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SUMMARY 

The uncatalysed reactions of phenylacetylenes with arsenic 

trichloride have been shown to give 1:1 trans~additon products 

whilst the acetylenic acids and their esters give complex cyclic 

adducts. 

The reactions provide a novel route to compounds like 

B-chloro-(p-methylstyryl)diphenylarsine, cis-(p-styryl)diphenyl- 

arsine and p-chloro-(p-chlorostyryl)dichloroarsine and in all 

tvelve novel organo-arsenic compounds have been prepared. 

The stereochemistry of the 1:1 trans-adducts and their 

derivatives have been established and an attempt has also been 

made to determine the reaction mechanism from spectroscopically 

obtained kinetic data.
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INTRODUCTION 

Nieuwland* first reported the formation of poisonous, 

evil-smelling products from the reaction of acetylene with 

arsenic trichloride in the presence of anhydrous aluminium 

chloride, but did not identify the compounds formed. During 

World War I, this reaction was investigated by chemists of 

the United States Chemical Warfare Service and the addition 

products of arsenic trichloride and acetylene were isolated. 

Dafert* also obtained a compound to which he ascribed the 

formula AsO1, 12058, by the reaction of arsenic trichloride on 

acetylene in the presence of aluminium chloride. 

3 Lewis and Perkins” employed aluminium halide, or in a few 

cases mercuric chloride, as an essential catalyst and managed 

to prepare p-chlorovinyl chlorsarsines (Lewisites). An addition 

compound having the composition AlC1,.AsC1, . 30,3, was shown to 

be the intermediate in the reaction of acetylene with aluminium 

chloride and arsenic trichloride. When the freshly prepared crude 

product was treated with dilute hydrochloric acid to remove. 

aluminium chloride, the compound ee p" -trichlorovinylarsine, 

(C1CH=CH),As, was found to predominate over the two other 

derivatives, (C1CH=CH) ,AsC1 and (C1CH=CH)AsC1,, even when an 

excess of arsenic trichloride was used. On warming with arsenic 

trichloride, the compound (C1CH=CH),As or the intermediate 

containing aluminium chloride yielded a mixture containing 

the other two derivatives. 

Lewis and Steigler® found that chlorovinylarsines could 

also be prepared from arsenic trichloride and acetylene with 

aluminium bromide as a catalyst and that the corresponding



bromovinylarsines could be prepared from arsenic tribromide and 

acetylene with aluminium chloride as a catalyst, proving that 

only halogen from the arsenic halide entered into the composition 

of the halovinyl groups in the product. The following equations 

illustrate the mechanisms proposed by Lewis and his co-workers 

on the basis of this evidence. (SCHEME 1). 

SCHEME 1 

AlBr, + 3CHy, —> A1(CH=CHBr) 

A1(CH=CEBr ) + AsCl, ——~» A1(CHC1-CHBr) sAs 
3 

AL(CHC1-CHBr),As ete. Albr, + (C1CH=CH) As 

(ClCH=CH),As + AsC1, ——» (C1CH=CH),AsC1 + (C1CH=CH)AsC1, 

The halogen of the halovinyl groups is quite inert but when 

halogen atoms remain attached to arsenic they may be replaced 

readily and the arsenic of all the compounds may be oxidised to 

the pentavalent state. Lewisites became of great importance as 

war-gases and the reactions and other characteristics of these 

compounds have been described by numerous investigators’. 

In 1947, Jean-Pratt” suggested an ionic type intermediate for 

the mechanism of the formation of S-chlorovinylarsines. The addition 

of acetylene to arsenic trichloride in the presence of aluminium 

chloride or mercuric chloride proceeds through the formation of 

arsonium intermediates. Only the tertiary arsonium intermediate 

(SCHEME 2s III) was isolated and shown to contain pentavalent



arsenic, titratable chloride, and to be soluble in water but 

insoluble in benzene. 

