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Abstract - The syntheses and biological activities of the Y-lactam analogues (endo-251, 
(z-25) and (26) of carbapenlcillanlc acids are described. The strategy employed for 
the synthesis of 26 effected construotlon of a Y-la&am onto a preformed azetidine, 
folloued by direc~amination of the la&am enolate (20) with diphenylphosphinoyl- 
hydroxy‘lamine. X-ray crystallographic studies demonstrated that the analogues bore a 
strong morphological resemblance to carbapeniclllanlc acids; however, they were shown to 
be devoid of antibacterial and beta-lactamase inhibitory activity.’ 

Since the recent discoveries of the non-traditional beta-la&am antibiotics,’ it now appears 

that the ainim~ structural requirement for a member of this class of antibiotic to show 

antibacterial actlvlty is a suitably activated beta-lactam ring. In an attempt to develop a novel 

class of antibiotics we recently reported the synthesis of the beta-lactam analogue (1) and 

demonstrated it was devoid of both antlbacterlal and beta-lactamase Inhibitory actlvity.‘*c X-Ray 

crystallographic studies showed that the sum of the bond angles about the nitrogen atom ’ of 1 was 

356O. 

Molecular modelling studies indicated that fused Y-lactaut-azetidine analogues, such as 3, 

would have similar pyramidal distortions to those observed for the lactam-nitrogen in penicillins. 

As it has been hypothesised that the degree of pyramidal distortion of the lactam-nitrogen of 

beta-lactam antibiotics. as in 2, is related to antlbacterial activity’ we undertook a synthesis of 

the analogue, 2. 
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Two possible strategies to the target (5). fi and 1 were explored (Scheme 1). In initial 

rtudfes we were unable to oowtruct an azetidine onto a preformed lactam as in 2, however the 

alternative b was sucesstul. 

4879 



J. E. BALDWIN et al. 

Scheme 1 

Thus, bromination of glutaric anhydride gave crude a,a*-dibromoglutaric anhydride (61,’ which 

was ring opened with formic acid. The crystalline o,a’-dibromoglutarlc acid (7) which resulted, 

was reconverted Into pure 5, ulth a dl:meso ratio of 3:1*. -- by refluxing in acetyl chloride. 

Solvolysis of 2 (HeOH, Na,CO,) gave the monomethyl ester (8). Formation of acid chloride (9) 

(oxalyl chloride, N,N-dimethylformamida) followed by reaction with &-butanol and pyridine at -15OC, 

gave diester (10) (diastereomeric rat.10 3:2). Formation of the diester (10) at 20°C gave a 

reversal in the dlaaterecmerlc ratio, such that the prevlously minor isomer became predominant 

(4:1), in accordance with proposals that the base catalyaed solvolysls of acid chlorides can 

proceed via two distinct mechanisms.* 

Cromwell has reported the preparation of azetidines in good yield by the reaction of 

benzylamlne with 2,4-dibromobutanoates. I0 Thus, reaction of the diester (10) with 3 equivalents of 

benzylamine in dimethylformamide at 80°C gave the diastereomeric azetldines (cis-11) and (trans-11) - 

(845 from 6, trans:cis 3:2). Separation of the diastereomers was achieved by careful 

chromatography, however a more facile separatlon of the cis and trans series was produced by - - 

reduction (NaBH,) to give cls-12 and trans-12 (80%). from which cis-12 could be fractionally -- -- -- 

crystalllsed. The structure of cis-12 was unequivocally established by X-ray crystallographic -- 

analysis (Figure 1). 

Br 
0 

0 G 0 R’ 

1 R, RI-OH 

a R-OH, R I-OHe 

2 R-Cl, R*-OMe 

E R-OtBu, RI-OHe 

Hydrogenation of the mother liquors 

(containing almost pure trans-121, followed -- 

by reprotectlon of the resultant amine (trans-13) 

gave the N-benzyloxycarbonylaaetldine (trans-141, 

which was recrystallised to homogeneity. 

A similar sequence applied to pure cis-12 gave cis-14 -- -- 

as an oil. 

Figure 1. Structure Of cis-12 -- 

c-f R’ 
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11 R-CHIPh, R’-CO,He 

12 R-CH,Ph, R ‘-CH,OH - 

13 R-H, R’-CH,OH 

14 R-COaCHIPh, RI-CH,OH - 
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HO 

CZ-PhCH,OCO- 1 

CPNB-O,NC.H,CH,-1 

The individual alcohols (trans-14) and (cls-14) were converted into the bicyclic-Y-lactams - 
(exe-19) and (endo-19) by standard methodologies. - Thus. Moffatt oxidation of ~1~3-14 gave the -- 
aldehyde (cis-15) which was reacted with (triphenylphosphoranylldene)acetic acid e-nitrobenzyl -- 
ester to give ~1.9-16, as a mixture of oleflns. -- Similarly, aldehyde trans-15 gave trans-16. though -- -- 
in this case only the E isomer was isolated. Reduction of ~1~3-16 using 10% palladium on carbon as -- 
catalyst led to cleavage of the azetldine ring.” However, a two stage reduction using Wllklnson’s 

catalyst for the initial conversion of ~1.3-16 to cls-17, followed by hydrogenation using palladium - -- 
on carbon gave the amino acid (cls-18). - Cyclisatlon wlth 2,21-dipyridyldlsulphide and 

triphenylphosphine’a gave the bicyclic Y-lactam (endo-19) (551 from cls-14). An analogous sequence - 

applied to trans-16 gave the blcycllc lactam, (exe-19) (581 from trans-14). The structures as -- - 
endo-and exo-19 were unequivocally established by X-ray crystallographic analysis. -- 

18 - 

H H 

endo-19. R-tBu -- 
endo-23, R-H -- 
endo-25, R-K -- 
endo-27, R-Me -- 

exO-19 R-tBu - -’ 
exo-23, R-H -- 
exo-25, R-K -- 

exo-27, R-l4e -- 

Reaction of exo-19 with lithium hexamethyldisilazide gave the monoanion (20) which was -- 
quenched with 0-(diphenylphosphinoyl)hydroxylamine IS to give the 3-amlnoblcyclic-Y-lactam (211, 

which was coupled with phenoxyacetic acid to give 22 (40% from exo-19). X-Ray crystallographic -- 
anelysis (Figure 2) demonstrated that the amine function was introduced trans- to the t-butyl ester 

(trans:cis additlon z > lO:l), probably indicating that the steric bulk of the t-butyl group -- 
overode that of the convex nature of the bicycllc Y-lactam (20) during the amlnation reaction. 

