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An efficient and enantioselective hydrogenation of 3-substituted unsaturated oxindoles has been de-
veloped by an iridium complex of tropos phosphineeoxazoline ligands. It is the first example to prepare
chiral C3-mono substituted oxindoles via asymmetric catalysis. And the reaction provides instant access
to this kind of compounds with excellent conversion and enantioselectivities (up to 93% ee).

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Owing to its abundance in natural products and pharmaceuti-
cally active compounds,1 the 3-substituted oxindole framework has
attracted special synthetic attention,2 and much effort has already
been dedicated to the catalytic asymmetric construction of chiral
C3-quaternary centers in the oxindole framework.3,4 Good to ex-
cellent yields and enantioselectivities were obtained by employing
in a variety of substrates. Although most of the natural oxindole
products possess chiral C3-quaternary centers, the chiral C3-mono
substituted oxindole is also an important framework for some nat-
ural products and drug candidates.5 One example is the welwi-
tindolinone, a family of unusual oxindole alkaloids isolated from the
cyanobacteriaHapalosiphonwelwischii andWestiella intricate,which
is responsible for the multiple drug resistance (MDR) reversing ac-
tivity of the algal extracts, elucidated by Moore and co-workers in
1994.5e However, the synthesis of chiral C3-mono substituted
oxindole framework is rarely reported. The only example was ach-
ieved via transfer of axial chirality in radical cyclizations by Curran
and co-workers in 1999.6 In their work, 60e93% yields and 49e92%
enantioselectivities were obtained using stoichiometric enantio-
pure substrates. Thus, it is essential to develop straightforward
and catalytic approaches to chiral C3-mono substituted oxindoles in
order to meet demand of organic synthesis and drug research. The
5; e-mail address: wanbin@
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metal-catalyzed asymmetric hydrogenation of 3-substituted un-
saturated oxindoles would be one of the best choices. However, to
thebest of ourknowledge, no efforts havebeen focusedon this topic.

Asymmetric hydrogenation by means of efficient chiral catalyst
is one of the most important catalytic methods for the preparation
of optically active compounds. In numerous catalyst systems, irid-
ium complexes with chiral P,N-ligands have attracted much at-
tention because of their easy availability, high reactivity and
enantioselectivity.7 In the past decades, chiral phosphineeoxazo-
line ligands with an axis-fixed binaphthyl backbone were de-
veloped by us and other groups and showed excellent chirality
transfer properties in asymmetric catalysis.8 However, in most
cases, only one of the two diastereomers of the ligands works ef-
fectively due to the configurationally matching-mismatching effect.
Bearing this in mind, recent years we designed a novel kind of
tropos chiral phosphineeoxazoline ligands 1, which exist as an
equilibrium mixture of diastereomers in solution as a result of ro-
tation around the internal bond of the biphenyl (Scheme 1). When
these ligands coordinated to Pd(II) or Ir(I), interestingly, only one of
the two possible diastereomeric complexes 2 was formed and
showed excellent catalytic activity and enantioselectivity in Pd-
catalyzed allylic alkylation and Ir-catalyzed hydrogenation.9 So
we launched our effort to iridium-catalyzed asymmetric hydroge-
nation of 3-substituted unsaturated oxindoles under our own cat-
alytic system. Herein, we report an Ir(I)-catalyzed asymmetric
hydrogenation approach to chiral C3-mono substituted oxindoles
with excellent conversion and up to 93% ee.
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Scheme 1. Complexation behavior of tropos chiral phosphineeoxazoline ligands.
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2. Results and discussion

We began our investigation using 3a as the model substrate by
1.0 mol % of the Ir-complex, [Ir(L*)COD]BArF, in methylene
dichloride under 20 bar of H2 pressure at room temperature for
24 h. The results were summarized in Table 1.
Table 1
Chiral ligand evaluation for asymmetric hydrogenationa

a Reaction conditions: 3a (0.25 mmol), catalyst (1.0 mol %), CH2Cl2 (2.0 mL). All of
the reactions were carried out under hydrogen at room temperature for 24 h.

b The conversion was determined by 1H NMR spectroscopy.
c Enantioselectivities were determined by HPLC using a chiral Daicel Chiralcel AD-

H column.
First, under our own catalytic system with tropos phosphine-
oxazoline ligands L1-L4, the best result (87% ee with full conver-
sion) was achieved with i-Pr-substituted oxazoline ligand L1. It is
obvious that the substituents on the oxazoline ring played an im-
portant role in results of the reaction. When the substituent is tert-
butyl group, a dramatic drop of conversion and enantioselectivity
was observed (only 15% conversion and 67% ee). The electron-poor
tropos ligand L4 also gave poor result. Low catalytic reactivity was
obtained from the atropos phosphine-oxazoline ligand L5,8m of
which the axial chirality is the same as the complexes of tropos
phosphine-oxazoline ligands L1eL4 coordinated to Ir(I). Those
planar chiral P,N-ligands L610 and L711 exhibited high conversion
but poor enantioselectivities. Then, we tried commercially available
chiral ligands PHOX L8 and BINAP L9, neither of them gave good
results. We also tried N-unprotected and N-acetyl 3-substituted
unsaturated oxindoles before, but no reaction occurred.

We further performed an investigation on the catalyst coun-
terions with complex [Ir(L1)COD]BArF as optimized above. When
the counterion of the complex was changed to Cl� or PF6�, the
conversions and enantioselectivities were decreased to 9% (0% ee)
and 15% (47% ee). Thus, [Ir(L1)COD]BArF was used as the catalyst.

