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Derivatives of 2-Methylenepenam : Analogues of Clavulanic Acid 

By Edward G. Brain,” Nigel J. P. Broom, and Roger 1. Hickling, Beecham Pharmaceuticals Research Division, 

Some substituted 2-methylenepenams have been synthesised by ring closure of acetylenic azetidinone-thiols. 
Substituents on the methylene group include aryl, hydroxymethyl, and alkoxycarbonylvinyl. 

Brockham Park, Betchworth, Surrey RH3 7AJ 

FOLLOWING the isolation and characterisation of cla- 
vulanic acid (1), l  a naturally occurring p-lactam possess- 
ing high activity as a p-lactamase inhibitor, a number of 
analogues have been synthesised including some 1-thia- 
analogues.2 1-Oxa-derivatives lacking the carboxy- 
group at  position 3 have been shown to retain potent 
inhibitory activity,3 and this has led to interest in the 
1-thia-analogues. The present work describes the 
synthesis of penams substituted with an exocyclic 
double bond at  position 2 by means of the intramole- 
cular addition of an azetidinone-4-thiol group to an 
activated triple bond.4 

RESULTS AND DISCUSSION 

4-Tritylthioazetidin-2-one (2), obtained from 4-acet- 
oxyazetidin-2-one and triphenylmethanethiol, was 
alkylated by 1-bromo-3-phenylprop-2-yne in the pre- 
sence of potassium t-butoxide to give the N-phenyl- 
propynyl compound (3a). The azetidinone (3a) was 
detritylated by the method of Lattrel15 with methoxy- 
carbonylmercury(r1) acetate in dichloromethane- 
methanol solution to give 4-(methoxycarbonylmercurio- 
thio)-1- (3-phenylprop-2-ynyl)azetidin-2-0ne (4a) in good 
yield. The unstable thiol (5a) was then rapidly formed 
on passing hydrogen sulphide through a dichloromethane 
solution of the mercury derivative (4a). Stirring the 
tliiol (5a) in tetrahydrofuran with silica gel caused 
cyclisation to a mixture of the E- and 2-isomers of 
benzylidenepenam, (6a) and (7a). Crystallisation af- 
forded the major isomer which was shown to have the 
2-configuration (6a) by X-ray analysis.6 A soniewliat 
similar cyclisation of a mercaptoacetylene (9) to benzyli- 
denetetrahydrothiophen (10) has been achieved by an 
irradiation met hod .’ 

The benzylidene compounds (6a) and (7a) showed no 
B-lactamase inhibition, nor did the P-methoxycarbonyl 
esters (6b) and (7b) prepared by similar routes. 
Attempts to introduce more hydrophilic character into 
these molecules by hydrolysis of the esters to the cor- 
responding acids failed, resulting in destruction of the 
p-lactam nucleus. 

The 2-hydroxyethylidene grouping characteristic of 
clavulanic acid would be introduced by cyclisatioll of 4- 
mercapto-1- (4-hydroxybut-2-ynyl)azetidin-2-one (5d). 
In this compound, however, activation of the triple bond 
was insufficient for cyclisation to occur. The problem 
was overcome by use of the acetylenic acetal (3e), 
obtained from l-bromo-4,4-diethoxybut-2-yne and tri- 

phenylmethylthioazetidinone (2). After deprotection 
of the formyl group with trifluoroacetic acid, detrityl- 
ation of the mercapto-group as previously described 
gave the unstable mercapto-aldehyde (5f) which, with 
silica gel, cyclised to the formylmethylenepenam (6f) , 
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obtained as a single isomer, which was tentatively 
assumed to have the same Z-configuration as the major 
isomer of the benzylidene compound (6a). 

During the experiments to improve the de-acetalisation 
step it was noticed (by t.1.c.) that when a mixture of 
equal parts of wet tetrahydrofuran and trifluoroacetic 
acid was used the initial formation of the acetylenic 
aldehyde (3f) was followed by a slower direct conversion 
to the penam (6f). This must be a case of assisted de- 
tritylation involving an intermediate such as (1 l ) ,  since 

similar reaction conditions do not affect the triphenyl- 
methylthio-compounds (3a) and (3d). 

The unsaturated aldehyde (6f) was reduced by either 
lithium aluminium hydride or sodium borohydride to the 
alcohol (6d) having the desired hydroxy-ethylidene side- 
chain. The aldehyde (6f) also reacted with stabilised 
Witt ig reagents such as alkoxycarbonylmet hylenetri- 
phenylphosphoranes to give the diene esters (6g) and 
(69, although it was not possible to obtain the correspond- 
ing free acids either by mild hydrolysis of the methyl 
esters or by trifluoroacetic acid treatment of the t-butyl 
ester. 

