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2,5-Dtmethyl-4-phenylpyridine is nitrated in the pa ra  position of the phenyl ring. Fur ther  
nitration of the result ing nitro compound gives a mixture of i somer ic  dinitro derivat ives.  
In the case  of 4-phenylisocinchomeronic acid the nitro group enters the meta position of 
the phenyl ring. 

In the present  communication we present  the resul ts  of nitration of 2 ,5-dimethyl-4-phenylpyridine (I) 
[1] and some of its analogs. Nitration of I with the usual nitrating mixture at 0~ gives 2 ,5-dtmethyl-4-  (p- 
nitrophenyl)pyridine (II), the fur ther  nitration of which gives 2,5-dimethyl-4-(o,p-dini trophenyl)pyridine (III) 
and a small  amount of 2 ,5-dimethyl-4-  (m,p-dtnitrophenyl)pyridtne (IV). The posit ion of the nitro groups in 
the phenyl rings of II-IV was established by means of spectral  data. The charac te r  of the splitting of the two- 
proton multiplets at 6 7.46 and 8.23 ppm in the PMR spect rum of II is typical for  pa ra  substitution [2]. The 
overall  charac te r  of its UV spect rum is s imi la r  to that of the spec t rum of 2- {p-nitrophenyl)pyridine [3]. The 
hypsochromtc shift of the longwave maximum in the spect rum of nitro derivative II (Xma x 276 rim) as com- 
pared with the spectrum of 2- (p-nitrophenyl)pyridine (;tma x 295 am) is due to the noncoplanarity of the II sys -  
tem.  

The multiplicit ies of the signals of the protons of the phenyl ring in the PMR spect ra  of dinitro derivatives 
III and IV (Table 1) are  identical and constitute evidence for the unsymmetr ica l  cha rac te r  of the substitutions. 
On the basis  of an analysis of the chemical  shifts of these signals we arr ived at a conclusion regarding the 
position of the second nitro group in these compounds. The close values of the chemical  shifts of the 2 ' -H and 
5 '-H protons in IV are due to the identical effects of the nitro groups in the 3' and 4' positions. The diamag- 
netic shift of the 5 ' -H signal in its PMR spect rum as compared with the corresponding 3 ' -H and 5 ' -H signals 

TABLE 1. Chemical Shifts (6, ppm) and Spin-Spin Coupling Constants 
(J, Hz) of the Protons in the PMR Spectra of I-IV, VI, and IX 

II CC14 
CCI4 

III CC14 

IV CDCI3 

VI ~ CCI4+ 
+ CDCla 

IX CDCIa 

i 
I- 

6-H t 3-H 

8,15 s* 6,80s 
8,33 s 6,90s 
8,30 s 6,77s 

8,39s 6,96s] 

9'04 s 7,96 

9,07s 8,00 s[ 

*Abbreviations:  s is 
and m is multiplet. 

2'-H 3'-H 4'-H 5'-H 6'-H 2-CH3 5-CH~ 

7,05 
7,46m 

7,79 d 
/=2,0 

7,44m 

8,04-- 
8,32m 

8,23m 
8,82 d 
1=2,G 

8,22m 

8,04-  
8,321 

7,45 m 
8,23m 7,46m 
8,46 q 7,50 d 
,=9,0 I=9,0 
2 ~ 2,0 
7,97d 7,45q 
=9,0 I,=9,C 

12 = 2,C 
8,22m 7,44m 

7,48--7,68m 

238, t 2 , 0 ,  ! _ 
2 , 4 7  s 2,17 s -- 

2,47 s 2'00 s __ 

2,51s 2,20s -- 

- -  -- 4,14q 
]=7'0 
4,41 q 
! =7,0 

-- -- 4,15q 
I=7,0 
4,41 q 

m 

1,09 q 
I=7,0 
1,38 i 
I=7,0 
1,05m 
I =7,0 
1,36rn 

i / = 7,{] I=7,0 

singlet, d is doublet, t is triplet,  q is quartet ,  
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in the spec t ru m  of II (46 = 0.26 ppm) is a lso  in ag reemen t  with this or ienta t ion of the ni t ro group in IV. 
Because  of s t e r i c  interact ion,  the ni t ro groups  at tached to C 3' and C 4' a r e  removed  f r o m  the plane of the 
phenyl ring, and this leads  to a dec r ea s e  in t he i r  deshielding effect  on the ortho and p a r a  pro tons .  

