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Abstract- The double-bond i somer iza t ion  of 1-N-pyrrolidino- 

2-propene IC=C-C-a - C-C=C-I() ) and N,N-dimethyl-2- 

propenylamine (c=c-C-N:: - C-C=C-N<:) were s t u d i e d  a t  40°C 

Over MgO, CaO, SrO, BaO, La20j, Tho2, Zr02, ZnO e t c .  I t  w a s  

found t h a t  MgO and CaO which have s t r o n g  b a s i c  s i t e s  on t h e  

su r faces  exh ib i t ed  a high c a t a l y t i c  a c t i v i t y ,  the  s e l e c t i v i t y  

f o r  t h e  formation of 1-N-pyrrolidino-1-propene being more than 

80 %. The double-bond migra t ion of t h e  a l ly l amines  i s  suggested 

t o  proceed via anionic in t e rmed ia te s  i n  which t h e  c i s  form i s  

much more s t a b l e  than t h e  t r a n s  form. For t h e  hydrogenation of 

C C N,N-dimethyl-2-propenylamine lC=C-C-N:C + H2 - C-C-C-NcC), t h e  

a c t i v i t y  a s  w e l l  a s  t h e  s e l e c t i v i t y  o f  n i c k e l  c a t a l y s t s  

supported on MgO, CaO, La203, Tho2, Ti02,  Z r D 2  e t c .  was examined 

a t  O°C. Nickel on MgO was found t o  g i v e  100 % conversion and 

almost 100 % s e l e c t i v i t y  f o r  the formation of N,N-dimethyl- 

propenylamine. I t  i s  suggested  t h a t  n i c k e l  c a t a l y s t  becomes 

a c t i v e  when suppor ted  on b a s i c  ox ides .  The r e a c t i o n  pa th  i s  

discussed on t h e  b a s i s  of experiments using deuterium a s  a 

t r a c e r .  

1 
The p o t e n t i a l  use of enamines has expanded i n  o rgan ic  s y n t h e s i s  , because of t h e  

gene ra l  a b i l i t y  of enamines f o r  t h e  a c ~ l a t i o n  and a l k y l a t i o n  of carbonyl compounds. 

Base-catalyzed double-bond i somer iza t ion  of a l ly lamines  i s  one of t h e  ways t o  

prepare  enamines. By t h i s  method, s t e r e o s p e c i f i c  s y n t h e s i s  is  poss ib le .  Although 



heterogeneous c a t a l y s t s  have s e v e r a l  advantages compared wi th  homogeneous ca ta lys t s ,  

only a few s o l i d  base c a t a l y s t s  such a s  K / A ~ ~ o ~ '  and have been examined 

f o r  the  i someriza t ion o f  a l ly lamine.  However, t h e r e  remained some problems such as 

requirement of h igh r eac t ion  temperature and a c t i v i t y  degradat ion dur ing t h e  

r eac t ion .  Thus, we have attempted t o  examine t h e  c a t a l y t i c  ac t ions  of s o l i d  bases  

4 6 7 8 
such a s  MgO , cao5, SrO , BaO , La203 , ~ h 0 ~ '  e t c . ,  whose b a s i c  proper ty  w a s  s t u d i -  

ed i n  our  oaboratory f o r  t h e  i somer iza t ion  of a l ly lamines  t o  enamines. Regarding 

the  hydrogenation of unsatura ted  compounds conta in ing n i t rogen ,  n o t  much s tudy has 

been made over  heterogeneous c a t a l y s t .  Although N i B  and boronhydride-reduced Pd 

have been repor t ed  t o  be q u i t e  a c t i v e  and s e l e c t i v e  f o r  such a hydrogenation 
1 0 , l l  

poisoning by the  r e a c t a n t  and complexit ies of hydrogenolysis a r e  unavoidable f o r  

conventional meta l  c a t a l y s t s  such a s  P t ,  Pd, and N i  12,13. A s e l e c t i o n  o f  m a t e r i a l s  

f o r  suppor ts  i s  considered t o  be c r u c i a l  i n  p repa ra t ion  of e x c e l l e n t  supported-netal 

c a t a l y s t s .  I n  t h e  p resen t  work, we have s t u d i e d  t h e  e f f e c t s  o f  supports(main1y 

b a s i c  oxides)  on N i  c a t a l y s t s  f o r  t h e  hydrogenation of N,N-dimethyl-2-propenylamine 

EXPERIMENTAL 

Ca ta lys t s  and Reagents: The MgO, CaO, SrO, and BaO c a t a l y s t s  were prepared from Mg 

