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Studies Related to Penicillins. Part XV1.l Preparation of Methyl 
2 4 1  S.5R) -3- Benzyl-7-oxo-4-oxa-2,6-diaza bicyclo C3.2.01 hept-2-en-6-yl)- 
3-methylbut-2-enoate 
By Richard J. Stoodley and Nigel S. Watson, Department of Organic Chemistry, The University, Mewcastle 

Acetoxymercury( I I) (2s) -3-acetoxymercurio ( 1 1 )  thio-2-(( 1 S.5R) - 3- benzyl-7-oxo-4-oxa -2.6-diazabicyclo [ 3.2.01 - 
hept-2-en-6-yl)-3-methylbutanoate (9) is converted by hydrogen sulphide into the mercaptobutanoic acid (1 1 ), 
which readily rearranges to a mixture of 2- (2-benzyloxazol-4-ylcarbonylamino)-3-mercapto-3-methylbutanoic 
acid (1 7). (3s) -2,3,4,7-tetrahydro-2,2-dimethyl-6-phenylacetamido-7-oxo-l,4-thiazepine-3-carboxylic acid 
(1 9). and (2S.5S.6S) -2- (1 -mercapto-1 -methylethyl)-6-phenylacetamido-4-oxa-l -azabicyclo[3.2.0] heptane-3.7- 
dione (21). 

The mercaptobutanoate (10). derived from the acid (1 1) and diazomethane, reacts with mercury(i1) acetate to 
t o  give dimethyl 3,3'-mercurio(11)dithiobis-[(2S)-2-{(1S,5R)-3-benzyl-7-oxo-4-oxa-2,6-diazabicyclo[3.2.0]- 
hept-2-en-6-yl)-3-methylbutanoate] (1 5). Diazomethane transforms the mercaptobutanoate (1 0) into the 
methylthio-butanoate (1 3). which is oxidised to a mixture of sulphoxides (1 4) by m-chloroperbenzoic acid. 
Compound (13) i s  also produced when the potassium salt of the acid (11) is treated with methyl iodide. In 
dimethyl sulphoxide the potassium salt of the acid (1 1) isomerises to the potassium salt of the thiazepine (20). 

The title compound is produced when the mercaptobutanoate (1 0) is treated with methanolic sodium methoxide, 
when the bis(su1phide) (15) is treated with mercury(i1) acetate, and when the sulphoxides (14) are heated in 
benzene. 

upon Tyne NEl 7RU 

As part of a programme aimed at the synthesis of oxa- 
analogues of penicillins and cephalosporins we have 
initiated a study of 4-oxa-2,6-diazabicyclo[3.2.O]hept- 

2-en-7-ones.? The first reported example of this class 
of compounds was the derivative (1) obtained originally 
from the reaction of methyl benzylpenicillinate (4) with 

f The Editor regrets that this ring system was numbered 1 Part XV, D. F. Corbett and R. J. Stoodley, J.C.S. Perkin I, 
incorrectly in ref. 1 and earlier papers. 1976, 432. 
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t-butyl hypochlorite ; subsequently the material was 
prepared from the ester (4) and iodobenzene dichloride 
and from the chloride (7) and sodium hydrogen carbon- 
ate.* Treatment of the azetidinone (8) with either lead 
tetra-acetate or N-bromosuccinimide and of 9-methoxy- 
benzyl phenox yme thylpenicillinate (5) with t -but yl 
hypochlorite afforded the oxazoline (2).5 In the fore- 
going examples the yields of the oxazolines were low 
(18% or less based upon the starting penicillin ester). 

Recently it was shown that mercury(I1) acetate in 
acetic acid converted penicillins, e.g. (6), into the 
mercury derivatives, e.g. (9), which were transformed 
into the oxazolines, e.g. (3), in the presence of dimethyl 
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sulphoxide.g This procedure provided a convenient 
route to the oxazoline (3), enabling the derivative to be 
prepared from potassium benzylpenicillinate (6) in 23% 
yield. It was also reported that treatment of the salt 
(9) with diazomethane in dimethyl sulphoxide afforded 

J.  C. Sheehan in ' Molecular Modification in Drug Design,' 
A.C.S. Advances in Chemistry Series No. 4S, Washington, D.C., 
1 9 8 4 , ~ .  16. 

8 D. H. R. Barton, F. Comer, and P. G. Sammes, J .  A m y .  
Chem. Soc., 1969,91, 1629; D. H. R. Barton, F. Comer, D. G. T. 
Greig, P. G. Sammes, C. M. Cooper, G. Hewitt, and W. G. E. 
Underwood, J .  C h m .  Soc. (C) ,  1971,3540. 

an ester, formulated as the mercaptobutanoate (lo), 
which was transformed into the oxazoline (1) by mercury- 
(11) acetate in dimethyl sulphoxide.6 By this method 
the potassium salt (6) was converted into the oxazoline 
in 23% yield. 

