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Solution-Phase Parallel Synthesis of 3,5,6-Substituted Indolin-2-ones
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A practical and efficient new parallel method has been developed for the synthesis of 3-substituted indolin-
2-ones with a large variety of substituents at the 5- and 6-positions using 1,5-difluoro-2,4-dinitrobenzene.
This 3,5,6-substituted indolin-2-one skeleton possesses three points of diversification and, thus, affords new
opportunities for identification and optimization of leads in drug discovery.

Introduction

The indole pharmacophore is a fundamental constituent

of a number of natural and synthetic products with multiple / \

biological activitiest Indoles have been designated as

privileged structures in medicinal chemistrindolin-2-ones /

belong to this important class of compounds. Because of this,

interest in indolin-2-ones has grown during the past few ° O:N NO,

years? N
Indolin-2-ones have well-recognized pharmacological prop-

erties, including antirheumatic propertiess well as function SU5416

as receptor tyrosine kinase (RTK) inhibitér&TP competi- ~ Figure 1. The structure of SU5416 and DFDNB.

tive cyclin dependent kinase inhibitdrsghrelin receptor

agonists; nociceptin receptor ligands5-HTia and 5-Hpa phenols produced compourll Displacement of another

receptor antagonistsand phosphodiesterase type Il inhibi-  fjorine atom with the anion of diethyl malonate thus gave
tors? Indolin-2-one derivatives have also been proven to 3

inhibit the pro-inflammatory cytokine IL-2, which is related

to multiple sclerosiS and effect the cell proliferation and gt gisplace a fluorine atom of with the anion of diethyl
cell cycle progression in the colon adenocarcinoma celffine. malonate to give7. However, because some disubstituted

P_articularly, 3-substituted inplolin-Z-o_ne _dgrivatives are in- byproducts are often obtained, compouddshould be
dicated as potent and selective RTK inhibitors and VaSCU|arpurified for the next step, so this approach is not suitable

endothelial growth factor receptor antagoniStsAmong for parallel synthesis.
them, SU5416 (Figure 1) has advanced into clinical trials as Compound4 is the essential intermediate in the synthetic

anT:;:ntlang|ggen|fc3age;ﬂ.t_t ted indolin-2 iable with route. Our group has reported the quantitative reduction of
€ varieties ot 5-substituted Indolin-c-ones avarable With ., 5omatic nitro groups utilizing HCOONHand Pd/C,

substltut_ants at the 4-, 5-_, 6-,_and 7-positions are limited by SnCh, or N&S,0..7-19 However, direct treatment @fwith

Lhe pdrewolus n;eth“odsf(?f ;gddo-lm_féggee sytnhthsét@ur gr(t)upt such reductive reagents did not give high yieldg.dfurther

haf cve ?pe a sca 3 I—.b|rec. me 01 50 d_cf?ns ru;: 4 investigations indicated that tin powder in hydrochloric &tid
eterocyclic_compound ibrares using 1,0-GIlU0ro-2,%-\qer reflux could convert nitroaryl malongénto indolin-

dinitrobenzene (DFDNB], Figure 1), such as 2-hydroxy- 2-one4 in a one-pot reaction and in high yield.

quinoxalinel’ benzimidazolé® and imidazoquinoxalinol The free 6-aromatic amino group dfwas then acylated

. . 19 . . . -

libraries;” as the' ;tartmg matengl. This DF.DNB gpprqach by anhydride, sulfonyl chloride, isocyanate, or isothiocyanate

allowed us to efficiently synthesize 3-substituted indolin-2- . . . .

ones with a large variety of substituents at the 5- and to introduce the second diverse substituiénitypical com-
g pounds of5 were characterized by LC/MS , HRMS, ahd

6-positions. NMR (Table 1).

Results and Discussion To introduce further diversity at the 3-position of indolin-
2-ones, intermediaté (when R= H) was condensed with
aldehydes in the presence of an organic base (Scheme 1).
This reaction was carried out on aHP parallel synthesizer,
which allows simultaneous parallel heating and refluxing of

*To whom correspondence should be addressed. Phor@s-10- the r(_eactions. The c_ondensa}tion was generally finished
63167165. Fax:+86-10-63167165. E-mail: gangliu27@yahoo.com. overnight at 46°C to give the title compoun@.

N
H

1, DFDNB

An alternative approach to synthesize compo@rid to

The synthetic route to 3,5,6-substituted indolin-2-ones is
depicted in Scheme 1. The quantitative substitution of one
of the fluorine atoms of DFDNB by secondary amines or
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Scheme 1. Synthetic Route to 3,5,6-Substituted Indolin-2-ones
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Table 1. Molecular Formula, Molecular Weight, HPLC Purity and HRMS of Typical Compounds

RZ 5
HPLC HRMS (M + H')
Entry R R? R Purity Formula
(%) calcd found
5a d \— i H 95.36 Ci14H17N303 276.1348 | 276.1346
s .
5b /N B .[H 94.74 C19H19FN4O3 371.1519 | 371.1513
N—* N
O
(e]
Sc { W Q/ H 88.95 CotHpaN;OsS | 4451546 | 445.1553
\/OTN\—/N @‘\S/\ 21H24N4Os
[¢] \O
5d - o/ [H 74.79 CxiH2sFN,OsS | 463.1457 | 463.1449
\/o\er\—/N E <:> S\/\ 21F23FN4Os;
o o
5e d N i ~ "] 95.63 CigH2sN303 3321974 | 332.1981
/ .
5f . B ~~~~"99.80 Ca3H27FN4O5 4272145 | 427.2148
O -0y
(e]
59 d \ R >~~~—"99.95 Ca24H30N404 4392345 | 439.2348
/ o e
[¢]
5h d N— H -7 98.00 Co4HaFaN,0,S | 4931885 | 493.1883
O | O
FaC S
Si / o / H 98.88 C1sH20N204S 3611222 | 361.1224
\ N\
/_Q ° \s\<
(o]

