FEe Ni(ll) s8E2FH 5 o7 I/ BRD
FEHB > ORI S EIEDBRZE
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ARG T L 720835 % TRdicm s,

1.

GBS B IKGEE

Bn * benzyl

Boc : tert-butoxycarbonyl

Et : ethyl

Me : methyl

n-Pr : n-propyl

B, SIS S B

Boc,O : di-tert-butyl dicarbonate

Chz-OSu : N-(benzyloxycarbonyloxy)succinimide
DBU : 1,8-diazabicyclo[5.4.0]undec-7-ene
DCHA : dicyclohexylamine

DIPEA : N,N-diisopropylethylamine

DMF : N,N-dimethylformamide

DMSO - dimethyl sulfoxide

EDTA : ethylenediaminetetraacetic acid
NaOMe : sodium methoxide

NiCl; : nickel(ll) chloride

Ni(OAGC); * 4H;0
THF

Z DthDIES

DKR
HCV
HRMS
MS
NMR

TLC

: nickel(ll) acetate tetrahydrate

* tetrahydrofuran

* dynamic kinetic resolution

* hepatitis C virus

: high-resolution mass spectrometry
: mass spectrometry

* nuclear magnetic resonance

: room temperature

: thin layer chromatography



B—E
EHACRFE RO EHIRBN T, AR EICHE L T b8 LA ORIRDT-0, K
FNTHIFERIERIRDT 2 VB, (T—F—AA T B Z BT 28 LW IAEOBEICI 358 B
DO TND, 2 BIE, RIRRORZ I0&TRN B2 < OF LWEEZ AT 57 X/ IRAHEES
NTHEY, ZADLICKH L TINET “HERRT I X “IEF o IHET I 7 L) HIFEDC
TR EZ DN TE 72y, 98 Z LT T RR D IRELARNTOD, BIZE AR E LT
MOND 7 v RFEFEETT I BOMAEMIZ L > TEREND ZEAVRINTEY | ZOWAIEL
Mg D HEEN R AT 620 3 Zhilg, BRYIZS CTREIIICT A L, BRENZ &0 9 BIRT
T =T —AA KT I LW EENEESITCN D, VDI, NTTF RE—R L L EHEK
SHOOFEIERIT, A OB LWESRL AT A T2 DICBEL, e b AL CRENIIRF SN D55 CTh 5,
BUE, 77— 7 —AA RT XV BIEASNI-ATTF K7 a V% ERAT 050, KRT X /BT
FEINIATF ROFMENREFH)72UE TOI8R (RABER TONMRRE) 25k T D 72DIZIR<H]
RSN CND 7 7 a—FThod, 7—7—AA RT7 I/ WA AWTZHBIESE & U COREEMEIRE
<. lt, Jb Ak Lzl & LC Boceprevir (1) & Telaprevir (2) 23817 535 (Figurel) , & & b,
T =T A A FT XV BRERO~TF FYEEHRGT, A5 HCV a7 7 —Rigta A LT
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Figurel. Ht HCV 3£ Boceprevir (1) & Telaprevir (2)
Z D%, Telaprevir (2) 13 KETOMRGEN IS, KV ENTIEEZ R L7eds BIAEEHEO 7
A NV AEEZ R HRT HOV BEDMHRWTRRAT S, ZDOWT SN EWT 7 n 7 m /N7 3

SRR tert-1 A VU EDT —T— A A RT R ) REFRIZE A TS (Figure2) , ©
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Figure 2. 58R[ S7z HCV 7'u 77— FHEA

F 72, Degarelix 3) (% R)-F77F LT T7=2 (RAEDT 2 /RIE, DT 2/ BZFRANT,
IERIODIKDT X V%R T) 28325 6 DOEERT—TF—AA KT I/ BEEATH
LRV RTF FEEKGLTH Y, FEFITEN TR AR Ve R Ve (GnRH) 283K
FHEHETH Y | BHORNIFEOIEEEE L LT SN T\5, T Degarelix (3) LISMZ HIELIOMERE

% 5> Abarelix (4) X° Cetrorelix (5) HFZAIZILTEY  (Figure 3) . AFERIOFHII LA Y,
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Figure 3. GNRHZZZAARBH A
FIZ, XTF Fae_—2 & LEEREGLBNI S, e xIE T—T— AL RTI Ba7 77 R
¥ b & L TEUEE RS TS AFET D, DPP-IVBHEAIOHERFEE Saxagliptin (6)i377 %
CUFNT N RAL )T ) LEFEE LTINS, 8 & 51T, HTTADAAIDLacosamide (7)E D-

O-AFNEY 2T/l BRI EED 20y (Figured) . °

P opy

MeO/

Saxagliptin (6) Lacosamide (7)
Figure 4. Saxagliptin (6) & Lacosamide (7)
PR, RERERZED TODRERTF RESL M T 57 X /OIS, T7—F—AA

RT X VNG ENTEY | KT F FOBF L &L HIT, T—F—A A RT XV BROTEENMET &



Bz bbb,

—T—AA T 2 EBEAWTESRRE B 2 DB AT Ok 4 7o 25D o7
J B AR 2HRT 7 e —F OBIRELIETH ) | RO T bIER STV DIERER
WFED—o L 725 TN G, U

IEOBEREEIEDHEANC LY | STIREICHEHEREED o7 X/ BETH AN ATREIZ 22> T
%o —H T, BHEOFMECHIEL T2 o7 X /D2 A hOIE UIE USRS QOB 0038,
RTHY  BENOTETIZS T DA =)L TRRESNDHAETHR ) EHR b D Lp>TnD,

- TC, MG L a2 FORBIL, BYEN LWAROEL BUNRHETT 27200 FER 7 7 7 2 —
£ TS, FHT, FEAMZRBINERE (IR E2 6 L7y CRRSIBRICLE il A
M2 &S BE ERTEOIENGAE T C, SEREIMEZHIE L7203 5 @milCE TR Z 155 2 L 73,
BEOFERWRYEOVETH T 5 2 L ITFmOAHA 2, B

DX RO FICEE LT — T —AA RT 2 BOZRMM CEMANREIEOMN 2D S LT
WFFEIZID AAA, ARSI~ 2R A% C, B2 A BN 2835 Ni(ll) S5 SR, 37
RERME TR AEET < /A 5.2 2720 T < | B BIRTERANCEILTE . =2 A MAClESR
IEITHE TE DM ML P RE L 0D T L B R LT,

HOET, BEIRMTATRG R oo 7 ==V F AT I L 2272 ) T 2 ) b
XD N-TAKNVDXE T AENIAN, 7V - 2y 7HEE Ni(ll) $5ARIE-BR, 2ER5E1
FZXZ V7 4 —%2F L, G 77 b 208 HTLX 7 Ul - L 700 9 2 2 & &R
L= 372bb, ZNSHOENFE 7Y KO Ni(l) HEKGSED L, VT AT LA ~—Lhi#
Do HIREMER I, ERIFTDOX T VT 4 —ITLERT AT,

o, TOVT AT UAw—LlE, BRI HAOEA S B R ITRFT 5 2 LIRS
iz, SRR, X BT E & HIC NMR, FELEERIEDRERIZEE SN To Tz, ¥

BT, BOFmIIBWTERET EOX T VT 4 =N EERBSARBE LN, £ 2nHE 5
72 % BRI SN ARERDMF DT T2, EORFHBIIEE FWC, HTHI e 7 = =V T 5

= DAEFE D T2 O DL 72 FHEZ DWW TR A R T2, T b bf7e (S)-a-7 = =/L=F L7
4



JVEFIA LU CEHE _BEORETRMNF2 6L, 7EIROT7 =17 7= L OSSE, Ni(ll) £
KEBR LT, TR, U7 AT LIRS (S)-EBAUC 7 ==L 7 T =2 Ni(ll) $5K% AR+
HZEMNHA L, FRODRE 7~ 8T T 4 —THBEL, HiTC S)KRDT 2= T T =
EETYT AT VAT Ni(ll) SEARZRAMESE T CofiE L T, JermilciifZe (S)-7 =
AT T2 (L7 2= VT 7=0) EikUc, £o, SR L RIRICR 7 VBN HIEINTCE 5 2
EEMER LTz, T COMSEMEIEEICIT) 2 N TE, #o T, Rra-7 ==L F /LT I
R LIZ5E, R-IEMIC T = =17 Z =2 Ni(ll) $5ADVER L, 2 ettt T oy s
T T TR R)-T = AT T = (D-T 2T T =) AT A LN TES, A
HIDT 3 BRI HEEIER TR S A T2, ZOHEIEI/ 2= 2 MERIE L 72 5 WTREMEZ R L
7o B

BT T, B CTOMRLAE S ST A %2 b ORN -2 BRF L. Zhas Ni(ll) sk
BT 52 LT, EBEE o7 2 RO T & IKIRAMO BRI S3E] (dynamic kinetic
resolution, DKR) (ZHfl C& 52 L2 R Uiz, ZAUTEEGRGET 2 DT & A0 DKR AHlEHC
(L7251 C1T 5 BB & B 7p S, BERBISOREIFRIRTT 5 2 R T&E 5 L,
DKR DOFUGFERIT N a-7 2/ BRD SIR OFAZABUC LA PTRETH 0 | A X 57
70 —F TIIRNHEG MR U TOHEEFTRE CH D, FEDT A o LI R AR Ol 1%
W7 a2 B OF T VT 4 —%HEFRF LT EE U A 7 VATRE T, RSB EBfEETH D |
R =T v T HARETH LR E | SERINMEFRIEEE &7 LT e, ZOHFHZR DKR 12K 5
AR, WA & 3 T VODMHELE L2223 6 $EARDS I b -2 B a5 2 =— 2 72
HLOTHD,

AR T — T —AA RT X B~ OISO ATREM A MG 2723, BAFS L7 Bl el A~ Bohr
EHWCTT Y v - 2y ZHFHD Ni(ll) 85RO RSGE-RFRE S TERSUGC~DIHZ i Uiz, & DOfs
R EHBOMBEEEEHT D o-7 X ERD Ni(ll) $5ADERTE 2 2 LGRS, A Ni(ll) 514
DI B D RO R R ST, Y



BB o7V FANT I UENFERWD T Vv - vy THER Ni(ll) $EERDERR

o-7 X /PR (a-AAs) DERIHEFEITE > T, B < BN —7 > hD—DLipoTE
720 -7 X /FED RCHNH)COOH = h&AALT 2 5L, FERICEHMICEER S, < ot
WIRSITND, B EZ AT D RRHDWNET—F— A A K7 X/ gL, BIERIHATREZ2 71k
A L CARRT 2 2 EMNTE D, B9 L0 R iE R b Tn 5, #%

BERE STV D AERIEDZ 1L, BIIOXZ VT 4 — 50T 2L EE 2155 1201 by
BRI R AR EA VD AEMERIR A BRI T 5 2 &L TER STV D, B T &
FEOMIEIE, Z Db Rm RO CBIR R < | BB DA M K-> GHES LD, TR
([ZFBNT, o7 X BEDEERGET, BITE, b SR Tl DA L Y H 5 0T
7. %67

WIBSID L B 2 —IZBWTh, a7 2/ BEOAKRO 7= OICBHERIH T & DR 2072
JHEE, EINZEA T D LTSI TN D, 8 RN L2 7 ne 2OEANEL, EiL b0
TEB BRI O FCHEITEN D120, BHFNTHDHENI 2L THD, ¥ o7, o7 2 /BEDL
PAREE BT DT, ERTEOBMSIINZ T, BEE TS o7 I /RO A MR
Z B TRITIUTZR B0,

WANWARF T VR O RO T, Y v Ty TR (Figure 5) @ Ni(ll) &5
I 8 13, FHEROPGERFIH O FTREMDHIRF CE 2 DD B 2 FF> T 5, 18 KT,
Ni(ll) 81K 8 D/~ AT VI L BT FUE, B 7L R—LE, 8P < = e )G
2 BROYA T UINEOGR B TR T, FERRUGEIR UTITH 2 M TE D720, EHR

S HBR SHVZHRFRRIC BISHIBIZ RS Z L TE %,
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H ; N O (0] N O (0]
N T g N T i’ T
| |
oo N N /N /N
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R I I
R Ph
X
(S)-8a,b,c 9a, b 10a, b
8a; X=H, R=Me 9a; R=Me 10a; R = Alkyl
8b; X=H, R=Ph 9b; R=Ph 10b; R= Bn
8c; X=CI, R=Ph

Figure 5. sREZMEZ Y o L SR DA
it : Beilstein J. Org. Chem. 2014, 10, 442-447 Figurel 7»55(H

BlziE, 8c ~DT A MLEIGEEFIAT S Z & T, DPP-IV OB FHDenagliptingd B

ARG SN TEY (Figure6) . ~A 7 /UG ZFI L7z HCV 7'aT7 7 —EBRRER DOEEL

HREHAD SRR S LTV 5 (Figure 7) , ™7
oo O F O sy
C“« OO (A -°f°
T NaOMe 07N’ " "CHAT, _HaSO, O O CN
DMFG;GI\;e;): aq. MeOH con <_7
Denagliptin

Cl

Figure 6. 7 /L /L{LAZFIH L7- Denagliptin HfEIADERL

Ph
CN«) 0 Q CN\ 0 OCHO

CHO E N
0N N{‘ T _DBU_ O HoSOy4 z SOCl /\
OHC/_>~ >
O @ MeOH | "IN "COME | MeOH Sy Ncoyme
Cl 86.1:1.5:0.4:9.4
A~ 1. NaOH, EtOH PN TR I
Hy, Pd/IC s 3 2.BocyO, t-BuOH = § Xﬂ N\_)H(Nv
Boc,0 — DMAP, MTBE :
R &CO Me - = QCOztBU |:> )—NH O © |/ ©
EtOAc N 2 3. MsOH, THF H HN
Boc 4. (CO,H),, iPrOAC
89% (COzH)2 (CO4H), _N Y <:>
Telaprevir

Figure 7. ~A 7 VUG % 2 Telaprevir HIHAD AL



HATETIRNT T LEER 9 78801 10 818 § K& R AMEE R L, KRR o0 S EHOT I/

FROMER G INEAICHTE 5 2 LM RSN TND, 88 7 SEAWEET X BOAEIIAFE
FREBEIEE (PTC) (2

ZE DT NFR IR T UBIEE I T~ A T VARG K- TGRS I

o BN NSO EBWTIIVT LY 95 % LA EDOIER TR 23EIY ST

N\N/OTO kL J) o
{ Allyl-Br (2.5eq) HoN
2
OLN/ \ NaO-t-Bu (2.56q) = 1 D|sassemb|y OH
| - 2 ion exchange
O O DMF, r.t., 15min

chromatography 7 N\ (ref. 80)

TW% (Figure 8)

Bls/Mono >99/1
Yield 95%

./O (0] Hp \
N‘\l O (2.0eq) HO 0
| MeONa (2.4eq) / 1. Dlsassembly
"
MeOH, r.t., 10min 2 ion exchange HzN (ref. 81)
chromatography

OH
98% de
Yield 75%

Ph__~_ _N
PP \/\[f Yo 3N HC Ph
i T o (. N MeOH, 70C
\N 15mol Aa DBU O = A P, OH (ref.82)
| _ o NH,OH aq N n/
O O DMF, r.t. Ph 0
?

98% de
Yield 98%
o OzN/©/; .05eq) NOz  aq. HCI HO._ _O NO,
MeOH 70C
/ \ NaOH / CH,CH; rt.
N | - . NH4OH aq HzN (ref. 85)

93% de
Yield 92%

H?

o]

NOBIN : 2-amino-2'-hydroxy-1,1'-binapthyl

Figure8. 77U v o« Lo 738E Ni(ll) $5ARZFIH Licfiix 7 I/ FEARK

ZAUTH D BT, F 70 Ni(ll) $5(K 8 OPGHARE~DBEHIFIR S TND LD OHEE
ThsD, Ni(ll) g8k 8 ZHWHA, RERKAE LTUTO _fanZonsd, 1) KGHHEE

O Ni(ll) SEHAD S TR ONRWIEENE . A7 — 7 v 7 UIIGEITHERIGIENNEMEC 2 5
8



2) BN N7 m U L gREDSERHNS T2 AT 5 2 LI KV aFE L < RV D
R R DI, T AT LAEIRMENER TR, 2D ONMEE ik 572012, FEITLMT
& IEAVE LW ZUREHZ IV T BT COleER s o Ni(ll) S5z 71 o352 L
Z AR R 2 Bilaa LT, ZOMMSOETH AL LT, LM TEDIIAFTE DFEE o- 7 =
ST FAT IUINBFEE LN T D7) S oy THIEED Ni(ll) $5AEZ AR L7 ZDFT LU
7 U2 Ni(ll) SERDRHEIE, SARRER L7 WEERER NP OEFF> TR, D7) 2 DD
VT AT LA —DIREVIOTERUICTED Z L Th b, o T, fhf P T —2IHSL OT AT

LA~ — B DSR2 E & SEARSIRYE & DBIRZI SN2 Z L ETH - T,

fERE ELR
FTBAFE STFTHARD Ni B85k 10 (2FET 2R LR LT, 28 FHIFT7 VT e

LT -7 ==/ LT I)LT 2 U BHENNAHENT 11laf (Schemel) 27 A L~ “% U H
K 11a-f O& AT Soloshonok & 23BEIZHRkE L7- N-7 VX UGS OTFELR WS Z & T, 997 H

HIDBNF RS TGD T & DRI,

Br

L

o NH O

NH,
COBI‘

Ph Me Ph
Me. .Ph he he
\( N - N\

H R

NH; Hunig's
(s) base/RBr

= o = B

11b-f

R = Me (b), Et (c), n-Pr (d),
Bn (e), Ph(CH,), (f)

Scheme 1. & 7 /VEI 7 Ub-f OEHK
Hi#t : Beilstein J. Org. Chem. 2014, 10, 442-447 Scheme 1 /55| H

HEOD 27 U 22 Ni(ll) $ERDERIL. A% 2 —nh, 77U Ni(OAC) &RIEH ) 7 LITHEE
9



A Uaf 2Nz TIEV S 5 2 & CREIZERTE 2 (Scheme2) ., Ni(ll) $5AEREUSDORERE

Tablel T~

Me Me
Gly (5 equiv) R\ R,

Ni(OAc), (2 equiv) ‘N 0 0 “N

L “R K,COj3 (9 equiv) - \NI/
reflux in MeOH 7N

| e
C

11af (S,R)-12a-f (S,S)-13a-f (S)-14a-f

0]

R =H (a), Me (b), Et (c),
n-Pr(d), Bn (e), Ph(CHy), (f)

Scheme2. 7' U v - iy ZHE Ni(ll) 85T AT LA ~— (12a-fL13af) OERK
Hi#t : Beilstein J. Org. Chem. 2014, 10, 442-447 Scheme 2 /55| H

Tablel. 7'V o« o ZHHENI()EEA12a-f & 13a-fF DAL

[o]”
Entry 11:R 12/13 ratic? Yield (%)
12 13

1 H (@) N/A 87 N/A N/A9)
2 Me (b) 57/43 97 +836 +17018
3 Et() 61/39 68 1508 +12264
4 nPr (d) 74026 70 550 +10333
5 Bn(e) 76/24 32 +3036 +3615
6 Ph(CHo) () 67/33 129 N/AY N/AY

a) SUSIRAYD *H-NMR fEHTIZ X% b) CH.ClL, AR CHIE 15°C, c=~1.
c) N/A (Not Available) L5913 & DRI b afREd

d) SUSHTERES, JEIOB 23RN S 7z

e) N/A (Not Available) ~7 27 LA~ —3HBECE 2o T,

HHidit : Beilstein J. Org. Chem. 2014, 10, 442447 Table 1 7255 |/
10



FERA T 728D, T TORIRNER U4 FCO Lo, SINRGMEZAKITEE | Al
T 512 THNORGER AT, Tablel |ZR3 K 912, EHUL R ONAmE ST 5 &, K
AN TEREEPIRICE R 2% RIET 2 Lotz T70bb, &AL R 2% H (11a) & Me
(11b) OBFA ., BOGITIRHECoafE L, kbitd™ 5 Ni(ll) S5 IR G Bz (Tablel, Entry 1£2),
R UM FC, B R 2% Et(11c) & n-Pr(11d) OENFDATE (Table 1, Entry 3&4), 545
Ni(l) $EARDILRDIE TR 54077, Bn (11e) & 2-phenylethyl (11f) OBENLFDEETE. BISIEHE
BT, T2 Ni(ll) $5ARIIEIRIERTh > 72 (Table 1, Entry 52 6),

TNHOFERITT I U BRONRA g m S DU BB AE A S LTl 0 . EHRITEH
TE DICEEERT DI2DIITFINEDOT A A THLHRETHHZ L ZRLTWD, —F, 12 L13
DERRIZEBIT D VT AT UASRIRPETERSE R OV RS E S &L bizmbEL, R=nPr £720%
Bn JEOLEITEKRD T5/25 (ZR[EEL T 5 (Tablel,Entry4 £5), {1 H3X& Z LI, Entry1(R=H)
DEISTRB NH BIOgER 12a,13a 1%, KEEDIZITE AL OFRIRI R T eh o T,

AN IS ATE R EOR ORI BRI DI LT A A L0 HEE L, AL DMF,
DMSO., K EDOREZITIT & A R Lo T2,

FOSIFIREABICR TITo 72728, & TOHAIZEIEY (S)-14a—f DA Si7- (5-20%) .
ket (S)-1da-fid | MRS TICZ U B8k 12 X 13 oARRT 2>/ T — Lkl D
FOSICEVEL D, B9 LietoC, £V U Uafilfk (S)-1daf OARuL, fUGE MIRem T
(4TS Z LI &> TH CHAs kT~ Figure 9 1237 U LB AR D HEE RS HERE 2R,

b ) 2D, T AT LA — kG 12 L 13 OREREARIE LB
Aoz, & TOEAITBWT, FRVT AT LA~— 12 1%, BIAEY 13 ORE etk & g
LT, /NESREEEZ /R LTS, oML, kA% 12 & 13 (2R L7 LA OSLIRELE
DFHNHND Z ENTED, SEIOEROTT, PT AT LA~— 128 & 13e OMOHSELE
DFEEN D ThoTz, BEH L NN DNVELEN-0- A F AR DNV FOREEOFRLIMA, 128 &

13e DILIEEEIZEEE 52 THhDHDTHA 9,

11



NR, Enolization R S}
0]

i Gly base; Ni(ll) i NI T base N\N 0 |
O0”NH © - ;

sae ‘&0

O, from air R\N\_/o Y Elimination R
- i /N'\ I@ i N| @ —
0” "N IN o] \' N |N f\
O O ? o Ni(ll)
R
O
7
Cyclization NR> Dehydration NR

i o - . S<OH -, J:
(6] NH N z

00 ¢

Figure 9. 7"V L RREADEIA= T D HEE DSOS

W

VT ATUA— 12 & 13 DZOONERLD I BHO 1 Dl (S)-a-7 = =/ F LT I U
PR LTV D 728D, XEbatsEfiiric L 0 . FERW 12b OffkiliciE 2 e+ 5 Z L3 c& 5, 10
Figure 10 (i L, ZOMEMEEDY R BLBEOEFERFTLTH D (ScRy) METHH = & 2w
LCW5, LEER->T, ZoRDIEEY 7 AT LAEMA 130 ) 13, (Sc,Sv) DIERFLE &% %
biD, F7o. 12b OXFHEEMAT LV | S5 TAE Y ICFERITIT TR TR LA BN 25
Too YT 2 ) FL— MNERITER LY 144° FRIZH Y. Ni2-05-C10-C29 DR LAfAlE -
10.9° & I B FmEMNLDBEMAZTRLTND, Ny Tz )« FL—MNROI LD T ==L 1
Ol BELH K EDONRBER DT O B 86.8° FHAL T\ D, ZOBEAIL, 7'V v Hks
DAF L FEE A-H O TR A-H--H-Ar O % b/ Nz LT (Figure11) , bl
DX I, 4K 12b-e & 13be DX 7T ¢ HNAFHHCRKRE ZRBUMERH Y | kT D%

THITHZLNTED,

12



14 .4° deviation

85.8° rotation ' \Ni2 1T

>

5

Cc29 &5
C10 \ 10.9° torsion

Figure 10. (Sc,Rn)-12b Dbt
Hi8h - Beilstein J. Org. Chem. 2014, 10, 442-447 Figure 2 7z {Z:

\\ C29 Jou C1%—10 9° torsion

85.8° rotation \ 05
><N|2

TN

14 .4° deviation

//Nmnﬁ¥wﬁﬁ

O

H /M7M
ﬁ%iH N \H
et
(@]
(Sc. Ry)-12b

Figure 11. [FHAZE7- MDD FL72 (ScR)-12b DA EMEE -
rHHk - Beilstein J. Org. Chem. 2014, 10, 442-447 Figure 3 755

EHIT, b ) O EREATIMESY 12 & 13 DHNMRARY MG EIE SIS, FRC
Figure 11 2°5HH 5072 K 912, -7 ==/ FILT 2 FREOD A TV Ni(ll) -0 Efgefr s

