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FFELEFO L ICHEBROBRICH Y BERdbE s 2 DKLV EL A X7
UT 4 =&, ZD X5 KRB H 2 Mk 2 = F 0 F A~ — (Big FEE)
EWVI, BERNEZIZL O LT LHRRITIFZOXZ VT 0 —%HT 2{LEWN
FAET 2,

0 o
N 0] @] N
NH HN
O O O O
(S)-Thalidomide (R)-thalidomide
(R)-(*+)-Limonene (S)-(-)-Limonene

Figure 1: =5 > F 4~ —D4

b U F A= WP E IR —-TH L b 00, AR T 5
TERIT M RMEARE TRZR D Z EBNMbN TV D, Bl 1950 K 0 5 604FE/R
IO D3 T E TRoE S AL 72 8 - fEIREE T & 2 thalidomide (3, HEARH)H]
(R % LRt 2l 2 3 e SRR CoORE R 25 i 2 L,
BAFEDAFFEIT £V thalidomide D HEFRAE ] T o 2 $HFH - MEIRITRIE, fEATIZIEITSIK
(CHOR 2 Z &AM L7, E72, FERCRAIE L THW B Slimonenel IRIA
WAL TDED, SKPRLVECDOFEVEZRAT LI ENMLNTWD?  (Figure
1 .
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LEMD T IR EFEET 5 LT, OT7 AT LA~—& LTCO5HE FUGSEE
DEVNZ R DML Vo le FIERZET b5, fiE ClE, 7 IR LF T
PAEBEME OGS SE T 2BEO YT AT LA~ — (B ERIC R WSL IR M)
IZFET 5, ZOVT AT VAV TR N BT K o THREREE
D1, TDOT R IEKD2OO=F T A~ —NoRERRETH H, %HEBE T, F
TNIAbEW % S ST TBEO = F v F A~ — MO SIS E OEWE Vv 5
TEIRDOIb—FHOF o TFAY—NEIRIGL, —HFDOZFrTF A —N
FISEFICHED Z LT, 2200 F v FA~—n ks, SEFo5ENICB T
E, —HOTFT U TF A= RETH 56, RO T & JERDH55 3 IR 72
STLEIEVWOMERNR® D,

n RS =ik

T BOBO XS RE D T A~ — &R E LTHMOLEWE Gk
THHETHD, BRIOILEW ~DEBPES IR FERR AT CTE UL, b
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~—e LTHEZ D, ISRICHBEZIY RS Z & T, BEWDOILEWEZHE—0=x
FrTF A= LTRD 2 ENERS, TR TR e Bh AL & VO AU XK
IR TR AHBI A O BIFE AN EHE LU BN EE DA L REICFRR D &
W T2 D 5,

A Bk

HEAEEE 2 il & L THOW TS EITV, — 0= F 4~ — 2B
(BT D HETHL, VEOILEWNL RO F o F A~ —2 REIIHD
ZEMHERDENHIRTFIETH Y BFEM L DR TEDWRENN D D, — 5T,
EHHR D RISHREN TN D | [ CRSTHEEIS & o TERMEICEN T
DEWVSTAMEICB T BN S 5, TENREREER LTSGE, 7 FAT
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Merck (MSD) #t X ¥ 52 & T\ 5 DPP-4* L ENEA &2 A4 2 B R IB AR K O
Sitagliptin (Januvia®) % FllZ 3%, Sitagliptini, #IHIDOER ARV TIEAR
FAH B £ T 2 Schollkopf’s reagent’ & AV TILOARFHLEMHELL TEBY ., R~
FABERCROBEFEM N D Z LT S0, LarL, FOL¥EITHT-
> TITfRBEA R T B RS & 41, (R)-DM-SEGPHOS® % i\ /= il A R 75 6 ik
D BREEFIFB 2D KBS ATEE R G UV — RSB ST, Bofkriic
PRILIC BT > UIEB T UER N T AT IS =B 2 HW D Fa N —
Vg KRS TR OBRBEFIRINE D & W T E TIMLO A F R & HEEE

TV %¥(Scheme 1),

,N\
‘o

F3C sitagliptin

1st generation synthesis of sitagliptin

F

/Hﬂe oMe  F
£ 1) 1MHCI MeCN, tt, 16 h F
SN nBuli, THF - 78 °C, 20 min /%AN ithen MeOH BocHN
Nx NN —_~  sitagliptin
7) then F F ﬁ) ‘ 2) (Boo),0, EtgN, CH,Cl, MeO0C™ 3 g
OMe j@; OMe  F F
SchoOllkopf's reagent F Br 63%

(65%, 2 steps, >99% ee)

2nd generation synthesis of sitagliptin

F
F  (R)-DM-SEGPHOS (1 mol%)
6 o Ho (30 atm), NH,SA (5 eq)
Ne N
NCSTON MeOH (0.25M), 75 °C, 7h N TAN
>\,NJ F
FaC

91%, 99.5% ee NJ <o O
SA = salicylic acid PAr,

sitagliptin o)

3rd generation synthesis of sitagliptin o

O PAr,
(O

F F
F F (R)-DM-SEGPHOS (Ar = 3,5-Me,CqH3)
N N N
N, i variant ATA-117, PLP N @ £

N\) F triethanolamine/DMSO N
FaC (1:1),45°C,pH 8.5,13h F3C 92‘_%, 9_9.95% ee
sitagliptin

Scheme 1: Sitagliptin @ 3 7. R s OFEGEE
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Zo ko, MERAFESRIZITENICLRI ANEN TN D bODOEMTE
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AV R=NVEEREIZAETHA L =T aA RIZXIIE TIZ 4100 FEEH
UERFRINTEY | ABEEE AT 2L bEMRmbGN TS Y%, Zh
BDRKRDA Y R=ATNIaAf R, HLINNIENOZEBEM LTS DDRMNIZ
FEEHELTHVWLORTWA DB, IBARIELTHOLND
vincristine'®, filit:3K & L C A\ 5415 ondansetron'® {EATE 1A IE O rizatriptan'%
RENEORERRBDTH S (Figure 2),

NMe,
A\
N
H
Vincristine Ondansetron rizatriptan
(anti-cancer) (antiemetic) (Migraine treatment drug)

Figure 2.1 701 R—/VEKE AT 5 EHK

I AY R—=AT e ROPT, BEAL L RUNLAZ LTINS 2 O
DAY F—IL 1 DORFEEHRA TS LTALEMEENR MO TED . KR
5% < ODILEW R EREEZ LTS (Figure 3)',

C 0 Q
’7 N Q Q HN i
X\ NH ‘0., NH .@
o8 o
N N
H H

o
Arsindoline A'12 (+)-Trigolutus B'1® Yuehchukene '°
X\ NH
o)
N
H
Bis(indolyl)methane Bengacarboline''?

Figure 3. KAAFUIZHWEENDHE AL U RU LA X FH
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ZNHDALEMDZL ITHRAMERR 12, HLEIER B 722 & O IR W AETEYE S
AT ZERHMBNTEY  FTLWERELOFERKE L THREATHD Y, LR
ST, BEAL Y RUARZ ACEMORFERIE P OBRFEITHEELRHTFEHRE T
D, LILRRNG, EAAL U RUNAZ CFHERGRRICK T ARMERD—D &
LT, BEAA U FUNRAZ HROMERIS, [0 FHICFETD 2 DDA
v F=NVORISHEZRIET 5 2 ERRETH L Z EnBT oD, ZOREA
RS 5 —oDHEE LT, TNENRRDIBIEEZGSTHA 2 F—LrD 7 n
ANy TV T RIGINEZ BID, 2014 42 Liu HI1% 3-_v Vvt v A v R
— e 3T 2= A R NRAE ) = EDRF I & AR EANL T
(DHQD):PHAL & /LA A% HWTHE LTS B F£72. 2015 412 Gong ©
b, 3T AXNAFXRUA L R—Le 3R UAT AR, R—=LEDTFT L
THIARF M XD AREFKISEZREL TN D, TRHOFEITEATE HEMR
FITHIRDN SV KB OKMNRH L EF %%,  (Scheme 2) ',

Liu's work152

Ho. Ph
(DHQD),PHAL (10 mol %) HN. .~
@g: Cu(OTf, (10 mol %) O
R1
CH3NO,, 1t N

Boc

Boc

up to 80% yield
92% ee

Gong's work%°

R? N
H@ OMe

EtO,C e
S p4
z cat. (10 mol %) BOL~ = —py, HafN
K2CO3 (1.1 eq.) NH
X

R! 0o + R2 y = g o | J—NH

N N toluene, rt N N g

H H H cFy

FsC

up to 98% yield
97% ee
2.2:1dr catalyst

Scheme 2.3,3’-E 21 > K U L A % AEW O ARF G %




—J7 T YAFRE TIX I E TS, MBI LI ARFr I 4 ) 73
7 = /) —VIAP)Z W2 3-3-E ALV R—=LDOARFARUICOWVTHE L TWD
(Scheme 3)'°, F 725, IAP-Cu(OTfR $5ikZ W oA ¥ F U HkD= w7 L
b A v F—/v® Friedel-Crafts &S 21TV, fiid T 99% IR, 97% ee I TH
FIDIERFR 3,3-E AL R— LG EHD Z EICHF LT\ D, ZOHBITIE,
BEREMEOE = eI LT LA A2 TAT LA U R D3
PLIZA » R—= DRI L TV 5,

R2 Ph Ph

O,N N N
O.N = NH Ts— Z OH
/ IAP (11 mol %) Y = \[ Br
R! 0 + Rz@ CuOTf or Cu(OT), (10 mol %) ' N
N N R o] )\
\ HFIP (2 eq.) Ph
PG " toluene, rt N
oluene, PG N02
1eq. 2 eq. up to >99% yield Imidazoline-aminophenol
97% ee (IAP)

Scheme 3. 492 TR L7~ 3.3’ -E A4 ¥ R— /L O AR5 Ak



AF LAY R ATEBRIEC X > TIMERIRENR LT 5 2 &8I
HMBILTWD Y, 21X, Quintavalla Hi%, F4 7 L 7 AURFABLOFE = k
BAZLEAFLUA L R AT LT F r F AR 1,485
ZEITHRIIL TV, FEEMBEORFHC IV ATF LA Y TR LT,
AV R—=% 1L4MEE5 2 R TEUT, HILWERXTO 3,3-v 21 K
UV A B HBERDOERMNTIRE & 72 5 & & 2 b5 (Scheme 4).

Quintavalla's work'7®
H H Me
EtOOC EtO0C FaC N NG~
MeNO, hid
/ 0 H NO;
catalyst (5 mol %) S
R’ 0o R’ © CF
N
Ejoc CHQC|2, rt Boc 3
. catalyst
up to 92% yield
>99% ee
Ph, Ph
\ This work
~N__N
Ts \E OH
RZ N Br R2 \

H
N

7| =D
Ph)\ H /
~NH IAP (L1) NO, + R2 CO,Me

O,N
o Cu(OTf), EWG cat. H

R! 0 (EWG = NO,) /| (EWG = CO,R) R1 . 0
N Ej\/z

R3 R o] R3
3 N R® = Boc
R3 = alkyl R®

Scheme 4. AMF5E D VEZFENGR

AW TIE, A R—L&AF LA R J D Friedel-Crafts [ % . L&
WM Z L2k 33 -E 2 A 2 R L AR VFHBROMBEAIRFTS
R~ EHEIET D Z LN TE DO TEDFHEMIZOWTHRET D,
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I 72 N AT BN DERSR

FTP. DANCYRAECTHBE LAY TF UHRO= a7 L7~ A v K—
IV DFRBERI AT Friedel-Crafts SOG DS 2 2B ITAFENLT TAP 2 FIW T A F
LyA v RY v 1a kA 2 R—/b2a OfiAY A7 Friedel-Crafts )t 21T - 72,
ZDFER 60% ILHE, 31% ee [ICTHMID 33 -EAA 2 KUV AKX 3aa 2155
([ZEH L7z (Table 1, Entry 1), #t\MT. SAF5E5E T S L7 RN ARLAL
PyBidine!® # /= & Z AR E O T F o F A @RI TGN EIT L 72
(Table 1, Entry 2), ) > F A& RMEDH %X L C. PyBidine @ Ph #£% X
D22 Z®VY, Bu X2 1-naphthyl J&IZZ5#4 L 72 1Bu-PyBidine X 1-naphthyl-PyBidine
B UAMIGICHWZ E 2 A KAt O =F > F A~ —RNENEH 65% ee, 58%
ee & PR OBIUE T S AL7- (Table 1, Entries 3-4), 7=, ARSI A AR
WZEVEE LS Z 06, TLEEONLA ABEOR FICHIFRFL TS I 4
SNV U EONR DNV RN IRE ARG ETHD M VEE~NE AR LT
PyBidine B/ (Ts-PyBidine)% BH¥ L% D Cu(OT)2 $5A 2 A i~ & i L 7=
& A 10% ee & KIEIZTF o F ARO[ LR 54072 (Table 1, Entry 5),
fEV T, PyBidine BN+ LRI OMEZF T 5% L— MUER =N+ Th
% PyBox, PyBim FECfL - Z AR GS~E A L7 ARFOFHELITHR ER ST
T KIS T 9 555 & 72 > 7= (Table 1, Entries 6-7), Z 415 OEHE R 5
ABZ IV TIE Ts-PyBidine ® X 9 72 AV R = VIEEEEM E A A I X ) v
UV UBMLTAE L CWA I ENRE ST,
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Ph

Ph
Ph, Ph /
yﬁ~ Ph—(\NH HN[% "'Ph
N N

N
Ts~ NN OH S \ A Ph Ph \/
\[ Br R & R ~N N/g (\N N
N . Ph W N M /wPh I YL
/K PyBidine (R = Bn) N X N 0] z o]
Ph tBu-PyBidine Bn ‘ _— Bn X l

NO, (R = t-butylmethyl)

1-naphthyl-PyBidi .
AP (Rni1 p1-n.—,1ypht%y;mlgtehyl) PyBim PyBox
Ts-PyBidine (R =Ts) H
MeO,C Ligand (11 mol %) O / CO,Me
Cu(OTf), (10 mol %)
Cfl: ©E> HFIP (2 eq.) O H
o]
Noe toluene, rt goc
(1 equiv.) a (2 equiv.) 3aa®
Entry Ligand Time (h)  Yield (%) dr ee (%)
1 IAP 2 60 75:25 31
2 PyBidine 20 34 75:25 33
3 Bu-PyBidine 20 27 75:25 -65
4 1-naphthyl-PyBidine 20 89 75:25 -58
5 Ts-PyBidine 20 59 75:25 70
6 PyBim 22 16 75:25 5
7 PyBox 24 trace - -

aThe major diastereomer is described.

