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Abstract - Chemical strategies for the synthesis of "2-CH X" penems wherein X is a (sub- - 2 

stituted! alkylthio or heterocyclylthio radical are reviewed. The rationale at the bas15 

of the programme is checked against the obtained microbiological data. 

Following the discovery of a natural active structure, a great deal of research work has usually to 

be spent altering the original molecule in order to achieve optimal biological effects; this task 

is further aggravated when dealing with man-made structures, such as penerns. Even so, the poorness 

of consolidated structure-activity relationships inside the penem family doea appear surprising: 

while the importance of the hydroxyethyl chain at C-6 was soon recognized, the role of substituents 

at position 2 in modulating the antibacterial activity is still matter of conjecture. On the sub- 

ject, it has been recently written that "..variation of the 2-substituent exerts only a modest ef- 

fect on in vitro activ~ty..", the main differences appearing rather "to reflect the effect [of the 
1 

substituent] an the lipophilicity of the molecule." A quite opposite rationale was adopted by us 

in approaching this field: we surmised that. because of the enamine system common to penems and 

cephalosporins, the inductive effect of the 2-positlon side chain would strongly influence the re- 

activity of the n-lactam carbonyl and therefore be of the utmost relevance. This holds true for 

cephalosporins, where not only the average Gram-negative activity can be correlated to the inductive 
2 

substituent constants for the C-3 side chain , but a heteroatom-substituted methyl in this positlo" 
3 

is usually more beneficial than a heteroatom attached directly to the nucleus : hence our particular 

interest in 2-CH X (X= S.0.N) penem derivatives. We wish here to report our unpublished results in 
2 

the area. and point out some discrepancies with the general'statement referred to above. 

The sulphur derivatives we considered can be divided in two families, I and 1-1, according to whether 

the sulphur atom is further linked to a heterocyclyl or alkyl residue. The former family was pursued 

fimt. since it bears obvious relationships with the majority o f  cephalosporins present on the mar- 

5 
ket, and preliminary studies on a representative lacking the C-6 side chain had been encouraging. 



Initially, our synthetic plan closely duplicated Woodward's s~rategy:~ i.e. a phosphorme, already 

incorporating the heterocyclylthio moiety, was cyclized to each individual target compound.  his 

route, which suffered from low yields owing to the sensitivenessof the thioester intermediates and 

to the problematic choice of the multiple protecting groups, had been expedient for obtaining a 
7 

mrnple of the first member of the series, the methyltetrazolyl derivative Ia, but lacked the versa- - 
tility and productivity required far the preparation of a consistent number of analogues. For this 

purpose we envisaged the possibility of exploiting a 2-hydroxymethylpenem as a late common interme- 
8 

diate and, since an expressly designed carboryl protecting group had proved invaluable for the 

first synthesis of&, this common precursor was sought in the 1-phenoxyethyl ester 2 (Scheme I). 
To our end, glycolic acid was treated with p-nitrobenzyl chloroformate to give the carbonate 

(43%) and the dimeric derivative 5 the former was converted into the thioacid ?&(EtOCOCI/NEt 
3' 

9 
CH C1 ; then H S/NEt i and used for acetate displacement on azetidinone 2a. The thioesterzthus 
2 2 2 3 A," 

obtained was condensed with I-phenoxyethyl glyaxylate and then processed along the popular phophar- 

ane sequence6 to give the fully protected 2-hydroxymethylpenem Ua; the desired free  alcohol^ was - 
thence unmasked in high yield by catalytic hydrogenation. The conversion of this compound into the 

thioether E ,  a key intermediate in the first synthesis of Ia, clearly demonstrated the potentiality 
-3" 

of hydroxymethylpenems~in the preparation of a large number of heterocyclylthiomethyl derivatives; 

such conversion waa accomplished either by sequential mesylation (CH SO C1/NEt3. CH C1 I and dis- 
3 2 2 2 

placement with 5-mercapto-1-methyltetttzole (MMT sodium salt, THF, few hours,O°Ci, o r  in a single 
10 

step via the Mitsunobu reaction (MMT/PPh /diethy1 azodicarbaxylatei. 
3 

Having established the practicability of the new synthetic approach, the chemistry of the protecting 

~FOUPG and of the exchange reaction was more attentively examined. First, since hydrolysis of the 

ester group on the final compounds was one major problem, we devised to perform this atep prior to 

thiol introduction. Thus, p-nitrobenzyl glyoxylate was substituted far the 1-phenoxyethyl analogue 

in the above sequence leading to Ua thereby obtaining 4b; catalytic hydrogenation in a biphase -' 
EtOAc-aq.NaHCO system (the carbonate being removed first) then afforded the sodium salt 6 in sat- 