A disadvantage of the last-described route was that 
the mercaptobutanoate (10) was contaminated with the 
methylpropenyl derivative (3). It was therefore neces- 
sary to purify the product by silica-gel chromato- 
graphy prior to its conversion into the oxazoline (1). 
Since we required appreciable quantities of compound 
(l), we sought a more convenient method for its deriv- 
ation. We now report the results of this study. 

Neutralisation with diazomethane of the solution 
obtained by treating the salt (9) with hydrogen sulphide 
in dichloromethane gave a crystalline ester. Its n.m.r. 
spectrum differed from that of the ester derived from the 
reaction of the salt (9) with diazomethane in dimethyl 
sulphoxide ; the former derivative showed signals at 
't 8.84 and 8-68 for the gemdimethyl group and 5.60 for 
the methine hydrogen atom adjacent to the methoxy- 
carbonyl group, whereas the corresponding signals of 
the latter appeared at 8-62, 8.50, and 5-38. 

Mercury(I1) acetate (0.6 mol. equiv.) in chloroform 
converted the crystalline ester into a product which was 
identical (i.r., n.m.r., and mass spectroscopy) with that 
isolated from the salt (9) and diazomethane. When the 
product was treated with hydrogen sulphide the starting 
ester was recovered and mercury(r1) sulphide was 
deposited. Consequently the material is reformulated 
as the mercury(r1) bis(su1phide) (15) and the crystalline 
ester is considered to be the mercaptobutanoate (10). 

Attempts to convert compound (10) into the oxazoline 
(1) with triethylamine and 1,5-diazabicycl0[4.3.O]non- 
5-ene were unsuccessful. However, the reaction was 
accomplished with methanolic sodium methoxide. 
Using this procedure potassium benzylpenicillinate (6) 
was converted into the oxazoline (1) in 42% yield. 

When treated with mercury(s1) acetate in chloroform, 
the mercaptobutanoate (10) was converted into the 
oxazoline (1) in high yield. By this method the oxazoline 
(1) was obtained from potassium benzylpenicillinate (6) 
in Soyo yield. 

The formation of the ester (10) indicated that the 
acid (11) was produced from the mercury salt (9) and 
hydrogen sulphide. Since compound (11) is an isomer 
of benzylpenicillin and it incorporates some of the 
features which are believed to be necessary for the 
biological effectiveness of the p-lactam antibiotics,' 
attempts were made to isolate the derivative. Evapor- 
ation of the solution obtained by treating the mercury 
salt (9) with hydrogen sulphide in dichloromethane, 

4 S. Wolfe, J.-B. Ducep, G. Kannengiesser, and W. S. Lee, 
Canad. J .  Chem., 1972, 50, 2902. 

5 E. G. Brain, A. J .  Eglington, J. H. C. Nayler, M. J. Pearson, 
and R. Southgate, J.C.S. Chem. Comm., 1972,229. 

6 R. J. Stoodley and N. R. Whitehouse, J.C.S. Ckem. Comm.. 
1973,477; J.C.S .  Perkin I ,  1974,181. 

7 M. Gorman and C. W. Ryan in ' Cephalosporins and Peni- 
cillins,' ed. E. 241. Flynn, Academic Press, New York, 1972, p. 532; 
J. H. C. Nayler, Adv. Drug Res., 1973.7, 1. 
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followed by partitioning of the product between sodium 
hydrogen carbonate solution and chloroform, afforded 
an acidic and a neutral fraction. 

The acidic material, which possessed no p-lactam 
carbonyl absorption in the i.r. region, was treated with 
diazomethane and the product was fractionated by 
silica-gel chromatography. The first-eluted constituent 
was formulated as the oxazole (16) on the basis of its 
spectroscopic properties. The more polar component 
was the known thiazepine (18).8 

The neutral fraction was considered to be the azeti- 
dinone-lactone (21). Elemental analysis and mass 
spectroscopy established the molecular formula, 
C,,H,,N,O,S. 1.r. spectroscopy suggested that the 
material contained a p-lactam ring (1785 cm-l), a 
secondary amide linkage (1680 and 1515 cm-l), and a 
thiol group (2580 cm-1). The n.m.r. spectrum showed 
the p-lactam proton signals as a doublet (J  8 Hz) at  
7 5-35 (which collapsed to a singlet after exchange of 
the amido proton) and as a singlet a t  4.13. The failure 