Table 1. BT DOFRES
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BANKRENVFBEHBME 2 A I 2 v U UB LT

AF LA R /> 1a & A2 R—/b 2a DR Friedel-Crafts SGIZR L TR
UM% 5. 2 7= Ts-PyBidine DAL IEICE L CIREEIC S £ TV % PyBidine
DERBEDERIE ¥ TERTHZENTE S, T72bb, £/ /by 7 ==
NEF LT IVEEYDU26-VHNEAFUTIIVT B REFBRTTAE T T
JREEDHZLETH YT AT LA ~—0 Ts-PyBidine % 92% VR TH7-, Rk
IZ LT, / ViE#A PyBidine (Ns-PyBidine) b Ak L 7=,

Synthesis of PyBidine
OHC.__N___CHO
‘ N
Ph Ph Ph Ph =
N CsOH-H,0 N
Y+ Bol —F Y— -~ Ph k/g "Ph
HoN NH; DMF BnHN NH, AcOH (2 equiv), CH,Cl,
46% vyield
PyBidine
99% vyield
Synthesis of sulfonylated PyBidine
Ph Ph OHC._ N _CHO
>—<‘ NH
HN NH, = )U
0,8
f AcOH (2 equiv), CH,Cly 302 023
R Ts-PyBidine 92% yield

Ns-PyBidine 96% yield

Scheme 5. A /L7~ = )L E# PyBidine BN+ D& ik
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AR, A VR =)V iE R PyBidine BN -0 ) < FR7AEENE B SNLTER Y.,
Ts-PyBidne BLfZ 136 L UMALID U T K& W KOG O #HAEDSFER VTN S 19
202014 FZ Xiao b A= —7 /L DL )G % Ts-PyBidine-Fe(OTf)2 #8514 % T
WA L7219 2016 4£121% Zhou 512 X - T Ts-PyBidine-Ni(OAc): $&{K & N 7= 7
T E ROt Rk AR= /M ERIGEDHAE S 7z 1 (Scheme 6),

Xiao's work

Ph

Ph

Ph_(\NH . H']':S-'Ph
NN
TS = Ts

Ts-PyBidine (0.02 mol %)

@\_‘/ Fe(OTf), (0.02 mol %) S
R o 1 atm O, R@\ﬂ/o

(e}
Zhou's work
Ts-PyBidine (10 mol %)
O Ni(OAc), (10 mol %) OH
RCHO + H-P-OPh A~

OPh CH,Cl,, 10 °C R™ "P(OPh),

(e}

up to 90% yield

97% ee

Scheme 6. Ts-PyBidine E N7 D )i F 5]

14



4 SR O e b

f§i\ T, Ts-PyBidine % H\ T Z OARF Friedel-Crafts St~ 0 SOt S D feifl &
Tolee 9. @BEONREOBR 21T o7z, 1O TH 5 Cu(OTH % Hv
7o D3R EROSITHETT L7z Dy~ 7= (Table 2, Entry 2), $i & [F U 4 BES SR
Th DTV MEATIZ, BRGZRIGRICTRSAETT 2 b 00 F v F
ABRIRMEN KIEIZAX T L7= (Table 2, Entries 3,4), Ni(OTf): Z =L Z A,
LMTEIERTERE L, 99% ILHE, 91%ee THRID 3,3-E AL KU LA X AL

B ESD Z 2 L7z (Table 2, Entry 5),
Ph

D
Ph "1Ph
ol ‘
Ts P Ts N
|
MeO,C Ts-PyBidine (11 mol %) Q CO,Me
/ metal salt (10 mol %) H
o . ©\/\> HFIP (2 eq.) O o
N N N
Boc N toluene, rt Boc
1a (1 equiv.) 2a (2 equiv.) 3aa®
Entry metal salt Time(h)  Yield (%) dr ee (%)
1 Cu(OTf)2 1 59 75:25 70
2 Cu(OTf) 20 trace
3 Co(ClO4)2-6H20 1 75 75:25 10
4 Fe(OTf)2 1 66 75:25 6
5 Ni(OTf)2 1 99 75:25 (9:91)° 91

“The major diastereomer is described. ? Values in parentheses are diastereomeric ratios

before silica-gel column chromatography.

Table 2. & @ DOZh RO
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Fio, BRENZ Lo h T LERETOHARY O THINMR A7 NV RIES
HELAEFTHREL TN LD LXMW DONIKRD T AT LA~ —03EH 1T @m0
BIETHOLATWDL Z g holc, LLARBL, BT LFRIZE T &
GICT AT VA — R EL LT LUE D IO RISKRIZEISE L CTERKRT ST
AT LAY —OHBHIREETH D Z Ebh o Tz,

W72 5 ISR OREEIT > 72, £7°. Ts-PyBidine-Ni(OTf)2 $5{A & D lg & L
T P/VEHO PyBidine-Ni(OTf) 85K 2 AU~ LW L7z & 2 A, KiE72z
T FAEPREDIK TR 547 (Table 3, Entry 2), H U X —7 =4O
R OREHE LT, NiCla, Ni(OAc) & W= fER o m RIZ R b o 7z
(Table 3, Entries 3,4), ST 5 HFIP M X TSRS & 7oL 2 A, [FAfE
EORERNFF BTz (Table 3, Entry 5), #t\  CRISIRE ORET 21T o 72, UG
HEAZ 0°CIZ N 2A, = F U FABRRNMMET T 2458 & 7257 (Table
3, Entry 6), SUSRE % 40 °C (2 EIF7=8A1C, = F v FAswiREom EN RS
L 96% ee THWLAW Z1G7- (Table 3, Entry 7), A/LAR=/LEDORKGHTE LT,
J VB PyBidine (Ns-PyBidine) Z ARG ~Ew#H L7z & Z A, Ts-PyBidine
WZRIE N2 i3 B b BAF7RINR & =) o F 48R4 5 X 7= (Table 3, Entry 9),
fhEZ 5 mol% £ TR T S THMERSISHETT T 52 &2 MR LT
(Table 3, Entry 8), UL EOFFEIL V. Table3 @ Entry 8 (-4 S5t % i &
e LT,

16



Ph

Ph
~~NH HN
MeO,C Ligand (11 mol %) O CO,Me Ph—(\ N L/Swph
J/ metal salt (10 mol %) H N | S N\
o . @ HFIP (2 eq.) O o S P K
N N N

Y e o)
1a (1 equiv.) 2a (2 equiv.) 3aa® Ns-PyBidine (R = 4-Ns)
Entry Ligand metal salt temp (°C) Time (h) Yield (%) dr ee (%)
1 Ts-PyBidine Ni(OTf)2 rt 1 99 75:25 (9:91)° 91
2 PyBidine Ni(OTf)2 rt 1 62 75:25 (64:36)° 10
3 Ts-PyBidine NiCl2 rt 2 74 75:25 (42:58)° 55
4 Ts-PyBidine Ni(OAc)2 rt 24 32 75:25 (64:36)° 27
5¢ Ts-PyBidine Ni(OTf)2 rt 1 99 75:25 (9:91)° 92
6° Ts-PyBidine Ni(OTf)2 0 2 99 75:25 (11:89)° 86
7° Ts-PyBidine Ni(OTf)2 40 0.5 92 75:25 (6:94)° 96
8°  Ts-PyBidine?  Ni(OTf)® 40 0.5 93 75:25 (9:91)° 95
9 Ns-PyBidine Ni(OTf)2 40 1 86 75:25 (25:75)° 89

“The major diastereomer is described. #Values in parentheses are diastereomeric ratios before

silica-gel column chromatography. ‘Without HFIP. “Using 5.5 mol %. ¢ Using 5.0 mol %.
Table. 3 SISO

17



NT, A F= IV OFEEOBRHEZIToTo, 4 R—LOFRIZEFRR L, BT
RS FABPETHREE Z G OND 2 B pmole, L, A F—
A 11 ERE, 1.5 FREOLEG TR, 2F&ENW LA ITHAAERIET A RS
AU7Z (Table 4, Entries 1-3), =W R 2155 72 OIZLME OBEHIBWTIE 2 F

DAY F=NVzHnbZ & e LT,
Ph

Ph
"(NH HN/S
Ph L. /mPh H
ACA N
3 I
O COQMG
H
L
N

Ts _— Ts

J Ts-PyBidine (5.5 mol %)
o + @ metal salt (5 mol %)
N N

MeO,C

Boc H toluene, 40 °C Boc
1a (1 equiv.) 2a (X equiv.) 3aa®
Entry X Yield (%) dr ee (%)
1 1.1 69 75:25 (21:79)° 93
2 1.5 86 75:25 (15:85)° 94
3 20 93 75:25 (9:91)° 95

“The major diastereomer is described. #Values in parentheses are diastereomeric ratios before

silica-gel column chromatography.

Tabled. 1 > R— /L DZEBEDOKE!

EETHLATFT VLA R ) o OEBBEOFRMEIZ OV TR E21To 72, &
F EICREEZOTNEEE Cix, &< INTET L2 > 7= (Table 5, Entry 2), A
NESHNR= VIS tert-T7 X HVRVIKICE 2 B TIE, WKL
T FAEREIIK TR 5472 (Table5,Entry 3), £72, A ¥ LR =/L
NS 7 2= VRNV INEICEZ T EE TR KIS ET Lo T
(Table 5, Entries 4,5), &1 KoMEN & < BRUSEN B35 & P IS CN Ex2 A
THREIZBNTYH, KSOEITIIMmO TES = o F A BRI HR T2 A
HAL7- (Table5,Entry 6), Z 415 O R X 0 RIS D5 72 FE % Entry 1 TH

18



WToA  R— L DERF D Boc ETHREINTZA XU I NR=NVEEFT
HAFVLA LR U ERE LT,

Ph

Ph
'(\NH HN/S

Ph L pmPh  H

N N\ w I\[\! N
o L J % GD ]

] Ts-PyBidine (5.5 mol %) H
o + @ Ni(OTH), (5 mol %) O o

NR?2 N = NR?

H toluene, 40 °C
1 (1 equiv.) 2a (2 equiv.) 3aa®
Entry R! R?2 time (h) Yield (%) dr ee (%)
1 CO:Me Boc 0.5 93 75:25 (9:91)° 93
2 CO:=Me H 24 NR - -
3 COztBu Boc 2 74 73:27 (8:92)b 80
4 Ph Boc 24 NR - -
5 CHO Boc 120 NR
6 CN Boc 120 36 50:50 (50:50)> 41

“The major diastereomer is described. #Values in parentheses are diastereomeric ratios before

silica-gel column chromatography.

Table5. A F LA KU J o OREEOKGT
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5.4 %W O FE X STAREL B O TR E

Scheme 7 |Z7R T FiETAME N 3aa DT & IEICBWT, 7T 2% IG5
bNDEIT AT VA=Y OFME LARBLE O R E X R AT,
CHCls/Hexane 1A H IR CRAE G 21T » TR B ALTZ BURE 3h O X SIS 217
>72& A, Scheme 7 (2R U7X NARBLE Th D Z & BER TE 72,

MeOOC ]
Q CO,Me
C&: @ Ni(OTf), (5 mol %) H =
(L=
Boc N

toluene, rt
87% Boc
1 (1 equiv.) a (2 equiv.)
3aa (rac)
Space Group : P-1
R Value : 11%

Scheme 7.3,3’-E 2 A > KU )L X Z ALEWD X Bk db A G AT

20



6. 35 — AR DOREET

BONTRBECEEEHNT, AFLUA U R 21 &40 F—L 2 Ofil
HEAYANFT Friedel-Crafts JOS DFEE —MEDMF 21T o 7=, REFNZHT-D 1
R— VAN RS LTINS RE FRIMEE O 7 Dk 2 7B UL (Me 2, OMe
B, CLE, Br £ MFFAE SIVEIE D@m= F o F ARSI LT L,
HiEC95%ee THHID 33 -EAA L KU LA Z AMEEMHNFHILTZ (Scheme8,
3aa-3ea), £7-. BEILEICE LTI 2 M4 MLTFHFE T2 H DD 1A TF L
EEATHREECHNE LT U FARRELICRERIE TN AL
(Scheme 8, 3fa-3ha), st & LT, @) REFREIMEETH D CN EEHT 5 3ia
WIZBWTIERISED S DOREEIT Lo, REFHNZYTHDATF LA
YR T LTH VR EERE FRIME ORI DRk 2 B Me £,
OMe £t Cl 55, Br HO)WFFA LR DD m T J o F @RS O LT L
72 (Scheme 8,3ab-3ae), L72>L723 5, NO2 523 2 FH ClI— 7 F 43R
PEIZEF O T2 5 4172 (Scheme 8, 3af), Z AUITIE ORE 7D E X 0> b fil
BE N S PICUSPEIT L T LE 7720 EX BN 5, 6 /LI OMe F& A4
% 3ag CTlEEL ULV HEIT Ledy o7z, ZiUE OMe O LIEZHFIZ LD 2 F L
YA RY D Michael 77 B 72 —REMET L TWDH7eHEB R HILD,
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MeO.C Ts-PyBidine (5.5 mol %) Q / CO,Me
] Ni(OTf), (5 mol %) R?
N R o toluene, 40 °C R! O o)
H ’é‘ N
oc Boc
1 (2 equiv.) 2 (1 equiv.) 3¢
H H H H H
N N N N N
J | | I J
COzMe CO,Me COzMe CO,Me COMe
H Me H MeO H Br H Cl H
o} o} o) o o}
N N N N N
Boc Boc Boc Boc Boc
3aa: 0.5 h, 93% yield 3ba: 0.5 h, 99% yield 3ca: 2 h, 99% yield 3da: 2 h, 91% yield 3ea: 4 h, 94% yield
75:25 dr (9:91 dr)? 71:29 dr (10:90 dr)? 75:25 dr (22:78 dr)? 75:25 dr (20:80 dr)? 75:25 dr (5:95 dr)?
95% eeP 95% ee® 94% ee® 93% ee” 75% ee®
H H
Me N._Me N ¥ H
CO,Me CO,Me CO,M
O CO,Me 2 Ve 2 2\e CO,Me
H H H NC QH Me H
T o o el
Boc Boc Boc Boc Boc
3fa: 22 h, 30% yiel: 3g-a: 3h, 89% yielda 3h-a: 3h, 69% yielni 3ia, zerh NR 3ab: 4.5 h, 87% yield
68:32 dr°(25.15 dr) 78.32 drc(zs.zs dr()j 68:32 dro(15.E;5 dr) ND 76:24 dr (46:54 dr)?
42% ee 84% ee®, 88% ee 93% ee 84% eeb
H H H H H
N N N N N
J I | | J
CO,Me CO,Me CO,Me CO,Me CO,Me
Br H cl H H O,N H H
(L~ UL~ Lo I = Lo
N N N N N
Boc Boc Br Boc Boc MeO Boc
3ac: 2 h, 99% yield 3ad: 3 h, 69% yield 3ae: 3 h, 97% yield 3af: 3 h, 65% yield 3ag: 24 h, N.R®
68:32 dr (43:57 dr)? 72:28 dr (35:65 dr)? 75:25 dr (35:65 dr)? 68:32 dr (22 :78 dr)? ND
84% ee® 67% ee® 90% ee® 59% ee®, 65% ee? ND

“Values in parentheses are diastereomeric ratios before silica-gel column chromatography. *Only two
isomers were observed due to epimerization during HPLC analysis. “Enantiomeric excess of major

diastereomer. “Enantiomeric excess of minor diastereomer. “The major diastereomer is described.

