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Synthesis and Application of N-Heterocyclic Carbene in
Transfer Hydrogenation

Gao, Yanxuan Zhou, Hongyong Li, Yunqing Wang, Jiaxi*
(School of Chemical Engineering, Hebei University of Technology, Tianjin 300130)

Abstract A series of pyridine substituted imidazoles L1~L5 have been synthesized via reaction of chloromethylpyridine
with imidazole. The effects of base, ruthenium precursor and temperature on the activity of catalyst formed in situ of
N-heterocyclic carbene ligands with Ru precursor in catalytic hydrogen transfer reaction of aniline with glycol were evaluated.
The results showed that the reaction of aniline with glycol promoted by RuCl;*H,0/3-methyl-1(2-pyridinylmethyl)-imidazole
iodide (L3)/KOH at 185 C selectively produced 2-(phenylamino)ethanol with the TON (turnover number) of 2130. In addi-
tion, the catalytic properties of RuCl;*H,O/L3/KOH in reaction of aniline with butanol, cyclohexanol, iso-propanol and
phenylmethanol were also investigated. Under promotion of catalyst, the aniline reacted with alcohol to produce imine and
secondary amine. In addition, the ester was formed by self transfer hydrogenation of primary alcohol. The selectivity and

product structures were depended on the structure of alcohol and the reaction conditions.

Keywords N-heterocyclic carbene; ruthenium; transfer hydrogenation; N-alkylation; pyridine; imidazole
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1 SRIEERS

5

2R A A A Al AT . GC: Il R & R T
P TALZS AT IR AT SP-6800A AV AH(AIEAY, BN
SE30, H N2000 fa i3 T/E s (Wil K # ik B T
FEWE 9 BT ) BEAT B4 AL ¥ . NMR: B+ A5 & 50 A 7
AVANCE400 BRZEILHRIEAY. GC-MS: FE[H AR F]
Thermo Trace DSQ “SAH - Btk i HAX. JT 2 Hr:
5% Elementar vario EL ZYFICZE N, TAUE s
A AR ES) T XT4-100A. RuCl,(DMSO),
22 CER[141 0718 . TRAA 1,3 (2-PHe ) &1k ik
e(L2)Z SCHR[ 15T VG .

1.2 KBHZE

1.2.1 1-(2-vtm A ykomde g B0 %,

2-5 R FEREE R R 13.04 g (0.08 mol), TKME5.44 ¢
(0.08 mol), KOH 8.96 g (0.16 mol) &z 100 mL U %W i
AF) 250 mL =, 80 'C NV 20 h a2 %7,
=S e- CBEEE 25 5, 1931 10.50 g 20 FR (A [l 44 1-(2-
n g AR B ML), PR 839%. mup. 59~60 C; 'H
NMR (CDCls, 400 MHz) §: 5.26 (s, 2H), 6.94~7.00 (m,
1H), 7.00~7.13 (m, 2H), 7.23~7.27 (m, 1H), 7.60~7.70
(m, 2H), 8.60 (m, 1H); IR (KBr) v: 3112, 1631, 1595,
1572, 1508, 1477, 1438, 1354, 1284, 1232, 1107, 1079,
1031, 997, 915, 823, 753, 700, 664, 636, 623 cm ™.

1.2.2  1-(2-vbe ¥ 25)-3-F AR A flogomd 69 B

2-5 LA IE 1.89 g (0.0149 mol), N-FHEmKmME 1.22
g (0.0149 mol), KI2.47 g (0.0149 mol) & 10 mL P i i A
#1100 mL =1 Dfiih, 70 “C RV 13 h Gk 237, H
THE M- CREE L, 138 3.17 g R R 1-2-ntk
W F 56 -3- F LA L R s (L3)!Y 7, 77236 71%. mup. 74~75
‘C; '"H NMR (CDCl;, 400 MHz) d: 4.08 (s, 3H), 5.74 (s,
2H), 7.30~7.38 (m, 2H), 7.64~7.65 (m, 1H), 7.75~7.81

1.1
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(m, 2H), 8.50 (d, J=4.4 Hz, 1H), 10.15 (s, 1H); IR (KBr)
v: 3148, 3097, 1596, 1573, 1447, 1439, 1166, 1098, 1002,
756, 620 cm .
1.2.3  1-(4-vtboe F7 25 )2Rede 6 B A%,

