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Abstract: Constructing chiral bispirooxindoles is difficult to
achieve but highly attractive owing to their many potential
applications in medicinal chemistry. Here we present an
asymmetric [3+2] annulation reaction of
Morita—Baylis—Hillman carbonates from isatins and isatin-
based N-Boc ketimines under the catalysis of the newly
designed  multifunctional  4-dimethylaminopyridine-type
substance. The reaction shows high vy-regioselectivity,
producing highly complex 1,2-bispirooxindoles
incorporating a dihydropyrrolidine motif in excellent yields

with moderate to outstanding stereoselectivity (dr >19:1, up
to >99% ee). This protocol has been expanded to utilize
trifluoromethyl-containing ketimines, delivering
complicated architectures with fused and spirocyclic
frameworks in modest enantioselectivity.

Keywords: bispirooxindoles; Morita—Baylis—Hillman
carbonates; ketimines; [3+2] annulations; tetrasubstituted
stereogenic center; Lewis base catalysis.

Introduction

Spirocyclic oxindoles incorporating a pyrrolidine
motif are ubiquitous in natural products and synthetic
bioactive substances.l!! Furthermore, the introduction
of another spirocyclic framework into the pyrrolidine
skeleton to construct more complex derivatives,
especially in an adjacent pattern, draws particular
interest, as significant medicinal potentials, such as
anti-mycobacterium tuberculosis bacteria (MTB),
anti-microbial and anti-tumor functions, were
observed (Figure 1).[1 Such scaffolds could be
synthesized by using various cycloaddition or
annulation-based protocols, ! while the
methodologies of making such architectures
asymmetrically are still limited,”! which is partially
due to the challenge imposed by constructing
adjacent tetrasubstituted stereogenic centers.
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Figure 1.
pyrrolidinylspirooxindoles
spirocyclic motif.

Representative bioactive
incorporating  an

Isatin-derived N-Boc ketimines are highly
electrophilic reagents that have been widely applied
to construct chiral 3-aminooxindoles®® and to make
3,2'-pyrrolidinylspirooxindole derivatives through
asymmetric [3+2] annulation reactions.l" On the
other hand, the Morita—Baylis—Hillman® (MBH)
derivatives of isatins have been demonstrated to be
ideal 3C synthons through the formation of
zwitterionic allylic ylides with a Lewis base (LB)
catalyst, efficiently producing a diversity of
spirooxindoles in combination with differently
structured electrophiles.®! Hence it is predicted that
the possible assembly of isatin-based ketimines and
MBH carbonates of isatins would straightforwardly
yield the desired 1,2-bispirooxindoles incorporating a

dihydropyrrolidine framework, as illustrated in
Scheme 1.
o
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Scheme 1. [3+2] Annulation approach to access 1,2-
bispirooxindoles incorporating a dihydropyrrolidine motif.
Results and Discussion

The initial investigation with MBH carbonate 1a and
isatin ketimine 2a resulted in a complex mixture
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Table 1. Screening conditions for the asymmetric [3+2]
annulation reactions of 1 and 2a.[

NC O R

BocO \ NBoc N
CN
cat. (10 mol%) = Boc—p
o + O ———
N N solvent, 4 A MS
‘R 2
1
HO,, \ 3

e fﬁﬁ s

C1X=H; CZX Me

O oD
/ NI] / NS W

N (0]

HO fﬁ)f\N o L o N

9 723 JO"C

cs pn ce J\Ph 7 HOPh Ph

Yield® eel

Entry R Cat Solvent t[h] [%] [%]
1 Me/la DABCO toluene 12 / /
2 Me/la PhsP toluene 12 / /
3 Me/la DMAP toluene 05 3a,9 /
4 Me/la C1 toluene 05 3a,98 39
5 Me/la C2 toluene 1 3a,96 25
6 Me/la C3 toluene 4 33,98 35
7 Me/la C4 toluene 3 33,98 61
8 Me/la C5 toluene 3 3a,98 76
9 Me/la C6 toluene 3 3a,98 15
10 Me/la Cc7 toluene 4 33,98 65
114 Me/la C5 toluene 24 3a,98 78
1241 MOM/1b C5 toluene 24 3b,97 85
13 Bn/ic C5 toluene 24 3c,98 86
149 Boc/ld C5 toluene 24 3d,96 85
15[ Bn/ic C5 DCE 7 3c,95 91
16 Bn/ic C5 CHCIl; 20 3c,98 93
1719 Bn/lc C5 PhCF; 24 3c,98 >99

[l Unless noted otherwise, reactions were performed using
1 (0.11 mmol), 2a (0.1 mmol), catalyst (0.01 mmol) and 4
A MS (50 mg) in solvent (2 mL) at rt.

1 Yield of isolated product.

[l Determined by HPLC analysis using a chiral stationary
phase; *H NMR analysis indicated dr >19:1.

[ At —20 °C.

under the catalysis of 1,4-diazabicyclo[2.2.2]octane
(DABCO) in toluene at room temperature (Table 1,
entry 1), while no apparent conversion was observed
in the presence of PhsP (Table 1, entry 2), probably
because of the bulky tetrahedral feature of the ylide
intermediate, inhibiting the formation of the
congested 1,2-bispirooxindole structure.™% In contrast,
planar 4-dimethylaminopyridine (DMAP) showed
very high catalytic activity and the y-regioselective
[3+2] annulation product 3a with the desired 1,2-
bispirooxindole skeleton was isolated in an almost
quantitative yield with exclusive diastereoselectivity
(Table 1, entry 3). Subsequently, we explored the
asymmetric version by employing some chiral

10.1002/adsc.201700849

DMAP-type catalysts.*Yl As summarized in Table 1,
chiral substance C1 also exhibited excellent catalytic
activity but low enantioselectivity (Table 1, entry 4).
O-methyl ether C2 showed poorer enantiocontrol
(Table 1, entry 5). Subsequently, we further modified
the structures of the catalysts. C3 with a morpholine
motif furnished inferior data (Table 1, entry 6).
Interestingly, compound C4 with a hydroxyl group at
3-position of pyrrolidine moiety enhanced the
enantioselectivity significantly, indicating that the
additional hydrogen-bonding interaction is probably
beneficial for the enantiocontrol (Table 1, entry 7).
Moreover, the enantioselectivity was further
improved by using C5 with a (S)-prolinol motif
(Table 1, entry 8). Nevertheless, a very poor ee value
was obtained for C6 with mismatched (S,R)-chirality
(Table 1, entry 9). In addition, catalyst C7 with a
piperidine-2-methanol ~ motif  delivered  lower
enantioselectivity (Table 1, entry 10). It was also
found that the reaction took longer to complete at —20
°C while a better ee was obtained (Table 1, entry 11).
The N-protection group of the MBH carbonate was
further investigated (Table 1, entries 12—-14), and
high enantioselectivity was observed with an N-
benzyl group (Table 1, entry 13). The solvent effects
were tested as well (Table 1, entries 15-17), and the
enantiomerically pure product 3c was produced in
98% yield in PhCF; (Table 1, entry 17).