Scheme 8. & %t
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7. PG HEAE

ARIE D FEHEREIZ DWW THEE LT, £, Ts-PyBidne-Ni(OTf IZ A F L > A >
RU DB LT8R ADEL D, Ts A TEMBIN A IF Y I T
RIZ Ni 85K Lewis BetE A O, AF LA v KU J o Z8CiEE LT 5,
ESI-MS MIEIZ LY Z D8R A Ik T 5 B — 2 (m/z = 1341.2903, [A+OT{]+

(caled. 1341.2888) )BTV 5, $5(K A ITKT DA > F—/L D Friedel-
Crafts fOt i@ T o FARRMICET L, =y 7>/ T — hMEK B 23 /ER
T2, BEE B IXEWTY T AT LARPRIEIC T m FovbaEZ L, EERmR
) 3aa’x 525, LnL22Rn b, AIOTFL A R—=1D a fid7 1
N DEEEENE WO 7 AEREIZL > THESIC=E AV bEZEZ L, B

SRS 3aa L DT AT L A~—IREM L B,

N
Boc Boc

3aa (Thermodynamic Product) 3aa' (Kinetic Product) NiL*

highly

diastereoselective Protonation

Aromatization

@
N
H

1a

Figure 4. 187 S 115 OGRS

)§ _NiL*
o .
P Friedel-Crafts
— tBu -
B highly
enantioselective

HRMS calcd. for
[A+OTf]": 1341.2888
found: m/z = 1341.2903



BFoiz 33 EAAL 2 YA L ACEYOFXTELE & £ O o FZERGE R 5
KEOGDRE SN D ERBIRFBICOWTHELE Lz, BESIMS HIEDRER LD | Ts-
PyBidine-Ni(OTf), $&{(k & A F LA v KU J VOBV EER N RIR I 2
END, FPF= USRI L TAF LA R oD 2 DDA NVE=)L
EMBNT DB 0N, ZOHRITH L TA » F—/ BN RO HT
L . Friedel-Crafts )i & e < 71 b oAL3E Ui & 0 AT Lo SEARSERUME T
FERR e & -2 %

FEURIRN S A & F—= T 2 ERKIZEA LT, LTFD 2 SOBHBEZ S
N5, 1 2HOBEHBIINRRIRER TH S, Figure5 IR T XA I VY
VERIZEHL L7 PhEEONLKRIEFEIC L D AF LA v KU 2 v o—J5 Ol Sk
INTWbHEEXLND, b ) 1 DOHEEIL, Ts-PyBidine & A > K—/LDKFE
A DATH 5, Ts-PyBidine D A/ =L L A > F—/L 0> NH 2N KEFREE
T 5 Z & T, BURRNLOEIMEEI NS EBZXbND, 2O %
AT FEBRIJEE & LT UKBEREE DA T Z 720 N-Me-indole ¥ 72 1% PyBidine %
AWZBICIER b o o FARIRERE T T2 L 0O EERELRL TN D

(Scheme 8, 3fa &% OX Table 1, Entries 2,5)

Me—o \./ /
(0] kinetic product (3aa")

Figure 5. 127E S 1 5 &EBIRTE
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9.7 T LA — )L ~DiH

KEGD T T AT — e ~D i ik dr iz, &% 1 mol %2 F TR F &+
TOHOERHRIRE T T ARIRVETHRIOD 3,3-EA A 2 KU VA X ALEY

b ST DA — TS Z BT LTz,
Ph

Ph
Ph—(\NH Hﬁ'\J}--ph
N N N H
TS | _ Ts N/
MeOzC O COM
) Ts-PyBidine (1.1 mol %) 2\Vie
Ni(OTf), (1 mol %) H
o I - Lo
N N toluene, 40 °C, 20 h N

Boc H Boc
1a (1 equiv) 2a (2 equiv) 3aa
1.06 g, 3.5 mmol 0.82 g, 7 mmol 91% yield (1.34 g)
75:25 dr
84% ee

Scheme 9. A D 7T A — )L ~DJis A
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10. 3 fiOBERERMLICE 2 HE—DOY T AT L A~v—0EE K
ORI BL & DO E

Ts-PyBidine-Ni(OTF) $& {4 % filif & 9~ % Friedel-Crafts S i lLF 7 /L2 B A A K
UNAE BT 2120 D— e FEERMET 5 2 I LIz EX2 5
N, ERPORZ 2= A VGICE D VT 2T UARIRMENFRREICE E - T
WHDNRE LS X% (Scheme 10),

RIS BRAET D b ) — LV i REFRIEIC L VET S 2 &
T @Y T AT VA RRB B~ LFET L LN TE, ZORBE MR T
XL EBRI,

H H
N N H
N

I I
O CO,Me O CO,Me . I
E COzMe
St H £
(e = L
N N " 0

Boc Boc
Boc
L 75 : 25 _
3aa 3aa’

Scheme 10. KE Al & DRISZ K HHE—TV 7 AT LA~ —G RO VEREPGR

9. NaH #1F FREFAIE LT Mel 2T Me {t%1T-72 (Scheme1l), L
ML, ZOLBETITEMRBEMEZ 525D THh-o7-, 2L, 3aa ) NaH O
X9 7t S T, REETHDLIMHLEEZ LD,

H
N
O / cO,Me NaH
2 Mel
H
O o DMF
N 0°C

Boc

complex mixture

3aa
95 % ee, 75:25dr

Scheme 11. Me 1t

26



T 2 CIRFIR MR T CHIEITS 5 v Ukl (Scheme 12) KUY, 7T E
RE7=1FA1 2 > & D Aldol F721% Mannich )i~ Z 7t L7= (Scheme 13), L72>L,
INoDT 7 u—=FIBNTHTEREDORIEZ VT RsiTe < ETE T H
GORZ/I B Ao ARAY/AlC

H H
N N
I I
TMSCI (4 eq.) O
O COMe "1en'(6 eq.) COMe
H A
O o  DCM(0.07 M) O N oTMS
N 0°Ctort, 14 h N

Boc Boc

3aa
95 % ee, 75:25 dr

Scheme 12. >V L4k

§
I PhCHO (2 e oH
q) Ph CO,Me
Q COMe  DIPEA (2eq) : O
\

" toluene \ O ) l

(@] N N
N H
Boc

rt, 24 h Boc
3aa
95 % ee, 75:25 dr hiBoc
BocHN
Ph QOQMG
DIPEA (2eq) : O
\
l

toluene » O N © N
rt, 24 h Boc H

Scheme 13. Aldol )&~ or Mannich Sl X A7 7 a—F

INHOTTa—FIcEmT 58 E L THEESNDERM B ALZER Z &%
Foid, BB AR L THEEMERFCH G E R Z L TRBHZ T <SR-
TLEILDIC, BIE/RDL ZENTERNEEZE L, T72bb, A R
J 3N EREITRO LD REFHDOFMEE LT

ARG CTEATE D (= A CTH UG ETT 21E EREHERE )
SERWINNZE (= WIS ER Z S0
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DZONFEL B LTz,

FRESM AT RE Al —> & LT AllylBr 232381 H 5, AllylBr i, &5
REBIZIB W TE 2 EM (87 WLEENIND =D, EHFHOT LI MEANZ T
FOSPEDRE < IR 72 MR T T AR IUEBAIEETCH D EE X bILD, F
7. Allyl B3, flix OFLRNIT & 0 2R Z BN FTRE R A R ERRETH Y
BT DA DS BV,

FT. FWHEETH D NaHCO; W TT UV IHEIRZ T2 70, SR TS
DHEAT L7275 72 (Table 6, Entry 1), SUSIREED EH- Nal OifNE W77 7
7 —F 13T L7 - 7= (Table 6, Entries 2,3), K\ T, UG ET L2V DI
RN T 5720 E 2, K0V E LT KCO3 &2 VT, MR
BEYEDS O DMF Z 3B W TR 21T -7 & 2 A BRIOT UL bik 6 23
93% & HINRTHELNTZ, ZOBOYT A7 UARRIEIL > 99:1 &b TEA4T
T, BV 7 AT LA~ —0ORG L W) BRAZERT S Z LA TE 72 (Table 6,

Entry 4),
H H
N N
| AllyIBr |
O CO,Me Base O COy,Me
H solvent =
(L= (L =0
Br 3 goc Br goc
ae .
90 % ee, 75:25 dr 6 (C3 unit)?
Entry Base solvent temp (°C) additive Yield (%) dr ee (%)
1 NaHCO3 MeCN rt - N.R
2 NaHCOs MeCN 45 - dec.
3 NaHCO3 MeCN rt Nal dec
4 K2CO3 DMF rt - 93 >99:1 87

“The absolute configuration was determined from the results of X-ray crystal structure analysis of related substances.

Table 6. 7 U /WAL D Kt S Ma 5t
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TINMBICE DA R 2 3MOBREIPER I NTZTZD, KRIZ
BrCH2COOBu & W e fifit— = ~ (C2 Hifip) DEAZHAARDLZ & & Lz, B
f = MIHE A OIE IS MG BOGIT L0 AR E AR EE~ & BHrTRER A
MR TH D,

H H
N N

H
N
| BrCH,COOtBu | |
O CO,Me Base, additive O CO,Me O CO,Me
+
H solvent COOtBu
L= (L L0
N N N COO0B
Br Br Boc u

Br

Boc Boc
90 % eg,a$5:25 dr 5 (C2 unit)? 127
Entry Base solvent temp (°C) additive Yield (%) 712 dr ee (%)

1 K2COs DMF rt - 99 1:26 >99:1 n.d
2 K2COs  acetone rt Nal dec

3 K2COs  acetone 40 - 70 3:1 >99:1 n.d
4 K2COs THF rt - N.R

5 BuOk THF 0 - dec.

6 K2COs THF rt 18-crown-6 55 10:1 >99:1 n.d

7 K2COs; Dioxane rt 18-crown-6 68 99:1  >99:1 89

“The absolute configuration was determined from the results of X-ray crystal structure analysis of related substances.

Table 7.t 7 b % 3 71 LR =)L A F AL DRGSR

F9. Allyl {LDEE & R U&ME (K2CO3, DMF) TO 7 /L b a ik, fitd &
LTUT AT UARIUIHR S A TW b 0D BERE LT 126 & O-7T L%
JALDMES: U CHEF T35 2 & 395 h o 7= (Table 7, Entry 1), C-7 /L3 LD
Pz B S D T DI ORI 21T > T2, % acetone (AR L7- & &

3:1 & C-TNF RO AL L7- (Table7,Entry 3), £ Y fil: O IE
BARWSZ & T, CIBBRMEEZ LT 52N TE DB XN A THE ~ L 2858
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L7 IE 2 #1T L7 > 7= (Table 7, Entry 4), L VD72 TH 5
BuOK Z 9% L ZNBEHEAL L HBOWI3E 5720 > 7= (Table7, Entry 5),
FSERIES THE ORI SE ST L 22 O 1% KoCOs ARRE L TR N TH
5 &EF %, 18-crown-6*! M 7o & ZARISHETT 5L 91270, CIERME
10:1 |2 % Tk L 7= (Table 7, Entry 6), 18-crown-6 % Il x. % {4 TGV BED
a2 O 7255 | Dioxane & FHWERFIZ R & RVIEIIET S G620 Z &2
530 Enrty 7 12 G & il St & Lic, A BRIORFICTHWZZNZ 0%
D LA FE SR 1L DMF: 36.71, acetone: 20.56, THF:7.58, Dioxane: 22122 & 725 C
B FEEBRMENEE CIR MR M ET 5, Thbb, =/ 77— MDA E
BENLSEDZ LD C-EIRMEORBUCAN THDL EEZBND,

Boni b 5 % Boc (L%, IPA W THFMEZIT o2 & 2 A B S
Hivle, Ao E VT X B mARERT 2 35 5 2 & T Ak ST
ER 10 IR IHEETH D Z & MR L 72 (Scheme 14),

Boc
¥ N
’ -
Boc,O CO,Me
Q COMe DMAP 2
COOtBu COOtBu =
‘ o THF 0
B N 84% Br N

Boc Boc

5 (C2 unit) 10

Scheme 14. #xHLE O E
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HNTCl 2=y N ThD Me DBAZ RS T2, Allyl {LOBE & [FIEE DS TFT
STl ZEFTD O-T NFIALKDERBHER TE 2 bDOD, HREDIHET
Me fbikd 21525 2 L2k LT,

H H
N N N

| Mel | /
O CO,Me K>CO3 O CO,Me O CO,Me
H DMF Me + \
o) . _ o} OMe
Br N 62%, >99:1 dr Br N Br N

Boc 90% ee Boc Boc

3ae . O-alkyl isomer
90% ee, 75:25 dr 4 (C1 unit (10%)

Scheme 15. Me 1t

fEWN TR BT LS OREFA & ORSZat Lz, Hk4 DIPEA IC[EE LT
RETRIEOMGEITo72L 2 A, NCS ZHWE & ZITRITEN 2085 b=
T U FAERELRFF LI E EIEFITENT T AT VARV TS LT
L7z (Table 8, Entry 1), = DOfiDORE a7 ALadk L LT NBS, NIS % f
W, SRICEMERIEA Y % 5 2 7= (Table 8, Entries 2,3), NFSI & H\\ 72355
BT 4 < #17 L72)>> 7= (Table 8, Entry 4),

ZT
ZT

I I
5 o 5 coms
Electrophile (1.2 eq)

H DIPEA (3 eq.) E
(L= (L )=
N DCM, time, rt N

Boc Boc

3aa
84% ee

75:25 dr
Entry Electrophile  time (h) Yield (%) dr ee (%)
1 NCS 1 12 >99:1 84
2 NBS 2 dec.
3 NIS 2 dec.
4 NFSI 2 N.R

Table 8. /12 7 AL D SIS DR Ft
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ZZ T, NCS ZigiZ2REFHAELIRE L, EROISFHEOEEEZITO 2 &
& LT, WAL U CEEEES Ni(OTh:2 % FV 2 Btk e Ciddh & ROSIEHETT L
727772 (Table 9, Entries 2,3), 7 & b= U /LIEEICx L CRIFnE#E K 2N 2
2 FUSERAET 50 %UNR T HEML &3 G b7z (Table 9, Entry 4), faF1E # K
EMZDFM CHBIEEORE 21T o720, RO LIZR 6o Te
(Table 9, Entries 5,6), KB AR LAIEL LTr7 27 I T 27228, NCS
T Z DR RIS B0 o 7= (Table 9, Entry 7), FE/K% C NaHCOs 2% %
FOSERIFIZR N T, &b BAF 2R TRISHEIT L. 63% DI T B LS A

537~ (Table 9, Entry 8),

H H
N N
- (-
COzMe COzMe
NCS (1.2 eq)
H additive cl
(Lo (Lo
N solvent, rt., solvent N
Boc Boc
3aa 7
90% ee
75:25 dr
Entry additive solvent time (h) Yield (%) dr ee

1 DIPEA CH2Cl2 1 12 >99:1 ND
2 AcOH CHzCl2 2 trace
3 Ni(OTf)2 CH2Cl2 2 trace
4 NaHCOs MeCN/H20 2 50 >99:1 ND
5 NaHCOs DMF/H20 2 38 >99:1 ND
6 NaHCOs THF/H20 2 35 >99:1 ND
78 NaHCOs MeCN/H20 2 22 >99:1 ND
8 NaHCOs MeCN 2 63 >99:1 89

“ChloramineT - H,O was used instead of NCS.

