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We have p r ev ious ly  shown that pa l lad ium complexes  eff icient ly ca ta lyze  the fo rmat ion  of formaldehyde  
and 1 ,3-dienes  or de r iva t ives  of 2 ,5-divinylpiper idine  f r o m  p r i m a r y  amines  [1, 2]. In this connection it  seemed 
of in t e re s t  to inves t igate  the t e lomer i za t ion  of N-hydroxymethy lamines ,  which were  obtained f r o m  secondary  
amines  and fo rmaldehyde  [3], with butadiene,  as well  as of secondary  amines  with formaldehyde  and butadiene,  
in the p r e s e n c e  of homogeneous Pd ca ta lys t s .  

The t e lomer i za t ion  of N-hydroxymethylp iper id ine  with butadiene taken in a 1 : 2 r a t io  on a ca t a lys t  p r e -  
pa r ed  by reduc ing  Pd(acac)2 with t r i e thy la luminum in the p r e s e n c e  of PPh 3 r e su l t s  in the fo rmat ion  of a mix -  
t u r e  of o l igomers  cons is t ing  of butadiene d imer s  (4-vinylcyclohexene and 1 ,3 ,7-oc ta t r iene) ,  N-2 ,7-oc tad ienyl -  
p iper idine  (I), N-2 ,6 ,8-nonaf r ienylp iper id ine  (II), 1,1 v-p iper idyl -3 ,8-nonadiene  (HI), and 2 ,5-d iv inyl te t rahydr  o- 
pyran  (IV) in a 54 : 15 : 15 : 15 : 1 r a t io  with a total  yield of ~ 50%. 

The s t r u c t u r e s  of amines  II and III w e r e  conf i rmed by spec t r a l  methods,  and those of compounds I and IV 
and the butadiene h o m o d i m e r s  were  proved by c o m p a r i s o n  with known p repa ra t ions  [4-6]. In addition, the 
hydrogenat ion of amines  II and HI on Pd]C in ethyl ace ta te  occurs  with the absorp t ion  of 3 and 2 moles  of H2, 
r e spec t i ve ly .  

N-Hydroxymethyld ie thy lamine  r e a c t s  s i m i l a r l y  with butadiene on the ca t a lys t  indicated, yielding 4 -v iny l -  
cyclohexene,  N-2 ,7-oc tad ienyld ie thylamine  (V), N-2 ,6 ,8-nonat r ienyld ie thylamine  (VI), 1 ,1 -d ie thy lamino-3 ,8-  
nonadiene (VII), and a mixed coo l igomer  (VIII) with a total  yield of ~ 40%. 

The only product  of a new type in exper imen t s  with N-hydroxymethyld ie thylamine  is the cool igomer  
(VIII), which is found in the r eac t i on  mix tu re  in an amount  -< 3%. All of our a t tempts  to i nc rea se  the yield of 
VIII by changing the nature  and s t r u c t u r e  of the ca t a lys t  components ,  as  well  as the r a t io  between the original  
m o n o m e r s ,  w e r e  unsuccessfu l .  
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In order  to account  for  the paths for the fo rmat ion  of unsa tura ted  amines  I - I I I  and V-Vll  we postulated 
that  under the conditions of our exper iments  N-hydroxymethylp iper id ine  or N-hydroxymethyldie thylamine d i s -  
p ropor t iona tes  under the act ion of the pal ladium complexes  into formaldehyde ,  the cor responding  secondary  
amines ,  and b i samines  IX and X. The subsequent  r eac t ion  of the decomposi t ion products  with butadiene p r o -  
duces unsaturated amines  I - I I I  and V-VII,  as well as 2 ,5 -d iv iny l te t rahydropyran  [7]. 

