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Synthesis and X-ray diffraction studies
of 3-cyano-2-trifluoromethyl-4 H-pyrido[1,2-a]pyrimidine derivatives
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and N. D. Chkanikov .
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Reactions of 2-chloro-1-cyano-2-trifluoromethylethylenes with 2-aminopyridines were
studied. According to the data of NMR spectroscopy and X-ray diffraction anatvsis. the first
stage of the reaction involves alkenylation of the exocyclic nitrogen atom of 2-aminopyridines
followed by formation of pyrido[!.2-alpyrimidines.
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The intense progress in the chemistry and pharma-
cology of pyrido{1.2-alpyrimidines revedled a broad
spectrum of biological activities of this class of com-
pounds.! Generally, the pyridopyrimidine ring is con-
structed by condensation based on the amidine frag-
ment of 2-aminopyridine or its derivatives with various
acviating and alkylating agents. In this connection, it
was of interest to study the behavior of 2-chloro-1-
cvano-2-trifluoromethylethylenes 1 and 2 in these reac-
tions. The reactions of these compounds with amidines
afforded pyrimidine derivatives.?

We demonstrated that the reactions of 2-chloro-1,1-
dicyano-2-trifluoromethyvlethylene (1) with 2-amino-
pyridine and 2-aminopicolines in chloroform at room
temperature afforded 3-cvano-4-imino-2-trifluoromethyt-
4 H-pyrido[1,2-a|pyrimidines 3—7 in 51—84% yields.
An excess of 2-aminopyridine (procedure A) or triethyl-
amine (procedure B) can be used to trap hydrogen
chloride that formed in the course of the reaction (see
the Experimental section).

Under analogous conditions, the reactions of
2-aminopyridine and 2-aminopicolines with 2-chloro-
[-cvano-1-methoxycarbonyl-2-trifluoromethyiethviene
(2) afforded 3-cvano-2-trifluoromethyl-4 H-pyridof1,2-
a|pyrimidin-4-ones 8—12 in 23—53% yields.

Apparently, the reactions proceeded through alkenyi-
ation of the amino group of aminopyridine with
2-chlorocthvlene followed by intramolecular cycliza-
tion. In the case of alkene 2, cyclization proceeded with
the participation of the methoxycarbonyl fragment rather
than of the nitrile group, which was confirmed by acid
hydrotysis of the imino groups of compounds 3—7 to
form pyridopyrimidines 8—12 (Scheme 1).

The structures of the resulting compounds were con-
firmed by the data of 'H and !°F NMR and IR spec-
troscopy and elemental analysis.
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R'=R2=R3=R%*=H (3. 8)

R'=R2=R¢=H, R =Me (4. 9)
R! = Me, R2 = R? = R* = H (5, 10)
R'=R3=R4=H, R2 =Me (6. 11)
R! = R2 = R3=H, RY = Me (7. 12)

The structure of compound 6 was unambiguously
established by X-ray diffraction study (the overall view
of the molecule is shown in Fig. 1). There are four
symmetrically independent molecules ‘per asymmetric
unit cell. The geometric parameters of the independent
molecules have very close values (Table 1). All mol-
ecules are planar: the deviations of the atoms from the
mean planes of the molecules are in the range of
0.019--0.032 A (the average value is 0.025 ). The
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Table 1. Principai bond lengths (&) in independent molecules
[—IV of compound 6

Bond d/A
{ Il 1 v

Ni—C(2) 1.332(8)  L.331(8)  1.329(8) 1.319¢8)
N(H)—C(1h 1.353(8)  1.361(8)  1.333(8) 1.359(8)
N(H~-C(1h 1.369(7)  1.366(8) 1.370(38) 1.367(X)
N(3)—C(6) 1.380(8)  1.369(7)  1.386(8) 1.378(8)
N(3H—C(4) 1444(8)  1.453(8) 1.44%8) i.450(8)
NO—C(12) L1498 L3778  1.153(8) 1.154¢8)
N(14)—~C(4) 1.253(8)  1.267(8) 1.268(8) 1.270(8)
C(NH—Ci3) 1.373(9)  1.366(8) 1.380(8) L1.374%)
C()—C(11)y 1.493(10)  1.302(9) 1.495(9) 1.522(9)
C(H-—Ci12) L428(11) 143010y 422010y 1.418(10)
C(3)—C(4) 1.450(9)  1.449(9) 1.441(9) 1.438(9)
C(H—C(M) 1.348(9) 348(9)  1.356(9) 1.344(9)
C(M—C(8) 1.426(9;  1.407(9) 1.425(9) 1.404(9)
C(N—=C{13)  1.5303¢10) 1.309(10) 1.496(10) 1.302(10)
CH—C(9) 3419 1.344(10)  1.359(10)  1.350¢10)
CH-—-C(1) 1.406(9)  1.396(9) 1.407(9) 1.405(9)