3 .,. 
isfactory yield. A convenient temporary protection for the carboxyl function o f A w a s  found in the 

labile tert-butyldiphenylsilyl group, which was selectively introduced by performing the silylation 

in THF (in CH C1 formation of the trisilylated compound 4c could not be avoided); the obtained di- 
2 2 m 

silylated intermediate 5b was then activated on the free hydroxyl (MsC1/NEt3, CH C1 1 and reacted - 2 2 

in situ with the thiol to give the desired thioether 8b. Unfortunately, double desilylation of - 
8b afforded Ia in very poor yields, presumably a consequence of the limited stability of penems - - 
under the conditions of silyl removal at position 8 whenever the carbaxyl is unmasked first. In 

Order to avoid this problem, selective activation of the primary alcohol was performed on the fully 

deprotected synthon 7. This material, easily accessible from azetidinone 2b via thiaester 3b and - - P.," 
11 

penem 5c according to a previous methodology, when temporarily protected as the TBDPS ester 5d 
12 - FW 

underwent mesylation and in sit" displacement (MMT sodium salt/CaCO THF-CH C1 1 to afford 9b and 
3 ' 2 2 - 

thence la (HORc-THF-H 0, 3:l:l; 40 min,r.t.).13 The extremely mild cleavage of allyl esters recently - 2 
14 

introduced by McCombie et al. came welcome in this context; the allyl ester 5e often proved supe- 
r"" 

rior to 2, 5d as a precursor of 2-thiomethyl substituted penems, either through the mesylate 
m 
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OF the Mitsunobu route. 

Other obvious pathways to compounds I entailed the displacement with the heterocyclic thiol of - 
either a halo or an acetoxy group, in analogy with methodologies routinary in the cephalosporin 

16 
field. However, react~on of MMT sodium salt with the acetate 2 under a variety of conditions 

gave, if any, only a trace amount of the desired penern Ia, R-lactam opening occurring first. Aceto- - 
17 

acetates have been claimed to undergo easier displacement by nucleaphiles than acetates, but 

reaction of MMT on lob (from 5c and diketenel or on the sodium s a l t 2  (from 1% by hydragenolysis) 
rn - 

was equally unrewarding. On the other hand, halomethylpenems proved to be reactive species, though 

plagued by stability problems. Compound E d  could be obtained by treatment o f z ~ i t h  PPh /CC1 
3 4 

I24 h, r.t.1, while 10e, accompanied by a consistent amount of 4-allyloxycarbonyl-5-chloromethyl- - 
thiazole, was secured from reactlon of 5e with SOC12 lpyr; CH C1 -40°CI they both survived rapid - 2 2 

flash-chromatography, but yields were low and irreproducible. Better results were obtained from 

halamethylpenems generated under milder conditions: in particular from the carbinols through a new 

18 
application of the Mitsunobu reaction, from 4-haloacetylthioazetidinones by a low-temperature 

19 20 
Wittig condensation, from 3-bromomethyl-2-thiacephees by ring-contraction with PPh at -40°C.0n 

3 

balance, however. the mesylate and Mitsunobu approaches remained the most satisfactory routes to 

penems I. Mesylates, e.g. log, although unstable upon storage, could easily be reacted in situ and - - 
proved more handy than the corresponding tosylates, e.g. 10h. The Mitsunobu procedure turned out - 
particularly appealing when we found that a modification in the order of addition, originally sug- 

gested by volante21 for the synthesis of thioesters, minimize6 by-products and base-catalyzed side- 
22 

reactions in this particular thioether synthesis. According to this methodology. diethyl azodi- 

carboxylate and PPh were first allowed to form a crystalline complex ITHF. 30 min.r.t.1, which then 
3 

immediately reacted atO0Cwhezadded to a THF solution of the carbinal 5 and the heterocyclic thiol. 
IVu 

The functionalities present on some heterocyclic thiols had to be taken into account. The reaction 

of 8c to give the iminophosphorane 8d in the presence of excess Mitsunobu reagent is a singular - 
23 

- 
example, although in the instance the free amino group could be restored by mild acidic hydro- 

lysis (THF-HOAC-H o 3:1:1, overnight). ~ c i d  hydroxy groups had to be protected before condensation; 
2 

in order to avoid any unnecessary lenghtening of the synthetic sequence, ally1 and silyl protecting 

groups were chosen for the purpose. Thus. the tetrazolylprogionic acid was protected as its 
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allyl ester I&, (neat allyl alcohol, cat. 37% aq.HCl), while the thiadiarole derivative 12a was - 
N- N 

HS SCH2C02R 

12 a & t i  - 
b R=TBDFS I 

11 - CH3 

a R= 11 13 - 14 - 
b R= M 2 W 2  

protected as the tert-buty1diphenylsilyl ester (TBDPS chloride, N E ~  ; THF).  he difference in 
3 

acidity between the trio isomeric tr~azinanes 13s and g5 was reflected by their need for protec- - 
tion: the less acidlc lsoner 14 readily reacted a& such, while the strongly acidlc hydroxyl group - 
of 1% had to be protected as its silyl ether 13b. This last compound suffered desilylation upon - - 
attempter: mesylate displacement, but could be condensed either with 2 o r  &under the previously 

reported Mitsunobu conditions. 

