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Summary 
Incorporation of [ 1J3C]-, [2-I3C]- and [ 1,2-13C2]-acetate, [ I-13C]-propionate, 

[13C-CH,]-~-methionine and [3-'4C]-~~-tryptophan into chaetoglobosin A (1) and 
19- 0-acetylchaetoglobosin A (2) by Chaetomium globosum demonstrated that the 
building blocks of 1 and 2 are 9 and 10 units of acetate/malonate respectively, 3 un- 
its of methionine and 1 unit of tryptophan. Propionate is incorporated indirectly af- 
ter several biological transformations. Using [2-I3C, 2-2H,]-acetate as precursor, the 
starter unit of the polyketide-chain was identified. Experiments which [13C, *H3- 
CH,]-~-methionine demonstrated that the three C-methylations occur with retention 
of all three H-atoms of the methyl group. Incorporation experiments with various 
I4C- and 3H-labelled tryptophan samples and with [2-2H]- and [2-15N]-~-tryptophan 
showed that the amino acid is incorporated intact with retention of both the a-H- 
and the a-N-atom. On the basis of these results a more detailed general scheme of 
the cytochalasan biogenesis is proposed. 

Introduction. - Since the isolation and structure elucidation of the first two cyto- 
chalasans, cytochalasin A and B [ I ]  in 1966, the number of members of this class of 
microbial metabolites has risen to 362). Nevertheless, studies on the biosynthesis of 
cytochalasans have until now been reported only for cytochalasin B [4] [5a], a phe- 
nyl-24-oxa-[14]cytochalasan, and cytochalasin D [5a] [6], a phenyl-[ 1 l]cytochalasan. 
The results of these investigations clearly demonstrate closely related biogenetic 
pathways from a polyketide-derived chain, with respectively two and three intro- 
duced C,-units, and which is combined with phenylalanine. The great structural si- 
milarity of the four basic types of cytochalasans known permitted us to postulate a 
common biogenetic scheme for all the members of this class of metabolites 171. It is 
evident that to establish the validity of this general biogenetic scheme, additional ex- 
perimental data are required, such as the isolation of intermediates of the biogenetic 

I )  

2 )  

Author to whom correspondence should be addressed. 
Recent additions to this class of compounds include engleromycin (21, 19-~acetylchaetoglobosin B 
and D [3a] and cytochalasin K, L and M [3b]. 
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sequence, discovery of new cytochalasans and biosynthetic studies of cytochalasans 
potentially derived from amino acids other than phenylalanine. Therefore the inves- 
tigation of the biosynthetic origin of a 3-indolyl-cytochalasan, which is probably 
biosynthesized from tryptophan, seemed to be of interest. We have tested the validi- 
ty of the proposed biogenetic scheme in the case of chaetoglobosin A (1) and 19-0- 
acetylchaetoglobosin A (2), main metabolites of Chaetomium globosum (Strain 
Lederfe H- 124) [3], by incorporation experiments using radioactive as well as I3C-, 
2H- and 15N-labelled precursors. In order to distinguish between the various theoret- 
ically possible pathways, sodium-[ 1 J4C]- and -[2-I4C]-acetate, sodium-[ 1 -14C]-propi- 
onate, [i4C-CH,]-~-methionine, [ 1 -I4C]-~-, [3-I4C]-~-, [3- I4C]-~~-  and [5'-3H]-~-trypto- 
phan, sodium-[ 1 -I3C]-, -[2-I3C]-, -[ 1 ,2I3C2]- and [2-I3C, 2-2H3]-acetate, sodium-[ 1 -13C]- 
propionate, [',C, 2H,-CH3]-~-methionine, [2-2H]-~- and [2I5N]-~-tryptophan were ad- 
ministered to growing cultures of Chaetomium globosum. From the signal enhance- 
ments in the I3C-, ZH- and I5N-NMR. spectra of the enriched 19-0-acetylchaetoglo- 
bosin A (2) samples, and in the mass spectra of the enriched chaetoglobosin A (1)3) 
samples, the labelling pattern could easily be deduced. 