folding angles along the N(5)—C(10) bond line are no
more than 2.0°—3.6° (the average value is 2.8°). The
bond lengths and bond angles have standard values3 (see
Table 1). The differences in the corresponding bond
lengths and bond angles in the independent molecules
are no greater than the experimental error and are
apparently attriburehie to the different environment in
the crystal. This is particularly true of the C—F bonds,
whese lengths are in the range of 1.245(8)—1.360(3) A.
The N(1)—C(2) and N(1)~C(10) bond lengths
are equalized. Their average values are 1.328(8)
and 1.357(8) A. respectively. which is, apparently,
indicative of the electron density delocalization. The
C(3)—C(12)—N(13) angle at the carbon atom of the
nitrile group varies from 176.6(7)° to 177.7(7)* (the
average value is 176.9(7)°).

The distinguishing feature of the crystal packing of
compound 6 is the large number of crystallographically
independent moleculs~ ... ~ 34). The arrangement of

can
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Fig. 1. Overall view of molecule 6.

Fig. 2. Arrangement of the independent molecules in the unit
cell (a projection onto the XY0O plane).

Table 2. Pseudosymmetry operations relating the crystallo-
graphically independent maolecules {—1V in compound 6

Mole- Pseudoelement Position of the pseudoelement
cules xX/a v/b z/c
[—11 [ a 0.379 0.583 0.116
-1V 19 0.62 0.449 0.126
H—T1I 14 0.628 0.716 0.117
HI—-1V 14 0.863 0.582 0.128
111 8.02°%

H—-1v 7.69°%

“ |nversion center. ? 1/A is the translation.

the independent molecules in the unit cell is shown in
Fig. 2 (the projection onto the XY0 plane). The calcula-
tions and analysis of the positions of the molecules
demonstrated that the crystallographically independent
molecules in pairs are related to each other by a set of
pseudosymmetry operations (Table 2) involving a sys-
tem of pseudocenters of symmetr and two translations
t, which form an angle of 120.6-_ All pseudocenters lie
in the plane described by the equation —0.536x + 0.737y +
+ 21.928z = 2.774, which is accurate to 0.005 A. This
plane forms an angle of 3.8° with the XY0 plane and
intersects the (0Z axis at the point 2.774 A. The mol-
ecules are linked in stable local fragments (layers) through
the weak N(14)—H(14)...N(13) intermolecular hvdro-
gen bonds formed by pairs of molecules 1 and 1V and
molecules 11 and [1I with the following parameters:
N(14)...N(13C), 3.085(8) A: N(14)—H(14), 0.84(5) A:
H(I14)...N(13C). 2.31(5) A: N(14)—H(14)...N(13Q),
156(3)>: and N(14B)..N(13A), 3.067(8) A:



3-Cyano-2-triflucromethyvi-4 H-pyrido{1.2-a]pyrimidine

Russ. Chem. Bull., Int. Ed., Vol. 49, No. 7, July, 2000

1259

Fig. 3. Pseudohexagonal unit cell in the crystal.

N(14B)—H(14B), 0.93(5) A: H(14B)...N(13A), 2.19(5)
Ay N(I4B)—H(14B)...N(13A), 134(3)*. A two-dimen-
sional pseudohexagonal unit cell can be distinguished in
these layers (Fig. 3). In the real crystal, the crysual
structure is constructed as a superposition of these
lavers. However, this superposition occurs with a shift
preventing the formation of the crystallographic hexago-
nal symmetry.

Experimental

The 'H and '9F NMR spectra were recorded on Bruker
AMX-400 and Bruker WP-200 SY spectrometers operating at
400.13 and 188.31 MHz. respectively.