The configurations of the 3,5,6-substituted indolin-2-ones proton at the C-4 position and the vinyl proton, whereas the
(6) may exist as either the maj@ror major E isomer or a E-configured compounds should show a NOE between the
mixture, depending on the aldehydes used. The isomers wergroton at the C-4 position and the proton(s) in the C-3
determined by NOE analysis after a proper separation. Thesubstitution of the 3,5,6-substituted indolin-2-ones (Table
Z-configured compounds should show a NOE between the 2).52 The ratio of isomers was obtained as indicated by LC/
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Table 2. Molecular Formula, Molecular Weight, and the Ratiozfo E Isomers of Typical Compounds

RS
o
HN N

P H
R 6
Entry R R? R® Formula HRMS (M + HY) The ratio
calcd found of Zto E*
6a . 0 J\ C1oH1oN303S | 370.1225 | 370.1228 | 95.5:4.5
N P /Q)
6b /N 0 J\ C19H20N403 353.1614 | 353.1624 | 100:0
N—* *
o\__/ )J\' @
6c o Ner 0 Ca3H21N304 404.1610 | 404.1615 | 0:100
o\_/N )l\* . /
O
6d d N 0 o~ C1gH23N303 330.1818 | 330.1822 [0.7:99.3
\_/ P
6e d \— )CJ’\ |\ C20H20N403 365.1614 | 365.1610 | 0:100
_/ * . N/
ef d - )?\ Q/\/ Ca3H2sN303 392.1974 [ 392.1970 | 7.4:92.6
/ .
6 . B, Ca4H22FNsO 432.1836 | 432.1836 |98.1:1.9
9 E:N_ F‘@N\H/ '@ 24M22FNsO2
e} H
6h CN_, FF : “\n/,, A CasHaoF3NsO, | 482.1804 |482.1801 | 99.8:0.2
F 0 H
6i . R B, CasHa1F3N,O2S | 499.1416 | 499.1417 | 95.6:4.4
CN_ F; ( j N\n/ *@ 25M21F3N4U2
F 0
6j C . O 7\ CasH24N40,S | 445.1698 | 445.1689 | 92.9:7.1
N Q/\Nk* ’Q
H
6k CN_* s)ok i ﬂ CigH17FsN,O, [ 391.1382 [ 391.1384 | 99.3:0.7
F . N
F H
6l N\ 0 7\ C19H22N40; 339.1821 [ 339.1817 [98.7:1.3
N— .
T o 7\ C1oH21N3O-S | 356.1433 | 356.1307° | 56.2:43.8
—/ )J\, * S
356.1311
6n TSyt i I\ Ca0H22N402 351.1821 | 351.1819 | 0:100
— . A
60 N— 0 o~ C1gH25N30, 316.2025 | 316.2028 | 13.2:86.8
- )J\*
6p T\ o J\ C20H24N40; 353.1978 | 353.1977 |[3.0:97.0
-/ )J\,, '/Cr)
6q T = r Q i /@ CaoH21F3N,O, | 407.1695 | 407.1698 | 0:100
— F%)]\‘ N
¢ |
6r 0, X C24H20N50S 436.2171 | 436.2168 | 0:100
\/\N—* /\/NY Jl\/j 24H20Ns
and s *ON
6s /\/\N\* /I?\ ] /@ Ca3H20N303 306.2287 |396.2286 | 0:100
\/\/ * O
ot /\’\N\. i* /Q Co3HaoN30.S | 412.2059 | 412.1981% | 33.6:66.4
~ 412.1986
* O\ ; . . .0:0.
6u oo N @_S/ ] /@ CasHa7NsOsS | 522.1811 | 522.1807 | 99.6:0.4
o o H
v Vojo],N\_/N_- . '@S ] /N\ CasH26FNsOsS | 540.1717 | 540.1716 | 94.2:5.8
o H

#The major isomer was isolated and characterized by NMR.

analysis2 The molecular weights o andE isomers.

The ratio tofE was determined by a high-resolution LC/MS/MS
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MS/MS analysis. Compounds containing an alkyl or aryl (typically 5.0 mmol) of 1,5-difluoro-2,4-dinitrobenzene and
substituent at the C-3 position of the 3,5,6-substituted indolin- 1.0 equiv ofN-diisopropylethylamine (DIPEA) in 50 mL of
2-ones existed as the majgisomer forms (Table 2, entries THF was added dropwise a solution of 1.0 equiv of
6d, 6f, and60). Compound analogues containing a pyrrole secondary amine in 50 mL of THF. The reaction mixture
substituent at the C-3 position existed as the mzjsomer was continuously stirred for an additidna h at room
forms (Table 2, entrie$b, 6g, 6h, 6k, 6l, 6u, and 6v). temperature. After the solvent was evaporated, water was
Replacement of the proton on the Ngbsition of the pyrrole added to precipitat@. The desired intermediatethen was
ring (Table 2, entrie$p and 6g) or changing the pyrrole  collected by filtration and washed thoroughly with water.
ring to a pyridine ring (Table 2, entrieBe, 6n, and 6r) Intermediate2 was not purified and used directly for the
afforded thekE isomer. 3-[(Substituted furanyl)methylidenyl]- next reaction. For a typical compound, 4-(5-fluoro-2,4-
indolin-2-ones appeared to favor teesomer forms (Table  dinitrophenyl)-morpholine, 1.30 g of yellow powder, was
2, entries6c and69). Indolin-2-ones having a 3-substituted obtained in 95.9% vyield, with an HPLC purity99%.

