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A new method is desc r ibed  for  the introduction of a cyano group into pyridine and pyr imidine  
r ings  and for  the introduction of ni t ro  and thiocyano groups into the pyridine r ing by UV i r -  
radia t ion of ha lo-subs t i tu ted  pyr id ines  and pyr imidines  in the p r e sence  of the appropr i a t e  
nucleophi les .  

In a synthet ic  r e s pec t ,  2(5)-amino de r iva t ives  of pyridine and pyr imid ine  containing cyano or thio-  
cyano groups  in the 5(2) posi t ion a r e  compounds that  a r e  re la t ive ly  difficult  to obta in .  We have prev ious ly  
desc r ibed  [1, 2] the photosubs t i tu t ionof  ha logenin  the benzene r ing by n i t r i te  and cyanide ions. in o rder  to 
accumula te  e x p e r i m e n t a l  data and study the synthet ic  poss ib i l i t ies  of photosubst i tut ion in a number  of he te ro -  
cyclic  compounds we invest igated photosubst i tut ion in the case  of 2(5) -ha lo-5(2) -aminopyr id ines  and p y r i m -  
idines. 

Lit t le data on the labil i ty of halogen in the fl posi t ion in a r o m a t i c  compounds containing he te roa toms  
a r e  avai lable .  The fo rmat ion  of 3-hydroxypyr id ine  by i r rad ia t ion  of 3 -b romopyr id ine  in the p r e s e n c e  of 
a lkal i  is mentioned in [3]. Ul t rav io le t  i r r ad ia t ion  of b romopyr id ines  in methanol  in the p r e s e n c e  of al iphatic  
amines  leads p r i m a r i l y  to d ehalogenation [4]. 

We have es tabl ished that  the halogen of 2 - amino -5 -ch lo ropy r id ine  (I) is rep laced  by ni t ro ,  cyano, and 
thiocyano groups during UV i r rad ia t ion  in the p r e s e n c e  of nucleophiles .  
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2-A mino-5- th iocyanopyr id ine  (IIc) was isolated f r o m  the photoreact ion of 2 - a m i n o - 5 - e h l o r o p y r t d i n e  
with sodium thiocyanate .  Inasmuch as the thiocyanate  anion has arnbident p rope r t i e s ,  both IIc and 2 - amin o -  
5- i so th iocyanopyr id ine  (III) can be fo rmed in the reac t ion .  The thiocyanation of 2 -aminopyr id ine  with cop-  
per  th iocyanate  was descr ibed  in [5], and thiocyanopyridine s t ruc tu re  IIc was ass igned  to the product.  How- 
ever ,  the p rope r t i e s  of IIc di f fer  f r o m  the c h a r a c t e r i s t i c s  of the product  synthesized by t h e r m a l  th iocyana-  
tion of 2 -aminopyr id ine :  a mel t ing-poin t  depress ion  was observed for  a mixture  of the two subs tances ,  and 
the band of the s t re tch ing  v ibra t ions  of the SCN group in the IR spec t rum of IIc a t  2195 cm -1 is shifted r e l a -  
t ive to the band of the compound obtained by the method in [5] ( v  2090 cm- l ) .  We note that the absorp t ion  
of the SCN group in the IR s pec t rum  of p- i so th iocyanoani l ine  [6] is located at 2105 cm -1, as compared  with 
2166 cm -1 for  p- th iocyanoani l ine  [6]. Thiocyanopyridine IIc is apparen t ly  fo rmed :in the photoreact ion,  
whereas  aminoisoth iocyanopyr id ine  fII was synthes ized in  [5]. 
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T A B L E  1. P h o t o s u b s t i t u t i o n  of C h l o r i n e  in C h l o r o a m i n o p y r i d i n e s  
and P y r i m i d i n e s  by  V a r i o u s  N u c l e o p h i l i e s  (20-25~ 

Starting compound 
(concn:, M) 

t ( 0 , ~ , 0 1 1  ) 

1V (0.0065--0,01d) 

VIII (0,007) 
X 

XI 

Nucleophile 
(concn., M) 

Solvent Conver- IReaction 
(water-- Irradia- sionof |products. 

Istarting I~,ields, % tert-butyl tion I c o m - .  I~withrespect alcohol) time. h 
vol, % I pouna, ~/O,to substrateL 

5"  

4 

l 

{ NaNO2 (0,1'86) 
KCN (0,,1,30) 
NaSCN (0,176) 

{ NaNO2 (0;193) 

KCN (0,13) 
KCN (0,13) 
KCN (0,126) 
KCN (0,I26) 

* Wi th  a DRL-400  l a m p .  

