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2-(HETEROATOM-SUBST1TUTED)METHYL PENEMS. 
1 
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Abstl'act - The synthesis of "2-CH X" penems wherein X is N-midoyl, N-heterocyclyl, amino 
2 

or quaternary ammonium is described. The observed in antibacterial activity marginally 
~0rI-elate5 with the electronic actlvatlon Induced by the X group on the R-lactam rlng. 

In the attractive and varied scenarm of R-lactam compounds, the penem nucleus stands as an artificial 
2 3 

entry , yet endowed with remarkable bialoglcal properties. Since Woodward's pioneering synthes~s of 

the 6-acylamlno derivatives, improvements have been sought through the introduction of different C 
2 

and C side chams. Whlle an optimal C-6 substltuent was recognized in the thienamycin d(-hydroxyethyl 
6 

group, many efforts are st111 being devoted to C functionalization. The observhkion that a maJor de- 
2 

te-mlnant of the R-lactam activation of ~e~halosporins is the presence of a heteroatam at the C' posi- 3 

tion prompted us to syntheslse penems carrying heteroatom-linked substituents at their electronically 
1 

equivalent C -methylene . Here we report the series of the nitrogen derivatives, arbitrarily divlded 
2 

acco~ding to whether the nitrogen atom is part of an imlde, a heterocycle, a (substituted) mine or a 

quaternary ammonium salt. 

Introductmn of an mido group as the n-lactam cerbonyl electronic activator was flrstly conceived. ln 
4 

spite of the scanty attentlo" received by this kl"d or substituent in the cephalosporin rleld . To 
this end, an array of five membered cycllc lmldes vere found to react smoothly with Z-hydroxymethyl- 

5 6 
penem 1 by exploitation of the Mltsunobu condensation procedure (Scheme I). Typically, the additmn - 
of a shght excess of preformed triphenylphosphine - diethyl azodlcarboxylate complex to a solutlon of 

7 alcohol 1 and imides 2a-j in dry THT at r.t. led to a virtually instantaneous reactlon. The protected - -- 
8 

2-lmldomethylpenems 3a-J vere isolated after purification by flash chromatography (silica gel, cyclo- - 
hexane-ethyl acetate), vlth the exception of 3e, which crystallised dlrectly from the reactlon mlxture. -"- 
Yields ranged from good to excellent (81-98%), apart from 2 (48%), Lh (59%). 3 j  (57%). The low solubi- 

llty of hydantoln in THF and the large excess (> 5 mol equiv.) of TPP-DEAD complex needed in the case 

9 
of saccharin m~ght account for the observed decrements; in both cases, a parasite reaction leading to 

the hydrazino derivative 3 (separated and characterised only after desilylation at C ) could not be 
8 

suppressed. On the other hand, parabanlc acld (Lh), possessing t w o  identical imidic protons, gave a 

substantial amount of dimer (25%). even when a stoichimetric quantity of the Mitsunobu reagent was 

used. 
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10 
BY contrast, saturated 6-membered cyclic imides, owing to their lower pK values, under the above 

conditions proved madequate to act as acidic components in the Mitsunobu reaction. Thus g1utarimld0- 

methylpenem s, a representative of this homologous series, was prepared by a two-step procedure 

11 entailing acylation of the silver thiolate & with the required chloride (CH2C12, r.t.1 and wittig 

condensation of the resulting thiaester-phosphorane (Scheme 11). 

SCHEME - 
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12 
When exposed t o  tetrabutylammonium f luo r ide  (buffered n t h  a c e t i c  acid, THF, overnight )  . s l l y l  

8 
e t h e ~ s  3& were smoothly deblocked t o  hydroxy de r lva t l ve s  4a-k . Palladium rned~ated transallylat ian 

I3 - 
(Pd(PPh3I4. PPh3. CH C 1  -THF. 10-40 m i " )  o f  4a-e,h-k i n  the  presence of sodium 2-ethylhexanoate ( l m l  

2 2 - - 
equ iv . )  afforded the  corresponding sodlurn s a l t s  5a-e.h-k, whlle t h e  presence of  excess a c e t x  a c i d  -- 
and longer r eac t l on  t imes (3-5 h )  were requi red  t o  achieve zwl t t e r i ons  Z f . 5  

Next, we turned our a t t e n t i o n  t o  t h e  2-(triazol-1-~1)methylpenems (Scheme I I I ) ,  which we consi- 

