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%5 % Di-t-butyl 2-(2-nitrophenyl)malonate % F\> 7= t-butyl 3-alkyl-oxindole-3-carboxylate %8 D
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9 =%  Di-t-butyl 2-(2-nitrophenyl)malonate % FH \» 7z t-butyl 3-alkyl-N-hydroxy-oxindole-3-
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3 %= I mhid tandem reduction-cyclization SUGZHTEL L, 77 Fr¥x /) vEE
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FH—H 33-EfA F A4 v F = EIR ORI G LT D E R

RIEEWISEIC B W CEERERER T, EIES - EREMMEM LAY I E 1% Scaffold T
H25YL HThAFUA VP EKEHEECHA I L. 2 oEBEMIIZKRTH 2, B
Z\E. ziprasidone GEERYUREMHHZL) . ropinirole (OX—F vV VIRIEEESE) . sunitinib (T
DAAED ERAF A v PG ERTEHEM L LCEfiZCw 3 (Figure 1)%
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Ziprasidone Ropinirole Sunitinib

Figure 1. Oxindole scaffold found in medicines

FF AV F—1VBEERT 2LEYOFRTH, 33-TEHRAF A4 v P ERIEK
YL BE LG CHEICH SN 2 REECTH Y . horsfiline®<°coeresculine* 7z & D KA
Yi. 7 v b ORFICHEBEKEFET 5 AG-041RS, Y 7L v 2RFRT v 2T =
A b satavaptan®, R E v MEEYIE TH 5 SM-13068677x & D E R R ER L &Y
Bzl LTHEITLNE, T/, AF 4 v F—ABRIUICOKEEZHE 3T 5N- Fax
v 33-TEAA X A Vv N = VB EE T 5 KD EECRRE S 810, 3-((1-hydroxy-3-
(2-methylbut-3-en-2-yl)-2-oxoindolin-3-yl)methyl)-1-methyl-3,4-dihydrobenzo[e][1,4]diazepine-

2, 5-dione 3 HLRTEE 2 R 31072 &, 2 O EYREMEIC D IEH B E F - T 5 (Figure 2),
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R = OH, Notoamide H dihydrobenzo[e][1,4]diazepine-2,5-dione

Figure 2. 3,3-Disubstituted oxindole scaffold found in natural products and medicines

Fric, 33-T@MA ¥ o 4 v F— VGt MR FBOBEMEN TN ENE R 2556, 310K
LB FTIRFE L 725, Overman & IZEL b D VERESEZ VT, 20 X5 i
WIREDZ DEE X D720 ICHRNEETH 5 2 & %15 L 7-(Figure 3)2, IR d X 9
I, BRI space-filling €T M ICE WD BIREE OV AEEO B, 13 A LR
2Ty CREID S o

morphine Ball-and-stick and space-filling models of morphine

Figure 3. Three-dimensional structure of morphine



KR £ IEME LAY o G RCFREA L LT, alkyl 3-alkyl-N-hydroxy-oxindole-3-
carboxylate DGR AFEH T LT 5, Hlx 1 Trost & 1337 &7 il % Fvs 72 2-oxy-1H-
oxindole-3-carboxylate DAFE 7 U MUKIGIC & 0 7 3.3-ZiEA F o 4 v F— %
MESE L. (+)-horsfiline DR F AR & IERK L 72 13,

2« S0
%—NH HN_/E
PPh, Ph,P Key intermediate

2
CO,Et (1 mof#25 molos) EO,C
(0]

MeO [Pd(CsHs)Cl] MeO Me
N_OTIPS TBAT (15 mol%) N
N allyl acetate N \|
—>, MeO o
toluene (0]
quant. N
OMe

OMe 84% ee H
MeO MeO

Trost, 2006

(+)-horsfiline

TIPS = triisopropylsilyl
TBAT = tetrabutylammonium difluorotriphenylsilicate

LITINLOTEREEAR. BRI 33-TEBA F 4 VY F—ABLUN- FuF
33-EWAAF A v PN DORETEZFRFETENIE. RAYEBCESR SRR
BOTHHTH® 2 L E 2, AR ICETF L7z, B % TlI di-t-butyl 2-(2-
nitrophenyl)malonate @ o {7 ICEHELZEA L, =+ v&oEiT L BRI X % tandem
reduction-cyclization S # HE TR L L CALAIAT 2 LIC X o T, MIE»OfEifERIRIET
t-butyl 3-alkyl-oxindole-3-carboxylate & CT& 2 & & Z RH L 7z, =2 TlX, KEFMK
JEOfEE LTrY Y A—e FI PV EMWS LT, BRARMKIGEN T, ffigEc
t-butyl 3-alkyl-N-hydroxy-oxindole-3-carboxylate ZE R ICHKTE 2 Z & # RH L 72D T,
FE TR T 5
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v N OMCERE TR BT, £ XS fb G A R o 7 ALEIAEER L L2 e Y
B202EE LENOEECIGL-74 77 ) — (EHfEHALZ 4 75 Y =), Lipinski
D Rule of Five™ %iii7z TP D X 5 RiEEIE» V2 ED VI v 774074770 —
T ED3T B 4 5 (Table 1)1
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ST 3RICDILD Y ZFirz2 2 Tk e LT, B O T BRI U R 35 % S
TEIERDH B T, AF AV V- ABRIISREEYEEZ R T EKTH Y 2. »o, 3L
ICEEPURRIR R A HESETRECH 2720 T4 77 ) —ICFHCTE 2 BIf L LTEHSI L TW
%,

T2, BEEBEREBICBOUAKFEHINTH GO 1oL LTREPEAT L L
CE D YAy FOVEREER EENT 2 FEAB Y, BRTF e 738 L -7y b ~D
EAMCOHERAMATE LIRS B, 33-@EMA X2 4 v F— A OVRELRE % [H
TRERRT Il LR R R4 Y F—IcEHL 7 (Figure 4)'9,

chroman tetrahydroquinoline fused 3,3"-spiro O
X
+
— Q) J
= Lo ULy
N N N
H H H
oxindole 4,3'-spiro 2,3'-spiro
X=0,NR
known bioactive scaffolds attractive synthetic scaffolds

Figure 4. Design of spirooxindoles as chemical library
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Y, 7477V —LICEL CTwir\v, TNFETIKANTY T LAYy T Y v 7 000Gl
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o byveT7 ) EolEREERFEFOIRICEREST 2, 2oz, 7T IFECT I 5
ToEMEZEA LF#ET2 L, BonsAavoBEEs LIEFLITREINTLE S, #
ICT7 I NEST I EAnmE#EORECA Y nBEK AR, FEoBEE
BACTZ2FHEOKEL 7477 ) —0RFEEZKE LTHEHTH 5,

FUETIE, FI7v 794 7hEe LTERINTWS, At fo f v F—n
Blorvwef v FY vE SikEEREZEEIOBZHICEATE 2 6807EZ RHL
7o AR CTRH L ZZ2GHEIX. WIS R RSS2 E R IEICEAZF
ETHDE7D ALEMTA T T ) —DRFEZK L 72T TR, EEMD TENABRITES
CIERT s L b MfFTE B,
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5% Di-t-butyl 2-(2-nitrophenyl)malonate % FH\»7z t-butyl 3-alkyl-oxindole-3-carboxylate #H
DR RIE D BAYE

ot

25— ffi

2
all]

33-EEAF A v F=ALEYDF T D alkyl 3-alkyl-oxindole-3-carboxylate (Figure 5.
1-3) 134 D RARYEROHRHAE LT 2 HEHRLAEYTH 5 1324,

Me co,r
@f;‘)
N
H

Figure 5. Chemical structures of methyl, ethyl, and t-butyl esters of alkyl 3-methyl-oxindole
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wWnN

3-carboxylic acid

alkyl 3-alkyl-oxindole-3-carboxylate D & IC B W TIZLA T OHELH 2,

i) A A YK 3D T L F LAl 182425
Moody & (%, ethyl oxindole-3-carboxylate ® 3 fii7k# %, KFRLF PV v 22Tl 7 v
AL LRI, TAFAANTAFTTAFAMEL, 3MLICATFAIEL ZF VI AT V%

FT233-"@fEAF AV —APEECE IR RBT L & BT, convolutamydine
C DEAMICIGH L 72 %,

Moody, 1997

Key intermediate

Br co,Et

Br
Me co,kt
NaH Br
(0] (0] Me
Br N Br N
DMF N o
66% Br H

MeO MeO convolutamydine C

i) Claisen #5f% 26
Fedouloff & i3 alkyl 1H-indole-3-carboxylate @ 2 fiZic 7 Y A T L3 —n % ZAhCE AR, 7
TAXVIBIC K Y 3MLICT VLA BATE 5 2 L 2 L7z 2



Fedouloff, 2000

CO,Me o com
{ NCS, CH,Cl, o,Me HO\/\
N 1,4-dimethylpiperazine N/ CI;CCO,H
H
MeO,C MeO,C Y
[3 3]-sigmatropic
0]
1% N
H
iii) 1,2-455% 27

Murakami & (%, ethyl 3-methyl-1H-indole-2-carboxylate I FEfEH ., TTN Z{EH X & 2 & 1,2-
MR T 33-EiLA F o 4 VY F— AR Fond 2 & RHL 7 76

Murakami, 1994

Me Me CO,Et

TN
N_co,Et —— o
N AcOH N
H H

36%

TTN = Thallium trinitrate

Vedejs & (3 filtiit & O HAETEE 7 DMAP FFER % v 3 A7 1,2-868% G 2 #s L 7= 27,

Vedejs, 2006

~

N CPhj
Me | OAc Me
Me N/ (@] Me
Me O \/I—CCI Me ccl
O,N C?LO 8 (10 mol%s) O,N z o>L 3
N tert-amyl-OH o
N > 98% N

Me 78%ee Me

Me Me
©~ H

iv) ¥4 v F=A3HDALEKF {2
Kulkarni 51X 3-7 VA FF o 4 v F—nIKEBLF P U L EZERH X2/~ 0o Xg
IFARHWCIRATFARLSBEATZ LT, 33-@EAF A Vv F—ARELNRS C
xR L7,



Kulkarni, 2010

NaH EtO,C Y
A ethyl chloroformate
(0] o (0]
N THF, 0 °C N
Boc 80% Boc

V) By 7Y v IR 293
Soai HIF NT VY AMHEET., I—FT7 VA REL) F—F2RHOESTFHNANTY
VLAY TV I EY 3ALE AN DR - IRFEREE BT 5 FiEERR L 72 2,

Soai, 1988
I Me NaH Me co,Et
©i /JiCOzEt Pd(PPhs)4 .
N0 DMF N
Me 130 - 140 °C Me

31%

¥ 7z, Taylor 51T X b FEEEH 2 72 [FEk D 71 v 770 v Z ROGH#HE T T 5 300,

Taylor, 2009
KOtBu Me
CO,Et
©\ 0 Cu(OAc)2H20 2
\ )H/COZEt o
Me DMF N
Me 98% Me

Zhang & (3EBEE % V7 BRI KSR — BTG 2 R L T 3 31

Zhang, 2009
Me Me o
Et
1.1BD, MeOH | © 3. TSOH, CH,cl, HO

OEt
HO Me
N0 o] o]
2. DBU, CH,Cl, N 84% N

08 .

IBD = iodobenzene diacetate
DBU = 1,8-diazabicyclo[5.4.0]Jundec-7-ene




vi) 2-(2-nitrophenyl)malonate @ Tandem reduction-cyclization®?
Acheson & (Z diethyl 2-metyl-2-(2-nitrophenyl)malonate D = F B % 7 % —= v 7 L ZH W T
BT 5 2L THINE T3 33-@EAF o 4 v F— 125732

Acheson, 1979

me GO RSL‘%X atr! Me co,Et
CO,Et o
EtOH N
NO, H

Bunce & i dimethyl 2-metyl-2-(2-nitrophenyl)malonate @ = b v 3% $% & WElE % F W CEIT T
% Z & T methyl 3-alkyl-oxindole-3-carboxylate %8 % 15 7= 322,

Bunce, 2015
R CO,Me o R co,Me
CO,Me o
AcOH N
NO, 92-94% H

R = Me, allyl, Bn

Tandem reduction-cyclization % F\»T 3 fZICHERHI/ NS W EHEETH B A F LT AT L
¥/ 3z F AT 2T A %H T 5 alkyl 3-alkyl-oxindole-3-carboxylate @ & K i (3 D #Hi 5
5253 2 A 2626032 t-hytyl 3-alkyl-oxindole-3-carboxylate D & B /75 (2 &5 51250 72 v,
Park HIC X %, JEXFR~ v 4 —  TH 3 t-butyl diphenylmethyl 2-alkyl-2-
(nitrophenyl)malonate %z > 2 —flD & TH 2 32, KJGOIEITH b 15 IR R 7
M, BRI TR EZET 5, o T, XF7 di-t-butyl 2-alkyl-2-(nitrophenyl)malonate % &
He L THW 2 FEERHFETE T, 2% 4 t-butyl 3-alkyl-oxindole-3-carboxylate @ f{it
DSWREIC 72 %o

Park, 2013
)P\h 6 O Raney Ni
Ph~ SO H, MeO l\\COZtBu
MeOH )
MeO rt,2h

Iz

66%

10



Di-t-butyl 2-alkyl-2-(nitrophenyl)malonate % Fi\» % tandem reduction-cyclization 23%1 & 41 C
WiRWERE LT, -7 FAEDER IIC XY AR S RFEA~ORKIEA M AEST L ic <
WERETFONE B, 2070, t-7FAr~vatr—bFEHWTEF A v F—ABEEEK
T 5701, BIESIETomE L, -7 F ko lifts X O 2R 3 LERH
%,

Forbes, 2001

CO,tBu
R o N
NH p-toluenesulfonic acid
toluene, reflux @
77-88% N
N Chz
ébz

XAV F=VOEBETIE RV, EEmvt-7F v~ — F ~DOREMMRIGC T
WE TN TS, Petersen b i3 E W FEMER U v BRI % F W 72 S EIENFR(L v-7 7
F UG T T F e~ 32— F O TEOAFICR 2 ER L T b 34,

Petersen, 2014

o O
(S)-TRIP (5 mol%)
tBuO OtBu tBuO/u\&/O
M CH,Cl, M

OH 95%, 98%ee

INLOEERBEF 2. EFFt-TFr~ut—FDAHALRAHEOIENAL & B
X oG e 2 B L 375 3.3- @A F o 4 v F— VA ORI AT EORFEIC
BT L7, BAMG LR, XYV AREL TL Y 2Ty FE%xH\ 72 tandem
reduction-cyclization IC X % t-7F v 3-TAF LA F A vV F—1-3-AALEF L — MHD
Bk % BIFE L 72 D T(Scheme 2). LA FERl 2~ 5,

11



g2 CO2tBU Pd/C R? co,tBu
id
I CO,tBu acl IR R®: alkyl, alkoxy, harogen
R—L - » R—— ()
! > R2: alkyl
ZSNO MeOH N
2 rt H

Scheme 2. Tandem reduction-lactamization of di-t-butyl 2-alkyl-2-(2-nitrophenyl)malonates to

produce t-butyl 3-alkyloxindole-3-carboxylates

12



fr

% ffi  Di-t-butyl 2-(2-nitrophenyl)malonate ® o {7 & 4k D 7 5

BRI -7 F T ATV HRIRE TR T =Y v IERETZ2 XSS 4T t-butyl
3-alkyl-oxindole-3-carboxylate 5 % i€ 1%, di-t-butyl 2-(2-aminophenyl)malonate 4% @ JJGTE% o
A7 BT X 2 reactive rotamer effect® 12 X o TiHMALT 2 L ERH B & # 272, ThET
DIEFITIE a MICKFEZE T EULEY 4 OEBRLKIGIE -7 F v 2T IO G D
OMEIT LW EBRBINT VWS, 22T, EHIILEY 4 D o fflcEREZEAS
52 EICEoT, RE-KEBMBEPEEEL, 72V VERKTOt-7F LI AT LD AR
ZNVIRF~DRIEGAINSIG A AIREIC A 2 & F 2 72, (LAWY B) —H. L& 4D oD%
TARVEEEICL Y T =) vERETFS SHENARE L 2 0 BYCRISILET L
(Figure 6)%,

H_ .COtBu Me__ \CO,tBu tBuO,C, _CO,tBu
CO,tBu \ CO,tBu Me
H,N H == HyN H = HxN H
4 5

Figure 6. Reactive rotamer effect induced by a-substituent

¥, veA— D e ICEREFEAT S, ofiEfile 7= ) vERFTOMIC
VIRRAEBEC B L REIrOBL L L LT, vO A — D o EERTHELT =Y Vv
FERAB L I X FAEEET 2LAEY S OAKZAATL 25, I ik
6% 5 X U 7 D Bk % 15372 (Scheme 3),

CO,tBu K,CO4 CO,tBu Pd/C CO,tBu
Mel Me H, Me
COBU —— > CO,tBu —— » CO,tBu
DMF MeOH
NO, 73% NO, 81% NH,
6 7 5
Pd/C, H,
MeOH
98%
CO,tBu
CO,tBu
NH,
4

Scheme 3. Preparation of compounds 4 and 5
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SONHEEREHOCTLAY 6 3 X007 O X B SIS/ % 1T - 72 (Figure 7)., Hifil
D, a6 D200 AT NVHIE, = b ekl OVRRIEEZRT 572Dk FEN - E
ICFETE L T\ 7= (Figures 7Aand 7B), — /7. o fLICiEIAEEZH 3 2{LAW 7 Tk, A F A3
WX BVMRKAEDBAET, RADANFR = VED = b wHicyi$z L w7z (Figures 7C and
7D). T DiEHRIL. ﬂﬁ/‘\% 4D aﬁ CEME B AT NIL, aﬁ%#’“‘ﬁ}: 7= vERE
TORNCEL 2R RFEIC X YRR - RERAEVEEEL, 7=V vERFEfL -7 F 1T
17”‘/1/0)7‘7/1/ﬂ<:/1/%@1”tﬁﬁ’%ﬁ75>?%k_?5 k%xf:%%@ﬂiﬁfﬁkf)ﬁ L7a\,

¢Cc
.o
.N
C

Figure 7. X-ray analysis of compounds 6 (A, B) and 7 (C, D)

S ruRERITLTT IR LCLABKOMEL D 2 52 i+~ < . DFT¥ (Gaussian
09 Xy =Y B)HEEHCLEY 4 B X5 oMbz AL F—2 B L 72, #EE%E
Figure 8, 9 ¥ X Uf Table 2 1</R 3 (Rl 7= BT RAG IR (X FHEBROIICEH L 72). 7 I 7 i t-
TFNT AT AN L 72 R EIA BTS1 13 A % 7 — v CIAfI & 3 & it = 4 v ¥ —
A E AKX T L7=(Figure 8), 2Dk, 7u b VYRHICX DV EIMBPAEL E, ZZbt-7 4
J—ADWEEL . BB ERT 2, Eo T, ARIGOBGEERE I t-7 % 7 — L D iisER
iz, 72U vERFEFDOANVEZNVHEA~DRKEMINEETH o7, £7-. Table2
D entry2 ISR Y, ALEY S DIEMLHBEZ AL F — I A X — 2 1 531(29.07
kcal/mol) % 7213 2 43 1-(28.63 kcal/mol) & {5 LK T T2 Z L ARBEI N, A X/ —LED
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7o b R EEERE L CBRILUKEPETT T 22 ExbNE, — ., (LEW4zA % —0
1 431-(33.27 keal/mol) % 72 1% 2 9 7+(31.97 kcal/mol) % £ - 72 5 & T ik L A = A v ¥ —
1 30 kcal/mol LA ECTH 2 7= BLIRIGITHET LR\ T L AR I L7z,

Addition step Elimination step
A Me co,tBu
oiBu 5TS2S1
NT 9 5TS1 Me cot-Bu
5TS1S1 HH (LS o
N O-H

Me costBu
OB
o

T
i tBu

28.63

Me oo, bu 24 .84

OiBu
o
/ N A . Me co,tBu
HH o.
Ly e @O,\.H
o~ N @

e b tBu

Me: /

OBy [

C{chzf—Bu f
NH,

5TS1S2 5TS?2 Me coupu

Gibbs Free Energy [kcal/mol]

14.72
Reaction Coordination
Figure 8. Transition states of cyclization reaction of compound 5 in MeOH
Table 2. DFT calculation? for the cyclization reaction in MeOH
activation Gibbs free energy (kcal/mol)
entry R! )
with out MeOH one MeOH two MeOH
1 H (4) 49.58 33.27 31.79
2 Me (5) 44.42 29.07 28.63

aThe hybrid functional B3LYP3® combined with 6-31G(d)*°, indicating that 6d was
used to fully optimize the geometries of grand state molecules. The geometries of

transition states have been confirmed by frequency analysis and IRC calculation®!.
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(A) \ (C)

(F)

(E)

Figure 9. The structures of rate determining steps of cyclization of compounds 4 and 5. Compound 5
without MeOH (A), with one MeOH (B) and two MeOH (C) and compound 4 without
MeOH (D), with one MeOH (E) and two MeOH (F) were shown.
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FE BRAINA DRRES

INLOFERERIC, KAV A B LV DBLKIGE X & ) — WVIEIER CfT 5 72, KIG
DOFFEIT IHNMR Z W CGBER L, 5k B @t sl 2> & B L 72 (Table 3) . A
FNEZFHT LAY S FA R 7 — VBB, SR T 43% D RIGHETH D b L7z (entry
1. —J. LAY 4 DBRUKIGETTIZA & 7 — AR T 380 bk 5o 7= (entry 2).
Fie, ALEM S OBRLRIEE Y 7 an A x v HRTToke A, TFlloLEsh, X
£ =M X BIEEEHH T AV F — DR THIRA R 2D, 138 A ERIGITHETL 2D
> 7z (entry 3), KICIGIRE DB ICIC G 2 % B % MR T 5 729 60 °CTRIGZ{T - 72
L2, ALAME TIRIBEALEE DR, LAY 4 TR E o 2 K RIGHET L 222 7
(entries 4 and 5), AR =N FETEHEAL T 2 72D ICHEEEZ A S &, A FARERT 1L
AP 5ITER, 60°CE b ICERLKIEHHET L 7z (entries6and 7)., X HiCy 7 mm XA X ViR
Bpcd . WEEZ RIS 2 & MICAHET L 7z(entry 8), L2 L. L&Y 4 CTIXBFEE % 73
2 b =i, MAT L b IR OBUIC T T2, BiREE L 72 oxindoline-2-one 2345 &
M7-(entries 9 and 10), T o DFERD . afid X FAFIIBLOCICHHATS b . FiEE
PCAR =M X W BURIGMRIES 2 C AL 2 & T o Tz
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Table 3. Oxindole cyclization using compound 4 and 5

CO,tBu R co.s
R additive 25U
coBu o * 0
NH solvent N H
4 R= A temp. o R Hy
e R=Me 5 R=Me

entry R solvent  additive temp. time  SM recovery isolated yield

¢ (h)  conv. (%) (%)
1 Me  MeOH - rt 165 57 N.A.
2 H MeOH - rt 156 100 N.A.
3 Me  CH:ClI; - rt 74 95 N.A.
4 Me  MeOH - 60 165 48 N.A.
5 H MeOH - 60 156 100 N.A.
6 Me  MeOH AcOH rt 24 0 90
7 Me  MeOH AcOH 60 4 0 91
8 Me  CH:ClI; AcOH rt 24 0 N.A.
9 H MeOH AcOH rt 156 0 92°
10 H MeOH AcOH 60 48 0 100°

N.A. = Not available
a Conversion ratio determined by *H NMR analysis of the reaction mixture.

b Indolin-2-one was obtained.

KRIJCDORERNRNL o fZEHEL e 7= ) YT 2 FROIRRFEDHTH 5, o T,
H i elfRic X Y SR RFE % [REEC & 2 6 BRI IGIC 1B/ T & 2\ 133 CH 5 (Figure
10).

Figure 10. The free rotation of Ca-Cp keeps away the ester moiety from the anilinic nitrogen atom
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&A%, Bunce b lE~w At — b affi~DEHEIEAIC X 5 Thorpe-Ingold 25 361 X -
T 6 BREMICT b b 2-0x0-2,3,4,5-tetrahydroquinoline BR 25 X 7~ v 4 — + D4 1F
Bohz L& L Ty % (Scheme 4)32%,

Bunce, 2015
CO,Me  Mel, K2CO3 Cone ©\/ICOZM6
[ :[ 1;02Me acetone ©\/\i‘/ AcOH
NG 80% NG 95%

Scheme 4. The synthesis method of methyl 2-ox0-2,3,4,5-tetrahydroquinoline-

3-carboxylate by Bunce et al.

