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Abstract A transition-metal-free visible-light-mediated tandem cyanoalkylsulfonylation/cyclization of alkynes with cyclo-
ketone oxime derivatives for the construction of 2-cyanoalkylsulfonyl-9H-pyrrolo[1,2-a]indoles through the insertion of SOz is
reported. The difunctionalization of carbon-carbon triple bonds includes a radical mechanism and undergoes the formation of
iminyl radical, ring-opening of cycloketone, insertion of SOz, addition of sulfonyl radical to carbon-carbon triple bonds, intra-
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molecular cyclization and isomerization.
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1 Introduction

Nitriles, especially alkylnitriles, widely presented in
bioactive molecules and natural products, are important
synthetic intermediates in organic chemistry and pharma-
ceutical industry, agriculture, material and polymer
science.l'l Many methods have been established for the
construction of alkylnitrile derivatives. Among them, the
most efficient and green strategy is functionalization of
a-C(sp>) —H bonds in alkylnitriles.”*! Recently, the
radical ring-opening of cyclobutanone oximes has become
a convenient and efficient route to introduce long-chain

cyanoalkyl groups into organic molecules.[*8]

Sulfones, a typical organosulfur compounds, are widely
used in agrochemicals, chemical industry, organic synthe-
sis, pharmaceuticals and antiflaming materials.['>!!] Thus,
many scientists are devoted to the development of simple
and convenient methods for the construction of sulfone-
containing compounds.['>!31 Among these methods, the
insertion of SO,, which used DABSO [DABCO*(S0,),],l'¥l
thiourea dioxide!') and sodium sulphites!'® as SO,
sources, is the most convenient and green strategy for the
preparation of sulfones.

In 1991, Zard and co-workers®® reported the first
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radical ring-opening of cyclobutanone carboxymethyl
oximes or sulphenylimines to synthesize alkylnitriles.
Subsequently, Uemura,*>1 Selander,’***! Xiao and
Chen, %1 Guo,’*7 Yu,”s1 Wu,'T Li’s groups!’® and
other groups!® have also developed the similar cleavage of
carbon-carbon bond in cyclobutanone oximes. In recent
years, several cyanoalkyl-sulfonylation reactions via
ring-opening of cycloketone oxime derivatives and SO,
insertion have been developed.®84 Our group® reported
Fe-mediated cyanoalkylsulfonylation of acrylamides with
cycloketone oxime derivatives via SO, insertion (path I,
Scheme 1). Wu et al.®! disclosed visible-light-catalyzed
cyanoalkylsulfonylation/alkoxylation of alkenes by using
O-acyl oximes for trapping SO- (path II, Scheme 1). Our
groupl® also developed visible-light-mediated dual car-
bon-carbon bond cleavage method for the construction of
2-cyanoalkylsulfonyl-3,4-dihydronaphthalenes through
SO, insertion (path III, Scheme 1). In 2019, Lu’s group!®¥
reported photoredox-catalyzed SOs-insertion reaction by
using cyclobutanone oxime derivatives as alkyl radical
precursors for trapping SO, (path IV, Scheme 1). These
cyanoalkylsulfonylation reactions utilized cyanoalkyl
radicals, which generated from nitrogen radical directed™
ring-opening of cycloketone oxime derivatives, to capture
SO,. However, all of them employed carbon-carbon double
bonds as cyanoalkyl radical acceptors. The strategy for
cyanoalkylsulfonylation of carbon-carbon triple bonds is
lacking.

The alkynes, which used in many radical trapping rea-
ctions, were common radical acceptors.l!'’”l The N-propar-
gylindoles could capture carbon-radicals,['”* sulfur-radi-
cals!!”>17el or phosphorus-radicals!'’"!7l to afford 3-func-
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tionalized 9H-pyrrolo[1,2-a]indoles. Recently, visible-
light-catalysis, which is an efficient and convenient
strategy, is widely utilized in drug synthesis and organic
synthesis due to its mild and simple conditions, safety,
availability and high efficiency.['®2") Thus, we report a
transition-metal-free visible-light-mediated tandem cyano-
alkylsulfonylation/cyclization of alkynes to prepare 2-
cyanoalkylsulfonyl-9H-pyrrolo[1,2-a]indoles from N-pro-
pargylindoles and cycloketone oxime derivatives via the
insertion of SO, in which two carbon-sulfur bonds and
one carbon-carbon bond are constructed (Scheme 2).

2 Results and discussion

To gain the best reaction conditions, we began to
investigate the reaction between 1-(3-phenylprop-2-yn-1-
yl)-1H-indole (1a, 0.2 mmol) with cyclobutylidenemethyl
4-(trifluoromethyl)benzoate (2a, 0.3 mmol, 1.5 equiv.) in
the presence of Na-Eosin Y (2.8 mg, 0.004 mmol, 2
mol%), K»S,0s5 (88.9 mg, 0.4 mmol, 2 equiv.), CH;CN (2
mL) as solvent at 80 ‘C under 5 W blue LED irradiation
for 16 h (Table 1). To our surprise, the product 3aa could
be isolated in 81% yield (Entry 1). Initially, several cyclo-
butanone O-acyloximes 2a-1~2a-6 were examined
(Entries 2~7). It was found that structural modification of
the acyl moiety on the oxime had remarkable effect on the
reaction. All of them could afford the sulfonylation
products and none of them could afford higher yield than
that of cyclobutanone oxime 2a. Then, other sulfur dioxide
sources, including DABSO, thiourea dioxide and Na»S,Os,
were investigated. K,S,Os was the best sulfur dioxide
source according to the reaction yields (Entries 8§8~10).
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Scheme 1  [n situ SO2-capture transformations of cycloketone oxime esters
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Scheme 2 Tandem cyanoalkylsulfonylation/cyclization of alkynes via SO insertion
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Table 1 Screening optimal conditions”

_OR Nay-Eosin'Y (2 mol%)

N N K,S,05 (2 equiv.)
N +

CH3CN, 80 °C
T 5 W blue LED light, 16 h

1a 2
2a, R = p-CF5CgH,4CO:; 2a-1, R = CF4CO;
2a-2, R = CgHsCO: 2a-3, R = 0-NO,CgH4CO:
2a-4, R = p-NO,CgH,CO; 2a-5, R = p-FCgH,CO
2a-6, R =C4FsCO

Entry  Variation from the standard conditions  Yield/%

1 None 81
2 2a-1 instead of 2a 13
3 2a-2 instead of 2a 25
4 2a-3 instead of 2a 46
5 2a-4 instead of 2a 55
6 2a-5 instead of 2a 51
7 2a-6 instead of 2a 50
8 DABSO instead of K2S205 8
9 Thiourea dioxide instead of K2S20s 67
10¢ NazS20s instead of K2S20s 73
11¢ Without Naz-Eosin Y 0
12 Ir(ppy)s instead of Nax-Eosin Y 59
13 Ru(bpy)sClz instead of Naz-Eosin Y 34
14 Eosin Y instead of Naz-Eosin Y 64
15 Without additional light 0
16 Naz-Eosin Y (5 mol%) 81
17 Toluene instead of CH;CN 40
18 THF instead of CH3CN 38
19¢ DMF instead of CH3CN 27
20¢ Dioxane instead of CH3;CN 44
21 DMSO instead of CH;CN 32
22 3 W blue LED light 61
23 12 W blue LED light 54
24 36 W compact fluorescent light 45
25 At100 C 70
26 At60 C 42
27 For32h 80
284 None 52

4 Reaction conditions: 1a (0.2 mmol), 2a (0.3 mmol, 1.5 equiv.), K,S,0s (88.9
mg, 0.4 mmol, 2 equiv.), Na,-Eosin Y (2.8 mg, 2 mol%), CH3CN (2 mL) at
80 ‘C and 5 W blue LED irradiation for 16 h. ® Isolated yield. ¢ The rest of
substrate 1a was recovered. ¢ 1a (1.0 g, 4.33 mmol), 2a (1.5 equiv.), Na,-Eosin
Y (2 mol%), K»S,0s (2 equiv.) and MeCN (40 mL) at 80 ‘C for 64 h.

