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1. 1. 1 FERIEEIE

BERIFIZA o AV U RHTB 2= di, g 2R s 7 R ofE (i
%)ﬁmsziofmfkéo1@%«f&2@%%f_k%éh,MMf
A LAY EED BHENENTLEY, 4 AV UREENBIEE A EHZ
< 7o o THLHEMEA B35 b D% 1 RFEIRIF &V 5, — T CHEEEESEIRRZR
WAEICLY, AR UPHIZLK Ko Te DA AV UPRHEIIL LK 72 o720
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Figure 1.1.1. Classification of diabetes drugs.!!!
LU B2 RIRTE R I DB 2 2607 5

et /T A KK
ZEREREI I T = R L X — 2 AT 5 700, MEHFIc T R obEz 4 %, b
RIGEFIZZO7 RUBEOBHPBRENZ D ZnbY, Zhiazxbl e T
MAEEEZ N 2R 5250615, BARTASHEHINTWDEREM & LT,
Metformin hydrochloride ZHZhAlsr &3 5D A 7 a® x5y K® e x®
(Figure 1.1.2)3 21 Hiv b,
NH NH

\N)J\ )J\NHZ *HCI

N
| H

Figure 1.1.2. Metformin hydrochloride.

L AVARVAS S

B3 8 D & NENFAGR S A VAV v & 2B T 5WMEN W END,
ZOFFZNTEHE T TENMBEOEZZE X T, ZOMEORWMEMZ b, €
DFER, BHTA LAY UPMHELT <R MBEERTRDLAN=ALTHD,
HARTASHH S TWDESRS & LTI, Pioglitazone hydrochloride % A%k
& T DT 7 N A® (Figure 1.1.3)MREITF B b,
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Figure 1.1.3. Pioglitazone hydrochloride.

@ A LR = VR FE(SU)ZE

ZJVIR = VIRFZ(SUYERIT, BENRICM & 200 TA > 2 U UM a (R S 5 38
HThHsb, BARTASHEHIN TWDEIRESE LTIHE, Glimepiride %A %05
ET 57 < U —® Figure 1.1.HNBFIFT N5,

Figure 1.1.4. Glimepiride.

O ENR A R Y AR ESE

Felgod B M Z R L CTA AU 2T KO I@ET, 7 = FELE
FEIEN D, BARTIASHH STV S ESRS & LT, Mitiglinide calcium hydrate
ERDETDHINT 7 A K® (Figure 1.1.5)0B3 2T Hivd,

H
(@) Ca2+
N

H I OH I‘Hzol ,

L 2

Figure 1.1.5. Mitiglinide calcium hydrate.

& DPP-4 [ EHK
BFEEZLTNENLT RUBRRININD L, A7 LT NI BT
DML W S, B B DA A ) U EREET D, A 7 LT 13 ER
M ClLF D DPP-4 &) FERIC L > THMISND RENRH S, DPP-4 fHEZE
IX DPP4 DB E 2z, A7 LVF U anpfsiiil<35%, TO/RE, 1



LT DIERBEEY, BEOA LAY LoUE R LIS T2, A
ARTIRSFEH SN TWDHESES & LTIE, Sitagliptin Phosphate Hydrate % A %%
DEFTDTTIT 4 TVBLOY Y XET (Figure L1 ZET LD,

Figure 1.1.6. Sitagliptin Phosphate Hydrate.

®o-7 Va3 A —PIHLERK

MHIZIER L, BXTELOICEENDIEE N T RO o S D HE % &
KFTDHETHD, HARTIAKHEHINTWAEHRSE LTIX, Voglibose ZH%N
Ay & T DA A (Figure 1.1.7) 0T B,

Figure 1.1.7. Voglibose.

€ SGLT2 PHFE K

SGLT2 FHEIIY, BIIAEMT 23T, MikT o7 UL ROPIZL &I
PHHESE L Z &L THEEZ T 5, AARTIASER SN TWHEHREME LT,
Ipragliflozin L-Proline % =f%%y & 35 A — 27 Z® (Figure 1.1.8) 3 % T Hiv 5,

Figure 1.1.8. Ipragliflozin L-Proline.
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Honz a9 2 8F 2 A D 120, REGHKD TRERIES FEEMLPTRIRS e
TV ENERICH D,



1. 2 Znaxi—EiEEbAl

1. 2. 1 Znraxr—¥GK)Eix

73 —E(GKIE, 4FER 50,000 DEEKRE L TEET DHAF Y FF
—EB77 IV —0D1>TH5(Figure 1.2.1), P e, FFlas X O—EHONY
W - MR OMIIICRE L, S a—2& T La—2 6 LEE~ZEHt SR
BER DOAGEBPERESR & L C UL a— 2 RFBHT B W THLDR 2R 8E 2 B2 L Tn
LR B ARSI W TIEA VR Y VOREA L BICBIT A SV a— Ak
H—Lr L THERE L, P TCIZZ Va2 — 2DV ALLE 7Y a—F DLk %
FIHEIL T D,

T72bb, GK X /v 3 — ARFEERAFRICHE B MIfE & DA 2 U 53U & /T
f~D 7V a— 2D A L BTV, EH 2T 2552 R~ LT
5B,

Figure 1.2.1. Ribbon drawing of free form Glucokinase.!!

1. 2. 2 Znaxfb—BGKIEMHA

FRLOBERIFIEREL L LT GK OIEMEIIZE B U7 SRS 25411E, GK &
Z A3 AR O EAR] & LT, GKRP (glucokinase regulatory protain)™> % %142
A ) == 7 & FER LTz, £ OREE, GK ZEHAEM(L L T GKRP 12 X HLF
BT D/ TN HLBE S, R RICHEIRIF T T VIS R 2 R GK G
PACFIDSBAFE S iz, HE B M TOA A Y A3 WBERERIER & BT C OB A
JLEER W AR T H2H LW Z A T ORERIFIHEIK E LTRSS T
ATIEN



1. 2. 3 GKiEHLHIOH

FRIZ2000 B2 E 7272 0 22 6, R P O BRI TR 9IRS+ GK
TEMEACFI ORI D BT, 2 BBERIF O THIIRE W, REG D ATHE
IS FIEFES S LTV D Z & b sl dH 5, Roche, Merck, Pfizer, Eli Lilly,
Astra Zeneca, Amgen 72 ED 70— NIV RA T T 7 —< BB AL, K& GK EHE
LIER AT 2180 L E BRI S =BT, —fFl% PL IR 3 (Figure 1.2.2),

o)
o)
H N H N R FOIWH N
L O\[/j AQ OI/] F>L(N;’ o) |/ OH
S N 5 N
O ClI o)
Piragliatin PSNO010 PF-04991532
(RO4389620) (LY2599506)
o L j/ Ho /(\ N— _ N NN OH
\N s = 0 S-N OH
o MsOH
74
T @ |
N SO,Et SN
AZD1656 MK-0941 AMG-151

Figure 1.2.2. An example of GK activators.

2018 FHUE, ENTHRSNTND b ORI TV 2R3, Dorzagliatin
(Figure 1.2.3)(% 2018 “F8I{E, TETEIKFAFET TH 5

Figure 1.2.3. Dorzagliatin.

IRBBRFET O GK IEMHALAID KER BNAF RFE 2 AT 2 AHE L& T
HoHZEIFERTRERTH D,
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1. 3. 1 EHELBEROTRN

PE 3R S BASE OFi L 2 LU ISR 5 (Figure 1.3.1)P), &3 5 ORFFERASE 13 Il
I DA E D, IR T, PR EEE L, R T HEELO
TR b, FREEETEZ T EE RO, FOERE T Ok
RRAET 2 2 L THROBEBNPLEINDLIDNE ) D& RRD 5, il LT
O L BEBNRET D2 DILEM % invitro DT v A Z T L, {EMEE2AT
LI FEEY (v v MEEW) 2 RVHT, iV Te » MeAORESE 23K

OFERIE S (RBEERK), RS, BANERE, Zetoflans
R C A RET D, T ORRE N bbb E ORI £ T
ZRIEEMIZE & DY, ZORFICKRERIEGYOEIZTE VT WS T LB TH D,

B RIS
2~3£E T~144 HE-&E
< —wseeeeeeeeess——
B i)
&Y Eld:978
B3 =it %Hﬁ %2@ 5
@ik
W TEAEWR “tF
;f@f;&&; NES =N [ 3 - LRSS
S I0RH 3 albaim) Mea$ o FRBOBH I3k |\ DS
EMLCREL ::) O -T2 :> ot -Leet :> -iﬁﬁﬁgi :>
Bi[eat% HOREZ ORER Fefli R ﬁgﬁ
525 =
Ty T AMIOBEN - LEOER, SBRAEE S AOHE = 555
- MEAPIOREECAHC, BRO[BORRIAEEERE | < >
- GMPIC R & Ui AR TS L8

Figure 1.3.1. Conceptual diagram of process chemistry.

HEALEME G DR RESND &, FARITRO AT — Iy, BIRAYIZ
GLP (Good Laboratory Practice) 743tk & FEIXA 5 22 & 7 % iR ﬁ“é@]%
EBRTON, & b~OBREICKTT S Haraliam s MR RO b b, Zat
RERZ 2T DL, AT =V LW KRR S, (LAY OBRERHE, %2
eV, ARGk Sz e FTHERT 2, e BERRERIZEE T 516w
< GMP (Good Manufacturing Practice) & ™ 9 Bl FCHE X, SWEMRIES T
H O TR TUIR B, RFIOERKRFERILE 1 F855R (Phase 1) & FEIZAL, 39



BB DI & e ORREZ AT 5, IROF 2 FH7R (Phase 2) Tl Phase
| TLEMEDHER SIVCHPH T, £ORMEZFZRITEE TIL L O THERT 5,
ZHUXIE LD T T D & F TOREEMGE(Proof of Concept: POC) & EVY, Z il
7 VT THUTHROEIS E U TORIDERNEE D720, BERAEMNT &
RHYANVAN—2Th b, RO 3 HHRER(Phase 3) TIXFHEEEDOTHEE O HiLER &
UHET, BAFR LA ZR LN s, LV 0BETERTDH, 20X
N MR & BRRRRZ VIR LN S, B N CToOREeM, Aok, HikE
FOMEREZMRL, HR~OHGE, KRR TEKLE L THEICHS,

1. 3. 2 ZokvAuzeokE

I SIIEF LA O AN D BT E Cloidskc 2l 2 Efi+ 5729, K
BEORIE (=EEKLOS) 20EET 5, NIEET DEKRERO 272 57,
FEEEER, GHEER, B a A icmtt (Zath) R, ARSI S
N5, sEIZ X > TUIERM b LV DORIEL MG T 2560 H 5,

ZO=—RER HL, JREEL K\, Z4, qmiE, fRFH, RERARIC
s T & 2 TEMNREEOMFI 21T O LERH VY, Thid —KNIC 7 vt A4
JEEMES, S BT mEAMIE LT LT, KHF2 5 DOJFEO AR = — K&
ZHVEND DT80, BRI EZE L-HE T v 2XOMENRD LS,
DF Y EHGOG R IITAIZENIE L 7 et AR SN S, BT
TEN LR A £ L DD L LT ORRITZ: 5 (Table 1.3.2)1,



Table 1.3.2. Comparison of Pharmaceuical Chemistry and Process Chemistry
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B LG E DT Z ENE—H 1
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THE I v~ N T T 4 —InDDhE
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FOGTHET GMP BRI 72< Th &
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ARG E DY, FERIEREOHM 2
FTOOEBREZENEGTHD
WERFFIS N EIRTH D

HEFED =D DA e A kL — b &4
FL, BEEMUET 2G5

BHE AL O, EEE L L,
L7, B LY, BaTy, sl
72 & DDA KD B b

TKEBHFE DA L GMP FEMED PRfE &
FEAEIT O
ARIEETREEO Wb o TR
ASRAYA

JEBE « BOG AL 22T CREALE AT RE
RYLONEEND
ETRIGEOM i, WETHD

R FRIIHMR B IRE 355
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%)

Bt TREZIS U7 GMP LS BT
&b
ARSI E DY, AlREtED
K HGHEVH D
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1. 4 BRERBCBIT DX 7 UELEHDOEIR
1. 4. 1 BREELORES

IS E1E, v NOBRIFOZEL, 18K, TEAT O DIl E 2 D ERNICE
53238 ThHo, ES LATEBEMAER, & LI GFEAILE ST
FEAIND bOFERAEEN, K7y 7 A MNTICCTREBGBIEAFRER D
D% — R AEREG EMESD, BUEAARTERBIN TV ERM, —HERER
DOAFHIR 23,000 5 H & EbI T 5,

H<IFBRRICH 5% O, —HOBYCIM e E &2 RRE L7zt D
Tholz, Fx DFKMAOIERIESL DS D%, BIRRD DRI D
FHLAWTW, BUEICEWTH BRFIUTHET D b O BHEE & 72 5855y
L7z 0lE, BEHIEE LTAS AL TWS, —T, AEAHIb:%
gL T HAERERMS OB 19 B BEHTH S, R ot L4
HIEEEZ AT 2V FALBORBERZIKBIE 5720, TEF AU FLER
(Figure 14 DDA I NTZIZZDETH 5,

Os_OH Os_OH
OH Oj(

Salicylic acid Acetylsalicylic acid

Figure 1.4.1. Salicylic acid and Acetylsalicylic acid.

20 HALIZ A D EALFOESRITHEN, Frx 2EE PRI EIND L 51Tk oTz,
1934 422 Domagk (2 & V) & X HLE I Prontosil (Figure 1.4.2)03 % L&, DO
KL L TALKR T I FEZAETHHEAEA G IND LD IChoTz
[, 20 tHACEE IR 72 B AIE SRS ORERIC 2 0, BERIGIAEEE, &R e
TRIEEE, BRIEAI, HUSAR, BERAIZR E5Z < O RERELS EiSh, Ax
DOFEFEF KUY QOL (Quality of Life) D FEIC K& < BEHRL TV 5,

HzN/ES).\@\ NH,

NH,

Figure 1.4.2. Prontosil.
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1. 4. 2 FINVEELORENL LT

ERORERR R T 2T L IVinbBhb &, BTUXKT VT 4 —Bb b, %
FElE D-VAR—RAENL D-TAX IV R—REE R, NIRRT HT
JBRIIT_XTLAETHY, MlREEZ#ERT DY VIEEILL3-Z7 ) tr ) U Bo
SRS R D, £ L TABRNOE Z 284 G, 2 OEERS FIZ X
S TR EEICHIE S TWD, —77, RN TABEENEYE & L Tl
HILEM S X T LGN %<, ZOLE B RVERR CABIEMEN R 55
BNE, DFE D ABIEERBLOY L 2 5 - VXS BEOAEOF Z v 1'
TH— L DBRIZBNT, MEEREOAMEELTHEAL, b HOXtEEKL
TS LaenZ Eidte LARKRE LS R D,

B3R DEIR LT ERFIIFET D H OO OHER L, HEIE
CTHEFEH I T TV, EERLOXT VT 0 —NBICRD Z & 7eh
o7z, L UEAEBILZOESRIZ L W AETLERH T HLEMN % < AR
ENDEHThoTHDIE, EXRLOXT VT 4 —% L5 FHT 00 MEIC
25,

RBAFPLEATAEEMLMICONT, BT LbHE - FAF~v—L LT
BLERFE STV DERTIE R, Bl IEERNTT & BT T 285813 H
—x T A —THRBETL2EERN VL, EIER)-E L S)- R REDA
FUEMZ AT D EMIRENT-HEITT7 B IRBAEYE L THELZEDIHEL D
5o 7EIREWTHBMERBRAMED & T 5 IR R, B L OERRBREZ 7V
7L, EKREEOND T —AHZ,

Bl Z IXRTE OB TIZIEARAT v A R RIEREFAINSAID) & L TS EH S
%A 77 m 7 = (Ibuprofen, Figure 1.43)0N T bivs, A4 77 a7 < UX(S)-1K
BT TH Y, (R)-EIFIEER 2N L3> TS, Lo LAEKRKN CRESE
DYERIZ Z 0 (R)-IRIZ AT (S)-RICEB SN D720, (R)-KEHE L THRIR
Wb, LI ThHRZTS)-EDOHLZTGT HHHBIZZ L, 2R MYRER
NHHT7EIRAME LTALEL TWD,

-12-



Ibuprofen (S)-(+)-lbuprofen (R)-(-)-Ibuprofen
LB % ELRL

Figure 1.4.3. Ibuprofen.

BEOHIE LTE=a—F / v L RHUFEAIO Ofloxacin (Tarivid®, Figure 1.4.4)
WET HND, AR URHIR)-E L (S)-ERDIEMHITIZERFLEZL LN TED,
TEIEROEETOFSICHIEATHE & A &4, Tarivid® & LT8G L L 72
(Figure 1.4, 2Dk, FHEIKZIFHEIL THLHEETHZ LT, (R-IKL
S)-RDAEY 73 IR H Uiz, TEMEZ T 2 & (8- 7 & I{BiRDK) 2 5D
TEMED B D —T7, (R)-IRIF 1/10~1/100 F2EDIEMETH D, THEHEIZ(S)- KR DB
LR L TWD 2 &AM LM BRI RoAEz G L, KOIEEDOFE W
Cravit® & L CTHL L 40TV % (Figure 1.4.4),

0O O o0 O O O

N N N N N N
/N\) O\)\ /N\) o\)"'/, /N\) O\)\
Ofloxacin (R)-Ofloxacin (S)-Ofloxacin
(Tarivid) (Cravit)
ZEK SE2ERD1/10~1/100D;E IR 25D FEMN

Figure 1.4.4. Ofloxacin.

(R)-1E & (S)-ENEL BIOIERZRT EZAD, —H OGRS EE2EIEH
BRI —A G55, H4 7B Tl Thalidomide (Figure 1.4.5)D3EH 3261
51 %, Thalidomide (X, FE/ SV EY —VERSRDHAITH D, HYITHERSEE (o
VIU®) RFHGE (Fur M) L LTI IEORETHRIESH TV, L
7> LIRGE R I (R)-IR I I IREIEEF 23 5 5 — 57 T, (S)-IRICITMEA BN H 5
ZEBHL, 2R TE L ORESHEIROAELR P ogELSIERIL, H
AT 1962 FIZ e I ST,

BAlt, N USRI EHIE R SRk x R BRSO RIMER R S 2 2
TRV FHORELEZED, K20 I [ETELHEMEHMEOERIE L L ORKRBINT,
HARBWTSH 2008 FFICFHAGR I N TN D,
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07 N0 07 N0
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H
Thalidomide (R)-Thalidomide (S)-Thalidomide
fERR SR 1E A ST

Figure 1.4.5. Thalidomide.

1. 4. 3 HfISROERE

REPLEAT DB ~DXIEITOWT, 1992 412 FDA (U.S. Food and
Drug Administration) 7> “Development of New Stereoisomeric Drugs™!'4, 1993 4=
\Z EMA (European Medicines Agency) 7> © “Investigation of chiral active
substance” V2 B A R T A4 U RFRH ST, EEABBICB O TAFRLEA
T 5, NFERMERITITFRREBENRDENDL EVINETHY, T
RS LTEEMZHBT 25E810E, mMFONFRMERIZONTOFEET —
X ABEMEORSE, FHMZ i Lz BT, 7' IEREEIRT 55 B
HRNE L 2o, ZODEERMEMEEWIIAFT LR 556121%, 3
2, BHEFOBLENG & L h—T7 ONF RPN BIREND T — A NBUED
Fite o TEY, FUITIFHH THER I N TV D EEDL DK 70%205 515
e LS hbihvTnalie]
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1. 5 XIINVEERROEHITIE
WREM R ER L E AR T D E V) ==X, LIZLIEF I AL EW % B
FTEDLAREFGHIER LONFERRNIOFEAM A FEAH L CTE Tz, ZivETHX

RFEICTHR I VERL S LUITHER GRS TSR, Kl 25 LT
[ZRBITE D,

1. 5. 1 IIAEAT AT Tmy 7k

AFRRER N FEM LA E T BME L T 50, HOHWITEHRL— FDOEH
TT X TNBRARERS EREET DI ETAERELAT 2ILAEMES D HIET
HbH, ZZTHELNAXTNENLT 4 770y 71N, 7B
MOFEINDILEMDEICHN LI TE N, BUE, NFARIE, L3 HNE,
HFALFER EIC L > TERSNTEZ L DILEMN AT E R, ZOF| A
FH & IS > T b, il & L THias AF Capecitabine (Xeloda®, Scheme 1.5.1)D &%
IZFUNT, D-Ribose & HFEWE &3 2 7ER M BT L7,

o o)

HO/\Q/ MeOH /\q PPh3 /\g_?/ Pd/C \g_?/o\
Acetone
HO OH conc. HCI 0. 0
>< 95% vyield >< 90% yield ><
D-Ribose
Os N H o
N ~ NN
F° oYY
HCl aq. Ac,0 o) N N~ 0
o=
Pyridine
Yo o~ HO OH
75% yield 0 o) Capecitabine

Scheme 1.5.1. Synthesis of Capecitabine from D-Ribose.

1. 5. 2 Je4o%ENE

TX IR D IEFRNC R R R BT 2 2 L 29D 2 LR NFENE L
eSS, HFEDEOTEL LTHOLA TS O ELLFIZZET 508,

1. 5. 2. 1 Zu~hro74%

SEEMER T H 2WAEA (7 VEEA) (25 5 ma RO 53t oo 72 5
ZRIFALCOEE HETHFETHD, I T7AVETHICIE B-v 7T R Y
VROMNFEEMN Y T =T Ve ERHVL D,
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faen b Z fED RN O THE N MR R ED B RWMEEIZ b A HTH
0, wEHAEENISDREE R o TS, T, 7a~ NI 7 4 EOISHE LT
FLIBENR 1L (SMB, Simulated Moving Bed Chromatography) 2 F V7= 652 BAE (R
DERRDIBEANIHFZE S LTI Y, Bt o >3 Escitalopram oxalate (Lexapro®, Figure
1L.5.1)OHELEIC LA T 51

o
a
@)
@)

NZ

Figure 1.5.1. Escitalopram oxalate.

1. 5. 2. 2 [HEE

BBV A REESR O b D mE O AlEBLEE, JVE R R, TR 2R 9 5 6
EHERORFIETH D, 78 IREEDONRBIC L > TERINMICH T OH%
T 52 LT, BATHRFEEENSEIETE 5, #lL L TTmEImiRE
Diltiazem (~/LXy H—®) HEROGIZIBNT, NUBEREZ AW TC A FEIT
12D 99% ee, UL 80%LL ETHFTU> 5 (Scheme 1.5.2)12%,

o\
Baker's yeast
S
80-85% yield @[ O),:O
@[ 99%ee @[ //)N o
N
/
(RS)1

(+)-(2S,3S)-Alcohol
Diltiazem

Scheme 1.5.2. Asymmetric reduction using baker’s yeast.

1. 5. 2. 3 YU7xFLA~—tHFEkE
T AT U A~—HERRE (T AT VA~ —E) LI SEIL LY LT B
T IMRENFIEER ER &GRS ST T OV T AT LAY — O
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BIRAW~EFHEL, KISEEITHT 2 2N ENDOEMEZIZ X - TiEdbss
BET 2 HEE2 09, IEFICBWTH X I VERGEO RN T AT LA~ —
WHREZRFIH LR, fMiEsnTnaBl 7 yong < —RIRE K
Rivastigmine (f 7w /Ny FY UNRZXZ v F Ny T K TH D HFE
PR 7 2 =)L F LT I U (R)-1 DERIS, (R)-~ v T WVl a3 2 Bl Hd
STV % (Scheme 1.5.3)21,

o o}
- NHs" 4
MeOH OH

(RS)-1 (R)-mandelic acid /9% yield
99% ee
NaOH aq.
- NH,
(R)1

Scheme 1.5.3. Optical resolution using (R)-mandelic acid.

1. 5. 3 AREEIE

1. 5. 2 CIRARZZNFNENRIIEATIIRNW O o FA~—%ETI5
EERRNE NI RENRBEERZ TS, TOTEODAREGRITBR LD
FEEDZEMNTED W) BERTHAENTH D, BFK, Knowles, Sharpless ©
INSEHE 2 O T RO AR A AR BO I, BEIC TEMERE L LTS LEb Db
2\, REFIRICSUE, RNEFTRF AMUBUER, RET LV R—)VEUR, ~F Diels-Alder
FOS7e EFZZ T ULE 0720, B4 REITIE HIV a7 7 —EBIEA
Indinavir (Crixivan®)& kA 2 R =R ¥ b2 G H L TER L 7261235 &
AU TV 5 (Scheme 1.5.4)12%,
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NaOCl TsNCO

Mn-Salen (cat) Nal (cat)

N-Oxide (cat)
95% vyield
95% ee

NN OH OH
— Z
7

N,
O/:\NH 8
K

Indinavir

Ts

0]
N H,SO, NH;
O - > WOH
NaOH agq.
95% yield 90% vyield
>99% ee >99% ee

Mn-Salen

Scheme 1.5.4. Asymmetric epoxidatoin using Mn-Salen catalyst.

1. 5. 4 #EEFEY T AT LA~ —2H#(CIDT, Crystallization-Induced

Diastereomer Transformation)

B LA S b E DN D, ZIVUTRMRMICIEMREZNH Y, DO T
] SPE R O EHERRAE DN RN L TV D35 G, HREMEY 7 AT LA~ —REik L
L CHTH T2 2 & Tha ORI L, SKOICITEREY T AT Lt~ —
DIHENFELEND FETH D, 1FIFE 100% de THHMMNEON D20, EOEE
MENRRDONDERLD LIZZOFMEOEGKTIZE CLAMARTIETH
%o BlE LTIIFERT B A RHFIRAESR Naproxen O AFHENZIEH STV 5

(Scheme 1.5.5)123,

Y\O) DBU cat.

SORe .
~o o /ﬁ DMF, 50°C

Heterogeneous
Conditions

.
\O (@]

Naproxen

Scheme 1.5.5. CIDT for Naproxen intermediate.
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1. 6 FI7N48AE L TDAR,2R)-1,2-diphenylethane-1,2-diol

1. 6. 1 (1R2R)-1,2-Diphenylethane-1,2-diol & %
(1R,2R)-1,2-diphenylethane-1,2-diol (51|44 (R,R)-(+)-hydrobenzoin) (LLL T2~ 1k

G TH 5 (Figure 1.6.1)24,
©E EOH
OH

Figure 1.6.1. (1R,2R)-1,2-Diphenylethane-1,2-diol.

FARSEE=V C14H1402
e 214.26
CAS No. 52340-78-0
s 146-149 °C

TR B NLARFEMER L LT, (18,25)-1,2-diphenylethane-1,2-diol (5] 4 (S,S)-(-)-
hydrobenzoin) 35 JX Y meso-1,2-diphenylethane-1,2-diol (5|44 meso-hydrobenzoin)
23 & % (Figure 1.6.2),

OH OH
(1S,25)-1,2-diphenylethane-1,2-diol meso-1,2-diphenylethane-1,2-diol
Figure 1.6.2. (1S5,25)-1,2-Diphenylethane-1,2-diol and meso-1,2-diphenylethane-1,2-
diol.

(1R,2R)-1,2-diphenylethane-1,2-diol I Co XD IFAEE T A — L & L TIA< A
WHNTWWD, fllCh Co FROIEFEME Y A —/L & L TIL(S,S)-TADDOL <0,
(S,5)-2,3-butanediol <°(S,S)-1,2-cyclohexanediol 7 & A3Z&1F & 415 A3 (Figure 1.6.3),
TG LT D & a X NEITENL TH D DONEHTH D (Figure 1.6.4), 725 kg
LUV TOBABRIBETH Y, TEAF—LTHLRIHIN TS,
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Ph o o Ph

HO :OH Ho’—-:/<OH Ph‘*%_\}LPh
RS

(S,S)-2,3-butanediol (S,S)-1,2-cyclohexanediol (S,S)-TADDOL

Figure 1.6.3. (S,5)-TADDOL, (S,5)-2,3-butanediol and (S,S)-1,2-cyclohexanediol.