A major problem in the preparation of thiomethylpenems I. I1 was their propensity to undergo equi- - - 
libration to thiomethylenepenams 111, IV. Shift of the double bond between the endo and the e x o  - - 
position following base treatment was first observed by W o o d w a ~ d , ~ ~  and it has since found some 

28 
utlhty far the synthesis of thia-analogs of clavulanic acid," for 2-oxopenam intermediates 

and also for obtaining 2-alkylpenems from alkylidenepenarn~~~ in cases where, owing to the lack of 

conjugation, the latter are the thermodynamically less stable isomers. For heterocyclylthiomethyl- 

penem esters I the endo-exo equilibrium lies somewhere in the proximity of 30:70, and this propar- - 
tlon is even more ""favourable for the alkylthlo analogs 11, so that the success of the synthesis 

m 

was largely dependent on the kinetic factor, i . e .  on the ingenuity exerted in avoiding prolonged 

basic conditions during the exchange-deprotection sequence. The synthesis o f  Ic is illustrative. 

Condensation of %with 1-(2-dimethylaminoethy1)tetrazole-5-thiol (rnesylate route) and quenching 

with HOAc afforded a 1:l mixture of the endo/exo products, %and 2. In the presence of a large 
e x c e s s  of acetic acid, this mixture underwent desilylation (TBAF. THF overnight) without slgnifi- 

cant change in the isomer ratio. and then the desired intermediate 9e could be separated from the - 

-CH-S Het %?- S tiet 

16 - C02R3 

1 1 1 3 
a ~ = m , ~ e t = C  d R = H . W t = D  a R = ~ B n l Z i , R = M a H l l , H e t = K  

2 2 
1 1 1 3  

~ R = H .  k t = c  e (Z i m ) ,  R = H,. He* B b R = H . R = N a . H e t = K  

1 1 c R = m, kt= D f (E i-1. R = H, Het= B  - 



slower-running exo-isomer 15b by chromatography on silanized silica. By using HOAc instead of sodium 
w 

ethylhexanoate, deallylation of 9 e  with the Pd-PPh complex furnished an inseparable 3:2 mixture - 3 

of Ic and IIIc ( a s  the internal salts); under the usual conditions the sodium salt of the latter was - - 
exclusively obtained. In this instance, and whenever penams 111 were the predominant final products. - 
it proved difficult to revert the e x 0  form into the equilibrium mixture in acceptable yields, pre- 

sumably owing to the limited intrinsic stability of compounds I. Nevertheless, direct evidence of a - 
reversible equilibrium being at work was often apparent in protected intermediates when the two 

forms happened to be easily differentiated by chromatography: for example on separate desilylatian 

of pure s a n d  15c the same mixture ( c a .  1:l) of isomers 9f, 15d was obtained. - - .-.-- 
Alkylidenepenams arising from base-catalyzed isomerization of penems are expected to possess the 

more stable configuration at the centres involved in the equilibration, i.e. to be S at C-3 and Z at 
the ex0 double bond. Indeed, a single isomer had always been found in previous works 

26.29 
and as- 

signed this structure. In one instance, however,ve were able to detect by nmr spectroscopy the pres- 

ence of a minor component (1:9), 15f, accompanying the major compound, 15e: they were considered, - - 
respectively, as the 6 ,  Z alkene isomers of the 8R. 65, 55, 33 form. Although the relative assign- 

ment was made by inference.30 the high deshielding experienced by the C-3 protons in both compounds, 

and the minimal mutual difference (16 = 0.07 ppm), ruled out an alternative interpretation in terms 

of a diastereomeric relationship at C-3. 
31 

Another unusual alkylidenepenam structure was detected in the reaction mixture from 5e and 2- - 
mercapto-5-methyl-l,3,4-thiadiazole (rnesylate route); it manifestly incorporated two elements of 

the heterocyclic thiol and on the basis of analytical and spectral data was formulated as 16a. 
33 - 

This material, as well as any other alkylidenepenarn that could be isolated reasonably free (45%) 

from its penern isomer, was conventionally deprotected, and the obtained salts ic, I=-% 
Table I111 were assayed for antimicrobial activity (Table IV1. 

