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Abstract: Polymethylhydrosiloxane (PMHS) in combination with
CsF facilitates the Sonogashira reaction of a variety of alkynes and
electrophiles. These couplings appear to involve the in situ forma-
tion and reaction of an alkynylsiloxane. Such couplings can be run
amine free at room temperature, reaction times are short, workup is
easy, and product purification is straightforward. Thus, the advan-
tages (and disadvantages) of running Sonogashira couplings with
1-silylalkynes are realized, without the need to preform the alkynyl
silane.
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During the course of our studies on palladium mediated
one-pot hydrostannation/Stille reactions,1 enyne produc-
tion was occasionally observed. Probing this side product
formation further revealed that adding polymethylhy-
drosiloxane (PMHS) and CsF to a mixture of alkyne, elec-
trophile, CuX and Pd-catalyst facilitates Sonogashira
coupling.2,3 Because these conditions are relatively
neutral4 and amine free,5 and because PMHS is easily han-
dled, inexpensive, non-toxic, and mild,6 we deemed this
reaction worthy of additional study. The objectives of this
study would be to establish the best conditions for PMHS
mediated Sonogashira reactions and determine the role of
PMHS.

Equation 1

Preliminary experiments carried out on the coupling of 2-
methyl-3-butyn-2-ol (1) with (E)-β-bromostyrene
(Equation 1) revealed that treatment of alkyne 1 with CsF
(5 equiv) and PMHS (2 equiv) in NMP followed by addi-
tion of PdCl2(PPh3)2 (2 mol%), CuX and (E)-β-bromosty-
rene, afforded the corresponding enyne (2) (Sonogashira
product) after stirring for 2 hours at room temperature
(Table 1, entry 1). Use of less CsF (2 equiv) resulted in a
slower reaction, while no reaction was observed in the ab-

sence of PMHS or CsF. In addition, substituting KF for
CsF resulted in no observable coupling reaction.

As shown in Table 1, the choice and quantity of copper
salt employed were crucial. The reaction failed in the ab-
sence of copper (or palladium). With stoichiometric
amounts of 2-thiophenecarboxylate (CuTC)7,8 or CuCl
(entries 1 or 3) the reaction proceed efficiently, but little
coupling occured when catalytic quantities of these cop-
per(I) reagents were used (entries 2 or 4). Furthermore,
the use of either catalytic or stoichiometric amounts of
CuI, CuBr, or CuCN afforded only trace amounts of
enyne (entries 4–7). Mori et al. observed similar copper
effects in the coupling of 1-silylalkynes3i,l and concluded
that copper(I) chloride or a ‘CuO’ can affect transmetala-
tion between silicon and copper, whereas the correspond-
ing bromides or iodides can not. Thus, our data suggested
the possible involvement of a silicon bearing alkyne.

Based on this hypothesis, the employment of nonaflates or
triflates as electrophiles should produce the necessary
‘CuO’ species and allow CuTC or CuCl to be used cata-
lytically. With aryl nonaflates prepared from their corre-
sponding phenols by treatment with NfF and NEt3 in
CH2Cl2,

9 Sonogashira couplings were investigated
(Equation 2). After some experimentation, we found that
room temperature reactions run with 1.5 equivalents of
nonaflate along with the alkyne, PMHS, CsF, catalytic
PdCl2(PPh3)2, and catalytic CuCl (or CuTC) (5 mol %) in
NMP afforded the corresponding cross-coupled products
in good to excellent yields (Table 2).10 In the absence of
PMHS, CsF, Pd, or Cu no Sonogashira reaction was ob-
served.

OH

Ph
Br

OH

Ph

PMHS (2 equiv),
CuX, CsF (5 equiv)

PdCl2(PPh3)2 (2 mol%)
 NMP, r.t.

1 2

Table 1 Effect of Cu(I) Salts on Equation 1,a

Entry CuX (equiv) Time (h) Yield

1 CuTC (2.0) 2 99%

2 CuTC (0.02) 24 2%

3 CuCl (1.5) 2 95%

4 CuCl (0.02) 24 2%

5 CuI (0.02–1.5) 24 <1%

6 CuBr (0.02–1.5) 24 <1%

7 CuCN (0.02–1.5) 24 <1%

a See Equation 1 for reaction conditions.
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Equation 2

This protocol was amenable to the reaction of alkynes that
were mono-, di-, or tri-substituted at the propargylic posi-
tion. Free hydroxyls were tolerated and an aryl nonaflate
was selectively reacted in the presence of an aryl bromide
(entry 7). Vinyl nonaflates (21) and aryl triflates (23) cou-
pled with similar levels of efficiency (entries 9, 10) and a
bisnonaflate could be reacted at both positions in high
yield (entry 11).

