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Syntheses and Application of Aminated Benzimidazole Derivatives in
Transfer Hydrogenation Reaction of Ketones

Duan, Kai Li, Xiaona Li, Yunqing Wang, Jiaxi*
(School of Chemical Engineering, Hebei University of Technology, Tianjin 300130)

Abstract A series of a-amino-benzimidazole derivatives 1~5 were synthesized by reaction of a-amino acid with
o-phenylenediamine under microwave irradiation. 1-(1H-Benzo[d]imidazol-2-yl)ethanamine (1) reacted with bromobutane
forming mono-butyl, dibutyl and tributyl substituted benzimidazole 1a~1d; and the N-alkylated derivatives 1i~1g were syn-
thesized by protection of amine group by Boc and then N-alkylation. The catalytic capability of the catalyst generated in situ
from Ru(II) compound and obtained benzimidazole derivatives were evaluated in the transfer hydrogenation of ketones using
iso-PrOH as hydrogen donor and solvent. The results revealed that catalyst generated in situ from RuCl,(PPh;); and ligands
had moderate to high activity. The catalyst system with a-amino-benzimidazole derivative containing NH, group is the most
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active and the highest TOF (turnover frequency) was up to 40200 h™".
Keywords amino acid; benzimidazole; N-alkylation; microwave; Ru(II) complex; ketone; transfer hydrogenation
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#] SP-6890, B4 HE, [f 2 4H: CP-Chirasil-Dex CB; %
PEALH: N2000 AR5 TAER, Wil K 8AE R T
F2WF 90 BT ), A% MG 3R PR 6% A (E R A S A A
AVANCE400); ZLAM 61 (1 & ve 22 5] TENSOR27);
S RUIE A AE RERM A #S | XT4-100A); 1
P SIS (R RV R 4 TR BR A 7] MG08S-2B),
JUE T (E [E Elementar 23 7] Vario EL)

1.2 a-BERNKEFRBITENRI S K

1.2.1  1-(1H-3RFF[d]2hrd-2-35) T (1) 898 %,

100 mL 1 5 LU DA BERR 5 mL 22 20512 2 mL.
N 2.67 g (0.03 mol). 4K —Ji% 3.24 g (0.03 mol), %
RS TN ROV AR, 80 mA (255W) ]
BN, TLC RSl e W EFE. 8 5¢ B2 i I 30 mL 7K
Fike, ] Ca(OH), I pH £ 8~9, U8, JEWI 4,
JIT A B AR S fE A BT GV - 218 L 1R), 1931 4.12
g WRE A, WOE 85%. mp. 169~171 COCHRE™:
168~170 °C); "H NMR (400 MHz, CDCl3) 6: 7.58~7.56
(m, 2H), 7.24~7.21 (m, 2H), 4.47 (q, J=6.8 Hz, 1H),
1.60 (d, J=7.2 Hz, 3H); IR (KBr) v: 3366, 3051, 2975,
2891, 2734, 1932, 1882, 1775, 1620, 1590, 1530, 1456,
1420, 1311, 1273, 1221, 1124, 1062, 1020, 991, 933, 850,
750 cm ', Anal. caled for CoH N;: C 67.06, H 6.88, N
26.07; found C 67.15, H 6.74, N 26.12.

122 1-(1H-3K 3 [d]zkek-2-3)-2-F J & e (2) 09 &
P,

JrERISE 1.2.1 1. 42 3.51 g (0.03 mol) 548K
[ 3.24 g (0.03 mol)fhyk NN, HIfF 4.70 g R
4, W% 83%. m.p. 183~184 °C; '"H NMR (400 MHz,
CDCly) 0: 7.59~7.57 (m, 2H), 7.24~7.22 (m, 2H), 4.16
(d, J=5.0 Hz, 1H), 2.38~2.32 (m, 1H), 0.99 (d, J=6.9
Hz, 3H), 0.93 (d, J=6.8 Hz, 3H); IR (KBr) v: 3423, 3374,
3081, 3052, 2958, 2870, 2739, 1936, 1894, 1620, 1590,
1538, 1455, 1432, 1307, 1272, 1230, 1027, 935, 749, 732
cm . Anal. caled for C;;H,sN5: C 69.81, H 7.99, N 22.20;
found C 69.60, H 7.90, N 22.50.