Conducting the reaction without photocatalyst could not
give the target product (Entry 11). Other phtotocatalysts
were screened. The results showed that Na,-Eosin Y were
suitable (Entries 12~14). Conducting the reaction without
additional light could not give the target product (Entry
15). These results indicated that the visible-light and pho-
tocatalyst were indispensable for the reaction. Then, In-
creasing the amount of Na,-Eosin Y to 5 mol% could still
not increase the reaction yield (Entry 16). Subsequently,
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several kinds of other solvents, including toluene, tetrahy-
drofuran (THF), N,N-dimethylformamide (DMF), dioxane
and dimethyl sulfoxide (DMSO) were tested. None of them
afforded higher yields than that of CH3CN (Entries 17~
21). The investigation of different light sources suggested
that 5 W blue LED was the best choice (Entries 22~24).
Increasing the temperature to 100 ‘C or decreasing the
temperature to 60 C did not give satisfactory reaction
yields (Entries 25~26). Prolonging the reaction time to 32
h could not increase the reaction yield obviously (Entry
27). A gram scale experiment could produce the product
3aa in moderate yield (Entry 28).

According to the acquired best conditions, we set out to
study the scope of N-propargylindoles 1 and O-acyl ox-
imes 2 (Table 2). First, a variety of substituted N-propargy-
lindoles 1b ~ 1s bearing different substituents at the
terminal of C—C triple bonds were examined. N-propar-
gylindoles 1b~1p bearing different aromatic ring at the
terminal of alkynes could undergo the tandem cyclization
smoothly and generated the target corresponding products
3ba~3pa in 54% ~85% yields. The yields of target
products were affected by both electronic effect and steric
effect of the substituents. The electron-donating groups
substituted substrates gave higher yields than electron-
withdrawing groups substituted ones. The ortho- and meta-
substituted group substrates give lower yields than
para-substituted ones. The N-propargylindoles 1q (R'=
thienyl) and 1r (R'=Me) could assemble the target
products 3qa and 3ra in moderate yields. Nevertheless,
1-(prop-2-yn-1-yl)-/H-indole (1s) (R! = H) was not
suitable for the transformation (product 3sa). Subsequen-
tly, the N-propargylindoles 1t~1aa bearing substituents
on the indole skeleton were tested (products 3ta~3aaa).
All of these substrates 1t~1aa were good candidates for
this reaction and delivered the corresponding products in
good yields. It is worth noting that the halo-substituted
substrates were compatible with the standard conditions.
The halo-substituted positions provided a chance for
further modification. Next, different cycloketone oximes
2b~2n, including 2-benylsubstituted, 3-substituted, 3,3-
disubstituted and oxa-cycloketone oximes were employed
as substrates under the standard conditions. These oximes
2b~2n could go through the cyanoalkylsulfonylation/
cyclization smoothly. The corresponding cyanoalkyl-
sulfonylated 9H-pyrrolo[1,2-a]indoles 3ab~3an could be
isolated in moderate yields. However, the substrates 20 and
2p were incompatible with the best conditions and most of
substrate 1 was decomposed (product 3ao and 3ap).

To gain an insight of the mechanism for the tandem
cyanoalkylsulfonylation/cyclization, we conducted a series
of radical capture experiments (Scheme 3). The yields of
N-propargylindoles 1a and cycloketone oxime esters 2a by
utilizing 2,2,6,6-tetramethylpiperidinooxy (TEMPO), 2,6-
di-t-butyl-p-cresol (butylated hydroxytoluene) (BHT) or
1,1-diphenylethene as radical inhibitors under standard
conditions were quite low (Scheme 3). The cyanoalkyl-
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Table 2 Scope of N-propargylindoles (1) and cycloketone oxime esters (2)“

2
R _OR Nay-Eosin Y (2 mol%)

N .
g% ‘V \ K5S,05 (2 equiv.)
RN i CH3CN, 80 °C
X 3CN,
@ R’ R

5 W blue LED light, 16 h

1 2, R = p-CF3CgH4CO 3
R
& e O
@) CN CN
0 CN O N S O CN
1 "
O N /,S“/\/ 1o N ”85/\/
o R = OMe, 3ka, 75% R = OMe, 3na, 70% o]
R =H, 3aa, 81% R = Me, 3la, 72% R = Me, 30a, 65% 3pa, 69%
R = OMe, 3ba, 80% R =NO,,3ma, 54%
R = Me, 3ca, 76% N
R = Bu, 3da, 85% S
R = Ph, 3ea, 82% — Me H Ph

= s ga’ o N / S/ N 11 N /1
R = CN 3ha, 71% O/,S*/\/ J S C,)/S

; o
= 0
E - (,:](F)i 3;.'; %Eo//"o 3qa, 62% 3ra, 57% 3sa, 0%" 3ta, 82%
R Ph Ph Ph Ph
0 CN R 0 CN b CN N 2 o
N /S N ”S N //S //S
o o} R o} 9
R = Me, 3ua, 80% R = OMe, 3wa, 82% R = Me, 3ya, 83% 3aaa, 80%
R = Cl, 3va, 76% R = Br, 3xa, 72% R=F, 3za, 78%

Ph Pho O Ph
CN m 0 CN Q m NP
N J N Y ”~>K/
m,§~(\/ ,,SJ\/ Ph NS
O Bn © . o] CN ©
3ab, 66% R =Ph, 3ac, 78% N g 3am, 60%
R = 4-MeCgHj, 3ad, 72%

O//
R = 4-'BuCgHy, 3ae, 759
uCeHs, 3ae, 75% 3al, 66%

R = 4-FCgH,, 3af, 70%
o] CN . oh CN
N S”~/O\/ R = 4-BrCgHj,4, 3ag, 66% Ph NC
(/)/ R =Bn, 3ah, 71% e} 9
3an. 45% R = OBn, 3ai, 79% N g N S
: R = CO,Bn, 3aj, 75% o 0
R = CO,Et, 3ak, 72% 3ao0, 0%” 3ap, 0%”

4@ Reaction conditions: 1 (0.2 mmol), 2 (0.3 mmol, 1.5 equiv.), K»S,0s (88.9 mg, 0.4 mmol, 2 equiv.), Nay-Eosin Y (2.8 mg, 2 mol%), CH;CN (2 mL) at 80 ‘C under
an argon atmosphere and 5 W blue LED irradiation for 16 h. ® Most of the substrate 1 was decomposed.

a
(a) N N/OR
‘ . O-N
\ KN I i standard conditions 3aa . /_/_

.- TEMPO (3 equiv.) NG

1a 2a R=4-CFCeH,CO 4% 4 219, detected by GC-MS

(b) N N/OR Ph
| standard conditions 10
N ¥ BHT (3 equi N ] o
&S (8 eautv) 5

R= 4-CF3CGH4CO

by GC-MS analysis by GC-MS analysis

1a 2a 3aa, 5%
() _OR TR RN :
R 0 ! Ph oh O N
| standard conditions ' o N .
N * : - 3aa + CN + >—/ :
\_-_Ph 1,1-diphenylethene (3 equiv.) | pH o :
1a 2a R =4-CF3CeH,CO 3% 75, 7%, detected 6, 12%, detected

Scheme 3 Control experiments
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trapped product 4 could be detected by GC-MS analysis
when the reaction was conducted by employing TEMPO as
radical inhibitor (Scheme 3a). 1,1-Diphenylethene could
trap the cyanoalkylsulfonyl radical and cyanoalkyl radical
in the radical trapping reaction (Scheme 3c).