Incorporation experiments. - The strain of Chaetomium globosum was grown on a 
molasses/peptone/glucose medium. The production curve revealed that the forma- 
tion of chaetoglobosins begins after 2-3 days, reaching a maximum after 10-11 
days, yielding 200-700 mg 19- 0-acetylchaetoglobosin A (2) and 150-600 mg chae- 
toglobosin A (1) per litre. Therefore, the precursors were administered after 3 days 
and the cultures were havested after 11 days. The radioactive samples of 2 were 
recrystallized three times from benzene in order to achieve constant radioactivity. 
The results obtained after addition of the potential precursors are presented in Table 
1. All of them are incorporated significantly. The high incorporation rates of ace- 
tate, methionine and tryptophan seem to confirm the origin of the chaetoglobosins 
from an acetate/malonate polyketide and from tryptophan with introduced methyl 
groups derived from methionine. The incorporation of propionate, as compared 
with that of the other administered precursors, is very low. Thus the participation of 
propionate in the biosynthesis of chaetoglobosins - via methylmalonate - as a link 
of the polyketide-chain can be excluded. The measured activity is probably derived 
from an indirect incorporation after several biological transformations. 

Table 1. incorporation of radioactive precursors into 19-O-ucet~lchaeto~lohosi1i A ( 2 )  

Precursor Absolute incorporation rate Vo 

Sodium-[ 1 -I4C]-acetate 
Sodi~m-[2-~~C]-acetate 
Sodium-[ I-14C]-propionate 
[ ''C-CH3]-~-Methionine 
[3-14C]-~~--Tryptophan 

~ ~~ ~~~~ 

2.83 
4.07 
0.13 

16.9 
11.7 

Having established the basic biogenetic units of 2, the precursors were also fed 
as I3C-labelled molecules in order to elucidate the labelling pattern. The expected 

For mass spectroscopic measurements, 1 was preferred to 2 because of the better absolute intensities 
in the molecular region. 



HELVETICA CHIMICA ACTA - Vol. 64, Fasc. 7 (1981) - Nr. 199 2067 

signal enhancement can be estimated, assuming that the absolute incorporation 
rates are the same in both experiments with I4C- and '3C-labelled precursors [8]. 
Since the experimental conditions are different, e.  g. the dilution of the precursor by 
the natural pools of the media and of the organism, the calculation is not on very 
safe ground. 

The proton noise decoupled I3C-NMR. spectra of unlabelled (natural abund- 
ance) (cJ: Fig. 1) and biologically enriched 19- 0-acetylchaetoglobosin A (2) samples 
were recorded under identical conditions, in order to avoid any differences in signal 
height resulting from the differing TI the longitudinal relaxation times of the various 

r . 
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Fig. 1. 13C-NMR. spectrum of unlabelled 190-acetylchaetoglobosin A (2) in CDCI, (22.63 MHz) 

carbon nuclei4). The intensities of the signals for C(l), C(5), C(7), C(13), C(15), 
C(17), C(19), C(21), C(23) and for the carboxyl group of the 0-acetyl unit in the 13C- 
NMR. spectrum were enhanced relative to natural abundance in [ 1 -'3C]-acetate-en- 
riched 2 and for C(6), C(8), C(9), C(l I), C(14), C( 16), C(18), C(20), C(22) and for the 
methyl group of the 0-acetyl unit in [2-I3C]-acetate-enriched 2, respectively. Addi- 
tional couplings between two enriched C-atoms from different acetate units were 
observed between C(19) and C(21) 2J= 16 Hz), C(8) and C(9) (J=29 Hz) and C(9) 
and C(22) (2J= 10 Hz). Such inter-acetate unit coupling can only occur if there is a 
high probability of two acetate units being incorporated into adjacent positions in 
one molecule. Ion intensities in the molecular ion region of the mass spectra of natu- 
ral abundance, [ 1 -I3C]- and [2-I3C]-acetate-enriched chaetoglobosin A (1) confirmed 
that a substantial portion of the biosynthetically enriched samples were multiply la- 
belled. There was even a significant number of molecules in which eight of the nine 
acetate units were derived from the added precursor. Addition of a large amount of 
exogenous acetate probably represses the production of endogenous acetate by a 

