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ABSTRACT: A novel method of iodine-catalyzed aerobic oxidation with spirovinylcyclopropyl oxindoles under mild conditions
had been described. A series of spiro-1,2-dioxolanes were prepared in good to excellent yields and considerable diastereoselectivities.
The new approach is operationally simple, scalable and tolerant of various functional groups.

1,2-Dioxolanes can be easily found in biologically active natu-
ral products and synthetic molecules (Figure 1). For example,
the mixture of plakortinic acids A and B isolated from the
sponge-sponge symbiotic association shows cytotoxic activity
on A2058 melanoma and DU-145 prostate cancer cells.?® 3-
Alkoxy-1,2-dioxolanes exhibits promising levels of antimalar-
ial activity against Plasmodium falciparum® and endoperoxide
triterpene derived from 11-keto- Z-boswellic acid shows potent
antitumor activity.” Meanwhile, 1,2-dioxolane derivatives are
also key building blocks in the synthesis of structurally complex
targets, such as plakortone B% and andavadoic acid.*®

Recently, the aerobic oxidation of donor—acceptor cyclopro-
panes, which have become important building blocks for con-
structing a wide range of carbo- and heterocyclic compounds,*
have been popular in the synthesis of 1,2-dioxolanes (Scheme
1). 4 The Mizuno’s group reported that the photooxygenation
of electron-rich 1,2-diarylcyclopropanes in the presence of
9,10-dicyanoanthracene (DCA) as a sensitizer in acetonitrile
could afford cis- and trans-3,5-diaryl-l,2-dioxolanes in high
yields.® And Shim’s group showed that 2,2-diphenyl-2-vinyl-
cyclopropane could yield 3,3-diphenyl-5-vinyl-l,2-dioxolane
and benzophenone as the major products on the similarly co-
sensitized photooxygenation.® Feldman and co-workers widely
explored the radical-mediated reaction of vinylcyclopropanes®®
with oxygen in the presence of Ph,Se, and AIBN to give I,2-
dioxolanes in good yield and acceptable diastereoselectivity.
6 Then, Zhao and other researchers achieved the total synthesis
of pharmaceutically active compounds via an asymmetric rad-
ical-mediated intermolecular Feldman oxygenation of vinylcy-
clopropanes.” In addition, Kulinkovich, Nguyen, Barnier and
other researchers described that under UV irradiation or

electrolysis conditions, several cyclopropanes with a strong
electron-donating group combined with oxygen to furnish 1,2-
dioxolanes.® Most of methods have modest stereoselectivity or
poor stability of products, which severely restricts application
in organic and pharmaceutical synthesis.® Besides, spirooxin-
dole is a key structural motif in a broad range of natural alka-
loids and biologically active molecules.'® Therefore, a general
protocol to synthesize stereoselective spiro-1,2-dioxolanes, es-
pecially the parallel combinations of 1,2-dioxolane and indo-
lone motifs, would be highly desirable from the medicinal point
of view. And molecular iodine!* has emerged as an excellent
catalyst, because of its high solubility in the reaction media,
easy handling, low cost, and environmentally friendly nature in
comparison to heavy metals. Heroin, we report a molecular io-
dine-catalyzed aerobic oxidation of spirovinylcyclopropyl ox-
indole for the synthesis of 5'-vinylspiro[indoline-3,3'-[1,2]diox-
olane]-2-ones with exclusive stereoselectivity in high yields un-
der mild conditions.
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Figure 1. 1, 2-dioxolanes found in natural products and syn-
thetic molecules
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Scheme 1. Formal [3+2] Cycloaddition of Cyclopropanes
with Oxygen
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We initiated our investigation by subjecting N-benzyl spirovi-
nylcyclopropyl oxindole 1a with 5 mol % I, in toluene at room
temperature under air atmosphere. The desired spiro-1,2-diox-
olane 2a could be obtained in a good diastereoselectivity while
the yield was just 30% (Table 1, entry 1). The structure and ste-
reochemistry of compound 2a were characterized by a combi-
nation of NMR spectroscopy, high-resolution mass spectrome-
try (HRMS), and single-crystal X-ray diffraction.’® To obtain
satisfying yield of our desired compound, we then screened var-
ious amounts of this catalyst and solvents. The result indicated
the amount of iodine had no apparent impact on diastereoselec-
tivity but yield (entries 2-5). Among tested solvents, acetonitrile
proved to be the best reaction solvent, giving 2a in 91% vyield
with excellent diastereoselectivity (entries 6-14). Subsequently,
we tried other iodine-containing catalysts. It showed that the
corresponding product 2a could be obtained only when adding
100% mol of Sml;, but the reaction was hardly performed even
if one of the above amounts (1%, 5%, 10% and 20%) of catalyst
or 100% mol TEAI (tetra ethylammonium iodide) was added.
(entries 15 and 16). In addition, when the reaction was run at
0 °C, the target compound 2a could be obtained in a favorable
diastereoselectivity while the yield was just 39% (entry 17).
However, the target product was not observed when the reac-
tion was performed at reflux temperature (entry 18). Therefore,
the reaction conditions identified in entry 14 were chosen as the
standard conditions for further investigations.

With the optimal conditions in hand, we first studied the effect
of substituents of nitrogen in spirovinylcyclopropyl oxindoles
on the aerobic oxidation (Scheme 2). The introduction of alkyl
substituents or phenyl at nitrogen position was tolerated and
gave the corresponding products in good to excellent yield
yields. However, the diastereoselectivities could be affected
greatly, such as N-phenyl spirovinylcyclopropyl oxindole gave
the target product in 75% yield and 70:30 diastereoselectivity.
It is worth mentioning that, the target product 2e could also be
obtained in 65% yield and a good diastereoselectivity (>95:5
dr), while the amount of catalyst was increased to 5% and the
reaction time was slightly prolonged, which showed that the
process was compatible for the containing carbon-carbon dou-
ble bond substrates. Subsequently, the effects of aromatic ring
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Table 1. Survey on Conditions for Formation of 2a2
z

f conditions Q
Cr

Ly

N
Bn
1a 2a
catalyst - yield
entry  catalyst  amount solvent time drb
(%)
%

1 I 5 Toluene 2h 30 >05:5
2 I 20 Toluene 1h 28 >05:5
3 I 10 Toluene 15h 37 >05:5
4 I 1 Toluene 35h 50 >05:5
5 1 0.1 Toluene 7d 23 >05:5
6 I, 1 DMF 7d NR' --
7 I, 1 DMSO 7d NRf --
8 I, 1 C,HsOH 3d trace -
9 I, 1 DCM 35h 46 >05:5
10 I, 1 Et,0 3d 11 NDY
11 I, 1 THF 3d 22 NDY
12 I 1 Acetone 35h 41 >05:5
13 I, 1 CH3NO, 35h 38 >05:5
14 I, 1 CH3CN 35h 91 >05:5
15 TEAI® 100 CH3CN 7d NRf --
16 Sml, 100 CH3CN 5h 47 >05:5
17¢ I, 1 CH3CN 5h 39 >95:5
18¢ I, 1 CHiCN 1h trace  --

@Typical conditions: 1a (0.1 mmol), solvent (1.0 mL), rt, 1h-7d.
bDetermined through *H NMR spectroscopic analysis. The reac-
tion was performed at 0 °C. 9The reaction was performed at reflux.
eTEAI = Tetraethylammonium iodide. 'NR = No Reaction. IND =
not determined.

substituents of spirovinylcyclopropyl oxindoles on the present
reaction were examined. As shown in entries 2f-2j, halogen
substituents in C-4 and C-5 position could give excellent dia-
seteroselectivities (90:10 to >95:5 dr) and acceptable yields
(62%-73%). And products 2k and 21 could be generated in rel-
atively satisfying diaseteroselectivities (86:14 dr and 66:34 dr)
and vyields (65% and 80%).In addition, electron-donating
groups located in C-5 position on benzene ring, such as methyl
and methoxy, could give the desired products in satisfactory
yields while a longer reaction time and 5 mol % loading of I,
were required (2m, 2n). It is worthy to note that the aerobic ox-
idation product 20 could also be effectively formed using 1'-
benzyl-2-methyl-2-vinylspiro[cyclopropane-1,3'-indolin]-2'-

one as reactant partner. When R* was a phenyl group, the reac-
tion became badly and a complex mixture was observed (2p).
It indicated that the phenyl carried at the end of the double bond

Page 2 of 9



Page 30f9

oNOYTULT D WN =

The Journal of Organic Chemistry

Scheme 2. Substrate Scope?
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aTypical conditions: at room temperature, to a stirred solution of 1
(0.1 mmol) in CHsCN (1.0 mL) was added 1 mol % I.. "Determined
through *H NMR spectroscopic analysis. “The amount of 1> was 5
mol %.

might cause free radical transfer and destroy the stability of free
radical intermediate C (Scheme 3). And we also tried spiro-
coumaranone to perform under the same condition, but the cor-
responding compound 2g was not also obtained because of a
complex mixture, suggesting that the cyclopropane with elec-
tron-donating group might hardly conduct this reaction. Besides,
to compare the results against previous work, we also used to
serveral simple vinyl cyclopropanes, such as (3-vinylcyclopro-
pane-1,2-diyl)bis(phenylmethanone) but there was no reaction,
which might indicate that spirovinylcyclopropyl oxindoles have
a desirable activity on this reaction under the condition.

