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Recent Advance of Amino-acids and Their Derivatives as Chiral
Ligands in Asymmetric Transfer Hydrogenation of Ketones

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

Abstract The asymmetric transfer hydrogenation (ATH) reaction of prochiral ketones is an important method to produce
chiral alcohols. Recently, the application of chiral amino acids and their derivatives as ligands in ATH of prochiral ketones
promoted by the ruthenium, rhodium or iridium complexes have been attracted more attentions. Herein the catalytic properties
of amino acids, amino acid based amides, thioamides, hydroxamic acids, hydrazides, amino alcohols and hydroxy amides as
ligands in the ruthenium, rhodium or iridium catalyzed ATH of prochiral ketones have been overviewed.

Keywords chiral amino acid; derivative of amino acid; metal complex of amino acid; asymmetric transfer hydrogenation
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1 S[ERREK

DL S 1R 0 TE A A 42 2% A W0 [(n°-CeH3Mes)-
Ru(L-ala)C1) A7 45, {E0R: FLAE Ty AN B AU B 78 I
M I ECAA IS5 /0 L. Furukawa 254 [RuCly(p-cymene)],
1) CH,Cly 8 N 2 2 3L M B0 Eh MK s b A e 7 —
ZANMEAF] 1 (Scheme 1). LA i-PrOH NEE, 1a ALK
LA SR RN, 2R GRERIF=20 72%, WAL R
24 81% ee (R) (Table 1, Entry 1), 1a flE{LIE 5 1-PUEZE
il 1 P40 7= 2 AN 8%, WA IERENE =ik 92% ee (R);
1b AT R SRE =360 95%, XMk Fer:
5% ee (R) (Table 1, Entry 2); LA 1e MHEALFING, K40
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(1) 77 28 RN AR TE FEVE 4 A 1%, 3% ee (S) (Table 1,
Entry 3); 1d~1g A AT =) 2K LREI %A1 50~
90%, XJMUAIEFEVELE 60% ee A-47(Table 1, Entries 4~
7). Carmona “51'51613) ly 1a 71 1¢ I fEALTIIN =) 2K 2,18
F AN ] v BEYR T 2K L IR 2R FE R p-cymene 3 [4] 2 [H]
CH/m (A ELAEFH, 08 5N R (W LB EAT 7 7,

>—@ a: R'R?=(CHy);, b: R'=Me, R?= H;

ClI—R0 ¢: R'=PhCH,, R?=Et; d: R' = i-Pr, R? = H;
o NHRZ € R'=CH;CeHy-p-OH, R*=H;
f: R = CHy-3-indole, R? = H;
d R' g R'R?=CHyo-CgH,
1

Scheme 1

R GBI IO AR REAL A P AR RS S ¢
Table 1 Amino acids and dipeptides as ligands in the ATH of
ketones”

Entry Catalyst 7/°C  #h Conv./%Yield/% ee/% S/C Ref.

1 1la rt. 24 72 81 (R) 100 [14]
2 1b rt. 24 95  5(R) 100 [14]
3 1c rt. 24 11 3(S) 100 [14]
4 1d rt. 24 79 56 (R) 100 [14]
5 1le rt. 24 87 57(R) 100 [18]
6 1f rt. 24 51 66 (R) 100 [18]
7 1g rt. 24 90 60 (R) 100 [18]
8 2a-[Ru] rt 24 22 27(S) 100 [18]
9 2b-[Ru] rt 24 33 22(S) 100 [18]
10 2¢-[Ru] rt. 24 6 — 100 [18]
11 2d-[Ru] rt. 24 90 — 100 [18]
12 2e-[Ru] rt. 24 >99 43(S) 100 [18]
13 2f-[Ru] rt. 24 >99 39(S) 100 [I8]
14 1a 83 1.0 433 70 (R) 214 [17]
15 3 83 1.0 699 71(R) 214 [17]
16" 3 83 1.0 97 75(R) 100 [19]
17° 4 83 1.0 70 55(R) 100 [19]
18" 5 83 0.5 49 60 (S) 100 [19]
19 3 8 10 77 61 (R) 100 [19]
20> 3 83 1.0 93 56 (R) 100 [19]
21%¢ 3 83 20 60 74 (R) 100 [19]
220 3 83 1.0 68 52 (R) 214 [19]

“[Ru] refers to [RuCly(p-cymene)],; S/C is molar ratio of substrate to catalyst;
substrate is acetophenone; i-PrOH as hydrogen source and solvent; in the
presence of KOH; * HCOONa as base; © substrate is 4-methyl acetophenone;
4 substrate is 4-chloro-acetophenone; ° substrate is 1-indanone; / substrate is
3-chloro-propiophenone.

Ohta " JF5¢ T Ik 4 2 (Scheme 2)FI[RuCly(p-
cymene)]y J5 AL R ARE A 50 A I PR S0 A% e I )
AL E T, 2a~2c-[RuCly(p-cymene) ], ALTGEZE, K2
2[R A dm s 33%, XTRAAIESENE D 22% ee (Table 1,
Entry 9); 2d-[RuCly(p-cymene)], [MIHEALIEPE R, 2 L
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K772 ik 90%, F=4) A4 iéf4(Table 1, Entry 11).
2e, 2f JGTCAAIN K LBE 77 24AE 99%LL L, X mefk
TEPEME 73 h 43%, 39% ee (Table 1, Entries 12, 13). %%
MR 5 KR R A A 1R BEANEE.

aR3=H,R*=iPr
R® e b: R®=H, R* = i-Bu
HzN/HfN\.)kOK c:R®=H, R* = (CH,);
o & d:R®=iBu, R*=H
e: R®= Me, R* = CH,CgH4-p-OH
f: R®=Me, R* = CH,-3-Indole
Scheme 2

Carmona /MUY Ta 15 AgBF, {5 N

Ritr il T =R BIE A4 3 (Bq. 1), 3 L5 K 1h Xoray,
NMR fffi 5.
-/ 3+
N NH
7\ < 0= MF}u -
- ageF, H\ Bl TR
C'g'}”-é _H CHgOH *N ° £
N \ R*u\
7~ N\: )
1a - —

