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6a-Deuteriopenicillin. Steric Control of Fast Reversible Protonation' 

By RAYMOND A. FIRESTONE and BURTON G. CHRISTENSEN 
(Merck Sharp & Dohme Research Laboratories, Division of Merck G. Co., Inc . ,  Rahway, New Jersey 07066) 

Summary Even under equilibrating conditions, steric 
control of deuterium approach to the anion (V) gives the 
thermodynamically less stable isomer (I) as the principal 
product, 

MANY electronegative groups have been introduced at  the 
6-position of the penicillin nucleus utilizing Schiff bases 
such as (I)., The simplest substituent would be deuterium, 
and since the bioactivity of 60c-deuteriopenicillin (IV) might 
be significantly different from that of normal penicillin, we 
have investigated its synthesis. 

p-O,NC,H,CH=N f? PhCHSONH D k! 

'CO, CH, Fh 

(11 R = H 
tlIl R = Li 
I m ) R = D  

However, when (I) was converted into (11) with phenyl- 
lithium in tetrahydrofuran (THF) at  -78 "C and then 
treated with 99.5% D,O containing CD,CO,D, the 6a- 
protio-compound (I) was recovered, with a t  most a few 

-f Lithiated (VI) also retains its configuration in THF (ref. 2c).  

percent of the 6a-deuterio Schiff base (III).3 The reagents 
and technique were the same as those described pre- 
v i o ~ s l y . ~ a ~ ~ b ~ ~  We believed that (11) was formed under these 
conditions, because (i) the difference in pK, between 
benzene and (I) must be ca. 30,5 (ii) the reaction between (I) 
and phenyl-lithium is visible in that an intense blue colour 
appears instantaneously, and (iii) although (111) is 
sluggish toward weak electrophiles such as methyl iodide 
without activation by e.g., HCONMe,, it reacts rapidly with 
stronger electrophiles spch as t-butyl hypochlorite6 and 
N-bromosuccinimide2c to give the 6-halogeno-derivatives. 
Previous work had shown that (11) retains its configuration 
in THF since protonation gives back (I) and not the more 
stable 6-epimer (VI) .2a947 

Other workers had also obtained only recovered (I) and 
negligible amounts of (111), despite careful experimental 
techniques.' We therefore sought other conditions for the 
preparation of (111). 

When (I) is treated with triethylamine at  room tempera- 
ture, equilibrium with a few percent of the anion (V) is 
rapidly established as shown by the pale blue colour, and 
within a few minutes, depending on the solvent, >85% of 
the thermodynamically more stable (VI) is obtained.$ The 
reaction cannot be followed further because a second and 
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irreversible isomerization to the thiazepine (VII) occurs 
almost as quickly as the equilibrium (I) $ (VI).4 Despite 
the greater stability of (VI) , however, irreversible protona- 
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tion of (V) under other conditions (THF-HCONMe,, Li salt, 
- 10 to - 78 "C) favours (I) over (VI) by a 2 : 1 ratioJ4 doubt- 
less owing to steric approach control. 

We now report that steric approach control of protonation 
also prevails under conditions of rapid equilibration. Treat- 
ment of (I) a t  room temperature for 5-10 s with Et,N in 
acetonitrile containing a molar excess of D,O afforded 
mixtures of (VI) and (I). Compound (VI), of course, was 
deuteriated because it passed through the anion (V). More 
interesting was the fact that recovered (I) was also deuteri- 
ated [i.e., contained (111)] to varying extents, depending on 

reaction time. At 10% epimerization, there was 4&--50y0 
of (111) in recovered (I) + (111), and at  ca. 40% epimeriza- 
tion > 70% (111). From these data i t  can be seen that 
protonation of anion (V) in acetonitrile a t  25 "C occurs 
preferentially from the less hindered a face, giving (I) and 
(VI) in a ca. 4 : 1 ratio. 

The latter mixture of (I), (111)) (VI), and (VII) was 
converted into penicillin G by known methods,4 with isomers 
separated en  route, and in this way a sample of penicillin G 
containing > 70% of 6a-deuteriopenicillin (IV) was 
obtained. Its antimicrobial activity was similar to that of 
penicillin G itself. 

It was possible to measure approximately the isotope 
effect for protonation of (V) to (VI). In an experiment 
taken to 45% epimerization in which the D : H ratio in the 
total proton pool, including the 6-H in (I), was 86.8: 1, the 
D: H ratio in the epimerized product (VI) was 100: 14.65. 
From this, the apparent KH/KD = ca. 12.7, a minimum 
figure since some of the (VI) must have exchanged more 
than once. This is about twice the theoretical maximum 
of 6.9 expected from zero-point effects,* and would presum- 
ably be even larger if the transition state stood at  the mid- 
point of the reaction ~o-ordinate.~ Since (VI) with Et,N 
gives only sniall amounts of (V) in equilibrium, the transi- 
tion state for protonation of (V) should lie much closer to 
(V) than to (VI).l0 Such abnormally large isotope effects 
are usually ascribed to proton tunnelling.ll 
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