SCHEME 2 

CoH, Ho=cH | (+) (_) 
AsCl, —<<» / cl ——* Cl,AsCH=CHC1 

3 ASCL 2 

I CoH, 

c1ascH=cKci| ‘*) Q 
C1As(CH=CHC1), <——_ \ Ol 

Hé =CH 

CoH, II 

. (+) 
As(CH=CHC1), \""q,(-) i, As (CH=CHC1), 

HC = ‘cH 

III 

The work of Turner and Hunt! suggested that an addition product 

was formed when phenylacetylene was treated with an excess of 

arsenic trichloride in the absence of a catalyst, and from the 

heavy green oil obtained, B-chlorostyryldichloroarsine, 

CoH.CC1:CHAsC1,, and B P-dichlorostyrylchloroarsine (CgHgCC1:CH),AsC1, 

were isolated. They found that the presence of aluminium chloride 

complicated the reaction by polymerising the phenylacetylene and 

the only product was a yellow amorphous substance containing. two 

chlorine atoms to each atom of arsenic.



A more detailed study of Turner's work by Ipatiew® et al., 

produced a low melting crystalline compound whose structure was 

not determined. Ipatiew utilised a freezing method to isolate 

white plate-like crystals with a yellow tinge and recrystallised 

his material from various solvents to produce white odourless 

erystals with a melting point of 40.6-41.2°C. Unfortunately, 

both Turner's and Ipatiew's works must be viewed with some 

scepticism as the only proof of formulation of the compound 

was from chlorine and arsenic determinations and a few simple 

chemical tests. They did not attempt to determine the stereo- 

chemistry of the compound or the mechanism of the reaction. 

In 1913 E. Fisher and G. Klemperer” published a paper on 

the method of preparing and the pharmacological action of a new 

arsenic compound called elarson. It was a strontium salt of 

"chloroarsenobehenolic" acid and was obtained by the action of 

arsenic trichloride on behenolic acid. In the following year 

Piener > published more detailed information regarding a new 

class of aliphatic arsenic compounds and proposed that the 

reaction of arsenic trichloride and behenolic acid occurred 

according to the following reaction:- 

AsCl, +KOH 
-Cec- ——4+ -ceac- ———» rs 

ala, as iho C1 

Unfortunately, he was unable to isolate the product of addition 

because he thought a complex mixture of two structural isomers 

resulted and his attempt to isolate the reaction products of 

arsenic trichloride with stearolic and phenylpropiolic acid gave 

still less satisfactory results because the adduct with



phenylpropiolic acid contained a percentage of arsenic which did 

not agree with the formula shown above. 

Mochnac and Bagniuk™> followed this line of research and 

began their investigation by studying the reaction of tetrolic 

and ethylpropiolic acid with arsenic trichloride. They found 

that the addition reaction of arsenic trichloride to tetrolic 

acid at 140°c. gave a product which melted at 91.5 - 92° and 

corresponded to the formula CrHeAsC1 with the following structure:- 

CH,—C=Ci 

es cl 

This product, chloropropenylarsine, may exist in four isomeric 

forms; however the sharp melting point indicated that it was 

only one of them. If the addition reaction was carried out under 

milder conditions, 120-130°C, there was formed an arsinoxy- 

derivative, but also decarboxylated (chloroarsinoxy-propene), 

according to the formula:- 

+AsCl 
CH,-C=C-cooHh ~ ————2» CH,-C=0-H 

, \ 
Ae a 

fos 

CH, ~ =CH 

AsO Cl 

Note 

Mochnac's structural formulae for the addition products are 

incorrect.



Finally, when the temperature is still further lowered the 

addition reaction proceeds without decarboxylation. The 

stereochemistry and reaction mechanism of the compounds prepared 

by Mochnac and Bagniuk have not been elucidated since their work 

was published although many investigators have studied the products 

of the reaction between acetylene and arsenic trichloride??!2913» 

and antimony pentachloride?4* 

Nesmeyanov~4 managed to prepare the tris(chlorovinyl)stibines 

by reacting acetylene gas with an alkaline solution of antimony 

pentachloride in the presence of mercuric chloride and found 

that the trans-tris-(2-chlorovinyl)antimony dichloride, 

(C1CH=CH),SbC1,, had a melting point of 93-4° whilst the cis- 

compound had a melting point of 61-2°, With mercuric chloride, 

Hell, tris-(2-chlorovinyl)antimony dichloride quantitatively 

exchanged ace for HgCl without change of configuration to give 

C1CH=CHHgCl. He described the mercury and antimony compounds as 

organometallic but on the other hand they also showed features 

of complex compounds for which he used the term "quasi-complex". 