Table 2. Substrate scope of the asymmetric [3+2]
annulations of MBH carbonates 1 and ketimines 2.[

BocO \ NBoc
CN
B A C5 (10 mol%)
| o+ o S20man)
SN I N PhCF3, 4 AMS
\ R? La -20°C
1 Bn 2

Entry R! R? t[h] Yield®[%] eell[%]
1 H H 24 3c, 98 >99
2 5-Cl H 12 3e, 96 95
3 5-Br H 11 3f, 95 96
4 5-1 H 11 39, 97 87
5[ 5-NO; H 24 3h, 96 88
64 6-Br H 48 3i, 96 89
74 7-Cl H 48 3j,97 88
gl 5Me H 48 3k, 96 (72) 79 (98)
9 5-MeO H 48 31, 96 75
10 57-Me; H 56 3m, 97 76
11 H 5-Me 30 3n, 98 95
12 H 5-MeO 30 30, 96 94
13 H 57-Me; 36 3p, 96 98
14141 5.CI 5-Cl 72 3q, 98 79
15 5-CI 5-Br 55 3r, 95 87
16l 5-CI 5-1 48 3s, 97 78
17 5.CJ 6-Br 56 3t, 97 88
181 H H 40 3u, 97 97

&l Unless noted otherwise, reactions were performed using
1 (0.11 mmol), 2 (0.1 mmol, R® = Me), catalyst C5 (0.01
mmol) and 4 A MS (50 mg) in PhCF3 (2 mL) at —20 °C.

1 Yield of isolated product.

[l Determined by HPLC analysis using a chiral stationary
phase; *H NMR analysis indicated dr >19:1.
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[@1n CHCI; at —40 °C.
e Data in parentheses were obtained after recrystallization.
1 R3=Bn.

With the optimized catalytic conditions in hand,
the scope and limitations of the new asymmetric
reaction were further explored (Table 2). Excellent
yields were obtained overall. An array of MBH
carbonates 1 with different electron-withdrawing
groups on the aryl ring resulted in high to outstanding
enantioselectivity in the reactions with ketimine 2a
(Table 2, entries 2—7), while some reaction conditions
were tuned accordingly (Table 2, entries 5-7).
Nevertheless, the MBH carbonates 1 with electron-
donating groups showed lower reactivity and only
moderate enantiocontrol (Table 2, entries 8-10). In
addition, the optical purity could be improved
through recrystallization (Table 2, entry 8).

Substrates 2 with electron-donating substituents
provided the corresponding [3+2] products 3n—p in
excellent enantioselectivity (Table 2, entries 11-13),
while lower enantiocontrol was observed for the
ketimines 2 bearing electron-withdrawing groups,
even at lower temperature (Table 2, entries 14-17).
In addition, ketimine 2 with a bigger N-benzyl group
also underwent the annulation smoothly (Table 2,
entry 18).

Table 3. Asymmetric [3+2] annulations of MBH
carbonates 1 and CFs-containing hemiaminals 4.

O 0O
X\
Ny”

B \ Q0 N
R ocQ eN N7 ©5 (10 mol%) N \
“WH _BA (40 mol%) R CN
+ —_— FiC D
N o R? CHCl3, 4 AMS R? S 0
\

FsC OH 5°C,72-96 h N

1 Bn 4 R’ s “Bn
Entry R? R? Yield® [%]  eeld[%]
1@ H H 5a, 90 (70) 73 (96)
2 H Me 5b, 92 76
3 Cl Cl 5¢c, 94 60
4 Me H 5d, 91 61
5ld] cl H 5e,92(74) 74 (98)

[ Reactions were performed using 1 (0.11 mmol),
hemiaminal 4 (0.1 mmol), catalyst C5 (0.01 mmol),
benzoic acid (0.04 mmol) and 4 A MS (50 mg) in CHCI3
(1 mL) at 5 °C for 72—96 h.

1 Yield of isolated product.

[l Determined by HPLC analysis using a chiral stationary
phase; *H NMR analysis indicated dr >19:1.

[9 Data in parentheses were obtained after recrystallization.

To further investigate the current chiral catalyst
system, the [3+2] annulation reactions between isatin-
based MBH carbonates 1 and trifluoromethyl (CFs)-
containing ketimines, generated in situ from the
hemiaminal precursors 4, were examined.'23 As
summarized in Table 3, the annulations proceeded
smoothly under the similar catalytic conditions using
the catalytic amounts of benzoic acid as the imine
formation promoter.'l An array of products 5

10.1002/adsc.201700849

incorporating  spirocyclic ~ frameworks  were
synthesized in excellent yields with moderate
enantioselectivity (Table 3, entries 1-5) which can be
greatly improved through recrystallization (Table 3,
entries 1 and 5). It was noted that the chiral DABCO-
based catalytic system appeared no to be compatible
with the current asymmetric reactions, %

CF3-containing spirooxindole 5b

Figure 2. X-ray crystal structures of enantiopure 3c and 5b.

The absolute configuration of the chiral [3+2]
annulation products 3c and 5b was unambiguously
determined by X-ray crystallographic analysis, as
outlined in Figure 2. Thus, the other chiral
products were assigned by analogy.

A plausible catalytic mechanism of the asymmetric
annulation reaction is proposed in Scheme 2. Catalyst
C5 attacks MBH carbonate 1c to form the
zwitterionic allylic ylide 1, which subsequently
attacks ketimine 2a from the Re-face with the
possible assistance of a hydrogen-bonding interaction
between the hydroxyl group of the pyrrolidine moiety
and the N-Boc group, affording intermediate II.
Finally, product 3c is generated after cyclization and
the release of the catalyst C5.

This article is protected by copyright. All rights reserved.
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BocO

Scheme 2. Proposed catalytic mechanism of the
asymmetric [3+2] annulation reaction.

After removal of the N-Boc group of product 3c,
the enamine moiety could be reduced
diastereoselectively with EtsSiH in the presence of
BF3;-Et;O, giving the more useful pyrrolidine
derivative 6 in a moderate yield with slightly reduced
enantiopurity (Scheme 3).¢!

Bn
/

s 1) TFA, DCM
“ _—
/\O 2) Et3SiH, BF3°Et,0

DCM
>19:1 dr

3¢ 99% ee 6 75%, 96% ee

Scheme 3. Transformations of [3+2] product 3c.

Conclusion

We have investigated an asymmetric [3+2]
annulation reaction of isatin-derived Morita—Baylis
—Hillman carbonates and isatin-derived N-Boc
ketimines. A newly developed catalysis of chiral 4-
dimethylaminopyridine-type substance with
additional hydrogen-bonding groups appears to be
efficient in constructing a diversity of 1,2-
bispirooxindoles with excellent yields, exclusive
diastereoselectivity and moderate to remarkable
enantioselectivity. The protocol was further expanded
to an [3+2] annulation reaction between Morita—
Baylis—Hillman carbonates and trifluoromethyl-
substituted ketimines which generated in situ from
the corresponding hemiaminals in the presence of
acid additives, affording architectures with vicinal
tetrasubstituted stereogenic centers with excellent
diastereoselectivity and moderate enantioselectivity.

10.1002/adsc.201700849

Such substances may be potentially benefiting in
medicinal chemistry.

