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Internal Rotation in 2-Dimethylaminopyridine

By D. D. MacNicoL
(Department of Chewmistry, The University, Glasgow, W.2)

Summary A study of internal rotation in 2-dimethylamino-
pyricine by Hn.m.r. spectroscopy has yielded the
activation parameters, AHY = 7-6 (4-1-0) kcal./mole
and AS? = 0-; (4 6) e.u., for the rotation of the dimethyl-
amino-group.

THE kinetic n.m.r. technique!»® has been used to investigate
internal rotation in aromatic molecules Ar-X when X is an
unsaturated group or has lone-pair electrons?:4 This
methoc. is now applied to 2-dimethylaminopyridine (I) in
which a significant delocalisation of the dimethylamino-
lone-pair has been inferredt from dipole moment studies.®

The contribution of zwitterionic resonance forms such
as (II) and (III) to the actual electronic structure of (I) will
tend to produce a less pyramidal arrangement of bonds
round the dimethylamino-nitrogen than in absence of
conjugation,® and the NMe,-substituent is placed in an
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t The conjugative electron release of the dimethylamino-substituent has also its reflection in activation of the ring of (I) towards
electroghilic attack. For example (I), in contrast to pyridine itself, brominates readily (see “The Chemistry of Heterocyclic Com-
pounds,” Pyridine and its Derivatives, ed. E. Klingsberg, Interscience, 1962, Part 3, p. 36).
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asymmetric magnetic environment with one methyl group
situated closer to the ring nitrogen than the other.

At room temperature, the 100 MHz. spectrum of a dilute
solution (ca. 0-2M) of (I)} in vinyl chloride shows an ex-
tremely sharp line (Avy< 0-5 Hz.) at 7 6-99 arising from the
protons of the dimethylamino group, rapid rotation®
around the Ar-NMe, bond causing magnetic averaging
between the two methyl sites. Below —100° this line

Compound Solvent
2-Dimethylaminopyridine Vinyl
chloride
4-Dimethylaminopyrimidine .. CHCl,
4-Dimethylaminopyrimidine .. ButNH,
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(£1-0) keal./mole and AS? = 0.; (4-6)e.u., have been
found for the internal rotation of the dimethylamino group
of (I).

A comparison of the above parameters with those
obtained recently? for isoelectronic 4-dimethylaminopyrimi-
dine (IV) [which may be considered as a resonance hybrid
involving appreciable contributions from zwitterionic
forms such as (V) and (VI)] is given in the Table.

AHia AStP AGic® ref.
76 + 10 0146 76 + 0-2 —
10-7 + 04 —~5 41 -— 7
11-7 + 06 11 4+ 15 —_ 7

a In kcal./mole. AGE is the free energy of activation at the coalescence temperature which is —120(4-2)° for (I), the corresponding
rate being calculated (see ref. 1) using the expression k(sec.”*) = =« (va — va)/4/2.

b Ine.u.

starts to broaden markedly, the coalescence point is
—120(42)°, and at —137° two well-resolved peaks (a
doublet with intensity ratio 1:1 centred at + 7-00) separ-
ated by 19-5 Hz. are observed corresponding to the ““frozen’’
spectrum with two non-equivalent methyl groups. From
the changes in line shape as a function of temperature,§
and using absolute rate theory (with a transmission co-
efficient of unity), the activation parameters, AH} = 7-6

kN NMe, lg_ Nife, '\‘N Nife,

v V) (VD)

On passing from 2-dimethylaminopyridine to 4-dimethyl-
aminopyrimidine, which may be considered formally as the
replacement of C(5)-H of (I} by a ring nitrogen, the barrier
height increases markedly. This is almost certainly a
reflection of the greater contribution of the resonance form
(VI) (with the negative charge on an electronegative ring
nitrogen) to 4-dimethylaminopyrimidine compared with
that of the zwitterionic counterpart (III) to the electronic
structure of 2-dimethylaminopyridine.

The author thanks Dr. T. H. Goodwin for a helpful
theoretical discussion and Mr. J. H. Gall for technical
assistance.
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t The 2-dimethylaminopyridine (supplied by Aldrich) was carefully purified before use, the final step being preparative v.p.c. A
low concentration of anisole was added to the solution, the -OCHj, proton signal serving as homogeneity standard for the kinetic

measurements.

§ Rates were measured below the coalescent temperature employing as the spectral characteristic the ratio of maximum to central
minimum of the curves (“Tables of NMR Exchange Broadened Multiplets,” Weizmann Institute of Science, Rehovoth, Israel; A.

Loewenstein and S. Meiboom, J. Ckem. Phys., 1957, 27, 1067).

Above coalescence rates were measured using eg. 12 of ref. 2.
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