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Table 1 Calculation results of Heck coupling reactions

6 SR l/h S IR % TOF/h’
P1 2 >93 150
P2 1.5 >93 570
P3 1.5 >93 530

ZJE AT R, A A7) 6 AR e AL
AT T 2K Heck N o 24484657 &= i1 3] 0.007eq, 90°CIR &
TRAL 1S5 h, =R A5 93% (K] 8) .

47 A



RS 2016,34(8)

| ‘ px .
0. 07eq 6,K,CO;
@ T90C.15h HO 5 b, 1,0 \ O

E8 KiRMREINFEG6ELH Heck (BB R

Jiie ) v R g, A5 3 4 72 2k 40% , 78 BS - WA v RO R 2
h, 7223k 99% (E 10) . SR, 5 R EALPE IR, =R 4
1T B Heck fIER I 0 AN PR 2R JE B AL 1 2277

Fig. 8 Heck coupling reactions carried out using Me\ i Me
water—soluble NHC catalysts 6 >>7Pd[

Luo S5t P A IR A= Hh 9 A PR AR ER R T2 AL ) Ve
7, ML 4= TR TR R PR 9 R P R E /K R0 R IR R g o i d
FHAEALTA Y R 0.02eq, A E] 90°C KL 12 h, SLREEE A e
I e W e Q_\\—(O
FACYIAE R ), AEAE KV W 1A 2 e Jo B o v 4 S s 0 2 GOMe oM
P, o

AT AL, Lee S5t HY SN @mﬁ?ﬁ@%ﬁjﬂm%ﬁﬂﬁ 9 KEMELIREE7 LA Heck (BELR K2

KB AI R ES B GY 8,16 120°CIRE M ik 4-5
FEBR RN 0 PR AB IR S, & BLAE DMA(DMA=:Eﬁ%ZM

Fig. 9 Heck coupling reactions carried out using
water—soluble NHC catalysts 7

+ 0.005eq 8
0 | NaOAc, 110~140°C

10 KiFMRAIRFE 8 B Heck BEX R KL
Fig. 10 Heck coupling reactions carried out using water—soluble NHC catalysts 8

Luo S5 18 T A7 9 16 Sonogashira (RIS FF RN | Y, SAACHRE N, FOM 25 A0S , 73857 R IE 5 96% (4]

o [RIEEAREAE T R 0.02eq, (5 4—TRAHIEAFIIR 2 HRAE N 1),
1 |
\N N + N N\(O B
) )\ijj:T}Ag‘(NLrN\ 0SO,CH,
I 0

0. O2eq 9
Cu, KOH, 24 h

O = e k=
11 KBRMERRIAFE9 #L A Sonogashira BB & Kz

Fig. 11 Sonogashira coupling reactions carried out using water—soluble NHC catalysts 9

Plenio % HGH 1 LAT7 HERS R 4 55 A9 7K I L AU 2 BR
RE=FLAAR 1018 12) 7E Sonogashira fHEE 0 H 4R, FFRE T
— RIS

HEALTR) A 0.0025eq , 258N E FIAS 6] 0 28 4 e 1) 18

156 SR L RE AR B AR R 18 7= 3%, 3X — B 445 SRz 3k 22 miT i)

B, B0, Yang Z4di 1 0.01eq PdHEALF , 2~ G IE FIE

CHRAE DMA W, 80°CAAE ™ RN 24 h, R H 29% o
Plenio %] FHAH [F] 4 57 J5RHZE HOAPTOH 1: 11R &

B 48



RS 2016,34(8)

TEFI,90°C AT KU 12 h, 7= i ik 94% (181 13) .

i Zhow S5 ) FFXT B BE TSR TN T A g 5 157 JEURE, 1
IKEVERZIF R REEAK 10, AT R 0.01 eq, LS B AL
A5 P Y C-S BB S8, 7E HL,O/iPrOH 1:1 1RSI FIH, 70°C
ZAF TRV 13 b, 7= LIIAH] 64% (] 14) o [T, K
JRE I, A FH 2L W H 35 A R 32 8 B TR AR [) o
K —G W SR B T SO, e 2R3 1 A 4 3 45 3

