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ABSTRACT: An “on water” organocatalytic cyanoarylmethylation of aryl acetonitrile to isatins is developed, giving
products in high yields and up to excellent diastereoselectivities. A remarkable enhancement on reaction rates and
diastereoselectivities by water was observed under mild conditions. Moreover, this approach provides a highly efficient

and environmental access to thermodynamic 3-hydroxy-3-cyanomethyl oxindoles.

INTRODUCTION

Water, in contrast to organic solvents, is an unquestionably cheap, safe, and environmentally
benign solvent in nature. Use of water will reduce the use of harmful organic solvents and
represents an important subject in green chemistry.! In addition, due to its unique physicochemical
properties, water can give completely new reactivity as compared to commonly used organic
solvents.? In many cases, significant improvement on reaction rates and selectivities are observed
in water.®> Furthermore, in some cases, the reaction does not take place in the absence of water.*

Therefore, extensive research efforts have focused on the use of water as a reaction medium in



The Journal of Organic Chemistry

organic synthesis, and great success has been achieved.” However, pursuing practical organic
reactions in water for stereoselective synthesis of value-added products are still highly desirable.
Alkylnitriles constitute an important class of nitrogen-containing compounds frequently found
in many natural products and pharmaceutically interesting compounds (Figure 1).® Moreover, the
nitrile group can be easily converted into other functional groups, such as amine, aldehyde, amide
and carboxylic acid.” Therefore, great effort has been devoted to the synthesis of functional
alkylnitriles.® In this contribution, the aldol-type cyanoalkylation of aldehydes have been
intensively studied’, giving versatile functionalized S-hydroxy nitriles. In contrast, the use of more
challenging ketones, as acceptors in cyanoalkylations is rare. To realize such transformations, metal
catalysts'®, metalated alkylnitriles'! or excess base!? were found to be necessary. There are, however,
no reports on metal-free catalytic stereoselective addition of simple alkylnitriles to ketone. As part

31,13

of our continuing interestin ~ “on water” reactions*"!3, herein we report the first organocatalytic

direct cyanoarylmethylation of isatins on water (Scheme 1). This approach provides a facile access

to diastercoselective synthesis of 3-hydroxy-3-cyanomethyl oxindoles.
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Figure 1. Representative natural products and pharmaceuticals.
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Scheme 1. On water organocatalytic cyanoarylmethylation of isatins.

RESULTS AND DISCUSSION

Initially, the model reaction of the N-methyl isatin 1a and phenyl acetonitrile 2a was investigated
under various base catalytic conditions (Table 1). Using water as the reaction medium, we were
pleased to find that the reaction catalyzed by diethylamine afforded the desired S-hydroxy nitrile
3ain 83% yield with a diastereomeric ratio of 88:12 (entry 1). Screening of the base catalysts found
that DBU improved both the yield and the diastereomeric ratio (entry 2), whereas other bases such
as DMAP, DABCO, imidazole, K,COs; and KOH displayed inferior catalytic activities. We also
tested some chiral base catalysts to see if this reaction can proceed with enantioselectivity control.
However, poor results (<10% ee) has been obtained for the moment (see supporting information

for details).

Table 1 Screening of catalysts for the cyanoarylmethylation reaction of N-methyl isatin 1la
with phenyl acetonitrile 2a?

Ph
O HO N
Catalyst
@k/zo + Ph"CN ————— o)
N\ Hzo,rt |\!
Me Me
1a 2a 3a

Entry Cat. t [h] Yield [%]° dr [%]°
1 Et.NH 10 83 88:12
2 DBU 4 96 98:2
3 DMAP 26 82 70:30
4 DABCO 48 46 68:32
5 Imidazole 48 <5 nd
6 KOH 48 52 73:27
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7 K2COs 48 27 58:42

2Unless otherwise noted, the reaction was performed with 0.2 mmol of 1a, 0.24 mmol of 2a and 20 mol% of
catalyst in 0.5 mL water. ° Isolated yield. ¢ Determined by *H NMR analysis. 20 mol% catalyst was used.

Subsequently, the solvent effect on the reaction outcome was examined with DBU as the catalyst
(Table 2). It was found that this catalytic process is quite solvent dependent. Several organic
solvents were evaluated and gave much lower transformation efficiency, even with a prolonged
reaction time (48 h). In addition, the dehydration product 4a instead of 3a was obtained as the major
product when organic solvents such as DCM, MeCN and MeOH were used. The reaction was
greatly accelerated under “on water” condition to give the S-hydroxy nitrile 3a in very good yield
(96%) with excellent diastereoselectivity (98:2). Interestingly, the dehydration process was
completely suppressed under such “on water” condition. Additional experiment showed that the
catalyst loading could be lowered to 10 mol% with only a slight effect on reaction efficiency (entry
10). Single-crystal X-ray analysis of 3a unambiguously confirmed that the cyanoarylmethylation

product has an anti-configuration'.

Table 2 Solvent effect on the DBU catalyzed addition of 2a to 1a?

0
(Lo
N
Me
1a DBU (20 mol%)
+ B
Solvent, rt
Ph” ™ CN
2a
Entry Solvent t [h] 3a/4aYield [%]°  dr [%]°
1 DCM 48 h 9/67 nd
2 MeCN 48 h 9/64 nd
3 DMF 48 h 38/25 65:35
4 DMSO 48 h 66/28 65:35
5 Dioxane 48 h 52/3 76:24
6 THF 48 h 70/7 79:21
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7 Toluene 48 h 81/8 96:4
8 MeOH 48 h trace/92 nd

9 H.0 4h 96/0 98:2
10¢ H.0 18 h 86/0 99:1

8 Unless otherwise noted, the reaction was performed with 0.2 mmol of 1a, 0.24 mmol of 2a and 20 mol%
of catalyst in 0.5 mL solvent. ® Isolated yield by column chromatography. ¢ Determined by *H NMR analysis.
410 mol% of the catalyst was used, isolated yield by washing process.

Most importantly, this “on water” reaction is operationally straightforward and scalable to gram
scale (Figure 2). After the complete conversion of N-methyl isatin (indicated by a color change
from red to yellow), the desired product 3a was obtained in highly pure form by simple filtration
and washing with water and petroleum ether, which is a key intermediate for the synthesis of ()-

CPC-1 analogue 6.