( O H )  2 ,  Ca(0H) 2, SrC03, and g ranu la r  BaO by thermal decomposition under a helium 

stream. The Tho2 c a t a l y s t  was prepared from Th(C204)* by thermal decomposition a t  

500'C i n  a i r .  The La203 and Z r O Z  c a t a l y s t s  were obta ined by thermal  decomposition 

of La(0H) a t  70ODC under a helium stream, and Z r ( O H ) 4  a t  700°C i n  a i r ,  r e spec t ive -  

l y ,  t h e  hydroxides being prepared by hydro lys i s  of an aqueous s o l u t i o n  o f  La(NO3I3 

o r  Z r O C l  wi th  aqueous ammonia, followed by washing wi th  deionized wa te r  and drying 2 

a t  120DC. The ZnO, S i 0 2 ,  and A1203 c a t a l y s t s  were prepared by hydro lys i s  of each 

aqueous s o l u t i o n  of  Zn(N03) 2 ,  e t h y l  o r t h o s i l i c a t e  and an a l c o h o l i c  s o l u t i o n  of 

aluminium isopropoxide wi th  aqueous ammonia, followed by washing and c a l c i n a t i o n  a t  

450°C(ZnO) o r  5oo°C(Si02 and A1203) i n  a i r .  The Si02-A1203catalyst  was type  SA-N 

of Nikki ChemicalIndustry Co. P r i o r  t o  t h e  r e a c t i o n ,  a l l  c a t a l y s t s  were p r e t r e a t e d  

a t  proper temperatures i n  a r e a c t o r  under a helium s t ream f o r  3 h .  Supported N i  

c a t a l y s t s  were prepared by impregnating var ious  metal oxides ,  which had beenca ldmd 

a t  500PC i n  a i r  f o r  3 h ,  wi th  aqueous Ni(N03)2 followed by drying over  a water  bath  

and decomposition by h e a t i n g  a t  500'C i n  a i r  f o r  3 h .  P r i o r  t o  t h e  r e a c t i o n ,  t h e  

c a t a l y s t s  were reduced under a hydrogen stream a t  500°C. The con ten t  of N i  was 10% 

by weight f o r  a l l  c a t a l y s t s .  
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1-N-Pyrrolidino-2-propene was prepared from a l l y 1  bromide and p y r r o l i d i n e  by 

condensation according t o  t h e  method o f  Sauer and prahl .14 N.N-Dimethyl-2- 

propenylamine was purchased from Tokyo Kasei Koyyo Co. Ltd. Amines were d i s t i l l e d  

under a reduced p ressu re  and p u r i f i e d  by passage through KOH column. 

Reactions:  A m i c r o c a t a l y t i c  pu l se  r e a c t o r  was employed t o  c a r r y  o u t  t h e  i so -  

mer iza t ion  o f  1-N-pyrrolidino-2-propene a t  40'C and t h e  hydrogenation of N,N-  

dimethyl-2-propenylamine a t  O'C. The products  were t rapped by l i q u i d  n i t rogen  

be fo re  being f l a s h  evapora ted  i n t o  a gas  chromatographic column, which was 

d i r e c t l y  connected t o  a mass spectrometer.  Apiezone L on KOH-treated Chromosorb 

was packed i n  a 3-m g l a s s  column whichwas opera ted  a t  100°C. 

S t e r e o s e l e c t i v i t y  i n  t h e  i someriza t ion of N,N-dimethyl-2-propenylamine over CaO was 

examined by NMR spec t roscop ic  a n a l y s i s .  An a l l - g l a s s  s t a t i c  r e a c t o r  was employed. 

Calcium oxide was outgassed a t  500°C i n  a r e a c t o r  and sea led .  A r e a c t a n t  was 

in t roduced through a breakable  s e a l .  The products  i n  t h e  c e l l  were kep t  a t  

l i q u i d  n i t rogentemperature  t o  prevent  t h e  produced enamine from undergoing c i s -  

t r a n s  i somer iza t ion ,  and melted i m e d i a t e l y  be fo re  NMR measurement. The NMR 

spectrum was recorded on an R 2OB Hi tach i  spect rometer  a t  60 MHz. 

Deutera t ion of N,N-dimethyl-2-propenylamine was c a r r i e d  o u t  i n  a r e c i r c u l a t i o n  

r e a c t o r  wi th  Ni/MgO and Ni/Si02-A1203 c a t a l y s t .  The numbers and l o c a t i o n  of D 

atoms i n  t h e  product were determined by NMR, i n  which Eu-FOD was added t o  s e p a r a t e  

t h e  NMR peaks. 

