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Cat

CF;
COD
CSP

d

DACH
DAIPEN
dd

DMF
DMSO
DPEN

ee
EMEA
Et
Et-BPE
Et-DuPHOS
Et-FerroTANE
Et;N
EtOAc
EtOH
FDA
GPR 40

Hex

acetyl
2,2'-bis(diphenylphosphino)-1,1'-binaphthyl
tert-butoxycarbonyl
N-(diphenylphosphino)-N-methyl-[(2-diphenylphosphino)ferrocenyl]-
ethylamine

broad

butyl

catalyst

trifluoromethyl

cyclooctadiene

chiral stationary phase

doublet

1,2-diaminocyclohexane
1,1-bis(4-methoxyphenyl)-3-methyl-1,2-butanediamine
doublet of doublets

N, N-dimethylformamide

dimethyl sulfoxide
diphenylethylenediamine

enantiomeric excess

Europian Medicines Agency

ethyl

1,2-bis(2,5-diethylphospholano)ethane
1,2-bis(2,5-diethylphospholano)benzene
1,1'-bis(2,4-diethylphosphotano)ferrocene
triethylamine

ethyl acetate

ethanol

U. S. Food and Drug Administration

G protein-coupled receptor 40

hexyl



HPLC

IPE

iPr
iPr-DuPHOS
IR

m

Me
Me-BPE
Me-DuPHOS
Mel

MeO
MeOH
MS

MsCl
MT,, MT,
NaOAc
NaOMe
NMR
NOE
NOESY
OAc

OTf

Pd/C

Ph

PPAR

SFC
SMB
SO;
t-BME
t-Bu

t-BuOH

high-performance liquid chromatography
diisopropyl ether

iso-propyl
1,2-bis(2,5-diisopropylphospholano)benzene
infrared

multiplet

methyl
1,2-bis(2,5-dimethylphospholano)ethane
1,2-bis(2,5-dimethylphospholano)benzene
iodomethane

methoxy

methanol

mass spectrum (or mass spectrometry)
methanesulfonyl chloride

human melatonin receptor

sodium acetate

sodium methoxide

nuclear magnetic resonance

nuclear Overhauser effect

NOE correlated spectroscopy

acetoxy (or acetate)
trifluoromethanesulfonate

palladium on carbon

phenyl

peroxisome proliferator-activated receptor
singlet

supercritical fluid chromatography
simulated moving bed chromatography
sulfur trioxide

methyl zert-butyl ether

tert-butyl

tert-butanol



t-BuOK potassium tert-butoxide

THF tetrahydrofuran

TLC thin-layer chromatography

Tolbinap 2,2'-bis(di-p-tolylphosphino)-1,1'-binaphthyl

Xylbinap 2,2'-bis(di-(3,5-xylyl)phosphino)-1,1'-binaphthyl

XylISDP 7,7'-bis[bis(3,5-dimethylphenyl)phosphino]-2,2',3,3'-tetrahydro-1,1'
-spirobi(indene)
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EH ML, /KB, R, AT T Y o3V R EDEN S FEREERT S Z LI
F0. Z0FEMERET L, CNOLOENSFIZ. 7 VBRERFRTLER SN T
MOMEEINTEAFRERTHD | EELOVLEEEDEWIC L > THAEEH DK
LI LRRDL, ZOd, KFEEEREELIZBW T, —HFONEHEED HICH
BIDOAEBIEERBI SN  SCEBEDOEVWLE T TIEARER STV T 25676
HY ., HFIETFT TR A% (S)-ERORITER, A, IRIEERARSY . 7 AT
XL )-ENESE LD LT, R)-BITHSE LD R E, HEIZWE TN
v (Figure 1),

Me
: 0] CO,H

COH NY
NH, NH,
MeO

Figure 1. Structure of (S)-naproxen and (S)-asparagine.

TOXIREENPHESNITARD 1992 42 FDA(U.S. Food and Drug Administration,
T AU A ER G 725 [Development of New Stereoisomeric Drugs] . 1997 4
\Z EMEA (European Medicines Agency, BKJN[EFK S JT) 75 [Note for Guidance :
Investigation of chiral active substance] ) 722 @ENH I, EELFARICB VTR
HHLERTH2/LEW. AFREERICHENZEELIRDOND K12 o7,

T IRE LTEEMMEMEEDZHAET 225G, W5 O REEIZONT
DEWET —F 2 FLERIEHEORE, FHEA RO b, 72 IEKEZEIRT 55
HRnEERD, Zok), EERMBEMIEEDICAFTT LR 5561003, JoFR7E
WELTHBIND ZENBAEITERE 2> T HRATERBINLTWDHEEGD
W, BELZ 70%08 HEREKRTHD Y,

Fl.AFHRHLEALTWDIZE2boT, HBYRITI T T A~ —%1E0 5
52 EPEMUICHELL I EIRKE LTHBESINRTWEZEEERIZOVWT, b5
TEIAALA v TFEHRLT, O THRFRMEFLE LTHBEEINLEELOEET D, 2
EZIE, T RMIDATF YU RAT R YD —THDLTENANAL L, EAX IV HI %
KEENME L TV UVEBE,. Ve bR THEETCHL T YT T — L

1



BmEFT. TRETNFESBSINIALEWICTE N T, EFEMG L L THERMINE ST

W% (Figure 2),

N @)
oy ) ® (CL>< p=
CLE e

(@)
Me KL

N = HCI M (0]
cl O K/)\l\/\o/\ ) STF

COH F F
Figure 2. Structure of (S)-bupivacaine, (R)-cetirizine hydrochloride and

(R)-dexlansoprazole.

[k % B MR o B S F 15
HFREEZAFTLFERE LT ORFEERERBZHNDF T LT = LENE
BHWOHLNTEZN, ZEOLFEERBZHE L, ZEBOEREZET L2
Tz oFAES TS L TS,

HZEZFF S ESPLOHOONTWDL R, HMBRY T AT LA~ —HICIA, &L
R EH WD FIE, S ICFEPEEREEMEZRNA LT A 2a~ N7 T 7
A4 —HbEACHHESNTWD, MALNHIE LI-ZEFERLBEEMCFHTL0 7
. LAME S & <. SMB (Simulated Moving Bed Chromatography, %I @K k) <
SFC (Supercritical Fluid Chromatography, #E Lk 7 v~ N 77 7 4 —k) R D,
MEMAEGDLEDLZLICL ST FRITTLAT—LTORTFRHIZBEED LD L
o TS Y, LA LEENENT, EATRAEVWIOZF U FA~—2 B TS5 525
RVWEWS | KERBRE AR TWD,

¥f{& . Knowles, Sharpless © 23 Jc#ff & D 7= il W) R & S RIS IX, BkL Wb D72
JEEZHBNRFETHY TENRE L L ToMHERRE W D, Lo LBLIKTIX
W - SV RBRMEZZR CEDEBME G RRESND Z & B ORI RN 2
L REDBENRH D, PEXEL L TRIE., BEMEABRILEMOLEEIIHWLND
ZEEEFICENTHY BIRWKREATHD (S)-A FTa—ARBRAE ) T
Thd AV N—=NVOEENNLNTWDHRE TH > 72 (Figure 3),

Meol o

‘S SNS!

Me Me Y OH
Me™ “Me

Figure 3. Structure of (S)-metolachor and (1R, 2S5, 5R)-menthol.
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COXIRRUT, FEHIT, FRELARIVONRAT—=VERIZHNONLDDHTH
o T i E ) R A RS A E S O RGEICEH <L 1990 FR K VA EIT o T
=7,

SHIz, BEMLBAIEICEBW TR, ZOMIEEME (AIFE., FERIRAER ., BIRME ., #
FH. KR k5e) TEITHEE INDEDONTFRMEAR L | m OIS T A D HH
WCHRET LB ROLNTVDZ 0L KR LT TREFIELELT D ENE
BThol, ZODEFT, Wika, M, a2 b WG — Fo5EEZ b
Lo2, Lbhuav v 22 EARELTEEEZT VAL, TRDOICH L TR
FHREROPMME TR L N FAEEREEMREFA LI T L0 NI T T 4 —,
VTAT VAT ERERA VDTSR MR F SRS E BN TS &
ShiicFEnThoFREFEOREIEICONT REKDOTZDDAT )V —= T %
it 22T HMET 20 RERLZEEMOBBERICEDLE TRHRNITH
7D FEEMSLT XL EH T E 2 (Figure 4),

ZORE, WU REEREZT VA 3252 212K 0 . REKBACKIED N FIE M
EEGOBEIEHTEDLI L EZHLNICT DI ENTEZ, UL FIZZOFEMITON
TRk 4 %,

Productivity

A

Asymmetric synthesis C/y Appropriate retro synthesis

Screening method

Enzymatic|resolution

Diastereomer|salt resolution

£ - Speed
Chiral pool
prepHPLC resolution using CSP

Figure 4. Strategy for asymmetric synthesis.



2. (8)-N-[2-(1,6,7,8-7 F F & R -2H-A V' F /[5,4-b]7 T > -8-£A L)TF L7 0 F
F I K 1 ORFERMFIE

B1ETIT, MREFEREL LTHENED LN TWERIRBA T =
MT,/MT, V&7 &% —7 F=2Z L (§)-N-[(2-(1,6,7,8-7 b T & K1 -2H-A > F / [5,4-b]
T8 AN F AT LT IR 1 OREAEMEICONTIE~NS,

(S)-N-[(2-(1,6,7,8-7 F T & R u-2H-A > F /[54-b]7 T > -8-A L) F L7 1 &4
FTIRN1E3EEFRONVUAMICAFTTLERT DR FREERTH D, Z O
REEEAT2IEME KB ROICART 2 FETEEASHONTEL T FH
[N (A= 7/ I WO Pl N = ST cq DS X I/ A SN N =8 1 S (R AR = =R AN SN =B S R AN
MEIZAET S 3 BEEIE 2 BE (T3 ) 7I R, &612F 3 BET U L
T UEERE L LERFAKFEALG (Figure 5, Method 1), B\ER £ /213 VT AT L A~
—EEEH VDS T EIKD 1 %7 I D4 E (Figure 5, Method 2), 72 b TNT
WRiEE R EEMERMH L2 T A2 0~ N2 5 7 4 —& SMB (Simulated Moving
Bed Chromatography, S LI B R L) i L M A G LY 7 EIKOILEY 1 DX
243 %| (Figure 5, Method 3) Z & L 7=,

ROEHMRFLELELTEHL TWEARAFKBMBOSIZES L. 2 BET T 21
T RREREE LT AKGICB VT, Ru-BINAP filtliE N A THAHZ 2R L, K
BAT =LV TORBEZ LR LI HBOoNTAFREERKTIZO®ROBELEHRICITT &
T2 <fbEY 1 1B ZEnTE T,

IHI, 3 BET AR I NMEREREE LT 25 FIEICHOVTH, Ru-BINAP fi:
BEAZ TYREBIR O @ISR TGN ET T2 2 L3 BT I AT I UKL B &
T 5 FIEIT DV TIE, Rh-Josiphos filtfif 2 W% Z & T 0.7 MPa & W 9 KKFEE T I
T, MAEERRO P OESINRTRISHETT L2 L2 /A L,
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Asymmetric hydrogenation

utilizing Ru or Rh catalyst m
(Method 1)

—R
{
Enzymatic resolution m NH,
(Method 2)
or
Diastereomeric salt resolution
R

prepHPLC (SMB) resolution o
(Method 3)

Figure 5. Retrosynthesis of compound 1.

3. [(38)-6-({2°,6"-F A F L4 [3-(AF I ANK= /)T RF LT = =)1-3-1 )1}

ABRFI)23-VE Fa-1-Ro V7T 3 VHEBE~I A FL—F 28 DARES

AT 52

H2ETIE, WRFIBEKE LTHEXED SN Tz GPR40 72T =R k
[(38)-6-({2°,6"-F A F /-4 [3-(AF N ALK= )T BEFV|E T = = /L3-A L1} R

M )-23-PUE RBE-1-X_2 V7534 V]EFE~I A KL —F 28 ODRFEK

WFFEIZ DN TR~ D,

[(38)-6-({2°,6- A FIL-&4-[3-(AF IV ANLK= /)T BRFV|ET = =)L-3-1 )L}

ARFT)23-Vk Fa-1-_"2 V7T 3 A NV]EEBE~I A FL— bk 28 1% 2,3-

Ve XY T UBRICAFRTLEAT L, ZoKAMEE AT oEEMLLE LT
WXEIRW T v XA A A R T X —T I=RA M BT XA TEIRH PPARa 7 3 =
AN ERALNTEY, KEEMER 23-Ve FaxXv Yy 7 I 025K T 5 Fike

LTRRAx RFERHBEINATND,

L Lo bEENRAFERIELBZAONLIN Y 7T VHOARFKEL
FOSIZB W T, Z<OHRAICEELKISKERLEL S, FICEREZAT S
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B TITIE L A ERDBIRFN DTV,

EFIT EUREEE TS L BEERTOIAFMBELZ A ) —= 7T 52
ETVEHREZAT IRV Y 7T 0 EO~T BB LEW O ARF KFEACIE 2 6
% Z 7 (Figure 6), T OFEFR ., RAEAMUE & AL ATREAAHREA AWMU 2@ ICH T 2~
YT TR ERE L LI AFKFEAISIZB W T, Rh-Et-FerroTane il #i 23 {5 /K 58
ETFTCBWTHLANTHL I LERHL, KEXAF— AL TORBIZLRII L, 556
NIEHFREERIZOROBEERIITTIEIMTDE LR Lad 28 28 Z

ENTET,
10 0
- 0.5 H,0 \©:<002R2

CO,H

Asymmetric hydrogenation R'0 0
utilizing Rh catalyst \©/\/<
CO,R?

Figure 6. Retrosynthesis of compound 28.

Me PN
M
O/S\O (0] e

4. (8)4-[1-3,4-V /a7 2= 0)2-A PFTZF AR Y UHEEE 43 O R
B R g

FI3ETIT., 9 2WIRKEIEL LTHENED DIL TV MY FIVERDY A B E K
(5)-4-[1-(3,4-V 7 00 7 = = )L)2-A hF L= FILIERY O UHERE 43 O RE A K
W22 IZ DWW TR %,

(8)-4-[1-3,4-Y 7 v 7 = =)L)2-A hFX T F XY ORI 43 3R
R 2-T 2= 2(ERY VA AN H ) = L EBROR VLI AFT R L EAT
DHTFRMEETHD, ZORRBELH T 2LEWELERBIRGICERT 5 FikE
EAEMBLENTELY, EHIX. LAY 43 oL ba v vy AL 3 D0k

BETHYA L L. ZNZTROREEICO W THE 2R/ ERORMELZEHA T 52 &
XD, BOILEY 43 2AalMT o0l E LR L, bbb, BMEZHN WD Tk
RO 1 BT T — L DSy E] (Figure 7, Method 1), A A B B O 77 40 Y & A

6



M3 27IEOT7 VT v NI T 548 FKEICKIE (Figure 7, Method 2), ¥ 7 A 7
LA~ —HEEMVWD T IKO AR BONFSSETH % (Figure 7, Method 3),

ZNENORISIZOWTHEHY R A7 ) —=v 7 2R+ 52 & COBEREICE N
Tl&. Pseudomonas sp. KDV /X—F¥ PS-IM 2V TREFRFEEZEL, REK
FALBGIZ B W T, Ru-diphosphine-diamine il N A ThH D Z 2R L=, £
. E5IC, BN OAFEELS R -7 ==L F AT I UEFHERE LT, K
BAT— NVICHEARER T AT VA~ —HiEE RHT RN TE,

MeO HO HO
Cl Cl Enzymatic resolution Cl
. NH ol NBoc . NBoc Method 1
* HCI
43 Asymmetric hydrogenation
M utilizing Dynamic kinetic resolution H
(@)

O\ Xy
Method 2
cl NBoc cl NBoc

! !

co, CO,H

H
Clj@)\G Diastereomeric salt resolution Clm
Method 3
NB NB
a ocC al oc

Figure 7. Retrosynthesis of compound 43.




¥ 1E® (5)-N-[2-(1,6,7.8-7 N7 & Ku-2H-A >F J[5,4-b]7 T > -8-A V)T F L]~
oA IR 1 ORFA R

H1E Fam

EAR I EIXAIRO AR LT HPOFIRY | HERFFIZEKC 2 BFEE 2L, EIR -7
BEDO Y XLMCET 2R THY ., BARICBODTIEBRAD 20% W0 fERICHE
SNTVLEELNTVD, SHLIZABFEBERN I OWEHETLLEZALNLTEY .,
e AR P 5 LIS B B0 S fe 32 Z S IRFERWICEE TH D,

MR PR Lk L CTAL T S 38/ & L Tk, S B Y — L RERA & b L TR
NELBERNDLRNESNTVERY Y T REF N A TH DN, FIK
T HRGENGFET LD, ZORAICEEEEZET S 9,

AT =V IEREENL W ENDERT A 7L Wb DHFEHO Y AR Y
AL RETHAENEL THDM (Figure 8). T DOAEBNTOERMITHE < . B &
BB 2 ZEMITHE I L TRV,

/[Z)

N

MeO \ H Me
N
H

Figure 8. Structure of melatonin.

