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ARTICLE INFO ABSTRACT

Article history A combination of an amino acid-derived chiral phusp catalyst and methyl acrylatedatalyz¢
the direct Mannich reaction of 3-substituted oxiedoand imines has been reportedafford
3-tetrasubstituted oxindole derivatives which asy lstructures for biological activitieI:he
products are formed with a quaternary carbon amtlufed with two adjacent chiral centers
Various N-EDG(electron-donating group) and-EWG(electron-withdrawing group) protected
oxindoles, including 3-aryl and 3-alkyl substitutedes, have beerva&uatedwith aromaticanc
aliphatic imines under this catalytic system, srhiyogiving desired products in good yields
Keywords well as excellent diastereo- and enantioseleativiti

Mannich-type reactions

Nucleophilic phosphine

Dual-reagent catalysis

1. Introduction

3,3’-Pyrrolidinyl spirooxindole scaffolds are impant structural motifs found in a wide array of matuand synthesized
biologically active moleculeb.For instanceM1-147,% which is a rationally designed molecule based omrah occurring
spirotryprostatin A, functions as a specific andepotinhibitor of MDM2-p53 interaction to selectiveliyhibit the growth of
tumor cells (Figure 1). The direct Mannich-typeatgan of 3-substituted oxindoles with imines is eghtforward method for
making enantioenriched spirooxindole consisting agfjacent chiral centers. However, enantioselectivethegis of the
stereogenic centers is problematic due to thecstemngestion when two chiral centers at the 3-positib oxindole formed
simultaneously. Since Chen and co-workeeported the first reaction betweBrBoc-3-alkyl oxindoles and\-Boc-imines in
the presence of bifunctional thiourea-tertiary agmiim 2008, several progresses have been madesifighf . However, to the
best of our knowledge, the general flexibility oktheported catalyst system in the reactions betWweprotected oxindoles
bearing kinds of 3-position substituents and défeN-protected imines was still challenging. Herein, werapt to address this
problem by development of a novel catalytic sysighich is effective for the Mannich reactions of Jarlkyl or halogen
substitutedN-Bn andN-Boc protected oxindoles with aromatic or aliphatines.

MeO

Spirotryprostatin A Ml 147

Figure 1. Natural product and unnaturally bioactive analogue

Recently our group has developed chiral phosphiamlyzed Mannich-type reactions of several nucldephto
N-Boc-imines, via asymmetric dual-reagent catalysiszwitterions formed from the phosphine catalysi amethyl acrylate in
situ”*® This novel catalytic strategy exhibited high effincy and an excellent degree of enantiocontratrgmting chiral
compounds. As a continued study, we are testingsthégegy in the reaction of 3-substituted oxindoléth imines. Various
kinds of oxindoles, not only aromatic imines bwtcahliphatic imines, have worked well. High yieldsldrigh diastereo- and
enantioselectivities have been obtained (Scheme 1).
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This work:Pg’ = Bn, Boc, Me, Pg” = Boc, Ts, Cbz,
R" = aryl, alkyl, F, R? = aryl, alkyl

Scheme 1. The asymmetric Mannich reaction of 3t#ubedd oxindoles with imines

2. Results and Discussion

We choseN-benzyl oxindolela andN-Boc-imine2a as models, and several conditions were examine@nWwie reaction
was performed in toluene at room temperature imptieeence of bifunctional chiral phosphine catalgsts3b, and3c derived
from _-phenylalanine, the better results came Bitfbearing a thiourea moiety which afforded the desm®ductdaa with 94:6
dr and 76 % ee (Table 1, entries 1-3). Herein, withthiourea part in place, five additional chirabpphine catalysts derived
from isoleucine ang-tert-butyl-leucine were evaluated. The results showh ¢htalyst3e with a strongly electron-withdrawing
trifluoromethyl group at the 3,5-positions of thieepyl thiourea from-tert-butyl-leucine, turned out to be the best one,ngjvi
the desired product in 87% vyield, 92:8 dr and 788c(®able 1, entries 4-8). Solvent and temperattifectewere then
investigated. The use of ether as solvent improwed enantioselectivity to 85% ee (Table 1, ent8e%2). Under lower
temperature, we got the optimal conditions as detmates! in entry 15 by running the reaction in 1.0 of ether at -40C to
provide the product with 95:5 dr and 94% ee (Tablerttries 13-15). The reaction could not proceethaut methyl acrylate
until the temperature rose up to room temperatndeomly 68:32 dr and 61% ee were obtained, sugagttie indispensable role
of methyl acrylate in imparting stereocontrol (k| entry 16).

Table 1. Optimization of conditions and evaluation of chratalysts.

Bn
PPh, PPh,
Y\ o \,g\ \‘/\Pphz 3c R'=Bn, R? = 3,5-di-CF3

NH
Y 3d R' = 2-(S)-Bu, R? = 3,5-di-CF4
HN CF3 HN 3e R'=t-Bu, R? = 3,5-di-CF,
\Q/ | N g2 3fR'=tBu, R2=4-NO,
F 3g R'=tBu,R?=H
CF3 3b 3h R' = t-Bu, R? = 4-Me

EtOOC
NB cat. 3 (10 mol%)
o + J methyl acrylate (10 mol%)
N\B Ph solvent
1a °n 2a 4aa i3n
Entry? Cat. solvent TemperaturéQ) Time Yield (%Y dr® ee (%)
1 3a toluene r.t. 10 min 88 71:29 16
2 3b toluene r.t. 10 min 86 90:10 41
3 3c toluene r.t. 10 min 87 94:6 76
4 3d toluene r.t. 10 min 88 94:6 69
5 3e toluene r.t. 10 min 87 92:8 78
6 3f toluene r.t. 10 min 89 88:12 57
7 39 toluene r.t. 10 min 90 86:14 31
8 3h toluene r.t. 10 min 91 87:13 34
9 3e DCM r.t. 10 min 89 87:13 78
10 3e CHCl, r.t. 40 min 89 84:16 73
11 3e THF r.t. 10 min 87 86:14 24
12 3e Et,O r.t. 10 min 90 92:8 85
13 3e Et,O 0 30 min 87 92:8 89
14 3e Et,O -20 3h 89 94:6 91
15 3e Et,O -40 6 h 88 95:5 94
16 3e Et,O rt. 1h 75 68:32 61




2Unless otherwise noted, the reaction was conduweited0.1 mmol ofla, 0.2 mmol of2a, and 0.01 mmol of acrylate in the presence of
10 mol % of catalysB in 1 mL of solvent.

b |solated yield.

¢ Determined by chiral HPLC analysis.

 without methy! acrylate

Under the optimized conditions, a series of sultstit-benzyl oxindoles were examined and the results sem@marized
in Scheme 2. All the reactions proceeded well fdbenzyl oxindoles based ota bearing electron-donating and
electron-withdrawing groups on the benzene ridfzp{dha), and different substitution positions had no Bigant effect on the
results except the 4-substitued proddes, which had a slightly decreased enantioselectiVitiien 3-benzyl, 3-methyl, 3-allyl
and 3-benzoxylethyl substituted oxindoles were eranhi good to high diastereoselectivities were obthialbeit with lower
enantioselectivities4{a-4la, 83-89% ee). Besides these substrates, the reagitio the 3-phenyl substituted oxinddlm, which
with a modified conditions (cataly8t in DCM at -40°C), gave the corresponding proddaota in 90% yield with a little inferior
enantioselectivity (81% ee).

R2
3e (10 mol%)
X NBoc
R1:_ P 0 + | methyl acrylate (10 mol%) o
N\ Ph ether, -40°C, 6h
Bn
1 2a

4ba, 92% yield 4ca, 93% yield 4da, 90% yield 4ea, 93% yield
97% ee, 98:2 dr 89% ee, >19:1 dr 96% ee, 95:5 dr 95% ee, 97:3 dr

BocHN

4fa, 91% yield 4ga, 89% yield 4ha, 93% yield 4ia, 90% yield
94% ee, 95:5 dr 93% ee, 97:3 dr 92% ee, 96:4 dr 89% ee, >19:1 dr

BocHN BocHN

4ja, 92% yield 4ka, 86% yield 4la, 88% yield 4ma“, 90% yield
86% ee, 96:4 dr 84% ee, >19:1 dr 83% ee, 97:3 dr 81% ee, 98:2 dr

#Performed in DCM at -4 with 3c.
Scheme 2. Exploring the scope of thé-benzyl protected oxindoles

Next, we continued to try othé¥-protected oxindoles with a variety of imines tottdse catalytic system. When the
N-methyl, N-Boc protected 3-alkyl oxindoleln and1o were examined, both excellent diastereo- and evseiéctivities were
obtained (Scheme 2na and4oa) while theN-Boc oxindole substrate gave a higher ee valuéttld inferior result withN-Boc
3-phenyl-oxindolelp was observed in terms of the enantioselectivitgneif the reaction could proceed with high efficigiio
give the product in high yield and diastereoseligti(90% yield, 96:4 dr). It should be noted thsatbstrates with different
N-protecting group in previous reactions had newamnbachieved with one catalytic system. The absaclutéiguration of the
resulteddra was determined by comparison of the NMR spectraspedific optical rotation with the literature dasnd other
adducts were assigned by analogy accordindrto We also appliedN-Boc-3-fluorooxindolels with 2a in the presence of
catalysts3d in DCM at room temperature, giving the desired praidsa in 94 % yield with 95:5 dr and 94 % ee. With exestl
results achieved with differemM-protected oxindoles, we then chose to investigagereactions oN-Boc oxindoles with a
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variety of imines. Reactions with imin@p-2e bearing electron-withdrawing or electron-donatingssibents at the benzene
rings proceeded smoothly to afford the desired ypetedin high yields as well as excellent diastersnd enantioselectivities
(4ob-40€). Similar results were obtained when heteroaromatine 2f was examined4f). Aliphatic imines2g and2h were
also well tolerated in this reaction, giving the ideds products with excellent diastereo- and enaeksmsivities albeit with low
yields @og and4oh). Noteworthy, this type of reactions with both alh and aromatic imines to give excellent diastesnd
enantioselectivities products was also extremely irprevious reports. Reactions wiNRCbz imine2j andN-Ts imine2i were
also tested and the inferior results obtained sstggethe Boc group at the imine nitrogen playe@rble in this reactiordai
and4aj). The adductrk and4tk, obtained by the reaction af, 1t and the aliphatic imin@k in 99% ee,97:3 dr, and 99%
ee, >19:1dr respectively were readily convertedpiosxindole derivativéswhich contains a key skeleton of the nature product
(+)-elacomine(Scheme 4)Thus, we have succeeded in providing oxindole dérvigs that have adjacent quaternary and tertiary
chiral centers in satisfactory yields and steremgilities with wide substrate scope.

