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The reactivity of a series of substituted pyridine- and /# -oxylpyridine-carboxyiic acids with diazodiphenylmethane
has been investigated and the empirical Hammett trea.ment applied to a study of substituent effects. In general,
satisfactory additivity of substituant effects was obtained. and it was possible to correlate with the same regression
line the rate constanis for both investigated series. The calculated reaction constant (p 0-818) differs from that
for substi’uted benzoic acids, ref'ecting the same attenuating effect observed in the hydrolysis of substituted pyridine

carboxylates.

A satisfactory correlation for the pppu—enyar relationship was obtained with literature data for the

hydrolysis of corresponding substituted methyi pyridinecarboxylates.

IN our previous investigation ! the reaction of pyridine-
and N -oxylpyridine ca boxylic acids with diazodiphenyl-
methane (DDM) was used to study the structure-

t Presented in part at the Fifth International Congress of
Heterocyclic Chemistry, Ljubljana, 1975.
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M. Misié-Vukovié, and M. D. Muskatirov ¢, J.C.S. Perkin II,
1974, 1051.

2 (a) J. D. Roberts and W. Watanabe, J. Amer. Chem. Soc.,
1950, 72, 4869; J. D. Roberts, W. Watanabe, and R. E. McMahon,
ibid., 1951, 73, 760, 2521; A. F. Diaz and S. Winstein, ibid.,
1966, 88, 1318; R. A. More O'Ferrall, W. K. Kwok, and S. L
Miller, ibid., 1964, 88, 5553; I{. Bowden, A. Buckley, N. B.
Chapman, and J. Shorter, J. Chem. Soc., 1964, 3580; A. Buckley,
N. B. Chapman, M. R. Dack, ]J. Shorter, and H. M. Wall, J.
Chem. Soc. (B), 1968, 631; D. Bethell and R. D. Howard, Chem.
Comsn., 1966, 96; (b) K. Bowden, Canad. J. Chem., 1966, 44,
661; 1{. Bowden, M. Hardy, and D. (. Parkin, ¢bid., 1968, 46,
2929; K. Bowden and D. C. Parkin, ¢bid., p. 3909; 1969, 47, 177,

reactivity relationships in pyridine and pyridire N-
oxide rings. This reaction has been thoroughly investi-
gated 22 and used exter sively for quantitative structure—-
reactivity studies.?
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Grubbs, R. Fitzgerald, ' E. Phillips, and R. Petty, Tetrahedron,
1971, 27, 935; (c) A. D. ampbell, S. Y. Chooi, L. W. Deady, and
R. A. Shanks, Austral. J. Chem., 1970, 23, 203; H. H. Jaff¢,
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Treating the pyridine aza-group and the N-oxyl
group as substituents in a benzene nucleus,3® we applied
the empirical Hammett treatment to the reaction of DDM
with pyridine- and N-oxylpyridine-carboxylic acids.
Using previously determined values for ¢ and log &, for
substituted benzoic acids,* we obtained & values for the
pyridine aza-group which were in fairly good agreement
with the literature values for the alkaline hydrolysis of
the corresponding esters.22® For the N-oxyl group,
values for the 3- and 4-positions (o5 1.312, o, 1.140)
indicated that the overall effect was electron withdrawing
and the negative value for o, (—0.395) was explained on
the basis of intramolecular hydrogen bonding.t

Campbell et al’® studied the alkaline hydrolysis of
substituted methyl pyridinecarboxylates of the three
series where the additional substituent was wmeta or
para to the ester and not adjacent to the ring nitrogen.
It was reported that for this orientation of substituent
and nitrogen, the effect of substituent on side-chain
reactivity, as measured by ester hydrolysis, was normal,
and that it could generally be correlated by Hammett
o values. For the other three possible series, where the
substituent was meta or para to the ester, but adjacent to
the ring nitrogen, the correlation was not completely
general, particularly for those compounds where a
donor-acceptor relationship between the substituent and
nitrogen, respectively, was possible. This was attributed
to the ortho-effect, which according to Charton® is
primarily a field effect.

