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Cul/N,N-dimethylglycine-catalyzed coupling reaction of aryl
halides with terminal alkynes is carried out in DMF at 100 °C to
provide the corresponding coupling products in good to
excellent yields with a great diversity.

Sinceitsdiscovery in 1975, Sonogashira coupling has been applied
widely in the synthesis of both biologically and synthetically
important aryl acetylenes.12 This reaction normally utilizes 1-10
mol% Pd(PPh3),Cl, (or Pd(PPhg)s) and copper(i) iodide as the
catalytic system, which is problematic for industrial use owing to
the cost of palladium. In order to overcome this drawback a great
number of efforts have been directed to explore new cataytic
systems recently.3-5 Successful examples include replacement of
triphenylphosphine with some special phosphines to enhance the
catalytic efficiency3 and employing less expensive nickel instead of
palladium.# However, the former suffers from the requirement of
less conveniently available phosphines, while the latter still needs
two metals, which makes catalyst recovery more difficult. On the
other hand, athough it has been known for decadesthat aryl halides
could couple with copper(i) acetylides to give aryl acetylenes,®
there have been few reports concerning the use of copper(i) aoneas
the catalyst for coupling of aryl halides and terminal alkynes.” Of
the two known catalytic systems, only aryl iodidesworked well and
very low yields or no coupling were observed when aryl bromides
were used.

In recent years, we have witnessed great progress on the
development of mild conditions for traditional Ullmann-type
coupling reactions, which highly relied on utilization of some
ligands as the promoters.8® In the previous reports, we have
demonstrated that the several combinations of Cul/amino acids
were efficient catalytic systems for formation of aryl-heteroatom
bonds.10 Herein we wish to disclose a Cul/N,N-dimethylglycine-
catalyzed coupling reaction of aryl halides with terminal alkynes,
which worked at 100 °C to give the coupling products in good to
excellent yields.
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Initially, we employed Cul-catalyzed coupling reaction of
phenylacetylene with 4-iodoanisole in DMF at 100 °C as a model
for discovery of optimised conditions (egn. (1)). Assummarized in
Table 1, it was found that without additive this reaction gave trace
of desired cross-coupling product 3a, while homocoupling reaction
product 4a of phenylacetylene wasisolated in 55% yield (entry 1).
After adding 30 mol% L-proline or N-methylglycine, the yields of
3a were enhanced to moderate and the formation of 4a was
inhibited partialy (entries 2 and 3). These results clearly indicated
that some amino acids could promote the cross-coupling reaction.
Considered that at this reaction temperature both L-proline and N-
methylglycine might couple with 2a thereby decreasing the activity
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of the catalytic system, we decided to use N,N-dimethylglycine,
which is unable to couple with aryl halides, as the additive. Aswe
expected, when 30 mol% N,N-dimethylglycine hydrochloride salt
was used the reaction provided cross-coupling product in 88% yield
although a small amount of 4a was still formed (entry 4). Theratio
of 3 : 1 for N,N-dimethylglycine hydrochloride salt and Cul was
necessary to ensure a good result because it was noticed that the
lower theratio used, the more side product formed (compare entries
4-6). In addition, reducing catalyst loading also increased the
formation of 4a (entry 7).

The optimised condition was further tested by varying aryl
halides and terminal alkynes. As summarized in Table 2, it was
found that either electron-deficient or electron-rich aryl iodides
reacted with phenylacetylene to give the corresponding cross-
coupling products in 82-98% yields (entries 1-4). More im-
portantly, we were pleased to observe that aryl bromides also
worked well for this reaction although higher catalyst loading (20
mol% Cul and 60 mol% additive) was required for obtaining
satisfactory yields (entries 5-9). Noteworthy was that a variety of
functional groups of aryl iodides and aryl bromides tolerate to this
reaction condition, which include alkanoxyl, chloro, fluoro, nitro,
carboxylate, ketone and pyridine groups. When 4-chlorophenyl
bromide was used, only the product reacted with the C—Br bond
wasisolated in 94% yield (entry 6), which implied that there existed
great selectivity between aryl bromides and aryl chlorides for the
present reaction condition. In cases of 4’-chlorophenylacetylene as
a coupling substrate, relatively low yields were observed in
comparison with that of phenylacetylene (compare entries 3 and 10,
8 and 12), which might result from the lower reactivity of 4'-
chlorophenylacetylene-derived anion caused by its electron-with-
drawing group. Aliphatic alkynes were also suitable substrates for
this reaction besides aryl alkynes. For examples, 1-heptyne and O-
protected propargyl acohol coupled with aryl iodides or bromides
to provide aryl- and alkyl-substituted acetylenes (entries 13-22). It
isnotable that tert-butyldimethylsilyl ether survived at thisreaction
condition, which would alow preparing more diverse aryl alkynes
(entries 21 and 22). Furthermore, since the present catalyst loading
was relatively high, we attempted to run this reaction by increasing
the reaction temperature and reducing the amounts of Cul and N,N-
dimethylglycine. It was found that at 120 °C either aryl iodides or
aryl bromides still worked to give the cross-coupling productswhen