Oxidation of the penams (6a) and (6c) with 1.2 or 2.4 
equivalents of m-chloroperbenzoic acid afforded the a- 
and P-isomers of the sulphoxides (8a; n = 1) and (8c ;  
n = 1) or the sulphones (8a; m = 2) and (8c; n = 2), 
respectively . 

Chemical shifts of C-5 and C-6 protons (8) 
Compound C-5-H 

Sulphides ( 6 4  5.17 
( 7 4  5.07 

5.29 
5.04 

a-Sulphoxides (8a; n = 1) 4.76 
( 8 ~ ;  n = 1) 4.82 

P-Sulphoxides (8a; n = 1) 4.56 
(8c ;  n = 1) 4.66 

Sulphones (8a; n = 2) 4.46 

(6c) 
( 7cj 

(8c ;  n = 2) 4.45 

C-G-H, 
3.65, 3.10 
3.65, 3.10 
3.17, 3.71 
3.1'7. 3.71 
3.07, 3.64 
3.14, 3.70 

3.36 
3.42 
3.48 
3.51 

The stereochemical assignments of the sulphoxides are 
tentatively made on the basis of lH n.m.r. spectra (see 
Table). In the P-isomers appearance of the C-6 protons 
as a doublet or broad singlet a t  6 ca. 3.5 and the C-5 
proton as a triplet or broad singlet at  6 ca. 4.6 instead of 
the usual ABX system indicates proximity of the sulph- 

oxide oxygen. The same effect is observed in the 
sulphones (8a; n = 2) and (8c; ,n = 2). 

No appreciable p-lactamase inhibitory activity was 
shown by any of the penams described, thus marking 
an important biological distinction between the oxygen 
and the sulphur ring systems. 

EXPERIMENTAL 

M.p.s were determined with a Kofler hot-stage apparatus. 
All i.r. spectra were recorded for solutions in chloroform. 
lH N.m.r. spectra were recorded in CDC1, with tetraniethyl- 
silane as internal standard with a Perkin-Elmer R32 90 AlHz 
instrument or with a Varian 80 MHz spectrometer where 
indicated. Mass spectra were determined with a V.G. 
70-70 spectrometer. Merck silica gel 60 was used for tlie 
cyclisations and for column chromatography, with ethyl 
acetate-light petroleum as eluant. Light petroleum refers 
to the fraction of b.p. 60-80 "C. Tetrahydrofuran (THF) 
and 1,2-dirnethoxyethane (DME) were dried by distillation 
over sodium hydride ininietliately before use. Dimethyl- 
formamide (DMF) was dried over a molecular sieve, type 
4A. 

4-(Triplienylmetlzyltlzio)nzetidin-2-one (2) .-To a suspen- 
sion of 4-acetoxyazetidin-%one (2.9 g) and triphenyl- 
niethanethiol (12.87 g) in methanol (80 nil) and dichloro- 
methane (10 ml) a t  -30 "C was added dropwise a 1~ solu- 
tion of potassium t-butoxide in t-butyl alcohol (23.8 nil). 
l'he mixture was kept for 4 h at room temperature, most of 
tlie solvent was evaporated off, and tlie residue was tlis- 
solved in ethyl acetate. The solution was washed with 
water, dried (MgSO,), concentrated, and the residue 
chroniatographed. Finally the product  (2) was crystallised 
from ethyl acetate-light petroleum to give white needles 
(5.45 g, 69y0), m.p. 148-149 "C; v,,,. 3 370 and 1 765 ciN1; 
82 .61 (1H,dd ,  J 1 6 , 2 H z ) , 3 . 0 ( 1 H , d d d ,  J16 ,5 ,2Hz) ,4 .11  
(1 H, dd, J 5,  2 Hz), 5.66 (1 H, br s ) ,  and 7.75 (15 H, ni) 
(Found: C, 76.7; H,  5 . 8 ;  N, 3.8; S, 9.5. C,,H,,NOS 
requires C, 76.5; H, 5 . 5 ;  N, 4.0; S, Y.5y0). 

Substitution at tlie 1 -Position of 4-( TripJ~enylmetliyltkio) - 
nzetidin-2-one (2).  General Metlbod.-To a 57,  solution of 
the appropriate bromoacetylene (1 equiv.) in DMF was 
added 4-(triplienylmethylthio)azetidin-2-one (1 equiv.) fol- 
lowed a t  0 "C by the dropwise addition of a 1~ solution of 
potassium t-butoxitle in t-butyl alcohol (1.1 equiv.) over 30 
niin. The mixture was diluted with ethyl acetate, washed 
with water, dried (MgSO,), and evaporated. The resitluc 
was then chroniatographed. In this way the following 
products were obtained from tlie quoted bromides. 