Moreover, the effects of solvent and reaction time were evalu-
ated using 3a as the model substrate employing 1.0 mol % of the
[Ir(L1)COD]BArF under 20 bar of H2 pressure at room temperature.
The results are summarized in Table 2. At first, the effect of the
reaction time was studied. Full conversion of the substrate cost
24 h, shortening the reaction time would hastily lower the con-
version although the enantioselectivity nearly remained the same
(entries 1e3). Secondly, the effect of solvent was also investigated.
It was found that the results of polar solvents were very poor
compared with methylene dichloride, toluene, and benzotri-
fluoride (entries 3e8). Therefore, the optimal conditions are as
follows: 1.0 mol % of the Ir-complex, [Ir(L1)COD]BArF, in methylene
dichloride under 20 bar of H2 pressure at room temperature for
24 h.
Table 2
The screening of reaction conditionsa

Entry Solvent Time (h) Conversionb (%) eec (%)

1 CH2Cl2 1 10 82
2 CH2Cl2 3 21 84
3 CH2Cl2 24 100 87
4 PhCH3 24 100 86
5 PhCF3 24 100 85
6 MeOH 24 9 2
7 Et2O 24 22 1
8 THF 24 8 4

a Reaction conditions: 3a (0.25 mmol), catalyst (1.0 mol %), solvent (2.0 mL). All of
the reactions were carried out under hydrogen at room temperature.

b The conversion was determined by 1H NMR spectroscopy.
c Enantioselectivities were determined by HPLC using a chiral Daicel Chiralcel AD-

H column.
Under optimized conditions, a variety of 3-substituted un-
saturated oxindoles were hydrogenated to yield their corres-
ponding chiral C3-mono substituted oxindoles (Table 3). The
hydrogenation went smoothly with full conversion except for 3b
with (Z)-olefin (entry 2) and 3f with ortho-substituted phenyl
group as R2 (entry 7). The hydrogenation appears to be irregular for
the steric and electronic nature of the substituent at the phenyl ring



Table 3
Asymmetric hydrogenation of 3-substituted unsaturated oxindolesa

Entry Substrate R1 R2 Conversionb (%) eec (%)

1 3a H 4-CF3eC6H4 100 87
2 3b(Z) H C6H5(Z) 65 6
3 3b(E) H C6H5(E) 100 72
4 3c H 4-MeOeC6H4 100 80
5 3d H 4-MeeC6H4 100 72
6 3e H 3-MeeC6H4 100 82
7 3f H 2-MeeC6H4 11 27
8 3g H 1-Naphthyl 100 56
9 3h H Cyclohexyl 100 86
10 3i H i-Pr 100 82
11 3j H Et 100 91
12 3k H Me 100 93
13 3l 5-Me Et 100 88
14 3m 5-Me Cyclohexyl 100 84
15 3n 5-F Cyclohexyl 100 67

a Reaction conditions: 3a (0.25 mmol), catalyst (1.0 mol %), CH2Cl2 (2.0 mL). All of
the reactions were carried out under hydrogen at room temperature for 24 h.

b The conversion was determined by 1H NMR spectroscopy.
c Enantioselectivities were determined by HPLC using a chiral Daicel Chiralcel AD-

H column.
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of R2 (entries 1e7). When the R2 is 1-naphthyl group (3g), the
asymmetric hydrogenation gave 56% ee (entry 8) due to steric
hindrance. For the substrates with aliphatic substituents, the
smaller R2 is, the higher enantioselectivity would be achieved
(entries 9e12). Up to 93% ee of hydrogenated product was obtained
for 3k with a methyl group (entry 12), which is the smallest sub-
stituent of R2. We also prepared the substrate 1-benzyl-3-
methyleneindolin-2-one, in which R2 is H, but it is not stable
enough to be hydrogenated. In addition, we examined the effect of
substituents at the 5-position of oxindole ring (entries 13e15). A
slight decrease in enantioselectivity was observed when electron-
donating methyl group was introduced as R1 substituent. And
a sharp decrease appeared when R1 was replaced by electron-
withdrawing fluoro group. The racemization experiments of 3k
showed that the chirality of the C3-carbon is stable at 80 �C in
toluene for a day, but it racemized very slowly at reflux temperature
in toluene from 93% ee to 91% ee after 12 h.

3. Conclusion

In conclusion, we have developed the first metal-catalyzed
asymmetric preparation of chiral C3-mono substituted oxindoles
by hydrogenation of 3-substituted unsaturated oxindoles with an
iridium complex of tropos phosphineeoxazoline ligands. The re-
action provides efficient access to chiral C3-mono substituted
oxindoles with excellent conversion and up to 93% ee.

4. Experimental

4.1. General considerations

All air- and moisture-sensitive manipulations were carried out
with standard Schlenk techniques under nitrogen. The reaction
solvents were distilled prior to use (toluene, benzotrifluoride, and
dichloromethane were distilled from CaH2, diethyl ether and tet-
rahydrofuran were distilled from Na, methanol was distilled from
Mg). The commercially available reagents were used without fur-
ther purification. Column chromatography was run on silica gel
(100e200 mesh). Melting points were measured on an X-4 mi-
croscopic melting point apparatus and were uncorrected. 1H, 13C
NMR spectra were recorded on a Varian MERCURY plus-400 spec-
trometer. The ee values were determined by HPLC using a Daicel
Chiralcel AD-H column. HRMS was performed on a Waters Micro-
mass Q-TOF Premier Mass Spectrometer at the Instrumental
Analysis Center of Shanghai Jiao Tong University.