1.2.3  1-(1H-3R3F [d]zkrk-2-3)-2-FK K TR (3) 094
A,

JREIAEE 1.2.1 15, KNER 4.95 g (0.03 mol)
AR K 3.24 ¢ (0.03 mol) il WY, J&5H Ca(OH), 1
pH & 8~9, 7 KRR, g iy SR
R, CWEHEIRAE, Tt A 218 SRR 45 8, 13
#5.03 g WA A, HE 71%. mp. 178~180 C; 'H
NMR (400 MHz, CDCl;) d: 7.60~7.58 (m, 2H), 7.35~
731 (m, 2H), 7.28~7.23 (m, 5H), 4.53 (dd, J=9.5, 4.1
Hz, 1H), 3.52 (dd, J=13.7, 4.1 Hz, 1H), 2.92 (dd, J=13.7,
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9.5 Hz, 1H); IR (KBr) v: 3386, 3302, 3081, 3026, 2915,
2852, 2753, 2673, 1931, 1890, 1812, 1769, 1619, 1590,
1538, 1454, 1425, 1358, 1315, 1275, 1227, 1099, 1029,
931, 751, 699 cm '. Anal. calcd for C;sH;sN;: C 75.92, H
6.37,N 17.71; found C 76.18, H 6.27, N 17.47.
1.2.4  1,3-(1H-FF[d]2kok-2-2)-1-7 e (4) 69 - %,
TS 1.2.1 745, %R 4.41 g (0.03 mol) 4R ZK
TJ% 3.24 g (0.03 mol)f F RN, HilfE 6.92 g Wk
A, E 79%. mp. 124~126 COCHr{E!"": 123~
125 C); '"H NMR (400 MHz, DMSO-dy) J: 7.49~7.47
(m, 4H), 7.14~7.09 (m, 4H), 4.12 (q, J=6.8 Hz, 1H),
2.94~2.90 (m, 2H), 2.39~2.34 (m, 1H), 2.23~2.14 (m,
1H); IR (KBr) v: 3359, 3174, 3096, 3061, 2930, 2862,
2780, 1930, 1625, 1537, 1442, 1322, 1275, 1220, 1112,
1026, 737 cm '. Anal. caled for C;;H;Ns: C 70.08, H
5.88, N 24.04; found C 70.03, H 5.90, N 24.12.
1.2.5  2-(vhegdm-2-2)-1 H-3R 5 [d]2K o (5) b A %,
LSS 1.2.1 745, ER 3.45 g (0.03 mol) 54F 2K
T J¥Z 3.24 g (0.03 mol) Tk BV, i1 4.65 g MR B
AN % 83%. mup. 166~167 “C; 'H NMR (400
MHz, CDCl;) d: 7.57~7.55 (m, 2H), 7.24~7.21 (m, 2H),
4.60 (dd, J=8.4, 5.7 Hz, 1H), 3.15~3.02 (m, 2H), 2.38~
2.31 (m, 1H), 2.18~2.10 (m, 1H), 1.88~1.81 (m, 2H); IR
(KBr) v: 3417, 3151, 3051, 2973, 2873, 2680, 1932, 1892,
1771, 1620, 1590, 1538, 1454, 1428, 1324, 1310, 1272,
1223, 1092, 1028, 935, 749, 741 cm '. Anal. calcd for
C H;3N5: C 70.56, H 7.00, N 22.44; found C 70.63, H
6.94, N 22.42.
1.3 1-(IH-FFH[dKkME-2-F) 2B (1)5R T R &
A 1a~1d
100 mL ¥ R IA T 1.61 g (0.01 mol), KOH 1.20
g (0.02 mol), 50 mL 7N RE, HEBHE 0.5 h JE AR T
%t 2.06 g (0.015 mol), 7 85 “C FIH¥t v, TLC Kl
NERE. 48 hJq, 4510 OV, BEyE, PRI k4 Jn 4ork
WERESZMTRVER: ML LH8) © VB =1 : 4 J5n
KMWMERE M CR CTER) © VCAED)=1 : 2] &, T~
¥ 1a~1d.
N-[1-(1H-ZK F-[d] K IE-2-38) 2, -1-T e (1a): KA
Witk 0.43 g, 1% 20%. 'H NMR (400 MHz, CDCl;) ¢:
7.72~7.71 (m, 2H), 7.37~7.34 (m, 2H), 5.12 (g, J=6.8
Hz, 1H), 3.21~2.88 (m, 2H), 2.10 (d, J=6.9 Hz, 3H),
2.05~1.78 (m, 2H), 1.42~1.29 (m, 2H), 0.92~0.78 (m,
3H); °C NMR (101 MHz, CDCl;) §: 148.2, 123.8, 53.0,
45.6,28.3,19.9, 17.7, 13.4; IR (KBr) v: 3424, 3153, 2964,
2785, 1534, 1455, 1270, 752 cm '. Anal. caled for

