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BINAP
Bn
Boc

Bs

Cbz
CD
DBU
DCM
de
DFT
DIAD
DIEA
DMAP
DMF
DMSO
EDC
ee

€q

ESI

Et
EtOAC
GABA
GnRH
HPLC
HPTLC

ICso

acetyl
a-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid
aqueous
2,2'-bis(diphenylphosphino)-1,1'-binaphthyl
benzyl

t-butoxycarbonyl

benzenesulfonyl

benzyloxycarbonyl

circular dichroism
1,8-diazabicyclo[5.4.0]undec-7-ene
dichloromethane

diastereomeric excess

density functional theory

diisopropyl azodicarboxylate
N,N-diisopropylethylamine
N,N-dimethylaminopyridine
N,N-dimethylformamide

dimethyl sulfoxide
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
enantiomeric excess

equivalent

electrospray ionization

ethyl

ethyl acetate

gamma-aminobutylic acid

gonadotropin releasing hormone

high performance liquid chromatography
high performance thin layer chromatograpy
iSO

half maximal inhibitory concentration



LC/MS
m-

M

Me

min
MOM
MOP
MS
NaHMDS
NMP
NMR
NOE
NOESY

p38aMAP
PDE

Ph

PPh;
Plakillo
ppm

Pr

Py

quant .

TBDPS
Tc

liquid chromatography mass spectrum
meta

molarity

methyl

minutes

methoxymethyl
2-diphenylphosphino-2'-methoxy-1,1'-binaphthyl
mass spectrum

sodium bis(trimethylsilyl)amide
N-methylpyrrolidone

nuclear magnetic resonance

nuclear Overhauser effect

nuclear Ovarhauser effect spectroscpoy
ortho

Optical Rotatory Dispersion

para

p38a mitogen-activated protein kinase
phosphodiesterase

phenyl

triphenylphosphine
phosphatidylinositol 4-kinase-3 alpha
parts per million

propyl

pyridine

quantitative

hydrocarbon group

retardation factor

room temperature

second

tertiary

tert-butyldiphenylchlorosilyl
coalescence temperature



TEA triethylamine

THF tetrahydrofuran

TLC thin layer chromatograpy

TOF time of flight

Ts p-toluenesulfonyl

UPLC® ultra performance liquid chromatography®
VCD vibrational circular dichroism

VT-NMR variable temperature NMR



B—E F W

1-1 7 b a P RME
1-la WtER T VT 4 &7 b e 7 EHEE

X I NG TIE, HLS D BAEMEBDIERG S Th D & X7 O, PR &2
T2 2 EMMBIVTWD AN, I TIIBREEAEL, &1, @BAE, REAREE R
FUHR), BERBIOVEERLREICHONONTED, R CEERLEYWERT
0o, FOIFOAHARALFIZB T 5 AFMBEORBIIARE L. ZhE TITHK
% OWFERN SR TWD Y, ARRERSICE LTV IE, 21 I A > TUR, &
RINAHEEBIZED DX T NG TOEIEITFELEMLTWD, Ziud, IEFHRES
NTEIEABRARFARISNCE D, TEL~ILTOF TS TOE RS M L
TWALZENR—KTH LA, MICHEBELRERNEZZOND, UL, EELRED
AR IR T, SRR C LI UWITSRERIEME S 2 WV T BRI 2= E U D
ZETHY, THIFEMENOIERN G FRNR O T o FA~—2 BRI L, b
RN (eutomer) 28 XV EN T EEMLEMICRDSODHZEEERTDH, ZOLH AR
WEnG, FINVERLBIRICEELLTETVS (M1 —1) 2, M1 —113
1980 FEAIEAN & 2000 FERANEAE TOREZ L ITKR SN EHKLOFGEZ R LT

D (RENTEIER, HENFTVERL, FRERT X7 VEREL), KLY,
2000 A= LARE ?WE%%@ﬂAﬁ%L<ﬁLT%Twé*EﬁA>5

ZDEIIT, FTINGFDRERA R EPCHER SN TWD0, Z<I3lE ., AFHOL
(FIZARERR) DOELLHZHMEXFT VT A ICHKTHEDOTHD, —FH T, £
ICETIFELSRVFTIALSFLE LT, K1 — 2(R Lzttt 7 U 7 ¢ ([@ilR%) 72
FNHILD N, EMES T U T ¢ HFFEORE ST a0 < . 1922 4 Christie & Kenner
512 X B D EldsHIE O3 B2 1933 420 Kuhn (2 X 5 7 b 1 7 EAE{K (Atropisomer,
XU BT al I iERE. tropos (ZEEEAZHET) OIRELETE T2 3, Witk
T 4 OMFFEITZE RLLCR, RAFERME Z STV izhs, Eﬁ%wgﬁfkiUﬁ 151l H3 48
MLTWD, ZHUIRB I eERMBLNC X270 A h v 7Y 7 ISOBFITEN,
7V — EE DG D LRNZ R T BHI A B IC o T Z L IT 2, 2L h O
DR TR RIS EBEMEMEICE END Z E RN TE 2 L BN
BELLTEZOLNSEY, M2BTRLEE Y7 2 = UEEICBWT, @EHW 7 = = /L

TR TR LIS GEICIih > THHEET 5 2 & TRETAWIANEDLY | H—)



ELTHET D, LL, AD D TN @ ofIEIC L - TRERAH G S
HHICEHECE o & & WEHRAERIT AWV I T, TNENRXBITE 5
FEREICHFET D Z L2785, BT, 2RO OMEICG B WERENTFET D &
B EHERA Y A E B L o TRE S, 2O mEE S B3I D4 ClRIERRERE |35 <
DT ENMBILT WD, 7 b a FEMEIROMEE SRR E ORFLIE, @ O .o
X7 U7 ¢ L[AEL. Cahn-Ingold-Prelog NIEAZHIIZHE S, T 70 b, 4 EHLE 7 = = LA
WEOSE, M7 = VA DR KRB —IRFOMZ H.OIT, 4 >OBHELN FFLIEAL
RIDNEIZ A FHERIZ 22U Ry (aR, HDWMIHUZ R), LR THIUE S, (@S, H D%

IZ8) L&RIND,

HPE 7 U T ¢ AR ORI N Z v 7 b FRMREZ AT D BEFED
EEMOFITELZZEEL Ty (K1 —3), EEBICBT28EFT YT ¢
DY = TIEFLEXT U T IHATRAES, BREEBHLTETH2000, R
TEHEIE EOBEMETH D, TNEHT A RE BRI, P OMEXFT VT ¢ LT8R
RFEOEFRC LY T2 IR EC DN D, Lz -> T, WEIZRT, [
BEBED XT A — X PRI EE e RE 2> T D,

1984
1986
1988
1990
1992
1994
1996
1998
2000
2004-6

0% 20% 40% 60% 80% 100%

1—1 WE20FBITERINLEERLOP T, ZEIEEN OR), ¥TVE
i (F) . 7T VEES (B 25D 5%EI4 (Reprinted (adapted) with permission from
(J. Med. Chem. 2011, 54, 7005.). Copyright (2017) American Chemical Society.)
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1-1b [BEfEEE

SN EBEEET BB A BT RV ¥ — (E#EERE © AG) AUETH D, 2
%, FHEREEEDMEUVMNE E 3 FIEEHE LT < R0 | mWEEEHELIZKS b 2 &%
FLTND, R, FIEREEE R L 52 DKL LT, BEOESE S, &
Wi RERENRETF NS, £ LT, BRHEEESEHELIC L > THEFISND &)
ZEE, REREEEENEMEEZ IS LW ZEEEWT S, Oki bickbdE, ThuY
FVER O [BIER R 23 1000 72 (16.7 43) LU ED L x| W7 b 7 Bk E EEd 5
ZENARETHHEEND Y, oL x, [EEREETE X% 22~23 keal/mol & 725,
T7ebb A< &b 23 keal/mol BL E D [RIHLRERE 2 A4 HLEMIZEIR TLERT b
0 BMERPFET D E AT 2 N TE, MBEEERIIBEREE 25, R EEX
IR LTZONRK 1 —4Th D,

Class 3:
Generally developed as a
single compound.

Class 2:

Development pathway
customized case-by-case,
but usually as a mixture.

Class1:

Develop as a single
compound (rapidly
equilibrating mixture).

X1 —4 [REFEEEOEIZL DT e 7 RYEERO 7 7 25507
(Copyright 2017 John Wiley and Sons)

ARENZBNT, AVNIRRBATREZR T b v 7 B RO FFAE IR 3 850 TR L= fElk &
72% (class 2), =L EolaldakERE . #2113 30 keal/mol LA EiZ72 % & @i THIAE
HHEEEATE 20, EFICRERT b TREKRNFEST DL Ll b, —H T,
20 kcal/mol LA T D [al#A[ERE 2 3 2 LA ILEE CHRERES FIREThH 5729, [l



MR MEARNGFAEL TCHERTOHBRERIC LY KBS Z &2 H—L LTHF
ETBHZ L5,

7 ha TEEREERT DS, BRI EFEN T A—F & LT, [REREEED
ENT, BOSEEES Kk, M Ty, AW SN D, [EERREEREO RS 71210 <D
MOFENN SN TVWD, —olk, 'H-NMR ZHW7=FETHS (VI-NMR), +74b
H, WX T VT 4 28T HIAMICST AT LA Ny 7 RKENMHET D L X
ZDVTAT VA My 7 RKBOHRHE — 7 PIREZEITE > TIORT 2R A >~
NGO DLZ LM TED, BlziE, AB XA T THRHLECT AT LA My 772
KFEN 1 OOE—=ZIWERT DIE (T) &2 FERITRKRD T, FTreoFHEX1)2 50
EEREREAG 2 RN T 5 Z LN TE 5,

AG! = aT [9.972 —In (AT—V)] )

(a: B Av: o7V T EE)

VT-NMR JE X 8 |2 IR EE 2 R AT RE e FIE CTld d 2 03, [BIHRRREE 23 Hefg
EEMIREND, I T b a7 BYERE O ZHIEEE D NMR JIED FZ A LA —
NEVEWZ & T8 —7 ORMRENRWI & Tc A NMR ZEE OJIER R
J£ (160 C) LLFTHDHI L, W O0HNRH 5, Frz, BEXIEFICEER
HFTHH, T 2 160 CEM2 LA IIMERERE DR HII AR &7 b, BRI
1%, 100 CLLETHOH-NMR (ZE—27 RN T 10— RiZp 009 < O nREE s 72548
ENRE D, ZDID, T 100 CLLFDo3F DA ATFHEID &0 AR fEEE S
ENTWBHINRZEL | — BT A EEREEE Y 5-24 keal/mol £ CTIIARTFIEIZ L W BH AT
EESND, LLENG, ZOL 57 VI-NMR IZL 25 FENEAART, 372bb
24 keal/mol LA b D EIEAREEE 2§ 5 b G DGE 2L, fix OoTiEEd AW BwWy =
+ I {k¥E (thermal racemization method) N—f%IZHWHN D, AFETIEH, HEEL -
— DTS T F~—EE )RR CERICE L7 & X D ee &, HPLC, M &k
(CD) A7 bv, fEdtri (ORD) & TRFHIICHIE S 5 Z & T, TRt b
[BlRfERE A RO DH Z LR TEX 5,

7 MO KISITE T, —KISOHEXTEZ HSNLOT, t HoLxoxF)
VT A —DOREE[A]l. PIHREA]E T DL FRROMY HFREAMNEL Y Lo,



d[A]

dar —krac [A]
R LD,
[Al _ B
In (m) = kract ()]

EN D, D) X, B IR0 A OB(LEEZ, HE%E ke & L7 — KBS
DITTERELTND, Thbb, =FrFh~—0 ee ZHtfilic, P 28I 7
2y hTB e FOMEEDDHEEER Kae SR E D, Kae DR FIUE, FIHREEEAGTE
FRED Eyring-Polanyi 2> 58 A5 (D) 12 Xk > TEHATEE & 72 D (Kenant = Krad/2)
[AEFEREN SR E D &, F b v FA~—0RFHNEHTRETH 5,

KgT _AG
Kenant = K [( A )] e RT

AG* = RT [ln <M> — In(k )]
h enant

— RT [23.76 +In (k:m)] —am

R: [IKDIRREES h: 7T 78K Os)  Ke: RAY<rdEf KD T
HHEE (K)  Keae : 78 SALOHFEEEE (57 Kenant : TF > F A~ —(LOHHEE
¥ (s dIEEMRE GEF. x=1)

ZD LT, HEEE Kepant ZROIUX, 7 b a TEEROEE A 2B LR N T A
— X BHD T EINFREIC R B, RIEREREAG ZH T BRI E LT, ¥ 7 A-~JL AR
WY KEFIA Uiz, aH, ASIh B3RO B FEN BN, Tabb, W OhD R
IR C Kepant ZROT=%, BlhE UT, HZ IN(Kenand T) T2y FLET &, fHE &
IR B AH, ASIENFNRE B,

£ +
() = -2 (1)

AH?: TR b o Z L B —(keal-mol™) 48" i&M b= k= B —(cal-mol™t-K™)




ARFEOFEIT., AC DIRFEKAFMELH Y R TO Ty, Z RAES 5 2 & N A[RER
2o b, FHILC — NEAEFORELEEEOF A TEZRHA L (B _E5K),

1-2 C—N#&EE7T bu FEHEE
1-2a C—NEET o 7XRBHEEOH|

C—CrtBthichRkTHr2ET Y —AbEYW DT b a 7 BEHERIZOW TIEE RS
XU O & OBFEFINM LD D, FHUTHRTC—NEST a7 By RO HEs
Bl . ZRETICHESN TV AREEDORFEFZE 1 — 5 IR T,

r—" r \j

! \ | I 2
R3’A\ R XA AY XANAY R _Nﬂ
A = CO, SO, X.Y=0,8 Z=C/N,S

1—5 C—N#&E7T b 7EBEROREG]

WTNOIEIZBN TS, FAHOT CITFICE @O ERENSTFEL, Zhb R
[ElER A BH LT D, C—NEEXZ U7 ¢ 24 L 5 HEHEEOFEFIIREN T, 7
U FBIOA I FE2EH5~6 BEBOATEER, XU P UIAI~AT BRI
S TREBFETONEY, LR TH, BICRENZ O OIIHERROT =Y K4
A7 ThHD, 7=V NI T, < OERMZH AV LTV D FEARREE
ThHoHMN, 3T I MEEMIET M TERMEEREZET D2 LR, bbb, 3k
7 X RIZBWT, NJRF EOEBREN I @mmn e &, XUB VB Eo AL MEHh
B & ONLR 728 Z2 K0 BSHAAE T, 7 e TEREERBBHIS D ZEnd b,
BR Y A TNZOWTHRBET, A0 MICEBRENFET 25517 b r 7 BERO
FEDERIN TN D

C—N#EAT b 7EBMEEORME L TiE, fRICC—NHESFIZIC—CHALY b
FEEENEWZ &b, C— NflE Y O@E#IER LOSEREENRE R0 <
FORER, EHEEEEN S RV RT W Z ERBE T HND Y, FOEF L LTH AT,



Mintas H OHERE TN (M1 —6), ¥ 42bb, C—NEAFETH
N-aryl-4-pyridone O [EIHAFEEE %, X3 2 @A H 3 5 C — CHliA~ 7 O 6-phenyl-1,1-
dimethylindan X ¥ &, 53 k% 7 kcal/mol 1T E&Eh o 7= (BEYERRZEITENE) . Z i,
C—NfEENC—CHRAERIVENILIZLDIbDLBZLEINTVD (VU FUE
EDA b HLE AF VIR O Buttressing 2V b FE) 9. L7223 - T, C— Nl
ARFFZEDG, B LD U A7 MRS, LERT br TREKRZ AT Wizw,
EHMEELE LTEEVFE LW EEZLND,

o R’ AG? (kcal/mol)
| Cl 26.2
N
R H Me 26.6
CN 21.3

N-aryl-4-pyridone OMe 226
R’ AG* (kcal/mol)
Cl 18.8
Me 19.3
CN 15.8
OMe 16.0

6-phenyl-1,l-dimethylindan

1 —6 N-aryl-4-pyridone & 6-phenyl-1,I-dimethylindan @ [RI#AFEEE D LLifk

1-2b  C—N#EET b v FEMEARO EERERE & FKEEE

C—N#EGT b u FEMROERERERE D B 2 22 AW CRE SN TS, D5 5,
BRIFETRNBRIMEAY GEEERZ A7) OWMEFEFEZK 1 — 7I2R#HT 2, W
t NMR & 5T /L HPLC &2 W T Eyring . (1) X0 AGHEHENTWD
. AGMEVMEAIZHOWTIZ VI-NMR %, &VMEAIZHSWTIEF F L HPLC %
AWV T2 LB S HELD, TREREH SN T\ D, s



ICR SN TVWE Y, K1 — 7TITR L2 C— Nt 7 U 7 ¢ o[alinkEeE

I, AEH

[CBWTEBILIC LD EZRIIZD I T OENL bODEKRIRENTHY . WO

=l
VY,

AG? (kcal/mol) 22-32
Temp (K) 298-430
reference 10

t-Bu
t-Bu
AG? (kcal/mol) 31-33
Temp (K) 383
reference 15
R3
gl
X N (0]
o
R2
AG* (kcal/mol) 22-31
Temp (K) 280-383

reference 19

X1—7

ZEWTH EHEY A X L [alfs fFEEE 0 BE |

IOWVWTIRLS EAF SN TIWZR

oL,

27-30
333-348 300
13
R* R?
CO,H
(e} N (e}
R1

28-40
333-383 373
17 18

C—Nifie7 bu 7 RBEE (NI BRRIEEY) ORlEskERE

INETICHMEX T VT 4 2/ T 50 Fidtkx REHE%REZET L5 EBMLN
ENMET L LIELIETH D, T EEIC
B DEYEEET 07 7 A T
ZEMBENDZEHMESINTND D, 7 b a 7RO LRI 70 A BB X IR
ICEETHD EE R D, AHEHITIE, C— NElARA OGN X OB EIE D 2212 B

THY ., 7 o 7 RPERRETHENE
TIEMZAEDO L7 B 7 b a7 BYERE TAERNIZ



TEHHEEFR L, REITTIEIC —NEAT b 7 BIEROSLIRER 22 & G O WE
IZDOWTIk 5,

M1 —8ITRT AT VU EMBERIAEAILT =V FEZICC — N~ F 2 A3
DR, LT b T BRI TO RS T VoA RREEFRICH T S EER (ICs i)
(£2.9nM,300nM TH V| H&IZ 100 (EREDOENBO LN TWDH, MA T, 2 LA
Fu— L AREEERICb B L Z 4 EoEMERR b D 2, £7-, Fitli3R
257 =Y RICAFHET D 2507 b a ZRMERIZOW THBRENREDRH 2, (S)IEH
HIVARY A7 —=BIZREAT 2D L, RIEKIZHCV AU 27 —BIZHEE L 2 AR
ESDIENHESATONDS (M1 —9) D,

squalene synthase 1Cg5 2.9 nM squalene synthase 1C5q 300 nM
cholesterol synthesis IC5q 77 nM cholesterol synthesis IC55 >300 nM

X1 —8 AJ7T L ARkl ER

(S): HIV polymerase ICgq 3.4 uM
(R): HCV polymerase IC5y 0.63 uM

X1—9 HIVHCV RU A5 —FHEH

Christopher 1%, NMDA 7% I g5k (NMDAr) OFERERICI
T .1 —10DANLKRyT=) RKOXRVPUELALAT I FEMZHESC—N
FEAEE D ICT v T BMEAEANEETH L EAME L TS, B RE ZLIIAHY

_10_



BIZBIT 27 o 7 RIEROKIEE X, W REER CRIBICE RS, T7205,
S)EL Y HREDF A 35 f51F ERVEEA AT 5, BERENZ &2, FfEEoH T
ANEKECT I RE N FRACHEAELEZA U7 rEVEE M) 7t T LR
W L IAL B O S)E & (RWEDH T 1 7 BRI OFEMEZET 2 fFRRE O & ThH
STeb DD, NAFTT XA FTEY T 0 —I% 13 BREOENGFET D Z LRI
52,

Telenzepine (3 < KV b D, 7TEBRLZHRIZFOIEMEDOHTLLAAL Y - ML %%
KEFEFAICTHLN, TEROZ Y 7L 2FOT ba 7 BYERNFESTDHZ &
PHEERSN TS (K1 —1 1), 20 CTOREHIE 1000 L EEBHHEIN TN D
ZENDH, WIRTIEMEOMAERITEZ LR EZZ 6N TEY, 7 b 7B R
3% 2 BECHFET D, T LT, 26T b 7 BYEERRICIZE o CHME 2R KRS
PENZRD BV, 7 v B RIMBE SR D M1 2% 2 RSB IL, (+)-Telenzepine
A(-)-Telenzepine & ¥ & 500 fFA EFRNZ L 3 RE ST % &),

Pl s & LT &4 % Bombesin 52 & AR EE)$K (3 Bombesin Receptor Subtype 3 (2
BT D, RMEETITRA TR LICREGEZ R0 be 7EBEERIAET L, Zhb
7 b a F RO L, (S)IEAY 97 nM. (R)1A723>10000 nM T v . BAE72iE
PEFENAEL D ZERMESA TS (M1 —12) 2,

Y2 \\ //

S/
OIN]@[(H I I I
(0] N Cl
H
(S) (R)
NMDAT ICso 282 nM NMDAr ICsp: 8 nM
F: 43% F: 41%
\\// \\//
(S) (R)
NMDAr ICso 11 nM NMDA ICs: 22 nM
F: 26% F: 2%

X1 —10 NMDAZZNLE I Phs SRR EH

_11_



S S
5 \ | T4/, >1000 years L/e_
O at20°C H-N o

N

N~H o 4<—N N—
_/ _/

(+)-telenzepine, logK, for M1: 9.48
(-)-telenzepine, logK, for M1: 6.79

1—11 (+)-Telenzepine & (-)-Telenzepine

Q >b 0
O:‘é\ /S//ZO
[:I A\ 2
N 4 _ 3 N
H N— N H
F
) £F R
hBRS-3 ECs 97 nM hBRS-3 ECs; >10000 nM

1—1 2 Bombesin 5 & A /EE)3E

ZOEHIT, C=NFEAT br 7EMERE TORKBEEICE & LiosmE i LI UIE
fFET D, L LR s, BIZIEMEZDORL#HIZSNATWD DD, 5 ENZEDRKIC
B9 2 A = X LIZHOWTHMIZE ML I TV 72wy, Takahashi & 1%, Vasopressin
ZRIE(NL) U T R ToH 5 1,5—benzodiazepine (27 + 1 7 BMAKNIFIET D Z & 2
HLTWD (K1 —13), & b Vi ZHEERASOFER K IZZNZI, (S)IED 4.4nM,
RA&D 13 nM TH Y, BLE IMGREOTMEN/RBO LN TWD, ZOIEEEIT, 7
BB E N-2AFNVEORENRENS= Y 7 Y T AEEAE RS OIZx L, (SFILT F
VT IVEE RIS T & WAy TR Y | Vasopressin ZBIRN Z NS 20D a Lk A —
va v EKHLTR#L VWD L ERSNTNS D),

T2, C—NFEAT ba 7BEARTIERON, 7 a7 BRI U 2 KPE M
ZEZONWTELEIN TV AREEFNIMIZBFET D, Smith X, 3fLic2—7nm
Rz VEEFTAERBE Y IV UVFEARO T T A X —BHEEER L

_12_



VT aF A o dF—B@RMER, 7~ o 7 RIERH TR DA G T2 2 L 2l
LTWs (K1 —14), 772bb, (RIAIT Ret ¥ —CHEMEANIEN—I7T, (S)
K13 Sre T —BHLIEMRAAT, BRENZ L2, Sre, Ret £F T —EICx4 5%
T ha EMEERKO Ry X 7o Ialb—2arOfiERNS, 7 b a PEEERBOEM
FEIAF T —F L OFBABAMEOBENC LS LREEELAN D BRI TN D P,

N k>
O
o) =0
N N
S e O
hV s K; 4.4 NM hV4, K; 13 nM

1—1 3 Vasopressin 5% 7 A FHZE 7]

Cl \ Cl N

NH»> NH>

N™ NTX

L N—ql L N—ql
M,;v M,;v
(R) (S)
Src |C50: 5.57 H,M Src |C50: 1.19 MM
Ret ICsp: 1.86 uM Ret ICsp: 7.66 uM

M1—14 Fu5ArFF—PHEH

_13_



1-3 C—N#EET bu FBIEEDOREF AR TS

FROEHIT, C=NFEEGT b a7 BRI T 2 GO RS IEEAFET
HZEMD, KOBDRIEREERET L2507 ha 7 RBEEREZERRICERT 52 &
XEREA AL OB A D BMESE VD, L LR L, 7 ha FREERORF AL
DG ITE W, ZRETICE T V=107 ha FREERINZ, JEFeT U —1Lo7T
h FRMEROARICET 2RHD N O IE S TVS 23 DT, C— N
BT ha T REED 5B N RN BRREEE G T LA ESE K-> T AEE
RAgEsl Ot PaEikEgte) s 5.

Kitagawa H 13, 7 b 7EBEDO~ L A I ROXFHEZ T AT LA~ —IEIT LD
ToTWd (AFx—A1—1), T7bb, PHNRUEET =V UEHEG LIZtk,
HIGAIaw NTFTT7 4 —IC LV T AT L A~Y—ZSREL, B8k A I R
D= D7 ~hu TEMEERITH L THMELE ALV T 1 AMEEA TV, PR O S
1H-pyrrole-2,5-dione %1537 %2, Shimizu 5%, T IKDA I FEEK LI-%. (5)-1-
Tz VT )= VERIERE T TEAL, VT AT LA~ —DA T Lru~v N T
T4l o THEIL (RAF—A1—2), TO%, WU IHERIGIZE D, B8
WA I FOT ba 7 BEERZ &GOV AME CHTEY . Ak O REEEREE L 30
kcal/mol LL ETH Y . ERICRERT ba FBEETHS ¥, Duan HliE, 2w A
fib e A N o i = o F AR LA-AINERAEIZ K D N-T7 U — v A I ROARFERK
BEEHELTND (RF—201—3), MW= FARREOHHIZ, vy L
RAEEO T F AR L DR & FSHIN B IREICESL b EZ BN TND ¥,
Bencivenni &%, quinine #FEAKRE T T L7 I U L Liom T F AR A 1,4-
MG ZRRE L TS (AF—21—4), 2L, RUBVR ED T FLEE,
BRI AEMA T — RESLT7 2 = VEICE X TRIRIGEITS &, =E X U] & i
IERDEHESLTNS D,
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NH,

+Bu 1) EDC, DCM

AL

TCOZH
+

2) column chromatography

N o
@ t-Bu
+

CO,H
89%de
42%yield
/A/_i 1) recrystallization (96%de) /A/:L
o) N (0) 2) NaHMDS, PhSeCl (0] N (0]
tu o) HO t-Bu

AxF—Ah1—1

Ph
o i
NH, Ph oc S
+ >
O O

96%ee
42%yield

Kitagawa 512 L%~ LA I ROIEE55E|

HO._ (CH3)sCH3
Ph
1) DIAD, PPh3, THF
2) column chromatography
3) H,, Pd/C, EtOH

©\\\t—8u

90%de
33%yield

(=) or (+)
>95%ee

A% —A51—2 Shimizu HICXL DY T AT LA~ —iEIC X 2 HF0E

Ph
/

L Pr
07N S0 (RR)-Ph-bod
R1
. ArB(OH), [RhCI(C2Hy)2l2

1,4-dioxane/water (10/1)
KOH 60°C

Ar
R'I

R2

96-99%ee
81-96%yield

R' = t-Bu, Me,CCH,OMe; R? = H, Br; Ar = Ph, 4-MeO-Ph, 4-F-Ph, 4-Br-Ph, 4-CI-Ph, 2-naphtyl, 2-Me-Ph

AF—Ah1—3 Duan 525210 Y 7 ARMEEE I 7@ LAGERR 14N b
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o) N Ph.__CO,H

) aomo% T 0= =0
t-Bu NHBoc
PR t-Bu
R? > R toluene
R

94-99%ee
36-80%yield

R' = Me, Bn, n-Pr, allyl; R? = H, Me; R® = H, 4-Cl, 4-Br, 4-Ph, 4-OMe, 5-NHCbz, 5-NHTs, 5-t-Bu

A¥—2AL1—4 Bencivenni 512 X 5 E=F o F 4 &RE) Michael ()i

Taguchi HiX, 7=2=/V—F 7 X LZDOT bu 7B KOS EZRE L TWVD (R
F—Ab1—5), BIBRIENZ L2, \IEIRIC K0 7= R0b 77 % AL S E DR,
BT 277 2 LBOY A XX ->THELDT bua 7 BIEEROERENZET D
EMHEINTND, BEELOBRIZLD L, M T UARIZVARLY HETIZNIC
LETHDHZ & RRUSITHEGRINIHEST LB AERER I D Z L, ) 2
DOEENDL, LTOMmEGEH L, Eiin=12772bb 4 BEREILS
BBR7 7 ZLDL & JITE U AR Cay-N F Al 2 TRl L, BV 7RI K
WRIERNT V ZEANEMAT D, —FH T, AW n=3,4370bb 6 BEREIX
TERT VX LOLE, FBIZAE UV AEN Cay— N FEGHIE 0 (B TE T, A
BROEFEAE L THEESN D, ZHUX, 77 X LD A ADRKRELRDHITHON
TITI7HLBONANKEL RN, T X ARERERNVEUEREDONRIKIENKE L
DT EERBELTWD, TOREE, Hl&kERE S K& <eb, 6,7 BERO L X |IAlHE
TERPoT-bOLHER S LD %,
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OMs O
TBDPSO

t-Bu 2) TBAF

n n
e, e,
©\\\t-Bu @,t—su

50 .
trans cis
(favored for n =1,2) (favored for n =3,4)
Selectivity | n=1 >50 1 (thermodynamic)
2 >24 1 (thermodynamic)
3 1 >50 (kinetic)
4 1 >50 (kinetic)

AF—2A51—5 Taguchi HIZXDTPT AT LAERGFNT 7 Z A1k

Dai Hi%, ¥V VU ) VFEEROT I G ELFAFEZRELTND (AF—A
1—6), KMEAMOKFHENIL, RAT 4V Hy ROWFESEHFIE LTRL
HILTWVDSRDERIRXT 27 AR E W TITHdL, 96%ee &\ 9 FEFITEWVIEF:
M TOEDOERDBE NS 3, £ [ UEHE BIX, 23T 27 Ll & (S)-BINAP
ERAWE, BIE OB U FRIRNT o TREROARFEREERL L TWVD
(AX—AK1—7), BoNEXFTNANRTIX LT, /VZERXT VU R T U AR~
S —THEHOEGRICHHEN TS B, L LR s, AARKEIT IR R 4 %
T 570, [FEREREDIEFICE VT b u FREA~OBHAICR 5N 5, Liu HiX, &
FGNTT =D M DFELET., TR DT L ~DEMEA & 5> FNT 3 Michael X
JEEMAEEA T ARSIC L > T F U FARIRNART be 7B DT 7 2 L%
BTWD (AF—2n1—8) ), Tokitoh Hi%, *F VU /) VFEHEDO DT 25 L A%
RERERELTND (AF—251—-9), 7=V FOBKBILOBICRIEHD X Z
VT 4 MEBETHY, T AT UARPIWEITIRE O X 4 7RO RE 72 Btk » TE
6T 20, BbEBWSEEOLXTR:S=>01Th-o7-*, Takahashi Hi%, 2-7 YV —
Nx Y DB T LRG0 AR AT SR A RE LTS (RAF—L1 —
10), 7=V >DOAN MIO t-TFNLNIEOHFENRE O ee DEBUIIEFICEETH D,
ARTFEIL, FAED T — A TRIBER S EATT 08, TOAF U DBIEET V% Th HY;
BTV — NV IRIZE WS IMEEPFET 2L EITBICRICR o TLEH Z L0, BIF
M OMBRVELIR Z E D -7 FNAED X S RIEFITEEWVELRLENT =V o4/
MICKETHD Z L, REDHIRNBH D Y, 7AhaAf RIZC—NfEET bo 7
MARINFET D —AbME SN TS (AF—2L51—1 1), Bringmann 5%, 2006
£E1Z Ancisheynine DA LD EERL & A LTV D08, FIRFIZT b o 7B RN TFET D
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ZEHERHLTWS, M7 b T ERMERE WS T L HPLC (2 X0 5Bk, &)
F A~ — DRI NLAAEE % LC-CD A7 MUVZ X VIREL TS, B, EHEED
AR L STV 4D,

8 NH, OY N

NH BsCl, DMAP !
+ . o o N 0]
benzene/pyridine, 80°C ;

R2 65-70%
R' = H, Me; R2=H, Me

(S)
vé) X
/
| 2 - Ph, N @] (S)-isomer
toluene P R *  96%ee
Pd 82%yield
N-_Cl
\
R2
(R)-isomer

A% —AL1—6 Dai bICXAFFT VY 2 UBEED T I A ECFENE

2
S~ >NH Pd(OAc),, (S)-BINAP, Cs,COs5 @N *o
tBu toluene, 80°C, 6-22 h
| t-Bu
R 70-95%ee
71-95%yield R1

X,Y = CH,, NBn
R'=H, t-Bu

AFx—L1—T7 XTT7 LML (S)-BINAP & =@ o F 4 3R
AN (4
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10 mol% B

o tBu ¢ '
0 -
THF

t—BUOZC

t-Bu

O
ZT

|
e

CO2t-BU

t-Bu0,C

(0]
t-Bu

89%ee
67%yield

A% —A1—8 LiublckarT Lo ~oEMAL L4 TN T Y Michael K50
AN T

NH \rJ NHEB
H 15, PPhy, DIEA oc
N B bem

O vy
Y
TMSCI, TR
DCE, 80°C
NHBoc
(R)
R:S=>9:1

NHBoc
e R
N N

\\‘l “
Y
(S)

