Synthesis H. P. Mangunuru et al.

Enantioselective Arylation of Oxindoles Using Modified BI-DIME

Ligands

Hari P. R. Mangunuru’
Christian A. Malapit?
Nizar Haddad*
Jonathan T. Reeves
Bo Qu

Sonia Rodriguez
Heewon Lee

Nathan K. Yee

Jinhua J. Song

Carl A. Busacca

Chris H. Senanayake*

Chemical Development, Boehringer Ingelheim Pharmaceuticals, Inc.,
900 Ridgebury Road, P.O. Box 368, Ridgefield, CT, 06877-0368, USA
nizar.haddad@boehringer-ingelheim.com

Published as part of the Special Section dedicated to Scott E. Denmark on
the occasion of his 65t birthday

Received: 13.03.2018

Accepted after revision: 27.04.2018

Published online: 28.06.2018

DOI: 10.1055/s-0036-1591590; Art ID: ss-2018-c0180-op

Abstract The Pd-catalyzed 3-arylation of 2-oxindoles with aryl bro-
mides, chlorides and triflates is found to proceed using i-Pr-BI-DIME and
Me,-BI-DIME ligands. The mono-arylation of 3-unsubstituted oxindoles
is accomplished using a Pd,(dba),/i-Pr-BI-DIME catalyst system, and
gives good yields of 3-aryloxindoles from aryl bromides and chlorides.
The arylation of 3-substituted oxindoles is also possible using this cata-
lyst/ligand system. The asymmetric arylation of 3-substituted oxindoles
is accomplished using Me,-BI-DIME to furnish oxindoles bearing a qua-
ternary C-3 stereocenter in enantiomeric ratios of up to 93:7.
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3-Substituted and 3,3-disubstituted oxindoles are com-
mon structural motifs found both in pharmaceuticals and
natural products.® Oxindoles bearing a 3-aryl substituent
have been found to exhibit diverse biological activity, such
as p53 inhibition (1),* anticancer activity (2),> and neuro-
protection (3)¢ (Figure 1). The methods reported for the
synthesis of 3-aryloxindoles can roughly be divided into
two categories: those which build the oxindole unit last af-
ter incorporation of the 3-aryl group in a precursor sub-
strate,®” and those which install the 3-aryl group onto an
already assembled oxindole core.®? The latter process has
been demonstrated primarily by Pd-catalyzed arylation of
oxindole enolates.’

The Pd-catalyzed arylation of oxindoles was first
demonstrated by the pioneering reports of Willis®* and
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Figure 1 Biologically active 3-aryloxindoles

Buchwald® in 2008, and for the asymmetric arylation by
Buchwald®¢ in 2009.

Over the last several years, we have developed a class of
P-chiral phosphine ligands bearing a dihydrobenzooxa-
phosphole core structure.!® As part of our continuing ef-
forts to apply these ligands to useful methodologies and to
explore their potential for catalytic efficiency and asym-
metric induction,’" we examined the utility of our ligands
in the 3-arylation and asymmetric 3-arylation of oxindoles.
Herein we report our results.

As a system for ligand screening we chose the arylation
of N-methyloxindole (4) with bromobenzene using LiIHMDS
as base and THF/toluene as solvent at 70 °C (Table 1). The
use of our in-house-developed BI-DIME ligand 6 gave a
modest 25% assay yield of the product 5 (entry 1). When
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the isopropyl-substituted analog, i-Pr-BI-DIME 7, was used,
a dramatic improvement to a 95% assay yield and a 91% iso-
lated yield was obtained (entry 2).

Table 1 Ligand Screening for the 3-Arylation of Oxindole 4?

2.5 mol% Pdy(dba)

5 mol% Ligand
O + B —mm —
N LiIHMDS, THF/toluene
\ 70°C

4 Me 20h
Entry Ligand (conditions)® Yield (%)°
1 BI-DIME 25
2 i-Pr-BI-DIME 95 (91)
3 BI-BOP 0
4 AntPhos <5
5 BI-Ph 0
6 BINAP 0
7 PCy; 0
8 Pt-Bu,-HBF, 10
9 BI-DIME 12
(1.1 equiv NaHMDS)
10 i-Pr-BI-DIME 86
(1.1 equiv NaHMDS)
11 i-Pr-BI-DIME 93 (91)
(2 equiv K,CO3, dioxane, 100 °C)
X0,
Ow;
Z P
“NtBu \t Bu™
MeO OMe MeO OMe
t+Bu tBu
BI-DIME (6 i-Pr-BI-DIME (7, BI-BOP (8)

AntPhos (9 BI-Ph (10)

2 Typical reaction conditions: 0.5 mmol oxindole, 1.1 equiv LIHMDS (1 M in
toluene), 1.1 equiv ArX, 2.5 mol% Pd,(dba);, 5.0 mol% ligand, 0.5 mL THF,
70°C, 20 h.

b Parameters in parentheses denote a change from the typical reaction
conditions.

¢ HPLC assay yields, values in parentheses are isolated yields.

The bidentate BI-BOP 8 gave no product (entry 3). The
use of the less electron-rich ligands AntPhos 9 and BI-Ph 10
gave little to no conversion into 5 (entries 4 and 5). BINAP
and tricyclohexylphosphine (PCy;) were not effective li-
gands for this process (entries 6 and 7), while tri-tert-butyl-
phosphonium tetrafluoroborate (Pt-Bus;-HBF,) gave a low
assay yield of 10% (entry 8). The use of NaHMDS in place of
LiHMDS gave slightly decreased yields when 6 or 7 were
used as ligands (entries 9 and 10). When conditions similar
to those developed by Buchwald and co-workers were em-

ployed (K,COs, dioxane, 100 °C) with 7 as ligand, high assay
(93%) and isolated (91%) yields were obtained (entry 11).
We chose the use of i-Pr-BI-DIME 7 as the ligand and the
conditions of entry 2 as optimal for an exploration of the
reaction scope.

The scope of the 3-arylation of oxindole 4 with respect
to the aryl halide was examined next (Scheme 1).

