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Synthesis of Deuterium-Labelled Alkenes

G. Sirokmdn, A. Molndr and M. Barték*

Department of Organic Chemistry, Jézsef Attila
University, Dém tér B8, H-6720 Szeged, Hungary

SUMMARY

Novel or improved synthesis of six deuterated l-alkenes (1l-hexene-
[3,3~2H2] , S-methyl-l—hexene-[},B-ZHZJ, l-pentene—i:l,l,Z—2 3], 1-
hexene- [2-7H7, 1-hexene-[1,1,3,3-2H4] and l-hexene—[l,l,Z,B,B-ZHﬂ )
are reported. The isotopic purities of these labelled alkenes were

99, 99, 92, 99, 76 and B86%, respectively.
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INTRODUCTION

The systematic variation of deuterium labels in alkenes is wuseful
for +the determination of structure (1), 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 bonc isomerization and nonselective exchange reactions
(2, 4). For this reason, it is preferable to form the double bond

after the deuterium is introduced into the required position (5).
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To elucidate the mechanism of catalytic double bond isomerization
(6), 1l-hexene and l-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 l-alkenes, 6, were obtained as shown in Scheme A. The
reduction of heptanoic acid ester with sodium and O0-deutericacetic
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 2a (step A) in a yield lower than 30% due to
side reactions. Furthermore, the use of liquid ammonia in the cou-
pling reaction (step C) and in the Birch reduction (9), which was
proposed for step D (8), 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
LiAlD, HBr, H,S0Q, NaC=CH, lig. NH4
RCUUC2H5-———>RCD20H ——— " RCD,Br
64-67% 90% Me, S0, 63%
1 2 3
1]
H2’ Lindlar Pd
—%>RCX2CECH RCXZCY=CY2
50-73%
4 6 R X Y
1-6 a CHBCH CH, D H
b (CHB)ZCHCH D H
1. Na/NH3 Dz/Pd 4-6 c CH3 H D
_— RCHZCECD
2. DZU 5 61%
SCHEME A

The use of simple procedures permits considerable improvements in
the vyields of the labelled alkenes. The reduction of la with 1Ilith-
ium aluminum deuteride gave 65% pure 2a. 4a was prepared 1in 63%

yield by using a mixture of dimethyl sulphoxide, liquid ammonia and
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dibutyl ether as solvent (10) instead of liquid ammonia. 4a was hy-
drogenated over Lindlar palladium catalyst (11), to produce 6a, in
73% yield. 6b was synthesized by a similar reaction seguence., 5c
was synthesized by a known method (12), though another synthesis
may he adapted (13), and it was reduced to 6C without any difficul-

ty over the Lindlar catalyst with gaseous deuterium.

Due to its ElcB (14) mechanism, that involves the primary abstrac-
tion of a proton from the less hindered terminel methyl group on
the action of basic surface sites followed by the elimination of a
hydroxide 1ion (15), the strictly Hofmann-oriented elimination reac-
tion of 2-alkanols (B) over thoria catalyst (16) offers an appeal-
ing way to obtain three different labelled compounds from 7a as

starting material (Scheme B).

LiAlH, or LiAlD, Tho, 400°¢
RCX,CCX5 RCX,CYCXs —TomTesstor— RCX,CY=CX,
Ii 64-79% I 9 co%
0 OH
Ja,b 8 2
7-9 X Y
H D
D H
[ D D
R CH4CH,CH,
SCHEME B

The exchange reaction of 7a with deuterium oxide incorporates five
deuterium atoms at C-1 and C-3. Selective deuteration of ketones is
also possible (17). If desired, deuterium can be introduced at C-2
by reduction of the ketone with lithium aluminum deuteride. Subse-
quent dehydration over thoria caytalyst produces the labelled al-
kenes with 76-81% selectivity and in 49~56% yield. The pure l-alke-

nes were produced free of isomeric alkenes by fractional distilla-
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tion, in the following yields based on 7a: 3a 44%, 9b 25% and J9c
28%. To the best of our knowledge, the syntheses of 9b and 9c have
now been reported for the first time, while 9a can be prepared oth-

erwise, too (18).

