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Deuterated oleates have been synthes/zed by semihydrogenation of acetylenic intermediates. 
[ll-2H~]Oleate was prepared by two-carbon chain extension of the C~6 alcohol obtained from 
[1-2l-I~]octyl bromide and 7-octyn-l-oL [8-2H2] and [7-=H2]oleates were both prepared from 
dimethyl suberate, tetradeutefo intermediate C~6 alcohols were synthesized from [1,8-2H4] 
and [2,7-2H4]octane diols by monobtomination, conversion to deuterated 9-decyn-l-ols and 
reaction with octyl bromide. Oxidation gave [8-2H2]-9-octadecynoate and [2,7-2H2]-9-octa - 
decynoate, after semihydrogenation of the latter, deuterons at C-2 were removed by exchange 
with aqueous alkali. [6-2H2] and [5-2H2]oleates were obtained from methyl 5-tetradecynoate, 
semihydrogenation, deuterium exchange at C-2 and two malonate extensions gave [6-2H=] - 
oleate; reduction with lithium aluminum deuteride, two malonate extensiom and semihydto- 
genation gave the [5-2H~] ester. [4-2I-I2] and [3-=H2]oleates were both obtained from methyl 
7~is-hexadecenoate, exchange of the a protons and chain extension gave the [4-=H=] ester 
and reduction with lithium aluminum deuteride and chain extension gave the [3-2H=] ester. 

Introduction 

Specifically dideuterated fatty acids have been used in investigations o f  mem- 
brane structure [1,2], of  13C NMR spectra [ 3 - 6 ]  and in medical studies where 
non.radioactive isotope labelling is necessary [7]. Previously syntheses o f  [ 18-zi-I3], 
[17-2H2], [16-z1-I2], [14-2H2] and [12-2I-I2]oleates were described [8] and [2-2H2] 
oleate [9] and [11-2H2] oleate [10] have also been synthesized. A new more con- 
venient, synthesis o f  [ 11-2H2] oleate and synthesis of  the remaining gem dideutero 
oleates, in which deuterium is attached to carbons on the ester side o f  the double 
bond, are now discussed. 

* NRCC No. 17794. 
** Presented at the 14th World Congress of the International Society fez Fat Research, 
Brighton, England, September, 1978. 
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Results and discussion 

[11-2H2] Oleate was prepared by the acetylenic route employed previously [8], 
methyl octanoate was reduced with lithium aluminum deutefide, the [1-2H2]- 
octanol brominated with triphenylphosphine dibromide and the [1-2H2]octyl 
bromide allowed to react with the tetrahydropyranyl ether of 7-octyn-l-ol to 
give [9.2H2]-7-hexadecyn-l-ol. The chain was lengthened by malonate synthesis 
and the oleate obtained by semihydrogenation. 

Syntheses of [8-2H2] and [7.2H2]oleates both began with dimethyl suberate 
(see Fig. 1); since it was difficult to prepare a suitable intermediate deuterated 
at only one end, a C8 intermediate deuterated at both ends was used and the 
extra deuterons were removed in one of the last steps in the synthesis. Reduction 
of the C8 diester with lithium aluminum deuteride gave [1,8-~I4]octane-l,8-diol 
which was monobrominated with hydrogen bromide to the tetradeutero 8-bromo- 
octanol. Reaction as the tetrahydropyranyl ether with lithium acetylide gave 
[1,8-2H4]-9-decyn-l-ol and further reaction with octyl bromide gave [1,8-2I-Lt]- 

C H302C (C H2)6C02C1-13 

I LiAID 

HOD2C(CH2)6CD20H 

I HBr 

BrD2CICH216CD20H 

I LiC=CH. H2NCH2CH2NH 2 

HC-CCD2(CH2)6CD20H 

I Li NH2,CH3ICH2)6CH2Br 

CH3(CH2)7C--- CCD2(CH2)6CD20H 
I CrO 

CH-5(C H2)7C- C C D2(CH2)6CO2H 

CHs(C H217 CH = CHCD2(CH2)6C02 H 
Fig. 1. Synthesis of [8-=H=]-cis-9-octadecenoic add. 
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9-octadecyn-l-ol. Oxidation removed the deuterons at C-I and at the same time 
gave [8-~-I=] stearolic acid, semihydrogenation then yielded [8-2H2] oleate. 

