schardl et al., 2007; Tong et al., 2006).

1.3.3 Sleepygrass Toxicosis

SleepygrassStipa robustais a perennial grass found in the rangelands ahsou
western USA. As a result cbnsumption of grass (infected witiNaotyphodium
species), the animal exhibits a stuporous behawidhich can last for several
days. In some cases the animal may even be ateaatsomnolence from which

they cannot be roused (Cheeke, 1995). It wasllyitthought diacetone alcohol
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in the plant was the soporific agent (Epstein et #364). However, it is now

believed that ergot alkaloids produced by the ehgltgpare responsible.

The principle ergot alkaloid in sleepygrass wasntbto be lysergic acid amide
(Figure 1.8) which has a sedative effect in humemd is similar in structure to
the hallucinogen LSD (lysergic acid diethylamidefpnalysis of grass from a
sleepygrass toxicosis-affected area found the poesef aNeotyphodiunspecies
(Petroski et al., 1992). The level of lysergicdaamide in the endophyte-infected
grass was high enough to be consistent with thisgbihe cause of sleepygrass

poisoning.

Figure 1.8. Lysergic acid amide.

1.3.4 Drunken Horse Grass

Drunken horse grass\¢hnatherum inebriansnduces a condition so named due
to the observed narcosis of horses grazing on msstinfected with the
endophytesNeotyphodium inebrianand Neotyphodium gansuengé/ei et al.,
2006). These two endophytes have been found irsd¢lees, leaf sheaths and
peduncles of infected grass (Bruehl et al., 1994tlal., 2004; Wei et al., 2006).
This perennial bunchgrass is predominately found atpine and subalpine

grasslands in Gansu, Xinjiang, Qinghai, Tibet andet Mongolia, China (Li



13

et al., 2008). The fungal endophytes produce thetealkaloids ergine (lysergic
acid amide) and ergonovine (Miles et al., 199586)9

1.4  Indole-Diterpenoids

Many of the compounds responsible for toxicose®aated with endophyte-
infected grasses belong to a class of compoundwrkras indole—diterpenoids.
The indole—diterpenoids are a group of secondaryalmodtes (Steyn and
Vleggaar, 1985) which are produced by a diverseumgrof fungi. Natural
products known to induce tremors were rare unté thiscovery of fungal

tremorgens.

The indole—diterpenoid compounds comprise a cyilerpene-derived skeleton
(which is derived from four isoprene units i.e. ajgrigeranyl diphosphate
(GGDP)) and an indole moiety (which is derived frogptophan or a tryptophan
precursor) (Laws and Mantle, 1989; Parker and S&f04). The structural
diversity of these metabolites is due to the déferpatterns of ring substitutions,
different ring stereochemistry and additional ptatigns (Parker and Scott,
2004). The diterpenoids have been arbitrarily sifeesl into six groups

comprising penitrems, janthitrems, lolitrems, a#ats, paxilline and

paspalinine/paspalitrems/paspaline (Steyn and \daggl985). However, more
recently new groups have been added such as tlairshes (Belofsky et al.,

1995), terpendoles (Gatenby et al., 1999; Huangl.et1995a; Huang et al.,
1995b; Tomoda et al., 1995) and sulpinines (La&tso., 1992).
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141 Penitrems

The penitrems were among one of the first clas§éemorgenic mycotoxins to
be isolated. Penitrem A was first isolated in 19§8Wilson et al. (1968) from
Penicillium cyclopiumWestling (which was later classified &enicillium
crustosumThom) (Hosoe et al.,, 1990). The production of emtrgenic
mycotoxin byPenicilliumpalitansWestling was also reported (Ciegler, 1969) and
this compound was named tremortin A (Hou et al70)9 However, penitrem A
and tremortin A were later found to be identicampomunds and although the
name tremortin A was reported in the literature fx@ars prior to penitrem A, the
toxin was mutually agreed to be named penitremCénsequently tremortins are

now referred to as penitrems.

Penitrem A R=Cl R =O0H
Penitrem B R=H R=H
Penitrem E R=H R, =0OH
Penitrem F R=Cl R=H

Penitrem C R =CI
Penitrem D R=H

Figure 1.9. Structures of penitrems A—F.



15

Although the penitrems were first isolated in 1988lson et al., 1968), it was not
until much later that the structures of penitremsFA(Figure 1.9) were

determined. The difficulty in structure elucidatiovas due to insufficient

material, molecular complexity and instability (#aset al., 1969; Steyn and
Vleggaar, 1985). The structures of all six penigsewere deduced through
biosynthetic (which involved feeding labelled trgphan to fungal cultures) and
NMR (nuclear magnetic resonance) studies (de Jetsals, 1981; de Jesus et al.,

1983a; b).

P. crustosums commonly used for producing penitrem R. cyclopium(Hosoe

et al., 1990; Hou et al., 1971, Pitt, 197Bgnicilliumverrucosunmvar. cyclopium
(Pitt, 1979),P. palitans(Hou et al., 1971; Pitt, 1979) amenicillium puberulum
(Hou et al.,, 1971have also been reported as producing penitrem Aesd
isolates, however, were later shown to be variahf8. crustosum Penitrem A
has also been isolated frdPenicillium lanoso-coeruleurfWells and Cole, 1977)
andPenicillium janczewskiZzaleski (Mantle and Penn, 1989) and penitrem B has
been isolated fromAspergillus sulphureugFres.) Thom and Church (Laakso

et al., 1992).
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Penitrem G
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Secopenitrem B
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6-Bromopenitrem E

Figure 1.10. Structures of penitrem G, secopenitée 10-ox0-11,33-
dihydropenitrem B and 6-bromopenitrem E.
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An additional penitrem, penitrem G (Figure 1.10pswmore recently isolated
from P. crustosum(Gonzalez et al., 2003) Other isolated penitrem analogues
include secopenitrem B (Figure 1.10) (Laakso et 2092) and 10-oxo0-11,33-
dihydropenitrem B fromA. sulphureuqlLaakso et al., 1993) (Figure 1.10), 6-
bromopenitrem E (which has a bromine atom instéadahlorine atom at C-6 of
penitrem A) isolated fronPenicillium simplicissimumAK-40 (Hayashi et al.,
1993) (Figure 1.10), pennigritrem froRenicillium nigricang(Figure 1.11) (Penn
et al., 1992) and penitremones A-C (Figure 1.1la&jnfra Penicillium species
(Naik et al., 1995). Penitremone A is consistenithw10-oxo-11,33-
dihydropenitrem B although the stereochemistry-atl®f penitremone A has not

been determined.

More recently two new indole—alkaloid isoprenoi@1B-dehydrosecopenitrem A
(thomitrem A) and 18,19-dehydrosecopenitrem E (lir@m E) have been
isolated fromP. crustosunThom (Rundberget and Wilkins, 2002a) (Figure 1.11).

Penitrems are capable of causing tremors in anjnalg fungi capable of
producing tremorgenic mycotoxins such as penitramesfound in agricultural
products such as silage and maize (Steyn and Vdegd885). Penitrems also
exhibit insecticidal activity. Penitrem A has shoactivity againsBombyx mori
(silkkworm) (Hayashi, 1998; Hayashi et al., 1998podoptera frugiperddfall

armyworm)andHeliothiszea(corn earworm) (Dowd et al., 1988).
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u/l//////

Pennigritrem

N\
S
S

Penitremone A R=H

Penitremone B R =0OH

Thomitrem A R=CI
Thomitrem E R=H

Figure 1.11.  Structures of pennigritrem, penitragsdo A—C and
thomitrems A and |
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1.4.2 Lolitrems

Compared to penitrems, lolitrems have an additis@drene unit attached to the
oxygen at the far right-hand side, at C-43. LeiitrB (Figure 1.12) is believed to
be the principal causative agent of ryegrass stag@erny et al., 1997; Munday-
Finch et al., 1996a; Rowan, 1993). Lolitrem B wsadated in 1981 (Gallagher et
al., 1981) and although the structure was detemnanéew years later by NMR
(Gallagher et al., 1984), the stereochemistry atAfB junction had yet to be

defined. The stereochemistry was later reporteHd®y et al. (1994).

NI oo
(6}

29 28

Figure 1.12. Structure of lolitrem B.

Large scale isolation of lolitrem B led to the itd&oation of lolitrem A (Munday-
Finch et al., 1995) (Figure 1.13), lolitrem E (Milet al., 1994) (Figure 1.13) and
lolitrem F (Munday-Finch et al., 1996b) (Figure 3)1 Additional identified
lolitrems include lolitrems G, H, J, K, L, M and (Rigure 1.13) (Munday-Finch,
1997) as well as lolilline (Figure 1.14) (Mundayi:€h et al., 1997), lolitriol,

lolicine A and lolicine B and 3&ptlolitrem F and 3leptlolitrem N (Munday-

Finch et al., 1998) (Figure 1.14).
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Lolitrem 7E

Lolitrem A

Lolitrem H

N\\\O H

Lolitrem L

Lolitrem K

Lolitrem M Lolitrem N

Figure 1.13. Structures of lolitrems A, E, F, G,KK, L, M and N.
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Lolicine A R=CH
Lolicine B R =CHO

31-epiLolitrem N

Figure 1.14. Structures of lolilline, lolitriolplicines A and B,
and 3:-epi-lolitrems F and N



22

Of the tremorgenic fungal toxins, only certain i@dms (such as lolitrems A and
B) induce a sustained tremor which can last fotaithree days in mice dosed
intraperitoneally at 4 mg kg In contrast, the other tremorgenic toxins sustai
tremors for only a few hours (Munday-Finch, 19974iiday-Finch et al., 1996b;

1997).

Within the lolitrem class of compounds, the acditated isoprene unit (ring I,
with the isoprene unit attached to C-43) is impdrfar tremorgenic activity. The
A/B rings are also involved in the tremorgenic atyiof the lolitrems and appear
to be necessary for the slow onset and long durdteamors observed with these

compounds (Munday-Finch, 1997).

1.4.3 Paspaline

Paspaline and paspalicine (Figure 1.15) are stralttihe simplest of the indole—
diterpene group (Smith and Cui, 2003). These alllal were first reported in
1966 by the Arigoni group (Fehr and Acklin, 196ri8ger and Clardy, 1980)

from the ergot fungu€laviceps paspali

Paspalum staggers (also known as Dallis grass magpois a result of animals
ingesting the grass paspaluRagpalum dilatatuin infected with C. paspali
Stevens and Hall. The fungus invades the pistithefP. dilatatumflower, and
the ovary is then destroyed and replaced by a ofdssgal tissue. The fungus is
easily spread by insects attracted to the stickydate (termed honeydew)
produced by the fungus and by cattle walking thiotige grass (Cole et al.,
1977). The symptoms of paspalum staggers incladsitsvity to external stimuli
and tremors. The tremorgens isolated fiGnpaspaliwhich are responsible for

these symptoms include paspalinine and paspalitfearsd B.
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Paspaline R=CH

PaspalineB R =CHO

Paspalinine R=H R=H Rs=H
140-Hydroxypaspalinine R=OH R=H Rs=H
Paspalitrem A R=H R, =CHCH=C(CH), Rs=H
Paspalitrem B R=H R =CH=CHC(CH),OH R;=H
Paspalitrem C RRH R=H Rs= CH,CH=C(CH):

Figure 1.15. Structures of paspaline, paspalingaBpalicine, 1ld-hydroxypaspalinine,
paspalinine and paspalitrems A, B and C.

The alkaloids paspalinine (Figure 1.15) (Cole et &B77; Gallagher et al.,
1980b), paspalicine, paspaline (Springer and C|at8i80) and paspalitrems A, B
(Figure 1.15) (Cole et al., 1977) and C (Figuré)l (Dorner et al., 1984) have all

been isolated fromC. paspali Paspalinine has also been isolated from
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Aspergillus flavugCole et al., 1981and Eupenicillium sheariiBelofsky et al.,
1995) In addition, paspaline has also been isolated feemmericella striata
(Nozawa et al., 1988a) adbophoma yamanashiengiduang et al., 1995a; b)
Paspalitrems A and B have an additional C5 uniatied at C-21 of paspalinine.
Paspalitrems A and C have also been isolated flmenbiark ofCavendishia
pubescengfected with aPhomopsispecies (Bills et al., 1992). Other paspaline
derivatives include paspaline B (Figure 1.15) whias isolated fronPenicillium
paxilli Bainer (Munday-Finch et al., 1996a) andhd¥/droxypaspalinine (Figure
1.15) fromAspergillus nomiugStaub et al., 1993).

Paspalinine (Cole et al., 1981; Cole et al., 19%) paspalitrems A and B (Cole
et al., 1977) were found to be tremorgenic whemaspalicine and paspaline
(Cole et al., 1977) were non-tremorgenic. The @as paspaline B, paspalitrem

C and 14-hydroxypaspalinine have yet to be tested for trgroicity.

144 Paxilline

Paxilline (Figure 1.16) was found to be producedPbypaxilli Bainer (which was
isolated from insect-damaged pecans) (Cole et1874). A year later the
structure of paxilline was elucidated (Springerakt 1975). Paxilline has also
been detected iN. lolii (Weedon and Mantle, 198, striata(Rai, Tewari and
Mujkerji) Malloch & Cain (Kawai and Nozawa, 19838hdhE. sheariiStork &
Scott (Belofsky et al., 1995). Other paxilline igatives which have been
identified include 13-desoxypaxilline and paxilli2g-O-acetate fromE. striata
(Kawai and Nozawa, 1988), 7-hydroxy-13-desoxypaeell from E. shearii
(Belofsky et al., 1995), PC-M&nd PC-M6 fromP. crustosum(Hosoe et al.,
1990) and paxinorol frorR. paxilli (Figure 1.16) (Miles et al., 1995b).
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Paxilline R=OH R=H R=H
13-Desoxypaxilline R=H R=H R=H
Paxilline 270-acetate R=OH R=COCH R3=H
7-Hydroxy-13-desoxypaxiline R=H R =H R; = OH

.,
“,
0
,
7,

Paxinorol OH

Figure 1.16. Structures of paxilline, 13-desoxylbiae, paxilline-27O-acetate,
7-hydroxy-13-desoxypaxilline, PC-M3C-M6 and paxinorol.

A new congener, 21-isopentenylpaxilline (Figure7),lwas reported in 1995
(Belofsky et al., 1995). The alkaloid was isolatexn E. shearii(Belofsky et al.,

1995). NMR studies revealed the structure was laimio paxilline and
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paspalinine. The tremorgenic activity of this camupd has not been evaluated.
However, paxilline has been tested and was foung@rtoluce short duration
tremors at 4 mg K§ (when injected intraperitoneally into mice) (Miles al.,

1992) whereas 13-desoxypaxilline was non-tremorgesti a dose rate of

8 mg kg' (Munday-Finch, 1997).

Iz

Figure 1.17. Structure of 21-isopentenylpaxilline.

145 Terpendoles
Huang et al. (1995a) isolated four new metabolites the culture broth of the
fungus A. yamanashiensis.These compounds were named terpendoles (A-D)

(Figure 1.18) and are acyl-CoA: cholesterol acgkfarase (ACAT) inhibitors.

Further investigation led to the discovery of eighiditional terpendoles (E—L)
(Figures 1.18) (Tomoda et al., 1995). A few yelater a further compound,
terpendole M (Figure 1.18), was isolated frbimlolii-infected perennial ryegrass

(Gatenby et al., 1999).
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Terpendole A Terpendole B R=H R =H
Terpendolel R=OH R =O0OH

TerpendoleD R=H Terpendole C R=H R=H
TerpendoleJ R =O0OH Terpendole L R=CH,CH=C(CHs);, R;=H
Terpendole M R=H R, = OH

Terpendole E R =CH Terpendole H

Terpendole F R = CiOH
Terpendole G R =CHO

Terpendole K

Figure 1.18. Structures of terpendoles A—M.
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Terpendoles D, E, F, G, H and | were found to be-tnemorgenic at a dose of 8
mg kg* when injected intraperitoneally into mice (Mundaipch, 1997). In
contrast, terpendole C was found to be stronglgnargenic at this same dose
(Munday-Finch, 1997; Munday-Finch et al., 1997)Idileg tremors of short

duration.

1.4.6 Sulpinines

The antiinsectan metabolites, the sulpinines, werated from the sclerotia &f.
sulphureus(Laakso et al., 1992). Sclerotia are specialigagctres which are
able to withstand extreme conditions of temperatdesiccation and nutrient
depletion and remain dormant until conditions aneofirable for growth. These
hardened asexual resting structures are composeegetative hyphal cells that
can survive for years in soil (Erental et al., 2008he structures of sulpinines A—
C (Figure 1.19) were primarily determined by NMRabsis and by comparison
with the structurally-related penitrems. Sulpini@emay be a possible artefact
derived from sulpinine A, as paxilline was foundle easily converted to the
dioxygenated derivative, 2,18-dioxopaxilline undedatively mild conditions

(Munday-Finch, 1997; Mantle et al., 1990).

The three sulpinine metabolites were found to ekimisecticidal activity against
the crop pestelicoverpa zedlaakso et al., 1992). The sulpinines have nohbee

tested for tremorgenicity.
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\

Sulpinine C

Figure 1.19. Structures of sulpinines A—C.

1.4.7 Shearinines

Belofsky et al. (1995) isolated three novel alkddpishearinines A, B and C
(Figure 1.20), from the ascostromata (hardenedtstress similar to the sclerotia)
of E. shearii Shearinine C may be an artefact derived fronashi@e B, as
discussed earlier with sulpinine C (Section 1.4.®he shearinines (which belong
to the janthitrem class) were found to exhibit\atti against the corn earworm

Helicoverpa zeand the dried fruit beetl€arpophilus hemipterus
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Shearinine A R=H Shearinine B
Shearinine D R =0OH
Shearinine E R =0CH

Shearinine C Shearinine F R=R,=H

Shearinine ( Ri+R,=0C

Shearinine H Shearinine |

Shearinine J Shearinine K

Figure 1.20. Structures of shearinines A—K.

More recently, eight new indole triterpenes, nansbearinines D-K (Figure
1.20), have been isolated fromPanicillium species (strain HKIO459) obtained

from a mangrove plant (Xu et al., 2007). As wiltearinine C, shearinines H-J
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may also be artefacts. These compounds have ot tested for tremorgenic

activity.

1.4.8 Emindoles

There are a variety of emindole compounds, suc®sSB, DA and DB (Figure
1.21), which have been isolated. Emindole SA teenksolated fronk. striata
(Kawai and Nozawa, 1988; Nozawa et al., 1988b),fi®B E. striata and A.
yamanshiensifNozawa et al., 1988a; Tomoda et al., 1995) andabé DB from

Emericella desertorurBamson & Mouchacca (Kawai and Nozawa, 1988).

O | OH\
N
H

Emindole SA

Figure 1.21. Structures of emindoles SA, SB, DA BiB.
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More recently three novel emindoles (named PA, RBBRC) (Figure 1.22) were
isolated fromEmericella purpureaHosoe et al.,, 2006). A related compound,

emeniveol (Figure 1.22), has also been isolateoh fEonericella niveaKimura

etal., 1992).

N R
R, .

OH

Emindole PA  R= CH,C(CH;),CHCH, R,=H
Emindole PB R=H R = CH,C(CH3),CHCH,

"IIII////

Iz

OH

Emeniveol

Figure 1.22. Structures of emindoles PA, PB anc&aR€Cemeniveol.

1.4.9 Aflatrems

The aflatrem mycotoxins were discovered by Wilsod &Vilson (1964). These

toxins were produced by a number Aspergillus flavusstrains grown on
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foodstuffs such as potatoes and rice. The trermcgeetivity of aflatrem (Figure
1.23) was compared to lolitrem B using mice (Gdilxgand Hawkes, 1986).
Aflatrem induced tremors were shorter in duratiom tmore intense compared to

lolitrem B induced tremors.

=

Iz

Figure 1.23. Aflatrem.

1.4.10 Janthitrems

Gallagher et al. (1980a) screened twenty Beaicillium janthinellumBiourge
isolates obtained from ryegrass-staggers-causingtuggs to investigate
tremorgenic mycotoxins as a cause of ryegrass ataggOver half of these
isolates were found to produce highly fluorescestbrgenic toxins. Molecular
weights were determined by high resolution masstspmetry for 3 compounds,
which were subsequently named janthitrems A (strecunknown), B (Figure
1.24) and C (Figure 1.24) (Gallagher et al., 1980ajraperitoneal injection (into
the abdominal cavity) of janthitrem B into micecékd a tremorgenic response as
well as incoordination and hypersensitivity to touand sound. A further
compound was later isolated by Lauren and Gallagh@82) using preparative
thin layer chromatography (TLC) which was tentdyveamed janthitrem D

(structure unknown) based on its ultra-violet (Ll&d fluorescent properties.
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Janthitrem B

Janthitrem (

Figure 1.24. Structures of janthitrems B and C.

The structures of three additional similar jan#mtr compounds, E, F, and G
(Figure 1.25), (discovered from an Australian isslaf P. janthinellun) were
deduced by de Jesus et al. (1984). Further irgaggins revealed both New
Zealand and Australian isolates Bf janthinellum were capable of producing
either janthitrems A-D or E-G (Penn et al., 1993anthitrems B and C are the
two most abundant tremorgenic mycotoxins found @rtain isolates ofP.

janthinellumfrom Australia and New Zealand (Penn et al., 1993).

Janthitrem E R=H R, = OH
Janthitrem F R=COCH R,=0OH
Janthitrem G R=COCH R,=H

Figure 1.25. Structures of janthitrem-G.
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The structure of janthitrem B was elucidated byKivis et al. (1992) usintH and
3¢ NMR, confirming its close structural relationstiip janthitrems E-G. The
structure of janthitrem C was determined by Pennalet(1993) by NMR
spectroscopy. The NMR assignments were fully dmrated by a full
complement of NMR spectral data including NOE measients. The right-hand
side of janthitrems B and C is identical to pemitr® and their spectral data

proved to be identical.

Janthitrems B and C have a dehydrated terminalresepof the diterpenoid
moiety of janthitrems E—-G. As with janthitrem Enihitrem B has a C-22
hydroxyl group whereas janthitrem C, like janthitreG, lacks this hydroxyl
group. Wilkins et al. (1992) also determined tblative configuration of rings A
and B of janthitrems B, E and F by NOE (nuclearrbaaser effect) difference
experiments.  Furthermore, the relative stereockteyniat C-22, C-23 of

janthitrems E-G was reported for the first time.

The structure of janthitrem A remains unknown doepgucity of material.

Likewise, the structure of janthitrem D also rensaimknown. More recently, a
novel janthitrem named 1€pi-11,12-epoxyjanthitrem G (Figure 1.26) was
isolated from AR37 endophyte-infected (a novel eie as described in
Sections 1.7 and 1.8) perennial ryegrass herbadeseed (Tapper and Lane,
2004). The compound was characterised by UV, higbolution mass

spectrometry and NMR. Three further structureslated alongside this

compound were assigned 10-deacetyl-10,34-(3-maihikenyl acetal), 10-

deacetyl-340-(3-methylbut-2-enyl) and 3@-(3-methylbut-2-enyl) derivatives of

10-ept11,12-epoxyjanthitrem G on the basis of LC-MS gsial
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Figure 1.26. 1@pill,12-epoxyjanthitrem G.

15 Biosynthetic Studies

The structures of the metabolites described inptieeious section all contain an
indole nucleus derived from tryptophan linked taliterpenoid unit from four
mevalonate-derived isoprenes (geranylgeranyl dijpimate) (de Jesus et al.,

1983c; Laws and Mantle, 1989; Penn and Mantle, 1994

Arigoni’'s group (Acklin et al., 1977) investigatéde biosynthesis of paspaline
and related metabolites. The group hypothesisednigtabolites originated from
an indole nucleus and a diterpene unit (Figure )1.2To confirm this idea,

cultures ofC. paspaliwere supplemented witHC labelled acetate. The results
showed acetate was readily incorporated into tterknoid moiety of paspaline
(Figure 1.27). An intermediate in the biosynthesispaspaline, emindole SB
(which is thought to be formed from emeniveol), viedated by Nozawa et al.

(1988a) thus providing further evidence to thisgmsed pathway (Figure 1.27).
Nozawa et al. (1988a; b) then suggested paspabotl de converted to 13-

desoxypaxilline (which was isolated frdi striatg (Figure 1.27) which was then
proposed to be converted to paxilline (Figure 1.2Ppspaline can therefore be
regarded as a base structure and a likely keynetgiate in the biosynthesis of a

number of complex indole—diterpenes.
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Tryptophan \L Geranylgeranyl
Pyrophospate

Paspaline

Paxilline

Figure 1.27. Proposed biosynthetic pathway for ¢hdy stages of
indole—diterpenoid biosynthesis.
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Paxilline may also be a key intermediate in biosgtit pathways. Paxilline and
10B-hydroxypaxilline are believed to be intermediaiteshe biosynthesis of the
aromatic substituted indole—diterpenoids penitremd janthitrems (Mantle and

Penn, 1989; Penn and Mantle, 1994).

The structure of penitrem A was first proposed ey Jksus et al. (1981) by
simultaneous incorporation of spectroscopic studied biosynthetic reasoning.
The biosynthetic study involved feeding labellegptophan which showed
penitrem A to have a substituted indole nucleuse biosynthetic pathway of
penitrem A proposed by de Jesus et al. (1983c)vedaheoretical intermediates
with structures similar to paxilline. Consequentiye role of paxilline in the
biosynthesis of penitrem was investigated by Maatld Penn (1989). The study
involved feeding*’C labelled paxilline to cultures of. janczewskiiwhich
resulted in incorporation of radiolabel into pesitr A thus confirming paxilline

was involved in penitrem A biosynthesis.

In a similar vein, janthitrem B was also found ttain radiolabel after feeding
cultures ofP. janthinellumwith **C labelled paxilline indicating paxilline is likely

to be involved in the biosynthesis of janthitreniF&nn and Mantle, 1994).

16 Mode of Action of Tremorgenic Mycotoxins

Extensive work was carried out in the 1970s and)438 try and determine the
mode of action of the tremorgenic mycotoxins. Titenorgenic mycotoxins are
lipophilic molecules and consequently have theitgbib cross the blood-brain
barrier and access the central nervous system &ataal., 1994; Norris et al.,

1980). Work was focussed on the possible rolenuha acid neurotransmitters
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but different studies gave contradicting resultsl @he role of amino acid

neurotransmitters was inconclusive.

Recent work has shown indole—diterpenes such a#lipayand lolitrem B to be
active on BK channels (Dalziel et al., 2005; Knatsl., 1994; McMillan et al.,

2003; Sanchez and McManus, 1996) using techniqueFsas patch—clamping.

lon channels are present in membranes of all detls) bacteria to humans, and
are essential for life. They are responsible fecteical signalling that underlies
movement, sensation and thought. The large-coadoet calcium-activated
potassium channel (BKSloor maxiK channel) has a specialised role in requda

this electrical signalling and is particularly imfsmnt in maintaining normal blood

pressure and brain activity.

Lolitrem B in particular acts as a very potent Bkannel inhibitor but since non-
tremorgenic compounds such as paspalicine (Knaals, €i994) also induced BK
channel inhibition it was initially thought that Behannel activity was unrelated
to tremorgenicity. More recently, however, Finadhaé (2006) have used BK
channel knock-out mice to investigate this posdiblefurther. Mice lacking BK
channels suffered no tremors with doses of lolit@and paxilline which would
have induced convulsions in wild-type mice. Thegperiments show that the
tremorgenic effects of lolitrem and paxilline arediated by BK channels. The
reason why some compounds show no effect in migpite havingin vitro
effects on BK channels is not yet clear but maydbe to metabolism in the

animal rendering them inactive.
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1.7  Nove Endophyte Technology

Endophyte—grass combinations produce a numbercohdary metabolites which
provide both beneficial and detrimental effects.iffdbent endophyte strains
produce varying types and concentrations of seggnuatabolites which allows
for the possibility of selecting an endophyte wathdesirable metabolite profile
and inserting it into the grass species of youriagho Latch and Christensen

(1985) showed that this approach could be sucdessfu

Five endophytic fungi N. lolii, a Gliocladiumlike species, Neotyphodium
coenophialum a Phialophoralike species andEpichloe typhina were isolated
from different species of New Zealand grassesupedt and then inoculated into
endophyte-free seedlings of tall fescue and rysgra¥his procedure proved
successful as four of the five investigated fumfected the ryegrassTherefore,
this approach can be used to produce cultivarsadsgs infected with a chosen
endophyte. However, the generation of secondamabnétes is influenced by
not only the endophyte, but also the host grasening that a novel endophyte—
grass association requires intensive screeningngsure that the association
produces (or does not produce) the desired comsouNdw classes of beneficial
or detrimental products can also be produced, regubioactivity testing to be

undertaken.

The current commercial novel endophytes includdl (&aal., 2006; Jensen and

Popay, 2004; van Zijll de Jong et al., 2008; Wragint Seeds, 2007):

MaxP®
This tall fescue endophyte provides stronger rascs to pest attack and moisture
stress. This endophyte does not produce ergovyaliech is the alkaloid

responsible for many of the symptoms associateal tait fescue toxicosis.
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- NEA2
Provides insect protection and contains low lew#lperamine, ergovaline and

very low levels of lolitrem B.

« ARl
Gives excellent animal performance while providangnoderate range of insect
protection. Lolitrem B and ergovaline are not proed but the endophyte does

produce peramine.

Endo5
This endophyte does not produce lolitrem B. Itves good resistance to
Argentine stem weevil, pasture mealy bug, blacktlbeand tolerance to root
aphid. Endo5 pastures persist better than ARIaasawhere root aphid or black

beetle is an issue.

- AR37

AR37 is an endophyte which is able to provide grnemtsect control compared to
the other commercially available endophytes. Thdophyte gives protection

against Argentine stem weevil, pasture mealy bogt aphid and black beetle as
well as good control of porina. The secondary indtees responsible for this

enhanced protection are not fully understood. ABRG&s not produce lolitrem B,

but, despite this, sporadic staggers are obsemedti® pasture type. In general,

however, animal performance is good.

1.8  Scopeof the Present Study
Endophytic fungi in grasses contain an array ofdgigally active compounds

that profoundly affect the persistence of grassesthe health of the animals that
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graze them. Two of the world’'s most important pestggrasses (perennial
ryegrass and tall fescue) are endophyte-infec&meeding programmes inserting
selected endophytes into selected grasses have ieghrovements in persistence
and animal health outcomes, and these cultivare bacome important to New

Zealand'’s pastoral economy and a major export tnglus

A significant new technology recently delivered AgResearch to New Zealand
livestock industries is pasture grass infected wgiifie endophytic fungi which

protect pastures from insect attack, and thus ex@saproductivity and persistence
with minimal animal health issues. Improvementprovide the next generation
of these cultivars requires an in-depth understandf the bioactive compounds
produced by the endophyte and their effects onimggaanimals and invertebrate

pests.

The most recent novel endophyte-infected pastumesgis AR37, a product that
has shown great promise. However, despite thenabs# lolitrem B, AR37 can

still cause ryegrass staggers — though it doesrdess frequently and severely.

Several novel janthitrems, including &@+11,12-epoxyjanthitrem G, have
recently been identified in ryegrass infected vtk AR37 endophyte (Tapper
and Lane, 2004), leading to renewed interest injamehitrems. Early work
(Section 1.4.10) showed that janthitrems producgdbjanthinellumcultures
were tremorgenic, but once these compounds weraisisd as the cause of

ryegrass staggers, research into janthitrems ceased

The epoxyjanthitrems isolated from AR37-infectedgnrass are not only a likely
candidate for involvement in the staggers obsenrethis pasture type, but also
possibly for the insect resistance observed. iBhi®cause good pest protection is

found with this product without the production bktknown insect anti-feedant
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compounds. Further work is therefore required amthitrems and in particular
epoxyjanthitrems. However, the isolation of epaxyhitrems from ryegrass is
difficult and these compounds have proved to bg uastable, hindering research
to date. Therefore, this study will investigatetfatrems from another sourde,

janthinellumcultures, to determine if suitable related compaurah be isolated.

If suitable compounds can be isolated they can d® un mouse and insect
studies to test the hypothesis that epoxyjanthgrame involved in the animal and
insect effects observed with AR37 endophyte-inf@éatgegrass. The isolated
compounds could also be used to study the stalofitgpoxyjanthitrems so that
conditions can be discovered to minimise or prewsgradation during future

work on the AR37 compounds.

LC-UV-MS Development

The unexpected discovery of janthitrems producedabyovel endophyte—grass
combination proves that these novel products shbeldscreened not only for
lolitrems, but also for other classes of indoleegienoids. This study will
investigate the use of LC-UV-MS for the analysis aofrange of indole—
diterpenoids including janthitrems, penitrems, tielin B, paxilline, paspaline,
paspalinine and terpendole C. The developmentngfraved LC-UV-MS

methods will allow future endophyte products tonb@re thoroughly screened for

different classes of secondary metabolites.



CHAPTER TWO

| solation and Structure Elucidation of

Janthitrems

21  Screening of Cultures

2.1.1 Introduction

Janthitrems produced bRenicillium janthinellumcultures are known to be
tremorgenic and mycotoxins of this class have bantified in AR37
endophyte-infected perennial ryegrass. A serieB.ganthinellumstrains were
therefore grown and extracts of the resulting cakuwere analysed for

janthitrems and related compounds (Figure 2.1).

P. janthinellum strains were obtained from three sources: (1)z&akied
preparations made in October 1979 of strains 1+Mg@hna et al., 1986); (2)
isolates obtained by Dr M. E. di Menna from soilpafsture collected from two
sites at Ruakura Agricultural Research Centre, Hami New Zealand, in
January 2005; and (3) cultures deposited in the Blliire collection in 1979 by
Dr. G. C. M. Latch (originally isolated from sadheep dung and ryegrass leaves).
In total 31 isolates were grown in culture and &otied as described in Sections

8.1.1 and 8.1.2.
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Figure 2.1. Screening . janthinellumcultures.
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212 LC-UV-MS Analysisof Culture Extracts

Extracts were analysed on an LC-UV-MS system uaikgnnigan LTQ Linear
lon Trap mass spectrometer fitted with an ESI fatax and coupled to a Surveyor
HPLC, autosampler, MS pump and photodiode arrayA)Ri2tector. The fungal
culture extracts were also run on a Finnigan LCQakdage mass spectrometer
fitted with an APCI source. Full experimental distaegarding LC-UV-MS

analysis can be found in Section 8.1.3.

All cultures were extracted sequentially with acet@nd methanol. LC-UV-MS
analysis of the extracts indicated that the se@xtrdhction of the fungal cultures
with methanol was not particularly advantageousesialthough compounds of
interest were extracted, the levels at which theyewpresentvere significantly
lower than those present in the first acetone etitna (methanol extraction levels
wereca. 10% of the levels present in acetone extractioms)addition, unwanted
compounds that were evident in acetone extracte w8l present at similar
levels in methanol extracts. On the basis of tludservations it was determined
that any further extraction of fungal cultures (ggeparative cultures) would only

be performed with acetone extraction and not furéix¢racted with methanol.

Analysis of theP. janthinellumsamples by LC-UV-MS (using an ESI source)
showed the presence of janthitrems in the majarftyhe strains. Of particular
interest were strains E1 and 5674, which appearedrtain significant amounts
of janthitrem B and other janthitrem-related commsi For this reason, the E1
and 5674 strains were grown on a preparative $oalkextraction and isolation of

metabolites.

Since later work (Chapter 4, Section 4.2) showed tIC-UV-MS with an APCI
source showed significant advantages over that antESI source, the 31 fungal
isolate extracts were re-analysed using the imgl@enditions. This identified

the possible presence of penitrems in the strén, E
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The presence of penitrems ifPajanthinellumfungal culture has previously been
suspected but has not been confirmed (di Menn#,et986). The presence of
penitrem A in extracts of the E2 culture was itiyiarerified by comparisons of

the retention time, mass spectrum, mass specaginentation, and UV spectrum
of the E2 metabolite peak and a standard (authesgpiecimen of penitrem A

(Figure 2.2). In addition, peaks with mass and $§péctral properties consistent
with penitrems B—F and roquefortine C were alsceoled in chromatograms of
extracts of strain E2. The mass and UV spectagaties and LC retention times
of these peaks were found to be identical to thietermined for penitrems B—F
and roquefortine C in an extract of a well chanasgel strain ofP. crustosum

(Rundberget et al., 2004a) grown under identicalddmns, and in accordance
with chromatographic data reported elsewhere foitpams (Maes et al., 1982)

and roquefortine C (Tor et al., 2006).

The detection of penitrems A—F in extracts of ti#edblture prompted a careful
search for the presence of penitrems in extracteeobther investigated cultures.
Strain E3 afforded a peak attributable to penitfeivased on comparison with an
authentic penitrem A standard, however, in conttadtrain E2, penitrems B—F

and roquefortine C were not detected.

P. janthinellumstrain identification numbers and compounds deteate listed in

Table 2.1.
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Table 2.1. Penitrems and janthitrems detecteddh strain oP. janthinellum

CFSIr;g?Ie Compounds Present CFLJIrtlgfle Compounds Present
El Janthitrems A, B, C, D 2A7 Janthitrems A, BC,
E2 Penitrems A, B, C, D, E, k 2B1 Janthitrems ACBD
E3 Penitrem A 2B2 Janthitrems A, B, C, [
E4 Janthitrems A, B, C, D 2B3 Janthitrems A, BPC,
1A1 Janthitrems A, B, C, D 2B4 Janthitrems A, BC,
1A2 Janthitrems B, C 2B5 Janthitrems A, B, C,
1A3 Janthitrems A, B, C, D 2B6 Janthitrems A, BOC,
1A4 Janthitrems A, B, C, D 2B7 Janthitrems A, BOC,
1A5 Janthitrems A, B, C, D 2B8 Janthitrems A, BDC,
1A6 Janthitrems A, B, C, D 2B9 Janthitrems A, BDC,
2A1 None detected 2B10 Janthitrems A, B, C,
2A2 Janthitrems A, B, C, D 5665 Janthitrems A, BPC
2A3 Janthitrems A, B, C, D 5674 Janthitrems A, BPC
2A4 Janthitrems A, B, C, D 5685 Janthitrems B, C
2A5 Janthitrems A, B, C, D 5687 Janthitrems A, D
2A6 Janthitrems A, B, C, D

The results from this investigation confirm that fsme occasions penitrems are

produced by. janthinellumfungal cultures.
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Figure 2.2. LC-MS chromatograms of E1 and E2 aewitpem A standard.
Values ofm/zfor [M+H]" are given above or below their corresponding peaks
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2.2 Isolation of Janthitrem A and Janthitrem B

A preparative scale culture & janthinellumstrain E1, was grown for isolation
of janthitrem A and janthitrem B (Figure 2.3). $lstrain was selected because
LC-UV-MS analysis of theP. janthinellumfungal extracts (Section 2.1.2)
indicated the presence of janthitrems, with masee®sponding to janthitrems A,

B and C.

2.2.1 Extraction and I solation of Janthitrem A and Janthitrem B
The E1 fungal extract was fractionated by flastuowi chromatography (details
of culturing, extraction, isolation and chromatq@mg procedures are described in

Section 8.2).

To determine the ideal solvent system to use amtii@le phase for separation of
the janthitrems by flash column chromatography iinasgel, a series of TLC

plates were run. Results reported by Wilkins e{#092) indicated that toluene
and acetone would be suitable solvents, there8i0, 70:30, 60:40, and 55:45
toluene—acetone mixtures were investigated. Théms showed that the 70:30
toluene—acetone system was likely to be an ap@@pmobile phase for flash

column chromatography.

Fractions (10 mL) eluted from the silica gel flasblumn were collected and
analysed by TLC (3:2 toluene—acetone) and visualiseler short wave (254 nm)
and long wave (366 nm) UV light. Upon inspectidritee TLC plates, the 10 mL
flash column fractions were combined into four béd&ctions on the basis of
similar retention times. The first bulked samptamprised fractions 1-4, the
second, fractions 5-7, the third, fractions 8-1@ #re fourth, fractions 11-14.
The remaining fractions were of no interest. Thékéd fractions were analysed
by HPLC and LC-UV-MS (APCI source) (as describedSections 8.2.5 and

8.1.3 respectively). This showed that janthitrerwds present in fractions 8-10.
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In addition to janthitrems, the flash column fraas also contained fats, oils and
other contaminants. Significant clean-up was a@deby de-fatting. After de-
fatting, the janthitrem sample was further purifiedy flash column
chromatography (using 17:3 toluene—acetone). Tompound of interest,
collected based on absorbance at 330 nm, was ebtamna single fraction and
evaporated to dryne&s vacuo. Full details of the de-fatting (of the samplesdia

chromatography techniques are reported in Sec8¢hé and 8.2.7.

The semi-purified material from the second flastuem was subjected to a
further clean-up via solid phase extraction on et&X column eluted with
varying concentrations of methanol. Each fractiees analysed by analytical
HPLC which showed that the 80 and 90% (v/v) meth&maations contained the
compounds of interest. These fractions were coeabidried and further purified
by semi-preparative HPLC. Semi-preparative HPL&ldgd two peaks of interest

which were fluorescent, consistent with janthitresmpounds.
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Figure 2.3. The isolation of janthitrem A and Jatrem B.
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2.2.2 Analysisof Janthitrem Compounds

LC-UV-MS

Purified janthitrem compounds were analysed by LE&—MS using a Finnigan
LCQ Advantage mass spectrometer fitted with an AB@QlIrce, coupled to a

Surveyor HPLC, autosampler, MS pump and PDA detecto

Chromatographic analysis of the janthitrem fractioevealed the presence of two
compounds, a major early-eluting peak (9.5 min) armdinor later-eluting peak

(11 min). LC-UV-MS analysis of the two isolatedrgmunds indicated that the
major peak afforded a [M+HJjon atm/z586 consistent with janthitrem B and the

minor peak a [M+H] ion atm/z602 (Figures 2.4 and 2.5).
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Figure 2.4. Full scan mass spectrum of the miatari{eluting peak. Values of
m/zfor major ions observed are given.
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Figure 2.5. Full scan mass spectrum of the mady-@luting peak. Values of
m/zfor major ions observed are given.

These two isolated compounds also displayed clarsiit janthitrem-like UV

absorbance spectra with maxima at 260 and 330 rguré=2.6).

