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ABSTRACT: A highly efficient asymmetric Mannich reaction
of 3-monosubstituted 3-aminooxindoles/3-hydroxyoxindoles
with in situ generated N-Boc-protected aldimines catalyzed by
the chiral bifunctional thiourea—tertiary amine catalyst has
been developed. Under mild reaction conditions, a series of
structurally diverse vicinal oxindole—diamines/amino alcohols
were smoothly obtained in moderate to high yields (up to
99%) with good to excellent diastereoselectivities and
enantioselectivities (up to 95:5 dr and 96% ee). The synthetic
application of this protocol was also demonstrated by the
versatile transformation of chiral vicinal oxindole—diamine/
amino alcohol into spirocyclic oxindoles.

B INTRODUCTION

Endeavors leading to the synthesis of structurally diverse
organic molecules are of continuing interest to medicinal
chemists because these efforts have the potential to generate
new drug candidates." Optically active disubstituted 3-amino-
oxindoles”/3-hydroxyoxindoles® are structural motifs that
represent privileged pharmacophores found in biologically
active natural products and synthetic compounds. In recent
years, considerable efforts were invested in the development of
creative strategies to access chiral disubstituted 3-amino-
oxindoles”>**~%7/3-hydroxyoxindoles.”**”* These strategies
focused on catalytic, asymmetric, and synthetic methods,
including the asymmetric addition reactions of nucleophiles
to isatin imines"**“! or isatins,"™“’” aminatio,n**"° or
hydroxylation**® of 3-monosubstituted oxindoles and other
reactions.’ Despite these achievements, highly efficient and
stereoselective methodologies for the expeditious construction
of structurally diverse disubstituted 3-aminooxindoles and 3-
hydroxyoxindoles remain desirable goals.

Some literature surveys reveal that 3-monosubstituted 3-
aminooxindoles’/3-hydroxyoxindoles'® can be employed as
nucleophiles to react with various electrophiles for generation
of chiral disubstituted 3-aminooxindoles/3-hydroxyoxindoles.
Additionally, the N-Boc-protected aldimines have been widely
used in the organocatalytic, asymmetric Mannich reaction for
the amino introduction into the chemical structures.''
However, the reaction of 3-aminooxindoles/3-hydroxyoxin-
doles with N-Boc-protected aldimines for asymmetric synthesis
of vicinal oxindole—diamines/amino alcohols has not been
exploited. In this context, we envisioned that the asymmetric
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Mannich reaction between 3-aminooxindoles/3-hydroxyoxin-
doles and N-Boc-protected aldimines would provide an
important complementary way to access new structures of
chiral disubstituted 3-aminooxindole/3-hydroxyoxindole
(Scheme 1). Herein, we report our research results with
respect to this subject by organocatalysis.

Scheme 1. Design for Synthesis of Chiral Vicinal Oxindole—
Diamines/Amino Alcohols
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B RESULTS AND DISCUSSION

Our studies began with the model reaction of 3-aminooxindole
la with amidosulfone 2a, and various chiral bifunctional
thiourea—tertiary amine catalysts were screened (Figure 1).
Takemoto’s catalyst 4a was first investigated in toluene with
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Figure 1. Chiral bifunctional thiourea—tertiary amine catalysts
screened in this work.

saturated aqueous solution of Na,COj; Substrate 1a could be
consumed completely at 25 °C for 12 h and gave vicinal
oxindole—diamine 3a in 94% yield with 84:16 dr and 54% ee
(Table 1, entry 1). To our delight, 68% ee was obtained by

Table 1. Optimization of Reaction Conditions”

NHR Ph
@Eg': NHBoc 4 (10 mol %) RAN ~NHeoc
o+ _— \\Q
N Ph SO,Ph solvent, Na,COj3 (aq) @\ o
Me 25 °C, time N
1a-c 2a 3a!\t/|:e
1a: R =Boc
1b: R =Cbz
1c¢: R = CO,Et
time 3/ yieldb ee?
entry 1 4 solvent (h) (%) dr® (%)
1 la 4a toluene 12 3a/94 84:16 54
2 la 4b toluene 12 3a/97 74:26 68
3 la 4c toluene 24 3a/89 97:3 21
4 la 4d toluene 24 3a/97 99:1 6
S la 4e toluene 24 3a/98 88:12 54
6 la 4f toluene 24 3a/89 90:10 33
7 la 4g toluene 24 3a/98 86:14 30
8 la 4h  toluene 24 3a/99 92:8 48
9 1b  4b toluene 24 3b/97 87:13 83
10 1c 4b toluene 24 3¢/98 90:10 86
11 lc  4b  mesitylene 24 3c¢/98 88:12 83
12 1c 4b  fluorobenzene 24 3¢/98 85:15 88
13 1c 4b CH(CL 12 3¢/97 919 89
14 1c 4b CHCl, 24 3c/98 89:11 83
15 1c 4b CICH,CH,Cl 24 3¢/98  89:11 88
16 1c 4b CLCCH, 12 3¢/99  90:10 91
17 1c 4b THF 36 3c/82 81:19 4
18° 1c 4b  CLCCH, 24 3¢/91  90:10 91

“Unless otherwise noted, the reactions were performed with 0.1 mmol
of 1, 0.12 mmol of 2a, and 0.1 mL of a saturated aqueous solution of
Na,COj; in the presence of 10 mol % of 4 in 2.0 mL of solvent at 25
°C for the specified reactlon time. “Isolated yields of 3. “Determined
by chiral HPLC analysis. “Enantiomeric excess for major diaster-
eoisomers determined by chiral HPLC analysis. “Reaction was carried
out at 0 °C.

using the catalyst 4b with a pyrrolidine structure (entry 2).
However, catalysts 4c and 4d based on the diphenylethane
skeleton provided very poor ee in spite of excellent dr (entries 3
and 4). Further catalyst examination revealed that other chiral
bifunctional thiourea—tertiary amines 4e—h derived from
cinchona alkaloids could not give better enantioselectivities
compared with that shown in entry 2 (entries 5—8). The effects
of a N-protected group at the C3 position of oxindole were
explored. The reaction results revealed substrate 1c with a N-
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CO,Et substituent at the C3 position showed higher stereo-
selectivity (entry 10, for 3c, 98% yield, 90:10 dr and 86% ee).
The following solvent screening confirmed CL;CCHj; as the
optimal solvent (entry 16). Finally, lowering the reaction
temperature to 0 °C was not beneficial for further improvement
of stereoselectivity (entry 18).

After establishment of the optimal reaction conditions, the
nonchiral diastereoselectivities of products 3c—v (for 3¢, dr
62:38; for 3d, dr 77:23; for 3e, dr 77:23; for 3f, dr 70:30; for
3g, dr 53:47; for 3h, dr 72:28; for 3i, dr 79:21; for 3j, dr 70:30;
for 3k, dr 77:23; for 31, dr 72:28; for 3m, dr 76:24; for 3n, dr
65:35; for 30, dr 71:29; for 3p, dr 57:43; for 3q, dr 65:35; for
3r, dr 72:28; for 3s, dr 69:31; for 3t, dr 68:32; for 3u, dr 69:31;
for 3v, dr $6:44) were obtained by using DBU (1,8-
diazabicyclo[5.4.0Jundec-7-ene) as base. Then the asymmetric
reaction of 3-aminooxindole lc with various amidosulfones
2b—j was investigated. Whether the substituent on the phenyl
ring was an electron-donating (2c—e and 2g) or electron-
withdrawing (2h—j) substituent of amidosulfones, all reactions
proceeded smoothly to give the desired vicinal oxindole—
diamines 3e—g,ij—1 in 83—99% vyields with up to 92% ee
(Table 2, entries 3—S, 7, and 8—10). It is noteworthy that using

Table 2. Scope of Asymmetric Mannich Reaction of 3-
Aminooxindoles 1 with Amidosulfones 2

NHCO,Et R
R! NHBoc 4b (10 mol %) EtC,CHN 3

Rl NHBoc
o + )\ e o
N R™ "SO3Ph Cl3CCH3, NayCO3 (aq) N
\

R2 25°C, 12 h R2
1c-g 2 3c-v
1c: R'=H, R? = Me
1d: R' = Me, R? = Me
1e:R'=F, R?=Me
1f: R'=H, R?=Et
1g:R"=H, R?=Bn
3/yield” ee?
entry 1 2 (%) dr* (%)
1 lc  R=Ph (2a) 3¢/99 90:10 91
2 lc R =2-MeOCiH, (2b) 3d/99 77:23 77
3 lc R =3-MeCH, (2¢) 3e/99 90:10 92
4 lc R =3-MeOCH, (2d) 3£/98 90:10 91
5 lc R =34-(MeO),CeH; (2¢) 3g/90 90:10° 92
6 lc R =3-NO,CH, (2f) 3h/83 86:14 82
7 lc R =4-MeCH, (2g) 3i/93 89:11 92
8 lc R =4FCH, (2h) 3j/96 90:10 91
9 lc R =4-CICH, (2i) 3k/99 92:8 91
10 lc R =4-BrCH, (2j) 31/83 91:9 92
11 1lc R =2furyl (2k) 3m/98 86:14 86
12 1c R = 2-thienyl (21) 3n/72 88:12 90
13 1d R =Ph(2a) 30/99 89:11 89
14 le R =Ph(2a) 3p/99 87:13 89
15 1f R =Ph (2a) 3q/98 79:21 90
16 1g R=Ph(2a) 3r/98 94:6 96
17 1g R =4-MeOCiH, (2m) 3s/98 9S:5 92
18 1g R =3-CICiH, (2n) 3t/98 94:6 96
19 1g R =3-BrCH, (20) 3u/99 94:6 95
20 1g R = l-naphthyl (2p) 3v/79 73:27 85