©
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from ArCl: 72%
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Products obtained as racemic mixtures

Et0,C

O ] CO,Et

Scheme 1 Scope of the 3-arylation of N-methyloxindole (4). Reagents
and conditions: 1-2 mmol oxindole, 1.1 equiv LIHMDS (1 M in toluene),
1.1 equiv ArX, 2.5 mol% Pd,(dba)s, 5.0 mol% i-Pr-BI-DIME, 1-2 mL THF,
70 °C, 4-24 h. Yields are those of isolated products. ? Reaction was per-
formed using 2 equiv K,CO;, 2.5 mol% Pd,(dba);, 5.0 mol% i-Pr-Bl-
DIME, dioxane, 110 °C, 24 h. > 2.2 Equivalents of ArBr were used.

Chlorobenzene provided 5 in a reduced yield (64%)
compared with bromobenzene (91%). This trend held for
the coupling with 4-bromotoluene to give 11 (92%) versus
with 4-chlorotoluene (72%). The reaction with 4-bromo-
anisole gave 12 in 93% yield. 4-Fluoro and 4-chloro substit-
uents on the aryl bromide were tolerated and gave the
products 13 and 14 in good yields, respectively. A 4-dime-
thylamine group was tolerated, giving 15 in 72% yield. 2-
Bromonaphthalene coupled smoothly giving 16 in 83%
yield. Aryl bromides containing benzodioxane and dioxol-
ane groups were tolerated, giving the products 17 and 18 in
good yields. For coupling of the sterically hindered 2,6-di-
methylbromobenzene to give 19, the reaction conditions
were modified to K,CO; in dioxane at 110 °C; under these
conditions 19 was obtained in excellent yield (93%).> The
arylation of 4 with 1.1 equivalents of ethyl 4-bromobenzo-
ate under the modified conditions used for preparation of
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19 provided bisarylated oxindole 20 as the major product,
presumably due to the enhanced acidity of the product. Ef-
fective 3,3-diarylation of 4 using 2.2 equivalents of the aryl
bromide was demonstrated, providing 20 in 88% yield.

The 3-arylation of N-H oxindole and N-phenyloxindole
is described in Scheme 2. These reactions required a higher
temperature and thus the K,CO;/dioxane conditions were
employed. The arylation of oxindole with 4-bromotoluene
and 4-bromoanisole gave products 21 and 22 bearing an
unprotected nitrogen in moderate yields of 48% and 56%,
respectively. The arylation of N-phenyloxindole with bro-
mobenzene gave 23 in 85% yield. Chiral analysis of products
11, 19 and 21 indicated formation of racemic mixtures, pre-
sumably due to racemization under the reaction condi-
tions.!?

5 mol% Pdy(dba)s
10 mol% i-Pr-BI-DIME

- - @
K2C03

dioxane, 100 °C
24 h
R=H, Ph
Me OMe
A AN
| o | o
N P
A \
H H
21 (48%) 22 (56%) 23 (85%)

Scheme 2 3-Arylation of N-H and N-phenyloxindoles. Reagents and
conditions: 1 mmol oxindole, 3 equiv K,CO3, 1.1 equiv ArBr, 5 mol%
Pd,(dba);, 10 mol% i-Pr-BI-DIME, 1 mL dioxane, 100 °C, 24 h. Yields are
those of isolated products.

The 3-arylation of oxindoles already bearing a 3-sub-
stituent would provide products bearing a fully substituted
3-carbon. The exploration of this reaction using 3-methyl-
N-phenyloxindole (24) and 3-phenyl-N-methyloxindole (5)
is detailed in Scheme 3. In this case, reaction conditions of
Cs,CO; in toluene at 110 °C for 24 hours proved optimal for
high conversions. The arylation of 24 with 4-bromoanisole
gave 26 in high yield (90%). The arylation of 5 to give 27 and
28 also proceeded in excellent yields. Finally, arylation of 3-
methyl-N-methyloxindole (25) with 4-bromoanisole gave
29 in 96% yield.

Given that the products shown in Scheme 3 bear a qua-
ternary stereocenter, we examined if the 3-arylation of 3-
substituted oxindoles could proceed with enantioselectivi-
ty (Table 2). For ligand screening the arylation of 24 with 4-
bromoanisole was employed. While the use of BI-DIME (6)
or Me-BI-DIME (30) gave little conversion into 26 (entries 1
and 2), i-Pr-BI-DIME (7) gave a 76% yield of 26 and an enan-
tiomeric ratio (er) of 80:20 with the (R)-enantiomer as the
major product!? (entry 3).

R

2.5 mol% Pda(dba)s
5 mol% i-Pr-BI-DIME
e VL
N Cs,CO0g, toluene |

\ o
R 110°C, 24 h

R =Me, R'=Ph: 24
R =Ph, R'=Me: 5
R =R'=Me: 25

Me

OMe

Me
29 (96%)
Scheme 3 3-Arylation of 3-substituted oxindoles. Reagents and condi-
tions: 1 mmol oxindole, 2 equiv Cs,CO3, 1.1 equiv ArBr, 2.5 mol%
Pd,(dba);, 5.0 mol% i-Pr-BI-DIME, 1 mL toluene, 110 °C, 24 h. Yields are
those of isolated products.

Reducing the temperature to 30 °C increased the er to
84:16, but the yield dropped to 38% (entry 4). The cyclo-
hexyl-substituted ligand CyHx-BI-DIME (31) gave a reduced
er of 69:31 (entry 5). Interestingly, the use of Me,-BI-DIME
(32), bearing ortho-methyl groups on the lower arene moi-
ety, resulted in a significant increase of er to 93:7, albeit in a
modest 41% yield (entry 6). Increasing the temperature to
110 °C gave a higher yield of 68% but with a concurrent re-
duction in er to 85:15 (entry 7).

Somewhat surprisingly, the ‘hybrid’ of i-Pr-BI-DIME (7)
and Me,-BI-DIME (32), i-Pr-Me,-BI-DIME (33), was not as
effective as 32 for asymmetric induction, though it did pro-
vide the product in higher yields (entries 8 and 9). The re-
placement of the ortho-methyl groups in 32 with aryl
groups (ligands 34 and 35) resulted in good yields of 26
with enantiomeric ratios of up to 80:20 (entries 10 and 11).