Y =Cl, CO,Me; X =N, CH; R = Me, Bn

2 M KHSO,

1,3-dioxane

Q@ @g
o Oy

%

AF%—AL1—9 Tokitoh HIZLAFT VY J UBEEKROYT AT LA RIREIA K

(0] NH,
t-Bu

= Pd(OAC),, (R)-MOP, K,COj

Ar *
Br

1,4-dioxane, reflux, 12 h

52-72%ee
31-51%yield

Ar = 4-MeO-Ph, p-tolyl, 4-CI-Ph, 4-NO,-Ph, 2-MeO-Ph

AX¥—A51—10 Takahashi 512X 22- 7V —=1LF% /U ) DX T A

INT VT DRIEE AN B AR
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2

Br
0 | ® x©
_N

F D — 5
o O O
~ ~ ~

(@)

X =CIQy4, BF4, TFA Ancisheynine

AF¥—21—11 Bringmann 52 & % Ancisheynine @& ik

FRo X2z, C—NFEAT ha 7B EEKORFERIT, T L7v0~ NTT7 4
— & D WIFHRE BT K DT BN F A A DT I3 2% < IEEER IR AR AR
%K%Mﬁm@%uﬁwt%ﬂ¢%ﬁzéﬁi@ﬁwoLkﬂof C—N#fEET k
v 7 BEROAREFRILIGE ERT 5 2 EITAHARILFICRE 2B E FFo &
Exohbd,

1-4 U I VNHEERB LI OZOEREEICRBITET fa FRIEE

77T KO BEBERORGE L LTHLILTEY . £ OFERIIEE~ 7o 388
JEMEEZBE L TWAZ ERHLMNIENTNS, Hl2IE, FIREER YD, mLE 2R
IRBEZEER 0130, HigEEICIT, AAK Y= A7 55—+ (PDE) [REEA 95 5
WEF T —ERREEM O ERME SN TWD, 205 b, HEIRHIE AR L E i A
JLE L (GnRH) PHEFOMZEK 1 — 1 51277, NMEEWiE, 5—7xz=/L—6 —
AFINTTINFHFERTHY AT 2=V L 7T L UEEORIC C — CliRF N
FET 5, BRI, @HEX D7 R0 L&, 7 ha 7B BEERGFET DL LN
TR ENTWD, 7272 L. AG =23.3kcal/mol, Ty, =46.5 43 (37 C) THDHZ &b
AL AW OalAFEEE TR L CRE<id7e< K1 — 4 Tl class 2 IZp I D, 21T
T FENKFLY AO%EENE WD T T, AN S REBRETH D Z L tl?
HEEZEZLNTWD, B X BKETHILEITIL. 7 e 7B ROHFE 2 RIE
357 —% (NMR, HPLC) Z"&F 5= E VoSN vy, 2B, A7 he
7 EMAR D AR NN T 0 2, 7 b P EMEE OTEMEEIC W T OERIT S
TR,
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X1 —15 MRS LE R ELE CPLERIO C — CHi R

FOMIZ, T UNVEREKICB T AT hur T BEROHIEZK 1T — 1 61277,
AMPA L7 V2 I B2k (AMPA) #5HtHICTH L XV U 2 UBERIT, RET
RUTEREA 2N C — NEIRF A A LD 7, [FHEEREO T — 2 1 3REH TH 505,
pH7.4, 37 COLMET—HEM I N THEL T IERRD LN hoTc 2 &b,
AR T TR ZERT be TREERTH D Z LRI N TV D, BRI
WZ BT, AT b a T EPERRE T R OIEMHEICHEHE R 2EZNRD LN TN D, T
bbb, (HIEE(IED AMPA (IZ%3 % invitro TO ICs L. 3141 38 nM, >300 nM
THD (TEIET740M),

F 72, p38 HEULER FIEEL & R X —E8 (p38aMAP) BLEAITHDH Y
RUFFERIL, BV RUBRERVEB VR E OS2 NCEEXZ Y 7 o N4EL D, B
U RUBRANZII AR =V FE e A TFOVIN | NBVBINIA NV MED A F VIR %
hENREEZLETAIRFTHD EEZOND, KLAEW O RIEARERAG T 31.0
kcal/mol TH YV, T TO Tyl ML FLFHINTWDL Z &b, FFEFITLERT
fa 7EBMERTHL EEZHND, p38allktd D RIKDIEMEMENTFTV DX, o TF
TV TORERNG, KD AFNT 2 7 VR =)VEEN p38add Asp 112 35 X TOY Asn
115 L AW THT 50 THLEELZLNATND D),

PUUKINafLERITH HFF ' J VB8RO, 3O N JFET BIZHFET L7 ==L
FHEEOMICC—N#tEXZ V7 o NEL D, 7EIEREXF TN T AT FHE
Lizth, &7 b a7 B oM r kR @& I3 EE N At (VCD) A7 iz kv
HRE ST D, PlAKINalZ %9 % BRETEMAE pICso 1 (S)IA73 8.3, (R)A73 6.9 TH -
7= 9 k., MR OT v MEOBG%OKMENRE T A — 2 [ TIFIEF CET
bolz, ZTNOEBRELEO U 7V EELZ AT 2 - #HOLEMREIZBWT, 7 bR
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THEMEEOEEX T U T 1 I LA SRS E SN TE LT, Wit
X7/ HPLC IZ X B FBAHNL N TN D

AU FFVY 7 UBFEARTHY, K1 — 312HE#H L7z Afloqualone 1%, GABA
R L LT 0, 7YY ) VR ERVE VEBROMICC — NEIRFNAE L 5,
VIal—va UfERICE D & RMEAWDAGIE 35.7 keal/mol & &< FEEITEE
2T hu T RERNFET D,

0 O
F
N (0]
\Cfl\s N
7
"

N N/\ o)
AMPA ICs, AG* 31.0 kcal/mol 07 >N~
racemate: 74 nM p38aMAPK Kd
(+)-isomer: 38 nM (R)-isomer: 183nM
(-)-isomer: >300 nM (S)-isomer: 3.9 nM
F
F
HN___O
S5o
O EsC Q
| HoN N
N& 3
g Ao
7
N™ "NH,
Pl4Kllla pICsg Afloqualone
(S)-isomer: 8.3 AG* 35.7 kcal/mol
(R)-isomer: 6.9 GABA agonist
M1—16 C—NERFEHETLY T IVEIRE
1-5 ABFFED B

IR, AIECFORBENET b a T REROEIRLIC OV TR RE SN TS
e, BREMEAE AW a2 v 7Y U T RSO BIHENE T U — Ui O A
FRIEN BT o TEIZ &, £1-7 b a FEMEEOIKIZLAET A & 0272 > T
X2l BREORNELEZ T, FTETHMAFTMHAEOTFEENFEE > TETND

AUV, 7 b ZERMERICEE S 2 OB B 1T L Tnsd, K1 —1 71
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SciFinder |2 T‘axial chiraity Tz ), S5zt v A 1990 425 2016
FETERINZELIZBEDTH 5,

100
90
80
70
60

He
=
al
o

40
30
20
10 -

1—17 ‘Axial chirality’(Z B89 2 A5 SCHR RS 2R

INETHRATZ LT, C— NEIRFLEMITITFIEEEZ AT HHONRL N, T
e B RIEEEEEGIC XV AEC B TH D7D, K EmEmWERLZE AT
HZET, BB ICRASEDLZENARTHLZENDL, C—NFEET tu
BMARDBEEFEOEY (B D WNET & IK) (AN TEN BTG & 5 WXy HE)
w7 7 A NVELES L, EERBEMHOBIREO 21220 5 5D ThiUX, K7
Tu—FIIABROEIRMEIICHTE B2 65, Ll b, C—N#iR
B C — CHIRFICH AR D & FEEFEHREF DD HoIcifEn 2 S
W, F72, TTICEARZ L IICC—NFEOEIIZC - CHEDESI LY B EN
Z b, C— NEIRFLEWITIEERREE S & < 72 DA H 0 | ALFHNCEERT
Fa T REERELNSCTVEBZ LD, ZOL) RERO T, EHFILC — N#fAR
FFZEL LC, BEERRIEMENERZ2RT1 —7=2=1—6 -7 ) U7 ILaFEk
D C— NEIRFIZEH L7z 5), RFEERIZZDOHZAELED, C— NE#RHFIZEHL T
B2 IEHIc72 SN TR 63, 7 ha 7REEERO BB X2 STy, L
725 T, RFFEKIZBWT, 1 —7 2=V EOA /L MIOBEBIENEPES U 7
AFEICEZDEBER L, 7 b TEMEEROHFIELZHERT DL L b, ZNLHD
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B - FEZ XU, AL PEHIBLED DARFEMROC PR AT H T & A FHE L
7o

BOEORETIE, T b T REERARIZHEE S LTV T 2= —6 T
U T IIVEHERICENT, B R AFEALHBT L LI o T, T hr TR
PERBAET 20 %R T D, TN ERFIC, BFEAROREFRREZRHL, 1 -7 =
=)= 6 =T U7 IIVOREECEY & ORERREED 72 % g « REET 5, S 51T
IXEHILY A X L [AEEREOFB Z I )T 5 2 L2 H & LT,

@]
4

BER A EEREEE E;zéﬂ’%é*ﬂtﬁ %\ 6 NH,

12 Ri
R"=Me, Et, F, CI, ...

Yiraxd

FEORYTIE, REAE CHELONTMREREMO Y T R A ~E AT
%, T7bb, C—NEIRFEOHFENRKRETHY | HEHELEMED E Y PDE4 PR A
@C—N%K%%ﬁmbkiﬁ\%ﬂ%éﬁ#é_k?7bm7£é%@ﬁf%%%
1295, D%, RFEDENCL YT b BNREEHEE - RETHsE b, T
D7£é%%®%@%ﬁ%é®ﬁ%%%%fﬂ774»®%%@ﬁ?60

PDE4 inhibitor

o C—NEFREHNELET S E
-~z ﬁﬂéh§1—7%:g%g 0
N —T7 I/ 95 LEE
A l|° B EIEEM S £ NN X

R'=Me, Et, F, Cl, ...

| 7 PO TRGAEEORR. B - FE. EHE

SETIL, B ETCNEET hae 7R Z T ARERBEE S -2 &
BT, ARY T U NVEEROIARF BRI GE T 5, T CIcak 7@y, C—N
EIAREFALEY (N IDRBRALEY) (ICOW T, BLESERCE VDGR R & R LT
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Bl 72 < FRSERIENORRF# Z 08 L LR WRISHIIHER I/ TH D, v I b
BEIZRBWTH T b ZEEROSAERI R G EIEIIRTIEHRE N ENZ L b, K
FOSHBHIE TENITAERILFED S O HBENIIFFTE 5, B, T HDOHSE
SR Dk it % o5 U B RLH T2 o

0] (e}
R2 CN R2
N )K/ Diastereoselective j‘\ |
Cyvclization
O)\NH = 07 N7 NH,

R' = chiral auxiliary

B 3CEK

1. (a) Suzuki, K.; Hori, Y.; Nakayama, Y.; Kobayashi, T. J. Synth. Org. Chem., Jpn. 2011, 69,
1231; (b) A4 fEHE, K IE, RIE 52, B @ AREAEEHEEE 2014, 72,
1084; (c) AR FABEDLS: (BR) {L52RIA 2016; (d) J. F. Hartwig & /~— k7
7 AEReRT (L) (BR) SmEUEZEFEA 2014,
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BE ARI 1—Txz=nA—6—T3IUFINIBITHC— NEARFOHRE

&

il

1—7x=V—6—T7T I/ U7 NFERIL FERAT A MEETHDHITHDDD
5T BRAMRPIRIEERZAET 22 ERMEIRTWAD, Tobe Hi%, ZHETIT1
T x=)b—6—7T ) U T UIVEREIR CX-659S 23, ~ U AR ALY 7 U LEESE
BERET BN THN RO RIEZ TR THZ L 2RE LTS (K2 —
1) Y, FAEEBICESRGIT, AL EICSOR2FBEERAKICL-T, LV
N FRIEER 2 AT 5, oG aEbawrs RE LY, £, KFERER
BRROBIET, 7 = =V DAL ML (RY 23 A FOVENER LI-ERIEAY R=
Me) (BT, C— NI EESX T U T« NEU B2 R L- 2, =
FTIZ1 =T =2=V T T U NUEEICC —NEMEXZ U7 o BELD &V ) HEIER
SN TR S T D THERZRA TN RACEMDLERMAF 26T 2 Z & Dt
WIEEL R, F1o, 1 —Tx2=b—6—7T 3 773 UZEET 58 mD 5
b, C—NEIRFEDFENHRE SN TWDILEMERK 2 — 212077, ZvDD{LEY
TN EWERREEEEZ 950D, C—NifilfioA4/L ME#ILD B SV T O
REHIRER TH 0 | B & FEEERE O BIRMEIZ DWW TR TN TRy
WD 2T, RFETIE, Tobe BLOEH L OBIERER e RESEL-0IC, 1
—T7x= =67 I/ UTVNMEEICBITHC-NEGOT a7 B B
T5HEEHIT, C— NERFORAITTEL 5 2 D EHRIELOY A X LAl fEaE O B %
PEIZOW TN T — X 23T 52 L & LT,

N 3 NH2 N NH2
R =H, Me
CX-659S
Anti-allergic effect Anti-allergic effect
0.3 mg/ear, 69% inhibition R = H: 0.1 mg/ear, 53% inhibition

K2—1 1—7z=/1—6—723 /773 )8k
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4Me 3~ |5
5
N 4 N 6
4if 6 N§/|5 ~ 072 N7 “NH, F
072 N1 Me 6 O
~N
R O);N 1 NH2
Me
O\

Cl 1-(2,4-dimethoxyphenyl)-5-
1-phenyl-4,6-dimethylpyrimidin 1-phenyl-5-cyano-6- (4-fluorobenzoyl)-6-amino-
-2(1H)-ones aminopyrimidin-2(1H)-one pyridin-2(1H)-one
AG* 355 R = Me: 30.0 kcal/mol AGF 59, AGT 5,5

R = CI: 29.7 kcal/mol 28.8 kcal/mol 33.2 kcal/mol

M2—2 1—7xz=/)L—6—723 77 FEEROERILEY
21 1—7x=1—6—-T3I/)9UFYNLVDOERK

FT. WM E IV, AF—AL2 - 1IRT LI —T=z=—6—TI /U
FUNDOER AL YO B LT la-li &7 ) BERR A EKEEE S R LT
PHTMEL-%, VAR y NCKBET R D ATHUESTHZET, 1 —T7==
HEEO 2T~ DEWIEZBET 5 PARIK 2a-2i ZUCER 370, RISOHETE A H
S ALEX 2 — 3T, T, MOKEERRIC X - T 7/ BB ER KRS & L CIEME:
fbEani#, v 7 1 o7 a BV EAOERZFISERIICN T U HEREIT L, H
MR LT 7 ) TRFAERBPESND, RIZ, KT MU U LTS5 Z &1
E0. 7=V MOERFEFBMT 1 oAb ISh, AU T =F B RO T ) E
EWET D, ZO%, pFNTTr boBEINEZD, 1 —Txz=L—6—-T7T3I /U
TIUNDERTDHEZEZLND, HHNTZ2 — A FFUERIZONT, 8RR
THA FIALEIT, RS H 7 = ) — 2) 2157, £72. 2—=Fra{kiconT
3T VT NRFBHIE T KBICK DEMBELEZITWO LT 257 =V > 2k 2157,
UL cLTEONEL -T2 —6—T7T 3 UV AFEKDIEH, 2 — A
Flk (2a) O H-NMR F—& 05, UI VAR ESMOT o LED1 —V =3
FTOKFEDHEFIZ 2 KFE GO R Ty hELTTRL, FAPABX AL LT
BIESNTEHESND Z ML (M2 —4), Zhixl’ —V=IFILKENY
TATUVARE Y I RKFTHDZ L2 L TEY, AFERICC — NEIREDHIE
T o LRIz, BB, FEA FFRE L 72 % 7L HPLC 73 #ric K » T, Bk
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L1 —7x2=v—6—7 U7 IVFFHERIZONT, TXT 2RO —7 BF/E
THIEEMR L, —H T, SNATFAEERETHILEW4 IOV TIL, 37 e
EARED 1 — Y= S FKEITHNMR T2 KESDO R Py b & LTHEIRNS
e (KM2—5), £7o, FxFERET LSRR, (A 4 135 71 HPLC #3#ric s
WTH I AROE—27 LB SN2 oTz, LEDOFERNG LAY 4 [ZERF DT
FELZRWV, HDWIIFE L THREREEENIEF /NS, BIETET 7 U1 bam &
LTii#snTnWasZeaRmL TS, 98bb, 1 —T7x2=1—6—TI /U7
MZBNWT, 7 == /VEE B 2\ OBEHILDIFAED C — NN F DFEAEIT K E 7R %
ZEZTWAHZENHALNERoT, DBNWT, 2 — XA F VKD MERREREZ KD 5 72
D, WERZENMRIEIZED, 17 — V=X T VKBV T T LD TeERDDH Z L &R
FT=H3, EE DMSO H1 140 CE TR L TH I L DKFED T 7 F /0 Te ZBllT 5
ZEIETERDN T, LIeho T, BIDEHRREREZ KD 2 FiE L LTEWI T & I{kik
R LT,

o] o o}
S~ NC\)kOH Ac,0 SN | oy NaOHaq. "N |
B _
OZ\NH toluene, 80°C O%NH O%N 6 NH,
2 N
b A I
3 5
4 L _J
1a: R = 2-Me 2a: R = 2-Me (76%)
1b: R = 2-Et 2b: R = 2-Et (76%)
1c:R=2-F 2c: R = 2-F (73%)
1d: R = 2-Cl 2d: R = 2-Cl (49%)
1e: R =2-Br 2e: R = 2-Br (32%)
1f: R = 2-| 2f: R = 21 (33%)
1g: R = 2-MeO 2g: R = 2-MeO (32%) BBr,, DCM, 10%
1h: R = 2-NO, 2h: R =2-NO, (41%) —|—2>
1i: R = 2-CF, 2i: R = 2-CF (36%) ] Hz, 10% Pd/C, MeOH
2j: R = 2-OH (10%) 73%
3:R=3-Me 2k: R = 2-NH, (73%) <—

4: R = 3-Me (96%)

ZAX—AK2—1 1—Txz=L—6—T3I )T ILDEK
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0} o O
NC\/)LOH . /)Lo/l\ — NC\/J\O/&\ e 07 NH
-Ac! -AcOH
R —%E

SN tautomerization > N

|
O}\N NH O}\N NH,

N N

2—3 UIIIVEREERR

NaOH

HH O

~ Ay

1

07 N7 "NH,

Me L

X2 —4 k&W22ad1’ — = IFNAKZEDH-NMR ZA~27 FL

|

HH O

Me© U

X2—5 bdWan1’ —=IFNKEDHNMR 27 [L

—_
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2-2 T AVT LA —IEIZ X B NE5E

BT BT O o TFA~—52RETOXLER DD, TDTD,
TY IMERONESEEE LT, VT AT LAY —~DOFHEIC L D 0ENEZEIR LT,
Thbb, T IEROMREL L T2 (R=2-Me) ZFIR L., HESEFRNICLD T A
TULAT—~EEWML, MO T AT VA~ —2 VAT T LTa~ NTT7 14—
(Z TR, e NERERET D2 L TH—O T U T A~ — DRSS ERAD Z &
ElLl, 1—T7=2=v—6—T3I/U73v2a D6ALT R/ FEITITE A CHEEES
RIIRNDT, F T NVRBIHCEY & OWETERPREE T > 7272, L mEH &2 AR
TR HAIFEREERLE L TEAT D AT, BARMICE, 2 - 112773
BEOREEHRN (I N—=A =K TIRF, ~I7IF—x—T ) Zh Lizililk
WL YT AT VA —bEil Bl £7T. (H)- A XU INAR=VEOEANL
AT IEMEDME S THRE H 70 ‘C LW 9 T H RSIFHEIT Le o 7o fieny T
() AV R TETFIMMEERALT L 2 A, RUNIEA L—XZH#IT L B 6a % B 4T
RN THEIZ, RS THYT AT LA ~—0 TLC ETO4HER L O UPLC® LT 2
ODOE—7 ORI ERECTh T, I BTN T LT a~ NI T 7 4 —IZX o Til]
BMER 2 3B, — O BMERICH L T)-A > b X T2 FVEOREEZ RTINS,
FIRTIIISITET LD o 7o, SIREHE TR, ()-A Y MU T RBF AL
HOD, FIRHC T 7 I IVER 2P LT LE 9 LW ORISR E 72 (A%
— 52— 2), KIZ. (R)-5-Allyl-2-oxabicyclo[3.3.0]oct-8-ene (ALBO) % W\ TV 7 A7
VA~ —ibaRB7m & 2 A, U7 AT LA~ —RD RfEds L O UPLCO DRI 1%
WAL TN DD, YU BFNAT AT~ NI T 74—l LWl T AT
LA~ — DB L2 (Entry 3), 7235, (S)-ALBO % A 7z & = & [[ERIZ(S)-7a 2%
Boiv, VT AT LAY —O5BERRIX(R)-Ta & KZER D> 72 (Entry 4),

5 5 T ABRMRPEAR 0 BAMEA(R)-Ta lI2 DWW T, AKX/ — /L k3 Lg% 50 “C CHULER
T5H LT, TSR M C(R)-ALBO EDOBREEITH Z LIk L, =F o F
F~—2a*%fBH Z ENTE (RAFxF—L02—3), B, \LEMESOLERDOT A4
U A7 3 R R 2 KT,
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®2—1 FELEHIORE

(e} (e} 0
e | SN | silica gel \/\Nﬁ
O)\N NH, Table 04I\N ”’X column O)\Nl H,X
2a 5a-7a
X = chiral substituent
Entry JFHEFH X ; MY 7ATur=D WY TAFVAR-D
ARy ? UPLC® ET®
R & BF H =
43)°
1 7o n X g 71 v 2N A — No Reaction (THF, 70 C)
(+)-A T \n,o,,5 ~
(o]
5a=
2 ()-A> R j\, Y T3IF 0.17 0.056
cTEFL T
7AW 6a

o

="
3 R-ALBO /., 37 3T 009 0
o%\% * —NhE=T

....<

(R)-7a JL
4 (-ALBO e 37 3F 008 0
d W LW — T —
(S)-7a gL

[a] HPTLC (BBAEEL: ~*% ¥ v Wi =F /L= 3/ 1 )T THHr; [b] Waters
ACQUITY-UPLC (IS HIAESE: 0.1%TFA-K/7 & b= F U WIZTEE.
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o} CI)J\/ OKP 0
NN DN o ~
)‘]\ )\ | JI\/O -
(@) N N silica gel column
- . H
6a
(0]

\_/ .
J\/O H for more polar isomer  ~\_"~y |
" NN \[:P 5M NaOH H

HN" “NH,

MeOH, 70 °C

less polar isomer: 30%

more polar siomer: 65% Byproduct

2F—L2—2 AT EBFARITL DS E

o (0]
\/j\)i ot \/\&T\)j\ © ~ silica gel
p-TsOH-H,0 @
O~ 'N” 'NH, _ O~ 'N H m
\© toluene/EtOAC/THF \©
2a (R)-7a
@) (0]
\/\N d P for less polar isomer \/\N
Py | p-TSOH-H,0 A |
(0] N N @ > O~ 'N NH,
H MeOH, rt to 50 °C
72%
(R)-7a
less polar isomer: 27% 2a*
more polar isomer: 28% 86.5%ee

A% —Ah2—3 (R)-ALBO 2 X% 7% 1k 2a DHF55HE

fh o A T D FERICOVTHRBEOFEICL Y, MET 8=  FA4~
— %157 (A% —02—4), 7B, 20 (2-FILiK) O, (R)-ALBO KA EA LT T
AT VA= (R)-7¢) &L )BT NH T ML 5yBEL T2, (R)-Tc DA T &
LA D LT N L3575 5 720D T, 20 12OV TR EE S T4 HPLC 12 T4y
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B L7, 728, HFEME ALBO K2 H W=V T AT LA~ —0EEIE, iEkBbic2
BT 3= L OSEN AN BTV D A (R)-ALBO 247 1 7 BIEKD Sy
ENCHEATRETHA Z L RIZUDTHLNI L Z Lid, AILFREROBAEID b
BEFEEV, (R)-ALBO ELIZHWT, £DEA - FREICKIT D2 EAEOHMEME, BIF7RIL
R EOBENOEWSHAEEET LD EEZLND, BB, AR LIZFHEERD—
DTHDH 20*I2HONWT, 7 a R/l LD OHFERIZARSI L, 557 B % A
UWNTT X RS SRS E AT 23 A T, OSSR, HEE L 72 2d* O SIARELE L 7 v e K
DOEJFF2hH & . Flack parameter  (-0.005(7)) £ V. +o7eEHE M2 6 - CT(R)-FlE
ERETDHZENTET, K2 — 61T ORTEP KT/,

~
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o) o) = o)

S F Ao

O~ 'N” "NH, O~ N° 'N
toluene/EtOAC/THF R H
R
2b: R = 2-Et (76%) (R)-7Tb: R = Et (32%*; 26%**)
2c: R =2-F (73%) (R)-7c: R = F (not isolated)
2d: R = 2-Cl (49%) (R)-7d: R = CI (39%*; 50%**)
2e: R = 2-Br (32%) (R)-Te: R = Br (29*%; 27%**)
2f: R = 2-1 (33%) (R)-7f: R = 1 (42%*; 45%**)
2g: R = 2-MeO (32%) (R)-7g9: R = MeO (28%*; 19%**)
zh R_= 2-NO, (4(1)%) BBrs, DCM, 10% (g)-:,,-h:|§_=CNFOZAS§$%_*;§?/%:*)
2k: R = 2-NH, (73%) 73% *Less polar isomer
- **More polar isomer
0]
"
_ NN
p-TsOH-H,O )\ |
MeOH, 50°C O™ 'N° 'NH;
R

2b*: R = Et (from less polar (R)-7b, 100%, 92%ee)
2d*: R = ClI (from less polar (R)-7d, 49%, 98%ee)

2e*: R = Br (from less polar (R)-7e, 32%, 94%ee)

2f*: R = | (from less polar (R)-7f, 33%, 94%ee)

2g*: R = MeO (from more polar (R)-7g, 100%, 50%ee)
2h*: R = NO, (from less polar (R)-7h,81%, 63%ee) — BBrs, DCM, 79%

2i*: R = CF5 (from less polar (R)-7i, 76%, 94%ee) Hz, 10% Pd/C, MeOH
2j*: R = OH (from less polar (R)-7j, 79%, 24%ee) 42%

2k*: R = NH,, (from less polar (R)-7k, 42%, 65%€€e) «—

O O
"
N CHIRA.\L.CEL OD—H., hexane"/2-propanol NN
)\ | (containing 0.1% diethylamine) = 80:20 v/v, 25°C )\ |
0~ "N” "NH, 0™ N° 'NH;
F F.
(R)-7c 2c*

(1st peak: 50%, 77%ee)
(2nd peak 50%)

AFX— 52 — 4 \LEW 2b*-2k* DGk
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2 —6 2d*D X BiEEAEERT (Ra)-BLIE).
2-3 [ElERfEREL 7 = = )VE-2 (LD EBEY A XDFE R

B Lo FrFd~—2a*%1—7 % ) —)VICIEE L., FOWIKE LA LS A
TI73K CTRIFMIME L, K2 — 7IZF#k L72F% 7 /L HPLC OS2 T, AHIE
RFH 2 & 12 ee D LA BN LTz, COREF, HIFF L@ | R & & H1Z ee 7
THRoTNWS ZEEFT/VHPLC THERT L Z &N TE (M2 — 7), [AERIZ, 383K,

388K T ee DHIEEITV, TOFRREFR 2 — 4 (T, HEECHEZRDD O, T
NnNooREREZ —REGOHEEXICCTey Lz (M2 —8),
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%I\N NH, 1-butanol 0

\© 373-388K \©

thermal racemization
2a* 86%ee

HPLC Z#rdeft:
% 5 L% 5 A: CHIRALCEL OD-H 4.6 x 250 mm®
WHREE: ~F Y/ 2 =718 —)L (0.1% Y=F /LT 2 ) =80/20 vlv,
IRJE: 40°C
FiEE: 1 mL/min

HEY 7 VEE: 1mg/mLin 1 —7 % —)u

373K, 2 hr 373K, 4 hr 373K, 8 hr

373K, 0 hr 373K, 1 hr

<
<
©

I ] |
\ .

8.064
8.021

8.095
8.056

|

5590

5.628

ﬂ\ \

I L

- ——
| 100 50 75 10.0 50 15
|

2 —17 AbEW 2a*DOEH)T & I {LFEER (Thermal racemization)
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K2—4 AEW 2a* ORI T & IMITE T DA - IRETO ee fH

2a* 373K | Time(hr) |0 1 2 4 8
ee (%)* 86.5 80.4 74.5 63.2 46.7
383K Time (hr) |0 1 3 5 7
ee (%) | 86.5 64.7 37.6 23.2 14.7
388K | Time (hr) |0 1 2 3 4
ee (%) | 86.5 59.6 413 27.4 18.3
[a] HPLC (T L v & &
Eo :0:8 \\ y = -2E-05x + 0,0018 m373K
S~ 2 =
< -1 AN A\\ RE=0.9997 383K
= 12 > *388K
:1'2 N N\ y = -7E-05x - 0.0331
18 y =-0.0001x + 0.0142 N\ R
: R? = 0.9993
-2
time (s)

2 —8 HKIREICBIT DAY 2a* DRI AERY ee HDZAL,
[AJIZHIERFREICTo ee 2 L., [Alo (THHID ee 234, —KBILOHEENX THHK

(“)ct R [E%V%O)'ﬂﬁ% 75)6@};;%;& Kenant i‘f;k&bflo DONTX2 —9RLT- & 5 Iz
Eyring 72 v MC XY | EROBEEBIOU I 6AH, 48 %R 72,
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-15.6

-15%%
-16

-16.2 \

-16.4

-16.6 ¢ RJF1

-16.8 — I (GRFI1)
-17

255 PN 0.0026 0.00265 0.0027

In(Kenamd/T)

-17.2 y=-15403x +23.934 \\,
174 R? = 0.9959

-17.6

T

2—9 (kLAWY 2a*D Eyring plot

Kemant\  AH*  AS* (kB
ln( T )__RT+ g T T)

AH' = 30.6 kcal/mol, AS' = 0.346 cal/mol/K

Lo T, [BHEREEEAG s . SIRICH U RS Ty, 22hFhkw b L,
AG'35 = 30.5 kcal/mol, Ty, = 81.2 4F (351K, the mean temperature for the whole series) &
Y ALEW2IZBWTR=Me ® L&, W7 b o ZEEKIHEFITLEIHFAEST D
ZENGIoT, B, ASBIEFIT/ NS kiR LD 2 LD ALY O ElERE
BE~DIREIZ L DI T /M ENEEZ HND, RIT, R = Me DA DFFEIRIZHS
WTH, 1—7% = VHICTEWTEIZRI Lz ED ee ZbFEHEIC, &
BECOEDOIEDD Kenant & &% DORIEAFEEEZ R L7z (ee ZILRDOFERILE 5
O FEEROEIZFEH) . TXTOIEWIZHOW T, RO - lisfERE 23 2 — 5 (TR T,
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#2 -5 (Lo 2a*2k* IZBIFAT ha PREREELEBOAH, AS', AGhws Ol

ft&% R BEBEE AH AS' AG'ss; Tup at 298 van der
P (K)  (kcal/mol)® (cal/mol/K)® (kcal/mol)® K (4)° Waals ¥ £&

(A/molecule)®

2a* Me  373-388 30.6 0.346 30.5 81.2 1.8

2b* Et 376-388  31.7 -0.753 32.0 878.4 —*

2c* F 313-333 21.7 -9.77 25.1 1.4° 1.47
2d* Cl 373-388 23.0 -19.7 29.9 4.9 1.73
2e* Br 378-388  29.0 -7.12 315 234.8 1.86
2f* I 378-388  26.9 -15.7 32.5 535.2 1.97
20* MeO 343-363 27.8 0.010 27.8 291.9° 1.52
2h* NO, 313-333 24.0 -5.62 26.0 8.6" 1.61
2i* CF; 378-388 404 19.6 33.5 728711 2.2

2j* OH  323-343 243 -6.41 26.5 20.2° 1.53
2k* NH, 343-363 28.9 0.807 28.6 3.7 1.79

[a] IRFE 3 5B BT Kenant 2 5512 Eyring 712w b L 0 & H; [b] &HIERE O
RAEIZTAH L as' L0 BEH; [c] 25 CE SR Y, [d] HAL : A fe] F— 2L

WFROEMICENTH, AGOMEITR U TE L, & bIEW F (EEQReH)ICE N T
t, 25.1 kcal/mol DfEEH 5 Z & X yhoT-, Oki HIZX V. [Al#ERERE)S 22 keal/mol
P bEThiud, BB CTHICHBERTRER T e TRMEKRE L THEET D EHE SN T
WDHN, ZTNHOFERITIT X TEORBEEZH L TNDZ NV ZERT ha
BMEAREATLEEZLND O, £, RUTASOEITNENZ Eb, KiFEk
DAG' DIEIFIRE I L A B EZITIT WD AR SN, RIZ, AFEEK LS,
2 -2 CmRL, nBTEERORLRD YTV IVERILAEY & AC D H 1T - 72,
¥ 72 5, 1-phenyl-4,6-dimethylpyrimidin- 2(1H)-ones ¥ AG 1% 2-Me 14T 30.0 kcal/mol,
2-Cl {&T29.7 keal/mol TH Y, xt9 250 7 2 IVFHERD 2a*13 30.5 keal/mol, 2d*(3:
299 kcalmol T, T TN IFE%ELWVWIHETH -, T 2.
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1-phenyl-5-cyano-6-aminopyrimidin-2(1H)-one Y0 AG'13: 28.8 kcal/mol T v | %%
2a*? 30.5 kcal/mol & K=& o7, ZHHIT, AT RED n B FHREIR LD .,
C — NHli/E v OEHILDOSIARZDF O N EHRFEREZ 5 2 5 BB RKENEWNWS T &
oL TWb, — 5 T, 1-(24-dimethoxyphenyl)-5-(4-fluorobenzoyl)-6-amino-
pyridin-2(1H)-one ¥ AG' % 33.2 kcal/mol T& ¥ | 2g* D AG' X ¥ %, 5.4 kcal/mol & 7> 7=
. ZHULSNACHFET D4 — 7 A Xy A Vo E & 754 U %5 Buttressing
HRICE ST =TI EN L =T ==V T 4 v 7L, RUB VR ED 2
— A R UL ONREENKE S IpoTofE R, RHEEEEN K E oz EHEHIL T
W5,