“Unless otherwise noted, the reactions were performed with 0.1 mmol
of 1, 0.12 mmol of 2, and 0.1 mL of a saturated aqueous solution of
Na,CO; in the presence of 10 mol % of 4b (4.4 mg, 0.01 mol) in 2.0
mL of CI;CCHj at 25 °C for 12 h. ¥Isolated yields of 3. “Determined
by chiral HPLC analysis. “Enantiomeric excess for major diaster-
eoisomers determined by chiral HPLC analysis. “Determined by 'H
NMR analysis of the mixture of two diastereoisomers.
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the sterically demanding 2b and 2f with strong electron-
withdrawing nitro group on the phenyl ring as substrates gave
rise to the products 3d and 3h in lower ee (entries 2 and 6). In
addition, two heteroaromatic amidosulfones 2k and 2l were
also successfully employed in the reaction and afforded the
corresponding products 3m and 3n with good results (entries
11 and 12). The absolute configuration of the major
stereoisomer 3n was determined as (CSR,C11S) by X-ray
crystallographic analysis (see the Supporting Information). The
stereochemistry of other compounds 3 and 8 was identified by
analogy. Furthermore, examination of the substituent on the
phenyl ring and N-1 position of 3-aminooxindole indicated N-
benzyl-substituted 3-aminooxindole 1g could give higher
enantioselectivity (entries 13—16). To further explore the
substrate scope of the asymmetric Mannich reaction, 3-
aminooxindole 1g was subsequently used as the nucleophile
to react with other four amidosulfones 2m—p. It was observed
that amidosulfones 2m—o could offer the corresponding
products 3s—u in good yields with excellent stereoselectivities
(entries 17—19) except for the bulky 1-naphthyl-substituted
amidosulfone 2p (entry 20). Finally, the point was that
compounds 3¢ and 3e—v showed remarkable enhancement in
diastereoselectivity from the chiral catalyst with the exception
of compound 3d through comparison of the nonchiral
diastereoselectivities and chiral diastereoselectivities.

On the basis of the synthesis of a series of chiral vicinal
oxindole—diamines 3, the asymmetric Mannich reaction
between 3-hydroxyoxindoles 5 and amidosulfones 2 was also
explored for the purpose of producing a variety of chiral vicinal
oxindole—amino alcohols 6. Initially, the nonchiral diaster-
eoselectivities of products 6a—k (for 6a, dr 68:32; for 6b, dr
48:52; for 6¢, dr 33:67; for 6d, dr 38:62; for 6e, dr 45:55; for 6f,
dr 35:65; for 6g, dr 46:54; for 6h, dr 41:59; for 6i, dr 52:48; for
6j, dr 41:59; for 6k, dr 52:48) were obtained by using DBU
(1,8-diazabicyclo[5.4.0Jundec-7-ene) as base. Subsequently,
with Takemoto’s catalyst 4a and dichloromethane as solvent,
the reaction of N-methyl-substituted 3-hydroxyoxindole Sa with
amidosulfone 2a proceeded smoothly to afford the correspond-
ing vicinal oxindole—amino alcohol 6a in 75% yield with good
enantioselectivity (Table 3, entry 1). However, other solvents
(CH,4CCly: 62% yield, 89:11 dr and 84% ee; toluene: 76% yield,
91:9 dr and 81% ee; THF: 77% vyield, 71:29 dr and 1% ee;
CH;CN: 69% yield, 51:49 dr and 8% ee) could not provide
preferable results. In contrast, N-benzyl-substituted substrate
Sb gave better results (entry 2 vs entry 1). Thus, it was next
employed as the nucleophile to react with various amidosul-
fones 2. Investigation showed amidosulfones 2¢, 2g, 2m, and 2e
with an electron-donating substituent on phenyl ring could
provide the desired products 6¢—f in 72—90% yields with up to
92% ee (entries 3—6). However, inferior enantioselectivities
were obtained from substrates 2i and 2j with electron-
withdrawing substituents on the phenyl ring (entries 7 and
8). Additionally, 2-thienyl-substituted substrate 21 was also
applicable to the asymmetric Mannich reaction process and
gave the product 6i in good results (entry 9). Examination of
the substituent on the phenyl ring of 3-hydroxyoxindole
indicated there were no significant effects on the reaction
stereoselectivities (entries 10 and 11). Eventually, it was
emphasized that compounds 6b—h and 6j showed remarkable
enhancement and a reversal in diastereoselectivity from the
chiral catalyst with the exception of compounds 6a, 6i, and 6k
through the comparasion of the nonchiral diastereoselectivities
and chiral diastereoselectivities.
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Table 3. Scope of Asymmetric Mannich Reaction of 3-
Hydroxyoxindoles 5 with Amidosulfones 2

R
OH HO |x
S NHBoc 4a (10 mol %) NHBoc
R o+ I il TN
Z =N R S0,Ph CH;Cly, NayC0s (ag) — L
R? 25°C, 12 h, Ny R2
Sa-d 2 6a-k
5a: R'=H, R?=Me

5b: R'=H, R?=Bn
5c: R' = 5.-0Me, R? = Bn
5d: R'=7-F, RZ=Bn

6/yield” ee
entry S 2 (%) dr® (%)
1 sa R=Ph(2) 6a/75 91:9 84
2 Sb R =Ph (2a) 6b/91 90:10 87
3 Sb R=3MeCgH, (2) 6¢/80 90:10 87
4 sb  R=4MeCH, (2g) 6d/78 91:9 88
S Sb  R=4MeOCH, (2m) 6e/74 82:18 88
6  Sb R=34-(MeO),CH, (2¢)  6f/72 84:16 92
7 5b R =4-CICH, (2i) 6g/77 82:18 80
8  Sb R =4BrCH, (2) 6h/69 83:17 78
9 Sb R = 2-thienyl (21) 6i/84 90:10 85
10 5c R=Ph(2a) 6j/89 91:9 86
11 5d R=Ph(2a) 6k/37 8812 90

“Unless otherwise noted, the reactions were performed with 0.1 mmol
of 5, 0.12 mmol of 2, and 0.1 mL of a saturated aqueous solution of
Na,CO; in the presence of 10 mol % of 4a (4.1 mg, 0. 01 mmol) in 2.0
mL of CH,Cl, at 25 °C under N, atmosphere for 12 h. “Isolated yields
of 6. “Determined by chiral HPLC analysis. “Enantiomeric excess for
major diastereoisomers determined by chiral HPLC analysis.

The synthetic application of this protocol was demonstrated
by the versatile transformation of chiral vicinal oxindole—
diamine 3u and oxindole—amino alcohol 6a into the spirocyclic
oxindoles 8 and 10 (Scheme 2). At the beginning, the Boc

Scheme 2. Transformation of Products 3u and 6a into
Spirocyclic Oxindoles 8 and 10
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group of 3u/6a was easily removed by CF;CO,H to give the
primary amine 7/9. When Et;N was used as base, the
unpurified primary amine 7/9 was used to react with di(1H-
imidazol-1-yl)methanethione, giving the spirocyclic oxindoles 8
and 10 in good yields and without reduced stereoselectivities
for two steps.

According to the previous report''® and established stereo-
chemistry of major stereoisomer 3n, a possible reaction
mechanism involving dual activation of catalyst 4b was
proposed (Scheme 3). 3-Aminooxindoles 1 were enolized by
the tertiary amine moiety though the deprotonation. Simulta-
neously, N-Boc-protected aldimines in situ generated were

le
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Scheme 3. Proposed Transition State for Production of
Compounds 3
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activated by thiourea moiety through the hydrogen-bonding
interaction. The Si-face attack of enolized 3-aminooxindole to
the Re-face of aldimines then led to the production of vicinal
oxindole—diamine 3.

In conclusion, we have developed an efficient complementary
methodology for stereoselective synthesis of disubstituted 3-
aminooxindole/3-hydroxyoxindole via the asymmetric Mannich
reaction of 3-monosubsituted 3-aminooxindoles/3-hydroxyox-
indoles with in situ generated N-Boc protected aldimines
catalyzed by the chiral bifunctional thiourea—tertiary amine
catalyst. Under mild reaction conditions, a wide range of vicinal
oxindole—diamines/amino alcohols were obtained in up to 99%
yield with 95:5 dr and 96% ee. The synthetic application of this
protocol was also demonstrated by the versatile transformation
of chiral vicinal oxindole—diamine 3u and oxindole—amino
alcohol 6a into the spirocyclic oxindole compounds.

B EXPERIMENTAL SECTION

General Methods. "H NMR and '*C NMR (300, 400, and 75, 100
MHz, respectively) spectra were recorded in CDCl. 'H NMR
chemical shifts are reported in ppm relative to tetramethylsilane
(TMS) with the solvent resonance employed as the internal standard
(CDCl; at 7.26 ppm). Data are reported as follows: chemical shift,
multiplicity (s = singlet, br s = broad singlet, d = doublet, t = triplet
and m = multiplet), coupling constants (Hz), and integration. *C
NMR chemical shifts are reported in ppm relative to tetramethylsilane
(TMS) with the solvent resonance as the internal standard (CDCl; at
77.16 ppm).

General Procedure for the Synthesis of Vicinal Oxindole—
Diamines 3. In an ordinary vial equipped with a magnetic stirring bar,
3-aminooxindoles 1 (0.1 mmol, 1 equiv), amidosulfones 2 (0.12 mmol,
1.2 equiv), and catalyst 4b (4.4 mg, 0.01 mmol) were dissolved in 2.0
mL of Cl3CCHj, and then 0.1 mL of a saturated aqueous solution of
Na,CO; was added into the solution. The resulting mixture was stirred
at 25 °C for 12 h. After completion of the reaction, as indicated by
TLC, the reaction mixture was directly purified by flash chromatog-
raphy (petroleum ether/ethyl acetate = 5/1—2/1) to furnish the
corresponding products 3.