N
Ph , CN _—
4 (10 mol%)
+ —_—
o H,0, rt

©jlg:0 Me Me
N 3a 6

1.386 g, 83% yield, 99:1 dr (x)-CPC-1 analogue

" {l

2h 6h

=

Stirring

Figure 2. Gram scale synthesis of 3a.

The substrate scope of the reaction was investigated after deriving the optimized reaction
conditions. First, we studied variation of the isatins (Table 3). Both electron-donating (5-Me and

5-OMe) and electron-withdrawing (5-OCFs, 5-F, 5-Cl and 5-Br) groups on the oxindole were
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tolerable to afford the desired p-hydroxy nitriles in good to excellent vyields and
diastereoselectivities (3b-3g). Moreover, substitution was viable at the 4-position, 6-position and
7-position of the oxindole, and disubstitution was also feasible. In all the cases, the desired product
was formed in excellent yields and very good dr values (3h-3l). It is worth noting that N-
benzylisatin and isatin with a free NH group were also well-tolerated to furnish the desired product
in high vyields with good to excellent dr values (3m, 3n). Other ketones, such as
trifluoroacetophenone, acetophenone, methyl benzoylformate and cyclohexanone were not suitable
for this cyanoarylmethylation reaction under our conditions. In addition, the reaction of
benzaldehyde with phenyl acetonitrile led to the formation of a dehydrated product (see supporting

information for details).
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Table 3 The scope of addition reaction?

0]
S DBU (10 mol%
R O +Ph” CN #- R
= N H,0, rt
R2
1 2a

MeO

3b
18 h, 86% yield, 99:1 dr 5 h, 96% vyield, 99:1 dr 38 h, 86% yield, 98:2 dr
Ph Ph
e 10 ~cn
Ly

N
Me

3e

23 h, 95% vyield, 99:1 dr 10 h, 78% yield, 86:14 dr 48 h, 95% yield, 75:25 dr

Br \

Me Me
3g® 3hb

46 h, 91% yield, 94:6 dr 45 h, 88% vield, 81:19 dr 43 h, 88% yield, 96:4 dr

45 h, 96% yield, 95:5 dr 20 h, 91% yield, 99:1 dr 20 h, 87% yield, 96:4 dr

Ph

HO‘—_ CN

(0]

N
H

3m® 3n

28 h, 80% yield, 84:16 dr 18 h, 88% yield, 99:1 dr

@ Unless otherwise noted, the reaction was performed with 0.2 mmol of 1, 0.24 mmol of 2a and 10 mol% of
catalyst in 0.5 mL water. The yield refers to the isolated product. The dr value determined by *H NMR
analysis. ® 20 mol% of the catalyst was used.
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Table 4 The scope of addition reaction?

DBU (10 mol%)
H,0, rt

5a 5b 5¢c
15 h, 95% yield, 99:1 dr 18 h, 85% yield, 99:1 dr 18 h, 91% yield, 97:3 dr
Br NO, OMe

Me
5d Seb
40 h, 89% vyield, 97:3dr 9 h, 67% yield, 99:1dr 48 h, 48% vyield, 58:42 dr

5h 5i
40 h, 52% yield, 70:30 dr 40 h, 95% yield, 96:4 dr 7 h, 76% vyield, 98:2 dr

Me
5j° 5k°
15 h, 79% yield, 96:4 dr 48 h, 55% yield, 83:17 dr

2 Unless otherwise noted, the reaction was performed with 0.2 mmol of 1a, 0.24 mmol of 2 and 10 mol% of
DBU in 0.5 mL water. The yield refers to the isolated product. The dr value determined by *H NMR analysis.
® DABCO was used as the catalyst. 20 mol% of DBU was used.
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Next, we investigated variation on the benzyl nitriles. As shown in Table 4. The electronic nature
of benzyl nitriles has a noticeable influence on the reaction yields and diastereoselectivities.
Generally, benzyl nitriles bearing electron-withdrawing (4-CFs, 4-F, 4-Cl, 4-Br and 4-NO>) groups
gave more satisfactory results than those with electron-donating (4-OMe and 4-Me) groups. The
sterically more demanding 1-naphthyl substrate had no negative effect on the reaction (5h).
Pleasingly, satisfactory results in term of yield and diastereoselectivity were also achieved with the
nitriles containing heterocycles such as thiophene and benzofuran (5i, 5j and 5k).

During the investigation of substrate scope, a time-dependent dr changes of some products were
observed (Figure 3). For instance, the reaction of N-methyl-5-fluoro isatin (1e) with phenyl
acetonitrile 2a was anti-selective at early stage. Upon prolonging the reaction time, the
diastereoselectivity of this reaction changed from anti to syn. After stirring for 18 hours, the product
3e was obtained in excellent syn-selectivity (95:5), and no more changes in the dr was observed
from then on. Moreover, when products (3e-3g) with low dr were treated with 20 mol% DBU in
water for 20 h, a significant improvement of dr was observed. These results suggested that the
reaction is reversible in the presence of DBU when using water as the reaction medium, and
thermodynamically controlled leading to the more stable adduct. To the best of our knowledge, this

reaction represents the first example of “on water” mediated diastereoselective changes.
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Figure 3. Time dependent changes in diastereomeric ratio.

To understand the effect of thermodynamic stability on the product diastereoselectivity, we
performed DFT calculations to compare the energy differences between the syn- and anti-adducts
for 3a and 3e (Figure 4). As the products show poor solubility in water solvent, both the molecular
state in water solvent and the solid state were analyzed using cluster and periodic models (16
molecules per unit cell), respectively. For both 3a and 3e, the molecular anti-isomer shows a higher
stability than its syn-isomer with a lower energy of 6 kJ/mol. However, the further calculations on
periodic unit cells indicate that although the anti-3a still shows a higher stability than syn-3a with
a favored energy by 50 kJ/mol, the stability of syn-3e unit cell increases significantly with a
decreased energy by -110 kJ/mol in comparison with the anti-3e. This indicates that the syn-isomer
of 3e is the thermodynamic product in its solid state, which is consistent with the experimental
observations. As the products are mostly insoluble in reaction conditions, we speculate the

selectivity of thermodynamic products for different substrates is controlled by the diastereomer



The Journal of Organic Chemistry

stability at solid state, and such stability differences may be induced by the different stacking of
the diastereomer molecules with distinct hydrogen-bonding interaction and steric effect in the

crystals.
(a) anti-3a syn-3a anti-3e syn-3e

&

NC

oceee®
mIo=znN

Figure 4. Optimized product structures of (a) cluster models and (b) respective periodic unit
cells.