RESULTS AND DISCUSSION 

1 Isomeriza t ion o f  1-N-pyrrolidino-2-propene 

The compositions o f  t h e  products  f o r  each c a t a l y s t  a r e  shown i n  Table 1. Although 

a main product was 1-N-pyrrolidino-1-propene, considerable  amounts o f  p y r r o l i d i n e  

and propionaldehyde were produced over  a l l  c a t a l y s t s .  The formation of propion- 

aldehyde was f a c i l e  e s p e c i a l l y  a t  t h e  f i r s t  pu l se .  S ince  n e i t h e r  t h e  r e a c t a n t  nor 

t h e  c a r r i e r  gas conta ined oxygen atoms, t h e  oxygen atom i n  propionaldehyde should  

o r i g i n a t e  from t h e  c a t a l y s t  s u r f a c e .  

Magnesium oxide and CaO showed high a c t i v i t i e s  when they were p r e t r e a t e d  a t  proper 

temperatures .  The a c t i v i t i e s  were so high t h a t  t h e  percentage  of 1-N-pyrrolidino- 

1-propene was almost independent of t h e  change i n  flow r a t e  and d i d  not  decrease  

wi th  inc rease  of pu l se  number. The s e l e c t i v i t y  f o r  t h e  formation of 1-N- 

pyrrolidino-1-propene was more than 80 % over MgO. A c t i v i t i e s  o f  MgO and CaO 



var i ed  with pre t rea tment  temperature of t h e  c a t a l y s t s  and t h e  maximum a c t i v i t i e s  

Were obta ined when p r e t r e a t e d  i n  t h e  temperature range,  400u1000°C f o r  MgO and a t  

700'C f o r  CaO. With SrO, BaO, and La203, t h e  a c t i v i t y  degradat ion wi th  the  pulse  

number was prominent. Thorium oxide g radua l ly  l o s t  i ts a c t i v i t y  wi th  success ive  

pulses .  NO a c t i v i t y  was observed wi th  Zr02, ZnO, A1203, and Si02-A1203. 

Magnesium oxide,  CaO, SrO, BaO, La203, and ThoZ which showed a c t i v i t i e s  a t  l e a s t  i n  

4-9 
t h e  f i r s t  pulse  a r e  known t o  possess  b a s i c  s i t e s  . This seems t o  i n d i c a t e  t h a t  

t h e  b a s i c  s i t e s  are a c t i v e  s i t e s .  On t h e  o t h e r  hand, ~ r 0 ~ ~ ~  and zn016 which have 

both  a c i d i c  and b a s i c  s i t e s  and A ~ ~ o ~ ~ ~  and s i o 2 - ~ 1 2 0 3 1 7  which have s t r o n g  a c i d i c  

s i t e s  were i n a c t i v e .  Therefore ,  it i s  considered t h a t  the a c i d i c  s i t e s  on t h e  

c a t a l y s t s  i n t e r a c t  wi th  a  lone p a i r  of n i t rogen  atom of t h e  r e a c t a n t  and become 

i n a c t i v e  o r  i n t e r f e r e  t h e  i somer iza t ion  over b a s i c  s i t e s  18.19 

2 I someriza t ion o f  N,N-dimethyl-2-propenylamine 

Stereochemistry was examined f o r  t h e  double-bond migra t ion of N.N-dimethyl-2- 

propenylamine over  CaO. Since  N,N-dimethyl-2-propenylamine has a molecular 

s t r u c t u r e  i n  which a  methine group of 4-methyl-1-pentene i s  replaced by a  n i t rogen  

atom, s tereochemis t ry  i n  t h e  double-bond migra t ion of 4-methyl-1-pentene was a l s o  

s tud ied  f o r  comparison. The c i s / t r a n s  r a t i o  of N,N-dimethyl-1-propenylamine was 

obta ined from t h e  i n t e n s i t i e s  of q u a r t e t  peaks ( C H 3 ( 1 ) )  a t  0.95 ppm f o r  t h e  c i s  

isomer and a t  0.86 ppm f o r  the t r a n s  isomer. 

Percentages of t h e  c i s  isomer i n  N,N-dimethyl-1-propenylamine produced are p l o t t e d  
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m 100 r 
a g a i n s t  t h e  conversion i n  Fig.  1. u u a 
Extrapola t ion t o  ze ro  conveision gives  m o 2 80-  
100% cis-N,N-dimethyl-1-propenylamine. 

ffl 
F Percentages of t h e  c i s  isomer i n  4-methyl- u 60 - 

C 
2-pentene from 4-methyl-1-pentene a r e  .A 

a l s o  shown i n  pig. 1. The percentage  a t  
40 - 

ze ro  conversion was about 50%. The .3 
20 - 

percentages  o f  c i s  isomers decreased wi th  -; 
conversion f o r  both r eac t ions  as t h e  e4 0 - 

0 
e q u i l i b r i a  favor  f o r  t h e  t r a n s  isomers.  