(S,S)-tert-Butyl (3-((Ethoxycarbonyl)amino)-1-methyl-2-oxoindo-
lin-3-yl)(phenyl)methylcarbamate (3c). White solid; 43.5 mg, yield
99%; 90:10 dr, 91% ee. [a]p> = —36.6 (¢ 1.00, CHCL;). Mp: 116.5—
117.5 °C. The ee was determined by HPLC (Chiralpak AD-H, i-
PrOH/hexane = 10/90, flow rate 0.8 mL/min, 4 = 254 nm, major
diastereomer: 0, = 15.1 min, £y, = 17.3 min). 'H NMR (400
MHz, CDCly): 6 (major diastereomer) 1.18 (br s, 3H), 1.44 (s, 9H),
2.87 (s, 3H), 3.99 (s, 2H), 5.14 (d, ] = 9.8 Hz, 1H), 6.24 (br s, 1H),
6.38 (d, ] = 7.6 Hz, 1H), 6.49 (d, ] = 9.4 Hz, 1H), 6.81 (d, J = 7.3 Hz,
2H), 6.97—7.07 (m, 4H), 7.11-7.15 (m, 1H), 7.38 (d, ] = 7.2 Hz,
1H). ®C NMR (100 MHz, CDCl;): § (major diastereomer) 14.5,
26.0, 284, 59.3, 61.5, 64.4, 80.7, 108.0, 122.9, 1274, 127.5, 1279,
129.5, 1349, 1433, 155.0, 1563, 174.8. HRMS (ESI-TOF): calcd for
C,4HyoN3NaO; [M + Nal* 462.1999, found 462.2014.

(S,S)-tert-Butyl ((3-((Ethoxycarbonyl)amino)-1-methyl-2-oxoin-
dolin-3-yl)(2-methoxylphenyl)methyl)carbamate (3d). White solid;
46.5 mg, yield 99%; 77:23 dr, 77% ee. [a]p* = +6.8 (c 1.00, CHCL,).
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Mp: 117.8—119.2 °C. The ee was determined by HPLC (Chiralpak
AD-H, i-PrOH/hexane = 10/90, flow rate 0.8 mL/min, A = 254 nm,
major diastereomer: t,;,,, = 13.2 min, Emgjor = 19.1 min). '"H NMR
(400 MHz, CDCl,): 6 (major diastereomer) 1.16—1.20 (m, 3H), 1.43
(s, 9H), 3.00 (s, 3H), 3.54 (s, 3H), 3.97 (s, 2H), 5.85 (br s, 1H), 6.39
(d, J = 7.6 Hz, 2H), 645 (d, ] = 8.0 Hz, 1H), 6.71-6.74 (m, 2H),
6.91-7.09 (m, 4H), 7.32 (d, ] = 7.2 Hz, 1H). 3C NMR (100 MHz,
CDCly): 6 (major diastereomer) 14.5, 26.1, 28.4, 54.9, 55.3, 61.3, 64.7,
80.4, 107.3, 110.0, 119.7, 121.7, 124.1, 1272, 129.1, 129.3, 129.7,
143.3, 154.9, 156.0, 156.4, 175.3. HRMS (ESI-TOF): caled for
CysH3N3NaOg [M + Na]* 492.2108, found 492.2091.

(S,5)-tert-Butyl ((3-((Ethoxycarbonyl)amino)-1-methyl-2-oxoin-
dolin-3-yl)(3-methylphenyl)methyl)carbamate (3e). White solid;
44.9 mg, yield 99%; 90:10 dr, 92% ee. [a]p*® = —26.5 (c 1.00,
CHCL;). Mp: 123.1—124.6 °C. The ee was determined by HPLC
(Chiralpak AD-H, i-PrOH/hexane = 10/90, flow rate 0.8 mL/min, 4 =
254 nm, major diastereomer: .., = 11.6 min, bmajor = 13.8 min). 'H
NMR (400 MHz, CDCly): § (major diastereomer) 1.17 (br s, 3H),
1.45 (s, 9H), 2.09 (s, 3H), 2.87 (s, 3H), 3.99 (s, 2H), 5.09 (d, ] = 9.6
Hz, 1H), 6.23 (brs, 1H), 6.38 (d, ] = 7.5 Hz, 1H), 6.44 (d, ] = 9.4 Hz,
1H), 6.58 (s, 1H), 6.62 (d, ] = 7.0 Hz, 1H), 6.86—6.90 (m, 2H), 7.02—
7.06 (m, 1H), 7.10—7.14 (m, 1H), 7.37 (d, ] = 7.1 Hz, 1H). 3C NMR
(100 MHz, CDCl,): § (major diastereomer) 14.5, 21.2, 25.9, 28.5,
59.3, 614, 64.5, 80.7, 108.0, 122.8, 122.9, 123.4, 124.5, 127.2, 1284,
128.6, 129.4, 134.7, 137.1, 1433, 155.0, 156.4, 174.8. HRMS (ESI-
TOF): caled for CysHyN;NaO; [M + Nal]* 4762156, found
476.2139. Anal. caled for C,sH;N;O4: C, 66.21; H, 6.89; N, 9.27.
Found: C, 66.03; H, 6.89; N, 9.07.

(S,S)-tert-Butyl ((3-((Ethoxycarbonyl)amino)-1-methyl-2-oxoin-
dolin-3-yl)(3-methoxylphenyl)methyl)carbamate (3f). White solid;
46.0 mg, yield 98%; 90:10 dr, 91% ee. [a]p®® = —20.2 (c 1.00,
CHCl,).Mp: 122.5-124.0 °C. The ee was determined by HPLC
(Chiralpak AD-H, i-PrOH/hexane = 10/90, flow rate 0.8 mL/min, 4 =
254 nm, major diastereomer: t.,,o = 16.0 min, f,,550, = 19.8 min); 'H
NMR (400 MHz, CDCl,): § (major diastereomer) 1.17 (br s, 3H),
1.45 (s, 9H), 2.88 (s, 3H), 3.52 (s, 3H), 3.99 (s, 2H), 5.11 (d, ] = 9.7
Hz, 1H), 6.22 (s, 2H), 6.41—6.50 (m, 3H), 6.59 (d, J = 8.1 Hz, 1H),
6.92—6.96 (m, 1H), 7.04—7.08 (m, 1H), 7.13—7.17 (m, 1H), 7.38 (d, ]
=72 Hz, 1H). ®C NMR (100 MHz, CDCL;): § (major diastereomer)
14.5, 26.0, 28.5, 55.2, 59.2, 61.5, 64.3, 80.7, 108.2, 112.8, 114.4, 119.5,
122.8, 122.9, 123.4, 1284, 129.5, 136.5, 143.5, 154.9, 156.3, 158.6,
174.8. HRMS (ESI-TOF): caled for C,H;N;NaOg [M + Nal*
492.21085, found 492.2095.

(S,S)-tert-Butyl ((3-((Ethoxycarbonyl)amino)-1-methyl-2-oxoin-
dolin-3-yl)(3,4-dimethoxylphenyl)methyl)carbamate (3g). White
solid; 45.0 mg, yield 90%; 90:10 dr, 92% ee. [a]p*® = —33.9 (c 1.00,
CHCLy). Mp: 127.9—129.5 °C. The ee was determined by HPLC
(Chiralpak AD-H, i-PrOH/hexane = 10/90, flow rate 0.8 mL/min, 4 =
254 nm, major diastereomer: t,;,,, = 34.2 min, bmajor = 27.8 min). 'H
NMR (400 MHz, CDCly): § (major diastereomer) 1.18 (br s, 3H),
1.45 (s, 9H), 2.88 (s, 3H), 3.53 (s, 3H), 3.75 (s, 3H), 3.99 (s, 2H),
5.07 (d, ] = 9.7 Hz, 1H), 6.13 (s, 1H), 6.17 (br s, 1H), 6.43—6.56 (m,
4H), 7.06—7.09 (m, 1H), 7.14—7.17 (m, 1H), 7.40 (d, ] = 7.2 Hz,
1H). ®C NMR (100 MHz, CDCl;): § (major diastereomer) 14.4,
26.0, 28.4, 55.6, 55.8, 58.8, 61.4, 64.3, 80.6, 108.3, 109.8, 110.9, 119.3,
122.7, 122.8, 127.4, 128.5, 129.5, 143.5, 147.6, 148.3, 154.9, 156.1,
174.9. HRMS (ESI-TOF) caled for C,H;;N3;NaO, [M + Nal*
5222211, found 522.2198.

(S,S)-tert-Butyl ((3-((Ethoxycarbonyl)amino)-1-methyl-2-oxoin-
dolin-3-yl)(3-nitrophenyl)methyl)carbamate (3h). White solid; 40.2
mg, yield 83%; 86:14 dr, 82% ee. [a]* = —11.3 (¢ 1.00, CHCL;). Mp:
132.7—134.3 °C. The ee was determined by HPLC (Chiralpak AD-H,
i-PrOH/hexane = 10/90, flow rate 0.8 mL/min, 4 = 254 nm, major
diastereomer: t,;... = 19.1 min, bngjor = 24.8 min). 'H NMR (400
MHz, CDCl,): 6 (major diastereomer) 1.15 (br s, 3H), 1.44 (s, 9H),
2.89 (s, 3H), 3.99 (s, 2H), 5.26 (d, J = 9.0 Hz, 1H), 6.13 (s, 1H), 6.39
(d, J=7.5Hz, 1H), 6.73 (d, ] = 8.8 Hz, 1H), 7.07—7.16 (m, 2H), 7.21
(s, 2H), 7.43 (d, ] = 7.0 Hz, 1H), 7.67 (s, 1H), 7.93 (d, ] = 5.7 Hg,
1H). BC NMR (100 MHz, CDCL,): § (major diastereomer) 14.4,
26.1, 284, 58.7, 61.7, 63.5, 81.1, 108.4, 122.7, 123.0, 123.2, 123.5,
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127.3, 128.3, 130.1, 133.5, 137.9, 1429, 147.3, 154.9, 155.8, 174.5.
HRMS (ESI-TOF): caled for CpH,gN,NaQO, [M + Na]* 507.1850,
found 507.1840.

