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DESULPHURATIVE APPROACHES TO PENEM ANTIBIOTICS. II. 

4-ACYLDITHIOAZETIDIN-2-ONES FROM PENICILLIN DERIVED SULPHENIMIDES, 

THIOLSULPHONATES AND DISULPHIDES. 

Marco Alpegiani, Angelo Bedeschi, Maurizio Foglio, France Giudici and Ettore Pewone* 

Chemical Research and Development, Farmitalia Carlo Erba, Via dei Gracchi 35, Milano, Italy 

Abstract: Displacement of different leaving groups from a number of 2-oxo-azetidin-4-ylthio 

derivatives with thioacids, followed by sulphur extrusion, provides a facile access to B- 

lactam thioesters and hence to penems. 

In the preeceding paper of this series' we dealt about the convenience of generating acyl- 

dithioazetidinones of type 2 rw...' - 
4 as precursors of thioesters2, 2, Atto be used in penem 

syntheses, and described a new access to this class of compounds. We wish here to report the 

results of a more systematic approach to our target. Asymmetrical disulphides are usually 

obtained by reaction of sulphenyl halides with thiols; replacing thiols with thioacids in this 

2 
reaction has been sometimes expedient for the preparation of acyl alkyl disulphides . 

Attempted generation of sulphenyl chlorides 7~ from Ratija 
3. 

disulphides 8a-c 
495 

(a very handy 

class of 1,2-secopenicillins) was however unrewarding; even when excess Cl 
2 

was avoided (Ccl4 

solution of Cl 
2' 

1 mol equiv., -50° to r.t., CHC13) the 4-chloroazetidinones z6, s7 and 9c8 

were formed instead. In the search for easily accessible and stable synthetic equivalents of 

sulphenyl chlorides, we turned our attention to sulphenimides 
9 

andthiolsulphonates 
10,ll 

. Indeed 

compounds 7d and 7e, prepared by minor modifications of published procedures, when exposed to 
- 

thioacid 10 (1 mol equiv., MeCN, 0°C) smoothly afforded the hoped-for acyldithioazetidinone 2a1 

in virtually quantitative yield. The eventual finding that disulphides &themselves undergo rapid 

and quantitative exchange with thioacids under surprisingly mild conditions endowed the foregoing 

results with a still greater preparative appeal; thus, 8c and 2 gave 2 and 2-mercaptobenzo- 
lm 

thiazole (1 tiol equiv. each, THF, OOC, less than 1 min). Sulphur extrusion from 2, as previously 

described', or from 6a gave the corresponding thioesters la 
Nn 

_, $; on the c;;trary, reductive 

acylations of azetidinyl benzothiazolyl disulphides according to Woodward 

PPh3) or Prasadf3(RCOOH, PPh3) were reported 

(AcOH, Ac20, pyridine, 

13,14 
to be abortive on a number of R-lactams not 

bearing the classical, cis-oriented acylamino side chain (O-acylazetidinones and/or monosulphides 

15 
being formed instead) . 
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Different considerationssupport our belief that the foregoing exchange-desulphurisation 

sequence constitutes the most general route to 4-azetidinylthioesters available at the moment. 

First, its mildness allows almost every available thioester to be used; prolonged heating' or 

16 
hydrolytic conditions are no longer required. Second, introduction of the acylthio radical can 

be achieved regardless of the type of substitution on the azetidinone nitrogen. Thus, exchange of 

mercaptobenzothiazole with tert-butyldiphenylsilyloxythioacetic acid and/or thioacetic acid was 

easily performed not only on 8c but also on the 3-butenoate 8a 
ti ti' 

the 2-butenoates z,z,% the l-H- 

azetidinone 8f, the enol 8g and the mesylate 8h, therebyobtaining2al 
+VV hv - 

, 4a,b,c, 6b or 6d, 13 and 
+ ,.r.+%,%ti w 

14e. Sulphur extrusion (PPh 
NVV 

3, CHC13 or CH2C12) from all the tert-butyldimethylsilyloxyethyl 

1 
substituted R-lactams so far prepared was found to be highly diastereoselective, affording la 

*' 

3a, 5a and Jj3&. However, 
*- 

contrasting results were obtained in the desulphurisation of the free- 

hydroxyethyl substituted R-lactams 4b, 
r*n 

z, c, ,6$ and 12; partial or complete epimerisation of 

the azetidinone C-4 chiral centre occurred for 2, 2, 6d, the 4s derivatives l* being obtain- 

ed along with ;25, 5b,d, but retention still occurred for 12b, which afforded l&, and, most 

17 -- 
intriguingly , even for the cis-subsitituted R-lactam& which yielded 3c. Further work is in - 

progress in the attempt of elucidating the manifold factors involved in the stereochemistry of 

the desulphurative step. The type of solvent can play an important role, and the desired 

diastereoselectivity in sulphur extrusion from 6b d _,_ was restored by simply performing the reaction 

in DMSO. 

The compatibility with reactive functional groups of the present route to thioesters is 

noteworthy and can be exploited with advantage. Thus, methyl 6-rl(R)-hydroxyethyl] penicillanate 

18 
was converted into 8sf and thence, as above indicated, into 5d 

Nvr 
_, from which the penem 16 could be 

rvW 

obtained, albeit in moderate yields, by minor modifications of Woodward's procedure; to our 

knowledge, this is the first reported preparation of a penem of this type which thoroughly 

avoids protection of the side-chain alcohol. 

