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Synthesis of Deuterium-Labelled Alkenes 
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Department of  Organic Chemistry, J6zse f  Attila 
University, Drim tbr 8, H-6720 Szeged, Hungary 

SUMMARY 

Novel o r  improved synthesis of six deuterated 1-alkenes (l-hexene- 

[ 3 ,  3 - 2 H 2 ]  , 5-methyl-1-hexene- 3 , 3  

- 51 

1: -2H2], 1-pentene- 3,1,2- 2 H , 1- 

hexene- [2-'H-, 1-hexene- 1 , 1 , 3 , 3 -  2 H4] and 1-hexene- [ 1 , 1 , 2 , 3 , 3 -  H I 2 
3 1  1- 

) 

are reported. The isotopic purities of these labelled alkenes were 

9 9 ,  9 9 ,  9 2 ,  9 9 ,  7 6  and 8 6 % ,  respectively. 

Key words: Deuterium, Isomeric alkenes 

INTRODUCTION 

The systematic variation of deuterium labels in alkenes is useful 

for the determination of structure (11, reaction mechanism (2) and 

general isotopic effects ( 3 ) .  The synthesis of such molecules is 

difficult due to the tendency of the reactive intermediates to un- 

dergo double bone isomerization and nonselective exchange reactions 

( 2 ,  4). F o r  this reason, it is preferable to form t h e  double bond 

after the deuterium is introduced into the required position (5). 
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- 1-6 2 
- b 

- 4-6 

To elucidate the mechanism of catalytic double bond isomerization 

( 6 ) ,  1-hexene and 1-pentene were labelled with deuterium at C-1, 

C-2 and C-3, at C-1 and C-2, at C-1 and C-3, at C-2 and at C-3. 

C-3 labelled 1-alkenes, 6 ,  were obtained as shown in Scheme A .  The 

reduction of heptanoic acid ester with sodium and 0-deuterioacetic 

acid in diethyl ether was earlier reported ( 7 ) ,  but a similar reduc- 

tion of valeric acid ester proved unsatisfactory (8): only 70% deu- 

terium incorporation was achieved at C-1. On performing the same re- 

action, we obtained 2 (step A) in a yield lower than 30% due to 

side reactions. Furthermore, the use of liquid ammonia i n  the cou- 

pling reaction (step C) and in the Birch reduction ( 9 ) ,  which was 

proposed f o r  step 0 (81, causes substantial losses on evaporation 

of the solvent if small amounts of volatile compounds are to be pre- 

pared. This reduces the overall yield to 10% or less. 

A B C 

LiA104 HBr, H2S04 NaCZCH, liq. NH3 

64-67% 90% 
RCOOC2H5 -RCD20H - RC02Br > 

R X Y  

CH3CH2CH2 0 H 
(CH3)2CHCH2 0 H 
CH3CH2 H D  

1 - 2 - 3 - 
Me2S0, 63% 

0 

H2, Lindlar Pd 
-RCX2CFCH r- RCX2CY=CY2 

50-73% 

61% 5 2. D20 - 
SCHEME A 

The use of simple procedures permits considerable improvements in 

t h e  yields of the labelled alkenes. The reduction o f  2 with lith- 

ium aluminum deuteride gave 65% pure 2. waz prepared in 63% 

yield by using a mixture of dimethyl sulphoxide, liquid ammonia and 
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d i b u t y l  e t h e r  as  s o l v e n t  ( 1 0 )  i n s t e a d  o f  l i q u i d  ammonia. 5 was h y -  

d r o g e n a t e d  over L i n d l a r  p a l l a d i u m  c a t a l y s t  (111, t o  p r o d u c e  6a, i n  

7 3 %  y i e l d .  was s y n t h e s i z e d  b y  a s i m i l a r  r e a c t i o n  sequence ,  C 
was s y n t h e s i z e d  b y  a known m e t h o d  ( 1 2 1 ,  t h o u g h  a n o t h e r  s y n t h e s i s  

may b e  a d a p t e d  ( 1 3 ) ,  and i t  was r e d u c e d  t o  & w i t h o u t  any d i f f i c u l -  

t y  o v e r  t h e  L i n d l a r  c a t a l y s t  w i t h  gaseous  d e u t e r i u m .  

