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Synthesis and X-ray diffraction studies 
of 3-cyano-2-trifluoromethyl-4H-pyrido [ 1,2- a] pyrimidine derivatives 
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Reactions of 2-chloro-l-cyano-2-trifluoromethylethylenes with 2-aminopyridines were 
studied. According to the data of NMR spectroscopy and X-ray diffraction analysis, the first 
stage of the reaction involves alkenylation of the exocyclic nitrogen atom of 2-aminopyridines 
followed by formation of pyridoll,2-alpyrimidines. 
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The intense progress in the chemist~'  and pharma- 
cology of pyrido[l,2-alpyrimidines revealed a broad 
spectrum of biological activities of this class of com- 
pounds. I Generally, the pyridopyrimidine ring is con- 
structed by condensation based on the amidine frag- 
ment of 2-aminopyridine or its derivatives with various 
acylating and alkylating agents. In this connect ion,  iT 
was of interest to study the behavior of  2-chloro-l-  
c_vano-2-trifluoromethylethylenes i and 2 in these reac- 
tions. The reactions of these compounds with amidines 
afforded pyr'imidine derivatives, z 

We demonstrated that the reactions of 2-chloro- I, I - 
dicyano-2-trifluoromethylethylene (I)  with 2-amino- 
pyridine and 2-aminopicolines in chloroform at room 
temperature afforded 3-cyano-4-imino-2-trifluoromethyl- 
4H-pyrido[I,2-alpyrimidines 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 condi t ions ,  the react ions of 
2-aminopyridine and 2-aminopicolines with 2-chloro- 
I -cya no-  I - met hoxycarbonyl- 2-t rifluoromet hylet hylene 
(2) afforded 3-cyano-2-tr if]uoromethyl-4H-pyridolt ,2-  
alpyrimidin-4-ones 8--12 in 23--53% yields. 

Apparently, the reactions proceeded through alkenyl- 
ation of the amino group of aminopyr id ine  with 
2-chloroethylene followed by intramolecular cycliza- 
tion. In the case of alkene 2, cyclization proceeded with 
the participation of the methox.vcarbonyl fragment rather 
than of the nitrile group, which was confirmed by acid 
hydrolysis of the imino groups of compounds  3--7 to 
|brm pyridopyrimidines 8--1Z (Scheme I). 

The structures of the resulting compounds  were con- 
firmed by the data of IH and tgF NMR and IR spec- 
troscopy and elemental analysis. 
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Tile structure of compound 6 was unambiguously 
established by X-ray diffraction study (the overall view 
of the molecule is shown in Fig. I). There are four 
symmetrically independent molecules per  asymmetric 
unit cell. The geometric parameters of the independent 
molecules have very close values (Table I). 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 .~, (the average value is 0.025 ,~). The 
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Tablel_lV of compoundl" Principal bond6 lengths (d) in independent molecules 0 Z 

Bond 'd/A 

I II 111 IV 

NII)--C(2) 1.33218) 1.33118) 1.32918~ 
NII)--C(10) 1.35518) 1.36118) 1.35318i 
N15)--C(10) 1.36917) 1.366(8) 1.370(81 
N15t--C16) 1.38018) 1.36917) 1.386(8) 
N15)--C(4) 1.44418) 1.45318) 1.44218) 
N(13)--C(12) 1.14918~ 1.15718) 1.153(8) 
N(14)--C14) 1.25318) 1.267(8) 1.268(8) 
C12~--C(3) 1 .373(9)  1.36618) 1.380(8) 
C12)--C(11) 1.493(10) 1.502(9) 1.49519) 
C13)--C(12) 1.428(11) 1.430110) 1.422110) 
C(3)--C(4) 1.45019) 1.449(9) 1.441(9) 
C16)--C17) 1.34819) 1.34819) 1.356191 
Ct7)--C18) 1.42619) 1.40719) 1.425(9) 
C17)--C(151 1.505f10) 1.509(10) 1.496110) 
C(S)--C(9) 1.34119) 1.344(10) 1.359110) 
C19)--C(10) 1.40619) 1.396i9) 1.40719) 