INVEL TR, EFEEMES Y AFAEOTa oD X VIR~ 7 N AEKR E o T

W%, 10104
13



Tbb, AW 12b-e OFT_TD HNMR A7 MUIRBWT, ZOAFNAIIDT AT L
F~— 13b-e DAFNIFEDFT 7 b (22-1.75ppm) &L C, K (25-2.9ppm) (227 hL
TN, FERFIRERE R CHlT 2 &, a7 7 ¢ IUREEbEY 12 & 13 @ HNMR 7
— 22X | BIRAER 12b-e DOExHEEIESRY) TH Y | (LAY 13b-e ORficHiEn (Sc,Sn) ik
FETH D EFHTHZ LN TE, YLED L 912, BRIIARFTOLEATS 7Y 20 Ni(ll) kD

RBIEUZAID TR LTz,

ZDOEDIEIT, BB OBRRIIIEE LT RO Z & Ziimoid 7,

1) SH Ni(ll) S5EDOTAIRE LT S)a-7 = =ATF LT I U2 L, ZInbA U D UERE
FNEPINC L0 T ) v s vy THIACAN DT AT AR DN D Z L E RDTE L
72

2) Ni(ll) $EARERICBNWT, o-7 ==V F /LT 2 U DEHZ EOBEHIL R OKE SN, Emo
WRITITADRER H-2 | SHREFRPEC LTI 7 A0 7= LT,

3) VT AT UAEPUEEGH T OERIL R Ot A X1 n-Pr £721% Bn THD,

4) ZOFED Ni(ll) $5EOERIE, ST DT 77— MO LEIAEMNE T HDT, EDOERRE
BET 2 72 OISR S T CoEMT 2 BB D

5 fFoAz Ni(ll) SERDSMEZAE, ERAFTODRERD (ScRy) RAMESEANZAERT 5,

INBORRETTZ, B LB FZikat LR SRISIEN Lz, D OfERIZOVWTIREIS

FLl 2,

14



B=E N-TAXME a7 2= A FNT I UEMTFERVE Ni(l) S8k 27 8I&7I )

B

Soloshonok & =D 7 —71%, —#% 15 TRENDHHMOREZ: 7V o L ABAfi K% VD 5
EEBIR L CE 2 (Figure12) , 1 Z o7 Fo—F (%, ZOEEE BIEICE 2D Z L Thited™2 Ni(ll)

PEROSUTHE & BRI EZ R T X 5 2 & IcdH D, 1

Me Ph

R, R
RO\ / M

N 0__O ° _N.
R 4 Me H

Ni
/X
0” N ‘N 0 °NH O
@%R @)‘LPh

15 16

Figure 12. #rilAR skt 7 ) o L 25M0A 15 L BT 16
Hidit © Amino Acids, 2014, 46, 945952  Fig.2 755

ZOTHA L EIEHLUTERLIZY T R 16 137 2 VB0 77 RO T & J(LEe— )
T A O BSOSV G, FHONCEEI R B S DT, B0 UL, Bl 16 &7V
BT NIl S5ATERSOSIE, /iTED Figure 5 1R L7ALE) 8 <0 9 (THME L CarfklEE
DS Z LI KO ROSHAME T T 57200 Tl | IR EHERLS RO R EDHGER SN, ol AT
— T P LT BEDOBE R L DRSS 57 X RO H L Bl bR H -7, 10

ZI T, FEIE CE TR LEERO U H 2 RO Ni(ll) #5411 23 16 & B> CEETE
bNDLZ EIZERL, =) FA~—b LT T X RO LM AL BAEDIIIE AT, EHK
mOEEHE LTHHAWSLNAIEFRRUD R)-7 ==V T TF7=2 (D-7==LT 7=2) ZHNCLT

T DOFERMEE T LT,

FERE BER
EHI AFAEG T, MGOTT o FA~—2HMT 52 ENTE HILEMERET L, Bl

Zfli7e a7 = =V FT 2 VR 11b, 11e (Scheme 1) (ZOW TG AR5 Z &
15



Wz L7z,

B 1lbe 1T HT 522K, FEIKOD T ==L T F=, NiCly. REED Y 7 LDIEE
T AZ =) HS0eCTIESUGZAT 272 G2 Ni(ll) SR AR S Z A T Loehs
L7 BUSIRE 2 5% DEEEAKITIEWTRINZfFIE L, 27 ma A2 o Thlitd L TR 2157,

FOSARADDHT (H-NMR, TLC) OfER. B+ 11b OB, 32DT 7T AT LA~ —§k
2% 61:9:30 DHRTEREIND Z L0330 oTz, —J5, B 1le OFUSTIE K0 ERIEDN )
EL., 220X T r —TobbiRa BT 2 Z LR, ZOHEIT, 63:37 THY ., 3IDHOVT AT
LA BMERIL, P NOEMERE Th o7, Scheme3 12, OIS THAR L& 2 bR H4>DY

T AT LA K 17-20 Z7RT,

rac-Phe (2 eq) © Me © Me

NiCl, (2 eq) R, R, [

K,COj3 (6 €q) N, 0_0O N, _/OTO
11b,e - ;\ /Ni\ f Ph + J/i /N|\ ., Ph*
reflux in MeOH O” N Pl g o N ‘N
SO OC

e:Bn
17b,e (Sc,Rn, Sc) 18b,e (Sc,Sn,Sc)

WA

19b,e (Sc,Ry.Rc) 20b,e (Sc, Sy, Re)

Scheme 3. U7 A7 LA ~—g&(K 17be-20be DAL
Hit © Amino Acids, 2014, 46, 945-952 Scheme 2 72551 H

BN AR OSIIEFTON TR, XEAEEEEREIT, HNMR 7—% X ua 7T ¢ L
BRI S E R LIz, BlD . NN T 11e DORUGTHE DIV AR O Bk i 2 X

TERRAT LTSS, 17e OFEBCETE (Sc,RnSe) BliE Cdh D ERE L7- (Figures 13,14) , *°



Ph
g Y o
ph—L N%J
_&( Ho N=Ni=~N

Oy )Ph
ST
. V Ho
Ni(ll) EF D¥fE

(Sc,Rn,Sc)-17e

Figure13. (Sc,Rn,Sc)-17e ittt
HiH : Amino Acids, 2014, 46, 945-952  Fig.3 755 H

6-membered ring: relative up

phenylalanine-containing
5-membered ring: relative down

Figure 14. (Sc,Rn,Sc)-17e Dttt

FREORSAAEE N DHER TE D L OIS, ao 7 ==V T LT I ERED A FVHLT Ni JEF- ik
FRLE LTV D, ZORE L Y HNMRAAZ ML TY AV R 1lbe HMOEE (K15ppm) (2
FEAT, NI SERE TR L T-BRIC A DD B 70867 b (222 ppm) A9 5 Z LT
5o W Ni JFADLE, HDHWIEFINLET D A FAEEOERSGY 7 NI, ZOBOLEWIZEET 5 3C
BRCZ MG SN TR Y . H_FITBWTHRROEREFTND, LIeAo T, ZORRITARFIE
O stereogenic/2E R OMEXIELE DY R BlE T D &) BHEZ2 D 2 5,

EBIT LAY (ScRuSo)-17e 13, Ni JEFENDF L— MEAFEEH Th L& 22 > T

HRER, 14174 ([o]o®) &V RERBFDEEZ R L TWD, FHZ, 7==A T 7=v%8Tr 5 B

17



BREBHELICANU Y T = UEET 6 BERIL. 2T, NIOBNZEIZS L CTHMBNC ThE & &
BEINLE LTV D, (ScRnSo)-17e 12BN T ZDF L— MERDOWI ALTRLE R 25 | X L 2
L. ZIWDE L RERT T AFNEDFKR & e>Tnd EE 2 Hivd  (Figure 14)

KPR, 7 2=V T T = ORERIELED R AR CTH D22 HIE, 575 Ni(ll) $5AD R
IFATHY, ZORXIFFEREORE SR T 281070 D, 2 (- T, HLEDEILIT I /8
FRIED o MOAERIBLEZREST 5 —B& L TEBE L THET 2 Z L3k D, 156785t

WEE a7 2=V TF LT X ENED A TFIVEEDFS T N A Table2 1277,

Table2 27 AT LA~ —4E{K 17b,e-20b,e DELHENGEE & A F LD 7

compound yield (%) [a]o® 8 (Me)

(Sc,Rn,Se)-17b 61 +1711.6 2.22

(Sc,Sn,Sc)-18b 9 +1550.8 1.64
R=Me

(Sc,Rn,R:)-19b 30 -1634.1 1.99

(Sc,Sn,Rc)-20b 0 - -

(Sc,Rn,Se)-17e 63 +1417.4 2.22

(Sc,SN,Sc)'18e O - =
R=Bn

(Sc,Rn,Re)-19% 37 -1756.4 2.19

(Sc,Sn,Re)-20e trace -1880.8 155

L - Amino Acids, 2014, 46, 945952 Table 1 7>5 5|
INHDOT—HEADNT, BJOIALEYT X TOMKIERELIRET 5 Z L3 T& 7, Alb,
A7 11b OFUSIZINT, AL 17b (Sc,RuSc) 23R 61%, 18b (Sc,SnSc) 23X 9%, 19b
(ScRuRo) 7N 30% Tih-o7-, BT 1le OFUSIZIBWTIL, AT 17e (ScRwSc) 23LR
63%. 19 (Sc.RuRc) 2MUER 37% TH V. 20e (ScSwR) I HEMETH 5,
SN R ()7 == T T = 2D T-OE FAL SEUEDT 2 /A& (SeRnSo)-
17b & (Sc,SnSo)-18b IHEG L THWD Z N TE S,
DT AT LA —HNHFE 285K (S RnSe)-17D , (ScRuRe)-19b,  (ScRnSc)-17e & (Sc.RuRe) -

19 (X, BT L0~ bTT7 4 =X TEGIIHBET 52 LN TE, fidbe LTHELIVL, i
18



O OFEARIT, % Scheme 4 (TR LT AZHER 7258 A U COfiRSOa a1 To 10, 5 7 /WAL 1~ 11be
I, R 95% DLEC, 7R IEM D Z ENMREE B BND, B Em, HIO (S) KO

(R)-7 ==VT T =034 AU ARl L 0 S, T OUERIL 85-90% Th -7,

3N HCI
COOH
17b,e (Sc,Rn, Sc) PhAf +  (S)11be
MeOH
NH,
reflux
(S)-21
3N HCI COOH
19b,e (Sc,Rn.Rc) Ph™ Y (S)-11b,e
MeOH NH,
reflux
(R)-22

Scheme 4. Ni(I)#EARD/HMiE & (S)- BEUR)-7 = =17 T = OHiE
HiBi : Amino Acids, 2014, 46, 945-952 Scheme3 7551

REE, ORI DGR T AT VBRIV Y A SN a~ 7T 7 4 —IZ LD k5H
PUENT/R DR, Y AT RTORE L A Z AN TS, (5) KU R)-7==AT =
B IOEOFERE 109 FBEO/NAr— LGN T 55603 A & LU TUIEFITBE I TH Y
ZDOIFEEBHER T 2 RO T BRIV G ZHVE TORMSCTIRE SILTWD EDFYT
Tr—F L0 b ax MIZ 20% FRESHMEAMRIC 2D &L PSS,

INHOPIRZSERIT, 2 2Tl T 7 r—F BN ERR R BYAIC 2R 0 5D FTREMER H D Z &
TR LTS, L UERMEZED D7-0E, Ni(ll) $EAAER O AEIRIE O & 2R
rhEib, BHEO—fE, A —NT » TORREE ARG D7 EEAT O MERH B,

Fhebb, KAETITERFAIK T VT 4 —DHET D 2 & T, ARSI R A 042 &
[Z72 o> T LE TN, BN ZA L bG06NTc, ZDZ Linh, BN FOFmMEZAER ST, *
FNIRCHRIFIEDT I VAT 5 2 & T, B M FRIRTE A B LT & AU, EICERIRE:
D ENDATREER D D EB 2 v, & 2 CEHIT Schemeb (T L o7 AFrerl Py (3 5
DIT AT LA—WER) 71— (3 DDOVT AT LA~ —IVER) & R 2/ T,
b 9D LRE RV A ADOARFKIFPLEE L FBT L, IRERA DR 2 A 28872 Ni(ll) $5fko

e~ 572 5 B 2D T2,

19



50:30:20

=
=T}

AWFFE TG a7 ==V TF AT I ARFIRE UTHWIHRZRBUN 123, SIS
iR (S) - HDWNE R) -7 = =T 7 = 22l TR AR 2 7L LTRITE 5 2 &
o LT, #METEHE T, R)-(H)-o-7 ==L F LT 2 U EHH LTRE ., ZmCii© & 2071
EONi() i, T IRT X BREIRET DT CRISEIT L, BT L5, BRAEED 3 BECH
HIOIERIRILD (R) -7 = =VT T = MBS L <A5.0 Z LR TE D, RIERIRNAEN

Peera~ W75 7 4 —TCORBRENRETIZH 53, BICWRET 5 2 & TEMARFIEDRSIZ D

IR D IIBEDFHITZ,

NH O

This study

70:15:15

Scheme 5. 4% D EEH

20

pos
—_ OJ\NH 0
Ph ©/N\Ph

This study

Cl' Next chapter



FUE  BIREFEZAETLFHER Ni() sEERERIATFEE o7 X BOEHK

IXC®IC

Tt ROBNHEEFRISE] (Dynamic Kinetic Resolution, DKR) 1%, a-7 3 / & KER 7 —/L
TREET DR BRFNRT 7 n—F Th b, M Fikan R olL, ZonTHE, SR bEERIE
X7 T —TFRFEE o TR Y | ALFRIFETEREC L EE o T D, BTG, fLFRNCE
NOWREIETH Y | SUNTANEDR > Th, A7 mE AXFERNIIHEZ eWEEFma R hob
DINZNDONRBURTIH B, 11610 BRI, BERRUG D/ — M7 B B T liZeaddi s
E L, M 3 U CREDENZRATE CRADT I BRERIL L TV D, 1 AT, BIs FHMECE D
FEROEENEOFE N, 120 S IR AR AR TE 2 K D120 | GAETIETEE
AAfeL b &L 5 & a X Mo T 5,

ARETHE, U EOEROY LATEE COMRELIET, BRED o7 I /BT & JROBHE
FRHISYE] (DKR) 24T 5 I DRF MU ST R OW TR %, FHEI, i TR RRIEI
v, FERRIEO B HEERFUSIRTCE DG o-7 X IO FERRREE IEORIRAE BAE &
LT, FRZAF RN A OBIFEICIR ) M AT,

EA DR TR BON - O D3 7 1 A3, U0 2 b — L NSRRI
T D LW RO T =—2 TEERIEDOH 2 H1ETh D, E£12, AVeF Iy —2 L LTo

AFENEATTERIZY YA Z AV HRE T o Tz,

EECRGET X /D DKR IZX 228U, (BRSNS H TR DT X/ syE| &
HHEZ L THE VBRI TWRWSE TH 5, B IR ETIX DO IHED LT HIL TN D,
Figure 15 (TR 3 XL 12, —2IFF Z VBN 23 DISHBICH Y | 12t ¢ 5 —oiF F T LT
T 24 RIS 2ETH D, 2 ZnbDIEEMIE, W< DD ZA T 0 o-7 X/ BRTHMTE D
HOO, FETHIRBAOND, TR0, ENODOETEARFEETHEEX 2013 Tidke <,
AA3TeNHARIEINE L DG BN O T AT LA~ —% BT 2 BN B H R Th D,

BHITT—T— A4 RT3 BEBHKT 5 bOTRFAREORR Mk LT, 2
21



Figure 15 (TRTZ A 7 24 OF T ARULF 2 INDT 7o —FITHEINCID A TE 72 (CF,

L

NH O
e 0 C
Sl T
R=Me, R =H
R=H, R'=Me cl
(R)- or (S)-23 (R.RIS)- or (S,R/Sy)-24 (R)- or (S)-25

S

Figure 15. #3877 X / kD DKR (W BV BEENOBNF & Briifichi+ 25

FHACENIR ST DxF > FH~—DHFR)
Hig4 : Angew. Chem. Int. Ed. 2014, 53, 12214 -12217 (Figure 1) 7551

EADSHTEE ORYEIZ I Y AR i FE Tl L 72D 5 H—2l%, B 24 @ stereogenic 72
T DIFAE T o7z, & 2 TIEERFF LORFDIZ0H, FIREIRNARENMR AT 2 LT o7,
Z ORSERRRA AT TS LD T L — 7 20— & LT FTR CRBIBOT I U EHT S 2 L
TR IR 70 0 Bl b C&E 2200 LIV E W O RERICRE L7z, L, 20
FEDBNLF DI EFRPZEEN TR BTN,

LT WL ODD C {FIBD 2 #7 X 2 E AW TIARIFHZR IR A T TR R, BTl
ToREEZ LD | FHTE R (FT7F) TIUnbiFESNL U N 25 ZHWTEta1To 2 &
ZEME L, EPE BEE RN T 2 T T I VR OB FIER I L. T aET R
T REZT & b= F VUSRS, RIEB ) O AOFHET, BEROFETER LI 7 F v
TEEUEMR CTRISSED Z EITLD | P18 RER 7 —/VCHIRF ORI S BRI RAED=
FUFAT—BRET o7 QTRE : 87%) . £7o. BNF ORI OWTE, 7 /">
=/ IR BEEED Alprazolam OJFkELE LTSN TV 5-7an 7 I /Xy T ) v
ke LT, ZHUSEEIAA L D B 24HICAFTE ., Ni(ll) S5 EORISIES @ 2 & DR S

7ehbThS (Figure 16)
22



NH,

Cl

Figure 16. il N AR F-DERL
BIALT- 25 DOERITEZMNLTEIZOT, TEIRDOT I/ BREBNLT 25 ZH D DKR SUS

KD FE LA RN L7z, SN D b R

9
\ )

0]

3

Cl
(S)-25

RO &, EORERCRIE

TR M OMRRH 72 SN2 TR & 7 2 93 L 7o, Bl b SIVTZSUGRIFIZ OV T Table3 (2E L ®

77

Table3. UH K ()25 BLK R25 & Tk AT I /e OIS

908

()

rac-o-AA 26 rac-a-AA 26 O S O
(2.0 equiv) (2.0 equiv)
Ni(OAC), 4H,0 Ni(OAC), 4H,0
NT 0.0 (2.0equiv) 25| (5125 (2.0 equiv) NO O 0
L M, ﬁ K,COs 7 K,COs i M, :E
O" N N ™" (gequiv) Gequv) O N N
phR MeOH MeOH phR
60-70 °C 60-70 °C
Cl (RaSc)-27 Cl (Sa.Ry)-27
: : 1 (0 Ratio :
Entry Ligand 25 rac-AA 26 Yield (%) (SRS Time (h)
1 (S)-25 Trp (@) 95 >97:3 24
(5)-25 Phe (b) 86 >99:1 24
Phe (b .

3 (5)-25 Tesy o1 >98:2 24
4 (5)-25 Ala ()@ 85 >98:2 24
5 (5)-25 Val (d) 80 >96:4 27
6 (S)-25 Tyr (e) 98 >96:4 27
7 (R)-25 Phe (b) 95 >97:31 24
8 (R)-25 Ala(c) 85 >97:30 24
9 (R)-25 Val (d) 01 >97:31 24
10 (5)-25 Phe (b) 94 >97:3 2201

[a] HEERITPFHIHPLC /T OFERIZEES< 0] 10gA 7 —/LCORE fid3ERIE 100 mg~800 mg
[c] RS):RR)DILFHE [d]AladiE, SUNREEII fRERET H728 40 °C TfT-7-

23



FOSOHET & SIS E ORI Zifim g™ D 728D, FHA TG E L TEEREDT X/ rD—o L

LCRUZ 77 %ED (26a; Table 3, entry 1), HPLC/HTIZ L V) BUGORFREIZ b2 HIE L=,

—t—(S,,R.)F27a

o ——(S;,Sr27a

§ —%=(S)y25

Z 50

.0

s

0 A A >
0 1 2 3 4[h)

IO B¥fE] reaction time
Figure 17. Ef71- (S)-25 & rac-Trp 26aD i DRFHIZE L,
Hi#l : Angew. Chem. Int. Ed. 2014, 53, 12214 -12217 (Figure 2) 7>55 |

Figure17 (2R Z &N T&E L L9, FTMEUNIF (8)-25 1, ZEIRRNY F h7 7 26a D
R IRE L VES G, WEmRINFAESI E LTOT AT LARMIK (SyR)-27a & 5-%7-, 2 —75,
(SaSo)-27a HHIHNCEIAET B3, K & & IR L&, T A7 LA ~— (S3R)-27a
ORI BITE TN LT, T70bh, 202 Eid (SaR)-27a BNEIFNCHEE LW & %
R LTS, IRE oy ha—Ud, 1RE 4 Bk S, 245D (SaR)-27a/
(SaS9)-27a DEEFIE 99.75:0.23 L72h) . X T MBI (S)-25 1XFEAITIHIL . 95% D HEEF (Entry 1)
TH—OARME LT (SR)-27a 2557,

ZORISE, (S)-25 ENTRT77o D S R (L AR)EDOSEART RO ERRIERRY) (S.S)-27a 7>
5. JVBI AT LEIL LT (SaRo)-27a ~OZHA)S, MR K 25 s 5 ke 7 — h
ERRHTHEA VT e A THD & U THEICEHRIICTE 5,

MOFHFEMHE AT 57 2 /B, Hlz1E. Phe (26b; Table 3, Entry 2) <° Tyr (26€; Entry 6) 72 &
DZE KT I RS FERRCENL - (S)-25 & IS L, B IICHE S 7z (SaRe) AlEDA
R 2Th & 27e T, mVMEAIERB IOV T AT LABERIE T 2 72,

Iz, REMGIERBR A A2 “FEDO 72 KT 2 Bk, 7T = (26¢;Entryd) L, 3V (26d;
24



entry 5) [COWTHRET L7, BEIET X /B L FRRIC, BYI PRI ITI L2 24 WA 2L,
TE LTV T AT LA~ — (SRo)-27¢, 27d MSH—DARM) & LRI TR L,
—J7. BN (R)-25 A Mebrt, [FRRICEY ) FROCHTE S AU HETBLE, RaSc MEZ BT 5
VT AT VAR =& H2 5 EBEZBND, ZONEZ TN D D100, B oMEE b 3
DT KT 2 /#E (26, 26¢,26d) EEAT- (R)-25 & DUGEEN Lz, TORMSE:, THELE
F 2T (RaS)-HEIBLE DA ZGD Z L3R, 13OV RERA Table3 (ZFt#IT 5723, (S)-25
TELNZT — X &5 E L L C\\ % (Table 3, Entry 2vs. 7 ; Entry 4vs. 8 ; Entry 5vs. 9)
FRROIETIE, BT (S)-25 £7201% (R)-25& T KT 2/ ik L AP EFRHEDNI(OAC) L D
FOST, ®FTMBNCT 25 ISR LT, 298D T ¥ K7 I /BAMMA L, Zhud, &7
JEENE T VRN TN TR EEM TRV E TH D, LinL, TE KT I Bz NER
(11eq) HEHALIZSEAETH- THEERAIC DKR MEREND &, R/l o 2 h 24525 Z &R
AREE 70D, 2D T EIE, (S)-25 & TEIRT I B 26b (2K HFERTIFES L/ (Table3, Entry 3)
S HIT, RO EIEEREE T CHEMSN, BOCAT—NT v TTHIENTE, Z0
RS AR 5720, BT (S)-2510g Z#HWVWTC, T IKT7 2 /g 26b » DKR % =i L7,
Table 3 @ entry 10 1Z/R9 K 1T, SERATEI I FR L CARHIENT 22 FERIATH CERL S 4L, ARy
(SaRe)-27h 1HULEE 94% THIEES 7z, B O (SaR)27b 1XTX B2 KERAETTH Z 72 LIC,

Scheme 6 T/ SAVASEA M IRAERROS I3 2 L3 TE T,

(SaRo)-27b
6 N HCI/MeOH
rac-o-AA 26b (1.1 equiv) pp~ - COOH pp~ > COOH
Ni(OAc),-4H,0 (1.1 equiv) NH, NH-DCHA
K,CO3 (6 equiv) Cbz
R (R)-28b
(S)-25

96% yield; 99% ee
97% yield; 99.9% ee °Y °

Scheme 6. (Sa,Re)-27TbD43fiE : BFET X /B (R)-28 DHEEE 7 VBN (S)-25 DAY
Higt : Angew. Chem. Int. Ed. 2014, 53, 12214 -12217 (Scheme 1) 755/

BRI I D BRI AL TR E A0 B ESRIE RO S AL, R 27 X/ Iea BillE S5 2 & 70 <
Chz A TR 5 Z LI KV | (LA (R)-28% BAFL AR THEES 5 2 LR, 612, i

