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A CONVENIENT SYNTHESIS O F  2,3-DICHLORO-lr4- 

NAPHTHOQUINONE- l - 1 4 C  U S I N G  A NOVEL CHLORINATION PROCEDURE 

Submitted by Kenneth W .  Ehler*  and Ronald S. P a r d i n i  
(10/29/82) 

Department o f  Biochemistry 
Un ive r s i ty  of  Nevada, Reno 
Reno, NV 89557 

Recent s tud ie s ’  i n  ou r  l a b o r a t o r y  of  t h e  involvement of  

superoxide  i n  t h e  i n t e r a c t i o n  of  2,3-dichloro-1,4-naphthoquin- 

one (CNQ, 11) wi th  mi tochondr ia1  membranes have made it imper- 

a t i v e  t h a t  w e  p repa re  r a d i o l a b e l e d  CNQ,  because c u r r e n t l y  

a v a i l a b l e  commercial sou rces  o f  CNQ-1-14C p rov ide  it a t  pro-  

h i b i t i v e l y  h igh  c o s t .  The p r e s e n t  r e p o r t  d e s c r i b e s  a conven- 

i e n t  and r e l a t i v e l y  inexpens ive  r o u t e  t o  CNQ-1-I4C. 

I I1 

Perumal and Bha t t2  desc r ibed  t h e  above r o u t e  as a method 

f o r  o b t a i n i n g  gram q u a n t i t i e s  o f  2-chloronaphthoquinone ( I )  i n  

85% y i e l d .  When w e  s c a l e d  t h i s  down t o  p m o l  amounts, w e  found 

about  1 0 %  y i e l d  of  CNQ (11) i n  a d d i t i o n  t o  about  30% y i e l d  of  

I .  Cons ide ra t ion  of t h e  fo l lowing  e q u i l i b r i u m  sugges ted  t h a t  

C12 + H20 f H+ + C1-  + H O C l  

i f  t h e  H C 1  and H 2 0 2  of  t h e  above scheme were s e a l e d  i n  a tube  

w i t h  t h e  a-naphthol ,  t h i s  e q u i l i b r i u m  would be e s t a b l i s h e d  and 

s h i f t e d  t o  t h e  l e f t  r e l a t i v e  t o  t h e  normal s i t u a t i o n  found 

w i t h  a s o l u t i o n  of c h l o r i n e  water.’ S ince  t h e  r e a c t i o n  of a- 
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naphthol  i n  s u l f u r i c  acid wi th  c h l o r i n e  gas  i n  t h e  presence  of 

i r o n  sa l t s  i s  a known i n d u s t r i a l  r o u t e  t o  C N Q I 4  perhaps t h e  

s e a l e d  tube  method would prove o f  va lue  as a r o u t e  on a micro- 

scale t o  CNQ-1-14C. 

t h e  y i e l d  of CNQ (11) w a s  i nc reased  t o  53%,  wi th  t h e  y i e l d  of 

I dropping t o  0.5%. W e  have a l s o  a p p l i e d  t h i s  procedure w i t h  

a - n a p h t h ~ l - l - ~ ~ c  and ob ta ined  a 23% y i e l d  of CNQ-1-14C i n  99+% 

I n  f a c t ,  when t h i s  approach w a s  t r i e d ,  

p u r i t y .  The method of  p u r i f i c a t i o n  of t h e  crude r e a c t i o n  mix-  

t u r e  was p r e p a r a t i v e  t h i n  l a y e r  chromatography. S ince  a-naph- 

thol-l-"C i s  a v a i l a b l e  commercially , t h e  p r e s e n t  r o u t e  makes 

i t  r e l a t i v e l y  easy  t o  o b t a i n  CNQ-1- l4C  of high p u r i t y  i n  mod- 

e ra te  y i e l d .  

