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|01 | cusic

AILRZIMEEYHORIGT 27 /L&YW HE 1 T2 TS
TEDETN 7 /MERIDEELHSHONTHY REDER
BOEE(CH<FATNTND L EEDETH T /bR
LT.NaBH:CN¥NaBH(OAC). 2 EDE RURETTEIZREWLT.
RISRPTER LA SV DPREEZERITTT DBorch& it ¥, +
BOFB7 VT D LEKRRELUTKRBERS CRIGEST
Sleuckart-WallachitwLeuckart &’ 415N T3, &
SICAENIBHAELT. EREBMEEFEL N FB7VEZD
LZEKFRENDERFEEUVTCHERTZHEREINTLSY L
MU CNSDRIGIFRIGEIDE PR, TENICRETHRR
SRR EDEBEETU TV L FTNSDREIEEFRT N
KERBEIRG CHREN DMENISRTN T = /{bEETSE
EME. Ir-PAEI-QNERIF L2 (K1),

Ir-PA cat. Ir-QN cat.

NH; HCO,NHy o HNRYR* Rs‘u‘ R
R'}\Rz AcOH R1J'Lan HCO,H RuiRz
primary amine  Solvent, 60-80 °C nt, 40-60 °C  secondary amine
ar
trtary amine
Ir-PA cat. Ir-QN cat.
ci=ir CI i, ci-ir, ci=ir,
N \N—@—Nm, {:H —@— m - o
Ir-PA1 Ir-PA2 Ir-PA3 Ir-QN1
Cl—fr
cl—u ci-ir, W S
O o e
Ir-PA4 Ir-PAS Ir-QN2

B FEREUCSEIEETN T S /AR

26 EEeeHRad

INSDEIRF. FEEFCFFBERIBZXKRREELTHL. &t
RPCERUCAZV(AZZON) ZEETLT D ECKIWIRT
BT IVENMENICEZDIENTE BiEL. SEEESEIL.
EWIRVWOBZ M. TESSRAEE WV o TENFIRISEU R
MEZ<ELTVWRIEDS, I—F—OEViHEE WL ZZ W)
TV, INSMIEDEFIF7FSILTHDDDDEREDLIC
AEREHT DD LIEINS DR [ S =E | fhiR & [
T2, CDHAMTZEREEU T HLF AR DERZSR M.
ZFORR. ZMENEEE 7=/ 7 )V I—)VEE RS HE ST
BHBEML-TU—IL 7 = DMRNBEREZRFR TE,
PUF . ZDOABZHILSHND,

| 02 FEMIEDHEFES IOV I
HFEM2- 7/ -5-XF TRV DE

HEEN 7 I VIEEERICBHTELESNBLEWTHY.
BRLBABFEHANMESNTVDDDDEEBRERIEFIR
VIR OFHAZVFRFIFIVERABLTHE. N2
TFUFFERNIOETI 2755 QBFR LICHFERREIR
BEEAUCHE IV AT UL BRNCOETI 9T7EREN HD
(H2) . U L. INSDERETIEHSH U A IV ZR/RT D
WEN GBI THDEIIFETSNIRW ., ZDIcth. FFELI

PG PG
HzN b -PG
-H,0 R™ R enantioselective
®| reduction
o NH;
RJLR' R
A A A 3 ste
@ HZN*B N)‘a 'l‘g _I
-Hy0 R)LR diastereoselective R R
reduction

K2 HFEMRE—RT I ORRNRERE




BT = /AR DS EH L. AL Z U EEH5E T
BTAEEN 7V AR TENR. BHOTERBFERICES,
[FUSICBCAIFDIRETZIToIc. S E=BIr-PARIE Gl Bo(
FICTZREZEAUIEBRPLDDBTFBEZRAEITDEICK
V. BIRISTCH2HILIRZIVEDZE T ZIHL. &7 = /1t
RIVEENISETIE TV S, %UDTC&) Bl FZNFEMTR
DDICEETIHEICHVNTCH. ETTREZFHE T 5B FKI|1E
BB STz VIEIREI DFER . A Y /Z)bﬂ'\_)bg (= Ms) 7=
BIXEEER2-ETUV AR P ZIMNE (= PSAHEE
REAIFTHDIEN DD oIz, LIBE. (5)-Ir-PSA3ZEIFUsHET
B14UIDLEBAEIH-PSAT U —XZBEFEUE (B3),

