4

% 4’& {& % DOI: 10.6023/cjoc202303001 g;l"-;it‘—ﬁi&%

Chinese Journal of Organic Chemistry

REVIEW

HNFRSELEEREUNATIREER) ST RN AR
WAy e B RRD T sl bed

(¢ EE T RYMEL S5 B 200093)
CHEREE FEENNERAR SEAEIEERESSERE RI§ 200032)
(c LTI RFALE TS i 200240)
(¢ RIgASE R EAR I TANER L B 200240)

WE o — NG M NINE AL S PR A3 6 22 TG PR K SR, 170 I <2 AR AL B AN R FR (e A8 ) S AL 2 v
B R B e AL ST KB Ry AR B &, S IR PRIt K i
PR, AR TVRIE T 4540 2 FE A A RIS T4k A O ARG S 3 7 28R 70— AR RR (e 8 Ak I
2, FRE IR T 2 ST LG AUR IR D AR R e . AR A5 A AL M AN BE SR R AT 7028, 2RiR T %80T
BT RER, Hx JE SRR R AT T .

R BRIy ARTEREA AR AL SR

Progresses in the Application of Kinetic Resolution in Transition
Metal Catalyzed Asymmetric (Transfer) Hydrogenation

Chu, Yangyang®’ Han, Zhaobin™? Ding, Kuiling”4
(“School of Materials and Chemistry, University of Shanghai for Science and Technology, Shanghai 200093)
(* State Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic Chemistry,
Chinese Academy of Sciences, Shanghai 200032)
(¢School of Chemistry and Chemical Engineering, Shanghai Jiao Tong University, Shanghai 200240)
(4 Frontiers Science Center for Transformative Molecules, Shanghai Jiao Tong University, Shanghai 200240)

Abstract Kinetic resolution (KR) has long been a popular and classical strategy in organic synthesis to obtain optically ac-
tive compounds from racemic substrates, and transition metal catalyzed asymmetric (transfer) hydrogenation is a powerful
method for the synthesis of chiral compounds with high efficiency and atom economy. Over the years, a large variety of un-
saturated compounds bearing different types of chiral centers have been kinetically resolved with great efficiency via asym-
metric (transfer) hydrogenation using some well-established chiral transition metal catalysts, and KR has been demonstrated to
be a versatile technique in the synthesis of various chiral intermediates for biologically active compounds and natural products.
The research progresses in this field are summarized. Moreover, the prospects of further developments are also discussed.
Keywords kinetic resolution; asymmetric hydrogenation; asymmetric transfer hydrogenation; transition metal
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—B R, A 3.4-HBUR-1,4- EIEE 16 RN,
TEAABA Y OB 2% A T AT LA R AR v s i B P (1P AT 3
F1EENRSY, [FRE DR S 0 7 R AN B 115 B S 0E P 1)
15 F117 (Scheme 7, b). BHRAIZ, MJEY & LR
BRI, SR B B 1R O R
VAR SIGEA S S [R], AMEIE 1,4- "5 0EiE 16g
A] DLR AR AN XU A S A AT 3 05 5 o, LA
AT Aot 3 458 R XoF g a2 458 14 49 381 1T 43 B 1) — X e
SERIR(3S,45)-17g F1(3S,4R)-17g. LA WI(3S,4R)-17g £
TP AT A B GUHIAR 250 2 75T
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1.3 INEREEE N ERAENEI NFERS- TR REN
1988 4F, Noyori BRI R T ARG A
AP BRE 3N J1 %5 53— A W RS A R S (Scheme 8). LA
Ru(BINAP)(OAc), TE N fEALF, ~HTER) 3-H :-2-3 0
W-1-BF 18 FERUAK A A 77 FH B AR AN AR 2% 1R T sf T LA
SEMARUF I3 1585 0 3OR, 1R 54% A2 TR IR
>99% ee E KL, [FII JLT- 58 44 1,3-trans /) 5L
HIFIBE 19 (dr=300 © 1). EENER 7 s TRLAE] 74, 1%
PR RN AN IE 2- A8 0 - 1 - B R T4 045 T 1 1) 30 0 2 4%
Iy e PEIE B S PR, AN, BINAP-Ru 1k & 50H& A SL4
SERMIMIR T RER I — 2 B 4R k. B
B2, WHEER RuCly(rac-XylBINAP)Z:(S)-3,3'- - H %
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BT 2,232 — (P 8R40 I 0 0T DL s a2 436 42 S B A1 T B A TR 22 A B EBUREE (1) 31 7 22 9% 43— A X R
2-IF U -1 - (1) 311 ) 587 00— AN W iR A S R 25, ft.(Scheme 9). fFFIBAT H 2K & FECEAL ) TIrl 5% Ir2,
2021 4, Andersson HRHZAPOIRINSLEL T KL K 1AL B BRBRER, fERAIEMET, —RIEH =R