4.2. General procedure for the preparation of 3-substituted
unsaturated oxindoles 3

3-Substituted unsaturated oxindoles were synthesized accord-
ing to the literatures.12

4.2.1. (E)-1-Benzyl-3-(4-(trifluoromethyl)benzylidene)indolin-2-one
(3a)13. Light yellow oil, 62% yield; 1H NMR (400 MHz, CDCl3) d 7.89
(s, 1H), 7.50e7.59 (m, 6H), 7.27e7.36 (m, 5H), 6.87e6.89 (m, 2H),
5.01 (s, 2H).

4.2.2. (Z)-1-Benzyl-3-benzylideneindolin-2-one (3b(Z))13. Light yel-
low oil, 37% yield; 1H NMR (400 MHz, CDCl3) d 8.31 (d, J¼4.0 Hz,
1H), 7.60 (s, 1H), 7.54 (d, J¼4.0 Hz, 1H), 7.44e7.46 (m, 2H), 7.24e7.33
(m, 8H), 7.18e7.20 (m, 1H), 7.03 (t, J¼7.4 Hz, 1H), 6.73 (d, J¼8.6 Hz,
1H), 5.00 (s, 2H).

4.2.3. (E)-1-Benzyl-3-benzylideneindolin-2-one (3b(E))13. Light yel-
low oil, 50% yield; 1H NMR (400 MHz, CDCl3) d 7.93 (s, 1H),
7.62e7.67 (m, 2H), 7.44e7.49 (m, 2H), 7.31e7.34 (m, 4H), 7.14 (t,
J¼7.0 Hz, 1H), 6.84 (t, J¼7.6 Hz, 1H), 6.72 (d, J¼7.9 Hz, 1H), 5.00 (s,
1H).

4.2.4. (E)-1-Benzyl-3-(4-methoxybenzylidene)indolin-2-one
(3c)13. Light yellow oil, 58% yield; 1H NMR (400 MHz, CDCl3) d 7.80
(s, 1H), 7.76 (d, J¼7.6 Hz, 1H), 7.68 (d, J¼8.2 Hz, 2H), 7.28e7.31 (m,
5H), 7.14 (dd, J¼7.6, 7.6 Hz, 1H), 7.00 (d, J¼8.6 Hz, 2H), 6.88 (dd,
J¼7.6, 7.6 Hz, 1H), 6.73 (d, J¼7.6 Hz, 1H), 5.00 (s, 2H), 3.88 (s, 3H).

4.2.5. (E)-1-Benzyl-3-(4-methylbenzylidene)indolin-2-one
(3d)13. Light yellow oil, 53% yield; 1H NMR (400 MHz, CDCl3) d 7.91
(s, 1H), 7.71 (d, J¼6.9 Hz, 1H), 7.58 (d, J¼8.0 Hz, 2H), 7.24e7.33 (m,
5H), 7.21e7.23 (m, 1H), 7.13e7.15 (m, 1H), 6.85e6.67 (m, 1H), 6.74
(d, J¼7.9 Hz, 2H), 5.00 (s, 2H), 2.43 (s, 3H).

4.2.6. (E)-1-Benzyl-3-(3-methylbenzylidene)indolin-2-one
(3e). Light yellow oil, 48% yield; 1H NMR (400MHz, CDCl3) d 7.92 (s,
1H), 7.66 (d, J¼7.2 Hz, 1H), 7.48e7.50 (m, 2H), 7.24e7.39 (m, 7H),
7.15 (dd, J¼7.9, 1.1 Hz, 1H), 6.85 (dd, J¼7.9, 1.1 Hz, 1H), 6.73 (d,
J¼8.0 Hz, 1H), 5.01 (s, 2H), 2.42 (s, 3H); 13C NMR (100 MHz, CDCl3)
d 168.8, 143.6, 138.6, 138.2, 136.3, 135.1, 130.7, 130.2, 130.0, 129.0,
128.8, 127.8, 127.6, 127.2, 126.6, 123.1, 122.1, 121.6, 109.5, 43.9, 21.6.
HRMS (Q-TOF Premier) calcd for C23H19NO (MþH)þ: 326.1545;
found: 326.1548.

4.2.7. (E)-1-Benzyl-3-(2-methylbenzylidene)indolin-2-one
(3f). Yellow solid, 45% yield, mp 103.3e104.9 �C; 1H NMR
(400 MHz, CDCl3) d 7.99 (s, 1H), 7.58 (d, J¼7.6 Hz, 1H) 7.24e7.37 (m,
9H), 7.13 (td, J¼7.6, 0.8 Hz, 1H), 6.79 (td, J¼7.6, 0.8 Hz, 1H), 6.72 (d,
J¼7.6 Hz, 1H), 5.01 (s, 2H), 2.38 (s, 3H); 13C NMR (100 MHz, CDCl3)
d 168.5, 143.4, 137.6, 137.0, 136.4, 136.3, 135.6, 134.4, 131.0, 130.7,
130.3, 130.2, 129.8, 129.6, 129.2, 129.0, 129.0, 128.7, 127.8, 127.7,
127.6, 127.6, 126.0, 125.6, 123.2, 122.1, 121.7, 119.5, 109.3, 109.1, 44.0,
43.7, 20.5, 20.2. HRMS (Q-TOF Premier) calcd for C23H19NO
(MþH)þ: 326.1545; found: 326.1549.