Table 9. 7 7 At D USSR OMET
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H
N
I
/ COzMe
O CO,Me
COOtBu
¢ Oy
O AL,
Br N

Boc
Boc Mel 5 (C2 unit)
. K-CO BrCH,COOBu 68%, >99:1 dr
4 (C1 unit) 23 18-crown-6 89% ee
62%, >99:1 dr H KoCO4
909
% ee DMF N ] Dioxane
O COzMe
H
AllylBr O 0 NCS
K,CO4 X N NaHCO;3
Boc H
H OME 3aa (X = H): MeCN N

] 95% ee, 75:25 dr O /
O COMe 3ae (X = Br) COzMe

90% ee, 75:25 dr

Boc
Boc
6 (C3 unit) 7 (halogen)
93%, >99:1 dr 63%, >99:1 dr
87% ee 93% ee

Scheme 16. 7 /L F AL L O N AbDF &8

LIk, Scheme 16 (27779 XK 9 3(Zxt3 2 7 v 4k, ~a o Abidn3iug Bif
RV T AT AR TGOS T L2, ZOBBIZ OV TIL, Allylic strain (2
K OBEEEIC L > TRIATHZ LN TE 5,
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Scheme 17 {27579 3-Methyl-1-butene (2351 % T R /L X —fRT OB D K 512, —#%
FINZT U NALD C-H #EE 0 ZHiE A Fm & Fl—FmlZAiE T 5 skew B R H
BEBRRETHSL B, ZhaABOEHIZEAT 5 &, 3aa lTEELZ N TET
HxT /) 7 — N O ERJEIL 3aa-enolate T/R L7 skew BELETH H, Z D=/
7 — MIR LT, SEBEFED DN A R F U LR = L EOMD B R E FFIH
BT 22 TOT AT UARREDREELL TN DbDEEZXBND,

Me Me H
AMe s N —— 7 'Me
H H H Me H Me
A (skew) B (eclipsed) C (trans)
0 kcal/mol + 0.73 kcal/mol > + 2 kcal/mol
H - H
N MeOOC, E N

3aa 3aa-enolate
(skew)]
Ar = indole

Scheme 17. Allylic strain |2 & 5 27 A7 L A 3R HEDOFH DL
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11. {bEW 6 DT L5 A m B DAL

EAAL Y RUNLVAZ AMEEMITITTRICRT L) A n R EEE AT 51bd
WINFAET % (Figure6), AED S L2 5 HRAMEEZRT T2 6 LD A RO
BRERALDZEE LT,

&

X NH

O )
N

H
Bis(indolyl)methane (+)-Trigolutus B'"®

Figure 6. A ' 0B 2 H T HEZA v RU LA X ALEW

TP ARAITABICE AV Ra X AbDBIC, FRAFRIC L AL S 2 M
HUTm, A BBEOREEIZIIRII LI OD, A I T LARBLOY T AT L A%
PFENELS 141XV T AT VA~—IEEWE L TEHE 72 (Scheme 18),

COzMe OsO4 NMO CO,Me TsOH- HZO HN_
Acetone/HZO toluene/EtOH
reflux
Boc (71%, 2 steps) Br

Boc dr=1:1
6 (C3 unit)

Scheme 18. F A I 7 Al & foe < BRALBUGIZ £ A A B m BER DA EL
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ZI T, Ve R ALO YT AT UARRMZ UGET XMt 21T - 72, AD-
mix o XN AD-mix B ZHWTY b Fex i bziTo722, |IR T < Ksn
HEATE T SOSRE 2 BT 2 SR A T FEA i L T RERITH Do 72 (Table
10, Entries 1,2), OsO4 & H\\N T A CH2Clo/H20 (2285 L C ZFHR TRILZAT
SN TG EEOSRHESE L CHEAT L, BT b7 > 72 (Table 10,

Entry 3),
H
N
oxidant |
O CO,Me additive O CO,Me
solvent OH
‘ temp ‘ OOH
N
Boc Br Boc
6 (C3 unit) 13
Entry oxidant solvent temp (°C) Yield (%)
1 AD-mix a BuOH/acetone/H20 rtto 70 dec.
2 AD-mix B BuOH/acetone/H20 rtto 70 dec.
3 0Os0O4/NMO CH2Cl2/H20 rt dec.

Table 10. Os F2{b D s SE D Fidt

VT AT VA TERYEO M A RS 5 72 D12 0s04 12 NalOs & 47 S H T, 2D
FFE A NOBAERATZD, T RER DT D DHRTH - 72 *(Scheme
19),
H H
N N
2,6-lutidi
O J CO,Me OsOJIII\JaI\rI]&, R Q : CO,Me
‘ 7 Dioxane/H,0O O CHO
O rt (6]
Br N Br N

Boc Boc
6 (C3 unit) 15

Scheme 19. OsO4 & NalOs (2 L 5 1 pot E&1L
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Os b DT 27 LARRMEOW EXARN#ETH L Lkl kIZEI—FRZ7 7
NUIZ K DB ER AL Z & & Lis, SMERERWZ a3 — K7 7 R ARICER
Uy FITUMIREICBWTZEDORBENREATEY , U7 A7 LABRAYR A
VR BROMBENFREE WIS ND 2, £ ZATVOMKGREITo Tz, —
H72 5 Td % KOH 1T X D MUK IREURNIE, = AT IV D a frdT B A U ALH3 1
{TLCTLE 57 (Table 11, Entry 1), K\T, HiEMD L 0K RO & W
TMSOK % VN TR 24T > T2 A RIERIZ o AL =& 2 VAL B S Tz
(Table 11, Entry 2), FEHEMESRMA T A VAEREIT LIS WEEZZ BN D
TMSI?® % H\W\ % et TIRE O Bl S v, BIO VR S FRITE b7
2357z (Table 11, Entry 3), Nicolaou 52X > TZEX UL LT WT 2 RO
AR FRICAH ) & WA ST D MesSnOH & W= 27 Tldm e 2 U k%
22 LR RISHET L 84% DR THBID VAR B 16 BMF 6T
(Table 11, Entry 4), % Off,

H H
N N
| |
CO,Me base COOH
= =
solvent,temp
(I o (I o
N N
Br Boc Br H
6 (C3 unit) 16
Entry reagent solvent temp (°C) dr Yield (%)
1 KOH THF/MeOH/H20 rt to 80 1:1 not isolated
2 TMSOK THF rt 1:1 not isolated
3 TMSCI, Nal MeCN 60 - dec.
4 MesSnOH DCE 80 >99:1 70

Table 11. =2 7 VAR RO SOSSAF OB
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BONTINR L6 L 3 — RT 7 R ALKIGIZ X D A B a B LIS ORE}
BATo T, WM IMESE T L 2N D50 D WIFAEEED b & NIS
WD EMEERE L2, 2D 054 TIIREEREIC R L B o 3
— RZ7 7 M AUKIIS 5720 572 (Table 12, Entries 1,2), Z O 53 fif D JFIK 23
NH 7 U —DA Y R=VEOBFEEDOEIICHDLLEEZZ B F—1d
EHRIFEF% Boc ACHRELT 8 AL, ZNEZHWTHEI—RZ 7 h Ak
DEMITAT LTz, AEEZHAWTHAIX 45%0NETI—RT 7 Fr 9 5L
Nz, = TYT AT UAEIRMET 2:1 I £ -7 (Table12,Entry3), 7 &
TUABRREOUED IO, UHRETHBEINTLERATI ) AI /ST |
— VI 17 O S D didn =R 2 V53— K7 7 B ALRIE ® D
ST Z T RIREY T AT UAEBRICE T LENOI—RKZ 27 h 9
2>99:1dr ST TERIRNARBIRMEICTHE D Z LI L7z (Table 11, Entry 4),
B, MONEROERT I /A X B F T N —)VEMNL T 18 Z AW -G IR
BRMEDME T L, 19 2 WS I E 08 2 < #AT LR &0 ) fERICK D
- 72 (Table 11, Entries 5,6), Z D3 — K77 ;s ALKISIZBE LTI 17 8 E (IS
KU CNERICEEG LY T R Tholo E E 2 5,

38



R
N &
| (0]
O COOH oxidant RN~ 0 |
= additive i/
O © solvent, temp O ©
N ,
Br N Br H

16:R=H 1M:R=H
8:R =Boc 9: R =Boc

Entry R Oxidant additive solvent temp (°C)  Yield (%) dr

1 H I2 (1.1 equiv) NaHCOs THF/H20 rt dec. -
12 (0.1 equiv),

2 H NaHCOs THF/H20 rt dec. -
NIS (1.2 equiv)
12 (0.1 equiv),

3 Boc NaHCOs THF/H20 rt 45 2:1

NIS (1.2 equiv)

12 (0.1 equiv), Zn(OAc)2 (30 mol%)

4 Boc ) toluene/CH2Cl2 -78tort 64 >99:1
NIS (1.2 equiv) 17 (10 mol%)
l2 (0.1 equiv), Zn(OAc)2 (30 mol%)
5 Boc ) toluene/CH2Cl2 -78tort 62 92:8
NIS (1.2 equiv) 18 (10 mol%)
12 (0.1 equiv), Zn(OAc)2 (30 mol%)
6 Boc _ toluene/CH2Cl2 -78tort dec. -
NIS (1.2 equiv) 19 (10 mol%)

Table 12. 3 — N7 7 FALD RSSO
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RNT FoN7ea— K77 b9 OMARE DR 21T > 72, 9 % TFA IZ
K OMAFIT KD Boc HDONiIR#EZTT-> T, 11 21572, 11 ® NOE Z A7 |
NERIELZEZ A, Ho & Ha OFIZBWHEREA B 72, Z4UEX Ho & Ha 28
1L3-UT7 T ADOMNBIAEL TWDZ ENRETHMRTH D, £72, Hy &
HiDAy 7 ) 7EBD 119 Hz THDHIEMNHID Hy & HalIT F 271U
IELTND I ENRREND, ZNHORREY, 11 OMEMEEIILL IR
THEE CThH D &R T X 72 (Scheme 20),

() o L) o

BocN__~ Q | TFA/CH,Cl,/MeOH HN o
s (= 10/10/1) s/

NO 81% BNO
H ' H

9 1"

Br

Coupling constant
Hb:Hd J=11.9 Hz

|||
zz
X
£
o

R:A%_Q
N\ NH

Scheme 20.2 — KT 7 b > OFXNARALE OTRE.
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12455

AIFFETIEA  R—= e AF LA 2 R Y D Friedel-Crafts iz %, 7 [& %
RPEZHIEST D 2 &2k 0 33" -E A A > U LA Z B O IR AR
BOG~ETRIET 5 Z LICRP LTc, ARG Z @ OAREIRPE THEIT S 5720
IR, AEFRAMFE L TAVR= VBB, I ) o) DU T
& % Ts-PyBidine # 2% Z E BRI TH -7, ZORFISITEE L 72 E 1K
S - BB EZ G T H A R—b - AF LA R T L Chi T RE
ToH Y Fid 9%INE, 95% ee THRIDHHBOCFHERE AL RU LA X L FKE
KIEZERT DI LENAEETH 72 (Scheme 21),

Ph Ph
~~NH HN
Ph—-(\ |\J> “'Ph H
N Nﬂ‘ﬂ N
T§ 7 Ts
MeO,C
/ Ts-PyBidine (5.5 mol %)
Ni(OTf), (5 mol %)
+ p2 A\
R{ =0 RE:IX
N H toluene, 40 °C
Boc
1 2 3
up to 99% vyield
dr 75:25
95% ee

Scheme 213.3’-E" A1 > KU )L XA X VHERDOREE K
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BENEEAL L RYARAZ Y 3 hbid, FHEREEREGIC L) =F v FoF
B AR L E BT 2T LRI 2 R BRI A AT 5 - b
ARECTH > 7o, 1 DOHIEL LSRR FERR AR ATETH D 2 L1, EEM

R EORBRERE RIEZ 2B RERFS L7205 L S 25 (Scheme 22),

H
N

H
N I
| O CO,Me
O CO,Me
‘ COO1Bu
Br N

(T ’
o)
N
Br 5 (C2 unit)

Boc
Boc
BrCH,COO1Bu 68%, >99:1 dr

M
4 (C1 unit) KoCO3 18-crown-6 89% ee
62%, >99:1 dr
90% ee

el
K,CO
H 2003
DMF N
I
CO,Me

H
AllyIBr ‘ o NCS
,y X N NaHCOs
Boc H
H 3aa (X = H): MeCN N
N .
DMF 95 % ee, 75:25 dr Q |

Dioxane

I CO,M
3ae (X = Br): 2lvle
O COMe 90% ee, 75:25 dr ol
(L= L=
0 N
Br N Boc
Boc
6 (C3 unit) 7 (halogen)
93%, >99:1 dr 63%, >99:1 dr
93% ee

87% ee
Scheme 223.3'-E A A o R U )L A X o DIEH S
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Flo. TIMEIZE DB LIALEY 6 D LR o{bEMELED, X7
VHER Z KSR E WD I — KT 7 M ALRIEEZREIGE LTEY T AT LA
BINIC A BB AT 5 2 LI LTz, RFEIX, RARICHFET H AR
BRAEATDERAL L FU VA Z FFERO R G RE D RENL~ D S B 23 155
SN,

Boc
i N

| 1) Boc,0O, DMAP / Chiral tri Zn cat.(10 mol%) O (0]
O CoMe THF, 84% Q CO,H 2 (0.1 equiv), NIS (1.1 equiv) BooN. o

> |
2) Me3SnOH — toluene/CH,Cly=3/1 e
O o DCE, reflux o 78°Ctort O o
N 84% Br N 64%, >99:1 dr
Br Boc H Br H
6 (C3 unit) 8
87% ee 9

Scheme 23. A t" 12 Bg DAESLT
AT LD WFHIEEE ALV RU VAR VFERE BT D720 DR % 72 K
SO RN ENTz, EFRTEEE A A KUV A X VR ERICIIAR & 72 A B TETE
EHTDHHLONFET LI END, SH%OBBILZEMIEICEB N TINS DORG
DHERRFED 1SR 0ED SN,
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SEBRIR

General Methods.

Dry solvents were purchased from commercial suppliers and used without further
purification. An oil bath was used for heating reactions. Analytical thin-layer
chromatography (TLC) was performed on glass plates coated with 0.25 mm 230-400
mesh silica-gel containing a fluorescent indicator (Merck, #1.05715.0009). Silica-gel
column chromatography was performed on Kanto silica-gel 60 (spherical, 100-210 pum).
IR spectra were recorded on JASCO FT/IR-4100 using ATR. 'H-NMR spectra were
recorded on JEOL ECS-400 (400MHz), ECA-500 (500MHz), ECX-400 (400MHz)
spectrometers. Chemical shifts of '"H-NMR spectra were reported relative to tetramethyl
silane (5 0). 3C NMR spectra were recorded on JEOL ECS-400 (100MHz), ECA-500
(125MHz), ECX-400 (100MHz) spectrometers. The assignments of signals in '3C NMR
were made by DEPT. Chemical shifts of ?*C{'H} -NMR spectra were reported relative to
CDCl3 (5 77.0) or DMSO-ds (5 39.7). Splitting patterns were reported as s, singlet; d,
doublet; t, triplet; q, quartet; m, multiplet; br, broad. High-resolution mass spectra
(HRMS) were recorded on Thermo Fisher Exactive using an ion trap spectrometer.

Methyleneindolinones were synthesized according to a known procedure.?’

General preparation method of bis(imidazolidine)pyridine Ligands

Ph Ph OHC

| J;

HN NH, Um 0 equiv) Ph Ny k “1Ph
R

(2.1 equiv)

ACOH, CH,Cl,

To pyridine-2,6-dicarbaldehyde (135 mg, 1.00 mmol) and diamine (2.10 mmol) placed in
a double necked round bottom flask under Ar, freshly distilled dichloromethane (30 mL)

and acetic acid (57 pL, 1.0 mmol) were added. After being stirred for 48h at rt, sat.

44



NaHCOs aq. was added to the reaction mixture, and the organic layer was extracted with
dichloromethane. The combined organic extracts were dried over Na2SO4 and evaporated
in vacuo. The residue was purified by recrystallization (CH2Cl2/MeOH) to give the

product.

2,6-bis((2R,4S8,5S)-1-neopentyl-4,5-diphenylimidazolidin-2-yl)pyridine (tBu-PyBidine).

Ph According to the general procedure, the title compound
NH
Ph"(\ . PP Wwas obtained as a white solid (352 mg, 53% yield); 'H
\ \
tBu/\ = LtBu NMR (400 MHz, CDCl3) 6 7.86 (dd, J = 7.8, 7.0 Hz, 1H),

7.75 (d,J = 7.8 Hz, 2H), 7.49 (d, J = 7.0 Hz, 4H), 7.21-7.36 (m, 17H), 7.14-7.16 (m, 1H),
5.06 (d, J = 4.3 Hz, 2H), 4.27 (d, J = 6.3 Hz, 2H), 4.04 (d, J = 6.3 Hz, 2H), 2.75 (d, J =
13.6 Hz, 2H), 2.58 (d, J = 13.6 Hz, 2H), 0.54 (s, 18H); *C{'H} NMR (100 MHz, CDCl3)
0162.2,143.1, 141.3, 136.8, 128.2, 128.0, 128.0, 127.3, 127.2, 127.1, 126.9, 121.6, 85 .4,
80.5, 69.4, 68.5, 32.5, 28.3; HRMS calcd for C4sHs4Ns (M+H): 664.4374, found: m/z

664.4361 [o]p > =-118.5 (c = 1.1, CHCIs); IR (neat) 2953, 1214 cm™..

