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Coupling Reactions

A Straightforward and Mild Synthesis of
Functionalized 3-Alkynoates**

Andrés Sudrez and Gregory C. Fu*

The methods that have been described to date for the
synthesis of 3-alkynoates generally require multiple steps and/
or highly basic reaction conditions.!! One very attractive
route to 3-alkynoates would be by the coupling of readily
available terminal alkynes with diazoesters. Unfortunately, in
the absence of a catalyst, treatment of alkynes with diazo
compounds preferentially generates cyclopropenes and C, i~
H insertion products.”) With respect to metal-catalyzed
processes,”’! in the presence of rhodium complexes, reactions
of terminal alkynes with diazo compounds lead not to
insertion into the C,u,,—H bond, but typically to cyclo-
propenation.” In the case of copper, the only synthetically
useful couplings that have been reported are also methods for
cyclopropenation;® a few groups have observed the forma-
tion of a 3-alkynoate, but none of the procedures is general,
elevated temperatures are employed, and the yields are
modest (0-45% ).

In this communication we describe the development of a
versatile method for coupling alkynes with diazocarbonyl
compounds to produce 3-alkynoates [Eq. (1)]. Some note-
worthy attributes of the system include its efficiency (1:1 ratio
of reactants), mildness (room temperature), simplicity (no
additional ligand), and functional-group tolerance (e.g.,
alkenes, heteroatoms, and hydroxy groups).

e}
5% Cul R e}
R—=—H IH]\OEt — > \/U\ (1)
N MeCN OEt
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In an initial study, we explored the reaction of phenyl-
acetylene with ethyl diazoacetate. In the presence of copper
complexes such as CuCl, CuOTf, CuCN, CuSCN, Cu,0, and
CuOAc, we obtain essentially none of the target 3-alkynoate
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(Table 1, entry 1). In contrast, CuBr and Cul are effective
catalysts for the desired transformation (entries 2 and 3). The
choice of solvent is critical: use of iPrOH, THF, dioxane,
acetone, or CHCIl; leads to a significantly lower yield
(<10%).M

Table 1: Catalysts tested for the synthesis of 3-alkynoates 1 from alkynes
and diazoesters.

Ph—=—H
+
o 5% cat. Ph o o]
B % X
H\OEt MeCN \/U\OEt PN AN o
N, RT 1 2
1.0 equiv
Entry  Catalyst 1% 2%
1 CuCl, CuOTf, CuCN, CuSCN, Cu,0, CuOAc <5 <5
2 CuBr 70 5
3 Cul 90 8

[a] Yields were determined by NMR spectroscopy vs. an internal
standard (average of two runs).

Interestingly, cyclopropenation of the alkyne is not a
detectable side reaction for the CuBr- or Cul-catalyzed
processes (<5%). Furthermore, the formation of fumarate
and maleate side products, a complication that plagues many
copper-catalyzed reactions of diazoesters, is minimal (<5 %),
thereby allowing the use of a 1:1 mixture of alkyne:diazoester,
without slow addition of the diazoacetate.®! We do, however,
observe a small quantity of the allene isomer (2) of the 3-
alkynoate."”)

We have determined that Cul-catalyzed coupling of
terminal alkynes with diazoesters provides a general route
to 3-alkynoates (Table 2).'"! Thus, aryl- (entry 1), alkyl-
(entry 2), hindered alkyl- (entry3), functionalized alkyl-
(entry 4), and silyl-substituted (entry5) alkynes are all

Table 2: Copper-catalyzed couplings of alkynes with a diazoester

(Eq. (1)]-

Entry R Yield [%]
1 Ph 76
2 CH,Ph 74
3P tBu 98!
4 CH,CH,CO,Et g7t
50l T™S 84
B2
6 71
~ Me
7 # T 58
8 CH,SPh 56
9 CH,SEt 63
10 CH,OTHPH 871
11 CH,OH 7500

[a] Yields of isolated products (average of two runs), unless otherwise
noted. [b] 10% Cul was used. [c] 1.2 equiv of alkyne was used. [d] THP=
tetrahydropyranyl. [e] Contains 3-5% of the allene isomer. [f] Yield was
determined by NMR spectroscopy vs. an internal standard.
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suitable substrates. Formation of the desired 3-alkynoate
proceeds in preference not only to cyclopropenation of an
alkyne, but also to cyclopropanation of an alkene (entries 6
and 7). Furthermore, neither Lewis-basic groups such as
sulfides and ethers, which could react with a copper carbene
to form ylides (entries 8-10),"" nor hydroxy groups, which
could undergo O—H insertion (entry 11),1% interfere with the
reaction.

In certain instances, we have experienced difficulty
removing the allene side product from the target 3-alkynoate
(e.g., Table?2, entries3, 4, 10, and 11). To address this
purification issue, as well as to explore the scope of the
coupling with respect to other diazo compounds, we examined
the reaction of alkynes with a diazoamide (N,CHCONMe,).
We were pleased to observe that Cul is also an effective
catalyst for these couplings (Table 3);™ as for reactions of
diazoesters, a small amount of the allene is produced, but this
is readily removed by flash chromatography.

Table 3: Copper-catalyzed couplings of alkynes with a diazoamide.

o)
5% Cul R 0
R—=—H HL NMe A
N 2 MeCN \/U‘NMez
2 RT

1.0 equiv
Entry R Yield [%]
10! tBu 70
2 CH,CH,CO,Et 71
3 CH,OMe 57
4 CH,OTHP 81
5 CH,OH 54

[a] Yields of isolated products (average of two runs). [b] 1.1 equiv of
alkyne was used.

In conclusion, a general, metal-catalyzed intermolecular
coupling of terminal alkynes with diazo compounds has been
developed, providing ready access to 3-alkynoates. It is
noteworthy that this carbon—carbon bond-forming reaction
proceeds efficiently under nonbasic conditions at room
temperature with a simple and inexpensive catalyst, and
that an array of potentially reactive functional groups are
tolerated.
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