Z 2T, 6 BERIERICTIE o i OEEILE AR 5 BRI LN TEL &2 %2
L 72, EE 72 2LEY 9 DA % Scheme 5 ISR T,

di.t.buty| malonate tBUOZC COZtBU tBUOZC COZtBU
@[CHO K,CO,4 NaBH4
NO, Ac,0, 80 °C MeOH 0°C
48% 99% NO,
10 12

Me
NaH tBuO,C_| _CO,tBu Pd/C tBu02C COZtBu
Mel
THF, 0°C MeOH, rt
58% 86%
(] NO, (]

Scheme 5. Preparation of compound 9

BontaEm o s ACTEBRILKE 2R A E 2 A, BEEZHML 2 0GE, KISk
27z CHET L 720> o 7z (Table 4, entry 1), ¥ 7z, FEEEZ AN L T b BRALIGIE £ o 72 < T
Lo 7z(entry 2), Z Difided b, BRACSUCHETICIE, SZARGIEIC X 2 7V R= ViR L
7o) VEROBERPMLETH L ERHL LR o T,
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Table 4. Cyclization of compound 9 to form compound 14

additive ©\/IC02IBU
MeOH
NH,

9 14

Me
tBuO,C_| _CO,tBu

entry  additive time (h) ratio (SM / TM)?
1 - 24 100/0
2 AcOH 24 100/0
2 Ratio between SM and TM determined by 'H NMR analysis of the reaction mixture.

RICAF A4 v F = VERTEEGIC I 2 BRASHINA O St 2 17 - 72, Park & D IC
Lae (&YW o= k%, N7V LRBFET., BRlREITT 2 L BR(LATHAK 16
Soh, YU AT AERRINT 5O TERICKICHHETT L (-)-horsfiline 23 &R TR L7z
(Scheme 6)%%, Z DFERIZ. ANVFZNKFL T =) vERBELETE. v AT LD
LI BRPFOEETH 7 F VT AT ADHNERZNVRFEBEENL S, 7=V v OREAN
DHETT DL EREL TV,

Park, 2013
Me Me
N . N
/ Pd/C, H, SiO, /
MeO ‘. . » MeO —» MeO -
CO,tBU  MeOH, 1t, 1 h CH,Cl,, rt, 3 h o)
98% (2 steps)
NO, N
15 16 (-)-Horsfiline

Scheme 6. Total synthesis of (-)-Horsfiline by H.-g. Park et al.

ZZTHADTL V2T v Flgs X U4 2% LAY 5 BG4 72,
(Table 5), FEEEZ G325 & BRALKIC M & R cH ) 1 % 157 (entries 1 and 2).
Lol b7 vE=7 L CIIFRIZ & OBRLIGESR IZF o T, o 2Bk 1 23
Bl XN (entry3), 7 T V&, p-t ATy 2AFKVEE, PPTS(RY V=7 L p-F LTV
ANF VYR DT LY ATy M, BFsOEL (=7 vttt v#HE v Frz—77—1})
CHEAT VI =y L o4 AFEIX TR BLRICORESN R 25D b, EIE T
bEM 1 2872, £ BINT2MOBMEESETICONTAHF L A v F=LBREERME
X A, RG] 235 3 2 MR 23 /L 5 417z (entries 4-8),
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Table 5. Cyclization of compound 5

CO,tBu Me

Me CO,tBu
COtBu additive
2 o o
NH, MeOH H
5 1

entry additive time (h) ratio (SM / TM)? isolated yield (%)

1 - 165 57143 N.A.
2 AcOH 24 0/100 90
3 NH4CI 156 30/70 N.A.
4 citric acid 4 0/100 89
5 TsOH *H,0 0.25 0/100 86
6 PPTS 0.5 0/100 98
7 BF3-OEt, 0.25 0/100 90
8 AICl3 0.25 0/100 85

N.A. = Not available

2 Ratio between SM and TM determined by 'H NMR analysis of the reaction mixture.

Ko, Ab&EW 7 %#FHE & L CTH % tandem reduction-cyclization @ i1l % 1T - 7z (Table
6) 7LV ATy FEEE 72134 AW R ININT 2 L BRILRICMEE S . B 1 2157
(entries 1-6), BEMEF 721327 = VEEZ RN L 72854, ERWICAF A v =12 5272
(entries1and 2), —/7. p-bP ATV RAKVE#E, BR OEL LT ArI=v 22 Hw5 &
BIAEBPE LTN-e FrFod x4 v F— 17 AR L 72 (entries 3-5), £ 7z, BHLBRE
WZ LICPPTS Z#FIMT 2 E N-E FuFo-FF o4 v F—n 17 28 55%DICRTH LR
7o N-E FEFU-AF AV NN 17T RHELNZT 2D, p-F VT Y AT Vg,
BF;-OEL-PHift 7 v I =v aide Fuxo 7= voRBRUEEERIET I L Ex b
%, FRICPPTS2SN-E FrF¥o-FF2 A4 v F— 17 2ENETE 2722 &1F, PPTSOE
VY VEIDIN T VY ARFOMEEE L LCERHL. N-e FrFe 7= vnbT =) v
~DBEITCEEPME T L2 & 2REBLTW3,
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Table 6. Tandem reduction-cyclization reaction using Brgnsted acids or Lewis acids

o COatBU Pd/C, H,

CO,tBu
e 2

Me co,tBu Me co,tBu

M additive M
CO,tBu CO,tBu * o * o
MeOH N N

NO, NH, H 5H
7 5 17
entry additive time (h) 5 (%) 1 (%)? 17 (%)?

1 AcOH 53 N. D. quant. N. D.

2 citric acid 4 N.D guant. N. D.

3 BF:-OEt; 1 N.D 80 16

4 AICl3 2 N. D. 71 26

5 TsOH-H>0 1 N.D 64 35

6 PPTS 3 N.D 42 55

N.D. = Not detected.
2 |solated yield.
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BT RE s X O T oL R A ORET

IO DfERERIC, BREEZEALEZAF AV F—AOAKEZ AL - (Table 7), ~
v VEROEIRMEIC X ) BLRICD SOCHEICK & 7w 23 7L S 7z (entries 1-6), X v/
VERBMICTAA RT3 A P R o REPEAL TR OMGERR ST, B
DEGE L FABROFERTH o 7z(entries Land 2), — /7. XV X VERAFLICAFARE 21T b
YI7AAuXFNEREAT S L BEOMICHEATEIN-E X FFf v F—n
A BK L 72 (Method A, entries 3and 5), HEID A ¥ 2 4 v F— A 3FE % BTG T2 ICH
hn3 % 2>(method B, entry 4), EEZ il 2 FICKIGT 5 Z & T H 4172 (method C, entry 6), %
Too oL OEWE 2 T FVENCEE L 7208, ROGHEICR Z 2 LIE R S N7ed> o 7z (entry
7)o SIGDRENT 72 JF RN Scheme 7, 8 D5 ETHELL 72,

Table 7. Synthesis of a variety of oxindoles.

3 R3
y £aCO,tBU » . R co,tBu ml CO,tBu
5 methods
j©\)kcozt5u NG j@fgzo + wo
2 N
R NO, R? N R bH
=F,R,=H,R,=Me
‘Rl ' 2 13
;g[ R1=OMe, R, = H, Ry = Me la-e 17a-e
7 ‘o1 - H R,=Me,R;=Me
¢ R =HR,=CF _ =Me
7dRI- R = H, REE
7e: R 12 '3

Production Ratio (%)

entry malonate method time(h)  oxindole (%)? N-hydroxy oxindole (%)?

1 7a A 4 100 (95) N.D.
2 7b A 6 100 (91) N.D.
3 7c A 4 70 30
4 7c B 32 100 (81) N.D.
5 7d A 4 0 100
6 7d C 34 100 (93) N.D.
7 7e A 6 100 (91) N.D.

N.D. = Not detected.

The number in the parentheses is isolated yield.

2 Ratio between oxindole and N-hydroxy-oxindole determined by 1H NMR analysis of the
reaction mixture.

method A: Pd/C, citric acid, H2, MeOH.

method B: Pd/C, Hz, MeOH. After the reduction reaction, citric acid was added.

method C: Pd/C, Hz, MeOH.
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di t-butyl malonate CO,tBu K,CO3 CO,tBu
R! F NaH Rl Mel gt Me
ji:[ CO,tBU CO,tBU
2 DMF, 0 °C to rt DMF
R NO, R2 NO, R2 NO,
=F,R,=H
18a: ﬁ OMe R,=H 6a, 50% 7a, 88%
18b: *_ =H,R,= Me 6b, 84% 7b, 70%
18c: R _ H R —CE 6c, 78% 7c, 73%
18d: R* 3 6d, quant. 7d, 90%

Scheme 7. Preparation of di-t-butyl 2-methyl-2-(2-nitrophenyl)malonate derivatives

CO,tBu CO,tBu
K,CO, Etl Et
COBU —  » CO,tBu
DMF, rt
NO, 83% NO,
6 7e

Scheme 8. Preparation of di-t-butyl 2-ethyl-2-(2-nitrophenyl)malonate

R IR EYE O AR & L TR X3 3-(hydroxymethyl)-3-methyl-oxindole
19%a ~LERE L 72, {LEYI6, 7. 1 193 AT L ra~ b ST 7 4 — RGBT, Bl
il CREEIATEE T B - 72 (Scheme 9),

di-t-butyl malonate CO,tBu K,CO3 CO,tBu
F NaH Mel Me
©: CO,tBu CO,tBu
NO, DMF DMF
54% NO, 96% NO,
18 6 7
Pd/C
H, Me Me
citric acid COtBu LAH OH
- (@] - (o]
MeOH N THF N
88% H 57% H
1 19

Scheme 9. Column-less synthesis of compounds 1 and 19
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LR AN TR i

KETENAD a LT AFAREZEATZ LT, 72 VEREFBZ OGS I
WX ICAFERIG LWt 7 F LT AT AD AR A FHNREM ML, A% 4 v
F=n 1235645 2 &% B L 72 (Scheme 10), A SC I HA 72 55 T CEIRICA F ~
AVIF—nN1Z252 260 RIGTH Y, TENEE~DICHBFRFTE 2,

Me_ .CO,tBu tBuO,C, _CO,tBu

CO,tBu Pd/C, H, CO,tBu Me Me
Me citric acid 2 COZtBu
CO,tBu o
MeoH | HeN N
NO, quant. H
7 1

« reactive rotamer effect
« mild conditions

Scheme 10. Summary of this chapter
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% =% Di-t-butyl 2-(2-nitrophenyl)malonate % F\>7z t-butyl 3-alkyl-N-hydroxy-oxindole-3-
carboxylate #H D HHL & % D B FE
H—E e

FXFI AV =R N-e FaFs-dF o4 v F—LB&EHET 3 KAWHES ik
INTw3b, HlziE. versicolamide CE, notoamide A® ¥ X T8 HO 7¢ & 2SR &EHE 1
TWw3(Figure 11), TNHLDORBIZIZLD ET L N-e FaFod x4 v F—1 okt
PRNEMEIC D EEHBEF o T w3 A U, 33-@EiltF o 4 v F— 2L Eoamlle 3L
132432 33 FEMAN-t FuF o -FF A v F—ABROEEHOMWME 13D 7w,

(+)-Versicolamide C R =H, Notoamide A
R = OH, Notoamide H

Figure 11. 3,3-Disubstituted N-hydroxy-oxindole scaffold found in natural products

t-butyl 3-alkyl-N-hydroxy-oxindole-3-carboxylate D &I B W TIZLL FOMELH 3,

i) Reductive Heck cyclization*?
Carreira 51357 ¥ v AT, 7uEe7 ) —A & o p-AEMA LRI L DT
reductive Heck ZISIC X 0 3f & A (D RE — IREH SR TUR T 2 FEREKL 72,

Carreira, 2013

(10 mol%)
PdClz(MeCN):2

1,2,2,6,6- pentymethylplperldlne

(@]
BocO I‘E 2 HCO,H BocO N-op
DMF, 60 °C = E
72% N~ “H
Boc
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i) BEEEEZHEWA Yy 7)) 78

Liao o 13, EBEEZ AR IR RE — KR ARSI L 2 FEz R L Tv
%,

Liao, 2016
Br
KHCO,
CLE, == orf
NS0  HFIP N
OH 90% OH

HFIP = 1,1,1,3,3,3-hexa-fluoro-2-propanol

i) £ FV v ol
Sakai 3 v FIV v 22y 72T VEF P I L TCHBLT 22T N FaefFoFFy
/f M F\‘——ﬂ/%'fﬁa‘f:o

Sakai, 1994
H
o RO,
H NTroc 2imam +
MeOH, H,0
MeO H MeO MeO

i) Pb(OAc)4: CHoClp
i) K,CO3, MeOH

56%

Troc = 2,2,2-trichloroethoxycarbonyl

iv) 3H-indole-1-oxide ~ D kA% 45
Nour-el-din & % 3H-indole-1-oxide ICF+ b U 7 A X F ¥ o FEK&AMNIN$T 2 Z & T N-E F

AR LAV F kG,

Nour-el-din, 1983

NaOMe
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v) SERAL G 46
Dopp I 1,4-di-t-butyl-2-nitrobenzene ICHEZHEE 32 & N-v Fa ¥ -FF o 4 v F—ap
Bohd L BWEL e,

Me Me Me Me
hY, NaOH
Me fe)
MeOH N
tBu NO, tBu

34% OH

vi) tandem reduction-cyclization*’

Acheson 5 I3 EKEFEHLA T, »¥7 ¥ v Lfilli < diethyl 2-methyl-2-(2-nitrophenyl)-malonate
D=t EEBRTLTEIETN-E FrFo-F x4 v F—1% Bk, —J, mEDKE
FHAT. ZA—=vrrzfluCc= k2Rl 258kt F o4 v F—rsfloh
5, 7z, N7V Y L—RALIMCH IR EZHVTD N-e FrFoodF o4 v F =135
LD T LDHEINT B el

Acheson, 1979

CO,Et Me
Me |2 Pd/C, H, COEL
COEt — ", o
EtOH N
NO2 OH

AR TR X 5 1bEY 7 o= P B2 WBfAE T, NIV v L —REZHWTRILT
2 N-ebaF - FFAVF—LIT EAFIA V=N 1BELN5, L2rL, K
ETEAFIAVEF—NILEROCEONE DD, Nk FaFs-FF 4 v F—fk%
EIRWICH 2 2 L IZREECH 572, 22T, RICN-B FaF ot F o4 v F— L2 @R
ICERTE BHERFEORBICETL 72,
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FH wwutk— boTAFAEMLE X ORIIA O MET

—fRATIC, N-& FrF 7 IV 20 DEREFORKMMAELT I vDZ X ) Enic
bEbLFT B, HADTLYRT Yy FBEZRMT5E N-e FrFo-FdFo 4y F—n17
Iy FFo A v F—1BBRLTELONE, 2ORELL, -7 F LI AT A E N-EF
OF T I VEOVMERKFEICL D, N-e FaFoadFof v PRI HEE SN
TWwWbeEZZ, A N-EFEBFIATIVIDS/NIWT =Y VERI-TFLIRT
NDANKZNVRFBICGEDIL TR TE 720, KEMAMU GERIcAF v 4 v F—=1
BELNTZEEZT, T T 7 FAIRTALD EMECT R T A THIITERIC
N-t Fefo-dF*o [ v F—ABEHRTE % LE X 7 (Figure 12),

B B tB
Me CO,tBu Me CO,tBu Me CO,tBu
CO,tBu : ©\>|\002t8u :©\)I\COZIBU
NO, NH NH,
OH
7 20 5
unfavorable favorable
cyclization cyclization
Me co,tBu Me co,tBu
(e (-
N N
OH H
17 1

Figure 12. Our hypothesis of the reaction mechanism

AR ETEPD B R, vup—FOFELTAFAIRATVEHWTEF LAV F—1 L
N-t Fefo-dFo [ v F—rolB e X5 IBs 3085 %2fTo 7, #%% Table8
WWRT, YAFA~weA— bV T F A~ tr—bEFERELTCHWSE, N-E FeEFo-
FEIAVIE—AEF XA V- LRRABREOHATEONE, YAV TrE AT
— b, VtTFAvutr— P ez XTI EEESC TS EN-E FRFUFF o4 VN —
NEDDFFAVF=ABBRLTELNZ, CORBIZZATAEIME N-t FrFs
LT I VDR FESN-t FarFo-AF o4 v F=VREKE T2 2 E%RBL TV,
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Table 8. Cyclization reaction of malonates to afford oxindole derivatives

ve COR Pg/C e COR Me cor Me co,r
CO,R 2 COR* o " @ﬁ/&;o
MeOH N N
NO, NH, H 5H

7:R=tBu 5, 5f-h 1, 1f-h 17, 17f-h

7f: R = Me

79: R=Et

7h: R =iPr

) Product Ratio (%)
entry R time (h) — - -
aniline oxindole N-hydroxy-oxindole

1 Me (7f) 2 N.D. 522 (52) 482 (46)
2 Et (79) 12 N.D. 502 (50) 502 (45)
3 iPr (7h) 18 N.D. 642 (55) 362 (32)
4 tBu (7) 168 46° 54p N.D.

N.D. = Not detected.
The number in the parentheses is isolated yield.
aRatio between oxindole and N-hydroxy-oxindole determined by *H NMR analysis of the

reaction mixture.
b Ratio between aniline and oxindole determined by *H NMR analysis of the reaction mixture.

RICN-BE FrFI AT I VvEEAR20ZH T, Nk FEF X2 [V F—1 17~
DEACSIG % A HNICEHE T 2 IR O BRR 2T o 720 JREICTH L N-E FrF 7=
Y2037 F7e e 7 I viERbPCTRY Y LA—RFRL e NIV V—IKPNIC X 5 = P ek
DN-t Fa ¥y I vy ~O;ERIEICIC X Y 1572 (Scheme 11)%,

Rh/C

CO,tBu
v COatBU ] NN|:|2'H L Me 2
©\>l\cozt8u z 2 2 CO,tBu
THF LOH
N
NO, 45% H
7 20

Scheme 11. Preparation of the N-hydroxyaniline 20

FEASINAI ORGSR % Table 9 IR, BERAMOE A, N-e FrFo 7= v 20 DER
LRI TIE E A EEIT Lo 7205, TV VAT v FIEBS XUV A RBEZIRINT 5 & 131
EEMICN-t FrFo-dF 4 vy P17 53BNz, ZofFRIEAF A v F—11
DG LFFRICN-v FaF* o7 =V VEFEK 20 DB L b BRAMANC X o TIAEF IC{eiE X
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NBZZEERBLTWS, T/, BERFENI LICA X ) —LVIREFCe F 52 v —KY)
ERIMT22ETON-EFuFe 720 v 20 DBREAMEEI N2 &b, HEDTM
2 RN D R T & 72,

Table 9. Screening of acids for N-hydroxy-oxindole cyclization

Me COtBU - Me CO,tBu
additive
CO,tBu , %o
©\>,\tOH MeOH N
H OH
20 17
entry additive time (h) yield (%)

1 - 168 202
2 AcOH 168 91°
3 citric acid 24 93°b
4 TsOH-H>0 0.25 98P
5 PPTS 2 97°b
6 BF3-OEt; 0.5 99°b
7 AICl3 1 95b
8 H2NNH:-H,0 6 92°b

@ Conversion ratio determined by 1H NMR analysis of the reaction mixture.

b Isolated yield.

RN OEMEHNT, = afb&W 7 %5 L 3% tandem reduction-cyclization %
A7z (Table 10), BEEZRMLCTH N-b FErF S -FF v [ Vv F=1 17T 13FE >G5
otz dientryl), ZZVEERMT 2L AF o4 v F— L 103 FEFEME LCEbhk
entry2), —J7. =7 vt v R FALZ—TAHEK, T ALI=ZT L p-FLT VR
Nk VIR 7 E DHERR R R V3 & N-e FrF oo 4 v F—1 17 3 F
AP L LT b iz (entries 3-5), T b DOFERITZ, AR FoiE ke & bic, N-
EFrFOT=Y V2007 =Y VENDRBILB T L VAT Yy FEEE 2134 AFRIC K 5T
RSN, FF AV F— NV 1DERPMMBEI NI LEZRBL TS, BEZRNL -
HLlFEmic, e PV KA ERMT A F 04 v F—L LIAERKET. N-t
Fafxv-dFo4 v F—n 17 258RINICE 5 L7z (entry 6),
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Table 10. Tandem reduction-cyclization reaction using a combination of Rh/C and Brgnsted acids,

Lewis acids or hydrazine monohydrate

Rh/C "
e
Me CO,tBu adgi%ive CO,tBu Me CO,tBu
COtBU — » (@] + o)
MeOH N N
NO2 OH H
7 17

entry additive time (h) 17 (%) 1 (%)?
1 AcOH 61 N.D. 54
2 citric acid 24 6 71
3 BF3-OEt; 3 81 16
4 AICl3 5 80 16
5 TsOH-H0 1 56 27
6 H2NNH3z-H20 3 quant. N.D.

N.D. = Not detected.
2 |solated yield.

Wl LCe F 7Y v —KHEH WS & N-t Fuafv-dFo 4 v F— 17 25ER
PICEo N2 BB EZHEBEL LT, YAF L~ 2=+ 7f, YZFl~vur—F gk IV
VAV Faerirvatr—FThzHEHEE L THWTIN-e FrFo-dF o4 v F=LDEHEK
% &7z (Table 11); WIFNOHE ZHWTH FEHIHEA L7228, N-e Fafo-dFo 4 v
F—VFERIIENETCHONEDATHY, b F 7YV v R AT MTKREMML 72814
B2l bfFo Tz, LEMT XV S IREED/NI W7, 79, Th TIEA VR = VR FE~
D F 72V DOREMAMBZHET LT iz, BlEgY 21 sEbh-eEL1bNS,
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Table 11. One-pot reaction for N-hydroxy-oxindole cyclization
Rh/C

Me o
CO,R H CO,R Me NH,
Me 2.H N’
H,NNH, " ,0 N
CO,R == °°, ot o
MeOH N N
NO, OH \
OH
17f-
7:R=1Bu 17 9 21f-g
7f: R = Me
79:R=Et
7h:R=iPr

entry compound  time (h) N-hydroxy-oxindole (%)? 21 (%)?

1 7 3 guant. -

2 7f 2 54 23
3 79 2 61 22
4 7h 2 70 18

N.D. = Not detected.
@ |solated yield.
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B FRE S XU 7 AL 2B OBE

K, TORERBIN-t FaFo-FFo 4 v F—rAREOHE Bt oR %211 7=
(Table 12), ¥ vt —F affORXAFNEEZF AR E 2 IRV OAFICEEZHZ TH N-& F
o ¥ y-d ¥4 v F— A EIRNICE b7z (entries 1 and 2), [FIERICR v ¥ Vv ER 41 % 72
ESMICEFHGEE LB TREDELHEZHEALTHON-t FrFo-FF [ v F
— L ANEIRI IS & 21 7= (entries 3-6).

Table 12. Synthesis of various N-hydroxy-oxindoles

Rh/C

CO,tBu H R® co,tBu R®
Ry HNNH, o R R COzBu
CO,tBu o * o
MeOH 2 N

RS NO, © R oH R? N

7e:R1™ H R, =H, Ry = Et 17a-e, i la-e,i

2 g1 =H Ry =H,Ry=Bn

700 RL= ' Ry =H, Ry =Me

7p: RL = OMe, R, = H, Ry = Me

70: R1 = M Ry =Me, Ry = Me

2g r1=H RZ:CF& g = Me

entry compound  time (h) N-hydroxy-oxindole (%)? oxindole (%)

1 Te 3.5 73 N.D.
2 7i 3.5 80 N.D.
3 Ta 1.5 75 N.D.
4 7b 6 74 N.D.
5 7c 3 76 N.D.
6 7d 2 78 N.D.

N.D. = Not detected.
2 |solated yield.

BIC, ARG E TEMNELERICICH TR 2RI, hoLrzu~xr 7o 7 4 —
ERWTIALEY 17 5o N2 e L7z, {LEW 17 137 v vk Ln-~F Y v CTHiE
FHAEECH 0 | B R ERE IR © B ) % 1572 (Scheme 12),
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Rh/C

CO,tBu H, Me co,tBu
Me H2NNH2'H20 recrystallization
CO,tBu (0]
MeOH - N
NO, CHCly/n-hexane o
7 17
5.76 g 3.22¢g
75%

Scheme 12. Column-less synthesis of compound 17
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FVUE MR

AEToY Y LA—-fKFLe F IV vy—KAZHWT, =t DO N-v FuoFi 7 3
v~DIRTC, Hit K BUE % HER IS AT 5 tandem reduction-cyclization 1o N-& Fm % -
FFR AV 17 OBRWRAMEZ RN L 2. KAFEREE-BRIEICEATED, <
VEVERAME 7 IE S ALICERE A EATRETH 5, IOICARRIGIEIAT Lz =TT
74— X BRHBPAETH b, LHENELEE~DISH 2 #AFRF T & % (Scheme 13).

