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¥ oA v P =BG DAFAL & RAVIE A~ DIGH]

AR, EEMMEMLEID T4 77 ) —fERIcE T, {LAYEED THEM S ) PEER
R LCalikEng X oick v, 2o MHEM S ] 2 RV DG IC K 72 B 23
FHZED TS, HTOAF A4 v F— B2 GO RAYRHTEREEHEE 2 H 3
720 T3 OD R B EBEE AT 2 HEER 33-EBEA F A v F -
HEOEM I 2o, 2o DARITAIELYAE OIMENREZ> TS, LA L, AF A
V= 3 ALPURRAS AT R O SAREIRIRE R TG B R o Tl b . IR A AL
DEAFEITARERALE LOBEELFETDH 5, KitgEld. KAV oG HRAE LCHIT
% % . t-butyl 3-alkyl-oxindole-3-carboxylate D FT IV AEIRIIMESNE O 2 HIg L 72, £ 37,
Lt E c R X vz, B % v B di-r-butyl 2-(2-aminophenyl)malonate D A4 F > 4 v F
— VBEAL)E DARFALICE Y A 72, o DEEflliZ -7 F VT 2T A DAFIENFRML % 4+
HAFRCTHEFINLT LY AT v FEEES)-TRIP # W% & & TER L2 GB5),

fewv T, EEREO R EiEm LT, 2 FNAFEREZ V2 27 27 LA EREIERR
LS % 5 A 7z BAREYICIZ, di-+-butyl 2-(2-aminophenyl)malonate IZ, ¥ 7 A% & L T
LAY R L 72 13-4 F Y 7 VRIRFHHBEZEA L7, &L tameiE L
LCAF A v F=ABYLRIG R T 072 & 2 A, & 81% de THAIEGMEZ 3,3- @A *
VAV EE—AEEREAK TRz, 50T, BEE L TS)-TRIP ZFHW5 2 LI XY, 93%de
FCEFMErM B L, A OF I AR 2T L 28558, AFRHR I 13-vFF Y 7
VOMBERTFOMENPEETH L Z L AL, Z OIS OBER T & ki
g7 =0 T I 2 B L Do MNKEREGIC K 2EHIECH 2 nlRetEz R L 72,
AHERE L BERO N~ m VY T 2T V& v 5 33-TEMLA F o 4 v F — L D AGEIR
PEFRBREE E 32 B A 2b0TH Y FriLwiiiEmziRn Lz GE=%),

T, BEEORIGTHE LN NAMEEA F 24 v F = LEWIT 1,3-dioxolane % FABR
L7eV A —MRICBWT, ZOYT AT LAY =% VAT Nh T LREHCRE | it
BT B T E N T, AT, AL EYNCHEE L ChetE 2 k3 2 2 LI X o THEx)
BEZREL, SHIC, KF I AT 4 v 770y 7% WwT, coerulescine ¥
psychotrimine DX AE ZER L, ARIGCOFMELZR L7 GEUE),

LLEDHREFRED2 & RSO GRTFRIL, BEEIE CHHINE F I 4 F 04 v P =15
BICHT L WiiiEamziens 2. AMARIGTH 2, UTIC, SEOBNEZ b



Cil Wa |
AEERICH WO T2 {LEYREL LT RAVIKILEY P ER 2D T 5, FT) 33-
TEBEA XA v P AFEREIS K 0FEEE AR T EARE SN TE D, alkyl 3-
alkyl-oxindole-3-carboxylates D HTHIZAGEIRII G HIEFFE IFAIZELE EERL D 5,
BB FIVTLVRAT Y FBEEHOCEAFIEGFMER)IGIC £ % t-butyl 3-alkyl-oxindole-
3-carboxylate $H D AN A K
LfgE = Cc R L 72 alkyl 3-alkyl-oxindole-3-carboxylates DRI A BE 12, BEAREE 3151
{fL L 7= di-t-butyl 2-(2-aminophenyl)malonate ®—7/7 D T AT )L ALK VEE T I 7 FHK
BT 20FNT 7 2 2LRIGTH 5, RRIGIE =2 D%EliZe VK =V FD—T7D R
DIRG L CTRIEZ 2K 9 IERTMESIGTH b . 2 DAFITIMER A3 2\, w1 46— F DA
HIERC SO S N85 % (S)-TRIP 2 L A O F I L7 L v AT v Figx R
7)==V 7Lz A, (S)-TRIP fFE FT45% ee DTF v FABRMNFHRL IS C &
ZHH L7, T oic, B, REREE S L ORE 0SB 1 & o RIS % ol U 724
B, AHFNEEY 66% ee T TH LI, 72, BEALAMICHEEL CetEx KT 5 C
EICX YD (S)-TRIP 22D X SHFONE Z L ZHfER L 72,
BEE AFMEE A FIENPMERISIC X % +butyl 3-alkyl-oxindole-3-carboxylate
$H o IREIR & BGERFE
H_E TR L2, F 7 A X 2 =0 v F AERBAFIENPMUR)GIE. A AR
FPRECHL ZLREBIcy yru X X v R RERH D T Lol T, FE
ST CE LR 2WENLETH o7z, Z 2T, HFEMEDM L2 Hig L. AAEMIIED
BACE YT AT UAERIENTMUIG~ BRI L 72, 3. AAME L L COlAE
2> b L7 1,3-dioxolane Z A L7z & &5, 68% de THRALIKZF72, RIS D il
BLOB W CTRIL 72 27 v F A ERRFENTMESOSAEEES)-TRIP & DA A D 21T
S 7R, EPUEIL 93%de T T L L2, X510, AFMEZE AL L CRISZIT-
e A BERTOMEYXE 2777 Fu7 7 VIRCGERESHEELEZZ 2L, K
FOGDAFHERER & U CAFMBERE R T L RKEMNIS 27 2 7 HKREF L D1
WKFRFE G TH 5 LHEE L 72,
PR 33-"@EAF AV E—AFIACAT 4 v Ty R RAY O
2HK
F_BECTHN L RICOARELZRT 720, 50 N8 UKD b 0 AEWYE G K %
1T 5 7z 1,3-dioxolane DFAER & Z N ICHK W 7V RETEIC X o TR SO N7 tbutyl 3-
formylmethyl-oxindole-3-carboxylate 7> & X & 7 2 G % 1T o 7245 %, (—)-coerulescine,
(+)-psychotrimine DIEHX LB EZEK L 7z, TNHLDWFEL L. F 747 tbutyl 3-
formylmethyl-oxindole-3-carboxylate 23 DIEERRYI~ L FFERER AR F I 00T
4 vr7uy 7 THDEI LRINLTZ,

Ik



F—E Fram
i AEEICHwL LAY 3
Ff 33-EMAF oA v P — AREEMK 10
B =Hf alkyl 3-alkyl-oxindole-3-carboxylates D 3 MAEIRN G HGERFE D E#E 12

BB FIATLVRT Y FEEE MG AFIENFMURIGIC X % t-butyl 3-alkyl-oxindole-
3-carboxylate H D V2 {AZERAY G K

FH—H WS 13
B FIATLYRT Y RNBEORZ ) —= v 19
B SAEIRN 7 7 2 LB OGS @ o gt 22
FVUET AR OHEE 28
BAE NG 29

BB AFMEE A2 AFIENTMERISIC X 3 t-butyl 3-alkyl-oxindole-3-carboxylate
$A O T AAREIN T & BGER 7

H—H S 30
B WA R S LT RNEIERFME G O BT 33
AT HONECE O RE 35
AT AR OHETE 36
AT AR L DT 38
FONET AR i w7 iRET 42
HEHET N 45
VIR 33-"@EA XAV F—AFIAUAT 4 v T ay 2w RO
E ey
H—H S 46
55 _ffi  (—)-coerulescine DA 52
B =Hi (+)-psychotrimine D JEEE K 53
1 (TN 54
o f 55

F bR DHL 56
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B AERICHwL N B{LEY

1899 fEICANA T X W HIEIN/T AV Y Y 2FIHE LT, TNETIKE L DA
RV INTE e, ' 20 E TCORBER IS A FERTH O . LA D
BUBMR T Ched BEMFFE P L v FOEREREIAN & ho/z, 22 D%, ~=v ) vifil
7 EORBNTH L CTHEEKZIT 5. ALY L R DRI A 1T X 2 BIZENTIE % %
7=0b, S HEABL O ZERFEE L 1990 FRUCHK O BBEAIITHR W TEA I N
NAZN=Ty P AT ) == v ZFHTS)FEM ORI X Y, 2K TR OB 5
DAL L7z, 4 E 720 HTS ORI, 74 77 ) — (L&D ERAER I TN, 7
A7 70 —bEMEIFTICH TR 500 LT 2T LT 280 HLEYiEEiE L. ARAHE
fiioFRICL Y EEATREL o7z, EMBILAEMEED, 747 7Y —{LAYDFTREIFA
bREZR ey MUEYOTUFICER L, BERMHEIC L > CTENIFICERREETH 5, Bk
DANT7 7 =<3 EEATEDNCDRETATI)—2EELTEY, ZDOHOANLS
DR THN S,

Lo LiEAE, 529 B BALdHIC B0 21K L&Y & Tl & 3 2 B3SO F & 13
YO—FEERIZESTWE, TZDRKND—D & LT, BEHESL GPCR, /A v F ¥ v Aarind
DR TALEIPER LT (VA Y FEGRT Yy F2HT2) A3 —7 v F 8 L.
PUREER L Z v N 7 8F R EDOANA AEFEBICFEHPEET > TR L REF LN S,
Z N O [ FHED IR LA IEER LB R WAIEEEN ~D 7 7'n — T&%EM&Wﬁ%
AlREL T 203, % K OFYEMBFEIET 5 (Table 1), $2flE LT, N AEHKKDOL X1 %
Mz 50 TETHDH-0IC %@%éﬁﬁ@ﬁéﬁa\M%W«@éu#@%&mt®M%
WD X 37 IFEIC R Y 29, AEEENICHIRI A 5 2 3T o b, 7z, ORI
DEECTHL L2 OELIMLHATH L L OMBERTH 5, X HICiT, PRI S
ThH5-OIHEREBICHHIRSEL T, B TEESIU ED X 5 RENEIE Lo
EE AR L T Do, WS EAIBEEN A~ DS TILEMIC X 2T 7 a —F 23 fF &
T3

5

ik

Table 1. (K TLEY RO — 7 70 7 7 4 v

B FLEY pifk
100-1000 TR >10,000
A ek ©
O HRZ i X
A~© 7% TR x
A~©Q AT x

O Bhga x b x




=T e B R AR D KRB 23 & v o3 2 - & v o3 7 B[ A B AFE F (Protein-Protein
Interaction, PP)CTH %, 0 {RFM 74 PPl #EER & LZESEM L L CRIKRERLRZE T oD
23, iR oiE Y FURBESRIC IR T FED L v, —J7, KT X 5 PPIAIENCEIL <
IR ORI DS 2 & B TE B M. RD X 5 m#E2H 5, —f%ic, PPIKIZR T
TILEICIER > TEY VA Y FREAE LT WART v 23 (Figure 1), & o T, 2hEMY
O BIRMITHENTT 2 KD TLAY ORI & S h Tk Y, R OFFEE M I
LT PPl D#IfHIZ1T 5 A& v 5 SEICH Y fHA T w3,

Protein 2

Enzyme
Receptor

——
- ~

-
g

Ligand or
drug

¢

:mzﬁm%mg
> BR. ERRK > PPI(X /N7 EBEEEER)
Ry M) Ay RHEE LWAR R REARTEHIES
—{ESFHIEBLYT W —{ESFHIEALICL W

Figure 1. B35, 28k & PPI DAHAAEFERAL D #E >

PPI D &5 ifro 2 —7 v b & Big 2 AEEERN I, B LEMIC X 2T 7o —F %217
57201, BMFEDIA4 77 ) —{Lam e RER LAY ORIEIEECH 2 2 LITH
HTH2, "INETDODTFIANTATI7)—lF, avEeF PITAITATZ IR —%
ML, 2 DftEMEB2 L ICERZESEEINTEZ L, Pav e I T AT 3
A Y =&, HAGDEHERICE S THERNICL MEOILEN G T 2 FRTH 2
(Figure 2), —HDILEVIREZ —ZFICHUBFRECTH 2720, 7 IANTA T T ) —ILEEND
LAV DIETRICEH LG L T &7z, £/, ARLEOREIC LV 2 RICOMEIE 2. Bl
ETRBETLEMDBEREI N, 77IANTA4 T IV —icdGERTnw3, BLiL, KOT
fbaPe LT, R, E5, KE MEET»5 7% 55018 500 LT oL &M EE 2 7-
LA, SR EZORLAYEIZ 100 222 dhTnwb T eh b, HoWwE{LAYEM
LTV LEFVE, Y E, 100 bDbAEMEZ A2 LIdEHTHL T Lh b,
TIANTATTY =R ENETOROAEMEERAT =) TR AL, LTS
D ® 2 {LEMEEE 2 5 2 2 2 (EE) 0K D b Tv 5, BRI E L, chETo
74 77)—LEE 3 R b0L LT, R T4 7 mfb&WREICH 27z, 16



Figure2. 2+ F U 77 I X b Y —Icflifl &4 2 o

TTEV L ORMYNIEEME LTHHINTE L, =) vdZD—DThH D,
1928 fFICH Y O HIAEYE & L T Alexander Fleming 1 X Y 7 4 /1 ¥ Penicillium notatum @
BB bRAEINT, T Z ORI gD BB-7 7 £ L RPUEWE & WS, ST
BARD BRI M TIRb Nz d DD, Z ORGEDHEHE X 2> DAL ENICREKT 2 2 L IZH
#HeEZONTW, LA L. 1957 FIALEEBEIIE S iz 2 & 18 & KUY I hhEih
PEAHBARFZE 3 H 2 o | BIE T 2 ORI ERBIS TR L Tv» 2, iAo Hi
D—2F~= 2V VIER ~DIIGTH % 23, Z DIHERKE O —2I1XB-T 7 & LK gl
FPB-T7 7 2~—K)DHERICI LD THB I LHAEEILDLN, BHETIER-T7 7 2~—%
PHEH & offIC X o CHERPCRECEHA ST WS, /2, SRR EZRF>T L e 21T
TrRERE T AT~ EI NG PIKEEDOR I 2 HRRE L L COIY fEE D A3
LWwdoo, BAMKERER S~ S, HECTOEREG CEEIN TS, ELretd
~= 2 Y VERE, B o EHER SREREREE L 7 4 v ER R R L, (FRSTH B A Y
I A FRZEROEERGEEER D E - T, % oSG AR A K T T 72,
2009 fEICiI-F A4 FZEREIECH 2 F 107 7 7 4 v PIMBOENT BE 1< BT 2 #F
FEVRIESE & L KR & 7z (Figure 3), 2



morphine nalfurafine

Figure 3. KIAAVIEH S & % DGR T H 2 EFH N,

LA bl b RIRVERSDOFRIBICH 72 > THRAEBLFYOEIZYI VBT 3T X
W, 2D BHIH37 a4V 514 XV (Halichondria okadai)h> & Bt X 717z halichondrin B ®
FHEMARTY 7Y v TH B, 2halichondrin B IZPIBAMEE 2R T 2 & BSHRG T LT 7228, 8
600 kg 22HEOLNBEA 125 mg EIEHICHETH v, AERABIC X 2 iEMERBRHE O
G FE N T Tz, 1992 FELIC K > TRABPER 2 I n72db 0D, ZoHELH» L
RCEN @Y, EHICEME» RS T LCRERRLAEYTH 27201l d 5
EREETH o 7208, X DB —F A4 #R)IC X o THBERELITFEA & h, =V 7Y v oD
BAFEIC D78 5 72, 2010 45, TV 70 ¥ A U ABBIR(RESR G T 7 = V)BT A ) A1 iR
s 2> HPLAI AL & L CTEFE X T 5 (Figure 4),



halichondrin B eribulin
Figure 4. halichondrin B 3 X (8% & Z k= ) 7)) v

PlbED X s mEhrs, aveF b T7Ar 32 —fkolb&YEED S ORiH % X
> TR B L % ofEFAIChIFS 2 2 L3R RRNTH S, L 2AT, avEF L+
TATIAMY —HRkD T4 77 ) —ALEVRE L RBRVIRLEDREO K W & D X
O BBUEICEN D DTH A D B, 2003 1 Feher & IZEIEG, KW, LUV T74 77D —
ELEPIDENITDONTHHT LTV 5 (Table 2), * o FEZR 2 L, EHHICHRTIAL T F
UV —{LEPIIRE WV, T/, SlogP ICIFHERAEND O, EEMCRAMELV D FAT T
—ftEYITREL o T b, TNLIIMAENEREICKZ CEE L, FANI 4 77 ) —1{Lh
Mizeerflchrcenrillansd, o, 74 770 —{La&aWiE. 7 vposizd
72 . MEEATRERE A8, RRIAIEIRKE V., ThbnZ &b, EELCKAMITIAHED
RWERE S HHE A FFOo— T CERITTNRIAD Y 2o Tnb e FEZ b5,

Table2. 2> v+ U757 IR MY —fdikofbEd), E3ES, RV OVHEAEEL S
IVEFPITATIALY —

74770 —{tEY ek e

CHEfiE/ g
DR 393 /389 340/312 414/362
SlogP 43742 22/23 2.4/2.7
* 7 AL 04/0 23/1 6.2/4
el ¥ AT BEfS AL 6.4/6 56/5 44/3
A B 12.0/12 8.0/8 8.8/8

EEYI DO ZRITIED Y g H5EE L L <, (LAY ORFBIRTEIC BT 5 sp? KRB D
HEFsp)H3dH %, sp? rich (Fsp® 23/N I W) LEWNIHEIRD 2 WITA MK RE L & B
Y 7 SEARBRE % 3% — /5. spPrich (Fsp® 28K & W)L &WIHEIE = RITHY. 2 F 0 3Z2fk



WA 0 #H 3 5, PPN GV ORI E L CldfEfitEsE o, BREE B X OEE
EBME WA L, EHEME LTCRAME AWELRH 5, FEBIC, FFEERE. Phase 1 (Phl), Ph2,
Ph3,Drug ® 717 =Y — T Fsp (AD VFIMED Ik 2 T A 2 & RS2 128 515
&, Fsp? B3R &\ T & 23] % (Figure 5). 2 Z DEEEG L5 O sp® rich ILEVIFED D DB
BERRIC X 2 RS OBIHIFE R8T SN Tnizp, BED X ) 7 — % & RARYIER,
~ONERFRIHE 72 Y . FOASEHZED TV 5,

0.5 045 0.47
0.45 0.42
0.4 0.36 0.38
0.35
0.3
2 0.25
—
0.2
0.15
0.1
0.05
0

discovery Phase 1 Phase 2 Phase 3 Drugs
Stage of development

Figure 5. f5ts X OKIREE(LAMICEH 1T % Fsp?

FH TR EH2 MDM2-p53 AR ERICTH A 5, » Lk L 7z PPI BHEFEHA %KD T
LAY TEHL TV B ARTEHIN TV B Z T TR, 204 2 EHED v, o
v athic X o TAMEBEME A IS % BIOAE & L 72 Ph3 SBRAYFEE X LT\ % idasanutlin 1%
2020 FEDEEE HIE L CHIRRERZFEiThTcH v, LTS 0SS T L WBHRH 4
BfrbhT\nwd, 62 2 TCRIBENZLAEY D% L sp’ rich ZEBNIAS Y #H T 21L&
YcdH ., sp?rich Rfb&YIo PPIFHEHK L L CoRMARREMRICAFIET > Tn5,
THIELFEH SN, L DILAYIR R E N0 33-EA F 2 4 v F—AiFEkT
& % (Figure 6),



Cl

idasanutlin MI-77301
ICs0 = 30 NM IC5o = 100-200 nM
MeO MeO

RO2468 RO2468
|C50 =15nM

Figure 6. MDM2—p53 #HAAEHBHER (ICso 1& in vitro MR FEINHIFEAL O )



B 33-EfAF o4 v F— Ak

AT TR~ 72 MDM2-p53 MHAMEREEAILAMC D 58D 3 3- &t ¥ 4 v F—1 %
EURAY B X CERMEHLEMDHE I N T3, 7 RV DK% Figure 7 ICE & o
720 (—)-horsfiline 34 ¥ 4 v F—=ABRevn ) VRS —DODRERTF2HET 22—
2 72 A ¥ 1 BR(spiro[oxindole-3,3’-pyrrolidine] ) & & A ' m 4 v Fu VEHOFTH T  Hff
BEEEFEOMETH D, H»OHEFEAL LTHYORTELEMT Y TICERT S
=27 X7 RN )BT 2 Y Horsfieldia superba 7> 5 it X v, 28 (-)-horsfiline H & b $EJR{FE
FRT I EDL, xoFEKAs XA o RECRFSITORATE R, ¥
rthynchophylline ® At w4 v Fu YEHICDEINEZRAYTH Y. 7 ¥4 X 7 (Uncaria
rhynchophylla)?> b B X N7z, 0 Ao v LF ¥ 2Ol H V7 LT x4 v DB EH
BB Y % OfERIIEMEEE PR REFRZ R T L2 bFEHIN TV S, B TlEy
F 7 24 NMDA ZEEDH 72= v b NR2B I/EHI L, TA YA ~—JRDORAYE TH
5L IND ABiaiC X 5 NMDA ZEEO BEEHALZIH T2 2 Lick v, REREEZN
Hil+ 22 LRI N, 3INR2B 125 D7 EOREHRBICHEAG L T3 Z LRI
ThY, 5HDOI LR MEOFREIIARF I L5, 2 spirotryprostatin A (I 7 €D —FETH 5
Aspergillus fumigatus BM939 DFBEEER D O Hiff I Nz Av e [ v Fa v LEWTH 5,
B2 QEMENE L LT~ v R AMINE tsFT210 ML O MBS EHH 2 G2M #Hic v CIHE 3
ZEHAPME I NT VD, Lo THAAFI~DICHZ HIE L T2 OEBIFFE2IERICITD
NTWwWb, 33 gelsemine bAF 4 VvV F—ABRIMICRACRREEEZHT 24 F 4V F
—ATAHBA FTHE, ¥~F R Iy LEDLHEEX N, EEICHER L 72 B8
FErITchd by, 20 » 04 L OABMEEDITEH 2 LD TE 7z, MudEHEe o L
THHIGNTEY, v F T RABEMOMHNIC X > TEEEZFH T2 BAOLNT 05,

NMe
MeO -\“l
O
N
H
(-)-horsfiline
N
© NH
MeN
g
N O
H
spirotryprostatin A gelsemine

Figure 7. # % v A v F—=aArT7ArhuwfF
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PF1270 [ E RS ER D b Bk S 7z “RICHEY TH 5, 7 'H-'HCOSY. HMBC & L O
X AAGE ST IC X o TREGEIVED 2 E N, B P AX IV ZBERT IT=A b ThH S
T LS D & x5 72(ECso of PF1270A, B and C = 0.12, 0.15 and 0.20 uM, respectively), H#IR
I -2 s, AR R OREE IS L CHEMITH 2 2 L AR I LT B, TMC-95 13 3-alkyl-
3-hydroxy-oxindole ‘H#&% &L KERIKEEZ AT 2 2= — 2 fLEWITH 2, ¥ LIEROES
BRSO N, 077 —¥HEEEELZ R T Z & %SG SN T 5, 3-alkyl-3-hydroxy-
oxindole B I1I B A& v P MER %73 SM-130686 ICb &H T b, 3 SM-130686 (%
RIS SE 2 & R S 72 FE~ 7 F PEE DR TL ARt v & v b eiER <5
D, REOHRGIC X o TREKFICERE-IERZ R L2 8 THEHZED -,

o

|\O

o)

PF1270A (R = n-Pr) TMC-95 SM-130686
PF1270B (R = Et)
PF1270C (R = Me)

Figure 8.3,3- “E#aA ¥ o 4 v F— A% Fo A LY E

33-iEfEA R A4 v F—ATR, SOoDEBENRE ZGEICAFTIEL S, LEEL
EEDHNIZ TN AR ETH V. ZDOVRMEFAIC X O AEMEEICEWSE L
BLr#EZbN5G, FEERIC SM-130686 DLF v FA~—TIXiHENAKELBLRDNRE LA
WMEINTWD, ¥Thbb, 33-TEBRAF AV PV OREREMRBENE 2174 51
W7o T, NRBI DO EVMERN AT IRBOWPEENEETH L L2 5,

11



5= M1 alkyl 3-alkyl-oxindole-3-carboxylates O 37 {4 e R [ & B IEAFE D B 3%

PUR R R D EIRIE AR THE AL 2 IRBERILTH 2858, £ DARFKRED AL % HlfH
THILRFMWICHIHETH L L EONTEHY AR LOERAFED —DTH 5,433
:%ﬁﬁ#?%VF—WG3ﬁ$§%$’%w(%ﬁﬁ?%éoChifSMﬂ%%@i

3 PLICA~T B FEFAER LT b 33-TERA ¥ oA v N — A EENE S O f5ETE
ﬁﬁ%ﬁn#&ﬁ%%bf%t#\L@Lth@M%ﬁ3ﬁE¢@@%ﬁ@&ﬁuﬁmf\
ETRFERECHEN 2R EE 3 (ICFio A4 F 24 v F = ALEY) O RS HAH RS
RSB Z IR T2, 4 AIERLEIRIC S T, YIRS CIE 74 77 ) — D%k
ESo-o, BHERECRY) — MLAYo#Elto = oic, ik Stz 32 &
BV — P BEICKRD bNTE Y, 2D X ) 72 33-TE A F oA ¥ F— v OFBIZAGEIRRY
BAMED £2RKDONT WD, £ 2 C, FEMLARER 33-ZEfA F A v F—1F 7
NMENT 4 v Tay 7EREORIEE HIE L. alkyl 3-alkyl-oxindole-3-carboxylates O 7 {4

FEIRPEBGEOBIHICHLY #HA 72 (Figure 9), 33- @A ¥ 4 v F—=1OHTD alkyl 3-
alkyl-oxindole-3-carboxylates % EA ZHHIZLATO@EY TH 5,

O AT A2 HMERE~DZEMANFIRETH 5 720, HEHY) D% k725823 AT RE,
@ Rt oEEREE e LCoRAERE?D 5,

¥ 7z, alkyl 3-alkyl-oxindole-3-carboxylates D 3 AFERIN A AGE (ZERE S LTV 5 H D DGE
MizE —Em iR 2), TLERoNAETHEOABFHINTE Y, ORI H % LE 2
726

ZZTEHFEF.INETICRED W AFIENMEZ S 7 7 2 L4LIC X 3 alkyl 3-alkyl-
oxindole-3-carboxylates D VAAERI A BIEDFHFICE T L 72,

Figure 9. Alkyl 3-alkyl-oxindole-3-carboxylates

12



BB FIALTLVRT Y FEEE MG IAFTIENIMURIGIC X % +butyl 3-alkyl-oxindole-
3-carboxylate H D V2 {AZERAY G K

fore

B f

2
all]

koY 33-TEHLA F oA v F =i  ORRYCESE S E LAY O
CEENTE Y AW ECIER ICHRE AR TH 5, T TH 3fLICT AT AE S 7 v
FANRGEORBERELZ AT 2 33-E A F 4 v F—id, X TREEREICE -
TEBINEAFNRKEEAL TEY, ZOGHHSE L FELofifitEr 5% 0f
AR EDFEHZED TE 2, FEERIC, AF N, 2F AR EDEMT v F LT 2T U1K
RO LERFEEE LTHHALTw I lEREINTEY, HEOAFARTFIED
R xhTwd, 254 REFZRHIE LT Trost 51T X % (+)-horsfiline DEEEAFETF LS
(Scheme 1), ¥ Trost HI¥A F > 4 v F =D 35k IR LI L THAFT U b il 7z
&2 A, HHMOERIIHER I N2 b 0 DRFRAFITH AL I MR HETTT 2 2 L3l o 72
7293 TATAEEALZAFA VY F=Av YT — LT —FV 4 ZHWCRHEEKED
SIGETo 720 AEFRAT 4 v )Y FE PAdIC X BB T VL2587 L. B
S5ORBLTEETH L ERBE L, 20k, THN7720{ftickden) F VRO
JERK & AR = A DIEICIT X o T(+)-horsfiline ~ & BT 3,

oy [Pd(CsHs)Cll, silica gel, <
/ ligand, BSA florisil,
MeO allyl acetate oralmina MeO
O g i 0
N deformilation N
1 Bn | 3 Bn
Q 0.25 mol% [Pd(C3Hs)Cl],
OFt 1% ligand, 15% TBAT \\\
MeO allyl acetate H
N—oTIPs MeO -/ ~OFEt
N PhMe 0
DMB 96-100%, 84% ee N
4 5 DMB
6 steps ,/\ N ! 0 Q o
—> | Me© ' : NH HN |
0] ! E
N ' |
(+)-horsfi|ir|1-|e 5 PPh, Ph,P 5
: ligand !