4.2.8. (E)-1-Benzyl-3-(naphthalen-1-ylmethylene)indolin-2-one
(3g). Yellow solid, 68% yield, mp 156.7e157.8 �C; 1H NMR
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(400 MHz, CDCl3) d 8.45 (s, 1H), 8.07 (dd, J¼7.2, 3.6 Hz, 1H), 7.96 (t,
J¼8.6 Hz, 2H), 7.85 (d, J¼7.2 Hz, 1H), 7.54e7.60 (m, 3H), 7.29e7.42
(m, 5H), 7.20 (d, J¼7.2 Hz, 1H), 7.12 (t, J¼7.8 Hz, 1H), 6.70e6.75 (m,
2H), 5.06 (s, 2H); 13C NMR (100 MHz, CDCl3) d 168.5, 143.6, 136.3,
135.8, 133.8, 132.5, 131.6, 130.2, 129.9, 129.1, 129.0, 128.9, 127.9,
127.6, 127.1, 127.0, 126.8, 125.4, 125.1, 123.4, 122.1, 109.4, 44.1. HRMS
(Q-TOF Premier) calcd for C26H19NO (MþH)þ: 362.1545; found:
362.1554.

4.2.9. (E)-1-Benzyl-3-(cyclohexylmethylene)indolin-2-one
(3h). Yellow solid, 55% yield; mp 88.8e90.7 �C; 1H NMR (400 MHz,
CDCl3) d 7.52 (d, J¼7.2 Hz, 1H), 7.24e7.30 (m, 5H), 7.15 (t, J¼7.2 Hz,
1H), 6.98e7.03 (m, 2H), 6.71 (d, J¼7.6 Hz, 1H), 4.95 (s, 2H),
2.94e2.97 (m, 1H), 1.74e1.90 (m, 5H), 1.33e1.47 (m, 5H); 13C NMR
(100 MHz, CDCl3) d 168.6, 147.7, 142.9, 136.4, 128.9, 128.9, 127.7,
127.5, 125.9, 123.6, 122.3, 109.3, 43.8, 38.5, 31.9, 26.0, 25.8. HRMS
(Q-TOF Premier) calcd for C22H23NO (MþH)þ: 318.1858; found:
318.1854.

4.2.10. (E)-1-Benzyl-3-(2-methylpropylidene)indolin-2-one
(3i). Yellow solid, 62% yield, mp 101.8e102.3 �C; 1H NMR
(400 MHz, CDCl3) d 7.56 (d, J¼7.6 Hz, 1H), 7.30 (d, J¼4.0 Hz, 4H),
7.24e7.26 (m, 1H), 7.15 (td, J¼7.9, 1.1 Hz, 1H), 6.95e7.02 (m, 2H),
6.72 (d, J¼7.6 Hz, 1H), 4.96 (s, 2H), 3.24e3.34 (m, 1H), 1.24 (d,
J¼6.4 Hz, 6H); 13C NMR (100MHz, CDCl3) d 168.5,149.1,142.9,136.4,
128.9, 128.9, 127.7, 127.5, 125.8, 123.7, 122.3, 122.3, 109.3, 43.8, 28.8,
22.1. HRMS (Q-TOF Premier) calcd for C19H19NO (MþH)þ: 278.1545;
found: 278.1547.

4.2.11. (E)-1-Benzyl-3-propylideneindolin-2-one (3j)13. Light yellow
oil, 64% yield; 1H NMR (400 MHz, CDCl3) d 7.55 (d, J¼7.6 Hz, 1H),
7.16e7.31 (m, 5H), 7.08e7.17 (m, 2H), 7.00 (t, J¼7.6 Hz, 1H), 6.71 (d,
J¼7.6 Hz, 1H), 4.95 (s, 2H), 2.75 (q, J¼7.6 Hz, 2H), 1.27 (t, J¼7.6 Hz,
3H).

4.2.12. (E)-1-Benzyl-3-ethylideneindolin-2-one (3k)13. Light yellow
solid, 51% yield; 1H NMR (400 MHz, CDCl3) d 7.58 (d, J¼7.3 Hz, 1H),
7.28e7.30 (m, 5H), 7.22 (q, J¼7.6 Hz, 1H), 7.16 (dd, J¼7.9, 7.9 Hz, 1H),
7.01 (dd, J¼7.9, 7.9 Hz, 1H), 6.72 (d, J¼7.9 Hz, 1H), 4.95 (s, 2H), 2.31
(d, J¼7.6 Hz, 3H).

4.2.13. (E)-1-Benzyl-5-methyl-3-propylideneindolin-2-one
(3l). Yellow oil, 70% yield; 1H NMR (400 MHz, CDCl3) d 7.36 (s, 1H),
7.31e7.23 (m, 5H), 7.07 (t, J¼7.6 Hz, 1H), 6.96 (d, J¼8.0 Hz, 1H), 6.59
(d, J¼7.6 Hz,1H), 4.93 (s, 2H), 2.72 (q, J¼7.6 Hz, 2H), 2.32 (s, 3H),1.27
(t, J¼7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3) d 168.3, 143.9, 140.6,
136.4, 131.6, 129.2, 128.9, 127.6, 127.4, 127.4, 124.5, 122.7, 109.0, 43.8,
23.0, 21.4, 13.3. HRMS (Q-TOF Premier) calcd for C19H19NO (MþH)þ:
278.1545; found: 278.1539.

