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Abstract - The synthesis of "2—CH2X" penems wherein X is N-imidoyl, N-heterocyclyl, aminc
or gquaternary ammonium is described. The observed in vitro antibacterial activity marginally

correlates with the electronic activation induced by the X group on the B-lactam r'ing.

In the attractive and varied scenaric of B-lactam compounds, the penem nucleus stands as an artificial
entryz, yet endowed with remarkable biological properties. Since Woodward's pioneering synthes153 of
the 6-acylamino derivatives, improvements have been sought through the introduction of different C2
and C6 side chains. While an optimal C-6 substituent was recognized in the thienamycin ¢{-hydroxyethyl
group, many efforts are still being devoted to C2 functionalization. The cbservaticn that a major de-
Lerminant of the B-lactam activation of cephalosporins is the presence of a hetercatom at the Cé poBi-
tion prompted us to synthesise penems carrying heteroatom-linked substituents at their electronically
equivalent Czumethylenel. Here we report the series of the nitrogen derivatives, arbitrarily divided
according to whether the nitrogen atom 18 part of an imide, a heterocycle, a (substituted) amine or a

guaternary ammonium salt.

Intreduction of an imido group as the B-lactam carbonyl electronic activator was firstly conceived, 1in
spite of the scanty attention received by this kind of substituent in the cephalesporin f1e1d4. To
this end, an array of five membered cyclic imides were found to react smocthly with Z-hydroxymethyl-
penem &? by explcitation of the Mltsunobus condensation procedure (Scheme I). Typically, the addition
of a slight excess of preformed triphenylphosphine - diethyl azodicarboxylate complex to a solution of
alcohol’i and imides 25:27 in dry THF at r.t. led to a virtually instantanecus reaction. The protected
2-1midomethylpenems 23:3 were isolated after purification by flash chromatography (silica gel, cyclo=
hexane-ethyl acetate), wath the excepticn of'gg, which crystallised directly from the reaction mixture.
Yields ranged from good to excellent (81-98%), apart from Eg (48%), 2? (59%), gg (57%). The low sclubi-
lity of hydantoin in THF and the large excess (» 5 mol equiv.) of TPP-DEAD complex needed 1n the case
of saccharin might account for the observed decrements; in both cases, a parasite reactiong leading to
the hydrazinc derivative §9 (separated and characterised only after desilylation at CS) could not be
suppressed. On the other hand, parabanic acid (Ep), posgessing two identical imidic protons, gave a
substantial amount of dimer 2.(25%)' even when a stoichiometric quantity of the Mitsunobu reagent was

used.
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By contrast, saturated G-membered cyclic imides, owing to their lower 1:;](a values, under the above

conditions proved inadequate toc act as acidic components in the Mitsunobuy reaction. Thus glutarimido—

methylpenem 3k, a representative of this homologous series, was prepared by a two-step procedure

11
entailing acylation of the silver thiolate g__ with the required

condensation of the resulting thicester-phosphorane (Scheme II}.

chloride (CHEClE, r.t.) and Wittig
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12
When exposed to tetrabutylammonium fluoride {buffered with acetic acid, THF, overnight) , silyl
8
ethers 3a-k were smoothly deblocked to hydroxy derivatives da-k . Palladium mediated transallylation

(Pd(PPh_) , PPh_, CH_Cl_-THF, 10-4C min) of 4a-e,h-k in the presence of sodium Z-ethylhexanoate (1 mol
34 2 o P e

3 2
equiv.)} afforded the corresponding sodium salts Sa-e,h-k, while the presence of excess acetlc acid

and longer reaction times (3-5 h) were regquired to achieve zwitterions §£,g.

ext, we turned our attention to the 2-(triazol-i-yl}methylpenems 153:5 (Scheme 111}, which we consi-
dered representatlve14 and accessible15 testing samples of the vast class of the heterocyclic nitro-
gen derivatives. Qur initial attempts to obtain the required 2-azidomethyl precursor by nucleophilic

substitution of E-—chloro9 or 2—mesyloxymethy1penem15 with sodium azide in polar aprotic solvents were
thwarted by low ylelds and lack of reproducibility. An excellent alternative was found in the reac-

tion of 2-hydroxymethylpenem 1 with hydrazoic acid under Mitsuncbu-Volante conditions, whereupon the
crystalline 2-azidomethylpenem 13 was isclated in 95% yield. Thermal addition of acetylenedicarboxy~
late (THF, 60°C) to azide_g produced }93 uneventfully (70%), while use of ethyl propiolate (refluxing

toluene) led to a mixture of isomers (lgp.agf, ratio 2,5:1, 64%) whose regiocchemistry, predicted on

the basis of electronic factors governing dipolar additlonsl7, was confirmed by spectral evidence.