While the heteracyclylthiomethylpenees I are reminiscent of cephalosporins, the alkylthi~rneth~l 

analogs I1 offer different reasons far interest. In particular, compound IIa bears strict relation- - 
ships with thienamycin and its penem counterpart. Sankyo's "1-thiathienamycinl'. Compound IIb - - 

11 
carries the carbamoyloxy functionality characterizing Farmitalia Carlo Erba's FCE 22101, and is 

the 2-homolog of another 1-thiathienarn~cin derivative, Vb the new Schering's candidate (Sch34343). 
35 

Ni 

par the synthesis of compounds I1 the hydroxymethylpenem approach proved of very limited value. 
w 

to the weak acidity of alkylthiols and to the sensitiveness of penems towards nucleophiles. 

Thus, the mesylate from 5e did not react in the presence of triethylamine with the protected - 



HETEROCYCLES, Vol. 23, No. 9, 1985 

SCHEME I I 



cystearnine 17a, while reaction with the lithium salt of the latter !from the thiol and BuLi) - 
resulted in "-lactam opening. similarly. the carbinol 5e was decomposed by treatment with PBu - 

3 
Et2S2 (with pph3 no reaction occurred), and condensation of 5e witk: 17a under Mitsunobu-Volante 

?.?. - 
conditions gave a mixture of penern 22a and penam in moderate ylelds. We therefore resorted to - 
the preparation of azetidinyl thioesters already incorparatlng the desired functionality. Following 

an original ~armitali~ route.36 the 1.2-secopenicillanate 18a, obtained by trapping a pmicillin- - 
derived sulphenic acid with pr~pargyl alcohol, was converted into the brorno-sulohide 18b; this - 
monocyclic &lactam, d~fferent from the activated hydraxymethylpenems, could be easily thialated 

with the lithium salt of 17s to give %a (Scheme 11). although the key N-unsubstituted azetidmone - 
2Ad was eventually obtained from the latter by sequential ozonolysis to E b  (Em), methanolysis on 

silica to 20c (30%) and aulphonide reduction (pnr3. DMF-CH C1 go%), any attempt to convert this - 2 2' 

compound or its oxalimido precursor 20b into a triphenyl or triethoxyphosphoranylifienn interme- - 
diate met with unexpected failure. Phosphoranes 19 proved better suited than acetidinones 20 for - ".." 
the derivation of penem IIa. Thus 19b and 19c, easily obtained from the silylated parents, e.g. - - - 

were activated either as the mesylates or the bromides and reacted with the protected cyste- - 
mine 17a (lithium salt). Thermal cycllzat~on of 2lb, followed by catalytic hydrogenation of the - 
resulting trls-protected penern 22b, finally afforded a sample of the desired 2-homo-I-thiuthiena- 

IW 

mycin I I ~ .  slmilarly, we considered the phosphorane as o suitable precursor for our second tar- - 
get in this series. I I ~ .    he required thioac~d 17d was synthesized from 2-mercaptoethanol by sequen- - - 
tial manosilylatmn (TBDMS chloride/irnidazole; DMF, overnight, q~antitative),alkylation with chloro- 

t 
acetic acid (KOBu 2 mol eq.; EtOH, 2h. 95%). activation38 of the resulting acid % a s  the chlonde 

lonalyl chloride/NEt ; CH2ClZ..15^~) and in sit" treatment with H S in the presence of a further 
3 2 

amount of NEt (30 min; ~ 0 % i . ~ ~  Reaction of said thioacid with the acetoxyazetidinone Za, followed 
3 - 

by the conventional phasphorane build-up sequence,  uneventfully yielded 2 l c  and thence 22c after - - 
brief heating in refluxing toluene. Although penem 22d could be gained virtually uncontaminated - 
from the examethylene isomer 236 by selective unmasking of the primary alcohol under mild acidic - 

no 
conditions (THF/HOac/H20 2:l:l; 40 h, n m ) ,  the particular propensity of alkylthlomethylpenems to 

undergo double bond migration was apparent in the cleavage of the secondary silyl ether (nu NF.3H 0, 
4 2 

HOAC-THF) on the adduct from 22d and trichloroacetyl isocyanate, whereupon the alkylidenepenhm 
n,.. 

and thence the sodium salt IVb were exclua~vely obtained. 
r"" 

The final adjustment of the synthetic sequence embodied a non-isomerat~ve deblocking of protecting 

groups and the use of a more stable thioacid. Substitution of the TBDPS group for TBDMS i n  the route 

leading to %from 2-rnercaptoethenol conveniently afforded 2, which was then allowed t o  react 

with azetldinone 2b and conventionally processed to the ptmsphorane 21f. Reversal of the cyclira- - - 
41 

tion-desilylation previou6ly exploited gave 21s and thence the penem carbinol PZg, uncontaminated - - 
by any penam isomer. Reaction of the latter with trichloroacetyl isocyanare !CH C1 -20 O C )  fallowed 