| Q
Cl=Ir Cl=Ir -0
AN PN
N-R _> N N™ "Me
7 Jf’_ b [——
— o R= ar Ms
R
Ir-PA Ir-PSA
Cl I] Ccl II Cl I‘ Cl II
=l =l =Ir. =Ir.
2N / N
N NMs M NMs N MNMs N NMs
73 7o 73 7N
= — = Me —, Me
MeO
(S)Ir-PSA3 (S)Ir-PSA18 (S)Ir-PSA28 (S)Ir-PSA36

B3 BEFELIc A VYD L& (Ir-PSAY U —X)

RIBDEERSIHCAWSET IVEEYZERTET DICHI K
FEMG-7U—IL T ZVRICEBUC.6-7 -V 7 = VHEFE
EEHEEYICZ<LESN BRIELEYMELTIN—F VUK
SBEEOFIF Y MO DEFIRIOV, R—/V=0-4-EROF
VS—PHEEEIREH I vNRED IERRIE &Y E U TIERINL
RIEAESERESY AROY Y BIRESSEEVORY VRBREN
»3(H4)% CNSOANFIC2- 7=/ FhaUVEICEE U,

e "J(\ s EtO,C._.O
o 7T

HO Rotigotine

O “@

Amibegron

@NHZ Fam el

NH,
2-aminotetralin F  Nepicastat
N.\/\
0
H;NO. N ’(;
A 23 \/"“0 FsC. -
MeO
Tamsulosin Silodosin

M4 p-7PU—IV7ZUiEEER I 2ERRA

HZEE2-7=Z /TR SUVRDABREGRAFVNONRE
BIN'%H 2. 1) KroutilShw-bS VAP F—EZERITDFE
ZERELTVBH BRI B RCHEEENMEVR. BT
EARDER CERVRBEDEENHD”,2) CheonSH+5

WU VB EIR = ER UTcp-7 ZV IV EDET 7 = /BRI
ZERELTVDN MRS NS L . BffiiiHantzschT A5 )L
ZEERURBELTWDRICHA . BBEZRE T DEIEFRD
BEMZE#ESCANZARAWNT VWD RNAESE FORIEEHS', 3)
Bruneau5l&(5)-MeO-BIPHEPEE I F(CE I DRuthic= A
W2 EMRHIETTIN 7 = /ERISZFRSELTWV2D MIEEN S )
o 4) REFEMN- T TV I FIVTF U EAEEBEIICAWT T
roOVEDAZVERMURE. ERURRITTEI GEIT I 2F AN
MEINTVDN  BERERIGICEDIANENE . HEIEDR
EITHEKRD B RY  BREEDFIBRICK DFMEDE T
EEMEDETIMEIIND D ML EEE2- 7= /T35
KO NANGESEFIBRSNTHY  BRORMNATHREIN TS E
HMUTe, ETFIVEBELTCOF IF VDREITHD5-ANF Y
2-75Z0VMNZEFEAL LB OB #{T o1z,

BFUIZG)-Ir-PSA3EFEET VEZIAICKDE-ARF-2-
ThZOV(1) DEENAZETN 7S /M ERINESE I ZDD
DVEFRPESEZHETH DI (K5)  ILHEERENFEIRLGH
FeDIF AEEICT N BEBDO I U FAEE#FI T 8EH
DOYTWVWIRDSIefehEEZSND ZDIesh. T BB &R
DABFRBIBAUNDEEEZ AEFFEIFZANDEICUT,
FUSIC. AF@HEBIEUTRASNSAEEE1- D ZILIF
WP EZUEBWEDDD. V7 AT UABIRE>EN ol 7T
ZIVIFIVTEZVUMNCE  AEEER TS/ IV I-IVERTR
EHBBIEVTHERINTLSEIN G2, 2T T AFE MR
TJxZIIVTUY /=)L FelENY S —)bERWNEET A, (5)-/\U
/=TI T RT U ERMEN67% deFk Tral_LUT,

