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3-Chloro-3-[2', 3'(CO), 6', 5 '(CO)dibenzoylene-4'-pyridyl] phthalide 
(Dibepin-2) is an analytical color reagent for primary aliphatic amines 
and arylalkylamines (with the exception of ethylenediamine and 1, 
2-diaminopropane). The reaction is always negative with secondary 
and tertiary amines. 

Some y e a r s  ago, we d i s c o v e r e d  and i n v e s t i g a t e d  an 
a n a l y t i c a l  c o l o r  r e a g e n t  for  p r i m a r y  a m i n e s  (main ly  
a l k y l a m i n e s  and a r y l a l k y l a m i n e s ) ,  Dibepin,  i .  e . ,  8 - [2 ' ,  
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3'(CO), 6', 5'(CO)-dibenzoylene-4'-pyridyl]-l-naphthoyl 
chloride [1, 2]. Dibepin can be used for the detection 
[3, 4] and quantitative determination [5] of primary 

amines. A convenient method for the synthesis of Di- 
bepin has been developed [6, 7] and the mechanism of 
the color reaction has been shown [8], from which it 
follows that: I) the reaction can be positive only with 
primary amines; and 2) it is right to expect that a 

similar intramolecular reaction will take place in 
other cases with a suitable mutual arrangement of 
the reaction centers. In actual fact, the action of pri- 
mary amines on 3-chloro-3-[2', 3'(CO), 6', 5'(CO)-di- 
benzoylene-4'-pyridyl]phthalide (1) [9] forms monosub- 
stituted amides of 0-[2, 3(CO), 6, 5(CO)-dibenzoylene- 
isonicotinoyl]benzoic acid (II) which, in alkaline so- 
lution, as a result of reversible intramolecular eycli- 
zation, form deep blue-violet solutions. We have 
studied the possibility of using I (for which we propose 
the name Dibepin-2) as an analytical reagent for pri- 
mary amines. 
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METHOD OF PERFORMING THE REACTION 

In a t e s t  tube  a r e  p l aced  a s a m p l e  of the  s u b s t a n c e ,  
D ibep in -2  (0.5 to 1 mg),  and p o t a s s i u m  c a r b o n a t e  (or 
d r y  sod ium hyd rox ide  in the c a s e  of a m i n e  sa l t s ) ,  then 
i t  is  f i l l ed  with d ioxane .  The m i x t u r e  is  b o i l e d  fo r  30 
seconds ,  and a few d r o p s  of a 5% aqueous  so lu t ion  of 
sod ium h y d r o x i d e  and e thanol  a r e  added.  The a p p e a r -  

ance of a deep  b l u e - v i o l e t  c o l o r a t i o n  shows the p r e s -  
ence of a p r i m a r y  amine .  P r i m a r y  a l k y l a m i n e s  and 
a r y l a l k y l a m i n e s  give a pos i t i ve  r e a c t i o n  in the  m a j o r -  
i ty of c a s e s  (e thyl - ,  n - p r o p y l - ,  i s o p r o p y l - ,  n - b u t y l - ,  
i s o a m y l - ,  n -hexy l ,  n - h e p t y l - ,  n - u n d e c y l - ,  n - d o d e c y l - ,  
n - o c t a d e c y l - ,  a l l y l - ,  c y c l o h e x y l - ,  e thano l - ,  b e n z y l - ,  
and f l - p h e n y l i s o p r o p y l a m i n e s ,  and t e t r a m e t h y l e n e -  
and h e x a m e t h y l e n e d i a m i n e  s). 

An i n t e r e s t i n g  excep t ion  i s  f o r m e d  by  d i a m i n e s  
con ta in ing  the two amino  g roups  on ne ighbo r ing  ca rbon  
a t o m s ;  for  example ,  e t h y l e n e d i a m i n e  and 1, 2 - d i a m i -  
nopropane ,  which do not  give  the pos i t i ve  r e a c t i o n  
even on hea t ing  for  5 minu te s .  As  was  to be  expec ted ,  
the r e a c t i o n  is  nega t ive  wi th  s e c o n d a r y  and t e r t i a r y  
a m i n e s  (d ie thy l - ,  d i - n - p r o p y l - ,  d i - n - b u t y l - ,  d i e thano l - ,  
t r i m e t h y l - ,  t r i e t h y l - ,  and t r i e t h a n o l a m i n e s ,  horden ine ,  
and ephedr ine ) .  The r e a c t i o n  is nega t ive  (with hea t ing  
for  2 minu tes )  with a l m o s t  a l l  p r i m a r y  a r o m a t i c  
a m i n e s  ( m -  and p - p h e n y l e n e d i a m i n e s ,  o -  and m - t o l u -  
id ines ,  o -  and p - a m i n o p h e n o l s ,  p - a n i s i d i n e ,  and p - b r o -  
moan i l ine ) .  Only in ind iv idua l  c a s e s  (ani l ine,  o - a n i s i -  
dine, p -phene t id ine )  does  an i n d i s t i n c t  v io le t  t inge 
a p p e a r .  Dibep in -2  ac t s  e x t r e m e l y  s lowly  with the 
m o r e  b a s i c  (more  r e a c t i v e )  a l i pha t i c  a m i n e s  (pK B 
f rom 2.8 to 4.7). Consequent ly ,  the  l i m i t i n g  c o n c e n -  
t r a t i on  of a m i n e s  v a r i e s  a c c o r d i n g  to the t i m e  of h e a t -  
ing. It is  obvious tha t  with a r o m a t i c  a m i n e s  (pK B 
g r e a t e r  than 8.0), the r a t e  of the r e a c t i o n  is  too s low.  
This  a g r e e s  with the p r o p o s e d  c y c l i c  s t r u c t u r e  I [9]. 

