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Palladium-Catalyzed Suzuki Reaction Using a New N-Carbazolyl Diphosphine
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Abstract: A new diphospine, 6,6'-dimethoxy-2,2"-bis(di-N-carbazolylphosphino)-1,1’-biphenyl (3), has been synthesized from commercially
available 3-bromoanisole in five steps and fully characterized by 'H NMR, *'P NMR, "*C NMR, and high-resolution mass spectrometry. The
palladium complex with the new ligand 3 provided excellent yields in Suzuki coupling reaction of aryl bromides and phenylo boric acid,

even in the presence of hindered and functional groups.
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Scheme 1. The synthesis route for the new diphosphine 3.

'"H NMR (400 MHz, CDCls): § 8.046 (d, J = 8.0
Hz, 4H, ArH), 7.011 (d, J = 8.0 Hz, 4H, ArH), 7.584
(d, J=8.0 Hz, 4H, ArH), 7.033~7.393 (m, 22H, ArH),
6.869 (t, J=18.0 Hz, 2H, ArH), 6.085 (d, J=8.0 Hz,
2H, ArH), 2.353 (s, 6H, OCH,); *'P NMR (162 MHz,
CDCly): & 59.01; *C NMR (100.6 MHz, CDCl;): &
158.80 (t, Jo, = 5 Hz), 144.57 (t, Jo, = 4 Hz), 142.76 (t,
Jop = 4 Hz), 132.66 (s), 128.96 (s), 127.07 (s), 125.86
(@, Jep), 123.17 (5), 121.11 (s), 120.62 (s), 119.73 (s),
119.36 (s), 114.42(q, Jop), 111.72(s), 53.72(s);
HRMS ES+) CeHusN,O.P,  [M-H']
939.3012, found 939.3052.
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Table 1 The effect of solvents on the Suzuki reaction of
4-bromoanisole and phenylo boric acid
+ PhB(OH),
Br Ph
Solvent Temperature (°C) Time (h) Yield® (%)
THF 60 24 84
Toluene 100 10 98
DMF 100 10 87
1,4-Dioxane 80 6 99
i-Propanol 80 10 41
n-Butanol 80 10 57
1,4-Dioxane 80 6 7°
1,4-Dioxane 80 6 3¢

Reaction conditions: 4-bromoanisole 1.0 mmol, phenylo boric acid 1.5
mmol, K,CO;3 2.0 mmol, [4-bromoanisole]:[Pd(OAc),]:[3] = 100:1:2,
solvent 3 ml.

“Isolated yield (average of two runs).

°[4-bromoanisole]:[PdCl,]:[3] = 100:1:2, GC yield.
‘[4-bromoanisole]:[Pd/C]:[3] = 100:1:2, GC yield.
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Table 2 The effect of bases on the Suzuki reaction of 4-bromoanisole
and phenylo boric acid

Entry Base Yield (%)
1 K,CO; 99
2 K;PO, 99
3 K;PO43H,0 91
4 ‘BuOK e
5 CH;COOK 6"
6 NaHCO; 7"
7 KOH 37
8 — <1*

Reaction conditions: 4-bromoanisole 1.0 mmol, phenylo boric acid 1.5
mmol, base 2.0 mmol, [4-bromoanisole]:[Pd(OAc),]:[3] = 100:1:2, 1,
4-dioxane 3 ml, 80 °C, 6 h.

*GC yield.
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Table 3 The effect of substrate/[Pd] molar ratio on the Suzuki reac-
tion of 4-bromoanisole and phenylo boric acid

Entry Substrate/[Pd] molar ratio Yield (%)
1 100 99
2 200 99
3 300 99
4 400 80

Reaction conditions: 4-bromoanisole 1.0 mmol, phenylo boric acid 1.5
mmol, K,CO; 2.0 mmol, [Pd(OAc),])/[3] = 1/2, 1,4-dioxane 3 ml, 80
°C, 6 h.
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Table 4 The effect of ligand/[Pd] molar ratio in Suzuki reaction of
4-bromoanisole and phenylo boric acid

Entry Ligand/[Pd] Yield (%)
1 1 96
2 2 99
3 3 12*
4 4 8

Reaction conditions: 4-bromoanisole 1.0 mmol, phenylo boric acid 1.5
mmol, K,CO; 2.0 mmol, [4-bromoanisole]/[Pd(OAc),] = 300,
1,4-dioxane 3 ml, 80 °C, 6 h.

*GC yield.
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Table 5 The Suzuki reaction of aryl bromides and phenylo boric acid
catalyzed by Pd(OAc),/3 system

ArBr + PhB(OH), — ArPh

Entry ArBr ArPh Yield® (%)
MeO MeO
. O »
e 0
C .
s e .
F;C F5C
S .
F3C F3C
COCH;, COCH;,
H;COC H,COC
T .
NO, NO,
o Crw .
12 OHC@Br OHC 99
13 NC@Br NC 99
e S D O
15 MeOOBr MeO 99°

Reaction conditions: aryl bromide 1.0 mmol, phenylo boric acid 1.5
mmol, K,CO; 2.0 mmol, [4-bromoanisole]:[Pd(OAc),]:[3] = 300:1:2,
1,4-dioxane 3 ml, 80 °C, 6 h.

‘[Pd(OAc),)/[ TPP] = 1/4, 4 h. TPP—Triphenyl phosphine.
°[Pd(OAc),}/[MeO-BIPHEP] = 1/2, 2 h. MeO-BIPHEP—6,6'-di-
methoxy-2,2"-bis(di-phenylphosphine)-1,1’-biphenyl
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Table 6 The Suzuki reaction of aryl chlorides and phenylo boric acid

catalyzed by Pd(OAc),/3 system
ArCl + PhB(OH), — ArPh

Entry ArCl ArPh Yield (%)
O,N O,N
D OO
NO, NO,
: a g
Lol o)) w

Reaction conditions: aryl chloride 1.0 mmol, phenylo boric acid 1.5
mmol, K,CO; 2.0 mmol, [4-bromoanisole]:[Pd(OAc),]:[3] = 300:1:2,
1,4-dioxane 3 ml, 80 °C, 6 h.
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