Scheme 1. Trost © IC X 5 (+)-horsfiline D 2K
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Vedejs © 1% Diazonamide A D53 H5HE D AU HEE1EM: 7 methyl oxindole-3-carboxylate
FHEAR % F\ T B (Scheme 2), 6 A F 24 ¥ F—n 3 [LICAFMBIEEL LTO)-F 751
RYRVI—TNVNERTE7 2/ — Vi8R EEAL 6 Icxf L CHERBX YT/ &
AFAVEERAESETCAFAZIRATAZY T AT LAERICE AL 72(7), TBS HEEFREL
728ICBEWNWT, YU AT AA T LRI Y T AT LAANE 982 Tl LS ¥, %
Dk, FHFMPEOBEEL P FHANT I F— VOB ZRCHAZREEZH T 5
Diazonamide A DHERIHHE 9 DA ZER L T 5,

NaH
NCCO,Me

NH,F

THF (0] THF, MeOH
-70°C, 37h 65 °C, 42 h

r5.2:1
rog:2

d
chromatography Ed

Diazonemide A

Scheme 2. Vedejs & IC X % Diazonamide A 5§ 70H#t o 37 (4SRRI A K

¥ 72 Overman H IV 7 PRIV v TAhaf FO—fiTH % gliocladine C DEEH
AT 3,3- @A F o 4 v F = 12 ZH T % (Scheme 3), 57 7 & I {AD 3-(indol-2-yl)-
oxindole %A% DMAP FHEMMBLIC X 2 KT o VEBRALZEME T I3 2 & T 2,2,2-
trichloro-1,1-dimethyl =X 7V % T F v F 4 t(er)98:2 TEHAL T35, ZDHRY T <7
Yvazy FOEAN pTAER ) PVERER, AL T 4 PRGOS %R T gliocladine
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(0] Me |
e RS
NBoc Cl (@] CC|3 O NBoc ‘@7
Y TEA —
H N e catalyst
THF 0
O O O oC O \ O >vCC| THF
N ) N Me M
Boc 97% Boc e Ve 88% Boc
10 o 1“; 12:er98:2
e
Cl O~ °CCly , catalyst, TEA, THF, 40 °C, 88%

HN O
6 steps $ NMe
- 2 “Me
H @]
(+)-gliocladin C (+)-gliocladine C

Scheme 3. Overman & IZ X % (+)-gliocladine C D 37 (AE IR )4 K

FRo@E Y 3FIC T AT AR ET 5 33- @A F o4 v N ViKY o A R IR
ELTHHEINTE Y RA AR IRE SN Tnd, ZOHT, -7 F VT ATV
D 33-TiEHA F A v N - A D VRERARANL, S E i 3FEBOTTESRE I
T,

2007 4F, Jorgensen O IETGEE R F v ~DIMAFER T L ¥ v EOE AL —BR L L T,
t-butyl 3-alkynyl-oxindole-3-carboxylate D ¥ % #ti L T > % (Scheme 4), ¥ A F 4 v F—
AYYALL ) —AI—FA 13 IR LTy Yy a=y vEHEATh 2 HEBE X 7 A Al 3
LYY VT =T A ORROBEER B & L C KE/KERZIERA S E % 2 & ThFEtR -
butyl 3-alkynyl-oxindole-3-carboxylate 15 DI L 720 AL 3 f2ic -7 F LT 2T
NEFT S 33-iEE R4 v P L oPoaHRHITH 5,
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Allylo,C

CO,t-Bu o catalyst (3 mol%) \\
N 33% KF aq. CO,t-Bu

OTIPS /OAIIyI g :
N c| o-xylene/CHCl; (7/1) o)
Me -20°C N
13 14 95% Me

15, 85% ee

Scheme 4. Jorgensen © IC X % t-butyl 3-alkynyl-oxindole-3-carboxylate O 5

Kozlowski & (% t-butyl 2-(allyloxy)-indole-3-calboxylate 7> & Meerwein-Eshenmoser Claisen #x
fiZiC X o T t-butyl 3-allyl-oxindole-3-carboxylate % SZMAERINICA L T E 2 FiE2ME L T»
% (Scheme 5), 3% ARG 1T DifluoroPHOS Pd IC & o Tl X 31, 92% ee THF 4 v F —
N1 %252 %,

\ J

e N :/ F O :

CO,t-Bu 20 mol% | O :
N L*Pd(SbFe), ! 0 PPh, !
o] g ! !

N O/ CH,Cl, Y PPh, |
H 0°C N : F><o !
16 60% 17, 2% ee : ) ;

_____________________

Scheme 5. Kozlowski © I X % Claisen ¥5i7I1C X % t-butyl 3-allyl-oxindole-3-calboxylate O 5 i

—75 Park & ld~ v VIEEFHEEROVAERo- 7V F AMURIBICHNT T 7 2 24L%1T
T & T t-butyl 3-alkyl-oxindole-3-carboxylate DA %z ki L T > % (Scheme 6), 61 7 U AL
HEERVIMIEEF 7 F B ER T S HEBEBEME L e CEILTwb, 20
%, = FafbE® 19,22 DRITCIC X > THEL 2T =V Y ORMMINKIG -7 F LT AT L
VLY T2 AFAIRATAIERLTREIZ 226, 2R E N -butyl 3-alkyl-
oxindole-3-calboxylate 20, 23 % JERIIC AL L 72,
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A

Ph

A

Ph

MeO

(S,S)-catalyst (8 mol%) j\h Q 9 Raney Ni ©\
OtBu BnBr, 50% KOH aq. H, = ,CO,t-Bu

93%

_ P07 X otBu :

PhMe BLo MeOH [::Ii{;z

—20°C 2 N
H
20

19, 95% ee

0]

(R,R)-catalyst (5 mol%)

o 0 allyl bromide Ph O O Raney Ni
otBy  59% KOH aq. Ha CO,t-Bu
H MeO Q
NO PhMe MeOH @)
2 0°C N
90% H
2 22 8%ee 23

Ar = 3,4,5-trifluoroCgH,
(S,S)-catalyst

________________________________

| N+ |
jos ool
{ :

Scheme 6. Park © 1T & 2 ZARZEIRA 7 Vv F UALRIG-T 7 % ZMUIRIGIC X 5 t-butyl 3-alkyl-
oxindole-3-calboxylate D &

3-substituted oxindole-3- carboxylates DINE TG TN TSI v F AERINAKGE
FRELITT4HEYTH S, T Overman b DRF IR I N D AF T ¥ VHEARAT R
JGICT X B A 55 1T Kozlowski B®$|§’(¢ RE XN B Claisen Tefii 2 WV 2B K. =1
Trost %> Jorgensen © @:‘Fﬁ% IR I N 2 ANFIE % F o 72 RAKSE B E O [EERE AL £
L CTHIUIC Park b OMEFICRE I N HEWEE R T AT AVFEERO S THNT 7 2 2L TH
5, 7 IkOAFIAVF-ABROMESEL L TR THT 7 2 L8EBELHwoh
TWwb—77, ZDOEEFICETAFZFHEL T aifGE IR I N Ty, BRILERE T
AFZFHETE L, EERECOAMATREIC L 5 ko, izt~ v v EEEEEAR D b DAL
H3A]REIC 75 5 (Figure 10),

AREETIL di-+-butyl malonate FHEAEDRFIENTMLZES 7 7 & 24LiC X % alkyl 3-alkyl-
oxindole-3-carboxylates D ZHAERIIEKICONTIRR B, Znb, ThE TICTF v F HER
FIFERFMLEGIC K 5 7 7 2 LERIESOGCOHE 1372 <. U T oMEs#o Cofltcd 5,
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1) asymmetric acyl transfer 3) asymmetric allyl/alkynylation

R'" O CO,R
»OR \
N—g chiral DMAP metal or »==0OR"
N derivatives organo cat, N
H H

\ RI \\Coz R

2) Claisen rearrangement 4) asymmetric lactamization

RO:G :> Pd-chiral R COR
N\ S phosphine ligand CO,R
N NH,

Figure 10. Synthetic methods for 3-substituted oxndole-3-carboxylates
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B FIALTLVYRTY FBBORZ ) —=v 7

LS5 = Tl t-butyl 3-alkyl-oxindole-3-carboxylate DIFEEGICHE T L DT L v AT
v Nl X O A RERRICENET 5 2 L 2 LT3 (Figure 11(a)), 2 7=V v 24
CEBWTHOLEROD 7 F AT AT VIZEMTH 225 K787 =) v O RKEZA A
PGz 52 LI X WIEEME ks, KRICHFIANTL Y ATy FlREMWS Z LT
AFTELEZ, FTILTVLVRT Y FIEORY Y —= v 7 %3 L 7z(Figure 11 (b)),
Petersen © (¥ 7 V7L v X7 v N2} di-t-butyl malonate F 8K DA 72 —~ DD -7 F LT
ATNDRFT B L. AFEIENTMUIC X 2 GEIRIN 7 7 b VvERREREZ T 5 2 & %
WELTEHY, A4S F 4 v F—VEREERICTH A TH 5 IR %Z LT,

(a) Previous work

R
JCOtBu no additive
COQt-BU >
165 h
NH»> i

43% conversion

Ozt—BU 2t—BU

@EQ
24 rac-25

R
) CO,t-Bu CO
~COxt-Bu Bregnsted acid ?
CO,t-Bu -~
NH, 0.25-4 h

100% conversion

5

2t—BU

-

24 rac-25
(b) This work
R
~CO2t-BU  chiral Bronsted acid {CO,t-Bu
CORt-BU === -mmmmmmmmmmmm e -
e mo
NH, N
24 25

Figure 11. BTN 7 7 2 2MLIC X 24 F > 4 v F— VBB G

RETHER % Table 3 ICF L7z, HEENAR T L v AT v FigL LT, 3L L THEAN
AJHE 7 /1 VR v [ (dibenzoyltartaric acid 26, mandelic acid 27). (+)-10-camphorsulfonic acid 28.
Y V% BINOL =27 129,30 Z 27z, WA ARV RiTwEnd o727 L Afkc
LB HFNENCE RSN 5, £ 72, (+)-10-camphorsulfonic acid®® 35 £ 'Y V[ BINOL = & 7
WARSIERBI RGO Bk & L T S &AM TN T w5, B ARIGIE 0.01 M T
Fhti L 7z, HWTFEE COMET ORIR, 0 TR COMAIFERIC X Y BR{LG s et x ) % 2
EHIRBEI N2, T RICZEET 5 HRYT® 5 (Figure 12),
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Me co,t-Bu
BFARME Ot-Bu
Nt O
H H
M TS-1-1
°co,t-Bu L
CO,t-Bu —
NH, [ +BuO2C e
Ot-Bu
24a pa{OX
”\\l+ \l-\l/H
e H H\ N+ —_—
ATFMRG .
t-BuO
€ CO,t-Bu
TS-1-2
_ Proton transfer Il _
Me
CO,t-B
3 ! Me co,tBu
“H .
N9 N
H t-Bu H
B TS-2 rac-25a

T=VY 24a ICERT VLY RT Y FIEEZEZNZNMA T2 T5H, WD AR VIS
BROAF A v F—25a %5 27205, SR 72 VR v ISR (dibenzoyltartaric acid
26. mandelic acid 27) 1Z WV F b LHERMEZ R T b o 72 (entries 1, 2)o (H)-10-
camphorsulfonic acid 28 5 X 'Y V[ BINOL = X 7L 29,30 (3. VK v EFHEMRICEER L
TR WG CERILS 2@t 5 2 L 23] o7z, L 2> L. (+)-10-camphorsulfonic acid ¥
XY VEEBINOL T R 7 L 29 [ 3Gt ia A F o4 v F— 25a % 5 2 727> > 7= (entries
3,4), —Ji. U V& BINOL T & 7 VEHER30, (S)-TRIP)IZ, FH S BRLKICEMRAEL 7272

Proton transfer |
(Ring-closure)

Me co,t-Bu
Ot-Bu
OH

Irz

[ tBUOC e

Ot-Bu
OH

Irz

t-BuO
Me&" co,t-Bu

IM+IM

+  {-BuOH

Figure 12. FRALEIC X W HEE T 7z AERIC X 2 BRILR)G D fie e

Feid . PREDVAERNEZ RS L 23 o Fz(entry 5, 45% ee),
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Table 3. Screening of chiral Brensted acids for desymmetrization.

Me
COt-BU  chiral acid (1 eq.) M& (CO,t-Bu
COzt-BU >
CH,Cl, (0.01 M) ©
NH, rt N

24a 25a

OH
©)\WOH
0”0 o © OO
HO._~ 27 0.
Y OH O/P\OH
Eo oY (I
29
26 28 30(S)-TRIP
Entry Acid Time (h) Yield (%) ee?* (%)
| 26 24 92 5
2 27 36 94 11
3 28 4 88 -1
4 29 4 quant. 10
5 30 0.5 90 45

2 Enantiomeric excess of isolated 25a was determined by chiral HPLC analysis.
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SZH LB 7 7 % LBIYRITIC AR O o et

(S)-TRIP 2SR DVAREIR M7 s DA TE e A F oA v =L 28a 252722 L A
5, AFEBRS)ED RISt % Ehig L 72, =) Il s OMET % 1T - 7z, Petersen ©
1% 5 mol %D (S)-TRIP % fI\>T. di-+-butyl malonate FEMR D RFIENFMLIGIC X B T 7 b
VBB EHRE L CTWE, 304 L 5 THRIOFF o4 v F—)L 24a OREEIG b il 8¢9
MEVJRECTH 5 Z L 3F 2 b L7z, WaTHER % Table 4 IC/R 3, fillfit&E Dyl & I SRR
PIER T 5 Z & 3o 72 (entries2—4 vsentry 1)o — /7. 5mol % ¥ TR Z P & ThH,
VREREICIIHE L W EBHO 2L o7z (entry 4) L2 LA S 7 HEEDJFERH
HEET, EFRICEEZRVWEE 272,

Table 4. Investigation of catalyst loading.

M
eCOzt-Bu (S)-TRIP Me ‘\\Cozt-Bu
COzt—BU >
CH,ClI, (0.01 M) @
NH, rt N

H
24a 25a
(S)-TRIP ] Ratio Isolated
Entry Time ) ee’ (%)
(mol %) (24a/ 25a) yield (%)
1 100 0.5h 0/100* 90 45
2 50 2h 0/100* 87 49
3 20 7 days 0/100* 90 47
4 5 7 days 50 /50° 52 41 [41]

2 Consumption of 24a was confirmed by TLC analysis.

® Product ratio between 24a and 25a was determined by 'H NMR analysis of the reaction mixture.

¢ Enantiomeric excess of isolated 25a was determined by chiral HPLC. The number in straight

parentheses represents enantiomeric excess of reaction mixture.

KA R IGIRFE 0 K5 & $5 1 U CHVE RS L iR O MR & e L 72, FERE OGRS
% Table 5 1C/R T, SEICuR~ 7238 Y ARG 35 TR AAEAIC X 0 Bl 2 /- & IR b
JEHHEFT S 2 C e TPEI Nz, ERECRIGEZFEML 72 & & A RIGREREIZFEAME L 72 o
D, BEPEL 51T L0 o TUMGERIEMET 375 2 L A/RE L7z (entries 1-4), —
F. 001 M XD X HICREZET0.003 M) X2 THZARERERFRIETHZ DD, Kt
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HEMET T2 LBHLICE 572, UEDEE I D, 0.01 M % Gl 7 B L LT
LIt oRGt# £+ s 2 & & LTz,

Table 5. Investigation of reaction concentration.

Me
COut-Bu  (S)-TRIP 50 mol % M8 CO,t-Bu
CO,t-Bu >

NH, rt N

H
24a 25a
Concentration ) Isolated yield
Entry Time ee* (%)
M) (%)
1 0.01 2h 90 45
2 0.03 1h 96 39
3 0.1 30 min 95 34
4 0.3 10 min 99 21
5 0.003 3h 89 43

2 Enantiomeric excess of isolated 25a was determined by chiral HPLC.

B TR Z T L 72 (Table 6), UWFRZETOMGRER LD, X2 4 v F— L ERHEEE
FOSIE A X 7 —AHTITH & & CTRICHBHESI N D 2 EARINT 05, ARG ICHE DX
AR =N CRISEFERL 2L 2 A, KIGEEZ B L7 d 0O HERENHE R L -
(—6% ee, entry 2), 72, T b=+ VAT 14%ece. BFETF L TlE-5%ee THYH ., JFET
7 b A IS 3 T LA (KN L 72 (entries 3,4). % & TIFMBMEAE L L
Tz vizHnize ZA, Y7 rna XX /i R L CRSERPE KT L 72(20% ee, entry
5) ALoRE2 6, 5 MaNicidfiaFite Lcy s i xveflni L
776
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Table 6. Investigation of solvents.

Me
COxtBu  (S)-TRIP 5 mol % Mg <COat-Bu
COzt-BU >
Solvent (0.01 M) @
NH, rt N
24a 25a

ratio Recovered Isolated
Entry Solvent Time ) ee’ (%)
(24a/ 25a) 24a (%) yield (%)

1 CH,Cl, 7 days 50 /500 39 52 41 [41]
2 MeOH 24 h 0/100° 0 94 —6
3 MeCN 7 days 0/100° 0 94 14
4 EtOAc 7 days 26/ 742 24 62 =5 [-7]
5 PhMe 7 days 67/332 55 33 20 [30]

a Product ratio between 24a and 25a was determined by '"H NMR analysis of the reaction mixture.
b Consumption of 24a was confirmed by TLC analysis.
¢ Enantiomeric excess of isolated 25a was determined by chiral HPLC analysis. Numbers in straight

parentheses represent enantiomeric excess of reaction mixture.

Aot & b o 7 )G S ((S)-TRIP 50 mol %, CH2Cl 0.01 M) % E 9 72 728, FRET
o EBRET L 72, BRAURIGHTEACH 5 7 =V ~ 24b-1 IF Scheme 7 ICHE> CTHK L 72, 7
Au = buRyYyiFBRERC LT, BEE LCOKFELF I T LAEET di-tbutyl
malonate % 7 S ERIZEHIG S ¥, v v VY T X7 VFER 31 21572, vu vEy T
AT NVHEEER Do 2 TV F AL L 21RIC, EflRITTIC K o TT =V v 24b1 Z AL 72,
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3 3

y R R

; COt-Bu abcord Ri CO,t-Bu e R CO,t-Bu

Rfrcozt-su — CO,t-Bu CO,t-Bu
R? NO, R? NH,

R2 4 2 NO2

31b: R' = Me, R2 = H 32b: R' = Me, R? = H, R® = Me, 79% 24b, 98%

31c%7: R' = OMe, R2 = H 32c: R' = OMe, R? = H, R® = Me, 58% 24c¢, 79%

31d%% R' = F, R2 = H 32d: R'=F, R?=H, R®= Me, 97% 24d, 94%

31e62: R' = H, R2 = Me 32e: R'=H, R2=Me, R3 = Me, 72% 24e, 80%

31158: R' = H. R2 = OMe 32f: R' = H, R? = OMe, R® = Me, 76% 24f, 79%

3gf% R'=H, R2=F 32g: R'=H, R?=F, R = Me, 80% 249, 61%

31h%2: R' = H, R? = CF, 32h: R" = H, R? = CF3, R® = Me, 92% 24h, 92%

3170: R'= H R2 = H 32i: R'=H,R?=H, R®= Et, 97% 24i, 93%
32j: R'=H, R2=H, R®=allyl, 88% 24j: R® = n-Pr, 97%
32k: R'"=H,R?=H, R®=Bn, 79% 24k, 86%
321: R" = OMe, R? = H, 241: R® = n-Pr, 79%

R3 = allyl, 95%

Scheme 7. Synthesis of 24b-1. Reagents and conditions: (a) Mel, K,COs3, DMF, rt; (b) Etl, NaH, DMF,
70 °C; (c) allylbromide, K»COs, DMF, rt; (d) benzylbromide, K.CO3, DMF, rt; (¢) Pd/C, H2, MeOH,
0 °C.

BAET =Y v 24b-1 IC(S)-TRIP Z{FM & & 72458 % Table 7 ICR" 3, _RVEVER E~DE
PILEADPTREINDZ PRET LR, 7=V v 2 D 5L A FAEQ4b)ZEA L TH L
AEIRPEIFEH L, AFIEEIEA EL Tw5 2 L 23 5 72(57%ee, entry 2), £ 724 b ¥ 3L
(24c). 7N A rFEQAEEALEED. TNEN 61, 53% ee & VAEIRMER M EL 2
(entries 3,4)e L22L, 7=V v 24 D A{LIC A FVILEEA L 72 24e TlI—6%ee, 74 R
B EANLT-24g TIE 0% ee & 720, HAERMEDHAR L 72 (entries 5, 7)o —77. X b F
HanB IO MY 7udm X FAEQ24h 2B AL 255, ZNE 4 32%ee. 58%ece THAL
KEL5 272500, WRAEESXUF I HPLC D) T vy a v 24 Lh LD k(L
EHTLAF AV = 25, 25h TH 5 T & DRI A7 (entries 6, 8), Ft\ > T~ o VIE
VI AT ND A FAFEDEEERET L2, TF AR, Teeadt Ry EERZENE
NHET 27 =V v 24i,24j, 24k ZAFERMSEMHF I Lz 8 250 A F 1 Q24a)ic bl L CTHifk
FERED A L5 2 & DS 2 & 7R o 72(60-62% ee, entries 9-11), X & 72 B S AEIR M0 ]
FERfEmL T, CERERESP ELZRVEVE S fi~DX PR OHEBAL L v e Vg
VIRTNofi~D T ENVIEDEA R A GEDE L T A, 66%ee TERILEK 251 5 2 7=
(entry 12),

FF AV F =25 OFEECE L. SEEIETEAR D SIS T 1T 5 25K B KT 25190
EDHHRICE Y SIKTH 2 Z LRI NTz, MOBRMIKIT 25k 5L 251 Do FHEL 72,
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Table 7. Investigation of effect of substituents.

R3 R3
R CO2t-Bu  (S)-TRIP 50 mol % R LO,t-Bu
CO,t-Bu -
CH,Cl, (0.01 M) @
R? NH, rt R2 ”
24a-1 25a-1
Isolated
Entry  Substrate R! R? R3 Time? . ee® (%)
yield (%)
1 24a H H Me 2h 87 49
2 24b Me H Me 1h 92 57
3 24c OMe H Me 1h 95 61
4 24d F H Me 1h 95 53
5 24e H Me Me 4h 88 -6
6 24f H OMe Me 3h 88 -32
7 24g H F Me 3h 94 0
8 24h H CF;3 Me 4h 88 -58
9 24i H H Et 1h 95 62
10 24j H H n-Pr 1h 95 62
11 24k H H Bn 1h 92 60
12 241 OMe H n-Pr 1h 97 66

2 Consumption of 24a—1 was confirmed by TLC analysis.

b Enantiomeric excess of isolated 25a-1 was determined by chiral HPLC analysis.

BT, RIGIEDOZAIC X 2 AFIEK OZEAL % Gt L 72 (Table 8), AMRFTIC 1L LLELHY
AHFNEOEWEE 24 # 72, RICEE DR TIC X 2 VAGERER L2 AR L 72
D, 0°C HD5\\iFE 20°C TRIGETHETHAFNRIZFEFTH Y, RSKHEREL 25D

BKTHo Tz,
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Table 8. Effect of reaction temperature.

