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The 2-halomethyl penam system has been synthesised by a variety of 

routes in recent years. 
1 

These modified penicillins have been used for the 

preparation of 3-halo-3-methyl cephams and hence the A3-cephem system, 

3 -methylene cephams, 
2 

and 2-methyl 3H-cephems. 
3 

In this communication we report the rearrangement of a modified, 

penicillin-derived thiazoline, to give a 6-amino-2-chloromethylpenam estec 
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The thiazoline (la), prepared by the method of Cooper and Jos~,~ 

was formylated5 to give (2a)6 in 75% yield, as a foam, Amax (ethanol) 

280 nm (e 21,600), [a]D -365O (C 0.49 CHC13), vmax 

1685 cm-'; 

(CHBr3) 1772, 1740, and 

n.m.r. (CDC13)71.37 (lH, s), 1.81 and 2.53 (4H, ABq, J8), 2.69 

(5H, s), 3.23 (U-i, s), 3.99 (2H, ABq, J4), 4.76 (2H, s), 4.92 (lH, s), 

5.10 (lH, s), 5.15 (lH, s), and 8.33 (3H, s). 

Oxidation with peracetic acid gave a quantitative yield of the 

sulphoxide (3a), as a single diastereoisomer, hmax (ethanol) 268 nm 

(E 17,700), [a], 

1680 cm"; 

-593O (C 0.45 CHC13), Vmax (CHBr3) 1774, 1735, and 

n.m.r. (CDC13) ~1.54 (lH, s), 1.72 and 2.65 (4H, ABq, J9), 2.3 

to 2.7 (6H, m), 3.84 (2H, d, J4), 4.59 (2H, d, J4), 4.76 (2H, s), 5.05 and 

5.14 (each lH, br s), 5.21 (lH, s), and 8.61 (3H, s). 

Reaction of the sulphoxide (3a) with three equivalents of hydrogen 

chloride in a 3:l mixture of methanol and tetrahydrofuran at 0-5O for 

1.25 hr. gave an 80% yield of the chloromethyl penam (4a, X = Cl) as an 

amorphous solid 
7 

on precipitation by ether; Amax (ethanol) 264 nm 

(E 10,300) ,_EalD + 106O (C 1.5 CH30H), V max (Nujol) 3000 to 2400, 1784, 

and 1745 cm , n.m.r. (DMSO-d6) '~1.72 and 2.28 (4H, ABq, J8), 4.38 and 4.84 

(4H, each d, J4) 4.60 (2H, s), 5.01 (lH, s), 6.09 (2H, s), and 8.52 (3H, s). 

The crystalline tosylate (4a, X = CH3 -0 I_' SO;) m.p. 115 to 120° (d), 

was prepared in 50% yield from (3a) via the free amine. 

This series of reactions was also applied to thiazoline (lb), to 

give the crystalline derivatives (2b) m.p. 117 to 118' and (3b) m-p. 163 to 

164O, and (4b, X = Cl) as an amorphous solid. 

The preparation of the cepham isomer of (4a, X = Cl) has been 

publisheda. Confirmation of the penam structure was also obtained by 

acylation of (4a, X = Cl) to give derivatives displaying the spectral 

characteristics 9 of the penam ring system. 

We have outlined a possible mechanism (Scheme I), although we have 

no direct evidence for the proposed intermediates. 
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SCHEME I 

&OOR iZOOR 

iOOR 

We believe the first step is the methanolysis 10 of the formyl group 

of (3) to give the thiazoline sulphoxide (5), which undergoes ring opening 

(possibly y& nucleophilic attack of methanol at the C=N- system) to 

give intermediates containing iminoether and sulphenic acid functions. 

The iminoether function can be cleaved to give amines with methanol 11 and 

under acidic conditions the sulphenic acid moiety adds to the double bond 

to give a thiiranium ion, which can be trapped by chloride ion lb . 

The ease with which the thiazoline sulphoxide (5) ring Opens is in 

marked contrast to the thiazoline sulphoxides prepared by Kishi and CO- 

workers'* However, the presence of an acidic methylene group at C-3 in 

(5) maybe the reason for this difference. 

Cooper13 has reacted a C-3 phenoxymethyl thiazoline with m-chloro- 

perbenzoic acid in the presence of trifluoroacetic acid to give penams and 

cephams , probably via a sulphenic acid as intermediate. 
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