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Studies related to  Penicillins. Part 27.’ A Strategy for the Conversion of 1 ,I - 
Dioxides of Penicillanates into 1 ,I -Dioxides of 3-Methylceph-3-em-4- 
car boxylates2 

G. D. Sriyani Ananda and Richard J. Stoodley*Tt 
Department of Organic Chemistry, The University, Newcastle upon Tyne, NEI  7RU 

Methodology for the conversion of benzyl (3St5R)-penicillanate 1 ,I -dioxide (2b) into (6R)-4- 
benzyloxycarbonyl-3-methylceph-3-em 1 , I  -dioxide (3b) has been devised. In the process, the 3,4- 
double bond of the product was constructed by a reductive carbonyl-carbonyl coupling reaction, 
induced by trimethyl phosphite, of benzyl 2- [ (2R)-2-acetonylsulphonyl-4-oxoazetidin-l -yl]glyoxylate 
(1 2a). This compound was prepared from (2R) -1 - (1 -benzyloxycarbonyl-2-methylprop-l -enyl)-4- 
oxoazetidine-2-sulphinic acid (1 3a), obtained from the precursor (2b) by a p-elimination reaction, by an 
acetonylation-ozonolysis sequence. 

By a similar route, benzyl (3St5R,6S) -6-chloropenicillanate 1 ,I -dioxide (2c) was transformed into 
(6R,7S ) -4- benzyloxycarbonyl-7 -c hloro-3-methylceph-3-em 1 ,I -dioxide (3d). 

The reductive carbonyl-carbonyl coupling reaction was inapplicable to benzyl 2- [ (2R,3S) -2- 
acetonylsu Ip honyl -4-0x0- 3- phenoxyacetamidoazetid in - 1 -yl] glyoxylate (1 2c) [prepared from benzyl 
(3S,5R,6R) -6-phenoxyacetamidopenicillanate 1 ,I -dioxide (1 7b)l.  However, it could be used to 
prepare (6R,7R) -4-diphenylmethoxycarbonyl-3-methyl-7-phenoxyacetamidoceph-3-em 1 ,I -dioxide 
(8b) from diphenylmethyl 2- [ (2R,3R) -2-acetonylsulphonyl-4-oxo-3-phenoxyacetamidoazetidin-l- 
yllglyoxylate (I 9) [obtained by ozonolysis of the cephem dioxide (8b)l .  

Many penicillins are hydrolysed by p-lactamases and they are, 
therefore, ineffective against bacteria that produce these 
enzymes. Sodium clavulanate (1)3 and sulbactam sodium salt 
(2a)4 are powerful p-lactamase inactivators which are capable 
of protecting penicillins from such enzymic destruction. Tn 
consequence. combinations of penicillins with compound (1)  
or (2a) can play a useful role in the treatment of infections 
caused by p-lactamase-producing bacteria. 

As part of a programme aimed at defining the structural 
features of fi-lactam derivatives that are necessary for p- 
lactamase inhibition, we became interested in the cephem 
dioxide (3a). Were it to  act as a substrate for a p-lactamase, a 
species of type (4) would be generated which might isomerise to  
an intermediate of type (5).  Analogous processes, leading to 
intermediates of types (6) and (7), are implicated in the 
inactivation of p-lactamases by compounds (1)5 and (2a).6 In 
this paper, we report on the synthesis of compound (3a), from 
sulbactam sodium salt (2a), and its biological evaluation. We 
also examine the scope of the cephem-ring-forming reaction 
that is involved. 

Results and Discussion 
At the outset of our studies, a few acylamino substituted 
cephem dioxides had been de~cribed;~.’ these compounds, e.g. 
@a), were derived from the corresponding cephems, e.g. (9a), by 
oxidation with a peroxy acid. Although we were confident that a 
similar procedure would provide sulphones of type (3; R 2  = H) 
and that precursors of type (10; R 2  = H) would be accessible 
from penam oxides of type (11; R 2  = H) by a Morin-type ring 
expansion,’ we elected to examine a new approach. Based upon 
the findings of the Schering,’ Sankyo,’ ’ and Farmitalia-Carlo 
Erba groups.” we hoped that azetidinones of type (12; R2 = H) 
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would undergo a reductive cyclisation in the presence of a 
trialkyl phosphite to give cephem dioxides of type (3; R 2  = H). 
We further envisaged that the required intermediates would be 
available from sulphinic acids of type (13; R2 = H). In earlier 
work, we had shown that compounds of this type could be 
prepared by p-elimination reactions of penicillanate dioxides of 
type (2; R 2  = H).13 
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When treated with 1,5-diazabicyclo[4.3.O]non-5-ene (DBN) 
in dichloromethane followed by an acidic work-up, sulbactam 
benzyl ester (2b)14 was converted into the sulphinic acid (13a) in 
90% yield. This compound, after transformation into its sodium 
salt, reacted in acetone with chloroacetone and a trace of 
sodium iodide to give the sulphone (14a) (80% yield after SiO, 
chromatography) as a syrup. That the aforecited reaction had 
led to the sulphone (14a) rather than the sulphinate (15) was 
suggested by the spectroscopic properties of the product. Thus it  
showed a strong i.r. absorption at 1 330 cm-', attributed to the 
symmetrical stretch of a sulphone group.' Moreover, 'H n.m.r. 
spectroscopy established that the material, which incorporated 
an AB quartet ( J  14 Hz) centred at 6 3.80 for the methylene 
protons of the acetonyl group, was a single entity [a 
diastereoisomeric mixture would have been expected for the 
sulphinate (15)]. Finally, the rapid deuterium exchange of the 
methylene protons of the acetonyl group, which occurred when 
deuterium oxide was added to a deuteriochloroform solution of 
the sample, left little doubt that the sulphone formulation (14a) 
was the correct one. 