(18) R =  Me CO, R 

(16) R=Me (191 R=H 
117) R = H  120) R = K  

(21)  R = H S  
I221 R =  MeS 
123) R =  MeSO 

( 2 L )  R =  PhCHiO 
(25) R=PhCH, 

Me Me 

to detect coupling betweenzirans-disposed azetidinone 
protons is unusual (a coupling constant of 1.5-2-0 Hz 
is typically observed in penarn derivatives 9). This 

0. K. J. Kovacs, B. Ekstrom, and B. Sjoberg, Acta Chem. 
Scand., 1973, 27, 677. 

E, J. Corey and A. M. Felix, J .  Amer. Chem. Soc., 1965, 87, 
2618; I .  McMillan and R. J. Stoodley, Tetrahedron Letters, 1966, 
1206. 

lo L. M. Jackman and S .  Sternhell, ‘Applications of Nuclear 
Magnetic Resonance Spectroscopy in Organic Chemistry,’ Per- 
gamon, Oxford, 1969, p. 283. 

l1 B. T. Golding and D. R. Hall, J.C.S .  Chem. Comm., 1973, 
293. 

result may reflect the increased electronegativity of 
oxygen compared with sulphur (Jaic decreases with an 
increase in the electronegativity of substituents lo) 

and/or some distortion of the azetidinone ring. 
Derivative (21) is a rare example of a fused azeti- 

dinone-oxazolidine. The oxa-anhydropenicillin (24) 
and the oxa-penam (26) l1 have been reported. The 
p-lactam protons of the former resonate as a quartet a t  
T 4.98 (J  8 and 1.8 Hz) and a doublet at 4-14 (J  1.8 Hz) 
whereas those of the latter resonate as doublets a t  
7 6.29 and 4.69 (J  1 Hz). 

Efforts were made to convert the thiol (21) into the 
oxa-anhydropenicillin (25). Attempts to eliminate 
hydrogen sulphide under basic conditions and in the 
presence of mercury(I1) acetate were unsuccessful. 
When treated with diazomethane or methyl iodide, the 
thiol(21) was transformed into the methylthio-derivative 
(22). However, the crude mixture of sulphoxides (23), 
obtained by oxidation of compound (22) with m-chloro- 
perbenzoic acid, afforded a complex array of products 
when heated in benzene or chloroform. 

It is clear from the foregoing results that the acid 
(11) is a labile species and that it undergoes three types 
of reaction. The formation of the oxazole (17) probably 
involves initial protonolysis of the 5,6-bond followed 
by elimination of the l-hydrogen atom. There is 
precedent for this behaviour in the chemistry of 
azetidinone-thiazolines.12 The production of the thi- 
azepine (19) may involve either rupture of the azeti- 
dinone linkage by the thiol group to give species (27) 
which then undergoes a p-elimination or the initial 
generation of the azetinone (28) (Scheme). Azetinones 
are likely intermediates in the base-induced rearrange- 
ment of penicillinates to thia~epines .~J~ The formation 
of the azetidinone-lactone (21) probably involves the 
cleavage of the 4,5-bond by the carboxy-function with 
inversion of configuration at position 5. An inter- 
molecular example of this reaction has been described 
recently.6 

N.m.r. spectroscopy established that the solution 
obtained by treating the mercury salt (9) with hydrogen 
sulphide in deuteriochlorofonn initially contained the 
acid (11) as the major component. However, after 
24 h the acid (11) was no longer detectable. Addition 
of potassium 2-ethylhexanoate to a freshly prepared 
solution of the acid (11) afforded the potassium salt (12), 
which crystallised in association with 1 mol. equiv. of 
potassium acetate. 

Although stable in the solid state, the potassium salt 
(12) decomposed in [2H,]dimethyl sulphoxide during 

l2 R. D. G. Cooper and F. L. Jose, J .  A m r .  Chein. Soc., 1970, 
92, 2676. 

13 0. K. L. Kovacs, B. Ekstrom, and B. Sjoberg, Tetrahedron 
Letters, 1970, 1863; S. Wolfe, W. S. Lee, and R. Misra, Chem. 
Comm., 1970, 1067; J. R. Jackson and R. J .  Stoodley, ibid., 
p. 14; J.C.S. Perkin I ,  1972, 1063; B. G. Ramsay and R. J. 
Stoodley, Chem. Comm., 1971, 450; J. P. Clayton, R. Southgate, 
B. G. Ramsay, and R. J. Stoodley, J .  Chem. Soc. ( C ) ,  1970,2089; 
A. Vlietinck, E. Roets, P. Claes, and H. Vanderhaeghe, Tetra- 
hedron Letters, 1972, 285;  A. Vlietinck, E. Roets, P. Claes, 
G. Janssen, and H. Vanderhaeghe, J.C.S .  Perkin I ,  1973, 937. 
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6 11. 
yielded the thiazepine (18). 

