APPLIED ORGANOMETALLIC CHEMISTRY

Appl. Organometal. Chem. 2006; 20: 771-774

Published online 16 August 2006 in Wiley InterScience
(www.interscience.wiley.com) DOI:10.1002/aoc.1139

Materials, Nanoscience and Catalysis m

NHC-Pd(II) complex-Cu(I) co-catalyzed
homocoupling reaction of terminal alkynes

Min Shi* and Heng-xin Qian

State Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic Chemistry, Chinese Academy of Science, 354

Fenglin Lu, Shanghai 200032, People’s Republic of China

Received 18 May 2006; Accepted 13 June 2006

Two NHC-PdA(II) complexes synthesized from trans-cyclohexane-1,2-diamine were fairly effective
in the NHC-Pd(II) complex/Cu co-catalyzed terminal alkyne homocoupling reaction to give the
corresponding symmetrical 1,4-disubstituted 1,3-diynes in good yields under mild conditions.
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INTRODUCTION

With its unique ligating properties, N-heterocyclic carbenes
(NHC) have long been the subject of both synthetic and
catalytic studies.!=* Owing to the high stability of the metal
complexes of NHCs toward heat, moisture and molecular
oxygen (O,), these complexes have been successfully used
in a wide range of catalytic reactions,’>~* even in oxidative
reaction with molecular oxygen (O,) as an oxidant.

The palladium-catalyzed terminal alkyne dimerization,
through oxidative homocoupling, is a useful approach to
the synthesis of symmetrical 1,4-diynes. Reported protocols
for the oxidative homocoupling reactions include: (1) use of
Pd(PPhs)4, Cul, Et;N and chloroacetone (as the reoxidant)
in benzene;** (2) Pd(PPh;),Cl,, Cul, EtzN or DABCO and
bromoacetate (as the reoxidant) in THF;*® (3) Pd(Ph3P),Cl,,
Cul and molecular iodine (as the reoxidant) in i-PrsN;*
(4) Pd(dba), (dba: E,E-dibenzylidene acetone), n-BusNBr,
NaOH and allyl bromide (as the reoxidant) in CH,Cl,;* and
(5) NHC)Pd[P(o-tol);]I,, Cul, Et;N, molecular oxygen (O,)
in THF.® In all of the above cases, a stoichiometric amount of
oxidant is required for successful homocoupling reactions.
Owing to the inertness of the NHC-Pd(II) complexes
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towards oxygen and moisture, they have been used as
catalysts in aerobic oxidation of alcoholes®* and aerobic
intramolecular Wacker-type cyclization reactions.®’ It is very
convenient and economical to use molecular oxygen as the
oxidant in above reactions. We report herein two novel
NHC-PA(II) complexes, derived from trans-cyclohexane-
1,2-diamine, catalyzed homocoupling reaction of terminal
alkynes under aerobic conditions.

RESULTS AND DISCUSSION

NHC-Pd(II) complexes 1 and 2 were synthesized from trans-
cyclohexane-1,2-diamine.* The application of Pd(II)-NHC
complex 1 (0.5 mol%) as a catalyst for homocoupling reaction
was first tested using phenylacetylene (1.0 mmol) as substrate
in the presence of the cocatalyst Cul (3.0 mol%) under ambient
atmosphere in N,N-dimethylformamide (DMF) because
Pd(IT)-NHC complex 1 can only be partially dissolved in
DMF and DMA (N,N-dimethylacetamide). The base effects
were carefully examined in this homocoupling reaction. The
results are summarized in Table 1. The use of K,CO; as
the base in DMF at 60°C gave the corresponding coupled
product 1,4-biphenyl-1,3-diyne 3a in 15% yield after 12h
(Table 1, entry 1). Under identical conditions, 3a was obtained
in moderate yields when a series of amines were used as
bases (Table 1, entries 2-9). Among these organic bases we
found that in the presence of N-benzylethanolamine, the