o (SHIr-PSA3 (SIC = 500) ]P-d'
. _ i HCO3H (3.0 equiv) ~Aux
+ nitrogen sourcg ——————————
i MeOH, 40°C, 18 h
(1.1 equiv}
MeO 4 MeO 2
nilrogen source Fh Ph
a) H
HCOZNH; H zN/k N
(RF1-ph hylamine (SH1-ph hylamine
58% yield 88% yield 72% yield
3% ee 29% de -13% de
Ph Bh j:/ ~
OH ~_OH OH ~_-OH
HZNJ\/ HNTT~ HaN HNT™~
(S)-phenylglycinol  (R)-phenylglycinol (S)-valinol (R}-valinol
99% vield 78% vield 47% yield 72% vyield
34% de -25% de 67% de ~53% de

Yield was determined by 'H NMR by using coumarin as an internal standard.
Diastereomeric execess (de) was ined by chiral HPLC analysis,
21 3 equiv of HCOzNH, and 1 equiv of AcOH were used instead of HCO;H.

M5 IEmMBIFIDRE

FIE T2/ 7 =VRAEMBAS BB DREE CH
BNCVS - D)V IFIL7 IV ZRAVEE. KRS &
RIS KHENREZRRE T 21 BILRHFICALERBREEN
BRONBEEN HD. — 7. 7=/ 7 IV IA—)LRAEHENEID

B BIERE CHEIBEZRETT DO EITRAICARER
EREENMERDND LRV, SIS KRNMERGZLEE

2/



LRV e o MERBEIREDIFHERFZNEEURVRTIE
. ERENCOHEHVAUYNERDES X 2.

H5DIERE. Ir-PSAYVU—XDEAEETF=/7I)IVI—ILFR
FEFBEIDOHANFEICIERT 2EER . AFREBFIZ G-\
U/ —)VICEEL TR FD&EE(LZ{T oz (R 1) . (5)-Ir-PSA3
DITTZIVEZAD T IVEICEBUIZ(S)-Ir-PSA18(S. ARl E
WRE<ELL. BEE/MEEILE(S/C) = 2,000%4THIE
83% CENMESZI=(FK1, entries 2, 3). (S)-Ir-PSA3EIF
DAERRZEIURALUTZ(S)-Ir-PSA28I3. V7 A7 LA ZIRMED
76% delc@ EUIeCECHR . AILRZIVEMBRTTINSEIR
IREDHTHEVSENIRFEZBLUTVLZ(ERT, entry 4), LA
U PERIF83% & Al E M DE CED RN B ofc, T=H
IR DIARNS. BAITFOEUY VRDAMIICETFHEHEZE
AT DT EICKIEEEENE LT DI EN DN >T L. ZD
1z Ir-PSABMEICH W T HREIERDMRZHFF L. (5)-Ir-PSA28
DEVUIVERDAGICANFVEEE AU (S)-Ir-PSA36 %5 A
Ufc. COIRIE84% delBWI P AT UAEIRMERT IS
T13<.S/C = 10,000 VWSO TH R ERE CTh RGN RIFIC
ETT2EVEIEMZRUZ(RT, entry 9). X2 . KZZD
BEDTORBERL RGN ETT BT EN D BERBKELZ
MHEBEUVBVWITENICHAALLITVEESEZ SR, entry
10),

X1 AEOREL

+ :

MeO

Ir-cat.
HCO,H (3.0 equiv)

MeOH, 40°C, 18 h

1 (1.2 equiv)
E OH
MeQO 5 MeO 4
yield (%)
entry  Ir-cat. SIC  conv. (%)) ————  de (%)"
2 3
1 (S)Ir-PSA3 500 72 47 3 67
2 (S)Ir-PSA18 500 »g9 93 [ 64
3 (SHr-PSA18 2,000 a5 83 trace 64
4 (S}Ir-PSAZE 500 24 83 ftrace 76
5  (SHr-PSA36 500 >99 95 2 84
(-] (SHr-PSA36 5,000 >89 96 1 84
7 (SHr-PSA36 5,000 98 96 2 85
8% (S)}Ir-PSA36 5,000 29 89 2 80
9 (SHIr-PSA36 10,000 a8 1] 2 83
109 (S}Mr-PSA36 500 >89 89 8 84

! Yield and de were calculated by chiral HPLC analysis.
} Reaction temperature was room temperature,

¢ Reaction temperature was 60 °C.