A high c i s - s e l e c t i v i t y  i n  N,N-dimethyl- Fig, Percentages of isomer in 

2-propenylamine i somer iza t ion  compared isomerized products f o r  the  double hond 

i somer iza t ion  of N,N-dimethyl-2-propenyl- 
with  c i s - s e l e c t i v i t y  i n  l-methyl-l- 

amine and 4-methyl-l-pentene . 
pentene i somer iza t ion  suggests  t h a t  t h e  Reaction temperature;250C, 

energy d i f f e r e n c e  between c i s  and t r a n s  forms of t h e  in t e rmed ia te  i s  g r e a t e r  f o r  

the former r e a c t i o n  than t h e  l a t t e r  one. The in t e rmed ia te s  f o r  t h e  double-bond 

migra t ion of a l ly lamine and of o l e f i n  a r e  considered t o  be anionic? '  The r e a c t i o n  

scheme could be  drawn a s  follows f o r  a l ly lamine.  

,N- A- - ,CH=CH 
b a s i c s i t e  C$LbCH 

a l l y l a m i n e  t rans  anion 
CH3 

t rans enami ne 
( $ - t r a n s )  

c i s  anion c i s  enamine 
3 Hydrogenation of N,N-dimethyl-2-propenylamine 

The main product over  N i  supported on bas ic  oxides w a s  N,N-dimethylpropylamine. 

The o t h e r  products such a s  propane and dimethylamine were n e g l i g i b l y  sma l l .  N,N-  

Dimethyl-1-propenylamine which might r e s u l t  from double-bond migra t ion was no t  

de tec ted  i n  a m i c r o c a t a l y t i c  pu l se  r e a c t o r .  As shown i n  Fig .  2, N i  supported on 

MgO, CaO, La203. and Tho2 e x h i b i t e d  high a c t i v i t i e s  from t h e  f i r s t  pu l se .  

Espec ia l ly .  Ni/MqO gave 100 % conversion and almost 100 % s e l e c t i v i t y  f o r  t h e  

formation Of ~ , ~ - d i m e t h ~ l ~ r o p ~ l a m i n ~ .  Nickel on Si02-A1203 a l s o  showed a h igh 

a c t i v i t y  a f t e r  t h e  4th pu l se .  Following them, the  a c t i v i t i e s  were i n  t h e  o rde r  of 

Ni/ZrOZ>Ni/A1203>Ni/Ti02>Ni/Si02. Since  MgO, CaO, La203, and Tho2 have b a s i c  

s i t e s  on t h e i r  s u r f a c e s  and N i  supported on these  oxides  showed high a c t i v i t i e s :  

it i s  suggested t h a t  N i  c a t a l y s t  becomes a c t i v e  when supported on b a s i c  oxides ,  



though t h e r e  is an Ni/MaO 
Ni/SiO. 

except ion f o r  N i /  

Si02-Al2O3 On 

the  o t h e r  hand. 

t h e  e f f e c t  of 

suppor ts  i s  e n t i r e -  

l y  d i f f e r e n t  i n  

t h e  hydrogenation 

of 1-butene which 

does not  con ta in  

n i t rogen  as shown 

i n  Fig.  3. The 

d i f f e r e n t  e f f e c t  

of suppor t  was 

Pulse number 

~ i g .  2 Hydrogenation of  N , N -  

dimethyl-2-propenylamine , 

Pulse number 

Fig .  3 Hydrogenation of 

1-butene  

most prominent f o r  Ni/Si02, which showed t h e  h i g h e s t  a c t i v i t y  f o r  t h e  hydrogen- 

a t i o n  of 1-butene and t h e  lowest  a c t i v i t y  f o r  t h e  hydrogenation of N,N-dimethyl-2- 

propenylamine. Fur the r  s t u d i e s  a r e  needed t o  c l a r i f y  t h e  reasons .  

The e f f e c t  of t h e  amount of N i  supported on MgO on t h e  conversion of N,N-dimethyl- 

2-propenylamine i s  shown i n  Table 2 .  