LU HAT =V 3ERFLVEYTHDLIZ ED . ZOERAIT LY BRICE
W2 e EN, BIRKWAT F=r MTY/MT, L EBFZ—T7Td= KL LT
(S)-N-[(2-(1,6,7,8-7 k7 & KB -2H-A T /[5,4-b]7 T > -8-A V)= F )V ]7 v &4 F
IR 1 AMEREERBEICAD L OFRLOCAERERLMEM LA E LTHE, Lk
fEniz, (LAY 1 TEDIKGEEEZ RSV D, 7T A Y 7 EEE KB R
WX oMM ZZ TRV HD TOMRRFERRETD S, b, ()-BNEEETH D
ZERHLMNITIN TV D (Figure 9),



1

Figure 9. Structure of compound 1.

It 1 ®5 % IR 11 |X Scheme 1 IR L7 FIEICTAKREINTE, 74806,

ItE&% 2 @ Horner—Emons & IZ

TR B UBREZR#E L% Friedel—Crafts IR iZ L 0
T (10), 7 r A4 =Lt LAY 11 I

B (7). DifRiE (8).

MU VI EE AR (9).

ThDH o,
o) (EtO),P(0)CH,CO,Et %\/\ Hp, PAIC
NaH
CHO CO,Et
2
o © CO,E © CO,H
1. Bry, NaOA t KOH
GOt S oo~ T 2
- Br2, e Br Br
Br Br
4 5 6
0
o)
1. SOCl, _Hp, PAIC (EtO) 2P(O)CHZCN
2.ACl; g, NaH
Br
7
CN
o) / H,, Raney-Ni O NH> CH,CH,COCl
_— _—
NH;
9 10 1

Scheme 1. Synthetic route of racemic compound 11.
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w28 (5)-N-[2-(1,6,7,8-T b T & Ru-2H-A > F /[5,4-b]7 T > -8-A V)T F LT
oA F IR 1 DA KER

HFRMEREDENICERT IR EEOTYA VL FIEOZRINEETH D,
EEIL.ALEm 1 ZRETLHELELT, 2oL br vy B U RAMTNG, R
B AL TR EREZENLRMEICATLIEEAOND 3 BEEIT 2 RIE=
Y ATY) TR, BRI IBMETIUAT I VERE L LERF KBRS
(Figure 5, Method 1) . B\ R £ /- 13V 7T AT LA~ —HEEs AL I Ik 1 %7 2
v DNy El (Figure 5, Method 2) 7, 72 5 NS, W RmMELRBEEMHE2RA LIZD 7 A
s~ k2777 4—%& SMB (Simulated Moving Bed Chromatography. %% 8 If %)
Bl ¥ L2 MAebEILAw 1 ©F & KD N4 E (Figure 5, Method 3), % Ji
M9 %6 poik g 2 35t LT,

/\ _R Asymmetric hydrogenation
3 utilizing Ru or Rh catalyst o

o o 3
5/\ f— > N (Method 1)
0 : N Me :
H
1

D

fe) 3 NH, Enzymatic resolution fe) NH,
or
Diastereomeric salt resolution
—R R
m 3 prepHPLC (SMB) resolution O/\
\@3 (Method 3)

Figure 5. Retrosynthesis of compound 1.

BLEXRFESEECBNTCH AT — VT v 7RFICET 2/ RITHB L8, &

Fr, T hATa ) IR, R BFNAOEAMATIEL LTHA LTOER
FRFRIEICHENT B2 L& L,
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B1E 3 BT YT I RICRT 5 RFKEIE

PR BB LIV AR AT 4 UEALF BINAP 23835 L CLAK, 90 70 D SEARGE %
REAEWEN FORERGETONTND P, EFHIE. 2L OEMI Lz A1 of
TH LAY F— AV OEEICBOTHEMA S TV Ru-BINAP filtflt ' 2% H L, kA
W1 ORFEHICEOWTROEZNREELEALNLD 3 BT T LT IR
12a-12¢ Z BN L, ZDORF KBS ZBF L7z (Table 1), 7B {LEW 12a-12e
BT HHE 1 EHFABEIIRLEZEMOT VAT I 25 Z2FiEIlCk0 7kl
TEMm L, 612, {LE&% 12a 1 'THNMR @ NOESY EBRickv, =17 n
hy (H-1) &7 a by (H-1) Oiczexe—27 BB nN=2 b ERTH
B L& LT (Figure 10),

H’/\'
17" H_q o]
O / NJ{/Me
12a

Figure 10. NOE correlation of compound 12a.

IR & RBREIRIT. (EAY 1, 13¢, 13d 12DV T 52 0E M 72 [ & 44
Ceramospher Ru-1  (PRFEFFFH 10.1 0B LY 15.2 4, CREFFEM 9.3 0B KO 144
Gy PREFFEFR] 8.4 Sy B LN 13.1 43) . ALEW 13b (T O TIEOL TG M 722 [E & FH
CHIRALPAK AD (fRFFEEM] 11.2 0B LY 152 43) . AP 13e ([T DWW TIEARY
&M 72 [ 2 #H CHIRALPAK AS  (fRFFIFM 144 0B KXY 17.1 23) &M% HPLC
R TRENMT DI T EEZZNENEL L. 2 END T B IR L DOHEIZX
D wE LT,
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Table 1. Asymmetric hydrogenation of allylic acylamides®

@] 0
3 WA Ru(OAchl(Sybinapl H, g N4
H R MeOH H R
12a-12e 1, 13b-13e
Entry R Product ee (%)° Yield (%)P
1 Et (12a) 1 42 37
2 H (12b) 13b 12 18

3 n-Pr (12c) 13c 32 35 OO
PAr2
PArz
4 n-Bu (12d) 13d 18 23 OO

5 OBz (12e)° 13e Racemic 29 Binap : Ar=C¢Hs

"Reaction conducted with 10 mol% Ru(OAc),(binap) at 50°C for 6 h under 10 MPa of H,.
"Determined by HPLC analysis with chiral stationary phases. c[EtzNH2]+[Ru2C15(binap)z]' was

used.

REKFACKGE, A= b7 b —T% v, EE (1 mmol), fit#if (10 mol%) % A
X ) — )b (10 mL) [ZIAEfRE S, KFEETF (10 MPa) IZTiTo 7, T DfEHE % Table |
R L7eds . IR S NI AREIRE & ITii R 017 <R RIT/ O R0 T,

Ru-BINAP filt it 2 WV 2 R A KBS ICB W TIE, REO A fafifks L E k5

AT RFFRERCLT =0 ARFICEAM L TER I EBHEAELZ RSB L TRIG
WHETTDHEEZLNTVD "W, 2D A =X AB™EEYW 12a-12¢ DR FKFEALK
JSICb A TE D ETHE, BONTEO I ARERIRE L INEIT, EEHEO C1' A F L
VERAL D S I K Y Ru-BINAP il it & BB L o Ul AL B HE I TS Z
L EIRMER L CW A (Figure 11, [A]), S HICEHIE R A VZMABINK L KISMHICIE L
NERZBL TR b, EHE R ITEE EMENERT 5 BEALEDN D
Bt ZAICMEL TWD RISz, L EDOEBEZOFE R, Figure 11 2R L7
o, 3 B U LR XY I FIK (Figure 11, [B]) & . S EmWEE X bz
BoO Cl' AF v Ufradkbr Lz 2 BIEZ U7 LT 2 KR (Figure 11, [C]) %
REKRKBIUKIEOEBE L TTF A Lz, 2NHOREZ RFRKFRIGIZHN
% Z & T Ru-BINAP filt i & O G 72 BLAL 2N ATHE & 72 1 | H WAL AR SRR & IR 1 5
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GNL2bDEHMFLIE, TICHEMERET D,

NH,
c1'

°
Saa
[B]

o)

(Al [C]

Figure 11. Hypothesis of coordination structure of substrate and catalyst.
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BomE 3 BRI AREY I MRS T D ARFAKE G
HH LD 3 RBE VAT I NK 14 |T Scheme 2 (27 L7 & KIEIC THR

WL, Thbb, L&YW 8% % Horner—Emons KSIC XV = R U LK 9 (24 #
L. 7BV EAETIZBWTBEBILKEKRKIZTLHET L Z LI ERKRLTE,

0 CONH,
@) (EtO),P(O)CH,CN, NaH H202 KOH
y=83% y—32%

Scheme 2. Synthesis of compound 14.

Beonr-iba&” 14 12 '"HNMR © NOESY #Bic kv H-1 & H-1',H-1 & H-7'.
H-6' & H-7" OBIZZ7 v A =7 RBLAISNTZZ &b ZDOME L i L7z (Figure

12), N

Figure 12. NOE correlation of compound 14.

3BEMT AN ARFH I MK 14 ORFKRFABISIE, A= 27 V=T 2, &
E (1 mmol), filf (5mol%) #= %/ —/L (70 mL) IZIEM S, KFEET (10 MPa)
IZTATo 7, ZORER%E Table2 2R L7c, 3-AXF Y T X ) Uig EORFKRFKIEG
WX L CHES R SR TH D [Et,NH,] [Ru,Cls(binap),] ' 13 W SRR IR R % 5
Z7ebOD, {KILE L7257 (Table 2, Entry 1), IR 2L ET XL KIGIREZEZ 70C
ELEDN. BRI R LN o7 (Table 2, Entry 2), — J7. Ru(OAc),[(R)-binap] % f
W AR, VRRIRER, RREHicmEL, WY 92%E 72 o 7= (Table 2, Entry
3) WIZ, KFBHEEZ TTELEZA, DTFPICWEIFTETLED ODOVAEBRREIL 96%
(21 E L7z (Table 2, Entry 4), 7235, {b & 15 DOUCE & S5 AR R 1L, LGk
72 [H A0 Ceramospher Ru-1 % % HPLC (2 X - T2 BT 5 08 5 ik % e
L (PRFEFIF 187 2B LV 28.7 70) k& 15 O T B I KL DI XLV IREL
72, EHIZ,'HNMR Z#lE L T, KFEhRICEVAEKT DT by 7 F L (H-8) &

14



§3.14-3.22 (m, 1H) BB L7220 bZ0ME4 R L,

Table 2. Asymmetric hydrogenation of carboxamide®

CONH,
) Ru-[(R)-binap], Hp
O‘ EtOH
14
Entry Ru-BINAP H, (MPa) Temp (°C) ee (%)° Yield (%)°
1 [Et,NH,]*[Ru,Cls(binap),] 10 50 98 20
2 [Et,NH,]*[Ru,Cls(binap),] 10 70 97 32
3 Ru(OAc),[(R)-binap] 10 50 92 92
4 Ru(OAc),[(R)-binap] 5 50 96 86

*Reaction conducted with 5 mol% Ru for 6 h. *Determined by HPLC analysis with chiral

stationary phases.

LAY 14 ORFKFBALKICIZEB W TRET XXX, (R)-BINAP W54 H
Mo (S BEDCILEY 15 nELN-2EThsd, FE1HD 3 BREZ T LT 2
N 12a 20T 2 A FAKRFEMIRE . 3 BEZ A LRFHY I FK 14 O ARFAKFEAL
B & T ONLARGR#AE S 2 &%, Figure 11 I TR LRl & < XFFL T
BO WECEBO TR ZEMBERCTAFTKRFBRIEDEITLTHDEHDEE X
a1,

B, ALEW 15 OMIIEE X, LAY 16 & -V U AREDTT AT LAY —
o X BEmEEmricky SEETHD Z L 2B LI (Scheme 3) 'Y,

—CONH,
3 1. NaBH,, BF;OEt, O NHz CH,CH,COCI
2. HCl HCI
y=63% y=59%
15 16 1

Scheme 3. Synthesis of compound 1.

IEDRRIZ ALEY 14 O RFKFAOSTSLAFRR P oO@m IR THETL, &6

15



. B fbEm 15 IFIEICH-TT7EIT 22 <{bdW 1 12EL Z &
MTEREZENDL, YHEAEKFBILKIED TENA 7 — L ~Oi AN/ S ik
(Scheme 3), L22L722 6, {b&EW 14 OARIENKLS, S HICARFKFLKIESIZ
WD ZEMaRERIREE (A X 7 —, =% ) — N7l LT 2EY 14 OWEfE
FERE W=D, A7 — AT v TGS S v E L, BEOMR L Lo
7
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B3WE 2 BT VLT I RKICRT D ARFAKFERIS

% 1 IH Figure 11 1278k L7z, Ru-BINAP filtfif b O ZHEL TWD EBZxbni
Cl'! AF VUi ERELE 2 BT A7 2 MME 172-17d° 2R L2, (L&
¥ 17a 1X '"HNMR ® NOE #FERIZXYV, v=1r7nua ky (H-1) &E7 =171
kY (H-7) OIZ NOE BNl &b ERTHDHZ & MR LT (Figure
13), 2\ T, /LAY 17a-17d O A FKFALKIES & FiFt L7z (Table 3),

H_ H1 0
MeO ! / H&Me

17a
Figure 13. NOE correlation of compound 17a.

Table 3. Asymmetric hydrogenation of allylic acylamines®

0 0
R10 J A, _RUOASKI(Sybinapl, Hy i A
MeOH
17a-17d 18a-18d

Entry R' R? Product ee (%)° Yield (%)°  Temp.(°C)

1 Me Et 18a 95 98 50

2 Et Et 18b 95 88 50

3 Me Me 18c 81 82 50

4 Me CF; 18d 22 16 room temperature

"Reaction conducted with 10 mol% Ru(OAc),(binap) for 6 h under H, (9-10 MPa). "Determined

by HPLC analysis with chiral stationary phases.

REKFEAK G, A= b7 b= %, EE (1 mmol), il (10 mol%) % A
X J— )b (70 mL) IZ¥EfiE S H, KFBET (10 MPa) IZTiT> 72, T DR % Table 3
2R LTz, AEEW 17a-17¢ O ARFKFACBISIT IR HEFT L. 81 ~ 95% L IEH
R WS ARE R 2 S NI 82 ~ 98%IZ T{L& ¥ 18a-18¢ M3 H iz

17



(Table 3, Entry 1,2 and 3), fE&# 17d IZB W CTIEM AR KRR S IR N K &
<K L7z (Table 3, Entry 4), 7235, = & SFHGAEEFFEI1L, L&Y 18a, 18b, 18¢
DOV RIE M2 [ E A CHIRALPAK AS  (fRFFEER] 37.1 ok KO 42.5 4y, &
FrHFM 22.0 B XY 24.8 75, PRFFEFM 252 b B KO0 28.1 70) . L& 18d (I
OV TIX TG PE 722 [ A1 CHIRALCEL OB-H  (f£FFRFR] 10.5 3B X OV 12.2 &)
MWD HPLC IC K- CRENMT 20 hlEaztn T L, ThEftho Tt
IR EDOEIZEIVIRE LT,

EEEAREMEBERNERT 2@BRMAOAMMIEESINTNDI LEEZILNDT IV
aFVE R T, FOREIIC Lo CEEBRFICIIHBELZ G 2o, 7K
EHLEE R IIVIARERIRF L RIGHEICKREREREE 252 ERHALNE R
(Table 3, Entry 1,3 and 4), R8I ETHH MY 7 A a A F L (CF) #6875
EBEZzMHWIESE ., MERERRR2 L CICIERPBINICEKTLEZ, Zhid, pArR=1
EOBFEENTRD, V72U LA~ORMEBENPIETLEZZ ERNREREZ X LN,
ANKR=NVEENVT =0 AORMN LIS OBERERRFTHLZ L2RmLTWVD
(Table 3, Entry 4), & 512, (S)-BINAP #HW7=5512 (S) BLE O HWY 18a 23155
Nz EF,. B _HIITHONEEE L & HIT Figure 11 I TR LIEEERG 258D
WCEAHTTWnD, £72, BINAP Bl 2 H W ARFKFEMKISIZTENTIEZ, =77
FUTNADT == VENERBREOBBRICEERRHZR-LTWVWLLINTE
D LAY 17a OFRFAKBACKIE TIE, EEDA XKL BINAP BLAL T O
T T RUTADT7 == Ve DSIRRKIEZ BT TRKIBEMDREITLTND LEEZD
% (Figure 14),