R? R4HN
3e (10 mol%)
4
R1:— N o + ﬂNR methyl acrylate (10 mol%)
A~ "
\ ether, -40°C
1 Po 2
BocHN BocHN BocHN BocHN
EtOOC EtOOC Ph EtOOC E
/" Ph /" Ph Ph Br /" Ph
=0 =0 =0 =0
N N N N
Me Boc Boc Boc
4na, 94% yield 40a, 93% yield 4pa?, 90% yield 4qa, 93% yield 4ra, 90% yield 4saP, 94% yield
96% ee, 96:4 dr 98% ee, >19:1 dr 86% ce, 96:4 dr 99% ee, >19:1 dr 97% ee, 96:4 dr 94% ee, 95:5 dr

4ob, 95% yield 4oc, 90% yield 4od, 91% yield 4oe, 95% yield
97% ee, 99:1 dr 97% ee, 98:2 dr 98% ee, >19:1 dr 98% ee, 97:3 dr
BocHN S BocHN
EtOOC | EtOOC
\
-, ~, Ph
J=0 =0
N N
Boc Boc
4of, 91% yield 4og, 48% yield 4oh°, 45% yield 4ai, 87% yield 4aj, 90% yield
96% ee, 99:1 dr 98% ce, 98:2 dr 98% ee, 96:4 dr 78% ee, 72:28 dr 88% ee, 88:12 dr

3 performed in DCM at -AC with 3c. ®3d was used in DCM at room temperattfr&he reaction was stirred for 24h

Scheme 3. Exploration of a variety of oxindoles and imirfes

NBoc
e S
o 3e (10 mol%) ( 1) 4MECI/EA
methy acrylate (10 mol%) . 0 C -rt,1h
O ether, -40°C, 16h /=0 2)E13N/DCM
N O
Boc 0°C-rt.,

+)-elacomine
drk (70% vield, 99% ee, 97:3 dr) 5(63% vield, 9%ce) "

1r
(\O )\//NBOC
2k .
5 1)4 M HCI/ EA

3e (10 mol%) 0°C-rt,1h NaCNBH3
methy acrylate (10 mol%) - >
> 2)Et;N/ DCM TMeor

O ether,-40°C, 16h 0°C-rt.1h  0°C-rt,03h o

N
Boc
1t 4tk (68% yield, 84% ee, >19:1 dr) 6 (44% yield, 73% ee)
Scheme 4. Transformation to spirooxindole

To get some insight into this reactidt? NMR analysis o8e and methyl acrylate in deuterated etas performed (Figure
2). We proposed a zwitterion intermedidtavas formed during the reaction as a new P NMR chersluéil was generated at
0=26 ppm when catalys8e and methyl acrylate was first mixed. This was furtbenfirmed by ESI-MS (see the Supporting
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Information) with a single peakr(z for (M+H)":643.2500) observed. A new single resonance appesré&=R27 ppm when
nucleophilela was mixed with the above solution, suggesting thdtemon A was converted into a new species which we
proposed to be the ion-pdr On the basis of these experimental results andque related studies, a plausible transition state
was proposed to explain the stereochemistry of thdyzt (Scheme 5). Firstly, the chiral phosphindsai the methyl acrylate
to form the phosphonium enolafe which trapped by nucleophile 3-substituted oxindbl® generate the ion-pa3. At the
same time, th&l-Boc-imine is activated by the thiourea moiety tigb hydrogen bonding, giving strict conformationahtrol
that results in an excellent recognition of tReface of the imine by the chiral ion pair. Thes¢eiactions control the
stereochemical outcome of the reaction.

PPh;
MBoc
\//[ /@ /YOME C[Lo + o 4
N

B

LA i )
PPhs EtooC

\f/( " OMe o I

@ e O s

Bn J

—

PFhz

CFy
Ohe
T oy 5
5 0]

v CF,

S%N’@ J "
!

CFg

40 35 30 25 20 15 10 5 0 -5 -10 -15 -20 -25
1 (bbm)

Figure 2. The®'P NMR spectra research in ether
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3. Conclusions

In summary, we have developed a new catalytic mefoothe synthesis of optically active 3-tetrasufogéid oxindoles using
chiral bifunctional thiourea-phosphine via a dusdgent catalysis. Adjacent quaternary and tertimalccenters have been created
efficiently by the phosphine-catalyzed reactions3e$ubstituted oxindoles with imines. VariobsEDG and N-EWG protected
oxindoles, including 3-aryl and 3-alkyl substitutedes, reacted with aromatic and aliphatiprotected-imines smoothly in this
catalyst system, giving the desired products indggields as well as excellent diastereo- and enseltgtivities. Further studies on
this topic are underway in our laboratories.

4, Experimental
4.1 General information

Nuclear magnetic resonance spectra were recordd@Da¥iHz. All chemical shiftsd) were given in ppm. Data were reported as follows:
chemical shift, intergration, multiplicity (s = gjte, d = doublet, t = triplet, q = quarter, br oad, m= multiplet, cm = complex multiplet) and
coupling constants (Hz). Flash column chromatogyaphs performed using H silica gel. For thin-lagiromatography (TLC), silica gel
plates (HSGF 254) were used and compounds werealiged by irradiation with UV light. Analytical higperformance liquid
chromatography (HPLC) was carried out using chicddimns. Melting points were uncorrected. Opticdhtions were measured Jat= 589
nm. High-resolution mass spectra were recordedgu$i@F mass analyzer. The synthesis of 3-substitoteddolest®?’ 231918 and the
catalysts3a-3h'?*°were performed according to reported methods.

4.2 General procedure for the preparation of suhsisa

A mixture of corresponding oxindole (0.1 mmol, &duiv) and indium chloride (0.01 mmol, 0.1 equiv)icetonitrile (5 mL) was stirred
at @C for 5 min NaBH (0.2 mmol, 2.0 equiv) was added and the reactiodune was stirred at room temperature for anoftemin. The
resulting solution was poured into satd. ag;8Kand the organic layer was separated and dried &S0, The solvent was removed under
reduced pressure and the residue was purifiedlicg gjel chromatography (petrolume ether/ethyl ateet 9/1-5/1) to afford the product
1d-1f and1q.

A mixture of NaH (0.2 mmol, 2.0eq) and ylide $al{0.2mmol, 2.0eq) was stirred af@ for 1h under B protection. Then
6-methoxyindoline-2,3-dione (0.1 mmol, 1.0eq) wedded and the mixture was stirred undet@@r 2h. The resulting solution was poured
into satd.aq.NECI, and the organic layer was separated and dried N&SO,. The solvent was removed under reduced pressuréhan
product was dissolved in GBN, follwed by DMAP (0.2 mmol, 2.0eq), (Ba€) (0.2 mmol, 2.0eq) were added ,the mixture wasestiunder
room temperature for 20min. The crude product pcoduas also obtained after the solvent was remaweter reduced pressure and then
dissloved in EA and stirred with Pd/C under ¢dndition for 4h under room temperature. The mixtwas filtered and purified by silica gel
chromatography (petrolume ether/ethyl acetate =581 to afford the produdit

4.2.1 Ethyl 2-(1-benzyl-5-chloro-2-oxoindolin-3-ghetate 1d)

29.8 mg, 87% vyield, yellow solid, m.p. 65%6 'H NMR (400 MHz, CDC}): §(ppm) = 7.25-7.30 (m, 6H), 7.11 (dd= 1.2 Hz,J = 8.4
Hz,1H), 6.61 (dJ = 8.4 Hz, 1H), 4.90 (s, 2H), 4.11-4.16 (m, 2H),Z385 (m, 1H), 3.12 (dd, = 4.0 Hz,J = 16.8 Hz,1H), 2.88 (dd] = 7.6
Hz,J=17.2 Hz,1H), 1.19 () = 7.2 Hz, 3H)*C NMR (100 MHz, CDC}) §(ppm) = 176.3, 170.7, 142.1, 135.4, 129.9, 1288,1, 127.9,
127.8, 127.3, 124.5, 110.0, 61.1, 44.0, 41.9, 3WM71.1R (KBr): 3064, 3031, 2980, 2928, 1720, 1611, 1488114343, 1261, 1207, 1165,
1029.HRM S (ESI)m/z [M+H] " Calcd for GgH14CINO; 344.1048, found 344.1045.

4.2.2 Ethyl 2-(1-benzyl-6-chloro-2-oxoindolin-3-ghetate 1€)

30.5 mg, 89% yield, yellow solid, m.p. 93%% *H NMR (400 MHz, CDC)): 5(ppm) = 7.27-7.33 (m, 5H), 7.16 (ddi= 0.8 Hz,J = 8.0 Hz,

1H), 6.96 (ddJ = 2.0 Hz,J = 8.0 Hz, 1H), 6.71 (dJ = 1.6 Hz, 1H), 4.89 (s, 2H), 4.10-4.14 (m, 2H),13(8d,J = 4.0 Hz,J = 7.2 Hz, 1H),
3.12 (ddJ = 4.4 Hz,J= 17.2 Hz, 1H), 2.87 (dd,= 8.0 Hz,J= 17.2 Hz, 1H), 1.18 (] = 7.2 Hz, 3H)}*C NMR (100 MHz, CDC}) 8(ppm) =

176.8, 170.7, 144.8, 135.3, 134.0, 128.9, 127.8,312126.6, 124.8, 122.4, 109.7, 61.1, 44.1, 43453, 14.11R (KBr): 3062, 3030, 2980,
2929, 1723, 1610, 1588, 1498, 1441, 1373, 13397,12806, 1112, 1072, 1029, 923, 841, 699, 32RMS (ESI) m/z [M+H] " Calcd for

C1gH1dNO;Cl 344.1048, found 344.1044.