Satisfactory additivity of substituent effects in the
pyridine system was also observed by Noyce ef al.” who
studied the solvolysis rates of the pyridine analogue of
t-cumyl chlorides. Brown’s &* substituent constants
obtained by extrapolation ¢ were used to predict the
solvolysis rates of substituted 2-(2-pyridyl)- and 2-(3-
pyridyl)-2-chloropropanes with substituents in positions
4 or 5, and 5 or 6, respectively.”? The prediction was
quite accurate, and it was later shown that it was possible
to correlate these data and the data for substituted
t-cumyl chlorides with the same regression line.! The
correlation was not satisfactory for 6-substituted 2-(2-
pyridyl)-2-chloropropanes, and it was suggested that a
new set of o constants should be derived for this system.

Application of the Hammett equation to the reactivity:
of pyridine and pyridine N-oxide derivatives has pre-
viously been reported.?s In arecent review 8 an interest-
ing presentation of the above results %7 was given, prov-
ing the previously derived relationships for the equality
of reaction constants in the pyridine and benzene
systems.? '

In the present work, we have studied the substituent
effects in both pyridine and pyridine N-oxide systems

3 C. D. Johnson, ‘ The Hammett Equation,” Cambridge Uni-
versity Press, Cambridge, 1973, (a) p. 103; (b) p. 33.

4 J. D. Roberts, E. A. McElhill, and R. Armstrong, J. Amer.
Chem. Soc., 1949, 71, 2923.

5 A. D. Campbell, S. Y. Chooi, L. W. Deady, and R. A.
Shanks (a) Austral. J. Chem., 1970, 23, 203; (b) J. Chem. Soc.
(B), 1970, 1063; (c) A. D. Campbell, E. Chan, S. Y. Chooi,
L. W. Deady, and R. A. Shanks, ¢bid., p. 1065.
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and determined the reaction constant p for the reaction
of pyridine- and N-oxylpyridine-carboxylic acids with
DDM, by examining the degree of correlation of the
second-order rate constants with the additive substituent
constants.

A series of substituted pyridine- and N-oxylpyridine-
carboxylic acids were synthesized, with substituents
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Ficure 1 Relation between log k, of DDM with substituted

carboxy-pyridines and -pyridine N-oxides- and additive ¢
constants. Open symbols, pyridines; full symbols, N-oxides;
circles, 2-carboxy; triangles, 3-carboxy; squares, 4-carboxy

meta and para to the reaction centre, but ortho, meta, and
para to nitrogen and the N-oxyl group. Rate constants

Rate constants (%,/l mol™? min™) for the reaction of DDM

with substituted pyridine- and N-oxylpyridine-
carboxylic acids
X ky log &,
2-Carboxy-X-pyridine (1) 4-NO, 33.2 1.521
(2) 4-CO,Me 128 1.107
(3)  5-COMe 12.5 1.096
(4) H 7.3 0.863
(5) 6-CO,Me 6.3 0.799
(6) 4-OMe 5.8 0.760
(7) 6-Me 4.7 0.675
3-Carboxy-X-pyridine (8) 5-NO, 24.5 1.389
(9  5-Br 14.3 1.155
(10)  5-CO,Me 10.4 1.017
(11) 6-CO,Me 8.8 0.944
(12) 6-Cl 8.6 0.934
(13) H 5.4 0.732
(14) 6-OMe 3.7 0.570
3-Carboxy-X-pyridine  (15) 5-Br 38.8 1.580
N-oxide (16)  6-CO,Me  35.6 1.550
(17 H 19.1 1.281
4-Carboxy-X-pyridine  (18) 6-NO, 38.9 1.589
(19)  6-Br 22.0 1.342
(20) H 11.9 1.075
(21) 6-NHAc 9.4 0.970
4-Carboxy-X-pyridine  (22) H 12.9 1.110
N-oxide (23) 6-Me 11.9 1.075

were determined as previously reported ! for the com-
pounds which were soluble in absolute ethanol under

8 M. Charton, J. Amer. Chem. Soc., 1969, 91, 624.

7 (a) D. S. Noyce, J. A. Virgilio, and B. Bartman, J. Org.
Chem., 1973, 38, 2657; (b) D. S. Noyce and J. A. Virgilio, ¢bid.,
p. 2660.