“The synthesis of these two NHC-Pd(IT) complexes 1 and 2 and
their applications in Suzuki and Heck reactions have been reported.
The X-ray crystal structure of NHC—-Pd(II) complex 2 has been also
indicated in previous literature.1+42
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Table 1. Screening for bases in the NHC—-Pd(ll) complex
1/Cu(l) catalyzed homocoupling reaction of phenylacetylene
(1.0 mmol) and base (0.5 mmol) in DMF (2.0 mL) with O, as an

oxidant
N-
@ WiTY
N
NYERE

NHC-Pd(Il) complex 1

NHC-Pd(Il) complex 1
7\ (0.5 mol%), Cul (3.0 mol%) O

-/ 0,, base, DMF T
3a
Yield
Tem i (o
perature Time
Entry Base {9 (h) 3a
1 K,COs 60 12 15
2 Et;N 60 12 50
3 DMAP 60 12 40
4 TMEDA 60 12 55
5 PhIN(CHs;), 60 12 25
6 Et,NH 60 12 58
7 7\ 60 12 45
HN  N-CH,CH,OH
(-
8 (CH3),NCH,CH,OH 60 12 50
9 BnNHCH,CH,0OH 60 12 60
10 BnNHCH,CH,0OH 40 12 86
11 BnNHCH,CH,OH 80 12 45
12 BnNHCH,CH,OH 25 12 42
13b BnNHCH,CH,OH 40 12 85

2 [solated yields. ® DMA as solvent.

corresponding coupled product 3a was obtained in higher
yield (Table 1, entry 9). Next, the temperature effect on this
reaction was also examined. We found that under identical
conditions, the coupled product 3a was obtained in lower
yield (45%) at 80°C after 12 h, but in higher yield at 40°C
(86%) (Table 1, entries 10 and 11). By lowering the reaction
temperature further to room temperature (25°C), 3a was
again obtained in poor yield (42%) (Table 1, entry 12). When
DMA was used as solvent in this reaction at 40 °C, the coupled
product 3a was obtained in similar yield (85%) to that in DMF
(86%; Table 1, entries 10 and 13).

Under these optimized reaction conditions, the homocou-
pling reaction of a variety of arylacetylenes was examined.
The results are summarized in Table 2. As can be seen, var-
ious substituted arylacetylenes afforded the corresponding
coupling products 3a—e in moderate to good yields under
ambient atmosphere within 12 h (Table 2, entries 2-5). For
aliphatic acetylene, the corresponding coupling product 3f
was obtained in 60% yield (Table 1, entry 6).

Copyright © 2006 John Wiley & Sons, Ltd.
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Table 2. NHC-Pd(ll) complex 1/Cu(l) catalyzed homocoupling
reaction of various substituted acetylenes (1.0 mmol) and base
(0.5 mmol) in DMF (2.0 ml) with O, as the oxidant

NHC-Pd(Il) complex 1
(0.5 mol%), Cul (3.0 mol%)

BnNHCH,CH,OH, DMF, O,

3
Yield
T ) (o/o)a
emperature  Time
Entry R (@) (h) 3
1 Q 40 12 3a, 86
2 40 10 3b, 90
HsC —< >—
3 40 10 3¢, 92
HsCO
4 H,N 40 10 3d, 82
5 CFg 40 5 3e, 50
6 40 24 3f, 60
@ CH,OCH,—

2 Isolated yields.

The application of Pd(II)-NHC complex 2 (0.5 mol%) as
a catalyst for the homocoupling reaction of phenylacetylene
(1.0 mmol) in the presence of cocatalyst Cul (3.0 mol%) was
first tested under ambient atmosphere at 40°C. The crystal
structure of Pd(II)-NHC complex 2 has been disclosed by
X-ray diffraction.*> Moreover, this Pd(I)-NHC complex is
soluble in a variety of solvents such as dichloromethane and
acetonitrile. The base and solvent effects on this reaction
were carefully examined. The results are summarized in
Table 3. The use of triethylamine as the base and solvent at
40°C gave no coupled product (Table 3, entry 1). By means
of several organic solvents such as tetrahydrofuran (THF),
acetonitrile (MeCN) or DMF, the corresponding coupling
product 1,4-biphenyl-1,3-diyne 3a was obtained in moderate
yields after 10 h with triethylamine as the base (Table 3,
entries 2-6). Among these examined conditions, 3a was
obtained in the higher yield (70%) when DMF was used as
a solvent (Table 3, entry 3). By use of N-benzylethanolamine
and tetramethylethylenediamine (TMEDA) as bases in DMF,
3a was obtained in 72 and 87% yields, respectively (Table 3,
entries 7 and 8). The best result was obtained to carry out the
reaction in DMF using TMEDA as a base at 40°C.