Q OO Pheq Pheq
Pheq @ Pheq

(S)-BINAP

Pheg

17a 17a
Favorable Unfavorable

Figure 14. Hypothesis of transition structure of substrate and catalyst.
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BHURIEDOENMEZR D IR EE L FIETH L EZHMIC, 200 DA — 27 L —
TEHANT 700g A7 — I TIEEW 17a ORFKEFALKIEEIT- T2, ERAMEEZE
LT, &L 1mol%é L, RUSHEZRDOIZOICKISHEZ 70C & L, £
DGR KFBASOSIE 1 FEFEIC THSOITHETT L, 93%ee, INFE 99% ICTHM DAL
AW 18a 215 Z LI H Lo, e, '"HNMR Z#@&E LT, KFELICE AEkT
L7wma by F ) (H-1") % §3.08-3.14 (m, 1H) ICBHAI L b Z0MEL
s L7,

Boiizfba® 18a X Scheme 4 IR L7 KIS, RFBICIDZR VB UBRORHE
19), Z=RIFTVFERICLDA M EOUW 20), 7V AT r I FIZXLbd=—TFT 1k
Q. 7 74 BB (22)., AV ok (23), Btk (24). A Vb E D BRI
JRERT, 7T 22 LR AFMITHMBREAEY 1 108 ZERTER Y,

0 o)
:/\ :/\ J{/
Moo 13 H&Me B, NaOAC a0 SN e BB
i : Br
18a 19

0 0
TNy S AL
Me O N H Me —_—

HO SN i
j©:> NaH j@ 200°C
Br Br

1. MsCl, pyridine
2. Et3N

Scheme 4. Synthesis of compound 1.
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B, ALEW 18 Mo EMNIALEY 18f 1 X BEEREEM®ITICX Y, S KEiE
THDHIENRENTWD (Scheme 5)¢, &5z, (LAY 18e 2L EL S - 1E
i AL AW 18a [T HOWT I EIE AR B E M &2 F v 72 HPLC 5 A7 (S T PR $7 BRF ] 28 —
BLEEZenb LEW 18a2 b NTILEY 1 OMIEEIZS BIMETHD EIREL
72

0 0
—\
TN . N NH TN
Moo ; HJ(MG 1. NHNH; - H0  MeO -chi CHyCH,COCI ; ”&Me
2. HCI NaOH

18c 18e 18a

0]

/I::]/ﬂ\c| NaOH
Br
(0]
:/\N
MeO. : H
Br
18f

Scheme 5. Determination of absolute configuration.
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%41 BT U ALT I kT B ARF KIS

F1HEMNGE ST TR X 512, Ru-BINAP fitift 2 H % 3 BT VL
7 X R 12a-12¢ DAFARKFZAISITE W T, BEHO Cl' AF LV UEHALONEES
IZ XY Ru-BINAP filifift &L JE L 0@ O 2B AL 8 LT S, TORER, ILEL 6 QI
SARERIREL ICHEOITSHRIEIGEO R oTo, HREOHEE | RAFAME & B AL
TOEHFIET TIE RS BERELTREL, 2 BEZ T VAT IR 172 ORFKHE
RIS XY BRLED 1 ORFEHRICHKI LA, FEAEREORINMELS L
T -7z,

Pk 512 &k o THBX &7z BINAP 728 1980 I B L CLIFE, xR VKR AT 4
VBN TR ST TV MY FERIE oSS RS EEED LT,
MEIEmWNWEEZOLND 3 BUEBKREATHEEICE W TS A HF KIS A6
BRLDTERVWNEBZ BIRHWBREATHD (S)-A FF7a—ARloREIZHNS
NTWEL 720 vrBKERETDHIRAT 4 BALTF. Josiphos Bl 7 ' (2% B L
7z, Josiphos BN FIE —MKHYICARETEMER S < S HICYRAT 4 Eo@E#E 7
LbRICZOMAGLEZHEUICENLIEDLZ & T, B DKW, B0 E AL

WD 2N THD, /2.3 BUEBEKEZATHEEE L TIL, 3 BT
U7 2 25" &I L (Figure 15), @ WM AREIREK R 6 VTR TIEE D
25 ODARFRFBAKIEN AR E RNIX FHEEGEDES L2 EFITHENTH D,

N0,

Figure 15. Structure of compound 25 and hypothesis of coordination structure of substrate

25

and catalyst.

REKRKFBAKLISIE, A— b7 b—7%H\, EE (0.1 mmol), fill (40 mol%) %
A K 7 — v (1.0mL) 2 S KFELET (0.7 MPa) 12 CTIT»> 7, £7 . [Rh(cod)Cl],
L Josiphos 26a 7> b B L2 il & VT, BB R KBRS E A L & 2
AL AKKFEET (0.7 MPa), iR & WO M 72K TRIEDEIT L, IE 99% LU
k. 74% ee ICTHMDOILEWY 27 B S IL7- (Table 4, Entry 1), Z OFE R Z2 %17,
Fex ipE#E 2 A4 5 Josiphos Bl +A2 A7 )V —= 279252 L & L7 (Table 4),
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mEB . IR L EG AR R L, LR/ E EAH CHIRALCEL OD-RH % MW %
HPLC ([Z X > CRAEmBET 2 0 Hika e L (FRFFIFMH 258 0B LT 31.5 7).
{EE&® 27 OF7 B IKEDOHBRICIVRE L, X [Rh(cod)Cl], & ENZENLOD
Josiphos B F L &2 A%/ — /L BETFTICTHELTHWE,

Table 4. Asymmetric hydrogenation of allyamine®

)

0 / "NH, [Rh(cod)Cl], / ligand 26 (40 mol%) o)

NH,

H, (0.7 MPa), MeOH, rt, 5 h

25 27
Entry Ligand R R? ee (%)°  Yield (%)°
1 26a CeHs c-Hex 74 >99
2 26b 4-MeO-Xyl c-Hex 73 95
3 26c 3,5-(CF3),CHs  c-Hex 35 57
4 26d 4-CF3CgH,4 c-Hex 78 93
5 26e CeHs t-Bu 14 91
6 26f 4-MeO-Xyl t-Bu 43 87
7 269 3,5-(CF3),CgHs t-Bu 49 89
8 26h 4-CF3CgHq4 t-Bu 42 96
9 26i 4-F-CgH, t-Bu 34 92
10 26j 4-MeO-CgH,  t-Bu 10 93
11 26k 2-Furyl t-Bu 92 95
12 261 2-Furyl Xyl 27 32
13 26m c-Hex CgHs 23 86
14 26n 4-MeO-Xyl Xyl 50 79
15 260 CeHs c-Hex 80 92
16 26p CeHs CeHs 77 93

abbreviations : 4-MeO-Xyl = 4-CH;0-3,5-(CH3),C¢H,, Xyl = 3,5-(CH3),CsH3
*Reaction was conducted on a 0.1 mmol scale with 40 mol% of catalyst at room temperature under 0.7 MPa of
H,. * Determined by HPLC analysis (CHIRALCEL OD-RH column).

Me (R1)P (R2)2P
@/LP(R%Z Yl S _proy N O
PR’ | 2 RYPT
Fe TR Fe Me Fe  Nme
&S > ™
ligand 26a-26n ligand 260 ligand 26p
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ZORE, VH Y FOBHRILR ONEBRRNFIZHEZIEBIRENTHY . #lx
IFEHE R IV 7 B ¥ L (c-Hex) A2 AT 5 BN A TP e E O 7 AR R
N DAV (Table 4, Entry 1,2 and 4), S HIC@EH#LM R® 12 +-Bu K2 HT 50 T
i EHRER ICBEDLLTIEEAENEOTERERINE L 5 27278 (Table 4, Entry 5, 6,
7,8,9 and 10), Mt—, @EHIL R' |2 2-Furyl & H 9 5 EALF 26k O 7 )5 3R ER
RICBEM R EE BB L. 92%ee & 5 2 7= (Table 4, Entry 11), 2-7 U LR X 7 o
VI WY I 5 R Th Y | Stille KISHETENTEAM FELTHHAINT
WY FH L 2-Furyl M o @EHIL TIXEB TE RV MY Z (k% Josiphos
B FICb72b LT D b0 EHERL TWVD,

T, BHRE R ODSEHISEFVLEBRRIIETOERLEZTCVDLEBEZILN,
Bl 21X, 4-MeO-Xyl R & B R' ICH T HENL T TILEBRIE R® 28 c-Hex DHFIC
73% ee. Xyl D BT 50% ee, t-Bu DOEEIZ 43% ee 2345 H 4L (Table 4, Entry 2, 14 and 6),
[FAEIC, 2-Furyl & @E#E R AT HEA 7 CIXEHRIL R* 2 -Bu ORI 92%
ee. Xyl DFFIZ 27% ee 73 1% H4L7- (Table 4, Entry 11 and 12),

Walphos FAZ 7 260 ' 72 & ONZ Taniaphos BLAZ 7 26p *Y Z W75 b AER
WRMELNTREY, 2ROORMFICOoVWTHBEBREZ KEILT D2 LT, VIR®R
WELL VTN ELLETEX D H O LHFF Sz (Table 4, Entry 15 and 16),

B, BFohnlibEw 27 TFHECE VT UL T, (kA 1 ICELS ZERT
T,
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w3 i

W AR P NI IS A 2 e R S A b & & L CBI ., i Sz @IR 2 7 b
=Y MT|/MT, V&7 % —7 3 =Xk, (S)-N-[2-(1,6,7,8-7 N T & Rua-2H-A4 T /
[5,4-b]7 7 v -8-A /W)= F N7 AT IR 1 OB AREFESRIELZHRE L,

EEIE.AEH 1 OV hu v AT G R L BAL TR A B AR A A
WY @I AETHEMMPEIND 3 EMEELE 2 BE= (T 0) 7I R, &6
WX 3 BRBETINANT I VERBEL LEAEKRKBIG, BREEL IV T AT VA~
—HBEEHWD T IO 1 %7 I 0N FELSE, RN, RIS EEME %
FMALEZS T L~ 27T 7 4—& SMB (Simulated Moving Bed Chromatography.
RLBBKE) BN E2FHAT2 7 8IBoaE®m 1 OXFoH ., @A T 5660k
WM 2 RREE L2, 2O T, T haza )/ I — BN, RLRENLOEMAN R T
ELTHEHLTOWRERFRFKIGIZEI L3 BEZ VI ALRFH I NE 14 OF
FAKFBALREL (96% ee. UK 86%), 2 BT 7 2 L7 2 KK 17a O RFKFEALIK
J& (95% ee. UXE 98%), 3 BRMET U LT I UK 25 ORFAKFIIE(92% ee, UL
SV CRIFRBEREZMGSZ, FFIC 2 BMEZV T U7 I RMK 17a 12T 5 RFK
FAEKISIZEBNWT 700 g AT —VIC TR EFIN D 72 2 &1k, REKFEALISZEZHW
268 1 O TENRE~OEHEZSDTFLEEXLND,
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28 [(39)-6-({2,6-Y AT INA[B3(AFNALK= )T RF LT x=)-3-
ANFARFI)23-VE Ru-1-RXU YT T 3- A )VEFBE~SINA FL—F 28 OA
7 A R 5T
B1HE T

JEAEGEORHEIZ LD & BARIZE W THERFE N R b TW D A BRI
TliHE L HHOET 2050 HAICOIFY | BAERKZZ T TV DE T, EEEINER
D Y, (CERE 24 FF ERERZEMRE/RREOME) £7- 2014 Fo R OKRER
WA EEIL 3 18 8,670 F AICEL T\ 5,

[(38)-6-({2",6"-Y A F )L -4’ [3-(AF NV ANLKF= )T o R V]|E T = =)L-3-A )L}
A FF)23-Vb Fa-1-R_Ro V77 3.4 )V]EEE~I N4 FL— bk 28 % 2,3-
e RaReY T I UERICAFFLERT D G protein-coupled receptor 40
(GPR40) 7 =X FTh DV, KL SEZ SRV I L a— A REKGFNRA
AV REERZ AT 2HRBFIRME L LTHERNED b TW e 2, B,
fba® 28 OFEELEIT, X MESMBERTICLY SEETHLZ LB FIATY
% (Figure 16) 229,

Me\ /\/\ /‘\/‘\/
© Me -0 Hg@E{Co
H
2

// 0
Figure 16. Structure of compound 28.

BRI B W T, {LE 28 1L Scheme 6 2/ R L7 FIEICTHEMKE N, T72b

b EY 29 B LIS e E M CHIRALPAK AD Z W TS E L, HIHO

e RMER 30 L LAY 32 & THIERR AT o Ioth . A F b= 27 v Ik 2 Nk 4y fig
TLHLLENW) FETH D,
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HO e} HO fe) HO e}
Resolution using CHIRALPAK AD \©E< \@)
.
co,Me CO,Me “~Co,Me

29 30 31
r
O OH 1. Mitsunobu, 30
_—
2. Hydrolysis Me .
Mej/S\\/\/\O Me /S/\/\O Me .05 HyO
32 28

Scheme 6. Synthesis of compound 28 via resolution using CSP.
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28 [(38)-6-({2°,6-TY A TF N4 -[3-(ATF N ANK=/T BRI VLT = =/-3-
ANIARNFI)23-VE RE-1-_XU Y 7T 3 A V]EEBE~I A FL— | 28 OFH
P B %

M TR 7o L HIT, 2,3-VE RaXRU Y 77 UVICAFERLERT HEHK
mE LT, BIR D vy N F A A R ¥ —TIT=A M, 7 XA BRIV
FX Y — AR FIEM L Z B Ko (PPARa) 7 I =X MR ERM LN TED 2,
Hax G FEPRBEINL TV —H KbEENRAFGRIELZEZLNLIN VY
77 UVEOARFKRFMRIETIEZ, 2L OGEICEB R RIISFIENRLIEL S, FICE
REEZATHILAMTITIEE A ERIBIA I S Ty 29,

LOPLBRROH 1 ETHRRE LI AF KBS TR FREEEAEKT D BT
ThohxzaI—llEN, ROBENLPORAWRFIETHD, FEHIT, WU RLE
ETHA L BEERT D AEMBER2O VK EREEZ A7V —= 952 LT,
Ib&W 28 ODARFEMIEL L TAFKRKFEIKISEZRMHT 52 LN A4 &5 2. Figure
6 I L7z & a2 3 E LTz,

1O\©Eo<
AN
/S O Me -05H ;©:< COsz
CO,H
Asymmetric hydrogenation R'O o)
utilizing Rh catalyst \©;/<
CO,R?

Figure 6. Retrosynthesis of compound 28.
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FB1H BFREEZATLINUVY 7T UICHTHAFKIFMKIE 1

REKFBICKIGOEE L LTT VA L LNV Y 7T v OE&EIXERFICT T
Td %, # 1H Scheme 6 IZT/RLALEY 30 28T 25 2 L 28— L L,
it & OEALIZBE G L D B EHIE RY LI O EHRIE R (Figure 6) 23 RGMER B O
(BRI BTL L2 MF L, 4 DOMRE 33-36 25 V1 » L7z (Figure 17),

HO 0 HO 0 MeO 0 MeO 0
COzMe COzH COzMe COzH
33 34 35 36

Figure 17. Design of substrates 33-36.

Flo. RHEKFBAMMBIL, 1 % 2 88 4 BHICTHE L7 Josiphos BLAL T %
DE L7 zrt= VU KRAT 0 VB 72 5 NS DuPHOS, BPE B 1 % BE4R L |
RNFKFEACKIS & it L7z (Table 5-8),

EFPTHOIC, AHKBAKISOEE L UTERALRE, BN, REEICEAL TV &
BEAONDZATNVE? 24T HEW 33 #BINL, REKFEKIGICH WS R
VU AL [Rh(cod),]OTf & BEALF 22O RNTREIELLOEMEHT L Z &
E LTz, B, fbEW 38 OILER & HE/RAEE F T, SLFEEMREEM CHIRALPAK
AS-H =M% HPLC I[ZCREDHET 2o Fikz e L (KRFFRFRH] 15.0 2B IO
189 7). k& 38 DT IR DHBICE Y RE L,

REKFBACKISIE, A— b7 L —T%HWv, E£E (0.25 mmol), fillE (10 mol%) %
AK =) (2.5mL) IS KFETF (0.7 MPa) I TITo 72, EDREE % Table
SWRLEN, EORNM TF2AVWEEAEICBNTHERWE L ITHRE O KRR E
Lo d, IWRIZBWTHENM T 37b ZBR XK -7 (Table 5, Entry 2),
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Table 5. Asymmetric hydrogenation of compound 33 with Josiphos, Et-FerroTane, BoPhoz,

DUPHOS, BPE*

HO 0 HO 0
p [RMaMMOﬁJ@mm37MOmd%)=
COMe H, (0.7 MPa), methanol, rt, 2h CO,Me
33 38
Entry Ligand  ee (%)°  Yield (%)°
1 37a 0 68
2 37b 27 90
3 37c 6 50
4 37k 4 68
5 371 19 66
6 37m 0 75
7 37n 30 31
8 370 0 46
9 37p 48 42
10 37q 43 52

*Reaction conducted on a 0.25 mmol scale with 10 mol% of catalyst at room temperature under 0.7

MPa of H,. "Determined by HPLC analysis (CHIRALPAK AS-H column).