4.2.3 Ethyl 2-(1-benzyl-7-chloro-2-oxoindolin-3-ghetate {f)

29.8 mg, 87% vyield, yellow oitH NMR (400 MHz, CDC}): &(ppm) = 7.23-7.30 (m, 5H), 7.15-7.18 (m, 2H), 6(8d,J = 7.2 Hz,J= 8.0 Hz,
1H), 5.37 (ddJ = 16.4 Hz,J = 21.2 Hz, 2H), 4.12-4.16 (m, 2H), 3.88 (dds 4.4 Hz,J= 7.6 Hz, 1H), 3.12 (dd] = 4.4 Hz,J = 16.8 Hz, 1H),
2.90 (dd,J = 7.6 Hz,J = 16.8 Hz, 1H), 1.20 (fJ = 7.2 Hz, 3H)*C NMR (100 MHz, CDC}) (ppm) = 177.3, 170.7, 139.6, 137.7, 131.1,
130.9, 128.5, 127.1, 126.6, 123.4, 122.3, 115.4,,616.1, 41.7, 35.1, 14.IR (KBr): 3064, 3030, 2980, 2929, 1723, 1610, 1588914454,
1440, 1373, 1339, 1206, 1072, 1029, 841, 699, BRM S (ESI) m/z [M+H]* Calcd for GgH;gNO;Cl 344.1048, found 344.1045.
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4.2.4 Tert-butyl 5-bromo-3-(2-ethoxy-2-oxoethyl)x@indoline-1-carboxylatel€))

31.4 mg, 79% vield, yellow oifH NMR (400 MHz, CDC}): 8(ppm) = 7.75 (d,J = 8.0 Hz, 1H), 7.43 (dd] = 1.2 Hz,J = 8.8 Hz, 1H), 7.37
(br, 1H), 4.09-4.15 (m, 2H), 3.84-3.87 (m, 1H),8(@d,J = 4.4 Hz,J = 17.2 Hz, 1H), 2.96 (ddl = 6.8 Hz,J = 17.2 Hz, 1H), 1.64 (s, 9H),
1.20 (t,J = 7.2 Hz, 3H)®C NMR (100 MHz, CDC}) §(ppm) = 174.2, 170.2, 149.0, 139.4, 131.4, 1296 6, 117.3, 116.7, 84.7, 61.3, 42.3,
35.0, 28.1, 14.0.R (KBr): 3447, 2981, 2934, 1731, 1603, 1474, 1394013337, 1297, 1155, 1109, 1066, 1028, 1003, 9238, 737, 528.
HRMS (ESI) m/z [M+H]* Calcd for G;H»,,NOsBr 398.0598, found 398.0599.

4.2.5 tert-butyl 3-((1,3-dioxolan-2-yl)methyl)-6-mexly-2-oxoindoline-1-carboxylatét

134 mg, 7% yield for three steps, yellow éi. NMR (400 MHz, CDCJ): §(ppm) = 7.40 (dJ = 2.4 Hz, 1H), 7.17 (ddl = 0.8 Hz,J = 8.4 Hz,
1H), 6.61 (ddJ = 2.4 Hz,J = 8.4 Hz, 1H), 5.07 (dd] = 3.6 Hz,J = 6.0 Hz, 1H), 3.84-3.89 (m, 1H), 3.74-3.81 (m, 6B58-3.61 (m, 1H),
2.30-2.36 (m, 1H), 2.07-2.13 (m, 1H), 1.57 (s, 98¢ NMR (100 MHz, CDC}) §(ppm) = 176.5, 159.7, 149.3, 141.0, 124.8, 11908.4,
102.0, 101.6, 84.1, 65.0, 64.7, 55.5, 41.8, 38B11.2R (KBr): 2955, 2926, 1793, 1762, 1727, 1616, 1499913304, 1255, 1148, 1025, 853,
771.HRMS (ESI) m/z [M+Na]" Calcd for GgH,sNOgNa 372.1418, found 372.1420.

4.3 General Procedure for the produkt

To a solution of the cataly$t (0.01 mmol, 0.1 equiv) in solvent (1.0 mL) was eddnethyl acrylate (0.01 mmol, 0.1 equiv), and the
mixture was stirred at room temperature for 10 raimd then the compouridwas added. The resulting mixture was vigoroustyest for 10
min at room temperature and the cooled to°@Mefore the imin& (0.2 mmol, 2.0 equiv) was introduced. When thetiea was finished
(determined by TLC analysis), the crude mixture wasmed to the room temperature and purified byhflemumn chromatography to afford
the product.

4.3.1 Ethyl 2-((R)-1-benzyl-3-((S)-((tert-butoxywanyl)amino)(phenyl)methyl)-2-oxoindolin-3-yl)adetfaa)

45.2 mg, 88% vyield, white solid, m.p. 47°@8'H NMR (400 MHz, CDC}) §(ppm) = 7.37-7.39 (m, 1H), 7.19-7.20 (m, 3H), 7(68 = 7.2
Hz, 1H), 7.01-7.04 (m, 2H), 6.97 @~ 7.6 HZ, 2H), 6.80-6.90 (m, 4H), 6.60 s 6.0 HZ, 1H), 6.29-6.31 (m, 1H), 5.13 (d, J =QLBz, 1H),
4.66 (s, 2H), 3.86-3.90 (m, 2H), 3.52 (0= 16.0 Hz, 1H), 3.14 (d] = 16.0 Hz, 1H), 1.44 (s, 9H), 0.89 Jt= 7.2 Hz, 3H)*C NMR (100
MHz, CDCk) &(ppm) = 178.0, 169.7, 155.4, 143.6, 137.1, 13528.8, 128.6, 128.5, 127.5, 127.4, 127.3, 127.2,12123.5, 109.3, 79.8,
60.5, 59.5, 53.3, 44.0, 39.9, 28.4, 13R.(KBr): 3397, 3061, 3032, 2978, 2930, 1704, 1612,214967, 1455, 1367, 1174, 1025, 882, 752,
699, 552.HRMS (ESI) calcd for GH3sN,05 (M+H)* 515.2540, found 515.2535x]f%% = -48.2 € 0.5, CHC}) HPLC (Daicel Chiralpak
AD-H, i-PrOH/Hexane=20:80, 254 nm, 1.0 mL/min): major 3&if, minor 11.3 min. Enantiomeric excess: 96%.

4.3.2 Ethyl 2-((R)-1-benzyl-5-bromo-3-((S)-((teutdxycarbonyl)amino)(phenyl)methyl)-2-oxoindolind@acetate 4ba)

52.1 mg, 88% vyield, white solid, m.p. 74°Z5H NMR (400 MHz, CDC}) &(ppm) = 7.49 (s, 1H), 7.19-7.21 (m, 3H), 7.09-4(f} 2H),
7.00 (t,J = 7.6 Hz, 2H), 6.87 (m, 4H), 6.48 (@~ 10.0 Hz, 1H), 6.14 (d] = 8.4 Hz, 1H), 5.09 (d] = 10.0 Hz, 1H), 4.62 (dd = 16.0 Hz,
21.2 Hz, 2H), 3.86-3.93 (m, 2H), 3.50 (tz 16.0 Hz, 1H), 3.12 (d] = 16.0 Hz, 1H), 1.43 (s, 9H), 0.98 Jt= 7.2 Hz, 3H)*C NMR (100
MHz, CDCk) é(ppm) = 177.5, 169.5, 155.2, 144.6, 136.7, 13434,4, 131.1, 128.6, 127.7, 127.6, 127.5, 127.4,226.5, 115.0, 110.7,
80.0, 60.8, 59.2, 53.5, 44.0, 39.5, 28.3, 183(KBr): 3400, 3063, 3032, 2978, 2932, 1707, 1608814454, 1427, 1366, 1347, 1313, 1238,
1172, 1021HRMS (ESI) m/z [M+H]* Calcd for G;H3BrN,Os 593.1646, found 593.1643]f*% = -88.7 € 1.35, CHCJ)) HPLC (Daicel
Chiralpak AD-H,i-PrOH/Hexane=20:80, 220 nm, 0.7 mL/min): major 40if, minor 11.3 min. Enantiomeric excess: 97%.

4.3.3 Ethyl 2-((R)-1-benzyl-3-((S)-((tert-butoxywanyl)amino)(phenyl)methyl)-4-chloro-2-oxoindolind3acetate 4ca)

49.3 mg, 90% yield, white solid, m.p. 52%63'H NMR (400 MHz, CDC}) 5(ppm) = 7.21-7.23 (m, 3H), 7.06-7.10 (m, 1H), 6261 (m,
4H), 6.92-6.95 (m, 4H), 6.69 (d,= 10.0 Hz, 1H), 6.18 (g] = 2.8 Hz, 1H), 5.65 (d] = 10.0 Hz, 1H), 4.62 (dd] = 16.0 Hz, 32.2 Hz, 2H),
3.82-3.94 (m, 2H), 3.72 (d,= 16.0 Hz, 1H), 3.53 (d] = 16.0 Hz, 1H), 1.44 (s, 9H), 0.96 Jt= 7.2 Hz, 3H)*C NMR (100 MHz, CDC})
d(ppm) = 177.5, 169.5, 155.2, 144.6, 136.7, 13438,4, 131.1, 128.6, 127.7, 127.6, 127.5, 127.4,0,226.5, 115.0, 110.7, 80.0, 60.8, 59.2,
53.5, 44.0, 39.5, 28.3, 13.8R (KBr): 3376, 2977, 2924, 2852, 1737, 1711, 1608613497, 1495, 1410, 1391, 1349, 1313, 12287,,1169
1024.HRM S (ESI)m/z [M+H]" Calcd for G;H3,CIN,O5 549.2151, found 549.2148]f>% = -43.4 € 0.15, CHCJ) HPLC (Daicel Chiralpak
IC, i-PrOH/Hexane=20:80, 220 nm, 0.7 mL/min): major @i@, minor 10.5 min. Enantiomeric excess: 89%.