.........................

OH OH OH : Ph, O—< i
(R)-Ru1 = ' P | O
(0.17 mol%) . ; \Ru/ ;
H, (404 kPa) O\ _ ; b | No |
26°C,56 h ' OO Ph, 04
rac-18 <= 74 (S)-18 46% (1R3R)-1954% ! :
>99% ee 300:1 dr . _(RRut :
more examples (with (S)-Ru1)
OH OH
OH OoH o {j CO,CHs
() e L =
24%
48%, 96% ee  50%, 79% ee 34%, 9% ee  36%, 95% ee 32%, 98%ee  >99% ee
s=62 s=1 s=12 s=1 s=1 s=16

BIK 8 ST REALANEIEMS R I Eh 1224 7y - A xRS

Scheme 8 Ru catalyzed kinetic resolution-asymmetric hydrogenation of racemic allylic alcohols

+
RS OH Ir1 or Ir2 (0.2 ~ 1 mol%) RS OH RS OH l(jo-ToI)z—‘ o-ToIO\P,o-Tlcr)ZCO(;‘ *
9 < . [—
R1J§/%R3 KyCO, (10 mal%) R1MR3 + R1MR3 N"" “lIr(cod) z | )
» RS H, (0.1 ~ 0.3 MPa) » Rt S ki N BAre N BArg
R PhCHs, rit. R R Z )—Ph | >—ph
rac-20 (R)-20 30% ~ 47% 21 S O
s=15~211 87% ~ 99% ee Ir1 Ir2
selected examples
OH OH OH
Ph/ﬁ/\/ Ph/Y /Y\O /Y\/ Vi i X Ph/W
S Et
(R)-20a99% ee  (R)-20b 99% ee (R)-20c 47%, 89% ee (R)-20d 99% ee (R)-20e 99% ee (R)-20f 96% ee
41%, s =49 37%, s =19 (R.R)-21 46%, 98% ee, 99:1 dr 40%, s = 41 44%, s = 61 35%, s =15
s=67
OH o] o oH OH - OH
X \'Ph 2vie J\/\/
S e W R (T
(R)-20g 98% ee R)-20h 93% ee R)-20i 99% ee (R)-20j 99% ee (R)-20k 92% ee (R)-201 96% ee
35%, s = 16 42%, s =29 47% s=211 39%, s = 31 40%, s =17 43%, s =194
scale-up reaction and applications
OH Ir1 (0.2 mol%) OH OBn
Ph/ﬁA/ K,CO3 (10 mol%) Ph X 2 steps O~
H, (0.1 MPa), PhCHg 729,
1 gram scale rt,0.5h 99% ee P2
o, 0, - ~
54% conv. 99% ee, s =61 OH pymiliotoxin A

- CONH,
CO2Me
2 steps o
e8% 4 o

>99% ee Inthomycin A
Co Me
2 steps ((\/Hj;< 2 m
CONH
61% 0 2
>99% ee Inthomycin B