On the basis of previous reports®, a transition state involving an oil-water interface was assumed
to explain the high efficiency of this process. As illustrated in Figure 5, the deprotonation of phenyl
acetonitrile 2a is facilitated by the synergistic effect of water and base. Through the interactions
with hydrogen-bond networks at the phase boundary, the dicarbonyl group of the electrophile and
nitrile group of the pro-nucleophile might be organized at the periphery of the oil droplet, while the
hydrophobic part is orientated within the hydrophobic interior. Consequently, the free hydroxyl
groups at the interface effectively activated the reactants and stabilized the transition state.

Moreover, the dehydration process could be suppressed when using water as the sole solvent.
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Figure 5. Proposed reaction mechanism.

In summary, we have developed an “on water” efficient strategy for the organocatalytic addition
of aryl acetonitriles to isatins. The reaction rate and selectivity were greatly enhanced under “on
water” conditions. The changes of diastereoselectivity was observed in this “on water” catalytic
process. Moreover, this process provides a highly efficient and environmentally benign approach
for the diastereoselective synthesis of 3-hydroxy-3-cyanomethyl oxindoles, a structural scaffold for

various natural product analogues and pharmaceutical agents.

EXPERIMENTAL SECTION

General Information. NMR spectra were recorded on a liquid NMR spectrometer (400 MHz for
"H and 100 MHz for '*C) using CDClI; as the solvent. The residual proton in CDCls (6 = 7.27)
served as an internal standard for '"H NMR, and the '*C-atom of CDCI; was used as an internal
standard (6 = 77.16) for *C NMR. Chemical shifts are reported in ppm and the coupling constants
J are given in Hz. The following abbreviations were used to explain the multiplicities: s (singlet),
d (doublet), t (triplet), q (quartet), m (multiplet), br (broad). Infrared spectra were recorded on an
FT-IR spectrometer, and only major peaks were reported in cm™'. The high-resolution mass spectra
(HRMS) were recorded on an electrospray ionization (ESI) apparatus using Orbitrap mass
spectrometry. General procedure for the preparation of starting materials isatins and benzyl nitriles
were commercially available. Unless otherwise noted, analytical grade solvents and commercially

available reagents were used without further purification.

General procedure for the synthesis of N-protected isatins 1 (GP-1)*: N-alkylated isatin
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derivatives were prepared from commercially available isatins with different alkyl halides in the
presence of K,COsz in DMF at room temperature. Mel or BnBr (10.2 mmol, 3.0 equiv) was added
to a stirred solution of isatin (3.4 mmol, 1.0 equiv) and K>CO3z (8.5 mmol, 2.5 equiv) in DMF and
stirred for 12 h at room temperature. The reaction mixture was quenched with water and extracted
with dichloromethane (3 x 20 mL). The combined organic phases were washed with brine, dried
over anhydrous Na,SOg, filtered and concentrated in vacuum. The crude residue was then purified
by column chromatography (eluent: PE/EA = 10/1-4/1, v/v) to provide compounds 1.

1-methylindoline-2,3-dione (1a)!*: Compound 1a was prepared by GP-1. Red solid, 465.8 mg,
85% yield. *H NMR (400 MHz, CDCls) J (ppm) 7.63-7.60 (m, 2H), 7.14 (t, J = 7.6 Hz, 1H), 6.90
(d, J=7.6 Hz, 1H), 3.26 (s, 3H).

1,5-dimethylindoline-2,3-dione (1b)!: Compound 1b was prepared by GP-1. Red solid, 327.6
mg, 55% yield. *H NMR (400 MHz, CDCls) & (ppm) 7.42-7.40 (m, 2H), 6.80-6.78 (m, 1H), 3.23
(s, 3H), 2.34 (s, 3H).

5-methoxy-1-methylindoline-2,3-dione (1c) *': Compound 1c was prepared by GP-1. Red solid,
227.5 mg, 35% yield.*H NMR (400 MHz, CDCls) J (ppm) 7.17-7.13 (m, 2H), 6.81 (d, J = 8.0 Hz,
1H), 3.80 (s, 3H), 3.22 (s, 3H).

1-methyl-5-(trifluoromethoxy)indoline-2,3-dione (1d) 8: Compound 1d was prepared by GP-1.
Orange solid, 291.7 mg, 35% yield. *H NMR (400 MHz, CDCls) J (ppm) 7.49-7.48 (m, 2H), 6.96-

6.94 (m, 1H), 3.28 (s, 3H).

5-fluoro-1-methylindoline-2,3-dione (1e) *®: Compound 1e was prepared by GP-1. Red solid,
304.6 mg, 50% vyield. *H NMR (400 MHz, CDCls) 6 (ppm) 7.36-7.32 (m, 2H), 6.89-6.86 (m, 1H),
3.26 (s, 3H).

5-chloro-1-methylindoline-2,3-dione (1f) ¥ : Compound 1f was prepared by GP-1. Red solid,
365.8 mg, 55% yield. *H NMR (400 MHz, CDCl3) ¢ (ppm) 7.59-7.57 (m, 2H), 6.87 (d, J = 8.0 Hz,
1H), 3.26 (s, 3H).

5-bromo-1-methylindoline-2,3-dione (1g) *’: Compound 1g was prepared by GP-1. Red solid,

571.3 mg, 70% yield. *H NMR (400 MHz, CDCl3) ¢ (ppm) 7.74-7.71 (m, 2H), 6.82 (d, J = 8.0 Hz,
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1H), 3.26 (s, 3H).

6-bromo-1-methylindoline-2,3-dione (1h)8: Compound 1h was prepared by GP-1. Orange solid,
653.0 mg, 80% yield.*H NMR (400 MHz, CDCls) § (ppm) 7.46 (d, J = 8.0 Hz, 1H), 7.31-7.28 (m,
1H), 7.09 (d, J = 1.6 Hz, 1H), 3.25 (s, 3H).

