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Catalytic Enantioselective Syntheses of Functionalized 3,3-
Spirocyclopropyl Oxindoles and Vinylcyclopropanes via
Ammonium Ylides Generated from a-Bromoketones
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Abstract Under the catalysis of chiral amine methylated quinidine, highly diastereo- and enantioselective cyclopropanation
reactions of a-bromoketones with 3-(substituted methylene) oxindoles and electron-deficient 1,3-dienes have been realized
respectively, providing corresponding functionalized 3,3-spirocyclopropyl oxindoles and vinylcyclopropanes in 46%~99%
yields with up to 98% ee and up to 20 : 1 dr. Thus, a facile and complementary synthetic method for chiral title compounds is
successfully develped by the catalytic ammonium ylide strategy.
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1 Introduction

Synthesis of chiral cyclopropanes has been an attractive
subject in the field of organic chemistry since this kind of
molecular motifs often exists in a variety of natural prod-
ucts and bioactive compounds.!! Moreover, the unique
rigid skeleton and inherent strain-rendered reactivity of the
cyclopropane ring make diverse cyclopropanes to be spe-
cial building blocks and versatile reagents in organic syn-
thesis.'** Over past a few decades, vast efforts from
chemists have been devoted to the development of highly
efficient and stereoselective methodologies for the synthe-
sis of chiral cyclopropanes, and great progress has been
made. As summarized in a series of leading reviews,” the
predominant advances in asymmetric synthesis of cyclo-
propanes have been continuously achieved in well-known
Simmons—Smith reactions,!”  transition-metal-catalyzed
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cyclopropanations  of  diazo  compounds,”)  Mi-
chael-initiated ring-closure (MIRC) reactions,® and direct
functionalization of achiral cyclopropanes.”!! Among other
asymmetric syntheses of cyclopropanes,”**¢"! organocata-
lytic asymmetric cyclopropanation reaction has also at-
tracted considerable attention since asymmetric organoca-
talysis emerged around 2000."! As a result, an array of
enantioselective cyclopropanation reactions have been
successfully developed in recent decade by utilizing pre-
vailing organocatalysts, such as chiral secondary amines,
N-heterocyclic carbenes, cinchona alkaloids and their de-
rivatives.***¢%% In spite of such encouraging advances, as
a distinct and complementary methodology to the met-
al-mediated synthesis of chiral cyclopropanes, organocata-
lytic asymmetric cyclopropanation, however, remains in its
infancy.

During the past two decades, ammonium ylide-mediated
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asymmetric annulation reactions have aroused considerable
interest in the organic chemistry community and a variety
of specific chiral carbo- and hetero-cycle entities have
been accordingly accessed.””'”! Several catalytic asymmet-
ric syntheses of chiral cyclopropanes have also been suc-
cessfully realized by chiral ammonium ylide-involving
mechanisms. The pioneering work was reported by Gaunt
and co-workers, in which a highly stereoselective cyclo-
propanation between a-bromocarbonyls and electron-poor
olefins like enones and acrylic derivatives was first devel-
oped by using readily available cinchona alkaloid deriva-
tives as catalysts (Scheme 1).""*""") In the plausible mech-
anism, chiral ammonium ylide is presumably generated in
situ from chiral nucleophilic amine catalyst and the bro-
mocarbonyl under the aid of a base. Gaunt group!''*''¥
also successfully demonstrated that the same protocol
could be applied to asymmetric intramolecular cyclopro-
panation of halo enones to construct chiral bicyclo[4.1.0]-
alkanones. After initial disclosures of this ammonium ylide
protocol by Gaunt group, its potential in construction of
chiral three-membered cycles has not been properly ex-
plored yet.'” Most recently, Waser and Roiser!'* realized
a highly enantioselective spirocyclopropanation of para-
quinone methides, albeit by using stoichiometric chiral
ammonium ylides. Herein we report highly enantioselec-
tive syntheses of functionalized 3,3-spirocyclopropyl ox-
indoles and vinylcyclopropanes via catalytic ammonium
ylide-mediated asymmetric cyclopropanations between
a-bromoketones and electron-deficient alkenes (Scheme
1).

The pioneering work of Gaunt group:
@) o) catalyst
(10 ~ 20 mol%)
R! + R2
Cs,CO3 (1.3 equiv.)
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MeCN, 80 °C, 24 h
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Scheme 1 Catalytic asymmetric cyclopropanations via

ammonium ylide-mediated protocol
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2 Results and discussion

Given the biological importance of 3,3-spirocyclopropyl
oxindoles,"*! synthesis of chiral spirocyclopropyl oxin-
doles has been intensively investigated, particularly in the
recent decade, and a series of metal-mediated and organo-
catalytic asymmetric cyclopropanations have been accord-
ingly developed from specific oxindole derivatives,
providing facile assemblies of such chiral molecular mo-
tifs, 3o 6hea=6hTa=7el Considering the easy availability of
cinchona alkaloids and their derivatives as chiral catalysts,
and the robustness of the Gaunt protocol in synthesis of
chiral cyclopropanes, we were interested in exploring new
synthesis of chiral 3,3-spirocyclopropyl oxindoles via cat-
alytic ammonium ylide-mediated asymmetric cyclopropa-
nation of 3-(substituted methylene) oxindoles. To test the
feasibility of the suspected reaction, the racemic cyclopro-
panation between (F)-1-benzyl-3-(benzoylmethylene) ox-
indole (2a) and a quaternary ammonium salt prepared from
a-bromoacetophenone (1a) and 1,4-diazabicyclo[2.2.2]-
octane (DABCO) was first examined. Thus, the ammoni-
um salt (0.15 mmol) was treated with 2a (0.10 mmol) and
Na,CO; (0.15 mmol) in 1,4-dioxane with stirring at 90 C
for 3 h, delivering the expected spirocyclopropyl oxindole
rac-3a in 70% isolated yield with >20 : 1 dr diastere-
oselectivity (Eq. 1).

PhOC
4+/N . ) Na,CO3 (1.5 equiv.)
ﬂ?ﬁr’ N © dioxane, 90 °C, 3 h
COPh 23 - in 70% yield
(0.15 mmol) (0.10 mmol)
PhOC,,, COPh

rac-3a

With this positive result in hand, we then attempted to
survey the catalytic asymmetric version of this reaction
under pre-determined conditions by choosing 1a and 2a as
the model substrates (Table 1). First, the racemic model
reaction catalyzed by DABCO (20 mol%) was tried, but
failed to deliver the product rac-3a in appreciable yield
(Table 1, Entry 1). To our delight, further chiral catalyst
screening brought encouraging results. Under similar con-
ditions, a series of cinchona alkaloids and their derivatives
proved to be effective catalysts, producing 3a in modest to
excellent enantioselectivities (Table 1, Entries 2~10).
Quinidine (C2) and its derivatives (C1, C3~C6) all fur-
nished moderate to high ee values although some of them
only brought low yields (Table 1, Entries 2~7). Methyl-
ated quinidine (C3) showed good catalytic activity and
excellent enantioselectivity, delivering 3a in 77% yield
with 93% ee (Table 1, Entry 4). Cinchonine (C7) also
showed good catalytic activity but only modest enantiose-
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lectivity (Table 1, Entry 8). Both quinine (C8) and cin-
chonidine (C9) were effective, giving the opposite enan-
tiomer of 3a as the major but in moderate yields and mod-
est enantioselectivites (Table 1, Entries 9, 10). By choosing
C3 as the catalyst, several solvents were further surveyed
under lowered temperatures and elongated times (Table 1,
Entries 11~16). With regard to both yield and enantiose-
lectivity, toluene was selected as the preferred solvent (En-
try 17). The reduced loading amount (10 mol%) of the cat-
alyst was also surveyed, but resulted in inferior yield and

Table 1 Condition survey of the model reaction of 1a and 2a“

PhOC PhOC,
catalyst COPh
20 mol%)
Ph Na CcO @K
Br N\ 1.5 éqw\? )
1a 2a 3a
Entry Catalyst  Solvent  Time/h Temp./’C Yield’/% ee/%
1 DABCO Dioxane 3 90 Trace —
2 C1 Dioxane 3 90 33 79
3 C2 Dioxane 6 90 50 61
4 C3 Dioxane 3 90 77 93
5 C4 Dioxane 6 90 33 78
6 C5 Dioxane 6 90 17 76
7 Cé6 Dioxane 6 90 74 89
8 Cc7 Dioxane 6 90 81 58
9 C8 Dioxane 6 90 61 —62
10 c9 Dioxane 6 90 60 —52
11 C3 MeCN 7 80 7 50
12 C3 Toluene 7 80 72 94
13 C3 CICH,CH,Cl 7 80 55 84
14 C3 EtOAc 7 60 31 87
15 C3 THF 7 60 39 90
16 C3 CHCl; 7 60 9 92
17 C3 Toluene 3 110 87 95
18¢ C3 Toluene 3 110 78 90

“ General conditions: a reaction mixture of a-bromoacetophenone (1a) (0.15
mmol), 3-methylene oxindole 2a (0.10 mmol), Na,CO; (0.15 mmol), and
catalyst (0.02 mmol) in solvent (1.0 mL) was stirred at specified temperature
for specified time. * Isolated yield based on 2a. ¢ Determined by chiral HPLC
and only trans-diastereomer was observed. ¢ The loading of C3 was 10 mol%.

MeO
C2R=H,C3R =Me
C4R =Ac, C5R =PhCO
C6 R=Bn

=
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lowered enantioselectivity (Entry 18). Thus, the optimal
conditions for the model reaction was established as shown
in Table 1 Entry 17, under which chiral spirocyclopropyl
oxindole 3a was obtained in 87% yield with 95% ee.

Under the optimized conditions, the catalytic asymmet-
ric cyclopropanation reaction of 3-(substituted methylene)
oxindoles 2 with a-bromoacetophenones 1 was further
investigated (Table 2). With 2-bromoacetophenone 1a em-
ployed as a representative reactant, a variety of different
3-methylene oxindoles 2 were first explored. Oxindoles 2
bearing electron-donating or electron-withdrawing substit-
uent R* at 5-, 6- or 7-position were all effective, readily
producing corresponding 3,3-spirocyclopropyl oxindoles 3
in moderate to excellent yields with high enantioselectivi-
ties and diastereoselectivities (Table 2, Entries 1~10). In
the above entities, substituents R' and R? in products 3 are
the same (R'=R*=Ph), thus the spiro centers in 3a~3j
are achiral. Next, the varied substituents R? attached to the
ketone moiety in 2 were also surveyed. When R’ was
substituted phenyl or hetero-aryl like 3-thienyl, the
corresponding substrates 2k~ 2r all smoothly afforded
their cyclopropanation products 3k~3r in moderate to
good yields but in modest to low diastereoselectivities
(Table 2, Entries 11~18). In the cases of products 3k and
31, their pure major diastereomers were obtained by
column chromatographic isolation on silica gel, and chiral
HPLC measurements revealed that the major diastereomers
of 3k and 3l were formed in high enantioselectivities
(Table 2, Entries 11 and 12). Except products 3k and 3lI,
other products 3m~3r were all obtained as inseparable
diastereomeric mixtures with 5.1 to 1 : 1 dr (Table 2,
Entries 13~18). The variation of substituent R' in a-bro-
moacetophenones 1 was also briefly tested. Similarly,
bromides 1b and 1c¢ uneventfully gave their corresponding
cyclopropanation products 3s and 3t in moderate yields
with low diastereoselectivities but also as diastereomeric
mixtures (Table 2, Entries 19, 20). The above results imply
that the catalyst C3 can exert excellent stereocontrol over
two forming chiral centers but poor stereocontrol over the
spiro center in the asymmetric cyclopropanation. Finally,
the protecting group R* at the nitrogen atom of oxindole
framework in 2 was surveyed. Both acetyl-substituted 2s
(R*=acetyl) and unprotected 2t (R*=H) were ineffective
in the catalytic asymmetric cyclopropanations with the
bromide 1a (Table 2, Entries 21, 22). Selection of a proper
protecting group R is seemingly critical for the effec-
tiveness of substrate 2 in this cyclopropanation.