.31918) 

.359(8) 

.367(8} 

.378181 

.450(8) 

.154{8) 

.270(8) 

.374(8) 

.522(9) 
1.418(10) 

1.45819) 
1.344t9) 
1.40419) 

1.502110) 
1.350110) 

1.40519) 

folding angles along the N(5)--C(10) bond line are no 
more than 2.0~ ~ (the average value is 2.8~ The 
bond lengths and bond angles have standard values 3 (see 
Table I). The differences in the corresponding bond 
lengths and bond angles in the independent molecules 
are no greater than the experimental error  and are 
apparently attribt'~:~ble to the different environment  in 
the crystal. This is particularly true of  the C - - F  bonds, 
whose lengths are in the range of 1.24518)--1.36018) 'A, 
The N ( 1 ) - - C ( 2 )  and N ( I ) - - C ( 1 0 )  bond  lengths 
are equal ized.  Thei r  average values are 1.328(8) 
and 1.35718) f\, respectively, which is, apparent ly ,  
indicatNe of  the electron density delocalizat ion.  The 
C(3)- -C(12)- -N(13)  angle at the carbon a tom of  the 
nitnle group varies from 176.617) ~ to 177.717) ~ (the 
average value is 176.917)~ 

The distinguishing feature of  the crystal packing of  
compound 6 is the large number of  crystallographically 
independent molecu!," ,.ii -: 4). The arrangement  of 
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Fig. 1. Overall view of molecule 6. 
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Fig. 2. Arrangement of the independent molecules in the unit 
cell (a projection onto the XYO plane!. 

Table 2. Pseudosymmetry operations relating the crystallo- 
graphically independent molecules I--IV in compound 6 

Mole- Pseudoelement Position of the pseudoelement 

cules x/a y/b zJc 

I--II I a 0.379 0.583 0.116 
I--IV I" 0.62 0.449 0.126 
I1--III I " 0.628 0.716 0.117 
I l l --IV t a 0.868 0.582 0.128 
I--I l l  8.02 h 
II--IV 7.69 b 

" Inversion center, b t/A, is the translation. 

the independent molecules in the unit cell is shown in 
Fig. 2 (the projection onto the XYO plane). The calcula- 
tions and analysis of  the positions of  the molecules 
demonstrated that the c~stal lographically independent 
molecules in pairs are related to each other by a set of  
pseudosymmetry operations (Table 2) involving a sys- 
tem of  pseudocenters of  symmer.,", 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 XYO plane and 
intersects the OZ axis at the point 2.774 ~,. The mol- 
ecules are linked in stable local fragments (layers) through 
the weak N(14)--H(14). . .N(13) intermolecular hydro- 
gen bonds formed by pairs of molecules I and IV and 
molecules II and II1 with the following parameters: 
N(14). . .N(13C), 3.085(8) ,~,; N(14)--H(14) ,  0.84(5) A; 
H(14). . .N(13C),  2.31(5) .4.: N(14)- -H(14) . . .N(13C) ,  
156(3) ' ,  and N(14B) . . .N(13A) ,  3.067(8) A: 
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Fig. 3. Pseudohexagonal  unit cell i n  d~e crystal. 

N ( 1 4 B ) - - H ( 1 4 B ) ,  0 . 93 (5 )  ,~  H ( 1 4 B J . . . N ( 1 3 A ) ,  2 .19(5)  

:'~; N ( 1 4 B ) - - H ( 1 4 B ) . . . N ( 1 3 A ) ,  154{3) ~ A t w o - d i m e n -  

s iona l  p s e u d o h e x a g o n a l  u n i t  cel l  can  be d i s t i n g u i s h e d  in 

these  layers  (Fig .  3). In  t h e  real c rys ta l ,  t h e  crys ta l  
s t r u c t u r e  is c o n s t r u c t e d  as  a s u p e r p o s i t i o n  o f  t h e s e  

layers .  H o w e v e r ,  th i s  s u p e r p o s i t i o n  o c c u r s  w i t h  a sh i f t  

p r e v e n t i n g  the  f o r m a t i o n  o f  t h e  c r y s t a l l o g r a p h i c  h e x a g o -  

nal  s y m m e t r y .  