2 R-H, R’-tRu 

22 R-PhOCH&o, Rl-tBu 

211 R-PhOCH&O, RI-R 

26 R-PhCCH&O, R’-K 

29 R-PhOCH,CO , R ‘IK 
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(E-191, (e-19) and (22) were deprotected (trifluoroacetic acid) to give 

21( respectively, then dissolved In pH 7.6 phosphate buffer to give the 

respective carboxylates (exo-251, (endo-25) and (26). - These were shown to be stable in phosphate 

buffer for greater than 12 hours (by ‘H NMR, 3OOMHz) and by subsequent re-esterification to their 

corresponding methyl esters (exe-271, (endo-27) and (29). - 

Figure 2. StrUCtwe Of 2 

The X-ray crystallographic studies demonstrated that in common with antibacterial blcyclic 

8-lactams, compounds endo-19, exo-19 and 22 have pyramidal lactam-nitrogen atoms. The degree of ---_ - 
pyramidality was of a similar order to that of the penicillins, the sum of the angles’ around 

nitrogen for endo-19, exo-19, 22 and penicillin C being 334, 330, 326 and 337' respectively. -- -- - 
However, Cohen has pointed out that a more significant parameter for antlbacterial activity may be 

the interatomic distance between the 8-lactam oxygen and the carboxylate carbon. values of between 

3.0 and 3.9 b( being observed for active compounds.** The analogous distances for exo-19 and 22 -- 
were both 4.1 b(. 

The analogues (endo-25). (exe-25) and (26) were tested against a representative panel of - 
Gram positive and Gram negative organisms (PPlzer, Sandwich). All were Pound to be inactive up to 

a concentration of O.lmg ml-‘. In separate tests of the three analogues for 8-lactamase inhibitory 

activity against 8-lactamase I (Prom Bacillus cereus), no signlflcant activity was detected. -- 

H 
SPh H 

PhOCH2CO! 

02- 

a J!? 

Recently, the preparation and biOlOgiCa evaluation of the blcycllc azete (28)” and the 

Y-la&am analogue of the penems (30)” have been reported. These compounds have been shown to 

possess antibacterial activity against both gram positive and gram negative bacteria. 
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EXPERIMENTAL 

Standard laboratory practice as previously described” was observed. Melting points were 
recorded on a BEehi 510 apparatus and are uncorrected. Infra red spectra were recorded on a 
Perkin-Elmer Model 681 spectrophotometer. All ‘ii NMR spectra were recorded at 300MHz on a Bruker 
NH 300 NMR spectrometer using deuteriochlorotorm as solvent referenced to residual CHCl, - 7.27 
p.p.m. unless otherwise stated. Coupling constants, J, were recorded to the nearest (t) 0.5Hz. All 
13C NMR spectra were recorded at 62.85HHz or 75.4MHz using either a Bruker AM 250 or Bruker WH 300 
spectrometer respectively, with deuterlochloroform as solvent referenced to CDCl, I 77.00 p.p.m. 
unless otherwise stated. Only selected I.R. and “C NMR signals are assigned. Mass spectra in the 
electron impact (E.I.) or chemical ionisation fC.1.) modes were recorded on a VG Micromass 16F 
spectrometer. Samples requiring desorptlon chemical ionisation (D.C.I.) and accurate mass 
measurement (E.1.f were run on VG Micromass 30F or ZAB IF spectrometers. 

Preparation of a,a’-Dibromoglutarlc acid methyl, t-butyl ester (10). 
The following four reactions were performed without purification of the intermediates. An 

overall yield is given. 

a,a’-Dibromoglutaric anhydride (6). 
A solution of 7’ fsO.Og, 172 mmol) in aeetyl chloride (65 ml) was refluxed until the solid 

had dissolved and evolution of gas had ceased (~a 2.5 hours). The excess acetyl chloride was 
removed In vaouo to give crude 6, as an oil (dl:meso, ca 3:1).* 
m, 1035 c 688 and 615 s cm-‘; 

vmax (film) 1823 s, 1782 s, 1242 
6H (meso) 2.?&m(lK m, CH?), 3.11-3.19(1H, m, CH,), 4.78-4.89 

(ZH, q , CHBr); (dl) 2.86(2H, t. J ~Hz, CH,), 4.91(2H, t, J ~Hz, CHBr); m/e (NHa, C.I.) 27512731271 
(M++l), 274/272/30 CM’), 1497177, l47(17), l22(80), l20(80), 39(100). 

a,a’-Dibromoglutaric acid monomethyl ester (8). 
To the solution of crude 6 in dichloromethane at O°C was added, dropuise Cover 10 minutes), a 

saturated solution of sodium carbonate in dry methanol (100 ml). The solution was then allowed to 
warm to room temperature (~a 30 minutes) and all volatiles were removed in vacua (30%. loaa Hg). to -- 
give crude i as an oil (dlastereomer ratio, z 3:l). umax (film) 3220 b, 1740 s, 1430 s, 1280 b, 
1165 s. 6H (major) 2.58-2.79(28, m, CH,), 3.82(3H, s, CH,), 4.48-4.62(2H, m, CHBr), 10.1 C2H, bs, 
OH of both (major) and (minor)]: (minor): 2.58-2.79 [lH. m, CH,, obscured by CH, Of (major)], 
2.81-2.96(1H, m, CH,), 3.85(3H. s, CH,), 4.38-4.45(2H, m, CHBr), lO.l(2H, bs, OH); m/e (E-1.) 
305/303/301 CM+-11, 289/287/285 #+-OH), 2881286/284 fM+-H,O). 2251223 (M+-Br). 163(50), 99(100). 

a,a’-Dibromoglutaric monoacid chloride monomethyl ester (9). 
To the solution of crude 8 fas obtafned from the previous reaction) and oxalvl chloride (25.0 

8, 195 mmol) in dichloromethane-(125 ml) was added pyridine (ca 0.5 ml). The solution was stirred 
until gas evolution had ceased (E 3 hours). ~11 volatiles were removed in vacua (30DC, lmm Hg) to -- 
give crude 9 as a colourless 011 (diastereomer ratio, 
1280 m, and-1164 m; 6H (major): 

~a 3:l); vmax (film) 1784 9, 1745 5, 1440 m, 
2.59-2.85(2H. m, CH,). 3.80(38, s, CR,), 4.49(lH. dd, J 10.4Hz. 

CHCo2), 4.80(1H. dd, J 10,4Hz. CHCOCl); (minor): 2.59-2.65 ClH, m, CH,, obscured by CH, of 
(major)]. 2.89-3.00(1H, m, CH,), 3.78(3H, s, CH,), 4.37-4.42(lH, m, CHCO,), 4.67-4.72(lH, m. 
CHCOCII; m/e (NH,, C.1.) 2891287/285 (M+-COClf, 207flOl, 205(lO). l79(26f. 177f26f, lSl(l7). 
149f171, 39(100). 

a,a’-Dibromoglutaric acid methyl, t-butyl ester (10). 
A stirred solution of crude 9 from the previous reaction In dlchloromethane (150 ml) and 

t-butanol (50 ml) was cooled to -25OC. Pyridine (13.8 ml, 0.17 mol) In dichloromethane (30 ml) was 
Fhen added dropwiss over 15 minutes, whllat maintaining the temperature of the reaction mixture 
belou -15*C. After the addition was complete the reaction mlxture was allowed to warm to room 
temperature and uas stirred for a further 1 hour. The solution was then washed (lN hydrochloric 
acid, aqueous saturated sodium bicarbonate and brine. dried (Na,SO,), fiLtered and evaporated to 
dryness to give crude 3 C59.4 g, 901 from 7 (50 g)] (diastereomer ratio, oa 3:2); Vmax (film) 2990 
m, 1740 .a, 1440 m, 1372 s, 1280 b and 1151 cm-‘; 6H (major): 1.44(9H, s, t-Bu). 2.43-2.65(2H, m. 
CH,), 3.76(3H, s, CH,), 4.29-4.43(2H, m. CHBr); (minor): 1.49(9H, a, t-BUT, 2.50-2.60(1H. q , CH1), 
2.70-2.74(lH, m, CH,). 3.77(3H, a, CH,), 4.22(1H, t, J 7.5Hz, CHBr), 6.45-4.53(18, m, CHBrl; m/e 
(E.1.) 289/287/285 (M+-C,H,). l79(3), l77(3), 57(100). 

