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Asymmetric Transfer Hydrogenation of Acetophenone Promoted by
Chitosan Ester Ruthenium Complex
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Abstract The catalytic properties of the catalyst generated in situ from the reaction of Ru(Il) compounds with chitosan based
ligands were evaluated in the asymmetric transfer hydrogenation of acetophenone using isopropanol or sodium formate as
hydrogen source. The effects of reaction time, temperature and the dosage of THF on the performance of the catalyst were
evaluated. The O-stearoyl chitosan (SCS) is in the form of micelles with the average size of 213 nm in i-PrOH/THF solution.
Using i-PrOH as hydrogen source, the ee value of 1-phenylethanol is up to 62.9%. The dosage of THF strongly affected the
catalytic activity. The catalytic activity (TOF) is up to 30.4 h™" at the volume ratio of i-PrOH to THF being 1 : 1. The TOF
increased with the increase of the temperature. At 100 °C, the TOF is up to 48.5 h™'. While using HCOONa as the hydrogen
source, the TOF and ee values of 1-phenylethanol are 29.4 h™'and 53.0%, respectively.
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PSR JIE R 57 SR B TR (SCS) 2 FT-IR A2 NMR 34T,
SCS 1F 1741, 1196 #1 1079 cm™ ' 4L 3L C=0 81 C—O
KR ARSI, A 1599 em ! Ab¥F S NH, FFAE
W Ko VA T (1640~ 1650 cm ™ ") [R15 5 ) 5 e AL
SR AAERE) 6 PrAAFREE b TE IR IR SRR L AN
FoK, R EAEIEE AL, SCS 1 '"H NMR 7£ 6
2.70~5.80 Ab H BLAR B8 (LI B 7 2R C(2)~C(6) L1115
T, 5 0.88 M 1.26~2.32 HBLAEARER 1) ke dE b CH; X
CH, JI T (W e v . AR b I 5 B 28 B AL Ly L v
SR R R (W AL 1.0,

P T 57 A I S SR AU S I (1 A8 B S B 5,
1M SCS e NEEHR AN, hbIRA1% ] THF/i-PrOH
MR SCS S5 NI ERE. AT TR SCS
& THF/i-PrOH R G I fRRAS, HaiSBoLR
FEACIE T SCSAE V(THF) @ V(i-PrOH)=1 : 1 J&&Wh
(RFZHR 0.76 g/LYRIEMAT A, 4R KIL SCS TERL T -
BIRif2oh 213 nm, RifRyE FILE 50~700 nm 2 [A] ¥R
(B 0. AT TR/ N SCS 5
[RuCly(p-cymene)], 55 fa FPIRAS, FATTME T SCS-Ru
flE 4k 7 7E THF/i-PrOH %5 00 1 B BRI AR 11 41 37 F 5%
(SEM) (¥ 2). ME 2 Hhnf U H, SCS-Ru A4 71 2 4 1k
KL 0 300 nm, B EZ1A 100 nm (PR,
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Figure 1 The particle size distribution of SCS micelle
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Figure 2 The SEM graph of SCS-Ru micelle

RS- K O (Eq. 1), RVETIRIITR T NF 1T HTLL
FH, HARM SCS 173 S5 AH L, [RuCly(p-cymene)]y/
SCS LA ZR IR HE AL I P SN X R IE FEMEA T AR K I)
e, Y ee H 5%I5 N E] 60%(% 1, Entries 1, 2).
AL S [¥) TON BEIS ) JL-F-Zett 55 n, 1w~ ee {5
JUT- AR Js SIS ) R SE AT AR A B SCHR[12] 438
I T SRR AR AH L, R ee (RIS, EAEALTETE
A THRH .

(0] [RuCl,(p-cymene)], (1 mol%) OH
©)‘\ SCS (2 mol%) O/i\
KOH (10 mol%) @)
1.2.1  RL& 6 Rh
THE A0 I ) 3T 2 B AN SO R 15 3 R Y 5 e I i
FESYIMIOE, AT TON Fifi S 3 i TP A 2 1
TN, ee AELRE S ML EE (R =T R (] 3), 1X— 45 34
HAXTFRAEAL 1) — A4 By Arrhenius! 28 30
AL s N ) R MG BE N E,=24.31 kJ/mol.
1.2.2 WAAKHIIF 6
tH+ SCS %+ THF, MiA%T AR, THF 158X
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Table 1 Asymmetric transfer hydrogenation of acetophenone
with [RuCly(p-cymene)],/SCS using i-PrOH as hydrogen source

Entry Time/h ee/% (conf.) TOF/h ™!