92 
93 

100 
98 

I00 
88 

100 
100 

,26 
29 
29 
17 

29 
14 
30 
15 

Ita 29 
lib, 76 
Ilc, 80 
V, 3,7 

Vl, 3,2 
VII, 50 
IX, 7 

XII, 87 
XIII, 68 

TABLE 2. P h y s i c o c h e m i e a l  P r o p e r t i e s  of the P h o t o s u b s t i t u t i o n  

Found,% Calc., % IRspectrum 

C6HsN3 

C6HsNsS b 

C6HsNa 

CTH4N4 

CgHI2N4 

CTHsN4 

- -  , - - ,  35,3160,514,21 ~5,31 2206 a 

47,4 3,6 27,9 47,713,3 27,82195 (SCN) e 

t 
60,1 4,4 3'4,9 60,5]4,2135,3 2212 a 

I I 
581135 391 5G3 28 389 2F2~0~ 

Products 

mp, ~ (crys- 
Corn- stallization 
pound solvent) 

IIb : 161--162 
(benzene) 

lIc .99--!10,1 
(benzene- 
hexane. 9 : 1) 

VII " ]4'4---146 
(benzene) 

IX 269--~Z/1 
(ethanol) 

XI I ,122--- 1~24 
(hexane) 

XIII d 133-~134 
(hexane) 

UV spectrum 
in ethanol, 
Xmax, nm 
(log r 

267 (4,36) 

~57 (4,18) 
304 (3,62) 

~279 (4,.3~) 

255 (,3,87) 
325 (3,64) 
2~9 (4,51) 

,273 (4,49) 

a In  a th in  l a y e r .  
b F o u n d :  S 21.3%. C a l c u l a t e d :  S 21.2%. 
CIn K B r  p e l l e t s .  
dpMl=t s p e c t r u m :  3.16 (6H), s i n g l e t ,  d i m e t h y l a m i n o  g roup ;  8.4 (2H), 
s i n g l e t ,  a r o m a t i c  p ro ton .  

The  U V - i n d u c e d  s u b s t i t u t i o n  of c h l o r i n e  by n i t r o  and c y a n o  g roups  o c c u r s  in the  r e a c t i o n  of 2 - c h l o r o -  
5 - a m i n o p y r i d i n e  (IV) wi th  n i t r i t e  and c y a n i d e  ions .  The  f o r m a t i o n  of 2 - f l u o r o - 5 - n i t r o p y r i d i n e  (V) was  a l s o  
e s t a b l i s h e d  in the  p r e s e n c e  of s o d i u m  n i t r i t e .  

The  r e p l a c e m e n t  of an  a m i n o  g r o u p  by  a n i t r o  g roup  in the  b e n z e n e  s e r i e s  has  been  d e s c r i b e d  [7]. 
The  r e a c t i o n  a p p a r e n t l y  p r o c e e d s  t h r o u g h  a s t e p  invo lv ing  a d i a z o  compound* ,  the  f o r m a t i o n  of which  m a y  
be due to d i a z o t i z a t i o n  of the  exc i t ed  s t a t e  of the  a r y l a m i n e  by the n i t r i t e  ion [7] o r  of the  a r y l a m i n e  in the 
g round  s t a t e  by the  NO 2 r a d i c a l .  The  l a t t e r  i s  f o r m e d  d u r i n g  the p h o t o e x c i t a t i o n  of the  n i t r i t e  ion [8]. 

In the  c a s e  of 3 , 5 - d i c h l o r o - 4 - a m i n o p y r i d i n e  (VIII) i t  was  found tha t  d i c h l o r o a m i n o p y r i d i n e s ,  l ike  d i -  
c h l o r o a n i l i n e s  [2], exchange  both c h l o r i n e  a t o m s  f o r  a cyano  g r o u p :  3 , 5 - d i c y a n o - 4 - a m i n o p y r i d i n e  (IX) is  
d e t e c t e d  in the  r e a c t i o n  p r o d u c t s .  

2 - ( n - B u t y l a m i n o ) - 5 - b r o m o -  and 2 - ( N , N - d i m e t h y l a m i n o ) - 5 - b r o m o p y r i d i n e s  (X and XI) w e r e  a l s o  s u b -  
j e c t e d  to the  r e a c t i o n ,  and the  c o r r e s p o n d i n g  c y a n o  d e r i v a t i v e s  (XII and XIII,  T a b l e s  1 and 2) w e r e  ob ta ined .  