4.3.4 Ethyl 2-((R)-1-benzyl-3-((S)-((tert-butoxywanyl)amino)(phenyl)methyl)-5-chloro-2-oxoindolinA3acetate 4da)

50.9 mg, 93% yield, white solid, m.p. 68%69'H NMR (400 MHz, CDC}) 3(ppm) = 7.36 (dJ = 1.6 Hz, 1H), 7.20-7.22 (m, 3H), 7.09-7.13
(m, 1H), 6.98-7.04 (m, 3H), 6.87-6.89 (m, 4H), 6(60J = 10.0 Hz, 1H), 6.19 (] = 8.0 Hz, 1H), 5.11 (d] = 10.0 Hz, 1H), 4.63 (dd] =
16.0 Hz, 22.0 Hz, 2H), 3.84-3.95 (m, 2H), 3.50Jcs 16.0 Hz, 1H), 3.12 (d] = 16.0 Hz, 1H), 1.44 (s, 9H), 0.98 {t= 7.2 Hz, 3H).BC
NMR (100 MHz, CDCY) 3(ppm) = 177.6, 169.5, 155.2, 142.1, 136.7, 1343D.4, 128.6, 128.5, 127.8, 127.7, 127.5, 127.4,3,2127.0,
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123.7,110.2, 80.0, 60.8, 59.2, 53.5, 44.1, 385},213.91R (KBr): 3376, 3063, 3032, 2978, 2932, 1371, 1618814454, 1432, 1347, 1171,
1021.HRMS (ESI)m/z [M+H]* Calcd for G;H3,N,OsCl 549.2151, found 549.21481]f2'4D: -72.2 €0.75, CHC}) HPLC (Daicel Chiralpak
AD-H, i-PrOH/Hexane=10:90, 220 nm, 0.7 mL/min): major 7#%if, minor 21.6 min. Enantiomeric excess: 96%.

4.3.5 Ethyl 2-((R)-1-benzyl-3-((S)-((tert-butoxywanyl)amino)(phenyl)methyl)-6-chloro-2-oxoindolind3acetate 4ea)

49.8 mg, 91% yield, white solid, m.p. 60°%61*H NMR (400 MHz, CDC}) 8(ppm) = 7.28 (dJ = 8.0 Hz, 1H), 7.22-7.23 (m, 3H), 7.11 (4,

= 8.0 Hz, 1H), 7.00-7.04 (m, 3H), 6.91-6.92 (m, 26186 (d,J = 7.2 Hz, 1H), 6.49 (d] = 10.0 Hz, 1H), 6.30 (g} = 0.8 Hz, 1H), 5.11 (d] =
10.0 Hz, 1H), 4.62 (s, 2H), 3.83-3.93 (m, 2H), 3(d90 = 16.0 Hz, 1H), 3.12 (dl = 16.0 Hz, 1H), 1.43 (s, 9H), 0.97 Jt= 7.2 Hz, 3H)C
NMR (100 MHz, CDC}) é(ppm) = 178.0, 169.6, 155.3, 144.8, 136.8, 13438.3, 128.7, 127.7, 127.6, 127.4, 127.1, 124.3,4,2109.9,
80.0, 60.7, 59.3, 53.2, 44.1, 39.7, 28.4, 13.9KBr): 3403, 3063, 3032, 2978, 2932, 1709, 1609, 14484, 1368, 1343, 1243, 1173, 1026.
HRMS (ESI)m/z [M+H]* Calcd for G;H34N,0sCl 549.2151, found 549.2144:]f*% = -58.0 € 0.5, CHC}) HPLC (Daicel Chiralpak AD-H,
i-PrOH/Hexane=20:80, 220 nm, 1.0 mL/min): major 2hif, minor 24.4 min. Enantiomeric excess: 95%.

4.3.6 Ethyl 2-((R)-1-benzyl-3-((S)-((tert-butoxymanyl)amino)(phenyl)methyl)-7-chloro-2-oxoindolinA3acetate 4fa)

51.5 mg, 94% yield, white solid, m.p. 132-283'H NMR (400 MHz, CDC}) &(ppm) = 7.31 (dJ = 6.8 Hz, 1H), 7.20-7.21 (m, 3H), 7.13 (t,
J=7.2 Hz, 1H), 6.98-7.06 (m, 4H), 6.92-6.94 (m,)26180 (d,J = 7.2 Hz, 2H), 6.51 (d] = 10.0 Hz, 1H),5.11 (d] = 33.6 Hz, 1H), 5.10 (s,
1H), 4.93 (dJ = 16.0 Hz, 2H), 3.82-3.96 (m, 2H), 3.52 §d 16.0 Hz, 1H), 3.13 (d} = 16.0 Hz, 1H), 1.43 (s, 9H), 0.97 Jtx 7.2 Hz, 3H).
3C NMR (100 MHz, CDC}) §(ppm) = 178.6, 169.5, 155.3, 139.9, 137.2, 13638,0, 131.2, 128.3, 127.7, 127.6, 127.3, 126.8,5,23.3,
121.9, 115.3, 80.0, 60.7, 59.7, 53.1, 45.2, 4BY4,213.91R (KBr): 3400, 3063, 3032, 2978, 2932, 1709, 1608413497, 1466, 1425, 1391,
1351, 1244, 1166, 1137, 1078, 10HRMS (ESI) m/z [M+H]* Calcd for G;H3,CIN,Os 549.2151, found 549.215%]f*%, = +65.3 € 2.5,
CHCI3) HPLC (Daicel Chiralpak AD-Hi-PrOH/Hexane=20:80, 220 nm, 1.0 mL/min): major 3®i8, minor 7.4 min. Enantiomeric excess:
94%.

4.3.7 Ethyl 2-((R)-1-benzyl-3-((S)-((tert-butoxywanyl)amino)(phenyl)methyl)-5-methoxy-2-oxoind@ighacetate 4ga)

48.9 mg, 90% yield, white solid, m.p. 60%61*H NMR (400 MHz, CDC}) 8(ppm) = 7.21-7.23 (m, 3H), 7.11-7.14 (m, 1H), 7005 (m,
3H), 6.91-6.93 (m, 4H), 6.56-6.63 (m, 2H), 6.21Jd; 8.8 Hz, 1H), 5.15 (d] = 9.6 Hz, 1H), 4.65 (s, 2H), 3.82-3.96 (m, 2H)B(s, 3H),
3.52 (d,J = 16.0 Hz, 1H), 3.14 (d] = 16.0 Hz, 1H), 1.46 (s, 9H), 0.96 Jt= 7.2 Hz, 3H).*C NMR (100 MHz, CDC}) &(ppm) = 177.7,
169.7, 155.8, 155.4, 137.1, 137.0, 135.2, 130.8,5.427.6, 127.5, 127.4, 127.3, 127.1, 113.1,61.1M09.7, 79.9, 60.6, 59.4, 55.8, 53.7, 44.1,
39.8, 28.4, 13.9.R (KBr): 3393, 3062, 3032, 2978, 2933, 1702, 1603514454, 1435, 1412, 1367, 1348, 1297, 1241, 11079, 1029,
1016.HRM S (ESI)m/z [M+H]" Calcd for G,H3/N,Og 545.2646, found 545.264(%]f> 5= -114.1 ¢ 0.65, CHCJ) HPLC (Daicel Chiralpak
AD-H, i-PrOH/Hexane=20:80, 220 nm, 1.0 mL/min): major 38if,, minor 12.9 min. Enantiomeric excess: 93%.

4.3.8 Ethyl 2-((R)-1-benzyl-3-((S)-((tert-butoxymanyl)amino)(phenyl)methyl)-5-methyl-2-oxoindoliyiBacetate ¢ha)

48.5 mg, 92% vyield, white solid, m.p. 35%86*H NMR (400 MHz, CDC}) §(ppm) = 7.19 (br, 4H), 7.07-7.10 (m, 1H), 6.97-7(@1, 2H),
6.81-6.88 (m, 5H), 6.57 (d,= 10.0 Hz, 1H), 6.17 (dl = 8.0 Hz, 1H), 5.11 (d] = 10.0 Hz, 1H), 4.62 (dl = 16.0 Hz, 19.2 Hz, 2H), 3.80-3.91
(m, 2H), 3.49 (dJ = 16.0 Hz, 1H), 3.11 (dl = 16.0 Hz, 1H), 2.31 (s, 3H), 1.44 (s, 9H), 0.8 € 7.2 Hz, 3H)*C NMR (100 MHz, CDC})
d(ppm) =177.9, 169.8, 155.4, 141.2, 137.2, 13532,Q, 128.9, 128.8, 128.5, 127.6, 127.5, 127.3,22A27.1, 124.2, 109.0, 79.8, 60.5, 59.5,
53.4, 44.0, 39.9, 28.4, 21.2, 13.BR. (KBr): 3431, 3062, 2979, 1774, 1737, 1610, 1499914393, 1369, 1350, 1288, 1249, 1151, 1113, 1003.
HRMS (ESI) m/z [M+H] " Calcd for G,H37N,O5 529.2697, found 526.2693:]f%% = -36.3 € 0.7, CHC}) HPLC (Daicel Chiralpak AD-H,
i-PrOH/Hexane=10:90, 220 nm, 0.7 mL/min): major 9&if, minor 22.4 min. Enantiomeric excess: 92%.

4.3.9 Tert-butyl ((S)-((R)-1,3-dibenzyl-2-oxoinde8-yl)(phenyl)methyl)carbamatdif)

49.2 mg, 95% yield, white solid, m.p. 48269*H NMR (400 MHz, CDC}) §(ppm) = 7.39 (dJ = 7.2 Hz, 1H), 6.98-7.13 (m, 12H), 6.88-6.93
(m, 4H), 6.46 (dJ = 8.0 Hz, 2H), 6.02 (d] = 8.0 Hz, 1H), 5.27 (d] = 8.0 Hz, 1H), 4.56 (d] = 16.0 Hz, 1H), 4.30 (dl = 16.0 Hz, 1H), 3.69
(d,J=13.2 Hz, 1H), 3.32 (dl = 13.2 Hz, 1H), 1.47 (s, 9H*C NMR (100 MHz, CDC}) §(ppm) = 178.1, 169.6, 155.3, 144.8, 136.8, 134.6,
134.3, 128.7, 127.7, 127.6, 127.4, 127.1, 124.3,4,2109.9, 80.0, 60.7, 59.3, 53.1, 44.1, 39.74,2B3.9.IR (KBr): 3399, 3060, 3031, 2977,
2927, 1697, 1612, 1493, 1467, 1454, 1384, 1367118171, 1042, 102HRMS (ESI) m/z [M+H] " Calcd for G4H3sN,0;5 519.2642, found
519.2639. §]**% = +12.4 € 0.65, CHC}) HPLC (Daicel Chiralpak AD-Hj-PrOH/Hexane=20:80, 254 nm, 1.0 mL/min): major i,
minor 5.0 min. Enantiomeric excess: 89%.