Oxidation of II gave  4- (p-nl t rophenyl) isoclnchomeronic  acid (V), which was identified in the fo rm of 
d ie thy les te r  VI. 4 -{m-Ni t rophenyl ) i soc inchomeronlc  acid (VIII), which was subsequently conver ted to di-  
ethyl e s t e r  IX, was isolated in the ni t ra t ion of 4-phenyl i soc inchomeronic  acid VII [4]. 

I / It Ill IV 

/ 

(~6Hs 

"~N J'~'CO 0 R "c. N / ~CO0 H "~N f ~ ' C O 0  R 

V, VI VII  V I I I ,  IX 

V, VII !  R ~ H ;  V I , IX  R=C2H5 

Informat ion  regard ing  the posi t ion of the ni t ro  group in the phenyl ring of acid VIII and e s t e r  IX was 
obtained f r o m  data f r o m  the PMR s pec t rum of IX, in which the complex two-pro ton  mult ip le ts  of different 
f o r m  at 6 7.48-7.68 ppm and ~ 8.04-8.32 ppm a re  re la ted  to the 5 ' -H  and 6 ' -H and 2 ' -H and 4 ' -H  protons,  
r e spec t ive ly .  

The e lec t rophi l ic  subst i tut ion of 4-phenylpyr id ines  is evidently analogous to the e lectrophi l ic  sub- 
st i tution of p-n i t rodiphenyl ,  p,pY-Dinitrophenyl is fo rmed  in the ni t ra t ion of the la t te r ,  and this makes  it 
poss ib le  to cons ider  the p-n l t rophenyl  grouping to be a halogen analog [5, 6]. Taking into account the anal-  
ogy between the p-ni t rophenyl  and v -pyr idy l  groups,  p a r a  substi tution in the ni t ra t ion of I is in conformity  
with the es tabl ished pr inc ip le .  We a re  inclined to feel that the orienting effect  of the ~-pyr idyl  group in 
this case  is s i m i l a r  to the effect of an alkyl subst i tuent  with an e l e c t r o n - a c c e p t o r  group remote  f rom the 
phenyl group [7, 8], inasmuch as the conjugation is disrupted because  of the noncoplanari ty  of the sy s t em 
[9]. The change in or ienta t ion in the ni t ra t ion of dibasic acid VII is explained by the effect  of s t rong e lec -  
t r o n - a c c e p t o r  carboxyl  groups .  

We were  able to cons iderably  r a i s e  the yield of 2 ,5-d imethyl -4- (o ,p-d in i t robenzyl )pyr id ine  (XI) by 
ni t ra t ion of 2 ,5-d imethyl -4- (p-n l t robenzyl}pyr id ine  (X) [10] with fuming ni t r ic  acid. Nit ra t ion of XI gave 
2 ,5 -d imethy l -4 -  (o,p-dini t robenzoyl)pyridine 0(II}. 

When a co lo r l e s s  alcohol solution of dini t ro  der iva t ive  XI is i l luminated with an e lec t ronic  pulse 
photoe lec t r ic  spark ,  the solution tu rns  da rk -b lue  and then gradual ly  b e c o m e s  co lo r l e s s .  The durat ion of 
re tent ion of the co lor  i n c r e a s e s  when the solution is cooled. The pho toch romism is explained by r e v e r s i b l e  
convers ion  of ni t ro  f o r m  XI to ni tronic acid XIa [11]. Nitronlc acid XIa is s tabi l ized in the fo rm of a sa l t  
by t r e a t m e n t  of an alcohol solution of XI with an alcohol solution of alkali  (a d a r k - g r e e n  solution is p ro -  
duced); the co lor  vanishes  when the solution is neutra l ized with a s t rong acid. 