thienyl ring existed as eithetor E isomers (Table 2, entries Method 2. To a magnetically stirred solution of 1.0 equiv
64, 6i, 6], 6m, and6t). The ratio ofZ to E for each compound  (typically 5.0 mmol) of 1,5-difluoro-2,4-dinitrobenzene in
is shown in Table 2. 20 mL of acetone, 1.0 equiv of phenol and 2.0 equiv of

In summary, a practical and efficient new parallel method anhydrous KCO; were added. The reaction mixture was
has been developed for the synthesis of 3-substituted indolin-shaken mechanically at room temperature for more than 5 h
2-ones with a large variety of substituents at the 5- and until the total disappearance df monitored by HPLC
6-positions using 1,5-difluoro-2,4-dinitrobenzene. This 3,5,6- analysis. Undissolved excess®0; was filtered. The solvent
substituted indolin-2-one skeleton possesses three points ofvas evaporated. The residue was used directly for the next
diversification and, thus, affords new opportunities for reaction. Typical compound, 1-(4-ethylphenoxy)-5-fluoro-
identification and optimization of leads in drug discovery. 2,4-dinitrobenzene, was analyzed by HPLC at UV 254 nm

wavelength that indicated 92% in purity.
Experimental Section General Procedure for the Synthesis of Intermediate

All chemical reagents were purchased from Acros Organ- 3: T0 the mixture of 15 mmol of sodium hydride in 30 mL
ics (Geel, Belgium) and used without further purification. ©f THF was added dropwise a solution of 15 mmol of diethy!
Tetrahydrofuran (THF) was dried by molecular sieve and Malonate in 20 mL of THF. The reaction mixture was
redistilled from sodium before use. Acetone was treated with continuously stirred for an additioh h atroom tempera-
anhydrous KCOs. HPLC analysis or purification was ture. Compound? (10 mmol) then was added, and the

performed on a Gilson HPLC system equipped with a Gilson Mixture was strongly stirred for 30 min at room temperature.
UV/vis-152 detector, a Gilson 322 pump, and a Gilson 215 After the solvent was evaporated, water then was added. The

liquid hander. The employed column was a Kromasil C18 solution was carefully neut_ralizeq to pH-3 with 2.0 mol/L
column (4.6um, 4.6 mmx 50 mm) from Dikma for analysis HCI and then gxtracted twice with ethyl acetate (1(_)0 ml_.
or a Kromasil C18 column (5.0m, 10 mmx 250 mm) for 2). The combined organic layers were washed with brine,
purification. The eluent was a mixture of acetonitrile and dried over anhydrous sodium sulfate, and concentrated under
water containing 0.05% HCOOH with a linear gradient from vacuum to give crude, which was directly used for the
5:95 (v:v) acetonitrile-H;O to 95:5 (v:v) acetonitrile H,O next reaction. The representative compoGadas red solid
within 5 min & a 1 mL/min or 3 mL/min flow rate for ~ Was purified by silica gel column chromatograph_y eluting
analysis or purification, respectively. The UV detection was With ethyl acetate/petroleum ether and characterizetrby
carried out at UV wavelength of 254 nm. Automatic HPLC/ NMR.
MS analysis was performed on a ThermoFinnigan LCQ-  2-(5-Morpholin-4-yl-2,4-dinitrophenyl)-malonic  Acid
Advantage mass spectrometer equipped with an Agilent Diethyl Ester (3a). *H NMR (400 MHz, CDC}): 6 1.305
pump, an Agilent detector, an Agilent liquid handler, and a (t, 6H,J=7.2 Hz), 3.246 (t, 4H) = 4.8 Hz), 3.850 (t, 4H,
fluent splitter. The elution gradient, flow rate, and detection J = 4.8 Hz), 4.246-4.312 (m, 4H), 5.500 (s, 1H), 7.140 (s,
wavelength were the same as above. Five percent of thelH), 8.690 (s, 1H). MSrt/2: calcd, 411.1; found, 412. 0
eluent was split into the MS system. Mass spectra were [M + H]*.
recorded in either positive or negative ion mode using
electrospray ionization (ESI). High-resolution LC/MS was o/\ Q o/_
carried out by Agilent LC/MSD TOF using a column of K/NI:(&O\/
Agilent Zorbax SB-C18 (rapid resolution, 2130 mm, 3.5 %
um) at a flow of 0.40 mL/min. The solvent was MeOH/ O2N NO;
water, 75:25 (v:v), containing 5 mmol/L ammonium formate.
The ion source was electrospray ionization (ESI). AlNMR  General Procedure for the Synthesis of Intermediate
experiments were carried out on a Varian Mercury 300- or 4. To the solution of 30 mmol 08 in 50 mL of ethanol was
400-MHz NMR spectrometer using CD@r DMSOds as  added 15 equiv of 12 mol/L hydrochloric acid. Then tin
the solvent. Parallel synthesis was carried out on ah PI powder (5 equiv) was partially and slowly added under strong
Labortechnik GmbH parallel synthesizer. stirring. After the completion of the addition of the tin
General Procedure for the Synthesis of Intermediate powder, the reaction mixture was refluxed for an additional
2. Method 1.To a magnetically stirred solution of 1.0 equiv 5 h. The solvent was then evaporated. The solution was

compound 3a
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stirred vigorously and neutralized cautiously with 40% NaOH
until the mixture had a pH of7. The mixture was filtered.
The water layer was extracted with 100 mL of ethyl acetate
twice. The tin salts were washed thoroughly with ethyl
acetate twice. After combination of the extracted and washed
ethyl acetates, the organic solvent was washed with brine,

Yang and Liu

THF, 0.12 mmol of different acylating reagent (anhydride,
isocyanate, or isothiocyanate) was added. The reaction
mixture was stirred mechanically on antHP Labortechnik
GmbH parallel synthesizer at #4& for at least 12 h. The
solvent then was evaporated in vacuum.

