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1. Introduction

Oxindole scaffold is prevalent heterocyclic motifiomerous
naturally occurring products, marketed pharmacalgicand
agrochemicals, which exhibit all kinds of biologicattivities,
such as anti-inflammatory activityreceptor agonisfsprotease
inhibitors (Scheme 1) Particularly, spirooxindoles are regarded

s “privileged structures” owing to their excelldmding ability
to many receptors, in which spirocyclopropyl oxindoles
(Scheme 1) are significant because such structiredrug
discovery and design can introduce potentially fabte
conformational rigidity with reasonable addition wfolecular
weight and lipophilicity. Through the construcitoh gpiro-ring
system, spirocyclopropyl oxindoles integrate two amant
pharmacophores, quaternary oxinddleand three-membered
cyclopropane$,both of which often exist in numerous bioactive

compounds showing a broad spectrum of pharmacologica

activities. As a result, conformational restrainpdacyclopropyl
oxindole derivatives usually exhibit remarkable autvities’
For instance, compound showed nanomolar level biological
activity as HIV-1 nonnucleoside reverse transceptahibitors;
compound5 and compound were found to be a progesterone
receptor modulator and an angiogenesis inhibitoraddition,
compound of formulaZ displayed an extraordinary anticancer

activity in nanomolar level.
3: chymase inhibitor
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Scheme 1. Bioactive oxindoles and spirocyclopropyl oxindoles
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metal Mg (Scheme 2aj; 2) N-substituted spirocyclopropy!
oxindoles could be synthesized via using vinyl sefe in
aqueous basic medium with cetyltrimethyl ammoniurantide
(CTAB);*" 3) cyclopropanation of indoles with vinyl diphenyl
sulfonium triflate catalyzed by zinc triflate in ganic alkaline
solvents:™

On the other hand, Vinylsulfonium saftare widely used as a
cyclization reagent in chemical synthesis. For ansg, first
vinylsulfonium salts are reported as a cycloprofianareagent
in 1966 from the Gosselck’s grodfi;Lin’s team has reported a
general access to 1,1-cyclopropane aminoketoneth@itandem
reaction of a-amino aryl ketones with vinylsulfoniualts in
2012 In addition, Huang's research group has exploreeva
strategy for access to hydroindol-5-ones contanamgethylthlo
group via [3+2] annulation of prop-2-ynylsulfoniwsalts®®
As noted above, methods of oxindoles cyclopropanédtiom
reported literatures still have many limitationsr Example, the
above-mentioned first method usually requires twatlsstic
steps with an overall poor yield; while applicatidnttee second
method often need to protect oxindole nitrogen ak ageother
acidic functional groups, with unprotected oxindolesser-
alkylation on the nitrogen is a common side reagtaespite the
third method above, which has been developed amuttegbby
Qian’s group in 2017, is highly effective for a sariof different
substituted oxindoles, it suffers from the needptepare and
isolate the sensitive, oily vinyl sulfonium salt-aspecially
challenging problem on a large scale.

previous works present works
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Scheme 2. Different strategies for cyclopropanation of indol® acquire
spirocyclopropyl oxindoles.

Hence, in present work our research team descrilvéntliact
this cyclopropanation chemistry can be conductedhowit
Zn(OTf),, which is expensive reagent and is easy to pothie
environment, and with the stable crystalline
bromoethylsulfonium sdit as reaction substrate, which is easily
prepared on a large scale. This cyclopropanatiactien is a
more convenient and efficient process and has gields for

Furthermore, the Carrera’s group has developed & nepreparing spirocyclopropyl oxindoles.

methodology for the synthesis of spiro[pyrrolidifB3oxindoles]
with aldimines via catalytic [3+2] ring-expansionaction® ®
The group of Jian Zhou has found that the [3+2judation
reaction of spirocyclopropyl oxindole to provideirsffuran-
3,3"-indolin]-2-one’ As above, the potential of spirocyclopropyl
oxindoles in the related reactions would be fullgndicant.
Although different cyclopropanation strategies ofinabole'
could be provided in the reported literatures, degelopment of
a moderate and convenient method for the direcversion of
unprotected oxindole into the corresponding spictogyropyl
oxindoles remains to be a significant challenge oiganic
chemistry. The most notable methods for the prejosraof
spirocyclopropyl oxindoles directly from indoleseaas follows:
1) cyclopropanation of unprotected
dibromoethane under strongly alkaline conditiondhent
deprotection of N-substituted spirocyclopropyl adtes with