Rh/C

CO,tBu
Me H,NNH,*H,0

CO,tBu

MeOH
NO,

7 Selective synthesis

column-less method

Me co,tBu

(L 5o

OH
17

Scheme 13. Summary of this chapter
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GEHACEAFF AV F—ABIUREE [ v P VEEERAREDRR

i

0

—Hi A

R
all]

R EH LAY DEREGKTIZ, 202 Ay 7Y v 7T LALKDOFIIC LY,
HROFEEZ 0T F 7 0insrf2 spRE Y v FRVEN RS T38RI T
2o TOX) RGO LEBOFERARERSBAHINTEZ, LaL, EFE, Al
SR A3 & v % 7 B A H A (protein-protein interactions : PPIs)~& > 7 b3 3 1c2o1 T,
KT CORBRDOKINERIMMET LT, 22T, 7477V —oftAaWzEfEziixs
L, A e bAEYZR D 3 RIT R iAEE 2 H T 2 {LAYSIERH I Tw 5,

ZD12OLLTCAERAFIA VY F—ABIUPRE A VP Y VEBBET L, P
AERDSARF© & % p53-MDM2 [HEH & L T MI-773%, ISA-2751 % MK-67752, Akt
inhibitor®® 7z & 235 X LT\ 5, (Figure 13)

H
ISA-27
H
N
N 2
\
0=5=° N\\\ NH
Me =N
MK-677 Akt inhibitor

Figure 13. Structure of spirooxindoles and spiroindolines

INFTIRBEIN TV EEEHIZ U Ticd~R3,

i) Palladium-catalyzed cascade reaction?°>f
Grigg H 13 X7 VY LIREAET, S—FT7 V=2 AL 74 v ) vh—%HEHENICH Y
TV T ET, AL VY v E{ET Le
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I
Pd(OAc)2 I
_SO,Ph PPhg LnPd
N K,CO, N
\ —_—

Y anisole SO,Ph
N 60% N
$0,Ph

Wang 5132 —F7 YV =T FLVOREEA Y 7Y v 72 RPTITV, TALrFry~D
DTNA Y TV v T EREGICIT) 2T, Ava A v FN ) VR 2

Wang, 2014
(20 mol%)

Pd(OAC 0 - .
'g P, 180 mol%) Br
I (4eq)
Br K,CO4

. @[ TBAB (4 eq.) NS . NH

NH N DMF, 80 °C ts o
AN ) (@]
04]'\@:3 fs 76% M O N

i) R EE % £ 5 [4+2]BR1L 20
Shi & IZE2EEM R Y VABETFEE T, 57 2 L X 2 REE. ~ A4 7 A, 7
FNMALZERICITH) 2 & T, At F o4 v F—LZ2EEL -,

Shi, 2017

(10 mol%)(5 mol%s)

[Pd2(dba)3]*CHCl3 O O
MeCN, 85 °C N7~

96% .
:5
d.r. >gg
99%ee
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iii) [1,5]-Hydride shift/cyclizatio®

Volochnyuk & 1%, &4 A& % Fvs7-[1,5]-Hydride Shift # #1232 2v et Fo 4 v F—
NOEREERE L, 2 TL Y RTy FIETH SOGILETT 245, 7=V B0k
AR 7'\ P Y BFEET B L IGHHE I NS 20, TOTAIANEGR EZEANT 5 0%
B 5D,

Volochnyuk,

N Me,SiCl
—_— / E—
DMF
O2N 42% O 0

iv) Cascade aza-Michael-Michael addition'®?2

30D F N — 7 H b [FIEHH I A A F Vs 3 47 2 7 — K aza-Micheal-Micheal addition
DEE I NIz, Zhu HIFR 2T 7 I Mz flvwcaxvet o4 v V=1 %2579, [
BRIz, DubfloR2 77 I Fii%E v RGO KIS % T 72 22,  —J5, Zhao b 135
L7 R 2 G CABRE L T B 220,
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S

O
1
R TsHN catalyst RloCTS
/ + I,
R
O
N R2 ©\ N RZ

Zhu, 2013 Zhao, 2013 Du, 2013

OMe

v) Tandem reduction-cyclization??

Gref & 1%, ethyl 1-methyl-3-(2-nitrobenzyl)-2-oxoindoline-3-carboxylate % X7 ¥ 7 L — Kk %
Fnwc=tuiEzRITdsL, ¥/ v VvEBEBPKL, 2w [FF2 4 v F—=1-33-F/
o VBBons LG L,

L2 LRSS, TNLDEMEORIES B L OREE —BRERHLrIcEhTELT, R
vt Fo A v EF—ArBIXRRAE A VYY) vDTA4 T —{b~DIGHIZBRET S T
T\, 22T, AT EARLZRIGEISH L., diethyl 2-(2-nitrobenzyl)-2-(2-
nitrophenyl)malonate 22 % tandem reduction-cyclization i 813, —ZicAv v+ *+ 4 v
F=n-33-% /v V|23 WETELEZ, 22007 I VEEZFKICGETTT S L
T, Av R[4 VY FYv33-% 70 V] GO IR T & % (Scheme 14).
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‘ tandem
reduction-cyclization

CO,Et

O CO,Et
NO,

22

Scheme 14. Synthesis plan of spirooxindole
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Bfr —a A

FBH AvetdFoAvE—AbslUtrveAf v P yoi TREEBEDRRE

Diethyl 2-(2-nitrobenzyl)-2-(2-nitrophenyl)malonate 22 @ tandem reduction-cyclization % 1T - 7z
(Table 13), &Y 22 1% Scheme 15 D TETHMBL 72, 37 27 L — fRFE & IV TKGRSRDE
APFCc=tuiErRITTsL, HNE T 2R R[AF 4 v F—=1-33-F/ 1] 23135
bNF AV E[N-E FuFo-FdF o[V F—n33-F /1 ]27DAHES N7 (entry 1),
ORI~ A — D o fLICEALEZXVIAEOEEHIICIY, N-e FeFe 7=
v OBRIGHPMEEE Nz 2 & ZRB L TWwWb, —J7, Fel/ACOH ZMv2 THE T T=}
AR TS e, HE T2 A a[AF o4 v F—=1-33-F ) 1] 23 % —FICHEES
% T L D3T & 7z (entry 2),

Table 13. Tandem reduction-cyclization reaction of compound 22

NO,

O CO,Et condition
CO,Et

(L,

22 23 27
entry condition 23 (%) 27 (%)
1 Pd/C, Hz, MeOH, rt then 50 °C - 64
2 Fe, AcOH, 100 °C 69 -

NO,
CO,Et

K,CO4
COEt —  » CO,Et
DMF
CO,Et
NO, quant. O 2
NO,
28 22

Scheme 15. Synthesis of compound 22

RICAER[AF AV F=-33-F /0 v]23»bAu[[ Vv FY)v33-7FJeF
n¥ ) V)24 ~DEWE{To72, 22DT I NI BHeeTHF TiEILTE, {LEW 24 %
Bz, /2, AVBE[N-E FuFxodFo [ v F—A-33-F/1v]27 % BHeTHF TiEJT
T2 &, {LEY) 24 235 5 47z (Scheme 16),
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L)
BH4*THF BHgeTHF

Scheme 16. Preparation of spiro[indoline-3,3’-tetrahydroquinoline] 24
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B=H 94 770 —{b~DJLH

A cRH L2 a[4 v F) v33-F hJe Fux/ ) ] 24 ohRNEREEZ, 1L
BMDIA 770 LI ST 37201t 22007 =) vHERFETICH L, HEEE
vz 2 & OGBINMICEREZEAT 2 2 e cENEBELPETh s L EZ, K
HET e L, T ETAERE LT AV FYI VY29, TF I Fax) )y
T 22007 =Y VIEERETORIGIEDZEE %2~ 7-(Table 14), 4 ¥ F VY ~ 29
ETbFZebruXF ) 30X LClLYEDABAREEZR/MLZE A, 0°CEITE
BTIEA VY FY v 29 258 IRNIC T v F b S iz (entries 1and 2), —75. 40 °CTILEW)
32 bAEKL., EREDKT 2R L iz(entry 3), Z DFERIIKICHEEIC L >T220D7 =
Vv HERFEFOMICHEZGIHTE 2 2 L Z2RBL T2,

Table 14. Acetylation of compound 29 and 30

+
N
N N CH,Cl 240
29 30

entry temp. (°C) 31 (%) 32 (%)
1 0 quant. 0
2 rt 92 0
3 40 61 32

@ Isolated yield.

2007 =Y vHEEFRFRFORGEDOEZRIIA Y FY Y2977 Fux /) v 30
DEOKRE XICHKRT 2 EF 2. EFEMJIE)ZHEH L 72 (Table 15), BRDF 4 X3 K &
(722138, EaDfib KEL B 2 L0 h o 7-(ringsize4~7), Ffic5 BBie 6 BT
IZ Ea D72%% 1.78 keal/mol & R & K| SUGHEICAEDH 5 Z LRI Tz,
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Table 15. Relationship between ring size and Ea

)n Ac,0 @j\\l)n
@mH o o

n ring size Ea (kcal/mol)
1 4 20.00
2 5 20.55
3 6 22.36
4 7 23.27
5 8 20.59

RIZ, Aea[4v FY)v33-TrJebrbax/ )] 2402 00EFREFORIGHEDE
W% DFTHHEAZHOWCTFHIL 24 8R % Figure 14 1IR3, 7 F 7 e Fax /) v oERIREE
TS1 &4 v VU v OEHIRAE TS2 DiEMELH B = A v F —121% 1.79 keal/mol DEDH %
EDBbhoTr, TDEIF25°CTF TIE 95.3:4.7 DERMETA v F Y VEEBEEMICT £F 1
fkEnz & EHRBLTND,

M06/6-31Gx (RZE)
Gibbs Energy
(Enthalpy)

[kcal/mol]

-1506 -1097 + AcOH
(-28.73) (-25.54)

34
Figure 14. Transition states of acylation of spiro[indoline-3,3’-tetrahydroquinoline] 24
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INLOREREREZ, ACH[A VY V33Tt rFr* /Y v]2407 251k
#fT o 7-(Table 16), #E/KEFEZ 1.0 U EmDOAH WS &, ERTIIE/ 7w F bk 29 28
86%. ¥ 7 & F UMK 30 2% T%fF o AL, SEDTFHlE RS —E L 7 (entry 1), MOKEERZ % 2.0
WERRFINT 2 LAY 30 BB L T L iz(entry 2), X HICHREDOHER L7201
0°CH X 40 CTIRIGZLT - 720 HEKEEEED 1 M B DOHA, 0°CTIHEIRMICERIZAS
N> 723, 40 °CTIHEREDIK T A & 117 (entries 3and 4), F 7=, MKEEREZ 2 Y4
BRMLZEE, 0°CTIRY 72 F AUk 30 DAERKES WA L, 40 °)CTIIBMAR S 1
7-(entries5and6), ZDZ b, TFJ7ebFr* /Y VERERDT v FMLICITED L
WCH D ey olz, RICHERNAOKELZRMRS70, P ZFLT IV &R
L7z, MBS XU M) ZFAT I v e&4210 YEE 21T 20 YEFML 254, 1.0
WETEHERIIRONAD o 72hentry 7). 2.0 Y& TIERMEOSEDL RS L7z (entry 8),
FIGOHET & & b Il 22 P Y T F AT IV b Ty T L7720 EIR A K
Tl E2, BHBOMED 70BN IZE L 72D > 72 (entry 9),

Table 16. Acetylation of compound 24

HN O Ac,0 HN O /I<N O

additive

+
O CH,Cl,, 24 h |O O
\ N
H )Qo

N
Jo
35

24 34
entry Ac20 (eq.) additive temp. (°C) 29 (%) 30 (%)
1 1.0 - rt 86 7
2 2.0 - rt 42 58
3 1.0 - 0 90 5
4 1.0 - 40 40 22
5 2.0 - 0 72 17
6 2.0 - 40 0 88
7 1.0 NEtz (1.0 eq.) rt guant. 0
8 2.0 NEt; (2.0 eq.) rt 88 12
9 2.0 AcOH (2.0eq.) rt 56 39

2 Isolated yield.

46



—DOHOEHEZEAL LG 34 13, AT CEGICAFAMET 22 e TE, B d
B2 9 2 2 v ufled) 36 %1572 (Scheme 17),

HN O Mel

NEt,

_ =
O DMF, 80 °C
N 79% N

/=0 /=0
M M
34 36

Scheme 17. Alkylation of nitrogen atom on tetrahydroquinoline

AFEOHE %2272, 4 o0REpEHRELFT 2 A4 v F) v-33-7
FZerRux)/ ) VD&M %EITo72(Scheme 18), (LAY 42 DA v F Y VEREZ T F L
b, 7r7ebux ) VD vEREATFMETEILTL4O0RL2EBEHRELFET LAY
a L&) 44 % 1597-,

TsCl, NEty
F CH,Cl,, 0 °C
H 91%
37

S
CO,Et 38 O
K,CO4 ,: Fe

COEt — = ° COEt —
DMF CO,Et  AcOH, 100 °C
FsC NO, 90% O 60%
FsC NO,
39 40
F
F Ac,0 HN Mel
BHgeTHF HN NEt, NEt,
_—
THF CH,Cl,, 0 °C DMF, 100 °C
83% 72% 88%
. N FsC N FsC
3C H 0
M
42 43 44

Scheme 18. Synthesis of tetra-substituted oxindole
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BIUE A ES Ay o ABXUREEA Y F ) Y ORYBELE O

Ricavat o4 v F—AbBXzvuf v ) v ORYERERr: % FFfi L 72 (Table
17), LAY 23, 27, 34, 3B IFVFNDEHGE L THE L W#iH © (578 <500) D5
TETHD, $7=. (LEW 23, 34, 35 DIEATED #F £ L W#iPH %572 L T\ 7z (log P <
5), X HIcfbAW 23, 271Dk MFI 27 vy — L TOEFR Buspirone X 0 b REFTH
o577, TNHLDORERIZ, A FFL AV F—ABIU0RY B A VY ALAYRED RIT
BEVBEE T RN L L ERBL T D,

Table 17. In vitro studies of the spirooxindole and spiroindoline

o o
(0] /EO

23 27
entry compound MW logP remaining (%)?
1 23 264 1.96 69
2 27 280 N.T. 91
3 34 278 3.10 N.T.
4 35 320 1.94 N.T.
5 Buspirone® 23

N.T. = Not tested.
& Metabolic stability was evaluated as a remaining % after incubation with 0.1 mg/mL
human liver microsomes in NADPH for 30 min.

b Reference compound for metabolic stability assay.
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LR AN TR i

ARETHEACELFF LAV F=ABLUOPREY A VP VOMERERIEZIHL 2L
oo T2, ACB[AVED V3T e Fux ) ) V02 00EFRKTORIGHEE
Eick o CHilfEinfech st 2RBL, 400 RAZEREZFE T2 A E[{ VY Y V-
337 e tux /Y VgAML, ThoD A ufLEWIRESREMICICHT %9 2T
IELWEYBIEREAE T 2720, 7477 ) —0olEo-v0r - LCofH
HIff T %, (Scheme 19)

, X NO,
co,Et R R2 O
NO, Fe

0 G — o AcO 100°C
CO,Et ACOH, 100 °
NO, Rl 2
NO,
R? R2
HN O HN O
R3-X R4_X
R low R1 high
N temp. N temp.
H

R3

Scheme 19. Summary of this chapter
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s
BLA F 24 v F = ABIEBIC DBFE & IGH %238 U T T DIFFERER 21572,

« 95 " ® T3 di-t-butyl 2-(2-aminophenyl)malonate @ o fi7ICEREEZ#E AT % & | reactive
rotamereffect IC X 0 7=V YHEEFEE T ZOEE I W IEF IZIICL v -7 F L
IATFADANKEZNVRENEE L, AF 4V F—ABIERIGHETT 22 L 2 H
H L 720 REALBOGIXBETMAI R XA 2 7 =i X Wit hd 2 & bHL T LTz, 72,
AEEEYE oGPk E LTI E 3 3-(hydroxymethyl)-3-methyl-oxindole @ 71 7
LIm= T 74— %ML LAV — F ORI EERL 72,

- 55 =% T3 di-t-butyl 2-methyl-2-(2-nitrophenyl)-malonate %, BV L —fKFEL & F 7TV

—IKHPNT X B N-e FaFdoT7 =) v~ BRI RETEMFICH T L N-v Fr ¥
FOAVF-ABRRNIKFONE L2 /AL, £ N-eFrF-AFf U]
—NDHATLIAZ T TT 4= %R L WEKFEEZRREL 72,

CRPUETIEAER[AF A Y F—A33-F /) n V] BLUFRAER[[ VY ) v33-T T
e FaXx ) VoffERGHEERE L, o1, Ave[f v FY)v33-7 7k F
n¥ /) VD 2 DOERRT OIS IZRIGRE CHlEingEcH 2 2 L ZBHL 2 IC L,
Y DB R INEREA L oo AFEEHA VL LT, 400 R 2B ET 2 %1E
farvad x4 v P ) vEBEICARL 72, /2, KAECHEZAv etV Y7 v 2
FATBEYMETH L Do Tz,

Sfs —= S

B, BEETRBLARTEA A v P = ABRIEEBOC T 3 b A OGS &
v 2 BE gt - EREICEALZFETDH 2720 RAVERCEREMRRITETOIR
Hpifscx 2, ¥/, 174670~ 7774 —%08E LAanizo, TENELEER~
LICHARETH 5, FHWETHRHELZRAY oA F o [ Vv F=LE A BA VY FYVIEE T
v 7740 LEYHCH D0, T4 T 7Y —fEEO—X e L CHAREETY., Zh
O DIFFERER 1355 O B L PRRITSEICHBA T & 5,
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General

Melting points were recorded on Yanaco MP-500D and are uncorrected. IR spectra were recorded on
SHIMADZU FT-IR-8400, SHIMADZU IRPrestige-21 or Bruker Optics ALPHA. *H NMR and *C
NMR spectra were recorded on JEOL AL-400 or JEOL ECS-400 spectrometer in the stated solvents
using tetramethylsilane or residual nondeuterated solvent peak as an internal standard. Chemical
shifts () are expressed in parts per million. High resolution MS spectra were recorded on Thermo
Fisher Scientific Q Exactive orbitrap LC-MS/MS or AB SCIEX Triple TOF 5600. Reactions were
followed by TLC on silica gel 60 Fas4 (E. Merck) or silicagel 70 F2ss (Wako) using precoated TLC
plates. Column chromatography was carried out on a Yamazen W-prep system using prepacked silica
gel or amino silica gel. Unless otherwise noted, all materials were obtained from commercial
suppliers and used without further purification. All solvents were of the commercially available

grade. Reactions requiring anhydrous conditions were performed under nitrogen atmosphere.
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X-ray crystal structure analysis data
Deposition number CCDC-1584394 and CCDC-1584395 for compound No. 6 and 7 respectively.

Free copies of the data can be obtained via http://www.ccdc.cam.ac.uk/conts/retrieving.html.

Coordinate Information

Additionstep

N
HH

mé

5TS1S2

oH’

Elimination step

5TS2

N Me co,t-Bu
OtBu

Vo 5TS1 s cosan
— o-|
= 0O-Me
o O-H
§ Me C%?EE“ NH tBu 5TS2S1
8 Ny
~ HH. g 32.13
E Me
S | 5Ts1S1
S
()
o 24.84
w 5 Yo
»
o)
F=]
(U]
(0]
2
=]
Qo
[J]
o

-14.72

H

CO,t-Bu
©\)<COZI-BU
NH,

4

H

NG
Ny
W H

4TS1

CO,t-Bu
CO,t-Bu OtBu
OtBu o
AN
g N w

Reaction Coordination

H

CO,t-Bu
OtBu
P S
N*

N
HH 0.
! Me

H

HH- g %
) —H

Me ?

Me

4TS181 4TS1S2

The cartesian coordination data of all above grand and transition state structures is shown as below.

The cartesian coordination of 5 is as follows:

0 1

H -0.0071361788  2.3177803870 -2.2077956195

Cc 0.4618114777  2.5287368360 -1.2535779894

Cc 16921797328  3.1114170122  1.1486757126
Cc 0.4555531437  1.5498599663 -0.2532225875
Cc 1.0704824161  3.7721951409 -1.0809526071
Cc 1.7025130535  4.0552867562  0.1277237565
Cc 1.0641221430  1.8642982219  0.9913659518
H 1.0558643482  4.5006419646 -1.8863344549
H 2.1919023437  5.0131364474  0.2849652429
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2.1670978325
-0.1730233884
-1.5053162659
-1.6039132152
-2.5151084471

0.7253738778

0.2819886968

1.9805678433
-3.8699569616

3.0360092652

1.1015534750

1.4577086510

0.2046452206
-4.4699069849
-3.9236324095
-5.5144572940
-4.4517235298
-4.6309935398
-4.1742113389
-4.6285675022
-5.6703540066
-3.7991171130
-3.2736721663
-3.2799746739
-4.8156747943

3.1965494352

4.0946974418

2.3339171823

3.3058212119

4.2780121027

5.1503200734

44777565534

4.1394154090

2.7060756847

3.5386324944

2.5614377621

1.8032322713
-0.3734480264

0.5741680342
-1.1255967526
-0.7196245880

3.3368649374
0.1662377939
0.0283201560
0.2608861906

-0.3607335257
-1.0059596343
-1.9779637257
-0.8401951762
-0.6304413691
-1.8404578067

0.9319498429

1.3206736063

0.4728810547
0.6589869620
0.9946781262
0.4804689878
1.4539892320

-1.0838978021
-1.9820771907
-0.2981464078
-1.3130859994
-1.7558692492
-1.4361681309
-2.6247900360
-2.0604591533
-2.0462754893
-2.6457558140
-2.5618589977
-1.0806912846
-1.1721836884
-1.8227125057
-0.2199154147
-0.9767524691
-3.1423064928
-3.8466639187
-2.9517566697
-3.6045286017
-0.1156424816

0.0176478111

0.5452015341
-1.1418499325

2.1017317343
-0.5198162465
0.2643400596
1.4561954842
-0.5170979355
-0.0322705152
0.5456702862
-0.4569133861
0.0211376247
-0.1865745032
2.0337712038
2.8997459465
2.1815607367
0.5888986810
1.4713645780
0.8681335461
-0.1645779505
-1.2269240718
-1.6548047418
-1.9893728538
-0.9693206090
1.0572792602
1.9580156549
0.6399441931
1.3307684318
1.3227114044
1.5110050086
1.7471868194
1.8249312550
-0.7802857324
-0.6563348618
-0.2793399542
-1.8486047021
-0.9232833685
-0.8142016593
-1.9925870583
-0.5198737392
-2.0305225916
-2.5571052922
-2.4656736216
-2.1747539197

The cartesian coordination of 5TS1 is as follows:

H
Cc
Cc
Cc
Cc
Cc
Cc
H
H
H
Cc
N
H
H
C
o
0o
Cc

0 1
1.2993306508
0.7075070870
-0.8247067931
0.0670805369
0.5716016206
-0.1941687419
-0.6853104165
1.0645969603
-0.2936063377
-1.4033824676

0.0277543634
-1.1842070286
-2.1884238577
-0.3425640955
-0.5226719347

0.3627799849
-1.4587774589
-1.7357777264

0.1179933503
0.0960655670
0.0595069219
-1.0767772391
1.2512944762
1.2348743590
-1.0792523637
2.1685253403
2.1373800010
0.0321369768
-2.4114702446
-2.3847764094
-2.4539828789
-3.1196140605
-3.4128947560
-3.9122031035
-4.2489178525
-5.5991190289

0.4617371179
1.3728504689
3.7338312745
1.7675796560
2.1483136108
3.3173299218
2.9464530005
1.8385100339
3.9139197454
4.6531712208
1.0418116901
3.2571358915
3.4281707720
3.7942097026
2.1300256854
2.9944577465
1.5541281636
2.0576835314
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1.4003608949
1.8270176542
1.3057194800
2.0690522065
-0.9433979510
-0.6693116831
-2.1015108143
-3.1921963075
-2.1459335946
-1.3088735536
-2.4831528715
-2.9824053696
-0.5273306400
0.3313212755
-0.2602828366
-0.7750859812
-2.9198843602
-2.6534016358
-3.7872285352
-3.2066011441
-4.2711411818
-3.8944028018
-4.5844964624
-5.1487409555
-2.7209094894
-1.9384453045
-2.3349842177
-3.5653429266
-3.6858728464
-2.9264026109
-4.5863119965
-3.9398777849

-2.8924219601
-2.1845685986
-3.8564545684
-3.0018269182
-2.3187616714
-2.6973712938
-1.7372740723
-1.5000812452
-5.5813207206
-5.2950309215
-6.5800613241
-4.8900720548
-6.5108011266
-6.1750463162
-6.5006771732
-7.5418268317
-6.0379361493
-5.9914319881
-5.3895725498
-7.0670882496
-0.8571236038
0.0591120920
-1.5450234788
-0.6052113364
-0.5255519303
-0.9714185756
0.3930812918
-0.2574236612
-2.8277913881
-3.2883415027
-2.6509098908
-3.5235413382

0.5570686540
-0.1595617646
0.0514151850
1.4124198471
-0.1561180162
-1.2750061139
0.2085908681
-0.7546696398
3.5362135772
4.1750331639
3.8362690384
3.6989989799
1.8121940156
2.3941914703
0.7497852682
2.0917682874
1.1889104847
0.1285136708
1.3552528841
1.4310672960
0.1208914665
0.5868268230
0.9134480717
-0.4838851951
-1.8393351296
-2.4555324123
-1.3839476354
-2.4844750184
-1.3377221467
-1.9710199745
-1.9371211144
-0.5317841244