Method 2. To a solution of 0.10 mmol of in 1.5 mL of

dried over anhydrous sodium sulfate, and evaporated underdry DCM, 0.1 mmol of pyridine and 0.12 mmol of sulfonyl

reduced pressure. The residue was purified on silica gel to
yield 4 being eluted by the ethyl acetate/petroleum ether
system and characterized By NMR.
6-Amino-5-morpholin-4-yl-1,3-dihydroindol-2-one (4a).
IH NMR (400 MHz, DMSO¢dg): 6 2.695 (t, 4H,J = 4.4
Hz), 3.261 (s, 2H), 3.710 (t, 4H,= 4.4 Hz), 4.868 (s, 2H),
6.241 (s,1H), 6.814 (s,1H), 10.018 (s,1H). HRMS calcd for
C1oH16N30, 234.1243, found 234.1249.

@

HoN

o}

H compound 4a
6-Amino-5-diethylamino-1,3-dihydroindol-2-one (4b).

IH NMR (300 MHz, DMSO¢g): ¢ 0.864 (t, 6H,J = 7.2

Hz), 2.780 (q, 4HJ = 7.2 Hz), 3.250 (s, 2H), 4.844 (brs,

2H), 6.202 (s,1H), 6.821 (s,1H), 10.024 (s, 1H). HRMS calcd

for Ci2H1gN30 220.1450, found 220.1249.

N

~N
o

H2N compound 4b

Compound

6-Amino-5-(4-ethylphenoxy)-1,3-dihydroindol-2-one (4c).
IH NMR (300 MHz, DMSO¢g): ¢ 1.129 (t, 3H,J = 7.5
Hz), 2.535 (q, 2HJ = 7.5 Hz), 3.263 (s, 2H), 4.867 (brs,
2H), 6.329 (s,1H), 6.657 (s,1H), 6.738.787 (m, 2H),
7.078-7.117 (m, 2H), 10.141 (s, 1H). HRMS calcd for
C16H17N,0, 269.1290, found 269.1298.

O

N
HoN N

o}
compound 4c¢

6-Amino-3-butyl-5-morpholin-4-yl-1,3-dihydroindol-2-
one (4d).H NMR (400 MHz, DMSO¢g): 6 0.823 (t, 3H,
J=7.0 Hz), 1.164-1.270 (m, 4H), 1.6361.788 (m, 2H),
2.652-2.743 (m, 4H), 3.191 (t, 1H) = 6.0 Hz), 3.675
3.714 (m, 4H), 4.862 (s, 2H), 6.223 (s,1H), 6.809 (s,1H),
9.952 (s,1H). HRMS calcd for fgH24N30, 290.1868, found
290.1872.

@

HaN

o}
H compound 4d

General Procedure for the Synthesis of Intermediate
5. Method 1.To a solution of 0.10 mmol o4 in 1.5 mL of

chloride were added. After the reaction mixture was stirred
at 60 °C for more than 5h, the solvent was evaporated in
vacuum.

The representative compourtss—5i were further purified
by silica gel column chromatography eluting with ethyl
acetate/petroleum ether.

Compound 5a:  N-(5-Morpholin-4-yl-2-oxo-2,3-
dihydro-1H-indol-6-yl)-acetamide. 'H NMR (300 MHz,
DMSO-dg): 6 2.126 (s, 3H), 2.721 (t, 4H,= 4.5 Hz), 3.404
(s, 2H), 3.773 (t, 4H) = 4.5 Hz), 7.132 (s, 1H), 7.693 (s,
1H), 8.925 (s, 1H), 10.260 (s, 1H).

o
N
H

0]

0)

A

compound 5a

Compound 5b: 1-(4-Fluorophenyl)-3-(5-morpholin-4-
yl-2-ox0-2,3-dihydro-1H-indol-6-yl)-urea. 'H NMR (300
MHz, DMSO-dg): 0 2.728 (t, 4H,J = 4.2 Hz), 3.390 (s,
2H), 3.820 (t, 4H,J = 4.2 Hz), 7.130 (m, 2H), 7.135 (s,
1H), 7.490 (m, 2H), 7.740 (s, 1H), 8.271 (s, 1H), 9.572 (s,
1H), 10.281 (s, 1H).

0
K/Nm
O
F
L
N0
H compound 5b

Compound 5c: 4-(6-Benzenesulfonylamino-2-oxo-2,3-
dihydro-1H-indol-5-yl)-piperazine-1-carboxylic Acid Eth-
yl Ester. *H NMR (300 MHz, DMSO¢g): 6 1.168 (t, 3H,
J= 7.2 Hz), 2.183-2.201 (m, 4H), 3.3433.358 (m, 6H),
4.023 (g, 2H,J = 7.2 Hz), 6.997 (s, 1H), 7.072 (s, 1H),
7.509-7.740 (m, 5H), 8.931 (s, 1H), 10.320 (s, 1H).

