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Abstract-MM 13902, a &-lactam antibiotic isolated from ~rrepfo~~ce.~ ofiuuceus, has been identified as 
(.5R,6R) - 3 - [(El - 2 - ~~tamid~thenylthiol - 6 - [(S) - 1 - hydroxysulphonyloxyethyl] - 7 - 0x0 - 1 - 
azabicyclo[3.2.0]hept - 2 - ene - 2 - carboxylic acid (2) by chemical and spectroscopic studies. The related 
olivanic acids MM 4550 and MM 17880 have heen shown to be the corresponding 3 - [(E) - 2 - 
ace~dmid~thenylsulphinyl]- and 3 - (2 - a~~~d~thylt~o~ derivatives fl and s), respective&. A number 
of carboxylate and sulphate esters of 1.2 and f have been prepared. A key reaction in the characterisation 
of 2 was the oxidative degradation of its C-2 monomethyl ester (12) in dimethylsulphoxide to methyl 3 
- [(E) - 2 - acetamidoethcnylthio] - 5 - [(I R.2S) - I - carhory - 2 - hydroxysulphonyloxyprop - 1 - yllpyrrole 
- 2 - carboxylate (22). The #n~guration of the C-6 substituent of 2 was dete~in~ by a stereoswfic 
climmation reaction of its ethyl sulphate, p-nitrobenxyl carboxylate (19) to yield the 6 - (E) - ethylidene 
derivdlive (32). MM 13902 was oxidised to MM 4550 with mchloroperhenzoic acid. 

The remarkable ability of micro-organisms to pro- 
duce biologically active compounds with novel and 
unexpected structures has been a constant fascination 
to chemists for many years. Nowhere has this been 
more evident than in the recent discovery of a new 
class of /I-lactam antibiotics produced by various 
.~l~~pf~~~~~~~~ species and possessing the ~haracte~sti~ 
7 - 0x0 - 1 - azabicyclo[3.2.0]hept - 2 - ene ring system. 
As a result of two independent investigations, the 
earliest metabotites of this tvpe to be isolated and 
characterised were the oEva&c acids’.* from Strep- 
tomyces olir;aceuT and thienamycin3 from Strep- 
romyces cottleya. More recently, a proliferation of 
related structures has emerged, and these include the 
carpetimycinsJ asparenomycins,’ and PS-5 family of 
antibiotics.’ The diversity of structures within this 
new class of fused-bicychc p-lactam antibiotics has 
prompted considerable interest in the area, providing 
a chatlenge for natural product and synthetic chemist 
alike. 

The obvanic acids consist of a family of naturally 
occurring compounds which possess potent anti- 
bacterial activity and p-lactamase inhibitory proper- 
ties.‘, The first three metabolities to be isolated were 
the sulphate derivatives, designated MM 4550’ (1). 
MM 13902’ (2) and MM 17880* (5). Subsequently, 
four new related products were discovered, these 
being the non-sulphat~ analogues MM 22380 (8). 
MM 22381 (lo), MM 22382 (9) and MM 22383 
(ll).K.Y More recentty, the isolation of a side-chain 
homologue of MM 13902, the propionamido- 
derivative (7) has also been reported.” We now 
describe some of the chemistry involved in the struc- 
ture elucidation of the first three olivanic acids MM 
4.550, MM 13902 and MM 17880. These early studies 
were hindered by the poor chemical stability of the 
compounds and their derivatives, and by the very 
limited quantities available at the time. 

MM 13902 (2) was isolated as its freeze-dried 
sodium salt (3) which possessed spectroscopic proper- 

ties (UV, IR, ‘H NMR, “C NMR) in accord with the 
proposed structure.’ However, the data were not 
sufficiently diagnostic to determine the stereo- 
chemistry at C-8 of the molecule, whereas the relative 
configuration between the C-5 and C-6 protons was 
determined to be ci.r by virtue of the ‘H NMR 
coupling constant (J5,& = 5.5 Hz). Reaction of 3 with 
various alkyd halides in N,N-dimelhylformamide 
(DMF) afforded a series of monoesters (12-U), the 
spectral data of which supported the structural as- 
signments. These esters also provided additional evi- 
dence for the molecular composition of MM 13902 
by means of analytical data and field desorption mass 
sp~trometry studies.’ The esters did not exhibit 
molecular ions, but significant fragmentations were 
observed+ which confirmed part of the structure 
including the sulphate moiety. Inconveniently, these 
monoesters had good solubility only in polar solvents 
such as DMF, water and dimethylsulphoxide 
(DMSO) but the use of chloroform-ethanol mixtures 
was found to be expedient, despite poor solubility in 
either solvent alone. Such solvent mixtures were of 
particular value for chromatography. 

More vigorous alkylating conditions were required 
to prepare sulphate esters of MM 13902; thus 
acidification of the disodium salt (3) with p- 
toluenesulphonic acid followed by immediate reac- 
tion with diazomethane led to the formation of the 
dimethyl ester (16). This derivative proved to be very 
labile but could be isolated in low yield by rapid 
silica-gel chromatography. The significance of the 
diester f16) was that it became the first derivative of 
MM 13902 to show a molecular ion (m/e 420) in the 
field desorption mass spectrum. A more stable series 
of diesters were the ethyl sulphates, conveniently 
prepared by alkylation of the sodium sulphates with 
Meenvein’s reagent (Et@ ’ BF,-). Thus, reaction of 
the mono-ester 03) with ~ethyloxonium 
tetrafluoroborate gave the diester (17) as a stable 
crystalline solid. The preparation of diesters was 
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facilitated by first converting the monoester mono- 
sodium salts of MM 13902 into monoquatemary 
ammonium salts thus rendering them soluble in com- 
mon organic solvents, Thus, reaction of the monoes- 
ters (12 and 14) with benzyldimethyl-n- 
hexadecylammonium chloride afforded the 
quaternary ammonium salts (20 and 21) which were 
subsequently alkylated with Meerwein’s reagent to 
furnish the diesters (18 and 19), respectively. 

The main chemical evidence in support of the 
structure assigned to MM 13902 came from an 
oxidative fi-lactam degradation reaction of the 

Me 

(1) n = l,R=H 

(2) n =O,R=H 

(3) n =O,R=I’h 

(4) n = 1, R=Na 

monomethyl ester (12) to afford a pyrrole derivative.* 
When 12 was heated for 2 hr, or allowed to stand at 
room temp. for 3 days, in DMSO an msentially 
quantitative transformation occurred to give the pyr- 
role (22). This conversion could be conveniently 
monitored by ‘H or “C NMR spectroscopy by 
performing the reaction in an NMR tube using 
deuterated solvent. Of particular significance was the 
observed disappearance of signals due to the 4-CH2 
and 5-CH of the /?-lactam (12) with the concomitant 
appearance of a pyrrole p-CH resonance. The pyr- 
role (22) was further characterised by successive 

H. 
Me 

(5) R=H 

(6) R-ha 

NHCOMc 

(a) R = SL’H,CH1NH(‘OMe 

(9) R=S’../‘xNtl(‘OMr 

(lo) R= SCHZCH2NHCOMc 

(11) R= SMNHCOMc 

(12) R= Me 

(13) R= CH2 
-c3 

/ 1 BY 
- 

(16) R’= R2 = Me 

(17) R’=Et ,R2=CH2 

(18) R’= EI ,R2= Me 

Br 

(19) R’=Et ,R2= PNB 
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esterification of the acid with dimmethane and 
elimination of the elements of sodium hydrogen 
sulphate with l,Xdiazobicyclo[5.4.O]undec-7-cne 
(DBU) to produce the isolable pyrrole (23). Although 
the latter was non-crystalIine and consisted of an 
inseparable mixture (cu 5 : 1) of (E)- and 
(Z)-ethylidene isomers, it was fully character&d by 
spectroscopic data with the mass spectral fragmen- 
tation pattern being particularly informative.2 De- 
sulphurisation of 23 was effected by the use of Raney 
nickel in ethanol, although reduction of the &Xc 
double bond and transesterification occurred simulta- 