The average deuterium content at the labelled positions (D) are
listed in the Table. 6a, 6éb and 9a were 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 92%.

While dehydration over thoria did not affect the deuterium content
at C-2, 24% and 14% losses of the deuterium at C-1 and C-3 were ob-
served for 9b and 9c. This moderate exchange is, very probably, a
consequence of both the ElcB mechanism of dehydration (15) and iso-

merization of the products.

These 1labelled alkenes were succesfully wused to investigate the
mechanism of alkene isomerization over heterogeneous catalysts (6).
The main features of our syntheses are the following:

(a) high isctopic purity is achieved, (b) five different labellings
of 1l-alkenes are possible, and (c¢) three products can be synthe-
sized from an alkanone via a common labelled intermediate in a se-
quence of two or three simple reactions. The method proposed for la-
belling 1l-alkenes in allylic position is generally applicable; houw-
ever, the scope of the procedure involving dehydration is limited

to simple alkenes because of the severe reaction conditions.

EXPERIMENTAL

~-Deuterated 1-alkanols 2a, 2b

To a stirred suspension of lithium aluminum deuteride (11.6 g,
0.275 mole) 1in dry diethyl ether (400 ml), la (58 g, 0.5 mole) in
diethyl ether (400 ml) was added during one hour. The mixture was

then stirred at room temperature for 12 hours. first water (20 ml)
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was added and the mixture was stirred till the complete decomposi-
tion of +the reducing agent. Then sodium hydroxide (14.6 g) dis-
solved in water (20 ml) was added slowly with continuous stirring,
so that aluminum hydroxide would precipitate as small, spherical
particles, easy to filter. The precipitate was filtered off, and
the etheral solution was dried over magnesium sulphate and fractio-
nated. The vyield of 2a was 25.4 g (67%), b.p. 116-118 °c. 2b  was
prepared from methyl isovalerate (93.5 g, 0.81 mole). The yield was
51.1 g (64%), b.p. 128-130 °C.

X -Deuterated l-bromoalkanes 3a, 3b

3a and 3b were prepared from the corresponding alkanols by reflux-
ing them with azeotiropic HBr and sulphuric acid. Starting from 2a
(63.1 g, 0.83 mole) 3a (110 g, 95%) was prepared, b.p. 99-100.5 °C.
2b (33.7 g, 0.37 mole) was converted into 3b. The yield was 51.5 g
(90%), b.p. 129-132 °c.

Coupling of bromoalkanes with sodium acetylide (4a, 4b)

In a 2 1 three-necked round-bottomed flask equipped with a gas 1in-
let tube, a mechanical stirrer and a reflux condenser, sodium acety-
lide (1 mole) was prepared as a suspension in liguid ammonia (800
ml) (10). To this, dimethyl sulphoxide (140 ml), purified by distil-
lation before use, was added and the temperature was adjusted to

-35 O

C. Then 3a (109 g, 0.78 mole) was introduced during 45 min-
utes, while a slow acetylene stream was maintained. The mixture was
stirred for 2 hours, after which dibutyl ether (80 ml) was added.
The mixture was poured onto ice (800 g), the phases were separated
and the water phase was extracted with dibutyl ether (30 ml). The
solution of 4a was dried over magnesium sulphate and fractionated
on a Vigreux column. The collected fraction at 69-72 °C  was pure
6a. The yield was 41.8 g (63%). IR (film) 2090m ( C-D), 2110m (JC=C
1 1

+ YCD), 2190m (YCD) em” H NMR (CCl,) & 0.93 (t, 3 H), 1.50 (m,

4H), 1.76 (s, 1 H). Starting from 3b (43 g, 0.28 mole) 4b (7.2 g,
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26%) was obtained. B.p. 88-90C 9C. The low yield was due to 1losses

caused by the evaporation of ammonia.

Hydrogenation of alkynes over Lindlar palladium; Typical Procedure

l-hexene—[?,B-zﬂé] (6a)

4a (41.6 g, 0.48 mole) was dissolved in pure decalin (370 ml) in a
simple hydrogenation apparatus (11), then Lindlar catalyst (3 g,
Fluka) and additive (0.03 g, Cat. No.: 62150, Fluka) were added.
The reaction was stopped after the calculated amount of hydrogen
had reacted. The solution was filtered to remove the catalyst and

6a was recovered by fractional distillation.