Me

3= 4= oo
37a R°=Ph, R* = c-hexyl Me

Me 37b R®= c-hexyl, R* = c-hexyl <P “,_Me 2 PPh,

z 3 = 4 — . |
37¢ R3=Ph, R* = 3 5xylyl Fe N

PRY, S PhRé- L B .
g 37d R°=Ph, R*=tBu Me—, P@ 37k Et-FerroTANE Fe PPh, Me 371 BoPhoz

4

e P(R®), 37e R3 =3 5-xylyl, R* = c-hexyl

- . 37f R® = 4-MeO-3,5-xylyl, R* = 3,5-xylyl
&> Josiphos 37g R3 = 35-(CF3),CeHs, R* = 3,5-xylyl

Me
37h R = c-hexyl, R* = t-Bu

37i R®=t-Bu, R* = 3 5-xylyl RS D
37j R®=4-CF3CgHy, R* = t-Bu \ﬁ RS™p
P 37m Me-DuPHOS R®=Me H

@[ R 37n EtDuPHOS Re=Et
5 370 iPr-DUPHOS RS=iPr RS, @,RG

37p Me-BPE Ré=Me
37q Et-BPE R®=Et

R

WAZ . BIVIR BRI 3422 ([2OW T AFKFBALKIG & FHat L7z (Table 6), &7 K
FALKIS T LG 33 LRI, A— b7 =T %2 B\, EE (0.20 or 0.25 mmol),
R (5 mol%) & A X/ —/V (2.5mL) IZEM I, KEET (0.7 MPa) IZTIT- 7
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N, KISOHEITITIEFT RU T AA XY RARLOBEEDRMBLATSH 12 20, 7
B. AbEW 39 OUER L EAG AR RIT, SLFIEM R E EH CHIRALPAK AD-H %
M2 HPLC IZCRAENBET 20 HiEa M U (REFIFR 257 0B LT 27.8
) kB 39 T IREDORBRIZ LD RE LT,

Table 6. Asymmetric hydrogenation of compound 34 with Josiphos, Et-FerroTane, BoPhoz,

DUPHOS, BPE*

HO 0 HO 0
p [Rh(cod),]OTY, ligand 37 (5 mol%)
H, (0.7 MPa), NaOMe, methanal, rt, 2h
CO,H CO,H
34 39
Entry Ligand ee (%)°  Yield (%)°

1 37a 6 95
2 37b 8 92
3 37c 2 81
4 37d 79 90
5 37e 36 27
6 37f 27 93
7 379 58 23
8 37h 41 66
9 37i 35 95
10 37j 81 91
11 37k 91 88
12 371 15 65
13 37m 75 95
14 37n 67 95
15 370 62 99
16 37p 59 98
17 37q 46 98

*Reaction conducted on 0.20 or 0.25 mmol scale with 5 mol% of catalyst at room temperature
under 0.7 MPa of H, using NaOMe (0.5 equiv. to 34). "Determined by HPLC analysis (CHIRALPAK

AD-H column).
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ZOMR, AFEAEDOBRMEAE VD LITHEB LR E 5 2 72 (Table 6), <
OHTH, BTEE,rONSEHWVEMREL (R*=¢-Bu) #4725 Josiphos EA7 1 37d.
37) OLAEIXBH R SR BIRE RS NICILE % 5 2 7~ (Table 6, Entry 4 and 10), R®> @
T x =V EOBBENIERBIRKRICEZ 2EBITEILAEAOA VOO, v
BAF VLA RERIRE 2D CICIENE T L2 b, R ONKH
BRIIARPISNC N2 OFBEE 5 2 T\Wb 2 LR bd- 7= (Table 6, Entry 4, 8, 10),

S B2 EBt-FerroTane BXALF 37k (dfx b m W I MBEIRNE 91%ee =5 2, UKD
88% L MIMIEE R 7 ) —= v 7 OFR L LTI EDIT< b D TH - 7= (Table 6, Entry
1), 2B, =MLY 77 OKRFEBPH ZIE 5 5 10 MPa T &V EE LW
FECTIThbh ozt L, AKIETIE, BRHSEAKFEET (0.7 MPa) &9 3E
FAZIR R 22 RIS TLARAFKFBACLISE DS @ ORI I CTHESSOITHEST L2 2 &%,
R OIEE D@ S B R THB L L TRESRD,
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F2H BEREZATLINVY 7T 0T 5 AR FEKEAMKE 2

FBLI1EZCTEREZEL I AFT KRB TE W ARER R 5 IR E
SHTOITE REOT AV EEAT AN ORI ) —= T RNBEATH D,
B, EE o7z =t Fex v EEFIHL, RUUANIZ 3 RORFIRFZELA
ﬁ—

LB O REF GRS LB BHE E N TWvWd (Scheme 7) 27,
Me Me Me e
’ Q Asymmetric Hydrogenation

96-99% ee

Me OH Me Me OH
il M i Asymmetric Hydrogenation il B3 i

95% ee

Scheme 7. Phenol directed asymmetric hydrogenation.

5 1IHOD Table5,6 @ 2 BITHWIALEY 33,34 b7 =/ —APEE Frx i
EFHLTWAHAI LD, KIEOFERICEZ D2 Fux v EoREZH L2012, b
G 33,340 6 fLa A FF L LALEW 35,36 xEROMITR LIEFIEICZT
FNENHFHHL, AF KBS TZ &L L,

REKEFEAKIGIZ, A= b7 L—=7% v, EE (0.25 mmol), L (10 mol%) %
AL =) (2.5ml) CEMEE, KFRET (0.7MPa) IZTiTo7c, TORRE, L&
Y 33 OBBKTH DAY 35 OARFKFAISIZENT ALEYW 33 OfE R L FH
U &9 MmN T AREIRE 2 5 TR NS b 417 (Table 5, Entry 5, 8 and 9 vs
Table 7, Entry 1, 2 and 3), 728, (LAWY 40 OULE & §& K@ FI L I1L, SF2IEERE
7EF CHIRALPAK AD-H % i\ % HPLC [ CE@n B+ 200 Hikzmesr L (fRFF
Kef 19.2 B LN 244 5), (L&Y 40 O T IR EOBICEVIREL T,
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Table 7. Asymmetric hydrogenation of compound 35 with Josiphos, Et-FerroTane, BoPhoz,

DUPHOS, BPE*

MeO 0 MeO o)
P [Rh(cod),]OTf, ligand 37 (10 mol%)
H, (0.7 MPa), methanol, 70°C, 3h
CO,Me CO,Me
35 40
Entry Ligand  ee (%)°  Yield (%)°

1 371 14 90

2 370 4 74

3 37p 53 24

“Reaction conducted on 0.25 mmol scale with 10 mol% of catalyst at room temperature under 0.7

MPa of H,. "Determined by HPLC analysis (CHIRALPAK AD-RH column).

LIz, LAY 34 OEBIKTH 2LED 36 DR FAKFEKIGIZ
W 34 LRBRICKISOEITICIET MYV DAX MY R COBEEOIRMNBLAETD
DD REC LD A B TINERR IR A S NCTULR S D A7z (Table 6 vs Table 8),
B ALEY 41 OWR L GG RE R R, EFIEME R E EM CHIRALPAK AS-H %
MwW2% HPLC I CRENEET 2o Hika ey U (PRFEFFFH] 22.4 72k LU 245
) AbEW 41 O 7' IREDORRIZ LD RE LT,

DLEDRER XY, (L&Y 33,34,35,36 ODAFKFALISITEB W TIE 6 L0 E#H
KR (B PR EBIRA MR TR TREE ERFMENIERLT 5 8RB EEIE DN

IRE SN, KNIZIZIFEALEEELTEL T, MEREREZR EIE5HMICTEN
T, E2@BHEOREMIIAELHA SN D,

BWTix., (k&
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Table 8. Asymmetric hydrogenation of compound 36 with Josiphos, Et-FerroTane, BoPhoz,
DUPHOS, BPE*

MeO 0 MeO 0

p [Rh(cod),]OTHf, ligand 37 (5 mol%)

H, (0.7 MPa), NaOMe, methanol, rt, 5h
CO,H CO,H

36 41

Entry Ligand ee (%)°  Yield (%)°

1 37a 7 85
2 37b 7 93
3 37¢ 8 91
4 37d 82 96
5 379 63 38
6 37h 40 75
7 37i 27 96
8 37j 80 88
9 37k 86 88
10 37 7 79
11 37m 71 88
12 37n 39 86
13 370 56 95
14 37p 47 90
15 37q 66 88

“Reaction conducted on 0.25 mmol scale with 5 mol% of catalyst at room temperature under 0.7
MPa of H, using NaOMe (0.5 equiv. to 36). *Determined by HPLC analysis (CHIRALPAK AS-H

column).
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ST BREZATIRNV Y77 VORFTARFAKGCOKRBEBILBIOIAr—17T

v 7

F1IHROWIZHE 2HICTRLIEL I EZITILAEY 34 OARFKRFAIISIZTE
W, BT 3Tk AW T 91%ee. IUFE 88% & WV I RER AT,

Yy Al A A ND N R BIEEY O ARFKRFEKLISIZE N, VR BT
2R T R TAEREELE L TERLTWD EOREFNRD 5 29, EFOKISITE
WTHHEOHFENUATH ST b IR F 2 b— Nl I~ o Bl A7 58
M EXE T2 TIERONEHRIL, 2 O&i#E L Z KRG L7 (Table 9), & Ol 5.
B HE =TT F IR F T b — NESOBNLEE 13 S, SR SRR M (2
BrbGaznnl e, RoCICREDOYERITIEEICHLT 0.1 226 0.5 THED
D N B E e 572 (Table 9, Entry 1, 2 and 3),

Table 9. Asymmetric hydrogenation of compound 34 with various bases”

HO 0 HO 0
P [Rh(cod),]OTH, (S, S)-Et-FerroTane .
H, (0.7 MPa), base, methanol, rt, 2h 3
CO,H CO,H
34 42
Entry Base (eq. to 34) ee (%)°  Yield (%)°
1 NaOMe (0.1 eq.) 90 95
2 NaOMe (0.5 eq.) 91 98 M;j
3° NaOMe (0.5 eq.) 90 100 @—P “\_Me
4 NaOMe (1.0 eq.) 91 65 Me—, Pi@i
5 t-BuOK (0.5 eq.) 90 100 [S 57k Et-FerroTANE
6 K,COs (0.5 eq.) 90 100 Me
7 Cs,CO5 (0.5 eq.) 91 100
8 Li,CO5 (0.5 eq.) 91 100

*Reaction conducted on 0.20 or 0.50 mmol scale with 1 or 5 mol% of catalyst at room temperature
under 0.7 MPa of H,. "Determined by HPLC analysis (CHIRALPAK AD-H column), (S,
S)-Et-FerroTANE affords (S)-configuration of compound 42. “Reaction conducted on 25 g scale with

1 mol% of catalyst.
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WD 0.1 2256 05 YETHSTHDHIEMBIT, Figure 18 IZ/ R L7 K HIC, Rk AR
NIZBWTHENFRHIATWHWDLIEHEZEZL TS,

HO o) HO 0 HO o)
Ha

y) NaOMe (0.1 t0 0.5 eq.L y,

CO,Na CO,Na

CO,H
(D] [E]

34

HO o} 34

CO,H
42

Figure 18. Hypothesis of model of asymmetric hydrogenation with substoichiometric

base.
Flo. 25g AT — I THEEY 42 OREITRII L, YISO REMEZ RS Z
&N TE = (Table 9, Entry 3), 728, 'HNMR ZHE L T, KFEAICEI L AEKT 27

s L

0 kv F (H-3) & §3.56-3.68 (m, I1H) [ZBH L7220 E%E
I BonbAY 42 TFEICLVATFALAZATAKRE LZHIC.E 1 H O scheme
6 (p26) WC/RLIEFIEIWCTTEIMT D ERIILEY 28 (B LR TET,
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w3 i

FERFIR R\ C A 22 B ESE M E & LT B S/ GPR4O 7 T =R I
[(38)-6-({2°,6"-F A F LA’ [3-(AFNLALK= )T B AF VLT = = )L3-A L) R
F¥3)-23-P8 RR-1-X2 V7T 34 NV]EFBE~I A FL—§k 28 OREWN 7
REGRIEZBIE LI,

EHITIEEAERDIBNMOENTOARVWERREEZAT IRV Y 77 VEHOARFK
FACBR Bk, U7e, il & OBALICE G L 9D 2@t R' Mo @E#IL R® B
JEPEZR B NIRRT BT 22 L2 LT 4 DOREEZT AL, REAKHK
fefilifit & LTk, %1 FE 284 4 THIC TR L7 Josiphos Bl +&H L& Lz
B =V TURAT ¢ UEALT 72 B NS DuPHOS, BPE Flfr -2 IR L, RAFKFE
LG ZBRFT LIz, ZOMERALEY 34 [T 5 AFKFRIEITEB W TERAEE
Ty BREWIIBEMAREMETIZT 91%ee. INFE 88% 212D LITHIILT,

Flo. 4 SO EMORF KBGO BRARE RN, EKE DO 6 (& #5EH KG
IZH 2288, EHICEIVRVEEK 34,36 ORISIZEWTHHETh - EEDR
BrHone Lz,

L& 34 ODRFKBAISIZENT, 25g AT —MIZBWTH R EZIRD 7= Z
LlE. MERIEOFESEERT L OLEEXLND,
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FI3EWE (5)4-[1-B4-Y7 T 2=))2-A MF v F NN U 43 O
N FH GRS

IO LA, BROERLLICERSTONLHZLOHTHY , 2t RICENT
350 A EDBEENR VD LEEDRTND ™, HELHDIODREAN=ALD
WHoOPT, E/ T IVARbANEINTEY BIfE, 2OE /T I VHICES
KEZL OWBBIE, FlzxiX, ZRARPD SAl, RO Er b=V BRYVIAHEEE, Enr
F= VT FLF U UMY RAHIFEERENENINTNWD, 2O T Y F VIR
DIAARLEHRIZ, Er b=r, VXTIV ZLTR=N"IVORYIAALZHE
L. PR RE R E R EORMER OV 72 WIRHFEH O 5 SWigmE L L Timasnsd Lo
IR o T3 2,

(S)-4-[1-3,4-¥ 7 v 7 = =)L)2-A hF T FNNERY VU 43 (X882
O MEREZRETDERMEMEAGWE L CHESRL., ZTOME BT X RiE5SHE
WMRATICEY SEETHDZ ENRRENTWD (Figure 19)°7,

MeO
Cl

NH -
Cl HCI

43

Figure 19. Structure of compound 43.

fb&Y 43 1EBARE YW, Scheme 8 IR LIz HIEICTAM SN, ZOFEIX, b
PRENLERBEEZEL TR, SOICIEAKRTTOT v I(LOGHINEZ ATHE R
DHEBRT 2720 fLEW 50 £ TIE T B IMARE L THEM L, JE5EME 2 EE Mz F)
LiehTgara~ N7 77205 HF0EICR0 (5)-1K%Z TG, Btz & bd
Y 43 128 L) FIETH D,

38



CID/\ p NaOMe
Cl NBoc NBoc

44

NaBH,4 Cl HBr D)\G
NB
Cl ocC NBoc
BH3-THF Mel HCI
NBoc NBoc

MeO
1. optical resolution Clj@/\l\G
2. HCI NH - HCI
Cl
43

Scheme 8. Synthesis of compound 43 via resolution using CSP.
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i (S)-4-[1-34-V 7 7 == )L)2-A RF T FIERY U UHERE 43 O

EHIT, (5)-4-[1-3,4-YV 7m0 7 2= L)2- A FF LT FAIESRY VUK 43
DU rr Y BV RBKFND 3 DOEEEZTY A L, RIZ, TRZEFhDOEEIC
LT, BMEEZANDTEIERD 1 T L2 — DK% (Figure 7, Method 1),
HEROBAKFL DR ERMBT 27 EIBOT VT RITRT 5 RAFKFMRIE
(Figure 7, Method 2), Y7 AT LA~ —{EEH WD 7 IIKO VRO
# (Figure 7, Method 3). % i 3 2 & plik g 2 5 5F L 72,

MeO HO HO

~
Cl Enzymatic resolution Cl
NH — o NBoc o NBoc Method 1
- HCI
43 Asymmetric hydrogenation
ﬂ utilizing Dynamic kinetic resolution H

Oy,

N
Cl Cl:@)\@
Method 2
al NBoc cl NBoc

! !

