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An efficient whole cell-mediated bioreduction oh&thylene-2oxindoles has been develog
affording a range of 3-monosubstituted oxindolesmioderate to good yields (482%) witt
Pseudomonas monteilii ZMU-T17 as biocatalyst. AdditionallA possible reaction pathway
this bioreduction of C=C double bond was proposed.

2009 Elsevier Ltd. All rights reserved

1. Introduction

The oxindole core is represented in a wide vargdtyatural
products and related compounds of biological andliciel

advantage$® Among them, bioreduction of C=C double bonds
utilizing either whole-cell suspensions or isolagerymes has

been broadly applied in the manufacture of natpralducts,

importancé-? In recent years, 3,3-disubstituted oxindoles andPharmaceuticals, fine chemicals &t comparison with whole

spirocyclic oxindoles have emerged as attractivetstic target
owing to their potential applications in mediciriemistry’ To
the best of our knowledge, 3-monosubstituted oXmdhas been
served as one of the easily accessible precursors,3-
disubstituted oxindoles and spirocyclic oxindolés &l kinds of

cell-mediated biotransformations that are oftenoagganied by
some competing side reactions, isolated enzymed) ag the
OYE (old vyellow enzyme) family of
(EC1.6.99.1), need expensive coenzymes to carrigd tloe

reduction of C=C double bond%!* Therefore, it is valuable to

approache$. Thus, numerous different methodologies for theexcavate a microorganism with high chemoselectivitythe

synthesis of 3-monosubstituted oxindole scaffoldseh been
explored due to the potential applications in ofgaynthesis:®

Notablely, the reduction of the C=C double bon@-ahethylene-
2-oxindoles was a straightforward approach to 3-ssabstituted

oxindoles® For example, Shi reported the chemoselectiv

reduction of isatin-derived electron-deficient alks using
alkylphosphanes as reduction reagents [Scheme)]’® (a this
process, water was the proton source and the pomdsg
reduction products were obtained in good to exneleelds (16—
99% vyield). However, most of these strategies aiogsto 3-
monosubstituted oxindoles were proceeded througtmidal
approaches. Despite with easy operating processesmical
approachs need some toxic reagents and producetipod to
environment. Accordingly, development of more “eoaiment-
friendly” methods under mild reaction conditions 8-
monosubstituted oxindoles for both laboratory andustrial
applications is still desirable and valuable.

Biocatalytic processes have been intensely studiet have
become a useful and ecologically sustainable maturag
techniques in organic synthesis due to their mieltip

reduction of C=C double bonds.

In this context, as a continuation of our studias the

biocatalysis;? we found that 3-ylideneoxindoles could be chosen

as a suitable substrate for tRseudomonas monteilii ZMU-T17

€nediated bioreduction of C=C double bonds, and &e

ylideneoxindoles could be fully consumed as well the
corresponding 3-monosubstituted oxindoles were idth in
good isolated yields [Scheme 1, (b)]. Importanithythis process,
there was no side reaction, such as hydrolysis @&fster. Herein,
we wish to report the results of our endeavorshimgubject.
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Scheme 1Synthesis of 3-monosubstituted oxindoles via rédogrocesses.
2. Results and discussion

Initially, the bioreduction of E)-ethyl 2-(2-oxoindolin-3-
ylidene)acetate1@) was tried by usind®. monteilii ZMU-T17
(30 g cdw/L) prepared via cell growth and cultieatifor the
screening of reaction temperature. As shown in &ahl the
reactivities significantly depend on reaction tenapare (entries
1-4), and 30 °C was the best choice for this t@nstion, in
which 2a was obtained in 74% vyield (entry 2) (the X-ray
structure of2a was shown in Figure 1. Then, the cell density
was examined, and either decreasing or increasiagdensity
deteriorated the reaction efficiency to some extentries 5-8).
However, there was no increasing in yield with eased cell
density for the increased substrate concentratiemiry 9).
Furthermore, different pH values were also surveffeable 1,
entries 10-13), it revealed that alkaline environmevas
favourable for the reaction, and the desired prbda was
obtained in 81% vyield at pH 9.0. (Table 1, entry).13
Surprisingly, reducing the substrate concentraftiom 6.0 to 2.0
mM led to2ain an improved vyield (99%) (Table 1, entry 14).
However, there was no improvement in the reactieniopmance
by raising the concentration of the reaction (Tablentries 16—
17). Afterwards, a survey of co-solvents indicatkdt MeOH,
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# Unless otherwise noted, all reactions (5.0 mL)emeerformed in different
pH values (50.0 mM N&IPQ/KH.PQ,) containingla, P. monteilii ZMU-
T17 (x g cdw/L) and EtOH (0.1 mL) at stated tempeeand 250 rpm for 24
h.

® Determined by HPLC analysis of the crude reactixture usingp-xylene
as internal standard.

¢ 30 Parallel experiments were proceed for collgctiroducts.

d|solated yield in the parentheses.
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Figure 2. The effects of co-solvents (2%, v/v) on yield. Thield wa{
determined by HPLC analysis of the crude reactiotture usingp-xylene ag
internal standard.

With the optimized conditions in hand, (Table 1tred?2), the
generality of this whole cell-mediated reactionswabsequently
investigated. As illustrated in Table 2, all suatts could be

'PrOH, THF, acetone, MeCN, PhMe, DMF, and DMSO werecompletely converted (>99% conv.) and the corredpmn 3-

inferior to EtOH for the bioreduction (Figure 2).

