SYNTHESIS OF DERIVATIVES OF c«-PHENYLDINICOTINIC
ACID AND 2-PHENYL-3,5-BIS(5-PHENYL-2-0XAZOLYL)-
PYRIDINE

N. S. Prostakov, L. M. Kirillova, UDC 547.826:543.422
I. V. Klyavina, P. I. Zakharov,
M. D. Kharlamova, and A. E. Aliev

The dichloride, diethylamide, and amide were obtained from a-phenyldinicotinic acid.
2-Phenyl-3,5-diamino- and 3,5-dicyanopyridine were synthesized from the amide. 2-
Phenyl-3,5-bis(5-phenyl-2-oxazolyl)pyridine and 2-phenyl-3-carboxy-5-(5-phenyl-2-
oxazolyl)pyridine were obtained. The luminescence properties of the synthesized
compounds were studied.

Derivatives of pyridinecarboxylic acids, particularly N-substituted amides, have found
wide application in the treatment of tuberculosis and heart diseases. Nicotinamide is a
fragment of the coenzymes NAD and NADP, which enter into the composition of dehydrogenases.

In this connection many derivatives of picolinic, nicotinic, and isonicotinic acids have
been synthesized and studied. However, the information regarding pyridinecarboxylic acids
is limited. In our laboratory we obtained the previcusly unknown a-phenyldinicotinic acid
(I) by oxidation of 3-methyl-2-phenyl-5-(3'-methyl-2'-phenyl-3',4'-dehydro-6'~piperidyl)py-
ridine, formed in the reaction of B-picoline with phenyllithium [1]. The syntheses of some
derivatives of this acid, as well as diamino-, dicyano-, and dioxazolylphenylpyridines, are
described in the present communication.
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2-Phenyl-3,5-bis(chloroformyl)pyridine (II) in the form of a stable crystalline sub-
stance is formed when acid I is treated with thionyl chloride. 2-Phenyl-3,5-bis(N,N-diethyl-
carbamoyl)- and 3,5-di(carbamoyl)pyridine (III, IV), respectively, were obtained in quanti-
tative yields from dichloride II and diethylamine and ammonia.

2-Phenyl-3,5-diaminopyridine (V) — a stable crystalline substance — was synthesized from
amide IV by the Hofmann method, while 2-phenyl-3,5-dicyanopyridine (VI) was isolated in quan-
titative yield in the dehydration of amide IV by means of phosphorus oxychloride [2]. Com-
pounds V and VI are of interest as synthones in the syntheses of new heterocyclic compounds.

In research involving the study of luminescing substances considerable attention is di-
rected to compounds that contain an aryloxazole fragment [3, 4]. In this connection we un-
dertook the synthesis of 2-phenyl-3,5-bis(5-phenyl-2-oxazolyl)pyridine (VII). Compound VII
was isolated in 317 yield in the condensation of acid I with.w-aminoacetophencne in the pres-

Patrice Lumumba Peoples' Friendship University, Moscow 117198. Translated from Khimiya
Geterotsiklicheskikh Soedinenii, No. 3, pp. 405-411, March, 1990. Original article submitted
July 8, 1988; revision submitted December 13, 1988.

350 0009-3122/90/2603-0350 $12.50 @ 1990 Plenum Publishing Corporation



a

€107 liters/(mole-cm) fa
30 S6™5 10
0 555,
20 0,6
7. S¢S 02
10 SOS3| 01 2
i | J. A S
46 L2 38 34 30
v107 em™?
b
fe
{14
—110
-08
10,2
e AN . ~
46 42 38 34 30 26 22 18 a
V.10 cm
c
50F £-1072 liters/mole ;
e
40 414
30 410
20 406
10 402
1 L. 1 1 AI i ~ 1 .
46 &2 38 34 30 26 22 .10 cm
fe
1,0
0,6
02
ISO.SS 1 L L !\ i L\ - l
44 40 36 32 28 2 20 9107 cm

Fig. 1. Experimental UV absorption and fluorescence spec-
tra in ethanol and calculated frequencies and oscillator
forces of the electron transitions of pyridines: a) VI;

b) IX; ¢) VII; d) VIII; e) I. The I,.e] value is presented
for IX because of its low solubility.
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ence of phosphorus oxychloride [4]. 2-Phenyl-3-carboxy-5(5-phenyl-2-oxazolyl)-pyridine
(VIII) was isolated from the reaction mixture in approximately the same yield. The yields of
these products depend on the ratio of the starting reagents. Thus at an acid I:amino ketone
ratio of 1:1.5 the yields of VII and VIII are, respectively, 14.5% and 36.57, as compared
with 30.67Z and 21.37 at a ratio of 1:2.