CO,H CO,H

Cl Cl

Diastereomeric salt resolution

cl NBoc cl NBoc

Method 3

Figure 7. Retrosynthesis of compound 43.
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H1E HERMNEBAEESEEZRAT 278 IKOT AT v FIZHd 28K KE
e Bt

FB1EF2HE IHICTRARLEIIC AT KBRS D D BFILE R D5 EZ %S
THEY . RAPONARBREAED & VBN FBBHFE S kT TV o,

EEHT. b IR FOSWEDEZSI E /TR, BOSIZE Y ERT D
REHRLOEHIC, AFKFBLEOP LR LR TR ERENEAINTZEE
ETFPA T HIENEETHDHEDEZDOL & RH KBS & 05 M &35
b a Y OBRRBICHEA L& Y,

FITEEIZ. LAWY 43 DL b oY AMBTORE. T IKO{LEY 51
ETHA L EERMNBINEESE AT 278 IEBOT LT E RIgxt$ 5 K2%
KFMRICESLRE L, AL RL27EIEOT VT E FE 51 13, HEICTHESIC
TEAIVNTDEBX NN VAAICAFRLERALTEY #@Y 2R EEE
BT 52 LT, HBMMIITIE 100% T oz F v FA~—0rRfEoND
EHERI L 72,

Table 10. Asymmetric hydrogenation of compound 51 with various catalysts®

Os. HO

AN
Cl Cat.* (1 mol%) Cl
. NH H, (1.0 MPa), 2-Propanol, t-BuOK(1 eq. to 51), rt, 5 h o NBoc
51 52
Cat* b
Entry ee (%) Yield (%)°
diphosphine diamine
1 (R)-Binap (R, R)-DACH 65 76
2 (R, R)-DPEN 71 79
3 (R)-DAIPEN 30 80
4 (S, S)-DACH 7 66
5 (S, S)-DPEN rac 86
6 (S)-DAIPEN 20 80
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Table 10. Asymmetric hydrogenation of compound 51 with various catalysts® (continued)

Cat.”
Entry ee (%)° Yield (%)°
diphosphine diamine
7 (R)-Tolbinap (R, R)-DACH 66 70
8 (R, R)-DPEN 46 68
9 (R)-DAIPEN 38 80
10 (S, S)-DACH 4 87
11 (S, S)-DPEN 2 84
12 (S)-DAIPEN 26 81
13 (R)-Xylbinap (R, R)-DACH 80 69
14 (R, R)-DPEN 77 86
15 (R)-DAIPEN 50 84
16 (S, S)-DACH 35 73
17 (S, S)-DPEN 26 84
18 (S)-DAIPEN 8 85
19 (R)-XylSDP (R, R)-DACH 10 56
20 (R, R)-DPEN 5 80
21 (R)-DAIPEN 6 70
22 (S, S)-DACH 35 70
23 (S, S)-DPEN 31 75
24 (S)-DAIPEN 3 79

Binap : Ar=CgH5 OO PA
2

Tolbinap : Ar=4-CH;CgH, XyISDP : Ar=3,5-(CH3),CeHs ’ PAr,

Xylbinap : Ar=3,5-(CH3),CgH3 OO PAr PAr2

MeO NH; OMe
NH, HoN O
DACH : @ DPEN : DAIPEN :
NH H,N M
2 A O HoN e

Me
*Reaction conducted on 0.1 mmol scale at room temperature under 1.0 MPa of H,. Cat.* (1
mol%) were generated in situ using [RuCl,(binaps)](dmf), and diamines. *Determined by

HPLC analysis using CHIRALPAK AD-H column.
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TP X URLRICA I Y S LICIEERMBNEESE Y LA AW
51TV % Ru-diphosphine-diamine filt fif Z®IN L T, 7 I KO T LT & Nk 51 &
DR & et L= (Table 10), fit#i (% [RuCly(binaps)](dmf), & diamines 7> 5% N T
PR L ., KIRICHWE, B, EAFEZHVEERICEY, =/ =1 TERL, I
R=VERNKFRENDZEBHALNER-S TS P, HoE5nizT La— Lk 52
DL R & GEg R R =%, eGP 72 [ EFH CHIRALPAK AD-H % fl\»% HPLC
THRENMET D52 L (REFIRRE 131 0B X 183 4. Ibk&W 52 DI+
SREDHBIZEIVIRE LT, REKFIKISIE. A— M7 b—=TZ2Hw, EE (0.10
mmol), filt#E (1 mol%). tert-7 h¥ > KB U 7 A (1.0eq.to51) % 2-7 1,8/ — )L
(1.5mL) ICIAfRSE., KFEET (1.0 MPa) I TiT-7=, TOHKHE% Table 10 (277 L
e, WL OO & 5 REOMBEEZRT Z LR bho T,

& 2 AT Rl Ru-diphosphine-diamine fili it % F W %5 R 3 K FAL KOS IZ B W
TEWSYRBREBLINEREZBLCIZ . VRRAT 4T I OMBELENEET
DL ENRHMONTEY, SHIC, ENHTVRRAT L DT IV OFEERLOICE
FTHREELEEICHET L LN, BNEHEREEZHBLITZDICEETDOO TEETH D,
b 51 B L LEBAIE. P27 4007 I 0O EEOMLE DY,
RORIE YT I VOEED  mWIMEERREINREFLLOICIEROEETH -2,
B Z 1%, (R)-Xylbinap Z W72 A 11X, R)-FEED YT 2>, 1 T% DACH & DPEN
FH WD Z LB’ WETH o7 (Table 10, Entry 13-18),

IHIT, MWVILARBEIREIZTIER 50%5 B TNDHEWVWIFERIL, ZOKIESE
HIC T HERMNBAESFZRAT 272 IKOT VT B FIK 51 1233 548K
KFAWKIEPEITLTWDLZ 2R L TEY  EHFITVCRBRBLINERZ R BET N,
bmWERELINEL 5 X 72, Xylbinap & DACH £ 721X DPEN OflAA/ LI
T, RSSO R E LR F 21T > 7= (Table 11),

ZTORER . HOMNLDHFHR L7 [RuCly{(R)-xylbinap} {(R, R)-dpen}] filt it 2 F 7= 55
Al BRET, 2 RSV EMARRFMAETITENT 85%ece, IR 68% (2 THRISH
#E4T L 7= (Table 11, Entry 2), S MINICB W T, tert-7 bX ¥ KA U 7 AR
ZAT¥® % Z & (Table 11, Entry 3), R/AKFEE T TIEVZARBRFIZEIEZ(LIT LRV DD
WML T3 2% Z & (Table 11, Entry 4), 50°C FRE Th L, iR T & LSO RIE
MUTHDHZENHLMNE o722 (Table 11, Entry 5), MAKERE LWL L2 EHD
REELVARANVICETHETDICEERDIMFANRMLETH > 7=,
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Table 11. Asymmetric hydrogenation of compound 51 with various bases and conditions®

Oy, HO
cl Cat.” [RuClx{(R)-xylbinap}{(R, R)-diamine)](1 mol%) cl
ol NBoc H,, 2-Propanol, base (1 eq. to 51) ol NBoc
51 53

Entry (R, R)-Diamine Base H, (MPa)  Other conditons  ee (%)° Yield (%)°
1 DACH {-BuOK 1.0 rt, 2h 82 77
2 DPEN t-BuOK 1.0 rt, 2h 85 68
3 DPEN K,COs4 1.0 rt, 2h - no reaction
4 DPEN t-BuOK 0.2 rt, 5h 80 17¢
5 DPEN t-BuOK 1.0 50°C, 2h 85 73

"Reaction conducted on 0.1 mmol scale with 1 mol% of catalyst under 1.0 MPa of H,.
*Determined by HPLC analysis (CHIRALPAK AD-H column). ‘Compound 51 remained

unchanged.

44



FH2WH BMEZHWDLITZEIKODO 1 T Va—roxFESE

BERITENTSIEREBREL AL TCWDL 2N FEERT LV —AT X/ §
DERICHAINTERE Y, KESETH IO, ERMNITITNFERKRTH 50%
ThHoON EELPEER EOEMERBEL RO EDITE VTS ® WL IRERRMEZ
R ENE L FAAIZZ W,

T A MHE L THRADBESIND X VN7 BIE, ELISA ER EORBIZEY .,
BWEREICTRIHET 2 ZEREG ISR TR Y BRSNS TEMICEM 672 7 ik
LLTR#EESNDIZELTVD,

EHIT LAY 43 v by v U AITORER. T IKolEw 49 27V
AL, BEKGERWD T2 IKO | k7 Vva—LoXkFonE gL, bE
Y 49 PO HMMTHLILEY 43 AT DI ZKETH, W7 eF b, AF
N —TF b, B EERELEZRDIOATHY , KFEDE%ROTEILDOBEE
WHLEELENTELZL, SHIIWREEZHVDLI T EIKD 1 7 ra— Lok
ZHOBEFAEZMONTNWD Z LT, ZoAREBKIRFICETZ b0 EEZD
WRDThH o7,

ZIZT, FxOBEZEH LAY 49 OF%5E 2 BiFh Lz (Table 12),
FERISE, EE (1.0mg), E=Av7 k7 —hF S0uL) 24 Y 7ub Lz —7 )b
(1.0mL) [ZEMIE, BEFE (Smg) Mz TiToTz, BHELLNIZILAY 54 1L
AW 55 OEMGREE RIT, LFIEM R E EFH CHIRALCEL OD-H % v 2% HPLC
R THREBDHET 20N HFEEZHSLL (EEW 54 RO ICZDTF U F A~ —0
PREFIER] 4.9 0B L 53 2. L&YW 49 ORFFREM 11.1 2B XLV 15.0 43) ., fk
G 54 OEEITETOTEIKE (AW 55 OBEIXIEY 49 L OLERIZ XY R
B, B, BHERKIGOR RIT, EE 49 OBEHBRE LAY 54 O8E45 AR R R )
LEEXHEND E-value®® 12X - THEE L 7=,

A7V == T %4To7 39 MEORFEON, E-value 78 10 Z B A HEL 9
FERAHT I ENTERE, ZOHF T, Pseudomonau sp. HE DV /X —F[XIEFITH W
e EIRE AR L, S 612U 23—+E PSon diatomite X 243 &\ 5 FEF T E W

E-value % 5 % 7z (Table 12, Entry 7),
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Table 12. Enzyme screening for primary alcohol 49°

HO._ AcO HO._
Cl lipase, vinyl acetate _ Cl Cl -
cl NBoc IPE cl NBoc i Cl:©/\©\lBOC
49 54 55
Enrty Lipase ee (%)° Conversion (%)°  E-value®
54 55

1 QLG? 73 >99 58 47

2 AH® 91 6 6 25

3 AH-S€ 76 >99 56 45

4 AK-20¢ 92 11 11 30

5 pe 98 16 14 123

6 pse 97 28 23 100

7 PS on diatomite® 94 >99 52 243

8 PS on Toyonite® 89 >99 53 100

9 pPs-Cc® 81 >99 55 74

"Reaction conditions: 49 (1.0 mg), Vinyl Acetate (5.0 uL), lipase (5 mg) in solvent (IPE (1.0
mL)) at 35°C for 24 h. "Determined by HPLC analysis (CHIRALCEL OD-H column).
“In[(1-conversion)(1-54(ee))]/In[(1-conversion)(1+54(ee))]. “Meito Sangyo Co., Ltd. “Amano

Enzyme Inc.

—KHIIZ E-value 2% 20 L ETHONITEMNICMA I DI TWVWDHZEnb, Y
sN—1 PSondiatomite D RITFHFET RS LD THALN. ZDOAFORESND,
il U Pseudomonau sp. HIKDOEEFE PS-IM # VW TILRLIGERFEZITHI>I &L L
72

— W e RS RBOE & RIARIC (BRSSO R OB 22 T2 2 LR mbh
TW2, £72, RETH LAY 49 Ok 2 RT3 2 WM EEIT ., BER G & A
G=NVT v T T LBEOBEELRRN LD, 20D 6 MEOBEKEICHT HIEY 49
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DEMMEEPE LIcth, BEAZ ) —= I THBEEZ bR PS-IM 2 H T,
FOGEBED A 7 Y — = 7 %47 - 7= (Table 13),

ZTORME.ALEW 49 OEMEITENIZTEGELS BV DD, VA4 Y T r iz —T
b (IPE) D EEH L7 E-value, 525 # 5% % Z & M40 -7 (Table 13, Entry 1), &
o, MWIERE L 93%ee #5227 RN UIE BOBRFITEY ., T M UDBBEEK
IR ET D ENHB LI & D HR HMEHEAT > T2y (Table 13, Entry 3),

Table 13. Investigation of the reaction solvents®

HO_ AcO HO_
CI:©)\@ PS-IM, vinyl acetate CI:QJ\@ C|:©/E\G
> +
Solvent
cl NBoc olvents Cl NBoc cl NBoc
49 54 55
Entry Solvent Solubility Reaction time ee (%)° Conversion (%)°  E-value®
(mg/mL) (h)
1 IPE >25 24 98 48 525
2 THF >300 48 98 7 178
3 Acetone >300 48 93 20 37
4 Acetonitirile  >100 48 92 48 66
5 DMF >300 24 -d - -
6 t-BME >100 40 91 52 107

*Reaction conditions: 49 (100 mg), Vinyl Acetate (2 equiv.), PS-IM (10 mg) in solvent (4.0
mL) at 35°C."Determined by HPLC analysis (CHIRALCEL OD-H column).

‘In[(1-conversion)(1-54(ee))]/In[(1-conversion)(1+54(ee))]. “Not detected.

RISt S 5kt T 572912, Table 13 @ Enrty | OLM T, 7T WA —
NMIZBWTERRISEZR AT L 2 A NREH ORER & SOSHE O BIF 2K TR A5
Nlze ZOBRIT, BEENBKMEEEREICELEND Z L CTEREOIGEHEMERICKLERK
DNROI S DORIE E & B ITHMEBRIATFELINLTNDZOICTEL TS LHEHS
N3, 22T, BELE=ATET— M ERISHEICBEBMICMAZ S FEEZEML
LA IEHEETLEFESN, V77 DA = MIZB WV THE WL RRIRRIC TR
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Cl

Cl

1. PS-IM 2. Mel
vinyl acetate Cl _3.HCl - cl
NBoc 2 SOgpyridine NBoc ”

ENEFERT D Z LN TE - (Scheme 9),

FR BMBERICRICHEONDFIEE R T Vv a — VK e = X7 VAR & @72 Bk
THBET 22 L3, FICERSE LEMICEN T RBICITHEFICEETH DI, FE
DIN—=TTIEZBIEME LYV P2 AN T T Vv a— LV EERBT AT VA
T L TREMEMEL L BERDBREBIEOHR T AT VKL DL BEE WREICT 2
i BELCEY Y LEY 54 LRAKOFETEWHMEIC THEES 2 Z & ITK
L7, &Y 54 1, 'HNMR I[ZBWT, 7 FLIEICHKRT L7 0% §1.93
(s, 3H) ICBBI L7722 &b Z20iEL M Lic, £, BEBEBREIT, BER Y
U—=V7IICHRE L, JEEEMEZREEM CHIRALCEL OD-H % v % HPLC (2
T (UbEW 54 b ZE DO F o F A ~—ORFRHR- 49 B X0 53 4) E
L7,

BoiicfbE® 54 T THROEBIZI > T, /LAWY 43 ITELS ZERARETH D,

HO._ AcO 1. NaOH MeO

49 54 43
96% ee, 98% purity

Scheme 9. Synthesis of 43 via enzymatic resolution.
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W3E UTATULAY—HIEZHAWSL T IEKO DR EEDIEF L E

VT AT VA —HEFHT LT ENL, EICERIERNES . BIAERDZ 5 %
RN ERETHONET X ETENRAS—LVICHEAT L2 EREETHDLZ L
DR R A RS EIR AT DBECE N T T REER LIRS 2 FiE
ELTHRARL LTHRIAMERE W, F7axkrelid, V7 A7 LA~ —HE %5
THRFEHEICTRESATVWD Z ERMbATND 3,

