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Abstract

The relative merits of feasible methods to synthesise phenyl

acetylene -d have been evaluated and a convenient path has been

adopted for obtaining it in good isotoplc purity. Detailed procedures

for preparing the intermediate deuterated compounds like benzene-

bromobenzene-d , o£-phenyl-d -ethanol, phenyl-d -ethylene, styrene
5 5 6

dibromide -d , phenyl-d -acetylene, phenyl acetylene-d and deutero-

sulphuric acid have been outlined, The infrared spectra of these

deutero compounds in carbon tetrachlorlde solution scanned In sodium

chloride liquid cells have been presented and they were used in

quantitatively estimating their deuterium content.
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M.H. Rao and K.N. Rao

A. Introduction:

Deuterated organic compounds find application in nuclear

and allied fields . They are also useful in mechanistic studies' '

employed in ascertaining the Identity of chemical bonds involved

In chemical reactions, by following isotopic kinetic effects and

other related methods. Both monomerlc and polymeric deutero

compounds have been useful in nuclear related studies. A special
(3)

mention may be made of the use of polydeuteroethylenes* ' In

studying deuterium-induced reactions, laser induced fusion and

the like.

Compounds like substituted acetylenes are effective due

to the availability of reactive triple bonds in them. They are

easily convertible into polymerlsable vinyl monomers. A case in

point is that of perdeuterophenylacetylene. It may be reduced

by deuterium into deuterostyrene which in turn may be polymerised

to polydeuterostyrene. This solid material with high deuterium

content may serve as a good target material in nuclear fusion

studies. It is the objective of this report to critically evaluate

the possible methods and describe in detail the method adopted

for synthesising perdeuteroacetylene under laboratory conditions.

The salient features of this work was reported earlier. '

B. General Methods

The most obvious way to prepare this compound may appear



to be the direct exchange of phenylacetylene by heavy hydrogen

containing compounds. Though the substitution of active acetyienic

hydrogen may be accomplished readily by exchanging It with sodium

deuteroxide , the hard bound phenyl hydrogen atoms cannot be

substituted under these conditions. It was proposed to effect the

exchange under acid catalysed conditions. Accordingly

phenyJacetylene prepared by dehydrohalogenation of
(6)

styrenedibromide with alcoholic KOH* was treated with

deuterosulphuric acid for 3 hours. It was observed that even under

the lowest effective acid concentrations, the compound underwent

chemical reaction to the sweet smelling acetophenone, although

some deuteratlon of phenyl ring was achieved. Hence a total

synthesis of this compound starting from deuterated precursors

was adopted.

The ultimate step being the formation of phenyl&cetylene-d ,

It was decided that the penultimate step should be chosen so

as to yield phenyl-d -acetylene. This may, however, be converted

to the required compound by a direct exchange procedure.

Phenyl-d -acetylene may be obtained from styrenedibromlde-

(1-phenyl-d -1,2-dibromoethane) by a dehydrobrominatlon step

which in turn may be prepared from styrene-d (phenyl-d -ethylene)*

Methods of preparing phenyl-d -ethylene were evaluated

to assess their suitability to be adopted under laboratory

conditions. One such method is the decarboxylation of cinnamic

acid which may be prepared from benzaldehyde by Perkln

condensation. Another method utilises the dehydration of phenyl

methyl carbinol to styrene. Phenyl methylcarbinol itself may be

prepared by the grignard reaction of benzaidehyde with methyl

magnesium bromide or of acetaldehyde with phenyl magnesium

bromide. In two of the above routes benzaldehyde Is the deuterated



reagent whereas in the last case bromobenzene-d forms the

deuterated part. Since it is relatively simpler to get

deuterobromobenzene from benzene -d , a scheme was adopted

wherein the grignard addition of phenylmagnesium bromide to

acetaldehydc formed the key step. The main steps associated

with such a scheme may be outlined as follows:

1. Deuteration of benzene by deuterosulphuric acid (this includes

the preparations of deuterpsulphuric acid also).

2. Bromination of benzene-d to bromobenzene-d »

3. Preparation of OC -phenyl-d -ethanol by the grignard conversions

of bromobenzene-d with acetaldehyde.

4. Dehydration of OQ -phenyl-d -ethanol to phenyl-d -ethylene

5. Bromination of phenyl-d -ethylene to styrenedibromide-d .

6. Dehydrobromination of styrene-dibromide-d to phenyl-d —

acetylene by alcoholic potash

7. Exchange of acetylenic hydrogen with deuterium by sodium

deuteroxide to yield phenyl acetylene-d .

These steps may schematically be represented as follows:
72 hrs

Per exchanger H +D SOC 6 H 6 + D 2 S O 4
30°C

2 > C 6 D 5 B r ( 9 0 % )

CgDgBr KMg/ et*lf fcH,CH(OH)CRD,. (70%)
6 5 2.CH, CHO 3 6 5

CH,CH(OH)CRDq ^*.CRD,.CH-CH9 (70%)
3 6 5 Distil 6 5 2

Br9
C6D5.CH»CH2 *—>CRD5.CHBr.CH2Br (95%)

CeD..CHBr.CHoBr ^ - S f c c D K .
6 5 2 K 0 H 6 5

CgD5.C-CH

K 0 H

NaOD



C. Experimental Procedure:

The details of executing the above sequences of reactions

as standardised by us are outlined in this section. This Includes

the procedures for preparing some of the starting materials also

which are not readily available.

