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Abstract Palladium-catalyzed hydroarylation of ynamides has been
developed. The desired coupling products were obtained in good yields
and with high regioselectivities. Various aryl iodides can be used in this
reaction, permitting the syntheses of many different kinds of enamides
from ynamides.
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Over the past 20 years, the ynamide group has begun to
be recognized as a functional group that participates in a
new C-C bond-forming reaction.! The useful C-C bond-
forming reaction of ynamides has been reported by several
research groups, who described the different m-orbital elec-
tron density in these compounds compared with that in
other C=C triple bonds.> We have also become interested in
the reactions of ynamides with transition-metal complexes.
A ring-closing metathesis (RCM) of ene-ynamides? and a
copper-free  Sonogashira coupling of unsubstituted
ynamides* have already been reported by our research
group. Our continuing interests have focused on developing
additional transition-metal-catalyzed C-C bond-formation
reactions of ynamides. The hydroarylation of C=C triple
bonds is known to be a useful method for the construction
of carbon frameworks.>~7 These reactions have been suc-
cessfully used for the synthesis of heterocycles.® Here, we
describe a palladium-catalyzed regioselective hydroaryla-
tion reaction of substituted ynamides.

When the reaction of ynamide 1a® and aryl iodide 2a in
the presence of a catalytic amount of Pd(OAc), and PhsP in
the presence of HCO,NH, as a reducing agent was per-
formed in N,N-dimethylformamide (DMF) at 80 °C for 20
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hours, the desired coupling product 3a was obtained in 10%
yield, together with recovered 1a in 44% yield (Table 1, en-
try 1). Several phosphine ligands were tested for this reac-
tion (entries 2-5). Tricyclohexylphosphine did not work,
and 1a was recovered in 59% yield (entry 2). When 1,2-
bis(diphenylphosphino)ethane (DPPE), a typical bidentate
ligand, was used, a similar result was obtained to that with
Ph;P (entry 3). The use of 1,4-bis(diphenylphosphino)bu-
tane (DPPB) slightly improved the chemical yield of 3a (en-
try 4), but the best result was obtained when 1,1'-bis(di-
phenylphosphino)ferrocene (DPPF) was used (entry 5).

The stereochemistry of the enamide 3a was determined
by an NOE experiment, as shown in Figure 1.

Table 1 Palladium-Catalyzed Hydroarylation of Ynamide 1a and
Screening of Ligands?

Bn\ EtO,C
N———n-Hex
Ts/ i
1a 5 mol% Pd(OAc),, Ligand
HCO,NH, (1.2 equiv) —
|—< >—cozEt DMF, 80 °C Bn—N  n-Hex
Ts
2a 3a
Entry Ligand Time (h) Yield (%) of 3a Recovery (%) of 1a
1 Ph,Pb 20 10 44
2 PCy,° 18 - 59
3 DPPE 18 12 63
4 DPPB 18 23 30
5 DPPF 18 24 45
2 Reaction conditions: 2a (1.2 equiv), ligand (5 mol%), HCO,NH, (1.2
equiv).

510 mol% of the ligand was used.
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Figure 1 NOE experiment for enamide product 3a

When the reaction of 1a with three equivalents each of
2a and HCO,NH, was carried out at 80 °C for 18 hours, the
yield of the coupling product 3a increased to 56% (Table 2,
entry 1). At this point, we recovered 2a together with a de-
iodination product. Hydroarylation was restricted by the
reduction of 2a, as in the case shown in Table 1, entry 5. En-
couraged by these results, we decided to examine the reac-
tions of various aryl iodides. However, this required further
optimization of the reaction conditions, because decreased
coupling product yields were obtained in the cases of 1-flu-
oro-4-iodobenzene (2b) and 1-iodo-4-(trifluorometh-
yl)benzene (2c) (entries 2 and 3). The yields were slightly
improved on prolonging the reaction time (entry 4). Finally,
a satisfactory result in terms of regioselectivity was ob-
tained when the reaction was carried out at 100 °C; the ma-
jor isomer 3a was obtained in 76% yield together with a 15%
yield of 4a (entry 5).1°

Next, we examined the reactions of various aryl iodides
with ynamide 1a (Table 3). When the reactions of 2b and 2¢
were repeated, the yields increased to 73% and 59%, respec-

Table 2 Optimization of the Reaction Temperature and Time

1a 5 mol% Pd(OAc).
5 mol% DPPF

HCO,NH, (3.0 equiv)

I@_R DMF, 80 °C, 18 h
R

2a: R = COEt

2b:R=F

2c:R=CF3 +

(3.0 equiv) — —
Bn—N\ n-Hex Bn—N\ n-Hex
Ts Ts
3 4
Entry 2 Yield (%) of 3 Yield (%) of 4 Recovery (%) of 1a

1 2a 56 7 22
2 2b 30 - 48
3 2c 38 4 52
42 2a 59 9 18
50 2a 76 15 4

3 Reaction was carried out for 24 h.
b At 100 °C.

tively (Table 3, entries 1 and 2). 4-lodobenzonitrile (2d),
which contains an additional electron-withdrawing group,
gave a satisfactory yield (entry 3). The C-C bond-forming
reaction proceeded smoothly to introduce the aryl substit-
uent at the a-position of the ynamide in the case of iodide
2e, which has a p-methoxy substituent as an electron-do-
nating group (entry 4). Aryl iodide 2f, with a methoxycar-
bonyl group in the ortho position, did not give a satisfactory
reaction (entry 5).