0]

/\OJ\N/\

N
s~ N
N
Oy

Compound 5d: 4-[6-(4-Fluorobenzenesulfonylamino)-2-
oxo0-2,3-dihydro-1H-indol-5-yl]-piperazine-1-carboxylic Acid
Ethyl Ester. 'H NMR (300 MHz, DMSO¢): ¢ 1.173 {(t,
3H, J = 6.9 Hz), 2.262 (br, 4H), 3.365 (br, 6H), 4.030 (q,
2H,J = 6.9 Hz), 6.965 (s, 1H), 7.094 (s, 1H), 7.378.434
(m, 2H), 7.769-7.816 (m, 2H), 9.029 (s, 1H), 10.314 (s,
1H).

compound 5¢
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Compound 5e: N-(3-Butyl-5-morpholin-4-yl-2-oxo-2,3-
dihydro-1H-indol-6-yl)-acetamide. *H NMR (400 MHz,
DMSO-dg): ¢ 0.818 (t, 3H,J = 7.0 Hz), 1.156-1.269 (m,
4H), 1.715-1.842 (m, 2H), 2.116 (s, 3H), 2.726 (t, 4Bi=
4.4 Hz), 3.340 (t, 1HJ = 5.8 Hz), 3.766 (t, 4HJ = 4.4
Hz), 7.138 (s, 1H), 7.678 (s, 1H), 8.906 (s, 1H), 10.199 (s,
1H).

compound 5d

i@

N
HN N

o compound 5e

Compound 5f: 1-(3-Butyl-5-morpholin-4-yl-2-oxo0-2,3-
dihydro-1H-indol-6-yl)-3-(4-fluorophenyl)-urea. '"H NMR
(300 MHz, DMSO¢dg): 6 0.841 (t, 3HJ = 6.75 Hz), 1.152
1.253 (m, 4H), 1.7341.881 (m, 2H), 2.745 (br, 4H), 3.357
(br, 1H), 3.825 (br, 4H), 7.1087.167 (m, 2H), 7.137 (s,
1H), 7.4706-7.516 (m, 2H), 7.773 (s, 1H), 8.271 (s, 1H),
9.579 (s, 1H), 10.236 (s, 1H).

@

compound 5f

Compound 5¢g: 1-(3-Butyl-5-morpholin-4-yl-2-ox0-2,3-
dihydro-1H-indol-6-yl)-3-(4-methoxyphenyl)-urea.!H NMR
(300 MHz, DMSO#g): 6 0.839 (t, 3HJ = 6.75 Hz), 1.15%
1.250 (m, 4H), 1.7061.875 (m, 2H), 2.728 (br, 4H), 3.349
(br, 1H), 3.726 (s, 3H), 3.795 (br, 4H), 6.876.906 (m,
2H), 7.132 (s, 1H), 7.3657.394 (m, 2H), 7.756 (s, 1H),
8.219 (s, 1H), 9.323 (s, 1H), 10.220 (s, 1H).

o)
LN
HN N

Rt

N0
H compound 5g

Compound 5h: 1-(3-Butyl-5-morpholin-4-yl-2-oxo-2,3-
dihydro-1H-indol-6-yl)-3-(3-trifluoromethylphenyl)-thio-
urea. 'H NMR (300 MHz, DMSO¢dg): 6 0.847 (t, 3H,J =
6.9 Hz), 1.243-1.376 (m, 4H), 1.7381.899 (m, 2H),
2.729-2.758 (m, 4H), 3.382 (t, 1H) = 5.7 Hz), 3.626-
3.653 (m, 4H), 7.131 (s, 1H), 7.567.827 (m, 4H), 8.024
(s, 1H), 9.374 (s, 1H), 10.280 (s, 1H), 10.411 (s, 1H).
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@

compound 5h

Compound 5i: N-(5-(4-ethylphenoxy)-2-oxoindolin-6-
yl)ethanesulfonamide.!H NMR (300 MHz, DMSO#g): 6
1.130 (t, 3H,J = 7.2 Hz), 1.149 (t, 3HJ = 7.5 Hz), 2.559
(g, 2H,J = 7.5 Hz), 2.998 (g, 2HJ = 7.2 Hz), 3.395 (s,
2H), 6.788 (s, 1H), 6.8486.877 (m, 2H), 6.931 (s, 1H),
7.159-7.188 (m, 2H), 9.252 (s, 1H), 10.323 (s, 1H).

(@)
S0
N
HN y

S0 compound 5i

General Procedure for the Synthesis of compound 6.
To a solution of 0.10 mmol 0% (when R= H) in 2.0 mL
of ethanol, 1.2 equiv of aldehyde and 0.2 equiv of piperidine
were added. The reaction mixture was stirred mechanically
on an H+ P Labortechnik GmbH parallel synthesizer at 46
°C overnight. The solvent then was evaporated in vacuum,
and the residue was purified on silica gel to afford products
6 in over 80% yield. The or E isomer was separated by an
HPLC system under detection of UV 254 nm wavelength.
The configuration ofZ or E was determined by NOE
experiment. The ratio o and E was analyzed by HPLC/
MS analysis.

Compound 6a: Z)-N-(5-Morpholin-4-yl-2-oxo-3-thio-
phen-2-ylmethylene-2,3-dihydro-H-indol-6-yl)-acet-
amide. *H NMR (400 MHz, DMSO«g): 6 2.148 (s, 3H),
2.801 (t, 4H,J = 4.4 Hz), 3.803 (t, 4H) = 4.4 Hz), 7.220
(dd, 1H,J= 3.6, 5.2 Hz), 7.677 (s, 1H), 7.761 (s, 1H), 7.831
(d, 1H,J = 5.2 Hz), 7.891 (d, 1HJ = 3.6 Hz), 8.038 (s,
1H), 9.009 (s, 1H), 10.460 (s, 1H).

compound 6a

Compound 6b: (Z)-N-[5-Morpholin-4-yl-2-ox0-3-(1H-
pyrrol-2-ylmethylene)-2,3-dihydro-1H-indol-6-yl]-acet-
amide. *H NMR (400 MHz, DMSO¢l): 6 2.140 (s, 3H),
2.797 (t, 4HJ = 4.4 Hz), 3.799 (t, 4H) = 4.4 Hz), 6.325
6.334 (m, 1H), 6.7486.757 (m, 1H), 7.3067.309 (m, 1H),
7.611 (s, 1H), 7.701 (s, 1H), 7.776 (s, 1H), 8.976 (s, 1H),
10.751 (s, 1H), 13.238 (s, 1H).

