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Bulky 1-(3,5-di-tert-butyl)pyrazolyl-dicyclohexylphosphine and 1-(3,5-di-tert-butyl)pyrazolyl-di-tert-
butylphosphine were prepared from the reactions of 3,5-di-tert-butylpyrazolide and corresponding
chlorodialkylphosphines. They were successfully employed as ligands in the Suzuki coupling reactions
of phenylboronic acid and various aryl bromides and chlorides.
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Figure 1. Pyrazolylphosphines.
Palladium-catalyzed cross-coupling reactions,1,2 such as the Su-
zuki coupling of arylboronic acid and aryl halides,3 are powerful
and versatile tools for carbon–carbon bond formation in organic
synthesis. The efficiency of the catalysts depends largely on the
ancillary ligands. Among the most commonly used ligands are
electron-rich and sterically hindered tertiary phosphines. Func-
tionalized phosphines, such as N-substituted aminophosphines,
have attracted considerable interest as potential ligands and have
demonstrated high activities.4 Recently, unsymmetrical pyrazole-
tethered tridentate PCN-type and bidentate PN-type phosphine li-
gands have been successfully employed in cross-coupling reac-
tions.5,6 Pyrazolylphosphines (Fig. 1), with a single P–N bond
between one phosphino group and one pyrazolyl group (R = Me
or H), have been known for over thirty years.7 However, due to
air- and moisture-sensitivity, their use as ancillary ligands was
limited to metal complexes containing electron-withdrawing
groups such as CO.8,9 We recently reported a pyrazolylphosphine
ligand, 1-(3,5-di-tert-butyl)pyrazolyldiphenylphosphine (1), and
its stable Au(I) complex that did not contain an electron-with-
drawing group.10 The ligand contained sterically hindered tert-bu-
tyl groups on the pyrazolyl moiety and showed improved stability
over its smaller methyl analogues. Here we wish to report the syn-
thesis and catalytic applications of novel bulky pyrazolyldialkyl-
phosphines based on 3,5-di-tert-butylpyrazole.11

Deprotonation of 3,5-di-tert-butylpyrazole with potassium hy-
dride, followed by treatment of the potassium pyrazolide with
chlorodialkylphosphines, afforded the corresponding compounds
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212 and 313 (Eq. 1). The compounds showed improved stability over
their smaller methyl analogues7 as both can be handled in air. In
GC/MS analysis, the compounds showed peaks of 376 and 324
which corresponded to the molecular ions of 2 and 3, indicative
of their thermal stability. The results of elemental analysis were
in good agreement with calculated values. Their IR spectra showed
the P–N stretches at 796 and 800 cm�1, within the range of
reported values for m(P–N) in N-substituted aminophosphines.14

The 1H spectra of both compounds showed a doublet (4JP,H = 2.0
and 2.4 Hz) at 6.0 ppm for the hydrogen on the pyrazolyl moiety,
reflecting the long range interaction between hydrogen and phos-
phorus nuclei. Similar interaction was also observed for the hydro-
gen atoms in the di-tert-butylphosphino group, PtBu2 (3JP,H =
12.2 Hz) in 3. The 31P{1H} NMR resonances for 2 and 3 were ob-
served at 68.45 and 89.23 ppm, respectively. The chemical shifts
are significantly different from those of pyrazole-tethered phos-
phine compounds without a direct P–N bond, in which the 31P
shifts are often in the upfield region with negative values.6 The
downfield chemical shifts in 2 and 3 suggested that the electroneg-
ative nitrogen atom decreased the electron density on the phos-
phorus atom.

http://dx.doi.org/10.1016/j.tetlet.2009.10.056
mailto:aibing.xia@msvu.ca
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet


Table 2
Suzuki coupling of aryl chloridesa

CR l +

Pd(OAc)2, 
ligand

hPRB(OH)2
Cs2CO3,
Dioxane

Entry R Ligand Yieldb (%)

1 NO2 1 26
2 NO2 2 93 (86)c

3 NO2 3 89
4 CH3CO 1 5
5 CH3CO 2 78 (70)c

6 CH3CO 3 43
7 CHO 1 6
8 CHO 2 44
9 CHO 3 30

10 Me 1 Trace
11 Me 2 12
12 Me 3 50
13 CHO 2 93d

14 CHO 3 57d

15 Me 2 27d

16 Me 3 85d

17 MeO 2 10d

18 MeO 3 54d

a 1.0 mmol aryl halide, 1.5 mmol phenylboronic acid, 2.0 mmol Cs2CO3,
0.010 mmol Pd(OAc)2, 0.010 mmol ligand, 3 mL 1,4-dioxane, refluxing, 21 h.

