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bstract

A facile and less expensive monophosphinite ligand 2-(diphenylphosphinoxy)-naphthyl, C H OPPh (1) has been synthesized from the reaction
10 7 2

f �-naphthol with chlorodiphenylphosphine. The mixture of Pd(OAc)2 and 1 catalyzes the Suzuki cross-coupling of a variety of aryl halides with
ryl boronic acids at room temperature or at 60 ◦C, giving generally high yields even under low catalytic loads. The effect of solvent, base and
atalyst loading on the coupling reaction of aryl halide with arylboronic acid is also described.

2006 Elsevier B.V. All rights reserved.
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. Introduction

The palladium-catalyzed Suzuki cross-coupling reaction of
ryl halides with arylboronic acids, is one of the most pow-
rful tool for the preparation of unsymmetrical biaryl com-
ounds [1], which has been applied to many areas, including
erbicides [2] and natural product syntheses [3]. Triarylphos-
hine/Pd complexes have been the most commonly employed
atalysts for the Suzuki reaction [1a]. Recently, improved cata-
yst systems for Suzuki coupling reactions have been described.
terically demanding, electron rich phosphines, such as tri-t-
utylphosphines and its analogs [4], di(t-butyl)aryl and dicyclo-
exylarylphosphines [5] have shown excellent activities in the
uzuki reaction for a variety of substrates. However, the major
rawback of these catalyst systems is that the phosphine ligands
re comparatively difficult to make or are rather more expensive.
e were therefore interested in continuing our studies on high

ctivity catalysts derived from inexpensive, easily synthesized
igand sets.
Bedford et al. [6] and Zapf and Beller [7] have shown that
he phosphinites and even the electron-poor phosphites show
ery high activity in Suzuki and Heck coupling reactions. How-
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ver, in these cases, the precatalyst or catalyst formed in situ are
alladacyclic or orthopalladated complexes, which are known
o be better catalysts than the other ordinary phosphinite coor-
inated cis or trans non-orthopalladated complexes. Very few
eports are known where non-orthopalladated aryldiphenylphos-
hinite complexes are used for Suzuki coupling reaction and
hose were generally carried out at drastic conditions [8]. In
iew of this and as a continuation of our work [9] in designing
ew phosphorus based ligands for exploring their organometal-
ic chemistry and catalytic utility in organic synthesis [10],
erein we report Suzuki cross-coupling reactions catalyzed
y palladium complex of an inexpensive monophosphinite,
-(diphenylphosphinoxy)-naphthyl (1) under mild conditions.
full report on the effect of solvent, base and catalyst loading

n the coupling reaction of aryl halide with arylboronic acid is
lso described.

. Experimental

.1. Materials and methods

All experimental manipulations were carried out under an

tmosphere of dry nitrogen or argon using standard Schlenk
echniques. Solvents were dried and distilled prior to use by
onventional methods. Ph2PCl was purchased from Lancaster
nd all other chemicals were obtained from commercial sources

mailto:kishna@chem.iitb.ac.in
dx.doi.org/10.1016/j.molcata.2006.05.067
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ature. Good yields were obtained from normal catalyst loads
down to a level of 0.01 mol% (Table 1). A moderate yields (48%
B. Punji et al. / Journal of Molecular

nd were used without further purification. The 1H and 31P{1H}
MR (δ in ppm) spectra were obtained on a Varian VXR 300

pectrometer operating at frequencies of 300 and 121 MHz,
espectively. The spectra were recorded in CDCl3 solutions
ith CDCl3 as an internal lock and TMS as internal standard

nd 85% H3PO4 was used as an external standard for 31P{1H}
MR, respectively. Positive shifts lie downfield of the standard.
icroanalysis was carried out on a Carlo Erba Model 1106

lemental analyzer. GC analyses were performed on a Perkin-
lmer Clarus 500 GC fitted with packed column. Q-Tof Micro-
ass experiments were carried out using Waters Q-Tof micro

YA-105).