According to the above results and previous litera-
ture,[®15211 3 mechanism for the transition-metal-free visi-
ble-light-mediated tandem cyanoalkylsulfonylation/cycli-
zation of alkynes with cycloketone oxime derivatives was
proposed (Scheme 4). Initially, Eosin Y>© was converted
into Eosin Y2~ * photoexcited by the irradiation of
light.2142!f1 Then, the iminyl radical A, which generated
from cycloketone oxime 2a under the reduction of Eosin
Y? *, underwent ring-opening to give cyanoalkyl radical
B. Subsequently, the intermediate B reacted with K»S,0Os
to give cyanoalkylsulfonyl radical C.%*%4 The intermedi-
ate C attacked the carbon-carbon triple bond in N-propar-
gylindoles 1a to furnish the radical D, which underwent
intramolecular cyclization to give the radical E. Next, the
radical E went through SET by Eosin Y to provide the
carbocation F, and Eosin Y~ was reverted to Eosin Y? .
Finally, the intermediate F underwent deprotonation and
isomerization to form the target product 3aa.l'”]

3 Conclusions

In conclusion, we have established a transition-metal-
free visible-light-mediated tandem cyanoalkylsulfony-
lation/cyclization of alkynes with cycloketone oxime de-
rivatives for the construction of 2-cyanoalkylsulfonyl-9H-
pyrrolo[1,2-a]indoles through the insertion of SO,. This
method is the first example by using alkynes as radical
acceptors for trapping cyanoalkylsulfonyl radicals under
transition-metal-free conditions. This difuctionalization of
alkynes involves a radical pathway, which undergoes for-

.OR
N ]
‘ N
é ring-opening
—_—
A

R= 4-CF3CGH4CO
2a

RO

SET

Eosin Y2™* Eosin Y~

mation of iminyl radical, ring-opening of four-membered
carbocycle, insertion of SO,, addition of sulfonyl radical to
alkyne, cyclization and isomerization. This strategy fea-
tures a broad substrate scope, simple reaction conditions
and common SO; source. The further study and application
of the cyanoalkylsulfonylation/cyclization reaction are
currently undergoing in our laboratory.

4 Experimental section

The 'H NMR and '3C NMR spectra were recorded in
CDCI; solvent on an NMR spectrometer using TMS as
internal standard. LRMS was performed on a GC-MS in-
strument and HRMS was measured on an electrospray
ionization (ESI) apparatus using time-of-flight (TOF) mass
spectrometry. Melting points are uncorrected.

4.1 Preparation of N-propargylindoles 1 and cyclo-
butanone oxime esters 2

All of the N-propargylindoles 1”1 and cyclobutanone
oxime esters 281 were synthesized according to the
known methods.

4.2 Typical experimental procedure for the cyano-
alkylsulfonylation/cyclization reaction

To a Schlenk tube were added N-propargylindoles 1 (0.2
mmol), cyclobutanone oxime esters 2 (1.5 equiv., 0.3
mmol), Nar-Eosin Y (2.8 mg, 0.004 mmol, 2 mol%),
K5S,05 (88.9 mg, 0.4 mmol, 2 equiv.) and CH3CN (2 mL).
Then the tube was stirred at 80 ‘C in Ar atmosphere under
5 W blue LED light for the indicated time until complete
consumption of starting material as monitored by thin-
layer chromatography (TLC) analysis. After the reaction
was finished, the reaction mixture was washed with brine.
The aqueous phase was re-extracted with EtOAc (10 mL X

K5S,05 s”(?
/\/' /—/_ \\O
NC
K2803 C
Y
N
A

hv Ph
SET > Pho N e
CN 0
Eosin Y2~ < gN \g\” N %
//S\/\/ //S\/\/CN
g O D O

+ Ph
W ? CN
m/?*/\/
o
F

Ph
B a W CN
isomerization N B¢~
11
(6]