15  
dered representa t lve14 and acces s ib l e  t e s t i n g  samples of  t h e  v a s t  c l a s s  of  t h e  he terocycl ic  n i t ro -  

gen derivatives. Our i n i t l a l a t t e m p t s t o  ob t a in  the  requi red  2-azldornethyl precursor  by n u c l e o p h i l x  
9 16 

s u b s t i t u t m n  of 2-chloro OP 2-mesyloxymethylpenem with sodium azide  i n  polar  ap ro t i c  so lven t s  - 
thwarted by low y i e l d s  and lack  of r e p r a d u c ~ b i l i t y .  An exce l l en t  a l t e r n a t i v e  was found in the  reac- 

t i o n  of 2-hydroxymethylpenem&vith hydrazoic ac ld  under Mltsunobu-Volante conditions, whereupon the  

c r y s t a l l m e  2-azidomethylpenem 9 was i s o l a t e d  i n  95% y i e ld .  Thermal add i t i on  of acetylenedicarboxy- 

l a t e  (THF. 60uC) t o  az ide  9 produced 10a uneventfully (70%),  while use of e t h y l  p rop io l a t e  (reflw 
v - 

to luene)  led  t o  a mlxture of  isomers (=b.lOc, r a t l o  2 .5 :1 ,  64%) whose regiochemietry,  predicted on - 
17 

t h e  b a s i s  of e l ec t ron i c  f a c t o r s  governing d ipo l a r  a d d i t m n s  , was confirmed by s p e c t r a l  evidence. 

Stepwise removal of p ro t ec t i ng  groups afforded t h e  t a r g e t  penems 14a-c i n  acceptable  y i e l d s  (35-42%). - 
SCHEME 

OTBDMS 

4 -  2 R-=-R 

I ; X=OH - 



16 
Endo-exo double bond shlft, which had plagued the synthesis of 2-thlornethylpenems , was not detected -- 
at any extent in the 2-imidomethyl derivatives. However, small percentages of tr~azolylmethylenepenams 

12a-c were formed durlng desilylation of w, and upon exposure of 9 to the same conditions only the - ?" 

vinyl aside 2 was isolated. The disappointing antibacterial profile exhibited by the triarolyl penems 

Ida-c diverted our efforts from syntheslsing further analogues. Instead, the azido intermediates? and - 
18 

@ (Scheme IV) were used for preparing the 2-aminomethylpenem 21 , a valuable target both per and - 
as a dlrect source of attractive derivatives. 

S C H E M E  & 

Preliminary attempts were carried out through the Staudinger reaction1': upon addition of PPh (1 mol 
3 

equiv.) to azldo derlvatlve 2 immediate nitrogen evolut~on occurred. The supposed mino-phosporane 
intermediate could be acetylated (AcC1. CH2C12. 0°C. 3h) to a 30:70 equllibrium20 mixture of e-m 

21 
acetamid0 derivatives 17, in moderate yield (52%), but not hydrolyzed to free ammo under neutral 

o r  sllghtly acidic conditions, nor converted into a protected amino function by treatment with chloro- 

formatee. Therefore, 2-aminomethylpenem 21 was obtamed from the aide by catalytic hydrogenatmn - 
IH 6 atm, 10% Pd/C, DME-Et 0-H 0, 3h, no%), vhlle reductive deblocking with Fe-NH Cl(THF-H 0. 90 m m ,  
2 2 2 4 2 

14%) was preferred for the acetamdo compounds 18.g After completion of our work, 21 gamed popula- - 
22 

rity as the Ciba-Geigy clinical penem cand~date (CGP 31608) . 
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A S  expected, compound 21 evinced remarkable potentla1 for further synthetic transformations: ureldo- - 
penerne 22 and 23 were obtarned by treatment of silylateds (8 ma1 equlv. BSA,  THF, lh) with methyl - - 
isocy-te (16 mol equiv., ih, 63%) or isopropyl isocyanate (3.5 mol equlv.. 24h, 41%). while amldino 

penems 2 and 25 became accessible by reaction of zvitterlonlc Z w i t h  ethyl formimidate or ethyl - 
acetlmldate (1 mol equiv., NaHC03, H20. 2h. 43% and 61% respectively). 

