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Abstract - Therrnodynam~c control of the endo-exo double bond equllbration in 2-(thio- - 
substituted)methyl penems allowed the synthesis of the sulphlnyl and sulphanyl derlva- 

tives,which proved to be potent antibacter~al agents. 

1 
Recently we reported on the chemistry and biological activlty of 2-thiomethyl penern derivatives I, 

pointing out that some incongruities of the microb~ological results could be ascribed to their 

equ~libratmn to the lsorneric thiomethylene penam structure 11. 

TO complete the "sulphur series"of 2-CH X penems, we looked for substituents possessing an mcreased 
2 

el=--uithdrewmg abllity coupled vith the rntrlnalc aptrtude to stabrlize the aver the E- 

cyclic ene farm. These requirements are fulfilled by the sulphinyl and sulphonylmethyl penems 111. 

IV, which are the object of the present comrnun~catmn. 

FOP the preparation of sulphoxlde derivatives 111 a stralghtforward method was found in the regio- 

selective oxidation of the easily accessible thlomethylene penams 11. Accordingly, Bu NF-mediated 
4 

1 
desllylation of the penem 4b afforded the penam 6, whose treatment wlth 1 eq MCPBA (CH2C12, -40°C) - 
followed by workup wlth aqueous sodlum mctab~sulphite led to isolation of penem 9a as a mlxture - 
of sulphoxide epimers in virtually quantitative yield (Scheme 1). Regloselectivlty in the ox~dation 

ie accounted for by the preferential attack of MCPBA to the sterically less hindered sulphur atom, 

whlle the em-endo double bond isomerieation results from thermodynamic factors favouring ally1 

2 
sulphoxides over the isomeric vinyl sulphoxides . In fact, in the absence af the peripheral sulphur, 
ox~dation of methylene penams menWlly occurs on the nucleus vith preservation of the exa struc- 

3 
ture . An intra-annular counterpart of this double bond shift is the well-known conversion of 

A 2  cepherns Into A' cephem-1-oxides. 

Removal of the pNB protectmg groups from 9 a by catalytic hydrogenation proved unexpectedly dlffl- - 
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cult. TO overcame thrs problem, the differently protected methylene penamzwas preferred to &as 

1 the key intermediate for the synthesis o f e r e .  Reaction of the alkyl thiol 3a (2) vlth hydroxy- - 
4 5 

methyl penem 2 under a sllghtly modified Mitsunobu-Volante procedure (slow addltlon of a preform3 - 
PPh- DEAD complex to a mixture of 2 and 3 m refluxlng dichloromethane) furn~shed a 1:1 penem-penam 

3 - - 
mixture 5a (2)  ~n 73% (81%) yield. Selective cleavage of the primary silyl ether in 5_a and 2 (1.5 - 
eq Bu NF.3H 0, 5 eq HOAc. THF, feu hours)occurred asexpected vith concomitant double bond isomeri- 

4 2 
zatlon, affording 7 in satisfactory yleld (68-75%). W h e n l w a s  subjected to MCPBA oxidation. penem - 
10a (1:l mixture of epimeric sulphox~des) was exclusively obtained. In accordance vith well-estab- - 

6 
lished procedures, 10a underwent desilylation and deblocking of the ally1 group to furnish the so- - 
dlum salt 12.3 in 65% yleld. - 
Thestmgantibacterial activzty of 12a (Table 1II)promPted us to synthesize some analogues bearmg - 

7,8 functionalities whose beneficial effect had been previuosly observed in the penem area . Prepara- 
tion of the carbarnate &b entailed condensation of the alcohol 10a wlth trichloroacetyl Isocyanate - 
(CH2C12, 1 minute, quant.) followed by simultaneous removal of the secondary silyl ether and trl- 

chloroacetyl group (Bu NF.3H 0. HOAc-THF, overnight) and flnal unmasking of the ally1 ester (38% 
4 2 

ove~all). A quaternary ammonium group was conveniently ~ntroduced at an earlier stage. Thus, reac- 

t m n  of the penam carbinol7-, insituactlvated as its trlflate (trifluoromethanesulphonic anhydrl- 

de. 2.5 eq. pyrldlne, CH2Cl2, -70DC + O W ) ,  with an excess of the selected tertiary nitrogen nucleo- 

9 
phile occurred wlth partial exo-endo double bond isomerlzatian providing acre, which underwent - - 
mild oxidation (1 eq. MCPBA, CH Cl -70°C + -30°C, 15 min) to the epimeric sulphoxidesl0c-e, un- 

2 2' - - 
contaminatedl0 by any penam isomer. Subsequent routinary desilylat~on and catalytic transallylation 

wlth excess acetic acld (Pd(PPh3I4, PPh3, CH3CN-CH2C12. 30 am.. 12% overall from the alcohol:) 

ylelded the zwitterions ere. The carbemute 12b exhibited excellent antlmlcrobial activity, supe- - 
rior to the hydroxy analog 5 and to the reference compound FCE 221017while an adverse effect was 

associated with the introduction of quaternary ammonlum groups (entries 12cle, Table 111). - "  