With Me,-BI-DIME (32) identified as the optimal ligand
for asymmetric induction, the scope of the asymmetric ary-
lation of 24 and 25 was explored with different aryl bro-
mides (Scheme 4). The arylation of 24 with 4-bromoanisole
at 110 °C gave 26 in 68% yield and 85:15 er, while the reac-
tion at 60 °C proceeded in 93:7 er and 41% yield. Arylation
of 25 with 4-bromoanisole at 60 °C gave 29 in 68% yield and
87:13 er. The use of 3-bromoanisole gave 36 in 56% yield
and 81:19 er. The reaction with the electron-deficient aryl
bromide 4-bromobenzotrifluoride gave 37 in 48% yield and
82:18 er. The arylation with 3,5-bis(trifluoromethyl)-
bromobenzene gave 38 in 51% yield and 87:13 er.
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Table 2 Ligand Screen for the Asymmetric 3-Arylation of 3-Methyl-N-
phenyloxindole (24)?

Br 2.5 mol% Pdy(dba)s
/©/ 5 mol% Ligand
MeO NaOtBu

toluene

Ph
24 18-24 h

\
26 Ph

Entry  Ligand Temp (°C)  Vield (%)° erc

1 BI-DIME (6) 60 <5 n.d.
2 Me-BI-DIME (30) 60 <5 n.d.
3 i-Pr-BI-DIME (7) 60 76 80:20
4 i-Pr-BI-DIME (7) 30 38 84:16
5 CyHx-BI-DIME (31) 60 65 69:31
6 Me,-BI-DIME (32) 60 a1 93:7
7 Me,-BI-DIME (32) 110 68 85:15
8 i-Pr-Me,-BI-DIME (33) 60 79 66:34
9 i-Pr-Me,-BI-DIME (33) 30 41 78:22
10 34 60 74 80:20
1 60 95 70:30
O S [ 0
P~tau P\t Bu 7 PSteu
MeO OMe OMe MeO OMe
‘ Me Me
Me-BI-DIME (30) CyHx-BI-DIME (31) Me,-BI-DIME (32)
O 0 Me
PZt_BfMe
MeO OMe
Me O Me

-Pr-Mey-BI-DIME (33)

CF3 34 CF3

2 Reaction conditions: T mmol oxindole 24, 1.1 equiv NaOt-Bu, 1.1 equiv 4-
bromoanisole, 2.5 mol% Pd,(dba);, 5.0 mol% ligand, 1 mL toluene, tem-
perature indicated in the table, 24 h.

b Enantiomeric ratio determined by chiral HPLC or SFC.

In an attempt to improve the conversion, while main-
taining good enantioselectivity, the asymmetric arylation
was examined with aryl triflates under milder conditions
(Scheme 5).

Indeed, coupling of the aryl triflates under milder con-
ditions with Cs,CO; as the base resulted in higher yields
while maintaining good enantioselectivity.8¢ The arylation
of 24 with 4-methoxyphenyltriflate at 60 °C provided 26 in
65% yield and 89:11 er. Different aryl triflates resulted in

2.5 mol% Pdj(dba)s
5 mol% Me,-BI-DIME (32)

NaOtBu
toluene
110°C, 18 h

OMe

OMe

26 (68%, 85:15 er)

(60 °C: 41%, 93:7 er)

37 (48%, 82:18 er)

38 (51%, 87:13 er)

Scheme 4 Scope of the asymmetric 3-arylation of oxindoles with aryl
bromides. Reagents and conditions: 1 mmol oxindole, 1.1 equiv NaOt-
Bu, 1.1 equiv ArBr, 2.5 mol% Pd,(dba);, 5.0 mol% Me,-BI-DIME, 1 mL
toluene, 110 °C, 18 h. Yields are those of isolated products. Enantio-
meric ratios determined by chiral HPLC or SFC.

Me
10 mol% Pd(dba),
12 mol% Me,-BI-DIME (32)
N\ Cs,COg, toluene
24 Ph 60 °C, 24 h

OMe

OMe

42 (55%, 83:17 er)

40 (63%, 87:13 er)

41 (59%, 85:15 er)

Scheme 5 Scope of the asymmetric 3-arylation of oxindoles with aryl
triflates. Reagents and conditions: 0.45 mmol oxindole 24, 2 equiv Cs,-
CO;, 1.1 equiv ArOTf, 10 mol% Pd(dba),, 12 mol% Me,-BI-DIME, 1 mL
toluene, 60 °C, 24 h. Yields are those of isolated products. Enantiomeric
ratios determined by chiral HPLC or SFC.

similar yields and enantioselectivities. 3,5-Dimethoxy-
phenyltriflate provided 39 in the highest yield (71%) and
good enantioselectivity (89:11 er).

In conclusion, the Pd-catalyzed 3-arylation of oxindoles
using the in-house-developed ligands i-Pr-BI-DIME (7) and
Me,-BI-DIME (32) has been demonstrated. The arylation of
3-unsubstituted oxindoles bearing N-methyl or N-phenyl
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groups with aryl bromides proceeded in excellent yields
when i-Pr-BI-DIME was employed as the ligand. When aryl
chlorides were utilized, the reaction proceeded, albeit in re-
duced yields. The chemoselective C-arylation of N-H oxin-
dole was possible but proceeded in reduced yields com-
pared to the N-substituted oxindoles. The 3-arylation of 3-
substituted oxindoles to give products bearing a quaternary
carbon was possible using i-Pr-BI-DIME as the ligand, giv-
ing excellent yields of products for C3-alkyl and C3-aryl ox-
indole starting materials. A screen of the most effective li-
gands for the asymmetric C3-arylation of 3-methyl-3-
phenyloxindole showed Me,-BI-DIME to be superior to i-
Pr-BI-DIME, giving enantiomeric ratios of up to 93:7. When
aryl triflates were utilized, the reaction proceeded with
high yields and good enantioselectivities. The utility of
these ligands in other catalytic and asymmetric processes is
currently under investigation.