Table 1
Optimization of Reaction Conditiohs

EtO,C EtO,C
Y Pseudomonas monteilii
ZMU-T17 (x g cdw/L)

N0 EON @ m T 2 N0
1a 2a
ey Teo) Gy gy Sweeone Ve
1 20 30 7 6 65
2 30 30 7 6 74
3 35 30 7 6 70
4 40 30 7 6 16
5 30 10 7 6 14
6 30 20 7 6 49
7 30 40 7 6 73
8 30 50 7 6 68
9 30 50 7 8 65
10 30 30 5 6 18
11 30 30 6 6 27
12 30 30 8 6 78
13 30 30 9 6 81
14 30 30 9 2 99(66})
15 30 30 9 4 80
16 30 30 9 8 73
17 30 30 9 10 36

monosubstituted oxindoles were obtained in modetatgood
yields (41-82%). For the substrate 3-ylideneoxiedobearing
electron-rich substitutes at the C5 position, tleresponding
reductive productb and2c were obtained in good yields (52—
62%) (Table 2, entries 2 and 3), whereas the eeaeficient
groups led to a slightly lower yields (43-55%) (TeaB, entries
4-6). Therefore, the electronic nature of R at @t position
have a dramatic effect on the yield. Whether stiuwsti group is
an electron—donating or —withdrawing at the C7 tpasi the
reactions proceeded smoothly and gave the corrdsppn
products2g-2j in good yields (52—-82%) (Table 2, entries 7-10).
Compoundlk and1l were also good substrates for this reaction,
the desired product®k and 2l were obtained in 64 and 60%
yields, respectively (Table 2, entries 11 and I2). the other
hand, upon protecting th§1 with a methyl-group or acetyl-
group, the corresponding bioreduction also provitiedexpected
products with 62% yield foPm and 41% yield fo2n (entries 13
and 14). These data suggest that the substitueotipgr
incorporated inN1 of 3-ylideneoxindoles have a dramatic effect
on the yield. To our delight, the method was corilppatwith 3-
ylideneoxindoles with sterically bulky-propyl ester ont-butyl
ester group, affording the corresponding prod2mtand 2p in
78% and 65% yields, respectively (entries 15 and. 16
Unfortunately, when we further expanded the sutestsaope to
3-(2-oxo-2-phenylethylidene)indolin-2-one 1q), the
corresponding products were not obtained (Tabénfty 17).

Table 2
Substrate scope



R%0C R30C
4 Pseud teilii 4
Al S N AT g S R
A PBS buffer (4.9 mL, pH = 9.0) A
N0 ! N"So
. R EtOH (0.1 mL), 30 °C, 24 h ) R
Entry  Substrate Product Conv. Yield(%)°
(%)
EtO,C EtO,C
R Vi R
N0 N"0
H H
1 la R=H 2a >99 66
2 1b, R = Me 2b >99 52
3 1c, R = OMe 2c >99 62
4 1d,R=F 2d >99 54
5 le R=CI 2e >99 45
6 1f, R = OCR 2f >99 43
EtO,C EtO,C
7
N0 Nie)
rR M rR M
1g, R = OMe 29 >99 67
1h,R=F 2h >99 82
1i,R=ClI 2i >99 64
10 1j,R=Ckr 2j >99 52
EtO,C EtO,C
11 : /j : j >99 64
cl Now ¢ N0 2k
cl EtO.C cl EtO.C
Vi
12 >99 60
N0 N0
4 H 11 4 H 21
EtO.C Et0,C
N0 N"To
R R
13 im, R = Me 2m >99 62
14 1n, R=Ac 2n >99 41
ROC ROC
N0 N” 0
H H
15 1c, R = OMe 2c >99 61
16 1p, R = OPr 2p >99 78
17 1q, R = OBu 2q >99 65
18 ir,R=Ph 2r, NR - -
R R
: /j\CN i j\CN
N0 N0
H
19 1s, R = CQEt 25 (57:43 drj >99 57

20 1t, R=CN 2t, NR? -} :

¢ Isolated yields.
4NR = No reaction.
© The diastereoselectivity was determined by'H&IMR of compoun®s.

Table 3
Bioreduction of E)-ethyl 2-(2-oxoindolin-3-ylidene)acetate with sbole cell-
free extracts oPseudomonas monteilii ZMU-T17

EtO,C EtO,C
7 cell-free extracts
NS0 /—\ NS0
H H
1a NAD(P)H NAD(P)* 2a
Entry Coenzyme Coenzyme conc. (mM) Yield (%)°
r - - 19
2 NADPH 2 44
3 NADH 2 94

? The reactions (5.0 mL) were performed in buffer0.(6 mM
NaHPQOy/KH,PQ,, pH = 9.0) containind (1.0 x 1 mmol, 2.0 mM ),P.
monteilii ZMU-T17 (30 g cdw/L) and EtOH (0.1 mL) at 30 °Cda®50 rpm
for 24 h, 30 parallel experiments were proceed@dlecting products.

® Conversion (Conv.) was determined by HPLC analystie crude reaction
mixture usingp-xylene as internal standard.

# Unless otherwise noted, all reactions (5.0 mL)ewperformed in buffer
(50.0 mM NaHPOyKH,PQO,, pH = 9.0) containind.a (5.0 x 10° mmol, 1.0

mM ), cell density (60 g cdw/L), coenzyme (2.0 mihd EtOH (0.1 mL) at
30 °C and 250 rpm for 24 h.