2,6-bis((2R,4S,5S)-1-(naphthalen- 1-ylmethyl)-4,5-diphenylimidazolidin-2-yl)pyridine
(I-naphthyl-PyBidine ).
Ph According to the general procedure, the title compound
Ph_(\NH
was obtained as a white solid (458 mg, 57% yield); 'H
NMR (400 MHz, CDCl3) 6 7.71 (d, J = 8.5 Hz, 2 H), 7.53
(d,J=7.6Hz,2H),7.17-7.38 (m, 30H), 6.96-7.00 (m, 3H),
6.55 (s, 2H), 4.92 (s, 2H), 4.46 (d, J = 8.4 Hz, 2H), 4.28 (d, J = 12.8 Hz, 2H), 3.92 (d, J

= 12.8 Hz, 2H), 3.84 (d, J = 8.4 Hz, 2H) '*C{'H} NMR (100 MHz, CDCls) § 160.7,

141.4, 140.0, 135.0, 134.2, 133.2, 132.2, 128.6, 128.2, 128.1, 127.8, 127.7, 127.6, 127.2,
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127.0, 125.2, 125.1, 124.8, 124.7, 1210.2, 82.6, 79.0, 69.0, 55.9 ; HRMS calcd for
Cs7Hs50Ns (M+H): 804.4061, found: m/z 804.4041 [a]p * = -21.7 (¢ = 1.0, CHCl3); IR

(neat) 3019, 1216 cm’.

2,6-bis((2R,4S,5S5)-4,5-diphenyl-1-tosylimidazolidin-2-yl)pyridine (Ts-PyBidine).
Ph Ph
; According to the general procedure, the title compound was
Ph_(\NH N HN/g_”Ph g g P p
N 3

L
J\Ej N obtained as a white solid (765 mg, 92% yield); "H NMR (400
=

Ts Ts

MHz, CDCls) § 7.96-8.02 (m, 3H), 7.53 (d, J = 8.3 Hz, 4H),
7.10-7.20 (m, 20H), 7.00 (d, J = 7.2 Hz, 4H), 5.82 (d, J = 4.5 Hz, 2H), 4.71 (d, ] = 5.4
Hz, 2H), 4.25 (t, J = 4.5 Hz, 2H), 3.55 (brs, 2H), 2.40 (s, 6H); '*C{'H} NMR (100 MHz,
CDCls) & 157.8, 143.7, 139.6, 139.1, 138.0, 134.0, 129.5, 128.4, 128.2, 127.7, 127.4,
127.3,126.9, 126.6, 124.0, 78.3, 71.4, 69.2, 21.6; HRMS calcd for C4sHas04N5S2 (M+H):
832.2986, found: m/z 832.3000; [op 1= -28.6 (¢ = 1.0, CHC:); IR (neat) 3305, 1597,

1159 cm.

General procedure for Ts-PyBidine-Ni(OTf);-catalyzed Friedel-Crafts reaction.

Ts-PyBidine (6.9 mg, 0.0083 mmol) and Ni(OTf)2 (2.7 mg, 0.0076 mmol) were added to
a two-necked round-bottomed flask containing a stir bar under Ar. THF (0.50 mL) was
added to the flask and the mixture was stirred for 3 hours. After removal of the solvent
under reduced pressure, toluene (0.75 mL) was added as a reaction solvent. To the
resulting solution, methylene indolinone (0.15 mmol) and indole (0.30 mmol) were added
at 40 °C. After being stirred for appropriate time, the reaction mixture was quenched by
adding water, extracted with ethyl acetate, and dried with Na2SOa. After removal of the

solvent under reduced pressure, the diastereomeric ratio was determined by '"H NMR. The
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crude mixture was purified by silica-gel column chromatography to give the product. The

enantiomeric excesses of the products were determined by chiral stationary phase HPLC.

tert-butyl (S)-3-((S)-1-(1H-indol-3-yl)-2-methoxy-2-oxoethyl)-2-oxoindoline- 1 -
carboxylate (3aa).

H According to the general procedure, the title compound was

O / CO,Me obtained by silica-gel column chromatography (AcOEt/Hexane =
O H o 1/4 to 1/2) as a white solid (58.6 mg, 93% yield, 75:25 dr, 95% ee);
Eoc 323 "H NMR (400 MHz, CDCl3): major & 8.15 (s, 1H), 7.67 (d, J = 8.2

75:25dr Hz, 1H), 7.62 (d, J = 7.5 Hz, 1H), 7.31 (d, J = 8.2 Hz, 1H), 7.06-
7.23 (m, 3H), 6.94-6.99 (m, 2H), 6.86 (d, J = 2.5 Hz, 1H), 4.60 (d, J = 6.3 Hz, 1H), 4.44
(d,J=6.3Hz, 1H), 3.76(s,3H), 1.53 (s, 9H); minor 6 8.31 (s, 1H), 7.79 (d, J = 8.2 Hz,
1H), 7.64 (d,J =7.7Hz, 1H), 7.41 (d, J = 8.2 Hz, 1H), 7.31 (d, J = 8.2 Hz, 1H), 7.06-
7.23 (m, 3H), 6.94-6.99 (m, 1H), 6.81 (d, J = 7.7 Hz, 1H), 4.99 (d, J/ = 4.2 Hz, 1H), 4.16
(d, J = 4.2 Hz, 1H), 3.58 (s, 3 H), 1.65 (s, 9H), 3C{'H} NMR (100 MHz, CDCl3): major
0174.4,172.9, 149.0, 140.6, 135.6, 128.4, 126.7, 125.5, 125.2, 124.0, 123.9, 122.3, 120.0,
119.3,114.7,111.1, 109.0, 84.2, 52.5, 48.3, 44.8, 28.0, minor 8 174.7, 171.5, 149.3, 140.6,
136.0, 128.3, 126.4, 125.7, 124.2, 123.8, 123.8, 122.6, 120.1, 118.5, 114.8, 111.5, 110.1,
84.2, 52.2, 48.5, 44.2, 28.1; HRMS (ESI+) calcd for C24H2505N2 (M+H)*: 421.1758,
found: m/z 421.1757; Enantiomeric excess was determined by HPLC with a Chiralpak
IC-3 column (hexane:2-propanol = 90:10, 1.0 mL/min, 254 nm); minor enantiomer Rt =
28.4 min, major enantiomer Rt = 32.7 min, Only two isomers were observed due to
epimerization during HPLC analysis; [a]p' = +15.4 (¢ = 1.0, CHCl3, 75:25 dr, 95% ee);

IR (neat) 3355, 1782, 1731, 1149, 754 cm™.
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tert-butyl (S)-3-((S)-2-methoxy-1-(5-methyl- 1 H-indol-3-yl)-2-oxoethyl)-2-oxoindoline- I -
carboxylate (3ba).
H According to the general procedure, the title compound was
Q / CO,Me obtained by silica-gel column chromatography (AcOEt/Hexane =
Me H 1/4 to 1/2) as a white solid (64.4 mg, 99% yield, 71:29 dr, 95%
O goc Oaba ee); '"H-NMR (400 MHz, CDCl3): major § 8.17 (s, 1H), 7.68 (d,
71:29 dr J =8.1Hz, 1H), 7.40-7.42 (m, 1H), 7.19-7.23 (m, 2H), 6.90-6.99
(m, 3H), 6.82 (d, J = 2.5 Hz, 1H), 4.53 (d, J = 6.5 Hz, 1H), 4.45 (d, J = 6.5 Hz, 1H), 3.74
(s, 3H), 2.41 (s, 3H), 1.55 (s, 9 H), minor 8.33 (s, 1H), 7.80 (d, J = 8.1 Hz, 1H), 7.40-
7.42 (m, 1H), 7.30 (d, J = 8.3 Hz, 1H), 7.19-7.23 (m, 2H), 7.05 (dd, J = 8.3, 1.3 Hz,
1H), 6.90-6.99 (m, 1H), 6.77 (d, J = 7.6 Hz, 1H), 498 (d, J = 3.9 Hz, 1H), 4.14 (d, J =
3.9 Hz, 1H), 3.56 (s, 3H), 2.44 (s, 3H), 1.65 (s, 9H); “C{'H} NMR (100 MHz,
CDCls):major & 174.5, 172.9, 149.0, 140.5, 134.0, 129.1, 128.4, 126.8, 125.5, 124.1,
123.9, 118.8, 114.6, 110.8, 108.3, 84.2, 52.5, 48.0, 44.9, 28.0, 21.5, minor 6 174.5, 171.5,
149.2, 140.6, 134.3, 129.3, 128.2, 126.5, 125.2, 124.2, 123.7, 117.9, 114.7, 111.2, 109.5,
84.2,52.1,48.3,44.2,28.1,21.5; HRMS (ESI+) calcd for C2sH2705N2 (M+H)*: 435.1914,
found: m/z 435.1914; Enantiomeric excess was determined by HPLC with a Chiralpak
IC-3 column (hexane:2-propanol = 90:10, 1.0 mL/min, 254 nm); minor enantiomer Rt =
36.0 min, major enantiomer Rt = 40.2 min, Only two isomers were observed due to
epimerization during HPLC analysis; [a]p'*= +9.7 (c= 1.0, CHCls, 71:29 dr, 95% ee); IR

(neat) 3673, 2970, 2900, 1780, 1735, 1144, 1047 cm’".
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tert-butyl (S)-3-((S)-2-methoxy-1-(5-methoxy-1H-indol-3-yl)-2-oxoethyl)-2-oxoindoline-
1-carboxylate (3ca).
H According to the general procedure, the title compound was
Q / CO,Me obtained by silica-gel column chromatography
MeO H (AcOEt/Hexane = 1/4 to 1/2) as a white solid (66.8 mg, 99%
O goc O3ca yield, 75:25 dr, 94% ee); 'H NMR (400 MHz, CDCl3):major &
75:25 dr 8.11 (s, 1H), 7.66 (d, J = 8.2 Hz, 1H), 7.17-7.30 (m, 2H), 7.04
(d, J = 2.5 Hz, 1H), 6.96-6.97 (m, 2H), 6.79-6.82 (m, 2H), , 4.56 (d, J = 6.3 Hz, 1H),
4.44 (d, J = 6.3 Hz, 1H), 3.81 (s, 3H), 3.77 (s, 3H), 1.53 (s, 9H), minor § 8.28 (s, 1H),
7.79 (d, J = 8.2 Hz, 1H), 7.17-7.30 (m, 2H), 7.02 (d, J = 2.4 Hz, 1H), 6.96-6.97 (m, 2H),
6.88 (dd, J = 8.7, 2.4 Hz, 1H), 6.79-6.82 (m, 1H), 4.93 (d,J = 4.3 Hz, 1H), 4.15(d, J
= 4.3 Hz, 1H), 3.83 (s, 3H), 3.59 (s, 3H), 1.64 (s, 9H); *C{'H} NMR (100 MHz, CDCl3):
major o 174.6,172.9, 154.1, 148.9, 140.5, 130.7, 128.4, 126.9, 125.4, 125.3, 124.7, 123.9,
114.6, 112.7, 112.0, 108.4, 100.6, 84.3, 55.7, 52.5, 48.1, 45.0, 27.9, minor & 174.8, 171.5,
154.3, 149.2, 140.6, 131.0, 128.2, 126.7, 125.7, 124.5, 124.2, 123.8, 114.8, 112.9, 112.3,
109.5, 99.8, 84.3, 55.8, 52.2, 48.2, 44.3, 28.1; HRMS (ESI+) calcd for C25sH2706N2
(M+H)*: 451.1863, found: m/z 451.1863; Enantiomeric excess was determined by HPLC
with a Chiralpak IC-3 column (hexane:2-propanol = 80:20, 1.0 mL/min, 254 nm); minor
enantiomer Rt= 17.1 min, major enantiomer Rt = 24.3 min, Only two isomers were
observed due to epimerization during HPLC analysis; [o]p'°=+7.7 (c = 1.0, CHCl3, 75:25

dr, 94% ee); IR (neat) 3363, 2969, 2310, 1147 cm™.
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tert-butyl (S)-3-((S)-1-(5-bromo-1H-indol-3-yl)-2-methoxy-2-oxoethyl)-2-oxoindoline- I -

carboxylate (3da).

H . .
N According to the general procedure, the title compound was

Q / CO,Me obtained by silica-gel column chromatography (AcOEt/Hexane
Br O HO = 1/4 to 1/2) as a brown solid (68.3 mg, 91% yield, 75:25 dr,
Eloc 3da 2370 ee); 'H NMR (400 MHz, CDCl3): major 8, 8.75 (s, 1H),
75:25 dr 7.65-7.70 (m, 2H), 6.99-7.27 (m, 5H), 6.87-6.92 (m, 1H), 4.57 (d,
J=5.7Hz, 1H),4.35 (d, J = 5.7 Hz, 1H), 3.73 (s, 3H), 1.57 (s, 9H), minor & 8.78 (s, 1H),
7.75 (d, J = 8.1 Hz, 1H), 7.65-7.70 (m, 1H), 6.99-7.27 (m, SH), 6.87-6.92 (m, 1H), 4.77
(d, J = 4.7 Hz, 1H), 4.21 (d, J = 4.7 Hz, 1H), 3.61 (s, 3H), 1.63 (s, 9H); *C{!H} NMR
(100 MHz, CDCl3): major 6 174.5, 172.5, 148.9, 140.4, 134.3, 128.6, 128.2, 125.6, 125.3,
124.9,124.1,121.5,114.8, 113.1, 112.8, 108.1, 84.5, 52.6, 48.1, 44.8, 27.9, minor § 174.5,
171.4, 149.1, 140.3, 134.6, 128.4, 128.1, 125.5, 125.2, 124.9, 124.0, 121.0, 114.9, 113.1,
112.8, 109.0, 84.5, 52.3, 48.3, 44.3, 28.0; HRMS (ESI+) calcd for C24H230sN2BrNa
(M+Na)*: 521.0683, 523.0662, found: m/z 521.0671, 523.0648; Enantiomeric excess was
determined by HPLC with a Chiralpak IC-3 column (hexane:2-propanol = 90:10, 1.0
mL/min, 254 nm); minor enantiomer Rt = 16.4 min, major enantiomer Rt = 21.9 min,
Only two isomers were observed due to epimerization during HPLC analysis; [a]p!® =
+2.9 (¢ = 1.0, CHCI3, 75:25 dr, 93% ee); IR (neat) 3339, 1784, 1734, 1464, 1151, 756 cm’
1
tert-butyl (S)-3-((S)-1-(5-chloro-1H-indol-3-yl)-2-methoxy-2-oxoethyl)-2-oxoindoline- I -

carboxylate (3ea).