7-bromo-1-methylindoline-2,3-dione (1i) **: Compound 1i was prepared by GP-1. Red solid,
285.7 mg, 35% yield. *"H NMR (400 MHz, CDCls) 6 (ppm) 7.72 (dd, J = 8.0, 1.2 Hz, 1H), 7.58 (dd,

J=7.2,1.2 Hz, 1H), 7.02-6.69 (m, 1H), 3.66 (s, 3H).

7-chloro-1-methylindoline-2,3-dione (1j) 2°: Compound 1j was prepared by GP-1. Red solid,
332.5 mg, 50% vyield. *H NMR (400 MHz, CDCls) J (ppm) 7.55-7.52 (m, 2H), 7.09-7.05 (m, 1H),

3.64 (s, 3H).

1,5,7-trimethylindoline-2,3-dione (1k) *’: Compound 1k was prepared by GP-1. Red solid, 321.7
mg, 50% yield. *H NMR (400 MHz, CDCls) 6 (ppm) 7.25 (s, 1H), 7.14 (s, 1H), 3.48 (s, 3H), 2.51

(s, 3H), 2.27 (s, 3H).

4,7-dichloro-1-methylindoline-2,3-dione (1) #: Compound 1l was prepared by GP-1. Orange
solid, 625.7 mg, 80% yield.*H NMR (400 MHz, CDCls) é (ppm) 7.44 (d, J = 8.8 Hz, 1H), 7.01 (d,

J=8.8 Hz, 1H), 3.64 (s, 3H).

1-benzylindoline-2,3-dione (1n)*: Compound 1n was prepared by GP-1. Red solid, 766.4 mg,
95% yield. 'H NMR (400 MHz, CDCls) ¢ (ppm) 7.63-7.61 (m, 1H), 7.49 (td, J = 8.0, 1.2 Hz, 1H),

7.38-7.27 (m, 5H), 7.10 (t, J = 7.6 Hz, 1H), 6.78 (d, J = 8.0 Hz, 1H), 4.94 (s, 2H).

General reaction procedure for “On water” cyanoarylmethylation reaction. N-protected isatin
1a(32.2 mg, 0.20 mmol), phenyl acetonitrile 2a (28.1 mg, 0.24 mmol) and 0.5 mL H>O were stirred
at room temperature, then DBU (3.0 pL, 0.02 mmol) was added. The reaction mixture was stirred
for the indicated time. After the reaction was completed (indicated by color change from red to
yellow), the solid product was filtered, washed by water and dried under vacuum to afford the

product 3a in high yield, purity and diastereoselectivity. Some products were purified by column
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chromatography (eluent: PE/EA = 4/1, viv).

2-(3-hydroxy-1-methyl-2-oxoindolin-3-yl)-2-phenylacetonitrile (3a): pale yellow solid; 47.9
mg, 86% vyield, 99:1 dr; *H NMR (400 MHz, CDCls) & (ppm) 7.96 (dd, J = 7.2 Hz, 0.8 Hz, 1H),
7.34-7.30 (M, 1H), 7.23-7.19 (m, 1H), 7.17-7.14 (m, 1H), 7.07-7.04 (m, 2H), 6.75 (d, J = 7.2 Hz,
2H), 6.61 (d, J = 8.0 Hz, 1H), 5.17 (s, 1H), 3.73 (s, 1H), 2.84 (s, 3H); 23C {*H} NMR (100 MHz,
CDCls) 6 (ppm) 175.6, 143.4, 131.0, 129.0, 128.8, 128.7, 128.2, 126.2, 125.0, 123.6, 118.5, 109.1,
77.6, 46.2, 26.2. IR (KBr): v 3348 2921 2245 1735 1709 1613 1469 1114 694 cm™. HRMS

(ESI/Orbitrap) m/z: [M + Na]* Calcd for C17H14N2O2Na 301.0947; Found 301.0955.

2-(3-hydroxy-1,5-dimethyl-2-oxoindolin-3-yl)-2-phenylacetonitrile (3b): yellow solid; 56.1
mg, 96% yield, 99:1 dr; *H NMR (400 MHz, CDCls) 6 (ppm) 7.78 (s, 1H), 7.17 (t, J = 7.2 Hz, 1H),
7.12-7.05 (m, 3H), 6.78 (d, J = 7.6 Hz, 2H), 6.50 (d, J = 7.6 Hz, 1H), 4.89 (s, 1H), 3.80 (s, 1H),
2.82 (s, 3H), 2.41 (s, 3H); °C {*H} NMR (100 MHz, CDCls) & (ppm) 175.4, 141.0, 133.4, 131.2,
129.2, 128.8, 128.8, 128.2, 126.2, 125.7, 118.5, 108.7, 77.7, 46.4, 26.2, 21.3. IR (KBr): v 3265
2918 2245 1713 1620 1498 1367 1117 699 cm™. HRMS (ESI/Orbitrap) m/z: [M + Na]* Calcd for

Ci1sH1sN2O2Na 315.1104; Found 315.1113.

2-(3-hydroxy-5-methoxy-1-methyl-2-oxoindolin-3-yl)-2-phenylacetonitrile (3c): white solid;
53.0 mg, 86% yield, 98:2 dr; 'H NMR (400 MHz, CDCls) & (ppm) 7.56 (d, J = 2.0 Hz, 1H), 7.18
(t, J = 7.2 Hz, 1H), 7.10 (t, J = 7.6 Hz, 2H), 6.89-6.83 (m, 3H), 6.49 (d, J = 8.8 Hz, 1H), 4.84 (s,
1H), 4.16 (s, 1H), 3.86 (s, 3H), 2.80 (s, 3H); 1*C {*H} NMR (100 MHz, CDCls) 5 (ppm) 175.2,
156.7, 136.5, 129.1, 128.8, 128.7, 128.2, 127.2, 118.4, 115.9, 111.7, 109.5, 78.0, 56.1, 46.5, 26.2.
IR (KBr): v 3296 2836 2245 1703 1495 1291 1050 697 cm™. HRMS (ESI/Orbitrap) m/z: [M + H]*

Calcd for C18H16N203H 309.1234; Found 309.1227.