Stepwise removal of protecting groups afforded the target penems l4a—c in acceptable yields {35-42%).
A
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16
Endo-exo double bond shaft, which had plagued the synthesis of Z-thiomethylpenems  , was not detected
at any extent in the 2-imidomethyl derivatives. However, small percentages of triazolylmethylene penams
l2a~c were formed during desilylation of 1l0Da-c, and upon exposure of 9 to the same conditions only the
Lo an ¥l Lt s
vinyl azide i} was 1solated. The disappointing antibacterial profile exhibited by the triazelyl penems

léa~c diverted our efforts from synthesising further analogues, Instead, the azido intermediates 9 and
e T el Ead

18
18 (Scheme IV) were used for preparing the Z-aminemethylpenem 217 , a valuable target both per se and
~ —_—

as a direct source of attractive derivatives.

1=
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Preliminary attempts were carried out through the Staudinger reaction ~: upon addition of PPh3 (1 mol

equiv.)} to azido derivative ;g immediate nitrogen evolution occurred. The supposed imino-phosporane
intermediate could be acetylated (AcCl, CHzch, 0°C, 3h) to a 30:70 equllibriumzo mixt;ze of exco-endo
acetamido derivatives ;z, {g in mederate yield (52%), but not hydrolyzed to free amino under neutral
or slightly acidic conditions, nor converted into a protected amino function by treatment with chloro-
formates. Therefcre, 2-aminomethylpenem E& was obtained from the azide kg by catalytic hydrogenation

(H2 6 atm, 10% Pd/C, DMEFEtZO-Hzo, 3h, 40%), while reductive deblocking with Fe—NHacl(THF-HZO, 90 min,

14%) was preferred for the acetamido compounds £§'22; After completion of our work, Ei'galned popula-

22
rity as the Ciba-Geigy clinical penem candidate (CGP 31608) .
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As expected, compound E} evinced remarkable potential for further synthetic transfermations: ureido-
penems Eg and gé were obtarned by treatment of silylated j; {8 mol equiv. BSA, THF, 1k) with methyl

isocyarate (16 mol equiv., lh, 63%) or isopropyl 1socyanate (3.5 mol equiv., 24h, 41%), while amidino
penems 25 and gﬁ'became accessible by reaction of zwitterionic gl_with ethyl formimidate or ethyl

acetimidate {1 mol equiv., NaHCOs, H20, 2h, 43% and 61% respectively}.

Nonetheless, the most remarkable products were found within the class of the guaternary ammoniome-
+
thyl derivatives 28 (¢ = pyridinium, trialkylammonium, dialkylanilinium, cycloalkylammonium, gquinu-

23
clidinium)}, whose antibacterial activity has been recently anticipated by us .
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The procedure of choice for the synthesis of penems Eg is outlined in Scheme V for Q+= pyridinium.
The in situ prepared triflates ?\E (1.5 mol equiv. of triflic anhydride, 3 mel equiv. of pyridine,
CHZClz' -40°C) 1n the presence of excess pyridine underwent smooth nucleophilic displacement affor-
ding crude EZ, which were subjected to routine deprotection {TBAF-HOAc-THF overnight, 45%, followed
by Pd(PPhE)auPPhs-HOAc—CH2C12. 80%; or Fs powder—NH4C1-H20—THF. 40 man, 30%) yielding zwitterion
28a. Failures to reproduce this sequence were occasionally encountered: for example, quinoline and
1soquinoline with triflate 26 (Hl=002pNB,R2=pNB) afforded diastereoisomeric mixtures of non-icnic
products, which were assigned the dihydro structures 29 and ?9,0“ the basis of their 1H NMR and FD
mass spectra (Table I). Steric hindrance, low nuclecphilacity or the presence on the amine of func-
tional groups sensitive to triflic anhydride were other reasons for failure. Thus, untractable tars