COxt-Bu  (S)-TRIP 50 mol% LO,t-Bu
CO,t-Bu -
CH,Cl, (0.01 M) o
NH, temperature H
24 25j

Entry  Temperature  Time® Yield (%) ee® (%)

1 rt l1h 90 62
2 0°C 4h 93 64
3 —20°C 24 h 95 62

2 Consumption of 24j was confirmed by TLC analysis.

b Enantiomeric excess of isolated 25j was determined by chiral HPLC analysis.
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FVUET A AR D HEE

(S)-TRIP 1T X o TEHEE X N 2 ANFIENIMUSISAERY), A F 24 v F— 25 D ic
EBSTHDEREI N DD, RRICOAFTHERNE % HEE L 72 (Figure 13)s (S)-
TRIP I X 232K T 27 + AL 7V v 27y FligEE LCEMS % P-O-H 28 t-7'F
NI AT NADHANKRZNERZEE LS X7 0 b VL &7, —J7TP=0 2 4 RIHE:
ELTFHLCe Fa o AL KEMEEZTERT 5, LAY 24 35 X U(S)-TRIP 3 [AlEk
IZ2 M COKBREDPIEK I NT WD EEZONDE 2D, TS(S)-25 H % T TS(R)-25 D&
FAREEZ R CBRILIR R S LB & & 2 72, TS(R)-25 TII TV F LI L (S)-TRIP DX v+
VERDBNC AR R E L 3 —F T, TS(S)-25 Tl LI { v, VARKFEZ BT 2 7201
TSS)-25 D2 v 7+ A — a3 Y TOER(DBHET L. (5)-25 BMEERMWICERK I NS LEDbIL
%,

R

COgt—BU
©\)<002t-8u +

30:(S)-TRIP

CO,t-Bu CO,t-Bu
TS (S)-25 TS (R)-25
R \COtBu R _costBu
Crp-e Cri-
N N
H H
(S)-25; major (R)-25; minor

Figure 13. Potential transition state of lactamization.
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LR AN T i

YR E TR I 2B E V720 TN T 7 2 Ui X 24 F o 4 v F— VBRI
FOGDAFALDN(S)-TRIP IC X VAEL 2 2 & HZHL 2T Lz, bl R b MET 2 FEREL 72 & &
A, Yr7uw X2z 40.01 M), 50 mol %D (S)-TRIP % {Ef & & 2 2 & THRE O RFIEK
BEONDELZRBAELZ RICTAFAE, Traxv i Hrwvidvnr v EEA,
TERICEBVWTAFAREEZEAT S C & CURERERA LT3 2 s o7, va Y
gy = A7 VFHERD T F v F A ERPIIEAFMUSISIC X o THF I N7 T 7 X LB 2 HEEE
L7zl cnE Tica . RGO CTOMETH %,

3

R R3 !
Rl COyt-Bu (S)-TRIP 50 mol% R! COzt-Bu 0
CO,t-Bu - o | o R
CH,Cl, (0.01 M) R2 N ! OO OH

R? NH, o s H
87-97% yield Ar
(S)-TRIP

up to 66% ee
Ar = 2,4,6-(i-Pr)3CgHy

24a-1 25a-1

Scheme 8. Asymmetric synthesis of #-butyl 3-alkyl-oxindole-3-carboxylates using chiral phosphoric

acid catalyzed asymmetric desymmetrization.
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AFFME 2 72 AFIENIRMESOGIC X % #-butyl 3-alkyl-oxindole-3-carboxylate
FE D SLARERI & G B 7S

H
[l
il

Hf HEE

HiEEClI = F v F AERPIEFRCSIGIC X 24 F 2 4 v F = ABBEEKSIC2 »Tid
NIz H X DVARERIEIZ 66% ee TH Y, T L iFEVEV, 22T AEMPEZEA
LT, YT AT LARIENFMELRIGIC X 0, & 5% 2 iiREREom L2 HIE L2, ¥ 7 &
7 L ARIERFMU S I E RO 2GR IcEWTHHI R TE Y, —ZBICEEKORE
HEWRCTE 2 -0 MR LG OEGRICENLTY 2 1P, —MRICER &2 2 FHEEOHlK
DY IENGEDR L (T F I N EREHRETH 2)ril. EL DY T AT LA —Tv Y
ATNAT a7 T77 4 —CHERRETHZHTENTHE, 2T 7 2 LBRPERKIG
WCEWTHEBDIGHBINED %, iz X, Porco Sl v aF T hv A FFEERMAEZ H
WTZPBRFLY 34 ICLTYAFA~u 3 — b FEMK 33 2 VAERKIC A4 7 At
MG & & 7225 35 % Zn BICEMF I & T, Y2 2T ADRFIENIMLIc X 55
7 2 WEROSAREIRI A K % 3EK L T\ % (Scheme 9), BBIREEICE VT AF LT AT L
BO) B WIF T = HQBTE 7 2 = HE OVIRKFIC L Y RERICENEL L LT
SARERES L T3

COZMe
CO,Me

MeO OMe N0,
I [::]/\\/ THF NO;

85%, 90% ee

Me 33 34 ' 35
Me MeOZQ ?
7n MeOzC OMe wo“ﬁe Na,CO3; aq. Me———u_ -
NH 92%
AcOH (
THF |‘| COZMe dr=12:1
Me 36 37 1 38

Scheme 9. Porco HIC X B YT AT L AERN T 7 & LEE

Wu SFVUBRME A v F—=ATAhuf FOEGRICY T AT LAERN T 7 2 LBREM %
Fv»CTw» % (Scheme 10), 7 Tryptamine 2> & 2 T2 CH B AIRE R =BREAL G 39 Icxf L T A
VO F Vv FAERIRITEZT ) &, Fik oD F VLI RXT VD 5 b F T % il
LT, NEEER AR 42 % 5 2 72(98% ee, >99% de). ARSG ITEFLIRAE 41 12 51> THERE
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IFLa=y PRI H Y TAHFBIAEL XY Ravy IrA—varvBPElansdz T
NSRRI 1B G ASE T % 6

Me
-Pr 20 - -
TsN" 'NH
N [n Pt’ Ph Nl NH
H 1 mol% _ H HY
CO,Et HCO,H/TEA CO,Et
39 “CO,Et DMF 40 “COo,Et
2 92%, 98% ee 2
>99% de - -
! _
EtO,C -OEt LAH
N
=~ THF
H 84%
L 41 i 42 CO,Et
OH
2-epidevinylantirhine

Scheme 10. Wu 512 X 3 ¥ 7 257 L ARIRK 7 7 & LBRETK

—FH. YTARATFULARERNT 7 2 2 LICX DA F 24 v F—nB8] 3 (Lo R{L2E % HilH
L7zl 2 v CIciREE S LT, Trushkov 1343 07 ¥ VB X U= b mim —28
WCIEILT 2 ETYTRATUAERNIC A TV T 7 2 2 {b %477\, spiro[oxindole-3,3’-
pyrrolidine] B 44 OWEFEZ T o7z, B LA LRV L, ARG TIZY 7 AT L AERM A
CawnwZ & &t LT\ % (Scheme 11),

C__some e
CO,Me Zn, NH,CI ‘,

N NG, EtOH/H,0 HN
68%
dr=53:47

43
NO,

Scheme 11. Trushkov ©IC £ % 7 7 % L {LIC X % spiro[oxindole-3,3’-pyrrolidine] D 1 &

BOBETHRREAF A v P ABLEIGIE, TR ICEBWw a4 — F DafifiC 7L
FAREZEAL W EBLRIOBET LW EHloTng, 22C, w4t — bt Dafif
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ICAFMBEEZBEAT L2 2 F 272, . AFMPEL LCL(H)-BEERBHELED 2= v
FEEATERICERET A Vv Lz, AAFHIIIEEE Overman HIC X > TAF A v F—
NER 3 AL DVREIRI T A FAACRIGICHWONTE Y, ZDIIRPRE IR F 4 v
F—=NVER 3O AFOFRICHEL T b LF 2 b7z (Scheme 12), 7 fEA TSR, A
AEMPFEIC L o T T AT UAERNICAFTPFREINSG L ZHL2IC L, T HIC,
ER L 72 EREEIC BT 2RI 2 v 7+ A= a v OREWDEIC X o Tk
LEAHE X T2 —7 T ARISIED FRKE/BEICXVFIHlE T 2 L pRi
I Nz,

Q O
TfO OTf
R2 46
[::Ii{>= LHMDS
O >
N THF, DMPU
R! ~78°Cto rt
45 41-89% conversion
17-78% de

R'=Me, Bn, prenyl
R2=Me, Bn, prenyl, i-Pr, 2-propenyl
Scheme 12. Overman HIC X 24 ¥ > 4 v F— VB 3 ML D VMAER 7 v F AL )G
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FBE AMTEEAR A FMIE L LT AN EIENTME G D B FE

VT AT LARIAFIERNMME SIS OGN ICm T T, BT X7 v & e 72 B GRTEK
KD EKZAT > 72(Scheme 13), ¥ B VA F VL TF N, i-TBEL, TFALIZXTNE
o-fluoronitrobenzene 48 £ V. ~ & VEHEIR 31,4951 # &K L 72, A EHROAFIE T
HBLYT7T7—1 46 LIIGI 5 &TENE NOBUIIGHTER A 52-55 % FRHL L 72,

>

o O

TfOAOTf
46
SUPS L N oY s X6

— CO,R
NO, O,N NO,
R R
NO, i )
48 49"7: R = Me, 83% 52: R = CO,Me, 42%
5078 R = Et, 73% 53: R = CO,Et, 49%

54: R = CO,i-Pr, 28%

79 R = 0
517" R =i-Pr, 76% 55 R = CO,t-Bu, 65%

3170 R = t-Bu, 79%
Scheme 13. Synthesis of cyclization precursors 52—-55. (a) dialkyl malonate, NaH, DMF, 0 °C; (b)
KHMDS, DMPU, THEF, —20 °C.

1% 6 N2 BV OCHTER A 52-55 % KBRS TG IR L, = b e i@l 7z, &
DEEA X —WIEBED BZoCld, JFEHIHAE L 7 =) YIRIZEKT 2 3 0 0, BURIG I TR
Lz Z eh b, JFRREROMEZRBZICEARMA & L CBIEZ M A 72, Z Of5HR, wihokk
Bl ThmEE T ERERI B o720, 'THNMR XY &2 CoREICBWTYTAT L
F~—BEYTH D EHHEAL 72(Table9), ZDRIGICEWTETN D 2 Rtk v T
AT LA~—lTabc TRINDG ZFETH S, HIL, Zo0BRLKICAE Ui {baEic T
HEITL TR LN WM LEY) 56-59a 35 X 1 56-59¢. B 5\ 3 =D DBHU G 23538 D 3L AL
FCHEAT L 2 IERPMEGEY) 56-59b TH 5, ERDIGTHRON S VT AT LA~ —REY)
b HPLC T OFEHR X ) =FHEORAYTH 2 Z L HHL 72, BRI b 5 MFRk
TH % 56-59a F L WIERFATH 2 56-59b i3 'THNMR & W HEEDBHRES Az d DD, 56—
59c IFHEERDEICE EE o T3, ZNDLDEFRITIT AT A mE I EVAERE S 1A
925 2 L2 L 7z (entries 1-4), 512 DGR b B 72 ZAERE(60% de) 2 7~ L 7= -
TFANIZATAEZHCCIT > 2 e LTz,
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Table 9. Investigation of diastereoselective cyclization and effects of various esters.

H,, Pd/C (40 mol%)
MeOH, 18 h

then AcOH, 3 h

52: R = CO,Me, 42%
53: R = CO5Et, 49%
54: R = CO,i-Pr, 28%
55: R = CO,t-Bu, 65%

56-59a 56-59b 56-59¢
(major Cy) (Cy) (minor Cy)
56: R = CO,Me not determined
57: R = CO,Et
58: R = CO,i-Pr
59: R = CO,t-Bu
Isolated Product ratio
Entry  Substrate R . de® > ¢ (%)
yield (%) (a:b:e)>P
1 52 CO:Me quant. 57.6:37.7:4.7 18
2 53 CO:Et quant. 62.8:328:44 25
3 54 COzi-Pr 90 71.3:26.0:2.7 40
4 55 CO»t-Bu 93 79.8:189:1.3 60

2 Product ratio and diastereomeric excess of crude 5658 was determined by chiral HPLC analysis.
bProduct ratio and diastereomeric excess of crude 59 was determined by HPLC analysis.
¢ Diastereomeric excess was calculated from area of the major product and that of sum of the minor

isomers.
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FHE MENECE DO PE

VARERN ABRILOCE R L2286, ARIGTRONE A XA v F—1D 3 fif
DIV FEDHEICET L 72(Scheme 14), —BR{LIK 59 DL A F LT+ & — 1% PPTS IC &
VEELEZEZA, DDV TARATLAS—%2 VATV ATLZu=x 757 4 —ICT
FHETE 72, NPMETH % 60a ZHTita=a vHRES + U v LI X 2B(LIFARZ 1T 72 >,
TATFe K6l 287z, ZLEZTATFTe FICHL, VA4 v T A eRIGICEBA L7 4 v~D
TR TR 1T 2B L 720 17 D SIRIECERBEI L EYITH V. % D HlietEE 13+106.5
ThHDLEHEINT VD, B—FT, 59 X VAL 72 17 DHBELEIE+110.0 TH o722 &
2o, SHETHE Lo, D0, AFIFVMLSIIGTH 24 F 2 4 v F = BRILK
JGIE SERMICEITT 28w RO I L,

TZTHRLNAZ1TIEF 7V HPLC £ V>99% ee TH 2 Z & BHER I N, ARSIl
FAL7AF oA v F=ABRBERICTE O 59 13 60% de TH o7z, T X —NERER
JGICE VBN =L 60 ICEVWTY T AT LAY — 2 CcE -2 L2 DFEKETH
2, b, VA= 60 BLXUOTATEF 61 bR HEEEFEEIEAE T2 2 L2RBIN
720 FRIT 61 13RRA BB~ BB RG LT AT e F 2RO &5, 33-EHA F
VAV F = AFERERICER R IVEALT 4 v TRy 2R D B,

59 (R = CO,t-Bu)

CHO
b WCOxtBu ©
60a ————>
76% O 32%
N
H
61 (S)-17 (>99%ee)

[a]p: +110.0 (¢ 0.35, CH,Cl,)
Lit.,%8 [o]p: +106.5 (c 0.3, CH,Cl,, 92% ee)

Scheme 14. Synthesis of (S)-28. (a) PPTS, MeOH, rt; (b) NalO4, THF, H2O, 1t; (c)
methyltriphenylphosphonium bromide, KHMDS, PhMe, THEF, 0 °C.

35



FVURT  AFRARA O HEE

AEAF AV F=ABAURISIE § OZMLETEITT 2 2 L AL 0 L TR0 a7z ®,
AHEFEA N =R LDOHE TR o720 £ RIGHTIEMA TS 5 = F v L&) 55 O X i
SRS AT % FEHE L 72 (Figure 14(a))e 55 DHT 3 DD 7 F LI AT A%, SKDOA F
AV F= NP EINEBRICKIGT 2 T AT V% pro-S. RIERDF F 2 4 v F—LIERMPE
Db D% pro-R &3 % (Figure 14(b)). X Ffh AFEAENT OFER, = F v L& 55 (i
BT, = bR pro-R DEFICNET LI LBHL LR oT2, TDAV T A A= 3
VHEEY 55 OAFMPEE L = F oV ARRBICLVFHREI AT I EEZLONS, L
DL, ZDav7xA—a vy LSRRG ETL, AL T =) v ASNERHED
-7 FNTATNERIGL GG, ERERE —BL v, b, Sthkot*xo 4 v F—n
BOEIN L 720 I BRI TR R WERABE TV 3 &2 7,

Figure 14. X-ray structure analysis of 55. R of 55 is omitted for the clarity.

= bteftEY 55 CIRAELRWHAERAE LT, BTk 62 07 =V v E AFHiBHED T
X =V OBRIFTREICHE U 555 THKER-E %% 2 7= (Figure 15), BALIISESIREEIC 35
WCHTPIKBEBEEERT 5 L. 8 BERIGEVTER I NS, pro-S ICT7 =V v 28 RIZK
L7286 RBAFMPR L RV VROV FED? D (S)-exo DAV T+ A= a3 viEREL—
Ji. pro-R \CRIZKBE L 1285610 1ZR)-endo DAY 7+ A= avEllb eEz2bNS, %
nZzno 8§ BERICEHT 5 & (S)-exo i3 chair B, (R)-endo 1% boat B DELHEE L 7 o> T 5, BR
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BEDODVOTHRDIAINF —ICB VT char MO BLETH 2 LBMBEINT VB I L Hh
B, 8081 (S)exo DEMBIREEZRE LA F 4 v F—VERBENRELINE EE LT,

ON :
t-BuO,C : |
CO,t-Bu  CO,t-Bu CO,t-Bu | CO,t-Bu__ !
55 62
t-BuO,C CO,t-Bu
-0 O-
tBuO N\ . . // OtBu
> N—
HIA He ™ | "
g oH
R™N-VH
LT o

TO,t-Bu CO,tBu
O t+BuO,CO O tBuO,CO
59a (S, S) 59¢c (R, R)
major C, minor C,

Figure 15. Hypothesized mechanism of stereoselective cyclization.
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B AR OMET
ATENICIR R 7= FKBREEZ N L AT FREA D =X LY ERAET N, AF

R DA% 77 - 72, BRACLIGHTEN A TH 2 = F u{b&W) 67, 68, 73-76 11 55 & [AFED
J571EC Scheme 15 IZHE-> THK L 77,

R'__R R'__R

a b
Q><O Q><O
HOAOH TfOAOTf
(R = CO,t-Bu)
63%2. R' = Et 65 R' = Et 67: R' = Et, 55%, in 2 steps
64%: R' = (-C4Hg-) 66: R' = (-C4Hg-) 68: R' = (-C4Hg-), 54%, in 2 steps

COgt-BU
COgt-BU
NO,
31
75, 23% 76, 83%
(R = CO,t-Bu)
TfO THO TfO TfO
69 70 71 72

Scheme 15. Synthesis of cyclization precursors 67, 68, 73-76. (a) Tf,0, pyridine, CH>Cl,, —20 °C;
(b) 31, KHMDS, DMPU, THF, —20 °C.

FIOCHTR A D = + v fbEW % BAUSUGSAICAT L 72455 % Table 10 ICFE & D7, 75k,
FefilR 70 SOG 1 MeOH/ACOH DIRAFIETEML T2, Baf L7z oiE b IR X

K AF LAV F=ABILEW % 5 2 720 0 TKER-EIC L o TRAFBFEI NI HEH. R
FHROMEIR TEFHEEZER LT, 72U YOKERTEHE LI Rz AREE
WHEMET T3 ER 2y YAFAT R =L BT TFAO6T)~ B LBRILRIGZIT - 7=
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ETH, VAFAT X —=NE)ICHANTHEREIMET L 72(58%de, entry 2), £ 72, &
78R FU(68)~ & AT B LT AGEIME I X SIT{K T L 72(46% de, entry 3), i\ > TLA
Y 55 OXFREE DS BEP B EMEEL 72, YA F Y 7 VEBRAKFHBIEOR oA X 4 v
N — VERATERA % B2 U 72 73 2 BRALIISSMFIC 3 &0 MR L RSO Y7 27 L A3%EIR
WERT T EDBHL DL 7 572(62% de, entry 4), X HIC, HifiT F e br 7 7 VIR 74
BLUOAFMBEICEREBE 2R - v~y TUBHEAR TS BT, FFEOIE, ik
ERE CBRLG 25T 5 Z & 23 5 72(63, 69% de, entries 4, 5), — /7. T4 T F 7 F
077 VE2MICEREZAELCWE DI LT, 3~ 2L 72 76 TIIZAERED
FERITHRT 5 T L HBHS D L 78 5 72(0%de, entry 7). BERIR - DILEDEHIC X o THRE
FEBHR L2 L2 b, DTHDOARKIEIC L ZARAFFBEL TR, Bk L 720 7 HKkE
Az LI BREEERIC X 2 AFHFREA D =X LPRBRINEHER L 7n o7z,

ThrI2e bR 77 VERS0V IV I ATNAT LI a2 NI T T4 =LK BV T AT LAY
—DREDARETH - 72720, FEBYITH 5 (R, R)K 80a DT 7 ARALE % X A St
FRMTIC X 0 P38 L 7= (Figure 16), 77-79,81 (% 59, 80 DAL HiEE L 72, BIb, 2%
NOLREMBNEED S OVMALFEEB L COREHERAF AV F—ABRIMIES IR S,

Table 10. Investigation of chiral auxiliaries.

< Ha

Pd/C (40mol%)

NO, MeOH, AcOH, rt
R R 20 h

55. R'=Me

67 R'=Et

68 R'= (-C4H8-)
(R = CO,t-Bu)

59a, 77a, 78a 59b, 77b, 78b 59c, 77¢c, 78¢c
(major Cy) (Cy) (minor Cy)
not determined
59: R'= Me
77: R' = Et
78: R' = (-CyHy-)
(R = CO,t-Bu)

(Continued on next page)
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Table 10. (Continued)

Ha
Pd/C (40mol%) R'
R g -
MeOH, AcOH, rt HN
ON g 20 h R
R 0]
73-76 79-82
(R = CO,t-Bu) (R = CO.t-Bu)
Isolated Product ratio
Entry  Substrate R’ Product ) de® (%)
yield® (%) (a:b)P
o
1 55 %{_gw 59 quant. 84:16 68°
Y
2 67 %Z_SH 77 99 79 :21 58¢
3 68 wz_gﬂ o 78 quant. 73:27 46°
>
4 73 EJO 79 quant. 81:19 62
o
5 74 80 89 [80]¢ 82:28 63
MeQ
6 75 ﬂ 81 92 84:16 69
:/O
7 76° %—7 82 98 50:50 0

4 [solated yield was determined as sum of isomers.

b Product ratio and diastereomeric excess of crude 59, 77-82 was determined by HPLC analysis.

¢ Diastereomeric excess was calculated from area of the major product and that of sum of the minor
isomers.

4 Number in straight parentheses represent isolated yield of major isomer.

¢ Racemate.
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COzt-BU

80a

Figure 16. X-ray crystal structure analysis of 80a.
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FONET G B g e RET

e\ CARICOARFIE D[ ExIER L, RKICFEFEEZFF BRI T2 & & Lz, BilL
T HETE SRS < 13 BIRECIVIMLERER I NS & E 2 bz 2o ARG EE
Xhtch s LBEbNd, Lo T, RIGHEAKT I 25 2 LI X b ARERER M EF 2 L
EZOoND7D, BN ICHRE DIRET % 1T 7% o 7z (Table 11), SUGHEZ 0 °C £ TR T X
% EEIRNTEIZ 76% de £ T B3 2 & 23 5 72 (entry 2)o & 5 ITKIGHRE %20 °C
FCET IR 2 &, VARBRECREND o7z d 00, —BIUEATKIEAEIEL, B
Y d 5 BRI 59 DR IME T L 7z (entry 3)e — . SIGHEE D EFIC X 2 &S HETL
720 MMBGEFRSM FCBRILIGZEIEL 72 & & A, REIEKIZ 50%de T TR T Z 2 &2
B & 21T 72 o 7= (entry 4),

Table 11. Effect of reaction temperature.

Hy

Pd/C (40mol%)

MeOH, AcOH
(R = CO4t-Bu) (R = CO,t-Bu)

55 59
Temperature  Time Isolated Product ratio
Entry _ de®® (%)
°O) (h) yield (%) (a:b:e)

1 rt 20 quant. 84.2:146:1.2 68
2 0 38 95 86.0:13.2:0.7 76
3 -20 74 74 90.7:9.1:0.2 81
4 reflux 8 87 75.0:229:2.1 50

3 Product ratio and diastereomeric excess of crude 59 was determined by HPLC analysis.
b Diastereomeric excess was calculated from area of the major product 59a and that of sum of the

minor isomers 539b and 59c¢.

W CTHIE TR F F 7L v 27 v FIE((S)-TRIP) & DA G DE ZMEE L 72, L-(+)-
WOEHROAFMIIEIC L > T T AT LAERNICB LN X4 v F = 3 1D
VAREE L (S)-TRIP IC X Y =F v FAERMICH{oNE A F o4 v F— LDV fLFIT L
DICSTHLZ b, HIMMED 2 VIIHENRLED 2 LE 2T, £ B _EORLK
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ISP EFRIC T =Y VIcE 2 N2 CRILKIG 2 EE T % o1, BILATkED 7 =) v
62 D HiBE% T 72 > 72(Scheme 16), 0 °C I3\ CHERE % h 2 3 ICEMuSE TG %2177 9 2 &
kO, T2V v EHEEL7-, L2L, 62 I3BHEFICEWTD —HERILISHETL T
LEIALERMAYTH 2 Z LY UREORET L 62 % ZREREE L CHEM L 72,

H,
Pd/C
MeOH
0°C,24h
94%
(R = CO,t-Bu) (R = CO,t-Bu)
55 62

Scheme 16. Synthesis of 62.

FER% Table 12 10T, 3, HEEL27=V v 62 ZHVTH, BEAERETTKICELET T
BUL T2 o 2 A L TIRBRIRIEICER W &, Y7 a X X vRCRIGHRTAITD
AHENEICEE I L, TLMOFBICLIALNFIE~DEEREIrOL L L LT,
INE TOMBTIRIBIHED A % 7 =M ITR LT 10%DEEEZ M2 CT\Wiz28, 7=V v 621
XL 0.1, 1, 10 8D Zh vy 7un 2 2 v hCRIGORET2FEIEL 72, %
DR /7UDXﬂ/¢<%x&/—w¢&H%®T§WI%5x5 & i#K%W%
IR D FEEICIIRE SR I N LT L DHS 2 L 78 - 72(61-64% de, entries 1-3),
T%%MT%%£®®TMP%ﬁm5;kul5$%ﬂﬂ@ﬁTi&wk%K6htk®\
FoE TR L gt 2 F T 62 ZBRILIUSSEMICAT Lz, HIFRE Y | EiRiCB W T
RHEICE L 89%de £ THIE L 7z(entry4), X 51, Table 11 DFET % 5% IT{KE TG % 1T
D72 & T, VMERMEIX X HICE L 72(93% de, entry 5), LA EDED . EAFIETY T
AT UAERNA X4 v F—=VERIEERIEDETT 2 2 & 2L 2T L7z,
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Table 12. Effect of amount of acid, solvent, and (S)-TRIP.

Acid
H,N R NH, CH.CI,
R R
(R = COt-Bu) (R = COt-Bu)
55 59
) Time Isolated Product ratio
Entry Acid AcOH . de®® (%)
(h) yield (%) (a:b:e)
1 AcOH 10 eq. 3 97 81.1:17.8:1.1 62
2 AcOH 1.0 eq. 52 92 80.3:18.6:1.1 61
3 AcOH 0.1 eq. 136 94 82.0:17.1:0.9 64
4 (S)-TRIP 0.5 eq. 168 89 94.4:5.6:N.D. 89
5 (S)-TRIP 0.5 eq. 312 92 96.3:3.7:N.D. 93

2 Product ratio and diastereomeric excess of crude 59 was determined by HPLC analysis.
b Diastereomeric excess was calculated from area of the major product 59a and that of sum
of the minor isomers 59b and 59c.

N.D. = Not detected.
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FHEE MR

CT AT UARIRIENFMELIGIC X B2 A F 24 v F— A BBERKIGE 75 A v LTz,
AEMPHEEL LT L-(H)-HARBHEROAFMELZBEAL 2L 24, fH 81% de DAFIL
KCBLRICDETT 2 L 2L 2T L 720 He CTARFHIPIEEO LA Lz 2 A,
AEMBEN ORI T O EIAFRHICEECH L L2 AE7Z L, O TRKERS
I X BATAREIRE O FIH A3 B 2 AJHEMEZ B S A L7z, X 50, ARIGICE EoRHL 72
T F v F B IRIE TR SOCAREE(S)-TRIP Z A G DE 2 L. 93% de & BT 2 AER
WERT & o7,

t-BuO,C CO,t-Bu
< P Q '
F t+BuO~N\_ . . / OtBu
— N

02N N02 MeOH H H_'il) ~ — H I —H
t-BuO,C CO,t-Bu \H o H
CO,t-Bu  CO,t-Bu Oy R -H
55 B]Lo 0
— (S)-exo (R)-endo -

CO,t-Bu CO,tBu =

O t-BuO,C O O tBuO,C O
59a (S, S) 59¢ (R, R)
major C, minor C,

(S)-TRIP (50 mol%)

H2N N H2 CH20|2
t-BuO,C CO,t-Bu 0°C
CO,t-Bu CO,t-Bu 92%, 93% de

62

Figure 17. Summary of chapter 3.
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il

33-EMAF LAV EE—AFTIAEAT 4 v Ty 7 EHWIERARY DR

ENEYDY

fore

—H

B
2
afl]

FFIAVIE=ATAHBE A FD coerulescine (X 1998 FFiCA—ZA P 7 U TICHEHEL CTW»
% A ARHCTIE 3 % Phalaris coerulescens X Y {1 CTHEEBIE S /-4 F 4 v F—=L TV
oA FTHZ, ¥—TF, ZOEMIT 1976 FICT CIRMEFATH o7z ), BLWK
YT %, ¥ Kornet & (Z, spiro[oxindole-3,2’-N-ethylpyrrolidine] 2ME#EVE 72 23 & b R T IpR IR
EFRZHT 5 2 L2 bE-R%ET coerulescine 7 A4 v, L. % DRFTMKIEER % fité
228 T\ % (Figure 18), £72. A F > 4 v F—v 5472 OMe F£1C X o TEHE X 1172 horsfiline
DERIEH Z R e BEI N L 2K D Ic, B 2N FE TIL% < D coerulescine DEr
KA FE D3RS T T 5,

NMe NMe
NEt MeO
o —> o o
N N N
H H H
spiro[oxindole-3,2'-N-ethylpyrrolidine] (x)-coerulescine (z)-horsfiline

Figure 18. Structure of coerulescine and horsfiline

Coerulescine %% O EBEED &7t 37, spiro[oxindole-3,3’-pyrrolidine] 4% D =X JTHIIC
JED 2 EHME R IR EEEZ R L T b 2 Lo b ARGHILEE OB LEZED TE 7, AE
ik 3 MICIKRFREREDATEBMINEAFTKAZZAL TSI b, HAEER
coerulescine DKL IC D EHPET > T d, UMCINE TCOHEBHIZZET 5,

Danishefsky © I3 LA T D 735 T AGEIRIYIC (S)-coerulescine D 5% % K L T > % (Scheme
17). 8 N-methyl-B-carboline IZ%f L NBS % s CEALAVIER MG 21T S &tk b & 3k
®D coerulescine 3K AIRETH 5 Z L & A2 L7z ARIGEFEE L L 72 ARER G
T2 51CH7z> T, VT AT LAERNICEALIIRA SOG Z2 1T 5 FiEkxk & o7, BB, L-
tryptophan X ¥ 4 X2 CAF AT XA T V% EA L 72 N-methyl-B-carboline 551k 83 % &
L. Rl O BIL R ERAL OGS IC 32 &I X o T, HAEIRMIC spiro[oxindole-3,3’-
pyrrolidine] B#% 84 Z#AK L7zo SLVWTAFAIZ AT A E = b Y A~EEHL | EITHHE=

FUAKIEEIT S T &1 X D (S)-coerulescine ~ & EH T 5,
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CO,H

1) MeOH, 2N ag. HCl CO.Me
NH, 2) 37% formalie, MeOH NMe
> 3) TMSCI, MeOH N
N 4) 37% formalie, MeOH, N
NaBH3;CN, AcOH
L-tryptophan 69%, 4 steps 83
MeO,C
NMe
NBS 7M NH5/MeOH
THF/H,0/AcOH O quant,
quant.
84 85
TFA, TEA NaBH,
o el
CH,Cl, EtOH
quant. 73%
86 (S)-coerulescine

Scheme 17. Danishefsky © I & % (S)-coerulescine D &K,

Bisai 34 F 4 v F—VER 3 LD L REREE SO IS & Y (S)-coerulescine DE K%
BERL L TU % (Scheme 18), 87 & v aF T Ah o 4 FEFEkF A7 L Tl +F 4 v F—
N8TBLUVANTHEVLTAT e PRS2 LT, AF A4V F=A3fi~DVfHE
R T LV F—=AGICE D e Faf s 2 FLEDE AT L 72(88), fitld TA x4 v
F—n | (EHZOFE#E, BIXUOTALI—ADRXRY ALK AT AT AMMEERETHTH
vwr )Y VBB ZITS T & T, (S)-coerulescine DEAKETE T L 7z,
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Cbz
NMe  (HCHO),  Cbz-
10 mol % L NMe

> | HN

MeCN  OH H
O _5°C o A
N 81%, 90% ee N =
87 88 L
Cbz~NMe
1) TFA, CHCly \\, PAIC. H,
> -/ ~OMs >
2) MsCl, TEA 0 EtOH
83%, 2 steps N 85%
H (S)-coerulescine
89

Scheme 18. Bisai © IC X % (S)-coerulescine D £ i

Bisai © & [ABEIC, Hayashi 5 b A F > 4 v F— 3 (O AREIRERiokice e ) ¥y
BRZIEAT 5 2 £ 1T X 5 T(R)-coerulescine DK % 12K L T 4> 5 (Scheme 19), 8 HFEWE
T»H % N-benzylisatin 90 D 3 i ALK =LIC T P TATE FEMEALZ T ICRLT, 7
° Y v ERERAE 2 I 7o~ v ) — OGS X0 ik 92 # B L RPT= b m EoEIC,
BitB XU N X F4{b% —Z 11T\, N-benzyl coerulescine 94 Z & L7z, v Iz
Birch IZICRIFICEWCIRET 2 2 2L b, 4 TR LW TREET(R)-coerulescine D4
BRETT LTWw 5,
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20 mol% Ar

1) acetoaldehyde Ar
DBU(10 mol%) N OTmMS

O THF, -25 °C /' "H MeNOy, H,0
%0 2) HySO,4, AcOH y 0 iPrPH

H,O, reflux

B B
90 89%, 2 steps 91 "
O;N— i H
z n /
©\/£ CHO 1 acon 37% formalin
0 .
N o 69%
N H,0 N A
Bn
L 92 | L 93 i
Me Me
N N
/ /
Na, NH5
N O THF v °
Bn 78°C N
77% _
94 (R)-coerulescine

Scheme 19. Hayashi & IC X % (R)-coerulescine D &K

THIT, 33-EMEA F A v P EE N EERPIEIEEYE & LTI Tw 572
F T RAYPEEMMEMLEY oG KTEE L LTER A Tw 3 HIb A S,
T % hexahydropyrrolo[2,3-b]indoline B~ DFHEEICEE I L T\» %, hexahydropyrrolo[2,3-
blindoline BR&H 7 A v 4 FiE physostigmine D7t Fral v x7 7 —EHEFEH %
<., flustramine %8 % O iR (F MR 72 EILH 2 EBE 2R T2 e Th X<KAIL L
ThH, ZOAMESMIEINTZ 7z, HlzIX. Kawasaki b IZLAT DA RMEZ S L T
% (Scheme 20), ' 33-“EfAAF AV F =L 95 %Y T AT LA~Y—{LL, DK
SN FEE R AN R L ITITH L TN AF AT I FLL 98 21572, LAH IC X 23&7T
FRICfIF e, AF VAV F=ALDT IF—A~DEIL, 7 FOEIL, BLUVEL L
7 v OTHNERKIGIC X % hexahydropyrrolo[2,3-blindoline BRI % —ZIC{T W\, (-)-
debromoflustramine A D &K %12 L T\ 5,
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EDC, CgFsOH
\ COH  NEt, THF
o) then n-BuLi, THF
" o
\3\ HN\e
95 Ph
H,0,, LiOH
96a
H,0, THF
72%
LAH
—— NMe
THF Nt
58%
\

(-)-debromoflustramine A

\.

