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Abstract An efficient protocol for the Suzuki reactions catalyzed by Pd(PPh;),-derived nanoparticles palladium catalyst has
been developed. This method is able to prepare a variety of biaryls under air atmosphere at 25~90 ‘C in DMF/H,0 mixture
solvent. In the presence of this catalyst, the cross-coupling reactions of aryl halides with arylboronic acids proceed smoothly
and afforded the desired coupling products with high yields. The catalyst could be recycled 6 times without loss of activity and
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decrease of yield.
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Figure 1 TEM images of the catalyst
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1.1 F&FIxt Suzuki & R EYEZNE

AT 55 23 B0 182 1) 488 BB e I A ASARL S I, 494 K 2
ALO; TE N EARFEH A KAEEAFIH N 0.3 mol%
Pd, BRI OUER, 40 CTFHE | & REFINAZ S IR
Wi, SEOGZE R AR 1.
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Table 1 Effect of solvents on the Suzuki coupling of iodoben-
zene and phenylboronic acid

Pd/Al,O3, 40 °C
I+ B(OH); ————
K,COj3, solvent

Entry  Solvent Time/h Yield®/%
1 DMF 8 66
2 DMSO 8 28
3 Dioxane 8 43
4 Toluene 8 47
5 H0 8 61
6 V(Toluene) . V(H,0)=3 : 2 6 81
7 V(Dioxane) . V(H,0)=3 : 2 6 83
8 V(DMSO) : V(H,0)=3 :2 6 77

9 V(DMF) : M(H,0)=3: 2 6 >99

© 2015 Chinese Chemical Society & SIOC, CAS

¢ Reaction conditions: iodobenzene (0.3 mmol), phenylboronic acid (0.33
mmol, 1.1 equiv.), Pd/ALO5 catalyst (6 mg, 0.3 mol% Pd), solvent (1.5 mL),
base (K,CO3, 2.0 equiv.). * Isolated yield.

1 AT LUE H, FrA iRk rvE R, 2 s
DMF. DMSO. Dioxane #1 H,O 1EVEFIIE, SN 2% 5 #S
ELi 2, /KA DMF ZURMIG AT, 2304 61%F
66%MIZ(F 1, Entries 1, 5), 1fj DMSO, Dioxane f/l
Toluene M 73 HIAX 45 H 28%, 43%H1 47% I % (Table 1,
Entries 2~4). ZE5 75 2A ML 7 AT AR bF 17 i I
P JFRNS = i KPR S —Fh ek R DRI T
BRI, 1 H0 58 HUAR PR RT3 —0
Hg% St sk LR B 3% VR A VA AN RO TE T
S S a2 56, T H R S 3 B 45 22 5, Toluene,
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Dioxane fl DMSO 4375 H,0 LA 3 @ 2 AR IR & )
PEWEF, HREUARLF U, 2308 81%, 83%A 77%(#%
1, Entries 6~8), 1fj DMF 5 H,O KV ARV 2 V=3
)Nz KT 99%HIHE; ik, B DMF/H,O(fA !
Eb 3t 2)E N BEFEE 1, Entry 9)BEAT M4k 7 A 1)
iz,
1.2 EWFIAEXT Suzuki & B RIS

DABSR 55 R0 R PR3 16 s LA AR S R, i 17 DA
DMF/H,O (V : V=3 2y NG, BHE DRI A N
ek, 7640 CHIRE T, RINHET 6 h J5%5 % T A5 H
%SNS R A, SBe g I L3 2.

R 2 AT R S AR Suzuki KR ©

Table 2 Effect of catalyst loading on the Suzuki coupling of
iodobenzene and phenylboronic acid

Pd/Al,03, 40 °C
+ B(OH), ———— "~
K,CO3, DMF/H,0

Entry Pd/mol% Time/h Yield’/%
1 0.1 6 84
2 0.2 6 92
3 0.3 6 >99
4 0.4 6 >99

¢ Reaction conditions: iodobenzene (0.3 mmol), phenylboronic acid (0.33
mmol, 1.1 equiv.), Pd/ALLO; catalyst, solvent DMF/H,O (V: V=312, 1.5
mL), base (K,COs, 2.0 equiv.). b Isolated yield.