All starting materials and reagents were purchased from commercial
sources and used as received unless otherwise noted. Ligands were
prepared according to our reported procedures.[10a,11b] Flash chro-
matography was performed on a CombiFlash-Rf automated system
with 12g silica columns. SFC (suppercritical fluid chromatography)
was performed on an Agilent Technologies 1260 instrument equipped
with 1260 infinity SFC control module. Melting points were recorded
using a MELT-TEMP 3.0 apparatus and are uncorrected. NMR spectra
were recorded on Bruker 400 or 500 MHz instruments. All ' Hand '3 C
NMR data were referenced to the internal deuterated solvent relative
to TMS. High-resolution mass spectrometry (HRMS) was performed
on a Agilent LC/MSD TOF (time-of-flight) instrument with ESI in posi-
tive ionization mode.

Arylation of N-Methyloxindole (4); General Procedure

All reactions were conducted in 10 mL glass vials fitted with crimp-
cap septum caps. The reaction vial, equipped with a magnetic stir bar,
was charged under an N, atmosphere with 1-methylindolin-2-one (4)
(73.6 mg, 0.5 mmol), Pd,(dba); (10 mg, 0.011 mmol, 2.5 mol%), i-Pr-
BI-DIME (7) (0.022 mmol, 5 mol%), LIHMDS (1 M in toluene, 0.55 mL,
0.55 mmol) and the aryl halide (1.1 equiv), then sealed with a crimp-
cap septum. THF (0.5 mL) and toluene (0.5 mL) were added via sy-
ringe and the reaction was heated to 70 °C for 4-24 h. The reaction
mixture was cooled to room temperature then filtered through a
Celite pad with EtOAc (5 mL) as eluent. The filtered solution was
washed with H,0 (3 mL), dried over MgSO, and then concentrated
under reduced pressure. The crude residue was purified usinga 12 g
silica column (30% EtOAc/hexanes) to afford the corresponding oxin-
dole product.

1-Methyl-3-phenylindolin-2-one (5)[14a]

Prepared following the general arylation procedure and isolated as a
light yellow solid in 91% yield; mp 110.0-112.0 °C.

'H NMR (400 MHz, CDCl;): § = 7.33-7.23 (m, 4 H), 7.19(d,J = 7.0 Hz, 2
H),7.14(d,J= 7.4 Hz, 1 H), 7.04(t,] = 7.6 Hz, 1 H), 6.88 (d, ] = 7.8 Hz, 1
H), 4.58 (s, 1 H), 3.22 (s, 3 H).

13C NMR (100 MHz, CDCl3): &=176.0, 144.5, 136.7, 128.9, 128.5,
127.6,125.1,122.8,108.2, 52.1, 26.5.

1-Methyl-3-(p-tolyl)-indolin-2-one (11)[14a]
Prepared following the general arylation procedure and isolated as a
light yellow solid in 92% yield; mp 80.0-82.0 °C.

'H NMR (400 MHz, CDCl,): 8 = 7.17 (t, ] = 7.8 Hz, 1 H), 7.01-6.95 (m, 5
H),6.90 (t,J = 7.5 Hz, 1 H), 6.73 (d, ] = 7.7 Hz, 1 H), 4.39 (s, 1 H), 3.07 (s,
3 H),2.17 (s, 3 H).

13C NMR (100 MHz, CDCl3): &=175.9, 144.3, 136.9, 133.5, 1294,
128.9,128.19, 128.15, 124.8, 122.5, 108.0, 51.5, 26.2, 20.9.

3-(4-Methoxyphenyl)-1-methylindolin-2-one (12)[9b]

Prepared following the general arylation procedure and isolated as a
light yellow solid in 93% yield; mp 88.0-90.0 °C.

'H NMR (400 MHz, CDCl5): 8 = 7.27 (t,] = 7.7 Hz, 1 H), 7.11-7.06 (m, 3
H), 7.02-6.98 (dt, J = 7.6, 0.7 Hz, 1 H), 6.84-6.80 (m, 3 H), 4.47 (s, 1 H),
3.69 (s,3 H), 3.16 (s, 3 H).

13C NMR (100 MHz, CDCl,): 8=176.0, 158.8, 144.3, 129.3, 128.9,
128.5,128.2,124.8,122.5, 114.1, 108.0, 55.0, 51.0, 26.2.

3-(4-Fluorophenyl)-1-methylindolin-2-one (13)[14a]
Prepared following the general arylation procedure and isolated as a
pale yellow solid in 75% yield; mp 134.0-136.0 °C.

H NMR (400 MHz, CDCl,): § = 7.33 (t, ] = 7.8 Hz, 1 H), 7.29-7.26 (m, 2
H), 7.15-7.12 (m, 3 H), 7.06 (dt, ] = 7.6, 0.8 Hz, 1 H), 6.91 (d, J=7.8 Hz,
1H), 4.56 (s, 1 H), 3.22 (s, 3 H).

13C NMR (100 MHz, CDCl3): 8=175.9, 163.7, 161.2, 144.6, 132.5,
130.2,125.1,123.0, 116.0, 115.8, 108.5, 51.3, 26.6.

3-(4-Chlorophenyl)-1-methylindolin-2-one (14)[14a]
Prepared following the general arylation procedure and isolated as a
light yellow solid in 94% yield; mp 160.0-162.0 °C.

'H NMR (400 MHz, CDCl): & = 7.33 (t, = 7.8 Hz, 1 H), 7.29-7.26 (m, 2
H), 7.15-7.12 (m, 3 H), 7.06 (dt, ] = 7.6, 0.8 Hz, 1 H), 6.88 (d, 7.7 Hz,
1H), 456 (s, 1 H), 3.22 (s, 3 H).

13C NMR (100 MHz, CDCl;): &=175.6, 144.6, 135.1, 133.6, 129.9,
129.0, 128.8, 128.3, 125.0, 123.0, 108.4, 51.4, 26.6.

3-[4-(Dimethylamino)phenyl]-1-methylindolin-2-one (15)[14b]
Prepared following the general arylation procedure and isolated as a
yellow solid in 72% yield; mp = 83-85 °C.

