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Abstract—Molecular and crystal structures of 2,4-dimethyl-6-oxo-1,6-dihydropyridine-3-carboxamide
(1), 2,4-dimethyl-6-ox0-1,6-dihydropyridine-3-carbonitrile (2), and 2-chloro-4,6-dimethylnicotinoni-
trile (3), which are the products of sequential transformations, are studied by means of single crystal dif-
fraction. The procedure for synthesizing each compound is described. All of the compounds are charac-
terized using IR and '"H NMR spectra. Possible reaction pathways are simulated using the density func-

tional theory (DFT).

Keywords: pyridone-2, X-ray diffraction, single crystals, '"H NMR, density functional theory (DFT)

DOI: 10.1134/S0036024417020182

INTRODUCTION

In this work, the transformation of 2-pyridone-
5-amide into nitrile was investigated via X-ray map-
ping; this required study of the initial materials and
the intermediate and final products of multistage
reactions by means of diffraction to track changes in
the interatomic distances and bond angles. If possi-
ble, the intermediates were also investigated. In
addition to our structural study, all products were
characterized using '"H NMR spectra. Our first
works in this area were published in the late 1990s
[1]. This work describes only a small part of the
multistage process of obtaining and converting
4,6-dimethyl-5-cyano-2-pyridone.

EXPERIMENTAL

Our study is briefly described by Scheme 1.

Asis well known, Vilsmeier reagent (DMF/POCI5)
can be used to dehydrate an amide group, converting
it into a nitrile group [2]. We transformed the amide
group of pyridone (1) into a nitrile group (2) using this
approach. The reaction mixture was refluxed for 5 h
yielding a dark brown preparation. The product was
isolated via extraction in a Soxhlet apparatus with
chloroform. A light yellow product was obtained with
ayield of 52%.

The next step was to obtain chloropyridine (3).
Pyridone (2) was added to a mixture of DMF with
POCI; and refluxed for 5 h. After purification via
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column chromatography, a white crystalline solid
(as needles) was obtained with a yield of 62%.

A similar method was used to obtain chloropyri-
dine (1) without transforming the side amide group
into a nitrile group. The reaction was conducted in
freshly distilled POCI; in the presence of triethyl-
benzylammonium chloride to increase the concen-
tration of CI~ ions. Chloropyridine (3), however,
was obtained instead of expected reaction
product (4). The yield was 70%, higher than in two-
step synthesis.

All of the synthesized compounds were charac-
terized by 'H NMR spectra, X-ray structure analy-

(0] CHj CHj;
POCly/ N\\
H,N | ~ DMF | ~
H;C E O H;C E O
1 2
POC]#% POCly/
DMF DMF
(0] CH; CH;
POCly/ N
H,N | > DMF | x
pZ Z
H;C N Cl H;C N Cl
4 3
Scheme 1.



THEORETICAL AND EXPERIMENTAL STUDY 247

Table 1. Physicochemical parameters of the test compounds

T,

Compound 'H NMR IR, cm™! ?g:lt’

1 7.68—7.45(2H, m,
NH,); 5.97 (1H,
Ph); 2.12 (3H,

3349 (amide NH) | 268
1652 (amide CN)
1675 (secondary

Me) 2.04 (3H, amide C=0)
Me) (DMSO-d;) 1623 (amide
C=0)
1374 (amide CN)
2 6.12 (1H, Ar); 2.34| 1660 (secondary 294
(3H, Me); 2.16 amide C=0)
(3H, Me) 2215 (CN)
(DMSO-dg)
3 7.14 (1H, Ar); 2.72 {2223 (CN) 62
(3H, Me); 2.50
(3H, Me)
(CDCly)

sis, and melting temperature. The data are pre-
sented in Table 1.

To explain the high reactivity of the side amide
groups, a possible reaction path was simulated by
means of density functional theory (DFT). DFT
calculations were performed using GAMESS soft-
ware [3] with B3LYP exchange-correlation func-
tional [4, 5] and 6-311G basis sets [6], supple-
mented by diffuse functions for atoms that change
their coordination numbers during a reaction or are

involved in hydrogen bonds. The effect of the sol-
vent was considered using the continuum model,
and dielectric constant of the medium was assumed
to be 78.4.

A 5-amide derivative of pyridone-2 was selected
as the reference. According to the calculation
results, the reaction between amide groups and
POCI; proceeds in two stages. In the first stage, in
which POCI; is attacked, chloride ions cleave to
form C1-O,PCl,R" ion pairs (see Scheme 2 (1—2a)
and (1—4)). Activation energies at this stage are vir-
tually identical for the side and cyclic amide groups.
In the second step, chloride ions are attacked by

carbon atoms bound to oxygen to form PO,CI,.
For the cyclic amide group, this stage proceeds as

the direct substitution of PO,CIL, groups by chloride
ions (4) and is characterized by an activation energy
of ~60 kJ/mol. The side amide group is transformed
in two stages to form a metastable intermediate
compound in which the attacked carbon atom is in
the sp? hybridized state (1—2b). The activation
energy of this step is only about 37 kJ/mol
(Scheme 2).