3 2 WA ML= 2 0.1 mol% Pd R, X
B2 HY 84% K (3 2, Entry 1). FEEHEALFIH & HIA
Wi, WORAWIHEIN(ER 2, Entries 2, 3), Z4f#4L7IH
= INE] 0.3 mol% Pd I, F=4a] LIS EIKT 99% i
(3K 2, Entry 3), MEEAN SRR IN, KA
AT AEAS KT 99% K% (36 2, Entry 4). BT LA AL A
Ei%k+% 0.3 mol% Pd &5,

1.3 WX Suzuki & R AYELNE

e RFIAEAL I RS, BL0.3 mol% Pd gk
Pd/ALO; TEM4LF], DMF : H,O (V: V=3 : 2RV H,
40 C R HEE T IFh IS0 S NSRS, S a6 5 R L
% 3.

WA FI T Suzuki fHIE N o4 S8 FE R AL 0 BRI T
17, H, FRATER T/ Suzuki S8R B LR B2
1%, MER K,COs 1ERR, MR H KT 99%
(ISR (3 3, Entry 1), KsPO, AT LLZS H 90% IR (3 3,
Entry 2), +-BuOK HI CsF S&/EHRIS 73 7175 2 38%A1 47%
AR (3R 3, Entries 3, 4), AT PAESE K,COs VR HAR.
1.4 REX Suzuki & RZAISZIN

WRETEF. A B S, #2535 0.3 mol%
9 KAEE AL, DMF @ H,O (V: V=3 2) R,
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R3 HIUIK S ZRER Suzuki IR ¢
Table 3 Effect of base on the Suzuki coupling of iodobenzene

and phenylboronic acid
Pd/ALO,, 40 °C
I+ B(OH), ——mm————
base, DMF/H,0

Entry Base Time/h Yield®/%
1 K,COs 6 >99
2 K3PO, 6 90
3 -BuOK 6 38
4 CsF 6 47

¢ Reaction conditions: iodobenzene (0.3 mmol), phenylboronic acid (0.33
mmol, 1.1 equiv.), Pd/AL,O5 catalyst (6 mg, 0.3 mol% Pd), solvent DMF/H,O
(V. V=3 :2,1.5mL), base (2.0 equiv.), 40 C. ® Isolated yield.

FRIRAT TR, 582 T IR BN e SR s ma, SEI6 25 IR
L% 4.
R4 EJEXIE S AR Suzuki NI ¢

Table 4 Effect of temperature on the Suzuki coupling of iodo-
benzene and phenylboronic acid

Pd/Al,O5
OOrsomgarie - (O
KoCO3, DMF/H,0

Entry 7/°C Time/h Yield/%
1 40 6 >99
2 25 11 99
3 15 11 74

© 2015 Chinese Chemical Society & SIOC, CAS

¢ Reaction conditions: iodobenzene (0.3 mmol), phenylboronic acid (0.33
mmol, 1.1 equiv.), Pd/AL,O5 catalyst (6 mg, 0.3 mol% Pd), solvent DMF/H,O
(Vi V=3:2,1.5mL), base (K,COs3, 2.0 equiv.). ® Isolated yield.

MR BE IR 45 T U, MRBIAE 40 CHEAT
B, BT 6 h BLATHUS KT 99% ML # (Table 4,
Entry 1), 4 MR EFERE] 25 CHE, MIEHERKT
— i (HE, M RMIEKIEAT 11 h 550 DURAR 9%
W2 (3K 4, Entry 2), B RPREFKE] 15 CH, &
MR R BRARE] T 74%(3% 4, Entry 3), JIT DA S 6 R 1%
25 ClREIE.
1.5 RIEENERNRIDEE N

FRAE UL S B0 s s T O B 26 A e AR D5 J&
(1.0 equiv.), 75 FE W B2 (1.1 equiv.), 0.3 mol% 4N K
Pd/ALO; fEMEALF], DME/H,O (V@ V=3 : 2) N5,
FREFNE, 25 C TR, B3, WAL T,
AN ) (R AR 5 8 R 7 O BR & LR AT T 3588, 5K
WeERWE S PR,

T 5 I SEE6 45 T LLE TRV 57 R i, B
AR I 11 B 2850 AR 23 AT L2850 %6F 2 8 ) i e A i
B KIEZIR, — R 5B AR DT )& # T LLEUAS =
HIWCR (35 5, Entries 1~8), 1M a-MllIEZEE 90 C N M
19 h HA] L3Rk 94%IMIE (3R 5, Entry 9). % T 5 24l
Bk, MR %R, &A% BT E AR
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Table 5 Suzuki couplings of aryl iodines and arylboronic acids