The reasons for this duality showed that there was no tendency 

to spontaneous dissociation with evolution of acetylene and the 

explanation proposed assumed resonance of two forms as illustrated 

in the simplest case by:- 

cl H cl H 

nae od ae 

oa ens H Hgt1* 

H H H H 
Se Zi ee c=c oats c=c 
Vis OSS



The assumption was corroborated by Raman spectroscopy and dipole 

moment measurements and the right-hand formulae account for the 

dissociation with elimination of acetylene whilst the left-hand 

formulae represent the organometallic behaviour. 

The literature gives numerous examples of additions of simple 

molecules like hydrogen chloride and hydrogen bromide to acetylene 

compounds???16+17418, but little information on the addition 

reactions between halides of metalloids and arylacetylenes. 

In as much as the addition products have not only a 

theoretical interest, but may have also a practical importance, 

a systematic study of the reaction of phenylacetylene and its 

para-substituted derivatives with arsenic trichloride, in the 

absence of any catalyst or solvent, was quite timely. It was 

hoped that the stereochemistry of the reaction product and the 

reaction mechanism would be determined with the aid of infrared 

spectroscopy, nuclear magnetic resonance and mass spectrometry 

techniques. 

The reaction of phenylacetylene with arsenic trichloride 

was expected to produce an a,p-addition product, 

CoH C=CH+AsC1, ———> CoH, CCl=CHAsC1 
5 3 2 5 

and the stereochemistry of the compound would be expected to be 

that of the trans-addition compound by analogy with the Lewisite 

reaction (90% trans)??. Trans-f-chlorostyryldichloroarsine is 

defined as having the phenyl group and hydrogen atom on opposite 

sides of the carbon-carbon double bond; 

C-H, AsCl 6 we 2 

Soec 

fal Bs, 
C1 H



Thus a series of experiments was carried out involving the 

preparation of the G,g-addition product, its derivative with a 

Grignard Reagent, and the substituted styrylarsine by reducing 

the Grignard derivative with a lithium aluminium hydride - 

lithium hydride mixture. The stereochemistry of the products 

and derivatives were determined by instrumental methods and the 

reaction kinetics studied by infrared spectroscopy.



~9= 

CHAPTER 1 

ORGANIC SYNTHESES 

Experimental Section 

All the para-substituted phenylacetylenes were prepared by well 

established techniques but in some cases more novel modern methods 

were used when higher yields were required. 

Phenylacetylene and arsenic trichloride are readily available 

laboratory reagents and were purified by distillation and stored 

over molecular sieves (TYPE 5A) before use. 

Nuclear Magnetic Resonance 

Measurements were obtained on a Perkin Elmer R10 spectrometer 

operating at 60MHz at 33.4°C, or in certain cases where better 

resolution was required, a Varian Associate HA1OOD operating at 

100MHz at 33.4°C. 

Samples were usually examined in carbon tetrachloride solutions 

and tetramethylsilane was used as an internal standard. (T=10.0) 

Infrared Spectroscopy 

Infrared spectra were determined on the neat liquids, and 

potassium bromide discs or mineral oil mulls of the solids, on a 

Perkin Elmer 457 grating infrared spectrophotometer operating from 

a 1 
4000cem™ +o 250cm™.



tO ae 

SECTION 1A 

PREPARATION OF ARYLACETYLENES 

ua (i) 
p-Methylphenylacetylene 

To phosphorus pentachloride, (47.3g,0.9mole), contained in a 

100m1 Claisen flask fitted with a dropping funnel and drying tube 

containing fused calcium chloride and cooled in a bath of ice and 

salt, p-methylacetophenone, (27.5g,0.83mole), was added during a 

one hour period. 

The reaction mixture was left at room temperature for seventeen 

hours and the phosphorus oxychloride removed under reduced pressure, 

(v.p. 45-50°/18mm). 

The residue was distilled through a four inch column packed 

with glass beads and the oily product was collected at 80-85°/10-11mn. 

