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Summary - -  The synthesis of a series of 3-acetoxyazetidin-2-ones 3a-n and 3-hydroxyazeudin-2-ones 6a-j  is reported together 
with the antibacterial and antifungal evaluation of these compounds An additional series of 3ºacetoxyazetldin-2-ones l l a - h  which 
possess a free carboxyhc acid group on the N-1 aryl ring were obtained by treatment of suitably substituted Schtff bases 10a-h w]th 
acetoxyacetyl chloride. The novel bicyclic structures 7-acetoxy-6-phenyl-5-thla-l-azabicyclo[4.2.0]octan-8-one 13 and 7-hydroxy-6- 
phenyl-5-thia-l-azablcyclo[4.2.0]octan-8-one 14 were also obtained Many of the compounds displayed antffungal activity in vJtro 
when evaluated against the pathogenic fungi Cr~,ptococcus neoformans. Candida albicans, Candida tropiccdis, Candlda parapsdosl~s, 
Candida glabrata, and Trlchosporon cutaneum, while 3-acetoxyazetidm-2-ones l l a - h  containing a fi-ee carboxyhc acid group on the 
N-I aryl ring displayed antibacterial activity against Staphylococcus (utreus, Proteus t,ulgarix, Pseudom(ma,s aerugino,~a, Bacillus 
subttlis, Klebsiella aerogene~ and E,s{ herischia t oh 

3-acetoxyazetidin-2-one / 3-hydroxyazetidin-2-one I antifungal activity / antibacterial activity 

Introduction 

In recent years the stereocontrolled synthesis of 
monocyclic [3-1actams has become an area of intense 
activity as many substituted azetidin-2-ones can be 
used as synthons for a variety of natural products [l]. 
We now report the synthesis and antibacterial activity 
of a series of novel 3-acetoxy and 3-hydroxyazetidin- 
2-ones. The first naturally occurring 3-hydroxyaze- 
tidin-2-one to be reported was Wildfire toxin, tabtoxin 
1 [2]. 3-Hydroxyazetidin-2-ones have been prepared 
by reacting a protected hydroxyacetyl chloride (eg, 
acetoxyacetyl chloride or benzyloxyacetyl chloride) 
with imines in the presence of base followed by 
removal of the protecting groups [3-8]. The stereo- 

OH NH~ 

NH o,,. 

C02H 0 N 
0,/'~--I~ \ H 

Tabtoxin 1 

selective synthesis of variously substituted 3-hydroxy 
[3-1actams was reported by Cossio and Palomo by 
annulation of Schiff bases with trimethylsiloxyacetic 
acid promoted by phenyl dichlorophosphate [9]. 
3-Acetoxyazetidin-2-ones have been prepared from 
2-acyloxy-3-chlorocarboxamides by anionic activation 
with cesium fluoride [10]. 

Optically active 3-acetoxyazetidin-2-ones have 
been prepared by annelation of Schiff bases derived 
from D-glyceraldehyde acetonide [11, ]2], N,O-dipro- 
retted L-serinal [ 13] or (S)-2-(tert-butyldiphenylsilyl- 
oxy)propanal [14] with acetoxyacetyl chloride, while 
optically active 3-hydroxy-4-alkoxycarbonylazetidin- 
2-ones have been obtained from ]~-tartaric acid [15]. 
Reaction of a chiral carbohydrate-based ketone with 
an imine to afford a cis-3-hydroxy-~-lactam has been 
reported with good asymmetric induction (70% enan- 
tiomeric excess tee)) [ 16]. 

In the present work the preparation and antifungal 
and antibacterial activity of a series of 3-acetoxy and 
3-hydroxy- 1,4-diarylazetidin-2-ones and related com- 
pounds were investigated. Of particular interest was 
the preparation of 3-acetoxy- 1,4-diarylazetidin-2-ones 
containing a free carboxylic acid group on the N-I 
aryl ring. 
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Chemistry 

The cyc loadd i t ion  of  acetoxyacetyl  chlor ide to the 
Schiff  bases 2 a - n  afforded the 3 - ace toxy - l . 4 -d i a r y l -  
aze t id in -2 -ones  3 a - n  (scheme 1). The  yields,  me l t ing  
po in t  and  spect roscopic  data (1H-NMR and  IR) for 
c o m p o u n d s  3a--n are presented  in table I. The  struc- 
tures of the products  were es tab l i shed  f rom their IR 
and JH-NMR spectra. All  c o m p o u n d s  showed a broad 
IR absorp t ion  band  in the region  1750-1765  cm ~, 
which  is indica t ive  of  both [3-1actam and ester  carbo-  
nyl  absorpt ion.  The  s te reochemica l  nature  of  the pro- 
ducts was de t e rmined  by ~H-NMR. Both cis and 
t rans  i somers  were isolated in low to modera te  
yields.  C o m p o u n d s  3a,  3g and 3k were observed  to be 
cis products  with large coup l ing  cons tan ts  (J,., = 
4 .2 -5 .0  Hz) d isplayed be tween  H-3 and H-4. I somer  
mix tures  (c is / t rans)  were ob ta ined  for c o m p o u n d s  31, 
3h and 3i while the trans isomers were obta ined  exclu- 

s ively for [3-1actams 3 b - e  and  3j,  31, 3 m  and 3n,  with 
small  coup l ing  cons tants  be t w e e n  H-3 and  H-4  (J, ..... = 
1 .2-2 .4  Hz). In the case of  c o m p o u n d  3h,  which  is a 
cis / t rans  mixture ,  two sets o f  coup led  double ts  (J, .... = 
1.5 Hz, J,,, = 4.8 Hz) are obse rved  together  with two 
s ignals  for the acetoxy methy l  group (~i 2.13, 2.21). 
The  c is / t rans  ratio for this p roduct  is 0 .55:0.45.  Guo  
et al have  reported exc lus ive ly  cis products  ob ta ined  
when  the Schiff  bases  b e n z y l i d e n e  p - a n i s i d i n e  and  
p - m e t h o x y b e n z y l i d e n e - p - a n i s i d i n e  are reacted with 
ace toxyace ty l  chlor ide [3]. The  3 -ace toxy-4-s ty ry laze -  
t id in -2 -ones  5a  and 5h  were also prepared  by  reac t ion  
of the c i n n a m y l i d e n e  Schiff  bases 4a  and  4b  with 
ace toxyace ty l  chlor ide  unde r  the appropria te  react ion 
cond i t ions  (scheme 1). 

In the presen t  work,  the hydro lys i s  of  3-ace toxy-  
aze t id in -2-ones  3 a - j ,  5a  and 5b  was carr ied out  us ing  
po tas s ium carbona te  in me thano l  and  afforded the 
series of  3 -hyd roxyaze t i d in -2 -ones  6 a - j ,  7a  and  7b  in 

i C1..13CO2CH2COCI CH3_CO_ O 
CH ~ . ~ ~  --R 2 
II N.~/.-~. Et3N,CH2CI2 / , ~  N . ~ / ~ ,  NO 

2a-2n ~ R '  o II ~a, K~CO~ 

3a-3n MeOH o I] I 91 
6a-6j 

CH-CH\cH A Et3N'CH2Cl2 I I ~1[/....~// K2CO3 O N ~ ~  R 

[ ~_  c~co~c~c~, I ~  
II 

4a R=H N ~ I ~  R CI-13-CO-O~t,~.~ ~ HO 
4b R=CH 3 O/~N ~ CH3OH 

R 
5a R=H 7a R=H 
510 R=CH 3 7b R=CH 3 

CH30~ 

Scheme 1 .3a  R I = R 2 = H: 3b R I = 4-OCH 3, R 2 = 3,4-OCH~O; 3c R 1 = H, R 2 = 4-C1; 3d R I = H, R 2 = 3,4-OCH20; 3e R l = 
4-OCH~, R 2 = 4-F; 3f R l = 4-OCH~, R 2 = H: 3g R I = 4-OCH~, R 2 = 3,4-(OCH3)2; 3h R 1 = 4-Br, R 2 = 2,3-CH=CHCH=CH-; 
3i R 1 = H, R 2 = 4-NO 2  ̀ 3j R I = 4-CO2CH~, R 2 = 4-OCH~: 3k R l = 4-OCH 3, R 2 = 3,4-OCH20:31 R j = 4-COzCHs, R 2 = H; 
3m R 1 = 4-CO2CH 3, R 2 = 4-CH~; 3n R I = 4-CO2CH~, R 2 = 4-E 6a R l = R 2 = H', 6b R j = 4-OCH 3, R 2 = 3,4-OCH20; 6c R 1 = 
H, R 2 = 4-C1; 6d R 1 = H, R 2 = 3,4-OCH20: 6e R I = 4-OCH 3, R 2 = 4-F; 6 f R  j = 4-OCH 3, R 2 = H; 6g R I = 4-OCH3, R 2 = 3,4- 
(OCH~)z; 6h R 1 = 4-Br, R 2 = 2,3-CH=CHCH=CH-: 6i R j = H, R 2 = 4-NO~_; 6j R l = 4-COzCH~, R 2 = 4-OCH 3. 
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Table I. Physical data for 3-acetoxyazetidin-2-ones 3a -n ,  5a and 5b. 