(1R,2R)-1,2-diphenylethane-1,2-diol 25¢ $1136/9g
(1S,2S)-1,2-diphenylethane-1,2-diol 25¢ $14.40/9g
(2R,2R)-2,3-Butanediol 59 $55.60/9g
(2S,2S)-2,3-Butanediol 59 $93.00/g
(1R,2R)-1,2-Cyclohexanediol 19 $263.00/¢g
(1S,2S)-1,2-Cyclohexanediol 19 $277.00/¢g
(R,R)-TADDOL 19 $143.00/¢g
(S,S)-TADDOL 19 $84.20/g

2018 11A7HR%E

Figure 1.6.4. The reagent prices of chiral diols (Sigma-Aldrich).

1. 6. 2 (1R2R)-1,2-diphenylethane-1,2-diol DA k%

W D65 72 1,2-diphenylethane-1,2-diol D& %% & LTI Collet & 3L
fa B2 S LT b1 2%, Knollmiiller HX° Kawashima 51280 27 A
T LA~ B L D EIR R S 72,

i‘é%iﬁf@tﬁi%rﬁ%ﬁ%éﬁﬁ & LTIE, HERRDEFENC X D8 mEA % <
WEINTWVDHR, X iﬁsﬁﬁﬁi%%l A LIEAFETLIZE D O HHEFN
£\ 281

TEERRE L LT Ru il 2 AW 72 R K EBEVELGR TG 2T S D
(Scheme 1.6.1)!*"), rac-Benzoin |Zxf L C DMF &4, Ru filigf, e, ~VU=Fn
T XU WAL T 40 °C T 48 RS 5 &, EEMDD 99% ee LL ET(R,R)-
1,2-diphenylethane-1,2-diol 235 5 #1772,
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0 OH (S/C=1000) HO: OH
Ph Ph HCOZH/EGN Pho Ph

DMF di/mes0=98.2/1.8
>99% ee, 100% yield

Scheme 1.6.1. Ruthenium catalyzed dynamic kinetic resolution of rac-benzoin.

1. 6. 3 %7 /L7 1,2-diphenylethane-1,2-diol DIEFHD (KAL)

% 7 /L7 1,2-diphenylethane-1,2-diol /L% D NARR 72 & 5 S 0> O A F RO & 1
KT LHZENHARTHY, ZNELEBEIZHONTORFARIEN N Db Hd
ENTWD, BLFICHEREITT 5,

& REFTARF AL

Mash 51X 7 a7V /2 % (S,S)-1,2-diphenylethane-1,2-diol T4 # —/L{E L,
Simmons-Smith FIEZEH X2 &, DT AT LA BRI =R X AL T
% (Scheme 1.6.2)B3%,

HO}—\OH PhHPh Ph, Ph  Ph_  Ph
(0] _—

i — —
n-.u

X diastereomer ratio

Ph Ph

Q«S oﬂ CH, 13:1

@\o "'Ph__C?ko "'Ph (CHa)a 19:1

¢ \ /

ICHy"Zn_ CP“z (CH2)3 15:1
|

Scheme 1.6.2. Asymmetric cyclopropanation of 2-cycloalken-1-one hydrobenzoin

ketals.

@1 XU ADRFAI

Charette © % (R,R)-1,2-diphenylethane-1,2-diol % “~ 7 #ifi 8 2 12 H W 7=,
orthoacylimine ~® 7 = =/L U F U7 A DAL Z 8 L TV % (Scheme 1.6.3)P1,
i Ar 2 — A Z R CRTE DX T VT 2 % 98% ee TIHT-,
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Ph.  Ph
Ph  Ph /—<
a - b
Ph,  Ph — 0.0
; -~ 0_.0
HO  OH oo Y 93% Ny H
on |, Y
tBu
Ph, Ph
c d NH4Cl Ph  Ph
o_ .0 3 2
Y t8 /'\Ph e
LiN.__Ph u HO  OH
Y 54% yield
i Bu | 98% ee

Reagents: a) 1) HC(OMe)s, p-TsOH, 2) TMSN3; b) tBUCHO, PPhs, THF;
¢) PhLi, DME; d) HCI ag. MeOH

Scheme 1.6.3. Asymmetric addition of organolithium to imines.

O RHET I R—IK

Andrus 5 1%(S,5)-1,2-diphenylethane-1,2-diol % RAAHBIIE & U CTEA L 7= BIK
TAT VIR LT, RFT IV R VRSB R OALRRIRME CH#IT T 5 2 & 23
£ L TV 5 (Scheme 1.6.4)532,

0 HO OH  a

Br\)I\OtBu an W \_O

~_CHO | OJ\/V\ . O OH

LG H
92% ph O 86% :
dr >20:1

Reagents: a) n-Bu,SnO; b) CH3CH,CHO, Et3N, c-Hex,BOTf, CH,Cly;
c¢) Hp, Pd/C

Scheme 1.6.4. anti-Selective glycolate aldol addition.

1. 6. 4 %7 /L7 1,2-diphenylethane-1,2-diol DIEFHA@ (is{k)

1,2-Diphenylethane-1,2-diol X7 /7 & KN, 7 F o ZKISLTT X — /LB LW
rEA—NEb 25, TEIREMTHLT VTR, 7 FATK L TAREMBE
& LT 1,2-diphenylethane-1,2-diol Z3EA L T T AT L A~—¢& L, W7 L1
YT TT =RV T AT VBRI AR TTH DT T — DR
T3 D B BN HRE SN TWD,
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& KR A R~ FI

Taber & ((—)-Morphine DREIZ 1T D H K, B-tetralone F5EIR D A FF A AL
1Z(S,S)-1,2-diphenylethane-1,2-diol Zf#H L TV> % (Scheme 1.6.5)3%, Z & JEA
Wz s 2 —nbL, BT Lh7u~<x 777 4 —& & TIEE 86% CATEDLIED
HEGT, MBARER YT AT LA — 2OV TIBMHESRMIC L o % —
L L CEINAIRETH 5, F7=(+)-Majusculone DEEFKIZEBWNTEH Z DO FIEETE
I LTHED, (RR)-1,2-diphenylethane-1,2-diol (2 L 5 7 Z — At L BT L7 nm
VR T T4 A —BLOTT AT UA RIS RLIZ LD, IR 76% THTEL O
NLAR D Fx % £5: 77 (Scheme 1.6.5)1330)

‘l Ph, P | , /

h Ph Ph
0] > P IK_ = N
HO OH ‘?'%—ph 0" Npp — g
+ — —
MeO : 0 0 . HO |
OMe = Br MeO MeO Qe
OMe -~ .Br OMe = -Br (3H
(-)-Morphine

! |

Ph Ph

A Ph. Ph Ph.  Ph o
HO OH — Br — Br _.
0.0 v{ . O0_0 | — o
Lt —_—
. @ 5 -
(

+)-Majusculone

At

Scheme 1.6.5. Synthesis of (—)-Morphine and (+)-Majusculone.

F72King Hidtr b=V FRVIALBER THDHA > K—L 3 OEKE HE
L T % (Scheme 1.6.6)34, HIATH 5 3 (LICEHILZ FFOBRIRT b (S)-1 D
BRIZEBVT, (S,9)-1,2-diphenylethane-1,2-diol & = 1 D Z— A kiz L b v
TAT U E~v—~EEHL, #EIC LDV T AT LA~ —4%1(86.8% de, 17%
yield)Z{T> T\ 5,
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Ph.  Ph

- Ph,  Ph
o HO>—\OH —

o_ 0O

(e} F\©\/> Yb(OTf3) TsOH+H,0
A\
=+ _ = _—_—
é )
H = =
NH NH
F F

1

Diastereoselective
Crystallization

1) NaBH(OCOCH,)3

MeNH Ph _‘\Ph
SN o ) \
2) preparative chiral LC. HCI (SN
NH NH NH
F F F
3 (S)-2 (S)-1

86.8% de, 17% yield

Scheme 1.6.6. Synthesis of Selective Serotonin Reuptake Inhibitor(9a).
727 L, Z i F TIZ(RR)1,2-diphenylethane-1,2-diol ¥ X O (S,5)-1,2-

diphenylethane-1,2-diol Z & A L7277 # —/VIZEWT, fEgbLiBEE 7 A7 LA~
—ZEHY(CIDT) & 32K L 72l 720,
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1. 7 ABFZEOHE

AR CIH 15, FH2®|, HI3FE, FHL4ENOHMEIND,

F1IETIIMEL LT, Zbvaxt—BiEM AN BB RIm OIREKR L L
TR ENTWOERMLTHL Z L, EEMOMHEIIEHMICR->TETHO A
FIEHEALEME G T 5 =—XT@m< o TWnbH Z &, HFAEEILEY OIS
FEORTHREGIEFRE ST AT LA~ —EH(CIDT) BRI R FETHDH Z &,
B £ O(1R,2R)-1,2-diphenylethane-1,2-diol X5 LIC LD 0EIHIE L CHETH
52k wikT,

%2 B TIX v ax S —BIEME LAl GK-679 O 7 vt ARFIEIC OV THA T
Do WFHENER -7 U — 7 1 A UEEHEIRR)-T 28T AL LTERD, #
e bIZ LD U7 A7 UABRIRI e fEE 2 BRI LT, E- RS X B E et
IZEY, fERHEENS T AT L~ — DRI EN - R A LT, &
SIZCNA YTV U TRIGEER Lz 2-7 2 7 7 Y U8R 3 OERAERK
xRV LT,

%5 3 ¥ CTIE(1R,2R)-1,2-diphenylethane-1,2-diol 737 A7 L A BRI 72 & f b
WHEHTH DA ZILH L, (R)-3-oxocyclopentanecarbonitrile 35 J TV (R)-3-
oxocyclohexanecarbonitrile @ #r Hl & i & &2 A W H L 7= . % 12 (R)-3-
oxocyclopentanecarbonitrile (n=1){Z- 2\ TI% CIDT Z{5H L CHEIIEE, & LIR®ER
HI72 G RIEDBFIZRI LTz, S HICHAS S X fifEfiricky, o727
F~ — ORI EDN TR K 23 53 1 OGS ELF OFEWICEK L TnD Z &%
B L7z,

4T T ERROMERRZRIE L T, A%OBICOWTIERS,
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. Chapter 2

' Ph, Ph Ph

CI\[N\ HoN N
NJVOH \[N/]VOTBS

Ph Ph
Ph/..K( Ph,,_K(
o) o)
o 0

H 3
NN :
o) \[NJ\/OHi

(R)-1 99% de

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Chapter 3

Ph  Ph

o HO OH

;;n "ON Vv,

n=1,2

n=1,2 n=1,2
Ph Ph
Ph:..(( Ph,,,(k
o] o]
0 base o
—_—
NHZ - :ﬂ"': NHZ
n n "/
n=1,2 n=1,2 ©

CIDT: Crystallization-Induced
Diastreomer Transformation

o (@]
Do Okm
~CN N
o)

n=1,2
98% ee
>99% ee

Figure 1.7.1. Outline drawing of this thesis.
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52
X TN T E— VBN T AT VA~ —E el T
5 HE RIS GK-679 O EAME LT & 2 DB

2. 1 M=

GK-679 (R)-DIX 7 /v =% F—BiEMH LAl &L L TT 27 7 XA WAL 28 iy
(Bl & U T ¢ AFEFT) I TR S LG T, #IEIL 2 BBEIRE Ch 5,
T RESENLT, ¥TLRa-TU—ATa bt iER)-2 &, 22787
U UHER 312 E S D (Figure 2.1.1),

(0] (0]

H,N_ N

H X
N N |:'| > OH
e} | =~ le) * \[ /j\/OTBS
Ag o] NP ~OH Ag o) N

GK-679 (R)-2 3
((R)-1)

Figure 2.1.1. Structure of (R)-1 (GK-679).

T AT T ARG BN IEETIC BT, e AR 2 BAAA L7z, AR
BHOV— MITRERED 24 TREEFICRW E, REGHPNETH 5 &N H
STeb OO, REGATRERFBE ML — b2 S 5 FITHK) Lz, FrIZLLT
D 3R THEFERUGEENR RSN,

(R)-2 DAVIR B o fEORFREGIZHONWTIE, HARE CIIRAMiB %
BMALTZRBIZVIV ATV T A7~ T T 7 4 — X 0ERIL TR,
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(1R,2R)-1,2-diphenylethane-1,2-diol |2 XV 7 % — AL L7z fiEDO T 27
LA BRIRARE IS K 0 e Bl e+ 5 Z L TE T,
SOIZAKRIZIRESNIEABRYS T AT LA~ —TH 5H(5)-2 HERDILAEW
(COWTIETE~—LIZHREIL, fe< BRdICEVEINT S Z &N TE T,
22T TV UBEERIICONWTIE, VT VA ANEIET B IBEREARRE
WL, KOLETEHANFREMV— M2 ROEHTERTET,

INDOHREIKICT RA 7 — /LT TIVEREITV, 470 DAERETT
Lz, e Ty F 7T hTORE ST TZaMiEEma L, v U7
NI e~ NI TT7 4 —IC K DR A FERIZRIEE U7 AR 7 BE VL A i A
L7c, B LCBELZRKIZ M ey 7T FTD GMP (Good Manufacturing
Practice) i 2 32Hi L, JRHE(R)-1 & 19.0 kg 137,
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2. 2 WS

1ETHRREY, Zaxh—B(GKIEEANL p Ml ToA R
SrUAHEHIRIE A L IF CORERMTTEER & WO w2 A5, FrLng A7
OFERIFIRREILE L THEH ZEH TV 5,

K BUIE 1S GRAIEMEALFI OB 2w 2 TR, 7 27 7 2 SRS FEI
BWTHALFEWIEFT A GK-679 (IUPAC 4 (2R)-2-(4-cyclopropanesulfonyl-3-
cyclopropylphenyl)-N-[5-(hydroxymethyl)pyrazin-2-yl]-3-[(R)-3-
oxocyclopentyl]propanamide) % GK I&FMEALAIOEAL G & LTI L 726

RALE DM FERETT D & & REITF RN I S 4, 7 v ' A0 % Ei
L7z, TORER, AR O BIEIC R TTEEZEF LZE, U 7L
N7 u~ 777 4= KO RBEL R TEEET 2 2 & TE 0, fid
AL —VEH) 1000 fFIZEE03 2 E T X, BEIGEIL 9% 5 19% & 2 fF8L E
Wz B L72,
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2. 3 AR GK-679 &LV — b

GK-679 AR I N 7-BERO AV — b ZLLTFIZZRT (Scheme 2.3.1)P),

Br b, c, d o e f g 0 O
6 I 6
7 B 9 B
0 0 HoN ‘N\
P |9
Fractional I N oTBs
crystallization 'f\o 3
NT( OH
A\Q o O g, h,i A\Q e} i k
3 3
(R)-9 (R)-2
(0]
H
N N\
AQ T
§ O N OH
(0]

GK-679
((R-1)

o o
HN N HN N HN_N HN_N
; CINij o ;CINJ\/OAC N 2 \[Nj\/OAc T 2 \[Nj\/OTBS
10 11 12 3
a. Reagents and conditions: (a) TMSI, K»,CO3, CH,Cl,, <10 °C, SiO; column chromatography, 87%;
(b) compound 5, n-BuLi, i-Pr,NH, THF, N,N’-dimethylpropyleneurea, < —60 °C ~ rt, SiO, column
chromatography, 72%; (c) cyclopropylboronic acid, Pd(PPhs)4, K3POs, toluene, H,O, reflux, SiO»
column chromatography, 89%; (d) NaOH aq., THF, MeOH, reflux, 100%; (e) pivaloyl chloride, Et;N,
THEF, rt, then compound 8, n-BuLi, THF, —50 °C ~ rt; (f) HCI aq., acetone, reflux, SiO, column

chromatography, 33% for 2 steps; (g) 2,2-dimethyl-1,3-propanediol, pyridinium p-toluenesulfonate,
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toluene, reflux; (h) H>O, aq., LiOH, THF, 0 °C; (i) HCI aq., acetone, reflux, 100% for 3 steps; (j)
(COCl),, DMF, CHCl,, 0 °C, then compound 3, pyridine, CH>Cl,, 0 °C, SiO column chromatography,
50%; (k) HCI aq., THF, rt, SiO, column chromatography, 82%; (1) AcOK, 18-crown-6, CH3CN, rt,
SiO; column chromatography, 57%; (m) H, (0.3 MPa), Pt/C, AcOH, MeOH, rt, SiO; column
chromatography, 88%; (n) potassium carbonate, MeOH, reflux; (o) tert-butylchlorodimethylsilane,
imidazole, DMF, rt, SiO2 column chromatography, 75% for 2 steps.

b. Compounds in parentheses were not isolated.

Scheme 2.3.1. Medicinal chemistry synthesis of (R)-1."

MERBEZ AT 27 % —/ 4 TCRBER O FIEIC L v isonzs F o WE
(1R,2R)-1,2-diphenylethane-1,2-diolP"C 47 % — A b5 Z & THRLILDH, #it I —
R RUAF LT /(TMSD A V- 2 — RERERBOUGIONC X 0, fLESEIRAIIC 3 B
BRPBRAE LIS #BGT 5, 7 == VEREEFHFEMA 6 IZXI LT, =AXT LD aff
5 TTNF T 5, ORI ARRIMEITIREET, 1 10V T A7 LA
~—IBAEMC D, v ruFubt R e o8KRT Y Y IR L
T AT IR ERRT, DIVRUR T 215D, £ 2D OLITEDNAKRD % B
3772 ®IZ(R)-4-benzyl-2-oxazolidinone! ' 8 Z3& A L, Ml Tl % — b L TH
N 9IlZT%, TR YWZEMTHEL VDTN T L a~ NI T T 4 —I|C
TUT AT LA~ —[RLEONEENFTREIC /2 Y, ITEDSAKDR)-9 2525, %
DHE(R)-9 DIINKR= NIz r 72— L, wmigft/k3EKLIOH O TH
XV oEREL, BT X — bR TITEDO VAR CFE(R)-2 2155,

—J, 2-7 X/ BT V5K 3 1 2-amino-3-cyanopyrazine-N-oxide!®! 10 %
FHEE L, TEFUEL T & LERICAGKFEL AW -EAE I X D
T MEET I N-FHRY ROBILERT 12 2155, £D%, W7 tFfks
< TBSALIZE D 32155, (R)-2 &£ 307 X NMEEIS&IZ, BV bz T
1 2H/H5AF—LTHD, ZONL—FIEY, 22g D1 28 L GBRILE
9%) ,

COERIEIZ TR A — L TOERITITE L TWDEHDOD, LLTFOEENG
FERRIR, BERFBR CM B & S D8t kg LUV O FERG RIS ITE AR EECH 5.

FEFIALERTMSIZHEHA L TS, L7 L)L TOAFIZRETH Y,

o X OISR’ 5,

(R)-2 213572012, REMBE (FXH Vv 0) ZEAL, &5V
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HATNTTLTa~w T T 74— X HERE 2 BEFEL TWD,

3 DJFENCTH B 2-amino-3-cyanopyrazine-N-oxide 10 /3L 7 A TFPEN L,
BB TTIC L DT AL DBRIZ, T v H A HCN 8 1 B ESEIAET S,
T UHAIEBETHY, T IRAWT D EERRWENEEIND Z L)
b, BUEZFCREOMRDNEC 2 5,

PO TR THEMOTDIZV I BTNV AT AIa~ NI T 7 4 —%FEfi L T
Wb, Bt kg LXIVTY I RSNV T L Ia~x NI T 7 4 —%FEhT HI
%, KRR E 2 A N0 57280, BT 52 ENEE LV,

FEOMBEERRT 5720, EAMN»OKEASRATREZR B AR — kO
AT TR LT,
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2. 4 F—FKIESERDO T at RH5E

2. 4. 1 PBISEFOmE
FH—)v 4 @ TMSI & 7= 39— RBHBR UG O SOSRA & et U 72 kE 3R & DL
T2~ (Table 2.4.1),

o o TMSI or TMSCI o o
. NaX .
0 / ( base
O O o._ 0O
Solvent QI
4 5

Table 2.4.1. Screening of Reaction Conditions (1)

.. Reaction mixture
Scale Reagents Bases Conditions LC area%®
N TMSI K2CO; C?é%%;;% 4:0.1
U e 1.5 eq. 25eq. n 5: 60.0
| os0 TMSI K.CO; ?ggmigﬁ? 4:58
U e 1.5 eq.+0.5 eq. 25eq. 5:76.5
28 h
3 | 0204 TMSI NaHCO; ?jg%iggﬁ? 4:4.1
2.2 eq. 3.7 eq. 19h 5:84.1
TMSI
2 | om0 2.2 ¢q. NaHCO; (ﬁfE%$§ 4:0.1
“U8 Nal 3.7 eq. 5:87.3
2h
1.0 eq.
TMSCI
s | om0 22 eq. NaHCO; CmﬂﬁgmL 4:N.D
“U8 Nal 3.7 eq. 5:78.3
16h
3.2eq.
TMSCI MeCN 20 mL
6 20 4.0 eq. NaHCO; CHCl, 6.0 mL 4:0.1
Ve Nal 7 eq. —42 ~ =39 °C 5:87.6
3.2eq. 18 h

aNal DY — 7 % H~ b LT-fE
b.HPLC & A (FEBRIESHR)

BRFEWIIA DB HEPI OB ER 21T o T, T b ¥ =L 4(0.5)Icx L T,
TMSI(1.5eq.), K2CO3(2.5¢eq.) ZHWTHL A F L g, —17~-9°C T 5 B
WS EETZE 24, KNI LI ODZ B O RN Ak Liziz o,
HPLC MfE B 20313 60 area%FeE Th > 7z (entry 1), AMLEMITHRY) TH U #E
e fbIZ K DRRN TE Zenicd, KT TREIAE LA L D5 R TR~
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BN ES SN, £ 2 CRIGEHIZOWTHRFTTHZ i L,

entry 2 IZNIEZ—40°C fHTIC FIF72b D TH 5, FE 4 IIEEFELIZLOD, 5
OEEEA DRI E L, 22 THEEE LTRBAKZFT NI v AEZHWEZ
7, FOSHET %0 HPLC HifE E 50308 84% % Tl bk L7z (entry 3), & 51IZ Nal %
WINT 2 Z LI X o TRUSEZER L, HPLC [HfE E 0 3RIE 87%ICE CTER LT-
(entry 4),

728 TMSI 1 IZER T CERBIZHIRT DIEF TR L ERRAF T2, Lo v
UL TOAFIIRETH Y, o X oINS S0 5, £ 2 TH 02
TMSCIPI~DRFEZ 77223, HPLC [ffE A 7 RILMK T L7z(entry 5), A E L
THAL A F L izxtd 5 Nal OVEMEE MR 2 L HERI L, Nal OBEMRE % 7 k
SELXLTE =Y AEIRINLTAER, entry 4 & [R5 D5 R 2 1572 (entry 6),
- T, LDABEIX TMSCI & Nal OfAG b CRISETT> T,

2. 4. 2 RUSTEEERRGT
rZ2—) L 4 O I — RBRNIGERAZ TMSCl & Nal OfHAEHEICHEE L T,
AR L ONRAI O Y &2 MG L 725 R %2 7R L 7= (Table 2.4.2),

Ph.  Ph Ph,  Ph
/ ( NaHCO3, Nal, TMSCI / < Ph Ph
o. O o. O 2
é - +
HO OH
CH3CN / CH,Cl, |
4 5 Diol
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Table 2.4.2. Screening of Reaction Conditions (2)

CH;CN NaHCO; .. Reaction mixture
Scale Nal Conditions o ab
CH,Cl, TMSCI LC area%®*
70 mL 7.0 eq. 11 ~—9°C 4:N.D.
1 70¢g 21 mL 32eq. 6h 5:86.5
6.0 eq. Diol: 0.8
32 mL 7.0 eq. 11 ~—9°C 4: N.D.
2 32¢g 9.6 mL 3.2eq. 18h 5: 66.5
’ 6.0 eq. Diol: 26.3
7.0 eq. oo 4:N.D.*
3| 10g zf?L 3.2 eq. -43;h9c 5:70.3
6.0 eq. Diol: 19.9
4.0 eq. _ oo 4: N.D.
4 10g 2Offjg 2.0 eq. 17211f ¢ 5:84.8
2.0 eq. Diol: 5.5
6.0 eq. _ oo 4:35
50 10g zoffjg 2.0 eq. 14181? C 5:86.3
2.5¢eq. Diol: 1.3

aNal D —27 %5 v h LI-fE
b.HPLC & A (FEBRTESIR)

7B —v 4(7.02)IZxf LT, TMSCI(6.0eq.), Nal(3.2¢eq.), NaHCO3(7.0eq.) %
ANWTT & b= b UV HAEAT VAR, —11 ~ -9 °C T 6 KIS S E 7
& AR EE S, BIHICRIGETT L (entry 1), SUGRFHE % 18 FREIZIE K
Lic&e A, BEMIOM 7 # —ARIZHE S Diol 2% 26 area%Eh% L 7= (entry 2),
TMSI 235 # — /AR &2 2 & i3 b Tl 0 10, R TR A4 L7zl
RTMSI BT Z =k 5| S L72b D B BN 5,

WIEEZ T2 b= U VLA TF LV ARBEN S T 8 b= F U LRI
ICEE LTz, BB LORE~OFEN G, EELOBECIIE( A T L & hh
DETHART L RIEBOME M ZRET TR E L, £ OREE, JFUEHNEE 13H
WA 2 — AL BT L, Diol A3 20 area%”Ejik L 7= (entry 3), % Z C TMSCI
(2.0eq.), Nal(2.0eq.), NaHCOs (4.0 eq.) D mZ HIJk L7273, 4L T% Diol 28 5.5 %
ARk L7=(entry 4). NaHCO3 (6.0 eq.) & HI° L7= & Z AJEED 3.5 %58 1F L 7= (entry
5)o

UL E XY BOSSEMHEREEIORMEH LSOO, T b= KU VEH—EET
3 — FRBRBUCDEITT 5 2 &V LT, IEEIIOSIEOTENIME S ZRE L,
20 mL/g 73324 &Il L7,
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2. 4. 3 RAIOYERE

WA 72 b= R U WK > TRAIO Y BRF LR Z2 L IR Lz
(Table 2.4.3), 72 IASE TlE 10 area%Hiit& D RIE KD NS % 23 LC-MS D
SO HI N B RBE R LT A7 o iiEThsd EHERI L=, DIBIXZ o

BIER DT E 773 b OSSO I N 2 7=,

Ph,  Ph Ph,  Ph
7 NaHCOj3, Nal, TMSCI —
o__ O o. .0 Ph, Ph
N "
HO OH
CH5CN |
4 5 Diol
l —HI
Ph,  Ph
o_ O
Bypro

(determined by LC-MS)

Table 2.4.3. Screening of Reaction Conditions (3)

NaHCO; Reaction mixture
Scale CH;CN Nal Conditions LC area%®"
TMSCI1 Diol 4 5 Bypro
6.0 eq. o
1| 10g 20 mL 2.0 eq. 20~25°C 4.5 N.D. 83.9 10.1
2h
2.0 eq.
6.0 eq. o
2 10g 20 mL 2.0 eq. 23~-24°C 0.1 5.7 84.0 9.9
3h
1.5 eq.
6.0 eq. o
3 10g 20 mL 2.0 eq. 23~24°C 0.4 0.4 88.4 10.3
3h
1.7 eq.
6.0 eq. o
4 10g 20 mL 2.0 eq. 23~24°C 1.1 N.D. 88.1 10.5
3h
1.8 eq.
6.0 eq. o
5 10g 20 mL 2.0 eq. 23~24°C 0.6 0.3 88.6 10.2
3h
1.9 eq.
6.0 eq. o
6 10g 20 mL 2.0 eq. 23~26°C 6.0 N.D. 83.0 10.7
3h
2.0 eq.

a.Nal DV—27 %%~ b L72fH
b.HPLC &k A (FEBRIESR)

-39-



7B —4(1.0 )% LT, TMSCI(2.0eq.), Nal(2.0eq.), NaHCOs(6.0eq.) %
HAWCTT7E® h=RVUJLH, 20~25°C T2 BHGSEZEZ A, BHIOW 5 1%
83.9 area% CTdH > 7= (entry 1), DF U EIE TH KIEZRPCRIL T 2372 < KIS EITT
HZ e LT,

RIZ TMSCl D48 % i L 7= (entries 2-6), TMSCI 2372\ & JFUEF 4 23547
L, TMSCI D &AL & BROM 5 H3 o0 (O 2 — 38k S, Diol 34 RK)
TOMEmMN R b, WIESME LT, FEEHER O Diol &A3720y TMSCI
1.8eq. % 134K L 7= (entry 4),