(•H2C•H4NO2"P c.~.~ c.3~ ~"3(N~176176 
~N/ /~ 'C  if3 ~,.N / ~CH 3 

X XI 

CH3 ~ - 
t :~O COC6H3 (NO~)2-~ P 

~-N/" xCH 3 
CH 3 N 

HO " / " ~ 0  

XI a XII 

P r e l i m i n a r y  tes t ing  of the n i t roa ry lpyr id ines  obtained in this study showed that  some  of them {II and 
XI) have nonl inear  optical  p r o p e r t i e s .  The nonl inear  po la r izab i l i ty  of II and XI and the photochromic  p rop-  
e r t i e s  of XI apparent ly  hold p r o m i s e  for  nonl inear  and integral  optics .  
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EXPERIMENTAL 

The PMR spectra of CCI 4 and CDCI 3 solutions of the compounds were measured with HA-100D and 

T-60 s p e c t r o m e t e r s  with hexamethyldis i loxane as the internal  s tandard.  The IR spec t r a  of KBr  pe l le t s  
of the compounds were  recorded  with a UR-20 s p e c t r o m e t e r .  The UV spec t r a  of ethanol solutions of the 
compounds were  obtained with a Hitachi spec t ropho tomete r .  

2 ,5-Dimethyl -4- (p-n i t rophenyl )pyr id ine  (II). A 40-g (0.218 mole) sample  of I was added gradual ly  
at 0 ~ with vigorous  s t i r r ing  to a ni t ra t ing mix tu re  p r epa red  f r o m  208 g (2 moles)  of ni t r ic  acid (sp. g r .  1.37) 
and 308 g (3 moles)  of sulfur ic  acid (sp. g r .  1.83), a f t e r  which the mix tu re  was s t i r r ed  at 0 ~ fo r  1 h. It 
was then poured over  ice, and the aqueous mix tu re  was diluted with wa te r  and t rea ted  with sodium carbonate  
until it was s t rongly alkaline. The organic  bases  we re  ext rac ted  with e the r  and dried with magnes ium sul-  
fate .  The e ther  was then evapora ted ,  and the res idue  (40 g) was c rys ta l l i zed  repeatedly  f rom hexane to 
give 12.5 g (25~) of co lo r l e s s  c ry s t a l s  with mp 99.5-100.5 ~ IR spec t rum,  v, c m ' l :  1520 (NO2, as) and 
1350 (NO 2, s).  UV spec t rum,  kmax ,  nm (log e):  276 (4.14). Found: C 68.5; H 5.5; N 12.2%. C13HI2N202. Calcu-  
lated: C 68.5; H 5.3; N 12.3%. 

2 ,5-Dimethyl -4-  (o,p-dinitrophenyl)pyridine (III) and 2 ,5 -Dimethy l -4-  (m,p-dini t rophenyl)pyridine (IV). 
A 61-g (0.62 mole) sample  of fuming ni t r ic  acid (sp. gr .  1.5) was added gradual ly  with s t i r r ing  at 10 ~ to a 
solution of 10 g (0.044 mole) of II in 90 g (0.87 mole) of sulfur ic  acid (sp. gr .  1.83), a f t e r  which the mix tu re  
was heated at 100 ~ for  1.5 h. It was then cooled and worked up as in the p repa ra t ion  of II. Success ive  
c rys ta l l i za t ion  of the res idue  (9.1 g) f r o m  hexane yielded 3.6 g (30.6%) of III and 0.47 g (4%) of IV. Com- 
pound HI was obtained as co lo r l e s s  c ry s t a l s  with mp 114-115 ~ IR spec t rum,  v, c m - 1 : 1 5 3 6  (NO~, as) and 
1357 (NO 2, s). Found: C 57.1; H 4.2; N 15.8%. Ci3HllN304. Calculated: C 57.1; H 4.0; N 15.4%. Dinitro 
der iva t ive  IV was obtained as co lo r l e s s  c r y s t a l s  with mp 166-168% Found: C 57.1; H 4.2; N 15.8%; M + 
273. C13I-IttN304. Calculated: C 57.1; H 4.0; N 15.4~; M 273. 

4- (p-Ni t rophenyl ) i soc inchomeronic  Acid (V). An 8.5-g sample  of po tass ium pe rmangana te  was added 
in por t ions  at 100 ~ to 2.2 g (9.4 mmole)  of II in 40 ml  of water ,  a f te r  which the mix tu re  was s t i r r ed  and 
heated until the solution becam e  co lo r l e s s .  The manganese  dioxide was removed by f i l t ra t ion and washed 
with 60 ml  of hot water .  The solution was evapora ted  to half its or iginal  volume and acidified to pH 1 with 
hydrochlor ic  acid. Workup gave 1 g (36%) of co lo r l e s s  c r y s t a l s  of the acid with mp 226-228 ~ {from aqueous 
ethanol). Found: N 10.0%. C13HsN206. Calculated: N 9.7%. The hydrochlor ide  of V had mp 215-216 ~ 
Found: N 8.4%. Ct3HsN~O6"HC1. Calculated: N 8.6%. 

