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Desmination of 6-aminopenicillanic acid (I) with sodium nitrite in agueous hydrochloric acid
gives 6-chloropenicillanic scid (1). The stereochemistry of this product has been assigned
recently (2) and is shown in II (R = H).

When I was treated with sodium nitrite in methanolic hydrochloric acid for four hours a
neutral product was obtained which was fractionated by silica gel chromatography to give II
(R = 035) in about 15% yield; m.p. 77-78%; [a]D + 198° (0.25% in acetone). In addition a second
crystalline material was isolated which was considered to be 6-carbomethoxy-2,2-dimethyl-2,3~
dihydro-1,4-thiazin-3-one (III) on the basis of analytical and spectral information. Anal. Caled.
for CeH1103NS= c, 47,763 H, 5.473 N, 6,973 S, 15.92; mol. wt., 201.0460. Found: C, 47.71; H, 5.85
N, 6.75; S, 15.63; mol. wt., 201.0467 (mass spectrum, molecular ion). III was obtained in about
8% yield; m.p. 154-156°ﬂf’$§ 3250, 1705, 1680, 1660 and 1625 cm™ xE:lgﬁ 522 my (€ , 5,700).
The n.m.r. spectrum of III was measured at 60 Mc in deuterochloroform solution with tetramethyl-
silane as an internal standard; it showed a singlet at 7'8.55 p.p.m. for the gem dimethyl group,

a singlet at “¥Y'6.25 p.p.m. for the ester methyl group, a doublet centred at T 2.65 p.p.m.
(3 =6 c.p.s.) for the vinyl proton and a broadened signal for the NH proton at 1.1 p.p.m.

The latter pesk disappeared upon addition of deuterium oxide to the solution and the doublet

collapsed to a singlet.
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In order to. substantiate the structure proposed for III we considered a synthesis involving
" the condensation of 2-meroapto 2-methyl propionamjde (IV) with methyl formylchloroacetate (V);
a number of workers (5-5) have successfully prepared 2,3-dihydro-1,4-thiazin-3-ones from a~-mercapto-
amides and a-haloketones.

Althouéi IV does not appear .to have been reported, its synthesis was achieved by conventional
methods, O-Ethyl s-2-(2-methy1 propionamido) xanthate (6) was converted to its mixed anhydride
with triethylaﬁine‘and ethyl chloroformate, The anhydride was treated with ammonia and the
product was fraotionated by silica gel chromatography to give IV in about 207 yield; m.p. 126-1270;

.Ylﬁzz 3400, 3180 and 1665 cm_1. IV gave a transient blue colour with aqueous ferric chloride solu-
tion. Anal. Caled. for C,H,ONS: C, 40.34; H, 7.56; N, 11.76; 5, 26.89. Found: C, 40.41; H, 7.60;
N, 11.90; S, 26.95.

When IV and V were refluxed together in aqueous methanol & crystalline material was isolated

in small yields it was indistinguishable from III by i.r. and u.v. spectroscopy; m.p. 155-1570

(undepressed when mixed with III).
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The origin of IIT from I is intriguing and involves a rearrangement and an oxidative decar-
bexylation, There is some precedent for the formation of the 2,3-dihydro-1,4-thiazine ring system
from the penicillin nucleus; we have shown that II (K = CH5) is readily rearranged tc 3D-carbo-
wethoxy-6-carbomethoxy-2,2-dimethyl-2, 3-dihydro-1,4-thiazine (VI, © = CHS) in the presence of

sodium methoxide (2). Consequently, 6-cerbomethoxy-3l-cartoxy=-2,2-dimethyi-2,35-dihydre-1,

O

4-thiazine (VI, R = H) was prepared (2); m,p, 176-178" (dacomp.); Laj_ -10& (0,47 in MeCH);
p)

1 OH

KBr -
Y .o¥ 3330, 1750, 1710, 1660 and 1610 cm o

3 Xﬁz 275 mu (shoulder,E; y 35,5007 and 313 mp

(€, 10,600). Ansl. Calcd. for CgHi, ;0453 C, 46.75; H, 5.63; N, 6.06. Found: ©, 46.49;
H, 5.715 N, 5.99.
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When VI (R = H) was treated with sodium nitrite in meunanolic hydrochloric acid for one hout,
III wae isolated in 30% yield, providing strong support for the intermediate participation of VI
(R = H) in the formafion of III from I.