Iterative application of the coupling method could be used
to synthesize disubstituted alkynes. For example, a
masked acetylene such as 2-methyl-3-butyn-2-ol (1) can

be coupled with an aryl nonaflate (Scheme 1). Treatment
of the product with base leads to an elimination of acetone
to furnish the corresponding aryl alkyne. Subjecting the
newly formed aryl alkyne to to a second coupling afforded
internal aryl alkyne (27) in 68% yield from 2-methyl-3-
butyn-2-ol (1).

For coupling aryl or vinyl bromides or iodides
(Equation 3, Table 3), we found 2 equivalents of CuTC11

along with the PMHS and CsF in THF/NMP (1:1) worked
best.12 Unfortunately, these conditions are not universally
effective as bromobenzene, p-bromoanisole, and an aryl
chloride could not be made to couple. Reaction occured
with CuCl, but in slightly lower yields. The need for at
least stoichiometric amounts of copper(I) is again presum-
ably due to the aforementioned involvement of a putative
alkynylsiloxane intermediate. The CuBr or CuI formed
with each coupling is unable to efficiently undergo trans-
metalation with such a species3i,l and therefore cannot cy-
cle catalytically.

R H R Ar

Ar–ONf (1.5 equiv)
PMHS (2 equiv), CsF (5 equiv)

CuCl or CuTc (5 mol%)
PdCl2(PPh3)2 (5 mol%)

NMP, r.t.

Table 2 PMHS-Mediated Couplings of 1-Alkynes with Nonaflatesa

Entry Alkyne (R = ) Ar–NOf Time (h) Product (Yield)b

1 Ph (3)

(4)

4 5 (96%)

2 HO(Me)2C-
(1)

4 4 6 (96%)

3 HO(Me)CH-
(7)

4 5 8 (82%)

4 HO(CH2)4-
(9)

4 6 10 (86%)

5 CH3(CH2)2-
(11)

4 8 12 (73%)

6 CH3(CH2)15-
(13)

4 8 14 (95%)

7 HO(Me)(Et)C-
(15)

(16)

6 17 (73%)

8 HO(Me)(Ph)C-
(18)

(19)

7 20 (52%)

9 HO(Me)CH-
(7)

(21)

5 22 (82%)

10 HO(Me)2C-
(1)

(23)

5 6 (86%)

11 HO(Me)(Et)C-
(15)

(24)

6 R′-Ar-R′
25 (76%)
R′ = RC≡C-

a See Equation 2 for reaction conditions.
b Average isolated yield of two runs.

Ac ONf

ONf Br

MeO ONf

ONf

Ac OTf

NfO ONf
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Equation 3

While our observations on the copper(I) requirements of
these reactions and the lack of coupling in absence of
PMHS argue for the intermediacy of a silicon bearing
alkyne, we sought further proof of such an intermediate.
Reacting octadecyne (13), PMHS, and CsF produced a
solid material (32). 1H NMR of the substance showed fea-
tures of the starting alkyne and PMHS except that the
alkynyl proton (δ = 2.42 ppm) and the Si-H from PMHS
(δ =4.85 ppm) were absent (Scheme 2). Subjecting this
new product to our coupling conditions produced the de-
sired cross-coupled product in 44–49% yield. Treatment
with TBAF regenerated the original alkyne.

To complement these reactivity studies, we followed the
reaction of the alkyne, PMHS, and CsF by ReactIR . Oc-
tadecyne (13) and CsF were mixed and an initial reading

was obtained. PMHS was then added slowly via a
syringe13 over which time the alkyne C–H stretch at ν =
3231 cm–1 diminished (Figure 1). In contrast, mixing 13
and CsF alone over the same period of time witnessed lit-
tle change in the C–H stretch. Further studies are under-
way to access more evidence for an alkynylsiloxane
intermediate.