H NMR (400 MHz, CDCl,): § = 7.32-7.28 (m, 1 H), 7.17 (d, ] = 7.4 Hz, 1
H), 7.07-7.03 (m, 2 H), 7.04-7.02 (m, 1 H), 6.87 (d, J = 7.7 Hz, 1 H),
6.70-6.67 (m, 2 H), 4.51 (s, 1 H), 3.23 (s, 3 H), 2.91 (s, 6 H).

13C NMR (100 MHz, CDCl,): 8=176.9, 150.3, 144.7, 129.7, 129.2,
128.3,125.2,124.4,122.8,113.2,108.2, 51.4, 40.8, 26.6.

1-Methyl-3-(naphthalen-2-yl)-indolin-2-one (16)[14b]
Prepared following the general arylation procedure and isolated as a
light yellow solid in 83% yield; mp 95.0-97.0 °C.

H NMR (400 MHz, CDCl,): § = 7.80-7.76 (m, 3 H), 7.70 (d, J = 1.0 Hz, 1
H), 7.46-7.43 (m, 2 H), 7.37-7.32 (m, 1 H), 7.25 (dd, J = 8.5, 1.8 Hz, 1
H),7.18 (d,J = 7.4 Hz, 1 H), 7.07 (dt, ] = 7.6, 1.0 Hz, 1 H), 6.92 (d, ] = 7.8
Hz, 1 H),4.76 (s, 1 H), 3.27 (s, 3 H).

13C NMR (100 MHz, CDCly): 8=176.1, 144.7, 134.2, 133.7, 133.0,

129.0, 128.9, 128.7, 128.0, 127.8, 127.7, 126.4, 126.3, 126.1, 125.3,
123.0,108.4, 52.4, 26.7.
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3-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)-1-methylindolin-2-one
(17)

Prepared following the general arylation procedure and isolated as a
light brown semi-solid in 88% yield.

H NMR (400 MHz, CDCl;): § = 7.33-7.29 (m, 1 H), 7.16 (d, J = 7.3 Hz, 1
H), 7.07-7.03 (m, 1 H), 6.87 (d, ] = 7.9 Hz, 1 H), 6.81 (d, J = 7.9 Hz, 1 H),
6.70-6.67 (m, 2 H), 4.48 (s, 1 H), 4.20 (s, 4 H), 3.23 (s, 3 H).

13C NMR (100 MHz, CDCly): 8=176.3, 144.6, 143.8, 143.2, 129.9,
129.1,128.5,125.1,122.9, 121.6, 117.8, 117.3, 108.3, 64.5, 51.5, 26.6.

HRMS (ESI): m/z [M + H]*" calcd for C;;H;gNO;: 282.1130; found:
282.1122.

3-[3-(1,3-Dioxolan-2-yl)phenyl]-1-methylindolin-2-one (18)
Prepared following the general arylation procedure and isolated as a
light brown semi-solid in 76% yield.

H NMR (400 MHz, CDCl,): § = 7.42-7.31 (m, 4 H), 7.20 (d, J = 7.5 Hz, 1
H),7.15(d,J=7.2 Hz, 1 H), 7.05 (dd, ] = 7.5, 7.5 Hz, 1 H), 6.89 (d, ] = 7.9
Hz, 1H),5.79 (s, 1 H), 4.63 (s, 1 H), 4.11-4.07 (m, 2 H), 4.04-3.98 (m, 2
H),3.25 (s, 3 H).

13C NMR (100 MHz, CDCl,): 8=175.9, 144.7, 138.7, 136.9, 129.5,
129.1,128.8,128.6, 126.8, 125.8, 125.7,122.9, 108 .4, 103.6, 65.5, 65.3,
52.1,26.7.

HRMS (ESI): m/z [M + HJ" caled for C;gH;sNO5: 296.1287; found:
296.1281.

3-(2,6-Dimethylphenyl)-1-methylindolin-2-one (19)
Prepared following the general arylation procedure and isolated as a
light yellow solid in 93% yield; mp 106.0-108.0 °C.

H NMR (400 MHz, CDCly): 8 =7.29 (dd, J = 7.6, 7.6 Hz, 1 H), 7.12 (d,
J=7.3Hz,1H),7.08 (dd,]=7.4,7.4Hz, 1 H), 6.98 (dd, ] = 7.4, 7.4 Hz, 1
H), 6.97-6.90 (m, 2 H), 6.89 (d, J = 7.8 Hz, 1 H), 5.03 (s, 1 H), 3.30 (s, 3
H), 2.54 (s, 3 H), 1.64 (s, 3 H).

13C NMR (100 MHz, CDCly): 8=176.5, 144.1, 138.1, 137.3, 133.7,
129.6, 128.6, 128.4, 128.1, 127.7,123.7, 122.8, 108.1, 48.5, 26.6, 21.5,
19.1.

HRMS (ESI): m/z [M + HJ" calcd for C{;H;gNO: 252.1388; found:
252.1382.

Diethyl 4,4’-(1-Methyl-2-oxoindoline-3,3-diyl)dibenzoate (20)
Prepared following the general arylation procedure using ethyl 4-bro-

mobenzoate (2.2 equiv). The product was isolated as a light brown
solid in 88% yield; mp 101.0-103.0 °C.

H NMR (400 MHz, CDCl,): 8 = 7.97 (d, J = 8.5 Hz, 4 H), 7.35 (dt, = 7.8,
0.7 Hz, 1H),7.31(d,J = 8.5 Hz, 4 H), 7.23 (d, ] = 7.3 Hz, 1 H), 7.11 (t, ] =
7.5Hz, 1H),6.97 (d,J=7.8 Hz, 1 H), 435 (q, ] = 7.1 Hz, 4 H), 3.31 (s, 3
H), 1.36 (t,] = 7.1 Hz, 6 H).

13C NMR (100 MHz, CDCl,): 8=176.5, 166.3, 146.4, 143.2, 131.7,
129.93,129.90, 129.1, 128.6, 126.1, 123.3,109.1, 62.7, 61.1, 27.0, 14.5.

HRMS (ESI): m/z [M + H]* caled for C,;H,sNOs: 444.1811; found:
444.1804.