2. 4. 4 KEHORERAE

Nal (213N H D Z ENMLNTEY, 20O Nal e vy N&2RE 2728
&, Nal FOKZEDEWNZ LY, [IGDOT a7 7 A MIENH D AJREMENE 2
BTz, KM G 2 5 8B % A UT-f5 R % LU R IZ7R L 7= (Table 2.4.4),

Ph,  Ph Ph,  Ph Ph,  Ph
/ < NaHCO3, Nal, TMSCI, H,O / < / (
o__0 o__0 Ph  Ph o_ O

+ /—< +
@ HO OH
CH3CN (20 mL/g) |
4 5 Diol Bypro
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Table 2.4.4. Screening of Reaction Conditions (4)

Reaction mixture
Scale I\,E\I/I—Ig (?13 II;I ag Conditions LC area%™"
? Diol 4 5 Bypro
6.0 eq. 2.0 eq. 23 ~24°C
1| 3.0¢g 1.8 eq. (Wako) 1h 1.1 N.D. 88.1 10.5
2.0 eq.
6.0 eq. (Wako) 24 ~25°C
2| 30¢ 1.8 eq. Dried under reduced 2h 0.5 125 78.9 90
pressure, 60 °C
2.0 eq.
(Wako) iz
30 30g | %0% | pcdunderreduced | 2472 C | 12 | ND. | 882 | 104
1.8 eq. o 2h
pressure, 60 °C
+ H>0 0.6 wt% of Nal
2.0 eq. o
4] 30g ?g?' (ISE CHEMICALS B;f(: 35 | ND. | 834 | 10.1
© e CORPORATION)
2.0 eq.
(ISE CHEMICALS o
5 30¢g ?gzq CORPORATION) 233§;c 0.1 | 101 | 810 | 96
© €9 Dried under reduced
pressure, 60 °C
2.0 eq.
(ISE CHEMICALS
6.0 eq. CORPORATION) 24 ~26°C
6| 30¢ 1.8 eq. Dried under reduced 3h 1.1 1.9 86.9 101
pressure, 60 °C
+ H,0 0.6 wt% of Nal

aNal ODE°—27 %0~ b LIZE
b.HPLC &k A (FEBRIEZSR)

A=)V 4(3.0 )2k LT, TMSCI(1.8eq.), Nal(2.0eq.), NaHCO;3(6.0eq.) %
AWTTE h=hKY L, 23 ~24°C T3 RHRKGISE2E A, B 51X
88.1area% Cdh > 7= (entry 1), & Z A7 Nal % 60°C CHUERE L TOHBEHT S
EJRBHE N 12.5 area%ll 72 o 7o, & HITHZE RSy D FEHIK(0.6 wt%, ca 0.1 eq.
based on )T ININT % &, entry 1 OFERAZ FHL L 7= (entry 3), ZOREND I —
b BAFIZHED D3V BEORKPBLE L ZEZ D, ZOMAIE, itz
?» Nal IZfRA T, BLETHEMT 2022 TR O Nal ZH L THRLETH
- 7z (entries 4-6),
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2. 4. 5 KODOEWIMERG
2. 4. 4 TKIFIMOARMEIZ DWW TIRARTZD, KO bR O R F
% LU IZR L7~ (Table 2.4.5),

Ph,  Ph Ph,  Ph Ph,  Ph
= NaHCO3, Nal, TMSCI, H,0 — /
o__0 o__0 Ph, Ph o__0
+ /—< +
@ HO OH
CH3CN (20 mL/g) |
4 5 Diol Bypro

Table 2.4.5. Screening of Reaction Conditions (5)

Reaction mixture
Scale I\,E\I/I—Ig 813 Nal H,O Conditions LC area%®"
Diol 4 5 Bypro
6.0e 2.0 eq. 24 ~26°C
1] 3.0g | V% (Wako) None 0.15 | 87 | 822 | 95
1.8 eq. o o 7h
B
2.0 eq. o
2 1 30g | %0 | wako) | 005eq | 2*72TC | 034 | 15 | 877 | 101
1.8 eq. o o 6h
B
2.0 eq. o
30 30g | %0% | (Wako) | 010eq | 2*T°C | 16 | NDe | 879 | 103
1.8 eq. o o 4h
B
2.0 eq. o
4 30g | 80 | wako) | 015eq | 2*T2TC ] 34 | NDe | 856 | 105
1.8 eq. e 3h
[u]s)

aNal DY — 27 % H~ b LT-fE
b.HPLC 5§ A (FEBRIESHR)

Nal (ZFOEHEREL Gordh) 26 H, 7 % —/L 4 (3.0 g)lox LT, TMSCI (1.8 eq.),
Nal (2.0 eq.), NaHCO3 (6.0eq.) ZHW\WCTT7 & =k U JLH, 24 ~26°C T 7 FKFiH
KIGSE=E 2 A, BEOY 513 82.2 area% T o 7-(entry 1), entry 1 & [F] U5
THBK % 0.05 eq. 7N, 0.10 eq @S0, 0.15 eq. ¥ 338 Y %7k L 7= (entries 1—
4), ZORER, 0.05 eq.72 EJFE4 2357 L, 0.15 eq.72 E L7 # — ARV
%4 2% Diol MM L7z, LLEXY, KOFWIMEL0.10 eqlZ7%E L7z,
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2. 4. 6 (HARTGIEORGET

INETOMFNI LV ATRORA, YRIIHETELLLDOD, AT—1LT v
TG TIERAF OAIAD FIEDOKE L E L D720 F OFFEMIC OV THRE L7
(Table 2.4.6),

Ph Ph Ph Ph Ph Ph
NaHCO; Nal  TMSCI  H,0 “—
/ < (6.0 mol) (2.0 mol) (2.0 mol) (0.1 mol) / ( Ph Ph
o_ 0O o_ 0O o__0
+ /—( +
@ CHACN Q HO  OH Q
(20 mL/g) |
4 5 Diol Bypro
Table 2.4.6. Screening of Reaction Conditions (6)*
Reaction mixture
Scale A A 1 A A 2 Conditions LC area%?"<
Diol 4 5 Bypro
4, FEHEDK, TMSCI % <
1| 10g Nal, T 25-28°C 1 o8 | ND. | 865 | 104
NaHCO;, 25~27°C 3h
CH;CN 5 min
4, FERK, TMSCI % @ -
2| 10g Nal, SOWTT2 28°C 54 | 388 | 491 | 57
NaHCO;3, 27~28°C 2h
CH;CN 59 min
4, KK,
TMSCI, Nal/CH;CN % 25°C
3 3.0 o 29 | 963 | ND. | ND.
s NaHCO:s, (R [ N ) 14h
CH;CN
4, FEHLK, Nal+TMSCl/ 20~ 21 °C
4| 30¢g NaHCO:s, CH:CN ik % N3 N 75 | 699 | 195 2.1
CH;CN Hr+5
4, FE#U/K, Nal, NaHCOs, ~24°
51 10g FEROK, Nal, NatCO, B-24C 5y ND. | 843 99
TMSCI % 6 /3E| L Ciii F 5 3h

a. Nal IZ Wako B (#rdh), NaHCOs !X KANTO 8 (Girih)
b.Nal DV'—27 ZH v + LIZH&
c. HPLC &:1F A (FEBRIESIR)

7B — 4 (10 gZxf LT, TMSCI (1.8 eq.), Nal (2.0 eq.), NaHCO3 (6.0 eq.)%

FAWTT7E h=F UL, 25~28°C T3 BN EEZEZA, HEW 5
86.5 area% Cd > 7=(entry 1), 728 Z DFE, TMSCI (X 5 43 723F Tl F L7=, entry

-48-



2 (T entry 1 &R U725, TMSCL % 59 3[R T T L7oRE SR, JRERS KR
ZFRAE UTee SEMIZRRIRIEAIA7EAY, i P ELS 725 &R THA U S NaCl
DFEET— BT T e Nal BSOS RIMTHTH L TLEW, 22X Y TMSI ©
AERREDEY , FEIPERAE LI b D EEXOND, EEORX T — LT v 7RIET
IX TMSCI % 5 43 THAAT Z L IIARFRETH U, (AL FIEDOUGENLETH 5,

entry 3 (X Nal 27 h= MU JLIEIK E L, H&EZITH FT 5 5EEZR LD,
HIIWIIARR Ue o 7o, BIORZRITITREL, KEEKHET U A, TMSCL, 7
T h= MU AR A>TWER, BLH TMSCI 25 NaHCOs IC LV RIELTZH D
EEZHILD, entry 4 X Nal & TMSCl Z#7 & b= K UJLH 0 °C (T TRA L,
T TMSI Z {5 LT Bl F L TCAEN, BEERERN L -T2,

Z 2 CRAIOY &, MA@ & L, BFE 6 El LA & 2 A,
Diol 2% 5.2 area%’Ef% T % & DD, KISIXFERE L7 (entry 5), F 7250 Hl4 D JFUE} 4,
Hiu® 5, Doil O ZFI~5 &, 50%IH £ T Doil ®AMFIFHH ST
HENHEIA L, 6 0E B ICFERNZERICHE S5 L3R Diol 23ER L T
Do TROLRPTERT S TMSI IFEIEHIINC 4 O3 — FRRARKSIZEMN S
DN, 4 DVHE SN D EREIO TMSE B % — Ak Z§5% LT, Diol 234K
%0 EE Z 5D (Figure 2.4.1),

100
82.8 84.6
80 |
§ 60 —A—3-ME
s W0 - [
vt-N
20 A
> 7.6 5.0
o L ‘ ‘ 030" —_
1.6 2/6 3.6 4,/6 5/6 6.6

A7 EI#
Figure 2.4.1. Time plots of iodination reaction (entry 5)
ZORRELY, REESEHIALI L TRADOKREZ S OHETIT > T=
Y hE—=AVTLET, B =LA RN OTEO 3 — FRRK S DA%

TALb0LEPND, £ 2T 340% A LRERITE O TRAE A 540 L, J5kH
BAFRICOE AR BT 5 Z &iIT LT,
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2. 4. 7 NAmy N7y N TORERER
U EORBEHRER O, LT OBFEZHRIE LT,
FOGIRE 21 ~27°C (HIZ 24°0),
ik 4, 7 F= U AERMAALTZR, FFRIK0.018 eq.), Nal(0.39eq.), K
fe/kFEF F U 7 A(1.2eq.), TMSCI(0.35 eq.) & NEIZAA IR, 30 4y 49 5,
Z OEEE 3V KT,
4 [l H LARRI 1 BRI SOS 2470, TREREBR & L CHPLC WIE 2 32hET 5, JR
BHETFE (4 & 5D Area X 0 HEH) 1205 U T, ROFRAN DA & % FHEE
ERAR
JFBHRATZ 2 %L N CRIGKE T, 7 = FHEIEIZ S 25,
B RREATIFGERT (S g scale), L UM A (50 g scale), itk B (20 g scale) T1T
o T2 LB AE B A& LU T 127~ 97 (Figure 2.4.2, Figure 2.4.3, Figure 2.4.4),

100
84.7 86.6 86.8
N //‘_‘
= 60
8 —A— -k
® a0 | - FEH
SE-)
20 ¢ 32 07 07
04 08 09
0 — : e
16 2,6 3/6 46 5/6 6.6 #K&
A # B
Figure 2.4.2. Time plots of iodination reaction (in Astellas).
100 5T
80.9
80 |
= 60
3 —A—3-F{E
® 40 - A
A=l
20 104 4,
0.4 0.7
0 —— ‘ : .
1.6 2/6 3.6 4,/6 5/6 6.6
A A EE

Figure 2.4.3. Time plots of iodination reaction (in another company A).
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100
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80 |

60

—A— 3Nk
40 - R
// /‘7]' =
20 x 8.0 18
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a7 E %

area%

Figure 2.4.4. Time plots of iodination reaction (in another company B).

FRUCRTIE Y, 1 BEOKISEITEILZ D ONRT Y Z R A 60720, Kb
ITEIDS U CTRAIO Y &2 L THADHE T, REMICIIZIERFE O R 2
Do ENTE, BBMEOH S I — FRRKSD /) U 2RI TE T,

NAvy F7T2 MZT4DOHAR 265kg A7 —/L T4 a9 — REBRKISE
Fhi L7z, WThow y FHREERSHEITL, TREROERE BRIFICHRT S
ZEMTET,

B ZORISD AT =X NTLLT Z2H#EH L TV % (Figure 2.4.5), TMSI @ KV
AFNVNHED & O Z—NVDOREFIIHRN L, TDH%RI— KT =F B AF
VVIRBERET D, TORRICT X —NVADRFE — RBFEEDTNDH T2, fE
BIRAIZ T — NMEPEITT 5, KEBIEIA T2 D7 A F~DEEZ X ST
BRI 2 — VBT 52 L THMED S B EoNbs EE 2 b5,

Ph Ph Ph Ph Ph Ph

G% . s| _ 5 9 s.f\ > O}\g
et & ey
|

4 TMSOH 5

Figure 2.4.5. Proposed mechanism of the ring-opening iodination.
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2. 5 UVTATUA—ENCLD, (R-2EKIEDHR

2. 5. 1 AR

2. 3T LDIT, AIEZEMER DG IETIZ(R)-2 21557201, A1l
Bk (FxHy Vv 0) ZEANL, SV IDTNVITLIua~x N T T 7 4
—C LA 2 E L C\WD, T CYI BTNV ETAIu~w NI T T ¢
— R A RS D720, LTFORRICE T LT 2 v EDERERICE Y, FFEDNIK
DHEFERILIC L VBET 2V — b 2&EX T, REBEX TN -7 V=7 r Y
T UBEOARIEE LTE, RFEITIC L D EMR,) (R)-pantolactone! 2% VN =
FERFMESORI 2R T 5 FIERM SN TWD, 7208 EFRO FIETIIMEICH
FEED(R)-2 13 D RaEIL 72 <, RHNALEM DAL KD 5T LRI T T
WIHER 7T o AEBET HIVNEND T2, T TCUVT AT UV —REWT
HDLINKRUEET DT AT LA~ —HR & Kist L7z (Figure 2.5.1),

Ph Ph

(Q Ph., ((
0 0
o 0
11

Ph
Ph., /( Ph
[0} 0
° Fractional
Deprotection Neutralization crystallization
OH ——— OH — OH  ine > OH
mine
AR o} AR o] AR o] AR o}
¥ $ $ %
0o ¢} ¢} 0o
(

R)-2 (R)-T (R)-7 salt

Figure 2.5.1. Retrosynthetic strategy for (R)-2.

2. 5. 2 UTATLUA~—HHH

— B2 T B IIRDO VIR W T EIT ORI WO X T RT
CERWEIVRUEE T OYT AT LA~ —HIEIC L SRS E A mE LT
(Table 2.5.1),

Ph Ph
Ph.. Ph..

o O
O

O
Chiral amine

OH OH
0 mine
Ag o AcOEt Aé o
o o

7 (R)-7 salt
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Table 2.5.1. Optical resolution of 7 with chiral amine®®

Amine Yield 7
Entry

(0.5eq.) (%) (% de°)
1 (R)-1-phenylethylamine 53 30 (R)
2 (S)-1-phenylethylamine 43 505
3 (R)-1-(1-naphthyl)ethylamine not crystallized N.A.
4 cinchonine not crystallized N.A.
5 brucine (anhydrous) not crystallized N.A.
6 (+)-dehydroabietylamine not crystallized N.A.
7 (1S5,25)-1,2-diaminocyclohexane not crystallized N.A.
8 none 59 29 (R)

a. 50 mg scale

b. At room temperature

c. HPLC & B (SEBRIEZ M)

©/LNH2 NH2

(R)-1-Phenylethylamine (R)-1-(1-Naphthyl)ethylamine

Cinchonine Brucine (+)-Dehydroabietylamine
H,N
HZN:O
(1S,2S)-1,2-Diaminocyclohexane

158 IZ(R)-1-phenylethylamine & DIETEA Z RT3, (R)-T & DI AU 30%
THUG L7z, £ DR de 13 30% de (2R = L7z (entry 1), #IZ(S)-1-phenylethylamine
TRLZEZ A, KON TH 5 (S)-RDHEAE O de 1T 5% de &K
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-7z (entry 2), & 5 |Z(R)-1-(1-naphthyl)ethylamine, cinchonine, brucine (anhydrous),
(+)-dehydroabietylamine, (1S5,25)-1,2-diaminocyclohexane T L7273, HLDfEsLIT
15 B L7287 > 7z (entries 3-8),

—HTRIAT I OB LIS, T8RS 2L, BGonT
7D de ZHE L& Z A, 29% de & (R)-1-phenylethylamine & [F]%5 DA T
bole, TIROBLILEDR)-T IIARERES)-T LV bEMENELS, 7 OFEMES%E
B4 = LT, BMEDOR-TREOND Z EIRE ST,

b, #7107 I0<8b 7 Bt L, FrEOMRIR DM A H 5 2
EDHIH LT, FT07 I EDEEHRZ AT 505N _TLURDO 7 Y —
CBERARECTH L Z LD, 7V —ANVRCBOEE TIHLR)-TIZHET S
FIEALEZ 2 BILD,

2. 5. 3 RMENE

2. 5. 208R%E51F, (R)-7 L(S)-7 D 25°C TOEMERTEEIT-T-, E
R EE L L TIR T Offdb A2 ORI T 25°CICTRRE S Y, RBERKZE
B 7Y 7 Liz(Figure.2.5.2), —J7C HPLC (28T 5 (R)-1K & (S)-1K D 4y Bt St
L LTc, ERARZ AR TR S, BEERIEIZOWT LCHIE L, Area fE
D EEBIEF DR)-T & (S)-7 DIRE (TbbIEME) 25 L, (5)-7DF
MERIREE 27k L, Dy D(R)-T & DIRFREZEN K E VIR A2 3INT 5,

Ph
Ph., gko
Chlral HPLC
|:> :> measurement

A9
3
o]

7

(7) +Solvents Stirred at 25 °C Supernatant solution

for 1 hr was sampled

Figure 2.5.2. Procedure of solubility measurement.

ZTORER, KEx IREEERIZBWT, (S)-7T DEFNEMENE L, (R)-T DIRfRE
PMMEo T2, Brlco & ) —)u, 2-F X)) —)b, bV U CIRRE DN K&
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Do 7z (Figure 2.5.3), & Tr Z— %4 LT2(R)-2 £(S)-2 IZ2W\W T, [FEEIC
VAFR P 27 U 7= (Figure 2.5.4), BLIRIZEWNZ L IZ(R)-T L(5)-7 L3R Y, (R)-2
DIFVNEEIRIE 7~ LTz b, (R)-2 &(S)-2 DEFRIEZDIHE Cldleholz, T
ROLEERERY KT EEERNWIS T AT LAY —TH A2 ITHEDHZ &
2725, R-7 L£(9)-7 BLUBW®-2 &£ (-2 D& DEVIX(R2R)-1,2-
diphenylethane-1,2-diol FHRD 7 X — VI A HFT 50 E I 0ETTHY, ZONF
TEMED OB B W7 X2 — VDN REER L ORER PRI R E R EEL KIFLTWD D
EEZEZBD,

WTIIUCE XU BTN T L oa~ 7T 7 4 —%[EEE L TR)-2 ZBi5GT
HINE, VT AT VA —IRAEMOD T #HAERICEVR-T ELTHL, X
— L L TR)2 ICEWT 50R %L EE2 b5,

Ph CH3CN
Ph,,
oK{ P MEK
oH MIBK
(0]
A(jsj) 0 AcOEt
RM7 EtOH
Lo IPA
% MTBE
: on CPME
Ag)f/\g toluene u (R)-7
S17 heptane u(S)-7
20
(g/L)

a. HPLC &4 B (FEBRIEZHY)
Figure 2.5.3. Solubility of (R)-7 and (S)-7 in various solvents (g/L).?
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CH3CN

MEK

OH MIBK

s} AcOEt
(R12 EtOH

Q IPA
b\ MTBE

A o CPME
’ toluene
heptane

52

u(R)-2
u(S)-2

(S)-2

60
(g/L)

a. HPLC &1 ¢ (GEBRIESMR)

Figure 2.5.4. Solubility of (R)-2 and (S)-2 in various solvents (g/L).?

2. 5. 4 TVTATLA~—rERE
2. 5. 3OREND, FREGEEABIEERRE D ML=y Loy ) —L
IZHED, AT L7 A DU F ISR (Table 2.5.2),
ph Ph
Ph,, O((O Ph., O((o

Recrystallization

OH OH
Ag o) Ag O
(¢] (e]
(R-7 (R)-7

80% de
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Table 2.5.2. Solvent Effect on Recrystallization of (R)-7

Solvent Loss to the filtrate” 7
Entry Scale Times
(mL/g) (%) (% de”)
1% toluene (50) 12.4 89 (R)
1 1.0g ond toluene (50) 4.1 93 (R)
3rd toluene (50) 2.5 95 (R)
1% EtOH (40) 14.5 96 (R)
2 10g
ond EtOH (30) 5.7 99 (R)

a. A AIL(R)-T & (S)-7T DEFE
b. HPLC %&fF B (FZHRIEZM)

80%de D(R)-7 TN E b= b X ) — VIR CHERICMH Lz, £

FER, ML= Tl 3 EEEMSEZ LTH 95%de £TLMME E LD o=kt
L, =& /— /LT 2EDOFFMET99%de 2k Lz, (- T, FREMmAELEC
T ) — L EE®IR LT,

2. 5. 5 Ngay T T7r NTORIERR

PLE, B LIEFEIC T M2y R 7T MIT6 DILiAAZE 27.5kg A7 —
JZT 2% L, (R)-7HEEMEZ 90-91% de TH7-, 2uy haFldTxzX
J— )V CHAERT 5 Z & TR)-T Mm% 99% de TH7Z, BHoNT=R)-TE27 &
kR, BRRAK TR # — b T H Z & T, FTEO VR UFE(R)-2 B 99%
de T 5 Z &2k H) L 72 (Scheme 2.5.1),
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TMSCI
Ph Ph Nal

— NaHCo3 /_(

0. _0O o_ 0

@ CH4CN / H,0

Ph
B(OH
4 5 (OH), Ph,, ({
Pd(OAc), o}
OMe PPhs, O
A0 m £BuOK KsPO, NaOH ag.
§ B THF toluene THF
r DMPU H,0 MeOH o
: 4
(0]
27.5kgx 2 -
Ph Ph
Ph., Ph,,.
o} o} 0
(0] (0]
recrystallization HCl aq.
OH EtOH OH  Acetone
0o o} o}
A\§ o] A\S o] A\s o]
(0] (0]
(R-7 (R-7 (R)-2
90-91% de 99% de 99% de
26.5, 26.7 kg 44.3 kg 27.5kg
30% yield from 6 84% yield 95% yield

a. Compounds in parentheses were not isolated.

Scheme 2.5.1. Scale-up synthesis of (R)-2.2
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2. 6 HEEXBEERITICLDEER

2. 6. 1 (5)-7 L(5-2DAK

2. 5TR)-T L(S)-TIZTBWT, (R)-T DS WNEMENMENT VKA L, FHis
0 KT 2 & T 99%de D(R)-T #1372, 2 2 T(R)-T & (S)-7 DIEMREE DI KIG
(722 B R RIL M O A EOEVICER TS0 LHEMI L, %2 TR)-T
E(S)-7 OHFES X BARE L, FEaEEii 217 -7,

ET(S)-T (52 G LTz, BIFEMIER DGRV — MZBWTT U ATV H
TR Y NI T T 4=l Lo THELNDE)9 ZFELT, ULFOL— KT
A% L 72(Scheme 2.6.1),

(519 (513 (517 (S)-2
a. Reagents and conditions: (a) (1R,2R)-1,2-diphenylethane-1,2-diol, pyridinium p-toluenesulfonate,
toluene, reflux; (b) H»O; aq., LiOH aq., THF, ice bath, SiO; column chromatography, 73% for 2 steps;
(c) HCl aq., acetone, 50 °C, 75%.
b. Compounds in parentheses were not isolated.

Scheme 2.6.1. Synthesis of (S)-2.2°

(8)-9 DA VvR =)L % (1R,2R)-1,2-diphenylethane-1,2-diol T7 # —/L{ki L,
WERILKFEIK/LIOH OFRETAHX VY ¥ U Z&RE L TES)-7 Z IR 73% T
Too BEWTRRMESRME T & — /AL ZITVY, (S)-2 ZIUER 75% TR 7=,

BOHNTZR)-T, (57, (R)-2, (52I2°WT, AKX J—/Li CHEROME
REAT> T2 T DOFER, (R)-7, (R)-2, (S)-2 1OV TCITEMERZ G TE 2720,
HAS G X BB ERIT 21T o 72, 7 B(S)-TIZOWTET BN T 7 A3 A A v
ELTHHIL, B EIERCERD o7,
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2. 6. 2 (R)-7 DHAES X SAs & T
(R)-7D Hifh i XM IERET 2 AT 72 o T 43 THEIE & HURE S & A AT @O ORTEP
X|(Figure 2.6.1) & 7~ 9,

(R)-7

Figure 2.6.1. ORTEP view of (R)-7.

ZEMIREIL P1 (Z=1), #EERRIT=ANRR, BEIX1.284 g/em’ TH o7z, FEEN
DOEHNIX a~c BT HI~DIFHETE I N, FEmN OB Z b 5 55+ M8 BAE
FIZOWTHRN, Rt E2ED D ERIZHOWTER LT,

2. 6. 2. 1 W@FEOKERE (O-H-O : VKB HES) 22N T

fitiim HZ O-HO K FEAE A DAFAEDHERS S 4172, (0305:2.685 A, H3+05: 1.849
A, 03-H305: 173.54°, Figure 2.6.2), = D/KFEFEA1E 180°1 3T < FRABAY 22k ik
ATHoTm, TOKRFE/EEN cl R TOFXy hI—T 2K LT, 2D
fam OfEmtEZ @, BWREZKI LTNDLbDEEX b,

WE, DAVRFIVERITRENE L 0D LARFE/BAITL Y ZEEEEEZ Y
G, TP THL IO BEEETHDLZ LB E W, HAARF I LD T BIKHE
ERERR SIS L, O-H-0 IZX 5 —RiumKFERERY NV —7 BRI T,
THTFERADORETIAM TE DT ORMENEL b LHIs 5,
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Figure 2.6.2. Hydrogen bond network in the crystalline structure.

2. 6. 2. 2 FHWKHEHEE (CH-O) 21T
fhDKFRES & LT C-HO KFEFEED, ANKR=/VHEL LDV RF L
IR BT,
>  ZVIR = )VEES B D K FE B (Figure 2.6.3)
C1301:3.342 A, H13-01: 2.426 A, C13-H13--01: 152.09°
C33+02:3.374 A, H33-02: 2.425 A, C33-H33-02: 176.97°
> VIR VL BR -3 % K FERE A (Figure 2.6.4)
C3+04:3.376 A, H3-04: 2.424 A, C3-H304: 158.84°
C604:3.236 A, H6-04: 2.474 A, C6-H604: 132.62°

Figure 2.6.3 ® HI3 [T /LA F I VID a KFETH Y, Figure 2.6.4 O H3 |LE

TR FEDZNVR D a /KFBETHDHZ Enh, BBEENE L, C-H-0 KEHE
HEDOKFERF—E LTHEEDN LV,

Figure 2.6.3. C—H--O interaction observed in sulfonyl group.
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Figure 2.6.4. C—H--O interaction observed in carboxyl group.

2. 6. 2. 3 edge-to-face HAE/EM (C-Hn) 122\ T

RUBUEBRO C-H EHET 2B UBRO o B ORIC edge-to-face fHAAE
FD3HERR C & 7= (Figure 2.6.5),
> H26C31:2.889 A, H26-C30: 2.815 A

Figure 2.6.5. Edge-to-face interaction.

o 2 —ARIZE N L 72 (1R,2R)-1,2-diphenylethane-1,2-diol (ZF T, O-H0 /K
FREATNMZ, V7 2=V X LD T U BRIT edge-to-face AR A VEH 733
BLTWALZ EDXbhoTz,

2. 6. 2. 4 P TOHF RNy FTITONT
DA DNy X TIZONWTRUB VRSB TH D T VS VIR BT ) F
A 9 (interdigitate) fE1E A D Z & TRAIC ANy F 73T 52 LR brole
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(Figure 2.6.6), XX D L 5125 FHESNT DB, (5)-7 TIEIARF I LEE T
= VEONEBERE ANEZ 5 Z IR DD T, (R)-T DFEIZE)-T N EEH
HZEIIRETHY, DT AT VAT —RENPERHFICEZ o7 EBF 2615,

-
<

KEFEEVET—2OARE (cBiFA )

Figure 2.6.6. Crystal packing diagram of (R)-7.