® Determined by HPLC analysis of the crude reactixture usingp-xylene

as internal standard.

¢ The reaction was carried out in the absence aizyoee.

To explore some information on the enzymd geudomonas
monteilii ZMU-T17 that is responsible for the bioreductidrthe
C=C double bond, bioreduction with cell-free extsaof strain
ZMU-T17 was studied. As shown in Table 3, bioredhrctiof 1a
and the NADH with the soluble cell-free extractwvgdhe best
result (94% yield). In comparison, bioreduction laf with the
soluble cell-free extracts without coenzymes gawdy dl9%
yield. These results indicated tHgeudomonas monteilii ZMU-
T17 may contain a soluble NADPH- or NADH-dependent
alcohol dehydrogenases for the reduction of the Glo@Qble
bond. Obviously, NADH is the more preferred cofactban
NADPH.

EtO,C CO,Et CO,Et
/ Pseudomonas monteilii
ZMU-T17 (30 g cdwiL)

D o H o
H o, Ho @
N-So D20-PBS buffer (4.9 mL, pH = 9.0) NSo N So

l\llle EtOH (0.1 mL), 30 °C, 24 h I\Ille I\Ille
im 2m-D1 2m
2m-D1:2m=0.82:1

EtO,C CO,Et

Y Pseudomonas monteilii D, H D D
ZMU-T17 (30 g cdwil) 3 W o)
D,0-PBS buffer (4.9 mL, pH = 9.0) *
N0 % EiOH-d (0.1 mL), 30 °C, 24 h N0 N0
Me Me Me
1m 2m-D1 2m-D2

2m-D1:2m-D2=0.82:1

Scheme 2Deuterium labeling experiments.

In order to understand the hydride source for this
bioreduction, two isotopic labeling experiments evearried out
as shown in Scheme 2. Performing the reaction i®-PBS
buffer (pH = 9.0) under the standard reaction cooms, 2m-D1
and2m were obtained in a 0.82:1 ratio [Scheme 2, ed“(aJhe
reaction was carried out in,0-PBS buffer using EtOHg as the
co-solvent, delivering2m-D1 and 2m-D2 in a 0.82:1 ratio
[Scheme 2, eq (bY]. Accordingly, it is possible that ethanol is
the proton source for this reduction.
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Figure 3. The absorbance of NADH at 340 nm.

Furthermore, it's revealed that there were
dehydrogenases ifP. monteilii ZMU-T17. Analysis of the
alcohol dehydrogenase activity Bf monteilii ZMU-T17 were
carried out as following: 5 mL cell-free extracBsmM NAD"
and 100 pL alcohol were added into a 10 mL flaslorie control
experiment, 5 mL PBS, 2 mM NADand 100 pL ethanol were
added into a 10 mL flask. In another control experit, 5 mL
cell-free extracts and 2 mM NADvere added into a 10 mL flask
in the absence of alcohol. These three reactiome performed
at 30°C and 150 rpm. At 0, 5 and 10 min, 300 pL samplesew
taken to dilute 10 times using water and determthe
absorbance at 340 nfh.As shown in Figure 3P. monteilii
ZMU-T17 could convert alcohol generating NADH. Houee,
there were no obviously changes of absorbance@nf#in the
two control experiments. Based on the above resitieould be
speculated that there were alcohol dehydrogenadesionteilii
ZMU-T17 to generate NADH using the alcohol as st#tet

R30C

JR*
CHZCHO NADH R
N~ O
1 R2
R30C
C2HsOH NAD* R*
R1
No)
2 R2

Scheme 3Proposed catalytic cycle.

Based on the above results, a possible mechanism
bioreduction byP. monteilii ZMU-T17 was proposed. As shown
in Scheme 3, ethanol joined in the alcohol dehyenages-
mediated reaction besides being used as cosolventhis
process, ethanol was converted to acetaldehydedandted a
proton to NAD affording NADH. Afterwards, NADH transfer
protons tol, leading to product® and regenerating NADinto
the next reaction cycle.

3. Conclusion

In summary, we have developed an efficient whol#- ce
mediated bioreduction, providing a series of 3-nsuhstituted
oxindoles in moderate
Pseudomonas monteilii ZMU-T17 as biocatalyst. Mechanism
studies revealed th# monteilii ZMU-T17 contained a soluble
NADH-dependent dehydrogenase or reductase for
bioreduction of the C=C double bond. Deuterium Ilage
experiments indicted that ethanol maybe the hydsiol@rce for
the reduction of 3-methylene-2-oxindoles. Additibyathere
were alcohol dehydrogenases B monteilii ZMU-T17 to
generate  NADH using the alcohol as substrate.
investigations for the asymmetric bioreduction eh8thylene-2-

alcohol

Tetrahedron

oxindoles to chiral 3-monosubstituted oxindoles aterently
underway.

4. Experimental section

4.1. General

All commercially available reagents were used withfoirther
purification. Column chromatography was performed silica
gel (200-400 mesh). 1H NMR (400 MHz) chemical shiftere
reported in ppmg) relative to tetramethylsilane (TMS) with the
solvent resonance employed as the internal stan@mié were
reported as follows: chemical shift, multiplicitg € singlet, d
doublet, t = triplet, g = quartet, td = triplet dbublets, dd
doublet of doublets, ddd = doublet of doublet ofildlets, m =
multiplet), coupling constants (Hz) and integratidl3C NMR
(100 MHz) chemical shifts were reported in pp@d) from
tetramethylsilane (TMS) with the solvent resonarae the
internal standard. Melting points were uncorrected.