8 P. Tomasik and C. D. Johnson, Adv. Heterocyclic Chem.,
1976, 20, 1.



36

reaction conditions. The rate constants (k,; 30°;
EtOH) are given in the Table, and the corresponding log
rate constants are plotted against the additive ¢ values
in Figure 1. Substituent constants used are ordinary
o, and o, values as calculated by McDaniel and Brown,?
although for the m-OCMe group in acid (6) and the -
NO, group in acid (1), ¢," 3 values give a better correl-
ation. oy and oyo constants are as previously reported.!
The o, and o, values for the methoxycarbonyl group are
taken from the work of van Bekkum ef al.?

The interesting feature of the plot presented in Figure
1 is that it was possible to correlate with the same regres-
sion line the log rate constants for the reaction of both
pyridine- and N-oxylpyridine-carboxylic acids with DDM
with additive ¢ constants. However, the points for 2-
carboxy-5-methoxycarbonyl- (3), 2-carboxy-4-methoxy-
(6), 2-carboxy-6-methyl- (7), 2-carboxy-6-methoxy-
carbonyl- (5), 3-carboxy-6-methoxycarbonyl- (11), and
4-carboxy-6-acetylamino-pyridine (21) deviate con-
siderably from the regression line. The substituted 2-
caiboxypyridine N-oxides failed to correlate at all in this
manner !¢ and will be the subject of a separate study.

Excluding those acids which obviously did not fit the
cotrelation, a p value of 0.818 (» 0.993, 5 0.04, » 17, log %,
0.167) was calculated, from a regression analysis of
the results. The reduction in the susceptibility of the
reaction to substituent effects compared with that of the
corresponding substituted benzoic acids (epyr/evens 0-87),
is nearly the same as that for the hydrolysis of sub-
stituted pyridine carboxylates 3 which was explained as
due to the attenuating effect of the electronegative
nitrogen.

In an effort to explain the deviations (slower rates
than expected) of the results for acids (3), (5)—(7), (11),
and (21), and considering that in four cases out of six [(5),
(7), {11), (21)] the substituent was vicinal to nitrogen,
log rate constants for all available acids with this parti-
cular relation of substituent and nitrogen or N-oxyl
group are plotted in Figure 2. Points corresponding to
the rate factors for ten acids {(12)—(14), (16)—(20),
{22), (23)] show excellent correlation (» 0.997, s 0.03,
n 10) with the corresponding additive ¢ values, giving
p 0.747 and log k, 0.242. However, acids (5), (7),
(11), and (21) deviate considerably from the plot. With
the exception of acid (7) the three others have fairly
large substituents, methoxycarbonyl [(5), (11)] and
acetylamino [(21)], all adjacent to nitrogen. The large
number of results from the alkaline hydrolysis of sub-
stituted ethyl benzoates ¢ and ethyl pyridinecarboxyl-
ates % as well as the data from other ortho- or proximity-
effect studies 1! indicate that the ortho-effect is pri-
marily a field effect. This could explain the deviation
of the results for acids (5), (11), and (21), but the true

? L. P. Hammett, ‘ Physical Organic Chemistry,” McGraw-
Hill-Kogakusha, Tokyo, 1970, p. 356.

1 Dj. M. Dimitrijevi¢, Z. D. Tadi¢, M. Migié-Vukovié, M. D.
Muskatirovi¢, and M. Radojkovié-Velickovié, Fifth International
Congress of Heterocyclic Chemistry, Ljubljana, 1975.

11 G. K. Smith, K. K. Lum, J. A. Kirby, and J. Posposil,
J. Org. Chem., 1969, 34, 2090.
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nature of this perturbation remains unexplained.
However, it should be noted that the log rate
constant for  3-carboxy-6-methoxycarbonylpyridine
N-oxide correlated satisfactorily with the corresponding
op value. It seems that the o-methoxycarbonyl group
does not interact appreciably with the N*-O~ group,
although it might be expected for conformational
reasons.