* The  p r e v i o u s l y  d e s c r i b e d  " p h o t o d e n i t r a t i o n "  [9] of h a l o n i t r o b e n z e n e s  in the  NaNO 2 - a q u e o u s  m e t h a n o l  s y s -  
t e m  is  p r o b a b l y  a s s o c i a t e d  wi th  p h o t o r e d u c t i o n  of the  n i t r o  g r o u p  to an a m i n o  g roup  [1] by  d i a z o t i z a t i o n  
of i t  u n d e r  p h o t o l y s i s  cond i t i ons  and r e p l a c e m e n t  of the  d i a z o  g r o u p  by h y d r o g e n  ( ' p h o t o d e n i t r a t i o n ' )  o r  
the  n i t r o  g r o u p  [7]. Thus  the  p h o t o l y s i s  of p - a n i s i d i n e  u n d e r  the  cond i t ions  in [9] g i v e s  ( a c c o r d i n g  to  g a s -  
l iquid c h r o m a t o g r a p h y  [1]) 6% p - n i t r o a n i s o l e  and 3% a n i s o l e  (60% c o n v e r s i o n  of the  s t a r t i n g  compound) .  
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EXPERIMENTA L 

The IR spectra of KBr pellets or thin layers of the compounds were recorded with IKS-22 or UR-10 

spectrometers. The UV spectra of ethanol solutions were recorded with an SFD-2 spectrophotometer; solu- 
tion concentrations of 1.82-4.2.10 -5 M were used to determine the extinctions of IIb, c, VII, XII and XIII, 

whereas solution concentrations of 8.34-9.74.10 -5 M were used for IX. The PMR spectrum of cyanopyrim- 

idine XIII was obtained from a 10% solution in CDC13 at room temperature with an R-12 spectrometer (Per- 
kin-Elmer, 60 MHz) with hexamethyldisiloxane as the internal standard. 

The irradiation was carried out in a 350-400 ml reactor with the full spectrum of a PRK-4 immer- 

sible mercury lamp (250 W) through a water-co01ed quartz condenser; the solution was stirred by means 

of nitrogen or argon, The workup of the reaction solutions and the isolation of the reaction products were 

accomplished by the same method in all cases: after the irradiation, three-fourths to two-thirds of the vol- 

ume of tert-butyl alcohol was removed by distillation, the residue was extracted with ether, the ether was 

dried and removed by distillation, and the residual alcohol was air evaporated. The course of the reaction 

was monitored by thin-layer chromatography (TLC) and from the UV spectra. The mixture of products was 

separated by preparative TLC on aluminum oxide. In the experiments with KCN, in order to avoid hydroly- 

sis of the final product, the alcohol was removed by vacuum distillation at a bath temperature of no more 

than 50 ~ The react ion conditions a re  presented in Table 1, and the proper t ies  of some of the compounds 
are  presented in Table 2. 

After  i r radiat ion and the usual workup, 0.12 g of precipi ta te  was isolated f rom 0.3 g of 2 -amino-5 -  
Chloropyridine (i) [10] and 5 g of NaNO 2. Trea tment  of this precipitate with 15 ml of ether yielded 0.07 g 
of 2 -amino-5-n i t ropyr id ine  (IIa) with mp 188-190 ~ (from water) (mp 188 ~ [11]). According to prepara t ive  
TLC [A1203, c h l o r o f o r m - e t h a n o l  (8 : 2)], the ether extract  contained 0.025 g of I and 0.023 g of IIa, which 
were identified by TLC and f rom the UV spect ra  with authentic samples .  

I r radiat ion of 0.5 g of I and 3 g of KCN gave 0.38 g of a precipi ta te  containing, according to p r epa ra -  
tive TLC [A1203, pet ro leum ether (bp 40-70~ (8 �9 2)] and the UV spect rum,  0.027 g of start ing I. 
The precipi tate  was crys ta l l ized twice f rom benzene with activated charcoal  (Table 2). According to [12], 
cyanopyridine IIb has mp 163-164 ~ 

I r radia t ion of 0.5 g of pyridine I and 5 g of NaSCN gave 0,47 g of crude thiocyanopyridine IIc, which, 
according to TLC (A1203, ether), did not contain the start ing compound. The i r radiat ion was interrupted 
every 30 min in o rder  to remove film f rom the condenser.  Product  IIc was rec rys ta l l i zed  twice f rom ben- 
zene with activated charcoal  (Table 2). 

A 0.5-g sample of pyridine IV [13] and 8 g of sodium nitr i te in 600 ml of 17% aqueous te r t -buty l  a l-  
cohol were i r radiated with a DRL-400 mercu ry  lamp (400 W). The alcohol was removed by distillation, 
and the solution was extracted with ethyl acetate .  The residue remaining af ter  r emova l  of the ethyl acetate  
by distil lation was passed through a column filled with A1203 with success ive  elution with 1) e t h e r - h e x a n e  
(1 �9 1), 2) ether,  and 3) pet roleum ether (bp 40-70~ (8 : 2). The following products  were isolated 
(from five experiments) : 1) 0.105 g of 2 -ch lo ro-5-n i t ropyr id ine  (V) with mp 105-107 ~ (from water) (mp 
108 ~ [13]; no melt ing-point  depress ion was observed),  2) 0.05 g of 2 -ch loro-5-aminopyr id ine  (IV), identified 
by TLC with an authentic sample,  and 3) 0.1 g of 2 -n i t ro -5-aminopyr id ine  (VI) with mp 233-234 ~ (from water) 
(mp 234 ~ [14]). 