.2. Synthesis of 2-(diphenylphosphinoxy)-naphthyl,
10H7OPPh2 (1)

A solution of Ph2PCl (6.2 mL, 34.6 mmol) in 50 mL of diethyl
ther was added dropwise to a mixture of �-naphthol (5 g,
4.6 mmol), Et3N (4.8 mL, 34.6 mmol) and catalytic amount
f 4-dimethylaminopyridine (DMAP) (0.002 g), also in diethyl
ther (150 mL) at 0 ◦C and the reaction mixture was stirred
t room temperature for 16 h. The white suspension was fil-
ered through celite to remove amine hydrochloride, filtrate
as concentrated and cooled to 0 ◦C to give white crystalline
roduct 1. It was recrystallized from CH2Cl2/petroleum ether
ixture at 25 ◦C to get analytically pure product. Yield: 93%

10.6 g). Mp: 72–74 ◦C. Anal. Calcd. for C22H17OP: C, 80.47;
, 5.22%. Found: C, 79.99; H, 5.23%. 1H NMR (300 MHz,
DCl3): δ 7.76 (s, 1H, Ar), 7.74 (d, 1H, Ar), 7.31–7.73 (m,
H, Ar, 10H, OPPh2). 31P{1H} NMR (121.4 MHz, CDCl3): δ

09.1 (s).

.3. General procedure for coupling reactions of aryl
alides with boronic acid

In two-necked flask under an atmosphere of nitrogen was
laced correct amount of catalyst from stock solution (made up
y mixing Pd(OAc)2 and 1 in toluene). It was dried under vac-
um and 5 mL of methanol or toluene was added to the flask.
fter stirring for 5 min, aryl halide (0.5 mmol), aryl boronic
cid (0.75 mmol) and K2CO3 (0.138 g, 1 mmol) were added.
he mixture was then stirred at room temperature or at required

emperature for 2 h (6 h in case of aryl chlorides). The solvent
as then removed under reduced pressure. The resultant resid-
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T
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Scheme 1

Scheme 2
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al mixture was diluted with water (10 mL) and Et2O (10 mL),
ollowed by extraction twice (2 × 6 mL) with Et2O. The com-
ined organic fraction was dried over MgSO4. An aliquot was
aken with a syringe and subjected to GC. The conversion to
he coupled product was determined by GC analysis using aryl
alide or dodecane as internal standard.

. Results and discussion

.1. Preparation of 2-(diphenylphosphinoxy)-naphthyl (1)

Reaction of �-naphthol with one equivalent of chloro-
iphenylphosphine in diethyl ether in the presence of triethy-
amine and a catalytic amount of 4-dimethylaminopyridine
DMAP) at 0 ◦C affords the monophosphinite, C10H7OPPh2 (1)
n 93% yield (Scheme 1).

The 31P{1H} NMR spectrum of 1 shows a single resonance
t 109.1 ppm. Elemental analysis of 1 is in good agreement with
he calculated values.

.2. Catalytic Suzuki cross-coupling reactions

Based on our recent success [10] with palladium(II) acetate
nd bisphosphinite as a catalyst system in Suzuki reac-
ions of aryl bromides here we employed a similar protocol,
-(diphenylphosphinoxy)-naphthyl (1) for the Suzuki coupling
eactions of aryl halides with arylboronic acids (Scheme 2).

e have also investigated the effects of catalyst loading,
ase employed and the solvents used on the coupling of 4-
romoacetophenone with phenylboronic acid in order to opti-
ize the reaction conditions.

.2.1. Effect of catalyst loading on coupling reaction
It is significant to accomplish good yields using mini-

um amounts of catalysts. Therefore, we have examined the
ffect of catalyst loading on a convenient coupling between
-bromoacetophenone and phenylboronic acid at room temper-
nd 43%) were obtained even at catalyst loading as low as 0.005
nd 0.0025 mol% with a TON of 9600 and 17,200, respectively.
hese are the indications of an effective catalytic system that
erits more downstream explorations.

.

.
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Table 1
Influence of low catalyst loading on the coupling reactiona

Entry Amount of catalyst
(mol%) Pd(OAc)2/1

Conversion (%) TONa

1 0.05 100 2000
2 0.02 99 4950
3 0.01 87 8700
4
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Table 3
Effect of the solvent on the coupling reactiona

Entry Solvent Yield (%)b

1 MeOH 100
2 Toluene 82
3 THF 63
4 Acetone 57
5 CH3CN 26
6 Dioxane 24

a Reaction conditions: 0.5 mmol of 4-bromoacetophenone, 0.75 mmol of
p

a

s
g
i

3
w

t
a
c
b
i
a

0.005 48 9600
0.0025 43 17200

a In units of [(mol product)/(mol Pd)].