9 Solvent was MeOHMH,0 = 10/ (wiv).

EREIR(S)-Ir-PSA36ZAHWNTC. . cdshTHELE 7=/ 77)Ld—
IVRREHEBF EDHFEHEDREE L ZEIT o2 (R2) BLD
P/ P A=IVEFHALEEC A, (S)-/NU/—)LEES)-O4 Y
/=L RBENCY 7 AT U ERMEZERUE (R2, entries
3, 5)o CDEE, S)-NU/=ILDFHHITHNENEL . TIE
MEOZMTHoIefesd. (5)-2-7=/-5-AFV TSIV (4)

78 mEmeesRat

DEITBNTIE. (5)-Ir-PSA36E(S)-/NU_/—)LDEIHED
BHARECHDEMERUI Fe. (R)-/NU/—)LP2-F= /TS
/= ILEEBRIICA VB SICIHBREDFEIB UG > e &
S AMERICEVTIIAEZFENEDI A EMEDII A ENE
FWRIIERITBDCEICEIIBVI T AT U BRI FRIBUEE
EZTW3(F2, entries 7, 8),

2 (5)-Ir-PSA367ZR W\ i E DA S MENEID&ETL

(SHr-PSA36 (S/C = 2,000)

o] . HaM ~—"OH HCO;H (3.0 equiv)
R MeOH, 40 °C, 18 h
MeO 1 (1.2 equiv)
H HslOg (3.3 equiv)
N ~oH  MeNH; (12 equiv) NH;
R MeOH, H;0, t, 18 h
MeQ 2 MeQ 4
. s .—4
entry chiral auxiliary yield (%)% ce (%)
1 (S)-alaninol Me 85 72
2 {S)-phenylglycinol Ph 93 56
3 (8)-valinol Pr N 84
4 (S)-tert-lzucinol t-Bu 89 &2
5 (S)-leucinol sec-Bu 88 84
6 (5)-phenylalaninol Bn 93 76
7 (R)valinol i-Pr 82 -8
8 2-aminocethanol H 79 ]

) solated yield (2 steps from ketone 1).
5 Enantiomeric excess was determined by chiral HPLC analysis.

©)-NU /=)L EAREFFYFIE T BD5-AF-2-7550(1)
DAFRTNT = /MERIGDRT — )L 7w P 7EEET Ul (K6)
MRS TE R EREFAS/C = 5,000& L. EE150 g&L
STRRT =V TR TIFH 2N INRT — LB EEHRIC18
B CRIGH TEEL. EEMIC82% deDETIHR2ZS5 X 2. 5%
WTORTH2Z MY IVBIGICEE L TBRERBRUICETS K
PRGN )UEEIE2 TSOHN B SN e, ZD& . BI DR
B NUDAICKUHEBEZREL. BRI ZR T EZEH. KX
FRTHERRIR(S)-2-F = /-5-XbF 2T RSUVIGEEIGR (4-HC)7Z
FRUNEET 2% THUF LTz . CORBINERIF T < DHIBBR4HCID G
BEELTCRDEL RNECBIFIMEOFIZRLTVNS . &
SIC. BREEBRICKEVE-HCUIZSENSIEREFT ppmllTE
TRESNTHY  AFEGEREBPEAED TENREEEL
THENTVDEHBILTWS, R MED I AN F4-HCIDE
SR 1% E B TEM TH oI EITHAAFAICEKD

(S)Hr-PSA36 (S/C = 5,000)