4.3.10 Tert-butyl ((S)-((R)-1-benzyl-3-methyl-2-iadolin-3-yl)(phenyl)methyl)carbamatdj &)

41.5 mg, 94% yield, white solid, m.p. 67968'H NMR (400 MHz, CDC}) 5(ppm) = 7.38-7.40 (m, 1H), 7.18-7.23 (m, 3H), 7002 (m,
5H), 6.95-6.97 (m, 2H), 6.81-6.83 (m, 2H), 6.66Jd; 9.6 Hz, 1H), 6.39-6.41 (m, 1H), 5.18 M= 9.6 Hz, 1H), 4.84 (d] = 16.0 Hz, 1H),
4.59 (d,J = 16.0 Hz, 1H), 1.67 (s, 3H), 1.47 (s, 9FC NMR (100 MHz, CDC}) 8(ppm) = 179.4, 155.7, 142.1, 138.3, 135.1, 13128,4,
128.1, 127.6, 127.4, 127.3, 127.1, 126.9, 123.2,71209.3, 79.6, 59.7, 52.0, 43.5, 28.4, 2R1(KBr): 3402, 2928, 1713, 1611, 1494, 1170.

9



HRM S (ESI) m/z [M+H] " Calcd for GgH3;N,05 443.2329, found 443.23261]f3'3D: -32.4 € 0.5, CHC}) HPLC (Daicel Chiralpak AD-H,
i-PrOH/Hexane=20:80, 220 nm, 0.7 mL/min): major IhiA, minor 9.8 min. Enantiomeric excess: 86%.

4.3.11 Tert-butyl ((S)-((R)-3-allyl-1-benzyl-2-oxdolin-3-yl)(phenyl)methyl)carbamaték@)

42.1 mg, 90% yield, white solid, m.p. 160-261'H NMR (400 MHz, CDC}) §(ppm) = 7.36-7.38 (m, 1H), 7.15-7.19 (m, 3H), 6207 (m,
7H), 6.83-6.84 (m, 2H), 6.74-6.76 (m, 1H), 6.3246(/, 1H), 5.39-5.48 (m, 1H), 5.17 @= 9.6 Hz, 1H), 5.06 (d] = 16.8 Hz, 1H), 4.96 (dd,
J=1.6. Hz,J = 16.0 Hz, 1H), 4.66 (s, 2H), 2.86-2.91 (m, 2H%4i(s, 9H)*C NMR (100 MHz, CDC}) 5(ppm) = 178.3, 155.5, 142.6, 138.2,
135.0, 131.8, 129.4, 128.7, 128.5, 128.1, 127.8,5.227.3, 127.2, 127.1, 126.9, 124.1, 122.4,611199.2, 79.6, 58.6, 56.1, 43.4, 39.5, 28.4.
IR (KBr): 3403, 3061, 3004, 2930, 1712, 1640, 1610015490, 1467, 1454, 1382, 1366, 1245, 1171, 1BRMS (ESI) m/z [M+H]*
Calcd for GgH33N,03 469.2486, found 469.2484(]f%% = -21.6 € 0.5, CHCE) HPLC (Daicel Chiralpak IG-PrOH/Hexane=20:80, 220 nm,
0.7 mL/min): major 13.9 min, minor 7.9 min. Enamtieric excess: 84%.

4.3.12 Tert-butyl ((S)-((R)-1-benzyl-3-(2-(benzy)exhyl)-2-oxoindolin-3-yl)(phenyl)methyl)carbam#dén)

51.1 mg, 91% vyield, white solid, m.p. 54%85*H NMR (400 MHz, CDC}) §(ppm) = 7.259-7.33 (m, 1H), 7.20-7.28 (m, 3H), 77106 (m,
3H), 7.01-7.06 (m, 5H), 6.97 (m, 2H), 6.858-6.9Q @H), 6.71-6.73 (m, 3H), 6.26-6.28 (m, 1H), 5.83)= 9.6 Hz, 1H), 4.53 (d] = 16.0 Hz,
1H), 4.22 (dJ = 12.0 Hz, 1H), 4.17 (s, 1H), 4.04 @7 12.0 Hz, 1H), 3.30-3.35 (m, 1H), 3.10-3.16 (1H)12.87-2.95 (m, 1H), 2.26-2.32 (m,
1H), 1.44 (s, 9H)C NMR (100 MHz, CDC}) 8(ppm) = 178.8, 155.6, 143.4, 138.0, 137.9, 13528,4, 128.4, 128.2, 128.1, 127.6, 127.5,
127.4,127.3, 127.2, 127.1, 127.0, 124.0, 122.9,31(079.6, 72.9, 66.6, 60.1, 54.5, 43.5, 34.9, AR4KBr): 3400, 3061, 3031, 2976, 2928,
2863, 1712, 1611, 1585, 1494, 1467, 1454, 1366),1P474, 1106, 1078, 1044RM S (ESI) m/z [M+H]" Calcd for GgHzgN,04 563.2904,
found 563.2897.4]%*%, = -3.1 € 0.75, CHC}) HPLC (Daicel Chiralpak AD-Hi-PrOH/Hexane=20:80, 220 nm, 0.7 mL/min): major 58if,
minor 12.8 min. Enantiomeric excess: 83%.

4.3.13 Tert-butyl ((S)-((R)-1-benzyl-2-oxo-3-pherdadlin-3-yl)(phenyl)methyl)carbamatdnia)

44.8 mg, 89% yield, white solid, m.p. 77928'H NMR (400 MHz, CDC}) 5(ppm) = 7.53 (d,J = 8.0 Hz, 2H), 7.34-7.40 (m, 3H), 7.28 ,
= 7.2 Hz, 1H), 7.20-7.22 (m, 3H), 7.09-7.12 (m, 1AP3 (dJ = 4.0 Hz, 4H), 6.98-7.00 (M, 2H), 6.85-6.87 (m,)26164 (dJ = 9.2 Hz, 1H),
6.34-6.37 (m, 1H), 5.87 (d, = 9.2 Hz, 1H), 4.69-4.79 (m, 2H), 1.30 (s, 9C NMR (100 MHz, CDC}) §(ppm) = 177.7, 155.3, 141.7,
138.8, 137.6, 134.9, 131.3, 128.9, 128.7, 128.2,912127.5, 127.4, 127.3, 126.9, 126.8, 124.6,9.2109.5, 79.4, 61.3, 58.2, 43.7, 28R.
(KBr): 3408, 3060, 3032, 2977, 2929, 1704, 1610,0130167, 1454, 1366, 1292, 1227, 1169, 102RM S (ESI) m/z [M+H]* Calcd for
CaaHasN,05 505.2486, found 505.2482:]f28, = -158.1 ¢ 0.85, CHCY) HPLC (Daicel Chiralpak AD-Hi-PrOH/Hexane=20:80, 220 nm, 0.7
mL/min): major 25.6 min, minor 12.1 min. Enantiomcezxcess: 81%.

4.3.14 Ethyl 2-((R)-3-((S)-((tert-butoxycarbonyljao)(phenyl)methyl)-1-methyl-2-oxoindolin-3-yl)aaiet @na)

40.7 mg, 93% yield, white solid, m.p. 177-2Z8'"H NMR (400 MHz, CDC}) §(ppm) = 7.32 (dJ = 7.2 Hz, 1H), 7.12 () = 8.0 Hz, 1H),
6.95-7.05 (m, 4H), 6.81 (d,= 7.2 Hz, 2H), 6.59 (d] = 10.0 Hz, 1H), 6.42 (dl = 8.0 Hz, 1H),5.03 (d] = 10.0 Hz, 1H), 3.79-3.88 (m, 2H),
3.48 (d,J = 16.0 Hz, 1H), 3.10 (d] = 16.0 Hz, 1H), 2.92 (s, 3H), 1.43 (s, 9H), 0.8 € 7.2 Hz, 3H)*C NMR (100 MHz, CDC}) §(ppm)
=177.7, 169.9, 155.4, 144.0, 137.0, 128.9, 1286,3, 127.2, 127.1, 123.2, 122.4, 107.9, 79.&,60.7, 53.3, 39.0, 28.4, 25.8, 13 B.
(KBr): 3393, 3059, 3032, 2978, 2933, 1703, 1613,5149471, 1423, 1380, 1368, 1350, 1314, 1240, 11680, 1078, 1043, 99HRMS
(ESI) m/z [M+H]* Calcd for GgHaN,Os 439.2227, found 439.22250]f*% = -49.1 € 0.8, CHCE) HPLC (Daicel Chiralpak IC,
i-PrOH/Hexane=50:50, 220 nm, 1.0 mL/min): major 11Bi8, minor 7.2 min. Enantiomeric excess: 96%.

4.3.15 Tert-butyl (R)-3-((S)-((tert-butoxycarbommyt)ino)(phenyl)methyl)-3-(2-ethoxy-2-oxoethyl)-2ingoline-1-carboxylate4oa)

49.7 mg, 95% vyield, white solid, m.p. 56967 *H NMR (400 MHz, CDC}) §(ppm) = 7.42-7.44 (m, 1H), 7.31 (br, 1H), 7.15-7(b§ 2H),
7.04-7.08 (m, 1H), 6.97-7.01 (m, 2H), 6.80J4d; 7.2 Hz, 2H), 6.26 (d] = 10.0 Hz, 1H), 5.00 (d} = 10.0 Hz, 1H), 3.79-3.89 (m, 2H), 3.53 (d,
J=16.0 Hz, 1H), 3.09 (dl = 16.0 Hz, 1H), 1.57 (s, 9H), 1.43 (s, 9H), 0.89 € 7.2 Hz, 3H)*C NMR (100 MHz, CDC}) (ppm) = 177.1,
169.6, 155.2, 148.3, 140.3, 136.3, 128.8, 127.9,6.2427.4, 127.1, 124.3, 122.6, 114.9, 84.0, &D18, 60.2, 54.0, 39.5, 28.3, 28.0, 13M®.
(KBr): 3417, 2979, 2931, 1788, 1735, 1607, 1494,714892, 1369, 1352, 1293, 1248, 1152, 1091, 10883, 1006 HRMS (ESI) m/z
[M+H]* Caled for GgHaN,O; 525.2595, found 525.2595.0]f*% = -4.3 € 1.0, CHCL) HPLC (Daicel Chiralpak AD-H,
i-PrOH/Hexane=20:80, 220 nm, 1.0 mL/min): major miA4, minor 5.8 min. Enantiomeric excess: 98%.