3

FHIRIFE TG BT #4657 4 F1°5 (Scheme 3). 5 1a
FALL, M43 I REATEVE S, RN 1 h G 2R SR Ak
HILH) 69.9% (Table 1, Entries 14, 15), F=#IF6 Bk
PR A A, Y ST R 100,
CL 3 R 4 A AR SR IR Y 1 h S5 AL
RORFNE) 7350 97% (75% ee), 70% (55% ee) (Table 1,
Entries 16, 17); #4671 5 (K NEHER 3 41T, (H7=9)
I RAA IR H 75% ee (R) N F%4E 60% ee (S) (Table
1, Entries 16, 18), 1t BFIIR R /AINA G M Js )3 [0 3 2
ERENE, T 2 A A, AT 3 kL R 4-F
FEAR T, 1 h Ja RIS T7%, TR0 WAk
A 61% ee (Table 1, Entry 19), &5 1-2ifidIN;, 2 h J5
RN AR 60%, PP HIN BARIEREE D 74% ee
(Table 1, Entry 21).

s

\N/* \O ~
N\
O
4
Scheme 3
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2 FEERERRECE

21 FEREREAREC AR

R ERACAR Z A WU A b Vs EA G, PR 2
SRR AT A AR IS5 T 9k, Faller 25014
i-PrOH % H LA 6 (Scheme 4)F1[RuCly(p-cymene)], (4 :
1) SR TR Js AR TR A 38 i R I, 1 e/ 4 TR ) o
(Ll 25, —24 °C W 20 h JG 2K LI L S F e
PGSR 90%, 79% ee (Table 2, Entry 1); I8 )5 1-
DUZZE RIS = 0 WA £ Pk ik 93% ee. XA
N EHBATER IR BT, 6-[RuCly(p-cymene)], AL
TR = G, R 248 8] (5 WH VL5 ) ) B A P R o) e
IEIEFENE TN 94%, 60% ee; 43k J5ixt H AR JE 2K 21
(P ft - ) I e B3 M 22 (35%), AHL = %) A4 3k
FHH(93% ee), IXVARFHALFFEH ) Ru-H M
Ji, H 55 BURIE ) p-OCH; 2K L 1) Js b 551,
o PR RS ] o) 3% P o PR A S R vy

Adolfsson %5 6-[RnCp*Cl,y], 7£ 7K %5 W 1 LA
HCOOLi NEJEMEA IR SR 2/, 2 Nl )E i 28 C
e Bl 35 CH R MNVIFEACERLE ), - YI sE ek
LA 2 BE ) 52 W (Table 2, Entries 2, 3). 6-[IrCp*Cl,],
fEALFIFT 6-[RhCp*CL], AL, RINVIIFHALZEH 55%%
2] 99%, HP=YnBAREREYEH 78% ee T IEE] 72%
ee (Table 2, Entries 2, 4). 6-[RhCp*CL], fit: 1k i J5 75 7 i,
B IRV A 46% ~99%, 771 IR0 %6f e A 3 45 1 £
46%~88% ee, MM 3-H A KR LI I fHEAK SN TH
T PR A R ARSI B 3 0 A 98%, 88% ee.

Pelagatti /N2 Pl 6 S C A & B T fiELH 7
(Scheme 4). X-ray, IR, ESI-MS FHERARLAA 6 EiL N,
O H&JEECAL. Ta, Te HEAIEJFR L i S5 RV 135 1 Fi
WP $2IT (Table 2, Entries 5, 7), & WIARALA) X 4
RTINS PE BEBEAT B2, Th, Te g fEAL TR = %t
WLARLEFENE > B 54%, T4% ee (Table 2, Entries 6, 7),
KW p-cymene AHXf T indane A7 5 4F (1R WAL i BE

7.
F
W
H H R a: Ar = p-cymene, X = Cl
o) ( :N/ luv””C' X b: Ar = indane, X = PFg
H I6) c: Ar = p-cymene, X = PFg

N H2 "’/f
6 NH,
7

Scheme 4

Chung /NP5 5 T I R EERL L /4 8 (Scheme
5). 8a MI[RuCly(p-cymene)], J5 {2 A= e AL FHMEAL 4 J 2R
T INF S5 IS PR 3 1 R IR R P v T AL R 8a-[RuCl-
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(MeoCy), T4k I fiE(Table 2, Entries 8, 9). 8a-[RuCly(p-
cymene)], i1k 714 HCOONa 4 & 1) HoO W F AL,
M JFUR T T J52 I 1) A 236 R 7 B 0T A 2 P 1 43 31
H 92.4%, 91.8% ee (Table 2, Entry 11). 8b-[RuCly(p-
cymene)], AT R C AR A7 BE K A 1AL 3 P (Table 2,
Entry 12), 8c, 8d, 8e-[RuCl,(p-cymene)], ¥ 5 3 % 1H: (hf
WA EBENE) 2 0 R 82% (74.6% ee), 76% (74.1% ee),
57% (74.2% ee), FMBCARH RIR L5 AW 7 BRI
(F)I 52 ¥ [R5 PE = (Table 2, Entries 13, 14), & ftd 1
HUARKE(OMe) I J W3t VA 25 (Table 2, Entry 15), {HAC
A 1 HL 280N VR A T ) ) 6 AR TR B . 8a-
[RuCly(p-cymene)], f# 4477 7. HCOOH/EtN A &I 1)
CH,Cly YA A Jir 06} F AR R 2R 2L ) % A
= 1) 0] AR B FEAE 3 0 A 98.4%, 94.8% ee, 5 LA
HCOONa Ky S5 78 7K ¥ 980 s B 2 7 P g AR 24 120,
Zouioueche 514X T /KW 8a-[RuCly(p-cymene)],
MEAFI PR ERAE ], 20 F AR S 56 A AL, ffi
WFHNEGATH] 15 D=2 E PSR 90% ee DL L. 9
(Scheme 5)-[RuCly(p-cymene)], f# A4 7 AY S 3 375 P4 A1 3k
#M 5 8a-[RuCly(p-cymene)], #*"(Table 2, Entry 11,
16). Mao Z5PV¥ it 44 10 (Scheme 5)H1[RuCly(p-cy-
mene) ], S AR G AR T A U P AR i 2K 2,
KT 40, AZ A IINARE RS AT 75 e
= L RALER (CTAB), 40 “C [N 24 h J& 78 LI
FFIR WA EBEPEIL B 71% (55% ee) (Table 2, Entry
17). Zouioueche 2% B¥ L 11, 12 (Scheme 5)
[RuCly(p-cymene)], J5UA7 AE i M 4k 71, 7 7K %5 W LA
HCOONa hEE, K L 56 4% e A 7= Py (1R 0 w44 i
PEIE 235114 48% (R), 58% ee (R) (Table 2, Entries 18, 19).
Zhou ZEPN R BRI T BILBMATEW AR 13
(Scheme 5) 5 [RuCly(p-cymene)], FE 8 HI i Ak 771 (AL 34 Ji
IR T T A A DN AR IR BEVE 3 0k 97.7%, 70.4%
ee (Table 2, Entry 20). L & 8a, 11, 12, 13 FI
[RuCly(p-cymene)], A A= B (1) 4 40 571 8 A7 R0 A A4 ik
J 8- Fh 55 A i (Scheme 6), 8a-[RuCly(p-cymene)], #4471
o AT AR 11 24 2 T A P R 1 %o TS RS A 5
A IARIE 2R S W e AL 1 e
22 FARREBAREIK

