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ORGANIC PREPARATIONS AND PROCEDURES I N T .  19(2-3), 181-186 (1987) 

SYNTHESIS OF DIIHINES FROM 1,2-DICARBONYL 

COHPOUBDS BY DIRECT CATALYZED CONDENSATION 
* 

D. Armesto, P. Bosch, H.  G .  Gallego, J. F. Martin, 

H. J. Or t iz ,  R.  Perez-Ossorio and A .  Ramos 

Departamento de  Quimica OrgAnica, Facultad de  Quimica,  

Universldad Complutense, 28040-Madrid, SPAIN 

Diiiuines have been used as precursors  to  some heterocycl ic  compounds 

such as  imidazolinesl  and as  w e l l  a s  b identa te  l ignnds f o r  a 

var ie ty  of metals.3 There are only a few routes  t o  t h e  s y n t h e s i s  of diimines 

of 1,2-dicarbonyl compounds. The d i r e c t  method by r eac t ing  t h e  carbonyl 

compound with amine succeeds only with r eac t ive  carbonyl groups as  in 

biace ty l  and f a i l s  with benzil  even under forc ing   condition^.^ Al te rna t ive  

methods such a s  the  reac t ion  of Grignard reagents  with i s o n i t r i l e s , 6  cyanlde- 
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catalyzed condensation of a n i l s ,  and mercuric acetate catalyzed addi t ion  of 
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ARMESTO, BOSCH, GALLEGO, MARTIN,  O R T I Z ,  PEREZ-OSSORIO AND RAMOS 

amines t o  propargyl alcohol'  have been reported.  None of t hese  methods is 

general;  they have l imited f l e x i b i l i t y  f o r  varying subs t i t uen t s ,  and y ie ld  

diimines with iden t i ca l  s u b s t i t u t i o n  on t h e  n i t rogens .  The s y n t h e s i s  of t h e  N- 

unsubsti tuted diimine of benzil  has  a l s o  been repor ted '  using t h e  d i r e c t  

reac t ion  of sodium bis(trimethylsily1)amide with benzil .  1,3-Diimines are even 

less common; since d i r e c t  a t t a c k  of anrine on a 1'3-diketone f a i l s ,  t h e  only 

syn the t i c  approach is the  addi t ion  of an ions  of ketimines t o  n i t r i l e s .  9 

TABLE I. Yields, Melting Poin ts  and Elemental Analysis of 9, 4 and 6 

Cmpd Yield" mP Formula Elemental Analysis 
(% ) ('C) Calcd. (Found) 

C H B ................................................................ 
42 

47 

64 

63 

70 

93 

77 

40 

27 

101-102 

146-148 

176-178 

68-73 

158-160 

b 

72-75 

101-102 

61 

C33H26'2 

C35H30PS2 

'4 0 H32 '2 

C20H24N2 

'30H28'2 

1 4H20N2 

'2QH26'2 

'3 lH30'2 

88 .oo 

87.65 

88 .a2 

82.19 
(81 94) 

(87.38) 

G37.86) 

(89.20) 

86.53 
(86.39 1 

C 

77.77 
(77.46 1 

86 53 

86.47 
(86.40) 

(86.24 1 

5.78 
(5.60) 

5.40 

5.92 
(5.97) 

8.22 
(8.04) 

6.73 
(6 3 2 )  

(6 28) 

9.25 
(9.55 1 

6.51 
(6.68) 

7.02 
(6 .a3) 

6 22 
(6 .OO) 

5.70 
(5.86 ) 
5.18 
(5.07 ) 

9.59 
(9 6 3 )  

6.73 
(6.61) 

12.96 
(13.08 1 

6.96 
(6.82 ) 

6.51 
(6.20 ) 

-------------___------------------------------------------------- 
a )  Yields are f o r  pure r ec rys t a l l i zed  products and a r e  not optimized. 
b) bp. 25'10.1 m m  Ha. c)  The product w a s  uns tab le  and save  unre l iab le  

microanalytical  da t a .  

We now repor t  a genera l  s y n t h e t i c  procedure f o r  t he  f a c i l e  s y n t h e s i s  of 

1,2 and 1,3-diimines involving reac t ion  of t h e  corresponding dicarbonyl 

compound with t i tanium (IV) chloride" in  t h e  presence of a l a rge  excess  of 

an amine a t  room temperature f o r  2-4 days  under an  atmosphere of nitrogen. 

