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Palladaphosphacyclobutenes as catalysts
in Heck and Suzuki reactions

Xiaoyu Yan, Yundong Liu and Chanjuan Xi*

Heck reactions of aryl halides with various olefins and Suzuki reactions of aryl halides with phenylboronic acid catalyzed
by palladaphosphacyclobutene have been investigated. The scope of the Heck reaction has been investigated in N,N-
dimethylacetamide at 140 °C using NaOAc as base. Using 0.1% molar ratio of palladaphosphacyclobuyenes, aryl bromides were
converted into 1,2-substitutedethene products in good to high yields through coupling with both vinylarenes and acrylates.
Actived aryl chloride reacted with styrene to afford 1,2-substitutedethene products in moderate yields. The scope of the Suzuki
reaction has been conducted in toluene at 110 °C using Cs,CO3 as base. Using 0.1% molar ratio of palladaphosphacyclobutene,
aryl bromides reacted with phenylboronic acid to afford diaryl derivatives in excellent yield. Copyright (© 2008 John Wiley &

Sons, Ltd.
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Introduction

Palladacycles are recognized as important key intermediates
in numerous carbon-carbon (or carbon-heteroatom) bond
forming processes and, as such, have been extensively utilized
as catalysts."? Among these, palladaphosphacycles have emerged
as powerful catalysts, allowing the reactions to proceed at low
catalyst loading and high turnover numbers (TON). The most
used palladaphosphacycles as catalysts are five- or six-membered
rings.l) Four-membered palladaphosphacycles are rather rarel>¥
since their poor stability leads to difficulties in preparation and
isolation. Recently, we have successfully developed a method for
the synthesis of palladaphosphacyclobutenes, which are air- and
heat-stable.”) Herein we applied this novel type of four-membered
palladacycles for Heck and Suzuki reactions.

Results and Discussion

The palladaphosphacyclobutenes 1-4 were prepared by the trans-
metallation of zirconophosphacyclobutenes with PdCl, (MeCN),."!
The spectroscopic data and the elemental analyses are in agree-
ment with structures depicted in Fig. 1.

Complexes1-4 were initially tested as catalysts in the Heck
reaction. First, we examined the reaction of bromobenzene
with styrene in N,N-dimethylacetamide (DMA) in the presence
of the palladaphosphacyclobutenes 1-4. Table 1 illustrates the
coupling results. Good to excellent yields were obtained in
5h when 0.1 mol% palladacycle was applied (entries 1-4).
Reducing the catalyst loading to 0.01 and 0.001 mol% with
longer reaction times also afforded high yields (entries 5 and
6). Interestingly, the palladaphosphacyclobutenes bearing aryl
groups in carbon exhibited enhanced catalytic activities (entries
1-3). It is noteworthy that the complexes are not sensitive to
oxygen and moisture, and they can be easily managed under
atmospheric conditions.

Owing to their catalytic efficacy in the Heck reaction, complex
1 was studied further in the coupling of a number of aryl halides

and olefins. The results are summarized in Table 2. The reaction
of bromoarene substituted with electron-withdrawing groups can
be performed in excellent yield (entry 2) even under 0.001 mol%
catalyst loading (entry 3). In the case of deactivated bromoarenes,
higher catalyst loading and longer reaction times were required
to push the reaction in high yields (entries 4-6). The catalyst effect
was also evident for chloroarenes, where only those substituted
with electron-withdrawing groups gave reasonable yields in
coupling products (entries 12—-14). Nonactivated chloroarene
gave a low yield in coupling reaction (entry 11).0) We next
investigated the effect of varying the olefins in the Heck reaction
using 1-bromobenzene as substrate under the optimized reaction
conditions. Styrene led to excellent yields of the desired products
(entry 1). Using acrylate led to excellent yields of the desired
product (entries 7 and 8). When acrylamide was used, the desired
product formed in moderate yield (entry 9). The catalytic system
was also active for simple linear alkenes such as oct-1-ene, which
led to 1-aryl substituted alkenes as the major product in low yield
(entry 10).