Table 3 Reactivity of Various Aryl lodides to Hydroarylation of
Ynamide 1a

Ar,
Bn\ —
N—=——n-Hex Bn—N n-Hex
TS/ \T
1a 5 mol% Pd(OAc), S
5 mol% DPPF 3
+ —_— +
1—Ar HCO2NH, (3.0 equiv) Ar
. DMF, 100 °C, 18 h
(3.0 equiv) —
Bn—N\ n-Hex
Ts
4
Entry  Substrate Ar Yield (%)  Yield (%) Recovery
of 3 of 4 (%) of 1a

1 2b 4-FCgH, 73 12 3
2 2c 4-F;CCeH, 59 2 -
3 2d 4-NCCgH, 57 13 2
4 2e 4-MeOCgH, 77 5 -
5 2f 2-MeO,CCeH,4 10 9 -

At this point, we designed new substrates with the aim
of improving the regioselectivity. We surmised that if a
functional group was introduced onto the carbon substitu-
ent of the ynamide, it might coordinate with the palladium
to provide the palladacycle intermediate III, with suppres-
sion of the intermediate IV. Consequently, we predicted
that the yield of product V might be improved (Scheme 1).

When the reaction of ynamide 1b, having a benzoyl-
oxymethyl group at the terminal position of the alkyne, was
performed under the standard conditions, the desired
product was not obtained (Table 4, entry 1), and a complex
mixture was obtained on introduction of an ethoxycarbonyl
group (entry 2). When ynamide 1d, in which a siloxy group
was introduced at the end of the carbon chain, was exposed
to the standard reaction conditions, a good yield and high
regioselectivity were obtained (entry 3). Unfortunately, the
regioselectivity completely disappeared when the carboxy
amide 1e was used (entry 4). These results showed that an
improvement in the regioselectivity was difficult to achieve
through coordination of the functional group to the palladi-
um metal. Because the regioselectivity disappeared on
changing the 4-toluenesulfonamide group on the alkyne to
a carboxy amide group, the reaction of 1 should proceed re-

© Georg Thieme Verlag Stuttgart - New York — Synlett 2017, 28, A-D

Downloaded by: Cornell. Copyrighted material.



Synlett H. Wakamatsu et al.

Ar . "Pd"--Y

Ar, H
- _
\ _ Ts Y
\'

N——
¢ M= Pd intermediate I
! Y
* P\ A H A
I—Ar 1 Bn—NN e —— Bn_NM
Ts Y Ts Y
Y = functional group "

intermediate IV

Scheme 1 Our hypothesis for the improvement of the regioselectivity

Table 4 Hydroarylation of Various Ynamides

EwG 5 mol% Pd(OAC),
5 mol% DPPF

HCO,NH4 (3.0 equiv)
|—©—coza DMF, 100 °C, Time

2a (3.0 equiv) EtO.C CO.Et
- 7 N\
\_/ + —
R'™-N R? R‘—N\ R?
EWG EWG
5 6
Entry  Ynamide Time Yield (%) Yield (%)
(h) of 5 of 6
Ts\ / \
1 /N%\ — 18 _ _
Bn o}
1b (6]
Ts (o]
\ — <
2 /N _ 18 - -
Bn OEt
1c
Ts,

Ph

4 /_< 18 30 31

(@) N——=——n-Hex

T

1e

2 n-Hex = (CH,)sMe.

gioselectively to provide compound 5 through steric repul-
sion between the N-benzyl-N-(4-toluene)sulfonamide
group and the palladium metal.

Next, we attempted to synthesize various stilbene de-
rivatives by introducing a phenyl group onto the terminal
carbon atom of the alkyne part of the ynamide (Table 5).
Under the optimized conditions, the reaction of ynamide
1f, substituted by a methyl group on the nitrogen atom and
a phenyl group on the terminal carbon of the alkyne, gave
the desired enamide 7f in 43% yield, together with a 25% re-
covery of substrate 1f (entry 1). An improved chemical yield
of 7g compared with that of 7f was observed on changing
the phenyl group to an electron-donating anisyl group (en-
try 2). The alkyl substituent on the nitrogen did not appear
to affect the product yield when the N-benzyl ynamide 1h
was used as a substrate (entry 3). However, we found that
the benzyl group had a slightly positive effect on the prod-
uct yield compared with that of the methyl group, and im-
proved yields were obtained when an anisyl group was
present on the terminal carbon atom of the alkyne (entry
4),

Table 5 Synthesis of Stilbene Derivatives 7

R! — EtO,C

¢ NN
1 5 mol% Pd(OAC),
+ 5 mol% DPPF
—_—
HCO,NH, (3.0 equiv) R'-N R?
"Q_wza DMF, 100 °C, 18 h s
7
2a (3.0 equiv)
Entry Substrate R R2 Yield (%) of 7 Recovery (%) of 1

1 1f Me H 43 25
2 1g Me 4-MeO 55 -
3 1h Bn H 40 48
4 1i Bn 4-MeO 71 15

In conclusion, we have studied the palladium-catalyzed
hydroarylation of ynamides to establish a new method for
constructing C-C bonds. When ynamides were exposed to a
catalytic amount of Pd(OAc), and DPPF in the presence of
3.0 equivalents of an aryl iodide and HCO,NH, in DMF at
100 °C, the reactions proceeded smoothly to provide the
desired products in good yields. Regioselective C-C bond
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formation on a carbon atom neighboring a nitrogen atom
was achieved by using various ynamides containing a tosyl
group as an electron-withdrawing group; however, the re-
gioselectivity was not satisfactory by using ynamides con-
taining a carboxy group as an electron-withdrawing group.
Various aryl iodides can be used in this reaction, and many
different kinds of enamide can now be synthesized from
ynamides. Further studies on this type of reaction and on
the possibility of using ynamides for transition-metal-cata-
lyzed reactions are now in progress in our laboratory.

Supporting Information

Supporting information for this article is available online at
https://doi.org/10.1055/s-0036-1588874.
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