4.2. Representative procedure for the synthesis of3-
ylideneoxindoles 14°

To a stirred solution of ethyl 2-
(triphenylphosphoranylidene)acetate (3.83 g, 11.thoth in
CH,ClI, (30.0 mL) was added isatin (1.47 g, 10.0 mmol) &C.
After stirring for 8 h at 0 °C, the mixture was centrated by
rotary evaporation. The residue was purified bysHlacolumn
chromatography on silica gel (petroleum ether/ethgbtate =

3:1~10:1) to afford the compourd@ as a red solid (1.78 g, 82%).
4.3. Cell growth and cultivation of P. monteilii ZMU-T17.

The cells ofP. monteilii ZMU-T17 were grown in M9-agar
plate and then inoculated to 10.0 mL LB medium @10.
tryptone, 5.0 g yeast extract and 5.0 g NaCl inL1.@eionized
water) in 20 mL glass bottle with screw cap. Thétwa was
shaken at 250 rpm at 30 °C for 12 h and then atw&®.0 mL
M9 liquid medium (17.09 g NaHP@L2H,0, 3.00 g KHPQ,,
0.50 g NaCl, 1.00 g NKI in 1.0 L deionized water) containing
trace elements (1.00 mol/L HCI, 4.87 g/L FeS,0, 4.12 g/L
CaCk-2H,0, 1.50 g/L MnC}-4H,0, 1.05 g/L ZnSQ 0.30 g/L
HsBO;, 0.25 g/L NaMoO, 2H,0, 0.15 g/L CuGl2H,0, 0.84
g/L Na&EDTA:2H,0) 50.0uL and 1.00 mol/L MgSO, 100.0uL
in a 250 mL shaking flask with plastic stopperé¢ach initial cell
density of 0.1 g dcw/L (dry cell weight/liter). T6.mL tube
containing 0.5 mL toluene was put in the flask #mel vapor of

luene was used as carbon source. The culturéneabated at
250 rpm at 30 °C. After 22 h, the cells were haeadsby
centrifugation.

4.4. General procedure for the synthesis of 3-monolstituted
oxindoles 2.

Cell of P. monteilii ZMU-T17 was suspended in 4.9 mL of
50.0 mM KHPO,~NaHPO, buffer solution (pH = 9.0) to a cell
density of 30 g dew/L1 (0.01 mmol) was added with 0.1 mL
EtOH, and the mixture was shaken at 250 rpm aiC3fof 24 h.
Then the mixture was extracted with EtOAc (5 x 4)pdnd the
combined organic layer was dried over anhydrousSRg

to good yields (41-82%) withfiltered, concentrated, followed by the additionpeXylene (0.30

mL of 0.1 mol/L solution ini-PrOH) as internal standard. The
resulting solution was diluted withPrOH to give a total volume

thef 3.0 mL. The crude reaction mixture was takentfm HPLC
substrate.

analysis to determine the conversion of
Simultaneously, other 30 parallel experiments weagied out
for collecting products. These 30 parallel reactiowere
combined and the reaction mixtures were extractig EtOAC

Eurth (5 x 120 mL), and the combined organic layer wasddover

anhydrous Nz50O,, filtered, concentrated, and purified by flash



chromatography on silica gel (petroleum ether/ethgbtate =
5:1~10:1) to afford the corresponding 3-monosubisid
oxindoles2.

4.5. Deuterium labeling experiments, ESI-MS and NMR
study.

(a) Freeze-dried cells ¢f. monteilii ZMU-T17 (0.15 g) were
suspended in 4.9 mL of 50.0 mM KPO,—NaHPQ, buffer
solution (BO, pH = 9.0) to a cell density of 30 g dewAm (2.3
mg, 0.01 mmol) was added with 0.1 mL EtOH, andrtigture
was shaken at 250 rpm at 30 °C for 24 h. Then tixeure was
extracted with EtOAc (5 x 4 mL), and the combinegamic
layer was dried over anhydrous JS8), filtered, concentrated.
Afterward, the residue2m-D1 + 2m) was characterized by
NMR to determine the position of deuterium atom.
Simultaneously, another parallel experiment wasiedrout for
ESI-MS study. After the same procedure, the resi@ue D1 +
2m) was dissolved in 2.0 mL of MeOH, this solutionsadirectly
infused into the ESI-HRMS with positive electrorepr
ionization mode (ES| Interface voltages: 4.5 kV, CDL
Temperature: 180 °C, heat block temperature: 180 °C

(b) Freeze-dried cells d®. monteilii ZMU-T17 (0.15 g) were
suspended in 4.9 mL of 50.0 mM KPO,—~NaHPO, buffer
solution (BO, pH = 9.0) to a cell density of 30 g dewAm (2.3
mg, 0.01 mmol) was added with 0.1 mL Et@g)-and the
mixture was shaken at 250 rpm at 30 °C for 24 henTthe
mixture was extracted with EtOAc (5 x 4 mL), and ttombined
organic layer was dried over anhydrous .83, filtered,
concentrated. Afterward, the residuBm:D1 + 2m-D2) was
characterized byH NMR to determine the position of deuterium
atom. Simultaneously, another parallel experimeas warried
out for ESI-MS study. After the same procedure, tbsidue
(2m-D1 + 2m-D2) was dissolved in 2.0 mL of MeOH, this
solution was directly infused into the ESI-HRMS hwipositive
electronspray ionization mode (ESInterface voltages: 4.5 kV,
CDL Temperature: 180 °C, heat block temperatur8:°3.