Ozonolysis of the butenoate (14a) in dichloromethane at 
- 78 "C provided the oxamide (12a) as a slightly impure foam. 
The i.r. spectrum of the latter compound featured a strong 

a; R = M e  
b; R =CHzPh 

absorption at 1 830 cm-', characteristic of a p-lactam moiety 
bearing an N-acyl function.16 When heated in toluene with 
trimethyl phosphite at ca. 9OoC, the oxamide (12a) was 
transformed into the cephem dioxide (3b) [840/, yield after SiO, 
chromatography based on (14a)l isolated as a crystalline solid. 
The structure of the cephem dioxide (3b) followed from its 
elemental composition and its spectroscopic properties. In 
particular, the material showed a strong i.r. absorption at 1 795 
cm-' for the p-lactam moiety, a U.V. absorption at 260 nm (E 

10 300) for the cephalosporanate chromophore," and ' H  n.m.r. 
absorptions at 6 3.66 and 3.86 (each 1 H, d, J 18 Hz) for the 
hydrogen atoms of the 2-methylene group. 

Careful hydrogenolysis of the benzyl ester (3b) over 10% 
palladium-carbon in ethyl acetate provided the acid (3c) (30% 
yield after recrystallisation). This compound, which gradually 
decomposed at ambient temperature, was transformed into the 
sodium salt (3a) by the action of either sodium hydrogen 
carbonate in aqueous ethanol or sodium 2-ethylhexanoate in 
diethyl ether. The salt (3a) was characterised by its spectro- 
scopic properties. It featured a strong i.r. absorption at 1 770 
cm-' for the p-lactam moiety, a U.V. absorption at 248 nm (F,  

7 800) for the cephalosporanate chromophore, and 'H n.m.r. 
absorptions at 6 3.89 and 4.21 (each 1 H, d, J 18 Hz) (which 
disappeared when NaHCO, was added to  a D,O solution of the 
sample) for the hydrogen atoms of the 2-methylene group. 

The salt (3a), which was unchanged according to 'H n.m.r. 
spectroscopy when left in deuterium oxide over a period of 24 h, 
did not act as an ampicillin synergist against P-lactamase- 
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producing bacteria. It also failed to inhibit the growth of a range 
of Gram-positive and Gram-negative bacteria. 

The aforecited synthesis of the cephem dioxide (3b) is 
of interest in two respects. First, the sequence provides a 
novel process for the transformation of 1,l-dioxides of 
penicillanates into 1 , l  -dioxides of 3-methylceph-3-em-4-carb- 
oxylates. Secondly, the demonstration that the (12a) -+ (3b) 
transformation can be induced by trimethyl phosphite is 
noteworthy in that a six-membered ring is constructed in the 
reductive coupling reaction. Previously, trialkyl phosphites 
have been shown to be useful reagents for effecting related 
reductive coupling reactions leading to penems and carba- 
penems.I0- 

It was of interest to examine whether the aforementioned 
process was applicable to 6-substituted penicillanate 1,l- 
dioxides. Thus the syrupy chloropenicillanate (16a), prepared 
(693,, yield after SiO, chromatography) by treating the acid 
(16b)' ti with sodium hydrogen carbonate followed by benzyl 
bromide. reacted with potassium permanganate in aqueous 
acetic acid to give the crystalline dioxide (2c) (43% yield after 
SiO, chromatography). Treatment of the latter compound with 
DBN followed by an acidic work-up provided the sulphinic acid 
(13b) (4X0,, yield) as a crystalline solid. The acid (13b), after 
transformation into its sodium salt, reacted in acetone with 
chloroacetone and a trace of sodium iodide to afford the syrupy 
sulphone (14b) (66%) yield after SiO, chromatography). The 'H 
n.m.r. spectrum of compound (14b) featured an AB quartet ( J  15 
Hz) centred at 6 3.97 for the methylene hydrogen atoms of the 
acetonyl group. 

Ozonolysis of the butenoate (14b) provided the oxamide 
(12b), showing a strong i.r. absorption at 1 830 cm-', which 
reacted with trimethyl phosphite in hot toluene to yield the 
cephem dioxide (3d) (21 yield after S i 0 2  chromatography). 
As well ;IS being analytically characterised, the latter compound 
showed a strong i.r. absorption at 1 790 cm-' for the p-lactam 
moiety, a U.V. absorption at 265 nm ( E  1 1  000) for the 
cephalosporanate chromophore, and ' H n.m.r. absorptions at 6 
3.70 and 3.90 (each 1 H, d, J 18 Hz) for the hydrogen atoms of 
the 2-methylene group. 

The possibility of preparing the phenoxyacetamidocephem 
dioxide (3e) was next investigated. In earlier work, we had 
shown that the sulphone (17a) reacted with DBN to give, after 
an acidic work-up, the azetidinone (13c) in which the 
phenoxyacetamido moiety had undergone epimerisation. ' 
Consequently, i t  was envisaged that the sulphone (3e) would be 
accessible from the penicillanate 1,l-dioxide (17b) by way of the 
sulphinic acid (13d). 

Oxidation of the benzyl phenoxyacetamidopenicillanate 
( 18)19 h i t h  potassium permanganate in aqueous acetic acid 
provided the crystalline sulphone (17b) (7800 yield) which was 
transformed into the syrupy sulphinic acid (13d) (a. 817; yield) 
by the action of DBN followed by an acidic work-up. The acid 
(13d). after transformation into its sodium salt, reacted with 
chloroacetone to afford the acetonyl derivative (14c) (387;) yield 
after SiO, chromatography) as a foam. The acetonyl methylene 
hydrogen atoms of compound (14c) appeared as two one- 
proton doublets ( J  15 Hz) at 6 3.98 and ca. 4.35. 

Although ozonolysis of the butenoate (14c) proceeded in the 
desired manner to give the oxamide (12c), characterised by the 
presence of a strong p-lactam carbonyl absorption at 1 830 
cm I ,  the reductive coupling conditions [P(OMe), in PhMe at 
cu. 90 " C )  led to non-p-lactam products. Evidently, the twm- 
orientated phenoxyacetamido group had caused the oxamide 
(12c) a r d o r  the cephem dioxide (3e) to undergo other 
re ac t i o 11 s. 