We were also interested in exploring the ammonium
ylide protocol in the catalytic asymmetric cyclopropana-
tion reaction between a-bromoketones and electron-defi-
cient 1,3-dienes which was supposed to lead to a straight-
forward synthesis of versatile chiral vinylcyclopropanes,
although a couple of other ylide-mediated asymmetric
synthesis of vinylcyclopropanes were previously report-
ed.!"" By choosing 2-bromoacetophenone 1a and 1,3-diene
4a as the model substrates, a brief condition survey on the
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Table 2 Catalytic asymmetric synthesis of chiral spirocyclopropyl oxindoles 3“

R?0C R?0C,
o ) : COR!
. . X C3 (20 mol%) @KO
Br // N Na,CO3 (1.5 equiv.) // N
1 R® , R4 toluene, 110 °C R3 \R4
3

R' = Ph (1a), p-tolyl (1b), m-anisyl (1¢)

Entry 1 R% R RY(2) Time/h 3 Yield®/% dr* eel%
1 1a Ph, H, Bn (2a) 3 3a 87 >20: 1 95
2 1a Ph, 5-Br, Bn (2b) 3 3b 93 >20: 1 94
3 1a Ph, 5-Cl, Bn (2¢) 3 3¢ 94 >20: 1 94
4 1a Ph, 5-F, Bn (2d) 3 3d 78 >20: 1 95
5 1a Ph, 5-Me, Bn (2e) 4 3e 66 >20: 1 96
6 1a Ph, 5-MeO, Bn (2f) 4 3f 64 >20: 1 93
7 1a Ph, 5-NO,, Bn (2g) 3 3g 2 >20: 1 87
8 1a Ph, 6-Br, Bn (2h) 3 3h 88 >20: 1 94
9 1a Ph, 6-Cl, Bn (2i) 3 3i 85 >20: 1 94
10 1a Ph, 7-CI, Bn (2j) 3 3j 83 >20: 1 94
11 1a 4-MeCg¢H,, H, Bn (2K) 3 3k 64¢ 3:1 92/
12 1a 4-CNC¢H,, H, Bn (21) 3 3l 61¢ 2:1 98/
13 1a 4-CIC¢H,, H, Bn (2m) 3 3m 53¢ 5:1 ND"
14 1a 4-BrC¢H,, H, Bn (2n) 3 3n 69¢ 2:1 ND"
15 1a 4-FC¢H,, H, Bn (20) 3 30 84¢ 3:1 ND"
16 1a 3,4-Cl,CgH;, H, Bn (2p) 3 3p 81¢ 2:1 ND"
17 1a 4-NO,CgH,, H, Bn (2q) 3 3q 63¢ 1:1 ND"
18 1a 3-Thienyl, H, Bn (2r) 7 3r 46° 1:1 ND"
19 1b Ph, H, Bn (2a) 3 3s 79¢ 1:1 ND"
20 1c Ph, H, Bn (2a) 3 3t 51¢ 2:1 ND"
21 1a Ph, H, Ac (2s) 7 NR' — —
22 1a Ph, H, H (2t) 7 NR' — —

“For reaction conditions, see Experimental Section. *Isolated yield based on 2. ¢ Determined by '"H NMR assay of the simply purified crude products. ¢ Determined
by chiral HPLC. ¢ Combined yield./ For the major diastercomer. £ Total yield of inseparable diastereomeric mixture. " Not determined.  No reaction.

chiral amine-catalyzed asymmetric cyclopropanation reac-
tion of 1la and 4a is first conducted (Table 3). Alkaloid
quinidine (C2) and its derivatives (C1, C3~C6) were
tested in the model reaction run in acetonitrile at 80 C
and the results showed that these chiral amines all fur-
nished the expected product vinylcyclopropane 5a in high
yields with moderate to high stereoselectivities (Table 3,
Entries 1~6). Quinine (C8) was also an effective catalyst.
Under the same conditions it afforded the opposite enan-
tiomer of 5a in 94% yield with 79% ee (Table 3, Entry 7).
In terms of both yield and enantioselectivity, methylated
quinidine C3 remained the preferred catalyst (Table 3, En-
try 3). With the catalyst C3 employed, a series of solvents
were further surveyed. The model reactions run in toluene
and xylene respectively at higher temperatures for elon-
gated times only brought inferior yields and ee values (Ta-
ble 3, Entries 8 and 9). Polar solvents like DMF and
DMSO proved to be detrimental to the reaction (Table 3,
Entries 10 and 11). Other solvents such as CH,Cl,, CHCl;,
EtOAc, THF and 1,2-dichloroethane could readily afford
the normal product 5a in moderate to excellent yields but
in modest enantioselectivities (Table 3, Entries 12~16).
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The decreases in the loading amount of the catalyst were
also tested, leading to considerable decreases in both yield
and enantioselectivity (Entries 17, 18). Thus, the condi-
tions listed in Table 3 Entry 3 remained the optimal. It
should be noted that, in all cases, product 5a was obtained
as a single diastereomer (Table 3, footnote c).

Under the optimal conditions, the catalytic reaction of
2-bromoacetophenone (1a) and 1,3-diene 4a readily gave
the cyclopropanation product 5a in 97% yield with 93% ee
(Table 4, Entry 1). The scope of a-bromoacetophenones 1
was further investigated. An array of a-bromoaceto-
phenones (1) bearing electron-donating groups like MeO
and Me or electron-withdrawing groups such as halogen
(F, Cl, Br) at para, meta or ortho positions of the benzene
ring were all effective in the annulation reaction, unevent-
fully furnishing their corresponding vinylcyclopropanes
5b~51 in very good yields and generally high
enantioselectivities (Table 4, Entries 2~12). 2-Naphthyl
and 2-thienyl substituted a-bromoethanones 1m~1n were
also effective substrates to deliver their corresponding
products 5m and 5n in excellent yields and moderate
enantioselectivities (Table 4, Entries 13, 14). For the
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Table 3 Condition survey on catalytic asymmetric cyclopropa- Table 4 Catalytic asymmetric synthesis of vinylcyclopropanes
nation of 1a and 1,3-diene 4a“ 5¢
0o NC.__CN NC._CN o NC CN
ph)H . §Iph _conditions _ PhIKCOZEt RAS e ‘ CN €3 (20 mol%) j\/ o
Br Lokt "eoph Br b, NaaCOs (1.5 equiv.) Ph ’
1a 2 0 " 1
4a 5a 1 CO,R MeCN, 80°C, 2 h COR
‘ — - R = Et (4a), Me (4b)
Entry Catalyst Solvent Time/h Temp./'C Yield"/% ee“/%
1 Cl MeCN 2 80 86 81 Entry R'(1) 4 5 Yield/% dr  ee'l%
2 €2 MeCN 2 80 99 72 1 Ph(la) 4a 52 97 >20:1 93
3 €3 MeCN 2 80 97 93 2 4-MeCH,(1b) 4a 5b 98 >20:1 89
4 €4 MeCN 2 80 99 65 3 3-MeOCeHs (1c) 4a 5S¢ 95 >20:1 85
5 €5 MeCN 2 80 99 66 4 4-MeOCeH,(1d) 4a 5d 98 >20:1 92
6 €6 MeCN 2 80 97 81 5 3MeCeHs(le) 4a  Se 91 >20:1 90
7 €8  MeCN 2 80 94 =79 6 2-MeCeH,(1fy 4a 56 92 >20:1 81
8 €3 Toluene 7 110 68 45 7 2-MeOC¢Hs (1g) 4a 5S¢ 93 >20:1 90
9 €3 Xylene 7 130 76 43 8 4FCH,(1h) 4a 5h 99 >20:1 82
10 €3 DMF 3 80 NR? — 9 4-CICH,(1i) 4a 5i 93 >20:1 79
1 €3 DMSO 3 80 NR 10 4-BrCeH, (1)  4a  5j 89 >20:1 76
126 CHCL 8 40 54 60 11 3-FCH,(1k) 4a 5k 90 >20:1 81
13 G CHCL 8 60 81 53 12 2-FCeH, (11) 4a 51 94 >20:1 78
14 €3  EtOAc 3 60 97 65 13 2-naphthyl (Im) 4a 5m 96 >20:1 82
15 €3 THF 3 60 99 67 14 2-hienyl(ln) 4a 5n 93 >20:1 76
16 €3 CICH,CHCI 3 80 95 71 15 Ph(1a) b 50 8 >20°1 88
17 €3 MeCN 2 80 92 88 16 4-MeCgH,(1b) 4b  5p 97 >20:1 90
18/ C3 MeCN 2 80 87 71 17 Me (10) 4a NRE _ _

“ General conditions: a reaction mixture of a-bromoacetophenone (1a) (0.15
mmol), 1,3-diene 4a (0.10 mmol), Na,CO; (0.15 mmol), and catalyst (0.02
mmol) in solvent (1.0 mL) was stirred at specified temperature for specified
time. © Isolated yield based on 4a. ¢ Determined by chiral HPLC and only a
single diastercomer was observed. ¢ No reaction. ¢ The loading amount of C3
was 10 mol%./ The loading amount of C3 was 5 mol%.

purpose of comparison, 1,3-diene 4b with a methyl ester
group was also examined and its reactions with
representative a-bromoacetophenones 1a and 1b readily
afforded the corresponding annulation products 5o and 5p
in high yields and good enantioselectivities (Table 4,
Entries 15, 16). However, when R' in 1 was aliphatic
group like methyl, the substrate bromoacetone (10) was
ineffective (Table 4, Entry 17). Noticeably, all of vinyl-
cyclopropanes 5 were obtained in this work with excellent
diastereoselectivities (=20 : 1 dr).

To further explore the substrate scope, the catalytic
asymmetric cyclopropanation reaction between 3-bro-
mooxindole 1p and 1,3-diene 4a was examined under
similar conditions (Eq. 2). The expected spirocyclopropyl
oxindole 6 was smoothly obtained in 93% yield and in
high diastereoselectivity but low enantioselectivity.

The structures of compounds 3, 5 and 6 were identified
by '"H NMR, "*C NMR and HRMS-ESI measurements. The
representative compounds 3a (CCDC 1940891), S5g
(CCDC 1940893) and 6 (CCDC 1940896) have also been
unambiguously confirmed by single crystal X-ray diffrac-
tion analyses (For crystal structural data, see Supporting
Information). Some of vinylcyclopropanes 5 are the
reported compounds, which were also corroborated by the
data disclosed in literature.!"*"
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“ For reaction conditions, see Experimental Section. * Isolated yield. ¢ Only
single diastereomer was observed by NMR assay. ¢ Determined by chiral
HPLC. “ No reaction.