EXPERIMENTAL 

Burdick and Jackson HPLC grade  a c e t o n i t r i l e ,  AR grade  concd 
hydroch lo r i c  a c i d ,  and F i s h e r  AR grade 30% hydrogen peroxide  
w e r e  used. A l l  o t h e r  s o l v e n t s  usedw?reAR grade .  a-Naphthol- 
l - 1 4 C  w a s  purchased from P a t h f i n d e r  Labora to r i e s  , Inc .  , S t .  
Louis ,  and had a s p e c i f i c  a c t i v i t y  of  8 . 7 6  mCi/mmol. a-Naph- 
t h o 1  grade 111, 99+% w a s  purchased from Sigma Chemical Co. 
Technica l  grade  CNQ from MCB w a s  r e c r y s t a l l i z e d  from a b s o l u t e  
e t h a n o l .  2-Chloro-1,4-naphoquinone was p repa red  from t h e  pur- 
i f i e d  a-naphthol  accord ing  t o  t h e  procedure of  Perumal and 
Rhat t .2  E .  Merck Reagents p recoa ted  TLC s h e e t s  ( S i l i c a  g e l  6 0  
F254, 0 . 2  mm t h i c k ,  20  x 2 0  c m )  w e r e  used f o r  p u r i f i c a t i o n  of 
t h e  crude CNQ r e a c t i o n  mixtures .  These s h e e t s  were c u t  t o  var -  
i o u s  s i z e s  f o r  a n a l y s i s  of  samples and r e a c t i o n  mix tu res .  High 
p r e s s u r e  l i q u i d  chromatographic  ana lyses  w e r e  done us ing  a P e r -  
k i n  E l m e r  603 ins t rument  w i t h  a 5 micron Al t ex  ODS r e v e r s e  
phase column ( 4 . 6  mm I D  x 25 c m  l e n g t h )  and d e t e c t i o n  a t  250 
nm us ing  a LC-50 v a r i a b l e  wavelength d e t e c t o r .  An i s o c r a t i c  
s o l v e n t  system of a c e t o n i t r i l e / w a t e r  (65/35) was used a t  a 
flow r a t e  of  0.75 ml/min. 

React ion of a-Naphthol w i th  1ON Hydrochlor ic  - Acid and 30% Hy- 

drogen Peroxide i n  a Sea led  Tube.- The fo l lowing  s o l u t i o n s  w e r e  

p repared  and used immediately:  a-naphthol  (151 mg, 1 . 0 4  mmol) 

was d i s so lved  and d i l u t e d  t o  1 0 . 0  m l  w i t h  a c e t o n i t r i l e .  To 

a 1 0 . 0  m l  vo lumetr ic  f l a s k  w a s  added 1 .5  ml of 1 0  N hydrochlor-  
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i c  a c i d  fo l lowed by 4.0 m l  of a c e t o n i t r i l e  and 3.0 ml of 30% 

hydrogen p e r o x i d e  and t h e  m i x t u r e  d i l u t e d  t o  1 0 . 0  m l  w i t h  ace- 

t o n i t r i l e .  Then 1 0 0  p 1  o f  t h e  a -naphthol  s o l u t i o n  was added 

t o  a g l a s s  t u b e  s e a l e d  a t  one end (approximate ly  11 c m  l o n g ,  

6 mm I D ,  2 mm t h i c k  w a l l )  fo l lowed by 1 0 0  p l  of t h e  HC1-H202 

s o l u t i o n .  A f t e r  each  a d d i t i o n  of 1 0 0  ul of  r e a g e n t  t o  t h e  t u b e ,  

t h e  m i c r o p i p e t t e s  w e r e  washed o u t  w i t h  3 x 1 0 0  ul of a c e t o n i -  

t r i l e  t h u s  y i e l d i n g  a f i n a l  r e a c t i o n  volume o f  approximate ly  

0.8 m l .  The t u b e  w a s  t h e n  immediately s e a l e d  and p l a c e d  i n  an 

o i l  b a t h  a t  84-88O f o r  24 h r s .  

t h e  s o l v e n t  e v a p o r a t e d  t o  d r y n e s s  under  a stream of n i t r o g e n .  

To t h e  r e s i d u e  w a s  added a b o u t  0 . 1  m l  o f  d i s t i l l e d  w a t e r  and 

t h e  m i x t u r e  e x t r a c t e d  w i t h  3 x 0.5 m l  of anhydrous e t h y l  e t h e r .  