C o m p o u n d  Ywld  M p  M o l e c u l a r  IR u,,,,,, 
(%)  (°C)  f o r m u l a  (KBr )  (cm 1) 

3a 42.7 185-187 CwHIsNO~ 1750 (C=O) 

3b 23.0 188-190 CI,HITNO(, 1758 (C=O) 

3e 19.2 168-170 CITH HCINO 3 1758 (C=O) 

3d 69.7 135-136 C~sHIsNO 5 1758 (C=O) 

3e 16.0 136-137 C I.~H I~,FNO4 1760 (C=O) 

3f 50.2 158-160 [3] C18HIvNO 4 1758 (C=O) 

3g 7.5 139-140 Cz0H~lNO~ 1758 (C=O) 

3h 10.9 Oil C2(~H j~BrNO 3 1765 (C=O) 

3i 26.7 160-161 CI~HHN2Os 1758 (C=O) 

3j 20.0 140 C~c~H I~NO(, 1718 (-CO,_CH3) 
1765 (C=O) 

3k 56.7 195-197 C L~IHI7NO ~ 1750 (C=O) 

31 6.0 122-124 CIoHITNO 5 1710 (-CO2CH3) 
1760 (C=O) 

3m 11.7 83-87 C2oHl~NOs 1710 (-CO2CH3) 
1750 (C=O) 

3n 65.0 133-136 CI~HI~FNO5 1722 (-COzCH3) 
1765(C=O) 

5a 5.2 151-153 CluHwNO~ 1760 (C=O) 

Sb 5.9 144-145 C2c~H i,~NO~ 1758 (C=O) 

/ H - N M R  
fi ( C D  Cl s) 

7.88-7.08 (8H, m, aromatic H), 5.93 (1H, d, J,,, : 
4.94 Hz, H-3), 5.36 (1H, d, J,,, = 4.94 Hz, H4), 1.65 
(3H, s,-CH3) 
7.40-6.80 (7H, m, aromatic H), 5 83 (2H, s, OCH20), 
5.40 ( 1H, d, J, ..... = 2.0 Hz, H-3), 5.30 ( 1H, d, Jt ...... = 
2,0 Hz, H-4), 3.62 (3H, s, OCH3), 2.12 (3H, s, -CH3) 
7.38-6.60 (9H, m, aromatic H), 5.28 (1H, d, J ....... = 
1.2 Hz, H-3), 4.90 (1H, d, Jt ...... = 1.2 Hz, H-4), 2.12 
(3H, s, -CH3) 
7.30-6.60 (8H, m, aromatic H), 5.92 (2H, s, O C H 2 0 ) ,  
5.30 (IH, d, J, ...... = 1.2 Hz, H-3), 4.60 (IH, d, J ...... = 
1.2 Hz, H-4), 2.16 (3H, s, -CHO 
7.35-6.50 (8H, m, aromatic H), 5.30 (IH, d, br, 
J, ..... = 2,0 Hz, H-3), 4.60 (1H, d, br, J, ...... = 
2.0 Hz, H-4), 3.70 (3H, s. OCH3), 2.10 (3H, s, -CH 3) 
7.50~6.70 I9H, m, aromatic H), 5.92 (H, d, J~ ...... = 
1.2 Hz, H-3), 5.90 (H, d, J,,,, = 4.8 Hz, H-3), 5.86 
(H, d, J, ..... = 1.2 Hz, H-4), 5.30 (H, d, J¢,, = 4.8 Hz, 
H-4), 3.85 (I.2H, s, -OCH3), 3.70 (I.8H, s, -OCH3), 
2.15 (1.1H, s, -CH3), 2.12 (I.9H, s, -CH3) 
7.40-6.70 (7H, m, aromatic H), 5.90 (IH, d, JL,, = 
4.2 Hz, H-3), 5.26 (1H, d, J , ,  = 4.2 Hz, H-4), 3.87 
(3H, s, OCH3), 3.82 (3H, q, OCH3), 3.75 I3H, s, 
OCH3), 1.75 (3H, s, -CH0 
8.10-7.25 (11H, m, aromatm H), 6.40 (0.6H, d, J¢,, = 
4.8 Hz, H-3), 6.08 (0.6H, d, J,,, = 4.8 Hz, H-4), 5.77 
(0.4H, d, J, ..... = 1.5 Hz, H-3), 5.56 (0.4H, d, J, ..... = 
1.5 Hz, H-4), 2.21 (1.2H, s, -CH3), 2.13 (0.8H. s, 
-CH 3) 
7.70-7.20 (9H, m, aromatic H), 6.02 (0.7H, d, J~,, = 
4.8 Hz, H-3), 5_51 (0.7H, d, J , ,  = 4.8 Hz, H-4), 5.04 
(0.3H, d, J ...... = 1.2 Hz, H-3), 4.59 (0.3 H, d, J ....... = 
1.2 Hz, H-4), 2.22 ( 1.1H, s, CH3), 1.76 (I.9H, s, CH 31 
8.45-6.85 (8H, m, aromatic H), 5.38 (IH, d, Jt .... = 
2.0 Hz, H-3), 4.96 (IH, d, J~ ..... = 2.0 Hz, H-4), 3.86 
(3H, s, OCH~), 3.82 (3H, s, OCHa), 2.16 (3H, s, -CH 3) 
7.35-6.65 (7H, m, aromatic H), 5.95 (2H, s, -OCH20), 
5.90 ( 1H, d, J~,, = 5.0 Hz, H-3), 5.21 (1H, J,,~ = 5.0 Hz, 
H-4L 3.75 (3H, s, -OCH3), 1.80 (3H, s, -CH~) 
8.14-6.48 (9H, m, aromatic H), 5.41 (1H, d, J, ..... = 
2.4 Hz, H-3), 5.02 (1H, d, Ji ..... = 2.4 Hz, H-4), 3.85 
(3H, s, OCH3), 2.19 (3H, s, -CH3) 
7.85-6.61 (8H, m, aromatic H), 5.40 (1H, d, J, ..... = 
1.2 Hz, H-3), 4.96 (IH, d, J, ...... = 1.2 Hz, H-4), 3.85 
(3H, s, -OCH3), 2 34 (3H, s, -CH3), 2.18 (3H. s, -CH 3) 
8.14-6.48 (8H, m, aromatm H), 5.39 (1H, d, J ...... = 
1.9 Hz, H-3), 5.06 (IH, d, J ....... = 1.9Hz, H-4), 3.85 
(3H, s,-OCH3L 2.18 (3H, s,-CH3) 
7.70-6.83 ( l lH ,  m, aromatic H), 6.32-6.18 (1H, m, 
-CH=CHCH-), 5.90 (1H, d, J,,, = 5 Hz, H-3), 4.60- 
5.05 ( IH, m, H-4), 2.06 (3H, s, -CH31 
7.50-6.80 (10H, m, aromatic H), 5.82-6.31 (1H, m, 
-CH=CHCH-), 5.85 (1H, d, J,,, = 5.5 Hz, H-3), 4.42- 
5.12 (1H, m, H-4), 2.28 (3H, s, -CH3), 2.03 (3H, s, 
-CHO 
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moderate yields (scheme 1). Prolonged exposure of 
the 3-hydroxy-l,4-diphenylazetidin-2-one 3a product 
to methanol in this reaction afforded 3-methoxy-l,4- 
diphenylazetidin-2-one 8 as the sole reaction product. 
The yield, melting point and relevant spectroscopic 
data for compounds 6a-j,  7a, 7b are given in table II. 
The IR spectra showed characteristic [3-1actam carbo- 
nyl absorbances at 1725-1750 cm 1, while the OH 
stretching absorbances occurred in the region 3350- 
3400 cmL. In the 1H-NMR of compound 6e, which 
was typical of the series, H-4 appeared as a doublet 
(8 4.62, J, ....... = 1.2 Hz) which was coupled to H-3 
(8 4.76, J, ..... = 1.2 Hz). In all compounds, the H-3 
signal appeared downfield within the range 8 4.76- 
6.02 due to the deshielding influence of the C-3 
hydroxyl group. From the IH-NMR spectrum it was 
seen that compounds 6a, 7a and 7b were cis  isomers 
(J3,a = 5.0 Hz, 4.5 Hz, 5.0 Hz, respectively). 
Compounds 6c, 6e, 6f and 6j were all obtained as 
t r a n s  isomers (J~,4 = 1.2-3.6 Hz). For compounds 6b, 
6d, 6g, 6h and 6i the signals for H-3 and H-4 were 
broad and hence the stereochemistry could not be 
deduced. The direct preparation of compound 6g by 
reaction of trimethylsiloxyacetic acid with the imine 
2g in the presence of phenyl dichlorophosphate [9] 
afforded the ~-lactam product 6g in low yield (<10%). 