Experimental Section

'H NMR spectra were recorded at 400 MHz or 600 MHz
(Varian) and *C NMR spectra were recorded at 100 MHz
or 150 MHz (Varian). Chemical shifts are reported either
in ppm downfield from CDCls (5 = 7.26 ppm) for *H NMR,
or relative to the central CDCls resonance (0 = 77.0 ppm)
for 3C NMR. Coupling constants are given in Hz. Optical
rotations were measured at 589 nm at 20 °C. Enantiomeric
excess was determined using HPLC analysis on Chiralpak
ID, IE, IF, AD-H and Chiralcel OD-H columns. ESI-HR-
MS was recorded on a Waters SYNAPT G2. TLC was
performed on glass-backed silica plates. Column
chromatography was performed using silica gel (200-300
mesh), eluting with ethyl acetate and petroleum ether. All
other chemicals were used without purification as
commercially available. Toluene, THF, ethyl acetate
(EtOAC), petroleum ether, dichloromethane (DCM) and
MeCN were freshly distilled before use.

General procedure for

] asymmetric
annulations

[3+2]

MBH carbonate 1 (0.11 mmol), ketimine 2 éo.l mmol),
catalyst C5_$4.6 mg, 0.01 mmol) and 4 A MS (50 mg) were
stirred in tritluorotoluene (2.0 mL) at —20 °C (or in CHCIs
at —40 °C). The reaction was monitored by TLC analysis.
After the reaction was complete, the solution was
concentrated and the residue was purified by flash
chromato%raphy on silica gel (ethyl acetate/petroleum
ether = 1:9 to 1:5) to afford the chiral product 3.

The aszmmetric [3+2] annulations of MBH carbonates 1
and CFs-containing hemiaminals 4. MBH carbonate 1
(0.11 mmol), hemiaminal 4 (0.1 mmol), catalyst C5 (4.6
m%;\,/lom mmol), benzoic acid (4.9 mg, 0.04 mmol) and 4
A'MS (50 mg) were stirred in CHCI3 (1.0 mL) at 5 °C. The
reaction was monitored by TLC analysis. After the reaction
was complete, the solution was concentrated and the
residue was purified by flash chromatography on silica gﬁl
(ethyl acetate/petroleum ether = 1:10 to 1:4) to afford the
chiral product 5.

tert-Butyl (3R,3'R)-1""-benzyl-4'-cyano-1-methyl-
2,2""-dioxo-1'H-dispiro[indoline-3,2'-pyrrole-3*,3"'-
md_olme}_—l'—carboxylate (3c): yield: 52.2 mg (98%);
white solid; La]DZO =-134.9 (c = 1.10 in CHCls); >99% ee,
determined by HPLC analysis [Daicel chiralpak ID, n-
hexane/i-PrOH = 60/40, 1.0 mL min™, A = 254 nm]: t
minor) = 23.84 min, t (major) = 33.48 min]; 'H NMR
400 MHz, CDCl3): ¢ = 8.1225, 0.32H), 8.00" (s, 0.15Hg,
.58-7.52 (m, 2H), 7.35-7.31 (m, 1H), 7.19-7.10 (m, 4H),
7.04-6.97 (m, 2H), 6.65 (d, J = 7.2 Hz, 1H), 6.55 (d, J =
6.8 Hz, 2H), 6.38 &d, J=7.6 Hz, 1H), 5.08 (d, J = 16.0 Hz,
1H), 4.31 (d, J = 16.0 Hz, 1H), 2.90 (s, 3H), 1.46 (s, 3H),
1.01 (s, 6H); ¥C NMR (150 MHz, CDCl3): 6 = 172.3,
172.1, 149.5, 149.3, 149.1, 144.2, 1435, 134.4, 130.6,
130.1, 128.6, 127.3, 126.9, 126.5, 126.3, 123.2, 123.1,
121.8, 113.7, 109.5, 108.4, 108.1, 90.7, 84.3, 83.5, 74.7,
65.4, 43.9, 27.9, 27.3, 25.9; ESI-HR-MS: m/z = 555.1998,
calcd. for (Cs2H2sN404 + Na)*: 555.2003.

tert-Butyl  (3R,3'R)-1""-benzyl-5'"-chloro-4'-cyano-1-
methyl-2,2"'-dioxo-1'H-dispiro[indoline-3,2'-pyrrole-
3',3"-ind_o|ine]]-l'-carboxy ate (3e): yield: 54.4 mg 96%);
white solid; [a]p®® = —38.6 (c = 1.05 in CHCls); 95% ee,
determined by HPLC analysis [Daicel chiralpak ID, n-
hexane/i-PrOH = 60/40, 1.0 mL min%, A = 254 nm]: t
minor) = 19.96 min, t (8ma£or) = 33.15 min]; 'H NMR
400 MHz, CDCl3): 0 = 8.12 (s, 0.31H%, 7.99 (s, 0.15H),
54 (s, 2H), 7.37-7.34 %m, 1Hf, 7.20-7.16 (m, 1H),
7.13-7.09 (m, 3|I—_|R, 7.02-7.00 (m, Hai 6.69-6.67 (m, 1H),
6.53-6.51 (m, 2H), 6.30 (d, J = 8.4 Hz, 1H), 5.07 (d, J =

4
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16.0 Hz, 1H£ 4.31 (d, J = 16.0 Hz, 1H), 2.96 (s, 3H), 1.46
s, 3H), 1.01 (s, 6H); °C NMR (150 MHz, CDCl3): 6 =
72.0,171.9, 149.9, 149.7, 149.0, 144.1, 142.1, 133.9,
130.6, 130.3, 1288, 1275 127.2. 126.6, 126.4. 1239,
1235, 123.3,122.8, 113.5, 110.5, 108.5, 108.3, 90.2, 84.6,
83.7, 74.7,65.3, 44.1, 27.9, 27.3, 26.0; ESI-HR-MS: m/z =
589.1617, calcd. for (Cs2H2/CIN4O4 + Na)* : 589.1613.

tert-But I (BR,3' R) -1'"-benzyl-5''-bromo-4'-cyano-1-
methyl-2, "_dioxo-1'H-dispiro[indoline-3,2'- yrrole-
33" |ndoI|ne] 1' carboxy ate (3f): |eld 58. mg 895%)
white solid; [a]o2° 1.8 (c = 1.00 in CHCls); 96% ee,
determined’ by HPLC analy5|s [Dalcel chlralpak ID, n-
hexane/i-PrOH = 60/40, 1.0 mL min™, A = 254 nm]: t
minor) = 21.01 mm t (8ma{or = 35.97 min]; *H N
600 MHz, CDCls): s 055H 799 s, 0.33H),
68dJ 18Hz 1H 7.55— —7.33 (m,
26 7.24 (m, 1H), 7.19— 717 m 1H 713 7.10 (m,
m 1H 668 667 m 1H ,6.53—6.52 m
d, J = 15.6 Hz,

431 (d, J =156 HZ 1H 22)6 (S 3H 146(7 3H) 102

); BC NMR (150 MHZ CDCly): 171.9, 171.7,
49. 9, 149.7, 149.0, 144.1, 142. 5, 133.9, 133. 5 130.3,
129.9, 128.8, 127.5, 126.6, 126.4, 123.8, 123.3, 115.9,
113.5, 111.0, 108.5, 108.3, 90.2, 846 837 747 65.2,
44.0, 28. 0, 27 3, 26 0 ESI-HR-MS: m/z = 633. 1108, calcd.
for (C32H27 BrN,O, + Na)*: 633.1112; m/z = 635. 1093,
calcd. for (CaH2*TBrN4O4+ Na)* : 635.1097.