Chin. J. Org. Chem. 2012, 32, 1247~1254



Chinese Journal of Organic Chemistry

ARTICLE

Ci3sHioN3: C 71.85, H 8.81, N 19.34; found C 72.01, H
8.78, N 19.20.

N-[1-(1- T 3E-2R I [d] ok M -2-38) 2,38 ]-1-T i (1b):
FEFAA 0.58 g, WF 17%. "H NMR (400 MHz, CDCl5)
5: 7.80~7.78 (m, 1H), 7.49~7.29 (m, 3H), 4.96 (q, J=
6.8 Hz, 1H), 4.50~4.42 (m, 1H), 4.28~4.08 (m, 1H),
3.27~3.23 (m, 1H), 3.04~2.86 (m, 1H), 1.99 (d, J=7.8
Hz, 3H), 1.93~1.90 (m, 2H), 1.86~1.72 (m, 2H), 1.52~
1.24 (m, 4H), 0.98 (t, J=5.2 Hz, 3H), 0.90 (t, J=7.4 Hz,
3H); *C NMR (101 MHz, CDCl5) §: 149.3, 141.8, 134.9,
123.7, 123.0, 120.0, 110.4, 50.5, 45.9, 44.3, 32.3, 28.6,
20.2, 19.9, 19.2, 13.7, 13.4; IR (KBr) v: 3441, 2959, 2933,
2871, 2782, 1884, 1764, 1614, 1561, 1515, 1471, 1457,
1379, 1280, 1093, 746 cm ‘. Anal. caled for C;;HyN3: C
74.68, H 9.95, N 15.37; found C 74.75, H 9.78, N 15.45.

N-[1-(1H-Z5 FF [d] WK Mg -2-8) L FE )-N-"T Hk-1- T i
(1c): FEAHMIAA 0.33 g, W% 13%. 'H NMR (400 MHz,
CDCly) 6: 7.76~7.67 (m, 1H), 7.44~7.42 (m, 1H),
7.25~7.17 (m, 2H), 4.21 (q, J=5.6 Hz, 1H), 2.51~2.40
(m, 4H), 1.65~1.54 (m, 7H), 1.48~1.25 (m, 4H), 1.02~
0.83 (m, 6H); *C NMR (101 MHz, CDCl;) ¢: 158.8,
143.8, 133.2, 122.5, 121.7, 119.4, 110.4, 54.6, 50.2, 30.77,
20.62, 14.06, 10.39; IR (KBr) v: 3469, 2954, 2931, 2867,
2819, 2730, 1913, 1877, 1620, 1455, 1415, 1367, 1314,
1273, 1186, 1107, 1096, 743 cm '. Anal. caled for
CisHyN3: C 74.68, H 9.95, N 15.37; found C 74.70, H
9.81, N 15.48.