The 3-hydroxyazetidin-2-ones 6a and 6f were 
converted to their corresponding sulfonyl esters 9a-e  
by treatment with the appropriate sulfonyl chloride 
(scheme 2). Compounds 9a--e were obtained exclu- 
sively as cis  isomers where a large coupling constant 
(J3,4 = 4.8 Hz) was displayed, while compounds 9d, 9e 
were obtained as t rans  isomers exclusively with J3,4 = 
2.6 Hz. 

One of the essential features attributed to the anti- 
bacterial activity of the bicyclic ~-lactams is the free 
carboxylic acid group present at C-3 of penicillins 
(C-4 of cephalosporins and C-2 of carbapenems) [17]. 
However there has been considerable interest in the 
antibacterial and antifungal activity of monocyclic 
13-1actams [18] including those incorporating a free 
carboxylic acid function [19-22]. In the present work 
we now report the synthesis of a novel series of 
3-acetoxy-l,4-diarylazetidin-2-ones containing a free 
carboxylic acid function in the N-1 aryl ring. Direct 
reaction of 4-aminobenzoic acid or 3-aminobenzoic 
acid with the appropriate aryl aldehyde in ethanol 
afforded the Schiff bases 10a-h m good yield 
(scheme 3). The yields, melting point and relevant 
spectroscopic data for these Schiff bases are given in 
table III. The products were characterized by the IR 
spectrum which showed the imine absorption a)(C=N) 
at 1585-1600 cm -~ and the carboxylic acid absorption 
~)(COOH) at 1675-1690 cm 1. In the IH-NMR spec- 
trum, the imine proton CH=N appeared at 8 
8.40-8.60. 

A series of 3-acetoxy-4-aryl-l-(carboxyphenyl)- 
azetidin-2-ones l l a - h  were prepared by reaction of 
the Schiff bases 10a-h with trimethylsilyl chloride to 
form the silyl esters which were subsequently treated 
with acetoxyacetyl chloride to afford the ~-lactam 
products (scheme 3). The yield, melting point and 
relevant spectroscopic data for the 3-acetoxyazetidin- 
2-ones l l a - h  are given in table IV. A high [3-1actam 
carbonyl absorption frequency was observed for all 
compounds in the region 1760-1770 cm -1, which is 
indicative of a highly strained four-membered ring. 
The carboxylic acid absorbance occurs at 1680- 
1690 cm -1. The stereochemical nature of the products 
was determined from the ~H-NMR spectrum to be 
exclusively t rans  with coupling constants in the 
region J = 0.6-1.5 Hz exhibited between H-3 and H-4. 
Purification of the acidic compounds l l a - h  proved 
difficult. Compounds l ie ,  l le ,  l l f  and l l h  gave satis- 
factory C, H, N microanalytical data. Confirmation of 
the structures of compounds l l a ,  l l b ,  l l d  and l l g  
was provided by methylation of the carboxylic acid 
function with diazomethane to afford the correspond- 
ing methyl esters 3j, 31, 3m and 3n, respectively. 

6-Hydroxypenams and 7-hydroxycephems have 
been utilized as intermediates in the preparation of 
novel [3-1actam antibiotics [23]. The preparation of 
some related bicyclic compounds was now examined. 
The novel 7-acetoxy-6-phenylcepham (7-acetoxy-6- 
phenyl-5-thia- 1-azabicyclo[4.2.0]octan-8-one) 13 was 
prepared in 11.5% yield under mild conditions by the 
base-catalyzed cycloaddition reaction of acetoxyacetyl 
chloride with 2-phenyl-5,6-dihydro-4H-1,3-thiazine 
12 (scheme 4). The IR spectrum of 13 showed the 
[3-1actam and ester carbonyl absorbance as a broad 
band centered at v 1765 cm-l. In the IH-NMR spec- 
trum of 13 a six line signal (doublet of triplets) at 8 
3.95-4.28 is assigned to the equatorial proton at C-4 
(Jgem ~- 12.63 Hz, Jeqax = 2.92 Hz, and Jeqeq = 6.65 Hz). 
The equatorial proton on C-4 resonates at a lower field 
than any of the other protons on the six-membered 
ring. This may be attributed to the deshielding effect 
of the carbonyl group which lies in the same plane 
as the C-4 equatorial proton [24]. The axial proton at 
C-4 and the methylene protons at C~2 appear as an 
unresolved multiplet at 8 2.60-3.30 while the C-3 
protons also appear as a multiplet at 8 1.52-2.06. The 
acetoxy group protons are observed as a singlet 8 
1.55. A single isomer product was formed in this reac- 
tion. However, NMR spectroscopy did not reveal 
stereochemistry [25, 26]. 

Hydrolysis of the 7-acetoxy-6-phenylcepham 13 
with potassium carbonate in methanol afforded the 
7-hydroxy-6-phenylcepham 14 in 50% yield. The 
IR spectrum of 14 showed hydroxyl absorbance at 
3400 cm 1 and ~3-1actam carbonyl absorption at 
1750 cm i. In the JH-NMR spectrum of 14 the C-3 
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Table II. Physical data for 3-hydroxyazetidin-2-ones 6a- j ,  7a and 7b. 

Compound field Mp Molecular IR ~o ..... 
(%) (°C) formula (KBr) (cm I) 

/H-NMR 
6 (DMSO-dr,) 

6a 57.2 152-154 [81 C~sHL~NO2 1730 (C=O) 
3400 (OH) 

7.80-7.05 (10H, m, aromatic H), 5.65-5.50 (1H, m, 
H-3), 5.35 (1H, d, J,,, -- 5.0 Hz, H-4) 

6b 52.6 Oil C,vHIsNO 5 1730 (C=O) 
3400 (OH) 

7.30-6.75 (7H, m, aromatic H), 5.85 (2H, s, -OCHzO-), 
5.15 (1H, s, br, H-3), 4.65 (IH, s, br, H-4), 3.85 (3H, 
s, -OCH 3 ) 

6c 58.9 128-129 C15HI2CINO2 1728 (C=O) 
3400 (OH) 

7.50-7.20 (9H, m, aromatic H), 4.88 (IH, d, J ...... = 
1.2 Hz, H-3), 4.66 (IH, d. J~ ...... = 1.2 Hz, H-4) 

6d 43.7 205-206 CI6HI~NO 4 1728(C=O) 
3400(OH) 

7.42-6.75 (8H, m, aromatic H), 5.90 (2H, s, -OCHzO-), 
4.82 (IH, s, br, H-3), 4.68 (IH, s, br, H-4) 

6e 20.1 196 CI,HI4FNOa 1730 (C=O) 
3400 (OH) 

7.40-6.68 (8H, m, aromatic H), 4.76 (IH, d, Jt ..... = 
1.2 Hz, H-3), 4.62 (1H, d, J ....... = 1,2Hz, H-4), 3.68 
(3H, s, -OCH~) 

6f 62.3 210-211131 CI~,HIsNO3 1725(C=O) 
M + 269.1 3400 (OH) 