Thus,  the c o l o r  r e a c t i o n  of Dibepin-2 ,  with a few 
excep t ions ,  is  spec i f i c  for  p r i m a r y  a l i pha t i c  a m i n e s  
and a r y l a l k y l a m i n e s .  This  is  an advan tage  of the r e -  
agent ,  s i nce  t h e r e  a r e  few c o l o r  r e a c t i o n s  which p e r -  
m i t  the  r a p i d  d i s t i nc t ion  of a p r i m a r y  amino group,  
p a r t i c u l a r l y  in the a l i pha t i c  s e r i e s .  It m a y  be a s s u m e d  
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that Dibepin and Dibepin-2  a re  only the f i r s t  r e p r e s e n -  
ta t ives  of a new group of ana ly t i ca l  r eagen t s  with a 
pecu l i a r  m e c h a n i s m  of the i r  act ion.  
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The reaction of selenium with phenylacetylene in the presence of 
sodium ethoxide in boiling dioxane has given 2, 5-diphenyl-1, 4- 
diseleuacyclohexa-2, 5-diene, whose moiecules have the boat con- 
formation. 

Severa l  v a r i a n t s  have been  proposed for  the r e a c -  
tion of s e l en ium with phenylaee ty lene  in equ imo l a r  
ra t ios ,  leading  to the fo rmat ion  of d i f fe ren t  subs tances .  

C6HsC ~ C l i  + Se 

C H s C ~ C  H 6 \ /  
Se 

Se'~H H C6H 5 
I II III I V  

We have obtained a yel low c r y s t a l l i n e  subs tance  with 
mp 136 ~ C, the s t r u c t u r e  of which w a s t o b e  es tab l i shed .  

S t ruc tu r e s  I and IV cannot  be acceptcd,  s ince  the 
m o l e c u l a r  weight  ca lcu la ted  for them (181.09) does 
not ag ree  with that found exper imen ta l ly ,  (366.5). S t r u c -  
tu re  IV is also excluded because  the benzose lenophene  
co r r e spond ing  to it  is a l iquid with bp 150 ~ C [1]. It 
r e m a i n s  only to make  a choice be tween s t r u c t u r e s  II 
and III, for which the ca lcu la ted  m o l e c u l a r  weight 
{362.18) is in good a g r e e m e n t  with the f igure  found 

exper imen ta l ly .  F o r  this purpose ,  we used the dipole 
m o m e n t  method.  

The dipole m o m e n t  ca lcula ted  for  the d i se len ide  
II is 1.81 D. A compar i son  of this  value with the f ig-  
u re  found e x p e r i m e n t a l l y  of 0.45 D enables  s t r u c t u r e  
II to be excluded. 

F o r  the cycl ic  se len ide  III we ca lcula ted  the dipole 
mome n t s  on the a s s u m p t i o n  of the cha i r  conformat ion ,  
0.0 D and the boat  conformat ion .  

Se Se 

_ . . ~  . . . . .  0.49 D 
\ .... 

i 
Ph 

A compar i son  of these  va lues  with that found e x p e r i -  
men ta l l y  of 0.45 D shows that  the product  of the r e a c -  
tion of su l fur  with phenylace ty lene  is 2, 5-d iphenyl -1 ,  
4 -d i se l enacyc lohexa -2 ,  5-diene,  the mo lecu l e s  of which 
have the boat  conformat ion .  We may  note that the boat  
conformat ion  has also been  found for the c o r r e s p o n d -  
ing su l fu r  analog, 2, 5 -d iphenyl -1 ,  4 -d i th i in  

Ph\~b 