€3 (20 mol%) NC
Br Na,COs (15 equiv.)  EtO.C b
0+4 MeCN, r.t., 12 h )
N 010?nm | 93% yield 3 Oph @
l\\/l ©. o 5201 dr, <5% ee -
1p e
(0.15 mmol)

3 Conclusions

In summary, by following the ammonium ylide strategy,
we have successfully developed chiral amine catalytic
asymmetric cyclopropanation reactions of a-bromoketones
1 with 3-(substituted methylene)oxindoles 2 and electron-
deficient 1,3-dienes 4, which provided highly functionali-
zed spirocyclopropyl oxindoles 3 and vinylcyclopropanes
5 in moderate to excellent yields with up to 98% ee
enantioselectivities and up to 20 : 1 dr diastereoselecti-
vities. Thus, these cyclopropanation reactions constitute
facile and compelmentary methods to biologically
important  chiral  spirocyclopropyl oxindoles and
synthetically versatile chiral vinylcyclopropanes. It should
be noted that, the chiral amine-catalyzed asymmetric
intermolecular cyclopropanation of a-haloketones with
electron-deficient olefins has met with little success before,
although a single example of stoichiometric chiral amines
(100 mol%) catalyzed asymmetric cyclopropanation of
a-bromoacetophenone and fert-butyl acrylate was first

Chin. J. Org. Chem. 2020, 40, 40~52
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realized by Gaunt group.!"" Our results in this work clearly
indicate that, by choosing appropriate electron-poor
alkenes, a-bromoketones including a-bromoacetophenones
could be effective candidates in the catalytic ammonium
ylide-mediated asymmetric cyclopropanations. Given the
easy availability of chiral amine catalysts like cinchona
alkaloids and their derivatives and the operational
simplicity of relevant catalytic reactions, we anticipate that
the catalytic ammonium ylide-mediated asymmetric
annulation reactions including cyclopropanation reaction
will find a wide range of applications in the syntheses of
chiral cyclopropanes and other chiral cyclic compounds.

4 Experimental section

4.1 General methods

Unless otherwise noted, all reactions were carried out
under anhydrous conditions. Solvents were purified prior
to use according to conventional procedures. 'H NMR and
C NMR spectra were recorded in CDCl; with tetrame-
thylsilane (TMS) as the internal standard. HRMS spectra
were acquired in the electrospray ionization (ESI) mode
with the mass analyzer of time of flight (TOF) used. Col-
umn chromatography was performed on silica gel (200~
300 mesh) using a mixture of petroleum ether (60~
90 C)-ethyl acetate as the eluent. The values of ee were
determined through chiral HPLC using chiral columns with
i-PrOH/hexane as the eluent. Catalysts C1, C2, C7, C8 and
C9 were commercially available. Catalysts C3,"* C4,['>"
5" and €6!°) were prepared according to the literature
procedures. 2-Bromoacetophenones 1 are commercially
available. Isatin-derived alkenes 2!"® and 1,3-dienes 4 were
prepared according to the literature procedure.!'”?

4.2 Procedure for cyclopropanation of ammonium
salt with isatin-derived alkene 2a

A mixture consisting of ammonium salt (47 mg, 0.15
mmol), 2a (34 mg, 0.10 mmol), and Na,CO; (16 mg, 0.15
mmol) in 1,4-dioxane (1.0 mL) was stirred at 90 C for 3
h. Solvent and other volatile components were removed on
a rotary evaporator under reduced pressure, and the residue
was subjected to column chromatography isolation on sili-
ca gel (eluent: petroleum ether (60~90 °C)/ethyl acetate,
V. V=10 :1) to give spirocyclopropyl oxindole rac-3a
32 mg, yield 70%. The 'H NMR of rac-3a was reported in
literature. !

4.3 General procedure for catalytic asymmetric cy-
clopropanation of a-bromoketones 1 with isa-
tin-derived alkenes 2

A mixture consisting of 1 (0.15 mmol), 2 (0.10 mmol),
Na,CO; (16 mg, 0.15 mmol) and catalyst C3 (7 mg, 0.02
mmol) in toluene (1.0 mL) was stirred at 110 “C for spec-
ified time. Solvent and other volatile components were
removed on a rotary evaporator under reduced pressure,
and the residue was subjected to column chromatography
isolation on silica gel (eluent: petroleum ether (60~
90 C)/ethyl acetate, V. V=10 . 1) to give spirocyclo-
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ARTICLE
propyl oxindoles 3.

(1'-Benzyl-2'-oxospiro[cyclopropane-1,3'-indoline]-2,3-
diyl)bis(phenylmethanone) (3a): 38 mg, yield 87%, dr>
20 ¢ 1, 95% ee [HPLC: Chiralcel AS-H column,
V(hexane) . V(i-PrOH)=70 : 30, flow rate: 1.0 mL/min,
A=254 nm, tngjor=25.5 Min, fyiner= 10.0 min]. Yellow
solid, m.p. 216~217 C; [a]b —262.6 (¢ 0.8, CH,Cl,);
'H NMR (400 MHz, CDCly) d: 7.99~7.95 (m, 2H),
7.87~7.80 (m, 2H), 7.58~7.51 (m, 2H), 7.44~7.32 (m,
5H), 7.19~7.10 (m, 4H), 7.03~6.95 (m, 3H), 6.74 (d, J=
7.8 Hz, 1H), 5.06 (d, J=15.6 Hz, 1H), 4.67 (d, J=15.7
Hz, 1H), 4.48 (d, J=7.8 Hz, 1H), 4.22 (d, J/=7.8 Hz, 1H);
C NMR (100 MHz, CDCl;) 0: 192.2, 190.6, 171.4, 143.3,
136.7, 136.2, 135.5, 133.9, 133.6, 128.9, 128.8, 128.7
(20), 128.6, 127.6, 127.1, 123.9, 122.9, 122.4, 109.5, 44.1,
40.7, 39.7, 38.9. HRMS-ESI caled for C3;HpyNO; [M+
H]" 458.1751; found 458.1755.

(1-Benzyl-5'-bromo-2'-oxospiro[cyclopropane-1,3'-indo-
line]-2,3-diyl)bis(phenylmethanone) (3b): 50 mg, yield
93%, dr>20 : 1, ee 94% [HPLC: Chiralcel AS-H column,
V(hexane) . V(i-PrOH)=70 : 30, flow rate: 1.0 mL/min,
A=254 nm, tuior=22.0 MiN, fyiner=9.9 min]. Yellow sol-
id; m.p. 182~183 C; [a]s —197.9 (¢ 0.8, CH.CL); 'H
NMR (400 MHz, CDCl;) ¢: 8.04~7.97 (m, 2H), 7.84 (dd,
J=8.3, 1.1 Hz, 2H), 7.62~7.56 (m, 2H), 7.52 (d, J=1.9
Hz, 1H), 7.49~7.39 (m, 4H), 7.29 (dd, /=28.4, 2.0 Hz,
1H), 7.23~7.10 (m, 3H), 6.93 (d, J/=7.1 Hz, 2H), 6.59 (d,
J=8.4 Hz, 1H), 5.06 (d, J=15.7 Hz, 1H), 4.62 (d, J/=15.7
Hz, 1H), 4.49 (d, /=7.9 Hz, 1H), 4.19 (d, /=7.9 Hz, 1H);
C NMR (100 MHz, CDCl;) d: 191.9, 190.1, 170.9, 142.3,
136.6, 136.0, 134.9, 134.1, 133.7, 131.5, 128.9, 128.8
(20), 128.7, 128.5, 127.7, 127.0, 126.0, 125.7, 115.7,
110.8, 44.1, 40.3, 40.1, 38.9. HRMS-ESI calcd for
C3;Hy,BrNNaO; [M+Na]™ 558.0675; found 558.0678.

1'-Benzyl-5'-chloro-2'-oxospiro[cyclopropane-1,3'-indo-
line]-2,3-diyl)bis(phenylmethanone) (3¢): 46 mg, yield
94%, dr>20 : 1, ee 94% [HPLC: Chiralcel AS-H column,
V(hexane) . V(i-PrOH)=70 : 30, flow rate: 1.0 mL/min,
A=254 nm, tuaior=20.0 Min, fyine:=8.9 min]. Yellow sol-
id; m.p. 158~159 C; [a]d —230.4 (¢ 1, CH,ClL); 'H
NMR (400 MHz, CDCl;) ¢: 8.05~7.98 (m, 2H), 7.89~
7.81 (m, 2H), 7.63~7.55 (m, 2H), 7.48~7.37 (m, 5H),
7.23~7.12 (m, 4H), 6.93 (d, J/=7.1 Hz, 2H), 6.64 (d, J=
8.4 Hz, 1H), 5.06 (d, J=15.7 Hz, 1H), 4.63 (d, J=15.7
Hz, 1H), 4.49 (d, /=7.9 Hz, 1H), 4.19 (d, /=7.9 Hz, 1H);
C NMR (100 MHz, CDCl;) d: 191.9, 190.1, 171.0, 141.8,
136.6, 136.1, 135.0, 134.1, 133.7, 128.9 (2C), 128.8 (20),
128.6, 128.5, 128.4, 127.8, 127.0, 125.7, 123.1, 110.3,
442, 40.4, 40.1, 38.9. HRMS-ESI calcd for C;;Hy,CIN-
NaO; [M+Na]" 514.1180; found 514.1185.