In r ea l i t y ,  the heating of N-hydroxymethylp iper id ine  or N-hydroxymethyldie thylamine in the p r e sen ce  of 
butadiene on the Pd(acac)2--PPh3-Al(C2Hs) ~ (100~ 5 h) r e su l t s  in the synthesis  of formaldehyde ,  diethylamine,  
or p iper idine ,  as well as b i samines  IX and X. 
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Unsaturated b i samines  III and VII a r e  obviously fo rmed by the t e lomer iza t ion  of butadiene with amines  
IX and X in the p r e s e n c e  of Pd ca ta lys t s ,  and t r i enes  II and VI f o r m  as a r e s u l t  of the r eac t ion  of the N-hydroxy-  
methylamines  with 1 ,3 ,7-oc ta t r iene  according  to the scheme  

R~cN O H + 2 x ~ / ~ , ~  / Pd--%, (n), (vl) 

In order  to conf i rm the hypothesis  advanced,  we invest igated the r eac t ion  of butadiene with t e t r a m e t h y l -  
methylenediamine  on the aforement ioned cata lyt ic  s y s t e m  in a solution of absolute  toluene. 1 ,1 -Dimethylamino-  
3,8-nonadiene (XI) was isolated.  Along with the la t ter  the ca t a lysa t e  contained insignificant  amounts  of butenyl 
der iva t ives  XII and XIII: 

" Pd_Ln 
N CH.., + 2X.// --+ 

Me J~ 
/ Me \ Me (Me\N ~ C H - - / ~ ' ~ f  -{- ( \ N )  /Me , 
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Under s imi l a r  conditions N-hydroxymethylp iper id ine  or N-hydroxymethyld ie thylamine  r e a c t s  with 1,3,7- 
oc ta t r iene ,  yielding t r i enes  II and VI, and octadienylamines  I and V f o r m  f r o m  diethylamine or piper idine and 
butadiene [4, 5]. 

Somewhat  di f ferent  r e su l t s  we re  obtained as a r e s u l t  of the s imul taneous reac t ion  of butadiene with CH20 
and piper idine  or diethylamine.  In this c a se ,  the main r eac t ion  products  a r e  IV, the butadiene d imer s ,  and 
amines  I and V. It mus t  be a s sumed  that  the fo rmat ion  of the cor responding  N-hydroxymethylamines  and b i s -  
amines  IX and X, which a r e  r e spons ib l e  for  the fo rmat ion  of the molecules  of unsaturated amines  lI and VI or 
HI and VII, is not observed in these exper iments .  

::On the bas is  of the r e su l t s  obtained it may  be concluded that  in the f i r s t  s tep the N-hydroxymethylamines  
spl i t  into formaldehyde ,  secondary  amines ,  and b i samines  under the act ion of the pal ladium complexes  under 
the conditions of our expe r imen t s .  The addition of the amines  cited, which contain mobile  hydrogen a toms ,  to 
butadiene occurs  in the second s tage with a s tep involving oxidative addition to the cen t ra l  a tom of the ca ta lys t  
with c leavage  of C - H  or N--H bonds.  The fur ther  combining of the act ivated molecules  yields amines  I - I I I  and 
V-VII  [8]. The following mos t  probable  s cheme  for  the fo rmat ion  of amines  I I I a n d V I I I w a s  p roposed  in t h e  
example  c a s e  of the t e lomer iza t ion  of butadiene with b i samines  IX and X: 

�9 Ln  L~ 

- " ~., ~'%k Y / r ''-4~-~" -Pd-L 
(XII),(XIII) Pd Ln Pd--CH(NR~)2"e--- l.~Pd~. I Pd.'--CH(NR2)~---~ CH(NR2)2~ (XI) 

The reaction indicated permits the synthesis of relatively unaccessible and reactive unsaturated 1Vmnnich 
bases in one step from 1,3-dienes and bisamines. 