This material, 21.0g, was added to potassium hydroxide, 12.5g, 

in absolute ethanol, 25mls, and refluxed for twenty-four hours. 

The reaction mixture was poured into ice-water, the oil 

separated and the aqueous layer was extracted with ether. 

The oil and ether were combined, dried over potassium hydroxide 

and the ether was removed. The residue was distilled under reduced 

pressure to give a 17% yield of p-methylphenylacetylene, 

(bep- 79-64°/30-52mm). (Zit. value 79-81°/31-33mm) "~~ 

Anal. 

Caled. for Colig: © 93.09% H 6.89% 

Found: C 92.98% H 6.69% 

N.M.R. 

T(cc1,) 7.14 1 proton (SCH), 7.19 3 protons (CHs), 

2.85 4 protons (Aromatic complex).



erie = 

I.R. 

(thin film) 3300cm7> (=c-H),  2920em~+, 1379em7+ (cH), 

2105em7> (cc), 3030cn7+ (aromatic C-H), 

1605, 1565, 1450cm~) (aromatic C=C). 
1A (ii) 
p-Methoxyphenylacetylene 

Phosphorus pentachloride, (95g,0.46mole), was treated with 

p-methoxyacetophenone, (60g,0.40mole), in 150mls dry benzene. 

The reaction mixture was heated on an oil bath at 60-70°C. for 

thirty minutes and then allowed to stand at room temperature for 

twenty-four hours. The phosphorus oxychloride was removed under 

reduced pressure and the residue was dissolved in 20mls of dry 

methanol. 

This material was added to 125g potassium hydroxide in 

500m1s of absolute ethanol and the mixture was refluxed on a 

water bath for twenty-four hours. 

On cooling the mixture was poured onto crushed ice, the 

oil was separated and the aqueous layer was extracted with ether. 

The oil and ether were combined, dried over potassium hydroxide 

and the ether was removed. The residue was distilled under reduced 

pressure to give a 17% yield of p-methoxyphenylacetylene, 

(b.p. 109-114°/24mm). (Lit. value 110-114°/24mm)°+. 

Anal. 

Caled. for CoH,0: C 81.81% H 6.06% 

Found: © 81.05% H 5.99% 

NMR. 

T(cc1,) 6.90 1 proton (SCH), 6.40 3 protons (cH,-0-), 

2.92 4 protons (Aromatic complex).



So e— 

Ik. 

(thin film) 3290cm™) (=c-H),  2105em™+ (c#C), 

3010cem~+ (aromatic C-H), 

1610, 1572, 1508, WAdsoaa- (aromatic C=C), 

1250cn > (aromatic C-0), 1030em~+ (c~0). 

1A (iii) 
p-Chlorophenylacetylene 

Phosphorus pentachloride, (107g,0.51mole), and 

p-chloroacetophenone, (74g,0.48mole), were contained in a 500ml 

round-bottomed flask provided with a reflux condenser. The flask 

was heated to 70°C. in an oil bath for fifteen minutes and then 

allowed to stand at room temperature for twenty-four hours. 

The phosphorus oxychloride was removed under reduced pressure 

and the residue was cooled to room temperature and treated with 

ethanolic potassium hydroxide, (400g 25% w/v). 

After refluxing for four hours, it was poured into ice water, 

the oil separated and the aqueous portion was extracted with ether. 

The oil and ether were combined and dried over potassium 

hydroxide. 

The ether was removed and the residue distilled under reduced 

pressure, (b.p. 93-95°/4-5mm). 

The p-chlorophenylacetylene crystallised in the receiver and 

was recrystallised from water/methanol (50% v/v), to give a 38% 

yield, (mp. 46-7°). (Lit. value 46.5 - 47.02, 

Anal. 

Caled. for CgHsc1: C 70.34% H 3.66% 

Found: C 70.31% H 3.62%



oes 

N.MLR. 

© (cc1,) 7.0 1 proton (CH) 

2.56 4 protons (aromatic complex). 

Tone 

(Mineral oil mull) 3310cm ~ =C-H), 21100m~2 (-c= c-), 

1590, aesoua. (aromatic C=C), 

1090em7+ (aromatic C-C1l). 