l-Benzyl-2-fcarboxylic acid t-butyl ester)-4-carboxyffc acid methyl eaterfazetidtne (11). 
A solution of the crude diester (10) (56.4 g, 157 mmol) in dimethylformamide (200 ml) 

containing benzylamine (50.5 g, 471 mmol) was heated at 80% for 2 hours. All volatiles were 
removed in vacua (35OC, O.lmm Hg) and the residue dissolved In ethyl acetate (100 ml). The organic -- 
solution was washed (1N hydrochloric acid, aqueous saturated sodium bicarbonate and brine), dried 
oilalSO,), filtered and evaporated to dryness to glve the title compound (11) (42.6 g, 89%) 
(trans-ll:cis-11 ca 3:2). ---_I A small amount (20 mg) of the mixture was chromatographed [P.L.C., two 
elutions with ethyl-acetate/hexane, 1:19] to give the isolated azetidines (trans-11) and (cis-11) 
as colourleas 011s. For trans-11: 
1735 s, 1370 m and 1156 mT;- 

t.1.c. [2 x ethyl acetate/hexane, 1:19] Rf 0.5; vmax 174os, 
6H 1.35(98, s, t-Buf, 2.39f2H, ca t, J 7Hz. 3-H), 3.56f3H, s. 

OCH,). 3.82(2H, s, NCH,), 4.02flH, ca t, J 7Hz,-CNN). 4.13(lH. G t, 5 7Hz. CHN), 7.16-7.32(58. m, 
Ph); m/e (F.D.) 305 CM+) [Found M+ 35.1637. C,,HlrNO+ reqolres305.i626]. For cia-11; t.1.c. C2 
x ethyl acetate/hexane, 1:19] Rf 0.45; umax 1740 s, 1370 q , 1230 s and 1158 cm-*; 

-- 
6H 1.36(9H, s, 

t-Bu), 2.22-2.50(2H, m, 3-H). 3.48(1H, ca t, J 8Hz, CHN), 3.56(18, ca t. J 8Hz, CHN). 3.61(3H, s, 
%li:H,), 3.65, 3.85(2H, ABq, J 13H2, NCH,r 7.2&7.37(58, m, Ph); rnleTF.D.7 305 CM+) [Found 
305.1627. C,,H,,NO, requires 305.16261. 
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1-Benzyl-2-(carboxylic acid t-butyl ester)-4-(hydroxymethyl)azetldine (12). 
The Crude 11 (10.0 g, 32.8 mmOI) was reduced with sodium borohydride (10.0 g, 263 mmol) at 

O’C in methanol r50 ml) for 3h. The excess borohydrlde was destroyed with aqueous ammonium 
chloride, after which work up as described for the preparation of 11 gave crude 12 (5.85 8, 80s) 
(trans:cis, ca 3:2). -- - Fractional crystallisatlon (at -3OOC from he&e) gave purecis-12 leaving 
trans-12 in the mother liquors. 

-- 
-- A small amount of trana-12 was purified For spectroscopic analysis 
by chromatography [P.L.C., etherjhexane, l:l]. 

-- 
For w-12: t.1.c. Cetherlhexane, l:l] RP 0.4; 

vmax 3420 b. 2980 m, 1736 s, 1368 m and 1153 s cm-'; 6H l.T(9H, s, t-Bu), 1.94-2.20(1H, q , 3-H), 
2.36(18, ca dt, J 11, 8Hz, 3-H), 2.40(1H, b, OH), 3.17(2H, d, J 3Hz,-CH,O), 3.66, 3.88 (W, ABq. J 
13H2, NCHZ, 3.87(1H. dd, J 8, 3H2, 2-H). 3.89-3.96(1H, q , 4-HT, 7.13-7.23(5H, m, Ph); m/e (NH,, 
C.I.) 278(35, M++l), 222(45), 176(81), 91(100). 
b, 1717 s, 1745 s and 1702 s, 1360 s cm-‘; 

For cis-12. m.p. 93-9!1°C (from hexane); vmax 3420 * 
6H 1.30(9H, s. t-Bu), 2.11-2.23 (2H, m, 3-H), 2.90(1H, 

b, OH), 3.09-3.20(2H, bm, CH,O), 3.23-3.33(1H, m. 4-H), 3.E7(lH, t. J 8.5Hx. 2-H). 3.58. 3.71(2H. 
ABq, 2 12.5Hz. NCH?), 7.16-7123(5H. m, Ph); m/e (NH,, C.I.) 278(1%,-M’), 222(20), i76(40), 91(13) 
[Found C, 69.00; H, 8.34: N, 4.89. C,,H,,NO, requires C, 69.27: H, 8.36; N, 5.0511. 

Note The following reactions involving azetidines were performed on pure 
Gle procedure followed by the individual yields and analytical data is 

cis or trans isomers. A 
Zen where applicable. 

2-(Carboxylic acid t-butyl ester)-4-hydroxymethyl)azetldine (13). 
A solution of crude trans-12 (12.5 g, 45.1 mmol) in methanol (10 ml) was hydrogenated over -- 

log palladium on carbon (0.70 g) until the reauired amount of hydrogen (ca 1090 ml) was consumed 
(ca 4 hours). The catalyst was-removed by Plltratlon (celite) and the PiErate evaporated to 
dryness. The residue was then crystallised (ether/hexane) to give tram-13 as COIOUrleSS prisms 
(7.6 g, 901). m.p. 64-66OC; vmax ( 

-- 
KBr disc) 3305 s. 3240 b, 1733 s, 1400 m, 1369 S, 1230 s, 1160 s, 

1105 s, 1034 s, 839 s and 770 m cm-‘; 6H 1.41(9H, a, t-Bu), 2.16-2.29(1H, m. 3-H). 2.36-2.50(18, m, 
3-H). 3.30(28. b, OH), 3.42(1H, dd, J 12, 4Hz, CH,O), 3.51(1H, dd, J 12, 3.5Hx, CH,O), 3.80-3.93 
(lH, m, 4-H), 4.19(1H, dd, J 9, 7.5Hx. 2-H): 6C 26.4(t. 3-c), 27.9(4, CCH,), 55.3(d, CN) 57.2(d, 
CN), 64.8(t, CH,O), 81.3(CCH,), 174.4(s, CO); m/e (E.I.) 188(6, H*+l), 91(100) [Found C, 57.45; H, 
9.08; N, 7.41. C,H~,NO, requires C, 57.73; H, 9.15; N. 7.48Sl. For trans-13: Yield 1636 mg, 931 
From trans-12 (1.01 8, 3.65 tmaol)l. m.p. 80-81°C (Prom ether, hexaneGa,(KBr disc) 3320 m, 
3165 b,25 s. 1372 m. 1317 s, 1237 s. 1163 s, 1070 s and 950 q cm-l; 6H 1.46(9H, s, t-Bu), 
2.01-2.22(111, m, 3-H). 2.43-2.65(1H, m, 3-H), 3.46(1H, dd, J 11.5, 5H2, CH?O), 3.51 (18. dd, J 
11.5, 3H2, CH,O). 3.38-3.73(2H, b, NH, OH), 3.87(1H, dd, J 3.5, 4H2, 2-H), 3.93-5.03(lH. q , - 
4-H);m/e (NH,, C.I.) 188(100, M++l), 132 (351, 86(25); [Found C, 57.80; H. 9.06; N, 7.73. C,H,,NO, 
requires C, 57.73; H, 9.15; N, 7.4811. 