The main crystallographic characteristics and indi-
vidual refinement parameters of the studied structures
are presented in Table 2.

The structures were resolved and refined using the
SHELX programs [11]. A graphic representation of
the studied structures was obtained with the PLATON
software [12] (Figs. 1-3).

Fig. 1. Structure and numbering scheme for compound 1.
Thermal ellipsoids are presented with a probability of 30%.
The hydrogen atoms are represented by circles of arbitrary
radii.
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Fig. 2. Structure and numbering scheme for compound 2.
Thermal ellipsoids are presented with a probability of 30%.
Hydrogen atoms are represented by circles of arbitrary
radii.
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Energy, kJ/mol

Energy, kJ/mol
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Scheme 2.
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Table 2. Crystallographic parameters and data from refining the test structures
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Empirical formula CgH(N,0,, 1 CgHgN,0, 2 CgH,CIN,, 3
M 166.18 148.16 166.61
T,K 295(2) 295(2) 110(2)
Wavelength, A 1.54186 1.54186 0.71073
Crystal system Monoclinic Monoclinic Monoclinic
Space group P2,/c P2,/c C2/m
a, A 4.8627(2) 10.1524(17) 15.155(2)
b, A 11.7567(5) 5.4301(6) 6.6754(9)
c, A 15.2029(5) 15.103(3) 8.4383(12)
B, deg 103.562(3) 114.717(12) 109.361(2)
v, A3 844.90(6) 756.3(2) 805.39(19)
zZ 4 4 4
Pealcs &/cm’ 1.306 1.301 1.374
i, cm™! 0.795 0.727 0.404
F(000) 352 312 344

Crystal size, mm

Range for data collection 6,
deg

hkl index range

Reflections collected

Independent reflections
[Rinc

Absorbance
Data/restraints/parameters
GOOF (F?)

R /WRy, I >2c5(])

R|/WR,, all data

AP ax/ DPrmins €/A?

Diffractometer model

0.10 x 0.10 x 0.10
4.807—-70.720

—5<h<3,-14<k<13,
—15</<18

3358
1592 [0.0281]

Empirical (DIFABS) [7]
1592/0/120
0.961
0.0426/0.0752
0.0459/0.0776
0.163/—0.147

STADI VARY Pilatus-100K [9]

0.10 x 0.10 x 0.10
4.795 to 71.409

—12<h<12,—6<k<6,
—18</<18

2857
1423 [0.0613]

Empirical (DIFABS)
1423/0/107
0.705

0.0548,/0.0651
0.1115/0.0788
0.180/—0.158

STADI VARY Pilatus-100K

0.44 x 0.12 x 0.06
2.558 t0 32.058

—22<h<22,-9<k<9,
—12</<12

8400
1437 [0.0238]

Empirical (SADABS) [8]
1437/12/67
1.086

0.0333/0.0939
0.0369/0.0966
0.535/—-0.364

Bruker APEX-II CCD [10]

The geometrical parameters of the molecules
(individual bond lengths and valence angles) are sum-

marized in Tables 3—5.

Our structural data were deposited at the Cam-
bridge structural database [13] and the following
CCDC numbers were assigned: CCDC 1481961 (1),
CCDC 1481962 (2), and CCDC 1481963 (3).

RUSSIAN JOURNAL OF PHYSICAL CHEMISTRYA  Vol. 91

RESULTS AND DISCUSSION

Before studying this chain of multistage reaction
transformations, it was believed that in the first stage,
POCI; molecules bonded with the oxygen atoms of the
amide groups to form adducts (1-2d) and (1—4a)

(Scheme 3).
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Fig. 3. Structure and numbering scheme for compound 3.
Thermal ellipsoids are presented with a probability of 30%.
Hydrogen atoms are represented by circles of arbitrary

radii.
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_Cl _ NH, CHj O CH;
O\l/
c” "o \ H,N \
+ =
H;C~ °N H;C o)
H HCI ]
1-2d 1-4a Cc1” 'O
L L cl
Scheme 3.

DFT simulations, however, showed that this bond-
ing is accompanied by P—C bond cleavage with forma-
tion of chloride ions. Being intermediates, ion pairs
(1—2a) and (1—4) (Scheme 2) correspond to the min-
imum on the potential energy surface.

