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Synthesis of Cyclopalladated Phenyl Imidazoline-Carbene
Complexes and Catalytic Study in Suzuki Reaction
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Abstract The amido alcohols compounds 1a and 1b were synthesized from commercially available 3-nitrobenzoic acid or
benzoic acid and (S)-2-amino-3-methyl-1-butanol at room temperature. The amido alcohols, when treated with excess thionyl
chloride, followed by p-toluidine, gave the phenyl imidazoline compounds 2a and 2b. Cyclopalladated phenyl imida-
zoline-carbene complexes 3a and 3b were obtained by the reaction of phenyl imidazolines 2a and 2b with Pd(OAc),/LiCl
followed by treatment with 1,3-dibenzyl-benzimidazolium chloride. All the complexes 3a and 3b were characterized by 'H
NMR, *C NMR, MS and elemental analysis. In the crystal of complex 3a, the compound was assembled to a chain su-
pramolecular structure by the intermolecular hydrogen bonds. And complex 3a presented good catalytic effect on Suzuki reac-
tion.
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1 ALEY) 3a (K (A) RIS (°)
Table 1 Selected bond lengths (A) and bond angles (°) for compound 3a

Pd(1)—CI(1) 2.396(12)
Pd(1)—C1(4) 1.980(4)
N(@)—Pd(1)—CI(1) 97.08(10)
C1(4)—Pd(1)—N(4) 170.99(17)
C(22)—Pd(1)—CI(1) 174.79(13)

Pd(1)—N(4) 2.056(3)
Pd(1)—C(22) 1.997(4)
C1(4)—Pd(1)—CI(1) 90.20(13)
Cl(4)—Pd(1)—C(22) 92.83(15)
C(22)—Pd(1) "N#4) 80.32(17)
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Figure 1 Molecular structure of compound 3a

B2 ;i Cl--H—C ¥ 51 3a 3L HEIR 45 1)
Figure 2 Cl--*H—C which link the molecular 3a to a chain
supramolecular structure
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K 75%, B EEE HPLC (chiralpak AD-H)F ee
fH 4 0(F 2).
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Table 1 Catalytic activity of cyclopalladated phenyl imidazole
carbene complex 3 in Suzuki reaction

B(OH), |

Cat. 5 mol% OO
OMe base OMe
+ t 0

Entry  Solvent 7/'C Time/h Base  Yield’/%
1° DCE 80 12 K5PO, 73
2¢ EtOH 80 24 K;3PO, 14
3¢ THF 80 24 K;3PO, 6
4¢ DCE 60 24 CsF 17
5¢ DMF 50 12 K;PO, Trace
6° DCE 50 12 CsF Trace
7¢ Toluene 80 24  K,CO; 75
8¢ Toluene 75 48  CsF 58
9¢ Toluene 80 24 K,CO; 51

© 2014 Chinese Chemical Society & SIOC, CAS

“Reaction conditions: aryl iodine (0.2 mmol), ArB(OH), (0.3 mmol), base (1.0
mmol), solvent (2.0 mL), under Ny; * isolated yields; ¢ Cat. 3a (5 mol%);  Cat.
3b (5 mol%).

HBEY, NILERPEAT T RIL. 250 3a f A 45 3 W]
G YR ) 7R SR B e REIR G . A
3a 7EZEHN IR ANBIAC T A IS 25 1Y) Suzuki 316 S 3 H R B
HH L O A T

3 XBEH
3.1 NESKFA

XT4A B S EAL, TR AL IEAE TR
H1GA% 28 ); Bruker DPX-400 NMR B % 3L 42 A (TMS
I WFE, CDCLy A 71); Agilent LC/MSD Trap XCT il
{%; Thermo Flash EA 1112 BT 73 H71%; Agilent Gem-
ini E CCD A fTHH; it g Pl (o ikt ki 2
R, Jorp, ARk S ST R T A e
Geo, W2 GRS AL T 4771 GFas )22
WTHE IR 5 45 P L 4T 4 32 8(0.5% K ) THIE.

T N, ISR = 2RSS TR R R AT
i SRR F A B T, ek 28085 4 7T I iR
2R SR X B R R I AR ok i
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SHTEiRF; (S)-ARE IR 13- AR I kg R
93 4 SCRR 726 1.