1A (iv) 
p-Nitrophenylacetylene 

Using the method described for p-chlorophenylacetylene, 

the corresponding p-nitrophenylacetylene was prepared from 

p-nitroacetophenone. 

The product was distilled under reduced pressure, 

(b.p. 118-123°/22-24mm), and on cooling gave a 12% yield of 

needle-like crystals which were recrystallised from hot water, 

(m.p. 151-2°). (Lit. value mp. 152°)” 

Anal. 

Caled. for CaH,NO, i C 65.31% H 3.40% 

Found 3 C 65.20% H 3.31% 

%t(cdc1,) 6.63 1 proton (#C-H) 

2.0 4 protons (aromatic complex). 

i.R. 

(Mineral ofl mull) 3250em™2 (=C-H),  2110cm7+ (csc), 

1500, 1593em + (aromatic C=C), 

1510), Gig mes (aromatic C-NO,).



a tne 

1a (v) 
Phenylpropiolic acid 

Cinnamic acid, (74g, 0.5mole), and carbon tetrachloride, 

(500m1s), were placed in a three-necked flask fitted with a 

stirrer, reflux condenser and separating funnel. 

The mixture was heated to boiling and the addition of 

bromine, (80g,0.5mole), in carbon tetrachloride, (50mls), begun 

whilst gently stirring the contents of the flask. 

The bromine was added over forty-five minutes. The 

reactants were heated for an additional fifteen minutes and the 

stirring continued while the mixture cooled to room temperature. 

The fine colourless needles of cinnamic acid dibromide were 

filtered off and dried. 

Cinnamic acid dibromide, (25g), was placed in an evaporating 

dish and 100mls. of a 25% (w/v) solution of potassium hydroxide 

in methanol added and the mixture was stirred over boiling water 

until nearly all the alcohol had evaporated. 

Methanol, (75mls), was added and the procedure repeated to 

ensure complete reaction. 

The paste was filtered, washed with a little cold methanol 

and dissolved in 500mls. ice-water. Iced hydrochloric acid was 

added to pH6. 

As the phenylpropiolic separated as an oil, hydrochloric 

acid was added slowly with vigorous stirring until the mixture 

was strongly acid. 

The crude phenylpropiolic acid was filtered off and 

recrystallised from boiling carbon tetrachloride to give a 

45% yield, (m.p. 136-137°). (Lit. value m.p. 138°)**
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Anal. 

Caled. for CgH,0,3 C 73.96% H 4.11% 

Found; C 73.88% H 4.00% 

NMR. 

*% (acetone) -0.9 1 proton (-COOH), 

2.5 5 protons (aromatic complex). 

Take 

(KBr disc.) 1675¢em72 (c=0), 2200em™> (c=c), 

2575em"> (-0H), 
1490, 14450em7+ (aromatic C=C). 

1A (vi) 
Methyl phenylpropiolate 

To phenylpropiolic acid, (20g,0.14mole), in 200mls.dry 

methanol, was added 4-5 drops concentrated sulphuric acid. 

Dry toluene, 50mls, was added to the mixture which was then 

refluxed for seven hours. 

The excess methanol and toluene was removed until about 

50mls. residue remained. 

The residue was washed with aqueous sodium bicarbonate, 

(30% w/v), and extracted with ether. 

The ether was dried with magnesium sulphate and removed 

using a rotary evaporator. 

The ester was distilled under reduced pressure, 

(b.p. 129-131°/16mm). (Lit. value 152-3/16mm)°>. 

Anal 

Caled. for C,.H,0,; C 75.01% H 5.00% 
1S8-2 

Found: C 75.49% H 4.15%
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T(cc1,) 6.26 3 protons (-0-cH;), 

2.58 5 protons (aromatic complex). 

IR. 

(thin film) 2225em-+ (C=C), 17locem™+ (c=0), 

1600, 1573, 1490, Tdascms (aromatic C=C), 

2950em~> (CHS). 

1A (vii) 
General procedure for the synthesis cf arylalkynes via 

selenadiazoles doa 

The semicarbazones were prepared by treating the acetophenones 

in methanol with aqueous solutions of semicarbazide hydrochloride 

as described by Voretcn 

The powdered semicarbazones were not purified before use as 

they were found to be sufficiently pure after several washings 

with methanol. 