Having found that 1 was an excellent catalyst for the Heck
reactions, we next examined whether 1 could also facilitate the
Suzuki reactions. The reaction of 4-bromoacetophenone with
phenylboronic acid under typical Heck reaction conditions, i.e.
with 0.1 mol% palladacycle 1 and 1.5 equivalent of NaOAc as
base in NMP at 140°C, gave only a small yield of the desired
product, 4-acetylbiphenyl. Changing the conditions to using
Cs,C03 as base in toluene as solvent,”! the yield rose to over 99%
(Scheme 1). Both electron-rich and electron-poor aryl bromides
could be successfully converted into the desirable products.
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Scheme 1. Palladaphosphacyclobuyene catalyzed Suzuki reaction.
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Figure 1. Palladaphosphacyclobutenes.

Table 1. Palladacycle-catalyzed Heck reaction
Palladacycle Ph
PhBr + Z “Ph y ~ph
DMA, NaOAc, 140°C

Entry Palladacycle mol % cat t (h) yield (%)
1 1 0.1 5 95
2 2 0.1 5 89
3 3 0.1 5 92
4 4 0.1 5 63
5 1 0.01 10 89
6 1 0.001 24 56

The representative results were summarized in Table 3. In all runs,
the biphenyl was only obtained as a minor byproduct (less 2%).
Other palladacycles 2-4 could also be used as catalysts for the
Suzuki reaction and exhibited similar yields.

Conclusions

It can be concluded that palladaphosphacyclobutenes can be
used as catalysts for carbon-carbon bond formation through
Heck and Suzuki reactions. Using 0.1% molar ratio of pal-
ladaphosphacyclobutenes, aryl bromides were converted into
1,2-substitutedethene products in good to high yields through
coupling with both vinylarenes and acrylates. Aryl bromides
reacted with phenylboronic acid to afford diaryl derivatives in
excellent yield.

Experimental
General

All manipulations were conducted in Schlenk tubes and under
nitrogen with a slight positive pressure. GC analyses were
preformed on a gas chromatograph equipped with a flame
ionization detector using a capillary column (CBP1-M25-025). The
GCyields were determined using suitable hydrocarbons as internal
standards. Unless otherwise noted, all starting materials were
commercially available and were used without further purification.
"H NMR and '3C NMR spectra were recorded on Jeol 300 NMR
spectrometer with TMS as internal standard.

General procedure for the synthesis of palladaphosphacy-
clobutenes 1-4

All the palladaphosphacyclobutene were prepared according
to the literature method.’! Herein only the synthesis of

Table 2. Heck reaction of aryl bromide with olefin using catalyst 12

Olefin Yield (%)P

‘ 95 950

Entry Aryl bromide Cat. mol% Product TON¢

1 Br ©/\ 5 0.1
: o

Time (h)

2 Br 5 0.01 ‘ >99 (92) 9900
X
OY©/ O x
Me 0
Me
3 Br 10 0.001 ‘ 98 98000
X
OY©/ O \
Me o
Me
4 10 0.1 84 (77) 840

Br N
A
: C
Me
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Table 2. (Continued)
Entry Aryl bromide Olefin Time (h) Cat. mol% Product Yield (%)P TON¢®
5 10 0.1 24 (15 240
Br x (15)
A
MeO O
MeO
6 10 0.5 98 (94) 196
Br SN
A
MeO O
MeO
7 Br 24 0.1 OMe 90 (53)4 900
MeO L~ ~
(0] o
8 Br 24 0.1 OBu 93 (62)¢ 930
©/ BUO\H/\ W
A
(6] 6}
9 Br 24 0.1 NMe 41(33) 410
©/ MeZN\n/\ W 2
A
0] o
10 Br 24 0.1 o _Hex 33(26) 330
" e o
1 24 1 15 15
Cl N
o
12 Cl 24 0.1 41 (30) 410
X
A
C
O.N
13 24 0.1 76 760
Cl N
A
OHC O
OHC
14 Cl 24 0.1 g 71 710
OY©/ o O A
Me 0
Me
@ Reaction conditions: aryl bromide (1 mmol), olefin (1.5 mmol), NaOAc (1.5 mmol), DMA (5 ml), catalyst 1.
b NMR yields, isolated yields are given in parentheses.
€¢TON = mol of product/mol of the catalyst.
4 The products were partially hydrolyzed to form acid after workup.