N-(Benzyloxycarbonyl)-2-(carboxylic acid t-butyl ester)-4-(hydroxymethyl)azetldine (14). 
To a solution of trans-13 (9.63 g, 51.5 mmol) in dlchloromethane (100 ml) and benzyl -- 

chloroformate (852 w/w. 9.79 g. 48.9 mmol) at O’C was added pyridine (3.90 g. 51.5 mmol). The 
solution was allowed to warm to room temperature and was stirred for 1 hour,. Work up as described 
for the preparation of 2, followed by chromatography [Flash silica, ether:hexane (O:l-l:O)] and 
crystalllsation (etherjhexane) gave trans-14 (15.8 g, 91s): m.p. 51-53% (Prom ether): t.1.c. 
(ether) RP 0.6; vmax (Film) 3480 b, 

-- 
1735 s, 1714 s, 1690 s, 1425 s, 1365 a, 1150 m, 1090 m and 770 

m cm-‘; 6H (Showed rotational isomer3 in a ca 4:l ratio, only the major 1s described) 1.39(9H, s, 
t-Bu), 2.08-2.20(1H, m, 3-H). 2.24-2.38(1H,-iii, 3-H), 3.57-3.88(38. m, CH,OH), 4.4O(lH, dd, J 9.5, 
7iHz, 2-H). 4.61-4.73(1H. bm, 4-H), 5.08, 5.15 (2H, ABq, J 12.5Hz, C&PhT, ?.15-7.25(5H, m, ijh); 6C 
23.3(t, 3-c), 27.8(q, CH,), 59.5(d), 62.6(d), 65.7(t, CH;OR), 67.l(t, CH,Ph), 81.9(s, CCH,), 127.9, 
128.1, 128.4(3 x d, Ph), 135.9(s. Ph), 156.6(s, CO), 170.0(s, CO); m/e-(NH,, D.c.1.) 339(15, 
M+NH,+), 322(100. H++l), 266(30), 220(42). 91(28); [Found C, 63.62; H, 7.01; N, 4.24. Cl,H,,NO, 
requires C, 63.54; H, 7.21; N, 4.3611. For cis-14. Yield C9.20 g, 88% Prom cis-13 (6.10 g, 32.6 . -- 
nmol)]; as a colourless oil [purified by chromatography (flash silica, ether:hexane (O:l-l:O)]: 
t.1.c. (ether) RP 0.6; vmax (film) 3450 b, 1740 s, 1700 s. 1415 m, 1350 m and 1160 S cm-‘; 6H 
1.42(gH, s, t-Bu), 2.03-2.39(1H. bm, 3-H). 2.54(1H, ca dt. J 11.5. 9HS, 3-H), 3.73(28, bm, Cli,OH), 
3.88(lH, bd,-OH), 4.45-4.47(1H, bm, 4-H), 4.49(lH, dK J 9.5, 6Hx, 2-H), 5.02, 5.ll(2H, ABq, J 
12.5Hz, CH,Ph), 7.25-7.43(58, m. Ph); 6C 22.5(t, 3-C), 77.5(q, CH,), 58.0(d), 61.3(d). 63.7(tT 
Cl&OH), 6i;.6(t, C&Ph), 81.7(s, CCH,), 127.4, 127.7, 128.1(3 x d, Ph), 135.8(9, Ph), 155.6(s, Co), 
170.1(s. Co); m/e (NH,, D.C.I.) j39(10, M+NH,+), 322(100. M++l), 266(35), 220(25), 91(20); [Found 
C, 63.41; H, 6.99; N. 4.52. C,,H,,NO, requires C, 63.54; H, 7.21; N, 4.3611. 

N-(Benzyloxycarbonyl)-2-(carboxylic acid t-butyl ester)-4-(Formyl)azetidlne (15). 
Alcohol (cis-14) (3.90 g, 12.1 mmol) and dicyclohexylcarbodiimlde (7.57 g, 36.6 rmnol) were 

dissolved in benzene (100 ml) containing dlmethyl sulphoxide (21 ml) and pyridine (438 mg, 6.10 
mmo1). The solution was cooled to OoC and trifluoroacetlc acid (695 mg, 6.10 armal) was added 
dropuf se. After stirring for 30 minutes at O°C and for 3 hours at 2O’C. water (50 ml) was added 
and the reaction mixture stirred for a further 1 hour at 20°C. The solution was filtered (cellte), 
washed with ether, the organic layer separated, dried and kept at -3O’C For 15 hours. After 
Filtration (celite) and evaporation the residue was chromatographed [flash silica (ether)] to give 
cis-15 (2.92 g, 751). The ‘H NMR spectra of both cis-15 and trans-15 were broad, complex and -- -- -- 
indicated less than 501 of the free aldehyde Was present. These aldehydes polymerised on standing, 
however, even after prolonged storage they reacted as the free aldehydes. For cis-15: 6H (only 
major resonances are reported) 1.38, 1.45(9H, 2 x S, t-Bu), 2.00-2.59(2H, m, 3-K r42(oa lH, dd, 
J 9, 4Hz, 2-H). 4.33-4.71(ca lH, m, 4-H), 5.01, 5.03(?H, ABq. J l2.5Hx. CHIPh), 7.28-7.3R5H, m. 
Ph), 9.8(ca 0.3H, s. CHO). -For trans-15: Yield Cl.93 g, 781 Prom trans-l$ (2.02 g, 7.73 moI)]; 6H 
1.33(gH, y t-Bu), 2.11-2.68 (2H, m, 3-H), 4.40-4.51(2H, m, 2-H. 4-H),5?2-5.l2(2H, m, CH,ph), 
7.19-7.23(5Hy m, Ph), 9.85(% 0.5H, a, CHO). 
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N-(genzyloxycarbonyl)“2-(carboxyllc acid t-butyl ester)-4-(3-PrOpenOiC acid p-nitrobenxyf, ester) 
azetidine (16). 

To a Solution of trans-15 (7.10 g, 22.3 oxnol) in dichloromethane (40 ml) was added a solutlon 
of tr~p~enylphosphor~ylidene~cet~c acid)~-nltrobenzyl ester" (IO.2 g, 22.3 mmol) In 
dichloromethane (20 ml). The solution was left to stand overnight, then was evaporated to dryness 
and the residue chrcinatographed [Plash silica, etherihexane (O:l-1:O)l to give trans-16 (10.3 g, 
93s) as a colourless oil (E:Z, > 1O:l). For E-trans-16: t.1.c. 