I. Deuterosulphuric Acid (DjSOJ:

This was prepared by dissolving sulphur trloxlde In heavy

lab
(9)

water . Sulphur trloxlde was made In the laboratory by
()(dehydrating sulphuric acid with phosphorous pentoxide

350 g of phosphorous pentoxide and 272 ml of concentrated

sulphuric acid were mixed in a 1 litre RB flask under ice cooling.

This was then connected to a cooled trap to control the escape

of sulphur trloxlde which eventually bubbles into a reservoir

containing 100 ml of heavy water. (D content ^ 99.8%). The

exothermic formation of deuterosulphuric acid Is followed by

liberation of large excess of heat. Great caution Is to be exercised

while controlling the absorption of sulphur trloxtde In heavy water.

An all glass apparatus with tight Joints must be used. Exposure

to moisture should be prevented lest It should deplete the

deuterium content. The outlet of the reservoir was protected

by anhydrous calcium chloride guard tubes.

The acid content of the prepared deuterosulphuric add wit

determined by titrating with 0.1N standared sodium carbonate

solution using methyl orange, as Indicator. The concentration of



the acid was^15 M and it had a density of 1.862 g ml"1. This

reaction may safely be scaled upto 5 times of the above capacity.

About 15 litres of deuterosulphuric acid was prepared by the

above procedure.

2. Benzene-d :

Deuterated benzene can be prepared by different methods

like exchange of benzene with heavy water in presence of platinum

black , substitution of hydrogen atoms in benzene with deuterium

under Friedel-Crafts' conditions with DCI and anhydrous AICL

acid catalysed substitution by shaking with DjSO. etc.

The procedure Involving deuterosulphuric acid was the method

of choice. About 445 ml. of benzene dried over phosphorous

pentoxide was treated with 2.7 Kg. of 51 mol % deuterosulphuric

acid in a three litre bottle tighly stoppered, and shaken on a

mechanical stirrer for 72 hours. The organic layer was separated

and mixed with same amount of deuterosulphuric acid and the

whole process was repeated. After four similar exchanges, the

benzene layer was separated ( rJ 350 ml) and the deuterium

content In It was determined by infrared spectroscopic analysis

(Fig. 1 and Fig.2). The ir spectra were run In carbon tetrachlorlde

solution in a sodium chloride liquid cell. Fig. 1 is the Ir spectrum

of partially deuterated benzene after the first exchange. Fig.2

represents the ir of the same after the last exchange (D content

> 99.5%). It may be noted that the C-H stretching frequency

at 3020 Cm vanishes completely after the final exchange leaving

behind the C-D stretching frequency fs)2260 Cm" . Infrared spectra

of the intermediate samples were also recorded, but were found

to be incompletely deuterated.
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3. Bromobenzene-d :

Efficiency of bromination of benzene in presence of halogen

carriers like iron filings w a s compared with other bromination

procedures employing pyridine or Iodine. It was assessed from actual

experiments using undeuterated benzene that the method making

use of iodine

of the yield.

(12)use of iodine and bromine was the most efficient one in terms

In a 1 jjtre two necked R.B. flask provided with a dropping

funnel and a condenser was taken 250 ml of deuterobenzene,

and 14.3 g of iodine. The contents were shaken with a magnetic

stirrer piece and cooled in ice. Bromine (132 ml) was added

dropwlse over a period of three hours taking care to see that

the temperature of the reaction medium does not go above 5°C.

The reaction mixture which was allowed to stand overnight was

poured into water. The organic layer was washed successively

with water, then twice with 3% aqueous sodium hydroxide solution

and once again with water. It was then dried over anhydrous calcium

chloride, and fractionally distilled. The first fraction, viz. unreacted

deuterobenzene, was collected between 75°C and 92°C (46 ml)

and was further used. The fraction coming between 152°C to

168°C(215 ml) was found to be bromobenzene-d . From the various

batches of the above reaction, an overall conversion efficiency

of 90% was observed with respect to the amount of deuterobenzene

used.

4.cC-Phenyl-d5-ethanol:

In a two litre three necked flask kept on a magnetic stirrer

assembly and provided with a reflux condenser and a dropping

funnel was taken 32 g. of dry magnesium turnings and 80 ml.



of sodium dried ether. A solution of 142 ml. of bromobenzene-d
was prepared in 560 ml of dry ether. This was allowed to drop
into the reaction flask. Normally, the reaction starts immediately,

if not, it is slightly warmed. After the onset of vigorous reaction,
the addition of bromobenzene-d solution was continued at such
a rate that the reaction mixture refluxed gently. Finally, the

mixture was refluxed for half an hour. It was then cooled to

-10°C to -5°C in ice-salt mixture, and to this was added 50 ml
of acetaldehyde, care being taken to maintain the temperature

below -5°C. When all the acetaldehyde had been added, the
reaction mixture was poured Into 500 g of crushed ice, the excess

magnesium being retained in the flask itself. The basic magnesium

bromide was dissolved by the addition of 200 mi of 15% sulphuric
acid. The ethereal layer was separated and to this was added

the ether washings from the aqueous layer. It was dried with

anhydrous potassium carbonate and fractionally distilled to collect
0C-phenyl-d5-ethanol distilling at 2O4°C. The yield was 130 ml
(rJ 70%).