Adolfsson %' 14 (Scheme 7)FI[IrCp*Cl,], JRAT
A AT E KR L HCOOLI A SR Ak I Jit
O, AL 99%INF, PRI G2 i v A
43% ee (Table 2, Entry 21). Pelagatti /NP2 4 1 T
1b51 15, 16 (Scheme 7). X-ray, IR, ESI-MS F L% W, BH
HTEEY 158 N, O 548 Ru BeAL, i rEld &
)16 i1 N, N Bz, 15 AR, 2K SHd/AS P &
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Table 2 Amino acid amides as ligands in the reduction of acetophenone
Entry Catalyst Solvent [H] 7/C t/h Conv./% ee/% S/IC Ref.
1 6-[Ru] i-PrOH i-PrOH —24 20 90 79 (R) 25 [20]
2b 6-[Rh] H,0 HCOOLi 28 17~22 55 78 (R) 100 [21]
3 6-[Rh] H,0 HCOOLi 35 17~22 99 76 (R) 100 [21]
4b 6-[Ir] H,0 HCOOLi 28 17~22 99 72 (R) 100 [21]
5 Ta i-PrOH i-PrOH 30 0.5 54 76 (R) 200 [22]
6 7b i-PrOH i-PrOH 30 0.7 70 54 (R) 200 [22]
7 Tc i-PrOH i-PrOH 30 0.5 59 74 (R) 200 [22]
8 8a-[Ru] CH,Cl, HCOOH/Et;N 30 7 96.5 79 (R) 50 [23]
9 8a-[Ru]; CH,Cl, HCOOH/Et;N 30 6 33 54 (R) 50 [23]
10 8a-[Ru] H,0 HCOONa 30 24 12.7 93.1(R) 100 [24]
11° 8a-[Ru] H,0 HCOONa 40 5.5 92.4 91.8 (R) 100 [24]
12 8b-[Ru] CH,Cl, HCOOH/Et;N 30 24 0 0 50 [23]
13 8c-[Ru] CH,Cl, HCOOH/Et;N 30 7 82 74.6 (R) 50 [23]
14 8d-[Ru] CH,Cl, HCOOH/Et;N 30 7 76 74.1 (R) 50 [23]
15 8e-[Ru] CH,Cl, HCOOH/Et;N 30 6 57 74.2 (R) 50 [23]
16° 9-[Ru] H,0 HCOONa 40 5.5 87.5 94.3 (R) 100 [24]
17 10-[Ru] H,0 HCOONa 40 24 71 55 (R) 40 [27]
18 11-[Ru] H,0 HCOONa 30 18 100 48 (R) 20 [28]
19 12-[Ru] H,0 HCOONa 30 24 100 58 (R) 20 [28]
20 13-[Ru] H,0 HCOONa 40 24 97.7 70.4 (R) 100 [29]
21° 14-[Ir] H,0 HCOONa 28 17~22 99 43 (R) 100 [21]
22 15-[Ru] i-PrOH i-PrOH 30 0.5 97 30 (R) 200 [22]
234 16-[Ru] i-PrOH i-PrOH 80 1 80 6 (R) 1000 [30]
24P 17a-[Ir] H,0 HCOONa 24 17~22 99 71 (R) 100 [21]
25 17b-[Ru]  i-PrOH i-PrOH 90 0.25 70 30 (R) 100 [31]
26 17¢-[Ru] i-PrOH i-PrOH 90 0.25 98 30 (R) 100 [31]
27 17d-[Ru]  i-PrOH i-PrOH 90 0.25 98 23 (R) 100 [31]
28 17e-[Ru] i-PrOH i-PrOH 90 0.25 44 45 (R) 100 [31]
29 17f-[Ru] i-PrOH i-PrOH 90 0.25 61 12 (S) 100 [31]
30 18-[Ru] i-PrOH i-PrOH 90 0.25 30 — 100 [31]
31 19-[Ru] i-PrOH i-PrOH 90 — — — 100 [31]

“[H] refers to hydrogen source; [Ru] refers to [RuCly(p-cymene)],; [Ru]; refers to [RuCly(CeMes)]o; [Rh] refers to [RhCp*Cly]; ; [Ir] refers to [IrCp*Cly]o; S/C is

molar ratio of substrate to catalyst; in the presence of KOH;”In the presence of the surfactant SDS;

+-BuOK; “Yield of phenylethanol.

a: Ar=Ph HO,
[HNHN b: Ar = 2,6-Me,CgHs H
H c: Ar = p-FCgHy %N\Ph
0 d: Ar = 0-FCgH,4 H o

e: Ar = p-MeOCgH,4

%TW,%%

W R~ *@
NeHo Mhc
13

Scheme 5

W

el 200, i-PrOH ShEUJE, 30 'C/RM 0.5 h kb3l
97%, K LBENAA3EYE N 30% ee (Table 2, Entry 22); 1fi

22
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“In the presence of the surfactant CTAB; “In the presence of

Lot ot

8a: 99.7% (91.6% ee), 99.1% (94.7% ee), 93.4% (69.8% ee),
89% (74% ee), 99.1% (58. 3% ee)
11: 100% (86% ee), 100% (90% ee), 100% (37% ee), —, —
12: 100% (93% ee), 100% (87% ee), 100% (51% ee), —, —
13: > 99% (74.7% ee), 90.7% (76.9% ee), 98.1% (34.6% ee), —, —

Scheme 6
2416 7F 80 CHEALIAIRZE Z I TOF {Hi% %] 800 h!