-- 

s. 1723 s, 1716 s, 1523 s,-1250 3, 
(ether) Rf 0.45; umax (film) 1739 

1158 S, 853 a1485 and 700 u cm-‘; bH (showed rotational 
isomers in a ca 1:l ratio) 1.37, 1.45(9H, 2 x s , t/Bu), 2.35(21(, b, 2 t, 3-H). 4.45clH, b, 2 t, 
2-H), 5.01-5.=(lH. m, 4-H). 5.05-5.07(2H. m, Cg,Arl, 5.23-5.25f2H, m, Cii,Ar), 6.04. 6.12(lH, 2 x 
d, J 16, 15.5Hz. c-CHcof, 7.09, 7.10(lH, 2 x dd, J 16. 5.5Hz and J 15.5, 5.5Hz, ‘X-CO), 
7.18-7.37(5H, m, Ph), 7.50f2H. d. J 8.5Hz, ArNO,)T 8.17(2H, d, J 8.5Hz. ArNO,f; 6C 27.9fq. CH,), 
27.9(t, 3-c). 58.9(d) and 59.6(d) 72-C and 4-C), 64.8(t) and 67:1(t) (2 x CH,Ar), 82.21~~ CCH,). 
121.2(d, c-CCO), 123.7(6, ArNO,), 127.9, 128.0, 128.1(3 x d, Ph), 128.l(d,-ArNO,), 136.5(ST Ph), 
143.0(s, Ar%iO,). 146.9(d, c-CCO). 148.1(s, ~rN0,), 153.0(s, co)‘ 165.4(3, CO), 170.0t3. 0); m/e 
(NH,, D.G.I.) 514f2, H+NH,Tf, 497(5, M++l), 458(223, 44l(lOf, 400(30f, 323(50), 306(60). 122f8Of, 
91(100); [Found C, 63.04; H, 5.62; N, 5.81. c,,H,,N,o, requires C, 62.90; H, 5.68; N, 5.641. For 
cis-16: Yield [1.39 g, 932 from cis-15 (970 mg, 3.04 mmol)l. A ~a 1:l mixture of E:Z isomers was -- -- 
obtained. A small sample was Separated for analytical purposes. For Z-cis-16: m.F.-72-74’C (from 
etherlhexane); vmax (KBr disc) 1739 s, 1723 5, 1703 3, 1520 S, 1420 m.-1% z 1160 S, 842 m, 812 
m. 768 m, 741 m and 701 m cm-‘; bH 1.43[9H, s, ;-But, t,94(lH, 2 dt, J 12, 5.5H2, 3-H), 2.98flH. 
~a dt, J 12, 5.5H2, 3-H), 4.30(1H, dd, J. 9, 5.5H2, 2-H), 5.07, 5.11(2H, ABq, 2 12.5Hz, C!f,Ar), 
5.21(2H, s, CkL,Ar), 5.53-5.63(1H, m, 4-H). 5.91(lH, dd, J 11.5, 1.5Hz, CH-Cl$O), 6.72(lH, dd. J 
11.5, 6.5H~, CH-CHCO), 7.27-7.35(5H, s, Ph), 7.49(2H, d, J 8.5Hx. ArNO,), 8.21(2H, d, J 8.5Hz, 
ArNO,): m/e (NH,, -D.C.I.) 514<23, M+NH,+), 497(3, H++lf, 458flOOt, 441(271, 323f31). 356(15), 
122(20), 108(35), 91(38): [Found C, 63.19; H, 5.48; N, 5.45. C,,H,,N,O, requires C, 62.90; H. 
5.68; N, 5.6411. For E-cls-16, m.p. 95.5-97.5'C (from etherlhexane); vmax (KBr disc) 1736 s, 1723 --- 
3. 1714 9, 1501 9, 1414 S, 1314 3, 1159 s, 852 m, 731 m and 695 m cm-'; 6H 1.44f9H, s, i-Bu), 
2.05(1~, ca dt, J 11.5, ~Hz, 3-H), 4,5611H, ad, 2 9, 6H2, 2-H). 4.80-4.88(1H, m, 4-H). 
5.10,5.14~H. A&j. J 12.5Hz, Cli,Ar), 5.28(2H, s, CH,Ar), 6.25flH, dd, J 15.5, 1.5Hz, CH-CHCO). 
7.14(lH, dd, J 15.5: ~Hz, CH-CHCO), 7.31(5H, a, Phr, 7.53(2H, d, J 9Hz; ArNO,), 8.22(28, d, J 9Hx, 
ArNO,); m/e #H,, D.C.I.) 437(5, M++l), 458(22), 4411181, 323(18), 306(15). 122(100), 108c58T. 
91f53); [Found C, 62.87; H. 5.58; N. 5.59. C,,H,,N,O, requires C, 62.90; H, 5.68; N, 5.64fl. 

N-(Benzyloxycarbonyl)-2-(carboxylic acid t-butyl ester)-4-(3-propanoic acid p-nitrobenzyl ester) 
azetidine (17). 

A solution of ~13-16 (12.2 g, 24.6 mmol) in benzene (120 ml) containing tris-triphenyl- -- 
phosphine rhodium chloride (1.2 g. 1.3 mmol) was hydrogenated until the required amount of’ hydrogen 
was consumed (3-16 hours). The solvent was removed in vacua and the residue dissolved in ether (50 
ml) and allowed to stand for 2 hours. 