To determine whether the geometry of the phenoxyacetamido 
group was  influential on the reaction outcome, an oxamide of 
type (19) was sought. Thus oxidation of the cephem (9b) with 
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hydrogen peroxide-formic acid' provided the cephem dioxide 
(8b) (9300 yield) as a crystalline solid. Ozonolysis of the latter 
compound gave the oxamide (19a), which featured a strong i.r. 
absorption at 1 830 cm-'. Although isolated as a slightly impure 
syrup, the oxamide (19a) was free of the cephem dioxide (8b) 
according to t.1.c. and 'H n.m.r. spectroscopy. I t  reacted with 
trimethyl phosphite in toluene at m. 90°C to give compound 
(8b) (30% yield after SiO, chromatography). Evidently, the 
reductive coupling reaction can tolerate a phenoxyacetamido 
function when i t  is cis-orientated. 

In summary, trimethyl phosphite is capable of effecting the 
reductive coupling of compounds (12a,b) and (19a) to the 
corresponding cephem dioxides (3b,d) and (8b). On the basis of 
previous proposals," l 2  we infer that the products arise by 
intramolecular Wittig reactions of the species (20a-c) .  
An a 1 o g o u s p h o s p h o ran e s , e .g . we 1 1 - e s t a b 1 is h e d 
precursors of cephems, e.g. (22).20 

The failure to isolate the cephem (3e) from the reaction of 
compound (12c) with trimethyl phosphite is of note. Previously, 
we reported that thermolysis of the phosphorane (23a) led to the 
thiazole (24) and probably the oxazolinone (25)" whereas 
the penem (26b) was isolated from the corresponding reaction 
of the phosphorane (23b).,, We suggested that the penem (26a) 
was formed but that it was converted into the products (24) and 
(25) under the conditions of the reaction. Possibly, therefore, the 
species (20d) gives rise to the cephem (3e) which is converted 
into non-p-lactam products under the thermolysis conditions. 

( 2 I ) , a re 

Experimental 
Dry solvents, referred to in the ensuing experiments, were 
prepared as follows: dichloromethane was distilled from 
calcium chloride; D M F  was stored over 4 A molecular sieves. 
Light petroleum refers to that fraction boiling in the range 40- 
60 "C. 300 MHz ' H  N.m.r. spectra were measured on a Bruker 
WM-300 WB spectrometer. Ozone was generated with a 
Wallace and Tieman ozonator operating at 150 V and a flow 
rate of 50 dm3 h-'. For chromatographic and other instru- 
mental details, see Part 20.23 
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Su1t.-A 302) solution of DBN in dichloromethane was added 
in drops to a stirred solution of the penam dioxide (2b)14 (3.66 g, 
11.3 mmol) in dry dichloromethane (20 cm3) until the reaction 
was complete (t.1.c.). The mixture was then diluted with 
dichloromethane, washed with dilute hydrochloric acid, and 
extracted with aqueous sodium hydrogen carbonate. Acidifi- 
cation of the aqueous extract with dilute hydrochloric acid was 
followed by its extraction with dichloromethane. Evaporation 
of the dried (MgSO,) organic layer left the title acid (13a) (3.29 
g, 909:, yield) as a pale-yellow syrup with the following 
properties: [XI,, - 13" (1% in CHCI,);  film) inter d in  1 775 
(p-lactam C=O), 1 720 (unsaturated ester C=O), and 1 635 cm-' 
(C=C): h,,,,(EtOH) 212 ( E  15 000) and 225sh nm (10 600); 6 (60 
MHz, CDCI,) 1.99 and 2.18 (each 3 H, s, together CMe,), 3.15 
br (2 H, d, separation 3 Hz, COCH,CH), 4.64 ( 1  H, t, separation 
3 Hz, CH2CH),  5.20 (2  H, s, OCH,Ph), 7.30 (5 H, s, Ph), and 8.9 
br ( 1  H. s, S0 ,H)  (addition of D,O caused the signal at 6 8.9 to 
disappear); r n / =  ( e i )  irzter alia 258 (M '  -HO,S) and 91 
(C7H7+,  base peak). 

A solution of the freshly prepared sulphinic acid (13a) (3.00 g, 
9.3 mmol) in  acetone (25 cm3) was treated with a solution of 
sodium hydrogen carbonate (0.781 g, 9.3 mmol) in water (25 
crn,). Evaporation, addition of ethanol to the residue, and re- 
evaporation (repeated 2 x ) left the sodium salt of the acid (13a) 
which, after drying ( in  iwcuo, CaCl,), was obtained as a white 
powder C3.19 g, 8 7 " ~  yield based upon (2b)l with the following 
properties: 6 (60 MHz, D,O) 1.85 and 2.00 (each 3 H, s, together 
CMe,), 2.95 (2  H, d, separation 4 Hz, COCH,CH), 3.92 ( 1  H, t, 
separation 4 Hz, CH,CH), 5.00 (2 H, s, PhCH,O), and 7.15 ( 5  
H. s, Ph). 

Prep N ru t ion of Ben :).I 2 - [ ( 2 R ) - 2 - A  ce t o n j ~ l s  u lph on? >I- 4 - O.YO - 
uzetidin- 1 -~ll-3-n2eth?~lbut-2-enoate (14a).-90"/, Chloroace- 
tone (0.088 cm3, 0.995 mmol) and a trace of sodium iodide were 

added to a stirred solution of the sodium salt of compound 
(13a) (0.253 g, 0.732 mmol) in acetone (10 cm3). After 19 h, 
the mixture was diluted with ethyl acetate and washed 
sequentially with aqueous sodium thiosulphate, brine, and 
water. Evaporation of the dried (MgSO,) organic layer and 
purification of the resultant syrup by silica-gel column 
chromatography (light petroleum-EtOAc, gradient elution) 
gave the title cwnpotmd (14a) (0.223 g, 801;) yield) as a 
chromatographically homogeneous syrup with the following 
properties: [.ID -53" (0.62) in CHCI,); vmax (film) ir7ter uliu 
1780 (p-lactam C=O), 1720 (ketone and unsaturated ester 
C=O), 1 630 (C=C), and 1 330 cm-' (symmetric SO,); A,,,. 
(EtOH) 217 (6 9 800) and 228sh nm (9 000); 6 (60 MHz, CDCI,) 
2.02, 2.21, and 2.28 (each 3 H, s. together CMe, and COMe), 
3.10-- 3.30 (2 H, m, COCH,CH), 3.80 (2 H, centre of ABq, J 14 
H7, separation of inner lines 8 Hz, SO,CH,CO), 5.05-5.15 (3 
H, m, OCH,Ph and CH,CHSO,), and 7.21 ( 5  H, s, Ph) 
(addition of D,O caused the AB q centred at 6 3.80 to disappear 
over 12 h); iizjr ( c i )  intw alia 379 ( M i )  and 91 (C,H,+, base 
peak) (Found: M + ,  379.1 107. C18H,,N0,S requires M ,  
379.1090). 