2-(3-hydroxy-1-methyl-2-oxo-5-(trifluoromethoxy)indolin-3-yl)-2-phenylacetonitrile  (3d):
yellow solid; 68.8 mg, 95% yield, 99:1 dr; *H NMR (400 MHz, CDCls) 6 (ppm) 7.79 (s, 1H), 7,23-
7.19 (m, 2H), 7.15-7.11 (m, 2H), 6.96-6.92 (m, 2H), 6.56 (d, J = 8.8 Hz, 1H), 4.45 (d, J = 7.6 Hz,

1H), 4.16 (br, 1H), 2.86 (s, 3H); 13C {*H} NMR (100 MHz, CDCls) § (ppm) 175.2, 145.4 (q, *Jcr=
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2.1 Hz), 141.8, 129.2, 128.6, 128.5, 127.4, 124.2, 119.3, 117.8, 109.4, 77.7, 46.6, 26.3. IR (KBr):
v 3270 2932 2250 1714 1496 1254 1214 1167 1113 703 cm. HRMS (ESI/Orbitrap) m/z: [M +
H]* Calcd for CigH13F3N203H 363.0951; Found 363.0949.

2-(5-fluoro-3-hydroxy-1-methyl-2-oxoindolin-3-yl)-2-phenylacetonitrile (3e): white solid; 14.3
mg, 86% yield, 95:5 dr; 'H NMR (400 MHz, DMSO-ds) 6 (ppm) 7.23-7.22 (m, 3H), 7.16-7.06 (m,
5H), 6.81-6.78 (m, 1H), 4.95 (s, 1H), 2.89 (s, 3H); 1*C {*H} NMR (100 MHz, DMSO-ds)  (ppm)
173.9, 157,7 (d,Ycr = 237.0 Hz), 139.3 (d, “Jcr = 1.6 Hz), 130.0, 129.3 (d, 3Jcr = 7.9 Hz), 129.0,
128.5, 128.0, 118.2, 116.2 (d, 2Jcr = 23.1 Hz), 112.6 (d, 2Jcr = 25.1 Hz), 109.5 (d, 3Jcr= 8.2 Hz),
76.3, 43.7, 25.8. IR (KBr): v 3334 2923 2239 1703 1625 1490 1474 1112 662 cm™. HRMS

(ESI/Orbitrap) m/z: [M + Na]* Calcd for C17H13FN2O2Na 319.0853; Found 319.0858.

2-(5-chloro-3-hydroxy-1-methyl-2-oxoindolin-3-yl)-2-phenylacetonitrile (3f): pale yellow
solid; 37.2 mg, 92% yield, 99:1 dr; *H NMR (400 MHz, CDCl3) ¢ (ppm) 7.90 (s, 1H), 7.31 (dd, J
= 8.4 Hz, 2.0 Hz, 1H), 7.21 (t, J = 7.2 Hz, 1H), 7.15-7.11 (m, 2H), 6.89-6.87 (m, 2H), 6.53 (d, J =
8.4 Hz, 1H), 4.78 (br, 1H), 4.08 (s, 1H), 2.83 (s, 3H); 1*C {*H} NMR (100MHz, CDCls) J (ppm)
175.3, 141.9, 131.0, 129.3, 129.1, 128.7, 128.5, 128.5, 127.8, 125.5, 118.1, 110.0, 77.6, 46.4, 26.3.
IR (KBr): v 3269 3068 2945 2250 1713 1609 1490 1364 1117 700 cm™. HRMS (ESI/Orbitrap)

m/z: [M + Na]* Calcd for C17H13CIN.O,Na 335.0558; Found 335.0564.

2-(5-bromo-3-hydroxy-1-methyl-2-oxoindolin-3-yl)-2-phenylacetonitrile (3g): white solid;
33.9 mg, 91% yield, 97:3 dr; 'H NMR (400 MHz, CDCls) J (ppm) 8.02 (d, J = 2.0 Hz, 1H), 7.47
(dd, J = 8.0 Hz, 2.0 Hz, 1H), 7.23-7.20 (m, 1H), 7.16-7.13 (m, 2H), 6.93 (d, J = 7.2 Hz, 2H), 6.47
(d, J = 8.4 Hz, 1H), 4.34 (s, 1H), 4.26 (s, 1H), 2.83 (s, 3H); *C {*H} NMR (100 MHz, CDCls) &
(ppm) 174.6,142.4,134.0, 129.2, 128.8, 128.6, 128.5, 128.3, 127.9, 117.9, 116.5, 110.2, 46.6, 26.2.
IR (KBr): v 3263 2967 2250 1712 1605 1487 1114 699 cm. HRMS (ESI/Orbitrap) m/z: [M +

Na]* Calcd for C17H13BrN.O2Na 379.0053; Found 379.0061.

2-(6-bromo-3-hydroxy-1-methyl-2-oxoindolin-3-yl)-2-phenylacetonitrile (3h): white solid;
62.8 mg, 88% vyield, 81:19 dr; *H NMR (400 MHz, CDCls) & (ppm) 7.76 (d, J = 8.0 Hz, 1H), 7.34-
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7.31 (m, 1H), 7.22-7.18 (m, 1H), 7.17-7.12 (m, 2H), 6.94-6.90 (m, 2H), 6.72 (d, J = 2.0 Hz, 1H),
4.65 (s, 1H), 4.44 (s, 1H), 2.79 (s, 3H); *C {*H} NMR (100 MHz, CDCls) J (ppm) 175.0, 144.5,
129.7,129.2, 128.8, 128.5, 126.6, 126.4, 124.9, 124.8, 118.1, 112.2, 77.4, 46.5, 26.2. IR (KBr): v
33852924 2250 1718 1607 1493 1373 1062 698 cm™. HRMS (ESI/Orbitrap) m/z: [M + Na]* Calcd
for C17H13BrN,O,Na 379.0053; Found 379.0062.

2-(7-bromo-3-hydroxy-1-methyl-2-oxoindolin-3-yl)-2-phenylacetonitrile (3i): pale yellow
solid; 62.8 mg, 88% vyield, 96:4 dr; *H NMR (400 MHz, CDCls) & (ppm) 7.86 (d, J = 7.6 Hz, 1H),
7.46-7.44 (m, 1H), 7.25 (d, J = 7.2 Hz, 1H), 7.18-7.14 (m, 2H), 7.09-7.05 (m, 1H), 6.90 (d, J = 8.0
Hz, 2H), 4.44 (s, 1H), 3.86 (br, 1H), 3.19 (s, 3H); 3C {*H} NMR (100 MHz, CDCls) 6 (ppm) 175.7,
140.6, 136.6, 129.3, 129.0, 128.7, 128.5, 124.9, 124.1, 117.9, 102.9, 77.1, 47.0, 29.8. IR (KBr): v
3357 2924 2248 1710 1454 1116 699 cm™. HRMS (ESI/Orbitrap) m/z: [M + Na]* Calcd for

C17H13BrN2O2Na 379.0053; Found 379.0060.

