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PHOSPHINE-FREE PALLADIUM CATALYZED SUZUKI
CROSS-COUPLING REACTION
LAN Qian', YUAN Yang-yang', LI Mei', WANG Wen'?, "ZHOU Zhong-gao'
(1. College of Chemistry and Chemical Engineering, Key Laboratory of Jiangxi University for Functional Materials Chemistry, Gannan Normal University,
Ganzhou, Jiangxi 341000, China;

2. College of Chemistry and Materials, Fujian Normal University, Fuzhou, Fujian 350007, China)

Abstract: The catalytic activities of phosphine-free palladium/piperazine derivatives for Suzuki cross-coupling

reaction assisted with ultrasound were investigated. The coupled products of aryl bromides and aryl chlorides

derivatives coupled with phenylboronic acid were obtained with an excellent amount, which were catalyzed by

phosphine-free palladium/piperazine derivatives (1.0 mol%) in shorter reaction time under 30°C, using K,COj; as

a base, methanol as a solvent and piperazine derivative as ligand.

Key words: palladium catalysis; Suzuki cross-coupling; ultrasound; piperazine derivative
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1.1 NE5IRFH

FT A NI LEN, SR Schlenk )i HET o ¥#51
MoK UM 1,4-FONFAENS
P N U e XU R SO Sl NP T RN/ 3
HATAEY, KWK, Pdy(dba)s, PdCl,, Pd(OAc),
S5 M ALdrichB Arcos b 2% 2 ® B 3K, R & alifh
HRAE ] ; Cs,CO3, KOBU', K3PO,, K,CO3, NaOBU',
Na,CO S5 W 735 A 54 27 all, K& ak—2al
s KEZHTEH200~300 H kS A% R LA 0 2 7
Bruker-400 % A% 4 & #= A% Wl 5 (TMS 24 A b
CDCIs ¥ 7l)s HE PR AR AR 16 F I 75 A A%
] HICQ-2502 i A A Chin H T %2250 W, TAES#
33 kHz); “AH 54T H Agilent 6890 AH (ALiGX
M3E(SE-30 B4 A, K50 m, W1£0.32 mm, Ji)E
0.5 um, HFRIEZELT).
1.2 BRI

1,4-X0(2-F23-3,5- - T HER ) IR IGR A 5 S
BRI27100 7540 4%, 44 SCIRIRIE I 'H. PCNMR,
i LLCOSY FTHSQC Xtk A Wyttt v R 8 » 'H
NMR (400 MHz, CDCl;): ¢ 10.70 (brs, 2H, OH),
7.22 (s> 2H, phenyl), 6.83 (s, 2H, phenyl), 3.71 (s,
4H, CH,), 2.95-2.39 (brs, 8H, NC,HgN), 1.41 (s,
18H, ‘Bu), 1.27 (s, 18H, ‘Bu); “C{'H} NMR (100
MHz, CDCl;): 6 154.0 (s, phenyl ), 140.8 (s, phenyl ),
135.6 (ss phenyl), 123.5 (s, phenyl), 123.1 (s, phenyl),
120.3 (s, phenyl), 62.0 (s, CH;), 52.1(s; NCH,),
349 (s, C(Me)s), 34.2 (s, C(Me)s;), 31.7 (s, CHj),

29.6 (s, CHs)s

(i) Methanol, reflux, 4 h Buf

H (ii)2,4-di-z‘en‘-bu(ylphenolB ‘ HO.
reflux, 12 h u
s N G U
N oH
Bu!

K1 140258 5E-3,5- - T REAIE)IRIGE K75
Fig.1 Synthesis of 1,4-bis(2-hydroxy-3,5-di-tert-butylbenzyl)
piperazine

1.3 $E{E{LBYSuzuki{BBE /2 K2

1.0 mol % Cat. (Pd/L)
O v
=

K;CO4 (2.0 equiv) 7\
MeOH, 30 °C (oil bath) A=
X=BrCl MM
B2 Suzuki fHIEE S

R
Fig.2 Suzuki Cross Coupling reaction

SR NN, THRAISchlenk) PR UM
APA(I1)(1.0 mol%), Acd4(1.3 mol%), (1.0 mmol),
HE£(3.0 mL), 30°C I, HiFERMN /N, BE=
i I KA T572(0.5 mmol), ZEAE(0.75 mmol),
Fe NFRIEZ$4E(0.5 mmol), 85 Y Ik 28 vl 75 4
S BN R], ARAH O PR RN . RN SRR, W
FEW, MASmLK, ZBEAERUKAEG mLx3), &
AN, JoKBRREN T, T IEWaE, M=
BARAl( LR LTE/A R, ViV=1:10), 13 2B
W, SiHI%'HNMR%E .