(S,S)-tert-Butyl ((3-((Ethoxycarbonyl)amino)-1-methyl-2-oxoin-
dolin-3-yl)(4-methylphenyl)methyl)carbamate (3i). White solid;
422 mg, yield 93%; 89:11 dr, 92% ee. [a]p*® = —33.0 (c 1.00,
CHCL;). Mp: 110.9—112.0 °C. The ee was determined by HPLC
(Chiralpak AD-H, i-PrOH/hexane = 10/90, flow rate 0.8 mL/min, A =
254 nm, major diastereomer: f;,,. = 11.7 min, bmajor = 14.0 min). 'H
NMR (400 MHz, CDCL,): § (major diastereomer) 1.17 (br s, 3H),
1.45 (s, 9H), 2.09 (s, 3H), 2.87 (s, 3H), 3.98 (s, 2H), 5.10 (d, ] = 9.6
Hz, 1H), 6.29 (br s, 1H), 6.38 (d, ] = 7.6 Hz, 1H), 6.46 (d, ] = 9.6 Hz,
1H), 6.58 (s, 1H), 6.63 (d, ] = 7.0 Hz, 1H), 6.86—6.90 (m, 2H), 7.02—
7.06 (m, 1H), 7.10~7.14 (m, 1H), 7.36 (d, ] = 7.1 Hz, 1H). *C NMR
(100 MHz, CDCl;): & (major diastereomer) 14.4, 21.2, 25.9, 284,
59.2, 61.4, 64.5, 80.6, 108.0, 122.8, 122.9, 124.5, 127.2, 128.4, 128.6,
129.3, 134.8, 137.0, 143.3, 155.0, 156.3, 174.8. HRMS (ESI-TOF):
caled for C,sH;N;NaOg [M + Na]* 476.2156, found 476.2161.

(S,S)-tert-butyl ((3-((Ethoxycarbonyl)amino)-1-methyl-2-oxoin-
dolin-3-yl)(4-fluorophenyl)methyl)carbamate (3j). White solid; 43.9
mg, yield 96%; 90:10 dr, 91% ee. [a]p* = —37.3 (¢ 1.00, CHCL;). Mp:
124.7—125.9 °C. The ee was determined by HPLC (Chiralpak AD-H,
i-PrOH/hexane = 10/90, flow rate 0.8 mL/min, 4 = 254 nm, major
diastereomer: f;,,, = 15.0 min, brgjor = 23.6 min). 'H NMR (400
MHz, CDCly): 6 (major diastereomer) 1.15 (br s, 3H), 1.44 (s, 9H),
2.89 (s, 3H), 3.97 (s, 2H), 5.12 (d, ] = 9.5 Hz, 1H), 6.19 (br s, 1H),
6.42 (d,] = 7.7 Hz, 1H), 6.53 (d, ] = 9.4 Hz, 1H), 6.66—6.70 (m, 2H),
6.77—6.80 (m, 2H), 7.03—7.07 (m, 1H), 7.13—7.17 (m, 1H), 7.36 (d, J
= 7.3 Hz, 1H). ®C NMR (100 MHz, CDCL;): § (major diastereomer)
14.4, 26.0, 284, 58.6, 61.5, 64.1, 80.8, 1082, 114.3 (d, J = 21.4 Hg,
1C), 122.9, 123.1, 128.0, 129.2 (d, ] = 8.1 Hz, 1C), 129.6, 131.0, 143.2,
154.9, 156.1, 162.2 (d, ] = 245.7 Hz, 1C), 174.8. HRMS (ESI-TOF):
caled for C,,H,sFN3NaOg [M + Na]* 480.1908, found 480.1903.

(S,S)-tert-Butyl ((3-((Ethoxycarbonyl)amino)-1-methyl-2-oxoin-
dolin-3-yl)(4-chlorophenyl)methyl)carbamate (3k). White solid;
469 mg, yield 99%; 92:8 dr, 91% ee. [a]p™ = —40.1 (c 1.00,
CHCl,). Mp: 128.7—129.6 °C. The ee was determined by HPLC
(Chiralpak OD-H, i-PrOH/hexane = 8/92, flow rate 0.5 mL/min, A =
254 nm, major diastereomer: f.;,,, = 34.3 min, bmajor = 174 min). 'H
NMR (400 MHz, CDCl;): 6 (major diastereomer) 1.14 (br s, 3H),
1.43 (s, 9H), 2.90 (s, 3H), 3.97 (s, 2H), 5.11 (d, J = 9.4 Hz, 1H), 6.17
(brs, 1H), 6.44 (d, ] = 7.7 Hz, 1H), 6.54 (d, ] = 6.9 Hz, 1H), 6.75 (d, ]
= 8.2 Hz, 2H), 6.97 (d, ] = 8.2 Hz, 2H), 7.03—7.07 (m, 1H), 7.14—
7.18 (m, 1H), 7.36 (d, ] = 7.2 Hz, 1H). *C NMR (100 MHz, CDCl,):
& (major diastereomer) 14.4, 26.0, 28.4, 58.6, 61.5, 63.9, 80.8, 108.3,
122.9, 123.1, 127.6, 128.1, 128.9, 129.7, 133.8, 133.9, 143.3, 155.0,
156.0, 174.8. HRMS (ESI-TOF): caled for C,,H,sCIN;NaOg [M +
Na]* 496.1610, found 496.1611.

(S,S)-tert-Butyl ((3-((Ethoxycarbonyl)amino)-1-methyl-2-oxoin-
dolin-3-yl)(4-bromophenyl)methyl)carbamate (3l). White solid;
43.0 mg, yield 83%; 91:9 dr, 92% ee. [a]p™ = —49.0 (¢ 1.00,
CHCl;). Mp: 128.1—129.5 °C. The ee was determined by HPLC
(Chiralpak AD-H, i-PrOH/hexane = 10/90, flow rate 0.8 mL/min, A =
254 nm, major diastereomer: f,o, = 21.8 min, £, = 38.9 min). 'H
NMR (400 MHz, CDCL,): § (major diastereomer) 1.16 (br s, 3H),
1.43 (s, 9H), 2.91 (s, 3H), 3.98 (s, 2H), 5.09 (d, J = 9.2 Hz, 1H), 6.12
(br s, 1H), 6.44—6.48 (m, 1H), 6.52—6.58 (m, 1H), 6.69 (d, ] = 7.7
Hz, 2H), 7.04—7.08 (m, 1H), 7.11-7.19 (m, 3H), 7.37 (d, ] = 7.1 Hz,
1H). BC NMR (100 MHz, CDCly): § (major diastereomer) 14.4,
26.1, 284, 58.7, 61.6, 63.9, 80.9, 108.4, 122.1, 122.9, 123.1, 1292,
129.5, 129.8, 130.6, 134.4, 1432, 154.9, 156.0, 174.8. HRMS (ESI-
TOF): caled for C,,H,sBrN;NaO; [M + Na]® 540.1105, found
540.1094.

(S,R)-tert-Butyl ((3-((Ethoxycarbonyl)amino)-1-methyl-2-oxoin-
dolin-3-yl)(2-furyl)methyl)carbamate (3m). White solid; 42.1 mg,
yield 98%; 86:14 dr, 86% ee. [a]p*® = —10.9 (¢ 1.00, CHCL;). Mp:
107.9—109.1 °C. The ee was determined by HPLC (Chiralpak OD-H,
i-PrOH/hexane = 3/97, flow rate 0.8 mL/min, 4 = 254 nm, major
diastereomer: ., = 71.6 min, f,,,, = 22.3 min). '"H NMR (400
MHz, CDCly): 8 (major diastereomer) 1.14 (br s, 3H), 1.46 (s, 9H),
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3.06 (s, 3H), 3.97 (s, 2H), 5.30 (d, ] = 11.0 Hz, 1H), 5.69 (s, 1H), 6.03
(s, 1H), 6.13 (d, ] = 11.0 Hz, 1H), 6.27 (br s, 1H), 6.59 (d, ] = 7.6 Hz,
1H), 7.02—7.06 (m, 1H), 7.09 (s, 1H), 7.19—7.22 (m, 1H), 7.28—7.31
(m, 1H). *C NMR (100 MHz, CDCL;): § (major diastereomer) 14.4,
264, 284, 53.7, 61.4, 63.7, 81.0, 108.0, 108.4, 110.1, 123.0, 128.0,
129.6, 142.1, 142.4, 143.7, 148.6, 154.9, 156.5, 174.6. HRMS (ESI-
TOF): caled for Cp,H,;N;NaOg [M + Nal]* 452.1792, found
452.1792.

(S,R)-tert-Butyl ((3-((Ethoxycarbonyl)amino)-1-methyl-2-oxoin-
dolin-3-yl)(2-thienyl)methyl)carbamate (3n). White solid; 32.1 mg,
yield 72%; 88:12 dr, 90% ee. [a]p®® = —6.6 (¢ 1.00, CHCl;). Mp:
95.8—97.3 °C. The ee was determined by HPLC (Chiralpak OD-H, i-
PrOH/hexane = 10/90, flow rate 0.8 mL/min, A = 254 nm, major
diastereomer: £, = 26.6 min, i, = 8.7 min). "H NMR (400 MHz,
CDCly): 6 (major diastereomer) 1.15 (br s, 3H), 1.47 (s, 9H), 2.96 (s,
3H), 3.99 (s, 2H), 5.44 (d, J = 9.6 Hz, 1H), 6.16 (s, 1H), 6.41 (d, ] =
9.2 Hz, 2H), 6.55 (d, ] = 7.4 Hz, 1H), 6.66 (s, 1H), 6.98 (d, ] = 4.2 Hz,
1H), 7.08=7.11 (m, 1H), 7.22 (d, ] = 7.4 Hz, 1H), 7.38 (d, ] = 6.9 Hz,
1H). ®C NMR (100 MHz, CDCL;): § (major diastereomer) 14.5,
262, 284, 554, 61.5, 64.1, 81.0, 108.3, 123.0, 1232, 125.0, 125.6,
126.0, 126.1, 129.8, 138.3, 144.1, 154.9, 156.2, 174.7. HRMS (ESI-
TOF): caled for C,,H,;N;NaOS [M + Na]® 468.1564, found
468.1563.

