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Epimerisation of Penicillanic Acid Derivatives and their Rearrangement to 
1,4=Thiazepines: Evidence for an ElcB Mechanism 

By B. G. RAMSAY and R. J. STOODLEY* 
(Department of Organic Chemistry, The University , Newcastle upon Tyne NE1 7RU) 

Summary A common enolate-like intermediate is impli- 
cated in the weak base-catalysed conversion of methyl 
6~-phthalimidohon~openicillanate into methyl 6a-phthal- 
imidohomopenicillanate and methyl 2,3,4,7-tetrahydro- 
2,2-dimethyl-7-oxo-6-phthalimido- 1 ,Cthiazepine-S(S) - 
acetate. 

THERE has been considerable recent interest in the epi- 
rnerisation of penicillanic acid derivatives a t  position 
6,14 and different intermediates have been postulated to 
account for this process. Wolf and Leef noted that methyl 
6p-phthalimidopenicillanate (I) was epimerised to the 
6a-isomer (VI) in the presence of a variety of bases and, on 
the basis of some deuterium-labelling experiments, they 
considered that the enethiolate (XI) was a better model for 
the transition state of the reaction than the enolate (XIII). 
Nayler and his co-workers3 investigated the epimerisation 
of hetacillin (11) in alkaline deuterium oxide and they 
accounted for their results in terms of an enolate inter- 
mediate. 

The reaction of methyl 6p-phthalimidopenicillanate (I) 
with triethylamine in dichloromethane was re-examined by 
Kovacs et aL5 and the lJ4-thiazepine (XV) was isolated in 
addition to (VI). We have obtained the lJ4-thiazepine 
(XVI) from methoxymethyl 6p-9-nitrobenzaldiminopeni- 
cillanate (111) under similar conditions.6 These results 

provide some support for the intervention of the enethiolate 
although it  is not necessarily involved in the rate-deter- 
mining step of the epimerisation. 

We became interested in the mechanism of epimerisation 
of penicillanic acid derivatives while attempting to equili- 
brate methyl 6~-phthalimidohomopenicillanate7 (IV) , m.p. 
152-154', [a], + 251" (CHC1,) with its isomer (XVIII). 
With triethylamine in dichloromethane, (IV) was converted 
into two products which were separated readily by silica gel 
chromatography. Both substances were isomeric with the 
starting material on the basis of micro-analysis and mass 
spectrometry. The major isomer (40%) , m.p. 201--203", 
[a], + 169" (CHCl,), 7 (CDC1,) 4-74 (centre of ABqJ ~ H z ,  
trans-p-lactam protons*) , was considered to be methyl 
6a-phthalimidohomopenicillanate (1x1. The minor isomer 
(32%), m.p. 258--260°, [a], -233" (C5H5N), 7 (CD,SOCD,) 
1.0 br (q, separation 15Hz, NH), 2.86 (d, J QHz, C-5- 
vinylic H), 6.04 (m, H-3) (addition of D,O to the solution 
caused the signal at 1.0 to disappear, that at 2.86 to collapse 
to a singlet, and that at 6.04 to simplify to a quartet) was 
believed to be methyl 2,3,4,5-tetrahydro-2,2-dimethyl- 
7-oxo-6-phthalirnido-lJ4-thiazepine-3(S) -acetate (XVII) . 
Both substances were stable under the reaction conditions. 

Recently, Wolfe and his co-workers have examined 
further the reaction of (I) with base.9 They conclude that 
epimerisation occurs via a carbanionic intermediate in the 
presence of a strong base. A common rate-determining 
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step is implicated in the formation of (VI) and (XV) when 
triethylamine is used, and it is considered that the enethio- 
late (XI) is produced in this step by an E2 process. 

[YE) R’=COzMej R2=phthalimido 

(MI R’= CHzCOZMe; R2= phthahido 

cx] R‘= CO2CH2OMel@=phthdimido 

H 

-0 7Gx ‘R’ 

(XI) R’= C02Mej R2= phthalimido 

lxIu R’= CHzCOzMei $= phthalimido 

(Xm) R’ = C02Me; R2 = phthalimido 
(xnr) R’= CH2COzMq R2=phthalimido 

Furthermore, it is suggested that in the formation of (VI) the 
SH group of the enethiol adds to the double bond in a 
concerted syz-manner. According to this unusual postu- 
late the conjugate acid is not involved in the slow step of 
reprotonation. 

In 
particular, we consider that the case in favour of the E2 
pathway is unconvincing and we suggest that an ElcB 
process (in which an “anionic” intermediate intervenes in 
the slow step) provides a more satisfactory expzanation. 

The main objection raised against the ElcB mechanism 
was the failure of (VI) to undergo thiazepine formation in 
the presence of triethylamine.g We have observed that 
(IX) behaves similarly and, indeed, under conditions in 
which (IV) is transformed to a mixture of (IX) and (XVII) 
in 4 days, (IX) may be recovered unchanged after 5 months. 
These results indicate that the free energy of activation for 
removal of the endo-proton of (VI) or (IX) is substantially 
greater than that for removal of the exo-proton of (I) or 
(IV). It has been inferred, therefore, that an anti-arrange- 
ment of the C-6 proton and the S atom is a transition state 
requirement for epimerisation in the presence of a weak 

We now comment on some of these suggestions. 

base (i-e., an E2 mechanism is involved).$ We consider, 
however, that the results are also consistent with an 
enolate-like intermediate in which the transition states for 
exo- and e d o -  protonation are similar in energy and in 
which the a- and @omem are separated by a large free 
energy difference. In this respect we have noted that 
cl”/o of (V) was present under conditions in which an 
equilibrium between (V) and (X) was believed to have 
been established.l0 