7.30-6.70 (9H. m, aromatic H), 5.52 (IH, d, J, ...... = 
1.2 Hz, H-3), 5.20 (IH, s, br, H-4), 3.70 (3H, s, 
-OCH 3 ) 

6g 60.0 152-154 CI~HI,;NO~ 1730(C=O) 
3400(OH) 

7.40-6.70 (7H, m, aromatic H), 5,28 (1H, s, br, H-3), 
5 15 (1H, s, br, H-4), 3.87 13H, s, OCH3), 3.82 (3H, 
q, -OCH3), 3.75 (3H, s,-OCH3) 

6h 8.4 150-152 CIoHI4BrNO3 1730(C=O) 
3400 (OH) 

7,50-7.22 (11H, m, aromatic H), 6.02 (1H, d, J , ,  = 
5.0 Hz, H-3), 5.30-5.55 ( IH, m, J = 1.2 Hz, H-4) 

6i 65.9 112-115 CIsHI2N20 ~ 1730 (C=O) 
3400 (OH) 

8.25-7.18 (9H, m, aromatic H), 5.05 (1H, s, br, H-3), 
4.75 (IH, s, br, H-4), 3.99 (1H, s, br, OH exchanges 
D30 ) 

6j 73.8 146-148 CisHiTNO 5 1710(-CO2CH 3) 
1750(C=O) 
3400(OH) 

7.85-6.45 18H, m, aromatic H), 4.85 (1H, d, J ...... = 
3.6 Hz, H-3), 4.65 (1H, d, J ...... = 3.6 Hz, H-4), 3.80 
(3H, s, -OCH3), 3.75 (3H, s, -OCH3), 4.62 (1H. s, br, 
OH, exchanges D~O) 

7a 59.7 188-190 CwHL~NO2 1725 (C=O) 
3350 (OH) 

7.70-6.95 (10H, m, aromatic H), 6.70-6.10 (2H, m, 
-CH--CH-), 5.12 (1H, d, J~,, = 4.5 Hz, H-3), 5.00- 
4.70 (1H, m, H-4) 

7b 58.5 193-195 ClsHlTNO3 1725 (C=O) 
M + 279.1 3350 (OH) 

7.50-6.80 (gH, m, aromatic H), 6.70-6.10 (2H, l-n, 
-CH=CH-), 5.15 (1H, dd, J~,, = 5.0 Hz, H-3), 4.95- 
4.65 (1H, m, H-4), 1.25 (3H, s, -CH3) 
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HO N ~ R 2  

°'/ "~--R, 
6a,6f 

R3-SO2CI R3-SOz-O N ~ R 2  

S c h e m e  2 .  9 a  R 1 = R 2 = H ,  R 3 = 4-NO2C~H4; 9 b  R j = R 2 = 
H, R 3 = 4-BrCoH4; 9c R 1 = R 2 = H. R 3 = CH3; 9e  R I = 
4 -CO2CH 3, R 2 = 4 - O C H >  R 3 = 4-CHs-C6H4; 9 f  R l = 
4 -CO2CH 3, R 2 = 4 - O C H  3, R 3 = 1-naphthyl .  

p r o t o n s  a p p e a r e d  as a m u l t i p l e t  a t  ~i 1 . 5 0 - 2 . 0 6  w h i l e  

t h e  H - 4  a x i a l  p r o t o n  a n d  t h e  m e t h y l e n e  p r o t o n s  a t  
C - 2  o c c u r r e d  as  a m u l t i p l e t  a t  8 2 . 5 6 - 3 . 3 0 .  T h e  H - 4  
e q u a t o r i a l  p r o t o n  w a s  a g a i n  o b s e r v e d  as  a d o w n f i e l d  

m u l t i p l e t  6 3 . 8 8 - 4 . 2 6  (J~,,, = 13.0  H z ,  Jeqeq : 6 . 6 7  H z ,  
Joq~ = 3 ,0  H z ) .  H - 7  o c c u r r e d  as  a b r o a d  s i n g l e t  a t  

4 . 8 4 - 5 . 1 0 .  
7 - A c e t o x y - 6 - p h e n y l c e p h a m  s u l f o x i d e  15  w a s  p r e -  

p a r e d  b y  t r e a t i n g  t h e  7 - a c e t o x y - 6 - p h e n y l c e p h a m  13 

w i t h  m - c h l o r o p e r b e n z o i c  a c i d  (1 m m o l )  w h i l e  the  
7 - a c e t o x y - 6 - p h e n y l c e p h a m  s u l f o n e  16  w a s  o b t a i n e d  
f r o m  13  u s i n g  t w o  m o l a r  e q u i v a l e n t s  o f  m - c h l o r o p e r -  

R,~lllr~ CH3CO2CH2COCI 
R21t 1 ~  4- R I I~ " ~'4"-.,..,~CH (CH3)3SICI 

" " ~ C H  O / '~ '~"  N H 2 II "~ N EI3N,CH2CI 2 
lOa-10h " ~  -R~ 1 1 a - l l h  

S c h e m e  3 .  1 0 a  R 1 = 4 - C O O H ,  R 2 = 4 - O C H  3, 10b  R I = 4 - C O O H ,  R 2 = H: 10c R I = 4 - C O O H .  R 2 = 4-OC2H5; 10d  R 1 = 
4 - C O O H ,  R 2 = 4-CH~; 10e R I = 4 - C O O H ,  R 2 = 3 , 4 - O C H , O ;  10f  R I = 4 - C O O H ,  R 2 = 4-Br :  10g R l = 4 - C O O H ,  R 2 = 4-F;  
1 0 h  R 1 = 3 - C O O H ,  R-2 = 3,4-OCH~O. l l a  R 1 = 4 - C O O H ,  R 2 = 4-OCH3; l l b  R j = 4 - C O O H ,  R 2 = H; l l c  R 1 = 4 - C O O H ,  R 2 = 
4-OC2H5: l l d  R 1 = 4 - C O O H ,  R-' = 4-CH3: l l e  R l = 4 - C O O H .  R 2 = 3 , 4 - O C H 2 0 ;  l l f  R l = 4 - C O O H ,  R 2 = 4-Br ;  l l g  R 1 = 
4 - C O O H ,  R 2 = 4-F;  l l h  R j = 3 - C O O H ,  R 2 = 3 ,4 -OCH,O.  

T a b l e  I I L  Phys ica l  da ta  for  Sch l f f  bases  l O a - h .  

Compound Yield Mp Molecular IR 1)m. ~ IH-NMR 
(%) (°C) formula (KBr) (cm 1) 8(DMSO-d~) 

1 0 a  39.2 1 9 9 - 2 0 0  [20] CIsHI~NO 3 1598 (C=N)  
1685 ( C O O H )  

10b  66.6 191 - 192  [33] Cj4HIINO 2 1600 (C=N)  
1690 ( C O O H )  

8.60 (1H, s, -CH=N-) ,  8 . 23 -7 .03  (8H, m, a romat ic  
H), 3 .90 (3H, s, OCH3) 

8 48 (1H, s, -CH=N-) ,  8 .20-7 .13  (9H, m, aromatic  H) 

10c 50.8 215 C~6HIsNO~ 1 6 0 0 ( C = N )  8 45 (1H, s , -CH=N-) ,  8 . 02 -6 .75  (8H, m, aromatic ,  
1 6 8 5 ( C O O H )  H), 3.96 (2H, q, J = 6.6 Hz, -OCH2CH3), 

1.22 (3H, t, J -- 6.6 Hz, - O C H 2 C H  3) 

10d  70.6 2 3 5 - 2 3 6  C]5HI~NO2 1598 (C=N)  
1680 ( C O O H )  

1 0 e  73.2 2 4 5 - 2 4 6  C]sHj INO 4 1585 (C=N)  
1675 ( C O O H )  

10f  68.2 186-188  CizHloBrNO2 1590 (C=N)  
1680 ( C O O H )  

10g 61.2 1 9 3 - 1 9 4  C HHIIIFNO2 1590 (C=N)  
1680 ( C O O H )  

10h  70.0 2 4 1 - 2 4 3  CIsHI lNO 4 1600 (C=N)  
1690 ( C O O H )  

12.30 (1H, s, br, COOH),  8.40 ( IH,  s, -CH=N-) ,  8 .20 -  
7 .10 (8H, m, a romat ic  H), 2 .40 I3H, s, -CH 3) 

12 77 ( lH ,  s, br, COOH),  8.53 ( IH,  s, -CH=N-) ,  8 .15 -  
6.95 (7H, m, a romat i c  H), 6.18 (2H, s, - O C H 2 0 - )  

8.50 ( 1H, s, -CH=N-) ,  8 .05-6 .94  (8H, m, a romat ic  H) 

8.52 (1H, s, -CH=N-), 8.08-7 .08  (8H, m, aromat ic  H/  

8.52 ( IH,  s, -CH=N-) ,  7 .70-6 .80  (7H, m, aromat ic  H), 
6 .20 (2H, s, - O C H 2 0 - )  
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Table IV. Physical data for 3-acetoxyazetidin-2-ones l l a - h .  