(S,S)-tert-Butyl ((3-((Ethoxycarbonyl)amino)-1,5-dimethyl-2-ox-
oindolin-3-yl)(phenyl)methyl)carbamate (30). White solid; 44.9
mg, yield 99%; 89:11 dr, 89% ee. [a]p”® = —60.5 (c 1.00, CHCL,).
Mp: 112.6—113.8 °C. The ee was determined by HPLC (Chiralpak
AD-H, i-PrOH/hexane = 10/90, flow rate 0.8 mL/min, A = 254 nm,
major diastereomer: t,;,,, = 12.3 min, Emajor = 10.9 min). '"H NMR
(400 MHz, CDCl,;): 6 (major diastereomer) 1.21 (br s, 3H), 1.44 (s,
9H), 2.33 (s, 3H), 2.84 (s, 3H), 4.00 (s, 2H), 5.11 (d, J = 9.7 Hz, 1H),
6.22 (brs, 1H), 6.26 (d, ] = 7.9 Hz, 1H), 6.50 (d, J = 9.7 Hz, 1H), 6.80
(d, ] =74 Hz, 2H), 6.92 (d, ] = 7.8 Hz, 1H), 6.97—7.07 (m, 3H), 7.19
(s, 1H). *C NMR (100 MHz, CDCl,): § (major diastereomer) 14.4,
214,26.0,28.4, 59.2, 61.4, 64.4, 80.6, 107.8, 123.7, 127.4, 127.5, 127.8,
129.7, 132.4, 135.0, 140.9, 155.0, 156.3, 174.7. HRMS (ESI-TOF):
caled for C,sH; N3;NaOg [M + Nal* 476.2156, found 476.2152.

(S,S)-tert-Butyl ((3-((Ethoxycarbonyl)amino)-1-methyl-5-fluoro-2-
oxoindolin-3-yl)(phenyl)methyl)carbamate (3p). White solid; 45.3
mg, yield 99%; 87:13 dr, 89% ee. [a]p* = —24.8 (¢ 1.00, CHCL;). Mp:
111.3—112.6 °C. The ee was determined by HPLC (Chiralpak AD-H,
i-PrOH/hexane = 8/92, flow rate 0.8 mL/min, A = 254 nm, major
diastereomer: fno, = 16.5 min, fyy,, = 12.5 min). 'H NMR (400
MHz, CDCly): 6 (major diastereomer) 1.18 (br s, 3H), 1.44 (s, 9H),
2.86 (s, 3H), 3.99 (s, 2H), 5.13 (d, ] = 9.4 Hz, 1H), 6.29—6.31 (m,
1H), 6.44 (br s, 1H), 6.49 (d, ] = 9.6 Hz, 1H), 6.80—6.86 (m, 3H),
7.02-7.13 (m, 4H). ®C NMR (100 MHz, CDCL): & (major
diastereomer) 14.5, 26.1, 28.4, 59.1, 61.6, 64.6, 80.8, 108.7, 111.1 (d, J
=25.1 Hz, 1C), 115.7 (d, ] = 23.4 Hz, 1C), 127.4, 127.5, 127.6, 128.0,
128.1, 134.7, 139.2, 155.0, 156.2, 159.4 (d, J = 240.6 Hz, 1C), 174.6.
HRMS (ESI-TOF): calcd for C,,H,sFN;NaO [M + Na]* 480.1905,
found 480.1898.

(S,S)-tert-Butyl ((3-((Ethoxycarbonyl)amino)-1-ethyl-2-oxoindo-
lin-3-yl)(phenyl)methyl)carbamate (3q). White solid; 44.4 mg, yield
98%; 79:21 dr, 90% ee. [a]p™ = —31.0 (¢ 1.00, CHCl;). Mp: 246.9—
247.5 °C. The ee was determined by HPLC (Chiralpak AD-H, i-
PrOH/hexane = 10/90, flow rate 0.8 mL/min, 4 = 254 nm, major
diastereomer: ;... = 16.2 min, Emajor = 17.2 min). '"H NMR (400
MHz, CDCly): 6 (major diastereomer) 0.88 (t, J = 7.1 Hz, 3H), 1.16
(brs, 3H), 1.44 (s, 9H), 3.33—3.38 (m, 1H), 3.56—3.60 (m, 1H), 3.97
(s, 2H), 5.16 (d, ] = 9.6 Hz, 1H), 6.22 (br s, 1H), 6.44 (d, ] = 7.6 Hz,
1H), 6.54—6.60 (m, 1H), 6.83 (d, ] = 6.8 Hz, 2H), 6.97—7.06 (m,
4H), 7.12—7.16 (m, 1H), 7.39 (d, ] = 7.3 Hz, 1H). *C NMR (100
MHz, CDCLy): & (major diastereomer) 12.0, 14.4, 28.4, 34.7, 59.0,
61.4, 63.9, 80.6, 108.2, 122.7, 123.3, 127.5, 127.7, 127.8, 1282, 129.4,
135.0, 142.7, 154.9, 1562, 174.5. HRMS (ESI-TOF): caled for
CysH3 N3NaO; [M + Na]* 476.2156, found 476.2141. Anal. Calcd for
CysH3N;04: C, 66.21; H, 6.89; N, 9.27. Found: C, 66.07; H, 6.88; N,
9.12.
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(S,5)-tert-Butyl ((3-((Ethoxycarbonyl)amino)-1-benzyl-2-oxoindo-
lin-3-yl)(phenyl)methyl)carbamate (3r). White solid; 50.5 mg, yield
98%; 94:6 dr, 96% ee. [a]p* = —17.5 (¢ 1.00, CHCl;). Mp: 117.8—
118.3 °C. The ee was determined by HPLC (Chiralpak AD-H, i-
PrOH/hexane = 10/90, flow rate 0.8 mL/min, 4 = 254 nm, major
diastereomer: £, = 25.5 min, Egjor = 19:9 min). 'H NMR (400
MHz, CDCly): 6 (major diastereomer) 1.19 (br s, 3H), 1.47 (s, 9H),
4.02 (s, 2H), 4.55 (d, ] = 16.0 Hz, 1H), 4.72 (d, ] = 16.0 Hz, 1H), 5.26
(d, J = 89 Hz, 1H), 6.23 (s, 1H), 6.43 (br s, 1H), 6.60 (d, J = 9.7 Hg,
1H), 6.86—6.91 (m, 4H), 6.99—7.02 (m, 4H), 7.10~7.14 (m, 1H),
7.19-720 (m, 3H), 7.39-7.41 (m, 1H). *C NMR (100 MHz,
CDCl,): 6 (major diastereomer) 14.4, 28.4, 44.1, 58.9, 61.4, 64.1, 80.6,
109.4, 122.9, 123.1, 127.0, 127.3, 127.7, 127.9, 128.2, 128.7, 129.1,
129.4, 129.8, 135.0, 143.0, 154.9, 156.2, 175.3. HRMS (ESI-TOF):
caled for C;0H33N;NaOg [M + Na]* $38.2312, found 538.2311.

(S,S)-tert-Butyl ((3-((Ethoxycarbonyl)amino)-1-benzyl-2-oxoindo-
lin-3-yl)(4-methoxylphenyl)methyl)carbamate (3s). White solid;
53.5 mg, yield 98%; 95:5 dr, 92% ee. [a]p® = —494 (c 1.00,
CHCL,). Mp: 123.7—124.6 °C. The ee was determined by HPLC
(Chiralpak OD-H, i-PrOH/hexane = 5/95, flow rate 0.8 mL/min, A =
254 nm, major diastereomer: ., = 26.4 min, Enajor = 195 min). 'H
NMR (400 MHz, CDCl,): § (major diastereomer) 1.18 (br s, 3H),
1.46 (s, 9H), 3.70 (s, 3H), 4.01 (s, 2H), 4.67 (s, 2H), 521 (d,] = 9.3
Hz, 1H), 6.27 (s, 1H), 6.38 (br s, 1H), 6.51—6.53 (m, 3H), 6.76—6.78
(m, 2H), 6.90 (s, 2H), 7.04 (d, ] = 3.6 Hz, 2H), 7.19—7.20 (m, 3H),
7.39 (d, J = 3.8 Hz, 1H). *C NMR (100 MHz, CDCL): § (major
diastereomer) 14.4, 28.4, 44.1, 55.2, 58.3, 61.4, 64.2, 80.6, 109.5, 113.1,
122.9, 123.0, 127.0, 127.1, 127.4, 128.4, 128.6, 128.8, 129.4, 135.0,
143.1, 154.9, 156.2, 159.1, 175.4. HRMS (ESI-TOF): caled for
C3H3sN;3;NaOg [M + Na]* 568.2418, found 568.2434.