4, The assignments of the 13C-NMR. spectra of various chaetoglobosins were previously reported (31. 
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feedback inhibition mechanism. Consequently until this pool falls below a certain 
threshold level and endogenous acetate production recommences, most of the me- 
tabolite is produced from exogenous precursor. This fact caused problems in feed- 
ing experiments using doubly-labelled acetate. The I3C-NMR. spectrum of 2 en- 
riched from [ 1 ,2-I3C,]-acetate was very complicated. The expected characteristic 
triplets were visible only for C( I), C(l1) and both C-atoms of the 0-acetyl group. 
The remaining acetate-derived C-atoms showed complex signals, due to coupling 
between enriched C-atoms from different acetate units, confirming a large extent of 
multiply labelled metabolite molecules. This problem could be circumvented by di- 
lution of labelled with unlabelled acetate before feeding [9]. Thus in the I3C-NMR. 
spectrum of 2 obtained after incorporation of diluted [ 1,2-13C,]-acetate C( l)-C(9), 

C(21), C(22)-C(23) and the two C-atoms of the 0-acetyl group showed - in addition 
to the usual singlets arising for I3C present at natural abundance - a doublet, due to 
I3C, 13C-coupling in the doubly labelled acetate unit. This result agrees with a bio- 
synthesis via a C,,-polyketide, which is obtained by head-to-tail condensation of 
nine intact acetatelmalonate units, and a single acetate unit which is introduced as 
0-acetyl function, probably at a later stage of the biosynthesis. 

The observation that the fate of H-atoms during biosynthesis of secondary 
metabolites offers valuable mechanistic insights has led to expanded use of 2H- and 
3H-labelled precursors (cf. [lo]). However, one of the critical problems is the detec- 
tion of the incorporated label. This problem can be partly circumvented by using 
I3Cl2H doubly-labelled precursors. The 2H-atoms directly bound to I3C are easily 
detected indirectly in IH-decoupled I3C-NMR. spectra. Although the application of 
this methodology to polyketide biogenesis by incorporation of [2-13C, 2-2H3]-acetate 
is limited because of the considerable hydrogen exchange that can occur during for- 
mation of C-chains by acetate/malonate, I3W2H doubly-labelled acetate can be 
used to identify starter units [5 ] .  Thus commercially available sodium-[2-I3C, 2-2H3]- 
acetate was administered to growing cultures of Cha'etomium globosum. In IH-de- 
coupled 100 MHz-I3C-NMR. spectrum5) of the resulting 19- 0-acetylchaetoglobosin 
A (2), the signals for C(6), C(8), C(9), C(14), C(16), C(18), C(20) and C(22) were 
strongly enhanced singlets, but the peaks for C( 1 1) and the 0-acetyl methyl group 
appeared as natural abundance singlets superimposed on small multiplets. The IH- 
decoupled 30.7-MHz-,H-NMR. spectrum confirmed that deuterium was primarily 
localized at these two C-atoms. Whereas the 0-acetyl methyl group clearly ap- 
peared as a 13C-coupled doublet of J =  20 Hz, the coupling constant of C( 1 I )  could 
unfortunately not be exactly determined, because of line broadening and a poor sig- 
nal-to-noise ratio6). Since no other deuterium signals were observed, the other hy- 
drogen-bearing C-atoms originating from C(2) of acetate had exchanged most if not 
all of their deuterium during biosynthesis. One deuterium can of course be lost from 
acetate units which are incorporated as malonate during the dehydration step of 
normal fatty acid biosynthesis. Apparently a non-stereospecific exchange which OC- 

C(5)-C(1 I), C(6)-C(7), C(8)-C(l3), C(14)-C(15), C(16)-C(17), C(18)-C(19), C(20)- 

5, We thank Dr. J .  C. Vederus, University of Alberta, Edmonton, Canada, for the 100-MHz-13C- and 
~ O . ~ - M H Z - ~ H - N M R .  spectra. 

