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Abstract Room temperature ionic liquid (RTIL) 2 with pincer bisimidazole cationic nuclei was prepared. Its phase transition
and thermal decomposition temperature are —51 and 412 °C, respectively. Suzuki reactions have been studied when different
catalyst PdCl,, Pd(OAc),, Pd-N-heterocyclic carbene complex 3 were used in RTIL 2. The results indicate that aryl bromide
can react with phenylboronic acid in the yield of over 85% in the presence of NaOAc and 0.5 mol% Pd-NHC 3, and the load-
ing capability of Pd-NHC 3 in RTIL 2 is best. This high efficient catalytic system is environmentally benign, recoverable and

easily separated with products.
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WA 350718, B3I Suzuki [ W% ] PACL, Pd(OAc),,
Pd(PPhs), 2 5L AEE A A HLIE A7)
JRUAE SN A i R I B AT X B A AR e R, (1
LA S AR R R I A L 2 Ak, i ) HE Ly
S5 IR, B WA A R e AR S, R T v i
IR, IR N R “optathE” JE b, Sl
TR AL SOV AR R BN 2 Suzuki (R
SR NEAF GO 43 Y 3 T VA R AR e bt 7 A
A, HEA AR RBEIEFAMEH, el 2 B N-Z38 K 52 ic
HYINHC B EYn*t Suzuki {565 N HAT 5w AL
TR ST IRATE RIS A, LR IONH
S TR IETY Heck fHIDE SN IR BERY 1, FRATT4k
SEAPFST T RUPH BT R S B TR A 2, SRV AL 7
PdCl,, Pd(OAc),, PA-NHC BL&4) 3 (FLE 8L Scheme 1)
X} Suzuki {15 SV (Bq. DIFFEN, 455K W]: PA-NHC fic
H W 3 HEAL T fE B d b £ 3L ) L A ARBL B B 1 4654
(R RO 28 A S il s T A, AR R ] A
FFEX) Suzuki I S N A8 m A TS 1

N(SO,CF3),

7N @ N-CyHg
NJ i [¢] _/
(i) C4HgBr, 110°C N
N—\ (if) LIN(SO,CF3), N
KN MeOH, H,0 [ N-CyHg
"N(SO,CF3),
1 2
7 "N—Cy4Hg
PdCl,, NaCl N _Cl
e Pd\gl
NaOAc, DMSO N—(
& N—CaHo
3
Scheme 1
X B(OH),
cat., base
IL, 110 °C

1 REEH
1.1 UE5RF
A 5352k B TRk %, NMR K H Bruker-300
FEREICHRACIN 5, JrA A i 5 S5 TR 551, TMS A AR,
GC-MS 4 Agillent 4890D %!, Perkin Elmer 2 #] Series I
2400 B HEICESHTX, DSC A TGA 43 HilAE 4 2
% TAS0 LA 10 °C/min [ E#GOC %, A EAT R )2
JENTRENE 9 75 S .
1.2 EBEFHIA 25 Pd-NHC &4 3 &R
225 CRR[121 515, AE HA S HEZEM Pyrex W
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PERIIA SN 1 (1.48 g, 10 mmol) R T 4i(6.8 g, 50
mmol), ZFJGTE 110 'CRMY 20 h, WEIFFAEET F
R SN IR 7, Ak B 1R ] 4493 0 T B8 SR (20 mL)
HIAEAQ20 mL)PEE: Wk, el s M 50 mL H
W% A IR 5] 250 mL (KRB A, A 10
mL )= IR (7.2 g, 25 mmol) /K,
SWBEFE2 h, WOR S R, SRR /KT 30 mL &
iR LR R =R, To/K Nap SO, T4 i 7% A WL
FIFAE I P 2 (7.8 g, PPN 95%). 'H NMR
(DMSO-ds) &: 9.48 (s, 2H, NCHN), 8.07 (s, 2H, NCH-
CHN), 7.89 (s, 2H, NCHCHN), 6.99 (s, 2H, NCH,N), 4.40
(t, J=7.4 Hz, 4H, NCH,), 1.98~1.93 (m, 4H, CH,CH,),
1.45~1.37 (m, 4H, CH,CH3), 0.96 (t, J=7.4 Hz, 6H,
CHs); °C NMR d: 136.9, 123.5, 122.2, 119.5 [q, J=319.1
Hz, N(SO,CF;),], 58.1, 49.7, 31.0, 18.6, 12.3; ’F NMR ¢:
—79.8 [N(SO,CF3),].