SCIENCE & TECHNOLOGY REVIEW

NaO;S SO;Na
AL

N N7
\—/q1
10

E12 FEBEREEANERKERERRARFERE 10
Fig. 12 Water—soluble NHC ligands 10 of the side

chains of aromatic sulfonic acid ester

T HER=W, 7= R RE IR 3] 50% LA I,

N — 0.0025eq Na,PdCl, — —
P P /,
(j/ + = <\ ¥ 0.005eq 10, 3eq KOH / D
N R H,0/i-PrOH(1 : 1)

90~95°C,12h

E13 KiAMERZEIFFE10#EKA Sonogashira BB K M
Fig. 13 Sonogashira coupling reactions carried out using water—soluble NHC catalysts 10

Br S N~
/©/ + "gn -

14 KBEEEEFFE 10K C-SEER A
Fig. 14 C-S coupling reactions carried out using water—soluble NHC catalysts 10

f

z 7

0.005eq Na,NiCl,,0.01eq 10
KOBu(1.5eq), H,O:iPrOH=1 : 1

2.3 SRR R R

—SERF G /INHABARGE T KRR B AR A e R = A
PEFIE S REBE A SO Hh A AL R ™

{5 N ER TR A4 fik S Ak SR, Ohta 2529V P = H- 1 Ay ) 5%
K PE SR PR TR PR HE 2 28 R MR AL 11, AL P,
FIFHEH 0.005 eq, EHAME T, 2 AR RI RO 3 h,
FEREREIK61% ([ 15).,

FEARRLR 254 T, Virboul S 1 T ff FH CH.CLAE A% ioj T

+ H,SiPh,

R=0(CH,CH,0),CH;

A, 2R AL, S IRIT I3 h, PR A 72%. SATHT 3% e
DA ALK MRS AT AR B S5HE , 3K5 Flores ll Jesus 1t
S TE SRR, J5 P A0 ) T 2 R LR SR ) NHCs Al
#13/14(E 16)

HCI/MeOH

E15 KAMEEIFE 1 ELNSUERLRRE
Fig. 15 Hydrosilylation reactions carried out using
water—soluble NHC catalysts 11

12
N/\:(\N /@/N/?N\/\/ SO;Na
NaO;S Pt SO;Na N P \/
N N 7

=8i Si~ =SiSi~
0 (6]
13 14

16 EEEIHAERI NHCs fE{L 7
Fig. 16 NHCs catalysts with sulfonic acid function

49 Im



RS 2016,34(8)

SCIENCE & TECHNOLOGY REVIEW

AT 1= BRI [ R BBV R IS, s il fi A7)
A 0.005~0.001eq, 30°C IR EE T 7E /K R I 6 h, ;=%
AIAF) 94% . X5 HABZEAL ) NHC AL 1L K 1A &R iy
AR L, S5 54 NWZ B SR, TEAE IS0 & B0, AL 77
13 A0 14 Z WG ARG PR SUR TR, I, X 2~ NHC-
P AT 75 76 5 i RS PR X — Ty TS K55 7112,
24 {EHmMERA

KIEHET A A R =AW 5 —A 1T BE A N & KA
Fh Ak U R

Herrmann 255 0 fR3E T Rutb &9 15 1AL 178 R AE
KPR . SRR 0.025 eq, BT, &R
JE 1284 MPa, OV 21 h, P2 REELE] 87% (& 17)

-

\ Ru —Cl
N \
f N Cl
SO;Na
15
H
La &S +H, La ! aS
WM, WM,
X N X I 'H
N
A
OH 0
-H,0 )
OH -
H H
L:I\I/I:S +S L:I\I/I:S
X I 'H X | 'H