4.2.14. (E)-1-Benzyl-3-(cyclohexylmethylene)-5-methylindolin-2-
one (3m). Yellow solid, 52% yield, mp 75.9e77.0 �C; 1H NMR
(400 MHz, CDCl3) d 7.32 (s, 1H), 7.22e7.29 (m, 5H), 6.95e6.98 (m,
2H), 6.60 (d, J¼8.4 Hz, 1H), 4.93 (s, 2H), 2.91e3.00 (m, 1H), 2.33 (s,
3H), 1.74e1.90 (m, 5H), 1.31e1.50 (m, 5H); 13C NMR (100 MHz,
CDCl3) d 168.6, 147.4, 140.6, 136.4, 131.6, 129.2, 128.9, 127.6, 127.5,
126.0, 124.4, 122.4, 109.0, 43.8, 38.4, 31.9, 26.1, 25.8, 21.6. HRMS (Q-
TOF Premier) calcd for C23H25NO (MþH)þ: 332.2014; found:
332.2020.

4.2.15. (E)-1-Benzyl-3-(cyclohexylmethylene)-5-fluoroindolin-2-one
(3n). Yellow solid, 46% yield, mp 135.4e136.4 �C; 1H NMR
(400 MHz, CDCl3) d 7.22e7.33 (m, 6H), 7.04 (d, J¼10.0 Hz, 1H), 6.85
(td, J¼8.8, 2.4 Hz, 1H), 6.60 (dd, J¼8.8, 4.0 Hz, 1H), 4.94 (s, 2H),
2.84e2.91 (m, 1H), 1.74e1.88 (m, 5H), 1.29e1.49 (m, 5H); 13C NMR
(100 MHz, CDCl3) d 167.2, 160.4, 158.0, 149.7, 137.4, 136.3, 129.0,
127.8, 127.5, 125.1, 125.1, 124.9, 124.8, 114.9, 114.6, 109.5, 109.4, 107.2,
106.9, 43.6, 36.4, 32.5, 26.1, 25.6. HRMS (Q-TOF Premier) calcd for
C22H22FNO (MþH)þ: 336.1764; found: 336.1742.

4.3. General procedure for the hydrogenation of 3

The catalyst [Ir(L1)COD]BArF (4.0 mg, 0.0025 mmol) and sub-
strate 3 (0.25 mmol) were placed in a 5-mL tube equipped with
a magnetic stirrer bar. This tube was then put into a nitrogen-filled
autoclave. Solvent (2.0 mL) was added to the mixture under a ni-
trogen atmosphere. The autoclave was then closed, purged three
times with hydrogen (less than the pressure needed), and finally
pressurized to 20 bar. The reaction mixture was stirred at room
temperature for 24 h, and then the hydrogen gas was slowly re-
leased. The conversion of the product was determined by 1H NMR
spectroscopic analysis of the crude reaction mixture, and the
product was purified by chromatography using a petroleum/ethyl
acetate mixture (10:1) as eluents. The enantiomeric excess was
determined by HPLC on a chiral Daicel Chiralcel AD-H column.

4.3.1. 1-Benzyl-3-(4-(trifluoromethyl)benzyl)indolin-2-one
(4a). Orange solid, mp 118.8e120.0 �C; 1H NMR (400 MHz, CDCl3)
d 7.43 (d, J¼8.8 Hz, 2H), 7.18e7.22 (m, 5H), 7.12 (t, J¼7.5 Hz,1H), 7.06
(d, J¼7.1 Hz, 1H), 6.98 (t, J¼7.5 Hz, 1H), 6.89e6.91 (m, 2H), 6.56 (d,
J¼7.9 Hz, 1H), 5.05 (d, J¼15.8 Hz, 1H), 4.59 (d, J¼15.8 Hz, 1H), 3.88
(dd, J¼7.1, 4.3 Hz, 1H), 3.49 (dd, J¼13.7, 4.3 Hz, 1H), 3.30 (dd, J¼13.7,
7.9 Hz, 1H); 13C NMR (100 MHz, CDCl3) d 176.6, 143.6, 141.5, 135.6,
135.0, 131.1, 131.1, 130.3, 129.4, 129.0, 128.8, 128.7, 127.9, 127.7, 127.1,
125.8, 125.3 (t), 124.4, 123.1, 122.5, 109.5, 46.9, 43.8, 36.2. HRMS (Q-
TOF Premier) calcd for C23H18F3NO (MþH)þ: 382.1419; found:
382.1410. HPLC (Chiralcel AD-H column, 2-PrOH/hexane 10/90,
1.0 mL min�1, 254 nm): tR¼7.6 and 12.3 min.

4.3.2. 1,3-Dibenzylindolin-2-one (4b)14. Yellow solid, mp
95.3e96.8 �C; 1H NMR (400 MHz, CDCl3) d 7.24e7.07 (m, 9H),
7.01e6.88 (m, 4H), 6.55 (d, J¼7.7 Hz, 1H), 5.04 (d, J¼15.8 Hz, 1H),
4.64 (d, J¼15.8 Hz, 1H), 3.86 (dd, J¼8.1, 4.3 Hz, 1H), 3.51 (dd, J¼13.5,
4.3 Hz, 1H), 3.14 (dd, J¼13.5, 8.1 Hz, 1H). HPLC (Chiralcel AD-H
column, 2-PrOH/hexane 10/90, 1.0 mL min�1, 254 nm): tR¼10.1
and 11.8 min.