[7-2H2]Oleate was prepared by a similar series of reactions except that, initially, 
both pairs of a protons of suberic acid were replaced by deuterons by exchange 
with alkaline deuterium oxide at 200°C and the tetradeutero Cs diacid was reduced 
to [2,7-~I4]octane-l,8-diol with lithium aluminum hyride. The intermediate 
[2,7-~Lt]-9-octadecynoic acid was semihydrogenated to [2,7-2l-Lt]oleic acid and the 
a deuterons were then exchanged by reaction with I% aqueous sodium hydroxide 
at 200°C. 

To obtain [5-2H2] and [6-2H2]oleic acids, 5-hexyn-l-ol tetrahydropyranyl 
ether was prepared in the usual way from 4-chiorobutanol, converted by alkylation 
with octyl bromide to 5-tetradecyn-l-ol and oxidized to 5-tetradecynoic acid. For 
conversion to [5-~-12]oleate the acid was reduced with lithium aluminum deuteride 
to the [I-2H2] alcohol (Fig. 2). Malonate chain extensions using intermediate 
mesylates [8,1 I] then yielded [5-21-12]stearolic acid and semihydrogenation gave 
[5-2H2]oleic acid. It is desirable, where possible in these series of reactions, to 
retain the triple bond until the last stage because the acetylenic intermediates 
with 14-18 carbons can all be purified by crystallization whereas most olermic 
intermediates cannot. Also if the cis double bond is introduced earlier some iso- 
merization to trans isomer may occur. 

5-Tetradecynoic acid was also the starting point for synthesis of [6-2H2] oleic 
acid but the a protons could not be exchanged due to extensive triple bond migra- 
tion and polymerization, c/s-5-Tetradecenoic acid was prepared by semihydrogen- 
ation and the [2-2H2] acid prepared by exchange. Two malonate chain extensions 

CH3(CH2) 7 C=C(CH2)3CH20H 

Cr03 

CH3(CH2)7C------- C(CH2)3CO;)H 

LiAID4 

CH3(CH2) 7 C---C(CH2)3 CD20H 

MALONATE EXTENSION TWICE 

C1-13(C H2) 7 C---- C (CI-12)sCD2(CI-12)3CO2H 

I" 
CH3(CH217CH=CHICHRI3CD2(CHRI3CO 2H 
Fig. 2. S)'ntheds of [$-=H=]-cis-9-octadecenoic acid. 
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then yielded [6-ZHz]oleic acid, precautions were taken to prevent cis to trans 
isomerization and the product contained only 4.5% [6-2H2]elaldic acid. The inter- 
mediate olefinic mesylates could not by crystallized from methanol but were 
stored in this solvent to remove acidic sulphur containing impurities. It was pos- 
sible, however, to crystallize the olef'mic malonic acid intermediates. 

The [4-2H2] and [3-2H2]oleic acids were prepared by similar routes from cis- 

7-hexadecenoic acid. To prepare [4-2H2]oleic acid the C16 acid was exchanged 
to give [2-ZH2]-c/s-9-hexadecenoic acid and the chain lengthened by two carbons. 
[3-;~-I2]Oleic acid was obtained by lithium aluminum deuteride reduction of the 
Ct6 acid and chain lengthening. Perhaps because sulphur containing impurities 
were not completely removed in the chain lengthening steps, the products con- 
tained 12% and 9% of the deuterated elaidic acids respectively and had to be puri- 
fied by silver nitrate-silicic acid chromatography. 

Specifically dideuterated oleic acids were thus prepared in overall yields from 
undeuterated starting materials of 20-40%. There was no evidence for loss of 
deuterium in any of the syntheses even during semihydrogenation of [8-:H2] and 
[11-2H2]stearolates where the deuterated carbon is adjacent to an unsaturated 
carbon. This result agrees with earlier work which showed that [9,10-2H2]oleate 
could be obtained by partial reduction of stearolate with deuterium and Lindlar 
catalyst [12]. 

