
C O N C L U S I O N S  

1. The dipole moments of Cp2TiC12, CpTiC13, Cp2TiC1 , and (CP2TiCl)20 were determined. 

2. The dipole moment of the C p - T i  bond was calculated. 

3. The compound Cp~TiC1 does not form a centrosymmetrical  associate in benzene solution. 
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S Y N T H E S I S  OF U N S A T U R A T E D  AMINES FROM B U T A D I E N E  

AND A L L Y L A M I N E S  IN P R E S E N C E  OF P A L L A D I U M  

AND N I C K E L  C O M P L E X E S  
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Butadiene reacts with aliphatic or aromatic amines in the presence of Pd [1, 2] or Ni [3-5] complexes 
to give unsaturated amines that contain either one or two unsaturated radicals. Iu order  to obtain ter t iary  
polyunsaturated amines that have potential interest  as monomers and modifiers,  we studied the reaction of 
C4H s with the aUyl- and diallylamines in systems that contain Pd and Ni complexes, which are activated by 
phosphines and phosphites [(C4Hg)3P, (C6Hs)3P, (C6HsO)3P, (CH3-C6H40)3P]. 

The amination of butadiene with allylamine (4 : 1) in the system: Pd(acac) 2-  (C6Hs)sP-AI(C2Hs) 3 (1 : 3 : 2, 
100 ~ 6 h), in toluene solution, gives in at least 50% yield, when based on taken C4H 6, a mixture of oligomers, 
composed of N-2,7-octadienylbisallylamine (II), N-allylbis(2,7-octadienyl)amlne (I), tris(2,7-octadienyl)amine 
(III) [6], and 4-vlnylcyclohexene (VCH) in an 18:50 : 12 : 20 ratio. 

Both the yield and composition of the butadiene amination products are  materially affected by the nature 
of the activator, the pd :activator ratio, and the type of solvent. The yield of (I)-(III) is maximum at a P d : -  
activator ratio = 1 : 3 and in the presence of alkyl- or arylphosphtnes, while phosphites direct the reaction to- 
ward the predominant formation of VCH (Table 1). 
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TABLE 1 

Activator 

Reaction products* 

.~ VCH (I) (II) ( I I I )  

P(Phh 
P(OPh)3 

O 
i 

p/Me 2 - - % ~  
0 
I 

p [Me-//--"%~ 

p ( t~e_/~--'-~_o \ \~/ ), 
P(CaH,)~ 

68 
15 

10 

t2 

i0 
30 

26 53 
20 55 

BO 3 

83 4 

79 
.i0 34 

5 .i3 
I , l0 

15 2 

11~ 2 

t6 5 
48 8 

* E x p e r i m e n t a l  c o n d i t i o n s :  a l l y l a m i n e  = 
1.2 g; b u t a d i e n e  = 4.8 g; Pd (acac)2 c a t a -  
l y s t  = 1 m m o l e ;  a c t i v a t o r  = 2.7 m m o l e s l  
AI(C2H~) 3 = 3 m m o l e s ;  b e n z e n e  = 1 m l ;  
100~ 10 h. 

The  m a x i m u m  s e l e c t i v i t y  r e l a t i v e  to  a m i n e s  (I)-(I l I)  was  ob ta ined  in a r o m a t i c  and e t h e r  s o l v e n t s  {toluene, 
T H F ,  d i e thy l  e t h e r ) .  A l i p h a t i c  s o l v e n t s  (heptane ,  c y c l o h e x a n e )  f a c i l i t a t e  a n  i n c r e a s e d  amoun t  of (ttD and VCH 
in the  c a t a l y z a t e ,  wh ich ,  r e s p e c t i v e l y ,  a r e  30 and 31%. 

It m a y  be  a s s u m e d  tha t  ([I) and  (lID a r e  f o r m e d  by the  r e a c t i o n  of CdH G wi th  d i a l l y l a m i n e  and NH 3. T h e  
l a t t e r  is  a p p a r e n t l y  ob t a ined  by the  c a t a l y t i c  d i s p r o p o r t i o n a t i o n  of a l l y l a m i n e  to  d i a l l y l a m i n e  and a m m o n i a .  
A c t u a l l y ,  a m i x t u r e  of  d i a l l y l a m i n e  (IV), NH3, and s m a l l  a m o u n t s  of t r i a l l y l a m i n e  (V) was  ob ta ined  when a l l y l -  
a m i n e  i s  hea t ed  wi th  the  s y s t e m  P d ( a c a c ) 2 - ( C s H s ) 3 P - A l ( C 2 H s ) 3  in t he  a b s e n c e  of CdH G. 

