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The dipole moments of N-methyl pyridone, 3: 5-dibromo N-methyl pyridone
and 5-bromopyridone have been measured in benzene and dioxan solutions
at 356°C. The values have been compared with those calculated allowing
for intra-molecular electrostatic induction. While the N-methyl com-
pounds indicate & partial ionic character of the bonds, bromo derivative
indicates & tautomeric system. An estimate of the relative proportion of
the forms has been made.

INTRODUCTION

The 2-pyridones are of interest on account of the possible tautomerism
between keto and enol forms. X-ray studies (Penfold 1953) indicate such
. & behaviour in the unsubstituted compound. However, a methanolic solu-

tion of N-methyl pyridone shows a spectrum quite different from that of
2-ethoxy pyridine. Both the unsubstituted compound and the N-methyl
compound show an absorption band in the carbonyl region (Hoegerle and
Erlenmeyer 1956). At the same time, 2-pyridone is weakly basic without
carbonyl properties, unaffected by alkali, and has a typical aromatic U.V.
absorption. The simple structure I is inadequate and one has to consider
a possible zwitterionic structure II. The N-methyl derivatives similarly
may be represented by both structures ITI and IV. ZElvidge and Jackman
(1961) consider that the compound has 35 per cent aromatic character.
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* Based on the Thesis submitted by P. J. J., approved for the Ph.D. Degreé of the
University of Madras in August 1963.
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EXPERIMENTAL

The heterodyne beat method was used for the dielectric constant measure-
ments and the circuit used by Few et al. (1952).

The cell used was of glass silvered to a definite height after degassing
of the surface and dried at 110 °C and cooled in a vacuum desiceator before
use. The cell was standardized with benzene and the dielectric constant of
a solution got by the method of Everard ef al. (1950). Dipole moments were
calculated by Guggenheim’s method (1951).

The solvents, benzene and dioxan, were purified by standard methods
and had the following characteristics at the temperature of measurement, 35 °C.

Dielectrie Refractive Densit

constant index ensity
Benzene ‘e 2:2535 1-4921 0-86278
Dioxan .. 2-1778 1-4155 1-01690

The relevant experimental data are given in Tables I, IT and TII.

Tasre I

Measurements with N -methyl pyridone

Weight Dielectric  Refractive de dn?
Solvent fraction constant index n2 dw dw P
w € n w->0 w—>0
Benzene 0-0000000 2-2535 1-4934 2:2304
0-0053024 2-3598 1-4939 2.2317
0-0146420 2:4855 1-4948 2:2344 15-06 13:30 308-2
0-0199680 2:5757 -4951 2-2353
0-0361120 2:8641 1-4961 2-2383
Dioxan 0-0000000 2-1778 1-4166 2-0068
0-0054301 2:2797 1-4178 2-0101
0-0143520 2:4502 14182 2-0113 18-88 0-35 341-02
0:0199030 2.5633 1-4186 2:0124
0-0358840 2-8427 1-4192 2.0138

The pyridone samples were kindly provided by Dr. B. 8. Thyagarajan of the Madras University.

Discussiox or ResuLts

To obtain the calculated moments, the method of Smallwood and Herzfeld
(1930) modified by Frank (1935) has been used for evaluating the induced

3B



THE DIPOLE MOMENTS OF SOME 2-PYRIDONES 225

Tasrr II
Measurements with 3:5-dibromo N-methyl pyridone

Weight Dielectric  Refractive de dn?
Solvent, fraction constant index n2 dw dw P
w € n w—0 w->0
Benzene 0-0000000 2-2635 1:4935 2-2306
00057946 - 2-2882 1-4939 2-2317
0-0118080 2:3213 1-4944 2:2332 6-03 0-166 300-86
0-0167660 2-3528 14950 2:2350
0:0236470 2:3930 1-4953 2.2359
Dioxan 0-0000000 21778 1-4166 2-0068
0:0059586 2-2182 1-4172 2:0084
0-0109080 2-2525 1-4182 2-0113 6-75 0-356 287-21
00157640 2-2913 1-4188 2:0130
0-0202540 2:3241 1-4194 2.0147
TaBLe III

Measurements with §-bromo pyridone in dioxan

Weight Dielectric Refractive de. dn2
fraction constant index n2 dw dw P
w € n w >0 w—>0

0-0000000 2-1778 1-4166 2-0068
0-0056417 2-2009 1-4174 2-0088

0-0107620 2-2194 1-4183 2-0116 4-33 0515 110-90
0-0146200 2-2318 1-4187 2-0127
0-0184570 2-2441 1-4192 2-0141

moments. The model for the purpose has been taken from Penfold’s (1953)
crystallographic work. In the methyl pyrrolidone, the moments involved
are those due to two C—N bonds, the C=0 bond and CH;—N bond. While
in the bromo compounds C—B, and possibly C—OH bonds have also to be
taken into account, using scale models with the distances indicated in Fig. 1.
The caleulated induced moments resolved in the perpendicular directions
are presented in Table IV. The experimental and calculated values are
given in Table V. Polarizability of the nitrogen atom is calculated from

the atom refraction of tertiary nitrogen using the formula & = 5—1%;, where

R is molar refraction and N, Avogadro number. Other atom polarizabilities
were similarly obtained as in our work with the coumarins.

