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Abstract-Phosphorylation of phenylacetylene with white or activated red phosphorus (prepared from white
phosphorus under the action of ionizing radiation) occurs in KOH3DMSO or KOH3HMPA systems withheat
evolution and stereoselective formation ofZ isomers of tristyrylphosphine and -phosphine oxide in yields
of 48349% and 10315%, respectively. Under the comparable conditions the commercial red phosphorus is
considerably less reactive toward phenylacetylene: The total yield of the above-mentioned products is 5%.

Direct phosphorylation of acetylenes with ele-
mental phosphorus in the presence of bases was for
the first time carried out and studied with commercial
red phosphorus and phenylacetylene [234]. The reac-
tion occurs on heating of the reactants in the super-
basic KOH3HMPA system at 60365oC in the pres-
ence of small amounts of water to give tris(Z-styryl)-
phosphine (yield up to 50%) and small amounts of
tris(Z-styryl)phosphine oxide. Ultrasonic [3] and
mechanochemical [4] treatment of the reactants ac-
celerate the reaction of phenylacetylene with the sys-
tem red phosphorus3KOH3HMPA, but the stereo-
selectivity of the process decreases. It was reported
[5] that phenylacetylene can be phosphorylated with
white phosphorus in the presence of superstrong bases,
but no experimental conditions were published.

With the aim of obtaining new data on the reac-
tivity of various modifications of elemental phos-
phorus and acetylenes toward each other, we have
studied the reaction of phenylacetylene with white
(P4) and activated red phosphorus (Pn

* ) which was
prepared by thermal polymerization of white phos-
phorus in the presence of graphite and simultaneous
exposure of the reaction mixture to ionizing radiation
[6]. In the KOH3polar hydroxyl-free solvent (HMPA,
DMSO)3H2O system the reaction occurs with a high
conversion of phenylacetylene (72392%) and prac-
tically quantitative conversion of white or activated
ÄÄÄÄÄÄÄÄÄÄ
1 For communication XII, see [1].

red phosphorus to formZ,Z,Z, Z,Z,E, andZ,E,E iso-
mers Ia3Ic of tristyrylphosphine and also the cor-
responding isomersIIa 3IIc of tristyrylphosphine ox-
ide. The yield and the ratio of these compounds de-
pend on the nature of the phosphorylating agents and
reaction conditions (see table).
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The reaction shows a pronounced stereoselectivity:
The main products areZ,Z,Z isomersIa andIIa . Their
yield reaches 49% and 15%, respectively, whereas
the total yield of the other isomersIb , Ic (IIb , IIc for
phosphine oxides) does not exceed 11% (see table).

We found that in the reaction under study P4 and
Pn

* show comparable efficiency. For example, the
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³Elemental³Phenyl-³ ³ ³ ³ Tem- ³ Reac-³ Yield, %b ³ Conversion, %
³ ³ ³ ³ ³ ³ ³ ÃÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÂÄÄÄÅÄÄÄÄÄÂÄÄÄÄÄÄÄRun³ phos- ³acetyl-³ KOH, ³ Solvent, ³ H2O, ³ pera-³ tion ³

no.³ phorus, ³ ene, ³ mmol ³ ml ³ ml ³ ture, ³ time, ³
Ia

³
Ib

³
IIa

³
IIb

³
IIc

³ phos-³ phenyl-
³ mmol ³ mmol ³ ³ ³ ³ oC ³ h ³ ³ ³ ³ ³ ³phorus³ acetylene

ÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÅÄÄÄÅÄÄÄÅÄÄÄÅÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÄÄ
1 ³ P4, 28 ³ 29.0 ³ 52 ³HMPA, 25³ 1.20 ³ 55356³ 5.0 ³ 24 ³ 4 ³ 2 ³ 3 ³ 1 ³ 100 ³ 72
2c ³ Pn* , 48 ³ 50.0 ³ 90 ³HMPA, 50³ 2.10 ³ 55356³ 7.0 ³ 26 ³ 5 ³ d ³ d ³ d ³ 97 ³ 80
3 ³ Pn, 48 ³ 50.0 ³ 90 ³HMPA, 50³ 2.10 ³ 55356³ 7.0 ³ 8 ³ d ³ 2 ³ 1 ³ d ³ 53 ³ 30
4 ³ P4, 35 ³ 52.0 ³105 ³HMPA, 50³ 1.30 ³ 80 ³ 4.5 ³ 26 ³ 7 ³ d ³ d ³ d ³ 100 ³ d