All the selenadiazoles were prepared by dissolving or 

suspending the powdered semicarbazone in about 10-15 times its 

volume of dry glacial acetic acid followed by the slow addition 

of equimolar quantities of finely powdered selenium dioxide. 

Whenever necessary, the solution was warmed gently on a 

water bath to start the reaction, as shown by the evolution of 

nitrogen gas. 

When the evolution of gas slowed down, the mixture was heated 

gently on a water bath until evolution ceased and finally, the 

mixture was filtered to remove the slight amounts of deposited 

metallic seleniun.
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The filtrate was added to water and extracted several 

times with chloroform. The chloroform layer was washed with 

sodium bicarbonate solution, dried with sodium sulphate and 

rotary evaporated to. leave a reddish oil of the appropriate 

selenadiazole. All the selenadiazoles were unstable at room 

temperature and in the light. 

For the formation of acetylenes, the selenadiazoles were 

pyrolysed on sand (washed with glacial acetic acid and dried 

at 100°C. for two days) and vacuum distilled. 

Arylalkynes prepared in this way were obtained in higher 

yields than from the phosphorus pentachloride method. 

Selenadiazole Phosphorus pentachloride 

Method Method 

p-C1C¢H,C=CH 50% 38% 

p-MeC ,H ,C=CH 38% 11% 

P-NO,C,H ,C=CH 30% 12% 

p~CH, 00H ,C=CH 26% 11%
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SECTION 1B 

TREATMENT OF ARSENIC TRICHLORIDE WITH ARYLACETYLENES 
  

1B (i) 
Phenylacetylene 

Arsenic trichloride, (21.7g, 0.12mole), and phenylacetylene, 

(7.4g, 0.073mole), were contained in a 50ml. round bottomed flask 

fitted with a reflux condenser, guard tube containing fused 

calcium chloride and inert gas (Np) by-pass tube. 

The mixture was heated to about 90° on an oil bath for two 

hours and then cooled to room temperature in an inert atmosphere 

of nitrogen. 

The dark brown liquid was cooled to -10°C. (acetone/CO, ) 

until a paste was formed and then rapidly filtered, pressed 

between filter pads and stored under vacuum. 

The dark brown crystals were recrystallised from dry 

petroleum ether (b.p. 40-60°) at -20 to -15°C. and vacuum dried, 

M.pe 39-40°. A further two recrystallisations produced pale golden 

plate-like crystals in 20% yield, m.p. 40-41°C. 

It is important to realise that the product reacts with the 

atmosphere and all operations in the open were carried out under 

a blanket of nitrogen. 

Anal. 

Caled. for CoHgAsCl,: C 33.89% H 2.13% C1 37.58% 

Found; C 33.84% H 2.10% Cl 37.47% 

See Table 3 page 36 for I.R. data, Table 12 page 45 for N.M.R. 

data. 

A modification of the apparatus has improved the yield of 

the product and this is based on the principle of recycling the 

unreacted materials within an inert atmosphere. The apparatus is
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shown in the following diagram. 

GAS INLET AND 

TO VACUUM 3 

a 2 ®@ QUICKFIT B19 @ 4 

+—— J0sts ——— 

@= QUICKFIT HIGH VAC TAPS 

The reactants were introduced into flask A and the apparatus 

flushed with nitrogen. A guard tube was connected to the gas inlet, 

tap 3 was closed and the reactants heated to 90° for two hours. 

After cooling to room temperature, tap 1 was closed and the 

reactants cooled in liquid nitrogen for half an hour, tap 3 

reopened and the pressure reduced to 1-2mm for fifteen minutes. 

Tap 1 was closed, flask B cooled with liquid nitrogen and 

flask A was gently warmed to 50-60°C. to permit the unreacted 

phenylacetylene and arsenic trichloride to distill into flask B. 

To assist in the rapid removal of the volatiles, it was found 

necessary to heat the exposed glass tubing between the flasks. 

Within thirty minutes distillation was complete and the 

apparatus was filled with a nitrogen atmosphere.
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Taps 3 and 4 were closed and flask A containing the crude 

product cooled to room temperature and removed from the apparatus. 