2. Resultg/Discussion

We began our experiment by examining the reactibn o
oxindole @a) and bromoethylsulfonium sal®) under organic
base DBU in DMF solvent. We were pleased to find that t
reaction was carried out for stirring 6 h at roormperature
under air, the desired product, spiro[cycloprop&s8-indoline]-
2'-one (0a), was acquired in 57% vyield (Table 1, entry 1). The
structure of 10a was confirmed with'H and C NMR
spectroscopic analysis, while molecular weight of poond10a
was deduced via HR-ESI-MS. In addition, by-product(2i
bromoethyl) spiro[cyclopropane-1,3'-indolune]-2eoifL1) was
obtained in 35% yield, the structure of which wasfiest by 'H

indoles  with  1,2-5n4 %c NMR spectroscopic analysis and molecular weight of

which was determined via HR-ESI-MS.
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Scheme 3. Cyclopropanation of unprotected oxindda)

Inspired by this result, we first started to optienthe reaction
conditions by screening a series of solvents asédaontaining
THF, DCM, triethylamine (EN) and sodium hydride (NaH)
(Table 1, entries 2-5). We found that the bestltesproviding
compoundl0a in 75% yield was obtained under organic base
Et;N in DMF solvent (Table 1, entry 3), meanwhile, commabu
11 was obtained in 23% yield. In addition, we could esafe
compoundll in 28%, 26% and 22% yield under inorganic base
NaH in DMF solvent, organic base;Htin DCM solvent and
organic base B in THF solvent. In order to improve yield of
compoundl0a, the reaction condition was further optimized by
adjusting the amount of the J&t and bromoethylsulfonium salt,
for example, 2.0 equivalents bromoethylsulfoniurtt peoduced
10a in 77% yield (Table 1, entries 6-9), but there was n
significant difference. Based on the above resitltejas found
that 1.5 equivalents bromoethylsulfonium under &jivalents
Et;N in DMF solvent was the most suitable reaction caoialit

Table 1. Optimization of the reaction conditions wih®

base, solvent

O*#*CF;;
8a B o 10a
entry substrate equiv. base Equiv. solvent yield) (%

1 9 15 DBU 3.0 DMF 57
2 9 15 NaH 3.0 DMF 41
3 9 1.5 EsN 3.0 DMF 75
4 9 1.5 E4N 3.0 DCM 36
5 9 1.5 E4N 3.0 THF 65
6 9 1.2 EsN 3.0 DMF 72
7 9 2.0 EsN 3.0 DMF 77
8 9 15 EsN 15 DMF 43
9 9 1.5 E4N 6.0 DMF 68

#Reaction conditions: 8a (0.2 mmol), with indicatedount of base and
additive, 2 mL solvent, at room temperature, uraerstirring for 6 h.

® Isolated yields are shown.

Under the optimized reaction conditions, we went on to
explore the scope of the reaction in terms of utgmted indole
substrates. As shown in Table 2, the protocol withradety of
unprotected indole$ gave the corresponding spirocyclopropyl
oxindoles in good yields. Electron-donating as vesllelectron-
withdrawing groups on aromatic rings were toleratéal
example, the yield of desired produdle and10r was good in
77% and 75% vyield respectively. The substitutiosifpen of the
oxindoles was examined and had minimal influence ttom
reaction yields either, oxindoles possessing varsubstitutions
underwent cyclopropanation in high yields. Both diyré 10k
and 10l were acquired in 58% and 52% yieldd-Benzofuran-2-
one8m was also efficiently transformed towards compoutwh 1
in 70% yield. A boronic ester group on C-6 positafroxindole

3

ring provided the corresponding compouf@v in slightly
lower yield. In addition, halogen-substituted oxileogenerally
exhibited high reaction activities for over 70%lgi

Table 2. reactions for the synthesis of spirocyclopropyl

oxindoles10?