5e ³ P4, 19 ³ 19.6 ³ 35.7 ³HMPA, 25³ 0.82 ³ 24345³ 5.5 ³ 22 ³ 2 ³ 3 ³ 6 ³>1 ³ 100 ³ 75
6 ³ P4, 20 ³ 19.6 ³ 35.7 ³DMSO, 25³ 0.82 ³ 24 ³ 6.0 ³ 33 ³ d ³ 6 ³ 5 ³ d ³ 100 ³ 92
7 ³ P4, 22 ³ 12.0 ³ 40 ³DMSO, 25³ 0.95 ³ 24 ³ 6.0 ³ 48 ³ d ³10 ³ d ³ d ³ 100 ³ 91
8c ³ Pn* , 20 ³ 10.0 ³ 40 ³DMSO, 25³ 0.90 ³ 24 ³ 3.0 ³ 49 ³ d ³15 ³ 5 ³ 3 ³ 94 ³ 80
9 ³ Pn, 19 ³ 10.0 ³ 36 ³DMSO, 25³ 0.82 ³ 24 ³ 3.0 ³ 4 ³ d ³ 1 ³<1 ³ d ³ 17 ³ 91
ÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÄÄ
a All the experiments were carried out under argon. In run nos. 2 and 8, activated red phosphorus containing, respectively, 4.4 and

11.8% graphite [6] was used. In run nos. 136 the reactants were added practically simultaneously before the start of the reaction.
In run nos. 739 phenylacetylene was added dropwise over a period of 1 h to a stirred mixture of elemental phosphorus,KOH,
DMSO, and water.b Yield based on converted phenylacetylene.c In run nos. 2 and 8 graphite was recovered (10 and 40 mg, re-
spectively).d Product is not detected.e In run no. 5 the temperature of the reaction mixture increased owing to the exothermic
effect and was maintained in the range 28345oC for 1 h. Under these conditions phosphineIc (2%) and 0.1 g of phosphorus-
containing polymeric product are also formed.

total yield of the products of phenylacetylene phos-
phorylation with white and activated red phosphorus
in a suspension of KOH in HMPA at 55356oC is 34%
and 31%, respectively (see table, run nos. 1, 2). Com-
mercial red phosphorus under these conditions is con-
siderably less active. The total yield of the products
(Ia, IIa , IIb ) is as low as 11% at the conversion of
phosphorus and phenylacetylene of 53% and 30%, re-
spectively (see table, run no. 3).

Phosphorylation of phenylacetylene with P43KOH3

HMPA system in the temperature range under study
leads to practically the same result when performed at
55380 (see table, run nos. 1, 4) and 26345oC (run
no. 5). In the latter case the growth of temperature
was due to the heat evolution in the reaction mixture.
Under the comparable conditions (run no. 6) the super-
basic catalytic system KOH3DMSO is somewhat
more effective than the suspension of KOH in HMPA:
The yield of the major productIa is 33% and 22%,
respectively, and the conversion of phenylacetylene is
92% against 75%. Furthermore, we increased reaction
efficiency by decreasing the phenylacetylene : white
phosphorus molar ratio by a factor of 1.8 and by ad-
ding phenylacetylene into the reaction mixture in por-
tions. Under these conditions phosphineIa and phos-
phine oxideIIa are formed in 48% and 10% yields,
respectively (see table, run no. 7). Under the similar
conditions the total yield of the products of phenyl-
acetylene phosphorylation with activated red phos-

phorus is still higher (72%), and the yield of phos-
phine Ia and phosphine oxideIIa is 49% and 15%,
respectively (see table, run no. 8). Commercial red
phosphorus under these conditions is ineffective, its
conversion is as low as 17%, and the yield of the
major productIa is 4% (see table, run no. 9). At the
same time, the conversion of phenylacetylene in this
experiment is high (91%, run no. 9). Evidently, in
the P3KOH3DMSO system phenylacetylene under-
goes not only phosphorylation but also some other
processes such as, e.g., dimerization [7], but we failed
to isolate from the reaction mixture and identify any
other compounds except phosphineI and phosphine
oxide II .