260

Relative Absorbance

220 240 260 280 300 320 340 360 380 400
wavelength (nm)

Figure 2.6. Normalised UV absorbance spectra abmired) and major (black) peaks.
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The atomic compositions of the two isolated compisuwere determined by
High Resolution Mass Spectrometry (HRMS) (see 8ectB.2.10). The
molecular formulation of the sample collected frme minor later-eluting peak
was established in positive ion mode for its [M+Nagn (found:m/z624.3276
(error 3.20 ppm); calc. for £H4i70sNNa m/z 624.3296) while the molecular
formulation of the sample collected from the magarly-eluting peak was
established in negative ion mode for its [M=kfjn (found:m/z584.3381 (error
2.49 ppm); calc. for &HieOsN m/z 584.3395), which is consistent with
janthitrem B. The results from the HRMS showeddtiference between the two

compounds related to the presence of an extra oxygiae minor analogue.

'H and**C NMR analyses showed the major analogue to bhijestn B (Chapter
3) after comparison with literature data. The wwn compound was also
believed to be a janthitrem analogue due to thelainfragmentation patterns
observed between itself and janthitrem B and itsthjfrem-like UV and

fluorescence.

An examination of thé°C NMR data determined for the unknown compound
indicated that the resonances for C-7, C-9, C-1@,1Gand C-12 had shifted
markedly relative to the corresponding resonanceghthitrem B, indicating that
the extra oxygen may reside in this area of theemwé. Comparison of the
carbon resonances of the unknown compound withetrafspenitrem A (a
compound similar in structure to the janthitremg, With an epoxide in the 11,12
position) revealed almost identical resonancesHercarbons of interest (C-7, C-
9, C-10, C-11, C-12) (Table 2.2: the numberingayseémployed is that presented
in Chapter 3, Section 3.1). The MS fragmentationnggative ion mode) was
also consistent with the presence of an 11,12-égofChapter 4, Section 4.5.1)
and not with an 11(12)Jouble bond.
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Table 2.2.1°C NMR resonances observed for janthitrem B anditti@own
janthitrem analogue and published assignmentsdoitigm A (5).

Janthitrem B | Unknown Janthitrem Penitrem A
C-7 74.3 72.0 72.0
C-9 80.4 74.6 4.7
C-10 64.3 66.2 66.3
C-11 119.5 61.9 61.9
C-12 148.5 66.1 66.1

®de Jesus et al. (1983a)

Therefore it was believed that the structure of timknown compound was
identical to that of janthitrem B other than foreti1(12)-double bond being
replaced by an epoxide. This compound was thexdfmtatively named 11,12-
epoxyjanthitrem B (Figure 2.7) (refer to posterAppendix 2). Subsequenit
and™*C NMR analysis confirmed the structure of the compb(Chapter 3).

Janthitrem B

Figure 2.7. Structures of janthitrem B and 11, p@xgjanthitrem B.

When evaporated to drynassvacuothe fractionsaafforded 5.28 mg of janthitrem

B and 3.59 mg of 11,12-epoxyjanthitrem B as cokaslwaxy solids.
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Renaming of 11,12-epoxyjanthitrem B

After careful consideration, it was decided tha dompound initially referred to

as janthitrem B epoxide (11,12-epoxyjanthitrem B)udd hereafter be referred to
as janthitrem A since 11,12-epoxyjanthitrem B appet® correspond to the
partially characterised janthitrem A (identical mallar weights and

characteristic UV absorbance spectra) previoustgatied in extracts of cultures
of the same strain dP. janthinellum(Gallagher et al., 1980a). At the time
however, Gallagher et al. (1980a) were not abldetermine the structure of the

compound they designated as janthitrem A.

Since no further information concerning the chasastics of their “janthitrem A”

have been reported, it is impossible to definijvalssociate a subsequently
obtained structure with their compound. It is megd that the trivial name
janthitrem A be given to the 11,12-epoxyjanthitr@&rbased on the belief that
Gallagher et al’s (1980a) janthitrem A is likelp thave been 11,12-

epoxyjanthitrem B.

2.3  Isolation of Janthitrem C and Janthitrem D

As extraction and isolation of janthitrems A andr@&m theP. janthinellumfungal
culture, strain E1, was successful, the extractaord isolation of further
janthitrems, in particular janthitrem C, from tHisngal culture was attempted

(Figure 2.8).

2.3.1 Extraction and I solation of Janthitrem C and Janthitrem D
A preparative scale culture & janthinellumstrain E1 was grown and extracted
as described in Sections 8.2.1 and 8.2.2. Sinea¢hfatting procedure utilised

for the clean-up of the previous E1 extract prosedcessful, the same procedure
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was employed here, but in this case it was utilipadr to the extract being

applied to the flash column (refer to Section 8f8rlexperimental details).

The fungal extract was then fractionated by flaslimn chromatography using a
stepwise solvent gradient. As opposed to the admcsystem employed in the
extraction and isolation of janthitrems A and Bmnare gradual gradient elution
was performed in this instance. Thirty 10 mL fraes were collected together
with two 100 mL 100% toluene and 100% acetone ifvast respectively. Full

experimental details are reported in Section 8.3.2.

Fractions eluted from the flash column were analyse TLC (see Section 8.3.3)
under short wave (254 nm) and long wave (366 nm)light. Analysis of the

TLC plates showed that the separation achieved ftloenflash column was
sufficient to allow fractions to be combined intouf bulked fractions, each
containing different compounds of interest. Thstfbulked fraction contained
fractions 10-13, the second, fractions 14-18, i@l tfractions 21-26 and the

fourth, fractions 28—-30. The remaining fractionsrgvof no interest.

A janthitrem B standard was run on the TLC platengkide the four bulked
fractions which showed that the fourth fraction {28) appeared to contain
janthitrem B on the basis of identical retentiomes on the plate. Each of the

four bulked fractions were evaporated to drynes&cuo.
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Figure 2.8. Isolation of janthitrem C and janthitr D.
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2.3.2 Analysisof Janthitrem Compounds

LC-UV-MS

Prior to analysis of the fractions By and**C NMR, the bulked fractions were
analysed by both analytical HPLC and LC-UV-MS (asadibed in Sections
8.2.5 and 8.1.3, respectively).

LC-UV-MS analyses indicated that the third (flashumn fractions 21-26) and
fourth (flash column fractions 28—30) bulked fraas contained janthitrem A and
janthitrem B based on [M+H]Jions observed an/z 602 and 586, respectively.
The remaining two fractions showed [M+Hions atm/z 570 (flash column
fractions 14-18) anth/z586 (flash column fractions 10-13) respectivelg(iFes
2.9 and 2.10).

570

Relative Abundance

512

400 450 500 550 600 650 700 750
m/z

Figure 2.9. Full scan mass spectrum of fractiohslB. Values ofn/zfor
major ions observed are given.
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Figure 2.10. Full scan mass spectrum of fractithsl3. Values ofm/zfor
major ions observed are given.

The compounds which showed [M+H]ons atm/z 570 and 586 displayed
characteristic janthitrem-like UV absorbance sgeutith maxima at 260 and 330

nm (Figure 2.11).

260

330

Relative Absorbance

220 240 260 280 300 320 340 360 380 400
wavelength (nm)

Figure 2.11. Normalised UV absorbance spectraactibns 14—18 (red) and fractions 10-13 (black).
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The masses and atomic compositions of the two cangm®were established by
HRMS using direct infusion electrospray (refer &ctton 8.2.10). Fractions 14—
18 was established in positive ion mode for its fi*+ion (found:m/z569.3500
(error 2.81 ppm); calc. for £H470,N m/z 569.3484) was consistent with the
known compound, janthitrem C, while fractions 10+#i®ositive ion mode for its
[M+H]" ion (found: m/z 585.3449 (error 4.61 ppm); calc. forA40sN m/z
585.3422). As was the case with janthitrem A amthjitrem B, HRMS results
showed the difference between these two compoumds tthe presence of an

extra oxygen in the unknown compound.

NMR analysis and comparison with literature datawsd fractions 14-18 to
contain janthitrem C. The unidentified compound\aéso believed to belong to
the janthitrem family due to fragmentations obsdraaring LC-UV-MS analysis
and its janthitrem-like UV and fluorescence. Aramination of the”*C NMR
data of the unidentified compound indicated that iésonances for C-7, C-9, C-
10, C-11 and C-12 had shifted markedly in comparism those observed for
janthitrem C, and that the resonances observedsimikar to those for janthitrem
A (Table 2.3: the numbering system employed is firasented in Chapter 3,
Section 3.1), consistent with an 11,12-epoxide radgmging present. The MS
fragmentation (in negative ion mode) was also &test with the presence of an

11,12-epoxide (see Chapter 4, Section 4.5.1) ahditioan 11(12)-double bond.

Table 2.3.°C NMR resonances observed for janthitrem A, jarghitC and the

unknown janthitrem analogus)(

Janthitrem C Unknown Janthitrem | Janthitrem A

C-7 74.3 12.2 72.0
C-9 80.3 74.8 74.6
C-10 64.2 66.4 66.2
C-11 119.5 62.1 61.9

C-12 148.5 66.4 66.1




63

As a result, a similar structure to that observedjdnthitrem A was proposed
(Figure 2.12), and hence named 11,12-epoxyjanthittz Subsequent NMR

analysis confirmed the structure of the unknown goumd (Chapter 3).

11,12-Epoxyjanthitrem C

Figure 2.12. Structures of janthitrem C and 1kp2xyjanthitrem C.

Initial *H NMR analyses of janthitrem C and 11,12-epoxyjirgm C showed the
samples were not completely pure. However, rathen further purifying the
samples, it was decided to continue with the NMRIysis due to the historic
instability of these compounds (see Section Z4jis instability meant that if any
further clean-up of the sample was attempted, Hmpte may decompose to

unknown products.

The janthitrem C epoxide was believed to be a nempound as there were no
previous reports for the compound in the literatuMMR data for janthitrem C
has previously been reported (Penn et al., 1998)sbme assignments appear
improbable. Therefore, a full NMR analysis of jatrtem C was undertaken in
order to unequivocally define its NMR signal assigmts (as described in

Chapter 3).

The two samples when evaporated to dryniessacuo afforded 2.01 mg of

janthitrem C and 2.51 mg of 11,12-epoxyjanthitrem These solids were white
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with a slight yellow tinge. The yellow tinge mayise from low levels of

impurities in the recovered material.

Re-naming of 11,12-epoxyjanthitrem C

As with janthitrem A (11,12-epoxyjanthitrem B), ravial name for the janthitrem
C epoxide (11,12-epoxyjanthitrem C), is proposddnthitrem D was originally
named in the literature based on its charactefjatithitrem-like UV absorbance
spectrum. However, neither a structure, nor a outde weight was reported for
the compound (Lauren and Gallagher, 1982). Tha#i®es provided no further
information on the characteristics of their “jattém D”, so it is impossible to
definitively associate a subsequently obtainedcsire with their compound. For
the sake of consistency and completeness in thengashjanthitrem analogues, it

Is proposed that the janthitrem C epoxide be gttertrivial name, janthitrem D.

Acetone Insolubility

After flash column chromatography was performedim E1 fungal extract, the

fraction containing janthitrem A was transferrednfr a large round-bottom flask

to a smaller round-bottom flask using acetone. &y, it became apparent that
the compounds in the flask were poorly solubledetane and were precipitating
in solution. The resulting precipitate was coketand NMR analysis of the

precipitate revealed it to be pure janthitrem AheTNMR spectrum of janthitrem

A was determined using a saturated acetone solution

The observed insolubility of janthitrem A in acetoprovided a further clean-up

method for this compound.
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24  Janthitrem B Stability Investigations

2.4.1 Introduction

An important consideration when handling new ancvjmusly isolated
janthitrems is their stability. The successful lason and experimental
manipulation of janthitrems and janthitrem-relatedmpounds requires an
understanding of the stability of these compours.improved knowledge of
experimental conditions which do not promote thgrddation of janthitrems is
required, particularly so where there is a needtboe samples for several years

after their initial isolation.

2.4.2 Stability Investigation Conditions

A previously isolated specimen of janthitrem B ({8®t 2.2) was utilised in a
series of experiments directed toward determinibgst practise’ storage
conditions and solvent handling conditions for ljginém compounds. Eight test
conditions, with variations in solvent, temperataired light, were investigated
(Table 2.4) and the rate of degradation (if any)aofthitrem B over time was
monitored. Janthitrem B samples were mixed witliaég@mounts of paxilline, as
a reference standard, in each of the trial enviems Paxilline was selected as
the reference standard as it is known to be aivelgtstable compound and it
could be detected and quantified under HPLC caowbti appropriate for
janthitrem analysis. The area of the UV peak gaeerby janthitrem B at 248
nm was compared to the area of the UV peak gemketeaxilline at 248 nm

and the extent to which the ratio of peak area gbdmver time was determined.
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Table 2.4. Conditions used to monitor the stabditjanthitrem B.

Test Condition

1) Acetone at room temperature.

2) Methanol at room temperature.

3) DMSO at room temperature.

4) Dry sample at room temperature.

5) Dry sample wrapped in tinfoil at room temperatur

6) Dry sample at 4°C.

7) Dry sample at —20°C.

8) Dry sample at —80°C.

Each of the test samples were analysed after 00,324, 60, 120, 200 and 300

days. Room temperature was recorded as 20°C.

Test conditions 1-3 (Table 2.4) probed the stabitit janthitrem B in three

commonly used solvents, namely acetone, methamoDMSO. Chloroform was

not selected as one of the trial solvents sincer @xperience in our laboratory
showed that janthitrem B (and other janthitremsjengrogressively degraded in
this solvent, or its deuterated analogue during Nd&fa acquisition, presumably
due to the presence of traces of HCI or DCI (Wgket al., 1992). The situation
with janthitrems appears to be similar to thatgenitrems, since penitrem NMR
data has been reported only in acetone and nob@l{Jde Jesus et al., 1983a).

Full details of the experimental procedure are riggbin Section 8.4.

2.4.3 Resultsof the Stability I nvestigation

The results of the stability investigation cleadljow certain conditions to be
more favourable than others for the storage ofhjiletn B. Results were

considered to be accurate_t@8%, with only the 10 day DMSO point showing an

apparent greater uncertainty than this.
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Figure 2.13. Graph displaying stability propertdés$ested conditions.

Figure 2.13 shows the least favourable test camditd be storage in methanol at
room temperature. This resulted in a janthitrede\®I| of 71% compared to the
t = 0 level, (i.,e. a 29% degradation over the festiod of 300 days). The
janthitrem B samples stored dry and in DMSO (battoam temperature) showed
a similar level of degradatiorcd. 27% degradation). The janthitrem B sample
stored in acetone displayed reasonable stabiligwsig only a 15% sample loss

compared to 29% and 27% loss in methanol and DMS@ectively.

Of all the samples stored at room temperature,sdmaple stored in acetone
displayed the greatest stability, followed by thg dample wrapped in tin foil.
The sample stored in tin foil gave less degradaiiam the sample stored on the
bench (without tinfoil), suggesting janthitrem B ynle slightly photosensitive.
This sensitivity to light was avoided in the tesinditions of 4°C, —-20°C and
—-80°C as samples were stored in a fridge or fredmer preventing exposure to

light.

The results of this investigation indicate that gsmnples stored dry appear to

exhibit greater stability than those stored in 8oly with the exception only of
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the sample stored in acetone. The remaining sangddeed in solution (DMSO
and methanol) displayed the greatest extent ofadiegion. It was also apparent
from this stability trial that janthitrem B storagepreferable in colder conditions,
where the lower the storage temperature, the grédatestability. Therefore, the
dry sample stored at the lowest temperature of €8@fovided the ideal
conditions for minimal sample degradation whereyorn% degradation was
observed over the 300 day stability trial. The tnmost favourable storage
condition for janthitrem B was the sample kept dty-20°C. The ranking order
of the test conditions according to the percentfg@nthitrem B degradation is

given in Table 2.5.

Table 2.5. Test conditions ranked based on peagemnf janthitrem B degraded.

Unless otherwise stated, samples were stored at temperature (20°C).

Test Condition Per c;né)aegger ggégrztt)/roli)trem

Dry sample, —-80°C 7%

Dry sample, —20°C 12%
Acetone 15%

Dry sample at 4°C. 19%

Dry sample wrapped in tinfoil 22%
DMSO 27%

Dry sample 27%
Methanol 29%

24.4 Summary of Findings

As a consequence of these findings, all futurehjtnetn B extractions and
handling should be conducted using acetone asdiverd wherever possible.
Long term storage of janthitrem B samples shouldabe-80°C (dry). The
capping of samples with nitrogen or argon (whichvel out oxygen thus
preventing oxidation of samples), as was practicgth NMR samples, will

further minimise sample degradation.



CHAPTER THREE

NMR Analysis of Janthitrems A, B, C and D

3.1 Introduction

Detailed analyses of one- and two-dimensional NM&adincluding®H, **C,
DEPT-135, COSY, TOCSY, g-HSQC, g-HMBC and NOESY NIgpectral data
afforded completéH and**C NMR assignments for janthitrems A, B, C and D.
'H—H connectivities were established using COSY an€$® spectral data and
'H-C connectivities were established using g-HSQC gitMBC data. The
information provided by the NOESY spectral datawa#d the orientation of CH
protons (as alpha or beta; axial or equatorial) ahdnethyl groups of the
janthitrems to be defined. Typical NMR acquisitiand processing parameters

are reported in Section 8.2.11.

Since the use of CDglesults in the progressive decomposition of jargms
(Wilkins et al., 1992), presumably due to the pneseof trace amounts of DCI in

the CDC4, all janthitrem samples were made up in acetog®DNMR analysis.

In this study, the atom numbering used for janghis and penitrems (Figure 3.1)
has been modified to permit direct comparison of RIkhemical shifts between
these compounds and other biosynthetically relatéole—diterpenoids, based on
the atom numbering proposed for the same reasololitems and paxilline by

Miles et al. (1992). It should be noted that ttexesochemistry depicted at C-31 of
the janthitrems is that proposed recently for acspen of the structurally related
compound shearinine D, isolated from an endoptgacillium sp. (Xu et al.,

2007), although the C-31 stereochemistry of jarghis remains undefined. All

the structures presented in this thesis have beembered using the revised
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numbering system and are depicted as having theiahee D stereochemistry at

C-31.

R = OH Janthitrem B H
R=H Janthitrem C

Figure 3.1. Numbered structures for janthitrem®Apenitrem A and shearinine D.
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3.2  Janthitrem B NMR Discussion

One- and two-dimensional NMR data for janthitrem vias acquired and
processed as described in Section 8.2.11. Sigsiranents for janthitrem B
were facilitated by comparison with those previgudported for janthitrem B
(Wilkins et al., 1992). A complete assignmentloé tesonances of janthitrem B
is presented in Table 3.1. Methylene proton assemis are reported in the
format (H,Hs) based on analyses of coupling constant and/or N@E.
Correlations observed in two-dimensional NMR expents that substantiated

these assignments are reported in Tables 3.23.3.&nd 3.5.

The NMR data reported in this thesis was determetedO0 MHz and are of a
higher quality than those previously determined jiorthitrem B at 300 MHz
(Wilkins et al., 1992). Moreover, due to instrurtadimitations, only basic two-
dimensional NMR data (COSY and XHCOR spectra) wecerded in the earlier
study (Wilkins et al., 1992). During the course tbE NMR investigations
reported in this chapter it became apparent froalyars of the data reported in
Tables 3.1, 3.2, 3.3, 3.4 and 3.5, that some @wsio previously proposed NMR
assignments were required, including revised asségws for the H-14 methylene
group signals, the H-16 methine signal, and thedG#8d C-40 methyl carbon

signals.

3.2.1 'H,*C, DEPT-135, COSY and TOCSY NMR Spectra of Janthitrem B

3%c and DEPT-135 NMR spectra of janthitrem B revealeel presence of 37

carbon resonances (7 methyl, 6 methylene, 10 neetimd 14 quaternary). These
resonances were for the most part almost idertticddose reported by Wilkins et
al. (1992) with differences only within the 0.1-@@m range. Variations of this

magnitude can be accounted for by small differemce®mpound concentration,

the level of residual water in the sample and tMRNorobe temperature (30°C in
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the present study compared to 300 K (26.85°C)eretlrlier study (Wilkins et al.,
1992)).

The proton resonances for janthitrem B were alsg s@nilar to those reported by
Wilkins et al. (1992) with the exception of assigmts proposed for the H-14

methylene and H-16 methine proton signals.
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Table 3.1.'H and**C NMR assignments established for janthitrems A Brahd
published assignments for penitrefh().

Janthitrem B Janthitrem A Pemitr&

13C lH (GB) 13C lH (GB) 13C lH (GB)
C-2 155.9 155.4 154.4
C-3 51.9 51.8 50.1
C-4 43.5 43.3 43.6
C-5 28.1 2.61,1.61 27.2 2.65, 1.60 269 261715
C-6 29.2 2.06, 1.82 28.8 2.22,2.04 28.9 2.22,2.04
C-7 74.3 4.59 72.0 4.28 72.0 4.29
C-9 80.4 3.79 74.6 4.03 747 4.04
C-10 64.3 3.91 66.2 4.04 66.3 4.04
C-11 119.5 5.71 61.9 3.53 61.9 3.57
C-12 148.5 66.1 66.1
C-13 77.5 78.3 78.2
C-14 34.7 1.64,1.81 30.3 1.63, 1.53 30.6 16814
C-15 22.1 2.04, 1.62 21.5 1.97, 1.56 186 1.981.7
C-16 50.6 2.73 50.8 2.83 58.8 2.63
C-17 27.9 2.37, 2.66 27.8 2.37, 2.66 72.4 493
C-18 116.9 116.6 120.6
C-19 127.8 127.7 122.0
C-20 114.1 7.374 103.5 7.366 133.3
C-21 140.1 140.1 125.8
C-22 131.7 131.7 124.6
C-23 103.6 7.366 114.2 7.371 1119 7.24
C-24 142.2 142.2 139.7
C-25 16.6 1.34 16.5 1.33 21.4 1.40
C-26 20.1 0.92 18.9 1.20 19.0 1.22
C-27 143.9 143.2 143.3
C-28 20.0 1.76 19.7 1.70 19.7 1.71
C-29 110.8 5.087), 4.87 €) 111.6 5.07%),4.87 €) 111.6 5.07, 4.87
C-30 76.4 4.90 76.3 4.89 81.0
C-31 60.4 2.65 60.3 2.64 52.7 2.49
C-32 74.3 74.3 24.7 2.41,2.26
C-33 47.0 2.98
C-34 72.6 72.6 149.5
C-35 120.1 5.97 120.2 5.95 35.1 3.63,3.26
C-36 137.2 137.1 76.1
C-37 30.6 1.40 30.6 1.40 20.3 1.75
C-38 23.7 1.09 23.6 1.08 31.1 1.07
C-39 325 1.24 325 1.24 107.1 5.01, 4.86
C-40 30.4 1.29 30.4 1.28
10-OH 2.99 3.33 3.40
13-OH 3.30 3.22 3.32
30-OH 4.23 4.21 4.16
NH 9.80 9.89 10.03

%e Jesus et al. (1983a)
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H-14 Sgnal Assignments

Wilkins et al. (1992) have previously reported tha¢ H-14 methylene protons
resonate at 1.58 and 1.70 ppm, however, this wadscapsistent with the
assignments elucidated in this investigation. GHESQC NMR spectrum of
janthitrem B in this study included correlationgvioeen the C-14 carbon signal
which occurred at 34.7 ppm and proton signals whédonated at 1.64 and 1.81
ppm, respectively. The C-14 signals resonancetipposiwas elucidated by
correlations observed in the g-HMBC NMR spectrurhereby the 13-OH signal
showed correlations to three quaternary carbong, (C-12 and C-13) and one

methylene carbon (C-14). This readily defined@i&4 carbon resonance as 34.7

ppm.

The H-14 signals were confirmed by correlationseobsd in the COSY and
TOCSY NMR spectra (see Figures 3.2 and 3.3 reydgli The TOCSY NMR

spectrum, which emphasised long-range couplings,deéermined with a mixing
time of 160 msec. Specifically, each of the H-ighals (1.64 and 1.81 ppm)
showed correlations to the H-15 (1.62 and 2.04 pgignals in the COSY NMR
spectrum and to H-11 (5.71 ppm), 13-OH (3.30 ppth)l5 (1.62 and 2.04 ppm),
H-16 (2.73 ppm) and H-17 (2.37 and 2.66 ppm) int@SY NMR spectrum.

H-16 Sgnal Assignment

Wilkins et al. (1992) previously reported H-16 &sonate at 2.68 ppm. This was
not consistent with the findings of this study sinhe g-HSQC NMR spectrum of
janthitrem B included a correlation between C-16.§5ppm) and its attached
methine proton (H-16) at 2.73 ppm. The carbon aignas confirmed by
correlations observed in the g-HMBC NMR spectrunhere H-25 showed
correlations to three quaternary carbons (C-2, &@ C-4) and to one methine
carbon (C-16). This readily defined the C-16 resme as 50.6 ppm. The H-16
proton signal showed correlations to H-15 (1.62 ar@ ppm) and H-17 (2.37
and 2.66 ppm) in the COSY NMR spectrum and to H1184 and 1.81 ppm), H-
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15 (1.62 and 2.04 ppm), H-17 (2.37 and 2.66 pprd) E3:OH (3.30 ppm) in the

TOCSY NMR spectrum, thereby confirming it assigninen

—
7 [ 5 4 3 2z 1 F2 [ppm]

Figure 3.2. The COSY NMR spectrum of janthitrem B.
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Figure 3.3. The TOCSY NMR spectrum of janthitrem B
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Table 3.2. COSY NMR correlations observed forhagnem B §).

'H Signal Cross peaks observed

0.92 (H-26) 2.61 (H®), 3.30 (13-OH)

1.09 (H-38) 1.40 (H-37), 2.65 (H-31)

1.24 (H-39) 1.29 (H-40)

1.40 (H-37) 1.09 (H-38)

1.61 (H-B) 1.82 (H-8), 2.06 (H-61), 2.61 (H-5v)

1.62 (H-1%) 1.81 (H-14), 2.04 (H-15), 2.73 (H-16)

1.64 (H-141) 1.81 (H-14), 2.04(H-1%)

1.76 (H-28) 3.79 (H-9), 4.87 (H-B9, 5.08 (H-2%)

1.81 (H-14) 1.64 (H-14)), 1.62 (H-18), 2.04 (H-15)

1.82 (H-B) 2.06 (H-61), 1.61 (H-B), 2.61 (H-5), 4.59 (H-7)
2.04 (H-1%) 1.64 (H-141), 1.81 (H-14), 1.62 (H-1%), 2.73 (H-16)
2.06 (H-61) 1.82 (H-§), 1.61 (H-B), 2.61 (H-5i), 4.59 (H-7)
237 (H-1%) 2.66 (H-1P), 2.73 (H-16)

2.61 (H-5) 0.92 (H-26), 1.82 (H{§), 2.06 (H-61), 1.61 (H-B)
2.65 (H-31) 1.09 (H-38), 4.90 (H-30), 5.97 (H-35)

2.66 (H-17) 2.37 (H-1%), 2.73 (H-16)

2.73 (H-16) 1.62 (H-18), 2.04 (H-1%), 2.37 (H-1%), 2.66 (H-1P)
2.99 (10-OH) 3.91 (H-10)

3.30 (13-OH) 0.92 (H-26)

3.79 (H-9) 1.76 (H-28), 3.91 (H-10), 4.87 (HE)95.08 (H-29)
3.91 (H-10) 5.71 (H-11), 2.99 (10-OH), 3.79 (H-9)

4.23 (30-OH) 4.90 (H-30)

4.59 (H-7) 1.82 (H-), 2.06 (H-61), 5.71 (H-11)

4.87 (H-2F) 1.76 (H-28), 3.79 (H-9), 5.08 (H-Z®

4.90 (H-30) 2.65 (H-31), 4.23 (30-OH), 7.374 (H-20)

5.08 (H-22) 1.76 (H-28), 3.79 (H-9), 4.87 (H-EY

5.71 (H-11) 3.91 (H-10), 4.59 (H-7)

5.97 (H-35) 2.65 (H-31)

7.38 (H-20) 4.90 (H-30)
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Table 3.3. TOCSY NMR correlations observed fothérem B §).

'H Signal Cross peaks observed

0.92 (H-26) 2.61 (H), 3.30 (13-OH)

1.09 (H-38) 1.40 (H-37), 2.65 (H-31), 4.23 (30-OH)

1.24 (H-39) 1.29 (H-40), 5.97 (H-35)

1.29 (H-40) 1.24 (H-39)

1.40 (H-37) 1.09 (H-38), 2.65 (H-31), 4.23 (30-OH)

1.61 (H-B) 1.82 (H-8), 2.06 (H-61), 2.61 (H-51), 4.59 (H-7)

1.62 (H-1%) 1.81 (H-14), 2.04 (H-15), 2.37 (H-17), 2.66 (H-1P),
2.73 (H-16), 3.30 (13-OH)

1.64 (H-141) 1.81 (H-14), 2.04 (H-15), 2.37 (H-1%), 2.66 (H-1P),
2.73 (H-16), 3.30 (13-OH), 5.71 (H-11)

1.76 (H-28) 3.79 (H-9), 3.91 (H-10), 2.99 (10-OMB7 (H-2E),
5.08 (H-2%)

1.81 (H-14) 1.64 (H-141), 1.62 (H-1B), 2.04 (H-1%), 2.37 (H-17),
2.66 (H-1), 2.73 (H-16), 3.30 (13-OH), 5.71 (H-11)

1.82 (H-B) 2.06 (H-61), 1.61 (H-B), 2.61 (H-5), 4.59 (H-7),
5.71 (H-11), 3.30 (13-OH)

2.04 (H-1%) 1.64 (H-141), 1.81 (H-14), 1.62 (H-1%), 2.37 (H-17),
2.66 (H-1P), 2.73 (H-16), 3.30 (13-OH)

2.06 (H-6) 1.82 (H-@), 1.61 (H-B), 2.61 (H-5), 4.59 (H-7),
5.71 (H-11), 3.30 (13-OH)

237 (H-1%) 1.34 (H-25), 1.64 (H-1d), 1.81 (H-14), 1.62 (H-1B),
2.04 (H-15), 2.66 (H-1B), 2.73 (H-16), 7.374 (H-20)

2.61 (H-51) 0.92 (H-26), 1.61 (H4), 1.82 (H-B), 2.06 (H-G1),
3.30 (13-OH), 4.59 (H-7)

2.65 (H-31) 1.09 (H-38), 4.23 (30-OH), 4.90 (H-38)97 (H-35)

2.66 (H-1P) 1.64 (H-14), 1.81 (H-14), 1.62 (H-1B), 2.04 (H-15),
237 (H-1%), 2.73 (H-16), 7.374 (H-20)

2.73 (H-16) 1.64 (H-14), 1.81 (H-14), 1.62 (H-15), 2.04 (H-1%),
237 (H-1%), 2.66 (H-1B), 3.30 (13-OH)

2.99 (10-OH) 1.76 (H-28), 3.30 (13-OH), 3.79 (H81 (H-10),

4.59 (H-7), 4.87 (H-28), 5.08 (H-29), 5.71 (H-11)
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Table 3.3 continued

3.30 (13-OH) 0.92 (H-26), 1.64 (H-a} 1.81 (H-14), 2.99 (10-OH),
3.91 (H-10), 4.59 (H-7), 5.71 (H-11)

3.79 (H-9) 1.76 (H-28), 3.91 (H-10), 4.87 (HE)95.08 (H-2%),
5.71 (H-11), 4.59 (H-7), 2.99 (10-OH)

3.91 (H-10) 1.76 (H-28), 3.79 (H-9), 4.87 (HE95.08 (H-29),
5.71 (H-11), 4.59 (H-7), 2.99 (10-OH), 3.30 (13-OH

4.23 (30-OH) 1.09 (H-38), 1.40 (H-37), 2.65 (H-34)90 (H-30),
5.97 (H-35), 7.374 (H-20)

4.59 (H-7) 1.82 (H-B), 2.06 (H-G), 1.61 (H-B), 2.61 (H-%),
2.99 (10-OH), 3.79 (H-9), 3.91 (H-10), 5.71 (H-11)

4.87 (H-2F) 1.76 (H-28), 2.99 (10-OH), 3.79 (H-9), 3.91 (H)10
5.08 (H-29)

4.90 (H-30) 2.65 (H-31), 4.23 (30-OH), 5.97 (H-3B)374 (H-20)

5.08 (H-2%) 1.76 (H-28), 2.99 (10-OH), 3.79 (H-9), 3.91 (H)10
4.87 (H-2F)

5.71 (H-11) 1.76 (H-28), 1.64 (H-&} 1.81 (H-14), 1.82 (H-®),
2.06 (H-Gv), 2.99 (10-OH), 3.30 (13-OH), 3.91 (H-10),
4.59 (H-7)

5.97 (H-35) 1.24 (H-39), 1.29 (H-40), 2.65 (H-34)90 (H-30),

4.23 (30-OH), 7.366 (H-23)
7.366 (H-20) & 2.65 (H-31), 4.23 (30-OH), 4.90 88), 5.97 (H-35)
7.374 (H-23)

3.2.2 ¢g-HSQC and g-HMBC NMR Spectra of Janthitrem B

Analysis of g-HSQC and g-HMBC NMR spectral datag(ffes 3.4 and 3.5
respectively) allowed the unequivocal assignmenC-&1, C-32, C-34 and C-35
signals and their attached protons. The g-HSQC Nddéctrum showed that the
C-37, C-38, C-39 and C-40 methyl carbon signalscivinesonated at 30.6, 23.7,
32.5 and 30.4 ppm, respectively, exhibited con@tatto protons which resonated
at 1.40, 1.09, 1.24 and 1.29 ppm, respectivelyis data showed that the H-39
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and H-40 signals are assigned to C-40 and C-3fectisely, by Wilkins
(1992) and should be revised as in Table 3.1.

et al.
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Figure 3.5. The g-HMBC NMR spectrum of janthitr&n
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In the g-HMBC NMR spectrum, H-39 (1.24 ppm) and ®14.29 ppm) both
showed correlations to C-34 (72.6 ppm) and C-3®.@Lppm), while H-37 (1.40
ppm) and H-38 (1.09 ppm) both showed correlations-81 (60.4 ppm) and C-32
(74.3 ppm). The observed g-HMBC correlations dtestitated in Figures 3.6 and

3.7.
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Figure 3.6. Selected g-HMBC correlations obseffeedH-37 and H-39 of janthitrem B.

Figure 3.7. Selected g-HMBC correlations obseffeedH-38 and H-40 of janthitrem B.



81

Table 3.4. Long-rangéC—‘H NMR correlations observed in the g-HMBC NMR
spectrum of janthitrem BJ.

'H Signal Correlated **C Signals
0.92 (H-26) 28.1 (C-5), 43.5 (C-4), 51.9 (C-3),5/{C-13)
1.09 (H-38) 30.6 (C-37), 60.4 (C-31), 74.3 (C-32)
1.24 (H-39) 30.4 (C-40), 72.6 (C-34), 120.1 (C-35)
1.29 (H-40) 32.5 (C-39), 72.6 (C-34), 120.1 (C-35)
1.34 (H-25) 43.5 (C-4), 50.6 (C-16), 51.9 (C-3)555(C-2)
1.40 (H-37) 23.7 (C-38), 60.4 (C-31), 74.3 (C-32)
1.61 (H-) 20.1 (C-26), 29.2 (C-6), 43.5 (C-4), 51.9 (CB),3 (C-7),
77.5 (C-13)
1.62 (H-1%)  27.9 (C-17), 34.7 (C-14), 50.6 (C-16), 51.9 (CT).5 (C-13)
1.64 (H-14)  22.1 (C-15), 43.5 (C-4), 50.6 (C-16), 7.5 (C-1B)8.5 (C-12)
1.76 (H-28) 80.4 (C-9), 110.8 (C-29), 143.9 (C-27)
1.81 (H-14)  22.1 (C-15), 43.5 (C-14), 50.6 (C-16), 77.5 (Q-13
148.5 (C-12)
1.82 (H-) 28.1 (C-5), 43.5 (C-4), 74.3 (C-7)
2.04 (H-15)  27.9 (C-17), 34.7 (C-14), 50.6 (C-16), 51.9 (CH).5 (C-13)
2.06 (H-6x) 43.5 (C-4), 28.1 (C-5), 74.3 (C-7), 148.5 (C-12)
237 (H-1%)  22.1 (C-15), 50.6 (C-16), 51.9 (C-3), 116.9 (Q;18
127.8 (C-19), 155.9 (C-2)
2.61 (H-5) 20.1 (C-26), 29.2 (C-6), 43.5 (C-4), 51.9 (CB),3 (C-7),
77.5 (C-13)
2.65 (H-31) 23.7 (C-38), 30.6 (C-37), 74.3 (C-3®.,4 (C-30),
120.1 (C-35), 131.7 (C-22), 137.2 (C-36), 140.22(0
266 (H-1B)  22.1 (C-15), 50.6 (C-16), 51.9 (C-3), 116.9 (Q;18
127.8 (C-19), 155.9 (C-2)
2.73 (H-16) 16.6 (C-25), 22.1 (C-15), 27.9 (C-B89,7 (C-14), 43.5 (C-4),
51.9 (C-3), 155.9 (C-2)
3.30 (13-OH)  34.7 (C-14), 43.5 (C-4), 148.5 (C-12)
3.79 (H-9) 20.0 (C-28), 64.3 (C-10), 74.3 (C-7)0BL(C-29),
143.9 (C-27)
4.59 (H-7) 28.1 (C-5), 29.2 (C-6), 119.5 (C-11)8 H4(C-12)
4.87 (H-2E)  20.0 (C-28), 80.4 (C-9), 143.9 (C-27)
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Table 3.4 continued

5.08 (H-22) 20.0 (C-28), 80.4 (C-9), 143.9 (C-27)

5.71 (H-11) 64.3 (C-10), 74.3 (C-7), 77.5 (C-13),43(C-9), 148.5 (C-12)

5.97 (H-35) 30.4 (C-40), 32.5 (C-39), 60.4 (C-31),6 (C-34),
131.7 (C-22), 137.2 (C-36)

7.374 (H-20) & 76.4 (C-30), 103.6 (C-23), 116.918), 114.1 (C-20),

7.366 (H-23) 127.8 (C-19), 131.7 (C-22), 137.23@); 140.1 (C-21),
142.2 (C-24)

9.80 (NH) 116.9 (C-18), 127.8 (C-19), 142.2 (C-245.9 (C-2)

3.2.3 NOESY NMR Spectrum of Janthitrem B

Information concerning the spatial relationshipgween protons and methyl
groups and the orientation of protons was obtaifnech phase-sensitive two-

dimensional NOESY experiments. Molecular modellfrefer to Section 8.2.12

for details on the software used) was used to astinmter-nuclear distances and
to determine whether correlations seen in the NOBBAWR spectrum were

feasible (and not COSY-like or symmetrisation ates).

The NOESY NMR spectrum (Figure 3.8) served to aefihe stereochemical
dispositions of the H-37, H-38, H-39 and H-40 meétbsoups. When NMR
assignments were first proposed for janthitrem BAikins et al. (1992), the H-
37 and H-39 were assigned by convention as behogiented (i.e. inclined
towards the lower face), while the H-38 and H-4Qhylegroups protons were by

convention assigned as beipwgriented (i.e. inclined towards the upper face).
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Figure 3.8. The NOESY NMR spectrum of janthitrem B

The proton signal at 1.40 ppm showed NOESY coiglatto signals at 1.09
ppm, 2.65 ppm (H-31) and 4.90 ppm (H-30). The onéthyl signal which could
be expected to show correlations with these sigadts37, therefore the signal at
1.40 ppm can be attributed to H-37. Consequetity/signal at 1.09 ppm can be
attributed to H-38. This assignment was confirmgadrrelations observed in the
NOESY NMR spectrum of janthitrem B where the progignal at 1.09 ppm
showed correlations to signals at 4.90 ppm (H-3®0 ppm (H-37) and 1.29
ppm. The only methyl signal which could show clatiens to these signals is H-

38.

The proton signal at 1.24 ppm showed NOESY coroglatto signals at 2.65 ppm
(H-31), 5.97 ppm (H-35) and 1.29 ppm. The onlyhgksignal which could give

these correlations is H-39. Since the signal 24 ppm was identified as H-39,
the signal at 1.29 ppm can be attributed to H-ZBis assignment was confirmed

by correlations observed in the NOESY NMR spectaiganthitrem B where the
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proton signal at 1.29 ppm showed correlationsdoas at 1.05 ppm (H-38), 1.24
ppm (H-39) and 5.93 ppm (H-35). The only methgnsil which could show

correlations to these signals is H-40.

The correlations observed from the NOESY NMR spmetof janthitrem B also
indicated that the H-38 and H-40 methyl group pmetonust both be oriented
towards each other, otherwise a NOESY correlatiaulev not be observed
between these two methyl groups, and that the HABI/H-39 methyl groups must
be a-oriented since each of these methyl group prostiesved correlations to the
a-oriented H-31 proton, while the H-38 and H-40 nyethroup protons do not

show correlations to H-31. These correlationslarstrated in Figure 3.9.

Figure 3.9. NOESY correlations observed for H-Blagk), H-38 (green),
H-39 (red) and H-40 (blue) of janthitrem B.

The NOESY NMR spectrum also allowed te or B-orientation (i.e. oriented
towards the lower or upper face respectively) ofthylene protons to be
determined. ¢g-HSQC, COSY (Table 3.2) and TOCSYbl@a.3) NMR data
showed that the two H-5 methylene proton signatsiwed at 1.61 and 2.61 ppm.

The H-5 signal that resonated at 1.61 ppm showeB3YOcorrelations to signals
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which resonated at 0.92 ppm (H-26), 2.06 and 1@#2 (H-6), 2.61 ppm (H-5)

and 9.80 ppm (NH) (Figure 3.10). The H-5 signaltthesonated at 2.61 ppm
showed NOESY correlations to signals at 1.34 ppr2%H 1.61 ppm (H-5), 2.06

ppm (H-6) and 4.59 ppm (H-7) (Figure 3.10).