E X P E R I M E  N T A L  

Monomers  with a pur i ty  -> 99% were  used in the work.  The mix tures  of o l igomers  were  analyzed on a 
Tsvet -102 chromatograph ,  the de tec tor  was of the f l ame- ion iza t ion  type, the column bad a length of 2 m and 
contained 15% Apiezon L on Cel i te  545, and the c a r r i e r  gas was nitrogen. The IR spec t r a  were  r eco rded  on a 
UR-20 spec t rophotometex  (fi lms),  and the PMR s p e c t r a  we re  r eco rded  on a Tes la  BS-480B ins t rument  in CC14, 
the in ternal  r e f e r e n c e  being HMDS. The m a s s  spec t r a  were  r eco rded  on an MX-1306 ins t rument  with an energy  
of the ionizing e lec t rons  equal to 70 eV and a t e m p e r a t u r e  of the ionization chamber  equal to 200~ 

Te lomer i za t ion  of N-Hydroxymothylamines  with Butadiene (General  Procedure) .  A solution of 1 g of 
Pd(acac)2, 3.6 g of PPh3, and 5 ml  of butadiene in 20 ml of absolute toluene was given an addition of 2.5 g of 
A1Et3 in 10 ml  of toluene a t  0~ in a s t r e a m  of argon,  and the mix tu re  was s t i r r ed  for 10 min and t r a n s f e r r e d  
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to a 300 ml  s tee l  au toc lave  containing 2 moles  of butadiene and 1 mole  of the N-hydroxymethylamine .  The 
au toc lave  was heated for 10 h a t  120~ The ca t a lys t  was cooled, and the organic layer  was washed with 5% 
NaHCO~ and wate r  to a neutral  r e ac t i on  and dried over  MgSO 4. The solvent  was evapora ted ,  and the r e s idue  
was vacuum dist i l led.  This yielded 110 g of a mix tu re  of o l igomers  f r o m  N-hydroxymethylpiper id ine  and 80 g 
of a mix tu re  f r o m  N-hydroxymethyld ie thy lamine .  

The o l igomers ,  which w e r e  r e c o v e r e d  by rec t i f i ca t ion  in a column, as well as by p r e p a r a t i v e  GLC, had 
the following constants .  

N-2~6~8-Nonatrienylpiperidine (II), bp 77~ (2 mm) ,  nD 2~ 1.4900. UV s p e c t r u m  (~'max, ethanol): 227 nm, 
e= 35,600. IR s p e c t r u m  (v, cm-1):  920, 100, 3085 (CH~-CH2) , 975, 1030 ( t r a n s - C H = C H ) .  PMR s p e c t r u m  (6, 
ppm}: 1.35 (m, 6 H, CH2) , 2.11 (m, 4 H, ----CH2CH2C----),2.22(m, 4H , NCH2) , 2.77 (d, 2 H, NC__H2C-----), 4.87 (t, 
2 H, C----C__H2) , 5.37 (m, 2 H, CH----CH), 5 . 8 4 - ~ - f H ,  C H = C H - C H - - C H 2 )  , M + 205. 

The hydrogenat ion of 1 g of II on Pd/C in ethyl ace ta te  p roceeds  with the absorp t ion  of 3 moles  of H 2 and 
the fo rma t ion  of the sa tu ra ted  amine ,  bp 80~ (2 mm) ,  nD 20 1.4560, M + 211. Found: C, 79.8; H, 13.7; N, 6.5%. 
Calculated for  C14H2~N: C, 79.6; H, 13.8; N, 6.6%. 

1 ,1 ' -P ipe r idy l -3 ,8 -nonad iene  (HI), bp 153-154~ (1.5 mm) ,  nD 6~ 1.4970. IR s p e c t r u m  (v, cm-1): 920, 
1000, 3085 (C-----CH2) ' 980, 3020 ( t r a n s - C H - - C H ) .  PMR s p e c t r u m  (6, ppm):  1.45 (m, 14 H, CH2) , 2.1 (t, 6 H, 
CH2C = ) ,  2.22 (8 H, NCH2) , 2.7 (d, 1 H, NCHN), 4.94 (t, 2 H, C =CH2) , 5.33 (m, 3 H, CH----CH, CH----C), M + 290. 

The hydrogenat ion of 2 g of III  under  the conditions descr ibed  above p roceeds  with the absorp t ion  of 2 
moles  of H 2 and r e s u l t s  in the synthesis  of b i sp iper idy loc ty lmethane ,  bp 167-168~ (2 mm),  nD 2~ 1.4560, M + 
294. Found: C, 77.7; H, 12.8; H, 9.5%. Calculated for  C19H38N2: C, 77.6; H, 12.9; N, 9.5%. 