Prcjpurutron of (6R)-4- B e i i i ~ ~ l o . ~ ~ ~ c u r b ~ ~ n ~ l - 3 - n i ~ ~ t l ~ ~ ~ l ~ e p ~ 1 - 3 - e n i  
1, l  -Diosi& (3b).-A cooled (Me,CO-solid CO,) solution of 
the butenoate (14a) (0.171 g, 0.451 mmol) in dry dichloro- 
methane (20 cm3) was saturated with ozone. The solution was 
then aerated to remove excess of ozone and, after warming to 
room temperature, concentrated to leave benzyl 2-[(2R)-2- 
acetonylsulphonyl-4-oxoa~etidin- 1 -yl]glyoxylate (1 2a) as a 
slightly impure foam with the following properties: [.ID -78" 
(1.3",, in EtOH); v,,, (film) ititer uliu I 830 (p-lactam C=O), 
1 750 (ester C=O), and I 715 cm-' (imide and ketone C=O); 
A,,,, (EtOH) 218 ( E  8 700), 257 (2 800), 263 (2 700), and 268 nm 
(2 800); 6 (60 MHz, CDCI,) inter uliu 2.25 (3 H, s, COMe), 3.48 
(2  H, d, separation 5 Hz, COCH,CH), 4.33 (2 H. centre of AB q, 
J 15 Ht ,  separation of inner lines 3 HI, SO,CH,CO), 5.21 (2 H, 
s, OCN,Ph), 5.52 ( 1  H, t, separation 5 Hz, CH,CHSO,), and 
7.20 ( 5  H, s, Ph); n7;i (e.i.) i i i trr .  uIiu 325 (M'  -CO), 289 ( M +  
-O,S), and 91 (C,H,+, base peak). The oxamide (12a) 
decomposed when subjected to silica-gel chromatography. 

A solution of the oxamide (12a) [derived from the butenoate 
(14a) (0.417 g, 1.1 mmol)] in toluene (20 cm3) containing 
trimethyl phosphite (0.28 cm3, 2.29 mmol) was heated at ca. 
90°C for 2.5 h. The mixture was then diluted with di- 
chloromethane and washed with water. Evaporation of the 
dried (MgSO,) organic layer and purification of the residue by 
silica-gel column chromatography (light petroleum-EtOAc, 
gradient elution) gave the titlc conipound (3b) (0.296 g, 84",, 
yield). The sample, after recrystallisation from dichloro- 
methane-light petroleum, showed the following properties: m.p. 
113-1 I5  "C; [XI,, - 11" (19,) in EtOH); v,,, (KBr) inter ulia 
1 795 (p-lactam C=O), 1 720 (ester C=O), and 1 635 cm ' (C=C); 
h,,,, (EtOH) 214 ( E  8 700) and 260 nm (10 300): 6 (300 MHz, 
CDCI,) 2.07 (3 H, s, 3-Me), 3.47 ( 1  H, dd, J 16 and 5 Hr, ~ x - H ) ,  
3.57 ( 1  H, dd, J 16 and 2 Hr, 7P-H), 3.66 and 3.86 (each I H, d, J 
18 Hz, together 2-H,), 4.69 - 4.72 ( 1  H, m, 6-H), 5.28 (2 H, centre 
of AB q, J 12 Hz, separation of inner lines 5 Hz, OCH, Ph), and 
7.35-7.41 (5 H, m, Ph); ni/: (e.i.) 321 ( M ' )  and 91 (C,H,+, 
base peak) (Found: C, 56.3; H, 4.6; N, 4.3",,,; M + ,  321.0664. 
Cl,Hl,N0,SrequiresC,56.05; H,4.7O;N,4.35';); M ,  321.0671). 

Prepurution of 4- Cbrho.~~~-3-1?1('fI7~.l~~c.ph-3-ein 1 , 1 - Dio.yidt> 
(3c).-A stirred solution of the benzyl ester (3b)  (0.050 g, 0.156 
mmol) in ethyl acetate (10 cm3) containing 10% palladium- 
carbon (0.10 g, 2 mass equiv.) was saturated with hydrogen. 
When the reaction was complete (t.l.c.), the mixture was filtered 
through 'Hyflo' and the filtrate concentrated. Recrystallisation 
of the resultant solid from acetone-light petroleum afforded the 
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title cmzpout7i/ (3c) (0.01 1 g, 30"/, yield) with the following 
properties: m.p. 141--144°C; [.ID +78" (0.9% in EtOH); 
v,,, (KBr) inter ulia 3 430br (OH), 1 750 (p-lactam C=O), 1 715 
(unsaturated acid C=O), and 1655 cm-' (C=C); h,,,,(EtOH) 
212 ( E  3 300) and 256 nm (7 850); 6 (300 MHz, CD,COCD,) 
3.31 (3 H ,  s, 3-Me), 3.37 ( 1  H, dd, J 16 and 2.5 Hz, 7P-H), 3.45 (1 
H, dd, J 16 and 5 Hz, 7x-H), 3.58 and 4.15 (each 1 H, d, J 17 Hz, 
together 2-H2). 5.01-5.03 (1 H, m, 6-H), and 6.5br (1 H, s, 
C0,H);  mjr (e.i.) inter alia 187 ( M +  -CO,) (Found: M +  
- C 0 2 ,  187.0322. C,H,NO,S requires M ,  187.0303). The 
sample was unstable at ambient temperature. 