F 7=, Yilmaz 5 1% 5,5-dimethyl-3-(0-aryl)-2-thioxo-4-oxazolidinones D F5E A2 T,
Tz =)V ED T AU 5E#ED van der Waals M£E & C—NEIARF D AG DRI BAF72
HEBEER S Z L2MELTNE W, 22T, AFEERICENT, Hoh7-a6'0
il & @B XOBR, TARbbBEREEZHEY R LOICER LI, AGH YD X
INZEALT D E FEBRIIIR O, ZOMER, K2 —10I1Z/RLAEXL ST, van der
Waals 28 & AG DRI BAF R MR KL S5 - (R = 0.87), NEX U THEDHLTRL
X2 —10TiEA TR EOMERLIZONTH, BN SN (e
FATHOTERLD)  ABENPD, 1 -T2 —6 -T2 U7V ERICENT,
7z =V B o O EBIE AT 5 72T TRER C — N AR F LAY & T
XL EBgMoT,

36.0
34.0 . +
32.0 >
30.0 o2
® y=11.669x +8.7869
< 28.0
B v R = 0.8689
26.0 >
2 1%
24.0
22.0
20-0 T T T T T 1
1.2 14 1.6 1.8 2 2.2 2.4
van der Waals radius (A)

2 —1 0 [A#EFEEE & van der Waals -5 D AHE] 2a*-2k*. s ONLIEIZ F, Cl, Br, |
DEBLZ RS
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2-4 FREEHEME~D R

AIEIORERNS, 1 =T 2=V —6—T I/ U7 IMUEED 1 —7 == )VEDA )L
MW EREL 2T T 56T LZERC —NEIREEZHT 5 ENRINT-, ARAH,
DIGAZHEL, 1 —7x2=v—6—7 /) UT7IUEELEETHEEEEYE & LT
RAFRYTATZ7—8 4 (PDE4) FAEHA] 8 I2EFH Lz, AMeAEMITIZC — NEhAF
DIFEDHER STV, b LC —NEIRENFIET 20 ThHIVUX, 7 a7 5%
R CIEMHEEOBEWICHIE R Fon b, ke e (M2 —11) 238 MRIEL, 9
#0395 PDE4 [HEAI & LTHESN T DN, (LEW8 DL DODIEET — X
IRBETHD P, £72, C—NEIRFOFELRE TS TR, LEM 8 13%k
WD 2g* Rk, 1 -7 ==V EIZ2 A M UVEEZFLTWDZD, HOHREL
ERC—NAKFEAT L EHEINDD, 7T IV EGAOERILN 2g* DT X/
HEFRRVEV UV UVBTODLTEO, 6 =T I U7 N EFHERNELR-TED
Z D C —NEIRFOLZEWIHT H5HE GO THENNETH-T-, T2 T, {LEWED
C— NEIRFDEELZTRD -0, EBIC8 2/ L. C— NEIRFENEET D)
BT HZELE L, AFX—L2 -5 | LEBEMOERIEIZ LTenn, {LEW 8 26
R L7212, 7 L7 10126 LTS T W & HEKEERE 2 T T S UBIR &2 AT - 1214,
TRy NCKIBET MU U ATUELT 52 8T, 7T I IUER%E 83%DIE THEZE L
77. Vilsmeier-Haack S inlZ K-> CHNLCHN I b EITo 2%, (R 7 =2=/LKR A
RZ7=VFT) T =M INVETE = NI AHFTHNRERKRSEDL L TEY Vv
BRAAEEE L CHIMY 8 21572,

(0] (0]
NN | X Y | =
O)\N N~ “NH, O)\N N" 'NH;
_0
_~ PDE4 ~0 o~ PDE4
8 not reported 9 62% inhibition

at 100 uM

X2 —1 1 PDE4[HZEH
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o

TN o
)\ Cyanoacetic acid N
O™ 'NH Ac,0, toluene, 80°C )\ POCI,
o Hz U
- then 2M NaOHagq. o DMF
~
o 83% 42%
-
10 O
11
O O
| 2 |
PN Phsp” “CN A P
O™ 'N° 'NH; —_— 07 N7 N7 "NH,
EtCN, reflux
/O@ /O@
12%
o~ o~
12 8

A% — A2 —5 PDE4HEH 8 DAL

350072 81T%F LT 7 /L HPLC D750 B S % Fl 4 it L 7245 5. CHIRALPAK
IC (4.6 X 250 mm, Hexane/IPA) 2T 2 SO ¥ — 27 2538+ 5 = 1Tk Lz, Zhid
8127 rua T EMIENTFET DLWV SO TFTENELP-T-Z E2HFHFLTWD,
AF—AL2—6ITRLTCEY, T IKITK LT, &5 7 L(CHIRALPAK IC 20
x 250 mm) &% 7= ENE R b— XITH#EIT L, KT o F A~ —% 99.9%ee THUSS
HZEMTERMALED 2 BITHWZFEICESE, K2 —1 218 T X923 KD
TR IZRBIT D Kenant R D 7= JBE & Kenant AW TEyring 71 v b %1795 Z & T,
LB 8* D —E— 212D\ T, AH, A4S, AG'ss1, BIHEDFH A (Ty, at 25°C) & ZhEh
fKo7- (M2 —13), FDOfEHE, AH" 21.3 kcal/mol, 4S":-0.0184 cal/mol/K, AG'ss;: 27.7
kcal/mol, Typ at 25 °C: 545 H & 720 . A7 hu FRMEIILERT bua 7RBERE LT
FET D Z ENEA SN, BRENZ 12, U7 2 ILEE EO 6 MOEHRIEIT AW
iﬁé%@@\1—71:w%L_H%@fb%v%%ﬁ¢ézwk IZ[H U AG'35,
EHETAHIENHLNERY | REKICBWNTY 7 LB EO 6 fLoE#ILIT, 73
/%EEUVW%®%TE%%W IRERFENIRNT IR ENT 20*DAG'5,:27.8
kcal/mol), 723, H—E—7 L LT LIEQEDO=F v FF~—IZOW\W T, Flx K
HRF LT R, A Y e —T7 )1/ v a kb A ORGEEEZ 2 285505
BRI X 2 B S OB R ) L=, 15 S 7 kS S o0 X OBt ST 211 - 7= &
A, R F UFF v — DR AARE X(R)-FLE THD Z ENHBA L (K2 —1
4), 2B, HERISIARELE O 11T Flack parameter (-0.09(19)) % v 7= 2,
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Chiral column: CHIRALPAK IC

Eluent: Hexane/EtOH = 85:15 v/v o
X Temp 40 °C N A
P> Flow rate: 10 mL/min | _
N NH; O)\N N7 NH,
“C
o/

1st peak:
(-)-8*, 48%, 99.9%ee

AH*  21.3 kcal/mol

AS*  -0.0184 cal/mol/K

AG# 55, 21.7 keal/mol

Ty at 25°C 54.5 days

(@]
\/\N B
A
O N N
.
/O
o/

2nd peak:
(+)-8%, 48%, 99.9%ee

A¥%—A5L2—6 PDE4HEH 8 DX T /L HPLC IZ X A0 El

In([A]/[A],)

0.2
0 T T T T T 1
02 & 000 10000 15000 20000 25000 30000
04 -
A
-0.8
. N A353K
u *363K
-1.2
Y ‘\\
-1.4
=-9E-05x - 0.0574
1.6 \ Y Rr=noar] \.
* y = -6E-05x + 0.0048
-1.8 -“y=-0.0002x-0.0005 RZ=0.9994
R2=0.9998 tlme (S)

X2 —1 2{bEW 8* D —
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-14.8 T T T 1
0.0027 0.00375 0.0028 0.00285 0.0029

-15

-15.2

-15.4

-15.6 ® RAN
HIE (GR511)

IN(KenandT)

-15.8
4

-16

-16.2 y==10712x+145 ¢

R2=0.9852

-16.4
Ut

2—13 (LAWY~ —2r D Eyring 71 v b

2 — 1 4B 8*DFH— ' — 7 O X #itdb i E T (Ra)-ALE)

SSNT, {LAW 8 D= T v FA~—MTHEREIE A iz L= Y, bbb, &
T F F~—8*D PDE4 HEE %2 300 uM, 100 pM, 30 M, 10 uM oD i i 15k C 274t
L7z ZDFEHE., (Ra)-(-)-8*D ICso A 70 UM, (Sa)-(+)-8*D ICso 7N 125 uM & 721 |
TS UF A TOIERIIMEETH DL Z LN mhoTlz, LIPLAENRG, B FBIW
7y FOFI 7 v Y —L%ZHWe in vitro (L EERERICIW T, &7 ba 751
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R CTHERESRD LN P, Thbb, (R)()-8* DL hBLUT v MFIZ 1
YV —XIZBT B invitro 7 U 7 Z o AT FH 0.053 mL/min/mg protein, 38 KO8
0.185 mL/min/mg protein TH -7, —F. (Sa)-(+)-8* Ot hBLVOTZ v MNFI /vy
—ALITHT 5 invitro G2 V7 7 21 £i£4 0.01 mL/min/mg protein LA, 36 &
) 0.043 mL/min/mg protein T&H ¥ | SYERD T m WL EME L R Z LB L N E

2ol Wang BT, C— N#ARFLEMTH S (S)-(+)-lesinurad 28, & b U =
T FOREEER THD CYP2CY ([T T HRHLZEMENTOR)IELD b2 &
DHOMERD HNEELE L TERZT 2 77 A NVEZETDHEV I RERZHE LT
HO ARERII TN L FBEORETH T, LENR->T, Zhbl—7=2=/1—6
—T X UTINVHEEEROT b u TEERZ T SEIL B0 b e SRR E R
9% 2 LITRAB LT OBLEN D b AR O—2 8720 9 5 Z LRSI,

#2—8 (Ra)-(-)-8*& (Sa)-(+)-8*D in vitro FEMAR & 22 EME D HLig

(Ra)-(-)-8* | (Sa)-(+)-8*
%7V HPLC |Z81F % &' — 2 DJIEfF ° Hov—2r | HE_v—7
PDE4 ICs (uM) 70 125
in vitro X7 U 7 < > A (mL/min/mg protein)
tMNFIZ7uey—2A 0.053 <0.01
7y M7 uey—A 0.185 0.043

[a] & 7 /L HPLC D&MHFAF— L 2 — 6 |ZFLH

2 Z BN

1. (a) Tobe, M.; Isobe, Y.; Goto, Y.; Obara, F.; Tsuchiya, M.; Matsui, J.; Hirotab, K.; Hayashi,
H. Bioorg. Med. Chem. 2000, 8, 2037. (b) Isobe, Y.; Tobe, M.; Takahashi, O.; Goto, Y.;
Inoue, I.; Obara, F.; Tsuchiya, M.; Hayashi, H. Chem. Pharm. Bull. 2002, 50, 1418; (c)
Isobe, Y.; Tobe, M.; Inoue, Y.; Isobe, M.; Tsuchiya, M.; Hayashi, H. Bioorg. Med. Chem.
2003, 11, 4933.

2. Tobe, M.; Tsuboi, K.; Hasegawa, F.; Fujiwara, N.; Inoue, Y.; Isobe b, Isobe Y. Bioorg. Med.
Chem Lett. 2016, 26, 1292.
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10.
11.
12.
13.

14.
15.
16.

Sakamoto, M. Utsumi, N. Ando, M. Saeki, M. Mino, T. Fujita, T. Katoh, A. Nishio, T.

Kashima, C. Angew. Chem. Int. Ed. 2003, 42, 4360.

Najahi, E. Vanthuyne, N. Nepveu, F. Jean, M. Alkorta, I. Elguero, J. Roussel, C. J. Org.

Chem. 2013, 78, 12577.

Schirok, H. Alonso-A. C. Benet-B. J. Goller, A. H. Grosser, R. Michels, M. Paulsen, H. J.

Org. Chem. 2005, 70, 9463.

(a) Papesch, V.; Schroeder, E. F. J. Org. Chem. 1951, 16, 1879; (b) Ohtsuka, Y. Bull. Chem.

Soc. Jpn. 1973, 46, 506.

B =, Rt Mk A BT ERE 2007, 65, 626.

Purchased from Daicel Corporation.

Bott, G.; Field, L. D.; Sternhell, S. J. Am. Chem. Soc. 1980, 102, 5618.

Oki, M. Top. Stereochem. 1983, 14, 1.

Yilmaz, E. M.; Dogan, 1. Tetrahedron: Asymm. 2008, 19, 2184.

Ogino, H.; Furukawa, K. JP Patent 2002308774, 2002.

(@) Parsons, S.; Flack, H. Acta Cryst. 2004, A60, s61; (b) Flack, H.D.; Bernardinelli J.

Appl. Cryst. 2000, 33, 1143; (c) K¥; /% &, HHE FHi & X Bis s S i AP
(Fk) LZEFA 2014,

Assay was performed by Eurofins Panlabs Taiwan, Ltd.

In vitro metabolic stability was evaluated by Sumika Chemical Analysis Service.

Wang, J.; Zeng, W.; Li, S.; Shen, L.; Gu, Z.; Zhang, Y.; Li, J. Chen, S.; Jia, X. ACS Med.

Chem. Lett. 2017, 8, 299.
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BEE OARN 1—Tz2=A—6—TIUFIN IZBITAT huTEEED
RRIREE BIE DBR%E

i

[l

BoETHRRZ1 —T2=b—6 -T2/ —UTIVEROT bua 7 BIERE T
tE FBEIOTZy FOIFI 7 v Y —AIZ%F 5 in vitro (EHZEMEICZEZDRO b7z
D, REHIZE TS C— NE#AF LAMITAEFFENCLRERTHY, —FHOT |k
0 SRR ERINICAKR T 2ERN DD Z EBNhoTa—T7, 71 RO NE55E
ETITEE 20T o TEERPEERZ 25720, IRPEBENVEFS D, TDTD,
77D C—NRFEMZIBNT, —HO7 ha 7EERZERIICERTE
MU, AEABALFCERE, LU, F—2ECTTTlicRxz@Emy, C
— NEIRF LGB T, NI OB S O LR CEE RIS AR S S R
ENTHNID R ZOF ENFRPOERMEZLE LT M, Kiom O gig i
FIE (ee) MERTEX/ELTH, 7 b 7 BERIIFICT B IO REMEZIES 7=
B, EHR ORI & WV ) MUSEKIETIIAERY D ee BDMET T2 2 ERMHESND,
L7eR o T, ee DIR T Zi/Ne T 572012, AFHNOJEDITH] 2 IXFEF 128 v O E R
B (-7 FNVESE) ZERLEZEENHONONDLN, ZOHE, BEHEOE A LERE
DEPEZRIRT T2 BN &b IR U THEMAEBIE L IS WVEES . T LV
FIEOHBIIEE THDH VR D,

FEHT, P EICTC, V2o O MLICBRER 2T S U T LB ER
IZC—NEIREDFIEL, 227 b 7 EBYHRR CEMRBEE I EN R H DL Z L%
O LI &b KT b a7 BV RO SLRBR I A AL OB A B G b7
HIMIE 2 B U, Z OBRREIIZEICI Y fA TS, Fx et LR, A7 ==L 5
IVHEARIZBWT, TIROARFMBIE L RO X 7 VERZMEET-5HE1C, iR
TEYT AT VAR Y 7 VVBLOLPETTT 2 2 L2 R L7z, [FRpZ,
DIMXINARE 2B T O AEMBEL IO I VEEEH L Z EICL-oT, AU D
7 b u SRR ORI SRR E S T S5 2 E B RH LTV, KETIIYT AT L
TR 72 7 F 2 VBRSO RS Gt 2 s liE 4 5,
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31 1—T==)—6—T 3 UTFIN~DOREMMBEFEA ORR

FF FIEIHEWY, P77 AT VBRI LIS ORIFMAD A AT 72 (R F—
L3—1), 2—=b—4—RA KL T2/ —/VI3EHFEFELELT, 7=/ —)L
PEe e iad MOM B THR#E L, N7 U0 A A VW7o BR TS IZ L 0 =
hadiza7 2 VBB LUTH%, AT I VR LT YT U7 n Bz K
JRSH, MIGT DU LT 14 & 3B 91%DINE TE-, YL T 14T 5T /7T
Y F LD TFET, BH OLMTIE MOM ENBLEET 2 2 L 12 X » TSR EHMEL
Loz, BV U UFE T TN EI T2 2 A, MOM EOBR#ENRIZ S, B
DT 7T F K 15 D Bl%DILR TR LI, D OWT, HWERIZKL S MOM %
DOPREEZITV, BMO 7 = ) —) 16 1372,

DN TEHELNZT = /) — e Ru X% U EADff x4 ORI OB A & KREt
Lz, AAEMBEORE L LT 6 FMmaLe, Zhbidndn b fikidis LT
KOG AFARETH D, EAFMBELEANT D ISEEITENENR S — 1ITTRT,
B BOSIEM VLT L DT v s @R CARF B OB AR LT, 7272 L Entry
3D(S)-7 = R TF NIEDEAD I DM TIIIGHEIT Lig o772, BIEIC
TEO)-7 =X FNVEDEANET-TZ (AF—L3—2), Thbb, FEO7= /) —L
Phe Fo SV RIOBIERSIZ L - TO)-7 = X F VA 95%DINRTE A L-, &t
BRIZL DT =Y o ~EBIE LItk 4 VT VBT a LV EER S, 2 B 73% 0
WERTO VT 20 28537, 7 ) 7T E2FIELEZITV, BUNDIERTHRE T 5, (S)-7
=X F T —T )V 17d Z157,
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NO, 1) MOMCI, TEA, THF
HO 2) H,, Pd/C, MeOH N
O/ 3) PrNCO, MeCN
13 91% (3 steps)
O
\/\N
5M HCI
CN
(o] NH >
MOMO MeOH
64%
O/
15

AFX—AhL3—1

HEDOE R
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NCCH,CO,H
Ac,0, py

b

toluene, 80°C

98%



£3—1 ANFEMBIEDOEAN
O (0]
\/\N \/\N
OA\NHCN — O)\NHCN
HO RO
o
16 17a-17f
Entry R e RE (%)
1 ~ Pyridine, acyl chloride, DCM, rt 83
:E 5 *
(o]
17a
o Pyridine, acyl chloride, DCM, rt 83
2 5\\0\}\ yridine, acyl chloride r
§ 17b
3 o Pyridine, acyl chloride, DMAP, Quant.
TsHN,,
) DCM, refulx
17¢c
4 £ DIAD, PPhs, THF 0
17d
5 ) Pyridine, sulfonyl chloride, DCM, 85
o %
o) reflux
17e
6 o p-TsOH-H,0, (R)-ALBO, toluene, Quant.
—J“““ rt
(R)-17f
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DIAD, PPh3 ©\|/ 1) Fe, NH,Cl, EtOH/water, 80°C _
) PrNCO, MeCN

95% 73% (2 steps)
o N
bz
-
ONH NCCH,CO,H \/\N)v
07 NH MsCl O)\NH
O\©\ DMF e}
o)
o 95% >
20 17d

ZX—n53—2 (9)-7 = RFHDEA
3-2 UT AT UVAERMBLRS ORE

#3—2ITRT LT, /ONIEA L DFERIZOWNWTERILBUREIT o T2, 7235,
JFRFAHR LTZRE R CRIG AR T & Lz, A v F—LFFERIZOWTIEL, &V de 1
‘ool (Entry 1, 2), 7o, 7= X FAERLH T 7 —ANVHR=VE, afi

WCAFEAETHT UAKICONTHEW de 13557 h > 7= (Entry 3-5), — T,
(R)-ALBO A E A L7 & &, 65%de TV 7 L IVERILEISD AT L7Z (Entry6), L7-
Mo T, (R)-ALBO A EALHAEITK LT, ZHLE, SRR 2175 2
Ll Lz, 7. BILKISIZB T DWIEDOKRE #1To7c, 3 — 31T LTL DI,
1004ED N =F LT I UFHFET., THRE, Fifg=F L, Mz 2R L L235
SN S 65%%%?0) de # 5. % 7= (Entry1-3), — 5T/ a b MREBO A% ) —
/u%:ﬁﬁwi 1A% K de o7z (Entry4), £7-. DMF 2L E L THWE

AT 49%de & 720 THF ICHARD LERVEER TH 7= (Entry5), ~u 4 v R
ﬁ;?;k LT, YZunriAHr rsuaaklh, WELRFEEZHAOTZRER, Wi d g
BRI 72 de TRULEITT 5 Z E N> 7- (Entry 6-8), L= - T, BAF7fER
5 272 THF, FER=TF /L, ML= B0 a7 U RIBEBIZOW T, RICHEIED Y
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BEMZRND, EOICKBEHEOBRFZITo (R3—4), HEOYELZ 1 Y&
Wz 72 E A, THR, Bifg—F /L, Rl MUHALRSETIE 24 BT b SOSIE
SERE L7y o7z (Entry 1-4) . 24 BERILAN TRUGERE L, o de & 5z 72 1A
ELTEyrmrAZ b ruadRV ARREFONL08, K& de 527D
suanaRL L ThHo7z (Entry 5, 6), L7z - T, LI, BUSIEEEA 7 oo kL A
EE L, HEEOFEZ M2 RE LT,

#3—2 AFMBELZETLEEICHT V7 AT VARRERCEUG

o) o)
SN SN |
O)\NHCN 100 eq. TEA O)\N NH2
RO THF, rt RO
o~ o~
17a-17f 21a-21f

KSR (hr)  de (%)

4 20 2
(R)
5 Qg ) 1 0
S\
(o) c,),\o
6 o 10 65
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[a] Waters 144 ACQUITY QDa ftti#s - HE/0HT (MS) #H#IZ TE S i
0.1%TFA K/ 7k h=FKU L)

#3—3 WBHEOKE1

o

\/\NJ\ \/\j\ |
o \\g)\NHCN L O\\\g N~ “NH,
/A @O/ m— /A @O/
(R)-17f (R)-21f
BEOUE i RIGEEE(hr)  de (%)?
1 100 THF 10 65
2 100 EtOAc 10 65
3 100 Toluene 10 68
4 100 MeOH 10 14
5) 100 DMF 10 49
6 100 CH,CI, 10 52
7 100 CHCl; 10 61
8 100 CCly 10 61

[a] Waters t1:8 ACQUITY QDa #itigs - HE/0HT (MS) MHHERIC TER (B L
01%TFA K/ 7 h=FUNL)

£3—4 WEOME 2

HEDYE 3 RIGEERT (hr)  de (%)?
1 1 THF 24 14°
2 1 EtOAC 24 25°
3 1 Toluene 24 19°
4 1 CcCl, 24 35°
5 1 CH,Cl, 24 45
6 1 CHCls 24 57

[a] Waters £L% ACQUITY QDa fiHgR - EH &0 (MS) Miiasic TER (A HIAEE:
0.1%TFA K/ 7 b=k U N) ;[b] REIGDFEEELF
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WIZ, Bes de o EE A LT, 7% 7 ABIERL, SEIERE X OATEE
RTHIRD % T NI O TG 21T o7 (3 —5) ., AKISHFITRKET 24 I
& Uiz, —# 24 B CHISHZE L TWRNE DR H -T2, ZTNHITONT
X 24 BFRF SR CDde E LT T, 77X T4 7 I LTDBU ZHWEE Z A,
de | IHFIET L7 (Entry 2), F7z, BEEERLE LKL NI v azHW=EZ
A, delF 9% & RIFICIRT L7z (Entry3), — /T, FIAT7 I AZOWTET =% F
NTIVERE, MUTKIZF LT I RET M- (Entry 4-8), $F 7L
oA RThHiHrVya=U 2Nzt A PV ZF LT I L KETZ < 55%de
Thotz (Entry 9), —H T, Yra=YrONEREMEETHL v a=r 2R
ET A, T5%E KIBIZ de i B35 2 ERgno7z (Entry10), AfER KD, o=
=2 D IO SARELED de 1T BE 52 TWAHZ LAURBESNZZD, [T
NhaA RThHF=—RBLIRF=D U Z2HNWEEZ A, Yra=v L RBEONA
BEZ2AT5F =0 T8%E R bEml de ZiEl T 5 2 &N TE 2 (Entry 12), Eid
DI I FaF v EONEREZENE D de ICHETH D &) BT, FEE Y
Viamy MEATAREETHD FrE R X T YY) —iZBN T de NMETF L
e LIRSS (Entry 13-15), /2, F=U VOB RY U=y K
MRFE L6 — A RXTX ) UV ATBWTUIRICDIEEET L7 2 Evn %
=V BITARIEDOEITIZIZERY Vo a=y NOEEERESES LTS Z
kﬁ%%éhﬁ:Eme)LkhiD=¥“V/#W%%NWe%éﬁbk_kﬁ@x
RIZF =V U DHEIZOWTREILEIToTo, £T. AE 3L L THF=I 008 E
0105 10 %EET RETLE (3 —-6), TOME, TXTOFMITBNT, K
JEIE 24 RN CoEfE L7z b DD, de DfEIZ 0.3 M ED & Tk bm->7 (Entry
1-5), 2L F =T v OB ENDRTECHLETETCHL de MELS RDZ L 2R L,
7RG &N 0.1 B END 1 HEORICHET D REEREWEEX b, Lk
ST, WIZ0.2-08 YEFE TO02 YEME TN B(LIET, ZORRE, TX3TO5
T 85%LL EEEW de ZER TEX72H DD, b RETIEH S, 03 YED L X
NikbENde Z/R Lz, Lo TU#K, =V roklEYEL2 03 &L L, BE, &
BHIRE DO REL AT 72,
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#3—5 HEEoKE
(@] (@]
\/\NJ\ N

o)\NHCN 1 eq. Base

|
o o O)\N NH,
<0 CHClj, rt N
/\ o~ /\ o

(R)-17fF (R)-21f
Entry B it Bl de (%)°
(hr)
1
2 DBU 1 45
3 NaOH 1 9
4 N M 1 31
= (-)-Sparteine
pH N
5 ()Y 1 1
NH, (S)-Phenethylamine
Me
6 ©\_/NH2 (R)-Phenethylamine 1 O
Me
7 [::L1/| 24 41
N (S)-Phenethyl-N,N-dimethylamine
Me
8 | 24 39"
©\_/N\ (R)-Phenethyl-N,N-dimethylamine
Me
9 47%7 24 55"
HO. N
\(R) Cinchonidine
N/
10 @ 24 75
HO,,, N
\(s) Cinchonine
N/
11 24 58

5
3
o

Quinine

\
/

\

z
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Quinidine

13 \NVOH 24 56
Tropine

14 24 52

12 ﬁ} 24 85
HO., N
O.

[&”\OH (S)-(+)-3-Quinuclidinol

[& OH " (R)-(-)-3-Quinuclidinol

o - 24 2°
\©\/j 6-methoxyquinoline
N

[a] Waters £E% ACQUITY QDa fHigs - EH&E0H (MS) Migsic TER (& HIAEEL:
0.1%TFA K/ 7t h=hKUN) ;[b] RK&DFEFELT

16

#£3—-6 F=UrOHBEOMRE

o 8 Quinidine
e @o/ s Lk @
(RI17¢ Rzt
XF=UrO4E RIGKRE (hr)
1 0.1 24 72’
5 0.3 2 86.4
3 1 24 85
4 3 24 79
5 10 1 72
6 0.2 24 85.3
7 0.4 24 85.9
3 0.6 24 855
9 0.8 24 85.0

[a] Waters 18 ACQUITY QDa gy - EH&E/oHT (MS) MRS TER (I HTAHE:
0.1%TFA K./ 7 b=k UN) ;[b] REIGDFEEELF
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K3 —TITRLTEL DI, 0 CTIERIGEIEIZ LV 24 R CIEROS A 5EREE T, 3
VEOXF =V UDBMETH o7, TOKME, de IZOWTIL 25CH L LV IETT 5
fER L o7z (Entry 2), —J., 50 CTRIGGRMHEEITO & 4RI CRET D2 H DD
de £ 83% & & TK T L7z (Entry3), 25 C®7k1¢ﬁ>ﬁ%§<ﬁ?f£#*%%ffz7‘:f:&b >
SWTHEOREZRFT Lz, £3 —8IRLIELIIC, HHELRDH 005 M D 5F
BV (0.25M) Tldde 2MEFLAZ, —FH T, B{F.?é-%u\/)%r“ (0.01M) IZF2D &,
POGRFEIE 140 BFf & BRIV ETH 72 H DD 90% & FEFITEmV de ZZER 35 2
IR LTz (Entry 3), ARSI TS I LAY —LE TR —ALT v 7 LThH K
P, T AT VARPRPEIZOWTIIFA E AR < BB ERIX 57-67% Th - 7=
(92-98%de), AL EIT 2 KISBHIED LC Fv— F & 3 — 1 1Z7R7,

#£3—7 IREOKS

o

\/\N \/\N
o)\ HCN 03eq Quinidine

10 oo

AR o ’ ay
(R)-17f (R) -21f

2 0 3 9 70 19
3 50 0.3 4 83 0
[a] Waters 154 ACQUITY QDa #itti#s - H&EoH (MS) MHERIC TER (B

0.1%TFA K/ 7 h=HKU )
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#3—8 FHER)-17f ORRE DR

O (e}
\/\N)j\ \/\N
o)\NHCN 03eq Quinidine
50 %@
X CHCb
ST, o
(R)-17f (R)-21f
EEORE (M) KRR (hr)  de (%)?
1 0.05 24 86
2 0.25 24 76
3 0.01 140 90°
[a] Waters #1:5. ACQUITY QDa #:H #s SHT (MS) FHHEIZ CTEE (A

0.1%TFA /X 7 =KUY ) ;[b] %‘W@ : 57-67%.

| |
0.80 1.00
3—1 EER)-1fICKT 2T AT UABRMBRLSOEL (UG 2 4 B %,
Waters L% ACQUITY QDa fit#s - HE/0Hr (MS) fMHiEs)

INE CTOMFBTTIEIARHMBIIE L L T(R)-ALBO £4& VT =, RIZ(S)-ALBO %
BN LT (S)-17F (2% L ClRBRDBRILIISE Z AT o 7c & & £ L D C — NEi R F DAL
AT BLBR DS R - 072, (R)-ALBO 2 Tl fb L 72 51T (S)-17f 1Tk L CIABED
etz lc s 2 A, (R)-17f LREROBERN A bl (3 —9), T74bbH, MV
TFNT 2 UEHWESEA . 58%de & (R)-18f D & & LIRIEEEDFE S & 5- 2 7= (Entry
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1., (R-17f TEF=U Pk bEvde 25 27225, (S)-17f TiE, =Y TD de
1% 54% T -7= (Entry 2), —J7. 1208 O SAARLE 289 5 F =—% Tl 85%
EEWde 25252 Lotz (Entry 3), T 7ebb. (S)-17f 1IZxF L TiL. (R)-Ad
BOF=—REDOMHMENRRL, 2R ra=rBIvra=Yrzfnize &t
[FEEDBEmMA RS (Entry4,5), 2D XL 912, (S)-17fizxf LT, R);-BLEZHT D
%T?wﬁm%F%%mtk%bwﬁﬂ%ﬂ#f%ot_kﬂ%\(miﬁfmﬁmb
i, F=—x0YE%Z 03 ITREL, LEDORELHRIFT LIz, O,
(R)-ALBO H:DIFf & [k, 0.05M 726 55 < L7 0.01 M iIZBW\W T, BFMEZHFT 5
HLODEmWde ZAEL AT ENRHALNE/ o7 (F3—10), REMITEBIT B 0E
BREE D LC F v — F & 3 — 21TRT, WE(R)-17f & (S)-17f TiL. [FIEEDOIRERIEH]
TROLE T OFNEBITAAL VAR THD Z LD, £ D C— NERH
AW FA—ThbodEEILND (K3 —1, K3—2),

ZHE TSR & 24 BERICEE L TR Y . T E TORRICKT 2 de D%
IIRMER TH Tz, LT -> T, 24 R ETO de OZLZMERT D720,  (R)-17f
2L, bR BT de LA B L (R3—1 1), MUGHE 1 REH DR
ST, de IZFE EE TR o728, FffRmE & & Hi2 de S EH LT < FER
7D FBRNIZIZVER S 1D 24 FEZIZIX 94%de & 7272, ERLOFER LV | K
MRk E & iz de W EF L2 NS, de ~OEE 52 5K & LT, ElY
(R)-21f 37 A7 L A BRI B SUG TH CAMEIZ 72 > TW A HREMENRE 2 bl
L7zRo T, IEAH=ALBEZO—RELTIOL ) RAfEEEZRFET 5720
10Wt% D (R)-21f % fe ¥ h> B AN Z 724K HE TH%@ﬁMﬁW%ﬁWWE@ﬁ%ﬁL%ﬁM
ToHZEE L, ZOMEEER S — 1 21T, MSBBE®ZIL, 10wt% D (R)-21f %
G ENLENT ED de XA E S E R WRFICHATE WD, JhEED T
WIAZDN, ZOETEMAR D LR #RE LT, 24 FFHORFETIEME & b
94%de &\ O FERIZAR D AR EITIRZ T N0 (R3—-11.%K3—12),

3 —9 JEE(S)-17f lITxI T BB LR

o}

)\ CN 1eq Base
S S T
(S)-17f (S)-21f
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RISk (hr)

_ N Quinidine
N/
HO. N
(R) .
0 x Quinine
N/
4 % 24 49°
HO,, N
\(S) Cinchonine

Cinchonidine

[a] Waters 18 ACQUITY QDa fitti#s - H&EoHr (MS) MRH#IC TERE (B HEE:
0.1%TFA K/ 7t b=k VUN) ;[b] REIGDFEELF

#3—10 HE(S)-17f DIRE DFt

(0]
\/\NJ\ \/\N

0.3 eq Quinidine

S ET R

(S)-17F (S)-21f
EEOEE (M) RIGERE (hr) de (%)?
1 0.05 24 85
2 0.01 120 89

[a] Waters t1:8 ACQUITY QDa #iitigs - EHEoM (MS) BRI TER (B
0.1%TFA XK/ 7 F=FU L)
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£:911—

7=—0.885

I 1 - 1 1 I
0.80 1.00

3—2 (S)-ALBO (%A% 2 HLE(S)-17f 12645 V7 2T L @RI BRL RS
(BChts 2 4 WefET#% . Waters #E8L ACQUITY QDa #iH%s - H&/oH (MS) #iHies)

#3—11 EHER)-17f OBR(LIISHE 2 4K E TO de fi

O o}

)\NHCN 0.3 eq Quinidine

CHCI3 (0.05 M), rt
Zas s

(R)-17f (R) -21f
B R de (%)? (R)-18f (%)*
1 773 83
2 84.7 72
4 89.2 55
8 90.1 31
24 93.9 <5

[a] Waters 154 ACQUITY QDa #ttigs - E&E/oH (MS) BH#RIC TERE (B
0.1%TFA XK/ 7 h=hKU L)
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#3—12 AL amiitEf V- & X OR)-17f DBRALGEHE 2 4 FEE £ TO de fH

O (e}
\/\N
41\ CN 0.3 eq. Quinidine
+ 10 wt% of (R)-22f —— >
CHC
@ A(d
(R)-1T7f (R)-21f

(R)-18f (%)?

