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Observation of an Amplified Isotope Effect during Chlorination of 1-Methylpyrrole.
Evidence for Rate Determining Deprotonation of the s-Complex

Michael De Rosa*t and Manuel Marquez

Departamento de Quimica, Universidad Simon Bolivdr, Caracas, Venezuela 1080-A

Observation of an amplified isotope effect to the value of 19.10 indicated that there were two kinetically significant
proton transfers and deprotonation of the o-complex was the rate determining step.

Recentlyl2 we reported that 1-methylpyrrole undergoes
o-substitution (addition—elimination) with N-chloroacetan-
ilidela and N-chloroimidesi®-2 and a nitrogen containing
moiety is incorporated into the pyrrole ring. It was proposed
that a 2-chloro group makes the pyrrole ring more dienic in
character.! This is reflected in the transition states leading
from the o-complex to chloropyrroles (deprotonation) and
ion-pair collapse (addition). In essence a 2-chloro substituent
slows proton transfer and makes ion-pair collapse a competi-
tive process.

These results suggested the possibility that proton transfer
might be the rate determining step in the above reactions. To
test this possibility the acid catalysed chlorination of
1-methylpyrrole with N-chlorobenzamide (NCB) was studied.
In this system the same o-complex would be expected to be
formed as in the above studies, but no o-substitution reaction
occurs.?

Reaction of equimolar amounts of 1-methylpyrrole (1),
N-chlorobenzamide (NCB) and dichloroacetic acid (DCA) in
CHC(l; at 40°C, under nitrogen, was found by gas chromato-
graphy to give after 55 min a mixture of (1) (14%),
2-chloro-1-methylpyrrole (71%), 3-chloro-1-methylpyrrole
(2%), and 2,5-dichloro-1-methylpyrrole (13%) (Scheme 1).
Benzamide was recovered in 96% yield. In the absence of acid
and under nitrogen, no reaction? between (1) and NCB was
detected after 48 h. N-Chlorobenzamide was completely
decomposed after 10—30 min in the presence of HCI at 40 °C,
but with DCA only a <3% change was noted after 50 h under
nitrogen.2 No evidence for the formation of an acetyl
hypochlorite was detected.3

The reaction was followed iodometrically at 40°C and a
pseudo-first-order plot of log V vs. t was obtained (ko) for
98% disappearance of NCB (r = 0.995). The reaction was
found to be first-order with respect to 1-methylpyrrole (1),
NCB and DCA: kgs, = k3 [DCA][(1)] and k3 = 1.00 x 10-2
2 mol-2 s-1. A linear Arrhenius plot (six points) was
obtained, with AH® = 47.2kJ mol-1, AS® = —-0.133kJ mol -1
and AG® = 88.8 k] mol-1 at 40°C.

A primary isotope effect should be observed if deprotona-
tion of (1a) is the rate determining step.4 Under the reaction
conditions, 2,5-dideuterio-1-methylpyrrole-methylpyrrole3
underwent fast H/D exchange with the catalysing acid (HA).
Therefore the reaction was carried out with MeCO,D as the
catalyst and (k3)p = 1.55 x 10-5 12 mol=2 s—1. This can be
compared to a value of 2.96 x 10-4 12 mol-2 s—! when
undeuteriated reagents were used. An amplified® isotope
effect [(k3)y/(k3)p] of 19.10 = 0.19 was observed at 40°C.
From Scheme 2 it can be seen that if the small secondary
isotope effect in the chlorine transfer step is discounted,
equation (1) applies.

(K3)u/(k3)p = (Ku/Kp)[(k2)/w/(k2)p) M
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The equilibrium isotope effect (Ky/Kp) was evaluated from
a study of the effect of the pK, of the catalysing acid on the
rate k3. Plotting —pK, vs. log k3 gave a straight line (6 aliphatic
acids, r = 0.98). From the pK, of MeCO,D7 a value of log &3
was obtained which reflected only the equilibrium isotope
effect and Kyy/Kp was found to be 3.68. From this value the
primary kinetic isotope effect [(k2)i/(k2)p] Was calculated to
be 5.19 = 0.19.

These results demonstrate that deprotonation of o-complex
(1a) is the rate determining step in the acid-catalysed
chlorination of (1) and support the idea that a 2-chloro
substituent slows proton transfer.12 The results do not rule out
the possibility that (1a) is particularly stable. This is the first
example of rate determining proton transfer during electro-
philic substitution in pyrroles. An interesting consequence of
this is that the chlorination, and by analogy, halogenation of
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pyrroles should be reversible (Scheme 2). This would seem to
be supported by the reported instability of 2-chloropyrrole® in
acid and the acid catalysed rearrangement and debromination
of 2-bromopyrrole.®

We wish to thank the Decanato de Investigacioén, Universi-
dad Simon Bolivér for partial support of Manuel Marquez and
Professor William H. Saunders, Jr. for correspondence.

Received, 20th April 1989; Com. 9/01665A

References

1 (a) M. De Rosa and I. Brillembourg, J. Chem. Soc., Chem.
Commun., 1986, 1585; (b) M. De Rosa and G. Cabrera Nieto,
Tetrahedron Lett., 1988, 29, 2405.

1467

2 M. De Rosa, G. Cabrera Nieto, and F. Ferrer Gago, J. Org. Chem.,
in press.

3 M.Z. A. Badr, M. M. Aly, and S. S. Salem, Tetrahedron, 1978, 34,
123. No CO, was produced during the reaction.

4 L. Melander and W. H. Saunders, Jr., ‘Reaction Rates of Isotopic
Molecules,” Wiley, New York, 1980, pp. 162—167.

5 M. W. Majchrzak and G. Simchem, Tetrahedron, 1986, 42, 1299.

6 P. Ahlberg and S. Bengtsson, Chem. Scr., 1974, 6, 45. For a review
see A. J. Kresge, R. A. More O’Ferrall, and M. F. Powell, in
‘Isotopes in Organic Chemistry,” eds. E. Buncel and C. C. Lee,
Elsevier, Amsterdam, 1987, vol. 7, pp. 230—235.

7 ‘CRC Handbook of Chemistry and Physics,” 68th edn., 1987—1988,
CRC Press, Boca Raton, FL, pp. D161—D162.

8 G. A. Cordell, J. Org. Chem., 1975, 40, 3161.

9 H. M. Gillow and D. E. Burton, J. Org. Chem., 1981, 46, 2221.