Prepurution rind Deuterium Exchange of the Sodium Salt of 4- 
Curho \-1.-3-mrrh?~lc.ep/Ih-3-e~i 1,l-Dioxide (3a).-(a) A solution 
of the freshly prepared acid (3c) (0.026 g, 0.1 12 mmol) in ethanol 
( 1  cm3) was stirred with a solution of sodium hydrogen 
carbonate (0.009 g, 0.107 mmol) in water (1 cm3) for 10 min. 
Evaporation left a crystalline solid which was dried (in uacuo, 
CaCI,). The resultant title salt (3a) possessed the following 
properties: n1.p. 147-1 50 "C (decomp.); [KID + 30" (0.276 in 
EtOH); v,,, (KBr) inter alia 1 770 (p-lactam) C=O) and 1 610 
cm-' (carboxylate C=O); h,,, (EtOH) 212 ( E  4 100) and 248 nm 
(7 800); 8 (300 MHz, D,O) 1.88 (3 H, s, 3-Me), 3.52 (1 H, dd, J 16 
and 2 Hz, 7[3-H), 3.58 (1 H, dd, J 16 and 5 Hz, ~ K - H ) ,  3.89 and 
4.21 (each 1 H. d, J 18 Hz, together 2-H,), and 5.18-5.20 (1 H, 
m, 6-H). The ' H n.m.r. spectrum was unchanged over a period 
of 24 h. 

( h )  A solution of sodium 2-ethylhexanoate in a mixture of 
butan- 1-01 and diethyl ether was added in drops to a solution of 
the acid (3c) (0.020 g, 0.087 mmol) in acetone (1 cm3) until no 
further precipitation occurred. The resultant white solid (0.012 
g, 55",, yield 1, which was collected by centrifugation and dried (in 
uucuo, CaCI,), was identical ( 'H n.m.r. spectroscopy) with the 
salt (3a). 

(c) When a small quantity of sodium hydrogen carbonate 
was added to a solution of the salt (3a) in deuterium oxide, the 
one-proton doublets at 6 3.89 and 4.21 disappeared; the 
remainder of the spectrum was unaltered. 

Prepwri  t i o t  I of Benzj~l (3 S,5 R,6S)-6- Chloropenicillanate 
(16a).--A solution of sodium hydrogen carbonate (2.87 g, 34.2 
mmol) in uater (80 cm3) was added to a stirred solution of the 
acid (16b)' ' (7.99 g, 34.2 mmol) in ethanol (80 cm3). After 0.5 h, 
the solvent was evaporated (with several additions of EtOH) 
and the residue was dried (in uacuo, CaCl,). The material was 
stirred with dry D M F  (80 cm3) and benzyl bromide (4.1 cm3, 
34.4 mmol) was added. The mixture was stirred overnight and 
then partitioned between ethyl acetate and water. After being 
washed with water (2 x ), the organic phase was dried (MgSO,) 
and concentrated. Purification of the residue by silica-gel 
column chromatography [light petroleum-EtOAc (9: 1) as 
eluant] gave the title compound (16a) (7.68 g, 69% yield) as a 
chromatographically homogeneous syrup with the following 
properties: [%ID + 163" (0.47; in EtOH); vmax,(film) inter alia 
1 790 (p-lactam C=O) and 1 750 cm-' (ester C=O); h,,,.(EtOH) 
210 ( E  14 800), 251 (870), 257 (760), 263 (540), and 268 nm (435); 
6 (60 MHz, CDCl,) 1.39 and 1.55 (each 3 H, s, together 2-Me2), 
4.54 ( 1  H, s, 3-H), 4.72 and 5.30 (each 1 H, d, J 2 Hz, together 5- 
and 6-H), 5.15 (2 H, s, OCH,Ph), and 7.30 ( 5  H, s, Ph); m / z  (e.i.) 
inter d i u  327 and 325 (together M + ) ,  250, and 91 (C,H,+, base 
peak) (Found: M + ,  325.0584. C,  ,H,,35C1N0,S requires M ,  
325.0540). 

Prepuriition of' Benzyl (3S,5R,6S)-6-Chloropenicillunate 1,l- 
Dio.uide (2c).-Potassium permanganate (13.2 g, 83.3 mmol) in 
water (1 20 cm3) was added in drops over 2.5 h to a stirred ice- 
cooled solution of the penicillanate (16a) (10.5 g, 32.2 mmol) in 
acetic acid- water (4: 1; 600 cm3). After a further 1 h, the purple 

colour was discharged by the addition of l0yo aqueous 
hydrogen peroxide and the mixture was extracted with 
dichloromethane. The organic layer was washed with water and 
aqueous sodium hydrogen carbonate before being dried 
(MgSO,) and concentrated. Purification of the residue by silica- 
gel chromatography (light petroleum-EtOAc, gradient elution) 
gave :he title compound (2c) (5.00 g, 43% yield). The sample, 
after recrystallisation from dichloromethane-diethyl ether, 
possessed the following properties: m.p. 8 1-84 "C; [%ID + 156" 
(0.6% in EtOH); v,,,.(KBr) inter alia 1 810 (p-lactam C=O), 
1 770sh and 1 760 cm-' (together ester C=O); A,,,,(EtOH) 210 
( E  9 SOO), 250 (660), 257 (530), 262 (400), and 268 nm (270); 6 (60 
MHz, CDCI,) 1.26 and 1.52 (each 3 H, s, together 2-Me,), 4.45 
(1 H, s, 3-H), 4.65 and 5.15 (each 1 H, d, J 2 Hz, together 5- and 
6-H), 5.20 (2 H, centre of AB q, J 12 Hz, separation of inner lines 
2 Hz, OCH,Ph), and 7.32 (5 H, s, Ph); m / z  (e.i.) inter ulia 190 
and 91 (C7H7+,  base peak) (Found: C, 50.4; H, 4.5; N, 3.9. 
C,5H16ClN0,S requires C, 50.35; H, 4.50; N, 3.90°,). 