N-[1-(1- T =K FF [d] K -2 56 ) L HE)-N-"T H-1- T
e (1d): KA 0.69 g, W& 22%. "H NMR (400 MHz,
CDCLy) 6: 7.79~7.74 (m, 1H), 7.34~7.32 (m, 1H),
7.32~7.21 (m, 2H), 4.31~4.30 (m, 1H), 4.29~4.25 (m,
1H), 4.18~4.02 (m, 1H), 2.62~2.47 (m, 2H), 2.47~2.34
(m, 2H), 1.92~1.68 (m, 2H), 1.55 (d, J=7.2 Hz, 3H),
1.49~1.33 (m, 4H), 1.35~1.06 (m, 6H), 0.96 (t, J=8.7
Hz, 3H), 0.80 (t, J=7.3 Hz, 6H); *C NMR (101 MHz,
CDCly) d: 155.5, 142.2, 135.7, 122.1, 121.4, 119.6, 109.4,
53.2, 50.1, 43.4, 32.1, 30.9, 20.5, 13.9, 9.9; IR (KBr) v:
2957, 2871, 2861, 1690, 1614, 1503, 1459, 1412, 1367,
1277, 1091, 737 cm” . Anal. caled for C, H3sN3: C 76.54,
H 10.71, N 12.75; found C 76.60, H 10.78, N 12.62.

1.4 BT E-A-(TH-FF o]k -2- 2 )R B B L 2 Fg
(1e)BI& M

100 mL = i\ NaOH 0.48 g (0.012 mol), 1
1.61 g (0.01 mol), 25 mL 7K, 10 mL 1,4- 4 /NI, FiiH:
Y5 E, UK RN BocyO 2.62 g (0.012 mol)[¥]
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14- A ONIARHE 15 mL, i 525 SO, TLC il fe iy
HERE, SN R A R A AR A . SO EE, i,
WEOFEKTE =R, A BRDE P R, T8 S 1 A A Ak
2.14 g, WHF 82%. m.p. 183~185 C; 'H NMR (400
MHz, CDCl;) d: 7.60~7.46 (m, 2H), 7.25~7.22 (m, 2H),
5.27 (s, 1H), 5.02 (q, J=7.7 Hz, 1H), 1.75 (d, J=7.2 Hz,
3H), 1.46 (s, 9H); °C NMR (101 MHz, DMSO-d,) o:
156.4, 155.0, 121.2, 78.1, 45.0, 28.2, 20.1; IR (KBr) v:
3329, 2981, 2875, 2738, 1680, 1527, 1445, 1384, 1324,
1264, 1171, 1069, 994, 863, 743, 629 cm ™ '. Anal. calcd for
C14sHoN;0,: C 64.35, H 7.33, N 16.08; found C 64.41, H
7.21, N 15.96.
1.5 WMTE-1-(1-TE-FH[Rm-2-E)FEFKR
BE(1f) B9 A AL

HHOTVEREE 1.3 15, % 1e 0.26 g (1 mmol), KOH
0.12 g (2 mmol)A1 30 mL S NEEH IBERE 0.5 h J5 A
WTHE 021 g (1.5 mmol), NFE IR, P&t
AR B AU [GER . (LR 2BE) @ v e =1 :
2], FhafFEI A AE Ak 0.24 g, K 75%. m.p. 125~126
‘C; '"H NMR (400 MHz, CDCl;) &: 7.76~7.72 (m, 1H),
7.37~7.35 (m, 1H), 7.30~7.25 (m, 2H), 5.45 (s, 1H),
5.20~5.13 (m, 1H), 4.32~4.25 (m, 1H), 4.19~4.12 (m,
1H), 1.81 (dt, J=15.3, 7.6 Hz, 2H), 1.66 (d, J=6.8 Hz,
3H), 1.43~1.39 (m, 11H), 0.97 (t, J=7.4 Hz, 3H); °C
NMR (101 MHz, CDCly) d: 155.2, 154.9, 1422, 134.7,
122.5, 122.0, 119.2, 109.5, 79.3, 43.4, 42.5, 32.0, 28.4,
21.1, 19.9, 13.3; IR (KBr) v: 3356, 3337, 2983, 2964,
2932, 2868, 1681, 1518, 1468, 1371, 1334, 1247, 1174,
1061, 876, 741 cm™". Anal. caled for C;sH,N;0,: C 68.11,
H 8.57, N 13.24; found C 68.31, H 8.63, N 13.26.
1.6 1-(1-T E-FF[dBKme-2-F) ZB=(19)BI & BX

