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ORGANIC PREPARATIONS AND PROCEDURES 1( 3) ,  187-191 (1969) 

2,3,5,6 -TETRACHLORO-4-PYRIDYLCOPPER AND SOME DERIVATIVES 

S.  S.  Dua, A.  E .  Jukes and H. Gilman 
Department of Chemistry, Iowa S t a t e  U n i v e r s i t y ,  Ames, Iowa 
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W e  have p r e v i o u s l y  reported’ t h e  p r e p a r a t i o n  of polyhalo-  

a ry l coppe r  compounds or t h e i r  complexes by two b a s i c  procedures:  

( i )  a d d i t i o n  of a coppe r (1 )  h a l i d e  t o  a polyhaloaryl-Grignard 

r eagen t  or l i t h i u m  compound; and (ii) a d d i t i o n  of a polyhalo-  

a rene  t o  l i t h i u m  dimethylcopper.  A l l  methods have been used 

t o  p repa re  2,3,5,6 -tetrachloro-4-pyridylcopper b u t ,  g e n e r a l l y ,  

p r e p a r a t i o n  via t he  Grignard r eagen t  gave t h e  h i g h e s t  y i e l d s  of  
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DUA, JUKES , AND GILMAN 

t h e  va r ious  p roduc t s .  The e a s i e s t  and l e a s t  expensive method 

of p repa r ing  t h e  pyridylcopper  compound i s  a l s o  via t h e  Grignard 

reagent '  , 2,3,5,6 - t e t r a c h l o r o  -4-pyridylmagnesium c h l o r i d e .  

copper compound i s  very s t a b l e ,  even a t  e l e v a t e d  temperatures  

and,  f o r  example , on h e a t i n g  a t  100" w i t h  iodobenzene i n  the  

absence of o t h e r  s o l v e n t s  a f fo rded  4-phenyltetrachloropyridine 

i n  55.576 y i e l d .  We have found t h a t  t h e  copper compound r e a c t s  

exothermally w i t h  a c i d  c h l o r i d e s  t o  give 2 , 3 , 5 , 6 - t e t r a c h l o r o -  

4-pyridyl  ketones i n  60-70% y i e l d s  and provides  a u s e f u l  r o u t e  

t o  such compounds. 2,3,5,6-Tetrachloro-4-pyridylcopper a l s o  

r e a c t s  e a s i l y  w i t h  ally1 bromide a t  t h e  ambient temperature  t o  

g ive  4-allyltetrachloropyridine. 

The 

Some t y p i c a l  d e t a i l s  a r e  given f o r  t h e  p r e p a r a t i o n  of t h e  

copper compound, and from t h i s  compounds c o n t a i n i n g  t h e  

2 ,3 ,5,6-tetrachloro-4-pyridinoid nucleus.  

Experimental  

2,3,5, 6 -Tetrachloro-4-pyridglcopper .  

The Grignard r eagen t  , 2 ,3 ,5 ,6 -tetrachloro-4-pyridylmagnesium 

c h l o r i d e ,  was prepared as reported'.  Pen tach lo ropyr id ine  (12.62 

g . ,  0.05 mole) i n  d ry  THF (100  m l . )  w a s  added t o  magnesium t u r n -  

i n g s  (1.32 g.  , 0.055 g.  a t .  ) i n  a small volume of THF over 30 

minutes while  coo l ing  a t  -10" ( i c e - s a l t  b a t h ) .  The mixture  was 

s t i r red  a t  -10" f o r  2 h r .  and t h e n  f i l t e r e d .  By t i t r a t i o n 3  of 

3 m l .  a l i q u o t s  t h e  dark r ed  s o l u t i o n  was found t o  be 0.28 N and 

t h e  y i e l d  of t h e  Grignard r eagen t  w a s  90.5%. This  s o l u t i o n  gave 

Color Tes t  14. The Grignard r eagen t  could be d e t e c t e d  when t h e  

s o l u t i o n  w a s  0 .08 N a l t hough  the  Malachite Green c o l o r  developed 
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2,3,5,6- Te t r a c  hloro-  4- Pyridyl  c oppe r 

slowly and was e a s i l y  masked by excess  i o d i n e .  However, any 

excess  iod ine  can be removed by dropwise a d d i t i o n  of a d i l u t e  

s o l u t i o n  of sodium t h i o s u l p h a t e .  To t h e  s o l u t i o n  of t h e  

Grignard reagent  a t  Oo was added copper (1)  iod ide5  (10.0 g . ,  

0.05 mole).  

hour.  However, t h e  mixture was u s u a l l y  s t i r r e d  a t  0" f o r  a few 

more hours t o  ensure complete formation of t h e  copper compound. 