4.6. Bioreduction of 3-methylene-2-oxindole la wittsoluble
cell-free extracts ofP. monteilii ZMU-T17

Cells of P. monteilii ZMU-T17 were prepared from a 22 h
culture as described above. The cells were resdsgeim buffer
(50 mM NaHPQO/KH,PQ,, pH = 9.0) to a density of 60 g cdw/L.
The cell suspension was disrupted using cell disrufor 1 h.
The cell debris was removed by centrifugation g0@0 rpm at 4
°C for 10 min and the cell-free extract was cokect Three
parallel reactions were performed for 24 h: 4.9 cdll-free
extract, 0.1 mL EtOH anda (1.2 mg, 5.0X 10° mmol, 1.0
mM); 4.9 mL cell-free extract, 0.1 mL EtOH, NADPH.83 mg,
0.01 mmol, 2.0 mM) anfla (1.2 mg, 5.0X 10°% mmol, 1.0 mM);
4.9 mL cell-free extract, 0.1 mL EtOH, NADH (7.099m0.01
mmol, 2.0 mM) andla (1.2 mg, 5.0X 10° mmol, 1.0 mM) in
three different flasks. Samples were taken andyaed! by
HPLC, and the results are listed in Table 3.

4.7. Characterization data of compounds 2a-2p.

4.7.1. Ethyl 2-(2-oxoindolin-3-yl)acetate (2a). Light yellow solid,
yield 66%; mp 121.0-122.6 °C (fit.mp 118-120 °C)*H NMR
(400 MHz, CDC}) § 8.49 (br s, 1H), 7.24-7.20 (m, 2H), 7.01 (td,
J=0.8, 7.6 Hz, 1H), 6.89 (d,= 7.6 Hz, 1H), 4.20-4.08 (m, 2H),
3.81 (dd,J = 4.4, 7.6 Hz, 1H), 3.08 (dd, = 3.6, 16.8 Hz, 1H),
2.84 (ddd,J = 0.8, 8.0, 16.8 Hz, 1H), 1.20 (tt,= 0.8, 7.2 Hz,
3H); *C NMR (100 MHz, CDGJ) 6 179.2, 171.1, 141.6, 128.9,
128.4, 124.3, 122.6, 109.9, 61.2, 42.4, 34.9, 1ARMS (ESI-
TOF) Caled for GH;s;NNaOQ; [M+Na]™: 242.0788; found:
242.0784.

5
4.7.2. Ethyl 2-(5-methyl-2-oxoindolin-3-yl)acetate (2b). Light
yellow solid, yield 52%; mp 138.6-139.8 °CH NMR (400
MHz, CDCL) 6 7.84 (br s, 1H), 7.04 (s, 1H), 7.02 (& 8.0 Hz,
1H), 6.76 (d,J = 8.0 Hz, 1H), 4.21-4.09 (m, 2H), 3.77 (dds
4.4, 8.0 Hz, 1H), 3.06 (dd} = 4.4, 16.8 Hz, 1H), 2.82 (dd,=
8.0, 16.8 Hz, 1H), 2.30 (s, 3H), 1.22 {t,= 7.2 Hz, 3H);“C
NMR (100 MHz, CDC)) 6 178.8, 171.2, 138.9, 132.2, 129.0,
128.7, 125.1, 109.4, 61.1, 42.4, 35.0, 21.3, 14RMS (ESI-
TOF) Calcd For GH;sNNaO; [M+Na]™: 256.0944; found:
256.0941.

4.7.3. Ethyl 2-(5-methoxy-2-oxoindolin-3-yl)acetate (2c). White
solid, yield 62%; mp 170.0-170.8 °CH NMR (400 MHz,
CDCl,) 6 8.61 (d,J = 20.4 Hz, 1H), 6.85 (s, 1H), 6.80 (H= 8.4
Hz, 1H),6.74 (dd, = 2.4, 8.4 Hz, 1H), 4.21-4.09 (m, 2H), 3.79
(dd,J = 4.4, 8.0 Hz, 1H), 3.76 (s, 3H), 3.06 (dd; 4.4, 16.8 Hz,
1H),2.82 (ddJ = 8.0, 16.8 Hz, 1H), 1.22 (§,= 7.2 Hz, 3H);"C
NMR (100 MHz, CDC}) ¢ 179.2, 171.2, 155.9, 135.1, 130.3,
112.8, 111.6, 110.2, 61.2, 55.9, 42.9, 34.9, 1MRMS (ESI-
TOF) Calcd for GgH;sNNaO, [M+Na]": 272.0893; found:
272.0886.