N (S)-25 13, 1FE A ETEANEAME 99.9%ee THINT S Z ENTE, (525 D7 I
25



L BESNIRoT,

DKR BFEIZ 3\ TR SR 361T 2B A7 B Se R, SIRIAEA A 0 AT
[ CIZ7225 LHEHICTE 5, 705, SRDT I EEIND RARDT X/ B ~OZHUZIE, B+ (S)-
25 WD L L RAKDT I VBN DRIGT D SHEDT X EEGH I, fxilidiE (R) ORAL
1 (R)-25 DB D, DI LT, EHIX 26a (Tabled,entry 1)Z38&0N, 7 X /& (S)-26a &

BRT T (S)-25 DFURA HPLC 490 GiERL7- (Figure 18)

[%]100

—h— (Sa'Rc)' 27a
— (Sa‘sc)'27a

50 -~

ratio by HPLC

O T T T
0 4 8 12 16 20 24 [h]
2 IGB¥ME reaction time

Figure 18. Fi2f\i+ (S)-25 & (S)-Trp26aL DU, AR EEZA LR,
Higf : Angew. Chem. Int. Ed. 2014, 53, 12214 -12217 (Figure 3) 755

BT (S)-25 1 (S)-Trp ((S)-268) LEHIZSUS L, 7' ADHIMIERE CIlERAERA (S.So)-
27a AR E LTH AT, BIZIEENHROYT AT LA~—lt (SS)-27a : (SRo)-27a 13 97:3 T
bol-, GHNIFERELZZM) L L, (SaS)-27a OHAMMLC L5 (SuR)-27a ~DT A U1k
PSR R CRIZR S L, BRSO T AT LA~ — (SuS)-27a & (SaRo)-27a DRI, 1TE A
R L IR0l SERREYITHIHIENL 24 R ER S, BEGRIN YT AT LA BRI
(SaSo)-27a 1, 1T LA EFEEITHK LTz, (R)-26a Z 5T e (SaR)-27a 13T AL AR CHL—

DYT AT UARMR L UTHE S,

26



Table 4. BN (S)-25 BL VY (R)-25% I\ Ha-7 3/ FEDSIRF 254

(R)-a-AA 26 (S)-a-AA 26
(2.0 equiv) (2.0 equiv)
(2.0 equiv) (2.0 equiv)
(Ra;So)-27 <———— (R)-25(S)-26——————— (Sa,Ro)-27
K,CO4 2CO3
(6 equiv) (6 equiv)
MeOH MeOH
60-70 °C 60-70 °C
. i i 0 Ratio (Sa,Rc):(Sa,Sc) or .
Entry Ligand 25 (S)-or (R)-AA 26 Yield (%) (ReS):(RuR) Time (h)

1 (S)-25 (S)-Trp (@) 84 >99:1 (S»R0) 24
2 (S)-25 (S)-Phe (b) 91 >99:1 (Sa,Ro) 24
3 (S)-25 (S)-Leu (h) 89 >95:5 (Sa,Re) 24
4 (5)-25 (S)-Met (9) 97 >96:4 (Sa,Rc) 2

(S)-25
5 NaOMe (S)-GIn (i) 87 >97:3 (Sa,R0) 2

6 equiv
6 (8)-25 (S)-Glu (f) 83 >955 (S5Ro) ! 9

(S)-25 i .
7 K:COs Orys ) 81 >06:4 (SR 4

8 equiv €
8 (R)-25 (R)-Phe (b) 91 >98:2 (Ra,Sc) 24

[a] LEERITAFHHPLC /AT ORERIZEES < [b] HeIE HNMR ST OfEFICES < [c] HERIEEsARy
A DZ-7 X FRTHE LT LR RIS <

(S)-25 BN+ L& HEHMET 2 /B (S)-Phe [(S)-26b; Table 4, entry 2] EJitE (S)-Trp &IOS F:
w52, I SHEE (UY) o7 X A HFEIEENT BOIRIUR-AE (DY) 26b =
FUTFAY—EEGITET D ZENTE L, 2RO ORERIINENIET X /oA 2 (S)-26h
BraCThHERICHBl SN, (Table4, Entry 3)

WIZ, FEIE o MICERERARFOT XV EED SR FHEABUZ L DB (S)-25 DA e

L7z, 7R /L LTI, AT A= (26g;entryd), 7 L4 22 (26i;entry5), 7 /v4 2 ik (26f;entry
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6), T LTI (26);entry 7) A3BAS, BIERANZ L2, ZNHDEE, BUPFHHIENL 2 -9 HFH
THET L ABHEREFA S Bk 3 D I R PR DT ) T — MERGEEEICE L T D 2 LAVR
BT, ZO—HEORIED, {LFNERE T AT UARIYE (de) & HiZ 90% Az DI CTHER
¥ (SaR0)-27(F, 0,1, ]) &527-2 LIRS 5,

ZNHORERZTCIT, F—RF T T I/ BOENELLLIYEE TH L ThRIGEIT>72 8 2
Z91-97%DULER, 97:3LL FORIETT 3 BRSO bz, £7-.  (R)-25 Bifir
T2 UL, RAKT X VD SHRNDZEHLE A L— K THEAT L, IBNIALFINERE T AT LA
~—ERPETHAIOEA (RyS)-27 2525 Z & bbbz, B

(SaR)-27a D\ S LEE AR L C, EEIEZ O X MEEIT 21T - 7, flidiiis (Figure 18)
2, FERIET 25D b 2 DRBNTZ, H—I2, (S)-E AT 7T AT I X T UABIA
E -7 X BFRE O OR VB TIE L TR — R NV T N7 7 D oI b DR E %
92 DIZITERSR D X 5 1272 D, 502, Ni(ll) (2R L7Z 3 DOZEHFF- & — D DOREER-)
W CAFm (LR, Ni(l) ¥ &850 12”65 —77, Ni(ll) OJFEY OF L— kU o 713 FmD> Db
IZERATND,

FESARHTCILT X BRERONABEBICKT LT &2 W ITE TR 7 /UBIEID D AE DS HE S
LD DI EHNHKSm T 2 DIFREECh o723, LUN IS D 3E 7 EERATIZ L 0 | AARET

B L— FROBALBEISERS S Z LAV ST,

Q CIR
y N!'| 39.02° torsion 31.83" torsion
7,
:‘\N_/% o
0" N I\N
E B\\\“/, H ‘*
oo
xS BIR 22.77° torsion
Cl
(Sa,Rc)-27a

Figure 19. (Sa, Rc)-27a O =Ykye \iiifiiis & fhaeiig, Ni(ll) BNZfD o DOA-CH L- MERDT I
Hi# : Angew. Chem. Int. Ed. 2014, 53, 12214 —12217 (Supporting Information  Figure S3) 7>55(H
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725, Figure 19 |\ IRTHEGEZ D & A BR2Y -39.02° DR UIVAE [Ni-sp’N-sp’C-C(O)N]
T Ni(ll) OFEND BIZH D Z V55, SHIZ, BELZ B BR¥L— NI 22.77° O LI
JE [Ni-N(C=0)-sp’C-sp’C] T Ni(ll) FE D FANAFAET D, LI, o-7 2 JBEABHOH D C BRI

-31.83° DR LI [Ni-N(C)-sp*C-sp?C] < Ni(ll) o> FAAEL T 5,

tryptophan-containing
5-membered ring: relative up

chiral axis

Figure 20. (Sa, Rc)-27a DifkfbtEis

F72, Figure20 LV, = 2oDF L— MRDPEATWDFER, X7 = ) VBN DT = =)L
IX, a7 X BRONARFULD FEICALE T2 Z & T R BRI Z St o ERDFEICAIES 2 L9
([CFRNTWND, TS a7 X / BRERRD RAGHELEDHIENC 2R3> TS EHEETE 5, ZDOX
) 7RSI RO IS < ARFEFHEIL, Ni(ll) $5R%2 WD RU6 & L THBMNNTHTRZ S Ch
5 EBEZ B, SHROE BRDIIGEIEI S D,

& Z AT, Belokon HIZLYBEFE S L Nill) 85K 8a X7 v /U b, 2 <A 7 /AR,
BN R=ARS, MBI~ =y UG ¥ 2R LI RSBE ISR TR b ST
%, (Scheme?) . ZHHDSURITEIRNSETFOMENT, PUNREEAZ NS 22 8 FEFnCHREfZR
BMESMECIMFTRETH D, ¥ —J5C, MR E L TISIREIZEN L7F 1 (5)-8a D71l
VIR T £ T D 2 E MBI TR Y | MR T TORISIZBNTE T kLR

H=72 ) T ROBIRNEEN TV, ¥
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C\ ) alkylation )
Michael [ )
N\ /o /T/O ichael N o

/\ /N aldo = , .,
O~ 'N IN - = OAN \IN R
@K% \ @A
S)-8a
(S 29
H+
glycine Ph J
Ni(ll) salt / \N)
base v
/E HO.__O
0”7 NH © * T + N2
Ph H,N” "R
a-amino acid
(S)-30

Scheme7. 7'V L g8k (S)-8a Z AV Da-7 3 FRDEK

ZHTIRADOLL-EF 7 FUEEETH Y AR (S)-25 IMEN - RHIERSRE A Hi > Tk
. MEREET X BOBEEE R E DKR) X S)-k & (R)-A OHAEBID THZ T
HZEERH L, B 22T, BT 25 ZHWDT 2 JBBORFERORDEMEL LT, #Fiiiin
KEZ 2  SEIR (R)-31 DAREITV, TV R—=RISR, <A 7 AIIEISIC & 0 57—F— 2
A RD o-7 X EEITSHTE AREEMENH D D TII eV EB 2, LLT O kRt 5556 L
7

XTNT YA (R)-31 1E, DT 2 BRDGA LIRERIC. A X —H | Ni(OAC), *
4H0. 7'V BRI U D DA MATNBGUGT 2 Z LICKVAEGIZET 2 Z LN TS,

FTE T PRI DEBICOW T PR 1T -7, 7407 ) 2 AR (R)-31 @
AR ) —ERIZS U AT VT e REZ, DBU #Hflts LTI SE7z, SFoiiRaEgkz s
UBTNHT Ly a~ s 7T 7 TG, FRERICEY D-ALA-3-7 ==L U Ao R
ONi(IFEER RR,S)-32 Zartafbin & LTHTZ (I 26 %), Z@ Ni(ll) $5AD A & ) — VR&EIK
(2 INBEREZ NN U CRBIRD R ZA T, A A A UEiE 1 7 2 (SK-1 B) 1LV D-ALA-3-7
=/l 33 &R 65 % THEEL-, 77, AE)LF 7/ WINLT (R)-25 ZUTE 68 %
THEUL L7z, HEWIIE 994 Y%ee OV ML ZR L TRY | &iELAIT> TORWOT, [

VIRIZIRN S OOAREOF A RTZENTEZEEZ TS (Scheme8)
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203
OO

(R)-31

i) PhCHO
DBU, MeOH
<-5C

ii) purification

26%

§ 0
Q

(RR,S)-32

i) ag. HCI/MeOH
40-50 °C

ii) ion-exchange resin

65%

Scheme 8. Ni(ll) #&A&%ZH 57 /L F—/LUi

D-threo-phenylserine

ee>99 %

33

W, 770 IR (R)-31 75 D-threo-phenylserinr 23554072723, AU Ni (ZEAL

4% CO, #:% OH H|THE(r L T4

EVERZ L,

W LT DONARDT X R 2729 T

H5HZ LM SoloshonkHIZ LA 7Y S A 8a & R XTIILT B ROIGIZOWTHRE SN T

BY, FLZENEZoTbDEBbND, ¥

OUNT, @, BAREIFIH LR = LA & D~ A A IO

et Lz,

88
%

@*ph

Z

methyl acrylate '

K,CO;4

MeOH, 0°C

3

(R,S)-34

(R)-25

Scheme 9. ~ A1 7 VAN D]

CRDIAEIET X OB RE

aq. HCI/MeOH  HoN. s COzH CbzHN C02H
0. .0 40-50 °C T i) Cbz-OSu
/ - DCHA
NI\ J i) DCHA
N >Co,Me CO,Me CO,Me
35 Cbz-L-glutamic acid

y-methyl ester DCHA salt
36

XINT Y IR (R)-831 DA K ) —)REHRIZ T 27 U VB A T v, BKREETT U O DE T

L, =RT 2 RS ST, A L7cibdnz AL, Ni(ll) $5AROHARD A IR 95.1 %,
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93%de THFo, FHfEME. L7 /VH X Uly- A TV AT )V EEHEEIZRED Ni(ll) 858 (RS)-
34%157- (IR 69.3%,96%de), SHIT, AKX /—/LH 6 NEEFRAEIIZ IV % Z7 /UL 1 (R)-25
ZUNERIBU ClEIX L7z, —F, KEHD a-7 X /lk% Chz {bT5Z L2k V., ChzL-Z % I g

-y -AFLT AT - DCHAKE (5)-36 #INK 56%,99.7 % ee T35 = LN TET,

W, ZALH DX TV T-% W B2 7 L U ERIRIZBW T H, BISRET STl D,
ENLREIRME, IR THRLND Z L3 S TnD, W
fobam

FEHL IEET o7 XV BO T & UROBHEEEGRIAE] (DKR) D79 )515% B
& UTz, BEESRINDENL, BERRIR THIBIL TV, MM FHITEIYID TTH D, =
DT Tr—FIE BHZ o7 I D SR AHAZMSISIZ RN ATRETH Y . ZOIERODIR
HRVEE AR OFHNEEMER CE T, 2 2T _=7 a2, EOEEMECH I L5 TR
HllfE, T —RADTERIR VYA IV, FHEIEIEE « USSR A RS E LT Y | IR A
Ir—VCEET D Z ENFRETH B,

W2, EEDBIZE LIHAR T 070 v Ni(ll) $8(k% 7L R—VEUs, ~A 7 VIS
EHABEIOEDHZLICE Y, B U T ARRCHTED X T U T ¢ — 5 H T DA IEIERIREL
D -7 ARG TEDATREM AR Lic, ZAUH ORI, EHEBRREI I\ T OB EM)
FTETRESTETNLIERR -7 I/ EOEHIIRF ERAEDBIFIZ D723 H HE /AT
H%,
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SbaA
V= 1iiii]

EEVL, MFMALF R L 5T — T — A4 7 XV BOGRIEEZHNIT 57212, Fiize
AR ZBRFET 52 L2 HRYE U THIECIR D fA TE 7o, ZORER, BB L72” diissy
Bfr 1 WD Z LR | ka2 T—TF —AA N7 XV BRERIRR G HND Z L 72 BT
BT 2% HAR 2 LRI ) LT,

AARFBN A ZHNDSINT, T X BROSARIRSOE 72 IR WD Z &3 T&, K0
MG 2RO T 2 Be~OA L ATRE T D Z L AVRIB S, AT ZhE Tlcien, 77—
—AA KT X BEOERRDIZ D DOYHERNTE L 720 155, AU CRFE LB Ni(ll) $EAROFEK

DORHEE TREIZE E DD,

1L RER - mE @R
HRUCBRZE LI2” Wil AARUNL T 2 O DA B PR THEIC X D BIRE R C L D . 773
J BROSNIIEMAAT O THEZ ML LT, RIEZ LD | BEREDIERE L B2 | I HTEENICH

MEEZEEAENEY 2 BRI TFE TR D 2 L N AIREIC /e o T,

0 O L-a-amino acid
Q s O Ni(OAC),*4H,0

K,COs
E— —_—
N NS 00 NG 00
£ MeOH i N ; MeOH X/Ni )
O0“NH 0O 60-70 °C AW W 60-70°C o™~ W

Ph

.
iné
Ph

Cl B cl _ Cl
Ligand (S,S)-isomer (S,R)-isomer
(S)-25 kinetic product thermodynamic product

2. BHISEREE

AREIARFENLF LT X /R E DYy THEEZRNA L35 Ni(ll) $5AKIT, s < 228 Th

D728, Siie EORELEMEIC XY BRI Z iR,

34

NI Y 9 2 £ TE 5,



3. EWRFENLT-OFEFI A FTRE
BOSIZFNZBIAR BN 1R, 77 2 BROHEE & RIRF A 29 & 32 & 72 < 95% L, LR T
FUN T, BLET~8ENLY YA Z VD RRETH D,

s O 1IN HCI (5 eq.)

MeOH
COzH CbzHN.__CO,H DCHA

40°C
A /o 0o —_—
£ Ni R
/N Ph
O N N

O O D-Phe Cbz-D-Phe DCHA salt
O O 96% yield
\ 99% ee

recovered in 96% Yield

Ni(OAc), 4H,0
L-Phe or DL-Phe

Ph

reflux

-~
%%
IO

cl
(S)-25

4. KRR AE
HRIESOSIEE A — b 7 L—T 70 EORRSRAR 2 b &8, —fRAVZAITTERERS - B

TOIHRIRT X BROBHATRETH D,

5. ARp—nNT v

HOT—F—AA K7 X/ RIZHIE TR MO TEMEDOH DG HIEZEIRFTRETH Y | T
IR AT — VT AT HRIRRETH D, BlxIX, TReD X 2 M7 —7— A A K7 I RO
LA, WSS TS EDfLE T e —F Ll L C, BEERICH KD, 2 Fion 5 EIR
FEIHEAIE 72 D & B2 LD,

CO,H
BocHN,,, ,COOH NHFmoc
N
-DCHA |
| .
(1R,2S)-1-Amino-2-vinylcyclopropanecarboxylic acid Fmoc-L-7-AzaTrp-OH
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I

AMFTRUCER L, WARAREE 7 TR & THIEA 15D £ LT SRR ST AR
BFRLD L VSN LET, Fo, AFFGRSIOBEICYS -0 | TREE Y £ Uiz SRR
5 FEAELEE LTNIEAT BdR . AEREERLRTY: SRR I 1D BERITEE O L ET

7o, ARFIEOBM TS0 BN SBEICESL LT, SRR THRE, JHilEZ $ LI-A
A LRAY K B Vadim A Soloshonok 28522 < B L P £,

AFFFOBATIZE T 0 | YAl OFE/2 THREE TS 2150 £ Uic i TN
SR GUROFBMGSHIE) B o0 X VS LE TS

FTo. ABEOBIRZ STV | FHROSZ 52 TIHE . ZRE2BY L2, =2—3—27 )1

3

VR A M=y 718 B Rk BARICRSEH N LE T, e, =a—3 =2
SEREAIZIUN T ERICEE U CRlix 1872 ZTBE 2050 £ L7- HengguangLi 188G = L £,
F7o. Prichiin, FERICERL T, ZBE L ZHREEZHY £ L= —a — 7 INNERY: A h—=—7
/v 718 ICB&DD WFEHTOAR Gt 2l iR - L £ 7%

AWFFUTER UK T VTR E £ UTe B T3ttt PTG, TR BIERES, J1SHE
AR, KON KRR Efdlis R < BEh 2 LETS

T, BREIHEAT MLVOJIERF 7L HPLC SHHcB VT & TaEE & Uiz, ERK,
TR et i RERE—RIEEN 2 LT

HREEEXHRETIC RN T, JIEEIT> T2V, st=a— I — 7 MRS A b—=—T by
210 DanielResch i, KON FEFSERIEO/ N IERKER fit:, RS M 12 @@ w72 L
E N
BRI, SOLITHERZTHE | RV ISHEA THE £ Uiz, BERR TEMaUat Eseiel 1R

RIS HSES TR ZHEE (JRGHH L L £,
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TORIEK, I ISigma-Aldrich, VWR, &Y Fisher Scientificz A LZDE EEH Lz,
SOSDEN T, TLC (Merck silica gel 60-F coated 0.25 mm plates) TfTV>, UVHDHWNI=>t FU
EROWTHRHE Lz, (LEWORERL, S VB TFNAT LT Ty vasa~ v 7T 7 ¢ — (Silicagel

60 particle size 0.063-0.200 mm) % FH\ /=,

IH-NMR 1. Varian (Agilent)tt40> [GEMINI-300BB (300 MHz)] £7-1% [GEMINI-2000/200 (200
MHz)| CTH#HT L72, H-NMROWNEHEAE L LC, TMS (tetramethylsilane, 6 = 0 ppm) % v 7z, *C-
NMRiZ, Varian (Agilent)t1-#4¢> Varian Inova 500 spectrometer (125 MHz)] . [GEMINI-300BB (75
MHz)] F£7-i% [GEMINI-2000/200 (50 MHz)| TiMi&1T -7, BC-NMRO(LFS 7 MiiEIL, Ek
SR OBC-NMRILZ22 7 M [CDCls (0 = 77.0 ppm), DMSO-ds (6 =39.5 ppm)|iZ L W 1177,

Al TThomas Hoover Capillary melting point apparatus] % FHVNCHIE L7z,

FEREYERE I PerkinElmert8io>  TPerkin-Elmer 241 Polarimeter | % FHVNCHIIE L7z,

B REEE &0 (HRMS)iX, UPLC/Q-TOF MS AT A& HWT, ESIFE— RCRtdk LT,

BE B-EORERXERETE

HIES DR E TR UAEEAIZ IV TH T AT 7 A 83— RIZHR D (T 72, flidh & TP C Rl E
L. 79774 Mt/ 70 A—%—Molf % v 7-Oxford Gemini AVAIEIEHTEE LT I V) XA
T—& % WE Lz (IEAIESCryojet HT 2 HWTEERE L7-),  JIET —# I dCrysalis Pro 171.34.44

7 =TI X VI L, WINGX 1.80.051% Ortep-32, SIR20043, SHELXL 9742 L v fi#ght L 7=,

1. Farrugia, L. J. J. Appl. Cryst. 1999, 32, 837-838.

2. Ortep-3 for Windows: Farrugia, L. J. J. Appl. Cryst. 1997, 30, 565.

3. Burla, M. C.; Camalli, M.; Carrozzini, B.; Cascarano, G. L.; Giacovazzo, C.; Polidori, G.; Spagha, R. J. Appl.
Cryst. 2003, 36, 1103.

4. Sheldrick, G. M. "Ashort history of SHELX", Acta Crystallogr. 2008, D64, 112-122.
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B U EE D BESRXRR TS
T DibE A EHA— 7R (1372, fidma RIIChE L, 77 77 A4 MYt/ Z7m A
— % —Mo F5t% Hv 72 Rigaku R-AXIS RAPID HEIERIHTEEIC L 0 X #iiE T — 2 2 0E Uiz, Ml

T —# 1% CrystalStructure 4.0 V7 F 7 = 72 X DINEE L, SHELXLI7?IZ L v fiftfr L7,

1. CrystalStructure 4.0: Crystal Structure Analysis Package, Rigaku Corporation (2000-2010). Tokyo 196-8666,

Japan.

2. SHELX97: Sheldrick, G. M. Acta Cryst. 2008, A64, 112-122.
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p S ]

(S)-N-(2-Benzoylphenyl)-2-(1-phenylethylamino)acetamide ( 11a) D&%

Me

Br Me Ph
i Y J;N\H
NH,

Ph

(S 07 °NH 0
(J T e
11a

(S)-(-)-o-Methylbenzylamine (5.3 mL, 41.5mmol) & N-(2-benzoylphenyl)-2-bromoacetamide (12.0 g, 37.7
mmol) Z7 & h=kr UL (144mL, 12 viw) (TR, REEH U D 2 (5.739,41.5 mmol) ANz T,
SRR T 15 BFEHEE L=, BOUGSE T (TLCIZ L D HER). L% ATl L, 7 k=1
VT e LTct%, Az 50 C TR Lo, 15Ol 2 fiiz—7 /L (150
mL) (&R L. 7K (100mL) 2Nz CToRiE L=, D%, KEzlie=F /v (50 mL) (2 CHE4h
U, AEZEO T Lz, AR 2~ 722 7 DM TR LT, ikz 50 °C CRIE
Tt UAHZER) 11a (15.7 @) Z Mg & UCff7-, 1la 13325 2 & 72 LIGR TRRICHW =,
11a: Oil.

H-NMR (300 MHz, CDCls): 6 1.46 (3H, d, J = 6.6 Hz, CHMe), 3.26 and 3.34 (1H each, ABq, J = 17.1 Hz,
COCH:N ), 3.80 (1H, g, J = 6.6 Hz, CHMe), 7.07-7.12 (1H, m, ArH), 7.22-7.37 (5H, m, ArH), 7.46-7.63 (5H,

m, ArH), 7.78-7.81 (2H, m, ArH), 8.63 (1H, br d, J =8.1 Hz, ArH), 11.65 (1 H, br s, CONH).

YA K (11bf) BRE

Me\I/Ph Me\l/Ph
N N
H R
Hunig's
0) NH 0 base/RBr 0) NH 0
11a 11b-f

R = Me (b), Et (c), n-Pr (d),
Bn (e), Ph(CHa) (f)
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Hi2fk7 X > 1la(leq). DIPEA(L5eq)., a7 AbT7 V%L (1.5-35eq) D7 &~ ~ U /AR
(10mL) A ZEHRFPE T, RIS THREE LT, SUGTE 7% (TLCIZ &V RERR) . BUGIR 2 JUETRAE L 7=,
BONTRRGEZ Y7 aa A% (GmL) IZEfEL, K GmL) 2N THiEELT-, ZDfk,
Kgarr7mm X2 3x5mL) (ZTHl L7, AiE 2l (it~ 7 v L) Lok, Bikx
PR UM AR 2 15T, S U TN I T L7 v~ NI T T 4 — (~F UEHRTT L) IZK Ok

T2 LI DT b 2457,

(S)-N-(2-Benzoylphenyl)-2-(methyl-(1-phenylethyl)amino)acetamide (11b):

11a(6.14 g, 17.23mmol) & = 7k AF/L (43 mL, 6852 mmol)> 5 11b (4.61 g, 72.4%) % 157=,

11b: White solid; mp 80-82 °C; [o]o® = +23.7 (¢ 1.55, CHCl).