6, The approximate value is b= 18-22 Hz. 
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Fig. 2. I3C-NMR. spectrum of 19-0-acet.~lchae~oglobosin A (2) enriched wilh [13C, 2H3-CH3]-~-niethionine 
in the region ofthe methyl signals, in CDC!, (100 M H z )  

curs at the malonate or a post-malonate stage may account for most of the remaining 
deuterium loss. Thus only the starter unit of the acetate/malonate polyketide and 
the single 0-acetyl group retain large amounts of hydrogen label. 

L-Methionine, which after the feeding experiments with radioactive precursors 
had been supposed to be the C,-donor of the remaining methyl groups of 2, was 
administered with the methyl group labelled by 13C. In the resulting 13C-NMR. spec- 
trum the intensity of C( 12) and of the methyl groups at C( 16) and at C( 18) were in- 
creased about fourteen-fold. Since the unambiguous proof that two different me- 
chanisms for biological C-methylations exist [I 11, many studies have been reported 
concerning the problem of the stereochemistry of the reaction [12] and the possible 
pathways [13]. In order to gain more insight into the mechanism of the methylation 
processes in cytochalasans'), [I3C, 2H3-CH,]-~-methionine8) (isotopic purity 9 1.5% 
13C,980/o 2H) was administered to growing cultures of Chaetomium globosum. Figure2 
shows the lH-decoupled 1O0-MHz-l3C-NMR. spectrum of the resulting 19- O-ace- 
tylchaetoglobosin A (2). The signals of C(12) and of the methyl groups at C(16) and 
at C( 18) are clearly split into a septet with J= 19, 19 and 20 Hz, respectively. Also, 
the upfield shifts of the resonance frequencies (0.75-0.85 ppm) are consistent with 
retention of all three 2H-atoms. In addition, the signal of the methyl group at C(18) 
clearly shows a quintet, due to the presence of 13C'H2H,-groups. In the case of C( 12) 
and of the methyl group at C( 16), such an additional quintet cannot be detected un- 
ambiguously, because of the overlapping of the signals. Owing to quadruple broad- 
ening and the different nuclear Overhausereffects, the extent of the 13C1H2H,-labell- 

') 

8, 

Previous studies on cytochalasin B showed that the methylation at C( 16) occurs with retention of all 
three H-atoms, but could not clarify the methylation pathway at C(6) [14]. 
We are indebted to Mr. R. Wyss for the gift of doubly-labelled methionine. 
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ing of the metabolite could not be calculated by comparing the intensities of the sep- 
tet and of the quintet. However, it could be determined by comparison of the ion in- 
tensities in the molecular region of natural abundance and enriched chaetoglobosin 
A (1). The calculation showed that the majority - probably all - of the '3C1H2H2-1a- 
belling present in the metabolite is due to the 13C1H2H2 groups of the precursor9). Fi- 
nally the IH-decoupled ~ O . ~ - M H Z - ~ H - N M R .  spectrum of the enriched 2 confirmed 
that deuterium was primarily localized at these three positions. The C-atom C(12) 
and the methyl groups at C( 16) and at C( 18) appeared as 13C-coupled doublets with 
J= 19, 19 and 20 Hz, respectively. These findings agree with the assumption that the 
three C-methylations take place at an early stage of the biosynthesis, when S-adeno- 
sylmethionine can react with the enolic double bonds of the polyketide-chain. 