2 2' 
by cleavage of the interrned~ate urethane (MeOH/SiO 230-400 Mesh: EtOAc, 5 h) afforded the carbarnate 

2 
22h and finally, after deblocking of the pNB groups !Fe/NH C1; THF-H 0, 1 h), penem IIb was secured. - 4 2 - 
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Table I - Spectral data of key interrnedlates 

I I 2 
ir ( v m a x ,  c m  1 'H nmr ( d , ppml 

4.70 and 5.25(each 2H.s). 7.47 and 8.15(each 2H.d,8Hzl 

4.75,4.80,5.25(each 2H,sl. 7.47 and 8.15Ieach 2H,d,8Hzi 

1,1(9H,s), 4.1(2H.s), 4.6(lH,br sl, 7.1-7.9110H.m) 

0.08(6H,s), 0.89(9H,sl. 1.21(3H,d). 3.22(IH,dd,2.5 and 3Hz.1, 

4.26(1H,m), 4.82 and 5.34ieach 2H.s). 5.38(1H.d). 6.52(1H.br 5) 

1.1(9H,si, 1.513H.dl. 3.45(1H,dd,t and 6.5Hz1, a.Z(ZH,sI, 5.1 

(:H,rn), 5.2(2H,s), 5.2511H.dI. 6.7br(lH,si 

0,08(6H,s), 0,84(9H,sI, 1.26(3H,di, 3.80(1H,dd,1.8 and 3.5H7-1, 

4.27(1H,m), 5.30 and 5.40(each 2H,ABq, 16Hz), 5.31(2H,6), 5.67 

(1H.d) 

0.08(6H.si, 0.9,1.06 and 1.08(each 9H.s). 1.39(3H.d), 3.75(1H, 

ddl. 4,24(lH,rn), 4.73(2H,s), 5.6011H,d), 7.2-7.9120H.m) 

0.08(6H,s), 0.88 and l.l(each 9H.s1, 1.24(3H.d), 3.50(1H,t1, 

3.77(1H,dd,1.5 and 5Hc1, 4.24(1H,m). 4.42(2H,di, 5.63(1H,d1 

1.5113H.d,6.5Hz), 3.5511H.br 6 ) .  3.97(1H,dd,2 and BHr), 4.68 

(ZH,sI, 5.19(1H,mi, 5.25-5.45(4H.m), 5.65(1H.d) 

1.1319H,s), 1.3613H,d), 3.76(1H,dd,1.8 and 6.5Hz1, 4.18(lH,ml, 
4.52(2H.s1. 5.57(1H,d), 7.2-7.9(10H,m) 

0,06(6H,s), 0.97(9H.s1, 1.22(3H,d). 3.69(1H,dd,1.5 and 4.5Hz). 
3.8(1H.br sl, 4.21(1H,mI, 4.62(2H.sI. 4.66(2H,mI. 5.21 and 5.34 

(each IH,rn), 5.56(1H.di, 5.87(1H,m) 

0.06(6H,sI. 0.90(9H,s), 1.26(3H,d), 3.73(1H,dd,1.5 and 5Hzl. 

4.22(IH,m), 4.67(2H,sl. 5.59(1H,d) 

1.30(3H,d.6.8Hrl. 3.88(JH,dd.1.5 and 6.3Hz). 4.23(1H,ml. 4.63 
(2H,ABq,l4.5Hzi, 5.62(IH.di (in D 01 

7 

0.06(6~,s), 0.9(9H.s), 1,26(3H,d), 3,72(1H,dd,2 and 4.5Hz). 
4.2011H,m), 5.13-5.50(2H,ml, 5.7011H.rn1, 5.59(1H.d), 5.80-6.20 

(IH,m), 6.42(1H.s), 6.7012H,br sl 

0.OBlSH.s). 0.88(9H,a), 1.213H,d86.5Hz), 3.64(lH,dd,1.5 and 
6.5Hz), 4.25(1H,ml, 4.67(2H,sl. 4,7(2H,m). 5.2-5.5(2H,m), 5.51 

(IH.dl, 5.6-6.2(1H,m), 8.2-8.5(3H.m) 

1.13('3H.s), 1.34(3H,d76Hz), 3.82(1H,dd.1.5 and 6Hz1, 3.85(3H, 

sl, 4.19(1H.m), 4.612H,ABq.l4Hri, 5.61(1H.dl.7.24-7.83(10H,m) 

1.24(3H,d), 3.71(lHtdd,1.6 and 6.2HzI. 4.30(1H,m), 4.59 and 

4.78(2H,each d,14,8Hz). 5.58(1H.d], 6.29(1H.si 

3.68(1~,dd,1.7 and 6 . 5 ~ ~ 1 ,  4.45 and 4.64(2H,each d.14.6Hz), 5.54 

(1H.d). 5.77(1H.s) 