B9 SRAMANE IR N EE I 22k - A xR A

Scheme 9 Ir catalyzed kinetic resolution-asymmetric hydrogenation of racemic allyl alcohols
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RUEEE PR I P A B BB 20 #RRAR T RAF 2R 513
TF P ah R, T s {578 15~211 Z 8. |\T
-1 E AR A AR RAEIAT A B F S A —E &
] Lewis B2 5 Bronsted fR, 1M J&& 4 H A J& A IR AL AU AT
PR S5 AE T AT RE R AR Qs A R IR T 2B i AL S
A, AFT BAs AR B A AR IR 1A
AT DL 25 A 1) 1 8 g S B ) R AR IR — BRI B)) )
FP AR REA R AT Z R E A A A
A = HUACDUEE (1) JES P A e DL R 1 BIA 55 1 7= 28 J >
90% ee [HHEAT AR, H—SefURFL Pl Uit . Bk,
R TEER KRN S E RE AR AT LA, I v AR )
I, %792 RT LA i s O SEBL R AR P2 ) Pumiliotoxin
A. Inthomycin A Al B (LG R % %2 BB iB(DFT)
THERM, R 2R R R A s R 2 (AR
HRAE R ROR I EBEE R, MR o ALk B R FRLET,
Ho bR BB IS 5 FE A I HE R a3, AFRIT O
HHATIAF AR R, & SEBLAF 47 73 ROR.
1.4 SNHIEMFHEFSEMNSDZRS-TREN
XF - T8 485 44 (1) 75 75 B A 2R AT e 1 B A X R Ak
B T AR A Y B B =t g, R
gl 77, R, BT RN R E IR B iE A Re &2, HLIF]
A O BRI B, %A A — B R AN AR A U T X
s BT, AUCE B 2 0 LSRET AR AT LSRR —
AR, 2022 4F, JE K SR PO IR LD SR B T A
JVE -1 B 5 AL B K B 1 23R - A R A 7R
(Scheme 10). 1t/ 11 H Rh/WingPhos AL, — R
ANE TR 1-05 FEEURZE 22 DL RAFIEBRIESLIL T 3
. AR LGB b R A R ZE IR B D (R 2R R
b, AR SR SO0 0T B e 2 1 [R] I 45 380 P 28 B b
PR B EW, EREMER T s IREFIE 11~52 Z [A].

JOC L0

rac-22 (R)-22
R = Me, MeO, H; R'= ArCOO, TsO, TsHN

POCENSSS
g OBz ] OTs

(R)-22a 46%, 91% ee (R)-22b 44%, 95% ee
(S)-23a 52%, 77% ee  (S)-23b 55%, 77% ee
s=24 s=28

Rh(COD),SbFg (5 mol%)
WingPhos (5.5 mol%)
H, (4.14 MPa), CH,Cl,
30°C,5~10h

Me ] OTs

s=16

(R)-22¢ 37%, 97% ee
(S)-23c 62%, 60% ee

+

16 examples, s = 11 ~ 52
selected examples

M
(R)-22d 46%, 92% ee  (R)-22e 45%, 99% ee
(S)-23d 53%, 80% ee  (S)

HAR—3EHE, %R M- E A RN 26 A 24 R AT,
F£ 30 °C R RPRTWCR BEAT . A N D BT R A
WingPhos ] & HLEAZ SN R (1 5B

2 ET C=0 FTXiREB)SUNENFHFD

2.1 ShERE 2-BR B RAERERN D FER S -
PIFREER)EL

BRI EMTE C BA 5 BB 2R IF AL g 4-
AT A, 2 e S R A IR AR A P P 1) B 2 s o 2
—, BHEPURE. PURESAEEER). NERA B
BNl EAAE S 2 A R, RS
B SR SRR, I 45 R v Wi B HL S FH )
BT RA AR BRER. S2br b, V2 A e b
FE RT EH 2 15 ) JER 2 AR A AL 22 A il 2% S — T
i, FASRER) SN CERER T 2wk
PRI AL PR ROOL (R, AR 2-BURE B 3 )
YRy A R (L B ) B A SRS B & — A T 13K
Bl BT AR 7k, IF B S F R AT S A
J& W] A F) 5 — XA (Scheme 11, a). 2013 4, Metz
PR BUE B FPEEE 4057 Cp*Rh[(R,R)-TsDPEN)]CI
TSI, T A e 2-HUR B BE A 24 13 J1 285 - AR
PRI R E Ak (Scheme 11, b). 7£ 0.1~ 10 mol% {1k 71
&= T, BL HCOH/EtN NEIE, 2 FhA FBCRE HE
IR AT B 735 4R 4y, AR R = 2R A e B 1S
B E TG E B GE A AN BB, S SR AR IR At Ak
IEREEFIREAR i, IREMER R cis MIRLIIE R =), 1
FINRIERY 2 A ER s S AR Ts e 2 )
AR R FAE F A P2 AR I BRI oG B, BT iRk,
VBT RS8R T 35 A 28 R 98 7 11(S)-Glabrol . (S)-8-
Prenylnaringenin S &4 1% BLAA [ & Bk