2 HRWE

2.1 Suzuki 1BEXFEYIRIE

4-=H R "H NMR(CDCl;, 400 MHz,
TMS): §7.33 (t, J= 7.2 Hz, 1H), 7.40 (t, J= 7.4 Hz,
2H), 7.54(d, J=6.8Hz, 2H), 7.62 (s, 4H).

2-HIELI . "TH NMR(CDCls, 400 MHz, TMS):
5227 (s, 3H), 7.24~7.28 (m, 3H), 7.33(t, J=72
Hz, 4H), 7.41(t, J=7.4Hz, 2H).

4 'H NMR(CDCls, 400 MHz, TMS): §7.35
(t, J=5.6Hz, 2H), 7.43 (t, J=8.0 Hz, 4H), 7.59
(d, J=7.2Hz, 4H).

4-HIJEIE . "TH NMR(CDCls, 400 MHz, TMS):
52.40 (s, 3H), 7.26 (d, J=7.6Hz, 2H), 7.32(t,
J=72Hz, 1H), 742 (t, J=7.6 Hz, 2H), 7.50 (d,
J=8.0Hz, 2H), 7.59(d, J=7.6Hz, 2H).
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4-Z W HEEBEHE: "H NMR(CDCl;, 400 MHz,
TMS): §2.57 (s, 3H), 7.18 (s, 1H), 7.33~7.63 (m,
5H), 7.97 (d, J=8.0 Hz, 2H), 8.19(d, J=7.6 Hz,
1H).

2,4- PR "H NMR(CDCl;, 400 MHz,
TMS): §2.15(s, 3H), 2.26 (s, 3H), 6.95~7.31 (m,
8H).

4- W4 KB : "H NMR(CDCl;, 400 MHz,
TMS): 63.85(s, 3H), 6.96~7.55(m, 9H).

2.2 §EIERTSuzuki{® BX A 5200

HEYEONT Suzaki 6 S Y. 152 45 3 Wk 1o kPR
PR, TR A, % %% T PA(OAc), PACL,.
Pd,(dba);+ Pd(COD)CL 4L I 52Mm0 . 55 STk
FIGHIE, AR fEAL R : PA(COD)CL, >
Pd(OAc), > Pdy(dba); > PdC15.

R SEIREX 4-RBPRGEMEE Suzuki BELS Y B ME
Table 1 Effect of different Pd(II) source on the Suzuki cross

coupling reactions”

Entry Pd(II) source Reaction time/min t/°C Yield/%”
1 PdCl, 30 30 15
2 Pd(OAc), 30 30 67
3 Pd,(dba) 30 30 53
4 Pd(COD)Cl, 30 30 98
“Reaction  conditions: 4-bromotoluene (0.5

mmol), phenylboronic acid (0.75 mmol), catalyst 1.0
mol%, K,CO; (2.0 equiv), methanol (3.0 mL), the
catalyst was made from the palladium compounds and
ligand. ” GLC yield calibrated via internal standard,

average of two runs.
2.3 WRENFRS Suzukifd B I K B 52 A

B B SRR A Suzuki (5 B S WY 1R 5 1 45 2 AL
#2. MPAHEAN1.0 mol%, IEHEH I A,
Pd(COD)Cly/1(mole:mole = 1:1.3) LA R, it
FCHEL Suzuki 56 S N H HIBAC I BRI A 25
T IBRCR LT, SOV NI AT 2195% LA E e
(Entries 1-6)o {EAS 5 MAR 2 H = e B P 2 11
PR/ P/, 3% B I R B R B FH 3 sk IR 6 (1) 412
BEFE T4 Cs,C05 > KoCO5 > NayCOs, 5 SCHRHIE 45
AT, PR AR RO E
BRI X Suzuki i 16 S AT AR L (4t k41
I HANKARHE. 455000, N ABRIR P A ik &

