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It was established that hard bases  replace the methylsulfonyl groups and that soft bases re -  
place the chlorine atoms in 2,4,6- tr is(methylsulfonyl)-3.5-dichloropyridine.  

In the present  communicat ion we present  the results  of studies of the competit ive nucleophilic substitu- 
tion of the chlorine atoms and methylsulfonyl groups in sulfone I [1]. Because of the strong e lec t ron-acceptor  
effect of three methylsulfonyl groups and a nitrogen heteroatom, the e lectron densities on the carbon atoms 
in the 2, 4, and 6 positions are  lower than in the 3 and 5 positions.  The 2-C. 4-C. and 6-C atoms should there-  
fore  act as hard acids, and the 3-C and 5-C atoms should act as soft acids.  In fact, hard bases (sodium meth-  
oxide and phenoxide, potassium fluoride, sodium hydroxide, sodiomalonic ester ,  etc.) react  at the 2. 4. and 6 
positions, whereas soft bases (ammonia, aniline, morpholine, piperidine, malonic ester ,  ethanol, etc.) react  
at the 3 and 5 positions; this is in conformity with Pea r son ' s  principle of the react ion of hard and soft acids 
and bases [2]. 

The react ion of sulfone I with ammonia and amines at low tempera ture  leads to replacement of one 
chlorine atom to give the corresponding 3-amino-subst i tuted 5 -ch loro-2 ,4 ,6 - t r i s  (methylsulfonyl)pyridines 
(ila-d, Table 1). At room temperature  the react ion of I with morpholine and aniline gives r ise to replacement 
of two chlorine atoms to give. respectively,  3,5-dimorpholino- and 3.5-bis (phenylamino)-2.4, 6- tr is  (methyl- 
sulfonyl)pyridines {Ilia, b). The second chlorine atom in any of the products  of replacement  of one chlorine 
atom in IIa-d is also replaced by the fur ther  action of a soft nucleophile. Thus amine IId reacts  with aniline 
or  p-nitrophenol at room tempera ture  to give, respectively,  product IlIb and 3-phenylamino-5-(p-ni trophenoxy)-  
2.4,6-tr is  (methylsulfonyl)pyridine (IIIc). 

An attempt to obtain the corresponding isocyanate by react ion of sulfone I with potassium cyanateyielded 
amine IIa, the synthesis of which evidently includes the formation of an intermediate react ive isocyanate, 
which reacts  with water  to give amine IIa. 

The react ion of sulfone I with malonic es te r  and ethanol also leads to replacement of one chlorine atom 
to give, respectively,  diethyl[ 2,4.6-tris (methylsulfonyl)-5-chloro-3-pyridyl]malonate  (IIe) and 3-ethoxy-5-  
chloro-  2,4, 6-t ris (methylsulfonyl)pyridine (IIf). 
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TABLE 1 

C I'1502 S /"~N~S O2C H3 

Com - 
pound* 

l l a  

lib 

IIc 

1 ld 
T[ e 
Ilf 

NH2 

k__/ 

�9 
NHCeHs 
CHICOOC2H~)2 
OC2Hs 

I 
"C } Empirical mp,  

I form ula 

289--290 C,t-I:ICIN206S~ 

C, 2! f i:,C I N2OTSz 

Found, % Calc., % 
Cl 

269--27t  

239--240 

245--247 
212--214 
249--250 

C~3H~CIN2OsS3 

C.HIsCIN206S: 
C~3H2oCINOmS3 
C~oH:~CINOrSs 

Cl s 

9,8 26,t 

S.3 21,8 

8.4 22,3 

8,3 21,9 
7,3 19,0 
9,3 24,3 

s 

9,8 26,5 

&2 22.2 

,~,2 22.3 

8.1 21,9 
7,0 19,0 
9,1 24,5 

*Compounds  I I a - f  w e r e  c r y s t a l l i z e d  f r o m  aqueous  e thano l .  