2. 6. 3 (R)-2 OHfEM X BEEEMAT
(R)-20 Wil S XM G MRAT 21T 70 o T2, o3 T-HETE & HURG A& AR AT 0O ORTEP
X (Figure 2.6.7) % 7~

(R)-2

Figure 2.6.7. ORTEP view of (R)-2.

ZERMIBEIL P212121 GERREALLDN 2 0+ ThH DT Z=8) TH VY, HhifmRITE
FiEhR, BT 1.320g/m® THHo72, (R)-7 LFRERIZ, fEMANOESEZ R D 55y
T EAERIZOW TR,
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2. 6. 3. 1 @WFHOKERE (O-H-O : VKB HES) 22N T
fitiem FUZO-HO/K FE G A DAL RS S A7 (Figure 2.6.8),
> 04A05B:2.659 A, H4A ~0O5B: 1.858 A, O4A-H4A +O5B: 165.67°
> 04B+05A:2.701 A, H4B~O5A: 1.870 A, O4B-H4B05A: 169.86°
HXFrL=> b THD 20+ (F L) BDEWVICUIVRFLVIEDOKFEE 7
BB ) LD T VIR = VIR FE ] TCKER G AT L, alilidr iz —koT
DXy NT =2 %5 HZ LT, ZORBORREEZED TS,

O5A

Hag |
04B

058 04
H4A

Figure 2.6.8. Hydrogen bond network in the crystalline structure.

2. 6. 3. 2 §FVIKFEME (C-H-0) T2\ T
fhDKFRER & LT C-H0 KEFEED, ANKR=VHL LI VR F UV
IR 67,
AR =V EEDNBE 5 B KRG A 12DV T (Figure 2.6.9)
> C9B02A:3.029 A, H9B02A: 2.442 A, COB-H9B~02A: 119.78°
> C17B~01A:3.216 A, HI7D~0O1A: 2.507 A, C17B-H17DO1A: 128.29°
> CI19A01B:3.245 A, HI9A01B: 2.590 A, C19A-H19A~01B: 126.52°
> C20B02B:3.378 A, H20B~02B: 2.556 A, C20B-H20B~02B: 140.26°
JIVIR % 2 VIS B B % K& A (Figure 2.6.10)
> CI8B03A:3.327 A, HISC~03A: 2.516 A, C18B-H18C03A: 138.90°
> C4B03B:3.368 A, H4B1-03B: 2.466 A, C4B-H4B--O3B: 151.10°
> C4A-03B:3.487 A, H4A2-03B: 2.506 A, C4A-H4A2~03B: 170.52°
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Figure 2.6.9. C—H'O interaction observed in sulfonyl group.

__.f': 15 O3A
/" H18C
c18B

Figure 2.6.10. C—H--O interaction observed in carboxyl group.

2. 6. 3. 3 edgeto-face tHAEAEH (C-H'n) {22\ T
RUBUEBRO C-H EET 2B UBRO o B ORIC edge-to-face fHAAE
HITHEGR TE 2o T,

2. 6. 3. 4 FERPTOHTFRRyFLTITONT
BV O-H O KFRES & W VR F UV EIZ /L B 725850 C-H 0 D/KFERE SN
R S5 05 (adfil) (Z—RILDOT T L& L= (Figure 2.6.11), £7=, 17
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AN, ANVHB = VIR OG5 C-H 0 KEFREEGOANERI S, £
LISMT T 7 T T — )L AT o T,

Figure 2.6.11. Crystal packing diagram of (R)-2.

2. 6. 4 (5)-2 OHFER X SRS AT
(S)-20> HLiH S XHRAE EMNT A 1T 70 o 7o o3 F-HIE & HLAE AL A & AT O ORTEPIX]

(Figure 2.6.12)% 7~ 7,
h
; OH
A\('s)' o] 2
6! °-
(S)-2

Figure 2.6.12. ORTEP view of (S)-2.
ZEMIHEE P212121 (Z=4)TH Y, FEERIRE TR, BT 1338 glom® Th -

2o (R)-7, (R)-2 LIAIERIZ, #EENOBLEINZ R D 5 75 1A BE/ERIZOW TN
7=
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2. 6. 4. 1 WHEOKERE (O-H-O : VKHFHES) 22N T

fitiem FUZO-HO/K FEfE A DAL iR S A7z (Figure 2.6.13),
> 04-05:2.669 A, H4-05: 1.849 A, 04-H4-05: 164.93°
> 04B05A:2.701 A, H4B~O5A: 1.870 A, 04B-H4B~O5A: 169.86°
HNVRENVIEOKFZ L 7 X B ) AL D T VR = VERFE R Tk
fEEEE L, blF I —RIEDOFR Yy hT—2 o Tn%, ZOKEMEH
I 2 [E HEAMEEZ DL DX I FRESIT 52 & T, ZORkGhDR M
ZEDTND,

4

Figure 2.6.13. Hydrogen bond network in the crystalline structure.

2. 6. 4. 2 FOKHKEHEE (CH-O) T2 T
fhoKFREE E LT, CH-OKF/MEDN, ANF=NEBILRILRFI L
iR 6N,
AR = VDSBG9 5 KB AEE 1T D T (Figure 2.6.14)
> (C3+-02:3.465 A, H3+02: 2.534 A, C3-H302: 154.66°
JIVIR X 2V ELIN B B9 5 KBRS A (Figure 2.6.15)
> C15-04:3.472 A, HI5A+04: 2.535 A, C15-HI5A~04: 157.94°

-62-



Figure 2.6.14. C—H O interaction observed in sulfonyl group.

Figure 2.6.15. C—HO interaction observed in carboxyl group.

2. 6. 4. 3 edge-to-face tHA/FH (C-H ) (22T
NP VRO C-H LET 2B UBRO 1 B ORIC edge-to-face FA A ME
HITHER TE R T,

2. 6. 4. 4 FEREPTOHFRyFUTIZHONT

FRVY O-HO /KFE GG D7 1m) (b i) IZ—IKIL A 7 K& R L 72 (Figure 2.6.11),
£z, BT LARENTIE, AR VHRICR LT C-H -0 DKBEREFDHTH
D, ZNLINET 7 T IVT = VAR TH ST, TNHORMIZY T AT LA
~—ODOR)-2IZHbALNT,
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Figure 2.6.16. Crystal packing diagram of (S)-2.

2. 6. 5 HUfE& X S EREITIRES
(R)-TDHEEEFEE IXLL T ORFENE T i b,
v LR L VIR R U OVEERNC BRARRY R K B A A TR LK FERAIC X
D 1RIEOKREREE XY NT—7 DR E T
v Z—ABIZ V72 (1R,2R)-1,2-diphenylethane-1,2-diol D ¥ 7 = = /)L = X L
LT~ BV BR Dedge-to-facetB AAE M AAER DAL S 1172
Vo S FRIEDRE WIS AHA D (interdigitate i & 2 B b = & T, BIEHFIC Ny F
7 L=
THHOEEND, (R)-THESOMEEMEIImO TR, (S)-TORANEZ 57
WEBZDBND, ELINOOEEZ NN L2, (S-TRTENLT 7 A
THDHZEBMOTREFR YT AT LA~—0ENRI LB EE 2515,
fE RS 2B 1) D (1R,2R)-1,2-diphenylethane-1,2-diol D& T M D TR & <, #E
pa LR BEW D b 0EFIE LTCOREREFLTND EEZLNRD,

R)2DFEEEI XN ARF U NEOKF LI a X2 ) LD I LR =
WERBIOKRFRBAEITEY, 1IRITCOKFHEELR Y N —7 B L T\, 4
TR LA WIT A E 9 (interdigitate) i 1&E 2 BL O 72V 2 L 25, (1R,2R)-1,2-
diphenylethane-1,2-diol % 7 % — VAR & L CHEA L7Z(R)-TIZEEA, FEgaD T T A
TUVAY—RENELBRORPoTEEZILND,
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()-2DHE T DRI, DRI NEDKFEE T m R H ) RO T
A= BEREOKFREGIC LY, LRTEOKRIEE K Y BT —27 ML TH
o (R)2ERBRDKFRESCH FHMEERZ > &, £l iy X 7Ics
WCTH VT AT LAY —nENCORR3 5 &5 R R 6T, fibick s
T AT LA —ERNEN ST O LRI LT,

UL E, (1R2R)-1,2-diphenylethane-1,2-diollZ & % 77 Z — /VAREN T AT L A4~
—ENENT-FIEE RO R E R TR o T,
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2. 7 xE~—{kiZ X 3(S)-7 [EINEDBRFE

2. 7. 1 MRitoORRE

2. B TCTHRARZ@Y, FILIZ LD VT AT LA~ —EREOMNIZ LY, BT
LEDSED VR BR(R)-T 15D Z LN TEZ, L L Z DO FHIETIIRE(S)-
TIXAMRIZERE SN D T2, BERITRE TS 50%I272 5, FERICA T —AT v 7
FEIZBWT, 9 4243% 5 DR)-T L (-7 DIREMNAIRITHRES TV
(Scheme 2.7.1),

B Ph N Ph Ph
Ph,,,(k Ph/,,(( Ph,,,((
o) o) o)

o) o) o)

OMe OH EtOH OH EtOH OH
o o o o
A#m A# o A:s:’ 0 A$ o
O Br |l O B o o]
6 7 (R)-7 (R)-7
90-91% de 99% de
26.5, 26.7 kg 44.3 kg
30% yield from 6 84% yield
(S-7 (R)-7
68-69% de 8% de
30.9, 29.9 kg 7.7 kg
33-34% yield from 6 9% yield from 6

Scheme 2.7.1. Material valance during diastereomeric resolution.

WIEILARED A lr— )V T 7HEE G 2 TS)-7 2=t ~—1{k, FINTL 7ot
AEREETHZ L, 1y TF Y0 oBEEEOHNN, B UOEEE= X N O
WO N AT 0E LT,

2. 7. 2 =x=v~v—{bOFMHHmE

FTIE= O~ LS 2R L, BT 2 ' X OREEIZIX(S)-T-7 ~D=
~— b Z RIS Z DR W T RAFICEITS SRR MEN D D, HHEIZLY
ANRBE oD T v F | &R FEEZBEL, R)-TE2EHL Tzt ~—
b4t 2 i 7} L 72(Table 2.7.1),
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Ph ({ Ph.,. Kk

O (]
Epimerization
—_—
OH OH
/\ O /\_ O
g © S ©

o (0]

(R)-7 7

98 HPLC area%
91% de

Table 2.7.1. Epimerization Experiments®

reagent temp. 7
scale solvent
(eq.) (°0) LC area%"’ % de*
1] 02g MeONa (5) MeOH/THF 60 98 88 (R)
2| 02¢g EtONa (5) EtOH/THF 60 94 57 (R)
31 02¢g -BuOK (5) THF 25 37 2 (R)
41 02¢g NaH (2.2) DMF/THF 60 89 1 (R)
51 02¢g LiNH: (10) THF 60 97 39 (R)
6| 02¢g LHMDS (5) THF 40 19 89 (R)
71 02¢g LDA (5) THF 40 63 89 (R)
1-methylimidazole (3)
8| 02¢g CHxCl, 25 91 1 (R)
p-TsCl (1.2)
1-methylimidazole (3)
91 02¢g CH;CN 25 91 2 (R)
p-TsCl (1.2)

a. Reaction mixture.
b.HPLC 5 A (FEBRTES M)
c. HPLC & B (FZBRIEZS )

WHRELTHFINI LA R R, FRUTAZ FFY RER LT (entris 1, 2),
60°C TMELL T =&~ —{LDOEITITED > 72, -BuOK W 256, =~
—fEITEIT L=, — TS AE Ulz(entry 3), KFE(LT MY U AZHNWS &
FIESRR L T~ — b EITL, T AT LAY—IBRAEMD 7T MELNT-
(entry 4), UV F T LT I RTIEEZHIIZ L= B~ —{L23 T 3 (entry 5),
LHMDS X°> LDA TliiE & A &= '~ —{kiF1T L 720> > 7= (entries 6, 7).
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BNT, 77T raRH L ot ~— b T o TELMRE Lic, WAV RUEE 1-
AFNAIBES—=NVAFET, p- bV AR = 70 RTUHT S L, =F
~—ENFERIZEITL, VT AT LAY —IREWMD T H31F 5T (entries 8, 9),
RBEHEEIIT 2 =N A THHEEATF LU THREROER TH -T2,

1-AFNA IEZS =)L e p- b AR =/L 7 1) ROMBEE DI HT
LIZKVRESNIZAINVAR U BOT I MEOEETHY, =~ —{bETIZ
T MMeTAH LSS LTI, Ll TIFETREIETHL 7 r Tl
YANKRENIER DY, DIVER R o fLOTE b OERVERE TR T & D3 HER
SND, W T, LREDORREFZRFZMT T TOAEGITIEME L SN TT T ARk
L72b D& 2 5115 (Scheme 2.7.2),

Ph Ph
Ph,, K( Ph.,.
o) 0
o o}
p-TsCl
1-methylimidazole
OH
o o
AP SN A
o | o}
N_ +HClI
(RI7 U
Ph Ph
Ph,, (( Ph ((
o) o)
o

Scheme 2.7.2. Plausible mechanism of epimerization.

2. 7. 3 AE)IHDORYIFESR

2. 7. 208FE 00, EEIZAU((S)-T))> 6 ORI FEER % 2k L 72 (Scheme
2.7.3) A —T v FREERED AZ(377 mL, 11.3 mmol., 63% de)lZxt LT, ¥
AT RS RUMCEHRL, ZOM% 25°CICT 1-AF A IFL Y —LE p-hL
T ANR= T r Y RERIL, 2 R L7z, LC HlEDRER, = ~—
RIZZERICEITL, T AT LA~ —IBAEW(0% de)iZ/2 > TW\WDH Z & Z st L
72, TD%, BT L THIE L, IMKERET N Y ¥ 2K E AT h LR
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R A KIEICHRA S T2, KEE 1 M HEERK THRI L CTH B ERR = F L CTHil
L, =& =AW bifrSt, (R)-7 iM% 71%de THz, Sbliz=¥ /) —)L
T2EEERT D Z LT, (R)-7HEMZ 99%de T, (S)-7 2>H DILEIT 36%

ThoT,

Ph
Ph,,,((
0
KSR

(S)y7

Filtrate, 63% de
6.59

Ph
Ph,,,K(
o)
o)

— OH
b A\g 0
6
(R-7
99% de
239

36% yield from (S)-7

B Ph
Ph,,,((
0
o]

AQ

i
o)

13

B Ph
Ph,,,K(
o)

Q

O=0=

Ph
Ph., ((
o
o

(R)-7

71% de
3.2¢g

a. Reagents and conditions: (a) 1-methylimidazole, p-TsCl, CH3CN, 25 °C, 50%; (b) recrystallization

with EtOH, twice, 72%.

b. Compounds in parentheses were not isolated.

Scheme 2.7.3. Recovery of the undesired (S)-7.%

A =T v 7 EORBERIER S, REIORGER TIIAFIEZ AW T, Sl
b DOEIEIEZ 7 v ATHZATe Z & B ATREIC 2R o T2,
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2. 8 CNIHvFYVLTICLD2-TI )TV DOERBERE

DBF

2. 8. 1 ARk

2. 3 THRARLLIIIZ, 2-7 3/ ¥ 7V UFFEIR 3 [ 2-amino-3-cyanopyrazine-
N-oxide 10 % HFMW'E &+ 51— K Toh o> 72 (Scheme 2.8.1),

<?+ AcOK H, (0.3 MPa)
HzN:[Nj\/ 18-crown-6 Pt/C AcOH  HzN | Ny
Pz | - I j\/ A \[ /j\/
NN S CHgeN, OAC MeOH, rt N~ OAC
10 1 12
K,CO; TBSCI, imidazole H,N

\[N\
| j\/
MeOH, reflux DMF, rt N/ OTBS

3

Scheme 2.8.1. Medicinal chemistry synthesis of 3.

AN— MILLTOEBND A7 — 7 v THREIIRECH - 72,

3 OJFEEICTH S 2-amino-3-cyanopyrazine-N-oxide®10 D /N/L 7 AT H,
PEETIC X DM T 2 MLDBEIZ, v 7 A HON 28 1 Y &4 RIET 5,
VT UNIEFETHY, TIRAWT D EERREENMIEINDS I LD,
BUEZRLROMER DN INEEC 72 D

O TRCEROIDICV I BTN T LIa~x N TT 7 4 —%FERaL T
Wb, Bt kg LRXIVTY I RSNV T L Ia~x NI T 7 4 —%FEhT DI

R 72 & A RSB 7z, BT 52 EMEE LV,

T ZTHIDE RV — N DRENLDS B LB %, = AT I)VIKZHRAT), & 1H%T
L2 — L ~DiEIE(16), TBS 1k(15), C-N B v 7V 7 (14), 7 2 v DOHLEHE?3)
Bk DN — b &F Z T-(Figure 2.8.1), JFEID 18 IIHID T v ¥ =7 MITATH
BETHDHZ ENH->TND
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C-N Coupling
Deprotection reaction

H2N\I:N\ RoN._ N Cl Ny
\ OTBS \ OTBS N OTBS
14 15

3

Ol N Cle Ny Clu_Nq

— \ENJ\/OH — \ENJ\H/OH — \EN/]\H/OMe

0 0
16 17 18

Figure 2.8.1. Retrosynthetic strategy for 3.

LR DDIIE TV 2MA~D N JREFDEANTH D, ABHIRB IR r—
VT TEEEDRER A LU IR,

2. 8. 2 TBS{Ri#EK 15 DERK

Methyl 5-chloropyrazine-2-carboxylate 18 7> 5 TR A F— A (Scheme 2.8 2)IZE
VY, TBS fRi#(K 15 #45%7=, F 7= (5-chloropyrazin-2-yl)methanol 16 23 A TX 7= 2
Enb, LIREIX 16 BB L LT,

CLT:N\ ChT:N\ SN, SN,
N OMe NI o \[N/]\/OH \[N/]\/OTBS
o) a o) c
18 17 16 15

a. Reagents and conditions: (a) NaOH agq., rt, 91%; (b) (COCIl),, DMF, 1,4-dioxane, rt, then NaBH4,
1,4-dioxane, H,0, 5 °C, 75%; (c) tert-butylchlorodimethylsilane, imidazole, DMF, rt, SiO, column
chromatography, 95%.

Scheme 2.8.2. Synthesis of 15.2

2. 8. 3 CNFIv7VU U TRISOMRE
BENT CN A v 7Y VRIS ERF LI, EF VY 2(LOREHA~O N0
AL, 72 RIS RS N L e B,
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2. 8. 3.1 7UvE=T4hEATEL—]

BOIZT V=T NHs T » 7Y v 79 % 0— R &/EHL 72 (Table
28.1), ZD— I35 E ATIHIERE BRI AT/ D, SCHRIPIZ § &2
fi L7273, FrEo 3 1XTE A EER Lo T2,

A) NH3 in 1,4-dioxane,

Pd,(dba);, t-BuDavePhos,
t-BuONa

Ol N, B) 28% NH; aq., Cu,0 HaN_ N
\[N/ otes T / T \[N/j\/OTBS

15 3

Table 2.8.1. Direct Synthesis of 3

Reagents (eq.) Reaction mixture
Conditions LC area%"
0.5 M NH; in 1,4-dioxane (5), Pdx(dba); (0.01), ¢- 15:22.2
1 BuDavePhos (0.05), ~-BuONa (1.4), 1,4-dioxane 3: . 3
80°C,22h T
) 28 wt% NHj3 aq. (10), Cu0 (0.05), NMP 15:82.3
80°C,22h 3:N.D.

a. HPLC & D (EERIAS W)

SHICE TV 2MORFELIVRICEEIHMZ LI LITLD, N FHFOEA
RS TE IRV DMRET L 72 (Scheme 2.8.3),

15 © 3 U FAIT TR OF RICHEWERE L, fie< TBSLZRET 19 2457,
ZO%, i X 5T =T O v Y TSR LT, IO 31X
FER L7e o Tz,

A) NH3 in 1,4-dioxane,
Nal, ACOH, HySO,,  TBSC, Imidazole, Egﬁ(gk,)\,?’ t-BuDavePhos,
CHACN DMF

CI\[N\ 90°C, 61% 10 °C, 94% | N\ B) 28% NH; aq., Cu,0O HoN N\

>y Tl T s

Pz OH Pz TB ~

N N oTBS N oTBS
16 3

No reaction or
19 Decomposed

Scheme 2.8.3. Synthesis of 3 via 14a.
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2. 8. 3. 2 T7TYFRERATHL—
FEWTT ¥ Rafl T % /0— kA5t L7z(Table 2.8.2), 15ZxfLTCH MU ¥
L7 Y RUNEER S5 Z LT, 14a DMK 29% TEL L, L L < EILK

IS B H#EITE T, #ARE TS Staudinger SUG TIEFTE D 3 1356 720>
7o
A) H, Pd/C, EOH
NaN3, DMF, B) LiAIH,, THF
100 °C

CI<_N 29% N3N C) PPh3, THF then THF-H,0 H,N_ N
A () /=1
= OTBS = OTBS / = OTBS
N N N
15

14a 3
Table 2.8.2. Synthesis of 3 via 14a
14a 3
Scale Rea
gents (eq.) )

Conditions Yield Reagents Result

H,, Pd/C, EtOH Messy

1 NaNs, DMF, 100 °C 14a: 29% LiAlH,, THF Messy
PPhs, THF No reaction
then THF-H,O O reactio

2. 8. 3. 3 RUULTIVERATAL—F

WICRDONVT I &7 IR E L THWDL— &G L7 (Table 2.8.3).

DIPEA #IEFEE U CREFEFHRERNISEZR LTINS EIT Lo Tz, £ 2
T2 2351

Pd ik 2 7= > 7Y U 7B, R LATIIE 14b
IR 60% CTHET-, UL U< X VS EEE T A L Ch 787,
AKL— ~EWra L,

benzylamine,
Pd(OAc),, CyJohnPhos,

t-BuONa, toluene B) HCO,NH,, Pd/C
\[ ]\/OTBS \[ LOTBS ”””””””” / ) \[ j\/OTBS

14b

A) H,, Pd/C

-78-



Table 2.8.3. Synthesis of 3 via 14b

14b 3
Scale Reagents (eq.)
Conditions
Benzylamine, DIPEA
CH3CN or DMF or CPME
benzylamine, Pd(OAc)
(0.02), CyJohnPhos (0.04), 14b: 60%

t-BuOIg\I)a‘,) éoluene HCO,NH,4, Pd/C No reaction

Yield Reagents Result

No reaction — —

H,, Pd/C No reaction

2. 8. 3. 4 vvI¥ragmtoL—1L

HNWTYV T ZHNT 14e &L, HEWTHT U ULIZEY 3 255/1—
R Z it L7z (Table 2.8.4), SCHRUONCAEVY, Pd filitl & % LHMDS © % v 7' )
T RIS ZR LD, BOSEG < 14e i3 7e,

LHMDS, Pd(dba),,
t-Bus;P, toluene, 90 °C

|
CI_N “N__N
AN Si” AN
\[ /j\/OTBS """""""""" / = 7 \[ /j\/OTBS
N N
15 14c

Table 2.8.4. Synthesis of 14¢

Reagents (eq.) Reaction mixture
Conditions LC area%”
| LHMDS (1.1), Pd(dba), (0.01), -BusP (0.04), toluene 15: 0.6
90°C, 17 h 14¢: N.D.

a. HPLC &4 D (EBRIEAZM)

2. 8. 3.5 YTIUATIUVERETLL—F

FNWTETIUNAT I 27 I E L THWSV— k&GS L7 (Table 2.8.5).
PAdfEIC LTV 7 IOy ) RGN ER LTI E 2 A, I 45%T
14d 45372, WO TP HRE SN TWD FIEIC TR T VU ez L7z & 2
5, HPLC TIXEAMM E LTINAERT H T EVHH LIz, Lo LB E T
GbhbHL, 2. 8. 3. 6 THIBTHIRN Y T2 ) A I ERATIEL—FD
FTPEAL T o778, HEEFIEORGHIFEM Lo 7,
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A) Pd(PPh3)y,
1,4-dimethylbarbituric acid,
CH,Cl,
diallylamine, ‘
Pd,(dba)3, rac-BINAP, B) (PPh3)3RhCI,
t-BuONa, toluene CH3CN, H,0

N \[N\ HZN\[N\
N/]\/OTBS N/j\/OTBS
14d

3

Cl N
T
N/ OTBS
15

Table 2.8.5. Synthesis of 3 via 14d

14d 3
Reagents (eq. . Reagents (eq. )
Cognditi(fng ) Yield Cognditi(fng ) Yield
Pd(PPhs)4 (0.01), 1,4-
diallylamine (1.1), dimethylbarbituric acid 3: 76%
Pd,(dba); (0.01), rac- (3.0), CHxCl, IR0
1 BINAP (0.03), -BuONa 14d: 45% 35°C
(1.2), toluene, (PPh3);RhCI (0.05),
70°C, 3 h CH3CN/H,O 3: 78%"
100 °C

a. HPLC yield.
b.HPLC 5/ D (SZBRIESR)

2. 8. 3. 6 XTIz )UAIVERBTDHL—]

IR T2 ) AT IR ELTHWDV— N &GS L 7-(Table
2.8.6). STHRPUZHEWS, PAfIIC L 2Ry T2 ) v DA I H v 7Y v TR
ERLIZE A, BIHICEUGHEITL 14e IR 76% T2, fi< B Frf o7
LU A OO MA X RO S BRAFICHEIT L, FTED 3 & BEEIER 73% T
F72,

benzophenone imine,  pp  pp NH,OH-HCl,

Pd,(dba);, rac-BINAP, \f AcONa,
t-BuONa, toluene MeOH, rt

CI~__N N _N HN N
T T o —  LJ_
OTBS
N/ N/ OTBS N/ OTBS
14e 3
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Table 2.8.6. Synthesis of 3 via 14e

14e 3
Reagents (eq.) . Reagents (eq.) .
Conditions Yield Conditions Yield
benzophenone imine (1.1),
Pdx(dba); (0.01), rac- NH,OH-HCI (1.8), AcONa
1 BINAP (0.03), --BuONa 14e: 76% (2.4), MeOH 3:73%
(1.2), toluene rt
70 °C

2. 8. 4 RF—N7T v 7HE

Uk, Gp— MREEORER, 2. 8. 3. 6 TRV T2 A
ERRHT D 0— M3 & B & T,

FTPED 3 TMIRYM T D 7o O sl L2 HEHI AR TH H, £ T3
DEE R Z LTFER, FILEE, RoB U AR VR, o Uk, v LA VR,
U U, LA, 7~ ViE, X, FRROh T~ VR L v o vBE D 2 fi
WGt Uz, 7~ VERIE & o = URRIE O R EMEZ TN L7 fE R, KV LZEkR
~ VR A IR LT,
BAFE LT Ay — M Tt ay F 772 MZT 16 DfARE 355 kg A7
— I TCEmL, 307~ /VEEE% 61.1 kg, 99 area%, IR 61% T157=(Scheme
2.8.4),
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Ph

YPh
\
CI~\_N CI\_N N._N HoN N
T T oms|—|  Tloms| —| LA
NG OH a NG OTBS NG OTBS c NG OTBS

b
16 15 14e 3
35.5 kg
HoN_ N "o copH
T \[NJVOTBS
3 fumarate

61.1 kg, 71% yield

a. Reagents and conditions: (a) fert-butylchlorodimethylsilane, imidazole, DMF, 12 °C; (b)
benzophenone imine, Pdy(dba)s, rac-BINAP, ~-BuONa, toluene, 61 °C; (c) NH,OH-HCI, AcONa,
MeOH, 22 °C; (d) fumaric acid, toluene, THF, 73% for 4 steps; (e) suspension with AcOi-Pr, 97%.

b. Compounds in parentheses were not isolated.