To understand this unique reaction pattern, we initially per-
formed the reaction using the stereoisomer of 1a (1a’) in place
of 1a and the target product 2a was formed in 83% yield and
excellent diastereoselectivity (1). Then the reaction was added
butylated hydroxytoluene under the standard condition and
found that it inhibited the progression of reaction completely
(2).According to references and the above results, we proposed
the reaction could proceed via a free radical process (Scheme
3).22 Firstly, iodine radical®® is generated in the solvent of ace-
tonitrile and then produced the radical cation of A via a single-
electron transfer step from 1a to I". Subsequently, the attack of
molecular dioxygen on the 1,3-radical cation A generates the
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Scheme 3. Proposed Mechanism for the Formation of 2a
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3General conditions: at room temperature, to a stirred solution of
1a (0.1 mmol) in CHsCN (1.0 mL) was added 1 mol % I..

Scheme 4. Scale-up Preparation and Synthetic Transfor-
mations of 2a
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1,5-radical cation B and then undergoes a single-electron trans-
fer from I". Finally, the corresponding compound 2a and it’s di-
astereomer 2a’ could be obtained from free radical intermediate
C (via path a and b). Besides, the result of control experiments
under dark condition and with irradiation indicated iodine radi-
cal production rate might have influence on the reaction.

To demonstrate the synthetic potential of this catalytic system,
the gram-scale preparation of highly functionalized 2a was in-
vestigated. The reaction of 4 mmol of the starting material (1a)
proceeded smoothly, delivering the corresponding product 2a
(1.04 g) in ayield of 85%, showing the reaction to be a practical
tool for the synthesis of highly functionalized 1,2- dioxolanes
(Scheme 4). When 1,2-dioxolane 2a was treated with zinc metal
in acetic acid, the O-O bond underwent reductive cleavage in
high yield (95%) to afford 1,3-diol 3a, which retained its origi-
nal stereocenters set in the oxygenation reaction.'**® And hex-
5-ene-1,3-diol fragment of 3a has been reported to be used as
intermediate directly during the synthesis of rugulactone, which
can inhibit constitutive nuclear factor tor NF-B activity in hu-
man lymphoma cell lines.*® In Addition, when 2a was placed
in the solvent of MeOH at reflux temperature, 1,2-dioxolane of
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2a could be destroyed completely to convert back into 4 1-ben-
zylindoline-2,3-dione.

In conclusion, we have developed the first molecular iodine-
catalyzed aerobic oxidation of spirovinylcyclopropyl oxindole.
Various functional groups were well tolerated in the reaction
affording the corresponding products in moderate to excellent
yields and considerable diastereoselectivities (66:34 dr to >95:5
dr). More importantly, only a small amount of catalyst is re-
quired for this reaction to proceed smoothly, which means the
less pollution to environment. In addition, the reaction could be
scaled up without significant loss of yield, and the synthesized
functionalized spiro-1,2-dioxolane could be further trans-
formed into other promising diol compounds.

EXPERIMENTAL SECTION

General information. All reactions were performed in dry sol-
vents and anhydrous conditions. DCM, THF, DMSO and
MeCN etc. were freshly distilled over CaH, prior to use. All
other reagents were used as received from commercial sources.
Reactions were monitored through thin layer chromatography
(TLC) on 0.25mm SiliCycle silica gel plates and visualized un-
der UV light. NMR spectra of the new product were recorded
on Bruker Avance instrument (300 MHz, 400 MHz or 500
MHz for H, 75 MHz, 101 MHz or 126 MHz for 13C), calibrated
to CD(H)Cl; as the internal reference (7.26 and 77.0 ppm for *H
and °C NMR spectra respectively), calibrated to DMSO-ds as
the internal reference (2.50 and 39.5 ppm for *H and **C NMR
spectra respectively). 'H NMR spectral data are reported in
terms of chemical shift (6, ppm), multiplicity, coupling constant
(Hz), and integration. *C NMR spectral data are reported in
terms of chemical shift (6, ppm) and multiplicity. The following
abbreviations indicate the multiplicities: s, singlet; d, doublet; t,
triplet; g, quartet; m, multiplet. Mass spectra were taken on a
Finnigan TSQ Quantum-MS instrument in the electron spray
ionization (ESI). All of the spirovinylcyclopropanyl oxindoles
(1a, 1c, 1f, 1g, 1h, 1I, 1m, 1n and 10) were prepared according
to literature procedures.’® The rest of chemical reagents were
obtained from commercial suppliers.

General Procedure for the substrates. (1b, 1d, 1e, 1i-1k)

Step 1: Experimental Procedure for the Synthesis of N-pro-
tected isatin derives.

1-Phenylindoline-2,3-dione: To a solution of isatin (4.41 g, 30
mmol) in DCE (150 ml) was added phenylboronic acid (5.49 g,
45 mmol), copper acetate (5.99 g, 30 mmol) and triethylamine
(8.35 ml). The resulting mixture was stirred at room tempera-
ture for 1.5 h. After isatin was consumed thoroughly, reaction
mixture was poured into water, extracted with EtOAc, washed
by brine, combined organic layer dried over anhydrous MgSO,,
filtered, filtrate concentrated in vacuo to obtain crude product
which was directly put to the next step without further purifica-
tion.

1-Tritylindoline-2,3-dione:To a solution of isatin (4.41 g, 30
mmol) in DMF (150 ml) was added NaH (864 mg, 36 mmol,
60% dispersed in mineral oil) portion-wise during half hour at
room temperature, stirred for 30 min, and triphenylmethyl bro-
mide (11.64 g, 36 mmol) was added subsequently. The resulting
mixture was stirred at room temperature for 2.5 h. After isatin
was consumed thoroughly, reaction mixture was poured into so-
dium chloride solution, and yellow precipitate appeared. Filtra-
tion under reduced pressure, residue washed by water and dried
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by infrared lamp to obtain crude product which was directly
put to the next step without further purification.

1-Benzyl isatin derive: To a solution of N-benzyl isatin derive
(30 mmol) in DMF (120 ml) was added K,COj3; (72 mmol) and
benzyl bromide (4.28 ml). The resulting mixture was stirred at
room temperature overnight. After isatin derive was consumed
thoroughly, reaction mixture was poured into 60 ml ice water
and desired precipitate appeared. Filtration under reduced pres-
sure, residue washed by water and dried by infrared lamp to
obtain crude product N-protected isatin derive which was di-
rectly put to the next step without further purification.
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Step2: General Procedure for Spirovinylcyclopropyl Oxindoles.