100 mL B 5f, % 1£ 0.32 g (1 mmol)iF T 8 mL
LR CERAH, VKA RN 0.9 mL HCI (49 10 mmol),
TLC Kl fe N3ERE. 4 h JG RN ER, T 250 2 IR SR
i HCL, H Na,COs A R 1 pH & 8~9, JigZ&
bRk, 1B AGE AT CHCL Wk, g, I8
Wi, BENEFEOREFIE 0.18 g, WE 82%. 'H NMR
(400 MHz, CDCls) §: 7.74~7.73 (m, 1H), 7.33~7.31 (m,
1H), 7.26~7.23 (m, 2H), 4.33~4.31 (m, 1H), 4.21~4.12
(m, 2H), 2.36 (s, 2H), 1.83~1.78 (m, 2H), 1.61 (d, J=6.4
Hz, 3H), 1.44~1.39 (m, 2H), 0.97 (t, J=7.4 Hz, 3H); "°C
NMR (101 MHz, CDCly) o: 158.3, 142.3, 135.1, 122.3,
121.9, 119.4, 109.6, 442, 43.5, 32.1, 23.9, 20.2, 13.7; IR
(KBr) v: 3356, 3286, 3053, 2961, 2872, 1613, 1502, 1459,
1424, 1330, 1281, 1065, 952, 747 cm”'. Anal. caled for
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CisHigN5: C 71.85, H 8.81, N 19.34; found C 72.10, H
8.73, N 19.16.

1.7 T E-1-(1-FE-FFH[0]RM-2-E)FTEFREK S
EE(1h)RY & A

BT VER R 1.3 75, K 1e 0.26 g (1 mmol), KOH
0.12 g (2 mmol)FH 30 mL ¢ N B i B 0.5 h JG IS
R 0.19 g (1.5 mmol), F=ILE)ZHT 53 B a4 [k
V(LR TR © VORMER) =1 © 3], f)a 153 A 44
026 g, WE 74%. m.p. 174~176 ‘C; 'H NMR (400
MHz, CDCl;) d: 7.80~7.78 (m, 1H), 7.32~7.27 (m, 5H),
7.09~7.07 (m, 2H), 5.56~5.46 (m, 2H), 5.35 (s, 1H),
5.16~5.12 (m, 1H), 1.57 (d, J=6.8 Hz, 3H), 1.38 (s, 9H);
C NMR (101 MHz, CDCl;) d: 155.7, 154.9, 142.3, 136.1,
135.3, 128.9, 127.8, 126.3, 123.0, 122.4, 119.7, 110.2,
79.8, 46.9, 42.8, 28.3, 20.9; IR (KBr) v: 3341, 3063, 3034,
2981, 2932, 1677, 1524, 1455, 1411, 1332, 1250, 1172,
1064, 751, 724 cm ™. Anal. calcd for Cy H,sN;30,: C 71.77,
H 7.17,N 11.96; found C 71.98, H 7.33, N 12.16.
1.8 1-(1-FE-FF[d]kme-2-B) T FZ (1) BI & B

AL RI R 1.6 5. 1h 0.35 g (1 mmol)#E T 8 mL
LR G, VKA T A 0.9 mL HCI(Z) 10 mmol),
J N HE A BN IR T R B 0.22 g, UK 88%. 'H
NMR (400 MHz, CDCl3) d: 7.97~7.22 (m, 1H), 7.46~
7.16 (m, 6H), 7.12~6.96 (m, 2H), 5.47 (q, J=16.8 Hz,
2H), 4.29 (q, J=6.7 Hz, 1H), 2.49 (s, 2H), 1.53 (d, J=6.7
Hz, 3H); °C NMR (101 MHz, CDCl;) §: 174.6, 158.5,
142.2, 136.1, 135.6, 129.0, 128.8, 127.9, 126.1, 125.8,
122.8, 122.3, 119.8, 109.8, 46.8, 44.5, 23.5; IR (KBr) v:
3355, 3277, 3053, 2974, 2926, 1502, 1457, 1417, 738
cm” L. Anal. caled for C;H,7N;: C 76.46, H 6.82, N 16.72;
found C 76.24, H 7.09, N 16.66.
1.9 FZHBSEBRLN

