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Reductive Amination Reaction of Acetophenone Catalyzed by
Ruthenium Complex

Nie, Hongfen Zhou, Hongyong

Li, Xiaona

Li, Yunqing Wang, Jiaxi*

(School of Chemical Engineering, Hebei University of Technology, Tianjin 300130)

Abstract The catalysts generated in situ from RuCly(PPh;); and a-amino substituted benzimidazole derivatives L;~L, were
used to promote the reductive amination of acetophenone to generate a-phenylethylamine, N-(1-phenylethyl) formamide and
a-phenylethanol. The bulkier substituent and phenyl group on the ligand will enhance the catalytic activity. The reductive
amination of acetophenone was faster at 85 °C, while the hydrogen transfer of acetophenone to a-phenylethanol became the
main reaction at 125 °C. The hydrogen and amine resouce is the ammonium formate. The plausible mechnism was proposed.
Keywords reductive amination; acetophenone; ammonium formate; ruthenium

NG Z N PR 24 5 B2y, e 2y5%
T AR, e AT LSS S R B R A &
PP G A A R I s s N AR A RE )
Jige b 5 T AN R PR e A N 1O R BRI A
I D A8V S R % i e (B R JE AR I
I 5 e (B M 2 — 4> K AR e, O e st — 20
JECA 3 TR A il A ML . TR O DR Ak S N ) BL
NaBH;CN"!, NaBH(OAc);!"”, (BH;-Py)!'"), PhSiH/
Bu,SnCl,! 145 4 g A AL WA E IR IR 77, (H S X SE i AL
AN R K, a4 — 2 R E = 5, W
HCN, NaCN 55 U, S RBEYS GAR K. g nl L
A S R SRS B W U TR Rl
S Bl I, B AW S R (R ) A
SN R RIE ) — AR g 2. S S E ik
JEU A S N BT R AR 22 0 ') Rul™), R O71254%
GW, BCARZ N RS e =R AT SRR N-

* E-mail: wjx.jiaxiwang@gmail.com

Received April 19, 2013; revised July 4, 2013; published online July 19, 2013.

ZeFR R AR AT K M T 4 £ A R
L S R S I AT AR I 1 e A T, K e g
FEMEALTR 2 1348 D e A B 2 RO RIE R L. AR SCH
- WA I IR AT £ Ly ~1Ls 55 RuCly(PPhs)s {1
MR R, 5T A RMELAR R IR LR stk
BN A BE.

1 HR5WE

Ik AL A 5 6T B IR 4 T IR AL A K 2
i S A% B R AR U, AR R AR LW
TR TSR AR SN RIS A DLAROE . 7 FF R 11 5 PR B
H1, RuCly(PPhs)s/Ly~Lg 7 R AT L S N 5 EE %,
a-2K LJE(A), N-(1- L3 P (B), a2 LIE(C). It
Ak GC-MS A F D> 1-2KFE-N-(1-F T 2. 3%)- %
(D), —-(1-RKLIHE(E), 1,3-2KF-1-THH(F) 1 TE K.
RNVANE 1 s, AL R TR 1. hEE 1 v LLEH,

Project supported by the Natural Science Foundation of Hebei Provice (No. B2011202087).

b4 B AREHE R4 (No. B2011202087) % Wi H .

2412 http://sioc-journal.cn/

A ©2013 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2013, 33, 2412~1416



Chinese Journal of Organic Chemistry

NOTE

BHE IR (L, La) b R BURFE LR BB, 25 2
(AL BRAR, 2R e S I P i 9 B RIS, 2R S
H B SR SN AR R IR L AR 388 n; i A PR IR EL
RRIUEAE Ly, Ly 5 RuCL(PPhy)s ZH AR R, K2
] () 26 e S AT 58 oy, L2 T ) 26 A 6 % e/ BEE V) 32k
PEIEBERC AR b B S AR A7 BELR 8 i 34 i 5K
N FREEAT L, P4 PR NN KR AR T (AR5 PR o
X 2 AU RS O AR IS PO R 2T BRI R
Je Ak S VAR F L, R S B S R N G O, 1 —
WAHHE VT a- R CRE(A). a- K L1 & )
1 S W A N-(1-2K 20255) FBE%(B), H AT LA 2R 20 J
ML RE D, HE— DR RNV IR -(1-28 L HE) &
(B). MWHEALGE R, AHIESE P 0 1 A 3 2 v oo S5
ANV () (AL TE RN A AR i > 2 i >
IR, R 1 S R LB, Ak
S HP 8 A TR T A0 5 TC A TR 1 AR A0 HR o0 6 R 5 K 24
Jié J52 7 T 1l P I A LA A [ R 8 D 8 A 1 FO).
i D i Ak R R, P S RS s I RO 5 A s I AH
SR
(0]