As the ester (12) did not undergo transformation to 
the pyrrole (22) in either DMF or water, it would 
suggest that the DMSO plays an integral part in the 
reaction. A suggested mechanism is shown in Scheme 
1, Initial opening of the /?-la&am ring by DMSO is 
followed by nucleophilic reaction of the resulting 
nitrogen anion on the cationic S atom with the 
liberation of a carboxylate function. The intermediate 
(26) is then able to undergo a facile elimination of 
dimethyl sulphide to form the pyrrole (22). The 
reaction is remarkably sensitive to changes of substit- 
uent in the $meml>ered ring. For instance, the corre- 

neowly to yield the new pyrrole (24). Attempts to sponding sulphoxide (27) and the p-nitrobenql ester 
effect a similar removal of the C-3 sulphur substituent (14) did not produce pyrroles on heating in DMSO, 
of the intact bicyclic system resulted in decom- whilst the p-bromobenzyl ester (13) readily under- 
position with loss of the /I-lactam ring. went the transformation. A possible explanation of 

(20) R = Me 

(211 R= PNB 

CO2H CO2 Mc 

123) 

04) 

Me 

.Me 
H, 

122) (tautcmtris form) 
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these observations is that electron-withdrawing sub- 
stituents such as the sulphoxide in 27 or the ester in 
14 render the nitrogen anion in 25 less nucleophilic 
and prevent the formation of the intermediate (26). In 
the presence of water (in DMSO) 25 would then lead 
to hydrolysis products in which the b-lactam ring has 
opened but oxidation to a pyrroie has not occurred. 

Hydrolysis and alcoholysis reactions of MM 13902 
and its derivatives have been investigated with limited 
success. Both acidic and basic hydrolysis of the 
disodium salt of MM 13902 (3) proved to be complex 
and the presence of the sulphate moiety hindered 
efforts to identify the products formed. However, 
base-induced methanolysis reactions of monoesters 
of MM 13902 were somewhat more fruitful. The 
reaction of the monomethyl ester (12) with diethyl- 
amine in methanol led to the isolation of sodium 
sulphate and two organic products. The least polar of 
these was characterised as the hydroxypyrrole (a), 
which was isolated as a mixture (co 7 : 1) of (E) and 
(Z)-isomers. Spectroscopic data were of paramount 
importance in establishing this structure; the chem- 
ical shift of the pyrrole proton (S 5.92) in the ‘H 
NMR spectrum is consistent only with a pyrrole 
fi-CH which is not adjacent to an a-ester function;” 
the IR ester absorption at 1665 cm - ’ is indicative of 
a chelated CO group; and a molecular ion at m/e 
239.0795 in the mass spectrum confirmed the molec- 
ular formula as C,,H,,NQ. The more polar product 
was water-soluble and although not fully character- 
ised was considered to be the A’-pyrroline (29). Its IR 
spectrum (vmX 1730, 1675,162Oand 127&12lOcm-‘) 
indicated that the original C-3 side-chain and the 
sulphate were still present, and the fl-lactam ring had 
cleaved. The ‘H NMR spectrum was more in accord 
with the A’-pyrroline (29) than the AZ-analogue (30) 
which would be formed from simple methanolysis of 
the fi-lactam, and it is in fact well known that the 
latter type of pyrrolines are unstable species which 
isomerise to the A’-derivatives.i2 The pyrroline (29) 
was very slowly converted to the hydroxypyrrole (28) 
with diethylamine but failed to oxidise to a pyrrole 
in DMSO. The latter observation precludes hy- 
drolysis of the fl-lactam followed by oxidation in 
the DMSO reaction as an alternative process to the 
proposed mechanism in Scheme 1. A similar meth- 
anolysis reaction of 12 using one equivalent of so- 
dium methoxide as the base afforded the same two 
products Zs (6%) and 29 (65%) but this time the latter 
existed as two diastereoisomers, epimeric at the 
pyrroline-CH adjacent to S. The hydroxypyrrole (t8) 
must arise from a hydrolytic cleavage of the S 
side-chain and an oxidation step, but more detailed 
mechanistic conjecture would be inappropriate in the 
absence of further data. The isolation of 28 provided 
the first chemical evidence that the structure of MM 
13902 proposed on the basis of spectroscopic data 
was plausible. A related hydroxypyrrole has been 
obtained from a degradation reaction of thi- 
enamycin.3 

The occurrence of base-induced elimination of 
sodium hydrogen sulphate in the afore-mentioned 
p-lactam degradation reactions prompted us to in- 
vestigate the possibility of a similar reaction in the 
intact bicyclic system. It was considered that a non- 
nucleophilic base in an aprotic solvent would be 
necessary to minimise the chance of fl-lactam ring- 

opening. The monomethyl ester of MM 13902 (12) 
was thus treated with anhydrous ptassium carbon- 
ate in DMF (20 hr, r-t. or 4 hr, 70”) and indeed the 
expected elimination occurred to yield the ethylidene 
derivative as a mixture (ca 3 : 1) of (@-isomer (31) 
and (Z)-isomer (33) (60%). The isomers were die- 
tinguishable by the ‘H NMR chemical shifts of the 
olefinic protons and methyl substituents, which were 
influenced by the deshielding effect of the #I-lactam 
CO group. Consequently, the olefinic proton in the 
(E)-isomer (311, appeared at cu 0.5 ppm downfield 
from that of the (Z)-isomer (331, whilst the Me signal 
of the latter was a similar value downfield from that 
of the former. The mixture of isomers appeared as a 
single component by TLC, but it was possible to 
isolate a small quantity of each separate isomer by 
careful fractionation on a silica-gel column. 

A minor product (4%) obtained from the elimi- 
nation reaction was identified as the A3derivative 
(35) [ratio of (E) and (Z)-isomers = ca 3 : 11. The 
mass spectrum of 35 showed it to have the same 
molecular composition as the ethylidene (31) [A4 f, 
308.0832], and other spectroscopic data were consis- 
tent with migration of the endocyclic double bond 
from the A*- to the A’-position of the 5-membered 
ring. The configuration at C-2 was assumed to be (S) 
in view of the thermodynamic preference of this 
configuration in the related penicillin and oxapenam 
systems.” The movement of the double bond out of 
conjugation with the C-2 ester is presumably compn- 
sated by a relief of ring-strain in the system as 
suggested by a lowering of the IR /I-lactam CO 
stretching frequency by ca 10 cm - ’ in 35 compared 
to 31. The A2- and A3ethylidene derivatives were 
shown to be in equilibrium under the reaction condi- 
tions by treating either one with K&O, in DMF and 
observing the formation of the same equilibrium 
mixture in each case. Equilibria between Al- and 
A3-isomers in olivanic acidI and thienamycin 
analogues” have been observed elsewhere. An alter- 
native and generally more convenient procedure for 
obtaining the C-6 ethylidene derivatives involved 
prior conversion of monosodium salts of MM 13902 
into monoquaternaryammonium salts, which then 
underwent elimination with DBU. This process was 
particularly amenable to the presence of a p- 
nitrobetuyl ester moiety as this underwent partial 
cleavage with k&CO,-DMF resulting in much re- 
duced yields. Thus, the monmster of MM 13902 (14), 
after conversion to the salt (211, upon treatment with 
DBU (CH& Y, 4 hr) gave the ethylidene deriva- 
tives (32 and 34) (ca 1 : 1.3) in 57% yield. Again the 
ALisomer (34) was formed in low yield. (6%) 