3-Arylation of N-H and N-Phenyloxindoles; General Procedure

All reactions were conducted in 10 mL glass vials fitted with crimp-
cap septum caps. The reaction vial, equipped with a magnetic stir bar,
was charged under an N, atmosphere with the oxindole (2.25 mmol),
Pd,(dba); (51 mg, 0.056 mmol, 2.5 mol%), i-Pr-BI-DIME (7) (41 mg,
0.112 mmol, 5 mol%), K,CO; (932 mg, 6.75 mmol) and the aryl bro-
mide (1.1 equiv), then sealed with a crimp-cap septum. Dioxane (5.0

mL, degassed) was added via syringe and the reaction was stirred in
an oil bath at 100 °C for 24 h. The reaction mixture was then cooled to
room temperature and filtered through a Celite pad using EtOAc (15
mL) as eluent. The filtered solution was washed with H,0 (5 mL),
dried over anhydrous Na,SO, and then concentrated under reduced
pressure. The crude residue was purified using a 12 g silica column
(30% EtOAc/hexanes) to afford the desired oxindole product.

3-(p-Tolyl)-indolin-2-one (21)[8d]
Prepared following the general arylation procedure and isolated as a
yellow solid in 48% yield; mp 160.0-162.0 °C.

'H NMR (400 MHz, CDCl;): 6 =8.73 (s, 1 H), 7.24-6.96 (m, 6 H), 6.90
(t,J=7.5Hz,1H),6.73(d,J=7.7Hz, 1 H),4.39 (s, 1 H), 2.17 (s, 3 H).

13C NMR (100 MHz, CDCl3): 8=175.9, 144.3, 136.9, 133.5, 1294,
128.9,128.19, 128.15, 124.8, 122.5, 108.0, 51.5, 26.2, 20.9.

3-(4-Methoxyphenyl)indolin-2-one (22)[8d]

Prepared following the general arylation procedure and isolated as a
yellow solid in 56% yield; mp 152-154 °C.

'H NMR (500 MHz, CDCl5): & = 8.27 (s, 1 H), 7.28-7.21 (m, 1 H), 7.17-
6.95 (m, 3 H), 7.02 (t, ] = 7.6 Hz, 1 H), 6.92 (d, J = 7.8 Hz, 1 H), 6.87 (d,
J=7.7Hz,2 H),4.58 (s, 1 H), 3.78 (s, 3 H).

13C NMR (125 MHz, CDCl): 8=178.7, 159.3, 141.7, 130.0, 129.9,
128.7,128.5,125.6, 122.9, 114.6, 109.9, 55.5, 52.0.

1,3-Diphenylindolin-2-one (23)[14c]

Prepared following the general arylation procedure and isolated as a
light yellow solid in 85% yield; mp 119-121 °C.

'H NMR (500 MHz, CDCl;): 6 = 7.51 (t,] = 7.7 Hz, 2 H), 7.46-7.42 (m, 2
H), 7.39(t,J=7.5Hz,1H),7.35(d,J=7.2 Hz, 2 H), 7.33-7.28 (m, 3 H),
7.26-7.20 (m, 2 H), 7.08 (t,J = 7.4 Hz, 1 H), 6.88 (d, J = 7.2 Hz, 1 H),
4.79 (s, 1 H).

13C NMR (125 MHz, CDCl3): &=175.5, 144.6, 137.0, 134.8, 129.8,
129.1, 128.9, 128.7, 128.5, 128.2, 127.9, 126.8, 125.6, 123.4, 109.7,
52.3.

3-Arylation of 3-Methyl/phenyl-N-methyl/phenyloxindoles;
General Procedure

All reactions were conducted in 10 mL glass vials fitted with crimp-
cap septum caps. The reaction vial, equipped with a magnetic stir bar,
was charged under an N, atmosphere with the oxindole (1 mmol), the
aryl bromide (1.1.equiv), Pd,(dba); (10 mg, 0.011 mmol), ligand (8
mg, 0.022 mmol), Cs,CO; (2 mmol) or NaOt-Bu (1.1 mmol). Degassed
(Ar sparge) toluene or cyclohexane (1.0 mL) was charged to the vial
which was then sealed with a crimp-cap septum. The vial was heated
at 30-110 °C for 24 h. The reaction mixture was cooled to room tem-
perature and filtered through a Celite pad with EtOAc (5 mL) as elu-
ent. The filtered solution was washed with H,O (5 mL), dried over Mg-
SO, and then concentrated under reduced pressure. The crude residue
was purified using a 12 g silica column (30% EtOAc/hexanes) to afford
the desired product.

3-(4-Methoxyphenyl)-3-methyl-1-phenylindolin-2-one (26)
Prepared following the general arylation procedure and isolated as a
light green oil in 41% yield; 84% ee.

'H NMR (500 MHz, CDCl5): § = 7.52-7.47 (m, 2 H), 7.43-7.37 (m, 3 H),
7.31-7.28 (m, 2 H), 7.25-7.22 (m, 2 H), 7.12 (t, ] = 7.6 Hz, 1H), 6.90 (d,
J=7.8Hz, 1H),6.85-6.82 (m, 2 H), 3.78 (s, 3 H), 1.88 (s, 3 H).
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13C NMR (125 MHz, CDCl): 8=179.1, 159.0, 143.3, 135.0, 134.9,
133.2,129.7,128.1,128.0, 126.8, 124.7,123.4, 114.2,109.8, 55.5, 51.8,
24.4.

Chiral HPLC conditions: Chiralpak OJ-3 column, 4.6 x 250 mm, 10 p;
isopropanol/heptane (4:96); 1.0 mL/min; 220 nm; ty,, = 16.7 min,
tminor = 19.8 min.

HRMS (ESI): m/z [M + HJ]" caled for C,,H,)NO,: 330.1489; found:
330.1472.

3-(4-Methoxyphenyl)-1-methyl-3-phenylindolin-2-one (27)[14d]
Prepared following the general arylation procedure and isolated as a
light green oil in 95% yield.

'H NMR (500 MHz, CDCl;): 6 = 7.35-7.22 (m, 4 H), 7.26-7.22 (m, 7 H),
7.07(d,J=8.4Hz,2H),7.07 (t,J=7.4Hz,1H),6.91(d,J=7.6 Hz, 1 H),
6.80(d,J=8.4Hz, 2 H),3.76 (s, 3 H), 3.28 (s, 3 H).