1.52(3~,d.6.5Hz). 7.31(3H.s). 3.59(2H,s), 4.06(1H9dd,2 and 6.5 
Hz), 5.04-5.70(5H,m), 5.5112H.s), 5.73(1H,d) 



Table I - Continued 

0.0816H.s), 0.90(9H,s). 1.26(3H.d.6.5Hr), 3.73(1H.dd. 
2 and 5Hz1, 4.2(IH.m), 4.70(2H,s), 4.81(ZH,ABq,l4.5Hz), 
5.35 and 5.5(each lH.rn1, 5.65(1H,dl, 5.6-6.211H,ml 

1.5113H,d,7Hz). 3.09(3H,s), 4.02(1H,dd,2 and 7.5Hz1, 
5.16(1H.m), 5.25(2H,s), 5.28(2H,ABq,17 Hz), 5.39(2H, 

ABq.15Hz), 5.71(1H,d), 7.50 and 7.60(each 2H,d,8Hz1, 
8.20(4H3d1 

0.0816H,sI. 0.90(9H.s), 1.25(3H,d.6Hz), 2.48(3H,s). 

3.65(1H,dd,l.8 and dHz1, 4.25IlH.rn1, 4.65(2H,mi. 5.2- 
5.5(2H,m), 5.28(2H,ABq.l5Hz), 5.6-6.111H.m), 7.35 and 
7.80leach 2H,d,16Hz) 

3.04 and a.GO(each ZH.t), 4.6312H.m), 5.15-5.45(2H,ml, 

5.70-6.1011H.m) (in CDCl +D 0) 
3 2 

O.O8(6H,s), 0.90(9H,sl, 1.2R(3H.d,6.5Hz), 3.40(1H,dd. 
1.8 and 4.5Hz1, 4.2511H,rnI, 4.6512H,ml, 5.1-5.5(2H,ml. 

5.42(1H,s), 5.48(1H.d), 5.6-b.Z(lH,ml, 6.9511H,d.1.2Hr), 
8.2-8.5(3H,m) 

3.46(1H,dd,1.6 and 6.7Hz). 5.48(IH,dt1.6Hci. 5.56 (In. 
d,l.ZHcI. 6.31(IH,s). 7.01(lH,d.1.2Hzl 

3.48(lH,dd,1.6 and 6.5Hz). 5.47IlH,d,1.6Hzl, 5.63(1H, 
d,l.ZHz), 6.29(1H,s), 6.84(IH,d,1.2Hzl 

0.08(6H.s1, 0.85(6H.s). 1.20(3H,d.GHz). 2.71(6H,s), 3.42 

(lH,dd,l.5 and UHr), 4.2(1H,m), 4.5512H,mI, 5.1-5.3(2H, 
m1, 5.40(1H,d,1.5Hz1. 5.82IlH,s) 

0.0616H.s), 0.90(9H,sl, 1.5011H,t,8Hzl, 2.5811H.dq.6.5 
and 8Hz1, 3.80I2H.t.6.5Hrl 

0.08(6H,s), 0.9(9H,s1, 1.30(3H.d1, 2.00 and 2.221each 

3H,s), 2.60(2H.t,6Hz), 3.30(5H,ml, 3.7113H,s), 4.27 
(1H.m). 5.1712H,s), 5.25(2H.m), 5.42(1H,d,2.5Hzl 

0:06(6H,sl, 0.9(9H,s), 1.20(3H,d,6~z). 3.0-3.3(3H.m). 
3.7-a.O(UH,m), U.Z(IH.rn1, 5.18(2H,sl, 5.33(1Htd,2Hz1, 

5.85 and 6.9(each 1H,br sl 

0.06(6H,s), 0.88(9H,s), 1.20(3H.d,6.5Hz), 2.75(2H,tl, 
3.15-3.50(5H,m), 4.211H,m). 5.13(2H.s), 5.2311H.d,2Hz), 

5.8 and 7,05(each 1H,br s )  

O.O8(6H,s). 0.88(9H,s), 1.27(3H,d,6.5Hz1. 2.05(1H,br), 
2.76 and 3.75(each 2Htt,6Hz1, 3.8-4.4(4H,m). 4.70(2H,m), 

5.1-5.U(2H,m), 5.55(1H,d,1.8Hz), 5.5-6.0(1H,m1 

1.50(3H,d.6.5H~), 2.73 and 3.73(each ZH.t.6Hz). 3.85- 
4.10(3H,m), 5.1-5.4(5H,m), 5.60(1H,d.1.5Hzl 

1.50(3H.d,6,5Hz), 2.7B(2H.t,6Hc), 3.9-4.3(5H,m1, 5.0 
(2H,br s ) .  5.18(1H,m). 5.30(4H,m), 5.65(1Htd,1.8Hr) 
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Table I - Continued 

