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modifier, i PrOH

aromatic ketone

R' = substituted phenyl, R> = CH,, C,H;

R' = pyridyl, pyrryl, thienyl, furyl, R? = CH,

(R)-aromatic ethanol

JRARI AN TECNAL F30(FEL A6 ) 5553 B 51
BE(HRTEM)5E. 11358 1. 0% Ru/y-Al, 0,/ 2tpp fi:
6390 BT AR 2 3 A 98 [ Kratos 24 R) A= 77 1Y
XAMS00 ZIjREF M /0T 255 (MgKa, 1253.6 eV).
1.2 RXFRINS R KL

W —E iR R R AE LR (1. 0% Ru/y-
Al,0,/2tpp, 20 mg) | ¥ D7 HELEHEER ) | Bl
PG AT 20 mL 7% 78R A 8 He SR
S, fhE=IFREAERER, REAINPUE K
7. T8 P L BRRE T B R SO — i I [R] i R
OB AL . & s i U LI 1.

H
NH,
S
=
N
3
HO , LH . H  _LOH
R' R? Rl Rr?

(S)-aromatic ethanol

P 1R XS AT A 1, 2 0 3 AR R K 1. 0% Ru/y-Al, 05/ 2tpp LT BEIEHE R A X B 205 it
Fig. 1 Modifiers of 1, 2, and 3 were used and the general reaction on the 1.0% Ru/y-Al,O,/2tpp catalyst
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Fig. 2 HRTEM Photograph of 1.0% Ru/y-Al, O,/ 2tpp
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Table 1 Effect of different stabilizers on asymmetric hydrogenation of acetophenone employing cinchona derivative 1 as a modifier *

P@—OCH,)S Pf@*CF_;) . @C

'S
PP, PPh,
PP, | P ) | 3Na*
3 O PPh,

motpp tftpp bdpx
tppts bisbi
Entry Catalyst Yield /% ee /% Configuration”
1 1.0% Ru/y-Al,0, 4 10 S
2 1.0% Ru/y-Al,0,° 39 68 S
3 1.0% Ru/y-AL, 0,/2tpp 99 83 S
4 1.0% Ru/y-Al, 0,/bisbi 27 68 S
5 1.0% Ru/y-Al, 0,/bdpx 5 16 S
6 1.0% Ru/y-Al, 0,/2motpp 20 70 S
7 1.0% Ru/y-Al, 0,/2tfipp 36 45 S
8 1.0% Ru/y-AlL, 0,/ 2tppts 10 49 S

a. Reaction was carried out at 40 °C using cinchona derivative 1 as chiral modifier. Substrate; in a 2 mL iPrOH solution at
[0.43 mol/L], P"z: 6.0 MPa. Substrate/Ru/cinchona derivative 1 = 500 : 1 : 2. [ KOH] =0. 18 mol L. Reaction time: 5 h.

Products were analyzed by a GC instrument with an FID detector and B-DEX™ 120 capillary column; b. Determined by sign of rota-

tion; c. Reaction was carried out at 40 °C for 40 h.
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Table 2 Effect of different modifiers on asymmetric

hydrogenation of acetophenone

Modifiers Yield /%  ee /% Configuration

1 99 83 S

1 >99 81 S

2 >99 45 R

2 >99 44 R

3 30 13 R

3¢ 45 13 R
cinchonine” 8 2 R
cinchonidine” 16 4 R
quinine” 18 2 R

The reaction conditions are the same as in Table 1. a. The ter-
minal double bond of modifier was hydrogenated, reaction was
carried out at 40 °C for 3 h; b. Reaction was carried out at
40 °C for 20 h; c. The terminal double bond of modifier was
hydrogenated

2.4 EAFIFEE Ru S EXR AR
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UEEN AL 1) RS S BB RN 7E 28R R T 19 289 20 731
AT AT R A A PR A X IR e HE 1. &R
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SR AR R SRR AR RIR R A R, 2l
R URLAZ A, S A 790 3 1 <2 s 1) 2 HSCE A
JEAERAARR T LS, TR IR A AL 77 1 P RE

3 gy TR 0 Ru AT AR 2
BAXS PRI AR S5 R, rTLAE ), B Ru & &M
0.5% 3 3. 0% , 7 ZH a4 x ek Pt
TEAHEER N 1. 0% I, PRAHRmE, 24 y-ALO; b
BT ETh I, A SN A BT 1
A TR, XaTRER M TR SR, ff Ru fE
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FARRIE W U 2 2, B MR —
SERRRE R, (X R AR AN K. B AE J5 18 4
RS, ¥R 1. 0% Ru/y-AL 0,/ 2tpp L.