Due t o  i t s  E l c B  ( 1 4 )  mechanism, t h a t  i n v o l v e s  t h e  p r i m a r y  a b s t r a c -  

t i o n  o f  a p r o t o n  f r o m  t h e  less h i n d e r e d  t e r m i n e l  m e t h y l  g r o u p  on  

t h e  a c t i o n  o f  b a s i c  s u r f a c e  s i t e s  f o l l o w e d  b y  t h e  e l i m i n a t i o n  o f  a 

h y d r o x i d e  i o n  ( 1 5 1 ,  t h e  s t r i c t l y  H o f m a n n - o r i e n t e d  e l i m i n a t i o n  r e a c -  

t i o n  of  2 - a l k a n o l s  (8) over t h o r i a  c a t a l y s t  ( 1 6 )  o f f e r s  a n  a p p e a l -  

i n g  way t o  o b t a i n  t h r e e  d i f f e r e n t  l a b e l l e d  compounds f r o m  2 as  

s t a r t i n g  m a t e r i a l  (Scheme 8 ) .  

L i A l H 4  or L i A 1 D 4  Tho2 4OO0C 
R C X 2 C C X 3  R C X 2 i Y C X 3  f l o w  r e a c t o r  R C X 2 C Y = C X 2  

49-65% II 64-19% 
0 OH 

7a b - 9 -  

7 - 9  I _ _  

8 - 

X Y 

9 - 

C H J C H 2 C H 2  R I  
SCHEME B 

The exchange  r e a c t i o n  o f  & w i t h  d e u t e r i u m  o x i d e  i n c o r p o r a t e s  f i v e  

d e u t e r i u m  atoms a t  C - 1  and  C-3.  S e l e c t i v e  d e u t e r a t i o n  o f  k e t o n e s  is 

a l s o  p o s s i b l e  ( 1 7 ) .  I f  d e s i r e d ,  d e u t e r i u m  c a n  b e  i n t r o d u c e d  a t  C-2 

b y  r e d u c t i o n  o f  t h e  k e t o n e  w i t h  l i t h i u m  a l u m i n u m  d e u t e r i d e .  Subse- 

q u e n t  d e h y d r a t i o n  o v e r  t h o r i a  c a y t a l y s t  p r o d u c e s  t h e  l a b e l l e d  a l -  

k e n e s  w i t h  76-81% s e l e c t i v i t y  and  i n  49-56% y i e l d .  The p u r e  l - a l k e -  

n e s  were  p r o d u c e d  f r e e  o f  i s o m e r i c  a l k e n e s  by f r a c t i o n a l  d i s t i l l a -  
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tion, in the following yields based on 3: 4 4 % ,  25% and 

28%. To the best of our knowledge, the syntheses of and have 

now been reported for the first time, while 2 can be prepared oth- 
erwise, too (18). 

The average deuterium content at the labelled positions ( 0 )  a r e  

listed in the Table. 5, and 25 w e r e  isotopically 99% pure, 

which is a higher value than reported earlier (8). In the case of 

- 6c an exchange reaction is probably responsible of a slight loss of 

deuterium. The purity was 9 2 % .  

While dehydration over thoria did not affect the deuterium content 

at C-2,  24% and 1 4 %  losses of the deuterium at C-1 and C-3 w e r e  ob- 

served for and 2. This moderate exchange is, very probably, a 

consequence of both the ElcB mechanism of dehydration (15) and iso- 

merization of the products. 

These labelled alkenes were succesfully used t o  investigate the 

mechanism of alkene isomerization o v e r  heterogeneous catalysts ( 6 ) .  

The main features of o u r  syntheses are the following: 

(a) high isotopic purity is achieved, (b) five different labellings 

of I-alkenes are possible, and (c) three products can b e  synthe- 

sized from an alkanone via a common labelled intermediate in a se-  

quence of two o r  three simple reactions. The method proposed for la- 

belling 1-alkenes in allylic position is generally applicable; how- 

ever, the scope of the procedure involving dehydration is limited 

to simple alkenes because of the severe reaction conditions. 