1° 3 1.5 (S) 1.2
6 3.2(5) 0.9

9.5 5.0(S) 0.9

12 0.7 (S) 0.8

2 3 60.6 (S) 20
6 59.9 (S) 134
9.5 60.0 (S) 10.2

12 60.0 (S) 9.4

“Reaction conditions: acetophenone 2 mmol, 25 °C, i-PrOH 6 mL, THF 5 mL;
b without ligand.
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Figure 3 Effect of reaction temperature on the TON and ee

Acetophenone (1 mmol), [RuCly(p-cymene)], (1 mol%), SCS (2 mol%),
KOH (10 mol%), i-PrOH (6 mL), THF (5 mL), 2 h

HEALH R RS B A F LR 52, THF 3L SV
ma R ILIE 4. NETRTLAE L, RV ee {HEE THF
IR DN, FEARLREFE 60%, TON fE R 14 R 1111
THEF/i-PrOH AR L] (R 380 HH I SE T v i BRI L.
Y THE/i-PrOH FRAAFIEE N 1 IF, 4L TON 1531 60.0,
ARZHT N THF JHEEN, AL S W% P TON (g PR,
X g2 T SCS AEA RN BT IR SR AR S A
[F) 3 B FR). SCSHH 31 il PR R i R T e A i /K P 1R 58 SR
AL, LR T LA A H (R SR 4 4, il 7R 45 4
JEA U Scheme 2. ¥ AR E/INSF, 5258 0T Re B ARAE
T R T R AR R A RO TR I ISl 2 2 e S e e e
RO RE, HTS AW Es G ML SR R 2 4L
i, ¥9hn THF )5, W5, AR5 e R4k
REAIRRM, SIS L, 4%
Zesfn THE BN, W] RE IR R ) I e B e 1) 2
L6 BORSERAS I e, e g A U1, 5 35 S b
AN[F) 45 R BA T IR G ik S 32 i B T 48 Sy it — L AL TE
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Figure 4 Effect of V(THF)/V(i-PrOH) on the TON and ee
Reaction conditions: acetophenone (1 mmol), 25 ‘C, 2 h, [RuCly(p-cy-

mene)], (1 mol%), SCS (2 mol%), KOH (10 mol%)
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Scheme 2

1.3 BHBRMASEMNECHSEB RN

YT SCS A A HP IR 1) 7 J SCS KA —
E RS A P A, FRAT1Z5 5T SCS X LA B 4
IRINERER RN AL TERE(Eq. 2). EMELAIMIER T,
RN SR 2K ST R S A F 2R g, OV &5 35
T2 2 i NERATTCUE H, AT P fhE A v 1 B
FrEm A&, 65 CHF TOF Rk 2 i KAH 29.4; Bl e fiEfk
TR R TR R . K ZEE ee {HBEIIE T
FISEHER, 50 CIN K LT ee (IR e KAH 57.3%; Fifi
Ji R BEL R (PRGN L AR R AT AR R
A I IR N,
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acetophenone (2 mmol)
[RuCl,(p-cymene)], (0.2 mol%) OH
SCS (0.4 mol%) :

HCOONa (5 equiv.)
H,O (3 mL), THF 3 mL), 5h

R 2 LIRS 5 FI[RuCly(p-cymene)]o/SCS ALK 2,1
AN X B e 4 S v

Table 2 Asymmetric transfer hydrogenation of acetophenone
with [RuCl,(p-cymene)],/SCS using HCOONa as hydrogen
source