The incorporation experiments discussed above clearly preclude the participa- 
tion of propionate - or 2-methylmalonate - as a link of the polyketide-chain during 
biosynthesis of chaetoglobosins. Although biosynthetic studies on cytochalasin D 
showed that propionate can be incorporated indirectly, either by degradation to ace- 
tate or by transformation first to phosphoenol pyruvate and then, via the shikimic 
acid pathway, to phenylalanine [4c], none of these pathways can account for the ac- 
tivity measured after feeding [ 1 -I4C]-propionate, because of the expected loss of 
I4CO2 in the first case and of the different biosynthetic pathways for phenylalanine 
and for tryptophan in the latter case. Thus at least one additional pathway should 
exist, accounting for the incorporation of propionate in cytochalasans. In order to 
detect this pathway, [ 1 -13C]-propionate was administered to cultures of Chaetomium 
globosum and the 13C-NMR. spectrum of the resulting 19- 0-acetylchaeotoglobosin 
A (2) compared with that which was obtained from natural 2. For the unequivocal 
determination of the labelled site we applied the method of Hanson [ 151 by normal- 
izing the peak intensities with C(l l), a C-atom which with high probability is not 
labelled even indirectly by [ 1 -13C]-propionate. Surprisingly only C(4) showed a sign- 
ificant enhancement of 8O%, as was the case in analogous experiments with cyto- 
chalasin D. This can be explained, assuming that [ 1 -I3C]-propionate is transformed 
via phosphoenol pyruvate, phospho-D-glycerate and phosphohydroxypyruvate to 
[ 1 -I3C]-~-serine, which is combined by tryptophan-synthetase with indol-3-glycerol- 
phosphate yielding [I-13C]-~-tryptophan. Incorporation of the latter in 2 led to the 
observed signal enhancement. 

The mode of incorporation of tryptophan. - The high incorporation rate of radio- 
active tryptophan in the previous experiments showed that this amino acid is a 
specific precursor of 19- U-acetylchaetoglobosin A (2). Although 2 possesses the (S)- 
configuration at C(3) corresponding to the naturally predominant L-tryptophan 
((2s)-configuration), incorporation pathways leading to symmetrical degradation 
products of tryptophan could not be excluded a priori. Difficulties with the esta- 
blishment of the incorporation pathway in biogenetic studies with amino acids are 
often due to the presence in the organism of transaminases, which convert a-amino 
acids reversibly into the corresponding a-keto acids, and of racemases. Therefore 

9 )  The enrichment data of the precursor shows that only I(b.lU/o of the molecules are '3CLH3-labelled; 
8.3% are '2C*H3- and 5.3% are 13C1H2H2-labelled. 



HELVETICA CHIMICA ACTA - Vol. 64, Fax .  7 (1981) - Nr. 199 207 I 

incorporation of both enantiomers of the amino acid, or a negative result after feed- 
ing I5N-labelled precursor, do not allow reliable conclusions. Finally, the possibility 
of more than one pathway existing for the incorporation of the amino acid [6c] can 
cause additional difficulties. 

In order to elucidate the mechanism of incorporation of tryptophan in chaeto- 
globosin biosynthesis, an approach was made by the feeding in the usual fashion 
(2S)-[I-"C]-, (2S)-[3-14C]- and (2 RSJ-[3-'4C]-tryptophan, each of which was mixed 
with (2S)-[5'-3H]-tryptophan (as internal standard). The composition of the precur- 
sor mixtures which were fed, and the results of the incorporation experiments are 
listed in Table 2. 

Table 2. Incorporation 0 f 3 H -  and ''C-labelled trypiophan into 19-0-acetylchaetoglobosin A (2) 

Exp. Precursor 
No. 