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

m-Deuterated 1-alkanols Z a ,  

To a stirred suspension of lithium aluminum deuteride (11.6 g, 

0 . 2 7 5  mole) in dry diethyl ether (400 ml), la ( 5 8  g ,  0.5 mole) in 

diethyl e t h e r  (400 ml) was added during one hour .  The mixture was 

then stirred at room temperature for 12 hours. First water ( 2 0  ml) 



TA
B

LE
 

r? 
DE

UT
ER

IU
M 

LA
BE

LL
ED

 
1-

AL
KE

NE
S 

5 
AN

D 
9 

PR
EP

AR
ED

 
8.

 $ 2 
IR

 (
fi
1m
)g
 

1H
 N

MR
 
(C

C1
4,

 
TM

Si
nt

lh
 

2 
PR

OD
- 

CO
NV

ER
- 
SE

LE
C-

 Y
IE
LD
' 

B
. 

p
. 

MS
 ( 7

0e
V 
Id

 
UC

T 
S
I
O
N
~
 T
IV

IT
Y~

 (%
I 

(
O
c
)
 

oe
 

M
f 

(c
m-

l)
 

(6
 pp
m)

 
(%I

 
(%

>
 

(%
I 

(X
I 

-
 

6
a
 

- 
- 

73
 

64
-6
6 

99
 
M+
2(
10
0)
 

Xl;C
I;t~

;~~;
~~CD

) 0
.8

5(
t,

3H
),

1.
30

(m
,4

H)
,4

.7
O(

d,
lH

) 
4.

90
(q

,l
H)

,5
.6
5(
q,
lH
) 

6b
 

- 
- 

50
 

83
-8

5 
99
 

M+
2(
10
0)
 

21
05

m,
 21
95
m(
JC
D)
 

0.
93
(d
,6
H)
, 
1.
40
(m
,3
H)
 ,
5.
50
(d
, 
1H
) 

-
 

16
45
s(
J 
C=
CH
,,
) 

5.
80

(q
, 
1H

) 
, 
6.

7O
(q

, 
1H
) 

- 
- 

6
1
 
29

.5
-3

0 
9
2
 
M+
3(
10
0)
 

23
30

m,
22

00
m?

) 
CD

) 
0.
95
(t
 ,
3H
),
 1
.4
0(
m,
 2
H)
 ,
2.
05
( 
t 
,2
H)
 

6c
 

-
 

M+
2(
33
) 

1
5
8
5
~
0
 

C=
CH
,)
 

-
 

7
a

 
92

 
81
 

56
 

65
-6

6 
99

 
M+
1(
10
0)
 

L
 

22
15
m(
jC
D)
, 

0.
93
(t
,3
H)
 
,1
.3
0(
m,
6H
) 
,4
.8
3(
s,
2H
) 

15
95
m(
J 

C=
CH

2)
 

-
 

96
 

80
 

76
 

49
 

65
-6

6 
76

 
M+
4(
10
0)
,M
+3
(7
4)
 

23
35
n,
21
80
m(
v 

C
D

) 
0.
94
(t
,3
H)
, 

1.
35
(m
,4
H)
, 

M+
2(
43
),
M+
1(
19
) 

15
90

m(
iC

=C
H2

) 
2.

00
(~

,-
0.

2H
, 
3-
H)
 

M(
5)
 

4.
90

(~
,-

0.
2H

,l
-H

),
5.

45
(~

,l
H)

 
-
 

9c
 

87
 

79
 

55
 

65
-6

6 
86
 

M+
5(
10
0)
,M
+4
(4
9)
 

23
40

m,
22

20
m(

rC
D)

 
0.
95
(t
,3
H)
, 

1.
35
(m
,4
H)
, 

M+
3(
26
),
M+
2(
12
) 

15
B5

m(
VC

=C
H2

) 
2.

00
(~

,-
0.