ZT

Q / CO,Me According to the general procedure, the title compound was

Cl H obtained by silica-gel column chromatography (AcOEt/Hexane
Eloc sea - 1/4 to 1/2) as a brown solid (64.0 mg, 94% yield, 75:25 dr,
75:25 dr
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75% ee); '"H NMR (400 MHz, CDCl3): major 0 8.49 (s, 1H), 7.67 (d, J = 8.1 Hz, 1H),
7.53 (d, J = 1.8 Hz, 1H), 7.21-7.30 (m, 2H), 6.99-7.15 (m, 3H), 6.87-6.91 (m, 1H), 4.58
(d, J =5.7Hz, 1H), 4.37 (d, J = 5.7 Hz, 1H), 3.75 (s, 3H), 1.56 (s, 9H), minor & 8.57 (s,
1H), 7.77 (d, J = 8.3 Hz, 1H), 7.57 (d, J = 1.8 Hz, 1H), 7.21-7.30 (m, 2H), 6.99-7.15 (m,
3H), 6.87-6.91 (m, 1H), 4.79 (d, J = 4.6 Hz, 1H), 4.20 (d, J = 4.6 Hz, 1H), 3.62 (s, 3H),
1.64 (s, 9H); *C{'H} NMR (100 MHz, CDCls): major § 174.4, 172.6, 148.9, 140.6, 134.0,
128.6, 127.6, 125.6, 125.3, 125.0, 124.1, 122.5, 118.6, 114.8, 112.3, 109.4, 84.4, 52.6,
48.2, 44.8, 27.9, minor 6 174.4, 171.3, 149.0, 140.4, 134.3, 128.4, 127.5, 127.5, 125.7,
125.5,124.0,122.8,118.0, 114.9, 112.5, 108.4, 84.4, 52.3, 48 .4, 44.3, 28.1; HRMS (ESI+)
caled for C24H240sN2Cl1 (M+H)*: 455.1368, found: m/z 455.1372; Enantiomeric excess
was determined by HPLC with a Chiralpak IC-3 column (hexane:2-propanol = 92:8, 1.0
mL/min, 254 nm); minor enantiomer Rt = 19.2 min, major enantiomer Rt = 26.2 min;
[a]p!”=+5.7 (¢ = 1.0, CHCI3, 75:25 dr, 79% ee) Only two isomers were observed due to
epimerization during HPLC analysis; IR (neat) 3459, 3261, 2970, 1775, 1046, 1143 cm™
1

tert-butyl (S)-3-((S)-2-methoxy-1-(1-methyl- 1 H-indol-3-yl)-2-oxoethyl)-2-oxoindoline- 1 -
carboxylate (3fa).

Me According to the general procedure, the title compound was
N
Q | obtained by silica-gel column chromatography (AcOEt/Hexane =
COzMe

1/4 to 1/1) as a brown solid (19.5 mg, 30% yield, 68:32 dr, 42%

H
O y O ee); 'HNMR (400 MHz, CDCI3): major § 7.67 (d, J = 8.1 Hz, 1H),
Boc 3fa
68:32 dr

7.59 (d, J = 8.1 Hz, 1H), 7.05-7.28 (m, 4H), 6.93-6.99 (m, 2H),
6.80 (s, 1H), 4.56 (d, J = 6.4 Hz, 1H), 4.43 (d, J = 6.4 Hz, 1H),
3.76 (s, 3H), 3.67 (s, 3H), 1.55 (s, 9H), minor & 7.79 (d, J = 8.3 Hz, 1H), 7.61 (d, J = 8.1
Hz, 1H), 7.34 (d, J = 8.1 Hz, 1H), 7.05-7.28 (m, 4H), 6.93-6.99 (m, 1H), 6.84 (d,J =7.4
Hz, 1H), 498 (d, J/ = 3.9 Hz, 1H), 4.14 (d, / = 3.9 Hz, 1H), 3.82 (s, 3H), 3.58 (s, 3H),
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1.65 (s, 9H); *C{'H} NMR (100 MHz, CDCl3): major § 174.4, 173.0, 149.0, 140.6, 136.5,
128.6, 128.4, 127.2, 125.5, 125.2, 123.9, 121.8, 119.5, 119.4, 114.6, 109.5, 107.3, 84.1,
52.5,48.3,44.8,32.8, 28.0, minor 6 174.6, 171.5, 149.3, 140.6, 136.8, 128.3, 128.2, 126.9,
125.7,124.1, 123.8, 122.1, 119.5, 118.5, 114.7, 109.5, 108.4, 84.1, 52.1, 48.7, 44.2, 32.9,
28.0; HRMS (ESI+) caled for C2sH2705N2 (M+H)*: 435.1914, found: m/z 435.1916;
Enantiomeric excess was determined by HPLC with a Chiralpak IC-3 column (hexane:2-
propanol = 80:20, 1.0 mL/min, 254 nm); minor enantiomer Rt = 31.4 min, major
enantiomer Rt = 38.6 min, Only two isomers were observed due to epimerization during
HPLC analysis; [a]p!” = +8.1 (¢ = 1.0, CHCIs, 68:32 dr, 42% ee); IR (neat) 3258, 2970,

1772, 1144, 750 cm™".

tert-butyl (S)-3-((S)-2-methoxy-1-(2-methyl- 1 H-indol-3-yl)-2-oxoethyl)-2-oxoindoline- I -
carboxylate (3ga).
“ Me According to the general procedure, the title compound was
Q / CO,Me obtained by silica-gel column chromatography (AcOEt/Hexane =
H 1/4 to 1/2) as a brown solid (57.9 mg, 89% yield, 78:22 dr, major
O goc C;ga diastereomer: 84% ee. minor diastereomer: 88% ee).'"H NMR (400
78:22 dr MHz, DMSO-ds): major 6 11.0 (s, 1H), 7.62 (d, J = 8.4 Hz, 1H),
7.55(d,J =17.7Hz, 1H), 7.26 (d, J = 8.2 Hz, 1H), 7.16-7.21 (m, 1H), 6.97-7.01 (m, 1H),
6.86-6.93 (m, 1H), 6.82 (t,J = 7.7 Hz, 1H), 6.27 (d, J = 7.7 Hz, 1H), 4.62 (d, J = 9.0 Hz,
1H), 4.31 (d, J = 9.0 Hz, 1H), 3.62 (s, 3H), 2.12 (s, 3H), 1.53 (s, 9H), minor 6 11.0 (s,
1H), 7.64 (d, J = 8.8 Hz, 1H), 7.26 (d, J = 8.2 Hz, 1H), 7.16-7.21 (m, 3H), 6.97-7.01 (m,
1H), 6.86-6.93 (m, 1H), 6.76 (d, J = 7.7 Hz, 1H), 4.74 (d, J = 5.4 Hz, 1H), 4.25 (d, J =
5.4 Hz, 1 H), 3.58 (s, 3H), 2.18 (s, 3H), 1.52 (s, 9H); *C{'H} NMR (100 MHz, DMSO-

de): major 0 174.3, 172.4, 148.8, 140.2, 135.2, 134.9, 128.1, 127.2, 126.1, 124.8, 123.6,
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120.6, 119.2, 118.9, 114.2, 110.9, 104.2, 83.6, 52.0, 46.3, 44.3, 27.8, 11.7, minor o 174.1,
172.4, 148.9, 140.5, 135.1, 134.1, 127.9, 127.4, 126.8, 124,5, 123.6, 120.5, 118.8, 118.4,
114.2, 110.8, 104.4, 83.5, 52.1, 47.6, 43.7, 27.8, 12.0; HRMS (ESI+) calcd for
C2sH260sN2Na (M+Na)*: 457.1734, found: m/z 457.1732; Enantiomeric excess was
determined by HPLC with a Chiralpak IB N-3 column (hexane:2-propanol = 90:10, 1.0
mL/min, 254 nm); minor enantiomer Rt = 13.9, 17.8 min, major enantiomer Rt= 16.3,
19.7 min; [a]p** = +175.5 (¢ = 0.075, CHCI3/MeOH( = 1/1), 78:22 dr, 85% ee); IR (neat)

3359, 1772, 1736, 1151, 1120 cm™".

tert-butyl (S)-3-((S)-2-methoxy- 1-(4-methyl- 1 H-indol-3-yl)-2-oxoethyl)-2-oxoindoline- I -

carboxylate (3ha).
H According to the general procedure, the title compound was
N | obtained by silica-gel column chromatography (AcOEt/Hexane =
Me coMe 1/4 to 1/2) as a brown solid (44.9 mg, 69% yield, 68:32 dr, 93%

H

O N 0 ee); 'H NMR (400 MHz, CDCl3): major § 8.07 (s, 1H), 7.68 (d,
Boc 3ha

68:32 dr J = 8.2 Hz, 1H), 7.46-7.49 (m, 1H), 7.16-7.23 (m, 1H), 6.93-7.09

(m, 4H), 6.88 (d, J = 2.5 Hz, 1H), 4.58 (d, J = 6.2 Hz, 1H), 4.44

(d, J = 6.2 Hz, 1H), 3.75 (s, 3H), 2.42 (s, 3H), 1.54 (s, 9H), minor 8 8.23 (s, 1H), 7.79

(d, J = 8.2 Hz, 1H), 7.46-7.49 (m, 1H), 7.30 (d, J = 2.5 Hz, 1H), 6.93-7.09 (m, 4H), 6.82

(d,J=7.5Hz, 1H),4.98 (d,J = 4.1 Hz, 1H), 4.16 (d, J = 4.1 Hz, 1H), 3.57 (s, 3H), 2.50

(s, 3H), 1.65 (s, 9H); *C{'H} NMR (100 MHz, CDCI3): major § 174.4, 172.9, 149.0,

140.6, 135.3, 128.4, 126.2, 125.5, 125.3, 123.9, 123.7, 122.8, 120.2, 120.2, 117.0, 114.7,

109.5, 84.2,52.5, 48.2,44.9, 28.0, 16.5, minor 6 174.7, 171.5, 149.3, 140.6, 135.5, 128.3,

126.0, 125.7, 124.2, 123.8. 123.5, 123.1, 120.6, 120.3, 116.1, 114.8, 109.5, 84.2, 52.1,

48.5, 44.3, 28.1, 16.6; HRMS (ESI+) calcd for CasH260sN2Na (M+Na)™: 457.1734,
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found: m/z 457.1725; Enantiomeric excess was determined by HPLC with a Chiralpak
IC-3 column (hexane:2-propanol = 90:10, 1.0 mL/min, 254 nm); minor enantiomer Rt=
26.2 min, major enantiomer Rt= 35.8 min, Only two isomers were observed due to
epimerization during HPLC analysis; [a]p**= +39.7 (c= 1.1, CHCI3, 68:32 dr, 93% ee);

IR (neat) 3022, 1788, 1728, 1215, 1153 cm™.

tert-butyl (S)-3-((S)-1-(1H-indol-3-yl)-2-methoxy-2-oxoethyl)-5-methyl-2-oxoindoline- I -

carboxylate (3ab).

H . .
N According to the general procedure, the title compound was

Q / CO,Me obtained by silica-gel column chromatography (AcOEt/Hexane
Me O HO = 1/4t0 1/2) as a brown solid (56.6 mg, 87% yield, 76:24 dr,
goc 3ap  S4% ee); '"H NMR (400 MHz, CDCI3): major & 8.33 (s, 1H), 7.60

76:24 dr (d,J = 8.2 Hz, 1H), 7.54 (d, J = 8.3 Hz, 1H), 7.30-7.32 (m, 1H),
7.01-7.24 (m, 3H), 6.89 (d, J = 2.5 Hz, 1H), 6.85 (s, 1H), 4.64 (d, J = 5.7 Hz, 1H), 4.36
(d, J =5.7Hz, 1H), 3.76 (s, 3H), 2.20 (s, 3H), 1.54 (s, 9H), minor J 8.46 (s, 1H), 7.66
(d,J=8.3Hz, 1H), 7.62 (d, J = 8.4 Hz, 1H), 7.41 (d, J = 8.1 Hz, 1H), 7.30-7.32 (m, 1H),
7.01-7.24 (m, 3H), 6.66 (s, 1H), 4.96 (d, J = 4.2 Hz, 1H), 4.14 (d, J = 4.2 Hz, 1H), 3.58
(s, 3H), 2.18 (s, 3H), 1.65 (s, 9H); *C{'H} NMR (100 MHz, CDCl3): major § 174.7,
173.0, 149.0, 138.1, 135.6, 133.5, 128.8, 126.7, 125.8, 125.4, 124.0,122.1, 119.7, 119.0,
114.4, 111.1, 108.8, 84.1, 52.5, 48.4, 44.7, 28.0, 21.0, minor & 174.9, 171.5, 149.3,
138.1, 135.9, 133.3, 128.7, 126.4, 125.6, 124.9, 123.7, 122.4, 119.9, 118.5, 114.5, 111.5,
110.0, 84.1, 52.1, 48.7, 44.2, 28.1, 21.0; HRMS (ESI+) caled for C2sH2705N2 (M+H)*:
435.1914, found: m/z 435.1914; Enantiomeric excess was determined by HPLC with a
Chiralpak IC-3 column (hexane:2-propanol= 90:10, 1.0 mL/min, 254 nm); minor

enantiomer Rt = 39.2 min, major enantiomer Rt = 43.3 min, Only two isomers were
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observed due to epimerization during HPLC analysis; [a]p! = +6.2 (¢ = 1.0, 76:24 dr,

CHCls, 84% ee); IR (neat) 3351, 1783, 1732, 1155, 758 cm’.

tert-butyl (S)-3-((S)-1-(1H-indol-3-yl)-2-methoxy-2-oxoethyl)-5-bromo-2-oxoindoline- I -
carboxylate (3ac).
“ According to the general procedure, the title compound was
Q / CO,Me obtained by silica-gel column chromatography (AcOEt/Hexane
Br H =1/4to 1/2) as a brown solid (74.3 mg, 99% yield, 68:32 dr, 84%
O Eloc O3ac ee); 'H NMR (400 MHz, CDCl3): major & 8.11 (s, 1H), 7.58 (d,
68:32 dr J = 8.1 Hz, 1H), 7.54 (d, J = 8.8 Hz, 1H), 7.23-7.37 (m, 3H),
7.15-7.20 (m, 1H), 7.08-7.12 (m, 1H), 6.88 (d, J = 2.5 Hz, 1H), 4.66 (d, J/ = 5.4 Hz, 1H),
4.38 (d, J = 5.4 Hz, 1H), 3.78 (s, 3H), 1.53 (s, 9H), minor é 8.31 (s, 1H), 7.71 (d, J = 8.5
Hz, 1H), 7.62 (d, J = 7.2 Hz, 1H), 7.45 (d, J = 8.3 Hz, 1H), 7.23-7.37 (m, 3H), 7.15-7.20
(m, 1H), 6.80 (dd, J = 1.9, 1.2 Hz, 1H), 5.02 (d, J = 4.2 Hz, 1H), 4.08 (d, J = 4.2 Hz, 1H),
3.62 (s, 3H), 1.64 (s, 9H); C{'H} NMR (100 MHz, CDCl3): major § 173.8, 172.8,
148.7, 139.6, 135.6, 131.3, 128.5, 127.6, 126.4, 124.0, 122.3, 120.0, 118.9, 117.0, 116.2,
111.3,108.3, 84.7,52.6,48.2,44.8,27.9, minor 6 173.9, 171.4, 149.0, 139.7, 136.0, 131.1,
127.9, 127.3, 126.1, 123.8, 122.7, 120.2, 118.2, 116.8, 116.3, 111.7, 109.5, 84.7, 52.3,
48.1,44.2,28.1; HRMS (ESI+) calcd for C24H230sN2BrNa (M+Na)*: 521.0683, 523.0662,
found: m/z 521.0672, 523.0650; Enantiomeric excess was determined by HPLC with a
Chiralpak IC-3 column (hexane:2-propanol = 95:5, 1.0 mL/min, 254 nm); minor
enantiomer Rt = 45.3 min, major enantiomer Rt = 55.2 min, Only two isomers were
observed due to epimerization during HPLC analysis; [a]p'® = +0.1 (¢ = 1.0, 68:32 dr,

CHCls, 84% ee); IR (neat) 3352, 1783, 1731, 1149, 749 cm™..
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tert-butyl (S)-3-((S)-1-(1H-indol-3-yl)-2-methoxy-2-oxoethyl)-5- chloro-2-oxoindoline-
1-carboxylate (3ad).