O HNo_~oh 7 HCOuH (3.0 equiv) TSOH-H,0
. !
MeCH, 40 °C, 18 h recrystallization
MeO 1 (1.2 equiv)
150 g scale
H TsOH NalQ, (2.6 equiv) HCI
No~on  MeNH;(12equiv)  HCI NH;
P MeOH, H,0
viv=1/1),1t, 18 h

MeO 2. TsOH ¢ ) MeO  4.-HCl
75% 72% (from 1)
99% de =89% ee (Ir. <1 ppm)

X6 RT—IL7vTER



4-HCIDRBEMAS St R E R U THBH TR T ofc
CENS AFAFEENCHBNTNDES X 2.

|03 | zmEmme

AR 2-ThoOVESKIO T ZIL7EhfE8E RN,
BREEPZOBRABICISTRIFICETLRE(K7)./\OF
BV BTSN IVINOEYPY 7 /EZEIEED. 20D
BREENBROND T &R ofc. B EUI P FF Iy
BREDNTOEETRZHIDEE Y. MERMICBVTHEEER
ERUPT VM ZERT RAIVIRY R0 T/ — )V KEBEZ
BIZEEERAVTEBEENICRIGIETUIZ BB, CDRIL
N7 ZREZD DHEF M7 = VIFRINIRIEXE S BRI A
20V (NILF =L ) BRICBIT2EBEFEATHD. U ED
KOIC FFEUCMIRICRAEELS- 7 U—IL 7 SR ER
MICEMTDTEN TEeo—H . @-FU—ILT7ZVEIFEVY
PHIECES CTEIZB DD, M EHFERA THofc TNIF. O
BETCHEIAFHBEEETTDAZIV(AZZUL) DIMFEE

Ir-PSA cat.
chiral auxiliary (1.2 equiv)
HCO,H (3.0 equiv) X—/ |

/ o
Xz |
= R MeGH, 40°C, 18 h =
1
o

HARELERUNEDEANEES NS CEICEERLU TS EHE
AILTWV D Ffo AFAIF BT T S /RS < A&
BEORERIND2TIEZDVIRYNCERIT DT EHURETH
2. 7=/ 7 I—ILE6DKBEN B RBE N RERGE
P RARELEDO TR CTRRENBZLBDHERETIE. DY
VRYNERICRRETIEZ B CTED.

. H5IOg (3.3 equiv)
ToH _MeNH; (2equ) | AN N,
R MeOH, H,0. it ~’ R
4

OMe
oot oot oot oo™
MeQ F

(SHIr-PSA3E (S/C = 5,000)
(S)-valinol

Isolated yield 80%

82% ee

™
Cl

(SHr-PSA3E (S/C = 1,000)
(S)-valinol

Isolated yield 86%

82% ee

o
HO

(S)-Ir-PSA18 (S/C = 5,000)
{R}-phenylghycinol

Isolated yield 88%

7% ee

NH,

(S)I-PSA18 (S/C = 500)
(R)}-phenylglycinol
Isolated yield 87%

98% ee

(S)-Ir-PSA36 (S/C = 5,000)
(S)valinol

Isolated yield 94%

86% ee

Q0™
Br

(S)-Ir-PSA36 (SIC = 1,000)
(S)valinol

Isolated yield 86%

82% ee

MeO. NH;

HaNO,S

(S)Ir-PSA18 (S/C = 5,000)
(R)-phenylglycinol

Isclated yield 95%

5% ee

NH;