(S/IC=1000), =PIHEFEETEAN 6% ee (Table 2, En-
try 23).

2.3 HREEERE AR
Adolfsson 25PULL 17a-[IrCp*CL,], WAL FITE K

FH PL HCOOLi AEJFRMEALIE 52K LW [ N 4k
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R
©//[ uf,‘ ~ |PFe

PFe
C\ZK
//,4 NH2V 15
LNH [RuCly(p-cymene)],
o 2 M H
eoH/C 2
14 H,C o N X
SNOEN"S
o N ©
16
Scheme 7

FIEF] 99%, PP AAIEEENE N 71% ee (Table 2,
Entry 24). Pelagatti 25045 T /A 17b~17f, 18, 19
(Scheme 8). £ CH,ClL ¥ [ -BuOK f£/E K 17¢ Hl
[RuCly(p-cymene)], M4 i T 4L 20 (Eq. 2), 'H
NMR F1 ESI-MS RAEHEILF 20 /& HH p-cymene FiiA . &
BT R R AT i N, N XU A O
i, 1Tb~17d( & A — > F 2% 0 )-[RuCly(p- <y-
mene)], AL 2 )38 J5 S NG T 8L, TOF #x¢ i
392 h', PRI UARIE R IR = A 30% ee (R) (Table 2,
Entry 26); {ERERZIAIEIE I NEE =AY R MR F4
it (17e), FEYII WA E PRI R 2] 45% ee (R),
TOF 1 FI%%] 176 h™' (Table 2, Entry 28). {EBLZ Iz
FERB A TINEE A S W B FPE 070, FEYR Y
SRR R EHUR ISR AR R], X pRIEREE R 12%
ee (S) (Table 2, Entry 29). 18-[RuCly(p-cymene)], {4t ik
JR 2K 2, 90 °C [ ¥ 15 min J& LR K 30%, P24 0ok
TH JiEf& (Table 2, Entry 30), FCiA 19 FI[RuCly(p-cymene)],
YR AT R BEAT VG, 10 W T A 5 e i [T 1) o
TACFRFIE M EZEVE. SR 17b~171, 18, 19 AR
B PR CWE ee (AR, J5t IR AT B8 A2 75 ¥ W A7 A
RrySc, SruSc /NG PE 1 FET WL A A4, £ A Ak i 3
JE BRI BUAR ST, o Ab—Fl ey FLoC B A R 20
H Ru-N-C-C(O)-N]_E H &4 — T,

17 Ph
/Et
N N
HoN j< HoN Et
o) (0]
18 19
Scheme 8

3 FEBRNAEIRE (K
Adolfsson /NP> Boc {47 it 52 e 1 Tk i i 14
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CH2C|2/t BuOK

L( 1/2 [RuCl,(p-cymene ]2 \
j@ Ru—+’

BRI O F S AU & L4 21~27 (Scheme 9). iX 4
Be A 548 Ru, Rh 2B fRE A0 AR 70 i IR AS 0 FRE
R I N R R I T ANEN ) N RE. 21a FT[RuCly(p-
cymene), JRA7AE A A0 )8 AL 38 SR R 0 I e e R 3% A
FIELEE 5K 7%, 5% ee (S), 21b Ky BCAAT [ Nk

REFEE R AN F] 45%, 59% ee (R), PRt S A4 R
(Table 3, Entries 1, 2). 22-[RuCly(p-cymene), A {4k 71 I
IR IR AR FE 1 (81% ee)bl 21b-[RuCly(p-cyme-
ne), ALK R 1E(59% ee) (Table 3, Entries 2, 3). 22-
[RhCLCp*], MM 6 ¥ e 4F T+ 22-[RuCly(p-cymene)],
(Table 3, Entries 3, 4). 22-[RhCLCp*], #EALAZ A
LiCl, K ZREF WAL RENE B 86% ee HEHNE] 95% ee
(Table 3, Entries 4, 5). 22-[RhCL,Cp*], AL HEAL I8 S5 45
Tl 5 I IR 45 B AH B 7= ) R0 WA IE RETELE 90% ee
P F(Scheme 10). 23 4 RECARS e LT A 5 P (Table
3, Entry 6), 24 JBCARIS 5N i HERIE PR LL 22 ARk
] 2 A& 2 25 (Table 3, Entries 5, 7). 26a, 26b, 27 55 25 A/
b € & 7 I I BEIE N, 5 1) P R e B 1
(Table 3, Entries 8~11), 26b-[RhCL,Cp*], AL ILJ5E K 2,
P HSF 52 7 P 3% 1 AR 7= A0 ) S5 B A SR B 81%, 96% ee,
SN REFEIT 22 (Table 3, Entries 5, 10), P i il if 4%
058 REIIA BN, C 83 Jo TP Lo AN g i W g

%*N« %*

X Ph

\)LN/‘\
H

_NH -x =
Boc” b: X =
21

%«M Mf

25

3 Aﬁm
M” O
Boc/NH "
26b

Scheme 9

2010 4F Adolfsson 255145 i, 7 G L MR it A Ik e ic A4
28a~28d (Scheme 11), 28a~28d FI[RhCl,Cp*], J5i /i 4=
JSARE A TR R A 3 J5 A 2 B A AR 4 1 s BT P, 10
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Table 3 Amino acid based thioamides/ hydroxamic acids/hydrazides as ligands in the ATH of acetophenone