Nonetheless, the most remarkable products were found vithm the class of the quaternary ammonlome- 

thy1 derivatives 8 (Q+= pyridinlum, trlalkylammonium, dmlkylanillnium, cycloalkylammonnm, quinu- 
23 

clidmium), whose antibacterial actlvity has been recently anticipated by us . 
SCHEME 

CF~SO? 
e 

Q %? - orN Jfi?~ - C O ~ R '  
27 C02R2 

I o r 1 5 ;  XIOH - - - 
( R S , R ~ ~  TBDMS , /V, 

26 ; X=OSO,CF3 - or C O ~ ~ N B ,  ~ N B  ) - a ; &  AD 

The procedure of cholce for the synthesis of penems 28 is outlmed in Scheme V for Q+= pyridlnium. -.... 
The in sltu prepared trlflates 26 (1.5 mol equlv. of trlfllc anhydride. 3 mol equiv. of pyrldme, -- 

CH Cl -40'C) ~n the presence of excess pyridine underwent smooth nucleophilic displacement affor- 
2 2' 

ding crude 27, wh~ch were subjected to routine depratectlon (TBAF-HOAC-THF overnight, as%, followed - 
by Pd(PPh ) -PPh -HOAc-CH2C12. 80%; or Fs powder-NH C1-H 0-THF, 40 mln, 30%) yielding zwitterion 

3 4  3 4 2 

28a. Failures to reproduce this sequence were occasionally encountered: for example, qulnoline and - 
1 2 

lsoqulnoline wlth triflate 2 ( R  =CO pNB,R =pNB) afforded diastereoisomeric mixtures of non-ionlc 
2 

I 
p~ducts. which vere assigned the dlhydro structures ?? and 35on the basis of their H NMR and FD 

mass spectra (Table I). Sterlc hindrance, low nucleaphil~city or the presence on the mine of func- 

tmnal groups sensitive to trlfllc anhydride vere other reasons for failure. Thus, untractable tars 

were obtained from reaction of 26 with 2,6-lutldine or isonlcot~namide. The ~son~cotinioam~do deri- - 
vative was therefore obtained by substltutmg 3-bromomethyl-2-th~acephem 31 for the triflate2 - 
as the electrophillc partner (Scheme VI). - 

CF3S020 ? 
2 9 ;  R =  - 'SJO 

C02pNB - 3 0 ;  R =  
\' Nq OSOZCF 3 
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24 
Following nucleophil~c displacement of & by lsonlcotinamide (Dm, 2Oh. 66%), desilylation 

24 
(BF .Et 0. MeCN. 30 m m ,  ODC) and desulphuratlve ring contraction (PPh3, acetone) afforded a separa- 

3 2 
ble C -diastereoisomeric palr of penems, 3&e(3:2, 41% overall from 321, which were individual- 

5 

ly deprotected (Fe-NH C1, THF-H 0, 30%) to give the target product, 35a, and its biologically -tiye 
4 2 - 

55-epimer z. Isotoplc exchange of the C-2' methylene protons o f 2  could be accomplished under 

neutral conditions (0 0, acetone; few minutes), witnessing thev acldity increase imparted by the 
2 

quaterna~y amrnonlum substituent and shoving that in this case the absence of any detectable e- 
ex0 double bond equhbratlon is the result of thermodynamic control. This preference for the ammo- - 

niomethylpenem structure was experimentally ascertamed to be a common event, the 2-(cyclopenteno- 

pyridinium-1- 2 belng the only enammonlum salt isolated in appreciable amount throughout 
our Y O P ~ .  

\ 
co, -/ 44 ; R':SI M ~ & H  - 
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Modulation of the 8-lactm reactivity and of the C2' substituent n u c l e o f ~ g a l i t ~ ~ ~  was at the basis of 

our research in 2-(heteroatom-substituted)methylpenees. The quaternary ammonium compounds marked a 

strong increment of both parameters as compared with the carbarnate 3 ((our current clinical candidate, 
5 

FCE 22101 ) and with the 2-unsubstituted methylpenem reference2, sometimes accornpained by an impres- 

sive Increase of the vitro antimicrobial activity (compoundzb, Table 111). Thus, the pseudo-first 

Order rate constant of R-lactam cleavage in alkaline solution (pH 9, 37"C, HPLC determination) was 

0.702 h-I for E,  0.146 h-l for and 0.030 h-l for 38. The leaving group ability of the quaternary 
ammonium moiety was testified by difficulties experienced in the removal of the tert-butyldlmUlylsily1 

group under standard conditions (TBAF/HOAc/THF), which led to competitive 8-lactam cleavage, expulsion 

of the tertiary mine and aromatisation of the resulting exomethylenethiazoline intermediate to give 
26 

the thiazole 39 and further degradation products . On the other hand, 6,s-elimination interferred 
with the triflate-mine displacement step-a carbonate was used as the C hydroxyl protector; for 