were cbtained from reaction of 26 with 2,6-lutidine or isonicotinamide. The 1isonicotiniocamido deri-
A

vative 35a was therefore obtained by substituting 3-bromemethyl-2-thiacephem 31 for the triflate 26
A ——— o

as the electrpphilic partner (Scheme VI). "T*
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Following nuclecphilic displacement of 2&.\24 by 1isonicotinamide (DMF, 20h, 66%), desilylaticn
(BFs-Etzo, MeCN, 30 min, 0°C) and desulphurative ring contraction (PPhs, acetone)24af'f'orded a separa-
ble Cs—diastereoisomeric pair of penems, %.2(3:2, 41% overall from 32), which were individual-
ly deprotected (FE—NH4Cl, THF-—HEO, 30%) to give the target product, 35a, and its bioclogically inactive
55-epimer 2?_?_ Isotopic exchange of the C-2' methylene protons ofé_d_ could be accomplished under
neutral conditicns (DEO, acetene; few minutes), witnessing their acidity increase imparted by the
quaternary ammenium substituent and showing that in this case the absence of any detectable endo-
exc double bond equilibration is the result of thermcdynamic control. This preference for the ammo-

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

pyridinium it 36 belng the only enammenium salt isolated in appreciable amount throughout
enepenam 36

our work.
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Modulation of the B-lactam reactivity and of the C2' substituent nuc}.eofugality25 was at the basis of
our research in ?-(hetercatom-substituted)methylpenems. The quaternary ammonium compounds marked a
strong increment of both parameters as compared with the carbamate 2_7." {our current clinical candidate,
FCE 221015) and with the 2-unsubstituted methylpenem reference ,‘:3,.8,.' sometimes accompained by an impres-
sive increase of the in vitro antimicrobial activity (compound ,?,%E" Table III1). Thus, the pseudo-first
order rate constant of B-lactam cleavage in alkaline solution (pH 9, 37°C, HPLC determination) was
0.702 h-1 for 2,8,2' 0.146 h_l for -?Z and 0.03C h—l for 1:@__ The leaving group ability of the quaternary
ammonium moiety was testified by difficulties experienced in the removal of the tert-butyldimethylsilyl
group under standard conditions (TBAF/HOAc/THF), which led to competitive B-lactam cleavage, expulsicn
of the tertiary amine and aromatisation of the resulting exomethylenethiazoline intermediate to give
the thiazole 3?’ and further degradation productszs. On the cther hand, 6,8-elimination interferred
with the triflate-amine displacement step whena carbonate was used as the C8 hydroxyl protector; for
example, the 6-ethylidenepenem fl'g {65:35 Z/E mixture) was 1sclated instead of 2_§P when the p-nitroben-
zylcarbonate 12 was used as the starting hydroxymethylpenem reagent. To obviate these difficulties,
the more labile trimethylsilyl ether 4_1;1' was used in place ofi or }-\5.\ in gram-scale preparations of g’i&
That entailed conventional desilylation of 1 ({TBAF 3 mcl equiv., HQAc-THF 1:3, overnight) and exhaustive
silylation of the crude dicarbinol 41 to give 43 {excess BSA in CHZClE, 5 h; monosilylation gives the
isolable primary ether i%), whose carefully controlled monodesilylation (HDAc—THF—HEO 0.1:3:1, 15 min}

yielded i{ (70% overall from 1 after NaHCO3 quenching and flash-chromatography).

