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N-ZIA+E Ru ECEYIRIE MR EH & Suzuki BEX R iz B E1L M A

FRt M

< V2 Sk
= A5

(UARBL TR A TR B I 255049)

WE ST FRERA R EGROIAY 1A 2, M BRI RIS 206 IT R o At
FCE AT T 3RAE, RIS, X2 S BRI AE T IC 590 2 IO S5 H A cis(ICRI L. ALE0 10 2 B REAER A 1R Jse I 5%
PF A R s AT R R ) Suzuki ABIEE SN, JFRBL B IR A T

KW N-ZRHET SIS, fE4L; Suzuki fEE

Synthesis of N-Heterocyclic Carbene Ruthenium Complex and
Application as Catalyst for Suzuki Coupling Reaction

Li, Xiaowei

Zhou, Jin

Zhuo, Shuping™

(School of Chemical Engineering, Shandong University of Technology, Zibo 255049)

Abstract Two new complexes 1 and 2 were synthesized and characterized by "H NMR, '*C NMR, IR spectra and elemental
analysis, and the crystal structure of cis(I) configuration 2 has been also determined by X-ray crystal diffraction. Complexes 1

and 2 have been found to catalyze the Suzuki coupling reaction of aryl halides and phenylboronic acid with high catalytic ac-

tivity under the mild reaction conditions.

Keywords N-heterocyclic carbene; ruthenium complex; catalysis; Suzuki coupling

Suzuki IR IV S 14 U 05 I A W B A1 3
TNEZ —, LR B2 AR A D ReA4 K}
G b R AR AR, %R YRR TR AN 4
P NBET, HBEARNVEREE S RIS AL
TR G EE X PR AU SR s 52 H k. 7E Suzuki KV
SOl S X < B = ) 59 FANVAT MR o S Bvivk = i T <+
YOEMEER, AEAFIT Suzuki fHIEC S N (KGR, T 4K,
LA N-Z438-K 22 (N-heterocyclic carbenes, NHCs) A FiC {4 &
IR 4 R TC S A E A AT, AL Suzuki BB f W £ A%

NHCs {Fh—REE I SCHEECAE, &Rt 5 ) senf
LLIB I 2 1968 4 Ofele! 1 Wanzlick %} NHC i ¥ 4> &
BEAMIARIE, SRITTE 24 NHCs IR 5 1R ABEZATTH)
JVZVERE, HF) 1991 4F, Arduengo 2P E 4y B 19 3R
SE I 25 NHC 2 )5, NHCs M4 @Rl &It 74 15
FIPHR R A 4 JE A DA L BT A 2E RS A 1L T
TR, S5 A YU L, NHCs HAT
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FIH AT IE, 5T NHCs 4@ lc &4 10 A e gk
AU EAF R Z 5T, 4 NHC-Ru 4k N4
WU NHC-PA 4L Heck!'Fll Suzuki-Miyaural */f-
WA IE 5 W . NHC-Rh i 4b 45 FVEE b 1) SURE 4K
R NHC-Tr 4RI IR K 5 M 10 e U925, 2011 4E,
Chen B R IE T — R AL BEhAEfL N-Z43FF 52
Ru P& 9 36 2L s Dy FH -1 A 1] 1 2 e n & s 1
SR, MERE D) RE A N-Z4FR K 5 Ru At &) 4L Suzuki {5
WSS N, BRI S AR R D, AEAR T AR, BATIHRGER T ™
ANH A SRR N-Z4 AR 52 Ru L &4, WF98 T N-Z43%
R SRR R DU B8 N s G A Y 5 R 5
A PTER R RN AAT T, Bef R AR R R R
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PRI Suzuki HIBER . AHFFURTF R BT R R s N-22 50
R RERCA (1) 4 8 Bl A AR AR A — e I
1 #R5iT1E
1.1 N-ZI+E RuBEEHMME RS RIE