Table 2. Change i n  hydrogenation a c t i v i t y  wi th  N i  con ten t  i n  Ni/MgO 

N i  w t ,  % 0 5 7 9 20 30 50 

Conversion of N,N-  

dimethyl-2- 0 31 70 100 100 9 8  9 4  

propenylamine, % 

The optimum amount o f  N i  was lob30 w t .  %. Over t h e  c a t a l y s t s  on which 5 o r  7 8 

Of N i  was supported,  t h e  formation of N,N-dimethyl-1-propenylamine (enaminel was 

observed. The t i m e  course of t h e  r eac t ion  of N,N-dimethyl-2-propenylamine over 

Ni(9 %)/MgO which was c a r r i e d  o u t  i n  a c losed  r e c i r c u l a t i o n  r e a c t o r  i s  shown i n  

Fig.  4.  The enamine forms a t  t h e  i n i t i a l  s t a g e  of t h e  r e a c t i o n ,  b u t  changes t o  

t h e  hydrogenated compound, as  t h e  r e a c t i o n  proceeds.  However, no enamine was 

formed over Ni/Si02-A1203 dur ing t h e  r e a c t i o n .  The adsorpt ion o f  C02 caused t o  

s t o p  t h e  r e a c t i o n  over  Ni/MgO, b u t  d i d  not  a f f e c t  t h e  a c t i v i t y  of Ni/Si02-A1203. 

I n  o rde r  tq  examine t h e  r e a c t i v i t y  o f  enamine toward hydrogenation,  MgO t h a t  i s  
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a c t i v e  f o r  t h e  double-bond migra t ion 
100 

of a l ly lamine t o  enamine and Ni/Si02 

which i s  i n a c t i v e  f o r  t h e  hydrogen- 80 

a t i o n  o f  a l ly l amine  were pu t  i n  

60 
s e r i e s  i n  a  r e a c t o r  and t h e  hydrogen- A 

0 
E 

a t i o n  of a l ly l amine  was c a r r i e d  o u t .  
0  

  he conversion was 95 %, i n d i c a t i n g  2 
-4 

t h a t  Ni/Si02 i s  a c t i v e  f o r  t h e  hydro- 20 

genat ion o f  enamine. The high 
? 
0 
U 

0 
conversion is due t o  t h e  f a c t  t h a t  

b a s i c  s i t e s  a r e  UMeCesSary f o r  t h e  

> '  
10 20 3l 40 50 

Reaction time/min 

hydrogenation of enamine. I s o t o p i c  Fig.  4 Time dependence of t h e  hydrogenation 

Of N,N-dimethyl-2-propenylamine over  N ~ / M ~ O  
d i s t r i b u t i o n s  o f  t h e  products  i n  t h e  

O i r e a c t a n t ,  .;N,N-dimethyl-1-propenY1amine. 
deu te ra t ion  o f  N,N-dimethyl-2- A:N,N-dimethylpropylamine. 

propenylamine over Ni/MgO, and N i /  

si02-A1203 a r e  summarized i n  Table 3. 

Over Ni/MgO, about two D atoms were included i n  t h e  product .  About one D atom was 

loca ted  a t  carbon atom 2 and t h e  r e s t s  were equa l ly  l o c a t e d  a t  carbon atoms 1 and 3. 

On t h e  con t ra ry ,  about two D atoms were included i n  t h e  product  over  Ni/Si02-A1203, 

t h e  p o s i t i o n s  of D atoms being l i m i t e d  t o  carbon atoms 2  and 3. These suggest  t h a t  

i n  t h e  case  of Ni/MgO, Ni/CaO, Ni/La203, and Ni/Th02, a l ly l amine  isomerizes  t o  

enamine on b a s i c  sites of suppor ts  and t h e  formed enamine is success ive ly  hydrogen- 

a t e d  on N i ,  whi le  i n  t h e  case  of ~ i / S i o ~ - A l ~ O ~ ,  N i / Z r O 2 ,  Ni/Ti02, Ni/A1203, and N i /  

S i02 ,  a l ly l amine  i s  hydrogenated d i r e c t l y  t o  alkylamine wi thou t  pass ing through 

enamine. 

The p o s t u l a t e d  r e a c t i o n  schemes a r e  drawn a s  fo l lows.  

Table 3. Number o f  D atoms loca ted  a t  d i f f e r e n t  carbon atoms o f  N , N -  

dimethylpropylamine i n  t h e  deu te ra t ion  of N.N-dimqthyl-2- 

propenylamine. 

C a t a l y s t  P o s i t i o n  

C 1 1 )  Cl2) C/3) 



CH =CH-CH2-N< 2 - CH -CHxCH-N:- CH3-CH2-CH2-N: (on Ni/MgO) 
bas ic  s i t e  3 Ni 

CH2=CH-CH2-N< 
Ni 

CH3-CH2-CH2-N: (on Ni/SiC12-A1203) 
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