8 

example, the 6-ethylidenepenem 40 (65:35 Z/E mixture) was isolated instead of 22b when the p-nitroben- 

zylcarbonate 15 was used as the starting hydroxymethylpenern reagent. To obviate these difficulties. 

the more labile trmethylsilyl ether 44 was used in place ofl- or 2 in gram-scale preparations of z. 
That entalled conventional desilylation o f A  (TBAF 3 mol equiv., HOAc-THF 1:3, overnight) and &?m&ive 

sllylatlm of the crude dicarblnol 41 to give 43 (excess BSA CH CI , 5 h; monosilylation glves the 
2 2 

isolable primary ether z), whose carefully controlled monodesilylation (HOAC-THF-H 0 0.1:3:1, 15min) 
2 

yielded 2 (70% overall from 1 after NaHCO quenching and flash-chromatography). - 3 

Table I - Spectral data of key intermediates and byproducts 
-1 1 1 2 

compd. ir(vmax,cm ) H nmr ( 6 .ppm) 

(60MHa)2.70(1H,dd.J=17 and 7Hz).3.05(1H,dd,J=17 and 8Hz).4.35-4.65 
(3H,m),5.0-5.4(2H,m),5.5-6.10(1H.m),6.30(1H.d,J=6.5Hz.exch.D 0),9.7 

2 
(1H.s.exch.D 0) 

2 
(90MHz)1.0616H,t.J=7H.).3.74(1H,dd.J=1.9 and 6.4H2),4.21(4H,d,J=m), 
4.90(2H,ABq,J=l6.SHz),5.61(1H.d,J=1.9H~),6.S21H,b s, exch. D 0) 

2 
3.71(1H,dd,J=1.8 and 4.3Hz),4.81 and 5.38(2H,each d.J=16.8He),5.59 
(i~,d.~=i.8nz) 

(60MHe)3.71(1H,dd,J=1.7 and 4.4Hz),4.52(2H,ABq,J=15.5Hz),5.56(1H,d, 
J=1.7Hzl 

(60MHz)3,37(1H,dd,J=I and 6.2Hz).5.30(2H,br s1,6.56(1H,d,J61Hz) 

(60MHz)3,14(1H,dd,J=l and 6.5Hz),4.02(6H,s),5.46(1H,d,J=lHz).5.63 
(lH,d,J=lH2).7.90(1H,d,J=lHz) 

(1:l diaster.mixture)3.87 and 3.89(1H,each dd,J=1.7 and 7.9Hz.X ) ,  
6 

4.80,5.12 and 4.81,4.93(2H,each d,J=16Hz,CH N1.5.52 and 5.61(1H, 
each d,J=1.7Hz H 1.5.77 and 5,80(1H,each d,f=4.0~~,~~~),6.1-6.2 

'-5 
(lH, two dd,J=4.0 and 9.5Hz, A'- ) ,6.85(1~,d,J=9.5Hz, ) ,7.3- 
7.6(4H,m,Ar) - H-H p!i 
(3:s d1aster.minture)3.88 and 3.90(1H,each dd.J=1.8 and 7.8Hz.H6), 
3.89,5.12 and 4.78.4.87(2H,each d,J=16He,CH N).5.55 and 5.61(1H, 
each d,J=1.8Hz.H ),6.21(1H, br s ~ti0~1.6.$8 and 6.39(1H.each d, 
J=7.5Hz, -5,6.68(1~,br d, 1.7.3-7.6(4H,m.Ar) 

H-H - H-H - 



32 1785.1720.1690 (CD coCD~)o.05(6H,s),0.75(9H,s),1.27(3H,d.J=6.1Hz),3.68(1H,dd,J=2.6 - 3 3 
and 3.3Hz) ,4.45(1H,dq,J=3.3 and 6.1Hz) ,4.97(1H,d,J=2.6Hz) .5.49 and 
5.70(2H,ABq,J=13.0Hz),6.29 and 6.47(2H,ABq,J=15.OHz),7.82 and 8.20 

each 2H,d,J=6.5Hz),7.92 and 9.6(2H,each br.s, exch. D 0),8.99 and 2 
9.72(each ZH,d,J=6.2Hz) 

39 - (CHC1 11715 0.06(6H,s),0.85(9H,~),1.10(3H,d,J=6.2Hz),2.74(3H,s),4.27(1H,d,J=3.4 
3 

Hz),4.28(1H,dq.J=3.4 and 6.2Hz),4.67(2H,m),5.21-5.40(2H,m),5.94- 
5.99(1H.m) 

44 n.d. (60MHz)0.08(6H,5),1.23(3H,d,J=6.5Hz),3.66(1H,dd,J=1.5 and 5.5Hz), .- 
4.18(1H,dq,J=5.5 and 6.5Hz),4.5-4.7(4H.m),5.15 and 5.37(2H,m),5.48 
(lH,d.J=1.5Hz),5.65-6.20(lH,m) 

1 2 
I" KBP unless otherwise stated. 1n C D C ~  ,25'c, at 200MHz unless otherwise stated; except z.p. 