3- I 1-(2- Nk W 355 ) LA 2 10K M 45 3 4 STk [19]
Jiidiilg, HAEH = CREMPER R k2 200, TE R0t
BEIR 3-HBE-1-(2-NE e JE) R Jf ke 2- R 5, R&ErEH
P2 55 R AT A [Ru(CO),Clal, A AE JEAL BE A S VA it
N-Z4AR 52 Ru FL&Y), JEIEFZ T 15 2 W R 714
MBS 112 (Bq. 1), HEHZNMR, IR, st 74l
X Bk AT A . AERCA I 1 R 2 () TH NMR it
PEFARY 6 11 2 AR TR R 2R (R R A5 ST Ok, &
2R Jf ke LB R N-Z8 R R 5 2 5 48 Ru
Befr, X451 PC NMR i 5 189.87 1 189.90 4t
(5 50t —BAE s, SRR EEECA 4 1 2 1) 'H NMR
W1 b 61 S SAAL R N T 2 it 647 A
LA RS, 2 AR DG SCIREY, FRATHEWTH 1 Uk
W trans(D), B 5408 Ru FAZPIAS T B0 X, 1 2
AT cis(T), B 4)E Ru FOALAI AN T H 4.
Be&H 1 2 (MDA s R W], A7 2060, 1992 F12058,
1994 cm™ ' Kb R CHT B U R TR A 1R 2 AR
B 1) Ao 400 I 2 W A U T 3 43 AT R T R WA R R e N 4%
fF, BATVRIN, 2RI L (P 8574 PR, ik T
I, SNAE S A A ANAS B P UIA L T C  4,
MAEAST TAES, RIFBRMeb P & 74 1, RMNVAE
AR 24T, @8 AT [Ru(CO),CL], A Cl
P TEURHE BN I N-Z8 30K s e i ie &4, Mt
PR L L A4, BT AL, KR (R U
FIS N 5 AT 00 1 45 K AT — 52 RS .

= i N
N ‘ N/
(i) NEt3, CH3CN, r.t., .5 h N I/"RL‘J"“\CZO

N +
%i\\N\ (ii) [Ru(CO),Clyl,, CH3CN @:N} ‘c > +

I Kl, reflux, 24 h | 0
N (e}
‘ _ trans(l) 1
N, R"\l al
ul
RIS, (1)
g
[
O
cis(l) 2

12 @ikEH

FCE4 2 1K) S AR R an B 1 R, HLgiterh, N-Z430
RN AL A Ru FUA7, 62)8 Ru o5k A
N-ZEIA R AR RE A R EEBAPA COv A 1
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BCAE T L ) N T AR R L, 454 Ru BB Be A 77
3, LAl R AN ICE I, I B R R
JLF-ALTH. Ru 5 R FEBEEK: Ru(1)—C(7)4 2.000(6) A,
L g U K Ru—N@3) N 2.147(4) A, XE$d 4 5 30
MR [19] 4 18 19 AH L. B A C(15) —Ru(l) —N@B) A
175.6(2)°, ¥t C(15), Ru(D)AT N3)J5 T AELL 1.
AW 2 IR BERK AR 5 T35 1 .

b

N o g0 Cl
: © C5)
% co)
c@)
e f C(10)
cE) C(8)

C(11)

B1 a2 w14t

Figure 1 Molecular structure of complex 2

1 WEY 2 MES KA EAC)
Table 1 Selected bond lengths (A) and bond angles (°) of
compound 2

Ru(1)—I(1) 2.7505(6) Ru(1)—N(3)
Ru(1)—1I(2) 2.7674(6) Ru(1)—C(14)
Ru(1)—C(7) 2.000(6) Ru(1)—C(15)
I(H)—Ru(1)—1(2) 92.353(18) N(3)—Ru(1)—C(7) 76.6(2)

I(1)—Ru(1)—C(7) 85.84(13) I(2)—Ru(1)—C(15) 86.8(2)

12)—Ru(1)—C(7) 171.28(17)N(3)—Ru(1)—C(14) 92.9(2)

I()—Ru(1)—N(@3) 90.96(11) N(3)—Ru(1)—C(15) 175.6(2)
1(2)—Ru(1)—N(3) 94.93(12) C(7)—Ru(1)—C(14) 94.07(19)
I(1)—Ru(1)—C(14) 176.0(2) C(7)—Ru(1)—C(15) 101.5(3)
1(2)—Ru(1)—C(14) 88.33(14) C(14)—Ru(1)—C(15) 91.2(3)

1(1)—Ru(1)—C(15) 84.92(18)

2.147(4)
1.897(6)
1.867(7)