0 78.9 83
2 87.6 67
4 86.6 47
8 92.7 30
24 94.0 <5

[a] Waters 144 ACQUITY QDa fiti#s - HE/HT (MS) H#T TE S H
01%TFA K/ 7t k=1 UN)

#3—11EEK3I -1 22K LT A, BRRHFFIZBWVT de ITRE22EW TR
Mol Z b, MO B D FTREMIFIERW E WD T EARB I T, R,
INOOBMFRRE 777 T7ry bed 26K 4 K3 —-3,3—4DX5I12R25,
INHORMNG, BEBENRT T 7ORKITEE &b RERL, ERYO de DIEDS
IFIFELNWE W) ZERNbhote, LEER-> T, KGHE & 612 de 28 EH LT
SHRILUZDOWTITENTIEH WA, D72 &S RUNERD D A AL 72 > TV D A]
EMEIXRVWEEZE 2 BD,
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100.0

95.0 Y

90.0 ® o

85.0 *
80.0

de (%)

75.0

70.0
65.0

60.0 T T T T T 1
0 5 10 15 20 25 30
time (h)

M3 —3 HHER)17f OBRLIISH 2 4 KFfE E TO de 8

100.0
95.0 .
90.0
85.0
80.0 &
75.0
70.0
65.0
60.0

de (%)

0 5 10 15 20 25 30
time (h)

X3 —4 e iitEfiv: & oLER)-17f O
BALISH4 2 AR E T de i

INETORFITIE, REMBMELZA T HREEICK L TYT AT LA BB
JEEFEM L TEXERN, RFMBENSTIAEEDO L LR LY de ICRKE R
ZTVDENEIARHTH o7, LTeh> T, AEMMEZAIRWERICH LT, ¥7
NT I EAWESGEOT T o F AR KOEORFEITH) 28 & Lie, £,
BRALATEEIR D FE 21 ALBO ONLARHY i & & b D FRERYT 2 BRI T N B U8R
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EofricA VeV EEAET L EEEARF L. ZORKEITo72 (AF¥F—AL3—3),
R 220t LT, KBTI LV = b i@ oL Tr=U v e L%, A
VLT UBET R EL T LT 23 ~EEN. BRIV T ) TR AL A EA L B
{LRITBRIR 24 2457=, F7-[FRFC, ALBO RIIMER T2HT 570, BBER %25
A RFUAF ARG IGEE E LTHW . BEIZ T TICAF—L3 — 1LIZTAK
BEH) o BoNlz 26 OB LRTIRAICR LT, T E Cloikifb Uiz ngef:. An
H0. 3FELFIYEDOF =V U BLOF=—R &7 unR/VAF TGS, £
DFER. A Y T o ENVEERTLHHEELD G A MR ATFAVEEZET HHEO TN
FTEWee EEZRLIZHDOD, F=U 2, F=—FRWNTHNOHEILTH 1-7% Lm0 ee
25 Z Lidehotz (3 —13 Entry1-4), Ziux, ALBO #F 3 5 5E 1%t
TAHTXITINAREETHL NI ZTF AT IV E 1L YEH WL ED de 23 57% Th -
REREBETDE, X TAT I L0 SARFMBEED T 3@ OSLARRIRE I 2 %
MIEFFT L 2RBLTWD,

SERBRIRME DO RS A 1 = X ABEREAT HITH T2 0 | AR OMERISTAREL & O 151X
VERRIRTH D, €T, LT 5 ERAIROM LRBLE 2 X B S S AT
WCEVIRETHZ &L Lz, FER)-ITFICONVT, F=V 0 2HWTYT AT L AR
RSBSOS 21T > TR T b e ZEMERIZ OV TREA ST L 7RG R, B &
LT DMF, B & L TKERAWZESIERBIEC X 2 b 23, 5 CTHRE
THZ LIk THEERETRIST 5 2 LIk Lz, XBEE Sz Lo, 55
LT B S OB AR F 3y DR SARELE X RMA TH D Z L VI Lz, 7238, #faxtr
IRECE OHIE 121X Flack parameter 2 v 7= (Flack parameter: -0.07(14). » v 2 NIER
7)o

o)
\/\NH \/\N
NO2 0”7 "NH NCCH,CO,H O)\NHCN
Y‘k@\ 1) Hp, Pd/C, MeOH YO\©\ Ac,0 o
o~ 2)PrNCO, MeCN o toluene, 80°C Y \©\ P
2 83% (2 steps) 93 91% o4 o

AX%—AL3—3 AVTaUELEEETLHEEDOEK
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#%3—13 ALBO EAZ#FH-72WHE KT 5 BILK)ISEOME

(@] (0]
\/\N)H \/\N)‘j\
Base
O)\NHCN - oéI\N NH,
RO i CHCI3(0.05M), rt RO i
o~ o~
15: R = MOM 25: R = MOM
24: R = j-Pr 26: R = j-Pr
B0 IR
(hr)
5 a
1 _ & Quinidine 24 7
_ 0.3 eq.
N
O /%
HO. N
2 15 ® . 24 4°
0 N Quinine
_ 0.3 eq.
N
3 A
\( w0, A .
3 _ is) Quinidine 48 1
24 _ 1eq.
N
g 4
\( o N .
4 ®) N 48 2
0 N Quinine
24 _ 1eq.

[a]5 v — 7 BNEERY; [0] v —27 BNEARY (%71 HPLC CHIRALPAK IC

I CER)
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X3 —5 BRILAERMR)-21F O XS E T (Ry)-BLE)

X3 —5X%Y., (R-ALBO #&H345 (R)-17f 22\ T, F=V U ZHNTIT A
T UBRIRABRAIL RS 21T - THE72 7 b 7 BAPER(R,R.)-21F DHAsh SEAKREL [ 13(Ra)-
BLE Ch D Z &N nhote (T78bb, (R)-21f 1L(R,R,)-21f LWiE), F/-. K3 —1
EX3—2 X80, fLAWR)-21F (X (S)-ALBO JE% W CERAL L Z1T - =AW
(S)-21f & ODS 1 7 M TlRI—DORFRHAZ R LT Z &b, THOHRAEWZT T
FA~—DERTH L Z LRI (T7bb, (S)-21f 14(S,S.)-21f L kriE), £
2. KESOFAAELZ RS0, @Y7 A7 LARIROEBILKSED LR TH 5
(R,Ra)-21f & (S,S4)-21f |22\ T, REMBIF D ALBO & F2Fn 72 54 TEREFIHED O
MFEZIT o7 (AF—L3—4, 3—5), LTOME, WTFNITHONTH M Vigxn
AL —H1 50 CLWIRERMARSFMHFICTHE TS LT, MIETHEHHNDO 7 =/ —
JVAR(RY)-27 £(Sa)-27T 2K 4B HZ EMMTER, 7B, ZOEEee DIRTIRIFEAL
B2 57, (Ra)-27 1% 94%ee. (Sa)-27 1% 96%ee ThH 7=, X3 —6 &K 3 — 7 DFER
L0 BALRISHR OEAF ONARIT, AVZ=FrFA~—ThY, (S)-11f "6 TT
AT UARIRBRAL 24T > T2 AR O C — NEIARF IR L72@ v . (S)-HETH S
ZEDBHBMNE TR oT,
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O O

. O)\N NH, p-TsOH O)\N NH,
O AL - Ho A Ra
o~ \\ MeOH, 50°C
ZZ ~ ~
o 88% O
(R,R,)-21f (R,)-27
98%de 94%ee

AF¥%—253—4 (RRy)-21f ®(R)-ALBO DR E

0 @)
\/\)N\)j\ \/\N)j\
O~ "N” "NH, p-TsOH O)\N NH>
Lo S - HO__hSa
MeOH, 50°C
72 ~ e
O 73% O
(S,S,)-21f (S,)-27
96%de 96%ee

AF—53—5 (S,S.)-21f O(S)-ALBO HDrE
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18.249

T T T T T T T T T T T

10 15 20

3—6 (Ra)-27 D% 7L HPLC
(CHIRALPAK IC 4.6 x 250 mm, ~FH% > /2 —7 /X —/L (0.1%TFA &4) =50/50
vlv, 40°C, 1 mL/min)

10.082

18.536

10 15 20

3—7 (Sa)-27 ®¥x 7 /L HPLC
(CHIRALPAK IC 4.6 x 250 mm, ~¥#> /2 — 71,37 —)L (0.1%TFA &) =50/50
vlv, 40°C, 1 mL/min)
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3-3 UT AT VABIRMWBRIERIED A =X LELE

AFERDPG . T~ a TEMEEOSIREIRIIE DS A T = X LG Z 1T o7, F
FTLE3 -1 IR LIEE DI, AEMBERE L ClEm O AR IR T ER TE 2,
DONT, B3 —5DEntry16 IR L7=& 91T, ¥/ V2 OHTITERILKISITHEITL
RN EG BRALBOSIZIET v F LT R /ui@ﬁmﬁﬁﬁﬂzgﬁ EIEA B D
Thb, £ 7TX TR M) ZF LT 2T 50-60%de ZiEHL TE TS — 5T,
XTNATIVTHIF=V U ZHWEEIZESIC de N L L, REMBIEE FT 1
7?y@ﬁ%@%’i@9Mww®ﬁNWe%%m?%fméo:M%®£%$£%
BRTLDLE, PVZTFAT IV REDL I BRT R INANBEEZHWZSE, K3 —8
IR LT LD RS A N =R LN EZBND, Tbb, K%ﬁ%%f%é@ﬂnm)
EOBBIRFNT =Y FOT v h &5 FNKERBEICL Y ZERBIELZ KT 5
ZETHEILE Téﬁﬁ@%%#lméh\I3—8®A&®9%@%@5&%26
b (BEGEEEIRICE > TH ADFELHER) . X, =—7 AERREN LD &
HTHHLEWVWIR3 - 13OFENPLEIFEND, 20L&, HATRLE
(R)-ALBO @7 U VIS Him FRNCZE X M- SARBUE Z A 72D, RERlo> T 7
T F ORI L TR GIESE KRB AT 5, TORE, #iARF DL
RIZ (Ra)-FLE TH 5 (R,Ra)-21F MAERKT 5, (R)-ALBO RAH T 5 HEICR L THY
TFNLNTIVDEIRTFT)N7T I T 50-60%de &V ) FERNECZOIE, E
FEO LY RBIHDTD EE X LND, o, HOWDHEEOFEHEIZ L > T de BWELT
OV, NEITO O3 H D RREOE LN VI TH H M3, HEMENRT X720
FHE de IZITAFNE Z A2 RLTWD, ZHuE, NU=F AT I L0 4

FEMEDTRV DBU o7KEE (LT N U 7 AKEEIR T de S T o7 Z el s s Ok
el b U U AKEBEIRIZIZZ R O X 5 IZKBREG ~D TN EEST 5 L4878, Hn
LI OEENEN BT X WG E ., RIGHEITNEL 72550, RUSRHIZET )P
EREEAZRAFERNENTT ENDT20, @m0 de iZEPR L D EB X LD,

— T, FTNBRF=UUNEFEETDHEEIHIT de BNA ETH2HAIFLLTO LS
ERTED (KM3—9), BHEANDS, =V ORFE Fax ikt EEO T LT
DHIVKR=NFEOB TREFRENEZ DI L BLOF=Urox ) U VR EEED
RUVBVEROMTr —n AZ XU INEE LR EOMANGEEBIZBATT
HEEZOND, ZDOLE, F=UOb R oM AR ENS, F=V
(SR TR DB~ T 5 2 & C, RERBELZIRTHZENTED, TD
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fa g, A FAMONVARFEEN S BIZREL 20, 7/ 78 F AT HEDOF
AINBIE DXL 2 LT, (R)-BLEDOAEMM % 5 2 ZBUEDEFIG N S HIZ£<
20w de IZERoTEBEEZBND (M3 —8IZBWT, M =F 7 I /2l
X2V DRI RIS FETOREDRED RN EHEE), b —#HOKNE, 7
m%/émﬁfkéx&/~w(%3f3)%m%m+FJ?Am@&(%3—5)
ERWTEGAICKIEIZ de WMETFT2Z 008, @m0\ 7T AT UAERMIZIIKE
#Aﬁigﬁ& | BT L TNDZEWRBEND, SHIT, B Ry EoiAn
WAL =— AW L X IF = WX 10 de BMEF LN, 2
NbARE Fax v B I AREENEECTCHL Z EEEHRLTEY, KZBHEEOM
HPNIRBIPEIC R E R BE 5 X TND 2 EREXBND, 728, BEBIZOWT
. DFTEHEICE > T, F=V 0Dk Rax v LT ol R= L L O TK
FBREANTERENTWEHZ &, BER 2507 U —/LEOEHEN 4 ARETHDHZ L
MHT—n AX XV TR INTODAEENENZ EPHRTETED, A%
BNHBEICL > THXF SN D (B3LYP/STO-3G THEE fixi# (b —B3LYP/6-31+G(d) T
KRFHE)

Rk

(R Ry)-21f
50-60%de

X3 —8 U AN=ARLDEELE (TXTNREEDOLGE)
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(0]
\/\N

N
Z
H/

Quinidine i-du] S d

O

3
\

AFEAFEREESE T — T RE3YXYT
ISEB =R FBTOEEILL

O

\/\N \/\N
)@» 1I:
N ||o

KT N %@

2 Z BN

(R,R,)-21f

up to 94%de
3—9 NEAN=RLDELE (F=U L DEAR)

1. (a) Kitagawa, O.; Takahashi, M.; Yoshikawa, M.; Taguchi, T. J. Am. Chem. Soc. 2005, 127,
3676; (b) Kitagawa, O.; Kurihara, D.; Tanabe, H.; Shibuya, T.; Taguchi, T. Tetrahedron
Lett. 2008, 49, 471.

2. Takahashi, I.;

Morita, F.; Kusagaya, S.; Fukaya, H.; Kitagawa, O. Tetrahedron:Asymmetry

2012, 23, 1657.

3. Hirata, T.; Takahashi, I.; Suzuki, Y.; Yoshida, H.; Hasegawa, H.; Kitagawa, O. J. Org.
Chem. 2016, 81, 318.

4. Mehta, L. K.; Parrick, J.; Payne, F. J. Chem. Soc., Perkin Trans. 1 1993, 1261.
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BNE

AWFFETIE, 1 —T=2=—6—T I /U7 UEEIZER L, C—NERZFD(L
PRI AT o T2, EFEIIAEICBWT, 1 —7 ==L C—N#hox L T4v
MIZEBREZEANT L2 L TC—NIAFRRBET L2 /A L, —#HD 1 —
Tx=)—6—7 X UTVNFERORRRERE L KD E A WTHRIZEBW T
AG'351 = 25 keal/mol LA &9 BV ElEREREZ F9 5 Z LD, M%7 b 7R
DAL ENAFAET H 2 L 2L L, AFEADREEEE T, C — N#fiR
BFaBT5ELEME ORBICBW TR Y Rtz R L, U7 L0 n B &R
LU HHMICC— NEliOA /L MEHRENEEEERE~RKE R EL 5 X TWNWDH I N
IR E 7=, 512, van der Waals £ & [AlHRFERE - OB AR LT & 2 A,
A MFUEL= b FOMEREE GRS BT, mWHBREE T &
By hotz (R=0.87), AFIRZIKICL T, ZHETT b 7 BIEKROIF/EN RS
Thote, 1 =7 z2=)b—6—7 3770 EEEELMEDO R PDE4A BLEAIRB W
TH7 b 7BMEERNFEET D2 L 2O THLI Lz, AMeamDT7 v k%X
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MMAEDEDZET, 7227 TV RC—NEIRFICE O TEMERIRICY 73
VBSOS EIT 5 Z L 2 R L7- (94%de) , ARSIE. BHICAFAREA HillkRD
REEZHND Z L BLOERE W ) IEM2EFECRICHEITTHZ b, BEFD
Bl Re D | AREBIEFICERRIETH D L x b, £z, WOSRELEZ
BT D ARFMIE L X T L VIR, REROFEIC T O SARELE 2 A
5 C—NEARELEDBRES B TE L, 208, ANDRIEEZEX DDA T,
C — Nl RFE DS A HIEIZ Yy ha—/LTx A58 BEEV, A THE LR
TTHREY A%, C—NEIRFHEO IR BEBVPIFFIND,
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BRE FEBRIE

Chemistry

Commercially available reagent grade chemicals including solvents were used as received
without further purification. All reactions were chased by TLC (E. Merck Kieselgel 60 F-254,
0.25 mm thickness) and/or LC/MS (Waters ACQUITY Qda). Column chromatography was
performed on silica gel (Biotage cartridge column: SNAP ultra or Yamazen: High-flash
column) or amino silica gel (Biotage cartridge column: SNAP Isolute NH, or Yamazen
High-flash amino column). Melting points were determined by OptiMelt MPA100 from
CORNES Technologies. Optical rotation was measured by DIP-370 digital polarimeter or
P-1020 polarimeter with Na lamp (589 nm) from JASCO Corporation. 'H- and *C-NMR
spectra were measured by JEOL ECS-400 at 400 MHz ('H) and 100 MHz ("*C). CDCl; or
DMSO-ds was used as measurement solvents and the standard signal was defined as 6 7.26
for 'H, 8 77.0 for °C or & 2.49 for 'H, & 39.7 for "°C, respectively. Chemical shifts (3) are
shown in parts per million (ppm) relative to the standard signal of solvents and the following
multiplicity abbreviations were used: s, singlet; d, doublet; t, triplet; q, quadruplet; sext,

sextet; sept, septet; m, multiplet; brs: broad singlet; J inhertz. High resolution mass spectra
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(HRMS) were recorded on a LTQ-Orbitrap XL mass spectrometer from Thermo Fisher

Scientific Inc. CHIRALCEL OD-H (4.6 x 250 mm, 20 x 250 mm) and CHIRALPAK IC (4.6

x 250 mm, 20 x 250 mm) from Daicel Corporation were used for chiral HPLC analysis and

separation. Enantiometric excess (ee) values were measured at 254 nm by High Perfomance

Liquid Chromatography system, Prominence, from Shimadzu Corporation. CD spectra were

recorded by J-720W from JASCO Corporation. Asterisks (*) on the compound number mean

axially chiral compound.
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General procedure for the synthesis of 2a-2i and 4

4
2a:R' = 2-Me
2b: R' = 2-Et
2c:R'=2-F
2d: R" = 2-Cl
2e:R' = 2-Br
2f: R = 2-|
2g: R" = 2-MeO
2h: R' = 2-NO,
2i: R' = 2-CF4
4:R"=3-Me

Cyano acetic acid (1.04 g, 12.17 mmol) and compound 1a (1.17 g, 6.09 mmol) was
suspended with toluene (40 mL) and the mixture was warmed to 80 °C. Ac,O (1.44 mL, 15.2
mmol) was added and the mixture was stirred at 80 °C for 4 h. After cooling, 2 M NaOHag.
(10 mL) was added and the mixture was stirred at room temperature (rt) for 3.5 h. 4 M HClagq.
(6 mL) was added for neutralization. The mixture was extracted with EtOAc. The combined
organic layers were washed with brine, dried over Na,SQO,, filtered and concentrated under

reduced pressure. The residue was suspended with Hexane/EtOAc (3/1, 10 mL). The
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precipitate was collected by filtration. The cake was washed with Hexane/EtOAc (3/1, 4 mL

x2) and dried in vacuo at 50 °C for 2 h to give compound 2a (1.20 g, 76%) as a white solid.

2a: mp 220.8-222.5 °C; 'H-NMR (DMSO-ds, 400 MHz) & 7.40-7.39 (2H, m), 7.35-7.31 (1H,
m), 7.23 (1H, d, J = 7.3 Hz), 6.09 (2H, s), 4.79 (1H, s), 3.74-3.62 (2H, m), 2.04 (3H, s),
1.54-1.45 (2H, m), 0.81 (3H, t, J = 7.6 Hz).; °C NMR (DMSO-ds, 100 MHz) & 161.8, 154.1,
150.8, 136.7, 133.7, 131.1, 129.7, 129.6, 127.6, 74.7, 41.3, 21.1, 16.8, 11.3; HRMS

(ESI-TOF) m/z caled for C4H;7N30,Na [M+Na+] 282.1213, found: 282.1212.

2b: colorless amorphous, 1.22 g, 76%; 'H-NMR (DMSO-ds, 400 MHz) & 7.47-7.41 (2H, m),
7.34 (1H, ddd, J = 7.8, 6.4, 2.3 Hz), 7.21 (1H, d, J = 7.8 Hz), 6.10 (2H, s), 4.79 (1H, s),
3.75-3.61 (2H, m), 2.41-2.31 (2H, m), 1.54-1.45 (2H, m), 1.09 (3H, t, J=7.6 Hz), 0.81 (3H, t,
J = 7.6 Hz); °C NMR (DMSO-ds, 100 MHz) & 161.8, 154.3, 151.1, 142.2, 133.0, 129.9,
129.8, 129.7, 127.6, 74.7, 41.3, 23.5, 21.0, 14.0, 11.3; HRMS (ESI-TOF) m/z calcd for

C15HoN3;0,Na [M+Na'] 296.1369, found: 296.1369.

2¢: colorless amorphous, 1.66 g, 73%; *H-NMR (DMSO-ds, 400 MHz) & 7.59-7.53 (1H, m),
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7.46 (1H, ddd, J = 7.8, 7.8, 1.8 Hz), 7.44-7.39 (1H, m), 7.33 (1H, ddd, J = 7.8, 7.8, 1.4 Hz),
6.35 (2H, s), 4.79 (1H, s), 3.72-3.61 (2H, m), 1.54-1.44 (2H, m), 0.81 (3H, t, J = 7.3 Hz); "°C
NMR (DMSO-ds, 100 MHz) § 161.7, 159.7, 154.1, 150.7, 132.0, 131.8, 125.7, 122.2, 122.1,
117.0, 116.8, 74.9, 41.5, 21.0, 11.3; HRMS (ESI-TOF) m/z caled for Ci3H;4FN3O;Na

[M+Na'] 286.0962, found: 286.0962.

2d: white solid, 134 mg, 49%; mp 249.9-251.3 °C; 'H-NMR (DMSO-ds, 400 MHz) & 7.66
(1H, dd, J = 7.8, 0.9 Hz), 7.55-7.46 (3H, m), 6.27 (2H, s), 4.78 (1H, s), 3.73-3.61 (2H, m),
1.54-1.45 (2H, m), 0.81 (3H, t, J = 7.3 Hz); °C NMR (DMSO-ds, 100 MHz) & 161.8, 153.9,
150.6, 133.1, 132.2, 131.9, 131.5, 130.5, 128.9, 74.7, 41.4, 21.1, 11.3; HRMS (ESI-TOF) m/z

calcd for C3H4CIN;O,Na [M+Na+] 302.0667, found: 302.0667.

2e: pale yellow solid, 231 mg, 32%; mp 264.2-267.0 °C; 'H-NMR (DMSO-ds, 400 MHz) &
7.80 (1H, d, J = 6.9 Hz), 7.55-7.49 (2H, m), 7.46-7.42 (1H, m), 6.25 (2H, s), 4.78 (1H, s),

3.74-3.61 (2H, m), 1.54-1.45 (2H, m), 0.82 (3H, t, J = 7.6 Hz); *C NMR (DMSO-ds, 100
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MHz) 6 161.8, 153.8, 150.5, 133.9, 133.6, 131.9, 131.6, 129.5, 123.8, 74.8, 41.4, 21.1, 11.3;

HRMS (ESI-TOF) m/z caled for C;3H4BrN3;O,Na [M+Na+] 346.0162, found: 346.0162.

2f: colorless amorphous, 62 mg, 33%; *H-NMR (DMSO-d;, 400 MHz) & 7.98 (1H, dd, J = 8.0,
1.4 Hz), 7.53 (1H, ddd, J = 7.6, 7.6, 1.2 Hz), 7.44 (1H, dd, J = 8.0, 1.4 Hz), 7.24 (1H, ddd, J =
7.6,7.6,1.2 Hz), 6.18 (2H, s), 4.78 (1H, s), 3.76-3.59 (2H, m), 1.56-1.46 (2H, m), 0.83 (3H, t,
J = 7.6 Hz); °C NMR (DMSO-ds, 100 MHz) & 161.8, 153.7, 150.5, 139.7, 137.4, 131.3,
131.0, 130.1, 101.3, 74.9, 41.4, 21.1, 11.4; HRMS (ESI-TOF) m/z calcd for C,3H 4IN;O,Na

[M+Na'] 394.0023, found: 394.0023.

2g: colorless amorphous, 1.08 g, 32%; 'H-NMR (DMSO-ds, 400 MHz) & 7.47 (1H, ddd, J =
8.3, 8.3, 1.8 Hz), 7.24 (1H, dd, J = 7.8, 1.8 Hz), 7.19 (1H, dd, J = 8.3, 0.9 Hz), 7.05 (1H, ddd,
J=8.3,7.8,0.9Hz),6.08 (2H, s), 4.75 (1H, s), 3.75 (3H, s), 3.65 (2H, t, J = 7.3 Hz), 1.48 (2H,
sext, J = 7.3 Hz), 0.81 (3H, t, J = 7.3 Hz); '>C NMR (DMSO-ds, 100 MHz) & 161.9, 155.7,
154.5, 150.9, 131.2, 130.8, 122.9, 121.2, 113.0, 74.7, 56.0, 41.4, 21.1, 11.3; HRMS

(ESI-TOF) m/z calcd for C14H;7N3;0;Na [M+Na'] 298.1162, found: 298.1161.
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2h: yellow solid, 1.08 g, 41%; mp 230.5-232.2 °C; *H-NMR (DMSO-ds, 400 MHz) & 8.26
(1H, dd, J = 8.3, 1.4 Hz), 7.90 (1H, ddd, J = 8.3, 7.8, 1.4 Hz), 7.78 (1H, ddd, J = 8.3, 8.3, 1.4
Hz), 7.67 (1H, dd, J = 7.8, 1.4 Hz), 6.41 (2H, s), 4.82 (1H, s), 3.72-3.58 (2H, m), 1.51-1.42
(2H, m), 0.79 (3H, t, J = 7.6 Hz); *C NMR (DMSO-ds, 100 MHz) & 161.7, 154.0, 150.8,
146.4, 135.7, 132.8, 131.4, 128.4, 126.2, 75.7, 41.4, 21.0, 11.2; HRMS (ESI-TOF) m/z calcd

for C13H4N4O4 [M+Na'] 313.0907, found: 313.0906.

2i: beige solid, 606 mg, 36%; mp 244.3-246.2 °C; 'H-NMR (DMSO-d;, 400 MHz) & 7.90 (1H,
d, J=7.8Hz),7.83 (1H, dd, J = 7.8, 7.6 Hz), 7.73 (1H, dd, J = 7.8, 7.6 Hz), 7.58 (1H, J = 7.8
Hz), 6.30 (2H, s), 4.78 (1H, dd, J = 15.8, 9.4 Hz), 3.74-3.58 (2H, m), 1.52-1.43 (2H, m), 0.80
(3H, t, J = 7.3 Hz).; °C NMR (DMSO-ds, 100 MHz) & 161.8, 154.4, 160.1, 134.5, 132.6,
132.4, 130.7, 128.0, 127.9, 124.6, 121.9, 74.8, 41.3, 20.9, 11.2; HRMS (ESI-TOF) m/z calcd

for C14H14F3N302Na [M+Na+] 3360930, found 336.0929.
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4: white solid, 389 mg, 96%; mp 166.5-168.4 °C; 'H-NMR (DMSO-dg, 400 MHz) 6 7.39 (1H,
dd, J=8.2 7.8 Hz), 7.29 (1H, d, J = 7.8 Hz), 7.12 (1H, s), 7.09 (1H, d, J = 8.2 Hz), 6.07 (2H,
s), 4.77 (1H, s), 3.65 (1H, t, J = 7.8 Hz), 2.34 (3H, s), 1.49 (2H, sext, J = 7.8 Hz), 0.81 (3H, J
= 7.8 Hz); °C NMR (DMSO-ds, 100 MHz) & 161.8, 154.3, 151.3, 139.4, 134.6, 130.1, 129.9,
129.7, 126.5, 74.9, 41.4, 21.1, 11.4; HRMS (ESI-TOF) m/z calcd for C14H;7N30,Na [M+Na']

282.1213, found: 282.1212.

Synthesis of 2j

BBr; (1 M in DCM, 0.36 mL, 0.36 mmol) was added to a solution of compound 2g (50 mg,

0.18 mmol) in DCM (2 mL) at 0 °C and the mixture was stirred at rt for 1 h 45 min. Saturated

aqueous Na,CO3; and water were added and the mixture was extracted with CHCl;. The

combined organic layers were dried over Na,SO, filtered and concentrated under reduced
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pressure. The residue was purified by silica gel column chromatography (CHCIl3/MeOH) to

give compound 2j (4.6 mg, 10%) as a colorless amorphous.

2j: *H-NMR (DMSO-dj, 400 MHz) § 9.93 (LH, brs), 7.28 (1H, ddd, J = 8.3, 7.3, 1.4 Hz), 7.13
(1H, dd, J = 7.8, 1.4 Hz), 6.96 (1H, dd, J = 8.3, 1.0 Hz), 6.88 (1H, dd, J = 7.8, 7.3 Hz), 6.03
(2H, s), 4.74 (1H, s), 3.65 (2H, t, J = 7.3 Hz), 1.48 (2H, sext, J = 7.3 Hz), 0.82 (3H,t, J = 7.3
Hz); *C NMR (DMSO-d;, 100 MHz) & 162.0, 154.6, 154.2, 151.0, 130.8, 121.5, 119.7, 117.0,
74.6, 41.4, 21.1, 11.4; HRMS (ESI-TOF) m/z caled for C 3H;sN;OsNa [M+Na'] 284.1006,

found: 284.1006.

Svynthesis of 2k

A mixture of compound 2h (50 mg, 0.17 mmol) and 10% Pd/C (50 mg) in MeOH (4 mL)

was stirred at rt under H, atmosphere for 2 h. 10% Pd/C was removed by filtration through
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celite pad. The filtrate was concentrated under reduced pressure. The residue was purified by
silica gel column chromatography (CHCI3;/MeOH) to give compound 2k (33 mg, 73%) as a

pale yellow amorphous.

2k: *H-NMR (DMSO-ds, 400 MHz) § 7.12 (1H, ddd, J = 8.2, 7.8, 1.4 Hz), 6.89 (1H, dd, J =
7.8, 1.4 Hz), 6.77 (1H, dd, J = 8.2, 1.4 Hz), 6.58 (1H, ddd, J = 7.8, 6.9, 1.4 Hz), 5.92 (2H, s),
5.16 (2H, s), 4.76 (1H, s), 3.74-3.56 (2H, m), 1.54-1.45 (2H, m), 0.82 (3H, t, J = 7.3 Hz); 1>C
NMR (DMSO-ds, 100 MHz) § 162.3, 154.2, 150.9, 146.1, 130.2, 130.0, 118.4, 116.4, 116.2,
75.2, 41.6, 21.1, 11.4; HRMS (ESI-TOF) m/z caled for Ci3H;sN;O,Na [M+Na'] 283.1165,

found: 283.1165.

General procedure for the synthesis of (R)-7a—7b, 7d—7i

R (R)-7a: R' = Me
(R)-7b: R' = Et
(R)-7d: R =CI

(R)-7e: R' =Br
(R-7f: R =1
(R)-7g: R' = MeO
(R)-7h: R = NO,
(R)-7i: R" = CF,

-87_



p-TsOH-H,O (10 mg, 0.054 mmol) was added to a mixture of
(R)-5-allyl-2-oxabicyclo[3.3.0]oct-8-ene (97 mg, 0.65 mmol) and compound 2a (140 mg, 0.54
mmol) in toluene/EtOAc (2/1, 6 mL). The mixture was stirred at rt for 1 h. THF (4 mL) and
(R)-5-allyl-2-oxabicyclo[3.3.0]oct-8-ene (97 mg, 0.65 mmol) was added. The mixture was
further stirred at rt for 16 h and concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (Hexane/EtOAc) to give compound (R)-7a (less polar

isomer; 62 mg, 28%) as a colorless oil.