It has been previocusly proposed [1] that monoderivatives of dibasic I are formed when
there is a sterically unhindered group in the 5 position. In this connection it was neces-
sary to establish the structure of VIII. In its 13C MMR spectrum the carbon atom of the
carboxy group (8 165.57 ppm) is observed in the form of a doublet with spin-spin coupling
constant 3J03.H“. = 4.5 Hz. The absence of a similar constant of spin-spin coupling of the
carboxy carbon atom with the a-proton of the pyridine ring excludes the alternative 2-phenyl-
5-carboxy-3-(5-phenyl~2-oxazolyl)pyridine structure.

Data from the mass spectra of VII and VIII, as well as 2-phenyl-3-carbamoyl-5-(5-phenyl-
2-oxazolyl)pyridine (IX), obtained by treatment of acid VIII with thionyl chloride and then
with ammonia, confirm the structure of acid VIII. The intense peak of an [M — H]T ion that
is observed in the fragmentation of VII as a result of cyclization of the phenyl radical
in the C(,) position at the heteroatom of the oxazole ring is not formed in the fragmenta-
tion of acid VIII under the influence of electron impact; this confirms the presence of an
oxazole substituent in the 5 position in VIII.

The characteristics necessary for analysis of the absorption spectra, viz., the prob-
abilities and polarizations of the electron transitions, the w-bond orders, the m-electron
charges, the m-dipole moments, and the numbers of localization of the electron excitation
[5], were calculated for I, VIII, VII, and IX by the Pariser—Parr—Pople (PPP) method.

The experimental UV absorption spectrum of acid I consists of three bands (Fig. le) The
long-wave absorption band has a maximum with a rather high intensity (e 1.07-10%, Ap.x 286
nm) and lies at 31,000-37,000 cm™!; the band does not have a pronouced vibrational structure

and, according to the calculations, is formed by the SQ->S%W* electron transition.

TABLE 1. Spectra-Luminescence Characteristics of the Synthe-
sized Compounds

Calc. kxptl.
Com- Transi- . C 10 Ar
. Y €10 V§ls 1 n
-1 abs . ? fal
pound | tion v.cm /e 10° Angbs, %;gci,g/ cp-l |mm
-1
cm cm)
1 S-S, 35332 0.725 349 | 286 1,07
So—S, 36892 0,111
So—>S; 37188 0.071 39,1 | 256 1,12 <0.0!
S¢S, 44596 0,670
VIl So—>S1 32800 1.203 304 | 329 371 24 875 | 402
So—>S2 35800 0,090
So—+S3 37900 0,120 38,2 | 262 2,20 0,12
S¢S, 39800 0,450
Vilia So—>S, 29475 0.299
S-S, 34081 | 0,751
So—>S3 38295 0,402
S¢S, 38610 0,951
VII Se>S) 30900 1512 30,3 | 330 474 23584 | 424
So—S2 31600 0,850
So>Ss 35400 | 0150 | 380 | 263 | 252 0,03
So—>Ss 38450 0,503
1X S-S, 30919 1.405 30,2 | 331 1,0*%
S¢—>S2 32776 0.151
Sq—Ss 37370 | 0,151 380 | 263 | 037* |24038! 416 0,05
So—>Ss 38454 0,299
1Xa Se—>St 29907 0.302
Se—>S2 34457 0.819
Se—>S; 38124 0,533
So>S, 38924 0,400
A S¢Sy 34405 0,839 35,3
So>S, 35575 0,067
S+—S; 36661 0.029 283 1,83 24 154 | 414 <0,01
Se—>S, 43444 | 0969

*The relative absorption intensity I,.j is presented, since
the substance is only slightly soluble.
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Three bands are observed in the absorption spectra of VII-IX. The long-wave band of
high intensity [e = (3.71-4.74)-10*] for VIII and IX is formed by the S, > S, transition (Table
1, Fig.. 1).. In the case of VII the long-wave absorption band is formed by two transitions,
viz., S¢> S; and S, » S,, which are accompanied by transfer of electron density in two di-
rections: from the phenyloxazole fragments in the 3 and 5 positions to the pyridine ring.
The short-wave and middle bands lie at 41,000-50,000 cm™! and 35,000-41,000 cm™?, respec-
tively. The positions and structures of these bands depend only slightly on the introduc-
tion of various substituents (—CONH,, —COOH, phenyloxazolyl) into the B position of the py-
ridine ring. According to the calculations, they are formed by electron transiticns of me-
dium intensity: short-wave S, »S®—S; > S!? electron transitions and middle S, > S°-8, » S5
electron transitions (Fig. 1). The position and structure of the long-wave absorption band
undergo little change on passing from acid VIII to amide IX (v 30,200-31,000 cm~!); the
long-wave absorption band in the spectra of VIII and IX becomes more intense than in the
case of starting acid I and is expressed more distinctly. The half width of this band is
2600 cm~! for VIII, as compared with 3000 em™! for VII, 2700 cm™! for amide IX, and 2500 cm™!
for starting acid I. A bathochromic shift (on the order of 4000 cm™!) of the long-wave ab-
sorption band occurs on passing from I to VIII, VII, and IX (Table 1, Figs. 1b-1d).