N-protected isatin derive (21 mmol) and hydrazine hydrate (30
ml) were added to a round bottomed flask in oil bath. Then, the
resulting mixture was heated to reflux for 3 h, cooled to room
temperature, extracted with EtOAc, combined organic layer
dried over anhydrous MgSOQq, filtered, filtrate concentrated in
vacuo and recrystallized from ethanol/water to obtain N-pro-
tected lindolin-2-one in 71% yield. Subsequently, to a solution
of N-protected lindolin-2-one (15 mmol) in acetone (45 ml) was
added 1,4-dibromobut-2-ene (4.51g, 21 mmol) and K,CO;
(6.22 g, 45 mmol) in oil bath. The resulting mixture was heated
to reflux until the complete consumption of N-protected lin-
dolin-2-one, cooled to room temperature, filtered, residue
washed by ethyl acetate and combined organic layer washed by
water and brine in sequence, dried over anhydrous Na,SOs, fil-
tered, filtrate concentrated in vacuo and purified by flash chro-
matography on silica gel (eluent: petroleum ether - ethyl acetate
=30 : 1) to afford spirovinylcyclopropyl oxindole 1.
(1S,25)-1'-phenyl-2-vinylspiro[cyclopropane-1,3'-indolin]-2'-
one (1b). 1.02 g, 26% yield. *H NMR (500 MHz, Chloroform-
d) 6 7.61 — 7.54 (m, 2H), 7.54 — 7.49 (m, 2H), 7.48 — 7.42 (m,
1H),7.24 (td, J=7.7, 1.3 Hz, 1H), 7.13 (td, J = 7.5, 1.1 Hz, 1H),
7.00-6.94 (m, 2H), 6.36 (ddd, J = 17.2, 10.4, 9.3 Hz, 1H), 5.35
(dd, J=17.2,1.8 Hz, 1H), 5.21 (dd, J = 10.4, 1.7 Hz, 1H), 2.65
(9, J=8.6 Hz, 1H), 2.13 (dd, J=7.9, 4.7 Hz, 1H), 2.08 (dd, J =
8.8, 4.7 Hz, 1H). ¥*C{*H} NMR (126 MHz, Chloroform-d) &
174.1, 143.2, 135.0, 134.0, 130.3, 129.5, 127.8, 126.7, 126.6,
122.6, 118.2, 117.0, 109.2, 38.0, 33.8, 25.3. HRMS (ESI) m/z:
[M + H]* Calcd for C1gH16NO 262.1154; found 262.1157.
(1S,2R)-1'-trityl-2-vinylspiro[cyclopropane-1,3'-indolin]-2'-
one (1d). 1.67 g, 26% yield. *H NMR (300 MHz, Chloroform-
d) 6 7.52 - 7.42 (m, 6H), 7.32 — 7.23 (m, 9H), 6.94 — 6.82 (m,
3H), 6.39-6.30 (m, 1H), 5.89 (ddd, J =16.9, 10.3, 7.8 Hz, 1H),
5.40 (dt, J=17.1, 1.3 Hz, 1H), 5.28 (dd, J = 10.3, 1.6 Hz, 1H),
2.62 (g, J =8.0 Hz, 1H), 2.02 (dd, J = 9.0, 4.4 Hz, 1H), 1.60 (d,
J=3.1Hz, 1H). BC{*H} NMR (126 MHz, DMSO-ds) 6 174.9,
148.3, 142.7, 134.6, 130.9, 129.2, 128.1, 127.1, 125.6, 122.0,
119.0, 117.3, 114.8, 74.2, 37.9, 34.4, 23.6. HRMS (ESI) m/z:
[M + H]* Calcd for Cs1HsNO 428.1936; found 428.1940.
(1S,25)-1'-((E)-4-bromobut-2-en-1-yl)-2-vinylspiro[cyclopro-
pane-1,3'-indolin]-2"-one (1e). According to the step 2, isatin
(4.41 g, 30 mmol) and hydrazine hydrate (42 ml) were added to
a round-bottomed flask in oil bath under reflux temperature for
3 h. After work-up, indolin-2-one was obtained to the further
step. Then, the solution of indolin-2-one (4.0 g, 30 mmol) in
acetone (90 ml) was added 1,4-dibromobut-2-ene (19.25 g, 90
mmol) and K,COj3 (18.66 g, 135 mmol) to a round-bottomed
flask in oil bath under reflux temperature until the complete
consumption ofsubstrates. After work-up, the crude product
was purified by flash chromatography on silica gel (eluent: pe-
troleum ether - ethyl acetate = 30 : 1). 1.53 g, 16% yield. *H
NMR (300 MHz, Chloroform-d) 6 7.25 (td, J=7.7, 1.2 Hz, 1H),
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7.06 (td, J =7.5, 1.0 Hz, 1H), 6.93 — 6.84 (m, 2H), 6.26 (ddd, J
=17.2,10.3, 9.4 Hz, 1H), 6.02 — 5.75 (m, 2H), 5.27 (dd, J =
17.2, 1.7 Hz, 1H), 5.15 (dd, J = 10.4, 1.7 Hz, 1H), 4.45 (dd, J =
5.2, 1.2 Hz, 2H), 3.98 — 3.90 (m, 2H), 2.54 (td, J = 9.0, 7.8 Hz,
1H), 2.06 — 1.92 (m, 2H). ¥*C{*H} NMR (126 MHz, Chloro-
form-d) 6174.4,142.2,133.9,130.4, 129.3, 129.0, 126.8, 122.1,
118.1, 116.9, 108.6, 41.2, 37.4, 33.6, 31.4, 24.9. HRMS (ESI)
m/z: [M + H]* Calcd for CisH17BrNO 318.0415; found
318.0420.
(1S,2R)-1'-benzyl-4'-chloro-2-vinylspiro[cyclopropane-1,3'-in-
dolin]-2'-one (li). 1.12 g, 24% yield. *H NMR (500 MHz,
DMSO-dg) 6 7.37 — 7.32 (m, 2H), 7.32 — 7.25 (m, 3H), 7.20 {t,
J = 8.0 Hz, 1H), 7.00 (dd, J = 10.9, 8.0 Hz, 2H), 6.23 (dt, J =
17.2,9.9 Hz, 1H), 5.40 (dd, J = 17.3, 1.8 Hz, 1H), 5.17 (dd, J =
10.4, 1.8 Hz, 1H), 4.99 (s, 2H), 3.31 (d, J = 8.7 Hz, 1H), 2.68
(dd, J=8.8,4.7 Hz, 1H), 1.87 (dd, = 7.9, 4.7 Hz, 1H). BC{*H}
NMR (126 MHz, DMSO-dg) 0 173.4,144.5,136.7, 133.9, 129.1,
128.7, 128.0, 127.6, 126.6, 124.6, 123.4, 118.4, 108.7, 43.6,
34.7, 32.0, 21.4. HRMS (ESI) m/z: [M + H]* Calcd for
C1oH1,CINO 310.0920; found 310.0925.
(1S,2R)-1'-benzyl-4'-bromo-2-vinylspiro[cyclopropane-1,3'-in-
dolin]-2'-one (1j). 1.54 g, 29% vyield. H NMR (500 MHz,
DMSO-dg) 6 7.34 (t, J = 7.5 Hz, 2H), 7.31 - 7.25 (m, 3H), 7.14
(dt, 3 =15.7, 8.0 Hz, 2H), 7.02 (d, J = 7.5 Hz, 1H), 6.24 (dt, J
=17.2,9.9 Hz, 1H), 5.40 (dd, J = 17.3, 1.8 Hz, 1H), 5.18 (dd, J
=10.3, 1.8 Hz, 1H), 4.99 (d, J = 2.1 Hz, 2H), 3.37 (d, J = 9.0
Hz, 1H), 2.75 (dd, J = 8.9, 4.7 Hz, 1H), 1.83 (dd, J = 8.0, 4.7
Hz, 1H). BC{*H} NMR (126 MHz, DMSO-ds) § 173.4, 144.6,
136.7, 133.8, 129.2, 129.0, 127.9, 127.6, 126.6, 125.8, 118.5,
114.6,109.2,43.5, 35.3,31.8, 21.2. HRMS (ESI) m/z: [M + H]*
Calcd for C1gH17BrNO 354.0415; found 354.0419.
(1S,2R)-1'-benzyl-7'-fluoro-2-vinylspiro[cyclopropane-1,3'-in-
dolin]-2-one (1k). 1.89 g, 43% yield. *H NMR (300 MHz,
Chloroform-d) ¢ 7.34 (ddt, J = 18.6, 9.1, 4.8 Hz, 5H), 6.95 (dt,
J=8.2,2.2Hz, 2H), 6.74 (dt, ) = 5.5, 2.4 Hz, 1H), 5.85 (dt, J =
17.8, 9.1 Hz, 1H), 5.41 (d, J = 16.8 Hz, 1H), 5.30 (d, J = 10.2
Hz, 1H), 5.25-5.09 (m, 2H), 2.75 (9, J = 8.2 Hz, 1H), 2.19 (dt,
J = 6.6, 3.2 Hz, 1H), 1.75 (dt, J = 6.7, 3.0 Hz, 1H). B*C{*H}
NMR (126 MHz, Chloroform-d) ¢ 176.0, 148.7, 146.8, 137.5,
133.0, 128.6, 127.6, 127.5, 122.2, 119.4, 116.9, 115.0, 114.9,
45.8, 36.4, 33.6, 23.9. HRMS (ESI) m/z: [M + H]* Calcd for
C19H17FNO 294.1216; found 294.1219.