The formation of mixtures of (E)- and 
(Z)-ethylidene isomers in these reactions implied that 
the elimination of hydrogen sulphate was non-stereo- 
specific and no conclusions about the C-8 stereo- 
chemistry of MM 13902 could therefore be reached 
The ionic sulphate moiety is presumably a poor 
leaving group, but the alkyl sulphatc present in the 
&esters (1619) is more akin to functions with good 
leaving ability such as messylate, and indeed+ under 
suitable conditions, a rapid stereospecific E2 elimi- 
nation reaction was observed. Thus, the diester (18) 
when treated with potassium acetate in ethanol gave 
rise to the (Ej-ethylidene isomer (311, exclusivly. 
Similarly, the p-nitrohnzyl, ethyl diwter (19) under 
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the same conditions or with K,COj-DMF (0.5 hr, r.t.) 
gave only the (@-isomer (32). As the leaving group 
and 8-H atom normally assume an Mticoplanar 
orientation in such stereospecific E2 elimination reac- 
tions, and the stereochemistry of MM 13902 was 
known to be (5R,6R), it was possible to deduce that 
the configuration at C-8 was (S). At this stage we had 
assumed that the absolute configuration at C-5 in 
MM 13902 was (R) by analogy with all other natu- 
rally occurring j?-lactam antibiotics known at the 
time. Since then the absolute stereochemistry of the 
olivanic acid MM 22383,‘* thienamycin,3 the 
carpetimycins’ and asparenomycin’ have all been 

(27) 

(29) 

I 
H I w N / 

s ---4=N”COMe 

0 
C02R 

(31) R = Me 

(32) R = PNB 

shown to lx (SR). Since MM 22382 which is pro- 
duced in the same fermentation as MM 22383 has 
been biosynthetically linked to MM 13902,’ there is 
little doubt that MM 13902 does indeed possess this 
c&&ration. The relative stereochemist~ of the 
three asymmetric ccntres in MM 13902 WU+ sub- 
sequently confirmed by an X-ray analysis of the 
methyl, ethyl dies&’ (18). Previously, apparently 
good crystals of the p-bromobenzyl (13) and p- 
bromophenacyl (15) esters, had failed to yield struc- 
tures from this technique, but rather modest crystals 
of the diester (la), despite undergoing some decom- 
position in the X-ray beam, successfully furnished a 

‘C02R 

(3$)R=Mc 
(34) R=PNB 

‘COZR 

(351 R-Me 
(36) R= PNB 

(37) R’=H, R2 = No 

(38) R’ = H, Rz = H 

(39) R1=Me,R2=H 
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Fig. I. X-ray structure of the MM 13902 diester (18). 

structure. Figure 1 shows the X-ray structure of the 
molecule, confirming the (5R,6R,8S) relative stereo- 
chemistry. 

Characterisation of the second metabolite, MM 
4550 (1) proved more difficult because of its greater 
chemical instability compared to MM 13902. Its 
derivatives and degradation products were not gener- 
ally obtained in a pure form owing to their poor 
stability and hygroscopic nature. Spectroscopic data 
for the disodium salt of MM 4550’ (4) were thus of 
greatest value in the structure determination, in view 
of their close resemblance to those possessed by MM 
13902. The most significant differences in these prop- 
erties were the lower UV absorption maximum of 
MM 4550, being 287 nm compared to 308 nm in MM 
13902, and chemical shift differences of the side-chain 
olefinic protons and C atoms in the ‘H and ‘%Z NMR 
spectra, respectively. As spectroscopic evidence pre- 
cluded the possibility of MM 4550 being a structural 
isomer of MM 13902,’ the likelihood of it possessing 
the sulphoxide structure (1) became evident. 
Confirmation of this relationship was achieved by 
oxidation of the disodium salt of MM 13902 with 
m-chloroperbenzoic acid in water to give a mixture 
(ca 1.25 : 1) of two diastereoisomeric sulphoxides (37 
and 40). The mixture was identical to MM 4550 
disodium salt (4) by TLC and IR and UV spec- 
troscopy and the major isomer was identical to (4) by 
HPLC and ‘H NMR spectroscopy. The CD spectrum 
of MM 4550 disodium salt (4) showed Cotton effects 
at 210, 234, 261 and 289 nm whose sign and mag- 
nitude are in close agreement with those later re- 
ported for the homologue Carpetimycin B4 (39). 
Since the latter has been established to possess the 
(R)-sulphoxide configuration by X-ray analysis it 
would seem likely that MM 4550 is also the 
(R)-sulphoxide and possesses structure (38). Aspar- 
enomycin A has also been reported to have the 
(R)-configuration at the side-chain sulphoxide.’ 

The hydrolysis of the disodium salt of MM 4550 
(4) in neutral aqueous solution is worthy of note as 
it resulted in a much cleaner product than the anal- 
ogous degradation of MM 13902. Opening of the 

/3-lactam ring was evident by the loss of the charac- 
teristic olivanic acid UV absorption of MM 4550 
(287 nm) accompanied by the appearance of a new 
peak at 250nm. The ‘H NMR spectrum of the 
product was indicative of two closely related com- 
pounds with the major signals (NCOMe, MeCH and 
SCH=CHN) being clearly twinned. mKobserva- 
tions canbe rational&d by aqueous hydrolysis of the 
azetidinone ring followed by the previously encoun- 
tered migration of the double-bond to the A’-position 
of the pyrroline ring. The resulting mixture of di- 
astereoisomeric A’-pyrrolines (41) has been charac- 
ter&d (as the barium salt) by Umezawa,‘E and a 
similar degradation product of asparenomycin A has 
also recently been described.’ 

The monomethyl ester of MM 4550 (27), which 
was prepared by alkylation (MeI, DMF) of the 
disodium salt (4) and showed the expected spec- 
troscopic characteristics, failed to undergo oxidative 
degradation to a pyrrole in DMSO. This was a 
marked contrast to the corresponding MM 13902 
ester (12) and has already been commented on. 
However, the utility of the DMSO-degradation reac- 
tion was demonstrated in confirming the structure of 
third olivanic acid, MM 17880. 

MM 17880 was isolated from Srreprom~~s o/i- 
uuceus in the form of its disodium salt (6), the 
spectroscopic properties of which confirmed its close 
relationship to the earlier two metabolites. Significant 
differences were the lack of a short-wave absorption 
in the UV spectrum and the absence of the ~rans- 
disubstituted double bond protons in the ‘H NMR 
spectrum. The region 6 2.63.5 was complex but 
contained four protons in excess of those observed in 
the ‘H NMR spectra of 3 and 4. On this basis, it was 
thought that MM 17880 was the dihydroderivative of 
either MM 4550 or MM 13902. Alkylation of 6 with 
p-nitrobenzyl bromide and p-bromobenzyl bromide 
gave the mono esters (42 and 43), respectively, and 
analytical data for the former were consistent with 
the sulphide rather than the sulphoxide structure. On 
heating the ester (43) in dimethylsulphoxide (70°, 
2 hr) the previously observed B-lactam degradation 
occurred to afford the pyrrole (45), which was char- 
acter&d by its conversion [(i) CH2N2, (ii) DBU] to 
the less polar pyrrole’ (46). Consequently, there was 
little doubt that MM 17880 was the dihydro- 
derivative of MM 13902 and possessed structure 5. 

Alkylation of the sulphate moiety of 42 with 
Meerwein’s reagent afforded the MM 17880 diester 
(44) as a stable crystalline solid. Elimination of 
sodium hydrogen sulphate with anhydrous 
I&CO)-DMF occurred in a stereospecific manner to 
afford only the (E)-ethylidene derivative (47). Using 
the previously outlined argument, this result was 
consistent with the (8S)-cunfiguration in MM 17880, 
the (5R,6R)-stereochemistry being inferred from the 
coupling (J&6 = 6 Hz) of the fl-lactam protons in the 
‘H NMR spectrum of 6. It has subsequently been 
shown that all the olivanic acids (i.e. metabolites 
from Streptomyces oliotrceus) which are chiral at C-8 
possess the (Q-configuration at that position,” and 
in this respect they differ from thienamycin3 (48). 

Other aspects of the chemistry of the olivanic acids, 
including their conversion into thienamycin ana- 
logues, will be the subject of separate publications. 