H-NMR (300 MHz, CDCls): 6 1.54 (3H, d, J = 6.9 Hz, CHMe), 2.44 (3H, s, NMe), 3.12 and 3.25 (1H each,
ABg, J = 16.8 Hz, CH,CON), 3.76 (1H, g, J = 6.6 Hz, CHMe), 6.87-6.92 (1H, m, ArH), 7.15-7.22 (1H, m,
ArH), 7.25-7.28 (2H, m, ArH), 7.50-7.72 (7H, m, ArH), 7.73-7.92 (2H, m, ArH), 8.69 (1H, d, J = 8.7 Hz, ArH),
11.67 (1H, br's, NH); *C-NMR (75 MHz, CDCls): 6 18.4, 40.8, 58.7, 63.5, 121.5, 122.1, 125.1, 127.1, 127.6,
128.2,130.0, 132.3, 132.5, 133.2, 138.4, 139.0, 142.8, 171.1, 197.9;

HRMS: [M + H]" calcd for C24H2sN20O-, 373.1916; found, 373.1923.

(S)-N-(2-Benzoylphenyl)-2-(ethyl-(1-phenylethyl)amino)acetamide (11c):

11a(258g,7.20mmol) & = 7{L=F/1(2.31 mL, 28.8 mmol)7>51.09(35.9%) ® 1lc =437,

11c: Colorless oil; [a]o® = +36.0 (¢ 1.25, CHCI3).

IH-NMR (300 MHz, CDCls): 6 1.16 (3H, t, J = 7.1 Hz, NCH,Me), 1.44 (3H, d, J = 6.8 Hz, CHMe), 2.56-2.69
(1H, m, one of NCH:Me), 2.72-2.85 (1H, m, one of NCH,Me), 3.16 and 3.26 (1H each, ABq, J = 17.4 Hz,
CH,CON), 3.97 (1H, g, J = 6.7 Hz, CHMe), 7.12 (1H, td, J = 7.6, 1.0 Hz, ArH), 7.16-7.20 (3H, m, ArH), 7.44—
7.49 (2H, m, ArH), 7.50-7.60 (4H, m, ArH), 7.66 (1H, tt, J = 7.4, 1.3 Hz, ArH), 7.86 (2H, d, J = 7.5 Hz, ArH),
8.65 (1H, d, J =8.4 Hz, ArH), 1154 (LH, br s, NH). 3C-NMR (75 MHz, CDCly): 6 11.9, 17.1, 46.8, 55.1, 59.9,

121.2,121.8,125.0, 126.8, 127.6,127.9, 128.1, 129.9, 131.9, 132.4, 132.9, 138.2, 138.7, 142.5, 171.9, 197 5.
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HRMS: [M + H]* calcd for CsH27N2O5, 387.2073; found 387.2087.

(S)-N-(2-Benzoylphenyl)-2-((1-phenylethyl)(propyl)amino)acetamide (11d):

11a(3.68¢,1025 mmol) & 1-7 @€/ 1 8 (L4mL, 1538 mmol)/> & 11d (1.01 g, 15.1%) % 4547=,
11d; Colorless oil; [a]p® = +28.8 (¢ 1.02, CHCly).

H-NMR (300 MHz, CDCls): 6 0.81 (3H, t, J = 7.5 Hz, CH,CH,Me), 1.42 (3H, d, J = 6.6 Hz, CHMe), 1.61 (2H,
sextet, J = 8.1 Hz, CH,CH:Meg), 2.40-2.55 (1H, m, one of CH,CH,Meg), 2.58-2.70 (1H, m, one of CH,CH;Me),
3.14 and 3.25 (1H each, ABg, J = 17.4 Hz, CH,CON)), 3.98 (1H, g, J = 6.6 Hz, CHMe), 7.07-7.17 (4H, m, ArH),
7.42-754 (6H, m, ArH), 7.60-7.63 (1H, m, ArH), 7.82-7.86 (2H, m, ArH), 8.64 (1H, dd, J =8.7, 0.9 Hz, ArH),
11.45 (1H, br's, NH). *C-NMR (75 MHz, CDCls): § 11.6, 17.1, 20.3, 55.3, 55.8, 60.5, 121.4, 121.9, 125.3,
126.9,127.8, 128.0, 128.1, 130.0, 131.9, 132.5, 133.0, 138.2, 138.7, 142.4, 172.0, 197 6.

HRMS: [M + H]" calcd for CsH29N2O5, 401.2229; found 401.2233.

(S)-N-(2-Benzoylphenyl)-2-(benzyl-(1-phenylethyl)amino)acetamide (11e):

11a(2.61g,7.28mmol) & FHfL~ L (1.32mL, 10.92 mmol)»» 5 11e (3.0g, 91.7%) %157~

11e: Colorless oil; [a]o® = +28.1 (c 3.81, CHCl3).

H-NMR (300 MHz, CDCls): 6 1.51 (3H, d, J = 6.9 Hz, CHMe), 3.10 and 3.29 (1H each, ABg, J = 17.1 Hz,
CH.CON), 3.44 and 3.79 (1H each, ABg, J = 13.2 Hz, PhCHz), 3.92 (1H, g, J = 6.9 Hz, CHMe), 7.04-7.14 (4H,
m, ArH), 7.16-7.30 (3H, m, ArH), 7.44-7.58 (8H, m, ArH), 7.62=7.70(1H, m, ArH), 7.84-7.91 (2H, m, ArH),
852 (1H, dd, J=7.5,1.2 Hz, ArH), 11.31 (1H, br s, NH). 2C-NMR (75 MHz, CDCl3): § 17.1, 55.4, 56.9, 60.8,
121.3,121.8,125.1,127.0,127.9, 128.1, 128.1, 129.3, 130.1, 131.8, 132.6, 132.9, 137.8, 138.1, 138.7, 141.4,
171.4,197.6.

HRMS: [M + H]*calcd for CaoHaoN205, 449.2229; found 449.2250.
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(S)-N-(2-Benzoylphenyl)-2-(phenethyl-(1-phenylethyl)amino)acetamide (111):

11a(3.07 g,7.36 mmol) & {7 =xF L (1.76 mL, 12.85 mmol) 5> 11f (505 mg, 14.8%) #4537,
11f: Colorless oil; [a]o® = +6.1 (¢ 0.59, CHCI5).

1H-NMR (300 MHz, CDCls): 6 1.46 (3H, d, J = 6.9 Hz, CHMe), 2.72-2.93 (4H, m), 3.23 and 3.31 (1H each,
ABg, J = 17.1 Hz, CH,CON)), 4.09 (1H, g, J = 6.9 Hz, CHMe), 6.99-7.09 (2H, m, ArH), 7.10-7.62 (14H, m,
ArH), 7.85-7.90 (2H, m, ArH), 8.60 (1H, dd, J = 9.6, 2.1 Hz, ArH), 11.55 (1H, br s, ArH). *C-NMR (75 MHz,
CDCly): 617.3,33.7,55.2,55.8,60.4,121.5, 122.1, 125.3, 125.9, 127.2, 127.9, 128.2, 128.3, 128.5, 130.1, 132.2,
132.6,133.2,138.4,138.8, 139.7, 142.3,171.8, 197.8.

HRMS: [M + H]* calcd for Cz1H31N2O5, 463.2386; found 463.2398.

Ni $8{& (12b-e) LV (13b-e) ERkIE

Me\(© Me \H@ \(©
Gly (5 equiv) R\ R

N._ Ni(OAc), (2 equiv) °N o o o o
/AI/ R K,COj (9 equiv) ‘
reflux in MeOH
11b-e (S,R)-12b-e (S,S)-13b-e S)-14b-e

R = Me (b), Et (c), n-Pr (d), Bn (e)

VAR 1lb-e(1%E), Ni(OAC):, * 4H,0(%4E), 7' U v BHRE)DA X /) — ) VIRIR~REETT Y
U A (9ME) AN, 60-70°CICTHRIR LT, RUGSETH# (TLCIZ X D EER). SUSHRZ KK~ &
72, BEWzay 7 aa AL ATt @Rl L, AEEE @ils~ 27 x> v L) Lictk, aiR%

JEEE L HAY T 2Ni() #5858 12b-e 5L 13be DV T AT LAIRAW 13T,

12b & 13b
11b (512 mg, 1.375 mmol) 725 12b }3 X TN 13b DIEEY (647.3mg, 96.9%, 57:43) #157=, ARG

IOV I TN IT AT~ NTT T 4 —THBEERT 5 & BAIOSED S 12b (121 mg)
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Z, 2FHEOSENG 13b (55 mg) A7z,

12b: Red solid; mp 265-267 °C; [o]o® = +88.6 (¢ 1.0, CH:Cly).

IH-NMR (300 MHz, CDCl): § 2.49 (3H, d, J = 6.9 Hz, CHMe), 2.57 (1H, d, J = 16.8 Hz), 2.85 (3H, s, NMe),
3.70 and 3.79 (1H each, ABq, J =16.8 Hz), 3.93 (1H, g, J = 6.9 Hz, CHMe), 3.98 (1H, d, J =16.8 Hz, 1H), 6.78—
6.81 (1H, m, ArH), 6.87-6.91 (1H, m, ArH), 7.05-7.09 (2H, m, ArH), 7.29-7.38 (5H, m, ArH), 7.51-7.59 (3H,
m, ArH), 7.70 (1H, dd, J = 5.7, 3.0 Hz, ArH), 8.63 (1H, d, J = 9.0 Hz, ArH).

BC-NMR (75 MHz, CDCl3): 6 19.7,47.5,58.9, 61.3, 64.6, 121.1, 124.2, 125.1, 125.8, 126.0, 128.5, 129.0, 129.5,
129.6,130.1, 132.7, 133.5,134.1, 134.6, 1425, 172.0, 177.2, 178.5.

HRMS: [M + H]" calcd for C2sH2sN3OsNi, 486.1328; found, 486.1335.

13b: Red solid; mp 269-272 °C; [a]o® = +1701.8 (¢ 1.0, CH.CL).

H-NMR (300 MHz, CDCly): 6 2.28 (3H, s, NMe), 2.35 (2H, d, J = 6.9 Hz, CMe), 3.35 and 3.65 (1H each, ABq,
J=16.5Hz, NCH»CO), 3.68 and 3 79 (1H each, ABq, J = 20.1 Hz, acetanilide CH,CON), 4.33 (1H, ¢, J=6.9
Hz, CHMe), 6.75-6.93 (3H, m, ArH), 7.13-7.18 (1H, m, ArH), 7.30-7.51 (9H, m, ArH), 8.48 (1H, d, J = 8.1 Hz,
ArH); ®C-NMR (75 MHz, CDCls): 6 17.6,42.2, 61.1, 62.2, 66.2, 121.3, 124.3, 125.5, 125.6, 126.2, 128.7, 129.1,
129.3,129.7,129.9, 130.2, 132.5, 133.4, 134.5, 134.8, 142.3, 171.9, 176.0, 177.2.

HRMS: [M + H]" calcd for CasH2sN3zOsNi, 486.1328; found, 486.1337.

12¢ & 13c
11c (240 mg, 0.62 mmol)7>H12¢ 5 KN 13c DIRAW) (210 mg, 67.7%, 61:39) %157, ANEAWE S
DIV Y ATNT LT a< 87T 7 4 —TCHlRs 5 & BRIOSENG 12¢(124mg) %, 2

ZHO MmN 13c (8.7 mg) &157-,

12¢: Red solid; mp 207-210 °C; [a]p® =-150.8 (¢ 1.0, CH.CLy).

IH-NMR (300 MHz, CDCl3): 6 2.08-2.22 (1H, m, one of CHoMe), 2.42 (3H, t, J = 6.9 Hz, CH,Me), 2.59 (1H, d,
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J=171Hz),2.79 (3H, d, J = 6.6 Hz, CHMe), 2.80-2.95 (1H, m, one of CH.Me), 3.74 and 3.79 (1H each, ABq,
J=20.1Hz), 3.95 (1H, d, J = 17.1 Hz), 4.14 (1H, g, J = 6.9 Hz, CHMe), 6.74-6.91 (2H, m, ArH), 7.06-7.09 (2H,
m, ArH), 7.31-7.34 (6H, m, ArH), 7.35-7.54 (3H, m, ArH), 8.63 (1H, dd, J = 8.7, 1.2 Hz, ArH). 3C-NMR (75
MHz, CDCls): 6 14.0, 20.8, 55.0, 56.5, 61.3, 64.2, 121.0, 124.2, 125.1, 125.9, 126.0, 128.5, 128.9, 129.5, 129.6,
129.8,132.6, 133.5, 134.7,134.9, 142.7, 171.8, 177.2, 180.0.

HRMS: [M + H]" calcd for C7H2sN30sNi, 500.1484; found 500.1485.

13c: Red solid; mp 210-213 °C; [o]o® = +1226.4 (¢ 1.0, CH,CL).

H-NMR (300 MHz, CDCls): 6 1.78 (3H, d, J = 6.9 Hz, CHMe), 2.05-2.20 (1H, m, one of CH,Me), 2.36 (3H, t,
J=6.9 Hz, CH;Me), 2.85-2.95 (1H, m, one of CH,Me), 3.35 and 3.48 (1H each, ABq, J = 17.1 Hz), 3.64 and
3.75 (1H each, ABq, J =19.8 Hz), 450 (1H, g, J = 7.2 Hz, CHMe), 6.68-6.75 (2H, m, ArH), 6.94-7.06 (2H, m,
ArH), 7.19-7.51 (7H, m, ArH), 8.06 (2H, d, J = 7.2 Hz, ArH), 8.35 (1H, d, J = 7.8 Hz, ArH). 2C-NMR (75
MHz, CDCls): 6 13.6, 14.1, 50.6, 55.2, 61.0, 66.7, 120.8, 124.2, 125.1, 125.8, 126.1, 128.9, 129.2, 129.4, 129.6,
129.7,130.0,132.2,133.1, 134.7, 138.7,142.4,171.5, 177.2, 179.1.

HRMS: [M + H]* calcd for C27H2sN30sNi, 500.1484; found 500.1493.

12d & 13d
11d (1.0 g, 2.50 mmol)7>512d 35 X TM3d DAY (901 myg, 70.1%, 74:26) %157, ARGWE S HIZ
YUAGTNHT Ly av NTT T 0 —CHlERT S L BAIOSEND 12d (599 mg) &, 2% H

DS 13d (245 mg) H A3,

12d: Red solid; mp 155-157 °C; [0o? =-55.0 (¢ 1.0, CH,Cl).

IH-NMR (300 MHz, CDCl3): 6 1.10 (3H, t, J = 7.5 Hz, CH,CH,Me), 1.98 (1H, td, J = 4.2, 1.5 Hz), 2.45-2.60
(1H, m), 256 (1H, d, J = 17.1 Hz), 2.73 (1H, td, J = 4.2, 1.5 Hz), 2.80 (3H, d, J = 6.9 Hz, CHMe), 3.75 and 3.82
(1H each, ABg, J = 16.8 Hz), 3.98 (1H, d, J = 17.1 Hz), 4.05-4.15 (1H, m), 4.13 (1H, g, J = 6.9 Hz, CHMe),

6.74-6.80 (1H, m, ArH), 6.82-6.91 (1H, dd, J = 8.4, 1.8 Hz, ArH), 7.05-7.10 (2H, m, ArH), 7.29-7.37 (6H, m,
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ArH), 7.50-7.55 (3H, m, ArH), 8.65 (1H, dd, J = 8.7, 0.9 Hz, ArH). “C-NMR (75 MHz, CDCls): 6 11.8, 20.7,
22.2,56.9, 612, 62.5,64.1,120.9, 124.1, 125.0, 125.8, 125.9, 128.4, 128.9, 129.4, 129.5, 129.8, 132.5, 133.4,
134.6,134.8, 142.6, 171.7, 177.2, 179.9.

HRMS: [M + H]" calcd for C2sH30N3OsNi, 514.1641; found 514.1642.

13d: Red solid; mp 156-158 °C; [o]o® = +1033.3 (¢ 1.0, CH,CL).

IH-NMR (300 MHz, CDCly): 6 1.15 (3H, t, J = 7.5 Hz, CH,CH:Me), 1.72 (3H, d, J = 6.9 Hz, CHMe), 1.99 (1H,
td, J =4.2, 1.5 Hz), 2.30-2.45 (1H, m), 2.79 (1H, td, J = 4.2, 1.5 HZ), 3.30 and 3.55 (1H each, ABgq, J = 17.1 Hz),
3.64 and 3.75 (1H each, ABq, J = 20.1 Hz), 4.05-4.20 (1H, m), 4.51 (1H, g, J = 6.9 Hz, CHMe), 6.60-6.80 (2H,
m, ArH), 6.96-7.00 (2H, m, ArH), 7.16-7.22 (2H, m, ArH), 7.30-7.35 (1H, m, ArH), 7.45-7.51 (4H, m, ArH),
8.06 (2H, d, J = 6.9 Hz, ArH), 8.35 (1H, dd, J = 8.7, 0.9 Hz, ArH). *C-NMR (75 MHz, CDCls): 6 12.0,
13.7,22.1,55.9, 58.6, 61.1, 66.4, 120.7, 124.1, 125.0, 125.8, 126.0, 128.9, 129.2, 129.4, 129.6, 129.6, 130.0,
132.2,133.1,134.6, 138.9, 142.4,171.4,177.1, 179.3.

HRMS: [M + H]" calcd for C2sH30N3OsNi, 514.1641; found 514.1649.

12 & 13e
11e (1.0 g, 223 mmol)7>512e 35 L UM3eDIEAW) (287 mg, 31.5%, 76:24) % 157=, ANEAWE I HIC
YUATNIT Lrav NTTT 4 —THEERT 2 & BHIOSEND 120 (166 mg) %, 2% H

D5y 138 (81 mg) EHF7-,

12e: Red solid; mp 136-138 °C; [a]p® = +303.6 (¢ 1.0, CH:Cl,).

H-NMR (300 MHz, CDCls): § 2.81 (1H, d, J = 17.4 Hz), 2.89 (3H, d, J = 6.9 Hz, CHMe), 2.95 (1H, d, J=12.0
Hz), 3.72 and 3.85 (1H, ABq, J = 19.8 Hz), 4.01 (1H, d, J = 17.1 Hz), 4.25-4.29 (3H, m), 6.63-6.75 (2H, m,
ArH), 7.02-7.27 (4H, m, ArH), 7.38-7.53 (10H, m, ArH), 8.11 (1H, d, J = 8.1 Hz, ArH), 8.32 (2H, d, J = 8.4 Hz,
ArH). BC-NMR (75 MHz, CDCly): § 20.7, 56.4, 61.2, 65.1, 65.6, 120.6, 124.1, 124.8, 125.8, 126.1, 128.6, 128.9,

129.1,129.2,129.4, 129.6,130.1, 132.1, 132.3, 132.9, 134.6, 134.8, 142.2,171.5,177.2, 179.3.
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HRMS: [M + H]* calcd for Cs2HaoN3OsNi, 562.1641; found 562.1639.

13e: Red solid; mp 142-145 °C; [a]p®= +361.5 (¢ 1.0, CH:Cl,).

IH-NMR (300 MHz, CDCls): 5 1.80 (3H, d, J = 6.9 Hz, CHMe), 3.25 (1H, d, J = 12.0 Hz), 3.45 and 3.58 (1H
each, ABg, J = 20.1 Hz), 4.23 (1H, d, J = 12.0 Hz), 4.72 (1H, g, J =6.9 Hz, CHMe), 5.30 (2H, s, PhCH,N), 6.55-
6.76 (2H, m, ArH), 6,88-6.95 (2H, m, ArH), 7.08-7.17 (1H, m, ArH), 7.38-7.53 (1L1H, m, ArH), 8.11 (1H, d, J =
8.7 Hz, ArH), 8.32 (2H, d, J = 6.9 Hz, ArH). 3C-NMR (75 MHz, CDCl): § 20.7, 56.4, 61.2, 65.2, 65.7, 120.6,
124.2,124.9,125.8,126.1, 128.7, 129.0, 129.2, 129.2, 129.4, 129.6, 130.1, 132.1, 132.9, 134.6, 134.8, 142.3,
1715, 177.3,179.3.

HRMS: [M + H]" calcd for C3H30N3OsNi, 562.1641; found 562.1638.
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=B DFEERIE

Ni 8K 17b,e—20b, e DEEREE

rac-Phe (2 e @ Me @ M @ Me @ Me
(2 eq) - ] R r R, r

NiCl, (2 R r ,
1% 2o N, 0_O RN, 00 SN, 0_0 N, 0_0O
K,COs (6 eq) SR |/ N )
11b,e _— NG f pn * J; Ni f . LPh + £ N o
’ reflux in MeOH 07N NTT 0N N 0N N 07N N
SACEENOA®
e:Bn 17b,e (S,R,Sc) 18b,e (Sc, Sn. Sc) 19b,e (Sg,Ru,Re) 20b,e (S, Sn.Ro)

U7 R 11b(leq) ik 1le(leg)&. NiCl(2eq). DL-7 ==/1T 7= eq)DA X /) —/VIE
Te~RE ) v AGeq) Nz, 50°C I THRIE LT, BUGSE T# (TLCIZ X W #R), SUGKZ KA T
12 5% FHRKIRIR~ETEWTE, BRE Y7 oo 2 &2 ATt 3E) L, A8 Z2ws (Wik~ 2
XU L) LItk WREEERWE L. BRVET 5 Ni(l) 856427 27 VARG E LT (¥
T AT VAHRAYNE, A b A 1919 . Mk e 2 1909 ) . ZDIREMZE LV B TF NI T L0
~ "'F 74— X BERERL % & B Ni(ll) §&4 17b, 18b, 19b, & TX 17e, 19, 20e Z4%~

HEE L=, T oO0HMEZ LI TITRTS

(Sc.Rn.Sc)-17b:

WL VBTN TT LT a~ NTT7 4 —IZX 0 HERERL, 802mg @ 17b %1572,

Mp 164-170 °C; [o]o® = +1711.6 (c 0.01, CHCI).

'H-NMR (300 MHz, CDCl3): 6 1.67 (3H, d, J = 6.9 Hz, CHMe), 2.42 (1H, d, J = 15.9 Hz), 2.65 (3H, s, NMe)
3.08 (1H, Haof ABX type, Jas = 13.8 Hz, Jax = 6.0 Hz, one of Phe f-CH>), 3.11 (1H, Hs of ABX type, Jag = 13.8
Hz, Jex = 4.7 Hz, one of Phe B-CH), 3.49 (1H, g, J = 6.9 Hz, CHMe), 3.99 (1H, d, J = 15.9 Hz), 4.25 (1H, Hx of
ABX type, Jax = 6.0 Hz, Jex = 4.7 Hz, o-H of Phe part), 6.75-6.80 (2H, m, ArH), 6.86-6.90 (1H, m, ArH), 7.09—
7.13 (2H, m, ArH), 7.20-7.35 (5H, m, ArH), 7.39-7.60 (4H, m, ArH), 8.65 (1H, d, J = 8.7 Hz, ArH). *C-NMR
(75MHz, CDCls): 618.7,38.9, 39.6, 62.4, 65.6, 71.3,121.1,123.6, 127.0, 127.2, 127.6, 127.7, 128.4, 128.8, 129.0,

129.1,129.2, 130.0, 130.1, 131.5, 132.7, 133.4, 133.6, 133.7, 136.2, 142.7, 170.7, 174.7, 178.1.

LRMS: m/z found 576.1 ([M +H]* for C33H32N3sNiOs).
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‘Sc,SN,Sc!-].SbZ
WEE VBTN T AT a~ N7 44— X0 BRI L, 195mg @ 18b %1572,
Mp 216-218 °C; [a]o® = +1550.8 (¢ 0.01, CHCI5).

IH-NMR (300 MHz, CDCls): 6 1.46 (3H, s, NMe), 2.25 (3H, d, J = 7.2 Hz, CHMe), 2.64 (1H, Ha0f ABX type,
Jas=13.8 Hz, Jax = 5.1 Hz, one of Phe B-CHy), 2.87 and 3.06 (1H each, ABg, J = 15.9 Hz), 3.05 (1H, Hg of ABX
type, Jas = 13.8 Hz, Jox = 3.3 Hz, one of Phe p-CHy), 3.94 (1H, g, J = 7.2 Hz, CHMe), 4.29 (1H, Hx of ABX type,
Jax=5.1 Hz, Jex = 3.3 Hz, o-H of Phe part), 6.77-6.82 (2H, m, ArH), 7.08-7.11 (1H, m, ArH), 7.15-7.20 (2H, m,
ArH), 7.25-7.37 (4H, m, ArH), 7.45-7.613 (9H, m, ArH), 8.44 (1H, d, J = 8.4 Hz, ArH).