© 2014 Chinese Chemical Society & SIOC, CAS

1.3 N-ZIRFE Ru Be &ML Suzuki BB R
N-ZFA R 2% Ru FLAW1E R B EAG R C) 2
TS RGP N A, R, RN N-Z R 5=
Ru it & WI7E AL Suzuki fH SR H I 5T EIAR X 482
TATCA IR AR AR 1) Suzuki 156 SN R B8 2 W, N-
AR5 Ru BCE AT, W05 L T A1k
Ru FLAH 1, 2 A cis(CY)AE Suzuki IS H IR AL
PE(Eq. 2). & Suzuki MBI N AT, Bl 1 RPE A& 5 M0 W
PEREM LR 2, DR, BT DA IE S b i F 1 1,4-
TAHEONHER, T AP Cs,COs, KyCOs,
KOH, CH3;COONa, Na,CO; 7Ef#AL 7] 1 -4 1 mol%lh
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X NPEREIE (R 2), 4R, Bl KyCOs MBI,
IS N U T B IF 45 3, 90 "CRV 4 h, AR LT
R LR AR SO, IR ERIE 90%, TR
T KoCOs R FEAY,

Br B(OH),
NHC-Ru cat.
: " @
base

F2 W 1 HEALRY Suzuki BN IS ¢
Table 2 Effect of base on Suzuki coupling reaction catalyzed
by 1

Entry Base Conversion’/%
1 Cs,CO;4 51
2 K,CO;s 90
3 KOH 80
4 CH;COONa 20
5 Na,CO; 55

“ Experimental conditions: phenylboronic acid (0.3 mmol), bromobenzene (0.2
mmol), 1 mol% compound 1, base (0.6 mmol), 1,4-dioxane (3 mL), 90 ‘C (oil
bath), 4 h. ® The reaction was monitored by GC analysis.

HIENBC S 1, 2 F1 cis(CHAE Suzuki B W HH )
fiEALERE, BRATLL 1,4- 5NN, KoCOs Ak, 76
FAMRY R 90 C MY, HEUAFRMEEY 1, 2
HT cis(C) M T B IR 2R AN 2R R 11 S N 15 (B 2),
AL S5 B R FE S 1, 2 A cis(CLY RS Wb AL IR
ARFIRINER ) Suzuki IR MY, RNV 7 h &, WAJLT
Refg e FeAk, HALRIE 96%, SR, MHA M2,
BEA40 1 A0 2 (AT TR = T cis(Cl), XAl g SRC &
W&EFg R Ru—I1 f1 Ru—Cl K 2 R A7 56, ST N
RLI) N-Z8H R 5 Ru FCAPIK UL, AT TR S A7 55
AR EEL 48 Ru oy, ek R v it 72 v,
— /BN A B AR TR T 22, Ru—T $#K:[2.7505(6)
F12.7674(6) Al Ru—Cl K [2.4548(10) A1 2.4730(10)
A, PRIt Ru—T A W, MM 80T 5% =i
sk, BEEY) 18 2 e S, X T AR T
R 22 5 BT R 30T

NRE—LWFIE 1 4E Suzuki FHIEE SN AL T BE,
BATH BRI S N 464, LA 1,4- 58 NFR N, K,CO;
b, No 57 F 90 CJN 10 h, #%HAh &4 AR HL
ARIE M) AR5 5 AR AR IE S N, &5 SRk 3 Fiow,
RILLLIRAE . X IR, 5 ABEIEIR IR . XA
FCR R AT R N JEAT AL i, 1921 92%, 80%, 95%,
98%, 99%I17"” % (Entries 4~8), 1fii LA, X LR
FN; LI FE SRR IR AT 2] 24%, 18%F1 36%[11=
#(Entries 1~3). X ZWEHE G (Entry 3). X SBEAE RO
(Entry 6)FUN ALK (Entry 7) 5 20018 58 1R 43 B 0
RO T A K (Entry 1) 4 LS (Entry 2)RTRZE

Chin. J. Org. Chem. 2014, 34, 2063~2067

(Entry 4). X IR K(Entry 5), MiXLeEdanl LLAE H,
AT KRG T A AR R TR T Suzuki AR
M EAT

100
80 —t+—trans(l) 1
—X—cis(l) 2
o *— cis(Cl)
X
= 60
Ke]
2
g
c 40
o
(&)
20
0 T T T T T

. — .
0 1 2 3 4 5 6 7

Reaction time/h
B2 WaEYW trans() 1, cis(T) 2 F cis(COMALIR AT R BR 1]
Suzuki 3 HR S N e A0 R = s W ] ]
Figure 2 Plot of conversion vs reaction time for the Su-
zuki-Miyaura cross-coupling reaction of bromobenzene and

phenylboronic acid with complexes trans(I) 1, cis(I) 2 and

cis(C)!"! as catalyst precursors

Experimental conditions: phenylboronic acid (0.3 mmol), bromobenzene
(0.2 mmol), 1 mol% catalyst [trans(I) 1, cis(I) 2 and cis(C)!"], K,CO;s
(0.6 mmol), 1,4-dioxane (3 mL) at 90 ‘C (oil bath). All reactions were
monitored by GC analysis at 1, 2, 3, 4, 5, 6 and 7 h to detect the conver-
sion instantly.