The observed correlations are consistent with #egtoton that resonated at 1.61
ppm beingB-orientated (since it showed a correlation tofikeriented H-26) and
the proton that resonated at 2.61 ppm beingrientated (since it showed a
correlation to ther-oriented H-25). These conclusions were also supgdy the
appearance in the g-HSQC spectrum of theBHignal (1.61 ppm) of janthitrem
B as a doublet like signal, since at two-dimendiaeaolution H-$ would be
expected to show only a largéd coupling to H-% and smaller (unresolved)
equatorial-equatorial and equatorial-axial cougingo H-& and H-
respectively. The g-HSQC signal arising from tdisas partly overlapped and

could not be analysed to the same extent.

Figure 3.10. NOESY correlations observed fordidack) and H-B (blue) of janthitrem B.

g-HSQC, COSY (Table 3.2) and TOCSY (Table 3.3) NNHa showed that the
two H-6 methylene proton signals occurred at 1,82 pnd 2.06 ppm. The signal
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at 1.82 ppm showed NOESY correlations to H-26 ((ppth), H-B (1.61 ppm)
and H-6 (2.06 ppm). The signal at 2.06 ppm shoW&dESY correlations to H-
50 (2.61 ppm), H-B (1.61 ppm), H-6 (1.82 ppm) and H-7 (4.59 ppm). eSd
observations showed the H-6 signal at 2.06 ppnetedriented since it showed a
correlation to ther-oriented H-7 and the H-6 signal at 1.82 ppm t@{meiented
since it showed a correlation to tieoriented H-26. The aforementioned

correlations are depicted in Figure 3.11.

Figure 3.11. NOESY correlations observed fordidalack) and H-g (blue) of janthitrem B.

The H-14 signal at 1.64 ppm showed NOESY correfatito 1.81 ppm (H-14),
2.04 ppm (H-15), 3.30 ppm (13-OH) and 5.71 ppm (hi-Whilst the H-14 signal
at 1.81 ppm showed correlations with signals a2 @@m (H-26), 1.62 ppm (H-
15), 1.64 ppm (H-14), 2.73 ppm (H-16) and 5.71 gptvl1l) (as shown in Figure
3.12). The H-15 signal at 2.04 ppm showed NOESYetations to 1.34 ppm (H-
25), 1.62 ppm (H-15), 1.64 ppm (H-14), 2.37 ppml(H-and 3.30 ppm (13-OH)
while the H-15 signal at 1.62 ppm showed corretatm signals at 1.81 ppm (H-
14), 2.04 ppm (H-15), 2.37, 2.66 ppm (H-17) andB2pm (H-16) (as shown in
Figure 3.13).
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Since only the H-14 signal at 1.81 ppm showed taroms to H-16 and H-26,
both of which arg-oriented, this H-14 signal must also [periented, whilst the
H-14 signal at 1.64 ppm must leoriented as it showed correlations to the

oriented H-11 and 13-OH.

Figure 3.12. NOESY correlations observed for H-{ldlack) and H-18 (blue) of janthitrem B.

The H-15 signal at 2.04 ppm was determined ta-ogiented since it showed a
correlation to thea-oriented H-25 while the H-15 signal at 1.62 ppmswa

determined to bf-oriented since it showed a correlation to ftheriented H-16.

Figure 3.13. NOESY correlations observed for H-{lack) and H-1p (blue) of janthitrem B.
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The H-17 signal that resonated at 2.37 ppm show@®ESDY correlations to
signals at 1.34 ppm (H-25), 2.04 ppm (HzL&nd 2.66 ppm (H-17) (Figure 3.14),
enabling it to be assigned asoriented since it showed a correlation to the
oriented H-25. The H-17 signal that resonated .66 2pm showed NOESY
correlations to signals at 1.62 ppm (H3152.37 ppm (H-17), 2.73 ppm (H-16)
and 7.374 ppm (H-20) (Figure 3.14) allowing it ® d&ssigned g$-oriented since

it showed a correlation to tifieoriented H-16.

The pair of H-17 resonances could be readily idiedtiin the one-dimensional
NMR spectrum, and their coupling constants deteechinThus H-1d (2.37 ppm,
dd,J = 12.7, 10.6 Hz) showed coupling constants coasistith a pseudo trans
diaxial relationship between H-d¢and H-16 J = 10.6 Hz), whereas H-$712.66
ppm, dd,J = 12.7, 6.1 Hz) showed coupling constants condistgth a pseudo
equatorial-axial relationship between Hgland H-16. Each of H-b7and H-1P
showed a mutudl) coupling of 12.7 Hz. The NOESY correlations akied for
H-170 and H-1P are consistent with the pseudo axial and pseudmteqal

orientations established for these protons via loggonstants.

Figure 3.14. NOESY correlations observed for H-{tlack) and H-1f (blue) of janthitrem B.
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The assignments reported in Table 3.5 for H-5, &k@ H-17 are in agreement
with those proposed by Wilkins et al. (1992) fobt-H-53, H-60, H-60, H-15u,
H-15B, H-170. and H-1B.

Protons attached to the C-29 methylene group catesignated as havirky or Z
orientations based on the Cahn-Ingold—Prelog (@t®yity rules. In the case of
double bonds, the stereochemical descriptoffrom the Germarzusammen,
meaning together) is assigned when the two gro@ibggbest priority are on the
same side of the reference plane and the stereacdledescriptorE (from the
Germanentgegen, meaning opposite) is assigned when the two highestity

groups are on opposite sides of the reference Rlaekwood et al., 1968).

The H-29 signal at 4.87 ppm showed NOESY corratatito H-28 (1.76 ppm)
and the H-29 signal at 5.08 ppm. The other H-29085pm) signal showed
NOESY correlations to H-9 (3.79 ppm), H-10 (3.91ppand H-29 (4.87 ppm).
These correlations are illustrated in Figure 3.Based on the CIP priority rules,
the H-29 proton (5.08 ppm) showing correlationdH#® and H-10 is of higher
priority and so is assigned & while the H-29 proton (4.87 ppm) showing

correlations to H-28 is of lower priority and scassigned aB.

Figure 3.15. NOESY correlations observed for HE28d H-2Z of janthitrem B.
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NOESY NMR data also served to differentiate the paiaromatic signals (H-20
and H-23) which occurred at almost identical cheinghifts (7.366 and 7.374
ppm). The signal at 7.366 ppm showed correlattonthe H-35 (5.97 ppm) and
NH (9.80 ppm) signals, showing it must be H-23, le/ltihe signal at 7.374 ppm
showed correlations to H-g7(2.66 ppm), 30-OH (4.23 ppm) and H-30 (4.90
ppm) (Figure 3.16), thereby demonstrating it tahHeeH-20 resonance.

Figure 3.16. NOESY correlations observed for Hi#0e) and H-23 (red) of janthitrem B.

Table 3.5. NOESY NMR correlations observed fothgrem B §).

'H Signal Cross peaks observed

0.92 (H-26) 1.81 (H-18), 1.61 (H-B), 1.82 (H-§), 2.73 (H-16),
4.59 (H-11), 9.80 (NH)

1.09 (H-38) 1.29 (H-40), 1.40 (H-37), 4.90 (H-30)

1.24 (H-39) 1.29 (H-40), 2.65 (H-31), 5.97 (H-35)

1.29 (H-40) 1.09 (H-38), 1.24 (H-39), 5.97 (H-35)

1.34 (H-25) 2.04 (H-18), 2.37 (H-1%), 2.61 (H-51), 3.30 (13-OH)

1.40 (H-37) 1.09 (H-38), 2.65 (H-31), 4.90 (H-30)

1.62 (H-1%) 1.81 (H-14), 2.04 (H-15), 2.37 (H-17), 2.66 (H-1P),
2.73 (H-16)

1.61 (H-3) 0.92 (H-26), 1.82 (H4§), 2.06 (H-G), 2.61 (H-51),
9.80 (NH)

1.64 (H-141) 1.81 (H-14), 2.04 (H-1%), 3.30 (13-OH), 5.71 (H-11)




Table 3.5 continued

1.76 (H-28)
1.81 (H-14)

1.82 (H-B)
2.04 (H-1%)

2.06 (H-6)
2.37 (H-1%)
2.61 (H-5)
2.65 (H-31)
2.66 (H-1B)
2.73 (H-16)

3.30 (13-OH)
2.99 (10-OH)
3.79 (H-9)
3.91 (H-10)

4.23 (30-OH)
4.59 (H-7)

4.87 (H-2F)
4.90 (H-30)

5.08 (H-29)
5.71 (H-11)
5.97 (H-35)
7.366 (H-23)
7.374 (H-20)
9.80 (NH)

91

3.79 (H-9), 3.91 (H-10), 4.87 (HE9

0.92 (H-26), 1.62 (H-1®, 1.64 (H-14), 2.73 (H-16),
5.71 (H-11)

0.92 (H-26), 2.06 (H®), 1.61 (H-B)

1.34 (H-25), 1.62 (H-1%), 1.64 (H-141), 2.37 (H-17),
3.30 (13-OH)

1.61 (H-B), 2.61 (H-%), 1.82 (H-G), 4.59 (H-7)
1.34 (H-25), 2.04 (H-18), 2.66 (H-1P)

1.34 (H-25), 1.61 (H), 2.06 (H-61), 4.59 (H-7)
1.24 (H-39), 1.40 (H-37), 4.90 (H-30)

1.62 (H-1%B), 2.37 (H-1%), 2.73 (H-16), 7.374 (H-20)
0.92 (H-26), 1.81 (H-p} 1.62 (H-1B), 2.04 (H-1%),
2.66 (H-1P)

1.34 (H-25), 1.64 (H-&} 2.04 (H-1%), 4.59 (H-7)
3.91(H-10)

1.76 (H-28), 3.91 (H-10), 4.59 (H-708 (H-2%)
1.76 (H-28), 2.99 (10-OH), 3.79 (HB)71 (H-11),
5.08 (H-2%)

4.90 (H-30), 7.366 (H-23)

1.82 (H-B), 2.06 (H-Gv), 2.61 (H-%:), 3.30 (13-OH),
3.79 (H-9)

1.76 (H-28), 5.08 (H-2B)

1.09 (H-38), 1.40 (H-37), 2.65 (H-34)23 (30-OH),
7.374 (H-20)
3.79 (H-9), 3.91 (H-10), 4.87 (H-E9

0.92 (H-26), 1.81 (H-p}% 3.91 (H-10)

1.24 (H-39), 1.29 (H-40), 7.366 (H-23)

5.97 (H-35), 9.80 (NH)

2.66 (H-17), 4.23 (30-OH), 4.90 (H-30)

0.92 (H-26), 1.61 (HBY, 7.366 (H-23)
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3.24 Summary; Janthitrem B NMR Assignments
Generally the'H and **C NMR signal assignments determined in the present
investigation for janthitrem B agreed with thospared by Wilkins et al. (1992)

with the exception of revised assignments for Hathd H-16 and C-39 and C-40.

3.3 Janthitrem A NMR Discussion

A complete assignment of the resonances of jamthitA is presented in Table
3.1. Methylene proton assignments are reportetienformat (H,Hg) based on
analyses of coupling constant and/or NOESY datarrefations observed in two-
dimensional NMR experiments that substantiatedetlassignments are reported

in Tables 3.6, 3.7, 3.8 and 3.9.

The NMR data was determined at 400 MHz. When jaeth A was first
detected by Gallagher et al. (1980a), only a mdéeaueight was determined (by
high resolution mass spectrometry). While thisadahowed janthitrem A
possessed an additional oxygen atom compared tioitf@m B, it did not define
either the nature of the oxygen atom (e.g. presefican additional epoxy or
hydroxyl group) or the location of the additionadygen atom. The structure of
this compound was unequivocally defined for thetftime during the present
investigation. A comparison of selected NMR chahishift data that
demonstrates the presence of an 11,12-epoxy funaditip in janthitrem A is
reported in Chapter 2, Section 2.2.2. A complssgigament of théH and**C
NMR signals of janthitrem A is reported in this @ter (see below).

Signal assignments for janthitrem A were facilithby comparison with acquired
janthitrem B data and those previously reportedpiemitrem A (de Jesus et al.,
1983a). This is because while janthitrem A andhérem B are the same at the

left-hand end of the molecule, janthitrem A congaian 11,12-epoxy group



93

analogous to that found in penitrem A. Since tghtrhand end of janthitrem A
and penitrem A are the same, and the left-handgjahthitrem A and janthitrem

B are the same, together they were the perfect hcodgoound.

3.3.1 'H,™C, DEPT-135, COSY and TOCSY NMR Spectra of Janthitrem A

3c and DEPT-135 NMR spectra of janthitrem A revealee presence of 37

carbon resonances (7 methyl, 6 methylene, 10 nestinmal 14 quaternary). The
carbon and proton resonances for janthitrem A wepasistent with those

observed for janthitrem B for the left-hand halfteé molecule. The difference in
carbon and proton resonances between janthitrearsd™ can be ascribed to the
replacement of the double bond at C-11 and C-1R ait epoxide. This resulted
in significant shifts in the proton resonances o7, H-9, H-10 and H-11 (see

Table 3.1).

H-7 Sgnal Assignment

Since the C-7 signal can be inferred from datagmtesl in Table 2.2 (see Chapter
2, Section 2.2.2), the resonance of H-7 can bdifdshfrom the g-HSQC NMR
spectrum of janthitrem A, where a correlation bewe-7 (72.0 ppm) and its
attached methane proton (H-7) at 4.28 ppm was wbder The COSY NMR
spectrum showed H-7 correlated with H-6 (2.22 artdl 2pm) and H-11 (3.53
ppm) while the TOCSY NMR spectrum showed correfatiovith H-6 (2.22 and
2.04 ppm), H-5 (2.65 and 1.60 ppm), 10-OH (3.33 pphill (3.53 ppm), H-9
(4.03 ppm) and H-10 (4.04 ppm).

The significant difference observed between the t#sbnances of janthitrem A
and janthitrem B can be explained by the presehtigecepoxide in janthitrem A.
As H-7 in janthitrem A is situated close to the ade, the proton resonance has,

as expected, shifted from 4.59 ppm (janthitrem 8)4t28 ppm. The H-7
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resonance for janthitrem A was in close agreemaitit the 4.29 ppm value

reported for penitrem A (de Jesus et al., 1983a).

H-9 and H-10 Sgnal Assignments

As was the case for C-7, the C-9 and C-10 signsipasients can be inferred
from data presented in Table 2.2 (see Chapter @dBe2.2.2). The resonances
of H-9 and H-10 can be identified from correlationisserved in the g-HSQC
NMR spectrum. Thus, H-9 and H-10 were observecsonate at 4.03 and 4.04
ppm respectively. In penitrem A, the reported cicahshift for both H-9 and H-
10 was 4.04 ppm (de Jesus et al.,, 1983a), in agmewmith the assignments
determined here for H-9 and H-10 of janthitrem A.

The overlapping H-9 and H-10 signals (4.03 and 4prh) showed correlations
to H-11 (3.53 ppm), 10-OH (3.33 ppm), H-28 (1.70mp@nd H-29 (4.87 and 5.07
ppm) in the COSY NMR spectrum and H-28 (1.70 pph®}OH (3.33 ppm), H-

11 (3.53 ppm), H-7 (4.28 ppm) and H-29 (4.87 ar@/ opm) in the TOCSY

NMR spectrum.

H-11 Sgnal Assignment

In a like manner (see preceding paragraph), g-H8&1& showed that C-11 (61.9
ppm, see Table 2.2) correlated to the proton résmnat 3.53 ppm. H-11 (3.53
ppm) showed correlations to 10-OH (3.33 ppm), H4.04 ppm) and H-7 (4.28

ppm) in the COSY NMR spectrum and H-6 (2.22 andl 2 pm), H-5 (2.65 and

1.60 ppm), 10-OH (3.33 ppm), H-9 (4.03 ppm), H-4®M4 ppm) and H-7 (4.28

ppm) in the TOCSY NMR spectrum. In penitrem A (aésus et al., 1983a), H-11
resonated at 3.57 ppm, in close agreement to thmichl shift of H-11 observed

for janthitrem A.
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H-26 Sgnal Assignment

Two of the seven methyl groups, H-26 and H-28, sdtbsignificant changes in
their proton resonances compared to the valuesna@asén janthitrem B (Table
3.1). This is because these methyl groups are ¢ttothe epoxide at C-11 and C-
12. The g-HSQC NMR spectrum for janthitrem A shdveecorrelation between
C-26 (18.9 ppm) and its attached proton (H-26) .20 Joppm. In the TOCSY
NMR spectrum H-26 (1.20 ppm) showed long rangeetations to H-5 (2.65
ppm) and 13-OH (3.22 ppm). The corresponding H&®mance of janthitrem B
occurred at 0.92 ppm (Table 3.1).

The H-26 resonance of penitrem A was reported.22 ppm (de Jesus et al.,

1983a), in close agreement with the value obseimejdnthitrem A.

H-28 Sgnal Assignment

As mentioned above, H-28, showed a significant ghan its proton resonance
compared to the value observed for janthitrem Bg ¢ its proximity to the

11,12-epoxy group (as opposed to an 11(12)-doubie bn janthitrem B). g-

HSQC and g-HMBC data showed H-28 to resonate & dpm compared to 1.76
ppm for janthitrem B (Table 3.1). The H-28 sigfal70 ppm) of janthitrem A

showed correlations to H-9 (4.03 ppm) and H-29 {4a8d 5.07 ppm) in the
COSY NMR spectrum and to H-9 (4.03 ppm), H-10 (4p@4n) and H-29 (4.87

and 5.07 ppm) in the TOCSY NMR spectrum. de Jetas (1983a) reported the
H-28 signal of penitrem A to resonate at 1.71 ppaimost identical to the

resonance observed for janthitrem A.

The remaining five methyl groups for janthitrem K25, H-37, H-38, H-39 and
H-40 (1.33, 1.40, 1.08, 1.24 and 1.29 ppm respelghvshowed proton
resonances that were either identical or in clgseeanent with those observed for

janthitrem B.



96

NH and OH Sgnal Assignments

The janthitrem A NH signal occurred at 9.89 ppmopposed to 9.80 ppm for
janthitrem B (Table 3.1). The 10-OH and 13-OH cloainshifts of janthitrem A
also varied from those observed for janthitrem Biese OH groups are in close
proximity to the point of structural difference veen the respective molecules

(namely an 11,12-epoxy group vs. a 11(12)-doubtedho

g-HMBC, COSY and TOCSY data showed that the 10- &B«DH signals of
janthitrem A occurred at 3.33 and 3.22 ppm respelgti The signal at 3.33 ppm
(10-OH) showed correlations to signals at 3.53 (Hi-#.03 (H-9) and 4.04 ppm
(H-10) in the COSY spectrum and to signals at 3t531), 4.03 (H-9), 4.04 (H-
10) and 4.28 ppm (H-7) in the TOCSY spectrum. Sigmal at 3.22 ppm (13-
OH) showed correlations to H-26 (1.20 ppm) in th@SY spectrum and to H-26
(2.20 ppm) and H-14 (1.63 ppm) in the TOCSY speawctru

The janthitrem A resonances for 10-OH (3.33 ppna) H3+OH (3.22 ppm) can be
compared to the janthitrem B values of 2.99 and® ®»Bm (see Table 3.1). de
Jesus et al. (1983a) reported 10-OH and 13-OH mitreen A as 3.40 and 3.32
ppm, respectively. The resonances of OH protoaskaown to be sensitive to
conditions such as temperature, concentration ladetel of residual water in an

NMR sample, therefore this difference in chemictuadtss not significant.
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Table 3.6. COSY NMR correlations observed forhagntm A Q).

'H Signal Cross peaks observed

1.08 (H-38) 1.40 (H-37)

1.40 (H-37) 1.08 (H-38)

1.53 (H-14) 1.63 (H-141), 1.97 (H-15), 1.56 (H-1%)

1.56 (H-1%) 1.63 (H-141), 1.53 (H-14), 1.97 (H-1%)

1.60 (H-3) 2.22 (H-G1), 2.04 (H-@), 2.65 (H-5)

1.63 (H-14) 1.53 (H-14), 1.97 (H-15), 1.56 (H-15)

1.70 (H-28) 4.03 (H-9), 5.07 (H-29, 4.87 (H-2%)

1.97 (H-1%) 1.56 (H-1B), 1.63 (H-141), 1.53 (H-14), 2.83 (H-16)
2.04 (H-B) 2.22 (H-G1), 2.65 (H-51), 1.60 (H-B), 4.28 (H-7)
2.22 (H-6) 2.04 (H-@), 2.65 (H-5), 1.60 (H-B), 4.28 (H-7)
2.37 (H-1%) 2.66 (H-1), 2.83 (H-16)

2.64 (H-31) 4.89 (H-30), 5.95 (H-35)

2.65 (H-5) 1.20 (H-26), 1.60 (H), 2.22 (H-Gi), 2.04 (H-6)
2.66 (H-17) 2.37 (H-171), 2.83 (H-16)

2.83 (H-16) 1.97 (H-18), 2.37 (H-1%), 2.66 (H-1P)

3.22 (13-OH) 1.20 (H-26)

3.33 (10-OH) 3.53 (H-11), 4.03 (H-9), 4.04 (H-10)

3.53 (H-11) 3.33 (10-OH), 4.04 (H-10), 4.28 (H-7)

4.03 (H-9) & 1.70 (H-28), 3.33 (10-OH), 3.53 (H-15)07 (H-29),
4.04(H-10) 4.87 (H-28)

4.21 (30-OH) 2.64 (H-31), 4.89 (H-30)

4.28 (H-7) 2.22 (H-6), 2.04 (H-@), 3.53 (H-11)

4.87 (H-2F) 1.70 (H-28), 4.03 (H-9), 5.07 (H-Z9

4.89 (H-30) 2.64 (H-31), 4.21 (30-OH), 7.366 (H-20)

5.07 (H-2%) 1.70 (H-28), 4.03 (H-9), 4.87 (H-E9

5.95 (H-35) 2.64 (H-31)

7.366 (H-20) &

7.371 (H-23)
9.89 (NH)

4.89 (H-30), 9.89 (NH)

7.371 (H-23)
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Table 3.7.TOCSY NMR correlations observed for janthitrem\ (

'H Signal Cross peaks obser ved

1.08 (H-38) 1.40 (H-37), 2.64 (H-31), 4.21 (30-OH)

1.20 (H-26) 2.65 (H-&), 3.22 (13-OH)

1.24 (H-39) 1.28 (H-40), 5.95 (H-35)

1.28 (H-40) 1.24 (H-39), 5.95 (H-35)

1.40 (H-37) 1.08 (H-38), 2.64 (H-31), 4.21 (30-OH)

1.53 (H-14) 1.63 (H-141), 1.97 (H-15), 2.37 (H-17), 2.66 (H-1P),
2.83 (H-16)

1.56 (H-1%) 1.97 (H-1%), 1.63 (H-14:), 2.37 (H-1%), 2.66 (H-1P),
2.83 (H-16)

1.60 (H-3) 2.22 (H-61), 2.04 (H-@), 2.65 (H-5), 4.28 (H-7)

1.63 (H-14) 1.53 (H-140), 1.97 (H-15), 1.56 (H-1B), 2.37 (H-17),
2.66 (H-1P), 2.83 (H-16), 3.22 (13-OH), 3.53 (H-11)

1.70 (H-28) 4.03 (H-9), 4.04 (H-10), 5.07 (H294.87 (H-2%)

1.97 (H-15) 1.56 (H-1%), 1.63 (H-14i), 1.53 (H-14), 2.37 (H-17),
2.66 (H-17), 2.83 (H-16)

2.04 (H-B) 2.22 (H-61), 2.65 (H-5), 1.60 (H-B), 3.53 (H-11),
4.28 (H-7)

2.22 (H-6) 2.04 (H-@), 2.65 (H-5), 1.60 (H-B), 3.53 (H-11),
4.28 (H-7)

237 (H-1%) 1.63 (H-141), 1.53 (H-14), 1.97 (H-1%), 1.56 (H-1B),
2.66 (H-17), 2.83 (H-16)

2.64 (H-31) 1.08 (H-38), 4.21 (30-OH), 4.89 (H-38)95 (H-35)

2.65 (H-51) 1.20 (H-26), 1.60 (H{5, 2.22 (H-Gi), 2.04 (H-),
4.28 (H-7)

2.66 (H-17) 1.63 (H-141), 1.53 (H-14), 1.97 (H-1%), 1.56 (H-1B),
237 (H-1%), 2.83 (H-16), 7.366 (H-20)

2.83 (H-16) 1.97 (H-18), 1.56 (H-1%), 2.37 (H-1%), 2.66 (H-1P),
1.63 (H-141), 1.53 (H-14)

3.22 (13-OH) 1.20 (H-26), 1.63 (H-a}

3.33 (10-OH) 3.53 (H-11), 4.03 (H-9), 4.04 (H-18)28 (H-7)

3.53 (H-11) 2.22 (H-6), 2.04 (H-G), 2.65 (H-5), 1.60 (H-B),

3.33 (10-OH), 4.03 (H-9), 4.04 (H-10), 4.28 (H-7)
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Table 3.7 continued

4.03 (H-9) & 1.70 (H-28), 3.33 (10-OH), 3.53 (H)14.28 (H-7),

4.04 (H-10) 5.07 (H-29), 4.87 (H-2%)

4.21 (30-OH) 1.08 (H-38), 1.40 (H-37), 2.64 (H-3489 (H-30),
5.95 (H-35), 7.366 (H-20), 7.371 (H-23)

4.28 (H-7) 2.22 (H-6), 2.04 (H-B), 2.65 (H-%/), 1.60 (H-B),
3.33 (10-OH), 3.53 (H-11), 4.03 (H-9), 4.04 (H-10)

4.87 (H-2%F) 1.70 (H-28), 3.33 (10-OH), 3.53 (H-11), 4.03 &)-
4.04 (H-10), 5.07 (H-28)

4.89 (H-30) 2.64 (H-31), 4.21 (30-OH), 5.95 (H-35)366 (H-20)

5.07 (H-2) 1.70 (H-28), 3.33 (10-OH), 3.53 (H-11), 4.03 (-9
4.04 (H-10), 4.87 (H-29)

5.95 (H-35) 1.24 (H-39), 1.28 (H-40), 2.64 (H-34)21 (30-OH),
4.89 (H-30), 7.371 (H-23)

7.366 (H-20) & 2.64 (H-31), 4.21 (30-OH), 4.89 (18)35.95 (H-35),

7.371 (H-23) 9.89 (NH)

9.89 (NH) 7.371 (H-23)

3.3.2 g-HSQC and g-HMBC NMR Spectra of Janthitrem A

As was the case with janthitrem B, analysis of gB{land g-HSQC NMR

spectral data allowed the unequivocal assignmetiteoC-31, C-32, C-34 and C-
35 signals and their attached protons. The g-HBIMR spectrum showed that
the C-37, C-38, C-39 and C-40 methyl carbon sigmdigh resonated at 30.6,
23.6, 32.5 and 30.4 ppm, respectively, exhibitetdretations to protons which
resonated at 1.40, 1.08, 1.24 and 1.28 ppm, ragelct These values were in
close agreement with those observed for janthi8eamd confirmed that the C-39
and C-40 signal assignments proposed by Wilkinsalet(1992) should be

reversed.

In the g-HMBC NMR spectrum, H-39 (1.24 ppm) and ®1{4.28 ppm) showed
correlations to C-34 (72.6 ppm) and C-35 (120.2 pwtmle H-37 (1.40 ppm) and
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H-38 (1.08 ppm) showed correlations to C-31 (6(p&pand C-32 (74.3 ppm).

These values were almost identical to those obddorganthitrem B.

As noted above for janthitrem B, by convention lowembers are assigned to the
lower facea-oriented, methyl groups (H-37 and H-39), and highembers to the
upper facep-oriented, methyl groups (H-38 and H-40).

Table 3.8.Long-range”*C—"H NMR correlations observed in the g-HMBC NMR

spectrum of janthitrem Ad§.

'H Signal Correlated **C Signals

1.08 (H-38) 30.6 (C-37), 60.3 (C-31), 74.3 (C-32)
1.20 (H-26) 27.2 (C-5), 43.3 (C-4), 51.8 (C-3),F6C-13)
1.24 (H-39) 30.4 (C-40), 72.6 (C-34), 120.2 (C-35)
1.28 (H-40) 32.5 (C-39), 72.6 (C-34), 120.2 (C-35)
1.33 (H-25) 43.3 (C-4), 51.8 (C-3), 155.4 (C-2)

1.40 (H-37) 23.6 (C-38), 60.3 (C-31), 74.3 (C-32)
1.70 (H-28) 74.6 (C-9), 111.6 (C-29), 143.2 (C-27)

7.366 (H-20) & 76.3 (C-30), 116.6 (C-18), 127.7 €)1131.7 (C-22),
7.371(H-23)  137.1(C-36), 140.1 (C-21), 142.2 @)-2

3.3.3 NOESY NMR Spectrum of Janthitrem A

NOESY data served to define the stereochemicabdigpns of the H-37, H-38,
H-39 and H-40 methyl groups, as was also the casgahthitrem B (Section
3.2.3). As previously mentioned, NMR assignmentgjimally proposed for
janthitrem B by Wilkins et al. (1992) where basedaonumbering convention in
which H-37 and H-39 were assignedoagriented (i.e. inclined towards the lower
face), while the H-38 and H-40 methyl group protarese assigned dsoriented

(i.e. inclined towards the upper face).
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The methyl group signal at 1.40 ppm displayed NOESBifelations with signals

at 1.08 ppm, 2.64 ppm (H-31) and 4.89 ppm (H-3@n the basis of these
observations, the signal at 1.40 ppm can be atéibto H-37. The signal at 1.08
ppm showed NOESY correlations to signals at 4.84 (p-30), 1.40 ppm (H-37)

and 1.28 ppm. This signal can only be attributedit38 based on the NOESY
correlations observed. The proton signal at 1.2¥n pshowed NOESY

correlations to signals at 2.64 ppm (H-31), 5.95pi-35) and 1.28 ppm while
the signal at 1.28 ppm showed correlations to $gat1.08 ppm (H-38), 1.24
ppm and 5.95 ppm (H-35). On the basis of theserghtons the signals at 1.24
and 1.28 ppm can be attributed to H-39 and H-4peetively.

The foregoing NOESY correlations showed that H-88 &-40 must both be
oriented towards each other and that H-37 and F3@% beu-oriented since they
showed correlations to theoriented H-31 proton, while H-38 and H-40 do not.
These assignments are in accord with those edtablifor the equivalent signals

of janthitrem B (Section 3.2.3).

NOESY data, in combination with g-HSQC and COSYadaerved to define the
a- or B-orientation of the H-5, H-6, H-14, H-15 and H-1#&timylene protons. g-
HSQC, COSY (Table 3.6) and TOCSY (Table 3.7) datavgd that these protons
occurred at 2.65 and 1.60 ppm (H-5), 2.22 and p@# (H-6), 1.63 and 1.53
ppm (H-14), 1.97 and 1.56 ppm (H-15) and 2.37 an@6 Zppm (H-17),

respectively.

The H-5 signal at 2.65 ppm showed NOESY correlationH-25 (1.33 ppm), H-5
(1.60 ppm) and H-6 (2.22 ppm) (Figure 3.17). Thé Kignal at 1.60 ppm
correlated with H-26 (1.20 ppm), H-6 (2.22, 2.04)pH-5 (2.65 ppm) and NH
(9.89 ppm) in the NOESY spectrum (Figure 3.17)inc& the H-5 signal at 2.65

ppm showed a correlation to theoriented H-25, this H-5 signal must alsode
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oriented. Similarly, since the H-5 signal at 1@#n showed a correlation to the

B-oriented H-26, this H-5 signal must alsofberiented.

Figure 3.17. NOESY correlations observed fordidack) and H-B (blue) of janthitrem A.

The H-6 signal which resonated at 2.22 ppm show@ESlY correlations to
signals at 2.65 ppm (He), 1.60 ppm (H-B), 2.04 ppm (H-6) and 4.28 ppm (H-
7). The H-6 signal which resonated at 2.04 ppmwgldoNOESY correlations to
signals at 1.20 ppm (H-26), 1.60 ppm (B)}5and 2.22 ppm (H-6). These
observations are consistent with the H-6 signattvinesonated at 2.22 ppm being
a-oriented (since it showed a correlation to theriented H-7) and the signal
which resonated at 2.04 ppm befhgriented (since it showed a correlation to the

B-oriented H-26). The observed H-6 correlationsiléustrated in Figure 3.18.

Figure 3.18. NOESY correlations observed fordddlack) and H-8 (blue) of janthitrem A.
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The H-14 signal at 1.63 ppm showed NOESY corratstio H-14 (1.53 ppm), H-
15 (1.97 ppm), 13-OH (3.22 ppm) and H-11 (3.53 ppifihe signal at 1.53 ppm
showed NOESY correlations to H-26 (1.20 ppm), H(1463 ppm), H-16 (2.83
ppm) and H-11 (3.53 ppm). These observations stidhe H-14 signal at 1.63
ppm to bea-oriented since it showed correlations to theriented H-11 and 13-
OH and the H-14 signal at 1.53 ppm tof}eriented since it showed correlations

to thep-oriented H-16 and H-26. These correlations apeatied in Figure 3.19.

Figure 3.19. NOESY correlations observed for H-{ldack) and H-18 (blue) of janthitrem A.

H-15 (1.97 ppm) showed NOESY correlations to sig@ll1.33 ppm (H-25), 1.56
ppm (H-15), 1.63 ppm (H-14 and 2.37 ppm (H-17). H-15 (1.56 ppm) showed
NOESY correlations to signals at 1.97 ppm (H-15372and 2.66 ppm (H-17) and
2.83 ppm (H-16). Since the H-15 signal which reded at 1.97 ppm showed a
correlation to ther-oriented H-25, this signal in turn must alsocberiented. The
H-15 signal which resonated at 1.56 ppm showedreeletion to the3-oriented
H-16, thus this signal must also p@riented. NOESY correlations for H-15 are
depicted in Figure 3.20.



Figure 3.20. NOESY correlations observed for H-{tilack) and H-1p (blue) of janthitrem A.

The H-17 methylene proton which resonated at 2.pih pshowed NOESY
correlations to H-25 (1.33 ppm), H-d%1.97 ppm) and H-17 (2.66 ppm) (Figure
3.21). These correlations are consistent withoteientation of the H-17 proton
which resonated at 2.37 ppm. In contrast the Hididal which resonated at 2.66
ppm showed correlations in the NOESY spectrum ta5pi(1.56 ppm), H-17
(2.37 ppm), H-16 (2.83 ppm) and H-20 (7.366 ppmigyFe 3.21). These
correlations are consistent with theorientation of the H-17 proton which

resonated at 2.37 ppm.

Figure 3.21. NOESY correlations observed for H-{dlack) and H-1] (blue) of janthitrem A.

As with janthitrem B, the protons attached to thmethylene group were
designated as having or Z orientations based on the CIP priority rules (as

discussed in Section 3.2.3).
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COSY and TOCSY experiments confirmed the protonmasces of H-29 as 4.87
and 5.07 ppm. The H-29 signal at 4.87 ppm show&ESY correlations to
signals attributable to H-28 (1.70 ppm) and H-29T5pm). The H-29 signal at
5.07 ppm showed NOESY correlations to signalsiattable to H-9 (4.03 ppm)
and H-29 (4.87 ppm). Based on the CIP priorityesulthe proton showing
correlations to H-9 is of higher priority and soaissigned ag, while the proton
showing correlations to H-28 is of lower prioritynda so is assigned &s.
Therefore the H-29 signal resonating at 4.87 ppra assignede and the signal
resonating at 5.07 ppm was assigé@edlhe observed NOESY correlations for H-

29 are illustrated in Figure 3.22.

Figure 3.22. NOESY correlations observed for HE28d H-2Z of janthitrem A.

NOESY data also enabled distinction between theatie protons, H-20 and H-
23 to be made. These two signals resonated atsalisentical chemical shifts,
7.366 and 7.371 ppm. The proton resonance at p@Bbshowed correlations to
signals attributable to H-B7(2.66 ppm) and H-30 (4.89 ppm), whereas the signal
at 7.371 ppm correlated to signals attributablelt85 (5.95 ppm) and NH (9.89
ppm). On the basis of these observations, theakigh 7.366 ppm can be
attributed to H-20 while the signal at 7.371 ppm ba attributed to H-23.
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Table 3.9. NOESY NMR correlations observed fothagrem A ).

'H Signal Cross peaks observed

1.08 (H-38) 1.28 (H-40), 1.40 (H-37), 4.89 (H-30)

1.20 (H-26) 1.53 (H-18), 1.60 (H-B), 2.04 (H-8), 2.83 (H-16),
3.53 (H-11), 9.89 (NH)

1.24 (H-39) 1.28 (H-40), 2.64 (H-31), 5.95 (H-35)

1.28 (H-40) 1.08 (H-38), 1.24 (H-39), 5.95 (H-35)

1.33 (H-25) 1.97 (H-18), 2.37 (H-17), 2.65 (H-5), 1.60 (H-B)

1.40 (H-37) 1.08 (H-38), 2.64 (H-31), 4.89 (H-30)

1.53 (H-14) 1.20 (H-26), 1.63 (H-1d), 2.83 (H-16), 3.53 (H-11)

1.56 (H-1%) 1.97 (H-1%), 2.37 (H-17), 2.66 (H-1P), 2.83 (H-16)

1.60 (H-3) 1.20 (H-26), 2.22 (H®), 2.04 (H-§), 2.65 (H-5),
9.89 (NH)

1.63 (H-141) 1.53 (H-14), 1.97 (H-15), 3.22 (13-OH), 3.53 (H-11)

1.70 (H-28) 4.03 (H-9), 4.04 (H-10), 4.87 (HE)9

1.97 (H-15) 1.33 (H-25), 1.56 (H-18, 1.63 (H-14)), 2.37 (H-1%)

2.04 (H-B) 1.20 (H-26), 2.22 (H<®), 1.60 (H-B)

2.22 (H-61) 2.65 (H-51), 1.60 (H-B), 2.04 (H-®), 4.28 (H-7)

237 (H-1%) 1.33 (H-25), 1.97 (H-18), 2.66 (H-1P)

2.64 (H-31) 1.24 (H-39), 1.40 (H-37), 4.89 (H-30)

2.65 (H-51) 1.33 (H-25), 1.60 (H{5), 2.22 (H-61), 4.28 (H-7)

2.66 (H-17) 1.56 (H-1B), 2.37 (H-1%), 2.83 (H-16), 7.366 (H-20)

2.83 (H-16) 1.20 (H-26), 1.53 (H-f} 1.97 (H-15), 1.56 (H-1%),
2.66 (H-17)

3.22 (13-OH) 1.33 (H-25), 1.63 (H-a} 4.28 (H-7)

3.33 (10-OH) 4.03 (H-9), 4.04 (H-10)

3.53 (H-11) 1.20 (H-26), 1.53 (H-f} 4.04 (H-10)

4.03 (H-9) & 1.70 (H-28), 3.33 (10-OH), 3.53 (H-14)28 (H-7),

4.04 (H-10) 5.07 (H-29)

4.21 (30-OH) 4.89 (H-30), 7.371 (H-23)

4.28 (H-7) 2.22 (H-6), 2.65 (H-5), 3.22 (13-OH), 4.03 (H-9)

4.87 (H-2F) 1.70 (H-28), 5.07 (H-29)

4.89 (H-30) 1.08 (H-38), 1.40 (H-37), 2.64 (H-34)21 (30-OH),

7.366 (H-20)
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Table 3.9 continued

5.07 (H-2%) 4.03 (H-9), 4.87 (H-28)

5.95 (H-35) 1.24 (H-39), 1.28 (H-40), 7.371 (H-23)
7.366 (H-20) 2.66 (H-18), 4.89 (H-30)

7.371 (H-23) 5.95 (H-35), 9.89 (NH)

9.89 (NH) 1.20 (H-26), 1.60 (HEJ, 7.371 (H-23)

3.34 Summary; Janthitrem A NMR Assignments

Generally the'H and **C NMR signal assignments determined in the present
investigation for janthitrem A agreed with thosesetved for janthitrem B (Table
3.1) for the left-hand half of the molecule andstoeported for penitrem A by de
Jesus et al. (1983a) for the right-hand half of timdecule. The analysis of the
janthitrem A data supported the view that the CaBfl C-40 signal assignments
proposed by Wilkins et al. (1992) for janthitremsBould be revised to those
reported in Table 3.1.

3.4  Janthitrem C NMR Discussion

Detailed analyses of one- and two-dimensional NM&dincluding'H, COSY,
TOCSY, g-HSQC and g-HMBC NMR spectral data affordedplete’H and
partial *C NMR assignments for janthitrem C. Due to a pguaf material for
janthitrem C,'°C, DEPT-135 and NOESY NMR spectral data were untblee
obtained. *°C signals were therefore assigned on the basisedbtver resolution

g-HMBC and g-HSQC NMR spectral data.

One- and two-dimensional NMR data for janthitrem was acquired and
processed as described in Section 8.3.4. Sigagrasents for janthitrem C were
facilitated by comparison with those previouslyadpd for janthitrem B (Section

3.2) and janthitrem C (Penn et al., 1993). The Nté&Ra reported in this thesis
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was determined at 400 MHz whereas the janthitredat@ reported by Penn et al.
(1993) was determined at 500 MH#) or 125.8 MHz £°C).

A complete assignment of the resonances is pras@mt€éable 3.10. Methylene
proton assignments are not reported in the forfaty) as NOESY spectral data
was not acquired. It was apparent, from analykith® data reported in Tables
3.10, 3.11, 3.12 and 3.13 that some revisions &vipusly proposed NMR

assignments of Penn et al. (1993) were required.

34.1 'H,™C, DEPT-135, COSY and TOCSY NMR Spectra of Janthitrem C
Since °C and DEPT-135 NMR spectra for janthitrem C werahle to be
obtained due to paucity of material (since a lgygeion of the original material
decomposed rapidly), carbon resonances were adsigmethe basis of lower
resolution two-dimensional g-HSQC and g-HMBC spadatiata and comparison
with assignments for janthitrems B and D (Secti83 and 3.5 respectively).
Analysis of NMR spectral data revealed the presefi@y¥ carbon resonances (7
methyl, 7 methylene, 9 methine and 14 quaternaviijch is consistent with the
structure of janthitrem C. These resonances werethe most part, almost
identical to those reported for janthitrems B andvith differences only within
the 0.1-0.2 ppm range. Variations of this magmtedn be accounted for by
small differences in compound concentration, thell®f residual water in the
sample and NMR probe temperature (30°C in the ptestidy). The carbon
resonances for janthitrem C reported by Penn €1883) were for the most part
similar to those observed for janthitrem C, howesignificant differences were

observed for C-25, C-39 and C-40.