2-(7-chloro-3-hydroxy-1-methyl-2-oxoindolin-3-yl)-2-phenylacetonitrile (3j): yellow solid,;
59.8 mg, 96% vyield, 95:5 dr; *H NMR (400 MHz, CDCls) 6 (ppm) 7.83 (dd, J = 7.2 Hz, 1.2 Hz,
1H), 7.26-7.22 (m, 2H), 7.16-7.11 (m, 3H), 6.88 (d, J = 7.6 Hz, 2H), 4.55 (s, 1H), 4.44 (s, 1H), 3.16
(s, 3H); 2*C {*H} NMR (100 MHz, CDCls) § (ppm) 175.5, 139.2, 133.3, 129.3, 128.7, 128.7, 128.5,
1245, 123.6, 117.9, 116.2, 47.0, 29.6. IR (KBr): v 3282 2926 2248 1713 1606 1461 1116 699

cmt. HRMS (ESI/Orbitrap) m/z: [M + Na]* Calcd for C17H13CIN2O,Na 335.0558; Found 335.0563.

2-(3-hydroxy-1,5,7-trimethyl-2-oxoindolin-3-yl)-2-phenylacetonitrile (3k): white solid; 56.0
mg, 91% yield, 99:1 dr; *H NMR (400 MHz, CDCls) 5 (ppm) 7.62 (s, 1H), 7.18 (d, J = 6.8 Hz, 1H),
7.10-7.09 (m, 2H), 6.85 (s, 1H), 6.74 (d, J = 6.0 Hz, 2H), 4.84 (s, 1H), 3.69 (s, 1H), 3.07 (s, 3H),
2.36 (s, 3H), 2.26 (s, 3H); °C {*H} NMR (100 MHz, CDCls) 5 (ppm) 176.1, 138.8, 135.1, 133.2,
129.5, 128.8, 128.8, 128.1, 126.9, 123.4, 120.4, 118.4, 77.1, 46.6, 29.5, 21.0, 18.6. IR (KBr): v
3422 2921 2242 1728 1704 1105 700 cm™. HRMS (ESI/Orbitrap) m/z: [M + Na]* Calcd for

C19H18N2O2Na 329.1260; Found 329.1270.
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2-(4,7-dichloro-3-hydroxy-1-methyl-2-oxoindolin-3-yl)-2-phenylacetonitrile (31): white solid;
60.4 mg, 87% yield, 96:4 dr; *H NMR (400 MHz, CDCls) & (ppm) 7.25 (d, J = 7.6 Hz, 1H), 7.19-
7.15 (m, 2H), 7.13 (d, J = 8.8 Hz, 1H), 7.02-6.99 (m, 3H), 5.05 (s, 1H), 3.80 (s, 1H), 3.23 (s, 3H);
13C {H} NMR (100 MHz, CDCls) 6 (ppm) 173.6, 141.2, 134.1, 130.4, 129.4, 128.8, 128.6, 128.3,
125.1, 125.1, 116.7, 114.8, 77.4, 43.9, 29.5. IR (KBr): v 3385 2935 2248 1709 1600 1449 1112
699 cm™. HRMS (ESI/Orbitrap) m/z: [M + H]* Calcd for Ci7H1,Cl.N,O,H 347.0349; Found
347.0354.

2-(3-hydroxy-2-oxoindolin-3-yl)-2-phenylacetonitrile (3m): white solid; 42.3mg, 80% yield,
84:16 dr; *H NMR (400 MHz, MeOD) 6 (ppm) 7.79 (d, J = 8.0 Hz, 1H), 7.28-7.18 (m, 3H), 7.15-
7.10 (m, 3H), 6.97-6.95 (m, 2H), 6.62 (d, J = 8.0 Hz, 1H), 4.52 (s, 1H); 3C {"H} NMR (100 MHz,
MeOD) ¢ (ppm) 178.6, 143.2, 131.7, 131.1, 130.2, 129.7, 129.3, 128.5, 126.2, 123.6, 120.0, 111.2,
78.5, 46.7. IR (KBr): v 3345 3181 2926 2248 1735 1709 1613 1469 1114 752 cm®. HRMS

(ESI/Orbitrap) m/z: [M + Na]* Calcd for C16H12N.O2Na 287.0791; Found 287.0798.

2-(1-benzyl-3-hydroxy-2-oxoindolin-3-yl)-2-phenylacetonitrile (3n): white solid; 62.4 mg, 88%
yield, 99:1 dr; *H NMR (400 MHz, DMSO-de) J (ppm) 7.74 (d, J = 7.2 Hz, 1H), 7.36 (td, J = 7.6
Hz, 1.2 Hz, 1H), 7.27-7.11 (m, 8H), 6.89 (d, J = 7.6 Hz, 2H), 6.61 (d, J = 6.8 Hz, 2H), 6.53 (d, J =
8.0 Hz, 1H), 4.75 (s, 1H), 4.72 (d, J = 16.4 Hz, 1H), 4.47 (d, J = 16.4 Hz, 1H); 13C {*H} NMR (100
MHz, DMSO-ds) § (ppm) 174.2, 142.5, 135.1, 130.3, 129.8, 129.0, 128.7, 128.4, 128.3, 127.0,
126.9, 126.4, 124.4,122.7, 119.3, 109.4, 76.2, 44.7, 42.6. IR (KBr): v 3438 3034 2907 2248 1724
1613 1491 1368 1048 697 cm™. HRMS (ESI/Orbitrap) m/z: [M + H]* Calcd for Ca3H1sN2O,H

355.1441; Found 355.1446.