Table 1 Cul-catalyzed coupling reaction of 4-iodoanisole with phenyl-
acetylene assisted by additives?

Yield (%)P
Entry Additive 3a 4a 2a
1 No <2 55 48
2 30 mol% L-proline 37 20 34
3 30 mol% MeNHCH,CO,H 48 9 42
4 30 mol% Me;NCH,CO,H-HCI 88 5 0
5 20 mol% Me;NCH,CO_H-HCI 52 28 18
6 10 mol% Me;NCH,CO,H-HCI 37 40 25
7c 12 mol% Me;NCH,CO,H-HCI 65 22 7

a Reaction conditions: 1a (1.2 mmol), 2a (1 mmol), Cul (0.1 mmol), K,CO3
(3mmol) in2mL of DMF, 100 °C, 24 h. b | solated yield. ¢ 4 mol% Cul was
used and reaction was carried at 110 °C.
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the amounts of both Cul and N,N-dimethylglycine hydrochloride
salt were cut to haf, but the yield was dightly lower than that
observed before for the corresponding substrates (entries 23-26).

In conclusion, a palladium- and phosphine-free reaction condi-
tion for Sonogashira-type coupling was developed, which used
Cul/N,N-dimethylglycine as the catalyst system and was applicable
to arange of aryl iodide, aryl bromide, aryl alkyne and aliphatic
alkyne substrates. Since this catalyst system is cheap and easily
removable (by simple washing), it should find practical usage in
synthesis of aryl acetylenes.
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Table 2 Cul/N,N-dimethylglycine catalyzed coupling reaction of aryl
halides with terminal acetylenes?
o Cul/N,N-dimethylglycine

ArX + H—— —R
K,CO5, DMF, 100 °C
Time Yielde
Entry ArX R (h) (%)
1 2-MeOCgH4l Ph 36 82
2 4-HO,CCgHal Ph 24 92¢
3 3-O,NCgH,l Ph 24 98
4 2-FCeHal Ph 24 92
5 4-MeOCgH,Br Ph 30 92
6 4-CICgHBr Ph 24 94
7 3-HO,CCeH,Br Ph 24 96¢°
8 4-CH3COCgH4Br Ph 24 78
9 3-bromopyridine Ph 24 70
10 3-O2NCgHul 4-CICgH,4 24 62
11 4-MeOCgH4l 4-CICgH4 24 79
12 4-CH3COCgH4Br 4-CICgH4 24 60
13 4-MeOCgH4l n-CsHay 30 91
14 4-CH3COCgHBr n-CsHjq 30 71
15 4-MeCgH4Br n-CsHqq 24 64
16 4-MeOCgH4l BnOCH, 24 92
17 2-FCeH4l BnOCH, 24 75
18 4-HO,CCgHal BnOCH, 24 77
19 4-MeOCgH,Br BnOCH, 24 85
20 4-CH3COCgHBr BnOCH, 24 90
21 4-MeOCgH4l TBDMSOCH, 24 88
22 4-MeCgH,Br TBDMSOCH, 24 79
23 4-MeOCgH.l Ph 24 85d
24 3-O,NCgH4l Ph 24 93d
25 4-MeOCgH,Br Ph 24 78d
26 4-CICgH,4Br Ph 24 73d

a Reaction conditions: Aryl iodide (1 mmol), acetylene (1.2 mmoal), Cul (0.1
mmol), N,N-dimethylglycine hydrochloride salt (0.3 mmoal), K,CO3; (3
mmol) in 2 mL of DMF, 100 °C; or aryl bromide (1 mmol), acetylene (1.2
mmol), Cul (0.2 mmol), N,N-dimethylglycine hydrochloride sat (0.6
mmol), KoCO3 (3 mmal) in 2 mL of DMF, 100 °C. ? |solated yield. <4
mmol of K,CO3 was used. 9 Reaction was carried out at 120 °C and the
amounts of both Cul and N,N-dimethylglycine hydrochloride salt were
reduced to half those used previously.
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