(1'-Benzyl-5'-fluoro-2'-oxospiro[cyclopropane-1,3'-indo-
line]-2,3-diyl)bis(phenylmethanone) (3d): 37 mg, yield
78%, dr>20 : 1, ee 95% [HPLC: Chiralcel AS-H column,
V(hexane) . V(i-PrOH)=70 : 30, flow rate: 1.0 mL/min,
A=254 nm, tujor=21.4 Min, fyine:= 8.6 min]. Yellow sol-
id; m.p. 142~143 C; [a]h —302.1 (c 0.8 CH,CL); 'H
NMR (400 MHz, CDCl;) ¢: 8.04~7.97 (m, 2H), 7.87~
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7.81 (m, 2H), 7.61~7.55 (m, 2H), 7.48~7.36 (m, 4H),
7.22~7.11 (m, 4H), 6.94 (d, J=7.0 Hz, 2H), 6.86 (td, J=
8.8, 2.6 Hz, 1H), 6.63 (dd, /=8.6, 4.2 Hz, 1H), 5.06 (d,
J=15.7 Hz, 1H), 4.63 (d, J/=15.7 Hz, 1H), 4.50 (d, J=7.9
Hz, 1H), 4.18 (d, J=7.9 Hz, 1H); *C NMR (100 MHz,
CDCl;) 6: 192.0, 190.2, 171.2, 159.1 (d, J=240.8 Hz),
139.2 (d, J/=1.5 Hz), 136.6, 136.1, 135.1, 134.1, 133.7,
128.9, 128.8, 128.7 (2C), 128.5, 127.7, 127.0, 125.5 (d,
J=9.3 Hz), 114.9 (d, /=23.8 Hz), 110.9 (d, /=26.8 Hz),
109.9 (d, /=38.3 Hz), 44.2, 40.6, 40.0, 38.8. HRMS-ESI
caled for C;Hp,FNNaO; [M+ Na] ™ 498.1476; found
498.1480.
(1'-Benzyl-5'-methyl-2'-oxospiro[cyclopropane-1,3'-indo-
line]-2,3-diyl)bis(phenylmethanone) (3e): 31 mg, yield
66%, dr>20 . 1, ee 96% [HPLC: Chiralcel AS-H column,
V(hexane) : V(i-PrOH)=70 : 30, flow rate: 1.0 mL/min,
A=254 nm, fpajor=17.8 mMin, tyine:= 8.3 min]. Yellow sol-
id; m.p. 152~153 C; [a]y —298.7 (c 0.6, CH,Cl,); 'H
NMR (400 MHz, CDCl;) ¢: 8.00~7.96 (m, 2H), 7.86~
7.82 (m, 2H), 7.59~7.52 (m, 2H), 7.45~7.35 (m, 4H),
7.21~7.11 (m, 4H), 7.01~6.92 (m, 3H), 6.62 (d, J=8.0
Hz, 1H), 5.04 (d, J/=15.6 Hz, 1H), 4.65 (d, J/=15.6 Hz,
1H), 4.46 (d, J/=7.8 Hz, 1H), 4.18 (d, J=7.8 Hz, 1H), 2.29
(s, 3H); *C NMR (100 MHz, CDCl;) §: 192.3, 190.7,
171.4, 140.9, 136.8, 136.2, 135.6, 133.9, 133.6, 132.5,
128.9, 128.8 (2C), 128.7 (2C), 128.6, 127.5, 127.1, 123.9,
123.1, 109.2, 44.1, 40.7, 39.6, 38.8, 21.3. HRMS-ESI calcd
for C3,H,sNO; [M+H]" 472.1907; found 472.1910.
(1'-Benzyl-5"-methoxy-2'-oxospiro[cyclopropane-1,3'-in-
doline]-2,3-diyl)bis(phenylmethanone) (3f): 31 mg, yield
64%, dr>20 . 1, ee 93% [HPLC: Chiralcel AS-H column,
V(hexane) : V(i-PrOH)=70 : 30, flow rate: 1.0 mL/min,
A=254 nm, tpuior=23.4 Min, fyine:=11.9 min]. Yellow
solid; m.p. 114~115 C; [a]y —261.1 (¢ 0.8, CH,CL);
'H NMR (400 MHz, CDCLy) J: 7.91 (d, J=7.5 Hz, 2H),
7.77 (d, J=17.4 Hz, 2H), 7.52~7.45 (m, 2H), 7.37~7.28
(m, 4H), 7.14~7.03 (m, 3H), 6.99~6.95 (m, 3H), 6.71~
6.66 (m, 1H), 6.54 (d, /=8.6 Hz, 1H), 4.97 (d, J=15.6
Hz, 1H), 4.55 (d, J=15.6 Hz, 1H), 4.40 (d, /=7.8 Hz,
1H), 4.10 (d, J=7.8 Hz, 1H), 3.67 (s, 3H); *C NMR (100
MHz, CDCl;) ¢: 191.1, 189.5, 170.1, 154.9, 135.7, 135.6,
135.1, 134.5, 1329, 132.6, 127.8, 127.7, 127.6 (20),
127.5, 126.5, 126.0, 124.1, 112.4, 108.8, 108.3, 54.7, 43.1,
39.8, 38.7, 37.7. HRMS-ESI calcd for C3,HyNO, [M—+
H]" 488.1856; found 488.1858.
(1'-Benzyl-5'"-nitro-2'-oxospiro[cyclopropane-1,3'-indo-
line]-2,3-diyl)bis(phenylmethanone) (3g): 36 mg, yield
72%, dr>20 : 1, ee 87% [HPLC: Chiralcel AS-H column,
V(hexane) : V(i-PrOH)=70 : 30, flow rate: 1.0 mL/min,
A=254 nm, tpmior=34.5 Min, fyiner= 16.5 min]. Yellow
solid; m.p. 114~115 C; [a]p —214.7 (¢ 0.6, CH,CL,);
'H NMR (400 MHz, CDCL;) J: 8.34 (d, J=1.8 Hz, 1H),
8.14 (dd, /=8.7, 1.8 Hz, 1H), 8.03 (d, J/=7.6 Hz, 2H),
7.84 (d, J=17.5 Hz, 2H), 7.60 (t, J=7.1 Hz, 2H), 7.52~
7.38 (m, 4H), 7.25~7.14 (m, 3H), 6.95 (d, J=7.2 Hz,
2H), 6.82 (d, J/=8.7 Hz, 1H), 5.13 (d, J=15.7 Hz, 1H),
4.71 (d, J=15.7 Hz, 1H), 4.57 (d, J=7.9 Hz, 1H), 4.35 (d,
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J=17.9 Hz, 1H); “C NMR (100 MHz, CDCl;) é: 191.5,
189.6, 171.7, 148.5, 143.7, 136.4, 135.9, 134.4, 134.3,
134.0, 129.0 (2C), 128.9, 128.8, 128.5, 128.1, 127.0,
125.5, 124.9, 118.8, 109.0, 44.5, 40.5, 40.0, 39.3. HRMS-
ESI calced for C;H,,N,NaOs [M-l-Na]+ 525.1421; found
525.1426.
(1'-Benzyl-6'-bromo-2'-oxospiro[cyclopropane-1,3'-indo-
line]-2,3-diyl)bis(phenylmethanone) (3h): 47 mg, yield
88%, dr>20 . 1, ee 94% [HPLC: Chiralcel AS-H column,
V(hexane) . V(i-PrOH)=70 : 30, flow rate: 1.0 mL/min,
A=254 nm, tyior=21.0 Min, fine:=9.5 min]. Yellow sol-
id; m.p. 156~157 C; [a]d —269.4 (¢ 1, CH,Cl,); 'H
NMR (400 MHz, CDCly) o: 7.97 (d, J=7.4 Hz, 2H), 7.83
(d, J=7.4 Hz, 2H), 7.61~7.53 (m, 2H), 7.47~7.36 (m,
4H), 7.26~7.11 (m, 5H), 6.95 (d, J/=7.2 Hz, 2H), 6.87 (d,
J=1.2 Hz, 1H), 5.03 (d, /=15.7 Hz, 1H), 4.62 (d, J=15.7
Hz, 1H), 4.49 (d, J=7.9 Hz, 1H), 4.20 (d, J/=7.9 Hz, 1H);
C NMR (100 MHz, CDCl;) d: 192.1, 190.2, 171.3, 144.5,
136.6, 136.1, 134.9, 134.1, 133.8, 128.9 (3C), 128.7,
128.5, 127.8, 127.0, 125.8, 123.8, 1229, 122.4, 112.8,
44.2, 40.3, 39.7, 38.9. HRMS-ESI calcd for C;H,,Br-
NNaO; [M+Na]" 558.0675; found 558.0681.
(1'-Benzyl-6'-chloro-2"-oxospiro[cyclopropane-1,3'-indo-
line]-2,3-diyl)bis(phenylmethanone) (3i): 42 mg, yield
85%, dr>20 . 1, ee 94% [HPLC: Chiralcel AS-H column,
V(hexane) . V(i-PrOH)=70 : 30, flow rate: 1.0 mL/min,
A=254 nm, fyjor=20.2 MiN, fyine:=9.0 min]. Yellow sol-
id; m.p. 186~187 C; [a]d —274.9 (¢ 1, CH,Cl); 'H
NMR (400 MHz, CDCly) o: 7.97 (d, J=7.4 Hz, 2H), 7.83
(d, J=7.4 Hz, 2H), 7.61~7.54 (m, 2H), 7.47~7.36 (m,
4H), 7.30~7.24 (m, 1H), 7.23~7.12 (m, 3H), 6.99~6.93
(m, 3H), 6.73 (d, J=1.7 Hz, 1H), 5.04 (d, J=15.7 Hz,
1H), 4.62 (d, J=15.7 Hz, 1H), 4.49 (d, J=7.9 Hz, 1H),
4.20 (d, J=7.8 Hz, 1H); *C NMR (100 MHz, CDCl;) ¢:
192.1, 190.2, 171.4, 144.4, 136.6, 136.1, 134.9, 134.5,
134.1, 133.7, 1289 (3C), 128.7, 128.5, 127.8, 127.0,
123.5, 122.9, 122.3, 110.1, 44.2, 40.3, 39.8, 38.9. HRMS-
ESI calced for C5H»,CINNaO; [M+Na]" 514.1180; found
514.1184.
(1'-Benzyl-7'-chloro-2'-oxospiro[cyclopropane-1,3'-indo-
line]-2,3-diyl)bis(phenylmethanone) (3j): 41 mg, yield
83%, dr>20 . 1, ee 94% [HPLC: Chiralcel AS-H column,
V(hexane) . V(i-PrOH)=70 : 30, flow rate: 1.0 mL/min,
A=254 N, fior=25.9 MiN, fyiner=9.6 min]. Yellow sol-
id; m.p. 208~209 C; [a]y —301.4 (¢ 1, CH,ClL); 'H
NMR (400 MHz, CDCls) J: 7.96~793 (m, 2H), 7.89~
7.80 (m, 2H), 7.62~7.55 (m, 2H), 7.46~7.40 (m, 4H),
7.23 (dd, J=17.5, 0.8 Hz, 1H), 7.17~7.09 (m, 4H), 6.98~
6.91 (m, 3H), 5.39 (d, J=16.1 Hz, 1H), 5.26 (d, J=16.1
Hz, 1H), 4.48 (d, J=8.0 Hz, 1H), 4.24 (d, J/=28.0 Hz, 1H);
C NMR (100 MHz, CDCl;) d: 191.7, 190.0, 172.1, 139.2,
137.1, 136.5, 136.0, 134.1, 133.8, 131.2, 128.9 (20),
128.7, 128.5 (2C), 127.1, 126.7, 126.3, 123.8, 120.7,
115.8, 45.3, 40.1, 40.0, 39.8. HRMS-ESI calcd for C;;H,-
CINNaO; [M+Na]" 514.1180; found 514.1183.
2-Benzoyl-1'-benzyl-3-(4-methylbenzoyl)spiro[cyclopro-
pane-1,3"-indolin]-2"-one (3k): 30 mg, yield 64%, dr 3 : 1;
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for the major diastereomer, ee 92% [HPLC: Chiralcel
AS-H column, V(hexane) . V(i-PrOH)=70 : 30, flow rate:
1.0 mL/min, A=254 nm, fygjor=19.5 min, fyiner= 7.9 min].
Yellow solid; m.p. 174~175 C; [a]h —303.5 (¢ 0.6,
CH,CL,); 'H NMR (400 MHz, CDCl;) &: 7.91~7.82 (m,
4H), 7.55 (t, J=7.4 Hz, 1H), 7.40~7.32 (m, 3H), 7.23~
7.11 (m, 6H), 7.02~6.95 (m, 3H), 6.72 (d, J=7.8 Hz,
1H), 5.06 (d, J=15.7 Hz, 1H), 4.67 (d, J=15.7 Hz, 1H),
4.46 (d, /=79 Hz, 1H), 4.21 (d, J=7.9 Hz, 1H), 2.37 (s,
3H); *C NMR (100 MHz, CDCl5) §: 191.7, 190.7, 171.5,
145.0, 143.2, 136.2, 135.5, 134.3, 133.6, 129.5, 128.8
(20), 128.7, 128.5 (20C), 127.6, 127.1, 124.0, 122.9, 122.4,
109.4, 44.1, 40.5, 39.6, 38.8, 21.8. HRMS-ESI caled for
C3,H,NO; [M+H]" 472.1907; found 472.1912.
4-(2-Benzoyl-1'-benzyl-2'-oxospiro[cyclopropane-1,3'-in-
doline]-3-carbonyl)benzonitrile (31): 29 mg, yield 61%, dr
2 . 1; for the major diastereomer, ee 98% [HPLC:
Chiralcel AS-H column, V(hexane) . V(i-PrOH)=70 : 30,
flow rate: 1.0 mL/min, A1=254 nm, fnjor = 51.9 min,
tminr=15.7 min]. Yellow solid; m.p. 113~114 C; [a]}
—234.1 (¢ 1, CH,Cl,); 'H NMR (400 MHz, CDCl;) ¢:
8.05 (d, /=7.9 Hz, 2H), 7.82 (d, J/=7.5 Hz, 2H), 7.71 (d,
J=8.0 Hz, 2H), 7.58 (t, J/=7.0 Hz, 1H), 7.38 (t, J=7.5
Hz, 2H), 7.31 (d, J=7.4 Hz, 1H), 7.24~7.11 (m, 4H),
7.05~6.94 (m, 3H), 6.78 (d, J/=7.7 Hz, 1H), 5.07 (d, J=
15.6 Hz, 1H), 4.65 (d, J=15.5 Hz, 1H), 443 (d, J=17.6
Hz, 1H), 4.20 (d, J=7.6 Hz, 1H); *C NMR (100 MHz,
CDCl;) 0: 191.4, 190.2, 171.0, 143.3, 139.5, 136.0, 135.3,
133.8, 132.7, 129.0, 128.9, 128.7, 128.5, 127.7, 127.2,
123.3, 123.0, 122.4, 117.7, 117.1, 109.7, 44.2, 41.0, 39.8,
38.7. HRMS-ESI caled for C3H»N,NaO; [M+ Na]*
505.1523; found 505.1525.
2-Benzoyl-1'-benzyl-3-(4-chlorobenzoyl)spiro[cyclopro-
pane-1,3'-indolin]-2"-one (3m): 26 mg, yield 53%, dr 5 © 1,
as an inseparable diastereomeric mixture, yellow solid.
NMR data for the major isomer: 'H NMR (400 MHz,
CDCl;) 0: 7.92 (d, J=8.5 Hz, 2H), 7.86~7.81 (m, 2H),
7.57 (t, J=7.4 Hz, 1H), 7.38 (dd, /=8.0, 6.9 Hz, 4H), 7.31
(d, J/=7.4 Hz, 1H), 7.21~7.12 (m, 4H), 7.01 (t, J=7.6
Hz, 1H), 6.97 (d, /=7.2 Hz, 2H), 6.75 (d, J=7.8 Hz, 1H),
5.07 (d, J=15.6 Hz, 1H), 4.65 (d, J=15.6 Hz, 1H), 4.42
(d, J=7.8 Hz, 1H), 4.19 (d, J=7.8 Hz, 1H); “C NMR
(100 MHz, CDCl;) o: 191.1, 190.4, 171.2, 143.2, 140.5,
136.0, 135.3, 134.9, 133.6, 130.0, 129.1, 128.8, 128.7,
128.6, 128.5, 127.6, 127.1, 123.6, 122.9, 122.3, 109.5,
44.1, 40.6, 39.6, 38.6; selected NMR data for the minor
isomer: '"H NMR (400 MHz, CDCl;) ¢0: 7.98 (d, J=7.3 Hz,
2H), 7.75 (d, J=8.5 Hz, 2H), 7.44 (d, J/=7.9 Hz, 2H),
7.36~7.33 (m, 3H), 7.24~7.20 (m, 2H), 6.78 (s, 1H),
4.64 (d, J=15.6 Hz, 1H), 4.44 (d, J/=7.8 Hz, 1H), 4.16 (d,
J=17.8 Hz, 1H); *C NMR (100 MHz, CDCl;) é: 192.0,
189.6, 143.2, 140.1, 136.6, 134.5, 134.0, 129.8, 129.2,
128.8, 127.7, 127.1, 122.9, 122.4, 109.4, 44.1, 40.5, 39.4,
38.7. HRMS-ESI caled for Cs;;H»,CINNaO; [M+Na]®
514.1180; found 514.1185.
2-Benzoyl-1'-benzyl-3-(4-bromobenzoyl)spiro[cyclopro-
pane-1,3'-indolin]-2"-one (3n): 37 mg, yield 69%, dr 2 © 1,
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as an inseparable diastereomeric mixture, yellow solid.
NMR data for the major isomer: 'H NMR (400 MHz,
CDCl;) o: 7.85~7.80 (m, 4H), 7.57~7.53 (m, 3H),
7.51~7.48 (m, 1H), 7.41~7.35 (m, 2H), 7.21~7.13 (m,
4H), 6.99~6.93 (m, 3H), 6.75 (d, J/=7.7 Hz, 1H), 5.07 (d,
J=15.6 Hz, 1H), 4.65 (d, J=15.6 Hz, 1H), 4.41 (d, /="7.8
Hz, 1H), 4.19 (d, J=7.8 Hz, 1H); *C NMR (100 MHz,
CDCl) d: 191.3, 190.4, 171.2, 143.2, 136.1, 135.4, 133.6,
132.1, 130.1, 129.9, 128.8, 128.7, 128.6, 128.5, 127.6,
127.1, 123.6, 122.9, 122.3, 109.5, 44.1, 40.6, 39.6, 38.6;
selected NMR data for the minor isomer: 'H NMR (400
MHz, CDCl;) o: 8.00~7.93 (m, 2H), 7.71~7.64 (m, 2H),
7.52~7.47 (m, 2H), 7.43 (d, J=7.9 Hz, 1H), 7.25~7.21
(m, 1H), 7.12 (d, J=1.5 Hz, 2H), 7.05~7.00 (m, 2H),
5.08 (d, J=15.6 Hz, 1H), 4.64 (d, J/=15.6 Hz, 1H), 4.44
(d, J=7.8 Hz, 1H), 4.15 (d, J=7.8 Hz, 1H); *C NMR
(100 MHz, CDCls) o: 192.0, 189.8, 171.2, 143.2, 136.6,
134.9, 134.0, 132.2, 129.9, 129.3, 128.9, 128.8, 128.6,
127.7, 127.2, 123.6, 122.9, 122.4, 109.4, 44.1, 40.5, 39.4,
38.7. HRMS-ESI calcd for C3H,,BrNNaO; [M+Na]"
558.0675; found 558.0679.
2-Benzoyl-1'-benzyl-3-(4-fluorobenzoyl)spiro[cyclopro-
pane-1,3'-indolin]-2"-one (30): 40 mg, yield 84%, dr 3 © 1,
as an inseparable diastereomeric mixture, yellow solid.
NMR data for the major isomer: 'H NMR (400 MHz,
CDCl) ¢o: 8.03~7.98 (m, 2H), 7.83 (d, J=7.1 Hz, 2H),
7.60~7.50 (m, 2H), 7.41~7.32 (m, 4H), 7.21~7.13 (m,
4H), 7.11~7.15 (m, 1H), 7.02~6.95 (m, 2H), 6.84~6.72
(m, 1H), 5.07 (d, J=15.6 Hz, 1H), 4.66 (d, J=15.6 Hz,
1H), 4.43 (d, J=7.8 Hz, 1H), 4.20 (d, J=7.8 Hz, 1H); "°C
NMR (100 MHz, CDCls) d: 190.6, 190.4, 171.3, 166.2 (d,
J=256.4 Hz), 143.2, 136.1, 135.4, 133.6, 133.2 (d, J=2.7
Hz), 131.4 (d, J=9.7 Hz), 128.8, 128.7, 128.6, 128.5,
127.6, 127.1, 123.8, 122.9, 122.4, 116.0 (d, J=22.0 Hz),
109.5, 44.1, 40.6, 39.7, 38.7; selected NMR data for the
minor isomer: '"H NMR (400 MHz, CDCl;) d: 7.99~7.95
(m, 2H), 7.86 (d, J=2.3 Hz, 2H), 7.59~7.52 (m, 3H),
7.42 (d, J=17.8 Hz, 2H), 7.25~7.20 (m, 1H), 7.06~7.02
(m, 2H), 4.67 (d, J=15.6 Hz, 1H), 4.46 (d, J=7.8 Hz,
1H), 4.17 (d, J=7.8 Hz, 1H); *C NMR (100 MHz, CDCl5)
o: 192.1, 189.1, 165.97 (d, J=256.4 Hz), 143.2, 136.6,
133.9, 1 132.73 (d, J=2.7 Hz), 131.13 (d, J=9.7 Hz),
128.8, 128.7, 128.6, 127.7, 127.2, 123.7, 122.9, 1224,
116.0 (d, J=22.0 Hz), 109.5, 40.5, 39.4, 38.8. HRMS-ESI
caled for C;Hp,FNNaO; [M+ Na] ™ 498.1476; found
498.1478.
2-Benzoyl-1'-benzyl-3-(3,4-dichlorobenzoyl)spiro[cyclo-
propane-1,3'-indolin]-2'-one (3p): 43 mg, yield 81%, dr
2 .1, as an inseparable diastereomeric mixture, yellow
solid. NMR data for the major isomer: 'H NMR (400
MHz, CDCl;) J: 8.06 (s, 1H), 7.95 (s, 1H), 7.84~7.79 (m,
2H), 7.61~7.53 (m, 2H), 7.53~7.47 (m, 1H), 7.41~7.34
(m, 2H), 7.30 (d, J=7.5 Hz, 1H), 7.21~7.13 (m, 4H),
7.00~6.94 (m, 2H), 6.76 (d, J=7.8 Hz, 1H), 5.04 (d, J=
15.6 Hz, 1H), 4.68 (d, J=15.6 Hz, 1H), 4.38 (d, J=17.7
Hz, 1H), 4.19 (d, J=7.7 Hz, 1H); *C NMR (100 MHz,
CDCl;) d: 189.5, 189.4, 170.3, 142.5, 137.9, 135.3, 135.2,
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134.5, 133.2, 132.9, 130.1, 129.6, 128.1, 128.0, 127.9,
127.7, 126.8, 126.3, 122.6, 122.2, 121.5, 108.8, 43.3, 40.0,
38.8, 37.6; selected NMR data for the minor isomer: 'H
NMR (400 MHz, CDCl3) o: 7.98 (s, 1H), 7.83~7.75 (m,
3H), 7.58~7.49 (m, 2H), 7.44 (d, J="7.6 Hz, 2H), 7.24~
7.20 (m, 2H), 7.06~7.00 (m, 3H), 6.79 (d, J=8.0 Hz,
1H), 5.06 (d, J/=15.6 Hz, 1H), 4.43 (d, J=7.7 Hz, 1H),
4.12 (d, J=7.7 Hz, 1H); *C NMR (100 MHz, CDCL5) §:
191.0, 188.0, 170.4, 142.4, 137.4, 135.7, 134.9, 133.2,
132.9, 130.1, 129.6, 127.9, 127.9, 127.0, 126.5, 126.3,
122.6, 122.2, 121.6, 108.7, 43.3, 39.6, 38.4, 37.9. HRMS-
ESI caled for C3H, CI,NNaO; [M+Na] ™ 526.0971;
found 526.0975.
2-Benzoyl-1'-benzyl-3-(4-nitrobenzoyl)spiro[cyclopro-
pane-1,3'-indolin]-2"-one (3q): 32 mg, yield 63%, dr 1 . 1,
as an inseparable diastereomeric mixture, Yellow solid.
NMR data obtained on a diastereomeric mixture sample:
'H NMR (400 MHz, CDCL;) J: 8.25 (d, J=8.7 Hz, 1H),
8.18 (d, /=8.6 Hz, 1H), 8.12 (d, /=8.7 Hz, 1H), 7.96 (t,
J=1.8 Hz, 2H), 7.83 (d, J/=7.5 Hz, 1H), 7.63~7.52 (m,
1H), 7.47~7.36 (m, 2H), 7.32 (t, J/=6.7 Hz, 1H), 7.24~
7.10 (m, 4H), 7.07~6.95 (m, 3H), 6.88~6.76 (m, 1H),
5.07 (d, J=15.6 Hz, 0.5H), 5.01 (d, J=15.5 Hz, 0.5H),
4.69 (d, J/=12.3 Hz, 0.5H), 4.65 (d, J=12.5 Hz, 0.5H),
4.49~4.41 (m, 1H), 4.22 (d, J=7.7 Hz, 0.5H), 4.19 (d,
J=17.7 Hz, 0.5H); *C NMR (100 MHz, CDCl;) §: 191.7,
191.2, 190.1, 189.6, 171.2, 171.0, 150.7, 150.5, 143.3,
140.9, 140.4, 136.5, 1359, 135.3, 134.2, 133.8, 129.7,
129.4, 129.0, 128.9, 128.8, 128.7, 128.5, 127.9, 127.8,
127.2, 127.2, 124.1, 124.0, 123.3, 123.2 (2C), 123.0,
122.5, 122.3, 109.7, 109.6, 44.2, 41.1, 40.5, 39.8, 39.2,
389, 38.7. HRMS-ESI calcd for C3]H22N2Na05 [1\/[—|_N.':1]Jr
503.1601; found 503.1605.
2-Benzoyl-1'-benzyl-3-(thiophene-3-carbonyl)spiro[ cyclo-
propane-1,3'-indolin]-2'-one (3r): 21 mg, yield 46%, dr
1 1, as an inseparable diastereomeric mixture, yellow
solid. NMR data obtained on a diastercomeric mixture
sample: 'H NMR (400 MHz, CDCl;) ¢: 7.97 (d, J=7.5 Hz,
1H), 7.90~7.80 (m, 1H), 7.68~7.61 (m, 1H), 7.59~7.52
(m, 1H), 7.50~7.28 (m, 4H), 7.23~7.09 (m, 4H), 7.08~
6.93 (m, 3H), 6.75 (t, J=7.5 Hz, 1H), 5.09 (d, /=6.6 Hz,
0.5H), 5.05 (d, J=6.4 Hz, 0.5H), 4.72 (d, J=15.6 Hz,
0.5H), 4.62 (d, J=15.7 Hz, 0.5H), 4.48 (d, J=7.8 Hz,
0.5H), 4.38 (d, J=7.7 Hz, 0.5H), 4.21~4.16 (m, H); "°C
NMR (100 MHz, CDCl;) d: 192.0, 190.5, 184.7, 183.2,
171.3, 144.1, 143.4, 143.3, 143.2, 136.6, 136.1, 135.6,
135.4, 135.2, 134.3, 134.0, 133.7 (2C), 132.8, 128.9,
128.8, 128.7 (20C), 128.6, 128.5, 128.2, 127.6, 127.6,
127.2, 127.1, 124.0, 123.9, 122.9 (2C), 122.9, 122.4,
109.4, 44.1, 44.1, 40.8, 40.6, 40.1, 39.7, 39.2, 38.8.
HRMS-ESI caled for C0H,NOsS [M+H]" 464.1315;
found 464.1318.
2-Benzoyl-1'-benzyl-3-(4-methylbenzoyl)spiro[cyclopro-
pane-1,3'-indolin]-2"-one (3s): 37 mg, yield 79%, dr 1 © 1,
as an inseparable diastereomeric mixture, yellow solid.
NMR data obtained on a diastereomeric mixture sample:
'H NMR (400 MHz, CDCly) d: 8.01~7.95 (m, 1H),
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7.91~7.82 (m, 2H), 7.73 (d, J=8.1 Hz, 1H), 7.59~7.52
(m, 1H), 7.44~7.31 (m, 3H), 7.23~7.10 (m, 6H), 7.02~
6.95 (m, 3H), 6.76~6.70 (m, 1H), 5.06 (d, J=15.6 Hz,
1H), 4.67 (d, J=15.6 Hz, 1H), 447 (d, J=7.8 Hz, 1H),
421 (d, J=6.4 Hz, 0.5H), 4.19 (d, J=6.5 Hz, 0.5H), 2.39
(s, 1.5H), 2.37 (s, 1.5H); *C NMR (100 MHz, CDCl;) o:
192.3, 191.7, 190.7, 190.2, 171.5, 171.4, 145.0, 144.5,
143.3, 136.8, 136.3, 135.5 (2C), 134.3, 133.9, 1338,
133.6, 129.5 (2C), 128.8 (3C), 128.7 (2C), 128.6, 128.5
(2C), 127.6 (20C), 127.2, 127.1, 124.0, 122.9, 122.4, 44.1,
40.7, 40.5, 39.8, 39.6, 38.9 (2C), 21.8 (2C). HRMS-ESI
caled for C3,H,sNO; [M+H] " 472.1907; found 472.1911.
2-Benzoyl-1'-benzyl-3-(3-methoxybenzoyl)spiro[cyclo-