A Et:N, DMF X
R%O + ® 2 R o}
C Ay H o 9 1, 6h C Ay
XN [ 0-§-CFs X
X=C,N r Y
8
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10a, 75%
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10b, 78% 10c, 78% 10d, 72% 10e, 77%

N N N
F H Cl H Br H

10f, 73% 109, 75% 10h, 63% 10i, 71% 10j, 72%
Cl F Br Me

N N o N N

L H H H H
10k, 67% 101, 78% 10m, 74% 10n, 79% 100, 72%

cl F N B
o o | ~ o | ~ o o

cl N F N N~ O NN o

10p, 82% 10q, 80% 10r, 58% 10s, 52% 10t, 70%

o jons
/O\VKQfS: Og N
H | H
o %TO

10u, 81% 10v, 49%

? All the reactions were carried out using 8 (0.2 ahm9 (1.5 equiv., 0.3
mmol) and Et3N (3.0 equiv., 0.6 mmol) for stirribgh in 2 ml of DMF at
room temperature.



4 Tetrahedron

We found that reaction system had a common sidetioea
on the nitrogen of oxindole which provided over-ddkipn by-
product, which was 1'-(2-bromoethyl) spiro[cycloproedl,3'-

indolune]-2'-one 11) in 35%, 23%, 28%, 26% and 22% yield.

Meanwhile, the N-vinyl by-product as previous repdrtn the

at 100 °C under argon for 6 h. The solution waswalb to cool
to RT and diethyl ether (20 mL) was added to pietp the
product9 which was isolated by filtration as a white to grey
powder (3.22 g, 45%) after washing with,&tand used in the
next step without further purificatidl. m.p. 85-87 °C

literaturé® was not isolated from reaction solution. Hence, a(precipitated from toluene/gd) [lit.**> 86.5-88 °C (precipitated

possible mechanism for cyclopropanation reactiohickv was
different from mechanism as previous literatureoreg *was
postulated in Scheme 4. Firstly, enoldtds generatedrom
substrate oxindole8a in organic base EM. Then, enolatd
attacks compoun® to form intermediatd |, which transform
enolate Il in organic base EM. Finally, an intramolecular
nucleophilic  substitution of enolatelll provides the
spirocyclopropyl oxindold.0a.

CEtN_ /\s Br
O % H orr Qf

8a I
lEt3N
Of = o2
L~
Nge} R
H H O
10a m

Scheme 4. Proposed mechanism for cyclopropanation synthésizindoles
3. Conclusion

In conclusion, we have developed a more convenaert
efficient method for the synthesis of spirocyclgprboxindoles
from N-unsubstituted oxindoles using bromoethylsuifim salt,
which is easily commercially available and is stafoiea long
time, under mild condition. A wide range of functibgeoups on
aromatic rings are well tolerated, and the spiragyapyl
oxindoles are synthetized in moderate yields. Wb that this
synthetic protocol will be adopted to construct apkindoles via
ring-expansion reaction with aldimines.

4, Experimental Section
4.1.General

All reagents and solvents were of commercial quadityl
were used without further purification unless otheewstated.
Purification was carried out according to standeaabotatory

from ELO/CH,CL)]; Ry (MeOH-CHCl,, 1:9) 0.53.'"H NMR
(300 MHz, CDC}): & 8.06-8.12 (m, 4H), 7.71-7.77 (m, 6H), 4.92
(t, J= 5.9 Hz, 2H), 3.73 (] = 5.9 Hz, 2H);)"*C NMR (75 MHz,
CDCly): & 135.3, 131.9, 131.1, 122.9, 48.2, 23.8. HRMS (ESI-
TOF) calcd for GsH1BrF;05S, [M-CF;0;S] *: 292.9994; found:
293.0007.