%3 €8 Ru @ EX R ZEAXFRINS BN R R E S0
Table 3 Effect of different Ru content on asymmetric
hydrogenation of acetophenone employing cinchona

derivative 1 as a modifier

Content Yield/%  ee/%  Configuration
0.5%Ru/y-ALO,/2tpp 60 81 S
1.0% Ru/y-AL, 0,/ 2tpp 99 83 S
1.5% Ru/y-ALO,/2tpp  >99 82 S
2.0% Ru/y-ALO,/2tpp 99 82 S
3.0%Ru/y-ALO,/2tpp 99 81 S

The reaction conditions are the same as in Table 1 except the

content of metal Ru. Reaction time: 5 h

2.5 ®FIX e Rz B 2 A

VAR TP EAT 1) 22 AR AN X BRI B R — A
FR- SN - AR R Z A LA T A R Ak ad B, DAAE
MBI LEAR 22 I AR 7R 0T S L (4 5 M AR
F. IR SR AN FRAELL S L P 2 M AN 4 By
IR, IR OB AE S N R BEAT I, AR SR B
IR AP TE EA Re e . G SRR S 1 A
I . CBAAR) p E AT, FLTG PR AR T 5 N AR 0
WL, (BT AL SRR B BRI AR SR A
P BAEIK | R TR R AT, TG S 1 id
TN W AR AR ARARR. <8 0% 2 A A 490 16 W ) 97 2K
BT AL 2 XA 500 1 — PR B 1 9500 B 4 -
AT Z 18] A B A S 2
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Table 4 Effect of different solvents on asymmetric hydrogenation

of acetophenone employing cinchona derivative 1 as a modifier

Solvent Yield/%  ee/% Configuration
MeOH 10 65 S
EtOH 36 78 S
iPrOH 99 83 S

H,0 4 5 S

THF 2 50 S
Toluene 1 9 S

The reaction conditions are the same as in Table 1 except the

solvent. Reaction time: 5 h

2.6 B X & Bz B9
A5 S N 700 XTS5 W) £ 45 R L% 5. 4

FW, AR Z 3 M A iR R 2 M A 1A
ZPBOSU B SRR 1. 0% Ru/y-AL O,/ 2tpp
HEAEF, B IS 500 A 51 A B T s A Ak B R ik
1. 084 SR AL AR A B, 2K 2B i & G ie 2
TSN 3 3 S Yo BAsE 3R 8 > KOH>NaOH >
LiOH. LiOH A fis, bk S5z Lz 3 P 1) 208 T BE 6B T
1.0% Ru/y-Al, 05/ 2tpp 14 Z2 H 3 1) A7 7E XS 52
T A (BuOK AR 8 g B 16 PR8Ik, XAl aES
tBuOK rhA K 07 B O, (LA Ak RN K75 T 5
KOH 1 A A 224 114 Xof e 16 44

R 5 WX E Z BR A 3 FR AN S AL R B RS20
Table 5 Effect of different bases on asymmetric hydrogenation

of acetophenone employing cinchona derivative 1 as a modifier

Base Yield/% ee/ % Configuration
tBuOK 17 80 S

LiOH 2.2 40 S
NaOH 96 78 S

KOH 99 83 S

The reaction conditions are the same as in Table 1 except the

base. Reaction time: 5 h

2.7 RMYR

FET ULFERAR 1 B 28 1. 0% Ru/
y-ALOy/2tpp HEALTR _E A A 38 AV L, 25 2R I 3%
6. JERAIMEAL I 1y A R T ok e e A B 2 iR
WSS AR AZ AL SR UL, ARG 1
TFRERYE S AR Y.
2.7. 1 BB XHATEAX IS *K6Hh
(entry 1-4) 7% Z i S KA A2 09 AN X Bk L. X
FUR 2 0 6025 P ) ) A i G Centey1-2) g SR 1A
PR3 RS BRI PERZ AN, {ELF= 4006 i % 11
WA T K. S7IRAR AL 51 AU IEAT F T AL B T
YA FRETT PRI, BRI L WA I =3R4 T
92% ee fE, 4BHAILIA ZHIINE " PIH ee fH 15
98% .
2.7.2 AT EEARI A FRME K6 entry 5-
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104 4 F O &

27 %
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WEER FAY N A5 Ru FCfz, MERERR 5 F04)E Ru
MPE I ELZRIN S Ru (O 5, 2 2 IESEAL Tt e
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H R F IR OZI , AL BE A A 8 2RI B S AN
AIRERI 5 —A Ru JEF-BCAz, LRI 70 O
TR AP ZEIA L, i Ttne 548 Ru iy
VERTRGE , HAAL R ZAR— L. iEmE5 Ru X Fl
FIEAEH, [RIRHB S FrEE iR 1 eIl &
TR FRPIR S, i 1B T AR, s e
TEPEE FRE.