General Procedure for Synthesis of spiro-1,2-dioxolane. A
mixture of 2-vinylspiro[cyclopropane-1,3'-indolin]-2'-one la
(0.1 mmol) and 1 mol % I, (0.254 mg) in CHsCN (1 mL) was
placed in an oven-dried 25 mL eggplant type flask containing a
magnetic stirrer (400 rpm/min) at room temperature for 10 h.
Then, the solvent was removed, the product was purified
through silica gel chromatography, eluting with petroleum
ether/ethyl acetate (15:2~5:1) to give the desired products 2a.
(3S,5'S)-1-benzyl-5"-vinylspiro[indoline-3,3'-[1,2]dioxolan]-2-
one (2a) 10 h. 27.9 mg, 91% yield. Yellow oil. IR (KBr, cm™)
3055, 2931, 2862, 1728, 1612, 1489, 1466, 1366, 1195, 949,
756, 733, 694. *H NMR (300 MHz, Chloroform-d) : 6 7.46 (dd,
J=7.4Hz, 1.3 Hz, 1H), 7.36 — 7.22 (m, 6H), 7.09 (td, J = 7.6,
1.0 Hz, 1H), 6.74 (d, J = 7.8 Hz, 1H), 6.21 — 6.05 (m, 1H), 5.55
(dt, J=17.1, 1.0 Hz, 1H), 5.43 (dd, J = 10.3, 1.1 Hz, 1H), 5.16
(9, J=7.4 Hz, 1H), 4.99 — 4.82 (dd, 2H), 3.04 (dd, J=7.3,1.6
Hz, 2H). *C{*H} NMR (101 MHz, Chloroform-d): § 174.1,
144.1, 133.0, 130.8, 126.3, 124.4, 123.4, 121.1, 108.7, 84.4,
84.1, 49.7, 26.4. HRMS (ESI) m/z: [M + H]" Calcd for
C19H1sNO3 308.1208; found 308.1210.
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(3S,5'S)-1-phenyl-5"-vinylspiro[indoline-3,3'-[1,2]dioxolan]-
2-one (2b) 24 h. 22.0 mg, 75% yield. Yellow oil. IR (KBr,cm™)
3043, 2939, 2860, 1735, 1609, 1503, 1465, 1369, 1201, 757,
697. *H NMR (300 MHz, Chloroform-d): 6 7.55 (t, J = 6.7 Hz,
3H), 7.44 (d,J=7.2 Hz, 3H), 7.38 - 7.26 (m, 1H), 7.17 (t, J =
7.6 Hz, 1H), 6.85 (t, J = 6.6 Hz, 1H), 6.21 — 5.95 (m, 1H), 5.56
(dd, J=17.2 Hz, 5.9 Hz, 1H), 5.44 (t, J = 9.6 Hz, 1H), 5.18 (q,
J=7.5Hz, 1H), 3.44 - 2.74 (m, 2H); C{*H} NMR (126 MHz,
Chloroform-d): ¢ 173.5, 144.2, 133.9, 133.0, 130.7, 129.7,
128.3, 126.3, 124.9, 123.9, 121.0, 120.6, 110.0, 84.2, 83.2,
50.00. HRMS (ESI) m/z: [M + H]" Calcd for CigH1sNO3
294.1052; found 294.1057.
(3S,5'S)-1-methyl-5"-vinylspiro[indoline-3,3'-[1,2]dioxolan]-
2-one (2c) 3 h. 18.9 mg, 82% yield. Yellow oil. IR (KBr, cm™)
3046, 2947, 2931, 2850, 1733, 1610, 1502, 1464, 1451, 1379,
1278, 1080, 754, 703. H NMR (500 MHz, Chloroform-d): ¢
747 (d, J=7.4 Hz, 1H), 7.43 -7.36 (m, 1H), 7.14 (1, J=7.6
Hz, 1H), 6.86 (d, J = 7.8 Hz, 1H), 6.16 — 6.09 (m, 1H), 5.53 (d,
J=17.2 Hz, 1H), 5.42 (d, J = 10.3 Hz, 1H), 5.13 (g, J = 7.5 Hz,
1H), 3.23 (s, 3H), 2.99 (qd, J = 12.4 Hz, 7.3 Hz, 2H); BC{*H}
NMR (126 MHz, Chloroform-d): 6 174.0, 144.1, 133.1, 130.8,
126.4, 124.4, 123.4, 120.9, 120.5, 108.6, 84.0, 49.8, 26.4.
HRMS (ESI) m/z: [M + H]" Calcd for C13H1sNO; 232.0895;
found 232.0899.
(3S,5'S)-1-trityl-5"-vinylspiro[indoline-3,3'-[1,2]dioxolan]-2-
one (2d) 3 h. 34.0 mg, 74% yield. Yellow oil. IR (KBr, cm™)
3055, 2954, 2853, 1736, 1612, 1466, 1312, 1188, 748, 702. H
NMR (400 MHz, Chloroform-d): 6 7.52 — 7.46 (m, 6H), 7.44 —
7.40 (m, 1H), 7.32 - 7.23 (m, 9H), 7.03 — 6.96 (m, 2H), 6.33 —
6.28 (m, 1H), 6.10 — 5.98 (m, 1H), 5.50 (d, J = 17.2 Hz, 1H),
5.37(d, J=10.2 Hz, 1H),5.11 (9, J=7.5Hz,1H),2.94 (d, J =
7.3 Hz, 2H). B®C{*H} NMR (126 MHz, Chloroform-d): § 174.8,
144.3, 141.8, 133.1, 129.3, 127.8, 127.0, 127.0, 124.1, 122.7,
120.9, 120.3, 116.2, 84.4, 83.4, 49.7, 48.8. HRMS (ESI) m/z:
[M + H]* Calcd for Cs1H26NO3 460.1834; found 460.1836.
(3S,5'S)-1-((E)-4-bromobut-2-en-1-yl)-5'-vinylspiro[indoline-
3,3'-[1,2]dioxolan]-2-one (2€) 7.5 h. 22.8 mg, 65% yield. Yel-
low oil. *H NMR (500 MHz, Chloroform-d): 6 7.47 (d, J=7.4
Hz, 1H), 7.41—-7.33 (m, 1H), 7.14 (t, J = 7.6 Hz, 1H), 6.84 (d,
J=7.9Hz, 1H), 6.16 — 6.04 (m, 1H), 6.00 — 5.89 (m, 1H), 5.79
(dt, J=15.4 Hz,5.5 Hz, 1H), 5.54 (dd, J = 17.1 Hz, 5.2 Hz, 1H),
5.43 (dd, J = 10.3 Hz, 4.0 Hz, 1H), 5.21 (q, J = 6.8 Hz, 1H),
4.36 (d, J = 5.5 Hz, 2H), 3.94 (d, J = 7.2 Hz, 2H), 3.30 — 2.70
(m, 2H); BC{*H} NMR (126 MHz, Chloroform-d): § 173.8,
143.1, 133.0, 130.8, 130.0, 127.9, 126.1, 124.7, 123.5, 121.0,
120.5,109.4,84.1,49.7,41.2, 31.0. HRMS (ESI) m/z: [M + H]*
Calcd for CiH17BrNOs; 350.0314; found 350.0318.
(3S,5'S)-1-benzyl-5-fluoro-5'-vinylspiro[indoline-3,3'
[1,2]dioxolan]-2-one (2f) 5 h. 20.5 mg, 63% yield. Yellow oil.
'H NMR (500 MHz, Chloroform-d): § 7.40 - 7.31 (m, 2H), 7.35
—7.26 (m, 3H), 7.21 (dd, J = 7.5 Hz, 2.6 Hz, 1H), 6.96 (td, J =
8.8 Hz, 2.6 Hz, 1H), 6.65 (dd, J = 8.5 Hz, 4.0 Hz, 1H), 6.18 —
6.09 (m, 1H), 5.55 (dd, J = 16.4 Hz, 1.6 Hz, 1H), 5.44 (dt, J =
10.4 Hz, 0.8 Hz, 1H), 5.13 (g, J = 7.3 Hz, 1H), 4.98 — 4.82 (m,
2H), 3.05 (d, J = 7.1 Hz, 2H); ®C{*H} NMR (126 MHz, Chlo-
roform-d): 6 173.8, 160.5, 158.5, 134.9, 133.1, 129.0, 128.0,
127.3,121.0,117.0,116.9, 112.7,112.5,110.4, 83.9,50.0, 44.2.
HRMS (ESI) m/z: [M + H]* Calcd for Ci9H17FNO; 326.1114;
found 326.1117.
(3S,5'S)-1-benzyl-5-chloro-5'-vinylspiro[indoline-3,3'-[1,2] di-
oxolan]-2-one (2g) 5 h. 23.3 mg, 68% yield. Yellow oil. IR
(KBr, cm™) 3086, 2924, 2854, 1728, 1612, 1481, 1435, 1342,
1265, 1172, 1072, 980, 935, 810, 740. 'H NMR (500 MHz,
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Chloroform-d): 6 7.47 (d, J = 2.2 Hz, 1H), 7.40 — 7.34 (m, 2H),
7.34—-7.29 (m, 3H), 7.25 (dd, J = 8.3 Hz, 2.2 Hz, 1H), 6.67 (d,
J=8.3Hz, 1H), 6.19-6.12 (m, 1H), 5.57 (d, J = 17.1 Hz, 1H),
5.46 (d, J=10.3 Hz, 1H),5.16 (9, J=7.3 Hz, 1H),4.91 (q, J =
15.7 Hz, 2H), 3.06 (d, J = 7.1 Hz, 2H); **C{*H} NMR (126
MHz, Chloroform-d): 6 173.6, 141.6, 134.8, 133.0, 130.5, 129.0,
128.9,128.2,128.0,127.3,125.1,121.0, 110.8, 84.2, 84.0, 49.9,
44.2. HRMS (ESI) m/z: [M + H]" Calcd for Ci9H17CINO3
342.0819; found 342.0821.
(3S,5'S)-1-benzyl-5-bromo-5'-vinylspiro[indoline-3,3'-[1,2]di-
oxolan]-2-one (2h) 5 h. 28.2 mg, 73% yield. Yellow oil. *H
NMR (300 MHz, Chloroform-d): ¢ 7.58 (d, J = 2.1 Hz, 1H),
7.39—7.26 (m, 6H), 6.60 (dd, J = 8.3 Hz, 2.2 Hz, 1H), 6.18 —
6.06 (m, 1H), 5.55 (d, J = 17.1 Hz, 1H), 5.44 (d, J = 10.0 Hz,
1H), 5.14 (g, J = 7.8 Hz, 1H), 5.00 — 4.77 (m, 2H), 3.04 (d, J =
7.6 Hz, 2H); BC{*H} NMR (126 MHz, Chloroform-d): § 173.5,
142.1, 134.7, 133.4, 133.0, 129.0, 128.6, 128.0, 127.8, 127.3,
121.1, 116.0, 111.2, 84.1, 84.0, 49.9, 44.2. HRMS (ESI) m/z:
[M + H]* Calcd for C19H17BrNO; 386.0314; found 386.0319.
(3S,5'R)-1-benzyl-4-chloro-5'-vinylspiro[indoline-3,3'-[1,2]di-
oxolan]-2-one (2i) 4.5 h. 21.2 mg, 62% vyield. Yellow oil. IR
(KBr, cm™) 3055, 2939, 2856, 1720, 1612, 1496, 1465, 1373,
1350, 1265, 1087, 948, 756, 686. 'H NMR (400 MHz, Chloro-
form-d): ¢ 7.39 — 7.26 (m, 5H), 7.18 (t, J = 8.0 Hz, 1H), 7.04
(dd, J = 8.3, 0.8 Hz, 1H), 6.64 (dd, J = 7.9, 0.9 Hz, 1H), 6.01
(ddd, J=17.2,10.2,7.7 Hz, 1H), 5.58 (dt, J = 17.1, 1.0 Hz, 1H),
5.47 — 5.37 (m, 2H), 4.89 (s, 2H), 3.34 (dd, J = 12.3, 9.3 Hz,
1H), 3.03 (dd, J = 12.3, 5.9 Hz, 1H). BC{*H} NMR (75 MHz,
Chloroform-d): ¢ 173.9, 144.9, 134.8, 132.0, 131.9, 131.8,
129.0,128.0,127.3,124.7,122.0,121.7,108.3, 85.3, 83.9, 47 4,
44.1. HRMS (ESI) m/z: [M + H]" Calcd for Ci9H17CINO3
342.0819; found 342.0820.
(3S,5'R)-1-benzyl-4-bromo-5'-vinylspiro[indoline-3,3'-[1,2]di-
oxolan]-2-one (2j) 1 h. 27.0 mg, 70% yield. Yellow oil. *H
NMR (500 MHz, Chloroform-d): ¢ 7.38 — 7.26 (m, 5H), 7.22
(dd, J =8.2 Hz, 0.9 Hz, 1H), 7.10 (t, J = 8.0 Hz, 1H), 6.68 (dd,
J=7.9Hz, 0.9 Hz, 1H), 6.06 —5.98 (m, 1H), 5.59 (dt, J =17.3
Hz, 1.0 Hz, 1H), 5.50 — 5.41 (m, 2H), 4.89 (d, J = 2.4 Hz, 2H),
3.41 (dd, J = 12.3 Hz, 9.6 Hz, 1H), 2.97 (dd, J = 12.3 Hz, 5.7
Hz, 1H); BC{*H} NMR (126 MHz, Chloroform-d): § 173.5,
142.1, 134.7, 133.5, 132.9, 129.0, 128.6, 128.0, 127.8, 127.3,
121.1, 116.0, 111.21, 84.1, 84.0, 49.9, 44.2. HRMS (ESI) m/z:
[M + H]* Calcd for C1sH17BrNO3 386.0314; found 386.0318.
(3S,5'S)-1-benzyl-7-fluoro-5'-vinylspiro[indoline-3,3'-[1,2]di-
oxolan]-2-one (2k) 4 h. 21.1 mg, 65% yield. Yellow oil. *H
NMR (500 MHz, Chloroform-d): ¢ 7.40 — 7.34 (m, 5H), 7.28
(dd, J =5.4 Hz, 3.2 Hz, 1H), 7.09 — 7.06 (m, 2H), 6.19 — 6.12
(m, 1H), 5.56 (dt, J = 17.1 Hz, 1.0 Hz, 1H), 5.45 (d, J = 10.3
Hz, 1H), 5.15 (g, J = 7.3 Hz, 1H), 5.10 — 5.04 (m, 2H), 3.04 (d,
J = 7.1 Hz, 2H); BC{*H} NMR (126 MHz, Chloroform-d): &
173.8, 160.5, 158.5, 134.9, 133.1, 129.0, 128.0, 127.3, 121.0,
117.0,116.8,112.8,112.5,110.4, 83.9, 50.0, 44.2. HRMS (ESI)
m/z: [M + H]* Calcd for CigHi7FNO; 326.1114; found
326.1116.
(3S,5'S)-1-benzyl-6-chloro-5"-vinylspiro[indoline-3,3'-[1,2] di-
oxolan]-2-one (21) 4 h. 27.4 mg, 80% vyield. Yellow oil. *H
NMR (500 MHz, Chloroform-d): 6 7.39 (td, J = 7.9 Hz, 6.2 Hz,
3H), 7.33 (tt, J = 6.9 Hz, 2.8 Hz, 3H), 7.09 (dt, J=7.9 Hz, 1.6
Hz, 1H), 6.75 (dd, J = 3.3 Hz, 1.8 Hz, 1H), 6.04 — 5.97 (m, 1H),
5.61 -5.53 (m, 1H), 5.49 — 5.44 (m, 1H), 5.24 (9, J = 7.2 Hz,
1H), 4.96 — 4.84 (m, 2H), 3.36 — 2.67 (m, 2H); BC{1H} NMR
(75 MHz, Chloroform-d): § 173.9, 144.9, 134.8, 132.0, 131.9,
131.8, 129.0, 128.0, 127.3, 124.7, 122.0, 121.7, 108.3, 85.3,
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83.9, 47.4, 44.1. HRMS (ESI) m/z: [M + H]* Calcd for
C19H17CINO; 342.0819; found 342.0823.
(3S,5'S)-1-benzyl-5-methyl-5'-vinylspiro[indoline-3,3'-[1,2]di-
oxolan]-2-one (2m) 24 h. 26.6 mg, 83% yield. Yellow oil. *H
NMR (300 MHz, Chloroform-d): 6 7.32 (d, J = 5.7 Hz, 6H),
7.05 (d, J = 8.0 Hz, 1H), 6.62 (dd, J = 8.0 Hz, 2.1 Hz, 1H), 6.20
—6.07 (m, 1H), 5.55 (d, J = 17.2 Hz, 1H), 5.43 (d, J = 10.3 Hz,
1H), 5.15 (g, J = 7.4 Hz, 1H), 4.97 — 4.81 (m, 2H), 3.10 — 2.96
(m, 2H), 2.33 (d, J = 2.2 Hz, 3H); B¥C{*H} NMR (126 MHz,
Chloroform-d): ¢ 174.2, 140.8, 135.4, 133.2, 133.1, 131.0,
128.9,127.8,127.3,126.3,125.3,120.9, 109.5, 84.6, 84.1, 49.8,
44.0, 21.0. HRMS (ESI) m/z: [M + H]* Calcd for CzH20NO3
322.1365; found 322.1368.