Yield, 
70 

75 

76 

86 

80 
61 
64 

Ha rd  b a s e s  r e a c t  wi th  su l fone  I wi th  r e p l a c e m e n t  of the  m e t h y l s u l f o n y l  g r o u p s ,  and the  n u m b e r  of r e -  
p l a c e d  g r o u p s  a l s o  depends  o n t h e  t e m p e r a t u r e .  Sulfone I u n d e r g o e s  s u b s t i t u t i o n  of one m e t h y l s u l f o n y l  g roup  
on r e a c t i o n  with  m e t h y t a m i n e  and s o d i u m  a z i d e  at  - 2 0  ~ on hea t ing  with  s o d i u m  h y d r o x i d e ,  and at  r o o m  t e m -  
p e r a t u r e  wi th  s o d i u m  m a l o n a t e  to g ive ,  r e s p e c t i v e l y .  4 - m e t h y l a m i n o - ,  4 - a z i d o - ,  and 4 - h y d r o x y - 3 , 5 - d i c h l o r o -  
2 , 6 - b i s  ( m e t h y l s u l f o n y l ) p y r i d i n e s  ( IVa-c ,  T a b l e  2) and d ie thy l  [ 3 , 5 - d i c h l o r o - 2 , 6 - b i s  ( m e t h y l s u l f o n y l ) - 4 - p y r i d y l ] -  
m a l o n a t e  (IVd). 

N H CH 3 SO2C H 3 R 

C l ~ C i  CI CI CI Ct 

CH302S/"~-N~NH CH3 CH~O2S/"-~N/~'SO~CH3 CH302S/ ~N / ~SO2CH 2 

111 II V VI 

R e p l a c e m e n t  of the  m e t h y l s u l f o n y l  g roup  in the  4 p o s i t i o n  was  p r o v e d  fo r  IVa by  a l t e r n a t i v e  s y n t h e s i s  [3] and 
for  W b - d  by the  s i n g l e t  of p r o t o n s  of m e t h y l s u l f o n y l  g r o u p s  at  3.36 p p m  in the  P M R  s p e c t r a .  

The r e a c t i o n  of su l fone  I wi th  e x c e s s  s o d i u m  me thox ide ,  sod ium phenox ide ,  and p o t a s s i u m  f l u o r i d e  l eads  
to r e p l a c e m e n t  of t h r e e  m e t h y l s u l f o n y l  g r o u p s  to g ive ,  r e s p e c t i v e l y ,  2 , 4 , 6 - t r i m e t h o x y - ,  2 , 4 , 6 - t r i p h e n o x y - ,  and 
2,4, 6 - t r i f l u o r o -  3 , 5 - d i c h l o r o p y r i d i n e s  W a - c ) .  

The  r e a c t i o n  of su l fone  I with m e t h y l a m i n e  and sod ium a z i d e  at  r o o m  t e m p e r a t u r e  p r o c e e d s  in two d i r e c -  
t i ons .  In a d d i t i o n  to s u b s t i t u t i o n  of a m e t h y l s u l f o n y l  g roup ,  a c h l o r i n e  a t o m  is  a l s o  r e p l a c e d  to g ive  3 , 4 - d i a z i d o -  
5 - c h l o r o - 2 , 6 - b t s ( m e t h y l s u l f o n y l ) p y r i d i n e  ( V i a ) i n  the  c a s e  of sod ium az ide ;  in  t he  c a s e  of m e t h y l a m i n e ,  two p r o d -  
uc t s  - 2 .4 -b i  s ( m e t h y l a m i n o ) -  3 ,5-  d i c h l o r o -  6 - m e t h y l s u l f o n y l p y r i d i n e  WII) and 3 ,4 -b i  s ( m e t h y l a m i n o -  5- c h l o r o -  
2 , 6 - b i s ( m e t h y l s u l f o n y l ) p y r i d i n e  WIb) - a r e  f o r m e d .  The  IR s p e c t r a  of VIb and VII con ta in  d i s t i n c t  a b s o r p t i o n  
bands  at  1130 and 1300 c m  -1, which  a r e  c h a r a c t e r i s t i c  fo r  s y m m e t r i c a l  and a s y m m e t r i c a l  v i b r a t i o n s  of the  SO 2 
g roup .  D i f f e r e n c e s  with r e s p e c t  to both the  f o r m  of the  s p e c t r a  and the  a b s o r p t i o n  f r e q u e n c y  a r e  o b s e r v e d  in 
the r e g i o n  of the  a b s o r p t i o n  of the  NH g r o u p s .  A double t  with a b s o r p t i o n  m a x i m a  at 3390 and 3460 c m  -1 is  ob- 
s e r v e d  fo r  VII; a s i n g l e  b r o a d  i n t ense  band at  3330-3340 c m  -1 is  o b s e r v e d  fo r  VIb. Thus in ou r  c a s e  sodium 
a z i d e  and m e t h y l a m i n e  occupy  i n t e r m e d i a t e  p o s i t i o n s  [4] in the  s e r i e s  of ha rd  and soft  b a s e s .  