AERASRYF, 17 100 mL JFBE Schlenk 7 H in A —
SE AT TR RO S M 1) e P 1
WSO B R, IRAEHREH. HE 3 KGR
RUONEH, BT, RN ) S A A, W
S AL uE, WS B S YR A 6
(CP-Chirasil-Dex CB)Rll 73 #r, v AR,

2 ZR5iT1e
21 SEIREFRMAE K

AR i RN R 1) [ N AT SCHRARIE, AN 7] STk
FOARAIRARE. 4 H 6 molsL ™' Eh R M AL FII, N
AR, AR IR ) R e P12 s FE 4 2 U3 5
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Wil . PPA(Z SBBEIR)AE 200 C N HEALIZ S 3 B R 4
Mg, EFRATS2HH, 6 moleL ™" ShER AL AR A — Al
AR VAR, InFAmlg 72 h 5 280 SR
ﬁiﬂi&fﬁﬁﬁ%ﬂr DL & A i 75 A R R PR R 15 4

T R AT LATE e, AR AN R B AR IR A, R
fﬂﬁ?&@aﬁu PPA JRFRAEV I S AT, IR [ NAE 180~

200 CHE%E 6~8 h A HER V584, 9&:%;#“4126%%%
Wi B 6 moleL ' EFRMEAL B HE 2R ALK i S NV A
% 2- R FEIR IR, ik, ?ﬂcﬂl%gﬁqﬁ TR

SRR ELL 1 D1, BER L PPA (VI V=25 1)K
HEAGT, 200 4w A BOR IF DK MERT 2B 8. TR R I
FEIR 5 A0 2K 46 & IR NAE AR IR 0.5 h i A
SE4T. RIEIARIR IR M & i s 3 20 L Scheme 1. A
A YL NMR, FT-IR &It EAHTHIIA. el &
B, P ESERARRI AR M K AL T A . BRI
FEPR - Bl el S e 2o T T L oA 2 3 e A s ),
FPERIERUR 2R IEIMe ) A A SCIRIRIE ), 78 1% 4
PEFRINARNS, HACRIRMG. BRUESIE T AMY etk )
] B2 W Scheme 2, 487K %5 R FE IR 15 G R I%
A, G 5B C=0 kB R4k B, B i
KA BUE R AR C FT D, D 45 1,3-50T 8 0] s
FEAL .

1R =CH,
@[ >)\NH 2 R = CH(CH3),
2 3R= CH2C6H5 N
4R = H,CH,C— :I@
N
H

O

OH
NH,

NH,
(0]
‘ O)L o
NH
H
L
/)
N
N H

Scheme 1

FUERARR IR > T A7 3 ANEUR T, AT

Al TR IE RN . 1-(LH-ZE I [d] Bk Me-2-38) 2
WS TR E RN, RINVIERNEZ, Sk 2N 51
2] 4 MW 1a~1d, &Y 1 PR RS, 5T
TE AR 1a, BRI 1a 4 Frh& M ie E RE I,
ATLAHE—20 N-GedAk, B 1b K e, 1b J 1 HE—20
N-BESEALTE R 1d. %5 N AR IE PRI 22, (H— IR A i
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Scheme 2

AR SR VYA S D, T8 T BRIERTAE D) AL PE RE BT
FETTEL, T K AT A 40 R AR S o) LA
TRPEREMIFEI, SEk 1 TPz EH Boe R4, 5 xift
KN, B33 kMt B R AR =4 1670 1h, BiEER
Boc R F P15 2] 1g A1 10, SV Scheme 3.

TE T IR IR 28 - 9K W 288 7= ) 1) 285 4] 48 A2 00 3 A
(B 1), MEIFRRTEUE H T 2R 1 BK e PR L0 250 1) 5%
W, PR b5 N OAE T AR T AL TR, i