-- 
The solution was then filtered (celite) and evaporated to 

dryness. The residue was chromatographed [flash silica, ether/hexane (O:l-l:O)] to give cis-17 
tll.8 g. 96%). m-p. 80-81% (from ether); t.1.c. (etherlhexane, 1:l) Rf 0.3; vmax (CHCl,) 1748 3, 
1739 s, 1705 S, 1600 9, 1515 S, 1345 9, 1177 5. 835 m, 765 m and 732 m cm’“; bH 1.44(9H, 5, :-Buf, 
1.85-1.93(1H, m, CH,), 2.06-2.29(1H, m, CHz), 2.58-2.67(3H, m, CH,), 4.27-4.34(lH, m. 4-H), 
4.49(1H, dd, J 9.5, ~Hz, 2-H). 5.07, 5.13f2H, ABq, J 12.5Hz. Cii,Ar), 5.19(.?H, S, Cii,Ar), 
7.28-7.33(5H,-m, Ph), 7.50(2H, d, J 8.5H2, ArNO,). 8.21(2H. d, J 8.5H2, ArNO,); 6C 26.7(t, 
CH,CH&O), 27.9(q, CH,), 29.9(t, 3=C,, 30.6(t, CH,COI), 58.5(d), 59.2(d) (2-C. 4-C). 64.7(t, 
rHH,Ar), 66.8(t, CH,Ar), 123.7(d, ArNO,), 127.7,-128.0, 128.2, 128.4(4 x d, Ar), 136.6(s, Ph), 
i43.3f3, ArNO~),-l47.6~§, AFNO~), 156.3ts, CO), 170.2fs. CO). 172.6(s, CO): m/e INHS, D.C.I.) 
5t6(4o, M+NH,+), 499(10. M++lf, 460(60), 443flOO). 353(35), 303(36), 91(90). [Found C, 62.91; H, 
5.94; N, 5.61. C,,H,oN,O, requires C, 62.64; H, 6.07; N, 5.6211. For trans-17: Yield c5.01 g, 92% 
from trans-16 (5.41 g, 10.9 mmol)]; m.p. 46-51V (from ether); bax (film)Illx s, 1715 s, 1522 m, 
1345 -1155 bs, 829 m and 739 m cm-'; 6H (showed rotational isomers in a ca 1:l ratio) 1.37, 
1.45(9H. 2 x s, t-Bu), 1.99-2.13(18, m, CHa), 2.14-2.34(3H, m, CH,), 2.43fTii, ca t, CH,), 2.58(1H, 
ca t, CH,), 4.42TlH, dd, 58.5, 5.5Hz, 2-H). 4.45-4.53(1H, m, 4-H), 5.06(2H, S,--dH*Ar), 
KT10-5.28(2H, m, C&Ar), ?.23-7.40(5H, m, Phf, 7.50(2H, d, J 8.5Hz, ArNO,), 8.2072H. d, J 8.5Hz, 
ArNO,); m/e (NH,, D.C.I.) 51611, N+NH,,*), 499(5, H++l), 460711, 230(40f, 122(60), 9l(lOOr. [Found 
C. 62.85; H, 5.98; N, 5.28. C,,H,,N,O, requires C, 62.64; H, 6.07; N, 5.6251, 

2-(Carboxylic acid t-butyl ester)-4-I3-propanoic acld)azet.idine (18). 
A solution of trans-x (1.40 g, 2.81 mmolf in methanol (20 ml) was hydrogenated over 10% 

palladium on eharcoai-@jO mgf at 2O*C until the required amount of’ hydrogen fca 340 ml) was 
absorbed (2-4 hours). The catalyst was removed (filtration. celite) and the f=trate evaporated to 
dryness. The residue was titurated with ether until a precipitate formed. The solid was then 
recryatallised (methanol/ether) to give trans-18 (560 mg, 871); m.p. 111-113*C (Prom methanol/- -- 
ether): umax fKBr disc) 3425 b(OH), 2655 b. 2470 b, 1743 s. 1740 9. 1602 m. 1554 s. 1259 s, 1165 S 
and 1018 m cm-‘; 6H 1.46(9H, s, t-Eu), 1.91-2.60(6H, m,.CH,). 4.20-4.23(1H, m, 4-H), 4.31(1H, dd, J. 
9.5, 6H2, 2-H); m/e (NH,, D.C.1.T 230(1, H++l), 174(3), 128(100), 85(55). [Found C, 57.21; H, 
8.45: N, 6.31. C,,H,,NO, requires C, 57.63; H, 8.65; N, 6.11%1. For cis-18; Yield E2.7 8. 97% -- 
from cis-17 (5.73 g. 11.5 nunol)]; m-p. 134-136% Worn aethanol/ether): vmax (KBr, disc) 1747 8, 
1739 cl-iii4 a, 1515 m. 1416 s, 1408 s, 1345 S, 1256 S, 1155 s, 832 m. 765 m, 731 s and 697 m cm-‘; 
6H 1.46(9H, s, t-Bu), 1.75-1.88(1H, m, CR,), 2.07-2.29(38. m, CH,), 2.39-2.42(1H, m, CH,), 
2.80-2.85(18, IUS CH,), 4.23-4.27(1H, m, 4-H). 4.63(fH, dd. J 9.5, ~Hz, 2-H): m/e (NH,, D.C.I.) 
230(100, H++lf, 174flO), 128(10). [Found C, 57.30; H, 8.54: N. 5.91. 
H. 8.65; N. 6.11X1. 

CIIH,,NO. requires C, 57.63: 
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t-Butyl-2-oxo-l-azabicyc~o[3.2.0]heptane-?-exo-carboxylate (exe)-19) and 
t-8utyl-2-oxo-l-azablcyclo[3.2.O]heptane-7-endo-carboxylate (endo-19). 

To a solution oP trans-18 (689 mg, 3.01 mmol) in acetonitrile (40 ml) were added 2.2’- -- 
dipyr~dyldisulph~de (729 mg, 3.31 mmoi) and triphenylphosph~ne (868 mg. 3.31 mmol). The SOfutiOn 
was stirred for 3h at 20°0-and then evaporated to dryness. The residue was dissolved in ether 
(2Oml), filtered, evaporated to dryness and chromstogfaphed (PIash silica. ether) to give eXO-19 
(575 mg, 91%); m.p. 73.5-74.5% (prisms Prom ether); t.1.c. (ether) RP 0.6; vmax (KBr discn7w 8, 
1694 s, 1362 s, 1277 m. 1239 s, 1168 s. 1104 s, 976 m and 853 m ora-‘; 6H 1.48(9H. S, +~t, 
1.98-2.14(18, m, 4-H). 2.26(18, ddd. J 16, 9, IHz, 3-H). 2.39-2.45(1H, m. 4-H). 2.53-2.74(W1 m, 
3-H. 2 x 6-H), 4.48(1~, dd, J 9.5, 4.5H2, 7-H), 4.51-4.55(lH, m, 5-H). A .2D-COSY spectrum was 
consistent with the connectltity as speciiied; 6C 27.9tq. CHS), 30.9(t), 32.l(t)‘(4-C, 6-C), 
35.5ft, 3-c), 59.9(d). 61.5(d) (5-C, 7-C). 82-O&, CCH,), 170.3fs. CO). 183.8(s, CO); m/e (E.I.) 
211(2, l++). 155(151, 110f1001; 57(80); [Found C, 62y77; H, 7.80; N, 6.73. C1,H,,NO, requires C, 
62.54: H. 8.11; N, 6.6311. For endo-19. YieId [254 mg. 751 from cis-18 (368 mg, 1.61 =ol)]; m.p. . 
75.0-75.5% (prisms Prom ether). t.I.o. (ether) Rf 0.6: eax (KBrdlsc) 1736 8, 1704 S, 1372 5, 
1279 9, 1238 9, 1158 9, 1120 m and 848 m WI-‘; 6H 1.49f9H. 9, t-Bu), 2.22-2.55(51, m. CH;). 
2.75flH, oa dt J 11.5, 7;5Hz. 6-H). 4.26-4.32(tH, m, J 7.5H2, 5-H). 4.6O(lH, ca t, J 7%~ 7-R); A 
2D-COSY ssctr6 was consistent with the connectlvltyas speclt‘led; 6C 27.7(qTCH,)T 31.5(t), 
31.7(t) (4-C, 6-C), 32.6(t, 3-C). 58.7(d). 62.6(d) (5-C. 7-C), 82.2(s, CCH,), 177.7(9, CO), 
182.9fs. CO); m/e (E.1.) 211(2, M+);l55(18), llO(lOOt, 57195); [Found E. 62.36; H, 7.91: N, 6.81. 
C1,H,,NO, requires C, 62.54; H. 8.11; N, 6.6315. 