The deviation of the points for 2-carboxy-6-methyl-
pyridine (7) from both plots (Figures 1 and 2) and for
2-carboxy-4-methoxypyridine (6) from the overall plot
(Figure 1) are most probably due to substituent-
nitrogen interactions, considering that in both cases a
donor-acceptor pair of substituents are present in the
ortho- and  para-positions,  respectively. Dipole
moment 12 and i.r. studies '3 indicate that this type of
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FIiGURE 2 Relation between log k, of DDM with substituted
carboxy-pyridines and -pyridine N-oxides with adjacent
substituents, and additive ¢ constants. Open symbols,
pyridines; full symbols, N-oxides

conjugation occurs if nitrogen and strong electron-
donating substituents are para to each other, bu. the
data on ester hydrolysis % indicate that such interactions
are not transmitted to the ortho-position in 4-sub-
stituted 2-methylpyridinecarboxylates and that the
correlation was normal. However, a rate lowering
effect was reported % for strong donor substituents
adjacent to nitrogen in the 3-carboxy-series, and the log
rate constant for the hydrolysis of methyl 6-methoxy-
pyridine-4-carboxylate was half that calculated assuming
additive substituent effects.* A similar interaction,
which seems to include other substituents as well, was
observed in 4-substituted 2-carboxypyridine N-oxides.1?
In our investigation, the deviation of 2-carboxy-5-
methoxycarbonylpyridine remains unexplained.

Finally, to check the validity of our experimental

12 A. R. Katritzky, E. W. Randall, and K. E. Sutton, J. Chem.
Soc., 1957, 1769.

13 A. R. Katritzky, C. R. Palmer, F. J. Swinbourne, T. T.
Tidwell, and R. D. Topson, J. Amer. Chem. Soc., 1969, 91, 636.

1 A. D. Campbell, E. Chan, S. Y. Chooi, L. W. Deady, and
R. A. Shanks, J. Chem. Soc. (B), 1970, 1068.
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data by comparison with results for a different reaction
series, we plotted the log rate constants for the acids
which were the subject of this study against the log rate
constants for the hydrolysis of the corresponding methyl
pyridinecarboxylates. A fairly good plot was obtained
and is presented in Figure 3. The results from both

log k, (DDM)

0 1 1 1 1 !
05 10 15 20 2-5 30

~log k, (ester, hydrolysis)

Ficure 3 Relation between log &, of DDM with substituted
carboxypyridines and —log &, of alkaline hydrolysis of sub-
stituted pyridinecarboxylawes (5). Circles, 2-carboxy; tri-
angles, 3-carboxy; squares, 4-carboxy

1eactions correlated satisfactorily with a regression
constant of 0.373 (» 0.973, s 0.08, » 10), which is very
close to the ratio of the reaction constants obtained by
the correlation of log rate constants with additive o
constants in each individual series, pppu/enya, = 0.818/
2.00 = 0.409. This is very encouraging, as it verifies
the validity of both reactions for the study of sub-
stituent effects and interactions in the pyridine series,
as sufficient data for pyridine N-oxides were not available
for this analysis. This also proves that the Hammett
treatment is basically valid for the study of structure-
reactivity relationships in the pyridine nucleus. It
should be noted that two of the methoxy-substituted
model compounds, 2-carboxy-4-methoxypyridine in the
present study and the 3-carboxy-S5-methoxypyridine in
the study of the hydrolysis of substituted pyridine-
carboxylates,5 did not fit the individual plots and were
excluded from the correlation, but correlated fairly well
in the last analysis. It appears that the kinetic pro-
cecures and the reactions chcsen are basicall-* sound,
but more information about substituent-substiti ent and
substituent—probe interactions is necessary for a more
general prediction of reaction rates in the pyridine
system.