Scheme 2.8.4. Scale-up synthesis of 3 fumarate.>’

WEROGHV— b EHET D L, UTORTUESNI,
ANFMENES, hoRffizz16 2 HFEWE L L THEHTE
VT U APENET D TREZENET D Z LN TSI
YUBGNAT L uw b TT =2 THETE
AU 38%0 D T1%IC I b L7z
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2. 9 (R-1 DARMEE

(R)-2 & 3 7~ VEREREG FOSLAREIE, GK-679 Al SN 7-BROG L — |k
% 5BE L C5EHE L 7= (Scheme 2.9.1),

HOLC. A~
HzN\[N\ COH HaN_ N
(e — | Tl
N OTBS a N OTBS
3 fumarate 3
(o] o
H
OH NNy
A\ Q b c.d 9 \[ /]\/
§ (6] A§ (e} N OH
(0] [¢]
(R)y-2 (RA
99% de 99% de

a. Reagents and conditions: (a) KHCO3 aq., AcOi-Pr; (b) POCI3;, DMF, CH,Cl,, -3 °C, then compound
3, DMAP, pyridine, CH,Cl,, —1 °C; (c) HCl aq., THF, 2 °C, 83% for 2 steps; (d) recrystallization with
aqueous EtOH, 95%.

b. Compounds in parentheses were not isolated.

Scheme 2.9.1. Scale-up synthesis of 1.3

3 T VIERMEIIRIGKFE D U U L THRL, FERBEORIKE L TR)-2 DY
27 A NEZEDT I MRITER Lz, BV b TR Tl chits U Ak
LIz T n-~T X2/ T = M) AVOBRLEIZEVEIET ST ) —n,
vaXY L E T UBIIRETE T, BONTER)-1 HiERE G KT X ) —
LTRSS L C(R)-1 K% 19.0kg, 99%de (HPLC &:ff E (EBRIEESM)) T
57,
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2. 10 #Eh

A=V T T REEORER & LT IZ "7 (Table 2.10.1), AIZEAFIERE O KOG S1F
[T, TREEE 1 DEML, YIS T A~ N T T 40—l E D
B ELZ 2 THET 5 2 LN TE 2, BERX 7 —/Li38 1000 fFICH0 2 &
INTE, BREICGRT 2 FU Bicm kL=,

Table 2.10.1. Result of the Scale-up Synthesis

Numbur of

Number of . . .
Chromatographic Quantity Total yield
Steps . .

purification

Medicinal Chemistry 14 9 0 9%
Route

Scale-up Route 13 0 19 kg 19%

BEEDRA » MILLTO#EY Th 5,

I — FBHBRSOGS DM 2 B L7oRER, TMSI O A EREL, 22 s
Th DM 2 — At Z Ml 5 OSSR E DT Z &R TE T,

(R)-2 Z3BINMNCEGT D701, (R)-T DEPET= X ) — VA L5V T
AT UABIRIGER L EZEA LT, 22 CHEMETDHZLETI9%de £T
HIRERM ET25 2 2RV L7, AU LD AREMBE (x> Uy
V) DEANE, EBICV I BTN T I~ N T T T 4=l LDk
[B]3EC X 72,

AURIZERE LT2(S)-T IZ2OWTUE, 1-AF A I XY —)vb p- bV AL
Aozl RERETHRNT S E W) EMRRSEE T Y~— (kT
HZERRWH L, i< =& — )VEFEMICE Y, 99% de D(R)-7 % [EIIL
L7z,

CNAy TV ITRISESHET D, 2-7 7 BT VU8R 3 OFHE KL
— FERWHT 2R TE, 20— AT HZ LT T U HADEI
AxERET 2 2 ENTE R, ZOFEEFRD 2-7 2/ B 7 U U iFE Rz
AREE B BIND,

ETCOTRTYI TN T LT a~ NI T 7 40—l X HERERREE LT,
AR Z 2 CREEMLIC K VBT AV ERH 72D T, Il -»TiE3 7
~ VIR L LT T EME R EA LT,
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EDHITR)-T, (R)-2, (S)-2 lZ DT HREA: X MAEIEMAT I X 0 G A & i~
7o %55, (1R,2R)-1,2-diphenylethane-1,2-diol 73 7 A7 L A &R 72k fbic K &
I EN R RT- LTS Z EDHB LT, ZAUERE R TR BN S B (1R,2R)-
1,2-diphenylethane-1,2-diol 233 EIHFI & L COREEMEEZA L TND 2 ENRIBI
77
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2. 11 EBRIA

General information. Starting materials, reagents, and solvents were obtained from
commercial suppliers and used without further purification. All pilot operations were
carried out under a nitrogen atmosphere. Optical rotations were measured with a JASCO
P-2200 digital polarimeter at 20 °C using the sodium D line, and optical rotation data
were reported as follows: [0]? (concentration ¢ = g/100 mL, solvent). 'H and '*C NMR
spectra were acquired with a JEOL INM-ECS400 spectrometer at 400 MHz and 101 MHz,
respectively. Chemical shifts (§) of '"H NMR spectra were expressed in parts per million
(ppm) relative to the residual nondeuterated solvent peak (DMSO-ds) as an internal
standard (06 = 2.49). Multiplicities are indicated as br (broadened), s (singlet), d (doublet),
t (triplet) and m (multiplet), and coupling constants (J) are reported in Hz unit. Chemical
shifts (8) of *C NMR spectra were expressed in ppm downfield or upfield from the
centerline of the septet of DMSO-ds as an internal standard (6 = 39.7). Infrared spectra
were acquired using attenuated total reflectance (ATR) measured with a Shimadzu
IR Affinity-1 spectrometer. Mass spectra were acquired with a Shimadzu LCMS-IT-TOF
mass spectrometer for HRMS (ESI). Elemental analyses were performed with a Dionex
ICS-3000 ion chromatography system. HPLC area% and diastereomeric excess (% de)
were determined by HPLC analysis with a Hitachi L-2000 system.

HPLC conditions. A: Waters XBridge C18 150 x 4.6 mm, 3.5 pum; elution A, 10 mM
KH2POs solution (pH 2); elution B, CH3CN; isocratic, 40% A; flow rate, 1.0 mL/min; at
45 °C; wavelength, 215 nm; retention times, 7 9.4 min, 4 11.1 min and 5 25.7 min. B:
DAICEL CHIRALCEL OD-RH 150 x 4.6 mm, 5 um; elution A, 10 mM KH2PO4 solution
(pH 2); elution B, CH3CN; isocratic, 40% A; flow rate, 1.0 mL/min; at 40 °C; wavelength,
230 nm; retention times. (R)-7 7.7 min and (S)-7 9.8 min. C: Imtact Unison UK-Phenyl
250 x 4.6 mm, 3 pum; elution A, 10 mM KH2POs solution (pH 2); elution B, CH3CN;
isocratic, 50% A; flow rate, 1.0 mL/min; at 45 °C; wavelength, 215 nm; retention times,
(8)-2 17.2 min and (R)-2, 18.3 min. D: YMC-Pack Pro-C18 RS 150 x 4.6 mm, 5 um;
elution A, 2 mM KH2POs solution (pH 7); elution B, CH3CN/i-PrOH (50/50); gradient,
80% A to 20% A over 50 min; flow rate, 1.0 mL/min; at 50 °C; wavelength, 275 nm;
retention times, 3 13.3 min. E: Daicel CHIRALPAC AD-H 250 x 4.6 mm, 10 pm; elution
A, n-hexane; elution B, EtOH; isocratic, 50% A; flow rate, 0.7 mL/min; at 25 °C;
wavelength, 254 nm; retention times, (R)-1 9.7 min and (S5)-1 14.9 min.
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(2R)-2-(4-Cyclopropanesulfonyl-3-cyclopropylphenyl)-3-[(2R,3R,7R)-2,3-diphenyl-

1,4-dioxaspiro[4.4]nonan-7-yl|propanoic acid ((R)-7). A 2000 L reactor was charged
with  (1S,4'R,5R,5'R)-4',5'-diphenylspiro[bicyclo[3.1.0]hexane-2,2'-[1,3]dioxolane] 4
(26.5 kg, 90.6 mol) and CH3CN (420 kg). Water (137.6 g, 7.64 mol), Nal (24.8 kg, 166
mol), NaHCO3 (42.7 kg, 508 mol), and TMSCI (16.1 kg, 148 mol) were added to the
mixture at 23 °C in six portions at 30 min intervals. After stirring at 23 °C for 2 h, the
mixture was added to a solution of Na>SO3 (36.7 kg) and K2COs3 (40.1 kg) in water (790
kg), and the reactor was washed with CH3CN/water (42 kg/26 kg). The organic layer was
washed three times with NaCl solution (26 kg in 130 kg water) and concentrated to 52 L
under vacuum. The procedure described above was repeated one more time, and the
combined CH3CN solution was azeotropically distilled three times with THF (230 kg) to
105 L under vacuum. The residue was filtered to remove inorganic salts and the reactor
was washed with THF (47 kg) to give 5 as a THF solution. A 1500 L reactor was charged
with ~-BuOK (21.2 kg, 189 mol), N,N’-dimethylpropyleneurea (58 kg), and THF (160 kg).
A solution of methyl (3-bromo-4-cyclopropanesulfonylphenyl)acetate 6 (52.4 kg, 157
mol) in THF (68 kg) and N,N’-dimethylpropyleneurea (58 kg) were added dropwise to
the #~-BuOK solution at —8 °C, and the reactor was washed with THF (23 kg). After stirring
at —11 °C for 1 h, the solution of 5 was added dropwise to the mixture at -9 °C, and the
reactor was washed with THF (23 kg). After stirring at —9 °C for 9 h, the reaction mixture
was added to a mixture of NH4Cl solution (42 kg in 420 kg water) and AcOEt (380 kg),
and the reactor was washed with AcOEt (94 kg) and water (52 kg). After phase separation,
activated carbon (5.2 kg) and AcOEt (68 kg) were added to the organic layer. After stirring
for 1 h, the mixture was filtered through powdered cellulose, and the reactor was washed
with AcOEt (94 kg). The filtrate was washed with NaCl solution (52 kg in 260 kg water),
and the organic layer was concentrated to 157 L under vacuum followed by azeotropic
distillation three times with toluene (230 kg) to 157 L under vacuum. K3POs4 solution (133
kg in 210 kg water), toluene (549 kg), cyclopropylboronic acid (17.6 kg, 205 mol),
triphenylphosphine (1.65 kg, 6.29 mol) and Pd(OAc)2 (707 g, 3.15 mol) were added, and
the mixture was stirred at 87 °C for 20 h. After cooling, trithiocyanuric acid (5.2 kg),
activated carbon (5.2 kg), and water (259 kg) were added, and the mixture was stirred at
27 °C for 24 h. The mixture was filtered through powdered cellulose, and the reactor was
washed with toluene (230 kg). After phase separation, the organic layer was washed with

NaCl solution (52 kg in 260 kg water) and concentrated to 157 L under vacuum followed
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by azeotropic distillation three times with THF (230 kg) to 157 L under vacuum. THF (47
kg), MeOH (130 kg) and NaOH solution (24 wt% sodium hydroxide, 62.9 kg in 58 kg
water) were added, and the mixture was stirred at 47 °C for 2 h. Water (420 kg) and n-
heptane (180 kg) were added to the reaction mixture and the aqueous layer was washed
with n-heptane (180 kg). HCI solution (36 wt% hydrochloric acid 35 kg in 26 kg water)
was added to the aqueous layer until the pH reached 5.5. The aqueous solution was
extracted twice with AcOEt (470 kg, 240 kg), and the combined organic layers were
washed with NaCl solution (52 kg in 260 kg water). The organic layer was concentrated
to 157 L under vacuum followed by azeotropic distillation three times with EtOH (210
kg) under vacuum, and then EtOH (680 kg) was added to the residue. The resulting slurry
was stirred at 54 °C for 1 h, and then at 22 °C for 43 h. The crystals were filtered, washed
with EtOH (210 kg) and dried at 40 °C for 16 h under vacuum to give crude (R)-7 (26.7 kg,
46.6 mol, 29.7% yield based on 6, 91.0% de). A filtrate was collected and used for an
epimerization experiment of (5)-7 (filtrate A). This procedure was repeated one more time
to obtain crude (R)-7 (26.5 kg, 46.3 mol, 29.5% yield based on 6, 90.2% de). A 5000 L
reactor was charged with crude (R)-7 (52.7 kg, 92.0 mol) and EtOH (748 kg). The mixture
was heated at 78 °C to obtain a clear solution. Activated carbon (5.3 kg) and EtOH (21
kg) were added, and the mixture was stirred at 78 °C for 0.5 h. The mixture was filtered
through powdered cellulose, and the reactor was washed with EtOH (63 kg). The filtrate
was cooled to 24 °C followed by stirring for 3 h. The crystals were filtered, washed with
EtOH (130 kg), and dried at 40 °C for 12 h under vacuum to give (R)-7 (44.3 kg, 77.4
mol, 84.1% yield based on crude (R)-7, 98.5% de). [a]? —48.8 (¢ 1.00, MeOH); 'H NMR
(DMSO-ds, 400 MHz) 6 12.57 (brs, 1 H), 7.78 (d, J= 8.2 Hz, 1 H), 7.35-7.30 (m, 7 H),
7.21-7.17 (m, 4 H), 7.07 (d,J= 1.8 Hz, 1 H),4.68 (s, 2 H), 3.69 (t,J=7.8 Hz, 1 H), 3.04—
2.98 (m, 1 H), 2.83-2.76 (m, 1 H), 2.22 (dd, J=12.8, 6.9 Hz, 1 H), 2.12-2.01 (m, 2 H),
1.96-1.64 (m, 5 H), 1.42-1.33 (m, 1 H), 1.17-1.01 (m, 6 H), 0.93-0.84 (m, 2 H); 1*C
NMR (DMSO-ds, 101 MHz) & 174.4, 145.9, 143.3, 138.0, 136.9, 136.8, 128.9, 128.63
(large intensity), 128.57, 127.11, 127.09 (large intensity), 125.5, 125.1, 118.2 (large
intensity), 84.8, 84.4, 49.6, 43.5, 36.8, 34.9, 32.1, 29.4, 12.4, 10.8, 10.7, 5.8 (large
intensity); FTIR (ATR, cm™') 3011, 1725, 1294, 1192, 1137, 1119, 1004, 771, 700, 528;
HRMS (ESI) m/z [M+Na]" Caled for C3aH3606S 595.2130, Found 595.2183; Anal. Caled
for C34H3606S: C, 71.30; H, 6.34; S, 5.60. Found: C, 71.21; H, 6.37; S, 5.63.
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Recovery of the undesired (2S)-2-(4-Cyclopropanesulfonyl-3-cyclopropylphenyl)-3-
[2R,3R,7R)-2,3-diphenyl-1,4-dioxaspiro[4.4|nonan-7-yl|propanoic acid ((S)-7). 377
mL of the filtrate from the pilot-scale synthesis of (R)-7 (filtrate A, 11.3 mmol., (5)-7,
63.3% de) was added to a 500 mL three-necked round-bottom flask. The filtrate was
concentrated under vacuum followed by azeotropic distillation three times with CH3CN
(64 mL) under vacuum. CH3CN (96 mL), 1-methylimidazole (2.7 mL, 34 mmol.) and p-
TsCl1(2.60 g, 13.6 mmol.) were added, and the mixture was stirred at 25 °C for 2 h. AcOEt
(32 mL), CH3CN (13 mL) and 5 wt% NaHCOs solution (32 mL) were added to the
reaction mixture, and the organic layer was washed three times with 5 wt% NaHCO3
solution (19 mL, three times) and twice with 25 wt% NaCl solution (19 mL) yielding the
solution of epimerized 7 (0% de). The solution was concentrated under vacuum and
charged with toluene (32 mL), THF (32 mL), and 1 M NaOH solution (12.8 mL), and the
aqueous layer was washed three times with toluene (32 mL). The aqueous layer was
neutralized with 1 M HCIl solution and extracted twice with AcOEt (64 mL, 32 mL). The
organic layer was washed with 25 wt% NaCl solution (16 mL), concentrated under
vacuum, and azeotropically distilled twice with EtOH (64 mL) under vacuum. EtOH
(128 mL) and activated carbon (0.64 g) were added, and the mixture was stirred at reflux
for 1 h. The mixture was filtered through powdered cellulose, and the filtrate was
concentrated under vacuum. EtOH (38 mL) was added and the slurry was stirred at 78 °C
until the solid was dissolved. After cooling to 57 °C, the seed crystals (6.6 mg) were added,
and the solution was stirred at 23 °C for 3 d. The crystals were filtered, washed with EtOH
(3.2 mL) and dried at 40 °C for 1 d under vacuum to give crude (R)-7 (3.22 g, 5.62 mmol,
49.7% yield based on filtrate A, 70.9% de). Crude (R)-7 (3.15 g, 5.50 mmol.) and EtOH
(63 mL) were added to a 100 mL three-necked round-bottom flask. The slurry was stirred
at 78 °C until the solid was dissolved. The solution was slowly cooled to 23 °C followed
by stirring for 1 d. The crystals were filtered and washed with EtOH (9.5 mL). Wet
crystals were dissolved with EtOH (63 mL) at 78 °C. The solution was slowly cooled to
24 °C followed by stirring for 2 d. The crystals were filtered, washed with EtOH (9.5 mL),
and dried at 40 °C under vacuum to give (R)-7 (2.28 g, 3.98 mmol, 72.4% yield based on
crude (R)-7, 98.8% de).
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(2R)-2-(4-Cyclopropanesulfonyl-3-cyclopropylphenyl)-3-[(R)-3-
oxocyclopentyl]propanoic acid ((R)-2). A 1000 L reactor was charged with (R)-7
(22.0 kg, 38.4 mol), acetone (260 kg) and HCI (36 wt% hydrochloric acid 4.73 kg in
3.7 kg water), and the mixture was stirred at 50 °C for 3 h. After cooling, toluene (95 kg)
and NaHCOs solution (11 kg in 220 kg water) were added to the reaction mixture. The
organic layer was washed with NaHCO3 solution (5.5 kg in 110 kg water), and HCI
solution (36 wt% hydrochloric acid 15.8 kg in 12 kg water) was added to the combined
aqueous layer until pH reached 2.3. The solution was extracted twice with AcOEt (200
kg, 99 kg), and the combined organic layer was washed with NaCl solution (13 kg in 66
kg water). The procedure described above was repeated one more time, and the combined
organic layer was concentrated to 66 L under vacuum followed by azeotropic distillation
three times with AcOEt (200 kg) to 66 L under vacuum. After adding n-heptane (210 kg)
to the residue, the mixture was stirred at 40 °C for 3 h. The resulting slurry was stirred at
75 °C for 1 h, and then at 23 °C for 2 h. The crystals were filtered, washed with AcOEt/n-
heptane (20 kg/62 kg), and dried at 40 °C for 12 h under vacuum to give (R)-2 (27.5 kg,
73.0 mol, 95.0% yield, 98.9% de). [a]% —121.1 (c 1.00, MeOH); 'H NMR (DMSO-ds,
400 MHz) 6 12.59 (s, 1 H), 7.77 (d,J=8.2 Hz, 1 H), 7.33 (dd, /=8.2, 1.8 Hz, 1 H), 7.05
(d, J=1.4Hz 1 H),3.68(t,J=7.7Hz, 1 H), 3.05-2.99 (m, 1 H), 2.81-2.75 (m, 1 H),
2.30-2.24 (m, 1 H), 2.16-1.79 (m, 7 H), 1.51-1.41 (m, 1 H), 1.14-1.05 (m, 6 H), 0.88—
0.85 (m, 2 H); 3*C NMR (DMSO-ds, 101 MHz) § 218.5, 174.4, 145.8, 143.3, 138.1, 123.0,
125.5, 125.2, 49.3, 44.3, 38.6, 38.2, 34.7, 32.1, 29.1, 12.4, 10.8, 10.6, 5.83, 5.80; FTIR
(ATR, cm') 2965, 1724, 1696, 1598, 1313, 1288, 1152, 1125, 881, 534; HRMS (ESI)
m/z [M+Na]® Caled for C20H240sS 399.1242, Found 399.1245; Anal. Calcd for
C20H240sS: C, 63.81; H, 6.43; S, 8.52. Found: C, 63.53; H, 6.46; S, 8.61.
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(25)-2-(4-Cyclopropanesulfonyl-3-cyclopropylphenyl)-3-[(2R,3R,7R)-2,3-diphenyl-
1,4-dioxaspiro[4.4]nonan-7-yl|propanoic acid ((S)-7). (S)-9 (4.99 g, 9.32 mmol),
pyridinium p-toluenesulfonate (0.26 g, 1.03 mmol), (1R,2R)-1,2-diphenylethane-1,2-diol
(3.00 g, 14.0 mmol) and toluene (40 mL) were added to a 200 mL three-necked round-
bottom flask, and the mixture was stirred at reflux for 8 h. After cooling, 5.0 wt%
NaHCOs solution (20 mL) was added to the mixture, and the aqueous layer was extracted
twice with toluene (10 mL). The combined organic layer was washed with 20 wt% NaCl
solution (10 mL) and concentrated under vacuum to give crude ($)-13. 30 wt% H202
solution (3.8 mL) was added to a 300 mL three-necked round-bottom flask, and stirred in
ice bath. 10 wt% LiOH-H:O solution (7.8 mL) was added below 8 °C and the reactor was
washed with water 0.78 mL. The solution of (S)-13 in THF (15 mL) was added dropwise
to the mixture below 7 °C, and the reactor was washed twice with THF (5 mL). After
stirring in ice bath for 2 h, 10 wt% Na2SOs3 solution (50 mL) and toluene (20 mL) were
added to the mixture. 6.0 N HCl was added to the mixture until pH reached 2. AcOEt
(50 mL) was added to the solution, and the aqueous layer was extracted twice with AcOEt
(25 mL). The combined organic layer was washed with 5.0 wt% NaHCOs solution
(25 mL) and 20% NaCl solution (15 mL) followed by concentration under vacuum. The
crude was purified by silica gel column chromatography (n-heptane-AcOEt) to give (S)-
7 (3.92 g, 6.84 mmol, 73.4% yield based on (S)-9). [a]? +67.0 (c 1.00, MeOH); 'H NMR
(CDCl3, 400 MHz) 6 7.88 (d, J = 8.2 Hz, 1 H), 7.33-7.26 (m, 7 H), 7.21-7.18 (m, 4 H),
6.94 (d,/=1.4Hz, 1 H),4.68 (s,2 H), 3.64 (t,J=7.6 Hz, 1 H), 2.98-2.89 (m, 1 H), 2.82—
2.76 (m, 1 H), 2.34-2.15 (m, 3 H), 2.09-1.87 (m, 4 H), 1.71 (dd, /= 12.8, 9.2 Hz, 1 H)
1.54-1.45 (m, 1 H), 1.33-1.26 (m, 2 H), 1.16-1.11 (m, 2 H), 1.04-0.99 (m, 2 H), 0.90—
0.85 (m, 2 H); '*C NMR (CDCI3, 101 MHz) § 178.3, 143.8, 143.7, 138.7, 136.7, 136.5,
129.7, 128.49 (large intensity), 128.46 (large intensity), 128.37, 128.32, 126.7 (large
intensity), 126.6 (large intensity), 125.24, 125.20, 118.4, 85.4, 85.3, 50.1, 44.0,39.3,37.3,
35.0, 32.4, 29.7, 12.5, 10.5, 10.4, 6.0 (large intensity); FTIR (ATR, cm') 3222, 1735,
1284, 1265, 1139, 1120, 886, 764, 699, 533; HRMS (ESI) m/z [M+Na]" Calcd for
C34H3606S 595.2130, Found 595.2142.
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(25)-2-(4-Cyclopropanesulfonyl-3-cyclopropylphenyl)-3-[(R)-3-
oxocyclopentyl]propanoic acid ((S)-2). (5)-7 (2.61 g, 4.56 mmol), 6.0 N HCI (0.91 mL,
5.46 mmol) and acetone (40 mL) were added to a 100 mL three-necked round-bottom
flask, and the mixture was stirred at 50 °C for 3 h. After cooling, toluene (15 mL) and
5.0 wt% NaHCOs solution (26 mL) were added to the mixture, and the organic layer was
extracted twice with 5.0 wt% NaHCO3 solution (13 mL). The combined aqueous layer
was acidified with 6.0 N HCI until pH reached 2. AcOEt (26 mL) was added to the
solution, and the aqueous layer was extracted twice with AcOEt (13 mL). The combined
organic layer was washed with 20% NaCl solution (8 mL) and concentrated under
vacuum. The precipitaed solid was suspended in n-heptane, filtered, washed with n-
heptane and dried at 50 °C for 2 h under vacuum to give (S)-2 (1.29 g, 3.42 mmol, 75.0%
yield, 96.2% de). [a]? +3.9 (¢ 1.00, MeOH); 'H NMR (CDCl3, 400 MHz) § 7.90 (d, J =
8.2 Hz, 1 H), 7.28-7.26 (m, 1 H), 6.95 (d,J=1.4 Hz, 1 H), 3.65 (t,/=8.0 Hz, 1 H), 2.97-
2.90 (m, 1 H), 2.84-2.78 (m, 1 H), 2.39-2.05 (m, 6 H), 1.93-1.76 (m, 2 H), 1.61-1.50 (m,
1 H), 1.34-1.24 (m, 2 H), 1.19-1.14 (m, 2 H), 1.07-1.01 (m, 2 H), 0.90-0.86 (m, 2 H);
3C NMR (CDCl3, 101 MHz) § 218.4, 177.7, 143.9, 143.4, 139.0, 129.8, 125.1 (large
intensity), 49.8, 44.8, 38.7, 38.3, 35.0, 32.3,29.2, 12.5, 10.6, 10.4, 6.1 (large intensity);
FTIR (ATR, cm ') 3271, 1740, 1725, 1276, 1166, 1137, 1125, 881, 703, 554; HRMS (ESI)
m/z [M+Na]" Calcd for C20H2405S 399.1242, Found 399.1230.
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5-({[tert-Butyl(dimethyl)silyl]oxy}methyl)pyrazin-2-amine mono-(2E)-but-2-
enedioate (3 fumarate). A 1000 L reactor was charged with (5-chloropyrazin-2-
yl)methanol 16 (35.5 kg, 246 mol), imidazole (33.4 kg, 491 mol), and DMF (202 kg).
tert-Butylchlorodimethylsilane (44.4 kg, 295 mol) was added at 11 °C, and the mixture
was stirred at 12 °C for 2 h. Water (71 kg) and n-heptane (121 kg) were added to the
reaction mixture, and the aqueous layer was extracted with n-heptane (72 kg). The
combined organic layer was washed with NaCl solution (18 kg in 178 kg water, twice)
and water (107 kg). The organic layer was concentrated to 80 L under vacuum followed
by azeotropic distillation with AcOEt (96 kg) and toluene (92 kg) to 110 L under vacuum
to give the solution of 15. Toluene (521 kg), benzophenone imine (66.8 kg, 369 mol),
tris(dibenzylideneacetone)dipalladium(0) (2.25 kg, 2.46 mol), rac-BINAP (4.60 kg,
7.39 mol), and sodium terz-butoxide (40.1 kg, 417 mol) were added, and the mixture was
stirred at 61 °C for 2 h. After cooling, trithiocyanuric acid (3.6 kg), activated carbon
(7.1 kg), water (355 kg) and toluene (20 kg) were added, and the mixture was stirred at
22 °C for 24 h. The mixture was filtered through powdered cellulose, and the reactor was
washed with toluene (103 kg). After phase separation, the organic layer was washed with
NaCl solution (18 kg in 178 kg water) and concentrated to 190 L under vacuum followed
by azeotropic distillation with methanol (84 kg) to 157 L under vacuum to give the
solution of 14¢. The solution was charged with methanol (281 kg), hydroxylamine
hydrochloride (30.8 kg, 443 mol), and sodium acetate (48.4 kg, 590 mol), and the mixture
was stirred at 22 °C for 3 h. Toluene (307 kg) and K2COs3 solution (68 kg in 497 kg water)
were added to the reaction mixture, and the organic layer was washed twice with NaCl
solution (18 kg in 178 kg water) and concentrated to 250 L under vacuum followed by
azeotropic distillation with toluene (154 kg) to 250 L under vacuum to give the solution
of crude 3. The solution was charged with toluene (368 kg) and THF (32 kg), and slowly
added to fumaric acid solution (28.5 kg, 246 mol in 410 kg THF) at 52 °C, and then the
reactor was washed with toluene (61 kg). The resulting slurry was stirred at 50 °C for 1 h
and then at 25 °C for 17 h. The crystals were filtered, washed with toluene (154 kg), and
dried at 40 °C for 17 h under vacuum to give crude 3 fumarate (64.1 kg, 180 mol, 73.2%
yield based on 16). A 1000 L reactor was charged with crude 3 fumarate (63.0 kg, 177
mol) and AcOi-Pr (280 kg). The mixture was stirred at 25 °C for 1 h, and the crystals
were filtered, washed with AcOi-Pr (150 kg), and dried at 60 °C for 15 h under vacuum
to give 3 fumarate (61.1 kg, 172 mol, 97.2% yield based on crude 3 fumarate). 'H NMR
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(DMSO-ds, 400 MHz) 6 7.88 (brs, 1 H), 7.79 (d,J=1.4 Hz, 1 H), 6.61 (s, 2 H), 6.34 (brs,
2 H), 4.55 (s, 2 H), 0.86 (s, 9 H), 0.04 (s, 6 H); 3C NMR (DMSO-ds, 101 MHz) § 166.2,
155.3,141.7, 140.1, 134.2, 131.2, 64.2, 26.0, 18.2, —5.0; FTIR (ATR, cm') 3453, 2928,
2857, 1707, 1647, 1417, 1251, 1114, 833, 775; HRMS (ESI) m/z [M+Na]" Calcd for
C11H21N30Si1 262.1352, Found 262.1310; Anal. Caled for Ci1H21N30Si.C4H4O4: C,
50.68; H, 7.09; N, 11.82. Found: C, 50.72; H, 7.12; N, 11.75.
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(2R)-2-(4-Cyclopropanesulfonyl-3-cyclopropylphenyl)-N-[5-