LRMS: m/z found 576.1 ([M +H]+ for C33H32N3Ni03).

QSC,RN,Rc!-lgbZ
WMEEL VBTN DT AT~ NTT7 4—2X 0 0BEERI L, 43mg @ 190 #1572,
Mp 104-105 °C; [a]o? = -1634.1 (¢ 0.01, CHCI5).

'H-NMR (300 MHz, CDCls): § 1.74 (3H, s, NMe), 1.97 (3H, d, J = 6.9 Hz, CHMe), 2.66 (1H, Haof ABX type,
Jas =13.5 Hz, Jax =5.4 Hz, one of Phe $-CHy), 2.92 and 3.19 (1H each, ABg, J=16.8 Hz), 2.98 (1H, Hg of ABX
type, Jas = 13.5 Hz, Jax = 3.3 Hz, one of Phe B-CHy), 3.43 (1H, g, J = 6.9 Hz, CHMe), 4.24 (1H, Hx of ABX type,
Jax = 5.4 Hz, Jex = 3.3 Hz, o-H of Phe part), 6.76 (2H, d, J = 4.2 Hz, ArH), 7.04-7.08 (1H, m, ArH), 7.24-7.32
(5H, m, ArH), 7.42-7.63 (10H, m, ArH), 8.14 (1H, d, J = 8.4 Hz, ArH).

LRMS: m/z found 576.1 ([M +H]* for C33H32N3sNiOs).

‘Sc,RN,Sc!-]JeZ
MEEZ VBTN I T v~ N7 T7 4 =80 FEER L T 17e (244 mg) #1572,
Mp 228-229 °C; [o]p®® = +1417.4 (¢ 0.01, CHClIy).

IH-NMR (300 MHz, CDCl3): 6 2.22 (3H, d, J = 6.9 Hz, CHMe), 2.77 (1H, d, J = 20.4 Hz), 2.78 (1H, d, J = 8.7
Hz), 3.15 (1H, Haof ABX type, Jas = 13.6 Hz, Jax = 6.6 Hz, one of Phe B-CHy), 3.22 (1H, Hs of ABX type, Jas
= 13.6 Hz, Jex = 5.1 Hz, one of Phe B-CHy), 3.95 (1H, g, J = 6.9 Hz, CHMe), 4.12 (1H, d, J = 8.7 Hz), 4.13 (1H,

d,J =20.4 Hz), 4.20 (1H, Hx of ABX type, Jax = 6.6 Hz, Jex = 5.1 Hz, o-H of Phe part), 6.56-6.64 (3H, m, ArH),
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6.90-7.12 (4H, m, ArH), 7.17-7.40 (12H, m, ArH), 7.44-7.57 (2H, m, ArH), 8.07 (1H, br d, J = 7.8 Hz, ArH),
8.31 (2H, dd, J=7.2, 1.2 Hz, ArH). “C-NMR (75 MHz, CDCl): 6 20.1,40.7, 56.3, 65.1, 65.9, 71.5, 120.4, 123.2,
125.6,127.1,127.4,127.8,128.5,128.6,128.7,128.8,128.9,129.0,129.6, 129.8, 1304, 131.5, 132.2, 133.3, 134.0,
135.0,135.1, 135.6, 142.3, 171.3, 178.1, 178.4.

LRMS: m/z found 652.3 ([M +H]* for C3gHzsN3sNiOs).

(Sc,Rn, Re)-19e:

MEZ VBTN I T L7 v~ N7 T 74— 80 5BEER LT 19 (175 mg) 2157,

Mp 261-264 °C; [a]o? -1756.4 (¢ 0.01, CHCl).

'H-NMR (300 MHz, CDCly): 6 2.14 (3H, d, J = 6.6 Hz, CHMe), 2.71 (1H, d, J = 16.2 Hz), 3.00-3.15 (2H, m),
3.23 (1H,d, J=14.4 Hz), 358 (1H, d, J = 16.2 Hz), 3.69 (1H, d, J = 14.4 Hz), 4.09-4.14 (1H, m), 4.33-4.38 (1H,
m), 6.70-6.76 (2H, m, ArH), 7.00-7.18 (3H, m, ArH), 7.26-7.75 (19H, m, ArH). 3C-NMR (75 MHz, CDCl3): ¢
20.1,39.0,60.1, 62.5,64.6,71.1,120.7, 124.8, 127.0,127.2, 127.6, 128.2, 128 4, 128.6, 128.9, 129.0, 129.9, 130.9,

131.5, 131.8, 132.0, 133.0, 133.8, 136.5, 137.0, 142.3, 170.6, 175.7, 177.8.

‘Sc,SN,Rc!-ZOGZ
MEZ VBTN I T L7 v~ N7 T 74— 80 5BEER LT 20e (12mg) %157,
Mp 245-247 °C; [a]o® =—1880.8 (¢ 0.01, CHCI3).

H-NMR (300 MHz, CDCls): 6 1.54 (3H, d, J = 6.9 Hz, CHMe), 2.60-2.75 (2H, m), 3.32 (1H, d, J = 17.7 Hz),
358 (1H, d,J =11.7 Hz), 3.83 (1H, t, J = 7.2 Hz), 4.32-4.38 (1H, m), 4.33 (1H, d, J= 17.7 Hz), 441 (1H, d, I =
11.7 Hz, 1H), 5.81 (1H, d, J = 7.5 Hz), 6.39-6.56 (3H, m, ArH), 6.98-7.15 (7H, m, ArH), 7.28-7.44 (6H, m,
ArH), 7.57-7.64 (2H, m, ArH), 8.13 (2H, d, J = 7.8 Hz, ArH), 8.20(1H, d, J = 8.7 Hz, ArH), 8.55 (2H, d, J = 6.9
Hz, ArH).

LRMS: m/z found 652.3 ([M +H]+ for C39H36N3Ni03).
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Ni(ll) SEEDHIRCED L-T7 2= AT F= (521 OHEERBIUOFINY H R (S)-11b,e DIE]

¥

AZ 7 —)L (145mL) & 3N Mg (11 mL) OIEAEE~ Ni(ll) 54 17b XX 17e  (1g) ZHN
AT, 70°C [ZTHEHR L7z, 30 Z0fHIEUR L7ete (BUGIKRODIREDTHRZRERD). SO 2 IR L
7o BN IENEEEICHA 42K (50mL) &7 mnm A% (15mL) 2Nz CTHkiELTZ, &
B OWTERARC LV . Tl T (5)-11be (IR 95 %) &AL Uiz, —F7, /KIBadlERsL
-1, TR ZDEDA A L AHIK TR L. Dowex 50 X 2-100 Htig2 A=A 4 L2854t Z L~
WA ST, BT DaA A AR CHMEZ 72 D F CHag L7142, 8 % KERET LB =7 L/KIEIR
(OOML)IZ &V 7 X /8 21 AR S W, WHIRABIERNE L. B0 7 ==L 7 7= (5)-21(IX
F85-90%) 157, BARIT, BT LA AL AR CHPEICR L=, IRERRIC LD Ni(l) 4%
WHSET, 72=A17 7= (R)-22 b Ni(ll) #5(K 190 X% 19 KV [ERROFIETHE L, %

7. BoN-7 2oV T T = AT E & LT,

53



BBIUEDFERIE
HPLCY A7 AlE, MESHLEEEYEFTL TSHIMADZU LC-2010CHT 7~ h7'5 7 -
CLASS-VPTM A7 A Z MWz, —fREYRHPLCOSATSRIHI FREDE Y Th 5,
717 2 Inertsil TM ODS-3 column (particle size 3 pm, 150 x 4.6 mm i.d.)
FoHE : 1.0 mL/min
717 MR : 30°C
R © 254 nm
#@fH : A =10 mM ag. ammonium formate containing 0.1% formic acid
B=7thr=RrUV
A:B =40:60to 20:80 (0 to 25 min)
20:80 (25 min to 45 min)
B RREE B HTEB(HRMS)IE, UPLC/Q-TOF MSY A7 A% FIV VT, ESIE— RCHIE L7, b
FENEEIL, BAS RS TDIP-370 polarimeter) % fAVWVCHIE L7, BlsIA ho—- b

— PSR  TMPT70 Melting Point System ) Z FlU N CHIIE L7z,

% 7 VEBIEIDERE
(S)-25: (S)-N-(2-Benzoyl-4-chlorophenyl)-2-[3,5-dihydro-4H-dinaphth-[2,1-c:1°,2’-e]-azepin-4-yl] acetamide

D
O
Br Q O O O
L, AL

NH, O Bf\)J\Br 0" NH O N iN

K2COs K2COs 07" NH ©
S =S b
cl

(S)-25

2-Amino-5-chlorobenzophenone (25.0 g, 107.9 mmol) ®7& k — K UL (500 mL) ¥&iRIZRIEA U ™
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2\ (447 g,323.7mmol) & BT vE7&F /L (283 g, 140.3 mmol) D7 kU LERHE (50 mL)
INZ, IBEWZEERT 0.5 RHEHEEE L=, HBE Al L, AIRE IR L=, FREl/K (75mL)
EIMA, AR LTIk A B /L (2x200mL) Chlith L=, A% G, 7K (150mL) Tk
L7, B (BBR R Y 7 A)L, £ 150mL (272D TN L=, S0 X 512 L TR~
FHB0mL)Z A, HRT 16 FHREFE L7k, 0°C T 1 Wi L7, AR Lol i
L V4D, JHIET 30°C TrzEEL T, N-(2-benzoyl-4-chlorophenyl)-2-bromoacetamide (33.16 g, 87%) %
EEDERE LTHEE,
IH-NMR (200 MHz, CDCl): 4.02 (2H, s, COCH), 7.48-7.76 (7H, m, ArH), 8.55-8.60 (1H, m, ArH), 11.32 (1H,
br s, NH).

Bon=7 2 FIK (21.7 g, 615 mmol) 27 k- kUL (1000 mL) (Z¥afiE L, & ZAZRE J
7 A (17.0g, 123.0 mmol) & (S)-3,5-dihydro-4H-dinaphth[2,1-c:1°,2’-e]azepine (20.0 g, 67.7 mmol) %z
7oo SONEAYZRIECIRFIHRIR L, AR L2 A Y a v % Al L TR AR E1EE LT, 7%
B VBN AT AT a~ 87T 74— (hexanelethyl acetate =4/1) THRLL, HIOWTHS (S)-25

(36.03 g, quant) ARF DR & LTHT,

(S)-25: mp 163.4°C (EtOAC/MeOH). [o]o? = +306 (c 0.50, CHCly).

H-NMR (200 MHz, CDCls): 6 3.09 and 3.54 (1H each, ABq, J = 16.8 Hz, COCHj), 3.39 and 3.61 (2H each, ABq,
J =121 Hz, 2 x NCHy), 7.21-7.30 (2H, m, ArH), 7.42-7.65 (11H, m, ArH), 7.73-7.80 (2H, m, ArH), 7.92-7.98
(2H, m, ArH), 7.94 (2H, d, = 8.2 Hz, ArH), 8.62 (2H, d, J = 8.6 Hz, ArH), 11.49 (1H, br s, NH). *C-NMR (50.3
MHz, CDCls): § 56.4 (CHz), 60.3 (CHy), 123.3 (ArCH), 125.6 (ArCH), 125.9 (ArCH), 126.8 (quaternary ArC),
127.5 (ArCH), 127.6 (ArCH), 127.8 (quaternary ArC), 127.9 (quaternary ArC), 128.3 (ArCH), 128.6 (ArCH),
128.7 (ArCH), 130.2 (ArCH), 131.4 (quaternary ArC), 131.6 (ArCH), 133.1 (ArCH), 133.3 (quaternary ArC),
135.0 (quaternary ArC), 137.4 (quaternary ArC), 137.6 (quaternary ArC), 170.2 (CO), 196.4 (CO).

LRMS: m/z found 567.2 (M +HJ").

HRMS: [M + H]* calcd for Cs7H2sN20-Cl, 567.1839; found 567.1843.

®d % (R)-25 bIREKOTFETER LT,
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(R)-3,5-dihydro-4H-dinaphth[2,1-c:1’,2’-e]azepine, Yield: 97%.
mp 163.1 °C (EtOAc/MeOH). [a]o® = —320 (¢ 0.500, CHCls).

HRMS: [M + H]* calcd for Cs7H2sN20-Cl, 567.1839; found 567.1830.

BiZ & AU
DL-Z = =NVT F =2 Dy 7HiE Ni(ll) SEAOFRT & BRI T2 36 5 B ERIGD—#
BT

1 0
Y L |38 | G

NI(OAC)2 4H20

K,CO o.__0O
N 23 N /O o) iN\N_/
L MeOH i N Ph| MeOH A~/ ‘N Ph
O~ "NH O 0~ 'N l\f - reflux |
(S)-25 (Sa, Rc)-27b

(S)-25 (200 mg, 0.35 mmol, 1 eq) DA X/ —/L (4mL) EREIZIZ Ni(OAC), « 4H;0 (176 mg, 0.71
mmol,2eq) & DL-7 ==/L7 7= (117mg, 0.72 mmol, 2eq) I3 L R U 7 2 (293 mg, 2.12
mmol, 6eq) ZNx. 1O RREIRA 24 FFRINENER L7z, =SE CTmilg, kinL7z 5 % HiF
% (120mL) THR L7z, BEWE 30 oL, Bl LickdtEnlbaWz A L, KTt
%, 50°C THMEET 5 L Ni(ll) $5(& (234 mg, 86%, FRtafiim) 25 (SR)- BELOY (59)- T A7 LA
~—ORAEWE L TR LN, £OVT AT LA~ —E HPLC 412k v 995:05(99.0% de) &
WE SN, FARMO (SR)-V7 AT LA~—73 267 min OEFRFHCIRH SN, —J5., f&ED

(S,S)-EMEARDORFHFIL 285 minTH 7=,

(SaRe)-27b: mp 232.5 °C (dec.) (CH Cly/toluene). [a]o® = -2165 (¢ 0.20, CHCly).
H-NMR (200 MHz, CDCls): 6 2.42 [1H, d, J = 12.3 Hz, one of azepine C(a)HzN], 2.59 (1H, Haof ABX type,
Jas = 13.6 Hz, Jax = 5.3 Hz, one of Phe -CH.), 2.61 (1H, d, J = 15.5 Hz, one of acetanilide NCOCHy), 2.76 and

3.18 [1H each, ABq, J = 13.9 Hz, azepine C(a)H2N], 3.00 (1H, Hs of ABX type, Jag = 13.6 Hz, Jex = 3.0 Hz, one
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of Phe B-CH), 3.68 (1H, d, J = 15.5 Hz, one of acetanilide NCOCHy), 4.22 (1H, Hx of ABX type, Jax = 5.3 Hz,
Jex = 3.0 Hz, o-H of Phe part), 4.54 [1H, d, J = 12.3 Hz, one of azepine C(o)HzN], 6.67 (1H, d, J = 2.4 Hz), 7.05-
7.64 (15H, m, ArH), 7.66-7.85 (3H, m, ArH), 7.90-7.99 (3H, m, ArH), 8.09 (1H, d, J = 8.2 Hz, ArH), 8.35 (1H, d,
J=9.2Hz, ArH), 867 (1H, d, J = 8.2 Hz, ArH). 3C-NMR (50.3 MHz, CDCly): § 39.1 (B-CH_ of Phe part), 57.6
(NCOCH,), 61.6 and 65.9 (2 x CH; of azepine), 72.1 (a-CH of Phe part), 125.2 (ArCH), 126.1 (quaternary ArC),
126.3 (ArCH), 127.1 (ArCH), 127.5 (ArCH), 127.6 (ArCH), 127.7 (ArCH), 127.8 (ArCH), 128.4 (ArCH), 128.6
(ArCH), 128.8 (quaternary ArC), 128.95 (ArCH), 129.02 (ArCH), 129.3 (ArCH), 129.4 (ArCH), 130.4 (ArCH),
131.0 (quaternary ArC), 131.2 (quaternary ArC), 131.5 (quaternary ArC), 131.8 (ArCH), 132.4 (ArCH), 132.7
(ArCH), 133.0 (quaternary ArC), 133.6 (quaternary ArC), 134.0 (quaternary ArC), 135.4 (quaternary ArC), 135.9
(quaternary ArC), 136.5 (quaternary ArC), 141.4 (quaternary ArC), 169.9, 174.3, 177.4 (CN and 2 x CO).
Assignments of *H-NIMR and **C-NMR signals are based on COSY (*H-H and ©*C-*H) and DEPT experiments.
LRMS: m/z found 770.2 (M + HJ*).

HRMS: [M + H]* calcd for CasHasN3sOsNiCl, 770.1720; found 770.1714.

DL-7 ==V T 7=V 2FE L 45 D-T 2o T F=0 DYy 7HE Nil) $8E0ER : 11480

DL-7 == /L7 T =V BEHDEE

—IHTHETIEL 2 Y BDOT ==V T T =0 L7ehs, 11 &L LU TOLHITk-o
72.  (S)-25(200 mg, 0.35 mmol), Ni(OAc), + 4H,0 (97 mg,0.39mmol,1.1eq), DL-7 ==/L 7 7 =" (64
mg, 0.39 mmol, 1.1 eq) KO fREEH U 74 (195 mg, 1.41 mmol, 4 eq) Z RS CHOSSHIZE Z A,
Ni(ll) &5(A (246 mg, 91%) 7% (SR)- BL (59)-V7 AF LA~—7% 986:14 (97.2% de) DILIHET
Reafin & LTEONT-, HPLC StrofiE., =AM (SR)-V7 AT LA~—7% 26.7 min D%

R Tt S AL, — 05, ED (S,9)-EMEARDLRRHRFHIL 285 min Th -7z,
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DL- N+ 77 % FELETD D-FU X Ry y 7HE Ni(ll) $EEDERKR

63 SESTN2AS

DL-Trp 26a 2.0eq

N Ni(OAC),4H,0 2.0 eq o o

N _/o NH N _/o NH
L KoCO3 6.0 eq J; N g i N s
0" °NH O o N N *oN N
MeOH ‘ ‘
O R g0 T

cl cl cl
(S)-25 (Sa Ro)-27a (Sa So)-27a

(S)-25(200mg, 0.35mmol) D A % /7 —/L (4mL) F&EHRIZ Ni(OAC), + 4H,0 (176 mg, 0.71 mmol) &
DL- U7~ 77 (176 mg,0.70 mmol) T (kg7 U 7 2 (290 mg, 2.10 mmol) % [FISe: Chai S8
7e& A 1 KETHREND (S)-25 IHIHTWHK L=, Ni(ll) 45K (SR)-27a B L (5,5)-27a DT AT
LA~—Hid, £ 4 BRI 99.44:0.38 DLEERE o7,

(SR)- 27a DWEIEIL FREDRERDIAZ S/,

® HPLC 5

g —

Ratio by HPLC [%]100 &
Time (SaRc)-27a (SaSc)-27a (S)-25
—d—( 5, R FETa
10 min 280 091 9629 ° ——{5, 5272
20 min 44.48 14.51 40.99 g —(5}25
2 50
30 min 65.93 17.64 16.41 fg
o
40 min 70.65 17.68 11.65
50 min 76.24 18.40 5.34
1h 80.88 16.63 2.47 0 . . - ¥
0 1 2 3 4[h)
1.5h 89.96 9.11 0.92 R RSN reaction time
2h 95.96 351 0.51
3h 99.12 0.47 0.40
4h 99.44 0.38 0.17
24h 99.75 0.23 0.00

[41] B+ (S)-25 & rac-Trp 26a DEULDRFEZA L
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DL-7 F=v %45 D-T7=0D3 v 7HEE Ni(ll) $SEDERk

_ 28]
oS I Co Sl IS

Ni(OAC), 4H,0

O (0]
N KoCOg N\ /o e} N\ /
_— Ni N|\
MeOH / l\ MeOH O N/ N Me
O~ 'NH O Oo” N NI Me reflux [
cl L <l _ cl
(S)-25 (Sa,Rc)-27c

—HRAFIEIZHE N, (S)-25 (200 mg, 0.35 mmol), Ni(OAC), * 4H,0 (176 mg,0.72mmol, 1.1eq.), DL-
7= (63mg,0.71 mmol) KT KERH U 72 (293 mg, 2.12 mmol, 6 eq.) Z AW TG SEZE =
A, Ni(ll) $54(208 mg, J=£85%) M3 aREafknh & L C(SR)- BEWY (S9)-T' 7 AT LA~—7 97921
(95.8% de) DR TH LI, HRD HPLC S4C (SR)-DILRFHRFEIL 2135 TRIFEMD (S,S)-I&

DOIRFARRIL 222 /3 Th -T2,

(S aRo)-27c: mp 227.3°C (dec.) (MeOH). [a]o® = —2050 (c 0.05, CHC:).

H-NMR (200 MHz, CDCls, the data reported below for the corresponding (R,S)-enantiomer): 6 1.51 (3H, d, J =
7.0 Hz, Me), 2.73 [1H, d, J = 12.1 Hz, one of azepine C(a)HN], 3.08 (1H, d, J = 15.6 Hz, one of acetanilide
NCOCHy), 3.68 and 3.76 (1H each, ABq, J = 13.9 Hz, azepine C(a')H:N), 3.84 (1H, g, J = 7.0 Hz, o-H of Ala
part), 457 (1H, d, J = 15.6 Hz, one of acetanilide NCOCHy), 4.84 [1H, d, J = 12.1 Hz, one of azepine C(a)H:N],
6.66 (1H, d, J = 2.6 Hz), 6.91-6.99 (1H, m, ArH), 7.16-7.32 (4H, m, ArH), 7.35-7.41 (1H, m, ArH), 7.43-7.57 (7H,
m, ArH), 7.94-8.03 (3H, m, ArH), 8.16 (1H, d, J = 8.3 Hz, ArH), 8.4 (1H, d, J = 9.2 Hz, ArH), 8.76 (1H, d, J =
8.3 Hz, ArH). *C-NMR (50.3 MHz, CDCls): 6 21.5 (Me of Ala part), 58.7 (NCOCH,), 61.9 and 66.3 (2 x CH. of
azepine), 66.9 (0-CH of Ala part), 125.1 (ArCH), 126.1 (quaternary ArC), 126.37 (quaternary ArC), 126.44
(ArCH), 126.9 (ArCH), 127.3 (ArCH), 127.4 (ArCH), 127.5 (ArCH), 127.6 (ArCH), 127.8 (ArCH), 128.2
(quaternary ArC), 128.4 (ArCH), 128.7 (ArCH), 129.2 (ArCH), 129.5 (ArCH), 130.2 (ArCH), 131.0 (quaternary

ArC), 131.3 (quaternary ArC), 131.5 (quaternary ArC), 132.4 (ArCH), 132.6 (ArCH), 132.7 (quaternary ArC),
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133.7 (quaternary ArC), 134.1 (quaternary ArC), 135.6 (quaternary ArC), 136.0 (quaternary ArC), 140.9
(quaternary ArC), 170.2, 174.6, 179.7 (CN and 2 x CO).

LRMS: m/z found 694.2 ([M + H]*).

HRMS: [M + HJ" calcd for CsH31NsOsNICl, 694.1407; found 694.1404 (the observed m/z value is for the

corresponding (R,S)-enantiomer obtained by the other method).