product 3aa

Scheme 4 Possible mechanisms

2294 http://sioc-journal.cn/

© 2021 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2021, 41, 2290~2301



Chinese Journal of Organic Chemistry

3). The combined organic extracts were dried over Na,SO4
and concentrated in vacuum. The residue was purified by
silica gel flash column chromatography [hexane/ethyl
acetate (V. V=511 to 3 1)] to afford the desired pro-
ducts 3.
4-((1-Phenyl-9H-pyrrolo[1,2-a]indol-2-yl)sulfonyl)-
butanenitrile (3aa): 58.3 mg, 81% yield. Yellow solid, m.p.
103.3~103.8 ‘C; 'H NMR (400 MHz, CDCls) &: 7.86 (s,
1H), 7.68~7.66 (m, 2H), 7.48~7.35 (m, 6H), 7.28~7.24
(m, 1H), 3.98 (s, 2H), 2.97 (t, J=7.2 Hz, 2H), 2.41 (t, J=
7.2 Hz, 2H), 1.97 (t, J=7.2 Hz, 2H); 3C NMR (100 MHz,
CDCl;) 0: 139.2, 135.5, 133.9, 132.0, 129.3, 128.7, 128.1,
127.7, 126.2, 125.5, 123.6, 118.3, 116.9, 116.5, 111.0,
53.5,29.3, 19.4, 15.9; HRMS (ESI-TOF) calcd for CyH o~
N>0,S (M+H)" 363.1162, found 363.1167.
4-((1-(4-Methoxyphenyl)-9H-pyrrolo[ 1,2-a]indol-2-yl)-
sulfonyl)butanenitrile (3ba): 62.7 mg, 80% yield, gray oil.
"H NMR (400 MHz, CDCl;) J: 7.84 (s, 1H), 7.61~7.58
(m, 2H), 7.47 (d, J=7.2 Hz, 1H), 7.42~7.41 (m, 2H),
7.28~7.26 (m, 1H), 7.01~6.98 (m, 2H), 3.96 (s, 2H),
3.86 (s, 3H), 2.97 (t, J=7.2 Hz, 2H), 2.42 (t, J=7.2 Hz,
2H), 2.01~1.94 (m, 2H); 3C NMR (100 MHz, CDCl5) &:
159.1, 139.3, 135.2, 134.0, 130.6, 128.1, 126.3, 125.5,
124.2,123.6, 118.3, 116.7, 116.2, 114.1, 111.0, 55.3, 53.5,
29.3, 19.4, 16.0; HRMS (ESI-TOF) caled for C,,H21N>O3S
(M-+H)" 393.1267, found 393.1272.
4-((1-(p-Tolyl)-9H-pyrrolo[1,2-alindol-2-yl)sulfonyl)-
butanenitrile (3ca): 57.2 mg, 76% yield. Yellow solid, m.p.
110.3~110.8 ‘C; 'H NMR (400 MHz, CDCls) &: 7.85 (s,
1H), 7.55 (d, J=8.0 Hz, 2H), 7.47 (d, J=7.6 Hz, 1H),
7.44~7.39 (m, 2H), 7.29~7.24 (m, 3H), 3.97 (s, 2H),
297 (t, J=7.2 Hz, 2H), 2.41 (t, J=3.2 Hz, 5H), 2.01~
1.94 (m, 2H); C NMR (100 MHz, CDCls) J: 139.3,
137.6, 135.3, 134.0, 129.4, 129.2, 129.0, 128.1, 126.3,
125.5, 123.6, 118.3, 117.0, 116.3, 111.0, 53.5, 29.3, 21.3,
194, 16.0; HRMS (ESI—TOF) calcd for CxH2i1N,O,S
(M-+H)" 377.1318, found 377.1323.
4-((1-(4-(tert-Butyl)phenyl)-9H-pyrrolo[ 1,2-a]indol-2-
yl)sulfonyl)butanenitrile (3da): 66.9 mg, 85% yield, gray
oil. 'H NMR (400 MHz, CDCls) J: 7.86 (s, 1H), 7.60 (d,
J=8.4 Hz, 2H), 7.47 (d, J/=8.4 Hz, 3H), 7.44~7.39 (m,
2H), 7.28~7.24 (m, 1H), 4.00 (s, 2H), 2.98 (t, /=6.8 Hz,
2H), 2.41 (t, J=7.2 Hz, 2H), 2.01~1.96 (m, 2H), 1.37 (s,
9H); '3C NMR (100 MHz, CDCI5) &: 150.6, 139.3, 135.4,
134.0, 129.0, 128.9, 128.1, 126.2, 125.6, 125.5, 123.6,
118.3, 116.9, 116.4, 111.0, 53.5, 34.6, 31.3, 29.5, 19.4,
159, HRMS (ESI—TOF) calcd for C25H27N2028 (M‘i‘H)Jr
419.1788, found 419.1794.
4-((1-([1,1'-Biphenyl]-4-yl)-9H-pyrrolo[1,2-a]indol-2-
yl)sulfonyl)butanenitrile (3ea): 71.8 mg, 82% yield.
Yellow solid, m.p. 112.0~112.6 ‘C; '"H NMR (400 MHz,
CDCls) o: 7.89 (s, 1H), 7.77~7.75 (m, 2H), 7.70~7.65
(m, 4H), 7.50~7.42 (m, 5H), 7.40~7.35 (m, 1H), 7.29~
7.27 (m, 1H), 4.03 (s, 2H), 3.03 (t, J/=7.2 Hz, 2H), 2.44 (t,
J=17.2 Hz, 2H), 2.04~1.97 (m, 2H); '3C NMR (100 MHz,
CDCl;) 0: 140.4, 140.3, 139.2, 135.7, 133.9, 131.0, 129.7,
128.8, 128.1, 127.5, 127.3, 127.0, 126.3, 125.6, 123.6,
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118.3, 116.7, 116.6, 111.0, 53.6, 29.5, 19.4, 16.0; HRMS
(ESI-TOF) caled for CpHx;N,0.S (M+H) " 439.1475,
found 439.1480.
4-((1-(4-Fluorophenyl)-9H-pyrrolo[1,2-a]indol-2-yl)-
sulfonyl)butanenitrile (3fa): 64.6 mg, 85% yield. Yellow
solid, m.p. 127.3~127.8 ‘C; 'H NMR (400 MHz, CDCl;)
0: 7.86 (s, 1H), 7.66~7.62 (m, 2H), 7.48 (d, J=7.2 Hz,
1H), 7.45~7.40 (m, 2H), 7.31~7.24 (m, 1H), 7.18~7.12
(m, 2H), 3.96 (s, 2H), 2.97 (t, J=7.2 Hz, 2H), 2.44 (t, J=
7.2 Hz, 2H), 2.03~1.96 (m, 2H); '*C NMR (100 MHz,
CDCl) 6: 162.3 (d, J=246.2 Hz, 1C), 139.2, 135.6, 133.8,
131.2 (d, J/=8.0 Hz, 1C), 128.2, 128.0 (d, J=3.4 Hz,
10), 126.3,125.6, 123.6, 118.2, 116.5, 116.1, 115.7 (d, J=
21.3 Hz, 1C), 111.0, 53.7, 29.2, 19.4, 16.0; '°F NMR (282
MHz, CDCl3) 6: —113.8 (s, 1F); HRMS (ESI-TOF) calcd
for C21His'"FN,0,S (M+H) " 381.1068, found 381.1074.
4-((1-(4-Chlorophenyl)-9H-pyrrolo[1,2-a]indol-2-yl)-
sulfonyl)butanenitrile (3ga): 59.3 mg, 78% yield. Yellow
solid, m.p. 182.1~182.6 °C; 'H NMR (400 MHz, CDCls)
8: 7.87 (s, 1H), 7.63~7.61 (m, 2H), 7.48 (d, J=7.6 Hz,
1H), 7.44~7.42 (m, 4H), 7.30~7.26 (m, 1H), 3.97 (s,
2H), 2.99 (t, J=7.2 Hz, 2H), 2.45 (t, J=7.2 Hz, 2H),
2.04~1.96 (m, 2H); '3C NMR (100 MHz, CDCl3) ¢:
139.1, 135.8, 133.8, 133.7, 130.7, 130.5, 128.9, 128.2,
126.3, 125.7, 123.6, 118.2, 116.8, 115.9, 111.1, 53.8, 29.4,
19.4, 16.0; HRMS (ESI—TOF) caled for C21H1835C1N2025
(M-+H)" 396.0699, found 396.0705.
4-(2-((3-Cyanopropyl)sulfonyl)-9H-pyrrolo[ 1,2-a]indol-
1-yl)benzonitrile (3ha): 55.0 mg, 71% yield. Yellow solid,
m.p. 210.2~210.8 ‘C; 'H NMR (400 MHz, CDCl;) ¢:
791 (s, 1H), 7.84 (d, J/=8.0 Hz, 2H), 7.75 (d, J=28.0 Hz,
2H), 7.51 (d, J=7.6 Hz, 1H), 7.48~7.45 (m, 2H), 7.33~
7.29 (m, 1H), 4.02 (s, 2H), 3.01 (t, J/=7.2 Hz, 2H), 2.47 (4,
J=7.2 Hz, 2H), 2.06~1.99 (m, 2H); '3C NMR (100 MHz,
CDCl) d: 139.0, 137.1, 136.6, 133.5, 132.5, 129.9, 128.4,
126.3, 126.0, 123.7, 118.7, 118.1, 117.6, 115.4, 111.2,
111.2, 54.1, 29.7, 19.3, 16.0; HRMS (ESI-TOF) calcd for
CHisN;0,S (M+H)" 388.1114, found 388.1119.
4-((1-(4-(Trifluoromethyl)phenyl)-9H-pyrrolo[1,2-
alindol-2-yl)sulfonyl)butanenitrile (3ia): 57.6 mg, 67%
yield. Yellow solid, m.p. 188.2~188.7 “C; 'H NMR (400
MHz, CDCl3) 6: 7.90 (s, 1H), 7.82 (d, J=8.0 Hz, 2H),
7.71 (d, J=8.0 Hz, 2H), 7.50 (d, J=7.6 Hz, 1H), 7.47~
7.42 (m, 2H), 7.31~7.26 (m, 1H), 4.00 (s, 2H), 3.00 (t,
J=17.2 Hz, 2H), 2.46 (t, J=7.2 Hz, 2H), 2.05~1.98 (m,
2H); *C NMR (100 MHz, CDCl3) J: 139.1, 136.3, 135.9
(d, J=14 Hz, 1C), 133.7, 129.7 (d, J=32.2 Hz, 1C),
129.6, 128.2 (d, J=15.3, 1C), 126.3, 125.8, 125.6 (q, J=
3.7 Hz, 1C), 124.1 (q, J/=270.3 Hz, 1C), 123.6, 118.2,
117.2,115.7, 111.1, 54.0, 29.5, 19.4, 16.0; '°F NMR (282
MHz, CDCl3) 6: —62.5 (s, 3F); HRMS (ESI-TOF) calcd
for C22H|819F3N2028 (NI‘“H)+ 4311036, found 431.1042.
4-((1-(4-Nitrophenyl)-9H-pyrrolo[1,2-a]indol-2-yl)-
sulfonyl)butanenitrile (3ja): 48.8 mg, 60% yield. Yellow
solid, m.p. 210.3~210.6 °C; 'H NMR (400 MHz, CDCls)
0: 8.33~8.29 (m, 2H), 7.93~7.90 (m, 3H), 7.53~7.46
(m, 3H), 7.34~7.30 (m, 1H), 4.04 (s, 2H), 3.03 (t, J=7.2
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Hz, 2H), 2.48 (t, J=7.2 Hz, 2H), 2.07~2.00 (m, 2H); 3C
NMR (100 MHz, CDCls) d: 146.9, 139.1, 138.9, 136.9,
133.5, 130.0, 128.4, 126.3, 126.1, 124.0, 123.8, 118.1,
117.8, 115.1, 111.2, 54.2, 29.7, 19.3, 16.0, HRMS (ESI-
TOF) caled for CoiH;sN304S (M—+H)" 408.1013, found
408.1018.