Treatment of the product with methyl iodide 
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SCHEME 

The potassium salt (12) was converted into the 
methylthio-butanoate (13) by methyl iodide in N N -  
dimethylformamide. Compound (13) was also produced 
when the mercaptobutanoate (10) was treated with 
diazomethane. Oxidation of derivative (13) with m- 
chloroperbenzoic acid gave a mixture of the sulphoxides 
(14), which could be separated by silica-gel chromato- 
graphy. When heated in boiling benzene, the oxides 
(14) were readily transformed into the oxazoline (1). 
The thermal elimination of sulphenic acids from sulph- 
oxides bearing a hydrogen atom at the @-carbon atom 
is a well-established reaction.l4 Although in principle 
either a hydrogen atom of the gem-dimethyl group or 
that adjacent to the methoxycarbonyl group of deriva- 
tives (14) could be involved in this sigmatropic process, 
only the latter shift was observed. It has recently 
been shown that, providing there are no undue transition- 
state constraints, the acidity of the migrating hydrogen 
atom determines the reaction outcorne.l5 By the afore- 
mentioned sequence the oxazoline (1) was obtained in 
62% yield from potassium benzylpenicillinate (6). 

Compounds (12) and (21) showed no significant anti- 
microbial activity. 

EXPERIMENTAL 

Mercury 
was determined gravimetrically as mercury( 11) sulphide." 

(2S)-2-( ( 1 S, 5R)-3-Benzyl-7-oxo-Poxa-2,6-diuza- 
bicyclo[3.2.0]he~t-2-en-6-yl)-3-me~capto-3-methylbutanoate 
(1 0) .-Hydrogen sulphide was passed through a suspension 
of the mercury salt (9) (18.0 g, 0.21 mol) in dichloro- 

C. A. Kingsbury and D. J .  Cram, J. Amer. C h m .  SOC., 1960, 
82, 1810. 

15 A. G. W. Baxter, J .  Kitchin, R. J .  Stoodley, and R. B. Wil- 
kins, J.C.S .  Chern. Comm., 1973, 286; R.  J. Stoodley and R. B. 
Wilkins, J.C.S .  Perkin I, 1974, 1672. 

For general experimental details see Part I.18 

Methyl 

methane (50 ml) and the filtered solution was treated with 
diazomethane in ether until the yellow colour persisted. 
Evaporation left the mercaptobutanoate (10) (6-60 g, go%), 
m.p. 115-117" (from CHC1,-Et,O), [a], +23O (0.12% in 
CHCl,), v- (KBr) 2540 (SH), 1765 (p-lactam GO),  1730 
(ester GO) ,  and 1645 cm-l (C=N), 7 (CDCl,) 8.84 and 8.68 
(each 3H, s, gem-Me,), 8.lbr (lH, s, SH), 6.30 (2H, s, 
CH,*CO), 6.27 (3H. s, MeO,C), 5.60 (lH, s, 2-H), 4.8br and 
3.75 (each lH, d, J 3.5 Hz, p-lactam H), and 2.72 (5H, m, 
aromatic H) (addition of D,O caused the signal a t  7 8.1 to 
disappear) (Found: C, 58.6; H, 5.8; N, 8.1%; M+, 
348.1136. C,,H,,N,O,S requires C, 58.6; H, 5.6; N, 
8.3%; M ,  348-1144). 

3, 3'-Mevcurio (11) dithiobis- [( 2s) -2-{ ( 1 S, 5R) -3- 
benzyl-7-oxo-Poxa-2,6-diazabicyclo[ 3.2.01 hept-2-en- 6-yl)-3- 
methylbutanoate] (15) .-Mercury(~~) acetate (0.143 g, 0.45 
mmol) was added to a solution of the thiol (10) (0-313 g, 
0.90 mmol) in dichloromethane (6 ml). After 15 min the 
mixture was diluted with dichloromethane and washed 
with water. Evaporation of the dried (MgSO,) organic 
layer left the mercury(I1) bis(su2phide) (15) (0.400 g ,  99yo), 
m.p. 104-106", [a], +38" (1.0% in CHCI,), v,, (KBr) 
1780 (p-lactam C=O), 1735 (ester GO) ,  and 1645 cm-1 
(C=N), z (CDCI,) 8.63 and 8.50 (each 6H, s, 2 gem-Me,), 
6-30 (lOH, s, 2 Me0 and 2 CH,*CO), 5.37 (2H, s, 2 x 2-H), 
4.89 and 3-83 (each 2H, d, J 4 Hz, 2 p-lactam H), and 2.76 
(lOH, s, aromatic H) (Found: C, 45.2; H, 4.2; Hg, 21.2; 
N, 6.0. C,,H,,HgN,O,S, requires C, 45-5; H, 4.3; Hg, 
22.4; N, 6.3%). 