4.3.General Procedure for cyclopropanation of compound 10

To a 25 mL round bottomed flask was added different
substituted oxindoles8 (0.2 mmol, 1.0 equiv.) and
bromoethylsulfonium sal® (132.99 mg, 0.3 mmol, 1.5 equiv.),
DMF (2 mL). The mixture was stirred at room tempemtior 5
min and E{N (61.88 mg, 0.6 mmol, 3.0 equiv.) was added into
reaction system. The mixture was stirred for 6 haatrsoom
temperature until the reaction completed, quenchweith
saturated ammonium chloride solution (5 mL), and esdsacted
with EtOAc (3 x 30 mL). The combined organic layer wekh
with H,O (2 x 10 mL), dried with anhydrous sodium sulfate.
After concentration, product was purified using catum
chromatography on silica gel with suitable eluent.

4.3.1.spiro[cyclopropane-1,3'-indoline]-2'-one
(10a)

Colorless crystalline (24 mg, 75% yield). mp 1701%&.
Analytical data for10a was consistent with that previously
reported™® *H NMR (300 MHz, CDCJ)): & 8.94 (s, 1H), 7.16-
7.26 (m, 1H), 6.97-7.00 (m, 2H), 6.84 M= 7.4 Hz, 1H), 1.75-
1.79 (m, 2H), 1.52-1.56 (m, 2H)*C NMR (75 MHz, CDCJ): &
179.8, 140.8, 131.3, 126.8, 122.0, 118.6, 109.96,279.5.
HRMS (ESI-TOF) calcd for GH;oNO [M+H] *: 160.0757;
found: 160.0757.

4.3.2.5'-fluorospiro[cyclopropane-1,3'-indoline]-
2'-one (10b)

Colorless crystalline (28 mg, 78% yield). mp 218B2IC.
Analytical data for10b was consistent with that previously
reported’®™ '"H NMR (300 MHz, DMSOd,): & 10.54 (s, 1H),
6.92-6.99 (m, 2H), 6.84-6.87 (m, 1H), 1.59 (m, 2H}91(m,
2H); °C NMR (75 MHz, DMSO#d): & 178.1, 156.9-160.0 (dc.

F = 233.9 Hz), 138.3, 133.4-133.5 @, = 9.3 Hz), 112.9-133.3
(d, Jc.r = 23.3 Hz), 110.2-110.3 (dcr = 8.3 Hz), 107.6-108.0

methods’® Reactions were carried out using conventionald, J.r = 25.3 Hz) 28.1, 19.2. HRMS (ESI-TOF) calcd for

glassware under air atmosphere at room temperatéiie.
reactions were monitored by TLC analysis with siligd-coated
plates with fluorescent indicator UV254H and “*C NMR
spectra were obtained on either a Bruker AV 300 at 126z
and 75 MHz, respectively'H and C NMR spectra were
obtained on either a Bruker AV 300 at 300 MHz and 78zM
respectively. Chemical shifts are reported in pprd aoupling
constants are reported in Hz with TMS at 0.0 pfithand**C) or
CDCl; referenced at 7.26H) and 77.0 ppm'{C) and DMSO-¢
referenced at 2.50 (1H) and 39.5Q). Mass spectra were
measured with an Agilent Q-TOF 6520 mass spectronusiag
ESl ionization.

4.2. Preparation of bromoethylsulfonium salt{9)

A solution of 2-bromoethyl trifluoromethanesulforiate'®
(4.12 g, 16.0 mmol) in anhydrous toluene (12 mL) wasted
with phenyl sulfide (3.66 g, 19.2 mmol) at room tergiure
under argon with stirring. The reaction mixture whsrt heated

CygHoNFO [M+H] *: 178.0663; found: 178.0663.

4.3.3.5'-chlorospiro[cyclopropane-1,3'-indoline]-
2'-one (10c¢)

Pale yellow solid (31 mg, 78% vyield). mp 212-215 *g.
NMR (300 MHz, DMSO¢): 8 10.67 (s, 1H), 7.19 (d,= 8.0 Hz,
1H), 7.10 (s, 1H), 6.87 (dl = 8.2 Hz, 1H), 1.63 (m, 2H), 1.48
(m, 2H); °C NMR (75 MHz, DMSO#d,): § 177.9, 141.0, 133.7,
126.7, 125.8, 120.1, 110.9, 27.7, 19.3. HRMS (ESFT calcd
for C,gHoNCIO [M+H] *: 194.0367; found: 194.0371.