1 -Bromo-3-phenyIprop-2-ync gave 1-( 3-pheiij~lprop-2- 
3 w y 1 )  -4-(tri~l~enylmetliylthio)azetidin-2-one (3a) (73 yo), m .p. 
144-145 "C (from ethyl acetate-light petroleum) ; v,,,. 
1 760 ciii-'; 6 2.59 (1  H, dd, J 14, 2 Hz), 2.88 ( 1  H, dd, J 14, 
4 Hz), 3.87 and 4.42 (2 H, AR q,  J 19 Hz), 4.54 (1 H,  dd, J 
4, 2 Hz), and 7.1-7.7 (20 H, m) (Found: C ,  0.88; H, 5 . 8 ;  
N, 3.0; S, 7.2. C,,H,,NOS requires C, 81.1; H, 5.5; N,  
3.1; S, 7.0%). 

From l-bromo-3-(p-1netlioxycarbo1iylpllenyl)prop-2-yn~~ 
was obtained l - [ 3 - ( p - m e t J ~ o x y c a v b o n ~ ~ l ~ l ~ e n y l ) p r o p - 2 - ~ ~ n ~ ~ l ] - 4 -  
(triphenyZmetlzyltl1io)azetidin-2-one (3b) as white needles 
(78%), m.p. 55 "C (from ethyl acetate-light petroleum) ; 
v,mx* 1 755 and 1 725 c1n-l; 6 2.68 (1 H, dd, J 15, 3 Hz) ,  
3.00 ( 1  H, dd, J 15, 4 Hz), 3.89 and 4.41 (2 H, A B  q ,  J 18 
Hz), 3.95 (3 H, s ) ,  4.55 (1  H, dd, J 4, 3 Hz), and 7.2-8.1 
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(19 H, m) (Found: M', 517.175 7. C,,H,,NO,S requires 
M ,  517.171 2).* 

From l-bromo-:3-[p-(p-methoxybenzyloxycarbonyl)- 
phenyllprop-2-yne was likewise obtained 1-(3-[p-(p-metho,Yy- 
benzyloxycarbonyl)phenyl]prop-2-ynyl)-4-( triphenylmetliyl- 
tJiio)azetidin-2-one (3c) as white needles (560&), m.p. 144- 
145 "C (from ethyl acetate-light petroleum) ; vl,l:ly. 1 755 antl 
1 715 cni-l; S 2.66 (1 H,  dd, J 15, 2 H z ) ,  2.90 ( I  H, tltl, J 15, 
4 Hz), 3.76 (3  H, s), 3.84 and 4.29 (2 H, AB q, J 18 Hz), 4.42 
(1 H,  tld, J 4, 2 Hz), 6.24 ( 2  H, s), 6.84 (2 H,  d, J 9 Hz),  
7.07--7.46 (19 H, ni), antl 7.92 ( 2  H, d, J 8 H z )  (Found: C, 
77.0; H, 5.6; S, 2.4; S ,  5.1. C,,H,,NO,S requires C, 
77.0; H,  5 . 3 ;  N, 2.2; S, 5.176). 

The same general method, using 4-bromobut-3-yn- 1-01 
antl 4-bromo- l,l-diethoxybut-2-yne gave the correspond- 
ing 1 -( 4-hydroxybut-2-yny1)- (3d) and 1-( 4,4-diethoxybut- 
2-yny1)- (3e)  azetidinones as viscous oils characterised 
only by 1i.ni.r. and i.r. spectra: (3d) (48%); 3 600- 
3 100 antl 1 755 cm-'; 8 2.60 (1 H, cld, J 16, 3 H z )  antl 2.99 
(1 H, dd, .l 16, 5 Hz), 3.05 (1 H, br s exchangeable with 
I)@), 3.60 and 4.15 (2 H, centres of A B  q, J 15 Hz), 4.23 
( 2  H, br s sharpens to s with T>,O), 4.46 (1  H, dd, Jr 5, 3 
H z ) ,  arid 7.2-7.6 (15 H, m). 
1760 c1n-l; S 1.2 (6 H, br t, J 5Hz) ,  2.58  (1 H,  dd, J 14, 
2Hz) ,  2.88 (1 H, dd, J 14, 4 Hz), 3.76 (4 H, q,  J 5 Hz), 
3.71 and 4.20 ( 2  H, centres of A B  q, J 18 Hz), 4.62 ( I  H, 
(Id, J 4, 2 Hz), 5 .3  (1 H,  s), and 7.3-7.7 (15 H, ni). 