Fresh ly  prepared6 copper (1)  c h l o r i d e  can a l s o  be used. 

Color Tes t  I on t h e  mixture was negat ive w i t h i n  1 

React ion w i t h  benzogl c h l o r i d e .  

To t h e  copper compound [prepared as above from pentachloro-  

pyr id ine  (10.0 g . ,  0.04 mole),  magnesium (1.07 g . ,  0.044 g .  a t . )  

and copper (1)  iod ide  (7.7 g . ,  0.04 mole)]  i n  THF a t  0" was added 

benzoyl c h l o r i d e  (6 m l . ,  7.3 g . ,  0.052 mole) and t h e  mixture 

s t i r r e d  f o r  s e v e r a l  hours. Copper sa l t s  were removed by a d d i t i o n  

of aqueous ammonium c h l o r i d e  and ammonium hydroxide. The mixture 

was e x t r a c t e d  wi th  e t h e r  (2 x 100 m l . ) .  A f t e r  drying (MgS04), 

t h e  ether-THF s o l u t i o n  was evaporated t o  dryness and t h e  res idue  

chromatographed on a column of s i l i c a  g e l  i n  carbon t e t r a c h l o r i d e .  

Removal of t h e  so lvent  from t h e  e l u a t e  and c r y s t a l l i z a t i o n  of 

t h e  s o l i d  s o  obtained from e t h a n o l  a f forded  4-benzoyl te t ra -  

ch loropyr id ine  (8.1 g . ,  63%), m.p. 134-135'. The compound was 

i d e n t i c a l  t o  t h a t  obtained by oxida t ion  of b-benzyl te t rachloro-  

pyr id ine7 .  

I n  a similar p r e p a r a t i o n  on t h e  same s c a l e  but  employing 

copper (1)  c h l o r i d e  (4.0 g . ,  0.04 mole) t h e  y i e l d  of 4-benzoyl- 

t e t r a c h l o r o p y r i d i n e  w a s  7.8 g . ,  6 1 % . 1 ~  ( C C 1 4 )  : 1685 ( C = O ) ,  1316, 

1103 cm-I ( C 5 C 1 4 N ) .  

260 (16000),  292.5 (6700). 'H RTMR ( C C 1 4 ) :  s i n g l e t  2.77. 

UV (cyclohexane) Amax ( 6 )  : 233 mp (15900), 
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React ion w i t h  a l l y 1  bromide. 

2,3,5,6-Tetrachloro-4-pyridylcopper was prepared as above 

from pen tach lo ropyr id ine  (12.62 g . ,  0.05 mole) , magnesium 

(1.32 g . ,  0.055 g.  a t . )  and coppe r (1 )  c h l o r i d e  (5 .0  g . ,  0.05 

mole) i n  THF. To t h e  copper compound a t  t h e  ambient temperature  

was added a l l y l  bromide (6.7 g.  , 0.055 mole) and t h e  mixture  

s t i r r e d  f o r  s i x  hours .  The r e a c t i o n  was s l i g h t l y  exothermic 

Copper s a l t s  were removed by a d d i t i o n  of ammonium c h l o r i d e  

s o l u t i o n  and t h e  mixture e x t r a c t e d  w i t h  e t h e r  (2 x 100 m l . ) .  

The d ry  (MgS04) ether-TEE? s o l u t i o n  was f r a c t i o n a l l y  d i s t i l l e d  t o  

y i e l d  4-allyltetrachloropyridine ( 8 . 4 4  g .  , 76.4%), b.p.  99- 

10lo/O.l mm. IR ( l i q .  f i l m )  : 1637 ( C = C ) ,  1530, 1330 ern-' 

( C 5 C 1 4 N ) .  The 'H NMR spectrum was t y p i c a l  of a l l y l  compounds'. 

[Found: C, 37.01; H, 2.02. Calc.  f o r  C ' H 5 C 1 4 N :  C y  37.40; H, 

1.961. 

I n  a similar p r e p a r a t i o n  on a sma l l e r  s c a l e  (0 .03  mole) and 

employing c o p p e r ( 1 )  i o d i d e  the  y i e l d  of 4 - a l l y l t e t r a c h l o r o p y r i -  

dine was 5.55 g . ,  72%. 
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