The whole procedure was repeated again and this time more 

product collected in flask B. 

After only one such 'transference of reactants', a 50% yield 

was obtained after two recrystallisations using petroleum ether, 

(bp. 40-60°). 

1B (ii) 
p-Chlorophenylacetylene 

p-Chlorophenylacetylene, (1.0g,0.0073mole), and arsenic 

trichloride, (1.99g,0.0llmole), were placed in a 20ml. flask 

fitted with reflux condenser, guard tube and inert gas by-pass 

tube. 

The apparatus was thoroughly flushed with nitrogen and then 

gently heated to 130-135° for six hours on an oil bath. 

The dark brown liquid solidified on cooling to room temperature 

and an infrared spectrum of this mixture showed no triple bond 

absorption. 

The excess arsenic trichloride was removed under reduced 

pressure and the tarry residue treated with dry petroleum ether, 

(b.p. 40-60°). 

Using the freezing technique previously described, pale 

yellow crystals were obtained from the tarry residue. The 

hygroscopic crystals were vacuum dried and stored over nitrogen. 

A 43% yield was obtained, m.p. 45-46°. 

Anal. 

Calcd. for CoH, AsC1)3 C 30.20% H 1.57% Cl 44.67% 

Found: C 30.12% H 1.52% Cl 44.50% 

See Table 4 page 37 for I.R. data, Table 13 page 46 for N.M.R. data.
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1B (iii) 
p-Nitrophenylacetylene 

p-Nitrophenylacetylene, (1.0g,0.0068mole), and arsenic 

trichloride, (1.85g,0.0102mole), were placed in a 10ml. flask 

fitted with a reflux condenser, guard tube containing fused 

calcium chloride and inert gas by-pass tube. 

The reactants were heated to 135-140° for six hours on an 

oil bath and the infrared spectrum of the reaction mixture, a 

black liquid, still showed a strong triple bond absorption. 

The mixture was. then heated for another hour by which time 

a black solid was produced and the flask was cooled to room 

temperature. 

The excess arsenic trichloride was removed under reduced 

pressure and the residue treated with dry petroleum ether, 

(b.p. 40-60°). 

No crystalline material could be extracted from this black 

solid, even using boiling petroleum ether. 

The black solid was insoluble in hydrocarbon solvents and 

carbon tetrachloride and only slightly soluble in acetone. 

Its infrared spectrum remained unchanged after exposing the 

solid to the atmosphere for thirty-six hours, and the material 

did not melt below 350°. 

A single absorption band at 1015em~> suggests the material 

to be polymeric in nature. The following infrared absorptions 

due to the aromatic structure are also present, 3070cm~> (C-H), 

1600, 1580 and 1500em~2 (C=C). 

See Table 5 page 38 for I.R. data, Table 14 page 47 for N.M.R 

data.
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1B (iv) 
p-Methylphenylacetylene 

p-Methylphenylacetylene, (2.32g,0.02mole), and arsenic 

trichloride, (4.36¢,0.024mole), were placed in a 20ml. fiask 

fitted with a reflux condenser, guard tube containing fused 

calcium chloride and inert gas by-pass tube. 

The reactants were heated on an oil bath at 60-65° for 

seven hours and then cooled to room temperature in an atmosphere 

of nitrogen. 

The excess arsenic trichloride was removed under reduced 

pressure and the residue allowed to solidify. 

The golden crystalline material was recrystallised twice 

from dry petroleum ether, (b.p. 40-60°), vacuum dried and then 

stored under nitrogen. 

A 40% yield was obtained, m.p. 66-67°. 

Anal. 

Caled. for CoHgAsCl,: C 36.38% H 2.70% C1 35.91% 

Found ; C 36.50% H 2.50% C1 35.70% 

See Table 6 page 39 for I.R. data, Table 15 page 48 for N.M.R. data. 

1B (v) 
p-Methoxyphenylacetylene 

p-Methoxyphenylacetylene, (1.32g,0.0lmole), and 10ml. dry 

cyclohexane were contained in a 25ml. flask fitted with a reflux 

condenser, guard tube containing fused calcium chloride and 

inert gas by-pass tube. 