propane-1,3'-indolin]-2'-one (3t): 25 mg, yield 51%, dr 2 :
1, as an inseparable diastereomeric mixture, yellow solid.
NMR data for the major isomer: 'H NMR (400 MHz,
CDCl) o: 7.99 (d, J=7.7 Hz, 2H), 7.56 (t, J/=6.9 Hz, 2H),
7.46~7.40 (m, 2H), 7.39~7.34 (m, 4H), 7.19~7.11 (m,
5H), 7.00~6.95 (m, 2H), 6.73 (d, J/=7.8 Hz, 1H), 5.11 (d,
J=15.6 Hz, 1H), 4.63 (d, J=15.6 Hz, 1H), 4.48 (d, /=7.8
Hz, 1H), 4.19 (d, J=7.8 Hz, 1H), 3.54 (s, 3H); °C NMR
(100 MHz, CDCl3) o: 192.2, 190.3, 171.4, 159.8, 143.3,
137.4, 136.7, 135.4, 133.9, 129.8, 128.8, 128.7, 128.5,
127.6, 127.1, 124.0, 122.9, 122.5, 121.3, 121.2, 111.5,
109.5, 55.0, 44.1, 40.7, 40.0, 38.8; selected NMR data for
the minor isomer: 'H NMR (400 MHz, CDCLy) 0: 7.84 (d,
J=7.7 Hz, 2H), 7.53~7.46 (m, 1H), 7.40 (d, J=6.2 Hz,
2H), 7.35~7.29 (m, 2H), 7.22~7.18 (m, 2H), 7.13~7.08
(m, 4H), 7.04~6.99 (m, 2H), 5.04 (d, J=15.7 Hz, 1H),
4.69 (d, J=15.7 Hz, 1H), 3.81 (s, 3H); *C NMR (100
MHz, CDCl;) d: 192.1, 190.6, 171.3, 159.9, 143.3, 138.0,
136.2, 135.5, 133.60, 129.8, 128.9, 128.7, 128.5, 127.6,
127.1, 1239, 1229, 122.4, 121.5, 120.6, 112.4, 109.4,
55.5, 44.1, 40.7, 39.7, 39.0. HRMS-ESI caled for
C3,HyNO, [M+H]" 487.1784; found 487.1788.