The next step of the reaction proceeds in one stage
with high activation energy for the cyclic amide groups
and two stages with much lower activation energy for
the side groups (intermediate 1—2b). This two-stage
transformation is possible only because of the high
conformational flexibility of the amide groups, but not

Table 3. Selected bond lengths d (A) and valence angles ® (deg) in compound 1

Bond d Bond d
N1-C6 1.3603(11) N1-C2 1.3655(10)
NI-C2 1.3655(10) N1-HI 0.858(12)
C2-02 1.2531(10) C2-C3 1.4209(11)
C3—-C4 1.3663(12) C4—-C5 1.4239(11)
C4—C41 1.5052(12) C5-Co6 1.3617(12)
C5—-C51 1.5075(11) C6—Co61 1.4947(11)
C51-051 1.2229(10) C51-N52 1.3188(11)
N52—H52A 0.849(14) N52—H52B 0.892(13)

Angle () Angle 0]
C6—N1-C2 125.25(7) C6—NI1-H1 117.2(7)
C2—NI1-HI 117.5(7) 02—-C2-N1 119.15(7)
02-C2-C3 125.67(7) N1-C2-C3 115.18(7)
C4-C3-C2 121.80(7) C3-C4-C5 119.15(7)
C3—-C4—-C41 120.67(7) C5—-C4—-C41 120.19(8)
C6—C5-C4 119.53(7) C6—C5—C51 119.54(7)
C4—-C5-C5s1 120.92(7) N1-C6-C5 118.97(7)
NI1-C6—-C6l 114.57(7) C5—-C6—-C61 126.38(7)
051—-C51-N52 122.41(8) 051-C51-C5 122.27(8)
N52—-C51-C5 115.31(7) C51-N52—H52A 119.8(8)
C51-N52—H52B 121.5(8) H52A—N52—-H52B 118.4(11)
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(deg) in compound 3
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Table 5. Selected bond lengths d (A) and valence angles ®

Bond d Bond d Bond d Bond d
N1-C6 1.351(3) NI1-C2 1.393(2) N1-C2 1.3242(19) ||N1-C6 1.3399(17)
NI-H1 0.83(2) C2-02 1.240(3) C2—-C3 1.387(2) ||C2—CI2 1.7388(15)
€2-C3 1.409¢4) | €3—C4 1.370(3) C3-C4 1391(2)  ||C4-CS5 1.406(2)
C4-C5 1424(3) || C4-C4l 1.494(4) C4—C4l 1.5023(15) ||C5—C6 1.4074(19)
C5-C6 1L377G3) || €5=C3l 1412(4) C5—C51 1.4408(19) ||C6—Cé61 1.4985(14)
C51-N51 1.148(3) || c6—Ce6l 1.501(2) CS1_NS] 1152(2)

Angle (0] Angle 0]

Angle [0 Angle (0]

C6—N1-C2 | 123.7(2) || C6—N1—-H1 | 116.9(14)

C2-N1-C6 |117.35(12) |[N1—C2—C3 |[126.10(13)
C2—-NI1-H1 | 119.5(14) | 02—C2—N1 | 118.3(2)

NI-C2—CI2 [115.09(11) ||C3—C2—CI2 |118.81(11)
02-C2—-C3 | 125.98(18) || N1-C2—C3 | 115.7(2)
ca—ci—c2 | 122.8909) || C3_ca—cs | 18.002) C2-C3-C4  |117.69(13) ||[C3—C4—C5 | 117.08(13)
C3_ca_cdl | 121.70(19) || C5—ca—car | 120.32) C3—-C4—-C41 |121.17(12) ||C5—-C4—C41 |121.75(12)
C6-C5-C51 | 118.34(18) || C6-C5-Ca | 120.002) C4-C5-C6  |120.68(13) ||[C4—C5—C51 |121.01(13)
C51-C5-C4 | 121.6(2) N51-C51-C5 | 178.6(3) C6—C5-Csl1 118.31(13) ||[N1-C6—C5 |[121.10(13)
NI1-C6—C5 | 119.66(18) || N1—-C6—C61 | 116.2(2) N1-C6—C6l |117.09(11) ||C5—-C6—Cé61 |121.81(11)
C5-C6—C61 | 124.1(2) N51—C51—-C5 | 178.44(16)

for the cyclic amides. This explains the high reactivity
of the side amide groups, relative to the cyclic ones. As
a result, product (4) does not form in the correspond-
ing synthesis.

Structural studies of compounds (1) and (2) con-
firmed that pseudo-diene moiety [—C3=C4—
C5=C6—] is present in the heterocycle (see Tables 3
and 4).

CONCLUSIONS

Three new pyridine derivatives were synthesized
and characterized by IR and 'H NMR spectra, and
their melting points were determined. Their molecular
structures were established via single crystal X-ray dif-
fractometry. In addition, a possible reaction path was
simulated by means of DFT, and the energies of for-
mation of possible intermediates were calculated. This
allowed us to describe rationally the chain of transfor-
mations of compounds 1 to 3.
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