Ow/ Oj/
E17 FZEFEAFEMS R

Fig. 17 Hydrogenation of acetophenone in water

oD

H, + CO,

Csabai 25 [ FEHRIE T KM R 249 = AL R
& i LV i X — T A AR R R A K R B U Y . 2
1AL 16 (4 18) AN 0.007eq, B/ SE S1FEE | MPa, 155
) S e A T 3A 5] 46% , TOF {E A2 65 h',

>

E18 KiAMEERAIFEREMLTI16
Fig. 18 Water—soluble NHC catalysts 16

Peris 25 HfE T HLA i iR D RE 10 4K 4 8 A 400 R 4
ABF0 17 F1 18 AL 7K COL 38 5 A HY R 4 %) 38 Dt sz 1oz (]
19) . [FIEHAHE 1 OE T B 17 F0 18 19 [ A0 5 oK
B AL L SE K . 76 6 MPa(H,: CON 1: 1) M
JIF AR 80°C K , 1E T HEHUA A AEAL 71 TON U F 1t/
PRI 12, 7m0 o] LA % 0 5 K BB BIO (k243 T
R 7RI PR 4 8 A A R =LA 17 #1118 9 TON
{4334 1247 A1 1663, L ATAS 258, 2k s i, |
T (R 7R P 2 7 LA TR % B SRR PR R . 78 T 5 4%
P17, 68 % A& I 321 /49 # £k 57 TON {H 5 =5 7T 35 3] 190000
(200°C, 75 h, FOBRA DAL B0 P R T R BE ) | XA~
(B AE X — Sk P B AR 3 ) fe e 1
25 MRS SRR

95 e (B0 118 5 0 it o2 I A 3 U 4 Ja A Ak s 1 v e A BB 11
RN Z— o ST KT B SN, W da 2 0 M S vy TG 5
SR, O B R Ru 4 0@ S s A IR R B S e e
PE, MR IR KA 22 9 52 03 i SN2 A 25 5 1, Ik
Ab KT PEAEA T B 2B KR 5 A B AR M: S A4 3R
SFEHRIEA RN . fEX A4, B4R T —RIIKE

>\N /\N ON
NOL &=L
1711:\1 SOK

KOS e b

0.0leq 17/18

1 mol/LKOH aq (5.0 mL)

(1:1)

THF (0.1 mL)

E19 CO.7E/KHIEE R M
Fig. 19 CO:. reduction reaction in water



RS 2016,34(8)

PRI R EIIE TAE, 2 38 TR R R 4w
BRI AR

Gallivan S5Vl FH B F U (1945 23 0] BELAS A9 B4 0K R0 4
JCH AT AT 19 FEAK BRI B it R s (18120) . 5
() 2 7K P85 1 178 Ll T A A A TR L, A AR 19 s 7 3% PR 4R
o MRYESMET AR 45°C, [V 24 h, B AL AE L
95%.

0 N_ _N-Mes
NH cl ’R‘\J = ph
GEP PCy;

N a — " N
o M~/ ROMP H
N—
I e
/1:1\ Cl

E20 FIRESHERE
Fig. 20 Ring—opening metathesis polymerization reaction

Hong 25 338 T [RIAR A 04 S0, o FHAE AR 20181 21)
[Fi) A F S 380033 4 o 1oy ELA A v R R BTG o R TR) )
XA SN AR R i HoA A1 78 , (811 0.05eq fi AL
F,45°CHLEE T KW 3 min, B ] SEI R 458 464k
HE—2, Jordan ZE il R D REAL I K I M R A4 38 R 22
HEALF 21 (& 22) LIRS ROMP KL (51 18) . AT
Xof F At TSP FE A6 0 19 01 20 50T AR TR AL RO , AL
F =N E) 0.03eq, 3 4> SR & P AL A AL 22 5%, 3 min

a
N c /

SCIENCE & TECHNOLOGY REVIEW

Ry s 3 R N o Ak . AR 25 AT AFE A iR
IK S PE A IR A f;@%ﬂtﬁ%ﬁr%ﬁ%ﬁﬂ%% A ke A A s e
SRR