palladaphosphacyclobutene1 is described in detail as an ex-
ample. [2-(Dicyclopentadienylchlorozircono)-1,2-diphenylvinyl]
diphenylphosphine (248 mg, 0.4 mmol), PdCl,(CH3CN); (104 mg,
0.4 mmol) and THF (5ml) were added to the Schlenk tube,
and the mixture was stirred for 2 h at 50 °C. Palladaphospha-
cyclobutene 1 was formed exclusively. 3'P NMR § —82.6 (81 MHz,

THF, 85% H3PO4). Removal of the solvent and crystallization in
CICH,CH,CI(DCE) at 80 °C afforded 168 mg of the compound 1 as
a yellow solid (isolated yield 83%). M.p. 270 °C (decomp.). "H NMR
(300 MHz, CDCl3, Me4Si) § 6.88-7.86 (m); '*C NMR (75 MHz, CDCl3,
Me,Si) § 126.8-133.7 (m, sp? carbon); 3'P NMR (81 MHz, CDCls,
85% H3PO4) § —83.4; positive ion ESI-MS: 469.0.
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Table 3. Suzuki reaction of aryl bromide with phenylboronic acid using complex 1 as catalyst®
Entry Aryl bromide Time (h) Product Yield (%)P TON¢
1 Br 48 >99 990
2 Br 24 >99(98) 990
oy wo-{ 54)
MeO
3 Br 24 >99 (84) 980
/@/ OHC
OHC
4 Br 24 0 . l >99 990
OY©/ Me
Me
5 Br 24 >99 990
o )
Ph
6 B 48 >99 990
fou w0
Me
7 Br 48 (96) 960
Me Me
8 Br 24 O (95) 950
9 @\ 48 @_Q 98 980
Br
\ S
@ Reaction conditions: aryl bromide (1 mmol), phenylboronic acid (1.2 mmol), Cs;COs (1.0 mmol), toluene (5 ml), catalyst 1.
b NMR yields, isolated yields are given in parentheses.
¢TON = mol of product/mol of the catalyst.

Heck reaction
General procedure

Under nitrogen atmosphere, NaOAc (1.5 mmol), olefin (1.5 mmol)
and aryl bromide (1 mmol), DMA (5ml) was added in turn
to a Schlenk tube equipped with a magnetic stirring bar. A
0.001-0.01 mol/I catalyst in NMP solution was added to the
Schlenk tube. The mixture was stirred at 140 °C and monitored
by GC. After 5-24 h, the reaction mixture was quenched with 1 m
HCl and extracted with a mixture of ethyl acetate and petroleum
ether (2:3). The organic layer was washed with brine, dried over
Na,SO4, and concentrated under reduced pressure. The residue
was purified by flash chromatography on silica gel using petroleum
ether or mixture of petroleum ether and ethyl acetate.

Suzuki reaction
General procedure

Aryl halide (1.0 mmol), benzeneboronic acid (1.2 mmol), cesium
carbonate (1.0 mmol) and toluene (3 ml) were added to the

Schlenk tube. Catalyst, 0.01 mol/l, in NMP solution was added
to the Schlenk tube. The mixture was stirred at 100 °C. After the
reaction had completed, the mixture was quenched with water
and extracted with ethyl ether. The organic layer was washed
with brine, dried over Na,SQO4, and concentrated under reduced
pressure. The residue was purified by flash chromatography on
silica gel using petroleum ether or mixture of petroleum ether and
dichloromethane.
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