2-(3-hydroxy-1-methyl-2-oxoindolin-3-yl)-2-(4-(trifluoromethyl) phenyl)acetonitrile (5a):
white solid; 65.8 mg, 95% yield, 99:1 dr; *H NMR (400 MHz, CDCls) 6 (ppm) 7.98 (d, J = 7.6 Hz,
1H), 7.38-7.32 (m, 3H), 7.23 (t, J = 7.6 Hz, 1H), 6.85 (d, J = 8.4 Hz, 2H), 6.68 (d, J = 7.6 Hz, 1H),

5.50 (s, 1H), 3.54 (s, 1H), 2.87 (s, 3H); 1*C {*H} NMR (100 MHz, CDCl;) J (ppm) 175.5, 143.3,
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133.0, 131.4, 131.1 (q, WJer = 32.8 Hz), 129.2, 125.8, 125.1 (q, 3Jcr = 3.7 Hz), 125.0, 123.8, 123.7
(9, YJcr=270.8 Hz), 117.9, 109.6, 45.8, 26.3. IR (KBr): v 3410 2921 2359 1707 1613 1325 1116
1069 755 cmt. HRMS (ESI/Orbitrap) m/z: [M + Na]* Calcd for C1sH13FsN.O.Na 369.0821; Found
369.0823.

2-(4-fluorophenyl)-2-(3-hydroxy-1-methyl-2-oxoindolin-3-yl)acetonitrile (5b): white solid;
50.4 mg, 85% yield, 99:1 dr; *H NMR (400 MHz, CDCls) 6 (ppm) 7.92 (d, J = 7.6 Hz, 1H), 7.36
(td, J = 7.6 Hz, 1.2 Hz, 1H), 7.24-7.20 (m, 1H), 6.89-6.87 (m, 2H), 6.82-6.78 (m, 2H), 6.61 (d, J =
7.6 Hz, 1H), 4.36 (s, 1H), 4.12 (br, 1H), 2.87 (s, 3H); 3C {*H} NMR (100 MHz, CDCls) & (ppm)
175.4, 162.9 (d, Ncr = 247.5 Hz), 143.4, 131.2, 130.6 (d, 3Jcr = 8.4 Hz), 125.9, 125.0, 125.0 (d,
*Jcr = 3.3 Hz), 123.8, 118.3, 115.3 (d, ZJcr = 21.7 Hz), 109.1, 77.6, 45.6, 26.2. IR (KBr): v 3340
2926 2248 1713 1698 1613 1511 1246 1116 757 cm™. HRMS (ESI/Orbitrap) m/z: [M + Na]* Calcd

for C17H13FN20O2Na 319.0853; Found 319.0862.

2-(4-chlorophenyl)-2-(3-hydroxy-1-methyl-2-oxoindolin-3-yl)acetonitrile (5c): white solid,;
56.7 mg, 91% yield, 97:3 dr; 'H NMR (400 MHz, CDCls) & (ppm) 7.93 (d, J = 7.6 Hz, 1H), 7.34
(td, J = 8.0 Hz, 1.2 Hz, 1H), 7.22-7.18 (m, 1H), 7.04 (d, J = 8.4 Hz, 2H), 6.69-6.66 (m, 3H), 5.34
(s, 1H), 3.65 (s, 1H), 2.89 (s, 3H); 3C {"H} NMR (100 MHz, CDCls)  (ppm) 175.4, 143.4, 135.1,
131.2, 130.1, 128.5, 127.7, 125.9, 125.0, 123.7, 118.1, 109.3, 45.6, 26.3. IR (KBr): v 3397 2923
2250 1708 1613 1494 1470 1093 757 cm™. HRMS (ESI/Orbitrap) m/z: [M + Na]* Calcd for

C17H13CIN,O,>Na 335.0558; Found 335.0565.

2-(4-bromophenyl)-2-(3-hydroxy-1-methyl-2-oxoindolin-3-yl)acetonitrile (5d): white solid,;
63.6 mg, 89% yield, 97:3 dr; *H NMR (400 MHz, CDCls) 6 (ppm) 7.92 (d, J = 8.0 Hz, 1H), 7.35
(t, J = 7.6 Hz, 1H), 7.23-7.19 (m, 3H), 6.72-6.70 (m, 2H), 6.65 (d, J = 7.6 Hz, 1H), 4.78 (s, 1H),
4.04 (br, 1H), 2.89 (s, 3H); 3C {*H} NMR (100 MHz, CDCls) J (ppm) 175.1, 143.3, 131.5, 131.3,
130.4, 128.1, 125.7, 125.0, 123.9, 123.3, 118.0, 109.2, 77.4, 45.8, 26.3. IR (KBr): v 3386 2914
2245 1707 1613 1493 1470 1115 755 cm. HRMS (ESI/Orbitrap) m/z: [M + Na]* Calcd for

C17H13BrN20O2Na 379.0053; Found 379.0062.
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2-(3-hydroxy-1-methyl-2-oxoindolin-3-yl)-2-(4-nitrophenyl)acetonitrile (5¢): white solid; 43.5
mg, 67% yield (this compound was found to be relatively unstable in organic solvent), 99:1 dr; *H
NMR (400 MHz, CDCls) & (ppm) 7.99-7.97 (m, 2H), 7.94 (d, J = 7.2 Hz, 1H), 7.39 (td, J = 8.0 Hz,
1.2 Hz, 1H), 7.26-7.24 (m, 1H), 7.14-7.12 (m, 2H), 6.64 (d, J = 7.6 Hz, 1H), 4.42 (s, 1H), 4.17 (s,
1H), 2.90 (s, 3H); 13C {*H} NMR (100 MHz, CDCls) 5 (ppm) 174.4, 148.2, 143.1, 136.1, 131.7,
130.0,125.1, 125.0, 124.2,123.5, 117.2, 109.2, 77.3, 46.2, 26.3. IR (KBr): v 3324 3075 2905 2247
1701 1616 1521 1345 1112 764 cm™. HRMS (ESI/Orbitrap) m/z: [M + H]* Calcd for C17H13NsO4H
324.0979; Found 324.0986.