0 0
30 e
Y Y
o Ph Ph
0 0
N N
\ \
96a, 40% 96b, 46%
EDC, CgF5OH o
TEA, THF ?/NHME
then MeNH, N6
96%

N
D
98

Scheme 20. Kawasaki © 1€ & 5 (-)-debromoflustramine A D &K,
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¥ 72, Kawasaki 2037 I F&H L ICBLIC %R FEEL 72— T, Overman H 77T k&
F % iRl L L 72 hexahydropyrrolo[2,3-b]indoline 1% D % 32K L T \» % (Scheme 21), 2
BINAP % [\ 7250 FWAF Heck RIGIC X o> TR o 72 100 12xf L ETiy 7 2 2/ ks L O
BALRIG 2 —ZICT\0 101 PG TE 5 2 L 2WiE L7z, 2 0% 101 Ofi X F ks L O
7108 2 — pU% one pot TIT\>, (—)-physostigmine D EE K % EL L 72,

MeO | oTips 1) 10% Pdy(dba)3*CHCIl3, PMP HO
\@i 0 23% (S)-BINAP, DMA, 100 °C
=
I\N/Ie 2) 3N HCI, 23 °C, 84% in 2 steps
99 3) recryst., 80% > 99% ee
MeNH;+HCI
NEts, MgSO, i MeO \ye BBra Na
then LAH, N H then MeNCO
THF, reflux Me 63%
88% 101 (—}physosﬂgnnne

\.

Scheme 21. Overman 5 IC X 5 (-)-physostigmine D £

BTN AEE R T LT v F(S)-61 X LET spiro[oxindole-3,3’-pyrrolidine] & #%
¥ X Whexahydropyrrolo[2,3-b]indoline H &~ & FHFEAFER F F AL LT 4 v 7T 0y 7Tk
DH2EEZR, Thbb, AIELACENTY) —FYzxL—vavoRBEcERATH
EFZEzbhd, 22T, ZOEMMtEZRT L, (5)-61 2kt L L 72 (—)-coerulescine I X Tf
(+)-psychotrimine DJEREEKICETF L 72,
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BHi (—)-coerulescine DJER AL

FiBD#EY . T E TD coerulescine DEAMICE T, 772 2{licks4+F 4 F
—NVEREROBRIE CAF ZEAL HIIFEL 2\, BB, SRR -7 F L 2 27 DIk
SFMESSIC & 0 AL 72 E T V7 & B X D coerulescine DEEK AT & LiE, # L \»
HikimziRnc& 5 &E x, ARICETF L 72(Scheme 22),

TAT e F(S)-611Ch LCEILH T I 2 LRIGIC X V| 2,4-dimethoxybenzylmethylamine %
BAL72(102), KBRIMFIGICE Y P AP F LRV IOAEEREL, BO7 103 2 A %
) = VIR RIS ) 7 LT T 5 2L T T FAT AT N E A F LT AT AT
% L [AIRHCERL UG A U 104 21572, RALAY)IT coerulescine DRTEATH 2 2 & 23S
INTwLAYITH S, P ULoy | HEFEkTH 2 AEET AT e F(S)-61 XD
4 TREZ T, (-)-coerulescine DIEHEEZEK L 72,

CHO N
CO,t-Bu —a> .CO,t-Bu
@] 97% 0]
N
N N
(S)-61 b l__> 102: R = DMB
68% 103: R=H
NMe NMe
c ‘\\I*:O ref. 93 .n‘l
27% ° 7

Ir=z
T

104 (-)-coerulescine

Scheme 22. Formal total synthesis of (—)-coerulescine; (a) 1-(2,4-dimethoxyphenyl)-N-
methylmethanamine, NaBHs4, MgSO4, MeOH; (b) Pd/C, H,, AcOH, MeOH; (c) K,CO3, MeOH.
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B =i (+)-psychotrimine DJEX AKX

FINEALT A VT Tuy 7 THLTILT EFES)-61 DEZELZHERAMELZRT~, =58
THhwa A FOERKICET L 72(Scheme 23), (S)-61 D 77 b F % Pinnick FEfLIic X > TH
VAR VIEI0S ICEAL 728, AF AT I VERMEAL, IHICAF A VY F—=1D I i NH IC
AFAH =X =P Z2HEALT 107 287z, XAV F=LDANLRE=VEKHFEFY
FF MY Y LTEICK., BBEEH S5 2 & CRILKIGET L, 108 2157, MEE/EH X
® -7 FEERET LIk, HWLEYMTH 2 AR vk 109 21572, 109 1%
Shishido © iC X % (+)-psychotrimine DG HEIATH V| FESLE, NMR & b ICRW— %R
L7z, 949 X 5 T (+)-psychotrimine DIE G % EMK L 72,

0
CHO R
WCO,t-Bu a,b WCO,t-Bu c
0

N 83% in 2 steps o 93%

N

H H

(S)-61 105: R=OH
106: R=NHMe
0
NHMe +BUOSG, 0
CO,t-Bu d NMe —_°© o
0 0 58%
\ 61% - b
0
0 MeO
MeO
107 108
NHMe
12 steps
_ref.94,95

NHMe

(+)-psychotrimine

J

Scheme 23. Formal total synthesis of (+)-psychotrimine; (a) NaClO,, KH,POj, 2-methyl-2-butene, -
BuOH, H-O0; (b) MeNHsCl, HATU, DIPEA, DMF; (c) CICO,Me, DMAP, DMF; (d) NaBH4, MeOH,
THF, 0 °C then TsOH-H,O; (e) TFA, CH>Cl..
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FVUE MR

PR TS O N ERS)-61 PERAEF I AT 4 v 7T uy 7k 5 5L
FZ. (5)-61 Tk L L 2B EeB M %A 72, Spiro[oxindole-3,3 -pyrrolidine] 5 1% %
3 D 104, ¥ X U hexahydropyrrolo[2,3-blindole ‘BH%% D2 109 # z L2 3 T, 4 L%
BCTARL, “HOBREEMEER L 72, MEHE D ICEMEET Vv 4 FICBUL X
NEZEKTHY, Z0ODONEEELFHEELZREEL 72 2 &AL ZICHBIL 5
%,

0]

NMe CHO HO,C,
w0 3 steps WCO,t-Bu 5 steps ©\/<;lﬁlle
-~ — > -
O o) N H

N
N N =0
MeO
104 (S)-61
109

Figure 19. Summary of chapter 4.
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G\
B

HIRLDLAGEIRE A ¥ & 4 v F = ABRIEBUIG OBAFE & I6H % 8 U CTLL T O FERER 2 1572,

CETETII IV FOERERIA X 4 v B ABRIBR RGO W Tl 72, di--butyl 2-(2-
aminophenyl)-2-alkyl-malonate #F53E M4 IC MMM 2 /FF & € 2 2 &1 X 0 BRALIIS 3 EST 5
2 LICEMERT, ¥FTILTLVRT Y FBORZ ) —=v 2% EiLT-L 25, (S)-
TRIP A3 x5 v F A EIRWIFERNPMUOC 2B T 2 2 & 2 A2 L 72, RRICO &M% i
WAL U IO OMGEE R 1T - 72655, 66% ee DILMAERMETA F > 4 v F— BRI
D LI Lz, $72 3T A F AR OEE S PV ERIEICEET L e b,
BRACSOSFE o 7 v F L EL & (S)-TRIP DA U 2 HAAER 235 AEIRY: o F B Ic &
HThbEEELT

CFEEECRVAERYEoR EE IS L 2. 7 2T L AERNIERTME S D v Tl
7z di-t-butyl 2-(2-aminophenyl)malonate D ofiziC 7 V¥ VEZE AT 5 & BRAVIS A e
INZZ L OEBEREBRT, ZZCAFMIELZEAT ZRICRET A v LIzt T2,
L- A MRS AN HENERITH 2 2 L 2L T Lz, 72, AEHIBE DAk
IS & YRR OALIES LAREIRMEOFBICEE TH 5 2 L 2 RIIZ L, AAHEHK
WD THKFEREEZNL T A[EEEZH O 2T Lz, 2D B KRGO TAEREZ
[ L3R L(S)-TRIP LA AbELZE T A, 93% de TAHF T4 v F—ABRULEREL R
52 e A7 L7

CHEE TSR EE R OEEN R 33-SE A oA v N EERREARE LR
KW o2 A I 2w Tk X7, Spiro[oxindole-3,3’-pyrroridine] ‘F #% & X
hexahydropyrrolo[2,3-b]indoline & # D ~ D &5 % 17 72 \» . (-)-coerulescine & X T (+)-
psychotrimine DIER AL ZZEK L 72,

O, BEE TR LRI AREREL F oA v P ABRIEEURIGIE. 2 E TR
HORv, v u VEFEEDOAFTIENIME 7 7 £ LBRIEKOGTH Y . AEE L Ll
IRERCHIRTH 5, £z, BUETEIRRICOEEIIBAFC A BT 2 /50 *F 70
NT AT Tay 21k d5TLdRINEI LD, TN OWIFEHRITSEOES
AR ICEHBRC % 5,
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FER D

General

Melting points were recorded on Stanford Research systems MPA100 OptiMelt Automated Melting
Point System and are uncorrected. IR spectra were recorded on Shimadzu IRPrestige-21 or
SHIMADZU FT-IR-8400. Optical rotation values were recorded on Jasco P-1020 Polalimeter. 'H
NMR and BC NMR spectra were recorded at 400 MHz with JEOL AL-400 or JEOL ECS-400
spectrometer. Chemical shifts (8) are expressed in parts per million with reference to solvent signals
['H NMR: CDCl; (7.26), DMSO-ds (2.50), CD3OD (3.30), '3C NMR: CDCl; (77.0), DMSO-ds (39.5),
CDsCN (118.2)]. Signal patterns are indicated as br, broad; s, singlet; d, doublet; t, triplet; q, quartet;
sep, septet; m, multiplet. High resolution MS spectra were recorded on Thermo Fisher Scientific Q
Exactive orbitrap LC-MS/MS or Thermo Fisher Scientific Orbitrap Elite. Enantiomeric excesses were
determined using analytical high performance liquid chromatography (HPLC), performed on a
Shimadzu LC-20AD preparative liquid chromatograph pump system with a Shimadzu SPD-M20A
UV-VIS detector set at 254 nm or Agilent 1100 series HPLC system equipped with Daicel Chemical
Industries LTD. Chiralcel OD-3 column (0.46 cm x 25 cm). Diastereomeric excesses were determined
using analytical high performance liquid chromatography (HPLC), performed on a Shimadzu LC-
20AD preparative liquid chromatograph pump system with a Shimadzu SPD-M20A UV-VIS detector
set at 254 nm equipped with Phenomenex Kinetex C18 analytical column (3.0 mm x 75 mm, 2.6 pm
particle size) and the column oven was set to 40 °C. The mobile phase A was 0.05% aqueous TFA
solution and pahse B was 0.05% solution of TFA in acetonitrile. The gradient started at 90% A with a
flow rate of 0.8 ml/min, was ramped to 90% B in 14 min and held isocratic for 3 min and equilibrated
to 90% A at a flow rate of 0.8 ml/min for 3 min (total runtime: 20 min). Reactions were followed by
TLC on silica gel 60 Fas4 (E. Merck) or silicagel 70 F2s4 (Wako) using precoated TLC plates. Column
chromatography was carried out on a Biotage Isolera one system using prepacked 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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o

2-Fluor-4-methoxy-1-nitrobenzene®®

Meo\©iF
NO,

To a solution of 2-fluoro-4-hydroxy-1-nitrobenzene (4.39 g, 27.9 mmol) in DMF (47 mL) was added
iodomethane (3.48 mL, 55.9 mmol) and K>COs3 (8.50 g, 61.5 mmol). The resultant mixture was stirred
at 65 °C for 4 hours. The reaction mixture was diluted with water (100 mL) and yellow precipitate was
formed. The reaction mixture was filtered and washed with water. The precipitate was dried in vacuo
at room temperature for 2 hours to give 4.20 g (88%) of 2-fluoro-4-methoxy-1-nitrobenzene as a pale
yellow solid. mp 57-58 °C; IR (neat): 1597, 1493, 1331, 1277, 1242, 1196 cm™'; '"H NMR (400 MHz,
CDCl3) &: 8.11-8.01 (1H, m), 6.78-6.71 (2H, m), 3.90 (3H, s); '*C NMR (100 MHz, CDCl3) &: 165.3
(d,J=10.8 Hz), 157.5 (d, J=263.4 Hz), 130.8 (br), 127.9 (d,J=1.7 Hz), 110.4 (d, /= 3.3 Hz), 103.2
(d, J=24.0 Hz), 56.3; HRMS (ESI): m/z calcd. for C;H7FNO3: 172.0404 [M+H]*; found: 172.0406.

Typical procedure for malonate derivatives. Di-z-butyl 2-(5-methyl-2-nitrophenyl)malonate
(31b)

CO,t-Bu
Me CO,t-Bu

NO,
To a solution of di-#-butyl malonate (7.57 mL, 33.8 mmol) in DMF (40 mL) was added NaH (55%
mineral oil, 2.84 g, 70.9 mmol) at 0 °C. After 10 min, a solution of 2-fluoro-4-methylnitrobenzene
(5.00 g, 32.2 mmol) in DMF (6 mL) was added dropwise. The resultant mixture was stirred at room
temperature for 23 hours. The reaction mixture was diluted with 0.5N HCl aq. (500 mL) and extracted
with EtOAc/n-hexane = 2/1 (500 mL). The organic phase was washed with 0.1N HCI aq. (500 mL),
dried over Na,SOu, filtered, and the filtrate was concentrated in vacuo. The residue was triturated with
hexane to give 3.40 g (31%) of di-t-butyl 2-(5-methyl-2-nitrophenyl)malonate (31b) as a colorless
solid. mp: 114-116 °C; IR (neat): 1724, 1520, 1335, 1250, 1161, 1138 cm™'; 'H NMR (400 MHz,
DMSO-ds) 6: 8.02 (1H, d, J = 8.3 Hz), 7.43 (1H, d, J = 8.3 Hz), 7.25 (1H, s), 5.08 (1H, s), 2.42 (3H,
s), 1.43 (18H, s); *C NMR (100 MHz, DMSO-ds) 6: 165.8, 146.2, 144.6, 131.5, 129.7, 128.7, 125.2,
82.1, 56.4, 27.4, 20.9; HRMS (ESI): m/z calcd. for CisH2sNOgNa: 374.1580 [M+Na]*; found:
374.1575.
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Di-z-butyl 2-(2-nitrophenyl)malonate (31)7°

CO,t-Bu

CO,t-Bu

NO,
Yield: 79%; as a pale yellow solid; mp 72-73 °C; IR (neat): 1732, 1523, 1346, 1303, 1238, 1134 cm™;
"H NMR (400 MHz, DMSO-dj) &: 8.09 (1H, d, J= 8.0 Hz), 7.79 (1H, t,J = 8.0 Hz), 7.63 (1H, t, J =
8.0 Hz), 7.50 (1H, d, J = 8.0 Hz), 5.09 (1H, s), 1.43 (18H, s); '3C NMR (100 MHz, CDCl;) &: 165.8,
148.5,133.8, 131.2, 129.4, 128.4, 125.0, 82.2, 56.3, 27.4; HRMS (ESI): m/z calcd. for Ci7H23NOgNa:
360.1418 [M+Na]*; found: 360.1416.

Di-z-butyl 2-(5-methoxy-2-nitrophenyl)malonate (31¢)®’

CO,t-Bu

MeO CO,t-Bu

NO,
Yield: 81%; as a colorless solid; mp 102-103 °C; IR (neat): 1721, 1578, 1512 1315, 1254, 1138 cm’;
"H NMR (400 MHz, DMSO-ds) 8: 8.18 (1H, d, J= 9.0 Hz), 7.16 (1H, dd, J = 9.0, 2.9 Hz), 6.93 (1H,
d. J=2.9 Hz), 5.15 (IH, s), 3.89 (3H, s), 1.43 (18H, s); *C NMR (100 MHz, DMSO-d) &: 165.7,
162.9, 141.2, 131.5, 128.0, 116.7, 113.3, 82.1, 56.9, 56.1, 27.4; HRMS (ESI): m/z calcd. for

Ci3H2sNO7Na: 390.1529 [M+Na]*; found: 390.1528.

Di-z-butyl 2-(5-fluoro-2-nitrophenyl)malonate (31d)%?

CO,t-Bu

COut-Bu

NO,
Yield: 49%; as a colorless solid; mp 86—87 °C; IR (neat): 1717, 1528, 1335, 1258, 1157, 1138 em™};
"H NMR (400 MHz, DMSO-dp) &: 8.23 (1H, dd, J = 8.8, 5.4 Hz), 7.51 (1H, ddd, J = 8.8, 7.6, 2.8 Hz),
7.32 (1H, dd. J=9.6, 2.8 Hz), 5.19 (1H, s), 1.42 (18H, s); *C NMR (100 MHz, DMSO-d) &: 165.2,
163.7 (d, J=254.1 Hz), 144.9 (d, J=2.5Hz), 132.1 (d,J=9.9 Hz), 128.4 (d,/=9.9 Hz), 118.4 (d, J
= 25.7 Hz), 116.3 (d, J = 23.2 Hz), 82.4, 56.2, 27.4; HRMS (ESI): m/z calcd. for C17H2FNO¢Na:
378.1329 [M+Na]*; found: 378.1325.

Di-z-butyl 2-(4-methyl-2-nitrophenyl)malonate (31¢)%
CO,t-Bu
CO,t-Bu
Me NO,
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Yield: 78%; as a colorless solid; IR (neat): 1724, 1524, 1346, 1304, 1130 cm™!; mp 49-52 °C; 'H
NMR (400 MHz, DMSO-ds) 6: 7.92 (1H, s), 7.60 (1H, d, J = 8.0 Hz), 7.37 (1H, d. J= 8.0 Hz), 5.01
(IH, s), 2.41 (3H, s), 1.42 (18H, s); *C NMR (100 MHz, DMSO-ds) 6: 165.9, 148.3, 139.5, 134.3,
130.9, 125.5, 125.1, 82.1, 55.9, 27.4, 20.1; HRMS (ESI): m/z caled. for CisH2sNOgNa: 374.1580
[M+Na]*; found: 374.1572.

Di-z-butyl 2-(2-nitro-4-methoxyphenyl)malonate (31£)®

CO,t-Bu

CO,t-Bu

MeO NO,
Yield: 44%; as a yellow oil; IR (neat): 1724, 1531, 1250, 1130 cm™'; '"H NMR (400 MHz, DMSO-ds)
8:7.59 (1H, d, J=2.8 Hz), 7.42 (1H, d, /= 8.8 Hz), 7.37 (1H, dd, J = 8.8, 2.8 Hz), 4.96 (1H, s), 3.86
(3H, s), 1.43 (18H, s); *C NMR (100 MHz, DMSO-ds) 8: 166.0, 159.0, 149.3, 132.1, 120.1, 119.5,
109.9, 82.0, 55.9, 55.5, 27.4; HRMS (ESI): m/z caled. for CisH2sNO7Na: 390.1529 [M+Na]*; found:
390.1525.

Di-z-butyl 2-(4-fluoro-2-nitrophenyl)malonate (31g)®°

CO,t-Bu

COut-Bu

F NO,
Yield: 96%; as an orange oil; IR (neat): 1728, 1539, 1238, 1130 cm™!; 'H NMR (400 MHz, DMSO-
de) 0: 8.02 (1H, dd, J = 8.4, 2.8 Hz), 7.70 (1H, ddd, J = 8.8, 8.0, 2.8 Hz), 7.57 (1H, dd, J = 8.8, 5.6
Hz), 5.10 (1H, s), 1.42 (18H, s); '3*C NMR (100 MHz, DMSO-ds) 8: 165.6, 160.8 (d, J = 247.8 Hz),
149.1 (d, J=9.1 Hz), 133.4 (d, /= 8.2 Hz), 124.9 (d, J= 4.1 Hz), 120.8 (d, /= 20.6 Hz), 112.7 (d, J
=27.2 Hz), 82,3, 55.6, 27.4; HRMS (ESI): m/z calcd. for Ci7H22FNOgNa: 378.1329 [M+Na]*; found:
378.1323.

Di-z-butyl 2-[4-(trifluoromethyl)-2-nitrophenyl]malonate (31h)®

CO,t-Bu

CO,t-Bu

FsC NO,
Yield: quant.; as an orange oil; IR (neat): 1728, 1543, 1327, 1277, 1131 cm™'; '"H NMR (400 MHz,
DMSO-ds) &: 8.41 (1H, s), 8.19 (1H, d, J= 8.4 Hz), 7.78 (1H, d. /= 8.4 Hz), 5.25 (1H, s), 1.43 (18H,
s); 3C NMR (100 MHz, DMSO-ds) 6: 165.2, 148.8, 133.1, 132.8, 130.1 (g, J= 3.3 Hz), 129.7 (q, J =
33.8 Hz), 122.8 (q, J=271.7 Hz), 122.1 (q, J= 3.3 Hz), 82.5, 56.1, 27.3; HRMS (ESI): m/z calcd. for
CisH2,FsNOgNa: 428.1297 [M+Na]"; found: 428.1305.
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Typical procedure for alkylation reaction of malonate derivatives. Di-z-butyl 2-methyl-2-(5-
methyl-2-nitrophenyl)malonate (32b)

" Meco,tBu
\©\)<C02t-8u
NO,

Di-t-butyl 2-(5-methyl-2-nitrophenyl)malonate (31b) (1.70 g, 4.84 mmol) was dissolved in DMF (7
mL). Ko,COs3 (869 mg, 6.29 mmol) and iodomethane (361 pL, 5.81 mmol) were added to the reaction
mixture. The resultant mixture was stirred at room temperature for 13 hours. The reaction mixture was
diluted with water (150 mL) and extracted with EtOAc/n-hexane = 2/1 (300 mL). The organic phase
was washed with water, dried over Na,SQu, filtered, and the filtrate was concentrated in vacuo. The
residue was purified by silica gel column chromatography (n-hexane/EtOAc = 100/0 to 90/10) to give
1.40 g (79%) of di-¢-butyl 2-methyl-2-(5-methyl-2-nitrophenyl)malonate (32b) as a yellow solid. mp:
8687 °C; IR (neat): 1728, 1524, 1346, 1145, 1115 cm™'; 'H NMR (400 MHz, DMSO-ds) &: 7.94 (1H,
d,J=8.3Hz),7.38 (1H, dd, J=8.3,0.7 Hz), 7.03 (1H, d, /= 0.7 Hz), 2.39 (3H, s), 1.80 (3H, s), 1.37
(18H, s); 3C NMR (100 MHz, DMSO-ds) 5: 167.8, 146.2, 144.2, 134.6, 129.6, 129.0, 125.7, 82.2,
60.4, 27.1, 23.6, 20.9; HRMS (ESI): m/z calcd. for Ci9H27NOgNa: 388.1736 [M+Na]*; found:
388.1730.

Di-z-butyl 2-methyl-2-(2-nitrophenyl)malonate®

Meco,tBu
©\)<002t-8u
NO,

Yield: 73%; as a colorless solid; mp: 103-104 °C; IR (neat): 1736, 1528, 1358, 1142, 1111 cm™'; 'H
NMR (400 MHz, CDCl) 6: 7.97 (1H, dd, J= 8.0, 1.2 Hz), 7.55 (1H, td, /= 8.0, 1.2 Hz), 7.43 (1H, td,
J=18.0, 1.2 Hz), 7.30 (1H, dd, J = 8.0, 1.2 Hz), 1.93 (3H, s), 1.44 (18H, s); '3*C NMR (100 MHz,
CDCl) 6: 168.6, 149.0, 135.5, 132.8, 129.3, 128.1, 125.7, 82.8, 61.1, 27.6, 23.7; HRMS (ESI): m/z
calcd. for CisH2sNOgNa: 374.1580 [M+Na]*; found: 374.1578.