The cartesian coordination of 5TS1S1 is as follows:

ITTOIITOOIOOOOOIIZIIITOOOOOOT

0 1
0.9914986535
1.0961244536
1.3803355428
0.6854697902
1.6435640290
1.7821764786
0.8345433963
1.9671215782
2.2122950229
1.4953130832
0.4026309780
1.2560661738

-0.5206816137
0.0356080228
0.2897781326
1.4540458126

-0.8704211249

-0.8940505105
1.9882444310
2.2669613367
3.5541838442
3.7856794206
4.3216795455
3.6414068644

-0.3356877488
0.7246856265

-0.4638434890

0.2652564598
0.5387109685
1.2642010214
-0.3343057897
1.7772162074
2.1393287521
0.0429641550
2.4624895343
3.1021056868
1.5302438950
-1.0001277240
-1.2980897680
-0.8158910449
-1.6999239047
-2.3293785564
-2.9624368081
-3.0081627556
-4.2184224338
-2.6698943109
-2.0506121548
-1.4666167202
-0.9920215015
-2.2293135815
-0.7017638134
-3.9495254015
-3.6908096299
-4.8426290690

0.1540130649
1.2001871142
3.9105208071
2.2038498390
1.5531136432
2.8952131374
3.5385917067
0.7745558010
3.1559564335
4.9574979036
4.4445975068
5.2281921580
4.8410552684
2.0829126812
3.5188313146
3.6065994005
3.9089872521
4.7367046362
4.6002351081
5.6701687450
5.6470028190
4.6796516828
5.8395167001
6.4316437534
6.1393028809
6.1294920372
6.7622599005
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-0.8868199438
-0.1760575508
-0.5694977496
-0.3584109376
0.8976122147
-2.3966753648
-2.9285665611
-2.5697445584
-2.8173172409
-1.4802957259
-2.0825681975
-2.0179131605
-3.4377900271
-3.7023676879
-3.5918691848
-3.0078183557
-4.7226705243
-4.3464137684
-4.2687813851
-5.3866518064
-4.0759382017
-3.5672584264
-3.3577999237
-4.5844988905
-2.8682094064
0.6344030525
1.7019743310
0.4766894360
0.1495278150

-3.1311780279
-5.3831365658
-5.5133453497
-6.3098265939
-5.2109749409
-4.5159119396
-3.6896122927
-5.4258918883
-4.6579179169
-1.5238044994
-2.0878828396
-0.6355251692
-0.2361941718
0.4673569538
-0.2233856104
1.3039003637
0.8670466743
-1.4509588824
-2.1512729562
-1.1164474837
-1.9722256605
0.7480611554
0.2502518317
1.1511557879
1.5823840423
-2.5867933542
-2.7199062692
-2.1405743231
-3.5659817860

6.6190261024
4.0408940051
3.0268009611
4.5980695812
3.9753246776
4.8220872930
5.3061792772
5.4066994192
3.8216657262
1.8296656144
0.9426316117
2.6915668325
2.6167699870
1.2815058947
0.4440388263
1.1471789307
1.2732045799
2.8272451598
1.9946874621
2.9131556507
3.7509309328
3.7822673680
4.7355538829
3.8244729233
3.6637985930
0.9891505618
1.1687741232
0.0029279785
0.9880727479

The cartesian coordination of 5TS1S2 is as follows:

ITITTOOIIIIOOITOOOOOIIZIITOOOOOOT

0 1

-0.3630895838
0.0003719532
0.9208046500

-0.1237095644
0.5876583520
1.0418853897
0.3395481442
0.6849364116
1.4910421651
1.2673941621
0.1547244626
1.3802865397

-0.2375744181

-0.7355650593

-0.9556121826

-0.8362805405

-2.1832465853

-3.0788122629
1.9309745283
2.2831437331
3.4801112322
4.2913760567
3.7247058871
3.3413113820
0.3454130643
1.2772195418
1.0050495568
0.2685681644
0.6152737396
1.9317532961

4.4073825309
3.6374030673
1.6546269626
2.2921666819
3.9952100502
3.0092190313
1.3155323542
5.0442370516
3.2931583567
0.8853100184
-0.0047694700
-0.6039049467
-0.6260251899
1.6607877893
0.1228897403
-0.7830550124
0.1138666518
-1.0307558184
-1.5090080411
-1.1916104416
-0.3941481501
-1.0083020718
-0.1120032570
0.4993306655
-1.2615590478
-1.7757558208
-3.1706091223
-3.3276267447
-3.5999791238
-3.6863051491

0.7417231538
1.4173660458
3.1887617192
1.0836784826
2.6360777806
3.5148973848
1.9698612900
2.9016825633
44629177410
3.8745990502
1.4539786713
1.0540375063
2.1631341396
-0.1509374410
0.2896687146
-0.6429188305
1.0087031054
1.0277226871
-0.3329456311
0.7256299514
0.7066531178
0.3053578531
1.7348025242
0.0949257256
-1.1130829535
-1.3827657094
-1.5111062982
-2.3057668073
-0.5782740212
-1.7810430996
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0.3240382895
1.4738131674
-0.1670515221
0.6358297890
-2.0458054422
-1.8635931858
-2.7310969688
-2.5175216065
-3.7464408957
-3.0089852369
-4.2306996740
-4.5163086579
-2.3657149502
-1.5762821601
-3.0825918471
-1.9327463787
-4.1306042553
-3.6631062832
-4.8876232743
-4.6311839908
1.0127054474
1.5184623159
0.1116921041
1.6712130080
1.8590930107
2.3585272997
2.5694735614
1.5524879515
-0.3423302690
0.1284793742
-0.6429434096
-1.2418475270

1.6217932338
1.2685320738
2.0124514510
1.9855313138
2.3216388654
3.3292744019
2.3816816962
1.7393822506
-1.2331910756
-1.5167103865
-0.3037954419
-2.0119860328
-2.3108021077
-2.5875668359
-3.1375957689
-2.1738623542
-0.6149886822
-0.4365007140
-1.3990824653
0.3076182179
0.5398400924
0.5116382408
-0.0791664279
0.1087555377
2.8983707318
2.9828088264
2.5059164016
3.9034474795
2.5464616039
2.5667128558
3.5663382501
1.9253512237

-1.2660382419
-1.0723084188
-2.4489649461
-3.6894097647
-0.5935385001
-0.9803089279
0.2527311549
-1.3888824924
-0.3410497883
-1.0919168648
-0.6600750800
-0.2738051100
1.4938684180
0.7929926642
1.5604628491
2.4936851002
2.0653577816
3.0396129545
2.1792630585
1.7540465739
-4.0238060367
-4.9961158879
-4.0871494602
-3.2689389508
-3.5529973761
-4.5250301832
-2.8247409225
-3.2422937484
-4.7250699437
-5.7137140496
-4.4633768217
-4.7808274551

The cartesian coordination of 51M is as follows:

TTOOOOOIITOOOOIZOIIITOOOOOOIT

0 1
-2.5286550666
-2.2507193728
-1.5233075823
-1.3559141806
-2.7989101676
-2.4357948118
-0.9907403352
-3.5085070077
-2.8661694293
-1.2395033620
-0.5446434229
-0.0338440255
-0.1528541590
-0.1053019250
1.0989400994
-1.0863518131
0.6858081880
0.3521733125
1.3019834229
1.2983200301
-1.3266300860
-1.5568337866
-1.6961998540
-2.4449147991
-2.6194519774
-1.6467869594
-3.1958285238

0.2224437479
0.0466895255
-0.4085089195
-0.9646623580
0.8284629322
0.5979245813
-1.1832299748
1.6148800277
1.2071001163
-0.5835405812
-1.9190623403
-2.2098835823
-2.7963611684
-2.9997813630
-3.5541903168
-3.9797852012
-1.1726392075
-0.3319640523
-1.8425340007
-0.7926667565
-2.5462284976
-3.7389220144
-1.6103348979
-1.9368867279
-0.5626345220
-0.1003245816
0.1056670840

1.1422572635
2.1763386819
4.8643791871
2.4998165081
3.2025369785
4.5308978333
3.8363486469
2.9616321718
5.3216151711
5.8988358018
1.6289770862
3.9453317867
4.7666535935
2.7078547628
2.2665259137
2.9310999972
1.0505203259
0.4379563802
0.4455169162
1.8717610787
0.4693222344
0.3367433993
-0.4140337287
-1.6526018110
-2.3030549402
-2.4991273529
-1.6551426168
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-3.1525281442
-1.6004713825
-1.4640659274
-0.6172202666
-2.1009203119
-3.8023018223
-3.6882391345
-4.4010241202
-4.3474704800
-1.2824787467
2.0092808987
1.3040965665
2.0611796961
0.6073287285
0.7444532557
2.9287700891
3.4370109302
3.6909821728
2.3648172690
2.8233294198
3.2945767620
2.1746912292
3.6088409135

-0.6648903742
-2.8544763753
-3.8364407291
-2.4082809183
-2.9821418728
-2.5488515596
-3.5303273383
-2.6578538294
-1.8940443654
-4.3596621597
-4.3290253146
-5.3111116678
-5.9408762570
-5.9535664015
-4.8071522385
-3.3708608325
-2.6945754025
-3.9362559905
-2.7614731000
-5.1153385753
-4.4293985962
-5.7969837536
-5.7014392990

-3.2540477169
-2.5420125431
-2.0869864355
-2.7265206601
-3.5084297242
-1.2950591279
-0.8327608202
-2.2063142579
-0.6068373518
2.0498965137
3.0993431966
4.0471482106
4.5290179454
3.5043402296
4.8403772173
3.8729479669
3.1776686960
4.4222225643
4.5826344597
2.0629866837
1.3516956109
1.5032914825
2.5524365913

The cartesian coordination of 5TS2 is as follows:

H
Cc
Cc
C
Cc
Cc
Cc
H
H
H
Cc
Cc
N
H
O
O
H
Cc
Cc
H
H
H
Cc
H
H
H
Cc
H
H
H
Cc
H
H
H
Cc
o

0 1
-0.3325294618
-0.2168712386

0.1488556302
0.0190914394

-0.2724662983

-0.0963269917
0.2033742864
-0.4486554209
-0.1417475355
0.2950191817
0.0506743734
0.6136184722
0.4390338970
0.6883187863
0.6444355300
2.5294173660
1.6884125777
3.7323767652
3.7579446179
4.7243435493
3.5823928490
2.9875776516
4.8929473285
5.8611737901
4.9111613814
4.7693964959
3.8746313538
4.8397208970
3.0808750025
3.7943252521

-1.4002126048
-1.3826463944
-1.8581527009
-2.0093276758

0.8609929153
1.4097818184

0.7890174409
0.0755521348
-1.7731877477
-1.2636511008
0.4938378440
-0.4191641639
-2.1627698302
1.5412584027
-0.0780999747
-2.4845968555
-2.0440626123
-3.4031547610
-3.4427723148
-4.2640365752
-4.5117728343
-3.2680288416
-4.3361388580
-3.2983135032
-4.4971785889
-4.5774695632
-5.4341510972
-4.3974167347
-3.4418929457
-3.4956992296
-2.5869104892
-4.3544036005
-1.9747597209
-1.9165822090
-1.8701913666
-1.1309520885
-2.3142793220
-3.0214722914
-1.3769926861
-2.7245720271
-1.3764231385
-0.3015082440

1.7829459020
2.5914868754
4.7092086982
2.3180386253
3.9287405770
4.9705406471
3.3778378765
4.1554329849
6.0009889743
5.5170027925
1.0163718112
1.4946352825
2.8414121987
3.3755532049
0.7920368226
0.8930406444
0.5090772775
1.6423532253
2.6143070417
3.1266357785
2.0722835586
3.3874073482
0.6378580575
1.1512684049
-0.0451030580
0.0428144153
2.4138532745
2.9322980233
3.1614441944
1.7215755457
0.5168939649
-0.3138276656
0.1853718647
1.3278966121
-0.1079019016
0.0084956971
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0.7641748004
1.4046212997
2.9185053610
3.1727152062
3.3971444155
3.3084039933
0.7711809913
0.9930941944
-0.3157493372
1.1664652798
1.0604941202
1.4740353015
-0.0244912859
1.4764487746

0 1
0.2036006345
-0.1795447087
-1.1795573339
-0.1412938439
-0.7324445193
-1.2258531833
-0.6288922462
-0.7747356351
-1.6499951855
-1.5620937970
0.3479277484
0.3605806845
2.0804085072
3.3024883822
3.2215037978
4.1839280024
2.9541227260
2.4635678438
4.4225760537
5.3917449751
4.5111402223
4.2069354623
3.6320604032
4.6325141008
2.9221682307
3.6008488760
1.0456606029
2.0879486889
2.2324482229
1.9221692729
2.8417938217
1.7514010475
1.0822979675
-0.5406330824
0.3346251486
0.7203606542
-1.9371770538
-1.8497261599
-2.3398586135
-2.6326412439
-0.0286838686
-0.0173737973
0.2619498621
0.6494312072
-0.5249812613

-2.0992035960
-1.6771016576
-1.5610926667
-0.7187285643
-1.4173527230
-2.4761370805
-0.3687787201
0.4515404872
-0.4774274142
-0.1150774080
-2.8333258337
-2.6430802195
-2.9494580970
-3.7728370128

artesian coordination of 5TS2S1 is

-1.6624326159
-1.5968193184
-1.4444946069
-2.6883767248
-0.4075256297
-0.3288877635
-2.6299653388

0.4638170434
0.6032626650

-1.3778028756
-4.7705466268
-6.0501056712
-4.5034596997
-4.0219511139
-2.5005539149
-2.0973912415
-2.0126482561
-2.2309175940
-4.3342025021
-3.9632433744
-5.4148327009
-3.8613897058
-4.7372042223
-4.4613525886
-4.4686635847
-5.8232400026
-6.6182904808
-6.9171568077
-5.8331510505
-7.6345037689
-7.5612900965
-8.6885118829
-7.2478256373
-4.0203452599
-3.9781832599
-4.3072877474
-4.7035557135
-5.7384925512
-4.6866754609
-4.1690160806
-4.1445809392
-5.2121759861
-2.9594444120
-2.8291047906
-3.2497475428

-1.2302064392
-2.4938023532
-2.3036752056
-1.6584481188
-3.2792413882
-1.8505459150
-2.9770308425
-2.2923067434
-3.0639488263
-3.9671826412
-3.4357767568
-4.4319023013
-3.5274329933
-3.0587750520

as follows:

0.4635650686
1.4780409600
4.1186488462
2.3382630976
1.9670749453
3.2707254143
3.6519576599

1.3193824202

3.6325313141
5.1316066314
3.2107752777
3.0289314322
4.1932059610
3.6252129171
3.4225690927
3.0836155050
4.3659865066
2.6823105373
4.6402000006
4.2846598216
4.7996360704
5.6039596732
2.2976026063

1.9428314030

1.5085327340
2.4326238945
3.7484001341
4.4288130112
4.5251882380
5.6518268331
6.2444125162
5.4092356223
6.2354119331
4.2610975756
2.0901723565
1.2173585045
4.2203655850
4.5558720305
3.2037240849
4.8754791890
5.7025954021
6.2840831837
6.2489539206
7.6707287631
8.5602577482
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-0.7429445806
-1.4225512220
-0.2790717531
0.9233167795
1.2159917776
0.0306156063
1.7315172668
1.9171646082
1.7284499845
2.2767327656
2.7010611533

-4.3133414977
-2.6738956707
-3.0503404641
-1.3288951529
-1.0874919684
-0.7467949431
-1.0255235714
-3.6367822334
-4.7090291071
-3.3951767096
-3.3794612483

8.4496474036
8.3080945067
9.6093562660
7.7996687791
8.8270062697
7.5486931005
7.1267509696
7.9601404948
7.9008888496
8.9669557915
7.2423711465

The cartesian coordination of 1 is as follows:

ITITTOIIITIOIIITOOOOOIIITOOOIZOIIIOOOOOOT

0 1
-1.4002358757
-1.5789707872
-2.0545820711
-1.3195003651
-2.0790431021
-2.3113211430
-1.5615669005
-2.2860463617
-2.6978577741
-2.2360240284
-0.7733716066
-1.2183917954
-1.2942139138
-0.7599352514
-0.3843566105

0.6455410239
0.6326285208
1.0266194966
1.3156381952

-1.7370347742
-1.5035512884
-2.8540142932
-3.9630154904
-4.9706336452
-5.2851142103
-4.5304657159
-5.8567985220
-4.5458573548
-3.8298353286
-4.8287840128
-5.4462430932
-3.4648838866
-2.7451255915
-4.3146782908
-2.9909741520

0 1
-1.5888426259
-1.0029594621

0.4630522322

-0.8285179363

-0.4645406250
0.2649062491

-0.0655372525

-0.6204794283
0.6912476037

1.4145326491
1.2620972496
0.8643758779
0.0330977018
2.3041346925
2.1019767891
-0.1563377911
3.2720354673
29161073671
0.7121668952
-1.2585437289
-1.4672690769
-1.8685141350
-2.2041439723
-3.3582961800
-1.1366941269
-0.5273276653
-2.1302998998
-0.6767484376
-1.7978229315
-1.7510107391
-2.2692631640
-2.8424092270
-3.2401715736
-2.3642205371
-3.9681774198
-3.6887825796
-1.7698249101
-1.4787191651
-0.8825864637
-2.1603604847
-4.0726974324
-3.7961384947
-4.5746825901
-4.7804819634

4.9219375082
4.3673163552
2.9434434228
2.9932814556
5.0377432750
4.3104492294
2.2634991209
6.1055419022
4.8072530058

0.2472026356
1.3084739926
4.0700066936
1.8952941436
2.1037164370
3.4651116492
3.2661224250
1.6569243919
4.0721095600
5.1302188522
1.3060619294
3.6159438850
4.5403034340
2.5391397947
2.5701744536
0.7281594617
-0.1782877109
0.4757950585
1.4607754835
0.2308624405
-0.9577297546
0.8024226364
0.0071334196
1.0877413820
1.6643453848
1.7765127968
0.6266054858
-0.9177293391
-1.6879836513
-0.3409628283
-1.4050597501
-0.7570410605
-1.5292911300
-1.2332922682
-0.0687803341

artesian coordination of 4 is as follows:

0.4120294659
1.1421278223
3.0081238347
0.9546839876
2.2401218173
3.1804479290
1.8980485012
2.3611550534
4.0483081645
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1.0446915059
0.0987603470
0.3067970274
-1.5028711208
-2.4133326267
-2.4520871923
-3.1744069116
-4.1295248913
-0.5330421830
0.4674723140
-0.9458989509
-0.2610098955
-5.2405306086
-4.8474821876
-5.7220315825
-6.0038030493
-3.3867382719
-3.0316243615
-4.0632028228
-2.5258064273
-4.6750044119
-3.8667366564
-5.4163327121
-5.1538175959
-0.2968671892
0.0685817819
-1.3227048901
0.3264531054
1.1631998077
1.6194731057
1.7812947360
1.1482042772
-1.1247246499
-0.7197987703
-1.1445220968
-2.1526652028
-2.1706949602
0.7740054564

2.3825025405
0.8816893085
0.6006416204
2.3243667993
1.1277677126
0.1091851451
1.4224809267
0.4461844148
1.8571200666
1.1967486488
2.2776363595
1.8757255121
0.1636262368
-0.3433188669
1.0975823193
-0.4744656210
-0.8232601035
-1.3865614914
-1.4591887499
-0.5639560603
1.1956118393
1.4334855575
0.5787544256
2.1319166348
0.3509157609
0.0675618344
-0.0156590100
-0.1322045063
2.4385518152
2.2443832057
1.9779358214
3.5226353176
2.5419524817
2.3256022504
3.6279868356
2.1685533847
3.0604613982
0.4915829601

3.7371569648
1.7601668692
0.8035382629
-0.2344502018
0.1199257813
-0.5398689597
1.1759406808
1.7454399201
-1.3266676457
-1.1129412795
-2.5260706044
-3.7775672581
0.7295532909
-0.1535361125
0.4190911303
1.1893478336
2.1731272618
1.3089340526
2.7555955340
2.7969465617
2.9628513246
3.6612274540
3.4818640825
2.6585086208
-3.9151560570
-4.9086770511
-3.8065095434
-3.1613745206
-3.7940843553
-4.7714217550
-3.0220173145
-3.6368297060
-4.8508539330
-5.8450026642
-4.7135758191
-4.8059066582
-0.6946591718
2.4079084092

The cartesian coordination of 4TS1 is as follows:

H
Cc
Cc
Cc
Cc
Cc
Cc
H
H
H
Cc
N
H
H
Cc
O
0]
Cc
Cc
o
o}

0 1
0.6921732763
0.2132826291

-1.0365220652

-0.1854520802

-0.0238007896

-0.6504416334

-0.7986620400
0.2782858377

-0.8318326750
-1.5049208456
-0.0849134180
-1.0399530111
-1.9877915284
-0.0363903460

-0.3776766377

0.6594475775
-1.2610745882
-1.3332796845
-1.0688116190
-2.2014435779
-0.4821535168

0.4855487916
0.1998739439
-0.5271617529
-1.1190232397
1.1557324656
0.7950124586
-1.4674175658
2.1865105609
1.5456978642
-0.8179780279
-2.2842959021
-2.8737967086
-3.1521017521
-3.5483755873
-3.5536508234
-4.0671923521
-4.3795289357
-5.8232457980
-2.1256319055
-1.7109455383
-2.4937375224

1.0256656128
1.9586772211
4.3743428850
2.1674409789
2.9489903778
4.1460362822
3.3747692961
2.7867736268
4.9101742306
5.3105874973
1.2120556383
3.4633741699
3.7219638647
3.7471251138
2.0826460681
2.7424132720
1.4234024644
1.6743889654
0.0506424239
0.1752072464
-1.1039094399
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-1.2043901866
-1.5701814410
-0.7084710848
-1.7402497474
-2.4643936316
-0.0654115524
0.8089507202
0.0832225974
-0.1647522689
-2.5561721048
-2.4102834394
-3.4553292960
-2.7198352369
-0.1529286106
0.1645296841
0.7293732457
-0.5661946277
-2.4125952315
-3.1565860880
-2.0953854637
-2.8746665811
-1.6026751099
-2.3417498953
-2.0289748053
-0.7228070653
0.9248879567

-2.4488095053
-6.1337013698
-5.8490867952
-7.2090165131
-5.6153585669
-6.5042171845
-6.1797713924
-6.2461726661
-7.5936833862
-6.2415583493
-5.9970367343
-5.7230471816
-7.3212487816
-2.9578169539
-3.9722158667
-2.3095622260
-2.9741270612
-3.3892256159
-3.0443239245
-4.4000653856
-3.4360717455
-1.0045955846
-0.6298517289
-0.9596832290
-0.3520330650
-2.4200118602

-2.3902019282
3.1584431656
3.7643344868
3.2850133381
3.5264789332
1.1450590642

1.7104152560
0.0907416918
1.2206276047
0.8510728640

-0.2055569922
1.1998304315
0.9374500278

-3.3793192210

-3.1171044780
-3.3745563421

-4.3935047967

-2.3480227156

-1.6285747829

-2.0709413369

-3.3407722844

-2.7136810842

-2.0038707868

-3.7222805959

-2.6886118378

0.8167645237

The cartesian coordination of 4TS1S1 is as follows:
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0 1
-0.2092710406
0.2393792800
1.4030758249
0.3546537628
0.7039906937
1.2802130513
0.9332059528
0.6154832049
1.6371263337
1.8514662031
0.9756786611
2.0831855858
0.5278964359
-0.0734118196
0.1082554604
0.7229520341
-1.1187660776
-1.9672174499
1.9048881833
2.8031300957
3.9149840373
4.3218855169
4.6915871278
3.6202600175
-1.1221422431
0.7852794537
1.9687825843
0.0431282909
0.6448635886
-0.5564299461
-0.2471880069
-1.3335297709
-0.9872448564

1.7121797480
1.4267886686
0.6982195355
0.0822887236
2.4060181900
2.0434278818
-0.2612864265
3.4559712297
2.8120123209
0.4100409073
-1.6832796972
-2.3085066492
-1.9692920442
-1.1391470066
-2.3609890791
-3.4180857836
-2.5784746784
-3.7325688978
-3.5098226609
-3.2392944856
-2.8053365858
-3.6648969852
-2.4169949236
-2.0316184020
-1.0952035928
-1.3858679617
-1.1191613834
-1.9371684457
-2.4154309637
-3.0226223303
-3.4129042909
-2.2678317640
-3.8431560159