Detritylation with NIetkoxycarbonylmercury ( 1 1 )  Acetate. 
General ilfet/iod.--'l'he triphenylmethylazetidinone was 
treated with 1 equivalent of methoxycarbonylmercury( 1 1 )  

acetate in dry methanol-dicliloromethane (4 : 1) for 3 h a t  
room temperature. The product was isolated by evapor- 
ation ancl chromatography. The following products were 
thus obtained. 

The N-phenylpropyn-~Z compound (4a) as fine white 
crystals (56%), nxp. 106 "C (from ethyl acetate) ; v,,,,,. 1 760 
and 1690 an-'; 8 2.90 (1 H, tltl, J 14, 3 Hz) ,  3.52 (s, Me) 
ant1 3.54 (dtl, J 14, 5Hz) (together 4 H) ,  4.13 antl 4.60 (2 H, 
centres of AB q J 18 H z ) ,  antl 5.4 (1 H ,  tltl, J 5 ,  2 Hz) 
(Found: C, 36 .3 ;  H, 2.7; S, 2.9. C,,H,,HgNO,S requires 

The Y-(3- [p-(p-methox3,hel.zzylo,~ycarbonyZ) I>//etij)l]pvo- 
fynyZ)  compound (4c) (74%) as white platelets, n1.p. 143- 
144 "C (from ethyl acetate-light petroleum) ; v,,~:,~. 1 755, 
1 710, and 1 69Ocr1-~; 6 2.84 ( I  H ,  tltl, J 15, 2 Hz), 3.43 ( 3  H, 
s), 3.51 (1 H, dd, J 15, 5 Hz), 3.77 ( 3  H, s), 4.07 ant1 4.49 ( 2  H ,  
centres of AB (1 J 18 Hz), 5.23 (2 H, s), 5.20-5.33 (1 H ,  i n ) ,  

6.84 ( 2  13, (1, J 9 H z ) ,  7.31 (2 H, (1, J 9 H z ) ,  7.40 (2  H,  (1, J 8 
Hz), ant l  7.92 (2 H, (1, J 8 Hz) (Found: C, 43.2; H,  3 .3 ;  S,  
2 . 2 .  C,,H,,HgNO,S requires: C, 43.2; H, 3 .3 ;  N, 2 . 2 7 0 ) .  
'l'hc o t l i t ~  mercury compounds (4b) (SS"G), (4tl) (K{(x,), an(1 
(4c) (68°i))  werv obtained as amorphous solids charactcrised 
only by i.r. ant1 n.1n.r. spectra: compoiintl (41)) ; vI,l~l.y. 1 755, 
1 725, a n t 1  1 690 cni-l: 6 2.89 ( 1  H ,  cltltl, 16, 3, 1 Hz), 5.30 
(lH,dclt l ,  J l6 ,4 ,2Hz) , . 3 . f , 4 ( :~H,s ) , , 3 .92 ( : )H, s ) ,4 .14a i i t l  
4.62 (2  H, centres of AR q, J 18 Hz) ,  5.39 ( 1  H ,  (Id, J 4, 
3 Hz), 7.52 (2  H, (1, J 8 Hz), antl 8.05 (2  H, (1, J S Hz):  
compound (4tl) ; vmax. 3 400 (br), 1 755, antl 1 ti75 cn- '  : 8 
2.92 (1 H, dtl, J 16, 2 H z ) ,  3.36 (1 H, br s exchangeable wit11 
D20), 5.60 ( I  H, tltl, J 16, 5 Hz), 3.80 ( 3  H, s), 4.34, ( 2  
H, br, 9, sliarpens with I)@), 4.36 ant1 4.75 (2 H, centres of 
Ab q, J 20 H z ) ,  and 6.44 (1  H, dtl, J 5, S Hz):  compoiiml 
(4e); v , ~ , : ~ ~ .  1 760 and 1 685 cm-':  Ti 1.27 (6  H, t, 7 H z ) ,  

* Consistent analytical figures for this couipoi~~id were not 
obtained from the sample available. 

Compound (3e) (62%); 

c, 35.3; €1, 2.7; x, 2.9%). 

2.9 (1 H,  dd, J 14, 2 Hz) ,  3.75 ( s ) ,  3.4-4.1 (m), 3.95and 4.4 
(centres of AB q, J 18 H z )  (together 10 €I), 5 .3  (s) ancl 5.33 
(dd, J 5,  2 Hz)  (together 2 H).  