I r radia t ion of 0.5 g of 2 -ch lo ro -5-aminopyr id ine  (IV) and 3 g of KCN gave 0.22 g of 2 - cyano -5 -amino -  
pyridine VII. The product  was crys ta l l ized  from benzene with activated charcoal  three t imes (Table 2). 

The phot0reaction of 3 ,5-d ichloro-4-aminopyr id ine  (VIII) [15] (0.4 g) and KCN (3 g) was repeated four 
t imes.  The solution was extracted with ether without removal  of the alcohol by distillation. The usual 
workup gave 1 g of a mixture of substances,  f rom which 0.35 g of the s tar t ing compound, identified by TLC 
and a mixed-melt ing-point  determination,  and 0.1 g of 3 ,5-dicyano-4-aminopyr id ine  (IX) (Table 2), were i so -  
lated by prepara t ive  TLC (A 1203, ether). The two compounds a re  probably products of complete and par t ia l  
hydrolys is  of dicyano derivat ive IX} which was not identified. 

The react ion of 0.3 g of 2- (n-buty lamino)-5-bromopyr imidine  (X) [16] and 3 g of KCN gave, a f t e r  r e -  
moval of the alcohol by distillation, 0.07 g of a precipi ta te ;  an additional amount (0.13 g) was extracted f rom 
the fi l trate with ether.  2- (n-Butylamino)-5-cyanopyr imidine  (XII) was crysta l l ized twice f rom hexane with 
activated charcoal  (Table 2). After  i rradiat ion,  0.2 g of 2-(N,N-dimethylamino)-5-cyanopyr imidine  XIII 
(Table 2) was obtained f rom 0.4 g of 2- (N,N-dimethylamino)-5-bromopyr imidine  XI [4] and 3 g of KCN by 
extraction with e ther  (without remova l  of the alcohol by distillation). 

1448 



LITERATURE CITED 

1. A.V. El'tsov, O. V. Kul'bitskaya, and A. N. Frolov, Zh. Organ. Khim., 8, 76 (1972). 
2. O.V. Kul'bitskaya, A. N. Frolov, and A. V. El'tsov, Zh. Organ. Khim., 9, 2316 (1973). 
3. E. Havinga and M. Kronenberg, Pure Appl. Chem., I_~6,173 (1968). 
4. J. Nasielski, A. Kirsch-Demesmaeker, and R. Nasielski-Hinkens, Tetrahedron, 28, 3767 (1972). 
5. J. Kolmer, H. Brown, and G. Raiziss, J. Pharm. Exp. Therap., 61, 253 (1937). 
6. L. Bellamy, New Data on the IR Spectra of Complex Molecules [Russian translation], Mir, Moscow 

(t971), p. 65. 
7. A . V .  El ' t sov,  A. N. Frolov,  E. V. Smirnov, and ~. M. Sof'ina, Zh. Organ. Khim., 8, 1334 (1972). 
8. P. Ayscough and R. Collins, J.  Phys.  Chem.,  70, 3128 (1966). 
9. A . N .  Fro lov  and A. V. El ' t sov,  Zh. Organ. Khim., 6, 637 (1970). 

10. A . E .  Chichibabin and A. F. Egorov,  Zh. Russk. Fiz . -Khim.  Obshchestva, 6_~0, 686 (1928). 
11. A. E- Chichibabin (Tschitschibabin) and A. V. Kirsanov (Kirsanow), Ber . ,  61, 1228 (1928). 
12. C. R~ith and G. Prange,  Ann.~ 467, 4 (1928). 
13. Yu. M. Yurti lova and I. A. Svert i lova,  Methods for  the Synthesis of Chemical  P repa ra t ions  [in Rus-  

sian], Vol. 20, Moscow (1969). 
14. H. den Hertog,  and C. Jouwersma,  Rec. Trav.  Chim., 72, 125 (1953). 
15. H. den Hertog,  J. Schodt, J.  de Bruyn,  and A. de Klere ,  Rec. Trav .  Chim., 69, 692 (1950). 
16. D. Brown and R. Fos t e r ,  Aust ra l .  J. Chem.,  19, 2321 (1966). 

1449 