O
o8

(S)-23

WingPhos

] OTs

Me e I | Me I |

] OTs ] NHTs
Me' Cl
(R)-22f 40%, 95% ee
-23e 55%, 82% ee  (S)-23f 59%, 66% ee

s=29 s=52 s=17

B 10 FEHEAL IR e 1-Bk557 2 2R ()3 1 45 r - AR R E A

Scheme 10 Rh catalyzed kinetic resolution-asymmetric hydrogenation of racemic 1-aryl naphathalenes
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(a) Synthesis of both enantioisomers of flavanones via kinetic resolution

O Ar

Ar

X

chiral catalyst oxidation

P
=

Z hydrogen source

b) Rh-catalyzed kinetic resolution-asymmetric transfer hydrogenation of racemic flavanones

R’ OR®
R30 o ©/ [Cp*RA[(R,R)-TsDPEN)ICI m ©/

R2 HCO,H/Et;N, EtOAG, r.t., 2h
OR* O 0 | OR* O
examples
rac-24 P (S)-24 (R.R)-25
41% ~ 50%, 95% ~ >99% ee 44% ~ 50%, 95% ~ >99% ee
H— h Ph H Ph
Ts Me4C5N\\ N =~ Ph
Ph ~Rh™ N MesCs-, N
No / R Ts [ RATN
RA H AH N
N N Ol T
P N T @ Ar
2 N 7K
: R o ‘Ar R O
[Cp*RN[(R,R)-TsDPEN)]CI : favored TS disfavored TS

selected examples

| OAc OAc | OAc OMe
cO (0] _‘\\©/ ACO@»@ AcO 0 .‘\\©/ M60\©1:J‘\\©/

OH O OH O OAc O OMe O
0.5 mol% [Rh] 0.1 mol% [Rh] 1 mol% [Rh] 10 mol% [Rh]
(S)-24a 50%, 97% ee (S)-24b 47%, 95% ee (S)-24c 44%, = 99% ee (S)-24d 48%, 99% ee
(R,R)-25a 45%, > 99% ee (R,R)-25b 45%, 2 99% ee (R,R)-25d 47%, = 95% ee

synthetic applications

o 3steps KR ATH AcO
rac-Liquiritigenin

+  (S)-24e
46% 99% ee

rac-24e (2RAR)-25e o, | NaBO;
47%
44%, 99% ee MeOH

5 | OH !

(1) TPAP, NMO, 98% i HO O 5

(2) NaBO3, MeOH, 57% : A

E o) :

| ,=

B 11 FEREALSNE s B 30 0 2 - A xR A L
Scheme 11 Rh catalyzed kinetic resolution-asymmetric transfer hydrogenation of racemic flavanones
2016 4, Metz S5B20UK e 75 A Er A BRI SR A e S IR SN S BE(S)-26 (99% ee), (R)-
B e B F) ) 0 5 IR - A R R S A - AR S 248 WL 99% ee [B1H(Scheme 12). 1EZ Ay e S A5
J%2. LA Cp*Rh[(S,S)-TsDPEN)]CI Jyfi Ak, FR NIk 5 T FEMEALARAT T, AME e 24f 155 R A F15 v -
7, 5 A By FR A SRR DR 7 ) B e 241 S R R ARIFREERE A, FLR XA (S)-24f $¢ Rh-H ik
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OBoc OBoc |
Cp*Rh[(S,S)-TsDPEN)ICI ‘ OBoc
(1 mol%) BocO
BocO O
HCO,H/Et;N + '
EA, r.t., 15 min fe) 50 e}
~
T b
(R)-24f (S)-26
44%, 99% ee 42%, 99% ee
O \Ar O Ar Rh-H
Y R o O AT (Rn-A
[Rh-H] R _ = 2 R
: S b ome MeO° N
EtzN MeO. (0] Op e \n/ e
o}
0 (6]
A B (o3

