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Abstract: Terminal acetylenes readily undergo phenylation by PhaBiF, in the presence of catalytic
amounts of CuCl affording phenyl substituted acetylenes.
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Organobismuth (V) compounds are known to be uscful arylating reagents for a large variety of
substrates. They accomplish O- and N- arylation of alcohols and amines!»2 respectively and, even more
interesting, C- arylation of phenols, enols and some carbaniones, thus affording a novel method of C-C bond
formation3:4. However, we were unable to find examples of the arylation reactions of acetylenes by
organobismuth compounds in the literature.

Therefore, we describe here the reaction of direct phenylation of terminal acetylenes by
triphenylbismuth difluoride PhyBiF,, 1, in the presence of catalytic amounts of cuprous chloride CuCl. The
reaction proceeds at reflux in benzene or toluene solutions, the best acetylene to 1 ratio being 2 : 1.

Thus, phenylacetylene, 2, affords diphenylacetylenc (tolan), 3, in high yield almost without
contamination (eq. 1, all yields are based on Ph,BiF,and 2 : 1 stoichiometry)

PRC=CH + PhyBiF, % PRC=CPh + PhPh 1))
reflux 1 h

2 1 3 (87%) 4 (0.7%)

Other organobismuth compounds ~ Ph3BiCO3 and PhaBiCl) gave much smaller yields (20% and traces
respectively). The yields also decreased significantly (26% of 3) if 1 and 2 were taken in 1 : 1 ratio. Only
traces of products could be detected in the absence of CuCl.

Reflux in toluenc afforded 3 and 4 in 70% and 9% yields respectively.

Similar results were obtained with silylated phenylacetylene § in benzenc and toluene (1:5=1:2) (eq. 2).
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_ 1, CuCl _ _
=CSICH); ——— PhC=CPh + PhPh [Pre=c], @

5 3 (59%) 4 (3%) 6 (traces)
On the whole the reaction between 1 and silylacetylene 7 in 1 : 2 ratio proceeds in the same manner in
both benzene and toluene (eq. 3).

ECS!(CH,),%- PhC=CH + Ph-Ph + PhC=CSI(CHy), @
7 2 (16%) 4(1%) 5 (20%)
+ PhC=CPh
3 (60%)

In this case diacetylenc HC»C-C=CH might have been lost (if it appeared at all) because of its volatility.
It is interesting to note that the trimethylsilyl group is substituted by the phenyl group with the same facility as
the proton.

The phenylation reaction could be extended on acetylenes bearing alkyl substituents at the triple bond.
Thus, 1-hexyne, 8, and its silyl derivative 9 readily form phenylated product - butylphenyt acctylene, 10,
under the action of 1 and CuCl (eq. 4)

1, CuCl

nBuC=CR —mMMm» n-BuC=CPh + Ph-Ph )
reflux 10 4
8 R=H, benzene, 1 h 15% 13%
toluene, 1.5 h 35% 36%
9R= SIMea. benzene, 1 h 48% 33%
toluene, 1 h 40% 16%

Analogously, benzylpropargyl cther, 11, and its silyl derivative 12 are pheaylated as well by 1 in cither
benzene or toluene (cq. 5)

1, CuCl
PhCH,OCH,C=CR ——r—eﬂ#—v PhCH,OCHC=CPh + Ph-Ph (5
ux

13 4

11 R= H, toluene, 2 h 55% 2.5%

benzene, 4 h 48% 16%

12 R = SiMey, toluene, 2h 30% 14%

benzene, 1 h 24% -

We think that the mechanism of the phenylation reaction includes the formation of an intermediate
pentaorganyl bismuth compound Ph3BiR (where R is an acetylenic residuc). The necessary 1 : 2 ratio of 1 to
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acetylene confirms this suggestion. Such pentavalent bismuth compounds are not extensively investigated -
we could only find data concerning the formation and termal decomposition of pentaphenyl bismuth to form
biphenyl Ph-Ph and triphenylbismuth Ph3Bi 58 reactions with a number of clectrophilic mgemsa and some
examples of phenylation reaction3,P. Cuprous chloride CuCl probably plays the role of metallating agent
providing cuprous acetylenide 14 according to eq. 6, (an easy formation of cuprous acetylenides in the
reaction between cuprous salts and acetylencs is documented in the literatureS).

CuCl + HC=C-Ph - HOl

@_‘ CquC—Ph ©)

CuCl + MGSSIC__-G

The acetylenide reacts with the difluoride 1 to give the pentacovalent bismuth compound Ph3BiR) (and
regenerates the catalyst - Cu* cation) which further decomposes termally like PhsBi affording the products of
reductive coupling at the bismuth atom (egq. 7).

1 + 2CuC=cpn =uE, E'h,&(cscm)gl ——» PHhC=CPh + EthICECP'] (]
14

To confirm this suggestion we carried out the reaction of preformed 14 with 1 in 2 : 1 ratio in benzene
and found that indeed tolan, 3, formed together with Ph-Ph, 4 (eq. 8)
PhyBIF, + 2CuC=CPh 221, pre=cPh 4+ PhPh  (8)

reflux, 1 h
1 14 S 3(17%) 4 (40%)

We did not study the bismuth containing products (probably PhyBiC=CR or its mixture with Ph3Bi,
(RC=C),BiPh, etc.).

To determine the origin of Ph-Ph, 4, we heated 1 in benzene during 1 h and found that it produced 4 in
40% yicld. This fact seems to confirm that in all cases Ph-Ph is formed mainly from 1 and not from the
pentaorgany! bismuth compound PhyBi(C=CR),.

Thus, we may conclude, that triphenylbismuth difluoride, 1, appears to be a novel reagent for a direct
phenylation of terminal acetylenes and hence, a novel source for C-C bond formation.

A typical procedure: 0.53 g (1.109 * 10-3 mol) of 17, 0.226 g (2.22 * 1073 mol) of 2 and 0.022 g (2.2 *
104 mol) of CuCl in 6 mL of dry benzene were refluxed during 1 h in Ar atmosphere. The reaction mixture
was analysed by GL chromatography using internal standard and 87% of diphenylacetylene 3, 0.7% of
biphenyl 4 and 5% of starting 2 (based on 1 : 2 stoichiometry) were observed. Column chromatography (SiO2
- hexanc) afforded 3 in 68% (0.168 g) isolated yield. Mp 59 - 60 °C, MS (70 ¢V) 178, the retention time of
the sample coincides with that of commercially available tolan on two chromatographic columns of different
polarity (SE-30, XE-~60) 10
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