2 6 i (entry 7-12) F T HATI7 B ML A9 100
TR (R T S, O, N) L, 76 4 X 4 i
FERIBL A 12 1. 0% Ru/y-Al,O5/2tpp fiEfl
R 25 v BT ARAT AR 5 AL 3RO R e P, 2- L Tt
W53 M 2- 2 Tt s P MR 7 LA T AR A% v A S oz 37 1 45
1, T 2- LTI IR [ (9 26 1F R e Al R A
%, TR AT REA U0 R Iy iEn, Ho— Al e R T o0
I TF B2 S T BT BRI L T AN
NI B AT A M AL 1. SR, D5 A BR L
BRI, [ i i v M, AT il
SCSEANA , BRE I P B 3 7 25 5 T v A W5 57 B
T S R/ NI R, B R Bl
PEAE 3 FHARTTE RIS BOR, B s 4 U
OGP, AH R B b SR Rk i B ) S DA
Fe, RURT 004 i T PR FE SRR TR OR, R
R s VA 2N DN L A N R R
R, 2-Z T H I PR T P ) PR T 25 B AR OR, AT
i 2- LRI I 1) 52 N 19 956 1R ARG =y TRk g
P R 1 2 R I B R ) R T 2 LR 2-
ZIEHEEW A 2- Z BERE R Hh R, BT R
TET AR Y, B2t T AP R) A I A . 2 3 e
S R A, OO FAS By LR, DR R A X LA
¥ede. 38h, AEARIZRAET 52K S/ 2= 9 s
WREEPERILE , 2- LMW | 2- Z LK R Il <™ 40
BN WRBEFEPERNS T2 SR 2 IR XAt
W 157 Ak B PP A B R AT o4 i R TRE A6 FE
Ze5t, BT INERAREAEIE ) 7 2 AR . 71 %
ARSI IRLRE FNGE A SN [ 26, 2- S BEREWEW)

HEALI =PI ee {HIKE] T 80% (356, entry 8) , 2-
CBEFERIE AN Z IR ee (HIRE] T 75% (3£ 6,
entry 10). fEALIRFRTE 2- STEREE IS B A XTFR AN
PGP PPN (F 6, entry 12).

% 6 1.0%Ru/y-Al,0,/2tpp/modifier 1 & REDT E"

Table 6 Enantioselective hydrogenation of aromatic ketones

catalyzed by 1.0% Ru/y-Al,0,/2tpp/modifier 1 system*

Entry Substrate Yield/% ee/% Configuration”
(0]
1 Ej/tk 99 83 S
(0]
2 ©)k/ 99 78 S
Br (0]
3 ©/U\ >99 92 S
OCH; O
4 ©/K 99 98 s
[0]
5 | X 34 6 S
N =
(0]
6 | X 92 35 S
~N
(0]
7 /\ 23 62 S
8¢ 90 80 S
S
[0}
9 /I 48 63 S
10* 98 75 S
(0}
[0}
1 W 6 30 s
12¢ N 40 54 S
H

a. Reaction was carried out at 40 °C using cinchona derivative 1
as chiral modifier. Substrate : in a 2 mL iPrOH solution at
[0.43 mol/L], PHz: 6.0 MPa. Substrate/Ru/cinchona deriva-
tive 1 = 500 :1:2. [KOH]=0.18 mol L.
5 h; b. Determined by sign of rotation; c. Reaction was car-
ried out at 30 C for 48 h, P”z: 8.0 MPa; d. Reaction was
carried out at 20 °C for 48 h, PH2; 8.0 MPa

Reaction time
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34 i

X YA TR ATT A B M ) B 1. 0% Ru/y-
AL O,/ 2tpp HEALTAITE R TR 2 S AT LR M A 2% 35
55 78 T AN S BRI S B, HH 2R B A e R AT A A
RAFHR WO FEE. Az RSB BE R ee {ELAT
15 98% s WEW B HENE ee {ELN] ik 80% ; HRIRIKE KLY ee
{Hik 3] 75% . i ICP-AES, TEM, XPS, BET, IR
S5 M BORH T e TR AL T R B AS S EA T T 4R
A3 HT.
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Asymmetric Hydrogenation of Aromatic Ketones Catalyzed
by Cinchona- and PPh, -Modified Ru/y-Al, O,
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(1. Key Laboratory of Catalysis Science and Technology of Chongqing Education Commission ,

Research Center of Pharmaceutical Chemistry and Chemical Biology, Chongging Technology and

Business University, Chongqing 400067, China;

2. Key Lab of Green Chemistry and Technology, Ministry of Education, The Institute of Homogeneous Catalysis ,
College of Chemistry, Sichuan University, Chengdu 610064, China)

Abstract: The asymmetric hydrogenation of aromatic ketones catalyzed by cinchona- and PPh,-modified 1. 0% Ru/

v-Al, 0, was studied. The effects of different stabilizers, different modifiers, different ruthenium content, different

solvents and base additives on the asymmetric hydrogenation of aromatic ketones were investigated in detail. The re-

sults showed that cinchona alkaloids had good modification effects on the 1. 0% Ru/y-Al,0,/2tpp catalyst. Under

the optimum conditions, the hydrogenation enantioselectivities of acetophenone and its derivatives were 78% ~

98% . The enantioselectivity of the hydrogenation product of 2-acetothiophene could reach 809% . The enantioselec-

tivity of the hydrogenation product of 2-acetofuran could reach 75% .

Key words: ruthenium; cinchona alkaloids; aromatic ketones; asymmetric hydrogenation