Bt 4-50 LR mE SRR £L 6.52 g (0.04 mol), B 2.72
g (0.04 mol), KOH 4.48 g (0.08 mol) &% 80 mL VU &5 fin
A#250 mL =+ 80 “C R MY 14 h G BR 24557,
AR - CREE LS, f3F 5.62 g FETEE K, 1-(4-
nL e FE L) DK Ik (L4), 77 88%. m.p. 86~87 C; 'H
NMR (CDCls, 400 MHz) §: 5.17 (s, 2H), 6.91~6.92 (m,
1H), 7.00 (d, J=6 Hz, 1H), 7.16 (s, 2H), 7.59 (s, 1H),
8.60~8.61 (m, 2H); IR (KBr) v: 3102, 1602, 1565, 1503,
1416, 1376, 1287, 1229, 1107, 1097, 1031, 996, 905, 821,
805, 755, 707, 665, 632, 574, 479 ¢cm™'. Anal. caled for
CoHoN3: C 67.90, H 5.70, N 26.40; found C 67.79, H 5.58,
N 26.63
124 1-(2-9mR Y AR)-3(4-wbmg 7 R sl koot 0 A X,

B 2-FFFEIERE 0.83 g (0.0065 mol), 1-(4-HLHE
FKME 1.03 g (0.0065 mol), KI 1.08 g (0.0065 mol) % 20
mL AEIIAZE] 100 mL =1, =iV 48 h Gk
JE, BRI F Q- CRRR ARV, 195 1.86 g ik
2L IR AT 1-(2-MEEWE HH R )-3-(4- b e FF 26 ) L £ oK e
(L5), % 76%. 'H NMR (D,0, 400 MHz) 6: 5.43~5.50
(m, 2H), 5.83~5.90 (m, 2H), 7.22~7.30 (m, 4H), 7.40~
7.50 (m, 1H), 7.72~7.74 (m, 1H), 7.85~7.86 (m, 1H,)
8.42~8.55 (m, 3H), 8.80~8.85 (m, 1H); IR (KBr) v:
3083, 3073, 3067, 3054, 1728, 1639, 1596, 1572, 1468,
1438, 1227, 1162, 1048, 822, 762, 618 cm™'. Anal. caled
for CysH;sIN,: C 47.63, H 4.00, N 14.81; found C 47.50, H
3.95, N 14.70.
1.2.5 R L5B50) 8464 80

FEASAFAE RN 7= LR IR 1.2 ¢
(0.013 mol), FEGER), Ru HiHK{£(0.0173 mmol), ALk
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(0.0173 mmol) 52 fi#(0.173 mmol). —EiHJE N 5 h,
B REERAR. RN RE A 85 2 4 8 B )5
GC ¥, WHE RN, P44 GC-MS
SRR UE X} A 2

E T EATAE TR N fER AR T, 0] )7 BE
Schenk & HAIAZERZ 1.2 g (0.013 mol), BE(E ), Ru Fi
H%44(0.0173 mmol), FfA(0.0173 mmol) i (E &), &
SURAUG, RN R ROV, R RO
5h, 1FEILIAREIRIR. VIR RERAE 7 25 2B 4 125
TJa GC 43, WHHE RN MR, P42
GC-MS K brUED %t e fi e .

N-}2 KR fE(A): MS (70 eV) m/z (%): 137 (M,
13), 106 (100), 77 (52), 51 (35).

N-RHZENE(BL): MS (70 eV) m/z (%): 183 (M, 70),
106 (20), 91 (100), 77 (26), 65 (22), 51 (12).

N-WEHRFEFFZ(CL): MS (70 eV) m/z (%): 180 (M,
100), 104 (12), 89 (8), 77 (62), 63 (6), 51 (30).

FKHEHEEEDL): MS (70 eV) m/z (%): 212 (M", 18),
194 (8), 167 (6), 105 (100), 91 (46), 77 (40), 65 (14), 51
(18).

N-1E T HR [ (B2): MS (70 eV) m/z (%): 149 (M ",
2), 106 (100), 77 (18), 65 (6), 51 (8)

1E TR THE&(D2): MS (70 eV) m/z (%): 101 (M, 22),
89 (54), 71 (100), 56 (52), 43 (54).

N-SF AL (B3): MS (70 eV) m/z (%): 35 (M,
22), 120 (100), 77 (13), 65 (10), 51 (10).

N- 5 LK 12 (C3): MS (70 eV) miz (%): 133
(M™, 40), 118 (100), 77 (90), 51 (25).