Compound Yield Mp Molecular  IR u . . . . . .  

(%) (°C) formula (KBr) (cm -1) 
IH-NMR 

fi ( DMSO-d:,) 

l l a  19.3 Oil CI~HITNO, 1680 (COOH) 
1765 (C=O) 

l i b  4.8 184-185 CL~H15NO5 1690 (COOH) 
1760 (C=O) 

l l c  17.9 64-66 C~,H l¢~NO~ 1680 (COOH) 
1760 (C=O) 

l l d  25.3 175-177 CmH.~NOs 1680 (COOH) 
1760 (C=O) 

l l e  31.9 147-148 CI,I-JlsNO v 1690 (COOH) 
1760 (C=O) 

l l f  78.1 130 ClsHl4BrNO5 1690 (COOH) 
1765 (C=O) 

l l g  17.9 174-176 CI,HI4FNOs 1680 (COOH) 
1770 (C=O) 

l l h  20.1 155-157 CI,)HIsNO 7 1690 (COOH) 
1760 (C=O) 

8.10-6.70 (SH, m, aromatic H, 5.30 (1H, s, brm 
H-3), 4.90 ( 1H, s, br, H-4), 3.65 (3H, s, -OCH3), 2.18 
(3H, s,-CH3) 

8.00-6.85 (9H, m, aromatic H), 5.32 (1H, d, J ...... = 
1.2 Hz, H-3), 4.92 (1H, d, J, ....... = 1.2 Hz, H-4), 2.08 
(3H, s , -CH 3) 

7.90-6.30 (8H, m, aromatic H), 5.42 (1H, d, J, ..... = 
1.2 Hz, H-3), 4.95 (IH, d, Jt ...... = 1.2 Hz, H-4), 3.32 
(2H, q, J = 6 Hz, -OCH2CHt), 2.10 (3H, s, -CHj), 
1.18 (3H, t, J = 6 Hz, -OCH2CH~) 

8,10-6.80 (8H, m, aromatxc H), 5.45 (IH, d, Jt ...... = 
1,5 Hz, H-3), 5.32 (IH, d, J~ ...... = 1,5 Hz, H-4), 2.16 
(3H, s, -CH3), 2.05 (3H, s, CH~) 

8.14-7.14 (7H, m, aromatic H), 5.95 (2H, s, -OCHzO-), 
5.38 (IH, d, J~ ...... = 1.2 Hz, H-3), 4.90 (1H, d, J, ...... = 
1.2 Hz, H-4, 2.16 (3H, s, -CH0 

8.10-7.10 (SH, m, aromatic H), 5.35 (IH, d, Jt ..... = 
1.2 Hz, H-3), 4.98 (IH. d, J1 ...... = 1.2 Hz, H-4), 2.20 
(3H, s, -CH0 

8.15-6.50 (8H, m, aromatic H), 5.35 (IH, d, J, ...... = 
1.6 Hz, H-3), 4.98 (IH, d, Jr ...... = 1.6 Hz, H-4). 2.18 
(3H, s,-CH3) 

8 10-6.80 (8H, m, aromatic H), 5.90 (2H, s, -OCHzO-), 
4.90 (1H, s, br, H-3), 4.70 (1H, s, br, H-4), 2.16 (3H, 
s, -CH3) 

C6H5 " ~ S ' ~  

" . . . j  

12 

CH3CO2CH2CO~I 
EtaN,CH2CI 2 

HsCB 
CH~'CO- ~ N  ~., ~ 

MCPBA 
1 t o o l /  

0 
HsC6 l 

CH3-CO O.~S*.o ~'~ : ' ~  

15 

13 

MCPBA 2 mot 

CH3-CO O HsCs, O%S/./° 

16 

K2C03 
CH30H 

H5C6 HO~__~S_ 

14 

Scheme 4. 
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benzoic acid. The IR spectrum of both compounds 15 
and 16 shows the ~-lactam carbonyl absorbance at 
1780 cm I. In the IH-NMR spectrum H-7 is 
observed as a singlet at 8 6.20 in 15 and 6.45 in 16 
thus displaying a downfield shift when compared with 
H-7 in 13 at 8 5.70 and at 5 4.92 in 14. 

Results and discussion 

Antifungal activity 

Monocyclic and bicyclic j3-1actams have previously 
been investigated for antifungal activity. A series of 
4-aryloxy and 4-arylthioazetidin-2-ones, unsubstituted 
at C-3 were synthesized and found to show antifungal 
activity when evaluated against various strains of 
Microsporon, Trichophyton and Candida, and also 
plant pathogenic fungi, eg, Phycomycetes [22, 34]. A 
significant difference in activity between the enantio- 
mers of 4-phenylthioazetidin-2-one indicated possible 
correlation between the 4S configuration of the 
[~-lactam and antifungal activity. 

A number of 3-halo and 3-alkylazetidin-2-ones 
have been reported to be effective against plant patho- 
genic fungi, eg, Piricularia ory=ae [35, 36]. A series 
of cephalosporin derivatives including sodium 
7-(N-benzyldithiocarbamoylacetamido)cephalosporinate 
were active against Trichophyton mentagrophytes, 
Microsporum canis, Cr),ptococcus neoformans and 
Histoplasma capsulatum [37]. A group of clavam 
derivatives isolated from Streptomyces clavuligerus 
were reported to exhibit activity against a number of 
fungi particularly fungal plant pathogens [38]. 

In the present work, a number of the [3-1actam 
compounds synthesised were evaluated as antifungal 
agents against the pathogenic fungi C neoformans, 
Candida albicans, Candida parapsilosis, Candida 
tropicalis, Candida glabrata and Trichosporon cuta- 
neum. The MIC values obtained in this procedure are 
displayed in table V. Of the initial 3-acetoxyazetidin- 
2-ones examined 3-acetoxy-4-(4-nitrophenyl)- I - 
phenylazetidin-2-one 3i proved to be the most effect- 
ive, having MIC < 18.4 btM against C neoformans, 
C albicans, C parapsilosis, C tropicalis and C 
glabrata. The 3-acetoxy(4-fluorophenyl)azetidin-2- 
one 3n was effective against C tropicalis and T cuta- 
neurn (MIC < 8.4 btM). Of the 3-hydroxyazetidin-2- 
ones examined, 3-hydroxy-l-(4-methoxyphenyl)-4- 
phenylazetidin-2-one 6f showed good activity against 
C neoformans (MIC < 11.15 btM) and C glabrata 
(MIC < 22.3 jaM) while compound 6a was effective 
against C parapsilosis and C tropicalis (MIC 
< 25.09 gM). Of the 3-sulfonyloxyazetidin-2-ones 
examined, compounds 9b and 9e showed MIC < 3.27 
and 2.90 btM respectively when evaluated against 
C neoformans and C glabrata, while compounds 9a, 

9b and 9c were effective against T cutaneum (MIC 
< 7.05, 6.54, 9.46 JaM respectively). Of the 3-acetoxy- 
azetidin-2-ones containing a free carboxylic acid in 
the N-I aryl ring only compound l l b  proved effec- 
tive, having MIC < 18.4 [aM against C glabrata. The 
oxidized cepham type compounds 15 and 16 proved 
to be effective antifungal agents displaying MIC 
< 19.41 gM against all organisms tested for the sulfone 
compound 16, and MIC < 20.47 btM for all organisms 
(except T cutaneum) for the sulfoxide compound 15. 