(hydroxymethyl)pyrazin-2-yl]-3-[(R)-3-oxocyclopentyl]propanamide ((R)-1). A 1000
L reactor was charged with 3 fumarate (38.3 kg, 108 mol), AcOi-Pr (460 kg) and KHCO3
solution (53.7 kg in 410 kg water). The mixture was stirred at 43 °C for 1 h, and the
organic layer was washed twice with water (270 kg, twice) and NaCl solution (35 kg in
140 kg water). The solution was filtered, and the reactor was washed with AcOi-Pr (23
kg). After phase separation, the organic layer was concentrated to 54 L under vacuum
followed by azeotropic distillation with toluene (230 kg) to 54 L under vacuum. CH2Cl2
(350 kg) was added, and the mixture was filtered to remove inorganic salts, and then the
reactor was washed with CH2Cl2 (73 kg) to give the solution of 3. N,N-dimethyl-4-
aminopyridine (4.37 kg, 35.8 mol) and pyridine (28.4 kg, 359 mol) were added to the
solution. A 1000 L reactor was charged with (R)-2 (27.0 kg, 71.7 mol), CH2Cl2 (350 kg)
and DMF (2.10 kg, 28.7 mol). POCIl3 (10.9 kg, 71.1 mol) was slowly added at —4 °C, and
the mixture was stirred at —3 °C for 1 h. The resulting acid chloride solution was added
dropwise to the CH2Cl2 solution of 3 at =3 °C and the reactor was washed with CH2Cl2
(73 kg). The reaction mixture was stirred at —1 °C for 3 h. Water (270 kg) was added to
the reaction mixture, and the organic layer was washed three times with citric acid
solution (14 kg in 270 kg water) and once with water (270 kg). The organic layer was
filtered, and the reactor was washed with CH2Cl2 (35 kg). The solution was washed with
NaHCOs3 solution (14 kg in 270 kg water) and concentrated to 81 L under vacuum
followed by azeotropic distillation three times with THF (120 kg) to 81 L under vacuum.
THF (49 kg) and HCI solution (36 wt% hydrochloric acid 14.7 kg in 12 kg water) were
added at 3 °C, and the mixture was stirred at 2 °C for 3 h. Trithiocyanuric acid (2.7 kg),
activated carbon (2.7 kg), AcOEt (364 kg), and NaHCO3 solution (21 kg in 410 kg water)
were added, and the mixture was stirred at 19 °C for 8 h. The mixture was filtered through
powdered cellulose, and the reactor was washed with AcOEt (49 kg). After phase
separation, the organic layer was washed twice with NaHCO3 solution (7.0 kg in 140 kg
water), and once with water (140 kg) and NaCl solution (20 kg in 81 kg water). The
organic layer was concentrated to 81 L under vacuum followed by azeotropic distillation
twice with CH3CN (210 kg) to 81 L under vacuum. CH3CN (250 kg) and n-heptane
(92 kg) were added to the residue, and the lower CH3CN layer was collected. The CH3CN
layer was washed with n-heptane (92 kg, twice) to remove silanol, siloxane, or both. The

solution was concentrated to 81 L under vacuum followed by azeotropic distillation three
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times with AcOEt (240 kg) to 81 L under vacuum. AcOEt (49 kg) was added, and the
mixture was stirred at 55 °C for 2 h. n-Heptane (92 kg) was added to the slurry at 54 °C
over 3 h, and the mixture was stirred at 55 °C for 3 h, and then at 23 °C for 3 h. The
crystals were filtered, washed twice with AcOEt/n-heptane (24 kg/27 kg, 12 kg/84 kg)
and dried at 60 °C for 8 h under vacuum to give crude (R)-1 (28.8 kg, 59.6 mol, 83.1%
yield based on (R)-2). A 200 L reactor was charged with crude (R)-1 (20.0 kg, 41.4 mol),
EtOH (31.6 kg) and water (30 L). The mixture was stirred at 67 °C until the solid was
dissolved. The solution was filtered through a 0.45 um filter into a 100 L reactor, and the
reactor was washed with hot EtOH/water (15.8 kg/5 L). Water (25 L) was added to the
solution through the 0.45 pm filter, and the solution was cooled to 12 °C over 6 h followed
by stirring at 12 °C for 16 h. Water (180 L) was added through the 0.45 pum filter at 25 °C
over 1 h, and the mixture was stirred at 25 °C for 20 h. The crystals were filtered, washed
with water (100 L), and dried at 60 °C for 19 h under vacuum to give (R)-1 (19.0 kg,
39.3 mol, 94.9% yield based on crude (R)-1, 99.0% de). [a]2 —128.7 (c 1.00, MeOH); 'H
NMR (DMSO-ds, 400 MHz) 6 11.07 (s, 1 H), 9.20 (d, J = 1.4 Hz, 1 H), 8.41 (d, J =
1.4Hz, 1 H),7.79 (d,/J=8.2Hz, 1 H), 7.41 (dd,J=8.2, 1.8 Hz, 1 H), 7.15 (d, J= 1.8 Hz,
1 H), 5.52 (t,J=5.7 Hz, 1 H), 4.56 (d, /= 6.0 Hz, 2 H), 4.04 (t, J= 7.6 Hz, 1 H), 3.03—
2.97 (m, 1 H), 2.82-2.75 (m, 1 H), 2.24-1.81 (m, 8 H), 1.55-1.45 (m, 1 H), 1.17-1.12 (m,
2 H), 1.06-1.03 (m, 4 H), 0.88-0.85 (m, 2 H); *C NMR (DMSO-ds, 101 MHz) § 218.5,
171.8, 152.1, 147.3, 145.7, 143.2, 140.3, 138.2, 134.8, 129.0, 125.3, 125.1, 62.5, 49.9,
444,384, 38.2,34.8,32.1,29.1, 12.4, 10.8, 10.7, 5.8 (large intensity); FTIR (ATR, cm™
1y3544,3257,1727,1692, 1546, 1507, 1363, 1285, 1149, 719; HRMS (ESI) m/z [M+Na]"
Calcd for C25H29N305S 506.1726, Found 506.1747; Anal. Calcd for C25sH29N30sS: C,
62.09; H, 6.04; N, 8.69. Found: C, 61.79; H, 6.19; N, 8.62.
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X-Ray crystal structure determination: Crystals were grown by recrystallization in
aqueous ethanol. Single crystals were mounted on a nylon loop with Paratone-N® oil and
transferred to the cold gas stream (173 K) of these diffractometers. X-ray crystallographic
data were measured on a Bruker APEXII CCD diffractometer.

Crystallographic data of (R)-7 (recrystallized from aqueous ethanol):
C34H3606S, M = 572.69, Triclinic, space group Pl,a= 9.2553(11) A, b= 9.5167(11)
A, ¢=9.7388(12) A, a =76.001(1)°, B =79.481(2)°, y = 63.303(1)°, V= 740.88(15) A3,
Z=1,T=173K, D.=1.284 gcm™, u(Mo-Ko)) = 0.154 mm™', F(000)= 304, 3638 measured
reflections, 3051 independent, R(int)= 0.0172, 372 parameters were refined against 3051
reflections, R1 = 0.0336 [I > 2¢(I)] and 0.0377 for all data, wR(F?) = 0.0791 (all data),
GOF = 1.032, Apmin and Apmax=—0.219 and 0.160 e.A. Flack parameter: -0.04(8).

(R)-7
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Crystallographic data of (R)-2 (recrystallized from aqueous ethanol):
C20H24058, M = 376.45, Orthorhombic, space group P212121,a= 11.1526(5) A, b=
14.2272(6) A, ¢ =23.8713(11) A, a =90°, B =90°,y=90°, ¥ =3787.7(3) A3, Z=8,T =
173 K, Dc =1.320 gem™, u(Mo-Ka) = 0.198 mm!, F(000)= 1600, 18281 measured
reflections, 6734 independent, R(int)= 0.0271, 474 parameters were refined against 6734
reflections, R1 = 0.0363 [I > 2c6(1)] and 0.0436 for all data, wR(F?) = 0.0912 (all data),
GOF = 1.076, Apmin and Apmax=—0.428 and 0.501 e.A. Flack parameter: -0.05(6).

OH

(R)-2 d
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Crystallographic data of (S)-2 (recrystallized from aqueous ethanol):
C20H2405S8, M = 376.45, Orthorhombic, space group P212i121,a= 10.5256(7) A, b=
13.1189(9) A, ¢ = 13.5305(9) A, a =90°, #=90°, vy =90°, V= 1868.3(2) A3, Z=4,T =
173 K, Dc =1.338 gem™, u(Mo-Ka) = 0.201 mm™, F(000)= 800, 9044 measured
reflections, 3406 independent, R(int)= 0.0284, 236 parameters were refined against 3406
reflections, R1 = 0.0423 [I > 2c6(1)] and 0.0447 for all data, wR(F?) = 0.1096 (all data),
GOF = 1.040, Apmin and Apmax=—0.328 and 0.741 e.A. Flack parameter: 0.07(9).
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TN — )V RN 3T v ra T vl ) D
OB L FERAEBIEE Y T AT L A~ —EH(CIDT)IZ L 5 &

FIVEINT 47T a7 OB

3. 1 M=

2 F TR _7= Y, (1R,2R)-1,2-diphenylethane-1,2-diol'V/3 7 A7 LA ~—%
NEITHED, TN T AMBALE U HERT 222 RV LA, il
(1R,2R)-1,2-diphenylethane-1,2-diol OEEIZHRT L5 /3y F 7D LT I 03%)
NWTWA LD LHERISHh S,

Z Z C(1R,2R)-1,2-diphenylethane-1,2-diol % 7= &I MEALA W) O Hil &k
E~DIEAEZ 212, 3678 IMKD3->7 /> 7aT )i/ v %(1R2R)-
1,2-diphenylethane-1,2-diol T7 % —/Ufb L, £ & T T AT LA ~—708 L TH
HIRET S Z & T, HFIEEERES S L— K Th 5 (Figure 3.1.1),

/ < Ph, Ph Ph, Ph 1) Fractional crystallization
o HO OH — —
5 o_ 0O o_ O o'  Theoretical yield 50%
( ( ( A\
n n n CONH, 2) Crystallization-induced
diastereomer transformation
(CIDT)
n=1: 4a n=1:6a n=1:7a
n=2: 4b n=2:6b n=2:7b Theoretical yield 100%

Figure 3.1.1. Chiral separation of 4 via ketalization with 5.

BatOfER, > 7 /7 Z =1k 6a, 6b XA A VIKWETHY, FEafkick s
T AT VA —ENIEANTERD SO0, T REICEHR LIy X —
NT 2 RIKRTa, TOICFHFEELIZEZA, WINLBEHRERE L THELZENT
&, DEIOX =5y NETa, T ICHIV X, U7 AT LA BRIRE LA R
L7 AER, 7a X 2 BIOFEREMBIZEY 99%de LA ED(R)-Ta & 16% DI TEH S
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ZENTE, —H IZONTIEL 3 EIOFAEEHIZ LY 99%de LL ED(R)-Tb % 14%
DR THD Z LN TE T,

S LI R T 2T A~ — Z # (CIDT, crystallization-induced
diastereomer transformation)?! & f& s} U 72 #& 5%, ik & LT -BuOK, ¥ #E1Z +-BuOH
AT 25052 RV L, (R)-7Ta l2oWWTIE 2% de 705 97% de £ Tl L,
IR 95% L IRIERBICIRbFE oy ba— LT 52 LN TE, —F, (R)-
Tb XN %E 80°C & LA VA7 X U OUINZ L VIEfRES FiF 52 LT, 9%de
5 51%de £TH EESELH T ENTE, EHIZ(R)-Ta, (R)-Tb [T DU THK,
fisr 2 —nAb$ 252 LT, 3-7 ) 7a Tl ) U (R)-4a, (R)-4b Wb
99% ee LA TG 5 Z & A3 C X 7= (Figure 3.1.2),

Ph Ph Crysta_llization-induced Ph Ph
2 diastereomer a
o) transformation 0
Oi fo (CIDT) Oi fo
R — R —
95% yield = -
CN CONH, CONH, CN
Racemic 2% de 97% de Enantiomerically
Mixture Pure

Figure 3.1.2. Crystallization-induced diastereomer transformation.

(R)-Ta DAL EOTERIZOWTHIRETL, (R)-Ta Z AR ¥ a )L b CTHHilE
TETHIET, FIRT I LB LTZ(R)-8 2157, XY A IRICFHEE L T-
(R)-9 CTde Z7Hli T % & 98%de ThHHo7=, F72(R)-9 W7 ¥ —nfb+5H5Z LT
(R)-10 %2R 93%, 98% ee T157-(Scheme 3.1.1),

sponge Co

Ph Ph Ph Ph Ph Ph

“ (wet 2 wt) \ BzClI \

o. O H; (7bar) 3 0 (1.2 equiv.) 5. b 6M HCl ag. 0

é MeOH/NH3 aq. . NH MTBE R pp Meco [N e

N (B2VW) #7201 20% KoCOj3 aq. I rt, 10 h s
25°C, 10 h rt,10h o) o)

n=1: (R)-6a n=1: (R)-8 n=1: (R)-9 n=1: (R)-10
>95% de 98% de, 92% yield 98% ee, 93% yield

Scheme 3.1.1. Synthesis of chiral 3-(aminomethyl)cyclopentanone derivatives.

72H(S)-Ta, (S)-Tb LV H(R)-Ta, (R)-Tb DT AT LA~ —MESE L CHrHd
HOMEWN ) EHZMEIHT 572912, (R)-Ta, (S)-Ta, (R)-7b, (S)-7b D 4 DT>
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WTHLRER X SEERAT 21TV, TR Lz, ZOMER, wWInb T
I FRAFELETARRBEEDR Yy N =7 PRI TWER, TORTHKHE
A EEEE2NVEYY, 0D L BERKERE Ry N — 7 ZE L TND Y
TAT VA=W, BICHE LEHEREEZ AT DT OICRRENR T, il
BIZ LDV T AT VA —0ENCB N TEE LTI LI E B 2 65,
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3. 2 #¥E

BREEZ R OISR b I o enT o v 7Ty 7 b LTI
INDGTD—DOTHD, ¥FlZ 3-vT7 /7T IVl ) IR = Ve
T Vo TR B ATRER B RE R A FE O D, BRI EIE LA O v
NT 47 7my 7 LTHIRFCE S, ERIC 3-vT7 /v 7aT7 vl /b L
IFZEOFERZFZUER S, SRlTREEIIW OGS Tn bl

LN LZED—FTHFEMR 3-2 7 /v r7aT7 i ) v ORFABRIEITHRS
B2 72vy, 5 BERIE Dies DT ) NIxtT D VT AT LA TR ARSI
i W= AE DA TH U (Scheme 3.2.1)H, F7- 6 BERITLER S D) o F 4
PRI 2 AL AR B A& W T2 8 O 2T d 5 (Scheme 3.2.2)1), S I DU
TIE (R)-4a 28 93%ee, (S)-4b 78 81%ee & H3ICmWEIEE 2T, &5 5%%
SR BEIARBUZ B D

‘ o L
i & : o 4
.
(ﬂ7 Ny . . ifl;\ 4
H 2 /\/\N(\/\ =N OMe CN
1a 2 g 3 (R)1-4a
69% yield 93% ee
90% yield
Scheme 3.2.1. Synthesis of (R)-4a.
ph. "

1) Gd(Oi-Pr)3, catalyst o°
o} TBSCN, 2,6-dimethoxypehnol, THF O \Q

2) Hy0* HO™
o) CN
: 54

1b (S)-4b HO
catalyst
81% ee
90% yield

Scheme 3.2.2. Synthesis of (S)-4b.

RBEECEHD 3-AF s a R Z VR BRIV TE, TE R
BAEM % (—)-brucine IC LD VT AT LA~—HEREICLY, R)-11 BXMEH5Nh5
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FR3N % 5 (Scheme3.2.3)0, Lo LM E 4BNLEE T 5 E, INED 18% &+
TRl DTIXRUN,

O O

(=)-brucine
water “
COzH CO,H
recrystallizations
1 four times (R)-11
racemic 98% ee
mixture 18% yield

Scheme 3.2.3. Synthesis of (R)-11.

AWF5E TIX(1R,2R)-1,2-diphenylethane-1,2-diol (5) D AKKY 72 & m SICEH L,
127, 1bB®1% 5 T % —/ L LT 6a, 6b IZEHAIE D Z L AFH LTz, ZiZ
XV 1a, 1b ODR)-1E, S)-IKIZPT AT LA~—DBHRIZZ: D, B L 6a, 6b %
b, E2E TR LI ICR)-IKR, (S)-IKOEMRENRIND = L 03
Fransd, >E0HERICEL DT AT LA~ —2FNZ L0 EOSLIRERME T
(R)-1K, (S)-EN1FHILD D TIX7R\W ) EE X T (Figure 3.2.1), S HIZ 31D a K
FKOBMEENENZ b, HEOHEHAIZEL Y CIDT 2@ TCENIL, —FHoy
T AT VA~ —IZEWTE LD GmIER 100% T OMEDH 2G5 2 &
NHIFRFTE 5,

Ph, Ph
7 Ph, Ph Ph, Ph 1) Fractional crystallization
o HO OH /—< —
5 o_ 0O o_ O o'  Theoretical yield 50%
( @i ( y
N eN "N cN n CONH, 2) Crystallization-induced
diastereomer transformation
(CIDT)
n=1: 4a =1:6a n=1:7a
n=2: 4b n=2:6b n=2:7b Theoretical yield 100%

Figure 3.2.1. Chiral separation of 4 via ketalization with 5.

TR T 528 6a X 6b ILFE L E TR TH -T2, FfEMmIc LD
T AT VA~ —ENLEA CE R oTn, £ 2 T6a, 6b 2T X KK 7a, 7b T
BHaLT-&L 2 A, WbEwiIfRns LEboniz, T2 TREloy—4>7y b
Ta, T IZUIV %, VT AT LAERS A, BXO CIDT 2GS Lz,
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3. 3 - JUHUIZEBAYST AT LA~ —DARETST AT LA

ERARE AL

3. 3. 1 UTATFLA~—BA
VT AT VAR KD 0E EIT O eI, fe bR e Y T AT LA~
—DE K E AT > 72 (Scheme 3.3.1),

Ph,  Ph
’ Ph, Ph Ph,  Ph
KCN. HO  OH 30% H,0, aq., /—<
o) PPTS o. O
Et3N HCI 5 KzCos ag.
9)5 MeOH, H,0 - PhMe @ (
.3h CN 110°C, 23 h N "CONH,
n=1:1a n=1:4a 98% n=1:6a 78% n=1:7a 96%
n=2: 1b n=2: 4b 63% n=2: 6b 39% n=2:7b 96%

Scheme 3.3.1. Synthesis of 7a and 7b.

SCHRPNZ A€W 2-cyclopentenone (1a), 2-cyclohexenone (1b)IZ%} L C KCN & fu»
T Micheal fIMMERIZE D TR KD 3-vT /v raT vl ) 4a, 4b ZHL
L7, 4213 92% & BAFRINER TS Z &N TEN, 4b 1L 63% L 70 0 BERE &
[FIFEEE T o 7210

KIZ(1R,2R)-1,2-diphenylethane-1,2-diol Z /=7 &Z —Abic kb o7 27 b
F~ =~ LT, RISEMHERF LSRR, 4a L EEAREED pyridinium p-
toluenesulfonate (PPTS)'% 0.1 &, bt FaXo Y (13 4&E% bl fi T
MMEAG 5 Z LT T 22— 4K 6a & T8% DI TR D Z L N T&E Tz, £72 4b
2N T HFAGMH CTRISEITV 39%DINRT YT ) 47 2 — VK 6b & 1537,

"oy T ) Z—AK 6a, 6b XA A WVIKWE TH VG BNIREETH -
7o T TSR ERENI E THLNTNAT I RAERTHZ &I
L7ce SCREBERUD SIEIZ LY, r 2 =0T I RIKTa, Tb ZZEH 96%DIL
TRz, Ta, ThITWT R BESAIEORWMEE TH -7,

3. 3. 2 TUTAT LRGSR CBRE
MO /LB TH o7~ Ta, Tb 3 EIRRE L TUT7 AT LA EIRAH SRk
DA% FrEt U7z (Table 3.3.1),
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Ph, Ph

Ph, Ph .
y Repeated
o_ 0O Recrystallization o._ O
n( CHCl3/PhMe (3:2 v/v) né
(0.50-1.0 mL) "
CONH, rt. 2-3 days CONH,
n=1:7a n=1: (R)-7a
0.15 mmol, 3% de n=2: (R)-7b
n=2:7b
0.15 mmol, 10% de
Table 3.3.1. Fractional crystallization of 7a and 7b
Crystallizations
None 1st 2nd 3rd
% de 3 84 >99 —
(R)-7a -
yield (%) - 32 16 —
% de 10 30 87 >99
(R)-7b :
yield (%) - 46 26 14

rR—)LT I KK Ta, Tb &7 1 RL L) b VT (32 vIV)DIRA TR AR
S, B T2~3 HMREE 2R ST, TOMEE, Talk 2 RIOHKRBICL-
T >99% de, 16%DILET(R)-Ta W13 BT, —J7, Tb X 3EDOFHFEMIZL - T
>99% de, 14%DILER TR)-Tb 15D Z LN TE =, U LEOFERNS, 2 50HmmHA,

Y =35V aWial

(1R,2R)-1,2-diphenylethane-1,2-diol {Z & ¥ &7 % — AL L7z 7a, b IZDOWTH
FEREBRVIETZE TOITNLR)-EOYT AT LA~—% 99% de LLET
BT E 7,

DT AT LA EREE L ORI, SEERO Ta DR 6 BED T LV 1
BEnot=,
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3. 4 (R)-7a, (S)-Ta, (R)-7b, (S)-7b Dt FhtEEMMT

3. 4. 1 HESOER
3. 3. 2T/RLEZ@EY, ¥ —T 2 FK 7a, Tb OWTILH (R)-ARERME

R LTz, £ ZTR)-Ta L(S)-7Ta, (R)-7Tb &(S)-7b DHfEREAERIL, HfES X
BABIERAT I L > THL N D 0 FESID G, SEARERIRMERRBLORN 2 B8 LTz,

ET(R)-Ta, (S)-7a DWW OHAEGEZERS 5720, VS A 7 /L5 B HPLC (2
KU DTN, R BB =T L in-~F V) ICK BT AT LA ~—45Ek
et Uiz, 7% —/L7 2 FIKRR)-Ta, (S)-Ta [ZOWTIIDEECTE Zehno 7273,
HIERA T D> T ) /- #—UIK(R)-6a, (S)-6a TIXRAFZ/HBEEL, ZhEFhaH
Bl L7=(Scheme 3.4.1), Ht\ CEMLAKFAKRERED Y 7 LAOFEMAMZT=1Y
VDMK ZATS, SEZRFF L= F £(R)-Ta, (S)-Ta [CEHTHZ LN TE
7=

Ph, Ph Ph Ph
) 30% H202 ag. y
o._ 0O K2COs3 o._ 0
—_—_—
/ DMSO /
Ph, Ph TN rt,24h ’CONH2
o. 0O (R)-6a 30% (R)-7a 88%
Z Ph Ph
CN 30% H,0, aq. /_<
6a KZCO3 3 0
Recycle preparative HPLC Q DMSO
(SiOy) rt,24h
AcOEt / n-Hexane (1:3 v/v) CONH;,
(S)-6a 33% (S)-7a 90%

Scheme 3.4.1. Synthesis of (R)-7a and (S)-7a.

—J, 6 BERIZOWTIL, VI A 7 EHPLC (K : U 7L, FRBEIR
BEfe = F Lin-~FH ) XDV T ATV A~—pmitic LY, 74 —1T7 IR
{R(R)-Tb, (S)-7b IZ/BETCE D Z LV LTz, #E- CZ DO FIEIZL Y (R)-Ta,
(S)-7a % BAEfE L 7= (Scheme 3.4.2),
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Ph, Ph
—

o._ 0

j “/CONH,
Ph, Ph
o. O (R)-7b 53%
CONH2
Ph,  Ph

7b o_ O

Recycle preparative HPLC ij\
(SiOy) CONH,

AcOEt / n-Hexane (1:3 v/v)
(S)-7b 34%

Scheme 3.4.2. Synthesis of (R)-7b and (S)-7b.

Pk, BHRER-TA, ()T, (R)Th, (5)Tb O 4LAWICONT, VT AT
LA RS RL OB CHEFT L7 7 1 1 AL ) b b o e C R 2 B L
X BT 2 1T .

3. 4. 2 (R)-Ta, (S)-Ta DLk
(R)-Ta, (S)-Ta D& hitIE % 7159 (Figure 3.4.1),

(a)

S Ph
on D/Y
Ph Ph (J\ w0
Ph,, K ]
f{.; o’ Crystal Data " H. Crystal Data
o . o o] H
s Hoo - <, CagHzNOy Monoclinic O _04\ CagHayNO4 Monoclinic
Hy” a=6.2884(3) A P2, Wy M a=6.2977(2) A P2
N b=19.3902(5) A §=2 o560 [/\ b=T7.4401(2) A §=§oao4
Hy--. = =0.038 a4 =18. =0.
O Hy 0o m c 14.9?11(73;& WA= 0.1003 d (o] c=18 2018(63 A WA= 0.0805
L. = 98.263(2) bl }) ; f=92.594(2) e
)‘ Y V = 874.86(7) A3 ol Ph V = 851.98(5) A?

Figure 3.4.1. X-ray crystallographic structure: (a) (R)-7a, (b) (S)-7a.
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(R)-Ta, (S)-7aL[A CZEIREP2)EAER L CTH Y, Wb 7 I REOKERE
BET I RKFELE T Z—NBEFEROKFBEITELVESI L Tz, £72(R)-Ta 1L
NN =T LT ANLD KRB BHET D2 O NVR = VR E T I FROKE
FEAEIRT DD L, (S)-7a TiX k7 U ANLOKFENRT 2 REIOKE-EAE
BICBES L CWe, —TT7 2 RBOKERAICES Lt 5 1 20OkHET
B — VR L DRFREG DB ST,

3. 4. 3 (R)-7b, (S)-7b Dk ihtis
(R)-7b, (S)-Tb D ftiE % 7~ 9 (Figure 3.4.2),

(b)

Ph, P Fh"]/J\o Crystal Data o Crystal Data
0/, " : 9 H
o O i CzyH23NO5 Monoclinic ; P ) CagHagNO4 Orthorhombic
B et i / a=6.4767(4) A P2, | [ W a-g.5490(9) A P2,2,2,
N besTBEh %o d ™ : b=9670809)A  Z=4
d Ha-.. c=20.8609(14) A =0 o C os23e(ie) A A=0.0348
g pssssiee o 7as 00 oo vers (% wA,=00815
w i =10.
)‘“.H V = 906.36(11) A3 o2 V =1803.0(3) il

Figure 3.4.2. X-ray crystallographic structure: (a) (R)-7b, (b) (S)-7b.