Entry Catalyst 5 mol% LiCl th Conv./% ee/% S/IC Ref.
1 21a-[Ru] — 2.0 7 5(S) 100 [32]
2 21b-[Ru] — 2.0 45 59 (R) 100 [32]
3 22-[Ru] — 2.0 49 81 (R) 100 [32]
4 22-[Rh] — 2.0 91 86 (R) 200 [34]
5 22-[Rh] + 0.5 88 95 (R) 200 [32]
6 23-[Rh] + 2.0 2 — 200 [34]
7 24-[Rh] + 0.25 65 49 (R) 200 [34]
8 25-[Rh] + 2.0 67 86 (R) 200 [33]
9 26a-[Rh] + 0.5 85 93 (R) 200 [33]
10 26b-[Rh] + 0.5 81 96 (R) 200 [33]
11 27-[Rh] + 2.0 88 89 (R) 200 [33]
12 28a-[Rh] + 10 min 76 90 (R) 100 [35]
13 28b-[Rh] + 10 min 62 89 (R) 100 [35]
14 28c-[Rh] + 10 min 76 93 (R) 100 [35]
15 28d-[Rh] + 10 min 73 93 (R) 100 [35]
16 29-[Rh] — 0.5 66 82 (S) 200 [36]
17 29-[Rh] + 0.5 56 88 (S) 200 [36]
18 30-[Rh] — 2.0 45 86 (S) 200 [36]
19 30-[Rh] + 2.0 63 92 (S) 200 [36]
20 31-[Rh] — 2.0 89 87 (S) 200 [36]
21 31-[Rh] + 2.0 82 97 (S) 200 [36]
22 32-[Rh] + 2.0 8 53 (R) 200 [34]
23 33-[Rh] + 2.0 2 — 200 [34]
24 34-[Rh] + 2.0 10 36 (S) 200 [34]
25 35-[Rh] + 2.0 11 18 (S) 200 [34]
26" 31-[Rh] — 17~22 2 — 100 [34]
27¢ 36-[Rh] — 17~22 99 29 (R) 100 [21]
28° 37-[Rh] — 14 99 69 (R) 100 [21]
29 38a-[Rh] — 2.0 43 80 (S) 200 [34]
30 38a-[Rh] + 2.0 9 49 (S) 200 [34]
31 38b-[Rh] — 2.0 30 81 (S) 200 [34]
32 38b-[Rh] + 2.0 56 91 (S) 200 [34]
33 39a-[Rh] — 2.0 20 84 (S) 200 [34]
34 39a-[Rh] + 2.0 7 50 (S) 200 [34]
35 39b-[Rh] — 2.0 9 28 (S) 200 [34]
36 39b-[Rh] + 2.0 5 11 (S) 200 [34]

“ [Ru] refers to [RuCly(p-cymene)],; [Rh] refers to [RhCp*Cly],; S/C is molar ratio of substrate to catalyst; i-PrOH as hydrogen donor and solvent, room temperature,
5 mol% i-PrONa; “ HCOONa as hydrogen donor, H,O as solvent, in the present of 10 mol% SDS; “HCOOLI as hydrogen donor, H,O as solvent, in the present of 10

mol% SDS.

ealavalvalivg

97% (96% ee) 98% (96% ee) 96% (92% ee) 33% (95% ee)

mealealeadons

55% (

96% ee)  56% (91% ee) 88% (96% ee) 61% (97% ee)

Scheme 10

min J& A AL FIL R 60% LA E, FEIR OEEFNT

24
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WAL FETEAE 90% ee /747 (Table 3, Entries 12~15). 3
4T 28a-[RhCL,Cp* 1, %25l 05 7 B ) i A0 1 e,
IR JFON =5 IR AW, 10 min 5 R AR R

MM ﬂ*

28b

MM MM@

28c 28d
Scheme 11
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97%, IR ARIE PR K 87% ee.

4 [RNEBZRREER

2007 4F Adolfsson /NP gl T L R B4 i R Tic A4
29~31 (Scheme 12). 29-[RhCL,Cp*1, KAk AL I 5
FLM 0.5h JFHEALFR N 66%, FAICEEIETE N 82% ee,
MAE R NAK BN LiCL B =4 ) A4 s B 1 45 v
1| 88% ee (Table 3, Entries 16, 17). LA 30+ 31 A4t
FERNAR RN LICL, P4 Rt e Bt 20 T
BN Ea%(Table 3, Entries 18~19, 20~21). 31-[RhCl,-

p*y AT =02 T (R0 WA B PR B 47 (97 %
ee), 31-[RhCLCp*], AL REA B AL S 5 Fh 05 A
fii(Scheme 13). 2009 4 Adolfsson /NP4 e ic 44 32~
35 (Scheme 12), #5427 @RI IR LA FIURIER
R M. 32-[RhCLCp* (e K& B ECACIE A Ts) Al 31-
[RhCLCp*], #HLL, A E LR N, B =ity
R HH 2 (Table 3, Entries 21, 22). 33~35-[RhCl,Cp*], {1k,
TR 5 N P 3 R GG B 3514 72 (Table 3, Entries 23~
25). DL 34 ARCARIN [ NV RERS L (Table 3, Entry 24), i
Wk B E M. 31-[RhCLCp*], AL FILE KIS
H L HCOONa A& 5 AL S 2K LW I LT3 e b
1% P (Table 3, Entry 26), AJHEJRT Boc P73 BIAEKE
G AR S 4 e B RO M AR ). 2011 4R
Adolfsson /NAPE R T K 36, 37 (Scheme 12). 36-
[RhCL,Cp*], {E/KEF L H AL IR SR ], J N e AH 2R
K 99% IS 7 W) I N AR FEVE N 29% ee, LA 37-
[RhCLCp*], AT, R IIHALZD 99% I =411
FeZEiE N 69% ee (Table 3, Entries 27, 28).