3.2 EWAHE

3.2.1  TE AN AOR T BRAR BT (1)89 6 A%

FRAE STk 5 3, (A FE DK R (668 mg , 4 mmol)
A 3 mL SO, B 4 b, gl Bl 5 A
AR, AN 30 mL Jo7/K CH,Cl, UK N KK L 221835 in
FIVEAE = 2 (1.2 mL, 8 mmol)FI(S)-LHZ i7 (495 g, 4.8
mmol)I /57K CH,CL, (40 mL)¥E S, ihnsete, =
WA, A 70 mL K, 70 A HLE, CH.CL A, &
IENLZ, MR R KK, TR T, 7
ZVEFNG AR, FE 2 43 B atif5 ) A o F g
JEIERE 1a, 772 90%.

FIA B 1a IR VLA T 2K IR ERE 1b, 77
# 71%.

3.2.2  Ta) AR AR SRR oK et bR AR (2) 89 6 K,

AR STk 5 U2 TR 36 2 P R R B (1a) (756
mg, 3 mmol) A 5 mL &, [ 8 h, ik kkZ:
AR T SOE, 10 mL ZBRARIRARY), MA=2
(1.3 mL, 9 mmol)FI%} K f%(481 mg, 4.5 mmol), i
Be R=YEPEEE 4 h I 10% M9 SR N K 15
mL, ARSI, PRI, AR T
PRI R VNI RN A BRI ZK PR, TC /KB IR Bk
T, LUE, WRAE, FEZ D B P Al 1 R I AR K e
WKAC /A 2a, 7722 80%.

B 2a FIZRUTVE S BCT ZREE KR L 4 2D,
FH 61%.
3.2.3 ALK IRk R &S 3 698K

TR TCASAET, AV I 4 5 K R P 44 (2a) (65
mg, 0.20 mmol)FIfEFR4(54 mg, 0.24 mmol)ZE T4 (1)
F2(15 mL) 1 [=13E 24 by BBl BR 05, InNTRG RN
Wi/ 7K (V/V=3/2, 20 mL), —XMIATC/KEAH (102 mg,
2.4 mmol), =dHEFE 48 hy “HTEAEI, A HUAHIKIK
FAMI RN SRR RUKPEE, TORBRIREE T, I8, %
2 50 mL BJELEF, A 1,3- 83Tk Mtk (67
mg, 0.2 mmol)[) ZJE(5 mL)®E W, &5 MA KOBu-t
(179 mg, 1.6 mmol), Tt ®w. “H P A, H
BUFHAR IR R R0 £ R K K P, K BRBR BT, it
W&, WRAE, R A BN A TR (LR LR =
20/1 WCHEE 17, 45 H bR P ) BRATAR 2R K b — < 2%
AW 3a, WK, 773 51%. mp. 259~261 C; 'H
NMR (CDCL;, 400 MHz) &: 0.95 (d, J=2.9 Hz, 3H,
CH(CH3),), 0.97 (d, J=3.0 Hz, 3H, CH(CHa),), 2.42 (s,
3H, ArCHs), 2.91~2.94 (m, 1H, CH(CHs),), 3.89 (dd, J=
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4.8, 10.0 Hz, 1H, CHH), 4.04 (appt, J=10.6 Hz, 1H,
CHH), 4.47~4.50 (m, 1H, NCH), 5.79 (d, J=15.4 Hz,
1H, PhCH,N), 5.94 (d, J=15.3 Hz, 1H, PhCH,N), 6.06 (d,
J=15.4 Hz, 1H, PhCH,N), 6.18 (d, J=15.3 Hz, 1H,
PhCH,N), 6.34 (d, J=8.5 Hz, 1H, O,NPh-H), 7.14 (d, J=
8.2 Hz, 2H, O,NPh-H), 7.17~7.28 (m, 12H, Ar-H), 7.31
(d, J=7.8 Hz, 1H, Ar-H), 7.49 (q, J=12.0, 6.9 Hz, 2H,
Ar-H), 7.53 (d, J=2.5 Hz, 1H, Ar-H), 7.56 (d, J=7.0 Hz,
2H, Ar-H); *C NMR (CDCl;, 100 MHz) §: 186.6, 167.7,
167.0, 143.6, 138.2, 137.7, 137.3, 136.6, 135.6, 135.2,
134.8, 134.5, 130.6, 128.7, 128.7, 128.4, 128.4, 128.1,
128.1, 128.0, 126.3, 123.9, 123.4, 123.3, 120.9, 111.7,
111.4, 65.9, 55.9, 53.6, 53.5, 30.3, 21.2, 18.7, 14.5; MS
(ESI) m/z: 726 (M—Cl)". Anal. caled for CsH3Cl-
N;O,Pd: C 63.00, H 5.02, N 9.18; found C 62.79, H 5.06,
N 9.07.