2-(3-hydroxy-1-methyl-2-oxoindolin-3-yl)-2-(4-methoxyphenyl)acetonitrile (5f): pale yellow
solid; 29.5 mg, 48% yield, 58:42 dr; *H NMR (400 MHz, CDCls) & (ppm) 7.91 (d, J = 7.2 Hz, 1H),
7.34-7.31 (m, 1H), 7.22-7.19 (m, 1H), 6.80 (d, J = 2.0 Hz, 2H), 6.61-6.58 (m, 3H), 4.36 (s, 1H),
4.16 (s, 1H), 3.70 (s, 3H), 2.85 (s, 3H); *C {*H} NMR (100 MHz, CDCls) J (ppm) 175.0, 159.8,
143.3, 131.0, 130.0, 125.9, 125.0, 123.7, 120.9, 118.5, 113.7, 108.7, 77.5, 55.3, 45.8, 26.2. IR
(KBr): v 3385 3066 2922 2243 1708 1614 1513 1470 1252 755 cm™. HRMS (ESI/Orbitrap) m/z:

[M + Na]* Calcd for C1sH16N20sNa 331.1053; Found 331.1063.

2-(3-hydroxy-1-methyl-2-oxoindolin-3-yl)-2-(4-methyphenyl)acetonitrile (5g): white solid;
30.4 mg, 52% yield, 70:30 dr; *H NMR (400 MHz, CDCls) 6 (ppm) 7.92 (d, J = 7.2 Hz, 1H), 7.35-
7.32 (M, 1H), 7.21 (t, J = 7.2 Hz, 1H), 6.89 (d, J = 8.0 Hz, 2H), 6.77 (d, J = 7.6 Hz, 2H), 6.59 (d, J
=8 Hz, 1H), 4.31 (s, 2H), 2.85 (s, 3H), 2.22 (s, 3H); B°C {*H} NMR (100 MHz, CDCls) ¢ (ppm)
175.0,143.4,138.8, 131.0, 129.6, 129.1, 129.0, 128.7, 126.0, 125.1, 123.7, 118.5, 108.7, 77.5, 46.3,
26.1, 21.2. IR (KBr): v 3275 3057 2919 2243 1708 1614 1469 1114 759 cm?. HRMS

(ESI/Orbitrap) m/z: [M + Na]* Calcd for C1gH1sN2O2Na 315.1104; Found 315.1109.

2-(3-hydroxy-1-methyl-2-oxoindolin-3-yl)-2-(naphthalen-1-yl)acetonitrile (5h): pale yellow
solid; 62.6 mg, 95% yield, 96:4 dr; *H NMR (400 MHz, CDCls) J (ppm) 8.04 (d, J = 8.4 Hz, 1H),
7.85-7.79 (m, 2H), 7.73 (d, J = 8.4 Hz, 1H), 7.56-7.52 (m, 1H), 7.50-7.46 (m, 1H), 7.35 (td, J = 8.0

Hz, 1.2 Hz, 1H), 7.20 (td, J = 7.6 Hz, 0.8 Hz, 1H), 7.14 (t, J = 7.2 Hz, 1H), 7.05 (dd, J = 7.2 Hz,
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0.8 Hz, 1H), 6.54 (d, J = 8.0 Hz, 1H), 5.33 (s, 1H), 3.72 (s, 1H), 2.58 (s, 3H); 13C {*H} NMR (100
MHz, CDCls) & (ppm) 174.9, 143.6, 133.6, 131.1, 130.7, 129.9, 128.8, 128.1, 126.8, 126.3, 126.2,
125.4,125.2,124.6, 123.7, 122.9, 118.8, 108.6, 77.4, 41.8, 26.0. IR (KBr): v 3298 3055 2929 2253
1698 1617 1469 1093 756 cmt. HRMS (ESI/Orbitrap) m/z: [M + Na]* Calcd for CoiH1sN,O2Na
351.1104; Found 351.1112.

2-(3-hydroxy-1-methyl-2-oxoindolin-3-yl)-2-(thiophen-2-yl)acetonitrile (5i): pale yellow solid;
43.2 mg, 76% yield, 98:2 dr; *H NMR (400 MHz, CDCls) ¢ (ppm) 7.93 (d, J = 7.6 Hz, 1H), 7.41
(td, 3= 7.6 Hz, 1.2 Hz, 1H), 7.26-7.24 (m, 1H), 7.10-7.08 (m, 1H), 6.76-6.71 (m, 2H), 6.65 (d, J =
3.2 Hz, 1H), 4.46 (s, 1H), 4.42 (s, 1H), 2.96 (s, 3H); *C {*H} NMR (100 MHz, CDCls) J (ppm)
175.0, 144.0, 131.4, 130.2, 128.9, 127.1, 126.6, 126.0, 125.1, 124.0, 117.8, 109.0, 41.6, 26.4. IR
(KBr): v 3262 2935 2253 1709 1613 1469 1112 759 cm™. HRMS (ESI/Orbitrap) m/z: [M + Na]*

Calcd for C1sH12N20,SNa 307.0512; Found 307.0518.

2-(benzofuran-3-yl)-2-(3-hydroxy-1-methyl-2-oxoindolin-3-yl)acetonitrile (5k): red solid; 35.0
mg, 55 % yield, 83:17 dr; *H NMR (400 MHz, CDCls) 6 (ppm) 8.01 (d, J = 7.2 Hz, 1H), 7.34-7.30
(m, 2H), 7.25-7.19 (m, 3H), 7.12-7.07 (m, 2H), 6.60 (d, J = 8.0 Hz, 1H), 5.25 (br, 1H), 4.26 (s, 1H),
2.77 (s, 3H); BC {*H} NMR (100 MHz, CDCls) & (ppm) 175.6, 154.8, 144.8, 143.6, 131.3, 126.6,
125.0, 124.9, 123.9, 123.1, 119.7, 117.7, 111.5, 109.9, 109.1, 76.9, 37.0, 26.2. IR (KBr): v 3347
3056 2918 2250 1710 1616 1115 705 cm™. HRMS (ESI/Orbitrap) m/z: [M + Na]* Calcd for

C19H14N203Na 341.0897: Found 341.0898.

General Procedure for the gram scale synthesis of 3a (Figure 2). N-protected isatin 1a (967.0
mg, 6.0 mmol), phenyl acetonitrile 2a (773.2 mg, 6.6 mmol) and H,O (9.0 mL) were stirred at room
temperature, then DBU (90.0 pL, 0.6 mmol) was added. The progress of the reaction can be
monitored by visualization of the color change of the reaction mixture from red (at the start of the
reaction) to yellow (at the end of the reaction). After stirring for the indicated time, the solid were
filtered, washed by H.O and Petroleum ether to afford 1.386 g (83%) of the desired product 3a
(99:1dr).
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