Entry Temp./C  Time/h ee% TOF/h™!
1 0 5 49.0 (S) 0.04

2 25 5 54.4 (S) 0.8

3 50 5 57.4(S) 6.9

4 60 5 54.7 (S) 24.5

5 65 5 53.0 (S) 29.5

6 70 5 51.0 (S) 26.5

7 75 5 50.4 (S) 26.0

8 100 5 427 (S) 11.7

9 120 5 38.8 (S) 11.4

10 140 5 35.3 (S) 8.6

2 g

i g W ¢ ZE G SCS 7F THF/i-PrOH P B R LA —
SENENEPEMIBR, SE7EMIEAL LK Ru-SCS k7
2R S VRS SN HAT A A vg 1, TR S
KTy 1 1K CBEr=4). #F THF/i-PrOH A &+ i
SN P ee (E T 62.7%, ee 18 JL-T-ANBE 523 s 7]
GEK AR AL SN ) TOF AR B W 5 T e 1 T,
100 °C /%% 2 h i} TOF {nfik 48.5h™", P2 ee {H N
34.8%. THF [P EEAIEPERZIR K. 78 THF/H,O W
AR, RN EEIE JEUR LW R S R 78 1) 1-9K
LEEF=1). TOF AHBH S N 5 T v 52 538 o s B ¥
P AE65 CIFik I KAE29.4 h™'; P2 ee (EBE [ N
T A U0 S B AR, 75 50 CRIA R
KA 57.3%.

3 KEIHN
3.1 UEHIKF

2L AN A (TENSOR27, 7 [ A7 & 78 A ) ); M
JLHR L (AVANCE400, 18 [E A7 & 58 A m)); AAH kY
[SP-6890, 11 Fg fm Ttk LY 2% PR /A ], CP-Chira-
sil-DEX CB £1 95k, V4% 240 C, A 130 °C, &l
2240 C, FHAWE 1 mL/min, (R)-1-45 2L K (S)-1-2K
LRI T 43 304 5.2 K 5.8 min); POGHRLE{X(ZS90,
YL B IR LA FD); BERAU(WZZ-2S, Lk SR A2
IR A, 145 L 2B (Hitachi S-4800, H A H A7

NH]).
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FEIBE(CS), ] B i £ A A R A &, R
ST 5.4X10°, BAWE 85%; WiflgER, AL
W —); [RuCly(p-cymene)],, Alfa Aesar A 7]; K LM,
2 PR IR A R, FEREER . ST, 57
PR 2 8 A A 4.

32 XKWAHE
3.2.1  6-AEJIE B o TRAE B 49~ A%,

22 WHR[13]4 B B 0.85 ¢ CS T 10 mL FH 3L fitk
1% J 2 mL SOCL R &, =il hidt T2 1.8
mL B ISBEA, [V 10h. 720 C FAINAVK/KHRE, 1l
TR e 5B R e, k8. P E T 200 mL Z&M/K
H Na,COs ¥l T ek, g, Z8MKutig — G,
50 CFEA TR, IR RN SCS 2.3 g, W
) 88%). [a]p +3.67 (¢ 0.55, THF); '"H NMR (CDCls,
400 MHz) J: 0.88 (br s, 3H, CHs), 1.26 [br s, 30H,
(CHa)is], 2.32 (br s, 2H, CH,), 2.79 (br s, 0.89H, H-2 of
GIeN), 3.20~5.50 (br m, 10H, H-1,3,4,5.6 of GlcN); IR
(KBr) v: 3444 (m), 2923 (s), 2852 (s), 1740 (s), 1599 (w),
1468 (m), 1379 (w), 1196 (s), 1070 (s), 790 (w), 721 (w),
563 (w) cm .

322 FABEAH IR IEES R

EE/SARYTR, 17 100 mL 5 B¥ Schlenk i in A —
€ i [RuCly(p-cymene)],» SCS. M. i-PrOH. THF,
REERAREES P A RAAEA 3 K, AR T
BN GE £ KOH [1) i-PrOH %, FEESMA MTEm
AR 3 WA NS E. E— el T, RN
W JEAH, WA IE, A SR Ew
Je ISR TE R I 23 4, 5 (R)-1-K SO K (S)-1-K L
FREESTEE, TR AR A= ee 1H.

323 FWERANA AR 6 BSER R

EEARYTR, 1] 100 mL 5 B¥ Schlenk i AN &
H[RuCly(p-cymene)],« SCS. K Z M. THF, JB&14& &R
KA TR RS 3 R, ERAEY FInAE =
HCOONa /K, &R P4 228 IR & 7 s 4l
B3 AR NS H. E—ElE T, RN—
SEI M JEAH), WA SR, L& meaYiE
AR CGER 00T, 5 (R)-1-5 20 2 (S)-1-2K L hs
FEXFLE, THE AR TN =11 ee {H.
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