4.3.3. 1-Benzyl-3-(4-methoxybenzyl)indolin-2-one (4c). Yellow oil;
1H NMR (400MHz, CDCl3) d 7.16e7.21 (m, 4H), 7.09 (t, J¼8.0 Hz,1H),
6.99e7.04 (m, 3H), 6.95 (t, J¼8.0 Hz,1H), 6.87e6.89 (m,1H), 6.73 (d,
J¼8.4 Hz, 2H), 6.53 (d, J¼7.6 Hz, 1H), 5.06 (d, J¼16.4 Hz, 1H), 4.59 (d,
J¼16.4 Hz, 1H), 3.81 (dd, J¼7.7, 4.3 Hz, 1H), 3.77 (s, 3H), 3.43 (dd,
J¼13.8, 4.3 Hz, 1H), 3.13 (dd, J¼13.8, 7.7 Hz, 1H); 13C NMR (100 MHz,
CDCl3) d 177.2, 158.6, 143.7, 135.7, 130.9, 129.4, 128.8, 128.5, 128.1,
127.5, 127.1, 124.6, 122.3, 113.8, 109.3, 55.3, 47.5, 43.7, 35.8. HRMS
(Q-TOF Premier) calcd for C23H21NO2 (MþH)þ: 344.1651; found:
344.1642. HPLC (Chiralcel AD-H column, 2-PrOH/hexane 10/90,
1.0 mL min�1, 254 nm): tR¼14.3 and 18.4 min.

4.3.4. 1-Benzyl-3-(4-methylbenzyl)indolin-2-one (4d). Yellow oil;
1H NMR (400 MHz, CDCl3) d 6.92e7.37 (m, 10H), 6.83 (d, J¼8.0 Hz,
1H), 6.72 (d, J¼8.0 Hz, 1H), 6.53 (d, J¼7.3 Hz, 1H), 5.07 (d, J¼4.2 Hz,
1H), 5.03 (d, J¼4.8 Hz, 1H), 3.82 (dd, J¼8.3, 4.2 Hz, 1H), 3.45 (dd,
J¼13.9, 4.8 Hz, 1H), 3.01 (dd, J¼13.9, 7.6 Hz, 1H), 2.32 (s, 3H); 13C
NMR (100 MHz, CDCl3) d 177.2, 143.6, 136.3, 135.8, 134.5, 129.8,
129.2, 128.8, 128.6, 128.1, 127.6, 127.2, 124.7, 122.3, 109.3, 47.4, 43.7,
36.3, 21.4. HRMS (Q-TOF Premier) calcd for C23H21NO (MþH)þ:
328.1701; found: 328.1700. HPLC (Chiralcel AD-H column, 2-PrOH/
hexane 10/90, 1.0 mL min�1, 254 nm): tR¼9.4 and 12.8 min.

4.3.5. 1-Benzyl-3-(3-methylbenzyl)indolin-2-one (4e). Yellow oil;
1H NMR (400 MHz, CDCl3) d 7.19e7.22 (m, 3H), 7.07e7.12 (m, 2H),
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7.03 (d, J¼7.8 Hz, 1H), 6.90e6.97 (m, 6H), 6.55 (d, J¼7.8, 1H), 5.05 (d,
J¼15.8 Hz, 1H), 4.64 (d, J¼15.8 Hz, 1H), 3.84 (dd, J¼8.4, 4.2 Hz, 1H),
3.48 (dd, J¼13.4, 4.2 Hz, 1H), 3.07 (dd, J¼13.4, 8.4 Hz, 1H), 2.25 (s,
3H); 13C NMR (100 MHz, CDCl3) d 177.5, 143.5, 137.0, 136.7, 136.1,
130.8,130.3, 129.0, 128.8, 128.1, 127.7, 127.4, 127.1, 126.1, 125.0, 122.3,
109.2, 46.0, 43.9, 34.5, 19.9. HRMS (Q-TOF Premier) calcd for
C23H21NO (MþH)þ: 328.1701; found: 328.1700. HPLC (Chiralcel AD-
H column, 2-PrOH/hexane 8/92, 0.8 mL min�1, 254 nm): tR¼12.8
and 15.5 min.

4.3.6. 1-Benzyl-3-(2-methylbenzyl)indolin-2-one (4f). Yellow oil;
1H NMR (400 MHz, CDCl3) d 7.10e7.32 (m, 10H), 6.86 (td, J¼7.4,
1.0 Hz, 1H), 6.68 (t, J¼7.4 Hz, 2H), 5.00 (d, J¼15.6 Hz, 1H), 4.85 (d,
J¼15.6 Hz, 1H), 3.81 (dd, J¼10.0, 4.4 Hz, 1H), 3.57 (dd, J¼14.0,
4.4 Hz, 1H), 2.92 (dd, J¼14.0, 10.0 Hz, 1H), 2.33 (s, 3H); 13C NMR
(100 MHz, CDCl3) d 177.5, 143.5, 137.0, 136.7, 136.1, 130.8, 130.4,
129.0, 128.8, 128.1, 127.8, 127.4, 127.1, 126.1, 125.0, 122.3, 109.2, 46.1,
43.9, 34.5, 20.0. HRMS (Q-TOF Premier) calcd for C23H21NO
(MþH)þ: 328.1701; found: 328.1697. HPLC (Chiralcel AD-H col-
umn, 2-PrOH/hexane 9/91, 0.9 mL min�1, 254 nm): tR¼11.9 and
12.7 min.