Absolute 3H/14C ratio 
incorporation 
rate YO Precursor 2 

1 Tryptophan 

5.00 4.00 (2S)-[5'-3H] 7.6 
(2S)-[3-W] 8.9 

5 

(2S)-[ 5'-3H] 
(2S)-[ I - W ]  

( 2 s  )-[5'-3H] 
(2 RS)-[3-14C] 

(2s )-[5'-3H] 
(2RS)-[3-14C] 
(50 mg/l inact. tryptophan) 

(2 S )-[ 5'-3 H ] 
(2RS)-[3-I4C] 
(100 mg/l inact. tryptophan) 

10.5 
13.4 

6.6 
4.1 

6.3 
3.9 

6.5 
3.9 

5.16 

5.16 

5.16 

6.9 

4.07 

8.2 

8.6 

11.4 

6.25 24.8 6 (2 S )-[ 5'-3 H] 9.4 
(2RS)-[3-14C] 2.4 
(300 mg/l inact. tryptophan) 

6.9 27.8 7 (2S)-[5'-3H] 6.6 
(2RS)-[3-14C] 1.6 
(1000 mg/l inact. tryptophan) 

The 3H/14C ratios of 2 resulting from the feeding experiments No. 1-5 clearly 
show that only the naturally predominant L-tryptophan (with intact C-skeleton) is 
incorporated. The loss of tritium observable in all of these experiments is probably 
due to a reversible hydroxylation of C(5') of tryptophan, analogous to that known 
for the transformation of tryptophan to serotonin [ 161. In the case of experiments 
No. 6 and 7, where the radioactive precursors were diluted with large amounts of 
tryptophan, an anomalous increase of the 3H/14C ratio was observed. It is highly 
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probable that the organism possesses a small constant tryptophan pool, and in the 
case of a large supply of exogenous amino acid activates the tryptophanase [17], to 
prevent toxic damage. The fact that the 3H-labelled indole formed by action of the 
tryptophanase can be recycled into tryptophan biosynthesis, while the I4C-activity is 
lost as pyruvate, explains the observed 3H/14C ratios of the metabolites. 

These results exclude D-tryptophan as an exogenous precursor in chaetoglobos- 
in biosynthesis. However, the degradation of tryptophan to symmetrical derivatives 
cannot yet be ruled out. The naturally predominant L-amino acids are often more ef- 
ficiently incorporated than their enantiomers, even in cases where the end product 
possesses the configuration corresponding to the o-amino acid. This may be due to 
enhanced transport across the cell membrane by permeases [ 181, or to racemization 
after biochemical elaboration. 

The results obtained so far are in agreement with the participation of L-trypto- 
phan, dehydrotryptophan (3), 3-(3’-indolyl)pyruvic acid (5 )  or 3-(3’-indo1yl)acrylic 
acid (4) (s. Scheme 1). Dehydrotryptophan (3) is synthesized by enzymatic cis-dehy- 
dration of L-tryptophan with loss of the 3-pro(S)-hydrogen [ 19].3-(3’-indolyl)acrylic 
acid (4) is synthesized in higher plants from tryptophan by ammonium lyases [20], 
and 3-(3’-indoly1)pyruvic acid (5) is derived from the amino acid by the action of 
aminotransferases and amino acid oxidases [21]. Amino acid oxidases normally do 
not exchange the p-H-atoms of their substrates, while transaminases in some cases 
exchange both the a- and /I-H-atoms [22]. 

Scheme I 

12 

R =  H : Chaetoglobosin A (1) 
R=Ac:  19-0-Acetylchaetoglobosin A (2) 

H H 

L-Tryptophan 4 

H 
5 



HELVETICA CHIMICA ACTA - Vol. 64, Fasc. 7 (1981) - Nr. 199 2073 

In order to distinguish between the participation of L-tryptophan or the acrylic 
acid 4 on one hand and of dehydrotryptophan (3) or the pyruvic acid 5 on the other, 
[2-*H]-~-tryptophan (isotopic purity 80% 2H) was synthesized using the method of 
Matsuo et al. [23], mixed with [3-I4C]-~-tryptophan as internal standard, and admin- 
istered to growing cultures or Chaetomium globosum. The activation of tryptophan- 
ase was prevented by pulse feeding of the precursor (204 mg/l) [8] from the third to 
the seventh day. Measurements of the radioactivity of the resulting 19-0-acetylchae- 
toglobosin A (2) showed a specific 14C-incorporation rate of 20.1%. The specific *H- 
incorporation rate, determined by mass spectrometry of enriched chaetoglobosin A 
(1) was 19.1%. Furthermore a 2H-NMR. spectrumlo) of enriched 2 showed that all 
deuterium activity was located at C(3) of the metabolite, demonstrating that no 
deuterium loss from L-tryptophan had occurred during biosynthesis within experi- 
mental error. Thus the participation of intermediates like 3 or 4 can be excluded. 