(S,5)-tert-Butyl ((3-((Ethoxycarbonyl)amino)-1-benzyl-2-oxoindo-
lin-3-yl)(3-chlorophenyl)methyl)carbamate (3t). White solid; 53.9
mg, yield 98%; 94:6 dr, 96% ee. [a]p™ = —27.0 (¢ 1.00, CHCL,). Mp:
115.3—116.8 °C. The ee was determined by HPLC (Chiralpak OD-H,
i-PrOH/hexane = 3/97, flow rate 0.5 mL/min, 4 = 254 nm, major
diastereomer: .0, = 56.3 min, £, = 27.2 min). 'H NMR (400
MHz, CDCl;): 6 (major diastereomer) 1.18 (br s, 3H), 1.47 (s, 9H),
4.02 (s, 2H), 4.56 (d, J = 15.9 Hz, 1H), 4.75 (d, J = 15.8 Hz, 1H), 5.23
(d, J = 9.4 Hz, 1H), 6.29 (s, 1H), 6.33 (br s, 1H), 6.64 (d, ] = 9.3 Hz,
1H), 6.72 (d, ] = 7.7 Hz, 1H), 6.89—6.92 (m, 2H), 6.96 (d, ] = 6.4 Hz,
2H), 7.04=7.11 (m, 3H), 7.22—7.23 (m, 3H), 7.37—7.39 (m, 1H). *C
NMR (100 MHz, CDCL): § (major diastereomer) 14.4, 28.4, 44.2,
58.5, 61.5, 63.8, 80.9, 109.6, 123.1, 123.2, 126.0, 126.9, 127.5, 127.8,
128.1, 128.6, 128.8, 128.9, 129.7, 133.8, 135.0, 137.4, 143.0, 154.8,
156.0, 175.1. HRMS (ESI-TOF): calcd for Cy3H,,CIN;NaO; [M +
Na]* §72.1923, found 572.1919.

(S,5)-tert-Butyl ((3-((Ethoxycarbonyl)amino)-1-benzyl-2-oxoindo-
lin-3-yl)(3-bromophenyl)methyl)carbamate (3u). White solid; 58.9
mg, yield 99%; 94:6 dr, 95% ee. [a]p™ = —33.2 (¢ 1.00, CHCL,). Mp:
120.3—121.3 °C. The ee was determined by HPLC (Chiralpak OD-H,
i-PrOH/hexane = 3/97, flow rate 0.5 mL/min, A = 254 nm, major
diastereomer: f,;,., = 52.4 min, bajor = 27.3 min). 'H NMR (400
MHz, CDCly): 6 (major diastereomer) 1.18 (br s, 3H), 1.47 (s, 9H),
4.02 (s, 2H), 4.54 (d, J = 16.0 Hz, 1H), 4.77 (d, ] = 16.0 Hz, 1H), 5.22
(d, J = 9.4 Hz, 1H), 6.28 (s, 1H), 6.36 (br s, 1H), 6.64 (d, J = 9.4 Hg,
1H), 6.78 (d, J = 7.7 Hz, 1H), 6.83—6.87 (m, 1H), 6.96 (d, ] = 6.8 Hz,
2H), 7.04—7.07 (m, 3H), 7.22—7.26 (m, 4H), 7.36—7.38 (m, 1H). °C
NMR (100 MHz, CDCL;): 6 (major diastereomer) 14.4, 28.4, 44.2,
58.5, 61.5, 63.8, 80.9, 109.6, 121.8, 123.1, 123.2, 126.5, 126.9, 127.5,
127.8, 128.8, 129.2, 129.7, 130.7, 131.0, 134.9, 137.7, 142.9, 154.8,
155.9, 175.1. HRMS (ESI-TOF): caled for C;0H;,BrN;NaOg [M +
Na]* 616.1418, found 616.1416.

(5,5)-tert-Butyl ((3-((Ethoxycarbonyl)amino)-1-benzyl-2-oxoindo-
lin-3-yl)(1-naphthyl)methyl)carbamate (3v). Colotless oil; 44.7 mg,
yield 79%; 73:27 dr, 85% ee. [a]p® = +106.3 (¢ 1.00, CHCL,). The ee
was determined by HPLC (Chiralpak OD-H, i-PrOH/hexane = 5/95,
flow rate 0.8 mL/min, A = 254 nm, major diastereomer: ., = 47.4
min, ty, = 20.9 min). 'H NMR (400 MHz, CDCL): § (major
diastereomer) 1.20 (br s, 3H), 1.44 (s, 9H), 4.05 (s, 2H), 4.59 (d, ] =
15.8 Hz, 1H), 491 (d, ] = 15.7 Hz, 1H), 6.13 (d, ] = 7.2 Hz, 1H), 6.35
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(d, ] = 9.4 Hz, 1H), 645 (br s, 1H), 6.58 (d, ] = 9.5 Hz, 1H), 6.65—
6.73 (m, 2H), 7.10—7.21 (m, 3H), 7.25—7.42 (m, 7H), 7.59—7.62 (m,
2H), 8.13 (d, J = 8.6 Hz, 1H). *C NMR (100 MHz, CDCL,): § (major
diastereomer) 14.5, 284, 44.3, 52.4, 61.4, 64.8, 80.7, 108.8, 122.4,
123.3, 124.0, 124.3, 124.5, 125.5, 125.9, 126.9, 127.4, 127.5, 128.4,
128.7, 128.8, 129.1, 131.0, 132.3, 133.1, 135.2, 142.4, 154.9, 156.5,
175.8. HRMS (ESI-TOF) caled for C;H;N;NaOg [M + Nal*
588.2469, found 588.2460.

General Procedure for the Synthesis of Vicinal Oxindole—
Amino Alcohols 6. In an ordinary vial equipped with a magnetic
stirring bar were dissolved 3-hydroxyoxindoles 5 (0.1 mmol, 1 equiv),
amidosulfones 2 (0.12 mmol, 1.2 equiv), and catalyst 4a (4.1 mg, 0.01
mmol) in 2.0 mL of CH,Cl,, and then 0.1 mL of a saturated aqueous
solution of Na,CO; was added into the solution. The resulting mixture
was stirred at 25 °C under N, atmosphere for 12 h. After completion
of the reaction, as indicated by TLC, the reaction mixture was directly
purified by flash chromatography (petroleum ether/ethyl acetate = 5/
1-2/1) to furnish the corresponding products 6.

tert-Butyl ((3-Hydroxy-1-methyl-2-oxoindolin-3-yl)(phenyl)-
methyl)carbamate (6a). Colorless oil; 27.6 mg, yield 75%; 91:9 dr,
84% ee. [a]p® = +9.0 (¢ 1.00, CHCl,). The ee was determined by
HPLC (Chiralpak AD-H, i-PrOH/hexane = 10/90, flow rate 0.8 mL/
min, 4 = 254 nm, major diastereomer: f ;.. = 22.6 min, t,,. = 20.4
min). '"H NMR (400 MHz, CDCL;): § (major diastereomer§ 1.42 (s,
9H), 2.87 (s, 3H), 4.10—4.12 (m, 1H), 5.25 (d, ] = 9.4 Hz, 1H), 6.45
(d, J = 7.5 Hz, 1H), 6.52 (d, ] = 9.3 Hz, 1H), 6.90 (d, ] = 6.1 Hz, 2H),
7.02—7.12 (m, 4H), 7.17—7.20 (m, 1H), 7.52 (d, ] = 6.7 Hz, 1H). *C
NMR (100 MHz, CDCLy): § (major diastereomer) 25.8, 28.5, 61.2,
77.3, 80.4, 108.3, 123.3, 124.4, 127.4, 127.6, 127.7, 128.0, 130.1, 136.1,
1433, 156.1, 176.6. HRMS (ESL-TOF) calcd for C,,H,,N,NaO, [M +
Na]* 391.1628, found 391.1620.

tert-Butyl ((1-Benzyl-3-hydroxy-2-oxoindolin-3-yl)(phenyl)-
methyl)carbamate (6b). Light yellow solid; 40.5 mg, yield 91%;
90:10 dr, 87% ee. [a]p> = —9.5 (¢ 1.00, CHCl;). Mp: 101.7—103.2
°C. The ee was determined by HPLC (Chiralpak AD-H, i-PrOH/
hexane = 10/90, flow rate 0.8 mL/min, A = 254 nm, major
diastereomer: fyo, = 32.6 min, t,, ., = S1.9 min). 'H NMR (400
MHz, CDCLy): § (major diastereomer) 1.45 (s, 9H), 4.23—4.25 (m,
1H), 445 (d, ] = 15.9 Hz, 1H), 4.84 (d, J = 16.2 Hz, 1H), 5.39 (d, ] =
9.8 Hz, 1H), 6.34 (d, ] = 6.2 Hz, 1H), 6.60 (d, J = 9.6 Hz, 1H), 6.74
(d, J = 6.2 Hz, 2H), 6.97 (d, ] = 7.1 Hz, 2H), 7.03—7.10 (m, 4H),
7.12—7.20 (m, 4H), 7.56 (d, ] = 5.4 Hz, 1H). *C NMR (100 MHz,
CDCly): § (major diastereomer) 28.5, 43.7, 60.6, 77.0, 80.5, 109.7,
1234, 124.6, 1269, 127.5, 127.7, 128.1, 1282, 128.5, 1287, 130.2,
1347, 1360, 142.9, 156.1, 176.8. HRMS (ESLTOEF): caled for
CyH,N,NaO, [M + Na]* 467.1941, found 467.1925.

tert-Butyl ((1-Benzyl-3-hydroxy-2-oxoindolin-3-yl)(m-tolyl)-
methyl)carbamate (6¢). Light yellow oil; 36.7 mg, yield 80%; 90:10
dr, 87% ee. [a]p® = —0.6 (¢ 1.00, CHCI,). The ee was determined by
HPLC (Chiralpak AD-H, i-PrOH/hexane = 10/90, flow rate 0.8 mL/
min, 4 = 254 nm, major diastereomer: f ;.. = 23.3 min, t,.,, = 33.4
min). '"H NMR (400 MHz, CDCl;): § (major diastereomers 1.46 (s,
9H), 2.11 (s, 3H), 422 (s, 1H), 443 (d, ] = 16.0 Hz, 1H), 4.88 (d, ] =
16.0 Hz, 1H), 5.37 (d, ] = 9.7 Hz, 1H), 6.32 (d, ] = 5.8 Hz, 1H), 6.57
(d, J = 9.6 Hz, 1H), 6.70 (d, ] = 6.2 Hz, 2H), 6.76—6.79 (m, 2H),
6.92—7.00 (m, 2H), 7.05—7.09 (m, 2H), 7.13—7.19 (m, 3H), 7.57 (d, ]
= 4.6 Hz, IH). *C NMR (100 MHz, CDCl;): 5 (major diastereomer)
21.4, 28.5, 43.7, 60.5, 77.1, 80.5, 109.8, 123.3, 124.6, 124.8, 126.7,
127.5, 127.9, 128.1, 128.4, 128.5, 128.7, 130.1, 134.7, 135.9, 137.7,
143.0, 156.1, 176.8. HRMS (ESI-TOF): calcd for HRMS (ESI-TOF)
caled for Cy,H30N,NaO, [M + Na]* 481.2098, found 481.2082.