Preparation of Benzyl 2-[(3S,4R)-3-Chlor0-2-0.~0-4-sulphino- 
axtidin- l-yl]-2-methylbut-2-enoate (13b).-A 30",,, solution of 
DBN in deuteriochloroform was added in drops to a solution of 
the penam dioxide (2c) (1.27 g, 3.55 mmol) in deuteriochloro- 
form ( 5  cm3) until the reaction was complete ( 'H n.m.r. 
spectroscopy). The mixture was then diluted with dichloro- 
methane and washed with dilute hydrochloric acid. The water 
layer, obtained on extracting the mixture with aqueous sodium 
hydrogen carbonate, was acidified with dilute hydrochloric acid 
and re-extracted with ethyl acetate. Evaporation of the dried 
(MgSO,) organic phase left the title compound (13b) (0.610 g, 
48% yield) as a crystalline solid. The sample, after re- 
crystallisation from dichloromethane-diethyl ether, possessed 
the following properties: m.p. 97-101 "C; [%ID - 19" (0.60/1 in 
EtOH); v,,,,(KBr) inter alia 1 790 (p-lactam C=O), 1 730 (ester 
C=O), and 1640 cm-' (C=C); A,,,.(EtOH) 212 ( E  19 100) and 
223sh nm (15 500); 6 (60 MHz, CDCl,) 1.99 and 2.22 (each 3 H, 
s, together CMe,), 4.75 and 4.98 (each 1 H, d, J 2 Hz, together 
2 x P-lactam-H), 5.22 (2 H, s, OCH,Ph), and 7.33 ( 5  H, s, Ph); 
m/z  (e.1.) inter alia 294 and 292 (together Mf - H0,S) and 91 
(C,H,+, base peak) (Found: C, 49.9; H, 4.3; N, 3.8. Cl , -  
H,,CINO,S requires C, 50.35; H, 4.50; N, 3.90",,). 

Preparation of' Benzyl 2-[(2R,3S)-2-Acetori~.lsulphonyl-3- 
chloro-4-o.uoazetidin- 1 - y l ]  -2-methylbut-2-enoute (14b).-The 
sulphinic acid (13b) (0.231 g, 0.646 mmol) was added to a stirred 
solution of sodium hydrogen carbonate (0.054 g, 0.646 mmol) in 
water (10 cm3). After 0.5 h, the solvent was evaporated (with 
frequent additions of EtOH) and the residue was dried (in uacuo, 
CaCl,). The material was stirred in acetone (10 cm3) with 90% 
chloroacetone (0.08 cm3, 0.9 mmol) and a trace of sodium iodide 
for 24 h. The mixture was then diluted with ethyl acetate and 
washed sequentially with aqueous sodium thiosulphate, brine, 
and water. Evaporation of the dried (MgSO,) organic layer and 
purification of the residue by silica-gel column chromatography 
(light petroleum-EtOAc, gradient elution) gave the title 
compound (14b) (0.176 g, 6604 yield), as a chromatographically 
homogeneous syrup with the following properties: [%ID - 53" 
(0.47; in EtOH); vmax.(film) inter alia 1 800 (0-lactam C=O), 
1 725 (ester C=O), and 1 630 cm-' (CX); A,,, (EtOH) 209 ( E  

9 000) and 222sh nm ( 5  800); 6 (60 MHz, CDC1,) 2.1 1,2.35, and 
2.39 (each 3 H, s, together 2-Me2 and COMe), 3.97 (2 H, d, 
centre of AB q, J 15 Hz, separation of inner lines 7 Hz, 
SO,CH,CO), 5.16 (1 H, d, J 2  Hz, 5- or 6-H), 5.3 br (3 H, s, 6- or 
5-H and OCH,Ph), and 7.44 ( 5  H, s, Ph); m/z  (e.i.) inter alia 3 10 
and 308 (together M +  - C,H,O,S), 294 and 292 (together M +  
-C,H,O,S), and 91 (C7H7+,  base peak). 
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Preparation of' (6R,7S)-4-Benz~~lo~xycarbonyl-7-chloro-3- 
methylceph-3-em 1 , 1 -Dioxide (3d).-A cooled (Me,CO-solid 
CO,) solution of the butenoate (14b) (0.320 g, 0.773 mmol) in 
dry dichloromethane (60 cm3) was saturated with ozone. After 
removal of excess of ozone, the mixture was concentrated to 
leave benzyl 2-[(3S72R)-2-acetony1su1phony1-3-ch10ro-4-oxo- 
azetidin-1-yllglyoxylate (12b) as an impure syrup with the 
following properties: vmaX,(film) inter alia 1 830 (P-lactam 
C=O), 1 760sh (imide and ester C=O), and 1 720 cm-' (ketone 
C=O); 6 (60 MHz, CDCl,) inter alia 2.25 (3 H, s, COMe), 4.4br 
(2 H, s, SO,CH,CO), 5.21-5.37 (3 H, m, OCH,Ph and P- 
lactam-H), 5.69 (1 H, d, J 2  Hz, P-lactam-H), and 7.31 ( 5  H, s, Ph). 

A solution of the crude oxamide (12b) [derived from the 
butenoate (14b) (0.166 g, 0.40 mmol)] in toluene (10 cm3) was 
heated at cu. 90 "C with trimethyl phosphite (0.10 cm3, 0.85 
mmol) for 3 h. The mixture, after being washed with water, was 
concentrated and the residue purified by silica-gel column 
chromatography [light petroleum-EtOAc (4: 1) as eluant] to 
yield the title compound(3d) (0.030 g, 21% yield) as a crystalline 
solid. The sample, after recrystallisation from dichloromethane- 
diethyl ether, possessed the following properties: m.p. 141- 
143 "C; [.ID +21" (0.4% in EtOH); v,,,,(KBr) inter a h  1 790 
(P-lactam C=O), 1 720 (unsaturated ester C=O), and 1 630 cm-' 
(C=C); h,,,,(EtOH) 208 ( E  15 400) and 265 nm (1 1 000); 6 (300 
MHz, CDCl,) 2.10 (3 H, s, 3-Me), 3.70 and 3.90 (each 1 H, d, J 
18 Hz, together 2-H,), 4.7 br and 5.29br (each 1 H, s, together 5- 
and 6-H), 5.31 (2 H, centre of AB q, J 12 Hz, separation of inner 
lines 16 Hz, OCH,Ph), 5.31 (2 H, centre of AB q, J 12 Hz, 
separation of inner lines 16 Hz, OCH,Ph), and 7.35-7.42 (5 H, 
m, Ph); m j z  ( e i )  inter alia 357 and 355 (together M ' )  and 91 
(C,H,+, base peak) (Found: C, 50.5; H, 3.9; N, 3.9. 
ClsH,,CINOsS requires C, 50.60; H, 3.95; N, 3.9573. 