X

NH \\\\
+ N

BK@Db, 1d, 1g), WAEYIHILiH735] NMR, FT-IR &7t
F T IIEAIF.
2.2 fELIERERIRR

ERFTUMALEREMIPI, RATHE R TR 1, 2 5
[RuCly(p-Cymene)],, RuClL(PPhs)s, RuCls 254 WAL 14
FAR G SR O AL R, K S EE B e
JRs 2-K O, SR AI TR 1 NRP IR 25 C
i, A V[RuCly(p-Cymene)], AL 1 28 2 1) 4 4
HIKF] 94%, WoAA 1, 2 55 &AL AT AR AL R AL 1A F
JUTF-BAHEATETE; 90 CHY, S AL R ML G 4R
H T — & BB S, LL[RuClyp-Cymene)],,
RuCly(PPhy); MIMEAGIE PRI, 3 h B 2R 0 % A 22 S
EIkF] T 95%LA_L, 1A RuCls A AL 7 HT A AL
G R AT 40% 2544

ANAI SR IR I KM ) RuCly(PPhy); 411 4L
PRR IR AR NI 45 A T3 2. R 2 ]
DUE H, DKPRER b5 | NIRRT A7 R T4 5 T BT HE Ak 5
ARG TE, Te, 1f, 1g, 1i 25 KN MG TER &, 7
AHIE A AT T, 2 SRR 1~5 5 RuCly(PPhs)s
HI AT ERE I A e R AP 2 BT, B 2 TR T LU
i, 2/RuCly(PPhs)s AR ZR A L 1) 4% Ak SR GE T
IRPETAE, 40 min AR CEEF 91%, 1, 55
RuCly(PPhy); MR R 2R Sl A% T+ (AR

3 X“JWhX

“pho

HN" SN ™ j:
- N * HNTSN N N
ha O
1 &
j Boc,0 1a 1c 1d
s § NH
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1e 1f 1g
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N X
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Scheme 3
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R R, 2 SETHTARS S IR L RS SN ¢

Table 1 Transfer hydrogenation of acetophenone promoted by

complexes of 1, 2 and Ru precursors

(0] OH
O S O
iso-PrONa
Entry  ACfk HEAL T4 HC  HAE/%
1 1 [RuCly(p-Cymene)], 25 94
2 1 RuCl,(PPh;); 25 1.3
3 1 RuCl; 25 0
4 2 [RuCl,(p-Cymene)], 25 0
5 2 RuCl,(PPh;); 25 0
6 2 RuCl; 25 0
7 1 RuCl,(PPh;); 90 95
8 1 RuCl; 90 40
9 2 [RuCly(p-Cymene)], 90 97
10 2 RuCl,(PPh;); 90 97
11 2 RuCl; 90 38

“ Ru(IDAEAL 5] 0.01 mmol, [] : [Ru] : [A44] : [iso-PrONa]=200:1:1:

10, 252/ 0.2 molsL ™', MY 3 h.

1252
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'"H NMR spectra of aminated benzimidazoles

—I R TR E, 3, 4 5 RuCly(PPhy); [ AEIL 1A &R
IR S TR A 2R B N ) JLP- 2 38 n, AR R I AR
FEPEEF. 1b~1i 5 RuClLy(PPhs)s AL A F 2K 20
AR S VI e L 3. WKL 3 AW, S
NH, B fe 11 1g 1 1i -5 5 A A0 TR A0 P e e,
SNV 30 min B 2R S R AL 3 208 B 90% 447, TOF
93600 h™'. A 1b, 1d, 1f, 1g AL R KIEALIE TN EL
Haf DU IR, B 2 g B R IR N, 25 R V)
T AA A 35 1 B AR, Boe DRI AL A0 1 3 P A LU SRAIR.

N T AR R IO G, Y 46
RuCly(PPhs)/1g fEAV IR £ iS5 75 O 11 J W &5 S 41T
F 3. R 3 AT LA, AR AL G B i 5
TR P88 % JE A0 AR PS8 T 58 DK T 386 . Bk B 386 KM £, R
AT AN 65% 14 K £ 86% (5K 3, Entries 4, 8); K
LRI E N 0.2 moleL ™" 44K 5] 0.8 moleL ™" I 24 2
[RIFEAL R E I 65%318 K FI| 89%(% 3, Entries 4~6), #E—
SN2 R A FEF) 1.0 moleL ' INF, 2K 2 AL %
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# 2 RuCly(PPhs)y/1~1i fEALIK K 2l 5 B S
Table 2 Transfer hydrogenation of acetophenone catalyzed by
RuCIQ(PPh3)3/1 ~1i