A c c o r d i n g  to  the  da t a  in [5, 6], a ha logen  a t o m  in the  fl p o s i t i o n  of the  p y r i d i n e  r i ng  r e a c t s  with nuc leo-  
p h i l e s  only u n d e r  s e v e r e  cond i t i ons .  The  i n t r o d u c t i o n  of t h r e e  s t r o n g  e l e c t r o n - a c c e p t o r  subs t i t uen t s  has  m a d e  
i t  p o s s i b l e  fo r  the  f i r s t  t i m e  to e f fec t  n u c l e o p h i l i c  s u b s t i t u t i o n  of the  c h l o r i n e  a t o m  in the  3 p o s i t i o n  at low 
t e m p e  ra t  u r e s .  
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TABLE 2 

R 
I 

C I ~ j / s  

CH30.S/ '~N/ ~SO~CH~ 

Com - , 
R pound ' 

r 

rap. "(2 

i \HCII3 l \a  I \~ [ 179--181" 
l\b I70--172 
IVe ict t  ( fr ~ ~r ~176 ) 

(from propanol 

~.H (COOC~[I~)2 and heptane) 181--183 
IVd (from benzene) 

Empirical 
formula 

C:HGCI2X40~S2~ 

CzHvCI2NOsS2 

CI4HITCI2NOaS.~ 

i Found, % 

C! S 

22,5 19,7 

!5,3 4,0 

Calc., % 

CI S 

[5,4 13,9 

* A c c o r d i n g  to  the  da t a  in  [3], t h i s  compound  has  rap 179-180 ~ 
t F o u n d :  N 16.3~.  C a l c u l a t e d :  N 16.2~.  

Yield, 
% 

81 

3t 

71 

E X P E R I M E N T A L  

The PMR s p e c t r a  of CC14 s o l u t i o n s  of the  compounds  w e r e  r e c o r d e d  at  r o o m  t e m p e r a t u r e  wi th  a T e s l a  
BS-487 B s p e c t r o m e t e r  (80 MHz wi th  h e x a m e t h y l d i s i l o x a n e  as  the  e x t e r n a l  s t a n d a r d ) .  The  IR s p e c t r a  of K B r  
p e l l e t s  of the  compounds  w e r e  r e c o r d e d  wi th  a UR-20  s p e c t r o m e t e r .  

3 - A m i n o - 5 - c h l o r o - 2 , 4 , 6 - t r i s ( m e t h y l s u l f o n y l ) p y r i d i n e  (IIa). A) A s o l u t i o n  of 0.38 g (1 m m o l e )  of su l fone  
I in  10 m l  of D M F  was  s a t u r a t e d  at  - 2 0  ~ fo r  10 m i n  with  d r y  a ra raon ia  ga s ,  a f t e r  which  the  m i x t u r e  was  a l lowed  
to s t and  f o r  30 ra in ,  The a m m o n i a  and the  so lv e n t  w e r e  r e m o v e d  by  v a c u u m  e v a p o r a t i o n ,  and the  r e s i d u e  was  
t r e a t e d  wi th  d ioxane .  The NH4C1 was  r e m o v e d  by  f i l t r a t i o n ,  and the  p r o d u c t  was  p r e c i p i t a t e d  by  the add i t i on  of 
hep tane  to  g ive  0.27 g (75~) of IIa .  Compounds  I I a - d  w e r e  s i m i l a r l y  ob ta ined  (Table  1). 