Pr epa ra t ion of' Benrj.1 (3 S, 5 R ,6 R )- 6- Phen 0.q 'nee t am ido- 
penicillanate 1,l -Dioxide (17b).-Potassium permanganate 
(1 S O  g, 9.49 mmol) in water (15 cm3) was added in drops over 
2.5 h to a stirred ice-cooled solution of the penicillanate 
(1.61 g, 3.65 mmol) dissolved in acetic acid-water (4: 1; 65 cm3). 
After a further 1 h, the purple colour was discharged by the 
addition of loo/, aqueous hydrogen peroxide and the mixture 
was extracted with dichloromethane. The organic extract was 
washed with aqueous sodium hydrogen carbonate, dried 
(MgSO,), and concentrated to leave the title compound (17b) 
(1.35 g, 78% yield). After recrystallisation from dichloro- 
methane-light petroleum, the sample displayed the following 
properties: m.p. 126--127°C; [%ID +66" C0.92) in EtOH- 
CHCl, (3: l)]; v,,, (KBr) inter alia 3 420 (NH), 1 820 (p-lactam 
C=O), 1 760 (ester C=O), and 1690 cm-' (amide C=O); h,,, 
(0.2% CHCl, in EtOH) 262 ( E  1 500), 268 (1 900), and 275 nm 
(1 600); 6 (60 MHz, CDCl,) 1.23 and 1.52 (each 3 H, s, together 
2-Me2), 4.43 (2 H, s, PhOCH,), 4.64 (1 H, d, J 5 Hz, 5-H), 5.10 (2 
H, centre of ABq, J 12 Hz, separation of inner lines 2 Hz, 
OCH,Ph), 5.99 (1 H, dd, J 10 and 5 Hz, 6-H), 6.62-7.15 (10 H, 
m, 2 x Ph), and 7.9br (1 H, d, J 10 Hz, CONH); mjz inter aliu 
316, 302,247,233,219, and 91 (C,H,+, base peak) (Found: C, 
58.5; H, 5.1, N, 5.9. C,,H,,N,O,S requires C ,  58.45; H, 5.10; N, 
5.95%)). 

Preparation of Benzyl2-[( 3S74R)-2-0xo-3-pheno.xyacetamido- 
4-sulphinoa~etidin-l-yl]-2-methylbut-2-enoate (13d).-A 30% 
solution of DBN in deuteriochloroform was added in drops to a 
solution of the sulphone (17b) (1.29 g, 2.73 mmol) in 
deuteriochloroform (5 cm'). When the reaction was complete 
( 'H n.m.r. spectroscopy), the mixture was diluted with di- 
chloromethane and washed with dilute hydrochloric acid. The 
water layer, obtained on extracting the mixture with aqueous 
sodium hydrogen carbonate, was acidified with dilute hydro- 
chloric acid and re-extracted with ethyl acetate. Evaporation of 

the dried (MgSO,) organic phase left the title compound (13d) 
(1.04 g, C N .  81% yield) as a slightly impure syrup with the 
following properties: vmdX.(film) inter alia 3 300br (OH), 1 775 
(P-lactam C=O), 1 720sh (unsaturated ester C=O), and 1 695br 
cm-' (amide C=O); 6 (60 MHz, CDCI,) inter alia 1.98 and 2.18 
(each 3 H, s, together CMe,), 4.38 (2 H, s, CH,OPh), 4.61 (1 H, 
d, J 2 Hz, p-lactam-H), 5.04-5.15 (3 H, m, P-lactam-H and 
OCH,Ph), 6.63-7.08 (10 H, m, 2 x Ph), 7.7br (1  H, s, SO,H), 
and 7.8br ( 1  H, d, J 5 Hz, CONH); nzjr (e.i.) 440 and 438 
(together M +  - H,02), 424 and 422, and 331. 

Prepnra t ion 0 f Benzy 1 2- C(2 R , 3 R ) - 2 - A  cet onq'lsulplionyl-4-oxo- 
3-ph~~no.xj~acetanzidoazetidin- 1 -~~1)-2-r?zeth~~lbut-2-enoate 
(14c).-A solution of the sulphinic acid (13d) (0.122 g, 0.258 
mmol) in ethanol (2 cm3) was added to a stirred solution of 
sodium hydrogen carbonate (0.022 g, 0.261 mmol) in water (2 
cm3). After 0.5 h, the solvent was evaporated (with frequent 
addition of EtOH) and the residue dried (in vacuo, CaCl,). The 
material was then stirred in acetone ( 5  cm3) with 90% 
chloroacetone (0.04 cm3, 0.45 mmol) and a trace of potassium 
iodide for 18 h. The mixture was diluted with ethyl acetate and 
washed sequentially with aqueous sodium thiosulphate, brine, 
and water. Evaporation of the dried (MgSO,) organic layer and 
purification of the residue by silica-gel chromatography (light 
petroleum-EtOAc, gradient elution) gave the title conzpound 
(14c) (0.052 g, 38% yield) as a chromatographically homo- 
geneous foam with the following properties: [%ID + 9" (0.8y0 in 
EtOH); v,,,,(film) inter alia 3 400 (NH), 1 785 (p-lactam C=O). 
1 720 (unsaturated ester C=O), and 1690 cm-' (ketone and 
amide C=O); 6 (60 MHz, CDCl,) 1.99,2.15, and 2.18 (each 3-H, 
s, together CMe, and COMe), 3.98 (1 H, d, J 15 Hz, 
SO,CHHCO), 4.29-4.52 (3 H, m, CH,OPh and SO2- 
CHHCO), 5.02-5.32 (4 H, m, OCH,Ph and 2 x P-lactam-H), 
6.61-7.36 (10 H, m, 2 x Ph), and 7.7br (1  H, d, J 10 Hz, 
CONH); nz/z (e.i.) inter aliu 407 (Mf -C,H,O,S) and 91 
(C,H,', base peak) (Found: M' -C3Hs0,S, 407.1630. 
C,,H,,N,O, requires M ,  407.1607). 