2H
,3

-H
) 

M+
1(
7)
 

4.
91

(~
,-

0.
2H

,l
-H

) 

'D
et
er
mi
ne
d 

1
0

%
 L
AC

- 
29

6 
o

n
 

Ch
ro

mo
so

rb
 

P 
co

lu
mn

 a
t 

45
 O
C.

 
'Y
ie
ld
 

of
 
is

ol
at

ed
 p

ur
e 

pr
od

uc
t.

 d
Re

co
rd

ed
 o

n 
an

 
M

M
-1

2F
 

sp
ec

tr
om

et
er

. 
eA

ve
ra

ge
 

de
ut

er
iu

m 
co

nt
en

t 
at
 t

he
 l

ab
el

le
d 

po
si

ti
on

s 
de

te
rm

in
ed

 
fr

om
 t

he
 d

is
tr

ib
ut

io
n 

of
 
th

e 
mo

le
cu

le
s 

wi
th

 
di

ff
er

en
t 

nu
mb

er
 

of
 i

nc
or

po
ra

te
d 

de
ut

er
iu

m 
at

om
s.

 f
M=

 m
ol

ec
ul

ar
 
ma

ss
 o

f 
th

e 
un

la
be

ll
ed

 
co

mp
ou

nd
. 

In
 

br
ac

ke
ts

 
th

e 
re

la
ti

ve
 

in
te

ns
it

ie
s 

of
 
th

e 
mo

le
cu

la
r 

pe
ak

s 
ar

e 
gi

ve
n.

 g
Re

co
rd

ed
 o

n 
a 

P
ye

 
Un

ic
am

 S
P

 
10
00
 
sp

ec
tr

op
ho

to
me

- 
te

r;
 
m=

me
di

um
, 

s=
st

ro
ng

. 
hR

ec
or

de
d 

on
 
a 

6
0

 M
Hz

 J
EO

L 
JN

M-
C-

60
 H

L 
sp

ec
ro

me
te

r;
 t
=t

ri
pl

et
, 
m=

mu
lt

ip
le

t,
 

d=
do

ub
- 

le
t,

 q
lq

ua
dr

up
le

t,
 s

=s
in

gl
et

. 

by
 G

C 
on

 a
 
PE
G 

20
M 

co
lu

mn
. 

bR
at

io
 o

f 
1-

he
xe

ne
 i

n 
th

e 
pr

od
uc

t,
 d

et
er

mi
ne

d 
by

 
GC

 o
n 

a 
4
 m

 

Q
 &
 



444 G. Siroknuin, A. Molnar and M. 3arr6k 

was added and  t h e  m i x t u r e  was s t i r r e d  t i l l  t h e  c o m p l e t e  decompos i -  

t i o n  o f  t h e  r e d u c i n g  a g e n t .  Then s o d i u m  h y d r o x i d e  ( 1 4 . 6  g )  d i s -  

s o l v e d  i n  w a t e r  ( 2 0  m l )  was added s l o w l y  w i t h  c o n t i n u o u s  s t i r r i n g ,  

so t h a t  a l u m i n u m  h y d r o x i d e  w o u l d  p r e c i p i t a t e  a s  s m a l l ,  s p h e r i c a l  

p a r t i c l e s ,  easy  t o  f i l t e r .  The p r e c i p i t a t e  was f i l t e r e d  o f f ,  and 

t h e  e t h e r a l  s o l u t i o n  was d r i e d  o v e r  magnesium s u l p h a t e  and f r a c t i o -  

n a t e d .  The y i e l d  of 2 was 2 5 . 4  g ( 6 7 % ) ,  b . p .  116-118 O C .  2 was 

p r e p a r e d  f r o m  m e t h y l  i s o v a l e r a t e  ( 9 3 . 5  g ,  0 . 8 1  m o l e ) .  The y i e l d  was 

5 1 . 1  g ( 6 4 % ) ,  b . p .  128-130 O C .  

W - D e u t e r a t e d  1 - b r o m o a l k a n e s  3a ,  2 
I 3a and were  p r e p a r e d  f r o m  t h e  c o r r e s p o n d i n g  a l k a n o l s  b y  r e f l u x -  

i n g  them w i t h  a z e o t r o p i c  H 8 r  and  s u l p h u r i c  a c i d .  S t a r t i n g  f r o m  2 
( 6 3 . 1  9, 0 . 8 3  m o l e )  & ( 1 1 0  g ,  9 5 % )  was p r e p a r e d ,  b . p .  99 -100 .5  OC. 