13C NMR (125 MHz, CDCl,): 8=177.9, 158.9, 143.1, 142.3, 133.9,
129.7,128.5,128.4,128.3,127.3,126.1,122.9,113.9, 108.8, 55.4, 26.8.

1-Methyl-3-phenyl-3-(p-tolyl)-indolin-2-one (28)[14d]

Prepared following the general arylation procedure and isolated as a
light green oil in 90% yield.

'H NMR (400 MHz, CDCl;): 6 = 7.31-7.29 (m, 2 H), 7.28-7.23 (m, 6 H),
7.13 (m, 1 H), 7.08-7.05 (m, 3 H), 6.91 (d,]J = 8.4 Hz, 1 H), 3.28 (s, 3 H),
2.30 (s, 3 H).

13C NMR (100 MHz, CDCl3): &=177.8, 143.2, 142.2, 129.3, 128.6,
128.5,128.4,127.4,126.2,122.9, 108.6, 29.9, 21.1.

3-(4-Methoxyphenyl)-1,3-dimethylindolin-2-one (29)[9c]
Prepared following the general arylation procedure and isolated as a
light greenish semi-solid in 96% yield.

'H NMR (500 MHz, CDCl5): 6 = 7.32 (t,J = 7.9 Hz, 1 H), 7.23-7.16 (m, 3
H), 7.09 (t,] = 7.1 Hz, 1 H), 6.90 (d, ] = 8.2 Hz, 1 H), 6.82 (m, 2 H), 3.76
(s,3H),3.23(s,3H),1.75(s, 3 H).

13C NMR (125 MHz, CDCly): 8=179.9, 158.6, 143.5, 135.2, 128.2,
127.9,124.4,122.9,114.2,108.5, 55.5, 51.7, 26.6, 24.1.

3-(3-Methoxyphenyl)-3-methyl-1-phenylindolin-2-one (36)
Prepared following the general arylation procedure and isolated as a
light green oil in 56% yield; 74% ee.

H NMR (400 MHz, CDCl,): 8 = 7.50 (m, 2 H), 7.41 (m, 3 H), 7.23 (m, 3
H), 7.1 (m, 1 H), 6.96 (m, 2 H), 6.90 (m, 1 H), 6.80 (m, 1 H), 3.77 (s, 3
H), 1.89 (s, 3 H).

13C NMR (100 MHz, CDCLy): §=178.7, 159.8, 143.2, 142.6, 134.7,

129.73, 129.70, 128.17, 128.13, 126.7, 124.6, 123.4, 119.2, 1134,
112.3,109.8, 55.3, 52.3, 24.1.

Chiral HPLC conditions: Chiralpak OD-H column, 4.6 x 250 mm, 10 y;
isopropanol/heptane (10:90); 1.0 mL/min; 222 nm; ty,,r = 8.83 min,
Eminor = 7-45 min.

HRMS (ESI): m/z [M + HJ* caled for Cy,H,,NO,: 330.1489; found:
330.1473.

3-Methyl-1-phenyl-3-[4-(trifluoromethyl)phenyl]indolin-2-one
(37)

Prepared following the general arylation procedure and isolated as a
light red solid in 48% yield; 64% ee; mp 110.0-112.0 °C.

H NMR (500 MHz, CDCL,): & = 7.58 (m, 2 H), 7.54-7.50 (m, 4 H), 7.43-
7.40 (m,3 H),7.27 (m, 1 H), 7.24 (m, 1 H), 7.15 (t, ] = 7.4 Hz, 1 H), 6.83
(d,J=8.0 Hz, 1 H), 1.93 (s, 3 H).

13C NMR (125 MHz, CDCly): 8 =178.2, 145.0 (d, J = 1.2 Hz), 1433,
134.5, 133.9, 129.8, 128.6, 128.3, 127.4, 126.7, 125.7 (q, ] = 4.1 Hz),
124.7,123.6,110.1, 52.4, 24.4.

Chiral HPLC conditions: Chiralpak AD-H column, 4.6 x 250 mm, 10 y;
isopropanol/heptane (10:90); 1.0 mL/min; 222 nm; t,j = 4.18 min,
Eminor = 5.03 min.

HRMS (ESI): m/z [M + HJ* calcd for C,,H;;F;NO: 368.1257; found:
368.1242.

3-[3,5-Bis(trifluoromethyl)phenyl]-3-methyl-1-phenylindolin-2-
one (38)

Prepared following the general arylation procedure and isolated as a
light green solid in 51% yield; 75% ee; mp 94.0-96.0 °C.

H NMR (400 MHz, CDCl): & = 7.88 (m, 2 H), 7.81 (m, 1 H), 7.53 (m, 2
H), 7.43 (m, 3 H), 7.32 (m, 1 H), 7.27 (m, 1 H), 7.20 (m, 1 H), 6.96 (m, 1
H), 1.95 (s, 3 H).

13C NMR (100 MHz, CDCl;): 8=177.4, 143.6, 143.3, 134.2, 132.6,
132.3,131.9, 129.9, 129.2, 128.6, 127.4 (q, ] = 3.2 Hz), 126.7, 124.3 (d,
J=3.2 Hz), 123.2 (d, ] = 272.0 Hz), 121.7 (q, ] = 3.8 Hz), 110.5, 52.1,
25.1.

Chiral HPLC conditions: Chiralcel OD-H column, 4.6 x 250 mm, 10 y;
isopropanol/hexane (90:10); 1.0 mL/min; 222 nm; ty,jor = 3.44 min,
Eminor = 3.63 min.

HRMS (ESI): m/z [M + HJ* calcd for C,3H;6FgNO: 436.1131; found:
436.1122.