4-((1-(3-Methoxyphenyl)-9H-pyrrolo[ 1,2-a]indol-2-yl)-
sulfonyl)butanenitrile (3ka): 58.8 mg, 75% yield. Yellow
solid, m.p. 158.3~158.9 °C; 'H NMR (400 MHz, CDCls)
o: 7.87 (s, 1H), 7.48 (d, J/=7.2 Hz, 1H), 7.43~7.42 (m,
2H), 7.37 (t, J=8.0 Hz, 1H), 7.31~7.30 (m, 1H), 7.26~
7.22 (m, 2H), 6.93~6.91 (m, 1H), 4.00 (s, 2H), 3.86 (s,
3H), 3.00 (t, J=7.2 Hz, 2H), 2.43 (t, J=7.2 Hz, 2H),
2.02~1.95 (m, 2H); '3C NMR (100 MHz, CDCI;) é:
159.7, 139.2, 135.6, 133.9, 133.4, 129.7, 128.1, 126.3,
125.6, 123.6, 121.4, 1183, 116.8, 116.6, 114.7, 113.6,
1110, 55.3, 53.5, 29.5, 19.4, 16.0; HRMS (ESI-TOF) caled
for CoH21N203S (M+H) " 393.1267, found 393.1273.

4-((1-(m-Tolyl)-9H-pyrrolo[1,2-a]indol-2-yl)sulfonyl)-
butanenitrile (31a): 54.1 mg, 72% yield. Yellow solid, m.p.
139.0~139.6 ‘C; 'H NMR (400 MHz, CDCls) &: 7.86 (s,
1H), 7.48~7.46 (m, 3H), 7.44~7.40 (m, 2H), 7.34 (t, J=
8.0 Hz, 1H), 7.28~7.24 (m, 1H), 7.19 (d, J=7.2 Hz, 1H),
3.98 (s, 2H), 2.97 (t, J=7.2 Hz, 2H), 2.41 (t, J=7.2 Hz,
5H), 2.01~1.94 (m, 2H); '3C NMR (100 MHz, CDCl5) &:
139.3, 138.3, 135.5, 134.0, 132.0, 129.9, 128.6, 128.5,
128.1, 126.4, 126.2, 125.5, 123.7, 118.3, 117.1, 116.4,
111.0, 53.5, 29.4, 21.5, 19.4, 15.9; HRMS (ESI-TOF)
caled for CyH2iN>0,S (M + H) * 377.1318, found
377.1323.

4-((1-(3-Nitrophenyl)-9H-pyrrolo[1,2-a]indol-2-yl)-
sulfonyl)butanenitrile (3ma): 44.0 mg, 54% yield. Yellow
solid, m.p. 119.8~120.3 °C; 'H NMR (400 MHz, CDCls)
o: 8.50 (t, J=2.0 Hz, 1H), 8.23~8.21 (m, 1H), 8.14 (d,
J=28.0 Hz, 1H), 7.91 (s, 1H), 7.65 (t, /=8.0 Hz, 1H), 7.50
(d, J=7.6 Hz, 1H), 7.47~7.45 (m, 2H), 7.33~7.30 (m,
1H), 4.04 (s, 2H), 3.03 (t, J/=7.2 Hz, 2H), 2.49 (t, J=7.2
Hz, 2H), 2.08~2.01 (m, 2H); C NMR (100 MHz,
CDCls) o: 148.4, 139.0, 136.6, 135.7, 133.9, 133.5, 129.7,
128.3, 126.4, 126.0, 123.7, 123.6, 122.5, 118.1, 117.4,
114.8, 111.2, 54.3, 29.5, 19.3, 16.0; HRMS (ESI-TOF)
caled for CoH;sN3OsS (M + H) "~ 408.1013, found
408.1018.

4-((1-(2-Methoxyphenyl)-9H-pyrrolo[ 1,2-a]indol-2-yl)-
sulfonyl)butanenitrile (3na): 54.9 mg, 70% yield. Yellow
solid, m.p. 112.0~112.6 °C; 'H NMR (400 MHz, CDCls)
o: 7.84 (s, 1H), 7.59~7.56 (m, 1H), 7.47~7.38 (m, 4H),
7.27~7.24 (m, 1H), 7.07~7.05 (m, 1H), 7.04~7.00 (m,
1H), 3.85 (s, 3H), 3.79 (s, 2H), 2.95 (t, J=7.2 Hz, 2H),
2.36 (t, J=7.6 Hz, 2H), 2.01~1.93 (m, 2H); '*C NMR
(100 MHz, CDCl3) é: 156.9, 139.5, 136.7, 134.6, 133.0,
129.6, 127.9, 126.2, 1253, 124.0, 120.5, 120.0, 118.4,
115.7, 112.6, 111.0, 110.6, 55.4, 53.8, 29.6, 19.5, 15.9;
HRMS (ESI-TOF) caled for CypHyN,0:S (M + H) '
393.1267, found 393.1274.