Diethyl 4- (p-Ni t rophenyl ) i soc inchomeronate  (VI). A mix tu re  of 0.2 g (0.7 mmole)  of acid V, 5 ml  of 
ethanol, and 0.5 ml  of sulfuric  acid was refluxed for  8 h, a f te r  which the alcohol was removed  by distillation, 
and the res idue was t r ea ted  with 10 ml  of water .  The aqueous mix tu re  was neutra l ized with ammonia ,  and 
the  organic bases  were  ext rac ted  with e ther .  Workup yielded 0.1 g (45.5%) of co lo r l e s s  c ry s t a l s  of e s t e r  
VI with mp 98-101 ~ {from hexane). IR spec t rum,  v, cm- l :  1731 (CO), 1531 (NO2, as),  and 1350 (NO2, s). 
Found: C 59.3; H 4.7; N 8.3%. C17Ht6N206. Calculated: C 59.3; H 4.7; N 8.1%. 

4- (m-Nit rophenyl) isocinchomeronic  Acid (VIII). A 2.43-g sample  of VII was added at 0 ~ to a ni trat ing 
mix tu re  obtained f rom 10.4 g (0.17 mole) of ni t r ic  acid (sp, gr .  1.37) and 20.3 g (0.2 mole) of sulfur ic  acid 
(sp. g r .  1.83), a f t e r  which the mix tu re  was s t i r r ed  at 0-5 ~ for  2 h. It was then poured ove r  ice, and the 
aqueous mix tu re  was made alkaline to pH 1 with ammonium hydroxide.  Workup gave 1.73 g (60%) of co lor -  
l e s s  c ry s t a l s  with mp 232-234 ~ (from water) .  Found: C 54.1; H 3.1; N 9.4%. Ct3HsN206. Calculated: C 
54.2; H 2.8; N 9.7~. 

Diethyl 4 - (m-Ni t rophenyl ) i soc inchomerona te  (IX). This compound was obtained f rom 0.8 g (2.8 
mmole)  of acid VIII by the method used to p r e p a r e  VI. Workup of the reac t ion  mix tu re  gave 0.2 g (20.9%) 
of co lo r less  c ry s t a l s  with mp 142-144 ~ (from hexane). Found: C 59.6; H 5.1; N 7.8~. C17Ht6N206. Calcu- 
lated: C 59.3; H 4.7; N 8.1~. 

2 ,5-Dimethyl -4- (o ,p-d in i t robenzyl )pyr id ine  (XI). A 2.5-g (1.03 mmole)  sample  of X was added g rad -  
ually to a nitrat ing mix tu re  obtained f rom 18 g (0.179 mole) of sulfuric  acid (sp. gr .  1.83) and 14 g (0.234 
mole) of fuming ni tr ic  acid (sp. gr .  1.5), a f t e r  which the mix ture  was s t i r r ed  at 100 ~ fo r  0.5 h. It was then 
cooled and worked up as in the preceding  exper iments .  The e ther  was removed  by disti l lation, and the 
res idue (2.87 g) was c rys ta l l i zed  f r o m  hexane to give 1.82 g (63%) of yellow c ry s t a l s  with mp 109-111~ 

2,5~Dimethyl-4-  (o,p-dini trobenzoyl)pyridine (XII). A 9.5-g sample  of po tass ium pe rmangana t e 'was  
added with s t i r r ing  at 70 ~ to 2.5 g (8.7 mmole)  of XI in 40 ml  of water .  The resul t ing solution was f i l tered 
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a f t e r  it had becom e  comple te ly  co lo r l e s s .  The manganese  dioxide was washed with 40 ml of hot wa te r  and ex- 
t r ac ted  with boiling acetone.  The  ace tonewas  r e m o v e d b y  dist i l lat ion,  and the res idue  (1.1 g) was c rys ta l l i zed  
f r o m  alcohol to give 0.4 g (15.8%) of yel low c r y s t a l s  with mp 172-174 ~ (from alcohol). IR spec t rum,  v, cm- l :  
1690(CO), 1540(NO2, as),  and1345 (NO2, s).  U V s p e c t r u m ,  kmax ,  n m ( l o g e ) :  232 (4.12) and 300(3.56). Found: 
C 55.9; H 3.9; N 14.2~. C14HllN3Os. Calculated:  C 55.8; H 3~7; N 14%. 
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2 , 4 , 6 - T R I S  ( M E T H Y L S U L  F O N Y L ) -  3 , 5 -  D I C H L O R O P Y R I D I N E  