23e 3540,3420,1780,1730,158O(CHCl 1.37(3H.d,6.5Hz), 2.98 and 4.60(each 2H,t), 3.77 (IH, - 3 
dd.l.8 and 6Hz). 4.1(1H,m), 4.67(2H,m), 5.15(lH,mil 
5.30-5.45(3H,m), 5.5-6.O(lH,ml, 6.20(1H,d,lHzl 

11 Film unless otherwise stated; 21 in CDC13 u n l e s s  otherwise stated; 3) additional data: la: - 
mp 97-98' (isopropyl ether); & [a] +6G0(1% CHC13), A (CH C1 269 ( 8  = 17,000) and 323 n m  

D 2 2 
18 = 6,8001; &: A (CHC1 1 256 (17,6131, 275 l s h ) ,  338x1sh) nm; z: MS(FD) m/Z 435; 2 MSlFDi 

3 
m/z 695; z g :  M S ( F V ~ / Z  637; *: mp 102-louO; 2: sp 135O (ethyl ether). A (CHCI 276 nm 

3 
( E = 20.8201; e: MSIFD) m/z 643; z: MS(FD) m/Z 574, 516; s: MS(FD) m/Z W, 500. 

Tab le  I1 - S p e c t r a l  data of thiornethylpenerns~, g 

3.87(1H,dd,l.U and 5Hi1, 4.10(3H,s). 4.40 
(2~,ABq,l6Hz). 5.59(1H,d). 

3.77(lil,dd,1.8 and 6.5H7.1, 4.55(2H,br sl, 
5.50(1H,d), 6.50(1H.s) 

2.93(3H,s), 3.73(2H.t1, 3.88(1H,dd,1.8 and 

4.5Hz1. 4.57(2H,ABql, 4.90(2H.t1, 5.64(lH, 

d 1 

3.74(lH,dd,l.5 and 5Hz1, 4.58(2H.51, 5.41 

IlH.d), 8.37.8.51 and 8.62(each 1HI 

3.80(1~,dd.l.U and 5Hz1, 4.37l2H,ABq,l4Hz), 

5,54(1H,d). 8.34(1H,S) 

3.85(1H.dd,1.8 and 7 8 ~ 1 ,  4.00(2H.51, 4.59 

(2H.s). 5.60(1H,d) 

3,78(3H,s), 3.8311H,dd,1.4 and 6Hz), 4.07 
and 4,31(2H,each d.l4Hz), 5.56(1H.d). 7.05 

and 7.27(2H,each d.l.3Hz) 

3.82(1H,dd,1.5 and 6H7.1, 4.42lZH,ABq,l4.4 

Hz). 5.53(1H,d) 

1.42(3H,t.5.6Hr), 3.77(1H,dd31.6 and 5 . 6 ~ ~ 1 ,  
4.17l2H.q1, 4.20 and 4.43(2H.each d,l4Hr1, 

5.52(IH.d), 8.55(1H,s) 

3.67(3H,s), 3.84(1H,dd,1.6 and 5 . 9 ~ ~ ) .  4.61 
(LH.ABq.l4,5Hz), 5.57(1H.d) 



Table I1 - Continued 

In - N 2250,1765.1615 259,316 3.23(2H.t), 3.8411H,dd,l.U and 6.0H7.1, 4.54 

(2H,ABq.l4.2Hz). 4.8(ZH,t), 5.58(IH.d1 

10' 0 3420,1760,1700, 304( 6 =8.6001 . - 
1610,1580 

Ip* P 3600-3200,1765. 315 - - 
1580,1390 

Iq* q 1765,1605,1570 239( r =18,930), 4.06llH,dd.1.5 and 6.1Hr.1, 4.70 and 5.00 - 
312( E =9,074) (2H,each d,lZHz), 5.64(1H,d), 7.72 and 8.42 

(2H.each d.Y.6HzI 

I x  CH2CH2NH2 3420,1770,1610 308 2.83 and 3.241each ZH,t,6.7HzI, 3.88[1H,dd, 

1.4 and 6.3Hz). 4.0112H,ABq,14.7Hz), 5.64 

1Iri.dI 

IIb* CH CH OCONH 3603-3200.1765, 310 . - 2 2  2 
1610,1570 

I 1  Potass~um salt unless otherwise indicated: * )  ~ a *  salt: **I inner salt 

3) Data relative to H 2-CH and R protons; HOD at 4.81 ppm as ~nternal standard 
5. 2 

Table 111 - Spectral data of thiomethylenepenams z, z, 1 z  

IIIc* C 1760,1610 - 2.63(6H.s), 3.35(2H.t1, 3.58(1H.dd,1.5 and - 
7Hz), 5.00(2H,t), 5.4011H,d,lHcI, 5.47(1H. 
d,l.SHzI. 6.44(IH.d,lHz) 