The proton resonances for janthitrem C were simdathose reported by Penn
et al. (1993) with the exception of assignmentgppsed for the H-5, H-14, H-15,
H-16, H-25, H-26, H-35 and H-38 signals.
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Table 3.10. 'H and **C NMR assignments established for janthitrem C and
published assignments for janthitrerf(€).

Janthitrem C Janthitrenf'C
13C lH 13C lH

C-2 155.3 155.6
C-3 51.9 51.7
C4 43.5 43.4
C-5 27.9 2.63,1.62 27.8 1.61, 2.94
C-6 29.1 2.08,1.82 28.0 1.81, 2.05
C-7 74.3 4.62 74.3 4.59
C-9 80.3 3.79 80.3 3.79
C-10 64.2 3.89 64.2 3.92
C-11 119.5 5.75 119.4 571
C-12 * 148.5
C-13 78.4 77.5
C-14 34.7 1.72,2.01 34.7 1.56, 1.64
C-15 22.0 1.67, 2.04 22.0 1.59, 2.02
C-16 50.6 2.85 50.5 2.79
C-17 27.7 2.37, 2.65 27.8 2.35, 2.63
C-18 * 116.4
C-19 127.9 127.7
C-20 114.2 7.16 114.1 7.20
C-21 141.1 140.9
C-22 133.6 133.3
C-23 103.9 7.37 104.1 7.40
C-24 141.5 141.2
C-25 16.5 1.37 14.3 0.86
C-26 20.0 1.02 20.1 0.92
C-27 143.4 143.8
C-28 19.8 1.76 20.0 1.75
C-29 110.7 5.07, 4.86 110.7 5.09, 4.88
C-30 33.5 3.08, 2.64 33.5 3.09, 2.66
C-31 49.7 2.84 49.8 2.86
C-32 74.8 4.7
C-34 73.0 72.9
C-35 119.5 591 119.5 5.97
C-36 * 136.8
C-37 30.3 1.26 22.5 1.07
C-38 22.4 1.04 30.4 1.28
C-39 32.3 1.24 32.4 1.25
C-40 30.4 1.28 16.6 1.31
10-OH * 3.35
13-OH *
NH 9.76 9.85

* Signal not identified @Penn et al. (1993)
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C-25 and H-25 Sgnal Assignments

Penn et al. (1993) reported the C-25 signal ofhjtneim C to occur at 14.3 ppm
and the H-25 signal to occur at 0.86 ppm. This ma@s however, consistent with
the assignments established in this study. Thevi@&8 NMR spectrum of
janthitrem C showed correlations between the preignal at 1.37 ppm andC
signals attributable to C-4 (43.5 ppm), C-16 (50p&1), C-3 (51.9 ppm) and C-2
(155.3 ppm). The only methyl signal which couldegthese correlations is H-25.
This revised assignment was confirmed by correlatiobserved in the TOCSY
NMR spectrum whereby H-25 (1.37 ppm) showed a @iom to H-16 (2.85
ppm). The H-25 signal of janthitrem B was obsertedesonate at 1.34 ppm
(Table 3.1), in close vicinity to the value obset¥er janthitrem C (1.37 ppm).

The g-HSQC NMR spectrum showed a correlation batwé5 (1.37 ppm) and
a*C signal at 16.5 ppm which can be attributable 85C This chemical shift is
consistent with that observed for janthitrem A BGL@pm), janthitrem B (16.6
ppm) and janthitrem D (16.6 ppm).

C-37 and H-37 Sgnal Assignments

Penn et al. (1993) reported the C-37 and H-37 ®dgoaesonate at 22.5 and 1.07
ppm, respectively. This was however in contrasth® resonances of 30.3 and
1.26 ppm respectively determined in this studye giHMBC NMR spectrum of
janthitrem C showed the proton signal at 1.26 ppmetated to a methyl carbon
(either C-37 or C-38), a methine carbon (C-31) amguaternary carbon (C-32).
The methyl signals which could be responsible iese correlations were H-38 or
H-37. The signal at 1.26 ppm was attributed totaRer analysis of the NOESY
NMR data generated for janthitrem D (Section 3.5.Bhis methyl group signal
(1.26 ppm) showedl) correlations in the COSY and TOCSY NMR spectréito
38 (1.04 ppm).
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The g-HSQC NMR spectrum of janthitrem C showed raetation between H-37
(1.26 ppm) and &C signal at 30.3 ppm, which can be attributabl€®7. This

chemical shift is consistent with that observed jamthitrem A (30.6 ppm),
janthitrem B (30.6 ppm) and janthitrem D (30.5 ppm)

C-38 and H-38 Sgnal Assignments

The C-38 and H-38 signals for janthitrem C wereortggnl by Penn et al. (1993) to
resonate at 30.4 and 1.28 ppm respectively. Tressmances correspond closely
to those established in this study for C-37 and/He&spectively (see above). The
g-HMBC NMR spectrum of janthitrem C showed correlas between the proton
signal at 1.04 ppm antfC signals attributable to C-37 (30.3 ppm), C-31.749
ppm) and C-32 (74.8 ppm). The only methyl signdliclr could give these
correlations is H-38. This assignment was consistgith the mutual®J
correlations observed between H-38 (1.04 ppm) a8l H1.26 ppm) in the
COSY and TOCSY NMR spectra of janthitrem C.

The g-HSQC NMR spectrum showed a correlation beti#88 and &°C signal
at 22.4 ppm, which can be attributed to C-38. H®ighal was confirmed by a
correlation observed in the g-HMBC NMR spectrum rkehél-37 (1.26 ppm)
showed a correlation to a methyl carbon (C-38) Whiesonated at 22.4 ppm.
This chemical shift was consistent with that obedrior janthitrem D (22.6 ppm)
(see Table 3.14).

C-40 Sgnal Assignment

In the g-HMBC NMR spectrum of janthitrem C, H-39.24 ppm) showed
correlations to a quaternary carbon (C-34), a metbarbon (C-35) and a methyl
carbon. The only methyl carbon which could coteeta H-39 is C-40, hence the
signal at 30.4 ppm can be attributed to C-40, h@v&enn et al. (1993) reported

the C-40 signal of janthitrem C to occur at 16.6nppSimilar shifts were also
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observed for the C-40 of janthitrem A (30.4 ppranthitrem B (30.4 ppm) and
janthitrem D (30.7 ppm).

H-5 Sgnal Assignment

Penn et al. (1993) reported the pair of H-5 metiglprotons to resonate at 1.61
and 2.94 ppm in contrast to the resonances ofdn@2.63 ppm elucidated in this
investigation. The C-5 carbon signal (27.9 ppm3 veentified by correlations in
the g-HMBC NMR spectrum whereby H-26 (1.02 ppm)veaod correlations to
three quaternary carbons (C-3, C-4 and C-13 at,$3% and 78.4 ppm,
respectively) and to a methylene carbon (C-5 @ ppm). g-HSQC data showed
that the C-5 signal (27.9 ppm) exhibited correladido methylene protons which
occurred at 2.63 and 1.62 ppm.

These assignments were confirmed by correlatiorserebd in the COSY and
TOCSY NMR spectra. Each of the H-5 methylene prosignals showed

correlations to the pair of H-6 methylene proto808 and 1.82 ppm) in the
COSY NMR spectrum and to the pair of H-6 proton§82and 1.82 ppm) and H-
7 (4.62 ppm) proton in the TOCSY NMR spectrum. K2H3 ppm) also showed
a correlation to H-26 (1.02 ppm) in the TOCSY NMpgestrum. The H-5 signal

assignments determined for janthitrem B (2.61 a®d ppm: see Table 3.1 and
Section 3.2) are in accordance with the assignmepisrted here for janthitrem

C.

H-14 Sgnal Assignments

The H-14 methylene protons were reported by Peral. €1993) to resonate at
1.56 and 1.64 ppm. However, this was not condisiéth the assignments
elucidated in this study. The g-HSQC NMR spectfmanthitrem C showed a
correlation between two connected proton signals 2 and 2.01 ppm and“(C
signal at 34.7 ppm. Each of these proton signiatsved correlations to H-15
(1.67 and 2.04 ppm) in the COSY NMR spectrum antbH1.67 and 2.04 ppm),
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H-16 (2.85 ppm) and H-17 (2.37 and 2.65 ppm) inTRECSY NMR spectrum,
readily defining the signals as the H-14 methylpraton signals.

H-15 Sgnal Assignments

g-HSQC, COSY and TOCSY spectral data showed thatHHLS methylene
signals resonated at 1.67 and 2.04 ppm as oppasddb® and 2.02 ppm as
reported by Penn et al. (1993). Each of the H-i&toms showed COSY
correlations to H-14 (1.72 and 2.01 ppm) and H-28% ppm) and TOCSY
correlations to H-14 (1.72 and 2.01 ppm), H-16 $20%m) and H-17 (2.37 and
2.65 ppm).

H-16 Sgnal Assignment

Penn et al. (1993) reported the H-16 signal ofijéwrgm C to occur at 2.79 ppm,
whereas it was found to resonate at 2.85 ppm imptesent investigation. In the
g-HMBC NMR spectrum H-25 showed correlations teethquaternary carbons
(C-2, C-3 and C-4 at 155.3, 51.9 and 43.5 ppm,easeely) and to one methine
carbon (C-16 at 50.6 ppm). This readily definesl @16 resonance as 50.6 ppm.
The g-HSQC NMR spectrum of janthitrem C includedoarelation between the
C-16 (50.6 ppm) signal and its attached methaneprdl-16) at 2.85 ppm.

The proton signal at 2.85 ppm was observed to lederevith the H-15 (1.67 and
2.04 ppm) and H-17 (2.37 and 2.65 ppm) signaldhée@OSY NMR spectrum
and the H-14 (1.72 and 2.10 ppm), H-15 (1.67 afd ppm) and H-17 (2.37 and
2.65 ppm) signals in the TOCSY NMR spectrum.

H-26 Sgnal Assignment

The H-26 signal of janthitrem C was reported byrPenal. (1993) at 0.90 ppm,
in contrast to 1.02 ppm as determined in this iigason. The g-HMBC NMR
spectrum of janthitrem C showed correlations betwie proton signal at 1.02

ppm and™*C signals attributable to C-5 (27.9 ppm), C-4 (48pn), C-3 (51.9
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ppm) and C-13 (78.4 ppm). The only methyl signdliclr could give these
correlations is H-26. In the COSY NMR spectrum 612.02 ppm) showed ‘d
correlation to H-5 (2.63 ppm). The TOCSY spectrumluded correlations
between H-26 (1.02 ppm) and H-5 (2.63 ppm) and K125/ ppm).

H-35 Sgnal Assignment

H-35 was reported to resonate at 5.97 ppm by Peah €993) whereas it was
observed to occur at 5.91 ppm in this study. BdghHMBC NMR spectrum of
janthitrem C, both H-39 and H-40 showed correlaitma methyl carbon (C-40
for H-39 and C-39 for H-40), a quaternary carbor3d and a methine carbon
(C-35). This methine carbon resonated at 119.5, ppentical to the value
reported for C-35 by Penn et al. (1993). The g-BSRMR spectrum for
janthitrem C included a correlation between C-359(% ppm) and its attached
proton at 5.91 ppm. The COSY NMR spectrum includetbrrelation between
the proton signal at 5.91 ppm and H-31 (2.84 pprhjlenthe TOCSY NMR
spectrum included correlations between H-35 (5.9h)pand H-23 (7.37 ppm),
H-30 (2.64 and 3.08 ppm) and H-31 (2.84 ppm).



115

Table 3.11.COSY NMR correlations observed for janthitremd{ (

'H Signal Cross peaks observed

1.02 (H-26) 2.63 (H-5)

1.04 (H-38) 1.26 (H-37)

1.26 (H-37) 1.04 (H-38)

1.62 (H-5) 1.82, 2.08 (H-6), 2.63 (H-5)

1.67 (H-15) 2.01 (H-14), 2.04 (H-15), 2.85 (H-16)
1.72 (H-14) 2.01 (H-14), 2.04 (H-15)

1.76 (H-28) 3.79 (H-9), 5.07, 4.86 (H-29)

1.82 (H-6) 2.08 (H-6), 2.63, 1.62 (H-5), 4.62 (H-7)
2.01 (H-14) 1.72 (H-14), 1.67 (H-15)

2.04 (H-15) 1.67 (H-15), 1.72 (H-14), 2.85 (H-16)
2.08 (H-6) 1.82 (H-6), 2.63, 1.62 (H-5), 4.62 (H-7)
2.37 (H-17) 2.65 (H-17), 2.85 (H-16)

2.63 (H-5) 2.08, 1.82 (H-6), 1.62 (H-5)

2.64 (H-30) 2.84 (H-31), 3.08 (H-30)

2.65 (H-17) 2.37 (H-17), 2.85 (H-16)

2.84 (H-31) 3.08, 2.64 (H-30), 5.91 (H-35)

2.85 (H-16) 2.04, 1.67 (H-15), 2.37, 2.65 (H-17)
3.08 (H-30) 2.64 (H-30), 2.84 (H-31)

3.79 (H-9) 1.76 (H-28), 3.89 (H-10), 5.07, 4.8626))
3.89 (H-10) 3.79 (H-9), 5.75 (H-11)

4.62 (H-7) 2.08, 1.82 (H-6), 5.75 (H-11)

4.86 (H-29) 1.76 (H-28), 3.79 (H-9), 5.07 (H-29)
5.07 (H-29) 1.76 (H-28), 3.79 (H-9), 4.86 (H-29)
5.75 (H-11) 3.89 (H-10), 4.62 (H-7)

5.91 (H-35)

2.84 (H-31)
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Table 3.12. TOCSY NMR correlations observed fothérem C §).

'H Signal Cross peaks observed
1.02 (H-26) 1.37 (H-25), 2.63 (H-5), 3.33 (13-OH)
1.04 (H-38) 1.26 (H-37)
1.24 (H-39) 1.28 (H-40)
1.26 (H-37) 1.04 (H-38)
1.28 (H-40) 1.24 (H-39)
1.37 (H-25) 2.85 (H-16)
1.62 (H-5) 2.08, 1.82 (H-6), 2.63 (H-5), 4.62 (H-7)
1.67 (H-15) 2.04 (H-15), 2.01, 1.72 (H-14), 2.3BR(H-17),
2.85 (H-16)
1.72 (H-14) 2.01 (H-14), 2.04, 1.67 (H-15), 2.3BR(H-17),
2.85 (H-16)
1.76 (H-28) 3.79 (H-9), 3.89 (H-10), 5.07, 4.862B))
1.82 (H-6) 263, 1.62 (H-5), 2.08 (H-6), 4.62 (H-8)75 (H-11)
2.01 (H-14) 1.72 (H-14), 1.67 (H-15), 2.37, 2.651%), 2.85 (H-16)
2.04 (H-15) 1.72 (H-14), 1.67 (H-15), 2.37, 2.651A), 2.85 (H-16)
2.08 (H-6) 1.82 (H-6), 2.63, 1.62 (H-5), 4.62 (H-B)75 (H-11)
237 (H-17) 2.01, 1.72 (H-14), 2.04, 1.67 (H-1552(H-17),
2.85 (H-16)
2.65 (H-17) 1.67, 2.04 (H-15), 1.72, 2.01 (H-1482(H-17),
2.85 (H-16)
2.63 (H-5) 1.02 (H-26), 2.08, 1.82 (H-6), 1.62 (H-5.62 (H-7)
2.64 (H-30) 2.84 (H-31), 3.08 (H-30), 5.91 (H-3B)16 (H-20)
2.84 (H-31) 2.64, 3.08 (H-30), 5.91 (H-35), 7.1626)
2.85 (H-16) 2.01, 1.72 (H-14), 2.04, 1.67 (H-15872 2.65 (H-17)
3.08 (H-30) 2.64 (H-30), 2.84 (H-31), 5.91 (H-3B)16 (H-20)
3.79 (H-9) 1.76 (H-28), 5.07, 4.86 (H-29), 4.62T)4-3.89 (H-10)
3.89 (H-10) 1.76 (H-28), 3.79 (H-9), 4.62 (H-7)0B, 4.86 (H-29),
5.75 (H-11)
4.62 (H-7) 2.04, 1.82 (H-6), 2.63, 1.62 (H-5), 3(FB9), 3.89 (H-10),
5.75 (H-11)
4.86 (H-29) 1.76 (H-28), 3.79 (H-9), 3.89 (H-100B (H-29)
5.07 (H-29) 1.76 (H-28), 3.79 (H-9), 3.89 (H-10)8@ (H-29)
5.75 (H-11) 2.08, 1.82 (H-6), 5.07, 4.86 (H-29Y.B(H-9),
3.89 (H-10), 4.62 (H-7)
5.91 (H-35) 2.64, 3.08 (H-30), 2.84 (H-31), 7.3728)
7.16 (H-20) 2.64, 3.08 (H-30), 2.84 (H-31), 7.3728)

7.37 (H-23)

3.08, 2.64 (H-30), 7.16 (H-23)
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34.2 g-HSQC and g-HMBC NMR Spectra of Janthitrem C

Analysis of g-HMBC and g-HSQC NMR spectral dataatkd the unequivocal
assignment of C-31, C-32, C-34 and C-35 and thid@cled protons. The g-
HSQC NMR spectrum showed that the C-37, C-38, @89 C-40 methyl carbon
signals which resonated at 30.3, 22.4, 32.3 andl BPm respectively exhibited
correlations to protons which resonated at 1.2604,11.24 and 1.28 ppm
respectively. In the g-HMBC NMR spectrum, eaciHe89 (1.24 ppm) and H-40
(1.28 ppm) showed correlations to C-34 (73.0 ppna) @-35 (119.5 ppm), while
each of H-37 (1.26 ppm) and H-38 (1.04 ppm) shoe@delations to C-31 (49.7
ppm) and C-32 (74.8 ppm).

Table 3.13.Long-range”*C—"H NMR correlations observed in the g-HMBC
NMR spectrum of janthitrem GY.

'H Signal Correlated **C Signals

1.04 (H-38) 30.3 (C-37), 49.7 (C-31), 74.8 (C-32)

1.02 (H-26) 27.9 (C-5), 43.5 (C-4), 51.9 (C-3),476C-13)
1.24 (H-39) 30.4 (C-40), 73.0 (C-34), 119.5 (C-35)
1.28 (H-40) 32.3 (C-39), 73.0 (C-34), 119.5 (C-35)
1.26 (H-37) 22.4 (C-38), 49.7 (C-31), 74.8 (C-32)

1.37 (H-25) 43.5 (C-4), 50.6 (C-16), 51.9 (C-3)555(C-2)
1.76 (H-28) 80.3 (C-9), 110.7 (C-29), 143.4 (C-27)
7.16 (H-20) 127.9 (C-19), 141.1 (C-21)

7.37 (H-23) 133.6 (C-22), 141.5 (C-24)

3.4.3 Summary; Janthitrem C NMR Assignments

The'*C NMR data of janthitrem C was generally in accamawith that reported
previously (Penn et al., 1993), with the excepwbrC-25, C-37, C-38 and C-40
only. However, greater differences were obsengedtfe'H assignments, with
the H-5, H-14, H-15, H-16, H-25, H-26, H-35, H-3hdaH-38 signals all

exhibiting significant changes to those proposedPeyn et al. (1993). These
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changes were confirmed by observations in the CO®XCSY, g-HSQC and g-
HMBC NMR spectra of janthitrem C. Due to a pauafymaterial, no carbon
data for C-12, C-18 and C-36 was able to be attiainer were the 10-OH and 13-

OH resonances identified.

3.5 Janthitrem D NMR Discussion

Detailed analyses of one- and two-dimensional NM&adincluding®H, *°C,
DEPT-135, COSY, TOCSY, g-HSQC, g-HMBC and NOESY Npectral data
afforded complete!H and **C NMR assignments for janthitrem D.H-'H
connectivities and'H-"3C connectivities were established using COSY and
TOCSY experiments and g-HSQC and g-HMBC experimesgpectively. The
information provided by the NOESY experiment allowthe orientation of the
CH, protons (as alpha or beta; axial or equatoriat) ahthe methyl groups of

janthitrem D to be defined.

One- and two-dimensional janthitrem D NMR data weguired and processed as
described in Section 8.3.4. Signal assignmentgaftthitrem D were facilitated
by comparison with those previously reported fanthgrem A (Section 3.3),

janthitrem C (Section 3.4) and penitrem A (de Jesud., 1983a).

A complete assignment of the resonances of jarthitD is presented in Table
3.14. Methylene proton assignments are reportéddrformat (H,Hg) based on
analyses of coupling constant and/or NOE data. reCaiions observed in two-
dimensional NMR experiments that substantiatedetlassignments are reported

in Tables 3.15, 3.16, 3.17 and 3.18.

The NMR data reported in Table 3.14 was determeied00 MHz, as was the

case with janthitrems A, B and C. Analysis of tega reported in Tables 3.14,
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3.15, 3.16, 3.17 and 3.18 for janthitrem D confidtlee revisions of assignments

proposed for janthitrem C.

351 'H,C, DEPT-135, COSY and TOCSY NMR Spectra of Janthitrem D

3c and DEPT-135 NMR spectra of janthitrem D revealeel presence of 37

carbon resonances (7 methyl, 7 methylene, 9 methim® 14 quaternary).

Janthitrems C and D differ only at the right-hand ef the molecule, at C-11 and
C-12, where an epoxide resides in janthitrem D @sosed to the double bond
present in janthitrem C. Janthitrems A and D lpmiksess this epoxide, but differ
at the left-hand end of the molecule, by an OH grnpresent at C-30 in janthitrem
A compared to a hydrogen in janthitrem D. Therefdroth janthitrems A and C
can act as suitable models for comparison of NMiR geoduced by janthitrem D;

janthitrem A for the signals produced by the riphtid side of the molecule and

janthitrem C for signals produced by the left-haide of the molecule.

The carbon and proton resonances for janthitremebeveonsistent with those
observed for janthitrem C for the left-hand halftbé molecule. As mentioned
previously, the difference in carbon and protoronasices between janthitrems C
and D can be ascribed to the replacement of théledaond at C-11 and C-12
with an epoxide. This resulted in significant shih the proton resonances of H-

7, H-9, H-10, H-11, H-26 and H-28 in particular.
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Table 3.14.'H and™C NMR assignments established for janthitrens (

13C lH (G!B) 13C 1H (G,B)
C-2 155.3 C-23 1042  7.38
C-3 51.9 C-24 1415
C-4 43.5 C-25  16.6 1.32
C-5 273  2.65,1.62 C-26  19.0 1.18
C-6 20.0 2.22,2.04 C-27  143.4
C-7 722 4.27 C-28  19.8 1.70
C-9 74.8  4.025 C-29 1117 5.@)(4.87 €
C-10 66.4  4.032 C-30 337 3.08, 2.64
c-11 62.1 3.52 C-31  50.0 2.85
C-12 66.4 C-32 748
C-13 78.4 C-34 730
C-14 30.4 1.64,1.47 c-35  119.7 5.93
C-15 21.7  1.97,1.56 C-36  137.0
C-16 51.0 2.79 C-37 305 1.27
C-17 27.9 2.34,2.63 C-38 226 1.05
C-18 116.9 C-39 325 1.24
C-19 127.9 C-40 307 1.29
C-20 114.4  7.16 10-OH 3.33
c-21 141.1 13-OH 3.22
C-22 133.6 NH 9.89

H-7 Sgnal Assignment

Since the C-7 signal can be inferred from dataguesl in Table 2.3 (see Chapter
2, Section 2.3.2), the resonance of H-7 can beifdshfrom the g-HSQC NMR
spectrum of janthitrem D where a correlation betw€e7 (72.2 ppm) and its
attached methane proton (H-7) at 4.27 ppm was wbderThis assignment was
confirmed by correlations observed in both the CG®d TOCSY NMR spectra
where H-7 showed correlations to signals attribetat H-6 (2.22 and 2.04 ppm)
and H-11 (3.52 ppm) in the COSY NMR spectrum andHtb6 (2.65 and 1.62
ppm), H-6 (2.22 and 2.04 ppm) and H-11 (3.52 ppm)}he TOCSY NMR
spectrum. Almost identical resonances were obdefoe H-7 in janthitrem A,

(4.28 ppm, see Table 3.1), and penitrem A (4.29)dpm Jesus et al., 1983a).
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H-9 and H-10 Sgnal Assignments

As with C-7, the C-9 and C-10 signals can be ieférirom data presented in
Table 2.3 (see Chapter 2, Section 2.3.2). Accgidithe resonance of H-9 and
H-10 can be identified from correlations observedhie g-HSQC NMR spectrum
where H-9 was observed to resonate at the lowaniciaé shift value of 4.025

ppm and H-10 was observed to resonate at 4.032 ppiie COSY and TOCSY
NMR spectra, the overlapping H-9 and H-10 signhl®ased correlations to H-11
(3.52 ppm), H-28 (1.70 ppm) and H-29 (5.07 and 4fw), confirming their

assignments.

The proton resonances elucidated for H-9 and H-@@wn close agreement with
those reported for janthitrem A and penitrem A.jdnthitrem A, H-9 and H-10
were observed to resonate at 4.03 and 4.04 pppectegely (Table 3.1), while
in penitrem A both H-9 and H-10 were reported tourat 4.04 ppm (de Jesus et
al., 1983a).

H-11 Sgnal Assignment

The g-HSQC experiment showed that C-11, which rasahat 62.1 ppm (see
Table 2.3, Chapter 2, Section 2.3.2), exhibitedmetation to H-11 (3.52 ppm).
This value was almost identical to that observeadttics proton in janthitrem A

(3.53 ppm, see Table 3.1), and slightly lower ttienreported value for penitrem
A (3.57 ppm) (de Jesus et al., 1983a). In the C@B8Y TOCSY NMR spectra,
H-11 (3.52 ppm) showed correlations to signals.at $pm (H-7), 4.025 ppm (H-
9) and 4.032 ppm (H-10) as expected.

H-26 Sgnal Assignment

Two of the seven methyl groups, namely H-26 and8Hghowed significant

changes in their proton resonances compared teathes observed for janthitrem
C (Table 3.10). This pair of methyl groups arecliose proximity to the 11,12-
epoxy group. The g-HMBC NMR spectrum for janthitr® showed correlations
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between a proton signal at 1.18 ppm &f@ signals attributable to C-5 (27.3
ppm), C-4 (43.5 ppm), C-3 (51.9 ppm) and C-13 (4&#). The only methyl

signal which could give rise to these correlatimnd-26, thereby establishing that
the signal at 1.18 ppm is attributable to H-26.isTdssignment was confirmed by
long range correlations observed in the COSY an@3® NMR spectra between

H-26 (1.18 ppm) and H-5 (2.65 ppm).

The H-26 chemical shift determined for janthitren§flD1L8 ppm) can be compared
to that found for the corresponding methyl group penitrem A (1.22 ppm) (de
Jesus et al., 1983a) and janthitrem A (1.20 ppm).

H-28 Sgnal Assignment

As noted above, H-28 showed a significant changésinesonance compared to
that observed for janthitrem C (Table 3.10). ThEIMBC NMR spectrum of
janthitrem D showed a correlation between the praignal at 1.70 ppm artdC
signals attributable to C-9 (74.8 ppm), C-29 (11dpm) and C-27 (143.4 ppm).
The only methyl signal which could give rise togbecorrelations is H-28, hence
the signal at 1.70 ppm can be attributed to H-BBis assignment was confirmed
by correlations observed in the COSY and TOCSY NfRectra. H-28 (1.70
ppm) showed correlations to H-9 (4.025 ppm) and9H®207 and 4.87 ppm) in
the COSY NMR spectrum and to H-9 (4.025 ppm), H4.032 ppm) and H-29
(5.07 and 4.87 ppm) in the TOCSY NMR spectrum.

The H-28 (1.70 ppm) resonance determined for jaetini D was identical to that
determined for janthitrem A (Table 3.1) and diftiktey only 0.01 ppm from that
reported by de Jesus et al. (1983a) for penitrefh. AL ppm).
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Table 3.15.COSY NMR correlations observed for janthitremd). (

'H Signal Cross peaks observed

1.05 (H-38) 1.07 (H-37)

1.18 (H-26) 2.65 (H6)

1.27 (H-37) 1.05 (H-38)

1.47 (H-14) 1.64 (H-141), 1.97 (H-15), 1.56 (H-1%)

1.56 (H-1%) 1.64 (H-141), 1.47 (H-14), 1.97 (H-1%), 2.79 (H-16)
1.62 (H-) 2.22 (H-G1), 2.04 (H-@), 2.65 (H-5)

1.64 (H-14) 1.47 (H-14), 1.97 (H-15), 1.56 (H-15)

1.70 (H-28) 4.025 (H-9), 5.07 (H-20, 4.87 (H-2%)

1.97 (H-1%) 1.56 (H-1B), 1.64 (H-14), 1.47 (H-14), 2.79 (H-16)
2.04 (H-B) 2.22 (H-G1), 2.65 (H-51), 1.62 (H-B), 4.27 (H-7)
2.22 (H-61) 2.04 (H-@), 2.65 (H-5), 1.62 (H-B), 4.27 (H-7)
234 (H-1%) 2.63 (H-1P), 2.79 (H-16)

2.63 (H-17) 2.34 (H-1%), 2.79 (H-16)

2.65 (H-51) 2.22 (H-G1), 2.04 (H-B), 1.62 (H-5)

2.64 (H-33) 2.85 (H-31), 3.08 (H-39)

2.79 (H-16) 1.97 (H-18), 1.56 (H-1%), 2.34 (H-17), 2.63 (H-1P)
2.85 (H-31) 3.08 (H-3), 2.64 (H-33), 5.93 (H-35)

3.08 (H-30:) 2.64 (H-30), 2.85 (H-31)

3.52 (H-11) 4.025 (H-9), 4.032 (H-10), 4.27 (H-7)

4.025 (H-9) 1.70 (H-28), 5.07 (H-Z3 4.87 (H-2F)

4.032 (H-10) 3.52 (H-11)

4.27 (H-7) 2.22 (H-6), 2.04 (H-§), 3.52 (H-11)

4.87 (H-2E) 1.70 (H-28), 4.025 (H-9), 5.07 (H-29

5.07 (H-2%) 1.70 (H-28), 4.025 (H-9), 4.87 (H-B9

5.93 (H-35)

1.24 (H-39), 1.29 (H-40), 2.85 (H-31)
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Table 3.16.TOCSY NMR correlations observed for janthitremd). (

'H Signal Cross peaks observed

1.05 (H-38) 1.07 (H-37)

1.18 (H-26) 2.65 (H-6)

1.24 (H-39) 1.29 (H-40), 5.93 (H-35)

1.27 (H-37) 1.05 (H-38)

1.29 (H-40) 1.24 (H-39), 5.93 (H-35)

1.32 (H-25) 2.79 (H-16)

1.47 (H-14) 1.64 (H-141), 1.97 (H-15), 1.56 (H-1%), 2.34 (H-17),
2.63 (H-17), 2.79 (H-16)

1.56 (H-1%) 1.64 (H-141), 1.47 (H-14), 1.97 (H-1%), 2.34 (H-17),
2.63 (H-17), 2.79 (H-16)

1.62 (H-) 2.22 (H-G1), 2.04 (H-@), 2.65 (H-5), 4.27 (H-7)

1.64 (H-141) 1.47 (H-14), 1.97 (H-15), 1.56 (H-1%), 2.34 (H-17),
2.63 (H-17), 2.79 (H-16)

1.70 (H-28) 4.025 (H-9), 4.032 (H-10), 5.07 (HZ}94.87 (H-2%)

1.97 (H-1%) 1.56 (H-1B), 1.64 (H-14i), 1.47 (H-14), 2.34 (H-17),
2.63 (H-17), 2.79 (H-16)

2.04 (H-B) 2.22 (H-G1), 2.65 (H-51), 1.62 (H-B), 4.27 (H-7)

2.22 (H-61) 2.04 (H-@), 2.65 (H-5), 1.62 (H-B), 4.27 (H-7)

2.34 (H-1%) 1.64 (H-14), 1.47 (H-14), 1.97 (H-15), 1.56 (H-1B),
2.63 (H-17), 2.79 (H-16)

2.63 (H-1P) 1.64 (H-14)), 1.47 (H-14), 1.97 (H-15), 1.56 (H-1B),
2.34 (H-1%), 2.79 (H-16)

2.65 (H-5) 1.62 (H-B), 2.22 (H-61), 2.04 (H-§), 4.27 (H-7)

2.64 (H-33) 2.85 (H-31), 3.08 (H-30)

2.79 (H-16) 1.64 (H-14), 1.47 (H-14), 1.97 (H-15), 1.56 (H-1%),
2.34 (H-1%), 2.63 (H-1P)

2.85 (H-31) 3.08 (H-3@), 2.64 (H-33), 5.93 (H-35)

3.08 (H-3a) 2.64 (H-3B), 2.85 (H-31)

3.52 (H-11) 4.025 (H-9), 4.032 (H-10), 4.27 (H-7)

4.025 (H-9)& 1.70 (H-28), 5.07 (H-29, 4.87 (H-2¥), 3.52 (H-11)

4.032 (H-10)

4.27 (H-7) 2.22 (H-6), 2.04 (H-§), 2.65 (H-5), 1.62 (H-B),
3.52 (H-11)

4.87 (H-2F) 1.70 (H-28), 4.025 (H-9), 4.032 (H-10), 5.07 (B2}

5.07 (H-2) 1.70 (H-28), 4.025 (H-9), 4.032 (H-10), 4.87 (BE}

5.93 (H-35) 1.24 (H-39), 1.29 (H-40), 2.85 (H-31)
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3.5.2 g-HSQC and g-HMBC NMR Spectra of Janthitrem D

As with janthitrems A, B and C, analysis of g-HMB@d g-HSQC NMR spectral
data allowed the unequivocal assignment of the C&B2, C-34 and C-35
signals and their attached protons. The g-HSQC N@éttrum for janthitrem D

showed that the C-37, C-38, C-39 and C-40 methybara signals which

resonated at 30.5, 22.6, 32.5 and 30.7 ppm, regpelctexhibited correlations to
protons which resonated at 1.27, 1.05, 1.24 anfl agin, respectively. These
assignments were in close agreement with thosenmabéor janthitrem C (Table

3.10), as was expected.

In the g-HMBC NMR spectrum, each of H-39 (1.24 ppanyg H-40 (1.29 ppm)
showed correlations to C-34 (73.0 ppm) and C-3%.(@ppm), while each of H-
37 (1.27 ppm) and H-38 (1.05 ppm) showed correatatio C-31 (50.0 ppm) and
C-32 (74.8 ppm). These assignments were in clggeement with those

established for janthitrem C (Table 3.10).

Table 3.17.Long-range*C—*H NMR correlations observed in the g-HMBC
NMR spectrum of janthitrem ).

'H Signal Correlated **C Signals

1.05 (H-38) 30,5 (C-37), 50.0 (C-31), 74.8 (C-32)

1.18 (H-26) 27.3 (C-5), 43.5 (C-4), 51.9 (C-3),46C-13)

1.24 (H-39) 30.7 (C-40), 73.0 (C-34), 119.7 (C-35)

1.29 (H-40) 32.5 (C-39), 73.0 (C-34), 119.7 (C-35)

1.27 (H-37) 22.6 (C-38), 50.0 (C-31), 74.8 (C-32)

1.32 (H-25) 435 (C-4), 51.0 (C-16), 51.9 (C-3)555(C-2)

1.70 (H-28) 74.8 (C-9), 111.7 (C-29), 143.4 (C-27)

5.93 (H-35) 50.0 (C-31), 73.0 (C-34), 133.6 (C-287.0 (H-36)

7.16 (H-20) 33.7 (C-30), 116.9 (C-18), 127.9 (C;1D3.6 (C-22),
141.1 (C-21), 141.5 (C-24)

7.38 (H-23) 127.9 (C-19), 133.6 (C-22), 137.0 (§;3@&1.1 (C-21),

141.5 (C-24)
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3.5.3 NOESY NMR Spectrum of Janthitrem D

NOESY data served to define the stereochemicabdigpns of the H-37, H-38,
H-39 and H-40 methyl groups of janthitrem D. Ag\pously mentioned in this
chapter (Section 3.2.3), Wilkins et al. (1992) meepd NMR signal assignments
for the methyl groups protons of janthitrem B basadhe convention that H-37
and H-39 werar-oriented (i.e. inclined towards the lower facepile H-38 and
H-40 werep-oriented (i.e. inclined towards the upper fac&his convention was

also employed here for janthitrem D.

The methyl group proton signal at 1.27 ppm dispdaM®OESY correlations with
signals at 1.05 ppm, 2.85 ppm (H-31) and 2.64 a@# Bpm (H-30). Since H-31
Is a-oriented this proton signal can be attributed t8/4 The signal at 1.05 ppm
showed NOESY correlations to 2.64 ppm (H-30), pgih (H-37) and 1.29 ppm
and hence must be attributable to H-38. The sighal24 ppm showed NOESY
correlations to signals at 2.85 ppm (H-31), 5.93np(H-35) and 1.29 ppm,
showing it to be attributable to H-39. The sigagl.29 ppm correlated to signals
at 1.05 ppm (H-38) and 5.93 ppm (H-35) and hencst e attributable to H-40.
The foregoing correlations are depicted in Figug33nd are in accordance with

signal assignments established for janthitrem Ajanthitrem B (Table 3.1).

Figure 3.23. NOESY correlations observed for Hi3@ck), H-38 (green), H-
39 (red) and H-40 (blue) of janthitrem D.
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The NOESY experiment also served to differentiatee tstereochemical
dispositions of the methylene proton signals faheaf H-5, H-6, H-14, H-15, H-
17 and H-30 as eitheroriented oiB-oriented (i.e. oriented towards the lower or
upper face respectively). g-HSQC, COSY (Table Bditsl TOCSY (Table 3.16)
data confirmed the assignments of H-5 as 2.65 aé2 gpm, H-6 as 2.22 and
2.04 ppm, H-14 as 1.64 and 1.47 ppm, H-15 as In€l71eb6 ppm, H-17 as 2.34
and 2.63 ppm and H-30 as 2.64 and 3.08 ppm.

The H-5 signal at 2.65 ppm showed NOESY correlattonH-25 (1.32 ppm), H-5
(1.62 ppm), H-6 (2.04 and 2.22 ppm) and H-7 (4@ The H-5 signal at 1.62
ppm correlated with H-26 (1.18 ppm), H-25 (1.32 pphi6 (2.04 and 2.22 ppm)
and H-5 (2.65 ppm) in the NOESY NMR spectrum. Skhebservations showed
the H-5 signal at 2.65 ppm to beoriented since it showed a correlation to dhe
oriented H-25. The H-5 signal at 1.62 ppm wasrdateed to be-oriented since
it showed a correlation to th&oriented H-26. H-5 NOESY correlations are

depicted in Figure 3.24.

Figure 3.24. NOESY correlations observed forddack) and H-B (blue) of janthitrem D.

The H-6 signal that resonated at 2.22 ppm showeB3YOcorrelations to signals

at 2.65 (H-o), 1.60 ppm (H-B), 2.04 ppm (H-6) and 4.27 ppm (H-7). The H-6
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signal that resonated at 2.04 ppm showed NOESeletions to signals at 1.18
ppm (H-26), 2.22 ppm (H-6), 2.65 ppm (K)5and 1.62 ppm (H{H. Since the
H-6 signal at 2.22 ppm showed a correlation tootmgiented H-7, it in turn must
also beo-oriented. In a like manner, since the H-6 sigata2.04 ppm showed a
NOESY correlation to th@-oriented H-26, it must also lfeoriented. NOESY

correlations observed for H-6 are depicted in FegI5.

Figure 3.25. NOESY correlations observed fordidslack) and H-8 (blue) of janthitrem D.

The H-14 signal at 1.64 ppm showed NOESY corratatito H-14 (1.47 ppm)
and H-15 (1.97 ppm) (Figure 3.26). The signal &7 lppm showed NOESY
correlations to H-26 (1.18 ppm), H-14 (1.64 ppm}l&d(2.79 ppm) and H-11
(3.52 ppm) (Figure 3.26). Since only the H-14 algat 1.47 ppm showed
correlations to H-16 and H-26, both of which freriented, this H-14 signal must
also bep-oriented, whilst the H-14 signal at 1.64 ppm misti-oriented as it

showed correlations to theoriented H-11 and 13-OH.
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Figure 3.26. NOESY correlations observed for H-{ldlack) and H-18 (blue) of janthitrem D.

H-15 (1.97 ppm) showed NOESY correlations to sigmll.32 ppm (H-25), 1.56
ppm (H-15), 1.64 ppm (H-14 and 2.34 ppm (H-17). H-15 (1.56 ppm) showed
NOESY correlations to signals at 1.64 ppm (H14.47 ppm (H-18), 1.97 ppm
(H-15), 2.63 ppm (H-17) and 2.79 ppm (H-16). Thesgelations are consistent
with the H-15 signal that resonated at 1.97 ppmdeioriented (since it showed
a correlation to the-oriented H-25) and the H-15 signal that resonated.56
ppm beingp-oriented (since it correlated with tHeoriented H-16). These

correlations are illustrated in Figure 3.27.

Figure 3.27. NOESY correlations observed for H-{lack) and H-1p (blue) of janthitrem D.
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The H-17 methylene proton resonance at 2.34 pprwesthaorrelations in the
NOESY NMR spectrum to H-25 (1.32 ppm), HelBL.97 ppm) and H-17 (2.63
ppm). The H-17 signal resonating at 2.63 ppm skiowerrelations in the
NOESY spectrum to H-15(1.56 ppm), H-17 (2.34 ppm) and H-16 (2.79 ppm).
Since the H-17 signal at 2.34 ppm showed a NOES¥lation to thex-oriented
H-25, it was consequently assigned as benagiented. Since the H-17 signal at
2.63 ppm showed a correlation to fheriented H-16, it was also determined to
be B-oriented. NOESY correlations observed for H-1& depicted in Figure

3.28.