Antibacterial activity 

A number of the compounds prepared were evaluated 
for antibacterial activity against the following 
organisms Staphylococcus aureus, Proteus vulgaris, 
Pseudomonas aeruginosa, Bacillus subtilis, Kleb- 
siella aerogenes, Escherischia coli and Streptococcus 
faecalis, using a radial growth assay procedure. The 
3-acetoxyazetidin-2-ones 3a-n, 3-hydroxyazetidin-2- 
ones 6a-j  and the cephams 13-16 were inactive at a 
concentration of 3.20-4.18 raM. The 3-acetoxy-l,4- 
diarylazetidin-2-ones l l a - h  containing a free carbo- 
xylic acid function displayed antibacterial activity 
against S aureus, P vulgaris, P aeruginosa, B subtilis, 
K aerogenes and E coli at concentrations in the range 
of 2.48-3.08 raM, with zones of inhibition of < 9 mm 
in diameter. These results are displayed in table VI. 
On further investigation, compounds l l c  and l l h  
showed inhibition of S aureus at a concentration 
of 0.054 mM and compounds l l b  and l l c  showed 
inhibition of E coli at concentrations of 0.062 and 
0.054 mM respectively. These results are consistent 
with reported antibacterial activity for monocyclic 
j3-1actams containing a free aryl carboxylic acid 
substituent [ 19-22]. 

Conclusion 

A group of 3-acetoxyazetidin-2-ones containing a free 
carboxylic acid group on the N-1 aryl ring showed 
moderate antibacterial activity. It has also been 
demonstrated that a number of monocyclic and 
bicyclic [3-1actam derivatives displayed useful anti- 
fungal activity when evaluated against a number of 
pathogenic fungi. All of the active products contain an 
oxygen function at C-3 of the [3-1actam ring (OH, 
OCOCH3, OSOeR). Antifungal activity was observed 
for the monocyclic ]3-1actams having both cis and 
trans stereochemistry for H-3 and H-4. Further studies 
of these compounds, particularly preparation of addi- 
tional derivatives with C-3 oxygen-containing substi- 
tuents, together with an investigation of the stereo- 
chemical requirement of monocyclic [~-lactams at C-4 
for antifungal activity are in progress. 
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Table V. MIC values (gM) of 3-acetoxyazetidm-2-ones and related compounds against C neoJormans. C albtcans, C parapsi- 
losis, C tropicalis, C glabrata and T cuta,eum. 

Compound C neoforma,s C alhica,s C parapszlosis C tropicalis C glabrata T cutaneum 
( ah2 7/a I ( ~h/t541 I ah/t4 2 ) ( cp/k92 ) ( t/91 k) (jk/92 ) 

3a 177.93 355.87 177.93 88.96 177.93 44.48 

3d 158.84 153.84 76.92 153.84 38.46 38.46 

3f 80.38 321 _52 80.38 40.19 40.19 80.38 

3i 18 40 18 40 18.40 18.40 18.40 38.34 

3j 33.87 16.26 33.87 33.87 133.87 33.87 

31 73.74 147.49 17.69 17.69 17.69 73.74 

3m 70.82 141.64 70.82 35.41 141.64 283.28 

3n 35.01 35.01 35.01 8.40 l 6.80 8.40 

6a 52.29 52.29 25.09 25.09 52.29 104.58 

6f 11.15 46.45 46.45 46.45 22.30 46.45 

6h 153.86 153.86 307.72 38.46 38.46 38.46 

7b 5.37 44.80 21.50 21 _50 89.60 44.80 

9a 14.08 14.08 14.08 7 04 14.08 7.04 

9b 3.27 13.(t8 13.08 27.25 3.27 6.54 

9c 18.92 l 8.92 39.41 9.46 39.41 9.46 

9e 2.90 24.17 24.17 11.60 1.54 24.17 

l i b  153.83 76.91 153.83 307.66 18.46 153.83 

l i e  135.50 135.50 67.75 135.50 33.87 67.75 

13 90,25 45.12 361.01 90.25 45.12 361.01 

14 53.19 53 19 106.38 106.38 53 19 53.19 

15 5.11 20.47 5.11 20.47 20.47 42.64 

16 19.41 19 41 19.41 9.70 4.85 19.41 

AMT-B 13.52 13.52 13.52 13 52 6.49 6.49 

Table VI. Anlibactenal activity of 3-acetoxyazetidm-2-ones l l a - h  (MIC values, raM). 

Test organism l l a  l i b  l l c  l i d  l i e  l I f  l l g  l l h  

S aureus 2.82 3.08 0.054 2.95 2.71 2.48 2.92 0.054 

P vulgaris 2.82 3.08 2.71 2.95 2.71 2.48 2.92 2.71 

P aeruginosa 2.82 3.08 2.71 2.95 2,71 2.48 2.92 2.71 

B subtilis 2.82 3.08 2.71 2.95 2.71 2.48 2.92 2.71 

K aerogenes 2.82 3.08 2.71 2.95 2.71 2.48 2.92 2.71 

E coli 2.82 (t.062 0.054 2.95 2.7 l 2.48 2.92 2.71 
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Experimental section 

Mps were determined on a Gallenkamp melting point apparatus 
and were not corrected. IR spectra were recorded on a Perkin- 
Elmer SP3-300 spectrometer and a Perkln-Elmer FTIR-1710 
spectrometer. 1H-NMR spectra (60 MHz~ were obtained on a 
Perkin-Elmer R12B spectrometer and IH_NMR spectra 
(300 MHz) were obtained on a Bruker 300 MSL spectrometer 
using tetramethylsilane as internal standard. Mass spectra were 
measured with a VG Micromass 7070H spectrometer. Sepa- 
rations by column chromatography were carried out using 
Riedel-de Haen Kieselgel S (0.063-0.2 ram) and TLC was 
carried out on Riedel -de  Haen pre-coated plates (silica gel 60, 
F254). Elemental analyses are within _+0.4% of the theoretical 
values except where indicated. 

Elemental analysis of new compounds was carried out by 
I O'Brien, Microanalysis Laboratory, University College Dublin. 
All compounds are within _+0.4% of the theoretical value 
except where indicated for compounds 3i, 3k, 6c, l l h  and 15. 
High resolution mass spectral analysis of  new compounds was 
carried out by DG Watson, Department of Pharmaceutical 
Sciences, Royal College University of  Strathclyde, UK. 

Chemistrw 

AcetoxyaeeD'l ehlorMe 
A mixture of glycolic acid C0 374 tool) and acetyl chloride 
(1.430 tool) was refluxed for 3 h The mixture was evaporated 
under reduced pressure to remove excess acetyl chloride, and 
the residue was refluxed for 2 h with thionyl chloride 
(0.491 tool). The title product was obtained by distillation 
under reduced pressure (68%) (bp 58-61 °C, 19 mmHg, lit [27] 
bp 51 °C/14 mmHg),  IR Vm,, ICHCI0,  1755 (C=O) cm I. 
IH-NMR 8 (CDC13), 4.90 (2H, s, OCH_7), 2.18 (3H, s, -CH0.  

General preparation of  3-acetoxy-1. 4-diao~lazettdin-2-ones 
3a-n, 5a and 5b 
A solution of acetoxyacetyl chloride (7.30 retool) in dry 
dichloromethane (12 mL) was added dropwise over 1 h at room 
temperature to a mixture of the appropriately substituted Schiff 
base (8.76 retool) and trlethylamine (17.52 mmol) in dry 
dichloromethane 118.2 mL). The reaction mixture was stirred 
for an additional hour at room temperature and was then 
washed with water (2 x 50 mL). The organic layer was dried 
(Na2SO4). Evaporatmn of the solvent and purification of  the 
residue by column chromatography (eluent dichloromethane/ 
diethyl ether, 9:1 ) afforded the required product. 

General preparanon of  1,4-diar3'l-3-hydroxyazetidin-2-ones 
6a-j. 7a and 7b 
Potassium carbonate (1.0 retool) in water (0.2 mL) was added 
to a solution of  the appropriately substituted 3-acetoxy-l ,4- 
diarylazetidln-2-one (1.0 mmol) in methanol (10 mL) The 
reaction mixture was stirred for 1 h at room temperature and 
was then partitioned between water and dichloromethane. The 
orgamc phase was dried ( N a z S O 4 ) _  Removal  of  the solvent 
afforded the crude product which crystallized from dichloro- 
methane to afford the required [3-1actam. 