T3 T LA B SO0 2 PR i S0 (11 23) o Gal-
livan ZEPE T 45°CA40F T HBEA Y 19 RCM RN, I LA
TKEAERY Grubbs THRMEALT 19 FIEAIE P, 5 Ak ) i
N3] 0.05eq, (H = AR AUA 40% . 5 Grubbs Tk
FUAH g A4 19 HAT B S i) i p Ak T 2k o

[——-‘(‘ OPEG RA

N
Mes~ N Mes

JCI
JRu =
€l |

\(0

e

20

E21 RAEIheERKBERFIFFEENLT 20
Fig. 21 Polymerization functionalized
water—soluble NHC catalysts 20

HN" ¢l -

CI’ O CIH-
\( NMe;

21

E22 BRINBEMLHIKIBERRIRFERLT21

Fig. 22 Amine functionalized water—soluble
NHC catalysts 21

~
Ei N ? EO,C COzEt Et0,C —COEt
X aqueous RCM RCM

E23 HINE DR
Fig. 23 Ring—closing metathesis reaction

Hong 257 E CH,CLI 7 HP A T 31X A4~ B b, k771 20 5
521 Grubbs 11 F1 Grubbs—Hoveyda i £k 71l AH b HA 85 19 )52
NG, 0.01eq fEALF], 30°C, SN 35 min, F 46 R BI AT 1A 5]
99%.

T34, Balof S HE 275 ) v (i FH e D g A ) /K s A Ak
#1122 (& 24) fi 7 AH I B9 RCM KW , 55 Grubbs TT 1 Grubbs—
Hoveyda fiEALFIM L, 3 3 2L I 55 AL TG 1k o i
B35 &4 0.005eq, Z i i 1 h, #4671 Grubbs—Hoveyda 1
AL T0% , AL AL R 60% , Thifi AL 7] Grubbs 11
FEACRAUA 45% . SR1TT, KB HEAEAL TR 22 7] LRSI A

/ﬂ T NMe,
Me,Ni wCI

cr”
\(O
2

El24 BRINBEMUHIKIBRERBIRFEMRLTI22
Fig. 24 Amine functionalized water—soluble
NHC catalysts 22



2,

RS 2016,34(8)

SCIENCE & TECHNOLOGY REVIEW

R R AR ES R A B e AR RS, SR AR R I
—E T ERIR , 2 A BH S T 0 22 S 20T E Ok, R
WD ETIR R B B DTVE R 8 ok . TR 3 BUR L I ik
71123 .24 [RIFEAE CHLCL I 1 A 1 AR [R] i g, 75 31 i 5% Ak
FE i H Grubbs IR EIMEEILRMML . 25 LRI
REAL AR LR 70 24 10 4 L0 105 1 B A8 2 A AR 3 19 23 i fb s
I (E25)

AcO _
AcO o OTf
+
N =\
AcO OAc N .
AN Mes

23:glucose(eq) 24:galactose(ax)

E 25 HEEE/AFIAEELHAELT 23/24
Fig. 25 Glucose/galactose functionalized
water—soluble NHC catalysts 23/24