This result encouraged us to use 15N-labelled tryptophan for an incorporation 
experiment. In contrast to biogenetic studies on cytochalasin D [6c] and pseurotin A 
[24], where the administered IsN activity of phenylalanine was almost completely 
removed by transaminases, we expected the results of the incorporation of [2-I5N]-~- 
tryptophan would elucidate unambiguously the origin of the lactam N-atom. 

Commercially available [2-'5N]-~-tryptophan (3 10 mg/l) was mixed with [3-'4Cl- 
L-tryptophan (as internal standard) and administered in the same way as described 
for the deuteriated amino acid to growing cultures of Chaetomium globosum. Analy- 
sis of the resulting 2 and 1 revealed specific incorporation rates of 3 1.2% for I4C and 

I I I I I 

1 I I I 

ppm LOO 300 200 100 

Fig. 3.  "N-NMR.  spectrum of IPO-acef.~lchaeto~lohosin A (2) enriched with [2-'5N]-~-tryptophan in 
jCD,)2.S0 with CN,N02 (6= 380.2 ppm, relative to liquid NH, at 25") as evtertial reference. a) Without, 

b) with 'H-decoupling. 

l o )  We thank Prof: Dr. J Seelig, Biophysikalische Abteilung des Biozentrums der Universitat Basel, for 
the measurement of this spectrum. 
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34.2% for I5N. Although this result points to an intact incorporation of the amino ac- 
id, further efforts were made to determine unambiguously the labelled site: mass 
spectrometric measurements in the region of m / z  130, due to the indolylfragment, 
and the ~O.I -MHZ-~~N-NMR.”)  spectrum of enriched 2 (cf. Fig. 3) confirmed, with- 
in experimental error, that all the IjN-label was present only at the lactam N-atom. 
Thus the configuration at C(3) of chaetoglobosins is directly derived from the (2s)- 
configuration of the naturally predominant L-tryptophan, which is incorporated 
with intact chirality. 

Conclusion. - Using radioactive as well as 13C-, 2H- and ‘5N-labelled precursors, 
the biosynthetic origin of 19-0-acetylchaetoglobosin A (2) and chaetoglobosin A (1) 
has been established. Comparison of these results with those of the biosynthetic 
studies on cytochalasin B [4] [5a] and D [5a] [6] clearly demonstrates closely related 
biogenetic pathways. On the basis of our results a more detailed general biogenetic 
scheme [7] for the cytochalasansI2) is proposed. It is outlined for 1 in the Scheme 2. It 
is also applicable to the other carbocyclic cytochalasans by varying the length of the 
polyketide, the number of C-methylations and the amino acid. However, not all the 
postulated intermediates and only part of the reaction sequence, are based on exper- 
imental proof. 

Acetyl-coenzyme A acts as starter unit. It is condensed in successive reactions 
with eight malonate units to form a C,,-polyketide. The C-methylations occur be- 
fore stabilization of the polyketide or its separation from the enzyme take place, per- 
haps even during its formation [26]. In the next steps the polyketide is combined 
with L-tryptophan, probably forming first the amide linkage and subsequently clos- 
ing the lactam ring to yield the tetramic acid derivative 6. For the construction of the 
isoindolone unit, 6 is transformed to the substituted pyrrolinone 7 by reductions, de- 
hydrations and allylic oxidation. The latter compound can undergo an internal 
Diels-Alder-type cyclization to form the pentacyclic system 8, identical with chaeto- 
globosin J, possessing the required configuration at C(4), C(5), C(8) and C(9). Epox- 
idation of the cyclohexene ring yields 1, which may be the biogenetic precursor of 
the unsaturated alcohol systems present in several chaetoglobosins and of the 19-0- 
acetylchaetoglobosins. 