4.3 .7 . 1-Benzyl-3-(naphthalen-1-ylmethyl) indol in-2-one
(4g). Yellow solid, mp 99.1e100.8 �C; 1H NMR (400 MHz, CDCl3)
d 8.32 (d, J¼8.8 Hz, 1H), 7.92 (d, J¼8.0 Hz, 1H), 7.84 (d, J¼8.0 Hz, 1H),
7.52e7.61 (m, 2H), 7.42 (t, J¼7.6 Hz, 1H), 7.25e7.33 (m, 6H), 7.11 (t,
J¼7.6 Hz, 1H), 6.81 (td, J¼7.6, 0.8 Hz, 1H), 6.71 (d, J¼8.0 Hz, 1H), 6.51
(d, J¼7.6 Hz,1H), 5.01 (d, J¼15.6 Hz,1H), 4.90 (d, J¼15.6 Hz,1H), 4.19
(dd, J¼14.3, 3.9 Hz, 1H), 3.98 (dd, J¼10.6, 3.9 Hz, 1H), 3.12 (dd,
J¼14.3, 10.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) d 177.6, 143.5, 136.1,
134.5, 134.3, 131.9, 129.2, 129.0, 128.2, 128.0, 127.8, 127.5, 126.6,
126.1, 125.4, 125.3, 124.0, 122.2, 109.2, 46.1, 44.0, 35.3. HRMS (Q-TOF
Premier) calcd for C26H21NO (MþH)þ: 364.1701; found: 364.1689.
HPLC (Chiralcel AD-H column, 2-PrOH/hexane 8/92, 0.8 mL min�1,
254 nm): tR¼18.1 and 19.1 min.

4.3.8. 1-Benzyl-3-(cyclohexylmethyl)indolin-2-one (4h). Ivory solid,
mp 64.9e65.6 �C; 1H NMR (400 MHz, CDCl3) d 7.22e7.32 (m, 6H),
7.15 (t, J¼8.3 Hz, 1H), 7.00 (t, J¼7.4 Hz, 1H), 6.72 (d, J¼8.0 Hz, 1H),
4.97 (d, J¼15.6 Hz,1H), 4.84 (d, J¼15.6 Hz,1H), 3.58 (t, J¼6.6 Hz,1H),
1.87e1.94 (m, 1H), 1.14e1.81 (m, 12H); 13C NMR (100 MHz, CDCl3)
d 178.7, 141.0, 136.3, 131.9, 130.1, 128.9, 128.0, 127.7, 127.5, 125.2,
108.9, 43.8, 43.3, 39.0, 34.8, 33.9, 33.1, 26.7, 26.4, 21.4. HRMS (Q-TOF
Premier) calcd for C22H25NO (MþH)þ: 320.2014; found: 320.2018.
HPLC (Chiralcel AD-H column, 2-PrOH/hexane 9/91, 0.8 mL min�1,
254 nm): tR¼10.7 and 11.9 min.

4.3.9. 1-Benzyl-3-isobutylindolin-2-one (4i). Colorless oil; 1H NMR
(400 MHz, CDCl3) d 7.25e7.34 (m, 6H), 7.15e7.19 (m, 1H), 7.01 (t,
J¼7.8 Hz, 1H), 6.74 (d, J¼8.0 Hz, 1H), 4.96 (d, J¼15.6 Hz, 1H), 4.88 (d,
J¼15.6 Hz, 1H), 3.57 (t, J¼7.2 Hz, 1H), 2.05e2.12 (m, 1H), 1.88e1.95
(m, 1H), 1.67e1.74 (m, 1H), 1.02 (dd, J¼17.6, 6.8 Hz, 6H); 13C NMR
(100 MHz, CDCl3) d 178.6, 143.5, 136.3, 129.9, 128.9, 127.9, 127.8,
127.6, 124.4, 122.4, 109.3, 44.0, 40.5, 25.6, 23.2, 22.4. HRMS (Q-TOF
Premier) calcd for C19H21NO (MþH)þ: 280.1701; found: 280.1701.
HPLC (Chiralcel AD-H column, 2-PrOH/hexane 8/92, 0.6 mL min�1,
254 nm): tR¼14.0 and 15.4 min.

4.3.10. 1-Benzyl-3-propylindolin-2-one (4j). Ivory solid, mp 62.6e
63.8 �C; 1H NMR (400 MHz, CDCl3) d 7.24e7.32 (m, 6H), 7.15
(t, J¼7.6 Hz, 1H), 7.01 (t, J¼7.6 Hz, 1H), 6.70 (d, J¼7.6 Hz, 1H), 4.97 (d,
J¼15.6 Hz, 1H), 4.85 (d, J¼15.6 Hz, 1H), 3.54 (t, J¼6.0 Hz, 1H),
1.90e2.06 (m, 2H), 1.33e1.51 (m, 2H), 0.94 (t, J¼7.0 Hz, 3H); 13C
NMR (100 MHz, CDCl3) d 178.3, 143.7, 136.3, 129.5, 129.0, 127.9,
127.7, 127.5, 124.1, 122.5, 109.2, 45.7, 43.9, 33.2, 19.4, 14.3. HRMS
(Q-TOF Premier) calcd for C18H19NO (MþH)þ: 266.1545; found:
266.1546. HPLC (Chiralcel AD-H column, 2-PrOH/hexane 8/92,
0.5 mL min�1, 254 nm): tR¼16.9 and 20.0 min.