Structures of the olivanic acids MM 13902, MM 4550 and MM 17880 2557 

142) R’ = Na, R2 = PNB 

(43) R’=Na,R2=CH2 

(‘+d) R’=Et, R2= PNB 

I461 (47) 

EXPERJMENTAL 

M.ps were determined using a Kofler hot-stage apparatus 
and are uncorrected. UV spectra were recorded on a 
Pye-Unicam SP 800. SP 8OOO or a Perkin-Elmer 554 spec- 
trophotometer, and IR spectra on a Perkin-Elmer 157, 197 
or 457 instrument. ‘H NMR spectra were obtained at 
60 MHz with a Varian EM 360, at 90 MHz with a Perkin- 
Elmer R32 and at 250 MHz using Bruker WM 250 spec- 
trometer. A Varian XL 100 machine was employed for ‘c 
NMR spectra. The internal standard for NMR spectra was 
TMS unless otherwise stated. Mass spectra were determined 
with an A.E.I. MS9 or VG 7070F instrument, except for 
field-desportion studies which were performed on a Varian 
CHSD mass spectrometer. Optical rotations were obtained 
by the use of a Perk&Elmer 141 polarimeter and CD 
spectra were measured on a Gary-61 recording spec- 
tropolatimeter. HPLC was performed on a Waters Instru- 
ments 6000A machine using a C,# p-Bomb@ reverse-phase 
column eluting with pH 4.7 O.OZM ammonium dihydrogen 
orthophosphate buffa at 2 ml min - ’ and monitoring by UV 
absorption at ,I 287 nm. The homogeneity of all compounds 
was establish4 by TLC with Merck precoated silica-gel 60 
F,, plates. Preparative chromatography was carried out on 
columns of Merck silica gel 60 (mixtures of 2m and finer 
than 230 mesh ASTM) using slightly increased pressure for 
elution. Organic solns were dried with MgSO, and solvents 
removed by evaporation under reduced pressure using a 
rotary evaporator. Organic solvents were either of Analar 

purity or were dried and/or distilled as necessary hfore use. 
Light petroleum refers to the fraction b.p. -80”. 

Physicd properties of the narurol products. Compound 
MM 13902 (2) was isolated7 from fermentation broth as its 
freeze-dried disodium salt (3); [or #j (c I in H20) - 8 1”; v, 
(KBr) 1750, 1675. 1620 (broad) and 127&1220 cm - ‘; &,_ 
(H,O) 307 (6 15520) and 227 nm (14650); 6, (D,O) 1.47 (3H, 
d, J6Hz, McCH), 2.00 (3H, s, MeCO), 2.94 (lH, dd, J9.5 
and I8 Hqm3. 3.29 (IH, dd, J 8.5 and 18 Hq QCH,), 
3.78 (IH, dd, IS.5 and 9 Hz, 6CH), 4.25 (IH, approx. dt, 
J5.5 andcu 9Hz, S-CH), 4.75 (lH, m, CljMe), 5.98 (LH, d, 
J 14 Ht, =CHS), and 7.07 (IH, d, J 14 Hz, =CHN) (MeCN 
internal standard at 6 2.00); 6, @MSOd,) infer aliu 5.87 
(IH, d, J 14Hz =CHS), 6.98 (IH, dd, J 14 and 10H.z. 
=CljNH), and 10.25 (IH, broad d, J 10 Hz, NH); & (D,O) 
19 (q, MeCH), 23 (q, McCO), 37 (t, 4-C), 54 and 58 (each d, 
S-C an&?-CC), 74 (d. Cme), 103 (d, =CHS), 128 (s, 3-Q 131 
(d, =CHN), 144 (s. 2-C), 169 (s, CO), 172 (s, CO) and 178 (s. 
CO) (l&dioxan internal standard at 6 67.4); CD (c 0.04 in 
O.OlM pH 7 phosphate buffer) [&O, [Q,, -0.27 x lo’, 
E%xs - 0.41 x ItY, [II], - 0.22 x l(r, [e&o, [tI& + 0. I1 x 
ltY, [Blp? -4.4 x I@, [Q&l. 

(5R,6R) - 3 -[(E) - 2 - Acefu&zbetk~y&u-fpby~renylsulphinyll - 6 - [(Sk 
1 - @&oxy~~y~oxyeoxuethyll - 7 - 0x0 - I - um- 
bicycfo[3.2.O)I~e~~t - 2 - ene - 2 - carboxylic acid (MM 4550) 
(1). MM 4550 (1) was isolated’ as its freeze-dried &&I&I 
suff (4); [aB {c 0.52 in H,O) - 137”; v, (KBr) 1765, 1695, 
1620 and 1260-I 220 (broad) cm - I; A_ (H,O) 287 (6 12 1 IO) 
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and 240 nm (13560); S, (D,O) 1.45 (3H, d, J 6.5 Hz, 
MeCH), 2.05 (3H, s, MeCO), 2.99 (IH, dd, J9 and 18.5 Hz, 
KH&, 3.46 (lH, dd, J 10.5 and 18.5 Hz, 4-CH,), 3.88 (IH, 
dd, J 6 and 9Hz, 6-CH), 4.37 (IH, m, 5-CH), 4.97 (IH, m, 
CljMe), 6.34 (IH, d, J 14Hz, =CHS), and 7.53 (lH, d, J 
14 Hz, XHN) (MeCN internal standard); 6” (DMSO-d,) 
inferaliu6.24(1H,d,Jl4Hz,=CHS),7.18(1H,dd,Jl4and 
11 Hz, =CHNH) and 10.65 (1 H. broad d, J 11 Hz, NH); Sc 
(D,O) 19 (q, MeCH), 23 (q, MeCO), 29 (t, 4-C), 55 and 59 
(each d, 5-C and 6-C), 74 (d, mMe), 112 (d, =CHS), 139 (s, 
3-C), 135 (d, =CHN), 140 (2-C), 166 (s, CO), 173 (s, CO) and 
177 (s, CO) (1,4-dioxan internal standard); CD (c 0.04 in 
O.OlM pH 7 phosphate buffer) [0],,0, [e], - 3.2 x 104, 
[e],,, - 3.6 x lo’, [8],,,0, [0],, + 5.14 x 104, [8]22,0, 
[(I],,, - 2.06 X 104. 

(5R,bR) - 3 - (2 - Acelamidoethylthio) - 6 - [(S) - I - 
hydraxysurphonyloxyelhyl] - 7 - 0x0 - 1 - 

uzabicycfo[3.2.0]hepr - 2 - ene - 2 - curboxyfic acid (MM 
17880) (5). The freeze-dried disodiwn so/r (6) of MM 17880’ 
possesses the following characteristics; [a]g (c I.0 in 
H,O) + 13.5”; Y,, (KBr) 1750, 169&1650 and 
1270-1220 cm- ‘; L,_ (H,O) 298 nm (6 8410); 6, (D,O) 1.45 
(3H, d, 56 H& MeCH), 1.92 (3H, s, MeCO), 2.63.5 (6H, m, 
4CH, and SCqCH,N), 3.79 (lH, dd, J 6 and 9.5 Hz, 
6-CH). 4.26 (IH, m, 5-CH) and 4.77 (1 H, m, CHMe) (MeCN 
internal standard); CD (c 0.01 in O.OlM pH 7 phosphate 
buffer) [Q,,,O, [0],,, - 0.15 x 104, [B],,,O, [e], 0.44 x lo’, 
[Q,O* IQ,,, - 2.55 x 104, [e],,o* 

General procedure for the preporation of monoesters. The 
disodium salt (3, 4 or 6) (0.01 mole) was stirred at rmrn 
temp. with the appropriate alkyl halide (0.02 mole) in 
N.N-dimethylformamide (DMF) (S-10 ml) for l-5-3 hr. The 
soln was evaporated almost to dryness and the residue was 
chromatographed employing a gradient elution of O-40”/, 
EtOAc in CHCI,. Fractions containing the product were 
combined and evaporated and residual EtOH was removed 
by the addition of toluene, EtOH or acetonitrile followed by 
further evaporation to afford an amorphous solid. Further 
purification could sometimes be effected by trituration with 
ether or by crystallisation, but where crystalline monoesters 
were obtained, m.ps are not quoted owing to decomposition 
before the melting temp. was attained. 