Table I - Spectral data of key intermed~ates 

-- - 

9 a - 1795,1745,1710 2.96(2H,m),3.99(1H,dd,J=1.8 and 7.5Hz).4.05(2H,m),4.01,4.06, 
4.56,4.61(2H, each d,J=13.3Hz),5.67(1H.d.J=l.BHz) 

10 a 1790,1700 3.0-3.2(2H.m),3.83(1H,dd,J=1.7 and 4.1Hz).4.1-4.3(2H,m).4.11. - 
4.26,4.64,4.74(2H, each d,J=13.3Hz),5.72(1H,d,J=1.7Hz) 

14 - 3420,1425,1120, (DMSO-d )1.00(9H,s),2.29 and 3.88(each 2H,t,J=7.OHz).7.25- 
6 

1010,950,700 7.78(10H,m) 

15c 3550,1790,1700 - 2.61(lH,br,s) ,3.3-3.4(ZH,m) ,3.79(1H,dd,J=l.7 and 4.0Hz3,4.13 
(KBr) (2H,m),4.47 and 4.93(2H, each d,J=14.4Hz).5.69(1H.d,J=1.7Hz) 

1 
In CHCl unless otherwise stated. In CDCl unless otherwise stated. S~gnals due to 

3 3 
C side chain and to protectmg groups have been omitted. 
6 



Table I1 - Spectral data of 2-sulphinyl and 2-sulphonylmethylpenem-3-carboxylic aclds (sodium or 
internal salts) 

(DMS0-d )1.12(3H,d,6.3Hz),2.7-3.0(2H.m),3.49 
6 

(lH,dd,J=1.5 and 6.9He).3.73(2H.m).3.87(1H,m), 
4.07.4.32,4.49,4.79(2H, each d,J=13.OHz),5.05 
(lH,br s.exch.0 O).S.ll(lH,br s,exch.D 0),5.42- 

2 2 
5.44(1H, each d,J=l.SHz) 

(DMSO-d )1.13(3H,d.J=6.3H2).2.8-3.2(2H,m),3.50 
(1~.dd,?=1.5 and 6.9Hz),3.87(1H,m),4.1-4.3(2H, 
rn) ,4.06,4.35,4.61,4.95(2H. each d.J=13.0Hz), 
5.11(1H,d,J=4.9Hz, exch D 0).5.43.5.44(1H.ea~h 
d.J=1.5Hzl 

2 

1.30(3H,d.J=6.3Hz1,3.6-3.7(2H,m),3.95(1H,dd,J= 

1.7 and 5.9Hz),4.25(1H,dq,J=5.9 and 6.3Hz). 
4.33,4.72(2~, each d,~=13.6Hz),5.19(2H,m),5.69 
(lH.d,J=l.7Hz),8.14(2H,dd,J=5.6 and 7.0H2),8.63 
(lH.t,J=7.0Hr),8.99(2H,d,J=5.SHz) 

1.29(3H,d,J=6.4Hz),2.26(4H,m),3.13(3H,s),3.60 

14H,m).3.5-4.0l4H,m),3.9911H,dd,J=1.5 and 6.OHz) 
4.26(1H,dq,J=6.0 and 6.4Hz),4.36,4.40,4.72.4.76 

(2H, each d,J=13.6Hz),5.73(1H,d,J=115Hz) 

1.30(3~,d,J=6.4Hz),3.29(3H,s).3.60(4H,m),3.5-4.0 
(4H,m),4.09(4H,m),4.26(1H.dq,J=5.9 and 6.4Hz), 
4.37.4.74(2H, eech d,J=13.4Hz),5.73.5.74(1H,each 
d,J=1.6Hz) 

1.30(3H,d,J=6.4Hz),3.16(3H,S),3.98(1H,dd,J=l.5 

and 5.7Hz),4.26(1H,m),4.69,509(2H, each d,J=14.2 
Hz),5.73(1H,d.J=1.5Hz) 

1.30(3H.d,J=6.3Hz).3.54(2H,t,J=5.6Hz),3.98(lH,dd, 
Jd.6 and 6.OHz),4.07(2H.t,J=5.6He),4.26(1H,dq,J= 
6.0 and 6.3dz),4.70.5.13(2H.each d,J=14.1He).5.73 
( ~ H , ~ , J = I . ~ H Z )  

1.32(3H.d,J=6.4Hz),3.73(2H,t,J=5.2Hz),4.01~1H,dd, 

5-1.6 and 6.OHz),4.28(1H,dq,J=6.0 and 6.4Hz),4.52 
(2H,t.J=5.2H2),4.73.5.24(2H. each d,J=14.2Hz), 
5.75(1H,d.J=l.6Hzl 