Reaction of the Mercury(rr) Bis(sulphide) (15) with 
Hydrogen Sulphide.-A suspension of the mercury(r1) bis- 
(sulphide) (15) (0.150 g, 0.17 mmol) in dichloromethane (3 
ml) was treated with hydrogen sulphide. Evaporation of 
the filtered solution left a residue (0.100 g, 96%) which was 
identical (t.1.c. and n.m.r. spectroscopy) with the thiol (10). 

Reaction of the Mercury(I1) Bis(suZphide) (15) with Mercury- 
(11) Acetate.-A solution of the mercury(I1) bis(su1phide) 
(15) (0.672 g, 0-75 mmol) in dichloromethane (10 ml) was 
treated with mercury(I1) acetate (0.476 g, 1.5 mmol) for 
18 h. The filtered solution was then treated with hydrogen 
sulphide and refiltered. After washing with water and 
drying (MgSO,), the filtrate was evaporated to give a solid 
(0-350 g, 74%), m.p. 120-122' (from CHC1,-Et,O), 
identical (t.1.c. and n.m.r. spectroscopy) with the oxazoline 

Reaction of the Thiol (10) with Sodium Methoxide.-A 
solution of the thiol (10) (0.140 g, 0.4 mmol) in methanol 
(5 ml) was treated with 0.lM-sodium methoxide (2.0 ml, 
0-2 mmol) for 4 h. The solution was then diluted with 
chloroform, washed with water, and dried (MgSO,) . 
Evaporation gave a syrup which was fractionated by 
silica-gel chromatography (CHCI, as eluant) to give material 
(0.08 g, 63%) identical (t.l.c., i.r. and n.m.r. spectroscopy) 
with the oxazoline (1) .3 

[3.2.0]he~t-2-en-6-yl}-3-mercapto-3-methyZbutanoic Acid (1 1). 
-(a) Hydrogen sulphide was passed through a suspension 
of the salt (9) (4.25 g, 5.0 mmol) in deuteriochloroform 
(4 ml). The n.m.r. spectrum of the filtered solution showed 
signals a t  T 8.87 and 8.67 (each 3H, s, gem-Me,), 6-3br (2H, 

Dimethyl 

( U s 3  

(2S)-2-( (1S,5R)-3-Benzyl-7-oxo-4-oxa-2,6-diazabicyclo- 

Is I. McMillan and R. J .  Stoodley, J .  Chem. SOC. ( C ) ,  1968, 
2633. 

l7 A. I. Vogel, 'A Textbook of Quantitative Inorganic Analysis 
Including Elementary Instrumental Analysis,' Longmans, 
London, 1962, p. 486. 
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s, CH2Ph), 5.62 (lH, s, 2-H), 4.83 and 3-72 (each lH, d, 
J 3.5 Hz, p-lactam H), and 2.78 (5H, s, aromatic H) for the 
acid (11) and signals at z 7.94 and 0.54 for acetic acid. 
After 24 h the signals for the acid (11) were no longer 
detectable. 

(b) Hydrogen sulphide was passed through a suspension 
of the salt (9) (18.0 g, 21 mmol) in dichloromethane (50 ml). 
The solution was filtered and treated with 3~-potassium 
2-ethylhexanoate in butan-1-01 (25 ml, 75 mmol). Addition 
of ether induced the crystallisation of potassium (2S)-2- 
{ ( 1 S, 5R)-3-benzyl-7-oxo-4-oxa-2 , 6-diazabicyclo[3.2.0] hept-2- 
en-6-yl}-3-mercapto-3-methylbutanoate (12) (5.0 g, 50%), 
[a], -11" (0.7% in EtOH), vmx. (KBr) 2540 (SH), 1755 
(p-lactam C=O), 1645 (C=N), and 1605 cm-l (CO,-), 
T [(CD,),SO] 9.01 and 8-80 (each 3H, s, gem-Me2), 8-27 (3H, 
s, MeC02K), 6.37 (2H, s, CN,Ph), 6.14 ( lH,  s, 2-H), 4.96 
and 3.63 (each lH, d, J 3-5 Hz, p-lactam H), and 2.78 (5H, 
s, aromatic H) (Found: C, 46.0; H, 4-3; N, 5.7. 
Cl,Hl,N204S,CH,C02K requires C, 46.0; H, 4.3; N, 6.0%). 