4-((1-(o-Tolyl)-9H-pyrrolo[1,2-alindol-2-yl)sulfonyl)-
butanenitrile (30a): 48.9 mg, 65% yield, yellow oil. 'H
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NMR (400 MHz, CDCl3) o: 7.85 (s, 1H), 7.46~7.42 (m,
3H), 7.33~7.31 (m, 3H), 7.28~7.23 (m, 2H), 3.80~3.67
(m, 2H), 2.93~2.89 (m, 2H), 2.45~2.42 (m, 2H), 2.42 (s,
3H), 2.03~1.96 (m, 2H); '3C NMR (100 MHz, CDCl5) &:
1394, 138.0, 135.5, 134.2, 131.0, 130.9, 130.1, 128.5,
128.1, 126.3, 125.5, 125.4, 124.1, 118.3, 116.2, 115.5,
111.0, 54.0, 28.9, 20.1, 19.4, 16.0; HRMS (ESI-TOF)
caled for Cy»H2N,O,S (M + H) " 377.1318, found
377.1323.
4-((1-(3,5-Dimethylphenyl)-9H-pyrrolo[1,2-a]indol-2-
yl)sulfonyl)butanenitrile (3pa): 53.8 mg, 80% yield.
Yellow solid, m.p. 147.6~148.1 ‘C; '"H NMR (400 MHz,
CDCl3) o0: 7.85 (s, 1H), 7.47 (d, J=7.6 Hz, 1H), 7.43~
7.39 (m, 2H), 7.28~7.24 (m, 3H), 7.01 (s, 1H), 3.98 (s,
2H), 2.98 (t, J=7.2 Hz, 2H), 2.41 (t, J=6.8 Hz, 2H), 2.38
(s, 6H), 2.02~1.94 (m, 2H); '*C NMR (100 MHz, CDClI;)
0: 139.3, 138.2, 135.4, 134.0, 131.9, 129.5, 128.0, 127.0,
126.2, 125.4,123.7, 118.3, 117.2, 116.3, 111.0, 53.4, 29.4,
21.4, 19.5, 15.9; HRMS (ESI-TOF) calcd for Cz;Hz}NzOzS
(M-+H)" 391.1475, found 391.1480.
4-((1-(Thiophen-2-yl)-9H-pyrrolo[1,2-a]indol-2-yl)-
sulfonyl)butanenitrile (3qa): 45.6 mg, 62% yield. Gray
solid, m.p. 155.3~155.8 °C; 'H NMR (400 MHz, CDCls)
0: 7.85 (s, 1H), 7.65~7.64 (m, 1H), 7.51 (d, J=7.2 Hz,
1H), 7.43 (t, J=3.6 Hz, 2H), 7.36~7.34 (m, 1H), 7.31~
7.27 (m, 1H), 7.14~7.12 (m, 1H), 4.08 (s, 2H), 3.18 (4,
J=17.2 Hz, 2H), 2.51 (t, J=7.2 Hz, 2H), 2.12~2.05 (m,
2H); '3C NMR (100 MHz, CDCl3) é: 139.1, 136.0, 133.9,
133.2, 128.2, 128.0, 127.3, 126.3, 125.7, 124.9, 123.0,
118.3, 117.1, 111.1, 110.2, 53.0, 30.3, 19.4, 16.1; HRMS
(ESI-TOF) caled for CioHi7N20,S;  (M+H)" 369.0726,
found 369.0732.
4-((1-Methyl-9H-pyrrolo[1,2-a]indol-2-yl)sulfonyl)-
butanenitrile (3ra): 34.2 mg, 57% yield. Yellow solid, m.p.
140.0~140.6 ‘C; 'H NMR (400 MHz, CDCl5) &: 7.66 (s,
1H), 7.47 (d, J/=7.6 Hz, 1H), 7.40~7.35 (m, 2H), 7.25~
7.21 (m, 1H), 3.83 (s, 2H), 3.26 (t, J/=7.2 Hz, 2H), 2.61 (4,
J=17.2 Hz, 2H), 2.31 (t, J/=0.8 Hz, 3H), 2.22~2.15 (m,
2H); '3C NMR (100 MHz, CDCl3) 6: 139.4, 134.9, 134.4,
128.0, 126.3, 125.2, 123.5, 118.4, 115.1, 111.4, 110.8,
54.7, 28.2, 19.5, 16.2, 9.8; HRMS (ESI-TOF) calcd for
Ci6H17N20,S (M+H) "301.1005, found 301.1010.
4-((9-Methyl-1-phenyl-9H-pyrrolo[1,2-a]indol-2-yl)-
sulfonyl)butanenitrile (3ta): 61.7 mg, 82% yield. Yellow
solid, m.p. 120.3~120.6 °C; 'H NMR (400 MHz, CDCls)
0: 7.80 (s, 1H), 7.63~7.61 (m, 2H), 7.47~7.37 (m, 6H),
7.30~7.25 (m, 1H), 4.31~4.26 (m, 1H), 2.93 (t, J=7.2
Hz, 2H), 2.48~2.33 (m, 2H), 2.05~1.91 (m, 2H), 1.31 (d,
J=7.2 Hz, 3H); *C NMR (100 MHz, CDCls) é: 140.6,
140.1, 138.3, 131.6, 129.8, 128.5, 128.1, 127.9, 125.7,
125.1, 123.9, 118.3, 117.2, 115.7, 110.9, 53.6, 36.3, 19.4,
17.2, 15.9; HRMS (ESI-TOF) caled for C2H21N>0O,S
(M-+H)" 377.1318, found 377.1323.
4-((8-Methyl-1-phenyl-9H-pyrrolo[1,2-a]indol-2-yl)-
sulfonyl)butanenitrile (3ua): 60.2 mg, 80% yield. Yellow
solid, m.p. 168.2~168.6 C; 'H NMR (400 MHz, CDCls)
0: 7.84 (s, 1H), 7.69~7.67 (m, 2H), 7.48~7.45 (m, 2H),
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7.40~7.36 (m, 1H), 7.32 (t, J=7.6 Hz, 1H), 7.27~7.25
(m, 1H), 7.08 (d, J/=7.6 Hz, 1H), 3.87 (s, 2H), 2.97 (t, J=
7.2 Hz, 2H), 2.41 (t, J=7.6 Hz, 2H), 2.36 (s, 3H), 2.01~
1.94 (m, 2H); C NMR (100 MHz, CDCls) J: 138.9,
136.0, 135.5, 132.8, 132.2, 129.4, 128.7, 128.1, 127.7,
126.6, 123.4, 118.3, 116.9, 116.5, 108.4, 53.6, 28.4, 19.4,
18.5, 15.9; HRMS (ESI-TOF) calcd for CxH2i1N,O,S
(M-+H)" 377.1318, found 377.1323.
4-((8-Chloro-1-phenyl-9H-pyrrolo[1,2-a]indol-2-yl)-
sulfonyl)butanenitrile (3va): 60.2 mg, 76% yield. Yellow
solid, m.p. 170.3~170.8 °C; 'H NMR (400 MHz, CDCls)
0: 7.86 (s, 1H), 7.67 (t, J=7.2 Hz, 2H), 7.47 (t, J=7.6 Hz,
2H), 7.41~7.33 (m, 3H), 7.25 (t, J=8.0 Hz, 1H), 4.00 (s,
2H), 2.97 (t, J=7.2 Hz, 2H), 2.42 (t, J=7.2 Hz, 2H),