Figure 1 ReactIR analysis of the alkyne C–H stretch at 
ν =3231 cm–1

In summary, PMHS in combination with CsF facilitates
room temperature Sonogashira couplings of alkynes with
various electrophiles. These reactions can be run amine
free, which among other things eases reaction workup.
The involvement of an in situ generated alkynyl siloxane
intermediate appears likely. Thus, some of the advantages
of using silylakynes in Sonogashira couplings can be real-
ized without having to preform such a species in a sepa-
rate step (usually by deprotonation with an alkyl lithium
followed by trapping with TMSCl). For example, the use
of 1-silylalkynes can limit unwanted homocoupling of
the parent alkyne (Equation 4).14 As shown in Table 4,
attempted couplings of 2-methyl-3-butyn-2-ol (1) or 2-
phenyl-3-butyn-2-ol (18) under traditional Sonogashira
conditions gives a significant amount of homocoupled
products (entries 1 and 3). This problem is particularly
acute if the reactions were not run under an Ar atmo-
sphere.15 In contrast, employment of our protocol in air
(Table 4, entries 2 and 4) only afforded the cross-coupled
products, albeit in modest 52% yield for the coupling of
18 to 19.

Scheme 1

OH

NfO OMe

Ac OMe

Ac

19

1.  4 (1.5 equiv), PMHS (2 equiv),
    CuCl (5 mol %), CsF (5 equiv)
    PdCl2(PPh3)2 (5 mol%)
    NMP, r.t., 6 h

2.  K2CO3, 18-c-6, PhCH3
     reflux, 8 h1 26

(75% 2 steps)

PMHS, CsF,
PdCl2(PPh3)2

CuCl, NMP, r.t., 6 h

27
(91%)

R R Ar

R'–X (1.5 equiv)
PMHS (2 eq.), CsF (5 equiv)

CuTC (2 equiv)
PdCl2(PPh3)2 (5 mol%)

NMP/THF (1:1), r.t.

H

Table 3 PMHS-Mediated Couplings of 1-Alkynes with Halidesa

Entry Alkyne (R = ) R′–X Time 
(h)

Product 
(Yield)b

1 HO(Me)2C-
(1)

E-(β)-bromostyrene 2 2 (99%)

2 HO(Me)CH-
(7)

(28)

5 29 (82%)

3 HO(Me)2C-
(1)

p-iodoacetophenone 5 6 (87%)

4 HO(Me)2C-
(1)

p-bromo-acetophenone 5 6 (80%)

5 HO(Me)CH-
(7)

(30)

7 31 (88%)

a See Equation 3 for reaction conditions.
b Average isolated yield of two runs.

I
( )8

I
( )11

Scheme 2

TMSO Si O

Me

C16H33

TMS

AcC16H33

PMHS, CsF
 NMP,

r.t., 5 h

n

4, CuCl, PMHS, CsF
(cat.) PdCl2(PPh3)2 
 NMP, r.t., 2 h (46%)

TBAF, 

THF, 12 h
(100%)

32

(  )15

13

13

14
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Equation 4 Method A: Et3N (2.0 equiv), PdCl2(PPh3)2 (0.05 equiv),
CuI (0.05 equiv), ArONf (1.5 equiv), THF, r.t. Method B: PMHS (2.0
equiv), PdCl2(PPh3)2 (0.05 equiv), CuCl (0.05 equiv), ArONf (1.5
equiv), NMP, r.t.

It must also be acknowledged that some of the disadvan-
tages of employing 1-silylalkynes in Sonogashira cou-
plings remain under these conditions. Namely,
stoichiometric amounts of copper are necessary in the
coupling of halides. Furthermore, fluoride is required.
With respect to this last point, while most of our reactions
were run with a five-fold excess of CsF, the fluoride load
could be reduced to 1.5 equivalents with no loss of effi-
ciency by using fused CsF/CsOH (2:1).16

Currently we aim to increase our mechanistic understand-
ing of this reaction and broaden its scope. Of particular in-
terest is the application of this new method to target
synthesis and the coupling of other species. New develop-
ments in these areas will be reported in due course.
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Table 4 Traditional vs. PMHS Mediated Sonogashira Couplings

Entry Alkyne Ar–ONf Methoda Cross-Coupled 
Product

Homocoupled 
Product

1 1 4 Aa 6 (48%) 33 (39%)

2 1 4 Ba 6 (85%) 33 (0%)

3 18 19 Aa 20 (0%) 34 (92%)

4 18 19 Ba 20 (52%) 34 (0%)

a See Equation 4 for reaction conditions
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