Table I - Spectral data of key intermediates and byproducts

] -1.1 2
Compd. ir{vmax,cm } lH nmr  { & ,ppm)
3
E’{ (CHC13}1790,1735 (60MHz)2.70(1H,dd,J=17 and 7Hz),3.05(1H,dd,J=17 and 8Hz),4.35-4.65
2 3 (3H,m),5.0-5.4(2H,m),5.5—6.10(1H,m),6.30(lli,d,J=6.5Hz.exch.D20),9.7
.-...% (1H,s,exch.D20)
ib (CHC1_}1785,1745 (90MHz)1.06(6H, t,J=7Hz},3.74(1H,dd,J=1.9 and 6.4Hz)},4.21{(4H,d,J=7Hz),
1715 4.90{2H,ABq,J=16.8Hz),5.61(1H,d,J=1.9Hz),6.82(1H,br s, exch. D20)
3
A 1775,1745,1705 3.71(1H,dd,J=1.B and 4.3Hz),4.8l and 5.38{2H,each d,J=16.8Hz),5.59
(1H,d,J=1.8Hz)}
3
i 2080,1765,1695 (60MHz)3.71(1H,dd,J=1.7 and 4.4Hz),4.52(2H,ABqg,J=15.5Hz},5.56(1H,d,
J=1.7Hz)
3
]~.}. (CHC13)2105,17BO (60MHz)3.37(1H,dd,J=1 and 6,2Hz),5.30(2H,br ®),6.56(1H,d,J €1Hz)
1745
12a (film)1785,1730 (60MHz)3.14{1H,dd,J=1 and 6.5Hz),4.02{6H,s),5.46(1H,d,J=1H=z},5.63
—
(1H,d,J=1Hz)},7.90(1H,d, J=1Hz)
29 17%0,1745,1710 (1:1 diaster.mixture)3.87 and 3.89(1H,each dd,J=1.7 and 7.9Hz,H.),
~ 4.60,5.12 and 4,.81,4.93(2H,each d,J=16Hz,CH_N},5.52 and 5.61(1H,
each d,J:l.?Hz.I_iS),S.?? and 5.80(1H,each d,3=4.0Hz,CﬁOS),6.1-6.2
(1H, two dd,J=4.0 and 9.5Hz, A'/&_(),B.BS(lH,d,J:Q.EHz, Ar_ y,7.3-
7.6(4H,m,Ar) H 'H H B
3
30 1790,1745,1710 (3:5 diaster.mixture)3.88 and 3.90(1H,each dd,J=1.8 and 7.8Hz,H_),
22 2

3.89,5.12 and 4.78,4.87(2H,each d,J=16Hz,CH_N},5.55 and 5.61(1H,
each d,J=1.8Hz,H_},6.21(1E, br s_,CHO5},6.38 and 6.39(1H,each d,

J=7.5Hz, A'er  3,6.68(1H,br d, ATer },7.3-7.6(4H,m,Ar)
H/—\H ' H/""\H '
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Table I - Continued
T T z

Compd. r{vmax,cm ) H nmr (& ,ppm)

32 1785,1720,1620 {CD_COCD_}0.05(6H,8),0.75(9H,8),1.27(3H,d,J=6,1Hz),3.68{1HK,dd,J=2.6

~ and 3.3H2),4.45(1H,dq,J=3.3 and 6.1Hz),4.97(1H,d,J=2.6Hz)},5.49 and
5.70(2H,ABg, J=13.0Hz),6.29 and 6.47(2H,ABq,J=15.0Hz},7.82 and 8.20
each 24,d,J=8.5Hz),7.92 and 9.6{2H,each br.s, exch. D20),8.99 and
9.72(each 2H,d,J=6.2Hz}

39 (CH013)1715 0.06(6H, s),0.85(9H, s),1.10{3H,d,J=6.2Hz),2.74{3H, s} ,4.27(1H,d,J=3.4
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, s},1.23(3H,d,J=6.5Hz},3.66(1H,dd,J=1.5 and 5.5Hz]),

4.18(iH,dq,J=5.5 and 6.5Hz),4.5-4.7(4H,m),5.15 and 5.37(2H,m),5.48
(1H,d,J=1.5Hz) ,5.65-6.20(1H,m)

1

In KBr unless otherwise stated.
signals relative +to the hydroxyethyl side chain and <o protecting g;oups have been um“ﬁﬂ
2f. bx]n+32 0°(1% EtOH); 2g o] -33.3°(1®EtOH); 7, MS(FD)876m/z(M Yi 9,mp 65°C;

32,39 and 41,
Additional data:

2
In CDCL

,25%C, at 200MHz unless otherwise stated; except 2f,g,

10,uv

Amax(EtOH)275nm(e=10.950); 30 MS(FD)SZOm/z(M 3.