The  s t r u c t u r e s  of {I)-(III) w e r e  c o n f i r m e d  by s p e c t r a l  m e t h o d s ,  and a l s o  by  c o u n t e r  s y n t h e s i s .  Thus ,  
the  a m i n a t i o n  of CdH 6 wi th  d i a l l y l a m i n e  on t h e  m e n t i o n e d  c a t a l y s t s  gave  (II) in high y i e l d ,  wh i l e  t r i s  ( 2 , 7 - o c t a -  
d i e n y l ) a m i n e  (IlI) [6] was  ob ta ined  f r o m  CdH 6 and NH 3. 

Bu tad i ene  cou ld  not  be  a m i n a t e d  wi th  a l l y l a m i n e  in  the  p r e s e n c e  of Ni (acac)  2 -  (C6Hs)3P--AI(C2H5) 3. In 
a l l  of the  e x p e r i m e n t s  the  a l l y l a m i n e  was  c o n v e r t e d  to  (IV), (V), and NH 3. D i a l l y l a m i n e  u n d e r  t h e s e  cond i t ions  
g i v e s  p r e d o m i n a n t l y  (V) and NH 3 in a 2 : 3 r a t i o :  

/\--NH2 +/\// P~-~, 2\--NR~ + (/\_h--Na + NR3. 
(I) (II) (Ill) 

R = CH.r-CH~CH--(CH~)~--CH=CH2 
~'d--L (/~__h_NH + ( J ~ ) a - - N  -5 NH3 
Ni--L 

(,v) (v) 
Ni--L Pd--L 

(/~",__)s--N + NHs'- (IV) - ~ - / ~  (ff\__)2--NR 

(v) (II) 

A s  a r e s u l t ,  the  a m i n a t i o n  of b u t a d i e n e  with  a l l y l a m i n e s  in the  p r e s e n c e  of s y s t e m s  tha t  c o n t a i n  Pd m a k e s  
i t  p o s s i b l e  to  o b t a i n  d i f f i c u l t i y a c c e s s i b l e t e r t i a r y  p o l y u n s a t u r a t e d  a m i n e s  in one s t e p .  

T h e  c a t a l y t i c  d i s p r o p o r t i o n a t i o n  of the  a l l y l -  and d i a l l y l a m i n e s  on N i - c o n t a i n i n g  c a t a l y s t s  c a n  s e r v e  a s  
a c o n v e n i e n t  m e t h o d  f o r  t he  p r e p a r a t i o n  of  t r i a l l y l a m i n e .  

EXPERIMENTAL 

The  e m p l o y e d  m o n o m e r s  w e r e  a t  l e a s t  99% p u r e .  The  m i x t u r e  of  o l i g o m e r s  was  a n a l y z e d  on a T s w e t t -  
!02 c h r o m a t o g r a p h ,  which  was  equ ipped  wi th  a f l a m e - i o n i z a t i o n  d e t e c t o r ,  a t  160 ~ and us ing  a 1 m x 3 tnm 
c o l u m n  p a c k e d  wi th  15% A p i e z o n  L d e p o s i t e d  on C h r o m a t o n  and N 2 a s  the  c a r r i e r  g a s .  The  IR s p e c t r a  w e r e  
r e c o r d e d  on a U R - 2 0  s p e c t r o p h o t o m e t e r  (as a f i lm) .  The  PMR s p e c t r a  w e r e  r e c o r d e d  on a T e s l a  480B i n s t r u -  
m e n t  (80 MHz),  u s ing  CC14 a s  the  s o l v e n t  and HMDS a s  t he  i n t e r n a l  s t a n d a r d .  The  m a s s  s p e c t r a  w e r e  t a k e n  
on a n  M K h - 1 3 - 0 6  i n s t r u m e n t  and h e r e  the  e n e r g y  of the  ion iz ing  e l e c t r o n s  was  70 eV and the  t e m p e r a t u r e  of 
the  i o n i z a t i o n  c h a m b e r  was  200 ~ . 

