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N,N-Dimethylaminoalkyl chalcogenolate Pd(Il) complexes [PdCI(E"NMe,)], has been investigated as a
moisture/air-stable and robust catalyst for Sonogashira cross-coupling reaction in the absence of copper
and phosphine ligand. The dimeric palladium(II) complex of selenium containing ligand shows the best
catalytic activity as compared with monomeric and trimeric complexes. The variety of functional groups

are tolerated under optimized catalytic systems and provide excellent yields of the products.
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The Sonogashira cross-coupling' reaction is well-known as
being one of the most important reactions for the construction of
internal alkynes in the presence of phosphine ligand and copper re-
agent under inert conditions. The formation of internal alkynes
using Sonogashira reaction finds wide applications in various areas
such as synthesis of natural products, pharmaceuticals, and ad-
vanced materials.” Since its discovery by Sonogashira in 1975, a
number of modifications have been made including ligand varia-
tion, Pd sources, solvents, and the amount of catalyst loading in or-
der to promote the C-C bond formation. The most common
catalytic systems used for this transformations which include
PdCl(PPhs),, PdCl,/PPhs, and Pd(PPhs), together with copper as
the co-catalyst. On the other hand, the presence of copper can also
induce a Glaser-type oxidative homocoupling of the terminal acet-
ylene to yield a diyne,® which cannot be avoided in copper-medi-
ated reactions. These diaryldiacetylene byproducts are generally
difficult to separate from the desired products and in situ formed
copper acetylide is a potentially explosive reagent. But limiting
aspects of these reported methods are the use of air or moisture-
sensitive phosphine ligands. Considering both environmental and
economic issues, there is an urge to develop copper- and
phosphine-free palladium catalysts. In the last decade, copper-
and ligand-free palladium-catalyzed Sonogashira coupling
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reactions have been evolved as efficient routes for achieving these
products.*

It is well known that the sulfur containing catalysts have been
neglected for a long time due to rapid catalyst poisoning.” Recently
a number of palladium complexes derived from chalcogenoether
linkages (C-E-C; E=S or Se) have been shown to be efficient cata-
lysts in C-C coupling reactions.® In Heck coupling reaction, the
cyclopalladated selenium complex [Pd(p-OAc)(CsH4CH,SeBut),]
has shown excellent activity than its sulfur counterpart as well
as Herrmann-Beller palladacycle.” The palladium chalcogenolate
complexes may offer an attractive way for C-C bond forming reac-
tions owing to a strong Pd-ER linkage.® However their utility as a
catalyst in C-C bond forming reactions remained relatively unex-
plored due to their tendency to polymerize which leads to insolu-
bility/sparing solubility in organic solvents.®

In this Letter we have explored the catalytic activity of palla-
dium containing dimeric and trimeric complexes of hemi-labile
N,N-dimethyl alkyl chalcogenolate ligands. The dimeric or trimeric
structures comprise of two or three palladium atoms bridged
through chalcogen atoms of the chelating chalcogenolate ligand
forming a four- or six-membered Pd,E, or PdsEs ring, respectively.’
The chloro-ligand acts in a monodentate fashion. These complexes
have excellent air/moisture and thermal stability. In view of the
above perspective it was considered useful to examine their cata-
lytic activity in Sonogashira reaction. Herein we report a phos-
phine- and copper-free Sonogashira reaction catalyzed by
dimethylaminoalkyl chalcogenolate complexes of palladium(II)
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Scheme 1. Chalcogenolate ligated Pd(Il) complexes [PdACI(E"NMe,)], used as
catalysts in Sonogashira reaction.

Table 1
Effect of catalyst screening and loading on Sonogashira reaction®
Entry ‘Pd’ catalyst ‘Pd’ (mol %) Yield” (%)
1 [PACI(SCH,CH,NMe,)]5 1a 4 56
2 [PdCI(SeCH,CH,NMe,)]; 1b 4 64
3 [PACI(SCH,CH,CH,NMe,)], 1c 4 78
4 [PdCI(SeCH,CH,CH,NMe))], 1d 4 97
5 [PdCI(SeCH,CH,NMe,)(PPhs)] 1e 4 76
6 [PdCl(SeCH,CH,CH,NMe3)], 1d 3 96
7 [PdCI(SeCH,CH,CH,NMe,)], 1d 2 84

@ Reaction conditions: lodobenzene (1 mmol), phenyl acetylene (1.2 mmol), tri-
ethyl amine (2 mmol), solvent-1,4-dioxane (4 ml), 100 °C, 12 h.
b GC yield.

which gives moderate to good yields under aerobic conditions
(Scheme 1).

At the onset of the research, we made a conscious effort to devel-
op a catalytic system that would address the limitations of the pre-
viously reported palladium catalyzed Sonogashira reaction. During
preliminary studies, iodobenzene 2a was reacted with phenyl acet-
ylene 3a and used as the model system. A series of experiments
were performed to optimize various reaction parameters, such as
the nature of the catalyst, effect of catalyst loading, base,
solvent, temperature, and time. Initially we screened various
N,N-dimethylalkyl chalcogenolate ligands chelated palladium cata-
lyst such as [PdCI(SCH,CH;NMe,)]s 1a, [PdCI(SeCH,CH,;NMe;)]s 1b,
[Pdcl(SCHchchzNMez)]z 1c, [Pdcl(seCHchchzNMez)]z ld, and
[PdCl(SeCH,CH,NMe,)(PPh3)] 1e (Table 1, entries 1-5) for the
present Sonogashira protocol. The complex 1d was the best catalyst
giving excellent yield of the desired product 4a (Table 1, entry 4).
We further studied catalyst loading ranging from 2 to 4 mol %,
wherein increasing catalyst concentration from 2 to 3 mol%
showed increase in the yield of the desired product and further in-
crease in catalyst concentration has no profound effect on the yield
of the product (Table 1, entries 4, 6 and 7).