RUCI,(PPh)g/L
+ HCONH, ~iCt2(PPh)sL
)Oi
NH; OH

9
NHCH
+ ©)\ .
A B c
H
D E
o)
L, :R' = H; R? = CH(CH3),

L,: R'=H; R?= CgHsCH,
H

F
R
N Ly R'=H; N
L: @[ N SNH, R2 = @[ )—CH;CHy
N N
L

Ly R" = CgHsCH, ; R? = CH;

B 2K LR S At v
Figure 1 The reductive amination reaction of acetophenone
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%1 RuCly(PPhy)s/Ly ~ Ly fEACH Z WA J5UHE A S B ¢
Table 1 Reductive amination reaction of acetophenone cata-
lyzed by Ruclz(PPh3)3/L1NL4

wB Wk by A%
6% Wk Sl g

(A+B)/C

1 L, 42.9

2 L, 453 3.5 30.0 10.2 8.57 3.28
3 L; 38.6 75 206 9.6 275 2.93
4 L, 76.0 319 269 13.5 0.84 4.56

79 262 72 332 4.73

“ n(f) : n(FFIRE) : n(KOH) : n(Ru) : n(FLf&)=100 : 2000 : 10 : 1 1 1(}&
JREE), Ru 0.02 mmol, 7K 4 2 mmol, T: 85 °C, £: 24 h, 10 mL 5 EE.
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Table 2 The temperature effect on reductive amination reaction
of acetophenone

P A5 1%

dis  IEIC R Y% ~ B C B/A (A+B)/C

1 65 15.6 99 04 53 0.04 1.94
2 75 25.0 125 2.6 94 021 1.61
3 85 76.0 31.9 269 135 0.84 4.35
4 95 75.0 16.6 21.6 30.3 1.30 1.26
5 105 69.0 3.0 219 419 7.30 0.59
6 125 99.3 2.5 109 839 4.36 0.16

© 2013 Chinese Chemical Society & SIOC, CAS

“ n(B) : n(FR2EE) © n(KOH) : n(Ru) : n(BLAA)=100 : 2000 : 10 : 1 : 1(FE
/K EE), Ru 0.02 mmol, #&Z i 2 mmol, £: 24 h, 10 mL 5 P4 %
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Table 3 The additive effect on reductive amination of aceto-
phenone

0.0030

GiS VR %w%%—ij%?ﬂéthm+mm
1 KOH 76.0 319 269 135 0.8 43
2 HR 797 278 359 128 1.3 5.0
3 L 770 240 408 9.7 1.7 6.7
4 KHR 477 312 42 99 0.1 3.6
5 WEMEE 651 38.1 11.1 139 03 3.5
6 M’ 37.6 135 129 83 1.0 3.2

n((TA]) 2 n((PRREE]) * n([A M) * n([Ru]) @ n([BCAAT) =100 © 2000 :
10 2 1 : 1(EE/K LK), Ru 0.02 mmol, X Z i 2 mmol, T: 85 °C, #: 24 h, 10 mL
SN Y R 2 mmol.
1.1.3 B =2

W Y R m 25 R T 3R 4. R 4 nTLUE H,
B JO 1 3 ) FE I B B P I 0 9 ) s P G e #4S

R4 TR IR R F Ak S N 1 5 @

Table 4 The solvent effect on reductive amination reaction of
acetophenone

~z 4 0,
G WO BB % B/A (ALB)C
1 FH 16.1 22 102 37 46 34
2 545 35.5 19.6 5.5 6.8 03 3.7
3 DMF 20.0 1.6 126 33 79 4.3

4 RN 76.0 319 269 13.5 0.8 4.3
n(F) @ n(FFEREY) © n(KOH) : n(Ru) : n(fit/A)=100 : 2000 : 10 : 1 © 1(EE
JKHE), Ru 0.02 mmol, 2K Z i 2 mmol, 7: 85 C, #: 24 h, 10 mL ¥#7.
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Figure 3 The NMR spetra of reaction intermediates
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Figure 4 The plausible mechanism of reductive amination of acetophenone
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N-(1-2K ZE)H R (B): MS (70 eV) m/z (%): 149
(M", 100), 134 (52), 106 (68), 77 (78), 51 (42), 42 (50).

a-7K 2L (C) CgH,00: MS (70 eV) m/z (%): 122 (M",
37), 107 (77), 79 (100), 51 (46), 43 (62).

1-RFE-N-(1-K . 435~ (D) MS (70 eV) m/z
(%): 223 (M, 14), 105(100), 77 (48), 51 (6).

K-(1-2K LFE)E(E): MS (70 eV) m/z (%): 210 (34),
120 (16), 105 (100), 77 (34), 51(4).

1,3- I - THA(F): MS (70 eV) m/z (%): (M™,
10), 209 (22), 120 (11), 105 (100), 77(42), 65(8), 50 (40).
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