4.3.16 Tert-butyl (R)-3-((S)-((tert-butoxycarbomyt)ino)(phenyl)methyl)-2-oxo-3-phenylindoline-1-catplate @pa)

49.9 mg, 90% vyield, white solid, m.p. 70°C1'H NMR (400 MHz, CDC}) §(ppm) = 7.43-7.47 (m, 3H), 7.34 (t= 7.6 Hz, 2H), 7.22-7.28
(m, 2H), 6.99-7.13 (m, 5H), 6.92 (d= 7.6 Hz, 2H), 6.37 (d] = 9.2 Hz, 1H), 5.77 (d] = 9.2 Hz, 1H), 1.57 (s, 9H), 1.31 (s, 9FC NMR
(200 MHz, CDC}) 8(ppm) = 177.1, 155.2, 148.3, 138.8, 138.4, 13639, 3, 128.9, 128.5, 127.6, 127.5, 127.4, 127.3,6,244.9, 84.5, 79.7,
61.8, 58.9, 28.3, 28.1R (KBr): 3422, 3061, 2979, 2932, 1787, 1737, 1604714465, 1286, 1150, 109dRM S (ESI) m/z [M+Na]* Calcd
for Ca1H3.NaN,O5 537.2360, found 537.23561]f%% = -153.0 ¢ 0.75, CHC}) HPLC (Daicel Chiralpak PC-li;PrOH/Hexane=5:95, 220 nm,
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0.5 mL/min): major 11.6 min, minor 9.0 min. Enamtieric excess: 86%.

4.3.17 Tert-butyl (R)-5-bromo-3-((S)-((tert-butoagtwonyl)amino)(phenyl)methyl)-3-(2-ethoxy-2-oxo8tyoxoindoline-1-carboxylate
(49a)

57.7 mg, 96% yield, white solid, m.p. 63264*H NMR (400 MHz, CDC}) 8(ppm) = 7.44 (d,J = 0.8 Hz, 1H), 7.27-7.35 (m, 2H), 7.02-7.11
(m, 3H), 6.82 (dJ = 7.2 Hz, 2H), 6.15 (d] = 11.2 Hz, 1H), 4.98 (d] = 10.0 Hz, 1H), 3.87-3.93 (m, 2H), 3.52 {d5 16.8 Hz, 1H), 3.08 (d

= 16.8 Hz, 1H), 1.56 (s, 9H), 1.44 (s, 9H), 1.03 & 7.2 Hz, 3H)*C NMR (100 MHz, CDC}) 5(ppm) = 176.3, 169.5, 155.1, 148.1, 139.4,
135.9, 131.8, 130.4, 127.9, 127.7, 127.1, 125.7,111116.6, 84.4, 80.3, 61.1, 60.2, 54.1, 39.24,223.1, 13.8IR (KBr): 3417, 2979, 2933,
1789, 1735, 1602, 1586, 1494, 1474, 1423, 13939,18837, 1298, 1249, 1154, 1099, 1067, 102BM S (ESI) m/z [M+H]" Calcd for
CagH36BrN,O; 603.1700, found 603.1725:]f%*% = -59.6 € 1.15, CHCJ) HPLC (Daicel Chiralpak ICi-PrOH/Hexane=50:50, 220 nm, 1.0
mL/min): major 3.9 min, minor 15.1 min. Enantionteeixcess: 99%.

4.3.18 Tert-butyl (R)-3-((S)-((tert-butoxycarbommyt)ino)(m-tolyl)methyl)-3-(2-ethoxy-2-oxoethyl)-2mdoline-1-carboxylatedpb)

50.5 mg, 94% yield, white solid, m.p. 55%686'H NMR (400 MHz, CDC}) 3(ppm) = 7.44-7.46 (m, 1H), 7.29-7.31 (m, 1H), 77146 (m,
2H), 6.86-6.88 (m, 2H), 6.60 (br, 2H), 6.22 Jds 10.0 Hz, 1H), 4.97 (d = 10.0 Hz, 1H), 3.81-3.89 (m, 2H), 3.52 {ds 16.8 Hz, 1H), 3.08
(d, J = 16.4 Hz, 1H), 2.10 (s, 3H), 1.57 (s, 9H), 1.439H), 0.95 (t] = 7.2 Hz, 3H)*C NMR (100 MHz, CDC}) §(ppm) = 177.1, 169.6,
155.2, 148.4, 140.4, 137.1, 136.2, 128.8, 128.8,0,2127.9, 127.3, 124.3, 124.2, 122.7, 114.8,,80D®, 60.8, 60.3, 54.0, 39.6, 28.4, 28.1,
21.2, 13.61R (KBr): 3420, 2980, 2933, 1788, 1735, 1608, 149%313249, 1153, 1025{RM S (ESI) m/z [M+H] " Calcd for GgHzgN,05
539.2752, found 539.2753u]f?%, = -6.1 € 0.65, CHC}) HPLC (Daicel Chiralpak AD-Hj-PrOH/Hexane=10:90, 220 nm, 0.7 mL/min):
major 12.5 min, minor 9.4 min. Enantiomeric excé&&%.

4.3.19 Tert-butyl (R)-3-((S)-((tert-butoxycarbormyhino)(4-chlorophenyl)methyl)-3-(2-ethoxy-2-oxo8tRyoxoindoline-1-carboxylate
(40c)

51.9 mg, 93% yield, white solid, m.p. 65266 *H NMR (400 MHz, CDC}) §(ppm) = 7.46 (dJ = 7.6 Hz, 1H), 7.32-7.34 (m, 1H), 7.18-7.24
(m, 2H), 6.98 (dJ = 8.4 Hz, 2H), 6.75 (d] = 8.4 Hz, 2H), 6.31 (d] = 10.0 Hz, 1H), 5.99 (d} = 10.0 Hz, 1H), 3.84-3.91 (m, 2H), 3.54 {d;
16.8 Hz, 1H), 3.09 (dJ = 16.4 Hz, 1H), 1.59 (s, 9H), 1.45 (s, 9H), 0.88)E 7.2 Hz, 3H)*C NMR (100 MHz, CDC}) 5(ppm) = 177.1,
169.4, 155.1, 148.1, 140.3, 135.1, 133.6, 129.8,512127.6, 124.5, 122.6, 115.1, 84.4, 80.3, 6896, 53.7, 39.5, 28.3, 28.0, 13.7. IR
(KBr):2980, 2933, 1788, 1736, 1607, 1492, 1466, 13628, 1151, 1090, 101HRMS (ESI) m/z [M+H]" Calcd for GgHsCIN,O;
559.2206, found 559.220%f*%, = -14.9¢ 2.5, CHC}) HPLC (Daicel Chiralpak AD-Hi-PrOH/Hexane=10:90, 220 nm, 0.7 mL/min): major
47.5 min, minor 14.3 min. Enantiomeric excess: 97%.

4.3.20 Tert-butyl (R)-3-((S)-((tert-butoxycarbormyhino)(4-methoxyphenyl)methyl)-3-(2-ethoxy-2-oxgdg®roxoindoline-1-carboxylate
(40d)

52.6 mg, 95% yield, white solid, m.p. 60261 *H NMR (400 MHz, CDC}) 3(ppm) = 7.46 (dJ = 7.2 Hz, 1H), 7.28-7.30 (m, 1H), 7.14-7.19
(m, 2H), 6.72 (dJ = 8.8 Hz, 2H), 6.52 (d] = 8.4 Hz, 2H), 6.20 (d] = 9.6 Hz, 1H), 4.96 (d] = 10.4 Hz, 1H), 3.79-3.89 (m, 2H), 3.66 (s, 3 H),
3.51 (d,J = 16.4 Hz, 1H), 3.06 (dl = 16.4 Hz, 1H), 1.57 (s, 9H), 1.43 (s, 9H), 0.89 € 7.2 Hz, 3H)*C NMR (100 MHz, CDC}) 5(ppm)
=177.3,169.6, 158.9, 155.2, 148.4, 140.4, 12828,5, 128.2, 128.1, 124.3, 122.6, 115.0, 112.9,80.0, 60.8, 59.7, 55.1, 54.1, 39.6, 28.4,
28.1, 13.7IR (KBr): 2979, 2934, 1793, 1767, 1731, 1611, 1486514368, 1309, 1291, 1251, 1153, 103RM S (ESI) m/z [M+H]* Calcd

for CygHagN,Og 555.2701, found 555.270Q]f>% = -10.1 € 0.85, CHC}) HPLC (Daicel Chiralpak AD-Hi-PrOH/Hexane=10:90, 220 nm,
0.7 mL/min): major 35.7 min, minor 23.7 min. Enamtieric excess: 98%.

4.3.21 Tert-butyl (R)-3-((S)-((tert-butoxycarbomyh)ino)(4-fluorophenyl)methyl)-3-(2-ethoxy-2-oxo8t2yoxoindoline-1-carboxylate
(40€)

48.7 mg, 90% yield, white solid, m.p. 49%60'H NMR (400 MHz, CDC}) 5(ppm) = 7.42-7.44 (m, 1H), 7.29-7.31 (m, 1H), 77.21 (m,
2H), 6.75-6.78 (m, 2H), 6.67 (,= 8.4 Hz, 2H), 6.28 (d] = 10.0 Hz, 1H), 4.97 (d} = 10.0 Hz, 1H), 3.79-3.89 (m, 2H), 3.51 {d; 16.8 Hz,
1H), 3.06 (dJ = 16.8 Hz, 1H), 1.56 (s, 9H), 1.42 (s, 9H), 0.84 € 7.2 Hz, 3H)*C NMR (100 MHz, CDC}) &(ppm) = 177.1, 169.4, 162.0
(d,J=245.5 Hz), 155.1, 148.1, 140.2, 132.3Jd; 3.0 Hz), 129.0, 128.7 (d,= 8.2 Hz), 127.7, 124.4, 122.5, 115.0, 114.3)(d,21.4 Hz),
84.3, 80.2, 60.9, 59.5, 53.8, 39.5, 28.3, 28.06.1% NMR (376 MHz, CDG)) 5 -114.5 (m).IR (KBr): 3412, 2980, 2932, 1788, 1736, 1606,
1509, 1466, 1393, 1369, 1352, 1248, 1151, 10882.104RMS (ESI) m/z [M+H]" Calcd for GgHzsFN,O; 543.2501, found 543.2501.
[0]®% = -18.7 € 0.6, CHC}) HPLC (Daicel Chiralpak AD-Hi-PrOH/Hexane=10:90, 220 nm, 0.7 mL/min): major 28il, minor 12.2 min.
Enantiomeric excess: 98%.