(R)-7a: [a]3® -3.6 (¢ 1.01, MeOH); "H-NMR (CDCls, 400 MHz) & 7.42-7.33 (3H, m), 7.21
(1H, d, J = 7.3 Hz), 5.89-5.79 (1H, m), 5.03-4.99 (2H, m), 3.94-3.79 (3H, m), 3.65 (1H, ddd,
J=8.7,6.9, 6.9 Hz), 2.93-2.84 (1H, m), 2.39 (1H, dd, J = 13.2, 6.4 Hz), 2.30-2.09 (5H, m),
2.02-1.95 (1H, m), 1.94-1.85 (1H, m), 1.80-1.60 (8H, m), 0.92 (3H, t, J = 7.3 Hz); °C NMR
(CDCls, 100 MHz) & 162.4, 150.3, 150.1, 137.5, 137.3, 133.3, 131.8, 130.1, 129.3, 127.8,
116.3, 99.6, 88.3, 66.2, 58.3, 42.4, 41.3, 39.9, 39.4, 39.0, 23.9, 21.3, 17.3, 11.3; HRMS

(ESI-TOF) m/z calcd for Co4H3;N303Na [M+Na'] 432.2258, found: 432.2257.
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(R)-7b (less polar isomer): colorless oil, 123 mg, 32%; [a]d® -12.7 (¢ 1.00, MeOH);
IH-NMR (CDCls, 400 MHz) & 7.47-7.41 (2H, m), 7.35 (1H, ddd, J = 7.8, 6.4, 2.7 Hz), 7.20
(1H, d, J = 7.3 Hz), 5.89-5.78 (1H, m), 5.03-4.99 (2H, m), 3.94-3.79 (3H, m), 3.65 (1H, ddd,
J=73,73, 6.9 Hz), 2.95-2.86 (1H, m), 2.54-2.48 (2H, m), 2.38 (1H, dd, J = 13.3, 6.4 Hz),
2.30-2.20 (1H, m), 2.11 (1H, dd, J = 13.3, 8.3 Hz), 2.01-1.95 (1H, m), 1.94-1.85 (1H, m),
1.80-1.59 (8H, m), 1.21 (3H, t, J = 7.6 Hz), 0.92 (3H, t, J = 7.3 Hz); °C NMR (CDCls, 100
MHz) ¢ 162.4, 150.5, 150.3, 142.9, 137.3, 132.6, 130.3, 129.8, 129.5, 127.7, 116.3, 99.6, 88.3,
66.2, 58.3, 42.5, 41.4, 39.9, 394, 39.0, 23.9, 23.6, 21.2, 13.7, 11.3; HRMS (ESI-TOF) m/z

calcd for CysH33N303Na [M+H] 446.2414, found: 446.2413.

(R)-7d (less polar isomer): colorless oil, 72 mg, 39%; [a]Z® -18.2 (c 0.88, MeOH); ‘H-NMR
(CDCls3, 400 MHz) & 7.56-7.51 (1H, m), 7.43-7.32 (3H, m), 5.82-5.72 (1H, m), 4.97-4.92 (2H,
m), 3.88-3.74 (3H, m), 3.58 (1H, ddd, J = 8.2, 7.8, 6.9 Hz), 2.84-2.77 (1H, m), 2.32 (1H, dd, J
= 13.3, 6.4 Hz), 2.23-2.15 (1H, m), 2.05 (1H, dd, J = 13.3, 8.3 Hz), 1.95-1.89 (1H, m),
1.85-1.79 (1H, m), 1.75-1.57 (8H, m), 0.85 (3H, t, J = 7.3 Hz); '*C NMR (CDCl;, 100 MHz)

0 162.3, 149.9, 137.3, 134.4, 132.2, 131.3, 131.0, 128.4, 116.3, 99.6, 88.8, 66.2, 58.4, 42.5,
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41.3, 39.9, 39.3, 38.9, 23.9, 21.2, 11.3; HRMS (ESI-TOF) m/z calcd for C,3H»3CIN3O3Na

[M+Na'] 452.1711, found: 452.1711.

(R)-7e (less polar isomer): colorless oil, 50 mg, 29%; [a]3® -11.4 (c 0.64, MeOH); '"H-NMR
(CDCls, 400 MHz) 6 7.77 (1H, dd, J = 8.0, 1.1 Hz), 7.52-7.48 (1H, m), 7.42-7.36 (2H, m),
5.89-5.79 (1H, m), 5.03-4.99 (2H, m), 3.95-3.75 (3H, m), 3.65 (1H, ddd, J = 7.8, 7.8, 7.4 Hz),
2.91-2.84 (1H, m), 2.39 (1H, dd, J = 13.3, 6.4 Hz), 2.33- 2.09 (4H, m), 2.02-1.62 (8H, m),
0.92 (3H, t, J = 7.6 Hz); *C NMR (CDCl;, 100 MHz) & 162.3, 149.8, 137.3, 134.2, 133.9,
131.4,129.1, 124.5, 116.3, 99.6, 88.9, 66.2, 58.4, 42.5, 41.3, 39.9, 39.3, 38.9, 23.8, 21.2, 11.3;

HRMS (ESI-TOF) m/z caled for Cp3H,sBrN3;O3Na [M+Na'] 496.1206 found: 496.1202.

(R)-7f (less polar isomer): colorless oil, 35 mg, 42%; [a]3° -25.3 (¢ 0.57, MeOH); '"H NMR
(CDCls, 400 MHz) & 8.00 (1H, dd, J = 8.0, 1.4 Hz), 7.53 (1H, ddd, J = 7.8, 7.8, 1.4 Hz), 7.40
(1H, dd, J =7.8, 1.4 Hz), 7.21 (1H, ddd, J = 7.8, 7.3, 1.7 Hz), 5.89-5.79 (1H, m), 5.03-4.99
(2H, m), 4.01-3.80 (4H, m), 3.65 (1H, ddd, J = 8.3, 7.3, 6.8 Hz), 2.93-2.85 (1H, m), 2.39 (LH,

dd, J = 13.5, 6.6 Hz), 2.30-2.22 (1H, m), 2.15-1.63 (8H, m), 0.91 (3H, t, J = 7.5 Hz); °C
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NMR (CDCl;, 100 MHz) & 162.4, 149.7, 140.6, 137.5, 137.3, 131.3, 130.7, 130.0, 116.3,
100.2, 99.6, 89.1, 66.2, 58.3, 42.5, 41.3, 39.9, 39.3, 38.9, 23.8, 21.3, 11.3; HRMS (ESI) m/z

calcd for Cy3Ho3IN3;OsNa [M+Na+] 544.1068 found: 544.1069.

(R)-7g (more polar isomer): colorless oil, 90 mg, 19%; [a]3® -33.2 (¢ 0.31, MeOH);
'H-NMR (CDCls, 400 MHz) & 7.46 (1H, ddd, J = 8.3, 7.9, 1.4 Hz), 7.26-7.24 (1H, m),
7.10-7.05 (2H, m), 5.90-5.79 (1H, m), 5.03-4.97 (2H, m), 3.89-3.79 (6H, m), 3.64 (1H, ddd, J
=178, 7.6, 7.3 Hz), 2.95-2.86 (1H, m), 2.38 (1H, dd, J = 13.8, 6.9 Hz), 2.29-2.18 (1H, m),
2.11 (1H, dd, J = 13.3, 7.8 Hz), 2.10-1.94 (1H, m), 1.91-1.85 (1H, m), 1.81-1.61 (8H, m),
0.92 (3H, t, J = 7.3 Hz); >C NMR (CDCls, 100 MHz) & 162.5, 150.8, 137.4, 131.4, 130.7,
121.4,116.2, 112.6, 99.6, 88.3, 66.2, 58.3, 56.0, 42.5, 41.3, 39.8, 39.3, 38.9, 23.9, 21,2, 11.3;

HRMS (ESI-TOF) m/z calcd for Co4H3/N3;04Na [M+Na'] 448.2207, found: 448.2208.

(R)-7h (less polar isomer): yellow oil, 46 mg, 20%; [a]3® -20.0 (¢ 0.38, MeOH); *H-NMR
(CDCl3, 400 MHz) 6 8.25 (1H, dd, J=7.8, 1.6 Hz), 7.82 (1H, ddd, J = 7.8, 7.8, 1.4 Hz), 7.71

(1H, ddd, J = 7.8, 7.8 , 1.4 Hz), 7.50 (1H, dd, J = 7.8, 1.4 Hz), 5.90-5.77 (3H, m), 5.03-5.00
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(2H, m), 3.91-3.78 (3H, m), 3.65 (1H, dd, J = 7.8, 7.8, 7.4 Hz), 2.86-2.78 (1H, m), 2.39 (1H,
dd, J = 13.8, 6.4 Hz), 2.28-2.22 (1H, m), 2.12 (1H, dd, J = 13.3, 8.3 Hz), 2.03-1.96 (1H, m),
1.92-1.61 (8H, m), 0.90 (3H, t, J = 7.3 Hz); °C NMR (CDCl;, 100 MHz) & 162.2, 149.7,
146.8, 137.3, 134.7, 132.4, 131.1, 128.7, 126.3, 116.3, 99.7, 90.2, 66.2, 58.5, 42.7, 41.3, 39.8,
39.3, 38.9, 23.8, 21.1, 11.2; HRMS (ESI-TOF) m/z calcd for Ca3HygN4OsNa [M+Na']

463.1952, found: 463.1951.

(R)-7i (less polar isomer): colorless oil, 115 mg, 45%; [a]3® 0.23 (¢ 1.32, MeOH); 'H-NMR
(CDCls, 400 MHz) 6 7.87 (1H, d, J = 7.3 Hz), 7.76 (1H, dd, J = 7.8, 7.8 Hz), 7.66 (1H, dd, J
=7.8,7.3Hz),7.44 (1H,d, J = 7.8 Hz), 5.89-5.78 (1H, m), 5.02-4.99 (2H, m), 3.97-3.78 (4H,
m), 3.64 (1H, ddd, J = 8.3, 7.3, 6.9 Hz), 2.90-2.83 (1H, m), 2.38 (1H, dd, J = 13.8, 6.4 Hz),
2.29-2.19 (1H, m), 2.11 (1H, dd, J = 13.3, 8.3 Hz), 2.01-1.95 (1H, m), 1.91-1.59 (8H, m),
0.91 (3H, t, J = 7.3 Hz); *C NMR (CDCls;, 100 MHz) & 162.2, 150.3, 137.3, 133.8, 132.2,
130.5, 116.3, 126.3, 116.3, 99.6, 89.2, 66.2, 58.4, 42.5, 41.3, 39.9, 39.4, 38.9, 23.8, 21.0, 11.6;

HRMS (ESI-TOF) m/z calcd for Co4sHagF3N303Na [M+Na'] 486.1975 found: 486.1974.
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General procedure for the synthesis of 2a*-2b*,2d*-2i*

(0]
\/\N)‘j\ 2a*: R = Me
)\ | 2b*: R = Et
0] N NH, 2d*: R =Cl
R 2e*: R=Br
© 27 R=|
2g*: R = MeO
2h*: R = NO,
2i*; R=CF,4

p-TsOH-H,O (3.5 mg, 0.018 mmol) was added to a solution of low polar isomer of (R)-7a
(50 mg, 0.12 mmol) in MeOH/water (2/1, 3 mL) and the mixture was stirred at rt for 2.5 h.
p-TsOH-H,0 (19 mg, 0.096 mmol) was added and the mixture was further stirred at 50 °C for
2 h. The mixture was cooled to rt, quenched with saturated aqueous NaHCO; and
concentrated. The mixture was extracted with EtOAc. The combined organic layers were
washed with brine, dried over Na,;SOy, filtered and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography (CHCl3/MeOH) to give compound

2a* (23 mg, 72%) as a white solid.

2a%: 86.5%ee; mp 215.7-217.8 °C; [a]?® -44.1 (c 2.20, MeOH); 'H-NMR (DMSO-d, 400
MHz) § 7.40-7.39 (2H, m), 7.35-7.31 (1H, m), 7.23 (1H, d, J = 7.3 Hz), 6.09 (2H, s), 4.79 (1H,
s), 3.74-3.62 (2H, m), 2.04 (3H, s), 1.54-1.45 (2H, m), 0.81 (3H, t, J = 7.6 Hz).; *C NMR

(DMSO-ds, 100 MHz) & 161.8, 154.1, 150.8, 136.7, 133.7, 131.1, 129.7, 129.6, 127.6, 74.7,
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413, 21.1, 16.8, 11.3; HRMS (ESI-TOF) m/z calcd for C14H;7N;0,Na [M+Na'] 282.1213,

found: 282.1212.

2b*: colorless amorphous, 71 mg, 100%, 92.4%ee; [0(]2D5 -47.6 (c 4.24, MeOH); 'H-NMR
(DMSO-dg, 400 MHz) 6 7.47-7.41 (2H, m), 7.34 (1H, ddd, J= 7.8, 6.4, 2.3 Hz), 7.21 (1H, d,
J=17.8 Hz), 6.10 (2H, s), 4.79 (1H, s), 3.75-3.61 (2H, m), 2.41-2.31 (2H, m), 1.54-1.45 (2H,
m), 1.09 (3H, t, J= 7.6 Hz), 0.81 (3H, t, J = 7.6 Hz); *C NMR (DMSO-ds, 100 MHz) & 161.8,
154.3, 151.1, 142.2, 133.0, 129.9, 129.8, 129.7, 127.6, 74.7, 41.3, 23.5, 21.0, 14.0, 11.3;

HRMS (ESI-TOF) m/z caled for C;sH oN30,Na [M+Na'] 296.1369, found: 296.1369.

2d*: white solid, 134 mg, 49%, 97.8%ee; mp 247.9-249.5 °C; [O(]ZDS -110.0 (c 0.53, MeOH);
'H-NMR (DMSO-ds, 400 MHz) & 7.66 (1H, dd, J = 7.8, 0.9 Hz), 7.55-7.46 (3H, m), 6.27 (2H,
s), 4.78 (1H, s), 3.73-3.61 (2H, m), 1.54-1.45 (2H, m), 0.81 (3H, t, J = 7.3 Hz); °C NMR
(DMSO-ds, 100 MHz) & 161.8, 153.9, 150.6, 133.1, 132.2, 131.9, 131.5, 130.5, 128.9, 74.7,
41.4, 21.1, 11.3; HRMS (ESI-TOF) m/z caled for C;3H;4CIN;O,Na [M+Na'] 302.0667,

found: 302.0667.

2e*: pale yellow solid, 231 mg, 32%, 93.6%ee; mp 263.0-266.0 °C; [a]%)s -106.4 (c 1.06,
MeOH); *H-NMR (DMSO-ds, 400 MHz) & 7.80 (1H, d, J = 6.9 Hz), 7.55-7.49 (2H, m),
7.46-7.42 (1H, m), 6.25 (2H, s), 4.78 (1H, s), 3.74-3.61 (2H, m), 1.54-1.45 (2H, m), 0.82 (3H,
t, J = 7.6 Hz); °C NMR (DMSO-d,, 100 MHz) & 161.8, 153.8, 150.5, 133.9, 133.6, 131.9,
131.6, 129.5, 123.8, 74.8, 41.4, 21.1, 11.3; HRMS (ESI-TOF) m/z calcd for C;3H;4BrN;O,Na

[M+Na'] 346.0162, found: 346.0162.
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2f*: colorless amorphous, 62 mg, 33%, 94.0%ee; [a]3® -120.7 (c 0.30, MeOH); 'H-NMR
(DMSO-d, 400 MHz) 5 7.98 (1H, dd, J = 8.0, 1.4 Hz), 7.53 (1H, ddd, J = 7.6, 7.6, 1.2 Hz),
7.44 (1H, dd, J = 8.0, 1.4 Hz), 7.24 (1H, ddd, J = 7.6, 7.6, 1.2 Hz), 6.18 (2H, 5), 4.78 (1H, 9),
3.76-3.59 (2H, m), 1.56-1.46 (2H, m), 0.83 (3H, t, J = 7.6 Hz); 3C NMR (DMSO-d;, 100
MHz) 6 161.8, 153.7, 150.5, 139.7, 137.4, 131.3, 131.0, 130.1, 101.3, 74.9, 41.4, 21.1, 11.4;

HRMS (ESI-TOF) m/z calcd for Ci3H14IN;O,Na [M+Na+] 394.0023, found: 394.0023.

2g*: colorless amorphous, 59 mg, 100%, 49.8%ce; [a]3® -68.6 (¢ 0.70, MeOH); *H-NMR
(DMSO-dg, 400 MHz) & 7.47 (1H, ddd, J = 8.3, 8.3, 1.8 Hz), 7.24 (1H, dd, J = 7.8, 1.8 Hz),
7.19 (1H, dd, J = 8.3, 0.9 Hz), 7.05 (1H, ddd, J = 8.3, 7.8, 0.9 Hz), 6.08 (2H, s), 4.75 (1H, s),
3.75 (3H, ), 3.65 (2H, t, J = 7.3 Hz), 1.48 (2H, sext, J = 7.3 Hz), 0.81 (3H, t, J = 7.3 Hz); °C
NMR (DMSO-ds, 100 MHz) 6 161.9, 155.7, 154.5, 150.9, 131.2, 130.8, 122.9, 121.2, 113.0,
747, 56.0, 41.4, 21.1, 11.3; HRMS (ESI-TOF) m/z caled for CisH7N;OsNa [M+Na']

298.1162, found: 298.1161.

2h*: yellow oil, 43 mg, 81%, 62.6%ee; [a]3® -138.4 (c 0.50, MeOH); 'H-NMR (DMSO-ds,
400 MHz) & 8.26 (1H, dd, J = 8.3, 1.4 Hz), 7.90 (1H, ddd, J = 8.3, 7.8, 1.4 Hz), 7.78 (1H, ddd,
J=83,8.3, 1.4 Hz),7.67 (1H, dd, J = 7.8, 1.4 Hz), 6.41 (2H, s), 4.82 (1H, s), 3.72-3.58 (2H,
m), 1.51-1.42 (2H, m), 0.79 (3H, t, J = 7.6 Hz); °C NMR (DMSO-ds, 100 MHz) & 161.7,
154.0, 150.8, 146.4, 135.7, 132.8, 131.4, 128.4, 126.2, 75.7, 41.4, 21.0, 11.2; HRMS

(ESI-TOF) m/z calcd for C3H 4N4O4 [M+Na'] 313.0907, found: 313.0906.

2i*: white solid; 52 mg, 76%, 94.2%ee; mp 98.0-101.6 °C; [a]3> -29.1 (c 0.44, MeOH);
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'H-NMR (DMSO-ds, 400 MHz) & 7.90 (1H, d, J = 7.8 Hz), 7.83 (1H, dd, J = 7.8, 7.6 Hz),
7.73 (1H, dd, J = 7.8, 7.6 Hz), 7.58 (1H, J = 7.8 Hz), 6.30 (2H, s), 4.78 (1H, dd, J = 15.8, 9.4
Hz), 3.74-3.58 (2H, m), 1.52-1.43 (2H, m), 0.80 (3H, t, J = 7.3 Hz).; *C NMR (DMSO-dj,
100 MHz) & 161.8, 154.4, 160.1, 134.5, 132.6, 132.4, 130.7, 128.0, 127.9, 124.6, 121.9, 74.8,
41.3,20.9, 11.2; HRMS (ESI-TOF) m/z calcd for C4H14F3N30,Na [M+Na'] 336.0930, found

336.0929.

Synthesis of 2j*

BBr; (1 M in DCM, 0.30 mL, 0.30 mmol) was added to a solution of compound 2g* (55 mg,

0.20 mmol) in DCM (1.5 mL) at 0 °C and the mixture was stirred at 0 °C for 1 h 15 min.

Saturated aqueous Na,CO3 and water were added and the mixture was extracted with EtOAC.

The combined organic layers were dried over Na,SO,, filtered and concentrated under

reduced pressure. The residue was purified by silica gel column chromatography

(CHCI3/MeOH) to give compound 2j* (41 mg, 79%) as a colorless amorphous.
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2j*: 23.6%ee; [o25 -24.7 (c 1.14, MeOH); *H-NMR (DMSO-ds, 400 MHz) § 9.93 (1H, s),
7.28 (1H, ddd, J = 8.3, 7.3, 1.4 Hz), 7.13 (1H, dd, J = 7.8, 1.4 Hz), 6.96 (1H, dd, J = 8.3, 1.0
Hz), 6.88 (1H, dd, J = 7.8, 7.3 Hz), 6.03 (2H, s), 4.74 (1H, s), 3.65 (2H, t, J = 7.3 Hz), 1.48
(2H, sext, J = 7.3 Hz), 0.82 (3H, t, J = 7.3 Hz); '*C NMR (DMSO-d;, 100 MHz) & 162.0,
154.6, 154.2, 151.0, 130.8, 121.5, 119.7, 117.0, 74.6, 41.4, 21.1, 11.4; HRMS (ESI-TOF) m/z

calcd for C13Hi5sN3;03Na [M+Na+] 284.1006, found: 284.1006.

Synthesis of 2k*

A mixture of compound 2h* (35 mg, 0.12 mmol) and 10% Pd/C (40 mg) in MeOH (2 mL)

was stirred at rt under H, atmosphere for 3 h. 10% Pd/C was removed by filtration through

celite pad. The filtrate was concentrated under reduced pressure. The residue was purified by

silica gel column chromatography (CHCls/MeOH) to give compound 2k* (13 mg, 42%) as a

yellow amorphous.

-97_



2k*: 64.9%ee; [a]Z -64.4 (c 1.00, MeOH); *H-NMR (DMSO-d;, 400 MHz) § 7.12 (1H, ddd,
J=82,78, 1.4 Hz), 6.89 (1H, dd, J = 7.8 1.4 Hz), 6.77 (1H, dd, J = 8.2, 1.4 Hz), 6.58 (1H,
ddd, J = 7.8, 6.9, 1.4 Hz), 5.92 (2H, s), 5.16 (2H, s), 4.76 (1H, s), 3.74-3.56 (2H, m),
1.54-1.45 (2H, m), 0.82 (3H, t, J = 7.3 Hz); "*C NMR (DMSO-ds, 100 MHz) § 162.3, 154.2,
150.9, 146.1, 130.2, 130.0, 118.4, 116.4, 116.2, 75.2, 41.6, 21.1, 11.4; HRMS (ESI-TOF) m/z

calcd for C13H17N4O,Na [M+Na+] 283.1165, found: 283.1165.

Synthesis of 11

Cyanoacetic acid (714 mg, 8.39 mmol) and compound 10 (1.0 g, 4.20 mmol) was suspended

with toluene (16 mL) and the mixture was warmed to 80 °C. Ac,0 (0.99 mL, 10.5 mmol) was

added and the mixutre was stirred at 80 °C for 4 h. After cooling, 2 M NaOHaq. (17 mL) was

added and the mixture was stirred at rt for 3.5 h. 6 M HClaq. (1.8 mL) was added for
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neutralization. The mixture was diluted with water and filtered. The cake was washed with
water and hexane. The solid was dried in vacuo at 60 °C for 4 h to give compound 11 (1.03 g,

83%) as a white solid.

11: mp 243.1-244.4 °C; *H-NMR (DMSO-dg, 400 MHz) & 7.11 (1H, d, J = 9.2 Hz), 7.03 (1H,
dd, J = 9.2, 3.2 Hz), 6.90 (1H, d, J = 3.2 Hz), 6.13 (2H, s), 4.73 (1H, s), 3.72 (3H, s), 3.69 (3H,
s), 3.65 (1H, t, J = 7.3 Hz), 1.48 (2H, sext, J = 7.3 Hz), 0.81 (3H, t, J = 7.3 Hz); *C NMR
(DMSO-d,, 100 MHz) § 161.9, 154.5, 153.5, 150.9, 149.8, 123.4, 116.5, 116.1, 113.9, 74.6,
56.4, 55.8, 41.4, 21.1, 11.3; HRMS (ESI-TOF) m/z caled for C;sHjoN3O;Na [M+Na']

328.1268, found: 328.1268.

Synthesis of 12
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POCl; (0.094 mL, 1.03 mmol) was added to a solution of compound 11 (300 mg, 0.983
mmol) in DMF (3 mL) at 0°C. The mixture was stirred at rt for 2 h. Water was added and the
mixture was stirred at rt for 1 h, then filtered. The cake was washed with water, dried in vacuo

at 60 °C for 1 h to give compound 12 (137 mg, 42%) as a white solid.

12: mp 207.5-209.6 °C; *H-NMR (DMSO-ds, 400 MHz) & 9.77 (2H, s), 7.53 (1H, brs), 7.18
(1H, dd, J = 8.3, 1.4 Hz), 7.12-7.09 (2H, m), 3.78-3.70 (8H, m), 1.54 (2H, sext, J = 7.5 Hz),
0.85 (3H, g, J = 7.5 Hz); '*C NMR (DMSO-ds, 100 MHz) & 187.3, 162.3, 156.7, 153.7, 149.5,
149.4, 121.2, 117.0, 116.4, 114.1, 90.4, 56.5, 55.8, 41.8, 21.0, 11.3; HRMS (ESI-TOF) m/z

calcd for C1gH;9N30sNa [M+Na+] 356.1217, found: 356.1219.

Synthesis of 8
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A mixture of compound 12 (200 mg, 0.60 mmol) and
(triphenylphosphoranylidene)acetonitrile (540 mg, 1.2 mmol) in CH3CN (3 mL) was stirred at
100 °C for 1.5 h. (triphenylphosphoranylidene)acetonitrile (216 mg, 0.48 mmol) was added
and the mixture was further stirred at 100 °C for 1.5 h. The mixture was cooled to rt and
concentrated. The residue was suspended with MeOH (3 mL). NaBH4 (23 mg, 0.60 mmol)
was added and the mixture was stirred at rt for 0.5 h. Water was added and the mixture was
extracted with EtOAc. The combined organic layers were washed with brine, dried over
Na,SO,, filtered and concentrated. The residue was purified by amino silica gel column
chromatography (Hexane/CHCIl;). The residue was purified again by silica gel column
chromatography (Hexane/EtOAc/MeOH). The residue was further purified by reversed-phase
column chromatography (0.1%TFA-H,O/CH3;CN) to give compound 8 (41 mg). The product
was suspended with CHCls/Hexane (1/1, 2 mL), sonicated and filtered. The cake was washed
with Hexane (1 mLx2), dried in vacuo at 60 °C for 1 h to give compound 8 (25 mg, 12%) as a

white solid.

8: mp 247.5-249.5 °C; *H-NMR (DMSO-ds, 400 MHz) & 7.89 (1H, d, J = 8.7 Hz), 7.07 (1H, d,

J =8.7 Hz), 6.97-6.94 (2H, m), 6.90 (1H, d, J = 3.2 Hz), 6.28 (1H, d, J = 8.7 Hz), 3.86-3.80
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(2H, m), 3.71 (3H, s), 3.62 (3H, s), 1.57 (2H, sext, J = 7.3 Hz), 0.85 (3H, t, J = 7.3 Hz); "*C
NMR (DMSO-ds, 100 MHz) § 162.6, 160.6, 153.3, 152.7, 150.6, 149.8, 137.1, 126.2, 117.1,
114.4, 113.4, 105.2, 98.4, 56.4, 55.7, 42.2, 21.0, 11.3; HRMS (ESI-TOF) m/ calcd for

CigH20N4O4Na [M+Na+] 379.1377, found: 379.1378.

Synthesis of 14

SONH

O~ 'NH

MOMO\©\
O/
14

Chloromethyl methyl ether (1.01 mL, 14.19 mmol) was added to a solution of compound 13
(2.0 g, 11.83 mmol) in TEA (2.5 mL, 17.74 mmol)/THF (30 mL) and the mixture was stirred
at rt for 17.5 h. Saturated NaHCO3 and water were added and the mixture was extracted with
EtOAc. The combined organic layers were washed with brine, dried over Na,SOy, filtered and
concentrated under reduced pressure. The residue was dissolved with MeOH (30 mL) and
Pd/C (10%, wet, 1.2 g) was added. The mixture was stirred at rt under hydrogen atmosphere

for 5 h. Pd/C was removed by filtration using celite pad. The filtrate was concentrated. The
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residue was dissolved with CH3;CN (30 mL). Propyl isocyanate (1.3 mL, 14.20 mmol) was
added and the mixture was stirred at rt for 16 h. The solvent was removed by evaporation.
The residue was diluted with Hexane/EtOAc (5/1, 12 mL), sonicated and the precipitation
was collected by filtration. The cake was washed with hexane and dried in vacuo at 50 °C to

give compound 14 (2.9 g, 91% for 3 steps) as a gray solid.

14: mp 114.8-116.3 °C; "H-NMR (CDCls, 400 MHz) & 7.75 (1H, d, J = 2.8 Hz), 7.00 (1H, d, J
= 8.7 Hz), 6.94 (1H, brs), 6.42 (1H, dd, J= 8.7, 2.8 Hz), 5.10 (2H, 5), 4.91 (1H, t, J= 5.5 Hz),
3.77 (3H, s), 3.47 (3H, s), 3.23 (2H, td, J = 7.6, 5.5 Hz), 1.57 (2H, sext, J = 7.6 Hz), 0.95 (3H,
t, J = 7.6 Hz); °*C NMR (CDCls, 100 MHz) & 155.22, 155.15, 140.0, 130.5, 115.8, 107.8,
105.3, 96.3, 56.3, 55.6, 42.2, 23.3, 11.3; HRMS (ESI-TOF) m/z caled for Ci3HyN,04 Na

[M+Na'] 291.1315, found: 291.1312.
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Synthesis of 15

O
DN

A

N
o] NHC

MOMO. t
O/
15

Cyano acetic acid (127 mg, 1.491 mmol) and compound 14 (200 mg, 0.7454 mmol) was
suspended with toluene (4 mL)/pyridine (0.3 mL, 3.727 mmol) and the mixture was warmed
to 80 °C. Ac,O (0.127 mL, 1.342 mmol) was added and the mixture was stirred at 80 °C for
1.5 h. After cooling, water was added. The mixture was extracted with EtOAc. The combined
organic layers were washed with brine, dried over Na,SQOy, filtered and concentrated under
reduced pressure. The residue was purified by silica gel column chromatogrphy

(Hexane/EtOAc) to give compound 15 (244 mg, 98%) as a white solid.

15: mp 76.6-79.0 °C; 'H-NMR (CDCls, 400 MHz) & 7.90 (1H, d, J = 2.8 Hz), 7.06 (1H, d, J =
9.2 Hz), 6.58 (1H, dd, J=9.2, 2.8 Hz), 5.19 (2H, ), 3.85 (2H, 5), 3.79 3H, s), 3.72 H, t, J =
7.6 Hz), 3.52 (3H, s), 1.72 (2H, sext, J = 7.6 Hz), 1.01 (3H, t, J = 7.6 Hz); *C NMR (CDCl;,

100 MHz) 6 165.4, 154.8, 140.6, 128.7, 115.5, 109.3, 106.2, 95.9, 56.3, 55.7, 46.8, 28.3, 22.8,
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11.1; HRMS (ESI-TOF) m/z caled for C16Hy N3OsNa [M+Na'] 358.1373, found: 358.1372.

Synthesis of 16

O
N

AL CN

NH

O
“Ofl
O/

16

4 M HCI in dioxane (1 mL) was added to compound 15 (124 mg, 0.3700 mmol) and the
mixture was stirred at rt for 35 min, and then concentrated under reduced pressure. The
residue was purified by column chromatography (Hexane/EtOAc) to give compound 16 (69

mg, 64%) as a white solid.

16: mp 131.1-133.8 °C; "H-NMR (CDCl;, 400 MHz) & 10.98 (1H, brs), 6.97 (1H, s), 6.90 (1H,
d, J=8.7 Hz), 6.72 (1H, brs), 6.67 (1H, dd, J = 8.7, 2.8 Hz), 3.87 (2H, s), 3.77-3.70 (5H, m),
1.72 (2H, sext, J = 7.6 Hz), 1.01 (3H, t, J = 7.6 Hz); °C NMR (CDCl;, 100 MHz) & 166.2,
11.3; 151.9, 141.6, 125.4, 119.1, 112.4, 107.9, 55.8, 47.1, 28.3, 22.8, 11.1; HRMS (ESI-TOF)

m/z calcd for C4H;7N304Na [M+Na+] 314.1111, found: 314.1111.
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Synthesis of 17a

O
SN

AL CN

NH

(@)
(@) (@)
T@
(@) O/

17a

<

(+)-Menthyl chloroformate (44 pL, 0.2059 mmol) was added to a mixture of compound 16
(50 mg, 0.1716 mmol) in DCM (2 mL)/pyridine (17 uL, 0.2059 mmol) and the mixture was
stirred at rt for 4 h. The mixture was purified by silica gel column chromatography

(Hexane/EtOAC) to give compound 17a (67 mg, 83%) as a white solid.

17a: mp 103.4-105.7 °C; [a]%® 27.4 (¢ 1.07, CHCL); 'H-NMR (CDCls, 400 MHz) § 7.81
(1H, d,J=3.2 Hz), 7.10 (1H, d, J = 9.2 Hz), 6.66 (1H, dd, J=9.2, 3.2 Hz), 4.63 (1H, ddd, J =
11.0, 11.0, 4.3 Hz), 3.81 (5H, s), 3.69 (2H, t, J = 8.0 Hz), 2.23-2.18 (1H, m), 2.14-2.06 (1H,
m), 1.74-1.44 (7H, m), 1.30-1.17 (2H, m), 1.13-1.03 (1H, m), 1.01-0.95 (9H, m), 0.83 (3H, d,
J = 6.9 Hz); *C NMR (CDCls, 100 MHz) § 165.9, 157.7, 153.2, 150.5, 134.7, 130.4, 122.4,
112.3, 110.2, 106.7, 80.3, 55.7, 46.9, 46.8, 40.3, 34.0, 31.4, 28.2, 26.0, 23.2, 22.8, 21.9, 20.8,

16.2, 11.1; HRMS (ESI-TOF) m/z calcd for C,sH3sN3O¢Na [M+Na+] 496.2418, found:
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496.2418.