synthetic applications

\ OH | OH
“ OH OH OH
3 ~ 6 steps
(S)-26 ——m (@) (ONGSS HO O HO (O N

Brosimine A

Brosimine B Brosimacutin L

B 12 FEHEALAME e BT R 13 ) 245 70— AR R 2% S -t S A S

Scheme 12 Rh catalyzed kinetic resolution-asymmetric transfer hydrogenation-deoxygenation of racemic flavanones

WG JE1E = O E R 2 A AL A AR E
TR B b 1) Pl i AR R BT A A b (] B, B
20 R A Y ik e N A= A R I R B O s e ()
C. BA &GN C# Rh-HIE 5, & ift
EW(S)-26. XFLLSEEGER A, 5-OH b IE LRy XTI
A5/ 5) e s =R R S B W 7S 7 3 a8 1 =
B 1) S AS B S WL BAX AT 2D 88 2 A E A 1) B AU
JR. (S)-26 JEHET Iz & R BER R AR 2 ) R BT
PErp g, Harbh@st 3~6 BRBL, & BRI
Brosimne A. Brosimine B Fll Brosimacutin L. FJHIX—
WS, fEE G R T B 2 LU RIS By A A R
B KR Kazinol U Fl(25)-7,3'-Dihydroxy-4'-
methoxyflavan(3],

2021 %, Ratovelomanana-Vidal $#2£H 342 HCO,H/
= LW (DABCOY AR, A H KBNS S
VI R AT, SEEL T A TE Lt OR g (1) 2- 95 5= 1Y
H-4-VEVEE 27 BB 15T - A IR R A A R B
(Scheme 13). *fLESEEGZRIA{EA HCO.H/DABCO H&
1ERIE JE I AL TS P T HCOLH/EGN 1A 258 &y, R
0.1~0.2 mol%H & I FE MU B FEILAL I B B 2%
R, — RBVIMNEIER) 2-75 FEUR LB RAR A 1 R 2% 3
Ll 27 DAL (R0 Bde 2 1 AR X e B v S B T 3)
HER DA MR AN, EFEET s &EmiA
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A4, K MR B MEH B ORI W5 85T
2445 RuPhOX-Ru AL, RIIHLSEEL T AR A
AT 29 f ERE BRI BB 71 22 R - A RRE AT R
(Scheme 14). B 0 7715k B e X6 S 82 (1) e D S 1) 7 9%
BEVE R . BT T A5 A o 1 Rk R DL S 4 e A A RS
P, B2 SE=WIREN ee (A AR, T RS PIH LR
PR SN I (R AL R B R RIS, AR T ROV EAT 58 4. AE
AL 264 T, AT A &= AT DLREKE] 0.05 mol%, H
EARCRAZom. X T 2 AL FoARRBURHIEY), &
7[RV AT DGR A A, B4R 5 05 B U AR 24 i
PE. ARF AT T — BRI B EIE LR AE 2 FhAS R
FELE N IR E MRS58 LA TAREESS, Bk TR IR 7
SN RAA R R e, Aok A RN sz
Nt HIPASZY A

2021 4, Lee HREZHBOILL HCO,H/Et;N NEIR, f#H
ETHEALTT] Ts-DENEB XJ ZMHTE ) 3-75 3-1-Efifie 31 34T
T BN IR - AR R R SAI T FT(Scheme 15), LA
P05 (1) 7= SN Wi B 14 40 ) 49 31 1 O 280 1 D k) A
IR F M cis BUREE. S0 79 19 246 % 44 4 AT B
Scheme 15 H i 7R 1 e S AEEAT 0. A IX — %6k
J7iE, AFE SR T A BUMARE ) Indatraline FANXT
FRE i A B F-1: 25 Tolterodine KA k.
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0 OH 0
Rh1 :