2.02~1.94 (m, 2H); '3C NMR (100 MHz, CDCI;) é:
140.3, 134.8, 132.6, 131.9, 131.6, 129.6, 129.3, 128.8,
128.0, 125.7, 124.4, 118.2, 117.4, 116.8, 109.3, 53.5, 29.2,
19.3, 16.0; HRMS (ESI-TOF) calcd for C,1H;s**CIN,O,S
(M+H)" 397.0772, found 397.0778.
4-((7-Methoxy-1-phenyl-9H-pyrrolo[ 1,2-a]indol-2-yl)-
sulfonyl)butanenitrile (3wa): 64.3 mg, 82% yield. Yellow
solid, m.p. 131.2~131.8 °C; 'H NMR (400 MHz, CDCls)
0: 71.79 (s, 1H), 7.66 (t, J=6.8 Hz, 2H), 7.47~7.43 (m,
2H), 7.38~7.31 (m, 2H), 7.03 (d, /=2.4 Hz, 1H), 6.94~
6.91 (m, 1H), 3.95 (s, 2H), 3.85 (s, 3H), 2.96 (t, J/=7.2 Hz,
2H), 2.41 (t, J=7.2 Hz, 2H), 2.01~1.93 (m, 2H); C
NMR (100 MHz, CDCls) d: 157.9, 135.6, 135.4, 133.0,
132.1, 129.3, 128.7, 127.7, 122.8, 118.3, 117.0, 116.2,
112.8, 112.6, 111.4, 55.8, 53.6, 29.6, 19.4, 15.9; HRMS
(ESI-TOF) caled for CoHxN,O3S  (M-+H)" 393.1267,
found 393.1273.
4-((7-Bromo-1-phenyl-9H-pyrrolo[1,2-a]indol-2-yl)-
sulfonyl)butanenitrile (3xa): 63.4 mg, 72% yield. Yellow
solid, m.p. 141.1~141.6 °C; '"H NMR (400 MHz, CDCls)
o: 7.84 (s, 1H), 7.65 (t, J=7.2 Hz, 2H), 7.60 (s, 1H),
7.56~7.53 (m, 1H), 7.48~7.44 (m, 2H), 7.40~7.36 (m,
1H), 7.31 (d, J/=8.4 Hz, 1H), 3.98 (s, 2H), 2.96 (t, J=7.2
Hz, 2H), 2.41 (t, J=7.2 Hz, 2H), 2.01~1.94 (m, 2H); 3C
NMR (100 MHz, CDCls) ¢: 138.4, 136.1, 135.1, 131.7,
131.1, 129.5, 129.3, 128.8, 127.9, 124.3, 118.6, 118.2,
117.3, 116.6, 112.3, 53.5, 29.2, 19.3, 15.9; HRMS
(ESI-TOF) caled for C21H1g79BI'N2028 (M + H) *
441.0267, found 441.0273.
4-((6-Methyl-1-phenyl-9H-pyrrolo[1,2-a]indol-2-yl)-
sulfonyl)butanenitrile (3ya): 62.4 mg, 83% yield. Yellow
solid, m.p. 125.5~126.1 °C; 'H NMR (400 MHz, CDCls)
0: 7.84 (s, 1H), 7.68~7.66 (m, 2H), 7.47~7.43 (m, 2H),
7.39~7.33 (m, 2H), 7.25 (s, 1H), 7.07 (d, J=7.6 Hz,
1H), 3.93 (s, 2H), 2.97 (t, J=7.2 Hz, 2H), 2.46 (s, 3H),
2.41 (t, J=7.2 Hz, 2H), 2.01~1.94 (m, 2H); '*C NMR
(100 MHz, CDCI3) 4: 139.4, 138.4, 136.0, 132.1, 130.9,
129.3, 128.7, 127.7, 126.3, 125.8, 123.4, 118.3, 116.9,
1164, 111.7, 53.6, 29.1, 21.6, 19.4, 15.9; HRMS
(ESI-TOF) caled for C»H»N,0,S (M+H)" 377.1318,
found 377.1323.
4-((6-Fluoro-1-phenyl-9H-pyrrolo[1,2-a]indol-2-yl)-
sulfonyl)butanenitrile (3za): 59.3 mg, 78% yield. Yellow
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solid, m.p. 113.4~113.9 °C; 'H NMR (400 MHz, CDCls)
0: 7.83 (s, 1H), 7.67~7.64 (m, 2H), 7.48~7.46 (m, 2H),
7.44~7.38 (m, 2H), 7.17~7.14 (m, 1H), 6.99~6.94 (m,
1H), 3.95 (s, 2H), 2.97 (t, J=7.2 Hz, 2H), 2.41 (t, J=7.2
Hz, 2H), 2.01 ~1.94 (m, 2H); *C NMR (100 MHz,
CDCl3) o: 162.6 (d, J=245.3 Hz, 1C), 140.2 (d, J=11.3
Hz, 1C), 1364, 131.7, 129.3 (d, J=2.2 Hz, 1C), 128.8,
127.1 (d, J=9.5 Hz, 1C), 124.4, 118.2, 117.2, 116.6,
112.3, 112.1, 99.8, 99.5, 53.5, 28.8, 19.3, 15.9; YF NMR
(282 MHz, CDCls) 0: —112.1 (s, 1F); HRMS (ESI-TOF)
caled for CyHis'"FN,0.S (M+H) " 381.1068, found
381.1073.
4-((5-Methyl-1-phenyl-9H-pyrrolo[1,2-a]indol-2-yl)-
sulfonyl)butanenitrile (3aaa): 60.2 mg, 80% yield. Yellow
solid, m.p. 125.0~125.6 °C; 'H NMR (400 MHz, CDCls)
0: 7.96 (s, 1H), 7.68~7.66 (m, 2H), 7.48~7.44 (m, 2H),
7.39~7.36 (m, 1H), 7.31 (d, J/=6.8 Hz, 1H), 7.20~7.14
(m, 2H), 3.97 (s, 2H), 2.97 (t, J=7.2 Hz, 2H), 2.66 (s, 3H),
2.41 (t, J=7.2 Hz, 2H), 2.02~1.95 (m, 2H); *C NMR
(100 MHz, CDCl3) d: 138.2, 136.0, 134.1, 132.1, 130.3,
129.4, 128.7, 127.7, 125.4, 123.7, 123.5, 123.0, 119.1,
118.3, 116.5, 53.6, 29.2, 194, 18.4, 16.0; HRMS
(ESI-TOF) caled for CnHyN,0,S (M+H)" 377.1318,
found 377.1323.
5-Phenyl-4-((1-phenyl-9H-pyrrolo[1,2-a]indol-2-yl)-
sulfonyl)pentanenitrile (3ab): 59.7 mg, 66% yield, brown
oil. "H NMR (400 MHz, CDCls) §: 7.86 (s, 1H), 7.72 (,
J=17.2 Hz, 2H), 7.52~7.47 (m, 3H), 7.43~7.39 (m, 3H),
7.29~7.27 (m, 1H), 7.20~7.14 (m, 3H), 6.82 (d, J=6.4
Hz, 2H), 4.07~3.92 (m. 2H), 3.18 (d, J=3.6 Hz, 1H),
3.15 (d, J=3.6 Hz, 1H), 2.54~2.48 (m, 1H), 2.33~2.27
(m, 2H), 2.12~2.04 (m, 1H), 1.80~1.77 (m, 1H); BC
NMR (100 MHz, CDCl3) 6: 139.3, 136.2, 135.6, 134.0,
