
Tetrahedron Letters, Vol. 33, No. 33, pp. 4783-4786,1992 
F’rintcd in Great Britain 

0040~4039192 $5.0’3 + 
Pcrgamon Press Lid 

Metal-Promoted Thiyl Radical Cyclizations 

in B-Lactam Antibiotics 

Walter Cabri,* Ilaria Candiani and Angelo Bedeschi* 

Farmitalia-Carlo Erba S.r.l., R&D, via Giovanni XXIII,23 

20014-Nerviano(MI), Italy 

Roberto Santi 

Istituto G.Donegani via Fauser,l 28100-Novara, Italy 

Key Words: thiol;radical cyclization;iron;manganese. 

Abstract: Intramolecular thiyl radical addition to a double bond promoted 

by Fe(II1) and Mn(II1) is described. The stabilized radical intermediate 

afforded by subsequent hydrogen abstraction cephams 4 and 5. 

The intriguing studies of Baldwin on the biosynthesis of penicillins 

and cephalosporinsl appear to exclude the formation of thiyl radicals in 

the INPS(isopenicillin synthase)-catalyzed formation of the sulphur 

containing ring. In particular, the bond between the sulphur and the 

ferryl-0x0 specie, postulated to play a key role in the active site of 

the enzyme, does not undergo homolytic cleavage (a, Scheme 1).2 

Scheme 1 
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a _S_;euv _o*. fs. + k&II)-0 

b -S-Fe(“‘)X2- S’ + Fe(“)X, 

However, this intermediate suggested to us an approach for the 

synthesis of the sulphur containing ring based on the formation of the 

thiyl radical by using the metal in a lower oxidation state3 (b, Scheme 
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1) - In fact, the sulphur centered radical can give, by intramolecular 

addition to a double bond in a 5-exo fashion, rearrangement and hydrogen 

abstraction, the corresponding cephams (Scheme 2).435 

The reaction of 2, obtained by acidic treatment of thiazoline 1,6 

with stoichiometric amounts of Fe(II1) salts in CHBCN at O-5 "C afforded 

a mixture of cephams 4 and 5 (80/20 ratio) in moderate overall yields 

from 1 (Table I)." 

Scheme 2 
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5 

R = COCH,OPh 

R,- CH,CCl, 

Among the Fe(II1) salts tested, Fe(C104)3 9H20 in the presence of 

AczO [Fe(OAc)3] gave the best performances (entries 2). It is worth 

noting that the addition of three equivalents of l,lO-phenanthroline 

(entry 4) as well as the use of Fe(citrate) as a promoter (entry 11) 

suppressed the reaction. These results suggest that the oxidation took 

place through complexation of the thiol onto the metal followed by 

homolytic cleavage of the S-Fe(II1) bond (b, Scheme 1). 
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Table 1. Metal-Promoted Thiyl Radical Cyclizations.a 

Entry Promoter Additiveteq) 4+5,yield %b 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Fe(C104)3 9H20 

Fe(C104)3 9H20 

Fe(C104)3 9Hz0 

Fe(C104)3 9H20 

Fe(C104)3 9H20C 

Fe(C104)3 9H20/02 

Fe(NO3)3 9H20 

Fe(N03)3 9H20 

Fez(S04)3 5H2O 

Fe203 

Fe(citrate) 

FeC13 

Mn(OAc)3 2H20 

Ac20(10) 

AcOH(20) 

Phen(3) 

Ac20(10) 

Ac20(10) 

AczO(10) 

Ac20(5) 

10 

42 

30 

29 

34 

traces 

37 

a. For the Fe(II1) and the Mn(II1) promoted reaction procedures see 
respectively ref.7 and 9. b. Overall yield from 1. c. lOmol% of promoter 
was used. 

Manganese(II1) salts were reported to promote the formation of 

disulphides from thiols by an ionic reaction as a result of a double 

single electron transfer oxidation.' In our case, the cyclization was 

faster than the thiyl radical oxidation. The reaction of 2 in the 

presence of Mn(OAc)3 in CH3COOH at rt afforded a mixture of cephams 4 and 

5 (75/25 ratio).' 

Other heavy metal ions in high oxidation states, such as Cu(II), 

Co(III), Pb(IV), and Ce(IV) were unable to promote the reaction. 

Further studies in order to increase the reaction yields and 

determine the scope and limitation of this approach are under way. 
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