The 'H chemical shifts were measured relative to the
residual signal of the deuterated solvent and were referenced (o
MegSi. The ™F chemical shifts were measured relative to
CF;COOH (the external standard). The Ry values of the result-
ing compounds are given for Silufol UV 254 plates (Kavalier) in
the 1:1and 3: | CCly~—acetone systems. The compounds were
detected from UV absorption. The IR spectra (v/em™)! were
measured on a UR-20 spectrometer, Crystals of compound 6
(CyH:F3Ny) are monoclinic, at —120°C, o = 13.954(3), b =
14.050¢4). ¢ = 22.3327) A, B = 102.70(3)2, ¥ = 4271(3) A3,
deye = 1,369 g cm™, 77 = 4, spuce group P2,/c. The unit cell
parameters and infensities of 5301 independent reflections were

Table 3. 'H and 'F NMR spectra (8) of compounds 3—12

measured on an automated four-circlie Siemens P3/PC
diffractometer (A-Mo-Ka radiation, graphite monochromator,
8/20 scanning technique, 8, = 26°). The structure was solved
by the direct method, which revealed all nonhydrogen atoms,
and refined by the fuil-matrix least-squares method with aniso-
tropic thermal parameters for nonhydrogen atoms. All hvdro-
gen atoms (except for the hvdrogen atom at the N(l) atom)
were located from difference Fourier syntheses and refined
isotropically. The final values of the R factors were as follows:
R = 0.075 based on 3201 reflections with /> 2a(/) and R, =
0.215 based on 3251 reflections. All calculations were carried
out using the SHELXTL PLUS program package {PC version).
The atomic coordinates and isotropic equivalent (isotropic for
the H atoms) thermal parameters were deposited with the
Cambridge Structural Database.

Reactions of 2-chioro-l-cyano-2-trifiuoromethylethylenes
with 2-aminopyridines. 4. A solution of 2-chloro-!-cyano-2-
triftuoromethylethylene (1 or 2: 0.01 mol) in chloroform
(10 mL) was added dropwise with stirring to a sofution ol the
corresponding 2-aminopyridine (0.02 mol) in chloroform
(30 mL) at 0—20 “C. The reaction mixture was stirred at 20 *C
for 2 h. The solvent was removed in vacuo and the residue was
washed with water, dried over P;Og in vacuo. and recrystallized
from ethanol.

B. A solution of 2-chloro- I -cyano-2-trifluoromethylethylene
{1 or 2: 0.01 mol) in chloroform (10 mL) was added dropwise
with stirring to a solution of the corresponding 2-aminopyridine
(0.0t mol) and triethylamine (0.01 mol) in chloroform (30 mL)
at 0—20 °C. The reaction mixture was stirred at 20 °C for 2 h.
The solvent was removed in vacuo and the residue was washed
with water. dried over P.Os in vacuo, and recrystallized from
ethanol. ’

Hydrolysis of iminopyridopyrimidines 3—7. Water (5 mL)
and concentrated hydrochloric acid (1 mL) were added to a
solution of the corresponding iminopyridopyrimidine 3—7
(1 mmol) in ethanof (15 mL). The reaction mixture was heated
to boiling and refluxed for 3-—3 h. The course of the reaction
was monitored by TLC. The solvent was removed in vacuo and
the residue was recrystallized from ethanol. The identity of the
resulting products 8—12 was confirmed by IR and 'H and
'9F NMR spectroscopy.

3-Cyano-4-imino-2-trifluoromethyl-4 H-pyrido{1.2-a}-
pyrimidine (3). The yield was 84% (procedure 4}, m.p. 244
245 °C, R 0.60 (1 : 1). Found (%): C, 50.30: H. 2.13: F, 23.90.
N. 23.63. C\yHsF;Ny. Calculated (%) C. 50.42: H. 2.10: F,

Com- 'H NMR 9F NMR
pound  SH(6) SH(7) 3H(8) 3H(9) dMe SNH Jyn/Hz 3CF,

3 950d¢  765m  832m  7.78d - §22brs  J,,=72:Jeg =96 9.78 s
4 9.37d4 751dd - 7.60 brs  2.65 8.08brs  Jo7= T.20 479 =20 9.75 s¢
5 - 7.06 ¢ 8.001 7.14 d 2.50 — Jry= Jsg =90 8.40 s
6 9275 — 7.90 d 7.63d 2.51 7.95brs  Jgo =935 8.50 5°
7 9.36 49 7.271 788 d - 2.59 B.00 brs  Jo7=Jig =90 8415
8 93247  7.891 $33dd 811 d - — Jor = Jrg =900 Sy =95 10135
9 9.19d¢  7.74dd ~ 793 brs 2725 — Jo7 = 730 J39 = 2.0 10.00 s¢
19 - 7145d9 7831t 7.70 d 3455 — Jrg = J39 =93 8.48 s¢
11 9.04s¢ 8.08 d 7.91d 236s —~ Jgo =97 9.00 s*
2 9.18 ¢4 731t 8.07 d — 271s — Js3=J:3 =90 8.85 s