0 7\
Qj@(i(”j
o)
HN N
/go

compound 6b
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Compound 6¢: (E)-N-(3-Benzofuran-2-ylmethylene- Compound 6g (2)-1-(4-Fluorophenyl)-3-[2-0x0-5-
5-morpholin-4-yl-2-o0x0-2,3-dihydro-1H-indol-6-yl)- pyrrolidin-1-yI-3-(1 H-pyrrol-2-ylmethylene)-2,3-dihydro-
acetamide.'H NMR (400 MHz, DMSO¢d): 6 2.188 (s, 1H-indol-6-yl]-urea. *H NMR (300 MHz, DMSO¢): o
3H), 2.889 (t, 4HJ = 4.4 Hz), 3.874 (t, 4H]) = 4.4 Hz), 1.958 (br, 4H), 2.990 (br, 4H), 6.364.315 (m, 1H), 6.7%
7.352 (s, 1H), 7.376 (d, 1H,= 7.6 Hz), 7.535 (t, 1HJ = 6.72 (m, 1H), 7.0887.147 (m, 2H), 7.281 (br, 1H), 7.495
7.6 Hz), 7.602 (s, 1H), 7.661 (d, 1d= 8.4 Hz), 7.779 (d, 7.506 (m, 2H), 7.568 (s, 1H), 7.622 (s, 1H), 7.767 (s, 1H),
1H,J=7.6 Hz), 7.848 (s, 1H), 8.435 (s, 1H), 9.074 (s, 1H), 8.324 (s,1H), 9.548 (s, 1H), 10.722 (s,1H), 13.235 (s,1H).

10.532 (s, 1H).
O AL
N | N
H

F
(0]
(o]
IO RON
H H

K/N H compound 6g
Compound 6h: (2)-1-[2-Oxo-5-pyrrolidin-1-yl-3-(1H-
compound 6¢ pyrrol-2-ylmethylene)-2,3-dihydro-1H-indol-6-yl]-3-(4-tri-
fluoromethylphenyl)-urea. 'H NMR (300 MHz, DMSO-
Compound 6d: (E)-N-(3-Butylidene-5-morpholin-4-yl- ds): 0 1.968 (br, 4H), 3.004 (br, 4H), 6.36®.328 (m, 1H),

2-0x0-2,3-dihydro-H-indol-6-yl)-acetamide.*H NMR (300 6.719-6.731 (m, 1H), 7.289 (br, 1H), 7.588.722 (m, 6H),
MHz, DMSO-dg): 6 0.979 (t, 3HJ = 7.5 Hz), 1.566-1.633 7.773 (s, 1H), 8.467 (s, 1H), 9.929 (s, 1H), 10.744 (s, 1H),
(m, 2H), 2.145 (s, 3H), 2.5642.638 (m, 2H), 2.774 (br,  13.239 (s, 1H).

4H), 3.787 (br, 4H), 6.650 (t, 1H] = 7.8 Hz), 7.376 (s,

1H), 7.778 (s, 1H), 9.019 (s, 1H), 10.322 (s, 1H). F O H 7\
F N /N
F 1 0
o) H N” N N
(N / H H compound 6h
o]
HN N Compound 6i: (2)-1-(2-Oxo-5-pyrrolidin-1-yl-3-thio-
o compound 6d phen-2-ylmethylene-2,3-dihydro-H-indol-6-yl)-3-(4-tri-

fluoromethylphenyl)-urea. *H NMR (300 MHz, DMSO-

Compound 6e:  E)-N-(5-Morpholin-4-yl-2-0x0-3- ds): ¢ 1.982 (br, 4H), 3.005 (br, 4H), 7.289 (br, 1H), 7.632
pyrld|n—2-yImethylene-2,3-d|hydro-1H-|ndo|-6—yl)— 7.733 (m, 6H), 7.853 (S, 1H), 7. 945.961 (m, 1H), 8.080
acetamide.’H NMR (300 MHz, DMSOdy): 6 2.171 (s, (S 1H), 8.579 (s, 1H), 10.030 (s, 1H), 10.481 (s, 1H).
3H), 2.774-2.804 (m, 4H), 3.8043.834 (m, 4H), 7.427 (s,
1H), 7.436-7.447 (m, 1H), 7.819 (s, 1H), 7.853.847 (m,
1H), 7.91%-7.968 (m, 1H), 8.88%8.900 (m, 1H), 9.059 (s,
1H), 9.115 (s, 1H), 10.498 (s, 1H).

compound 6i

o) SN H Compound 6j: (Z)-1-Benzyl-3-(2-oxo-5-pyrrolidin-1-
K/N / yl-3-thiophen-2-ylmethylene-2,3-dihydro-H-indol-6-yl)-
N 0 urea. *H NMR (300 MHz, DMSO¢dg): 6 1.923 (br, 4H),
HN H 2.936 (br, 4H), 4.306 (d, 2H} = 5.4 Hz), 7.2577.348 (m,
o compound 6e 6H), 7.576 (s, 1H), 7. 6967.771 (m, 2H), 7.866 (s, 1H),
7.922 (d, 1H,J = 5.1 Hz), 8.025 (s, 1H), 8.238 (s, 1H),
Compound 6f:  (E)-N-[5-Morpholin-4-yl-2-oxo-3- 10.412 (s, 1H).
(3-phenylpropylidene)-2,3-dihydro-1H-indol-6-yl]-
acetamide.'H NMR (300 MHz, DMSO¢g): ¢ 2.152 (s,
3H), 2.908-2.977 (m, 4H), 2.769 (t, 4H] = 3.9 Hz), 3.798
(t, 4H,J = 4.2 Hz), 6.660 (t, 1H,J = 6.75 Hz), 7.164 j\
7.351 (m, 5H), 7.467 (s,1H), 7.766 (s, 1H), 9.016 (s,1H), gﬁ N
10.319 (s,1H).