13C NMR spectra were recorded for all the deuterated stearolates and oleates, 
those of the stearolates are listed in Table I along with isotope effects. Chemical 
shifts of  all carbons can be assigned unambiguously from isotope effects and agree 
with assignments reported by Gunstone et al. [13] from spectra e ra  large number 
of acetylenlc acids with different chain lengths and triple bond positions. Effects 
of the triple bond on carbons on both sides of the bond were averaged and were 

- 10.96, # - 0.54, 7 - 0.84, 8 - 0.52, e - 0.13, ~" - 0.07 and 77 - 0.04, values 
which agree with the earlier results [13]. 

The effect of deuterium on signals of the triple bond carbons was of interest. 
In spectra of [8-:I-lz] and [11-:H2]stearolates the signal of the adjacent carbon, 
which in alkanes would have a second atom upfield displacement of  about 0.2 ppm, 
showed a displacement of only -0.06 to -0.09 ppm; the line width was 
however, still increased 3-fold as is usually observed [3-6] .  In these two spectra 
no displacement of  the second triple bond carbon (third atom isotope effect) was 
observed and there was no line broadening (usually displacement of -0 .05 ppm 
and appreciable line broadening is seen [3-6]) .  In the spectrum of [2,7-2I-h]stear - 
elate the C-9 signal was not displaced but line width increased twofold. 

Chemical shifts of the dideuterated oleates are listed in Table II, the spectra 
confirm the structures and also the assignments of signals for C-4, C-5 and C-6 
made previously [4]. Effects on the unsaturated carbon signals in spectra of [8-2H2] 
and [11-2H2]oleates were unexpected, like those of corresponding stearolates. 
The second atom effect was -0.1 ppm but the third atom effect was a downfield 
displacement of 0.05 ppm and linewidth of both signals increased approximately 



T
A

B
L

E
 

I 

C
H

E
M

IC
A

L
 

S
H

IF
T

S
 

O
F

 M
E

T
H

Y
L

 
9-

O
C

T
A

D
E

C
Y

N
O

A
T

E
 

A
N

D
 

O
F

 M
E

T
H

Y
L

 
[S

-Q
,]

, 
[ 2

,7
-‘H

,]
, 

[ 8
-*

H
,]

 
an

d 
[ l

l-
‘H

,]
-9

-O
C

T
A

D
E

C
Y

N
O

A
T

E
S

 

In
 p

pm
 f

ro
m

 ‘
IM

S
 i

so
to

pe
 

ef
fe

ct
s 

in
 p

ar
en

th
es

es
. 

C
ar

bo
n

 
S

te
ar

ol
at

e’
 

P
os

it
io

n
s 

of
 d

eu
te

ro
n

s 

5 
2,

7 
8 

1 
17

4.
19

 
17

4.
15

 
2 

34
.1

0 
34

.0
9 

3 
24

.9
5 

24
.8

9 
(-

0.
06

) 
4 

29
.1

1 
28

.9
0 

(-
0.

21
) 

5 
28

.8
2 

- 

6 
28

.6
7 

28
.4

5 
(-

0.
22

) 
7 

29
.1

1 
29

.0
6 

(-
0.

05
) 

8 
18

.7
7 

18
.7

5 
9 

80
.0

7 
80

.0
8 

10
 

80
.3

3 
80

.3
3 

11
 

18
.7

9 
18

.7
8 

12
 

29
.2

2 
29

.2
1 

13
 

28
.9

1 
28

.9
0 

14
 

29
.1

7 
29

.1
6 

15
 

29
.2

5 
29

.2
5 

16
 

31
.8

9 
31

.8
8 

17
 

22
.6

9 
22

.6
8 

18
 

14
.0

9 
14

.0
7 

? - 

24
.8

2 
(-

0.
13

) 
29

.0
5 

(-
0.

06
) 

28
.7

7 
(-

0.
05

) 
28

.4
6 

(-
0.

21
) 

18
.5

6 
(-

0.
21

) 
b8

0.
07

 
(-

0.
00

) 
80

.3
2 

18
.8

0 
29

.2
5 

28
.9

2 
29

.1
7 

29
.2

5 
31

.8
9 

22
.6

9 
14

.0
9 

17
4.