(3S,5'S)-1-benzyl-5-methoxy-5"-vinylspiro[indoline-3,3'-
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[1,2]dioxolan]-2-one (2n) 48 h. 24.6 mg, 73% yield. Yellow oil.

'H NMR (500 MHz, Chloroform-d): § 7.37 — 7.29 (m, 5H), 7.10
(dd, 3 =9.4, 2.6 Hz, 1H), 6.79 (ddd, J = 8.6, 4.1, 2.6 Hz, 1H),
6.64 (dd, J = 8.6, 3.3 Hz, 1H), 6.09 (dddd, J=71.9, 17.2, 10.3,
7.3 Hz, 1H), 5.57 (ddt, J =17.1, 15.9, 1.1 Hz, 1H), 5.49 - 5.41
(m, 1H), 5.25 (dg, J = 96.4, 7.2 Hz, 1H), 4.97 — 4.83 (m, 2H),
3.81 (s, 3H), 3.35 — 2.74 (m, 2H). *C{*H} NMR (126 MHz,
Chloroform-d): ¢ 174.0, 156.6, 136.4, 135.3, 133.2, 133.0,
128.9,127.8,127.3,120.9,115.2,111.7, 110.2, 84.0, 83.2, 55.9,
50.0, 44.1. HRMS (ESI) m/z: [M + H]* Calcd for CzH2zNO4
338.1314; found 338.1317.

(3S,5'S)-1-benzyl-5'-methyl-5"-vinylspiro[indoline-3,3'-

[1,2]dioxolan]-2-one (20) 24 h. 28.2 mg, 88% yield. Yellow oil.

H NMR (300 MHz, Chloroform-d): § 7.48 (dd, J = 18.4, 7.4
Hz, 1H), 7.36 — 7.21 (m, 6H), 7.08 (dt, J = 12.9, 7.5 Hz, 1H),
6.72 (t, J = 6.9 Hz, 1H), 6.29 (ddd, J = 34.2, 17.8, 11.1 Hz, 1H),
5.52 (dd, J=17.5, 3.1 Hz, 1H), 5.41 - 5.29 (m, 1H), 5.00 — 4.78
(m, 2H), 3.16 (dd, J = 40.1, 12.5 Hz, 1H), 2.86 (dd, J = 47.5,
12.9 Hz, 1H), 1.74 (d, J = 10.5 Hz, 3H). “C{"H} NMR (101
MHz, DMSO-dg): 0 174.0, 143.4, 140.9, 139.6, 136.4, 131.2,
129.2,127.7,126.6,125.5,123.6, 115.6, 110.2, 87.3, 85.0, 54.0,
43.3, 23.1. HRMS (ES|) m/z: [M + H]+ Calcd for CyoHoNO3
322.1365; found 322.1368.

Control Experiment. To a mixture of 1'-benzyl-2-vinyl-
spiro[cyclopropane-1,3'-indolin]-2'-one 1a’ (27.54 mg, 0.1
mmol) in CH3CN (1 mL) was added 1 mol % I, (0.254 mg). The
resulting solution was stirred at room temperature until the
complete consumption of 1a’. After removal of solvent, the
product was purified through silica gel to give the desired prod-
ucts 2a in 89% yield. To a mixture of 1'-benzyl-2-vinylspiro[cy-
clopropane-1,3-indolin]-2'-one 1la (27.54 mg, 0.1 mmol) in
CH3CN (1 mL) was added by 1 mol % I, (0.254 mg) and BHT
(44.1 mg, 2 e.q.). The resulting solution was stirred at room
temperature. No desired product was obtained.