Entry Bfk  #4bZ/% | Entry Bk A2 /%
1 1 46 8 1c 52
2 2 63 9 1d 52
3 3 30 10 le 96
4 4 21 11 1f 91
5 5 46 12 1g 97
6 la 60 13 1h 69
7 1b 73 14 1i 97

¢ RuCly(PPhs)s #1451 0.01mmol, [§] : [Ru] : [F24K] : [iso-PrONa]ly 200 :
1:1:10, 227102 moleL ™", 90 ‘C & 20 min

100
2
80
5
8
Z 604 !
o
@]
40 - 3
204 4
T T T T T T

—— —T
60 90 120 150 180

(=}
w
(=}

t/min

B 2 RuCly(PPhy)y/1~5 ALK LB I M
Figure 2 Transfer hydrogenation of acetophenone catalyzed by
RuCl,(PPh;);/1~5
RuClLy(PPhs); #4671 0.01 mmol, [fd] : [Ru] : [EC4A] © [iso-PrONa]=
200:1:1:10, A#ZI 0.2moleL™",90 ‘C/ M 3h

100 m

1g
] 1b
80 |
| 1c, 1d
60 1le
40 - 1f
1h
20

0 — T T T T T T T T T T T
0 30 60 90 120 150 180

Conv./%

f/min

B3 RuCly(PPhs)s/1b~1i fEAL KK £ B AU 78 S v
Figure 3 Transfer hydrogenation of acetophenone catalyzed by
RuCl,(PPhs),/1b~1i
[R] : [Ru] : [FC4&] o [iso-PrONa]2ly 2000 : 1 :1: 10, X ZH 0.2
mol-L ', 110 C
ST FEAR 21 85%(3% 3, Entry 7), HLETHE] 140 C MY 15
min, 2K LAk R TIE S 97%, TOF 2 7760 h™' (%
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3, Entry 9); JE—DHINRYIAREE « R 5 M s
OVET I I ) 2 L, TOF mlikE] T 40200 h™'(3€ 3, Entry
13).

£ 3 RuCly(PPhy)y/1g AL S AR IDLIL @
Table 3 Optimization reaction condition of RuCl,(PPh;);/1g

Entry #°C S/C [S]  Bib%/% TOFMh™
1 90 200 0.2 97 582
2 90 500 0.2 83 1245
3 110 1000 0.2 97 2910
4 110 2000 0.2 65 3900
5 110 2000 0.5 75 4500
6 110 2000 0.8 89 5340
7 110 2000 1.0 85 5100
8’ 110 2000 0.2 86 5160
9° 140 2000 0.2 97 7760

10° 140 4000 0.8 91 10920
11° 140 5000 0.8 90 13500
12° 140 10000 0.8 88 26400
13° 140 20000 0.8 67 40200

“ [Ru] : [MC4A] : [iso-PrONa]y 1 :1: 10, X 20 min; ° [Ru] : [iso-
PrONa]=1 : 20;  5x ¥ 15 min.

N T EAELR R0 AP, RuCly(PPhy)y/1g XFHL
R LW A IEES TR 4. WNRF T LUE H, B
IR O S N BEXS A AL S AT AK IR IR, ARF%
HR CWTEZMENAR R I T 3B R AR ROV

F 4 RuCly(PPhy)y/1g AL TS Bl 0 S FE 78 I W @

Table 4 Transfer hydrogenation of aromatic ketones catalyzed
by RUCIQ(PPh3)3/1g

Entry il A& /%  TON
0
1 Q)k 50 5000
HyCO
0
2 H3C°\(>)k 44 4400
3 ©fk 5 500

(0]
Cl
(0]
OH

o

© 2012 Chinese Chemical Society & SIOC, CAS

“[Hd] : [Ru] @ [MCAA] : [iso-PrONa]24 10000 : 1 : 1 : 20, [S]=0.8, 140 Cx
R 3 h.

3 it
TR ST, DU f 2 SR R (AL S S R A AT
R R R RN B T — ZR AR SRR I ik

http://sioc-journal.cn/ 1253
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