Fovmation and Cyclisation of 4-Mercaptoazetidinones. 
Geneva1 MetJiod .-L% slow stream of hydrogen sulphitle was 
passxl a t  room temperature for 10 min through 3% tli- 
clilorornethane solutions of the (methoxycarbonylniercurio- 
thi0)azetidinones described above. The black precipitate 
was filtered off, and the filtrate was evaporated leaving thc 
iiiercaptoazetidinoiies as unstable yellow gums which were 
used with further purification. -4 typical product (5a) 
(75O4,) had vlnny. 1760 c n P ;  6 2.17 (1 H, (1, J 9 Hz, SH), 
2.88 (1 H, dd, J 15, 2 Hz), 3 57 (1 H, dd, J 15, 4 Hz), 4.00 
antl 4.58 ( 2  H ,  AB q, J 18 Hz) ,  4.98 (1 H,  ddd, J 9, 4, 2 Hz),  
antl 7.3-7.7 ( 5  H, m't. The mercaptoazetidinone (39;) 
solution in tetrahydrofuran) was stirred with three times its 
own weight of silica gel for 2 11. The products were isolated 
by column chromatography and recrystallisation. 'The 
yield of mixed E-  and Z-isomers from (metlioxycarbonyl- 
niercuriot1iio)azeticlinone is quoted, followed by the tlata for 
the major isomer isolated by crystallisation. 

2-Benzylidenepenam (6a) and (7a), 4 l%,  a niisture of Z- 
and E-isomers (ca. 4 : 1 ratio). The Z-isomer (6a) had n1.p. 
114.5-115.5 "C (from ethyl acetate); vmaX. 1780 antl 
1 620(w) cn - ' ;  S (80 MHz) 3.1 (1 H,  tld, J 17, 1.5 Hz, C-6-H 
t r a n s ) ,  5.63 (dcld, J 17, 4, 1 Hz, C-6-H cis) and 3.75 (dd, J 14, 
1 Hz, C-3-H) (together 2 H), 4.79 (1 H, dd, J 14, 1.5 Hz, C- 

vinyl C-H), and 7.5-7.7 (6 H, m, aromatic) (Found: C, 66.5; 
H,  4.9; N, 6.2; S, 14.5. C,,H,,NOS requires C, 66.4; H, 
5.0;  N, 6 .5 ;  S, 14.8%). The minor E-isomer (7a) was not 
obtained pure but showed characteristic n.m.r. frequencies 
in the mixture a t  5.07 (dcl, J 4, 1.5 Hz) and 6.5 (d, J 1 Hz). 

2- (p -~e t /~ox~ycnrbo?23 , lbenzy l idene )~ena~  (6b) and (7b) 
(13yo, ca. 5 :  2 ratio). The major Z-isomer (6b) had n1.p. 
82-84 "C (from ethyl acetate-light petroleum) ; v,,,. 1 780, 
1 725, arid 1 610cin-l; 6 (80MHz) 3.13 (1 H ,  dd, J 16, 1 Hz),  
3.64 (1 €3, ddd, J 16, 4, 1 Hz), 3.80 (1 H, d,  J 15 Hz),  3.86 (3 
H, s),  4.83 (1 H ,  cltl, J 15, 1 H z ) ,  5.23 (1 H, dtl, J 4, 1 H z ) ,  
6.43 (1 H, d ,  J 1 Hz), 7.33 (2  H, d, J 8 Hz),  and 7.94 (2 H, 
(1, J 8 Hz)  (Found: C, 61.3; H,  4.8; N, 4.9. C,,H,,NO,S 
requires C, 61.1; H ,  4.8; N, 5.1%) (Found: Mf, 275.062 5 .  
(:,,H,,NO,S requires ICI, 275.061 6) .  The minor E-isomer 
(6b) sliowetl signals a t  5.13 (dtl, J 4, 1 Hz) antl 6.56 ((1, J 1 
Hz). Attempted hydrolysis of (611) ( 0 . 2 5 ~  methanolic 
N a O H ,  20 OC, 10 min) resultcd in destruction of the p- 
lactam ring (i.r.). 

2-  [p- (p- Alethoxvben :>tZoxycarDo n?d)henzyZidene] p e n n m  (6c) 
and (7c) (40%, ca. 3 : 1 ratio). 'The major Z-isomer (6c), 
white nvetlles, lint1 m.p.  144--145 *C (from ethyl acetntc--liglit 
pctroleum) ; 1 780 and 1 7 10 c n - l  ; 8 (80 MHz) 3.17 ( 1 
H, t l t l ,  ./ 16, 2 Hz), 3.71 (1 H, tltltl, J 16, 4, 1 Hz),  3.81 ( 3  H, 
s), 3.84 (1 H ,  tl t l ,  J 15, 2 Hz), 4.88 ( I  H, t l t l ,  J 15, 1 Hz),  5.39 
(s overlaying t l t l ,  J 4, 2 Hz) (together 3 H), 6.49 (1 H, 111- 
s), 6.90 (2 H ,  (1, .I 9 Hz), 7.38 (2 H ,  (1, J 9 Hz), 7.41 (2  H, (1, 
J $4 Hz), antl 8 04 (2 H, (1, J 8 Hz) (Fountl:  C, 60.2; H, 6 . 2 ;  
5 ,  3 .6 ;  S, 8 . 3 .  C',,H,,NO,S rcqnircs C, 66.1 ; 13, 5 . 0 ;  N, 
3.7; S, 8.40/) .  The minor E - i w t n ~ ~  showed signals at  6 
5 Ot ((Id, J 4, 2 Hz) antl 6.57 (br s). Attempted tlemethosy- 
bmzylation of (6c) [trifluoroacetic acid (TFA), toluene, 0 
T, 90 niinj rcsulted in destruction of the (3-lactatn ring. 