X

N

+
N

Pd/AlLO3, 25 °C

\
K,COs DMF-H,0 g/ \ X

>

a3

Entry Aryl iodine Product

t/h Yield/%

Entry Aryliodine R? Product t/ Yield”/%

T

S

3 95
4 4®7| H 12 98
NO, NO,
02N 02N
7 OQN—QI H 02N 199
8  HsCO | H H3CO 12 97

¢
C

ot

O 19 94°

10 QI 2-Me 14 96

11 QI 3-Me 1 97

12 QI 4-Me 11 9

MeQ

13 QI 2-OMe 198
OMe

14 QI 3-OMe 199
NO,

15 QI 3-NO, 21 91

16 @—l 4-NO, No2 21 79
Me

17 QI 3,5-Me, 15 98
Me
Cl

18 QI 3,5-Cl, Q O 21 87

Cl

“ Reaction conditions: aryl iodine (0.3 mmol), arylboronic acid (1.1 equiv.), Pd/ALO; catalyst (6 mg, 0.3 mol% Pd), base (K,COs, 138 mg, 2.0 equiv.), DMF/H,0

(V: V=3":2,1.5mL), temperature (25 C). " Isolated yield. < 90 ‘C was used.

LR S N M, AT Suzuki fRIBE S BHELT, AH
ot 2 B[] L KE (3R 5, Entries 10~14 vs. 15, 16, 18),
T S R A RO A5 2 R 114 e o7 7% 2 B S PRI, TR
FL -8 BB AN R T SR R EAT s AR, Ao B AR %
SN SR BEAT WS PRS2, S B K ) 57 0 e 9, P A e
45 H(3E 5, Entries 17, 18), &2, X HiE %845 H
AEERARHI BRI, #RIA 1 BT 3 i 1) S N1

N 2 G AR PR R AT R A i IR ) (1
B, SHE, BATEL 7R R EARDT R SR
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P, IR RWER 6 Frn. MR 6 FsLing Kol UG
H, A FHEINE] 0.5 mol%, &N T & F
40 T, — RINRATT 15 AR S SR W] LIS 352
FUCE (3R 6, Entries 1~8), 1fi HIRZK 55 Fh 757 ZE0H R
SN, H A AL FECBRAR I 55 FE AR, 5 A] AERAS L 75
MWL (R 6, Entries 9~17). X T 5 HE KM, Hx
PEE P PEEE, R A RGN E] 1.0 mol%, &
Pt EESE R E] 90 C, FF BN A SERCF] 30 h BAE,
— RN HEE R A e IS LR = R (R 6, Entries
18~21).
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Table 6 Suzuki couplings of aryl bromides, aryl chlorides and arylboronic acids®
<j>— @ Pd/Al,0O3, 40 °C — —
RN/ ReC_/ ? KyCO3, DMF-H,0 i \\’R2
X=BrandCl
Aryl bromid . Aryl bromid .
Entry . ror¥n ¢ R? Product t/h Yield"/%|Entry . ror¥n € R? Product t/h Yield®/%
or chloride or chloride
MeQO
1 er H 1399 |12 er 2-OMe 17 91
OMe
2 @Br H 15 91 |13 er 3-OMe 179
NO,
3 @Br H 15 95 14 er 3-NO, 2 77
4 —@—Br H 15 98 15 er 4-NO, No2 22 74
Me
NO, NO,
5 @B H 12 93 16 er 3,5-Me, 17 93
r
Me
cl
02N 02N
6 %}B H 12 98 17 er 3,5-Cl, Q O 21 85
r
o]
7 OQNOBr H 02N 199 |18 Qm H 30 53
Br O NO, NO,
O2N O,N
9 er 2-Me 15 90 | 20° @m H 30 74
11 <}F& 4%:4!}4‘}— 14 96

“ Reaction conditions: aryl bromide or aryl chloride (0.3 mmol), arylboronic acid (1.2 equiv.), Pd/ALO; catalyst (10 mg, 0.5 mol% Pd), base (K,CO;, 138 mg, 2.0
equiv.), DMF/H,0 (V' : V=3 : 2, 1.5 mL), temperature (40 °C).” Isolated yield. 1.0 mol% catalyst and 90 ‘C were used.