Di-z-butyl 2-(5-methoxy-2-nitrophenyl)-2-methylmalonate (32¢)%

Voo Meco,tBy
\©\)<002t-3u
NO,

Yield: 58%; as a yellow solid; mp: 102-103 °C; IR (neat): 1721, 1516, 1366, 1254, 1150, 1122 cm™;
"H NMR (400 MHz, DMSO-dg) &: 8.12 (1H, d, J= 9.0 Hz), 7.12 (1H, dd, J = 9.0, 2.7 Hz), 6.69 (1H,
d, J=2.7 Hz), 3.87 (3H, s), 1.80 (3H, s), 1.37 (18H, s); *C NMR (100 MHz, DMSO-dc) &: 167.8,
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162.6, 141.4, 137.3, 128.5, 115.2, 112.3, 82.1, 60.6, 56.0, 27.2, 23.5; HRMS (ESI): m/z calcd. for
Ci9H27NO7Na: 404.1685 [M+Na]*; found: 404.1671.

Di-z-butyl 2-(5-fluoro-2-nitrophenyl)-2-methylmalonate (32d)°*

. Meco,tBu
\©\)<C02t-8u
NO,

Yield: 97%; as a colorless solid; mp: 71-72 °C; IR (neat): 1728, 1539, 1362, 1238, 1153, 1119 cm™;
"H NMR (400 MHz, DMSO-dp) &: 8.18 (1H, dd, /= 9.0, 5.4 Hz), 7.47 (1H, ddd, /= 9.0, 7.1, 2.7 Hz),
7.13 (1H, dd. J=10.2, 2.7 Hz), 1.83 (3H, s), 1.36 (18H, s); *C NMR (100 MHz, DMSO-ds) 8: 167.4,
163.7 (d, J=251.9 Hz), 144.8 (d, J=2.5 Hz), 137.9 (d, J=9.1 Hz), 128.8 (d, /= 10.7 Hz), 116.4 (d,
J = 25.5 Hz), 115.6 (d, J = 23.1 Hz), 82.5, 60.0, 27.1, 23.4; HRMS (ESI): m/z calcd. for
Ci3H24FNOgNa: 392.1485 [M+Na]*; found: 392.1476.

Di-z-butyl 2-methyl-2-(4-methyl-2-nitrophenyl)malonate (32¢)

M

°CO,tBu

/©ﬁ<002t-8u
Me N02

Yield: 72%; as a yellow oil; IR (neat): 1728, 1535, 1366, 1145, 1107 cm™'; '"H NMR (400 MHz,
DMSO-ds) 6: 7.83 (1H, d, J= 1.2 Hz), 7.54 (1H, dd, J = 8.3, 1.2 Hz), 7.15 (1H, d, J = 8.3 Hz), 2.39
(3H, s), 1.77 (3H, s), 1.37 (18H, s); *C NMR (100 MHz, DMSO-ds) 6: 167.9, 148.2, 138.8, 134.1,
131.5,129.0, 125.7,82.2,60.2, 27.1, 23.7, 19.9; HRMS (ESI): m/z calcd. for CioH27NOgNa: 388.1736
[M+Na]*; found: 388.1729.

Di-z-butyl 2-(4-methoxy-2-nitrophenyl)-2-methylmalonate (32f)

Meco,tBu
/©ﬁ<002t-8u
MeO NO,

Yield: 76%; as a yellow oil; IR (neat): 1728, 1643, 1535, 1366, 1281, 1242, 1146, 1115 cm™'; '"H NMR
(400 MHz, DMSO-dy) 6: 7.52 (1H, d, J=3.2 Hz), 7.32 (1H, dd, /= 8.8, 3.2 Hz), 7.17 (1H, d, /= 8.8
Hz), 3.85 (3H, s), 1.76 (3H, s), 1.37 (18H, s); '*C NMR (100 MHz, DMSO-ds) 8: 168.0, 158.4, 149.1,
130.3, 126.2, 119.2, 110.7, 82.1, 59.9, 55.9, 27.2, 23.8; HRMS (ESI): m/z caled. for Ci9H27NO7Na:
404.1685 [M+Na]*; found: 404.1671.
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Di-#-butyl 2-(4-fluoro-2-nitrophenyl)-2-methylmalonate (32g)

Meco,tBu
/©5<C02t-8u
F NO,

Yield: 80%; as a yellow oil; IR (neat): 1728, 1539, 1369, 1231, 1161, 1138, 1107 cm™'; '"H NMR (400
MHz, DMSO-ds) : 7.94 (1H, dd, J = 8.5, 2.8 Hz), 7.65 (1H, ddd, J = 8.8, 7.6, 2.8 Hz), 7.35 (1H, dd,
J=138.8,5.4Hz),1.80 (3H, s), 1.37 (18H, s); *C NMR (100 MHz, DMSO-d) &: 167.7, 160.3 (d, J =
249.1 Hz), 149.1 (d, /= 8.3 Hz), 131.3 (d, J = 8.3 Hz), 130.8 (d, J = 4.1 Hz), 120.5 (d, J= 21.5 Hz),
113.2 (d, J=26.5 Hz), 82.4, 60.0, 27.1, 23.6; HRMS (ESI): m/z calcd. for CisH24FNOgNa: 392.1485
[M+Na]*; found: 392.1477.

Di-z-butyl 2-methyl-2-[2-nitro-4-(trifluoromethyl)phenyl]malonate (32h)®

Meco,tBu
/©5<002t—8u
FaC NO,

Yield: 92%; as a yellow oil; IR (neat): 1728, 1543, 1331, 1134, 1091 cm™'; 'H NMR (400 MHz,
DMSO-ds) 6: 8.37 (1H, s), 8.17 (1H, d, J= 8.3 Hz), 7.56 (1H, d, /= 8.3 Hz), 1.84 (3H, s), 1.38 (18H,
s); 3C NMR (100 MHz, DMSO-ds) 6: 167.3, 148.7, 138.5, 131.0, 130.1 (g, J= 3.8 Hz), 129.0 (q, J =
33.5 Hz), 122.8 (q, J = 3.8 Hz), 122.7, (q, J = 267.3 Hz), 82.8, 60.5, 27.1, 23.4; HRMS (ESI): m/z
calcd. for C19H24F3NOgNa: 442.1453 [M+Na]*; found: 442.1446.

Di-z-butyl 2-ethyl-2-(2-nitrophenyl)malonate (32i)%*
Et

CO,tBu
©\)<002t-8u
NO,

Di-zt-butyl 2-(2-nitrophenyl)malonate (31) (300 mg, 0.89 mmol) was dissolved in DMF (3 mL). NaH
(55% mineral oil, 107 mg, 2.7 mmol) and iodoethane (140 pL, 1.8 mmol) were added to the reaction
mixture. The resultant mixture was stirred at 70 °C for 30 min. The reaction mixture was diluted with
water (80 mL) and extracted with EtOAc/n-hexane = 2/1 (80 mL). The organic phase was washed with
water, dried over NaxSOy, filtered, and the filtrate was concentrated in vacuo. The residue was purified
by silica gel column chromatography (n-hexane/EtOAc =90/10 to 70/30) to give 316 mg (97%) of di-
t-butyl 2-ethyl-2-(2-nitrophenyl)malonate (32i) as a yellow oil. IR (neat): 1728, 1531, 1358, 1142,
1119 cm™!; 'TH NMR (400 MHz, CDCls) &: 7.98 (1H, dd, J = 8.0, 1.5 Hz), 7.56 (1H, td, J = 8.0, 1.5
Hz), 7.43 (1H, td, J= 8.0, 1.5 Hz), 7.32 (1H, dd, /= 8.0, 1.5 Hz), 2.51 (2H, q, /= 7.4 Hz), 1.43 (18H,
s), 0.88 (3H, t, J= 7.4 Hz); 3C NMR (100 MHz, CDCls) 8: 168.3, 150.0, 133.0, 132.0, 130.8, 127.9,
125.5, 82.6, 64.7, 28.6, 27.7, 10.3; HRMS (ESI): m/z calcd. for CioH27NOgNa: 388.1736 [M+Na]*;
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found: 388.1733.

Typical procedure for allylation reaction of malonate derivatives. Di-z-butyl 2-(2-nitrophenyl)-
2-(prop-2-en-1-yl)malonate (32j)

COgt-BU
COzt—BU

NO,

Di-z-butyl 2-(2-nitrophenyl)malonate (31) (330 mg, 0.98 mmol) was dissolved in DMF (3 mL). K»CO3
(406 mg, 2.9 mmol) and allyl bromide (235 mg, 2.0 mmol) were added to the reaction mixture. The
resultant mixture was stirred at room temperature for 8 hours. The reaction mixture was diluted with
water (30 mL) and extracted with EtOAc/n-hexane = 1/1 (30 mL). The organic phase was dried over
NaxSQOs, filtered, and the filtrate was concentrated in vacuo. The residue was purified by silica gel
column chromatography (n-hexane/EtOAc = 100/0 to 80/20) to give 324 mg (88%) of di-z-butyl 2-(2-
nitrophenyl)-2-(prop-2-en-1-yl)malonate (32j) as a white solid. mp: 67-69 °C; IR (neat): 1736, 1524,
1354, 1281, 1138, 837 cm™!; 'H NMR (400 MHz, CDCls) &: 7.97 (1H, dd, J = 7.8, 1.3 Hz), 7.53 (1H,
td, J=7.8,1.3 Hz), 7.42 (1H,td, J= 7.8, 1.3 Hz), 7.27 (1H, dd, J= 7.8, 1.3 Hz), 5.78-5.68 (1H, m),
498 (1H, dq, J= 17.0, 1.3 Hz), 4.94-4.91 (1H, m), 3.25 (2H, dt, J= 7.2, 1.3 Hz), 1.44 (18H, s); 1*C
NMR (100 MHz, CDCls) 6:167.9, 149.6, 133.8, 132.9, 132.0, 131.2, 128.0, 125.5, 118.5, 82.9, 64.4,
39.7, 27.6; HRMS (ESI): m/z calcd. for C20H27NOgNa: 400.1736 [M+Na]*; found: 400.1734.

Di-#-butyl 2-(5-methoxy-2-nitrophenyl)-2-(prop-2-en-1-yl)malonate (32I)

COQt-BU

MeO CO,t-Bu

NO,

Yield: 95%; as a yellow oil; IR (neat): 1728, 1578, 1520, 1346, 1246, 1138 cm™'; 'TH NMR (400 MHz,
CDCl) &: 8.09 (1H, d, J=9.0 Hz), 6.85 (1H, dd, /=9.0, 2.7 Hz), 6.81 (1H, d. /= 2.7 Hz), 5.77 (1H,
ddt, /= 17.1, 10.2, 6.8 Hz), 5.03 (1H, d, J = 17.1 Hz), 4.96 (1H, d, /= 10.2 Hz), 3.86 (3H, s), 3.23
(2H, d, J = 6.8 Hz), 1.44 (18H, s); *C NMR (100 MHz, CDCl;) &: 167.9, 162.4, 142.5, 135.9, 133.9,
128.2, 118.4, 117.4, 111.4, 82.8, 64.4, 55.7, 39.6, 27.7; HRMS (ESI): m/z calcd. for C21H20NO7Na:
430.1842 [M+Na]*; found: 430.1831.
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Di-#-butyl 2-benzyl-(2-nitrophenyl)malonate (32k)

CO,t-Bu
O CO,t-Bu
NO,

Di-z-butyl 2-(2-nitrophenyl)malonate (31) (1.00 g, 2.96 mmol) was dissolved in DMF (10 mL). K,CO3
(901 mg, 6.52 mmol) and benzyl bromide (705 pL, 5.94 mmol) were added to the reaction mixture.
The resultant mixture was stirred at room temperature for 14 hours. The reaction mixture was diluted
with water (100 mL) and extracted EtOAc (80 mL). The organic phase was washed with water (100
mL), dried over Na SOy, filtered, and the filtrate was concentrated in vacuo to give 1.00 g (79%) of
di-#-butyl 2-benzyl-(2-nitrophenyl)malonate (32Kk) as a colorless solid. mp: 99-100 °C; IR (neat): 1728,
1531, 1358, 1254, 1138, 706 cm™!; 'H NMR (400 MHz, CDCl3) 6: 7.88 (1H, d, J=7.8 Hz), 7.28 (1H,
t,J=7.8 Hz), 7.14 (1H, t, J = 7.8 Hz), 7.03-7.00 (SH, m), 6.52 (1H, d, /= 7.8 Hz), 3.91 (2H, s), 1.44
(18H, s); *CNMR (100 MHz, CDCl3) : 167.9, 149.8, 137.4,132.5,132.4,131.1, 130.9, 127.7, 127.4,
126.1, 124.9, 83.2, 66.8, 40.2, 27.6; HRMS (ESI): m/z calcd. for C24H290NOgNa: 450.1893 [M+Na]*;
found: 450.1884.

Typical procedure for catalytic hydrogenation. Di-~butyl 2-(2-amino-5-methylphenyl)-2-
methylmalonate (24b)

" Meco,tBu
\©\)<C02t-8u
NH,

Di-zt-butyl 2-methyl-2-(5-methyl-2-nitrophenyl)malonate (32b) (300 mg, 0.82 mmol) was dissolved in
MeOH (16 mL). 10% Pd/C (175 mg) were added to the reaction mixture. The resultant mixture was
stirred at 0 °C under H, atmosphere. After 4 hours, 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 = 80/20) to give 270 mg (98%) of di-t-butyl 2-(2-amino-5-
methylphenyl)-2-methylmalonate (24b) as a colorless solid. mp: 102—-104 °C; IR (neat): 3433, 3364,
1732, 1705, 1508, 1366, 1261, 1161, 1115 cm™'; '"H NMR (400 MHz, CDCl3) &: 6.92 (1H, s), 6.89
(1H, d, J= 8.0 Hz), 6.61 (1H, d, J = 8.0 Hz), 4.00 (2H, s), 2.23 (3H, s), 1.80 (3H, s), 1.48 (18H, s);
BC NMR (100 MHz, CDCl3) &: 171.2, 143.1, 128.8, 127.8, 127.7, 125.9, 118.7, 81.8, 59.0, 27.8, 22.0,
20.7; HRMS (ESI): m/z caled. for C19H30NO4: 336.2175 [M+H]"; found: 336.2168.
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Di-z-butyl 2-(2-aminophenyl)-2-methylmalonate (24a)®?

Meco,tBu
©\)<002t-8u
NH,

Yield: 81%; as a colorless solid; mp: 69—71 °C; IR (neat): 3483, 3383, 1728, 1705, 1454, 1366, 1288,
1246, 1157, 1115 cm™'; '"H NMR (400 MHz, CDCI;5) &: 7.14 (1H, d, J = 7.8 Hz), 7.09 (1H, t, J = 7.8
Hz), 6.76 (1H, t, J = 7.8 Hz), 6.70 (1H, d, J = 7.8 Hz), 4.21 (2H, s), 1.81 (3H, s), 1.47 (18H, s); 13C
NMR (100 MHz, CDCl3) &: 171.2, 145.8, 128.3, 127.1, 125.6, 118.6, 118.4, 81.9, 58.9, 27.8, 22.1;
HRMS (ESI): m/z calcd. for Ci1sHsNO4: 322.2018 [M+H]*; found: 322.2013.

Di-#-butyl 2-(2-amino-5-methoxyphenyl)-2-methylmalonate (24c)

Voo Meco,t-Bu
\©\)<002t-3u
NH,

Yield: 79%; as a colorless solid; mp: 109-110 °C; IR (neat): 3433, 3364, 1728, 1705, 1504, 1369,
1258,1161, 1115 cm™'; "TH NMR (400 MHz, CDCls) &: 6.75 (1H, d, J= 2.4 Hz), 6.68 (1H, dd, J = 8.5,
2.4 Hz), 6.65 (1H, d, J= 8.5 Hz), 3.85 (2H, s), 3.74 (3H, s), 1.80 (3H, s), 1.47 (18H, s); *C NMR (100
MHz, CDCl;) &: 171.0, 152.8, 139.3, 127.9, 119.7, 114.1, 113.1, 81.9, 59.2, 55.7, 27.8, 22.0; HRMS
(ESI): m/z calcd. for Ci19H30NOs: 352.2124 [M+H]*; found: 352.2119.

Di-#-butyl 2-(2-amino-5-fluorophenyl)-2-methylmalonate (24d)

. Meco,tBu
\©\)<C02t-8u
NH,

Yield: 94%; as a colorless solid; mp: 86—87 °C; IR (neat): 3426, 3345, 1728, 1713, 1501, 1366, 1277,
1161,1107 cm™'; 'TH NMR (400 MHz, CDCls) 8: 6.90 (1H, dd, J=10.7, 2.7 Hz), 6.80 (1H, td, J= 8.5,
2.7 Hz), 6.63 (1H, dd. J= 8.5, 5.1 Hz), 4.05 (2H, s), 1.79 (3H, s), 1.47 (18H, s); '3C NMR (100 MHz,
CDCl) 6: 170.7, 156.3 (d, J = 235.0 Hz), 141.9 (d, /= 1.7 Hz), 127.4 (d, /= 6.5 Hz), 119.3 (d, J =
7.4 Hz), 114.7 (d,J=22.2 Hz), 114.1 (d, J=23.9 Hz), 82.2, 58.8, 27.8, 22.1; HRMS (ESI): m/z calcd.
for C1sH27FNO4: 340.1924 [M+H]"; found: 390.1922.

Di-#-butyl 2-(2-amino-4-methylphenyl)-2-methylmalonate (24e)

Me

CO,tBu
/©5<C02t-8u
Me NH,
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Yield: 79%; as a colorless solid; mp: 97-100 °C; IR (neat): 3433, 3364, 1728, 1709, 1369, 1258, 1157,
1103 cm™!; 'H NMR (400 MHz, CDCI5) &: 7.02 (1H, d, J = 8.0 Hz), 6.57 (1H, d, J = 8.0 Hz), 6.52
(1H, s), 4.14 (2H, s), 2.23 (3H, s), 1.79 (3H, s), 1.46 (18H, s); '3C NMR (100 MHz, CDCl3) &: 171.3,
145.6, 138.1, 127.1, 122.9, 119.5, 119.2, 81.8, 58.6, 27.8, 22.2, 20.9; HRMS (ESI): m/z calcd. for
Ci9H30NO4: 336.2175 [M+H]*; found: 336.2166.

Di-#-butyl 2-(2-amino-4-methoxyphenyl)-2-methylmalonate (24f)

Meco,t-Bu
/©ﬁ<002t-8u
MeO NH2

Yield: 61%; as a colorless solid; mp: 69—71 °C; IR (neat): 3452, 3368, 1724, 1690, 1512, 1365, 1261,
1161, 1096 cm™'; '"H NMR (400 MHz, CDCls) &: 7.05 (1H, d, J = 8.6 Hz), 6.31 (1H, dd, /= 8.6, 2.4
Hz), 6.25 (1H, d, J = 2.4 Hz), 4.26 (2H, s), 3.75 (3H, s), 1.78 (3H, s), 1.46 (18H, s); *C NMR (100
MHz, CDCls) 8: 171.4, 159.7, 147.2, 128.2, 118.4, 103.8, 103.7, 81.8, 58.3, 55.0, 27.8, 22.4; HRMS
(ESI): m/z calcd. for Ci19H30NOs: 352.2124 [M+H]*; found: 352.2122.

Di-z-butyl 2-(2-amino-4-fluorophenyl)-2-methylmalonate (24g)

Meco,tBu
/©5<C02t-8u
F NH,

Yield: 92%; as a colorless solid; mp: 72—74 °C; IR (neat): 3445, 3372, 1724, 1705, 1369, 1254, 1161,
1111 em™'; "H NMR (400 MHz, CDCI3) 8: 7.09 (1H, dd, J = 8.4, 6.4 Hz), 6.43 (1H, td, J = 8.4, 2.4
Hz), 6.39 (1H, dd, J = 10.4, 2.4 Hz), 4.38 (2H, s), 1.79 (3H, s), 1.46 (18H, s); *C NMR (100 MHz,
CDCl) o: 171.1, 162.8 (d, J = 244.1 Hz), 147.9 (d, J=10.8 Hz), 128.6 (d, /= 10.8 Hz), 121.3 (d, /=
3.3 Hz), 104.9 (d, J=20.6 Hz), 104.6 (d, /= 23.9 Hz), 82.1, 58.3, 27.8, 22.4; HRMS (ESI): m/z calcd.
for C1sH27FNO4: 340.1924 [M+H]"; found: 340.1919.

Di-#-butyl 2-[2-amino-4-(trifluoromethyl)phenyl]-2-methylmalonate (24h)

Meco,tBu
/©5<Cozt-8u
FaC NH,

Yield: 86%; as a colorless solid; mp: 124—127 °C; IR (neat): 3445, 3375, 1713, 1269, 1157, 1111
cm!; 'TH NMR (400 MHz, CDCls) é: 7.27 (1H, d, J= 8.3 Hz), 6.99 (1H, d, J= 8.3 Hz), 6.92 (1H, s),
4.44 (2H, s), 1.82 (3H, s), 1.47 (18H, s); *C NMR (100 MHz, CDCls) &: 170.6, 146.4, 130.5 (q, J =
32.3 Hz), 128.9, 128.1, 124.1 (q, J=270.6 Hz), 115.0 (q, J = 38.3 Hz), 114.7 (q, J = 38.3 Hz), 82.5,
58.9,27.8, 22.1; HRMS (ESI): m/z calcd. for C19H27F3NO4: 390.1892 [M+H]*; found: 390.1883.
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Di-#-butyl 2-(2-aminophenyl)-2-ethylmalonate (24i)

Et COQt-BU
©\)<002t-8u
NH,

Yield: 93%; as a colorless solid; mp: 92-94 °C; IR (neat): 3429, 3364, 1728, 1705, 1454, 1369, 1250,
1157, 1126 cm™'; 'TH NMR (400 MHz, CDCl3) &: 7.18 (1H, d, J= 7.8 Hz), 7.06 (1H, t, J = 7.8 Hz),
6.74 (1H, t, J= 7.8 Hz), 6.66 (1H, d, /= 7.8 Hz), 4.26 (2H, s), 2.34 (2H, q, J= 7.2 Hz), 1.44 (18H, s),
0.99 (3H, t, J = 7.2 Hz); 3*C NMR (100 MHz, CDCl3) 8: 170.0, 146.0, 128.1, 127.6, 124.5, 118.3,
118.1, 81.8, 62.5, 27.9, 27.9, 9.9; HRMS (ESI): m/z calcd. for C19H30NO4: 336.2175 [M+H]"; found:
336.2168.

Di-#-butyl 2-(2-aminophenyl)-2-propylmalonate (24j)

COgt-BU
COgt-BU

NH,

Yield: 97%; as a colorless solid; mp: 91-92 °C; IR (neat): 3433, 3360, 1724, 1705, 1454, 1366, 1238,
1161, 1130 cm™'; 'H NMR (400 MHz, CDCl3) &: 7.17 (1H, d, J= 7.6 Hz), 7.06 (1H, t, J = 7.6 Hz),
6.74 (1H, t,J=7.6 Hz), 6.66 (1H, d, J= 7.6 Hz), 4.27 (2H, 5), 2.25-2.21 (2H, m), 1.44 (18H, 5), 1.41—
1.28 (2H, m), 0.98 (3H, t, J = 7.3 Hz); '3C NMR (100 MHz, CDCls) &: 170.1, 145.9, 128.1, 127.5,
124.7, 118.3, 118.1, 81.8, 62.1, 37.1, 27.8, 18.8, 14.7; HRMS (ESI): m/z calcd. for CyH3,NO4:
350.2331 [M+H]"; found: 350.2325.

Di-#-butyl 2-(2-aminophenyl)-2-benzylmalonate (24Kk)

CO,t-Bu
O CO,t-Bu
NH,

Yield: 86%; as a colorless oil; IR (neat): 3444, 3372, 1717, 1454, 1366, 1250, 1142 cm™'; 'TH NMR
(400 MHz, CDCls) &: 7.24-7.16 (6H, m), 7.08 (1H, t, J= 7.8 Hz), 6.72 (1H, t, /= 7.8 Hz), 6.67 (1H,
d,J=7.8 Hz), 4.12 (2H, s), 3.70 (2H, s), 1.35 (18H, s); '*C NMR (100 MHz, CDCl3) &: 169.3, 145.4,
137.3,130.7, 128.3, 128.2, 127.6, 126.4, 124.7, 118.5, 118.4, 82.1, 63.6, 40.4, 27.7, HRMS (ESI): m/z
calcd. for Co4H3:NO4: 398.2331 [M+H]™; found: 398.2323.
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Di-#-butyl 2-(2-amino-5-methoxyphenyl)-2-propylmalonate (241)

COQI’—BU

MeO CO,t-Bu

NH,

Yield: 79%; as a colorless oil; IR (neat): 3429, 3364, 1717, 1501, 1369, 1231, 1161, 1119 cm™'; 'H
NMR (400 MHz, CDCl3) 8: 6.79 (1H, d, J=2.7 Hz), 6.67 (1H, dd, J = 8.5, 2.7 Hz), 6.61 (1H, d. J =
8.5 Hz), 3.92 (2H, s), 3.74 (3H, s), 2.24-2.20 (2H, m), 1.45 (18H, s), 1.39-1.33 (2H, m), 0.97 (3H, t,
J =7.3 Hz); 3C NMR (100 MHz, CDCl5) &: 170.0, 152.6, 139.2, 126.8, 119.4, 114.6, 113.0, 81.9,
62.4,55.7,37.0,27.8, 18.8, 14.7; HRMS (ESI): m/z calcd. for C2;H34NOs: 380.2437 [M+H]"; found:
380.2433.

Typical procedure for cyclization reaction promoted by (S)-TRIP (Table 3-8). (S)-z-Butyl 3-
methyl-2-oxoindoline-3-carboxylate (25a)

Me _\\COQt-BU
L
N

H
Di-z-butyl 2-(2-aminophenyl)-2-methylmalonate (24a) (63.0 mg, 0.20 mmol) was dissolved in CH,Cl»
(20 mL). (S)-TRIP (73.8 mg, 0.10 mmol) was added to the reaction mixture. The resultant mixture
was stirred at room temperature for 2 hours and concentrated in vacuo. The residue was purified by
silica gel column chromatography (n-hexane/EtOAc = 90/10 to 50/50) to give 42.0 mg (87%) of (S)-
t-butyl 3-methyl-2-oxoindoline-3-carboxylate (25a) as a colorless solid; [aly: +61.56 (¢ 0.99, CHCl3,
49% ee); mp: 112-114 °C; IR (neat): 3213, 1728, 1682, 1161, 1119 cm™!; 'H NMR (400 MHz, DMSO-
de) 8: 10.56 (1H, brs), 7.24 (1H, t, J= 7.6 Hz), 7.18 (1H, d, J= 7.6 Hz), 6.98 (1H, t, J=7.6 Hz), 6.87
(1H, d,J=17.6 Hz), 1.44 (3H, s), 1.28 (9H, s); '*C NMR (100 MHz, DMSO-d;) 8:176.2, 168.5, 142.1,
131.1, 128.7, 122.6, 121.8, 109.7, 81.3, 55.7, 27.3, 19.5; HRMS (ESI): m/z calcd. for Ci14H7NOsNa:
270.1106 [M+Na]*; found: 270.1100; CSP HPLC (Chiralcel OD-3, 0.8 mL/min, 95/5 n-hexane/i-
PrOH): tr(major) = 10.10 min, tr(minor) = 8.79 min, 49% ee.

(S)--Butyl 3,5-dimethyl-2-oxoindoline-3-carboxylate (25b)

Me x
Me _\\COZt Bu
O
N
H

Yield: 92%; as a colorless solid; [oc]?: +50.45 (¢ 1.02, CHCIs, 57% ee); mp: 8283 °C; IR (neat): 3179,
1724, 1682, 1624, 1493, 1250, 1157, 1111 cm™!; 'TH NMR (400MHz, CDCls) 8: 7.95 (1H, br s), 7.04—
7.02 (2H, m), 6.77 (1H, d, J = 8.5 Hz), 2.32 (3H, s), 1.61 (3H, s), 1.37 (9H, s); *C NMR (100 MHz,
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CDCl) 6: 177.4, 168.7, 138.2, 132.3, 131.3, 129.0, 123.8, 109.5, 82.3, 56.3, 27.7, 21.1, 19.8; HRMS
(ESI): m/z caled. for CisHioNOsNa: 284.1262 [M+Na]*; found: 284.1259; CSP HPLC (Chiralcel OD-
3, 0.8 mL/min, 95/5 n-hexane/i-PrOH): tr(major) = 8.07 min, tr(minor) = 7.11 min, 57% ee.