, " - F o v n i y Z l . ~ ~ e t ~ i ~ i l e n e ~ e n a ~  ( G f )  .-filetkod A .  1-(4,4-1X- 
e t 1 iosylm t-2-yi i j4)  -4- (triplien yl me t h  ylthio) azetitlin- 2-one 
(:k) (910 nig) in acctonc ( 1  5 nil) was treated a t  rooin tcm- 
pwnt iirc \Tit 11 1rifluoroacc.lic. ac id  ( 5  nil)  for 1.5 11. ' I ' h  

3-H), 5.17 (1 H, dtl, J 4, 1.5 Hz, C-5-H), 6.4 (1 H, d, J 1 Hz, 



product was isolated by diluting with ethyl acetate, wash- 
ing with aqueous sodium hydrogencarbonate solution, 
and chromatography to give the aldehyde (3f) as a gum 
(270 mg, 35%); v,,,. 1760 and 1675 cm-l; 6 2.8 (1 H, 
dd, J 14, 2 Hz), 3.1 (1 H, dd, J 14, 4 Hz), 3.65 and 4.17 

(15 H, m), and 9.1 (1 H, s). Treatment of this product 
(100 mg) with methoxycarbonylmercury(I1) acetate in 
the usual way gave the unstable mercuriothio-compound 
(4f) which was not isolated but, after evaporation and re- 
dissolving in methylene chloride, was treated with hydrogen 
sulphide. The filtered solution was evaporated and the 
residue was redissolved in DMF (20 ml) and stirred over- 
night with silica gel (0.4 g). The filtered reaction mixture 
was poured into ethyl acetate, washed with dilute aqueous 
citric acid, dried (MgSO,), and evaporated. Chroniato- 
graphy afforded the aldehyde (6f) (6 mg, 15%), identical 
(t.l.c., i.r., n.m.r.) with the product of method B. 

The acetal (3e) (1.64 g) in tetrahydrofuran- 
water (10 : 1) (80 ml) was treated with trifluoroacetic acid 
(80 ml) at room temperature for 2.5 h. The mixture 
was then diluted with water (600 ml) and neutralised with 
solid sodium hydrogencarbonate. Extraction with ethyl 
acetate and evaporation of the dried (MgSO,) extract 
gave a residue which was chromatographed to yield 2- 
formylmethylenepenam (6f) (234 mg, 38%) as pale fawn 
needles, m.p. 120-122 "C (from benzene) ; v,, 3 000, 2 840, 
2 750, 1 785, and 1 665 cm-l; 6 3.16 (1 H, dd, J 17, 2 Hz), 
3.69 (ddd, J 17, 4, 2 Hz) and 3.71 (dd, J 17, 2 Hz) (together 
2 H),  4.89 (1 H, dd, J 17, 2 Hz), 5.18 (1 H,  dd, J 4, 2 Hz), 
6.32 (1 H, dd, J 3, 2 Hz), and 9.67 (1 H, d, J 3 Hz) (Found: 
C, 49.6; H, 4.3; N, 8.2. C7H7N02S requires C, 49.7; H,  
4.1; N, 8.3%) (Found: M+ -CO, 141.0246. C,H,NOS 
requires m/e, 141.024 5). 

2-(2-Hydroxyethylidene)penam (6d) .-To a solution of 
formylmethylenepenam (6f) (50 mg) in isopropyl alcohol- 
tetrahydrofuran (1 : 2) (5 ml) was added sodium borohydride 
(0.7 ml) (1%) in wet isopropyl alcohol until t.1.c. showed no 
aldehyde remaining. Chromatographic isolation of the 
product eluting with ethyl acetate-light petroleum (4 : 1) 
gave a colourless viscous oil (30 mg, 60%); vmaK 3 600, 
3 400 (br), 1780, and 1640(w) cm-l; 6 2.21 (1 H, br s, 
exchangeable with D,O), 3.04 (1 H ,  dd, J 15, 2, C-6-H 
trans), 3.55 (2 H, 2 overlapping dd, J 15, 4 Hz and J 15, 2 
Hz, C-6-H cis,  and C-3-H), 4.10 (2 H, d,  J 6 Hz, CH,O), 

C-5-H), and 5.58 (1 H, t, J 6 Hz,  vinyl C-H) (Found: M+, 
171.034 7. C,H,NO,S requires M ,  171.035 4). 