tert-Butyl (3R,3'R)-1""-benzyl-4'-cyano-5"-iodo-1-
methyl -2,2"'-dioxo-1'H-dis |roPn oline-3,2'-pyrrole-
3',3"- mdolme] -1'-carboxylate (3g): yield: 64.0m 97%);
white solid:; [aLZO = +62.7 (c = 1.05 in CHCly); /o ee,
determined by PLC analysis: [Daicel chiralpak AD-H, n-
hexane/i-PrOH = 80/20, 1.0 mL min™, A = 254 nm]: t
minor) = 18.86 m|n t (8ma{or = 21.97 min]; *H NMR
400 MHz, CDClIy): 028H) 7.99 (s 0.15H),

84 (s, 1H), 754 752 745 7.43 (m, 1H),
7.36— 32m1H 7207 , 7.13-7.09 (m, 2H),
7.01-7.00 (m, 1H), 6.68— 667 m 1H 16.52(d, J = 6.8 Hz,
2H), 6.15 (d, J=8.0 Hz, 1H 5.04 d J = 16.0 Hz, 1H)
4.30 (d; J = 16.0 Hz, 1H), 2.96 (s, 3H), 1.46 (s, 3H), 1.01
s, 6H); *C NMR (150 MHz, CDCls): 6 = 171.9, 17155,
49.9,°149.7, 149.0, 144.1, 143.2, 139.4, 135.4, 133.9,
130.3, 128.8, 127.5, 1265, 126.3, 126.2. 124.0, 123.3,
1135, 111.5, 108.5, 108.3, 90.1, 85.6, 84.6, 83.7, 74.8,
65.0, 44.0, 27.9, 27.3, 26.0; ESI-HR-MS: m/z = 681.0969,
calcd. for (C32H27|N404 + Na)*: 681.0971.

tert-Butyl  (3R,3'R)-1"-benzyl-4'-cyano-1-methyl-5"-
nitro-2,2"'-dioxo-1'H-dispiro[indoline-3,2'-pyrrole-
3',3"- mdolme] -1'-carboxylate (3h): |eld 55.5 mg (96%);
white solid:; [(q_'20 = +29.9 (c = 1. 05 in CHCls); 88% ee,
determined by HPLC analy5|s [Daicel chiralpak AD-H, n-
hexane/i- PrO = 60/40, 1.0 mL min™%, A = 254 nm]:
(minor) = 9.39 mm tgimajor = 12.65 min]; *H NMRé
MHz, CDCly): (s, 1H), 8.16 (s, 0.47H) 810(1
= 9.0 Hz, J-24 Hz 1H), 8.03 (s, 0.24H), 755-7.5
1H ,7.38—7.36 m, 1H , 22-7.19 m, 1H ,7.15—7 13 m
2H), 7.05-7.03 (m, 1H), 6.69-6.68 (m, 1H), 6.55—6.50 (m,
3H). 5.13 (d, J = 16.2 Hz, 1H), 4.40 (d, J = 16.2 Hz, 1H),
2.92 (s, 3H), 1.47 (s 3H), 1.03 (s, 6H); *C NMR (150
MHz, CDCI3)' o = 1724, 1715, 150.3, 150.0, 149.0,
148.8, 144.1, 143.8, 133.2, 130.6, 129.0, 127.9, 127.4,
126.7, 126.4, 123.6, 123.4, 123.0, 122.9, 113.2, 109.4,
108.8, 108.5, 89.4, 85.0, 84.1, 74.5, 64.9, 44.3, 27.9, 27.3,
26. 2 ES| HR MS: m/z = 600. 1854 C8.|Cd for (C32H27N506
+ Na)+ 600.1861.

tert-Butyl  (3R,3'R)-1"-benzyl-6"-bromo-4'-cyano-1-

methyl-2, ""_dioxo-1'H-dis |roPnd0I|ne -3,2'- rrole-
3'3"- mdolme] 1' carboxy ate (3i): yield: 58. 596%)
white solid:; [a]p® 2(c=11 CI3) 89% ee,

determined by HPLC analy5|s [Dalcel chiralpak 1D, n-
hexane/i-PrOH = 60/40, 1.0 mL min™, A = 254 nm]:
minor) = 17.30 mln t %ma{or = 23.99 min]; *H N R
600 MHz, CDCly): s, 0.50H), 7.98 (s 0.29H),
.55-7.54 (m, 1H 741 7.39 m 1H), '36-7.34 m, 1H),
7.20-7.12 (m, 4H), 7.01-6.99 (m, 1H), 6.69—6.68 (m, 1H),
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6.54-6.52 (m, 3H), 508|_$d J =16.2 Hz, 1H), 426|Sd J=
16.2 Hz, 1H), 2.94 ), 1.45 (s, 3H), 1013 6 13C
NMR (150 MHz, C C|3) 0=172.2,172.0, 149 495
149.0, 144.9, 144. 2, 133.8, 130.4, 128.8, 128. 2 127.5,
126.6, 126.3, 124.6, 124.0, 123.3, 120.9, 113.5, 112.9,
108.6, 108.4, 90.2, 84.6, 83.7, 74.5, 65.1, 44.0, 27.9, 27.3,
26.1; ESI HR-MS: m/z = 633.1108, calcd. for
#CazHy BrN4O4+ Na)*: 633.1111; m/z = 635. 1093, calcd.
or (C32H27 1BrN4O4 + Nf:l)+ 635. 1094

tert-But I (3R,3'R)-1""-benzyl-7"*-chloro-4'-cyano-1-

methyl-2,2"-dioxo-1'H-dis woPndoIlne -3,2'-pyrrole-
33" |ndoI|ne] -1'- carboxy ate (3j): yield: 55 mg 97%);
white solid; [o]p?® = 7(c=11 Cls); 88% ee,

determined b¥|HPLC anali/s,ls [Daicel chlralpak AD-H, n-
hexanell PrO = 60/40 mint, A = 254 nm]:
dor = 10.63 min, t (mmor) = 12.11 min]; *H N R
MHz, CDCly): 5 = 8.11(s, 0. 55Hi 7.98 gs 0.27H),
52(d J=17.2Hz, 1H), 745 41(m H) 73 730$_r|n
1H), 7.17-7.10 (m, 4H% 9 (t,
6.89— 687(m 1H 6.70 69 m 1H), 656 655$_r|n
5.17 (d, J = 10.2 Hz, 1H), s_IJ-102Hzl 2.94
és 3H 1.44 (s, 3H) 1.00 (s 6H); 3C NMR (150 MHz,
0 = 172.8, 172.0, 149.6, 149.4, 148.9, 144.0,
1397 136.4, 133.3, 130.4, 128.5, 126.7, 126.3, 125.7,
125.5, 124.8, 124.0, 123.7, 123.3, 115.4, 113.5, 108.5,
108.3, 90.5, 84.5, 83.7, 74.9, 64.9, 45.2, 27.9, 27.3, 26.1;
ESI-HR-MS: m/z = 589.1613, calcd. for (C32H27CIN4O4+
Na)*:589.1619.