1.8767128772
2.8246510396
5.2846522165
3.1714828789
3.7066993567
4.9279446523
4.3929435198
3.4424134664
5.6078143958
6.2315517181
4.5853535542
4.4771964135
5.4584666615
2.4020376182
3.4140443004
2.9213044282
4.0983177878
3.8214053693
3.4382685991
4.0998847025
3.3067191101
2.7631490339
3.9737113366
2.5894343881
2.1031243378
1.1653922608
1.0911626261
0.1920253529
-1.0694799657
-1.7983447026
-2.7737546015
-1.9577585959
-1.2158974949
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1.6994448430
2.0057886470
1.2848303318
2.5800361640
1.2171219592
1.5601678298
2.0588836238
0.4459146787
-2.2564214704
-1.3374565065
-2.7413135811
-2.9365981909
-3.2570763609
-3.0534396356
-3.9931731520
-3.6917527583
-1.3449023724
-0.4261112290
-2.0523960540
-1.1116969358

-3.4856309253
-3.9684129286
-4.2476764597
-3.0508673769
-1.2306826887
-1.5734907317
-0.7793788173
-0.4684587316
-3.8828783528
-4.0619107690
-2.9832005380
-4.7275230922
-3.3847837927
-3.2480398529
-4.1885812114
-2.4573048311
-5.0103670987
-5.2686946973
-5.8449754619
-4.8641477934

-0.7698214423
-1.7049502633
-0.1025995419
-0.2947333169
-1.8543805609
-2.8373422586
-1.3269250354
-2.0119203477
2.3214888771
1.7606127484
1.9258036277
2.1606244169
4.5753991929
5.6428337356
4.4640742031
4.1883866929
4.4040930337
3.8771536066
4.3252961796
5.4652778108

The cartesian coordination of 4TS1S2 is as follows:

H
Cc
Cc
Cc
C
C
Cc
H
H
H
N
H
H
C
Cc
O
O
Cc
H
0]
Cc
H
H
H
H
O
Cc
H
H
H
Cc
(0]
O
Cc
Cc
H
H
H
Cc

0 1

-0.1062341672
0.1899859668
0.9325272213
0.0236068901
0.7312881332
1.0967996119
0.3984283354
0.8609475037
1.5101413268
1.2115022322
0.1866019427
1.4117178107

-0.2475236507

-0.5491794172

-0.8629058693

-0.7398512165

-2.1309723643

-3.0782081738
1.9986879429
2.3227049303
3.4968898557
4.3264640360
3.7291112191
3.3329191936
0.4510350563
1.3841545938
1.1141431086
0.4168991499
0.6776172916
2.0516111865
0.4355639978
1.6008460830

-0.1613479298
0.5344990455

-3.6841709675

-2.9214353660

-4.1067246887

-4.4915230942

-2.4528896825

4.3561823082
3.5808949758
1.5779906654
2.2384344453
3.9259208892
2.9300292904
1.2498096565
4.9723335048
3.2050043227
0.8031279630
-0.0631384486
-0.6848732942
-0.6791135020
1.6153623009
0.1080334090
-0.8200620520
0.1976501879
-0.9035609826
-1.5446657322
-1.2466082307
-0.4129094834
-0.9920247856
-0.1519771885
0.4906860185
-1.2835630957
-1.7870531389
-3.1792257851
-3.3188975155
-3.6216275103
-3.6928429970
1.6211952774
1.2824632804
2.0333270797
2.0244806785
-1.1175566720
-1.4538898369
-0.1762306939
-1.8590110468
-2.1992907361

0.7708333769
1.4731719994
3.3075722404
1.1479617829
2.7163451772
3.6255370490
2.0639728453
2.9780744696
4.5923091664
4.0174692404
1.5413533049
1.1504539525
2.2300894003
-0.0982435370
0.3164023501
-0.5900445818
0.9560290980
0.9716141567
-0.2634380661
0.8106501402
0.8188485006
0.4036996064
1.8552339512
0.2282757243
-1.0804241315
-1.3425635412
-1.5081947198
-2.3404870772
-0.6028172662
-1.7417203664
-1.2565717998
-1.1568906882
-2.3851468913
-3.6886735240
-0.4240802511
-1.1262620159
-0.7928411593
-0.3776954973
1.5138409484
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H -1.6394704247 -2.5348628959  0.8678788038
H -3.2102269289 -2.9904464875 1.5631086499
H -2.0715297861 -2.0506515743  2.5328542832
C  -4.1583074021 -0.4021261344  1.9397808528
H -3.7333827557 -0.2192556367  2.9326174040
H -4.9626783427 -1.1404214854  2.0343977584
H -4.5888452426  0.5365822727  1.5763682240
Cc 0.8958709754  0.5838461987 -4.0625622347
H 1.3184459749  0.5641832988 -5.0739325223
H -0.0018102277 -0.0432358069 -4.0520956610
H 1.6211343849  0.1573398956 -3.3680662877
Cc 1.7568667109  2.9476856320 -3.6468195651
H 2.1773643003  3.0395201152 -4.6548804773
H 2.5254343049  2.5581960048 -2.9783833142
H 1.4674864184  3.9490847217 -3.3088382627
C -0.5319954057  2.5823365678 -4.6346334173
H  -0.1445592969 2.6187062632 -5.6583906640
H -0.8223328300 3.5955217813 -4.3375254906
H -1.4258028110 1.9506335895 -4.6230421158
H -1.4853886929 2.0755601542 -0.4164793306

General procedure for di-t-butyl 2-(2-nitrophenyl)malonate derivatives (Scheme 3)

To a cooled (0 °C) solution of NaH (60% in mineral oil, 2.2 eq.) in DMF (1.0 M) was slowly added
di-t-butyl malonate (1.1 eq.). After 15 minutes, 2-fluoro nitrobenzene derivative was added to the
reaction mixture dropwise at 0 °C. The resultant mixture was stirred at room temperature overnight
and quenched with 0.1 N HCI ag. The resultant aqueous phase was extracted with EtOAc/n-hexane
(= 1/1) solution. The combined organic phases were washed with brine. The resultant organic phase
was dried over Na SOy, filtered, and the filtrate was concentrated in vacuo. The residue was purified

by silica gel column chromatography (n-hexane/EtOAc = 100/70 — 30/70).

Di-t-butyl 2-(2-nitrophenyl)malonate (6)%

CO,tBuU

CO,tBu

NO,
Yield: 83% as a pale yellow solid: *H NMR (CDCls) &: 8.04 (1H, d, J = 8.0 Hz), 7.63 (1H, dd, J =
7.2,8.0 Hz), 7.55 (1H, d, J = 8.0 Hz), 7.49 (1H, dd, J = 7.2, 8.0 Hz), 5.11 (1H, s), 1.49 (18H, s); 13C
NMR (CDCl») &: 166.5, 148.9, 133.3, 130.9, 129.1, 128.8, 125.0, 82.8, 56.3, 27.8; HRMS (ESI): m/z
calcd. for C17H23NOgNa: 360.1418 [M+Na]*; found: 360.1412.

General procedure for di-t-butyl 2-alkyl-2-(2-nitrophenyl)malonate derivatives (Scheme 3)

Di-t-butyl 2-(2-nitrophenyl)malonate derivative (1.00 g) was dissolved in DMF (0.7 M). K.COs3 (1.3

eq.) and alkyl iodide (1.2 eq.) were added to the reaction mixture. The resultant mixture was stirred

at room temperature overnight. The reaction mixture was diluted with water and extracted with

EtOAc/n-hexane = 2/1. The combined organic phases were washed with brine, dried over Na;SOa,
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filtered, and the filtrate was concentrated in vacuo. The residue was purified by silica gel column
chromatography (n-hexane/EtOAc = 100/0 — 40/60).

Di-t-butyl 2-methyl-2-(2-nitrophenyl)malonate (7)
v COzBU
CO,tBu

NO,

Yield: 73%; as a colorless solid; mp: 102-103 °C; IR (CHCIs): 1726, 1533, 1164, 1121 cm™*; *H
NMR (CDCls) 8: 7.98 (1H, d, J=7.6 Hz), 7.55 (1H, t, J = 7.6 Hz), 7.43 (1H, t, J = 7.6 HZz), 7.30
(1H,d,J=7.6 Hz), 1.94 (3H, s), 1.45 (18H, s); 1*C NMR (CDCls) 8: 168.6, 149.0, 135.5, 132.8,
129.3, 128.0, 125.7, 82.8, 61.0, 27.6, 23.7; HRMS (ESI): m/z calcd. for C1sH2sNOgNa: 374.1574
[M+Na]*; found: 374.1576.

Reduction reaction of di-t-butyl 2-(2-nitrophenyl)malonate (6) to Di-t-butyl 2-(2-

aminophenyl)malonate (4)%° (Scheme 3)

CO,tBu CO,tBu
@\)\COZtBu - . @\)\COZtBu

NO, NH,

6 4

Di-t-butyl 2-(2-nitrophenyl)malonate 6 (520 mg, 1.54 mmol) was dissolved in MeOH (5.1 mL, 0.3
M). 10% Pd/C (52.0 mg, w/w = 1/10) was added to the reaction mixture. The resultant mixture was
stirred at room temperature under H, atmosphere. The reaction was followed by 'H NMR. After 2
hours, the mixture was passed through a pad of Celite with MeOH and the solvent was removed in
vacuo. Purification using silica gel column chromatography (n-hexane/EtOAc = 100/0 — 70/30)
afforded di-t-butyl 2-(2-aminophenyl)malonate 4 (467 mg, 98%) as a colorless solid; *H NMR
(CDCl3) 6: 7.17 (1H, d, J=7.6 Hz), 7.11 (1H, t,J = 7.6 Hz), 6.76 (1H, t, J = 7.6 Hz), 6.71 (1H, d, J
=7.6 Hz), 4.47 (1H, s), 4.10 (2H, br s), 1.47 (18H, s); 1*C NMR (CDCls) 8: 167.9, 145.4, 131.1,
128.8,119.8, 118.7, 117.3, 82.2, 57.4, 27.9; HRMS (ESI): m/z calcd. for C17H26NO4: 308.1856
[M+H]*; found: 308.1854.

Reduction reaction of di-t-butyl 2-methyl-2-(2-nitrophenyl)malonate (7) (Scheme 3)

Me CO,tBu Me CO,tBu
COtBUu — » CO,tBu
NO, NH,
7 5

Di-t-butyl 2-methyl-2-(2-nitrophenyl)malonate 7 (1.01 g, 2.88 mmol) was dissolved in MeOH (3.4
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mL, 0.3 M). 10% Pd/C (101 mg, w/w = 1/10) was added to the reaction mixture. The resultant
mixture was stirred at room temperature under H, atmosphere. The reaction was followed by 'H
NMR. After 2 hours, the mixture was passed through a pad of Celite with MeOH and the solvent was
removed in vacuo. Purification using silica gel column chromatography (n-hexane/EtOAc = 100/0 —
70/30) afforded di-t-butyl 2-(2-aminophenyl)-2-methylmalonate 5 (0.75 g, 81%) as a brown oil; IR
(CHCls): 3439, 1736, 1620, 1255, 1163, 1119 cm*; *H NMR (CDCls) &: 7.14 (1H, dd, J = 8.0, 1.2
Hz), 7.09 (1H, td, J = 8.0, 1.2 Hz), 6.76 (1H, td, J = 8.0, 1.2 Hz), 6.70 (1H, dd, J = 8.0, 1.2 Hz), 4.19
(2H, brs), 1.81 (3H, s), 1.47 (18H, s); 1*C NMR (CDCl3) &: 171.1, 145.8, 128.2, 127.1, 125.6, 118.5,
118.4,81.8, 58.9, 27.7, 22.1; HRMS (ESI): m/z calcd. for C1gH2sNO4: 322.2013 [M+H]*; found:
322.2013.

General procedure for cyclization reaction of di-t-butyl 2-(2-aminophenyl)malonate (4) and di-
t-butyl 2-(2-aminophenyl)-2-methylmalonate (5) (Table 3)

Di-t-butyl 2-(2-aminophenyl)malonate 4 or di-t-butyl 2-(2-aminophenyl)-2-methylmalonate 5 (100
mg) was dissolved in MeOH (0.3 M). Acid additive (1.0 eg.) was added to the reaction mixture. The
resultant mixture was stirred at room temperature or 60 °C. The reaction was followed by *H NMR.
After confirming the completion of the cyclization reaction by *H NMR, the mixture was
concentrated in vacuo. The residue was purified by silica gel column chromatography (n-
hexane/EtOAc = 20/80 — 20/80).

t-Butyl 3-methyl-oxindole-3-carboxylate (1) (Table 3)
Me co,tBu

@f%o
N
H

1

A colorless solid; mp: 115-116 °C; IR (CHCls): 3439, 1736, 1618, 1163, 1124 cm™*; *H NMR
(DMSO-de) 8: 10.56 (1H, brs), 7.22 (1H,t,J = 7.6 Hz), 7.17 (1H, d, J = 7.6 Hz), 6.97 (1H,t,J=7.6
Hz), 6.86 (1H, d, J = 7.6 Hz), 1.43 (3H, s), 1.27 (9H, s); 3C NMR (CDCls) &: 177.7, 168.5, 140.8,
131.2,128.7,123.0, 122.7, 110.0, 82.3, 56.4, 27.7, 19.8; HRMS (ESI): m/z calcd. for C1sH17NOsNa:
270.1101 [M+Na]*; found: 270.1101.

Indolin-2-one (Table 3)

©\/>:O
N
H

A brown solid; 'H NMR (DMSO-ds) &: 10.33 (1H, br's), 7.18 (1H, d, J = 7.2 Hz), 7.14 (1H, dd, J =
7.2,7.6 Hz), 6.91 (1H, dd, J = 7.6, 8.0 Hz), 6.79 (1H, d, J = 8.0 Hz), 3.4 (2H, s); *C NMR (CDCl5)
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8:178.3,142.6, 127.9, 125.2, 124.5, 122.3, 109.9, 36.3; HRMS (ESI): m/z calcd. for CgHgNO:
134.0600 [M+H]*; found: 134.0592.

Preparation of di-t-butyl 2-(2-aminobenzyl)-2-methylmalonate (9) (Scheme 5)

Di-t-butyl 2-(2-nitrobenzylidene)malonate (11)
tBuO,C_ _CO,tBu

NO,
11
2-Nitrobenzaldehyde 10 (3.32 g, 22.0 mmol) was dissolved in Ac2O (7.9 mL). Di-t-butyl malonate
(8.24 mL, 44.0 mmol, 2.0 eq.) and K>COs3 (4.56 g, 33.0 mmol, 1.5 eq.) were added to the reaction
mixture. The resultant mixture was stirred at 80 °C. After 4 hours, the mixture was poured into water
and the resulting aqueous phase was extracted with EtOAc. The combined organic phases were
washed with brine, dried over Na;SOg, filtered, and the filtrate was concentrated in vacuo.
Purification using silica gel column chromatography (n-hexane/EtOAc = 70/30) and crystallization
from n-hexane afforded di-t-butyl 2-(2-nitrobenzylidene)malonate 11 (3.69 g, 48%) as a colorless
solid; mp 93-95 °C; IR (CHCls): 1720, 1528, 1159 cm'*; *H NMR (DMSO-dg) &: 8.21 (1H, d, J =
7.6 Hz), 7.92 (1H, s), 7.81 (1H, t, J = 7.6 Hz), 7.69 (1H, t, J = 7.6 Hz), 7.47 (1H, d, J = 7.6 Hz), 1.48
(9H, s), 1.25 (9H, s); 13C NMR (CDCls) &: 164.1, 162.6, 147.1, 138.3, 133.5, 132.2, 130.9, 130.5,
129.7,124.8, 82.5, 82.3, 28.0, 27.6; HRMS (ESI): m/z calcd. for C1gH23NO¢Na: 372.1418 [M+Na]*;
found: 372.1420.

Di-t-butyl 2-(2-nitrobenzyl)malonate (12)3%
tBuO,C_ _CO,tBu

NO,
12
To a cooled (0 °C) solution of di-t-butyl 2-(2-nitrobenzylidene)malonate 11 (3.18 g, 9.10 mmol) in
MeOH (30 mL) was slowly added NaBH4 (448 mg, 11.8 mmol, 1.3 eq.). The reaction mixture was
stirred at 0 °C for 1 hour and quenched with 1 N HCI ag. The resultant aqueous phase was extracted
with EtOAc. The combined organic phases were washed with brine, dried over Na,SOa, filtered, and
the filtrate was concentrated in vacuo. Purification using silica gel column chromatography (n-
hexane/EtOAc = 70/30) afforded compound 12 (3.17 g, 99%) as a pale yellow oil: *H NMR (CDCls)
5: 8.00 (1H, d, J=8.4 Hz), 7.51 (1H, dd, J = 8.4, 7.2 Hz), 7.43-7.37 (2H, m), 3.66 (1H, t,J=8.0
Hz), 3.44 (2H, d, J = 8.0 Hz), 1.40 (18H, s); 1*C NMR (CDCls) &: 167.9, 149.2, 133.6, 133.2, 133.0,
127.9,125.1, 81.8, 53.8, 32.1, 27.8; HRMS (ESI): m/z calcd. for C1gH2sNO¢Na: 374.1574 [M+Na]*;
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found: 374.1573.

Di-t-butyl 2-methyl-2-(2-nitrobenzyl)malonate (13)

Me
tBuO,C_| CO,tBu

NO,
13

To a cooled (0 °C) solution of di-t-butyl 2-(2-nitrobenzyl)malonate 12 (3.01 g, 8.57 mmol) in THF
(29 mL) was slowly added NaH (55% in mineral oil, 488 mg, 11.1 mmol, 1.3 eq.). After 5 minutes,
Mel (800 uL, 12.9 mmol, 1.5 eq.) was added to the reaction mixture at 0 °C. The resultant mixture
was stirred at room temperature overnight. The mixture was diluted with water and the resulting
aqueous phase was extracted with EtOAc. The combined organic phases were washed with brine,
dried over NaxSQy, filtered, and the filtrate was concentrated in vacuo. Purification using silica gel
column chromatography (n-hexane/EtOAc = 80/20) afforded di-t-butyl 2-methyl-2-(2-
nitrobenzyl)malonate 13 (1.86 g, 58%) as a pale yellow oil; IR (CHCI53): 1720, 1529, 1163, 1117 cnmr
11H NMR (CDCls) &: 7.83 (1H, dd, J=7.6, 1.2 Hz), 7.48 (1H, td, J = 7.6, 1.2 Hz), 7.43 (1H, dd, J =
7.6, 1.6 Hz), 7.37 (1H, td, J = 7.6, 1.6 Hz), 3.59 (2H, s), 1.43 (18H, s), 1.22 (3H, 5); 13C NMR
(CDCly) 6: 170.7, 150.9, 133.0, 132.1, 132.0, 127.7, 124.6, 81.7, 56.0, 35.6, 27.8, 19.9; HRMS
(ESI): m/z calcd. for C19gH27NOgNa: 388.1731 [M+Na]*; found: 388.1732.

Di-t-butyl 2-(2-aminobenzyl)-2-methylmalonate (9)

Me
tBuO,C_| CO,tBu
NH,

Di-t-butyl 2-methyl-2-(2-nitrobenzyl)malonate 13 (1.81 g, 4.95 mmol) was dissolved in MeOH (17
mL). 10% Pd/C (w/w = 1/10, 180 mg) was added to the reaction mixture. The resultant mixture was
stirred at room temperature under Hz atmosphere overnight. The mixture was passed through a pad
of Celite with MeOH and the solvent was removed in vacuo. The residue was purified by silica gel
column chromatography (CHCIs/MeOH = 90/10) to afford di-t-butyl 2-(2-aminobenzyl)-2-
methylmalonate 9 (1.43 g, 86%) as a brown solid; mp 68—70 °C; IR (CHCls): 3392, 1719, 1624,
1223, 1157, 1115 cm; *H NMR (CDCls) 8: 7.02 (1H, t, J = 7.6 Hz), 7.00 (1H, d, J = 7.6 Hz), 6.66
(1H,t,J=7.6 Hz), 6.63 (1H, d, J = 7.6 Hz), 4.01 (2H, br s), 3.09 (2H, s), 1.43 (18H, s), 1.36 (3H, 5);
13C NMR (CDCl3) 6: 172.0, 145.7, 132.3, 127.8, 121.4, 118.1, 116.1, 81.5, 55.9, 35.6, 27.8, 20.7;
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HRMS (ESI): m/z calcd. for C19H30NO4: 336.2169 [M+H]*; found: 336.2169.

Cyclization reaction of di-t-butyl 2-(2-aminobenzyl)-2-methylmalonate (9) (Table 4)

Me
©\/ICOZtBu
B —
N0
NH, H

9 14

Me
tBuO,C CO,tBu

Di-t-butyl 2-(2-aminobenzyl)-2-methylmalonate 9 (101 mg, 301 umol) was dissolved in MeOH (1.0
mL). AcOH (67.0 uL, 301 umol, 1.0 eq.) was added to the reaction mixture. The resultant mixture
was stirred at room temperature. The reaction was followed by *H NMR. After 24 hours, the mixture
was concentrated in vacuo. t-Butyl 3-methyl-2-ox0-1,2,3,4-tetrahydroquinoline-3-carboxylate 14
(15.2 mg, 19%) was obtained during purification of the residue through column chromatography
(SiO2, n-hexane/EtOAc = 100/0 — 40/60) as a brown oil; IR (CHCls): 3437, 1732, 1618, 1161, 1124
cmt; *H NMR (CDCls) &: 7.50 (1H, brs), 7.18 (1H, t, J = 7.6 Hz), 7.15 (1H, d, J = 7.6 Hz), 6.99
(1H,t,J=7.6 Hz), 6.73 (1H, d, J = 7.6 Hz), 3.27 (1H, d, J = 15.6 Hz), 2.89 (1H, d, J = 15.6 HZ),
1.51 (3H, s), 1.23 (9H, s); 13C NMR (CDCls) 8: 171.4, 171.1, 137.0, 128.0, 127.7, 123.0, 122.6,
114.9, 82.0, 50.0, 37.5, 27.5, 19.9; HRMS (ESI): m/z calcd. for C1sH1sNOsNa: 284.1257 [M+Na]*;
found: 284.1255.

Cylization of di-t-butyl 2-(2-aminophenyl)-2-methylmalonate (5) (Table 5)
See general procedure for cyclization reaction of di-t-butyl 2-(2-aminophenyl)malonate (4) and di-t-

butyl 2-(2-aminophenyl)-2-methylmalonate (5) (Table 3).

General procedure for tandem reduction-lactamization reaction of di-t-butyl 2-methyl-2-(2-
nitrophenyl)malonate (7) (Table 6)

Di-t-butyl 2-methyl-2-(2-nitrophenyl)malonate 7 (100 mg) was dissolved in MeOH (0.3 M). 10%
Pd/C (w/w = 1/10) and acid additive (1.0 eq.) were added to the reaction mixture. The resultant
mixture was stirred at room temperature under H, atmosphere. The reaction was followed by 'H
NMR. After confirming the completion of the cyclization reaction by *H NMR, the mixture was
passed through a pad of Celite with MeOH and the solvent was removed in vacuo. The residue was

purified by silica gel column chromatography (n-hexane/EtOAc = 100/0 — 40/60).
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t-Butyl 1-hydroxy-3-methyl-oxindole-3-carboxylate (17) (Table 6)
Me co,tBu

OIS

OH
17

A brown solid; mp 124-125 °C; IR (CHCIs): 3153, 1734, 1614, 1220, 1155 cm%; *H NMR (DMSO-
de) 8: 10.96 (1H, brs), 7.33 (1H, t, J=7.6 Hz), 7.24 (1H, d, J = 7.6 Hz), 7.05 (1H, t, J = 7.6 HZ),
6.97 (1H, d, J= 7.6 Hz), 1.47 (3H, s), 1.28 (9H, s); 1*C NMR (CDCls) 8: 171.8, 167.7, 141.1, 129.0,
127.0, 123.7, 122.4, 108.8, 82.8, 55.0, 27.6, 19.3; HRMS (ESI): m/z calcd. for C14H17NOsNa:
286.1050 [M+Na]*; found: 286.1049.

General procedure for di-t-butyl 2-(2-nitrophenyl)malonate derivatives (Scheme 7)
See general procedure for di-t-butyl 2-(2-nitrophenyl)malonate derivatives (Scheme 3) and general

procedure for di-t-butyl 2-alkyl-2-(2-nitrophenyl)malonate derivatives (Scheme 3).

Di-t-butyl 2-(5-fluoro-2-nitrophenyl)malonate (6a)

CO,tBu

CO,tBu
NO,
6a

Yield: 50%; as a colorless solid; mp: 87-89 °C; IR (film): 1722, 1531, 1162 cm*; *H NMR (DMSO-
de) 8: 8.24 (1H, dd, J =9.2, 5.2 Hz), 7.52 (1H, ddd, J = 9.2, 8.0, 2.8 Hz), 7.33 (1H, dd, J = 10.0, 2.8
Hz), 5.20 (1H, s), 1.43 (18H, s); 1*C NMR (CDCls) §: 166.0, 164.7 (d, J = 257.2 Hz), 145.1 (d, J =
3.9 Hz), 1325 (d, J = 9.7 Hz), 127.9 (d, J = 10.7 Hz), 118.1 (d, J = 25.1 HZz), 115.8 (d, J = 23.1 Hz),
83.3, 56.4 27.9; HRMS (ESI): m/z calcd. for C17H22FNOgNa: 378.1323 [M+Na]*; found: 378.1320.