4.3.11. 1-Benzyl-3-ethylindolin-2-one (4k). Ivory solid, mp
79.5e80.8 �C; 1H NMR (400 MHz, CDCl3) d 7.23e7.32 (m, 6H), 7.16
(t, J¼7.6 Hz, 1H), 7.02 (td, J¼7.6, 0.8 Hz, 1H), 6.71 (d, J¼7.6 Hz, 1H),
5.00 (d, J¼15.6 Hz,1H), 4.84 (d, J¼15.6 Hz,1H), 3.52 (t, J¼5.8 Hz,1H),
2.05e2.11 (m, 2H), 0.92 (t, J¼7.4 Hz, 2H); 13C NMR (100MHz, CDCl3)
d 178.1, 146.6, 136.2, 129.1, 128.9, 127.9, 127.7, 127.5, 124.1, 122.5,
109.1, 46.8, 43.9, 24.0, 10.3. HRMS (Q-TOF Premier) calcd for
C17H17NO (MþH)þ: 252.1388; found: 252.1388. HPLC (Chiralcel AD-
H column, 2-PrOH/hexane 8/92, 0.6 mL min�1, 254 nm): tR¼15.1
and 16.8 min.

4.3.12. 1-Benzyl-5-methyl-3-propylindolin-2-one (4l). Yellow solid,
mp 60.8e61.5 �C; 1H NMR (400 MHz, CDCl3) d 7.23e7.31 (m, 5H),
7.07 (s, 1H), 6.94 (d, J¼7.6 Hz, 1H), 6.58 (d, J¼7.6 Hz, 1H), 4.95 (d,
J¼15.6 Hz, 1H), 4.83 (d, J¼15.6 Hz, 1H), 3.50 (t, J¼6.2 Hz, 1H), 2.30 (s,
3H), 1.92e2.04 (m, 2H), 1.32e1.49 (m, 2H), 0.94 (t, J¼7.2 Hz, 3H); 13C
NMR (100 MHz, CDCl3) d 178.3, 141.3, 136.4, 132.0, 129.6, 128.9,
128.1, 127.7, 127.5, 125.0, 108.9, 45.8, 43.9, 33.2, 21.3, 19.4, 14.3.
HRMS (Q-TOF Premier) calcd for C19H21NO (MþH)þ: 280.1701;
found: 280.1718. HPLC (Chiralcel AD-H column, 2-PrOH/hexane 8/
92, 0.5 mL min�1, 254 nm): tR¼17.3 and 24.0 min.

4.3.13. 1-Benzyl-3-(cyclohexylmethyl)-5-methylindolin-2-one
(4m). Colorless oil; 1H NMR (400 MHz, CDCl3) d 7.22e7.32 (m, 5H),
7.03 (d, J¼0.8 Hz, 1H), 6.95 (dt, J¼8.4, 0.8 Hz, 1H), 6.59 (d, J¼8.4 Hz,
1H), 4.94 (d, J¼15.6 Hz,1H), 4.82 (d, J¼15.6 Hz,1H), 3.54 (t, J¼6.6 Hz,
1H), 2.31 (s, 3H),1.86e1.94 (m,1H),1.66e1.81 (m, 6H),1.12e1.33 (m,
4H), 0.93e1.04 (m, 2H); 13C NMR (100 MHz, CDCl3) d 178.7, 141.1,
136.4, 131.8, 130.2, 128.9, 128.0, 127.7, 127.5, 125.2, 108.9, 43.9, 43.3,
39.0, 34.8, 33.9, 33.2, 26.8, 26.4, 21.4. HRMS (Q-TOF Premier) calcd
for C23H27NO (MþH)þ: 334.2171; found: 334.2163. HPLC (Chiralcel
AD-H column, 2-PrOH/hexane 8/92, 0.5 mL min�1, 254 nm):
tR¼16.4 and 21.2 min.

4.3.14. 1-Benzyl-3-(cyclohexylmethyl)-5-fluoroindolin-2-one
(4n). White solid, mp 74.5e75.4 �C; 1H NMR (400 MHz, CDCl3)
d 7.24e7.33 (m, 5H), 6.95e6.98 (m, 1H), 6.84 (dt, J¼8.7, 2.4 Hz, 1H),
6.60 (dd, J¼8.7, 4.6 Hz, 1H), 4.95 (d, J¼15.6 Hz, 1H), 4.82 (d,
J¼15.6 Hz, 1H), 3.58 (t, J¼6.8 Hz, 1H), 1.88e1.95 (m, 1H), 1.62e1.78
(m, 7H), 1.15e1.28 (m, 3H), 0.93e1.04 (m, 2H); 13C NMR (100 MHz,
CDCl3) d 178.3, 160.4, 158.0, 153.2, 139.3, 136.0, 131.7, 131.6, 129.0,
127.9, 127.5, 114.1, 113.9, 112.6, 112.3, 109.6, 109.5, 44.0, 43.6, 38.7,
34.8, 33.9, 33.1, 26.6, 26.3. HRMS (Q-TOF Premier) calcd for
C22H24FNO (M�H)þ: 336.1769; found: 336.1760. HPLC (Chiralcel
AD-H column, 2-PrOH/hexane 8/92, 0.5 mL min�1, 254 nm):
tR¼19.4 and 25.5 min.
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