The fact thajt the deuterium content in the phenyl group

of carbinol is still retained even after two stages of chemical

reactions is explicitly seen from the infrared spectrum of this

compound (Fig. 3).

5. Phenyl-d -ethylene:

Methyl carbinols are usually dehydrated to ethylenes by
an acid catalysed elimination reaction using 50% sulphuric acid.
Since ordinary sulphuric acid can cause exchange of deuterium
of the phenyl ring, deuterated sulphuric acid is to be used. To
economize over the consumption of D9SO. in this process,
elimination reactions employing other reagents were evaluated,



(14)and the method in which potassium hydrogen sulphate functions
as the dehydrating agent was chosen.

12.7 g of oC-Phenyl~d - ethanol was mixed with 1.25 g

of fused powdered potassium bisulphate and heated<v210°C in an

oil both for 5 hours in a ICO ml flask set for distillation.

Deuterated styrene distilled along with the water eliminated.

The organic layer was separated, dried and distilled under vacuum.

The fraction distilling at 42°C at 18 mm was collected. Yield

: 70%. The infrared spectrum (Fig.4) shows the presence of phenyl

deuterium In the styrene prepared.

6. Styrenedibromlde-d :

A solution of 90 ml of freshly distilled styrene-d In 80
(6)ml of dry chloroform* ' was taken in a 500 ml beaker, and kept

on a magnetic stlrrer. It was then cooled in an ice bath. Bromine (43 ml)

in 80 ml dry chloroform was added through a dropping funnel

under stirring at a rate to conform with the discharge of colour

from red to pale yellow. When all the bromine had been added,

the stirring was continued for another hour more. Chloroform

was evaporated on a water bath. The weight of crude styrene

dibromide was 200 g (m.p. 70°-73°Cj) Fig. 5 represents the

infrared spectrum of styrene dlbromide-d in carbon tetrachlorlde.

7. Phenyl-d -acetylene:

A mixture of 25 g of styrene dlbromide-d*, 20.8 g of

powdered potassium hydroxide was taken in a one litre round—
(61

bottom flask and refluxed with 22.3 ml of GR methanol .

Potassium bromide was precipitated out in the course of boiling.

After two hours, the alcohol was removed by distillation and



the residue was treated with 95 ml of water, extracted with

ether, and the ethereal layer was distilled to remove ether. Crude

phenyl-d -acetylene was purified by fractional distillation and

the fraction at 14*°-144°C was collected. Yield : 7.5 ml.

8. Phenylacetylene-d : The acetylenic hydrogen of phenyl-d —

acetylene was exchanged with deuterium by shaking it (25 ml)

with 0.5 N sodium deuteroxide in heavy water (25 ml) for 5 hrs.

The organic layer was separated and again exchanged with fresh

amount of the deuterating agent prepared by dissolving the required

amount of metallic sodium in D2O. The deuteration was determined

from infrared spectroscopy (Fig.6 and Fig.7)

D. Deuterium Assay:

Infrared spectroscopy has been employed in determining

the deuterium content at various stages. Carbon tetrachloride

solutions of these compounds were taken in sodium chloride liquid

cell for scanning the spectra. Only the useful region of infrared

spectrum ranging from 3800 cm" to 180dbm" has been shown

in the figures (1 to 7). The data at higher wavelengths is marred

by the absorption of the solvent. The spectral characteristics

of deuterated and undeuterated compounds were compared and

the respective C-D stretching frequencies were identified. For

quantitation the absorption intensities(% transmittance) of C-H

and corresponding C-D stretching frequencies were made use of

in the initial stages of exchange1 ' to get accurate values of

deuteration. However, the same values of molar extinction

coefficients were assumed for C-H and C-D absorptions for a
(16)given compound1 '. The values of C-H and C-D absorption

frequencies useful in these cases are tabulated below:
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Name of the Compound „
C-H C-D
(Cm"1)

1. Benzene 3040 2260

2. OQ -Phenyl-d5-ethanol 3040 2260

3. Phenyl-d5-ethylene 3040 2260

4. Phenyl-d5- 1,2-dibromoethane 3040 2260

5. Phenylacetylene 3280 2560

3040 2260
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IN CCI4 IN NoCI LIQUID CELL .



100

Ul

ac

4000 3500 3000

WAVENUMBER

2500

(Cm""1)

2 0 0 0 1700
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FIG. 6 INFRARED SPECTRUM OF PHENYLACETYLENE IN CCI4 IN NaCI LIQUID CELL.
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