2-Fluoro-4-methoxy-1-nitrobenzene (18b)%*

MeO F
: :NOZ

18b

3-Fluoro-4-nitrophenol (1.00 g, 6.37 mmol) was dissolved in DMF (13 mL). K>COs (1.14 g, 8.28
mmol, 1.3 eq.) and Mel (436 pL, 7.00 mmol, 1.2 eq.) were added to the reaction mixture. The
resultant mixture was stirred at room temperature overnight. The reaction mixture was diluted with
water and extracted with EtOAc / Hexane = 2 / 1. The combined organic phases were washed with
brine, dried over Na;SOu, filtered, and the filtrate was concentrated in vacuo. Purification using
silica gel column chromatography (n-hexane/EtOAc = 50/50) afforded title compound 18b (1.18 g,
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68%) as a pale yellow solid: *H NMR (DMSO-dg) &: 8.13 (1H, t, J =9.2 Hz), 7.17 (1H, dd, J = 13.4,
2.4 Hz), 6.96 (1H, dd, J=9.2, 2.4 Hz), 3.89 (3H, s); *C NMR (DMSO-dg) 3: 165.3 (d, J = 11.6 Hz),
156.7 (d, J = 262.0 Hz), 130.0 (d, J = 6.7 Hz), 128.0, 111.3 (d, J = 2.9 Hz), 103.4 (d, J = 24.1 Hz),
56.8; HRMS (ESI): m/z calcd. for C;H7FNO3: 172.0404 [M+H]*; found: 172.0405.

Di-t-butyl 2-(5-methoxy-2-nitrophenyl)malonate (6b)%
CO,tBu
MeO CO,tBu

NO,
6b

Yield: 84% as a colorless solid: *H NMR (DMSO-dg) 6: 8.18 (1H, d, J =9.2 Hz), 7.15 (1H, dd, J =

9.2,2.4Hz),6.91 (1H, d, J = 2.4 Hz), 5.14 (1H, s), 3.87 (3H, s), 1.42 (18H, s); 13C NMR (DMSO-

de) 6: 165.7,162.9, 141.2, 131.6, 128.1, 116.8, 113.3, 82.1, 56.9, 56.2, 27.4; HRMS (ESI): m/z calcd.

for C1gH2sNO7Na: 390.1523 [M+Na]*; found: 390.1527.

Di-t-butyl 2-(4-methyl-2-nitrophenyl)malonate (6c¢)
CO,tBu
CO,tBu

Me NO,
6¢c

Yield: 78%; as a colorless solid; mp: 49-52 °C; IR (film): 1728, 1538, 1135 cm*; *H NMR (DMSO-
de) 8: 7.90 (1H, s), 7.59 (1H, d, J = 7.9 Hz), 7.36 (1H, d, J = 7.9 Hz), 5.01 (1H, s), 2.40 (3H, s), 1.41
(18H, s); 1*C NMR (DMSO-ds) &: 166.0, 148.3, 140.0, 134.4, 130.9, 125.5, 125.1, 82.1, 56.0, 27.4,
20.2; HRMS (ESI): m/z calcd. for C1sH2sNOgNa: 374.1574 [M+Na]*; found: 374.1578.

Di-t-butyl 2-(2-nitro-4-(trifluoromethyl)phenyl)malonate (6d)
CO,tBu
CO,tBu
FsC NO,
6d
Yield: quant.; as a yellow oil; IR (film): 1733, 1538, 1136 cm™*; *H NMR (DMSO-ds) 8: 8.41 (1H, s),
8.20 (1H,d,J=7.9 Hz), 7.77 (1H, d, J = 7.9 Hz), 5.25 (1H, s), 1.42 (18H, s); *C NMR (DMSO-ds)
d: 165.3, 148.8, 133.2, 132.9, 130.2 (q, J = 3.8 Hz), 129.7 (q, J = 33.7 Hz), 122.8 (g, J = 272.6 Hz),
122.2 (9, J = 3.8 Hz), 82.6, 56.1, 27.4; HRMS (ESI): m/z calcd. for C1gH22F3sNOgNa: 428.1291
[M+Na]*; found: 428.1294.
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Di-t-butyl 2-(5-fluoro-2-nitrophenyl)-2-methylmalonate (7a)

v CO2tBU
CO,tBu
NO,

7a

Yield: 88%; as a colorless solid; mp: 69-71 °C; IR (film): 1730, 1535, 1165, 1120 cm™%; *H NMR

(CDCl3) 6: 8.08 (1H, dd, J =9.2, 5.6 Hz), 7.12 (1H, ddd, J = 9.2, 7.2, 2.4 Hz), 7.05 (1H, dd, J =

10.0, 2.4 Hz), 1.94 (3H, s), 1.45 (18H, s); 1*C NMR (CDCls) 8: 168.2, 164.4 (d, J = 255.2 Hz), 145.1

(d, J=3.9Hz),138.9 (d, J=8.7 Hz), 128.4 (d, J = 9.7 Hz), 116.6 (d, J = 25.1 Hz), 114.8 (d, J = 23.2

Hz), 83.1, 60.8, 27.6, 23.5; HRMS (ESI): m/z calcd. for C1gH24FNOgNa: 392.1480 [M+Na]*; found:

392.1477.

Di-t-butyl 2-(5-methoxy-2-nitrophenyl)-2-methylmalonate (7b)
Me CO,tBu
MeO CO,tBu

NO,
7b

Yield: 70%; as a colorless solid; mp: 117-118 °C; IR (film): 1742, 1524, 1168, 1121 cm*; 'H NMR

(DMSO-de) 8: 8.12 (1H, d, J=9.2 Hz), 7.12 (1H, dd, J = 9.2, 2.4 Hz), 6.69 (1H, d, J = 2.4 Hz), 3.87

(3H, s), 1.80 (3H, s), 1.43 (18H, s); 3C NMR (DMSO-ds) 5: 167.8, 162.7, 141.4, 137.3, 128.6,

115.2, 112.3, 82.2, 60.6, 56.1, 27.2, 23.5; HRMS (ESI): m/z calcd. for C19H27NO7Na: 404.1680

[M+Na]*; found: 404.1676.

Di-t-butyl 2-methyl-2-(4-methyl-2-nitrophenyl)malonate (7c)
Me CO,tBu
CO,tBu

Me NO,
7c

Yield: 73%; as a yellow oil; IR (film): 1715, 1541, 1161, 1052 cm*; *H NMR (DMSO-ds) 6: 7.81
(1H,s), 7.54 (1H, d, J = 8.0 Hz), 7.13 (1H, d, J = 8.0 Hz), 2.37 (3H, s), 1.76 (3H, 5), 1.35 (18H, 5);
13C NMR (DMSO-de) 8: 167.9, 148.2, 138.8, 134.1, 131.6, 129.0, 125.7, 82.2, 60.2, 27.1, 23.8, 19.9;
HRMS (ESI): m/z calcd. for C19H27NOgNa: 388.1731 [M+Na]*; found: 388.1728.
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Di-t-butyl 2-methyl-2-(2-nitro-4-(trifluoromethyl)phenyl)malonate (7d)
Me CO,tBu
CO,tBu
FsC NO,
7d

Yield: 90%; as a yellow oil; IR (film): 1733, 1539, 1143, 1053 cm™*; *H NMR (DMSO-de) 6: 8.34
(1H,d,J=1.8Hz),8.14 (1H,dd, J=7.9, 1.8 Hz), 7.55 (1H, d, J = 7.9 Hz), 1.82 (3H, s), 1.36 (18H,
s); ®°C NMR (DMSO-dg) &: 167.3, 148.7, 138.6, 131.0, 130.1 (g, J = 3.8 Hz), 129.2 (q, J = 33.6 Hz),
122.8 (q, J = 272.6 Hz), 122.8 (g, J = 3.8 Hz), 82.8, 60.5, 27.1, 23.5; HRMS (ESI): m/z calcd. for

C19H24F3sNOgNa: 442.1448 [M+Na]*; found: 442.1450.

Di-t-butyl 2-ethyl-2-(2-nitrophenyl)malonate (7e) (Scheme 8)
g, COtBU
CO,tBu

NO,

Te
Yield: 83%; as a pale yellow solid; mp: 39-40 °C; IR (film): 1733, 1538, 1168, 1117 cm; 'H-NMR
(DMSO-de) 5: 8.01 (1H, dd, J = 7.6, 1.6 Hz), 7.75 (1H, td, J = 7.6, 1.6 Hz), 7.59 (1H, td, J = 7.6, 1.6
Hz), 7.33 (1H, dd, J = 7.6, 1.6 Hz), 2.40 (2H, q, J = 7.6 Hz), 1.36 (18H, s), 0.77 (3H, t, J = 7.6 Hz);
13C NMR (DMSO-dg) &: 167.6, 149.4, 132.8, 131.7, 131.0, 128.7, 125.4, 82.1, 64.1, 28.1, 27.2, 10.1;
HRMS (ESI): m/z calcd. for C19H27NOgNa: 388.1731 [M+Na]*; found: 388.1733.

General procedure for tandem reduction-lactamization reaction of di-t-butyl 2-methyl-2-(2-
nitrophenyl)malonate derivatives (Table 7 method A)
See general procedure for tandem reduction-lactamization reaction of di-t-butyl 2-methyl-2-(2-

nitrophenyl)malonate (7) (Table 6).

General procedure for tandem reduction-lactamization reaction of di-t-butyl 2-methyl-2-(2-
nitrophenyl)malonate derivatives (Table 7 method B)

Di-t-butyl 2-methyl-2-(4-methyl-2-nitrophenyl)malonate 7c (100 mg, 275 umol) was dissolved in
MeOH (0.92 mL, 0.3 M). 10% Pd/C (10.0 mg, w/w = 1/10) was added to the reaction mixture. The
resultant mixture was stirred at room temperature under H, atmosphere. The reaction was followed
by 'H NMR. After confirming the completion of the reduction reaction by *H NMR (30 hours), citric
acid (52.8 mg, 275 umol, 1.0 eq.) was added to the reaction mixture. The resultant mixture was
stirred at room temperature. The reaction was followed by 'H NMR. After confirming the

completion of the cyclization reaction by *H NMR (2 hours), the mixture was passed through a pad
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of Celite with MeOH and the solvent was removed in vacuo. The residue was purified by silica gel
column chromatography (n-hexane/EtOAc = 100/0 — 40/60).

General procedure for tandem reduction-lactamization reaction of di-alkyl 2-methyl-2-(2-
nitrophenyl)malonate (Table 7 method C)

Di-t-butyl 2-alkyl-2-(2-nitrophenyl)malonate derivative (100 mg) was dissolved in MeOH (0.3 M).
10% Pd/C (w/w = 1/10) was added to the reaction mixture. The resultant mixture was stirred at room
temperature under H, atmosphere. The reaction was followed by 'H NMR. After confirming the
completion of the cyclization reaction by *H NMR, the mixture was passed through a pad of Celite
with MeOH and the solvent was removed in vacuo. The residue was purified by silica gel column
chromatography (n-hexane/EtOAc = 100/0 — 40/60).

t-Butyl 5-fluoro-3-methyl-oxindole-3-carboxylate (1a)

Me  co,tBu
F
mo
N
H

la

Yield: 95%; as a colorless solid; mp 148-150 °C; IR (film): 3230, 1735, 1628, 1159, 1124 cm™; *H
NMR (CDCls) 8: 7.63 (1H, br s), 6.98 (1H, dd, J = 8.4, 2.8 Hz), 6.96 (1H, td, J = 8.4, 2.8 Hz), 6.83
(1H, dd, J=8.4, 4.0 Hz), 1.63 (3H, s), 1.38 (9H, s); 13C NMR (CDCls) 8: 177.9, 167.9, 159.1 (d, J =
240.8 Hz), 136.8 (d, J = 1.9 Hz), 132.6 (d, J = 8.7 Hz), 115.1 (d, J = 24.1 Hz), 111.1 (d, J = 24.1
Hz), 110.7 (d, J = 8.7 Hz), 82.8, 57.0, 27.7, 19.9; HRMS (ESI): m/z calcd. for C14H16FNO3Na:
288.1006 [M+Na]*; found: 288.1005.

t-Butyl 5-methoxy-3-methyl-oxindole-3-carboxylate (1b)

Me co,tBu

MeO
O
N

H
1b

Yield: 91%; as a colorless solid; mp 109-111 °C; IR (CHCls): 3439, 1736, 1605, 1161, 1123 cm™%;

'H NMR (DMSO-dg) &: 10.39 (1H, br s), 6.82-6.77 (3H, m), 3.70 (3H, s), 1.44 (3H, s), 1.30 (9H, s);

13C NMR (DMSO-de) 8: 176.0, 168.4, 154.9, 135.3, 132.4, 113.3, 110.1, 109.6, 81.3, 56.1, 55.5,

27.3,19.6; HRMS (ESI): m/z calcd. for C15H19NO4sNa: 300.1206 [M+Na]*; found: 300.1206.
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t-Butyl 3,6-dimethyl-oxindole-3-carboxylate (1c)

V& co,tBu
/@f&‘ )

N

Me H

1c

Yield: 81%; as a colorless sold; mp 159-161 °C; IR (CHCls): 3439, 1734, 1630, 1163, 1124 cm™%; 'H
NMR (DMSO-dg) 6: 10.50 (1H, s), 7.03 (1H, d, J= 7.3 Hz), 6.77 (1H, d, J = 7.3 Hz), 6.68 (1H, s),
2.27 (3H, s), 1.40 (3H, s), 1.27 (9H, s); 3C NMR (DMSO-d¢) &: 176.5, 168.7, 142.2, 138.3, 128.3,
122.3,110.4, 81.2, 55.4, 27.3, 21.3, 19.6; HRMS (ESI): m/z calcd. for C1sH1sNOsNa: 284.1257
[M+Na]*; found: 284.1258.

t-Butyl 3-methyl-6-(trifluoromethyl)indole-3-carboxylate (1d)

Me co,tBu

ot
FsC N

1d

Yield: 93%, as a yellow oil; IR (CHCIs): 3146, 1738, 1630, 1171, 1134 cm™%; 'H NMR (DMSO-ds)
8:7.50 (1H, d,J=7.9 Hz), 7.42 (1H, d, J = 7.9 Hz), 7.17 (1H, s), 1.50 (3H, s), 1.29 (9H, s); *C
NMR (DMSO-dg) 8: 169.2, 167.1, 143.2, 131.0, 129.7 (q, J = 31.8 Hz), 123.9 (q, J = 272.6 Hz),
1235, 119.7, 103.5, 82.3, 54.1, 27.2, 19.0; HRMS (ESI): m/z calcd. for C1sH1sFsNOsNa: 338.0974
[M+Na]*; found: 338.0972.

t-Butyl 3-ethyl-oxindole-3-carboxylate (1e)
Bt co,tBu
@fﬁzo
N
H

le

Yield: 91%; as a pale yellow solid; mp 113-117 °C; IR (CHCls): 3437, 1736, 1620, 1157 cm™*; *H
NMR (DMSO-dg) 8: 10.57 (1H, s), 7.22 (1H, t, J = 7.6 Hz), 7.15 (1H, d, J = 7.6 Hz), 6.98 (1H, t, J =
7.6 Hz), 6.86 (1H, d, J =7.6 Hz), 2.03 (2H, g, J = 7.6 Hz), 1.28 (9H, s), 0.56 (3H, t, J = 7.6 Hz); 13C
NMR (DMSO-dg) 8: 175.2, 168.2, 142.8, 128.7, 122.9, 121.8, 109.5, 81.3, 60.7, 27.4, 26.3, 7.9;
HRMS (ESI): m/z calcd. for C1sH19NOsNa: 284.1257 [M+Na]*; found: 284.1257.
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t-Butyl 1-hydroxy-3,6-dimethyl-oxindole-3-carboxylate (17¢)
Me co,tBu

mo
Me N

OH
17¢

Yield; 76% as a colorless solid; mp 130-131 °C; IR (CHCls): 3153, 1734, 1701, 1223, 1155 cm™*; *H
NMR (CDCls) 8: 10.22 (1H, br s), 7.10 (1H, d, J = 7.3 Hz), 7.01 (1H, s), 6.89 (1H, d, J = 7.3 H2),
2.39 (3H, s), 1.55 (3H, 5), 1.32 (9H, s); 3C NMR (CDCl3) 8: 172.1, 167.9, 141.1, 139.4, 124.1,
124.1,122.1, 109.6, 82.6, 54.7, 27.6, 21.7, 19.4; HRMS (ESI): m/z calcd. for C1sH1sNOsNa:
300.1206 [M+Na]*; found: 300.1206.

t-Butyl 1-hydroxy-3-methyl-6-(trifluoromethyl)oxindole-3-carboxylate (17d)
Me co,tBu

ot
FsC N

OH
17d

Yield; 78% as a pale yellow oil; IR (CHCIs): 3140, 1738, 1711, 1319, 1170 cm%; *H NMR (CDCls)
5:10.14 (1H, brs), 7.42 (1H, s), 7.40 (1H, d, J = 7.9 Hz), 7.36 (1H, d, J = 7.9 Hz), 1.62 (3H, s), 1.33
(9H, s); *C NMR (CDCls) 8: 171.9, 166.8, 141.7, 131.7 (g, J = 32.8 Hz), 130.6, 123.7 (9, J = 272.1
Hz), 122.9, 120.8 (d, J = 3.8 Hz), 105.9 (g, J = 3.8 Hz), 83.6, 55.1, 27.5, 19.3; HRMS (ESI): m/z
calcd. for C15H15F3sNO4: 330.0959 [M-H]; found: 330.0954.

Synthesis of 3-(hydroxymethyl)-3-methyloxindole (19) without column chromatography
(Scheme 9)

Compound 6

To a cooled (0 °C) solution of NaH (60% in mineral oil, 11.3 g, 156 mmol, 2.2 eq.) in DMF (95 mL)
was slowly added di-t-butyl malonate (17.5 mL, 78.0 mmol, 1.1 eq.). After 15 minutes, 2-fluoro
nitrobenzene 29 (10.0 g, 70.9 mmol) was added to the reaction mixture dropwise at 0 °C. The
resultant mixture was stirred at room temperature overnight and quenched with 150 mL of 0.1 N HCI
ag. The resultant agueous phase was extracted with EtOAc / n-hexane (= 1/1) solution. The
combined organic phases were washed with brine. The resultant organic phase was dried over
NazSOq, filtered, and the filtrate was concentrated in vacuo. Crystallization from n-hexane afforded

compound 6 (12.9 g, 54%) as a pale yellow solid.

Compound 7
Compound 6 (21.9 g, 64.3 mmol) was dissolved in DMF (92 mL, 0.7 M). K,COs (11.7 g, 1.3 eq.)
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and Mel (4.84 mL, 1.2 eq.) were added to the reaction mixture. The resultant mixture was stirred at
room temperature overnight. The reaction mixture was diluted with water and extracted with EtOAc
/ n-hexane = 2/ 1. The combined organic phases were washed with brine, dried over Na;SOa,
filtered, and the filtrate was concentrated in vacuo. Crystallization of the residue from n-hexane
afforded compound 7 (21.7 g, 96%).

Compound 1

Compound 7 (10.0 g, 28.5 mmol) was dissolved in MeOH (95 mL, 0.3 M). Pd/C (1.00 g, w/w =
1/10) and citric acid (5.47 g, 28.5 mmol) were added to the reaction mixture. The mixture was stirred
at room temperature under H, atmosphere. The reaction was followed by NMR. The mixture was
passed through a pad of Celite with MeOH and the solvent was removed in vacuo. The residue was
dissolved in EtOAc and washed with sat. NaHCO3 aqg., brine, dried over Na SO, filtered, and the
filtrate was concentrated in vacuo. Crystallization of the residue from n-hexane afforded compound
1 (6.16 g, 88%).

Compound 1927

Me

OH
(6]
N
H

19

To a cooled (0 °C) solution of LAH (308 mg, 8.10 mmol, 2.0 eq.) in THF (14 mL) was slowly added
compound 1 (1.00 g, 4.05 mmol) in THF (14 mL). The resultant mixture was stirred at 0 °C for 4
hours and quenched with sat. potassium sodium tartrate ag. The resultant aqueous phase was
extracted with EtOAc. The combined organic phases were washed with brine. The resultant organic
phase was dried over Na;SOg, filtered, and the filtrate was concentrated in vacuo. Crystallization
from CHCls/n-hexane (= 1/5) afforded 3-(hydroxymethyl)-3-methylindolin-2-one 19 (0.41 g, 57%)
as a pale pink solid; *H NMR (DMSO-dg) : 10.24 (1H, s), 7.23 (1H, d, J = 7.3 Hz), 7.13 (1H, t,J =
7.3 Hz),6.92 (1H,t,J=7.3 Hz), 6.79 (1H, d, J=7.3 Hz), 4.81 (1H, t, J = 5.5 Hz), 3.60 (1H, dd, J =
10.0, 5.5 Hz), 3.55 (1H, dd, J = 10.0, 5.5 Hz), 1.13 (3H, s); 3C NMR (CDCl3) &: 180.6, 142.1,
133.7,127.4,123.3, 121.1, 109.0, 66.3, 50.3, 19.1; HRMS (ESI): m/z calcd. for C10H12NO2:
178.0863 [M+H]*; found: 178.0859.
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General procedure for preparation of di-alkyl 2-(2-nitrophenyl)malonate (Table 8)
1-Fluoro-2-nitrobenzene (5.00 g) was dissolved in DMSO (2.0 M). Dialkyl malonate (1.1 eq.) and
K2COs3 (2.2 eq.) were added to the reaction mixture. The resultant mixture was stirred at 110 °C.
After 2 hours, the reaction mixture was diluted with 1N HCI ag. and extracted with EtOAc / Hexane
=2 /1. The combined organic phases were washed with 1N HCI ag. and brine, dried over Na;SOa,
filtered, and the filtrate was concentrated in vacuo. Crystallization of the residue from n-hexane

afforded target compound.

Dimethyl 2-(2-nitrophenyl)malonate3?2
CO,Me
CO,Me

NO,

Yield: 74% as a brown solid; *H NMR (CDCls) &: 8.08 (1H, dd, J=7.6, 1.4 Hz), 7.67 (1H, td, J =
7.6, 1.4 Hz), 7.54 (1H, td, J = 7.6, 1.4 Hz), 7.52 (1H, td, J = 7.6, 1.4 Hz), 5.34 (1H, s), 3.81 (6H, 5);
13C NMR (CDCls) 6: 167.6, 148.7, 133.6, 131.3, 129.3, 127.9, 126.2, 54.0, 53.1; HRMS (ESI): m/z
calcd. for C11H12NOs: 254.0659 [M+H] *; found: 254.0660.

Diethyl 2-(2-nitrophenyl)malonate?
CO,Et
CO,Et

NO,

Yield: 95% as a yellow solid; *H NMR (CDCls) 6: 8.07 (1H, d, J = 7.9 Hz), 7.65 (1H, t, J = 7.9 Hz),
7.53 (1H,d,J=7.9 Hz), 7.52 (1H, t, J =7.9 Hz), 5.29 (1H, s), 4.27 (4H, 9, J = 7.3 Hz), 1.29 (6H, t,
J =7.3Hz); ®C NMR (CDCls) é: 167.2, 148.8, 133.5, 131.2, 129.2, 128.2, 125.2, 62.2, 54.5, 13.9;
HRMS (ESI): m/z calcd. for C13H1sNOg: 282.0972 [M+H] *; found: 282.0971.

Diisopropyl 2-(2-nitrophenyl)malonate®

CO,iPr

CO,iPr

NO,
Yield: 95% as a yellow solid; *H NMR (CDCls) 6: 8.03 (1H, dd, J = 8.3, 1.4 Hz), 7.60 (1H, td, J =
8.3,1.4 Hz), 7.48 (1H, td, J = 8.3, 1.4 Hz), 7.33 (1H, dd, J = 8.3, 1.4 Hz), 4.29-4.15 (4H, m), 2.01
(3H,s), 1.23 (6H, t, J = 7.1 Hz); 3C NMR (CDCls) 3: 169.7, 148.8, 134.6, 133.2, 129.3, 128.5,
125.9, 62.3, 59.6, 23.6, 13.8; HRMS (ESI): m/z calcd. for C14H1sNQOs: 296.1134 [M+H] *; found:
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296.1130.

General procedure for di-alkyl 2-methyl-2-(2-nitrophenyl)malonate derivatives (Table 8)

See general procedure for di-t-butyl 2-alkyl-2-(2-nitrophenyl)malonate derivatives (Scheme 3).