K3 AEW 1 RATT I S A R A AR S b
Table 3 Compound 1-catalyzed Suzuki coupling reaction of
aryl halides and phenylboronic acid

Entry  Phenylboronic acid Aryl halide Yield/%
1 @—B(OH)Z @—CI 24
2 ®—B(OH)2 H3C—©—CI 18
3 @—B(OH)Z HgCOC—Q—CI 36
4 @—B(OH)Z @—Br 92
5 @—B(OH)Z H30—©— Br 80
6 @—B(OH)Z HgCOC—Q—Br 95
7 @-B(OH)Z OZN—Q—Br 98
8 @-B(OH)Z ©—| 99

© 2014 Chinese Chemical Society & SIOC, CAS

“Experimental conditions: phenylboronic acid (0.3 mmol), bromobenzene (0.2
mmol), 1 mol% compound 1, K,CO; (0.6 mmol), 1,4-dioxane (3 mL), 90 C
(oil bath), 10 h.

http://sioc-journal.cn/ 2065
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2 it

T I AR N-Z BRI~ B A R P 2 Ak O 4%
AR T AN N-Z¥ 3R 52 Ru tb &4, FIFRZREILIRE
WL AZREILIRRRE . LD ANERERNIC T A S AT
TERAE, W, R X SR BATaHEsse T a2 1
Iy FEER. WA R TAHA 1, 2 LA cis(CHAEIRZE
LRI Suzuki AR AL RE, 45K,
&P 1 2 A TE T T cis(Cl), BRI HL
AN KB IR s W P = 26 A B B 1) R M.

3 XEIHN
3.1 UESIKF

Bruker AM-500 BUAZ 1 3:ARA%(CDCL; 8¢ DMSO-ds
JEEF, TMS W Fx); Perkin-Elmer 240C #4562 3 B A%
Nicolet NEXUS870 LI ARG A% B 2010 “AH (i
1 B RV IILETHER N, S50, Schlenk P #EAT.
S BT AR A T B e M all, 70 S 4% bR HE T 1%
SRS A [R5 28, AR TR i A T R 2 40
th, BEEAEFH. FEZHEH 300~400 HEER. R4
B 3- - 1-(2- ML ) L S Ik Py 120 o 4
PI[Ru(CO),Cly], 144 SR 754 1k
32 EEMMEM

TRTRSEMT, K 3-FFE-1-2-me 35 i fh 2% 5f
BRI 2R (0.34 g, 1.0 mmol) I A £ 100 mL 7] Schlenk JifH,
SR AN 50 mL BRI = 4 14(0.54 mL, 4.0
mmol), EIHHEFER N 0.5 h J&5, [ NAERTINA
[Ru(CO),Cl], (0.23 g, 1.0 mmol) Al & AN, v
RAYIINAMIG 24 h JRNVSEEEE, SIE, WORRR L
i, A R il A 4 5, e F AU b A 21
HE A1 (0.19 g), F7HER 30%. fF 1 WEEEE, H—
AW E-WE (V0 V=20 : 1)YEI 43 ) ¥ o (0 [l 4k 2
(0.13 g), F=FNH 21%. MHXEHRWR:

S5 o - I [3- T - 1-(2- P ) 2 I K 4]
&7 (1): 'TH NMR (500 MHz, DMSO-dg) 6: 9.41 (d, J=5.5
Hz, 1H, 6-H of Py), 8.65 (d, /=8 Hz, 1H, ArH), 8.50 (d,
J=7.0 Hz, 1H, ArH), 8.43 (t, J=8.5 Hz, 1H, 5-H of Py),
8.00 (d, J=8.5 Hz, 1H, 3-H of Py), 7.77 (t, J=6.5 Hz, 1H,
4-H of Py), 7.64~7.62 (m, 2H, ArH), 4.21 (s, 3H, CH,);
BC NMR (DMSO-ds;, 125 MHz) 6: 198.99, 193.76,
189.87, 154.45, 152.90, 143.18, 135.97, 130.65, 125.97,
125.79, 123.52, 114.34, 113.36, 112.77, 35.60; FT-IR
(KBr) v: 3070, 3066, 3020, 2994, 2880, 2060, 1992, 1617,
1579, 1477, 1449, 1417, 1270, 1215, 989, 727 cm'. Anal.
calcd for C;sH;;I,N;0O,Ru: C 29.03, H 1.77, N 6.77; found