FEUVTT(R)-Tb O ZERIFEIX P21, (S)-7Tb OZERIFEIX P212121 TH - 72, (R)-
7a, (S)-7a & [FIERICT X REOKRFRESTEEDIER S 7225, 7 I FKE
& 2 — LR D IKFEFREEII(R)-Tb TORBIHI S T=, 72B(R)-Tb 1T /v
AR LT AN DOKRBENEET DI VAR=VEEFE & 7 X REOK
TG EK T DD L, (S)-7Tb TIX b7 2 ANLOKENT 2 REIDK
FEREEGERICEEG L TRV, (R)-7a, (S)-7a D7 —RALFEEETH -7,
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3. 4. 4 KRERERRNA, WPEED
(R)-7a, (S)-7a, (R)-7b, (S)-7b Dikidh FUTBLH S L7200 FIKFERES DAL,
B & 7 97(Table 3.4.1),

Table 3.4.1. Hydrogen-bonding distances and angles of (R)-7a, (S)-7a, (R)-7b, and
(S)-7b

N Oamide interaction N Ogetal interaction
N-O (H~0)/ A N-H-0/° N-O (H~0)/A N-H-O/°
(R)-7a 2.829 (1.983) 160.80 3.099 (2.295) 157.21
(S)-7a 3.195 (2.311) 151.76 3.239 (2.352) 178.40
(R)-7b 2.878 (2.001) 175.90 3.071 (2.194) 175.14
(S)-7b 2.917 (2.039) 176.77 - -

a. (S)-7b did not bind to an oxygen atom of the ketal.

(R)-Ta D4y RIKERESIEEEILS)-7a LV HENZ AL, OF D (R)-
Ta D5y MKFFEEIX(S)-Ta LV HIRETH S Z BRI Sz, £ 2 TR)-Ta
E(S)-Ta lZ DWW T MEAE A thie 35 &, (R)-Ta D BELREDBEL, BELH
<, EBIT M= U ORMRE TR Z & 23] L 72(Table 3.4.2),

Table 3.4.2. Physical properties of (R)-7a, (S)-7a, (R)-7b, and (S)-7b

m.p. (°C) Density” (g/cm?) Solubility” (g/L)
(R)-7a 139-140 1.26 16.0
(S)-7a 135-136 1.23 21.5
(R)-7b 164—-165 1.24 35.3
(S)-7b 152-154 1.24 49.0

a. Calculated from crystal data

b. In toluene

Z DA BR)-Ta lE(S)-Ta £V bIRERKBR-ELIERTE, HBICKELE
KV REREEEL AT D720, AT T 2 IEN(S)-7Ta 1D & T2
D, MLl 2T AT vy —RENZBNTEEL T LI D L& X
bid,
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—H TRBEDELZZ(R)-Tb, (S)-Tb IZOWTITHoTHhDE, BEIIFA%ETH-
k%@w,mwb@ﬁﬁmiﬁéﬁﬁm@<,@ﬁ%%<,FWIV¢®%%E
HBAK 0T, 4. 4. 3THARZZ@EY, (5-TbIXR)-Tb L HEpD, T I RKkFEL
&&~w%%%@mfﬁA#ﬁﬂéﬂfw&w EEEBETDHE, (R)-Tb IX(S)-
7b LV LERKBEEEZR TE OB EREREEE AL VD &
DHERI S D, € > THBRELZ ST 28 MMEDN(S)-Tb £V & T30, #hidhafki
LBV T AT UVA—RENCBWTELEL THTHLEZ D EEX NS,

3. 4. 5 KR XHEHOHE
“/“7/'4’7‘I/ZLL?RE‘J%*E%fKT“iiﬁHjTE)FE%ﬁ 4. 4. 2BLXT4. 4. 3T
WAR7-HERER UHERETH D Z L 2EERT 72D, MR X #BErHE

(PXRD)%& (T2 T, VT AT LAY—IREMTHD Ta, BLURTT AT LA ER

AOAEEIIC K W 15 S 72 (R)-Ta, (S)-Ta (2 DWW CHHIE L 7= (Figure 3.4.3).

(R)-7a (simulated)

mnumm

| m'y L
— l-— D SR W W u }k SV AR M mimnn i ihntanisnmn

L 7a (mixture, 0% de)

LJ (8)-7a (simulated)
Nl

.

JL J I ' (S)-7a (bulk)

0 5 10 15 20 25 30 35 40 45 50

Figure 3.4.3. PXRD pattern of 7a, (R)-7a and (S)-7a.
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ZDOFER, (R)-7Ta, (S)-Ta DWFIUTE N T, B X SRS AR RS R0 S
VI ab—v g LT/ Z — (simulation) & SERIE(buk) N —EH L TWHZ & %
MR LI, £V T AT LA~ —RAEWM TH D Ta DEFT/SF — 1L (R)-Ta & (S)-
Ta QP Z — v EEREGDEELO LIRE—FH LT, U EOERENS Tad Yy
T AT LA~ —ERE, (R)-Ta &(S)-7a BEFES LR — ORI ToM LTV
DT EDHB LT,

VN T(R)-Thb, (S)-7Tb DR X ARIEIHT I E RS F % 7~ 9 (Figure 3.4.4),

(R)-7b (simulated)

ﬂ’ﬂl L LHLthMMWMiR)_7E$qu)
s Lﬂu e 0%

(5)-7b (simulated)

U Jdﬂ W NV VYOO
(S)-7b (bulk)

oM NUU A Ao

0 5 10 15 20 25 30 35 40 45 50

Figure 3.4.4. PXRD pattern of 7b, (R)-7b and (S)-7b.

C_[C”
-
L

[

(R)-7b, (S)-Tb IZOW T, Hiffidh X #EEMTHER O Ialb—va L
72734 — (simulation) & FEHIE(bulk) 23 —FH L TW\WAH Z L AR LT, LorLY
TATVAY—IREMTHD To DR /NZ —IER)-Tb L 7 r— Lo —7
DEREDLETH-oT, 2FD Tb OVT AT LA~—53EI I, (R)-Tb &(S)-
7b DNHE G & F—OfESIE TomE T, —H7ELT 7 AL THRALTWD
ZEMmRBE i,
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T2 BHR)-Tb £ (S)-Tb DXy X U TRERICHEBEEN BB LIZSLS 2D, 21
23 Tb 23 Ta IR T YT AT LA RIS L O MK T L7281l Tl e
MEHERI L TV 5D,
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3.5 FHE—)LTIVFET OSBRSS T AT VAY—F

BUCIDTIZ L BT AT LA ~—%Hi

3. 5. 1 fEgEFHEYT AT LA~ —L#(CIDT) DfEt

3. 3THERZEY, FidfblicL b7 AT LA~ —3ENZ LV >99%de DT
REIRMEZ R T2 2 ST Lz, L LIRIX 14~16% & A+ Th o 7=,
WEZE ESHHITEFAEPLOZE~—L, FILEH 1 2OHETH LD, LV
TN ORI FEE L THIBEEE Y T AT LA~ — A #1(CIDT,
crystallization-induced diastereomer transformation) = #1425 Z & & L7z, CIDT T
T B~ — LN FAET DR S P T AT LA BRI b A 2 5 2
XY, T A EET O YT AT LA~ — w0 3L S, — T TR
DT AT v ~v—thid= b ~— ki XV B R RI-n 5720, vy R
DOIEANC L0 #r 2 \ZHE L TEYE L7V (S)-Ta, (S)-Tb 3 L., #dnfb CHEE
T 5H(R)-Ta, (R)-Tb ~EHAZINDHEEZEZONDH, S HITHTH LBEERITHEERIC X
DS, RIBEDS NS WS DITEEIRET D EHRCERTIC K o T, —FEEHTH L72(S)-
7a, (5)-7b bHIRWTIRAE A B T(R)-Ta, (R)-Tb ~EH S nfEibd 5, Uo7
T AT LD (R)-Ta, (R)-Tb D3EmWERTH LD Z & 23 HIfF S 45 (Figure 3.5.1),

Ph, Ph Ph, ,Ph
o_ 0O o_ 0
n(é -~ n(ﬁ
., Epimerization
CONH, CONH,
n=1: (R)-7a . n=1: (S)-7a
n=2- (Ry7b  Solution n=2: (S)-7b
phase
! ’ 1 L
i !
Solid
Ph,  Ph phase Ph, Ph
o_ 0O o_ 0O
e Q
‘CONH, CONH,
n=1: (R)-7a n=1: (S)-7a
n=2: (R)-7b n=2: (S)-7b

Figure 3.5.1. Schematic diagram of CIDT.
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3. 5. 2 =x=v~—{tF&HomE

LA T AT LA~ —ZEH(CIDT) 21T D 2012, £FiEov'~—{ks
HERVWHTZERMETH D, T T H—1LT I KKTa, Tb DT I RHED
a KBEWE T &R Z L2 E L, B L BRBEORF 21T - 72, SR
DJFEHIIL T T AT U A BRARE b b ThEfm L IZ A FI72(S)-7a, (S)-7b ZfEH L,
IS LTtk D% de D2 k% HPLC CHllE L 7= (Table 3.5.1),

Ph, Ph Ph, Ph
Bases
o._ O o_ 0O
n(ﬁ Solvents niL—/
CONH, CONH,

n=1: (S)-7a n=1: (R)-7a
0.05 mmol, >99% de
n=2: (S)-7b n=2: (R)-7b

0.05 mmol, >99% de

Table 3.5.1. Screening of epimerization conditions of 7%

SM Bases Solvents Temp. (°C) Time (h) % de
1 (S)-7a DBU toluene 110 24 98
2 (S)-7a t-BuOK dioxane 100 24 98
3 (S)-7a -BuOK THF 50 48 87
4 (S)-7a -BuOK t-BuOH 50 3.5 =7
5 (S)-7b t-BuOK t-BuOH 50 7 20
6 (S)-7b NaH THF 50 24 96
7 (S)-7b KOH EtOH 50 8 88

a. Conditions: (S)-3a or (S)-3b (>99% de, 0.050 mmol), base (2.0 eq.), and solvent (1.5 mL) was used.

(S)-7a ZHWI=MEIClE, £9 DBU # HW=RT v~ —(kIT#EIT Lo 7z
(entry 1). & Z T t-BuOK ZH\, B2 2 TRUIZRER, WEEN A x4
R THF TiXiF & A L=~ — (b3 1T L7275 7o (entries 2, 3), — 7 TIRLEDS +-
7 & ) —7Ek 50°C, 3.5 FEfETC de 2% 7% ((R)-7Ta) & IFIE =~ — L 5ERE L7z
(entry 4),

(S)-7b & W FRET Tl entry 4 & REEDO M TITS & 20% de £ T~ —
(B HELT L7z (entry 5), & DITHEIEIZOWTIKRIFILT R U T A, KER(L U D A
R L72Dy, 1ZE A ~—{b L7275 /- (entries 6, 7).
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PLEDOFERNG, =¥~ — (b3 1T ¢ BuOK, BiEIX 7 % 7 — /LD
AEDLENEL TS EEZ BILD,

3. 5. 3 CIDT okt

HHEIT -BuOK, WX -7 % /) — VIZEEL, VT AT VLA~ —REWMD 7
Z—)LT7 2 KK 7a, 7b 7°5 CIDT 12X Y (R)-Ta, (R)-Tb ~EHid 2 FEREIT-
7oo MEH% LU FIZ/R 97 (Table 3.5.2),

Ph, Ph Ph,  Ph
o/_% £BUOK O/_%

o

Solvents

CONH,

n=1:7a 2% de

n=2:7b 5-9% de

O

CONH,

n=1: (R)-7a 80-97% de
n=2: (R)-7b 14-51% de

Table 3.5.2. Crystallization-induced diastereomer transformation (CIDT) of 72

M t-BuOK Solvent Temp. Time (R)-7 Yield

(eq.) (mL) °O) (h) (% de) (%)

1 7a (2) 0.50 t-BuOH 0.20 It 30 80 87

2| 7a(2) 0.50 t-BuOH 0.40 rt 96 97 95

3 7b (5) 0.50 t-BuOH 0.40 rt 40 14 85
t-BuOH 0.05

41 7b(9) 0.25 80 96 44 75
i-octane 0.25
t-BuOH 0.10

51 7b(9) 0.25 80 72 51 54
i-octane 0.70

a. 0.25 mmol scale

entry 1 1% 2% de @ 7a (0.25 mmol)iZ%F L T -BuOK % 0.50 Y&, -7 ¥ / —/b
Z 020 mL 7L, BB AZ SR T30 HMHEEL-Z b0 Th D, BHHEBITSE
T & AEL L T2 A Z /K PE L T -BuOK % ¥EV i L, JE RS 1C HPLC & %
Fhi L7=, ZORER, =~ —(LidRBFIZEITL, 80% de D(R)-7Ta ZILHE
87% CH7-, £Z Tde BXUERDM L& BWIZ, -7 ¥ /) —/V &% % 0.40mL
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TGP L, ORI A 96 I IER ST & 2 A, de, WD TlE
DILBAL, 97% de D(R)-Ta ZULEE 95% T 5 Z LT L7z (entry 2),

Tb IZOWTH 5% de DFEIZHEH L, entry 1 E[REROKMICFI LIz & 2 A,
IR T 40 FFBER ST de 13 14% F T L2 ELZeh o7z (entry 3), T AU
T DT~ —(LOHENENTZD EHERI L, WNIRE 80 °C 12 RIF THEM L7
(entries 4, 5), NiR%Z LD Z & CTIEDOIKR TR RIAENT-T-80, Afa L LTi-
F T B ERIM LT, de i3 KTH 51%de ETL A ELARD-T,

3. 5. 4 CIDT % OMmE X #REHrHE

CIDT #1253 bAoAl s OB A R T 272012, CIDT &I L7z E &R o
R X BREPT 2R E LT, £ OfEE, 7a 22>\ TiE CIDT # O [E i (After CIDT)
DEFr /3% — 1%, (R)-Ta &(S)-Ta DR AF—v ZHREDLETL LD THL Z
ENMERTE 72, 7205 CIDT IZB W T H(R)-Ta & (S)-Ta AHFE S & [l — Dk
P IE Tl LW D Z & 23R8 C & 7= (Figure 3.5.2),

After CIDT
(R)-7a (50% de)

(8)-7a (simulated)

-

(R)-7a (simulated)

0 5 10 15 20 25 30 35 40 45 50
Figure 3.5.2. PXRD pattern of 7a after CIDT.

—J5, Tb IZ 2T CIDT # D [E K (After CIDT) D3R X AREIHT /¥ — 125
WT, (R)-Tb &H3WT 11— R E— 7 OIF{EDfifERS C & 7=(Figure 3.5.3), 0% Y
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CIDT &HIZHBWTH VT A7 UABIRSRL OS5 & L [FER, (R)-7b IXHR &
LRl E THTH T 2 S 0D, (S)-Tb IZHRE R[S 2 — IR S 2o
7=

3. 4. 5 THRAHHGELFERE, S)-TbIE—ET7ENLT 7 AMELLTYT AT L
Fv—REEEE L THITH L TS AEEMENE 2 B, i CIDT 2B\ T
7a lZHAT de AHE LIC o 2B TRVt B2 6N D,

After CIDT
(R)-7b (50% de)

Al . o

(5)-7b (simulated)
| Jujlhmmk..“,.u A

(R)-7b (simulated)

ahtoa Moaa  Aa_ta, P

0 5 10 15 20 25 30 35 40 45 50
Figure 3.5.3. PXRD pattern of 7b after CIDT.
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3. 6 (R-7Ta»LEREEBRIZLDINEFHEERBRT b OARK

3. 6. 1 BKSKISEBRECLD - T /v 7aT vl OaEK

3. 3THRALFERLIZE DT AT UA~—73%], BLU3. 5128V TR
R CIDT IZ L > T, HWTT AT LA~ —iBEIFD(R)-Ta, (R)-Tb 35 H LT,
Z I TH T X ROBK, BIUOWLT Z —ALEITV, k& B Th 26515
MR 3-vT7 ) oaTah ) o EGSD R A E LT,

(R)-7Ta, (R)-7b (Zxf L CSCHRIZHEWBL MoK WU 7 v A4 o Fiig 1.1 Y& & R Y
TFLT I 20 YEENMZ, BRTFTZeaRV AP TR, ZO/RE,
ENENKIGET DT I - X —VK(R)-6a, (R)-6b % Z i E UL 92%, 91%T
1572 (Scheme 3.6.1),

Ph, Ph Ph, Ph

g TFAA (1.1 equiv.) g

o__ 0 Et3N (2.0 equiv.) o. O 5-20% HCl aq. 0

5 ~ — O
= CHCl, nea— Me,CO nes—.

CONH, rt, 24 h CN 50°C. 48 h CN

n=1: (R)-7a n=1: (R)-6a n=1: (R)-4a

>99% de >99% de, 92% yield >99% ee, 85% yield
n=2: (R)-7b n=2: (R)-6b n=2: (R)-4b

>99% de >99% de, 91% yield >99% ee, 45% yield

Scheme 3.6.1. Synthesis of (R)-4a and (R)-4b.

S BIZ(R)-6a, (R)-6b %7 & kI AREED, Al Z A TINEAS 2 2 & Tr
—NVEREL, FEER3-VT v a T vl ) U (R)-4a, (R)-4b BT LER
IR 85%, 45% CHH7=, (R)-4a DFENE 2 JIE LIk R, SCHERY 2 13IF [R5 T
%2 LA LTz, = P UVOBUK, BEOBY &4 — LD VTR bR E R
FELZRDBIEITL, (R)-4a, (R)-4b & T 5>99% ee D\ IEFHIEE TG 5 2
AT LTz, 7235(R)-4a DA 3 2 4-dinitrophenylhydrazine (DNPH)! 1% ]
WTFHEMRE L7221, % 7L HPLC IZ THERR L 72, E72(R)-4b DIEFHIE L+
Z )V HPLC |2 THERR L 7=,
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»

3 2 BiL, NUVANMREIZLDLT I ) AFAEEROERRS Fr s
%

WG IR > T ) o 2 —VAR(R)-6a D Z — N ARGEATED LT B RESE AL HA L
LCETICE DT I v ~DEH A it L 72 (Scheme 3.6.2),

sponge Co

Ph, P Ph Ph Ph Ph
", \l (wet 2 wt) \ ( BzCl \—<
o 0 H, (7 bar) d o (1.2 equiv.) O— o 6M HCl aq. (0]
H H
N (8:2 viv) 72 1 20% K,CO; ag. i \n/ rt,10h "’/N\H/Ph
25°C,10h rt,13h o)

(R)-6a (R)-8 (R)-9 (R)-10

>95% de 98% de, 92% vyield 98% ee, 93% yield

Scheme 3.6.2. Synthesis of chiral 3-(aminomethyl)cyclopentanone derivatives.

(R)-6a (Zxf L CAR ¥ a L M (H 8L Y iksttid), 2 % 7 —n,
28%7 =T KREWML, KFEMET0bar, 25°C THIETHZ LT, HB1HET
JUR)-8 EFGTe, ZOFEETH—NENRET D EINR= I ET I KR
AIVEBKRT DD, FIRT I 2B A VTURE L TRV AL
7 X FR)9 % 2 IISHEE LR 92% THK L2, 72B(R)-9 15 98% de THH (F
7V HPLC THER), MR ERFFLIZEE= R AEZBE LTI TS I & 2R
L7,

BT, (R)-9 &7 & b Ui, WRea2 iz e L, BRsgE L2/ |k
VRR)-10 % 93%DINLR T2, (R)-10 DML X 98% ee & K& {RFF LT
Wir 2 —nAL TETWD Z &2 L7z (3% 7/ HPLC THER) .

CLE, 7 77 #—ARR)-6a b EREIEEZHICIY, 3MLIZT I ATV
b OJFIEMEERR T b U A IR, DOm0 RRIRE TR TE T2,
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3. 7

ABFFE I RIE MR 3-> 7 /v ra T v ) o EBET 5 ks LT,
(1R,2R)-1,2-diphenylethane-1,2-diol Z ~AMBAIE L, 77 & — /A& #&H L 7o Bk
IEa et L,

TEHIKDI-T ) raT IVl ) v 4a, b B A — AL LIZV T ) A —
JVAK 6a, 6b 1IA A WVIRMWE CTH T2V T ) FENKGR L T Z—LT 2
N Ta, TOIZEW LT A, WL RBARFSE L TR, 7 AT LA
BERIIRE A L Z MG L7 2R, 7a X 2 BIOFFSMIZ LD 99%de UL ED(R)-Ta %
16%DILR T2, —J7 Tb IZOWTIE 3 IO FAEREIZ XL YD 99% de LL_ED(R)-Tb
Z 14% DI T,

(R)-7a, (S)-7a, (R)-Tb, (S)-7Tb @ 4 LG DT HEE I X AEIEREAT 21T\,
S TELS A RRGE LTz, 2 OFER, TRE7KFREE R Y NT — 27 2859 5 (R)-Ta,
BEIOR-T0 DRV LERFMREEEZ AT D2 ENHH LI, 2O FHEE
B RS DU (S)-Ta, (S)-Tb KV H TR0, U7 A7 LA RIS RELIC
BOTEELTHIHLIEEB A BN,

INHOMBEENLT, bR 7 AT LA~ —ZH#(CIDT) Z it L
72 HEFE L LT +-BuOK, B +-BuOH 2355412k, (R)-7a (2o
TUFLFE 95% T 2% de 775 97% de F T LSEH T LN TE, —J7, (R)-Tb
ITILFE 54% T 9% de 725 51% de £ CTH ESHELZ ENTE, REBAREN
(1R,2R)-1,2-diphenylethane-1,2-diol ZEA L7257 % —/L"C CIDT %k L7-41D
TORITH %,

ELWEHAELT, BoNdXFTINAT X —LOEKEDOTERIZONT HRE
L7z, (R)-7Ta & (R)-Tb IZOWTHAK LRI % — k35 Z & T, (R)-3-
oxocyclopentanecarbonitrile 33 &2 TN(R)-3-oxocyclohexanecarbonitrile 2 VN3 41 % 99%
ee IETH-, Fov7 2 BOKIGHIZER L, (R)-7Ta & AR ¥ as )L Mk
A FHWCHMETT D52 & T, B1IHRT I ICERLIZR)-8 25, XY
A NARIZFHEE LT2(R)-9 27y # —AbT 25 Z & T, (R)-10 UK 93%, 98% ee
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3. 8 ZERIHE

General information. Starting materials, reagents, and solvents were obtained
from commercial suppliers and used without further purification. Optical rotations
were measured with a JASCO DIP-140 digital polarimeter at 20 °C using the
sodium D line, and optical rotation data were reported as follows: [a] %
(concentration ¢ = g/100 mL, solvent). 'H and '*C NMR spectra were acquired with
a Varian Gemini 2000 NMR spectrometer at 300 MHz and 75 MHz, respectively.
Chemical shifts (8) of 'H NMR were expressed in parts per million (ppm) relative
to tetramethylsilane (& = 0) as an internal standard. Multiplicities are indicated as
br (broadened), s (singlet), d (doublet), t (triplet) and m (multiplet), and coupling
constants (J) are reported in Hz unit. Chemical shifts (8) of *C NMR were
expressed in ppm downfield or upfield from CDCI3 as an internal standard (6 =
77.0). Infrared spectra were acquired using in KBr disk with a JASCO FT/IR-460
plus spectrometer. Mass spectra were acquired with a Thermo Fisher Scientific
Exactive spectrometer. Powder X-ray diffraction were acquired with a Bruker D8
ADVANCE. Single-crystal X-ray diffraction were acquired with Bruker APEX II
and Bruker APEXII Ultra CCD diffractometers. Recycling preparative HPLC was
performed with a JAI LC-908 system and a YMC-pack SIL-06 (75 x 30 mm, 5 pm,
6 nm). Enantiomeric excess (ee) and diastereomeric excess (de) were determined
by chiral HPLC analysis with a JASCO LC-2000Plus system and a SHIMAZU
LC-2010 system.
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(2R,3R)-2,3-Diphenyl-1,4-dioxaspiro[4.4|nonane-7-carbonitrile (6a). Potassium
cyanide (3.86 g, 59.3 mmol) and triethylamine hydrochloride (8.24 g, 59.9 mmol) were
dissolved in a mixed solution of methanol (12 mL) and water (10 mL). A solution of
cyclopenten-2-one 1a (4.17 g, 50.8 mmol) in methanol (8§ mL) was added dropwise over
30 min at rt. The reaction mixture was stirred at rt for 2 h, and then acidified with 4 M
HCI aqueous solution. After extraction with CHCls (20 mL X 5), the combined organic
layer was dried over MgSOs, filtered and concentrated under vacuum to give 4a (5.10 g,
46.7 mmol, 92% yield). A solution of 4a (1.00 g, 9.20 mmol) in toluene (30 mL) was
added pyridinium p-toluenesulfonate (230 mg, 0.920 mmol) and (1R,2R)-1,2-
diphenylethane-1,2-diol 5 (2.54 g, 11.9 mmol). The mixture was stirred at 110 °C in a
Dean-Stark apparatus for 23 h. After cooling, the reaction mixture was washed with
5 wt% NaHCO3 aqueous solution (10 mL). The organic layer was dried over MgSOa,
filtered and concentrated under vacuum. Toluene (30 mL) was added and the precipitated
solid was separated by filtration. The filtrate was concentrated under vacuum and purified
by silica gel column chromatography (n-heptane-AcOEt) to give 6a (2.17 g, 7.10 mmol,
78% yield from 1a) as a diastereomeric mixture. 'H NMR (CDCl3) § 7.34-7.32 (m, 6H),
7.22-7.17 (m, 4H), 4.76—4.65 (m, 2H), 3.14-2.92 (m, 1H), 2.60-2.26 (m, 4H), 2.23-2.04
(m, 2H); 3C NMR (CDCl3) § 136.1, 136.0, 135.8, 135.7, 128.49, 128.46, 128.4, 126.64,
126.60, 126.5,126.4,122.2,121.9,116.77,116.72, 85.6, 85.5, 85.4,41.7,41.4, 36.5,36.2,
28.3, 28.0, 25.54, 25.45; HRMS (ESI) m/z [M+NH4]" Calcd for C20H23N202 323.1760,
Found 323.1751.
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(2R,3R,7R)-2,3-Diphenyl-1,4-dioxaspiro[4.4]nonane-7-carbonitrile ((R)-6a) and
(2R,3R,7S)-2,3-Diphenyl-1,4-dioxaspiro[4.4|nonane-7-carbonitrile  ((S)-6a). 6a
(301 mg, 0.986 mmol) was separated into (R)-6a (90.0 mg, 0.295 mmol, 30% yield) and
(8)-6a (100 mg, 0.327 mmol, 33% yield) by recycling preparative HPLC (column: SiO2,
eluent: n-hexane/AcOEt = 3/1). (R)-6a: m.p. 71-73 °C; [a]® +19.1 (c=1.00, CHCl3); 'H
NMR (CDCl3) 6 7.34-7.32 (m, 6H), 7.22-7.17 (m, 4H), 4.72 (d, J= 8.5 Hz, 1H), 4.66 (d,
J=28.5 Hz, 1H), 3.02-2.91 (m, 1H), 2.55-2.41 (m, 2H), 2.37-2.25 (m, 2H), 2.23-2.04
(m, 2H); 3C NMR (CDCls3) § 136.1, 135.8, 128.61, 128.55, 128.52, 128.49, 126.7, 126.4,
121.9, 116.8, 85.64, 85.58, 41.8, 36.6, 28.4, 25.6; FTIR (KBr, cm™) 3035, 2989, 2950,
2909, 2238, 1718, 1605, 1493, 1456, 1434; HRMS (ESI) m/z [M+NH4]" Calcd for
C20H23N202 323.1760, Found 323.1754. (S)-6a: colorless oil; [a]3; +68.4 (c=1.00,
CHCI3); 'TH NMR (CDCl3) § 7.35-7.31 (m, 6H), 7.22-7.19 (m, 4H), 4.75 (d, J = 8.5 Hz,
1H), 4.70 (d, J = 8.5 Hz, 1H), 3.15-3.04 (m, 1H), 2.60-2.53 (m, 1H), 2.42-2.05 (m, 5H);
BC NMR (CDCl3) § 136.2, 135.9, 128.60, 128.57, 128.49 (large intensity), 126.7, 126.5,
122.3,116.8, 85.6, 85.5,41.5,36.3,28.1,25.5; FTIR (KBr, cm™") 3064, 3033, 2982, 2947,
2885, 2239, 1750, 1605, 1496, 1456; HRMS (ESI) m/z [M+NHa4]" Caled for C20H23N202
323.1760, Found 323.1754.
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(2R,3R)-2,3-Diphenyl-1,4-dioxaspiro[4.5]decane-7-carbonitrile  (6b). Potassium
cyanide (3.56 g, 54.6 mmol) and triethylamine hydrochloride (8.25 g, 59.9 mmol) were
dissolved in a mixed solution of methanol (14 mL) and water (10 mL). A solution of
cyclohex-2-en-1-one 1b (4.83 g, 50.2 mmol) in methanol (6.0 mL) was added over 30 min
at rt. The reaction mixture was stirred at rt for 3 h, and then acidified with 4 M HCI
aqueous solution. After extraction with CHCl3 (20 mL X 5), the combined organic layer
was dried over MgSOQs, filtered and concentrated under vacuum to give 4b (3.86 g,
31.3 mmol, 63% yield) as a diastereomeric mixture. A solution of 4b (990 mg,
8.04 mmol) in toluene (10 mL) was added pyridinium p-toluenesulfonate (200 mg,
0.796 mmol) and (1R,2R)-1,2-diphenylethane-1,2-diol (2.60 g, 12.1 mmol). The mixture
was stirred at 110 °C in a Dean-Stark apparatus for 23 h. After cooling, the precipitated
solid was separated by filtration. The filtrate was concentrated under vacuum and purified
by silica gel column chromatography (n-heptane-AcOEt) to give 6b (1.01 g, 3.16 mmol,
39% yield from 1b) as a diastereomeric mixture. 'H NMR (CDCl3) & 7.36-7.31 (m, 6H),
7.22-7.19 (m, 4H), 4.80—4.70 (m, 2H), 3.03-2.88 (m, 1H), 2.45-2.37 (m, 1H), 2.11-1.58
(m, 7H); 3C NMR (CDCl3) § 136.0, 135.9, 135.8, 128.6, 128.54, 128.47, 128.4, 126.70,
126.65, 126.6, 126.5, 122.0, 121.9, 107.43, 107.41, 85.4, 85.34, 85.26, 39.7, 38.7, 35.9,
35.0, 28.64, 28.57, 26.5, 26.1, 22.4, 22.0; HRMS (ESI) m/z [M+Na]" Caled for
C21H21NO2Na 342.1470, Found 342.1454.
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(2R,3R)-2,3-Diphenyl-1,4-dioxaspiro[4.4]nonane-7-carboxamide (7a). A solution of
6a (307 mg, 1.01 mmol) in dimethylsulfoxide (8 mL) was added 30 wt% H202 aqueous
solution (0.7 mL) and K2CO3 (554 mg, 4.01 mmol) in ice bath. The reaction mixture was
stirred at rt for 19 h, followed by addition of water for quenching. After extraction with
CHCI3 (15 mL x 3), the combined organic layer was dried over MgSQu, filtered and
concentrated under vacuum. The residue was crystallized with a mixed solution of
acetone and n-hexane to give 7a (314 mg, 0.971 mmol, 96% yield) as a diastereomeric
mixture. 'H NMR (CDCl3) § 7.34-7.31 (m, 6H), 7.24-7.19 (m, 4H), 5.85-5.49 (m, 2H),
4.78-4.67 (m, 2H), 3.04-2.83 (m, 1H), 2.47-1.97 (m, 6H); '3C NMR (CDCl3) § 177.8,
177.3,136.5, 136.3, 128.5, 128.4, 126.74, 126.71, 126.5, 118.34, 118.27, 85.6, 85.5, 42.9,
42.5,41.0, 40.6, 37.1, 36.8, 27.6, 27.5; HRMS (ESI) m/z [M+H]" Calcd for C20H22NO3
324.1600, Found 324.1593.
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(2R,3R,7R)-2,3-Diphenyl-1,4-dioxaspiro[4.4|nonane-7-carboxamide ((R)-7a). (R)-7a
was prepared in 88% yield (121 mg, 0.374 mmol, >99% de) from (R)-6a (130 mg,
0.425 mmol, >99% de) according to the procedure similar to that mentioned in 7a. m.p.
139-140 °C; [a]? +23.2 (¢=0.99, CHCl3); '"H NMR (CDCI3) 8 7.35-7.31 (m, 6H), 7.24—
7.19 (m, 4H), 5.70 (brs, 1H), 5.35 (brs, 1H), 4.73 (d, /= 8.5 Hz, 1H), 4.69 (d, /= 8.5 Hz,
1H), 2.95-2.84 (m, 1H), 2.47-1.96 (m, 6H); '*C NMR (CDCls) § 177.3, 136.5, 136.3,
128.5 (large intensity), 128.3, 126.7, 126.5, 118.3, 85.59, 85.56, 42.9, 41.0, 37.1, 27.6;
FTIR (KBr, cm™) 3447, 3206, 3028, 2896, 1699, 1655, 1496, 1452, 1435, 1335; HRMS
(ESI) m/z [M+H]" Calcd for C20H22NO3 324.1600, Found 324.1593; HPLC condition,
CHIRALCEL OJ-H 250 mm % 4.6 mm, 5 pum, n-hexane/2-propanol=90/10, flow late
1.0 mL/min, at 25 °C, wavelength 254 nm, retention times (R)-7a 20.3 min, (S)-7a
28.4 min.