Work-up g ives  good t o  exce l len t  y i e l d s  of t he  corresponding 1,2- and 1,3- 

diimines 3, 4 and 6 (Table I )  whose s p e c t r a l  d a t a  are col lec ted  in  Table 11. 
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DI IMINES FROM 1,P-DICARBONYL COMPOUNDS BY DIRECT CATALYZED CONDENSATION 

TABLE 11. Spectral Data of 9, 4 and 6 

Cmpd I R ~  (cm- ) 'H-IMR ( 6 )  ( c D c ~ ~ )  
-------__-__________----------------------------------------------- 

1615 5.6 (s, l H ,  CHI; 6.3-6.7 (m,  2H, a romat ics ) ;  7.1-7.5 (m, 
19H, a romat ics ) ;  7.7-8.0 t m ,  4H, a romat ics ) .  

1.0 (d, 3 H ,  CH3); 4.3 (9, l H ,  CH);  5.6 (s, l H ,  CH); a2 1610 

1615 6.9-8.0 (m,  25H, a romat ics ) .  

4p. 1620 5.6 (s, 2H, CH); 6.9-8.0 (m, 30H, a romat ics ) .  

4h 1620 1.0 (d, 6 H ,  2CH3); 1.2 (d, 6H, 2CH3); 3.6 (m,  2H, 2CH); 

7.2-7.6 (m, 6H, a romat ics ) ;  7.7-8.0 ( m ,  4 H ,  a romat ics ) .  

4G 1620 1.0 (d, 3 H ,  CH3); 1.3 (d, 3 H ,  CH3); 4 .1  (m, l H ,  C H ) ;  

4.6 (m,  l H ,  CH) ,  6.8-8.0 (m,  20H, a romat ics ) .  

46 

4e 

1640 

1630 

1610 aromat ics ) ;  7.8 (5 ,  lH, CH=). 

1.3 (d, 12H, 4CH3); 2.2 (5 ,  6 H ,  2CH3); 3.9 ( m ,  2H, 2CH). 

bl.O (d, 12H, 4CH3); 3.4 ( m ,  2H, 2CH); 7.0-7.3 (m, 5H, 

1.6 ( s ,  6H, 2CH ); 6.5-7.2 (m, 20H, a romat ics )  

1.5 (s, 6H, 2CH ) ;  4.4 (5, 4H, 2CH. ) ;  6.8-7.4 (m, 20H, 

aromatics) 

3 

3 2 

&I 1630 

a2 1650 

-___---__----__-____----------------------------------------------- 
4 

a )  As K B r  pe l l e t s .  b) In CC1 

The use of b i ace ty l  c l ea r ly  demonstrates t h a t  t he  a lky l  subs t i t uen t s  i n  

t he  carbonyl compound does not a f f e c t  t h e  condensation with the  amine, and 

t h a t  t he  t i tanium (IV) chlor ide  reac t ion  is appl icable  even t o  r eac t ive  

carbonyl compounds. The v e r s a t i l i t y  of t h e  t i tanium (IV) chlor ide  approach is 

demonstrated by the  syn thes i s  of t he  unsymmetrically subs t i t u t ed  diimines 

and s. Only the  monoimine 2 is formed by the  ZnCl -catalyzed reac t ion  of 

diphenylmethyl amine with benzil .  This  monoimine 2 is r e s i s t a n t  t o  fu r the r  

condensation except when ti tanium (IV) chlor ide  is used as  the  c a t a l y s t  and 

2 

thus,  can be reacted with a n i l i n e  or phenylethylamine t o  y ie ld  the  

unsymmetrical diimines a and a. 
Titanium (IV) chlor ide  induced condensation of the  1,3-dicarbonyl 
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ARMESTO, BOSCH, GALLEGO, MARTIN,  O R T I Z ,  PEREZ-OSSORIO AND RAMOS 

compound fi w i t h  a n i l i n e  and benzylamine y i e l d e d  t h e  d i i m i n e s  6a and 

r e s p e c t i v e l y .  A s  f a r  a s  w e  are aware, t h e s e  are t h e  o n l y  examples of  

1 ,3-di imines.  Previous  r e p o r t s  of  a t tempted  s y n t h e s i s  of  less s u b s t i t u t e d  1,3- 

di imines '  '11 i n d i c a t e  t h a t  format ion  of t h e  enamines a l w a y s  occurred .  