Synthesis of 17b

O
SN

A N

O~ 'NH

o/\[(o

@)

O/
17b
(-)-Menthoxy acetyl chloride (46 uL, 0.2059 mmol) was added to a mixture of compound 16
(50 mg, 0.1716 mmol) in DCM (2 mL)/pyridine (17 pL, 0.2059 mmol) and the mixture was
stirred at rt for 4 h. Pyridine (11 pL, 0.1359 mmol) and (-)-menthoxy acetyl chloride (23 pL,
0.1030 mmol) were added, and the mixture was stirred at rt for 1 h. The residue was purified

by silica gel column chromatography (Hexane/EtOAc) to give compound 17b (70 mg, 83%)

as a colorless gum.

17b: [o]% -44.1 (¢ 1.11, CHCLy); 'H-NMR (CDCls, 400 MHz) & 11.22 (1H, s), 7.88 (1H, d,
J=2.8 Hz),7.06 (1H, d, J= 8.7 Hz), 6.65 (1H, dd, J = 8.7, 2.8 Hz), 4.58 (1H, d, J = 17.0 Hz),

4.52 (1H, d, J = 17.0 Hz), 3.81-3.80 (5H, m), 3.68 (2H, t, J = 8.0 Hz), 3.31 (1H, ddd, J = 11.0,
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10.7, 4.3 Hz), 2.37-2.30 (1H, m), 2.22-2.16 (1H, m), 1.74-1.58 (5H, m), 1.46-1.25 (3H, m),
1.03-0.90 (10H, m), 0.81 (3H, d, J = 6.9 Hz); >*C NMR (DMSO-d;, 100 MHz) & 169.6, 166.3,
157.8, 150.0, 133.2, 130.5, 122.5, 112.2, 109.9, 106.3, 80.6, 65.7, 55.7, 48.2, 46.8, 40.0, 34.4,
31.5, 28.2, 25.4, 23.2, 22.9, 223, 21.0, 163, 11.1; HRMS (ESI-TOF) m/z caled for

C26H37N306Na [M+Na+] 510.2574, found: 510.2573.

Svynthesis of 17¢

O
N

CN
O~ 'NH

TsHN O\@\
o)
O/

17c

N-(p-tosyl)-L-phenylalanyl chloride (70 mg, 0.2059 mmol) was added to a mixture of
compound 16 (50 mg, 0.1716 mmol) in DCM (2 mL)/pyridine (17 uL, 0.2059 mmol) and the
mixture was stirred at rt for 4 h. DMAP (2.1 mg, 0.01716 mmol) was added and the mixture
was stirred at rt for 1.5 h. Pyridine (17 uL, 0.2059 mmol) and N-(p-tosyl)-L-phenylalanyl
chloride (70 mg, 0.2059 mmol) were added, and the mixture was stirred at rt for 1 h. The

mixture was stirred at 50 °C for 1.5 h. Pyridine (17 pL, 0.2059 mmol) and
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N-(p-tosyl)-L-phenylalanyl chloride (70 mg, 0.2059 mmol) were added, and the mixture was
further stirred at 60 °C for 3 h. The residue was cooled to rt and purified by silica gel column

chromatography (Hexane/EtOACc) to give compound 17¢ (160 mg, quant.) as a white solid.

17¢: mp 159.3-162.3 °C; [a]%5 -37.6 (c 0.69, CHCL3); 'H-NMR (CDCls, 400 MHz) & 11.10
(1H, brs), 7.83 (1H, s), 7.67-7.65 (2H, m), 7.27-7.04 (8H, m), 6.68 (1H, dd, J = 8.9, 2.5 Hz),
5.65 (1H, d, J = 8.7 Hz), 4.52-4.51 (1H, m), 3.90-3.88 (5H, m), 3.74 (2H, t, J = 7.3 Hz),
3.25-3.14 (2H, m), 2.42 (3H, ), 1.79-1.73 (2H, m), 1.05 (3H, t, J= 7.3 Hz); *C NMR (CDCl,
100 MHz) 5 169.0, 157.6, 143.6, 134.9, 133.7, 129.7, 129.6, 129.5, 128.7, 127.1, 127.0, 121.9,
109.9, 106.7, 57.3, 55.7, 46.9, 38.4, 28.3, 22.7, 21.5, 11.1; HRMS (ESI-TOF) m/z caled for

C10H3:N407SNa [M+Na'] 615.1884, found: 615.1884.

Svynthesis of 17¢

@)
N

%\NHCN

@)
oo
O/

17e
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(+)-10-camphorsulfonyl chloride (35 mg, 0.1400 mmol) was added to a mixture of
compound 16 (34 mg, 0.1167 mmol) in DCM (2 mL)/pyridine (11 uL, 0.1400 mmol) and the
mixture was stirred under reflux for 30 min. (+)-10-camphorsulfonyl chloride (105 mg,
0.4200 mmol) and pyridine (33 pL, 0.4200 mmol) were added and the mixture was further
stirred under reflux for 1 h. The residue was cooled to rt and purified by silica gel column

chromatography (Hexane/EtOAc) to give compound 17e (50 mg, 85%) as a white solid.

17e: mp 152.4-155.2 °C; [a]%® 16.1 (c 0.51, CHCL); 'H-NMR (CDCls, 400 MHz) & 7.84
(1H, d, J = 2.8 Hz), 7.30 (1H, d, J= 9.2 Hz), 6.66 (1H, dd, J=9.2, 2.8 Hz), 3.98 (1H, d, J =
15.1 Hz), 3.88 (2H, s), 3.81 (3H, s), 3.76 (1H, s), 3.71 (2H, t, J = 8.0 Hz), 3.55 (1H, d, J =
15.1 Hz), 2.53-2.41 (2H, m), 2.16-2.06 (2H, m), 1.98 (1H, d, J = 18.8 Hz), 1.83-1.67 (3H, m),
1.50-1.44 (1H, m), 1.18 (3H, s), 1.02-0.98 (6H, m); *C NMR (CDCls, 100 MHz) & 214.2,
158.7, 131.7, 131.3, 123.6, 107.4, 58.2, 55.7, 48.5, 48.2, 46.9, 42.9, 42.5, 28.4, 26.9, 25.2,
22.6, 19.73, 19.67, 11.1; HRMS (ESI-TOF) m/z calcd for C»sH3N30,SNa [M+Na'] 528.1775,

found: 528.1775.
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Synthesis of (R)-17f

(R)-17f

p-TsOH-H,0O (66 mg, 0.3433 mmol) was added to a mixture of
(R)-5-allyl-2-oxabicyclo[3.3.0]oct-8-ene (1.29 g, 8.582 mmol) and compound 16 (1 g, 3.433
mmol) in toluene/EtOAc (1/1, 8 mL). The mixture was stirred at rt for 35 min. Pyridine
(0.277 mL, 3.433 mmol) was added and the mixture was concentrated under reduced pressure.
The residue was purified by silica gel column chromatography (Hexane/EtOAc) to give

compound (R)-17f (1.65 g, quant.) as a yellow oil.

(R)-17f: mp 92.6-94.3 °C; [a]?® 35.6 (¢ 0.95, MeOH); 'H-NMR (CDCls;, 400 MHz) & 7.82
(1H, d, J=3.2 Hz), 7.27 (2H, d, J= 8.7 Hz), 6.57 (1H, dd, J = 8.7, 3.2 Hz), 5.95-5.86 (1H, m),
521 (1H, dd, J=17.0, 1.8 Hz), 5.11 (1H, dd, J = 10.1, 1.8 Hz), 4.05-3.95 (2H, m), 3.85 (2H,
s), 3.78 (3H, s), 3.76-3.65 (1H, m), 2.56 (1H, dd, J = 13.8, 6.9 Hz), 2.43 (1H, dd, J=13.8, 6.9
Hz), 2.17-2.11 (1H, m), 2.00-1.98 (1H, m), 1.85-1.60 (8H, m), 0.98 (3H, t, J = 7.3 Hz); "°C

NMR (CDCl;, 100 MHz) & 164.9, 155.2, 139.3, 136.0, 130.4, 121.8, 121.1, 117.5, 109.8,
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106.3, 67.1, 55.6, 55.5, 46.8, 39.9, 37.3, 36.4, 35.2, 28.3, 22.6, 21.5, 11.1; HRMS (ESI-TOF)

m/z caled for Co4H3 N3OsNa [M+Na'] 464.2156, found: 464.2155.

Synthesis of (S)-17f

(S)-17f

p-TsOH-H,O (33 mg, 0.1716 mmol) was added to a mixture of
(8)-5-allyl-2-oxabicyclo[3.3.0]oct-8-ene (644 mg, 4.290 mmol) and compound 16 (500 mg,
1.716 mmol) in toluene/EtOAc (1/1, 4 mL). The mixture was stirred at rt for 1 h. Pyridine
(0.138 mL, 1.716 mmol) was added and the mixture was concentrated under reduced pressure.
The residue was purified by silica gel column chromatography (Hexane/EtOAc) to give

compound (S$)-17f (758 mg, 100%) as a pale yellow oil.

(S)-17f: mp 87.4-90.2 °C; [a]2® -33.9 (¢ 0.93, MeOH); 'H-NMR (CDCls, 400 MHz) & 7.82

(1H,d,J=3.2 Hz), 7.27 (2H, d, J=8.7 Hz), 6.57 (1H, dd, J = 8.7, 3.2 Hz), 5.95-5.86 (1H, m),
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5.21 (1H, dd, J = 17.0, 1.8 Hz), 5.11 (1H, dd, J = 10.1, 1.8 Hz), 4.05-3.95 (2H, m), 3.85 (2H,
s), 3.78 (3H, s), 3.76-3.65 (1H, m), 2.56 (1H, dd, J = 13.8, 6.9 Hz), 2.43 (1H, dd, J = 13.8, 6.9
Hz), 2.17-2.11 (1H, m), 2.00-1.98 (1H, m), 1.85-1.60 (8H, m), 0.98 (3H, t, J = 7.3 Hz); °C
NMR (CDCls, 100 MHz) & 164.9, 155.2, 139.3, 136.0, 130.4, 121.8, 121.1, 117.5, 109.8,
106.3, 67.1, 55.6, 55.5, 46.8, 39.9, 37.3, 36.4, 35.2, 28.3, 22.6, 21.5, 11.1; HRMS (ESI-TOF)

m/z calcd for C,4H31N3OsNa [M+Na+] 464.2156, found: 464.2155.

Synthesis of 19

Oﬁl
O/

19

Compound 18 (500 mg, 2.956 mmol) was added to a mixture of tripheylphosphine (853 mg,

3.252 mmol) and (S)-1-phenylethyl alcohol (393 mg 3.252 mmol) in THF (10 mL). The

mixture was stirred at rt for 15 h, then concentrated under reduced pressure. The residue was

purified by silica gel column chromatography (Hexane/EtOAC) to give compound 19 (770 mg,

95%) as a yellow oil.
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19: [o]25 74.7 (c 0.53, MeOH); 'H-NMR (CDCls, 400 MHz) § 7.35-7.22 (6H, m), 6.86 (1H,
dd, J=9.2,3.2 Hz), 6.78 (1H, d, J= 9.2 Hz), 5.28 (1H, q, J = 6.4 Hz), 3.72 3H, s), 1.62 (3H,
d,J= 6.4 Hz); *C NMR (CDCls, 100 MHz) & 152.9, 145.3, 142.0, 128.7, 127.9, 125.7, 120.3,
118.5, 109.5, 78.9, 55.9, 24.2; Anal. calcd for C;sH;sNOy: C, 65.92; H, 5.53; N, 5.13. Found:

C, 65.86; H, 5.67; N, 5.19.

Synthesis of 20

SONH

O~ 'NH
o

20

A mixture of compound 19 (700 mg, 2.561 mmol), iron (715 mg, 12.80 mmol) and

ammonium chloride (685 mg, 12.80 mmol) in EtOH/water (3/1, 10 mL) was stirred at 80 °C

for 3 h, then cooled to rt. The mixture was filtered through celite pad. The filtrate was

concentrated under reduced pressure. The residue was dissolved with MeCN (5 mL). Propyl

isocyanate (0.315 mL, 3.329 mmol) was added and the mixture was stirred at rt for 16 h.

Propyl isocyanate (0.170 mL, 1.793 mmol) was added and the mixture was further stirred at rt
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for 3.5 h. The mixture was concentrated under reduced pressure. The residue was purified by
silica gel column chromatography (Hexane/EtOAc) to give compound 20 (613 mg, 73% for 2

steps) as a pale brown solid.

20: mp 141.5-143.6 °C; [«]® 90.4 (¢ 0.97, MeOH); *H-NMR (CDCls, 400 MHz) & 7.71 (1H,
d, J = 2.8 Hz), 7.35-7.27 (5H, m), 6.83 (1H, s), 6.65 (1H, d, J = 9.2 Hz), 6.36 (1H, dd, J = 9.2,
2.8 Hz), 5.16 (1H, q, J = 6.6 Hz), 4.68 (1H, t, J = 5.3 Hz), 3.73 (3H, s), 3.19 (2H, td, J = 7.3,
5.3 Hz), 1.65 (3H, d, J = 6.6 Hz), 1.56 (2H, sext, J = 7.3 Hz), 0.95 (3H, t, J = 7.3 Hz); "°C
NMR (CDCls, 100 MHz) & 155.1, 154.4, 142.7, 140.6, 130.5, 128.7, 127.8, 125.6, 115.3,
107.5, 105.2, 78.4, 55.6, 42.3, 23.9, 23.3, 11.4; HRMS (ESI-TOF) m/z caled for

C19H24N203Na [M+Na+] 351.1679, found: 356.1680.

Synthesis of 17d

- 115 -



Methanesulfonyl chloride (71 uL, 0.9134 mmol) was added to a mixture of compound 20
(150 mg, 0.4567 mmol) and cyanoacetic acid (78 mg, 0.9134 mmol) in DMF (3 mL). The
mixture was stirred at rt for 2.5 h. Water was added. The mixture was extracted with EtOAc.
The combined organic layers were washed with brine, dried over Na,SO,, filtered and
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (Hexane/EtOAc) to give compound 17d (172 mg, 95%) as a pale yellow

solid.

17d: mp 105.4-109.6 °C; [a]3° 82.7 (¢ 0.73, MeOH); *H-NMR (CDCl3, 400 MHz) & 7.89
(1H, d, J = 2.8 Hz), 7.41-7.27 (5H, m), 6.68 (1H, d, J = 8.7 Hz), 6.45 (1H, dd, J = 8.7, 2.8 Hz),
5.26 (1H, q, J = 6.4 Hz), 3.88 (2H, s), 3.74-3.71 (S5H, m), 1.76-1.69 (5H, m), 1.01 (3H, t, J =
7.3 Hz): ®C NMR (CDCls, 100 MHz) & 165.1, 153.8, 142.4, 141.0, 128.7, 127.8, 125.7, 114.2,
108.9, 106.1, 78.0, 55.7, 46.8, 28.4, 24.0, 22.8, 11.1; HRMS (ESI-TOF) m/z calcd for

Cx»H,sN3;04Na [M+Na'] 418.1737, found: 418.1737.
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Synthesis of (R,R)-21f

O
SN

|
o o)\N NH,
St
/\\\\\
4 o~
(R,R,)-21f
Quinidine (66 mg, 0.2038 mmol) was added to a solution of compound (R)-17f (300 mg,
0.6795 mmol) and the mixture was stirred at rt for 143 h (89%de). The mixture was
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (Hexane/EtOAc) to give compound (R,R,)-21f (170 mg, 57%, 98%de) as a

white solid.

(R,R,)-21f: mp 175.3-177.0 °C; [a]® -51.8 (¢ 0.84, MeOH); 'H-NMR (CDCls, 400 MHz)
87.57 (1H, d, J = 9.2 Hz), 6.95 (1H, dd, J = 9.2, 3.2 Hz), 6.78 (1H, d, J = 3.2 Hz), 5.78-5.67
(1H, m), 5.03-4.98 (3H, m), 4.32 (2H, s), 3.97-3.78 (7H, m), 2.21-2.15 (2H, m), 1.98-1.92
(2H, m), 1.76-1.52 (8H, m), 0.93 (3H, t, J = 7.3 Hz); °C NMR (CDCl;, 100 MHz) & 163.1,
154.9, 153.0, 151.0, 146.4, 135.4, 124.8, 121.2, 120.5, 117.6, 116.9, 114.8, 67.3, 55.9, 55.8,

42.5,39.7,37.0, 36.3, 34.9, 21.7, 21.3, 11.4; HRMS (ESI-TOF) m/z calcd for C,4H31N30sNa
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[M+Na'] 464.2156, found: 464.2155.

Synthesis of (S,S,)-21f

O
SN

|

o O)\N NH,

4 o~
(S,S.)-21f

Quinine (45 mg, 0.1400 mmol) was added to a solution of compound (§)-17f (206 mg,
0.4666 mmol) and the mixture was stirred at rt for 24 h (86%de). The mixture was
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (Hexane/EtOAc) to give compound (S,S,)-21f (145 mg, 70%, 96%de) as a

white solid.

(S,8,)-21f: mp 175.6-177.4 °C; [a]?® 54.1 (c 0.86, MeOH); ‘H-NMR (CDCls, 400 MHz)
§7.57 (1H, d, J = 9.2 Hz), 6.95 (1H, dd, J = 9.2, 3.2 Hz), 6.78 (1H, d, J = 3.2 Hz), 5.78-5.67
(1H, m), 5.03-4.98 (3H, m), 4.32 (2H, s), 3.97-3.78 (7H, m), 2.21-2.15 (2H, m), 1.98-1.92

(2H, m), 1.76-1.52 (8H, m), 0.93 (3H, t, J = 7.3 Hz); °C NMR (CDCl;, 100 MHz) & 163.1,
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154.9, 153.0, 151.0, 146.4, 135.4, 124.8, 121.2, 120.5, 117.6, 116.9, 114.8, 67.3, 55.9, 55.8,

42.5,39.7,37.0, 36.3, 34.9, 21.7, 21.3, 11.4; HRMS (ESI-TOF) m/z calcd for C4H3N30sNa

[M+Na'] 464.2156, found: 464.2155.

Synthesis of 23

\/\NH

A

O~ 'NH

0L

23
A mixture of compound 22 (1.0 g, 4.735 mmol) and Pd/C (10%, wet, 0.5 g) in MeOH (20
mL) was stirred at rt under hydrogen atmosphere for 3.5 h. Pd/C was removed by filtration
using celite pad. The filtrate was concentrated. The residue was dissolved with CH3CN (10
mL). Propyl isocyanate (0.63 mL, 6.621 mmol) was added and the mixture was stirred at rt
for 67 h. The solvent was removed by evaporation. The residue was purified by silica gel
column chromatography (Hexane/EtOAc) to give compound 23 (1.0 g, 83% for 2 steps) as a

pink solid.

23: mp 104.2-105.8 °C; "H-NMR (CDCls, 400 MHz) & 7.76 (1H, d, J = 3.2 Hz), 6.90 (1H,
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brs), 6.78 (1H, d, J = 9.2 Hz), 6.47 (1H, dd, J = 9.2, 3.2 Hz), 4.87 (1H, t, J = 5.3 Hz), 4.44
(1H, sept, J = 6.4 Hz), 3.77 (3H, ), 3.22 (2H, td, J= 7.3, 5.3 Hz), 1.57 (2H, sext, J = 7.3 Hz),
1.31 (6H, d, J = 6.4 Hz), 0.95 (3H, t, J = 7.3 Hz); '°C NMR (CDCls, 100 MHz) & 155.3, 154.2,
140.0, 130.9, 114.9, 107.6, 105.1, 72.3, 55.7, 42.3, 23.3, 22.2, 11.4; HRMS (ESI-TOF) m/z

caled for C14H»N,05 Na [M+Na'] 289.1522, found: 289.1522.

Synthesis of 24

O
N

AL CN

O~ 'NH

\(O
o/
24

Cyano acetic acid (344 mg, 4.040 mmol) and compound 23 (538 mg, 2.020 mmol) was
suspended with toluene (10 mL) and the mixture was warmed to 80 °C. Ac,O (0.477 mL,
5.050 mmol) was added and the mixture was stirred at 80 °C for 4 h. After cooling, water was
added. The mixture was extracted with EtOAc. The combined organic layers were washed

with brine, dried over Na,SOy, filtered and concentrated. The residue was purified by silica
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gel column chromatography (Hexane/EtOAc) to give compound 24 (613 mg, 91%) as a pale

yellow solid.

24: mp 97.0-100.1 °C; *H-NMR (CDCls, 400 MHz) & 7.90 (1H, d, J = 3.2 Hz), 6.84 (1H, d, J
= 9.2 Hz), 6.59 (1H, dd, J = 9.2, 3.2 Hz), 4.50 (1H, sept, J = 6.0 Hz), 3.88 (2H, s), 3.79 (3H,
s), 3.73 (2H, t, J = 7.3 Hz), 3.51 (1H, s), 1.73 (2H, sext, J = 7.3 Hz), 1.36 (6H, d, J = 6.0 Hz),
1.01 (3H, t, J = 7.3 Hz); °C NMR (CDCl;, 100 MHz) & 165.6, 165.1, 153.9, 140.8, 114.7,
109.3, 106.0, 72.6, 55.8, 46.8, 28.4, 24.4, 22.7, 22.1, 11.1; HRMS (ESI-TOF) m/z calcd for

C17H23N304Na [M+Na+] 3561581, found: 356.1581.

Synthesis of 25 (racemate)

25 (racemate)

2 M NaOHag. (0.15 mL, 0.2982 mmol) was added to compound 15 (50 mg, 0.1491 mmol)

in THF (1 mL) and the mixture was stirred at rt for 1 h, then acidified with 5 M HCI.
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Saturated aqueous NaHCOg3 and water were added. The mixture was extracted with EtOAc.
The combined organic layers were washed with brine, dried over Na,SO,, filtered and
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (CHCIl3/MeOH) to give compound 25 (racemate, 39 mg, 78%) as a white
solid.

25 (racemate): mp 193.9-194.8 °C; '"H-NMR (CDCls, 400 MHz) & 7.23 (1H, d, J = 9.2 Hz),
6.99 (1H, dd, J=9.2, 3.0 Hz), 6.83 (1H, d, J= 3.0 Hz), 5.14 (1H, d, J = 6.9 Hz), 5.06 (1H, d,
J=6.9 Hz), 5.04 (1H, s), 4.30 (2H, s), 3.90-3.86 (2H, m), 3.79 (3H, s), 3.42 3H, s), 1.71-1.62
(4H, m), 0.92 (3H, t, J= 7.6 Hz); >C NMR (CDCls, 100 MHz) & 163.2, 155.0, 152.7, 151.0,
147.4,123.7, 117.8, 117.0, 115.3, 95.2, 77.7, 56.2, 55.9, 42.5, 21.2, 11.3; HRMS (ESI-TOF)

m/z calcd for C;cH2;N3OsNa [M+Na+] 358.1373, found: 358.1373.
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Synthesis of 26 (racemate)

O
\/\N

*@

26 (racemate)

2 M NaOHag. (0.15 mL, 0.3000 mmol) was added to compound 24 (50 mg, 0.1500 mmol)
in THF (2 mL) and the mixture was stirred at rt for 4.5 h, then acidified with 5 M HCI.
Saturated aqueous NaHCO3; and the mixture was concentrated under reduced pressure. Water
and MeCN were added. The mixture was sonicated and filtered. The cake was washed with
water and dried in vacuo at 60 °C to give compound 26 (racemate, 37 mg, 74%) as an orange
solid.

26 (racemate): mp 175.9-178.2 °C; '"H-NMR (DMSO-d, 400 MHz) &: 7.12 (1H, d, J = 9.2
Hz), 6.99 (1H, dd, J=9.2, 3.2 Hz), 6.86 (1H, d, J = 3.2 Hz), 6.10 (2H, brs), 4.73 (1H, s), 4.43
(1H, sept, J = 6.0 Hz), 3.76-3.70 (4H, m), 3.64-3.57 (1H, m), 1.49 (2H, sext, J= 7.3 Hz), 1.14
(3H, d, J= 6.0 Hz), 1.10 (3H, d, J = 6.0 Hz), 0.81 (3H, t, J = 7.3 Hz); *C NMR (DMSO-d,,,

100 MHz) & 162.0, 154.6, 153.6, 150.9, 148.1, 125.1, 117.2, 116.2, 74.4, 71.5, 55.7, 41.2,
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22.3, 22.1, 21.0, 11.3; HRMS (ESI-TOF) m/z caled for C;7H,3N;04Na [M+Na'] 356.1581,

found: 356.158]1.

Synthesis of (R,)-27

(Ra)-27

p-TsOH (16 mg, 0.09059 mmol) was added to compound (R,R,)-21f (40 mg, 0.09059 mmol)
in MeOH (2 mL) and the mixture was stirred at 50 °C for 1 h, then cooled to rt. Pyridine (11
uL, 0.1358 mmol) was added and the mixture was concentrated under reduced pressure. The
residue was purified by silica gel column chromatography (Hexane/EtOAc/MeOH) to give
compound (R,)-27 (23 mg, 88%, 94%ee) as a white solid.
(R.)-27: mp 238.8-241.6 °C; [a]3° -44.4 (¢ 0.39, MeOH); *H-NMR (DMSO-ds, 400 MHz)
§9.41 (1H, brs), 6.89-6.88 (2H, m), 6.77-6.76 (1H, m), 6.08 (2H, brs), 4.73 (1H, s), 3.68-3.63

(5H, m), 1.48 (2H, sext, J = 7.3 Hz), 0.81 (3H, t, J = 7.3 Hz); *C NMR (DMSO-ds, 100
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MHz) 6 162.1, 154.5, 152.4, 150.9, 147.9, 121.6, 117.5, 116.8, 115.5, 74.6, 55.7, 41.4, 11.4;

HRMS (ESI-TOF) m/z calcd for C4H;7N;04Na [M+Na'] 314.1111, found: 314.1112.

Synthesis of (S,)-27

O

07 "N” "NH,

Ho A3
0,

(Sa)-27
p-TsOH (16 mg, 0.09059 mmol) was added to compound (S,Sz)-21f (40 mg, 0.09059 mmol)
in MeOH (2 mL) and the mixture was stirred at 50 °C for 1 h, then cooled to rt. Pyridine (11
uL, 0.1358 mmol) was added and the mixture was concentrated under reduced pressure. The
residue was purified by silica gel column chromatography (Hexane/EtOAc) to give compound

(S2)-27 (19 mg, 73%, 96%ee) as a white solid.

(S.)-27: mp 245.7-247.8 °C; [a]3® 46.7 (¢ 0.32, MeOH); *H-NMR (DMSO-ds, 400 MHz)
§9.41 (1H, brs), 6.89-6.88 (2H, m), 6.77-6.76 (1H, m), 6.08 (2H, brs), 4.73 (1H, s), 3.68-3.63

(5H, m), 1.48 (2H, sext, J = 7.3 Hz), 0.81 (3H, t, J = 7.3 Hz); *C NMR (DMSO-ds, 100
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MHz) 6 162.1, 154.5, 152.4, 150.9, 147.9, 121.6, 117.5, 116.8, 115.5, 74.6, 55.7, 41.4, 11.4;

HRMS (ESI-TOF) m/z calcd for C4H;7N;04Na [M+Na'] 314.1111, found: 314.1112.

Synthesis of 27 (racemate)

2 M NaOHag. (0.51 mL, 1.030 mmol) was added to compound 16 (100 mg, 0.3433 mmol)
in THF (3.4 mL) and the mixture was stirred at rt for 1.5 h, then acidified with 5 M HCI.
Saturated aqueous NaHCOg3 and water were added. The mixture was extracted with EtOAc.
The combined organic layers were dried over Na,SO,, filtered and concentrated under
reduced pressure. The residue was purified by silica gel column chromatography
(Hexane/EtOAc/MeOH) to give compound 27 (68 mg, 68%) as a pink solid.

27: mp 225.4-228.9 °C; 'H-NMR (DMSO-dgs, 400 MHz) & 9.41 (1H, brs), 6.89-6.88 (2H, m),

6.77-6.76 (1H, m), 6.08 (2H, brs), 4.73 (1H, s), 3.68-3.63 (5H, m), 1.48 (2H, sext, J = 7.3 Hz),
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0.81 (3H, t, J = 7.3 Hz); '>C NMR (DMSO-ds, 100 MHz) & 162.1, 154.5, 152.4, 150.9, 147.9,
121.6, 117.5, 116.8, 115.5, 74.6, 55.7, 41.4, 11.4; HRMS (ESLI-TOF) m/z caled for

C14H17N304Na [M+Na+] 314.111 1, found: 314.1111.

Chiral resolution of 2c by HPLC

Compound 2c (racemate, 16.5 mg) was dissolved with 2-propanol (conc. 5 mg/mL). The

solution (1.1 mL) was applied to CHIRALCEL OD-H (20 x 250 mm, Daicel Corporation) and

eluted with Hexane/2-propanol containing 0.1% diethylamine (80:20 v/v) at 25 °C with 10

mL/min of flow rate. This work was further repeated twice and the combined fractions were

concentrated to give 2c*.

2¢* (First peak): colorless amorphous, 8.3 mg, 50%, 77.0%ee; [a]Z® -16.1 (¢ 0.79, MeOH).
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Chiral resolution of 8 by chiral HPLC

O
\/\N AN
o
07 N7 N7 NH,
20!
O/
8*

Compound 8 (24 mg) was dissolved with CHCI3s/EtOH (0.85 mL/0.35 mL) to be 20 mg/mL

of the solution. One third of the solution was applied to CHIRALPAK IC (20 x 250 mm,

Daicel Corporation) and eluted with Hexane/EtOH (85:15 v/v) at 40 °C with 10 mL/min of

flow rate. This work was further repeated twice and the combined fractions were collected to

give (R,)-(—)-8* (First peak) and (S,)-(+)-8* (Second peak), respectively.

(R,)-(—)-8* (First peak): white solid, 11.4 mg, 48%, 99.9%ee; [a]3® -50.3 (C 0.10, CHCI,).
(S.)-(+)-8* (Second peak): white solid, 11.6 mg, 48%, 99.9%ee; [a]3® +45.4 (C 0.10,

CHCly).

Time-dependent change of ee value of 2a*-2k*

The separated enantiomers 2a*—2k* were then exposed to thermal racemization experiments.

Each enantiomer was dissolved with 1-butanol and the solutions were heated to various

- 128 -



temperatures as shown below. We measured ee values of the enantiomer solutions by chiral
HPLC at each time point. Figures 5-1-5-10 show plots of time-dependent changes of ee value
of compound 2a*-2k* at three temperatures. Based on these data, a rate constant of
enantiomerization (kenant) Were calculated and then rotational barriers (4G’ were calculated

from Eyring plot (Figure 5-11— 5-20).