EXPERIMENTAL

Rate Measureiwents.—Second-order rate constants k, for
the reaction of substituted pyridine- and N-oxylpyridine-

15 R. A. More O’Ferrall, W. K. Kwok, and S. I. Miller, J.
Amer. Chem. Soc., 1964, 88, 5553.

16 K. Bowden and D. C. Parkin, Canad. J. Chem., 1966, 44,
1493; K. Bowden, M. Hardy, and D. C. Parkin, ibid., 1968, 486,
2929.

17 1.. 1. Smith and K. L. Howard, Org. Synth., 1955, Coll.
Vol. III, p. 351.
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carboxylic acids with DDM were determined as previously
reported,! by the spectroscopic method of Roberts and his
co-workers.® Optical density measurements were per-
formed at 525 nm with 1 cm cells in absolute ethanol at
30 °C. The spectrophotometer used was a Unicam SP 600.
For the acids which were sufficiently soluble in absolute
ethanol and whose reactions were not too fast, the reaction
was initially studied as a first-order process, the concen-
tration of acid being 0.06mM and of DDM 0.006M, and the
second-order rate constants were calculated from the
observed firsi-order rate coefficients. However as some of
the acids were not sufficiently soluble, or their reaction with
DDM was inconveniently fast, for the sake of uniformity,
rate measurements for all investigated compounds werc
performed under second-order conditions, ¢.e. at concen-
trations of 0.006m for both acid and DDM, and the results
interpreted in the sense of well documented kinetic and
mechanistic studies.’®»!® These values are given in the
Table. In the present study, as previously reported,!s
second-order rate constants, calculated from the first-order
values, were lower than those determined from direct
measurements, although not to the same extent.

Materials.—Diazodiphenylmethane was prepared by the
method of ref. 17, and was recrystallized from absolute
methanol. Stock solutions of ca. 0.06M were stored in a
refrigerator and diluted for use. Absolute ethanol was
prepared by known procedures. 3-Carboxy-5-bromopyri-
dine, m.p. 183 °C,!8 3-carboxy-5-nitropyridine, m.p. 172 °C,1®
3-carboxy-6-chloropyridine, m.p. 199 °C,?* 3-carboxy-6-
methoxypyridine, m.p. 237—238 °C,?! 4-carboxy-6-nitro-
pyridine m.p. 174—175 ©°C,22 and 4-carboxy-6-acetyl-
aminopyridine, m.p. 286—287 °C,? were prepared by known
methods and had m.p.s in agreement with those in the
literature. 2-Carboxy-5-methoxycarbonylpyridine, m.p.
183—185 °C, and 3-carboxy-6-methoxycarbonylpyridire,
m.p. 226—228 °C,?* were prepared by literature methods.

6-Bromo-4-carboxypyridine was prepared from 2-bromo-
4-methylpyridine % (3.5 g) treated with XMnO, (7.5 g),
the filtrate being neutralized by H,SO, and evaporated to a
volume of 50 ml. Crystalline K,SO, was filtered off, and
the filtrate made acid to pH 4 with HCl. 4-Carboxy-6-
bromopyridine crystallized out, m.p. 245—246 °C (lit.,2®
229 °C for a substance obtained in a different manner)
(Found: C, 35.7; H, 2.0; N, 6.95. CH,BrNO, requires C,
35.85; H, 2.0; N, 7.0%).

2-Carboxy-4-methoxycarbonylpyridine. This was prepared
by partial hydrolysis 2¢ (0.1N-KOH in methanol; heating
for 15 min) of 2,4-bismethoxycarbonylpyridine. Work-up
gave crystals (from ethanol), m.p. 227—229 °C (Found: C,
53.0; H, 3.9; N, 7.7. CH,NO, requires C, 53.05; H, 3.85;
N, 7.75%).

2-Carboxy-6-methoxycarborylpyridine. This was prepared

18 G. B. Bachman and D. D. Micucci, J. Amer. Chem. Soc.,
1948, 70, 2381.
. ¥ Y. Ueno and E. Imoto, Nippon Kagaku Zasshi, 1967, 88,
1210 (Chem. Abs., 1968, 69, 6678n).