17
 

34
.0

8 
24

.9
4 

29
.0

9 
28

.8
2 

28
.6

0 
(-

0.
07

) 
28

.9
1 

(-
0.

20
) 

- 

‘7
9.

98
 

(-
0.

09
) 

80
.3

2 
(-

0.
01

) 
18

.7
8 

29
.2

1 
28

.9
1 

29
.1

6 
29

.2
5 

31
.8

8 
22

.6
8 

14
.0

9 

11
 

b :k
U

 
17

4.
18

 
34

.1
1 

i?
 

24
.9

6 

s 

29
.1

2 
.s

 

28
.8

2 
@

 

28
.6

7 
z R

 
29

.1
2 

2.
 

18
.7

7 
q 

80
.0

8 
‘8

0.
27

 
(+

o.
ol

) 
(-

0.
06

) 
i?

 
2 

- 
;: 

29
.0

4 
(-

0.
18

) 
z 

28
.8

4 
(-

0.
04

) 
29

.1
8 

f 

29
.2

6 
E

 

31
.9

0 
22

.6
7 

14
.0

9 

a 
A

ve
ra

ge
 v

al
u

es
 c

k
u

la
te

d 
fr

om
 

ca
rb

on
s 

n
ot

 a
ff

ec
te

d 
by

 d
eu

te
ri

u
m

. 
’ 

L
in

e 
br

oa
de

n
ed

 
2-

fo
ld

. 
’ 

L
in

e 
br

oa
de

n
ed

 
3-

fo
ld

. 



b
J qa
O

 
O

 

T
A

B
L

E
 I

I 

C
H

E
M

IC
A

L
 S

H
IF

T
S 

O
F

 C
A

R
B

O
N

S
 2

 T
O

 1
0 

O
F

 M
E

T
H

Y
L

 D
ID

E
U

T
E

R
A

T
E

D
 O

L
E

A
T

E
S

 

In
 p

pm
 f

ro
m

 T
M

S,
 i

so
to

pe
 e

ff
ec

ts
 i

n 
pa

re
nt

he
sh

. 

C
ar

bo
n 

O
le

at
e a

 
P

os
it

io
ns

 o
f 

de
ut

er
on

s 

3 
4 

5 
6 

7 
8 

11
 

2 
34

.1
4 

33
.9

4 
(-

0
.2

0
) 

34
.0

8 
(-

0
.0

6
) 

34
.1

4 
34

.1
4 

34
.1

3 
34

.1
3 

34
.1

4 
~

' 
3 

25
.0

0 
- 

24
.8

0 
(-

0
.2

0
) 

24
.9

5 
(-

0
.0

5
) 

25
.0

2 
25

.0
0 

25
.0

1 
25

.0
0 

4 
29

.1
9 

28
.9

7 
(-

0
.2

2
) 

- 
28

.9
6 

(-
0

.2
3

) 
29

.1
4 

(-
0

.0
5

) 
29

.1
9 

29
.1

9 
29

.1
8 

~
, 

5 
29

.1
9 

29
.1

4 
(-

0
.0

5
) 

29
.0

0 
(-

0
.1

9
) 

- 
29

.0
3 

(-
0

.1
6

) 
29

.1
5 

(-
0

.0
4

) 
29

.1
9 

29
.1

8 
6 

29
.1

4 
29

.1
4 

29
.0

8 
(-

0
.0

6
) 

28
.9

6 
(-

0
.1

8
) 

- 
28

.9
3 

(-
0

.2
1

) 
29

.0
8 

(-
0

.0
6

) 
29

.1
3 

7 
29

.7
3 

29
.7

2 
29

.7
4 

29
.6

7 
(-

0
.0

6
) 

29
.5

7 
(-

0
.1

6
) 

- 
29

.5
7 

(-
0

.1
6

) 
29

.7
3 

8 
27

.2
0 

27
.1

9 
27

~.
0 

2
7

~
2

 
27

.1
7 

(-
0

.0
3

) 
2

7
.0

2
 

(-
0

.1
8

) 
- 

27
.2

1 
9 

12
9.