General HPL.C analysis condition

For compound 2a*-2i*, 2k*

Chiral column: CHIRALCEL OD-H 4.6 x 250 mm (Daicel Corporation), Eluent:

Hexane/2-propanol = 80:20 v/v, Temperature: 40 °C, Flow rate: 1 mL/min, Sample solution: 1

mg/mL in 1-butanol

For compound 2j*

Chiral column: CHIRALCEL OD-H 4.6 x 250 mm (Daicel Corporation), Eluent:

Hexane/2-propanol (0.1% trifluoroacetic acid) = 80:20 v/v, Temperature: 40 °C, Flow rate: 1

mL/min, Sample solution: 1 mg/mL in 1-butanol
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Table 5-1. The time-dependent ee value change of compound 2b*-2k* at each temperature

2b* | 376K | Time (h) 0 3 6 9 11
ce (%) | 94.9 90.0 86.4 82.9 80.3

383K | Time (h) 0 3 6 9 11
ce (%) | 949 85.1 76.8 70.3 65.3

388K | Time (h) 0 1 3 5 7
ce (%) | 94.9 91.5 79.6 715 64.6

2¢* | 313K | Time (h) 0 1 2 3 4
ce (%) | 66.7 51.1 40.0 312 23.6

323K | Time (h) 0 1 2 2.5 3

ee (%) | 66.7 32.7 14.9 11.1 7.0

333K | Time (h) 0 0.5 1 1.5 2

ce (%) | 66.7 17.6 5.1 2.7 0.7

2d* | 373K | Time (h) 0 2 4 6 8
ee (%) | 96.5 753 62.4 51.2 42.7

383K | Time (h) 0 1 2 3 4
ee (%) | 96.5 76.6 63.8 525 41.0

388K | Time (h) 0 1 2 3 4
ee (%) | 96.5 69.6 495 34.6 23.0

2¢* | 378K | Time (h) 0 2 4 6 8
ee (%) | 93.1 88.5 83.8 79.0 76.1

383K | Time (h) 0 1 3 5 7
ee (%) | 93.1 89.3 80.7 73.4 66.1

388K | Time (h) 0 1 2 3 4
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ee (%) | 93.1 86.6 81.2 74.9 69.9

20+ | 378K | Time (h) 0 1 4 7 10
ee (%) | 96.0 95.5 94.1 92.0 90.7

383K | Time (h) 0 1 5 8 10

ee (%) | 96.0 95.2 91.6 89.7 88.1

388K | Time (h) 0 1 3 7 10

ee (%) | 96.0 94.5 91.1 86.1 82.6

2¢* | 343K | Time (h) 0 2 4 7 10
ee (%) | 49.8 40.8 32.4 23.3 17.1

353K | Time (h) 0 1 3 5 7

ee (%) | 49.8 355 17.2 9.4 46

363K | Time (h) 0 1 1.5 2 2.5

ee (%) | 49.8 14.8 7.4 5.2 35

2h* | 313K | Time (h) 0 3 6 9 11
ee (%) | 627 54.1 473 40.6 36.7

323K | Time (h) 0 2 4 6 8

ee (%) | 627 44.7 323 23.0 15.8

333K | Time (h) 0 1 3 5 7

ee (%) | 62.7 39.1 14.2 44 1.7

2i* | 378K | Time (h) 0 1 4 7 10
ee (%) | 952 94.6 93.0 91.8 90.6

385K | Time (h) 0 1 3 6 9

ee (%) | 952 933 90.8 86.8 82.8

388K | Time (h) 0 1 3 6 9

ee (%) | 952 93.0 90.0 85.0 80.0

2j* | 323K | Time (h) 0 1 3 5 7
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ce (%) | 23.6 211 184 163 14.1
333K | Time (h) 0 1 2 3 4
ee (%)* 23.6 18.2 14.1 10.9 8.5
343K | Time (h) 0 0.5 1 15 2
ee (%)° 23.6 15.6 11.0 8.5 5.8
2k* | 343K | Time (h) 0 3 6 9 11
ee (%)* 64.9 57.9 53.2 48.9 45.7
353K | Time (h) 0 2 4 6 8
ee (%)* 64.9 53.1 45.0 38.0 31.3
363K | Time (h) 0 1 2 3 4
ee (%)° 64.9 49.0 35.5 25.0 16.5
[a] detected by HPLC.
0.05
0 T T T 1
0.05 20000 30000 40000 50000
-0.1
%a -0.15 \\ \.\\. m376K
S 02 LN y-=—4E-06%—0-0034
< 0 2'5 \ \ R2 = 0.9978 A 383K
£ ;) 5 W N\, ool 388K
Y. =-9E-UbXx - 0.
-0.35 \\ \\ Y Re=0.0088
-0.4
= -2E-05x + 0.0055
-0.45 = 09957
time (s)

Figure 5-1. Plot of time-dependent ee value change of compound 2b*.
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Figure 5-2. Plot of time-dependent ee value change of compound 2c*.
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Figure 5-3. Plot of time-dependent ee value change of compound 2d*,
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Figure 5-4. Plot of time-dependent ee value change of compound 2e*.
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Figure 5-5. Plot of time-dependent ee value change of compound 2f*.
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Figure 5-6. Plot of time-dependent ee value change of compound 2g*.
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Figure 5-7. Plot of time-dependent ee value change of compound 2h*,
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Figure 5-8. Plot of time-dependent ee value change of compound 2i*.
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Figure 5-9. Plot of time-dependent ee value change of compound 2j*.
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Figure 5-10. Plot of time-dependent ee value change of compound 2k*.
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Figure 5-11. Eyring Plot of compound 2b*
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Figure 5-12. Eyring Plot of compound 2c*
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Figure 5-13. Eyring Plot of compound 2d*
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Figure 5-14. Eyring Plot of compound 2e*
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Figure 5-15. Eyring Plot of compound 2f*
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Figure 5-16. Eyring Plot of compound 2g*
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Figure 5-17. Eyring Plot of compound 2h*
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Figure 5-18. Eyring Plot of compound 2i*
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Figure 5-19. Eyring Plot of compound 2j*
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Figure 5-20. Eyring Plot of compound 2k*

Table 5-2. The rate constant &, of 2a*-2k*, (R,)-(—)-8* at various temperatures

Compound Temperature Kenant (5™ Temperature Kenant (5™) Temperature Kenant (5)

2a* 373 1.08 x 10” 383 351x107 388 5.40 x 107
2b* 376 2.06 x 10° 383 4.63x 10° 388 7.87x10°
2c* 313 358 x 10° 323 1.03x10* 333 3.08 x 10"
2d* 373 1.40 x 10° 383 2.90x 107 388 4.96 x 107
2e* 378 3.60x 10° 383 6.81 x 10° 388 9.98 x 10°
2f* 378 8.06 x 107 383 1.20 x 10° 388 2.08 x 10°
2g* 343 1.50x 10°® 353 4.68 x 107 363 1.49 x 10
2h* 313 6.74x 10° 323 2.38x10° 333 7.26x10°
2i* 378 6.74x 107 383 2.11x10°® 388 2.64x10°
2j* 323 9.88 x10° 333 3.57x10° 343 9.47 x 107
2k* 343 432x10° 353 1.25x 107 363 474 x10°
(Ry)-(-)-8* 348 3.18x10° 353 4.29x10° 363 1.15x 10
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AH' and 4S' of these series of compounds were calculated by the following Eyring plot.

kenant)_ AH'Y  ASt (kB)
ln( T RT+ R +1In A

kenant: the rate constant of enantiomerization (s%), T: absolute temperature (K), 4H": enthalpy of activation, AS" entoropy of

activation, R: gas constant, kg: Boltzmann constant (J-K™%), h: Planck constant (J-s)
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Chiral HPLC spectra

CHIRALCEL OD-H
Hexane/2-propanol = 80:20 v/v

CHIRALCEL OD-H

Hexane/2-propanol = 80:20 v/v
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o
6.364

(0] N NH,
2c*

CHIRALCEL OD-H
Hexane/2-propanol = 80:20 v/v

9.739

11.1p6

CHIRALCEL OD-H
Hexane/2-propanol = 80:20 v/v

?“; >7.120
)
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CHIRALCEL OD-H
Hexane/2-propanol = 80:20 v/v

: > 7.666

11.793

15

CHIRALCEL OD-H
Hexane/2-propanol = 80:20 v/v

12.742

4 %8.601

15
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CHIRALCEL OD-H
Hexane/2-propanol = 80:20 v/v

6.626

10.126

2h*

CHIRALCEL OD-H
Hexane/2-propanol = 80:20 v/v

1.5

1BHEAChz 25

22.1p7

35.648

B.C

20
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(Sa)-(+)-8*

CHIRALPAK IC
Hexane/EtOH = 80:20 v/v
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0.3 eq. Quinidine,24h (83 — 1 3, Entry 1)

1HRHEFA

10.559
15.569

0.3 eq. Quinine, 24 h (83— 1 3, Entry2)

THEHEA

10.283

15.216

|
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CD measurements of compound 8*

Experimental CD spectra
30
20 P'VA\ (Ra)-(-)-8*
= (Sa)-(+)-8*
10 (Sa)-(+)
J o . . =
230 2 310 330 350
-10 " 4
-20 Conditions
-30 Solvent: MeOH
Wavelength (nm) Temperature: 25°C
Sample Concentration: 0.08-0.14 mg/mL
10
8
6
4
2
2 0 T T T T T 1
_22 O\ 250 270/ 290 310 330 350
AN /
\/ Conditions
-6
" Conformational optimization:
B3LYP/6-31+G(d,p)

—_
o

Wavelength (nm)
ECD Calculation:

- Q%
Calculated CD spectrum of (S,)-(+)-8 CAM-BSLYP/6-311++G(2d.p)

Red shift: 55 nm
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X-ray crystallography

X-ray crystal structure of 2d*

Data Collection

A colorless block crystal of C13H14CIN3O7 having approximate dimensions of 0.201 x
0.182 x 0.147 mm was mounted in a loop. All measurements were made on a Rigaku R-AXIS

RAPID II diffractometer using multi-layer mirror monochromated Mo-Ka radiation.
The crystal-to-detector distance was 127.40 mm.

Cell constants and an orientation matrix for data collection corresponded to a primitive

orthorhombic cell with dimensions:

a =  7.0893(2) A
b =  9.13032) A
c = 19.8859(5) A

V = 1287.17(6) A3

For Z = 4 and F.W. = 279.73, the calculated density is 1.443 g/cm3. The reflection

conditions of:

h00: h=2n
0k0: k=2n
00l: 1=2n

uniquely determine the space group to be:
P212121 (#19)

The data were collected at a temperature of -173 + 10C to a maximum 26 value of 54.90. A

total of 66 oscillation images were collected. A sweep of data was done using ® scans from
130.0 to 190.0° in 5.00° step, at x=45.0° and ¢ = 0.09. The exposure rate was 40.0 [sec./O]. A

second sweep was performed using ® scans from 0.0 to 162.0° in 3.00° step, at y=45.0° and

- 197 -



¢ = 180.00. The exposure rate was 40.0 [sec./9]. The crystal-to-detector distance was 127.40

mm. Readout was performed in the 0.100 mm pixel mode.

Empirical Formula
Formula Weight
Crystal Color, Habit
Crystal Dimensions
Crystal System
Lattice Type

Lattice Parameters

Space Group
Z value
Dcalc

Fooo
u(MoKa)

Diffractometer

Radiation

Voltage, Current

Temperature
Detector Aperture

Data Images

o oscillation Range (x=45.0, $=0.0)

A. Crystal Data

C13H14CIN307
279.73

colorless, block
0.201 X 0.182 X 0.147 mm
orthorhombic
Primitive

a= 7.0893(2) A
b= 9.1303(2) A
c= 19.8859(5) A
V =1287.17(6) A3
P212121 (#19)

4

1.443 glcm3
584.00

2.980 cm-1

B. Intensity Measurements

R-AXIS RAPID 11

MoKa (A =0.71075 A)
multi-layer mirror monochromated
50kV, 24mA

-173.00C

460.0 x 256.0 mm

66 exposures

130.0 - 190.00



Exposure Rate 40.0 sec./0

o oscillation Range (x=45.0, $=180.0) 0.0 - 162.00
Exposure Rate 40.0 sec./0
Detector Position 127.40 mm
Pixel Size 0.100 mm
20max 54.90

No. of Reflections Measured Total: 12468

Unique: 2931 (Rjyt = 0.0127)
Parsons quotients (Flack x parameter): 1198
Corrections Lorentz-polarization
Absorption
(trans. factors: 0.856 - 0.957)

C. Structure Solution and Refinement

Structure Solution Direct Methods (SHELXD Version 2013/2)
Refinement Full-matrix least-squares on F2
Function Minimized T w (Fo2 - Fc2)2
Least Squares Weights w = 1/ [ 62(Fo2) + (0.0388 - P)2
+0.2326- P]
where P = (Max(Fo2,0) + 2Fc2)/3
20max cutoff 54.90
Anomalous Dispersion All non-hydrogen atoms
No. Observations (All reflections) 2931
No. Variables 228
Reflection/Parameter Ratio 12.86
Residuals: R1 (1>2.000(1)) 0.0220
Residuals: R (All reflections) 0.0225
Residuals: wR2 (All reflections) 0.0598
Goodness of Fit Indicator 1.071
Flack parameter (Parsons' quotients = 1198) -0.005(7)*
Max Shift/Error in Final Cycle 0.001
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0.27 /A3
-0.13 ¢7/A3

Maximum peak in Final Diff. Map
Minimum peak in Final Diff. Map

*Flack parameter demonstrated that the accuracy of assignment of the absolute configuration
was reasonable according to published results; Parsons, S. and Flack, H. (2004), Acta Cryst.
AG60, s61, and Flack, H.D. and Bernardinelli (2000), J. Appl. Cryst. 33, 114-1148.

Table 5-3. Atomic coordinates and Biso/Beq

atom X y z Beq

Cl1 0.17101(6) 0.56032(4) 0.77561(2) 1.847(9)
01 0.49491(15) 0.38536(13)  0.90972(5) 1.408(18)
02 0.05755(16) 0.50985(13)  1.06817(6) 1.58(2)
N1 0.18541(18) 0.34202(14)  0.88663(6) 1.046(19)
N2 0.27791(17) 0.44194(15)  0.99045(6) 1.041(18)
N3 -0.13231(19) 0.31097(15)  0.85846(7) 1.28(2)
C1 0.2367(2) 0.37806(18)  0.76523(8) 1.33(2)
C2 0.2882(2) 0.3254(2) 0.70245(8) 1.74(3)
C3 0.3384(3) 0.1794(2) 0.69590(8) 1.97(3)
C4 0.3409(3) 0.08714(19)  0.75146(9) 1.81(3)
C5 0.2926(2) 0.14087(18)  0.81454(8) 1.39(2)
C6 0.2387(2) 0.28667(17)  0.82142(7) 1.09(2)
c7 0.3306(2) 0.39038(15)  0.92846(7) 1.04(2)
C8 -0.0043(2) 0.35653(16)  0.90395(7) 1.07(2)
C9 -0.0516(2) 0.41511(17)  0.96488(7) 1.22(2)
C10 0.0879(2) 0.45901(17)  1.01189(8) 1.14(2)
Cl1 0.4280(2) 0.48892(16)  1.03706(8) 1.08(2)
C12 0.4744(2) 0.65116(17)  1.03206(8) 1.37(2)
C13 0.6217(2) 0.69426(18)  1.08420(8) 1.48(3)

Beq = 8/3 1%(U11(2a*)2 + Ugp(bb*)2 + Ugg(cc*)? + 2U1o(aa*bb*)cos y + 2U13(aa*cc*)cos B + 2Up3(bb*cc*)cos o)
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Table 5-4. Anisotropic displacement parameters

atom
cil

0o1
02
N1
N2
N3
C1
C2
C3
C4
C5
C6
Cc7
C8
C9
C10
Cl1
C12
C13

U11

0.02507(19) 0.02107(18) 0.02402(19)
0.00715(15)

0.0102(5)
0.0161(5)
0.0107(6)
0.0112(5)
0.0109(6)
0.0123(6)
0.0163(7)
0.0181(7)
0.0168(7)
0.0135(7)
0.0100(6)
0.0129(6)
0.0115(6)
0.0101(6)
0.0130(6)
0.0112(6)
0.0168(7)
0.0174(8)

U2z

0.0253(6)
0.0281(6)
0.0174(6)
0.0159(5)
0.0233(7)
0.0221(7)
0.0362(9)
0.0411(10)
0.0262(8)
0.0204(8)
0.0201(7)
0.0135(6)
0.0140(7)
0.0196(7)
0.0154(7)
0.0164(7)
0.0163(7)
0.0179(8)

Uss

0.0180(5)
0.0159(5)
0.0116(5)
0.0124(5)
0.0145(6)
0.0162(7)
0.0137(7)
0.0156(7)
0.0257(8)
0.0188(7)
0.0114(6)
0.0134(6)
0.0152(7)
0.0165(7)
0.0148(6)
0.0132(7)
0.0192(7)
0.0210(8)

U1z

0.00438(16)

0.0003(4)
-0.0001(5)
0.0002(5)
-0.0005(5)
0.0003(5)
0.0018(6)
0.0009(7)
0.0025(8)
0.0045(7)
0.0025(6)
0.0005(5)
0.0004(6)
-0.0001(5)
-0.0005(5)
-0.0005(5)
-0.0004(6)
-0.0023(6)
-0.0033(6)

Ui3

0.00248(15)

0.0018(4)
0.0026(4)
0.0018(5)
-0.0003(4)
0.0007(5)
-0.0003(6)
0.0004(5)
0.0007(7)
0.0001(6)
-0.0007(5)
0.0005(5)
0.0006(5)
0.0014(5)
0.0022(5)
0.0024(5)
-0.0012(5)
-0.0032(6)
-0.0021(6)

U2s

-0.0019(4)
-0.0055(4)
-0.0004(4)
0.0003(5)
-0.0029(5)
0.0024(6)
0.0031(6)
-0.0091(6)
-0.0077(6)
0.0000(6)
-0.0015(5)
0.0017(5)
0.0022(5)
-0.0007(5)
0.0010(5)
-0.0002(5)
0.0015(6)
-0.0002(6)

The general temperature factor expression: exp(-2r2(a*2U11h2 + b*2Uok2 + c*2U33l2 +
2a*b*Uqohk + 2a*c*U13hl + 2b*c*Uy3kl))
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Table 5-5. Bond lengths (A)

atom
Cl1
02
N1
N2
N2
C1l
C2
C4
C8
Cl1

atom
C1
C10
Cc7
C7
Cl1
C2
C3
C5
C9
C12

distance
1.7403(17)
1.231(2)
1.3952(19)
1.3714(19)
1.475(2)
1.387(2)
1.386(3)
1.390(2)
1.366(2)
1.521(2)

Table 5-6. Bond angles (°©)

atom
C6
C7
Cc7
Cl1
C2
C2
C4
N1
01
N1
N1
C8
02
N2

atom
N1
N1
N2
C1
C1
C3
C5
C6
C7
C7
C8
C9
C10
Cil1

atom
Cc7
C8
Cl1
C2
C6
C4
C6
C5
N1
N2
C9
C10
C9
C12

angle

116.99(12)
122.29(12)
117.91(12)
120.58(13)
120.75(15)
120.78(15)
119.61(15)
119.70(13)
120.59(13)
116.33(13)
119.54(13)
121.58(13)
125.72(14)
113.48(13)

atom
o1
N1
N1
N2
N3
Cl
C3
C5
C9
C12

atom

C6
C7

C10

Cci1
C1
C3
N1
C1
01
N1
N3
02
N2

Cl1

-202 -

atom
N1
N2
N2
C1
C2
C4
C6
C6
Cc7
C8
C8
C10
C10
C12

atom
C7
C6
C8
C10
C8
C6
C4
C6
C10
C13

atom
C8
C10
Cl1
C6
C3
C5
C1
C5
N2
N3
C9
N2
C9
C13

distance
1.2238(19)
1.4420(19)
1.3944(19)
1.4213(19)
1.347(2)
1.395(2)
1.390(2)
1.392(2)
1.419(2)
1.523(2)

angle
120.52(12)
124.43(13)
117.60(12)
118.67(12)
119.06(15)
120.03(16)
120.54(14)
119.75(14)
123.08(13)
117.04(13)
123.42(13)
118.68(13)
115.59(13)
110.83(13)



Table 5-7. Torsion Angles(©)
(Those having bond angles > 160 or < 20 degrees are excluded.)

atoml atom2 atom3 atom4

C6
Cc7
C6
C8
Cc7
C8
Cc7
C10
C7
Cl1
Cl1
Cl1
Cl1
C2
C1
C3
C4
N3
C8

X-ray crystal structure of (R,)-(—)-8*

N1
N1
N1
N1
N1
N1
N2
N2
N2
N2
N2
C1
C1l
C1l
C2
C4
C5
C8
C9

Cc7
Cé
C8
Cé
C8
C7
C10
Cc7
Cl1
Cc7
C10
C2
C6
Cé
C3
C5
C6
C9
C10

01
Cl
N3
Cl
N3
o1
02
o1
C12
N1
02
C3
C5
C5
C4
C6
C1
C10
N2

angle
0.09(19)
-94.86(15)
2.75(19)
80.17(17)
177.51(11)
-174.84(12)
-178.21(13)
175.28(13)
92.13(15)
177.77(11)
-1.0(2)
-179.54(10)
-179.33(9)
-0.1(2)
-1.2(2)
1.1(2)
-1.1(2)
178.71(12)
1.8(2)

Data Collection

atoml atom2 atom3 atom4

C6
Cc7
C6
C8
Cc7
C8
Cc7
C10
Cil1
C10
Cl1
Cl1
C2
C6
C2
C4
N1
C8
N2
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N1
N1
N1
N1
N1
N1
N2
N2
N2
N2
N2
C1
C1
C1
C3
C5
C8
C9
Cl1

Cc7
C6
C8
C6
C8
C7
C10
Cc7
C7
Cl1
C10
C6
C6
C2
C4
C6
C9
C10
C12

N2
C5
C9
C5
C9
N2
C9
N1
o1
C12
C9
N1
N1
C3
C5
N1
C10
02
C13

angle
-179.64(11)
85.09(16)
-177.19(12)
-99.88(15)
-2.4(2)
5.42(19)
1.5(2)
-5.0(2)
-2.0(2)
-85.30(15)
178.77(11)
0.62(19)
179.87(13)
1.2(2)
0.0(3)
178.96(13)
-1.4(2)
-178.48(14)
176.63(11)



A colorless platelet crystal of C{gHp9N4O4 having approximate dimensions of 0.145 x
0.118 x 0.040 mm was mounted in a loop. All measurements were made on a Rigaku R-AXIS

RAPID II diffractometer using multi-layer mirror monochromated Mo-Ka radiation.
The crystal-to-detector distance was 127.40 mm.

Cell constants and an orientation matrix for data collection corresponded to a primitive

monoclinic cell with dimensions:

a =  9.4569(2) A
b = 11.60403) A B = 105.234(7)°
c = 1622455 A

V = 1717.87(10) A3

For Z = 4 and F.W. = 356.38, the calculated density is 1.378 g/cm3. Based on the reflection

conditions of:
0kO: k=2n

packing considerations, a statistical analysis of intensity distribution, and the successful

solution and refinement of the structure, the space group was determined to be:

P2 (#4)

The data were collected at a temperature of -173 + 19C to a maximum 260 value of
71.69. A total of 96 oscillation images were collected. A sweep of data was done using ®
scans from 0.0 to 180.0° in 3.000 step, at x=45.0° and ¢ = 0.00. The exposure rate was 260.0
[sec./]. A second sweep was performed using ® scans from 0.0 to 180.00 in 5.00° step, at

¥=45.00 and ¢ = 180.00. The exposure rate was 260.0 [sec./®]. The crystal-to-detector

distance was 127.40 mm. Readout was performed in the 0.100 mm pixel mode.

A. Crystal Data
Empirical Formula C18HooN404
Formula Weight 356.38
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Crystal Color, Habit
Crystal Dimensions
Crystal System
Lattice Type

Lattice Parameters

Space Group
Z value
Dcalc

Fooo
n(MoKa)

Diffractometer

Radiation

Voltage, Current
Temperature
Detector Aperture

Data Images

colorless, platelet

0.145X 0.118 X 0.040 mm

monoclinic
Primitive

a= 9.4569(2) A
b= 11.6040(3) A
c= 16.2245(5) A
B=105.234(7) 0
V =1717.87(10) A3
P21 #4)

4

1.378 g/cm3
752.00

0.995 cm-!

B. Intensity Measurements

o oscillation Range (y=45.0, $=0.0)

Exposure Rate

o oscillation Range (y=45.0, ¢=180.0)

Exposure Rate
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R-AXIS RAPID II

MoK (A = 0.71075 A)

multi-layer mirror monochromated

50kV, 24mA
-173.00C

460.0 x 256.0 mm
96 exposures

0.0 - 180.00
260.0 sec./0

0.0 - 180.0°
260.0 sec./0



Detector Position 127.40 mm

Pixel Size 0.100 mm
20max 71.60
No. of Reflections Measured Total: 39163

Unique: 12713 (Rjnt = 0.0320)
Parsons quotients (Flack x parameter): 3796
Corrections Lorentz-polarization
Absorption
(trans. factors: 0.878 - 0.996)

C. Structure Solution and Refinement

Structure Solution Direct Methods (SHELXT Version 2014/5)

Refinement Full-matrix least-squares on F2

Function Minimized ¥ w (Fo2 - Fc2)2

Least Squares Weights w=1/[ 62(F02) + (0.0576 - P)2
+0.0000- P]

where P = (Max(Fo2,0) + 2Fc2)/3

20max cutoff 71.60

Anomalous Dispersion All non-hydrogen atoms
No. Observations (All reflections) 12713

No. Variables 629
Reflection/Parameter Ratio 20.21

Residuals: R1 (I>2.005(1)) 0.0393

Residuals: R (All reflections) 0.0574

Residuals: wR2 (All reflections) 0.0976

Goodness of Fit Indicator 1.032

Flack parameter (Parsons' quotients = 3796) -0.09(19)
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Max Shift/Error in Final Cycle

Maximum peak in Final Diff. Map

Minimum peak in Final Diff. Map

Table 5-8. Atomic coordinates and Biso/Beq

atom
0Ol
02
03
04
05
06
o7
08
N1
N2
N3
N4
N5
N6
N7
N8
C1
C2
C3
C4
C5

X
0.12034(14)
0.62839(13)
0.67067(13)
1.02622(13)
0.50652(14)
0.35175(14)
0.67129(14)
0.96448(14)
0.53093(17)
0.58203(15)
0.63041(15)
0.84832(15)
0.51381(18)
0.57183(16)
0.62596(15)
0.81308(15)
0.1377(2)
0.24807(18)
0.24580(19)
0.37015(19)
0.49920(18)

y
0.34050(13)

0.59605(11)
0.27074(11)
0.26536(12)
0.22493(11)
0.65131(12)
0.67112(11)
0.73709(12)
0.57606(14)
0.47457(13)
0.37373(12)
0.26630(13)
0.36310(14)
0.46530(13)
0.56885(12)
0.70781(12)
0.22021(19)
0.40153(17)
0.51790(17)
0.58596(16)
0.53771(15)

0.000

0.39 e/A3
-0.25 e/A3

Z
0.31890(9)
0.43797(8)
0.37648(7)
0.62823(8)

-0.18399(8)
-0.08067(8)
-0.11778(7)
0.14876(8)
0.71101(9)
0.60075(8)
0.48758(8)
0.50274(8)
0.21040(9)
0.10256(8)
-0.00773(8)
0.01622(8)
0.30680(13)
0.35027(11)
0.32916(11)
0.35800(10)
0.40897(10)
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Beq
2.13(2)
1.557(19)
1.432(18)
1.64(2)
1.76(2)
1.75(2)
1.400(19)
1.71(2)
1.52(2)
1.19(2)
1.13(2)
1.22(2)
1.68(2)
1.22(2)
1.13(2)
1.20(2)
2.10(3)
1.54(3)
1.65(3)
1.50(3)
1.27(2)



C6

C7

C8

C9

C10
Cll1
C12
Cl13
Cl4
CI5
Cl6
C17
C18
C19
C20
C21
C22
C23
C24
C25
C26
C27
C28
C29
C30
C31
C32
C33

0.49829(17)
0.37546(19)
0.6386(2)

0.8145(2)

0.9558(2)

0.94572(18)
0.71375(17)
0.67446(17)
0.80727(17)
0.90392(18)
0.84491(19)
0.75147(19)
0.62064(18)
0.6472(2)

0.4715(2)

0.33313(19)
0.28950(19)
0.38336(19)
0.52123(18)
0.56557(19)
0.2198(2)

0.9424(3)

0.8477(2)

0.89943(19)
0.70071(18)
0.65618(18)
0.77159(18)
0.85774(18)

0.42198(15)
0.35342(16)
0.70501(16)
0.00584(19)
0.07224(17)
0.19903(16)
0.30156(14)
0.40727(14)
0.36675(14)
0.29706(14)
0.39635(15)
0.46333(15)
0.50432(15)
0.17822(17)
0.32982(15)
0.37391(16)
0.48009(16)
0.54540(15)
0.50097(15)
0.39427(15)
0.70502(19)
0.9950(2)

0.91370(17)
0.79058(15)
0.65086(14)
0.54436(14)
0.60250(14)
0.68651(15)

0.43244(9)
0.40321(10)
0.39817(11)
0.45105(14)
0.48773(12)
0.46295(11)
0.45139(10)
0.57360(9)
0.62403(10)
0.58907(10)
0.71170(10)
0.74223(10)
0.68416(10)

-0.14265(11)

-0.15643(10)

-0.19645(10)

-0.17277(10)

-0.10849(10)

-0.06968(9)

-0.09221(10)

-0.12777(13)

-0.0508(2)

-0.01484(13)

-0.01892(11)

-0.04056(10)
0.07967(9)
0.13568(10)
0.10464(10)
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1.19(2)
1.41(2)
1.63(3)
2.21(3)
1.84(3)
1.44(2)
1.08(2)
1.04(2)
1.11(2)
1.25(2)
1.32(2)
1.36(2)
1.25(2)
1.74(3)
1.39(2)
1.50(3)
1.51(3)
1.32(2)
1.21(2)
1.37(2)
2.06(3)
3.37(5)
1.97(3)
1.44(2)
1.12(2)
1.06(2)
1.16(2)
1.26(2)



C34
C35
C36

0.80022(18)  0.57510(15)  0.22300(10)
0.71663(19)  0.49483(15)  0.24921(10)
0.60088(18)  0.44097(14)  0.18667(10)

1.35(2)
1.39(2)
1.28(2)

Beq = 8/3 12(U1 1 (aa*)? + Upp(bb*)? + Uz3(ce®)? + 2U  p(aa*bb*)cos v + 2U  3(aa*cc*)cos B + 2Up3(bb*cc*)cos cr)

Table 5-9. Anisotropic displacement parameters

atom
Ol
02
03
04
05
06
o7
08
N1
N2
N3
N4
N5
N6
N7
N8
Cl
C2
C3

U11
0.0138(6)
0.0177(5)
0.0187(6)
0.0176(5)
0.0246(6)
0.0206(6)
0.0211(6)
0.0199(6)
0.0202(7)
0.0156(6)
0.0138(6)
0.0149(6)
0.0272(8)
0.0181(6)
0.0154(6)
0.0172(6)
0.0188(8)
0.0145(7)
0.0155(7)

U22
0.0284(7)
0.0197(6)
0.0217(6)
0.0260(7)
0.0196(6)
0.0224(6)
0.0184(6)
0.0251(7)
0.0243(8)
0.0176(7)
0.0176(7)
0.0168(6)
0.0227(8)
0.0161(6)
0.0160(6)
0.0141(6)
0.0299(10)
0.0258(9)
0.0272(9)

U33
0.0347(7)
0.0189(5)
0.0127(5)
0.0176(5)
0.0203(6)
0.0211(6)
0.0130(5)
0.0192(6)
0.0130(6)
0.0114(5)
0.0103(5)
0.0144(6)
0.0118(6)
0.0115(6)
0.0094(5)
0.0138(6)
0.0293(9)
0.0172(7)
0.0177(7)
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U12
-0.0008(5)
-0.0024(5)
0.0024(5)
0.0051(5)
-0.0007(5)
0.0026(5)
-0.0018(5)
-0.0074(5)
0.0037(6)
0.0001(5)
0.0025(5)
0.0031(5)
-0.0086(6)
-0.0005(5)
-0.0037(5)
-0.0029(5)
-0.0032(8)
0.0007(7)
0.0044(7)

Ui3
-0.0006(5)
-0.0001(4)
0.0019(4)
0.0022(4)
0.0018(5)
0.0014(5)
0.0032(4)
0.0037(5)
0.0040(5)
0.0025(5)
0.0010(5)
0.0037(5)
0.0015(6)
0.0030(5)
-0.0003(5)
0.0037(5)
0.0031(7)
0.0025(6)
0.0004(6)

U23
-0.0062(6)
0.0030(4)
-0.0012(4)
0.0008(5)
-0.0060(5)
-0.0037(5)
0.0008(4)
-0.0068(5)
-0.0019(5)
-0.0004(5)
0.0001(4)
0.0003(5)
0.0032(5)
0.0004(5)
-0.0008(4)
-0.0009(5)
-0.0072(8)
-0.0033(6)
-0.0004(6)



C4
Cs

C6

C7

Cs

C9

C10
Cl1
C12
C13
Cl4
Cl15
Cl16
C17
Cl18
Cl19
C20
C21
C22
C23
C24
C25
C26
C27
€28
C29
C30
C31

0.0188(7)
0.0156(7)
0.0140(7)
0.0169(7)
0.0223(8)
0.0307(10)
0.0225(8)
0.0156(7)
0.0142(7)
0.0136(6)
0.0148(7)
0.0161(7)
0.0172(7)
0.0209(8)
0.0183(7)
0.0238(9)
0.0218(8)
0.0207(8)
0.0167(7)
0.0183(7)
0.0169(7)
0.0184(7)
0.0198(8)
0.0310(11)
0.0224(9)
0.0183(7)
0.0160(7)
0.0145(7)

0.0212(9)
0.0198(8)
0.0207(8)
0.0211(8)
0.0185(8)
0.0209(9)
0.0209(9)
0.0229(8)
0.0132(7)
0.0145(7)
0.0145(7)
0.0164(7)
0.0175(8)
0.0196(8)
0.0168(7)
0.0216(9)
0.0185(8)
0.0213(8)
0.0256(9)
0.0185(8)
0.0181(8)
0.0193(8)
0.0233(10)
0.0256(12)
0.0171(8)
0.0183(8)
0.0135(7)
0.0146(7)

0.0158(7)
0.0125(6)
0.0097(6)
0.0152(7)
0.0200(8)
0.0324(10)
0.0264(9)
0.0169(7)
0.0136(6)
0.0105(6)
0.0124(6)
0.0146(6)
0.0129(6)
0.0097(6)
0.0125(6)
0.0196(8)
0.0126(6)
0.0141(7)
0.0138(7)
0.0130(6)
0.0103(6)
0.0132(6)
0.0326(10)
0.0735(19)
0.0360(10)
0.0190(7)
0.0132(6)
0.0100(6)
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0.0049(7)
0.0003(6)
0.0046(6)
0.0019(7)

-0.0011(7)
-0.0006(8)
0.0056(7)
0.0038(7)
0.0005(6)

-0.0011(6)
0.0004(6)
-0.0003(6)
0.0009(6)
0.0019(7)
-0.0005(6)
0.0004(7)

-0.0037(7)

-0.0072(7)

-0.0029(7)

-0.0026(6)

-0.0050(6)

-0.0035(7)
0.0033(8)

-0.0046(10)

-0.0029(7)
-0.0050(6)
0.0012(6)
0.0004(6)

0.0024(6)
0.0028(6)
0.0015(5)
0.0034(6)
0.0039(6)
0.0085(8)
0.0065(7)
0.0054(6)
0.0033(5)
0.0014(5)
0.0024(5)
0.0033(5)

-0.0006(6)

0.0011(6)
0.0044(6)
0.0040(7)
0.0047(6)
0.0030(6)
0.0021(6)
0.0035(6)
0.0022(5)
0.0019(6)
0.0019(7)

0.0176(12)

0.0090(8)
0.0066(6)
0.0039(5)
0.0013(5)

0.0012(6)
-0.0011(5)
0.0000(5)
-0.0012(6)
0.0020(6)
-0.0029(8)
-0.0014(7)
-0.0008(6)
0.0010(5)
0.0009(5)
0.0008(5)
0.0012(5)
0.0020(5)
0.0006(5)
0.0008(5)
-0.0021(6)
-0.0016(5)
-0.0029(6)
-0.0003(6)
-0.0005(5)
-0.0013(5)
-0.0008(5)
-0.0006(7)

0.0160(11)

0.0019(7)
-0.0019(6)
-0.0005(5)
-0.0014(5)



C32 0.0160(7)  0.0146(7)

C33 0.0173(7)  0.0167(7)
C34 0.0177(7)  0.0193(8)
C35 0.0210(8)  0.0190(8)
C36 0.0193(7)  0.0164(8)

0.0125(6)
0.0139(6)
0.0126(6)
0.0115(6)
0.0129(7)

-0.0016(6)
0.0001(6)
0.0007(7)

-0.0008(7)
0.0012(6)

0.0021(5)
0.0041(5)
0.0010(6)
0.0022(6)
0.0039(6)

-0.0026(5)
-0.0028(5)
-0.0027(6)
-0.0001(5)

