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Abstract

A direct cross-coupling reaction of 5-trimethylsilyl-4-pentynamides (alkynylsilanes)1 with aryl iodides, pro-
moted by silver carbonate in the presence of palladium catalyst, afforded aryl-substituted alkynylamides2, which
readily underwent cyclization to form benzylidenelactams3. This coupling reaction proved to be a useful for
synthesis of aryl-substituted alkynes. © 2000 Elsevier Science Ltd. All rights reserved.
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Palladium cross-coupling reactions between alkynylorganometallic compounds and aryl halides and
related compounds are widely used in organic synthesis.1 Many of such coupling reactions involving
alkynylorganometallic compounds, such as zinc, magnesium, boron, stannane, and copper have been
reported.1 However, these alkynylorganometallic compounds are often unstable. In contrast, alkynylsi-
lanes are versatile synthetic intermediates in organic synthesis that are stable and have been primarily
used to protect terminal alkynes from organometallic reagents.2 Nevertheless, there have only been a
few reported examples of such direct coupling reactions of alkynylsilanes with aryl halides being carried
out in the presence of F– for activation of Si–C bonds as in Hiyama et al.3 or under basic conditions
as in Rossi et al.4 and Huang et al.5 Other examples of the one-pot desilylation/coupling reaction
including a coupling reaction of alkynylsilanes with acid halides by catalyzed CuCl6 and dimerization of
alkynylsilanes by CuCl7 or CuOTf8 have been reported.

Recently, as an example of such a copper(I) salt-mediated coupling reaction, a direct Pd(0)-cross-
coupling reaction of alkynylsilanes with aryl trifrates in the presence of CuCl in DMF was reported by
Hiyama et al.9

In a previous paper, we reported that palladium cross-coupling reaction of 2-
(trimethylsilylethynyl)benzamide derivatives with 3,4-(methylenedioxy)phenyl iodide in the presence of
silver carbonate was a key-step in lennoxamine synthesis.10 The efficacy of this cross-coupling method
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led us to an attempt to apply it to conversion of 5-trimethylsilyl-4-pentynamides1 (alkynylsilanes) into
aryl-substituted 4-pentynamides2, which readily underwent cyclization to form benzylidenelactams3
(Scheme 1).11

Scheme 1.

Sonogashira’s procedure is the most useful method for the induction of aryl groups into a terminal
alkyne.12 However, Jacobi et al. reported that Sonogashira-type coupling reactions of 4-pentynamide
derivatives with iodopyrroles (Pd(Ph3P)4, CuI, Et3N in DMF) required the use of DMF as a solvent under
strict anaerobic conditions in order to prevent formation of diynes arising from oxidative dimerization of
4-pentynamides.13

In the present paper, we focused on silver mediated direct coupling reaction of 5-trimethylsilyl-4-
pentynamides414 with aryl iodides under very mild conditions without fluoride ion or inorganic bases.
And also, the coupling of alkyl- and phenylalkyne derivatives (5, 6 respectively), was examined. The
results are summarized in Table 1.

The coupling of4a with 4-iodoanisole performed with 0.5 equiv. of Ag2CO3 (1 equiv. as Ag+) and 5
mol% of Pd catalyst (A) in the presence of Bu4NCl gave a coupling product7 in 81% yield (run 1).15

In the absence of Ag2CO3, no coupled product was detected under similar conditions, after isolating
the starting material. In addtion, the use of K2CO3

5 instead of Ag2CO3 was completely ineffective.
Furthermore, the use of a catalytic amount of Ag2CO3 (0.2 equiv.) produced only a low yield. The effects
of other silver salts have been examined. The use of Ag2O16 instead of Ag2CO3 under similar conditions
was also equally effective (77%), while AgNO3 and AgI resulted in recovery of the starting material.
The coupling with 4-chloroiodobenzene, heteroaromatic iodides such as 2-iodopyridine, 2-iodothiophen,
or 3,4-(methylenedioxy)phenyl iodide successfully proceeded under similar conditions (runs 2–7). It is
important to note that4cand5, which have a fluoride ion and a basic medium-sensitive functional group,
respectively, showed smooth coupling with aryl iodides without any loss of the TBDMS-group. The
couplings afforded their corresponding aryl-substituted alkynes in good yield (runs 8 and 9). The coupling
of 1-phenyl-2-(trimethylsilyl)acetylene6 also proceeded in a similar manner to give the corresponding
diarylalkyne14 in high yield (run 10).

In all cases, oxidative homo-coupling17 of alkynylsilanes afforded only a trace amount of corres-
ponding symmetrical diynes, accompanied by the desired products. This may have been due to homo-
coupling of 4, 5 or 6 with whatever trace oxygen was present. In particular, with 2-iodopyridine in
the presence of Pd-catalyst (A), an increase in the ratio of diyne formation was observed (run 3,
product/diyne=91:9). Many palladium catalysts, such as (PPh3)2PdCl2 (catalyst B) and Pd2(dba)3�CHCl3
(catalyst C) were used in an attempt to minimize formation of diyne. However, none proved to be
satisfactory (runs 4 and 5). In addition, the coupling of6 with aryl bromide (4-bromoanisole) afforded
only the homo-coupled product (run 11).

The reaction mechanism underlying the present coupling reaction remains to be clarified. When
coupling of 4a with 4-iodoanisole was allowed to proceed under the same conditions aside from the
absence of Pd catalyst no coupled product7 was observed, but the corresponding desilylated terminal
alkyne was given in quantitative yield. Therefore, we concluded that the role of Ag2CO3 is a base
for desilylation of trimethylsilyl group on terminal alkynes in the presence of Bu4NCl.18 Consistent
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Table 1
Direct cross-coupling reaction of alkynylsilanes with aryl iodides

with this notion, previous studies have reported generation of silver acetylides through desilylation of
alkynylsilanes in the presence of silver salts19,20 and a coupling reaction of vinyl triflates with terminal
alkynes using Pd–Ag catalytic system.21 However, no successful isolation of silver acetylides as an
intermediate in this system have been reported. Furthermore, no evidence has been obtained for the
transmetallation between silver acetylides and organopalladium species.22



2380

The aryl coupled products7–11 could readily be cyclized to aryl-substituted 5-methylidene-2-
pyrrolidinones3 by utilizing a LiN(TMS)2:AgOTf (=2:1) catalytic system in toluene.23

In conclusion, a new method for direct coupling reactions of alkynylsilanes with aryl iodides to the
corresponding aryl coupled product have been developed. The mild reaction conditions utilized for the
present Ag2CO3 and Pd catalyst system should have widespread applicability for other alkynylsilanes as
a general method. Work is now in progress to clarify the mechanism underlying this coupling reaction
and to modify it in order to utilize a catalytic amount of Ag salt.
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