EXPERIMENTAL SECTION 

H e l t i n g  p o i n t s  were determined w i t h  a Euchi a p p a r a t u s  i n  c a p i l l a r y  t u b e s  and  
are uncorrec ted .  The IR s p e c t r a  were recorded  on a Perkin-Elmer 257 and  t h e  
'H-IYHR spectra were measured w i t h  a Varian T-60A. A Varian MAT 711 was used 
fo r  t h e  mass s p e c t r a .  Microanalys is  were performed by t h e  C e n t r o  Nacional d e  
Quimica Orghnica d e l  C.S.I .C.  of Madrid. 

. .  B-Bs-vl _ _  1 be- - (2? .- T h i s  monoimine was prepared  w i t h  

s l i g h t  modi f ica t ion  of literature p r o c e d ~ r e . ~  A s o l u t i o n  of b e n z i l  (8.0 g ,  38 

m m o l )  and bmzhydrylamine  (6.36 4 ,  38 mmol) was r e f l u x e d  i n  to luene  (100 m l )  

f o r  36 hours ,  i n  t h e  p r e s e n c e  of catali t ic amounts of ZnC12, under c o n d i t i o n s  

f o r  a z e o t r o p i c  removal of water. Concent ra t ion  of t h e  r e s u l t a n t  s o l u t i o n  13 

-0 g i v e  9.5 g (66%) of a n  o i l y  r e s i d u e  t h a t  was c r y s t a l l i z e d  from e t h a n o l  

t o  y i e l d  8.9 g (63%) of w h i t e  c r y s t a l s ,  mp 131-132'C ( l i t . 5  130-131-C). 

G e n e r a l c r a t i n n  of D i i m  . .  . c -  . A 250 m l  three-necked 

round-bottomed f l a s k ,  equipped wi th  a magnet ic  s t i r r i n g  b a r ,  a 100 m l  

p r e s s u r e  e q u a l i z i n g  a d d i t i o n  funnel  wi th  a septum, a n i t r o g e n  g a s  i n l e t  t u b e  

and a r e f i u x  condenser ,  w a s  charged  w i t h  a s o l u t i o n  of t h e  d i k e t o n e  o r  t h e  

monoimine and t h e  amine i n  100 m l  of benzene. The a d d i t i o n  funnel  was 

charaed  wi th  5 0  m l  of benzene and t h e  sys tem was cooled t o  0-5' u s i n g  and  

ice-water b a t h .  Titanium (IV) c h l o r i d e  w a s  added s y r i n g e  t o  t h e  a d d i t i o n  

funnel  and t h e  s o l u t i o n  was added dropwise  t o  t h e  r e a c t i o n  f l a s k  over  a 

per iod  of ahout  30 min. Af te r  t h e  a d d i t i o n  w a s  complete ,  t h e  r e a c t i o n  mixture  

was s t i r r e d  for 2-4 d a y s  a t  room tempera ture ,  then  f i l t e r e d ,  and t h e  s o l v e n t  

and t h e  ex.-pss of amine were removed under vacuum. The crude  product  was 

d i s t i l l e d  a t  reduced p r e s s u r e  or c r y s t a l l i z e d .  The q u a n t i t i e s  of r e a g e n t s  used 

i n  each case are g i v e n  below. 
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D I  I M I N E S  FROM 1 ,E-D ICARBONYL COMPOUNDS BY D I R E C T  CATALYZED CONDENSATION 

l.2 .3.5 5 - P P n t w  - -  1.4 dlazs - -  1.3 Dentadiene 0 from N-benzhydryl-l- 

benzoylbenzylideneimine 1zl. (2 g, 6 mmol), aniline (15 g, l50mmol) and 

titanium (IV) chloride (0.3 ml, 8 mmol); crystallized from ethanol to yield 

1 g (42%). MS m/z (rel. intensity): 450 ( < 1 )  M', 373 (a ) ,  360 (80) ,  181 <13) ,  

180 ( l o o ) ,  77 (68); UVcEtOH) X max 264 nm (E 61250). 