To a mixture of 1'-benzyl-2-vinylspiro[cyclopropane-1,3'-in-
dolin]-2"-one 1a (27.54 mg, 0.1 mmol) in CH3CN (1 mL) was
added 1 mol % 1, (0.254 mg) under dark condition and with
irradiation for 30 h and 3.5 h respectively. Then, the solvent was
removed, the product was purified through silica gel chroma-
tography, eluting with petroleum ether/ethyl acetate (15:2~5:1)
to give the desired products 2a in 30% and 88% yield respec-
tively.

Scale-up Experiment. A mixture of 2-vinylspiro[cyclopro-
pane-1,3'-indolin]-2'-one 1a (4 mmol) and 1 mol % I, (10.16
mg) in CH3sCN (40 mL) was placed in an oven-dried 100 mL
eggplant type flask containing a magnetic stirrer (500 rpm/min)
at room temperature for 4 h. Then, the solvent was removed, the
product was purified through silica gel chromatography, eluting
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with petroleum ether/ethyl acetate (15:2~5:1) to give the de-
sired products 2a (1.04 g, 85%).

Synthetic Transformations of 2a. To a mixture of (3S,5'S)-1-
benzyl-5'-vinylspiro[indoline-3,3'-[1,2]dioxolan]-2-one 2a
(30.74 mg, 0.1 mmol) in MeOH (1 mL) was added sizeable stir-
rer. The resulting mixture was heated to reflux for 1 h. After
removal of solvent, the product was purified through silica gel
chromatography (eluent: petroleum ether - ethyl acetate =5 : 1)
to give the 4 1-benzylindoline-2,3-dione in 86% yield.

To a mixture of (3S,5'S)-1-benzyl-5'-vinylspiro[indoline-3,3'-
[1,2]dioxolan]-2-one 2a (30.74 mg, 0.1 mmol) in CH.Cl, (2 mL)
was added zinc powder (325 mg). The resulting mixture was
cooled to 0 °C and acetic acid (1 ml) was added dropwise
slowly. Then this mixture was stirred at room temperature for
1.5 h. Filtration under reduced pressure, residue washed by
CH_Cl,, combined organic layer dried over anhydrous Na;SQO.,
filtered, filtrate concentrated in vacuo and purified by flash
chromatography on silica gel (eluent: petroleum ether - ethyl
acetate = 3 : 1) to afford 3a in 95% yield.
(S)-1-benzyl-3-hydroxy-3-((S)-2-hydroxybut-3-en-1-yl)indolin-
2-one (3a) 29.4 mg, 95% yield. Colorless oil. *H NMR (300
MHz, Chloroform-d): § 7.52 (dd, J = 7.4 Hz, 1.3 Hz, 1H), 7.36
—7.24 (m, 6H), 7.11 (td, J = 7.6 Hz, 1.0 Hz, 1H), 6.77 (d, J =
7.8 Hz, 1H), 5.96 — 5.84 (m, 1H), 5.29 (dt, J = 17.2 Hz, 1.4 Hz,
1H), 5.14 (dt, J = 10.4 Hz, 1.3 Hz, 1H), 5.00 (d, J = 15.6 Hz,
1H), 4.81 (d, J = 15.6 Hz, 1H), 4.77 — 4.71 (m, 1H), 2.25 (dd, J
= 14.7 Hz, 10.2 Hz, 1H), 1.97 (dd, J = 14.7 Hz, 2.9 Hz, 1H);
BC{*H} NMR (75 MHz, Chloroform-d): 6 178.0, 142.0, 140.0,
135.3, 130.5, 129.8, 128.9, 127.8, 127.3, 124.3, 123.3, 115.3,
109.8, 76.0, 69.6, 43.9, 43.5.

ASSOCIATED CONTENT

Supporting Information

The Supporting Information is available free of charge on the ACS
Publications website at DOI:

'H and 13C NMR spectra of substrates and products (PDF); Crys-
tallographic data for compound 2a (CIF)

AUTHOR INFORMATION

Corresponding Author
*E-mail: zhougingfa@cpu.edu.cn

ORCID

Qingfa Zhou: 0000-0001-6360-2285

Fulai Yang: 0000-0002-1136-0867

Notes

The authors declare no competing financial interest.

ACKNOWLEDGMENT

This work was financially supported by the National Natural Sci-
ence Foundation of China (Grant Nos. 21572271 and 21102179),
Qing Lan Project of Jiangsu Province, and National Science Fund
for Fostering Talents in Basic Science (Grant No. J1030830), Post-
graduate Scientific Research Innovation Projects of Jiangsu Prov-
ince (KYCX17_0664).

REFERENCES

(1) (a) Dembitsky, V. M. Bioactive Peroxides as Potential Thera-
peutic Agents. Eur. J. Med. Chem. 2008, 43, 223-251. (b) Norris, M.
D.; Perkins, M. V. Structural Diversity and Chemical Synthesis of

ACS Paragon Plus Environment

Peroxide and Peroxide-derived Polyketide Metabolites from Marine
Sponges. Nat. Prod. Rep. 2016, 33, 861-880. (c) Casteel, D. A. Peroxy
Natural Products. Nat. Prod. Rep. 1999, 16, 55-73. (d) Liu, D.-Z.; Liu,
J.-K. Peroxy Natural Products. Nat. Prod. Bioprospect. 2013, 3, 161-
206. (e) Davidson, B. S. Cytotoxic Five-membered Cyclic Peroxides
from A Plakortis Sponge. J. Org. Chem. 1991, 56, 6722-6724. (f)
Dussault, P. H.; Zope, U. Hydroperoxide-mediated C-C Bond For-
mation: Synthesis of 1,2-Dioxolanes from Alkoxyhydroperoxides in
the Presence of Lewis Acids. Tetrahedron Lett. 1995, 36, 3655-3658.
(9) Ramirez, A.; Woerpel, K. A. Synthesis of 1,2-Dioxolanes by An-
nulation Reactions of Peroxycarbenium lons with Alkenes. Org. Lett.
2005, 7, 4617-4620. (h) Hurlocker, B.; Miner, M. R.; Woerpel, K. A.
Synthesis of Silyl Monoperoxyketals by Regioselective Cobalt-Cata-
lyzed Peroxidation of Silyl Enol Ethers: Application to the Synthesis
of 1,2-Dioxolanes. Org. Lett. 2014, 16, 4280-4283. (i) Xu, Z.-J,;
Wittlin, S.; Wu, Y.-K. Probing the Peroxycarbenium [3+2] Cycloaddi-
tion Reactions with 1,2 - Disubstituted Ethylenes: Results and Insights.
Chem. Eur. J. 2017, 23, 2031-2034. (j) Yin, H.-Y.; Xu, L.-B.; Porter,
N. A. Free Radical Lipid Peroxidation: Mechanisms and Analysis.
Chem. Rev. 2011, 111, 5944-5972. (k) Lifchits, O.; Mahlau, M.;
Reisinger, C. M.; Lee, A.; Fares, C.; Polyak, I.; Gopakumar, G.; Thiel,
W.; List, B. The Cinchona Primary Amine-Catalyzed Asymmetric
Epoxidation and Hydroperoxidation of o,f-Unsaturated Carbonyl
Compounds with Hydrogen Peroxide. J. Am. Chem. Soc. 2013, 135,
6677-6693.

(2) (a) Jimenez-Romero, C.; Rodr guez, A. D.; Nam, S. Plakortinic
Acids A and B: Cytotoxic Cycloperoxides with a Bicyclo[4.2.0]octene
Unit from Sponges of the Genera Plakortis and Xestospongia. Org. Lett.
2017, 19, 1486—1489. (b) Schiaffo, C. E.; Rottman, M.; Wittlin, S.;
Dussault, P. H. 3-Alkoxy-1,2-Dioxolanes: Synthesis and Evaluation as
Potential Antimalarial Agents. ACS Med. Chem. Lett. 2011, 2, 316-319.
(c) Csuk, R.; Niesen-Barthel, A.; Barthel, A.; Kluge, R.; Stréhl, D. Syn-
thesis of An Antitumor Active Endoperoxide from 11-keto-f-Boswel-
lic Acid. Eur. J. Med. Chem. 2010, 45, 3840-3843.

(3) (a) Sun, X.-Y.; Tian, X.-Y; Li, Z.-W.; Peng, X.-S.; Wong, H. N.
C. Total Synthesis of Plakortide E and Biomimetic Synthesis of Pla-
kortone B. Chem. Eur. J. 2011, 17, 5874-5880. (b) Barnych, B.; Fenet,
B.; Vatéle, J.-M. Asymmetric Synthesis of Andavadoic Acid via Base-
catalyzed 5-exo-tet Cyclization of A B-Hydroperoxy Epoxide. Tetrahe-
dron. 2013, 69, 334-340.