N-3RCHER [ (B4): MS (70 eV) m/z (%):175 (M,
31), 132 (100), 118 (15), 106 (8), 93 (12), 77 (13), 65 (5).

N-TPIH L (CH): MS (70 eV) m/z (%): 173
(M", 54), 144 (16), 130 (100), 117 (23), 77 (50), 51 (20).

2 #R5ie
21 ERMER

Ik e 5 g AR 1) i 02 1l 4 B NHIC T A 1) o 22
AT, Y 2-SU RN Sk DI R R L 101
RIS, AAE % 1-(2-PERE AR T), B2k T /b
M 1,3-(2-MERE H ) SALIKI(L2), L2 tn]LLiy 2-
SUF ke Sokm DI R 2 Lo 2 01 RONAT R 2-
SUFF e S N-FJEDRME I B R L3, BRI 4-5(H
FEMERE RV L4, L4 RMERE—0 5 4-50 FF EERE )z
N Y, Hal L 2-G0 SRk s W E R LS
(Scheme 1).
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22 FER5Z_EHMSEBRLN

A — FAR R NG PR e, R IL 5 B N-Je s
A HIE, EAEA SRR, i R S K B TR 5 Y
BT e AU I AR B AR TAE LA ML 54
L1~L5 5 RuClyH,O ZERRPESA: R IR R A3+
TEME G AR, 82 T AR R AN £ Rt
SN IREAGTEPE. E IR B AL I IAE R, 2Rl
LT PNALTE I N-F2 CIETRTE(A), AR s 45 41
TH 1. AEK 1 wJLLEH, ARIBCETE SRS EY
TEATEPEANF. O B ARG & A 50 1 1,
TABAAA LY, L3 M L5 5 RuClyeH,0 2H Ak 44 & 1 i
B3 TON 43510 278, 705, 638, iAHC4A L3, L5 (1)
MEACTEPE B2 5 T = A L2 (TON=270) J 505 fic 44
L4 (TON=336). Xt A FMAS RuE e B &
PIIECAT RS R T EL EAERL: Y LR RNV
W AR 2 R (1 5 RO JEAT I, AL S NS P R B, XA
AE A HH T AT B AR 4K Ru—H 7E S5
th, TERCT 5T A A Bl 2 A, B I —
RV ST N, TREHEAL IS R 41 Scheme 2.

R RS RN RN @
Table 1 The ligands effect of aniline with glycol
H

O RUC|3 N\/\OH
@NH2 * 1o ™M Upase
A

Entry [ITRREN R Y% TON
1 L1 57 428
2 L2 36 270
3 L3 94 705
4 L4 45 336
5 L5 85 638
6" L1 37 278
7° L2 33 248
8’ L3 86 645
9? L4 41 308
10° L5 79 585

© 2012 Chinese Chemical Society & SIOC, CAS

< p(ERD) T n(Z ) © n(RuCly*H,0) : n(ligand) © n(NaOH)=750 : 3750 :
101210, BABPER 180 C RN 5h;® IRk RV (4.

DL LS ABCAE, B8 TR BRIANE SR N
JEX ARG S & R N AR, g5 R TR 2. Y
PR AT KM, B NGB ET I, A ARG PRI,
SUNNETTIT AT RO, MEATE MR, BARS Y,
AL TS PE L IRMR(ER 2, Entries 2~4). 24 Ru/B ARG
HZ M 10 B E 20, AT EEAAS K DL
RuCl,(DMSO)y/LS/ A AU AR ZR IS, A0 5 1R Bl il 52 1) T
m T, L NaOH, KoCOs WBkET, AL PE FEE. LA
RuClssH,O AT HTRAARES, (LA 5 1 4 A % 1 220 2
T RuCly(DMSO),.
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K2 KNS L BN AN R3I KNS & BN,
Table 2 The conditions effect of aniline with glycol Table 3 The concentration effect of aniline with glycol
vH o V3 o S dof £ 557 /0 I - ) X X b o fof
Entry BE/C  ARERE AR KA /% TON Entry (1) © n(Zo =)  n(i) © n(Ru) S : Ciﬁgi; o
1° 185 — KOH 1 10 /%
2° 185 Q1  KOH 49 368 1 17 10 750 100 750
34 185 Q1 _ 5 38 2 1:5 10 750 94 705
4 185 Q1 KOH 85 638 3 122 10 750 28 210
5¢ 185 Q1 KOH 90 675 4 122 10 750 20 150
6° 185 Q2 KOH 15 113 5 1o 10 750 16 120
7 185 Q2 KOH 29 218 6 17 10 1000 74 740
8 140 Q2 KOH 05 4 7 1:7 10 2000 45 900
9 200 Q2 KOH 37 278 8 17 10 3000 35 1050
10 185 Q2 K,CO, 14 105 9Cd 1 7 20 3000 71 2130
11 185 Q2  NaOH 2 165 10 1:7 30 3000 46 1380