IIId - D 1760.1610 267( ~=7.814), 3.55(1H.dd,1.3 and 5Hz1, 5.4312H,m), 6.65 
326( r=4.787) (lH,d,lHz), 8.3-8.6(3H.m) 
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rable I11 - Continued 

'TT" H 1755,1610 2601 t=9,8971 3.58(1H.dd,1.5 and 6.2Hz1, 5.37(1H,d.l.l 

Hz). 5.44lIH,d,1.5Hzl. 6.24(1H,d,l.lHzl 

IIIq* - P 1765,1620 263.344 3.58(1H.dd,1.5 and 6.2Hz1, 5.4711H,d,1.5 
Hz). 5.51 and 6.801each lH,d,lHzI. 7.48 

and 8.2l(each lH,d,9.5Hz) 

IVb CH CH OCONH 1760,1705. 256 3.12(2H.t,6H2), 3.5811H.dd,1.5 and GHzI, 

1605 4.30(2H,t), 5.30(lH,d,lHz), 5.45(lH,d,1.5 

Hz). 6.3811H,d) 

IGb - - 1770,1640, 2861 rd3.377) 2.72(6H.s1, 3.71(1H,dd,2 and 6HzI. 5.52 

1630 IlH,dl, 5.76(1H.s) 

1 1 ,  2) See footnotes 1, 2, Table 11. 

31 Data refer to H3. H5, H6, vinyl and R protons: HOD at 4.81 ppm as internal standard. 

1.2 
Table IV - Ant~bacterial in activities of selected penems and penams 

Ia - A 0.01 0.01 0.12 0.35 

IIa - CH CH NH 
2 2 2 

0.08 0.02 2 5.7 

% CH CH OCONH 0.04 0.008 2.8 8 
2 2  2 

IVb - CH2CH20C0NH2 0.05 0.17 32 32 

IC - C 0.3 0.008 I 1 

I= C 0.5 0.12 8 8 

Id - D 0.01 0.008 8 22.6 

IIId - D 0.25 0.5 32 32 

Ih - H 0.17 0.06 0.5 0.5 

IIIh - H 2 1.4 8 8 

I0 - 0 0.03 0.01 4 1.4 

"'" 0 0.06 0.016 8 5.7 

Iq - Q 0.004 0.002 2 5.7 

111q - Q 0.5 0.25 32 32 

16b - 32 4 32 32 

'0' - 0.38 0.09 3.1 3.1 

11 MIC values are given in pg/rnl ,  and were determined in ~sasensitest broth. 
21 Organisms included in this   able are: s.a.s.. ~taphylococcus aureus srnlth; S.p., Streptococcus 

p y ~ g e n e ~  C203: E.c.. Escherichia coli G; K.a. +, Klebsiella aerogenes 1082 E (producer of 
chramosomally mediated R-lactamase). 

31 Heterocycle$ A .  C, D, H, 0, Q are as indicated in Table 11. 



Table IY shows the minimal inhibitory concentration (MIC) values against four significative bacte- 

rial strains for the functionalized alkylthiomethyl penems z. A b ,  and for a representative of 
42 

the heterocyclylthiomethyl family, the methyltetrazole product Ia; the 2-lunsubstituted methyl1 - 
penern 1Of was taken as  a reference standard. These data are striking when compared to the early ,"--. 
report by ar~atol-~yersl'~~ on 6-unsubstituted penema, which in median activity against Grawnega- 

tive bacteria favoured the 2-methylthiornethyl product over the 2-methyl reference, and the latter 

over the tetrazolylthiomethyl analogue by a total factor of over 60. Instead, and in line with our 

original working hypotheaia, our data suggest that the tetrazalylthio substituent, similarly to the 

acetoxy and carbamoyloxy groups, plays a definite role in contributing to good antibacterial per- 

formance ( E V S .  l&f). These incongruities, and unexpected losses of activity occasionally found 

for a few entries5 may hint at a subtle interplay between intrinsic activity and stability fac- 

tars, which in the 6-unsubstituted series might have become particularly severe. A peculiar source 

of instability common to all the thiomethylpenems might be envisaged in the possibility of equi- 
44 

libration into the exo form under the conditions of antimicrobial testing. Conversely, on such 

h~pothesie one could surmise that the activity observed for thioalkylidenepenams 111, % b e  the re- 
& 

suit of a slight proportion of the penem form arismg from equilibration, if not already preaent in 

the sample. Table Iv does indeed show that the potency ratio within each penem-penam couple is rather 
45 

evenly distributed accross the whole spectrum, even when, as for 1110, the penam form apparently - 
exhibits a remarkable level of antimicrobial activity. 
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