Decomposition of the Acid (1 1) .-Hydrogen sulphide was 
passed through a solution of the salt (9) (8.5 g, 10 mmol) in 
dichloromethane (25 ml) . The filtered solution was 
evaporated and the residue was partitioned between 
chloroform and sodium hydrogen carbonate solution. The 
aqueous layer was acidified with dilute hydrochloric acid 
and extracted (twice) with chloroform. Evaporation of 
the dried (MgSO,) organic layer left a residue which was 
treated with diazomethane in ether. The product was 
fractionated by silica-gel chromatography (CHCl, as 
eluant). 

The first-eluted material (0.170 g, 5%), recovered as a 
chromatographically homogeneous syrup, was methyl 2-( 2- 
benzyloxazol-4-ylcarbonylamino) -3-mercapto-3-methylbutano- 
ate (16), [a], -8" (0.4% in CHCl,), v,, (film) 3400 (NH), 
1740 (ester GO) ,  1675 (amide G O ) ,  1600, and 1505 cm-l 
(amide 11), A,, (EtOH) 222 nm (E 10,900), z (CDCl,) 
8-58 and 8.47 (each 3H, s, gem-Me,), 7.9br ( lH,  s, SH), 
6.27 (3H, s, MeO), 5.90 (2H, s, CH2Ph), 5.26 (lH, d, J 
9.5 Hz, 2-H), 2-74 (5H, s, aromatic H), 2.3br (lH, d, 
J 9.5 Hz, NH), and 1.96 (lH, s, oxazole H) (addition of 
D20 caused the signals a t  z 7.9 and 2.3 to disappear and 
that a t  5.26 to collapse to a singlet) (Found: M+, 348.1120. 
Cl,H2,N20,S requires M ,  348.1 144). 

The second-eluted component (0.180 g, 5%), m.p. 149- 
150" (from MeOH), [a], -180" (0.2% in CHCl,), was 
identical (t.l.c., n.m.r., i.r., and mass spectroscopy) with 
methyl (3S)-2,3,4,7-tetrahydro-2,2-dimethyl-6phenylacet- 
amido-7-0x0- 1,4-thiazepine-3-carboxylate ( 18) prepared by 
the literature procedure (Found: M+, 348.1149. Calc. 
for C,,H,,N,O,S : M ,  348.1 144). 

Evaporation of the chloroform solution left (2S,5S,6S)-2- 
( 1-mercapto- 1-methylethyl) -6-~henyZacetamido-4-oxa- 1-azabi- 
cyclo[3.2.0]heptane-3,7-dione (21), (1.15 g, 35%), m.p. 
145-148" [from CHC1,-light petroleum (b.p. 30-40')], 
[a],, -39" (o-15y0 in CHCl,), v-. (KBr) 3430 (NH), 2580 
(SH), 1785br (p-lactam and lactone G O ) ,  1680 (amide 
G O ) ,  and 1515 cm-l (amide 11), z (CDCl,) 8-50 and 8.45 
(each 3H, s,gem-Me2), 7.95 (lH, s, SH), 6.36 (2H, s, CH,*CO), 

5-H), 3.5br (lH, d, J 8 Hz, NH), and 2.60 (5H, s, aromatic 
H) (addition of D20 caused the signals a t  T 7-95 and 3.5 to 
disappear and that at 5-35 to collapse to a singlet) (Found: 
C, 57.4; H, 5.4; N, 8.3%; M', 334. Cl,H18N,04S 
requires C, 57-5; H, 5-4; N, 8.4%; 144, 334). 