B) A so lu t i on  of 0.38 g (1 m m o l e )  of p o t a s s i u m  c y a n a t e  in 3 ral  of w a t e r  was  added  to a so lu t i on  of 0.38 g 
(1 m m o l e )  of su l fone  I in 10 ml  of DMF,  a f t e r  which the  m i x t u r e  was  s t i r r e d  at  20 ~ fo r  2 h. It was  then  t r e a t e d  
with  60 m l  of w a t e r  and coo led  to  0 ~ and the  p r e c i p i t a t e d  p r o d u c t  was  r e m o v e d  by  f i l t r a t i o n  to g ive  0.29 g (80%) 
of IIa.  

3 , 5 - D i m o r p h o l i n o - 2 , 4 , 6 - t r i s ( m e t h y l s u l f o n y l ) p y r i d i n e  (IHa). M o r p h o l i n e  (2 ml)  was  added  at  20 ~ to a s o l u -  
t ion  of 0.38 g (1 m m o l e )  of su l fone  I in 10 ral  of DMF,  a f t e r  which  the  m i x t u r e  was  a l lowed  to s t and  at  th i s  t e m -  
p e r a t u r e  fo r  2 d a y s .  It was  then  w o r k e d  up to g ive  0.29 g (60~) of a p r o d u c t  wi th  rap 114-115 ~ (dec.,  f r o m  b e n -  
z e n e - h e p t a n e ) .  Found :  N 8.7; S 19.4~c. C16H2~N3OsS:~ C a l c u l a t e d :  N 8.7; S 19.8~.  

3 , 5 - B i s ( p h e n y l a m i n o ) - 2 , 4 , 6 - t r i s  ( r a e t h y l s u l f o n y l ) p y r i d i n e  (IIIb). A) A n i l i ne  (2 ml)  was  added  at  20 ~ to a 
so lu t ion  of 0.38 g (1 m m o l e )  of su l fone  I in 10 ral  of DMF,  a f t e r  which  the  m i x t u r e  was  a l lowed  to s t and  at  t h i s  
t e m p e r a t u r e  fo r  3 d a y s .  It was  then  w o r k e d  up to  g ive  0.45 g (91%) of a p r o d u c t  with m p  237-238 ~ (dec.,  f r o m  
aqueous  e thanol ) .  Found:  N 8.5; S 19.4%. C20H21N306S3. C a l c u l a t e d :  N 8.5; S 19.4%. 

B) Compound IIIb was s i m i l a r l y  ob ta ined  in 95~ y i e l d  f r o m  IId and an i l i ne .  

3 - P h e n y l a m i n o - 5 - ( p - n i t r o p h e n o x y ) - 2 , 4 , 6 - t r i s ( m e t h y l s u l f o n y l ) p y r i d i n e  (IIIc). A s o l u t i o n  of 0.3 g (2.1 
m m o l e )  of p - n i t r o p h e n o l  in 2 ra l  of DMF and 1 ral  of t r i e t h y l a m i n e  w e r e  added  to a so lu t i on  of 0.22 g ( 0 . 5 m m o l e )  
of Iid in 3 ra l  of DMF,  and the  m i x t u r e  was  a l lowed  to s tand  at  20 ~ fo r  2 days .  It was  then  t r e a t e d  with  50 ra l  of 
w a t e r  and a c i d i f i e d  wi th  HC1, and the  p r e c i p i t a t e d  p r o d u c t  was  r e m o v e d  by  f i l t r a t i o n  to  g ive  0,16 g (59~) of I I tc  
with mp  247-248 ~ (dec.,  f r o m  me thano l ) .  Found:  N 7.9; S 17.3%. C20H20N3OgS 3. C a l c u l a t e d :  N 7.8; S 17.7%. 

Die thy l  [ 2 , 4 , 6 - T r i s ( m e t h y l s u l f o n y l ) - 5 - c h l o r o - 3 - p y r i d y l ] m a l o n a t e  (IIe). M a lon i c  e s t e r  (1 ml)  and 1 m l  of 
t r i e t h y l a r a i n e  w e r e  added  to  a so lu t i on  of 0.38 g (1 raraole)  of su l fone  I in 10 m l  of DMF,  a f t e r  which  the  m i x -  
t u r e  was  a l lowed  to s tand  at  20 ~ fo r  2 d a y s .  It was  then  t r e a t e d  with 50 ml  of w a t e r ,  a c i d i f i e d  with HC1, and 
coo led ,  and the  p r e c i p i t a t e d  p r o d u c t  was  r e m o v e d  by  f i l t r a t i o n  to  g ive  0.31 g (61%) of I Ie  (Table  1). 