Reuction of the Buterioute ( 14c) Ir9ith Ozone.- A cooled 
(Me,CO-solid CO,) solution of the butenoate (14c) (0.090 g, 
0.179 mmol) in dry dichloromethane (1 5 cm3) was saturated 
with ozone. After aeration to remove excess of ozone, the 
mixture was treated with a few drops of dimethyl sulphide and 
then allowed to warm to room temperature. The mixture was 
washed with water, dried MgSO,), and concentrated to leave 
benzyl 2-[(2R,3S)-2-acetonylsulphony1-4-oxo-3-phenoxyaceta- 
midoazetidin- 1 -yl]glyoxylate (12c) (0.070 g) as a somewhat 
impure syrup with the following properties: vmdx,(fi1m) inter alia 
1 830 cm-' (P-lactam C=O); 6 (60 MHz, CDCl,) inter alia 2.23 
(s, COMe), 4.34 (apparent d, separation 4 Hz, SO,CH,CO), 
4.43 (s, PhOCW,), 5.10 ( d d , J  7 and 3 Hz, NHCHCH), 5.20 (s, 
OCH,Ph), 5.76 (d, J 3 Hz, CHCHSO,), and 6.70-7.20 (m, 
2 x Ph), and 7.5br (d, J 7 Hz, CONH). 

Preparation of (6R,7R)-4-Diphenylmethoxycarbon~~l-3- 
n~eth~l-7-pheno.x~vacetamid~ic~eplz-3-enz I ,  1 -Dioxide (8b).-A 
mixture of 30% aqueous hydrogen peroxide (0.37 cm3, 3.62 
mmol) and formic acid (0.47 cm3, 12.5 mmol) was added slowly 
to a stirred solution of the cephem (9b) (0.785 g, 1.53 mmol) in 
dichloromethane (25 cm3). After 44 h, the mixture was washed 
successively with water, aqueous sodium hydrogen carbonate, 
and brine. Evaporation of the dried (MgSO,) organic layer gave 
the title conipound (8b) (0.776 g, 93% yield). The sample, 
after recrystallisation from dichloromethane-light petroleum, 
possessed the following properties: m.p. 184-187 "C; [ R I D  - 
55" [0.4% in EtOH-CHCl, (1 : l)]; v,,,,(KBr) inter ulia 3 420 
(NH), 1 790 (p-lactam C=O), and 1 730, 1 720, 1 710, and 1 690 
cm-' (together ester and imide C=O); A,,, [EtOH-CHCl, 
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( 1  : l)] 263 (E 9 400), 268sh (9 200), and 275sh nm (7 000); 6 (60 
MHz, CDCI,) 1.98 (3 H, s, 3-Me), 3.55-3.65 (2 H, m, 2-H,), 

10 and 5 Hz, 7-H), 6.62-7.72 (16 H, m, Ph and CHPh,), and 
7.75br ( 1  H, d, J 10 Hz, CONH); m/z  inter alia 167 ( C I 3 H l 1 + ,  
base peak) (Found: C, 64.1; H, 4.7; N, 5.2. C29H,6N,0,S 
requires C, 63.70; H, 4.80; N, 5.15%). 

4.39(2H,~,PhOCH,),4.15(1H,d,J5H~,6-H),5.92(1H,dd,J 

Remctioii oj  the Cephem Dioxide (8b) with Ozone followed by 
Trimeth~sl pho.sphite.-A cooled (Me,CO-solid CO,) solution 
of the cephem dioxide (8b) (0.100 g, 0.183 mmol) in dry 
dichloromethane ( I  5 cm3) was saturated with ozone. After 
aeration t o  remove excess of ozone, the mixture was treated with 
a few drops of dimethyl sulphide and then allowed to warm to 
room temperature. The mixture was washed with water before 
being dried ( MgSO,) and concentrated to  leave diphenylmethyl 
2-[( 2 R,3 R)-2-acetonylsulphonyl-4-oxo-3-phenoxyacetamido- 
azetidin- 1 -yl]glyoxylate (19a) as a slightly impure syrup with 
the following properties: v,,, (film) inter alia 1 830 (0-lactam 
C=O), 1 750sh (ester C=O), and 1710br cm-' (imide, ketone, 
and amide C=O); 6 (60 MHz, CDCI,) inter alia 2.15 (3 H, s, 
COMe), 4. I7 (2 H, d, separation 2 Hz, SO,CH,CO), 4.4br (2 H, 
s, CH,OPh). 5.75 ( 1  H, d, J 5 Hz, P-lactam-H), 6.15 (1 H, dd, J 8 
and 5 Hz, Ij-lactam-H), 6.70-7.40 (16 H, m, Ph and CHPh,), 
and 7.75br ( 1 H, d, J 10 Hz, CONH); m/z  ( e i )  inter alia 386,358, 
and 167 ( C ,  , H l  ', base peak). 

A solution of the crude oxamide (19a) [derived from the 
cephem dioxide (8b) (0.100 g, 0.183 mmol)] in toluene (10 cm3) 
was heated at (CI.  90°C with trimethyl phosphite (0.04 cm', 
0.366 mmol) for 3 h.  After being washed with water, the mixture 
was concentrated and the residue purified by silica-gel column 
chromatography [light petroleum-EtOAc ( 1  : 1) as eluant] to  
give a crystalline solid (0.030 g, 30% yield) that was identical to 
the cephem dioxide (8b) ( 'H n.m.r. spectroscopy). After 
recrystallisation from dichloromethane-light petroleum, the 
sample showed the following properties: m.p. 18&-188 "C; [.ID 
- 50" [0.5",, in EtOH-CHCI, ( 1  : l)]. 
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