DL-NY UEEEIE 32 D-NY vy 7HE Ni(l) $5E0EH

- W 0
Q O DL-Val
Nl(OAC)2 4H20
N K2CO3 N‘ 0.0 N\ /O 0]
L MeOH L /Ni\j MeOH OiN/N\
0 NH O 0~ N NI i-Pr reflux N|
Ph Ph Ph
cl L cl _ ca
(S)-25 (Sa,Rc)-27d

EFED—BIEZHE N, (S)-25 (200 mg, 0.35 mmol) D A & —/UERER (AmL) 12 Ni(OAC), « 4H,0
(176 mg, 0.71 mmol), DL-’NY > (83 mg, 0.72 mmol), k&4 U 7 2 (293 mg, 2.12 mmol) Z AL,
27 WEDER LT, BUGKET#, Jkim L7z 5 % MHBKENIR (15mL) (ICROSEZ A, 30 ZfHi#:
Uitz S, A L7z, AIL7-hEAR% 50°C CREEEME L C DNV V2l o fEo
Ni(ll) $&4& (203 mg, 79.6%, 92.4% de) & R fafEih & L7,

AR HPLC §fCHARM (SR)-AROIREHRHIIX 25.3 43 CRIEMID (S,S)ARDIREFRIX

270 73 CTh ol

(Sa,R0)-27d: mp 332.3 °C (dec.) (CH.Clo/hexane). [a]o?® = -2055 (c 0.05, CHCI3).
H-NMR (200 MHz, CDCls, the data reported below for the corresponding (R,S)-enantiomer): 6 0.80 (3H, d, J =
7.0 Hz, Me), 1.79 (1H, doublet of septets, J = 3.5, 7.0 Hz, CHMey), 2.18 (3H, d, J = 6.8 Hz, Me), 2.54 [1H, d, J =

12.3 Hz, one of azepine C(a)H2N], 3.02 (1H, d, J = 15.6 Hz, one of acetanilide NCOCH,), 3.64 and 3.75 [1H each,
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ABg, J = 13.9 Hz, azepine C(a)HzN], 3.72 (1H, d, J = 3.3 Hz, o-H of Val part), 454 (1H, d, J = 15.6 Hz, one of
acetanilide NCOCHy), 4.73[1H, d, J = 12.3 Hz, one of azepine C(c)HzN], 6.55 (1H, d, J = 2.4 Hz), 6.84-6.95 (2H,
m, ArH), 7.14-7.55 (10H, m, ArH), 7.55 (1H, d, J = 8.4 Hz, ArH), 7.92-8.04 (3H, m, ArH), 8.19 (1H, d, J = 8.2
Hz, ArH), 8.44 (1H, d, J = 9.0 Hz, ArH), 8.9 (1H, d, J = 8.2 Hz, ArH). ®C-NMR (50.3 MHz, CDCls): 185 and
19.7 (2 x Me of Val part), 34.5 (B-CH of Val part), 59.1 (NCOCH,), 61.5 and 66.7 (2 x CH; of azepine), 75.9 (a-
CH of Val part), 125.0 (ArCH), 126.1 (quaternary ArC), 126.37 (ArCH), 126.44 (ArCH), 127.1 (ArCH), 127.2
(ArCH), 1274 (ArCH), 127.8 (ArCH), 128.0 (ArCH), 1284 (ArCH), 128.55 (quaternary ArC), 128.62
(quaternary ArC), 128.7 (ArCH), 128.9 (ArCH), 129.1 (ArCH), 129.5 (ArCH), 130.1 (ArCH), 131.0 (quaternary
ArC), 131.2 (quaternary ArC), 131.5 (quaternary ArC), 132.4 (ArCH), 132.5 (ArCH), 132.7 (quaternary ArC),
133.7 (quaternary ArC), 134.1 (quaternary ArC), 135.4 (quaternary ArC), 136.0 (quaternary ArC), 141.0
(quaternary ArC), 169.7, 174.3, 176.3 (CN and 2 x CO).

LRMS: m/z found 722.2 (M + HJ*).

HRMS: [M + H]* calcd for CaH3sNsO3NiCl, 722.1720; found 722.1721 (the observed m/z value is for the

corresponding (R,S)-enantiomer).

DL-FuI v ERET5 D-Ful ol v 7HE Ni(l) $EEDERK

IaYe (3
8% A
I

£7
L)

o OH|______ iN‘N /of/@OH
s .
R
/I/i MeOH i/©/ MeOH 2~/ \N
NH O | |
Bh Ph

T [Ty

Cl L« _
(S)-25 (Sa,Re)-27e

0]

EFEDBIEZHE N, (S)-25 (200 mg, 0.35 mmol) D A & —/UERER (AmL) 2 Ni(OAC), « 4H,0
(91 mg, 0.72mmol), DL-F 1> (128 mg, 0.7 mmol), &7 U 7 2 (293 mg, 2.12 mmol) Z¥RAN

L. 27 W L7, BUSHE T2, JKim L7z 5 % HR/KIATR (15 mL) (ChUtiZ A, 30531H]
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PR Ui AT S, Al L7, AELT-fEGhZ 50°C CTREEEZE LT D-F 1 & o i otks
(ZHFF> Ni(ll) B4 (273 mg, 98%, 92.6% de) A & taftiin & L T/, AR HPLC e/ CTHAERR

Y (SR)-ROLRFHRAEIL 19.87 TREIAEID (SS)-ADIRFHEHEIL 206 73 Th -7z,

(Sa,R0)-27e : mp 262.2 °C (dec.) (CH:Clo/hexane). [a¢]o® =-2104 (¢ 0.10, CHC5).

IH-NMR (200 MHz, CDCls): § 2.44 [1H, d, J = 12.1 Hz, one of azepine C(a)HzN], 2.49 (1H, Ha of ABX type,
Jag = 13.9 Hz, Jax = 4.9 Hz, one of Tyr B-CH.), 2.71 (1H, d, J = 15.7 Hz, one of acetanilide NCOCH,), 2.92 (1H,
Hs of ABX type, Jas = 13.9 Hz, Jex = 2.7 Hz, one of Tyr B-CH,), 2.99 and 3.19 [1H each, ABq, J = 13.9 Hz,
azepine C(a')H2N], 3.92 (1H, d, J = 15.7 Hz, one of acetanilide NCOCH,), 4.18 (1H, Hx of ABX type, Jax =4.9
Hz, Jex = 2.7 Hz, a-H of Tyr part), 4.59 [1H, d, J = 12.1 Hz, one of azepine C(a)HzN], 6.67 (1H, d, J = 2.6 Hz),
6.93-7.00 (1H, m, ArH), 7.09-7.62 (16H, m, ArH), 7.77 (1H, d, J = 7.9 Hz, ArH), 7.81 (1H, d, J = 7.7 Hz, ArH),
7.92 (1H, d, J = 8.2 Hz, ArH), 8.09 (1H, d, J = 8.2 Hz, ArH), 8.32 (1H, d, J = 9.0 Hz, ArH), 8.56 (1H, br, OH),
8.70 (1H, d, J = 8.4 Hz, ArH). 3C-NMR (50.3 MHz, CDCls): 6 38.3 (B-CH; of Tyr part), 57.6 (NCOCH}), 61.8
and 65.8 (2 X CH; of azepine), 72.4 (0-CH of Tyr part), 125.3 (ArCH), 126.3 (ArCH), 1264 (ArCH), 126.5
(quaternary ArC), 126.9 (quaternary ArC), 127.1 (ArCH), 127.4 (ArCH), 127.5 (ArCH), 127.7 (ArCH), 128.4
(ArCH), 128.55 (ArCH), 128.59 (quaternary ArC), 128.8 (quaternary ArC), 129.1 (ArCH), 129.4 (ArCH), 130.5
(ArCH), 130.9 (quaternary ArC), 131.1 (quaternary ArC), 131.3 (quaternary ArC), 132.5 (ArCH), 132.6 (ArCH),
132.7 (quaternary ArC), 133.5 (quaternary ArC), 133.9 (quaternary ArC), 135.2 (quaternary ArC), 136.0
(quaternary ArC), 140.7 (quaternary ArC), 157.0 (quaternary ArC), 169.9, 174.9, 177.9 (CN and 2 x CO).
LRMS: m/z found 786.4 ([M + HJ*).

HRMS: [M + H]* calcd for CasH3asN3O4NiCl, 786.1670, found 786.1675.
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T, R BENFZAVD L-T I 7EED Ni(ll) SEEDERITOV TR,

DL-Z ==V T S= R TA L-Zx= AT F7= D3 v 78 Ni(ll) $&EDEH

207
908

N 0.0
i /NI\ Ph
0N N 7

R DL-Phe
Ni(OAc),=4H,0

K,COs

i N MeOH i N_ /Of MeOH
reflux Ni reflux
/ \N _ Ph

O”°NH O 0 >N
Ph Ph Ph

Cl cl cl
(R)-25 (Ra, Sc)-27b

FREO—BHEZHE, (R)-25 (800 mg, 1.41 mmol) D A %/ — Uik R (16mL) (2 Ni(OAC), -
4H,0 (702 mg, 2.82 mmol), DL-7 ==/L'7 7 =1~ (466 mg, 2.82 mmol), k&7 Y v A (1.17 g,8.46
mmol) ZANL., 24 KR Lo, BUSHET#. K L7z 5 % FRB/KEIR (120 mL) (2SS
M. 30 SyfEifE: Lissh At S8, Al Lic, AIL7CHhZ 50°C TEEFEEREL T L7 ==
VT T = BEORREICERF Ni(ll) 854 (1.04 g, 95%, 99% de) Z7RfE kit & L Ci57=, Rk
HPLC ¢, FAERMD (RS)-VT7 AT LA ~—72% 285 min OFRFHCIAH S, —FH~A 7

—BPEAD (RR)-ARDLEEFFEIX 26.7 minTH 77,

(Ra,S0)-27b: mp 232.5 °C (dec.) (CH:Cla/toluene). [¢]o® = +2165 (c 0.20, CHCL).

IH-NMR (200 MHz, CDCly): 6 2.42 [1H, d, J = 12.1 Hz, one of azepine C(a)HzN], 2.59 (1H, Ha of ABX type,
Jas = 13.6 Hz, Jax = 5.5 Hz, one of Phe B-CH.), 2.61 (1H, d, J = 15.6 Hz, one of acetanilide NCOCHj), 2.76 and
3.17 [1H each, ABq, J = 13.9 Hz, azepine C(a)H2N], 3.00 (1H, Hg of ABX type, Jag = 13.6 Hz, Jex = 3.0 Hz, one
of Phe B-CH,), 3.68 (1H, d, J = 15.6 Hz, one of acetanilide NCOCHy), 4.23 (1H, Hx of ABX type, Jax = 5.5 Hz,
Jex = 3.0 Hz, a-H of Phe part), 4.54 [1H, d, J = 12.1 Hz, one of azepine C(a)H:N], 6.67 (1H, d, J = 2.4 Hz, ArH),
7.05-8.02 (21H, m, ArH), 8.09 (1H, d, J = 8.4 Hz, ArH), 8.34 (1H, d, J = 9.2 Hz, ArH), 8.68 (1H, d, J = 8.2 Hz,

ArH).
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BC-NMR (50.3 MHz, CDCls): 6 39.0 (B-CH; of Phe part), 57.5 (NCOCH,), 61.6 and 65.9 (2 x CH; of azepine),
72.1 (a-CH of Phe part), 125.2 (ArCH), 126.1 (quaternary ArC), 126.4 (ArCH), 127.1 (ArCH), 127.4 (ArCH),
127.5 (ArCH), 127.7 (ArCH), 127.8 (ArCH), 128.4 (ArCH), 128.6 (ArCH), 128.8 (quaternary ArC), 129.0
(ArCH), 129.1 (ArCH), 129.3 (ArCH), 129.4 (ArCH), 130.5 (ArCH), 131.0 (quaternary ArC), 131.2 (quaternary
ArC), 131.4 (quaternary ArC), 131.8 (ArCH), 132.4 (ArCH), 132.7 (ArCH), 132.9 (quaternary ArC), 133.6
(quaternary ArC), 133.9 (quaternary ArC), 135.3 (quaternary ArC), 135.9 (quaternary ArC), 136.5 (quaternary
ArC), 141.4 (quaternary ArC), 169.9, 174.3, 177.4 (CN and 2 x CO).

LRMS: miz found 770.3 ([M + HJ?).

DL-75=V%ERETS L-TI=0ns v 7HE Nill) S8R0

~ - .
S 8 R 8 :
X

K;COs
J;N oo /LN\Ni/O/VI:O eor NE 00
07 NH 0 40°C 0N "N""Me PN NG Me
Ph Ph Ph
Cl o« _ Cl
(R)-25 (Ra, Sc)-27¢

EFEO—HEEZHED, (R)-25 (200 mg, 0.35 mmol) D A % 7 — Uik (4 mL) (ZNi(OAC), * 4H.0
(176 mg,0.72mmol), DL-7 7= (63mg, 0.72 mmol), &7 VU 7 L (293 mg, 2.12 mmol) Z#hL .,
24 5[], 40°C TP L7z, DUSH T, JKi LT-5%EHI /KA (30mL) (CAUSENZ, 30 43
R Ui AT S, Al L7z, AEL7ofbi% 50°C CRRRGREL C L7 7 = &t
(ZFFD Ni(ll) $5(K (208 mg, 85%, 96% de) Z 7Rt tafidh & LTIz, FARMMD RS)-¥T AT LA
~—% 222min ORFFRFE T S, — i~ A T—EMHEARD RR)-ROLRFFRFHIL 21.3minTH

277,
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(RaSo)-27c: mp 227.3°C (dec.) (MeOH). [a]o®= +1857 (c 0.06, CHCls).

'H-NMR (200 MHz, CDCl3): 6 151 (3H, d, J = 7.0 Hz, Me), 2.73 [1H, d, J = 12.1 Hz, one of azepine C(c)H:N],
3.08 (1H, d, J = 15.6 Hz, one of acetanilide NCOCH), 3.68 and 3.76 [1H each, ABq, J = 13.9 Hz, azepine
C(a")H2N], 3.84 (1H, g, J = 7.0 Hz, a-H of Ala part), 4.57 (1H, d, J = 15.6 Hz, one of acetanilide NCOCH), 4.84
[1H, d, J = 12.1 Hz, one of azepine C(a)H2N], 6.66 (1H, d, J = 2.6 Hz, ArH), 6.91-6.99 (1H, m, ArH), 7.16-7.32
(4H, m, ArH), 7.35-7.41 (1H, m, ArH), 7.43-7.57 (7H, m, ArH), 7.94-8.03 (3H, m, ArH), 8.16 (1H, d, J = 8.3 Hz,
ArH), 844 (1H, d, J=9.2 Hz, ArH), 8.76 (1H, d, J = 8.3 Hz, ArH).

3C-NMR (50.3 MHz, CDCls): 6 21.5 (Me of Ala part), 58.7 (NCOCHy), 61.9 and 66.3 (2 x CH of azepine), 66.9
(a-CH of Ala part), 125.1 (ArCH), 126.1 (quaternary ArC), 126.37 (quaternary ArC), 126.44 (ArCH), 126.9
(ArCH), 127.3 (ArCH), 127.4 (ArCH), 1275 (ArCH), 127.6 (ArCH), 127.8 (ArCH), 128.2 (quaternary ArC),
128.4 (ArCH), 128.7 (ArCH), 129.2 (ArCH), 129.5 (ArCH), 130.2 (ArCH), 131.0 (quaternary ArC), 131.3
(quaternary ArC), 131.5 (quaternary ArC), 132.4 (ArCH), 132.6 (ArCH), 132.7 (quaternary ArC), 133.7
(quaternary ArC), 134.1 (quaternary ArC), 135.6 (quaternary ArC), 136.0 (quaternary ArC), 140.9 (quaternary
ArC), 170.2,174.6, 179.7 (CN and 2 x CO).

LRMS: m/z found 694.2 ([M + H]*).

DL-NY VR LT 5 L-2NY LDy v 7HEEE Ni(ll) $EEDERR
(203 (20 ()
0 Steae | 0 PL

K,CO4

MeOH /O o) MeOH O (0]
J/i reflux /I/i Ni I\ j reflux i NI :/|/
(0] NH O . é"’

Ph Ph Ph

Cl Cl Cl

(R)-25 (Ra, Sc)-27d
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RO RAITEICHE, (R)-25 (200 mg, 0.35mmol) D A & J —/ ViR R (4 mL) (ZNi(OAC); *
4H,0 (176 mg,0.72mmol), DL-’XV >~ (83 mg, 0.72mmol), KEEH U 7 2 (293 mg, 2.12 mmol) Z ¥
L. 24 FERHEE Uiz, BUSKT#. KB LTz 5% FEKIRE (30mL) (CRUSiZ %, 30 4
B UG ZTH S, Al L7, AIUTCAEZ 50°C CREERZEE L C LNV A O Fy
- Ni(ll) $5& (208 mg, 91%, 95% de) % IRfEtaffiin & L TRz, FABMID RS-V T AT LA ~—
23 270 min OERFFRHICEM S AL, — T~ A FT—BMAD RR-ARDIRFHREIL 253 minTdh -
7

(Ra,Se)-27d : mp 332.3 °C (dec.)

KBRS
L-NY 77 o BEBIET5 D-FY L R 72 Nilll) $EEDERR

8 S A 8 S 8

9
2y,

A A <A

Cl Cl Cl

K,CO5
—_— —_—
N MeOH N\N/OTO NH MeOH NS OgP —NH
i Ni
/IA/ reflux /]/i /N . ’ reflux £ 7\ I
0 NH 0O 0N NS o

(S)-25 (Sa, Sc)-27a (Sa, Rc)-27a

(S)-25 (500 mg, 0.88 mmol, 1 eq.) ?D A% /—/VE&HER (10 mL)IZ Ni(OAC): * 4H,0 (360 mg, 1.760
mmol, 2eq), L-~ U~ k77 (439mg, 1.74mmol, 2eq), fRIEH U 7 A (731 mg,5.29 mmol,6eq) Z¥R
MU, 24 FERNERE Uiz, SO T, K L7e 5% BEEKANR (70 mL) ISROSREINZ., 30 431H]
B USRS, Al Lo, AIRL7-REGEZ 50 C TRUERREL CD- MU 7 7 7 U &)
HEEITEE S NI(I) 3518 (SyRo)-27a (602mg, 84%, 99.4% de) %ttt & LCf37=, HPLC /MM oks
B, FAERPO SR)-VT AT A== 243 min ORERERI AR SN, —FH~ A F—BMHERD

(S.S)-IKDIEHHNIT 25.7 min Tho7=. (SRI(SS)=99.7/0.3 .

(Sa,R0)-27a: mp 279.4 °C (dec.) (CH:Cly/ethyl acetate). [a] n2° =—2080 (¢ 0.20, CHCly).
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IH-NMR (200 MHz, CDCls): 6 1.52 [1H, d, J = 14.1 Hz, one of azepine C(ca!)H,N], 2.25 [1H, d, J = 12.1 Hz, one
of azepine C(a)HzN], 2.34 (1H, d, J = 15.6 Hz, one of acetanilide NCOCH), 2.74 (1H, Ha of ABX type, Jag =
14.4 Hz, Jax = 5.7 Hz, one of Trp B-CHy), 2.81 [1H, d, J = 14.1 Hz, one of azepine C(a')H2N], 3.04 (1H, d, J =
15.6 Hz, one of acetanilide NCOCH?), 3.30 (1H, Hg of ABX type, Jag = 14.4 Hz, Jgx =2.2 Hz, one of Trp -CH>),
4.16 (1H, HX of ABX type, Jax =5.7 Hz, Jex = 2.2 Hz, a-H of Trp part), 4.43 [1H, d, J = 12.1 Hz, one of azepine
C(a)HN], 6.68 (1H, d, J =2.6 Hz, ArH), 6.99 (1H, d, J = 2.2 Hz, ArH), 7.02-7.63 (15H, m, ArH), 7.74-7.81 (2H,
m, ArH), 7.85-7.94 (3H, m, ArH), 8.06 (1H, d, J = 8.4 Hz, ArH), 8.26 (1H, d, J = 9.0 Hz, ArH), 8.66 (1H, d, J =
8.2 Hz,

ArH),9.11 (1H, br d, J = 1.8 Hz, NH). *C-NMR (50.3 MHz, CDCls): 6 29.7 (B-CH; of Phe part), 56.5 (NCOCH;),
61.4 and 65.0 (2 X CH; of azepine), 71.8 (a-CH of AA part), 110.4 (ArCH), 111.2 (ArCH), 120.7 (ArCH), 121.1
(ArCH), 122.9 (ArCH), 125.2 (ArCH), 125.5 (ArCH), 126.1 (quaternary ArC), 126.2(ArCH), 126.3 (ArCH),
127.1 (ArCH), 127.2 (ArCH), 127.4 (ArCH), 127.7 (ArCH), 128.3 (ArCH), 128.4 (ArCH), 128.7 (ArCH), 128.9
(quaternary ArC), 129.0 (quaternary ArC), 129.1 (ArCH), 129.4 (ArCH), 130.4 (ArCH), 130.9 (quaternary ArC),
131.0 (quaternary ArC), 131.3 (quaternary ArC), 132.3 (ArCH), 132.4 (ArCH), 132.8 (quaternary ArC), 133.4
(quaternary ArC), 133.9 (quaternary ArC), 135.2 (quaternary ArC), 135.8 (quaternary ArC), 136.8 (quaternary
ArC), 141.0 (quaternary ArC), 169.2, 174.6, 178.8 (CN and 2 x CO).

LRMS: m/z found 809.2 ([M + H]*).

HRMS: [M + H]" calcd for CagHzsN4OsNiCl, 809.1829; found 809.1828.
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HPLC i & —

Ratio by HPLC
Time (Sa, Re)-27a (Sa, Se)-27a
5min 298 97.02
10 min 12.27 87.72
20 min 2553 74.46
1h 46.36 53.63
2h 53.98 46.01
3h 69.99 30.00
4h 79.62 20.37
6h 89.68 10.31
20h 99.81 0.18
22h 99.80 0.19
24h 99.83 0.16

(%100

ratio by HPLC

50

-5, 2T
——(5, 5. -27a

0 4 8 12 16
RIGEERS reaction time

20

[X2] BT (S)-25 &L-b U7 h7 72 & DORIG, S EFEE LR E

HPLC 5 —# TR (S,R)-27a

System LC-624 (4771)
C:¥CLASS-VP¥Methods¥SOL¥patent. met

130710.1184-036_S-BCNW precipitate

C:¥CLASS-VP¥Methods¥SOL¥Takeda¥130710_1184-036_ S-BCNW _precipitate

(7 =5masH

SHTEM:. 2013/07/10 14:45:02 ENRIEBY: 2013/10/10 18:07:50

EAR: 10uL

00

B2 A -1 (2540m)
£=

1 24333 3328%:% %E_
2 25685 88746 027

o 77 T?m [ - 7> L ssgssogL i 10070; I

HPLC retention time (min) Ratio
v—r %51 v—r %52
D-Trp complex : L-Trp comple
D-Trp complex L-Trp complex (D-Trp complex p complex)
243 25.7 99.4%de (99.7:0.3)

[X3] HEESNEAESW (SuR)-27a DY T AT LA ~—Lt
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MU Z b7k (S):25 xb~AFT—RBEE THD Ni(ll) $5& (S,S)-27a DERR L BBEFE

o) o) SR,
L-Trp 20eq
N Ni(OAc), 4H,0 2.0 eq NT 00 _NH N O NH
i K,COs 6.0 eq i N g i Ni Ts l
O”"NH O 0N N * 0N N
MeOH (20 v/w) | |
(0O = T T

Cl Cl Cl

(S)-25 (Sa, Rc)-27a (Sa, Sc)-27a

(S)-25 (500 mg, 0.88 mmol, 1eq) D A # / —/ V&L (10 mL) (ZNi(OAc), + 4H,O (360 mg, 1.76
mmol, 2eq). L- U7~ 757 (439 mg, 1.74 mmol, 2eq), kg7 U 7 2 (731 mg, 5.29 mmol, 6 eq) %
WL, 2 W Uiz, RO T, K L7 5% MEB/KIAIR (70 mL) (ZROSEE A, 30 47
AR Uindn e Art S8, Al Lz, AELTC#EsEZ 50 °C TRIEFZRL TR 7 7 7 &
IHEIEICEES Ni(Il) $5(K (675mg, 95%) @ (SR)- BLN (S,9)-T7 AT LA ~—IREW IR AR
ELTHELNE, FOVT AT LA <—iE HPLC 12 &k v (SR)(SS)=47/53 THh-o1z, D
IBRAWRERE L ) BNV T A v~ R 757 ¢— (Merck PLC Silica gel 60 Fss 1 mm,CH.Cl./acetone

=10/1) THEERER L, BRIET o~ A F—7 (SS)-FMEAR (89 mg) Z4572,

(SaSe)-27a: mp 255.7 °C (dec.) (EtOAc/Hexane). [a]o® = +1940 (c 0.05, CHCI5).

H-NMR (200 MHz, CDCls): 6 1.74 [1H, d, J = 12.5 Hz, one of azepine C(a)H:N], 2.21 [1H, d, J = 12.5 Hz, one
of azepine C(c)HzN], 2.65 (2H, br s, acetanilide NCOCHy), 2.83 (1H, Ha of ABX type, Jas = 14.5 Hz, Jax =55
Hz, one of Trp B-CHy), 3.47 (1H, He of ABX type, Jag = 14.5 Hz, Jex = 2.4 Hz, one of Trp B-CHy), 3.73 [1H, d, J
= 13.4 Hz, one of azepine C(a)H2N], 4.12 [1H, d, J= 13.4 Hz, one of azepine C(a)H2N], 4.16 (1H, HX of ABX
type, Jax = 5.5 Hz, Jex = 2.4 Hz, a-H of Trp part), 6.73 (1H, d, J = 2.6 Hz, ArH), 7.09-7.62 (17H, m, ArH), 7.64
(1H, d, J = 8.6 Hz, ArH), 7.82-7.98 (4H, m, ArH), 8.09 (1H, br d, J = 7.7 Hz, ArH), 853 (1H, d, = 9.2 Hz, ArH),
9.39 (1H, br d, J = 1.8 Hz, NH). 2C-NMR (50.3 MHz, CDCls): 6 30.0 (B-CH. of Trp part), 57.5 (CH), 57.7 (CHy),
60.7 (CH; of azepine), 70.9 (a-CH of Trp part), 110.6 (quaternary ArC), 111.5 (ArCH), 120.5 (ArCH), 121.1

(ArCH), 122.9 (ArCH), 125.0 (ArCH), 125.5 (ArCH), 125.9 (ArCH), 126.1 (quaternary ArC), 126.3 (ArCH),
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126.5 (ArCH), 126.6 (quaternary ArC), 127.1 (ArCH), 127.2 (ArCH), 127.4 (ArCH), 127.7 (ArCH), 127.8
(ArCH), 128.3 (ArCH), 1285 (ArCH), 129.0 (quaternary ArC), 129.4 (ArCH), 129.7 (ArCH), 130.4 (ArCH),
130.8 (quaternary ArC), 131.4 (ArCH), 131.5 (quaternary ArC), 132.5 (ArCH), 133.1 (quaternary ArC), 133.57
(quaternary ArC), 133.64 (quaternary ArC), 134.3 (quaternary ArC), 135.8 (quaternary ArC), 137.0 (quaternary
ArC), 141.0 (quaternary ArC), 169.3, 174.3, 179.2 (CN and 2 x CO).