Sodium salt of methyl (5R,6R) - 3 - [(E) - 2 - ace- 
ramidoethenylthio] - 6 - [(S) - 1 - hVdroxVsrrrphonyloxtthylj_ 
7 - 0x0 - 1 - azabicyclo[3.2.0]hept - 2 - ene - 2 - curboxylute 
(It). From the didium salt of MM 13902, 3 (1. I g) and 
iodomethane (I .5 g) compound 12 was prepared as a white 
solid (0.68 g, 63%); &,,,, (H,O) 323 and 228 nm; v, (KBr) 
1760, 1685, 1620 and 128&1220crn-‘; b, (DMS0-Q 1.33 
(3H, d, J 6 Hz, MeCH), 1.92 (3H, s, MeCO), 2.92 (lH, dd, 
J 19 and IO Hz;xCH,), cu 3.5 (1 H, m, 4-CH& 3.75 (4H, 
s + m, Me0 and 6-CH), 4.20 (lH, m, 5-CH), 4.38 (IH, m, 
CHMe),5.82(lH,d, Jl4Hz,=CHS),7,07(1H,dd, J14and 
1 I Hz, =CHNH, collapses to d, J 14 Hz with D,O) and 10.45 
(IH, broad d. J 11 Hz, NH, exchanges with D,O); 6, 
(DMSOdd 19.6 (q, MeCH), 22.5 (q, MeCO), 36.5 (t, 4-C), 
51.6 (q, OMe), 53.3 and 58.3 (each d, E and 6-C), 68.4 (d, 
CHMe), 97.2 (d, XHS), 121.3 (s, =C:), 132.7 (d, =CHN), 
151.7 (s, =C<), 161.2, 167.6 and 176.5 (each s, CO). 

From the disodium salt 3 (0.97 g) and p-bromobenzyl 
bromide (1.7 g) was obtained the corresponding mono-p 
hromobenzyl ester (13) as a white solid (0.73 g, 56%); &,., 
(H,O) 325 and 226 nm; v, (KBr) 1760, 1675, 1620 and 
1280-1210 err- ’ [Found: (f.d. mass spectrum) m/e 480.462 
and 394 corresponding to (M-SO,Na) + 1, M-HSO,Na, 
and M-C,H,SO,Na, respectively’.] A sample was crys- 
talked from water-acetonitrile to afford needles; Found: C, 
41.3; H, 3.7; N, 4.35; S, 10.65%. C,HaN20,&BrNa re- 
quires: C, 41.15; H, 3.4; N, 4.8; S, ll.oO/,. 

MM 13902 disodium salt 3 (1.67 g) and p-nitrobenzyl 
bromide (2.48 g) afforded the mono-pnitrobenzyf ester (14) 
as a pale-yellow solid (1.27 g, 60%); [a]B (c 2 in H20) - 90”, 
i,, (EtOH) 325 ((: l5400), 266 (15700), 225 sh and 220 nm 
(16700); )I,,__~ (KBr) 1760, 1680, 1620 and 1280-12lOcm-‘; 

S, (DMSOd,) 1.36 (3H, d, J 6 Hz, MeCH), 1.92 (3H, s, 
MeCO), 2.96(lH,dd, J l9and lOHz,~H,).3.52(lH,dd, 
J I9 and 9 Hz, 4XH,), 3.67 (lH, dd, J 6 and IO.5 Hz, 
6-CH). co 4.20 (IH, m, 5-CH), 4.42 (lH, m, CHMe), 5.42 
and 5.22 (each 1 H, d, J 14 Hz, CH,C,H,-NO,), 5.80 (IH, 
d,Jl4Hz,XHS),7.04(lH,dd, J14and 10,5Hz,=CHNH, 
collapses to d, J 14 Hz on D,O exchange), 7.63 and 8.17 
(each 2H, d, J 8.5 Hz, CbH4-N0&, and 10.38 (I H, d, J 
10.5 Hz, NH, exchanges with D,O); Found: (f.d. mass 
spectrum) m/e 447. 429 and 361 corresponding to 
(M-SO,Na) + I. M-HSO,Na, and M-C4H,SOgNa, re- 
spectively.’ Some of the product crystallised from the col- 
umn fractions and was recrystalhsed from ethanol to furnish 
fine needles; [Q]E (c 1 in H,O) - 92‘ (c 0.5 in DMF) - 190°; 
L, (H,O), 322 (c 16990), 2ti (I 6800) and 218 nm (17690). 
Found: C, 43.7; H, 3.75; N, 7.7; S, 11.6%. C,H,N,O,,S,Na 
requires: C, 43.7; H, 3.7; N, 7.65; S, 11.7%. 

From the disodium salt 3 (0.25 g) and p-bromophenacyl 
bromide (0.8 g) was obtained the mono-p-bromophenacyl 
ester (15). Some of the column fractions deposited crystals 
(64mg); Found:C,39.9;H,3.65;N,4.1;S, lO.l;Br, 12.55%. 
C2,H,N,Br0,S2Na. H,O requires: C, 40.05; H, 3.5; N, 4.45; 
S, IO. 15; Br, 12.7%. -f-he remaining product was obtained as 
a solid (144mg); S, (EtOH) 327 and 257 nm; v,, (KBr) 
1765, 1690. 1620 and 128O-l2lOcm I. 

Sodium sulr of methyl (5R,6R) - 3 - [(E) - 2 - ace- 
famidoeth4nyls~lphinyll - 6 - [(S) - I - hydroxy- 
sulphonyloxyethyl] - 7 - 0x0 - 1 - azabicyclo[3.2.0]hepf - 2 - 
ene - 2 - carboxylute (27). From the disodium salt of MM 
4550, 4 (0.504g) and idomethane (1 ml), compound 27 was 
obtained (0.12 g, 23%). The product eluted off the column 
after Nal and was probably contaminated with a little of the 
latter. -l-he ester was isolated as a White solid; & (H,O) 300 
(t 8900) and 243nm (17200); v,, (KBr) 1775, 1710, 1620 
and 1260-1220 cm ‘; 6, (D,O) 1.49 (3H, d, J 6 Hz MeCH), 
2. IO (3H, s, MeCO), 3.W.l (3H, m, 4-CH, and 6-CH), 3.87 
(3H, s, Me@, 4.38 (IH, m, 5-CH), 4.95 (IH. m, CHMe), 
6.37(1H,d, JI~H~,=CHSO),~.~~(IH,~,J~~HZ,=CHN) 
[sodium 3-trimethylsilyltetradeuteriopropionate (DSS) in- 
ternal standard]. 

Sodium salt of p - nitrobenzyl (5R,6R) - 3 - (2 - ace- 
fomidoethylthio) - 6 - [(S) - 1 - hydroxystdphonyloxyethyl] - 
7 - 0x0 - 1 - azabicyclo[3.2.0]hepr - 2 - ene - 2 - carboxyiate 
(42). The disodium salt of MM 17880, 6 (2.00 g) and 
p-nitrobenzyl bromide (3.Og) gave the title mono-p 
nitrobenzyl ester (42). l-he product crystaked from the 
column fractions and was obtained by filtration and 
the mother liquors were evaporated to give a further 
quantity of ester as a white solid (0.931 g) after trituration 
with ether. The crystalline ester (0.245 g) possessed the 
following characteristics; [r]B (c 2 in HzO) + 19’; i,, (H,O) 
318 (6 14300) and 267nm (12100); v,, (KBr) 1765, 1695, 
1655 and 1271tl220cm-‘; 6, (DMFd,) (250 MHz) 1.49 
(3H, d, J 6.5Hz, MeCH). 1.92 (3H, s, MeCO), 3.06 (2H, m, 
CH,S), 3.26 (lH,dd, J 10 and 19 H& 4-CH,), 3.43 (2H, m, 
CH,N), 3,77(lH,dd, J5.5and II Hz,6-CH),3.97(lH,dd, 
J 19 and 8.5 Hz, 4-CH,), 4.35 (IH, m, 5-CH), 4.58 (lH, m, 
CHMe), 5.37 and 5.55 (each lH, d, J 14Hz, 
CH,C,H,-NO*), 7.84 and 8.30 (each 2H, d, J 9 Hz, 
C,H,-NO,), and 8.20 (IH, broad t, J 11 Hz, NH); Found: 
C, 43.4: H, 3.85; N, 7.5%. C,H,,N,O,&Na requires: C, 
43.55; H, 4.0; N, 7.6%. 