4.7.4. Ethyl 2-(5-fluoro-2-oxoindolin-3-yl)acetate (2d). Yellow
solid, yield 55%; mp 154.8-156.1 °CH NMR (400 MHz,
CDCl3) § 9.32 (br s, 1H), 6.99 (d, = 8.0 Hz, 1H), 6.91 (td] =
0.8, 8.8 Hz, 1H), 6.85-6.82 (m, 1H), 4.18-4.11 @Hl), 3.80 (dd,
J=4.4,7.6 Hz, 1H), 3.07 (ddd,= 0.8, 4.4, 17.2 Hz, 1H), 2.82
(ddd,J = 1.2, 8.0, 17.2 Hz, 1H), 1.21 (td,= 1.2, 7.2 Hz, 3H);
3C NMR (100 MHz, CDCJ) § 179.6, 171.0, 159.1 (d, = 240
Hz, 1C), 137.8, 130.5 (d, = 9.0 Hz, 1C), 114.7(d] = 23.4 Hz,
1C), 112.3 (dJ = 24.9 Hz, 1C), 110.6 (d,= 8.1 Hz, 1C), 61.3,
43.0, 34.7, 14.2.; HRMS (ESI-TOF) Calcd foi,8,FNNaG
[M+Na]": 260.0693; found: 260.0685.

4.7.5. Ethyl 2-(5-chloro-2-oxoindolin-3-yl)acetate (2€). Yellow
solid, yield 45%; mp 171.6-172.9 °CH NMR (400 MHz,
CDCly) 6 8.45 (br s, 1H), 7.23 (s, 1H), 7.20 (dds 0.8, 8.4 Hz,
1H),6.82 (d,J = 8.0 Hz, 1H), 4.20-4.12 (m, 2H), 3.78 (dH=
4.0, 7.6 Hz, 1H), 3.07 (dd} = 4.4, 17.2 Hz, 1H), 2.85 (dd,=

7.6, 17.2 Hz, 1H), 1.23 (td, = 0.8, 7.2 Hz, 3H)*C NMR (100
MHz, CDCL) § 178.7, 170.9, 140.2, 130.6, 128.4, 128.0, 124.8,
110.8, 61.4, 42.5, 34.6, 14.2; HRMS (ESI-TOF) Cafod
C1H1,CINNaO; [M+Na]*: 276.0398; found: 276.0394.

4.7.6. Ethyl 2-(2-oxo-5-(trifluoromethoxy)indolin-3-yl)acetate

(2). Yellow solid, yield 43%; mp 135.8-137.6 °&4 NMR (400

MHz, CDCk) ¢ 9.28-9.20 (m, 1H), 7.14 (s, 1H), 7.09 (&= 8.4

Hz, 1H),6.90 (dJ = 8.4 Hz, 1H), 4.20-4.09 (m, 2H), 3.82 (dd,
= 4.4, 8.0 Hz, 1H), 3.08 (dd,= 4.4, 17.2 Hz, 1H),2.86 (dd,=

8.0, 17.2 Hz, 1H), 1.21 (8 = 7.2 Hz, 3H);"*C NMR (100 MHz,
CDCly) § 179.6, 170.9, 144.7, 140.6, 130.3, 121.7, 120.8 (g
255.0 Hz, 1C), 118.3, 110.5, 61.4, 42.8, 34.6, ;1ARMS (ESI-
TOF) Caled for GgHiF;NNaQ, [M+Na]™: 326.0611; found:
326.0611.

4.7.7. Ethyl 2-(7-methoxy-2-oxoindolin-3-yl)acetate (2g). White
solid, yield 67%; mp 158.8-159.9 °CH NMR (400 MHz,
CDCl) 6 7.68 (br s, 1H), 6.98 (§,= 8.4 Hz, 1H), 6.85 (d] = 7.6
Hz, 1H),6.82 (tJ = 8.4 Hz, 1H), 4.21-4.09 (m, 2H), 3.86 (WF
1.2, 3H), 3.83 (ddJ = 4.4, 8.0 Hz, 1H), 3.07 (dd,= 4.4, 16.8
Hz, 1H), 2.81 (ddJ = 8.0, 16.8 Hz, 1H), 1.21 (td,= 1.2, 7.2 Hz,
3H); *C NMR (100 MHz, CDGJ) § 177.9, 171.1, 143.8, 130.3,
129.6, 123.1, 116.6, 110.7, 61.1, 55.8, 43.0, 38492; HRMS
(ESI-TOF) Calcd for GH,sNNaQ, [M+Na]": 272.0893; found:
272.0889

4.7.8. Ethyl 2-(7-fluoro-2-oxoindolin-3-yl)acetate (2h). White
solid, yield 82%; mp 181.2-183.0 °CH NMR (400 MHz,
CDCly) 6 8.21 (br s, 1H), 7.04-6.94 (m, 3H), 4.20-4.08 @Hl),
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3.84 (t,J = 5.6 Hz, 1H), 3.09 (dd] = 4.0, 17.2 Hz, 1H), 2.88
(dd,J = 7.6, 17.2 Hz, 1H), 1.21 (§ = 7.2 Hz, 3H):**C NMR
(100 MHz, CDCJ) § 178.2, 170.9, 147.1 (d, = 242.5 Hz, 1C),
131.5 (dJ = 3.3 Hz, 1C), 128.9 (dl = 2.2 Hz, 1C), 123.3(d, J =
5.8 Hz, 1C), 119.9 (dJ = 3.3 Hz, 1C), 115.7 (d] = 17.0 Hz,
1C), 61.3, 42.7, 34.8, 14.2; HRMS (ESI-TOF) Calcor f
Ci-H1.FNNaQ, [M+Na]*: 260.0693; found: 260.0693.