b GC yields based on aryl chlorides.
c Isolated yields.
d 0.030 mmol Pd(OAc)2, 0.030 mmol ligand.
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Next we evaluated the efficiency of the ligands in the Suzuki
coupling reactions of aryl halides and phenylboronic acid. As the
solvent and base may have profound effects on the catalytic effi-
ciency,1 we examined several solvents and bases commonly used
in the Suzuki reactions. 4-Bromoanisole, a deactivated bromide
and a fairly inert halide, was chosen as the aryl halide substrate.15

Compound 1 was used as the ligand for screening purposes. At
100 �C in 1,4-dioxane, with 1 mol % Pd(OAc)2 and ligand loading,
the yield was excellent (91%) when cesium carbonate was used
as the base (Table 1, entry 3). Under similar conditions, the yield
was only 48% without any ligand (entry 9) and 61% when triphen-
ylphosphine was employed as the ligand (entry 10). Thus ligand 1
is essential for the high yield. The yield was also good (81%) in tet-
rahydrofuran (THF) (entry 4). We chose to use dioxane as the sol-
vent and Cs2CO3 as the base for subsequent investigation.

We then investigated the efficiency of the catalysts in the cou-
pling reactions of aryl chlorides, which are more abundant and
economically desirable yet less reactive than aryl bromides. A vari-
ety of aryl chlorides were examined, including activated aryl
chlorides such as 1-chloro-4-nitrobenzene, a neutral aryl chloride,
4-chlorotoluene, and a deactivated aryl chloride, 4-chloroanisole.
At 1 mol % catalyst loading, the pyrazolyldiphenylphosphine ligand
1 was largely inefficient in the coupling of aryl chlorides (Table 2,
entries 1, 4, 7, and 10). However, the more electron-rich and steri-
cally hindered dialkylphosphines 2 and 3 gave good to excellent
yields (entries 2, 3, and 5). The coupling of neutral and deactivated
aryl chlorides required a higher catalyst loading (3 mol %). Ligand 2
was the most efficient in the coupling of activated aryl chlorides
(entries 5, 6, 8, 9, 13, and 14), whereas the most sterically hindered
ligand 3 was the most efficient in the coupling of neutral and deac-
tivated aryl chlorides (entries 15–18). For example, a yield of 85%
was obtained for the coupling of 4-chlorotoluene with 3 at
3 mol % catalyst loading. Even though directly P–N-bonded pyraz-
olylphosphine ligands are not as electron-rich as the pyrazole-teth-
Table 1
Screening of base and solventa

H3CO Br + H3CO PhPhB(OH)2
Base,
Solvent

Pd(OAc)2, 1

Entry Solvent Base Yieldb (%)

1 Toluene Cs2CO3 29
2 DMF Cs2CO3 19
3 1,4-Dioxane Cs2CO3 91
4 THF Cs2CO3 82
5 1,4-Dioxane KOH 75
6 1,4-Dioxane K3PO4 77
7 1,4-Dioxane K2CO3 63
8 1,4-Dioxane NaOAc 27
9 1,4-Dioxane Cs2CO3 48c

10 1,4-Dioxane Cs2CO3 61d

a 1.0 mmol bromoanisole, 1.5 mmol phenylboronic acid, 2.0 mmol base,
0.010 mmol Pd(OAc)2, 0.010 mmol ligand, 3 mL 1,4-dioxane, 100 �C, 21 h.

b GC yields based on 4-bromoanisole.
c Without any ligand.
d PPh3 used as a ligand.
ered phosphines,6 the electron-rich tert-butyl groups on the
phosphorus atom and the pyrazolyl moiety can improve the phos-
phines’ donating ability and enhance the oxidative addition of aryl
chloride to the palladium center. Furthermore, the bulky tert-butyl
groups will facilitate the reductive elimination of the biphenyl
product in the catalytic cycle. These factors rendered the bulky
pyrazolylphosphines efficient ligands in the Suzuki coupling of aryl
chlorides.

In conclusion, novel bulky pyrazolylphosphines have been pre-
pared and characterized. The ligands showed improved stability
over previously reported smaller methyl analogues. They demon-
strated good to excellent activity in the Suzuki coupling reactions
of various aryl chlorides. The ease of preparation and improved sta-
bility make them viable ligands for late transition metal com-
plexes. We are currently exploring the applications of the bulky
ligands in other catalytic transformations.
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