“ According to the general procedure, the title compound was

Q / CO,Me obtained by silica-gel column chromatography (AcOEt/Hexane
c O HO = 1/4 to 1/2) as a brown solid (47.0 mg, 69% yield, 72:28 dr, 67%
E‘oc 3ad ee); 'H NMR (400 MHz, CDCI3): major & 8.15 (s, 1H), 7.58-7.63

72:28 dr (m, 2H), 7.07-7.32 (m, 5H), 6.88 (d, J = 2.7 Hz, 1H), , 4.66 (d, J
=5.5Hz, 1H),4.38 (d,J = 5.5Hz, 1H), 3.77 (s, 3H), 1.52 (s, 9H), minor  8.35 (s, 1H),
7.76 (d, J = 8.8 Hz, 1H), 7.58-7.63 (m, 1H), 7.44 (d, J = 8.3 Hz, 1H), 7.07-7.32 (m, 4H),
6.66 (dd, J = 2.1, 1.0 Hz, 1H), 5.02 (d, J/ = 4.2 Hz, 1H), 4.09 (d, J = 4.2 Hz, 1H), 3.61 (s,
3H), 1.64 (s, 9H); 1*C{'H} NMR (100 MHz, CDCl3): major & 173.8,172.8,148.7,139.1,
135.6,129.4,128.4,127.2,126.4,125.7,123.8,122.4,120.1, 119.1, 115.8, 111.2,108.5,
84.6,52.6,48.3,44.7,27.9, minor 6 174.0, 171.3, 148.7, 139.6, 136.0, 129.1, 128.2, 127.5,
124.7,124.4,123.7, 122.8, 120.2, 118.2, 115.9, 111.6, 109.7, 84.6, 52.3, 48.1, 44.1, 28.1;
HRMS (ESI+) caled for C24H240sN2Cl (M+H)*: 455.1368, found: m/z 455.1370;
Enantiomeric excess was determined by HPLC with a Chiralpak IC-3 column (hexane:2-
propanol = 85:15, 1.0 mL/min, 254 nm); minor enantiomer Rt = 11.9 min, major
enantiomer Rt = 13.2 min, Only two isomers were observed due to epimerization during
HPLC analysis; [a]p'”= +1.7 (¢ = 1.0, CHCI3, 72:28 dr, 67% ee); IR (neat) 3354, 1783,

1731, 1150, 754 cm™.
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tert-butyl (S)-3-((S)-1-(1H-indol-3-yl)-2-methoxy-2-oxoethyl)-6-bromo-2-oxoindoline- I -

carboxylate (3ae).

H . .
N According to the general procedure, the title compound was

Q : CO,Me obtained by silica-gel column chromatography (AcOEt/Hexane =
O Ho 1/4 to 1/2) as a brown solid (72.8 mg, 97% yield, 75:25 dr, 90%

Br B‘oc 32 O '"H NMR (400 MHz, CDCI3): major & 8.19 (s, 1H), 7.90 (d, J
75:25 dr = 1.8 Hz, 1H), 7.61 (d, J = 8.2 Hz, 1H), 7.32 (d, J = 7.9 Hz, 1H),
7.13-7.19 (m, 1H), 7.06-7.11 (m, 2H), 6.83-6.86 (m, 2H), , 4.59 (d, J = 6.1 Hz, 1H), 4.37
(d, J = 6.1 Hz, 1H), 3.76 (s, 3H), 1.53 (s, 9H), minor 6 8.35 (s, 1H), 8.03 (d, J = 1.8 Hz,
1H), 7.61 (d, J = 8.2 Hz, 1H), 7.43 (d, J = 8.2 Hz, 1H), 7.23-7.26 (m, 2H), 7.13-7.19 (m,
1H), 7.06-7.11 (m, 1H), 6.57 (dd, J = 8.0, 1.0 Hz, 1H), 4.99 (d, J = 4.2 Hz, 1H), 4.06 (d,
J = 4.2 Hz, 1H), 3.60 (s, 3H), 1.65 (s, 9H); *C{'H} NMR (100 MHz, CDCI3): major &
173.9, 172.8, 148.7, 141.6, 135.6, 126.9, 126.6, 126.5, 124.3, 123.9, 122.4, 122.1, 120.1,
119.1, 118.2, 111.3, 108.6, 84.8, 52.6, 48.0, 44.7, 27.9, minor & 174.1, 171.4, 149.0,
141.7, 136.0, 126.7, 126.2, 125.4, 124.6, 123.7, 122.8, 122.0, 120.2, 118.3, 118.3, 111.6,
109.8, 84.8, 52.3, 48.1, 44.1, 28.1; HRMS (ESI+) calcd for C24H2305N2BrNa (M+Na)*:
521.0683, 523.0662, found: m/z 521.0672, 523.0654; Enantiomeric excess was
determined by HPLC with a Chiralpak IC-3 column (hexane:2-propanol = 90:10, 1.0
mL/min, 254 nm); minor enantiomer Rt = 17.7 min, major enantiomer Rt = 23.7 min,

Only two isomers were observed due to epimerization during HPLC analysis; [a]p®® =

+20.0 (¢ = 1.0, CHCIs, 75:25 dr, 90% ee); IR (neat) 3359, 1788, 1732, 1250, 1215 cm™.
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tert-butyl (S)-3-((S)-1-(1H-indol-3-yl)-2-methoxy-2-oxoethyl)-5-nitro-2-oxoindoline- I -

carboxylate (3af).

H According to the general procedure, the title compound was

Q / CO,Me obtained by silica-gel column chromatography (AcOEt/Hexane
O2N O Ho = 1/4 to 1/2) as a brown solid (45.3 mg, 65% yield, 68:32 dr,
Eloc 3af major diastereomer: 59% ee. minor diastereomer: 65% ee). 'H

68:32 dr NMR (400 MHz, CDCI3): major & 8.33 (s, 1H), 8.11 (dd, J =
9.1,2.5 Hz, 1H), 7.93 (d, J = 1.4 Hz, 1H), 7.80 (d, J = 9.1 Hz, 1H), 7.55 (d, J = 7.9 Hz,
1H), 7.25-7.32 (m, 1H), 7.04-7.19 (m, 2H), 6.92 (d, J = 2.5 Hz, 1H), 4.68 (d, J = 5.6 Hz,
1H), 4.46 (d, J = 5.6 Hz, 1H), 3.79 (s, 3H), 1.56 (s, 9H), minor & 8.57 (s, 1H), 8.17 (dd,
J =9.1,2.5Hz, 1H), 798 (d, J = 9.1 Hz, 1H), 7.61 (d, J = 7.9 Hz, 1H), 7.44-7.47 (m,
2H), 7.25-7.32 (m, 1H), 7.04-7.19 (m, 2H), 5.11 (d, J/ = 4.3 Hz, 1H), 4.12 (d, J = 4.3 Hz,
1H), 3.63 (s, 3H), 1.66 (s, 9H);'>*C{'H} NMR (100 MHz, CDCl3): major & 173.6, 172.6,
148.4, 145.8, 144.0, 135.7, 126.7, 126.0, 124.7, 124.0, 122.6, 121.2, 120.2, 118.8, 114.7,
111.4,108.1,85.5,52.8,48.0,44.8,27.9, minor 6 173.7, 171.4, 148.7, 146.1, 143.8, 136.1,
127.0, 125.8, 124.6, 123.7, 123.0, 120.4, 120.0, 117.9, 114.7, 111.9, 109.1, 85.5, 52.5,
47.6, 44.2, 28.0; HRMS (ESI+) calcd for C24H2307N3Na (M+Na)*: 488.1428, found: m/z
488.1428; Enantiomeric excess was determined by HPLC with a Chiralpak IB N-3
column (hexane:2-propanol = 80:20, 1.0 mL/min, 254 nm); minor enantiomer Rt = 27.8,

38.0 min, major enantiomer Rt = 34.5, 44.5 min; [a]p*®= +1.7 (c = 1.1, CHCl3, 68:32 dr,

61% ee); IR (neat) 3022, 1798, 1727, 1215, 1145 cm™.
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Preparation of compounds 4-9
tert-butyl (S)-3-((R)-1-(1H-indol-3-yl)-2-methoxy-2-oxoethyl)-6-bromo-3-methyl-2-

oxoindoline-1-carboxylate (4).

H 3ae (100 mg, 0.200 mmol) was dissolved in DMF (2 mL).

Q I CO,Me K2COs3 (33.0 mg, 0.239 mmol) was added followed by Mel (15
Me pL, 0.24 mmol) at rt. After being stirred for 2h at rt, the reaction

Br O Eloc © mixture was quenched by adding water, and extracted with
4 AcOEt. The combined organic extracts were dried over Na2SO4

and concentrated. The residue was purified by silica-gel column chromatography
(AcOEt/Hexane = 1/6 to 1/3) to afford 4 (64.0 mg, 62%, 90% ee, >99:1 dr). 'H NMR
(400 MHz, CDCI3): 6 8.05-8.08 (m, 1H), 7.87 (d, J = 1.9 Hz, 1H), 7.61 (d, J = 8.1 Hz,
1H), 7.58 (d, J = 7.5 Hz, 1H), 7.33 (dd, J = 8.1, 1.9 Hz, 1H), 7.23-7.27 (m, 1H), 7.08-
7.16 (m, 2H), 6.71-6.71 (m, 1H), 4.59 (s, 1H), 3.65 (s, 3H), 1.56 (s, 3H), 1.39 (s, 9H);
BC{'H} NMR (100 MHz, CDCl3) :5 177.1, 172.3, 148.6, 140.8, 135.1, 130.0, 127.0,
126.9,126.3, 124.3,122.0, 122.0, 119.8, 118.4, 118.0, 111.1, 107.2, 84.4, 52.1, 51.0, 49 4,
27.7, 21.9; HRMS (ESI+) caled for C2sH2s0OsN2BrNa (M+Na)*: 535.0839, 537.0819,
found: m/z 535.0826, 537.0806; Enantiomeric excess was determined by HPLC with a
Chiralpak AD-H column (hexane:2-propanol = 97:3, 1.0 mL/min, 254 nm); minor
enantiomer Rt=32.4 min, major enantiomer Rt=28.0 min; [a]p?**=-10.0 (¢ = 1.0, CHCls,

90% ee); IR (neat) 3361, 1790, 1765, 1731, 1215 cm".
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tert-butyl (S)-3-((R)-1-(1H-indol-3-yl)-2-methoxy-2-oxoethyl)-6-bromo-3-(2-(tert-

butoxy)-2-oxoethyl)-2-oxoindoline- 1-carboxylate (5).

H To a solution of 3ae (3.23 g, 6.47 mmol) in dioxane (65 mL),
O I 18-crown-6 (513 mg, 1.94 mmol) and K2CO3 (1.07 g, 7.74
COo,Me
CO,tBu mmol) were added followed by BrCH2COOzBu (1.14 mL,
Br O Eoc © 7.77 mmol) at rt. After being stirred for 2h at rt, the reaction
5 mixture was quenched by adding water, and the mixture was
extracted with AcOEt. The combined organic extracts were dried over NaxSO4 and
concentrated. The residue was purified by silica-gel chromatography (AcOEt/Hexane =
1/6 to 1/4) to afford 5 (2.94 g, 74%, 89% ee, >99:1 dr). 'H NMR (400 MHz, CDCl3): §
8.02 (s, 1H), 7.89 (d, J = 1.8 Hz, 1H), 7.49 (d, J = 8.0 Hz, 2H), 7.30 (dd, J = 8.0, 1.8 Hz,
1H), 7.25-7.26 (m, 1H), 7.07-7.15 (m, 2H), 6.63 (d, J = 2.5 Hz, 1H), 4.48 (s, 1H), 3.66
(s, 3H), 3.28 (d, J = 16.1 Hz, 1H), 3.03 (d, J = 16.1 Hz, 1H), 1.33 (s, 9H), 1.09 (s, 9H);
BC{'H} NMR (100 MHz, CDCls): § 175.6, 171.7, 168.0, 148.5, 142.3, 135.0, 127.1,
126.7, 126.6, 126.4, 124.3, 122.3, 122.2, 120.0, 118.5, 117.8, 111.0, 106.3, 83.9, 81.8,
52.9, 52.3, 48.9, 40.8, 27.7, 27.4; HRMS (ESI+) calcd for C30H3307N2BrNa (M+Na)*:
635.1363, 637.1343, found: m/z 635.1347, 637.1328; Enantiomeric excess was
determined by HPLC with a Chiralpak IC-3 column (hexane:2-propanol = 95:5, 1.0

mL/min, 254 nm); minor enantiomer Rt = 14.8 min, major enantiomer Rt = 29.1 min;

[a]p®=-36.5 (c= 1.4, CHCl3, 89% ee); IR (neat) 3020, 1794, 1769, 1728, 1216 cm™.
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tert-butyl 3-((R)-1-((S)-6-bromo-3-(2-(tert-butoxy)-2-oxoethyl)-1-(tert-butoxycarbonyl )-

2-oxoindolin-3-yl)-2-methoxy-2-oxoethyl)- 1 H-indole- 1-carboxylate (10).

Boc 5 (2.94 g, 4.79 mmol) was dissolved in CH2Cl2 (30 mL).
N
Q | DMAP (59 mg, 0.48 mmol) was added followed by Boc20
CO,Me
COtBu (1.26 g, 5.77 mmol) at rt. After being stirred for 1h at rt, water
Br O N © was added, and the mixture was extracted with AcOEt. The
Boc
10 combined organic extracts were dried over NaxSOs and

concentrated. The residue was purified by silica-gel column
chromatography (AcOEt/Hexane = 1/8 to 1/4) to afford 10 (2.96 g, 87%). 'H NMR (400
MHz, CDCI3): 6 8.07 (d, J = 8.2 Hz, 1H), 7.88 (d, J = 1.7 Hz, 1H), 7.53 (d, J = 8.2 Hz,
1H), 7.38 (d, J = 7.7 Hz, 1H), 7.32 (dd, J = 8.2, 1.7 Hz, 1H), 7.23-7.27 (m, 1H), 7.15-
7.19 (m, 1H), 6.87 (s, 1H), 4.38 (s, 1H), 3.69 (s, 3H), 3.27 (d, J = 16.1 Hz, 1H), 3.09 (d,
J = 16.1 Hz, 1H), 1.59 (s, 9H), 1.34 (s, 9H), 1.10 (s, 9H); *C{'H} NMR (100 MHz,
CDCl3): 0175.3, 171.1, 167.9, 149.0, 148.3, 142.3, 134.5, 129.1, 126.7, 126.6, 125.6,
124.6, 122.7, 122.5, 118.6, 117.8, 114.9, 111.0, 84.1, 83.8, 81.9, 52.7, 52.5, 48.2, 40.5,
28.0,27.7,27.4; HRMS (ESI+) calcd for C3sH4109N2BrNa (M+Na)*: 735.1888, 737.1867,
found: m/z 735.1868, 737.1850; [a]p* = +2.7 (¢ = 1.3, CHCl3); IR (neat) 3020, 1795,

1770, 1732, 1215 cm™.
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tert-butyl (S)-3-((R)-1-(1H-indol-3-yl)-2-methoxy-2-oxoethyl)-3-allyl-6-bromo-2-
oxoindoline-1-carboxylate (6).