(4) (@) Nguyen, H. M.; Chand, H. R.; Golantsov, N. E.; Trushkov, I.
V.; Voskressensky, L. G. Cyclopentene Assembly by Microwave-As-
sisted Domino Reaction of Donor-Acceptor Cyclopropanes with Ketals.
Synlett. 2020, 31, 295-299. (b) Kandur, W. V.; Richert, K. J.; Rieder,
C.J.; Thomas, A. M.; Hu, C.-H.; Ziller, J. W.; Woerpel, K. A. Synthe-
sis and Reactivity of 1,2-Dioxolanes from f,y-Epoxy Ketones. Org.
Lett. 2014, 16, 2650-2653. (c) Giorgio, D. S.; Alessandra, L. Asym-
metric Catalytic Routes to Dialkyl Peroxides and Oxaziridines. ACS
Catal. 2014, 4, 1234-1245. (d) Nguyen, T. L.; Ferrié L.; Figadére, B.
Synthesis of 3,5-Disubstituted-1,2-dioxolanes: Access to Analogues of
Mycangimycin and Some Rearrangement Products. Tetrahedron Lett.
2016, 57, 5286-5289. (e) McCullough, K. J.; Nojima, M. Recent Ad-
vances in the Chemistry of Cyclic Peroxides. Curr. Org. Chem. 2001,
5, 601-636. (f) Zhan. L.; Parrish, J. D.; Yoon, T. P. [3+2] Photooxy-
genation of Aryl Cyclopropanes via Visible Light Photocatalysis. Tet-
rahedron. 2014, 70, 4270-4278. (g) Mata, S.; Gonzdez, J.; Vicente, R.;
Ldpez, L. A. Zinc-Catalyzed Multicomponent Reactions: Easy Access
to Furyl-Substituted Cyclopropane and 1,2-Dioxolane Derivatives. Eur.
J. Org. Chem. 2016, 15, 2681-2687.

(5) (@) Mizuno, K.; Kamiyama, N.; Otsuji, Y. Photooxygenation of
1,2-Diarylcyclopropanes: Formation of 3,5-Diaryl-1,2-dioxolanes via
Photoinduced Electron Transfer. Chem. Lett. 1983, 12, 477-480. (b)
Mizuno, K.; Kamiyama, N.; Ichinose, N.; Otsuji, Y. Photo-oxygenation
of 1,2-Diarylcyclopropanes via Electron Transfer. Tetrahedron 1985,
41,2207-2214. (c) Ichinose, N.; Mizuno, K.; Tamai, T.; Otsuji, Y. Pho-
tooxygenation of 1-Alkyl-2,3-diarylcyclopropanes via Photoinduced
Electron Transfer: Stereoselective Formation of 4-Alkyl-3,5-diaryl-
1,2-dioxolanes and Their Conversion to 1,3-Diols. J. Org. Chem. 1990,
55, 4079-4083. (d) Tamai, T.; Mizuno, K.; Hashida, I.; Otsuji, Y. Salt
Effect on the 9,10-Dicyanoanthracene-sensitized Photooxygenation of
1,2-Diarylcyclopropanes and the Photodecomposition of 3,5-Diaryl-
1,2-dioxolanes. J. Org. Chem. 1992, 57, 5338-5342.

7


mailto:zhouqingfa@cpu.edu.cn

oNOYTULT D WN =

The Journal of Organic Chemistry

(6) (a) Shim, S. C.; Song, J. S. Photo-oxygenation of 1,1-Diphenyl-
2-vinylcyclopropane. J. Org. Chem. 1986, 51, 2817-2818. (b) Ganesh,
V.; Chandrasekaran, S. Recent Advances in the Synthesis and Reactiv-
ity of Vinylcyclopropanes. Synthesis. 2016, 48, 4347-4380. (c) Feld-
man, K. S.; Simpson, R. E. The Oxygenation of Substituted Vinylcy-
clopropanes: Preparative and Mechanistic Studies. J. Am. Chem. Soc.
1989, 111, 4878 — 4886. (d) Feldman, K. S.; Kraebel, C. M. Vinylcy-
clopropane Oxygenation. Anti Diastereoselectivity through An Unex-
pected Transition-state Geometry. J. Org. Chem. 1992, 57, 4574-4576.
(e) Feldman, K. S.; Parvez, M. Synthesis of Polyoxygenated hydrocar-
bons via Radical-mediated Oxygenation of Vinylcyclopropanes. J. Am.
Chem. Soc. 1986, 108, 1328-1330. (f) Feldman, K. S.; Romanelli, A.
L.; Ruckle, R. E.; Miller, R. F. Cyclopentane Synthesis via Free Radi-
cal Mediated Addition of Functionalized Alkenes to Substituted Vinyl
Cyclopropanes. J. Am. Chem. Soc. 1988, 110, 3300-3302. (g) Feldman,
K. S.; Berven, H. M. Regioselective Thiopyran Formation Upon Cy-
clization of 2-Thiyl-6-heptenyl Radicals. Synlett. 1993, 11, 827-828.

(7) (a) Zhao, Q.; Wong, H. N. C. Synthetic Studies toward Plakortide
E: Application of the Feldman Oxygenation to Synthesis of Highly
Substituted 1,2-Dioxolanes. Tetrahedron 2007, 63, 6296-6305. (b)
Tian, X.-Y.; Han, J.-W.; Zhao, Q.; Wong, H. N. C. Asymmetric Syn-
thesis of 3,3,5,5-Tetrasubstituted 1,2-Dioxolanes: Total Synthesis of
Epiplakinic Acid F. Org. Biomol. Chem. 2014, 12, 3686-3700. (c)
lkeda, H.; Akiyama, K.; Takahashi, Y.; Nakamura, T.; Ishizaki, S.;
Shiratori, Y.; Ohaku, H.; Goodman, J. L.; Houmam, A.; Wayner, D. D.
M.; Tero-Kubota, S.; Miyashi, T. Spectroscopic and Calorimetric Stud-
ies on the Mechanism of Methylenecyclopropane Rearrangements
Triggered by Photoinduced Electron Transfer. J. Am. Chem. Soc. 2003,
125, 9147-9157. (d) Sun, X.-Y.; Tian, X.-Y.; Li, Z.-W.; Peng, X.-S.;
Wong, H. N. C. Total Synthesis of Plakortide E and Biomimetic Syn-
thesis of Plakortone B. Chem. Eur. J. 2011, 17, 5874-5880.

(8) (a) Kulinkovich, O. G.; Astashko, D. A.; Tyvorskii, V. L.; llyina,
N. A. Synthesis of a,3-Epoxy Ketones from Alkyl- and Arylsubstituted
Cyclopropanols. Synthesis. 2001, 10, 1453-1455. (b) Nguyen, T. L.;
Ferrié L.; Figadére, B. Synthesis of 3,5-Disubstituted-1,2-dioxolanes:
Access to Analogues of Mycangimycin and Some Rearrangement
Products. Tetrahedron Lett. 2016, 57, 5286-5289. (c) Barnier, J.-P.;
Morisson, V.; Blanco, L. Preparation of 2,3-Epoxycycloalkanones
from Bicyclo[n.1.0]alkan-1-ols. Synth. Commun. 2001, 31, 349-357. (d)
Kirihara, M.; Kakuda, H.; Ichinose, M.; Ochiai, Y.; Takizawa, S.;
Mokuya, A.; Okubo, K.; Hatano, A.; Shiro, M. Fragmentation of Ter-
tiary Cyclopropanol Compounds Catalyzed by Vanadyl Acety-
lacetonate. Tetrahedron 2005, 61, 4831-4839. (e) Wimalasena, K,;
Wickman, H. B.; Mahindaratne, M. P. D. Autocatalytic Radical Ring
Opening of N-Cyclopropyl-N-phenylamines Under Aerobic Condi-
tions-Exclusive Formation of the Unknown Oxygen Adducts, N-(1,2-
Dioxolan-3-yl)-N-phenylamines. Eur. J. Org. Chem. 2001, 3811-3817.
(f) Ouhamou, N.; Six, Y. Studies on the Intramolecular Kulinkovich—
de Meijere Reaction of Disubstituted Alkenes Bearing Carboxylic Am-
ide Groups. Org. Biomol. Chem. 2003, 1, 3007-3009. (g) Madelaine,
C.; Buzas, A. K.; Kowalska-Six, J. A.; Six, Y.; Crousse, B. Diastere-
oselective Ti-Mediated Preparation of Bicyclic Aminocyclopropanes
from N-Alkenyl Amides. Tetrahedron Lett. 2009, 50, 5367-5371. (h)
Madelaine, C.; Six, Y.; Buriez, O. Electrochemical Aerobic Oxidation
of Aminocyclopropanes to Endoperoxides. Angew. Chem. Int. Ed.
2007, 46, 8046-8049. (i)Tetsuo, I.; Harutoshi, M.; Taizo, I.; Hiroshi,
S.; Tadashi, K. Photochemical [3+2] Cycloaddition of 2'-Vinyl-2H-1,
4-benzothiazin-3(4H)-one-2-spirocyclopropanes Catalyzed by Diphe-
nyl Dichalcogenides. Chem. Pharm. Bull. 1998, 46, 913-917. (j)
Miyashi, T.; Kamata, M.; Mukai, T. Organic Photochemistry. 77. Sim-
ultaneous Capture of Two Distinct Radical-ion Intermediates Gener-
ated from the EDA Complexes of Three-membered Compounds with
TCNE by Photoexcitation and in the Dark. J. Am. Chem. Soc. 1987,
109, 2780-2788.