tert-Butvl (3R.3'R)-1""-henzvl-4'-cvano-1.5""-
dimethvl-2.2""-dioxo-1"H-disniro mdolme 3,2'-pyrrole-
3",3"-indoline]- 1' carboxylate (3K): yield: 52.5m 96%);
white solid: [o]p®: —71.3 (c = 1. 5 |n CHCly); /0 ee,
determined by HPLC analysis [Dalcel chlralpak ID, n-
hexane/i-PrOH = 60/40, 1.0 mL min™, A = 254 nm]:
minor) = 19.61 m|n t (8ma60r = 28.22 min]; 'H N R
400 MHz, CDCly): s, 0.36H), 7.99 ( 0.16H),

57-7.55 (m, 1H 735 7.31 (m, ZHQ| 16-7.08 m 3H),
700696m1)691dJ—80 z, 1H), 6.65 (d, J =
7.6 Hz, 1H), 6.54 (d, J = 6.8 Hz, 2H)626dJ—80Hz
1H), 5.05 (d, J—160Hz 1H), 430 , J =16.0 Hz, 1H),
2.91 (s, 3H), 2.27 ( 3H) 146$ 1.01 (s, 6Hf 15¢
NMR (150 MHz, CDCI3 72.1,149.4, 149.2,
149.1, 144.1, 1410 1345 1327 '130. 8, 130.1, 128.5,
1285, 127.4, 127.2, 126.4, 1263, 124.1, 123.0, 121.7,
113.8,109.2,108.1, 90.8, 84.2, 83.4, 74.8, 65.4, 43.8, 27.9,
27.3, 25.8, 20.9; ESI-HR-MS: m/z = 569.2159, calcd. for
(C33H30N4O4+ Na)*: 569.2158.

tert-Butyl
1-methyl-
3 3"—|ndoI|ne] 1 carboxylate 3Dh:
white solid:;

(3R,3' R) 1"-benzyl-4'-cyano-5"-methoxy-
2" - dioxo-1"H- -dispiro[indoline-3,2'-pyrrole-
eld 54.0 mg7é 6%);
14 = -40.8 c—14 in CHCl3); 75% ee,
determined b PLC anaIyS|s [Daicel chlralpak AD-H, n-
hexane/i- PrO = 60/40, 1.0 mL min, A = 254 nm]: t
minor) = 10.00 m|n t (8ma{or = 11.87 min]; *H NMR
600 MHz, CDCl3): (s, 0.41H), 7.99 (s, 0.26H),

.60-7.55 (m, 13 734 7.32 Em 1HL 18-7.1 Em, 2H),

7.12-7.09 (m, 2H), 7.01-6.97 (m, 1H), 6.67—6.65 (m, 2H),
6.54—6.53 (m, 2:2 6.27 (d, J =84

16.2 Hz, 1H 43 Ad J= 162HZ 1H , 3.75 (s, 3H), 2.94
g 3H), 1.4 3H), 1.01 (s, 6H); ' NMR (150 MHz,
DCl3): 6 = 1722 1721 1561 1495 149.3, 149.1,
144.2, 136.7, 1345 1325 1302 128.6, 127.3, 126.7,
126.4, 123.2, 122.9, 116.3, 113.7, 113.0, 112.8, 110.1,
108.4, 108.1, 90.8, 84.4, 83.5, 74.8, 65.8, 55.8, 44.0, 27.9,
27.3, 26.0; ESI-HR-MS: m/z = 585.2108, calcd. for
(C33H30N405 + Na)*: 585.2111.

z, 1H), 5138d J=

tert-Butyl (3R,3'R)-1""-benzyl-4'-cyano-1,5", 7"
trimethyl-2,2"-dioxo-1"H- dlsplro indoline-3,2"- yrrole-
3',3"- mdolme] -1'-carbox é/lat m): y|eld 4.4 mg
g 7%) white solid; [a]p? —63 2 (c =1.00 in CHC|3)

6% ee, determined Y_|HPLC analysis Dalcel chiralpak
AD H, n- hexanell PrOH = 60/40, 10 mL min7t, & = 254
%t major) = 6.55 min, t (minor) = 8.29 min]; 'H NMR
Hz CDClg): ¢ = 8.1 (s, 0.36H), 7.97 (s 0.17H),
50 745(m 1H) 7.33- 730(m 1H), 29- 7.26 (m, 1H),

5
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7.1770m3 ,6.91-6.88 (M, 1H), 673669m2
6.4766m2 5 ,J=17.2 Hz, 1H),
172Hz,1())29 s, 225(5 3H), 1.9 gSH) 145
s, 3H),1 5, 6 'NMR (50 MHz DCl3): & =
73.1,172.4, 149 4.0, 139.1, 136.7, 135.1, 1326

130.1, 128.7, 126. 7 125 5, 125. 4 125.0, 124.2, 123.1,
1225, 119.4, 113.9, 108.3, 108.0, 914 842 833 75.0,
64.9, 45.1, 27.9, 27.3, 25.9, 20.6, 18.3; ESI-HR-MS: m/z =
583.2316, calcd. for (C34H32N404 + Na)*: 583.2319.

tert-Butvl (3R 3'R)-1"-benzvl-4'-cvano-1.5-dimethyl-
2.2"'-dioxo-1"'H-disbirolindoline-3,2'-pyrrole-3',3"'-
indoline]-1'- carboxylate (3n) ille|d 53.6 mg EQS%)
white solid; [o]p® 15 in CHClIs); 95% ee,
determined b‘yﬁ'HPLC anali/sw [Dalcel chlralpak AD-H, n-
mL

hexane/i-PrOH = 60/40, 1. min~!, X = 254 nm]:

(mHJor) = 6. 08 m|n t (mmor) =11.55 m|n lH NMR 00
= 8.11 (s, 0.42H), 55 0.26H

7.54— 753(m 1H 6 (m, 1H),

739 734%m 1H) 719 7.
7.13-7.11 (m, 4 03-7.00 (m, 1H), 6.54 (m, 3H),
6.40-6.38 (m, 1H), 516 J—162Hz 1H 4.28(d, J =
16.2 Hz, 1H), 2.8 %s 3H), 2.16 (s, 3H), 1.4 (; 3H) 1.01
(s, 6H); °C'NMR (150 MHz, CDCls): 6 = 172.3, '172.0,
149.6, 149.1, 143.6, 141.7, 1346 132.9, 130.5, 130.3,
128.6, 127.2, 127.1, 126.8, 126.1, 124.1, 123.1, 1218,
113.8, 109.4, 108.2, 108.0, 90.7, 84.3, 83.4, 74.8, 65.4,
43.8, 27.9, 27.3, 25.9, 20.9; ESI-HR-MS: m/z = 569.2159,
calcd. for (CasH3zoN4O4 + Na)*: 569.2155.

tert-Butvl (3R .3'R)-1""-henzvl-4'-cvano-5-methoxv-1-
methvl 2.2"'-dioxo-1'H- dlqmropndolme -3,2'-pyrrole-