Table ITI - Spectral data of 2-(nitrogen substituted)methylpenems and byproducts

ir{KBr}

uv(H_0)

1
H nmr(D O)1

Compd. -
omp vmax{cm ) Amax%nm) & (ppm}

5a 1770,1700 260, 306 (90MHz)1.30(3H,d,J=6.0Hz),2.85{4H,s),3.90(1H,dd,J=1.8 and 6.0

~
Hz),4.24(1H,m),4.86(2H,ABq,J=16.0Hz},5.60(1H,d,J=1.8Hz)

5b 1820,1745,1610, 258,306 1.29(3H,d,J=6.5Hz},3.92(1H,dd,J=1.6 and 6.0Hz),4.23(1H,dq,J=

~ 1585 6.0and 6.5Hz),4.64 and 5.21(24,each d,J=16.2Hz),4.93(2H,s),
5.65 (1H,d,J=1.6Hz}

95; 1765,1675,1600, 306(e=4850) 1.33(3H,d,J=6.0Hz),3.96(1H,dd,J=5.0 and 1.8Hz),4.30(2H,s),

1580 4,25(1H,m},4.80 and 5.33(?H,each d,J=17Hz),5.68(1H,d,J=1.8Hz)

54, 1770,1710,1600 259(£=4518}, 1.33(3H,d,J=6.3H2),3.95(1H,dd,J=1.3 and 6.0Hz),4.16(2Hs),4.68

305(£=5630} and 5.15{2H,each d,J=16.8Hz),5.68(1H,d,J=1,3Hz)

Se 1765,1720,1690, 266(£=16544) 1.28(3H,d,J=6.4Hz),3.92(1H,dd,J=1.5 and 6.0Hz),4.23(14,dq,J=

1870 366(e=18450) 6.0 and 6.4Hz),4.54{2H,s),4.72 and 5.27{2H,each d,J=16.5Hz),
5.64(1H,d,J=1.5Hz),7.15(1H,d,J=3.9Hz),7.61(1H,d,J=3.9Hz),7.85
{1H,s)

iﬂ 1770,1710,1520 255,305 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.%hz)},3.90(1H,dd,J=6.0 and 1.6Hz),4.22(1H,dq, J=6.4
and 6,0Hz),4.23(1H,8d,J=5.5 and 8.%Hz),4.8C and 5.15(2H,each
d,J=16.2Hz),5.60(1H,d,J=1.6Hz)

25 1770,1715,1585 270,307 1.29(3H,d,J=6.4Hz),2.90(1H,dd,J=5,7 and 18.3Hz),3.32(1H,dd,J=
9.2 and 18.3Hz),3,92(1H,dd,J=1.6 and 6.0Hz),4.24{1H,dq,J=6.0
and 6.4Hz),4.48(1H,dd,J=5.7 and 9.2Hz},4.83 and 5.20(2H,each
d,J=16.2Hz)},5.62(1H,d,J=1.6Hz}

sh  1770,176C,1700  n.q4. n.d.

5i 1775,1720,1600, 260(e=6579), 1.26(3H,d,J=6.4Hz),3.83(1H,dd,J=1.5 and S.6Hz),4.2C(1H,m)4,73

1580

304(g=10240)

and 5.19(2H,each d,J=16.6Hz},5.53(1H,d,J=1.5Hz),7.82{4H,s)

