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Abstract- Reaction of penicillins (and a cephalosparln) vith triphenylstannane 

provides a novel and efficient route to dethioazetidinones. A study on the 

mechanism of this process is described. 

me discovery of ~ocardicin' and Sulfazecin' has rekindled interest in the preparation of 

monocyclic 8-1aotams.'-' Traditionally such mmpaunds can be accessed from oomercially 

available penicillins Raney Nickel desulphurisati~n.~ however, not only is this process 

low yielding (typically 30-il5%)'-' but it also provides mixtures of saturated and olefinlc 

pro duet^' and is normally performed under essentially aqueous conditions (Scheme 1) .  

RHN RHN 

Cq-M+ 

Scheme 1 

Although applications of trialkylstannanes for the reductive desulphurlsation of divalent 

S U ~ P ~ U P  Compounds are legion.' the potential of triphenylstannane to desulphurise penicillins 

has, to our knowledge, been overlooked. Literature precedent demonstrates that the reaction 

of functionalised penicillins vith trialkylstannanes occurs primarily at sites other than 

sulphur,'-" e.g. at halogen' (Scheme 2). Desulphurisatian can be achieved from il-phenylthio- 

azetidinmes vith trialkylstannane to provide a free radical intermediate capable of direct 

~eduotion" OP intramOleOulaP cyclisation follaved by reduction." e.g. Scheme 3. 

Interestingly. Kametani et al." have reported a penem synthesis via trialkylstannane 

treatment (1.2 equivs) of a 1,Z-bis-sulphide penam for which the ring sulphur remains intact 

(Scheme 4). 
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DUPmg the course of our continuing investigation into the mechanisms of penicillin and 

cephalosporin biosynthesisls we developed a radically mediated biomimetic ring expansion 

reaction' derived from homolytic reductive debramination of phenoxyacetyl-28-bromomethyl 

penam by triphenylstannane. In a subsequent study we examined reaction af the phthalimido- 

20-bromomethylpenam with triphenylstannane Cstannane (2 equivs.1, AIBN (10 mol $1 

benzene, reflux, lhl. In addition to the expected mixture of ring expanded cephams 2a.b  

(65%) a thlrd rnlnar 8-lactam product 3 was produced. j was found to be unstable to normal 

chromotagraphic purification and its structure followed from spectroscopic analysis of the 

crude reaction mlxture; for 3 6~ (500 MHz, CDC1,l 2.00 (3H, 3, vinyl Cz,), 3.67 (3H, 3, 

CO*Mel, 4.72 (lH, sl, 4.90 (IH, 31, 4.98 (lH, sl, 5.31 and 5.49 (2H, ABq, J 5 Hz, 8-lactam-HI, 

m/z (positive argon fast atom bombardment1 MH+ 716 (71, 715 (171, 714 (71, 713 (271, 712 

(321, 711 (100). 710 (521, 709 (761, 708 (281, 707 (331, calculated for C,,H,,N,O,SSn 716 (61, 

715 (161, 714 (81, 713 (24). 712 (391, 711 (1001, 710 (511, 709 (741, 708 (351, 707 (38). 

Thtostannane j was also obtained as a minor product from the reaction of the Kamiya's 

disulphide 4 with triphenylstannane.' From these observations we concluded that the formation 

of j could result from initial attack of a triphenylstannyl radical on sulphur, which 

Could in principle lead to reductive desulphurisation. 

In order to test this postulate penicillin V benzyl ester %was reacted ulth triphenyl- 

stannane 12-4 equivs., AIBN (10 mol 0, benzene, reflux, 2hl; complete conversion to the 

dethloazetidinone& (95 1) was observed. With 1 equlvs. of triphenylstannane a 2:l ratio of 

thiostannane 1 : & w a s  produced; for 2 6~ (200 MHz, CDC1,) 0.87 (3H, d. J 8 Hz. CHM4,). 

1.06 (3H, d, J 8 Hz, CHN5,I. 2.55 - 2.75 (lH, m ,  CzMe,), 3.85 (lH, d, J 9 Hz, CSHMe,), m/z 

( +  Ar FABI MHt 798 (71, 797 (121, 796 (81, 795 (22). 794 (391, 793 (1001. 192 (571, 791 (80). 