77
 

- 
- 

12
9.

76
 

12
9.

78
 

12
9.

74
 .)

 (
-0

.0
3

) 
12

9.
66

 c 
(-

0
.1

1
) 

12
9.

82
 (

+
0.

05
) 

10
 

13
0.

00
 

- 
- 

13
0.

00
 

13
0.

01
 

12
9.

99
 

13
0.

04
 c 

(+
 0

.0
4)

 
12

9.
91

 (
-0

.0
9

) 

s 
A

ve
ra

ge
 v

al
ue

s 
fr

om
 c

ar
bo

ns
 n

o
t 

af
fe

ct
ed

 b
y 

de
ut

er
iu

m
 

b 
Si

gn
al

 b
ro

ad
en

ed
 1

.5
 t

im
es

 
c 

Si
gn

al
 b

ro
ad

en
ed

 2
 t

im
es

 



A.P. Tulloch, Synthesis of deuterated oleates 231 

2-fold. )3C NMR spectra of deuterated olefmic and aeetylenic compounds with 
deuterium substitution close to unsaturated carbons, do not seem to have been 
investigated before but the present results show that the isotope effects differ 
from those observed for compounds with CD2 groups separated from the unsatur- 
ated carbons by several methylene groups. 

Materials and methods 

Mass spectrometry, gas liquid chromatography (including determination of c/s 
and trans isomers) and column chromatography were carried out as previously 
described [8] and 13C NMR spectra in deuterochioroform were obtained with a 
Varian XL-100-15 spectrometer in the Fourier transform mode at 25.16 MHz 
with proton noise decoupling. Reduction with lithium aluminum deuteride was 
performed as before [9]. 

Methyl [11-2H2] -cis-9-octadecenoate 

Methyl octanoate was reduced with lithium aluminum deuteride and bromination 
of the resulting alcohol with triphenylphosphine dibromide [ 14] gave [ 1-2H2] octyl 
bromide. Reaction with the lithium derivative of the tetrahydropyranyl ether of 
7-octyn-l-ol [15] as previously reported [8] and cleavage of the ether gave [9-2H2]- 
7-hexadecyn- 1-ol. Malonate extension [8,11 ] then yielded .[ 11-2H2] -9-octadecynoic 
acid and esterification and semihydrogenation in ethanol over Lindlar catalyst 
gave methyl [11-2H2]-cis-9-octadecenoate. The product contained 98.2% c/s isomer 
and was 97% dideuterated; the overall yield from methyl octanoate was 38%. 

Methyl [8-2H2] -cis-9-octadecenoate 

Dimethyl suberate (50.5 g) was reduced with lithium aluminum deuteride 
(13.4 g) and gave an apparently quantitative yield of [1,8-2I-I4]octane-l,8-diol 
which was used without purification. A mixture of the did  (38.2) and hydrogen 
bromide (48%, 130 ml) was heated at 75°C for 24 h while being continuously 
extracted with heptane [16]. The heptane layer was extracted twice with 80% 
aqueous methanol (300 ml portions) and three times with 65% aqueous methanol 
(W.F. Steck, pers. comm.) and methanol removed from combined extracts. Crude 
bromoaleohol was separated from water by methylene chloride extraction and 
distilled at 0.I mm, the b.p. was 100-108°C and yield was 33 g. The tetrahydro- 
pyranyl ether (45.9 g, b.p./0.1 mm 121-124°C) was prepared in the usual way 
and converted to the ether of [1,8-2H4]-9-decyn-l-ol by reaction with the lithium 
acetylide/ethylen,: diamine complex as previously described [15]. The undistilled 
ether (34.7 g) was treated with lithium amide (4.2 g) in ethylene glycol dimethyl 
ether (225 ml) and the mixture refluxed with octyl bromide (35.7 g) [8]. The 
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ether group was removed with p-toluenesulphonic acid and methanol and [1,8-~-L~]- 
9-octadecyn-l-ol (25.2 g, b.p./0.1 mm 145-150°C) was obtained. The alcohol 
(25.2 g) was oxidized to [83H2]-9-octaceeynoic acid by the procedure described 
below for the preparation of 5-tetradecynoic acid and the acid converted to the 
methyl ester (18.0 g, b.p./0.1 mm 148°C). Methyl [8-~I2]oleate was obtained 
by semihydrogenation and contained 98.7% oleate and was 97% dideuterated 
ester. The overall yield from dimethyl suberate was 24%. 