Arsenic trichloride, (2.72g,0.015mole), in 5ml. dry 

cyclohexane was gradually added over a period of ten minutes 

whilst the reactants were kept stirred at about 28°C. ina 

constant temperature bath. 

After five hours all the acetylene had reacted as shown
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by the absence of the -C=C- and =C-H bond absorptions in an 

infrared spectrum taken on the reaction mixture. 

The cyclohexane and excess arsenic trichloride were removed 

under reduced pressure and the dark brown residue cooled to room 

temperature. 

As the viscous dark brown liquid did not solidify, it was 

treated with dry petroleum ether, (b.p. 40-60°) , and the extract 

cooled to -20° ina acetone/CO, mixture. No crystals were 

isolated and rotary evaporation of the ether showed that very 

little material had been extracted from the viscous dark brown 

liquid. 

The 'adduct' appeared to decompose when distilled under 

reduced pressure and as expected, reacted rapidly with the 

atmosphere. 

Because of its reactivity, it was felt that the diphenyl 

derivative formed with phenylmagnesium bromide would be more 

stable and hence a better material to isolate and characterise 

than the dichloroarsine adduct. However, spectral data 

suggested that the adduct had been produced and that p-methoxy- 

phenylacetylene reacts very rapidly (exothermically) with arsenic 

trichloride at much lower temperatures than the other para- 

substituted acetylenes. 

See Table 7 page 40 for I.R. data, Table 16 page 49 for N.M.R. 

data. 

1B (vi) 

» Phenylpropiolic acid 

Phenylpropiolic acid, (2.0g, 0.014mole), and arsenic 

trichloride, (3.8g, 0.02lmole), were contained in a 10ml. flask 

fitted with a reflux condenser, guard tube containing fused
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calcium chloride and inert gas by-pass tube. 

The reactants were heated on an oil bath at 120-125° for 

fifteen hours and the mixture was cooled to room temperature 

and allowed to solidify after the excess arsenic trichloride 

had been removed under reduced pressure. 

Dry ether, 10mls., was used to wash the product and the 

white powder was rapidly filtered, washed several times with 

dry ether, vacuum dried and stored under nitrogen. 

N.B. An infrared spectrum of the washings showed the presence 

of small amounts of unreacted phenylpropiolic acid. 

Attempted recrystallisations from cold and hot hydrocarbon 

and chlorinated solvents failed to achieve satisfactory results 

as the material was insoluble. However, it was fairly soluble 

in acetone and even using mixed solvents, recrystallisation was 

found to be unsatisfactory. 

Distillation or sublimation under reduced pressure appeared 

to change the nature of the material, as indicated by its 

infrared spectrum which originally showed the solid to probably 

be a cyclic anhydride. 

Purification by column chromatography using alkaline and 

neutral aluminium oxide and/or silica gel was also unsuccessful. 

Repeated washings with a acetone/petroleum (1:3 vols.) 

mixture produced a white crystalline solid which had a constant 

melting point and infrared spectrum and it was this material that 

was chemically and instrumentally characterised, (m.p. 228-230°). 

See Table 8 page 41 for I.R. data, Table 20 page 53 for 

Mass Spectral data.
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1B (vii) 

Methyl phenylpropiolate 

Methyl phenylpropiolate, (5.2g,0.02mole), and arsenic 

trichloride, (5.426,0.03mole), were contained in a 20ml. flask 

fitted with reflux condenser, guard tube containing fused calcium 

chloride and inert gas by-pass tube. 

The reactants were gently brought to reflux for seven hours 

and then cooled in an inert atmosphere of nitrogen. 

The triple bond absorption was absent when a sample of the 

reaction mixture was analysed by infrared spectroscopy. 

The dark brown paste was washed with dry petroleum ether, 

(b.p. 40-60°), filtered and vacuum dried. 

The pale yellow powder appeared to be stable in the atmosphere 

and it was recrystallised from hot benzene, (m.p. 27220740) 

Further recrystallisations did not improve its melting 

temperature or alter its infrared spectrum. 

See Table 10 page 43 for I.R. data, Table 22 page 58 for 

Mass Spectral data.