Experimental 

The IH and 19F N M R  spectra were recorded on Bruker 
AMX-400 and Bruker WP-200  SY spectrometers operating at 
400.13 and 188.31 MHz, respectively. 

The IH chemical  shiRs were measured relative to the 
residual signal o f  the deuterated solvent and were referenced to 
MeaSi. The I')F chemical  shifts were measured relative to 
CF~COOH (the external s tandard) .  The R r values o f  the result- 
ing compounds  are given for Silufo[ UV 254 plates (Kavalieri in 
the I : I and 3 : I CCla- -ace tone  systems. The c o m p o u n d s  were 
detected from UV absorption. The  IR spectra (v / e ra - )  I were 
measured on a UR-20 spectrometer .  Crystals o f  c o m p o u n d  6 
(CttHvF3N~) are monocl inic ,  at - 1 2 0  ~ a = 13.954(5), b = 
14.050(4), c = 22.332(7) ~'~., [3 = 102.70(3F, V = 4271(3) .~3, 
dc:tl c = 1.569 g c m  -3, Z" = 4, space group P21/c. The  unit cell 
parameters and intensities o f  53[)1 independent reflections were 

m e a s u r e d  on an a u t o m a t e d  four-c i rc le  S i emens  P3 /PC  
di f f rac tometer  (k -Mo-Kot  radiation, graphite monochromator ,  
0 /20  scanning  technique,  Oma x = 26~ The structure was solved 
by the  direct method,  which  revealed all nonhydrogen atoms, 
and  refined by the ful l -matr ix  least-squares method  with aniso- 
tropic thermal parameters  for nonhydrogen atoms.  All hydro- 
s e n  a toms  (except for the hydrogen atom at tile N(I)  atom} 
were located from di f ference  Fourier syntheses  and refined 
isotropically. The final values  o f  the R factors were as follows: 
R = 0.075 based on 3201 reflections with I > 2o(/)  and R,,. = 
0.215 based on 5251 reflections.  All calculations were carried 
out  us ing the SH ELXTL P L U S  program package (PC version). 
The  a tomic  coordinates  and  isotropic equivalent (isotropic for 
the H atoms) thermal  parameters  were deposited with the 
Cambr idge  Structural Database .  

Reactions of 2-ehioro-l-cyano-2-trifluoromethyletbylenes 
with 2-aminopyridines .  A. A solution of  2 -ch lo ro - l - cyano-2 -  
t r i f luoromethyle thy lene  (1 or 2 : 0 . 0 1  molt  in chloroform 
(10 mL)  was added dropwise  with stirring to a solution of the 
c o r r e s p o n d i n g  2 - a m i n o p y r i d i n e  (0.02 molt  in chloroform 
(50 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  P205 in vacuo, and recrystallized 
f rom ethanol.  

B. A solution o f  2 -ch loro-  I-cyano-2-trif luoromethylerhylene 
(I  or  2; 0.01 moll in ch lo ro fo rm (10 mL) was added dropwise 
with stirring to a solut ion o f  the corresponding 2-aminopyridine 
10.01 molt  and t r ie thylamine  (0.01 mot5 in chloroform (50 mL) 
at 0 - - 2 0  ~ The react ion mixture was stirred at 20 ~C for 2 h. 
The  solvent was removed in vacuo and the residue was washed 
with water, dried over P205 in vacuo, and recry, stallized from 
e thano l .  