Methyl [ 7-2H2].cis-9-octadecenoate 

A mixture of dimethyl suberate (50.5 g) and sodium deuteroxide in deuterium 
oxide (from sodium (12.1 g) and deuterium oxide (125 ml)) was heated at 200°C 
for 3 days in a steel autoclave. The exchange reaction was repeated two further 
times, deuterium oxide being removed by freeze drying and replaced by fresh 
reagent each time. The solution was acidified with concentrated hydrochloric 
acid (100 ml) and cooled to 0°C and the precipitated [2,7-2H4]octanedioic acid 
(41.5 g) filtered and dried to constant weight. The acid was converted to dimethyl 
[2,7-2H4]octanedioate (43.5 g) by refluxing with methanol (250 rrd) containing 
concentrated sulphuric acid (2%), the IH NMR spectrum showed that no loss of 
deuterium occurred. Reduction of the diester with lithium aluminum hyride 
gave [2,7-~-I4]octanediol (32.2 g) and reaction with hydrogen bromide as described 
above gave [2,7-2H4]-8-bromooctan-l-ol (34.8 g). The series of reactions described 
above then yielded methyl [2,73H4]-9-octadecynoate (26 g). The ester was semi- 
hydrogenated to the oleate derivative and hydrolyzed to the sodium salt and 
twice heated in 1% aqueous sodium hydroxide at 200°C for three days to yield 
[7-2H2]-cis-9-octadecenoic acid. The methyl ester was prepared and contained 
97.8% cis isomer and 98% dideuterated ester. The overa[i yield from dimethyl 
suberate was 32%. 

Methyl [ 6-2H2]-eis.9-octadecenoate 

Methyl 5-tetradecynoate was ftrst prepared as follows. Dihydropyran (100 g) 
was added to 4-chlorobutan-l-ol containing hydrogen chloride (109 g, Fluka AG) 
with stirring and cooling below 30°C. After 18 h the solution was stirred with 
sodium bicarbonate (10 g), faltered and distilled giving the tetrahydropyranyl 
ether of 4-ehlorobutan-l-ol (170 g, b.p./0.1 mm 65-67°C). The ether (170 g) 
was added to a mixture of lithium acetylide ethylene diamine complex (100 g) 
in dimethyl sulphoxide (500 ml) with stirring and cooling below 25°C. After 
18 h the reaction mixture was poured into ice water and product extracted with 
hexane, the yield of ether of 5.hexyn-l.ol after distillation (b.p./0.1 mm 66-68°C) 
was 132.6 g. A suspension of lithium amide (20 g) and the ether (132 g) in ethylene 
glycol dimethyl ether (700 ml) was refluxed for 3 h, octyl bromide (140.8 g)was 
added and reflux continued for 18 h. The reaction was decomposed with ice water 
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and product extracted with hexane, after removal of solvent the crude product 
was stirred in methanol (750 ml) containing p-toluenesulphonic acid (12 g) for 18 h 
at 24°C. The solution was neutralized (sodium bicarbonate), filtered, methanol 
distilled off, product taken up in methylene chloride, washed with water and 
dried over sodium sulphate. 5-Tetradecyn-l-ol (93.6 g, b.p./0.1 mm 115-125°C) 
was obtained by distillation. 