« Acetone-dg. » DMSO-d¢. ¢ Chloroform (stabilization relative to external D;0). ¢ Dichloromethane-d,.
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23.95: N, 23.53. IR, v/em™!: 3310 (NH): 2230 (CN): 1653,
1635, 1575, 1300.
3-Cyano-4-imino-8-methyl-2-trifluoromethyl-4 f-
pyrido[ 1.2-a]pyrimidine (4). The vield was 73% (procedure A).
m.p. 187188 °C. Ry 0.49 (3 : ). Found (%): C. 52.32: H.
2.80: F, 22.64; N, 22.23. C, H,F;N,. Caleulated (%) C,
52.38: H. 2.78: F. 22.62: N. 22.22. IR, v/em™!: 3300 (NH),
2230 (CN); 1630, 1580, 1300.
3-Cyano-4-imino-6-methyl-2-trifluoromethyi-4 H-
pyridof1.2-a]pyrimidine (5). The vield was 56% (procedure B).
m.p. 137—158 *C. R 0.51 (3 : ). Found (%): C, 52.30; H.
2.84; F. 22.68: N. 22.19. C,;H,F;N,. Calculated (%): C,
52.38: H, 2.78; F, 22.62: N, 22.22.
3-Cyano-4-imino-7-methyl-2-trifluoromethyl-4 H-
pyrido{1,2-a]pyrimidine (6). The yield was 56% (procedure B8),
m.p. 167168 >C. R; 0.49 (3 : 1). Found (%): C, 52.29; H,
281 F, 22.66: N. 22.26. C, H,F;N,. Calculated (%) C.
52.38: H, 2.78; F, 22,62 N, 22.22.
3-Cyano-4-imino-9-methyl-2-trifluoromethyl-4 H-
pyrido[1,2-alpyrimidine (7). The vield was 31% (procedure 8).
m.p. 187188 °C, Ry 0.44 (3 : 1). Found (%): C. 52.33; H,
2.80: F. 22.60: N, 22.27. C, H;F;N,. Cofculated (%): C,
52.38; H, 2.78: F. 22.62; N, 22.22.
3-Cyano-2-triflaoromethyl-4 H-pyrido[1,2-a]pyrimidin-4-
one (8). The vield was 33% (procedure A). m.p. 213~214 °C,
Rr 0.33 (1 - 1. Found (%) C. 50.32: H, 1.70; F. 22.84; N,
17.60. CgH FiN5O. Caleulated (%3 C. 50.2%; H, 1.67: F,
22.83: N, 17.57.
3-Cyano-8-methyl-2-trifluoromethyl-4 H-pyridof 1,2-a]py-
rimidin-4-ome (9). The vield was 63% (procedure 4). m.p.
150—132 °C, R;0.33 (3 : 1). Found (%): C. 32.02; H. 2.40: F,

2.54; N. 16.66. C, H¢F;N;O. Calculated (%) C. 52.47: H,
37: F. 22.53; N, 16.60. IR, v/em™!: 2215 (CN); 2205, 1710
(C=0): 1660 (broad).
3-Cyano-6-methyl-2-trifluoromethyl-4 H-pyrido[ 1,2-a]py-
rimidin-4-one (10). The vield was 38% (procedure B8). m.p.
173—174 °C, R 0.41 (3: 1). Found (%): C, 52.09: H, 2.38; F.
22.57: N, 16.62. C|H F3N;O. Caleulated (%): C. 52.17: H,
2.37: F, 22.53: N. 16.60.
3-Cyano-7-methyi-2-trifluoromethyl-4 H-pyridof 1,2-a]py-
rimidin-4-one (11). The vield was 30% (procedure B}. m.p.
220—221 2C, R 0.49 (3: 1. Found (%): C. 52.12; H. 2.38; F,
22.52; N, 16.63. C; HsFiN;0. Calculated (%): C, 52.17; H,
2.37; F. 22.53; N, 16.60.
3-Cyano-9-methyl-2-trifluoromethyl-4 H-pyrido{1,2-alpy-
rimidin-4-one (12). The yield was 23% (procedure B). m.p.
177—178 °C, Ry 0.52 (3 : 1). Found (%): C. 32.10; H. 2.36: F.
22.57: N, 16.68. C; H FiN;O0. Calculated (%): C. 32.17; H.
2.37; F. 22.33: N, 16.60
The NMR spectra of compounds 3—12 are given in Table 3.
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