20 H. von Pechmann and W. Welsh, Ber., 1884, 17, 2384.

21 V. Ruzicka, Helv. Chim. Acta, 1921, 4, 486.

22 R. H. Wiley and J. L. Hartman, J. Amer. Chem. Soc., 1951,
73, 494.

22 (G, Ferrari and IE. Marcon, Farmaco Ed. Sct., 1¢58, 18, 485
Chem. Abs., 1959, 53, 7162b).

# 7. D.Tadi¢and M. D. Muskatirovié, Bull. Soc. chim. Beograd,
1960 —1961, 25—P6, 491.

25 % H. Case, j Amer. Chem. Soc., 1946, 68, 2574.

26 ' Suzuki, Yakugaku Zasshi, 1961, 81, 1204 (Chem. Abs.,
1962, 6, 3445d).
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as above by partial hydrolysis of 2,6-bismethoxycarbonyl-
pyridine (0.1n-KOH, heating for 1 h). Recrystallization
from benzene gave crystals, m.p. 149-—150 °C, in agreement
with the value from ref. 27 (Found: C, 52.7; H, 3.85; N,
7.7%).

3-Carboxy-5-methoxycarbonylpyridine. This was prepared
as above 24 by partial hydrolysis of 3,5-bismethoxycarbonyl-
pyridine, except that the hydrolysis was performed without
heating but the mixture was left for 12 h at room temper-
ature. Recrystallization gave crystals, m.p. 207—210 °C
(Found: C, 53.0; H, 3.9; N, 7.9%).

3-Carboxy-6-methoxycarbonylpyridine N-oxide. This was
synthesized by a modification of the method of Ochiai.?8 A
mixture of acetic anhydride (2 ml), acetic acid (2 ml), and
809% H,0, (2 ml, stabilized) was heated for 1/2 h at 50 °C,
cooled to room temperature, and 3-carboxy-6-methoxy-
carbonylpyridine (0.5 g) wasadded. The mixture was kept
for 4 h at 50—60 °C. On cooling, a solid (0.27 g) crystallized
out, m.p. 186—188 °C. Recrystallization from methanol
yielded fine crystals, m.p. 188 °C; test for N-oxyl group
positive #® (Found: C, 49.05; H, 3.65; N, 7.25. C4H,NO4
requires C, 48.7; H, 3.55; N, 7.15%,).

5-Bromo-3-carboxypyridine N-oxide. This was prepared
by the method of Ochiai 28 from the pyridine derivative 18
except that the heating was prolonged for 10 h. Recrystal-
lization from water and then ethanol gave pale yellow

27 M. Heuze, Ber., 1934, 67, 750.

28 E. Ochiai, J. Org. Chem., 1953, 18, 534.

2 N. A. Coats and A. R. Katrizky, J. Org. Chem., 1959, 24,
1836.
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needles, m.p. 270 °C (Found: C, 33.05; H, 1.95; N, 6.65.
CeH,BrO;N requires C, 33.05; H, 1.85; N, 6.4%),).

4-Carboxy-6-methylpyridine N-oxide. This was obtained
as a side-product in the oxidation of 2,4-dimethylpyridine
N-oxide by the modification of the usual KMnO, method.?®
2,4-Dimethylpyridine N-oxide (7 g; Fluka) was treated by
the amount of KMnO, necessary for the oxidation of both
methyl groups. After neutralization of the reaction mix-
ture, light brown crystals were obtained which recrystallized
from ethanol yielding needles, m.p. 260 °C (Found: C,
54.9; H, 4.45; N, 8.8. C,H,NO,requiresC, 54.9; H, 4,55;
N, 9.15%); ir. and n.m.r. data showed that only one
methyl group was oxidised and that the relative position
of the methyl and carboxy-groups was as indicated.

2-Carboxy-4-nitropyridine, m.p. 152 °C, 2-carboxy-4-
methoxypyridine, m.p. 210 °C, and 2-carboxy-6-methyl-
pyridine, m.p. 126 °C, were obtained by the reduction of
corresponding pyridine N-oxide derivatives. The pre-
paration of these was reported 3! and will be published else-
where.
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