790 (39), 789 (411, C,,H,,N,O,SSn requires 798 ('I), 797 (16), 796 (9). 795 (26). 794 (45), 

793 (loo), 792 (54), 791 (74), 790 (36). 789 (36). Crude thiostannane 1 with further 

triphenylstannane gave &. Secondly the reaction of with tributyltin deuteride (5 equivs.) 

was performed which provided the dideuteroazetidinone 8 (72 1) in which deuterium label at 

C4 was stereorandam; far 8 68 (200 MHz, CDC1,) 1.00 (3H, b r . s ,  CDMe), 1.02 (3H, br.s, CDMe), 

3.53 (E 0.5H, br.d, J 2.5 Hz, 4-H), 3.94 (E. 0.5H, br.d, J 5.5 Hz, 4-HI, 4.32 (lH, s, 

CHCO,), 4.51 (2H, s, PhOC&), 4.81 - 4.90 (lH, m, 3-H), 5.17 (ZH, s, CO,Cl&), 6.90 - 7.37 

(10H, m, aryl-H); 6~ (38 MHz, CHCl,), 2.25 (ID, m, CDMe,), 3.55 and 3.95 (E 0.5 D each, m. 

4-0); m/z (ammonia desarption chemical ionisation) 430 (MNH,+, 93%), 413 (MH+, 1001). 
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The generality of the desulphurisation process was demonstrated as exemplified in Table 1; 

facile desulphurisation of a cephem was also observed (entry 7. Table 1). 

Entry - 
1 

2 

3 

4 

5 

6 

7 

Substrate 

5a - 
5b - 
5c - 
5d - 
5e - 
51 - 

9 - 

Time (h . )  

2 

2 

14 

14 

2 

3 

5 

a)  Products were characterised by microanalysis and/or spectral data, and by 

COrnDarison to literature data. 

TABLE 1 

Scheme 5 

- 763 - 



A mechanism for the desulphurisatlon process is postulated in Scheme 5 .  In this scheme initial 

attack of triphenylstannyl radical on sulphur is followed by Cleavage to the favoured 3O carbon 

radical. Reduction of t h ~ s  radical provides the intermediate thiostannanes which we have detected 

at law stannane concentrations. Homolytio cleavage of the carbon-sulphur bond, promoted by a 

second triphenylstannane radioal attack an sulphur, provides an azetidlnone centred radical whose 

reduction by triphenylstannane would be largely stereorandom. Such a mechanism requires the 

formation of dl-(triphenylstanny1)sulphide which we have isolated from crude reaction products. 

mp 145-7'C, Cl~t.," l45 . f  l47'CI, m/z (+  A r  FAB) MX' 740 ( 8 ) .  739 (20) .  738 (15). 737 (32) .  736 

( 3 2 ) ,  735 ( g o ) ,  734 (56) .  733 (100) .  732 ( 7 0 ) .  731 ( 9 0 ) ,  7?0 (421, 729 (401,  728 ( 1 6 ) .  727 ( 1 3 ) .  

726 ( 3 ) .  CCalc. far C,,H,,SSn, 740 ( 8 ) ,  739 ( 2 1 ) .  738 ( 1 7 ) .  737 ( 3 5 ) .  736 (371,  735 ( E l ) ,  734 ( 6 4 ) ,  

733 (100) .  732 (721,  731 ( 8 6 ) ,  730 (431, 729 ( 4 1 ) .  728 (171,  727 ( 1 4 ) ,  726 ( 3 ) l .  

PU1 alternative mechanism for thiastannane decomposition, in which the thiastannane is cleaved by 

attack or triphenylstannyl radical on tin (Scheme 6) generating a thiyl radical, was considered 

less likely on the basis of further studies. 

Scheme 6 

Such a process would provide the thiyl radical 11 in the presence of triphenylstannane from which 

it owld reasonably be expected that a thiyl-thiol azetidinane equ~l~brium be established Prom 

which p~oduct formation could occur from either form, routes a, b, (Scheme 7 ) .  Consistent with 

this view, the thiol azetidinone (Scheme 8 )  gave, under standard conditions [Ph,SnH ('4 equius.). 

AIBN (10 mol I ) ,  benzene, reflux, 4  hl, in addition to an inefficient desulphurisatim yield 

of & (50 I ) ,  the enethiazolidine" 13 (14 5 ) .  This is in contrast to the desulphurisation of 2 

under identical conditions which gave 3 (93  5 )  and no enethiazolidine 12. Access to the thiyl 

radlcal 11 from 11 was demonstrated by reaction of the dehydrothiol azetidlnone if! with 

triphenylstannane under standard conditions, which provided the cephams 16 (84 1 )  a the analogous 
thiyl radioal' 3. From these studies it appears likely that only with cases where capture of a 

thiyl radioal is favoured, e.g. by an intramolecular alkene, can access to the thiyl radical be 

pmductively exploited. 
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Scheme 7 

Ref. 17. 

( i i)  

roph 

Scheme 8; Reagents (1) acetone, 2N-HCl(5 e q u i v s . ,  O'C. 1.5h (E q u a n t . ) ;  

( i l l  Ph,SnH(4 equivs), AIBN (10 mol % ) ,  benzene, reflux. 3h 