BRI o
=2 WENFIX 4-RPE S EMER Suzuki BER L 0

Table 2 Effect of Base on the Suzuki cross coupling reactions®

Entry Base Reaction time/min t/°C Yield/%"
1 Cs,CO; 30 30 98
2 K>COs 30 30 98
3 KiPO, 30 30 97
4 KF 30 30 95
5 KOH 30 30 96
6 KOBu' 30 30 99
7 Na;CO;3 30 30 86
8 NaOBu' 30 30 89
9 NaOH 30 30 80
10 LiCl 30 30 25
“Reaction conditions:  4-bromotoluene (0.5

mmol), phenylboronic acid (0.75 mmol), catalyst 1.0
mol %, Base (2.0 equiv), methanol (3.0 mL), the
catalyst was made from the Pd(COD)CI, and ligand.
GLC yield calibrated via internal standard, average of
two runs.
2.4 FBFIxFSuzukifB BN A 200

F3 AT 4-RFEGEWEE Suzuki B LL B 200

Table 3 Effect of solvent on the Suzuki cross coupling

reactions®
Entry Solvent Reaction time/min t/°C Yield/%"
1 CH;0H 30 30 98
2 CH;0H(50%) 30 30 70
3 EtOH 30 30 85
4 EtOH(95%) 30 30 90
5 H,O 30 30 30
6 THF 30 30 60
7 Dioxane 30 30 78
8 DCM 30 30 35
“Reaction conditions: 4-bromotoluene (0.5

mmol), phenylboronic acid (0.75 mmol), catalyst 1.0
mol %, K,CO; (2.0 equiv), methanol (3.0 mL), the
catalyst was made from the palladium compounds and
ligand. ’GLC yield calibrated via internal standard,
average of two runs.

Y738 R A IR Suzuki (5 16 SN 25 AR K
SEMI(FR3) . LRI N, = PdH] 1.0 mol%,
P A%, Pd(COD)Cly/1(mole:mole = 1:1.3)
MIHEA AR R, FEREAA- T BRIROR 55 2R R 1Y Suzuki
IR S NI, A L6 Y R 201 (95 %) fE AL AR
Bl 30 mingy 5)IA $98%F190%I K (Entries 1, 4),
KA fE AL tHFPA(COD)CL/IAEH s i P 1)
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Hel,
2.5 PA(COD)CL/MERFERRKY. HZEIKYY
Suzuki 1BEE/R NI ZR
W e — RN AN A HUREE A 1 557 A )
RIS, KB HREAEER], GRIRE AL 7,
PdH &4 1.0 mol%, Pd(COD)Cl,/1(mole:mole = 1:1.3)
I AA R AE Suzuki B IBE S N H R EATE PEGR. 4).
C—ClE (Ph—X MR B fP?:Cl, 402 kJ/mol; Br,
339 kJ/mol; 1, 272 kJ/mol)f¥I4 i 5 B e Al 1t
TP YT R SR N RS AN Sy EA T 3t it A O
FEEARI AR IR A AT (1) S A
F 4 PA(COD)CL/1 L FFERRY . FESKYEFMER
B Suzuki 1BEER R

Table 4 Pd(COD)Cl,/1 catalyzed Suzuki reactions of aryl
bromide and chlorides with phenylboronic acid®
Entry R X Reaction time/min ~ #°C  Yield/%"

1 H Br 30 30 99
2 4-Me Br 30 30 96
3 2-Me Br 30 30 93
4 4-CF3 Br 30 30 99
5 4-MeCO Br 30 30 96
6 4-MeO Br 30 30 97
7 2,4-dimethyl Br 30 30 90
8 4-CF3 Cl 30 30 85
9 4-Me Cl 30 30 33
10 2,4-dimethyl Cl 30 30 20

“Reaction conditions: Aryl bromide (0.5 mmol),
phenylboronic acid (0.75 mmol), catalyst 1.0 mol %,
K,CO; (2.0 equiv), methanol (3.0 mL), the catalyst
was made from the palladium compounds and ligand.
’GLC yield calibrated via internal standard, average of

two runs.
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