3 
3 2 , z  and a, signals relatlve to rhe hydroxyethyl slde chain and to protecting groups haveteamitt&. 
y~dditional data: f .  [o]o+32.00 (1% EtOH) ;2g, iaj -33.3'(1%EtOH) ;7.~~(~~)876m/z(~+) ;smp 65-C; 10, uv 
Arnex(EtOH)275nm(E=10.950) ; 3 0 . ~ ~ ( ~ ~ ) 8 ~ ~ m / z ~ ) .  

Table I1 - Spectral data of 2-(nitrogen substltuted)methylpenees and byproducts 
-- 

1 
H nmr(D20) 

1 

6 (pprn) 

(90h1Hz)1.30(3H,d.J=6.OHz),2.85(4H.8).3.9OlH,dd,J=l.8 end 6.0 
Ha),4.24(1H,m),4.86(2H,ABq,J=16.0Hz).5.60(1H,d.J=1.8Hz) 

1.29(3H,d,J=6.5Hz),3.92(1H,dd.J=1.6 and 6.OHz).4.23(1H,dq,J= 

6.0and 6.5H2),4.64 and 5.21(2H,each d,J=16.2Hz),4.93(2H.s), 
5.65 (lH.d,J=1.6Hz) 

1.33(3H,d,J=6.OHz) ,3.96(lH,dd,J=5.0 and 1.8Hz) ,4.30(2H,s), 

4.25(1H,m),4.80 and 5.33(2H,each d.J=17Hz),5.68(1H,d,J=1.8Hz) 

1.33(3H,d,J=6.3Hz),3.95(1H,dd.J=1.3 and 6.OHz),4.16(2Ks).4.68 

and 5,15(2H,each d,J=16.8Hz),5.68(1H,d,J=1.3Hz) 

1.28(3H,d,J=6.4Hz1,3.92(1H,dd,J=1.5 and 6.OHz),4.23(1H,dq,J= 

6.0 and 6.4Hz),4.54(2H,s),4.72 and 5.27(2H.each d,J=16.5Hz), 

5.64(1~,d,J=1.5Hz),7.15(1H,d,J=3.9Hz).7.61(1H,d,J=3.9H~),7.85 

(lH,s) 

1.27(3H,d,J=6.4Hz),2.72(1H,dd,J=18.1 and 5.5Hz),3.24(1H,dd,J= 
18.1 and 8.9hz),3.90(1H,dd,J=6.0 and 1.6Hz),4.22(1H,dq,J=6.4 

and 6.OHz),4.23(1H,dd,J=5.5 and 8.9Hz),4.60 and 5.15(2H,each 

d,J=16.2Hz),5.6O(lH,d,J=1.6Hz) 

1.29(3H.d,J=6.4Hz),2.90(1H,dd.J=5.7 and 18.3Hz),3.32(lH,dd.J= 

9.2 and 18.3Hz),3.92(1H,dd,J=1.6 and 6.OHe),4.24(1H.dq,J=6.0 
and 6.4Hz),4.48(lH.dd,J=5.7 and 9.2H2),4.63 and 5.ZO(ZH.each 

d,J=16.2Hz),5.62(1H,d,J=1.6Hz) 

n.d. 

1.26(3~,d,J=6.4Hz),3.83(1H,dd,J=1.5 and 5.6Hz),4.20(1H,m)4.73 
and 5,19(2H,each d,J=16.6Hz),5.53(1H,d,J=1.5Hz),7.82(4H,s) 
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Table I1 - Contmued 

1.31(3H,d.J=6.6Hzl,3.92(1H,dd.J=1.6 and 5.9Hz1,4.26(1H.dq,J= 

6.6 and 5.9Hz),5.02 and 5.50(2H,each d.J=16.7Hz).5.65(1H.d,J= 
1.6Hz),8.0-8.2(4H,m,Ar) 

(35~C)1.28(3H,d.J=6.5H~],1.98(2H,q,J=6.2Hz),2.50(4H,t,J=6.2Hz), 

3.86(1H,dd,J=1.6 and G.OHz),4.22(1H,dq,J=6.0 and 6.5Hz),4.88 
and 5.26(2H,each d,J=16.3Hzl,5.58(1H,d,J=l16H~1 