NH NH NH
Boc” Boc” Boc”
29 30 31
(0] (0] (0]
OH OH _0
H/ MN/ /%/[LH ~
_NH _NH NH
TS Boc’ Boc
32 33 34
O o) (0]
MN/O\ Ph%N/OH Q)LH/OH
H
Boc/NH N2 H
35 36 37
Scheme 12

Adolfsson /NHPPEANHFSY T B A 22 A1 31 7 Rh fi
A (1Y AN 6} R B A S I PP 45 B A B 7 0 11 Ji IR
Bl 3 2B R AR S PRI 9T 36 W P R PR AR I T g
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@*O*@*O*

93% (92% ee)  98% (96% ee) T7% (94% ee) 99% (95% ee)

OMe O

54% (81% ee) 90% (86% ee) 85% (90% ee) 84% (87% ee)

Scheme 13

PR LA L 4 AT C A7 A5 AN ] P 25 (Figure 1), 22 il i
N—S H5&JERAL, A Z T IER(SL, Sra)f L HIEES
B, (Se, Srn)-Rh-22 WA 1) Si 05 7 51 FIEE %
RAGTIRIIE. 310 N—N 5 G @iz, AL T
(SL, Rrn)MITHIIBE S AL B, (S, Rrn)-Rh-31 A Re
R T FETE R S RLEE. Li 57 I0E T g
P BNGRE I, 2 s BRIk Fi T, A 2 5 P 2 e R T
A5 4 8 T8 B 45 5 W A AT () AN 0 Bk S 7 5 B N 4y
BT JE 7 A I A — U SE Rt R B AN () 28 2 1 T
PATT AR B [ A LI = 4.

W@ Nk

PR \
N o]
/( H- '0 o\“H/ ",
7N
7( O\LI L—0 0 r
cl
i 4\

(SL,Sry)-Rh-22 (SL,Rrn)-Rh-31

Bl 1 SRR AR G A R S R G A AT S ik A v T
SUPURTZAS

Figure 1 Proposed transition state formed with thioamide and
hydroxamic acid

5 RNEMEEMECIR

Adolfsson ZEPYL B TR LR BE MR AA 38a, 38b,
39a, 39b (Scheme 14). 38b FI[RhCl,Cp*], J5LA7 A= Bt AL
FIHEAIE JFOR i R R e i, AR R R 2 h 5 R
N HAE N 56%, TG4 91% ee (Table 3,
Entry 32); 39b-[RhCLCp*], h A IR S W 4 4 b 44X
H 9%, FEMIIEAAIE N 28% ee (Table 3, Entry 35).
Ll LiCl NS 38a, 39a, 39b o /A4 B IFI AL 774K 5
PN Y AP ) TR R e A i 5 2k 52 21 4 il (Table 3,
Entries 29~30, 33~34, 35~36), 1fj LiCl X} 38b-[RhCl,-

¥y FOHE AR A4 2R PR35 Ik N R 1k A 488 58 1 H (Table 3,
Entries 31, 32). ZA5LMRIBEIFACAATN Rh JE I 45 & i
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A4 ] PR AN T R B B A e 7 P AT T 2 25 I A I M T
R e B FER I PR AR AN Rh JE AL A E AL 1) fs2
{4 Z (Table 3, Entries 32, 5, 21).

Cl

o o, NOo,
\)LH/N\@ \)LH/N\@\
NH NH
4 Boc” NO,
38b

(0] H (¢]] (0] H
NH NH
Boc” Boc”
Cl
39a 39b
Scheme 14
6 REBFE(K

T I T R 1340 J5 R Y ] A BT R R
A, T I I AR T S AR A R N AT 4R
AREP Lu 25PN e 1 Tk S KL RRAT AR 1) 2 RS W A
40a~40e (Scheme 15)FI[RuCly(p-cymene)], J5LA7 A Fifi
HFAAE DR Z I R AN KRS 7% B W 1) Js . 1 i (Table
4). LL HCOONa A&, HyO A, 40c, 40d-[RuCly(p-
cymene)], fEAIE K Z IS JLT- A [ NG PE(Table 4,
Entries 4, 5). 40e F1 40d A AH R ¥ F 42, UL 40e A BCAARS
SN [P35 PR AL B Ik 2] 76.5%, 54% ee (Table 4,
Entry 6). 40d-[RuCl,y(p-cymene)], 7 5 N T, 1AL
R LWL LR SR, 2 h )G RN A 40%, =4 1)
SEBRARTEFENE N 12% ee (S)1*).

Ph Bz H
- “_OH ;
H2N/\/OH H N/\/ H N/\/OH
40a 40b 40c
Oron OO
OH

N N Ph

H HHo

40d 40e

Scheme 15

41a~41f (Scheme 16) 5 RARULEY), AGHER
Fmz#4 Pl HCOONa W&V, H,0 M ¥, 4la-
[RuCly(p-cymene)], AL IE 52K L/ I, FROAR (AL AR &
(R AL R ARAR, AH 7= 2K 20 1R A4 328 B R 3k 3]
56% ee (Table 4, Entry 7); L 41b AECAE, 5B A
U, V0.5 h 52K SHR A EE R 95%, F= ) 0a F i
:28 77% ee (Table 4 , Entry 8), 41c-[RuCly(p-cymene)],
A I SR 2 ] 7 4 TR 0T AR R B 1 TE B 89%  ee
(Table 4, Entry 9); 7t H,O %+, HCOONa N &I, LA
4lc, 41d NFCARMALIE R 2T B B s v JE R
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235K 100%, 76% ee (R); 33.6%, 31% ee (S) (Table 4,
Entries 11, 12), UiHIZIEEE L Ph BURIE A B
i) S N7 R 3 PERE B e, g m = i L. b4k, Lu
BT 41e-[RuCly(p-cymene) ], X AN [i) 55 75 i 1) JEE
WG, AR S4B )L AR 2R L
IS (AR AE 90% L B, P62 i M AE 43%~
83% ee, Hh 41e-Ru X 4- = F LI 2 (1) (A AE S
ORI, RV EACR N 96%, PGt
83% ee.

