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a b s t r a c t

The synthesis of multi-ynamides according to the copper-catalyzed Evano’s and Hsung’s methods is
described. In these new compounds, the ynamide functions are conjugated to each other with a phenyl,
a biphenyl, a thienyl, or a triphenylamine spacer.

� 2015 Elsevier Ltd. All rights reserved.

Introduction

Ynamides have gained increasing interest over the last decade.1

These bench-stable homologs of ynamines have been the subject of
numerous publications these last years. Their particular properties
have been deeply studied, both from chemical and physical points
of view.2 This late interest, compared to ynamines,3 can be
explained by quite recent breakthroughs concerning their methods
of synthesis since 2003.4 Indeed, three major methodologies using
copper-catalysts have been developed by different teams. The first
one was described by the Hsung group in 2003 and uses 1-bro-
moacetylenes as substrates.5 The second one was proposed by
Stahl group in 2008 and directly uses terminal acetylenes as sub-
strates in oxidative conditions,6 avoiding thus the necessity to acti-
vate the CC triple bond by substituting it with a bromine.7 The
third and last one was described by the Evano group in 2009 and
uses gem-dibromovinyl compounds as substrates, allowing the
possibility to create the C-C triple bond during the ynamide forma-
tion (Fig. 1).8 The description would not be complete without men-
tioning the precursor work of the Danheiser group who first
developed a methodology using copper, in significantly more basic
conditions though.9

Whereas an important number of ‘simple’ ynamides (in the
sense of compounds bearing just one ynamide function) has now

been reported,10 the description of ‘multiple’ ynamides remains
quite scarce.11 However, their potential in organic synthesis is very
interesting. In particular, it could be interesting to evaluate the
reactivity of the ynamide functions when they are conjugated.
Indeed, a reaction on one ynamide moiety could dramatically influ-
ence the reactivity of the second conjugated ynamide moiety. This
point has almost never been investigated so far since there are only
three reports of the synthesis of conjugated bis-ynamides, to the
best of our knowledge.11b,c,g We describe here the synthesis of
some tosylated multiple ynamides conjugated to one another
using copper-catalyzed methods.

Results and discussion

We first started with the synthesis of the para-phenyl bis-yna-
mide 1. For that purpose, the Hsung method was chosen.
Dibrominated compound 212 was reacted with N-methyltosy-
lamide in the presence of potassium carbonate and a catalytic
amount of copper sulfate and 1,10-phenanthroline at 75 �C in
toluene for 40 h. The corresponding bis-ynamide 1 was obtained
in 55% yield (Scheme 1). During the course of our work, Evano
and coworkers also synthesized a similar bis-ynamide bearing
two additional methyl groups in para-positions opposite to each
other.11g

The same strategy was used to synthesize the corresponding
biphenyl analog 3 from compound 4. Increasing the temperature
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to 90 �C allowed us to decrease the reaction time (16 h). Compound
3 was thus obtained in 75% yield.

X-ray quality crystals of bis-ynamides 1 and 3 were obtained by
evaporation of a dichloromethane solution for 1 and slow diffusion
of cyclohexane in a dichloromethane solution for 3. It allowed us to
obtain crystallographic structures of these two ynamides (Fig. 2).
For both of them, the length of the CC-triple bonds is 1.19 Å and
the one of the Ctriple–N is 1.36 Å whereas the one of the CMe–N is
1.47 Å. This significant difference in the length of the two types
of C–N is a general property of ynamides and can be explained
by the delocalization of the electron doublet toward the CC triple
bond. The nitrogen atoms are almost planar with a torsion angle
with the surrounding atoms about 16� for 1 and around 20� for
3. One can notice that the two adjacent phenyl rings of compound
3 are exactly in the same plane.

Given that Hsung’s method seemed to be very well adapted to
the synthesis of multi-ynamides conjugated with a phenyl ring,
we investigated the possibility to go a step further by positioning
three ynamide functions on the same phenyl. For this purpose,
we first synthesized the 1,3,5-tris(bromoethynyl)phenyl moiety 5
using standard conditions.13 Then, it was reacted with four equiv.
of N-methyltosylamide in the presence of potassium carbonate,
copper sulfate, and 1,10-phenanthroline at 90 �C in toluene for
15 h. After treatment, the target tris-ynamide 6 was obtained in
a satisfying yield (41%). To the best of our knowledge, this is the
first report of a molecule containing three ynamide functions
(Scheme 2).

Given the successful synthesis of the afore-mentioned yna-
mides 1, 3, and 6, we tried to use Hsung’s method to obtain the
thiophene-conjugated bis-ynamide 7. Therefore, we synthesized

the corresponding bis-bromoacetylenic thiophene 8 and reacted
it in the conditions previously described. However, the target com-
pound was not obtained this time. According to TLC analyses, the
major part of N-benzyltosylamide, which was introduced in a sto-
ichiometric amount, did not react. This lack of reactivity of the
partners can be explained by the supposed instability of compound
8 at 90 �C. In order to overcome this problem, we tested a double
Sonogashira coupling between 2,5-dibromothiophene with yna-
mide 914 following the conditions described by Hsung and co-
workers for such couplings.15 Once again, this attempt did not lead

Figure 2. X-ray structures of bis-ynamides 1 and 3; protons have been omitted for clarity.
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Scheme 2. Synthesis of the tris-ynamide 6.

Ts
NH

Bn
CuSO4

1,10-phenanthroline
K2CO3

Toluene

,
SBr Br

S BrBr
+ N

Ts

Bn
X

Pd(OAc)2, PPh3, CuI

NEt3
Toluene

SN N
Bn

Ts Ts

Bn

S

HH

Br Br
Br

Br
Ts

NH
Bn

CuI,

(MeNHCH2)2, Cs2CO3

29%

8

9

10

7

X

Scheme 3. Successful and unsuccessful strategies leading to bis-ynamide 7.
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Figure 1. The three major methodologies developed by Hsung, Stahl, and Evano.
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Scheme 1. Synthesis of the bis-ynamides 1 and 3.
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