1.34(3H,d,J=6.4Hzl,3.7-3.9(4H,m),3.97(1H,dd,J=l.6 

and 6.OHz).4.04(3H.si.4.27(1H.dq.J=6.0 and 6.4Hz). 
4.83,5.13(2H, each d,J=14.6Hz).5.74(1H,d,J=l.6Hz) 

At this polnt we turned our attentlon to the synthesis of sulphonylrnethylpenems IV, which offerred 

further reasons for interest. Not only thermodynamic controlfavours ally1 sulphones over vmyl 

sulphonea, thereby inhibiting the penem jpenam lsomerizatlon as for the corresponding sulphoxides, 

but the sulphonyl group compared to the sulphinyl group enhances the B-lactam reactivity by exerting 

a stronger electron-withdrawing power, and avoids handling wlth eplmeric mixtures. In Scheme 2 a 

practical synthetic route to sulphonylmethyl penems 1 4  outlined, involving conversion oflinto the 
11 

chloromethyl penem 2 . followed by displacement with the appropriate alkanesulphinste amon. 
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Thus, treatment of =with sodium methanesulphinate and vith sodium z-butyldiphenylsilyloxyethane- 
12 

sulphinate 14 ( D m ,  3h. 50T7W) afforded the crystalline13 sulphones and z b ,  respectively. + 
Stepwzse removal of protecting groups from uneventfully gave and 17a (48% over the two s m ) ,  - 
Clevage of the primary silyl ether on the fully pretected penem E b  could be achieved selectively 

11.2 eq. Bu4NF.3H 0. HOAc, THF, 6h! furnishing the carbinol 1 2  (73%). together vith appreciable 
2 

amounts of the d i d  (-20%), obtained as the only product 182%) after prolonged exposure l24h) 

to excess (6 eq)  reagent. Conventional Pd-mediated deallylatmn gave the sodium salt 17c. The prepa- - 
ration of the carbamoyl derivatives from the alcohol 15c paralleled the route followed in the - 
sulphoxide serles (E --t 12b). However, felled to behave like its analogue % when treated - 
vlth trlflic anhydride /N-methylpyrrolidinc ICH C12. -70°C --t O'C), the maln isolated product king 

2 
the vinyl sulphone 15f (30% yield). In this case the leaving abillty of the triflate and quaternary 

ammonium groups, associated with the acidity of the 4-sulphanyl protons, accounts for the occurren- 

ce of a competitive elimination reaction. Activation of the alcohol 15c under Mitsunobu-Volante con- - 
5 

ditions (preformed TPP/DEAD complex, THF.1 min.! in the presence of 5-mercapto-1-methyl-1.2,3,4- 

tetrazole led to the formation of the correspondent heterocyclyl thioester 15e in 90% yield, the - 
remainder being the e l ~ m m a t m n  product 15f. Finally was converted into the sodlum salt 17e (35% - 
overall) by following the usual deprotection protocol. 

SCHEME 2 

3 ' a  R.-CH 
3 

3 b R = -CH CH OSiPh But 
2 2  2 

3 
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2 2 
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With the  exception of 17e ,  a l l  t h e  sulphonylmethyl penems showed a q u i t e  remarkable l e v e l  of i n  - - 
vitro antirnicroblal  a c t i v i t y ,  comparable t o  t h a t  of  t h e i r  analogues i n  t h e  sulphoxide s e r i e s  (Table 

111). The minimal inhibitory cancentration ( M I C )  values exhib i ted  by t h e  s t r u c t u r a l l y  r e l a t ed  
1 

carbamatea 17d, 12b and 18  , only d i f f e r i n g  i n  the  oxldatlon s t a t e  of t h e  ext ranuclear  sulphur atom 

1 
a r e m n o t i c i n g . I n l i n e  with our o r ig ina l  workmg hypothesis , an lrnprovenent in a n t i b m t i c  performan- 

ce was observed on changing from the  t h i ae the r  representa t ive  18 t o  the  oxldated analogues, but  t h e  - 
b e t t e r  p r o f i l e  exhib i ted  by 12b i n  cornparlson with 176 could not be reduced i n  terms of straight- - - 
forward s t ruc tu re - ac t i v i t y  r e l a t i onsh ip .  

+ 
Compound S.a.  S.P. E.c. E.c. E.cl .+ K.a. P.m. 

1) Minmal lnhlbitoryconcentrations (MICs, ug/rnl) were determined by t h e  standard two-fold agar 

d i l u t i o n  method i n  Bacto Antibiotic Medium 1 (Difco) .  
2 )  Organ~ams mcluded in t h i s  Table are: S . a . ,  mlcmcns aureus Smith; u. Streptococcus 

progenes ATCC 12384; h, ~ s c h e r ~ c h ~ e  c o l i  B: E.c .+.  E .  c o l i  B 8-lactamse producer; E.: 
Bnterobacte~- cloacae ?99 R-lactamase pmducer;  u.. Klebs i e l l a  aelogenes 1522 E; ?*. 

Proteus morganii ATCC 25830. 
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