1.6 ELFIBEIFF

DR RN 2 R 1 S A EASEAR S I, A FH 4l KA A
AL, BRERET NBE, DMF/H,0 (V@ V=3 @ 2)Ni&E5H,
25 CREBEMEATIECFIA, sS2itss 1 Wk 7. L
GEHRE, RAREA T 2GR 6 s, HAEk

1654

http://sioc-journal.cn/

© 2015 Chinese Chemical Society & SIOC, CAS

R AMMEATEVE AR BT W12 PR AR, SE MR 5 5
IS (RSO R AR AT R (AR

2 i
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K,COs N, — i E N9eRA AL AR5 18 5 55 S
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Table 7 Recycling test of Pd catalyst in the coupling reaction of
iodobenzene and phenylboronic acid

Recycle Time/h Yield®/%
0 11 99
1 12 99
2 12 98
3 13 97
4 14 95
5 15 95
6 17 93

¢ Reaction conditions: iodobenzene (1.0 equiv.), phenylboronic acid (1.1
equiv.), Pd catalyst 1 (0.3 mol% Pd), K,CO; (2.0 equiv.), DMF/H,O (V : V=
312, 1.5mL), temperature (25 °C). ? Isolated yield.

PR PR 28 SCAR IR S L, XoF BT A 25 % (1 BRI IR AR 05 e Jee
W, SNHERSAT TR IR, @A et Rl LA
SEK SBR[ X T S I — R A D7 SRR, N
AT 7 SE RIS R, AR S MO A A
R TR A VEYE, SEIL T AL AR AT DA FE A
A, ARG OR, SRR HRA, R A B AL
Xt A 25 SR M CRTR AT i, R SRAT 1 B
e,

3 IS
3.1 X5

'H NMR 7E Bruker Avance 300 (600 MHz) Fill5E,
*C NMR 7£ Bruker Avance (150 MHz) _EJl5E, TMS N
¥, CDCL RIEF. FrA R i trat, Rt —
AL FEEHTR A 300~400 H HAEE TR
3.2 HEHFIEEIE

FREX 0.4 g VY = 2 FE B4R (PA[P(CeHs)s 1) F1 1.6 g 4K
AR (ALOS) I E T 50 mL BRI+, ERSHETT
BN 20 mL DMF J& T in# 90 C44F FHtHE 15 h, i
JE, FEH 45 mL N B SRS EUHS B B4k K= 5, B
FEAT 2 1 ] = S B T AR T 50 CR R S h
SR FT T AL By 4 ICP-AES 43, %Mk Pd
IR S N 16%.
3.3 ZLWHE
3.3.1 ARG S5 AN A9 ARIX R E

TE 35 B P 7 10 RO AR AR O N B R 41 (2.0
equiv.). fHAXT54%(0.3 mmol). F5IEMIER(1.1 equiv.). 4H
KARMEAL (0. 3 mol% PA)AIVE | (DME/H,0, V@ V=
3:2,1.5mL), RWAE 25 CHAFTHEER M, TLC BRER
REFE, R IG, RSREZ S PEF KR &
B veig BT 15 B9 K AT A R 4R S RSRS8O 4
J& FAAT R/ 208 £ T e JBi A 2 A 23 Bt vl DA 3128 X
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R4
332 BRF R L RNER A9IRIR RS

TE 3 BB 7 1 SO TR O N B BR £ (2.0
equiv.)s HARTTE(0.3 mmol). F5FEMIEL(1.1 equiv.). 4H
KAEAL (0. 5 mol% Pd)FIEF(DMF/H,0, V@ V=
3:2, 1.5 mL), JRNAE 40 CHHEFHERE RN, TLC IR
BRI BLHERE, REE WG, RNIEE T I8 KR =&
FRGE eI BV AT 45 21 g oK B0 A5 4k 22 [T WOR DBk
95 Je AR 2R R BRI AT E AT 23 B aT AR B3
SAHBE=4.

333 ARF R L RGBT R

TE 3 BB 7 1 RO TR O N B BR £ (2.0
equiv.). FAXTT (0.3 mmol). ZAHHER(1.1 equiv.) 4K
FEAEALF(1.0 mol% Pd)FIAFI(DMF/H,0, V@ V=3 :2,
1.5 mL), MAE 90 Co&MF FHiHER B, TLC BRIEE N
HEFE, SR G, N2 it 8 FH KA — & b
R RN 45 2 g R AR b TR gk 22 [T R D8k 4 I
Tk / 2B TR e A 2 AT 2 e mT LAY B 58 AR I
FE).

Fpe RS ISIL g A mp. 65~66 C; '"H NMR
(600 MHz, CDCl;) 6: 7.60~7.58 (m, 4H), 7.44~7.42 (m,
4H), 7.35~7.32 (m, 2H).

2- IR ARSI 191 T NMR (600 MHz, CDCLy) o:
7.40~7.38 (m, 2H), 7.33~7.30 (m, 3H), 7.25~7.24 (m,
2H), 7.34 (q, J=2.0 Hz, 2H), 2.26 (s, 3H).