4.7.9. Ethyl 2-(7-chloro-2-oxoindolin-3-yl)acetate (2i). Light
yellow solid, yield 64%; mp 158.1-159.9 °GH NMR (400
MHz, CDCL) J 8.74 (br s, 1H), 7.20 (d,= 8.0 Hz, 1H), 7.13 (d,
J=7.2 Hz, 1H),6.95 (t) = 8.0 Hz, 1H), 4.19-4.07 (m, 2H), 3.88
(dd, J = 4.4, 7.6 Hz, 1H), 3.09 (dd,= 4.4, 17.2 Hz, 1H), 2.85
(dd, J = 8.0, 17.2 Hz, 1H), 1.20 (td, = 1.2, 7.2 Hz, 3H)"*C
NMR (100 MHz, CDC}) ¢ 178.2, 170.8, 139.5, 130.2, 128.4,
123.4, 122.5, 115.2, 61.2, 43.4, 34.8, 14.2; HRMSI{TOF)
Calcd for G,H,,CINNaQ; [M+Na]*: 276.0398; found: 276.0395

4.7.10. Ethyl 2-(2-oxo-7-(trifluoromethyl)indolin-3-yl)acetate (2)).
Yellow solid, yield 52%; mp 194.3-195.8 °CH NMR (400
MHz, CDCE) 6 8.09 (br s, 1H), 7.43 (,= 8.8 Hz, 2H), 7.11 (1)

= 7.6 Hz, 1H), 4.20-4.07 (m, 2H), 3.81 (dts 4.4, 7.6 Hz, 1H),
3.11 (dd,J = 4.4, 17.2 Hz, 1H), 2.89 (dd,= 7.6, 17.2 Hz, 1H),
1.19 (t,J = 7.2 Hz, 3H);**C NMR (100 MHz, CDGJ) 6 178.0,
170.70, 139.0, 130.4, 127.7, 125.2J¢ 4.0 Hz, 1C), 124.0 (d,
= 270.0 Hz, 1C), 122.5, 112.2 (@= 33.0 Hz, 1C), 61.3, 41.4,
34.6, 14.1; HRMS (ESI-TOF) Calcd for ji;,FsNNaG;
[M+Na]*: 310.0661; found: 310.0660.

4.7.11. Ethyl 2-(6-chloro-2-oxoindolin-3-yl)acetate (2k). Light
yellow solid, yield 64%:; mp 153.7-154.5 °GH NMR (400
MHz, CDCk) ¢ 9.34 (d,J = 9.6 Hz, 1H), 7.14 (d) = 8.0 Hz,
1H), 6.97 (ddJ = 2.0, 8.0 Hz, 1H),6.92 (d,= 2.0 Hz, 1H), 4.19-
4.09 (m, 2H), 3.75 (dd] = 4.4, 7.2 Hz, 1H), 3.06 (dd,= 4.4,
17.2 Hz, 1H), 2.85 (dd] = 8.0, 17.2 Hz, 1H), 1.21 (td,= 1.6,
7.2 Hz, 3H);"°C NMR (100 MHz, CDGJ) 6 179.7, 171.0, 143.0,
134.1, 127.2, 125.0, 122.5, 110.8, 61.3, 42.1,,3W472;HRMS
(ESI-TOF) Caled for @H,,.CINNaO; [M+Na]": 276.0398;
found: 276.0389

4.7.12. Ethyl 2-(4,7-dichloro-2-oxoindolin-3-yl)acetate (2lI).
White solid, yield 60%; mp 199.3-200.9 °t&/ NMR (400 MHz,
CDCly) 6 8.46 (d,J = 22.4 Hz, 1H), 7.16 (d} = 8.8 Hz, 1H), 6.92
(d, J = 8.8 Hz, 1H), 4.11-3.97 (m, 2H), 3.81 Jt= 4.8 Hz, 1H),
3.38 (dd,J = 5.6, 17.2 Hz, 1H), 3.24 (dd,= 4.0, 17.2 Hz, 1H),
1.14 (t,J = 7.2 Hz, 3H);"*C NMR (100 MHz, CDGCJ) ¢ 177.2,
170.2, 141.1, 129.5, 128.8, 126.8, 123.8, 113.72,613.9, 32.6,
14.1; HRMS (ESI-TOF) Calcd for 16H;,ClLNNaQ; [M+Na]":
310.0008; found: 310.0006.

4.7.13. Ethyl 2-(1-methyl-2-oxoindolin-3-yl)acetate (2m). Light
yellow oil (lit.*> colourless liquid), yield 62%'H NMR (400
MHz, CDCk) 6 7.29 (d,J = 8.0 Hz,1H), 7.24 (d] = 7.2 Hz, 1H),
7.02 (t,J = 7.6 Hz, 1H),6.83 (dJ = 8.0 Hz, 1H), 4.18-4.06 (m,
2H), 3.77 (ddJ) = 4.4, 8.0 Hz, 1H), 3.22 (d,= 1.2 Hz, 3H), 3.07
(ddd,J = 1.2, 4.4, 16.8 Hz, 1H), 2.78 (ddii= 1.2, 8.0, 16.8 Hz,
1H), 1.19 (tdJ = 1.2, 7.2 Hz, 3H)**C NMR (100 MHz, CDCJ)

6 176.9, 171.2, 144.4, 128.4, 128.3, 123.9, 12208.2, 61.0,
41.9, 35.0, 26.4, 14.2; HRMS (ESI-TOF) Calcd fogtGsNNaO,
[M+Na]": 256.0944; found: 256.0935.