“nCERR) * (L) D n(Ru BTYRIE) © n(ligand) @ n(Bk)=750 : 3750 : 1 :
1210, EREMWMIKR 180 CF KM 5 h QI: RuClH,0; Q2
RuCly(DMSO),. * ML Ru FroRAA; © s ERLAA; ¢ 5 R s
¢ n(KOH)/n(Ru)=20.

DL L3/RuClysH,0 AT, %% T JsURHET B X 2K
W5 20 e N s, AL S5 R A TR 3, MORE Y
ST R LE N 12 1 883 10 7 B, R
I 16% 3¢ = E] 100%. 24 KOH/Ru FI4) 5 & 1 L
10 $Em 3 20 B, HRIEHIEALR N 35%3E 3] 71%,
{H3& KOH/Ru M & i te s 2] 30 i, 2RAZT
AL ZE AR 46%.

1496

http://sioc-journal.cn/

© 2012 Chinese Chemical Society & SIOC, CAS

“ n(RuCls*H,0) : n(ligand) : n(KOH)=1 : 1 : 10, THEZMEZR 180 CT
%5 h; S ¢ CARKMEALIR I S AT Z LL.” MOTF AR . © n(KOHY/n(Ru)=
20. ¢ n(KOH)/n(Ru)=30.
23 XER5—TENSEBRN

TR IR 25 R 0 R AR SN IR s, BT
L3/RuCl;*H,0/KOH ALK F N Ay — ol A 8 #8 f
MR PERE, [RNEE A TR 4. KNS 8%
R EE IRV I B N-"RIHA . A, R REiL g —0
S R RN, (EASE R R e e R
BEIRNVJH e N-71 LR JH PR WSO it e 7 BT[] S 1y 38 o,
MREEIRNE NG S N-"R BRI 5 ) 6 1 EE B IS 1] £
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FEKAE TR, R H RS IR I A J LT B s 1] 1 A% 4
MAR. FEARISAE T, Tl 2R R NAUE A N-T %
AR TR T e, A N-RIE T WREITE R, X AT gt
N-ZEIE T W W R W JFE R N-T 325 1. 242K
Jie 5 A R AR S N SO, T R B %, T
T RS D N e (1) e 1 e o ST e AN ), 2R e i e A
A 27%, 13%, A5 e ARE RN LA N-J N 3R
Je kA, TR S IR U e B R B R N-R R OO
Jii.

R4 ARG LN
Table 4 The reactions of different alcohols with aniline
R
NH,
(j R @ @ Y Pcrr
S T TON
Entry R R' JMNIN[AI/A FEREEFEALR /% i
1 Ph H 1 23 7 162 94
2 Ph H 2 32 34 207 5
3 Ph H 3 39 53 240 101
4 Ph H 4 45 75 263 99
5 Ph H 5 51 93 287 106
6 n-Pr H 5 59 442 — 112
7 CH; CH; 5 13 81 13 —
“ n(ENR) T n(BE) © n(RuClyH,0) : n(L3) : n(KOH)=750 : 3750 : 1:1:
20, LAH AR 180 CF RIS h.
3 it

T BE RIS A A RS Ru AR AL B B
fHE A R AE 2R M 5 T TR G 8 S N B AT B () b
TEPE. AR T SRR RN 2 L S IV R BB R 2R A
FEAK. L 1--nkhe F JE)-3- F L0 IR P (1L3) 4y FiT
K, n(FERE) © n(Z 1) : n(KOH) : n(RuCly) : n(L3)=
3000 : 21000 : 20 : 1 : 1 HHARNAKR, HMARRN
TR R, TON HIIE 2130, 245K g 55 2K FF I A PR Ul J
NI, EEFE R, TR RO E L N-T
FEORMG . SRR S A NI, AR 1B A S 1 = ) i
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