.2.2. Effect of base on coupling reaction
To examine the effect of base, a series of bases were taken into

onsideration for the coupling between 4-bromoacetophenone
nd phenylboronic acid. The most common and inexpensive
ases such as K2CO3, Na2CO3, Et3N were found to be more
ffective (Table 2). Surprisingly, Cs2CO3 is found to be less
ffective in the present system although it is a common base
or several Pd/phosphine Suzuki reactions [11]. Similarly, we
ound the commonly used KF is also less effective in the present
tudies although which is found to be an efficient base for
d2(dba)3/phosphine Suzuki type catalytic reactions [12]. This
ay be due to the relatively less basic nature of phosphinite as

ompared to phosphines.

.2.3. Effect of solvent on coupling reaction
An investigation of the influence of the solvents on coupling
etween 4-bromoacetophenone and phenylboronic acid was car-
ied out with a range of solvent systems (Table 3). It was observed
hat the more polar solvent such as methanol gave near quan-
itative yield with in 1 h. This may be due to the high complex

able 2
ffect of base on the coupling reactiona

ntry Base Yield (%)b

K2CO3 100
Na2CO3 99
Et3N 97
Cs2CO3 75
KOH 73
KF 61

a Reaction conditions: 0.5 mmol of 4-bromoacetophenone, 0.75 mmol of
henylboronic acid, 1 mmol of base, 0.05 mol% of Pd(OAc)2/1, 5 mL of MeOH.
b Conversion to coupled product determined by GC, based on aryl halides;

verage of two runs.
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henylboronic acid, 1 mmol of K2CO3, 0.05 mol% of Pd(OAc)2/1.
b Conversion to coupled product determined by GC, based on aryl halides;

verage of two runs.

olubility. Although, non-polar solvent such as toluene also gives
ood yield but it takes more time for the reaction. The reactions
n acetonitrile and dioxane resulted in very poor yields.

.2.4. Coupling reactions of aryl bromides and aryl iodides
ith arylboronic acids

After optimizing the reaction conditions, we have carried out
he coupling reactions of several substrates with arylboronic
cids. It is found that Pd(OAc)2/1 mixture is a highly active
atalyst in the Suzuki cross-coupling of aryl halides with aryl-
oronic acids in methanol using K2CO3 as a base. As shown
n Table 4, 4-bromoacetophenone couples with phenylboronic
cid in the presence of 0.05 mol% of Pd(OAc)2/1 mixture and
wo equivalent of K2CO3 to give near quantitative yield of
-acetylbiphenyl in methanol at room temperature (entry 1).
he use of deactivated electron rich aryl bromide (e.g. entry
) as well as activated, electron-poor ones (entries 1 and 2)
lso resulted in high yields. Generally, these coupling reactions
an be satisfactorily carried out at room temperature. When
here is a need to improve the yield, reaction can be carried
ut at elevated temperatures (60 ◦C) (entries 5 and 7). We also
tudied the coupling of some heterocycles or highly substi-
uted aryl bromides with boronic acids. For example, coupling
f 2-bromothiophene and 2-bromopyridine with phenylboronic
cid in presence of 0.1 mol% of Pd(OAc)2/1 at 60 ◦C gave the
orresponding coupling products in moderate yields (entries 8
nd 9). However, coupling of 2,4-dimethoxy phenylbromide
ith phenylboronic acid gives only 36% of conversion. The
igh efficiency of Pd(OAc)2/1 at room temperature or at 60 ◦C
akes this a valuable catalyst for thermally sensitive substrates.
here have been few reports on efficient Suzuki cross-coupling

eactions of aryl bromides at room temperature mostly using
d/phosphine systems [4b,5a,b]. Although, Pd/phosphinite is

nown for Suzuki cross-coupling reactions, most of them are
arried out at higher temperature, where active catalytic species
s orthopalladated complex formed in situ [6b,7]. Some non-
rthopalladated phosphinite complexes [PdCl2{PPh2(OAr)}2]
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Table 4
Suzuki cross-coupling of aryl halides with boronic acids catalyzed by Pd(OAc)2/1