The absorption spectrum of dinitrile VI (Fig. la) consists of two bands; the long-wave
band is shifted to a shorter-wave region (v 35,300 cm™') than the same band for acid I, while
its intensity is considerably lower.

It follows from a comparison of the experimental data from the electronic absorption
spectra with the theoretical calculation for VIII and IX and with their alternative isomers,
respectively, 2-phenyl-5-carboxy-3-(5-phenyl-2-oxazolyl)pyridine (VIIIa) and 2-phenyl-5-car-
bamoyl-3-(5-phenyl-2-oxazolyl)pyridine (IXa) (Table 2), that the carboxy group in VIII and
IX is in the 3 position. This conclusion is in agreement with the PMR spectral data pre-
sented above.

Compounds VIII, VII, IX, and VI have fluorescence. The diffuse character of the fluo-
rescence bands in this series is the same as for the long-wave absorption band of these sub-
stances. The longest-wave band is the fluorescence band of VII. The S} —T* value of the
energy interval (AE(S;-T,) < 1000 cm~!) was evaluated on the basis of the energy diagrams of
the relative position of the S and T levels (Fig. 2). It follows from this that for VIII,
VII, and IX the nonemissive transitions predominate over the radiation transitions. The
maximum quantum yield was obtained for acid VIII (n = 0.12), as compared with 0.03 and 0.05
for VII and IX, respectively, and it is less than 0.0l in ethanol for nitrile VI.

EXPERIMENTAL

The IR spectra of KBr pellets of the compounds were recorded with a Specord UR-75 spec-
trometer. The PMR spectra of VIII were measured with a Bruker WM-400 spectrometer (400 MHz).
The *3C NMR spectra were recorded with a Bruker WM-400 spectrometer (100.6 MHz). The mass
spectra were recorded with an MKh-1303 spectrometer with direct introduction of the samples
into the ion source at an ionizing voltage of 70 eV.

The experimental UV absorption spectra and fluorescence spectra were investigated in
benzene, DMF, and ethanocl at a concentration of the dissolved substance of 1-107° mole/liter.
The UV absorption spectra were measured with a Specord M-40 spectrophotometer in quartz
cuvettes with a thickness of 10 mm. The fluorescence spectra and quantum yields were measured

s a b
T S
40 L S3 Sy 353,438 T w wP s 38,3 +40

20r

Fig. 2. Diagrams of the relative positions of the S* and
T* levels: a) base molecule I; AE(T,-S,) = 635 cm™'; b)
VIII molecule; AE(S;—T;) = 504 cm™!.
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in ethanol with an SLM-4800S spectrofluorimeter. Anthracene (n = 0.22) was used as the stan-
dard.

The quantum-chemical calculations were made by means of the program developed by A. A.
Ustenko. The program realizes the semiempirical Pariser—Parr—Pople (PPP) method within the
m-electron approximation with self-consistence of the bond lengths and the bond orders and
with allowance for the configuration interaction for the excited states. The standard
parametrization for the atoms and bonds was used in the calculations, and 25 singly excited
configurations were taken into account. The calculations were made with an EC-1055M computer.

The characteristics of the synthesized compounds are presented in Table 2. The results
of elementary analysis for C, H, and N for IV-IX, for N and Cl for II, and for N for III were
in agreement with the calculated values.

2-Phenv1-3,5-bis(chloroformyl)pyridine (II). A 2.2-g (8.9 mmole) sample of acid I was
refluxed with 25 ml (350 mmole) of freshly distilled thionyl chloride until the acid had dis-
solved completely. The excess thionyl chloride was removed by distillation, 20 ml of dry
benzene was added, and the mixture was again distilled to dryness. Heptane was added to the
residue. After a few hours, the crystals were removed by filtration to give 1.03 g of di-
chloride IT in the form of yellow crystals.®

2-Pheny1l-3,5-bis(N,N-diethylcarbamoyl)pyridine (III). A 20-ml sample of freshly distilled
diethylamine was added gradually with'stirring and cooling to dichloride II obtained from 2 g
(8 mmole) of acid I and 25 ml (350 ml) of thionyl chloride, after which the precipitate was
removed by filtration, washed with water, and dried to give 2 g of diamide III.