3-Arylation of 3-Methyl-N-phenylindolin-2-one with Aryl Tri-
flates; General Procedure

All reactions were conducted in 10 mL glass vials fitted with crimp-
cap septum caps. The reaction vial, equipped with a magnetic stir bar,
was charged under an N, atmosphere with 3-methyl-N-phenylindo-
lin-2-one (24) (100 mg, 0.45 mmol), the aryl triflate (1.1 equiv),
Pd(dba), (25 mg, 0.045 mmol), Me,-BI-DIME (32) (18 mg, 0.053
mmol), Cs,CO; (291 mg, 0.894 mmol). Degassed (Ar sparged) toluene
(1.0 mL) was charged to the vial which was then sealed with a crimp-
cap septum. The vial was heated at 60 °C for 24 h. The reaction mix-
ture was then cooled to room temperature and filtered through a
Celite pad with EtOAc (5 mL) as eluent. The filtered solution was
washed with H,0 (5 mL), dried over MgSO, and then concentrated
under reduced pressure. The crude product was purified usinga 12 g
silica column (30% EtOAc/hexanes) to afford the desired product.

3-(3,5-Dimethoxyphenyl)-3-methyl-1-phenylindolin-2-one (39)
Prepared following the general arylation procedure and isolated as a
brown liquid in 71% yield; 78% ee.

H NMR (400 MHz, CDCl,): 6 = 7.53-7.48 (m, 2 H), 7.44-7.35 (m, 3 H),
7.27-7.20 (m, 3 H), 7.13-7.08 (m, 1 H), 6.88 (m, 1 H), 6.55 (d, J = 2.1
Hz, 1 H),6.36 (s, 1 H), 3.75 (s, 6 H), 1.86 (s, 3 H).

13C NMR (100 MHz, CDCl;): 6=178.7, 161.0, 143.5, 143.2, 134.9,
134.7,129.8, 128.3, 126.9, 124.8, 123.5, 109.9, 105.7, 99.0, 55.6, 52.4,
24.2.

Chiral SFC conditions: Lux Cell, 4.6 x 150 mm, particle size: 3 um,
temperature: 30 °C, A: CO,, B: MeOH, isocratic: A/B: 50:50, v/v, flow
rate: 3.0 mL/min, tyor = 5.11 min, tyiner = 4.73 min.
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HRMS (ESI): m/z [M + HJ]" calcd for C,3H,,NO5: 360.1600; found:
360.1592.

3-Methyl-1,3-diphenylindolin-2-one (40)
Prepared following the general arylation procedure and isolated as a
yellow solid in 63% yield; 74% ee; mp 135-137 °C.

H NMR (400 MHz, CDCl,): § = 7.53-7.48 (m, 2 H), 7.45-7.43 (m, 1 H),
7.42-7.36 (m, 4 H), 7.35-7.29 (m, 2 H), 7.28-7.21 (m, 3 H), 7.11 (dt, ] =
7.6,1.0 Hz, 1 H), 6.92-6.89 (m, 1 H), 1.90 (s, 3 H).

13C NMR (100 MHz, CDCl,): 8=178.9, 143.3, 141.1, 134.9, 134.8,
129.7,128.8,128.1,127.5,126.9, 126.8, 124.7,123.4, 109.9, 52.6, 24.2.

Chiral SFC conditions: Lux Cellulose1, 4.6 x 150 mm, particle size: 3
um, temperature: 30 °C, A: CO,, B: MeOH, isocratic: A/B: 50:50, v/v,
flow rate: 3.0 mL/min, tyor = 4.60 Min, tyiner = 4.42 min.

HRMS (ESI): m/z [M + H]" caled for C,;H;gNO: 300.1388; found:
300.1382.

4-(3-Methyl-2-oxo0-1-phenylindolin-3-yl)benzonitrile (41)
Prepared following the general arylation procedure and isolated as a
yellow solid in 59% yield; 70% ee; mp 133-135 °C.

H NMR (400 MHz, CDCl,): § = 7.63-7.60 (m, 2 H), 7.54-7.50 (m, 4 H),
7.43-7.39(m, 3 H), 7.28 (t,J = 7.7 Hz, 1 H), 7.23 (m, 1 H), 7.16 (t, ] = 7.5
Hz, 1H),6.93 (d,J=7.7 Hz, 1 H), 1.91 (s, 3 H).

13C NMR (100 MHz, CDCl,): 8=177.8, 146.4, 143.3, 1344, 1334,
132.6, 129.9, 128.8, 128.5, 127.9, 126.9, 126.7, 124.7, 123.8, 118.9,
111.6,110.2, 52.6, 24.4.

Chiral SFC conditions: ES-CCC, 4.6 x 150 mm, particle size: 3 pm, tem-
perature: 30 °C, A: CO,, B: MeOH, isocratic: A/B: 50:50, v/v, flow rate:
3.0 mL/min, tyyor = 5.40 MiN, tyiner = 5.11 min.

HRMS (ESI): m/z [M + HJ" caled for C,,H{;N,0: 325.1341; found:
325.1335.

Methyl 4-(3-Methyl-2-ox0-1-phenylindolin-3-yl)benzoate (42)
Prepared following the general arylation procedure and isolated as a
brown liquid in 55% yield; 66% ee.

'H NMR (400 MHz, CDCl;): § = 7.99 (m, 2 H), 7.54-7.49 (m, 2 H), 7.49-
7.45 (m, 2 H), 7.44-7.38 (m, 3 H), 7.29-7.26 (m, 1 H), 7.25-7.21 (m, 1
H), 7.14 (dt, J = 7.5, 1.0 Hz, 1 H), 6.92-6.89 (m, 1 H), 3.90 (s, 3 H), 1.93
(s,3H).

13C NMR (100 MHz, CDCl;): 6=178.3, 166.9, 146.1, 143.3, 134.6,
134.2, 130.0, 129.8, 129.4, 128.5, 128.3, 127.0, 126.8, 124.7, 123.6,
110.0, 52.6, 52.3, 24.2.

Chiral SFC conditions: Lux Cellulose 2, 4.6 x 150 mm, particle size: 3
um, temperature: 30 °C, A: CO,, B: MeOH, isocratic: A/B: 50:50, v/v,
flow rate: 3.0 mL/min, tyor = 6.04 Min, tyiner = 5.44 min.

HRMS (ESI): m/z [M + HJ]" calcd for C,3H,)NO5: 358.1443; found:
358.1436.

Supporting Information

Supporting information for this article is available online at
https://doi.org/10.1055/s-0036-1591590.
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