)5, 3B 0.05eq AL 71 20 F1 21 7K R 0
T K RCM RN o (AR 20, 5538 T RO 12 h, 5%
IR 95% ., 52X, /N A 21, 30°C &4 T
SN 30 min, FEALFALIL 95% 7, (HASE B, %Rk
IR Ru B AR AR KA RCM RO
A

w
o

i

R 22 AR PR RIS R 1 LUy e
JO7 FHIFE FBL ™ TG 7 32 5 A A A A RIS i 2 4 3 A A 2
BIPERT . AR, AR R B G R AL S WO EAL N LA
BIR Ml 76 A7 75 5 BUE | 5 WA 5y ] K A LI 0 o b A S
P, il 51— 22K T REAL R AT (A R I R R
WGP RAKPE AW 58, SO KRR R e R L&
Wy, AR HAE T P AR RIS X —
U R AR SOk AR I T KRR I R A A R LA
VIR TN o BP0 B, KRR R RS RS
WA A e S ik B AN S B A RCR i o 44K,
IR RS 5 B JE AL S WU AE Suzuki IR S  H A C-C
ARG S AN S A e A0 SO, Pt BT S O HEAL AR o AR T
IKEPE R IR R T2 G AL S W e B AL ST BE 5 T4
VIR RETT A BN, 3 P2 A T AR 3 5 /R PR
BRI P A A SO X — SR B SRS 22 1
AR B L ARAT A BRI S BRI A MIRE IR Y 24
AL o

$% 3 (References)
[1] Ofele K. 1,3-Dimethyl-4-imidazolinyliden—(2)—-pentacarbonylchrom ein

neuer iibergangsmetall- carben— komplex|[]]. Journal of Organometallic

Chemistry, 1968, 12(3): 42-43.

Il 52

[2] Wanzlick H W, Schonherr H J. Direct synthesis of a mercury salt—car-
bene complex|]J]. Angewandte Chemie International Edition in English,
1968, 7(2): 141-142.

[31 X0, ss, BT 2. P4 N-24 3R RS W) 6 ). A=k e,
2010, 22(11): 2134-2146.

Liu Bo, Zhang Na, Chen Wanzhi. The synthesis of transition metals N—
heterocyclic carbine[J]. Progress in Chemistry, 2010, 22(11): 2134-
2146.

[4] Glorius F. N-Heterocyclic Carbenes in Transition Metal Catalysis|M],
Berlin: Springer, 2007: 1-20.

[5] Herrmann W A, GooBen L J, Spiegler M. Functionalized imidazoline—2—
ylidene complexes of rhodium and palladium[J]. Journal of Organometal-
lic Chemistry, 1997, 547(2): 357-366.

[6] Shaughnessy K H. Hydrophilic ligands and their application in aque-
ous—phase metal- catalyzed reactions[]J]. Chemical Reviews, 2009, 109
(2): 643-710.

[7] Butler R N, Coyne A G. Water: Nature’s reaction enforcer—comparative
effects for organic synthesis “In-Water” and “On—Water”[J]. Chemical
Reviews, 2010, 110(10): 6302-6337.

[8] Panzner M J, Tessier C A, Cannon C L, et al. N=Heterocyclic carbene—
silver complexes: A new class of antibiotics[]]. Coordination Chemistry
Reviews, 2007, 251(5): 884-895.

[9] Hassan J, Sevignon M, Gozzi C, et al. Aryl—Aryl bond formation one
century after the discovery of the Ullmann reaction[]]. Chemical Re-
views, 2002, 102(5): 1359-1470.

[10] Leadbeater N E, Marco M. Ligand—free palladium catalysis of the Su-
zuki reaction in water using microwave heating[J]. Organic Letters,
2002, 4(17): 2973-2976.

[11] Diebolt O, Braunstein P, Nolan S P, et al. Room—temperature activa-
tion of aryl chlorides in Suzuki-Miyaura coupling using a [Pd(pn—CIl)Cl
(NHC)], complex (NHC = N-heterocyclic carbene)[J]. Chemical Com-
munication, 2008, 27(27): 3190-3192.

[12] Fleckenstein C, Roy S, Leuthau S, et al. N=heterocyclic carbenes for
Suzuki coupling in water[J]. Chemical Communication, 2007, 27(27):
2870-2872.

[13] Karimi B, Akhavan P F. A novel water-soluble NHC—Pd polymer: An
efficient and recyclable catalyst for the Suzuki coupling of aryl chlo-
rides in water at room temperature[J]. Chemical Communication, 2011,
27(47): 7686-7688.