4.4 General procedure for catalytic asymmetric cy-
clopropanation of a-bromocarbonyls 1 and 1,3-dienes
4

A mixture consisting of 1 (0.15 mmol), 4 (0.10 mmol),
Na,CO; (16 mg, 0.15 mmol) and catalyst C3 (7 mg, 0.02
mmol) in acetonitrile (1.0 mL) was stirred at 80 ‘C for 2
h. Solvents and other volatile components were removed
on a rotary evaporator under reduced pressure, and the
residue was subjected to column, chromatography isolation
on silica gel (gradient eluent: petroleum ether (60~
90 C)lethyl acetate, V. V=10 : 1) to give vinylcyclo-
propanes 5.

Ethyl 2-benzoyl-1-(2,2-dicyano-1-phenylvinyl)cyclopro-
pane-1-carboxylate (5a):"* 36 mg, yield 97%, ee 93%
[HPLC: Chiralcel OD-H column, V(hexane) : V(i-Pr-
OH)=90 : 10, flow rate: 1.0 mL/min, A=254 nm, fygjor=
7.4 min, fyino:=13.7 min]. Yellow oil, [a]h —92.3 (c
0.6, CH,CL,); "H NMR (400 MHz, CDCl;) 6: 7.96 (s, 2H),
7.63~7.56 (m, 3H), 7.49~7.42 (m, 5H), 4.49~4.30 (m,
2H), 4.10 (t, J=7.6 Hz, 1H), 2.13 (dd, J=8.7, 4.2 Hz,
1H), 1.65 (s, 1H), 1.37 (t, J=7.1 Hz, 3H); >*C NMR (100
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MHz, CDCl;) 6: 194.7, 172.5, 168.7, 136.5, 135.8, 134.0,
131.9, 128.7 (2C), 128.6 (2C), 112.7, 112.4, 89.8, 63.5,
40.2, 36.5, 26.3, 14.2. HRMS-ESI calcd for Cy;H 9N,O4
[M+H]" 371.1390; found 371.1389.

Ethyl 1-(2,2-dicyano-1-phenylvinyl)-2-(4-methylbenzo-
yl)cyclopropane-1-carboxylate (5b):!'*" 37 mg, yield 98%,
ee 89% [HPLC: Chiralcel OD-H column, V(hexane)/
V(i-PrOH)=90 : 10, flow rate: 1.0 mL/min, A=254 nm,
tmajor="7.0 TN, Ziner=13.0 min]. Yellow oil, [a]5 —68.3
(c 0.8, CH,Cl,); '"H NMR (400 MHz, CDCl;) J: 7.88 (s,
2H), 7.59 (d, J=6.1 Hz, 2H), 7.47 (s, 3H), 7.27 (d, J=8.1
Hz, 2H), 4.48~4.31 (m, 2H), 4.08 (t, J/=7.6 Hz, 1H), 2.42
(s, 3H), 2.10 (dd, /=8.7, 4.2 Hz, 1H), 1.60 (s, 1H), 1.37 (4,
J=7.1 Hz, 3H); “C NMR (100 MHz, CDCl;) 6: 194.1,
172.7, 168.8, 145.1, 1359, 134.0, 131.8, 129.4, 128.8,
128.7, 128.5, 112.7, 112.4, 89.7, 63.4, 40.0, 36.5, 26.1,
21.8, 14.1. HRMS-ESI caled for C,4H,N,0; [M+H]"
385.1547; found 385.1548.

