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Deamination of 6-aminopenlcillanic acid (I) with sodium nitrite in 

dilute hydrochloric acid leads to B-chloropenicillanic acid (1). Although 

the product has been characterised as its N,N'-dibenzylethylenediamine 

salt (1) and its methyl ester (2), its configuration at C-6 has not been 

assigned. 

In our hands deamination of I, folluwed by diaeomethane esterification, 

gave methyl 6-chloropenicill_te <II) in about 20% yield; m.p. 77-78O, 

and [a]? 200° (0.25% in acetone), in good agreement with the reported 

constants. We conclude, on the basis of n.m.r. spectroscopy, that the 

stereochemistry of methyl 6-chloropenicillanate is correctly represented by II. 

The n.m.r. spectrum (60 IIc. in deuteriochloroform; tetramethylsilane as an 

internal standard) showed singlets atf8.55, 8.40 and 6.25 p.p.m. for the three 

methyl groups, a singlet atf5.48 p.p.m. for the tertiary proton and doublets 

atf5.25 and 4.70 p.p.m. (J - 2 c.p.6.) for the coupled protons at C-6 and 

C-5 respectively. 

An examination of the n.m.r. spectra of a large number of derivatives 

of I in this and other laboratories (3) has shown that c p-lactam ring 

protons have coupling constants of 4.0 - 4.5 c.p.s. Moreover, investigations 

of several simple @-lactams have always indicated that Jcis> Jtr_ (4,5). 

For example, Barrow and Bpotswood (5) have studied fourteen B-l= and 

have shown that Jcis I 4.9 - 5.9 c.p.s. and Jtrpns = 2.2 - 2.8 c.p.s.. There 
- 

is little doubt, therefore, that the B-lactam ring protona are e In I.1 

and consequently deamination has proceeded with inversion of configuration. 
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W,an II was treated with . molar equivalent of sodium methoxlde in 

methanol It was smoothly transformed to 3-carbanetboxg-B_cnrborethoxy-2, 

2-dimethyl-2,3-dlhydro-l,4-thlasine (III); m.p. 164O; [al:- 36O (1.S in 

chloroform); Am' _ 3.0 (NE), 5.75 (rrrturated eater C-O), 6.02, 6.15, 6.23, 

6.67 ~1; X2 280 (shoulder, l , 3,200) and 312 mp tc, 10,000). The 11.1.1. 

spectrum showed sinelets atf6.75, 6.47, 6.W and 6.16 p.p.m. for the four 

methyl groups, a doublet atf5.98 p.p.m. (J il 3 c.p.s.1 for the tertiary 

proton, a broadened signal atT4.5 p.p.m. for the NE and a doublet at 

q 2.34 p.p.m. (J I 6 c.p.8.) for the enmmine proton. The NE proton exchan- 

ged upon addition of deuterium oxide to the dauteriochloroform solution 

and the doublets atfS.98 and 

for c10N1504N13: c, 49.00; 8, 

Ii, 6.18; N, 5.65; 8, 13.26. 

In order to Irubstantiate 

2.34 p.p.m. collap8ed to singlets. Anal. Calcd. 

6.17; N, 5.74; 8, 13.10. Pound: C, 48.91; 

the proposed strut-ture and stereochemistry 

III we condensed I&-penicillamlme (v) as lta h$drochloride with methyl 

formylchloromcetata <IV)*. 6C~rbomethoxy-3$carboxy-2,2-dimethyl-2,3- 

dihydro-1,4-thiazine (VI) cryatalliaed frol the aqueous solution in about 

Sax yield; m.p. 160-163° (decomp.). [or];- 24O (1.2% in chloroform). 

* A ~imll~ comdenaatlom involri~ penicill~iae hydrochloride and ethyl 

formylchlorwcetata is menticmed in reference (71, p.140. norever, the 

product does mot appear to have been charecterlsed. 

of 
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IV V VI 

The acid (VI) gave a crystalline methyl ester with diaewthane which was 

indistInguishable from III by i.r. and u.". spectroscopy; m.p. MM0 

(undepressed when mixed with III); [a]:- 37' (1.s in chloroform). 