@ (0.1 ~ 0.2 mol%) @ @

N A HCO,H/DABCO N * N~ NAr

Ac CH3CN, rt.,, 7~48h Ac Ac

rac-27 _ (2R 4R)-28 (S)-27
§=69~1057 41% ~ 50% 44% ~ 58% Ph™
86% ~ >99% ee 71% ~ >99% ee Rh1 Ph
selected examples
o) o} o} 0
Ac Ac Ac Ac
Br
(S)-27a 48%, 98% ee (S)-27b 49%, >99% ee (S)-27c 49%, >99% ee (S)-27d 50%, >99% ee

(2R 4R)-28a 50%, >99% ee  (2R,4R)-28b 50%, 99% ee (2R,AR)-28¢ 50%, 95% ee  (2R,4R)-28d 50%, 98% ee

s=922 s=1057 $=206 s=525

MeO
MeO
(S)-27e 44%, >99% ee S)-27f 48%, 99% ee S)-279 58%, 71% ee S)-27h 48%, 93% ee
(2R,4R)-28e 50%, 86% ee (2R,4R) -28f 50%, 97% ee (2R,4R) 289 41%, >99% ee (2R,4R) -28h 48%, >99% ee
$=69 5=348 s=425 5=684

BR 13 BEHEAL SN e 152 SR BB A (3 70 224 7y — A X R e B Ak

Scheme 13 Rh catalyzed kinetic resolution-asymmetric transfer hydrogenation of racemic N-acetyl azaflavanones

o RuPHOX-Ru (1 mol%) ...tBu
Cs,C0; (50 mol%) ©\/j =N
H, (4.0 MPa) CI\ /

N R THFH,O,rt, 24h Phep R“\Ph/ ~PPh,
2
rac-29 s=74~525 (S)-29 (2R4R)-30
43% ~ 49% 42% ~ 50% RuPHOX-Ru

90% ~ >99% ee 90% ~ 98% ee
10/1 ~>20/1 dr
selected examples

(S)-29a 49%, >99% ee (S)-29b 48%, 99% ee (S)-29¢ 47%, 96% ee (S)-29d 49%, 98% ee (S)-29e 46%, 97% ee
(2R,4R)-30a 49%, 98% ee (2R,4R)-30b 47%, 98% ee (2R,4R)-30c 49%, 98% ee (2R,4R)-30d 48%, 98% ee (2R,4R)-30e 49%, 92% ee
s =347 s=525 s=2392 s =458 s=101
W
Cl
(S)-29f 48%, 99% ee (S)-299 45%, >99% ee (S)-29h 48%, 97% ee (S)-29i 46%, 98% ee (S)-29j 47%, 98% ee
(2R4R)-30f 49%, 95% ee (2R 4R)-30g 49%, 92% ee (2R,4R)-30h 42%, 90% ee (2R,4R)-30i 49%, 98% ee (2R,4R)-30j 48%, 97% ee
s =206 s=154 s=80 s =458 s=303

B 14 ETAEAL AN e SRR bSR3 77 224 7y - A xRS

Scheme 14 Ru catalyzed kinetic resolution-asymmetric hydrogenation of racemic azaflavanones
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O Ts.DENEB
@’ (1 ~2mol%) ~
" HCOMELN

* MeOH, r.t., 6 ~17 h

rac-31 (R,R)-32 38% ~ 50% (S)-31 35% ~ 50%
92% ~ >99% ee 90% >99% ee

Ph
favored TS

synthetic applications
OH NHCHg

Cb em OO
(2) CH3NH,
65%
cl Cl
Cl Indatraline  Cl
0 0. .0 OH
Josl--SoQL
. TsOH H B
Ph  65% Ph Ph