1-Pentene- [1,1,2-?H;] (60)

Oz ‘ot

1-Pentyne- @-ZH] (34.5 g, 0.51 mole, b.p. 40.5-52.5 OC, prepared ac-
cording to (12)) was dissolved in pure decalin (300 ml) and deuter-
ated 1in the presence of Lindlar catalyst according to the Typical
Procedure. Deuterium gas was produced from deuterium oxide (iso-
topic purity: 99.5%) in a hydrogen generator (General Electric 15
EHG 2B4).

- 2
2—Hexanone—i},l,l,3,3— 55] (7b)
The multiple stepwise exchange reaction of 7a (100 g, 1 mole) with
deuterium oxide (a total of 132 ml, 99.5%) was carried out as de-

scribed (19). The yield of 7b was 82.3 g (78.3%), b.p. 126-128 Oc.

Reduction of 2-alkanones with lithium aluminum hydride or deute

ride; Typical Procedure. 2-Hexanol- g:? H (Ba)

Lithium aluminum deuteride (1.72 g, 0.041 mole) was suspended in
dry diethyl ether (70 ml), and 2-hexanone (13.7 g, 0.137 mole) dis-
solved in dry diethyl ether (100 ml) was added. The mixture was re-
fluxed for 1 hour, then ice-cooled water (7 ml) and diluted hydro-

chloric acid (1:1, 35 ml) were added. The water phase was extracted

with three portions of diethyl ether. The combined organic extract

was washed with 5% sodium bicarbonate solution and dried over magne-
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sium sulphate. The solvent was evaporated off, and the product was
fractionated on a 20 cm Vigreux column. The yield of 8a was 11.1 g

1

(79%), b.p. 139-140 °C. "H NMR (CC1,) & 0.93 (t, 3 H), 1.15 (s,
4

3H), 1.37 (m, 6 H), 2.50 (s, 1 H).

2-Hexanol- [1J1,1,3,3-255] (8b)

7b (41.2 g, 0.47 mole) was reduced with lithium aluminum hydride
(5.24 g, 0.138 mole). The yield of pure 8b was 32 g (6é4%), b.p. 138-

1

140 °C. “H NMR (CC1,)80.95 (t, 3 H), 1.33 (m, 4 H), 2.92 (s, 1 H),

3.63 (s, 1 H).

2-Hexanol- [1,1,1,2,3,3-256] (8c)

7b (41.2 g, 0.47 mole) was reduced with lithium aluminum deuteride
(5.78 g, 0.318 mole). The yield of B8c was 33.3 g (66%), b.p. 139-
140 °c. 1H MR (CC1,)8 0.94 (t, 3 H), 1.31 (m, &4 H), 2.35 (5, 1 H).

Thoria catalyst (16)

Freshly precipitated, thoroughly washed and dried thorium oxalate
(prepared by adding the calculated amount of ammonium oxalate solu-
tion to a stirred solution of thorium nitrate) was heated at 400 °C
in a slow flow of nitrogen for 16 hours. 10 g of glass rods 5 mm
long and 0.5 mm in diameter were wetted with 0.2 ml methanol and
mixed with 0.6 g fine powder of thoria. The latter adhered to the
support almost completely. This amount of supported catalyst was

used in each dehydration experiment without any further treatment.

Dehydration in a flow reactor; General Procedure

The catalyst was placed in a vertical fixed-bed reactor 16 cm 1long
and 2 c¢m in inner diameter, made from Rasotherm glass. The dead-
space o0of the reactor was filled with 3 mm glass beads. The reactor
was heated in an electric oven at controlled temperatures. The re-
actant was fed into the reactor at a rate of 10 ml/hour.g catalyst
by means of a motor-driven syringe. The reaction temperature was

400 °C in each case. The product was collected in a condenser con-
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nected to the lower end of the reactor, analysed by gas chromatogra-

phy

and fractionated. The pure l-alkenes were obtained free from

isomers after fractionation on a Fischer Spaltrohrkolonne HMS 500

apparatus (a concentric tube column system) with a capacity of 90

theoretical plates.
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13.
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