4.3.4.5'-bromospiro[cyclopropane-1,3'-indoline]-
2'-one (10d)

Colorless crystalline (35 mg, 72% yield). mp 20B2C.'H
NMR (300 MHz, DMSO¢): 8 10.67 (s, 1H), 7.32 (d,= 8.2 Hz,
1H), 7.21 (s, 1H), 6.83 (dl = 8.2 Hz, 1H), 1.64 (m, 2H), 1.48
(m, 2H); °C NMR (75 MHz, DMSO#d,): § 177.3, 140.9, 133.6,
129.1, 122.3, 113.0, 111.0, 27.1, 18.8. HRMS (ESFT calcd
for C,HgNBrO [M+H] *: 237.9862; found: 237.9859.



4.3.5.5'-nitrospiro[cyclopropane-1,3'-indoline]-2'-
one (10e)

White solid (32 mg, 77% yield). mp 241-244 °C. Anlgl
data for10e was consistent with that previously report&tfH
NMR (300 MHz, DMSO#é): & 11.28 (s, 1H), 8.17 (d,= 4.9 Hz,
1H), 7.99 (s, 1H), 7.12 (dl = 7.1 Hz, 1H), 1.86 (m, 2H), 1.61
(m, 2H); °C NMR (75 MHz, DMSO«d,): § 178.5, 148.5, 142.4,
132.6, 124.4, 115.8, 109.6, 27.8, 20.0. HRMS (ESFTY calcd
for C,gHeN,O5 [M+H] *: 205.0608; found: 205.0744.

4.3.6.5'-methylspiro[cyclopropane-1,3'-indoline]-
2'-one (10f)

Pale yellowcrystalline (26 mg, 73% vyield). mp 195-198 °C.
'H NMR (300 MHz, DMSO#dg): & 10.43 (s, 1H), 6.96 (dd} =
0.9, 7.8 Hz, 1H), 6.79 (dl = 8.0 Hz, 1H), 6.77 (br s, 1H), 2.23
(s, 3H), 1.50 (m, 2H), 1.44 (m, 2H)C NMR (75 MHz, DMSO-
de): 6 178.4, 139.9, 131.6, 130.5, 127.4, 120.4, 10916,21.4,
18.8. HRMS (ESI-TOF) calcd for;@4;,NO [M+H] *: 174.0913;
found: 174.0912.

4.3.7.5'-methoxyspiro[cyclopropane-1,3'-indoline]-
2'-one (109)

Colorlesscrystalline (29 mg, 75% yield). mp 158-160 .
NMR (300 MHz, DMSO#): & 10.33 (s, 1H), 6.80 (d,= 8.4 Hz,
1H), 6.68-6.75 (m, 1H), 6.64 (d,= 2.2 Hz, 1H), 3.69 (s, 3H),
1.51-1.55 (m, 2H), 1.41-1.49 (m, 2H}*C NMR (75 MHz,

DMSO-g): & 178.3, 155.3, 135.6, 132.9, 112.0, 110.1, 106.9

56.0, 28.0, 18.9. HRMS (ESI-TOF) calcd for@,NO, [M+H]
*190.0863: found: 190.0864.

4.3.8.6'-fluorospiro[cyclopropane-1,3'-indoline]-
2'-one (10h)

Pale yellow solid (23 mg, 63% yield). mp 173-175 °C.
Analytical data for10h was consistent with that previously
reported™®™ '"H NMR (300 MHz, DMSOd,): & 10.67 (s, 1H),
6.95-6.97 (m, 1H), 6.70-6.73 (m, 1H), 1.54 (m, 2H¥5L(m,
2H); **C NMR (75 MHz, DMSOd,): 5 178.6, 160.3-163.5 (dc.

r = 238.1 Hz), 143.3-143.5 (dg.r = 12.2 Hz), 127.0-127.1 (de.
E= 2.3 HZ), 120.7-120.8 (dc_p =9.6 HZ), 107.4-107.7 (dc_p =
22.3 Hz), 97.8-98.2 (dcr = 27.0 Hz), 27.1, 18.7. HRMS (ESI-
TOF) calced for GHoNFO [M+H] *: 178.0663; found: 178.0659.