4.7.14. Ethyl 2-(1-acetyl-2-oxoindolin-3-yl)acetate (2n). Light
yellow oil, yield 41%;"H NMR (400 MHz, CDC}) ¢ 8.23 (d,J =
8.0 Hz,1H), 7.32 (tJ = 8.0 Hz, 1H), 7.24 (dJ = 7.2 Hz,
1H),7.18 (t,J = 7.2 Hz, 1H), 4.11-4.03 (m, 2H), 3.91 Jt= 5.6
Hz, 1H), 3.11-3.00 (m, 2H), 2.69 (d,= 0.4 Hz, 3H), 1.15 (td)
= 0.4, 7.2 Hz, 3H)*C NMR (100 MHz, CDG)) § 177.7, 171.0,
170.4, 140.8, 128.8, 127.1, 125.2, 123.2, 116.3,642.7, 35.3,
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26.8, 14.1; HRMS (ESI-TOF) Calcd for &l sNNaO, [M+Na]":
284.0893; found: 284.0885.

4.7.15. Methyl 2-(2-oxoindolin-3-yl)acetate (20). White solid,
yield 61%; mp 248.5-251.3 °CH NMR (400 MHz, CDC)) §
8.88 (br s, 1H), 7.24-7.20 (m, 2H), 7.01 Jd; 7.6 Hz, 1H), 6.91
(d,J = 8.0 Hz, 1H), 3.82 (dd] = 4.8, 8.0 Hz, 1H), 3.70 (s, 3H),
3.09 (dd,J = 4.4, 16.8 Hz, 1H), 2.84 (ddd,= 0.8, 8.0, 16.8 Hz,
1H); °C NMR (100 MHz, CDGJ) § 179.2, 171.6, 141.5, 128.6,
128.3, 124.1, 122.5, 109.9, 52.1, 42.3, 34.5; HRESI-TOF)
Calcd for G;H;;NNaQ; [M+Na]": 228.0631; found: 228.0637.

4.7.16. Propyl 2-(2-oxoindolin-3-yl)acetate (2p). Light yellow
solid, yield 78%; mp 97.3-98.8 °GH NMR (400 MHz, CDCJ)

0 9.45 (dJ = 15.2Hz, 1H), 7.22-7.18 (m, 2H), 6.99J& 7.2 Hz,
1H), 6.91 (d,J = 7.6 Hz, 1H), 4.08-3.99 (m, 2H), 3.81 (ddF
4.8, 7.4 Hz, 1H), 3.09 (dd = 4.8, 17.2 Hz, 1H), 2.84 (dd,=
8.0, 17.2 Hz, 1H), 1.63-1.54 (m, 2H), 0.88Jt= 7.6 Hz, 3H);
%C NMR (100 MHz, CDGJ) 6 179.8, 171.3, 141.9, 128.9, 128.4,
124.1, 122.5, 110.1, 66.7, 42.5, 34.8, 21.9, 1BRMS (ESI-
TOF) Calcd for GH;sNNaQ; [M+Na]™: 256.0944; found:
256.0938.

4.7.17. Tert-butyl 2-(2-oxoindolin-3-yl)acetate (2q). Light yellow
solid, yield 65%; mp 146.3-147.8 °CH NMR (400 MHz,
CDCly) 6 9.42 (br s, 1H), 7.23 (d, = 6.8 Hz, 1H), 7.20 (dd] =
0.8, 7.6 Hz, 1H), 7.00 (4 = 7.6 Hz, 1H), 6.92 (d) = 7.6 Hz,
1H), 3.75 (t,J = 5.6 Hz, 1H), 2.98 (ddJ = 4.8, 16.4 Hz, 1H),
2.82 (dd,J = 7.2, 16.4 Hz, 1H), 1.33 (d, = 0.8 Hz, 9H);*C
NMR (100 MHz, CDC}) 6 180.2, 170.1, 141.9, 129.0, 128.3,
124.1, 122.5, 110.0, 81.5, 42.8, 36.0, 27.9; HRMESI{TOF)
Calcd for G,H;/,NNaQ; [M+Na]*: 270.1101; found: 270.1091.

4.7.18. Ethyl 2-cyano-2-(2-oxoindolin-3-yl)acetate (2s). Light
brown oil, yield 57%; 57:43 drH NMR (400 MHz, CDC)) ¢
9.00 (s, 0.85H), 8.99 (s, 1.15H), 7.51 = 7.6 Hz, 1.15H),
7.31-7.28 (m, 2H), 7.21 (d,= 7.2 Hz, 0.85H), 7.06 (td, = 2.8,
7.6 Hz, 2H), 6.93 (t) = 8.4 Hz, 2H), 4.43-4.38 (m, 3H), 4.34 (d,
J = 3.6 Hz, 1H), 4.17 (d] = 3.6 Hz, 0.85H), 4.15-4.06 (m, 2H),
3.98 (d,J = 2.8 Hz, 1.15H), 1.38 (fl = 7.2Hz, 2.56H), 1.09 (1

= 7.2 Hz, 3.44H);°C NMR (100 MHz, CDGJ) 6 175.6, 164.6,
163.3, 141.9, 141.8, 129.7, 129.6, 124.8, 124.2.112124.1,
123.2, 123.0, 115.3, 113.4, 110.7, 110.4, 63.83,685.4, 45.3,
38.9, 37.7, 29.7, 14.0, 13.6; HRMS (ESI-TOF) Calfmt
CisHNoNaQ; [M+Na]™: 267.0740; found: 267.0746.
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