compound 6j

Compound  6k: (2)-2,2,2-Trifluoro- N-[2-0x0-5-
pyrrolidin-1-yI-3-(1 H-pyrrol-2-ylmethylene)-2,3-dihydro-
1H-indol-6-yl]-acetamide. *H NMR (300 MHz, DMSO-
de): 0 1.862-1.904 (m, 4H), 3.0733.115 (m, 4H), 6.334
6.362 (m, 1H), 6.7926.815 (m, 1H), 7.014 (s, 1H), 7.333
7.354 (m, 1H), 7.467 (s, 1H), 7.804 (s, 1H), 10.614 (s, 1H),

compound 6f 10.741 (s, 1H), 13.315 (s, 1H).
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et
S
F
F compound 6k
Compound 6l (2)-N-[5-Diethylamino-2-0x0-3-

(1H-pyrrol-2-ylmethylene)-2,3-dihydro-1H-indol-6-yl]-
acetamide.'H NMR (300 MHz, DMSOsdg): 6 0.885 (t, 6H,

J = 7.05 Hz), 2.125 (s, 3H), 2.915 (q, 4Hd,= 7.05 Hz),
6.321 (q, 1HJ = 2.1, 3.6 Hz), 6.741 (t, 1H) = 1.5 Hz),
7.300 (br, 1H), 7.623 (s, 1H), 7.664 (s, 1H), 7.911 (s, 1H),
9.157 (s, 1H), 10.782 (s, 1H), 13.228 (s, 1H).

NS
SN [N
o}
HN N
o compound 6l
Compound 6m-1:  (E)-N-(5-Diethylamino-2-oxo-

3-thiophen-2-ylmethylene-2,3-dihydro-H-indol-6-yl)-
acetamide.'H NMR (300 MHz, DMSOsdg): 6 0.892 (t, 6H,

J = 7.2 Hz), 2.132 (s, 3H), 2.919 (q, 4H, = 7.2 Hz),
7.187-7.217 (m, 1H), 7.677 (s, 1H), 7.8327.829 (m, 1H),
7.883-7.900 (m, 2H), 8.000 (s, 1H), 9.190 (s, 1H), 10.485
(s, 1H).

7
j
N
\/N /
O
HN N
0o compound 6m-1

Compound 6m-2: (Z)-N-(5-Diethylamino-2-oxo-3-
thiophen-2-ylmethylene-2,3-dihydro-H-indol-6-yl)-
acetamide.'H NMR (300 MHz, DMSO¢g): 6 0.922 (t, 6H,

J = 7.2 Hz), 2.158 (s, 3H), 2.923 (q, 4H, = 7.2 Hz),
7.278-7.307 (m, 1H), 7.673 (s, 1H), 7.739.750 (m, 1H),
7.955 (s, 1H), 7.974 (br, 1H), 8.081 (s, 1H), 9.210 (s, 1H),
10.525 (s, 1H).

compound 6m-2

6n:
3-pyridin-2-ylmethylene-2,3-dihydro-1H-indol-6-yl)-
acetamide.'H NMR (300 MHz, DMSO¢g): 6 0.913 (t, 6H,
J = 7.05 Hz), 2.156 (s, 3H), 2.910 (q, 4Hd,= 7.05 Hz),
7.413 (s, 1H), 7.4327.454 (m, 1H), 7.824 (d, 1H} = 8.1
Hz), 7.912 (s, 1H), 7.9047.958 (m, 1H), 8.828 (d, 1H, =
4.2 Hz), 9.109 (s, 1H), 9.239 (s, 1H), 10.510 (s, 1H).

Compound (E)-N-(5-Diethylamino-2-oxo-
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o compound 6n

Compound 60: (E)-N-(3-Butylidene-5-diethylamino-2-
oxo0-2,3-dihydro-1H—indol-6-yl)-acetamide.*H NMR (300
MHz, DMSO-dg): 6 0.878 (t, 6H,J = 6.9 Hz), 0.959 (t,
3H, J = 7.35 Hz), 1.5481.620 (m, 2H), 2.130 (s, 3H),
2.524-2.598 (m, 2H), 2.888 (q, 4Hl = 6.9 Hz), 6.644 (t,
1H,J=7.6 Hz), 7.359 (s, 1H), 7.893 (s, 1H), 9.183 (s, 1H),
10.343 (s, 1H).

N H
~N /
O
N
HN N
S compound 60

Compound 6p: (E)-N-[5-Diethylamino-3-(1-methyl-1H-
pyrrol-2-ylmethylene)-2-oxo-2,3-dihydro-H-indol-6-yl]-
acetamide.*H NMR (300 MHz, DMSO¢): ¢ 0.889 (t, 6H,
J=6.9 Hz), 2.139 (s, 3H), 2.840 (q, 48 = 6.9 Hz), 3.748
(s, 3H), 6.295-6.316 (m, 1H), 6.8626.870 (m, 1H), 7.140
(br, 1H), 7.310 (s, 1H), 7.820 (s, 1H), 7.916 (s, 1H), 9.164
(s, 1H), 10.400 (s, 1H).