Under these optimized reaction conditions, the homocou-
pling reaction of a variety of arylacetylenes and one aliphatic
acetylene was studied. The results are summarized in Table 4.
As can be seen, various substituted arylacetylenes afforded
coupling products 3a—e in moderate to good yields under
ambient atmosphere within 6 h (Table 4, entries 2-5). For
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Table 3. Screening for bases and solvents in NHC-Pd(ll)
complex 2/Cu(l) catalyzed homocoupling reaction of pheny-
lacetylene (1.0 mmol) and base (0.5 mmol) with O, as the
oxidant

N~/N/I
AN ~
X /P /
\I
N-Ac
H 2
NHC-Pd(Il) complex 2

NHC-Pd(Il) complex 2
(0.5 mol%), Cul (3.0 mol%)

C - O,, base, solvent (2.0 ml), 40°C

O==0

Yield
(0/0) a
Entry Base Solvent  Time (h) 3a
1 Et;N Et;N 10 NR
2 Et;:N THEFE 10 26
3 Et;:N DMEF 10 70
4 Et;N DMA 10 65
5 EtzN CH;CN 10 60
6 Et;N DMSO 10 65
7 BnNHCH,CH,OH DMF 6 72
8 TMEDA DMF 6 87

2 Isolated yields. NR, not reported.

aliphatic acetylene, the corresponding coupling product 3f
was obtained in 65% yield after 24 h (Table 4, entry 6).

The structures of diyne compounds were determined by
NMR spectroscopic and analytic data. One of the typical
diyne product 3a was further determined by X-ray diffraction
(Fig. 1).

*The crystal data of 3a have been deposited in CCDC with
number 258218. Empirical Formula: C1¢H1o; formula weight: 202.24;
crystal color, habit: colorless, prismatic; crystal system: monoclinic;
lattice type: primitive; lattice parameters: a = 6.6110(11) A b=
6.0716(10) A, c¢=14.6272) A, « =90°, B =100.994(3)°, y = 90°,
V = 576.35(16) A’; space group: P2(1)/1; Z = 2; Degre = 1.165 g/cm’;
Fooo = 212; diffractometer: Rigaku AFC7R; residuals: R, Rw, 0.0600,
0.1525.

Homocoupling reaction of terminal alkynes

Table 4. NHC-Pd(ll) complex 2/Cu(l) catalyzed homocoupling
reaction of various substituted acetylenes (1.0 mmol) and base
(0.5 mmol) in DMF with O, as the oxidant

NHC-Pd(Il) complex 2

(0.5 mol%), Cul (3.0 mol%)

TMEDA, DMF (2.0 ml), O,

3

Yield

Temperature  Time (%)

Entry R O (h) 3
1 @_ 40 6 3a, 87
2 40 3 3b, 70

HsC —< >—

3 H,CO ( > 40 3 3¢, 78
4 H,N 40 6 3d, 70
5 CF, 40 5 3e, 42
3f, 65

6 40 24
Q CH2OCH2_

2 Isolated yields.

In conclusion, we disclosed two novel NHC-PdA(II) com-
plexes 1 and 2 as effective catalysts for terminal alkyne
homocoupling reaction in the presence of Cul under aer-
obic conditions. The corresponding coupled products were
obtained in moderate to good yields in most cases by these
two NHC-Pd(II) catalysts. Efforts are underway to elucidate
the mechanistic details of this C-C bond forming reaction
catalyzed by Pd(II)-NHC complex and the use of complexes
1 and 2 to catalyze other C—C bond forming transformations
thereof.
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Figure 1. ORTEP drawing of 3a.
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