Ethyl 1-(2,2-dicyano-1-phenylvinyl)-2-(3-methoxyben-
zoyl)cyclopropane-1-carboxylate (5¢): 38 mg, yield 95%,
ee 85% [HPLC: Chiralcel OD-H column, V(hexane) :
V(i-PrOH)=90 : 10, flow rate: 1.0 mL/min, A=254 nm,
tmajor="7.9 TN, Zyiner= 14.0 min]. Yellow oil, [a]5 —69.8
(c 0.8, CH,Cl,); '"H NMR (400 MHz, CDCL3) ¢: 7.63~
7.58 (m, 3H), 7.52~7.34 (m, 5H), 7.14 (dd, J=8.2, 2.0
Hz, 1H), 4.48~4.28 (m, 2H), 4.08 (t, J/=7.5 Hz, 1H), 3.84
(s, 3H), 2.13 (dd, /=8.7, 4.2 Hz, 1H), 1.67 (s, 1H), 1.37 (4,
J=7.1 Hz, 3H); “C NMR (100 MHz, CDCl;) é: 194.5,
172.5, 168.7, 159.8, 137.8, 135.8, 131.9, 129.7, 128.8,
128.6, 121.5, 120.7, 112.7, 112.5, 112.4, 89.8, 63.5, 55.5,
40.2, 36.5, 26.4, 14.2. HRMS-ESI calcd for Cy4H,N,O4
[M+H]" 401.1496; found 401.1499.

Ethyl 1-(2,2-dicyano-1-phenylvinyl)-2-(4-methoxyben-
zoyl)cyclopropane-1-carboxylate (5d):" 39 mg, yield
98%, ee 92% [HPLC: Chiralcel OD-H column,
V(hexane) : V(i-PrOH)=90 : 10, flow rate: 1.0 mL/min,
A=254 nm, fyajor = 10.9 min, fyiner=19.9 min]. Yellow oil,
[a]h —29.1 (¢ 0.8, CH,CL,); '"H NMR (400 MHz, CDCls)
0: 197 (s, 2H), 7.58 (s, 2H), 7.46 (s, 3H), 6.94 (d, J=8.5
Hz, 2H), 4.45~4.32 (m, 2H), 4.06 (t, J=6.7 Hz, 1H), 3.87
(s, 3H), 2.08 (dd, /=8.6, 4.1 Hz, 1H), 1.67 (s, 1H), 1.37 (4,
J=7.1 Hz, 3H); “C NMR (100 MHz, CDCl;) é: 192.6,
172.9, 168.9, 164.3, 1359, 131.8, 131.1, 129.5, 128.7,
128.6, 113.9, 112.8, 112.5, 89.6, 63.4, 55.6, 39.8, 36.4,
259, 14.2. HRMS-ESI caled for C24H2]N204 [1\/I—f—H]Jr
401.1496; found 401.1498.

Ethyl 1-(2,2-dicyano-1-phenylvinyl)-2-(3-methylbenzo-
yl)cyclopropane-1-carboxylate (5e): 35 mg, yield 91%, ee
90% [HPLC: Chiralcel OD-H column, V(hexane)/V(i-
PrOH)=90 : 10, flow rate: 1.0 mL/min, A=254 nm,
tmajor=25.9 MiN, fyine:=9.6 min]. Yellow oil, [oz]ZD5 —834
(c 0.8, CH,CL,);. 'H NMR (400 MHz, CDCl;) J: 7.81~
7.73 (m, 2H), 7.63~7.58 (m, 2H), 7.49~7.32 (m, 5H),
4.48~4.31 (m, 2H), 4.09 (t, J=7.3 Hz, 1H), 2.40 (s, 3H),
2.12 (dd, J=8.6, 4.1 Hz, 1H), 1.63 (s, 1H), 1.37 (t, J=7.1
Hz, 3H); "C NMR (100 MHz, CDCl3) §: 194.8, 172.6,
168.7, 138.6, 136.5, 135.8, 134.8, 131.8, 129.0, 128.7,
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128.5, 125.9, 112.7, 112.4, 89.7, 63.5, 40.1, 36.5, 26.3,
21.3, 14.1. HRMS-ESI caled for C,4H,N,0; [M+H]"
385.1547; found 385.1552.

Ethyl 1-(2,2-dicyano-1-phenylvinyl)-2-(2-methylbenzo-
yl)eyclopropane-1-carboxylate (5f):""*Y! 35 mg, yield 92%,
ee 81% [HPLC: Chiralcel OD-H column, F(hexane) -
V(i-PrOH)=90 : 10, flow rate: 1.0 mL/min, A=254 nm,
fmajor = 5.8 MiN, finer = 10.2 min]. Yellow oil, [oz]zD5 —
119.3 (¢ 0.8, CH,Cl,); '"H NMR (400 MHz, CDCl;) §: 7.87
(s, 1H), 7.67~7.60 (m, 2H), 7.49 (s, 3H), 7.39 (t, J=7.2
Hz, 1H), 7.29 (t, J=7.5 Hz, 1H), 7.22 (d, J=7.6 Hz, 1H),
4.48~4.27 (m, 2H), 3.93 (t, J=7.8 Hz, 1H), 2.40 (s, 3H),
2.13 (dd, J/=8.8, 4.1 Hz, 1H), 1.58 (s, 1H), 1.36 (t, J="7.1
Hz, 3H); “C NMR (100 MHz, CDCl;) d: 197.8, 172.8,
168.6, 138.6, 136.9, 136.0, 132.3, 132.0, 131.8, 129.9,
128.8, 128.6, 125.8, 112.8, 112.6, 89.8, 63.5, 40.1, 39.3,
27.0, 21.1, 14.2. HRMS-ESI calcd for CyH;N,O; [M+
H]" 385.1547; found 385.1547.

Ethyl 1-(2,2-dicyano-1-phenylvinyl)-2-(2-methoxyben-
zoyl)cyclopropane-1-carboxylate (5g): 37 mg, yield 93%,
ee 90% [HPLC: Chiralcel OD-H column, V(hexane)/
V(i-PrOH)=90 : 10, flow rate: 1.0 mL/min, A=254 nm,
fmajor = 7.4 MiN, fying:= 10.4 min]. Yellow solid, m.p. 51~
52 °C; [a]y —24.9 (c 0.8, CH,CL,); '"H NMR (400 MHz,
CDCl;) 6: 7.66~7.40 (m, 7H), 6.96 (d, J=7.9 Hz, 2H),
4.42~4.25 (m, 3H), 3.91 (s, 3H), 2.10 (s, 1H), 1.63 (s,
1H), 1.35 (t, J=7.1 Hz, 3H); *C NMR (100 MHz, CDCl5)
8: 196.3, 172.9, 168.8, 159.0, 136.1, 134.6, 131.6, 130.6,
128.6 (2C), 127.4, 120.6, 113.0, 112.4, 111.8, 89.9, 63.2,
55.7, 40.0, 26.7, 14.2. HRMS-ESI calcd for C,4H,N,Oy
[M+H]" 401.1496; found 401.1499.

Ethyl 1-(2,2-dicyano-1-phenylvinyl)-2-(4-fluorobenzo-
yl)cyclopropane-1-carboxylate (5h):!'*" 38 mg, yield 99%,
ee 82% [HPLC: Chiralcel OD-H column, F(hexane)/
V(i-PrOH)=90 : 10, flow rate: 1.0 mL/min, A=254 nm,
tmajor="7.8 TN, fine:= 16.1 min]. Yellow oil, [a]5 —73.4
(c 0.8, CH,Cl,); '"H NMR (400 MHz, CDCl;) §: 8.00 (s,
2H), 7.62~7.43 (m, 5SH), 7.20~7.07 (m, 2H), 4.48~4.29
(m, 2H), 4.04 (t, J/=7.3 Hz, 1H), 2.13 (dd, J=8.5, 4.1 Hz,
1H), 1.67 (s, 1H), 1.37 (t, J=7.1 Hz, 3H); >*C NMR (100
MHz, CDCl;) o: 193.0, 172.3, 168.6, 166.3 (d, /=256.7
Hz), 135.8, 132.9 (d, /=2.7 Hz), 131.9, 131.4 (d, J=9.6
Hz), 128.7, 128.5, 115.9 (d, J=22.1 Hz), 112.6, 112.4,
89.9, 63.6, 40.2, 36.2, 26.2, 14.1. HRMS-ESI calcd for
C,3H sFN,O3 [M+H]" 389.1296; found 389.1290.

Ethyl 2-(4-chlorobenzoyl)-1-(2,2-dicyano-1-phenylvin-
yl)cyclopropane-1-carboxylate (5i):"'*" 38 mg, yield 93%,
ee 79% [HPLC: Chiralcel OD-H column, F(hexane) -
V(i-PrOH)=90 : 10, flow rate: 1.0 mL/min, A=254 nm,
Lmajor = 8.4 MiN, fino:=20.3 min]. Yellow oil, [a]5 —35.3
(c 0.8, CH,Cl,); '"H NMR (400 MHz, CDCl;) §: 7.91 (s,
2H), 7.58 (s, 2H), 7.49~7.41 (m, 5H), 4.50~4.31 (m,
2H), 4.03 (t, J=6.7 Hz, 1H), 2.14 (dd, J=38.5, 4.1 Hz,
1H), 1.67 (s, 1H), 1.37 (t, J=7.1 Hz, 3H); >C NMR (100
MHz, CDCly) d: 193.5, 172.3, 168.6, 140.6, 135.7, 134.7,
132.0, 130.0, 129.1, 128.8, 128.5, 112.6, 112.4, 89.8, 63.6,
40.34, 36.2, 26.3, 14.2. HRMS-ESI calcd for CyH;5Cl-
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N,0; [M+H]405.1000; found 405.1004.

Ethyl 2-(4-bromobenzoyl)-1-(2,2-dicyano-1-phenylvin-
yl)cyclopropane-1-carboxylate (5§):1'*Y 40 mg, yield 89%,
ee 76% [HPLC: Chiralcel OD-H column, V(hexane) :
V(i-PrOH)=90 : 10, flow rate: 1.0 mL/min, A=254 nm,
Emajor = 9.2 MiN, tino:=24.2 min]. Yellow oil, [a]b —25.0
(c 0.8, CH,Cl,); '"H NMR (400 MHz, CDCl;) J: 7.83 (s,
2H), 7.64~7.55 (m, 4H), 7.47 (s, 3H), 4.49~4.31 (m,
2H), 4.02 (t, J=6.8 Hz, 1H), 2.14 (dd, J=8.6, 4.2 Hz,
1H), 1.65 (s, 1H), 1.37 (t, J=7.1 Hz, 3H); °*C NMR (100
MHz, CDCl;) 6: 193.7, 172.3, 168.6, 135.7, 135.1, 132.1,
132.0, 130.1, 129.4, 128.8, 128.5, 112.6, 112.4, 89.8, 63.6,
404, 361, 264, 14.2. HRMS-ESI calcd for C23H18BI'N203
[M-+H]" 449.0495; found 449.0491.