4.3.9.6'-chlorospiro[cyclopropane-1,3'-indoline]-
2'-one (10i)

Colorless crystalline (27 mg, 71% vyield). mp 228B2Z.
Analytical data for10i was consistent with that previously
reported’”” 'H NMR (300 MHz, DMSOd): & 10.73 (s, 1H), 7.02
(br s, 2H), 6.95 (br s, 1H), 1.62 (m, 2H), 1.53 (m, 2 NMR
(75 MHz, DMSOsg): 8 178.1, 143.5, 131.2, 130.3, 121.2, 121.1,
109.8, 27.3, 19.1. HRMS (ESI-TOF) calcd forf;NCIO
[M+H] *: 194.0367; found: 194.0363.

4.3.10.6'-bromospiro[cyclopropane-1,3'-indoline]-
2'-one (10j)

White solid (35 mg, 72% yield). mp 243-246 °C. Anilgl
data for10j was consistent with that previously report®tH
NMR (300 MHz, DMSO¢): 6 10.68 (s, 1H), 7.12 (d,= 7.6 Hz,
1H), 7.04 (s, 1H), 6.94 (d = 5.8 Hz, 1H), 1.58 (m, 2H), 1.49
(m, 2H); °C NMR (75 MHz, DMSO#d,): § 178.0, 143.8, 130.8,
124.0, 121.5, 119.3, 112.5, 27.1, 18.8. HRMS (ESFT calcd
for C,gHsNBrO [M+H] *: 237.9862; found: 237.9860.

4.3.11.7'-chlorospiro[cyclopropane-1,3'-indoline]-
2'-one (10k)

Pale yellow crystalline (26 mg, 67% vyield). mp 1681°C.
Analytical data for10k was consistent with that previously
reported’®™ '"H NMR (300 MHz, DMSOd,): & 11.03 (s, 1H),
7.25 (m, 2H), 6.99-7.00 (m, 2H), 1.66 (m, 2H), 1.68 2H);**C

5
NMR (75 MHz, DMSO¢dg): 6 178.1, 139.6, 133.4, 127.0,
122.9, 118.3, 114.1, 28.2, 19.5. HRMS (ESI-TOF) aalor
C10HgNCIO [M+H] *: 194.0367; found: 194.0380.

4.3.12.4'-chlorospiro[cyclopropane-1,3'-indoline]-
2'-one (10I)

Pale yellow solid (31 mg, 78% vyield). mp 203-205 *g.
NMR (300 MHz, DMSOd): 5 10.82 (s, 1H), 7.15-7.20 (m, 1H),
6.89-6.94 (m, 2H), 2.05-2.08 (m, 2H), 1.37-1.41 (rhi);2"C
NMR (75 MHz, DMSOsdg): § 177.2, 144.3, 128.7, 126.6, 126.1,
122.3, 109.1, 28.2, 15.2. HRMS (ESI-TOF) calcd feyHgNCIO
[M+H] *: 194.0367; found: 194.0362.

4.3.13.4'-fluorospiro[cyclopropane-1,3'-indoline]-
2'-one (10m)

Colorlesscrystalline (27 mg, 74% yield). mp 168-17C.
Analytical data forl0Om was consistent with that previously
reported’™ 'H NMR (300 MHz, DMSOdy): & 10.78 (s, 1H),
7.18 (td,J = 8.1, 5.8 Hz, 1H), 6.75 (dd, = 16.7, 8.2 Hz, 2H),
1.76 (td,J = 7.6, 3.8 Hz, 2H), 1.45 (td,= 7.6, 3.8 Hz, 2H)*C
NMR (75 MHz, DMSO¢): 8 177.5, 158.6, 144.5-144.6 (8¢
= 9.3 Hz), 128.7-128.8 (d-r = 8.3 Hz), 116.1-116.4 (dcr =
17.9 Hz), 108.6-108.8 (dJc.r = 19.7 Hz), 106.7, 26.4, 16.5.
HRMS (ESI-TOF) calcd for GHNFO [M+H] *: 178.0663;
found: 178.0662.