0.0002(5)

The general temperature factor expression: exp(-2n2(a*2U1 1h2 + b*2Upok2 + ¢*2U3312 +
2a*b*U12hk + 2a*c*U13hl + 2b*c*U23kl))

Table 5-10. Fragment Analysis

fragment: 1
o) 0(2)
NQ@) N@3)
CA3) C4)
C®) CO)
C(13) C(14)
C(18)

fragment: 2
O(5) 0(6)
N(6) N(7)
C(21) C(22)
C(26) C27)
C@31) C(32)
C(36)

Table 5-11. Bond lengths (A)

0@3)
N(4)
CS)
C(10)
C(15)

0(7)
N(8)

C(23)
C(28)
C(33)
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04)
C(1)
C(6)
C(11)
C(16)

0(8)
C(19)
C(24)
C(29)
C(34)

N(1)
C(2)
C(7)
C(12)
C(17)

N(5)
C(20)
C(25)
C(30)
C(35)



atom atom distance atom atom distance

01 Cl 1.425(3) 01 C2 1.377(2)
02 Cs5 1.368(2) 02 C8 1.435(2)
03 C12 1.2292(19) 04 C15 1.2209(19)
05 C19 1.430(2) 05 C20 1.367(2)
06 C23 1.369(2) 06 C26 1.424(2)
07 C30 1.2325(19) 08 C33 1.223(2)
N1 C18 1.340(2) N2 C13 1.331(2)
N2 C18 1.351(2) N3 C6 1.4448(19)
N3 C12 1.382(2) N3 C13 1.4026(19)
N4 Cl1 1.479(2) N4 C12 1.3870(19)
N4 Cl15 1.407(2) N5 C36 1.345(2)
N6 C31 1.331(2) N6 C36 1.349(2)
N7 C24 1.4452(19) N7 C30 1.374(2)
N7 C31 1.4001(19) N8 C29 1.469(2)
N8 C30 1.3785(19) N8 C33 1.407(2)
C2 C3 1.392(3) C2 C7 1.399(2)
C3 C4 1.392(2) C4 Cs 1.399(2)
Cs C6 1.397(2) C6 C7 1.385(2)
C9 C10 1.522(3) C10 Cl1 1.522(3)
C13 Cl4 1.389(2) Cl4 C15 1.443(3)
Cl4 Cl16 1.415(2) C16 C17 1.364(3)
C17 C18 1.426(2) C20 c21 1.396(2)
C20 C25 1.396(2) C21 C22 1.385(3)
C22 C23 1.401(2) C23 C24 1.390(2)
C24 C25 1.387(2) C27 C28 1.519(4)
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C28
C32
C34

Table 5-12. Bond angles (©)

atom
C1
C19
C13
C6
Cl1
C12
C24
C30
C29
Ol
C3
C3
02
N3
G5
C9
O3
N3
N2
Cl13
CI5

C29
C33
C35

atom
Ol
05
N2
N3
N4
N4
N7
N7
N8
C2
C2
C4
C5
Co6
Co6
C10
Cl12
Ci12
C13
Cl14
Cl14

atom
C2
C20
C18
C13
Ci12
C15
C30
C31
C33
C3
C7
C5
C6
G5
C7
Cll1
N3
N4
Cl4
CI5
Cl16

1.517(3)
1.443(3)
1.360(3)

angle

115.65(14)
117.35(13)
116.97(13)
119.41(14)
118.16(13)
124.55(15)
115.87(13)
122.99(13)
117.51(13)
116.91(14)
119.56(16)
120.04(17)
116.82(13)
118.37(14)
121.59(14)
113.49(15)
121.23(13)
117.33(13)
125.09(14)
121.75(14)
120.87(14)

C31
C32
C35

atom
Cs
C23
Co
C12
Cll1
C31
C24
C29
C30
01
C2
02
C4
N3
C2
N4
O3
N2
N3
CI3
04
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atom
02
06
N3
N3
N4
N6
N7
N8
N8
C2
C3
C5
C5
Co6
Cc7
Cl1
Cl12
C13
C13
Cl4
C15

C32
C34
C36

atom
C8
C26
Cl12
C13
C15
C36
C31
C30
C33
C7
C4
C4
Co6
C7
Cé
C10
N4
N3
Cl4
Cl16
N4

1.397(2)
1.407(2)
1.426(2)

angle
116.19(12)
116.90(13)
117.94(12)
122.51(13)
117.12(13)
116.66(13)
120.93(14)
117.61(13)
124.71(15)
123.50(17)
120.72(15)
124.55(16)
118.63(15)
120.03(15)
119.38(17)
113.46(16)
121.43(16)
116.30(13)
118.59(15)
117.38(16)
119.79(16)



04 C15 Cl4 125.13(15) N4

Cl4  Cl6 C17 119.18(14) Cl16
N1 C18 N2 117.18(14) N1
N2 C18 C17 122.42(16) 05
05 C20 C25 124.03(15) C21
c20  C21 C22 120.53(15) C21
06 C23 C22 125.48(15) 06
c2 23 C24 118.17(16) N7
N7 C24 C25 118.07(14) C23
c20 (25 C24 119.84(15) C27
N8 C29 C28 112.36(16) 07
07 C30 N8 121.09(16) N7
N6 C31 N7 116.40(13) N6
N7 C31 C32 118.53(15) C31
31 C32 C34 117.17(16) C33
08 C33 N8 119.53(16) 08
N8 C33 C32 115.39(13) C32
Cc34 35 C36 118.56(15) N5
N5 C36 C35 120.25(15) N6

Table 5-13. Torsion Angles(°)

CI5
C17
C18
C20
C20
C22
C23
C24
C24
C28
C30
C30
C31
C32
C32
C33
C34
C36
C36

Cl4
CI8
C17
C21
C25
C23
C24
C23
C25
C29
N7

N8

C32
C33
C34
C32
C35
N6

C35

(Those having bond angles > 160 or < 20 degrees are excluded.)

atoml atom2 atom3 atom4  angle
Cl 01 C2 C3 152.85(16) Cl
C8 02 C5 C4 -13.9(2) C8
C19 05 C20 C21  -179.15(14) C19
C26 06 Cc23 C22  -7.8(3) C26
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Ol
02
05
06

atoml atom2 atom3

C2
Cs5
C20
C23

C7
Cé6
C25
C24

115.08(13)
118.86(15)
120.39(15)
116.88(14)
119.10(16)
120.72(15)
116.35(14)
120.19(15)
121.64(14)
109.82(19)
121.64(14)
117.25(14)
125.07(14)
121.03(14)
121.80(14)
125.07(15)
119.71(14)
116.92(14)
122.82(16)

atom4  angle

29.12)
166.04(14)
1.5(2)
171.41(15)



Cl13
C18
C6

C12
C6

Cl13
C12
Cl13
Cll1
C12
Cll1
C12
C15
C31
C36
C24
C30
C24
C31
C30
C31
C29
C30
C29
C30
C33
Ol

C3

N2
N2
N3
N3
N3
N3
N3
N3
N4
N4
N4
N4
N4
N6
N6
N7
N7
N7
N7
N7
N7
N8
N8
N
N8
N8
C2
C2

C18
Cl13
C12
C6

CI13
C6

Cl13
C12
C12
Cll1
CI5
C15
C12
C36
C31
C30
C24
C31
C24
C31
C30
C30
C29
C33
C33
C30
C3

C7

N1
N3
03
Cs
N2
Cs
N2
03
03
C10
Cl4
04
03
N5
N7
07
C23
N6
€23
N6
07
07
C28
C32
08
07
C4
C6

177.24(14)
177.78(13)
-6.5(2)
-104.84(16)
6.1(2)
70.94(19)
-178.28(13)
177.84(14)
5.6(2)
-107.27(15)
177.49(13)
-177.18(15)
-179.28(15)
178.49(14)
179.71(13)
5.6(2)
-80.00(19)
-7.6(2)
105.11(17)
177.93(14)
-179.60(14)
2.0(2)
97.27(16)
-178.54(13)
175.67(15)
-177.22(15)
-179.86(15)
-1.2(3)

Cl13
CI8
C6

Cl12
C6

C13
Cl12
C13
Cl1
Cl1
CI5
Cl12
CI15
C31
C36
C24
C30
C24
C31
C30
C31
C29
C29
C33
C30
C33
Ol

C7
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N2
N2
N3
N3
N3
N3
N3
N3
N4
N4
N4
N4
N4
N6
N6
N7
N7
N7
N7
N7
N7
N8
N8
N8
N8
N
C2
C2

CI8
C13
Cl12
C6

C13
C6

C13
Cl12
Cl2
CI5
Cl1
CI15
Cl12
C36
C31
C30
C24
C31
C24
C31
C30
C30
C33
C29
C33
C30
C7

C3

Cl17
Cl4
N4
C7
Cl4
C7
Cl4
N4
N3
04
C10
Cl4
N3
C35
C32
N8
C25
C32
C25
C32
N8
N7
08
C28
C32
N7
C6
C4

2.1(2)
-0.7(2)
172.89(13)
74.26(19)
-175.23(13)
-109.97(16)
0.3(2)
2.8(2)
-173.82(13)
2.0(2)
77.24(17)
2.3(2)
1.3(2)
-0.8(2)
0.5(2)
-172.69(13)
96.43(17)
171.75(13)
-78.5(2)
2.8(2)
2.12)
176.35(13)
0.4(2)
-87.14(16)
3.3(2)
1.12)
-179.28(15)
2.0(3)



C2
C3
02
C4
Cs5
N2
N3
C13
C13
C16
Cl4
Cl16
05
C25
C21
06
C22
N7
C27
N6
N7
C31
C33
C34
C34

C3

C4

Cs5

Cs5

C6

Cl13
Cl13
Cl4
Cl4
Cl4
Cl6
C17
C20
C20
C22
C23
C23
C24
C28
C31
C31
C32
C32
C32
C35

C4
Cs

C6

C6

C7

Cl4
Cl4
Cl15
Cl16
Cl15
C17
Cl18
€25
C21
€23
C24
C24
€25
C29
C32
C32
C33
C34
C33
C36

Cs
C6
C7
C7
C2
Cl15
Cl15
04
Cl17
04
Cl18
N2
C24
C22
06
N7
N7
C20
N
C34
C34
N
C35
N
N5

-0.2(3)
2.3(3)
-176.83(13)
3.1(2)
-1.3(3)
-177.89(14)
3.6(2)
174.65(15)
-0.7(2)
-5.4(3)
-1.9(2)
3.4(3)
178.79(15)
-0.13)
179.52(16)
-4.0(2)
175.28(14)
-175.22(13)
179.21(15)
-0.1(3)
-179.33(13)
2.5(2)
-179.61(14)
-177.87(14)
-178.49(15)

X-ray crystal structure of (R,)-21f

C3
02
C4
N3
C9
N2
N3
C13
CI5
Cl6
Cle6
05
C21
C20
C21
06
C22
C23
N6
N7
C31
C31
C34
C32
C34

C4
C5

Cs

C6

C10
C13
C13
Cl4
Cl4
Cl4
C17
C20
C20
C21
C22
C23
C23
C24
C31
C31
C32
C32
C32
C34
C35

C5

C6

C6

C7

Cll1
Cl14
Cl14
CI5
Cl6
CI15
C18
C21
C25
C22
C23
C24
C24
C25
C32
C32
C33
C34
C33
C35
C36

02
N3
N3
C2
N4
C16
C16
N4
Cl17
N4
N1
C22
C24
C23
C24
C25
C25
C20
C33
C33
08
C35
08
C36
N6

177.58(16)
2.3(2)
-177.84(14)
179.63(13)
68.8(2)
2.12)
-176.34(13)
-4.8(2)
179.34(14)
175.15(14)
-175.89(15)
-179.50(14)
-0.6(3)
0.2(3)
0.3(3)
179.72(14)
-1.03)
1.2(3)
179.57(15)
0.3(2)
-176.42(16)
0.02)
3.2(3)
-0.4(3)
0.8(3)



Empirical Formula
Formula Weight
Crystal Color, Habit
Crystal Dimensions
Crystal System
Lattice Type

Lattice Parameters

Space Group
Z value
Dcalc

F000
w(MoKa)

Diffractometer

Radiation

Voltage, Current
Temperature
Detector Aperture

Data Images

o oscillation Range (y=45.0, ¢=0.0)

A. Crystal Data

C24H31N305
441.53

colorless, needle

0.200 X 0.154 X 0.080 mm

orthorhombic
Primitive

a= 7.1135Q2) A
b= 15.9551(5 A
c= 19.9628(6) A
V =2265.70(12) A3
P212121 (#19)

4

1.294 g/cm3
944.00

0.911 cm-1

B. Intensity Measurements

R-AXIS RAPID II

MoKa. (A =0.71075 A)

multi-layer mirror monochromated

50kV, 24mA
-173.00C

460.0 x 256.0 mm
44 exposures

130.0 - 190.00



Exposure Rate 100.0 sec./©

o oscillation Range (y=45.0, ¢=180.0) 0.0 - 160.00
Exposure Rate 100.0 sec./©
Detector Position 127.00 mm
Pixel Size 0.100 mm
20max 54.90

No. of Reflections Measured Total: 20533

Unique: 5144 (Rjnt = 0.0158)

Parsons quotients (Flack x parameter):

2061
Corrections Lorentz-polarization
Absorption
(trans. factors: 0.855 - 0.993)
C. Structure Solution and Refinement
Structure Solution Direct Methods (SHELXS Version 2013/1)
Refinement Full-matrix least-squares on F2
Function Minimized Xw (Fo2 - Fcz)2
Least Squares Weights w =1/ [ 62(Fo2) + (0.0383 - P)2
+0.4073 - P]
where P = (Max(Fo2,0) + 2Fc2)/3
20max cutoff 54.90
Anomalous Dispersion All non-hydrogen atoms
No. Observations (All reflections) 5144
No. Variables 413
Reflection/Parameter Ratio 12.46
Residuals: R1 (I>2.005(1)) 0.0259
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Residuals: R (All reflections)

Residuals: wR2 (All reflections)

Goodness of Fit Indicator

Flack parameter (Parsons' quotients = 2061)
Max Shift/Error in Final Cycle

Maximum peak in Final Diff. Map
Minimum peak in Final Diff. Map

Table 5-14. Atomic coordinates and Biso/Beq

0.0278
0.0668
1.034
-0.07(14)
0.001

0.24 e/A3
-0.14 e7/A3

atom X y

Ol 0.05151(17) 1.07567(7)
02 0.03365(16) 0.98342(6)
03 0.21359(16) 0.66503(6)
04 0.33916(15) 0.87946(7)
05 -0.09423(18) 0.92013(9)
NI 0.03010(18) 0.85870(7)
N2 -0.2866(2) 0.84669(9)
N3 0.12537(18) 0.89968(8)
C1 0.1159(2) 1.05905(9)
C2 0.3306(2) 1.05924(10)
C3 0.3771(2) 1.15089(11)
C4 0.2294(2) 1.17391(10)
C5 0.0458(2) 1.13336(9)
C6 -0.0603(2) 1.18955(9)
C7 -0.1122(3) 1.12872(10)
C8 -0.0826(2) 1.10305(9)
C9 -0.1461(2) 1.17171(10)

V4
-0.00062(5)
0.09019(5)
0.00119(5)
0.20481(5)
0.37111(6)
0.18018(6)
0.15079(7)
0.28830(6)
0.06508(7)
0.06669(8)
0.08306(9)
0.13614(8)
0.11088(7)
0.06037(8)
0.00457(8)
0.16790(7)
0.21475(8)
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Beq
1.663(19)
1.372(17)
1.517(17)
1.455(17)
2.22(2)
1.054(19)
1.56(2)
1.32(2)
1.26(2)
1.72(3)
1.90(3)
1.64(2)
1.28(2)
1.57(2)
1.87(3)
1.36(2)
1.70(3)



C10
Cll1
Cl12
C13
Cl4
C15
Cl16
C17
CI18
C19
C20
C21
C22
C23
C24

Beq = 8/3 12(U1 1 (aa*)? + Upa(bb*)? + Uz3(ce*)? + 2U | p(aa*bb*)cos v + 2U  3(aa*cc*)cos B + 2Un3(bb*ce*)cos ar)

-0.3189(3)
0.0940(2)
0.1505(2)
0.1912(2)
0.1758(2)
0.1230(2)

0.08372(19)

0.2053(3)
-0.1582(2)
-0.2035(2)
-0.0642(2)

0.1749(2)

0.2809(2)

0.3745(2)

0.2398(3)

1.17781(11)
0.90723(9)
0.89079(9)
0.80938(9)
0.74305(9)
0.75855(9)
0.84100(9)
0.59544(10)
0.86417(9)
0.88393(10)
0.90225(10)
0.87991(9)
0.91695(11)
1.00179(11)
1.07532(11)

0.23860(9)
0.06662(7)
0.00105(7)

-0.01824(7)
0.02679(7)
0.09289(7)
0.11176(7)
0.04629(9)
0.19854(7)
0.26331(8)
0.31228(7)
0.22394(7)
0.33560(7)
0.32338(9)
0.32769(8)

2.02(3)
1.15(2)
1.34(2)
1.36(2)
1.20(2)
1.12(2)
1.05(2)
1.87(3)
1.17(2)
1.44(2)
1.46(2)
1.14(2)
1.63(2)
2.00(3)
2.10(3)

Table 5-15. Atomic coordinates and Bigg involving hydrogen atoms

atom
HI
H2
H3
H4
H5
H6
H7

X
0.383(3)
0.371(3)
0.355(3)
0.509(4)
0.270(3)
0.217(3)
0.021(3)

y
1.0394(12)

1.0218(14)
1.1845(13)
1.1621(15)
1.1487(13)
1.2357(14)
1.2334(13)

V4
0.0227(10)
0.1028(11)
0.0432(10)
0.0996(12)
0.1800(11)
0.1445(10)
0.0417(10)
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Biso

1.9(4)
2.3(4)
2.0(4)
3.1(5)
2.1(4)
22(4)
2.0(4)



HS8

H9

HI0
HI1
HI2
HI13
H14
HI15
HI16
HI17
HI8
HI19
H20
H21
H22
H23
H24
H25
H26
H27
H28
H29
H30
H31

-0.164(3)
-0.127(3)
-0.223(3)
-0.192(3)
-0.018(3)
-0.053(4)
-0.408(3)
-0.354(3)
0.155(3)
0.230(3)
0.113(3)
0.075(3)
0.292(3)
0.255(3)
-0.255(3)
-0.407(3)
-0.332(3)
0.227(3)
0.372(3)
0.439(3)
0.475(3)
0.138(4)
0.302(4)
0.176(3)

1.2162(13)
1.1539(13)
1.0947(13)
1.0742(12)
1.0616(14)
1.2126(16)
1.1379(14)
1.2217(15)
0.9365(13)
0.7981(12)
0.7141(13)
0.5858(14)
0.6040(14)
0.5476(13)
0.8475(14)
0.8552(13)
0.8859(13)
0.9150(12)
0.8687(13)
1.0016(13)
1.0064(14)
1.0700(15)
1.1293(15)
1.0764(12)

0.0807(10)
-0.0379(10)
0.0156(10)
0.1494(10)
0.1931(11)
0.2261(12)
0.2250(11)
0.2693(11)
-0.0289(10)
-0.0636(10)
0.1251(10)
0.0628(11)
0.0832(11)
0.0223(11)
0.1090(12)
0.1616(10)
0.2757(10)
0.3802(10)
0.3315(10)
0.2788(11)
0.3554(11)
0.2934(12)
0.3218(12)
0.3707(10)

Table 5-16. Anisotropic displacement parameters

atom

Ul1

U33

U12
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1.9(4)
1.9(4)
1.9(4)
1.5(4)
2.4(4)
3.3(5)
2.6(4)
2.7(5)
1.7(4)
1.8(4)
1.6(4)
2.6(4)
2.1(4)
2.4(4)
2.3(4)
1.7(4)
2.0(4)
1.5(4)
1.9(4)
2.4(4)
2.6(5)
3.4(5)
3.1(5)
1.9(4)

U13



01
02
03
04
05
N1
N2
N3
Cl
C2
C3
C4
Cs
C6
C7
C8
C9
C10
Cl1
C12
C13
Cl4
Cl15
Cl16
C17
C18
C19
C20

0.0298(6)
0.0227(5)
0.0267(6)
0.0142(5)
0.0249(6)
0.0142(6)
0.0145(6)
0.0160(6)
0.0209(7)
0.0187(7)
0.0209(8)
0.0205(8)
0.0192(7)
0.0239(8)
0.0307(9)
0.0196(7)
0.0255(8)
0.0271(8)
0.0148(7)
0.0201(7)
0.0191(7)
0.0142(6)
0.0144(6)
0.0111(6)
0.0312(9)
0.0137(6)
0.0147(7)
0.0187(7)

0.0191(5)
0.0117(5)
0.0141(5)
0.0239(6)
0.0445(8)
0.0148(6)
0.0285(7)
0.0201(6)
0.0121(6)
0.0209(8)
0.0244(8)
0.0192(7)
0.0128(6)
0.0139(7)
0.0188(7)
0.0147(7)
0.0177(7)
0.0234(8)
0.0131(6)
0.0161(6)
0.0192(7)
0.0138(7)
0.0144(6)
0.0171(7)
0.0146(7)
0.0142(6)
0.0227(7)
0.0206(7)

0.0143(5)
0.0178(5)
0.0168(5)
0.0172(5)
0.0150(5)
0.0110(5)
0.0163(6)
0.0141(6)
0.0147(6)
0.0258(8)
0.0268(8)
0.0224(7)
0.0165(6)
0.0217(7)
0.0215(8)
0.0172(7)
0.0214(7)
0.0262(8)
0.0159(6)
0.0147(6)
0.0133(6)
0.0174(6)
0.0139(6)
0.0119(6)
0.0251(8)
0.0165(6)
0.0174(7)
0.0161(7)

- 222 -

0.0044(5)
0.0007(4)
0.0036(4)
-0.0003(4)

-0.0026(5)
-0.0004(4)

-0.0006(5)

-0.0016(5)
-0.0004(5)
0.0001(6)

-0.0051(6)

-0.0029(6)
0.0002(5)
0.0025(6)
0.0054(7)
-0.0004(6)

-0.0011(6)
0.0008(7)
0.0006(5)
0.0013(5)
0.0018(5)
0.0016(5)
0.0002(5)
-0.0001(5)
0.0036(6)
0.0009(5)
-0.0002(6)

-0.0007(6)

-0.0004(5)
0.0068(4)
0.0044(5)
0.0015(4)
0.0047(5)
0.0018(5)
0.0017(5)
0.0006(5)
0.0017(6)
0.0035(6)
0.0034(7)
-0.0009(6)
-0.0000(6)
-0.0026(6)
-0.0070(7)
0.0012(6)
0.0012(7)
0.0031(7)
0.0012(5)
0.0017(6)
0.0019(6)
0.0004(5)
0.0007(5)
0.0011(5)
0.0081(7)
0.0014(5)
0.0041(6)
0.0038(6)

0.0010(4)
-0.0003(4)
-0.0026(4)
-0.0032(4)
-0.0073(5)
-0.0007(4)
-0.0043(5)
-0.0020(5)

0.0012(5)
-0.0006(6)
-0.0009(6)
-0.0025(6)
-0.0004(5)

0.0013(6)
-0.0003(6)
-0.0022(5)
-0.0041(6)
-0.0074(6)
-0.0017(5)

0.0020(5)
-0.0007(5)
-0.0029(5)

0.0017(5)
-0.0017(5)

0.0011(6)

0.0006(5)
-0.0011(5)
-0.0011(6)



C21
C22
C23
C24

0.0159(7)
0.0181(7)
0.0213(8)
0.0309(9)

0.0123(6)
0.0292(8)
0.0325(9)
0.0294(9)

0.0152(6)
0.0148(7)
0.0223(8)
0.0196(7)

-0.0000(5)
-0.0014(6)
-0.0056(7)
-0.0039(7)

0.0004(6)
-0.0020(6)
0.0014(7)
-0.0013(7)

0.0004(5)
-0.0038(6)
-0.0100(7)
-0.0063(6)

The general temperature factor expression: exp(-2n2(a*2U1 1h2 + b*2Upok2 + ¢*2U3312 +
2a*b*U12hk + 2a*c*U13hl + 2b*c*U23kl))

Table 5-17. Bond lengths (A)

atom
Ol
02
o3
04
N1
N1
N3
N3
C1
C3
Cs
Co6
C9
Cl1
C13
Cl15
C19

atom
Cl
Cl
Cl4
C21
Cl16
C21
C20
C22
C5
C4
C6
C7
C10
Cl16
Cl4
Cl16
C20

distance
1.4143(18)
1.4317(18)
1.3722(17)
1.2292(18)
1.4460(18)
1.3924(19)
1.432(2)
1.480(2)
1.578(2)
1.537(2)
1.546(2)
1.523(2)
1.321(3)
1.391(2)
1.393(2)
1.397(2)
1.422(2)
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atom
Ol
02
03
05
N1
N2
N3
Cl1
C2
C4
C5
C8
Cl1
Cl12
Cl4
C18
C22

atom
C7
Cll1
C17
C20
C18
C18
C21
C2
C3
Cs
C8
C9
C12
CI3
CI5
C19
C23

distance
1.443(2)
1.3724(17)
1.4307(19)
1.2273(19)
1.3916(19)
1.349(2)
1.3691(19)
1.527(2)
1.534(2)
1.543(2)
1.537(2)
1.510(2)
1.394(2)
1.385(2)
1.394(2)
1.369(2)
1.528(2)



C23

Table 5-18. Bond angles (©)

atom
C1
Cl4
Cl16
C20
C21
0Ol
02
C2
C2
Cl
Cl
C4
C5
C5
02
Cl12
Cl12
o3
Cl4
NI
NI
N2
05

C24

atom
01
O3
N1
N3
N3
Cl
Cl
Cl
C3
C5
C5
Cs
Cé6
C8
Cl1
Cl1
C13
Cl4
CI5
Cl16
C18
CI18
C20

atom
C7
C17
C21
C21
C22
C2
C2
C5
C4
C4
C8
C8
C7
C9
Ci12
Clé
Cl4
C15
Cl6
CI15
N2
C19
N3

1.517(3)

angle

107.74(11)
117.49(11)
116.42(12)
124.25(12)
116.69(12)
110.06(12)
113.76(12)
107.60(12)
103.13(13)
103.69(12)
112.36(12)
113.13(12)
103.06(12)
114.09(12)
125.36(13)
118.72(13)
121.10(13)
124.49(13)
118.45(13)
119.44(12)
116.90(13)
123.75(14)
119.37(14)

atom
Cl1
Cl16
C18
C20
01
01
02
Cl1
C3
Cl1
C4
C6
01
C8
02
Cll1
03
C13
NI
Cl1
NI
CI18
05
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atom
02
NI
NI
N3
Cl1
Cl1
Cl1
C2
C4
(O8]
(O8]
Cs
C7
C9
Cl1
Cl12
Cl4
Cl4
Cl16
Cl16
C18
C19
C20

atom
Cl1
CI8
C21
C22
02
C5
C5
C3
C5
C6
C6
C8
C6
C10
Cl6
C13
C13
CI15
Cl1
CI15
C19
C20
CI19

angle
119.91(11)
121.00(12)
122.12(12)
119.03(12)
110.51(12)
107.10(11)
107.52(11)
102.83(13)
104.68(13)
102.25(11)
112.53(12)
112.07(13)
103.32(13)
123.71(15)
115.75(12)
119.84(13)
115.69(12)
119.82(13)
118.53(12)
122.03(13)
119.32(13)
122.17(14)
125.76(15)



N3 C20 C19 114.87(12) 04 C21 N1 120.45(13)
04 C21 N3 122.52(13) NI C21 N3 117.02(13)
N3 C22 C23 112.87(13) C22 C23 C24 113.63(14)
Table 5-19. Torsion Angles(©)

(Those having bond angles > 160 or < 20 degrees are excluded.)
atoml atom2 atom3 atom4  angle atoml atom2 atom3 atom4  angle
C1 01 C7 C6 40.23(14) C7 01 Cl 02 92.09(13)
C7 01 C1 C2 -141.43(11) C7 01 Cl C5 -24.74(14)
C1 02 Cll1  Cl12  -3536(19) Cl 02 Cl1  Cl6 149.43(11)
Cl1 02 Cl 01 73.90(15) Cl1 02 Cl C2 -50.49(15)
Cl1 02 Cl Cs5 -169.54(10) C17 03 Cl4 CI13 178.02(12)
C17 03 Cl4 CI15 -2.6(2) Cl6 NI Cl18 N2 4.33(18)
Cl6 NI C18 C19 -177.73(11) CI18 NI Cl6 Cl1  84.50(15)
Cl18 NI Cl6 CI5 -95.36(15) Cl6 NI C21 04 -3.12(18)
Cl6 NI C21 N3 177.78(11) C21 NI Cl6 Cl1  -87.84(14)
C21 NI Cl6 CI15 92.30(14) Cl18 NI C21 04 -175.37(12)
C18 NI C21 N3 5.53(19) C21 NI Cl18 N2  176.23(11)
C21 NI C18 Cl19 -5.83(19) C20 N3 C21 04 178.95(13)
C20 N3 C21 NI -2.0(2) C21 N3 C20 OS5 179.49(13)
C21 N3 C20 C19 -1.2(2) C20 N3 C22 C23 -108.07(14)
C22 N3 CcC20 05 1.3(2) C22 N3 C20 C19 -179.35(12)
C21 N3 C22 C23  173.60(16) C22 N3 C21 04 -2.8(2)
C22 N3 C21 NI 176.27(11) 01 Cl C2 C3 90.78(12)
01 Cl C5 C4 -117.53(11) 01 Cl C5 C6 -0.37(14)
01 Cl Cs C8 119.96(12) 02 Cl C2 C3  -144.59(10)
02 Cl Cs C4 123.69(11) 02 Cl C5 Co6 -119.15(11)
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02 C1 C5 C8 1.18(15) C2 Cl C5 C4 0.77(13)
C2 C1 C5 C6 117.93(11) C2 Cl C5 C8  -121.74(12)

c5 Cl €2 €3  -255913) Cl C2 C3 C4  40.79(14)
C2 C3 C4 C5  -41.14(14) C3 C4 C5 Cl  2451(14)
C3 C4 C5 C6  -8521(14) C3 C4 C5 C8 1465111
Cl C5 C6 C7  23.40(13) Cl C5 C8 C9 177.47(10)
c4 C5 C6 C7  134.02(12) C4 C5 C8 C9  60.47(16)
C6 C5 C8 C9  -68.06(15) c8 C5 C6 C7  -97.14(13)
c5 C6 C7 Ol  -38.77(14) C5 C8 C9 Cl0 138.57(14)

02 Cl1  Cl12 C13  -173.75(12) 02 Cll Cl6 NI -6.14(18)
02 Cl1  Cl6 CI5 173.71(11) C12 Cl11 Cl6 N1 178.31(12)

Cl2 CIl Cl6 CI5 -1.8Q2) Cl6 Cll ClI2 CI3 13(2)
CIl CI2 CI3 Cl4 030 Cl2 CI3 Cl4 03 177.83(13)
Cl2 CI3 Cl4 CI5 -16Q2) 03 Cl4 CI5 Cl6 -178.27(12)
CI3 Cl4 CI5 Cl6 110 Cl4 CI5 Cl6 NI -179.53(11)
Cl4 CI5 Cl6 CIl 0.6(2) NI CI8 CI19 C20 24(2)

N2 C18 C19 C20 -179.81(13) Cl18 C19 C20 OS5 -179.75(14)
Cl18 C19 C20 N3 0.9(2) N3 C22  C23 C24 57.98(17)

PDE4 inhibition assay

A detailed assay protocol ~was sited from = Eurofins  Panlabs  HP
(https://www.eurofinspanlabs.com/Catalog/Products/ProductDetails.aspx?prodld=LkPMKS&0
7918%3d).

Human U-937 cells phosphodiesterase PDE4 was used. Test compound and/or vehicle was
preincubated with 2 pg/ml enzymeI in Tris-HCI buffer pH 7.5 for 15 minutes at 25°C. The
reaction was initiated by addition of 1 uM cAMP and 0.01 uM [*H]cAMP for another 20
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https://www.eurofinspanlabs.com/Catalog/Products/ProductDetails.aspx?prodId=LkPMK80Z9l8%3d
https://www.eurofinspanlabs.com/Catalog/Products/ProductDetails.aspx?prodId=LkPMK80Z9l8%3d

minute incubation period and terminated at 100°C. The resulting ["THJAMP was converted to
[*H]Adenosine by addition of snake venom nucleotidase and separated by AG1-X2 resin.
An aliquot was removed and counted to determine the amount of [’H]Adenosine formed.

Compounds were screened at 10 uM.

*Since enzyme activity may change from lot to lot, the concentration used will be adjusted if

necessary.

In vitro metabolic stability evaluation

Sample solution (I mM in DMSO) was diluted with CH3CN to give 10 uM solution. The
solution (5 puL) was diluted with cofactor solution (NADPH 6.5 mM, 250 uL);

L. Two portions of the solution (50 pulLx2) were combined with two portions of
microsome solution (125mM Kpi(pH 7.4) 39.6 mL + human or rat liver microsome
0.4 mL (Xenotech 20 mg protein/mL), 50 nLx2) in 96-well plate, respectively. They
were incubated at 37 °C for 30 min. The mixture was diluted with MeOH (400 uL).

II. Two portions of the solution (50 pLx2) were incubated at 37 °C for 30 min without
microsome solution. The mixture was diluted with MeOH (400 uL). After that, two

portions of microsome solution (50 ulL.x2) was added.

Each mixture (I, IT) was maintained at -20°C for 30 min and centrifuged. The supernatant of
each mixture was measured by LC-MS/MS spectrometer (Shimadzu HPLC, AB Sciex
API4000) and peak area was detected in each mixture. Average value of two samples is
shown in each mixture. Metabolic stability represents metabolic clearance which was

calculated from the following equation;

Metabolic clearance = -LN(average of sample I/ average of sample 11)/30/0.1.
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