(2SJ5S, 6S)-2-( l-~ethyl-l-methylthioethyl)-6-~henyZacet- 

5.85 ( lH,  S, 2-H), 5.35 (lH, d, J 9 Hz, 6-H), 4.13 (lH, S, 

arnido-4-oxa- 1-azabicyclo[ 3.2.01heptane-3,'I-dione (22) .-(a) A 
solution of the thiol (21) (0.127 g, 0.38 mmol) in N N -  
dimethylformamide (2 ml) was treated with methyl iodide 
(0-2 ml) for 5 h. The mixture was diluted with ether, 
washed with water (twice), and dried (MgSO,). Evapor- 
ation left a residue which was fractionated by silica-gel 
chromatography (CHCl, as eluant) to give the methylthio- 
derivative (22) (0.065 g, 49%), m.p. 119-121" (from 
CHCl,Et,O), [a], - 104" (0-46y0 in CHCl,), v-. (KBr) 
3420 (NH), 1795br (p-lactam and lactone G O ) ,  1675 
(amide GO) ,  and 1520 cm-1 (amide 11), A,, (EtOH) 
212 nm (E 7400), T (CDC1,) 8.56 (6H, s, gem-Me,), 7-87 (3H, 
s, MeS), 6.40 (2H, s, CH,Ph), 5.93 (lH, s, 2-H), 5.45 (lH, 
d, J 7-5 Hz, 6-H), 4.28 (lH, s, 5-H), 3-6br (lH, d, J 7.5 Hz, 
NH), and 2.74 (5H, s, aromatic H) (addition of D20  caused 
the signal a t  7 5.45 to collapse to a singlet and that a t  3.6 
to disappear) (Found: C, 58.7; H, 6.1; N, 8.1%; M+, 
348. C1,H2,N20,S requires C, 58.6; H, 5-8; N, 8.1%; 
M ,  348). 

(b) A solution of the thiol (21) (0.050 g, 0-15 mmol) in 
dichloromethane (2 ml) was treated with diazomethane in 
ether. Evaporation after 12 h and purification of the 
product by silica-gel chromatography (CHC1, as eluant) 
gave a substance (0-016 g, 30%), m.p. 119-120" (from 
CHC13--Et20), identical (t.1.c. and n.m.r. spectroscopy) with 
the methylthio-derivative (22). 

Reaction of llae iwethylthio-derivative (22) with m-Chloro- 
perbenzoic Acid.-m-Chloroperbenzoic acid (0-034 g, 0.2 
mmol) was added to a solution of the methylthio-derivative 
(22) (0.070 g, 0.2 mmol) in dichloromethane (5 ml). After 
20 min the solution was diluted with chloroform, washed 
with sodium hydrogen carbonate s o h  tion followed by 
water, and dried (MgSO,). Evaporation gave a residue 
(0.06 g) which contained several components (t.l.c.), 
vmx. (film) 3340 (NH), 1795br (p-lactam and lactone GO) ,  
1670br (amide GO),  and 1520br cm-1 (amide 11). N.m.r. 
spectroscopy suggested that the major component was a 
mixture (ca. 1 : 1) of (2S,5S,6S)-2-(l-methyl-l-methylthio- 
ethyl)-6-phenylacetamido-4-oxa- 1-azabicyclo[3.2. Olheptane- 
3,7-dione 4-oxides (23), 7 (CDC1,) inter alza 8.69 and 8.60 
(each 6H, s, 2 gem-Me,), 7.54 and 7.49 (each 3H, s, 2 MeS), 
6.46 (4H, s, 2 CH,.CO), 5-8br (2H, s, 2 x 2-H), 5.40 (2H, 
d, J 6-5 Hz, 2 x 6-H), 4.30 (2H, s, 2 x 5-H), and 2.81 
(10H, s, aromatic H). 

Conversion of the Potassa'um Salt (12) into the Thiazepine 
(18).-A solution of the potassium salt (12) (0.104 g ,  
0.28 mmol) in [2H,]dimethyl sulphoxide (0.6 ml) was 
monitored by n.m.r. spectroscopy. After 6 h the signals 
of the starting material had been replaced by those of 
potassium (3S)-2,3,4,7-tetrahydro-2, 2-dimethyl-6-phenyl- 
acetamido-7-0x0- 1,4-thiazepine-3-carboxylate (20), z inter 
alia 8.6br (6H, s, gem-Me,), 6.51 (2H, s, CH,-CO), 6-3br 
(lH, s, 3-H), 2-7br (6H, s, aromatic H and NH), and 
1.3br (lH, s, 5-H). 

Methyl iodide (0.2 ml) was added to the mixture which, 
after 20 min, was diluted with ether. The organic layer 
was washed (twice) with water, dried (MgSO,) , and evapor- 
ated. Fractionation of the residue by silica-gel chromato- 
graphy (CHC1, as eluant) gave a solid (0.045 g, 46y0), m.p. 
149-150' (from MeOH) , identical (t.l.c., i.r. and n.m.r. 
spectroscopy) with the thiazepine (18) .8 