(60MHz)1.33(3H,d,J=6.5Hz),3.90(1H,dd,J=1.8 and 6.OHz),4.03(3H.s), 
4.08(3H,s1,4.25(1H,m),5.67(1H,d,J=1.8Hz),6.11(2H.ABq,J=16Hzi 

(GOM~z)1.34(3H,d,J=6.5H~),1.43(3H.t,J=7Hz),3.90(1H,dd,J=1.8 

and 6.0 Hz) ,4.19-4.63(3~,rn),5.67(1~,d,J=1.8Hz) ,5,93(2H,ABq,~= 
16Hzl,8.31(1H,s) 

1.28(3H,d,J=6.5Hz),1.34(3H.t,J=7.2H~l,3.85flH,dd,J=l.5 and 5.9 
H2),4.19(1H,m),4.40(2H,q,J=7.2Hz1,5,56~1H,d,J=1.5Hz,5.86 and 
6.30(2H.each d,J=16.5Ha),8.30(1H,s) 

1.31(3H,d,J=6.4Hz) ,e.09(3H,s),3.50(1H,dd,J=l.3 and 6Hzl,4.29 
(lH,rn),S.ZS(lH,d,J 0.5~~).5.39(1H,d,J=1.3Hz),6.94(1H,d.J 0.5Hzl 

1.29(3H,d,J=6.5Hz),3.98(1H,dd,J=1.4 and 6.OHz1.4.06(2H,ABq.J=15 

Hz),4.25(1H,m).5.71(1H.d,J=1.5Hz) 

(OMS04 ,5OoC)1.13(3H,d,J=6.2Hz),2.54(3H.d,J=4.4Hz),3.57(1H,dd, 
6 

5-1.6 and 6.3Hz),3.93(1H.dq.J=6.3 and 6.2Hz1,3.96(2H,ABq,J=lG 
He).5.46(1H,d,J=1.6Hzl,6.18(1H,br s.exch.0 01 

2 

1.09(6H,d,J=6.6Hz),1.28(3H,d,J=6.1Hz).3.71(1H,m),3.92(1H,dd, 

J=1 and 6Hz),4.22(1H.m1.4.40(2H.s).5.62(1H.d.J=1Hz) 

1.28(3~,d,J=6.3Hz),3.91(lH,dd.J=1.4 and 6.OHz),4.22(1H,m), 
4.61(2H,ABq,J=l5Hz),5.68(1H,d.J.1.4Hz),7.85(lH,s) 

1.31(3H,d,J=6.4Hz) ,2.24(3H.s) ,3.93(1H.ddJ=1.4 and 5.9Hz1, 
4.26(1H,dq.J=6.4 and 6.OHz).4.59(2H.sl.5.71(1H,d.J=1.4Hz) 

1.27(3H,d,J=6.5Hz),3.98(1H,dd,J=1.4 and 5.8Hzl,4.24(1H.dq,J= 
5.8 and 6.5Hz),5.69(1H,d,J=1.4Hz),5.68 end 6.20(2H,each d,J= 
14.9Hz),8.10(2H,dd.J=6.1 and 7.7Hz),8.61(1H,t,J=7.7Hz1,8.95 
(2H,d.J=6.1Hzl 

1.29(3~,d,J=6.4Hz) ,2.23(4H.m) ,3.11(3H,s) ,3.59-3.63(4H.m). 
4.03(1H.dd.J=1.6 and 5.8Hz).4.26(1H.dq.J=5.8 and 6.4HzI,4.78 
(2H,ABq,J=13.8Hz),5.75(1H,d,J=I.6Hzl 

1.28l3H,d,J=6.4Hz),4.00(1H,dd.J=1.6 and 5.9Hz),4.24(1H.dq,J= 
5.9 and 6.4Hz),5.71(1H,d,J=1.6Hz),5.75 and 6.26(2H,each d,J= 
14.8Hz),8.40 and 9.13(each 2H,d9J=6.8Hz) 

1.38(3H,d,J=6.SHe),4.01(1H,d,J=4.0 and 9.OHz).4.33(1H,dq,J=9.0 
and 6.5Hal.5.78 and 6.28(2H,each d,J=14.8Hz),5.80(1H,d,J=4.OHz), 
8.38 and 9.13ceach 2H,d,J&.8Hz) 