Hydrolysis of iminopyridopyrimidines 3 - -7 ,  Water (5 mL) 
and  concentra ted hydrochlor ic  acid (1 mL) were added to a 
solt, t ion of  the co r r e spond ing  iminopyridopyrimidine 3- -7  
(1 retool) in ethanol (15 mL) .  The  reaction mixture was heated 
to boi l ing and relluxed )'or 3 - -5  h. The course of  the reaction 
was moni tored  by T I C .  The  solvent was removed b7 vacuo and 
the  residue was recrystallized from ethanol. The identity of  the 
resul t ing products 8 - - 1 2  was confirmed by IR and IH and 
)9F N M R spectroscopy. 

3-Cyano-4-imino=2-triflnoromethyl-4H-pyrido[ 1 ,2 -a l -  
pyrimidine (3). The yield was 84% (procedure AS. m.p. 244-- 
245 ' C ,  Rr 0.60 (I : I). F o u n d  (%): C, 50.30: H, 2.13: F, 23.90: 
N,  23.63. CIoHsF3N 4. Calcula ted  (%5: C, 50.42: H. 2.10: F, 

Table 3. IH and tgF N M R  spectra (81 o f  c o m p o u n d s  3 - -12  

Corn- )H NM R  1 9 F N M R  

pound 8H(6) BH(7) 8H(8) 8H(9) 8Me ~3NH J H H / H z  8CF 3 

3 9.50 d ~ 7.65 m 8.32 m 7,78 d --  8.22 br.s Jo.7 = 7.2:J,~.9 = 9.6 9.78 s" 
4 9.37 d" 7.51 dd - -  7.60 br.s 2.65 s 8.08 br.s ,]6.7 = 7 .2 : J7 .9  --- 2.0 9.75 s '~ 
5 - -  7,06 d '~ 8.00 t 7.14 d 2.50 s - -  JT.,~ = Js.9 = 9.0 8.40 ~c 
6 9.27 s a - -  7.90 d 7.63 d 2.51 s 7.95 br.s Js,q = 9.5 8.50 s e 
7 9.36 d a 7.27 t 7.88 d - -  2.59 s 8.00 br.s J6,7 = JT.s = 9.0 -8.41 s" 
8 9 . 3 2 d  a 7.891 8.53 dd 8 . 1 1 d  - -  - -  J ~ . 7 = J 7 , 8 = q - O : J s . 9 = 9 . 5  10.13 s" 
9 9.19 d" 7.74 dd -- 7.93 br.s 2.72 s - -  J6,7 = 7.3:,/7,9 = 2.0 10.00 s" 
10 - -  7.15 d a 7.93 t 7.70 d 3.15 s - -  J7.s = ds.9 = 9.3 8.48 s" 
11 9.04 s (j --  8.08 d 7.91 d 2.56 s - -  Js.9 = 9.7 9.00 s '  
12 9.18 d a 7.51 t 8.07 d - -  2.71 s - -  J6.7 = J7.8 = 9.0 8,S5 s c 

, Acetone_d0" h DMSO_d6" c Chloroform (stabilization relative to external  D20). d D i c h l o r o m e t h a n e _ d 2  
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23.95, N, 23.53. IR, v/cm-I:  3310 (NH): 2230 {CN): 1655, 
1635, 1575, 1500. 

3 - C y a n o - 4 - i m i n o - g - m e t h y l - 2 - t r i f l u o r o m e t h y l - 4 H -  
pyrido[l,2-alpyrimidine (4). The yield was 73% (procedure A), 
m.p. 187--188 oC, Rf 0.49 (3 : I). Fotmd (%): C. 52.32: H. 
2,80: F, 22.64: N. 22.23. CIIH7F3N. ,. Calculated (%): C, 
52.38: H. 2.78: F. 22.62: N. 22.22. IR. v/era-t: 3300 (NH); 
2230 (CN); 1650. 1580, 1500. 