The experimental values are in agreement with those reported earlier
by Albert and Philips (1956) for N-methyl pyridone. The vector sum of
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Fic. 1
Distances in A ° Angles in ©
N—C; 1401 N 1251
C—Cy 1444 C, 1129
Co—Cy 1-334 C, 122-3
C,—Cy  1-421 C; 1222
Cy—C; 1-371 C, 116:0
C:—N 1375 C; 121-8
N—Cg 1-480
¢—0  1-236
TasLe IV

Resultant induced moments

Induced moments

Prima;
Compound momez 5
Higz unreduced  pyz reduced  pyy unreduced Ky reduced

C—N +0-3286 +0-2008 —0-5429 —0:3319
N-methyl pyridone = C—N +0-1844 +0-1127 —0-2892 —0-1768
C=N +1.9735 +1-2070 +0-6784 +0-4147
N—CH, +0-2179 +0-1332 +0-1184 +0-0741

3: 5-dibromo
N-methyl pyri- C—N +0-3800 +0-2323 —0-5226 —0-3195
done C—N +0-2377 +0-1467 —0-2971 —0-1816
C=0 -+2-0483 -+ 1-5400 -4-0-4933 4-0-3015
N—CH, -}-0-2509 +40-1532 -+ 0-0447 +0-0273
5:C0—B, 4-1-6842 -4-1-0290 —0-0896 —0-0547
3:C—B 4-1-4281 +0-8728 —0-8829 —0-5396
C—N -0-1906 +0-1165 —0-2948 —0-1802
5-bromo pyridone C—N +4-0-1516 +0-0927 ~0-1840 —0-1125
C=0 -4-2-3286 +1-4230 +0-3452 +0-2110
N—CHj; +0-7447 -+ 0-4552 +40:4555 -+0-2784

5:C—B +1-5717 --0-9610 —0-0979 —~0-0598
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the moments leads to a very low value. The earlier workers attribute the
high value to the mesoionic character of the bond. Our results with hydroxy
and methyl coumarin derivatives (Anantakrishnan and Jacob 1969) and with
substituted p-xylenes (Anantakrishnan and Rao 1964) indicated a possible

TaBLE V

Dipole moment values in Debye units

Experimental value

Compound Calculated value

Benzene Dioxan
N -methy] pyridone 3-95 415 3-00
3: 5-dibromo N-methyl pyridone 3-90 3-81 310
5-bromo pyridone — 2-37 0-60 (keto)

2:56 (enol)

interaction between the methyl hydrogen and group like C=0 and —NO,
and we have to consider a similar situation here. Also, one cannot rule out
intramolecular hydrogen bonding as well. Elvidge and Jackman (1961)
have estimated using NMR measurements of chemical shifts that the com-
pound has 35 per cent aromatic character but there is no reason for departure
from planarity of the molecule. For the pyridone these authors consider
also the extreme non-aromatic structures V and VI. Taking the ionic form
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Fixed bond model structure A Non-resonating azacyclohexatriene
not a hybrid

of the compound, a moment of 11-04D making an angle of 45° with the
direction of the covalent structure could be calculated. Using the covalent
moment of 3-0D and the experimental value, the partial ionic character of
the bond can be obtained using the equation

3-952 = [3-0(1—x)1-11-04 & cos 45]2-[11-04 x sin 45]2.
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The solution of this leads to a value of 16 per cent ionic contribution. The
difference in estimates can arise from the uncertainties of the calculation and
departure from planarity of the molecule. It is also well to recall the dis-
cussion on NMR studies where the limitations of using only dipole moments
in the estimates are referred to.

3: b-dibromo N-methyl pyridone is different in several ways. X-ray
studies (Sarma, personal communication) have shown that the molecule is
completely non-planar and bond angles also differ from the parent compound
and this is also borne out by scale models. The U.V. absorption spectrum
shows & shift to longer wavelengths (Bradlow 1951). The difference be-
tween the calculated and observed values may suggest a large mesomeric
moment but the steric effects adversely affect this contribution. The in-
adequacy of structural information precludes a precise calculation of the
induced moments in the plane of the ring. There is also the consequent
uncertainty in the angle between the direction of dipole and the line joining
any position of the ring to the dipole centre, which affects the calculation.
Small differences in ‘r’ can seriously alter the final figure, since it appears as
a cubic function in the equation.

3-bromo pyridone presents a still different picture. Unlike the other
two compounds, there is here the distinet possibility of keto-enol tautomerism.
The moment clearly indicates a dominant enolic form. Association through
intramolecular hydrogen bonding cannot be completely excluded. From the
values calculated for the keto and enol forms and assuming that this associa-
tion is not significant, the observed value corresponds to 15 per cent keto
form at 35 °C in dioxan solution. The compound is thus essentially a hydroxy
pyridine. This may be compared with the much larger estimate for the keto
form from Penfold’s crystallographic data. Further solvent solute interaction
can preferentially stabilize the hydroxy form in dioxan.
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