4.3.22 Tert-butyl (R)-3-((R)-((tert-butoxycarbora)ino)(thiophen-2-yl)methyl)-3-(2-ethoxy-2-oxoe#@rbxoindoline-1-carboxylatelff)

47.7 mg, 90% yield, white solid, m.p. 43°G4'H NMR (400 MHz, CDC}) 8(ppm) = 7.62 (d,J = 8.0 Hz, 1H), 7.34 (d) = 7.2 Hz, 1H),
7.26-7.30 (m, 1H), 7.21 (§,= 7.6 Hz, 2H), 6.99 (d] = 4.2 Hz, 1H), 6.69 (dd} = 4.0 Hz,J = 4.8 Hz, 1H), 6.44 (d] = 3.2 Hz, 1H), 6.21 (d
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=10.0 Hz, 1H), 5.33 (d] = 10.4 Hz, 1H), 3.82-3.90 (m, 2H), 3.50 §ds 16.4 Hz, 1H), 3.08 (dl = 16.4 Hz, 1H), 1.59 (s, 9H), 1.47 (s, 9H),
0.98 (t,J = 7.2 Hz, 3H)C NMR (100 MHz, CDC}) 5(ppm) = 176.9, 169.4, 155.1, 148.5, 141.0, 1392B,4, 128.0, 126.1, 125.3, 124.6,
1245, 122.6, 115.1, 84.1, 80.3, 60.9, 56.3, 530(, 28.4, 28.1, 13.TR (KBr):3411, 2979, 2933, 1788, 1734, 1607, 1494714393, 1369,
1351, 1315, 1293, 1249, 1152, 1089, 753, 6IRM S (ESI)m/z [M+H]" Calcd for G;H3sN,0,S 531.2159, found 531.2158]*% = -9.8 ¢
0.7, CHC}) HPLC (Daicel Chiralpak AD-Hj-PrOH/Hexane=10:90, 220 nm, 1.0 mL/min): major 1, minor 24.7 min. Enantiomeric
excess: 96%.

4.3.23 Tert-butyl (R)-3-((S)-((tert-butoxycarbomyt)ino)(cyclohexyl)methyl)-3-(2-ethoxy-2-oxoethyt)x@indoline-1-carboxylatelfg)

25.4 mg, 48% yield, white solid, m.p. 39°2@0'H NMR (400 MHz, CDC}) 8(ppm) = 7.85 (dJ = 8.0 Hz, 1H), 7.31-7.35 (m, 1H), 7.17-7.20
(m, 2H), 5.56 (dJ =), 2.92 (dJ = 16.0 Hz, 1H), 1.63 (s, 9H), 1.43-1.52 (m, 13HR3 (br, 1H), 0.92-1.08 (m, 10HFC NMR (100 MHz,
CDCly) 8(ppm) = 177.7, 169.7, 156.3, 149.0, 140.6, 1288,48, 124.8, 122.1, 115.1, 84.2, 79.6, 61.5, 8P4, 41.3, 38.6, 32.8, 28.4, 28.1,
27.4, 26.2, 25.9, 25.7, 13.BR (KBr):2979, 2928, 2853, 1793, 1768, 1731, 1696,0148165, 1368, 1290, 1119, 793RMS (ESI) m/z
[M+Na]* Calcd for GgH..NaN,O; 553.2884, found 553.2866.0]f"% = -6.6¢ 0.8, CHCL) HPLC (Daicel Chiralpak IC,
i-PrOH/Hexane=15:85, 220 nm, 0.7 mL/min): major ®ifh, minor 19.6 min. Enantiomeric excess: 99%.

4.3.24 Tert-butyl (R)-3-((S)-1-((tert-butoxycarbayino)-3-phenylpropyl)-3-(2-ethoxy-2-oxoethylpgeindoline-1-carboxylatetph)

24.8 mg, 45% yield, white solid, m.p. 452@6*H NMR (400 MHz, CDC}) 3(ppm) = 7.81 (dJ = 8.4 Hz, 1H), 7.28-7.31 (m, 1H), 7.17-7.20
(m, 2H), 7.09-7.14 (m, 2H), 7.05-7.07 (m, 1H), 6(@5J = 6.8 Hz, 2H), 5.44 (d] = 10.4 Hz, 1H), 4.00 (df] = 2.4 Hz,J = 10.8 Hz, 1H),
3.77-3.82 (m, 2H), 3.32 (d}, = 16.0 Hz, 1H), 2.94 (d] = 16.0 Hz, 1H), 2.59-2.63 (m, 1H), 2.38-2.43 (rA})11.64 (s, 9H), 1.49 (s, 9H),
1.33-1.41 (m, 1H), 1.21-1.27 (m, 1H), 0.93J& 7.2 Hz, 3H).*C NMR (100 MHz, CDC}) 8(ppm) = 177.4, 169.6, 156.1, 149.0, 140.9,
140.7, 128.9, 128.5, 128.3, 126.0, 124.9, 122.5,21184.5, 79.8, 60.7, 56.0, 53.3, 40.6, 32.4, 3224, 28.1, 13.6.R (KBr):2978, 2929,
2855, 1768, 1731, 1698, 1496, 1479, 1464, 1368),1P661, 1027, 751, 69BLRM S (ESI)m/z [M+Na]" Calcd for G;H,NaN,O; 575.2728,
found 575.2705.4]%"%, = -3.2€ 1.7, CHC}) HPLC (Daicel Chiralpak IG-PrOH/Hexane=15:85, 220 nm, 0.7 mL/min): major mih, minor
11.7 min. Enantiomeric excess: 98%.

4.3.25 Tert-butyl (R)-3-((1,3-dioxolan-2-yl)meth8H(S)-((tert-butoxycarbonyl)amino)(phenyl)metk3dpxoindoline-1-carboxylatei(a)

47.1 mg, 90% vyield, colorless ot NMR (400 MHz, CDCY) §(ppm) = 7.39-7.42 (m, 1H), 7.33-7.35 (m, 1H), 77.25 (m, 2H), 6.93-7.02
(m, 3H), 6.79 (dJ = 7.2 Hz, 2H), 6.31 (d] = 9.6 Hz, 1H), 4.99 (d] = 9.6 Hz, 1H), 4.61 (dd] = 2.4 Hz,J = 7.2 Hz, 1H), 3.71-3.76 (m, 1H),
3.60-3.64 (m, 1H), 3.51-3.55 (m, 2H), 2.70 (de; 7.6 Hz,J = 14.4 Hz, 1H), 2.46 (dd,= 2.8 Hz,J = 14.4 Hz, 1H), 1.54 (s, 9H), 1.40 (s, 9H).
3C NMR (100 MHz, CDCY)) 8(ppm) = 177.4, 155.3, 148.5, 139.9, 136.8, 12825,4, 127.4, 127.3, 127.2, 123.9, 123.8, 114.8,5,@B.8,
79.8, 64.9, 64.4, 61.1, 53.7, 38.4, 28.3, 2B0(KBr): 2978, 1718, 1152, 75RIRM S (ESI) m/z [M+Na]" Calcd for GgHzgN,NaO; 547.2415,
found 547.2424.d]%*%, = 12.0 € 0.71, CHC}) HPLC (Daicel Chiralpak ICi-PrOH/Hexane=20:80, 220 nm, 1.0 mL/min): major G,
minor 56.2 min. Enantiomeric excess: 97%.

4.3.26 Tert-butyl (S)-3-((S)-((tert-butoxycarbomayhino)(phenyl)methyl)-3-fluoro-2-oxoindoline-1-carylate @sa)

43.3 mg, 95% yield, yellow oifH NMR (400 MHz, CDC}) §(ppm) = 7.59 (dJ = 8.0 Hz, 1H), 7.46 (d] = 7.2 Hz, 1H), 7.34 () = 8.0 Hz,
1H), 7.22 (tJ = 7.6 Hz, 1H), 7.09-7.15 (m, 3H), 6.98 (& 7.2 Hz, 2H), 6.22 (d] = 8.8 Hz, 1H), 5.51 (dd} = 6.4 Hz,J = 8.4 Hz, 1H), 1.57
(s, 9H), 1.45 (s, 9H)*C NMR (100 MHz, CDC}) 8(ppm) = 170.6 (dJ = 22.7 Hz), 155.3, 148.0, 140.4, 134.5, 131.8,3,2828.1, 127.7,
125.0 (d,J = 8.6 Hz), 122.8 (dJ = 18.7 Hz), 115.3, 91.5 (d,= 245.5 Hz), 90.5, 85.0, 80.2, 58.9, 28.4, 28.NMR (376 MHz, CDG)) 6
-156.9 (s)IR (KBr): 3430, 2977, 2932, 1772, 1723, 1498, 113BRM S (ESI)m/z [M+H]* Calcd for GsHsgN,OsF 457.2133, found 457.2125.
[0]?®% = +34.8 € 0.6, CHC}) HPLC (Daicel Chiralpak AD-Hi-PrOH/Hexane=10:90, 254 nm, 1.0 mL/min): major fibh, minor 9.7 min.
Enantiomeric excess: 94%.

4.3.27 Ethyl 2-((R)-1-benzyl-3-((S)-((4-methylpHEuffonamido)(phenyl)methyl)-2-oxoindolin-3-yl) taie @ai)

49.4 mg, 87% yield, white solid, m.p. 82°63'H NMR (400 MHz, CDC}) 5(ppm) = 7.33-7.38 (m, 3H), 7.17-7.19 (m, 3H), 6260 (m,
2H), 6.88-6.93 (m, 5H), 6.72 @,= 8.0 Hz, 2H), 6.58 (d] = 8.0 Hz, 3H), 6.28 (q] = 3.2 Hz, 1H), 4.94 (d] = 10.4 Hz, 1H), 4.63 (d} = 16.0
Hz, J = 30.0 Hz, 2H), 3.79-3.95 (m, 2H), 3.62 {d5 16.4 Hz, 1H), 3.16 (d] = 16.4 Hz, 1H), 2.22 (s, 3H), 0.94 Jt= 7.2 Hz, 3H)*C NMR

(100 MHz, CDCY}) &(ppm) = 177.8, 169.6, 143.3, 142.6, 137.7, 134339, 128.9, 128.8, 128.5, 128.1, 127.5, 127.3,22I27.1, 127.0,
126.7, 123.5, 122.5, 109.3, 62.3, 60.6, 53.2, 40®, 21.3, 13.8.R (KBr):3263, 3060, 2980, 2924, 1715, 1612, 1489,7146155, 1429,
1370, 1333, 1163, 1086, 1056, 923, 813, 737, 700, 658.HRMS (ESI) m/z [M+Na]* Calcd for GsHz,SNaNOs 591.1924, found
591.1905. %% = -72.1€ 0.8, CHC}) HPLC (Daicel Chiralpak ICi-PrOH/Hexane=40:60, 220 nm, 1.0 mL/min): major 3/i®, minor
67.1 min. Enantiomeric excess: 74%.