-136 -



wo

Ph
)

N
0

Ph

(R)-7a

oLr
Wir

rr

wE

(%

LTI I
70 85 80 &5 :

TrrrTTITT
Chernical Shit (ppm)

el

L A4
WL

D

Eor
mTr

SNl

o trid 1

5 58
6558 — -

irm

0T
L

L

Chemical ST (ppen)

- 137 -



(2R,3R,7S)-2,3-Diphenyl-1,4-dioxaspiro[4.4|nonane-7-carboxamide ((S)-7a). (5)-7a
was prepared in 90% yield (135 mg, 0.417 mmol, >99% de) from (S5)-6a (141 mg,
0.461 mmol, 99% de) according to the procedure similar to that mentioned in 7a. m.p.
135-136 °C; [a]? +47.9 (¢=1.00, CHCl3); '"H NMR (CDCI3) & 7.34-7.31 (m, 6H), 7.24—
7.19 (m, 4H), 5.84 (brs, 1H), 5.40 (brs, 1H), 4.77 (d, /= 8.5 Hz, 1H), 4.72 (d, /= 8.5 Hz,
1H), 3.04-2.93 (m, 1H), 2.46-2.04 (m, 6H); '3*C NMR (CDCl3) § 177.7, 136.6, 136.3,
128.49 (large intensity), 128.45, 128.3, 126.7, 126.5, 118.4, 85.5 (large intensity), 42.6,
40.6,36.8,27.5; FTIR (KBr, cm™) 3455, 3352, 3031, 2979, 1670, 1607, 1456, 1439, 1334,
1122; HRMS (ESI) m/z [M+H]" Calcd for C20H22NO3 324.1600, Found 324.1594.
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(2R,3R)-2,3-Diphenyl-1,4-dioxaspiro[4.5]decane-7-carboxamide (7b). 7b  was
prepared in 96% yield (321 mg, 0.951 mmol) from 6b (317 mg, 0.939 mmol) according
to the procedure similar to that mentioned in 7a. 'H NMR (CDCl3) § 7.34-7.30 (m, 6H),
7.24-7.18 (m, 4H), 5.91-5.88 (m, 1H), 5.66-5.60 (m, 1H), 4.81-4.71 (m, 2H), 2.72-2.57
(m, 1H), 2.31-2.24 (m, 1H), 2.15-1.68 (m, 6H), 1.57-1.45 (m, 1H); *C NMR (CDCl3) §
177.5, 177.4, 136.5, 136.4, 136.3, 128.44, 128.43, 128.39, 128.3, 126.8, 126.7, 126.60,
126.58, 109.34, 109.30, 85.34, 85.29, 85.25, 85.1,42.6,42.1, 39.5, 38.6, 36.3, 35.3, 28.6,
28.4, 22.9, 22.5; HRMS (ESI) m/z [M+H]" Calcd for C21H24NO3 338.1756, Found
338.1741.
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(2R,3R,7R)-2,3-Diphenyl-1,4-dioxaspiro[4.4]decane-7-carboxamide ((R)-7b) and
(2R,3R,7S)-2,3-Diphenyl-1,4-dioxaspiro[4.4]decane-7-carboxamide ((S)-7b). 7b
(151 mg, 0.448 mmol) was separated into (R)-7b (80 mg, 0.237 mmol, 53% yield) and
(8)-7b (52 mg, 0.154 mmol, 34% yield) by recycling preparative HPLC (column: SiO2,
eluent: n-hexane/AcOEt = 3/1). (R)-7b: m.p. 164-165 °C; [a]; +19.0 (¢c=1.00, CHCl3);
"HNMR (CDCl3) § 7.36-7.29 (m, 6H), 7.23-7.18 (m, 4H), 5.64 (brs, 1H), 5.56 (brs, 1H),
4.78 (d,J=8.5 Hz, 1H), 4.73 (d, J= 8.5 Hz, 1H), 2.68-2.58 (m, 1H), 2.29-2.24 (m, 1H),
2.16-1.70 (m, 6H), 1.60-1.46 (m, 1H); *C NMR (CDCl3) & 177.4, 136.42, 136.40, 128.5
(large intensity), 128.4, 128.3, 126.7, 126.6, 109.3, 85.4, 85.3, 42.6, 38.6, 36.3, 28.4, 22.5;
FTIR (KBr, cm™) 3433, 3209, 3031, 2948, 2876, 1687, 1664, 1497, 1341, 1164; HRMS
(ESI) m/z [M+H]" Calcd for C21H24NO3 338.1756, Found 338.1751; HPLC condition,
CHIRALCEL IB 250 mm x 4.6 mm, 5 um, n-hexane/2-propanol=16/1, flow late
1.0 mL/min, at 25 °C, wavelength 254 nm, retention times (R)-7b 21.2 min, (S)-7b
26.9 min. (S)-7b: m.p. 152-154 °C; [a]? +69.1 (c=1.00, CHCI3); 'H NMR (CDCl3) &
7.34-7.30 (m, 6H), 7.24-7.19 (m, 4H), 5.57 (brs, 1H), 5.42 (brs, 1H), 4.80 (d, J= 8.5 Hz,
1H), 4.73 (d, J = 8.5 Hz, 1H), 2.73-2.65 (m, 1H), 2.32-2.27 (m, 1H), 2.09-1.68 (m, 6H),
1.59-1.48 (m, 1H); *C NMR (CDCI3) § 177.2, 136.6, 136.4, 128.50, 128.45, 128.4, 128.3,
126.9, 126.6, 109.4, 85.3, 85.1,42.1, 39.6, 35.4, 28.6,22.9; FTIR (KBr, cm™") 3463, 3159,
2945, 1656, 1497, 1456, 1354, 1277, 1163, 1098; HRMS (ESI) m/z [M+H]" Calcd for
C21H24NO3 338.1756, Found 338.1751.
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Fractional crystallization to give (2R,3R,7R)-2,3-diphenyl-1,4-
dioxaspiro[4.4]nonane-7-carboxamide ((R)-7a). A solution of 7a (50 mg, 0.155 mmol)
in a mixed solution of CHCI3 (0.6 mL) and toluene (0.4 mL) was left under slow
evaporation conditions at rt for 2 d. The precipitated solid was collected by filtration. The
procedure described above was repeated to give (R)-7a (8.0 mg, 0025 mmol, >99%de,
16% yield).

Fractional crystallization to give (2R,3R,7R)-2,3-diphenyl-1,4-
dioxaspiro[4.4]decane-7-carboxamide ((R)-7b). A solution of 7b (50 mg, 0.148 mmol)
in a mixed solution of CHCI3 (0.6 mL) and toluene (0.4 mL) was left slow evaporation
conditions at rt for 3 d. The precipitated solid was collected by filtration. The procedure
described above was repeated twice to give (R)-7b (7.0 mg, 0021 mmol, >99%de, 14%
yield).

Synthesis of (R)-7a by crystallization-induced diastereomer transformation (CIDT).
A mixture of 7a (76.0 mg, 0.235 mmol) and #-butanol (0.4 mL) was added potassium ¢-
butoxide (14 mg, 0.125 mmol) in a sealed vial. The mixture was stirred at rt for 96 h. The
precipitated solid was collected by filtration to give (R)-7a (72.0 mg, 0.223 mmol, 97%de,
95% yield).

Synthesis of (R)-7b by CIDT. A mixture of 7b (81 mg, 0.240 mmol), #-butanol (0.1 mL)
and i-octane (0.7 mL) was added potassium z-butoxide (7 mg, 0.062 mmol) in a sealed

vial. The mixture was stirred at 80 °C for 72 h. The precipitated solid was collected by
filtration to give (R)-7b (44.0 mg, 0.130 mmol, 51%de, 54% yield).
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Synthesis of (R)-6a by dehydration. A solution of (R)-7a (77 mg, 0.238 mmol, >99%
de) in CHCI3 (2 mL) was added triethylamine (0.07 mL, 0502 mmol) and trifluoroacetic
anhydride (0.04 mL, 0.284 mmol) in ice bath. The reaction mixture was stirred at rt for
3 h. Triethylamine (0.07 mL, 0502 mmol) and trifluoroacetic anhydride (0.04 mL,
0.284 mmol) were added to the reaction mixture in ice bath, and the mixture was stirred
at rt for 18 h. After extraction with CHCI3 (10 mL x 3), the combined organic layer was
washed with water (10 mL x 3), dried over MgSOs, filtered and concentrated under
vacuum to give (R)-6a (67 mg, 0.219 mmol, yield 62%, >99% de).

(R)-3-Oxocyclopentanecarbonitrile ((R)-4a). A solution of (R)-6a (162 mg, 0.530 mmol,
>99% de) in acetone (5 mL) was added 1.5 M HCl aqueous solution (1 mL). The reaction
mixture was stirred at 50 °C for 48 h. After extraction with AcOEt (10 mL x 3), the
combined organic layer was dried over MgSOu, filtered and concentrated under vacuum.
The crude was purified by silica gel column chromatography (n-heptane-AcOEt) to give
(R)-4a (49 mg, 0.449 mmol, 85% yield, >99% ee). [a]? +41.7 (c=1.00, CHCI3); 'H NMR
(CDCI3) & 3.26-3.15 (m, 1H), 2.68-2.42 (m, 4H), 2.38-2.21 (m, 2H); 3C NMR (CDCl3)
§212.7,120.8, 41.4, 36.7, 27.4, 25.6; FTIR (KBr, cm™) 3480, 2984, 2921, 2243, 1747,
1461, 1405, 1152, 1141, 908; HRMS (ESI) m/z [M+H]" Calcd for CsHsNO 110.0606,
Found 110.0600. Spectral and analytical data were in good agreement with those reported
in the previous report.>® Enantiomeric excess of (R)-4a was determined by the treatment
with 2,4-dinitrophenylhydrazine hydrochloride.'* HPLC condition, CHIRALCEL OD-
RH 150 mm x 4.6 mm, 5 um, elution A, 0.1% HCIO4 aqueous solution, elution B, MeCN,
gradient 50% A to 5 % A over 25 min, flow late 1.0 mL/min, at 40 °C, wavelength 254 nm,
retention times (R)-4a 11.6 min, (S)-4a 12.3 min.
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Synthesis of (R)-6b by dehydration. (R)-6b was prepared in 91% yield (69 mg,
0.216 mmol, >99% de) from (R)-3b (76 mg, 0.225 mmol, >99% de) according to
the procedure similar to that mentioned in Synthesis of (R)-6a by dehydration.

(R)-3-Oxocyclohexanecarbonitrile ((R)-4b). (R)-4b was prepared in 45% yield
(19 mg, 0.154 mmol, >99% de) from (R)-6b (110 mg, 0.344 mmol, >99% de)
according to the procedure similar to that mentioned in (R)-4a. [a]? —33.3 (¢c=1.00,
CHCI3); '"H NMR (CDCl3) & 3.08-2.99 (m, 1H), 2.72-2.55 (m, 2H), 2.43-2.39 (m,
2H), 2.22-1.98 (m, 3H), 1.89-1.81 (m, 1H); !3C NMR (CDCl3) § 205.3, 120.1,
43.2,40.7,28.6,28.1,23.7; FTIR (KBr, cm™') 2957, 2873, 2241, 1718, 1451, 1419,
1362, 1325, 1261, 1225; HRMS (ESI) m/z [M—H] Calcd for C7HsNO 122.0606,
Found 122.0605. HPLC condition, CHIRALPAK AS-H 250 mm % 4.6 mm, 5 pum,
n-hexane/2-propanol=2/1, flow late 1.0 mL/min, at 30 °C, wavelength 300 nm,
retention times (R)-4b 11.1 min, (5)-4b 9.1 min.
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N-(((2R,3R,7R)-2,3-Diphenyl-1,4-dioxaspiro[4.4]nonan-7-yl)methyl)benzamide
((R)-9a). A mixture of (R)-6a (400 mg, 1.31 mmol, 95% de), sponge cobalt (Nikko Rica
R-400, 0.80 g), 28 wt% ammonia aqueous solution (0.80 mL) and methanol (3.2 mL) was
stirred at 25 °C for 10 h under hydrogen atmosphere (7 bar) in an autoclave. The catalyst
was removed by filtration and the filtrate was concentrated under vacuum followed by
azeotropic distillation with methyl #-butyl ether (8.0 mL x 3) under vacuum to give (R)-
8a. The mixture of (R)-8a, methyl #-butyl ether (8.0 mL) and 20 wt% K2CO3 aqueous
solution (8.0 mL) were added benzoyl chloride (183 pl, 1.58 mmol) in ice bath, and the
reaction mixture was stirred at rt for 13 h. After phase separation, the aqueous layer was
extracted with methyl #-butyl ether (4.0 mL). The combined organic layer was dried over
MgSOs, filtered and concentrated under vacuum. The crude was purified by silica gel
column chromatography (n-heptane-AcOEt) to give (R)-9a (496 mg, 1.20 mmol, 92%
yield, 98% de). m.p. 129-130 °C; [a]? —7.1 (c=1.00, CHCI3); '"H NMR (CDCls) § 7.70—
7.68 (m, 2H), 7.42-7.30 (m, 7H), 7.26-7.17 (m, 6H), 6.61 (brs, 1H), 4.74 (d, J = 8.5 Hz,
1H), 4.70 (d, J= 8.5 Hz, 1H), 3.65-3.45 (m, 2H), 2.60-2.51 (m, 1H), 2.44-2.36 (m, 1H),
2.24-1.94 (m, 4H), 1.68-1.54 (m, 1H); '*C NMR (CDCl3) & 167.7, 136.6, 136.3, 134.4,
131.2, 128.6, 128.50, 128.44, 128.35, 128.3, 127.0, 126.8, 126.5, 118.5, 85.67, 85.65,
44.4,41.6,37.5,36.1,27.0; FTIR (KBr, cm™) 3300, 3033, 2961, 2865, 1628, 1605, 1580,
1549, 1492, 1466; HRMS (ESI) m/z [M+H]" Calcd for C27H2sNO3 414.2069, Found
414.2062; HPLC condition, CHIRALPAK IC 250 mm X 4.6 mm, 5 pm, n-
hexane/ethanol=90/10, flow late 0.80 mL/min, at 25 °C, wavelength 225 nm, retention
times (R)-9a 13.8 min, (S)-9a 15.9 min.
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(R)-N-((3-Oxocyclopentyl)methyl)benzamide ((R)-10a). A solution of (R)-9a (380 mg,
0.919 mmol, 98% de) in acetone (5.7 mL) was added 6.0 M HCI aqueous solution
(184 pL). The reaction mixture was stirred at rt for 10 h. After concentration under
vacuum, CHCIl3 (7.6 mL) and 5 wt% NaHCO3 aqueous solution (3.8 mL) were added to
the residue. The organic layer was concentrated under vacuum, and purified by silica gel
column chromatography (n-heptane-AcOEt) to give (R)-10a (186 mg, 0.856 mmol, 93%
yield, 98% ee). m.p. 80-81 °C; [a]? +71.5 (c=1.00, CHCI3); 'H NMR (CDCl3) & 7.78—
7.75 (m, 2H), 7.55-7.42 (m, 3H), 6.44 (brs, 1H), 3.59 (dd, J=13.5, 6.3 Hz, 1H), 3.51 (dd,
J=13.5, 6.3 Hz, 1H), 2.63-2.14 (m, 5H), 2.03-1.94 (m, 1H), 1.79-1.61 (m, 1H); 1*C
NMR (CDCl3) & 218.2, 167.8, 134.3, 131.6, 128.6, 126.8, 44.0, 42.8, 38.0, 37.2, 27.0;
FTIR (KBr, cm™) 3271, 3080, 2959, 2932, 2872, 1739, 1630, 1601, 1577, 1553; HRMS
(ESI) m/z [M+H]" Caled for C13H16NO2 218.1181, Found 218.1176; HPLC condition,
CHIRALPAK IC 250 mm X 4.6 mm, 5 pum, n-hexane/ethanol=80/20, flow late
0.80 mL/min, at 25 °C, wavelength 225 nm, retention times (R)-10a 14.0 min, (S)-10a
16.6 min.
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X-Ray crystal structure determination: Crystals were grown by recrystallization in
chloroform-toluene. Single crystals were mounted on a nylon loop with Paratone-N® oil
and transferred to the cold gas stream (173 K) of these diffractometers. X-ray
crystallographic data of (R)-7a, (S)-7a, and (R)-7b were measured on a Bruker APEXII
Ultra CCD diffractometer. Regarding (S)-7b, the data were collected at a Bruker APEXII
CCD diffractometer.

Crystallographic data of (R)-7a (recrystallized from chloroform-toluene):
C20H21NO3, M = 323.38, monoclinic, space group P21 (no. 4),a= 6.2977(2) A, b=
7.4401(2) A, ¢ =18.2018(6) A, f=92.594(2)°, V= 851.98(5) A3, Z=2,T=173 K, D.
=1.261 gem™, u(Cu-Ko) = 0.680 mm™', F(000)= 344, 9149 measured reflections, 2815
independent, R(int)= 0.0192, 225 parameters were refined against 2815 reflections, R1 =
0.0304 for 2709 [I > 20(I)] and 0.0317 for all data, wR(F?) = 0.0805 (all data), GOF =
1.073, Apmin and Apmax=—0.158 and 0.216 e.A. Flack parameter: 0.15(7) The R absolute
configuration is assigned by reference to unchanging chiral centers of (1R,2R)-1,2-
diphenylethane-1,2-diol used in the synthetic procedure (ketalization). CCDC 1849794

contains crystallographic data.

Ph Ph

o_ 0
‘CONH,
(R)-7a

60 Y

- (19111%)

™ PLATON-Feb 24 01:36:25 2016

- 154 -



Crystallographic data of (S)-7a (recrystallized from chloroform-toluene):
C20H21NO3, M = 323.38, monoclinic, space group P21 (no. 4),a= 6.2884(3) A, b=
9.3902(5) A, ¢=14.9711(7) A, B = 98.263(2)°, V' =1874.86(7) A*>, Z=2, T=173 K, Dc
=1.228 gem™, u(Cu-Ka) = 0.662 mm!, F(000)= 344, 8323 measured reflections, 2857
independent, R(int)= 0.0218, 225 parameters were refined against 2857 reflections, R1 =
0.0359 for 2790 [I > 26(I)] and 0.0367 for all data, wR(F?) = 0.1005 (all data), GOF =
1.035, Apmin and Apmax=—0.109 and 0.215 e.A. Flack parameter: 0.11(7) for S absolute
configuration. CCDC 1849795 contains crystallographic data.
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Crystallographic data of (R)-7b (recrystallized from chloroform-toluene):
C21H23NO3, M = 337.40, monoclinic, space group P21 (no. 4),a= 6.4767(4) A, b=
6.7235(5) A, ¢ =20.8609(14) A, p=93.851(4)°, ¥=906.36(11) A3, Z=2, T=173 K, D.
=1.236 gem™, u(Cu-Ka) = 0.659 mm™!, F(000)= 360, 6157 measured reflections, 2627
independent, R(int)= 0.0241, 226 parameters were refined against 2627 reflections, R1 =
0.0386 for 2505 [I > 26(I)] and 0.0408 for all data, wR(F?) = 0.0995 (all data), GOF =
1.073, Apmin and Apmax= —0.133 and 0.193 e.A. Flack parameter: 0.26(12) The R
absolute configuration is assigned by reference to unchanging chiral centers of (1R,2R)-
1,2-diphenylethane-1,2-diol used in the synthetic procedure (ketalization). CCDC
1849796 contains crystallographic data.
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Crystallographic data of (S)-7b (recrystallized from chloroform-toluene):
C21H23NO3, M = 337.40, orthorhombic, space group P212121 (no. 19),a= 9.5492(9)
A, b=9.6708(9) A, ¢ =19.5238(18) A, V'=1803.0(3) A3, Z=4, T =173 K, D. =1.243
gem?, u(Mo-Ka) = 0.083 mm, F(000)= 720, 10381 measured reflections, 4108
independent, R(int)= 0.0244, 226 parameters were refined against 4108 reflections, R1 =
0.0348 for 3746 [1 > 20(I)] and 0.0398 for all data, wR(F?) = 0.0815 (all data), GOF =
1.079, Apmin and Apmax=—0.133 and 0.193 e.A3. Flack parameter: —0.2(4) The S absolute
configuration is assigned by reference to unchanging chiral centers of (1R,2R)-1,2-
diphenylethane-1,2-diol used in the synthetic procedure (ketalization). CCDC 1849797

contains crystallographic data.
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2 FECIT 2 AP IRIRTRIRIE E L CRIRYT @, 7 v a - —EBIEMEEH GK-679
DR EA R L 7 1k 4 B % L7 (Figure 4.1.1),
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Figure 4.1.1. Outline drawing of Chapter 2.
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B v M A& , (R)-3-oxocyclopentanecarbonitrile (n=1) ¥ X O (R)-3-
oxocyclohexanecarbonitrile (n=2)D & Bk % U LU 7=(Figure 4.1.2), 7 IRE
¥)® 3-oxocyclopentanecarbonitrile (n=1)33 & U" 3-oxocyclohexanecarbonitrile (n=2) D
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Figure 4.1.2. Outline drawing of Chapter 3.
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Scheme 4.1.1. Converison to 7 from 6.

Z OBLAD 5 (1R,2R)-1,2-diphenylethane-1,2-diol £ ¥ & & 5 IZHE MM A ) | &
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Figure 4.1.3. (1S,25)-1,2-Di(1-naphthyl)-1,2-ethanediol.
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AWPIEITFEE D ARF A & UCHERE Lz, THERF RS T2t se st
IS eSS BREEMATE S AT 78R IS TIThbiuE Lz,
ABFFEDBATIZH T, BIRITIE D R HEFRE, HEiEZBY £ L, T
WERFRF P TR FRGTiEEBARIE LR L BT £97, 2o NSKR
TR LOEMGRLOPEICHTZY, Z<DOITIWE LWV E F LIRATERIE
HIRITR EHHP L BT ET

AT L &£ LTCBRBERFNA RS P ZE R O BARIC bR 2 L E 9, RRICEF
WF7EE T & DHHERER, BOREEC, Affidh = RIS ITRICHHE T D= 2\
EEE L,

FERARFFERIEIC L DA OIEE LT NS o7, 7T AT 7 AR
NS E B ZEFTRl TR M EfaEt:, B X OEFTR A I E <
LR L RFET, R v ABRE 1 HEEER KRER L, BX
O m AFEE 2R ERE KNP EIIIEE OB 2K 5 7 DE
HuaKo T\t x, BN LET,

GK-679 7' 1 & ZBAFE D L [FMFIEH T HRARIER, HH BRI, AR,
EEE RIS, AP EHLE LR £3, AERFIEIC O W TR RIINE =
L, TR, BADLSK, SEEME LI ZEEE2 W2, RSEHH
L EFETS,

PP DR C I THER ML 2 —, B LT 27 7 2R
FEHRA A O BRI KB BRI 2 0 E Lz, #ICh VAL 5 D&NE L,

BRI Z DA NRFEREA & L COMEATE 2 i< R5F- T L,
BXORAEI Y EM K210 > TS NTEFECLI D EH L ET,

201941 A
T BF
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