[14] Turkmen H, Can R, Cetinkaya B. Aqueous—phase Suzuki— Miyaura
cross— coupling reactions catalyzed by Pd—NHC complexes|J]. Dalton
Transactions, 2009, 35(35): 7039-7044.

[15] Turkmen H, Pelit L, Cetinkaya B. Water— soluble cis—[(NHC)PdBr,
(TPPTS)] catalysts and their applications in Suzuki—Miyaura coupling
of aryl chlorides[J]. Journal of Molecular Catalysis A: Chemical, 2011,
348(1): 88-93.

[16] Beletskaya I P, Cheprakov A V. The Heck reaction as a sharpening
stone of palladium catalysis[J]. Chemical Reviews, 2000, 100(8): 3009~
3066.

[17] Chinchilla R, Najera C. The Sonogashira Reaction: A booming method-
ology in synthetic organic chemistry[J]. Chemical Reviews, 2007, 107
(3): 874-922.

[18] Schonfelder D, Fischer K, Schmidt M, et al. Poly(2-oxazoline)s func-
tionalized with palladium carbene complexes: soluble, amphiphilic
polymer supports for C—C Coupling reactions in water{J]. Macromole-
cules, 2005, 38(2): 254-262.

[19] Schenfelder D, Nuyken O, Weberskirch R. Heck and Suzuki coupling



RS 2016,34(8)

2,

reactions in water using poly(2—oxazoline)s functionalized with palladi-
um carbene complexes as soluble, amphiphilic polymer supports[J].
Jouranl of Organometallic Chemistry, 2005, 690(22): 4648-4655.

[20] Luo F T, Lo H K. Short synthesis of bis=NHC-Pd catalyst derived
from caffeine and its applications to Suzuki, Heck, and Sonogashira re-
actions in aqueous solution[J]. Jouranl of Organometallic Chemistry,
2011, 696(6): 1262-1265.

[21] Lee J Y, Cheng P Y, Tsai Y H, et al. Efficient Heck reactions cata-
lyzed by palladium(0) and —(II) complexes bearing N-Heterocyclic car-
bene and amide functionalities[J]. Organometallics, 2010, 29(17):
3901-3911.

[22] Littke A F, Fu G C. A versatile catalyst for Heck reactions of aryl
chlorides and aryl bromides under mild conditions[J]. Jouranl of The
American Chemical Society, 2001, 123(29): 6989-7000.

[23] Roy S, Plenio H. Sulfonated N-Heterocyclic carbenes for Pd- cata-
lyzed Sonogashira and Suzuki - Miyaura coupling in aqueous solvents
[J]. Advanced Synthese Catalysis, 2010, 352(6): 1014-1022.

[24] Yang F, Cui X, Li Y N, et al. Cyclopalladated ferrocenylimines: effi-
cient catalysts for homocoupling and Sonogashira reaction of terminal
alkynes|J]. Tetrahedron, 2007, 63(9): 1963-1969.

[25] Riener K, Hggerl M P, Gigler P, et al. Rhodium-catalyzed Hydrosi-
lylation of ketones: catalyst development and mechanistic insights[J].
ACS Catalysis, 2012, 2(4): 613-621.

[26] Ohta H, Fujihara T, Tsuji Y. N-Heterocyclic carbene ligands bearing
hydrophilic and/or hydrophobic chains: Rh(I) and Pd(Il) complexes
and their catalytic activity[J]. Dalton Transactions, 2008, 3(3): 379-
385.

[27] Morgane A N, Virboul M. Lutz M A, et al. One—pot synthesis and im-
mobilisation of Sulfonate—Tethered N—Heterocyclic carbene complexes
on Polycationic Dendrimers[J]. Chemistry—= A European Jouranl, 2009,
15(39): 9981~ 9986.