- 2b ( 3 3 . 7  g, 0 . 3 7  m o l e )  was c o n v e r t e d  i n t o  3. The y i e l d  was 5 1 . 5  g 

( 9 0 % ) ,  b . p .  129 -132  O C .  

C o u p l i n g  o f  b r o m o a l k a n e s  w i t h  s o d i u m  acetyl- (9, s) 
I n  a 2 1 t h r e e - n e c k e d  r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a g a s  i n -  

l e t  t u b e ,  a m e c h a n i c a l  s t i r r e r  and  a r e f l u x  c o n d e n s e r ,  s o d i u m  a c e t y -  

l i d e  (1 m o l e )  was p r e p a r e d  as  a s u s p e n s i o n  i n  l i q u i d  amrnonia ( 8 0 0  

m l )  (10). To t h i s ,  d i m e t h y l  s u l p h o x i d e  ( 1 4 0  ml), p u r i f i e d  by  d i s t i l -  

l a t i o n  b e f o r e  u s e ,  was added and  t h e  t e m p e r a t u r e  was a d j u s t e d  t o  

- 3 5  C .  Then 3 ( 1 0 9  g ,  0 . 7 8  mole) was i n t r o d u c e d  d u r i n g  4 5  m i n -  

u t e s ,  w h i l e  a s l o w  a c e t y l e n e  s t r e a m  was m a i n t a i n e d .  The m i x t u r e  was 

s t i r r e d  for 2 h o u r s ,  a f t e r  w h i c h  d i b u t y l  e t h e r  (80 m l )  was added.  

The m i x t u r e  was p o u r e d  o n t o  i c e  ( 8 0 0  g ) ,  t h e  p h a s e s  were  s e p a r a t e d  

and t h e  w a t e r  phase  was e x t r a c t e d  w i t h  d i b u t y l  e t h e r  ( 3 0  rnl). The 

s o l u t i o n  o f  a was d r i e d  over magnesium s u l p h a t e  and  f r a c t i o n a t e d  

on  a V i g r e u x  c o l u m n .  The c o l l e c t e d  f r a c t i o n  a t  6 9 - 7 2  OC was p u r e  

6 a .  The y i e l d  was 4 1 . 8  g ( 6 3 % ) .  I R  ( f i l m )  2090111 ( C - D ) ,  2110m ( J C - C  

+ S C D ) ,  'H NMR ( C C 1 4 )  6 0 . 9 3  ( t ,  3 H ) ,  1 . 5 0  ( m ,  

4 H ) ,  1 . 7 6  ( s ,  1 H ) .  S t a r t i n g  f r o m  ( 4 3  g ,  0 . 2 8  m o l e )  2 ( 7 . 2  g ,  

0 

2190m ( S C D )  c m - l .  
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26%)  was o b t a i n e d .  8 . p .  88 -90  O C .  The l o w  y i e l d  was due t o  losses 

c a u s e d  by  t h e  e v a p o r a t i o n  o f  ammonia. 

H y d r o g e n a t i o n  o f  a l k y n e s  over L i n d l a r  p a l l a d i u m ;  T y p i c a l  P r o c e d u r e  

1 -hexene-  [ 3 3 3 - !!2] (6a) 
- 4a ( 4 1 . 6  g ,  0 . 4 8  m o l e )  was d i s s o l v e d  i n  p u r e  d e c a l i n  (370  m l )  i n  a 

2 

s i m p l e  h y d r o g e n a t i o n  a p p a r a t u s  (111, t h e n  L i n d l a r  c a t a l y s t  ( 3  g ,  

F l u k a )  and  a d d i t i v e  ( 0 . 0 3  g ,  C a t .  N o . :  62150,  F l u k a )  were  added.  

The r e a c t i o n  was s t o p p e d  a f t e r  t h e  c a l c u l a t e d  amount o f  h y d r o g e n  

h a d  r e a c t e d .  The s o l u t i o n  was f i l t e r e d  t o  remove t h e  c a t a l y s t  and 

- 6a was r e c o v e r e d  by f r a c t i o n a l  d i s t i l l a t i o n .  