(1:2 E:Z mixture)(80MHz)1.85 and 2.09(3H.each d,J=7.2Hz, 

CH CH of Z and E),2.0-2.5(4H,rn),3.15(3H,s).3.4-3.8~4H.m), 
-3 
4.45 and 5.12(2H,each d,J=13Hzl,5.2l(lH.br 8,H 1.6.33 and 

-5 
6.63(1H,each q,J%7.2Hz;CH CH of E and Zl 

3 - 

1 
At 200MHz. 25'C, unless otherwise stated. 2~ddltianal data: 21, MS(FDl254, 244(~+),226 m / z ;  3, - 
MS(FD)330, 329(~+) m/z. 
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Table 111 shows the in activity of the title penems observed agalnstseven -emhive bacter- 

la1 strains, in comparison with the reference compounds g ( F C E  22101) and 3. The most strikmg re- 
sults are the extraordinary anti-pseudornonal activity of the aminomethylpenern 21 (dlsappolntingly - 
decreasing upon amidino derivatisatmn, in contrast with the improved ectlvity of Impenern over thir- 

27 
namycin ) ,  and the impressive potency of the quaternary ammonium representatives. On the other 

hand, substantial or complete lose of activity was associated with the 6-ethylidene chain (%I, the 

exomethylene tautomerlc structure (181, and the 5s configuration (3Abb). NO straightiorward structure 

activity relationship is apparent beyond the gross correlation observed along the sequence %<32< 

a between antibacterial potency and alkaline hydrolysis rate. Clearly, the individual antimicrobial 
profiles are heavily affected by less predictable variations in the molecular recognition by the 

cell wall penetration properties. 

Table 111 - 2 vitro ant~bacter~al activitylv2 of penems 
+ + 

compd. S.a. ~ . f .  E . C .  ~.cl.+ ~ . e .  c.r. ~ . a  

FCE 22101 0.045 1.56 0.78 1.56 0.78 1.56 > 50 
38 - 0.39 12.5 3.12 3.12 3.12 3.12 >lo0 

1) Minimal inihibitory concentrations (MICs.pg/mll were determined by the standard two-fold agar 
dilution method in Bacto Antibiotic Medium 1 (Difco). 21 Organisms lncluded in this table are: 
S.a. .  Staphylococcus aureus Smith; E.f., Enterococcus faecium ATCC 8043; E.c.+, Eacherichia coli 
B R-lactarnase producer; ~.cl?, Enterobacter cloacae P99 R-lactamase producer; K.a?, Klebsiells 
Berogenes 1082 E B-lactamase producer; C.f., Citrobacter freundl AT00 8090; P.a., Pseudomonas 
BePu~inOSa ATCC 19660. 



HETEROCYCLES, V d .  27, No 6, 1988 

ACKNOWLEDGEMENTS 

Acknowledgements are due to A. Giorno, A. Fiuman6 (chemical assistance), G. Marazzi. D. Borghl 

(NMR spectra), E. Arlandinz (fleld-desorption mass spectra), S. Del Nera (hydrolysis rate determina- 

tion) and G. Melnardi, D. Jabes (antmicrobial testmg). 

REFERENCES AND NOTES 

1. Part I1 of this serles: M. Alpegiani, E. Perrone, and G. rrwceschi, Heterrcycles, 19BB,g,49. 

2. 1. Ernest in "Chemlstry and Biology of B-Lactam Antiblotlcs", R.B. Morin and M. Gorrnan, eds.. 

Academlc Press. London. 1982, Vo1.2, pp. 315-360. 

3. R.B. Woodward in "Recent Advances in the Chemlstry of R-Lactarn Antibiotics", J. Elks, ed., 

Speclal Publicatmn No. 28, Chem. Soc., London, 1976, pp. 167-180. 

4. S. Horii, H. Fukase, and N. Mlzokami, Jpn. Kokai Tokkyo Koho 78 119,885 (Chem. Abstr., 1979,%, 

168628t). and ibidem, 79 92,986 (Chem.Abstr.. 1980,93.2644w). For a saccharin precedent see: 

J.S. Skornlckl and D.P. Strike, J. Antibiotics. 1986.2,380. 

5. G. Franceschi, M. Foglio, M. Alpegiani. C. Battistinl, A. Bedeschi, E. Perrone, F. Zarini, F. 

Arcamone, C. Della Bruna, and A. Sanfilzppo, J. Antibiotics, 1984,37,685. 

6. 0. Mltsunobu, Synthesis. 1981, 1; R.P. Volante, Tetrahedron Lett., 1981,22,3119. 