3",3"-indoline]-1'-carboxylate (30): yield: 54.0'm 96%)
white solid:; [ahzo = -37.9 (c = 1.20 in CHCly); /o ee,
determined by HPLC analy5|s [Daicel chlralpak AD-H, n-
hexane/i- PrO = 60/40, 10 mL min™, A = 254 nm]: t
(major) = 9.45 mm t (minor) = 15.71 min]; *H NMR (
MHz, CDCls): 6 = 8.1 (]s 031H 7.99 (s, 016H) 754|Sd
J =176 Hz, 1H 7.21-7.12 m5H 7.04-7.00 1
6.86— 684(m 1H), 6.60— 654 m, 3H) 6.43-6.41 (m, 1H
5.13 (d, J = 16.0 le% lSd J—160Hzl)360
s, 3H), 2.89S 3H) 14 gs 1.04 (s, 6H); C NMR
150 MHz, CDCls) 6 = 172.4, 171.9, 156.2, 1495 149.2,
143.7, 137.4, 1346 130.6, 128.7, 127.3, 127.0, 126.2,
125.1, 123.2, 121.8, 116.0, 1155, 113.7, 113.0, 112.8,
109.4, 108.7, 90.9, 84.4, 83.5, 75.1, 65.5, 55.9, 43.9, 28.0,
27.4, 26.0; ESI-HR-MS: m/z = 585.2108, calcd. for
(Cs3H30N4Os + Na)*: 585.2112.

tert-Butvl (3R.3'R)-1""-benzvl-4'-cvano-1.5.7-
trimethvl-2 2" -dioxo-1"H- dlqnlro[)ndollne -3,2'- pyrrole-
3",3"-indoline]- 1' carboxylate( yield: 53.8m 6%)
white solid:; [a]p® 30 in CHCls); 8/o ee,
determined by HPLC anaIyS|s [Dalcel chlralpak IC, n-
hexane/i-PrOH = 60/40, 1.0 mL min?, A = 254 nm]: t
minor) = 11.23 m|n t (8maéor = 1553 min]; *H NMR
600 MHz, CDCls): s O48H 798 s, 0.34H),

50 (d, J= 78Hz 1H 7.18- —7.10 (m,
3H), 7.02-7.00 (m, 1H), 6.86— 684 m 1H 654 6.52 (m
2H), 6.40-6.38 (m, 1H), 5.14 (d, J =96 Hz, 1H), 424|Sd
J—96Hz 1H 311( 3H 2.33 (s, 3H), 2.12 (s, 3
1.46 és 4 (s, 6H); 'NMR (150 MHz CDCI3)
= 1726, 1 24 149.5, 492 143.6, 139.3, 139.1, 134.7,
134.2, 132.6, 1305, 1285, 127.3, 127.0, 126.2, 125.1,
123.0, 122.0, 119.3, 113.9, 109.4, 90.6, 84.2, 83.3, 74.6,
65.6, 43.9, 29.3, 28.0, 27.3, 20.6, 18.6; ESI-HR-MS: m/z =
583.2316, calcd. for (CsaH32N4O4 + Na)*: 583.2315.

tert-Butvl (3R.3'R)-1""-henzvl-5.5"-dichloro-4'-cvano-
1-methvl-2.2"-dioxo-1'H-disniro[indoline-3,2'-pyrrole-
3',3"-indoline 1' carboxylate (3q) yield: 58.9 m%; g 8%);
white solid; [a]o2 = +74.4 (c = 1.25in CHCl3); 79% ee,
determined b PLC anal%/sw [Daicel chlralpak AD-H, n-
hexane/i-PrOH = 60/40, 1.0 mL min, A = 254 nm]:
(major) = 6.54 min, t |nor = 9.39 min]; *H NMR % 00
MHz, CDCl3): 6 = 5, 0.31H), 7.96 (s, 0.26H),
7.60-7.55 (m, 1H), 7. 51 s, 1H), 33-7.31 (m, 1H),
7.22— 713m4H 669d = 6.8 Hz, 2H), 6.60-6.58 (m,
1H), 6.42— l_%m 1Hg 10 Sd J=16.0 Hz, 1H), 4.34 (d,
J—160Hzl)29 (s, 3 148(54H)106(35)
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13C NMR (150 MHz, CDC|3% 0 = 171.6, 171.4, 149.7,
149.4, 148.8, 142.6, 142.1, 134.0, 130.8, 130.3, 130.2,
128.8, 127.7, 127.1, 126.7, 126.5, 125.6, 124.5, 123.1,
113.3, 110.6, 109.5, 109.3, 90.5, 85.0, 84.1, 74.4, 64.2,
44.2,28.0, 27.4, 26.2: ESI-HR-MS: m/z = 623.1223, calcd.
for (032H26C|2N404+ Na)*: 623.1224.

tert-Butvl (3R.3'R)-1""-benzvl-5-bromo-5"-chloro-4'-
cvano-1-methvl-2.2"-dioxo-1"H- dlqmro[(lndollne 3,2'-
pyrrole-3' 3"-|ndoI|ne] -1'-carboxylate (3r): yield: 61.3

mg ﬁ95°/ white solid; [a]p?® = +159.4 (¢ = 0.90 in
CHCI3); 87% ee, determined by "HPLC analysis [Dalcel
chlralpak AD-H, n- -hexane/i-PrOH = 60/40, 1.0 mL min?,
A =254 nm]: t (major 6.46 min, t mlnor) =9.84 mln]
'H NMR (400 MHz, DCI3 5 =8.10 (s, 0.31H), 796§
0.25H), 7.74-7.69 (m, 1H), 751 7.47 (m, 2H), 7.21-7
gm 4H)669(dJ 6.4 Hz, 2H), 6.54 (d, J = 7.6 Hz, 1H),

42-6.40 (m, 1H), 511 d, J =16.0 Hz, 1H), 4.33 d, J=
16.0 Hz, 1H), 294(D ), 148(s 4H), 1.06 (s, 5H); °C
NMR (150 MHz, CDCl3): § = 171.6, 171.3, 1 9.7, 149.4,
143.0, 142.1, 134.0, 1331 130.8, 129.7, 129.3, 128.9,
127.7, 127.1, 12655, 125.9, 124.8, 123.1, 115.9, 113.3,
110.6, 110.0, 109.8, 90.5, 85.0, 84.1, 74.2, 65.3, 44.2, 28.0,
27.4, 261 ESI-HR-MS: m/z = 667.0718, calcd. for
(CaoH26™®BrCIN;O4 + Na)™: 667.0719; m/z = 669.0698,
calcd. for (CHz BrCIN,O4 + Na)*: 669.0695.

tert-Butvl  (3R.3'R)-1""-henzvl-5"-chloro-4'-cvano-5-
iodo-1-methvl-2.2"-dioxo-1'H-disnirolindoline-3,2'-
pyrrole-3° 3"—|ndoI|ne] -1'- carboxylate (3s): yleld 67.2

mg ﬁ97°/ white solid; p? = +171.1 (c "= 1.00 in
CHCls); 78% ee, determme by HPLC analysis [Daicel
chlralpak AD H, n-hexane/i-PrOH = 60/40, 1 mL min?,

A =254 nm]: t (maJor 6.20 mm t minor) = 8.92 m|n]
'H NMR (600 MHz, DCI3 S, O43H 7 96 S,
0.33H), 7.89 (s, 05H)784504H 69-7.6 1H),