The use of p-bromobenzyl bromide (0.75 g) with the 
disodium salt 6 (0.3 g) gave the corresponding mono-p- 
bromobenzyl ester (43) as a white solid (0.195 g; 49%); Ll 
(H,O) 320 nm; v,, (KBr) 1765, 1690, 1635 and 1220cn-‘; 
S, (DMSOd,) 1.37 (3H, d, J 6Hz, MeCH), 1.81 (3H, s, 
MeCO), 2.8-3.6 (6H. m, 4-CH, and SCH,CH,N), 3.69 (IH, 
dd, J 6 and I1 Hz. 6-CH), 4.05-4.6 (2H, m, 5-CH and 
CHMe), 5.08 and 5.26 (each lH, d, J l4Hz, CH,C,H4-Br), 
7.36 and 7.57 (each ZH, d, J 8.5 Hz, C,H,-Br). and 8.10 (1 H, 
broad, NH). 

Benzyldimethyl - n - hexu&cylammonium salt of p - 
nitrobenzyl(5R,6R) - 3 - [(E) - 2 - aceramidoerhenylrhio] - 6 
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filtrate with dilute HCI aq, water and brine. Evaporation of 
the dried organic solution gave merhyf 3 - (2 - ace- 
tumidoe&rryI~thio) - 5 - (1 - merhoxyco~~o~~y~~rop - 1 - 
en)rlJpym0Ie - 2 - corbuxyhzfe 23 (45 mg) as a co 5 : 1 mixture 
of(E)- and {Zbisomers; j,, (EtOH) 291 and 218 nm; v_ 
(CHCl,) 3400, 1700 broad, and 1625 cm-‘; BH (CDCIJ 
(Q-isomer, 1.98 (3H, d, J 7H2, MeCH-), 2.04 (3H, s, 
MeCO), 3.77 and 3.83 (each 3H, s,MeO), 5-90 (IH, d, J 
13H~~HS),6.14(IH,d,J3Hzp~o1eQCH),7.15(1H, 
q, J 7 Hz, =CIJMe), 7.25 (lH, dd, J 13 and lOHz, 
=CHNH), 8.06 (lH, broad d, J IOHz, NH) and 10.17 (lH, 
broad, pyr~ole-NH), (Zkisomer shows a signal at 6 6.65 (q, 
J 8 Hz, =Cl-JMe); Found: M +, 338.0934. C,,H,BN,O,S 
requires: 338.0936. 

A soln of the p-bromobenzyl ester of MM 17880, 43 
(SO mg) in DMSOd, at 70” for 2 hr similarly gave the 
monosodium salt of &,8, {DMSOd& 1.28 (3H, d, J 6 Hz, 
MeCH), 1.80 (3H, s, MeCO), 2.88 (2H, t, J 7 Hz, CH,S), 
~2(2H,m,CH,N),3.80(IH,d,J8Hz,CHCO,),4.69{lH, 
m, CljMe), 5.25 (2H, s, C&C,H,-Br}, 6.21 (2H, d, 3 2 Hz, 
pyrrole 4-CH), 7.50 (4H, m, C,H,-Br), 8.07 (IH, broad, 
NH) and 1 I .@I (lH, broad, NH). Excess ethereal diazo- 
methane was added f&wed by DBU (0.1 ml) and after 
1 S min at room temp. the soln was extracted with EtOAc 
and washed with dilute HCI, water and brine. Evaporation 
of the dried organic soln gave a residue which was chro- 
matographed using EtOAc as eluant to afford p- 
bromobenzy! 3 - (2 - acermidoethylrhio) - 5 - (1 - methoxy- 
cur&ony~“prop - 1 - eny!)pyrrole - 2 - c~k~&~ate 46 (8 mg) 
[Mainly (@-isomer]; v_ (CHCL,) 1700 and 1670 cm - ‘; 8” 
(CDCI,), (E)-isomer, I.90 (3H, s, MeCO), 2.05 (3H, d, J 
8 Hz, MeCH=), 2.97 (2H. t, J 8Hz, CH,S), 3.41 (2H, m, 
CH,N).,78 (3H, s, MeO), 5.27 (2H, s, C&C6H,-Br), 6.12 
(IH, br, NH), 6.38 (IH, d, J 3 Hz, pyrrole 4-CH}, 7X15-7.55 
(SH, m, =CuMe and C&I,-Br), and 10.25 (lH, broad, NH); 
Found: M +, 494.0515. C,,H,,N,O,SBr requires: 494.0515. 

Met& 5 - (1 - ez~oxycurbcmy~prop - I - yl}pyrro!e - 2 - 
curboxylute (24). A soln of 23 (45 mg} in EtOH (1 ml) was 
stirred at room temp. with freshly prepared W7 Raney Ni” 
(cu 1 ml) for 30min. The mixture was filtered and, after 
evaporation of the solvent, the product was chro- 
matographed using 50% light petroleum-EtOAc to elute. 
The titte 24 was isolated as an oil (14 mg}; v, (CHCl,) 1720 
and 1700 cm- ‘; 6, (CDCI,) 0.94 {3H, t, J 7 Hz, MeCH,CH), 
1.29 (3H, t, J 7 Hz, MeCH,O), I.91 (2H, m, M&CI&CH), 
3.60 (1 H, t, J 8 Hz, CH,ClJ), 3.85 {3H, s, MeO), 4.20 (2H, 
q. .I 7Hz, m&Me), 6.09 (IH, m, pyrrole 4CH), 6.83 (lH, 
m, pyrrole 3-CH) and 9.45 (1 H, broad, NH); Found: M + ,239 

(GH,7NQI. 
Reaction of the monomethyJ ester (32) with dielhyhmine 

d m&and. A soln of 12 (0.25 g) in Me0H (IO ml) was 
stirred with Et,NH (0.128 g) at room temp, for 20 hr. The 
solid (17 mg) formed in the reaction was filtered off, and 
identified as Na,SO, by comparison of its IR spectrum with 
an authentic sample. The filtrate was evaporated and the 
product was chromatographed using chloroform as eluant 
to afford m&y! 3 - hydroxy - 5 - (1 - methoxycmbonyfprop - 
I * erryI)pyrtoIe - 2 - c&ooxybre 28 (30mg, 21%) as a 
mixture (ca 7: 1) of (E)- and (Z)-isomers; J_ (EtOH) 
29k nm; v, {CHCI,) 1700. 1665 and 1570 cm-‘; 8” 
(CDCI,}, E-isomer, 2.02 (3H, d, J 7 Hz, MeCH=), 3.78 and 
3.84 (each 3H. s, MeO), 5.92 {IH, d, J 3 Hz, pyrrole 4-CH), 
7.15 (lH, q, J 7 Hz, =CIjMe), 7.40 (IH, broad, s, OH) and 
9.50 (IH, broad, NH), (Z)-isomer similar to (Ehisomer 
except 2.08 (3H, d, J 7 Hz., MeCH=), 5.88 (IH, d, J 3 Hz, 
pyrrole 4-CH) and 6.65 (1 H, q, J 7 Hz, =CHMc); Found: 
M +, 239.0795. C,,H,,NO, requires: 239.0791. 