As the nature of the base is assumed to have a marked impact
on the overall process the effect of different bases such as, K,COs,
K3PO4, NaHCO3, ‘BuOK, pyrolidine, and Etz;N were examined. The
best results were obtained with Et3N affording 4a in excellent yield
(Table 2, entries 4-10). We studied the effect of different solvents
in the standard reaction. It was found that 1,4-dioxane was a better
solvent to yield the desired product in good yield (Table 2, entries
1-4). While studying the effect of temperature, the yield of the de-
sired product increased with increasing the reaction temperature
from 90 °C to 100 °C. The latter appears to be the optimum temper-
ature for the reaction. The reaction time is also optimized and
maximum yield of the desired product was obtained after 12 h
(Table 2, entries 4, 11-14).

Table 2
Optimization of reaction parameters®

Sae

'Pd’ catalyst 1d

Base, Solvent

4a
Entry Solvent Base Temp (°C) Time (h) Yield” (%)
Effect of solvent:
1 Toluene EtsN 100 12 48
2 DMF EtsN 100 12 26
3 DMSO EtsN 100 12 Trace
4 Dioxane EtsN 100 12 96
Effect of base:
5 Dioxane K,COs 100 12 76
6 Dioxane NaHCO;3 100 12 82
7 Dioxane K5PO4 100 12 80
8 Dioxane ‘BuOK 100 12 68
9 Dioxane Pyrolidine 100 12 90
10° Dioxane EtsN 100 12 78
Effect of temperature and time:
11 Dioxane EtsN 90 12 82
12 Dioxane EtsN 90 15 86
13 Dioxane EtsN 100 10 88
14 Dioxane EtsN 110 12 96

@ Reaction conditions: lodobenzene (1 mmol), phenyl acetylene (1.2 mmol), base
(2 mmol), ‘Pd’ catalyst 1d (3 mol %).

> GC yield.

¢ Base (1 mmol).

Having optimized the reaction conditions in hand, we next set
out to explore the substrate scope of 1d catalyzed Sonogashira
reaction.'®

Various aryl halides containing different functional groups
were investigated (Table 3). We observed that electron donating
(Table 3, entries 2-4) as well as electron withdrawing (Table 3,
entries 5-9) substituents provided remarkable yield of products.
Gratifyingly this protocol tolerated a variety of common func-
tional groups such as alkyl, ether, halogen, and nitro groups
regardless of the positions. We also found that the heteroaryl
halides also gave moderate to good yields of the desired
products (Table 3, entries 10-14). Next we attempted to widen
the scope of chalcogenolate Pd catalyst for aryl bromide and aryl
chloride; among these, aryl bromides were well tolerated
(Table 3, entries 1, 2 and 8) and gave good yields. It should be
noted that the coupling reactions of the aryl chlorides also took
place under similar copper- and phosphine-free conditions, after
increasing the catalyst loading up to 5 mol % and increasing the
reaction temperature to 120 °C for 15 h, though the reactivity
was much lower than their iodo and bromo counterparts
(Table 3, entries 1 and 8).

A small library of heteroaryl halides and substituted aryl acety-
lenes was tested and the provided corresponding products were
obtained in good yields (Table 3, entries 12-14).

In conclusion, we have developed a protocol for the Sono-
gashira coupling using N,N-dimethylaminoalkyl chalcogenolate
palladium(Il) complexes as catalyst to give various biarylacety-
lene derivatives. The reactions work under copper- and phos-
phine-free conditions in air. It was found that the catalyst
exhibited good activity and selectivity for the Sonogashira
reaction.

The activity of chalcogenolate Pd-complexes, [PACI(E"NMe;)],
is influenced by the nature and number of (E"N) group and follows
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Table 3
Substrate study for Sonogashira reaction®
| S | N 'Pd' catalyst 1d _
—_— P
—R! — 2
R// = Et;N, Dioxane \ 7R
100°C, 12h
Entry Aryl halide Alkyne Product Yield (%)"
X pZ
g O—= X192
1 Br, 58
3a 4a cl, 14¢
2a ’
’ o~ =)
2 /©/ 3a ’ o X=1,89
HsC 4b Br, 48
2b
| =
3 Oi 3a 78
CHs CH
2c 3 4¢c
| =
4 ©: 3a 76
OCH3
OCH
2d 3 4d
O (O—=)
5 3a 82
F
2 4e
|
e =)
6 3a 88
FsC 4f
2f
| =
7 ©i 3a 67
Br Br
2g 49
X —
/@/ O,N — X=1,03
8 3a Br, 64
O.N 4h ;
2h Cl, 18
Y (==
9 \©/ 3a 81
i O,N 4i
2i
N /=
10 N 3a =N 80
. 4
2j
>l =
11 = 3a N= 78
N 4k
2k
pZ
Z /N = CHy
12 2j =N 76
HsC 3b 4
HaCO Z 7N\ —
13 2j =N 63
3c 4m OCH,
/Ny = CH;
14 2k 3b N= 74
4n

@ Reaction conditions: Aryl halide (1 mmol), aryl acetelyne (1.2 mmol), Pd catalyst 1d (3 mol %), triethyl amine (2 mmol), 100 °C, 12 h.

b Isolated yield.
¢ Reaction conditions for chloro-substrate 120 °C, 15 h.
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the trend: E=Se >S and dimeric > trimeric in Sonogashira cross
coupling reaction.
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