Tolterodine

B 15 ATAEALANE TR 3-07 - 1- 2l I 3h ) 4R 70— Ak
AN

Scheme 15 Ru catalyzed kinetic resolution-asymmetric transfer
hydrogenation of 3-aryl-1-indanones

2.2 ShMERE 5-KRE-5-BE KRB hFRS -
FREL

T SAE R = e S A 2 N I B A R TR A,
o B 2 BO@ AR 2 — AN H e e B A I AE A4 R 1
IR R A WA B A S B BEAT B 1 52 PR 3 BT IX A
J7 AR R ELRR BT F AT e AR SR BN J1 S R )
2014 4, JHAMBGEAPHRGE 7Nl AR R S
6T e S 2 1 B0 ) 54 % 70 JOBE(Scheme  16). 7E T
PEIRIR = VTR BR AL Ie3 72E R, FMHIE S-hrdk-5-
FRIL IR TG 33 T R R AU A RO ke AL AR LT
FAE 1,5- 10 34, K BGERBNR I (S)-33 WIHLOREE T oK.
AL —IE 34 AR FRIERR 33 (7R A ee (EHR
ATCAORFFIR S, I HEVEDR 7 s (EIE ) 94~194. [ 2 w] A
FEATior Z — WA RN AT, RN LA
SR, TR0 R T Z AT e R A R i e
73 i SRR, VEE OB AR i i AR
A BTSN T 0- 3% A B e B PR SEBILIR . 7E [RIRE 2 1F
N, AN 4-Kk-4-FR kT BRI A T 55 K S B
ANEFENE, TAMETE 6-kedk-6-F2 5k CLIR R AN BE A
. MBI AP R B FAE 5-fedk-5-F2 58 KK 4
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Be AVAR R B F 4 1L5- WS S8l 7T KRB~
Civetal, Indolizidine 167BP®), Lisofyllinel**IF1 Conii-
nelSEIAN FR G k.

23 IMNHEEFEFMERENEFMEENINFRS-
PRI

F G I (T AL A TEA G AR AL . PR SE
SR CA T Z R, (2R E WG R B KL
HEMFERFF O RFEHEES, BRI FR
B TR AR DB R i VS T F S
VI AFTERE A KBk, (A1 e i AL A i o T LA
TE I — e 28 A 2 e SR AT ) %, DRI A i
PRBEAT B0 77 229 20 BRON & O 223 1~ AL & 0 1 —
ANEERIRENE. 2015 4, BREAFR Wills R RE T
AN T LAY 1,2- ZBUR K8k 35 Bh 1
P AR AR B (Scheme 17). BA Noyori K J&
11(S,S)-TsDPEN-Ru A1k 7, HCOH/EGN Ak 57,
AN TE 35 S M RO BRI SE R R, 15 2] 79% ee (1)
(Src,Sc)-36 (55%), FIAIUL 98% ee [FI(R)-35 (42%). 1F#&
WA R ORIR I H R S AL B 3R 2 ] 1)
CH-rt fEF& 7= AR o e R 1k (1) S, 4 20 I DL JASE ]
PAH KB, Mg B AR Z 5 m. Wills 25K &
MIMFIRET A7) Ru2 TEAHAUSR RLZEPE T R 47 1)
RN, [EISUF R = IREN ee 1B 205N 97%F1 98%,
{E3E AN TsDPEN-Ru 14 4.

2016 %F, Benedetti fll Micouin 2527 [ P2 T 1F
fyEEAE F, A3 F(R,R)-TsDPEN-Ru AEALFITEFT 1 4MH
JiE 4- Ik 5k -[2,2]-5 31 55 5t 37a (180 1 2835 50— AN B i
FeZ b (Scheme 18). A1k I ELSLHLA R ¥ 70 75 22
PLSF NI R, 42 381 HCOLH/EGN FEih A & U
FEARA LR, RIE R N T, BL 39%M15
RS2 Ry A 4- R JE-[2,2]-X00 34 5 4, %o i
)P T F-PE E(S,)-38a 1 ee MEAXAT &5, 1EHVNIX AT
RS2 DR M I B I () S T P A v, DT A AN [ g 28 % e
A J2 NG 3 A 22 /N I AR o ROR AR 2. 2019 4, b
I3t — 2 Ak RN T pseudo-gem F1 pseudo-para
HUAR ) 4-F 5L -[2,2]- 00 3 75 ¢ 37b, 37¢ B3N /1545755
pseudo-gem BLFIRALEY) 370 NS RA BT pseudo-
para BUP) 37c. A EENE, SMEIERIEE 38a 1 H [FIH:
HIET AL T, AP NG, T DOV SR 2145 55 1 S 10
N1 BUR.