Methyl 6-chloropenicillanate (II) was treated with one third of a 

molar equivalent of sodium methoxids in methanol and the product was 

fractionated by silica gel chromatography to give III (30%) and crude methyl 

~-carbomethoxy-5,5-dimethyl-a-chloro-2-thiszolidineacetate NII) (27%). 

The structure of VII followed from analytical and spectral considerations; 

20 
it gave a crystalline p-toluenesulphonste, m.p. 146-150°, [aID + 92' 

(0.31% in chloroform). Anal. Calcd. for C17H2407NS2C1: C, 45.00; Ii, 5.31; 

N, 3.06; Cl, 7.83. Found: C, 45.05; A, 5.49; N, 3,22; Cl, 7.76. Sodium 

bicarbonate decomposition of the tosylate gave pure VII as a colourlells 

syrup; AZ: 5.75~ (saturated ester CrO); the n.m.r. spectrum shored 

singlets atfE.67 and 6.40 p.p.m. for the gem dimethyl group, a singlet at 

16.63 p.p.m. for the tertiary proton, a singlet att6.24 p.p.m. for the 

two ester methyl groups and doublets centred atT5.67 and 4.92 p.p.m. 

(J = 10 c.p.8.) for the protons at the a-position and C-2 respectively. 

The resonance for the NS proton of the thiazolidlne ring was not detected 

and there was no splitting of the C-2 and C-4 proton signals. 

When VII was treated with sodium lnethoxide in methanol it was readily 

converted to III. The mechanism of formation of III from II clearly 

Involves nucleophllic opening of the p-la&am in the first step to give VII. 
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In principle VII could rearrange to III by one of two mechanisms. It 

could solvolyse to the episulpbonlum cation VIII and give III after proton 

1oM. In such a prows. the icaisatiar is presumably the rate limiting 

step and cmseqwntly the raze of formation of III should be Independent of 

the sodium rethoxlde concentration. Stork and Cheung (6) have recently 

reported the ring expansion of a thiazolidlne to a dihydro-1,3-thiazine and 

favour such a mechnnimm, although they give no evidence for their choice. 

Al)ernat%vely, III could arise from VII by a sequence Involving B-elimin- 

ation to IX, tautamerisatioa to X, internal dfaplacement to XI and finally 

tautomerieation to III. In this latter route the rate of formation of 

III from VII is dependent upon the sodium methoxide cdncentr8tion. 

8. - cl$ki$= 
C02CE3 

IX 

III 

X XI 

VII as its crystalline p-toluenesulphonats VP* dissolved in methanol 

and sodium lethoxlde was added. The rate of forutica of III ~88 followed 

at roQ temperature bv reasurlng the U.V. absorbance at 312 mp. The results, 

which are shown in Table 1, indicate that the reaction does not proceed in 

the absence of sodium aathoxide, and that the rate of formation of III can 

be speeded up by increakg the sodium methoxide concentration. 
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Initial cont. of 
VII p-toluenemulphonate 

Initial cc%&. of 
#odium methoxlde 

Time to complete 
IS% reaction 

4.4 x 10-P 

11 

I, 

4.4 x 10-f 

a.0 x 10-f 

1.33 x ld3M 

NO reaction aith- 
in 24 hours. 

177 min. 

87 " 

1, 1.76 x 10-3Y 39 " 

The npps.ranca of the peak at 312 q.i W.LI preceded by an absorption at 

a80 w which reached a maximum and then decreased. The decline in the 

absorbance at 280 w coincided with an increase In the 312 w absorption, 

auggeating that the peak at 280 q.~ represented an Intermediate in the oon- 

ver8lon of VII to III. It is perhaps noteworthy that penamaldlc acids, vhich 

possess a chromophore similar to that depicted in IX, alao abmorb at 280 mp 

(7). The available evidence precludes the intermediacy of the epiaulphonium 

catian (VIII) in 

The authors 
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