3-Methox3'- l, 4-diphenylazetMin- 2-one 8 
Potassium carbonate (0.1 mmol) in water (0.2 mL), was 
added to a solution of  3-acetoxy-l,4-diphenylazetldln-2-one 
(1.0 retool) in methanol (10 roLl. The reaction mixture was 
stirred for 20 h at room temperature and was then partitioned 
between water and dichloromethane. The organic layer was 
dried (Na,SOa) and the solvent was evaporated to afford the 
title compound which crystallized from methanol (70.2%/, mp 

143-145 °C (lit [28] mp 141-142 °C). u . . . .  (KBr), 1735 cm -1. 
IH-NMR fi (CDC10, 7.48-6.42 (10H, m, aromatic H), 4.90 
(IH, d, Ja,4c,, = 5Hz, H-31, 4.48 (IH, d, J43,,~ = 5 Hz, H-4), 3.75 
(3H, s, OCH3). 

General preparauon of  3-( arylsulfonylo_D')- l. 4-diao, lazetidin- 
2-ones 9a, 9d and 9e 
To a solution of the appropriately substituted 1,4-diaryl-3- 
hydroxyazetidin-2-one 6a and 6f  (0.84 mmol) in pyridine 
(6 mL) at 0 °C was added the appropriately substituted sulfonyl 
chloride (1.75 retool). The solution was allowed to stand at 
0 °C for 24 h, then poured onto ice water and extracted with 
ethyl acetate (2 x 15 mL). The organic layer was washed 
successively with dilute sulphuric acid (2 x 8 mL), water 
(2 x 8 mL) and dried (Na2SO4). Evaporation of the solvent and 
purification of  the residue by column chromatography (eluent: 
chloroform) yielded the required product 

1,4-Diphenyl-3-(4-nitrophenylsul[bnylo~rv)azetidin-2-one 9a. 
The product was obtained as a yellow powder (45%), mp 
211 °C. IR ~ .... (KBr), 1768 (C=O), 1195 (SO21 cm-L IH- 
NMR 8 (pyridine-d51, 8.50-7.00 (14H, m, aromatic H), 6.56 
(1H, d, J~.4~,, = 4.8 Hz, H-3), 5.67 (1H, d, J4._~,, = 4.8 Hz, H-4). 
Elemental analysis found' C, 63.90; H, 4.00, N, 6.96. 
C21HIbN20~S requires C, 64.28; H, 4.08; N, 7.14%. 

l-(  4- Metho xycarbonylphenyl  )-4-( 4-methoxypheny l )- 3-( 4- 
methylphenylsulfimyloxy)azetidin-2-one 9d. The product was 
obtained as a yellow powder (79.5%), mp 105-107 °C. IR "o ..... 
(KBr), 1744 (C=O), 1710 (CO2CH3), 1370, 1180 (SO21 cm 1. 
IH-NMR 8 (pyridine-d~), 7.90-6.30 (12H, m, aromatic H), 5.25 
(1H, d, J34 ...... = 2.6 Hz, H-3), 4.95 (1H, d, J4.~ ...... = 2.6 Hz, 
H-41, 3.68 (3H, s, -OCH~), 3.56 (3H, s, -OCH3), 2.40 (3H, s, 
-CH_0. Elemental analysis found: C, 62.01, H, 4.69; N, 2.80. 
C25H23NO7S requires C, 62.37; H, 4.78, N, 2.91%. 

1-( 4-Methoxyc arbon ylphenyl  )-4-( 4-methox yphenyI  )- 3-(1- 
naphthylsulJbnylo,ry)azetidin-2-one 9e. The product was 
obtained as a yellow powder (13.6%), mp 180°C. IR ~) ..... 
(KBr), 1745 (C=O), 1710 (-CO2CH3), 1350, 1180 (-SO2)cm -l. 
IH-NMR 8 (pyridine-d~), 7.95~5.20 (15H, m, aromatic H), 5.27 
(1H, d, J~4 ....... = 2.6 Hz, H-31, 4.89 (IH, d, -/4,3 ...... = 2.6 Hz, 
H-41, 3.65 13H, s, -OCH0,  3.52 (3H, s, -OCH3). Elemental 
analysis found: C, 64.69: H, 447 ;  N, 2.86. C2sH23NOTS 
requires C, 64.99; H, 4.44; N, 2 70%. 

3-( 4-Bromophenylsulfonyloxy )- 1.4-dtphenylazeudin-2-one 9b 
1,4-Diphenyl-3-hydroxyazetldin-2-one (0.65 mmol) was dis- 
solved in chloroform (3 mE) containing N,N-dimethylform- 
amide (0.15 mL) and to this stirred solution was added 
p-bromophenylsulfonyl chloride (,0.99 retool) and triethylamine 
( 1.24 mmol). After 24 h the reaction mixture was diluted with 
chloroform (20 mL), washed with dilute NaHCO~ (15 mLi,  
water (15 mL), dried (Na2SO 41 and the solvent evaporated The 
crude product was purified by column chromatography (eluent: 
chloroform) to afford the title compound as a colorless 
powder (55%), mp 222 °C. IR ~ma, (KBr), 1768 (C=O), 1195 
(SOz) cm 1. 1H_NM R 8 (pyridine-ds), 7.72-7.05 (14H, m, 
aromatic H), 5.85 (1H, d, J3,4,~ = 4.8 Hz, H-3), 5.32 (1H, d, 
J43,, = 4.8 Hz, H-4). Elemental analysis found: C, 55.25, H, 
3.44; N, 3.06. C,~H~0BrNOaS requires C, 55.03; H, 3.49: N, 
3.05% 

1.4-Dtphenyl-3-methylsul~bnyloxyazetidm-2-one 9c 
Following the above procedure wlth methanesulfonyl chloride, 
the pure product was isolated as a colorless powder (60%), 



mp 210°C.  IR v ...... (KBr), 1768 (C=O), 1195 (SO~_) cm -1. 
1H-NMR 8 (pyridine-d~), 7.42-7.20 (10H, m, aromatic H), 5.87 
(IH, d, J3,4~,~ = 4.8 Hz, H-3), 5.40 (1H, d, Ja~,, = 4.8 HZ, H-4), 
2.76 (3H, s, -CH0.  Elemental analysis found: C, 60.23: H, 
4.71: N, 4.12. C~6HlsNO4S requires C, 60.56; H, 4.73, N, 
4.41%. 

General preparation oJ Schiff bases lOa-h 
A solution of the appropriately substituted aryl aldehyde 
(0.1 moll  and 4-aminobenzolc acid (0.1 retool) or 3-aminoben- 
zoic acid (0.1 moll  in ethanol ~50 mL) was heated for 
30 min on a boiling water bath. The reaction mixture was then 
reduced to 10 mL m vacuo, and on standing the Schiff base 
crystallized. The crude product was then filtered and recrystal- 
lized twice from ethanol. 

General preparation o,[ 3-acetoxy-l,4-dmrvlazetldin-2-ones 
l l a - h  
Triethylamine (12 retool) was added to a solution of the appro- 
priately substituted Schlff base 10a-h  (4 retool) in dry dichloro- 
methane (20 mL). Tnmethylsi lyl  chloride (4.40 retool) was 
added dropwxse and the resulting mixture was stirred for 
30 rain. Acetoxyacetyl chloride (4.40 retool) in dlchloro- 
methane (20 mL) was added dropwlse over 1 h under anhy- 
drous conditions, and the solution was then refiuxed for 2 h 
and stirred overnight. The solution was washed with water 
(2 x 20 mL) and the organic layer was dried (NazSO4) and the 
solvent evaporated to yield the crude product which was pur~- 
fled by column chromatography (eluent:dichloromethane/ 
diethyl ether, 90:10 to 10:90). The products were then recrys- 
tallized from methanol. 

Methylatlon of 3-acetoxy-l.4-diarylazetidln-2-ones l la,  l lb,  
11d, l l g  
The 3-acetoxy-4-aryl- 1-(4-carboxyphenyl)azetidm-2-ones l l a .  
l l b ,  l l d  and l l g  were dissolved in methanol (5 mL), and a 
solution of dlazomethane in diethyl ether was added in aliquots 
of 1-2 mL. The formataon of the methyl ester was momtored by 
tlc until the reaction had gone to completion. The m~xture was 
then washed with water, dried (Na_,SO0 and the solvent evapo- 
rated. The residue was purified by column chromatography 
over silica gel (eluent:dichloromethane) to afford the products 
3j, 31, 3m and 3n, respectively, which crystallized from 
ethanol. 