We thank Dr. G. Franceschi for helpful discussions, and Mr. A. FiumanB for technical 

assistance. 
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1 
All new compounds shoued i.r. and H n.m.r. spectra consistent with the proposed structure and gave satisfactory 

combustion analyses, apart from Be and 14e. which are further reacted as crude materials, and 2, uhich is unstable 

on SiO 
2' 

Selected data include 7 C=zfilm unless otherwise stated) and dpppm relative to O-lactam protons (COCl 

unless otherwise stated). ,3b_: 176?~'1725, 1700 cm -':63.30 (dd. 6 and 2.5 Hz), 5.63 (d, 2.5 Hz); k 1760, 1720. 
3 

1700sh cm-l;d3.65 (dd, 3 and 5 Hz), 5.83 (d, 5 Hz); 2: 1765, 1730br cm -l,63.17 (dd, 5 and 2.5 Hz), 5.12 (d, 2.5 Hz) 

4~: 1755, 1735br cm -1;d3.5z (dd, 3 and 5 Hz), 4.97 (d, 5 Hz); 5a: mp 118-122%; 1765, 1685 cm-' (in KBr);63.23 

cd, 4.0 and 2.5 Hz), 5.24 (d. 2.5 Hz): 5b: 1763, 1690 cm-*;d(C*o",CN) 3.10 (dd, 5.5 and 2.5 Hz), 5.10 (d, 2.5 Hz); 

5d: 1765, 1690 cm-';d(d6-DMSO) 3.20 (ddT5.5 and 2.2 Hz), 5.28 (d, 2.2 Hz); 6a: 1765, 1728 cm-';63.18 (dd, 4.5 and 

2 Hz), 4.87 (d, 2 Hz); 6b: 1750, 1705 cm-l;d(C~ CN) 2.93 (dd, 5 and 2 Hz). 425 (d, 2 Hz); 6d: 1760, 1730 cm-l: 

4 3.22 (dd, 4.5 and 2 Hy, 4.83 (d, 2 Hz); 7d: 1:72, 1730, 1710sh. 1680 cm- ';63.29 (dd, 4 a2 3 Hz), 4.85 (d, 3 Hz); 

7e: mp 105-106%; 1770, 1750 cm-l (in KBr);y3.22 (t, 2 Hz), 5.37 (d, 2 Hz); Ea: 1770, 1743 cm-l;d3.38 ((id, 3.,;nd 

2 Hz), 5.42 (d, 2 Hz): 8b: 1770, 1726 cm-l;63.36 (dd, 4 and 2.2 Hz), 5.56 (d:.2 Hz); 8~: mp 79-81°C; 1770 cm ; 
63.30 (dd, 2.5 and 2 H:, 5.10 (d, 2 Hz); 2: 1765, 1725 cmU1;63.45 (dd, 5.5 and 2.8 Hzr5.43 (d. 2.8 Hz); 

8& mp 157-160% decomp.: 1740 cm-l (in KBr);d3.28 (dd, 5 and 2 Hz), 5.15 (d, 2 Hz); & amorphous: 1765 and 1730 cm 
-1 

(in KBr);d3.44 (dd, 5 and 2 Hz), 5.29 (d. 2 Hz); 8h (1:l mixture of E, Z isomers): 1775. 1732 cm -l;d3.42 (m), 5.60 

and 5.64 (each d, 2.5 Hz); 9& 1778, 1745 cm -l;d3?8 (dd, 4.2 and 1.6 Hz), 5.95 (d, 1.6 Hz); 9b: 1782, 1727 cm-l;6 

3.41 (dd, 5 and 2 Hz), 5.90 (d, 2 Hz); z 1780 cm -l;d3.41 (dd, 3 

1650 cm-';cf3.29 (dd. 6 

and 1 Hz): 5.84 (d, 1 Hz);-*: 1765, 1705br, 

and 2.5 Hz), 5.63 (d, 2.5 Hz); 12b: 1765, 1740 br, 1660 cm-';63.13 (dd, 5 and 2.5 Hz), 4.99 

(d. 2.5 Hz); %: 1770, 1730, 1700 cm-l:d3.2 (abscuredr 5.7 (d, 2 Hz); 15a: 1:'65, 1725. 1700 cm-';d3.75 (dd, 

obscured), 5.88 (d, 5 Hz); 15b: 1763, 1690 cm-+&CD3CN) 3.30 (dd, 8 
-1 

and 5 Hz), 5.32 (d, 5 Hz); 15~: 1765, 1690 cm ; 
63.50 (dd, 8.5 and 5.5 Hz)?.33 (d, 5.5 Hz) . 
Compound 2 was detected as the major component of a mixture containing at least other two 8-lactam products by 

comparison with an authentical sample prepared by oxidative chlorination of penicillin sulphoxides; W.A. Spitzer, 

T. Goodson, R.S. Lammert and S. Kukolja, J.Orq.Chem., 1981, 2, 3568. The eventuality of further reaction of 9a 
,, 

to afford a 2%chloromethylpenam and possibly a 3-methylcephem has been anticipated (see refer. 3). 

Compound _9b_ was formed in good yield and found identical with a material obtained by chlorination of the penicillanic 

precursor according to S. Kukolja and S.R. Lammert, Croatia Chemica Acta, 1972, 2, 299. The chlorine atom in this 

compound is completely inert towards exchange uith thioacids. 

Compound 2 was not stable to silica gel chromatography. It reacted with thioacid 10 to a?ford the R-lactam thioester 
w 

5a in moderate yield. 
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