t-Butyl-3-endo-~amino-2-oxo-l-azabicyclo~3.2.O~heptane-7-exo-carboxylate (21). 
To a Solution of exo-19 (79 mg, 0.37 mmol) in tetrahydrofuran (1.5 ml) WaS added a solution _- 

of lithium bis(trimethylsilyl)~ide in tetrahydroPufanfl.0 molar. 0.41 mmol). Alter stirring for 1 
hour at -70°C, 0-(diphenylphosphinoyl)hydroxylamine (96 mg, 0.41 lnmol) was added. The Suspension 
was stirred at -7OV Por a Purther 3 hours, then allowed to warm to 20°C overnight, after which it 
was quenched with IN hydrochloric acid (5 ml). The tetrahydroiuran was removed in vacua and the -- 
aqueous solution extracted with ether (IO ml.), basiPied to pH 10 with 5N potassfum hydroxide and 
extracted with ethyl acetate (3 x 15 ml). The organic solution was dried and evaporated to dryness 
to give 21 (40 mg, 47%) (>90% pure). The ethereal washings were drted. evaporated to dryness and 
the resize chramatographed (P.L.C.. ether) to give (25 mg, 302) recovered starting material 
(exe-19). For 21: vmax (CHCl,) 3450 m, 3390 a. 1740 bs and 1520 cm-‘; 6H 1.49(9X, 9, t-Buf, 
13-1.88flH, mT4-H). 2.02-2.54(28, b. NH*), 2.56-2.73(2H, ITI, 6-H), 2.78-2.87(1H, m, 7-H). 
3.81(1H, dd, J 12.5, 8Hz. 3-H), 4.44-4.50(1H, a, 5-H), 4.59(lH, dd, J 9.5, 4.5HS, 7-H); m/e (NH,, 
D.C.I.). 453(%++1), 227(80. M++l), lTl(lOO), 156(60). 

t-Butyl-3-endo-phenoxyacetarPldo-2-oxo-l-azabicyclo[3.2.O~heptane-7-exo-c~rboxy~ate (22). 
To a solution oP 21 (75 ma. 0.33 mol) in dlchloromethane (5 mI> was added phenoxyacetio acid 

(51 1ngi~o.33 OUBO~), l-e~o~~~ar~nyl~~-ethoxy-l,2-dihydroquinOline (99 mg. 0.40 &it011 and Sodium 
sulphate (ca 5 mg). APter stirring Por 24 hours, work up as POP E1l, followed by chromatogra~y 
(P.L.C.. ether) gave 22 (95.4 mg, 851); m.p. IO+105V (prisms from ether/hexane); t.1.c. (ether) 
or 0.4; vmnax (KBr dlsq 1747 s, 1705 s, 1700 (shoulder). 1565 S, 1525 S, 1288 S, 1233 S, 1157 m, 
1108 m and 751 cm-l; 6H 1.51(9H. s, t-Bu). 1.94(1H, ca dt. J 12. 8Hz, 4-H), 2.60-2.79(2H, m, 6-H), 
3.13-3.18fiH. m, 4-H), 4.5112~. s, Cg=O), 4.54-4.63(%, obs&red by CH,O. 3-H), 4.62(1H. da, J 9.5, 
4.5~2, 7-H), 4.59-4.66(18, m, 5-H). 6.94-7.10(3H, m, Ar), 7.24(1H, bd, J 5.5Hz. NH), 7.26-7.3i;(2Br 
m, Ar); A 2D-COSY experiment was consistent with the COnneCtiVity as sp%ified; m/s (NH,. 0.C.I.) 
361(82, x++l), 305(100). 304f4lf, 259(12). 152f9), 80(28f, 57(24>. CFound C, 63.45; H. 6.51; N, 
7.43‘ C,,H,,N%O, requires C, 63.32; H, 6.71; R, 7.7721. 

I-Axabicyclo[3.2.0]heptane-7-exo-carboxylate (exe-23) and I-AzabicycloC3.2.0]heptane-7-endo- 
carboxylate (endo-23). 

The ester (exe-19) (20 mg, 9.5 x lOWa axaol) was dissolved in freshly distilled 
triPluoroacetic am (0.25 ml) and allowed to stand at room temperature for 15 minutes. The BxOess 
acid was removed in vacua to give a gum which was titurated with ether until precipitation occured -- 
to give exo-23 (12.5 mg, -- 83%). m.p. 134.0-134.5°C (from dichloromethane/ether); ymzx (KBr dlSc) 
3100-2800 b. 2715 m. 2590 m, 1745 s. 1665 s, 1365 s, 1280 a, 1200 s and 1105 e cm ; 6H 
2.03-2.21(1~, m, 4-H). 2.W2.36(18, m, 4-H). 2.44-2.53(18, III, CH,), 2.63-2.84(3HH, a, CH,), 
4.54-4.63(1H, m, 5-H), 4.‘fO(lH, dd, J 10, 4.5H2, 7-H), 9.24(18, s, CO,H); m/e (E.1.) 155(10, h+). 
110(6), 84(22), 82(20). [Found 155.5583. C,H.NO, requires 155.05823. Forendo-23; Yield c8.8 ma, 
80% from endo- (15 mg, 7.1 x IO”* nmtol]; m.p. 107-110% (from dlchloromet@sne/ether); Vmax (KBr 
disc) 310=2Fb, 2700 m, 2580 m, 1738 s; 6H 2.26-2.61(5H, m, CH,), 2.82(18, E dt, 2 11.5, 7.5% 
6-H). 4.33-4.39(1H. m. S-H), 4.81(lH, z t, LJI 7.5H2, 7-H). 11.53(1H, S. CO,H>; m/e (E-1.) 155(10, 
M+), 127(6), lll(l?), llO(100). [Found 155.0583. C,H,NO, requires 155.05821. 

3-Endo-phenoxyacetamido-2-oxo-l-azabicyclo[3.2.O]heptane-7-exO-Oa~bOxy~ate (26). 
The ester (22) (11 mg, 3.1 x IO-’ llrmol) was dissolved in Preshly distilled trifIUoroaoetic 