N-2 ,6 ,8-Nonat r ienyld ie thy lamine  (VI), bp 110-112~ (10 ram), nD 2~ 1.4780. UV spec t rum (~max, ethanol): 
227 rim, e=33,800.  IR s p e c t r u m  (~, em-1):  920, 1000, 3085 (CH-----CH2), 978, 3030 ( t r a n s - C H - - C H ) .  PMR 
spectrum (6, ppm): 1.06 (m, 6 H, CH3) , 2.04 (m, 4 H, CH2) , 2.10 (m, 4 H, --~CCH2CH2C-----), 2.76 (d, 2 H,  
NCH2C--) , 4.89 (t, 2 H, C =C_H2) , 5.38 (m, 2 H, CH-----CH), 5.84 (m, 3 H, CH=CH-CH----C), M + 193. 

1,1'-Diethylamino-3,8-nonadiene (VII), bp 123-124~ (3 ram), nD 2~ 1.4460. IR spectrum (v, cm-i): 920, 
I000, 3081 (CH----CH2), 976, 3030 (trans-CH--CH). PM.R spectrum (6, ppm): 0.95 (t, 12 H, CH3) , 1.5 (m, 2 H, 
CH2) , 2.12 (m, 6 H, CH2C =) ,  2.25 (m, 8 H, CH2N) , 2.87 (d, 1 H, NCHN), 4.95 (t, 2 H, C-----CH2) , 5.36 (m, 3 H, 
HC----CH, C__H=CH2) , M + 266. 

The hydrogenation of 1 g of VI or VII under the aforementioned conditions yields the corresponding sat- 
m'ated amines with quantitative yields. 

Diethylnonylamine, bp 115-117~ (10 ram), nD 2~ I~ M + 199. Found: C, 78.3; H, 14.6; N, 7.0%. Cal- 
culated for  CIsH29N: C, 78.4; H, 14.5; N, 7.1%. 

Bis(die thylamino)octylmethane,  bp 90~ (2 ram), nD 2~ 1.4520, M + 270. Found: C, 75.5; H, 14.1; N, 10.3%. 
Calculated for  Ci3H30N2: C, 75.6; H, 14.0; N, 10.4%. 

Splitting of N-Hydroxymethy lamines  under the Action of Pa l lad ium Complexes .  A solution of 10 g of N- 
hydroxymethylp iper id ine  in absolu te  toluene and a ca ta ly t ic  s y s t e m  consis t ing of 0.1 g of Pd(acac)2, 0.36 g of 
PPha, and 0.25 g of A1Et3 was heated for 4 h a t  100~ This resu l ted  in the fo rmat ion  of -~ 50% and 20% b is -  
(p iper idyl)methane,  bp 110~ (22 mm) ,  nD 15 1.4880 (compare  [9]), and 30% of the original  amine  was r ecove red .  
The ca t a ly sa t e  a l so  contained an ins oluble p rec ip i t a te  (25%), which was es s entially polyhydroxymethylene.  

Under s im i l a r  conditions 5 g of N-hydroxymethyld ie thy lamine  yielded 2 g of diethylamine and 1 g of b i s -  
(die thylamino)methane,  bp 165-167~ nD 18 0.8103 ( compare  [10]) with convers ion  of 3.9 g of the original amine .  

Te lomer i za t ion  of N-Hydroxymethy lamines  with 1 ,3 ,7-Octat r iene.  A solution of 5 g of N-hydroxymethy l -  
p iper id ine  in 30 ml  of absolute  toluene was heated for  6 h with an equimolar  amount  of 1 ,3 ,7-octa t r iene  in an 
a rgon  c u r r e n t  at  120~ in the p r e s e n c e  of a Pd ca ta lys t  p r epa red  as descr ibed  above. 