Dimethyl 2-methyl-2-(2-nitrophenyl)malonate (7f) 322
Me CO,Me
CO,Me
NO,

7f

Yield: quant. as a yellow solid; *H NMR (CDCls) 6: 8.04 (1H, dd, J=8.3, 1.4 Hz), 7.61 (1H, td, J =
8.3, 1.4 Hz), 7.49 (1H, td, J = 8.3, 1.4 Hz), 7.32 (1H, dd, J = 8.3, 1.4 Hz), 3.75 (6H, s), 2.01 (3H, 3);
13C NMR (CDCls) 8: 170.1, 148.6, 134.2, 133.3, 129.1, 128.7, 126.0, 59.3, 53.1, 23.5; HRMS (ESI):
m/z calcd. for C12H14NOg: 268.0816 [M+H] *; found: 268.0811.

Diethyl 2-methyl-2-(2-nitrophenyl)malonate (7g) 3

ve CO2Et

CO,Et

NO,

79
See General procedure for di-t-butyl 2-alkyl-2-(2-nitrophenyl)malonate derivatives (Scheme 1-4, 1-8
and 1-9). Yield: quant. as a yellow solid; *H NMR (CDCls) &: 8.03 (1H, dd, J = 8.3, 1.4 Hz), 7.60
(1H,td, J=8.3,1.4 Hz), 7.48 (1H, td, J = 8.3, 1.4 Hz), 7.33 (1H, dd, J = 8.3, 1.4 Hz), 4.29-4.15
(4H, m), 2.01 (3H, s), 1.23 (6H, t, J = 7.1 Hz); °C NMR (CDCl3) 6: 169.7, 148.8, 134.6, 133.2,
129.3, 128.5, 125.9, 62.3, 59.6, 23.6, 13.8; HRMS (ESI): m/z calcd. for C14H1sNOs: 296.1134
[M+H] *; found: 296.1130.

Diisopropyl 2-methyl-2-(2-nitrophenyl)malonate (7h)
Me C02|Pr
CO,iPr
7h

See General procedure for di-t-butyl 2-alkyl-2-(2-nitrophenyl)malonate derivatives (Scheme 1-4, 1-8
and 1-9). Yield: quant. as a colorless oil; IR (CHCIs): 1733, 1541, 1094, 1047 cm*; *H NMR (CDCls)
d: 8.03 (1H, dd, J = 8.3, 1.4 Hz), 7.58 (1H, td, J = 8.3, 1.4 Hz), 7.47 (1H, td, J = 8.3, 1.4 Hz), 7.32
(1H, dd, J=8.3, 1.4 Hz), 5.08 (2H, sep, J = 6.0 Hz), 1.99 (3H, s), 1.23 (6H, d, J = 6.0 Hz), 1.22 (6H,

78



d, J=6.0 Hz); 3C NMR (CDCls) 3: 169.2, 148.8, 134.8, 133.1, 129.3, 128.4, 126.0, 70.1, 59.8, 23.5,
21.5, 21.3; HRMS (ESI): m/z calcd. for C16H22NOg: 324.1442 [M+H]*; found: 324.1444,

General procedure for tandem reduction-lactamization reaction of di-alkyl 2-methyl-2-(2-
nitrophenyl)malonate (Table 8)
See general procedure for tandem reduction-lactamization reaction of di-alkyl 2-methyl-2-(2-

nitrophenyl)malonate (Table 7 method C).

Methyl 3-methyl-oxindole-3-carboxylate (1f) 322
Me co,Me
@f;o
N
H

1f

Yield: 52% as a brown solid; *H-NMR (DMSO-dg) 8: 10.68 (1H, s), 7.23 (1H, t,J=7.3 Hz), 7.19
(1H,d,J=7.3 Hz), 6.97 (1H, t,J = 7.3 Hz), 6.88 (1H, d, J = 7.3 Hz), 3.56 (3H, s), 1.49 (3H, 5);
3CNMR (CDCls) 8: 177.7, 170.1, 140.8, 130.6, 129.1, 123.4, 122.9, 110.3, 55.4, 53.1, 20.2; HRMS
(ESI): m/z calcd. for C1:H12NO3: 206.0812 [M+H]*; found: 206.0813.

Methyl 1-hydroxy-3-methyl-oxindole-3-carboxylate (17f)

Me co,me

(L o

\

OH

Yield: 52% as a brown oil; IR (CHCIs): 3112, 1746, 1615, 1245, 1116 cm™; *H NMR (DMSO-ds) &:
10.70 (br s, 1H), 7.25 (1H, t, J = 7.2 Hz), 7.20 (1H, d, J = 7.2 Hz), 6.99 (1H, t, J = 7.2 Hz), 6.90 (1H,
d, J=7.2Hz),3.58 (3H, s), 1.50 (3H, s); 13C NMR (CDCls) &: 171.6, 169.4, 141.0, 129.4, 126.3, 124.0,
122.8, 109.0, 53.9, 53.3, 19.8; HRMS (ESI): m/z calcd. for C11H12NO4: 222.0761 [M+H]*; found:
222.0761.

Ethyl 3-methyl-oxindole-3-carboxylate (1g) 3%
Me  co,Et
@f;o
N
H
1g
Yield: 50% as a pale yellow solid; *H-NMR (DMSO-dg) 3: 10.65 (1H, s), 7.23 (1H,t, J=7.6 Hz), 7.18
(1H,d,J=7.6 Hz),6.97 (1H,t,J= 7.6 Hz), 6.88 (1H, d, J = 7.6 Hz), 4.07 (1H, dq, J = 11.6, 7.0 Hz),
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4.01 (1H, dg, J = 11.6, 7.0 Hz), 1.48 (3H, s), 1.04 (3H, t, J = 7.0 Hz); 3CNMR (CDCl;) 5: 177.5,
169.6, 140.7, 130.7, 128.9, 123.3, 122.8, 110.1, 62.0, 55.5, 20.1, 13.9; HRMS (ESI): m/z calcd. for
C12H1NO3: 220.0974 [M+H]*; found: 222.0968.

Ethyl 1-hydroxy-3-methyl-oxindole-3-carboxylate (17g) 32
Me co,Et

OS5

\

OH
179

Yield: 45% as a pale yellow solid; *H NMR (DMSO-de) 6: 11.07 (1H, s), 7.34 (1H,t, J = 7.9 Hz), 7.26
(1H,d,J=7.9 Hz), 7.06 (1H, t,J = 7.9 Hz), 6.98 (1H, d, J = 7.9 Hz), 4.08 (1H, dq, J = 12.8, 7.0 Hz),
4.04 (1H, dg, J = 12.8, 7.0 Hz), 1.52 (3H, s), 1.05 (3H, t, J = 7.0 Hz); 3C NMR (CDCls) &: 171.6,
168.8, 141.0, 129.3, 126.5, 123.9, 122.7, 109.0, 62.2, 54.0, 19.7, 13.8; HRMS (ESI): m/z calcd. for
C12H14NO4: 236.0923 [M+H] *; found: 236.0918.

Isopropyl 3-methyl-oxindole-3-carboxylate (1h)

Me co,ipr
@fgzo
N
H

1h

Yield: 55% as a pale yellow solid; *H-NMR (DMSO-de) : 10.62 (1H, s), 7.23 (1H,t, J=7.9 Hz), 7.17
(1H,d,J=7.9 Hz),6.97 (1H,t,J=7.9 Hz), 6.87 (1H, d, J = 7.9 Hz), 4.85 (1H, sep, J = 6.1 Hz), 1.47
(3H,s), 1.09 (3H, d, J = 6.1 Hz), 1.00 (3H, d, J = 6.1 Hz); 3 CNMR (CDCls) &: 178.0, 168.8, 141.0,
130.9,128.9,123.1, 122.8, 110.3, 69.6, 55.8, 21.5, 21.3, 20.0; HRMS (ESI): m/z calcd. for C13H16NO3:
234.1130 [M+H]*; found: 234.1126.

Isopropyl 1-hydroxy-3-methyl-oxindole-3-carboxylate (17h)

Me  co,ipr

(5

Yield:32% as a colorless solid; mp 112-115 °C; IR (CHCIls): 3116, 1731, 1614, 1249, 1098 cm™%; *H
NMR (DMSO-de) 8: 11.06 (1H, s), 7.34 (1H, t,J = 7.3 Hz), 7.25 (1H, d, J = 7.3 Hz), 7.06 (1H, t, J =
7.3 Hz),6.98 (1H, d, J=7.3 Hz), 4.87 (1H, q, J = 6.1 Hz), 1.51 (3H, s), 1.10 (3H, d, J = 6.1 Hz), 1.02
(3H, d, J=6.1 Hz); 3C NMR (CDCls) 8: 171.7, 168.3, 141.0, 129.2, 126.7, 123.8, 122.6, 109.0, 70.0,
54.3,21.4,21.2,19.7; HRMS (ESI): m/z calcd. for C13H1sNOa: 250.1074 [M+H]*; found: 250.1074.
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Preparation of di-t-butyl 2-(2-(hydroxyamino)phenyl)-2-methylmalonate (20) (Scheme 11)

CO,tBu
Me_7 2

CO,tBu

N/OH
H

20

Di-t-butyl 2-methyl-2-(2-nitrophenyl)malonate 7 (502 mg, 1.43 mmol) was dissolved in MeOH (4.8
mL, 0.3 M). Rh/C (50.0 mg, w/w = 1/10) and hydrazine monohydrate (416 uL, 8.58 mmol, 6.0 eq.)
were added to the reaction mixture. The reaction mixture was stirred at 0 °C. After 1 h, the mixture
was passed through a pad of Celite with THF and the solvent was removed in vacuo. The residue was
purified by silica gel column chromatography (n-hexane/EtOAc = 30/70) to afford compound 20 (217
mg, 45%) as a pink solid; mp 105-107 °C; IR (CHCIs): 3576, 3327, 1717, 1281, 1258, 1163, 1113 cm
1 IH NMR (DMSO-dg) &: 8.22 (1H, d, J = 2.4 Hz), 7.53 (1H, brs), 7.32 (1H, d, J = 7.6 Hz), 7.23 (1H,
t,J=7.6 Hz), 7.08 (1H, d, J = 7.6 Hz), 6.83 (1H, t, J = 7.6 Hz), 1.67 (3H, s), 1.41 (18H, s); 3C NMR
(CDCls) 6: 171.1, 148.6, 128.4, 127.5, 126.4, 122.2, 117.2, 82.1, 58.8, 27.8, 22.5; HRMS (ESI): m/z
calcd. for C1gH2sNOs: 338.1962 [M+H]*; found: 338.1967.

Cyclization reaction of di-t-butyl 2-(2-(hydroxyamino)phenyl)-2-methylmalonate (20) (Table 9)
See general procedure for cyclization reaction of di-t-butyl 2-(2-aminophenyl)malonate (4) and di-t-
butyl 2-(2-aminophenyl)-2-methylmalonate (5) (Table 3).

Tandem reduction-cyclization reaction using Brgnsted acids or Lewis acids. (Table 10)
See general procedure for tandem reduction-lactamization reaction of di-t-butyl 2-methyl-2-(2-

nitrophenyl)malonate (7) (Table 6).

General Procedure for one-pot reaction of alkyl N-hydroxy-3-methyl-oxindole-3-carboxylate
(Table 11)

Di-alkyl 2-methyl-(2-nitrophenyl)malonate (100 mg) was dissolved in MeOH (0.3 M). Rh/C (w/w =
1/10) and hydrazine monohydrate (6.0 eq.) were added to the reaction mixture. The resultant mixture
was stirred at room temperature. The reaction was followed by NMR. After confirming the completion
of the cyclization reaction, the mixture was passed through a pad of Celite with MeOH and the solvent
was removed in vacuo. The residue was purified by silica gel column chromatography (n-
hexane/EtOAc = 30/70 — 0/100).
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1-Hydroxy-3-methyl-oxindole-3-carbohydrazide (21)

Oz

21

As a colorless solid; mp 58-60 °C; IR (CHCls): 3276, 1686, 1611, 1508, 1463 cm™*; *H NMR (DMSO-
de) 8: 10.40 (1H, br s), 9.09 (1H, brs), 7.29 (1H,t,J =7.2 Hz), 7.28 (1H, d, J = 7.3 Hz), 7.03 (1H, t,
J=7.2Hz), 6.93 (1H, d, J = 7.3 Hz), 4.29 (2H, br s), 1.51 (3H, s); 13C NMR (DMSO-ds) &: 170.7,
167.6, 142.2, 128.6, 127.7, 123.2, 122.5, 107.3, 53.0, 19.9; HRMS (ESI): m/z calcd. for C10H12N303:
222.0873 [M+H]*; found: 222.0873.

General Procedure for 3,3-disubstituted N-hydroxy-oxindole (Table 12)
See general procedure for one-pot reaction of alkyl N-hydroxy-3-methyl-oxindole-3-carboxylate
(Table 11).

t-Butyl 3-ethyl-1-hydroxy-oxindole-3-carboxylate (17¢)

Bt co,tBu

Yield: 73% as a colorless solid; mp 131-133 °C; IR (CHCIs): 3138, 1734, 1699, 1221, 1155 cm™*; *H
NMR (DMSO-dg) 6: 10.97 (1H, brs), 7.35 (1H, t, J = 7.6 Hz), 7.24 (1H, d, J = 7.6 Hz), 7.08 (1H, t, J
=7.6 Hz),6.98 (1H, d, J=7.6 Hz), 2.09 (2H, g, J = 7.3 Hz), 1.30 (9H, s), 0.57 (3H, t, J = 7.3 Hz); *C
NMR (DMSO-ds) 6: 168.3, 167.6, 142.8, 129.0, 124.3, 122.7, 122.7,107.2, 81.7, 58.9,27.3, 26.3, 7.9;
HRMS (ESI): m/z calcd. for C1sH19NOsNa: 300.1206 [M+Na]*; found: 300.1207.

Preparation of di-t-butyl 2-benzyl-2-(2-nitrophenyl)malonate (7i)
Bn CO,tBu
CO,tBu

NO,

7i
See general procedure for di-alkyl 2-methyl-2-(2-nitrophenyl)malonate derivatives (Table 1).
Yield; 99% as a colorless solid; mp 96-98 °C; IR (CHCls): 1733, 1538, 1275, 1131 cm; *H NMR
(DMSO-de) 6: 7.94 (1H, dd, J = 8.0, 1.2 Hz), 7.43 (1H, td, J = 8.0, 1.2 Hz), 7.35 (1H, td, J = 8.0, 1.2
Hz), 7.05-7.00 (3H, m), 6.95-6.91 (2H, m), 6.51 (1H, dd, J = 8.0, 1.2 Hz), 3.75 (2H, s), 1.37 (18H,
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s); 3C NMR (DMSO-ds) 5: 167.3,149.2, 136.7,132.2, 131.9, 131.3, 130.4, 128.6, 127.5, 126.3, 125.0,
82.8, 79.2, 66.1, 27.1; HRMS (ESI): m/z calcd. for CasH2gNOgNa: 450.1887 [M+Na]*; found:
450.1891.

t-Butyl 3-benzyl-1-hydroxy-2-oxoindoline-3-carboxylate (17i)

BN co,Bu

Yield: 80% as a colorless solid; mp 187-189 °C; IR (CHCIs): 3020, 1738, 1618, 1215, 1153 cm™*; *H
NMR (DMSO-ds) 6: 10.82 (1H, s), 7.37 (1H, d, J = 7.9 Hz), 7.21 (1H, t, J = 7.9 Hz), 7.05-7.01 (4H,
m), 6.88-6.84 (2H, m), 6.72 (1H, d, J = 7.9 Hz), 3.47 (1H, d, J = 13.4 Hz), 3.35 (1H, d, J = 13.4 Hz),
1.31 (9H, s); 13C NMR (DMSO-ds) 6: 167.7, 167.4, 142.5, 134.7, 129.8, 128.9, 127.7, 126.6, 123.8,
1235, 122.3, 107.1, 82.1, 59.7, 37.9, 27.3; HRMS (ESI): m/z calcd. for C2H21NOsNa: 362.1363
[M+Na]*; found: 362.1359.

t-Butyl 5-fluoro-1-hydroxy-3-methyl-oxindole-3-carboxylate (17a)
. BN co,tBu
0

N
OH
17a
Yield: 75% as a brown oil; IR (CHCIs): 3138, 1738, 1701, 1261, 1157 cm™; *H NMR (CDCls) 3: 7.12
(1H, dd, J=8.4, 4.4 Hz), 7.06 (1H, td, J = 8.4, 2.4 Hz), 7.00 (1H, dd, J = 7.6, 2.4 Hz), 1.58 (3H, 3),
1.34 (9H, s); 3C NMR (CDCls) &: 171.6, 167.1, 159.8 (d, J = 242.8 Hz), 137.1, 128.5 (d, J = 7.7 Hz),
115.5 (d, J = 24.1 Hz), 110.7 (d, J = 26.0 Hz), 109.7 (d, J = 8.7 Hz), 83.2, 55.1, 27.6, 19.4; HRMS
(ESI): m/z calcd. for C14H15FNO4: 280.0991 [M—H] ~; found: 280.0985.

t-Butyl 1-hydroxy-5-methoxy-3-methyl-oxindole-3-carboxylate (17b)

BN co,Bu

MeO
(0]
N

\

OH
17b

Yield: 74% as a brown oil; IR (CHCIs): 3146, 1734, 1697, 1223, 1207, 1157 cm™%; *H NMR (CDCls)
5:7.09 (1H,d,J=7.9 Hz), 6.86 (1H, d, J=7.9 Hz), 6.84 (1H, s), 3.79 (3H, s), 1.57 (3H, 5), 1.33 (9H,
s); 13C NMR (CDCls) 8: 171.3, 167.7, 156.8, 134.6, 128.4, 113.2, 109.8, 109.4, 82.8, 55.8, 55.1, 27.6,
19.5; HRMS (ESI): m/z calcd. for C1sH19NOsNa: 316.1155 [M+Na]*; found: 316.1155.
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Synthesis of t-Butyl 1-hydroxy-3-methyl-oxindole-3-carboxylate 17 without column
chromatography (Scheme 12)

Di-t-butyl 2-methyl-(2-nitrophenyl)malonate 7 (5.76 g, 16.4 mmol) was dissolved in MeOH (55 mL,
0.3 M). 5% Rh/C (578 mg, w/w = 1/10) and hydrazine monohydrate (4.78 mL, 98.3 mmol, 6.0 eq.)
were added to the reaction mixture. The mixture was stirred at room temperature. The reaction was
followed by 'H NMR. After confirming the completion of the reduction reaction, the mixture was
passed through a pad of Celite with MeOH and the solvent was removed in vacuo. The residue was
dissolved in ACOEt and washed with sat. NH4Cl aqg., brine, dried over Na SOy, filtered, and the filtrate
was concentrated in vacuo. Crystallization of the residue from CHCls/n-hexane (= 1/2) afforded

compound 17 (3.22 g, 75%) as a colorless solid.
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Tandem reduction-lactamization reaction of diethyl (2-nitrobenzyl)(2-

nitrophenyl)propanedioate (Table 13 entry 1)
NO,

‘ Pd/C
H2

COEt — ° o

O CO,Et MeOH
NO,

22 27

Diethyl (2-nitrobenzyl)(2-nitrophenyl)propanedioate (1.05 g, 2.52 mmol) was dissolved in MeOH (8.4
mL, 0.3 M). 10% Pd/C (105 mg, w/w =1/ 10) was added to the reaction mixture. The mixture was
stirred under H, atmosphere. After 3 hours, the mixture was passed through a pad of Celite with MeOH
and the solvent was removed in vacuo at 50 °C. Crystallization of the residue from iPrOH /n-hexane
(1/2) afforded 1-hydroxy-1',4'-dihydro-2'H-spiro[indoline-3,3'-quinoline]-2,2'-dione 27 (0.43 g, 64%)
as a Brown solid; mp 262-265 °C; IR (ATR): 3079, 2916, 2798, 1703, 1662 cm*; *H NMR (DMSO-
de) &: 11.04 (1H, s), 10.74 (1H, s), 7.30 (1H, t, I = 7.6 Hz), 7.27 (1H, d, J = 7.6 Hz), 7.22 (1H,d, I =
7.6 Hz), 7.03-6.97 (3H, m), 6.85 (1H, t, J = 7.6 Hz), 6.47 (1H, d, J = 7.6 Hz), 3.49 (1H, d, J = 15.9
Hz), 3.01 (1H, d, J = 15.9 Hz); 33C NMR (CDCls) &: 169.1, 166.5, 142.2, 137.4, 129.2, 128.7, 128.0,
125.7, 122.9, 122.5, 122.2, 120.6, 115.1, 107.6, 52.8, 33.6; HRMS (ESI): m/z calcd. for
Ci6H12N203Na: 303.0740 [M+Na] *; found: 303.0739.

Tandem reduction-lactamization reaction of diethyl (2-nitrobenzyl)(2-

nitrophenyl)propanedioate with Fe / AcOH (Table 13 entry 2)
NO,

O Fe

COEt —

O CO,Et AcOH
NO,

22

Diethyl (2-nitrobenzyl)(2-nitrophenyl)propanedioate (315 mg, 75.7 umol) was dissolved in AcOH
(5.1 mL, 0.15 M). Fe (254 mg, 4.54 mmol, 6.0 eq.) was added to the reaction mixture. The mixture
was stirred at 100 °C overnight. The mixture was passed through a pad of Celite with AcOH and the
solvent was removed in vacuo. The residue was diluted with water and extracted with EtOAc. The
combined organic phases were washed with brine, dried over Na;SOs, filtered, and the filtrate was
concentrated in vacuo. The residue was washed with AcOEt to afford 1',4'-dihydro-2'H-spiro[indoline-
3,3'-quinoline]-2,2'-dione 23 (137 mg, 69%) as a colorless solid; mp 253-254 °C; IR (ATR): 3204,
3073, 1733, 1672 cm't; *H NMR (DMSO-ds) 8: 10.67 (1H, s), 10.67 (1H, s), 7.27 (1H, t, J = 7.6 Hz),

85



7.20 (1H,t,J=7.6 Hz), 7.20 (1H, t, J = 7.6 Hz), 7.00 (2H, t, J = 7.6 Hz), 6.89 (1H, d, J = 7.6 Hz),
6.77 (1H,t,J=7.6 Hz), 6.44 (1H, d, J = 7.6 Hz), 3.45 (1H, d, J = 15.9 HZz), 2.99 (1H, d, J = 15.9 Hz);
13C NMR (DMSO-ds) &: 175.75, 167.17, 142.13, 137.53, 129.95, 128.96, 128.62, 127.85, 122.73,
122.53, 121.54, 120.65, 114.94, 109.89, 54.43, 33.89; HRMS (ESI): m/z calcd. for CisH13N20>:
265.0972 [M+H] *; found: 265.0971.

Diethyl (2-nitrobenzyl)(2-nitrophenyl)propanedioate (22) (Scheme 15)
T
CO,Et
O CO,Et
NO,

22

See general procedure for di-alkyl 2-methyl-2-(2-nitrophenyl)malonate derivatives (Table 1).

Yield: quant. as a pale yellow solid; mp 76-79 °C; IR (ATR): 1743, 1523, 1348, 1254 cm™*; *H-NMR
(DMSO-ds) 5: 8.03 (1H, d, J = 7.7 Hz), 7.69 (1H, d, J = 7.7 Hz), 7.56 (1H, t, J = 7.7 Hz), 7.45 (1H, t,
J=7.7Hz), 7.38-7.31 (2H, m), 6.95 (1H, d, J = 7.7 Hz), 6.68 (1H, d, J = 7.7 Hz), 4.22 (2H, s), 4.17-
4.01 (4H, m), 1.07 (6H, t, J = 7.1 Hz); 3C NMR (CDCls) &: 168.2, 151.5, 149.5, 133.8, 132.0, 131.8,
131.1, 130.8, 130.7, 128.9, 127.7, 125.7, 124.3, 64.5, 62.7, 35.6, 13.9; HRMS (ESI): m/z calcd. for
C20H21N20g: 417.1292 [M+H] *; found: 417.1294.

1',4'-dihydro-2"H-spiro[indoline-3,3'-quinoline] (24) (Scheme 16)

23 24

1'/4'-Dihydro-2'H-spiro[indoline-3,3'-quinoline]-2,2'-dione 23 (100 mg, 37.8 umol) was dissolved in
THF (1.3 mL, 0.3 M). BHz*THF (1.0 M, 0.57 mL, 1.14 mmol, 3.0 eq.) was added to the mixture at
0 °C. The mixture was stirred at room temperature overnight. The reaction mixture was diluted with
2N HCI ag. and the solvent was removed in vacuo. The residue was diluted with NaHCO3 ag. and
extracted with EtOAc. The combined organic phases were washed with brine, dried over Na SOs,
filtered, and the filtrate was concentrated in vacuo. The residue was purified by silica gel column
chromatography (n-hexane/EtOAc = 100/0 — 30/70) to afford compound 24 (71.4 mg, 80%) as a
colorless solid; mp 167-168 °C; IR (ATR): 3385, 3349, 1602, 1486 cm; 'H-NMR (DMSO-dg) &:
6.96-6.84 (4H, m), 6.52-6.50 (3H, m), 6.45 (1H, t, J = 7.6 Hz), 5.96 (1H, s), 5.52 (1H, s), 3.31 (1H, d,
J=9.2 Hz), 3.16 (1H, d, J = 11.6 Hz), 3.05 (1H, d, J = 9.2 Hz), 3.04-2.97 (1H, m), 2.96 (1H, d, J =
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15.9 Hz), 2.63 (1H, d, J = 15.9 Hz); *C NMR (DMSO-d¢) &: 151.9, 144.5, 134.1, 129.6, 127.6, 126.7,
123.0, 118.6, 116.9, 115.3, 113.0, 108.4, 56.4, 49.1, 41.6, 38.1; HRMS (ESI): m/z calcd. for C1gH17N2:
237.1386 [M+H] *; found: 237.1387.