7-Acetoxy-6-phenyl-5-thia- l-azabicvcIo[ 4.2.0]octan-8-one 13 
A solution of acetoxyacetyl chloride (7 3 retool) m dry dichloro- 
methane (12 mL) was added dropwlse over 1 h at room tempe- 
rature to a mixture of 2-phenyl-5,6-dihydro-4H-1,3-thiazine 12 
[29] (8 76 retool) and triethylamine (14.6 mmol) in dry dlchloro- 
methane (18.2 mL). The reaction mixture was stirred for an 
additional hour at room temperature and was then washed with 
water (2 x 50 mL). The organic layer was dried (NaeSO4) 
Removal  of the solvent, and purification by column chromato- 
graphy (eluent n-hexane/ethyl acetate, 3:1) yielded the title 
product as a colourless crystal (11.5%), mp 92-93 °C. ~ ..... 
1765 (C=O), cm-~. JH-NMR 8 (CDC10, 7.60-7.21 (5H, m, 
aromatic H~, 5.70 (IH, s, H-7), 4.28-3.95 ~IH, m, H-4 eq), 
3.30-2.60 (3H, m, H-4ax, H-2), 2 .06-I  52 (2H, m, H-3), 1.55 
(3H, s, CH3CO). Elemental analysis found: C, 60.42: H, 5.58: 
N, 4.90. C~4HL~NO3S reqmres C, 60.64, H, 5.41, N, 5.05%. 

7-Hydroxy-6-phenyl-5-thla-l-a:ablcyclo[4.2.0]octan-8-one 14 
Potassium carbonate (0.1 mmol) in water (0.2 mL) was added 
to a solution of  7-acetoxy-6-phenyl-5-thia-l-azablcyclo[4 2 0]- 
octan-one 13 (1.0 retool) in methanol (10 mL). The reaction 
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mixture was stirred for 1 h at room temperature. The residue 
was then partitioned between water and dlchloromethane. The 
organic layer was dried (NazSO4L Removal  of the solvent and 
purification of the residual oil by column chromatography 
(eluent:hexane/ethyl acetate, 3:1), yielded the title compound 
as colorless crystals (50.1%), mp 150-151 °C IR ~ , ~  (KBr), 
3400 (OH), 1750 (C--O) cm 1. IH-NMR 8 (CDC13), 7.60-7.20 
(5H, m, aromatic H), 5.10-4.84 I1H, m, H-7), 4.26-3.88 (IH, 
m, H-4~q), 3.30-2.56 (3H, m, H-4~, H-2), 2.06-1.50 (2H, m, 
H-3). Elemental analysis found C, 61 53; H, 5.56; H, 5.89. 
C~Ht3NO:S requires C, 6l  27; H, 5.53: N, 5.95%. 

7-Acetoxy-6-phenyl- 5-thta- l-azabicyclo[ 4.2.0]octan-8-one- l- 
~ulfoxide 15 
A solution of 7-acetoxy-6-phenyl-5-thla-l-azabicyclo[4.2.0]- 
octan-8-one 13 (0.36 retool) in dry dichloromethane (3.5 mL) 
was treated under stirring with m-chloroperbenzoic acid 
(0.37 retool) at 20 °C. After 24 h, a solution of NaHSO4 was 
added to the mixture to destroy the excess peracid. The mixture 
was concentrated under reduced pressure to yield a residue 
which was partitioned between ethyl acetate and water. The 
organic layer was separated, and washed successively with 
NaHCO 3 (5%, 10 mL), water, and dried (NaeSO4) and eva- 
porated to afford the crude product which was purified by 
column chromatography (eluent:hexane/ethyl acetate, 3:2) to 
give the title compound as colorless crystals (15.2%, mp 
165-166 °C). IR ~ma, (CHC10, 1780 (C=O), 1075, 1050 IS=O) 
cm -1. IH-NMR 8 (DMSO-d6), 7.54-7.12 (5H, m, aromatic H), 
6.20 (1H, s, H-7), 4.30-3.80 (1H, m, H-4~,), 3.35-2.15 (3H, m, 
H-4~,, H-2), 2.09 1.54 (2H, m, H-3), ] 55 (3H, s, -CHa). 
Elemental analysis found: C, 56.57; H, 5.25, H, 4.85. 
C~4H~sNO4S requires C, 57.14; H, 5.44; N, 4.76%. 

7-Acetoxy-6-phenyl-5-th ia- 1 -azabicyclo[4.3. O]octan-8- one- 1 - 
sulfone 16 
A solution of  7-acetoxy-6-phenyl-5-thia-l-azablcyclo[4.2 0]- 
octan-8-one 13 (0.36 mmol), in dry dichloromethane (3.5 mL) 
was treated while stirring with m-chloroperbenzoic acid 
(0,72 retool) at 20 °C as described for compound 15 above. 
The crude product was purified by column chromatography 
(eluent:hexane/ethyl acetate, 3:2) to afford the title compound 
as colorless crystals (11.7%). mp 125-127 °C. IR ~) .... (KBr), 
1780 (C=O), 1320, 1140 (SO~) cm -1. IH-NMR 8 (DMSO-d~), 
7.60-7.25 (5H, m, aromatic H), 6.45 (1H, s, H-7), 4.38-3.95 
(1H, m, H-4e,), 3 60-2.80 (3H, m, H-4~, H-2), 2.10-1.55 (2H, 
m, H-3), 1 J 0  (3H, s, -CH3). Elemental analysis found C, 
53.53; H, 4.82; N, 4.26. ClaH~sNOsS requires C, 54 36: H, 
4.85: N, 4.53%. 

Antimycotic actiw~ 

The m vitro antimycotic activity of  tested compounds was 
determined against a series of yeasts and fungi and has been 
evaluated through the minimum inhibitory concentration (MIC) 
according to the method of  progressive double dilutions in 
liquid Casitone methum [30]. 

The yeasts were originally chnical isolates obtained from 
Kuwait, and were typed by conventional methods [31]. The 
cells were maintained by a periodic subculture on malt agar 
(Oxoid) slants. MIC determinations were performed by a 
mlcro-titre technique on freshly subcultured 2-day-old cells 
from slants. One (1 ram) loopful of  the freshly cultured cells 
was suspended in sterile distilled water (10 mL) The seeding 
rate was adjusted by successive dilution of  this stock solution 
with sterile distilled water until the optical density reading of  
the solution is 0.05 (530 nm) [32]: 25 ktL of this diluted cell 



1000 

suspension was then added to the wells  m the autotray-micro- 
titre plate already containing liquid Casltone medium (Difco: 
20%, 0.1 mL). The compounds were then added to the wells in 
the concentration range of  0 .1 -100  ~g/mL diluted with sterile 
distilled water from a 1 mg/mL stock solution of  the pure 
compounds m DMSO (0.1 mL), with the highest content of  
D M S O  in any well  at 2.5%. 

The cells were incubated at 30 °C for 24 h (for Cand:da spp 
and T cutaneum) and 48 h (for C neoformans strains and 
C glabrata) and the MIC reading recorded at 24 and 48 h 
respectively using a colony reader compared to control cultures 
mcubated on the same plate at the same conditions above, and 
m duplicate sets. 

Ant:bacterial acttvit3" 

Test organisms and culture media: E coh, K aerogenes, B 
subtiIis (NCTC 10400), P vulgarts (NCTC 6435), P aerugi- 
nosa (NCTC 6749), Sfaecahs and S aureus were cultivated in 
nutrient agar and nutrient broth (Oxoid). Cultures without iden- 
tification number of  source are from the collection of  the 
School of Pharmacy, Trinity College, Dublin. Each 24-h-old 
culture (10 btL) was  added and mixed with Oxoid nutrient 
broth (10 mL). The resulting mixture (3 mL) was poured and 
swirled onto a Petri dish containing the set nutrient agar. A 
solution of  each compound to be tested was mmal ly  prepared 
at a concentration of 1 mg/mL in analar dichloromethane. 
Ampici lhn was used as the standard antibiotic. The resultant 
solution ( 10 p,L) was dispensed on Whatman No 1 filter paper 
discs of diameter 5 mm and allowed to air dry. Four treated 
discs were placed on each agar plate and the plates were 
incubated at 37 °C for 24 h Zones of mhlbmon were then 
measured and recorded. 
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