Entry Aryl halide Boronic acid Product Conditionsa Yield (%)b

1 0.05 mol% RT 100

2 0.05 mol% RT >99

3 0.05 mol% RT 98

4 0.05 mol% RT 93

5 0.05 mol% RT 89 (99)c

6 0.1 mol % RT 87

7 0.1 mol% 60 ◦C 55 (79)c

8 0.1 mol% 60 ◦C 73

9 0.1 mol% 60 ◦C 58

10 0.1 mol% 60 ◦C 52

11 0.1 mol% 60 ◦C 36

mol),
dode
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a Reaction conditions: ArX (0.5 mmol), ArB(OH)2 (0.75 mmol), K2CO3 (1 m
b Conversion to coupled product determined by GC, based on aryl halides (or
c At 60 ◦C, 2 h.

re reported for Suzuki reaction, where the active catalyst is
elieved to be hydrolyzed form of ligand, i.e. P(OH)Ph2 [8].
n the present investigation, the reactions have been carried out
nder mild conditions, and at present we are not sure about
he active catalytic species. Similar Pd/phosphinite systems for
uzuki reaction at room temperature are not seen in the litera-
ure.
The activity of Pd(OAc)2/1 is found to be superior to

hat of Pd(OAc)2/phosphine used by Semeril et al. where
oupling reaction between 4-bromoanisole or 2-bromo,6-

c
P
s

MeOH (5 mL), time 2 h.
cane); average of two runs.

ethoxynaphthalene with phenylboronic acid was carried out
n presence of 2 mol% of catalyst at 110 ◦C in DMF as solvent
13].

.2.5. Coupling reaction of aryl chlorides with
henylboronic acid
A series of reactions were carried out using stubborn aryl
hlorides with phenylboronic acid in presence of 2 mol% of
d(OAc)2/1 mixture (Table 5). Use of activated aryl chlorides
uch as 2-chlorobenzaldehyde or 4-chlorobenzonitrile in toluene
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Table 5
Suzuki cross-coupling of aryl chlorides with phenyl boronic acida

Entry Aryl halide Boronic acid Product Yield (%)b

1 78

2 59

3 29

4 20

5 9

mol)
r dod

a
c

4

l
a
h
F
u

A

o
0
(
I
d

R

a Reaction conditions: ArCl (0.5 mmol), PhB(OH)2 (0.75 mmol), K2CO3 (1 m
b Conversion to coupled product determined by GC, based on aryl chloride (o

t 110 ◦C gives moderate yields, where as other inactivated aryl
hlorides such as 2-chlorotoluene gives poor yield.

. Conclusion

In summary, a versatile and inexpensive monophosphinite
igand 1 was synthesized. We have shown that Pd(OAc)2/1 is
n efficient catalytic system for Suzuki coupling of various aryl
alides under mild conditions with excellent turnover numbers.
urther utility of this ligand in other catalytic transformations is
nder active investigation in our laboratory.
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(f) C. Nájera, J. Gil-Moltó, S. Karlström, L.R. Falvello, Org. Lett. 5 (2003)
1451.
, Pd(OAc)2/1 (2 mol%). Toluene (5 mL), 110 ◦C, time, 6 h.
ecane); average of two runs.

[2] H.H. Szmant, Organic Building Blocks of the Chemical Industry, Wiley,
New York, 1989.

[3] (a) K.C. Nicolaou, H. Li, C.N.C. Boddy, J.M. Ramanjulu, T.Y. Yue,
S. Natarajan, X.J. Chu, S. Brase, F. Rubsam, Chem. Eur. J. 5 (1999)
2584;
(b) K.C. Nicolaou, A.E. Koumbis, M. Takayanagi, S. Natarajan, N.F. Jain,
T. Bando, H. Li, R. Hughes, Chem. Eur. J. 5 (1999) 2622;
(c) K. Kamikawa, T. Watanabe, A. Daimon, M. Uemura, Tetrahedron 56
(2000) 2325.

