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ABSTRACT

A phosphine ligand served as a remarkable chemo-switch for the silver-catalyzed reaction of alkynes with aldehydes in the presence of
amines in water. Exclusive aldehyde −alkyne −amine coupling product was observed in the absence of phosphine, whereas in the presence of
a phosphine ligand, exclusive aldehyde −alkyne coupling product was obtained.

There has been increasing interest in the development of
efficient, economical, and environmentally friendly funda-
mental reactions for chemical synthesis.1 Toward such a goal,
we have focused on two themes: (1) the development of
C-C bond-forming reactions in aqueous media that can
proceed without the deployment of protecting group strate-
gies and (2) the direct utilization of C-H bonds for C-C
bond formation. One such subject is the development of
Grignard-type reactions in water.2 Catalytic addition of C-H
bonds to carbonyls and imines would provide an atom-
economical and greener approach to classic Grignard-type
reactions which require stoichiometric amounts of metal and

organic halides.3 The addition of terminal alkynes to alde-
hydes is of great interest as a Grignard-type reaction because
of the versatility of the corresponding propargylic alcohols.4

Compared with the classical methods that use metal acetyl-
ides,4,5 an alternative and more atom-economical approach
involves the catalytic addition of terminal alkynes to alde-
hydes.6 Recently, Carreira and co-workers developed a
Zn(OTf)2-catalyzed addition of alkynes to aliphatic alde-
hydes.7 Shibasaki et al. reported a catalytic alkynylation of
aldehydes and ketones with InBr3 or In(OTf)3 as catalyst.8
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Previously, we reported a RuCl3/InCl3-catalyzed alkynylation
of aldehydes in water. However, the reaction gave the
corresponding propargyl alcohols in only moderate yields.9

Herein, we report a highly efficient addition of alkynes to
aldehydes catalyzed by silver salts in water as solvent, which
resulted from a remarkable ligand effect.10

While developing A3-coupling (three-component coupling
of aldehydes, alkynes, and amines) and AA3-coupling
reactions (asymmetric three-component coupling of alde-
hydes, alkynes, and amines),11 we found that silver salts, such
as AgCl, AgBr, and AgI, efficiently mediated A3-coupling
reactions in water and ionic liquids.11e,f To explore the scope
of this reaction we examined various silver complexes. When
triphenylphosphinesilver chloride was used as a catalyst in
water, the only detected product was from the alkynylation
of aldehyde instead of the imine-addition product (Scheme
1).

We postulated that a silver acetylide complexed with a
phosphine ligand was involved as a key intermediate. We

reasoned that the phosphine ligand might be weakening and
activating the silver-carbon bond in the silver acetylide.
Simple alkynylsilver reagents are usually too stable to
participate in nucleophilic additions to carbonyls. Coordina-
tion of the electron-donating P-ligand increases the electron
density on silver, resulting in a weakening of the silver-
carbon bond.12 In light of this, we examined various reaction
conditions to optimize this new catalytic reaction (Table 1).

The following conclusions were drawn: (1) changing the
silver counterion from chloride or fluoride lowered the yield
(entries 1-5) and a noncoordinating anion (-OTf) disfavored
the reaction (entry 5); (2) a noncoordinating amine such as
i-Pr2NEt was generally the base (entries 6-9); (3) electron-
donating P-ligands favored the reaction, and the combination
of Cy3PAgCl with 0.2 equiv ofi-Pr2NEt gave the best results
(entries 12-20). It is also worth mentioning that the reaction
is not sensitive to air. It should be noted that both the catalyst
and the substrates are not soluble in the water and that the
reaction takes place “on water”.13 Other solvents and
cosolvents were also tested; the best result was observed
when water alone was used as solvent. In toluene or under
neat conditions, no reaction was observed at all. The
introduction of an organic solvent generally resulted in a
decrease in yield.
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Scheme 1. Ligand-Controlled Alkynylation of Imine and
Carbonyl

Table 1. Effect of Anion, Base, and Ligand on the
Alkynylation of PhCHOa

entry cat. base (equiv) yieldb (%)