Figure 3.28. NOESY correlations observed for H-{lack) and H-1] (blue) of janthitrem D.

The H-30 methylene signal at 2.64 ppm showed NOE&Yelations to signals at
1.05 ppm (H-38), 1.27 ppm (H-37) and 3.08 ppm (BHi-8ilst the signal at 3.08
ppm showed correlations to signals at 1.27 ppm{H-364 ppm (H-30) and 2.85
ppm (H-31). The foregoing correlations are comesisiith the H-30 signal that
resonated at 2.64 ppm beifigpriented since it showed a correlation to fhe
oriented H-38, while the H-30 signal at 3.08 ppmsmbe a-oriented since it
showed a correlation to theoriented H-31. The NOESY correlations shown by

H-30 are depicted in Figure 3.29.
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Figure 3.29. NOESY correlations observed for H-8flack) and H-3p (blue) of janthitrem D.

As with janthitrems A and B, the protons attachedhe C-29 methylene group
were designated as havigor Z orientations based on the CIP priority rules
(Section 3.2.3). g-HSQC, COSY and TOCSY data subthat the pair of H-29
methylene protons resonated at 4.87 and 5.07 piime. H-29 signal at 4.87 ppm
showed NOESY correlations to signals attributabl&lt28 (1.70 ppm) and H-29
(5.07 ppm) (Figure 3.30). The H-29 signal at 5@m showed NOESY
correlations to signals attributable to H-9 (4.0@%m) and H-29 (4.87 ppm)
(Figure 3.30).

Based on the CIP priority rules, the proton showoagrelations to H-9 is of
higher priority and so is assigned Aswhile the proton showing correlations to
H-28 is of lower priority and so is assigned B9Blackwood et al., 1968).
Therefore the H-29 signal resonating at 4.87 ppra assigned and the signal
resonating at 5.07 ppm was assigded his was the same conclusion reached for

janthitrem A and janthitrem B (Sections 3.2.3 ar®l3.
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Figure 3.30. NOESY correlations observed for HE28d H-2Z of janthitrem D.

Table 3.18.NOESY NMR correlations observed for janthitrem D.

'H Signal Cross peaks observed

1.05 (H-38) 1.27 (H-37), 1.29 (H-40), 2.64 (HE30

1.18 (H-26) 1.47 (H-18), 1.62 (H-B), 2.04 (H-G), 2.79 (H-16),
3.52 (H-11)

1.24 (H-39) 1.29 (H-40), 2.85 (H-31), 5.93 (H-35)

1.27 (H-37) 1.05 (H-38), 2.64 (H-BY) 3.08 (H-3@), 2.85 (H-31)

1.29 (H-40) 1.24 (H-39), 1.05 (H-38), 5.93 (H-35)

1.32 (H-25) 2.34 (H-1d), 2.65 (H-51), 1.62 (H-B), 1.97 (H-1%),
3.22 (13-OH)

1.47 (H-14) 1.18 (H-26), 1.64 (H-1d), 2.79 (H-16), 3.52 (H-11)

1.56 (H-1%) 1.64 (H-141), 1.47 (H-14), 1.97 (H-1%), 2.63 (H-1P),
2.79 (H-16)

1.62 (H-3) 1.18 (H-26), 1.32 (H-25), 2.22 (H#§ 2.04 (H-®),
2.65 (H-5)

1.64 (H-141) 1.47 (H-149), 1.97 (H-15), 3.22 (13-OH), 3.52 (H-11)

1.70 (H-28) 4.025 (H-9), 4.032 (H-10), 4.87 (HE)9

1.97 (H-1%) 1.32 (H-25), 1.56 (H-18), 1.64 (H-14)), 2.34 (H-17)

2.04 (H-6) 1.18 (H-26), 2.22 (H-), 2.65 (H-5), 1.62 (H-)
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Table 3.18 continued

2.22 (H-6)
2.34 (H-1%)
2.63 (H-1P)
2.64 (H-3®)
2.65 (H-51)

2.79 (H-16)

2.85 (H-31)
3.08 (H-3@)
3.22 (13-OH)
3.52 (H-11)
4.025 (H-9)
4.032 (H-10)
4.27 (H-7)
4.87 (H-2F)
5.07 (H-29)
5.93 (H-35)

2.04 (H-8), 2.65 (H-5), 1.62 (H-B), 4.27 (H-7)
2.63 (H-1P), 1.32 (H-25), 1.97 (H-1H

1.56 (H-1B), 2.34 (H-1%), 2.79 (H-16)

1.05 (H-38), 1.27 (H-37), 3.08 (H-ap

1.32 (H-25), 2.22 (H-®), 2.04 (H-§), 1.62 (H-B),
4.27 (H-7)

1.18 (H-26), 1.47 (H-p% 1.97 (H-1%), 1.56 (H-1B),
2.63 (H-1B)

1.27 (H-37), 3.08 (H-3p

1.27 (H-37), 2.64 (H-3%), 2.85 (H-31)

1.32 (H-25), 1.64 (H-a

1.18 (H-26), 1.47 (H-B% 1.64 (H-14), 4.032 (H-10)
1.70 (H-28), 5.07 (H-Z9

1.70 (H-28), 3.52 (H-11), 5.07 (HZ}9

2.22 (H-6), 2.65 (H-5), 4.025 (H-9)

1.70 (H-28), 5.07 (H-2B)
4.025 (H-9), 4.87 (H-29)

1.24 (H-39), 1.29 (H-40)

354 Summary; Janthitrem D NMR Assignments

Generally, théH and'®C assignments of janthitrem D determined in thesgme

investigation agreed with those observed for jarghi C (Table 3.10) for the left-

hand half of the molecule and for janthitrem A (lBaB.1) for the right-hand half

of the molecule.

NOESY NMR spectral data allowkd brientation of CH

groups and methyl groups to be determined. No NM#B for janthitrem D has

previously been reported.



CHAPTER FOUR

LC-UV-MS Analysis of Indole—-Diterpenoids

4.1  Introduction

LC-UV-MS is a highly effective tool for identification dranalysis of a range of
compounds. When methods and techniques are dexklbat allow in-depth
analysis of a class of compounds (in this case legrdderpenoids), a new
understanding of the behaviour of the compounds thed properties can be

gained.

This chapter reports an investigation of the pesiand negative ion L&JV-MS
spectra of indolediterpenoids, determined under a variety of coodgiincluding
different ionisation methods (APCI and ESI) andthe presence of different
buffers (acetic acid and formic acid). Hithert@ account of the negative ion
spectra of indolediterpenoids has appeared in the literature. Asigoificant
differences were observed in the spectra of sangigsired using either acetic
acid or formic acid as the buffer, all data wasaotdd using acetic acid as the

buffer.

The development of enhanced and sensitivelN\o-MS methods allowed the
rapid analysis of crude cultures and of any isdla@mples. This in turn greatly

facilitated the identification and quantificatiohaulture metabolites.

During the course of the investigations reportedthis thesis, there was a
requirement to determine the identity of compoupdssent in extracts of a

culture derived from a mouldy walnut sample (Chap)e Detailed LEUV-MS
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analyses of the mouldy walnut extracts using th&tppe and negative ion L€
UV-MS procedures developed for janthitrem metabobtesved that penitrems

A-F were present in the mouldy walnut extracts.

4.2  Comparison of an APCI and ESI Source in an LC-UV-MSSystem

An LC-UV-MS method for the analysis of janthitrems, penigeand other
indole—diterpenoids was required. Since all presibC—UV-MS data which had
been reported by AgResearch for samples submitedinidole-diterpenoid
analyses had been obtained using ar-WWC-MS system fitted with an ESI
source, this configuration was initially employed tnalyse the penitrem
containing samples on The University of WaikatoGHUV-MS system. When
standard positive ion L-&JV-MS procedures were applied to the mouldy walnut
extracts, UV and mass spectral peaks attributablgehitrem A were observed,
although the mass spectral ion current peak appearde suppressed (Figure
4.1). Typically the signal to noise ratio of th& Wesponse at 233 nm waa. 3

times that of the full scan ESI ion current.

Rundberget and Wilkins (2002b) have reported thenitpem A and related
analogues show greater responses when atJVEMS system fitted with an
APCI source was used as opposed to an ESI soQmesequently, a comparative

study of APCI versus ESI responses was performed.

While the work reported in this thesis was in pesg; an opportunity arose for
penitrem containing samples to be run on a highesitvity LTQ LG-UV-MS
system at the National Veterinary Institute in QdWwrway as opposed to the
LCQ Advantage system available at The UniversityM#ikato (refer to Section
8.5.1 for full details). Penitrems A—F were anatysising APCI and ESI sources

on the LTQ system.
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The chromatograms determined using the LTQ systetimeaNational Veterinary
Institute, Oslo, Norway showed that the APCI sowres superior (typically by a
factor ofca. 5-20) to the ESI source for the analysis of penitrer&gperiments
carried out at The University of Waikato, New Zealao verify these findings
provided unequivocal evidence that APCI was a betbeirce than ESI for the

analysis of penitrems.

The APCI and ESI experiments were run consecutiselyhat the samples were
exposed to the same conditions and instrumenngstfor the purpose of direct
comparison. The indole—diterpenoids that wereisetil in these comparative
investigations were samples of janthitrems A-D atahdards of penitrem A,
lolitrem B, paxilline, paspaline, paspalinine ardoendole C. The APCI and ESI
[M+H]" ion peak responses for the indole—diterpenoidse wkatermined and
compared to their respective UV absorption maximia2@0 nm for the
janthitrems, 235 nm for paxilline and paspalinep 28n for paspalinine and
terpendole C, 233 nm for penitrem A and 268 nm léditrem B. Results,
expressed as the % ratio of the [M¥Hjn mass spectral peak area divided by the

UV peak area at the selected wavelength, are gexsenTable 4.1.
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Table 4.1. % UV versus APCI or ESI [M+Hpeak area responses.

Indole—Diterpenoid | APCI % Ratio | ESI % Ratio | Improvement
Standard (Mass/UV) (Mass/UV) Factor
Paspaline 540.4 705.1 0.8

Paspalinine 433.2 25.9 16.7
Paxilline 1673.3 72.0 23.2
Penitrem A 29.0 3.0 9.7
Janthitrem A 24.6 5.4 4.6
Janthitrem B 34.0 5.8 5.9
Janthitrem C 19.0 4.0 4.8
Janthitrem D 11.8 9.1 1.3
Lolitrem B 409.1 12.7 32.2
Terpendole C 194.1 77.4 2.5

An improved [M+H]/UV ratio was observed for all compounds run using
APCI source with the exception of paspaline. Aprovement factor greater than
one indicates a greater APCI response (relativeh&o ESI response). The
sensitivity gain was more marked for some analogiuas others (see Table 4.1).
In accordance with the findings of Rundberget anitkiis (2002b), penitrem A
was found to give a greater response in APCI mbde in ESI mode (Figures 4.1

and 4.2). Consequently, all subsequent-UZ-MS data acquisitions were

performed using an APCI source.
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Figure 4.1. LC-UV-MS spectrum of penitrem A (E&1)233 nm (upper profile) and/z
634, [M+H]" (lower profile).
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Figure 4.2. LC-UV-MS spectrum of penitrem A (AP&1)233 nm (upper profile) amd/'z
634, [M+H]" (lower profile).
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4.3  APCI Vapourisation Temperature

Since the majority of samples investigated durihg tourse of this research
tended to be indotgliterpenoid compounds, a janthitrem B standard muason
The University of Waikato LEGUV-MS system using a range of APCI
vaporisation temperatures in order to determine dpéimal vapourisation
temperature for indoteliterpenoid compounds (refer to Section 8.5.2 fdf f
experimental details). Five vapourisation tempees were evaluated; namely

250, 300, 350, 400 and 450°C.

Base Peak Chromatograrigé Base Peak Chromatogransse

Relative Abundance
Relative Abundance

L A

] 8 10 4 6 8 10
Time (min) Time (min)
568 568
8 3
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S 3 586
c e
3 3 532
< <
g 532 550 g 510 550
I 8
g @
o 510 586
“\‘ M‘\ oo w““ e . S——— o ‘ “H\‘M“h‘ LT A ————
450 500 550 600 450 500 550 600
m/z m/z

Fig 4.3. 250°C APCI mass spectrum.  Figure 4.4. 300°C APCI mass spectrum.
Values ofm/z for major ions observed for Values of m/z for major ions observed
the 586 pec are giver for the 586 peak are given.

The two initial injections of janthitrem B were faemmed with vapourisation

temperatures of 250°C and 300°C respectively. rébelting spectra (see Figures
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4.3 and 4.4 respectively) showed that neither e¢itemperatures were ideal. At
both 250°C and 300°C, the base peak ion occurreavat568 [M+H-water],
rather than atwz 586 [M+H]. The desired [M+H]ion was only observed as a
small contributor to the total ion current. Tin& 568 (water loss) ion can arise as
a consequence of either or both thermally induaadacetic acid catalysed
dehydration processes during the passage of amabfecules through the heated

zone of the APCl inlet.
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Figure 4.5. 350°C APCI spectrum. Valuesng for
major ions observed for the 586 peak are given.

At 350°C, the expectedvz 586 [M+H]" ion was the dominant ion observed.
However, a significant water loss ion,malz 568, was still observabled. 50% of

the [M+H]" ion). A substantiahvz 510 ion, attributable to the loss of acetone (58
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amu) and water (1&mu) (total 76amu) from the [M+HJ ion was also observed

(Figure 4.5).

Base Peak Chromatogramsgg

Relative Abundance

Time (min)
586

510

Relative Abundance

568

532
— _“\\H\M\‘ R
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m/z
Figure 4.6. 400°C APCI spectrum. Valuesnat for
major ions observed for the 586 peak are given.

A vapourisation temperature of 400°C gave a simismult to that obtained at
350°C, with them/'z 586 [M+H] ion the dominant fragment ion, together with a
strongmvz 510 ion (Figure 4.6). However, th@z 568, [M+H-water] ion was
largely suppressed. A possible explanation fos thithat at 400°C, it is less
likely that residual acetic acid will be presentviapour exiting from the APCI
heated region prior to material being introducedh® MS source through the
mass spectrometer’'s heated capillary interface qwknas maintained at 250°C

during each of the evaluation experiments).
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Figure 4.7. 450°C APCI spectrum. Valuesndgf for
major ions observed for the 586 peak are given.

At 450°C, as at 400°C, the/z 586 [M+H] ion was the dominant peak with the
m/z 510 ion the only other significant fragment (Fgu4.7). At 450°C then/z

568 ([M+H-water] ion was almost completely suppressed.

Summary of Findings

APCI heater temperatures of 250°C and 300°C aftbrae appreciable level of
the m/z 568 (water loss) ion, whereas the preferencerishi® [M+H]" ion to be
the dominant peak. Temperatures in the range @£850°C afforded the desired
m/z 586 [M+H]" ion as the major fragment, together with lesseeliofnvz 568

[M+H-water]" and510 [M+H-acetone-waterjons.
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A 350°C vapourisation temperature was consideredl ibr janthitrem B analysis
on the basis that it afforded a more favourabl® ria¢tween the desirad/z 586
[M+H] " ion andnVz 568 (water loss) 0610 (acetone plus water loss) ions. It was
also believed that a lower APCI heater temperatfir@s0°C (rather than 400°C
or 450°C) would be less likely to affect any samsfdbdeing analysed in an adverse
way by (for example) facilitating thermal dehydosti and/or molecular

rearrangement processes.

4.4  LC-UV-MS APCI and ESI Positive lon Modes

The LC-UV-MS characteristics of some indalgerpenoid compounds and their
MS" fragmentation pathways were investigated in pasitbtn mode using an LC
UV-MS system fitted with either an ESI source or arCABource. The indote
diterpenoid compounds analysed were janthitremB,Apenitrems AF, lolitrem

B, paxilline, terpendole C and paspalinine. Fupeimental details are described

in Section 8.5.3.

Significant differences were observed in the “M&hd MS fragmentation
pathways determined for janthitrems{d, penitrems AF, lolitrem B, paxilline,
terpendole C and paspalinine. Some of the diffexenwere found to be

dependent on their structural features and the afgeurce employed.

4.4.1 Fragmentation of Janthitrems

Each of janthitrems A, B, C and D fragmented unpgesitive ion full scan
conditions to afford an [M-58Jion corresponding to the loss of acetone and an
[M-76]" ion, which is believed to be due to the sequemtis$ of acetone and
water. These ions were also observed in thé $f8ctra of the janthitrems. The

loss of 58amu can be attributed to the loss of an acetone mideftum the
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bridging —C(CH)—O—ether linkage (Naude et al., 2002), via a rBiels—Alder
(RDA) rearrangement (Figure 4.8).

+H

-\\;U

RDA )(L . \}

Janthitrem A
Janthitrem B
Janthitrem C
Janthitrem D

0 X0A0
T

ITITOO0

Figure 4.8. Loss of acetone in janthitrems A-D.

Janthitrem A

Identical MS fragmentation was observed for janthitrem A unpesitive ion
conditions, regardless of the source employed; &SI or APCI. Under M
conditions thewz 602 [M+H]" ion of janthitrem A fragmented to generatez
544 [M-58] andnvz 526 [M-76] ions, as observed in the full scan spectrum.
As noted above, these ions are believed to arge the loss of acetone (38w
loss) and acetone plus water @®u loss). A plausible structure for the acetone
loss fragment observed in the MS and?MSass spectra of all of the janthitrems

Is given in Figure 4.8.

The loss of water could be due to the loss of drii@three OH groups present in
janthitrem A (at C-10, C-13 or C-30). One suchexddss is shown in Figure 4.9.
Fragmentation of thevz 544 (acetone loss) ion under f®nditions afforded an
m/z 526 ion (—18amu), thereby supporting the proposal that the latiararises
via the sequential loss of acetone and water rdkizar by the direct loss of a 76

amu fragment.
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Figure 4.9. Fragmentation of janthitrem A in psiion MS and MS spectra.

Janthitrem B

Fragmentation of then/z 586 janthitrem B [M+H] ion under ESI conditions
afforded anm/z 528 ion (58amu loss). This loss can be attributed to the loss of
acetone via a retro Diels—Alder rearrangement (€igul.8). Further
fragmentation of thewz 528 ion under M%conditions afforded anvz 510 ion
(water loss peak). The loss of a water moleculg ataur via the loss of any of
the three OH groups (C-10, C-13 or C-30) presemanthitrem B. One such loss

is shown in Figure 4.10.
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-58l MS?

m/z510

Figure 4.10. Fragmentation of janthitrem B in ftissiion MS and MS spectra (ESI).

The fragmentation behaviour of janthitrem B undd?GA conditions differed
from that observed under ESI conditions. In AF@gmentation of thewz 586
[M+H]* ion under M$ conditions predominantly afforded/z 568 andm/z 510
ions, corresponding to the loss of water, and wplies acetone respectively (as
opposed to the loss of acetone observed under BSditons). Further
fragmentation of thewz 510 ion under M3conditions afforded am/z 440 (loss
of 70amu from themvz 510 ion)fragment (Figure 4.11). The loss of &u can
be ascribed to the loss of aHgO residue as a #£s—CHO molecule from the
right-hand terminal ring via a retro Diels—Alder chanism, as illustrated in
Figure 4.12. Thevz 440 ion would have an enol group which would bpeeted

to equilibrate to the corresponding aldehyde form.
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-lSl ms? -701 MS3

+H +H

corresponding aldehyde form

Figure 4.12. Retro Diels—Alder rearrangement oftjairem B involving formation of
an enol group which equilibrates to the correspogdidehyde form.

Janthitrem C
Fragmentation of thewz 570 [M+H]" ion of janthirem C under ESI MS
conditions afforded anmyz 554 ion (-16amu). The loss of 1&mu could arise

from either the loss of an oxygen atom or the loisa methane group. Both of
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these losses are rarely encountered in mass spettyo On balance, it is
considered to be more likely that thedfu loss arises from the loss of a methane

molecule rather than an oxygen atom.

HRMS data could differentiate between an oxygeswu&methane loss, however,
the LCQ system used in this investigation did na@iveh high resolution
capabilities. Possibly, under ESI conditions, ltss of 16amu may be explained
by the loss of a methane molecule through the dbsbe C-25 methyl group or
via loss of an oxygen atom from either the C-13Cet0 hydroxyl group or by
ring contraction of a 6-membered oxido ring to edfa cyclopentene ring (Figure

4.13).

Fragmentation of thevz 554 ion under M&conditions afforded am/z 496 ion
(58 amu loss). This loss was observed for janthitrems A Bnalbeit in the M$
spectrum, and is believed to arise through the ¢dsscetone via a retro Diels—

Alder rearrangement at the left-hand end of theagwde (Figure 4.8).

Under APCI conditions, the losses of &wu and 16amu were both observed
during MS analysis. Under MSconditions, further fragmentation of th#z 512
(acetone loss) ion afforded amz 442 ion arising from the loss of @nu, as
observed for janthitrem B (Figure 4.14). As intfatrem B, the 7Gamu loss can
be attributed to the loss of akz—CHO molecule via a retro Diels—Alder pathway

(Figure 4.12).
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m/z 442 m/z 442

Figure 4.14. Fragmentation of janthitrem C in fiesiion MS and MS spectra (APCI).
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Janthitrem D

A similar series of fragment ions were observegasitive ion ESI and APCI MS
spectra of janthitrem D. Fragmentation of thiz 586 [M+H]" ion affordedm/z
528 (58amu loss) andn/z 570 (16amu loss) ions. Analogous losses of acetone
(58 amu) were observed for janthitrems A, B and C and ethane (or oxygen)

(16 amu) for janthitrem C. These losses are accountethfbrgure 4.15.

+H +
- ﬂ
L " 108

m/z 398

Figure 4.15. Fragmentation of janthitrem D in piwsiion MS and MS spectra.

Under MS conditions, fragmentation of thevz 528 ion (acetone loss ion)
afforded anm/z 398 ion (loss of 13@mu). The loss of 13@mu can only be
ascribed to the loss of16H10, CoHeO, GH20, or GH1003.  Since the chlorine
atom is retained in the 13@mu loss ions observed for penitrems A and E (see
Section 4.4.2), and if these losses are analoghasloss of a ¢Hip fragment
from the left-hand portion of the janthitrem D sfiwre is not plausible, nor is the
loss of a GH,O, formulation due to the inadequate number of hyenogtoms

present.
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Similarly, it is difficult to envisage how ag8¢0O fragment could be lost from the
tri-oxygenated right-hand portion of the janthitrdbnstructure. On the other
hand, the loss of agd;00; fragment as HC(=0O)-CHOH-CHOH-=id5 from the
right-hand terminal ring of janthitrem D can bediaenvisaged. This would,
with appropriate hydrogen transfers, affordmaiz 398 ion for which a possible
structure is shown in Figure 4.15. Alternativetpncerted loss of the 13-OH
group as a water molecule followed by loss gifli§D; (overall GH1003 loss) can
be envisaged as affording a conjugated enone steutttat retains the C-7 oxygen
atom as a keto group. A plausible ion structurgtis option is shown in Figure
4.15. It is of note that janthitrem analogues thadsess a C-11 and C-12 double
bond show a retro Diels—Alder type @t loss under M&conditions, whereas

those possessing an 11,12-epoxide show adBdoss.

Summary of Findings

Generally, janthitrem analogues showed 18 (wak&)acetone) or 76 (58 + 18)
amu losses in full scan and MSpectra under both APCI and ESI conditions.
Under APCI conditions, janthitrems A and B were eslied to lose 1&mu,
whereas janthitrems C and D were observed to |6seril, corresponding to the
loss of either a methane molecule or an oxygen .atorhe most significant
difference in fragmentation patterns observeddathitrems under APCI and ESI
conditions was the observation of an increased eunolb water losses under
APCI conditions. These losses may primarily afieen thermal dehydration of

the vapourising analyte (Rundberget and Wilkin€22).

4.4.2 Fragmentation of Penitrems

The MS and MS fragmentation patterns observed for penitrems ACBD, E
and F during positive ion APCI L@&JIV-MS analyses served to divide the
penitrems into three sub-groups, based on strdotarations in their right-hand

ring structures in the vicinity of C-7 to C-11. (&) the M8 fragmentation of
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penitrem A corresponded closely with that of pemitrE, with the ion masses
differing only due to the presence of a chlorinenatin penitrem A rather than a
proton in penitrem E. Similarly, after allowingrfthe presence or absence of a
chlorine atom, the MSfeatures of penitrem C corresponded closely witt bf
penitrem D, as did those of penitrems B and F.thfeumore, the behaviour of the
three sub-groups of penitrems under both APCI a® Eonditions were
essentially identical up to the MStage. Because ESI ion currents and peak
intensities were less than those generated und&i Aénditions, MS data was

not generated for the six penitrems under ESI ¢mmdi.

lons observed in the full scan, MMS® and MS spectra of the penitrems A—F
(Figure 4.16) are listed in Table 4.2. Dominamsica. = 50% of base peak) are
shown in bold type whilst the smaller, less sigmifit ions ¢a. < 50% of base

peak) are presented in plain text. Plausible siras have been proposed for

dominant ions wherever possible, and for seleaiet intensity ions.
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Table 4.2. lons observed in MS spectra of pengrésF under positive ion

conditions.
Penitrem Full Scan MS? lons MS?2 lons MS* lons
[MH] * (m/2) (m/2) (m/2) (m/2)

. 558, 616598, | 540, 332368, | 332, 410440,
Penitrem A 634 540 522 412 | 522. 504, 456

. 506, 298334, | 298, 376488,
Penitrem E 600 524, 582564 488 406
Penitrem B 584 566, 5513 A97. | 406,414, 478 | 396, 478366

. 600, 548531, 512, 430, 400,
Penitrem F 618 582 530,448, 280 418, 382, 494

. 584, 532566, | 462, 514532, | 444, 496426,
Penitrem C 602 514, 496 496 478
Penitrem D 563 550, 2893532' 428, 480410 | 410,462

Penitrem A R=Cl R =OH _
Penitrem B R=H R,=H Penitrem C R=Cl
Penitrem E R=H R,=OH Penitrem D R=H
Penitrem | Ri=Cl R,=H

Figure 4.16. Structures of penitrems A—F.

Penitrem A and Penitrem E
In full scan APCI and ESI mode, penitrems A andaEheshowed [M+H] as well
as [M+H-18] and [M+H-58-18] ions, corresponding to the loss of water and

water plus acetone molecules. These ions wereohiserved in the MSspectra
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of penitrems A and E. The loss of &8u can be attributed to the loss of acetone
from the C-17 to C-31 ether bridge. Possibly, tluss is enhanced by the
presence of a gamnatgydroxyl group at C-30 since the equivalentabu loss is
not seen in the MSspectra of penitrems B, C, D and F, all of which devoid of

a 30-OH group. lon structures presented in Figui& have been formulated as

arising from the loss of the 30-OH group, rathantkhe 13- or 10-OH groups.

Further fragmentation of the/z 558 (76amu loss) ion of penitrem A under MS
conditions afforded fragment ionsratz 540 and 332, arising from the loss of 18
amu (water) and 226amu respectively. Plausible structures for these iares
proposed in Figure 4.17. The loss of 2#6u may be ascribed to the loss of a
Ci12H1804 molecule. Since the chlorine atom is retainethénchlorinatedn/z 332
variant of themyz 298 ion, it appears that these ions arise bydbsise two right-
hand rings, via a pathway involving cleavage, @@@gement and/or ring
contraction in the vicinity of C-13 (Figure 4.17)As observed for the MS
spectra, the loss of water (&6w) in the MS spectra can be explained by the loss

of any of the remaining OH groups.

Fragmentation of thevz 540 and 506 ions (from penitrems A and E, respelgii
generated under MSonditions afforded MSdata. lons corresponding to the
loss of 130amu and 208amu were observed in the M$pectra. An analogous
130amu loss was observed in the K8nd MS spectra of janthitrem D (Section
4.4.1). This loss can be attributed to the coeceldss of a €H,003 fragment as
HC(=0)-CHOH-CHOH-EHs or alternatively to the sequential loss of watedt an
a GHsO, species. The 20dmu loss, which appears to arise by loss efHzs03

in the vicinity of C-13, may involve similar fragmition to that observed during

the loss of 22@&mu, other than for the prior loss of water @@8u).

Additional, comparatively low intensity fragmenn®arising from the loss of 100

amu or 18amu (water) were also observed in the M®ectra of penitrems A and
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E. The loss of 10@mu can only be ascribed to the loss gHGO, GHgO,, or
C4H40s. Given the disposition of carbon and oxygen atomsenitrems A and E,
only the loss of gHgO, from the O-8-C-9-C-10 portion of the molecule as

HOH,C—-C(=0O)GHs appears plausible (see Figure 4.17).

. R = Cl,m/z558
Penitrem Am/z 634 MS3 R=H,mz524
Penitrem Emvz 600 29

-226
-18 | MS®
+
Ms*
-208
4 R = Cl,m/z 540
S = ﬁl’nggsz MS R = H,m/z506
=H,mz -100
-130| Ms*
+
R = Cl,m/z440 R =Cl,m/z410
R =H,m/z406 R=H,mz376

Penitrem A R=ClI
Penitrem E R =

Figure 4.17. Fragmentation of penitrems A and [Edsitive ion M$, MS*and MS spectra.
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Penitrem B and Penitrem F

Penitrems B and F exhibited losses ofafu and 18amu (water) under M$
conditions. The loss of 7@mu is not believed to be analogous to that observed
for janthitrem C since their right-hand rings diffd1,12-epoxide in penitrems B
and F as opposed to an 11(12)-double bond in @ethiC), making retro Diels—
Alder loss of 70amu non-usable. The 74mu loss observed in the MSpectra of
penitrems B and F is instead believed to arisecldavage and rearrangement of
the top left-hand end of the molecules (Figure ¥a& can be ascribed to the

loss of a GHg residue.

Further fragmentation of the #bru-loss-ions under MSconditions afforded
losses of 10@mu and 18amu (water). The loss of 18mu can be attributed to
the loss of any of the OH groups as a water moéecAlloss of 10@mu was also
observed for penitrems A and E (see above) and# fikely due to the loss of
CsHgO, from the O-8—C-9—-C-10 portion of the molecule &HIC—C(=0)GHs
(Figure 4.18).

MS* fragmentation of the MSwater loss peaks afforded ions correspondingeo th
loss of 18amu, 100amu and 130amu. Losses of 1&mu and 100amu were also
observed under MSand MS conditions (see Figure 4.18). The 186u loss is
analogous to that observed for janthitrem D. Sitiee righthand ends of the
janthitrem D and penitrems B and F are identicakirailar fragmentation is
proposed as shown in Figure 4.18 (see Section)4.£4ach of these compounds
possess an 11,12-epoxy group which is believeddmgte the loss of a 136mu

residue.
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Penitrem Bz 584 29
Penitrem Fn/z 618

H, 5
Cl,m/z 600 -100/ MS

Penitrem B R=H
PenitrenmrF R =ClI

Figure 4.18. Fragmentation of penitrems B and paisitive ion M$, MS*and MS spectra.
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Penitrem C and Penitrem D

Penitrems C and D exhibited losses ofarfu and 18amu (water) under M$
conditions. The 1&mu loss can be attributed to the loss of any of tyardxyl
groups as a water molecule (as observed for jaathg A and B and penitrems A,
B, E and F). The loss of 7@mu was analogous to that observed in the?’MS
spectra of penitrems B and F (loss of gH{s residue). Since the lefiand
portions of these molecules’ structures are idahticdentical fragmentation is

proposed (see Figure 4.19).

Fragmentation of the 7@mu loss ions under M&onditions afforded ions arising
from a further loss of 7@mu and/or 18amu (water). The second loss of @u

is believed to correspond to the @u loss observed for janthitrems B and C
under positive ion APCI conditions (Section 4.4.This loss can be ascribed to
the loss of a @HgO residue as Es—CHO from the right-hand terminal ring via a

retro Diels—Alder like mechanism (Figure 4.19).

MS* fragmentation of the MSwater loss peaks also affords losses ofaf®i
(water)and 70amu fragments. Plausible structures for these loasegroposed
in Figure 4.19. The loss of a water molecule @) is believed to arise through
loss of the remaining OH group at C-10, whilst tbgs of 70amu arises via a
retro Diels—Alder mechanism outlined in the $age (see above) through the

loss of a GHgO fragment.
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MS?
—_—
-70
R =CIl, mz532
R =H,m/z498
Penitrem Cm/z 602
Penitrem Dm/z 568
ms? 3
70| MS
-18
+
R =Cl,m/z514
R =H,m/z480 R =ClI, m/z 462
R =H,mz428
B ms? -18
70 MS?
+
R =Cl,m/z444
R =H,m/z410 R = Cl,m/z 496
R =H,nm/z462
Penitrem C R=ClI
Penitrem D R=H

Figure 4.19. Fragmentation of penitrems C and poisitive ion M$S, MS*and MS spectra.

4.4.3 Fragmentation of Lolitrem B

Fragmentation of then'z 686 [M+H]" ion under M$ conditions using an ESI
source afforded anvVz 670 ion (—-16amu). Further fragmentation of the/z 670
ion under MS conditions afforded amyz612 ion (-58amu). The loss of 1&mu
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is most likely due to the loss of a methane mokedutough the loss of the methyl
group at C-25 as shown in Figure 4.20. The losks@imu may also be due to the
loss of an oxygen atom. The loss ofdsfu is indicative of the loss of an acetone

molecule from the left-hand portion of the molec(Regure 4.20).

Figure 4.20. Fragmentation of lolitrem B in position MS and MS spectra (ESI).

The behaviour of lolitrem B under APCI conditionasasimilar in some respects
to that observed under ESI conditions, with botrarhé and 18amu losses being
observed under MSconditions to affordwz 670 andm/z 668 ions respectively.

The loss of 18amu is most likely attributable to the loss of watem wihe
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elimination of the 13-OH group (Figure 4.21). Tbss of 16amu may arise from
the loss of a methane molecule or through thedbssy of the available oxygen

atoms.

Further fragmentation of thevz 668 (water loss) ion under MSonditions
affordednm/z 566 and 524 ions, corresponding to the loss ofaéb@2and 144amu
respectively. Plausible structures for resultingsi are given in Figure 4.21.
Since these losses were only observed in thé $p8ctra of lolitrem B (and not
other indole—diterpenoids) it can be reasoned ttatlosses are associated with

the C-43 to C-47 acetal portion of lolitrem B.

Lolitrem B m/z 686 29 28

Figure 4.21. Fragmentation of lolitrem B in position MS and MS spectra (APCI).



162

444  Fragmentation of Paxilline

Essentially identical fragmentation under APCI &l conditions was observed
for paxilline, with losses of 1&mu (m/z 420) and 18amu (m/z 418) being
observed under MXonditions using an APCI source and onlyah (m/z 420)
being observed using an ESI source (Figure 4.22)e loss of 18&amu can be
attributed to the loss of either the 13-OH or 27-@idups as a water molecule.
Loss of the 13-OH group is shown in Figure 4.28s noted previously, the loss
of 16 amu could arise from either the loss of a methane oubéeor the loss of an
oxygen atom. The former (loss of a methane moégcappears to be the more
likely than the latter (loss of an oxygen atomyadmentation of thevz 418 ion
under APCI conditions resulted in the loss of aadovater molecule to afford an
m/z 400 ion, or the loss of 58mu to afford anm/z 360 ion. This loss can be

attributed to the loss of an acetone molecule ftbm C-9 hydroxyisopropyl

group.

Paxilinem/z436 28 29

_58l ms®
+
+H
(L)
N A0
H

O

m/z 362

Figure 4.22. Fragmentation of paxilline in pogition MS and MS spectra (ESI).
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Paxillinem/z436 28 29

Figure 4.23. Fragmentation of paxilline in pogition MS and MS spectra (APCI).

445 Fragmentation of Terpendole C

The fragmentation patterns exhibited by terpendGleunder positive ion
conditions using either an ESI source or an APQr@® (Figures 4.24 and 4.25
respectively) were virtually identical, the diffece being the generation of an
extra peak under APCI MSonditions. In both cases, fragmentation of riiie
520 [M+H]" ion under M$ conditions gave amvz 504 ion (-16amu). This loss
may be attributable to the loss of a methane mtgettuiough the elimination of
the C-25 methyl group. Loss of E8nu was also observed under APCI MS
conditions. This loss can be attributed to the lolswater via the loss of the 13-

OH group (Figure 4.25).
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Figure 4.24. Fragmentation of terpendole C intpasion MS and MS spectra (ESI).

Fragmentation of thevz 504 ion (-16amu) under MS$ conditions (ESI source)
afforded amvz 446 ion (-58mu). Loss of 5&mu was also observed under MS
conditions (APCI source), albeit following fragmatn of the water loss ion as
opposed to fragmentation of the oxygen loss iorhe Toss of 58mu can be
attributed to the loss of acetone, as commonly rwksefor the janthitrems A, B,
C and D, lolitrem B (ESI source only) and paxillin@ith the proviso that
different structural sub-units are responsible tbe acetone losses in the

respective groups of indole—diterpenoids.
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28 29

Figure 4.25. Fragmentation of terpendole C intpasion MS and MS spectra (APCI).

4.4.6 Fragmentation of Paspalinine

The [M+H]" ion of paspalinine, which occurred ratz 434, showed a loss of 16
amu under ESI M$ conditions and a loss of E8nu under APCI M$ conditions

to afford m/z 418 and 416 ions respectively. The loss of abdu, though
uncommon in mass spectrometry, most likely arises fthe loss of a methane
molecule or an oxygen atom. The ion structure geesl in Figure 4.26
arbitrarily shows the 1@&mu loss as arising from the loss of a methane matecul
through elimination of the C-25 methyl group, ratkiean via the loss of any of
the oxygen atoms. These options however cannainieguivocally excluded.

High resolution data could differentiate betweeroaygen or methane loss.
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-16 | MS?
+

-58 | MS?
+
+H
T )
N 2 2
H

(@)

m/z 360

Figure 4.26. Fragmentation of paspalinine in pesion MS and MS spectra (ES).

Under ESI MS conditions then/z 418 ion fragmented to afford an'z 360 ion
(58 amu loss) presumably via acetone loss from the brid@iy&y-oxido linkage.
Fragmentation of thewz 416 (water loss) iorgenerated under APCI MS

conditions also resulted in the loss ofdsBu (Figure 4.27).
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-18l MS?

Figure 4.27. Fragmentation of paspalinine in pesion MS and MS spectra (APCI).

4.5 LC-UV-MS APCI Negative lon Mode

Full scan, M$ and MS spectra of a range of indole—diterpenoids were als
acquired in negative ion mode using an APCI sourdédese analyses were
directed towards the identification of structuraignificant fragments that appear
in the mass spectra of several groups of indolergknoids. Analysis was carried
out as described in Section 8.5.4. No previouswatc of the behaviour of
indole-diterpenoid compounds in negative ion APCI MS an8"Mhodes has

appeared in the literature.
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The expectation with compounds run in the negatwvemode was that [M—H]
ions would be observed in full scan spectra and fitsagmentation of this ion
would afford MS spectra. However, unlike in the positive ion ARP®Id ESI
mode analyses, one of the more dominant ions oéderas an adduct ion arising
from addition of an acetate ion when 0.1% (v/v)sCBOH was present in the

eluent or formate ion when 0.1% (v/v) HCOOH wasspr# in the eluent.

An [M+OAc] (+59amu) adduct ion was observed as the second most domina
peak €a. 50% the intensity of the major [M—H]on) in the full scan APCI mass
spectra of janthitrems A, B (Figure 4.28), C andBnitrems A, B, C, D, E and F,
lolitrem B and paxilline acquired with acetic a@d the eluent modifier. In the
case of terpendole C (Figure 4.29) and paspalinine, acetate adduct ion,
[M+OAc]” was the most dominant peak in full scan mass specquired with
acetic acid as the eluent modifier. By contrast[M+H] * ion was the dominant

peak in all full scan positive ion LV-MS analyses.

Attempts were made to fragment the adduct ionsrebdein the negative ion
mass spectra, however, efforts to obtain®Mi@ta were futile. The collision
energy (CE) was increased progressively from 5%nfientation up to 60%, but
with no success. The failure of these experimemis presumably due to the loss

of an [X] ion from the [M+X] adduct ion leaving an uncharged M species.
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Figure 4.28. Full scan negative ion spectrum ofihjéirem B.

Full ms [ 300.00-1600.00] 577

— [M+OACc]"

Relative Abundance

518

[M-H] «—

400 450 500 550 600 650
m/z

Figure 4.29. Full scan negative ion spectrum igferdole C.

In situations such as these, prior experience énGhemistry Department (The
University of Waikato) is that acquisition of fuican MS data with source-
induced dissociation (SID) can suppress the tendémdorm adduct ions and

increase the [M—HJion current.
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Utilisation of this approach resulted in essentidhe complete suppression of
acetate (or formate) adduct ions (Figures 4.3048d). Full scan negative ion
indole—diterpenoid mass spectra were therefore routinedyisged with 2530 V
SID. Thereafter, MSand MS spectral data were recorded using a CE of 60%.
SID was only applied during the initial full scalmge, and not in subsequent MS

or MS® data acquisition stages.

Full ms [ 300.00-800.00] S84

[M-H] «—

Relative Abundance

[M+OAc]-
530

400 450 500 550 600 650 700
m/z

Figure 4.30. Full scan negative ion spectrum wottjirem B with SID.

Full ms [ 300.00-800.00] 518

[M-H] «—

Relative Abundance

577

——» [M+OAc]

350 400 450 500 550/ 600 650 700
m/z

Figure 4.31. Full scan negative ion spectrum igferdole C with SID.
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45.1 Fragmentation of Janthitrems

The four janthitrem compounds examined, janthitrempsB, C and D, all
fragmented under the influence of 20 V SID and 3&$itision energy to afford
[M-58] ions. This loss (as mentioned previously in $&ctl.4.1) is believed to
arise by the loss of an acetone molecule from theging C(CH)—O—ether
linkage (Naude et al., 2002), via a retro Diels-eklcearrangement (Figure 4.32).