[4] (a) A.F. Littke, G.C. Fu, Angew. Chem., Int. Ed. 37 (1998)
3387;
(b) A.F. Littke, C. Dai, G.C. Fu, J. Am. Chem. Soc. 122 (2000) 4020;
(c) A. Zapf, A. Ehrentraut, M. Beller, Angew. Chem., Int. Ed. 39 (2000)
4153.

[5] (a) J.P. Wolfe, S.L. Buchwald, Angew. Chem., Int. Ed. 38 (1999)
2413;
(b) J.P. Wolfe, R.A. Singer, B.H. Yang, S.L. Buchwald, J. Am. Chem. Soc.
121 (1999) 9550;
(c) J. Yin, M.P. Rainka, X. Zhang, S.L. Buchwald, J. Am. Chem. Soc. 124
(2002) 1162.

[6] (a) D.A. Albisson, R.B. Bedford, P.N. Scully, S.E. Lawrence, Chem. Com-
mun. (1998) 2095;
(b) R.B. Bedford, S.M. Draper, P.N. Scully, S.L. Welch, New J. Chem. 24
(2000) 745;
(c) R.B. Bedford, S.L. Hazelwood, M.E. Limmert, D.A. Albisson, S.M.
Draper, P.N. Scully, S.J. Coles, M.B. Hursthouse, Chem. Eur. J. 9 (2003)
3216.

[7] A. Zapf, M. Beller, Chem. Eur. J. 6 (2000) 1830.
[8] R.B. Bedford, S.L. Hazelwood, M.E. Limmert, J.M. Brown, S. Ramdeehul,

A.R. Cowley, S.J. Coles, M.B. Hursthouse, Organometallics 22 (2003)
1364.
[9] (a) M.S. Balakrishna, R. Panda, J.T. Mague, J. Chem. Soc., Dalton Trans.
(2002) 4617;
(b) M.S. Balakrishna, P.P. George, J.T. Mague, J. Organomet. Chem. 689
(2004) 3388;
(c) M.S. Balakrishna, P.P. George, S.M. Mobin, Polyhedron 24 (2005) 475;



Cata

[

[

B. Punji et al. / Journal of Molecular

(d) P. Chandrasekaran, J.T. Mague, M.S. Balakrishna, Organometallics 24
(2005) 3780;
(e) P. Chandrasekaran, J.T. Mague, M.S. Balakrishna, Inorg. Chem. 44

(2005) 7925.

10] (a) S. Priya, M.S. Balakrishna, S.M. Mobin, R. McDonald, J. Organomet.
Chem. 688 (2003) 227;
(b) B. Punji, J.T. Mague, M.S. Balakrishna, Dalton Trans. (2006) 1322;
(c) S. Mohanty, B. Punji, M.S. Balakrishna, Polyhedron 25 (2006) 815.

[

[

lysis A: Chemical 259 (2006) 78–83 83

11] R.C. Smith, C.R. Bodner, M.J. Earl, N.C. Sears, N.E. Hill, L.M. Bishop,
N. Sizemore, D.T. Hehemann, J.J. Bohn, J.D. Protasiewicz, J. Organomet.
Chem. 690 (2005) 477.
12] M.R. Pramick, S.M. Rosemeier, M.T. Beranek, S.B. Nickse, J.J. Stone,
R.A. Stockland, S.M. Baldwin, M.E. Kastner, Organometallics 22 (2003)
523.

13] D. Semeril, M. Lejeune, C. Jeunesse, D. Matt, J. Mol. Catal. A 239 (2005)
257.


	Suzuki cross-coupling reactions catalyzed by palladium complex of an inexpensive phosphinite, 2-diphenylphosphinoxynaphthyl
	Introduction
	Experimental
	Materials and methods
	Synthesis of 2-(diphenylphosphinoxy)-naphthyl, C10H7OPPh2 (1)
	General procedure for coupling reactions of aryl halides with boronic acid

	Results and discussion
	Preparation of 2-(diphenylphosphinoxy)-naphthyl (1)
	Catalytic Suzuki cross-coupling reactions
	Effect of catalyst loading on coupling reaction
	Effect of base on coupling reaction
	Effect of solvent on coupling reaction
	Coupling reactions of aryl bromides and aryl iodides with arylboronic acids
	Coupling reaction of aryl chlorides with phenylboronic acid


	Conclusion
	Acknowledgements
	References