(SHI-PSA18 (SIC = 200)
(S}phenylglycinol
Isolated yield 57%

93% ee

(S)Hr-PSA3E (S/C = 5,000)
{S)-valinol

Isolated yield 91%

84% ee

OOl
NC

(S)Hr-PSA3E (S/C = 1,000)
{S)-valinol

Isolated yield 93%

81% ee

| N, »-NH;
=

(SHr-PSA1E (S/C = 5,000)
{R}-phenylglycinol

Isolated yield 81%

0% ee

NH,

(S)Ir-PSA36 (SIC = 200)
(R)-phenylglycinol
Isolated yield 38%

99% ee

M7 2EEMAEH

(S)Ir-PSA36 (S/C = 5,000)
(S)-valinol

Isolated yield 4%

87% ee

MeQ \Q/\rNHZ
OMe

(S)-Ir-PSA18 (SIC = 5,000)
(R)-phenylglycinol

Isolated yield 96%

94% ee

m NHz

(S)HIr-PSA18 (S/C = 3,000)
(R}-phenylglycinol

Isolated yield 85%

891% ee

(8)-Ir-PSA36 (S/C = 5,000)
{S)-valinol

Isolated yield 83%

82% ee

mN Hz
ON

(S)-Ir-PSA18 (S/C = 5,000)
{R)-phenylglycinol

Isolated yield 93%

96% ee

29
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BT 7 I /MERIEDREEBNNRZFD2H. MR
R TH D705/ REENSERUR-IrEDE R IGZ
172012 (X8) - BIBRA TH B (5)-Ir-PSA3ZEAY / — LSRR,
ELNTRAE B FBZERAS L2 [T D RUR-IrEH A
HEBEOBEREUL RSN BMERA CRETDIDERUR-Ir

| HCO,H (5.0 equiv) ﬁu
Cl—Ir, Et.N (2.0 equiv H=lIr,
/ N Onms  _ CuN@Oea) y N NMs
¥ MeQH, 40°C, 1h y
82%
(SHI-PSA3 hydride-(SHr-PSA3

TH NMR in CD,0D
hydride peak: =10.4 ppm (s, 1H)

X8 ERUR-IrfEADER

HCO;‘

TR BU<BMRG THRIETIIRNETN I /1R
INCBITBDEEFRINEHETHDEEZI SN D,

W<OD DM IRERERE S EIRNETTH 7 = /(LR DI 756
KNS ARINEREELTUTOBOZEBREL TS (K9). T
BHBE[FUSHICRVEEERIRAE TH BT OS54 NEFAEF
BEDRINU. FEEIEHBNELUD . RIC. BRNTRBREERINC
KNERUR-IIFBCHEL S W T CH T b UIEREBIEIS
DA ZZDLNCERURZHIGL. 7=/ 7L - I)ILiEIlES X
2o REICAZZOULEDRINCTELTCAT A 2V E#EEDN F
ERIBTBTEICKUBHBET B, Ffc. BESNDILIEERIE
DFEBEEED1 DELTUTOEBZEZEF 2, (FUHIC, TOR
ZNUCNDOREHBIENRFE DI AEEZES, TLT.CHAR
HABE LOBREZEHITZENSAZZUARTA DD
B AEAIR OB F EAEMBEDILAEMERNICIERT
BTELKN. BVITRAT UL ERENFIRT B0

Ph

HN~ O

02 H=l
Rl H* o
G_(NM -H,0 rRAL
— Ar ] I
c

B9 MESNDRIGHE

|05 | smmimomnE |

5.1. KFEARZKFRICAVIETHT S /(LRI
BAPREUCSEIAZSORTN 7 S /ERRE KRR
EUTFBRICIFFBRIBDFEADNBM TH . UD UL BESDIR
BRIED'S. RN (CZBILRFRNFEE T DFBOREB LT,
KEAXNEATRED ZR/E LI RFRBIELTES-XF2-2-F
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1. o HCO,H (3.0 equiv) o
ROH HNT MeCH, 40 °C, time RAE’ e
8 (1.2 equiv) 9
NalO, {1.5-2.6 equiv)
MeNH,
R™NH,

MeOH, H;0, it, 3-18 h

10
/@/\ NH; ‘/\ NH, /@/\ NH;
MeO NC

Time: 24 h Time: 4 h Time: 24 h
8/C = 50,000 S/C=10,000 =
Isolated yield 82% Isolated yield 89% sie '_1°'D_°O 2
(as TSOH salt) (as HCl salt) Reaction yield 91%
O/\NHZ QI\NHZ
5
Time: 24 h Time: 2 h
S/C = 10,000 S/C=1,000

Reaction yield 97%"  Reaction yield 96%"
2 Yield of 10 determined by GC analysis.
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