2 1 - P e n t e n e -  ' I ,  1 , ~ -  y3j  ( 6 ~ )  
1 - P e n t y n e -  c- H] ( 3 4 . 5  g ,  0 . 5 1  m o l e ,  b.p.  40 .5 -52 .5  OC, p r e p a r e d  ac-  

c o r d i n g  t o  ( 1 2 ) )  was d i s s o l v e d  i n  p u r e  d e c a l i n  ( 3 0 0  r n l )  and  d e u t e r -  

a t e d  i n  t h e  p r e s e n c e  of L i n d l a r  c a t a l y s t  a c c o r d i n g  t o  t h e  T y p i c a l  

P r o c e d u r e .  D e u t e r i u m  gas  was p r o d u c e d  f r o m  d e u t e r i u m  o x i d e  ( i s o -  

t o p i c  p u r i t y :  9 9 . 5 % )  i n  a h y d r o g e n  g e n e r a t o r  ( G e n e r a l  E l e c t r i c  15 

EHG 2 8 4 ) .  

.- L 
2 

2-Hexanone- i -1 ,1 ,1 ,3 ,3 -  2 (2) 
i 51 

The m u l t i p l e  s t e p w i s e  exchange  r e a c t i o n  o f  3 ( 1 0 0  g ,  1 m o l e )  w i t h  

d e u t e r i u m  o x i d e  ( a  t o t a l  o f  132 m l ,  9 9 . 5 % )  was c a r r i e d  o u t  as  de- 

s c r i b e d  ( 1 9 ) .  The y i e l d  of  was 8 2 . 3  g ( 7 8 . 3 % ) ,  b . p .  126 -128  O C .  

R e d u c t i o n  of 2 - a l k a n o n e s  w i t h  l i t h i u m  a l u m i n u m  h y d r i d e  o r  d e u t e  

r i d e ;  T y p i c a l  P r o c e d u r e .  2 -Hexano l -  2- (&) 

L i t h i u m  a l u m i n u m  d e u t e r i d e  ( 1 . 7 2  g ,  0 . 0 4 1  m o l e )  was suspended  i n  

d r y  d i e t h y l  e t h e r  ( 7 0  m l ) ,  and  2 -hexanone  ( 1 3 . 7  g ,  0 . 1 3 7  m o l e )  d i s -  

s o l v e d  i n  d r y  d i e t h y l  e t h e r  ( 1 0 0  m l )  was added .  The m i x t u r e  was re- 

f l u x e d  for 1 h o u r ,  t h e n  i c e - c o o l e d  w a t e r  ( 7  m l )  and  d i l u t e d  h y d r o -  

c h l o r i c  a c i d  (l:l, 35 m l )  we re  added .  The w a t e r  phase  was e x t r a c t e d  

w i t h  t h r e e  p o r t i o n s  o f  d i e t h y l  e t h e r .  The c o m b i n e d  o r g a n i c  e x t r a c t  

was washed w i t h  5% s o d i u m  b i c a r b o n a t e  s o l u t i o n  and d r i e d  o v e r  magne- 

2 
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s i u m  s u l p h a t e .  The s o l v e n t  was e v a p o r a t e d  o f f ,  and  t h e  p r o d u c t  was 

f r a c t i o n a t e d  on a 20 cm V i g r e u x  c o l u m n .  The y i e l d  o f  & was 11.1 g 

( 7 9 x 1 ,  b . p .  139 -140  O C .  'H NMR (CC14)  6 0 . 9 3  ( t ,  3 H ) ,  1 . 1 5  ( s ,  

3 H) ,  1 .37  ( m ,  6 H ) ,  2 .50  ( s ,  1 H). 

2 2 -Hexano l -  1 , 1 , 1 , 3 , 3 -  lj5] (E) 
- 7b ( 4 1 . 2  g ,  0 . 4 7  m o l e )  was r e d u c e d  w i t h  l i t h i u m  a luminum h y d r i d e  

( 5 . 2 4  g ,  0 . 1 3 8  m o l e ) .  The y i e l d  o f  p u r e  fi was 32 g ( 6 4 % ) ,  b . p .  138 -  

140  O C .  H NMR ( C C 1 4 ) & 0 . 9 5  ( t ,  3 H ) ,  1 . 3 3  ( m ,  4 H), 2 .92  ( s ,  1 H ) ,  

3 .63 (s, 1 H ) .  