The combined o r g a n i c  l a y e r s  were d r i e d  o v e r  anhydrous sodium 

s u l f a t e ,  f i l t e r e d  and e v a p o r a t e d  under  a s t r e a m  o f  n i t r o g e n .  

The r e s i d u e  w a s  d i s s o l v e d  i n  a minimum q u a n t i t y  o f  anhydrous 

e t h y l  e t h e r  and  a p p l i e d  t o  a 20 x 20 c m  S i 0 2  TLC s h e e t ,  which 

was developed w i t h  3 : 2 benzene : cyclohexane.  T h i s  development 

p r o c e d u r e  w a s  r e p e a t e d  t w i c e  t o  y i e l d  two main bands a l o n g  w i t h  

minor bands.  One o f  t h e  main bands cor responded t o  an  authen-  

t i c  sample o f  CNQ ( R f  = 0.35-0.42) and t h e  o t h e r  m i g r a t e d  to 

Rf = 0.64-0.70. The i d e n t i t y  o f  t h e  l a t t e r  material  was n o t  

e s t a b l i s h e d .  I t  f a i l e d  t o  react w i t h  t h e  h y d r o c h l o r i c  a c i d ,  hy- 

drogen p e r o x i d e  m i x t u r e  i n  a s e a l e d  t u b e  t o  y i e l d  e i t h e r  CNQ o r  I .  

Then t h e  t u b e  w a s  opened and 

I n  e v e r y  case one of t h e  minor bands m i g r a t e d  a t  t h e  same 

Rf  v a l u e  as a u t h e n t i c  2-chloro-1,4-naphthoquinone ( I ) .  The 

bands w e r e  e l u t e d  from t h e  s i l i c a  g e l  w i t h  anhydrous e t h y l  

e t h e r ,  f i l t e r e d  and e v a p o r a t e d  t o  d r y n e s s .  T h i s  y i e l d e d  53% 
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of CNQ (by  UV a n a l y s i s )  and  0 . 5 %  o f  I .  P u r i t y  w a s  e s t a b l i s h e d  

by HPLC a n a l y s e s  w i t h  a u t h e n t i c  s a m p l e s  of CNQ ( R f  = 9 . 0 )  and  

o f  I ( R f  = 6 . 9 ) .  

p u r i t y .  An i m p u r i t y  ( R f  = 1 0 . 0 ,  HPLC) p r e s e n t  i n  some s o l u -  

t i o n s  of p u r i f i e d  CNQ s l o w l y  i n c r e a s e d  when t h e  s o l u t i o n s  were 

l e f t  a t  0-5O f o r  l o n g  p e r i o d ? .  

The optimum p r o c e d u r e  y i e l d e d  CNQ of 99+% 

However, t h i s  i m p u r i t y  n e v e r  

e x c e e d e d  6 %  y i e l d  e v e n  a f t e r  t h e  s o l u t i o n  w a s  l e f t  a month a t  

0-5 . N e v e r t h e l e s s ,  f o r  a l o n g  p e r i o d  i t  i s  best  t o  l e a v e  t h e  

CNQ sample  d r y  ,Tnd i n  t h e  c o l d .  

0 

S y n t h e s i s  o f  2 , 3-Dich lo ro -1  , 4-naphthoquinone- l -14C.  -_I__ - When t h e  

p r e v i o u s l y  d e s c r i b e d  p r o c e d u r e  was a p p l i e d  w i t h  a - n a p h t h o l - l -  

l 4 C ,  2 -ch lo ro -1 ,  4 -naphthoquinone- l -14C ( I )  w a s  formed i n  l ess  

t h a n  1% y i e l d .  

t i v e  S i 0 2  TLC t o  y i e l d  23% of a sample  w i t h  s p e c i f i c  a c t i v i t y  

8 . 0 7  m C i / m m o l  and  c o n t a i n i n g  less t h a n  1% i m p u r i t y  (HPLC a n a l -  

The CNQ-1-14C w a s  p u r i f i e d  t w i c e  by  p r e p a r a -  

y s i s ) .  
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