ZFITHEHEIT. LAY 43 OL bu v U AMBITORE. T8 IEKO{LAY 48
ETVA VL VT AT VA~—WEERVDE T I KO D IVE O F Sy E &S
ELT,

T AT VAT —WENMMAT L RFSF OB RIT 50% B2 52 &3 K
WRTH D, £, KISHEROFHM & FOUSEAEOBEMEL & | 60 H AN — i
WHEEHR L2V,

ZITEFRIT.MEL aX ORI FESEEZE DN RO LT DI, 5E
e LTk EELRT 2 28 FEOEL it LT/ —1eT7Er=1FV
NORBARERNCTAZ V) —=v TRt Lz, A7V —=v711F, &E (20 mg).
W 1.0eq) ZZ ) — /7T b=FU/ (1/1, 02 mL) RS ETHE L%,
FrilL7eiidhz AL TIT o 72, £ DR R, (+)-dehydroabiethyl amine (82% ee).
(S)-phenylethylamine (75% ee). quinine (12% ee). (R)-1-(p-tolyl)ethylamine (54% ee).
(S)-cyclohexylamine (26% ee). (IR, 2S)-cis-2-benzylamino-cyclohexanemethanol (28%
ee). hydroquinine (22% ee) WY T AT LA ~—W x5 2 7=, 728, bt z2h
BT HZLICEVEBRERBRBIIUETCEDIARERNSDLTZO . VT AT LA~ —H
FHZ FROBEEIERIBRAICHET S EE X TWD, o, S AR =3 F
& ME 72 [ 4 CHIRALCEL OJ-RH # H\»% HPLC IZ X o> TR HET 2 047 ik
ZMESL L (PRFFIRERE 13.8 4B KON 17.2 43) . RE LT,

INLDONFZEHOFT, aX LRI AFORGME, S HITITEE OIS
DARELME 4O 235 (S)-phenylethylamine % 3 L. Je545 8 0 &5 %

L 7= (Table 14),

FF. T F=RIAL, AE )=V ZH )= TR EHOCTEEDA Y
—= UV ERE LT, TORE. TE M= RFMIAEZHWESAIC, RREEOIER N
5 97%ee LEWNAEBRRRICTYVT AT LA~—HERETS LN TE
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(Table 14, Entry 1), L2 L7256, 7 b= F UL fbAEW 48 (2% LT 50 5 &
wiv) HEHREE225F, Z2hid, O 7T AT A~ —HEEHWD P E & /KL
WA — VI TETT IR SR ETREBELEE2 N,

Table 14 Diastereomeric salt resolution of compound 48 with various solvents®

CO,H COxH

Cl (S)-Phenylethylamine

NBoc Solvent NBoc
Cl
48

Entry  Solvent Volume (mL) ee (%)° Yield (%)°  Resolution efficiency®
1 CH;CN 50 97 39 76
2 MeOH 5 93 41 76
3 EtOH 10 95 43 82
4 Acetone 15 37 68 50
5 5% H,O/EtOH 5 96 33 63
6 EtOH/CH1CN (1/1) 10 90 46 83
7 EtOH/CHsCN (2/1) 15 98 40 78

"Reaction conducted on 1.0-g scale with 1.0 eq. of (S)-phenylethylamine at room temperature.
*Determined by HPLC analysis (CHIRACEL OJ-RH column). Yield of 56 based on a half

amount of 48. ‘Resolution efficiency = enantiomeric excess (%) x yield (%) x 2/100.

WIS, WEERREGLTCAZ Y == 7 L2 A, MO IRERINEKE &R EZHERF L
LTEFE.RENRBEEICCY 7 AT vAY—HELZHW BT HI2E, =% 7 —
N7 F=FINVDORGEELZFEMNTL2Z2LEPRODIRNTEHLZERHALNE
72 > 1= (Table 14, Entry 7).

EIATANRUVBET IUNBENIND YT AT VA~ —HIZIE, KEHKG
Iy NI BREETDHZEBRESNTNDE Y, LAY 48 ORI VL
(S)-phenylethylamine @7 I / FEOMIC s, KFEMER Y P =7 BFEAEL, 2 HH
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FAMEAETD 21-H T L0 ZHEELTVELDEEZLND, SHICLAY 48
& phenylethylamine O fEEDMHPMEN S RSN TWD EHR SND 2,-7 7 A
(2 van der Waals NIC KX Z2MEAEMNZRICHE, 2R T AT VA~ —H 56
DEFAICHF G LT HRLE L TEVWILERBERELNERFG LN D LEEZ BN,
LEORIZL TR ENTZY T AT v~ —HiEZE W 265555 0B 40 % i
BT R, 612g AT —NIZTILEY 48 ORFENE it 2 A, HHEHMER <X
T 41%, 97%ee CTHMOY T AT bA~—H 56 ZWMETH LN TE, &HIC
B ER T Z LT, >999%E CTHBERBRELZED L LTI LI, (L&YW 56
T AE AL E SR, BT ViEm, AT b, BRI < AR X 0. Big R
FlRZERY) LR BHDOILAEY 43 1TE L Z LR T2 (Scheme 10),

CO,H NH, CO,H
CID)\G : 1. Ha CI:©)\@
Me ——
NB
Cl oc Cl NBoc
56 (S)-48
HO MeO
BH3 - THF () Mel, NaH ¢
NB
cl oc Cl NBoc
53 (S)-50
MeO
HCl . ¢
= HCI
al NH
43

Scheme 10. Synthesis of compound 43.

&Y 43 OREIZ DWW TIX, ODS # 7 A Imtact Cadenza C18 % A\~ % HPLC
iz I EE ML L CHE S O R R & bl U (BRFERERD 7.1 23) . & BT
» "HNMR & Ol 5 R Lo, 8245 A8 R 13Ok 508 24 72 @ £ /1 CHIRALPAK
AD-H Z# M\ % SFC IC X > CREDBET 20 HiEa M U (FREFRFR 22.2 703
LN 256 7). TEIKROILEY 43 LoEICIVIRE L, RENRZ B~ F
/NE — % $ (Figure 20),
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Figure 20. Chromatograph analysis of racemic compound 43.
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B> SERZA T 27 EEERLEMEEHE L THEINE
(8)-4-[1-3,4-Y 7 m 7 = =)1)2-A hF T F Y U UBERE 43 O RN
NFEARRIEZHIE LT,

WHIZ, (bEW 43 DL vy v R@FFND 3 DOEZE*THF A L, £
TROEEIZH LT EEROBINEEZSEFZFAT 27 I KOT LT RITxT
HARFKRFBACKIE (85% ee. WHE 73%), BFEELH VLT EIKD 1 T ra—Lo
WA E (98% ee. UK 48%), T AT LA~ —HEEZH WL T IEKDO I LR
e D0 E (98% ee. IUHK 40%), ZHWHAREKAZBEHL T, T o Tk
CEORDATF—=AT v 7 EMEEBRHT 2MEN S D 2 & & R Lk,

FFIZ 600 g LED AR —VIZBW T ZIO YT AT VA~ —Hikix, T¥%
FERE~DE PR TE 5,
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UED X SICERT, Ra o tHEEELEM AW OREZEL, 26 2l
WO REICET 21013, s, ME, =2 b S X U — FOESEE 2 A L
S5, B ETHNRFERMEDL P v vy 22U THEKOEBELZT 1 L,
ZNHIK L TRER N FREEROMBELZEN T2 L. b ENLDNFR
PEROFHHIEIC OV T RBEILDTZDODORA T ) —=0 T 2R THIENEETH D
ZEmAEM L,

S, ETFIEERERLEMEEDORBEA LY — Fazm L Tn < 2ol Hx
RIEBICH L CHE A TR FERMEEOFRIELR LI A7 Y —= v 7 EEZ RS IR
LT Z L . EBWTEAZ YV —=v T ORE—FemRLELEIEZ LB RkDEND,

AFRIZE VG LNZMEZ TR T,

(S)-N-[2-(1,6,7,8-7 F T & R -2H-A > F /[5,4-b]7 T -8-A L) F |7 1 ¥ FF
IR 1 OFRKF AR

(1) 3 B 707 2R 12a-12¢ ORF KBGO FEE 2 5, Ru-BINAP
fib i & JLE & oD Bl LR HE A HE AR BT AVARFH IR 14 o NS 2 BRI
TUTUNANT IR 17a 27 A Lic, ELHLOREENDL S E WL IRBPRE LN
PEFELNDARFREFEGEEZRH L AN FEERENCLIEEOT VA VB AEDTH D
ZEER LT,

(2)2 BT AT IR 17a BV TIE 700g A7 —LVicBIF 2 RAFAE
fERBRIC b B L, TEMNRA S — L TOREITERH % 217,

(3) FRERZHTLOIAFEKFBMEMFICEBL,.3 BET I LT IV 25 ODREFEK
FIEKIBIZFXYx LY L, B TDOARAT YV —=2 T OfEFR, 2-Furyl % HT 5
Josiphos L. 1~ 26k " AHEHTH L L &AM LT,

[(35)-6-({2°,6"-Y A F )V-4-[3-(AF IV ANK= /T o RXV|ET == )b-3-A )L} A
h3)-23-Uk RE-1-X_2 V75034 NV]EFBER~I A FL—}F 28 ODREFEK
k78
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(1) FEALEHEDBIR MO TR, BRREZHT OV Y 7T 0 DRFKE
IERISIZ DT, BEDOT A 2 7 ) —=2 7270 (L&Y 34 DRFK
FACLSOSIZ BT Et-FerroTane B 7 37k 23 b @ WAL REIRE e 6 I E %
Gzl xR LI,

(2)6 fLO@EHIE(E FrXF U EBLIOA FF V) IRSICEBEELTE LT,
EEEARFMBENTER T 28K OMINCEE SN TWD Z & xR LT,

(3) 25 VT LA — L TOLEYD 34 OARFARKFEALISITHE L, Y% D
B2 R LT,

(8)-4-[1-3,4-Y 7 mm 7 = =)L)2-A P F L2 F ALY D UERRE 43 O R F A

WF 52

(1) 7EIKOT LT & FIK 51 ORERWERCFESE 2R+ 5 K5 KHFL
RIS IZ T, Ru-diphosphine-diamine filt itz 2 7V —=> 7 L, KR T HE AT 4
YEVTIVOMAGEDEE R LT,

(2) ZIKD 1| 7 ra— ik 49 Z2HREE L, BERKICERAT ) —=2 7
L 72 . Pseudomonau sp. H1E D PS-IM 2 WK RN KB OULRIC THEA Y 54
EH 2528 RO WIRISEROARA 7 V== 71280 IPE kb EV E-value
2D xRN LT,

(3) BERERIED AT — T v TIHE D ROGIEE OB 7048 Fix, BER 0K Bk
PNUDLZEICIVERAIANELSNRTWD EHAL BELLRICE=AT T — b
DWMGEETRTHZ L THRIRTEDLZEE2RAE LR,

(4) REHEHI ORI Y == TOFR, ()-T7x2=LZFALTIUNTEIK
DANKUEIK 48 OV T AT LA~ —HoRIAEHTHLZ EE2RAHL, 612g A
F=IZBWTHEINERNPOVARRBIRNICS T AT LA~ —lE2BST 5 2 LTk
LT,
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AR OHEEG 2 T FEWE L REEN LERSSE oBHigk K
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N—T7FEFEME) EERGERICEEH N2 LET,
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General. Melting points were determined on a Yanaco micro melting point apparatus and
were not corrected. Infrared spectra were obtained on a Perkin Elmer FT-IR spectrometer,
PARAGON 1000. The proton nuclear magnetic resonance ('"H NMR) spectra were
recorded on a Bruker AVANCE 300 (300 MHz) or Varian Gemini 200 (200 MHz) or
Ultra-300spectrometer (300 MHz) or JEOL JMTC0400/5 (400 MHz) or JEOL JNM-AS500
(500 MHz), or Bruker DMX-600 (600 MHz). Chemical shifts are given in § values (ppm)
using tetramethylsilane as the internal standard. Reactions were followed by TLC on
Silica gel 60 F 254 pre-coated TLC plates (E. Merck) or NH TLC plates (Fuji Silysia
Chemical Ltd.). Chromatographic separations were carried out on silica gel 60
(0.063-0.200 or 0.040-0.063 mm, E. Merck) or basic silica gel (Chromatorex® NH, 100-200
mesh, Fuji Silysia Chemical Ltd.) using the indicated eluents. High-performance liquid
chromatography (HPLC) was performed with Agilent 1200 System equipped with a G1365B
MWD. Elemental analyses were carried out by Takeda Analytical Laboratories, Ltd. and
were within 0.4% of theoretical values unless otherwise noted. HPLC-MS measurements
were performed on Waters HPLC-MS system ZMD-1. MS was recorded with Hitachi
M-2000. The chiral stationary phase columns, CHIRALPAK AD, CHIRALPAK AD-H,
CHIRALPAK AS, CHIRALPAK AS-H, CHIRALCEL OB-H, CHIRALCEL OD-H,
CHIRALCEL OJ-RH, CHIRALCEL OD-RH were obtained from Daicel Chemical Industries,
Ltd. The chiral stationary phase column Ceramospher Chiral RU-1 was obtained from
Shiseido Co., Ltd. Asymmetric hydrogenation was carried out using standard Schlenk

techniques.

Materials

Ru(OAc),[(S)-binap] and [Et,NH,]'[Ru,Cls(binap),]” were prepared according to the
methods described in literature '>). Compound 33 and 34 were synthesized by the reported
method **). Compound 35 was synthesized from compound 33 using Mel and K,CO; in DMF
at 70°C. Compound 36 was synthesized from compound 35 using 1M NaOH aqueous

solution in MeOH at 60°C. Compounds 48 and 49 were synthesized by the reported method

30)
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Asymmetric hydrogenation of N-[2-(1,6,7,8-tetrahydro-2H-indeno[5,4-b]furan-8-
ylidene)ethyl]propionamide (12a)

A solution of
N-[2-(1,6,7,8-tetrahydro-2H-indeno[5,4-b]furan-8-ylidene)ethyl]propionamide (12a) (257
mg, 1.00 mmol) and Ru(OAc),[(S)-binap] (86 mg, 0.10 mmol) in methanol (70 mL) was
degassed by three freeze-thaw cycles and was then charged on a stainless-steel autoclave.
Hydrogen was introduced (10 MPa) and the mixture was stirred at 50 °C for 6 h. The
enantiomer excess (42%) and chemical yield (37%) were determined by HPLC analysis

(Ceramospher Chiral Ru-1, eluted with methanol, 0.5 mL/min).

Asymmetric Hydrogenation of N-[2-(1,6,7,8-Tetrahydro-2H-indeno[5,4-b]furan-8-
ylidene)ethyl]formamide (12b).

A solution of N-[2-(1,6,7,8-tetrahydro-2H-indeno[5,4-b]furan-8-ylidene)ethyl]-
formamide (12b) (116 mg, 0.510 mmol) and Ru(OAc),[(S)-binap] (41 mg, 0.049 mmol) in
methanol (70 mL) was degassed by three freeze-thaw cycles and then was charged on a
stainless steel autoclave. Hydrogen was introduced (10 MPa), and the mixture was stirred
at 50°C for 6 h. The enantiomer excess (12%) and chemical yield (18%) were determined by

HPLC analysis (CHIRALPAK AD, eluted with rn-hexane / ethanol =9 /1, 1.0 mL/min).

Asymmetric Hydrogenation of N-[2-(1,6,7,8-Tetrahydro-2H-indeno[5,4-b]furan-8-
ylidene)ethyl]butanamide (12¢).

A solution of N-[2-(1,6,7,8-tetrahydro-2H-indeno[5,4-b]furan-8-ylidene)ethyl]-
butanamide (12¢) (272 mg, 1.00 mmol) and Ru(OAc),[(S)-binap] (84 mg, 0.10 mmol) in
methanol (70 mL) was degassed by three freeze-thaw cycles and then was charged on a
stainless steel autoclave. Hydrogen was introduced (10 MPa), and the mixture was stirred
at 50°C for 6 h. The enantiomer excess (32%) and chemical yield (35%) were determined by

HPLC analysis (Ceramospher Ru-1, eluted with methanol, 1.0 mL/min).
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Asymmetric Hydrogenation of N-[2-(1,6,7,8-Tetrahydro-2H-indeno[5,4-b]furan-8-
ylidene)ethyl]pentanamide (12d).

A solution of N-[2-(1,6,7,8-tetrahydro-2H-indeno[5,4-b]furan-8-ylidene)ethyl]-
pentanamide (12d) (130 mg, 0.450 mmol) and Ru(OAc),[(S)-binap] (41 mg, 0.049 mmol) in
methanol (70 mL) was degassed by three freeze-thaw cycles and then was charged on a
stainless steel autoclave. Hydrogen was introduced (10 MPa), and the mixture was stirred
at 50°C for 6 h. The enantiomer excess (18%) and chemical yield (23%) were determined by

HPLC analysis (Ceramospher Ru-1, eluted with methanol, 1.0 mL/min).

Asymmetric Hydrogenation of Benzyl 2-(1,6,7,8-tetrahydro-2H-indeno[5,4-b]furan-8-
ylidene)-ethylcarbamate (12e).