4.3.28 Ethyl 2-((R)-1-benzyl-3-((S)-(((benzyloxydcamyl)amino)(phenyl)methyl)-2-oxoindolin-3-yl)aatet @aj)

49.3 mg, 90% yield, white solid, m.p. 47°68'H NMR (400 MHz, CDCY) 5(ppm) = 7.30-7.38 (m, 6H), 7.19-7.20 (m, 3H), 7(08 = 7.2
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Hz, 1H), 6.83-7.03 (m, 9H), 6.31-6.33 (m, 1H), 5(@1J = 9.6 Hz, 1H), 5.14 (d] = 12.4 Hz, 1H), 5.07 (d] = 12.4 Hz, 1H), 4.26-4.70 (m,
2H), 3.77-3.91 (m, 2H), 3.47 (d,= 16.0 Hz, 1H), 3.12 (dl = 16.0 Hz, 1H), 0.90 (f = 7.2 Hz, 3H)*C NMR (100 MHz, CDC}) 5(ppm) =
177.4, 169.6, 156.1, 149.0, 140.9, 140.7, 128.8,512128.3, 126.0, 124.9, 122.1, 115.2, 84.5, ™08/, 56.0, 53.3, 40.6, 32.4, 32.2, 28.4,
28.1, 13.61R (KBr):3339, 3061, 3032, 2979, 2924, 1719, 1612514966, 1454, 1369, 1345, 1189, 1026, 755, 698,MBRM S (ESI)m/z
[M+Na]* Calcd for GsHsNaN,Os 571.2203, found 571.2196.0]f%, = -32.2 € 1.0, CHCE) HPLC (Daicel Chiralpak IC,
i-PrOH/Hexane=50:50, 220 nm, 1.0 mL/min): major 1rRif, minor 8.0 min. Enantiomeric excess: 88%.

4.3.29(R)-tert-butyl3-((1,3-dioxolan-2-yl)methyh{®)-1-((tert-butoxycarbonyl)amino)-2-methylpropgtoxoindoline-1-carboxylatei(k)

34.3 mg, 70% yield, yellow oitH NMR (400 MHz, CDC}) 5(ppm) = 7.85 (dJ = 8.4 Hz, 1H), 7.32 () = 8.0 Hz, 1H), 7.18-7.26 (m, 2H),
5.68 (d,J = 10.4 Hz, 1H), 4.48 (dd,= 2.4 Hz,J = 7.6 Hz, 1H), 4.04 (dd] = 2.0 Hz,J = 10.4 Hz, 1H), 3.75 (g} = 6.8 Hz, 1H), 3.53-3.62 (m,
4H), 2.52-2.57 (m, 1H), 2.34 (dd,= 2.4 Hz,J = 14.4 Hz, 1H), 1.63 (s, 9H), 1.48 (s, 9H), 0.@LX= 6.8 Hz, 3H), 0.64 (d] = 6.4 Hz, 3H).
BC NMR (100 MHz, CDGJ) 6(ppm) = 178.1, 156.6, 149.3, 140.1, 129.1, 12844, 123.1, 115.2, 101.6, 84.0, 79.3, 64.8, 614/, 52.1,
40.8, 28.7, 28.4, 28.1, 22.6, 16.5. IR (KBr):29763291792, 1766, 1727, 1696, 1480, 1367, 1290, 116Q2, 774, 757. HRMS (ESi)/z
[M+H] " Calcd for GgHagN,O; 491.2752, found 491.274%]f°% = 1.3 € 2.0, CHC}) HPLC (Daicel Chiralpak AD-Hi-PrOH/Hexane=5:95,
220 nm, 1.0 mL/min): major 22.9 min, minor 5.4 nitnantiomeric excess: 99%.

4.3.30(R)-tert-butyl3-((1,3-dioxolan-2-yl)methyh{®)-1-((tert-butoxycarbonyl)amino)-2-methylpropgtmethoxy-2-oxoindoline-1-carbo
xylate @tk)

35.3 mg, 68% vyield, off-white oifH NMR (400 MHz, CDCJ) 8(ppm) = 7.49 (dJ = 2.4 Hz, 1H), 7.12 (d] = 8.4 Hz, 1H), 6.74 (ddl = 2.0
Hz, J = 8.0 Hz, 1H), 5.66 (d] = 10.4 Hz, 1H), 4.49 (dd} = 2.4 Hz,J = 7.6 Hz, 1H), 4.00 (dd] = 2.0 Hz,J = 10.4 Hz, 1H), 3.85 (s, 3H),
3.75-3.80 (m, 1H), 3.56-3.65 (m, 3H), 2.48-2.53 i), 2.29 (ddJ = 2.4 Hz,J = 14.0 Hz, 1H), 1.63 (s, 9H), 1.48 (s, 9H), 0.@2J)(= 6.8 Hz,
3H), 0.64 (d,J = 6.4 Hz, 3H)*C NMR (100 MHz, CDGJ) 8(ppm) = 178.6, 159.9, 156.6, 149.3, 141.0, 12326,7, 110.2, 102.0, 101.7, 84.0,
79.3, 64.8, 64.4, 61.7, 55.5, 51.7, 40.8, 28.64,288.2, 28.1, 22.6, 16.5, 15.4. IR (KBr):2974, 298293, 1767, 1725, 1696, 1493, 1392,
1255, 1150, 1031, 775. HRMS (ESty/z [M+H]" Calcd for G/H,;,N,O5 521.2863, found 521.2892a]f5'6D: 5.9 ¢ 1.7, CHC}) HPLC
(Daicel Chiralpak PC-lli-PrOH/Hexane=5:95, 220 nm, 0.8 mL/min): major 7id,minor 29.4 min. Enantiomeric excess: 84%.

4.4 Transformation of spirooxindofeand 6

A dried 10 mL flask was charged widlnk (49.0 mg, 0.1 mmol, 99% ee) and cooled f€0A hydrogen chloride solution (4M) in ethyl
acetate (0.6 mL) was slowly added. After stirred 0 min. the mixture was allowed to warm to ro@mperature and stirred for 1 h. All
volatile compounds were removed by rotary evaporatd the crude was dried in vacuo. To the cruded4d@] DCM (0.6 mL) was added the
suspension was cooled t6©. EtN (40.4 mg, 0.4 mmol) was added and the reactiotiurg was allowed to warm to room temperature. rAfte
stirred for 1 h, water was added and the orgaryierlavas separated and dried ovepd@, The solvent was removed under reduced pressure
and the residue was purified by silica gel chromatphy (petrolume ether/ethyl acetate = 1/3) tordfthe producs.

The corresponding spirooxindole product (0.1mmdefy) was dissolved in MeOH and cooled ¥€.0Sodium cyanoborohydride (0.4
mmol4.0eq) was added slowly and the mixture wasaadtl to stir under room temperature for 30min. fégilting solution was poured into
satd.aq.NHCI, extracted with EA, the organic layer was sepatand dried over N8O,. The solvent was removed under reduced pressure
and the residue was purified by silica gel chromeatphy (dichloromethane / methanol = 9/1) to affibrel product

4.4.1 (2'S,3R)-2'-isopropyl-2',4'-dihydrospiro[inde-3,3'-pyrrol]-2-one (5)

14.3 mg, 63% yield, yellow oil. 1H NMR (400 MHz, CDES(ppm) = 8.62 (s, 1H), 7.70-7.71 (m, 1H), 7.15-7(&7 2H), 7.04-7.07 (m, 1H),
6.90 (d, J = 8.0 Hz, 1H), 4.00 (dd, J = 2.4 Hz,Q16Hz, 1H), 3.25 (d, J = 18.0 Hz, 1H), 2.91 (&, 18.0 Hz, 1H), 2.19-2.27 (m, 1H), 1.19 (d,
J =6.4 Hz, 3H), 3.25 (d, J = 6.8 Hz, 3H). 13C NMRQMHz, CDC}) 6(ppm) = 180.9, 162.8, 140.2, 135.1, 128.0, 122Q,4, 109.8, 89.8,
54.5, 50.8, 30.4, 21.8, 20.3. IR (KBr):3427, 2958®8L709, 1619, 1484, 750. HRMS (ESI) m/z: [M+H]+ &@bfor C14H17N20 229.1335,
found 229.1334.d]24.2D = -58.6 (¢ 0.3, CHCI3) HPLC (Daicel Chiralpak IrOH/Hexane=10:90, 220 nm, 1.0 mL/min): major8LBin,
minor 11.6 min. Enantiomeric excess: 99%.

4.4.2 (2'S,3R)-2'-isopropyl-6-methoxyspiro[indohB&'-pyrrolidin]-2-one 6)

11.4 mg, 44% vyield, colorless oftH NMR (400 MHz, CDC}) §(ppm) = 7.06 (d,J = 8.4 Hz, 1H), 6.59 (s, 1H), 6.51 (d= 8.4 Hz, 1H),
3.64-3.71 (m, 4H), 3.46 (br, 1H), 3.35 (b= 8.4 Hz, 1H), 2.28 (m, 2H), 1.98 (br, 1H), 1.84 J = 6.4 Hz, 3H), 0.35 (d] = 6.4 Hz, 3H)*C
NMR (100 MHz, CDC}) 8(ppm) = 181.4, 160.4, 142.0, 123.2, 122.3, 108821,973.2, 56.1, 55.6, 43.7, 38.2, 29.5, 22.3, . 1R§KBr):2924,
1709, 1632, 1506, 1462, 1133RM S (ESI) m/z [M+H] " Calcd for GsH»;N,O, 261.1603, found 261.1614)f%% = 3.2 € 0.15, CHC))
HPLC (Daicel Chiralpak AS-H;PrOH/Hexane=10:90, 220 nm, 1.0 mL/min): major 1®iA, minor 17.0 min. Enantiomeric excess: 73%.
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