— 1336 —




HETEROCYCLES, Vol 27, No 6, 1988

Table II - Continued
i 1 1
Compd. :.r{KE?rj_l) ;\N(H :)) H nmr(D Q)
pmaxicm max m G(ppm)
5] 1770,1730,1610, 256(€=6707), 1.31(3H,d,J=6.6Hz),3.92(1H,dd,J=1.6 and 5.9Hz},4.26{1H,dq,J=
~ 1580 307(g=5312) 6.6 and 5.9Hz),5.02 and 5.50(?H,each d,J=16.7Hz),5.65{(1H,d,J=
1.6Hz),8.0-8.2(4H,m,Ar)
5k 1770,1675,1605, 256,305 (35°C)1.28(3H,d,J=6.5Hz),1.98(2H,q,J=6.2Hz),2.50(4H, t,J=6.2Hz),
La ol
1580 3.86 (iH,dd,J=1.6 and 6,0Hz),4.22(1H,dq,J=6.0 and 6.5Hz),4.88
and 5.26(2H,each d,J=16.3Hz),5.538{1H,d,J=1.6Hz)
14a  1770-1730,1610, 310(£=5038) (60MHz }1.33(3H,d,J=6.5Hz),3.20(1H,dd,J=1.8 and 6.0Hz)},4.03(3H,s),
o 1585 4.08(3H,s),4.25(1H,m},5.67(1H,d,J=1.8Hz),6.11(2H,ABq,J=16Hz ]
14y 1770,1725,1610, 213{e=16352), (60MHz)1.34{3H,d,J=6.5Hz),1.43(3H,t,J=7Hz),3.90(1H,dd,J=1.8
~- 1585 293(g=5864) and 6.0 Hz),4.19-4.63(34,m},5.67(1H,d,J=1.8Hz),5.93{2H,ABq,J=
16Hz),8,31(1H,s)
14c  1770,1725,1610 310(g =6783) 1.28(3H,d,J=6.5Hz},1.34(3H,t,J=7.2Hz),3.85(1H,dd,J=1.5 and 5.9
~ Hz),4.19(1H,m),4.40(2H,q,J=7.2Hz),5,56{1H,d,J=1.5Hz),5.86 and
6.30(2H,each d,J=16.5Hz),8.30(1H,s)
18  1780,1735,1680 265 1.31(3H,d,J=6.4Hz),2.09(34,s},3.50{1H,dd,J=1.3 and €Hz),4.29
~ (1H,m),5.25(1H,d,J 0.5Hz),5.39(1H,d,J=1.3Hz),6.94(1H,d,J 0,5Hz)
21 1770,1575 310(£=4540) 1.29(3H,d,J=6.5Hz),3,98{1H,dd,J=1.4 and 6.0Hz),4.06(2H,ABRq,J=15
~ Hz),4.25(1H,m},5.71(1H,d,J=1.5Hz}
22 1770,1620,1575 306{g=4659} {DMsSCc—d_,50°C)1.13(3H,d,J=6.2Hz),2.54(3H,d,J=4,4Hz},3.57{1H, dd,
- J=1.6 and 6.3Hz),3.93{1H,dq,J=6.3 and 6.2Hz),3.96{2H,ABq,J=16
Hz),5.46(1H,d,J=1.6Hz),6,18(1H,br s,exch.DzO)
232 1775,1635,1565  306(¢=4505) 1.0%(6H,d,J=6.6Hz),1.28(3H,d,J=6.1Hz),3.71(1H,m),3.92(1H,ad,
=
J=1 and 6Hz),4.22(1H,m),4.40{2H,s),5.62(1H,d,J=1Hz}
24 1770,1710,1575  308(e=4370) 1.28(3H,d,J=6.3Hz),3.91(1H,dd,J=1.4 and 6.0Hz},4.22(1H,m),
4.61(2H,ABq,J=15Hz),5.68(14,d,J=1,4Hz),7.85(1H,s}
25 1775,1685 sh , 308(£=4802) 1.31(3H,d,J=6.4Hz),2.24(3H,s),3.93{1H,dd,J=1.4 and¢ 5.9Hz},
1630,1580 4.26(1H,dg,J=6.4 and 6.0Hz),4.59(2H,s),%.71(1H,d,J=1.4Hz)
28a 1770,1610 258,314 1.27(3H,d,J=6.5H2},3.98(1H,dd,J=1.4 and 5.8Hz),4.24(1H,dq,J=
~ 5.8 and 6.5Hz),5.69{1H,4,J=1.4Hz),5.68 and 6.20(2H,each d,J=
14.9Hz),8.10{2H,dd,J=6.1 and 7.7Hz),8.61(1H,t,J=7.7Hz),8.95
(2H,d,J=6.1Hz)
28b 1775,1615,15756  256(€=2766]), 1.29(3H,d,J=6.4Hz) ,2.23(4H,m},3.11(3H,s),3.59-3.63{4H,m),
~ 316(€=4739) 4.03(1H,dd,J=1.6 and 5.8Hz},4.26(1H,dq,J=5.8 and 6.4Hz),4.78
(2H,ABg,J=13.8Hz),5.75(1H,d,J=1 .6Hz )}
35a 1775,1690,1600 262,306 1.28(3H,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=
14.8BHz)},8.40 and 9.13(each 2H,d,J=6.8Hz)
35b 1775,1700,1605 262,305 1.38(3H,d,J=6.5H2),4,01{1H,d,J=4.0 and 9.0Hz),4.33(1H,dq,J=9.0
~ and 6.5Hz),5.78 and 6.28(2H,each d,J=14.8Hz),5.80(1H,d,J=4.0Hz),
8.38 and 9.13(each 2H,d,J=6.8Hz)
ﬁi 1765,1700,1610 292,334 {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,m},3.15(3H,5),3.4-3.8(4H,m},
4,45 and 5.12(2H,each d,J=13Hzj,5.21(1H,br 3,551,6.33 and
6.63(1H, each q,J=7.2Hz;CH30§ of E and Z}