4.3.14.4'-bromospiro[cyclopropane-1,3'-indoline]-
2'-one (10n)

White solid (38 mg, 79% vyield). mp 19®8 °C. Analytical
data for10n was consistent with that previously reportédH
NMR (300 MHz, DMSOsg): 6 10.85 (s, 1H), 7.14-7.17 (m, 2H),
6.98-7.00 (m, 1H), 2.17 (m, 2H), 1.40 (m, 2K5C NMR (75
MHz, DMSO-dg): & 177.2, 144.6, 129.0, 127.4, 125.5, 114.8,
109.5, 28.9, 15.0. HRMS (ESI-TOF) calcd ford;NBroO
[M+H] *: 237.9862; found: 237.9863.

4.3.15.4'-methylspiro[cyclopropane-1,3'-indoline]-
2'-one (100)

Colorlesscrystalline (25 mg, 72% yield). mp 170-172 °g.
NMR (300 MHz, DMSO#d): 5 10.52 (s, 1H), 7.03 (i = 7.7 Hz,
1H), 6.68-6.76 (M, 2H), 2.12 (s, 3H), 1.93 (m, 2H) 91L&, 2H);
*C NMR (75 MHz, DMSOd,): & 178.1, 142.5, 132.0, 126.9,
126.8, 124.0, 107.8, 28.1, 16.8, 14.7. HRMS (ESI-r&cd for
CuHNO [M+H] *: 174.0913; found: 174.0911.

4.3.16.5',6'-dichlorospiro[cyclopropane-1,3'-
indoline]-2'-one(10p)

Colorlesscrystalline (38 mg, 82% yield). mp 245-247 °C.
Analytical data for10p was consistent with that previously
reported™®™ 'H NMR (300 MHz, DMSOdy): & 10.78 (s, 1H),
7.31 (s, 1H), 7.06 (s, 1H), 1.66-1.70 (m, 2H), 1.4881(m, 2H);
®C NMR (75 MHz, DMSOd,): 5 177.8, 142.2, 132.6, 129.0,
123.6, 121.9, 111.2, 27.6, 19.6. HRMS (ESI-TOF) aafor
C,0HsCILNO [M+H] *: 227.9977; found: 227.9975.

4.3.17.5',6'-difluorospiro[cyclopropane-1,3'-
indoline]-2'-one(10q)

Colorlesscrystalline (31 mg, 80% yield). mp 248-250 °C.
Analytical data for10g was consistent with that previously
reported:®™ 'H NMR (300 MHz, DMSOdy): & 10.70 (s, 1H),
7.21 (dd,J..r = 8.1, 10.2 Hz, 1H), 6.94 (dd,.- = 6.8, 10.6 Hz,
1H), 1.63-1.65 (m, 2H), 1.51-1.53 (m, 2HIC NMR (75 MHz,
DMSO-dg): 8 178.3, 150.4-150.6 (dc.r = 14.0 Hz), 147.2-147.4
(d, Jc.r = 13.9 Hz), 138.3-138.4 (dc.r = 10.2 Hz), 127.5-127.6
(d, Jc.r = 7.5 Hz), 109.5-109.8 (d..F = 20.6 Hz), 99.4-99.7 (d,
Jer = 225 Hz), 27.6, 19.2. HRMS (ESI-TOF) calcd for
C,oHsFNO [M+H] *: 196.0568; found: 196.0565.
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4.3.18.spiro[1H-pyrrolo[2,3-b]pyridine-3,1'-
cyclopropane]-2-ong10r)
Pale Yellow crystalline. (19 mg, 58% yield). mp 17131°C.

Supplementary data related to this article carobad at DOI:

Analytical data for1Or was consistent with that previously References

reported™®™ '"H NMR (300 MHz, DMSOd,): & 11.14 (s, 1H),
8.04 (br s, 1H), 7.33-7.36 (m, 1H), 6.92 (br s, 1H$31(m, 2H), 1.
1.52 (m, 2H);"*C NMR (75 MHz, DMSOdy): & 177.9, 156.8,
145.7, 127.2, 125.7, 117.6, 27.0, 18.7. HRMS (ESFY calcd

for CgHgN,O [M+H] *: 161.0709; found: 161.0708.