Further elution with 25% EtOH-CHCl, gave an amor- 
phous solid (137 mg, 51%) which was considered to he the 
Na-salt of a single C-3 isomer of 29; &,,a (H,O) 262 and 
227nm; v, (KBr) 1725, 1670 and 1630 cm - ‘; 6, (D,O) 
1.46 (3H, d, J 7 Hz, MeCH), co 1.6-2.1 (lH, m, pyrrolinc 
3-CH), ca 2.6-3.4 (2HTm, pyrroline 4-CH,), 3.73 and 3.91 
(each 3H, s, MeO), 4.40 (IH, m. pyrroline 5-CH), 4.85 {IH, 

m, CHMe), 5.65 (IH, d, J 13SHz. =CHS), and 7.07 (IH, 
d, J 13.5 Hz, =CHN) (internal reference HOD at 6 4.68). 

The pyrroline derivative was also obtained as a mixture 
of C-3 isomers by the following method. The ester 12 (0.3 g) 
was treated with NaOMe (39mg, 1 mol equiv) in MeOH 
(lOm1) for 16 hr. The mixture was filtered and the filtrate 
evaporated before chromatographing the residue employing 
a gradient elution of &25% EtOH in CHCl,. The first-eluted 
product was 28 (IO mg, 6%) followed by the di- 
astereoisomeric (CQ 2: 1) pyrroline B (O.l96g, 60%); v,, 
(KBr) 1725, 1670 and 1630 cm - *; 6, (DMSOd,} 1.28 and 
1.30 (3H, each d, J 7Hz, MeCH), CQ 1.4-1.9 (lH, m, 
pyrroline 3-CH), 1.92 and I.T(3H, each s, MeCO), 3.58 
and 3.80 (each 3H, s, MeO), 4.14.85 (3H, m, pyrroline 
4XH and 5-CH, and CI-JMe}, 5.42 and 5.55 (IH, each d, 
J 14Hz, =CHS), 7.0 (IH, m, consisting of dd, J 14 and 
11 Hz, for each isomer) and 10.21 (IH, d, J 11 Hz, NH). 

Hyu!ro1ysti of MM 4550. A soln of the disodium salt of 
MM 4550 4 (4Omg) was allowed to stand in D,O (0.4ml) 
for 2 days at room temp. NMR showed that hydrolysis was 
complete. The soln was evaporated and the residue tritu- 
rated with ether to afford a solid. The material was allowed 
to stand overnight in MeOH but no significant change 
occurred (TLC), so the soln was evaporated to dryness and 
the residue chromatographed on cellulose eluting with i- 
PrOH-n-BuOH-water (7 : 7 : 6). Later fractions yielded the 
disodium salt of 41 I8 (two C-3 diastereoisomers) (7 mg); &_ 
(H,O) 248nm; 5 (D,O) inter U&I 1.43 and 1.49 (3H, each 
d, J cu 6 HL, MeCH), 2. IO and 2. I2 (3H, each s, MeCO), 
5.95 and 6.13 (m, each d, J 14 Hz, =CHS) and 7.43 and 7.54 
(lH, each d, J 14 Hz, =CHN) (DSS internal standard). The 
hydrolysis product (41) was also obtained from the tinal stage 
ofpurification’ofMM4550. 

Uxldufion vf MM 13902 with m-cAloroperbenroic acid. A 
soln of MM 13902 disodium salt 3 (0.3 g) in water (1Oml) 
was stirred with solid m-chloroperbenzoic acid (0.17 g). A 
white ppt of mchloroknzoic acid was rapidly formed, and 
after IOmin was removed by filtration. The soln was 
neutralised to pH 7 with NaHCO, aq and then chre 
matographed on QAE Sephadex A25, eluting with 5% NaCl 
in 0.05M pH 7 phosphate buffer soln. Fractions containing 
the product (monitored by UV spectroscopy) were corn- 
bined and concentrated to small volume. The resulting soln 
was then desalted on Amberlite XAD-4 using water to elute, 
and then freezedried to afford a mixture of 37 and 40 
(1.2: 1) as a white solid (0.176 g, 57%); &,, (H,O) 287 and 
237nm; v, (KBr) 1765, 1690, 1620 broad and 
127&121Ocm-‘; 6” (DzO) 1.42 (3H, d, J 6Hz, MeCH), 
2.02 (3H, s, MeCO) 2.80-3.55 (2H, m, ABX system for 
4-CHJ, 3.85 (lH, m, 6-CH), 4.4O(lH, m, 5-CH), 4.80 (lH, 
m, CljMe), 6.20 and 6.25 (IH. each d. J 14Hr, =CHS for 
minor and major isomers), and 7.45 (1H. d, J 14 Hz, =CHN) 
(HOD internal ref. at 6 4.55). HPLC and a comparison of 
‘H NMR spectra revealed that the major diastereoisomer 
was identical with MM 4550 disodium salt. 

Ethykiene derivatives 

Methyl (5R) - 3 - [(E) - 2 - acerumidudtenylf~io] - 6 - (E)- 
erhyk&me - 7 - 0x0 - 1 - uzrrbicyci0[3.2.0fiept - 2 - ene - 2 - 
carkylute (31) anb rk 6 - (2) - isomer (33). A soln of 
12 (0.37 g) in DMF (6ml) was stirred at room temp. with 
anhyd K,CO, (0.56 g). After 20 hr, the solvent was removed 
by evaporation and the product partitioned between CHCI, 
and water. The dried organic layer was evaporated and the 
residue fractionated by chromatography. Elution with 20% 
light-petroleum-EtOAc afforded methy! (25,SR) - 3 - [(E) - 
2 - acetumidoeth.eny!tio] - 6 - ethykkne - 7 - 0x0 - L - 
oz~zbicyc~o[3.2.0]kp~ - 3 - ene - 2 - curbuxykate 35 (gum, 
1 I mg, 4%) as a mixture (ca 3 : 1) of (E)- and (Z)-isomers; 
v, (CHCI,) 1760 broad, 1700 and 1425 cm - ‘; dH (CDCI,), 
(Ekisomer, 1.79 (3H, d, J 8 Hz, MeCH=). 2.03 (3H, s, 
M&,0), 3.72 (3H, s, OMc), cu 5.0 (2cm, 2-CH and 5-CH), 
5.65 (IH, d, J 14 Hz, =CHS), 5.75 (IH, d, J 5Hz, 4-CH), 
6.20(1H.q,J8Hz,=CHMe),and7.64(1H,broadd,J1~Hz, 
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NH), (z )-isomer shows sign& at ca I.99 (d, McCH=) and CCT 
5,8iq,eHMe);Found:Mf, 308.0832. ~~~*,~U,S~ui~: 
308.083 1. 

Further elution with EtClAc gave the title ~fhy/idpM as a 
mixture (cu 3 : 1) of the (E j and (Zjisomers (31 and 33) in 
the form of a pale yellow foam (0.16 g, 60%); Y, (CHQ) 
1770, 1700 and 1625crr1-~; Found: M+, 308.0829. 
C,,H,,N@,S requires: 308,083 I. 

Further ~hromato~aphy of the product (0.15 g) using 
O-4:< EtUH-CHCI, to elute gave early fractions containing 
the pure (Zjisomer 33 (20mg); 6 (CDCI~) 2.03 (3H, d, 
MeCH-), 2.05 (3H, s. MeCO), 3.04 (2H, broad d, J 8 Hz, 
4%H,), 3.80 (3H, s, Me@, 4.62 (lH, broad t, J8 Hz, 5-CH), 
5.90 [2H, m, consisting of (d, J 14 Hz, =CHS) and (q, 
=CHMe)], 7.17 (IH, dd, I 14 and 10.5 H& =CHNH) and 
8.2s (IH, broad d, I 10.5 Hz, NH}. The main bulk of 
product contained both isomers, but later fractions were 
combined to give the (E )-isomer 31(28 mg); SH (CDC&) 1.81 
(3H. d, J 7.5 Hz, MeCH), 2.05 (3H, s, MeCO), 2.93 (lH, dd, 
J 18 and 85HssCHa), 3.17 (lH,X, J 18 and lOHz, 
4-CH& 3.80 (3H, s, M&I), 4.70 (1 H, broad t, J ca 9 HG 
S-CHf, 5.87 (1 H, d, J 14 Hz, =CHS), 6.36 (IH, dq, J 7.5 and 
I Hz, =CHMe), 7.16 (1H. dd, I 14 and 10 Hz, =CHN) and 
8.23 (lH, broad d, I 10 Hz, NH). 