“ To a solution of 3ae (576 mg, 1.15 mmol) in DMF (11.5 mL),

O / co,Me K2CO3(239 mg, 1.73mmol) was added followed by AllylBr (146

o)

O = pL, 1.73 mmol) at rt. After being stirred for 2 h at rt, water was
Br Eloc added, and the mixture was extracted with AcOEt. The combined

6 organic extracts were dried over Na2SO4 and concentrated. The
residue was purified by silica-gel column chromatography (AcOEt/Hexane = 1/6 to 1/3)
to afford 6 (524 mg, 93%, 87% ee, >99:1 dr). '"H NMR (400 MHz, CDCl3): § 8.06 (s, 1H),
7.86 (d,J = 1.8 Hz, 1H), 7.64 (d, J = 8.1 Hz, 1H), 7.59 (d, J = 7.5 Hz, 1H), 7.35 (dd, J =
8.1, 1.8 Hz, 1H), 7.26-7.28 (m, 1H), 7.08-7.16 (m, 2H), 6.73 (d, J = 2.5 Hz, 1H), 5.28-
5.38 (m, 1H), 4.97 (dd, J = 17.0, 1.9 Hz, 1H), 4.90 (dd, J = 10.1, 1.9 Hz, 1H), 4.62 (s,
1H), 3.63 (s, 3H), 2.86 (dd, J = 13.4, 7.8 Hz, 1H), 2.73 (dd, J = 13.4, 6.8 Hz, 1H), 1.37
(s, 9H); PC{'H} NMR (100 MHz, CDCl3): & 175.7, 172.2, 148.5, 141.6, 135.1, 131.3,
127.5,126.9, 126.7,124.4,122.1,119.9, 118.5, 118.0, 111.0, 107.1, 84.3, 55.6, 52.2, 48.8,
39.8, 27.7; HRMS (ESI+) calcd for C27H2705N2BrNa (M+Na)*™: 561.0996, 563.0975,
found: m/z 561.0979, 563.0958; Enantiomeric excess was determined by HPLC with a
Chiralpak AD-H column (hexane:2-propanol = 95:5, 1.0 mL/min, 254 nm); minor
enantiomer Rt = 17.2 min, major enantiomer Rt = 22.6 min; [o]p*®=-7.0 (¢ = 1.6, CHCl3,

87% ee); IR (neat) 3019, 1790, 1765, 1731, 1215 cm™.
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tert-butyl (R)-3-((S)-1-(1H-indol-3-yl)-2-methoxy-2-oxoethyl)-3-chloro-2-oxoindoline- I -
carboxylate (7).
H 3aa (42.0 mg, 0.100 mmol) was dissolved in MeCN (1 mL). NCS
Q / co,Me (16.0 mg, 0.120 mmol) was added followed by NaHCO3 (10.1 mg,
O CIO 0.120 mmol). After being stirred for 2 h at rt, water was added, and
N

Boc the mixture was extracted with CH2Cl.. The combined organic

7 extracts were dried over Na2SO4 and concentrated. The residue

was purified by silica-gel column chromatography (AcOEt/Hexane = 1/4) to afford 7
(28.7 mg, 63%, 93% ee, dr>99:1). '"H NMR (400 MHz, CDCl3): § 8.17 (dd, J = 7.6, 1.1
Hz, 1H), 8.12 (s, 1H), 7.63 (d, J = 7.6 Hz, 2H), 7.08-7.35 (m, 5H), 6.69 (d, J = 2.7 Hz,
1H), 5.07 (s, 1H), 3.73 (s, 3H), 1.38 (s, 9H); 3C{'H} NMR (100 MHz, CDCl3): § 171.0,
171.0, 148.2, 139.7, 135.0, 130.5, 127.3, 126.4, 126.3, 125.1, 124.7, 122.4, 120.2, 118.7,
114.7,110.9, 105.9, 84.6, 64.9, 52.4, 50.6, 27.7; HRMS (ESI+) calcd for C24H2305N2 (M-
CI)*: 419.1612, found: m/z 419.1603; Enantiomeric excess was determined by HPLC
with a Chiralpak AS-H column (hexane:2-propanol = 95:5, 1.0 mL/min, 254 nm); major
enantiomer Rt= 11.6 min, minor enantiomer Rt = 13.8 min; [a]p?°= +1.8 (¢ = 1.0, CHCl3,

93% ee); IR (neat) 3362, 1793, 1739, 1196, 758 cm™.

tert-butyl  3-((R)-1-((S)-3-allyl-6-bromo- I -(tert-butoxycarbonyl)-2-oxoindolin-3-yl)-2-
methoxy-2-oxoethyl)-1H-indole- 1-carboxylate (Int-8).
poc 6 (347 mg, 0.643 mmol) was dissolved in THF (3.5 mL). DMAP
Q / co,Me (7.9 mg, 0.064 mmol) was added followed by Boc20 (168 mg,
O O/ 0.770 mmol) at rt. After being stirred for 12h at rt, water was
Br N

Boc added, and the resulting mixture was extracted with AcOEt. The

Int-8 combined organic extracts were dried over NaxSOs4 and
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concentrated. The residue was purified by silica-gel column chromatography
(AcOEt/Hexane = 1/4) to afford Int-8 (373 mg, 84%). 'H NMR (400 MHz, CDCI3) &
8.07(d,J =79 Hz, 1H), 7.87 (d, J = 1.8 Hz, 1H), 7.70 (d, J/ = 8.2 Hz, 1H), 7.50 (d, J =
7.9 Hz, 1H), 7.38 (dd, J = 8.2, 1.8 Hz, 1H), 7.18-7.28 (m, 2H), 6.93 (s, 1H), 5.31-5.41
(m, 1H), 5.01 (dd, J = 17.0, 1.7 Hz, 1H), 4.93 (dd, J = 10.2, 1.7 Hz, 1H), 4.54 (s, 1H),
3.68 (s, 3H), 2.88 (dd, J = 13.5, 7.8 Hz, 1H), 2.78 (dd, J = 13.5, 6.8 Hz, 1H), 1.59 (s, 9H),
1.37 (s, 9H); “C{'H} NMR (100 MHz, CDCl3): §; 175.4, 171.5, 149.1, 148.3, 141.7,
134.6, 131.1, 129.3, 127.0, 126.9, 125.5, 124.5, 122.7, 122.4, 120.1, 118.7, 117.9, 114.9,
111.9, 84.4, 83.8, 55.5, 524, 47.9, 39.6, 28.0, 27.7. HRMS (ESI+) calcd for
C32H3507N2BrNa (M+Na)*: 661.1520, 663.1499, found: m/z 661.1500, 663.1478; [a]p*®

= +27.4 (¢ = 0.93, CHCI:3); IR (neat) 2982, 1794, 1767, 1735, 1600, 1214 cm™.

(R)-2-((S)-3-allyl-6-bromo-2-oxoindolin-3-yl)-2-( 1-(tert-butoxycarbonyl)- 1 H-indol-3-
vl)acetic acid (8).
E’IOC Int-8 (373 mg, 0.583 mmol) was dissolved in DCE (11.6 mL).
Q / cooH MesSnOH (1.05 g, 5.81mmol) was added at rt. The reaction
O O/ mixture was stirred under refluxing conditions (100 °C) for 24 h.
N

Br The resulting insolubles were filtered off and washed with IPA.

H

8 The filtrate was concentrated under reduced pressure. The residue

was purified by silica-gel column chromatography (AcOEt/Hexane = 1/4 to 2/1) to afford
8 (253 mg, 84%). '"H NMR (400 MHz, CDCl3): § 8.53 (s, 1H), 8.03 (d, J = 7.9 Hz, 1H),
7.63 (d,J = 8.2 Hz, 1H), 7.56 (d, J = 7.5 Hz, 1H), 7.13-7.26 (m, 3H), 6.88 (d, J/ = 1.6 Hz,
2H), 5.23-5.33 (m, 1H), 4.96 (d, J = 17.0 Hz, 1H), 4.86 (d, J/ = 10.0 Hz, 1H), 4.53 (s, 1H),
2.78-2.82 (m, 2H), 1.55 (s, 9H); *C{'H} NMR (100 MHz, CDCl3): § 179.6, 175.1, 149.2,

142.8, 134.5, 131.0, 129.7, 128.5, 127.5, 125.5, 125.4, 124.6, 122.8, 122.2, 119.9, 118.6,
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1149, 113.1, 112.0, 83.9, 55.2, 469, 39.5, 28.0; HRMS (ESI+) calcd for
C26H2505N2BrNa (M+Na)*: 547.0839, 549.0819, found: m/z 547.0825, 549.0804; [a]p*

= +1.5(c= 1.3, CHCL); IR (neat) 3019, 1715, 1611,1215 cm"".

tert-butyl 3-((2'S,3S,5'R)-6-bromo-2"-(iodomethyl)-2,6'-dioxo-2",3",5",6 -

tetrahydrospiro[indoline-3,4'-pyran]-5"-yl)-1H-indole- 1-carboxylate (9).

O 5 17 (4.3 mg, 4.6 pmol) and Zn(OAc)2 " @
N

2.5 mg, 14 pmol dded t SN

BocN_ _~ O' /I ( mg umol) were added to a OO o

O o I two-necked round flask containing a OO OH

Br N . /NYL
H stir bar under Ar. CH2Cl> (1.0 mL)

N
Ph

9 was added to the flask and the mixture 17
was stirred for 30 min. The resulting yellow solution was cooled at -78 °C, and 8 (24.0
mg, 46.0 umol) in toluene (3 mL) was added and the obtained mixture was stirred for 30
min at the same temperature. Then, NIS (12.3 mg, 54.7 umol) and I (1.2 mg, 4.7 umol)
were added at -78 °C. After being stirred at rt for 15 h, the reaction mixture was quenched
by 10% (w/v) Na2S203 aq. and sat. NaHCOs. The resulting mixture was extracted with
AcOEt and the collected organic layer was dried over NaxSOs. After removal of the
solvent under reduced pressure, the resulting crude mixture was purified by silica-gel
column chromatography (AcOEt/Hexane = 1/4 to 1/1) to afford 9 (19.0 mg, 64%, >99:1
dr). 'TH NMR (400 MHz, CDCl3): § 8.05 (d, J = 8.2 Hz, 1H), 7.48 (d, J = 7.8 Hz, 1H),
7.29-7.35 (m, 3H), 7.17-7.27 (m, 2H), 6.96 (d, J = 1.4 Hz, 1H), 6.56 (s, 1H), 4.79-4.86
(m, 1H), 4.50 (s, 1H), 3.50-3.58 (m, 2H), 2.57 (dd, J = 14.0, 11.7 Hz, 1H), 2.28 (dd, J =
14.0, 4.8 Hz, 1H), 1.54 (s, 9H); *C{'H} NMR (100 MHz, CDCl3): § 176.5, 169.1, 148.9,
142.2, 134.5, 129.6, 127.2, 125.8, 125.7, 124.7, 124.5, 123.3, 122.7, 118.6, 114.9, 114.2,

111.9,83.7,75.5,51.2,43.3,37.1, 28.0, 8.2; HRMS (ESI-) calcd for C26H2305N2Brl (M-

65



H): 648.9830, 650.9809, found: m/z 648.9863, 650.9839; [a]p*®=-95.1 (¢ = 1.1, CHCl3);

IR (neat) 3019, 1735, 1611,1214 cm™..

(3S,3'R,6'S)-6-bromo-3'-(1H-indol-3-yl)-6'-(iodomethyl)-5',6'-dihydrospiro[indoline-
3,4"-pyran]-2,2'(3'H)-dione (11).

A mixture of CH2Cl2/TFA/MeOH (=10/10/1, 1mL) was added
to 9 (19.0 mg) at rt and the reaction mixture was stirred for 1 h.
After adding water, the mixture was extracted with AcOEt. The

combined organic extracts were dried over Na:SO4 and

concentrated. The residue was purified by silica-gel column

chromatography (AcOEt/Hexane = 1/2 to 1/1) to afford 11 (13.0
mg, 81%). 'H-NMR (500 MHz, CDCI3) § 7.81 (s, 1H), 7.75 (s, 1H), 7.49 (d, J = 7.7 Hz,
1H), 7.29 (d, J = 8.0 Hz, 1H), 7.25 (d, J = 7.7 Hz, 1H), 7.03-7.12 (m, 3H), 6.76 (s, 1H),
6.19 (d, J = 2.3 Hz, 1H), 4.77-4.82 (m, 1H), 4.56 (s, 1H), 3.48-3.55 (m, 2H), 2.55 (dd, J
=13.8, 11.9 Hz, 1H), 2.21 (dd, J = 13.8, 4.9 Hz, 1H); "*C{'H} NMR (100 MHz, CDCl3):
0177.2,170.1,142.2,134.9, 127.5, 126.8, 125.6, 123.6, 123.0, 122.3, 119.9, 118.7, 114.1,
111.0, 107.0, 75.4, 51.8, 44.0, 37.1, 8.4; HRMS (ESI+) calcd for C21Hi1603N2BrINa
(M+Na)*: 572.9281, 574.9261, found: m/z 572.9267, 574.9247; [a]p*® = -308.9 (c = 0.34,

CHCl3); IR (neat) 3020, 1724, 1611, 1214 cm™.
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Procedures of Crystal

rac-3aa: In a test tube, rac-3aa (10 mg) was dissolved in CHCls (0.5 mL). Hexane (0.75
mL) was slowly added and the closed tube was left at ambient temperature until well-

shaped single crystals formed.

10: In a test tube, IPA (1 mL) was added to 10 (10 mg). The mixture was heated at 70 °C
to dissolve the solid and the closed tube was left at ambient temperature until well-shaped

single crystals formed.

Measurement and Analysis. Single crystal X-ray diffraction data of the crystals were
collected on a CCD diffractometer with monochromated MoKo (A = 0.71073 A, for
compound 3aa) or CuKo (A = 1.54178 A, for compound 10) radiations. Data collections
were carried out at 173 K using liquid nitrogen. The crystal structure was solved by direct
methods SHELXS-97 and refined by full-matrix least-squares SHELXL-2013%°. All non-
hydrogen atoms were refined anisotropically. All hydrogen atoms were included at their

calculated positions. Other crystal parameters are described in Table S1.

Table S1. Crystallographic Data and Details of Refinements for 3aa and 1

3aa 10
empirical formula Co4H24N>05 C35H41BrN2Og
cryst system Triclinic Monoclinic
space group Pl P2,

a(A) 9.413(3) 10.9644(2)
b (A) 10.263(3) 30.3343(5)
c(A) 11.789(3) 11.0367(2)
a (°) 82.581(4) 90.0
B 78.044(4) 98.8420(8)
() 79.541(3) 90.0
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V (A% 1090.7(5) 3627.15(11)
z 2 4

Deated (mg/m?) 1.280 1.307

A (A) 0.71073 1.54178

T (K) 173 173

Hrange (°) 2.240-27.323 4.054-67.679
Ri[I> 20(])] 0.0931 0.0379

wR2 [I> 20(])] 0.1760 0.0982

GOF on F? 1.157 1.021
residuals (e A‘3) 0.375, -0.242 0.860, -0.258

Figure S1 Crystal structure of compound 3aa (CCDC 1935811) with thermal ellipsoid
model. Ellipsoids are drawn at the 50 % probability level while isotropic hydrogen atoms
are represented by spheres of arbitrary size. Disordered atoms are colored transparently. The

labels of all hydrogen atoms and disordered non-hydrogen atoms are omitted for clarity.
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Figure S2 Asymmetric unit of crystal structure of compound 10 (CCDC 1918305) with

thermal ellipsoid model. Ellipsoids are drawn at the 50 % probability level while isotropic
hydrogen atoms are represented by spheres of arbitrary size. The labels of hydrogen atoms

are omitted for clarity.
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ESI-MS study for Ts-PyBidine-Ni- methyleneindolinone species
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ESI-MS analysis of Ts-PyBidine-Ni(OTf)2 and methyleneindolinone (20 eq) in CH3CN

1500 1550

resulted in a new ion peak at m/z 1341.2903, which was assigned to [Ts-PyBidine-

Ni(OTf) + methyleneindolinone]". This ESI-MS study suggests formation of the Ts-

PyBidine-Ni(OTf)- methyleneindolinone complex.

Figure S3. Ts-PyBidine-Ni- methyleneindolinone species
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