3 - E t h o x y - 5 - c h l o r o - 2 , 4 , 6 - t r i s ( m e t h y l s u l f o n y l ) p y r i d i n e  (IIf). T r i e t h y l a m i n e  (1 ml)  was  added  to a so lu t i on  
of 0.38 g (1 m m o l e )  of su l fone  I in  100 ra l  of a b s o l u t e  e thanol ,  and the  m i x t u r e  was  r e f luxed  fo r  5 h unt i l  su l fone  
I d i s s o l v e d  c o m p l e t e l y .  The  a l coho l  was  t hen  r e m o v e d  by  vacuum d i s t i l l a t i o n ,  and the  r e s i d u e  was  t r e a t e d  with  
50 ra l  of w a t e r  a c i d i f i e d  with HCI and w o r k e d  up to  g ive  0.25 g (64%) of Iff (Table  1). 
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4 - M e t h y l a m i n o - 3 , 5 - d i c h l o r o _ - 2 , 6 - b i s  ( m e t h y l s u l f o n y l ) p y r i d i n e  (IVa). A s o l u t i o n  of 0.38 g (1 m m o l e )  of 
su l fone  I in 10 m l  of D M F  was  s a t u r a t e d  at  - 2 0  ~ fo r  20 ra in  with d r y  g a s e o u s  m e t h y l a m i n e ,  a f t e r  which  the  
e x c e s s  m e t h y l a m i n e  was  r e m o v e d  r a p i d l y  in vacuo,  and the  s o l u t i o n  was  t r e a t e d  with  50 m l  of w a t e r  and a c i d -  
i f i ed  wi th  HC1. Workup  gave  0.27 g (81~) of IVa (Table  2). 

4 - A z i d o - 3 , 5 - d i c h l o r o - 2 , 6 - b i s ( r n e t h y l s u l f o n y l ) p y r i d i n e  (Wb). A so lu t i on  of 0.13 g (2 m m o l e )  of sod ium 
a z i d e  in 2 rnl of w a t e r  was  added  at  - 1 0  ~ to a s o l u t i o n  of 0.38 g (1 m m o l e )  of su l fone  [ in 10 ml  of DMF.  and 
the m i x t u r e  was  a l l owed  to s t and  at  t h i s  t e m p e r a t u r e  fo r  10 ra in .  It was  then  t r e a t e d  with  50 rnl of w a t e r  and 
w o r k e d  up to  g ive  0.33 g (96~) of W b  (Table  2). 

4 - H y d r o x y - 3 . 5 - d i c h l o r o - 2 , 6 7 b i s ( r n e t h y l s u l f o n . y l ) p y r i d i n e  (IVc). A 0 .38-g  (1 m m o l e )  s a m p l e  of sul fone I 
was  added  to a s o l u t i o n  of 0.4 g (10 m m o l e )  of NaOH in 15 ml  of w a t e r ,  a f t e r  which  the m i x t u r e  was  r e f l u x e d  
for  10 rnin.  It was  then  coo led ,  a c i d i f i e d  with  c o n c e n t r a t e d  HC1, and e x t r a c t e d  with  e t h e r .  Workup  gave  0.1 g 
(31~) of IVc (Table  2). 

Die thy l  [ 3 , 5 - D i c h l o r o - 2 , 6 - b i s ( m e t b y l s u l f o n y l ) - 4 - p y r i d y l ] m a l o n a t e  (IVd). A s o l u t i o n  of 0.38 g (1 m m o l e )  
of su l fone  I in 10 m l  of D M F  was  added  to a s o l u t i o n  of 0.23 g (0.01 g - a t o m )  of s o d i u m  in a m i x t u r e  of 2 ml  of 
m a l o n i c  e s t e r  and 10 ml  of t e t r a h y d r o f u r a n  (THF),  and the  m i x t u r e  was  a l lowed  to s t and  at  20 ~ for  2 days .  The  
s o l v e n t s  w e r e  then  r e m o v e d  by v a c u u m  d i s t i l l a t i o n ,  and the r e s i d u e  was  t r e a t e d  with aqueous  a l coho l .  The  
mixture was cooled to precipitate 0.33 g (71~) of [Vd (Table 2). 