IT 

1 

2 2 -Hexano l -  [l , 1 , 1 , 2 , 3 , 3 -  I& 1 (E) 
- 7b ( 4 1 . 2  g ,  0 . 4 7  m o l e )  was r e d u c e d  w i t h  l i t h i u m  a l u m i n u m  d e u t e r i d e  

( 5 . 7 8  g ,  0 .318  m o l e ) .  The y i e l d  of & was 3 3 . 3  g ( 6 6 % ) ,  b . p .  139 -  

1 4 0  O C .  'H NMR ( C C 1 4 ) 6  0 . 9 4  ( t ,  3 H) ,  1 . 3 1  ( m ,  4 H ) ,  2 . 3 5  ( s ,  1 t i ) .  

T h o r i a  c a t a l y s t  ( 1 6 )  

F r e s h l y  p r e c i p i t a t e d ,  t h o r o u g h l y  washed and  d r i e d  t h o r i u m  o x a l a t e  

( p r e p a r e d  b y  a d d i n g  t h e  c a l c u l a t e d  amount  of ammonium o x a l a t e  s o l u -  

t i o n  t o  a s t i r r e d  s o l u t i o n  o f  t h o r i u m  n i t r a t e )  was h e a t e d  a t  400  O C  

i n  a s l o w  f l o w  o f  n i t r o g e n  f o r  16  h o u r s .  10 g o f  g l a s s  r o d s  5 mm 

l o n g  and 0 . 5  mm i n  d i a m e t e r  were  w e t t e d  w i t h  0 . 2  m l  m e t h a n o l  and  

m i x e d  w i t h  0 . 6  g f i n e  powder  o f  t h o r i a .  The l a t t e r  a d h e r e d  t o  t h e  

s u p p o r t  a l m o s t  c o m p l e t e l y .  Th is  amount o f  s u p p o r t e d  c a t a l y s t  was 

used  i n  each  d e h y d r a t i o n  e x p e r i m e n t  w i t h o u t  any f u r t h e r  t r e a t m e n t .  

D e h y d r a t i o n  i n  a f l o w  r e a c t o r ;  G e n e r a l  P r o c e d u r e  

The c a t a l y s t  was p l a c e d  i n  a v e r t i c a l  f i x e d - b e d  r e a c t o r  1 6  cm l o n g  

and 2 cm i n  i n n e r  d i a m e t e r ,  made f r o m  R a s o t h e r m  g l a s s .  The dead-  

space  o f  t h e  r e a c t o r  was f i l l e d  w i t h  3 mm g l a s s  b e a d s .  The r e a c t o r  

was h e a t e d  i n  an e l e c t r i c  oven  a t  c o n t r o l l e d  t e m p e r a t u r e s .  The re- 

a c t a n t  was f e d  i n t o  t h e  r e a c t o r  a t  a r a t e  of  1 0  m l / h o u r . g  c a t a l y s t  

b y  mEans of a m o t o r - d r i v e n  s y r i n g e .  The r e a c t i o n  t e m p e r a t u r e  Wac 

400 'C i n  each  c a s e .  The p r o d u c t  was c o l l e c t e d  i n  a c o n d e n s e r  con -  



Deuterated Alkenes 447 

n e c t e d  t o  t h e  l o w e r  end  of t h e  r e a c t o r ,  a n a l y s e d  b y  g a s  c h r o m a t o g r a -  

p h y  and  f r a c t i o n a t e d .  The p u r e  1 - a l k e n e s  were  o b t a i n e d  f r e e  f r o m  

i s o m e r s  a f t e r  f r a c t i o n a t i o n  on  a F i s c h e r  S p a l t r o h r k o l o n n e  HMS 500 

a p p a r a t u s  ( a  c o n c e n t r i c  t u b e  c o l u m n  s y s t e m )  w i t h  a c a p a c i t y  o f  90 

t h e o r e t i c a l  p l a t e s .  
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