7.51-7.50 (m, 1H), 7.23-7.19 (m, 3H), 7.13 (d, J = 78Hz
1H), 668 S, 2H), 6.45-6.43 (m, 1H), 6.41-6.37 (m, 1H),
5.12 (d, J = 15.6 Hz, 1H 433dJ—156H21),2.96
&S 3H 1.48 (s, 4H) 1.06 (s, 5H); *C NMR (150" MHz,
DCls): 6 = 171.6, 171.1, 149.7, 149.5, 148.7, 143.7,
142.2, 139.1, 1352 1347 134.0, 130.8, 128.9, 128.9,
127.7, 127.1, 126.5, 126.1, 125.0, 123.1, 113.3, 110.6,
110.3, 90.4, 85.5, 85.0, 84.1, 74.1, 65.2, 44.2, 28.0, 27.4,
26.1; ESI-HR-MS: m/z = 715.0579, calcd. for
(C32H26CIIN4O4 + Na)*: 715.0581.

tert-Butvl (3R.3'R)-1""-henzvl-6-bromo-5"-chloro-4'-
cvano-1-methvl-2.2""-dioxo-1'"H-disbirolindoline-3,2'-
pyrrole-3',3"-indoline]-1'- carboxglate (3t): yield: 62.6
mg (97%); 'white solid; [a]o® = +49.1 (c = 1.05'in CHCls);
88% ee, determined b¥| HPLC analy5|s
AD- H n- hexanell PrOH = 60/40, 1.0 m
nrm major) = 7.62 min, t (mlnor)
R ( 00 Hz, CDCls): 5—810 (s, 0.28H), 796 §s
025H 7.50 (s, 1H 74 —7.34 J—80HZ 1H%7
53)715 7.06 (m, 2H), 6.8 (s 1H), 6.59-6.58

alcel chiralpak
min~t, A = 254
11.46° min];

H), 6.38 (d, J = 7. Hz 1H), 5.11 (d, —160Hz 1H)
4.31 (d, J = 16.0 Hz, 1H), 2.95 (s, 3H), 14 (s, 4H), 1.05
s, 5H); ¥C NMR (150 MHz, CDCls): = 171.8, 171.7,

49.7,149.4, 1453, 142.1, 133.9, 130.9, 128.9, 127.9,
127.8, 1275, 127.1, 126.4, 126.0, 1245 124.3, 123.2.
122.8, 113.3, 112.2, 111.8, 110.6, 90.3, 85.0, 84.1, 74.4,
65.2, 44.2, 28.0, 274 26.2; ESI-HR- MS m/z = 667.0718,
calcd. for (Casze BrCIN;O4 + Na)*: 667.0719; m/z =
669.0698, calcd. for (CsoH26**BrCINO, + Na)*: 669.0696.

tert-Butyl (3R,3'R)-1,1"-dibenzyl-4'-cyano-2,2''-
dioxo-1'H- dlsplro[lndollne -3,2'-pyrrole-3',3" mdolme]-
1'- carbox late (3u): yield: 590 mg7 (97%) white solid;
L; 0.7 (c = 0.56 in CHCI3); 97% ee, determined by
LC analy3|s [Dalcel chiralpak ID, n- -hexane/i- ProH =
60/40, 1.0 mL min~%, A =254 nm]: t (mlnor) =22.11 min, t
gma}{or = 37.61 min]; *H NMR (400 MHz, CDClg): 6 =
(s, 0.54H), 8.01 026H) 7.59-7.55 (m 2H), 7.17-
713m2H 7.11-7. m2Hg698 6.92 (m, 6H), 6.53—
6.41 , 5.16-5.09 7H), 4.98 (d, J=16.4 Hz,
0332 443 d J=15.6 Hz, 0.28 ) 4.29 (d, J =16.0 Hz,
1H), 4.15 (d, J = 15.6 Hz, O.58H), 1.48 (s, 3H), 1.00 (s,
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6H); *C NMR (100 MHz, CDCl3): 6 = 172.4, 172.1,
49.3, 149.0, 143.8, 143.7, 134.2, 130.6, 130.2, 128.6,
127.7, 127.3, 127.2, 126.5, 126.2, 124.3, 123.7, 123.1,
122.3, 113.7, 109.7, 109.4, 90.6, 84.4, 83.7, 74.8, 65.8,
43.9, 43.8, 28.0, 27.3; ESI-HR-MS: m/z = 631.2316, calcd.
for (C38H32N404 + Na)*: 631.2311.

(1R.9hS)-1'-Benzvl-2'-0x0-9b-(trifluoromethv-9hH-
snirolbenzoldInvrrolol1,2-bJisothiazole-1,3'-indoline]-2-
carbonitrile 5,5- d|0X|de (5a) a/leld 45.7m g QOW% white
solid; [o]p?® = -3.3 (¢ = 0.30 in CHCl3); 73% ee,
determined b?i'HPLC anali/sw [Daicel chlralpak AD-H, n-
hexanefi- PrO = 60/40, 1.0 mL min™, A = 254 nm]: t
minor) = 12.61 min, t (major) = 15. 81 min]; *H NMR
400 MHz, CDCls): 6 = 782{(71 J=8.0 Hz, 1H), 7.69-7.63
m, 2H), 757 (s, 1Hh747 43 (m, 1H) 7.31-7.22 (m

H) 715 714(m 2H), 7.03 (d, J—80Hz lH) 692(
J =17.6 Hz, 1H), 4.64 dd J—576Hz 15.6 Hz, 2H: C
NMR (150 MHz, CDCI =171.0, 144.9 (d,J=0.9 Hzg
143.9, 136.5, 134.4, 1 42 132.3, 131.6, 128.9, 128
128.2, 128.1,128.1, 125.8-120.1 (q, J=2846 Hzg, 124.1,
124.0, 122.5, 120.2, 111.4, 110.2, 101.8, 78.4-77.8 (9, J =
30.0 Hz) 63.2, 447& J=51 Hz) ESI-HR-MS: m/z =
530.0757, calcd fOI’( 26H16F3N303S + NE:I)Jr 530.0756.

(1R.9hS)-1'-Benzvl-8-methvl-2'-0x0-9h-
(trifluoromethvN-9hH-snirolbenzoldlnvrrolol1.2-
élsothlazole 1,3'-indoline]-2-carbonitrile  5,5-dioxide
6 b) yield: 48.0 mg}QZ%) white solid; [aLzo =-38(c=

in CHCI3); 76% ee, determined by PLC analysis
[Dalcel chlralgak AD- H n-hexane/i-PrOH = 60/40, 1.0 mL
min~t, A = 220 nm]: mlnor) = 11.03 m|n t ma jor) =
14.66 min]; H NMR (600 MHz, CDCIg 1(d,J=
84Hzl)768dJ 7.2 Hz, 1H 5(slH)748(d
J = 7.8 Hz, 1H), 42tJ—78 z, 1H), 7.30-7.29 (m,
3H), 7.25-7.22 (m 1H), 7.15 (d,J= 6.6 Hz, 2H), 6. 94éd
J=7.8 Hz, 1H), 6.84 (s 1H), 4.68 (dd, J = 111.6 Hz, 1
Hz, 2H), 2.24 (s, 3H); *C NMR (100 MHz, CDCI3) J=
171.2, 146.0, 1449 (d, J = 2.2 Hz), 143.9, 134.3, 134.0,
133.4, 1315, 129.4, 129.0, 128.1, 128.1, 128.0, 128.0,
127.4, 127.3-118.7 (q J=284.3 Hz) 124.0,122.2, 120.3,
1115 110.4, 101.8, 78.4-77.5 (9, J = 30.0 Hz), 63.2,
44.7(t, J = 3.8 Hz), 21.8; ESI-HR-MS: m/z = 544.0913,
calcd. for (C27H18F3N303S + Na)*: 544.0922.