gh 4 l?h NH ?h H
Ho/\rN\ HO/\r 2 HOA{ ~
41a 41b 41c

By e HHCI ' HeHel
Ho/kr N Ho&r ~ Ho/k‘/N\
41d 41e 41f

Scheme 16
7 FEBREEBRREE

Adolfsson /NG T — RVNR LB L SE B
Fic A 42~49 (Scheme 17)FF-Hi (ARSI R FE R S W Hp
(Eq. 3). 42a, 42b FI1[RuCly(p-cymene)], {7 2E s (K fEAL
FIRE I8 W 38 Vi e N LT % A A TS T, T 42¢,
42d-[RuCly(p-cymene)], A A 7 I 5B 1) 4k 6wl ik
B 80% /AT, PRI IR ARIEFEVESE N E 90% ee LA I,
43-[RuCly(p-cymene)], A 40 1 B S WL 11 % 4k 22 AN R
4%, EFETEN 7% ee (S), VAR IEIRIB D N 2euii ({4
PR PRI LR Ty C 2R3 A ER RN T AR B N R
Aedk o L 44 (ZBERET A E T, 45 (FAEIR TS
STTFEF R 42¢ FHEL SO (35 PE RN BPE 43 )
B2 63%, 83% ee (S); 56%, 64% ee (R)™*; 46~49 5
AP TFPE L, P24 IR Y b 2202 198 340 43 1A A 23 e
SE, BIEIREBT RN LI, PRIt E sy S, RAHER
WA A D B, PRI R. 46, 47-[RuCl,-
(p-cymene) ], AL T35 P GEFEVE) 73 51 0 32% (95% ee,
R), 99% (94% ee, S), VLB T2 BEREHE 2 1Tk rp g
SRR AR ECAR, L AR 2 EEIR AT R A4 Y 1) 2 O
M2 R RO A 47 OISR T D AR IR AT R 1)
TR W2 R TR 46. 48, 49 PR AR IR S 45 3 3%
BT 2 RS 2 I T D SR R e A4, L 7Y
SRR S KT SR AL BRI AA 48 WY P e
T LR R IR RN R A R IR 2 L I 49 2 T 4. 47,
48-[RuCl,(p-cymene)], 1k 71 % Ji& 40 Wi 1) 3& FH S )
(Scheme 18)!° 47,
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R4 RN AR LT ARFR R N
Table 4 Amino alcohols as ligands in the ATH of acetophenone

Entry Catalyst Solvent [H] 7/C t/h Conv./% ee/% S/IC Ref.
1 40a-[Ru] H,0 HCOONa r.t. — 19.6 27 (R) 40 [40]
2b 40a-[Ru] i-PrOH i-PrOH 20 1 85 24 (R) 200 [41]
3 40b-[Ru] H,0 HCOONa r.t. — 225 3(R) 40 [40]
4 40c-[Ru] H,0 HCOONa r.t. — <1 — 40 [40]
5 40d-[Ru] H,0 HCOONa r.t. — — — 40 [40]
6 40e-[Ru] H,0 HCOONa r.t. — 76.5 54 (R) 40 [40]
7 41a-[Ru] H,0 HCOONa r.t. — 2.7 56 (S) 40 [40]
8° 41b-[Ru] i-PrOH i-PrOH 20 0.5 95 77 (R) 200 [41]
9P 41c-[Ru] i-PrOH i-PrOH 20 0.5 71 89 (R) 200 [41]
10 41c-[Ru] H,0 HCOONa 40 3.5 >99 73 (R) 100 [42]
11 41c-[Ru] H,0 HCOONa r.t. — 100 76 (R) 40 [40]
12 41d-[Ru] H,0 HCOONa r.t. — 33.6 31(S) 40 [40]
13 41e-[Ru] H,0 HCOONa r.t. — 99.3 75 (R) 40 [40]
14 41f-[Ru] H,0 HCOONa r.t. — 99.5 49 (S) 40 [40]

“[H] refers to hydrogen source; [Ru] refers to [RuCly(p-cymene)],; S/C is molar ratio of substrate to catalyst. ®In the presence of +-BuOK.

0 [RuCly(p-cymene)l, ~ OH OH
- @@ O O O @ @0 - + 3
Ph L, NaOH, -PrOH  Ph™ Ph/k @
rt.,2h
O Ph O Ph
NH NH H
R 42 Boc 43

a:R=Fmoc <1% 4% (7% ee, S)
b:R=Ts <2%
c:R=Boc 78% (95% ee, S)
d: R=Alloc 81% (93% ee, S)

NH _NH NH
Boc” 44 Boc 45 Boc” 46
63% (83% ee, S) 56% (64% ee, R) 32% (95% ee, R)
O Ph o} 0
\HL”/\/OH NArOH %N/\-/OH
NH _NH H ’ H o =
Boc’ Boc Boc
47 48 49

99% (94% ee, S)  91% (92% ee, S) 25% (66% ee, S)

Scheme 17

DRI~ s 2 PR B o, S A T oA S U T I PRI AN R PR
RS I N BEAR R MR B TEAT I SR
3 0.1~0.2 mol/L). 2011 4 Adolfsson /NHUILLZ 85 K
APEF LT WLAK 47 FI[RuCly(p-cymene)], S5 A0 2E AL,
FUAE AL B (1) A X R R | Y. fE SRR A 0.5
mol/L, V(EtOH) : M(THF)Jy 1 : 1 WAL 47-
[RuCly(p-cymene)], A 1R G (10038 FH M, |V 1) 4%
A 40%~99%, FHIHIGAETEEAE 90% ee UL L
(Scheme 18).
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o*

47 (IPA as [H]): 91% (95% ee), 63% (95% ee), —,
93% (89% ee), 38% (84% ee), 85%( 87% ee)
48 (IPA as [H]): 67% (98% ee), 59% (94% ee), —,
87% (96% ee), 47% (96% ee), 96% (97% ee)
47 (Ethanol as [H]): 40% (95% ee), 53% (94% ee),

> 99% (93% ee), — — 74% (97% ee)

sadiisaly
reailivel

Scheme 18

T FE PR P Hk W 4 i AR AT [RuCly(p-cymene)], JR AV A
FS P A ) A I RO AN S B S 88 S N B AE L 5
TSN Adolfsson /NHPOFN Wills /NP
NSRRI T T HEM, P AL AN ) 2 A e T
BT AR [EI R R 44 50a (Adolfsson HEJ ) AT 50b (Wills
B 4£)(Scheme 19).