7. Imides Lare comrnerclal products, apart from g, which was prepared from glycolamide (V.H. 
Wallingford, M.A. Thorpe, and R.W. Stoughton, J. Am. Chem. Soc., 1945.67.522)and the new 

protected aminosuccinlrnides f ,  2g, which were obtained from asparagine (54% overall) by analogy 

with a literature precedent (E. Sondheimer and R.W. Holley, J. Am. Chem. Soc., 1954,7_6,2647): 

0 0 0 
II II II 

C!CO""H=CH~ MeOH / HCI IN NaOH 

"cX - ____, - 
HOOC NH2 HOOC 

0 - 0 

D-asparagine (rnp158k) (mp125'c) 

Elaboration of L- asparagine produced the enantlomeric imlde 9 (Table I). 
1 

8. Melting point of crystall'ine compounds: ~ , 1 3 ~ 0 C ; ~ , 1 3 8 P C ; ~ , ~ 2 3 0 o C ; ~ . 1 7 4 e C ; 3 i . 1 3 0 0 C ; ~ , ~ 3 0 0 C ;  ,.- 
4~.135~C;~e,159-162'C. - 

9. M. Alpegiani, A. Bedeschi, and E. Perrone, Gazz. Chim. Ital.. 1985,115,393, 

10. Unsatured 6-membered analogs, such as uracil and its derlvatlves, gave problems of chemoselectivi- 

ty (N---0-alkylation) and regioselectlvity. For a precedent see M.S. Manhas, W.H. Hoffman, 

B. Lal, and A.K. Bose, J. Chem. Soc., Perkin Trans 1, 1975,461. 

11. Compound ,$was prepared by modification of a patented procedure: M. Menard and A. Martel, U.S.Patslt 

4,272.437 (Chem. Abstr. 1981,~,203941s). 

12. G. Just and T.J. Liak. Can. J. Chem., 1978.5&,211. 

13. P.D. Jeffrey and S.W. Mccombie, J. Org. Chem., 1982,42,587. 

14. Similar products were independently pursued at Clberceigy bya dlrrerrrrt mrte:M. Lang, P. Schneider, 

W. Tosch, R. Scartazzini, and 0. Zak, Program and Abstracts of the 25th Intersci. Conf. on Anti- 

microb. Agents Chemother., No 376, p.159, Mlnneapolls, 1986. 



15. [3+2]~ipolar cycloaddition of acetylenes to azides constitutes a powerful synthetic tool for the 

late construction of thiazoles on sensitive molecules. For a recent application see R.G. Micetich, 

S.N. Maiti, P. Spevak, T.W. Hall, S. Yamabe, N. Ishida, M. Tanaka, T. Yamazaki, A. Nakai, and K. 

Ogawa, J. Med. Chem..1987.g.1469. 

16. M. Alpeglanl, A. Bedeschi, E. Perrone, F. Zarini, and G. Franceschi, Heterocycles, 1985,23,2255. 

17. H.G. Vlehe, ed.."Chemistry of Acetylenes". Marcel Dekker, New York, 1969. 

18. RaCemlC 21 had been prevmusly patented by Bristol-Xyers Co. (ref. 11). 
19. H .  Staudinger and J. Meyer, Helv. Chim. Acta, 19192,635. 

20. Once separated, 1 2  (O.lg) gave the same 70:30 proportion of 17 and 18 when treated with triethyl- - 
mine (0.1 ml) in dichloromethane (1 ml, 6 h). 

21. M. Vaultler, N. Knouzl, and R. CarriC, Tetrahedron Lett., 1983,4.763. 

22. M. Lang, E. Hungerbihler. P. Schneider. R.Scareazzini, W .  Tosch, E.A. Konopka, and 0. Zak, 

Helv. Chm. Acta, 1986,69,1576. 

23. E. Perrane, M. Alpegiani, A. Bedeschi, F. Giudlcl, F. Zarlni, G. Franceschi, C. Della Bruna, D. 

Jabes. and G. Mernardi. J. ~nt~biotics, 1986.39.1351. 

24. E. Perrone. M. Alpeglani. A. Bedeschi, F. Giudici. M. Fogllo, and G. Franceschi, Tetrahedron 

Lett., 1983.4.3283, - 
25. C.J.M. Stlrling, Acc. Chem. Res.. 1979,g,198. 

26. A full account of the complex array of products resulting from hydrolytic cleavage of "2-CH X" 
2 

penems will be glven on a separate paper. 

27. W.J. Leanza, K.J. Wlldonger. T.W. Miller, and B.G. Christensen, J. Med. Chem., 1979.g.1435. 

Received,  13th February ,  1 9 8 8  