(1R.9bS)-1'-Benzvl-5' 8-dichloro-2"-ox0-9b-
(trifluoromethvN-9hH-snirolbenzoldlovrrolol1.2-
blisothiazole-1,3'-indoline]-2-carbonitrile _ 5,5-dioxide
8 c): yield: 54. 1 mg (94%): white solid; [o]o? = +30.3 (C =

60 in CHCI3); 60% ee, determined by HPLC analysis

[Dalcel chiralpak AD-H, n-hexane/i- PrOH = 60/40, 1.0 mL
min~t, A =220 nm]: t mlnor) = 6.94 min, t(major) =10.22
min]; *H NMR (400 MHz, CDCl5): 6 = 7.83—7.81'(m, 1H),
7.73-7.71 (m, 1H), 7.64 (s, 1H) 756 s lH 740 7.26
(m, 4H), 7.14— 712m2H)7085 J=84
Hz, 1H), 4.71 (dd, J = 64.4 Hz, 15.6 Hz lH 1§C NMR
150 MHz, CDCls): § = 170.7, 144.9 (d, J = 1.8 Hz), 142.3,
413, 1351, 133.5, 133.3, 131.9, 130.9, 129.9, 129.4,
128.3, 127.1,125.5-119.8 (q, J = 284.6 Hz), 124.1, 123.9,
1215 1118, 1109, 101.7, 78.2-77.6 (q, J = 31.4 Hz),
63.4, 450; ESI-HR-MS: 'm/z = 597.9977, calcd. for
(C26H14CI2F3N3035 + Na)*:597.9980.

(1R.9hS)-1'-Benzvl-5'-methvl-2'-0x0-9b-
(trifluoromethv-9hH-snirolbenzoldlnvrrolol1.2-
J’ISOthIaZO|e -1,3'-indoline]-2-carbonitrile _ 5,5-dioxide
6 d% ield: 47.5 m(f}gl%) white solid; [ Lz =+55(c=

in CHCI3); 61% ee, determined by PLC analysis
[Daicel chiral ak AD-H, n-hexane/i-PrOH = 60/40, 1.0’ mL
min~t, A = 220 nm]: t minor) = 14.02 mln témaor) =
16.64 min]; *H NMR (400 MHz, CDCls): gd J=
7.6 Hz, 1H), 7. 63 (t, J = 7.6 Hz, 1H 7. |Ss 1Hg 747(5
1H) 730723Sm5H 714712m2 1 J=
8.0 Hz, 2H), 4.6 =49.6 Hz, 152Hz 2H)240(s
3H); ©C NMR 150 MHz, CDCI3) § = 1709, 14438,
1414, 136.5, 1345 134.2, 133.7, 132.3, 131.9, 128.9,
128.8, 128.7,128.1, 128.0, 125.8-120.1 (9 J=2844 Hz),
124.0, 122.4, 120.1, 111.5, 109.9, 101.9, 78.6-78.0 (g, J =

10.1002/adsc.201700849

30.5 Hz), 63.3, 44.6, 21.2; ESI-HR-MS: m/z = 544.0913,
calcd. fOf (C27H18F3N303S + Na)* 544.0911.

(1R.9bS)-1'-Benzvl-5'-chloro-2'-ox0-9b-
(trifluoromethvN-9hH-sniraolbenzoldlnvrrolol1.2-
blisothiazole-1,3'-indoline]-2-carbonitrile 5 5-dioxide
8 e): yleld 49.8 mg (92%); white solid; [a]p? =420.6 (c=

. CHCI3); 74% ee, determined by HPLC analysis
[Dalcel chlralpak AD-H, n-hexane/i-PrOH = 60/40, 1.0 mL

min~%, A = 254 nm]: t (minor) = 9.46 min, témajor ) =11.80
mlrg H NMR (400 MHz, CDCIs = 7.85-7.83'(m, 1H),
766m2H 7.59 (s .43 (dd, J—84Hz J—

1.6 Hz, lH 7.33— 727 ém 4H) 7.13-7.11

6.96— 692 m 2H), 4.64 (dd J—468 Hz, 15.2 Z 2H
3¢ NMR(150M z,CD = 170.6, 1452gd J=15
Hz), 142.4,136.5, 134.3, 13 0 1325 131.7,129.6, 129.0,
1286, 128.4, 128.0, 125.7-120.0 (q7J =284.7 HZ} 123.9,
122.6, 121.9, 111.2, 111.2, 101.2, 78.6-78.0 30.9
Hz), 63.2, 44.8; ESI-HR-MS: m/z = 564.0367, calcd. for
(CzeH15CIF3N303S + Na)*: 564.0370.

Synthetic transformations

(35,3'S,4'S)-1""-Benzyl-1-methyl-2,2"-
dloxodlsplroﬁmdolme 3,2'- pyrrolldme 3',3"-indoline]-
4'-carbonitrile (6): Product 3c (53.2 m% 0.1 mmol) was
dissolved in DCM (1 mL), and TFA (0.15 mL) was added.
Then the solution was stirred at ambient temperature for 5
h. The mixture was diluted with CH,Cl, (10 mL? and
neutralized with saturated NaHCOs. The aqueous solution
was extracted with CH.Cl, (3 x 5 mL). The combined
organic phases were dried over MgSO4 and concentrated
under reduced pressure. The residue was dissolved in
DCM (1 mL% and Et;SiH (0.64 mL, 4 mmol) and
BF3* Etzo (0.52 mL, 4 mmol) were added in sequence at 0
°C. The mixture was stirred for additional 24 h. After
completion, the solvent was evaporated under reduced
pressure and the residue was subjected to column
chromatography with etroleum ether/EtOAC (4:1) as the
eluent to give product 6: yield: 32.5 mg (75%); white solid;
= -185.6 I(> = 0.23 in CHCIz); >19:1 dr; 96% ee,
determlned b LC anali/sw [Daicel chlralpak AD-H, n-
hexane/i-PrOH = 60/40, 1.0 mL min, A = 254 nm]:
minor) = 17. 41 mln t (]maior) = 22.68 min]; 'H N R
400 MHz, CDCls): dd, J = 11 2, 8.0 Hz, 2H),
26— 720Em 4H), 711 7.07 (m, 3H), 6.96 (t J=76Hz
1H), 6.84 (t, J = 7.6 Hz, 1H), 6.61 (d, J = 8.0 Hz, 1H).
652(d J =8.0 Hz, 1H), 492(dd J=127.2,16.0 Hz, 2H
4.66 (dd, J = 9.6, 8.0 Hz, 1H), 4.14-4.09 (m, 1H), 400( d,
J =112, 7.6 Hz, 1H 368 (brs, 1H), 3.07 (
NMR (150 MHz, CDCly): 6 = 175.4, 174.3, 14
134.6, 130.4, 1297 128.7, 127.6, 127.1, 12
123.1, 123.1, 122.9,'122.2, 109.8, 108.5, 74.0,
43.8, 36.7, 25.7; ESI-HR-MS: m/z = 435 .1816,
(C27H22N40O2 + H)*: 435.18109.

}43 5,
123.8,
9 49.1,
calcd. for

3
4.0,
4.2,

61.
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