%C%/ Vs

‘\2 ‘\
N N
7 SﬁN Boe\_[_
o Ph “ho ©
50a 50b

Scheme 19
2007 4, Adolfsson /NHPHE R T R ILEE &
AN EARIE ) FE IR B FEBEIGC 44 51, 52 (Scheme 20),
51, 52 FI[RhCLCp*], JEA7 A BAEAL 7 Ak 8 R 2K 2.0,
27
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M S/IC=100, £33 F SOV 2 h i [0 i 1 O il 43
T BN 25% (22% ee), 31% (62% ee); 53,
54-[RuCly(p-cymene)], HEAFINT R £ (1) J5U N TG i
#: Y, 55-[RuCly(p-cymene)], 44 71 () i £ 35 o 22 ).
Zouioueche %R £ i W) 0 3k 16 7 VAV 56 AN
[RuCly(p-cymene)], JR AV A= BSCAE A 7R ZE 7K 1 9 A 0T 1 1)
K IR GRS W (Scheme  20). 75 JE A 58 4 5640 I
IR LI RS AR PRI IA B 84% ee, 2-G 7N L IE P %) bk
PRIEPETE R 95.5% ee.

Ph

Ph “__OH
N

H
NH Ph
Boc” Boc”

A
Ph ~_OH
<N

NH ;\g

52

= 0y OH
Ph,, A N N S
I, N ~N
(\H Boc RN N
OH H Boc
53
54
~
OH H H OHO
W”\ A
N H
: H
56

/:\ 55

Scheme 20

8 HEaERITEWELR

O'Leary ZPU4 p T A 57a~57d (Scheme 21),
57c-[RuCly(p-cymene)], i b3 J5LAE 2 W 1) Js2 3 3% 4
TERRPEBIE, iR TN 24 h JFHALE N 35%, FRHInt
WARLEFENE Ky 72% ee (Table 5, Entry 3). Guiry 250554 %
THCAA 58, 59 (Scheme 21), 58-[Ir(COD)Cl,], {4k 5 24
LM, 15 h JE AR T 91%, (H7~ M Ik % 4 1k £ 1
1N 37% ee (R) (Table 5, Entry 5), 59-[Ir(COD)Cl,], 4 f#
PEFN 15 h i b 20k 81%, P4 IS WL AA 3% #8 Ay
38% ee (S) (Table 5, Entry 6). Karim 2Pl 2 % A J5
BEA EC T HCAA 60 (Scheme 21), 60 L [RuCly(p-cymene)],
JEAT AR AL R = N IR JROR 2/, 5 h R R
) 85%, XA N 70% ee (R) (Table 5, Entry 7).
Pericas ZP745 1 T LAk 61, 62 (Scheme 21), 61-[RuCly-
(p-cymene) |, AL R LB, W 7 h a AN 71%,
IR LA PR 41% ee (Table 5, Entry 8). 62 At {4
1, 62¢-[RuCly(p-cymene)], [ 5 M3 PR A B PE SR 4, 4
h JE AL R 93%, FPHIRG SR 81% ee (Table
5, Entry 11). Adolfsson Z5P8ILL L-Ph % R A5 208 b J5
B A 63~65 (Scheme 21). 63 F[RuCly(CeHe)], 5t
P AL TR AL 52 2L I B S35V s, TOF Ak
356 h', {H/=H 4N ek (Table 5, Entry 12). 64-

28 http://sioc-journal.cn/

[RuCly(p-cymene)], AHEAT 2 h 5 N FALZE 60%,
IR LG 2A I IA B 74% ee (Table 5, Entry 13). 65 £
S Abi/b Tk, PLILFI[RuCL(p-cymene)], 2 Rl 4
TR IE JFUR 2 I P= 302K I S A e AR (Table S,
Entry 14).

a:R'=Ph
N /k/OHbR1—/Pr &j
o c:R' = CH,Ph

57 d:R'=iBu

#Q H
/ a: R2 =Me /'\/N\ ©/
S HoN ﬁ“‘

N N-N b RZ=Bn
L 9
s

H H ¢ R2=TBDPS
\

Cbz. L S ‘

64

Scheme 21

RS KON N
Table 5 ATH of acetophenone

Entry Catalyst Time/h Conv./% ee/% S/C Base Ref.

1 57a-[Ru] 24 30 50(R) 100 NaOH [54]
2 57b-[Ru] 24 28  27(R) 100 NaOH [54]
3 57c[Ru] 24 35 72(R) 100 NaOH [54]
4 57d[Ru] 24 27 18(R) 100 NaOH [54]
5 58-[Ir] 15 91  37(R) 100 i-PrOK [55]
6 59-[Ir] 15 81  38(S) 100 i-PrOK [55]
7 60-[Ru] 5 8 70(R) 50 i-PrONa [56]
8  61-[Ru] 7 71 41 17 KOH [57]
9 62a-[Ru] 18 93 84 17 KOH [57]
10 62b-[Ru] 18 7m0 17 KOH [57]
11 62c-[Ru] 4 93 81 17 KOH [57]
12 63-[Ru], 0.5 89 — 100 +BuOK [58]
13 64-[Ru] 2 60 74(S) 50 +BuOK [58]
14 65-[Ru] 18 55% <5% 50 +-BuOK [58]

© 2012 Chinese Chemical Society & SIOC, CAS

“[Ru] refers to [RuCly(p-cymene)]; [Ru]; refers to [RuCly(CsHe)1; [Ir] refers
to [Ir(COD)Cl,],; S/C is molar ratio of substrate to catalyst; i-PrOH as hydro-
gen source and solvent, room temperature.

9 HZitERE

RIS IATAEDIBCAARAE Ru, Rh, Ir fEAGHIET AR
MREHR N rh BT T kRE, HES IR, 1)
BAT R IUMEATE ST B PEPEAR IR 3 1) TR
B S AT EIIRCAR, HB I AR 2R 7 RASEATS Sy B
PRSI = a R I b T ORAR R IR IR C A1) R mT i
P, DARIR TR IERRAT AW 0 B A A FRAE AL S
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I BATICR B 5 8], AT A B s mE et
JERA)IE PG L I AR 2R IR SRl (RS 00) WA
AR I J Ay 1 ) O P P 5 R SR e v s Y
oA BAT H 2
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