3 ET C=N RIS UHRHhFHRD

FHERCRAL SR LA b — K EZ 5 AL
Ik, EATRIE & A R ERANH R Ry, Lt
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BH=E SFiR5HRE
OH (0] Ir3 (0.1 mol%) OH o) OH
KO'Bu (4 mol%) A~ I~ 20
R}\/\)J\OEt R OEt * R OH 7 H
H, (1.01 MPa), EtOH ! I
rac-33 L, 05~ 6 h (S)-33 445/"?) 2400/ ’ﬁ‘N,
o4~ 43% ~ 49% b ~ 50%
§=94~194 90% ~ 99% ee 91% ~ 97% ee \ 7
selected examples I3 Me
OH o OH 0 OH o Ar = 3,5-Bu,CgHs
Me/\/\)J\OEt \M{\/\)Loa OEt

(S)-33a 47%, 94% ee
(R)-34a 46%, 94% ee
s=120

)\/\/Qi/\/loj\
X OEt

(R)-33d 44%, 94% ee
93% ee
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OH O
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Scheme 16
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(R)-34e 47%,
s=139
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scale-up reaction and applications

OH 0
Me OEt
Ir3 (0.001 mol%) 44%, 97% ee
KO'Bu (3.6 mol%)
OH
rt, 24 h /k/\/\
—— Me OH
46%, 93% ee
OH 0
”Pr/\/\)I\OEt
Ir3 (0.002 mol%) 43%, 96% ee
O'Bu (7.2 mol%)
(2.02 MPa), EtOH OH
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—— pr OH
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Fe Fe
@ @
(SFc,Sc)-36 (R)-3
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Ir catalyzed kinetic resolution-asymmetric hydrogenation of racemic 5-alkyl-5-hydroxypentanoates
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Ph Ph Ph
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B (highly disfavoured TS)

%Fe : )
C (disfavoured TS)

B 17 AT AN I — R &1 35 KBl 220k - AR RR e e Ak

Scheme 17 Ru catalyzed kinetic resolution-asymmetric transfer hydrogenation of racemic ferrocene based compound 35
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o) (R,R)-Ts-DPEN-Ru
2 mol /o
H
i -,
: KO'Bu(10 mol%) TsN/ \N\H
PrOH/MeCN (V:V = 1: 1) \
-10°C, 3h K

(Sp)-38a
56%, 68% ee

rac-37a
1 g scale

P’ Ph
(R,)-37a

39%, >99% ee

"3

(Sp)-38b 0)-37b
! 51%, 90% ee 46% 95% ee

TS-A (favored)

)-38¢ (Sp)-37c

48% 80% ee 37%, 98% ee

pi H-O

TS-B (unfavored)

B 18 7 HEALSNE e 4- FIEJE-[2,2]- 0 3R 55 e 13 1 2 IR h— A R e s At

Scheme 18 Ru catalyzed kinetic resolution-asymmetric transfer hydrogenation of racemic 4-formyl-[2,2]-paracyclophanes
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Scheme 19 Rh catalyzed kinetic resolution-asymmetric hydro-
genation of racemic imines
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Scheme 20 Ti catalyzed kinetic resolution-asymmetric hydro-
genation of racemic disubstituted 1-pyrrolines
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Scheme 22 Mn catalyzed kinetic resolution-asymmetric hydrogenation of racemic 2,3,3-trisubstituted 3H-indoles
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Scheme 23 Ni catalyzed kinetic resolution-asymmetric hydrogenation of racemic-[2,2]-paracylophane-derived cyclic N-sulfonylimines
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