Methyl (2S)-2-{ (lS,5R)-3-Benzyl-7-ox0-4-oxa-2,6-diaza- 
bicycZo[ 3.2.O~he~t-2-en-6-yl}-3-ynet~~yl-3-nzethylthiobutanoate 
(13).-(a) Methyl iodide (1 ml) was added to a stirred 
solution of the potassium salt (12) (1.1 g, 2.96 mmol) in 
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NN-dimethylfonnamide (2 ml). After 20 min the mixture 
was diluted with ether and washed (twice) with water. 
Evaporation of the dried (MgSO,) organic layer gave the 
methylthio-butanoate (13), m.p. 97-99' (from CHC1,-light 
Petroleum), [a], +So (0.24% in CHCl,), v,, (KBr) 1775 
(p-lactam GO), 1730 (ester GO) ,  and 1640 cm-1 (C=N), 
I.,== (EtOH) 209 nm (E 12,400), T (CDCl,) 8-92 and 8.81 
(each 3H, s, gem-Me,), 8-03 (3H, s, MeS), 6.32 (5H, s, 
CH,Ph and MeO,C), 5.61 (lH, s, 2-H), 4-90 and 3.87 (each 
lH, d, J 3.6 Hz, p-lactam H), and 2.77 (5H, s, aromatic 
H) (Found: M+, 362.1336. C,,H,,N,O,S requires M ,  
362- 1300). 

(b) Diazomethane in ether was added to the thiol (10) 
(0.104 g, 0.3 mmol). Evaporation of the solution after 
18 h left a residue (0-105 g, 98%), m.p. 97-99O (from 
CHCl,-liglit petroleum), identical (t.l.c., i.r. and n.m.r. 
spectroscopy) with the methylthio-butanoate ( 13). 

Oxidation of the Methylthio-butanoate (1 3) with m-Clzloro- 
perbenzoic A cid.-Yn-Chloroperbenzoic acid (0.3 15 g ,  1 * 8 
mmol) was added to a solution of the methylthio-butanoate 
(13) (0-660 g ,  1-8 mmol) in dichloromethane (10 ml). After 
30 min the solution was diluted with chloroform and 
washed with sodium hydrogen carbonate solution followed 
by water. Evaporation of the dried (MgSO,) organic layer 
gave a product which contained two components (3 : 2 by 
1i.m.r. spectroscopy). The mixture was fractionated by 
silica-gel chromatography [C6H6-Et,0 (4 : 1) as eluant]. 

The first-eluted material (0-270 g, 40%) was methyl (2s)- 
2-( (lS, 6R)-3-benzyl-7-oxo-4-oxa-2,6-diazabicyclo[3.2.0]- 
hept-2-en-6-yl)-3-methyl-3-methylsulp~nylbutanoate ( 14) 
[a], +7" (1.0% in CHCl,), vmax. (film) 1780 (p-lactam C=O), 

1745 (ester G O ) ,  and 1650 cm-l (C=N), AmZ (EtOH) 211 nm 
(c lO,OOO), 7 (CDCl,) 8.87 and 8.81 (each 3H, s, gem-Me,), 
7.67 (3H, s, MeSO), 6.3br (6H, s, W,Ph and MeO,C), 5.50 
(lH, s, 2-H), 4-84 and 3.72 (each lH, d, J 3.5 Hz, p-lactam 
H), and 2.74 (5H, s, aromatic H) . Although the sample did 
not show a molecular ion in the mass spectrum, it possessed 
a strong peak at m/e 314 and a metastable ion at m/e 260.8 
(i.e. Mi - MeSOH); the spectrum was significantly 
different from that of the oxazoline (1). 

The second-eluted derivative (0.160 g, 24%) was the 
isomeric sulphoxide (14), [a], + 1 8 O  (0.3% in CHCl,), 
vmx. (film) 1780 (p-lactam C-), 1740 (ester GO) ,  and 
1650 cm-l (C=N), A,, (EtOH) 212 nm ( E  10,000), T (CDC1,) 
9-06 and 8.75 (each 3H, s, gem-Me,), 7-70 (3H, s, MeSO), 
6-33 (5H, s, CH,Ph and MeO,C), 5-88 (lH, s, 2-H), 4-83 
and 3.82 (each lH, d, J 3 Hz, p-lactam H), and 2.77 (5H, 
s, aromatic H). The mass spectrum was identical with 
that of the less polar sulphoxide. 

Pyrolysis of the Sulphoxides (14).-A mixture (3 : 2) of 
the sulphoxides (14) (0-760 g, 2.0 mmol) was heated in 
boiling benzene (100 ml) for 0.5 h. Evaporation and 
purification of the product by silica-gel chromatography 
(CHCI, as eluant) gave material (0.570 g, 91%), m.p. 
120-122' (from CHC1,-Et,O), identical (t.l.c., i.r. and 
n.m.r. spectroscopy) with the oxazoline (1). 
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