Finally, cytochalasans possessing a macrocyclic lactone system, as represented 
by cytochalasin B, are obtained from a carbocyclic precursor by a Baeyer-Villiger- 
type oxidation [4d]. The third type of large ring, a cyclic carbonate group, as repre- 
sented by cytochalasin E [27] might also arise from a carbocyclic precursor, the carb- 
onate group resulting from a second Baeyer- Villiger-type insertion of an 0-atom 
into a lactone ring. 

All steps of the biogenetic sequence, the order of some of which are interchange- 
able, correspond to known reactions. 

The support of these investigations by the SchM elrenJcher Nationalfonds zui Forderung der wissen- 
F L  hufrhcheri Fotschirrig IS gratefully acknowledged 
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12)  Chaetoglobosin K [2S] should be excluded of course from this scheme. 
spectrum. 
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0 OH 
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-S & O O  

L-Tryptophan 
V 

L-Tryptophan 

Chaetoglobosin J (8) 

Chaetoglobosin A (1)  

Experimental Part 

General methods. See [28]. Radioactivity of precursors and 19-0-acetylchaetoglobosin A (1 ) was de- 
termined in the isotopic laboratories of Sandoz AG., Basel (Mr. Marbach) and the Institute for Inorganic 
Chemistry of the University of Basel, radioactive precursors were purchased from Amersham Radio- 
cheniical Cenrre (Buckinghamshire, England) and New England Nuclear (Dreieich, BRD), 1 3 G ,  *H- and 
iSN-labelled compounds were obtained from Radium Chemie (Teufen, AR, Switzerland), Sharp & 
Dohine GinbH (Munchen, BRD), Prochetn (London, England) and Ciba-Geigy (Basel, Switzerland). 
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Producrion of chaetoglobosin A (1) and IPO-acet~lchaetoglobosiri A (2). Chaetoiniurn globosutn was 
grown in the manner previously reported (cJ [3]). Aqueous solutions of the precursors were sterilized 
and added aseptically after 3 days, or in the case of [2-*H]- and [2-15N]-~-tryptophan sequentially from the 
third to the seventh day. The CH2C12 extract of the culture broth (cf: (31) was dried (Na2S04) and evapo- 
rated i. V. (409. The brown residue was purified on a silica gel column (100 : I ) .  using increasing amounts 
of methanol in CH2C12, to give 150-600 mg/l chaetoglobosin A (1) and 200-700 mg/l 19-0-acetylchae- 
toglobosin A (2). 1 and 2 could be recrystallized from acetonddiisopropyl ether and from benzene 
respectively. 

[ 2 ~ H , k - E y f o p h a n .  According to Matsiro [23], I .23 g (5 mmol) of N-acelyl-DL-tryptophan were con- 
verted to the corresponding azlactone and then treated with 99.8% D 2 0  to yield 975 mg (3.95 mmol) 
N-acetyl-[2-*H]-~r.-tryptophan. N-Acetyl[2-*H]-~-tryptophan was obtained from the mixture with 
( -)-I-phenylethylamine by the method of Overbj. [29].The above hydrolysis procedure allowed isolation 
of 205 mg (1.0 mmol) of [2-2H]-~-tryptophan. No signal for H-C(2) remained i n  the ‘H-NMR. spectrum 
(60 MHz, D,O+DCI) of this product. Comparison o i  the inrcii\lllc\ i n  ihe molecular repion of rhe m a \ \  
spectrum of [2-*H]-~-tryptophan and unlabelled amino acid showed thai 80% of the molecules \%ere 1i1- 

belled with deuterium. 
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