R e a c t i o n  of  Bu tad i ene  wi th  A l l y l a m i n e .  To a so lu t i on  of 1 g of Pd(acac)2,  3.0 g of  PPh3, and 10 m l  of 
b u t a d i e n e  in  30 m l  of  to luene  a t  0 ~ w a s  a d d e d ,  i n a n a r g o n  s t r e a m ,  4.0 m l  of A1Et 3 and t h e  m i x t u r e  was  he ld  f o r  
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10 rain. The catalyst solution was t ransfer red  to a 300-ml steel autoclave, which had been previously charged 
with 23 g of allylamtne and 180 ml of butadtene, and the mixture was heated for 10 h at 100% The catalyzate 
was cooled, separated from the precipitate, and then analyzed by GLC. A total of 35 g of mixed oligomers was 
obtained. The compounds were isolated by fractional distillation through a column. 

N-Allylbis(2,7-octadienyl)amine (I), bp 90-93 ~ (1 ram), n~ 1.4860. Infrared spectrum (v, cm-t): 920, 
1000, 3080 (C-CH2); 975, 3030 (trans-CH=CH). PMR spectrum (5, ppm): 1.5 d (4H, CH2), 1.95 d (SH, CHzCH=), 
2.9 d (6H, NCH2), 4.9 m (6H, C =CH2), 5.4 m {TI-I, CH=C); m /e  273. Found: C 83.3; H 11.2; N 5.2%. CI~H31N. 
Calculated: C 83.6; H 11.3; N 5.1%. Five moles of H2 is absorbed when (D is hydrogenated to give the known 
N-propyldioctylamine with bp 106-107 ~ (1 ram), n~ 1.4420; m /e  283. 

N-2,7-Octadtenylbisallylamine (II), bp 102-106 ~ (3 ram), n~ 1.4780. Infrared spectrum (v, cm-l):  920, 
1000, 3080 (C =CH2), 980, 3030 (trans-CH=CH). PMR spectrum (6, ppm): 1.5 d (2H, CI-I2); 1.95 d (4H, CH2CH=); 
2.9 d (6H, NCH2); 4.9 m (6H, C =CH2), 5.4 m (SH, CH=C); m/e  205. Found: C 81.9; H 11.0; N 6.6~0. C14H23N. 
Calculated: C 82.1; H 11.2; N 6.7~ Four moles of H 2 iS absorbed when (II) is hydrogenated to give the p re -  
viously unknown dtpropyloctylamine, bp 112-114 ~ (8 ram), n~ 1.440; m / e  213. 

Reaction of Dtallylamtne with Butadiene. a) To a solution of 0.5 mmole of Pd (acac)2, 1.5 mmoles of 
P(Bu-n)3, and 1 mmole of 1,5-cyclooctadtene in 2 ml of benzene at - 5  to 0 ~ was added in an argon atmosphere 
1.5 mmoles of A1Et 3 and the mixture was s t i r red  for  0.5 h. Then the catalyst solution was t ransfer red  to a 
17-ml steel autoclave, which had been previously charged with 50 mmoles of dtallylamtne and ]00 mmoles of 
butadtene. The mixture was heated for 5 h at 100 ~ and then cooled. After the usual workup we obtained 9.6 g 
of amines, which, based on the GLC analysis, contained diallylamine and N-2,7-octadienylbtsallylamine in a 
1:9 ratio. 

b) We obtained 4.5 g of amines when 4.85 g of dtallylamine was heated with a mixture of 0.5 mmole of 
Ni(acac)2 , 1.5 mmoles of (n-Bu)3P, 1 mmole of 1,5-cyciooctadiene, 1.5 mmoles ofA1Et 3, and 5 mmoles of 
AcOH, which was prepared as described in a). Based on the GLC data, the mixture contains 69% of t r ia l lyl-  
amine and 31% of diallylamine. 

Trtallylamtne (V), bp 56 ~ (25mm),~i~ 1.4486; m /e  123. Infrared spectrum (v, cm -1) 922, 1003, 3083 
(CI-I=CH2). Pl~IR spectra (5, ppm): 2.91 a (6H, -NCH 2, J = H z ) ; 5 . 0 m ( C =  CH2);5.65 m (3H, CH=C). 

C 0 NC LUSIONS 

1. It was shown that polyunsaturated amines can be obtained by the reaction of allylamines with butadiene 
in the presence of Ni- and Pd-containing complex catalysts.  

2. A convenient and simple method was developed for the preparation of triallylamtne from diallylamine. 
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