2066 http://sioc-journal.cn/
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C 28.83,H 1.92, N 6.88.

i - BRI [ 3- R - 1-(2- ML i ) 24 10K e ]
#%7(2): 'TH NMR (500 MHz, DMSO-dj) d: 9.78 (d, J=5
Hz, 1H, 6-H of Py), 8.68 (d, J=8.0 Hz, 1H, ArH), 8.52 (d,
J=8.0 Hz, 1H, ArH), 8.41 (t, J=8.5 Hz, 1H, 5-H of Py),
8.02 (d, J=8 Hz, 1H, 3-H of Py), 7.69 (t, J=6.5 Hz, 1H,
4-H of Py), 7.65~7.62 (m, 2H, ArH), 4.20 (s, 3H, CH;);
BC NMR (DMSO-ds, 125 MHz) 6: 198.98, 193.75,
189.90, 154.44, 152.89, 143.18, 135.96, 130.64, 125.79,
123.52, 114.33, 113.35, 112.77, 35.60; FT-IR (KBr) v:
3067, 3060, 3019, .2990, 2872, 2058, 1994, 1624, 1560,
1482, 1450, 1420, 1268, 1220, 986, 721 cm . Anal. caled
for C,sH;;LN;O,Ru: C 29.03, H 1.77, N 6.77; found C
28.90, H 1.89, N 6.85.
3.3 mIRGEHIHINE

B X SFERATHIE LA 2 1 RS R, PhiE R
% 24(0.28 mm X 0.24 mm X 0.22 mm) I EAk, T
Bruker SMART CCD it b, R S5t fhim)
Mo Ko #$1£k(A1=0.71073 A)BCHEEHE. 4 45 4 R H
SHELXS-97PIRE et F? A7 ks 18, SRS 7RI )
SPESHORATIEIE, MO A= B A7 T D8 [ S it 1
BAEF0, CCDC 928615, i http://www.ccde.cam.
ac.uk/conts/retrieving.html 8¢ e-mail: deposit@ccdc.cam.
ac.uk S PIREL, Eb RS RS S 800 B AR
3.4 Suzuki (BBt 7

7E Ny B (T8 Schlenk £+ IT A N-Z3F
T Ru MCE%)(0.01 mol), BMZHH(0.6 mmol)F A&
(0.3 mmol), N, UJH O/, SR JE A =48 5% #£(0.2
mmol)Fl 1,4- 4 /NFR3 mL), {E 90 CHiFE SN, GC IR
BE. RNGERE, WEIE R, U, R ARG,
FEJZ 0T 9 B 4015 BB B =)

44 Bh#f Bl (Supporting Information) 14 & 4211 fh 1445
FAEESH L R A 1FI29 H NMRAIC NMR. X
SRl AT DL e 3% AT I 3k (http://sioc-journal.cn/) | R
.
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BB+l (Supporting Information)
N-ZLIAFE Ru BEL &89 & B R H7E Suzuki 1BEL 5 N #1452

(WRFET M2 TR il 255049)

B S1 L& 1 1) "H NMR
Figure S1 '"H NMR of complex 1
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Figure S2 'H NMR of complex 2
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B s3 L&t PC NMR
Figure S3 ">C NMR of complex 1
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R ST BP0 RS SRR B Hds

Table S1 Crystal data and structural refinements for complex 2

Complex

2

Empirical formula

Formula weigh
Crystal system

Space group

a, A

b, A

c, A

o(®)

B

(°)

Volume, A3

VA

Pealed » &/ cm’

U, mm’’

F(000)

6 range, deg

Limiting indices 4, k, [
Reflections collected
Independent reflections (R
Reflections with 1>2a(1)
Number of parameters
Goodness-of-fit

Ry, wR, (I>20(]))

Ry, wR, (all data)
Apmin/ Aprmaxs e A

C15H1 112N302Rll

620.14

Orthorhombic

Pna2l

12.5770(14)

12.9614(14)

19.505(12)

90

90

90

1785.1(3)

4

2.307

4.348

1152

2.26 t0 26.00
-l4sh<15, -15<k< 14, -11<I<13
9137

3287 (0.0502)

2925

209

0.961

R,;=0.0261, wR,=0.0561
R,;=0.0308, wR,=0.0573
—0.575/0.513
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