2,4,6-Trimethoxy-3,5-dichloropyridine (Va). A solution of 0.23 g (0.01 g-atom) of sodium in 50 ml of 
absolute methanol was added to a solution of 0.38 g (i mmole) of sulfone I in 50 m] of absolute methanol, after 
which the mixture was stirred at 20 ~ for 6 h until sulfone I dissolved completely. It was then allowed to stand 
at this temperature for another 12 h. The solvent was then removed by vacuum distillation, and the residue 
was treated with water acidified with HC1. Workup gave 0.23 g (97:~) of a product with rnp 92-93 ~ (from aque- 
ous ethanol )  (mp 93 -94  ~ [7]). 

2 , 4 , 6 - T r i p h e n o x y - 3 , 5 - d i c h l o r o p y r i d i n e  (Vb). A so lu t i on  of 1 g (9 m m o l e )  of s o d i u m  phenox ide  in 10 ml  
of D M F  was  added  to a s o l u t i o n  of 0.38 g (1 rnmole )  of su l fone  I in 10 rnl of DMF.  and the  r n i x t u r e  was  a l lowed  
to s t and  at  20 ~ fo r  24 h. It was  t hen  t r e a t e d  wi th  20 m l  of w a t e r  a c i d i f i e d  with HC1, and the  r e a c t i o n  p r o d u c t  
was  e x t r a c t e d  with  e t h e r .  Workup  gave  0.3 g (71%) of a p r o d u c t  wi th  m p  105-107 ~ ( f rom aqueous  e thanol ) .  
Found: C 65.2; H 3.5; C1 16.5~. C~3HisCI~NO3~ Calculated: C 65.1; H 3.5; C1 16.7~. 

2,4,6-Trifluoro-3,5-dichloropyridine (Vc). This compound, with bp 155 ~ (bp 156 ~ [8]), was similarly ob- 
tained in 70~ yield from sulfone Ill and potassium fluoride. 

3,4-Diazido-5-chlor-2,6-bis(rnethylsulfonyl)pyridine (Via). A solution of 0.2 g (3 mmole) of sodium azide 
in 5 rnl of water was added to a solution of 0.38 g (1 mrnole) of sulfone [ in 10 ml of DMF, and the mixture was 
allowed to stand at 20 ~ for 1 h. Workup gave 0.26 g (74~) of a product with mp 139-141 ~ (dec., from ethanol). 
Found: Cl 9.8; N 28.3~c. CTH6CIN?O4S2~ Calculated: Cl 10.1; N 27.9%. 

2,4-Bis (methylamino)-3,5-dichloro- 6-methylsulfonylpyridine (VII) and 3,4-Bis (methylarnino)-5-chloro- 
2,6-bis(methylsulfonyl)pyridine (vIb). A solution of 0.38 g (I mmole) of sulfone I in i0 ml of DMF was satu- 
rated for 30 rain at 20 ~ with dry rnethylamine gas, after which it was allowed to stand at 20 ~ for 4 days. The 
rnethylamine and DMF were removed in vacuo, and the residue was treated with 10 rnl of water acidified with 
HCI. The mixture of products VII and Vrb was removed by filtration, and the compounds were separated by 
means of their different solubilities in propanol. The yield of VII, with mp 145-147 ~ (from aqueous propanol), 
was 0.12 g (43~). Found: Cl 24.7; N 14.8; S 11.4~. CsHIIC12N302S. Calculated: CI 25.0; N 14.8; S ll.3Crc. The 
yield of VIb, with mp 201-203 ~ (dec., from propanol), was 0.1 g (30~). Found: CI 11.0; N 12.6~. CgHI4CIN304S z. 
Calculated: CI 10.8; N 12.8~. 
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