Reduction of  1-hydroxy-1',4'-dihydro-2'H-spiro[indoline-3,3'-quinoline]-2,2'-dione  (27)
(Scheme 16)

Compound 27 was also reduced in the same condition of compound 23 to obtain the same reductant
24.

Acylation of a mixture of indoline and 1,2,3,4-tetrahydroquinoline (Table 14)

Indoline (1.0 eq.) and 1,2,3,4-tetrahydroquinoline (1.0 eq.) were dissolved in CH.Cl, (0.1 M). AcCl
(1.0 eqg.) was added to the mixture. The mixture was stirred at room temperature, 0 °C or 40 °C. After
24 hours, the reaction mixture was diluted with sat NaHCOs; ag. and extracted with EtOAc. The
combined organic phases were washed with brine, dried over Na,SOs, filtered, and the filtrate was
concentrated in vacuo. The residue was purified by silica gel column chromatography (n-
hexane/EtOAc = 100/0 — 30/70) to afford compound 31 and 32.

Acylation of 1',4'-dihydro-2"H-spiro[indoline-3,3"-quinoline]24 (Table 16)
1',4'-dihydro-2'H-spiro[indoline-3,3'-quinoline] (24) (100 mg) was dissolved in CH.Cl, (0.1 M). AcCl
(1.0 eq. or 2.0 eq.) and NEtz (1.0 eq. or 2.0 eq.) were added to the mixture. The mixture was stirred at
room temperature, 0 °C or 40 °C. After 2 hours, the reaction mixture was diluted with sat NaHCO3 aq.
and extracted with EtOAc. The combined organic phases were washed with brine, dried over Na SO,
filtered, and the filtrate was concentrated in vacuo. The residue was purified by silica gel column
chromatography (n-hexane/EtOAc = 100/0 — 30/70) to afford compound 34 and 35.

1-(1',4'-dihydro-2'H-spiro[indoline-3,3'-quinolin]-1-yl)ethan-1-one (34)

HN O
L,
J~o
34
As a colorless solid; mp 218—219 °C; IR (ATR): 3353, 1646, 1480, 1401 cm™’; *H-NMR (DMSO-ds)
5:8.08 (1H,d, J=7.8 Hz), 7.20 (1H, t, J = 7.8 Hz), 7.14 (1H, d, J = 7.8 Hz), 7.00 (1H, t, J = 7.8 Hz),

6.94 (1H, d, J = 7.8 Hz), 6.91 (1H, t, J = 7.8 Hz) 6.57 (1H, d, J = 7.8 Hz), 6.49 (1H, t, J = 7.3 Hz),
6.09 (1H, brs), 3.95 (1H, d, J = 10.5 Hz), 3.66 (1H, d, J = 10.5 Hz), 3.23 (1H, d, J = 11.5 Hz), 3.06

87



(1H, d, J = 11.5 Hz), 3.01 (1H, d, J = 14.7 Hz), 2.69 (1H, d, J = 14.7 Hz), 2.09 (3H, s); 3C NMR
(DMSO-de) 6: 168.7, 144.2,142.5,137.1,129.8, 127.8, 126.9, 123.5,123.3, 118.1, 115.7, 115.6, 113.4,
99.4, 58.5, 49.8, 45.6, 24.1; HRMS (ESI): m/z calcd. for C1gH19N20: 279.1492 [M+H] *; found:
279.1492.

1,1'-(2'H-spiro[indoline-3,3'-quinolin]-1,1'(4'H)-diyl)bis(ethan-1-one) (35)
0
A, O

L,
J=o

35

As a brownish solid; mp 125-127 °C; IR (ATR): 1658, 1643, 1401, 1379 cm™*; *H-NMR (DMSO-ds)
:8.06 (1H, d, J = 7.6 Hz), 7.25-7.20 (4H, m), 7.13 (1H, t, J = 7.6 Hz), 6.98-6.95 (2H, m), 3.89 (2H,
d, J=11.0 Hz), 3.78 (1H, d, J = 11.0 Hz), 3.73 (1H, d, J = 11.0 Hz), 3.12 (1H, d, J = 16.3 Hz), 3.03
(1H,d,J=16.3Hz), 2.11 (3H, s), 2.03 (3H, br s); *C NMR (DMSO-ds) 5: 170.0, 168.6, 142.2, 138.5,

135.3,129.3,129.0, 128.7, 126.8, 125.4, 124.3, 124.0, 122.8, 117.1, 60.0, 52.8, 45.1, 39.0, 24.1, 23.1;
HRMS (ESI): m/z calcd. for C2oH21N202: 321.1603 [M+H]*; found: 321.1599.

Alkylation of nitrogen atom on 1-(1',4'-dihydro-2"H-spiro[indoline-3,3'-quinolin]-1-yl)ethan-1-
one 34 (Scheme 17)

HN O Mel

NEt,

—_—
O DMF, 80 °C
N 79%
E)Qo
M
34

1-(1',4'-dihydro-2'H-spiro[indoline-3,3'-quinolin]-1-yl)ethan-1-one (34, 108 mg, 38.9 umol) was
dissolved in DMF (1.3 mL, 0.3 M). Mel (29.1 pL , 46.7 umol, 1.2 eq.) and NEtz (7.05 pL, 50.6 umol,
1.3 eq.) was added to the mixture. The mixture was stirred at 80 °C. After 2 hours, the reaction mixture
was diluted with water and extracted with EtOAc. The combined organic phases were washed with
brine, dried over Na,;SOu, filtered, and the filtrate was concentrated in vacuo. The residue was purified
by silica gel column chromatography (CHCIls/MeOH = 100/0 — 90/10) to afford compound 36 (86.9
mg, 79%) as a brownish solid; mp 154—156 °C; IR (ATR): 1661, 1397 cm™*; *H-NMR (DMSO-ds) 5:
8.09 (1H,d,J=7.6 Hz), 7.21 (1H, t,J = 7.6 Hz), 7.16 (1H, d, J = 7.6 Hz), 7.07 (1H, t, J = 7.6 Hz),
7.01 (1H,t,J = 7.6 Hz), 6.95 (1H, d, J = 7.6 Hz), 6.68 (1H, d, J = 7.6 Hz), 6.59 (1H, t, J = 7.6 Hz),
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3.96 (1H, d, J = 11.0 Hz), 3.70 (1H, d, J = 11.0 Hz), 3.33 (1H, d, J = 8.8 Hz), 3.12 (1H, d, J = 13.7Hz),
3.08 (1H, d, J = 8.8 Hz), 2.91 (3H, s), 2.77 (1H, d, J = 13.7 Hz), 2.08 (3H, s); 3C NMR (CDCls) &:
169.0, 145.5, 142.6, 136.0, 129.9, 128.7, 127.8, 124.0, 122.7, 120.0, 117.0, 117.0, 111.1, 59.84, 59.6,
41.8,39.9, 39.2, 24.4; HRMS (ESI): m/z calcd. for CioH21N,O: 293.1648 [M+H]*; found: 293.1646.

Synthesis of tetra-substituted spirooxindole (Scheme 18)

(5-fluoro-2-nitrophenyl)methanol (37)

::: 2
F
H

37

5-Fluoro-2-nitrobenzoic acid (5.14 g, 27.8 mmol) was dissolved in THF (56 mL, 1.0 M). BHz*THF
(1.0 M, 56 mL, 55.6 mmol, 2.0 eq.) was added to the mixture at 0 °C. The mixture was stirred at room
temperature overnight. The reaction mixture was diluted with 2N HCI ag. and the solvent was removed
in vacuo. The residue was diluted with NaHCO3 ag. and extracted with EtOAc. The combined organic
phases were washed with brine, dried over Na»SOyg, filtered, and the filtrate was concentrated in vacuo.
Crystallization of the residue from CHClIs/n-hexane (= 1/1) afforded compound 37 (3.98 g, 84%) as a
brown solid; *H-NMR (DMSO-de) &: 7.94 (1H, dd, J = 8.8, 2.7 Hz), 7.84 (1H, dd, J = 8.8, 8.8 Hz),
7.65 (1H, td, J=8.8, 2.7 Hz), 5.59 (1H, t, J = 5.5 Hz), 4.77 (2H, d, J = 5.5 Hz); **C NMR (CDCls) §:
169.2 (d, J = 245.5 Hz), 147.2, 134.4 (d, J = 7.2 Hz), 1360.4 (d, J = 8.2 Hz), 120.7 (d, J = 22.3 Hz),
111.7 (d, J = 28.0 Hz), 59.5; HRMS (ESI): m/z calcd. for C;H;FNO3: 172.0404 [M+Na]*; found:
172.0406.

4-fluoro-2-nitrobenzyl 4-methylbenzenesulfonate (38)

: NO,
"

38 T
(5-Fluoro-2-nitrophenyl)methanol (37, 2.23 g, 13.0 mmol) was dissolved in CH.Cl, (26 mL, 0.5 M).
TsCl (2.98 g, 15.6 mmol, 1.2 eq.) and NEt3 (2.36 mL, 16.9 mmol, 1.3 eq.) were added to the mixture
at 0 °C. The mixture was stirred at 0 °C overnight. The reaction mixture was diluted with NaHCO3 ag.
and extracted with CHCIs. The combined organic phases were washed with brine, dried over Na;SOa,
filtered, and the filtrate was concentrated in vacuo. The residue was purified by silica gel column
chromatography (n-hexane/EtOAc = 100/0 — 70/30) to afford compound Compound 38 (3.84 g, 91%)
as a yellow solid; mp 62—65 °C; IR (ATR): 1520, 1357, 1340, 1174 cm™%; *H-NMR (DMSO-ds) 6: 8.21
(1H, dd, J = 9.0, 5.1 Hz), 7.82 (2H, d, J = 8.3 Hz), 7.50-7.47 (1H, m), 7.47 (2H, d, J = 8.3 Hz), 7.44
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(1H, dd, J = 9.5, 2.9 Hz), 5.47 (2H, s), 2.41 (3H, s); 23C NMR (DMSO-ds) 5: 164.4 (d, J = 255.4),
145.4, 143.3, 133.3 (d, J = 10.0), 132.0, 130.2, 128.5 (d, J = 10.8), 128.1, 127.7, 125.5, 116.6 (d, J =
24.1), 116.3 (d, J = 26.5), 67.8, 21.0; HRMS (ESI): m/z calcd. for C14H1,FNOsSNa: 348.0312
[M+Na]*; found: 348.03009.

diethyl 2-(2-nitro-4-(trifluoromethyl)phenyl)malonate (39)
CO,Et
CO,Et
FsC NO,
39
See general procedure for preparation of di-alkyl 2-(2-nitrophenyl)malonate (Table 8).
Yield; 79% as a yellow oil; IR (ATR): 1734, 1542, 1325, 1132 cm™; *H-NMR (DMSO-dg) 3: 8.43 (1H,
s), 8.19 (1H, d, J=7.8 Hz), 7.82 (1H, d, J = 7.8 Hz), 5.58 (1H, s), 4.19 (2H, q, J = 7.0 Hz), 4.18 (2H,
q,J=7.0Hz),1.18 (3H,t,J =7.0 Hz), 1.17 (3H, t, J = 7.0 Hz); °C NMR (CDCls) &: 166.3, 148.6,
133.9, 132.4, 130.3 (g, J = 3.2 Hz), 130.0 (q, J = 33.9 Hz), 122.8 (q, J = 271.8 Hz), 122.3 (9, J = 4.4
Hz), 61.9, 54.5, 13.8; HRMS (ESI): m/z calcd. for C14H14F3sNOs: 350.0846 [M+H]*; found: 350.0841.

Diethyl 2-(4-fluoro-2-nitrobenzyl)-2-(2-nitro-4-(trifluoromethyl)phenyl)malonate (40)

NO,
L
CO,Et
O CO,Et
F4C NO,

40
See general procedure for di-t-butyl 2-alkyl-2-(2-nitrophenyl)malonate derivatives (Scheme 3).
Yield; 90%, as a yellow oil; IR (ATR): 1727, 1530, 1236, 1123 cm; *H-NMR (DMSO-de) &: 8.43
(1H,d, J=1.7 Hz), 7.92 (1H, dd, J = 8.7, 1.7 Hz), 7.86 (1H, dd, J = 9.1, 6.2 Hz), 7.30 (1H, ddd, J =
9.9,6.2,2.1 Hz), 7.09 (1H, d, J = 8.7 Hz), 6.83 (1H, dd, J = 9.9, 2.1 Hz), 4.27 (2H, s), 4.17 (2H, dq, J
=10.8, 7.2 Hz), 4.08 (2H, dq, J = 10.8, 7.2 Hz), 1.09 (6H, t, J = 7.2 Hz); 3C NMR (DMSO-ds) 5:
166.8, 162.5 (d, J = 252.1 Hz), 149.0, 147.4 (d, J = 2.5 Hz), 133.9 (g, J = 9.9 Hz), 133.6, 132.8 (d, J
=9.0 Hz), 130.1 (q, J = 33.9 Hz), 129.2, 127.4 (d, J = 9.8 Hz), 123.0, 122.6 (q, J = 272.8 Hz), 120.3
(d, J = 24.0 Hz), 1155 (d, J = 23.1 Hz), 64.0, 62.8, 35.0, 13.3; HRMS (ESI): m/z calcd. for
C21H19F2N20g: 503.1072 [M+H]*; found: 503.1073.
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7'-fluoro-6-(trifluoromethyl)-1',4'-dihydro-2"H-spiro[indoline-3,3'-quinoline]-2,2'-dione (41)

Diethyl 2-(4-fluoro-2-nitrobenzyl)-2-(2-nitro-4-(trifluoromethyl)phenyl)malonate (40, 1.12g, 2.22
mmol) was dissolved in AcOH (4.5 mL, 0.5 M). Fe (745 mg, 13.3 mmol, 6.0 eq.) was added to the
reaction mixture. The mixture was stirred at 100 °C overnight. The mixture was passed through a pad
of Celite with AcOH and the solvent was removed in vacuo. The residue was diluted with water and
extracted with EtOAc. The combined organic phases were washed with brine, dried over Na;SOs,
filtered, and the filtrate was concentrated in vacuo. The residue was washed with AcOEt to afford 7'-
fluoro-6-(trifluoromethyl)-1',4'-dihydro-2'H-spiro[indoline-3,3'-quinoline]-2,2'-dione 41 (471 mg,
60%) as a pale ywllow solid; mp 255-257 °C; IR (ATR): 1730, 1666, 1607, 1138 cm™; *H NMR
(DMSO-ds) 3: 11.00 (1H, s), 10.91 (1H, s), 7.25 (1H, d, J = 8.0 Hz), 7.24 (1H, m), 7.12 (1H, s), 6.88-
6.79 (3H, m), 3.40 (1H, d, J = 16.0 Hz), 3.19 (1H, d, J = 16.0 Hz); *C NMR (DMSO-dg) &: 175.1,
166.2, 161.6 (d, J = 241.8 Hz), 143.1, 138.9 (d, J = 11.6 Hz), 134.0, 130.2 (d, J = 9.6 Hz), 129.5 (9, J
= 31.8 Hz), 123.9 (q, J = 272.6 Hz), 123.7, 118.8 (q, J = 3.9 Hz), 116.4 (d, J = 2.9 Hz), 109.2 (d, J =
21.5 Hz), 106.0 (g, J = 3.8 Hz), 102.3 (d, J = 25.0 Hz), 54.4, 32.9; HRMS (ESI): m/z calcd. for
C17HgF4N20,: 349.0606 [M—H]; found: 349.0609.

7'-fluoro-6-(trifluoromethyl)-1',4'-dihydro-2"H-spiro[indoline-3,3'-quinoline] (42)

F
HN
FsC O N

42
7'-fluoro-6-(trifluoromethyl)-1',4'-dihydro-2'H-spiro[indoline-3,3'-quinoline]-2,2'-dione (41, 396 mg,
1.13 mmol) was dissolved in THF (3.8 mL, 0.3 M). BHz*THF (1.0 M, 1.1 mL, 3.40 mmol, 3.0 eq.)
was added to the mixture at 0 °C. The mixture was stirred at room temperature overnight. The reaction
mixture was diluted with 2N HCI ag. and the solvent was removed in vacuo. The residue was diluted
with NaHCOs; ag. and extracted with EtOAc. The combined organic phases were washed with brine,
dried over Na SOy, filtered, and the filtrate was concentrated in vacuo. Crystallization of the residue
from CHCIs/n-hexane (= 1/1) afforded compound 42 (303 mg, 83%) as a brown solid; mp 168—169 °C;
IR (ATR): 3472, 3322, 1119 cm'}; IH-NMR (DMSO-ds) 8: 7.00 (1H, d, J = 7.3 Hz), 6.89 (1H, dd, J =
8.8, 7.2 Hz), 6.82 (1H, d, J = 7.3 Hz), 6.72 (1H, s), 6.36 (1H, br s), 6.31 (1H, dd, J = 11.7, 2.5 Hz),
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6.24 (1H, ddd, J = 8.8, 7.2, 2.5 Hz), 6.04 (1H, s), 3.36 (1H, d, J = 9.4 HZz), 3.20 (1H, d, J = 10.5 Hz),
3.14 (1H, d, J = 9.4 Hz), 3.07 (1H, d, J = 10.5 Hz), 2.94 (1H, d, J = 15.6 Hz), 2.67 (1H, d, J = 15.6
Hz); 13C NMR (DMSO-ds) 8: 161.7 (d, J = 237.9 Hz), 152.4, 145.7 (d, J = 11.5 Hz), 138.2, 131.0 (d,
J=9.7Hz),128.6 (q, J = 29.8 Hz), 124.7 (q, J = 272.5 Hz), 123.5, 114.2, 113.2 (g, J = 3.9 Hz), 103.7
(9,J=3.8Hz),101.6 (d, J=21.3 Hz), 98.8 (d, J = 25.0 Hz), 56.4, 48.4, 41.4, 37.1; HRMS (ESI): m/z
calcd. for C17H15F4N2: 323.1166 [M+H]*; found: 323.1163.

1-(7'-fluoro-6-(trifluoromethyl)-1*,4*-dihydro-2'H-spiro[indoline-3,3'-quinolin]-1-yl)ethan-1-
one (43)

F
HN
FsC O N

M

(@)
43

7'-fluoro-6-(trifluoromethyl)-1',4'-dihydro-2'H-spiro[indoline-3,3"-quinoline] (42, 112 mg, 34.6 umol)
was dissolved in CHCl (3.5 mL, 0.1 M). Ac20 (39.2 uL, 41.5 umol, 1.2 eq.) and NEt3 (62.7 uL, 45.0
umol, 1.3 eq.) were added to the mixture. The mixture was stirred at 0 °C overnight. The reaction
mixture was diluted with sat NaHCO3 ag. and extracted with EtOAc. The combined organic phases
were washed with brine, dried over NaxSOg, filtered, and the filtrate was concentrated in vacuo. The
residue was purified by silica gel column chromatography (n-hexane/EtOAc = 100/0 — 0/100) to afford
compound 43 (90.7 mg, 72%) as a colorless solid; mp 180—181 °C; IR (ATR): 3373, 1662, 1119 cmr
1 IH-NMR (DMSO-dg) &: 8.38 (1H, s), 7.40 (1H, d, J= 7.8 Hz), 7.34 (1H, d, J = 7.8 Hz), 6.92 (1H, t,
J=7.6Hz),6.47 (1H, s), 6.37 (1H, dd, J = 11.5, 2.8 Hz), 6.29 (1H, td, J = 7.6, 2.8 Hz), 4.00 (1H, d, J
=10.5 Hz), 3.76 (1H, d, J = 10.5 Hz), 3.28 (1H, d, J = 11.5 Hz), 3.13 (1H, d, J = 11.5 Hz), 3.04 (1H,
d, J=15.6 Hz), 2.76 (1H, d, J = 15.6 Hz), 2.14 (3H, s); 3C NMR (DMSO-d¢) 3: 169.6, 161.8 (d, J =
238.0 Hz), 145.6 (d, J = 11.5 Hz), 143.1, 141.5, 131.0 (d, J = 9.7 Hz), 128.6 (q, J = 30.8 Hz), 124.4,
124.3 (g, J = 271.6 Hz), 120.2 (q, J = 3.8 Hz), 113.8 (d, J = 2.0 Hz), 111.6 (q, J = 3.9 Hz), 102.0 (d, J
= 21.3 Hz), 99.2 (d, J = 24.5 Hz), 58.6, 49.0, 40.2, 37.7, 24.0; HRMS (ESI): m/z calcd. for
C19H17FsN20: 365.1272 [M+H]*; found: 365.1272.
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1-(7'-fluoro-1'-methyl-6-(trifluoromethyl)-1',4'-dihydro-2"H-spiro[indoline-3,3'-quinolin]-1-
yl)ethan-1-one (44)

1-(7'-fluoro-6-(trifluoromethyl)-1',4'-dihydro-2'H-spiro[indoline-3,3'-quinolin]-1-yl)ethan-1-one (43,
78.6 mg, 28.2 pmol) was dissolved in DMF (0.94 mL, 0.3 M). Mel (21.1 pL, 33.9 umol, 1.2 eq.) and
NEtz (51.2 pL, 36.7 umol, 1.3 eq.) were added to the mixture. The reaction mixture was stirred at
100 °C for 2 hours. The mixture was purified by silica gel column chromatography (n-hexane/EtOAc
=100/0 — 40/60) to afford compound 44 (70.0 mg, 88%) as a colorless solid; mp 72—74 °C; IR (ATR):
1668, 1316, 1114 cm; 'H-NMR (DMSO-dg) 6: 8.40 (1H, s), 7.40 (1H, d, J = 7.8 Hz), 7.35 (1H, d, J
= 7.8 Hz), 6.97 (1H, t,J = 7.8 Hz), 6.50 (1H, dd, J = 12.6, 2.5 Hz), 6.38 (1H, td, J = 7.8, 2.5 Hz), 4.02
(1H, d, J=10.5 Hz), 3.79 (1H, d, J = 10.5 Hz), 3.42 (1H, d, J = 11.5 Hz), 3.20 (1H, d, J = 11.5 Hz),
3.09 (1H, d, J=16.0 Hz), 2.93 (3H, s), 2.82 (1H, d, J = 16.0 Hz), 2.14 (3H, s); 13C NMR (DMSO-ds)
d: 169.8, 162.5 (d, J = 238.9 Hz), 146.9 (d, J = 10.7 Hz), 143.3, 141.2, 130.7 (d, J = 10.7 Hz), 129.0
(9,3 =31.8 Hz), 124.6, 124.5 (q, J = 271.6 Hz), 120.4 (g, J = 3.8 Hz), 115.6 (d, J = 1.9 Hz), 111.9 (d,
J =3.8 Hz), 102.0 (d, J = 21.3 Hz), 97.7 (d, J = 27.0 Hz), 58.9, 58.2, 41.2, 38.9, 38.4, 24.2; HRMS
(ESI): m/z calcd. for CooH19FsN20O: 379.1428 [M+H]*; found: 379.1424.

Analytical procedure

Concentrations of test compounds in samples were measured using an UFLC-MS/MS system
consisting of a Quadrupole-Orbitrap Mass Spectrometer (Thermo Fisher Scientific Inc., Waltham,
MA) with a Shimadzu 20A series UFLC system (Shimadzu Corporation, Kyoto, Japan).
Chromatography was performed using an Cadenza CD-C18 column (3 um particle size, 2x50 mm,
Imtakt Corporation, Kyoto, Japan) warmed to 40 °C. The mobile phase consisted of 0.1% formic acid
ag. (A) and 0.1% formic acid methanol (B). The flow rate was 0.2 mL/min, and the gradient conditions
for elution were as follows: gradient [min, B%] = [0, 5]-[2.5, 95]-[4, 95]-[4.1, 5]-[5.5, 5]. Mass

spectrometric detection was performed using positive ionization electrospray.
Octanol-Water Partition Coefficients.

The partition coefficients (log P) were measured by adapting the shake-flask method.
See: OECD Guideline 107.
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Metabolic stabilities in human liver microsomes and Calculation.

100 nM test compounds were incubated for 30 min at 37 °C in 100 pL of a reaction mixture consisting
of 50mM phosphate buffer (pH 7.4), 3mM NADPH with 0.1 mg/mL human microsomes (Xenotech
LLC). After the incubation, 50 nM internal standard (bezafibrate) in MeOH (600 pL) was added to the
reaction solution. The mixture was vortexed and centrifuged for protein precipitation. Then, the
supernatant was measured using an LC-MS/MS system. The peak area ratios of test compounds to
internal standard were used for the calculation. The results given are averages of triplicate independent

analyses.
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