FG 1 3a 2R LG il T IRAEAL R R K ek —
LG 3b. WA IS S ST/ VA K =
10/1 CHCERS a1 H A = ) PR AL A AR 55 K Pk — = 2 4%
a4 3b, AR, 7% 39%. mp. 250~251 C; 'H
NMR (CDCl;, 400 MHz) 6: 0.92 (d, J=2.9 Hz, 3H,
CH(CH3),), 0.94 (d, J=3.1 Hz, 3H, CH(CH,),), 2.39 (s,
3H, ArCH3), 2.88~2.96 (m, 1H, CH(CH,),), 3.80 (dd, J=
9.9, 4.8 Hz, 1H, CHH), 3.99 (appt, J=10.0 Hz, 1H, CHH),
4.41~445 (m, 1H, NCH), 5.86 (d, J=154 Hz, 1H,
PhCH,N), 6.05 (d, J=15.3 Hz, 1H, PhCH,N), 6.15 (d, J=
154 Hz, 1H, PhCH,N), 620 (d, J= 153 Hz IH,
PhCH,N), 6.36 (dd, J=7.4, 0.8 Hz, 1H, Ar-H), 6.53 (dd,
J=7.7, 1.3 Hz, 1H, Ar-H), 6.65~6.69 (m, 1H, Ar-H),
6.76~6.80 (m, 1H, Ar-H), 7.07~7.15 (m, 5H, Ar-H),
7.18~7.29 (m, 8H, Ar-H), 7.54 (d, J=3.96 Hz, 2H,
Ar-H), 7.63 (d, J=6.76 Hz, 2H, Ar-H); *C NMR (CDCl,,
100 MHz) J: 189.0, 169.1, 155.8, 139.0, 137.1, 136.7,
136.6, 135.9, 135.6, 134.8, 134.6, 130.2, 130.1, 128.7,
128.4, 128.1, 128.0, 127.8, 127.0, 126.3, 123.0, 122.9,
122.5,111.6, 111.4, 65.8, 56.0, 53.8, 53.6, 30.1, 21.1, 18.8,
14.6; MS (ESI) m/z: 681 (M—Cl)". Anal. caled for
C4H40CIN4Pd*0.25CH,Cl,: C 65.43, H 539, N 7.58;
found C 65.73, H 5.41, N 7.42.

3.2.4 %4649 3a o9 ShAREE M)

TS A GBI b h LS AR B G ) 3a 1R
fi, I 0.2 mmX0.2 mmX0.2 mm ¥4 Agilent
Gemini E CCD . §4 #7514 291.0 K A7 56 FL (6,25 H
1611 Mo-Ka 514k (2=0.71073 A)VERTHEIE, UL o 193
7 RAEME N 2.94°~25.00°0, —11<h<8, —22<
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k<19, —22<</<<23 Ju[H NIBCEEATH 5 14706 4, R
I>20(D AT S T S A 1 S5 84 73 T e 24 i 22 1A
T R=0.0294, wR(F*)=0.0670 [[=20(])]; R=0.0338,
wR(F?) = 0.0692 (all data); " w= 1/[c*(F.}) +
(0.0333P)* + 0.3612P], P = ( F} + 2F? )3. % M
SHELXL-97 F2J¥ FH BBk e A5 1Ak b, SR 4
FERE B/ e AR SR T AR bR . 1) e i R
TR BN
3.2.5 AME AT BILE 4 Suzuki 1BEL R
AR T, 1-BAC-2- 4 25 (56.8 mg, 0.2
mmol), ZEHIER(51.6 mg, 0.3 mol), LT 5 mol%, Bk
(138 mg, 1 mmol), ¥FH(2 mL)IMA L 3ETE NV EFH, %
SETLEE NN, SN 5 RA A =i, R LA,
RS B VORI R A A (& k) =1/1], i
HP7 % HPLC Kl 444 J& [Daicel Chiralcel AD-H col-
umn, n-hexane/[-PrOH=98/2, 0.25 mL/min, 254 nm].

=
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