(9) (a) Bach, R. D.; Ayala, P. Y.; Schlegel, H. B. A Reassessment of
the Bond Dissociation Energies of Peroxides. An ab Initio Study, J. Am.
Chem. Soc. 1996, 118, 12758-12765. (b) Hurlocker, B.; Miner, M. R.;
Woerpel, K. A. Synthesis of Silyl Monoperoxyketals by Regioselective
Cobalt-Catalyzed Peroxidation of Silyl Enol Ethers: Application to the
Synthesis of 1,2-Dioxolanes, Org. Lett. 2014, 16, 4280—4283. (c) Guo,
W.G.; Liu, Y.; Li, C. Asymmetric Catalytic 1,2-Hydroperoxidation of
Isatin-Derived Ketimine with Hydrogen Peroxide in the Crowding

ACS Paragon Plus Environment

Environment of PEGs, Org. Lett. 2017, 19, 1044-1047. (d) Hu, L.; Lu,
X.J.; Deng, L. Catalytic Enantioselective Peroxidation of a,f3-Unsatu-
rated Aldehydes for the Asymmetric Synthesis of Biologically Im-
portant Chiral Endoperoxides, J. Am. Chem. Soc. 2015, 137, 8400-8403.
(e) Yaremenko, I. A.; Passos Gomes G. D.; Radulov, P. S.; Yu, Y. L,;
Belyakova; Vilikotskiy, A. E.; Vil, V. A.; Korlyukov, A. A.; Nikishin,
G. L.; Alabugin, I. V.; Terent’ev, A. O. Ozone-Free Synthesis of Ozo-
nides: Assembling Bicyclic Structures from 1,5-Diketones and Hydro-
gen Peroxide, J. Org. Chem. 2018, 83, 4402-4426. (f) Sala, G. D.; Lat-
tanzi, A. Asymmetric Catalytic Routes to Dialkyl Peroxides and Oxa-
ziridines, ACS. Catal. 2014, 4, 1234-1245.

(10) (a) P. Khanna, S. S. Panda, L. Khanna, S. C. Jain. Aqua Medi-
ated Synthesis of Spirocyclic Compounds. Mini Rev. Org. Chem. 2014,
11, 73-86; (b) J. Day, M. Uroos, R. A. Castledine, W. Lewis, B.
McKeever-Abbas, J. Dowden. Alkaloid Inspired Spirocyclic Oxin-
doles from 1,3-Dipolar Cycloaddition of Pyridinium Ylides. Org. Bio-
mol. Chem. 2013, 11, 6502-6509; (c) T. Honda. Development of an
efficient synthetic strategy for bioactive alkaloids possessing a spiro-
cyclic ring system. Pure Appl. Chem. 2010, 82, 1773-1783; (d) C. V.
Galliford, K. A. Scheidt. Pyrrolidinyl-Spirooxindole Natural Products
as Inspirations for the Development of Potential Therapeutic Agents.
Angew. Chem. Intl. Ed. 2007, 46, 8748-8758. (e) D. B. Ramachary, C.
Venkaiah, R. Madhavachary. Asymmetric Synthesis of Druglike Six-
Membered Spirooxindoles through an Amino Enyne Catalysis. Or-
ganic Lett. 2013, 15, 3042-3045. (f) G. S. Singh, Z. Y. Desta. Isatins
As Privileged Molecules in Design and Synthesis of Spiro-Fused Cy-
clic Frameworks. Chem. Rev. 2012, 112, 6104-6155.

(11) (a) Kazumasa, T.; Ryoma O.; Hiroki, I. Aerobic Oxidative Sul-
fenylation of Pyrazolones and Pyrazoles Catalyzed by Metal-Free Fla-
vin—lodine Catalysis. J. Org. Chem. 2019, 84, 14980-14986. (b)
Uyanik, M.; Kato, T.; Sahara, N.; Katade, O.; Ishihara, K. High-Per-
formance Ammonium Hypoiodite/Oxone Catalysis for Enantioselec-
tive Oxidative Dearomatization of Arenols. ACS Catal. 2019, 9,
11619—-11626. (c) Sudipto, D.; Tuluma D.; Subrata G.; Tapas G.; Dilip
K. M. lodine-Catalyzed Functionalization of Primary Aliphatic
Amines to Oxazoles, 1,4-Oxazines, and Oxazinones. ACS Omega.
2019, 4, 20410-20422 (d) Wu, X.; Zhao, P.; Geng, X.; Zhang, J.; Gong,
X.; Wu, Y.-d.; Wu, A.-x. Direct Oxidative Cleavage of Multiple Csps—
H Bonds and a C-C Bond in 2-(Pyridin-2-yl)acetate Derivatives: For-
mal [3+1+1] Synthesis of 3-(Pyridin-2-yl)indolizine Skeletons. Org.
Lett. 2017, 19, 3319-3322. (¢) Duhamel, T.; Stein, C. J.; Mart fez, C;
Reiher, M.; Muiiiz, K. Engineering Molecular lodine Catalysis for Al-
kyl-Nitrogen Bond Formation. ACS Catal. 2018, 8, 3918-3925. (f)
Ambethkar, S.; Kalaiselvi, M.; Ramamoorthy, J.; Padmini, V. I>-Cata-
lyzed Oxidative Cross-Coupling Reaction of Methyl Ketones and 2-(2-
Aminophenyl) Benzimidazole: Facile Access to Benzimidazo[1,2-
c]quinazoline. ACS Omega. 2018, 3, 5021-5028. (g) Togo, H.; lida, S.
Synthetic Use of Molecular lodine for Organic Synthesis. Synlett. 2006,
14, 2159-2175.

(12) Maeda, H.; Nakagawa, H.; Mizuno, K. Enhancement Effect of
Mg(ClOa)2 on TiO-Catalyzed Photooxygen-ation of 1,2-Diarylcyclo-
propanes. Photochem. Photobiol. Sci. 2003, 2, 1056-1058.

(23) (a) Wojnarovits, L.; Laverne, J.A. lodine as a Radical Scaven-
ger in the Radiolysis of Cyclopentane. Radiat. Phys. Chem. 1996, 47,
361-363. (b) He, Z.-H; Liu, W.-P.; Li, Z.-P. I>-Catalyzed Indole For-
mation via Oxidative Cyclization of N-Aryl Enamines. Chem.-Asian.
J, 2011,6, 1340-1343.

(24) (a) Parrish, J. D.; Ischay, M. A.; Lu, Z.; Guo, S.; Peters, N. R.;
Yoon, T. P. Endoperoxide Synthesis by Photocatalytic Aerobic [2 + 2
+ 2] Cycloadditions. Org. Lett. 2012, 14, 1640-1643. (b)Kornblum, N.;
DelLaMare, J. E. Degradation of Tomatidine. J. Am. Chem. Soc. 1951,
73, 880-881. (c) Reddipalli, G.; Venkataiah, M.; Fadnavis, N. W.
Chemo-enzymatic Synthesis of Both Enantiomers of Rugulactone. Tet-
rahedron-Asymmetr. 2010, 21, 320-324.

(15) CCDC 1977089 contains the supplementary crystallographic
data for compound 2a. These data can be obtained free of charge from
the Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.

(16) (a) Xiao, J.-A.; Li, Y.-C.; Luo, Z.-J.; Cheng, X.-L.; Deng, Z.-
X.; Chen, W.-Q.; Su, W.; Yang, H. Construction of Bispirooxindole
Heterocycles via Palladium-Catalyzed Ring-Opening Formal [3+2]-
Cycloaddition of Spirovinylcyclopropyl Oxindole and 3-Oxindole

8

Page 8 of 9


http://www.ccdc.cam.ac.uk/data_request/cif

Page 9 of 9 The Journal of Organic Chemistry

Derivatives. J. Org. Chem. 2019, 84, 2297- 2306. (b) Buxton, C. S,;
Blakemore, D. C.; Bower, J. F. Reductive Coupling of Acrylates with
Ketones and Ketimines by a Nickel-Catalyzed Transfer-Hydrogenative
Strategy. Angew. Chem., Int. Ed. 2017, 56, 13824—13828. (c) Zhang,
J.-Y.; Cheng, C.; Wang, D.;Miao, Z.-W. Regio- and Diastereoselective
Construction of Spirocyclopenteneoxindoles through Phosphine-Cata-
lyzed [3+2] Annulation of Methyleneindolinone with Alkynoate De-
rivatives. J. Org. Chem. 2017, 82, 10121-10128. (d) Schwarzer, D. D.;
Gritsch, P. J.; Gaich, T. Mimicking Dimethylallyltryptophan Synthase:
Experimental Evidence for a Biosynthetic Cope Rearrangement Pro-
cess. Angew. Chem., Int. Ed. 2012, 51,11514-11516. (e) Xiao, J.-A.;
9 Cheng, X.-L.; Li, Y.-C.; He, Y.-M.; Li, J.-L.; Liu, Z.-P.; Xia, P.-J.; Su,
10 W.; Yang, H. Palladium-catalysed Ring-opening [3+2]-annulation of
1 Spirovinylcyclopropyl Oxindole to Diastereoselectively Access Spi-
rooxindoles. Org. Biomol. Chem. 2019, 17, 103-107.

oNOYTULT D WN =

60 ACS Paragon Plus Environment