Janthitrem Am/z 600 Janthitrem Am/z 542
Janthitrem Bz 584 Janthitrem Bz 526
Janthitrem Gz 568 Janthitrem Gz 510
Janthitrem D1z 584 Janthitrem Dz 526
Janthitem A R=0OH C-11,12 = epoxide
Janthitem B R =0OH
Janthitem C R=H
Janthitem D R=H C-11,12 = epoxide

Figure 4.32. lons generated through loss of aech@m janthitrems A-D.

Janthitrem A

Janthitrem A lost acetone (38) and water (1&mu) under M$ conditions and

acetone (5&mu) from the [M—H-18] ion under M$ conditions (Figures 4.33,
4.34 and 4.35). The loss of water could be expthiby the loss of any of the
three OH groups at C-10, C-13 and C-30. Loss ®f3®-OH group is shown in
Figure 4.36.
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Figure 4.33. Janthitrem A full scan negative icassispectrum.
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Figure 4.34. Janthitrem A negative ion M$ectrum vz 600).
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Figure 4.35. Janthitrem A negative ion MPectrum vz 600— m/z582).
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Figure 4.36. Fragmentation of janthitrem A in riagaion MS and MS spectra.

Janthitr

emB

Janthitrem B was observed to lose &8u (acetone loss) under M$onditions

and subsequently 8nu or 70amu under MS conditions (Figures 4.37, 4.38 and

4.39).
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Figure 4.37. Janthitrem B full scan negative icasmspectrum.
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Figure 4.38. Janthitrem B negative ion M®ectrumifyz 584).
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Figure 4.39. Janthitrem B negative ion MPectrumifyz 584 — m/z526).

The loss of 1&mu can be attributed to the loss of water via elimoraof any of
the C-10, C-13 or C-30 hydroxyl groups, as alsceoled for janthitrem A. Since
the loss of water in the MStep is only observed in janthitrems A and B, aad
janthitrems C and D, it is likely that this wates$ may arise from the loss of the
30-OH group which only janthitrems A and B posse$%ssible ion structures
arising from the loss of the 30-OH group and thea®8 and 70amu losses are

given in Figure 4.40.
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Janthitrem Bn/z 584

Figure 4.40. Fragmentation of janthitrem B in rtiageion MS and MS spectra.

The loss of 7@mu can be ascribed to the loss of A4g0 residue as a#ls—CHO
molecule from the right-hand terminal ring via areeDiels—Alder mechanism.
The initially generatedwz 456 product ion would have an enol group which
would be expected to equilibrate to the correspumdildehyde form (Figure
4.41). Similar losses of 78mu were observed in the positive ion spectra®MS

stage of janthitrems B and C (APCI only) and pemits C and D (ESI and APCI).

corresponding aldehyde form

Figure 4.41. Retro Diels—Alder rearrangement athjgrem B involving formation of an enol
group which equilibrates to the corresponding ajdelform.
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Janthitrem C

Janthitrem C showed a %8nu (acetone) loss under M8onditions, followed by
the loss of 70amu (as also seen for janthitrem B: see above) und& M
conditions (Figure 4.42). As noted above, thislosn be envisaged as occurring

via a retro Diels—Alder like pathway (Figure 4.41).

_58l MS?

Figure 4.42. Fragmentation of janthitrem C in risgaion MS and MS spectra.

Janthitrem D

The loss of acetone (58mu) from janthitrem D under MSconditions was
followed by a further loss of 138mu under MS conditions. Two possible
plausible structures for the resultimfz 396 ion are presented in Figure 4.43. The
loss of 130amu is believed to arise from the loss of gHgkOs molecule as
HC(=0)-CHOH-CHOH-EHs from the right-hand terminal ring of janthitrem D

(Figure 4.43). An analogous loss of 180w is observed under positive ion
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conditions for janthitrem D and for penitrems A, B,and F (Sections 4.4.1 and

4.4.2).

Janthitrem Dz 584 29

-581 MS?

Figure 4.43. Fragmentation of janthitrem D in rtagaion MS’ and MS spectra.

4.5.2 Fragmentation of Penitrems

Three distinctive negative ion fragmentation paiterere recognised amongst the
six penitrems (penitrems A—F) that were examineitis investigation. The M'S
characteristics of penitrems A and E, penitrema@& & and penitrems C and D
were similar. These pairs of compounds afforded’ IigSectra which differed
only to the extent that the presence of a chloatwen in penitrems A, C and F

afforded fragment ions which differed by 3#nu from those observed for
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penitrems E, D and B, respectively. The full sckt8* and MS spectra of
penitrems A, C and F determined under APCI negaibre conditions are

depicted in Figures 4.44-4.46, 4.48-4.50 and 4.52+vespectively.

The ions observed for penitrems A—F are detaileGaible 4.3. lons presented in
bold in Table 4.3 are dominant iorts,. = 50% of base peak, whilst the smaller,
less significant ionsga. < 50% of base peak, are presented in plain tegh |
structures have been proposed for dominant ionsenp@ssible, and for selected,

lower intensity ions.

Table 4.3. lons observed in full scan, M@®d MS spectra of penitrems A—F

under negative ion conditions.

Penitrem Full Scan lons MS? lons MS? lons
(m/2) (m/2) (m/2)
Penitrem A 632 546 416, 296,362,
401
Penitrem E 598 512 382, 262
Penitrem B 582 452, 524,330, 366
366
. 558, 486400,
Penitrem F 616 530, 364 400,428
Penitrem C 600 S14, 530444 | 444,400
542
Penitrem D 566 480, 25138’508' 410

Penitrem A and Penitrem E

Penitrems A and E were both observed to loserfié under negative ion MS
conditions. This loss may arise from cleavage sxtbe C-30-C-31, C-32-C-33
bonds and C-17-O bonds to give the conjugated memolstructure shown in
Figure 4.47. An alternative ion structure wouldthat in which the 30(33)-en-30-

ol was present as the 30-keto variant.
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Figure 4.44. Penitrem A full scan negative ion sngigectrum.
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Figure 4.46. Penitrem A negative ion fPectrumfvz 632— m/z546).

The loss of 86amu can be ascribed to the loss of either @d{ or (more
probably) a GH;100 residue, possibly by fragmentation and rearramgerof the
left-hand end of penitrems A and E. Further fragtagon of the [M—H-86]ion
under MS conditions afforded fragments arising from 130 &80 amu losses
(Figure 4.47). Both these fragments are beliewedriginate from cleavages of

right-hand portions of the molecule. The 18@u loss is believed to arise from
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the loss of a gH1003 molecule and is comparable to that observed fahjasam

D (see Section 4.5.1).

The 250amu loss can be explained by cleavage across the C43x@ C-13-C-
14 bonds with the loss aifH150, residue to affordm/z 296 or 262 ions

(penitrems A and E, respectively).

H (or keto analogue)

MS?
—_—
-86
R = Cl,m/z 546
Penitrem Az 632 MS3 R =H,m/z512
Penitrem Enm/z 598 29 250
R = Cl,m/z 296 _
' R =Cl,m/z416
R=H,m?z262 R = H,m/z 382
Penitrem A R=CI
Penitrem E R=H

Figure 4.47. Fragmentation of penitrems A and Begative ion M$and MS spectra.

Penitrem C and Penitrem D

Penitrems C and D showed approximately equal loss&® and 86amu under
MS? conditions. The 8&mu loss is consistent with that observed for penigém
and E and, as in penitrems A and E, is consideretise via cleavage of the C-
30—-C-31, C-32-C-33 and C-17-0 bonds (see Figu®.4As discussed above, it
is thought the 8@&mu loss is due to the loss of a&k;,O molecule. It can be
proposed that the 7&8mu loss arises by loss of alds—CHO molecule from the

lower right-hand portion of the penitrems C andtucures via a retro Diels—
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Alder mechanism. An analogous loss is observegaftthitrems B and C under
MS? conditions, and since the righand ends of the janthitrems B and C and
penitrems C and D molecules are identical, idehtregmentation is proposed as

shown in Figure 4.51.
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Figure 4.48. Penitrem C full scan negative ionsrsgsectrum.
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Figure 4.50. Penitrem C negative ion M®ectrumitvz 600— nm/z514).
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The presence in penitrems C and D of an 11¢b2jple bond is required for the
retro Diels—Alder loss of the 85—CHO molecule. Compounds possessing an
11,12-epoxy group (and a 10-OH group) as is the &@s penitrems A, B, E and

F and janthitrems A and D do not show the loss@é&mu in their negative ion

MS? or MS’ spectra.

A weak loss of 15amu, attributable to the loss of both 86 andan@ fragments,
is also seen in the MSpectra of penitrems C and D. Under38nditions, the
[M-H-86] ions of penitrems C and D each predominantly d#dr
[M-H-86-70] ions.

H (or keto analogue) _‘ -
H
Ms?

-86 OH

R =Cl,m/z514

Penitrem C,m/z 600 -
Penitrem D'z 566 R =H,m/z480

-70 | MS?
-70 | MS®

R =Cl,mz444
R =H,nm/z410

Cl

R = Cl.m/z530 Penitrem C R -

R = H.m/z 496 Penitrem D R

Figure 4.51. Fragmentation of penitrems C and Beigative ion MSand MS spectra.
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Penitrem B and Penitrem F
Unlike penitrems A, E, C and D, a loss of&6u was not observed as one of the
dominant fragments in the M®r MS’ spectra of penitrems B and F. Rather,

under MS conditions, a loss of 13@mu was observed.

® 616
(8]
c
@©
©
c
=}
o]
<
()
2
:
(&)
& |
T 1 1 [ 1 T T 1 [ 1 T 1 [ 1 1 1 [ 1 ° T 1 [ T 1 T 1 [ T © T 1T ] T 1 T7T°/
250 300 350 400 450 500 550 600 650
m/z
Figure 4.52. Penitrem F full scan negative ionsreectrum.
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Figure 4.54. Penitrem F negative ion MPectrumitvz 616 — nm/z 486).
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The loss of 13Camu is consistent with that observed for janthitremaBbd

penitrems A and E and is believed to arise vianfragtation of the common right-
hand portions of janthitrem D and penitrems B an{@dH1003) (see Figure 4.55).
A 58 amu (acetone)loss was also observed under M®nditions. Plausible
structure ions, accounting for the losses of a8@ and 58amu, are shown in

Figure 4.55.

Penitrem Bz 582 29 S - |(_|:| nr:/vzzi%%
Penitrem F/z 616 '
86 | MS®

58| MS?

Penitrem B R
Penitrem F R

Cl

Figure 4.55. Fragmentation of penitrems B and freigative ion M$and MS spectra.

A loss of 86amu was observed for penitrems B and F under’ M&nditions,
following the loss of the 13@mu fragment (Figure 4.55). The &®Bnu fragment
loss is believed to be analogous with that obsemeder M$ conditions for

penitrems A, E, C and D and equates to the loas@H;,0O molecule.
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45.3 Fragmentation of Lolitrem B

Lolitrem B, under negative ion MSonditions using an APCI source, showed
losses of both 21d4mu (dominant fragment) and 24nu to affordm/z 470 and
440 ions (Figures 4.56, 4.57 and 4.58). The Ids&1d amu is believed to be
analogous to the 13@mu losses exhibited by penitrems A, E, B and F and
janthitrem D. The greater loss in lolitrem B (2du compared to 13@mu) can

be attributed to its additional hemi-acetal sidaich This loss appears to be
correlated with (i.e. diagnostic for) the presenfen 11,12-epoxy group. The
214amu loss appears to arise by loss of;aHzsO, residue. The loss of 2knu
could result in a number of possible ion structute® of which are shown in

Figure 4.59.

684

Relative Abundance

250 300 350 400 450 500 550 600 650 700 750
m/z

Figure 4.56. Lolitrem B full scan negative ion mapectrum.

470

440

Relative Abundance

250 300 350 400 450 500 550 600 650 700 750
m/z

Figure 4.57. Lolitrem B negative ion MSpectrumfVz 684).



186

440

Relative Abundance

412 |

250 300 350 400 450 500 550 600 650 700 750
m/z

Figure 4.58. Lolitrem B negative ion MSpectrumfVz 684 — m/z 470).

Further fragmentation of thevz 470 (214amu loss) ion under M&conditions
afforded two significant fragment ions, the morendwant of which occurred at
m/z 440 (30amu loss) while the lesser of the two ions occurrednat 412 (58
amu loss). The 244amu loss observed under MSonditions for lolitrem B
equates to the combined loss of 2du and 30amu. The 58amu loss can be
attributed to the loss of acetone from the-kefhd end portion of the molecule

(Figure 4.59).

The origin of the loss of 3@8mu is more difficult to envisage. Generally the loss
of 30 amu can be attributed to the loss of either ethane 3{CHs3) or
formaldehyde (HC=0). It is possible that the loss of 2bnu arises from
elimination of HCO from the right-hand end of the structure to gavstructure

with a 5-membered cyclopentadiene structure (Figuse).

However, the righthand end of lolitrem B is similar to that of jaritem D and

the penitrems A, E, B and F, yet, none of the dateups of molecules show the
loss of 30amu in their MS or MS® spectra. It can therefore be reasoned that the
loss of 30amu in the MS spectrum of lolitrem Barises from the structurally
modified lefthand end of the molecule. Possibly theaBti loss arises by loss of
the 30-keto group with transfer of the H-8Bd H-31 protons to the carbonyl
carbon with consequential contraction of ring Battord a cyclopentene ring as

depicted in Figure 4.59.
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Lolitrem B m/z684

-2141 MS?

Figure 4.59. Fragmentation of lolitrem B in negation MS and MS spectra.

4.5.4 Fragmentation of Paxilline
Fragmentation of thevz 434 [M-HJ ion of paxilline under negative ion MS
conditions afforded a dominamz 376 ion arising from the loss of S8nu

(Figure 4.60). This loss can be attributable t® ltbss of acetone from the C-9



188

hydroxyisopropyl groupJC(CHs),OH]. Acetone losses are also seen in thé MS
spectra of janthitrems A, B, C and D, penitremsnB & and lolitrem B (although

from different portions of the respective moleciles

Further fragmentation of the/z 376 ion under M%conditions affordedwz 358
(-18 amu) andnv/z 332 (—44amu) ions. The loss of 18mu can be attributed to
the loss of water from the hydroxyl group at C-IBhe loss of 44mu is more
difficult to envisage. It can be hypothesised tihat 44amu loss arises from the
loss of either a COmolecule or an acetaldehyde ((CHHO) molecule. A

plausible structure for the/z 332 ion has not, as yet, been identified.

structure unknown
m'z 332

Figure 4.60. Fragmentation of paxilline in negation MS and MS spectra.
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455 Fragmentation of Terpendole C

The MS fragmentation of terpendole C under negative ionditions paralleled
that determined for lolitrem B and janthitrem D tlat thenvz 518 [M—H]J ion of
terpendole C showed a loss of 24du to afford anm/z 304 ion (Figure 4.61).
The structure proposed for this ion is analogouthtse of thenw/'z 396 and 470
ions seen in the MSof janthitrem D and M%of lolitrem B respectively. The
mass variations of these ions reflect their diffgrieft-hand ring structures. The

loss of 214amu can be ascribed to the loss of al:gO4 residue.

Terpendole Gn/z518 28 29

-2141 MS?

Figure 4.61. Fragmentation of terpendole C in tiegdgon MS and MS spectra.

Terpendole C also exhibited a &u loss following further fragmentation of the

m/z 304 ion (-214amu) under MS conditions to afford am/z 274 ion. A loss of
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30 anu may be due to the loss of ethane or formaldehyd®. these two
possibilities, the loss of formaldehyde is beliewedbe the more likely. It is
possible that the loss of #Bnu arises from elimination of ¥£O from the right-
hand end of the structure to give a structure withrmembered cyclopentadiene
structure instead of a cyclohexenone structurepéasthenvz 304 ion) (Figure

4.61). A comparable 3@mu loss was also observed for lolitrem B (Figure 4.59)

4.5.6 Fragmentation of Paspalinine
Fragmentation of the [M—HJon, which occurred ain/z 432 under negative ion
MS? conditions, afforded a dominamtyz 414 ion. This ion corresponds to a loss

of 18 amu from the [M—H]J ion, most likely by loss of water from the 13-OH

group.

Further fragmentation of thevz 414 ion under M% conditions afforded two
dominant ions airv/z 356 (—-58amu) andm/z 342 (-72amu). The 58amu loss (a
frequently encountered loss throughout this ingasion in both the negative and
positive ion modes), can be attributed to the lfsacetone from the 7,27-oxido
linkage (Figure 4.62). The loss of & can be accounted for by loss of a
C4HgO residue from the right-hand side of the molec¢alafford anm/z 342 ion
(Figure 4.62). Since the loss of @2wu is only observed in paspalinine and not in
analogues possessing a C-9 isopropenyl or hydropsepyl group, this loss

appears diagnostic for the presence of a 7,27-bittk@ge.
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-18l MS?

Figure 4.62. Fragmentation of paspalinine in nggaon MS and MS spectra.

45.7 Summary of Findings

Negative ion mode APCI LL&JV-MS analyses of indoteliterpenoid compounds
affords two dominant peaks in full scan mode, ngnal [M—-H] ion and an
acetate adduct ion, [M+OAc] Attempts to obtain MSand MS data from the
acetate adduct ion peak were unsuccessful, evdrotht low (20%) and high
(60%) collision energy. SID (280 V) was introduced along with high collision
energy (60%) into the negative ion method, resglimsuppression of the acetate
adduct peak and the exclusive formation of [M=dhs, which could successfully

be fragmented to provide acceptableMsd MS data.
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Negative ion M8 spectra were characterised by the presence ofries sef
structurally informative ions. Generally the fragmtations under positive ion
conditions involved losses relating to acetone aitlder water or oxygen. In
contrast, losses observed under negative ion gondiseemed dependent on the
presence of either an 11(12)-double bond (afforditass of 7Gmu) or an 11,12-

epoxide (affording a loss of 120nu).

The results from the negative ion investigation®val the identification of
compounds based on the fragmentation patternsw@ssand hence is a new and
valuable tool in identifying unknown compounds astductural properties of

known compounds.



CHAPTER FIVE

| n vivo Effects of the Isolated Indole—

Diterpenoid Compounds

5.1  Assessment of Tremorgenicity, Heart Rate, Bloodressure and Motor
Control of Mice Dosed with Janthitrems A and B
5.1.1 Introduction
The indole—diterpenoids, janthitrem A and jantmird3 (isolated during the
course of this research), were tested on mice gesastheir tremorgenicity and
their effects on blood pressure, heart rate andmnamntrol. Motor control was
measured using an accelerating rotarod instrunkegiie 5.1) and blood pressure
and heart rate measured with a blood pressure aad hate analysis system
which utilised a non-invasive tail-cuff system (kg 5.2). Full experimental
details are described in Section 8.6.3. The trgemcity was assessed by a
procedure developed at Ruakura, New Zealand. ir@thod has been used
extensively to test the tremorgenicity of a largenber of indole—diterpenoid
neurotoxins (Miles et al., 1992; Munday-Finch et &B95; Munday-Finch et al.,
1996b; Munday-Finch et al., 1997).

The assessment af vivo effects induced by indole—diterpenoid compounds wa
carried out in mice as testing on cattle or sheeplavrequire a large amount of

the test compound, which is not feasible.

Janthitrem A and janthitrem B were investigatethis study. While toxins such
as lolitrem B and paxilline have been shown to hefieects on smooth muscle and

electrophysiological preparations (such as BK ckénrby patch-clamping)
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(Dalziel et al., 2005; Knaus et al., 1994; Sanctwed McManus, 1996), there is
currently no other method to determine tremorgéniai the living animal, which

is the objective of these experiments.

Ethics approval was obtained from the Ruakura Ahifathics Committee
established under the Animal Protection (code bfcat conduct) Regulations
Act, 1987 (New Zealand) and The University of WaikaAnimal Ethics
Committee. The mice employed in the experimenewemale Swiss mice (25 +

3 grams).

The significance of the results were assessed ubmd@tudent’s t-test and are
expressed as p-value. The error bars on Figures 5.3-5.8 and rEigul10

represent the standard error of the mean of theectise data.

Figure 5.1. The rotamex 4 rotarod.
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Visitech | Systems

Figure 5.2. The BP-2000 blood pressure and hatatmeasurement
instrument.

5.1.2 Tremorgen Bioassay

The symptoms of ryegrass staggers have been exgdely reproduced in

mice by the intraperitoneal administration of thentorgen lolitrem B

(Gallagher and Hawkes, 1985). This method has beecessfully used to test
indole—diterpenoids for tremorgenicity. Experirntardetails of the tremorgen

bioassay are outlined in Sections 8.6.1 and 8.6.2.

Mice were dosed with janthitrem B (6 mg¥gand compared to a control group
dosed vehicle alone (DMSO-water 9:1). Due to thectural similarity between
janthitrem A and janthitrem B, the same dose ras imitially used (6 mg kY
for janthitrem A. However, injection into the firsnouse resulted in severe
tremoring. This indicated the dose rate was tagh land no more mice were
dosed at this level. A lower dose of 4 mg‘kgas subsequently used, yielding
tremor activity similar to that observed in thetfatrem B experiment (Figure
5.3). The control animals for both the janthitr@nand janthitrem B experiments

showed no signs of tremorgenic activity.
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These results showed that janthitrem A induced meegere tremors in
comparison to janthitrem B since a lower dose ot@nthitrem A was used. A
comparison of the time course of action also shoavdidference with the tremors
induced by janthitrem A peaking slightly more guyclcompared to that of
janthitrem B (15 minutes compared to 30 minutes) &asting considerably
longer. At 6 hours post-dosing, mice dosed withtharem B had completely

recovered whereas those dosed with janthitremliAskibwed a significant tremor

(score of approximately 1).

Janthitrem B

0 2 _ 4 6 8
Time (hours)

——Janthitrem A (4 mg kg ) —e— Janthitrem B (6 mg kg )
—4&— Janthitrem A Control —=— Janthitrem B Control

Figure 5.3. Mean tremor score vs time post-inggcfor mice dosed i.p. with
janthitrem A (n = 4), janthitrem B (n = 4) and theaspective controls (n = 4).
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5.1.3 Effect of the Test Compounds on the Heart Rate of the Mice

In addition to tremorgenicity, the blood pressurel deart rate were measured
periodically during the experiment using a compsgst, non-invasive tail-cuff
system, the BP-2000 (Figure 5.2). Janthitrem A janthitrem B both caused a
rapid dramatic decrease in heart rate (Figure 5.¥Within 30 minutes post-
injection the heart rate of the janthitrem dosedcemihad decreased by
approximately 40%p(> 0.01). This slowly returned to normal within @uns and
at that time there was no significant differenceneen the test janthitrem and its
respective controlp(> 0.1). Although the effect on heart rate betwjaahitrems
A and B was similar, janthitrem A was dosed at welo dose rate and can
therefore be considered to have a greater effedtieamt rate compared to that

induced by janthitrem B.

Heart Rate (bpm)
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3 4
Time (hours)

—&—Janthitrem A (4 mg kg ) —e— Janthitrem B (6 mg kg )
—+— Janthitrem A Control —=— Janthitrem B Control

Figure 5.4. Mean heart rate vs time post-injectiore for mice dosed i.p. with
janthitrem A (n = 4), janthitrem B (n = 4) and theaspective controls (n = 4).
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5.1.4 Effect of the Test Compounds on the Systolic Pressure of the Mice

A less dramatic drop in systolic pressure was ofeskin mice dosed janthitrems
in comparison to heart rate. This drop was orgyisicant for the first recording

period following administration of both janthitrema comparison to their

controls p < 0.1) (Figure 5.5).

Due to the observed fluctuation of the systolicsptee over time for the controls,

conclusions regarding the effect of janthitremsrdl & on the systolic pressure

cannot be made.
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—e—Janthitrem A (4 mg kg ) —o— Janthitrem B (6 mg kg )
—+— Janthitrem A Control —=— Janthitrem B Control

Figure 5.5. Mean systolic pressure vs time pgsttion for mice dosed i.p. with
janthitrem A (n = 4), janthitrem B (n = 4) and thegspective controls (n = 4).
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5.1.5 Effect of the Test Compounds on the Diastolic Pressure of the Mice

No significant differences were observed in thesutibc pressure of the mice
administered janthitrems (Figure 5.6). JanthitrAnseemed to cause a drop
following administration but considering the obsshfluctuations throughout the
experiment and the fact that janthitrem B appe#oethve no effect on diastolic

pressure, no conclusions can be drawn.
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—e—Janthitrem A (4 mg kg ) —o—Janthitrem B (6 mg kg )
—4— Janthitrem A Control —a— Janthitrem B Control

Figure 5.6. Mean diastolic pressure vs time pojgtetion for mice dosed i.p. with
janthitrem A (n = 4), janthitrem B (n = 4) and thegspective controls (n = 4).

5.1.6 Effect of the Test Compounds on the Motor Control of the Mice
The rotarod instrument was used to evaluate thextedff janthitrems A and B on
the motor control of mice. The rotarod measuresabhility of mice to balance

and walk around a moving rod (refer to Section 8.far full experimental
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details). Our initial experiment used an injectimiume of 100 pL 9:1 DMSO-
water, but in this case control mice showed a Sgit decrease in their ability to
perform the rotarod task due to the effect of DMSDIMSO can cause mice to
become unresponsive, placid and docile and consdgule mice can experience
difficulty staying on the rotarod. Reducing thgettion volume to 50 pL caused

only a minimal effect on control mice, so this volkel was used for all subsequent

experiments.
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_ 4
Time (hours)

—e—Janthitrem A (4 mg kg ) —o— Janthitrem B (6 mg kg )
—+— Janthitrem A Control —=— Janthitrem B Control

Figure 5.7. Mean rotarod score vs time post-ilgaector mice dosed i.p. with
janthitrem A (n = 4), janthitrem B (n = 4) and thegspective controls (n = 4).

As indicated by the high error bars (Figure 5.1 totarod test is associated with
a high variability among animals. This fact iscathown by the high degree of

variability encountered for the time zero measumef the different groups of
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animals (Figure 5.7) despite an analogous traineggmen. To allow an easier

interpretation of results, the rotarod scores aheaeasurement time were also

compared as a percentage of their initial score£al) (Figure 5.8).

: 4
Time (hours)
—e—Janthitrem A (4 mg kg ) —o— Janthitrem B (6 mg K )
—+— Janthitrem A Control —=— Janthitrem B Control

Figure 5.8. Mean rotarod scores expressed ascargage of the score att =0
vs time post-injection for mice dosed i.p. withtfaitrem A (n=4), janthitrem
B (n=4) and their respective controls (n=4).

Both janthitrem A and janthitrem B had an immediatel dramatic effect on the
motor control of mice. The effect induced by jamdm A, when considering the
lower dose rate administered, was more severethi@nnduced by janthitrem B.
The time course was also longer for the effect ceduby janthitrem A as
indicated by the fact that mice dosed with janémirB returned to their normal
rotarod scores within 6 hours. In contrast, howejaathitrem A dosed mice still

had significant motor impairmenp € 0.05).
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5.1.7 Summary of Findings

This is the first time an epoxyjanthitrem (jantaitr A) has been tested on mice,
and it was shown to induce tremors which were #iigimore intense and longer
acting than those induced by the more common jaathj janthitrem B (Table
5.1). This difference in tremorgenicity must beeda the epoxide at C-11-C-12,
as structurally, this is the only difference betwdbe two compounds. Both

janthitrem A and janthitrem B also caused a drameffiect on the heart rate and

motor control of mice.

Table 5.1. Tremorgenic activity of the tested ljgineéms.

Time of Maximum Duration
Dose Maximum of
Compound 1 Tremor
(mg kg™) Tremor Score Tremors
(Hours) (Hours)
6 Dosage too high — therefore dosage was
Janthitrem A reduced to 4 mg kY
4 0.25 2.69 8
Janthitrem B 6 0.5 3.06 5-6

The staggers observed by animals grazing on AR8dyte-infected pastures
are believed to be caused by janthitrems produgettiib novel endophyte. The
janthitrems in this case are epoxyjanthitrems, n@khe results of janthitrem A
(an epoxyjanthitrem) compared to the results ofthigem B (not an

epoxyjanthitrem) commercially important.
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Lolilline

Figure 5.9. Structures of lolitrem B, janthitrem fanthitrem B, paspalinine,
terpendole C, paxilline and lolilline.
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The tremorgenic activity induced by janthitrem Adafanthitrem B were
compared to that published for other indole—ditegiés such as lolitrem B and

paxilline (Figure 5.9) (Munday-Finch, 1997).

Paxilline ) Janthitrem B
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—e— Janthitrem A (4 mg kg ) —o— Janthitrem B (6 mg kg )
—4— Lolitrem B (4 mg kg ) —=—Paxilline (8 mg kg" )

Figure 5.10. Comparison of mean tremor scoresnvs post-injection for
mice dosed i.p. with janthitrem A (n = 4), jantkitn B (n = 4), lolitrem B
(Munday-Finch, 1997) and paxilline (Munday-FincB97Y).
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As evident in Figure 5.10, the janthitrems were enpotent in comparison to
paxilline but produced similar fast onset but stdrtation tremors. In contrast,
lolitrem B gave slow onset but long duration tremofince lolitrem B is unique
in its ability to induce long duration tremors, atiftbse which induce short
duration tremors such as paxilline, paspalinine srgendole C lack the A/B
rings of lolitrem B (Figure 5.9), it has been prwly suggested (Munday-Finch,
1997) that these rings are essential for the géoaraf a sustained tremor effect.
The janthitrems do contain additional rings in camngon to paxilline, paspalinine
and terpendole C but these rings are differerttasa found with the lolitrems and

are not sufficient to give long duration tremors.

The effect of the janthitrems on heart rate, blpogessure and motor control are
consistent with that previously observed for padland lolitrem B (S.C. Finch,
AgResearch Ruakura, Hamilton, New Zealand, persooaimunication, June

2008).

The structure—activity relationships of indole—thenoids are very complex
making it impossible to predict biological effecis the basis of structure. This is
consistent with the hypothesis that indole—ditegseact upon specific receptor
sites to generate tremors. It has previously lseggested (Munday-Finch et al.,
1997) that indole—diterpenes could act upon moran tlone receptor site.
Terpendole C and lolilline, structural intermedsatd paxilline and lolitrem B,
differ in their tremorgenic behaviour when injectadraperitoneally to mice
(Munday-Finch et al., 1997). Terpendole C gave &&sing tremors which were
more intense than an equivalent dose of paxilluten®re of shorter duration than
the tremors induced by lolitrem B. In contrastlilioe gave no detectable
tremors at 8 mg k8§ making it much less active than paxilline, tegee C and
lolitrem B. These observations by Munday-Finchaét (1997) highlight the
unlikelihood of a single receptor site model fagntorgenic activity. Our new

results with the janthitrems are consistent wiilk tiypothesis as the tremorgenic
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activity of the janthitrems could not be predicteased on the structure—activity

relationships of other indole—diterpenoids suclobisem B.

This investigation has shown that janthitrem A gathitrem B are tremorgenic
to mice. The novel endophyte AR37 (Chapter 1,i8ect.7 and 1.8) produces
janthitrems, and these tremorgenicity results gtiens the hypothesis that these
compounds are responsible for the observed casgegfss staggers on pastures

infected with this endophyte.

5.2 Insect Testing of Janthitrem A and Janthitrem B

5.2.1 Introduction

Fungal metabolites such as tremorgenic mycotoxires zelieved to act as
chemical defence systems for the fungi which prediem, and subsequently
protect the host from consumption by other orgasisuch as insects (Dowd

et al., 1988). The mechanism of toxicity is noowm.

Many mycotoxins, such as penitrems A-D and F, (@lmzzet al., 2003), 10-oxo-
11,33-dihydropenitrem B (Laakso et al., 1993), érAbopenitrem A (Hayashi,
1998; Hayashi et al., 1993) and sulpinines (Laadtsal., 1992) have been shown
to have anti-insect properties. Endophyte-infeatgerasses have also been
shown to have anti-insect activity (Ball et al. 080 Breen, 1994; Goldson et al.,
2000; Jensen and Popay, 2004; Latch, 1993; Peehdll., 2005; Popay and
Mainland, 1991; Popay and Wyatt, 1995). For peedngegrass in New Zealand
infected with the wild-type endophyte, peramine bhasn shown to be the major
compound responsible for activity against Argentstem weevil I(istronotus
bonariensis) (Rowan and Gaynor, 1986) while ergovaline affdatsck beetle
(Ball et al., 1997). For other insects such asysasimealybug Balanococcus

poae), the alkaloid responsible for endophyte-mediatesistance is unknown.
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Ryegrass containing the novel endophyte, AR37,0alih it produces neither
peramine nor ergovaline, is as active against Anmgerstem weevil (Popay and
Wyatt, 1995), black beetle and pasture mealybugyegrass with the wild-type
endophyte. It has also been shown to have veegtafé resistance to insect pests
not normally affected by the wild-type endophytecls as porina Wiseana
cervinata) (Jensen and Popay, 2004) and the root aphpliofeura lentisci)
(Popay and Gerard, 2007) but the compounds redgertsir this resistance are
unknown. Since janthitrems are unique to AR37 sitpossible that these

compounds are involved with this anti-insect atyivi

The anti-insect activities of janthitrem A, jantkiin B and paxilline were assessed
along with endophyte-free ryegrass and ryegrassctiefl with AR37. The
janthitrems were sourced during extraction andaismh of aP. janthinellum
culture, strain E1 (Chapter 2, Section 2.2), whiist paxilline was available from
previous work conducted at AgResearch, Ruakura (dw¥inch et al., 1996a).
Insect testing was carried out on the insect pofiiseana cervinata) (Figure

5.11) which is a major pest of New Zealand pastures

Figure 5.11. PorinaWiseana cervinata) larva. Photo courtesy of
AgResearch, Ruakura.
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522 Stability of the Test Mycotoxins Janthitrem A, Janthitrem B and
Paxillinein the Diets Prepared for the I nsect Bioassay

For a test compound to be effectively evaluateahust survive the diet-making

process and be stable long enough to determiraetitdty against the test insect.

Due to the unstable nature of the janthitrems, ex@nts had to be carried out to

ensure that these requirements were met.

Diets were prepared containing janthitrems A andald paxilline using

established methods (see Section 8.7.2). Sub-sangblthe diets were taken
immediately after preparation and then again @&tehours at 15°C. All samples
were frozen until they could be analysed. Thedrodiet samples were freeze-
dried to remove water and accurate dry-weights oreds The samples were
then extracted and analysed by analytical HPLCguBIDA detection at 247 nm.
This wavelength was chosen as prior experiencaengwtiability trials (Chapter 2,

Section 2.4) showed that janthitrems A and B andllpge were all detectable at
this wavelength. Details of the extraction procedand HPLC method are

outlined in the Experimental Chapter (Section §.7.1

Table 5.2. Mycotoxin recovered (as a percentagkaifadded) from diets at time

zero and after 24 hours.

Mycotoxin Mycotoxitn:ir:) Diet (%) Myc%?eﬁi?wgeinfingng in
Janthitrem A 96.5 93.2
Janthitrem B 97.2 96.2
Paxilline 96.7 95.8

Results showed that janthitrem A, janthitrem B gailline survived the diet-
making process and remained close to 100% oveR4hbour stability period
(Table 5.2). The small observed differencesaf4—7% may in part be due to
factors such as the compounds not being fully etechduring the extraction

procedure or sample loss during transfer stagéseoéxtraction. This experiment
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proved that if diets were made daily, janthitremsadd B and paxilline were

stable under the conditions of the insect trial.

The diets containing the ryegrass were not analgsex®, as the pure janthitrems
were found to be stable, it was believed that theyeld not be an issue with the

ryegrass diets.

5.2.3 Preparation of the Diets for the | nsect Bioassay

Diets were prepared for each of the nine treatm@rakle 5.3) involving addition
of either the test mycotoxin (Figure 5.12), AR3%ented ryegrass or endophyte-
free ryegrass (details of the diet preparationpaesented in Sections 8.7.2 and

8.7.3).

Treatments B—G involved addition of the test mygotdjanthitrem A, janthitrem
B or paxilline) at two concentrations of 20 and %0 g% (wet weight

concentrations). The control diet (treatment Asvwpaepared by the addition of

the carrier used for mycotoxin addition (100 pL D®IS

Figure 5.12. a) Transfer of the prepared diet wWithtest mycotoxin into a petri dish
and b) allowing the prepared diets for each treatrtwecool.
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Table 5.3. Prepared bioassay diets with the tgsbtoxin/ryegrass.

. Treatment | Concentration
Insect Diet 2
Name (Mg g%)
No Mycotoxin A 3
(Control)
B 20
Janthitrem A
: C 50
Test Mycotoxin
Included in Diet D 20
Janthitrem B
E 50
F 20
Paxilline
G 50
Endophyte-free H _
Ryegrass Included Ryegrass
in Diet AR37 Infected ~
Ryegrass

Over the treatment period (5 days), the mycotoie@tsdvere prepared fresh daily.

Two further treatments were also tested involvimglophyte-free ryegrass or
ryegrass infected with AR37 (Table 5.3). The dvat prepared in the same way
as the mycotoxin diets, with the carrot and clopamt material in the latter
replaced by the same weight of ryegrass. Durieglibt preparation, the ryegrass
was blended with additional water (to ensure adequoaxing), some of which
was later removed so that the same quantity ofdiguas added to both diets. A
previous experiment showed that this discardedisolinad no bioactivity against
porina (A.J. Popay, AgResearch Ruakura Ltd, Hamiltéew Zealand, personal

communication, June 2008).

5.2.4 |nsect Bioassay
The bioassay trial (performed by A.J. Popay, AgRede Ruakura Ltd, Hamilton,

New Zealand) was carried out using porina larvBerina were obtained from a
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colony held in controlled environment rooms thad baen reared from eggs. The
porina larvae were all approximately four and & hadnths old but their weights
at the commencement of the trial ranged betweeantb637 mg. The larvae
selected for each treatment were representatitieeofange of weights so that the
average weight of the 12 larvae used in each tesatmias similar (mean 250 mg;
range 215 — 265 mg). Details of the bioassay #naldescribed in Section 8.7.4.
The trial was carried out in a controlled enviromneoom at 15°C, 16:8

light:dark regimen (Figure 5.13).

Figure 5.13. Specimen containers placed in a cbbetr environment room.

Larvae survival was 100% for the control, janthitr8 50 pg g, paxilline 20 pg
g* and in the AR37-infected ryegrass treatments. ©fvihe twelve larvae died
in the janthitrem B 20 pg gtreatment (84% survival), while the remaining
treatments (janthitrem A 20 ug-g50 pg &, paxilline 50 pg g, endophyte-free

ryegrass) had one larva die in each of them (9286\al).
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Porina Weight Percentage of Diet Eaten
Treatment h
change (Mg) | pay1 | Day2| Day3| Day4 Day5
Control 13 81.3 80.9 75.4 66.6 76
Janthitrem A 202 439 | 352| 325 208 @ 27
(20pug g7)
Janthitrem A 17.6 411 | 307| 295| 235 @ 264
(50ng g7)
Janthitrem B 5.6 708 | 607 | 604 491 329
(20pug 97)
Janthitrem B 17.9 436 | 334| 321| 256 @ 295
(50pug g7)
Paxilline
! -11.8 48.9 35.4 37.5 31.8 35.9
(20pg g%
Paxilline
! -8.7 42.2 36.5 36.0 28.1 28.7
(5019 G*)
Endophyte-
free Ryegrass 27.3 51.2 435 42.3 40.4 37.6
(Control)
AR37-
infected 1.2 20.4 19.7 12.4 9.9 8.7
Ryegrass
D <0.001 <0.001] <0.001 <0.000 <0.001 <0.0

01

With the exception of janthitrem B at 20 pd,cll the mycotoxin treatments

significantly reduced the weight of the porina ongarison to the control (Table

5.4, thep values represent the probability of a significaifiedence between the

different treatments). Consistent with this chaimgeveight was the reduction in

diet consumption observed for the mycotoxin treatisi¢again with the exception

of janthitrem B at 20 pg ) compared to the control. For the janthitrem B

treatment at 20 pg it was not until day 5 that a significant redoatiin diet

consumption was observed. Statistical analysis peaformed by A.J. Popay,

AgResearch Ruakura Ltd, Hamilton, New Zealand.
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Figure 5.14. Percentage of diet eaten by the pdaneach treatment.

Janthitrem A and paxilline had a similar effecttba weight of the porina and the
percentage of diet eaten. For janthitrem B howewehile the higher
concentration gave a similar response to that wbdefor janthitrem A and
paxilline, the lower concentration was less effexti This difference was
reflected both in the lower weight loss of the parand the fact that it took 4-5
days before a reduction in diet consumption wasdd@Figure 5.14). Since the
presence of an epoxide (janthitrem A) rather thaowble bond (janthitrem B) is
the only structural difference between these twopounds, the presence of this
epoxide may promote greater anti-insect activitguch a difference was also
observed during the mouse bioassay investigatibwerevjanthitrem A displayed
greater tremorgenicity in comparison to janthitr&n These results take on
greater significance since the janthitrems presetite AR37 endophyte-infected

grass are also 11,12-epoxides (like janthitrem A).

The AR37 ryegrass diet resulted in a significamégluced weight gain and diet
consumption of the larvae compared to the endogingteryegrass (Table 5.4 and
Figure 5.14), suggesting the endophyte has detepsyperties. Complete
deterrence was not observed as some consumptidR37-infected ryegrass did

occur. These findings were in accordance withudystarried out by Jensen and
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Popay (2004) which showed fewer tillers damagegdnyna larvae in the AR37-

infected ryegrass and decreased growth and sureivalR37-infected ryegrass.
In a 6 week experimental trial carried out by Jeresed Popay (2004), only 5% of
porina survived on AR37-infected ryegrass compaoefl5% for the endophyte-

free ryegrass (this trial was 5 weeks longer inatlan than our present study).
Therefore the effect on insects of AR37-infectedgnass may be due to both
toxicity and deterrence, as decreased growth awdeadsed survival of porina

larvae were observed as well as a reduction icdhsumption of the grass.