]
N
/ H
A A
o
HN N
o compound 6p

Compound 6q: (E)-N-[5-Diethylamino-3-(1-methyl-1H-
pyrrol-2-ylmethylene)-2- oxo-2,3-dihydro-1H-indol-6-yl]-
2,2,2-trifluoroacetamide.*H NMR (300 MHz, DMSO¢l):

0 0.893 (t, 6H,J = 7.05 Hz), 2.877 (q, 4HJ) = 7.05 Hz),
3.771 (s, 3H), 6.3266.347 (m, 1H), 6.9316.941 (m, 1H),
7.186-7.192 (m, 1H), 7.428 (s, 1H), 7.727 (s, 1H), 7.932
(s, 1H), 10.300 (s, 1H), 10.572 (s, 1H).
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o
F compound 6q

Compound 6r: (E)-1-Allyl-3-(5-dipropylamino-2-oxo-
3-pyridin-2-ylmethylene-2,3-dihydro-1H-indol-6-yl)-thio-
urea. *H NMR (300 MHz, DMSO¢g): 6 0.791 (t, 6H,J =
7.5 Hz), 1.3171.392 (m, 4H), 2.804 (t, 4H] = 7.8 Hz),
4.151 (br, 2H), 5.1225.248 (m, 2H), 5.8395.948 (m, 1H),
7.401 (s, 1H), 7.4167.461 (m, 1H), 7.81%17.837 (m, 1H),
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7.901-7.958 (m, 1H), 8.241 (s, 1H), 8.8+B.830 (m, 1H),
8.994 (br, 1H), 9.085 (s, 1H), 9.343 (s, 1H), 10.509 (s, 1H).

L
N H
Y /
b (0]
\/\NJ\N N
H H H compound 6r

Compound 6s: E)-N-(5-Dibutylamino-3-furan-2-yl-
methylene-2-oxo-2,3-dihydro-H-indol-6-yl)-acetamide.*H
NMR (300 MHz, DMSO¢g): 6 0.825 (t, 6H,J = 7.05 Hz),
1.237-1.333 (m, 8H), 2.133 (s, 3H), 2.852 (t, 4Bl= 6.75
Hz), 6.7716.788 (m, 1H), 7.173 (s, 1H), 7.184.191 (m,
1H), 7.905 (s, 1H), 8.1388.143 (m, 1H), 8.262 (s, 1H),
9.162 (s, 1H), 10.466 (s, 1H).

7
\ ]
e}
\/¥N H
o
HN N
A, "

compound 6s

Compound 6t-1: (Z)-N-(5-(Dibutylamino)-2-oxo-3-
(thiophen-2-ylmethylene)indolin-6-yl)-acetamidetH NMR
(300 MHz, DMSO#g): 6 0.828 (t, 6HJ = 6.6 Hz), 1.256-
1.279 (m, 8H), 2.116 (s, 3H), 2.822.843 (m, 4H), 7.188
7.218 (m, 1H), 7.714 (s, 1H), 7.81#.832 (m, 1H), 7.878
7.892 (m, 2H), 8.004 (s, 1H), 9.154 (s, 1H), 10.490 (s, 1H).

compound 6t-1

Compound 6t-2: (E)-N-(5-(Dibutylamino)-2-oxo-3-
(thiophen-2-ylmethylene)indolin-6-yl)-acetamideH NMR
(300 MHz, DMSO¢s): 6 0.820 (t, 6HJ = 6.6 Hz), 1.256-
1.289 (m, 8H), 2.138 (s, 3H), 2.842 (t, 48,= 6.9 Hz),
7.273-7.302 (m, 1H), 7.673 (s, 1H), 7.737.749 (m, 1H),
7.940 (s, 1H), 7.9657.981 (m, 1H), 8.104 (s, 1H), 9.144
(s, 1H), 10.532 (s, 1H).
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Compound 6u: (Z2)-4-[6-Benzenesulfonylamino-2-oxo-
3-(1H-pyrrol-2-ylmethylene)-2,3-dihydro-1H-indol-5-yI]-
piperazine-1-carboxylic Acid Ethyl Ester. *H NMR (300
MHz, DMSO-dg): ¢ 1.185 (t, 3H,J = 7.05 Hz), 2.264 (br,
4H), 3.401 (br, 4H), 4.045 (q, 2H] = 7.05 Hz), 6.312
6.340 (m, 1H), 6.7066.713 (m, 1H), 7.057 (s, 1H), 7.321

compound 6t-2

Yang and Liu

(br, 1H), 7.509-7.749 (m, 7H), 8.993 (s, 1H), 10.832 (s,
1H), 13.188 (s, 1H).

o)
/\O)J\N/\ H 74 \
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0, 0

S~ N
N
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Compound 6v:  (2)-Ethyl-4-(3-((1H-pyrrol-2-yl)-
methylene)-6-(4-fluorophenylsulfonamido)-2-oxoindolin-
5-yl)piperazine-1-carboxylate.!H NMR (300 MHz, DMSO-
dg): 0 1.188 (t, 3H,J = 7.2 Hz), 2.328 (br, 4H), 3.424 (br,
4H), 4.049 (g, 2H,J = 7.2 Hz), 6.3146.342 (m, 1H),
6.712-6.724 (m, 1H), 7.025 (s, 1H), 7.325 (br, 1H), 7.370
7.429 (m, 2H), 7.618 (s, 1H), 7.687 (s, 1H), 7.780827
(m, 2H), 9.079 (s, 1H), 10.827 (s, 1H), 13.180 (s, 1H).

compound 6u

(o]
/\O)J\N/ﬁ H 74 \
LN /N
0, 0
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compound 6v
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