With 1,5-diazabicyclo[4,3,0]non-5-ene in pyridine con- 
taining 5% deuterium oxide, (IV) afforded (IX) which, on the 
basis of mass spectroscopy, contained 42.5% *€Io and 55*90/;, 
2H, after 2 m, 29.50/, 2H, and 69.5% zHl after lOm, and 
29.2% 2Ho and 69-0% 2Hl after 20m. Under identical 
reaction conditions, (IX) contained 94% 2Ho and 4.3% 2H, 
after 2 m and ‘78.4% 2Ho and 20.8% ZH, after 10m. 
Therefore, (IX) undergoes deuterium exchange at position 
6 (inferred by n.m.r. spectroscopy) cu. 14 times more slowly 
than (IV) is converted into (IX). Consequently, the free 
energy of activation for removal of the exo-proton of (IV) or 
the endo-proton of (IX) differ only by cu. 6.7 kJ mol-1 in 
the presence of a strong base. These results pardel those 
reported for (11) and (VII) in the presence of alkaline 
deuterium oxide.3 

More proton transfer is expected at the transition state 
of a reaction involving a carbon acid and a weak base than 
in the corresponding reaction involving a strong base. We 
suggest, therefore, that while the enolate provides a satis- 
factory model for the transition state of the reaction in the 
former case, the ion-pairs, [e.g., (XIX)], which approximate 
ground state geometry, are more appropriate models in the 
latter case. 

We have investigated the influence of base on the rate 
of disappearance of (IV) and on the ratio of (IX) to (XVII) 
formed. The results (see Table) show that the rate of 
disappearance of (IV) is sensitive to both the strength of the 
base and its steric requirement. The ratio of (IX) to 
(XVII) reflects the relative rate constants for protonation 
and rearrangement of the common intermediate. Even 
though thepK, of the base, determined in aqueous solution,*l 
may provide only an approximate guide to its value in 
deuteriochloroform, it is clear that the amount of a-isomer 
formed increases with the strength of the base employed. 

The 
transition state leading from the intermediate to Goc-isomer 
is likely to involve a proton-transfer process. However, 

At first sight this appears to be a puzzling result. 
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the conjugate acid is not expected to be involved in the triethylamine in CHC1,-ButOD, yielded epimer which 
slow step of thiazepine formation. Since more rapid contained no deuterium. They have suggested that this 
proton h s f e r  is to be expected as the strength of the con- result provides an experimental criterion for epimerisation 
jugate acid increases, more 6K-isomer should be formed as by the /&elimination pathway.* We dispute this inter- 
the strength of the base decreases. pretation since (IV) , with 1-methylpiperidine in CD,SOCD, 

Reactiota of (IV) with ovgaizic bnses in CDCI, solution at 33” 

Base 
I-Methylniorpholine . . .. 
Dimethylbenzylamine . . .. 
l-MethyIpiperidme . . .. 
1-Isopropylpiperidine . . .. 
1-t-Butylpiperidine . . .. 
Triethylamme . . .. .. 

1-Ethylpiperidine . . . . 

lI2,2,6,6-PentamethyIpiperidine 
NNN’N’-Tetrameth ylguanidine 
1,5-Diazabicyclo [a, 3,OInon-fi-ene 

p& 
. . 7.4 
I ) .  8.9 
* .  10.1 
. . 10-5 .. - - .. 
. . 10.8 
. . 11.2 
. . 13.6 - .. 

Relative rate 
disappearance of 

of (IV)8 
1.0 
2.2 
14 
11.8 
5.0 
1.1 
8.2 
1.1 
3.4 x IP 

40.5 x 109 

Product 
% (IW 

15 
20 
35 
65 
55 
46 
50 
80 

> 95 
> 95 

composition b 
y ;  (XVII) 

85 
80 
68 
35 
45 
55 
50 
20 

( 5 .  
<5 

8 Reactions were foIlowed until at least 80% completion by n.rt1.r. spectroscopy and satisfactory pseudo-first order plots were 

b Estimated by n.m.r. spectroscopy. 
obtained. 

IC’e consider that the results are consistent with the rate- 
determining formation of an “anionic” intermediate which, 
in the presence of the conjugate acid of a weak base under- 
goes competitive protonation and rearrangement to 
thiazepine. We postulate that the conversion of the 
“anionic” intermediate into the enethialate is the rate- 
detemiining step for thiazepine formation. The enolate 
and enethiolate possess certain geometrical similarities and 
we suggest that these species are close in energy. Accord- 
ingly, as the energy of the “anionic” intermediate is lowered, 
i .e.,  it becomes less enolate-like and closer in geometry to 
one of the ion-pairs, more re-organisation and , therefore, 
more energy is necessary to convert it into the enethiolate. 

Wolfe and his co-workers have reported that the con- 
version of (I) into (VI) and (XV), when performed with 

containing 6% D,O was converted into a mixture of 60% 
(IX) and 40% (XVII). The epimer was 71% niono- 
deuteriated on the basis of m a s  spectroscopy and the 
deuterium was shown to be located in one of the @-lactam 
protons (assumed to be that at position 6) on the basis of 
n.m.r. spectroscopy. 

We consider that there is little evidence for the epimerisa- 
tion of peniciIIanic acid derivatives at position 6 via an E2 
mechanism, even in the presence of a weak base. 
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studentship (to B.G.R.). 
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