tert-Butyl ((1-Benzyl-3-hydroxy-2-oxoindolin-3-yl)(p-tolyl)-
methyl)carbamate (6d). Colorless oil; 35.8 mg, yield 78%; 91:9 dr,
88% ee. [a]p®® = —0.5 (c 1.00, CHCL;). The ee was determined by
HPLC (Chiralpak AD-H, i-PrOH/hexane = 10/90, flow rate 0.8 mL/
min, 4 = 254 nm, major diastereomer: £, = 23.3 min, t,;,, = 33.3
min). '"H NMR (400 MHz, CDCLy): § (major diastereomer§ 1.46 (s,
9H), 2.11 (s, 3H), 4.06 (s, 1H), 4.44 (d, ] = 16.0 Hz, 1H), 4.87 (d, ] =
16.0 Hz, 1H), 5.34 (d, ] = 9.9 Hz, 1H), 6.32 (d, ] = 4.6 Hz, 1H), 6.54
(d, J = 10.0 Hz, 1H), 6.61—6.77 (m, 4H), 6.92—7.00 (m, 2H), 7.08—

DOI: 10.1021/acs.joc.6b00278
J. Org. Chem. 2016, 81, 5270-5277


http://dx.doi.org/10.1021/acs.joc.6b00278

The Journal of Organic Chemistry

7.21 (m, SH), 7.57 (s, IH). *C NMR (100 MHz, CDCL;): § (major
diastereomer) 21.4, 28.5, 43.7, 60.6, 77.1, 80.5, 109.8, 123.3, 124.6,
124.8, 126.7, 127.5, 128.0, 128.4, 128.5, 128.7, 130.2, 134.7, 135.8,
137.7, 143.1, 156.1, 176.9. HRMS (ESI-TOF): calcd for
CysH3oN,NaO, [M + Na]* 481.2098, found 481.2083.

tert-Butyl ((1-Benzyl-3-hydroxy-2-oxoindolin-3-yl)(4-
methoxyphenyl)methyl)carbamate (6e). Light yellow solid; 35.1
mg, yield 74%; 82:18 dr, 88% ee. [a]p>® = —0.5 (¢ 1.00, CHCL,). Mp:
116.9—118.4 °C. The ee was determined by HPLC (Chiralpak AD-H,
i-PrOH/hexane = 10/90, flow rate 0.8 mL/min, A = 254 nm, major
diastereomer: fyno, = 44.3 min, fy, = 78.1 min). '"H NMR (400
MHz, CDCl;): 5 (major diastereomer) 1.45 (s, 9H), 3.70 (s, 3H), 4.08
(s, 1H), 4.44 (d, ] = 16.0 Hz, 1H), 4.89 (d, ] = 16.0 Hz, 1H), 5.32 (d, ]
= 9.8 Hz, 1H), 6.36 (d, ] = 6.7 Hz, 1H), 6.51 (d, ] = 9.9 Hz, 1H), 6.57
(d, J = 82 Hz, 2H), 6.72—6.76 (m, 2H), 6.86 (d, ] = 7.8 Hz, 2H),
7.06—7.11 (m, 2H), 7.13—7.20 (m, 3H), 7.55 (d, ] = 6.4 Hz, 1H). 1°C
NMR (100 MHz, CDCLy): § (major diastereomer) 28.5, 43.7, 55.2,
60.0, 77.0, 80.5, 109.8, 113.5, 123.4, 124.5, 126.7, 126.9, 127.6, 128.0,
128.7, 128.8, 129.4, 130.2, 134.7, 143.1, 156.1, 159.0, 176.9. HRMS
(ESI-TOF): caled for C,gHyN,NaOg [M + Na]* 497.2047, found
497.2042. Anal. Caled for C,gHyN,O;: C, 70.87; H, 6.37; N, 5.90.
Found: C, 69.56; H, 6.37; N, 591.

tert-Butyl ((1-Benzyl-3-hydroxy-2-oxoindolin-3-yl)(3,4-
dimethoxyphenyl)methyl)carbamate (6f). Light yellow solid; 36.3
mg, yield 72%; 84:16 dr, 92% ee. [a]p* = —13.1 (¢ 1.00, CHCL;). Mp:
123.4—124.9 °C. The ee was determined by HPLC (Chiralpak IA3, i-
PrOH/hexane = 10/90, flow rate 0.8 mL/min, 4 = 254 nm, major
diastereomer: t,;,., = 52.6 min, bmgjor = 28.5 min). 'H NMR (400
MHz, CDCl,): § (major diastereomer) 1.45 (s, 9H), 3.43 (s, 3H), 3.78
(s, 3H), 4.12 (s, 1H), 4.42 (d, ] = 16.0 Hz, 1H), 4.86 (d, ] = 16.0 Hg,
1H), 5.32 (d, ] = 9.7 Hz, 1H), 6.28 (s, 1H), 6.35—6.42 (m, 1H), 6.49—
6.60 (m, 3H), 6.69 (d, ] = 6.4 Hz, 2H), 7.10—7.17 (m, SH), 7.59 (d, J
= 3.9 Hz, 1H). ®C NMR (100 MHz, CDCL;): § (major diastereomer)
28.5,43.7, 55.6, 55.7, 60.2, 77.0, 80.5, 109.9, 110.5, 1112, 119.2, 1232,
124.5, 126.6, 126.7, 127.6, 128.3, 128.7, 130.2, 134.4, 143.2, 148.0,
148.4, 156.1, 176.9. HRMS (ESI-TOF): calcd for C,H;,N,NaO4 [M
+ Na]* 527.2153, found 527.2155.

tert-Butyl ((1-Benzyl-3-hydroxy-2-oxoindolin-3-yl)(4-
chlorophenyl)methyl)carbamate (6g). Colorless oil; 36.9 mg, yield
77%; 82:18 dr, 80% ee. [a]p>® = —13.1 (¢ 1.00, CHCI;). The ee was
determined by HPLC (Chiralpak AD-H, i-PrOH/hexane 10/90,
flow rate 0.8 mL/min, A = 254 nm, major diastereomer: f;,., = 26.5
min, fp, = 45.6 min). 'H NMR (400 MHz, CDCl): & (major
diastereomer) 1.44 (s, 9H), 4.06 (s, 1H), 4.42 (d, ] = 15.9 Hz, 1H),
491 (d, ] = 16.4 Hz, 1H), 5.34 (d, ] = 9.3 Hz, 1H), 6.42 (d, ] = 7.2 Hz,
1H), 6.60 (s, 1H), 6.74 (s, 2H), 6.87 (d, ] = 7.4 Hz, 2H), 6.99 (d, ] =
7.2 Hz, 2H), 7.09=7.15 (m, 2H), 7.20—7.23 (m, 3H), 7.55 (d, ] = 6.3
Hz, 1H). *C NMR (100 MHz, CDCl,): § (major diastereomer) 28.5,
43.8, 60.0, 76.7, 80.7, 109.9, 123.6, 124.6, 126.7, 126.9, 127.7, 128.3,
128.8, 129.1, 130.5, 133.7, 134.6, 134.7, 143.0, 155.9, 176.6. HRMS
(ESI-TOF): calcd for Cy,H,,CIN,NaO, [M + Na]* 501.1552, found
501.1541.

tert-Butyl ((1-Benzyl-3-hydroxy-2-oxoindolin-3-yl)(4-
bromophenyl)methyl)carbamate (6h). Light yellow solid; 36.1 mg,
yield 69%; 83:17 dr, 78% ee. [a]p®® = —0.6 (¢ 1.00, CHCl;). Mp:
123.5—125.1 °C. The ee was determined by HPLC (Chiralpak AD-H,
i-PrOH/hexane = 10/90, flow rate 0.8 mL/min, A = 254 nm, major
diastereomer: fpo; = 29.0 min, f,4,, = 55.6 min). '"H NMR (400
MHz, CDCl,): § (major diastereomer) 1.44 (s, 9H), 4.14 (s, 1H), 4.41
(d, J = 15.9 Hz, 1H), 491 (d, ] = 16.2 Hz, 1H), 5.33 (d, ] = 9.6 Hz,
1H), 6.42 (d, ] = 7.4 Hz, 1H), 6.60 (d, ] = 9.2 Hz, 1H), 6.74 (s, 2H),
6.82 (d, J = 7.6 Hz, 2H), 7.08—7.15 (m, 4H), 7.21-7.26 (m, 3H), 7.55
(d, J = 6.7 Hz, 1H). ®C NMR (100 MHz, CDCl,): § (major
diastereomer) 28.5, 43.9, 60.1, 76.6, 80.7, 109.9, 121.9, 123.5, 124.6,
1269, 127.6, 127.7, 128.8, 129.4, 130.5, 131.2, 134.6, 135.3, 143.0,
155.9, 176.6. HRMS (ESI-TOF): calcd for Cy,H,,BrN,NaO, [M +
Na]* 545.1046, found 545.1030.