Wittig Reactions of 2-Formvlmethylenepenam.-The alde- 
hyde (6f) (100 mg) was reffuxed for 12 h in benzene (100 nil) 
with (methoxycarbonylmethylene) triphenylphosphorane 
(200 nig) to give a mixture of two products which were 
separated by chromatography, eluting with ethyl acetate- 
light petroleum (2 : 3). The major product, assigned the trans 
structure (6g) (105 mg, 79y0), was obtained as white needles, 
n1.p. 155-156 "C (from ethyl acetate-light petroleum) ; v,,, 
1790 and 1710 c1n-l; 6 3.1 (1 H, dd, J 15, 1 Hz), 3.6 (dd, 
J 15, 1 Hz), 3.62 (dd, J 15, 1 Hz), 3.67 (s) (three signals 
together 5 H),  4.68 (1 H, d, J 15 Hz), 5.17 (1 H, dd, J 4, 
1 Hz), 5.74 (1 H,  d ,  J 15 Hz, vinyl C-H trans), 6.04 (1 H, d ,  
J 11 Hz), and 7.20 (1 H, dd, J 15, 11 Hz)  (Found: C, 53.3; 
H, 6.0; N, 6.2; S, 14.1. C1,H,1N03S requires C, 53.3; H, 
4.9; N, 6.2; S, 14.2%). A slightly less polar chromato- 
graphic fraction yielded the cis-isomer (6h) (28 mg, 2 1 yo) as 
white needles, 1n.1'. 120-1 23 "C (from ethyl acetate-light 

(2 H, A B  9, J 19 Hz), 4.44 (1 H, dd, J 4, 2 Hz), 7.1-7.5 

Method B. 

4.58 (1 H, d, J 15 Hz, C-3-H), 5.07 (1 H, dd, J 4, 2 Hz, 

petroleum); v,, 1 780, 1 710, and 1 610 cm-l; 6 3.12 (1 H, 
dd, J 15, 1 Hz), 3.57 (d, J 15 Hz), 3.67 (s), 3.67 (dd, J 15, 
4 Hz)  (total 5 H), 4.75 (1 H, d ,  J 15 Hz), 5.17 (1 H, dd, J 4, 
1 Hz), 5.61 (1 H, d,  J 11 Hz, vinyl C-H cis), 6.51 (1 H,  t, 
J 11 Hz), and 7.25 (1 H, d, J 11 Hz) (Found: C, 53.6; 
H, 4.9; N, 6.2; S, 14.0. CloHllN03S requires C, 53.3; H, 
4.9; N, 6.2; S, 14.2%) (Found: M+, 225.048 2. CloHll- 
NO,S requires MI 225.045 9). 

In  a similar way, using (t-butoxycarbonylmethylene) tri- 
phenylphosphorane, was obtained only the trans-t-butyZ 
ester (6i) (74%) as a colourless gum; vr,,ax 1 785, 1 690, and 
1610 cm-l; 6 1.50 (9 H, s), 3.14 (1 H, dd, J 17, 1 Hz), 4.10 
(br d, J 17 Hz) and 4.16 (d, J 17 Hz) (together 2 H), 4.72 
(1 H, d J 17 Hz), 5.20 (1 H,  br s), 5.70 (1 H,  d, J 16 Hz, 
vinyl C-H trans), 6.05 (1 H, d ,  J 11 Hz), and 7.15 (1 H, dd, 
J 16 Hz) (Found: M*, 267.094 8. Cl3Hl7NO,S requires 
M ,  267.092 9). Treatment with TFA caused loss of the 
p-lactam. 