[28] Silbestri G F, Flores J C, Jestfls E D. Water—Soluble N—Heterocyclic
carbene Platinum(0) complexes: recyclable catalysts for the Hydrosi-
lylation of alkynes in water at room temperature[J]. Organometallics,
2012, 31(8): 3355-3360.

[29] Dwars T, Oehme G. Complex— catalyzed Hydrogenation reactions in
aqueous media[J]. Advanced Synthesis Catalysis, 2002, 344(3): 239-
260.

SCIENCE & TECHNOLOGY REVIEW

[30] Syska H, Herrmann W A, Kiihn F E. Water—soluble carbene complex-
es as catalysts for the hydrogenation of acetophenone under hydrogen
pressure[J]. Journal of Organometallic Chemistry, 2012, 703(15): 56—
62.

[31] Csabai P, Jo F. Synthesis and catalytic properties of new water—solu-
ble Ruthenium(Il)—~N-heterocyclic carbene complexes|]J]. Organometal-
lies, 2004, 23(23): 5640-5643.

[32] Azua A, Sanz S, Peris E. Water—soluble Ir'"" N—heterocyclic carbene
based catalysts for the reduction of CO; to formate by transfer hydroge-
nation and the deuteration of aryl amines in water[J]. Chemistry—A Eu-
ropean Journal, 2011, 17(14): 3963-3967.

[33] Himeda Y N. Sugihara H, Kasuga K. Simultaneous tuning of activity
and water solubility of complex catalysts by acid—base equilibrium of
ligands for conversion of carbon dioxide[J]. Organometallics, 2007, 26
(3): 702-712.

[34] Binder J B, Blank J J, Raines R T. Olefin metathesis in homogeneous
aqueous media catalyzed by conventional ruthenium catalysts[]J]. Or-
ganic Letters, 2007, 9(23): 4885-4888.

[35] Gallivan J P, Jordan J P, Grubbs R H. A neutral, water—soluble olefin
metathesis catalyst based on an N-heterocyclic carbene ligand[]]. Tet-
rahedron Letters, 2005, 46(15): 2577-2580.

[36] Hong S H, Grubbs R H. Highly active water—soluble olefin metathesis
catalyst[J]. Journal of the American Chemical Society, 2006, 128(11):
3508-3509.

[37] Jordan J P, Grubbs R H. Small-molecule N-heterocyclic carbine con-
taining olefin— metathesis catalysts for use in water[J]. Angewandte
Chemie International Edition, 2007, 46(27): 5152-5155.

[38] Hong S H, Grubbs R H. Efficient removal of Ruthenium byproducts
from olefin metathesis products by simple aqueous extraction[J]. Organ-
ic Letters, 2007, 9(10): 1955-1957.

[39] Balof S L, Steven J P, Berger N J, et al. Olefin metathesis catalysts
bearing a pH-responsive NHC ligand: a feasible approach to catalyst
separation from RCM products[J]. Dalton Transactions, 2008, 42(42):
5791-5799.

[40] Keitz B K, Grubbs R H. Facile synthesis of effcient and selective Ru-
thenium olefin metathesis catalysts with sulfonate and phosphate li-

gands|J]. Organometallics, 2010, 29(22): 403-408.

Study on catalytic application of water soluble N—heterocyclic carbene

metal complex as organocatalysts

CUI Meili, GUO Fangjie, ZHOU Mingdong

School of Chemistry and Materials Science, Liaoning Shihua University, Fushun 113001, China

Abstract In recent years, water—soluble N-heterocyclic carbene metal complex have been widely used in organic synthesis due to its high

catalytic efficiency, good selectivity and stability. It is playing an increasingly important role in the selective catalytic organic reactions and

has aroused great concern. This paper reviews the types, the synthesis and the application of research results of water— soluble N—

heterocyclic carbene metal compound in the field of organometallic catalytic chemistry, and its prospect is also depicted.
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