A direct comparison of the effects of AR37 ryegrasth the mycotoxins is not
possible because of the differences in diet contiposi However, relative to their
respective controls, the weight change of larvaeA&87 diet (26.1 mg) was
similar to that on the mycotoxin diets (averages3bf9, 19.2 and 23.3 mg for
janthitrem A, janthitrem B and paxilline respectije In addition, the percent
reduction in diet consumption compared with comstrelas also comparable
(average of 58, 43, 53 and 66% for janthitrem Atharem B, paxilline and

AR37 ryegrass respectively). Thus, effects of timgcotoxins on porina were
similar to the effects of the AR37 ryegrass on m&ri This suggests that the
janthitrems in AR37 may be responsible for the idetntal activity of this

endophyte on porina.

525 Summary of Findings

The mycotoxins janthitrem A, janthitrem B and phkmé were found to be

deterrent to porina feeding, with janthitrem B lipless deterrent at the lower
concentration compared to janthitrem A and paxllinThe change in weight of
the larvae is most likely due to deterrence, butladtcalso indicate toxicity,

particularly as there was substantial weight lods lasvae despite some
consumption of diet. Further testing of some dstmaly related non-tremorgenic
compounds could be carried out to determine whetife@norgenicity and anti-

insect activity are linked.



CHAPTER SIX

Analysis of Mouldy Walnuts

6.1 Introduction

The presence of tremorgenic mycotoxins in mouldinuis was investigated after
a dog was found to exhibit tremors upon consumpiioiine walnuts. A one year
old Labrador-cross dog was observed to vomit tina&s after ingestion of the
aforementioned walnuts. Over the following hous ttog became progressively
incoordinated and developed marked tremors. Upgameation by the
veterinarian, the dog was observed to have sewamerglised tremors, elevated
temperature, marked ataxia, hyperaesthesia and hypérsalivation. The dog
was treated by inducing vomiting, administrating & of lactated Ringer’s
solution (to reduce temperature), administrating\amjection of diazepam and
administrating activated charcoal orally. Diazepaitially controlled the muscle
tremors, but after six hours, tremors were agateaable and after a further four
hours, an additional dose of diazepam was admieiste Eighteen hours after
examination by the veterinarian and eight hoursratceiving the last diazepam

treatment, tremors were no longer observed.

The veterinarian tentatively diagnosed the dog's\ddmn as tremorgenic
mycotoxicosis. Intoxication of dogs by tremorgenitycotoxins has been
previously reported (Arp and Richard, 1979; Boyseial., 2002; Hocking et al.,
1988; Naude et al., 2002; Richard et al., 1981;t8v¥aP002; Young et al., 2003).
The majority of these cases were from North Ame(tg and Richard, 1979;

Richard et al., 1981; Boysen et al., 2002; Walk€2; Young et al., 2003) with
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one case reported in Australia (Hocking et al.,898nd one in South Africa

(Naude et al., 2002).

The first reported case of canine tremorgenic ngdobsis involved intoxication

of a dog after ingestion of mouldy cream cheese @wd Richard, 1979). The
fungusP. crustosum and the mycotoxin penitrem A were isolated from ¢heam
cheese. A few years later, intoxication of two slaffer consumption of mouldy
walnuts was reported (Richard et al., 198P).crustosum and penitrem A were
isolated from the mouldy walnuts. In 1988, a dayeloped severe muscle
tremors after consumption of a mouldy hamburger @docking et al., 1988).
Analysis of the remaining portion of the hamburgpen led to the subsequent
isolation of P. crustosum and penitrem A as well as trace amounts of other

penitrem compounds.

The remaining four accounts of canine tremorgenycatoxicosis were reported
over a decade later. These cases involved nine diich were observed to
develop clinical symptoms after ingestion of ungiped garbage (Walter, 2002),
compost (Boysen et al., 2002), mouldy cream ch@éseng et al., 2003) and rice
(Naude et al., 2002). In all of the other casks, mycotoxins penitrem A and
roquefortine C were identified in the contaminasedirce, with the exception of
the case reported by Naude et al. (2002) wherduthgus and mycotoxin were

isolated from the rice vomitus.

In this investigation, the walnuts the dog had comsd (which had fallen from a
tree on the owner’s property) were mouldy and heehdying on the ground for
approximately five months. The dog also had actess compost bin in the
garden. The source of the tremorgenic mycotoxias therefore believed to be

either the walnuts or the compost.
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Although canine tremorgenic mycotoxicosis has be@viously reported due to
consumption of mouldy compost (Boysen et al., 2083 was considered less
likely to be the cause in the present case becthese was no evidence of
compost in the vomit. In contrast, examinationtioé vomit by the owner
revealed an unidentified brown material, suggesti/avalnuts. Therefore the
clinical symptoms and history in this case werestgred by the veterinarian as
most suggestive of intoxication, most likely witternorgenic mycotoxins from
the mouldy walnuts. To allow the source to be cordd, the walnuts were
analysed for the presence of mycotoxins. Fungiewadso isolated from the

walnuts, grown in culture, and analysed for mycotex

6.2 Identification of the Fungus from the Mouldy Wdnuts
The fallen mouldy walnuts (Figure 6.1) were coketby the dog’s owndrom

the ground in areas that the dog had access to.

Figure 6.1. The collected mouldy walnuts.
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The walnuts had fragile or broken shells, and Wsrmeated with amorphous
brown material. The walnuts were visibly mouldyfiesyments of fungal hyphae
and numerous subglobose hyaline spores approxiynatgim in diameter were
observed on direct examination. The fungi frongfn@nts of the mouldy walnuts
were cultured by a mycologist (as described ini8ed8.8.1). The fungusp.
crustosum (strain 21143), was isolated and deposited in thierhational
Collection of Micro-organisms from Plants, Landc&esearch, Auckland. A
culture of thisP. crustosum strain 21143 was prepared for chemical examination
(Figure 6.2). Experimental details of the extractof toxins from the culture and

mouldy walnuts are presented in Section 8.8.2.

-

Figure 6.2. a) Extraction of the fungus. b) Indation of the media with the
fungus. ¢) The innoculated culture flasks. d) Iratidn of the cultures.

The resulting heavy growth of blue—green fungabo@s was identified by a
mycologist to beP. crustosum Thom (Pitt, 1979). This fungal species has also
been reported aBenicillium cyclopium and Penicillium palitans (as described in
Chapter 1, Section 1.4.1P. crustosum is a food-bourne fungal species that has

been isolated from foods such as nuts, meat, clewbgegetables (Sonjak et al.,
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2005). Virtually all isolates oP. crustosum produce penitrems (Pitt, 1979). As
mentioned earlier in this section, canine tremoigenycotoxicosis has been
previously reported. However, this condition igeravith only 13 dogs known to

have suffered from this intoxication (Arp and Riahal979; Boysen et al., 2002;
Hocking et al., 1988; Naude et al., 2002; Richardale 1981; Walter, 2002;

Young et al., 2003). In each of these cases winaigal cultures were isolates,

crustosumwas identified.

6.3 LC-UV-MS Analysis of the Mouldy Walnuts and P. crustosum
Extracts

LC-UV-MS analysis was performed with an LCQ Advgetanass spectrometer
fitted with an APCI source. Quantitation was parfed by integration of peaks
in the UV absorbance chromatograms obtained frarPBA at 296 nm. Results
from sequential extractions were combined to deatertotal concentrations. The
samples were quantitated against standards prefraradan accurately weighed
specimen of penitrem A. Details of the LC-UV-MSthoel are described in
Section 8.8.3.

6.3.1 LC-UV-MS Method Validation

The LC-UV-MS method was validated by evaluatinggheameters of linearity,

accuracy and precision (refer to Section 8.8.4efqrerimental details). The data
was analysed to determine whether a linear relshipnexisted between the
concentration of penitrem A and peak area over rgggaof concentrations.

Concentrations were used which could feasibly lesgmt in actual samples. A
straight line relationship was found for five contations of penitrem A (2, 5,

10, 20 and 50 pg mt), indicating that the peak area was proportiooathe

concentration (Figures 6.3 and 6.4).
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Figure 6.3. Calibration curve for five penitremsfandards obtained from the mass
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to be visible.
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In order for the calibration curve to be acceptatiie R value should be greater
than or equal to 0.995 (Delmulle et al., 2006).e Thass spectrometer and PDA
calibration curves for penitrem A gave’ Ralues of 0.9979 (Figure 6.3) and
0.9997 (Figure 6.4) respectively, both of which abeve the required 0.995, and

therefore acceptable calibration curves.

The PDA (at 296 nm) was chosen for quantificatibpenitrem A in this study,
since the R value was closer to 1, indicating a more linedati@enship.
Furthermore, when using mass spectrometry for gaéime analysis, the effect of
ionisation suppression by matrix components mustdesidered. It has been
reported that LC—-MS or MS analysis of penitrem déads needs to be carried out
in the same matrix as that used for samples shmsehfas an effect on the peak
area and peak height. For example a 40% reductipeak height and area was
observed by Rundberget and Wilkins (2002b) when ani8lysis of penitrem A
standards was carried out in the matrix as opptséite mobile phase. This was
attributed to suppression of ionisation by compdsmém the matrix (Rundberget
and Wilkins, 2002b). In addition to matrix effectise tendency of compounds to
produce fragment ions, can also reduce the seibgibvthe method, thus giving a

higher detection limit.

To further validate the developed analytical methib& reproducibility of the
calibration curve was assessed on three differags.d This showed that the
analytical method was reliable since the threebcation curves agreed within
error. The method was also shown to be accuratk mecise since the
concentration obtained from the calibration curye (Qraph plotted when testing
the linearity, Figure 6.4) corresponded to the @ctwncentrations tested (4, 15
and 34ug mL™Y) with a low percentage relative standard deviaitable 6.1).
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Table 6.1. Comparison of the reference concentrand the average

experimental concentration for penitrem A.

Reference Average Concentration % Relative
Concentration | (ug mL™) (Determined from Standard Deviation
(ug mL™Y the Calibration Curve)
4 4.06 0.40
15 15.10 0.46
34 33.66 0.34

6.3.2 LC-UV-MS Identification of the Penitrems aridoquefortine C in the

Mouldy Walnuts and P. crustosum Extracts
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Figure 6.5. LC-MS chromatogram & crustosum. Values ofm/z for
[M+H] " are given above their corresponding peaks.

LC-UV-MS analysis of the extracts of both tRe crustosum culture strain

21143 (Figure 6.5), and the mouldy walnuts (Figu@® revealed the presence of
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a number of peaks in each chromatogram. Similakg&ere observed in both
the walnuts and culture, although differences vetse evident, with the walnuts

giving rise to more compounds than the culturadissussed later in this section.
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Figure 6.6. LC—MS chromatogram of the mouldy walextract. Values of/z for
[M+H] ™ are given above their corresponding peaks.

The peak giving anvz value of 634, eluting at approximately 24 minutégure
6.6), is attributable to penitrem A based on consparof its retention time, mass
spectrum, mass spectral fragmentation (Figures 6.8, and 6.9), and UV

spectrum (Figure 6.10) with those of an authergecanen of penitrem A.
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Figure 6.9. M$ (m/z 634-558) spectrum of penitrem A peak froR
crustosum. Values oinvz for major ions observed are given.
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The UV spectrum of penitrem A exhibits UV absorptimaxima at 235 and 296
nm (Figure 6.10). The absorption maximum at 235 isnmuch greater in
magnitude than the absorption maximum at 296 nnghwihused as the detecting
wavelength would allow greater sensitivity. Despghis, 296 nm was chosen as
the detecting wavelength to quantify the penitremdewer compounds interfere
at this wavelength. Although the sensitivity isver at this wavelength, it still

allows sufficient sensitivity to detect small quéas of penitrems.

235

Relative Absorbance

296

[rrrrrrryprrrprrr 1t 1ttt
200 220 240 260 280 300 320 340 360 380 400
wavelength (nm)

Figure 6.10. UV absorbance spectrum of penitrem A.

Peaks with mass and UV spectral properties comsistgh penitrems B—F and
roquefortine C were also observed in chromatografrextracts ofP. crustosum
strain 21143 and the mouldy walnuts. The reteniimes and spectral properties

of these peaks were found to be identical to tldserved for penitrems B—F and
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roquefortine C in an extract of a well charactetisgrain of P. crustosum
(Rundberget et al., 2004a), and are in accord wlitomatographic analysis for

penitrems (Maes et al., 1982) and for roquefor@n@or et al., 2006).

6.3.3 LC-UV-MS Quantitation of Penitrems in Mouldy Walnat and P.
crustosum Extracts
The penitrem levels in the mouldy walnuts and thiuce were quantitated by
LC-UV-MS against the calibration curve at 296 nng@Fe 6.4). Penitrem A
was the major penitrem in both the fungal cultur88(mg L) and the mouldy
walnuts (26.5 mg k). Assuming the response factors for penitrems BeFe
the same as that of the penitrem A standard, taéamount of penitrems A—F in
the walnuts andP. crustosum strain 21143 were estimated to be 36.4 mg 4aqd
171 mg L%, respectively. The concentration of roquefortiewhich has been
described as a paralytic agent but has no defnrported tremorgenic activity

(Naude et al., 2002), was not determined.

Penitrem A is the most commonly identified canirentorgenic mycotoxin and
this toxin is produced bf. crustosum (Arp and Richard, 1979; Hocking et al.,
1988; Naude et al., 2002; Richard et al., 1981;t8v¥aP002; Young et al., 2003).
For both the culture and the mouldy walnuts, pemtA was the major penitrem
present, followed by penitrem F (Table 6.2). Sodiléerences in penitrem
abundancies were evident. For example, penitrewa€ the least abundant
penitrem in the fungal culture compared to penit®nn the mouldy walnuts.
The variation in production of metabolites may b#uienced by factors such as
the substrate involved, water activity (a measuréaw pure the water is for
microbial growth), temperature and pH (di Mennalet 1986; Hou et al., 1971,
Rundberget et al., 2004b). Water activity is hadgk to influence penitrem
production, where a decrease in water activitydet@da decrease in penitrem A

production (ICMSF, 1996; Rundberget et al., 2004Hhe mouldy walnuts and
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culture had differing substrates, therefore the immadthe culture was grown on
may give conditions which favour production of gegms which differ from that
observed with the walnuts. In addition, the vaoiatin abundance may also be
due to different extraction efficiencies of the pms from the two different

substrates.

Table 6.2. Comparison of penitrem production & ouldy walnuts anB.

crustosum extracts.

Penitrems Detected in Descending Order of Abundac
Culture A F E D B C
Walnuts A F C D E B

The production of penitrems (in culture and as aombants in food such as
walnuts) reported in the literature is mainly incaaance with the results
obtained in this study, where penitrem A was predately the major penitrem

(Hocking et al., 1988; Rundberget et al., 2004b).

Of all other reported cases of canine tremorgenycatoxicosis, the report by
Hocking et al. (1988) is the only one in which geam A is quantified in the
contaminated source. In this case a Siberian hdsgydeveloped severe muscle
tremors after ingestion of a mouldy hamburger bidocking et al., 1988).P.
crustosum was isolated from the hamburger bun and penitnesre found to be
produced. The amount of penitrem A in the hamhubgm was found to be 35
mg kg* (the remaining penitrem compounds were not quad)icompared to the
26.5 mg kg found in the walnuts. The greater level of penitrd in the
hamburger bun may explain the greater severityyofpgoms in the dog which
consumed the hamburger bun. The dog which haduocoes the mouldy
hamburger bun did not fully recover until after 2eks compared to 18 hours for
the dog investigated in this study which had coredithe mouldy walnuts (both
dogs were treated for their symptoms). Howevee, @vsolute quantities of

penitrems consumed by the dogs cannot be comparfeéarthermore, direct
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comparison is impossible due to the different bsegfddog, possible difference in

size between the dogs, and the different duratimhnaethods of treatments.

6.3.4 LC-UV-MS Identification of Additional Metabies Detected in the
Mouldy Walnuts and P. crustosum Extracts

In addition to the peaks correlating to penitrems=Afurther peaks withm/z

values of 600, 584, 616, 409 and 424 were obsenvtdee walnut extracts but not

theP. crustosum culture.

The ions at/z 600, 584 and 616 are consistent with the [M*+d} penitremones
A, B and C, respectively. The penitremones (1@-et,33-dihydro-variants of
the penitrem indole—diterpenoid skeleton) were tified by Naik et al. (1995)
from aP. crustosum species that readily produces penitrem A. The p&twa of
the walnut compounds were slightly different to ¢horeported for the
penitremones. Penitremones A—C have UV absorptiarima at 260 and 280
nm (Naik et al., 1995) compared to the 255 andrt@Gbsorption maxima which
were observed in this study. These compounds narebserved in the culture
extracts investigated in this research. The reagloy these compounds were

detected in the walnuts but not the culture iskmaiwn.

The compounds which afforded [M+HJions atnvz 409 and 424 remain
unidentified. The relative intensity of the peaklsthese compounds was quite
high. These compounds were not detected in thitareubfP. crustosum and the
molecular weights did not correlate to any oth@orted metabolites produced by
P. crustosum. These compounds may therefore originate from tHawvanatrix.
To investigate this further, walnuts uninfectedmyrustosum could be extracted

and analysed.
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In the culture extract, additional peaks correspmndo m/z 634 and 600 (at
retention times differing to those observed inwWanuts) were observed. These
peaks were tentatively assigned as thomitrems AEndespectively, based on
comparison of the observed molecular weights and $péctra with those
reported by Rundberget and Wilkins (2002a). Thesmpounds were not
detected in the walnut extract, which suggests ttiatculture growth conditions

may have favoured the production of these compaunds

6.4  Summary of Findings

A definitive diagnosis of tremorgenic mycotoxicosequires identification of
mycotoxins in the serum, urine or vomit from théeefed dog. Methods for
identifying penitrem A in food (Braselton and Jobns2003), vomit (Braselton
and Johnson, 2003), serum (Tor et al., 2006) aimk (ifor et al., 2006) have
been published. However, these tests are notnedytavailable in New Zealand
and due to the delay and expense which would behiad, are not readily an

option for New Zealand veterinarians in clinicatiations.

In conclusion, the findings of this research suppiog diagnosis of tremorgenic
mycotoxicosis made by the veterinarian, as the drgemic mycotoxins,
penitrems A—F, were found in mouldy walnuts frore fame location as those the
dog had consumed. This is the first reported caflsSéremorgenic canine
mycotoxicosis in New Zealand. A full account ofsthinvestigation has been

published in the New Zealand Veterinary Journdefreo Appendix 1).



CHAPTER SEVEN

Summary and Conclusions

7.1 Screening of Cultures

Analysis of a series of extractdl janthinellum cultures (obtained from three
different sources as described in Section 2.1) I&~UWV-MS showed the
presence of janthitrems in the majority of the isga Strains E1 and 5674
contained the highest quantities of janthitrem BRI asther janthitrem-related
compounds. Instead of janthitrems, LC-UV-MS analysvealed the presence
of penitrem A in two of thé. janthinellum strains, E2 and E3. In addition, the
E2 strain also produced penitrems B—F and roqueéi€. The production of
penitrems by someP. janthinellum strains has previously been tentatively
identified by di Menna et al. (1986) on the badi$iBLC. This tentative report,
however, can now be confirmed on the basis of cetgmsive LC-UV-MS

analysis.

7.2 Isolation and Structure Elucidation of Janthitrems A and B

A reliable, rapid and efficient method for the extiion and isolation of janthitrem
B from aP. janthinellum culture (strain E1) on a preparative scale has bean
developed. The extraction and isolation process®ae optimised to obtain the
compounds of interest in a relatively short pewdtime — approximately 6 mg of

janthitrem B from 900 mL of fungal culture in 2 dayThis method can now be
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conducted routinely, allowing the ready availapildgf janthitrem B whenever

necessary.

Detailed analyses of the isolated compound by ané-two-dimensional NMR
(*H, *C, DEPT-135, COSY, TOCSY, HSQC, HMBC and NOESY) &RMS
showed it to be consistent with the structure oftjarem B. Signal assignments
for janthitrem B were compared to those previouslyorted for this compound
(Wilkins et al.,, 1992) which showed that some newis of the original

assignments (H-14, H-16, H-39 and H-40) were necgss

During the isolation of janthitrem B, a further faitrem was also isolated. One-
and two-dimensional NMR experiments (includitig, *°C, DEPT-135, COSY,
TOCSY, NOESY, HSQC, and HMBC spectra), HRMS, UV #uodrescence data
and LC-UV-MS fragmentation patterns (in negative iled to the identification

of this compound, revealing it to be 11,12-epoxiharem B.

11,12-Epoxyjanthitrem B appears to correspond ®® phrtially characterised
janthitrem A (identical molecular weights and cluaeastic UV absorbance
spectra) previously detected in extracts of theesatnain ofP. janthinellum

culture (Gallagher et al., 1980a). At the time kwer, Gallagher et al. (1980a)
were not able to determine the structure of the pmamd they designated as
janthitrem A and since no further information retiag janthitrem A has been
reported, it is impossible to definitively assoeiah subsequently obtained
structure with their compound. Consequently it vasposed that the trivial
name janthitrem A be given to the 11,12-epoxyjdargm B based on the belief
that Gallagher et al.’s (1980a) janthitrem A iselik to have been 11,12-

epoxyjanthitrem B.

NMR data for janthitrem A was consistent with thegosed NMR assignment

revisions for janthitrem B. Previously no struetuhas been reported for
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janthitrem A, and due to its structural similantyth the commercially important
epoxyjanthitrems, the isolation of this compoundngortant for use as a model

compound.

7.3 Isolation and Structure Elucidation of Janthitrems C and D

LC-UV-MS analysis of E1 fungal culture extractsoadhiowed the presence of a
further two unknown janthitrem compounds. Thesmpounds were targeted
using an additional preparative scale culture Wed extracted and isolated using
a method based on that utilised during the putificaof janthitrems A and B,
leading to the isolation of janthitrems C and Dhitial NMR analysis indicated
that the isolated janthitrem C and janthitrem D glas were not completely pure.
However, due to the stability issues surroundingthi@rems, further NMR
analysis was performed on these impure samplegaable their structures to be
determined prior to any additional purification emtipts which would risk

decomposition of the compounds.

One- and two-dimensional NMR spectroscopy (inclgdihl, *°C, DEPT-135,
COSY, TOCSY, NOESY, HSQC, and HMBC spectra), HRM$Y and
fluorescence data and LC-UV-MS fragmentation pastéin negative ion) led to
the elucidation of the structures of janthitrem &l &1,12-epoxyjanthitrem C.
NMR assignments were made on the basis of compamngth data already
attained for janthitrems A and B and with that atheg published for janthitrem C
(Penn et al.,, 1993). NMR data attained for janghit C showed that some
revisions of the original assignments (C-25, C-3738, C-40, H-5, H-14, H-15,
H-16, H-25, H-26, H-35, H-37 and H-38) were necessa

Janthitrem D was proposed as the trivial name ler janthitrem C epoxide

(11,12-epoxyjanthitrem C). Janthitrem D was odjy named in the literature
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based on its characteristic janthitrem-like UV absoce spectrum, however, a
structure for the compound was not reported (Lawueth Gallagher, 1982) and
since there is no further information regardingthi@nem D it is impossible to
definitively associate a subsequently obtainedcsire with their compound.
Therefore it was proposed that the janthitrem Ckej@obe given the trivial name,

janthitrem D.

As with janthitrem A, no structure had previousbeb reported for janthitrem D.
The structure proposed for janthitrem D was alsuilar in structure to the
commercially important epoxyjanthitrems. The isiola of compounds similar to

the epoxyjanthitrems is important for use as modeipounds.

7.4  Janthitrems Structural Inter-Relationship

On the basis of the structures elucidated for jaetins A and D, a diagram
depicting the inter-relationships between the jérgin structures can be proposed
(Figure 7.1). The two distinct janthitrem grounthitrems E—G and janthitrems
A-D) differ by a dehydrated terminal isoprene {Rigure 7.2).
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P. janthinellum (type Jan E-G) P. janthinellum (type Jan A-D)

Janthitrem B
M, =585

Janthitrem E
M, = 603

l + Ac (po

Janthitrem F
M, = 645

1 - O (posi

Janthitrem G
M, = 629

+ O (position C-11, C-12)

Janthitrem C

Janthitrem A
M, = 569

M, =601

Janthitrem D
M,= 585

Figure 7.1. The structural inter-relationship betw the janthitrems.

Janthitrem A
Janthitrem B
Janthitrem C
Janthitrem D

Janthitrem E R=H R, = OH
Janthitrem F R=COCH R,=OH
Janthitrem G R=COCH R;=H

Figure 7.2. Structure of janthitrems A-G.
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7.5 Stability of Janthitrem B

Stability testing on janthitrem B identified coridits which would provide a
lower risk of janthitrem degradation. Janthitrems&mples were stored using
eight different conditions, which allowed the effeof solvent, storage
temperature and light to be assessed. The exteld@gvadation observed varied
widely between the different conditions, from aghhas 29% degradation to as
low as 7% degradation. The least favourable seoregndition was that in
methanol at room temperature, which lost approxe@ga9% of janthitrem B
over 300 days. The optimum condition for the gjeraf janthitrem B was dry at
—80°C, which only lost approximately 7% over 30§sla Janthitrem B exhibited
greater stability in acetone (15% degradation) cameg to methanol (29%
degradation), therefore all subsequent handlinganthitrems was carried out

using acetone wherever possible.

Details from this experiment provided practicalomhation on how to handle
janthitrems and minimise loss of sample. The miation from these trials will
be invaluable for future experiments involving jatrems, particularly for
extractions from endophyte-infected grasses simeeiqus isolation attempts of
janthitrems from herbage and seed have been sgvenelered by instability and

decomposition.

7.6 Bioactivity of Janthitrems

7.6.1 MiceTesting

Two of the isolated janthitrems, janthitrem A aadthitrem B, were assessed for
bioactivity using mice. The compounds were admemed to mice
intraperitoneally and their tremorgenicity and effen blood pressure, heart rate
and motor control/balance monitored over 24 how#hile the tremorgenicity of

janthitrem B has been previously assessed, thisthis first time an
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epoxyjanthitrem (janthitrem A) has been assessed,ifais the first time that
blood pressure, heart rate and motor control haesn bncluded in the study of
janthitrems. This investigation revealed that baththitrem A and janthitrem B
are tremorgenic to mice. The results showed taathjtrem A induced more
severe tremors in comparison to janthitrem B and &aslightly longer time-

course of action.

Janthitrem A and janthitrem B also induced a marked immediate drop in the
heart rate of mice. This effect showed a similaret course of action to that
observed for tremor, with the heart rate of miceimgng to normal within 7
hours. Although the effect on heart rate inducgdanthitrems A and B was
similar, janthitrem A was more potent than jantmtrB since it was administered
at a lower dose rate. No significant effect otlginems on the blood pressure of

mice was observed.

Janthitrems A and B also induced a significantaf@s the motor control of mice
which was especially pronounced within the firsulhpost-injection. The mice
dosed with janthitrem B returned to their normahrod scores within 6 hours. In
contrast, however, the mice given janthitrem A werd observed to return
normal measurements until after 8 hours. Consdhyugrcan be concluded that

janthitrem A has a longer lasting effect on motontcol than janthitrem B.

The novel endophyte AR37, (Chapter 1, Section &d’1a8) is known to produce
janthitrems, and sporadic cases of staggers hae dizserved in animals grazing
pastures containing this endophyte type. Thesgiestuconclusively show that
janthitrems are tremorgenic and furthermore, thasé¢ containing a C-11, C-12
epoxide (such as those associated with AR37) appebe of higher potency.
This suggests that the cases of ryegrass staghsesved with ryegrass pastures
infected with the endophyte AR37 may very well bh&e do the presence of

epoxyjanthitrems.
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7.6.2 Insect Testing

Insect testing was carried out using porina larjeseana cervinata). Three
compounds were tested on the insects: janthitrefarhitrem B and paxilline, in
conjunction with a control. Two further treatmemtsre also tested: endophyte-
free ryegrass and AR37 endophyte-infected ryegrds$se results from this trial
indicate that the diets treated with janthitrem jAnthitrem B and paxilline
displayed anti-insect activity, as the porina ekbiba reluctance to consume any
diets treated with these compounds. This is ttet fime pure janthitrems have

been tested on insects.

The results from the insect trial also confirmedttAR37 shows very promising
insect resistance, and that the insect resistaspéaged by AR37 may be related
to the presence of janthitrems. The AR37-infeatgxfjrass resulted in reduced
consumption by porina, in comparison to the endtgfige ryegrass. This
indicated that the endophyte may have deterrerqepties and since decreased
growth and survival of the porina larvae were atbserved, inferences can be
made that the anti-insect effects of AR37-infectgeigrass may be caused by
toxicity as well. These findings were in agreemwith the study carried out by
Jensen and Popay (2004) where they showed tha6inveek trial only 5% of
porina survived on AR37-infected ryegrass compaoefl5% for the endophyte-

free ryegrass.

7.7 LC-UV-MS Investigations

7.7.1 APCI vs. ES

Analysis of penitrems using an ESI source and aflAsdburce confirmed the
observations made by Rundberget and Wilkins (2QG8B} penitrems were more
sensitive by analysis in APCI mode compared to fa8dle by a factor ofa. 10.

This was also the case for the majority of the iothdole—diterpenoids tested in
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this investigation (janthitrems A-D, lolitrem B, g@linine, paxilline, penitrem A

and terpendole C). The only exception was paspalin

7.7.2 Positivelon Analysis

The behaviour of indole—diterpenoid compounds (heir ability to fragment and
the type of fragmentation observed) was exploreouih the use of LC-UV-MS
with both an ESI source and an APCI source. A eaofjindole—diterpenoid
compounds were analysed: janthitrems A-D, penitretad=, lolitrem B,
terpendole C, paxilline and paspalinine. Under AR@nhditions an increased
number of water losses were observed, whereas Wfleconditions losses of
oxygen were more common. The loss of water undeCIAconditions may
primarily arise from thermal dehydration of the wapsing analyte (Rundberget
and Wilkins, 2002b). No structurally significama§ments were observed under

the positive ion conditions, particularly when gsam ESI source.

7.7.3 Negativelon Analysis

The indole—diterpenoid compounds run in negativenmde on the LAJV-MS
using an APCI source provided significant result§.o date, no data has been
reported for such analyses of indole—diterpenoittstial attempts to obtain
negative ion MS data afforded a mixture of the @péted [M—H] ion plus an
acetate adduct ion, which originated from the aaatid in the eluent. The adduct
peak was unable to be fragmented using the standanaditions and
therefore M8 and MS data could not be obtained. However, after the
introduction of source-induced dissociation in cambon with an increase in the
collision energy, the adduct peak was able to mpressed and an [M—Hion
observed as the dominant ion, allowing high qudiityscan, M3 and MS data

to be attained.
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In contrast to the fragments observed under pesitn conditions (where losses
of acetone and water or oxygen were dominant) nmfoemative fragments were

observed using these conditions. Negative ionlieshowed common fragments
between compounds with certain functional groujes,structures with an epoxide
at C-11 and C-12 were observed to fragment actosepoxide and, as a result,
indole—diterpenoids will now be more easily idaetif by their fragmentation

patterns. The development of improved and morsityem LC-UV-MS methods

for the analysis of indole—diterpenoids (in pard@ciuthrough the use of negative
ion APCI methods) will allow future endophyte pratiito be more thoroughly
screened for different classes of secondary metabol The knowledge gained
from the negative ion analysis of indole—diterpesas to be put to use in other

laboratories, in particular at the National Vetarininstitute in Oslo, Norway.

7.8 Mouldy Walnuts Investigation

The presence of tremorgenic mycotoxins in mouldinuts was investigated after
a dog was found to exhibit tremors upon consumptibthe walnuts. Detailed
qualitative and quantitative LC-UV-MS analyses wgeeformed on extracts of
the mouldy walnuts and the fungal culture isolatexin the walnuts. Peaks
attributable to penitrem A in both the fungal cudtitand walnut sample were
confirmed based on comparison of its retention timmass spectrum, mass
spectral fragmentation, and UV spectrum with thokan authentic specimen of
penitrem A. In addition, peaks with mass and U¥ctmal properties consistent
with penitrems B—F and roquefortine C were alsceoled in chromatograms of

extracts of the fungal culture and the mouldy wednu

Quantitation of the samples (by UV at 296 nm) résegenitrem A to be the
major penitrem in both the fungal culture (138 mY land the mouldy walnuts

(26.5 mg kg). The total amount of penitrems A—F in the wasnaind P.



240

crustosum strain 21143 were estimated to be 36.4 mg kgpd 171 mg L,

respectively (assuming similar absorbance to pemith at 296 nm).

The identification of the tremorgenic mycotoxingngrems A-F, in the mouldy
walnuts the dog had consumed supported the teatdtagnosis of tremorgenic
mycotoxicosis by the veterinarian. This is thestficase of tremorgenic canine
mycotoxicosis reported in New Zealand. The analgéithe mouldy walnuts was
carried out prior to the development of the negaion methods on the LC-UV—-
MS system. Analysis of these samples through negain LC-UV-MS would

have helped with the identification of penitremdB—

7.9  Conclusion

The results from the experiments run during thes®wf this research will help
further progress the work AgResearch performs weldping commercial novel
endophytes to be utilised in establishing safeuypast In particular, the results
from the insect and mouse testing gives an insighbtpossible compounds which
have the ability to deter insect attack and thoséchvare responsible for the

staggers-like symptoms observed with AR37 endopimjeeted pastures.

LC-UV-MS methods have been improved significantly riot only the analysis
of janthitrems, but also other indole—diterpenoidsthis will allow future
endophyte products to be more thoroughly screemeddifferent classes of
secondary metabolites. In particular, the develaminof the negative ion method
has been successful in identifying diagnostic fragts from certain indole—
diterpenoids. The success of the negative ion odstiare such that they are to be

employed in various other laboratories.
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7.10 Future Work

Following on from the janthitrem B stability invegtions, janthitrems C and D
should also be investigated to confirm that theibta issues associated with
these janthitrems is consistent with that foundjémthitrem B. The janthitrems
present in the endophyte are very similar to jargm D (in terms of structure) as
they both have an epoxide at C-11, C-12 and nodxytiigroup at C-30, so it is
important that the issues surrounding the stabditythese compounds is fully

understood.

Due to the commercial potential of AR37, furtherrkvas required to better
understand the compounds responsible for the insieetctivity and livestock
effects. The current study indicates that the gamthitrems may be involved in
these effects. Using the knowledge gained durimgisolation of janthitrems
from culture, further attempts will be made to &el epoxyjanthitrems from

AR37-infected plant material.

Important information can also be gained by tesgamghitrems C and D, isolated
during the present study, for effects on mice amskedts. This may allow
structural features which are required for bioastito be identified for this class
of compound. The shearinines would also be ofr@éstesince they are closely

related to the janthitrems.

It has recently been proposed that tremorgenisityduced by interactions with
the BK channel. This theory was developed usidigrédons and paxilline, but
now that janthitrems are available in sufficienantities, further studies using BK
channels and another class of tremorgen are pessiliis would allow the

relationship between tremorgens and BK channdbe toetter understood.



CHAPTER EIGHT

Experimental

8.1  Screening of Cultures

8.1.1 Culturing

A total of 31 isolates were cultured. The isolatese inoculated in potato—milk—
sucrose broth (50 mL per 150 mL conical flask)uivetted at 20°C for 6 weeks in
the dark, and then stored at —20°C until requiredeitraction. Culturing was
performed by Dr M. E. di Menna, AgResearch Ruakiu@d Hamilton, New

Zealand.

8.1.2 Extraction

The cultures were thawed immediately prior to ettomm and the mycelium
separated from the culture medium by filtration &tative 1, 18.5 cm, Whatman
International Limited, Kent, UK), under gravity. h& mycelium was transferred
from the filter with distilled water (approximatel0 mL) and the mycelium
homogenised in a 1-litre Waring blender (Torringt@T, USA) with acetone
(BDH Laboratory Supplies, England) (150 mL) for 3nn§22 000 rpm). The
acetone extract was then filtered (as describesiegkand the blender and residue
were rinsed with acetone (50 mL). The residual eliyen was re-extracted in the
same manner with methanol (Mallinckrodt Baker, INd, USA) (100 mL) for 3
min (22 000 rpm). The acetone and methanol extwaets evaporated to dryness

under vacuum and stored at —20°C until requiredaf@lysis.
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8.1.3 LC-UV-MS

ES

All fungal extracts were initially analysed by LCWYUMS using an LTQ Linear
lon Trap mass spectrometer fitted with an ESI fat& (ThermoFinnigan, San
Jose, CA, USA) and coupled to a SurvéloHPLC, autosampler, MS pump and
PDA detector. The column used was a Phenomenea bup C18 (2) 100 A
(Phenomenex, Torrance CA, USA), 150 x 2 mm. BEfutieas with a linear
gradient (200 puL mif) of acetonitrile—water (2:3) containing 0.1% (vAagetic
acid (solvent A) and acetonitrile containing 0.1%v) acetic acid (solvent B),
from 100 to 0% solvent A over 40 min, 20 min hadldllowed by a return to
100% A over 5 min and then held at 100% A for 10 i@ re-equilibrate the
column. Injection volume was 10 pL, the PDA deateavas scanned over the
range 200-400 nm and the MS was scanned in positivenode from 200-800
mass units. The sheath gas flow rate, auxiliary fif@s rate, probe voltage,
capillary temperature, capillary voltage and tubres| offset were set at 20, 5, 4.5
kV, 275°C, 35 V and 85 V, respectively. Each esttraas made up in 1 mL of

50:50 acetonitrile—water for analysis.

APCI

The fungal culture extracts were also run on an LGQvantage mass
spectrometer fitted with an APCI source. The randitions were the same as the
ESI experiment (described above). The MS was szhim positive ion mode
from 300-1600 mass units. The vaporiser temperagiieath gas flow rate,
auxiliary gas flow rate, discharge current, capjlil'emperature, capillary voltage
and tube lens offset were set at 350°C, 30, 5, 5209°C, 39 V and 15 V,
respectively (Rundberget and Wilkins, 2002b).



244

8.2 Isolation of Janthitrem A and Janthitrem B

8.2.1 Culturing

The P. janthinellum strain E1 was inoculated on 900 mL of potato—milicrese

broth and split among 6, 1 L Roux flasks. The Eais was grown from freeze-
dried preparations made on October 1979 ofanthinellum strains 1-4 of di

Menna et al. (1986). The culture was incubate2Da€C for 6 weeks in the dark.

8.2.2 Extraction

The mycelium was harvested and separated fromuibere medium by filtration
(Qualitative 1, 18.5 cm), under gravity. The mywel was rinsed on the filter
with distilled water (approximately 10 mL) and theycelium homogenised in a
1-litre Waring blender with acetone (300 mL) forndn (22 000 rpm). The
acetone extract was filtered under gravity, andoleeder and residue were rinsed

with acetone (50 mL).

8.2.3 Flash Column Chromatography

Flash column chromatography was carried out acegrtt Still et al., (1978) and
performed on a 160 x 20 mm column of 40-63 pumeasifjel 60 (Merck KGaA,
Darmstadt, Germany). To pack the column, the asibad eluent were mixed
together to make a ‘slurry’ to ensure no air bubbiere present in the column.
The sample was applied and eluted with 200 mL dfietoe (Mallinckrodt
Chemicals, NJ, USA)-acetone (7:3) with a lineawflof ca. 2 cm min'.
Fractions from the flash columns were collectedest tubesda. 10 mL per test
tube). All fractions collected from the flash cwins were kept for analysis. All
flash columns were flushed with acetone upon cotgoieto ensure all
compounds of interest had been collected off tHenen. These fractions were

combined to give an “acetone flush” fraction.
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8.24 TLC

The fractions which came off the column were aredyby TLC. As each
fraction was collectedza. 5 pL was taken from each and transferred toieasil
TLC plate (E. Merck 5554) and analysed under shate (254 nm) and long
wave (366 nm) ultra-violet light (Ultra-Violet Pradts Inc., Ca, USA) after

development with 3:2 toluene—acetone as the eluent.

8.2.5 Analytical HPLC

HPLC was performed using a Phenomenex Prodigy 5uS(@D 100A
(Phenomenex, Torrance CA, USA), 250 x 4.60 mmditigth a 4 x 3 mm
Phenomenex Security Guardntaining two Gg cartridges (Torrance, CA, USA).
Elution was with an isocratic system of acetoratrivater (23:2), with a flow rate
of 1 mL min®. The injection volume was 10 puL. The column \egsilibrated
with the solvent system for 15 min prior to thesfiinjection to equilibrate the
column. Detection was by UV, with the PDA detedteing scanned from 190—
400 nm.

8.2.6 De-fatting of Samples

To a separating funnel, 100 mL of 95% (wiwhexane (Mallinckrodt Chemicals,
NJ, USA) was added, along with 100 mL of 80% (whgthanol which contained
the sample. The separating funnel was up-endeztaeiumes to ensure adequate
mixing before being stored at 4°C overnight. Thevdr layer (80% (v/v)
methanol) was collected and dried down on the yataaporator. A further 100
mL of 80% (v/v) methanol was added to the sepagdtinnel, shaken and left to
stand in the fridge for 4 hours. The lower layesvthen run off, combined with

the first extract and dried down under vacuum @nrthtary evaporator.
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8.2.7 Flash Column Chromatography 2

Flash column chromatography was performed on a 2400 mm Merck

LiChroprep Si 60 (40-63 pm) glass column (Merck KGBarmstadt, Germany)
eluted with toluene—acetone (17:3) at 5 mL TirfEluting compounds were
detected with a 1040M diode array UV detector (HstaPackard, California,
USA) at a wavelength of 330 nm. The sample wasemgin 500 pL toluene
and injected onto the column in 100 pL aliquotshe Tcompounds of interest,
collected based on absorbance at 330 nm, were pechtand evaporated to

drynessn vacuo.

8.2.8 Solid Phase Extraction

The sample was applied to a Strata-X column (33 p0A, mg/6 mL, 8B-S100-

HCH) (Phenomenex, Torrance, CA, USA) in 60% (vAgtihanol (2 mL). The

column was then eluted successively with 10 mL®f40, 50, 60, 70, 80, 90 and
100% (v/v) methanol, and each fraction was analyged PLC. The 80 and 90%
(v/v) methanol fractions, which contained the coonmis of interest, were

combined and evaporated to dryness under a stredng nitrogen.