A solution of N-benzyloxycarbonyl [2-(1,6,7,8-tetrahydro-2H-
indeno[5,4-b]furan-8-ylidene)ethyl]amine (12e) (1.0 g, 3.0 mmol) and [Et,NH,]"
[Ru,CI5[(S)-binap],]” (51 mg, 0.030 mmol) in ethanol (180 mL) was degassed by three
freeze-thaw cycles and then was charged on a stainless steel autoclave. Hydrogen was
introduced (10 MPa), and the mixture was stirred at 100°C for 6 h. The enantiomer excess
(racemate) and chemical yield (29%) were determined by HPLC analysis (CHIRALPAK AS,

eluted with n-hexane / ethanol / trifluoroacetic acid =95/5 /0.1, 1.0 mL/min).

2-(1,2,6,7-Tetrahydro-8 H-indeno|[5,4-b]furan-8-ylidene)acetonitrile (9)

Sodium hydride (65% dispersion in mineral oil, 17.7 g) was added to a solution of diethyl
cyanomethylphosphonate (84.5 g, 0.477 mol) in tetrahydrofuran (600 mL) at room
temperature. The mixture was stirred at room temperature for 30 min and was added
dropwise to a solution of 1,2,6,7-tetrahydro-8 H-indeno[5,4-b]furan-8-one (8) (69.3 g, 0.398
mol) in tetrahydrofuran (1300 mL). After stirring at room temperature for 2 h, ice water
(500 mL) was added and the mixture was concentrated to dryness under reduced pressure.
The residue was dissolved in ethyl acetate (2000 mL), and the solution was washed twice
with water (1000 mL) and once with brine in a successive manner and then dried over
magnesium sulfate. The filtrate was treated with activated charcoal (14 g), and the

resulting solution was concentrated under reduced pressure to yield crystals, which were
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washed with diisopropyl ether (1000 mL) to afford 2-(1,2,6,7-tetrahydro-8H-
indeno[5,4-b]furan-8-ylidene)acetonitrile (9) (49.6 g, 63%). Diisopropyl ether washings
were concentrated to give crystals, which were washed again with diisopropyl ether to
afford the second crop (15.8 g, 20%).

"H NMR (400 MHz, DMSO-d,): § 3.05-3.12 (m, 4H), 3.30 (t, J = 8.8 Hz, 2H), 4.66 (t, J =
8.8 Hz, 2H), 5.45 (s, 1H), 6.85 (d, J = 8.0 Hz, 1H), 7.10 (d, J = 8.0 Hz, 1H). IR (KBr):
Vmax €M ' 2207, 1602. mp: 146-151 °C.

2-(1,6-Dihydro-2H-indeno[5,4-b]furan-8-yl)acetamide (14)

A 30% hydrogen peroxide solution (10 mL) was added dropwise to a solution of
2-(1,2,6,7-tetrahydro-8 H-indeno[5,4-b]furan-8-ylidene)acetonitrile (9) (1.14 g, 5.93 mmol)
and potassium hydroxide (5.0 g) in DMSO (25 mL) and water (30 mL), and the mixture was
stirred at room temperature for 3 h. The reaction mixture was extracted with ethyl acetate,
and the extract was dried over sodium sulfate. Concentration under reduced pressure
afforded solids, which were recrystallized from ethyl acetate to give
2-(1,6-dihydro-2H-indeno[5,4-b]furan-8-yl)acetamide (14) (0.395 g, 32%).

"H NMR (400 MHz, DMSO-d,): 8 3.39 (s, 2H), 3.40 (t, J = 8.6 Hz, 2H), 3.58 (s, 2H), 4.60
(t, J = 8.6 Hz, 2H), 5.37 (br s, 1H), 5.67 (br s, 1H), 6.51 (s, 1H), 6.70 (d, J = 7.9 Hz, 1H),
7.20 (d, J = 7.9 Hz, 1H). NOESY cross-peaks were observed between H-7 to H-6. IR

(KBI): Vinax cm ™' 3400, 3200, 1650. MS: m/z 215 [M]". mp: 204 °C (ethyl acetate).

Asymmetric hydrogenation of 2-(1,6-dihydro-2H-indeno[5,4-b]furan-8-yl)acetamide
(14)

A solution of 2-(1,6-dihydro-2H-indeno[5,4-b]furan-8-yl)acetamide (14) (214 mg, 0.994
mmol) and Ru(OAc),[(R)-binap] (42 mg, 0.050 mmol) in EtOH (70 mL) was degassed by
three freeze-thaw cycles and was then charged on a stainless-steel autoclave. Hydrogen
was introduced (10 MPa) and the mixture was stirred at 50 °C for 6 h. The enantiomer
excess (92%) and chemical yield (92%) were determined by HPLC analysis (Ceramospher
Chiral RU-1, eluted with methanol, 0.7 mL/min). The reaction mixture was concentrated

under reduced pressure to give solids (216 mg). A part of the resulting solids (136 mg)
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was subjected to preparative thin-layer chromatography to afford
(8)-2-(1,6,7,8-tetrahydro-2H-indeno[5,4-b]furan-8-yl)acetamide (15) (106 mg).

"H NMR (400 MHz, DMSO-d,): & 1.72-1.78 (m, 1H), 2.03-2.17 (m, 2H), 2.44-2.50 (m,
1H), 2.67 (m, 1H), 2.77-2.83 (m, 1H), 3.06-3.10 (m, 1H), 3.14-3.22 (m, 1H), 3.42-3.44 (m,
1H), 4.43-4.51 (m, 2H), 6.52 (d, J = 7.8 Hz, 1H), 6.81 (s, 1H), 6.90 (d, J = 7.8 Hz, 1H),
7.33 (s, 1H). IR (KBT): V max cm ' 3400, 3200, 2950, 1665. mp: 218 °C (ethyl acetate).

($)-2-(1,6,7,8-Tetrahydro-2H-indeno[5,4-b]furan-8-yl)ethylamine hydrochloride (16)

Boron trifluoride diethyl etherate (3.47 mL, 27.6 mmol) was dissolved in dry
tetrahydrofuran (25 mL) and stirred at —10 °C. To this solution, sodium borohydride (1.04
g, 27.6 mmol) was added portionwise, and the mixture was stirred at room temperature for 1
h. After cooling to 0 °C, (S5)-2-(1,6,7,8-tetrahydro-2H-indeno[5,4-b]furan-8-yl)acetamide
(15) (1.0 g, 4.6 mmol) was added and stirred at room temperature for 24 h. The mixture
was concentrated under reduced pressure to give solids, which were dissolved in ethyl
acetate and treated with 1 N hydrochloric acid (25 mL). The mixture was concentrated to
dryness, and the resulting residue was washed with diisopropyl ether to afford
(8)-2-(1,6,7,8-tetrahydro-2H-indeno[5,4-b]furan-8-yl)ethylamine hydrochloride (16) (0.70
g, 63%).

"H NMR (400 MHz, DMSO-d,): & 1.60-1.75 (m, 2H), 2.08-2.23 (m, 2H), 2.65-2.84 (m,
4H), 3.10-3.21 (m, 2H), 4.42-4.57 (m, 2H), 6.55 (d, J = 8.0 Hz, 1H), 6.91 (d, J = 8.0 Hz,
1H), 8.09 (brs, 2H). IR (KBr): Vmax cm ' 2920, 2000. mp: 270 °C.

The absolute stereochemistry of 16 was established by X-ray crystallographic analysis of
its salt with L-malic acid. Crystallographic data for the structure in this paper have been
deposited with the Cambridge Crystallographic Data Centre as supplementary publication
number CCDC 286073. Copies of the data can be obtained, free of charge, on application
to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK [fax+44(0)-123-336033 or e-mail:

deposit@ccdec.cam.ac.uk].

Asymmetric hydrogenation of N-[2-(6-methoxy-2,3-dihydro-1H-inden-1-ylidene)-

ethyl]propionamide (17a)
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Small scale reaction:

A solution of N-[2-(6-methoxy-2,3-dihydro-1H-inden-1-ylidene)ethyl]propionamide
(17a) (245 mg, 1.00 mmol) and Ru(OAc),[(S)-binap] (85 mg, 0.10 mmol) in methanol (70
mL) was degassed by three freeze-thaw cycles and was then charged on a stainless-steel
autoclave. Hydrogen was introduced (10 MPa) and the mixture was stirred at 50 °C for 6 h.
The enantiomer excess (95%) and chemical yield (98%) were determined by HPLC analysis
(CHIRALPAK AS, eluted with n-hexane : 2-propanol : trifluoroacetic acid=9:1:0.01, 1.0

mL/min).

Large scale reaction:

N-[2-(6-Methoxy-2,3-dihydro-1H-inden-1-ylidene)ethyl]propionamide (17a) (700 g, 2.85
mol), Ru(OAc),[(S)-binap] (24.0 g, 28.7 mmol), and methanol (15 L) were charged on a
stainless-steel autoclave. The mixture was bubbled with nitrogen. Hydrogen was
introduced (9 MPa) and the mixture was stirred at 70 °C for 1 h. The enantiomer excess
(93%) and chemical yield (99%) were determined by HPLC analysis (CHIRALPAK AS,
eluted with n-hexane:2-propanol:trifluoroacetic acid = 9:1:0.01, 1.0 mL/min). In the same
manner, 300 g of N-[2-(6-methoxy-2,3-dihydro-1H-inden-1-ylidene)ethyl]propionamide
(17a) was treated to obtain 95% ee and 98% chemical yield. The combined reaction
mixture was concentrated under reduced pressure to give a residue, which was subjected to
silica-gel column chromatography (n-hexane / ethyl acetate = 4 / 1) followed by
recrystallization  from  n-hexane / ethyl acetate (4 / 1) to afford
(S)-N-[2-(6-methoxy-2,3-dihydro-1H-inden-1-yl)ethyl]propionamide (18a) (801 g, 79%,
99% ce).

"H NMR (500 MHz, CDCl3): 8 1.15 (t, J = 8 Hz, 3H), 1.57-1.78 (m, 2H), 2.02-2.09 (m,
1H), 2.19 (q, J = 8.0 Hz, 2H), 2.29-2.36 (m, 1H), 2.74-2.89 (m, 2H), 3.08-3.14 (m, 1H),
3.37-3.41 (m, 2H), 3.34 (s, 3H), 5.53 (br s, 1H), 6.71 (dd, J = 2.0 and 8.0 Hz, 1H), 6.75 (d,
J=12.0Hz, 1H), 7.10 (d, J = 8.0 Hz, 1H). mp: 76-77 °C (n-hexane / ethyl acetate). [a]p
= _4.39° (¢ 1, CHCL3). IR(KBr): Vmax cm ' 3317, 2940, 1633, 1550. Anal. Calcd. for
C,sH, NO,: C, 72.84; H, 8.56; N, 5.66; Found: C, 72.59: H, 8.50; N, 5.84.

The absolute configuration of 18a was deduced from the X-ray crystallographic analysis

of the p-bromobenzamide derivative, as described in the precedence literature ©.
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Asymmetric hydrogenation of N-[2-(6-ethoxy-2,3-dihydro-1H-inden-1-ylidene)-
ethyl]propionamide (17b)

A solution of N-[2-(6-ethoxy-2,3-dihydro-1H-inden-1-ylidene)ethyl]propionamide (17b)
(240 mg, 0.930 mmol) and Ru(OAc),[(S)-binap] (78 mg, 0.093 mmol) in methanol (70 mL)
was degassed by three freeze-thaw cycles and was then charged on a stainless-steel
autoclave. Hydrogen was introduced (10 MPa) and the mixture was stirred at 50 °C for 6 h.
The enantiomer excess (95%) and chemical yield (88%) were determined by HPLC analysis

(CHIRALPAK AS, eluted with n-hexane / 2-propanol =9 / 1, 1.0 mL/min).

Asymmetric hydrogenation of N-[2-(6-methoxy-2,3-dihydro-1H-inden-1-ylidene)-
ethyllacetamide (17c¢)

A solution of N-[2-(6-methoxy-2,3-dihydro-1H-inden-1-ylidene)ethyl]acetamide (17¢)
(119 mg, 0.500 mmol) and Ru(OAc),[(R)-binap] (40 mg, 0.050 mmol) in methanol (70 mL)
was degassed by three freeze-thaw cycles and was then charged on a stainless-steel
autoclave. Hydrogen was introduced (10 MPa), and the mixture was stirred at 50 °C for 6
h. The enantiomer excess (81%) and chemical yield (82%) were determined by HPLC

analysis (CHIRALPAK AS, eluted with n-hexane / 2-propanol =9/ 1, 1.0 mL/min).

Asymmetric hydrogenation of 2,2,2-trifluoro-N-[2-(6-methoxy-2,3-dihydro-1H-
inden-1-ylidene)ethyl]acetamide (17d)

A solution of
2,2,2-trifluoro-N-[2-(6-methoxy-2,3-dihydro-1H-inden-1-ylidene)ethyl]acetamide 17d (159
mg, 0.560 mmol) and Ru(OAc),[(R)-binap] (40 mg, 0.048 mmol) in methanol (70 mL) was
degassed by three freeze-thaw cycles and was then charged on a stainless-steel autoclave.
Hydrogen was introduced (10 MPa) and the mixture was stirred at room temperature for 6 h.
The enantiomer excess (22%) and chemical yield (16%) were determined by HPLC analysis

(CHIRALCEL OB-H, eluted with n-hexane / 2-propanol =4/ 1, 0.7 mL/min).

Asymmetric hydrogenation of [(2E)-2-(1,2,6,7-tetrahydro-8H-indeno[5,4-b]furan-

63



8-ylidene)ethyl]amine (25)

To a solution of [(2F)-2-(1,2,6,7-tetrahydro-8H-indeno[5,4-b]furan-8-ylidene)-
ethyl]lamine (25) (20 mg, 0.10 mmol) in methanol (0.5 mL) in a glass autoclave was added a
solution  of  (R)-1-[(S)-2-(di-2-furylphosphino)ferrocenyl]ethyldi(zert-butyl)phosphine
(ligand 26k, 2.7 mg, 1.3 equiv to Rh) and [Rh(cod)Cl], (1.0 mg, 40 mol%) in methanol (0.5
mL) by cannula. Hydrogen (0.7 MPa) was introduced, and the reaction mixture was stirred
at room temperature for 5 h. The enantiomeric excess (92%) and chemical yield (95%) were
determined by HPLC analysis (CHIRALCEL OD-RH, eluted with 0.1 M KPF4 (pH = 2) /

acetonitrile = 750 / 250 (v/v), 0.5 mL/min).
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(S)-Methyl 2-(6-Hydroxy-2,3-dihydrobenzofuran-3-yl)acetate (38)

To methyl 2-(6-hydroxy-benzofuran-3-yl)acetate (33) (51 mg, 0.25 mmol) in a glass
autoclave was added a solution of (R, R)-BPE (37p, 6.5 mg, 0.025 mmol) and
[Rh(cod),]OTf (12 mg, 0.025 mmol, 10 mol%) in methanol (2.5 mL) by cannula.
Hydrogen (0.7 MPa) was introduced, and the reaction mixture was stirred at room
temperature for 2 h. The enantiomeric excess (48%) and chemical yield (42%) were
determined by HPLC analysis using racemic compound of 38 as the external standard.
(CHIRALPAK AS-H, eluted with n-hexane/2-propanol = 85/15 (v/v); flow rate, 0.75
mL/min; detection, 220 nm; room temperature).

"H NMR spectrum and Elemental analysis data were obtained after purification.

"H NMR (CDCl;) § 2.50-2.61 (m, 1H), 2.69-2.79 (m, 1H), 3.72 (s, 3H), 3.73-3.85 (m, 1H),
4.26 (dd, J = 6.0 and 9.0 Hz, 1H), 4.75 (t, J = 9.0 Hz, 1H), 4.86 (s, 1H), 6.30-6.35 (m, 2H),
6.95-7.00 (m, 1H). MS: m/z 209 [M+H]". Anal. Calcd. for C,;;H;,04: C, 63.45; H, 5.81.
Found: C, 63.49; H, 5.81.

(S)-2-(6-Hydroxy-2,3-dihydrobenzofuran-3-yl)acetic acid (42)

To a solution of (6-hydroxy-1-benzofuran-3-yl)acetic acid (34) (1.92 g, 10.0 mmol),
NaOMe (0.27 g, 5.0 mmol) in methanol (35 mL) in a glass autoclave was added a solution
of 1,1’-bis[(2S,45)-2,4-diethylphosphotano]ferrocene (37k, 44 mg, 0.10 mmol) and
[Rh(cod),]OTf (47 mg, 0.10 mmol, 1 mol%) in methanol (15 mL) by cannula. Hydrogen
(0.7 MPa) was introduced, and the reaction mixture was stirred at room temperature for 2 h.
The enantiomeric excess (90%) and chemical yield (quantitative) were determined by HPLC
analysis using racemic compound of 42 as the external standard. (CHIRALPAK AD-H,
eluted with n-hexane / ethanol / trifluoroacetic acid = 900 / 100 / 1 (v/v/v); flow rate, 1.0
mL/min; detection, 220 nm; room temperature). The reaction mixture was concentrated.
The residue was diluted with water and 1M HCI aqueous solution and extracted with AcOEt.
The extract was washed with brine, dried over anhydrous Na,SO,, and concentrated. The

residue was purified by silica gel column chromatography (AcOEt / n-hexane = 35 / 65 and
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then 100:0) to afford 42 (1.76 g, 91%) as a slightly yellow solid.