i 2 .
At 200MHz, 25°C, unless otherwise stated. Additional data: 21, MS(FD)254, 244(M+),226 m/z; 23,
MS{FD)330, 329(M") m/z.
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Table IIT shows the in vitro activity of the title penems observed against seven representative bacter-
1al strains, in compariscn with the reference compounds EEL(FCE 22101} and §§: The most striking re-
sults are the extraordinary anti-pseudomecnal activity of the aminomethylpenem Ei (disappointingly
decreasing upon amidino derivatisation, in contrast with the improved activity of Imipenem over thie-
namycin27), and the impressive potency of the gquaternary ammonium representative EQE. Cn the other
hand, substantial or complete loss of activity was associated with the 6-ethylidene chain (gQ), the
exomethylene tautomeric structure (%g), and the 58 configuration (35b). No straightforward structure-
activity relationship is apparent beyond the gross correlation observed along the sequence 221{%14(
28b between antibacterial potency and alkaline hydrolysis rate. Clearly, the individual antimicrobial
profiles are heavily affected by leas predictable variations in the molecular recognition by the

cell wall penetration properties.

1,2
Table III - In vitro antibacterial activity '" of penems

+ + +

Compd. S.a. E.f. E.c. E.cl. K.a. C.f. P.a.
5g 0.18 p.d. 0.78 6.25 1.56 1.56 »50
5, 0.09 25 0.78 1.58 0.78 0.78 > 50
B¢ 0.18 o.d. 3.12 12.5 3.12 6.25 >50
54 0.09 n.d. 0.78 6.25 1.56 0.78 »50
Be 0.39 n.d. 6.25 12.5 6.25 25 »50
5f Q.77 12.5 1.56 3.12 1.56 1.56 2> 100
5g 0.39 50 0.78 1.56 0.78 1.56 > 100
sh ©.39 n.d. 1.56 12.5 1.56 1.56 > 100
si <0,005 6.25 0.39 100 12,6 12.5 >100
5j 0.045 3.12 Q.39 50 25 12.5 >100
Bk 0,18 50 0.78 12.5 0.78 0.78 2100
14a 0.045 n.d. 26 2 50 25 » 25 »100
14b 0.09 n.d. 6.25 » 25 25 6.25 »100
ldc 0.18 n.d. 25 > 50 > 50 25 >100
18 >25 >100 »100 >100 » 100 »100 >100
21 0.18 25 1.56 6.25 6.25 3.12 0.78
22 0.29 25 6.25 12.5 6.25 12.5 2 50
23 0.18 6.25 6.25 6.25 12.5 6.25 >100
24 0.02 6.25 0.39 0.78 0.39 0.78 12.5
25 Q.045 12.5 6.25 6.25 12.5 25 50
28a 0.005 12.5 0.39 0.78 0.78 1.56 6.25
28b <€0.005 6.25 0.045 0.045 0.045 0.09 25
i/a - 0.005 12.5 1.56 3.12 1.56 3.12 25
35b 12.5 >100 »>100 100 100 100 2100
40 0.19 100 25 6.25 12.5 50 25
FCE 22101 0.045 1.56 c.78 1.56 0.78 1.56 > 50
38 0.39 12.5 3.12 3.12 3.12 3.12 >100

1) Minimal inihibitory concentrations (MICs, pg/ml) were determined by the standard two-fold agar
dilution method in Bacto Antibiotic Medium 1 (Difco). 2} Organisms included in this table are:
S.a., Staphylococcus aureus Smith; E.f,, Enterccoccus faecium ATCC 8043; E.c.+, Escherichia coli
B B-lactamase producer; E.clY, Entercbacter cloacae P99 B-lactamase producer; K.a., Klebsiella
aerogenes 1082 E B-~lactamase preducer; C.f., Citrobacter freundi ATE&E 8090; P.a., Pseudomonas
aeruginosa ATCC 19660.
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