S. D.  M o s h c h i t s k i i ,  G .  A .  Z a l e s s k i i ,  
E .  A .  R o m a n e n k o ,  a n d  V .  P .  K u k h a r '  

UDC 547.822.5.6 : 543.422.25 

The reac t ions  of 2 ,6 -b i s (methy l th io) -3 ,4 ,5 - t r i ch loropyr id ine  and i ts  N-oxide with sodium hydro-  
sulfide were  studied. A method for  the synthesis  of 2 ,4 ,6 - t r i s (methy lsu l fony l ) -3 ,5 -d ich loropyr -  
idine was developed.  

We or iginal ly  descr ibed  2,6-bis  (methylsu l fonyl ) -3 ,4 ,5- t r ich loropyr id ine  [1]. Continuing our  r e s e a r c h  
on the synthes is  of polysulfone de r iva t ives  of pyr id ine  we obtained 2 ,4 ,6- t r i s (methylsu l fonyl ) -3 ,5-d ich loro-  
pyr id ine  (I). At tempts  to obtain sulfone I f rom 2,6-bis (methylsu l fonyl ) -3 ,4 ,5- t r ich loropyr id ine  were  unsuc-  
cessful .  I ts  reac t ion  with po ta s s ium hydrosulf ide leads to r ep lacement  of one methylsulfonyl  group by a 
m e r c a p t o  group [1]. In addition, the reac t ion  of 2 ,6 -b i s (methy l th io) -3 ,4 ,5 - t r i ch loropyr id ine  N-oxide (II) with 
po ta s s ium hydrosulf ide does not give the des i red  resu l t s  - a methylthio group r a the r  than the chlor ine a tom 
in the 4 pos i t ion  is rep laced  to give 2 -m ercap to -6 -me thy l t h io -3 , 4 , 5 - t r i ch lo ropy r id ine  N-oxide, which was 
identified in the fo rm of the methyl  der iva t ive .  

In con t ra s t  to N-oxide II, the reac t ion  of 2,6-bis  (methyl th io)3 ,4 ,5- t r ichloropyr idine  ([II) with sodium 
hydrosu!f ide p roceeds  readi ly  in d ime thy l fo rmamide  (DMF) with r ep lacemen t  of the chlor ine a tom in the 4 
posi t ion by a m e r c a p t o  group to give 2,6-bis  (methy l th io ) -4 -mercap to-3 ,5 -d ich lo ropyr id ine  (IV) in quanti tat ive 
yield.  The di f ference  in the chemical  behav io r  of II as compared  with unoxidized compound III is explained by 
the e lec t ron ic  effect  of the N-oxide group, which ac t iva tes  the ~ posi t ion cons iderably  m o r e  marked ly  than the 
7 posi t ion in nucleophilic subst i tut ion reac t ions  [2]. The manifes ta t ion  of the e l e c t r o n - a c c e p t o r  effect  of the 
N-oxide group in II is a lso conf i rmed by the PMR spec t rum,  in which one obse rves  a 0 .04-ppm shift of the 
s ignals  of the pro tons  of the methyl  group to the weak-f ie ld  side as compared  with the s ignals  of the protons  
of III (Table 1). Methylat ion of IV with dimethyl  sulfate  in an alkaline medium gives 2 ,4 ,6- t r i s (methyl th io) -  
3 ,5-d ich loropyr id ine  {V). 

Inst i tute of Organic  Chemis t ry ,  Academy of Sciences of the Ukrainian SSR, Kiev. Trans la ted  f r o m  Khimiya 
Gete ro t s ik l ichesk ikh  Soedinenii, No. 3, pp. 369-371, March,  1976. Original a r t i c l e  submit ted March  11, 1975. 

This material is protected by copyright registered in the name of  Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y 10011. No part 
[of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, I 
[microfilming, recording or otherwise, without written permission o f  the publisher. A copy of  this article is available from the publisher for $Z50. ] 

315 