tert-Butyl ((1-Benzyl-3-hydroxy-2-oxoindolin-3-yl)(thiophene-2-
yl)methyl)carbamate 6i. White solid; 37.8 mg, yield 84%; 90:10 dr,
85% ee. [a]p™ = —0.5 (c 1.00, CHCl;). Mp: 114.1—115.6 °C. The ee
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was determined by HPLC (Chiralpak IC3, i-PrOH/hexane = 10/90,
flow rate 0.8 mL/min, A = 254 nm, major diastereomer: t,,,,, = 61.5
min, fg0 = 502 min). 'H NMR (400 MHz, CDCL): § (major
diastereomer) 1.48 (s, 9H), 4.11 (s, 1H), 4.45 (d, ] = 15.8 Hz, 1H),
497 (d, ] = 162 Hz, 1H), 5.64 (d, ] = 9.2 Hz, 1H), 6.49—6.55 (m,
3H), 6.76 (s, 3H), 7.04 (s, 1H), 7.10—7.12 (m, 1H), 7.19 (s, 4H), 7.51
(d, J = 6.3 Hz, 1H). ®C NMR (100 MHz, CDCL): § (major
diastereomer) 28.5, 43.8, 56.8, 76.4, 80.8, 109.9, 123.6, 124.6, 125.1,
125.7, 126.6, 126.8, 127.5, 127.7, 128.8, 130.6, 134.7, 139.8, 143.7,
156.0, 176.5. HRMS (ESI-TOF): calcd for C,sH,N,NaO,S [M +
Na]* 473.1505, found 473.1508.

tert-Butyl ((1-Benzyl-3-hydroxy-5-methoxy-2-oxoindolin-3-yl)-
(phenyl)methyl)carbamate (6j). Light yellow solid; 42.2 mg, yield
89%; 91:9 dr, 86% ee. [a]p>® = —48.2 (¢ 1.00, CHCL;). Mp: 116.5—
117.8 °C. The ee was determined by HPLC (Chiralpak AD-H, i-
PrOH/hexane = 10/90, flow rate 0.8 mL/min, 4 = 254 nm, major
diastereomer: fp,, = 41.8 min, t,,, = 37.1 min). 'H NMR (400
MHz, CDCl,): § (major diastereomer) 1.45 (s, 9H), 3.75 (s, 3H), 4.11
(s, 1H), 442 (d, ] = 16.0 Hz, 1H), 4.81 (d, ] = 162 Hz, 1H), 5.37 (d, ]
=10.0 Hz, 1H), 6.23 (d, ] = 8.5 Hz, 1H), 6.57—6.63 (m, 2H), 6.71 (d,
] = 6.8 Hz, 2H), 6.99 (d, ] = 7.4 Hz, 2H), 7.06—7.09 (m, 2H), 7.14—
7.19 (m, SH). *C NMR (100 MHz, CDCL,): § (major diastereomer)
28.5, 43.8, 55.9, 60.6, 77.3, 80.6, 110.5, 111.0, 115.4, 126.7, 126.9,
127.5, 127.7, 127.8, 128.1, 128.7, 134.8, 136.0, 136.2, 156.1, 156.5,
176.6. HRMS (ESI-TOF): caled for C,gH;N,NaO; [M + Nal*
497.2047, found 497.2037.

tert-Butyl ((1-Benzyl-7-fluoro-3-hydroxy-2-oxoindolin-3-yl)-
(phenyl)methyl)carbamate (6k). Light yellow oil; 17.1 mg, yield
37%; 88:12 dr, 90% ee. [a]p™ = +1.1 (¢ 1.00, CHCL;). The ee was
determined by HPLC (Chiralpak IA3, i-PrOH/hexane = 10/90, flow
rate 0.8 mL/min, 4 = 254 nm, major diastereomer: t.;,,, = 16.2 min,
tmor = 17.9 min). 'H NMR (400 MHz, CDClLy): & (major
diastereomer) 1.44 (s, 9H), 4.21 (s, 1H), 4.73 (d, J = 15.5 Hz, 1H),
4.81 (d, ] = 16.1 Hz, 1H), 5.32 (d, ] = 9.9 Hz, 1H), 6.51 (d, ] = 9.8 Hz,
1H), 691 (d, J = 8.1 Hz, 4H), 6.99—7.06 (m, 3H), 7.10-7.14 (m,
2H), 7.19-7.23 (m, 3H), 7.37 (d, ] = 7.2 Hz, 1H). *C NMR (100
MHz, CDCL): § (major diastereomer) 28.5, 45.4, 60.7, 77.0, 80.7,
1184 (d, J = 19.5 Hz, 1C), 120.6, 124.2, 126.8, 127.2, 127.5, 127.6,
128.0, 128.1, 1282, 128.6, 1289, 1309 (d, J = 2.9 Hz, 1C), 135.5,
136.0, 147.3 (d, J = 244.2 Hz, 1C), 156.1, 176.5. HRMS (ESI-TOF):
caled for C,,H,,FN,NaO, [M + Na]* 485.1847, found 485.1855.

Procedure for the Synthesis of Compound 8. To the solution
of 3u (159.0 mg, 0.27 mmol) in CH,Cl, (1.5 mL) was slowly added
CF;CO,H (0.5 mL) at 0 °C. The resulting mixture was subsequently
stirred at 0 °C for 10 min and concentrated, and the residue was
dissolved in CH,Cl, (5.0 mL). Then the mixture was adjusted to pH
10 with saturated aqueous solution of NaHCO; and extracted with
CH,Cl, (3 X 5 mL). The combined organic layers were dried over
anhydrous Na,SO, and concentrated to give the crude primary amine
7 (131.0 mg). Then the mixture of 7 (131.0 mg), di(1H-imidazol-1-
yl)methanethione (57.0 mg, 32.0 mmol), and Et;N (7 L) in CH,Cl,
(6.0 mL) was refluxed for 2 h. The mixture was adjusted to pH 2 with
2 M HCI and extracted with CH,Cl, (3 X S mL). After being dried
over anhydrous Na,SO, the mixture was concentrated, and the
residue was purified by flash column chromatography (petroleum
ether/ethyl acetate = 5/1—2/1) to give the product 8 as a white solid
(130.0 mg).

(3'S,55)-Ethyl 1'-Benzyl-5-(3-bromophenyl)-2’-oxo-2-thioxospiro-
[imidazolidine-4,3'-indoline]-3-carboxylate (8). Yield 90%; 96:4 dr,
95% ee. [a]p™ = —68.4 (c 1.00, CHCI,). Mp: 138.9—140.2 °C. The ee
was determined by HPLC (Chiralpak IA3, i-PrOH/hexane = 10/90,
flow rate 0.8 mL/min, A = 254 nm, major diastereomer: f;,,, = 74.3
min, fp, = 464 min). 'H NMR (300 MHz, CDCl;): & (major
diastereomer) 0.87 (t, J = 7.1 Hz, 3H), 3.89—4.00 (m, 1H), 4.05—4.13
(m, 1H), 4.21 (d, ] = 15.6 Hz, 1H), 4.89 (d, ] = 15.6 Hz, 1H), 5.21 (s,
1H), 6.60 (d, ] = 7.7 Hz, 1H), 6.65—6.68 (m, 2H), 7.12—7.20 (m,
7H), 7.25—7.30 (m, 1H), 7.45—7.50 (m, 2H), 7.78 (s, 1H). *C NMR
(75 MHz, CDCl,): § (major diastereomer) 13.6, 44.2, 63.5, 66.7, 73.5,
109.7, 122.7, 123.0, 123.7, 126.3, 126.9, 127.0, 127.7, 128.9, 1304,
130.5, 130.8, 132.8, 134.3, 135.0, 143.4 150.5, 171.2, 181.7. HRMS
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(ESI-TOF) calcd for C,qH,,BrN;NaO,S [M + Na]* 558.0457, found
558.0462.

Procedure for the Synthesis of Compound 10. To the solution
of 6a (48.0 mg, 0.13 mmol) in CH,Cl, (5.0 mL) was added CF;CO,H
(0.3 mL). The resulting mixture was subsequently stirred at room
temperature for 4 h and concentrated, and the residue was dissolved in
CH,Cl, (5.0 mL). Then the mixture was adjusted to pH 10 with
saturated aqueous solution of NaHCO; and extracted with CH,Cl, (3
X S mL). The combined organic layers were dried over anhydrous
Na,SO, and concentrated to give the crude product 9 (34.0 mg).
Then the mixture of 9 (34.0 mg), di(1H-imidazol-1-yl)methanethione
(28.0 mg, 0.16 mmol), and Et;N (4 uL) in CH,Cl, (5.0 mL) was
refluxed for 1.5 h. The mixture was adjusted to pH 2 with 2 M HCI
and extracted with CH,Cl, (3 X S mL). After being dried over
anhydrous Na,SO,, the mixture was concentrated, and the residue was
purified by flash column chromatography (petroleum ether/ethyl
acetate = 5/1—1/1) to give the product 10 as a yellow oil (33.0 mg).

1-Methyl-4'-phenyl-2’'-thioxospiro[indoline-3,5'-oxazolidin]-2-
one (10). Yield 82%; > 99:1 dr, 82% ee. [a]p™ = —22.3 (c 1.00,
CHCL;). The ee was determined by HPLC (Chiralpak AD-H, i-
PrOH/hexane = 10/90, flow rate 1.0 mL/min, 1 = 254 nm, major
diastereomer: 0, = 32.3 min, ., = 26.1 min). 'H NMR (400
MHz, CDCl,): § (major diastereomer) 2.80 (s, 3H), 5.54 (s, 1H), 6.73
(d, J = 7.8 Hz, 1H), 7.10 (d, ] = 6.4 Hz, 2H), 7.19—-7.25 (m, 2H),
7.26—7.29 (m, 2H), 7.42—7.46 (m, 1H), 7.65 (d, ] = 7.4 Hz, 1H), 8.25
(s, 1H). *C NMR (100 MHz, CDCl;): § (major diastereomer) 26.1,
68.3, 89.3, 108.9, 123.5, 123.8, 125.3, 126.5, 126.7, 128.8, 129.0, 129.5,
1312, 132.2, 144.7, 169.7, 189.7. HRMS (ESI-TOF): caled for
C;H,N,NaO,S [M + Na]* 333.0668, found 333.0682.
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