Ethyl 1-(2,2-dicyano-1-phenylvinyl)-2-(3-fluorobenzo-
yl)cyclopropane-1-carboxylate (5k): 35 mg, yield 90%, ee
81% [HPLC: Chiralcel OD-H column, V(hexane)/V(i-
PrOH)=90 : 10, flow rate: 1.0 mL/min, A=254 nm,
tmajor="7.6 TN, fyine:= 18.4 min]. Yellow oil, [a]5 —71.5
(c 0.6, CH,Cl,); '"H NMR (400 MHz, CDCl;) d: 7.79 (s,
1H), 7.62~7.55 (m, 3H), 7.50~7.43 (m, 4H), 7.33~7.27
(m, 1H), 4.49~4.32 (m, 2H), 4.03 (t, J=7.3 Hz, 1H), 2.16
(dd, J=38.7, 4.3 Hz, 1H), 1.68 (s, 1H), 1.38 (t, J/=7.1 Hz,
3H); *C NMR (100 MHz, CDCl5) §: 193.5, 172.1, 168.5,
162.7 (d, J=248.6 Hz), 138.4 (d, J=6.4 Hz), 135.7, 131.9,
130.4 (d, J=7.6 Hz), 128.8, 128.5, 124.5 (d, J=2.2 Hz),
121.0 (d, J=21.4 Hz), 115.2 (d, J=22.7 Hz), 112.6, 112.4,
89.9, 63.6, 40.4, 36.3, 26.4, 14.1. HRMS-ESI caled for
Cy3H sFN,O5 [M+H]" 389.1296; found 389.1301.

Ethyl 1-(2,2-dicyano-1-phenylvinyl)-2-(2-fluorobenzo-
yl)cyclopropane-1-carboxylate (51): 36 mg, yield 94%, ee
78% [HPLC: Chiralcel OD-H column, V(hexane)/V(i-
PrOH)=90 : 10, flow rate: 1.0 mL/min, A=254 nm,
tmajor=6.6 TN, fine:=12.8 min]. Yellow oil, [a]5 —60.3
(c 0.8, CH,Cl,); '"H NMR (400 MHz, CDCL;) ¢: 7.82~
7.38 (m, 7H), 7.25~7.09 (m, 2H), 4.43~4.31 (m, 2H),
4.08 (s, 1H), 2.19 (s, 1H), 1.67 (s, 1H), 1.36 (t, J=7.1 Hz,
3H); *C NMR (100 MHz, CDCl5) §: 193.0, 172.3, 168.4,
161.8 (d, J=256.0 Hz), 135.5 (d, J=9.2 Hz), 131.9, 130.7,
128.7, 128.6, 125.4, 125.3, 124.5 (d, J=2.1 Hz), 116.8 (d,
J=23.1 Hz), 112.8, 112.3, 90.1, 63.5, 40.5, 26.6, 14.1.
HRMS-ESI caled for Cy3H gFN,O3 [M+H]" 389.1296;
found 389.1301.

Ethyl 2-(2-naphthoyl)-1-(2,2-dicyano-1-phenylvinyl)cy-
clopropane-1-carboxylate (5m):'** 40 mg, yield 96%, ee
82% [HPLC: Chiralcel OD-H column, V(hexane) :
V(i-PrOH)=90 : 10, flow rate: 1.0 mL/min, A=254 nm,
tmajor=10.9 Min, fpino,=18.5 min]. Yellow oil, [a]d +
57.0 (¢ 0.8, CH,Cl,); '"H NMR (400 MHz, CDCL;) ¢: 8.56
(s, 1H), 8.02~7.92 (m, 2H), 7.88~7.81 (m, 2H), 7.66~
7.52 (m, 4H), 7.44 (s, 3H), 4.51~4.33 (m, 2H), 4.26 (t,
J=17.4 Hz, 1H), 2.18 (dd, J=8.7, 4.2 Hz, 1H), 1.72 (s,
1H), 1.38 (t, J=7.1 Hz, 3H); >C NMR (100 MHz, CDCl5)
o: 194.4, 172.6, 168.8, 135.9 (2C), 133.8, 132.4, 131.9,
131.0, 129.9, 129.1, 128.8, 128.7, 128.6, 127.8, 127.1,
123.8, 112.7, 112.5, 89.8, 63.6, 40.2, 36.6, 26.4, 14.2.
HRMS-ESI caled for Cp;H,;N,O; [M+ H]' 421.1547;
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found 421.1546.

Ethyl 1-(2,2-dicyano-1-phenylvinyl)-2-(thiophene-2-car-
bonyl)cyclopropane-1-carboxylate (5n):"* 35 mg, yield
93%, ee 76% [HPLC: Chiralcel OD-H column, V(he-
xane) . V(i-PrOH)=90 : 10, flow rate: 1.0 mL/min, A=
254 nm, fopaior=10.9 min, fyino,=16.2 min]. Yellow oil,
[a]f —125.7 (¢ 0.8, CH,Cl,); 'H NMR (400 MHz, CDCl;)
0: 791 (s, 1H), 7.71 (d, J/=3.8 Hz, 1H), 7.57 (d, J=5.5
Hz, 2H), 7.46 (s, 3H), 7.16 (s, 1H), 4.48~4.31 (m, 2H),
3.94 (s, 1H), 2.11 (dd, J/=8.3, 4.1 Hz, 1H), 1.62 (s, 1H),
1.37 (t, J=7.1 Hz, 3H); *C NMR (100 MHz, CDCl;) ¢:
185.1, 170.9, 167.3, 142.2, 134.3, 134.2, 132.4, 130.6,
127.4, 127.3, 111.3, 111.0, 88.5, 62.2, 38.3, 36.1, 24.2,
12.8. HRMS-ESI caled for C,H;;N,0;S [M + H] "
377.0954; found 377.0957.

Methyl 2-benzoyl-1-(2,2-dicyano-1-phenylvinyl)cyclo-
propane-1-carboxylate (50):'*Y 29 mg, yield 82%, ee 88%
[HPLC: Chiralcel OD-H column, V(hexane) : V(i-Pr-
OH)=90 : 10, flow rate: 1.0 mL/min, A=254 nm, fyajor=
9.8 min, fminor=17.7 min]. Yellow oil, [a]h —94.5 (c
0.6, CH,CL,); "H NMR (400 MHz, CDCL) 6: 7.96 (s, 2H),
7.59 (s, 3H), 7.50~7.40 (m, 5SH), 4.11 (t, J=7.6 Hz, 1H),
3.92 (s, 3H), 2.14 (dd, J=8.7, 4.3 Hz, 1H), 1.68 (s, 1H);
C NMR (100 MHz, CDCl;) 0: 194.6, 172.3, 169.3, 136.4,
135.7, 134.0, 131.9, 128.8, 128.7, 128.6 (2C), 112.7,
112.4, 89.9, 54.3, 40.0, 36.4, 26.4. HRMS-ESI calcd for
Cy,H7N,O3 [M+H]" 357.1234; found 357.1235.

Methyl 1-(2,2-dicyano-1-phenylvinyl)-2-(4-methylben-
zoyl)cyclopropane-1-carboxylate (5p): 36 mg, yield 97%,
ee 90% [HPLC: Chiralcel OD-H column, F(hexane) -
V(i-PrOH)=90 : 10, flow rate: 1.0 mL/min, A=254 nm,
tmajor=9.4 MiN, fyine:=17.5 min]. Yellow oil, [a]5 —76.6
(c 0.8, CH,Cl,); 'H NMR (400 MHz, CDCl;) J: 7.88 (d,
J=6.1 Hz, 2H), 7.59 (d, J/=6.2 Hz, 2H), 7.45 (s, 3H), 7.26
(d, J/=6.4 Hz, 2H), 4.09 (t, J=7.7 Hz, 1H), 3.92 (s, 3H),
2.41 (s, 3H), 2.11 (dd, /=8.7, 4.2 Hz, 1H), 1.65 (s, 1H);
C NMR (100 MHz, CDCl;) 0: 193.9, 172.5, 169.4, 145.1,
135.8, 134.0, 131.9, 129.4, 128.8, 128.7, 128.6, 112.7,
112.4, 89.8, 54.2, 39.8, 36.4, 26.2, 21.8. HRMS-ESI calcd
for C53HoN,O3 [M+H]" 371.1390; found 371.1390.

4.5 Procedure for catalytic cyclopropanation of
3-bromooxindole 1p with 1,3-diene 4a

A mixture consisting of 1p (34 mg, 0.15 mmol), 4a (25
mg, 0.10 mmol), Na,CO; (16 mg, 0.15 mmol) and catalyst
C3 (7 mg, 0.02 mmol) in acetonitrile (1.0 mL) was stirred
at room temperature with 12 h. Solvent and other volatile
components were removed on a rotary evaporator under
reduced pressure, and the residue was subjected to column,
chromatography isolation on silica gel (eluent: petroleum
ether (60~90 °C)/ethyl acetate, V' : V=15 1) to give
spirocyclopropyl oxindole 6.

Ethyl 2-(2,2-dicyano-1-phenylvinyl)-1'-methyl-2'-oxos-
piro[cyclopropane-1,3'-indoline]-2-carboxylate (6):"*Y 37
mg, yield 93%, ee<<5%; dr>20 : 1 [HPLC: Chiralcel
AD-H column, V(hexane)/ V(i-PrOH)=80 : 20, flow rate:
1.0 mL/min, A=254 nm, tyajor=4.5 Min, fyiner= 6.0 min].
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Yellow solid, m.p. 155~156 C; 'H NMR (400 MHz,
CDCly) d: 7.60 (d, J=5.7 Hz, 2H), 7.52 (d, J=6.8 Hz,
3H), 7.36 (t, J=6.4 Hz, 2H), 7.05 (t, J=7.6 Hz, 1H), 6.94
(d, J=7.9 Hz, 1H), 4.47~4.24 (m, 2H), 3.32 (s, 3H), 2.75
(d, J=5.2 Hz, 1H), 1.68 (d, J=5.3 Hz, 1H), 1.25 (t, J=7.1
Hz, 3H); “C NMR (100 MHz, CDCl3) §: 171.6, 170.3,
165.0, 144.8, 135.5, 132.0, 129.3, 129.1, 128.4, 123.8,
122.7, 122.5, 113.1, 112.3, 108.8, 90.7, 63.8, 45.6, 44.1,
26.8, 25.8, 14.1. HRMS-ESI calcd for CpyHyN;O; [M+

H]*

398.1499; found 398.1500.

Supporting Information Copies of 'H MNR and "C
NMR spectra and chiral HPLC graphs for 3, 5 and 6; X-ray
crystallographic data, and ORTEP drawings for 3a, 5g and
6. This material is available free of charge via the Internet
at http://sioc-journal.cn/.
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