(S)-z-Butyl 5-methoxy-3-methyl-2-oxoindoline-3-carboxylate (25¢)

Me x
MeO _\\COQt Bu
0
N

H
Yield: 95%; as a colorless solid,; [a]?: +53.92 (¢ 0.83, CHCl;3, 61% ee); mp: 92-94°C; IR (neat): 3217,
1728, 1678, 1489, 1250, 1203, 1157, 1115 cm™'; '"H NMR (400 MHz, CDCl3) &: 7.96 (1H, br s), 6.84
(1H, d, J=2.4 Hz), 6.82 (1H, d, /= 8.5 Hz), 6.77, (1H, dd, J = 8.5, 2.4 Hz), 3.78 (3H, s), 1.63 (3H,
s), 1.37 (9H, s); *C NMR (100 MHz, CDCls) 8: 177.2, 168.4, 156.0, 134.0, 132.5,113.4,110.2, 110.1,
82.4, 56.8, 55.8, 27.7, 19.9; HRMS (ESI): m/z calcd. for CisH19NO4Na: 300.1212 [M+Na]*; found:
300.1208; CSP HPLC (Chiralcel OD-3, 0.8 mL/min, 95/5 n-hexane/i-PrOH): tr(major) = 11.55 min,

tr(minor) = 8.98 min, 61% ee.

(S)--Butyl 5-fluoro-3-methyl-2-oxoindoline-3-carboxylate (25¢)

Me co,t-Bu
. .
T
N

H
Yield: 95%; as a colorless solid,; [a]?: +52.96 (¢ 1.00, CHCls, 53% ee); mp: 135-137°C; IR (neat):
3221, 1728, 1682, 1485, 1369, 1254, 1157, 1119 cm™'; '"H NMR (400 MHz, CDCI;3) &: 8.61 (1H, br
s), 6.98 (1H, dd, J=10.4, 2.8 Hz), 6.95 (1H, ddd, J=9.2, 8.4, 2.8 Hz), 6.86 (1H, dd. /= 8.4, 4.4 Hz),
1.63 (3H, s), 1.38 (9H, s); '*C NMR (100 MHz, CDCl3) &: 178.0, 167.9, 159.1 (d, J=239.2 Hz), 136.9
(d,J=19Hz),132.6 (d,J=7.7Hz), 115.1 (d,J=23.9 Hz), 111.1 (d,J=24.9 Hz), 110.8 (d,J=7.7
Hz), 82.8, 57.0 (d, J = 1.9 Hz), 27.7, 19.9; HRMS (ESI): m/z caled. for Ci4HisFNO3Na: 288.1012
[M+Na]*; found: 288.1006; CSP HPLC (Chiralcel OD-3, 0.8 mL/min, 95/5 n-hexane/i-PrOH):

tr(major) = 9.00 min, tr(minor) = 7.96 min, 53% ee.
(-)-t-Butyl 3,6-dimethyl-2-oxoindoline-3-carboxylate (25¢)

Me& CO,t-Bu
Jous
Me ”

Yield: 88%; as a colorless solid; [oc]ij: —17.69 (¢ 1.00, CHCIl3, 6% ee); mp: 143—146 °C; IR (neat):
3213, 1724, 1682, 1628,1458, 1254, 1161, 1119 ecm™!; 'TH NMR (400 MHz, CDCls) 6: 8.70 (1H, br s),
7.10 (1H, d, J= 7.8 Hz), 6.84 (1H, d, J= 7.8 Hz), 6.77, (1H, s), 2.34 (3H, s), 1.62 (3H, s), 1.36 (9H,
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s); 3C NMR (100 MHz, CDCl;) &: 178.2, 168.7, 140.9, 138.9, 128.4, 123.2, 122.7,110.9. 82.2, 56.2,
27.7, 21.6, 19.9; HRMS (ESI): m/z calcd. for C1sH2oNOs: 262.1443 [M+H]"; found: 262.1438; CSP
HPLC (Chiralcel OD-3, 0.8 mL/min, 95/5 n-hexane/i-PrOH): tr(major) = 9.19 min, tr(minor) = 9.67

min, 6% ee.

(-)-t-Butyl 6-methoxy-3-methyl-2-oxoindoline-3-carboxylate (25f)

Me _\\COQt-BU
mo
N
MeO H

Yield: 88%; as a colorless solid; [oc]ij: —42.04 (c 0.98, CHCls, 32% ee); mp: 104-106 °C; IR (neat):
3279,1732,1705, 1628, 1504, 1338, 1250, 1157, 1126 cm™!; 'H NMR (400 MHz, CDCls) 8: 7.94 (1H,
brs), 7.11 (1H, d, J = 8.3 Hz), 6.54 (1H, dd, J = 8.3, 2.2 Hz), 6.49 (1H, d, /= 2.2 Hz), 3.80 (3H, s),
1.61 (3H, s), 1.36 (9H, s); *C NMR (100 MHz, CDCls) &: 177.8, 168.8, 160.4, 141.8, 123.8, 123.2,
107.3, 97.2, 82.2, 55.8, 55.5, 27.7, 19.9; HRMS (ESI): m/z calcd. for CisH19NO4sNa: 300.1212
[M+Na]*; found: 300.1205; CSP HPLC (Chiralcel OD-3, 0.8 mL/min, 95/5 n-hexane/i-PrOH):
tr(major) = 12.21 min, tr(minot) = 14.85 min, 32% ee.

t-Butyl 6-fluoro-3-methyl-2-oxoindoline-3-carboxylate (25g)

Me CO,t-Bu
>
. N

H

Yield: 94%; as a colorless solid; mp: 106—-108 °C; IR (neat): 3233, 1717, 1616, 1501, 1462, 1369,
1250, 1119 cm™!; '"H NMR (400 MHz, CDCls) 8: 8.94 (1H, br s), 7.15 (1H, dd, J= 8.0, 5.2 Hz), 6.74-
6.67 (2H, m), 1.62 (3H, s), 1.36 (9H, s); *C NMR (100 MHz, CDCl;) &: 178.2, 168.3, 163.1 (d, J =
244.5 Hz), 142.2 (d, J=12.3 Hz), 126.6 (d, J = 3.3 Hz), 124.1 (d, /= 9.9 Hz), 109.0 (d, J = 22.2 Hz),
98.8 (d, J=27.2 Hz), 82.6, 56.0, 27.7, 19.8; HRMS (ESI): m/z calcd. for Ci4H1sFNO3Na: 288.1011
[M+Na]"; found: 288.1003; CSP HPLC (Chiralcel OD-3, 0.8 mL/min, 95/5 n-hexane/i-PrOH): tr(pre)
=4.08 min, tr(post) = 7.52 min, 0% ee.

(-)-t-Butyl 3-methyl-2-0x0-6-(trifluoromethyl)indoline-3-carboxylate (25h)

Me _\\COQt-BU
Cr-
FaC N

Yield: 88%; as a colorless solid; [oc]ij: —71.88 (¢ 1.02, CHCls, 58% ee); mp: 88—89°C; IR (neat): 3175,
1724,1717, 1462, 1315, 1254, 1165, 1119 ecm™!; '"H NMR (400 MHz, CDCl5) 8: 9.28 (1H, brs), 7.36—
7.31 (2H, m), 7.22, (1H, s), 1.67 (3H, s), 1.38 (9H, s); 3C NMR (100 MHz, CDCl;) 6: 177.7, 167.6,
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141.5,134.9,131.3, (q, /=32.4 Hz), 123.8 (q, /= 270.9 Hz), 123.4, 119.8, (q, /= 3.9 Hz), 107.1, (q,
J=3.9Hz), 83.1, 56.5,27.7, 19.8; HRMS (ESI): m/z calcd. for CisHisFsNOsNa: 388.0980 [M+Na]*;
found: 388.0973; CSP HPLC (Chiralcel OD-3, 0.8 mL/min, 95/5 n-hexane/i-PrOH): tr(major) = 8.66

min, tr(minot) = 9.54 min, 58% ee.

(S)-#-Butyl 3-ethyl-2-oxoindoline-3-carboxylate (25i)

Bt CO,t-Bu
o
N

H
Yield: 95%; as a colorless solid; [a]?: +52.49 (¢ 0.99, CHCIs, 62% ee); mp: 106-109 °C; IR (neat):
3163, 1721, 1686, 1250, 1157, 1138 cm™!; 'H NMR (400 MHz, CDCl3) 8: 8.73 (1H, br s), 7.25-7.21
(2H, m), 7.04 (1H, t,J= 7.6 Hz), 6.91 (1H, d, J= 7.6 Hz), 2.33-2.15 (2H, m), 1.37 (9H, s), 0.71 (3H,
t,J=7.4 Hz); *C NMR (100 MHz, CDCls) 6: 176.9, 168.3, 141.6, 129.0, 128.6, 123.4, 122.6, 109.8,
82.2, 61.5, 27.7, 27.2, 8.1; HRMS (ESI): m/z calcd. for CisH19NO3Na: 284.1262 [M+Na]*; found:
284.1255; CSP HPLC (Chiralcel OD-3, 0.8 mL/min, 95/5 n-hexane/i-PrOH): tr(major) = 8.20 min,

tr(minor) = 6.72 min, 62% ee.
(S)-#-Butyl 2-0x0-3-propylindoline-3-carboxylate (25j)

CO,tBu
o}

N
Yield: 95%; as a colorless solid; [a]?: +56.00 (¢ 1.00, CHCls, 62% ee); mp: 142—-143 °C; IR (neat):
3167, 1724, 1682, 1246, 1150, 748 cm™'; '"H NMR (400 MHz, CDCI;3) 6: 7.52 (1H, br s), 7.26-7.22
(2H, m), 7.04 (1H, t, J= 8.0 Hz), 6.87 (1H, d, J= 8.0 Hz), 2.20 (1H, td, J= 13.2, 4.8 Hz), 2.11 (1H,
td, J=13.2,4.8 Hz), 1.37 (9H, s), 1.20-1.11 (1H, m), 1.04-0.94 (1H, m), 0.85 (3H, t, J= 7.3 Hz); 13C
NMR (100 MHz, CDCl3) é: 177.2, 168.3, 141.5, 129.3, 128.6, 123.4, 122.5, 109.9, 82.3, 61.0, 36.1,
27.7, 17.1, 14.1; HRMS (ESI): m/z caled. for Ci¢H2:NO3Na: 298.1419 [M+Na]*; found: 298.1411;
CSP HPLC (Chiralcel OD-3, 0.8 mL/min, 95/5 n-hexane/i-PrOH): tr(major) = 7.03 min, tr(minor) =
6.18 min, 62% ce.

(S)-z-Butyl 3-benzyl-2-oxoindoline-3-carboxylate (25k)°'!

l\\COQt-BU
(L
N

H
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Yield: 92%; as a colorless solid; [a]?: +97.96 (c 0.98, CHCl3, 60% ee) [lit.! (R)-25k, [OL]ZDSI -148.4
(¢ 0.5, CHCl3, 95% ee)]; mp: 167-169 °C; IR (neat): 3179, 1724, 1682, 1470, 1254, 1150, 764 cm™!;
"HNMR (400 MHz, CDCls) &: 7.66 (1H, brs), 7.31 (1H, d,J= 7.7 Hz), 7.16 (1H, t,J= 7.7 Hz), 7.06—
7.00 (4H, m), 6.90 (2H, d, J = 6.6 Hz), 6.66 (1H, d, J = 7.7Hz), 3.51 (2H, s), 1.39 (9H, s); 3C NMR
(100 MHz, CDCl3) é: 175.7, 167.9, 141.2, 134.7, 130.0, 128.8, 128.4, 127.7, 126.7, 124.0, 122.3,
109.7, 82.6, 62.1, 39.4, 27.7, HRMS (ESI): m/z calcd. for C20H21NOsNa: 346.1419 [M+Na]"; found:
346.1410; CSP HPLC (Chiralcel OD-3, 0.8 mL/min, 95/5 n-hexane/i-PrOH): tr(major) = 11.66 min,

tr(minor) = 7.35 min, 60% ee.
(S)-z-Butyl 5-methoxy-2-oxo0-3-propylindoline-3-carboxylate (251)%°

l\\COQt-BU
0]

MeO
N
Yield: 97%; as a colorless solid; [oc]ij: +29.55 (¢ 1.00, CHCl3, 66% ee) [lit.%° (S)-25l, [a]i;): +44.31 (c
1, CHCl3, 83% ee)]; mp: 140-144 °C; IR (neat): 3271, 1724, 1678, 1493, 1250, 1204, 1153 cm™!; 'H
NMR (400 MHz, CDCls) é: 8.49 (1H, brs), 6.83 (1H, d, J= 2.4 Hz), 6.82 (1H, d, J= 8.5 Hz), 6.76
(1H, dd. J=8.5, 2.4 Hz), 3.78 (3H, s), 2.20 (1H, ddd, J = 13.6, 12.0, 4.8 Hz), 2.09 (1H, ddd, J = 13.6,
12.0, 4.8 Hz), 1.37 (9H, s), 1.21-1.09 (1H, m), 1.05-0.94 (1H, m), 0.84 (3H, t, J= 7.2 Hz); 3*C NMR
(100 MHz, CDCls) &: 176.8, 168.2, 155.8, 134.8, 130.7, 113.2, 110.5, 110.1, 82.3, 61.4, 55.8, 36.2,
27.7, 17.1, 14.1; HRMS (ESI): m/z caled. for C17H23NO4Na: 328.1525 [M+Na]*; found: 328.1521;

CSP HPLC (Chiralcel OD-3, 0.8 mL/min, 95/5 n-hexane/i-PrOH): tr(major) = 8.08 min, tr(minor) =
7.33 min, 66% ce.
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R

General Procedure for 52-55, 67, 68, 73-76.

To a solution of alcohol (1 eq.) and pyridine (2.6 eq. for diol, 1.3 eq. for monool) in CH>Cl (0.15 M),
trifluoromethanesulofonic anhydride (2.2 eq. for diol, 1.1 eq. for monool) was added in one portion at
—20 °C. The solution was stirred until reaction completion was determined by TLC analysis. The
reaction mixture was filtered through a pad of Celite, and the filter cake was washed with CH,Cl,. The
filtrate was concentrated and resulting brown oil was diluted with n-hexane/ EtOAc = 1/1 solution.
The mixture was filtered through a pad of silica gel, and the filter cake was washed with n-hexane/
EtOAc = 1/1 solution. The filtrate was concentrated to give corresponding triflate as brown oil which
was used for the next reaction without further purification. To a solution of malonate (2 eq. for diol, 1
eq. for monool) and N, N'-dimethylpropyleneurea (1.1 eq.) in THF (0.2 M) was added KHMDS (0.5
M in toluene, 2.1 eq. for diol, 1.1 eq. for monool) dropwise at —20 °C. The resulting solution was
stirred for 20 min under the same temperature, then added solution of ditrifulate in THF (0.3 M) in
one portion. The reaction mixture was stirred for 20 min at —20 °C, and then warmed to room
temperature. After 22 hours, saturated NH4ClI aq. was added. The reaction mixture was extracted with
EtOAc. The combined organic layer was dried over Na,SO4 and concentrated under reduced pressure.
The crude material was purified by silica gel column chromatography (n-hexane/EtOAc = 80/20 to
50/50) to give corresponding disubstituted malonate.

Tetramethyl 2,2'-{[(4S,55)-2,2-dimethyl-1,3-dioxolane-4,5-diyl]dimethanediyl}bis[(2-
nitrophenyl)propanedioate] (52)

(R = CO,Me)

Yield: 42%; as a white solid; [a]? —71.19 (¢ 1.01, CHCl3); mp: 166-167 °C; 'H NMR (400MHz,
CDCl) 6: 8.00 (2H, d, J= 7.8 Hz), 7.56 (2H, t, J= 7.8 Hz), 7.46 (2H, t, J= 7.8 Hz), 7.35 2H, d, J =
7.8 Hz), 3.79 (6H, s), 3.70 (6H, s), 3.57 (2H, d, J= 8.0 Hz), 2.82 (2H, d, J= 14.8 Hz), 2.71 (2H, dd, J
=14.8, 8.0 Hz), 0.84 (6H, s); *C NMR (100 MHz, CDCl3) 8: 169.9, 169.2, 149.4, 132.4, 131.7, 131.4,
128.6, 125.6, 108.1, 77.2, 62.2, 53.2, 53.0, 37.0, 26.3; IR (CHCI3): 3030, 2988, 2953, 1736, 1531,
1435, 1354, 1232, 1201, 1165 cm™'; HRMS (ESI) caled for CooH3:N2O14sNa [M+Na]* 655.1752,
found 655.1738.
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Tetraethyl 2,2'-{[(4S,55)-2,2-dimethyl-1,3-dioxolane-4,5-diyl]dimethanediyl}bis[(2-
nitrophenyl)propanedioate] (53)

(R = CO,Et)
Yield: 49%; as a white solid; [o]5: —42.81 (¢ 1.03, CHCLs); mp: 113—114 °C; IR (CHCL): 3028, 2986,
2937, 1736, 1533, 1354, 1240, 1194 cm™'; 'H NMR (400MHz, CDCls) &: 7.99 (2H, d, J = 7.1 Hz),
7.54 QH, t, J=17.1 Hz), 7.44 (2H, t, J= 7.1 Hz), 7.36 (2H, d, J = 7.1 Hz), 4.33-4.13 (8H, m), 3.57
(2H, d,J=8.0 Hz), 2.84 (2H, d, J = 14.9 Hz), 2.71 (2H, dd, J= 14.9, 8.0 Hz), 1.27 (6H, t, J= 7.2 Hz),
1.19 (6H, t, J = 7.2 Hz), 0.80 (6H, s); 3C NMR (100 MHz, CDCls) &: 169.5, 168.7, 149.5, 132.3,
132.0, 131.5, 128.4, 125.5, 107.9, 77.4, 62.5, 62.4, 62.1, 36.9, 26.3, 13.8, 13.7; HRMS (ESI*) caled
for C33HaoN2014Na [M+Na]* 711.2378, found 711.2366.

Tetrapropan-2-yl 2,2'-{[(4S,55)-2,2-dimethyl-1,3-dioxolane-4,5-diyl|dimethanediyl}bis[(2-
nitrophenyl)propanedioate] (54)

(R = CO,i-Pr)

Yield: 28%; as a white solid; [oc]?: —22.69 (¢ 1.00, CHCI3); mp: 103—-104 °C; IR (CHCls): 3022, 2984,
2937, 1728, 1533, 1375, 1352, 1269, 1244, 1101 cm™!; '"H NMR (400 MHz, CDCls) &: 8.01 (2H, d, J
=7.8 Hz), 7.51 (2H, t,J= 7.8 Hz), 7.42 (2H, t,J = 7.8 Hz), 7.34 (2H, d, J= 7.8 Hz), 5.13 (2H, sep, J
= 6.3 Hz), 5.02 (2H, sep, J= 6.3 Hz), 3.55 (2H, d, /= 7.3 Hz), 2.84 (2H, d, /= 14.9 Hz), 2.70 (2H,
dd,J=14.9,7.3 Hz), 1.27 (12H, d, J= 6.3 Hz), 1.22 (6H, t, /= 6.3 Hz), 1.16 (6H, d, J= 6.3 Hz), 0.74
(6H, s); 3C NMR (100 MHz, CDCls) 8: 169.2, 168.3, 149.5, 132.4, 132.2, 131.5, 128.3, 125.6, 107.7,
77.5, 704, 69.9, 62.7, 36.7, 26.2, 21.5, 21.5, 21.3, 21.2; HRMS (ESI") calcd for C37H4sN>0O14Na
[M+Na]* 767.3004, found 767.2995.

Tetra-t-butyl 2,2'-{[(4S,55)-2,2-dimethyl-1,3-dioxolane-4,5-diyl]dimethanediyl}bis[(2-
nitrophenyl)propanedioate] (55)

(R = CO,t-Bu)
Yield: 49%; as a white solid, [oc]ij: —46.16 (c 1.01, MeOH); mp: 147148 °C (decomp.); IR (CHCI»):
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3030, 2984, 2934, 1728, 1533, 1369, 1356, 1259, 1142 cm™; 'H NMR (400 MHz, DMSO-ds) 5: 7.98
(2H, d, J= 7.9 Hz), 7.67 QH, t, J= 7.9 Hz), 7.53 (2H, t, J = 7.9Hz), 7.30 (2H, d, J = 7.9 Hz), 3.46
(2H, d, J=7.1 Hz), 2.77 H, d, J = 14.9 Hz), 2.57-2.50 (2H, m), 1.44 (18H, s), 1.35 (18H, s), 0.63
(6H, s); >C NMR (100 MHz, DMSO-ds) &: 168.2, 167.0, 149.2, 132.7, 132.0, 131.5, 128.6, 125.1,
106.7, 83.0, 82.2, 77.1, 63.4, 36.6, 27.3, 27.1, 26.1; HRMS (ESI") calcd for C41HseN,014Na [M+Na]*
823.3630, found 823.3622.

Tetra-t-butyl 2,2'-{[(48,55)-2,2-diethyl-1,3-dioxolane-4,5-diyl]dimethanediyl}bis[(2-
nitrophenyl)propanedioate] (67)

(R = CO,t-Bu)

Yield: 54%; as a white solid; [a]?: —61.06 (c 0.99, MeOH); mp: 107-110 °C(decomp.); IR (CHCI5):
3030, 2982, 2934, 1728, 1533, 1369, 1356, 1258, 1142 cm™'; 'H NMR (400 MHz, DMSO-dj) &: 7.99
(2H, d, J=7.9 Hz), 7.68 (2H, t, J= 7.9 Hz), 7.53 (2H, t, /= 7.9Hz), 7.28 (2H, d, /= 7.9 Hz), 3.45
(2H, d, J= 8.2 Hz), 2.79 (2H, d, J = 14.7 Hz), 2.56 (2H, dd, J = 14.7, 8.2 Hz), 1.45 (18H, s), 1.35
(18H, s), 0.82 (4H, q, J= 7.2 Hz), 0.21 (4H, t, J = 7.2 Hz); *C NMR (100 MHz, DMSO-ds) 5: 168.5,
167.0, 149.2, 132.9, 132.2, 131.4, 128.6, 125.2, 110.9, 83.2, 82.2, 77.5, 63.4, 36.7, 29.5, 27.3, 27.1,
7.2; HRMS (EST") caled for C43HgoN>O14Na [M+Na]* 851.3943, found 851.3935.

Tetra-t-butyl 2,2'-[(2S,35)-1,4-dioxaspiro[4.4]nonane-2,3-diyldimethanediyl] bis[(2-
nitrophenyl)propanedioate] (68)

(R = CO,t-Bu)

Yield: 55%; as a white solid, [a]?: —54.64 (¢ 1.01, MeOH); mp: 103—-105 °C (decomp.); IR (CHCI5):
3030, 2980, 2936, 1728, 1609, 1533, 1369, 1356, 1259, 1163, 1142 cm™!; 'H NMR (400 MHz, DMSO-
de) : 798 (2H, d, J=7.9 Hz), 7.68 (2H, t, J= 7.9 Hz), 7.53 (2H, t, J = 7.9Hz), 7.27 2H, d, J= 7.9
Hz), 3.44 (2H, d, J=17.1 Hz), 2.78 (2H, d, J = 14.9 Hz), 2.54 (2H, dd, J = 14.9, 7.1 Hz), 1.45 (18H,
s), 1.35 (18H, s), 1.11-0.86 (8H, m); '3C NMR (100 MHz, DMSO-dc) 6: 168.4, 167.0, 149.2, 132.9,
132.2, 131.5, 128.6, 125.2, 116.5, 83.2, 82.2, 77.2, 63.4, 36.7, 35.6, 27.3, 27.1, 22.1; HRMS (ESI")
calcd for C43HssN2O14Na [M+Na]* 849.3786, found 849.3779.
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Di-#-butyl {[(45)-2,2-dimethyl-1,3-dioxolan-4-ylJmethyl}(2-nitrophenyl)propanedioate (73)

(R = CO,t-Bu)

Yield: 42%:; as a colorless oil; [a]?: +15.01 (¢ 1.07, MeOH); IR (CHCIls): 3018, 2984, 2934, 1728,
1535, 1369, 1255, 1231, 1157, 1142 cm™!; '"H NMR (400 MHz, DMSO-ds) &: 7.99 (1H, dd, J = 8.0,
1.5 Hz), 7.54 (1H, td, J= 7.6, 1.5 Hz), 7.45 (1H, ddd, /= 8.0, 7.6, 1.4 Hz), 7.31 (1H, dd, J= 7.6, 1.5
Hz),4.11 (1H, dq, J=7.9, 5.6 Hz), 3.64 (1H, dd, /= 7.9, 5.6 Hz), 3.39 (1H, t, J= 7.9 Hz), 2.92 (1H,
dd,J=14.6,5.6 Hz),2.73 (1H, dd, J=14.6, 5.6 Hz), 1.46 (9H, s), 1.44 (9H, s), 1.26 (3H, s), 1.13 (3H,
s); 3C NMR (100 MHz, DMSO-dy) : 167.4, 167.1, 149.3, 133.1, 131.6, 131.2, 129.1, 125.6, 107.3,
83.0, 82.7, 72.9, 68.8, 63.0, 38.9, 27.1, 27.1, 26.5, 25.4; HRMS (ESI") caled for C3H33NOsNa
[M+Na]* 474.2104, found 474.2099.

Di-#-butyl (2-nitrophenyl)[(2R)-tetrahydrofuran-2-ylmethyl]propanedioate (74)
O

O,N
R
R

(R = CO,t-Bu)

Yield: 84%; as a colorless oil; [oc]ij: —47.41 (c 0.99, MeOH); IR (CHCIl3): 3018, 2982, 2934, 1728,
1533, 1369, 1358, 1256, 1163, 1142 cm™!; 'TH NMR (400 MHz, CDCl3) 8: 7.96 (1H, dd, J = 8.0, 1.5
Hz), 7.54 (1H, ddd, J= 8.0, 7.3, 1.4 Hz), 7.47-7.41 (2H, m), 3.84-3.78 (1H, m), 3.71 (1H, td, /= 7.8,
6.0 Hz), 3.48 (1H, td, J= 7.8, 6.0 Hz), 2.87 (1H, dd, /= 14.6, 7.6 Hz), 2.62 (1H, dd, /= 14.6, 4.4 Hz),
1.85-1.63 (3H, m), 1.48-1.38 (1H, m), 1.44 (9H, s), 1.44 (9H, s); 3C NMR (100 MHz, DMSO-ds) 8:
167.5, 167.3, 149.4, 132.6, 131.9, 131.8, 128.7, 125.2, 82.6, 82.2, 75.4, 66.4, 63.3,40.5, 31.5, 27.2,
27.1, 25.1; HRMS (EST") calcd for C2,H3NO7Na [M+Na]* 444.1999, found 444.1994.

Di-#-butyl [(2R)-2-methoxy-2-phenylethyl](2-nitrophenyl)propanedioate (75)

(R = CO,t-Bu)

Yield: 23%:; as a colorless oil; [a]?: —27.94 (¢ 1.15, MeOH); IR (CHCIs): 3018, 2982, 2934, 1728,
1533, 1369, 1356, 1256, 1163, 1142 cm™!; 'H NMR (400 MHz, CDCI3) 6: 8.03 (1H, dd, /= 8.4, 1.6
Hz), 7.60-7.56 (1H, m), 7.47-7.43 (2H, m), 7.30 (4H, d, J = 4.4 Hz), 7.25-7.21 (1H, m), 4.03 (1H,
dd, J=10.0, 2.0 Hz), 3.11 (1H, dd, /= 15.0, 10.0 Hz), 2.67 (1H, dd, J=15.0, 2.0 Hz), 2.59 (3H, s),
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1.45 (9H, s), 1.44 (9H, s); '3C NMR (100 MHz, DMSO-dc) 8: 168.2, 167.0, 149.2, 142.2, 132.7, 132.0,
131.3, 128.6, 128.4, 127.4, 126.1, 125.3, 82.9, 82.2, 79.8, 63.6, 55.1,43.2, 27.2, 27.1; HRMS (ESI")
calcd for C26H33NO7Na [M+Na]" 494.2155, found 494.2150.