3- LB 2 P Colourless liquid; 'H NMR (600
MHz, CDCL;) &: 7.58 (d, J=7.3 Hz, 2H), 7.43~7.38 (m,
4H), 7.34~7.31 (m, 2H), 7.16 (d, J=7.3 Hz, 1H), 2.41 (s,
3H).

4-FIBEPELTEIOL 0 [ 4K mop. 41~43 C; 'H
NMR (600 MHz, CDCL3) &: 7.57 (dd, J=7.2, 1.2 Hz, 2H),
7.49~7.47 (m, 2H), 7.43~7.40 (m, 2H), 7.32~7.30 (m,
1H), 7.24 (d, J=8.4 Hz, 2H), 2.39 (s, 3H).

2-FHBEEEZE ) S RY); 'H NMR (600 MHz,
CDCly) &: 7.84 (dd, J=7.2, 1.2 Hz, 1H), 7.60 (td, J=6.0,
1.2 Hz, 1H), 7.47 (td, J=6.0, 1.2 Hz, 1H), 7.44~7.38 (m,
4H), 7.31 (dt, J=6.0, 1.8 Hz, 2H).

3-AYFEBCARI P Rk A mp. 57~58 C; 'H
NMR (600 MHz, CDCly) 6: 8.45 (t, J=1.8 Hz, 1H),
8.21~8.19 (m, 1H), 7.92~7.90 (m, 1H), 7.63~7.59 (m,
3H), 7.51~7.48 (m, 2H), 7.44~7.41 (m, 1H) ppm.

AT FERE DS B A E A mp. 114~115 C;
'H NMR (600 MHz, CDCLy): 6 =8.30 (d, J=8.4 Hz, 2H),
7.74 (d, J=9.0 Hz, 2H), 7.63 (d, J=7.2, 2H), 7.50 (t, J=
7.2, 2H), 7.46~7.44 (m, 1H).

http://sioc-journal.cn/ 1655
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1-ZE 32518 TH NMR (600 MHz, CDCls) 6: 7.89 (d,
J=9.0 Hz, 2H), 7.84 (d, J=8.4 Hz, 1H), 7.52~7.46 (m,
6H), 7.42~7.39 (m, 3H).

4- BRI ZEP TS K, mp. 120~121 C;
'H NMR (600 MHz, CDCly) J: 8.04~8.03 (m, 2H),
7.69~7.67 (m, 2H), 7.63~7.61 (m, 2H), 7.48~7.45 (m,
2H),7.41~7.38 (m, 1 H), 2.61 (s, 3H).

2-FA R EZER: 'TH NMR (600MHz, CDCLy): 6=
7.53~7.51 (m, 2H), 7.40 (t, J=7.8 Hz, 2H), 7.33~7.30
(m, 3H), 7.04~7.01 (m, 1H), 6.98 (d, J=7.8 Hz, 1H),
3.80 (s, 3H).

3- PRI R BT (A fE /K, 'TH NMR (600 MHz,
CDCly) &: 7.58~7.57 (m, 2H), 7.43~7.41 (m, 2H),
7.35~7.32 (m, 2H), 7.18 (d, J=7.8 Hz, 1H), 7.13 (t, J=
1.8 Hz, 1H), 6.89 (dd, J=6.0, 1.2 Hz, 1H), 3.85 (s, 3H).

3-5UBEZEP): Colorless liquid; "H NMR (600 MHz,
CDCly) &: 7.57~7.55 (m, 3H), 7.47~7.42 (m, 3H),
7.38~7.35 (m, 2H), 7.32~7.30 (m, 1H).

450, J@fE A mp. 32 °C; 'H NMR (600
MHz, CDCl;) 8: 7.56~7.54 (m, 2H), 7.52~7.50 (m, 2H),
7.45~7.41 (m, 2H), 7.40~7.39 (m, 2H), 7.35 (t, J=7.3
Hz, 1H).

3,5- ~HIEEERPL TH NMR (600 MHz, CDCly) 6:
7.59~7.58 (m, 2H), 7.43 (t, J=7.6 Hz, 2H), 7.34 (t, J=
7.3 Hz, 1H), 7.22 (s, 2H), 7.01 (s, 1H), 2.39 (s, 6H).

3,5- SR TH NMR (600 MHz, CDCLy) 6: 7.55
(d, J=7.2 Hz, 2H), 7.48~7.45 (m, 4H), 7.41 (t, J=7.2
Hz, 1H), 7.35 (t, J=1.8 Hz, 1H).
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