2-Phenyl-3,5-di(carbamoyl)pyridine (IV). A 50-ml sample of a 257 solution of ammonia
was added with vigorous stirring to dichloride II obtained from 2 g (8 mmole) of acid I and
25 ml (350 mmole) of thionyl chloride dissolved in 20 ml of dry dioxane. After 30 min, the
precipitated crystals were removed by filtration and washed with water to give 1.5 g of di-
amide IV in the form of white crystals.

2-Phenyl-3,5~diaminopyridine (V). A 0.5-m1 (10 mmole) sample of bromine was added with
vigorous stirring and cooling to —10°C to a solution of 1.27 g of NaOH in 14 ml of water,
after which 1 g (4.5 mmole) of diamide IV was added to the reaction mixture at 0°C. After
15 min, the reaction mixture became colorless and clear; it was then allowed to stand for
45 min. Sodium chloride (2 g) was added, and the mixture was extracted with ether (three
75-ml portions). The ether extract was dried with sodium hydroxide, the ether was removed
by distillation and the dark-red residue (0.72 g) was refluxed in 100 ml of benzene with ac-
tivated charcoal and 1.5-2 g of crystalline sodium bisulfite. The precipitate that formed
when the benzene solution was cooled was removed by filtration to give 0.26 g of diamine V
in the form of colorless acicular crystals.

2-Phenyl-3,5-dicyanopyridine (VI)., A 0.56-ml (6 mmole) sample of phosphorus oxychloride
was added to a solution of 0.48 g (2 mmole) of diamide IV in 20 ml of DMF, and the mixture
was stirred for 2 h at 20°C and then allowed to stand overnight. It was then decomposed
with 100 ml-of water, and the aguecus mixture was extracted with methylene chloride (three
50-ml portions). Workup of the residue after removal of the solvent by distillation gave
0.36 g of nitrile VI in the form of pale-cream-colored crystals.

2-Phenyl-3,5-bis(5-phenyl-2-oxazolyl)pyridine (VII) and 2-Phenyl-3-carboxy-5-(5-phenyl-
2-oxazolyl)pyridine (VIII). A 2.23-g (16.5 mmole) sample of w-aminoacetophenone and 25 g
{160 mmole (15 ml)] of phosphorus oxychloride were added to 2 g (8 mmole) of acid I, after
which the temperature of the reaction mixture was brought up to 110°C in the course of 50
min with stirring in a stream of nitrogen. The mixture was then cooled and poured into 200
ml of ice water, and the aqueous mixture was neutralized with a 25% solution of ammonia.
The resulting resinous mass was triturated to a powdery state, washed with water, and dried
(mass 3.7 g). Chloroform (75 ml) was added, and the undissolved crystals were removed by
filtration and washed with alcohol (~20 ml) to give 0.38 g of colorless crystals of acid
VIITd. 'H NMR spectrum (in d,-DMSO), &: 9.36 (1H, d, J = 2 Hz, Hy), 8.64 (1H, d, J = 2 Hz,
H,), 7.89 (1H, s, Hg'), 7.4-7.9 ppm (10H, m. CgHs). *3C NMR spectrum (in ds-DMSO), &: 165.57

*In all of the subsequent experiments dichloride II was not isolated, and the corresponding
reagent was added to the residue after removal of the benzene by distillation.
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(C0), 157.65 [C(,y], 128.66 [C(,], 133.98 [C(,)], 121.05 [C(s)l, 147.37 [C(qyl, 124.40,
157.42 (C atoms of the oxazole ring), 127.06, 128.0-128.76, 124.23 (C atoms of the phenyl
ring), 139.06, 128.98, 128.0-128.76 ppm (C atoms of the 2-phenyl ring).

The chloroform was removed from the chloroform mother liquor by distillation. The re-
sidue (1.68 g) was chromatographed with a column (h = 23 cm, d = 3.4 cm) packed with Al,0,.
Elution with n-heptane—ethyl acetate (1:3) gave 0.72 g of colorless crystals of dioxazolyl-
pyridine VII.

2-Phenyl-3-carbamoyl-5-(5-phenyl-~2-oxazolyl)pyridine (IX). The chloride obtained from
1 g (3 mmole) of acid VIII and 15 ml (220 mmole) of thionyl chloride was dissolved in 100
ml of dioxane, 20 ml of a 25% solution of ammonia was added to the solution, and the mixture
was shaken. After 20 min, the white crystals were removed by filtration, washed with water,
and dried to give 0.81 g of amide IX.

The authors thank A. A. Ustenko and E. N. Smirnova for their assistance in calculation
of the spectral data.
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