acid (0.1 ml,) and allowed to stand at room temperature for 15 mlnuteS. The acid was removed z 
vaouo and the residue titurated with dichloromethane until preClpitation occured. The solvent was 
decanted to give the free acid which was dissolved in deuterated pH 7.6. 50 mmolar, K,HFO,- 
KHzPO,-KCI bufter to give g25; 6H 2.08-2.22flH. m, 4-H). 2.54-2.83(J, m, 4-H. 6-H), 4.37-4.49(1X, 
m, S-H), 4.56(2H, s, CHao), 4.59-4,70(1H, m, 3-H). 4.751lH, dd, J 14, 8HS. 7-H). 6.38-7.28(5B, m* 
Ar); m/e (NH,. C.I.) 305(10, H++l). 26 was stable In the buPPered solution for greater than 18 
hours (by ‘H NHR, 300HHzf. After whiz the Solution was evaporated to dryness and the residue wss 
resuspended in acetone (lmll. Methyl iodide (o.lml), trlethylamlne (IOul, 3.6 x lo-‘~01) and 
sodium sulphate (ca 5mg) were added. The reaction mixture was stirred Por 6 hours at 20°C, when 
work up, as Par t% preparation OP IL, Pollowed by chromatography (P.L.C., ether) gave 29 as a 
colourless oil 12.3mg. 231, unoptfmised): t.1.c. (ether) Rf 0.4; &H 1.88-1.98(lH, m, 4-n. 
2.60~2.75(2~, III. 6-H). 3.10-3.17(lH. mr 4-H), 3.84f3H. s, CH,). 4.53f2H. 9, CH,O). 4.52-4.58(1R, me 
~-HI, 4.62(1~, dd, J 9.5. 5~2. 7-H). 4.60-4.65(lH, m, S-H), 6.94-7.10(3H. m, Ar), ?.30(lH. bd, J 
5.5&z, NH), 7.2647.b(2B. m, Ar); m/e (NH*, D.C.I.) 319174, M++l), 259(-s. M+-CO&E,). 
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Methyl-2-oxo-l-azablcyclo[3.2.O]heptane-7-exO-c~~xylate (eXO-271 and 
Hethyl-2-oxo-l-azablcyclo[3.2.O]heptane-7-endo-c~~xylate (endo-27). 

.Endo -19 (15mg, 7.1 x 10-x prnol) was dlssolved in freshly distilled trifluorcacetic acid (0.2 
ml) anmlozd to stand at roc+x temperature for 15 minutes. The acid was removed in vacuc and the -- 
residue dissolved in pR 7.6, 50 amolar, phosphate buffer (K,HPO,-KH,PC,-KCl). After 12 hours the 
solution was evaporated to dryness. The residue was re-suspended in acetone (1 ml) and methyl 
iodide (0.1 ml), triethylamine (19.8u1, 7.2 x lo-’ -011 and sodium sulphate (ca 5 mg) were added. 
The reaction mixture was stirred For 2 hours at 20°C, after which work up, as ?isr the preparation 
of 2, followed by chromatography (P.L.C., ether) gave endo- as a colourless 011 (8.8 mg, 73%); 
t.1.c. (ether) Rf 0.35; tiax (CHCl.1 1743 s, 

-- 
1705 s, 1475 s and 1135 m cm-‘; 6H 2.23-2.58(5H, m. 

CH,), 2.80(lH, ca dt, J 11.5, 7.5H2, 6-H), 3.80(3H, s. CH,), 4.31-4.37(lH, m, 5-H). 4.76(lH, bt, J 
7H2, 7-H); m/e Ti.B.E.‘i.) 170(4. M++l). 169(12, H*I, llO(l8). 82(1001; [Found 169.0738. C,H,,NO, 
requires 169.07391. For exo-2; Yield [2 mg, 301) from exo-19 (8 mg. 3.8 x 10” mol)]: vmax 
(CHCl,) 1745 s, 1702 s, 1470 s and 1032 s cm-‘; 6H 1.99-mOTi;H, m, CH,). 3.79(3H, s, CH,), 
4.57(lH. dd, J 9.5, 4.5H2, 7-H), 4.60-4.65(18, m. 5-H); m/e (NH,, C.I.) 170(100. W*+l), llO(22). 
[Found 169.0738. C,H,,NO, requires 169.07391. 

Biological testing 

The carbcxylate salts%-2. __ endo- and 26 were tested for antibacterial activity, using 
ampicillin as a standard OF knswn activity. against a panel or 33 cultures in minimal nutrlent 
agar . All were found to be biologically inactive up to a ccncentratlon of O.lmg/lml In pH 7.6, 50 
axaolar phosphate buffer (KH,PO.-K,HPO.-KCl). The panel consisted of : Gram positive bacteria 
[Staphylococcus aureus, strains (222, 223, 267. 268-i. 268-‘, 450, 451. 43, Sarclna lutea, Bacillus 
subtllus, Bacillus 
tEscharich= 
Enterobacter (2.7.11). 
756, 433, 43’03 and a fungus (Candida). 

Crystal data for (endo-19)C,,H,,NO,, Pi- 211.16, orthorhcmblc, space group E, 5= 10.775(31. b= 
11.164(2) c- 18.807(31 A U- 2262.3 I’, Z- 8, DC= 1.24 g cm-‘. 1985 Independent reflections were 
measured iy-four circle (;AE-4) dlfrractr&etry using Bo-Ka radiation (A- 0.71069 1). The 
structure was solved by direct methods.” 1387 Reflections [I L 3a (I)] uncorrected for 
absorptionl’ [k (No-Ka)= 0.98 cm-‘] were used in a full matrix least iquareszo rerlnement For all 
atomic parameters including one overall temperature factor For the hydrogen atoms. Restralnsts” 
were applied to the C-H bonds, and to the methyl H-C-H bond angles. The final R value was 0.072 
CR,= 0.074). 

Crystal data for 22: C, H N 0 
11.093(21, c’ 

H- 360.41, monoclinic, space group P2,/c. a- 15.487(2), b_ 
11.931(l) ~.*;=*1;;.42(1); U- 1894.7 1’. z= 4, DC= 1.26-g cm- ‘: 4669 Independent 

reflections were measured with an Enraf-N&us CAD-4 dlfFractcmeter using Cu-Ka radiation (A- 
1.5418 1). The structure was solved by direct methods.“’ 3296 Reflections [I L 30 (I)] 
uncorrected for absorption [u (Cu-Ka)= 7.68 cm-‘] were used in a blocked 1easF squarez” 
refinement. All atomic parameters were included in the refinement, including positional parameters 
For the hydrogen atoms and one overall temperature factor For the hydrogen atoms. The final R 
value was 0.057 (fIw= 0.081). 

Crystal data for ~1.9-12: C,,H,,NO,, W- 277.35, space group p21/~, a- 11.839(l), b- 9.638(S), c- 
4 6 8( ) 1 U- 1593.0 I!’ Z- 4 D = 1.16 g cm-’ 3.791 Reflectlon~ were measure3 with an Em+ 

1Non~us5CAD14~diffractome~e~ us;ngCHo-Ka radiation (A- 0.71069 1). The structure was solved by 
direct methods.” 2046 Reflections [l L 30 (I)] uncorrected for absorptlon [u @lo-Ka)= 0.98 cm-‘] 
were used in a Full matrix least squares reflnement.‘0 The final R value was 0.045 CR,= 0.053). 

Crystal data for (exol-191 C,,H,,NO,, Fl- 211.16, space group P2,/a_ 10.058(21. b- 10.052(l), c= 
11.604(l) I(. U- 1131.6 1’. Z- 4. D,= 1.24 P. cm-‘. 2726 Reflec$Ons were measure; with an 
Enraf-Ncnius CAD-4~dlFfra&imeter ;slng CuIKa radiation (A- 1.54181). The structure was solved by 
direct methods.** 1900 Reilectlons [I L 30 (I)] uncorrected for absorption were used in a blocked 
least squares reflnement.zo The FinaT R valus was 0.055 (R,= 0.073). 

The atomic co-ordinates For this work are avallable on request from the Director of the Cambridge 
Crystallographic Data Centre, University Chemical Laboratory, Lensfield Road, Cambridge, CB2 1EW. 
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