4.3.19.5-bromospiro[1H-pyrrolo[2,3-b]pyridine-
3,1'-cyclopropane]-2-ong10s)

Red crystalline. (25 mg, 52% vyield). mp 238-240 ¥C NMR 3.
(300 MHz, DMSO+dg): 6 11.35 (s, 1H), 8.15 (d,= 2.2 Hz, 1H),
7.66 (d,J = 1.9 Hz, 1H), 1.73-1.76 (m, 2H), 1.55-1.57 (m, 2H);
C NMR (75 MHz, DMSO&,): § 177.6, 155.8, 145.9, 130.1, ,
128.3, 112.6, 27.3, 19.4. HRMS (ESI-TOF) calcd fg{BrN,O
[M+H] *: 238.9815; found: 238.9814.

4.3.20.Spiro[benzofuran-3,1'-cyclopropan]-2-one
(10t) 5
Yellow crystalline (23 mg, 70% vyield). mp 83-85 °C.
Analytical data for10t was consistent with that previously 6.
reported’. *H NMR (300 MHz, DMSO«d): & 11.35 (s, 1H), 8.15
(d,J = 2.2 Hz, 1H), 7.66 (dJ = 1.9 Hz, 1H), 1.73-1.76 (m, 2H),
1.55-1.57 (m, 2H);®*C NMR (75 MHz, DMSOdy): & 177.9, 7
153.6, 129.2, 127.8, 124.2, 119.1, 110.8, 25.2.24ARMS (ESI-
TOF) calcd for GgHolO, [M+H] *: 161.0597; found: 161.0597.

4.3.21.Methyl 2'-oxospiro[cyclopropane-1,3'-
indoline]-6'-carboxylate(10u)

Colorlesscrystalline (36 mg, 81% yield). mp 226-230.°tH
NMR (300 MHz, DMSOe): 5 10.76 (s, 1H), 7.57 (dd, = 1.5,
7.8 Hz, 1H), 7.43 (d) = 1.1 Hz, 1H), 7.11 (d) = 7.8 Hz, 1H),
3.84 (s, 3H), 1.66-1.68 (m, 2H), 1.55-1.58 (m, 2, NMR (75
MHz, DMSO<g): & 177.9, 166.7, 142.5, 137.3, 128.4, 123.1,3.
119.7,109.6, 52.6, 27.9, 19.8. HRMS (ESI-TOF) cafcd
CH,NO; [M+H] *: 218.0812; found: 218.0811.

4.3.22.6'-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)spiro[cyclopropane-1,3'-indoline]-6'- 9.

carboxylate(10v) 10.

Colorlesscrystalline (29 mg, 49% vyield). mp 252-254.°t
NMR (300 MHz, DMSOdg): § 10.59 (s, 1H), 7.26 (d,= 7.4 Hz,
1H), 7.17 (s, 1H), 6.97 (d] = 7.4 Hz, 1H), 1.57-1.60 (m, 2H),
1.48-1.52 (m, 2H);®C NMR (75 MHz, DMSOd,): & 178.0,
141.9, 135.2, 128.1, 119.2, 114.8, 84.0, 27.8,,28012. HRMS
(ESI-TOF) calcd for GH,:BNO; [M+H] *: 286.1612; found:
286.1617.

4.3.23.1'-(2-bromoethyl) spiro[cyclopropane-1,3'-
indolin]-2'-one (11)

Yellow oil. (19 mg, 35% yield)'H NMR (300 MHz, CDCJ)):
8 7.26-7.31 (m, 1H), 7.00-7.09 (m, 2H), 6.97 {c 7.3 Hz, 1H),
4.21 (t,J = 7.2 Hz, 2H), 3.61 () = 7.2 Hz, 2H), 1.78-1.81 (m,

2H), 1.56-1.57 (m, 2H)**C NMR (75 MHz, CDCJ): § 177.0, 11

142.2, 130.7, 126.8, 122.3, 118.6, 108.2, 42.16,2%7.0, 18.7.
HRMS (ESI-TOF) calcd for GH,sBrNO [M+H] *: 266.0175;
found: 266.0181.
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