B A 2 (1.64 g, 2.0 mmol), PACL, (0.35 g,
2.0 mmol), NaOAc (0.36 g, 4.5 mmol)Fll NaCl (0.27 g, 4.5
mmol) #fE7E 20 mL DMSO %I, 780t HE
190 C RN 5 h, WEIF|ER, T4 FZEH DMSO %
7, 5% IFE AR 20 mL K PRSI 20 mL &5 A —
K, JG/K Na,SO, T4, k25 1% PA-NHC F&4)
3(0.47g, 775N 52.6%), 11 RECEY) 3 11 LI
LA 4R, PA-NHC 244 3: '"H NMR (DMSO-de)
8: 7.57 (s, 2H, NCHCHN), 7.38 (s, 2H, NCHCHN), 6.26
(s, 2H, NCH,N), 4.91~4.89 (m, 2H, NCH,), 4.04~3.99
(m, 2H, NCH,), 1.76~1.71 (m, 4H, CH,CH,), 1.25~1.20
(m, 4H, CH,CHs,), 0.89 (t, J=7.4 Hz, 6H, CH;); *C NMR
5:156.8,122.1, 121.2, 62.5,49.5, 32.9, 19.2, 13.6.

1.3 Suzuki RNEI—REFHE

7t Schlenk & H 23 MBI 2 mL ‘%36 B FIAA 2 FIARN
A (RAEAEAL FI(PACL, PA(OAc),, PA-NHC FL&4) 3), i
F| 50~60 CHFE 30 min, ¥EIFFHIKIINMAASF b,
(2.0 mmol) AN [RIARHE ) AR (1.0 mmol) FIZRHER(1.0
mmol), %, MIE] 110 CIHARFPERE SN — 58 I,
BHIZ N, NV ARR 5 CBEAEE(20 mL X 3), gk
PERA IR ZE A WU AR =1, b dhacE b
Ol oy B AR Al 3 B 5 I B TR AR AR 30 mL LR
SWEH, 20 mL ZKPE IR, T 28 RAX IR ZE
LR TR BN B 1 AR AR R AR T R — ki)
SN, TR s N AN 5 N BT AR AT AR A 5.

2 #R51HE
21 ERBFHRIK2 89410 EEE
PEPEFUIR(DSC M TGA)E WAL & 2 {r%
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T ARG AR, ATASIER I —51 °C, M J1% 0
RN 412 °C, TGN BT R ORGSR
SNVERG N, & A A SN ).
2.2 TRRFRFRI Suzuki BB 8900

DUBH-~ B XU 2 A% S0 2 1Ak 2 1 S v i,
FATHEFE T AR PA-NHC BL&4 3, PACL,
PA(OAc), % Suzuki SN K520, F RIS 242 T ik
FUF AR RIS A] S AN Suzuki FE SN ) B A A
oA, LA R RT3 L.
R ERE WK 2 DA RN AR Suzuki ISV K
¢
Table 1 Suzuki cross-coupling reactions in RTIL 2 with differ-
ent reaction conditions

Entry Catalyst’ Base R X Time/h Ylelc;/% 3
1 PdClL NaOAc H I 4 9 87 88
2 PdClL NEt; H I 4 8 79 8
3 PdClL Na,CO; H I 4 8 8 80
4 PdClL NaOAc H Br 12 70 72 67
5  PdCL NaOAc H Cl 20 5¢

6  Pd(OAc), NaOAc H I 4 8 8 85
7 Pd(OAc), NaOAc H Br 6 68 67 65
8  Pd(OAc), NaOAc H Cl 24 Trace?

9  Pd-NHC 3 NaOAc H I 2 98 9 95
10 Pd-NHC 3 NaOAc H Br 3 8 8 82
11 Pd-NHC 3 NaOAc H Cl 24 237

12 Pd-NHC 3 Na,CO; H Br 3 78 77 75
13 PdCl, NaOAc CH; I 6 8 76 75
14 PdCl, NaOAc NO, I 3 97 97 92
15 PdCl NaOAc CF; 1 3 94 97 90
16  PdCl, NaOAc CH; Br 6 70 67 65
17 PdCl NaOAc OCH; Br 6 73 70 71
18 PdCl, NaOAc NO, Br 3 8 8 83
19 PdCl NaOAc CF;  Br 3 8 80 82
20 PdCl NaOAc CH;COBr 3 8 77 78
21 Pd-NHC3 NaOAc CH; Br 4 8 76 80
22 Pd-NHC3 NaOAc OCH; Br 4 80 80 77
23  Pd-NHC3 NaOAc NO, Br 2 90 89 89
24 Pd-NHC3 NaOAc CF; Br 2 91 88 86

25 Pd-NHC 3 NaOAc CH;CO Br 2.5 87 87 85
“ Reaction conditions: aryl halide (1.0 mmol), phenylboronic acid (1.0 mmol),
base (2.0 mmol), 110 °C; ? catalyst PdCl, and Pd(OAc), (1.0 mol%), Pd-NHC
3 (0.5 mol%); ¢ isolated yields of different cycle; ¢ GC yields.