T r e a t m e n t  of the ca t a lysa t e  yielded a mix tu re  of products  consis t ing of 20% piper idine,  15% bis(piper idyl) -  
methane,  50% N-2,6 ,8-nonat r ienylp iper id ine ,  and ~ 15% polyhydroxymethylene.  The extent of convers ion  of the 
original  monome r s  did not exceed 20%. 

S imi la r  r e su l t s  we re  obtained in the exper iments  with N-hydroxymethyldie thylamine (the extent  of con-  
v e r s i o n  was ~ 25%). 
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Telomerization of Butadiene with Tetramethylmethylenediamine. A solution of the catalyst prepared 
according to the procedure described above was t ransferred to a 300.ml steel autoclave containing 162 g of 
butadiene and 102 g of tetramethylmethylenediamine. The autoclave was heated for 10 h at 120~ andthen cooled. 
The product was filtered through 200 g of A1203 (third activity level) and washed with toluene, and the combined 
elu~tes were evaporated in a vacuum. Removal of the solvent yielded 80 g of a mixture of oligomers consist-  
ing of XI, a mixture of XII+XIII, and dimers of butadiene (vinylcyclohexene and 1,3,7-octatriene), whose total 
quantity in the mixture amounted to ~ 15%. 

The unsaturated amines recovered by rectification in a Widmer column had the following constants. 

XI, 90%, bp 79-80~ (1.5 ram), nD 2~ 1.4630. IR spectrum (v, cm-t): 920, I000, 3085 (CH=CH2) , 976, 
3030 (trans-CH--=~CH). PlVIR spectrum (6, ppm): 2.07 (m, 12 H, CH3N; 2 H, CH2; 6 H, CH2C--) , 2.7 (d, 1 H, 
NCHN), 4.9 (m, C =CI-12), 5.37(t, CH =CI{), M + 210. 

XH+XIII, 10%, bp 30-32~ (1.5 mm), nD 20 1.4520. IR spectrum (y, cm-l): 918, 1000, 3084 (CH--CH), 
975, 3030 (trans-CH--CH), M + 156. Found: C, 69.0; H, 12.9; N, 18.1%. Calculated for CgH20N2: C, 69.2; H, 
12.8 ; N, 18.0%. 

Telomerization of Butadiene with Formaldehyde and Piperidine or Diethylamine. A mixture of i0 g of 
piperidine, 11 g of butadiene, and 10 ml of formaldehyde in a solution of absolute toluene on a Pd(acac)2 
(0.1 g)-PPh 3 (0.36 g)-AIEt 3 (0.25 g) catalyst under the aforementioned conditions yielded 18.9 g of a mixture 
of oligomers consisting of 30% IV [4], 30% N-2,7-octadienylpiperidine (1) [5], and 40% butadiene dimers [6]. 

A mixture of 7.5 g of diethylaInine, 10 ml of formaldehyde, and 10.9 g of butadiene yielded 19 g of a mix" 
tare of IV (~25~), V (~30%), and butadiene dimers (~45%). 

CONCLUSIONS 

1. The possibility of synthesizing unsaturated mono- and bisamines by the telomerization of butadiene 
with N-hydroxymethylpiperidine and N-hydroxymethyldiethylamine in the presence of homogeneous lad catalysts 
has been demonstrated. 

Under the conditions of this reaction the N-hydroxymethylamines indicated decompose into formaldehyde, 
methylenebisamine, and a secondary amine. 

2. The mixed telomerization of butadiene with formaldehyde and secondary amines in the presence of Pd 
catalysts results in the synthesis of 2,5-divinyltetrahydropyran, the corresponding N-2,7-octadienylamines, 
and homodimers of butadiene (vinylcyclohexene and 1,3,7-octatriene). 

3. The telomerization of tetramethylmethylenediamine with butadiene, which results  in the synthesis of 
unsaturated 1,1-dimethylamino-3,8-nouadiene, 1,1-dimethylamino-2-pentene, and 1,2-dimethylamino-3-methyl- 
1-butene, has been studied for the f i rs t  time. 
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