"H NMR (DMSO-ds) 8: 2.39-2.49 (m, 1H), 2.61-2.71 (m, 1H), 3.56-3.68 (m, 1H), 4.14
(dd, J=6.8 and 9.0 Hz, 1H), 4.64 (t, J=9.0 Hz, 1H), 6.15 (d, J = 2.2 Hz, 1H), 6.23 (dd, J =
2.2 and 8.0 Hz, 1H), 6.98 (dd, J= 0.7 and 8.0 Hz, 1H), 9.27 (br s, 1H), 12.33 (br s, 1H).

Anal. Calcd. for C;(H;y04:0.2H,0: C, 60.73; H, 5.30. Found: C, 60.84; H, 5.35.

(S)-2-(6-Hydroxy-2,3-dihydrobenzofuran-3-yl)acetic acid (42)

To a solution of (6-hydroxy-1-benzofuran-3-yl)acetic acid (34) (26.9 g, 140 mmol),
NaOMe (3.8 g, 70 mmol) in methanol (500 mL) in a glass autoclave was added a solution of
1,1°-bis[(2S, 4S5)-2,4-diethylphosphotano]ferrocene (37k, 620 mg, 1.40 mmol) and
[Rh(cod),]OTf (656 mg, 1.40 mmol, 1 mol%) in methanol (200 mL) by cannula. Hydrogen
(0.7 MPa) was introduced, and the reaction mixture was stirred at room temperature for 2 h.
The enantiomeric excess (90%) and chemical yield (quantitative) were determined by HPLC
analysis using racemic 42 as the external standard. (CHIRALPAK AD-H, eluted with
n-hexane / ethanol / trifluoroacetic acid = 900 / 100 / 1 (v/v/v); flow rate, 1.0 mL/min;
detection, 220 nm; room temperature).

The reaction mixture was concentrated. The residue was diluted with water and 1M HCI
aqueous solution and extracted with AcOEt. The extract was washed with brine, dried
over anhydrous Na,SOy, and concentrated to afford 42 as a brown solid. (28.0 g, purity 99%,

quantitative) The residue was used for the next step without further purification.
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Asymmetric hydrogenation;

tert-Butyl 4-[1-(3,4-dichlorophenyl)-2-oxoethyl]piperidine-1-carboxylate (51)

Dess-Martin reagent (4.00 g, 9.43 mmol) was added portionwise at 0°C to the solution of
tert-butyl 4-[1-(3,4-dichlorophenyl)-2-hydroxyethyl]piperidine-1-carboxylate (2.21 g, 5.90
mmol) in CH;CN (50 mL). The mixture was stirred at room temperature for 1 h and then
poured into sat. NaHCO; aq. and sat. Na,S,03 aq. After being stirred for 30 min, the
mixture was extracted with EtOAc and washed with brine, dried over MgSO, and
concentrated under reduced pressure. The residue was purified by silica-gel column
chromatography (n-hexane / ethyl acetate = 9 / 1 to 2 / 1) to afford 51 (1.67 g, 76%) as a
colorless oil.

'"H NMR (300 MHz, CDCl;) & 0.91-1.09 (m, 1H), 1.14-1.35 (m, 2H), 1.43 (s, 9H),
1.77-1.88 (m, 1H), 2.12-2.28 (m, 1H), 2.57-2.83 (m, 2H), 3.31 (dd, J=2.3 and 9.5 Hz, 1H),
3.98-4.18 (m, 2H), 7.01 (dd, J = 2.1 and 8.1 Hz, 1H), 7.28 (d, J = 2.1 Hz, 1H), 7.45 (d, J =
8.1 Hz, 1H), 9.70 (d, J = 2.3 Hz, 1H). MS: m/z 272 [M-Boc+H+H]"

tert-Butyl 4-[(1S5)-(3,4-dichlorophenyl)-2-hydroxyethyl]piperidine-1-carboxylate (53)

To tert-butyl 4-[1-(3,4-dichlorophenyl)-2-oxoethyl]piperidine-1-carboxylate 51 (37 mg,
0.10 mmol), RuCl,{(R)-xylbinap} {(R, R)-dpen}(1.1 mg, 1 mol%) in a glass autoclave was
added a solution of fert-BuOK (0.1 mL, 1.0 M in fert-BuOH) in 2-propanol (1.5 mL).
Hydrogen (1.0 MPa) was introduced, and the reaction mixture stirred at 50°C for 2 h. The
enantiomeric excess (85%) and chemical yield (73%) were determined by HPLC analysis
using racemic 53 as the external standard. (CHIRALPAK AD-H, eluted with n-hexane /

2-propanol =900 / 100 (v/v); flow rate, 1.0 mL/min; detection, 220 nm; room temperature).

Enzymatic resolution;
tert-Butyl 4-[(18)-2-acetoxy-1-(3,4-dichlorophenyl)ethyl]piperidine-1-carboxylate
(54)
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To a solution of 49 (1000 mg, 2.670 mmol) and vinyl acetate (0.495 mL, 2.0 eq.) in IPE
(20 mL) was added lipase (PS-IM™  Amano Co. Ltd.) (50 mg) at 35°C. The resulting
mixture was stirred for 40 h at 35°C. To this solution was added vinyl acetate (0.248 mL,
1.0 eq.) and lipase (PS-IM™, Amano Co. Ltd.) (25 mg) at 35°C. The resulting mixture
was stirred for 24 h at 35°C. The lipase was filtered off and washed with IPE. The same
scale reactions were repeated three times. The resulting filtrate and washings were
combined and concentrated under reduced pressure to give the mixture of 54 (4.0 g, 96% ce)
and 55. To a solution of the mixture in pyridine (16 mL) was added SO;-pyridine (2.73 g,
3.0 eq.) at room temperature. The resulting mixture was stirred for 2.5 h at room
temperature and cooled to 0°C. After addition of water (32 mL), the whole mixture was
extracted with IPE (20 mL, twice). The organic layers were combined and washed
successively with a 10% aqueous NaCl solution (20 mL, three times), a 10% aqueous citric
acid solution (20 mL, twice) and a 10% aqueous NaCl solution (20 mL), and concentrated
under reduced pressure to give (5)-54 (2.11 g, purity 98%) as an oil. Enantiomeric excess
(96%) was determined by HPLC analysis using racemic 54 as the external standard.
(CHIRALCEL OD-H, eluted with n-hexane / ethanol=95 / 5 (v/v); flow rate, 1.0 mL/min;
detection, 220 nm; temperature, 40°C).

"H NMR (400 MHz, CDCl;) & 1.24-1.28 (m, 2H), 1.41 (s, 9H), 1.64-1.90 (m, 3H), 1.97 (s,
3H), 2.65-2.70 (m, 4H), 3.95-4.20 (m, 1H), 4.24-4.37 (m, 2H), 7.00 (dd, J = 2.0 and 8.0 Hz,

1H), 7.24-7.29 (m, 1H), 7.38 (d, J = 8.0 Hz, 1H). MS: m/z 315 [M-Boc+H]".

Diastereomeric resolution;

[(185)-(tert-Butoxycarbonyl)piperidin-4-yl](3,4-dichlorophenyl)acetic acid
(S)-1-phenylethylamine salt (56)

To a solution of [1-(tert-butoxycarbonyl)piperidin-4-yl](3,4-dichlorophenyl)acetic acid
(48) (612 g, 1.58 mol) in ethanol (3060 mL) and acetonitrile (3060 mL) was added
(S)-(-)-1-phenyl ethylamine (194 g, 1.60 mol) at 65°C. The mixture was stirred at 65°C for
3 h, at room temperature for 3 h. The solids were collected and washed with 50% EtOH in
acetonitrile (800 mL) and dried under reduced pressure to give colorless solids. (331 g, 41%,
97% ee)

To a solution of 56 (248 g, 487 mmol) in 5% aqueous EtOH (3700 mL) was added
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acetonitrile (3700 mL) at 75°C and stirred at 50°C for 1 h, and then at room temperature for
14 h. The resulting solid was filtered and washed with 50% EtOH in acetonitrile (500 mL)
and concentrated under reduced pressure at 40°C to give 56 as a colorless solid (224 g, 90%,
99.9% ee). Enantiomeric excess was determined by HPLC analysis using 48 as the
external standard. (CHIRALCEL OJ-RH, eluted with 20 mM KHPO, (pH 2.1) adjusted by
phosphoric acid/acetonitrile = 1/1 (v/v); flow rate, 1.0 mL/min; detection, 220 nm;
temperature, 30°C).
[a]*’p =+ 36.9 °(c = 0.9310, MeOH)
"H NMR (300 MHz, DMSO-dy) & (ppm) : 0.57-0.93 (m, 1H), 0.94-1.14(m, 2H), 1.22-1.47
(m, 12H), 1.69-1.84(m, 1H), 1.93-2.01 (m, 1H), 2.70(br s, 2H), 2.97-3.59 (m, 4H),
3.67-4.01 (m, 2H), 4.14 (q, J = 6.4 Hz, 1H), 7.13-7.39(m, 6H) 7.43-7.69 (m, 2H).

tert-Butyl 4-[(1S5)-(3,4-dichlorophenyl)-2-hydroxyethyl]piperidine-1-carboxylate (53)

To a suspension of 56 (224 g, 440 mmol) in ethyl acetate (2250 mL) was added 0.2 N
hydrochloric acid (2500 mL) at 5-10°C. After stirring for 30 min, the organic layer was
separated and aqueous layer was extracted with ethyl acetate (1200 mL). The combined
organic layer was washed with brine (1700 mL), dried over anhydrous MgSO,, and
concentrated under reduced pressure to give (5)-48 as colorless solid (171 g, quantitative,
99.9%ee).

The part of the solid (146 g, 376 mmol) was dissolved in THF (1020 mL) and to the
solution was added 1.1 M BF;-THF complex in THF (450 mL, 495 mmol) at 3 to 5°C.
After being stirred at room temperature for 1 h, to the solution was added 30% aqueous
citric acid (470 mL) at 10 to 15°C. The mixture was concentrated under reduced pressure
and the residue was diluted with EtOAc (1000 mL) and water (500 mL). The organic layer
was separated and washed with brine (1000 mL), dried over Mg,S0O,, and concentrated
under reduced pressure. The residue was purified by column chromatography on silica gel
(10 to 90% ethyl acetate in n-hexane) to give 53 (138 g, 98%, 99.9% ee) as a colorless oil.
Enantiomeric excess was determined by HPLC analysis using racemic 49 as the external
standard. (CHIRALPAK AD, eluted with n-hexane/2-propanol = 900/100 (v/v); flow rate,
1.0 mL/min; detection, 220 nm; temperature, 40°C).

'H NMR (400 MHz, CDCl;) & 1.00-1.36 (m, 4H), 1.43 (s, 9H), 1.67-1.90 (m, 2H),
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2.50-2.76 (m, 3H), 3.78-3.94 (m, 2H), 3.95 (br s, 1H), 4.00-4.16 (m, 1H), 7.04 (dd, J = 2.2
and 8.3 Hz, 1H), 7.30 (d, J = 2.2 Hz, 1H), 7.40 (d, J = 8.3 Hz, 1H). MS: m/z 318

[M-tBu+H+H]".

tert-Butyl 4-[(15)-(3,4-dichlorophenyl)-2-methoxyethyl|piperidine-1-carboxylate
((5)-50))

To a suspension of NaH (60% in oil, 18.4 g, 460 mmol) in DMF (430 mL) was added a
solution of tert-butyl
4-[(1S5)-(3,4-dichlorophenyl)-2-hydroxyethyl]piperidine-1-carboxylate (53) (144 g, 384
mmol) and methyl iodide (109 g, 767 mmol) in DMF (430 mL) at 0 to 10°C. After being
stirred at room temperature for 2 h, to the mixture was added water (500 mL) at 0 to 10°C.
After being stirred for 30 min at 10°C, the mixture was diluted with water (1000 mL) and
extracted by ethyl acetate (1500 mL). The organic layer was separated and the aqueous
layer was extracted with ethyl acetate (750 mL). The combined organic layer was washed
successively with 10% aqueous citric acid (750 mL) and brine (750 mL), dried over MgSOy,
and concentrated under a reduced pressure. The residue was recrystallized from toluene
(300 mL) and diisopropyl ether (150 mL). The collected crystals were washed with
diisopropyl ether (150 mL) and dried under reduced pressure to give (5)-50 (61 g, 41%).
The mother liquid was concentrated under reduced pressure and the residue was suspended
with tert-butyl methylether (150 mL) and filtered. The solid was washed with a small
amount of rert-butyl methylether and dried under reduced pressure to give a 2" crop of
crystals (52 g, 35%). The mother liquid was concentrated under reduced pressure and the
residue was purified by column chromatography on silica gel (10 to 90% ethyl acetate in
n-hexane) to give a 3" crop of crystals (17 g, 11%). (total yield 130 g, 87%)

"H NMR (400 MHz, CDCl;) § 0.98-1.36 (m, 3H), 1.43 (s, 9H), 1.67-1.90 (m, 2H),
2.45-2.76 (m, 3H), 3.28 (s, 3H), 3.52-3.67 (m, 2H), 4.01 (br s, 1H), 4.12 (br s, 1H), 7.02 (dd,
J=2.2 and 8.3 Hz, 1H), 7.28 (d, J = 2.2 Hz, 1H), 7.36 (d, J = 8.3 Hz, 1H). MS: m/z 374

[M-Me +H+H]".

4-[(15)-1-(3,4-Dichlorophenyl)-2-methoxyethyl]piperidine monohydrochloride (43)
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To a solution of tert-butyl
4-[(15)-(3,4-dichlorophenyl)-2-methoxyethyl]piperidine-1-carboxylate (S)-50 (130 g, 336
mmol) in tert-butyl methylether (650 mL) was added 4N HCl/ethyl acetate solution (910
mL) at 23°C. After being stirred at room temperature for 3 h, to the resulting suspension
was added n-heptane (1040 mL). The resulting suspension was stirred at room temperature
for 1 h, and then stirred at 10°C for 30 min, and then filtered. The solid was washed
successively with tert-butyl methylether/n-heptane=1/1 (1000 mL) and n-heptane (500 mL x
2 times), and dried under reduced pressure to give crude 43 as colorless solid (101 g, yield
93%, purity 99.7% (HPLC area%)).

The crude 43 (210 g, 647 mmol, combined with other lot of crude 43) was dissolved in
2-propanol (1800 mL) at 70°C, to this solution was added n-heptane (1000 mL) at 65°C.
After being stirred at 50°C for 2 h, to the suspension was added n-heptane (900 mL) at 50°C.
The resulting suspension was stirred at room temperature for 2 h and then at 5°C for 2h.
The suspension was filtered and the solid was washed with n-heptane (1000 mL) and dried
under reduced pressure to give 43 as colorless crystals (202 g, yield 96%, purity 99.8%
(HPLC area%), >99.9% ee. Enantiomeric excess was determined by SFC analysis using
racemic 43 as the external standard. (CHIRALPAK AD-H, eluted with CO,/ methanol /
2-propanol = 920 /80 / 3 (v/v/v); flow rate, 2.35 mL/min; pressure, 150 bar; detection, 220
nm; temperature, 30°C). Chemical purity was determined by HPLC analysis. (Imtact
Cadenza C18, cluted with A) 50 mmol/L HC104 aq.(pH 2.5) B) Acectonitrile ; flow rate, 1
mL/min; gradient program, Omin:(B) 38%, 10min:(B) 38%, 15min: (B) 90%, 24.5min:(B)
90%; detection, 220 nm; temperature, 40°C)

[a]**p = +31.3°(¢=0.5234, MeOH)

"H NMR(300 MHz, DMSO-dg) 8 1.10-1.31 (m, 1H), 1.31-1.52 (m, 2H), 1.73-1.99 (m, 2H),
2.63-2.87 (m, 3H), 3.00-3.29 (m, 5H), 3.51-3.67 (m, 2H), 7.24 (dd, J= 1.9 and 1.9 Hz, 1H),
7.52 (d, J = 1.9 Hz, 1H), 7.54-7.61 (m, 1H), 8.96 (br s, 2H). MS: m/z 288 [M-HCI+H]". Anal.
Calcd. for C;4H,oCI5NO: C, 51.79; H, 6.21; N, 4.31. Found: C, 51.81; H, 6.32; N, 4.23.
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