3 - C y a n o - 4 - i m i n o - 6 -  m e t h y l - 2 - t r i f l u o r o m e t h y l - 4 H -  
pyrido[l,2-alpyrimidine (5). The yield was 56% (procedure B), 
m.p. [57--158 ~C. Rf 0.51 (3 : 1). Found (%): C, 52.30: H. 
2.84: F, 22.68: N. 22.19. ClrHTF3N. ,. Calculated (%): C, 
52.38: H, 2.78; F. 22.62: N, 22.22. 

3 - C y a n o - 4 - i m i n o - 7 - m e t h y l - 2 - t r i f l u o r o m e t h y l - 4  H- 
pyrido{l,2-a]pyrimidine (6). The yield was 56% (procedure B), 
m.p. 167--168 'C, Rf 0.49 13 : I). Found (%): C, 52.29: H, 
2.81; F, 22.66: N. 22.26. CIIHTF~Na. Calculated (%): C. 
52.38: H, 2.78; F, 22.62: N, 22,22. 

3 - C y a n o - 4 - i m i n o - 9 - m e t h y l - 2 -  t r i f l u o r o m e t h y l - 4 H -  
pyrido[I,2-a]pyrimidine (7). The yield was 51% (procedure B3. 
m.p. 187--188 ~ Rf 0.44 (3 : I). Found (%): C. 52.33; H. 
2.80: F. 22.60: N, 22.27. C)IH:F3N ~. Calculated (%): C, 
52.38; H, 2.78: F, 22.62; N, 22.22. 

3-Cyano-2-trifluoromethyl-4H-pyrido[ 1,2-a]pyrimidin-4- 
one (8). The yield was 53% (procedure A), m.p. 213--214 ~ 
Rf0.55 (I : I). Found (%): C, 50.32: H, 1.70; F. 22.84; N, 
17.60. CIoH4F3N30. Calculated (%): C, 50.21; H, 1.67; F, 
22.85: N, 17.57. 

3-Cyano-8-methyl-2-trifluoromethyl-4H-pyrido[ 1,2-a]py- 
rimidin-4-one (9). The yield was 65% (procedure A), m.p. 
150--152 :'C, R) 0.33 (3 : I). Found (%): C. 52.02; H, 2.40: F, 

22.54; N, 16.66. CIIH6F3N30. Calculated (..%): C. 52. t-7: H, 
2.37: F, 22.53: N, 16.60. IR, v / c m - t :  2215 {CN); 2205, 1710 
(C=O): 1660 (broad). 

3-Cyano-6-methyl-2-trifluoromethyl-dH-pyrido[ 1,2-a]py- 
rimidin-4-one (10). The yield was 38% (procedure B). m.p. 
173--174 ~ Rf 0.41 (3 : I). Found (%): C, 52.09: H, 2.38: F, 
22_57; N, 16.62. CIIH~F3N30. Calculated (%): C, 52.17: H, 
2.37: F, 22.53: N, 1~.60. 

3-Cyano= 7-methyl-2-t rifluorome thyl-4 H-pyrido [ ! ,2-a] py- 
rimidin-4-one (I1). The yield was 30% (procedure B). m.p. 
220--221 ~ Rf 0.49 (3 : I). Found (',%): C. 52.12: H, 2.38; F, 
22.52; N, 16_63. CIIH6F3N30. Calculated (%): C, 52.17; H, 
2.37; F, 22.53: N, 16.60. 

3-Cyano- 9-methyl-2- trifluoromet hyl-4 H-pyrido [ i ,2-a] py- 
rimidin-4-one (12). The yield was 23% (procedure B), m.p. 
177--178 ~ R).0.52 (3 : I). Found (%): C. 52.10; H. 2.36: F, 
22.57; N, 16.68. Cj]H6F_~N30. Calculated (%): C, 52.17; H. 
2.37; F, 22.53: N, 16.60 

The NMR spectra of compounds 3--12 are given in Table 3. 
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