The above alcohol (23.4 g) was dissolved in acetone (1 1), cooled to 15°C and a 
solution of chromium trioxide (16 g) in water (10 ml) and 25% sulphuric acid 
(62 ml) [17] added during 15 rnin with stirring and cooling below 25°C. After a 
further 30 min the mixture was poured into water (3.5 1), sulphur dioxide passed 
in and product extracted 4 times with ether. The oxidation was repeated three 
further times and the combined ether extracts were reduced in volume to 2 1. The 
ether solution was extracted twice with 5% aqueous potassium hydroxide (500 ml), 
combined alkali extracts washed twice with ether and ether solutions combined. 
The ether extract was washed with water which was added to the aqueous extracts, 
combined alkali extracts were acidified with concentrated hydrochloric acid (100 ml), 
acid was extracted with ether and dried. After isolation crude acid (87.8) was 
refluxed with 2.5% methanolic hydrogen chloride for 3 h and methyl 5-tetra- 
decynoate isolated and distilled, yield was 84.9 g (80%) and b.p./0.1 mm was 
108-110°C. 5-Tetradecynoic acid has been prepared previously by another route 
[18]. 

Ester (23.8 g) was heated with sodium deuteroxide (5 g) in deuterium oxide 
(125 ml) at 200°C for 3 days [9] and yielded a gummy acid which did not give 
a volatile methyl ester. The 13C N-MR spectrum indicated that extensive deuter- 
ation, probably at C-2 to C-7, had occurred. Another portion of the ester (23.8 g) 
was semihydrogenated giving 99.2% methyl c/s-5-tetradecenoate which was con- 
verted to [2-2H2]-c/s-5-tetradecenoic acid using the exchange conditions above. 
The acid was reduced with lithium aluminum hydride to [2-2H2]-c/s-5-tetredecen - 
1-ol and the chain lengthened by malonate extension to [4-21-12]-cis-7-hexadecenoic 
acid (the intermediate tetradecenylmalonic acid was crystallized from hexane 
and had m.p. 42-43°C) which contained 96.1% c/s isomer. A second malonate 
extension then yielded [6-~-Ia]-cis-octadecenoic acid (the intermediate hexa- 
decenylmalonic acid was crystallized from benzene/hexane 1 : 2 and had m.p. 61 -  
63°C). After conversion to the methyl ester the product contained 95.5% c/s isomer 
and 98% dideuterated ester, the overall yield from methyl tetradecynoate was 34%. 

Methyl [ 5-2H~J cis-9-octadecenoate 

Methyl 5-tetradecynoate (23.8 g) was reduced with lithium aluminum deuteride 
to [1-2H~]-5-tetradeeyn-l-ol. The mesylate was prepared as before [9] and crystal- 
lized from methanol at -15°C, the m.p. was 10-110C. [1-2H2]-5-Tetradecynylmal - 
onic acid was prepared in the usual way [11,9] and crystallized from benzene, 
the m.p. was 73-750C. The malonic acid was decarboxylated to [3-2H2]-7-hexa- 



234 A.P. Tulloch, Synthesis of deuterated oleates 

decynoic acid and methyl [5-ZH2]-9-octadecynoate obtained by a second malonate 
extension and semihydrogenated giving methyl [5-2H2]-c/s.9-octadecenoate. The 
ester contained 98% cis isomer and 97% dideuterated ester, the overall yield from 
methyl 5-tetradecynoate was 40%. 

Methyl [4- 2H2]-cis-9-octadecenoate 

7-Hexadecyn-l-ol was prepared as previously described for the dideuterated 
derivatives [8], semihydrogenated to the olefinic alcohol and oxidised as above 
to c/s-7-hexadecenoic acid. Exchange with sodium deuteroxide in deuterium oxide 
gave the [2-~-12] acid and malonate extension gave methyl [4-2H2]-9-octadecenoate 
containing 12% trans isomer. The cis isomer, contaminated with only 2% trans 
isomer, was isolated by column chromatography on 30% silver nitrate/sflicic acid, 
the yield of  purified product from methyl 7-hexadecenoate was 21%. 

Methyl [ 3-2H~l-cis-9-octadecenoate 

Methyl 7-hexadecenoate was reduced with lithium aluminum deuteride and 
[1-~H2]-7-hexadecenol converted to methyl [3-2H2]-c/s-9-octadecenoate by malon- 
ate extension. The product contained 9% trans isomer and almost pure ester (2% 
trans isomer) was obtained as described above. The yield of  purified ester from 
methyl hexadecenoate was 39%. 
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