2-Benzylidenepenam Sulphoxides and Sulphone.--Z-2- 
Benzylideiiepenam (6a) (200 mg) in dichloromethane (10 ml) 
was treated at 0 "C with m-chloroperbenzoic acid (190 mg, 
1.2 equiv.) for 15 min. The solution was washed with 
aqueous sodium hydrogencarbonate solution, dried (MgSO,) , 
evaporated, and the residue chromatographed to give two 
fractions. The less polar fraction, a white solid, was the 
P-sulphoxide (8a; n = 1) (p-isomer) (30 mg, 14%); vmxx. 
1 785 and 1 010 cm-l; 6 3.36 (2 H, br s), 3.75 (1 H, dd, J 17, 
1 Hz), 4.56 (1 H, m), 4.85 (1 H, dd, J 17, 2 Hz), and 7.0- 
7.6 (m, 6 H)  (Found: M+, 233.052 9. C1,H1,NO,S requires 
M ,  233.050 9). The more polar fraction was the a-sulph- 
oxide (8a; n = 1) (a-isomer), a white solid (70 mg, 35%); 
vmx. 1790 and 1010 cm-l; 6 3.07 (1 H, dd, J 16, 3 Hz), 
3.64 (1 H, dd, J 16, 5 Hz), 4.14 and 4.68 (AB q, J 14 Hz), 
4.76 (m) (together 3 H) ,  and 7.1-7.7 (6 H,  m) (Found: M+,  
233.051 3. C1,HllNO2S requires M ,  233.050 9). 

When the reaction was carried out a t  room temperature 
overnight using 2.4 equiv. of m-chloroperbenzoic acid the 
product, isolated as above, was the sulphone (8a; n = 2) 
(60%) as a white amorphous solid; vmxa 1 790, 1 320, and 
1 130 cm-l; 6 3.48 (2 H, d, J 3 Hz), 4.0 (1 H, dd, J 16, 2 Hz), 
4.46 (1 H, t, J 3 Hz), 4.78 (1 H, dd, J 16, 2 Hz), 7.01 (1 H, 
t, J 2 Hz), and 7.2-7.7 (5 H, m) (Found: M + ,  249.046 2. 
Cl,HllNO,S requires M ,  249.041 4). 

Sulphoxides and SuZphone.-Oxidation of the substituted 
benzylidenepenam (6c) by the above methods gave the 
following products: (8c; n = 1) (a-sulphoxide), m.p. 
158-160 "C (from ethyl acetate-light petroleum) ; A,,,, 
(EtOH) 274 nm ( E  25 200); v,,, 1790, 1710, and 1610 
cm-l; 6 3.14 (1 H, dd, J 16, 2 Hz), 3.70 ( I  H, dd, J 16, 
4 Hz),  3.8 (3 H,  s), 4.18 (1 H, d ,  with fine coupling, J 14 Hz), 
4.75 (1 H, d, with fine coupling, J 14 Hz), 4.82 (1 H, dd, 
J 4, 2 Hz), 6.89 (2 H, d, J 8 Hz), 7.29 (1 H, br s), 7.37 (2 H, 
d, J 8 Hz), 7.70 (2 H,  d ,  J 8 Hz), and 8.12 (2 H,  d ,  J 8 Hz) 
(Found: M+, 397.098 5. C,lHl,N05S requires M, 
397.098 2): (8c; n = 1) (p-sulphoxide), m.p. 145 "C (from 
ethyl acetate-light petroleum) ; A,,, (EtOH) 272 nm 
(E 26 600); v,, 1 780, 1 710, and 1 610 cm-l; 6 3.42 (2 H, 
distorted d, J 2 Hz), 3.80 (3 H, s), 3.83 (1 H,  d with fine 
coupling, J 14 Hz) ,  4.66 (1 H, distorted t, J 2 Hz), 4.91 (1 H,  
dd, J 14, 2 H z ) ,  5.30 (2 H, s), 6.88 (2 H, d, J 8 Hz), 7.15 
(1 H,  br s), 7.37 (2 H, d ,  J 8 Hz), 7.71 (2 H,  d ,  J 8 Hz), and 
8.09 (2 H, d,  J 8 Hz) (Found: M+, 397.098 7. C,lIIl,N05S 
requires M ,  397.098 2): (8c; n = 2) (sulphone), needles, 
m.p. 137-138 "C (from ethyl acetate-light petroleum); 

2-[p-(p-MethoxybenzyloxycarbonyZ) benzylidene]penanz 
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v,, 1 790, 1 7 1 0 ,  and 1 6 1 0  crn-l; 6 3.51 (2 H, d, J 3 Hz), 
3.82 (3 H, s), 4.02 (1 H, dd,  J 15, 2 Hz), 4.45 (1 H ,  t ,  J 3 Hz), 
4.80 (1 H, dd, J 15, 3 Hz), 5.28 (2 H, s), 6.88 (2 H ,  d, J 8 
Hz), 7.00 ( 1  H, br s), 7.34 (2 H, d, J 8 Hz), 7.60 (2 H, d, 
J 8 Hz), and 8.08 (2 H, d, J 8 Hz) (Found: M+, 413.093 6. 
C,,Hl,NOsS requires M ,  413.093 2). 

We thank our colleagues at Beecham Pharmaceuticals for 
helpful discussions. 
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