Di-#-butyl (2-nitrophenyl)(tetrahydrofuran-3-ylmethyl)propanedioate (76)
o}
O,N

R
R

(R =CO,t-Bu)

Yield: 83%; as a colorless oil; IR (CHCls): 3018, 2982, 2932, 1726, 1535, 1369, 1358, 1259, 1161,
1142 cm™'; 'H NMR (400 MHz, CDCls) 8: 7.96 (1H, dd, J = 8.0, 1.5 Hz), 7.55 (1H, td, J = 8.0, 1.5
Hz), 7.47 (1H, td, J = 8.0, 1.5 Hz), 7.25 (1H, dd, J = 8.0, 1.5 Hz), 3.70 (1H, td, J = 8.4, 4.2 Hz), 3.54
(1H, td, J = 8.4, 7.1 Hz), 3.34 (1H, t, J = 7.8 Hz), 3.05 (1H, t, J = 8.4 Hz), 2.72 (1H, dd, J = 14.4, 5.6
Hz), 2.63 (1H, dd, J = 14.4, 6.3 Hz), 2.29-2.18 (1H, m), 1.63-1.53 (1H, m), 1.50-1.33 (1H, m), 1.45
(9H, s), 1.44 (9H, s); 3C NMR (100 MHz, DMSO-de) &: 167.6, 167.6, 149.6, 1332, 131.9, 131.3,
129.2,125.7, 82.7, 82.7, 72.5, 66.6, 64.3, 38.4, 36.2, 32.9, 27.2; HRMS (ESI*) calcd for Co,H3NO7Na
[M+Na]* 444.1999, found 444.1988.

General Procedure for 5659, 77-82.

Method A (Table 9): To a solution of disubstituted malonate in MeOH (0.05 M), 10% Pd/C (40 mol %)
was added at room temperature and stirred under H, atmosphere (1 atm). After confirmation of the
consumption of nitro compound by TLC, AcOH (0.5 M) was added in one portion. The resulting
mixture was stirred for 3 hours and filtrated through a Celite with MeOH. The filtrate was dissolved
in CHCl; and washed with saturated NaHCOj3 aq. and brine. The organic layer was dried over Na,;SO4
and concentrated. The product ratio was determined by HPLC analysis. For the other analytical data,
the resulting residue was purified by silica gel column chromatography (CHCl3/MeOH = 99/1 to 95/5)
to give corresponding oxindole.

Method B (Table 10): To a solution of disubstituted malonate in MeOH/AcOH 10/1 (0.05 M) , 10%
Pd/C (40 mol %) was added at room temperature and stirred under H, atmosphere (1 atm). After
confirmation of the conversion finished by TLC, the reaction mixture was filtrated through a Celite
with MeOH. The filtrate was dissolved in CHCI3 and washed with saturated NaHCO3 aq. and brine.
The organic layer was dried over Na;SO4 and concentrated. The product ratio was determined by
HPLC analysis. For the other analytical data, the resulting residue was purified by silica gel column

chromatography (CHCIl3/MeOH = 99/1 to 95/5) to give corresponding oxindole.
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Dimethyl (3S5,3'S)-3,3'-{[(4S,55)-2,2-dimethyl-1,3-dioxolane-4,5-diyl]dimethanediyl} bis(2-oxo-
2,3-dihydro-1H-indole-3-carboxylate) (56)

O MeOQC O

Yield: quant.; as a colorless foam; [a]?: +37.01 (c 1.42, CHCI3, 18% de); IR (CHCls): 3435, 3028,
2991, 2936, 1743, 1620, 1473, 1236, 1180 cm™!; 'H NMR (400 MHz, CDCls) &: 8.50 (major, 1H, br
s), 7.91 (minor, 1H, br s), 7.76 (minor, 1H, br s), 7.28-7.20 (4H, m), 7.04 (major, 2H, t, J = 7.2 Hz),
7.01-6.98 (minor, 2H, m), 6.90—6.86 (minor, 2H, m), 6.87 (major, 2H, d, /= 7.2 Hz), 3.67-3.63 (2H,
m), 3.66 (minor, 3H, s), 3.65 (minor, 3H, s), 3.65 (major, 6H, s), 3.58 (minor, 1H, td, /= 7.9, 4.0 Hz),
3.38 (minor, 1H, ddd, J=10.4, 7.2, 2.4 Hz), 2.61 (major, 2H, dd, J = 14.3, 7.6 Hz), 2.57-2.49 (minor,
2H, m), 2.37 (minor, 1H, dd, J = 14.0, 10.4 Hz), 2.24 (major, 2H, dd, J = 14.3, 3.7 Hz), 2.16 (minor,
1H, dd, J = 14.3, 4.0 Hz), 1.12 (minor, 3H, s) 1.11 (major, s, 6H), 0.94 (minor, 3H, s); *C NMR (100
MHz, CDCIl3) &: 176.6 (minor), 176.2 (major), 175.9 (minor), 169.7 (minor), 169.2 (minor), 169.1
(major), 141.9 (minor), 141.1 (major), 141.0 (minor), 129.3 (minor), 129.0 (major), 128.9 (minor),
127.8 (minor), 127.7 (major), 127.3 (minor), 125.2 (major, minor), 123.9 (minor), 122.6 (major), 122.5
(minor), 110.5 (major), 110.3 (minor), 110.2 (minor), 109.2 (major, minor), 109.1 (minor), 77.54
(major), 77.21 (minor), 77.17 (minor), 58.2 (major), 58.2 (minor), 58.1 (minor), 53.2 (minor), 53.0
(major, minor), 37.4 (major), 36.7 (minor), 36.5 (minor), 26.9 (major). 26.6 (minor), 26.4 (minor);
HRMS (ESIY) caled for Co7H23N20gNa [M+Na]* 531.1743, found 534.1741; CSP HPLC (Chiralcel
OD-H, 0.6 mL/min, 80/20 n-hexane/i-PrOH): tr(major C, isomer) = 13.72 min, tr(C; isomer) = 10.81

min, tr(minor C; isomer) = 9.62 min, 18% de.

Diethyl (35,3'S)-3,3'-{[(4S5,55)-2,2-dimethyl-1,3-dioxolane-4,5-diyl|dimethanediyl} bis(2-0x0-2,3-
dihydro-1H-indole-3-carboxylate) (57)

O  EtO,CO

Yield: quant.; as a colorless foam; [a]ZD“: +30.60 (¢ 0.41, CHCl3, 25% de); IR (CHCls): 3435, 3018,
2988, 2935, 1740, 1620, 1474, 1223, 1209, 1097 cm™!; 'TH NMR (400 MHz, CDCls) &: 8.06 (major,
2H, br s), 7.66 (minor, 1H, br s), 7.50 (minor, 1H, br s), 7.28-7.19 (4H, m), 7.06-6.97 (2H, m), 6.88—
6.86 (2H, m), 4.17-4.06 (minor, 4H, m), 4.11 (major, 4H, q, J = 7.2 Hz), 3.64-3.59 (major, 2H, m),
3.56 (minor, 1H, td, J= 7.8, 4.1 Hz), 3.38 (minor, 1H, ddd, /=10.4, 7.2, 2.4 Hz), 2.57 (major 2H, dd,
J=14.3,7.6 Hz), 2.54-2.49 (minor, 1H, m), 2.35 (minor, 1H, dd, J= 14.6, 10.4 Hz), 2.24 (major, 2H,

78



J=14.3,4.0 Hz), 2.19 (minor, 1H, J= 14.3, 4.0 Hz), 1.16 (minor, 3H, t, /= 7.0 Hz), 1.15 (major, 3H,
t,J=7.0 Hz), 1.14 (minor, 3H, t, J= 7.0 Hz), 1.12 (minor, 3H, s), 1.07 (major, 6H, s), 0.94 (minor,
3H, s); 13C NMR (100 MHz, CDCI3) §; 176.5 (minor), 176.2 (major, minor), 169.7 (minor), 169.1
(minor), 168.6 (major), 141.9 (minor), 141.1 (major), 141.0 (minor), 129.1 (minor), 128.9 (major),
128.9 (minor), 127.9 (minor), 127.9 (major), 127.5 (minor), 125.1 (major), 123.9 (minor), 122.5
(major), 122.4 (minor), 122.4 (minor), 110.4 (major), 110.1 (minor), 110.1 (minor), 109.2 (major,
minor), 109.1 (minor), 77.6 (major), 77.2 (minor), 77.1 (minor), 62.1 (minor, minor), 62.0 (major),
58.4 (major), 58.3 (minor), 58.2 (minor), 37.34 (major), 36.5 (minor), 36.4 (minor), 27.0 (major), 26.7
(minor), 26.5 (minor), 13.8 (major, minor, minor); HRMS (ESI*) calcd for Cy9H33N>Og[M+H]*
537.2237, found 537.2235; CSP HPLC (Chiralcel OD-H, 0.2 mL/min, 80/20 n-hexane/i-PrOH):
tr(major C; isomer) = 28.72 min, tr(C; isomer) = 25.41 min, tr(minor C> isomer) = 23.94 min, 25%
de.

Dipropan-2-yl (3S5,3'S)-3,3'-{[(4S,55)-2,2-dimethyl-1,3-dioxolane-4,5-diyl]dimethanediyl}bis(2-
0x0-2,3-dihydro-1H-indole-3-carboxylate) (58)

O i—PI'OQC (@)

Yield: 90%; as a colorless foam; [a]?: +21.09 (¢ 1.65, CHCls, 40% de); IR (CHCIs): 3437,3017, 2986,
2936, 1740, 1620, 1474, 1236, 1103 cm™'; H NMR (400 MHz, CDCI3) &: 8.99 (major, 2H, br s), 8.54
(minor, 1H, br s), 8.49 (minor, 1H, br s), 7.23-7.17 (4H, m), 7.01-6.94 (minor, 2H, m), 7.00 (major,
2H,t,J="7.6 Hz), 6.88 (2H, d, /= 7.6 Hz), 4.95 (2H, sep, J = 6.1 Hz), 3.66-3.61 (major, 2H, m), 3.59
(minor, 1H, td, J = 8.0, 3.6 Hz), 3.39 (minor, 1H, ddd, /= 10.0, 8.0, 2.4 Hz), 2.59 (major, 2H, dd, J =
14.3, 7.2 Hz), 2.54-2.47 (minor, 2H, m), 2.37 (minor, 1H, dd, J= 14.4, 10.0 Hz), 2.22 (major, 2H, dd,
J=14.3, 3.3 Hz), 2.14 (minor, 1H, dd, /= 14.4, 3.6 Hz), 1.17 (minor, 3H, d, /= 6.1 Hz), 1.16 (minor,
3H, d, J= 6.1 Hz), 1.14 (major, 6H, d, /= 6.1 Hz), 1.10 (major, 6H, s), 1.08 (6H, d, /= 6.1 Hz), 1.06
(minor, 3H, s), 0.93 (minor, 3H, s); *C NMR (100 MHz, CDCl;) &: 176.4 (minor), 176.1 (major),
175.8 (minor), 168.6 (minor), 168.13 (major, minor), 141.9 (minor), 141.2 (major), 141.0 (minor),
129.0 (minor), 128.8 (major), 128.7 (minor), 128.2 (minor), 128.1 (major, minor), 125.0 (minor),
125.0 (major), 124.9 (minor), 123.8 (minor), 122.4 (major), 110.3 (major), 110.0 (minor), 110.0
(minor), 109.2 (major, minor), 109.1 (minor), 77.6 (major), 77.2 (minor), 77.2 (minor), 69.8 (minor),
69.7 (minor), 69.7 (major), 58.5 (major), 58.5 (minor), 58.4 (minor), 37.2 (major), 36.3 (minor), 36.2
(minor), 27.1 (major), 26.7 (minor), 26.5 (minor), 21.4 (major, minor), 21.4 (minor), 21.3 (minor),
21.2 (major, minor); HRMS (ESI*) calcd for C31H36N20g [M+Na]* 587.2369 found 587.2363; CSP
HPLC (Chiralcel OD-H, 0.4 mL/min, 90/10 n-hexane/i-PrOH): tr(major C> isomer) = 20.10 min, tr(C|
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isomer) = 16.67 min, tr(minor C; isomer) = 15.14 min, 40% de.

Di-#-butyl (3S5,3'S)-3,3'-{[(4S,55)-2,2-dimethyl-1,3-dioxolane-4,5-diyl]dimethanediyl} bis(2-oxo-
2,3-dihydro-1H-indole-3-carboxylate) (59)

O tBuO,CO

Yield: quant.; as a colorless foam; [oc]ij: —14.54 (¢ 23, CHCls, 68% de); IR (CHCIl3): 3437, 3018, 2984,
2934, 1738, 1620, 1474, 1223, 1109 cm™'; 'H NMR (400 MHz, CDCl3) &: 7.89 (major, 2H, brs), 7.57
(minor, 1H, br s), 7.40 (minor, 1H, br s), 7.27-7.16 (4H, m), 7.02 (minor, 1H, t, J = 7.6 Hz), 7.00
(minor, 1H, t, J = 6.8 Hz), 6.99 (major, 2H, t, /= 7.6 Hz), 6.86—6.83 (minor, 2H, m), 6.85 (major, 2H,
d, J=8.0 Hz), 3.58 (major, 2H, dd, J= 7.2, 3.3 Hz), 3.51 (minor, 1H, dd, /= 7.2, 4.0 Hz), 3.37 (minor,
1H, ddd, J=10.0, 7.2, 2.8 Hz), 2.52-2.46 (minor, 1H, m), 2.49 (major, 2H, dd, /= 14.0, 7.2 Hz), 2.44
(minor, 1H, dd, J=10.0, 2.0 Hz), 2.30 (minor, 1H, dd, J= 14.4, 12.4 Hz), 2.20 (major, 2H, d, /= 14.0,
3.3 Hz), 2.18 (minor, 1H, d, /= 14.4, 4.0 Hz), 1.33 (18H, s), 1.10 (minor, 3H, s), 1.04 (major, 6H, s).
0.93 (minor, 3H, s); 3C NMR (100 MHz, CDCls) 8: 176.7 (minor), 176.4 (major), 176.1 (minor),
168.0 (minor), 167.5 (major, minor), 141.9 (minor), 141.2 (major), 141.1 (minor), 128.8 (minor),
128.6 (major), 128.5 (minor), 128.5 (minor), 128.4 (major), 128.0 (minor), 124.8 (minor), 124.8
(major, minor), 123.6 (minor), 122.2 (major), 110.2 (major), 109.9 (minor), 109.9 (minor), 109.1
(major, minor), 109.0 (minor), 82.5 (minor), 82.4 (minor), 82.3 (major), 77.6 (major), 77.3 (minor),
77.2 (minor), 59.2 (major, minor), 59.1 (minor), 37.0 (major, minor), 36.1 (minor), 27.60 (major, minor,
minor), 27.2 (major) 26.7 (minor), 26.5 (minor); HRMS (ESI") calcd for Cs3H4N,Os [M+Na]*
615.2682, found 615.2677; HPLC (0.8 mL/min, 90/10/0.05-10/90/0.05 water/MeCN/TFA): tr(major

C, isomer) = 9.83 min, tr(C; isomer) = 9.59 min, tr(minor C; isomer) = 9.44 min.

Di-#-butyl  (38,3'S)-3,3'-{[(4S,55)-2,2-diethyl-1,3-dioxolane-4,5-diyl]dimethanediyl}bis(2-oxo-
2,3-dihydro-1H-indole-3-carboxylate) (77)

O tBuO,C O

Yield: 99%:; as a colorless foam; [oc]ij: —9.80 (¢ 1.01, CHCI3, 58% de); IR (CHCl»): 3437, 3028, 2978,
2936, 1740, 1620, 1474, 1369, 1248, 1155, 1113 cm™!; '"H NMR (400 MHz, CDCl;5) &: 7.51 (major,
2H, br s), 7.46-7.45 (minor, 2H, m), 7.22-7.16 (2H, m), 7.02 (minor, 2H, t, /= 8.0 Hz), 6.99 (major,
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2H, t,J="7.7 Hz), 6.85-6.81 (2H, m), 3.49-3.43 (major, 2H, m), 3.41 (minor, 1H, td, /= 8.4, 3.2 Hz),
3.24 (minor, 1H, ddd, J=10.4, 8.0, 2.4 Hz), 2.51-2.37 (minor, 2H, m), 2.42 (major, 2H, dd, J = 14.4,
8.8 Hz), 2.27 (major, 2H, dd, J = 14.4, 2.0 Hz), 2.27-2.17 (minor, 2H, m), 1.34 (major, 18H, s), 1.34
(minor, 18H, s), 1.31-1.23 (minor, 4H, m), 1.20 (major, 4H, q, /= 7.6 Hz), 0.57 (minor, 3H, t,J=7.2
Hz), 0.47 (6H, t, J = 7.6 Hz), 0.36 (minor, 3H, t, J = 7.6 Hz); *C NMR (100 MHz, CDCls) 5:176.7
(minor), 176.0 (major), 175.9 (minor), 168.0 (minor), 167.7 (minor), 167.6 (major), 142.0 (minor),
141.0 (major), 140.9 (minor), 129.1 (major), 129.0 (minor), 128.8 (minor), 128.5 (minor), 128.4
(major), 128.0 (minor), 124.8 (major, minor), 123.8 (minor), 122.3 (minor), 122.2 (major), 112.7
(major, minor), 112.5 (minor), 109.7 (major, minor), 109.6 (minor), 82.5 (minor), 82.4 (minor), 82.4
(major), 77.8 (major), 77.6 (minor), 77.4 (minor), 59.4 (major, minor), 59.3 (minor), 36.2 (major),
35.9 (minor), 35.2 (minor), 30.4 (minor), 30.0 (major, minor), 27.6 (major, minor, minor), 7.8 (major),
7.7 (minor), 7.4 (minor); HRMS (ESI¥) calcd for C3sH4sN>Og [M+H]* 621.3176, found 621.3174;
HPLC (0.8 mL/min, 90/10/0.05—-10/90/0.05 water/MeCN/TFA): tr(major C, isomer) = 11.20 min,

tr(Cy isomer) = 10.82 min, tr(minor C> isomer) = 10.33 min.

Di-#-butyl (35,3'S)-3,3'-[(2S,35)-1,4-dioxaspiro[4.4|nonane-2,3-diyldimethanediyl] bis(2-0x0-2,3-
dihydro-1H-indole-3-carboxylate) (78)

O +Bu0,C O

Yield: quant.; as a colorless foam; [oc]ij: —9.12 (¢ 1.04, CHCIs, 46% de); IR (CHCIl3): 3437, 3013,
2963, 2933, 1736, 1620, 1472, 1369, 1261, 1153, 1099, 1016 cm™!; '"H NMR (400 MHz, CDCls) &:
8.86 (major, 2H, br s), 8.47 (minor, 1H, br s), 8.43 (minor, 1H, br s), 7.24-7.15 (4H, m), 7.00 (minor,
1H, t, J= 7.2 Hz), 6.98 (major, 2H, t, J = 7.5 Hz), 6.95 (minor, 1H, t, J = 7.2 Hz), 6.89 (major, 2H, d,
J=7.5Hz), 6.88 (minor, 1H, t, /= 6.8 Hz), 6.87 (minor, 1H, d, /= 6.8 Hz), 3.57-3.52 (major, 2H, m),
3.51 (minor, 1H, td, J = 8.4, 3.6 Hz), 3.33 (minor, 1H, ddd, /= 10.0, 7.2, 2.4 Hz), 2.50-2.42 (minor,
2H, m), 2.49 (major, 2H, dd, J = 14.4, 7.7 Hz), 2.35 (minor, 1H, dd, J= 14.4, 10.0 Hz), 2.18 (major
2H, minor 1H, dd, /= 14.4, 3.7 Hz), 1.60-1.16 (major, 8H, m), 1.48—1.25 (minor, 8H, m),1.32 (18H,
s); BC NMR (100 MHz, CDCls) &: 176.9 (minor), 176.4 (major), 176.2 (minor), 168.0 (minor), 167.7
(major, minor), 142.0 (minor), 141.4 (major), 141.2 (minor), 128.9 (minor), 128.8 (minor), 128.7
(major), 128.6 (major), 128.5 (minor), 128.0 (minor), 124.6 (minor), 124.5 (major), 123.6 (minor),
122.2 (minor), 122.2 (major), 118.8 (major, minor), 118.7 (minor), 110.2 (major), 110.0 (minor), 109.9
(minor), 82.5 (minor), 82.4 (major, minor), 77.5 (major, minor), 77.2 (minor), 59.4 (major), 59.3
(minor), 58.3 (minor), 37.1 (major), 37.0 (major), 36.3 (minor), 36.3 (minor), 36.3 (minor), 36.2
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(minor), 27.6 (major, minor), 23.1 (minor), 22.8 (major), 18.3 (minor); HRMS (ESI*) calcd for
C3sHasN0g  [M+H]® 619.3019, found 619.3018; HPLC (0.8 mL/min, 90/10/0.05-10/90/0.05
water/MeCN/TFA): tr(major C; isomer) = 10.67 min, tr(C; isomer) = 10.26 min, tr(minor C, isomer)

=9.95 min.

t-Butyl  (35)-3-{[(4S5)-2,2-dimethyl-1,3-dioxolan-4-yllmethyl}-2-0x0-2,3-dihydro-1H-indole-3-
carboxylate (79)

Yield: quant.; as a colorless foam; [oc]?: +32.80 (¢ 0.91, CHCIl3, 63% de); IR (CHCls): 3437, 3017,
2986, 2936, 1736, 1618, 1474, 1371, 1248, 1153 cm™'; '"H NMR (400 MHz, CDCI;) &: 8.75 (1H, br
s), 7.27-7.18 (2H, m), 7.06-7.00 (1H, m), 6.93—6.90 (1H, m), 3.91-3.82 (2H, m), 3.59 (major, 1H, t,
J=17.1 Hz), 3.35 (minor, 1H, dd, J= 8.0, 7.1 Hz), 2.69 (major, 1H, dd, J = 14.2, 5.0 Hz), 2.69-2.65
(minor, 1H, m), 2.46 (1H, dd, J = 14.2, 7.1 Hz), 2.40 (minor, 1H, dd, J = 14.3, 5.7 Hz), 1.35 (9H, s),
1.32 (minor, 3H, s), 1.26 (major, 3H, s), 1.18 (major, 3H, s), 1.15 (minor, 3H, s); *C NMR (100 MHz,
CDCl3) &: 176.7 (minor), 176.5 (major), 167.8 (minor), 167.6 (major), 141.6 (minor), 141.0 (major),
129.1 (minor), 128.9 (major), 128.7 (major), 128.3 (minor), 123.9 (major), 123.5 (minor), 122.7
(major), 122.4 (minor), 110.1 (minor), 110.0 (major), 108.7 (minor), 108.4 (major), 82.8 (major), 82.7
(minor), 72.3 (minor), 72.3 (major), 69.6 (minor), 69.5 (major), 59.1 (major), 59.0 (minor), 37.7
(minor), 37.2 (major), 27.6 (major, minor), 26.6 (major, minor), 25.7 (major), 25.6 (minor); HRMS
(ESI*) caled for Ci9Ha6NOs [M+H]* 348.1799, found 348.1811; HPLC (0.8 mL/min, 90/10/0.05—
10/90/0.05 water/MeCN/TFA): tr(major) = 7.56 min, tr(minor) = 7.35 min.

t-Butyl  (3R)-2-0x0-3-[(2R)-tetrahydrofuran-2-ylmethyl]-2,3-dihydro-1H-indole-3-carboxylate
(80a) and #butyl (35)-2-0x0-3-[(2R)-tetrahydrofuran-2-ylmethyl]-2,3-dihydro-1H-indole-3-
carboxylate (80b).

Following the general procedure, 19a (major diastereomer) and 19b (minor diastereomer) were
obtained in 80% and 9% isolated yield, respectively.

t-Butyl  (3R)-2-0x0-3-[(2R)-tetrahydrofuran-2-ylmethyl]-2,3-dihydro-1H-indole-3-carboxylate

(major isomer, 80a)
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Colorless solid; [oc]?: —48.69 (c 1.00, CHCl3, >95% de); mp 171-177 °C (decomp.); IR (CHCIs): 3437,
3020, 2980, 2934, 1740, 1618, 1472, 1369, 1261, 1153 cm™!; '"H NMR (400 MHz, CDCl5) &: 7.49 (1H,
brs), 7.30 (1H, d, J= 7.6 Hz), 7.23 (1H, td, J= 7.6, 1.2 Hz), 7.04 (1H, td, J= 7.6, 1.2 Hz), 6.87 (1H,
d,J=7.6 Hz), 3.72-3.62 (2H, m), 3.52 (1H, td, J= 8.2, 5.8 Hz), 2.65 (1H, dd, /= 14.1, 6.9 Hz), 2.29
(1H, dd, J = 14.1, 6.6 Hz), 1.88-1.79 (2H, m), 1.77-1.69 (1H, m), 1.55-1.49 (1H, m), 1.36 (9H, s);
13C NMR (100 MHz, CDCl3) 6: 176.3, 167.8, 140.9, 129.1, 128.6, 124.3, 122.5, 109.7, 82.4, 75.3,
67.2, 59.5, 39.0, 31.6, 27.7, 25.6; HRMS (EST") calcd for CigH24NO4 [M+H]" 318.1705, found
318.1700; HPLC (0.8 mL/min, 90/10/0.05-10/90/0.05 water/MeCN/TFA): tr = 6.91 min.

t-Butyl  (35)-2-0x0-3-[(2R)-tetrahydrofuran-2-ylmethyl]-2,3-dihydro-1H-indole-3-carboxylate

(minor isomer, 80b).