HRMS: [M + H]* calcd for CasH3sN4OsNiCl, 809.1829; found 809.1847.

HPLC 7 —%; i 30 53#

System LC-824 (47342)  140611_1185-120 S-BONW AT

‘ J i =sclid-confirmRT
C.X'(:LASS—VP:\‘MetnDds'S(JI ¥aki kawashima¥fg 7 (4% 5) n:et S
C¥CLASS-VP¥Methods¥SOL¥Takeda¥ 1406 | 1.1185-120 S-BCNW=-solid—confirmRT Takeda

[7-5D21uH
5_{1 Eﬁil(}_g‘u|4,t-es,-11 20:31:28  ENRIEFF: 2014/06/20 20.10:43
i
02
L] 0 5 k] a a L i
BHB A
(254nm) 25 moE
E=9 Bk 5 = 3040410 i1 ilisk
! 24093 1:J|:;ﬁ§g Eﬁé g;
2 25651 13887579 5337
[ Total e = T e —
= l | 1 26019031 |mou_J
HPLC retention time (min)
E—r %51 b —7 %52 Ratio ((S,R)-complex : (S,S)-complex)
(S,R)-complex (S,S)-complex
24.1 25.7 6.8%de (46.6:53.4)

[X4] BT (S)-25 &L-b YT R 77 EDORIE0GHB DOV T AT LA ~—Lt
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~ A F—RAEE (S.S)-27a DEBHERE D HPLC 7%

System LC-624 (#734))

140613_1185-120_S-BCNW-PTLC6_Takeda

C¥CLASS-VP¥Methods¥SOL ¥aki kawashima¥ 7 #7 (4§1%).met

C¥CLASS-VP¥Methods¥SOL¥T ake

da¥140613_1185-120_S-BCNW-PTLCS Takeda001

T =454
gﬁgeslo‘fw%‘ 1320:16:39  FIBIEBY: 2014/06/20 20:14:27
006 |
|
o
o ' » % » 3 w© a @
?rg.as A-1
(254nm)
= _t-i‘ﬁﬁl D% R;ﬁaa;;:? o1, IS
2 25.591 1708338 98 g;
""" Tl | PR T — T 1
e — 1214486 100.00 |
<HPLC conditions 1: for Ni(ll) complex>
HPLC retention time (min) Ratio
o__ = I:O*— =
B &5 1 72 (S,R)-complex : (S,S)-complex
(S,R)-complex (S,S)-complex
239 25.6 99.2 %de (0.4:99.6)

[5] . BB S AU72(SaS0)-27aD YT AT LA~ —HllE

L-Z7 == AT SV EERIE TS D-7 2= A T F = Ni(ll) $EEDEH

£
s

L-Phe 2.0eq
N Ni(OAc), 4H,O 2.0 eq
/j\ K,CO3 6.0eq
(0] NH O
MeOH (20 v/iw)
O O reflux, 2 h
Cl
(S)-25

o
g

£

S

¢
; O

(0]
N (@] 0] N\ /O
\Ni/ e J/i /N|\
N o N N
07N N~ 'Bn MeOH N R
\ reflux ‘I J
Cl Cl
(Sa, Sc)-27b (Sa, Rc)-27b



(S)-25(200mg,0.35mmol, 1eq) DA &/ —/VEHEHK (4mL)IZ, Ni(OAc), - 4H20 (176 mg, 0.71 mmol,
2eq) & L-7==/LT7T= (117 mg, 0.71 mmol, 2 eq) FL " [&figH U 7L (293 mg, 2.12 mmol, 6
eq) AR, GO IEEIE A 24 FEIENGET L7, SiRE CHEE, ki Lz 5 % BRI
(120 mL) THIRL7-, IEEWE 30 o L. Bk LIt bEmE Al L, K CHisk.
50 C THIEHET DL D-7 == V7 T = & itk & LTHRFD Ni(ll) $5(K (246 mg, 91%, 98.0%
de) Z iRkt LTz, HPLC ZoTORER, FAMIO (SR)-V7 AT LA~ —7 26.7min O
FRRHCIasti S, b oD~ A T —RMERD SS)ARDOLREAREIX 285 min Th-o7- [(SaR)-

27b OYMEMEIXATH,

D-Zxzo)VT 7=V &FERET D L-72=vT7 7= Ni(ll) ﬁ*ﬁ:@é}ﬁi

R D-Phe R
Ni(OAc),=4H,0
K,COj4
R
iN MeOH i g Ofo MeOH \N/OTO
reflux i reflux i i
O”°NH O o N o /N ,-Ph
Ph Ph Ph
Cl L Cl ] Cl
(R)-25 (Ra, Sc)-27b

(R)-25(400mg,0.71mmol) dD A % /—/L (4mL) B&EHIZ, Ni(OAC), + 4H,0 (351 mg, 1.41 mmol) &
D-7x=/L7 7= (233mg, L4 mmol) }5 LT kgAY 7 A (585 mg, 4.32mmol) Z iz, Z DR
Wiz 24 WHENENEE L7, =il E CHE%, KL 5 % HHBKEK (60mL) THHAR L7z,
IRGW 7% 30 e L, ARk LTcASS e b &% Al L, K THad#%, 50°C CTIRIERZET 5 & L-
Tz VT T =G S LTERFD Ni(Il) 85K (493 mg, 91%, 97.0% de) ZR(aftiin & LTI/,
HPLC Z3trooftis, FAERMMD RS) -7 AT LA~—7 285 min OEFHFH IR &, —h~

A F—HMRD RR) AADHERFIL 26.7 min TH 72 [(RaSo)-27b OMAEIXATH],
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L-u2A v 2 FERE 5 D-uA v Nill) $EEDERk

810,
03 63 oS

L-Leu 2.0eq
N Ni(OAc), 4H,0 2.0 eq N 0.0 N 00
; KoCOs 6.0 eq L Ni TS )\ i AN
O NH O 0N N 0” "N IN
MeOH (20 v/w) I MeOH
O O reflux, 2 h O O reflux O O
Cl Cl Cl
(S)-25 (Sa, Sc)-27h (Sa, Rc)-27h

(S)-25(100mg, 0.18 mmol) d A% /—/)L (4 mL) BREHZIZ Ni(OAC), - 4H0 (88 mg, 0.35 mmol), L-
a2 (46 mg, 0.35 mmol), k&S U 7 2 (146 mg, 1.06 mmol) ZERANL., 24 FEREWR L7, U
T, K LTZ 5 % WK (15 mL) (ZhOGIZENZ, 30 /3 FHiHE Lk 2t S8, Al
L7, AMUT-fE% 50°C CIERZE L T D-1 A > o 250 RF> Ni(ll) g5 (116 mg, 89%,
91.6%de) ZREafkin & L CIS7z, HPLC oDk, AR (SR)-27 A7 LA~ —7A% 29.3min

DOURFFFHE TR S AL, b 9 — 7D~ A F—78 (S9)-FMHADLRFEHRHITL 314 min Th -7z,

SaRo)-27h: mp 211.1 °C (dec.) (CH2Clo/ethyl acetate). [¢]o® =-1831 (c 0.10, CHCIs).
p y

'H-NMR (200 MHz, CDCls): 5043 (3H, d, J = 6.4 Hz, Me), 0.87 (3H, d, J = 6.6 Hz, Me), 1.28 (1H, ddd, J = 13.3,
10.1, 3.7 Hz, one of B-CH; of Leu part), 1.88-2.05 (1H, m, CHMe,), 2.34 (1H, ddd, J = 13.3, 10.5, 3.5 Hz, one of
B-CH. of Leu part), 2.72 [1H, d, J = 12.1 Hz, one of azepine C(a)H:2N], 3.07 (1H, d, J = 15.6 Hz, one of acetanilide
NCOCH,), 3.67 and 3.73 [1H each, ABg, J = 13.9 Hz, azepine C(a)HN], 3.81 (1H, dd, J = 10.1, 3.5 Hz, a-H of
Leu part), 4.56 (1H, d, J=15.6 Hz, one of acetanilide NCOCH), 4.83 [1H, d, J=12.1 Hz, one of azepine C(a)H2N],
6.66 (1H, d, J = 2.4 Hz, ArH), 6.89-6.97 (1H, m, ArH), 7.18-7.58 (12H, m, ArH), 7.94-8.03 (3H, m, ArH), 8.16
(1H, d, J = 8.2 Hz, ArH), 8.42 (1H, d, J =9.2 Hz, ArH), 8.77 (1H, d, J = 8.2 Hz, ArH). *C-NMR (50.3 MHz,
CDCls): 6 20.8 and 23.8 (2 x Me of Leu part), 24.3 (y-CH of Leu part), 45.4 (B-CH; of Leu part), 58.8 (NCOCH,),
61.9 and 66.4 (2 x CH> of azepine), 69.4 (a-CH of Leu part), 125.1 (ArCH), 126.1 (quaternary ArC), 126.37
(ArCH), 126.44 (ArCH), 127.3 (ArCH), 127.4 (ArCH), 127.5 (ArCH), 127.8 (ArCH), 127.9 (ArCH), 1284

(ArCH), 128.66 (ArCH), 128.73 (quaternary ArC), 129.17 (ArCH), 129.24 (ArCH), 129.5 (ArCH), 130.3 (ArCH),
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131.0 (quaternary ArC), 131.2 (quaternary ArC), 131.5 (quaternary ArC), 132.4 (ArCH), 132.5 (ArCH), 132.8
(quaternary ArC), 133.7 (quaternary ArC), 134.1 (quaternary ArC), 135.6 (quaternary ArC), 136.0 (quaternary
ArC), 140.9 (quaternary ArC), 169.5, 174.6, 178.5 (CN and 2 x CO).

LRMS: m/z found 736.3 (M + HJ*).

HRMS: [M + H]* calcd for C4H37N3sOsNiCl, 736.1877; found 736.1866.

L- XA FF=r %k L2 D-AFA4=2 Ni(ll) $SEDER

()
80 88 S,

L-Met 2.0eq
iN NiCl, 2.0eq N 0.0 N_ 00
/ Ni
K2C03 6.0 eq L Ni :/I; ; VAR R
07 "NH 0O PN N sMe ——— O7ON N SMe
MeOH (20 viw) I MeOH
O O reflux, 2 h O O reflux O O
Cl Cl Cl
(S)-25 (Sa, Sc)-27g (Sa, Re)-27g

(S)-25 (100 mg, 0.18 mmol) > A % /7 —/VE&#E K (4 mL) (Z NiCl, (46 mg, 0.35 mmol), L-AF 4
=Y (53mg,0.35 mmol), REEH VU 7 2 (146 mg, 1.06 mmol) ZUSI L, 24 BERERE Uiz, RO T
%, K LIz 5 % MK (15 mL) (ChUcikzA, 30 sfiiFe Lissaart S8, Al
7o AEULToAERR%Z 50°C CIUERE: L CD- A F A= A& CRF> Ni(ll) S5 (129 mg,
97%, 93.2 % de) ZREafiiih & LTS/, HPLCMTORER, FAERMMD (SR)-7 AT LA~ —73
26.5 min ORFFRFH TR S 4L, b 9 — D~ A F—72 (S9)-EIMADIRFFRHIT 27.5minTH -

7=

(Sa,R0)-27g: mp 201.1 °C (dec.) (CH:Clo/hexane).  [a]o® =-1917 (c 0.10, CHCIs).

H-NMR (200 MHz, CDCl3): § 1.82-2.15 (2H, m, B-CH- of Met part), 2.12 (3H, s, SMe), 2.70 [1H, d, J=12.3 Hz,
one of azepine C(a)H2N], 2.76 (1H, dt, J=13.4, 7.0 Hz, one of y-CH, of Met part), 3.05 (1H, d, J = 15.6 Hz, one
of acetanilide NCOCH,), 3.24 (1H, ddd, J=13 4, 8.1, 6.3 Hz, one of y-CH; of Met part), 3.67 and 3.74 [1H each,

ABg, J = 14.0 Hz, azepine C(a')H.N], 3.97 (1H, dd, J = 6.8, 4.0 Hz, a-H of Met part), 455 (1H, d, J = 15.6 Hz,
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one of acetanilide NCOCH,), 4.84 [1H, d, J = 12.3 Hz, one of azepine C(a)HzN], 6.64 (1H, d, J = 2.4 Hz, ArH),
6.90-6.98 (1H, m, ArH), 7.12-7.19 (1H, m, ArH), 7.22-7.59 (1L1H, m, ArH), 7.95-8.03 (3H, m, ArH), 8.16 (1H, d,
J=82Hz, ArH), 843 (1H, d, J = 9.2 Hz, ArH), 8.80 (1H, d, J = 8.2 Hz, ArH). 2C-NMR (50.3 MHz, CDCly): 5
15.7 (Me), 29.8 (CHy), 33.2 (CHy), 58.7 (NCOCH), 61.8 and 66.5 (2 X CH; of azepine), 69.8 (a-CH of Glu part),
125.2 (ArCH), 126.1 (quaternary ArC), 126.37 (quaternary ArC), 126.44 (ArCH), 126.9 (ArCH), 127.3 (ArCH),
127.5 (ArCH), 127.9 (ArCH), 128.4 (ArCH), 128.6 (ArCH), 128.7 (quaternary ArC), 129.2 (ArCH), 129.37
(ArCH), 129.42 (ArCH), 130.4 (ArCH), 131.0 (quaternary ArC), 131.2 (quaternary ArC), 131.5 (quaternary ArC),
132.4 (ArCH), 132.7 (ArCH), 132.9 (quaternary ArC), 133.7 (quaternary ArC), 134.0 (quaternary ArC), 135.5
(quaternary ArC), 136.0 (quaternary ArC), 141.2 (quaternary ArC), 170.2, 174.6,178.0 (CN and 2 x CO).
LRMS: m/z found 754.3 (M + HJ*).

HRMS: [M + H]* calcd for C2H3sN3sOsSNICl, 754.1441; found 754.1433.

L-ZNVZ I U wFER L35 D-ZV# 32 Ni(ll) S8 EnERk

)
Y S s

£
)

L-GIn 2.0eq
N Ni(OAc); 4H,0 2.0 eq N 00 NT 0~0
r Ni R
i K,CO3 6.0 eq ; Ni j,//,s i 7N
0”>NH 0 o” >N N7 CONH, - o N N CONA
MeOH (20 v/w) | MeOH
(0 = oo ™ U
Cl Cl Cl
(S)-25 (Sa, Sc)-27i (Sa, Rc)-27i

(S)-25(100mg,0.18 mmol) D> A %/ —)L (4mL) H&EEIZ Ni(OAC), - 4H,0 (88 mg, 0.35 mmol, 2eq).
L-7 /L4 X (52mg, 0.35 mmol, 2eq). 28 % NaOMe (204 mg, 1.06 mmol, 6eq) UL T 1 KRR
L. TD%, 40°C T1HHPUS S ¥, RO T, K L7z 5% HEKER (15 mL) (RS
AL 1R Uit S8, Al L7, AERLU7SHGhZ 40°C TIRIERR L TD-7 /L4 X
VBT Ni(Il) 844 (116 mg, 87%, 94.2%de) Z7REafEL & L CTH7=, HPLC 23 il i,
FAERAD (SR)-V7 AT LA~ = 36.6min ORFFHI T S, & 5 — O~ A FT—72 (S9)-

FMARDOERRNT 35.6 min TH o7,

HPLCOBEMHD 7T ot RS IERDAN DD TRUICAR LT,
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Flow rate : 0.5mL/min

VABfE7 (isocratic conditions) : FEENFHA : BEHHEB = 40:60 (0 to 40 min) and 10:90 (41 min to 50min).

(SaR0)-27i : mp 301.8°C (dec.) (THF/ hexane).  [«]o® =—2035 (c 0.05, CHCI5).

'H-NMR (200 MHz, CDCls): § 1.68-1.88 (1H, m), 2.09-2.25 (1H, m), 2.34-2.70 (2H, m), 2.72 [1H, d, J=12.2 Hz,
one of azepine C(a)H2N], 3.00 (1H, d, J = 15.6 Hz, one of azepine C(a)H2N), 3.62 and 3.73 [1H each, ABq, J =
13.7 Hz, azepine C(a')H:N], 3.79 (1H, dd, J = 8.7, 4.3 Hz, o-H of GIn part), 4.56 (1H, d, J = 15.6 Hz, one of
acetanilide NCOCHy), 4.84 [1H, d, J = 12.2 Hz, one of azepine C(a)H:N], 5.20 (1H, br s, one of CONHy), 6.38
(1H, br s, one of CONHy), 6.66 (1H, d, J = 2.4 Hz, ArH), 6.94-7.01 (1H, m, ArH), 7.13-7.20 (1H, m, ArH), 7.21-
7.33 (3H, m, ArH), 7.37-7.59 (8H, m, ArH), 7.86-8.01 (3H, m, ArH), 8.15 (1H, d, J = 8.2 Hz, ArH), 845 (1H, d,
J=9.2 Hz, ArH), 8.74 (1H, d, J = 8.4 Hz, ArH). 3C-NMR (50.3 MHz, CDCly): 5 30.2 (CH2), 31.2 (CH2), 58.4
(NCOCHy), 61.9 and 66.2 (2 x CH: of azepine), 69.8 (a-CH of GIn part), 125.2 (ArCH), 126.1 (quaternary ArC),
126.5 (ArCH), 126.6 (ArCH), 127.3 (ArCH), 127.5 (ArCH), 127.8 (ArCH), 128.0 (ArCH), 128.1 (quaternary
ArC), 128.4 (ArCH), 128.6 (ArCH), 128.8 (quaternary ArC), 129.0 (ArCH), 129.1 (ArCH), 129.3 (ArCH), 129.5
(ArCH), 130.3 (ArCH), 131.1 (quaternary ArC), 131.2 (quaternary ArC), 131.4 (quaternary ArC), 132.6 (ArCH),
132.7 (ArCH), 133.6 (quaternary ArC), 133.9 (quaternary ArC), 135.5 (quaternary ArC), 136.1 (quaternary ArC),
141.0 (quaternary ArC), 170.7,173.6, 174.8, 178.5 (CN and 3 x CO).

LRMS: m/z found 752.0 (M + HJ*).

HRMS: [M + H]* calcd for CsH34N4O4NiCl, 751.1622; found 751.1628 (the observed m/z value is for the

corresponding (R,S)-enantiomer).
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L-ZVE I U BEER LT3 D-Z# X UER Ni(l)) $5EDE Rk

ale
ale. on 02

S

L-Glu 2.0eq
iN Ni(OAC), 4H,0 2.0 eq N 00 NT O~0
} Ni R
K,CO3 6.0 eq L Ni js ; /N
0" NH © 0PN N oM : o N N CoH
MeOH (20 viw) | MeOH
O O reflux, 9 h O O reflux O O
Cl Cl Cl
(S)-25 (Sa, Sc)-27f (Sa, Re)-27f

(S)-25 (100 mg, 0.18 mmol)?> A % 7 —/)L (4 mL) R&EH&EIZ Ni(OAC), + 4H20 (88 mg, 0.35 mmol, 2eq), L-
TNH I R (52 mg, 0.35 mmol, 2eq). REED Y 7 4 (195 mg, 1.41 mmol) ZINL., 24 BFERERT L
Too SOGKETH, K LT2 5 % BH/KER (15mL) \ZROsRZEMNZ, 30 ZfifE: U Chsdm 24
SH, A7, AILTAEGE%Z 50 °C CTIRERIET 5 & D-7 V4 I VR &R Ni(ll)
BEA (110mg, 83%) ZaRtaflidh & L T2, H-NMR OOHrOfER, HAERICER TS 70 b, T
ROHLFARID SR)-AKE ~A T —78 (SS)-BMERDOFHFHRE T 1 M3, %K% 6658 L 6.66
ppm (B S AL, ZORMEZ e 5 &, 9.32:040 (=95.9:41) D THho72Z ik, ARk

WD (SR)-EDYT AT LA~ —HiEEIE 91.8% de & IGE LT,

(SaRc)-27f : mp 255.0 °C (dec.) (CH.CI/ diisopropyl ether).  [a]o® =-2186 (c 0.05, CHCl,).

H-NMR (200 MHz, CDCl3): 6 1.60-1.78 (1H, m, one of B-CH; of Glu part), 1.90-2.10 (1H, m, one of B-CH, of
Glu part), 2.50-2.70 (1H, m, one of y-CH; of Glu part), 2.64 [1H, d, J = 12.1 Hz, one of azepine C(a)H2N], 2.95
(1H, d, J = 15.6 Hz, one of acetanilide NCOCHy), 3.20-3.41 (1H, m, one of y-CH; of Glu part), 3.67 and 3.81 [1H
each, ABq, J = 13.8 Hz, azepine C(a')HzN], 3.94 (1H, br t-like, o-H of Glu part), 4.5-5.1 (1H, br, CO2H), 4.77 (1H,
d, J = 15.6 Hz, one of acetanilide NCOCH,), 4.78 [1H, d, J= 12.1 Hz, one of azepine C(a)H:N], 6.58 (1H, d, J =
2.6 Hz, ArH), 6.98-7.64 (12H, m, ArH), 7.61 (1H, d, J = 8.2 Hz, ArH), 7.91-8.01 (3H, m, ArH), 8.14 (1H, d, J =
8.4 Hz, ArH), 8.28 (1H, d, J =9.2 Hz, ArH), 8.78 (1H, d, J = 8.4 Hz, ArH). *C-NMR (50.3 MHz, CDCls): § 27.4
(CHy), 30.4 (CHy), 58.5 (NCOCH;), 61.8 and 66.5 (2 X CH; of azepine), 70.4 (a-CH of Glu part), 125.2 (ArCH),

126.1 (quaternary ArC), 126.37 (ArCH), 126.44 (ArCH), 126.6 (ArCH), 127.5 (ArCH), 127.6 (ArCH), 127.8
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(ArCH), 128.0 (ArCH), 128.37 (quaternary ArC), 128.44 (ArCH), 128.7 (ArCH), 129.0 (ArCH), 129.1 (ArCH),
129.2 (ArCH), 129.4 (ArCH), 130.2 (ArCH), 131.1 (quaternary ArC), 131.2 (quaternary ArC), 131.5 (quaternary
ArC), 132.5 (ArCH), 132.9 (quaternary ArC), 133.7 (quaternary ArC), 134.0 (quaternary ArC), 135.4 (quaternary
ArC), 136.1 (quaternary ArC), 140.8 (quaternary ArC), 171.5, 175.7, 176.2, 178.3 (CN and 3 x CO).

LRMS: m/z found 752.0 ([M + H]*).

HRMS: [M + H]" calcd for C4:H33N3OsNiCl, 752.1462; found 752.1468.

INE IR Ni(l) $SEDTT AT LA~ —HORE

HPLC 12 &2 % B ST S A HEST 7 o 1= 70D, D-7 L% 3 LA R R Ni(Il)

BEARDIEFEEIL, TH-NMR OS5 7 — 2 — SN THE LT,

[ 6] 'H-NMR 43#7r5—#

NMR chemical shift (ppm)
L-Glu complex D-Glu complex

6.66 6.58 91.8%de (4.1:95.9)

Ratio (L-Glu complex : D-Glu complex)
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L-UPU2ER L5 D-U P Ni(ll) $EEDERR

¢
88 RS &

£7
O

¢
s

L-Lys 2.0eq
iN Ni(OAc), 4H,0 2.0 eq NT 0.0
; N|
K,CO3 6.0 eq ; Ni js ;
0“>NH O 0PN N NN, - oW R

MeOH (20 viw) | MeOH

O O reflux, 2 h O O reflux O O

Cl cl
(S)-25 (Sa, Sc)-27j (Sa, Re)-27j

(S)-25 (300 mg, 0.53 mmol)?D A % 7 —/)1(2 mL)#&#E I Z Ni(OAC), - 4H0 (263 mg, 1.06 mmol, 2eq).
L-U 2« 1KF#) (193 mg, 1.51 mmol, 2.8 eq). e U & 2 (585 mg, 4.23 mmol, 8eq) Z#SIIL. 4
RGN LT PO T2, BOSNRAGEIL, HifbATF L GmL) & 5 % WER/KEHE GmL) %
A THItE U7, AE A IR L. K & BBk Clad Lo e, ARSI A JREIRGE L7, IRiark
EIZHE(EAT LY AmL) EFERT=T L (6 mL) 21z, 0°C ([ZmEIL 1 R L7, L7z
fapnz Al L, AEL7-RGEA 50 °C TRIEHE L T D-V VU 28 iEl R Ni(ll) 5k (323
mg, I 81%) ZAREAEHE L TR, Y7 AT LA~ —E HPLC ECIREN IR -T2

D, N(Il) SERZRMEIK R L T, T X/ BRI HIR s LT GERIIIRE) .