X} Suzuki MBIPESNY, R ERAEAE LU 2, SOk
(197 P R TE A [ (R BT L e W = 26 B AT B Wl i sg . 3
11533 A NaOAc, = L JEHF Nay,COs J#ifi(# 1, Entries
1~ 3) B B0 IR [) R (1) (Y, B BLAR — kAol
VAR RE S L 1 b 8 A SO AR 2R B, AR A AR I
WY P= AR BT ] NaOAc 1 Bl B 151 (90%), 1 FiI
Na,CO; AE ik 1 280 JEAH XF >k U A & K i, Bl Utk 2k 4%
NaOAc FEBR S H e IR BV, [ W e B b 7 28 -
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A 2 AR AT AR AT U 2R 5 (1) R NaOAc TA77E,
AT S N P T RO A R R R T K,
B2 R, DRMAE 5 AR S e 5 R 78— R PR
R T AN AL 77 PACL,, PA(OAc), 1 PA-NHC i
HW) 3, {008 NaOAc 5 & ik 2 R MNAR RS, xR
R[] R RR () B . 445 SR 3R I s 0 1A 2 e il i
AR =R AL, X6 Suzuki 15 556 S W #HAT W Sk 4
Feai v, AR PA-NHC eS8 3 B4k & 12 v,
0.5 mol% [P A FIAFAE T 0 VR 55 AT 1) Jse . =
A LLIE ] 85% (% 1, Entry 10), Je WA H % 3 h, il
1.0 mol%/f] PACL, i PA(OAc), TEME AT, SN IR [H] 6 h
DL S NP7 243 )R T0%A1 68% (35 1, Entries 4, 7).
TE 31 B T4 2 7 PA-NHC BE &) 3 A0 1 2 i 0 J
AT RELE T ANK E: — & Pd 1 N-ZRHA R =R & A
5 BA L PACL, 1 PA(OAc), i AL iE pER, —
Pd-NHC BCE&4) 3 1725 7 ik 2 HAT AR BH 257 2544,
AR T B AR A A7) ) SR RN s AT 2
AEFRIIRE . B A A7 1) B 2 e 0 B R BILAE
R NAA BT LUEEAY, Suzuki BB NG IR S A &
D3 WLL EGR ), RINVF=HEAA R N RS
BEFR A AT AR BBE A A RN BB IR 7 ),
RINVARZRIF AR IV R IS, LA Ah 503 i B B A1
EA R AEAL 7 PACL, PA(OAc), Al PA-NHC At &4
3 {4k Suzuki I N, FIFHATA A e M 2 1)
AR 1, Entries 3~11)[FRIZRONER [ B, AL —FpiEfL
TR 22 35 6 150 I b A AL AR 2R AR IBE S Y., 7= %6 43l £E
88% LA . JRAR I 1A 8 BB S I L A v A i 1) s N 9
P, PRI AIAE T0%LA b SR6T S5 N3 T 265 22 TR K,
HP R AR, AT GC-MS Kol 3 J6 5 1 70 (%
1, Entries 5, 8, 11). AR 0L H AW o1~ [,
I CH;CO, NO,, CF; 45, B MY I3EPE R, annr ks
TRZE 5 BB (1) ) N AE PA-NHC Fe-5 ) 3 (AR & o,
SN PEE R 90% (Entry 23). 17 24 pi AU I AT
Pt LA, 41 CH,, OCH; 5%, D6 S M. R P FRAIK.

3 it

BT AT R T 2R R OUIDK 4 B 25 A S L TR
o2, W T & WA A [\ AR Ak 7] PACL,
Pd(OAc),, Pd-NHC B4 3 %) Suzuki {52 b (1) 51,
ZE KW, PA-NHC BC& 3 AL fE 5 4 o 6 3 A5 )
LA AU B8 7 45 R 10 A0 7 BUXUBH 28 A% = 2 1
WA, 7F NaOAc 1E8, 0.5 mol%[f) Pd-NHC F. &4 3
AEAE ORI RN R 1 s N = 26 ) LIRS 2] 85%, 1R
NARRBEEZIEIAME N 2k, HAS SRR, EIEL
DA K SO IR AE, PRI — 2 HAT T RN S Y
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