Colorless gum; [a]h: +115.20 (¢ 0.75, CHCls, >95% de); IR (CHCL:): 3441, 3007, 2980, 2936, 1738,
1618, 1472, 1369, 1261, 1153 em™"; "H NMR (400 MHz, CDCls) 8: 8.09 (1H, br s), 7.22 (1H, td, J =
7.6, 0.7 Hz), 7.19 (1H, dd, J = 7.6, 0.5 Hz), 7.00 (1H, td, J = 7.6, 0.5 Hz), 6.88 (1H, dd, J = 7.6, 0.7
Hz), 3.75-3.63 (2H, m), 3.53 (1H, td, J = 8.0, 6.0 Hz), 2.50 (1H, dd, J = 14.1, 10.2 Hz), 2.36 (1H, dd,
J=14.1,3.7Hz), 1.89-1.66 (3H, m), 1.51-1.44 (1H, m), 1.34 (9H, s); *C NMR (100 MHz, CDCls)
§:176.7, 168.3, 141.9, 128.7, 128.5, 123.5, 122.0, 109.9, 82.3, 74.9, 67.1, 59.5, 38.7, 31.7, 27.6, 25.2;
HRMS (ESI*) caled for CisHaNOs [M+H]" 318.1705, found 318.1703; HPLC (0.8 mL/min,
90/10/0.05-10/90/0.05 water/MeCN/TFA): tg = 7.08 min..

t-Butyl (35)-3-[(2R)-2-methoxy-2-phenylethyl]-2-0x0-2,3-dihydro-1H-indole-3-carboxylate (81)

Yield: quant.; a colorless foam; [oc]ij: +20.18 (¢ 0.67, CHCl3, 69% de); IR (CHCIs): 3437, 3011, 2982,
2932, 1736, 1618, 1472, 1246, 1153 cm™'; '"H NMR (400 MHz, CDCl;) 8: 7.56 (minor, 1H, br s), 7.38
(major, 1H, br s), 7.30-7.21 (6H, m), 7.16-7.14 (2H, m), 7.11-7.05 (1H, m), 6.90 (minor, 1H, d, J =
7.2 Hz), 6.84 (major, 1H, d, /= 7.6 Hz), 4.08 (1H, dd, /= 8.8, 4.6 Hz), 2.87 (3H, 5), 2.80 (1H, dd, J =
14.5, 8.8 Hz), 2.53 (1H, dd, J = 14.5, 4.6 Hz), 1.38 (minor, 9H, s), 1.35 (major, 9H, s); '3C NMR (100
MHz, CDCl3) 6: 176.34 (major), 168.33 (minor), 167.93 (minor), 167.77 (major), 141.46 (minor),
141.12 (major), 141.09 (minor), 141.02 (major), 130.50 (minor), 129.53 (major), 128.89 (minor),
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128.87 (minor), 128.44 (major), 128.34 (minor), 128.21 (major), 127.80 (major), 126.82 (major),
126.00 (minor), 124.34 (major), 123.45 (minor), 122.74 (minor), 122.40 (major), 110.04 (minor),
109.73 (major), 83.12 (minor), 82.54 (minor), 82.43 (major), 80.52 (major), 60.77 (minor), 59.63
(major), 56.20 (major, minor), 41.57 (major, minor), 27.67 (major). 27.63 (minor); HRMS (ESI*) calcd
for CooHNO4 [M+H]" 368.1862, found 368.1857, HPLC (0.8 mL/min, 90/10/0.05-10/90/0.05
water/MeCN/TFA): tr(major) = 8.85 min, tr(minor) = 9.45 min.

t-Butyl 2-0x0-3-(tetrahydrofuran-3-ylmethyl)-2,3-dihydro-1H-indole-3-carboxylate (82)

Yield: 98%; mixture of diastereomers; 'H NMR (400 MHz, CDCls) 8: 7.73 (1H, br s), 7.28-7.19 (2H,
m), 7.07-7.02 (1H, m), 7.90-6.88 (1H, m), 6.87 (1H, d, J = 7.6 Hz), 3.81 (0.5H, t, /= 8.0 Hz), 3.73
(0.5H, td, /= 8.4,3.2 Hz), 3.71 (0.5H, td, /= 8.4, 4.0 Hz), 3.57 (0.5H, td, J = 8.4, 6.8 Hz), 3.54 (0.5H,
td, J = 8.4, 6.8 Hz), 3.28 (0.5H, t, /= 8.4 Hz), 3.25 (0.5H, t, /= 8.4 Hz), 2.94 (0.5H, t, J = 8.0 Hz),
2.50 (0.5H, dd, J=14.4, 5.6 Hz), 2.41 (0.5H, dd, J=14.4, 6.4 Hz), 2.36 (0.5H, dd, J =14.4, 6.8 Hz),
2.31(0.5H, dd, J=14.4,7.2 Hz), 1.99-1.90 (1H, m), 1.60-1.44 (1H, m), 1.42-1.19 (1H, m), 1.35 (9H,
s); P*C NMR (100 MHz, CDCl;3) 6: 177.0, 177.0, 168.0 (both), 141.5, 141.4, 129.1, 129.0, 129.0, 128.8,
123.6,123.5,122.6, 122.6, 110.1 (both), 82.6 (both), 73.2, 73.1, 67.7, 67.4, 60.7, 60.6, 36.5, 36.3, 35.5,
35.4, 33.2, 33.0, 27.6 (both); IR (CHCl3): 3435, 3009, 2980, 2936, 1736, 1618, 1474, 1369, 1259,
1155 cm™!'; HRMS (ESIY) caled for CisH23NO4Na [M+Na]® 340.1525, found 340.1517; HPLC (0.8
mL/min, 90/10/0.05-10/90/0.05 water/MeCN/TFA): tr(pre) = 6.42 min, tr(post) = 6.62 min.

Di-#-butyl (35,3'S)-3,3'-[(2S,35)-2,3-dihydroxybutane-1,4-diyl] bis(2-0x0-2,3-dihydro-1H-indole-
3-carboxylate) (60a) and di-z-butyl (35,3'R)-3,3'-[(25,3S5)-2,3-dihydroxybutane-1,4-diyl]bis(2-
0x0-2,3-dihydro-1H-indole-3-carboxylate) (60b).

To the solution of 59 (2.5 g, 4.2 mmol) in MeOH (84 mL), pyridinium p-toluenesulfonate (5.3 g, 21
mmol) was added at room temperature. After 72 hours, the resulting solution was added to 0.05N HCI
ag. 500 mL and extracted with CHCl3 (3 X 400 mL). The combined extracts was dried over Na,SO4
and concentrated. The resulting residue was purified by silica gel column chromatography
(CHCI3/MeOH = 99/1 to 95/5) to give 60a (0.97 g, 42%) and 60b (93 mg, 4.0%) as white foam and
1.1 g of recovered 59.
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Di-#-butyl (35,3'S)-3,3'-[(2S,35)-2,3-dihydroxybutane-1,4-diyl] bis(2-0x0-2,3-dihydro-1H-indole-
3-carboxylate) (60a)

O t—BUOQC O

Yield: 42%; as a white foam; [o]5: +91.83 (¢ 1.02, CHCls, >95% de); IR (CHCls): 3435, 3018, 2986,
2932, 1734, 1618, 1474, 1369, 1209, 1153 cm™'; 'H NMR (400 MHz, CDCls) §: 7.85 (2H, br s), 7.32
(2H, d,J=7.8 Hz), 7.22 (2H, d, J= 7.8 Hz), 7.04 (2H, t, J = 7.8 Hz), 6.85 (2H, d, J = 7.8 Hz), 3.75~
3.70 (4H, m), 2.43 (2H, d, J= 14.6 Hz), 2.23 (2H, dd, J = 14.6, 8.5 Hz), 1.38 (18H, s); '*C NMR (100
MHz, CDCL) §: 178.3, 168.0, 140.8, 129.5, 128.8, 123.9, 122.8, 110.4, 82.9, 71.5, 59.9, 37.4, 27.7;
HRMS (ESI¥) caled for C30H37N,0s [M+H]* 553.2550, found 553.2547.

di-#butyl (35,3'R)-3,3'-[(25,3S5)-2,3-dihydroxybutane-1,4-diyl]bis(2-0x0-2,3-dihydro-1H-indole-
3-carboxylate) (60b)

Yield: 4.0%; as a white foam,; [0(]%4: —13.86 (c 0.93, MeOH, >95% de); '"H NMR (400 MHz, CDCl5)
8: 8.29 (1H, br s), 8.18 (1H, br s), 7.25-7.20 (3H, m), 7.15 (1H, d, /= 7.3 Hz), 7.03 (1H, d, J= 7.8
Hz), 6.99 (1H, d, J= 7.8 Hz), 6.88 (2H, d, /= 7.8 Hz), 3.84 (1H, d, J = 5.4 Hz), 3.65-3.60 (1H, m),
3.28-3.22 (1H, m), 2.86 (1H, d, J= 7.1 Hz), 2.66 (1H, dd, /= 14.5, 11.1 Hz), 2.31 (1H, dd, J= 14.5,
3.9 Hz),2.29 (1H, dd, /= 14.8, 4.8 Hz), 2.15 (1H, dd, J= 14.8, 9.1 Hz), 1.34 (9H, s), 1.33 (9H, s); 1*C
NMR (100 MHz, CD3;0D) 6: 179.7, 179.1, 170.0, 169.8, 144.3, 143.1, 131.0, 130.0, 130.0, 129.8,
125.1, 124.5, 123.5, 123.2, 111.2, 111.1, 83.6, 83.3, 72.4, 71.9, 61.2, 60.9, 38.1, 37.2, 27.9, 27.9; IR
(CHCIs): 3435, 3221, 3018, 2986, 2932, 1734, 1618, 1474, 1209, 1153 cm™!; HRMS (ESI*) calcd for
C30H37N205 [M+H]* 553.2550, found 553.2550.

t-Butyl (35)-2-0x0-3-(2-oxoethyl)-2,3-dihydro-1H-indole-3-carboxylate (61)

CHO

.\\COQt-BU
0]
N
H

To the solution of 9a (100 mg, 0.18 mmol) in THF (2.4 mL) and H>O (1.2 mL), sodium periodate (190
mg, 0.91 mmol) was added at room temperature. After 7 hours, H-O (20 mL) was added and resulting
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solution was extracted by CHCls (3 X 30 mL). The combined extracts were washed with saturated
NaxS»03 aq. (90 mL), dried over Na,SO4 and concentrated in vacuo. The resulting residue was purified
by silica gel column chromatography (n-hexane/EtOAc = 50/50) to give 10 (78 mg, 76%) as white
resin. [a]h: +80.48 (¢ 1.00, CHCls); IR (CHCly): 3437, 3028, 2984, 2934, 1728, 1620, 1474, 1371,
1252, 1153 cm™'; 'TH NMR (400 MHz, CDCI3) &: 9.71 (1H, s), 8.21 (1H, br s), 7.28-7.20 (2H, m),
7.03 (1H, t,J=7.6 Hz), 6.93 (1H, d, J= 7.6 Hz), 3.33 (1H, d, /= 18.3 Hz), 3.25 (1H, d, /= 18.3 Hz),
1.36 (9H, s); '3C NMR (100 MHz, CDCl3) 8: 197.7, 175.5, 167.0, 141.3, 129.2, 128.4, 123.4, 122.8,
110.1, 83.3, 57.0, 46.9, 27.6; HRMS (ESI") calcd for CisH;7NOsNa[M+Na]" 298.1056, found
298.1051.

(S)-t-butyl 2-0x0-3-(prop-2-en-1-yl)-2,3-dihydro-1H-indole-3-carboxylate (17)*

.\\COQt-BU

To a solution of methyltriphenylphosphonium bromide (402 mg, 1.13 mmol) in THF (3 mL) was added
KHMDS (0.5 M in PhMe, 2.32 mL) dropwise at 0 °C. After 10 min, 61 (100 mg, 0.363 mmol) in THF
(1 mL) was added dropwise at the same temperature. The resulting solution was allowed to warm up
to room temperature and stirred for 17 hours. The reaction mixture was added saturated NH4Cl aq. (50
mL) and extracted with EtOAc (3 X 50 mL). The combined extracts was dried over Na,SO4 and
concentrated. The resulting residue was purified by silica gel column chromatography (n-
hexane/EtOAc = 90/10 to 70/30) to give (S)-17 (87.2 mg, 88%, >99% ee) as a white resin. [oc]?:
+110.0 (¢ 0.35, CHaCla, >99% ee) [Lit.5® (5)-17, [a]: +106.5 (¢ 0.30, CH2Cly, 92% ee)]; IR (CHCL):
3437,3026, 3011, 2984, 2934, 1740, 1620, 1472, 1369, 1250, 1155 cm™'; '"H NMR (400 MHz, CDCls)
6:8.76 (1H, brs), 7.26-7.22 (2H, m), 7.04 (1H, t, /= 7.8 Hz), 6.91 (1H, d, /= 7.8 Hz), 5.50-5.39 (1H,
m), 5.05 (1H, d, J = 17.1 Hz), 4.93(1H, d, J = 10.2 Hz), 2.99-2.89 (2H, m), 1.38 (9H, s); '3C NMR
(100 MHz, CDCl3) o: 176.6, 167.7, 141.5, 131.2, 128.8, 128.7, 123.5, 122.5, 119.5, 110.0, 82.5, 60.6,
38.2, 27.7; HRMS (ESI*) calcd for Ci6H19NO3Na [M+Na]*™ 296.1263, found 296.1257; CSP HPLC
(Chiralcel OD3, 0.8 mL/min, 95/5 hexane/iPrOH): tr(R) = 8.0 min, tr(S) = 9.3 min, >99% ee.

Reduction-cyclization reaction promoted by (S)-TRIP.

(S)-TRIP

B —

CH,Cl,

(R = CO,t-Bu) (R = CO,t-Bu)
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To a solution of 55 (85 mg, 0.11 mmol) in MeOH (9 mL) was added 10% Pd/C (40 mg, 40 mol %).
The mixture was stirred under H» atmosphere at 0 °C for 24 hours. The mixture was passed through a
pad of Celite with MeOH and the solvent was removed in vacuo. The resulting residue was purified
by silica gel column chromatography (n-hexane/EtOAc = 90/10 to 80/20) to give aniline 62 (65 mg,
94%) as a white foam. It was used for the next reaction immediately due to its instability. Compound
62 (52 mg, 0.070 mmol) was dissolved in CH>Cl, (7 mL). (S)-TRIP (26 mg, 0.035 mmol) was added
in one portion. The mixture was stirred at 0 °C for 13 days and concentrated in vacuo. The resulting
residue was purified by silica gel column chromatography (n-hexane/EtOAc = 90/10 to 80/20) to give
59 (39 mg, 92%) as colorless foam. Analytical data was the same as reported above. HPLC (0.8
mL/min, 90/10/0.05-10/90/0.05 water/MeCN/TFA): tr(major C> isomer) = 9.82 min, tr(C; isomer) =
9.59 min, 93% de.

Tetra-t-butyl 2,2'-{[(4S,55)-2,2-dimethyl-1,3-dioxolane-4,5-diyl]dimethanediyl}bis[(2-
aminophenyl)propanedioate] (62)

(R = CO,t-Bu)
Yield: 94%; as a white foam; [o]: +12.46 (¢ 0.5, CHCls); IR (CHCl;): 3562, 3437, 1721, 1369, 1250,
1150 cm™'; '"H NMR (400 MHz, CDCl3) 8: 7.19 (2H, d, J = 7.6 Hz), 7.06 (2H, t, J= 7.6 Hz), 6.71 (2H,
t,J=7.6 Hz), 7.06 (2H, d, J= 7.6 Hz), 4.23 (4H, br s), 3.79 (2H, d, J= 8.2 Hz), 2.72 (2H, d, J = 14.0
Hz), 2.42 (2H, dd, J = 14.0, 8.2 Hz), 1.46 (18H, s), 1.43 (18H, s), 1.25, (6H, s); '3C NMR (100 MHz,
CDCls) &: 169.5, 169.1, 145.8, 128.2, 127.9, 124.1, 118.2, 118.1, 108.5, 82.0, 82.0, 77.9, 61.1, 37.5,
27.9,27.8,27.2; HRMS (ESI*) caled for C4iHeiN2O1o [M+H]* 741.4321, found 741.4317.
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t-Butyl (3S5)-3-{2-[(2,4-dimethoxybenzyl)(methyl)amino]ethyl}-2-o0x0-2,3-dihydro-1H-indole-3-
carboxylate (102)
MeO

OMe
MeN

. \\COQt-BU
o}

N

To a solution of 61 (132 mg, 0.479 mmol) and 1-(2,4-dimethoxyphenyl)-N-methylmethanamine (347
mg, 1.92 mmol) in MeOH (9.6 mL) was added MgSO4 (3.90 g) at room temperature. After 16 hours,
sodium borohydride (27.2 mg, 0.719 mmol) was added and the reaction mixture was stirred for 3 hours.
The reaction mixture was added H>O (100 mL) and extracted with CHCl3 (3 x 100 mL). The combined
extracts was dried over Na;SO4 and concentrated. The resulting residue was purified by silica gel
column chromatography (CHCI3/MeOH = 99/1 to 95/5) to give 102 (204 mg, 97%) as colorless oil.
[als: +67.95 (¢ 1.57, CHCls); IR (CHCls): 3437, 3009, 2980, 2937, 1738, 1614, 1472, 1258, 1157,
1038 cm™!; '"H NMR (400 MHz, CDCls) &: 7.42 (1H, br s), 7.23-7.20 (2H, m), 7.04 (1H, d, J= 9.0
Hz), 7.01 (1H, t, J= 7.8 Hz), 6.83 (1H, d, /= 7.8 Hz), 6.41-6.38 (2H, m), 3.78 (3H, s), 3.72 (3H, s),
3.37(1H, d, J=13.1 Hz), 3.29 (1H, d, J = 13.3 Hz), 2.56 (1H, ddd, J = 14.0, 8.6, 4.8 Hz), 2.40 (1H,
ddd, J=14.0,5.6,4.8 Hz), 2.31-2.17 (2H, m), 2.09 (3H, s), 1.36 (9H, s); 3C NMR (100 MHz, CDCl5)
8:176.8,168.1, 159.7, 158.6, 141.6, 131.3, 128.8, 128.6, 123.4, 122.4,119.0, 109.9, 103.7, 98.2, 82.3,
59.7,55.2,55.2,54.7,52.0,41.7, 31.0, 27.6; HRMS (ESI") calcd for C»sH33N,Os [M+H]* 441.2389,
found 441.2386.

t-Butyl (35)-3-[2-(methylamino)ethyl]-2-0x0-2,3-dihydro-1H-indole-3-carboxylate (103)
MeHN
WCO,t-Bu
o

N

H
To the solution of 102 (58 mg, 0.14 mmol) in MeOH (1.5 mL), 10% Pd/C (54 mg, 0.051 mmol) and
AcOH (0.3 mL) was added at room temperature. The reaction mixture was stirred under H, atmosphere
(1 atm) for 33 hours. The resulting solution was filtrated with a pad of Celite and the filtrate was
concentrated under reduced pressure. The resulting residue was purified by silica gel column
chromatography (CHCI3/MeOH = 99/1 to 95/5) to give 103 (26 mg, 68%) as white solid. [a]?: +108.6
(c 1.00, CHCl3); mp: 124-126 °C; IR (CHCIl3): 3437, 3203, 3028, 1982, 2936, 1738, 1618, 1472, 1369,
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1250, 1153 em™'; 'H NMR (400 MHz, CDsOD) &: 7.27 (1H, td, J= 7.7, 1.0 Hz), 7.22 (1H, d, J = 7.7
Hz), 7.05 (1H, td, J = 7.7, 1.0 Hz), 6.93 (1H, t, J = 7.7 Hz), 2.41-2.29 (3H, m), 2.25 (3H, s), 2.25—
2.16 (1H, m), 1.34 (9H, s); '*C NMR (100 MHz, DMSO-ds) 5: 175.2, 168.1, 142.6, 128.9, 128.7,
122.9, 121.7, 109.6, 81.3, 59.0, 46.5, 36.0, 32.9, 27.3; HRMS (ESI") caled for C16H23N205 [M+H]*
291.1708, found 291.1700.

(35)-1'-Methyl-2'H-spiro[indole-3,3'-pyrrolidine]-2,2'(1H)-dione (104)*

NMe
=0

o)

N
H

To solution of 103 (280 mg, 0.95 mmol) in MeOH (30 mL) was added K,CO3 (200 mg, 1.4 mmol).
The resulting solution was allowed to stir at 75 °C for 3 hours. After cooling to room temperature,
0.03N HCl aq. (100 mL) was added and the resulting mixture was extracted with CHCl3 (3 X 100 mL).
The combined extracts was dried over Na,SO4 and concentrated to give a residue that was purified by
silica gel column chromatography (CHCI3/MeOH = 99/1 to 95/5) to give 104 (55 mg, 0.25 mmol,
27%) as white amorphous. [a]h: +6.10 (¢ 0.59, CHCLy); IR (CHCls): 3435, 3028, 3009, 2961, 1728,
1692, 1622, 1472, 1261, 1099 cm™!; 'H NMR (400 MHz, CDCls) &: 7.52 (1H, br's), 7.24 (1H, t, J=
7.6 Hz), 7.14 (1H, d, J= 7.6 Hz), 7.05 (1H, t, /= 7.6 Hz), 6.87 (1H, d, J= 7.6 Hz), 3.78 (1H, td, J =
8.9, 6.1 Hz), 3.59 (1H, td, J = 8.9, 4.7 Hz), 2.99 (3H, s), 2.72 (1H, ddd, J = 13.6, 8.9, 4.7 Hz), 2.41
(1H, ddd, J = 13.6, 8.9, 6.1 Hz); *C NMR (100 MHz, CDCls) &: 177.1, 170.5, 141.5, 130.4, 129.0,
123.1, 122.9, 110.1, 58.1, 47.2, 30.6, 29.4; HRMS (ESI*) calcd for Ci2H3N,O, [M+H]" 217.0977,
found 217.0974. The spectral data was identical with the reported data.”

t-Butyl (35)-3-[2-(methylamino)-2-oxoethyl]-2-0x0-2,3-dihydro-1H-indole-3-carboxylate (23)

NHMe
.HCOzt-BU
o

N

H
To a stirred solution of 61 (78 mg, 0.28 mmol), sodium dihydrogenphosphate dihydrate (221 mg, 1.42
mmol) and 2-methyl-2-butene (391 pL, 3.69 mmol) in +~BuOH / H,O (2/1, 5.70 mL) was added
sodium chlorite (128 mg, 1.42 mmol) at room temperature. After 1 hour, the reaction mixture was
poured into brine (30 mL). The resulting solution was extracted with CHCl3/MeOH (9 / 1). The
combined extracts was dried over Na;SOs4 and concentrated to give mixture of [(3S5)-3-(z-
butoxycarbonyl)-2-0x0-2,3-dihydro-1H-indol-3-ylJacetic acid (105) and #~BuOH (93 mg). This
mixture was used for next reaction without further purification.To a solution of the resulting mixture

in DMF (1 mL), HATU (134 mg, 0.35 mmol), methyl amine hydogen chloride (26 mg, 0.38 mmol)
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and diisopropylethylamine (167 pL, 0.959 mmol) were added. After 1 hour, the reaction mixture was
poured into 0.1N HCI aqg. (30 mL). The resulting solution was extracted with EtOAc. The combined
extracts was washed with H,O (90 mL) and brine (90 mL), dried over Na,SO4, and concentrated to
give a residue that was purified by silica gel column chromatography (CHCl3/MeOH = 100/0 to 93/7)
to give 106 (72 mg, 83% in 2 steps) as white amorphous. [oc]ij: +145.5 (¢ 0.67, CHCl3); IR (CHCIl3):
3437,3018,2984,2937, 1738, 1672, 1474, 1215, 1153 cm™!; '"H NMR (400 MHz, CDCl5) &: 8.16 (1H,
brs), 7.28-7.22 (2H, m), 7.03 (1H, t, J = 7.6 Hz), 6.89 (1H, d, /= 7.6 Hz), 6.76 (1H, br s), 3.13 (1H,
d,J=15.6 Hz),3.03 (1H, d,J=15.6 Hz), 2.72 (3H, d, J=4.6 Hz), 1.36 (9H, s); '3C NMR (100 MHz,
CDCl) o: 176.6, 169.1, 167.3, 141.1, 129.2, 128.7, 123.4, 122.9, 110.1, 83.3, 58.1, 40.4, 27.6, 26.3;
HRMS (ESI") calcd for Ci6H21N204 [M+H]" 305.1501, found 305.1495.

3-t-Butyl  1-methyl (3S5)-3-[2-(methylamino)-2-oxoethyl]-2-0x0-2,3-dihydro-1H-indole-1,3-
dicarboxylate (107)

NHMe

CO,t-Bu

To a solution of 106 (27 mg, 0.089 mmol) and DMAP (32 mg, 0.27 mmol) in DMF (1 mL), methyl
chloroformate (14 pL, 0.18 mmol) was added at ambient temperature. After 23 hours, the reaction
mixture was quenched with H O (10 mL). After further stirring was continued at room temperature
for 10 min, the reaction mixture was extracted with EtOAc (20 mL). The combined extracts was
washed with H»O, dried over Na,SO4 and concentrated to give a residue that was purified by silica gel
column chromatography (n-hexane/EtOAc = 2/1 to 1/1) to afford 107 (28 mg, 87%) as white foam.
[al5: —179.3 (¢ 1.02, CHCLy); IR (CHCLy): 3011, 2982, 2961, 1724, 1697, 1599, 1485, 1445, 1261,
1236, 1151 cm™'; '"H NMR (400 MHz, CDCls) 8: 8.17 (1H, br s), 7.67 (1H, br s), 7.38 (1H, d, J= 7.8
Hz), 7.24 (1H, d, J= 7.8 Hz), 7.17 (1H, t, J= 7.8 Hz), 3.74 (3H, s), 3.36 (1H, d, J = 18.5 Hz), 3.21
(1H, d, J=18.5Hz), 3.06 (3H, s), 1.40 (9H, s); 3*C NMR (100 MHz, CDsCN) &: 177.3, 174.8, 169.8,
155.6, 138.0, 130.8, 130.0, 128.0, 127.8, 126.3, 84.6, 60.3, 52.7, 40.0, 27.5, 25.8; HRMS (ESI") calcd
for CisH2oN>OgNa [M+Na]* 385.1376, found 385.1376.

3a-+-Butyl 8-methyl (3aS$,8aS)-1-methyl-2-0x0-1,2,3,8a-tetrahydropyrrolo[2,3-b]indole-3a,8-
dicarboxylate (108)

90



0

+BuO,C,
@[%e

N H
MeO\/Qo
To a solution of 107 (44 mg, 0.12 mmol) in THF (1 mL) and MeOH (0.25 mL), sodium borohydride
(25 mg, 0.66 mmol) was added at 0 °C. After stirring 20 min at 0 °C, consumption of SM was
confirmed by TLC. To a resulting solution, TSOH-H>O (230 mg, 1.2 mmol) and MeOH (1 mL) was
added at 0 °C. After stirring 4 hours at room temperature, H>O (10 mL) was added, and the reaction
mixture was extracted with CHCls. The combined extracts was washed with saturated NaHCOs aq.,
dried over NaxSOj, and concentrated. The residue was purified by silica gel column chromatography
(n-hexane/EtOAc = 75/25 to 50/50) to give 108 (26 mg, 61%) as white solid. [oc]?: +26.79 (¢ 0.98,
CHCl3); mp 113-116 °C; IR (CHCl3): 3011, 2982, 2961, 1724, 1697, 1599, 1485, 1445, 1261, 1236,
1151 em™; "TH NMR (400 MHz, CDCls) &: 7.75 (1H, brs), 7.33-7.30 (2H, m), 7.11 (1H, t, J= 7.4 Hz),
6.24 (1H, br s), 3.93 (3H, s), 3.11 (1H, d, J=17.1 Hz), 2.92 (3H, s), 2.86 (1H, d, /= 17.1 Hz), 1.40
(9H,s); 3C NMR (100 MHz, CDCl3 : CD3OD =1 : 1) §: 171.1, 168.6, 139.4, 131.6, 129.3, 124.0,
123.5, 116.6, 82.5, 80.4, 54.8, 52.5, 51.1, 38.9, 26.6 (carbonyl carbon at carbamate was not observed);
HRMS (ESTI") caled for CisH23N20s [M+H]* 347.1607, found 347.1602.

(3aS$,8a8)-8-(Methoxycarbonyl)-1-methyl-2-o0xo0-1,2,3,8,8a-tetrahydropyrrolo[2,3-b]indole-3a-
carboxylic acid (109)°*

(0]

HO,G,
@E%e

N H
MeO\/Qo
To a solution of 108 (22 mg, 0.064 mmol) in CH,Cl, (1 mL), TFA (0.5 mL) was added at room
temperature. After stirring 2 hours, the solvent was removed under reduced pressure. Resulting residue
was washed with Et,;O and dried under reduced pressure to give 109 (11 mg, 58%) as a colorless
amorphous powder. [oc]?: 4+29.60 (c 0.36, CHCI5) [lit.** (S, S)-109, [oc]2D3: +52.0 (¢ 0.36, CHCI3)]; IR
(CHCIs): 3018, 2956, 1695, 1601, 1487, 1444, 1261 cm™!; '"H NMR (400 MHz, CDCls) &: 7.77 (1H,
brs), 7.38-7.33 (2H, m), 7.15-7.11 (2H, m), 6.29 (1H, brs), 3.94 (3H, s), 3.22 (1H, d, J=17.7 Hz),
2.97-2.94 (4H, m); *C NMR (100 MHz, CDCl3: CD3OD=1:1) 8: 171.4,171.4,153.4,139.6, 131.6,
129.4, 124.1, 124.1, 116.4, 80.6, 53.7, 52.7, 39.5, 27.0; HRMS (ESI*) calcd for Ci14H14N,Os [M+H]*
291.0981, found 298.0974. The spectral data was identical with the reported data.**
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