When VI (R = CHS) was treated with nitrous acid under similar conditions III was not produced,
indicating the necessity of the free carboxyl group for. the formation of 1III. The neutral material
which was obtained from this reaction was fractionated by silica gel chromatography to give
6-carbomethoxy-3-carbomethoxy-3-methoxy-2,2-dimethyl-2, 3-dihydro-1,4-thiazine (VII, R,R' = CH5) in

1 ; )\EtOH

about 40% yields m.p. 124—125°;Y$ 3330, 1740, 1690 and 1605 om~ ‘max 308 B (€ , 10,300).

The n.m.r. spectrum showed the mgt_hyl group af Y 8.92 and 8.44 p.p.m., a mt{xw methyl
group et T6.80 p.p.m., two ester methyl groups at ¥ 6.26 and 6.10 P.p.., & brﬂond signal
at "7 3.8 p.p.m. for the NH proton and a doublet centred at ‘T 2.45 p.p.m, for the vinyl proton
(J = 6 c.p.s.). Addition of deuterium oxide to the deuterochloroform solution caused the signal
at ¥ 3.8 to disappear and the doublet to collapse to & singlet. Anal. Caled. for c11H1705NS:
c, 48.00; H, 6.18; N, 5.09. Found: C, 48.00; H, 6,233 N, 5.07.

The origin of VI (R = H) from I clearly involves methanolysis of the P-lactam and a deamina-
tive rearrangement. 6-Chloropenicillanic acid (II, R = H) wae excluded as an intermediate in this
reaction since it failed to yield III in the presence of sodium nitrite and methanolic hydrochloric
acid. The neutral product which was isolated in about 35% yield was predominantly methyl 6-chloro-
penicillanate (II, R = CH3).

Methyl‘42-carboxy-5,5-dimethyl-a.—amino-2-thiazolidineacetsto (VIII) was prepared from I_and
sodiun-methoxide; m.p. 135-136°;V§B; 3350 (broad), 1745 and 1590 om™'. Anal, Caled. for
C9H1604N2S= C, 43.55; H, 6.45; N, 11.29, Found: C, 43.59; H, 6.343 N, 11.12, When VIII was
treated with nitrous acid III was obtained in about 107 yield, suggesting that I undergoes a

preliminary methanolysis to VIII, which then undergoes deamination and ring éxpansion to VI (R = H).
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Formally, the conversion of VI (R = H) to III involves a decarboxylation ané‘a 4-electron
tranafer., In order to gain some information about the timing of these processes 6-carbomethoxy-
3~carboxy~-3-hydroxy-2,2-dimethyl-2, 3-dihydro-1,4-thiazine (VII, R, R' = H) was prepsred, VII
(R, R' = CHB) was dissolved in dioxan-dilute hydrochloric acid to give VII (R = CH3' Rt = B)%;

m.p. 116-11é°;\’ﬁ2§ 3340, 3470, 1735, 1685 and 1605 cm™ ' EtOH

. 307 mu (€ , 10,600). The n.m.r.
spectrum showed peaks at '1’8.87 and 8.56 p.p.m. for the gem dimethyl group, a broadened signal
at "Y6.8 p.p.m. for the OH proton, two signals at T 6.27 and 6,11 p.p.m. for the ester methyl
groups, a broadened signal at “T 3.7 p.p.m. for the NH proton and a doublet centred at 'T'2.45
p.p.m. (J =6 c.p.s.) for the vinyl proton., The signals at '7'6.8 and 3.7 p.p.m. disappeared
after the addition of deuterium oxide to the deuterochloroform solution and the doublet collapsed
to a single line. Anal. Caled. for 010 15 5NS C, 46,003 H, 5.75; N, 5.36; S, 12.27; mol., wt.,
261.0666, Founds C, 46.073 H, 5.78; N, 5.46; S, 12,68; mol. wt. 261.0664 (mase spectrum, mole-
cular ion),

Alkaline hydrolysis of VII (R = CH}’ R' = H) led to VII (R, R' = H)b, which was converted
to III in 57% yield when treated with sodium nitrite in methanolic hydrochloric scid.

The aveilable evidence therefore indicates that the preliminary step in the conversion of
VI (R = H) to III is a two-electron transfer which is followed by an oxidative decarboxylation.
The reaction can be rationalised by assuming that VI (R = H) is nitrosated by the nitrous acid
to give IX, which undergoes électron reorganization to yield X and hyponitrous acid. Hydration

of X will yield XI which may be further nitrosated to XII. XII may then undergo an oxidative

decarboxylation to give XIII which is the tautomeric form of III,

CHO CHOC CHOC
VI ———9
(R = H)

CO H

X CHj0C
X CH,0,0 l -
I —————
o/

XIII
XII

& This compound was first prepered in these leboratories by ¥r. I, McMillen in an independent
investigation.

The structure of this acid was established by reconverting it to VII (R = LHB, R' = H) with
diazomethane.
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