1c AgF/PPh3 piperidine (1) 31
2 AgPPh3Cl piperidine (1) 30
3 AgPPh3Br piperidine (1) 23
4 AgPPh3I piperidine (1) 6
5c PPh3/AgOTf piperidine (1) 11
6 AgPPh3Cl Et3N (1) 30
7 AgPPh3Cl DABCO (1) 6
8 AgPPh3Cl K2CO3 (1) 16
9 AgPPh3Cl i-Pr2NEt (1) 42

10 - i-Pr2NEt (1) -
11 AgPPh3Cl - trace
12c AgCl/BINAP i-Pr2NEt (1) 10
13c AgCl/(p-CF3-C6H4)3P i-Pr2NEt (1) trace
14c AgCl/n-Bu3P i-Pr2NEt (1) 48
15c AgCl/(p-MeO-C6H4)3P i-Pr2NEt (1) 46
16c AgCl/Bn3P i-Pr2NEt (1) 44
17c AgCl/(o-Tol)3P i-Pr2NEt (1) trace
18c AgCl/Cy3P i-Pr2NEt (1) 50
19c AgCl/Cy3P i-Pr2NEt (0.2) 52
20 Cy3PAgCl i-Pr2NEt (0.2) 52

a Conditions: a mixture of the catalyst (5 mol %), PhCHO (0.5 mmol),
phenylacetylene (1 mmol), and base (0.5 mmol) in 2 mL of water was heated
at 100°C overnight.b NMR yield with MeNO2 as internal standard.c Ratio
of P/AgCl ) 1.5:1.
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We later found that a variety of aldehydes could be
effectively reacted with phenylacetylene and other terminal
alkynes under the present reaction conditions (Table 2). Note
that the alkynylation of paraformaldehyde was also highly
effective. The presence of an electron-withdrawing group
increased the reactivities of the aldehydes whereas a CF3

group on the 4-position decreased the yield due to the ready
isomerization of the product to the corresponding chalcone.14

It should be noted that an aldehyde with a free hydroxyl
group (1s) also reacted to give the expected addition product
in 73% yield (Figure 1).

To more fully understand the precise effect of the P-ligand
in these reactions, several stoichiometric experiments were
performed using silver acetylide4 as a reagent. The results
are summarized in Scheme 2. The data in entries 3 and 4

suggested that silver acetylide was dually activated by both
the phosphine ligand and water.

(14) The side reaction is the isomerization of the product to chalcone,
which can be inhibited by decreasing either the temperature or reaction
time.

Table 2. Alkynylation of Aldehydes Catalyzed by Silver in
Watera

a Cy3PAgC1 (5 mol %),i-Pr2NEt (20 mol %), aldehyde (0.5 mmol),
alkyne (1.5-2 equiv) in 2 mL of water.b Isolated yield.c 10 mol % of
catalyst was used.d 1r/2a ) 4/1, PhCtCCH2OCH2OH was isolated as a
byproduct in 21% of yield.

Figure 1. Alkynylation of 1s catalyzed by silver in water.

Scheme 2. Effect of Phosphine Ligand

a The yield was calculated on the basis of4.
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Thus, a tentative mechanism for the silver-catalyzed
aldehyde-alkynylation in water is described in Scheme
3.15

In conclusion, a highly efficient alkynylation of aldehydes
was developed by using silver-phosphine complexes as

catalysts in water. The reaction is dually promoted by the
electron-donating phosphine ligand and water. The scope,
mechanism, and the enantioselective version of this reaction
are currently under investigation.
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(15) Reacting4 with 1 equiv of PCy3 in CH2Cl2 gave [Ag4(CtCPh)4-
(PCy3)2] as a stable crystal. On the other hand, [Ag4(CtCPh)4(PPh3)4] can
be obtained as stable crystal by mixing4 with PPh3 in CH2Cl2. See: (a)
Lin, Y.-Y.; Lai, S.-W.; Che, C.-M.; Cheung, K.-K.; Zhou, Z.-Y.Organo-
metallics2002,21, 2275. (b) Teo, B. K.; Xu, Y. H.; Zhong, B. Y.; He, Y.
K.; Chen, H. Y.; Qian, W.; Deng, Y. J.; Zou, Y. H.Inorg. Chem.2001,40,
6794.

Scheme 3. Mechanism of the Alkynylation Catalyzed by
Silver in Water
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