High activity of white and activated red phosphorus
in the reaction with phenylacetylene is evidently due
to the higher rate of formation of polyphosphide and
phosphide anions under the action of a superstrong
base (KOH3HMPA and KOH3DMSO). Their addition
to the triplebond ofphenylacetylene is stereoselective,
yielding mainlyZ isomerIa [2, 8]. Formation of con-
siderable amounts of phosphine oxideIIa , especially
in the case of the KOH3DMSO system, is evidently
due to oxidation of the corresponding phosphineIa.

Thus, with phenylacetylene as example we dem-
onstrated the possibility of using activated red phos-
phorus [6] for preparing organophosphorus com-
pounds. Its reactivity is not lower than that of white
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phosphorus, and it is much more safe in handling.
Similarly to the commercial red phosphorus, it ignites
in air only above 250oC and is much less toxic than
white phosphorus [9].

EXPERIMENTAL

The IR spectra were recorded on a Specord IR-75
spectrometer in thin layer in the frequency range
40003400 cm31 with an accuracy of+2 cm31. The
1H NMR spectra were obtained on a Bruker DPX-400
spectrometer (400 MHz), and the31P NMR spectra,
on a Jeol FX-90Q spectrometer (CDCl3).

The isomers of phosphineIa3Ic and phosphine
oxide IIa 3IIc were identified by IR,1H, and31P NMR
spectroscopy using authentic samples [4].

Activated red phosphorus containing 4.4% graphite
was obtained in a 71% yield by heating (250oC, 6 h)
of 2 ml of a melt of white phosphorus and 0.1 g of
graphite (ultrapure grade) at simultaneous irradia-
tion with a 60Co source at an absorbed dose rate of
1.17 Gys31. Unchanged white phosphorus was washed
off with benzene [6]. Shortening of the reaction time
to 4 h (all the other conditions remain the same) leads
to formation of activated red phosphorus containing
11.8 wt % graphite in a 38% yield.

Reaction of white phosphorus with phenylacet-
ylene in the KOH3DMSO system (see table, run
no. 7). To a mixture of 0.7 g of white phosphorus,
2.3 g of KOH, 25 ml of DMSO, and 0.95 ml of water
we added dropwise a solution of 1.17 g of phenyl-
acetylene in 5 ml of DMSO over a period of 1 h
at 24oC. The reaction mixture was stirred for an ad-
ditional 5 h at 24oC, diluted with water, and ex-
tracted with ether. The ether extracts were washed
with water and dried over potassium carbonate. The
ether and unchanged phenylacetylene were removed
at reduced pressure; 0.1 g of unchanged phenylacet-
ylene was recovered (conversion 91%). The bottom
residue was dried in a vacuum, and 0.7 g of the prod-
uct was obtained. By1H and 31P spectroscopy it was
identified as a mixture ofZ isomers ofIa and IIa in
a 4.4 : 1 ratio. Their yield was 48 and 10%, respec-
tively.

Reaction of activated red phosphorus with phen-
ylacetylene in the KOH3DMSO system (see table,
run no. 8). Under the conditions of run no. 7, 0.66 g
of activated red phosphorus, 1.12 g of phenylacety-
lene, 2.25 g of KOH, 0.9 ml of water, and 25 ml of

DMSO in 3 h form phosphineIa and phosphine ox-
ides IIa 3IIc in yields of 49, 15, 5, and 3%, respec-
tively. The conversion of phenylacetylene is 80%.

Reaction of commercial red phosphorus with
phenylacetylene in the KOH3DMSO system was
performed similarly (run no. 9).
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