8.2.9 Semi-preparative HPLC

Semi-preparative HPLC was performed on a 250 x &aDRhenomenex Prodigy 5
i ODS(3) 100 A column (Phenomenex, Torrance CA, Uftted with a 4 x 3
mm Phenomenex Security Guaamlumn containing two (g cartridges (Torrance,
CA, USA). Elution was with acetonitrile—water (3:2t 5 mL min', with
detection at 330 nm by a PDA detector. The samptre made up in 1 mL of
1.1 methanol-water and the column was pumped \ughsblvent system for 15
min prior to the first injection to equilibrate tl®lumn. Peaks of interest were

collected and evaporated to drynassacuo.
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8.2.10 HRMS

HRMS was performed in positive ion mode on a BruRaitonics MicrOTOF
mass spectrometer. The samples were dissolvede®@HMand infused via a
syringe pump at 4 pL mih Cluster ions from sodium formate (2 mM) weredise
for mass calibration. Mass spectra were acquirdd witime-of-flight analyser
overm/z 500-1500. Capillary voltage and skimmer coneagdtwere set at 120
V and 40 V, respectively.

8.2.11 NMR

NMR spectra were obtained from solutions of pudfianthitrems A and B in
acetone-lp ((CDs),CO) (99.9 atom % D; Sigma Aldrich, USA) using a Bru
Avance DRX 400 MHz spectrometer fitted with a 5 nawal inverse-probe.
NMR data was acquired and processed using TopspiB Software (©Bruker
Biospin 2005). Chemical shifts were determine®@iC and spectra calibrated
relative to internal BD,COCD; (2.04 ppm;*H NMR) and CD3)>,CO (29.9 ppm,
13%C NMR). Assignments were obtained from examinatibtH, **C, DEPT-135,
COSY, TOCSY, g-HSQC, g-HMBC and NOESY NMR spect’C NMR signal
multiplicities (s, d, t or q) were determined usithg DEPT-135 sequence. Two-
dimensional COSY and inverse-mode g-HMBC were olktiiin absolute value
mode. TOCSY, g-HSQC and NOESY spectra were oldaimghase-sensitive

mode.

8.2.12 Molecular Modelling

The energy minimised three-dimensional structuresented in Chapter 3 were
generated using both Chem3D Ultra 8.0 (CambridgeSafporation, Cambridge,
MA, USA) using the supplied MM2 constants and egargnimisations and the
PyMOL Molecular Graphics System, Version 0.97 (Deb&cientific LLC, Ca,
USA).
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8.3 Isolation of Janthitrem C and Janthitrem D

8.3.1 De-fatting of Samples

After extraction of the fungal culture the extrastas dried down (rotary
evaporator) until only water remained. This sant(75 mL) was transferred to a
separating funnel and a volume of acetonitrile (8010 was added so that the
solution was now 80% (v/v) acetonitrile. An eqaaiount of 95% (v/vih-hexane
(375 mL) was then added to the separating funnelthe separating funnel was
up-ended several times to ensure adequate mixiiogebkeing left to stand for 2
hours in a refrigerator at 4°C. The lower laye@%8 (v/v) acetonitrile) was
collected and dried down on the rotary evaporatarfurther 100 mL of 80%
(v/v) acetonitrile was added to the separating @linshaken and left to stand in
the refrigerator for 1 hour before the lower layexs run off, combined with the

previous acetonitrile layer and dried using a yp&raporator.

8.3.2 Flash Column Chromatography

The fungal extract was fractionated by flash coluwshromatography as described
in Section 8.2.3. The fungal extract was introdutethe flash column using 9:1
toluene—acetone. Toluene (100 mL) was then pasisexigh the column
followed by 100 mL of 9:1, 200 mL of 17:3 and 10Q wf 4:1 toluene—acetone,

before finally flushing the column with 100 mL afetone.

8.3.3 TLC

Fractions (10 mL) were collected and analysed b TLAs each fraction was
collected,ca. 5 pL was transferred to a silica TLC plate (E. MeBE554) and
analysed under short wave (254 nm) and long wa@é (8n) ultra-violet light
(Ultra-Violet Products Inc., Ca, USA) in conjunctiowith a janthitrem B

standard. TLC plates were developed with 3:2 twu@cetone as the eluent.
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8.3.4 NMR

To confirm the identity of the samples as jantmitr€ and janthitrem D a series of
NMR experiments were run includintH, COSY, TOCSY, g-HSQC and g-
HMBC NMR spectra for janthitrem C arféh, *°C, DEPT-135, COSY, TOCSY,
g-HSQC, g-HMBC and NOESY NMR spectra for janthitrebh NMR

acquisition and processing parameters are repori8dction 8.2.11.

8.4  Stability Trial

Eight test conditions were trialled (Table 8.1) dhe rate of degradation (if any)
of janthitrem B over time was monitored. JantmitrB samples were mixed with
equal amounts of paxilline, as a reference standardeach of the trial

environments.

Table 8.1. Conditions used to monitor the stabditjanthitrem B.

Test Condition

1) Acetone at room temperature.

2) Methanol at room temperature.

3) DMSO at room temperature.

4) Dry sample at room temperature.

5) Dry sample wrapped in tinfoil at room temperatur

6) Dry sample at 4°C.

7) Dry sample at -20°C.

8) Dry sample at -80°C.

Each of the test samples were analysed after 00,324, 60, 120, 200 and 300
days. Test solutions 1-3 were prepared by disspl¥b pg of janthitrem B and
15 pg of paxilline in 500 pL of the chosen solvengive a concentration of 0.03

ng mL* of both janthitrem B and paxilline.



250

Dry samples (test conditions 4—-8, see Table 8etewrepared by dissolving 200
pg of janthitrem B and 200 pg of paxilline in 5 nof acetone in a 20 mL

scintillation vial giving a 0.04 pg it concentration of both janthitrem B and
paxilline. Aliquots of the stock solution (ten qliots per test condition) were
transferred to individual vials and dried undert@ady stream of nitrogen and
stored for up to 300 days. Att = 0, and after(8,24, 60, 120, 200 and 300 days,
100 pL of acetone was added to the vials and 10fithe acetone solution was
analysed by HPLC as described below. The injet@dL sample contained 0.3

g (per injection) of paxilline and janthitrem B.

Analytical HPLC was performed as described in $&c8.2.5. Elution was with
an isocratic system of acetonitrile—water (7:3)thva flow rate of 1 mL min.
The column was flushed with the mobile phase forndi& prior to the first
injection to equilibrate the column. Trial sampls®wed a wavelength of 248
nm was suitable for analysis since paxilline amthjarem B showed similar but
not identical responses at this wavelength. Ttie o 248 nm UV responses for
the t = 0 reference 1:1 mixture of janthitrem Bl graxilline based on a 10 pL
sample that contained 0.3 pug of each compound wé&s Orhe % degradation of
janthitrem B was calculated by dividing the radfidhe paxilline and janthitrem B
response at each time point by the ratio of thellpexand janthitrem B response
at t = 0. The value was expressed as a percergh@sn in the following

equation:

% = 100 x _(area janthitrem B (248 nm, n dayseaaaxilline (248 nm, n days))

(area janthitrem B (234 nm, t = @yéa paxilline (234 nm, t = 0))

100 x (area janthitrem B (248 nm, n daya@ea paxilline (248 nm, n days))
0.70
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8.5 LC-UV-MS Analysis

8.5.1 APClvs. ESI

The University of Waikato LC-UV-MS system was anQ@dvantage mass
spectrometer fitted with either an ESI source oARCI interface (as described in
Section 8.1.3). A series of indeftiterpenoid standards (janthitrems A-D,
penitrem A, lolitrem B, paxilline, paspaline, papae and terpendole C) were
analysed using both the APCI and ESI source. ah&hitrems were isolated
during the course of this research, penitrem A waschased as a standard
(Sigma—Aldrich, USA), lolitrem B, paxilline, paspa and paspalinine were
isolated from previous work at AgResearch and tepke C from a previous
sample provided to AgResearch by S. Omura and khafa (Tomoda et al.,
1995). Each standard solution (10 pL, at a comatan of 50 pg mt) was
injected on to the LC-UV-MS system.

The APCI and ESI experiments were run consecutiselyhat the samples were
exposed to the same conditions and instrumenngstfor the purpose of direct
comparison between the results generated from tR€lAource and the ESI
source. In order to directly compare the abilifyttee APCI source against the
ESI source, the UV and mass area of the base mmarajed by each indele

diterpenoid standard was measured and given ascanpage for the ratio of UV

area over the mass area. The janthitrems werendetd at 260 nm, the
penitrems were determined at 233 nm, lolitrem B watermined at 268 nm,
paxilline determined at 235 nm and paspalinine &@ndendole C determined at

230 nm.

An opportunity was also afforded for the penitreomtaining samples to be run
on an LTQ LGUV-MS system at the National Veterinary Institute isl&
Norway as opposed to the LCQ Advantage systemablailat The University of
Waikato. The Oslo LTQ Linear lon Trap system (hynProfessor A. L. Wilkins,
The University of Waikato, Hamilton, New Zealandawfitted with an APCI
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source (Finnigan MAT, San Jose, CA, USA) coupledatSurveyof HPLC,

autosampler and MS pump and scanned in positivemode from 300-1600
mass units. The vaporiser temperature, sheatlil@asate, auxiliary gas flow
rate, discharge current, capillary temperature,lleap voltage and tube lens

offset were set at 375°C, 60, 5, 5 pA, 220°C, 3&nd 15 V, respectively.

8.5.2 APCI Vapouriser Temperatures

The janthitrem B standard was run using an LCQ Ath@e mass spectrometer
fitted with an APCI interface as described in S®ti8.1.3. The MS was scanned
in positive ion mode fronm/z 400 tom/z 900. Five vapourisation temperatures
were evaluated; namely 250, 300, 350, 400 and 45Q°C L of a 50 pug mt

janthitrem B reference solution was injected inneam.

8.5.3  Positive lon Analyses
The LC-UV-MS system employed was an LCQ Advantagssrspectrometer
fitted with either an ESI or APCI interface withrahitions as described in Section

8.1.3.

8.5.4 Negative lon Analyses

The indolediterpenoid compounds analysed included janthitr&mB, C and D,
penitrems A, B, C, D, E and F, lolitrem B, paxi#interpendole C and paspalinine.
LC-UV-MS analysis was performed with an LCQ Advantagestsgectrometer
fitted with an APCI interface in negative ion moake described in Section 8.1.3.

Source-induced dissociation was set at 20 V anciool energy at 35%.
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8.6  Assessment of Tremorgenicity, Heart Rate, Bloodressure and Motor
Control on Mice Dosed with Janthitrems A and B

8.6.1 Mouse Bioassay

Prior to administration of the toxin, each mouses weeighed and labelled by

marking a coloured band on the tail with a marken.p A different coloured

band was used for each treatment group.

The dose of test compound given was based on eurgus knowledge of the
class of tremorgen. Dose rates were chosen toepreany unnecessary
discomfort to the animal and a tremor score of 3 wWee maximum desired
response. For compounds of unknown potency, soarer finding
concentrations were needed. In this case, onlyl sraenbers of mice were
dosed. This minimised the number of animals usedpsevented unnecessary
manipulations. Once the appropriate dose rateg \@etermined, groups of
four mice were used in each assay to ensure theamcof results, whilst also
trying to minimise the number of mice tested. Ga®of animals receiving the
test compound were paired with those receivingsthieent vehicle alone (9:1

DMSO-water controls).

To prepare the dose, the test compound was dissoibe appropriate volume
of DMSO. The solution was then sonicated to ensoraplete dissolution of
the toxin. Water was added to the solution to giviinal composition of 9:1
DMSO-water. Each mouse was injected intraperitbnéato the abdominal

cavity) with the appropriate dosage. Dose voluofés)—100 pL were used.

After dosing, the mice were observed closely aedhtrs assessed after 15, 30
and 60 minutes. The tremors were then measuredyfou 8 hours, after which
time the tremors had ceased. They were then odxdéov a further 2 weeks (after
the 72 hour period) to ensure no delayed toxiccedfeccurred. At the end of this

2 week period the mice were killed by carbon diexighalation.
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8.6.2 Tremor Score

Tremor was assessed on an arbitrary scale, baénrrs of spontaneous tremor
and that induced by exercise/handling. The mouse fwstly observed in the

cage for spontaneous tremor then gently placeerpalm of the hand to feel
for subtle tremors and finally placed on an outstred finger and gently spun
around forcing the mouse to rebalance. This shtemors enforced by

exercise/handling. The extent of tremor was rabeda scale of 1-5 as

described by Gallagher and Hawkes (1985; 1986)I€TaR).

Table 8.2. The visual rating scale for tremor assent.

Score Clinical Signs

0 No tremor, animal behaviour normal.

No resting tremor. A short duration, low intensigingle burst
whole body tremor elicited by exercise/handling.

No resting tremor. Several moderate intensity, le/fomdy tremor
bursts elicted on exercise/handling.

Spontaneous, continuous, low intensity resting trermay be
3 present. Repeated moderate to severe intensitgotrédursts
elicited on exercise/handling.

Pronounced, protracted, spontaneous resting trenMdovement,
4 exercise or handling may induce convulsive episadegldition to
severe tremor.

Severe spontaneous tremor, usually accompaniedohyutsive
episodes, and eventually culminating in death.

8.6.3 Blood Pressure and Heart Rate

The blood pressure and heart rate was measureddpatly during the
experiment using a computerised, non-invasivecidil-system, the BP-2000
(Visitech Systems Inc., NC, USA). To determinedaqressure, the mouse
was placed in a holder on a warmed plate which #eptanimal in a warm and
dark environment, minimising stress and keepingpitn for the length of the
measurement period. The mouse’s tail was thretttedgh a tail-cuff which

inflated to measure blood pressure and heart r&@. each heart rate/blood
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pressure determination, 30 separate readings wexeée nand the results
averaged. To ensure that the blood pressure ca$ mot overly inflated
causing discomfort to the animal, the instrumenbratically stopped inflating
at 240 mm Hg, even if the blood pressure of themahihad not been

determined.

Before the test compound was injected, the bloedgure and heart rate of the
mice at time zero was recorded. It was then reszbat 0.25, 0.5, 3, 5 and 7

hours post-injection.

8.6.4 Motor Control

Motor control and balance of the mice was measusaay a rotamex 4 rotarod
(Columbus Instruments, Ohio). Mice were placedaodrum which rotated,

forcing the mice to walk around it. The rotatiqgeed of the drum was then
gradually increased until the mice lost their batamand fell onto a padded
surface below (approximately a 40 cm drop). Imfd-sensors detected the
movement of the mice and digitally recorded theedpaf the drum and the time
taken for the mice to fall. The drum had 4 lane®nable the simultaneous
testing of four mice. The rotational speed wagsdaased from 13 to 79 rpm
over 12 minutes. Once all four mice had fallere dirum automatically

stopped, allowing the animals to be removed.

Each mouse was given two attempts at the testauiéisting period of at least 2
minutes between attempts. The results of the tiats twere averaged. Since
the mice needed to learn the ability to perforrs task, it was necessary to pre-
train the animals prior to the experiment. Presiawork using the rotarod has
shown that training for 3 days prior to the expemnwas sufficient (S.C.
Finch, AgResearch Ruakura Ltd, Hamilton, New Zedlamnpublished

observations).
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Before the compound was injected, the rotarod scoféhe mice at time zero
were recorded. The scores were then recorded?28f 0.5, 1, 2 and 6 hours
post-injection. An extra measurement at 8 hours also taken for janthitrem
A as the rotarod score at 6 hours had not readieed + O reading. A further
reading for both janthitrems A and B was also ta&e24 hours to ensure no

delayed effects had occurred.

8.7 Insect Testing

8.7.1 Stability of the Test Mycotoxins

The diets were extracted by placing freeze-driedpdes of the dietda. 500 pg)
into 2 mL Eppendorf tubes, adding 500 acetone, shaking (up-ending several
times), centrifuging at 8 000 rpm for 5 min (Cefntge 5415C, Eppendorf,
Germany) extracting on a mini labroller (Labneehmiational, Inc. NJ, USA) for 2
hours and finally centrifuging again (8 000 rpm fomin). A sample of the

supernatant was taken and analysed on an analptitiaC system.

Analytical HPLC, for analysis of the insect dietwas performed using a
Phenomenex Prodigy 5p ODS(3) 100A (PhenomenexaiicerCA, USA), 250 x
4.6 mm fitted with a 4 x 3 mm Phenomenex Securita@™ containing two Gg

cartridges (Torrance, CA, USA). Elution was with #&ocratic system of
acetonitrile—water (7:3), with a flow rate of 1 nmhin™®. The injection volume
was 10 pL. The column was eluted with solvent I6rmin prior to the first
sample injection to allow the column to equilibratQuantitation was by UV,

with a PDA detector at 247 nm.

Standards of janthitrems A and B and paxilline f0injection of a 30 pg mit

solution) were run for quantitation. The amountest mycotoxin in the diet was
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calculated by measuring the area of the standaakispend comparing to the area

of the insect diet sample peaks.

8.7.2 Diets Prepared with the Inclusion of the Tédycotoxins

The diet for the insects was prepared by blendthg 6f fresh clover and 50 g of
fresh carrot in 100 mL deionised water. Agar (@)2was mixed with 30 mL
water and boiled in the microwave. The agar antemaixture was cooled to
70°C and 1.6 g yeast and 40 g of the clover/camature (warmed to 60°C)
added. The diet mixture was then cooled to beldWC4 The diet mixture (5 g)
was weighed into a beaker and the test mycotoxgsotved in 100 uL DMSO,
was added as appropriate to give final wet weiglicentrations of 20 (low) and
50 (high) pg . The mixture was mixed thoroughly and transfeird a plastic

Petri dish (6 cm diameter) and allowed to cool.

A total of 7 treatments were prepared which represke3 mycotoxins (janthitrem
A, janthitrem B and paxilline) and 1 control. Eagctycotoxin was tested at 2
concentrations of 20 and 5@ g* (wet weight concentrations). A control diet
was also prepared by addition of 100 DMSO, the solvent used as the carrier

for the mycotoxin. Diets were prepared fresh daily

8.7.3. Diets Prepared with the Inclusion of EndopbyFree and AR37Infected
Ryegrass

Two further treatments were also tested — endophgteryegrass and ryegrass

infected with AR37. The ryegrass (cv. Samsongrslifor these diets were cut

approximately 10 mm from the base of the plant gnreddead material removed

and leaf blades trimmed by approximately 2 cm. Thegrass diets were

prepared one day after the preparation of the noyxaotdiets by blending either

50 g of endophyte-free grass (treatment H) or $Qegrass infected with AR37
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(treatment 1) in 150 mL of water. A volume of wa(@00 mL) was then drained

from the blended mixture and discarded.

Agar (3 g) was boiled in 75 mL of water and once rthixture had cooled to 70°C,
the blended ryegrass was added (the diet for essdtnient was prepared
separately). These diets were stored in the fr{d&§€) and used for the 5 days of

the trial.

8.7.4 Insect Bioassay Trial

The bioassay trial (performed by A.J. Popay, AgRede Ruakura Ltd, Hamilton,
New Zealand) was carried out using porina larvRerina were obtained from a
colony held in controlled environment rooms at 151®:8 (hours) light:dark
regime. The porina larvae were approximately fad a half months old and of
a range of weights. The larvae for each treatmené selected so that they were

representative of the range of weights.

The selected larvae were weighed and transferrdvidually into a 70 mL
specimen container filled two thirds with moist bathips. Each treatment
consisted of 15 replicate specimen containers -wifll2 porina and the remaining
3 without porina. The three diets without porinergvset up in case the diets were

required for subsequent analysis of the mycotoixiriee samples.

The diets for each treatment were cut with a 10 owre-borer, weighed and
added to the appropriate container. Lids weregolamn the containers and the

trial carried out in a controlled environment roatrl5°C, 16:8 light:dark regime.

A fresh batch of diet was prepared each day for nhyeotoxin treatments.
Uneaten diet remaining in each container was rechoweighed and replaced

with a fresh piece of weighed diet. In the casé&redtments where ryegrass was
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added, the diet was not made up daily, but thewdsst renewed each day. Each
time a new diet was supplied, samples of the dexevirozen for stability analysis
(as described in Section 8.7.1). At the conclusibrthe trial, all porina were

weighed.

The percentage of diet consumed for each day dfridlenas calculated and this
data as well as the data on weight change of lameae analysed by analysis of
variance in Genstat Release 10.2 (Lawes Agricdltdnast; Rothamstead
Experimental Station, 2007). Untransformed data wsed after residual data had
been examined for homogeneity and normality. §itesil analysis was

performed by A.J. Popay, AgResearch Ruakura Ltdyilian, New Zealand.

8.8  Analysis of Mouldy Walnuts

8.8.1 Culturing and Isolation of Fungus from the Mddy Walnuts

The fungi from fragments of the mouldy walnuts weutdtured by a mycologist
on potato—glucose—chloramphenicol agar for 4 day%C. The fungus
Penicillium crustosum (strain 21143) was isolated and deposited in the
International Collection of Micro-organisms fromaRts, Landcare Research,
Auckland. A culture of thisP. crustosum, strain 21143, was prepared for
chemical examination. The culture was preparedinogulating one litre of
Czapek—-Dox yeast extract broth, dispensing thehbimio conical flasks to a
depth of 3 cm, and finally static incubation at@53®r 3 weeks. The cultures
were stored at —20°C until extraction. The cultgriisolation and identification
of the fungus were performed by M.E. di Menna, (&gRarch Ruakura Ltd,

Hamilton, New Zealand), a mycologist.
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8.8.2 Toxin Extraction

The culture was thawed immediately prior to eximact The combined mycelium
from each culture was firstly separated from th&uce medium by filtration
under gravity. The mycelium was then rinsed on fther with distilled water
(approximately 10 mL) and the mycelium (57.22 gmogenised in a 1-litre
Waring blender with acetone (300 mL) for 3 min (@20 rpm). The acetone
extract was filtered, and the blender and soliddtes rinsed with acetone (50
mL). The solid residue from the first extractiorasvthen recovered and re-
extracted with acetone (200 mL for 3 min) and fédek as above. Finally, the
residual mycelium was extracted with methanol (819 3 min) and the extract

filtered. Extracts were dried and stored at —20°@l analysis.

Five randomly selected mouldy walnuts (shell andatng31.88 g) were
homogenised in the Waring blender with acetone (8QQ for 3 min. The
resulting suspension was left to stand for 1 howt the extract filtered based on
the method reported by Richard et al. (1981). efalil extracts were immediately

evaporated to dryness vacuo and stored at —20°C until required for analysis.

8.8.3 LC-UV-MS Analysis
LC-UV-MS analysis was performed with an LCQ Advagetanass spectrometer

fitted with an APCI as per Section 8.1.3.

Quantitation was performed by integration of peaksthe UV absorbance
chromatograms obtained from the PDA at 296 nm. uRedrom sequential
extractions were combined to determine total comagons. The samples were
guantitated against standards prepared from arratety weighed specimen of
penitrem A (Sigma-Aldrich, USA). Where necessamtraets were diluted to

bring them into the concentration range for lineeasponse covered by the
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standards (2-50 pg ). Standards and extracts were prepared in meti@no
LC-UV-MS analysis.

8.8.4 LC-UV-MS Method Validation

Penitrem A standards were prepared by dissolutionmiethanol to give
concentrations of 2, 5, 10, 20 and 50 pg"mL10 pL of each standard was
injected into the LC-UV-MS. The peak area of penit A was measured and
plotted against the corresponding concentratioeawh penitrem A standard to
give a calibration curve. The precision was agskby preparing the calibration

curve on three different days.

To assess the accuracy of the method, three sampld pg mr*, 15 pg mc*
and 34 pg mt* penitrem A dissolved in methanol were introducedhe LC—
UV-MS to determine whether the concentrations from thigbredion curve
matched the actual concentration of the preparedples. The precision was
once more assessed by measuring the relative sthdei@ation (RSD) of each of
the three samples (4 pg mML15 pg mC* and 34 pg mL* penitrem A) three

times.
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Clinical Commutnication

Presumptive tremorgenic mycotoxicosis in a dog in New Zealand,
after eating mouldy walnuts

JS Munday*§, D ThompsonT, SC Finch?, I\ Babu®®, AL Wilkins®™¥, ME di Menna® and CO Miles*¥

Abstract
CASE HISTORY: A 1-year-old, intact male Labrador-cross dog

vomited after eating walnuts that had been on the ground for
5 months. The dog then developed tremors, ataxia, increased
salivation, and hyperaesthesia.

CLINICAL FINDINGS: The dog had marked generalised
tremors, ataxia and a temperature of 39.9°C. Both pupils were
of normal size and normally responsive to light. Vomiting was
induced, and walnut shell was visible in the vomitus.

DIAGNOSIS: Due to the sudden onset of tremors, lack of ex-
posure to other convulsive toxins, and the evidence of ingestion
of walnuts, the provisional diagnosis was tremorgenic myco-
toxicosis. The dog was treated sympromatically, and made a full
recovery over 18 hours. Tremorgenic mycotoxins were detected
within walnuts collected from the dog’s environment.

CLINICAL RELEVANCE: Fungi that produce tremorgenic
mycotoxins are present in New Zealand. Intoxication should be
suspected in dogs that suddenly develop muscle tremors, espe-
cially if there is a history of ingestion of mouldy food 2-3 hours
prior to the development of tremors.

KEY WORDS: Intoxication, dog, penitrem A, tremorgenic myco-
toxins, roquefortine

Introduction

A sudden onsert of generalised tremors and araxia in a dog could
be due to intoxication; metabolic disorders such as hypocalcaemia
or hypoglycaemia; cerebral haemorrhage due to a primary vascu-
lar disorder or neoplasm; inflammarory disease such as infectious
inflammatory diseases, steroid-responsive suppurative meningitis,
or granulomatous meningoencephalitis; epilepsy; or rrauma (Nel-
son and Couro 1998).

Toxins that cause muscle tremors include tremorgenic myco-
toxins, organophosphates, organochlorides, permethrin, metal-
dehyde, carbamates, strychnine, methvlxanthines, bromethalin,
zinc phosphide, drugs of abuse, and fluoroacetate (Braselton and
Johnson 20035 Sherley 2004). To the authors’ knowledge, there
has been no review of the causes of inroxicarion in dogs in New
Zealand. However, a review of cases in Australia becween 1978
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and 1990 revealed 20% of fatalities were due to organophos-
phares, 10% metaldehyde, 8.9% strychnine, 8.2% carbamates,
and 0.6% Huoroacetate (Robertson er af. 1992).

Intoxication of dogs by wemorgenic mycotoxins has rarely been
reported; only 13 dogs have been described in seven reports. Cas-
es of intoxicarion have been reported in North America (Arp and
Richard 1979; Richard er @l 1981; Boysen er al 2002; Walcer
2002; Young er al. 2003), South Africa (Naude er a/. 2002), and
Australia (Hocking er al. 1988). Mycoroxins were ingested with
compost in four cases (Boysen ez al. 2002); dairy products in three
(Arp and Richard 1979; Young et af. 2003); rice in two (Naude ez
al. 2002); and walnurs (/uglans regia) (Richard er af. 1981), bread
(Hocking ¢z al. 1988), and unspecified garbage (Walter 2002) in
one case each. Penitrem A and roquefortine were the two most
common tremorgenic mycotoxins (Walter 2002).

This case report describes the clinical presentation and treatment
of a dog suspected of being intoxicated with tremorgenic myco-
toxins produced by a fungus growing on walnuts. While cases
of suspected tremorgenic mycotoxicosis have been previously re-
ported in New Zealand (Anonymous 2005, non-peer reviewed),
this is the first tme that the toxins have been identified within
food consumed by a dog in New Zealand, that subsequently de-
veloped tremors.

Case history

A 1-year-old, intact male Labrador-cross dog was observed vom-
iting. Examination by the owner of the vomitus revealed walnut
shells, lemon peel, and fresh grass. Over the following hour the
dog became progressively incoordinated and developed marked
tremors. The owner had observed the dog eating walnues 3 hours
before vomiting; the walnuts had been lying on the ground for
approximately 5 months. The dog had previously been seen eat-
ing walnuts without developing clinical signs. However, approxi-
mately 1 week before intoxication occurred there had been 3 days
of heavy rain. The intoxication occurred in August (late winter).

Clinical findings

The dog was presented to the vererinarian approximately 1 hour
after first being observed vomiting. On presentaton, it had severe
generalised tremors, marked ataxia, hyperaesthesia, and mild hy-
persalivation. The dog had a temperature of 39.9 (normal range
38-39)°C and a capillary refill time of 1.5 seconds. Both pupils
were of normal size and normally responsive to light. Examina-
tion of the oral cavity did not reveal any abnormalities. Due to
the muscle tremors, it was nort possible ro determine hearr or res-
piration rates,

The clinical symptoms and history in this case were consistent
with tremorgenic mycotoxicosis. To ensure the stomach was
empry, vomiting was induced using 0.8 mg/kg apomorphine 5/C
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(Apomorphine Hydrochloride Tablets; Jurox Pry Led, Rutherford,
INSW, Australia). Small pieces of walnut shell were visible in the re-
sultant vomitus. As the dog was hyperthermic, cool (19°C) lactat-
ed Ringer’s solution (Baxter Healthcare Pry Ltd, Old Toongabbie,
INSW, Australia) at twice maintenance rate was given 1/V. Muscle

tremors were controlled using 1 mg/kg diazepam I/V (Pamlin In-
jection; Parnell Laboratories NZ Ltd, East Tamaki, N2Z).

This inital treatment resulted in cessation of the muscle tremors.
One hour after apomorphine was given, 0.5 mg/kg activared char-
coal (Red Seal Natural Health, Auckland, NZ) was administered
otally. The dog was normothermic one hour after administration
of the diazepam. Six hours after administration of the diazepam,
the muscle wremors recurred, and progressively increased in sever-
ity over the following 4 hours when they were considered severe
enough to require a repeat dose of diazepam (1 mg/kg). The tem-
perature of the dog was monitored during this time and did not
become elevated. Additional activated charcoal (0.5 mgfkg) and
1 mg/kg epsom salts (Multichem NZ Lid, Auckland, NZ) were

administered orally 10 hours after the initial presentation.

Eighteen hours after inital presentation and 8 hours after last
receiving diazepam, no tremors were observed. Although the dog
was eating and drinking normally, it was kept under observarion
for a further 24 hours before being discharged.

Laboratory findings

Walnuts were collected from the ground in areas that the dog had
access to. The fallen walnuts had fragile or broken shells and the
kernels were visibly mouldy. Microscopic examination revealed
fragments of fungal hyphae and numerous subglobose hyaline
spores that were approximately 3 nm in diameter. Fragments
of walnut cultured on portato-glucose agar (Merck, Darmstadt,
Germany) containing 10 mg/L chlortetracycline (Sigma, St Louis
MO, USA) for 4 days ar 25°C produced a heavy growth of blue-
green fungal colonies identified as Penicillivm crustoswm Thom,
using the criteria proposed by Pite (1980). Peniciflinm erustosum
designated Strain 21143 was isolated from the walnuts and de-

posited in the International Collection of Micro-organisms from
Plants, Landcare Research, Auckland.

To determine if tremorgenic toxins were present within the wal-
nuts, five visibly mouldy walnuts were collected from the dog’s
environment. An extract of homogenised walnuts (31.88 g) was
prepared using 200 ml acetone, as described previously (Richard
et al. 1981). The extract was analysed using liquid chromatogra-
phy with ultraviolet absorbance and tandem mass spectrometric
detecrion, similar to thar described previously (Rundberget and
Wilkins 2002). Analvsis of the walnurt extract revealed peaks con-
sistent with penitrems A-F and roquefortine C (Maes er a/. 1982;
Rundberget et al. 2004; Tor et al. 2006).

The samples were quantified using ultraviolet detection ar 235 nm
against standards of penitrem A (Sigmﬂ— Aldrich, St Louis MO,
USA). Penitrem A was the m.a;m pemtrem (26.5 mg/kg) in the
walnuts, while the concentration of penitrems B—F was estimated
to be 9.9 mg/ke. As no standard was available, the concenrration
of roquefortine C was not quantified.

Discussion

A presumptive diagnosis of tremorgenic mycotoxicosis was made
in this case due to the history of ingestion of walnuts, the clini-
cal signs displayed by the dog, and the detection of mycoroxin
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in walnuts collected from the dog’s environment. Detection of
mycotoxins in the vomitus would have supported this diagnosis;
however, vomitus was not collected in this case. Definitive diag-
nosis of tremorgenic mycotoxicosis requires identification of my-
cotoxins in either serum or urine. Methods for identifying peni-
trem A in food (Braselton and Johnson 2003), vomitus (Braselton
and Johnson 2003), and serum and urine (Tor er a/. 2006) have
been published, but routine testing is not available at veterinary
diagnostic laboratories in New Zealand. Therefore, considering
the short clinical course of disease and the delay associated with
sending samples to an overseas diagnostic laborarory, mycotoxin
assays are not likely to be a valuable diagnostic test.

Penicillium crustosum was isolated from associated marerials in
all previous cases of mycoroxicosis in which fungal cultures were
prepared {Arp and Richard 1979; Richard er al 1981; Hock-
ing et al. 1988; Naude er @l 2002). This fungus is a common
food mould and has been detected in 52% of food-waste samples
during summer months (Rundberget e al. 2004). However, the
mould only produces toxin when substrate moisture levels are
high (Pitr 2002). This moisture requirement probably accounts
for the rarity of wremorgenic mycotoxicosis in dogs despite the
common presence of I erustosum and lack of dietary discretion
typically shown by dogs. The dog in the present report was intoxi-
cated by ea.tmg mouldy walnuts. Walnuts have previously caused
tremorgenic mycotoxicosis in dogs (Richard er af. 1981). Nuts
are a good substrate for the production of toxins, and penitrem
A produced by P crustosum is recognised as an important con-
taminant of many commercially harvested nur species (Overy er
al. 2003). In the present case, the walnuts had been pre\'iouslv
eaten by the dog withour causing clinical SIgns of intoxicarion.
Itis hvpotheswed that the period of heavy rain reported a week
prior to intoxication allowed increased fungal growth or increased
production of toxin by the fungi.

Tremorgenic mycotoxicosis in dogs is most often attriburable to
the ingestion of penitrem A produced by P eraustosum (Rundber-
get et al. 2004). The mechanism by which penitrem A induces
tremors is not known. The toxin inhibits high-conducrance calci-
um-activated potassium channels (Cotton er @ 1997), influenc-
ing action-potential waveform, neurotransmitter release, and cer-
ebellar funcrion (Dalziel er 2/ 2005), However, other mycotoxins
also block these channels without inducing tremors (Dalziel ez al,
2005). Penitrem A may also activate y-aminobutvric acid recep-
tors (Selala et al. 1989). Roquefortine is also produced by P erus-
tosim, and both penitrem A and roquefortine are often present in
cases of wemorgenic mycotoxicosis in dogs, It is currentdy uncer-
tain whether or not roquefortine C induces tremors (Naude ez al.
2002), and its mechanism of toxicity is unknown.

Previous cases of tremorgenic mycotoxicosis in dogs demon-
strated thar clinical signs developed 2-3 hours after ingestion of
the toxin. Ingestion of small quantities of mycotoxin resulted in
vomiting, salivation, anxiety, and the development of fine tremors
{Boysen er al. 2002; Naude er al. 2002). In cases where greater
quantities of toxin had been ingested, the symptoms progressed to
whole-body tremors, agitation, and seizures (Boysen ez a/. 2002).
The svmproms observed in the case described here, vomiting fol-
lowed by a sudden onset of generalised, progressively severe trem-
ors, ataxia, excessive salivation, and hyperaesthesia, are consistent
with those previously reported.

Penitrem A has been expe:imen{a.l]y administered to rats and
dogs. Rats given 3 mg/kg pemtlem A intraperitoneally developed
generalised tremors and ataxia thar persisted for 48 hours (Cav-
anagh ez al. 1998). Euthanasia and necropsy revealed widespread
necrosis of cerebellar granular cells and Purkinje cells. However,
intraperitoneal doses between 0.5 and 1.5 mg/kg penitrem A re-
sulted in tremors, but no cell necrosis. Intraperitoneal administra-
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don of 0.5 mg/kg penitrem A to dogs resulted in convulsions and
death (Hayes et al. 1976). Necropsy examination of those animals
did not reveal necrosis of Purkinje cells. Death probably occurred
due to respiratory impairment and seizures, as anaesthetised dogs
consistently survived.

Other toxins which may induce tremors and convulsions in dogs
include metaldehyde and organophosphates. Metaldehyde intoxi-
cation was considered unlikely in the present case because there
was no known exposure to the toxin and no slug-bait dye nor
acetaldehyde odour in the vomitus. Organophosphate toxicity was
also considered unlikely as there was no history of exposure, and
no additional clinical signs such as lacrimation or myosis. Strych-
nine, zinc phosphide, and bromethalin are extremely uncommon
causes of intoxication in New Zealand. Mycotoxic intoxication
was considered the most likely cause of the tremors in this case,
although a sudden onsert of epilepsy, encephalitis, or a metabolic
disease, although unlikely, could not be excluded clinically.

As there is no antdote for tremorgenic mycotoxicosis, treat-
ment can be divided into two phases. Firstly, further absorption
of the toxin from the intestine should be prevented. As in the
present case, this can include emetics, activated charcoal to bind
the toxin, and cathartics. Unfortunately, experimental studies of
penitrem A intoxication used intraperitoneal (Hayes er al. 1976)
or I/V (Peterson et al 1982) routes of administration, so the rare
of intestnal absorption of this toxin is unknown. Therefore, it
is uncertain how quickly the initial treatment has to be given to
be beneficial. The second phase of treatment is control of muscle
wemors. Prolonged muscle contraction causes death due to respi-
ratory failure, hyperthermia, or hypoglycaemia. Mild tremors, as
in the present case, can be controlled using diazepam; however,
general anaesthesia can be required in more severe cases (Boysen
er al. 2002). Severely intoxicated dogs can become apnoeic and
require forced ventilation (Boysen er al. 2002). Cooled I/V fluids
are indicated if the dog is hyperthermic. Preventing tremors may
be required for up to 36 hours after ingestion of the toxin (Boysen
et al. 2002). However, most dogs make a full clinical recovery
within 4 days of ingestion of toxin (Richard et al. 1981; Boysen ez
al. 2002; Naude er a/. 2002; Young et al. 2003).

In conclusion, this is the first time a tremorgenic mycotoxin has
been 1dentified in a case of suspected tremorgenic mycotoxicosis
in adog in New Zealand. Due ro the range of substrates on which
P crustosim is able to proliferate and produce toxins, it is possible
that tremorgenic mycotoxicosis 1s under- l'eported in dogs in New
Zealand. Currently in New Zealand, there is no commercially
available test for remorgenic mycotoxins. Initial treatment of an
intoxicated animal should reduce absorption of the toxin from
the gastrointestinal tract. Supportive care, possibly including an-
aesthesia and forced ventilation, may be necessary once clinical
signs of disease develop. The prognosis for tremorgenic myco-
toxicosis is excellent, and most dogs make a full clinical recovery
within 4 days.
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Structure Elucidation of 11,12-Epoxyjanthitrem B and Isolation

of Janthitrem B from Penicillium janthinellum Cultures

Sheep suffering from severe ryegrass staggers.

Why of Interest?

Early investigations into ryegrass staggers were directed towards the characterisation
of tremorgen-producing Penicillium species (Gallagher et al. 1977). Work in the 1980s
identified a number of Penicillium janthinellum strains isolated from pastures where
there had been outbreaks of staggers (Gallagher et al. 1980).

While the janthitrems were found not to be the cause of ryegrass staggers, interest in
these compounds has recently been rekindled due to the fact that janthitrems are
present in perennial ryegrass infected with the novel endophyte AR37. The janthitrems
present in pasture however, are very unstable and difficult to isolate. Janthitrems from
a fungal source will therefore be used as model compounds. Of particular importance
is the novel compound, 11,12-epoxyjanthitrem B, since this compound contains the
same epoxide group present in the janthitrem compounds produced by the AR37
endophyte in perennial ryegrass (e.g. 11,12-epoxyjanthitrem C). This compound will
be an excellent model compound for use in chemical and biological assays.

Isolation of 11,12-Epoxyjanthitrem B:

A janthitrem-producing isolate of Penicillium janthinellum was extracted using
acetone. Flash column chromatography was then performed on the extract using
toluene:acetone (70:30) as the eluent. Thin layer chromatography identified the
presence of janthitrems. The extract was then subjected to solvent partitioning, solid
phase extraction and separation through first a normal phase and then a reverse phase
column on a high performance liquid chromatography system. The peaks of interest
were collected and analysed by NMR and LCMS.

LCMS Analysis of P. janthinellum Extract

UV Chromatogram @ 260 nm
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Janthitrem B and ‘11,12-epoxyjanthitrem B’, a new janthitrem analogue closely
related to janthitrem B, were isolated from a Penicillium janthinellum fungal
culture. The novel compound differs from janthitrem B at carbons 11 and 12 with
the presence of an epoxide rather than a double bond. Janthitrem B and the novel
janthitrem compound will be used as an analytical standard for investigations into

the stability of janthitrems and for bioactivity work, i.e. insect and mice testing.
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Endophytefree ryegrass on the left and endoghyte-
infected ryegrass on the right.

NMR Identification:

The structure of 11,12-epoxyjanthitrem B was elucidated using 1-D and 2-D NMR spectroscopy
(including "H, '3C, DEPT135, COSY, TOCSY, NOESY, HSQC, and HMBC spectra).
Main points of interest were:
Full structural assignment of the epoxyjanthitrem confirmed its close structural
relationship to janthitrem B (the difference between the two structures has been
highlighted in different colours).
11,12-epoxyjanthitrem has one more oxygen than janthitrem B.
Shift of H-11 proton signal.

11,12-epoxyjanthitrem G

HR-MS Confirmation:

High Resolution Mass Spectrometry using direct infusion electrospray was performed on the
11,12-epoxyjanthitrem B. This confirmed the atomic compasition of the sample.

HR-MS m/z 624.3296 [M+Na]+

calculated C3;H4;05NNa = 624.76199

Conclusions:
Janthitrem B was isolated from P. janthinellum.
A novel analogue, 11,12-epoxyjanthitrem B, was also isolated
from P. janthinellum.

from Penicillium are excellent

Janthitrems surrogates for

endophyte janthitrems in chemical and biological assays.

Can now investigate structure-activity e.g. tremorgenic activity,
insect toxicity.
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