Cm from N-benzhydryl-l- 

benzoylbenzylidenimine 1zl. (1.48 g, 4 rnmol), 1-phenylethylamine (15 ml, 

120 mmol), titanium (IV) chloride (1 ml, 9 m m o l ) ;  crystallized from ethanol to 

yield 0.88 g (47%). MS m/z (rel. intensity): 473 (2) M', 373 (23), 312 (lo), 

311 (33), 167 (82), 165 (21), 152 (ll), 105 (100) .  

> - 3  - ' - -  (9n) from henzil (0.64 g, 

3 mmol), benzhydrylamine (14 g, 77 mmol) and titanium (IV) chlcride (0.5 m l ,  

5 mmol); crystallized from ethanol to yield 1.06 g (64%). MS m/z (rel. 

intensity): 540 ( 6 )  M', 373 (88) ,  271 (14), 269 (17), 167 (109), 152 ( 2 4 ) .  

(4h) from benzil (2 g, 

3.5 mmol), isopropylamine (33 ml, 380 mmol) and titanium (IV) chloride 

(1.5 ml, 15 mmol); crystallized from ethanol to yield 1.7 g (63%) .  MS: m/z 

(rel. intensity): 232 (<1) K + ,  277 (23), 206 (6), 163 (7), 147 (23), 105 (151, 

104 (loo), 77 (12); UV(Et0H): X mdx 248 nm (E 49166). 

tadiene (W from benzil (0.73 g, 3 m m o l ) ,  

1 -phenylethylamine, (12 ml, 104 m m o l )  and titanium (IV) chloride (0.6 ml, 

5.1 mnol); crystallized from ethanol to yield 1.0 g (70%). MS m / s  (rel. 

intensity): 374 (2) (M'-42), 360 (181, 180 ( l o o ) ,  104 (5), 77 (33); UV(Et0H) 

A max 252 (E 7500). 

2 A . 5 . 7 - T ~ t r ~ ~ ~ ~  - -  - -  3.5 octlldiene (W from biacetyl (lg, 11.6 mmol), 

isopropylamine (1'3.7, 232 m m o l )  and titanium (IV) chloride (1.53 ml, 14 mmol) 

to yield 1.8 g (33%) of a colorless oil. MS m/z (rel. intensity): 168 ( 2 )  

X',153 (30), 125 (6), 111 (44), 101 (24), 84  (82), 70 (13), 42 (100). 

&5.7-~~-"1 - -  3.6 - -  3.5 nc 
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2.7-D-hvl - -  4 k-1 - 3.6 - dia,q I _  3.5 - (4e, from phenylglyoxal 

monohydrate (2  g, 13.1 mmol), isopropylamine (22.5 m l ,  263 mmol) and t i tanium 

(IV) ch lor ide  (1.7 ml, 15.7 mmol) t o  y ie ld  2.2 g (77%); p a r t i a l  decomposition 

is observed i n  c r y s t a l l i z a t i o n  from ethanol o r  hexane. XS m f z  ( re l .  

i n t e n s i t y ) :  216 (1) M', 201 (54) ,  173 (3), 159 (22), 146 (81, 132 ( 3 ) ,  l C 2  

3-D4 -1-1 3 4 %Letr- .1-' 5- 1pza- ' 1.4-Den tadiene (f&) from 2,3- 

dimethyl-1,3-diphenyl-1,3-propanedione (4.2 g ,  17 mmol), a n i l i n e  (93 ml, 1 

mol) and t i tanium (IV) ch lor ide  (6.7 ml, 60 mmol); c r y s t a l l i z e d  from e thanol  

t o  yield 2.7 g (40%). MS m/z (rel. i n t e n s i t y ) :  402 (0.2) M', 397 (151, 181 

(16), 180 ( l o o ) ,  105 (28), 77 (44). 

dimethyl- 1,3-diphenyl- 1,3-propanedione ( l g ,  4 mmol) benzylamine 126 m l ,  0.24 

mol) and t i tanium (IV) ch lor ide  (1.6 ml, 15 mmol); c r y s t a l l i z e d  from e thanol  

t o  yield 0.46 g (27%). MS m/z (rel. i n t e n s i t y ) :  430 (0.5 M', 415 ( 2 7 ) ,  333 
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