(SaRo)-27j: mp 254.8 °C (dec.) (THF/hexane). [o]o® =-1775 (c 0.05, CHCl3).

'H-NMR (200 MHz, CDCls): 6 1.20-1.80 (4H, m), 1.82-2.02 (1H, m), 2.23-2.43 (1H, m), 2.52-2.78 (1H, br), 2.72
[1H, d, J = 12.3 Hz, one of azepine C(a)H2N], 3.04 (1H, d, J = 15.6 Hz, one of acetanilide NCOCHy), 3.27 (3H,
br, NH. and one of CHy), 3.66 and 3.83 [1H each, ABq, J = 13.6 Hz, azepine C(a')H2N], 3.82 (1H, HX of ABX
system, overlapped, o-H of Lys part), 4.73 (1H, d, J = 15.6 Hz, one of acetanilide NCOCH.), 4.80 [1H, d, J =12.3
Hz, one of azepine C(a)HN], 6.64 (1H, d, J = 2.6 Hz, ArH), 6.84-6.91 (1H, m, ArH), 7.14-7.56 (11H, m, ArH),
7.61 (1H, d, J = 8.2 Hz, ArH), 7.90-8.00 (3H, m, ArH), 8.14 (1H, d, J = 8.2 Hz, ArH), 8.42 (1H, d, J = 9.2 Hz,
ArH), 8.75 (1H, d, J = 8.2 Hz, ArH). *C-NMR (50.3 MHz, CDCls): 6 22.6 (y-CHy), 30.9 (5-CHy), 34.6 (B-CHy),
40,6 (c-CH), 58.5 (NCOCH;), 61.8 and 66.3 (2 X CH of azepine), 70.6 (a-CH of Lys part), 125.2 (ArCH), 126.2
(quaternary ArC), 126.3 (quaternary ArC), 126.4 (ArCH), 127.0 (ArCH), 127.5 (ArCH), 127.9 (ArCH), 128.4

(ArCH), 128.7 (ArCH), 128.9 (quaternary ArC), 129.17 (ArCH), 129.24 (ArCH), 129.4 (ArCH), 130.3 (ArCH),
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131.1 (quaternary ArC), 131.2 (quaternary ArC), 131.4 (quaternary ArC), 132.4 (ArCH), 132.6 (ArCH), 132.8
(quaternary ArC), 133.7 (quaternary ArC), 134.0 (quaternary ArC), 135.5 (quaternary ArC), 136.0 (quaternary
ArC), 141.0 (quaternary ArC), 170.0, 174.8, 178.5 (CN and 2 x CO).

LRMS: m/z found 751.2 (M + HJ*).

HRMS: [M + H]* calcd for C4H3sN4OsNiCl, 751.1986; found 751.1998.

D-7==/)L7 = Ni(ll) $&EDOBMHLMTIZLIDDMR D-7 ==V T F= DL Chz EiZ

X D8R JUBNLF (S)-25 DEMY

¢
Lo . .

aqg. HCI

Cbz-OSu H
iN\ 0.0 HZNfLOH —— Cbz \l\)‘\OH
Ni L \ Ph
AN "N S Ph Ph
| O O (R)-Phe Cbz-(R)-Phe
sl
Cl
iN
0" NH ©

(Sa,Rc)-27b

Cl  (8)25

Ni(ll) 54 (SaRo)-27b (400 mg, 0.53 mmol) D A %/ —/L (12 mL) EREiRIZ IN HEE3.2 mL, 3.2
mmol, 6eq) ZNNZ. K% 40°C T 6 HFEIZEAL 7=, JFEMEROREINEET DD EMER L,
RO E LT, R CEE—TF /L (20mL) &/K(AmL) ZhnZ., G L, At
J&% INHCI(4AmL) &/K (4mbL) el CThiitt L7z, 7R-7-Fk¥E4% NaHCOs KISk (4mL). /K (4
mL) . AR (4mL) THadc, Holf e U o) Lictk, LT (S)-256 (290 mg, [=]
I 96%) Z (R L7z,

KB 2 B o CIRMERERE L7 t%, 1S DB E 13% 7 =7 K4 mL)ZvafiE L Chf
AU AR T 7 I (CE AR, P4, [SK—1B),30mL, IRBIEK : A A 2eHuk, i CT

=T7K BWIZEL T, 7==/LT7F7=(102mg, AR 2157,
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7 2 =VT T = CHAERI)) (SRR SFE T R U 7 A (90 mg, 1.07 mmoL) — kg N U A (57
mg, 0.53 mmoL) DK (3 mL), BLUOT & Fo (I mLIZEEfEL., JKisH Cbz-OSu (139 mg, 0.56
mmoL) ®7 & k> (2 mL) iK% 0°C TIA T, 0Ok, =IRICT 35 R L, OGRZR
Ma L7=ps@a K (20mL) & b=y GmlL) 2z THE L, k. KEgs 10% 7 = Kk
I CTpH 3 & L7, WiR—=F L (2x20mL) T L7-, AfELA/K 10mL), fafnifik (3x
10mL) THEg L., v (e U v L) 4. IBfE U COREIRE (161 mg) 2157-, b
W E A A V7 e T L a—L (10uL) — FHET=F /L (600 L) (TEfE L., ZOWRIZY Y
7 a~F LT 2 (DCHA, 97 mg, 0.53 mmol) OEETT /L (1 mL) ARE M, S HIT~FH
(3mL) 2Nz TEIRIZT 16 FFERER Lz, M Liofisha AELL., 50°C CJLHzE: L C, Cbz-L-
7 x=)VT7 7= « DCHA S (247mg,96%, 99.0%ee) % AfhihE LTHE-, F7/10 T L%
72% 7V HPLC ST fsE, FAEMMID Chz-D-7 ==L 7 7 =273 16.6 min ORI CIRH S
N, —i~A T2 ARDOEERTIE 191 min Téh-7- (CbzD-7 ==/LT 7= Coz-L-7 = =

LT 5= =995/05),

SEEARIEE DPAE DT DI =26 T VHPLCOSHILL T D L 30 TH 5
F 7717 2 CHIRALCEL OJ-RH  (particle size 5 um, 150 x 4.6 mmi.d.)
717 MR 35°C
IR : 200 nm
Fid : 0.5mL/min
FRHER (socratic conditions) @ FEENFHA @ F2ENFEB = 65:35 (0 to 30 min)
BEEA : 0.1% U /KA
BEEB : 01% Y a7 k=1L
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D-U Y Ni(ll) $EEOERMIMTIC X 55/ ;D-U P OEEEL Chz BT L DO L UBMF

(S)-25 DEX
81,
@ > O ag. HCI HNR I oH Chz-OSu CbzHN R I OH

o —_——
N\ /O (0]
Ni
/l/i/\
o N N™R NH

2

NH, NHCbz
g CIC)
Q S O D-Lys Cbz-D-Lys(Cbz)
Cl
N

(Sa,Rc)-27J

(S)-25

D-VU U EEMEEICEFS Ni(ll) $4(4 (200 mg, 0.27 mmol) & x »# / —/ ViR (6 mL) (2
AN #fz (1.6 mL, 1.6mmol,6eq) Z#MML, 40°C (2C 4 BRI LT, UK T, RONRE R
ML, P ZzEEET—T v (10mL)&/K (L0mL)ZMx CEfitL, AHEZ ML, AiEEK 2
x5mL) THt9 %, ARE 2 fafnRigkET U v 2oKER (GmL), K GmL), BIOfafaE
K (AmL)THE Uiz, o= AiE AR Wile Y o L) Lictk, IEE L 7 Uihn 1

(S)-25 (140 mg, [EIUY=E 93%) AR fafER S LT,

KIERIH IR A G Tl E S B -t Goc@iRz, K (05mL), A% /—w (05mL), ¥
O 28% 7 =T K (i) \SEafR U Ch A Ao sciitiE 0 7 o (2 b, painds [SK—
1B],3mL, ¥&#ER : K, VN TT U E=T K (8%)) 1Tl L, #EfEd 52 Lick v, D-Y P (38mg,
AR, 95%) =157, D-U ¥ HMARMINCRIEAKSET Y 7 A (T9mg,094mmoL) — fxfET
U 72 (50mg, 0.47 mmoL) DO/KIAER (LmL) BIOTHF(AmL) 2z CEfEL. 0°C 12T Chz-OSu
(118 mg, 0.47 mmoL) @ THF (25 mL) & Nz 7-%%. =R C 2 BEFHR L7, DOSHR A 1ENE L7-F%
Bk, U TN HT Ly a~ 7T 7 1— (CHCl/Acetone/MeOH =20/1/0.2) THRLL , VA4
i L USSR E A2 A Y 7 a eV T L — L (10 pb) —EEBF /L (600 pL)IZIAAE L,
DCHA (28 mg, 0.15 mmoL) OFHiA—F /L (I mL) WKk EZNz, S HIC~FHr (3mL) 21z CT=IR
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ZC 16 W L7e, AT L7ofbdmZ AL,

R=/L-D-U > - DCHA L (84 mg, 69%, 93.2% ee) % Hfaftiih & L7z, &7 /L HPLC Z#rdfh
R, FAERIO D-FAEAD 84 min ORFHFFCIRH SN, b9 —FHD~A F—72 L-EMRORE?

REEIE 7.7 min TH o 7o (NN LA U LR =b-D-U U NENS-R DL A 2 J1 VR

=-L-U 2 =96.6/3.4),

50°C TiBJERCER

WA DUPTE DT 8% T VHPLCO ST S 2 LA F IR T
X F /75 2 : CHIRALPAK AS-RH  (particle size 5 um, 150 x 4.6 mm i.d.)

717 KR 25°C

TR - 200 nm

FodE : 1.0 mL/min

VRBfER (socratic conditions)
FEEIFHA 1 0.1% U S E/KIERIE(pH = 2)

BEFEB : 7 h=K UL

FEEFHA . FEFHB = 60:40 (0 to 20 min)

teml A'=¥" 1 /1 DATE;TIME:13/11/19 %F#% 5:56:377
|) ¥||PIL |)A|A¥ 0l¥131119_1197-118-DCHAsalt_002
Sample 1119
Vi; |N0 l Injection vol. 10 uL
— — — —_— —
| -~ l
800 - 800
{
|
400 4 400
|
20| i 200
. VAN o
: o 0
HER A - 1
(200nm) .
Mk a2 {RFFIRE] Al HIB%
1 7.741 625245 3.39
2 8.429 178384128 96.61
Total
18463673 100. 00

[X17]1 HPLC S5 —4%;

Cbz-L-Lys(Chz)-OH DYtEEMIE

® HPLC
HPLC retention time (min) ]
. . Ratio
=% 1 v— 75 2
Chz-L-Lys(Cbz):Chz-D-Lys(Chz)
Chz-L-Lys(Chz) Cbz-D-Lys(Chz)
7.7 84 93.2 Y%ee (3.4:96.6)
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D-Vor 7Y vy 78E Nl §8E0 7 257 LA~ —HORE

HPLC (1 K 0kt k7R o 1o 7o b, D-U 20 ol s Fe-o Ni(ll) S5k

YRS (93.2% ee) 1. BRI L A% AV IEITR D- U <L 4R L D TRE L,

BEIUEE MR

PEARDHPLCOHTRIILL T D LB TH S -

515 2 ¢ InertsilTM ODS-3 (3 pum, 150 x 4.6 mm i.d.)

717 MR - 40°C

MR 254 nm

VRBIER © A B =40:60~20:80 (0~25 min), 20:80 (25 min~45 min)
A=10mM XPET L BE=7 L01% XPEREEIR
B= 7t hr=krU/L

FoE : 1.0 mL/min

7Y U EEOEEICEED Ni(ll) §8ik [ 17 LV 2filE (R)-31] DERR

TITFHE T, (R)-25(1.0g,1.763mmol) A %/ —/L (150 mL) &% (A 2/ —/W X
JE SRSB4 4055 LI BT )V 3 2 A B WRGA A CIERLER) |2 Ni(OAC), * 4H.0 (0.878 g, 3.527
mmol), 'V <> (0.662g,8817 mmol), fRfEH U 74 (2194¢,15.871 mmol) ZHANL, 1 R
L7z, BUSHETH, OSRRZV UL, Y7o XX (100mL) &7k (70mL), IN #Ef2 (30
mL) 2z T, AE%E0E Lz, AfEEEK (60mL). fafnftik (2x60mL) THadL. g
RU A CREEE LTtk IR S CHARM) (11829) #437-, SoAiE Y7 na 2
2> (10mL) (RS, BT /L (10 mL) 200z CERE Uit S8, AEL7-fEE% 50 °C
TREREE L CF U Vo i miaE B R Ni(ll) 851K (R)-31 [(R)-F 7 /127" o L 2&4fi{A] (0.99 g,

824%) ZRtaftan & LT,
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ESI-MS (positive mode): m/z =680.1 ([M + H]").

H-NMR (200 MHz, CDCl): § 2.75 [1H, d, J = 12.1 Hz, one of azepine C(a)HzN], 3.39 (1H, d, J = 15.9 Hz, one
of acetanilide NCOCHy), 3.65 (2H, s, CH; of Gly part), 3.75 [1H, d, J = 13.6 Hz, one of azepine C(a)H:N], 4.05
(1H, d, J=15.9 Hz, one of acetanilide NCOCH,), 4.07 [1H, d, J = 13.6 Hz, one of azepine C(a)H:N], 4.79 [1H,
d, J=12.1 Hz, one of azepine C(a)HzN], 6.83 (1H, d, J = 2.4Hz), 6.92-7.02 (1H, m, ArH), 7.03-7.13 (1H, m,
ArH), 7.19-7.58 (11H, m, ArH), 7.92-8.02 (3H, m, ArH), 8.10 (1H, d, J = 8.3 Hz, ArH), 8,52 (1H, d, J = 9.2 Hz,
ArH), 857 (1H, d, J = 8.3 Hz, ArH).

3C-NMR (50.3 MHz, CDCls): 6 58.7 (NCOCHy), 61.3 (2 X CH), 64.6 (CH), 125.6 (ArCH),125.7 (ArCH),
125.9 (ArCH), 126.1 (ArCH), 126.2 (quaternary ArC), 126.37 (ArCH), 126.44 (ArCH), 126.8 (quaternary ArC),
127.4 (ArCH), 127.6 (ArCH), 128.0 (quaternary ArC), 128.4 (ArCH), 1285 (ArCH), 128.9 (ArCH), 129.0
(ArCH), 129.8 (ArCH), 130.0 (ArCH), 130.1 (ArCH), 131.2 (quaternary ArC), 132.2 (ArCH), 132.5 (ArCH),
133.7 (quaternary ArC), 133.9 (quaternary ArC), 135.7 (quaternary ArC), 141.0 (quaternary ArC), 171.4, 174.8,
176.6 (CN and 2 x CO).

FFRD HPLC $EIRIHTSAMZ FWT, B o/ ke HPLC otz 3L, (R-F7 /1270 &

VEEAADORERIIL 1968 4y ThH o7z,

I NT YL VEME (R)-31 &RV ATVTFE REDOT NV R—VRIGIZED D-ALF-3-T ==

Y U EEOREEICED Ni(ll) 88 (RR,S)-32 &R

FTNT ) A (R)-32 (500 mg, 0.734 mmol) DA X J—/L (25 mL) IEIRIZ S AT L
7k F (0.38mL, 3.67mmol) Z#ANL, -5°C LA T 10 syfi#: L 7. DBU (0.33 mL, 2.20 mmol)
A0 F L, -5°C LA T 2 Weifike Ui, RORika ki Uiz 5 % BHEKESEK (25mL) ([2Z <,
30 e LT Lcftiiha AE LT, Z Oftih% 50 °C CREEEEET % & AREEAR (555 mg
82%de, X7 /L7 U v MR (R)-8L & 87% &) & S, SOLIIREAEEREZ Y BTN T Z
Lona<w NI 4— [ruaAFy TRy = 97 3(viv)] TR, BRI D L. D-A
LA-3-T = =/u kU U AEREEICERD Ni(l) $5R (RR,S)-32 (150 mg, 26%) A rRtaftan & LT

7=
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ESI-MS (positive mode): m/z=786.2 ([M + H]").

H-NMR (200 MHz, CDCl): § 2.27 [1H, d, J = 12.3 Hz, one of azepine C(a)HzN], 2.88 (1H, d, J = 15.7 Hz, one
of acetanilide NCOCHy), 3.23 (1H, dd, J = 15.7, 1.3Hz, one of acetanilide NCOCHy), 3.39 [1H, d, J = 12.3 Hz,
one of azepine C(a)H2N], 3.81 [1H, d, J = 13.4 Hz, one of azepine C(a)H2N], 4.20 [1H, dd, J = 13.4, 1.3 Hz, one
of azepine C(a)H2N], 4.28 (1H, d, J = 5.5 Hz, a-H of AA part), 4.62 (1H, dd, J =9.7, 5.5 Hz, -H of AA part),
5.09 (1H, d, J =9.7 Hz, OH), 6.70 (1H, d, J = 2.6 Hz), 7.03-7.10 (1H, m, ArH), 7.16-7.82 (18H, m, ArH), 7.87-
8.00 (4H, m, ArH), 8.63 (1H, d, J = 9.3 Hz, ArH).

13C-NMR (50.3 MHz, CDCls): § 57.7 (CHz), 58.9 (CHy), 61.5 (CHy), 73.2 (CH), 73.4(CH), 124.9 (ArCH), 125.7
(ArCH), 126.1 (ArCH), 126.4 (ArCH), 126.6 (ArCH), 126.7 (ArCH), 127.2 (ArCH), 127.5 (ArCH), 127.7
(ArCH), 127.9 (quaternary ArC), 128.15 (ArCH), 128.22 (ArCH), 128.3 (ArCH), 128.7 (ArCH), 128.9 (ArCH),
129.1 (ArCH), 129.7 (ArCH), 130.8 (ArCH), 130.9 (quaternary ArC), 131.2 (ArCH), 131.4 (quaternary ArC),
132.6 (quaternary ArC), 132.7 (ArCH), 133.1 (ArCH), 133.6 (quaternary ArC), 133.7 (quaternary ArC), 134.6
(quaternary ArC), 135.7 (quaternary ArC),140.2 (quaternary ArC), 141.4 (quaternary ArC), 171.6,174.0, 177.6

(CNand 2 xCO).

D-ALA-3-7 ==\ ) V2O HEEICERD Ni(ll) 88 (RR,S)-32 OBMAEFMIC L D5f#L D-

ALF-3T =t (33) DERR

D-ALA-3-7 = =)L U U AEESMEEICRS Ni(l) $5(K (RR,S)-32 (100 mg, 0.127 mmol) &
AH J—)L (3mL) BEEIC, IN HH% (0.64mL, 0.635mmol) ¥, 50°C T 4 BRRIHHRL
7o DUNRZEPRIE FIZEM L, BEICY7aa A X2 (10mL) KOYK (10mL) #Mmx TokE L
7o AKEZEE L TR L Lotk fBon7cEikE 9% 7 E=77Kk @mL) (LT, Bt
ARG T 2 [SK-1B, 18 mL, AR 1 2~4 % T =7 /K] ITALT D-ALA3-T =
=/t 33(15mg,65%) Z1%7=, — 5. FAEL 4 % 7 E=7/K (10mL), /K(10mL), #i
WTCHIFIEEK (10mL) Thed L., #2g (g7 KU o L) %, WA E L TR I VRN (R)-

25 (49mg, [ 68%) AR L7,
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XINTY R (R)-31 LTV VMBATFNAN L DA TN LD L-ZANH I L Ffy-A
FNT AT NE TR Ni(ll) $&& (R,S)-34 DA
XTI NIV A (R)-32 (0154 9,0.226 mmol) D A %/ —)L (3mL) SREIZT 7 ) VR

AT/ (0029 g,0.339 mmol), & U 7 2 (0.0059,0.034 mmol) ZUSINL, SR T 2 REFEIRL
720 BORE%E 0°C 12T 5% FEEKERE (30 mL) (2hNZ T 30 /ffif L, At Lizksima AE L
7oo AELUT-AERZ 50°C CTREREEL T L-7H X VY- A TV AT VA sl R
Ni(ll) $5{& (0.1649,95.1%, 93% de) ZiRtAfbin e LTz, IHIT, ZOfmEry/7un A4 —
AL ) —VINBERER LT, L7 VE S - A F VT AT LB EROREEITRE Ni(ll) #81k (R,S)-

34 (0.120 mg, 69.3%, 96%de) % 757-,

ESI-MS (positive mode): m/z = 766.4 ([M+H]").

H-NMR (200 MHz, CDCls): 6 1.70-1.91 (1H, m), 2.11-2.30 (1H, m), 2.61-2.78 (1H, m, one of y-CH. of Glu
part), 2.65 [1H, d, J = 12.1 Hz, one of azepine C(a)H2N], 3.01 (1H, d, J = 15.6 Hz, one of acetanilide NCOCH,),
3.48 (1H, ddd, J =16.8, 9.5, 5.7 Hz, one of y-CH; of Glu part), 3.60 (3H, s, OMe), 3.79 and 3.91 [1H each, ABq,
J =138 Hz, azepine C(c!)HzN], 3.91 (1H, dd, J = 6.4, 3.5 Hz, o-H of Glu part), 4.67 (1H, d, J = 15.6 Hz, one of
acetanilide NCOCHy), 4.80 [1H, d, J = 12.2 Hz, one of azepine C(a)H:N], 6.60 (1H, d, J = 2.6 Hz, ArH), 7.04-
7.17 (2H, m, ArH), 7.20-7.32 (3H, m, ArH), 7.35-7.57 (7H, m, ArH), 7.61 (1H, d, J = 8.2 Hz, ArH), 7.94-8.04
(3H, m, ArH), 8.16 (1H, d, J = 8.2 Hz, ArH), 847 (1H, d, J = 9.2 Hz, ArH), 8.82 (1H, d, J = 8.2 Hz, ArH).
3C-NMR (50.3 MHz, CDCls): 6 28.0 (CHy), 30.2 (CHy), 52.2 (OMe), 58.7 (NCOCHy), 61.8 and 66.4 (2 x CHz
of azepine), 70.1 (a-CH of Glu part), 125.1 (ArCH), 126.1(quaternary ArC), 126.4 (ArCH), 126.7 (ArCH), 127.4
(ArCH), 127.76 (ArCH), 127.84 (ArCH), 128.1 (quaternary ArC), 128.4 (ArCH), 128.6 (ArCH), 128.8
(quaternary ArC), 129.1 (ArCH), 129.3 (ArCH), 129.4 (ArCH), 130.2 (ArCH), 131.0 (quaternary ArC), 131.2
(quaternary ArC), 131.5 (quaternary ArC), 132.5 (ArCH), 132.7 (ArCH), 132.9 (quaternary ArC), 133.7
(quaternary ArC), 134.0 (qu aternary ArC), 135.4 (quaternary ArC), 136.1 (quaternary ArC), 141.1 (quaternary

ArC), 171.3,173.4,174.9,177.8 (CN and 3x CO).
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L-Z NV I U EE- y- A TFOVE R TIOVEEEEICERD Ni(ll) $8(& (R,S)-34 DEESARIZ X ANfEE N

Chz-L-ZNVH I VER-y- AFNV ATV 36 DERK

L-Z V5 X U Py- A TV AT VA EREICERD Ni() & (R,S)-34 (0.12 g, 0.16 mmol) @ A
4 ) —)v (3.6mL) REIKIC 6N HEE (0.13mL,5eq) &N L. 30~40°CIZC 7 M L=,
JNRZBIE FICIAME L, FEmzy a2 42 0 (Aml) IOEfRSEC, AREZK ImL) CHd
L, KEZYZ7uauaxxr 2x2mL) Tt L7z, @FEL 7 an 2% % AW TR 20mL
L UTth, BARIBRIEAKSET N U U 2OKEE (5mL), /K (5mL), SafnAk Gml) (ST LT,
BTGB LT e MY UL) Lictk, WA EL T 7 W+ (R)-25 (0.09g, [H]
I 98%) &MY L7z, —J7., KElZ EDTA —JKE - F MU oA KR (00649, 1eq), 7& k>
(AmL) L Cbz-OSu(0.169,5eq) D7 & hwik (AmL) A%, REEAKFET N U v L% HWT
pH 7-8IZFfEE L7k, #BEHRIE LT, SO T8 N IR L LT c 7 aa A 4
(20mL) Nz T 4N HEfe% IV T pH3 IS L CoE Lizth, Kgavrmm A4 (20mL)
Thit L7z, AAHEAfafAK 2mL) TR L. Ml (R N U U L) Licth, IRHERZE L
THAMRYE 0169) 2157, SN EE A Y 7 a7/ a—L (01mL) — FifgT
FL (ImL) (ZEfFL. DCHA (0.089,3eq). AiH——7 /L 3mL), ~F ¥ 3mL) ZHNZ THA
PR Uiz, M L7citidhz AHL T 50°C TIERME L T, N-Cbz-L-7 V& X U lik-y-A F VT AT

/L + DCHAM 36 (0.04 g, 56%, 99.7% ee) %737,
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