The (Q-isomer 31 alone was prepared by the foRowing 
method; a soln of the diester 18 (42 mg) in EtOH (2 ml) was 
stirred with anhyd KUAc (50 mg), After 90 rnin the solvent 
was evaporated and the product partitioned between EtOAc 
and water. The organic phase was washed with brine and 
dried, followed by evavration of the solvent and 
purification of the product by chromatography using EtOAc 
as eluant. The (Ejethylidene 31 was obtained as a foam 
(14 mg, #%h v,, (CH,Cl,) 1775, 1700 and 1625 cm - ‘_ 

p - Nim~nzy~ {SR) - 3 - [(E) - 2 - ocet~~~the~y~th~oj- 
5 - ethy~~de~e - 7 - 0x0 - 1 - ~ub~cyc~o~3_Z.~J~~t - 2 - ene = 
2 - C&XX~& (32) und the 6 - (2) - isomer (3#). A soln 
of 21 (1.85 g) in CH,C12 (50ml) was stirred with DBU at 
-10” for 3.5 hr. The soln was washed (x 3) with dilute 
brine, dried and evaporated to give a crude product which 
WZiS chromatographed. Efution with 2oOd light 
petroleum-EtUAc gave p - n&obeflzyl(2SJR) - 3 - [(E) - 
2 - ~cet~~d~the~y~rh~o~ - 6 - ethyfkie~ - 7 - oxo - I - 
uzabicyc~o~3.2.~jhept - 3 - ene - 2 - carboxyfatc (35) (46 mg, 
6%) (Ratio of (E)- and (Zjisomers =cta 1: 1.3); v,, 
(CHCI,) 1760, 1700 and 1625 cm - ‘; 6 (CDCI,), (&isomer, 
1.80 (3H, d, J 7 Hz, MeCH=), 2.03 (3H, s, M&O), CQ 5.0 
(ZH, m. 2-CH and S-m), 5.22 (2H. s, C&C&-NC)&, 5.62 
(IH, d, J 14Hz, =CHS), 5.75 (lH, m, 4CH), 6.21 (lH, qd, 
J 7 and I Hz, =CHMe), 7.13 (lH, dd, f 14 and 11 Hz, 
=CHNH}, 7.45 and 8. k4 (each 2H, d, J 8.5 Hz, C&--NO,) 
and 7.6 (1 H, broad d, J 11 Hz, NH}, (Z)-isomer shows signals 
at ca 2,O (d, MKH) and M 5.75 (q, =CHMe); Found: M +, 
429.0991. &,&N&S requires: 429.0994. 

Elution with EtQAc gave the title er~~~~~~e as a mixture 
(ra 1 : 1.3) of (E)-isomer 32 and (2~isomer 34, obtained as 
a pale yellow solid fO.46 g, 57%) after trituration with ether; 
P,, (KBr} 1760, 1690 and 1620 cm - i; &,_ (EtOH) 340 sh (6 
1 IOOO), 310 (13400) and 268nm (17400); S (DMFd,) I,82 
and 2.00 [3H, each d, J 7Hz, MeCH for (Ej and 
(Zjisomer, respectively], cu I .98 (3H,MeCO), co 3.2 (2H, 
m, QCH,), 4.60-5.420 (lH, m, SCH), 5.31 and 5.54 (each 
lH, d, J 14 Hz, CH,C,H,-NO,), 5.95 (IH, d, J 13.5 Hz, 
=CHS}, 6.12 [dq, J 0.5 and 7 Hz, =CHMe for (Zjisomer], 
6.38 [dq, J I and 7 Hz, =CHMe for (Ejisomer), 7.15 (IH, 
dd, J 13.5 and IO,5 Hz, =CHNH), 7.77 and 8.22 (each 2H, 
d, J 9 Hz, C&-NC+) and 10.36 (lH, d, J 10.5 Hz, NH); 
Found: C, 55.75: H, 4.45; N, 9,7”1,, M l ) 429.0999. 
C3,H,,N,O,S requires: C, 55.95; H, 4.45; N, 9.8x, M, 
429.0994. 

The pure (Ejisomer 32 was prepared by the following 
_~~.___ 

tSince this manuscript was submitted, the authors have 
reported the sad deaths of Prof. T. J. King and Mr. R. 
Edser. 

method; the MM 13902 diester 19 (O.OI9 g) was stirred with 
K&X’& (0.1 g) in DMF (2 ml) for 90 min. A&r evaporation 
of the solvent, the residue was partitioned between EtUAc 
and water, and the organic layer was wasbtd with brine, and 
dried, Chromatography of the product afforded the 
{Ejetliyfi&ne 32, (6Omg, 70%), which was recrystallised 
from EtQAc-hexanc; m.p. 163-166”, [aB (c 0.5 in 
DMF) - 64”; L (EtOH) 3 10 & 11880), 263 (15550) and 
217 run (23650); of,,,_ fKBr) 1760, 1695 and I620 cm - I; 6, 
(DMFd,) 1.82 (3X d, J 7 Hz, M&H), 1.98 (3H, s. M&.X& 
3.0-3.5 (2H, m, 4-CH,), 4.83 (fl, broad t, J 9 Hz, 5-CH), 
5.30 and 5.54 (each IH, d, 3 14 Hz, Q&H,-NO,), 596 
(lH, d, J 135Hz, -CHS), 638 (IH, dq, J 1 and 7 Hz, 
=C!$kQ), 7.16 (IH, dd, J 13.5 and IOHz, =CHNH), 7.77 
and 8,2 1 (each ZH, d, J 9 Hz, C&-NO,); Found: C, 55-X; 
H, 4.5; N, 9.65%; M +, 429.0995. C&,,N@,S requires: (7, 
55.95,H,4.45,N,9.80/,;M*;429.0994. 

p - Nirr&& (SR) - 3 - (2 - acerumidoethyMoo) - 6 - (Ej 
ethylidene - 7 - 0x0 - 1 * azubicycfo[3.2.0)hept - 2 - ene - 2 - 
carboxylate (47). The ester 42 (1 g> was converted into 44 
as already described, but without purification the crude 
prduct was dissolved in DMF (1Oml) and stirred with 
K&C& (750mg) in the presence of a few 3A molecular 
sieves. After 25 min, work-up as in the previous experiment 
gave a residue which was chromatographed using a gradient 
elution of O-150/, EtOH-EtOAc. The (Ejefhy/&ne 47 was 
obtained as a solid (333 mg, 43% from 42) by trituration 
with ether and was recrystallised from EtOAc-EtUH; m.p. 
188-190c; lfau (EtOH) 337 sh (c 74001, 299 (1 I lo0) and 
267 nm (I 1300); v_ (KBr) 1775, 1700 and 1630 cm - ‘; 6 
(DMFd,), 1.88 (3H, s, MeCO), 1.86 (3H, d. J 7 Hz, 
MeCH=), cu 3.0-3.75 (6H, m, 4-CHz and SCH,CH,N), 4.91 
(@HI broad t, J 9 Hz, 5-CH), 5.34 and 5.58 (each lH, d, J 
14 Hz, CH,C,H,-NO,), 6.44 (1 H, qd, J 7 and 1 Hz, 
=CHMe), 7.83 and 8.28 (each 2H, d, J 9 Hz, C&-NO,), 
and 8.10 (I H, br, NH, exchanges with 40); Found: C, 
55.65; H, 4.75; N, 9.65x, M l , 431.1177. C,H,,N@,S 
requires: C, 55.7; H, 4.85; N, 9.75x, M, 431.1148. 
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