132.3, 129.5, 128.8, 128.8, 128.7, 128.1, 128.0, 127.0,
126.3, 125.6, 122.4, 118.6, 117.2, 117.1, 111.0, 62.8, 34.9,
29.4, 23.2, 15.3; HRMS (ESI-TOF) calcd for ngstNzOzS
(M-+H)" 453.1631, found 453.1636.
3-Phenyl-4-((1-phenyl-9H-pyrrolo[1,2-alindol-2-yl)-
sulfonyl)butanenitrile (3ac): 68.3 mg, 78% yield, yellow
oil. '"H NMR (400 MHz, CDCl3) &: 7.74 (s, 1H), 7.64~
7.61 (m, 2H), 7.47~7.35 (m, 6H), 7.33~7.24 (m, 1H),
7.21~7.17 (m, 2H), 7.15~7.11 (m, 1H), 6.98~6.95 (m,
2H), 3.98~3.86 (m, 2H), 3.49~3.43 (m, 1H), 3.33~3.18
(m, 2H), 2.85~2.69 (m, 2H); 3C NMR (100 MHz,
CDCl3) 0: 139.2, 139.0, 135.4, 133.9, 132.0, 129.3, 128.7,
128.7, 128.1, 127.8, 127.7, 126.9, 126.2, 125.5, 123.8,
117.3, 116.9, 116.8, 111.0, 59.0, 36.9, 29.3, 24.0; HRMS
(ESI-TOF) caled for Cy7HasN,0,S (M-+H) " 439.1475,
found 439.1480.
4-((1-Phenyl-9H-pyrrolo[1,2-a]indol-2-yl)sulfonyl)-3-
(p-tolyl)butanenitrile (3ad): 65.1 mg, 72% yield, yellow
oil. '"H NMR (400 MHz, CDCl3) &: 7.67 (s, 1H), 7.65~
7.63 (m, 2H), 7.47~7.44 (m, 4H), 7.43~7.36 (m, 2H),
7.28~7.25 (m, 1H), 6.97 (d, J/=8.0 Hz, 2H), 6.85 (d, J=
8.0 Hz, 2H), 3.98~3.86 (m, 2H), 3.49~3.40 (m, 1H),
3.30~3.16 (m, 2H), 2.80~2.64 (m, 2H), 2.10 (s, 3H); '3C
NMR (100 MHz, CDCls) 6: 139.2, 137.6, 135.8, 1353,
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133.9, 132.0, 129.3, 129.3, 128.7, 128.1, 127.7, 126.9,
126.2, 125.5,123.8,117.4, 117.0, 116.8, 111.0, 59.0, 36.7,
29.3, 24.2, 20.8; HRMS (ESI-TOF) calcd for CstzsNzOzS
(M-+H)" 453.1631, found 453.1637.
3-(4-(tert-Butyl)phenyl)-4-((1-phenyl-9H-pyrrolo[1,2-
alindol-2-yl)sulfonyl)butanenitrile (3ae): 74.1 mg, 75%
yield, brown oil. '"H NMR (400 MHz, CDCl3) d: 7.76 (s,
1H), 7.63~7.61 (m, 2H), 7.45~7.34 (m, 6H), 7.27~7.23
(m, 1H), 7.21~7.19 (m, 2H), 6.89 (d, J=8.4 Hz, 2H),
3.97~3.85 (m, 2H), 3.50~3.41 (m, 1H), 3.33~3.19 (m,
2H), 2.82~2.68 (m, 2H), 1.18 (s, 9H); *C NMR (100
MHz, CDCl) J: 150.8, 139.2, 136.0, 135.3, 133.9, 132.0,
129.4, 128.7, 128.1, 127.7, 126.6, 126.2, 125.6, 125.5,
123.9, 117.5, 116.9, 116.7, 110.9, 59.0, 36.4, 34.3, 31.1,
29.3, 24.1; HRMS (ESI—TOF) calcd fOI‘ C31H31N202$
(M-+H)" 4952101, found 495.2106.
3-(4-Fluorophenyl)-4-((1-phenyl-9H-pyrrolo[1,2-
alindol-2-yl)sulfonyl)butanenitrile (3af): 63.8 mg, 70%
yield, yellow oil. '"H NMR (400 MHz, CDCl;) &: 7.78 (s,
1H), 7.63~7.61 (m, 2H), 7.48~7.44 (m, 5SH), 7.42~7.34
(m, 1H), 7.29~7.25 (m, 1H), 7.00~6.87 (m, 4H), 4.01~
3.89 (m, 2H), 3.49~3.42 (m, 1H), 3.30~3.14 (m, 2H),
2.84~2.67 (m, 2H); '3C NMR (100 MHz, CDCls) §: 162.1
(d, J=245.9 Hz, 1C), 139.1, 135.5, 134.9, 133.9, 131.9,
129.3,128.7 (t, J=4.8 Hz, 1C), 128.1, 127.8, 126.3, 125.6,
123.8,117.1, 116.8, 116.7, 115.8, 115.6, 111.0, 59.0, 36.2,
29.3, 24.2; YF NMR (282 MHz, CDCls) 6: —113.9 (s,
1F); HRMS (ESI-TOF) calcd for C7H2!'"FN,0,S (M+
H)" 457.1381, found 457.1387.
3-(4-Bromophenyl)-4-((1-phenyl-9H-pyrrolo[1,2-
alindol-2-yl)sulfonyl)butanenitrile (3ag): 68.1 mg, 66%
yield, yellow oil. '"H NMR (400 MHz, CDCl;) &: 7.73 (s,
1H), 7.63~7.60 (m , 2H), 7.48~7.36 (m, 6H), 7.30~7.26
(m, 3H), 6.83 (d, /=8.4 Hz, 2H), 4.00~3.87 (m, 2H),
3.49~3.40 (m, 1H), 3.28~3.14 (m, 2H), 2.80~2.65 (m,
2H); 3C NMR (100 MHz, CDCI5) &: 139.0, 137.8, 135.5,
133.9,131.9, 131.8, 129.2, 128.7(2C), 128.1, 127.8, 126.3,
125.6, 123.6, 121.8, 117.0, 116.9, 116.7, 111.0, 58.6, 36.6,
29.4, 24.0; HRMS (ESI-TOF) calcd for Co7H2,""BrN,0,S
(M-+H)" 517.0580, found 517.0585.
3-Benzyl-4-((1-phenyl-9H-pyrrolo[1,2-a]indol-2-yl)-
sulfonyl)butanenitrile (3ah): 64.2 mg, 71% yield, yellow
oil. 'TH NMR (400 MHz, CDCl;) d: 7.85 (s, 1H), 7.61~759
(m, 2H), 7.48~7.42 (m, 5H), 7.41~7.37 (m, 1H), 7.36~
7.25 (m, 1H), 7.24~7.20 (m, 3H), 7.02~7.00 (m, 2H),
4.00 (s, 2H), 2.97 (d, J=17.2 Hz, 2H), 2.69~2.61 (m, 2H),
2.59~2.55 (m, 1H), 2.54~2.51 (m, 1H), 2.40~2.35 (m,
1H); 3C NMR (100 MHz, CDCI5) é: 139.3, 136.7, 135.5,
134.0, 132.0, 129.3, 128.9, 128.7, 128.7, 128.1, 127.7,
127.0, 126.3, 125.6, 124.3, 117.4, 117.1, 116.3, 111.0,
57.5, 39.3, 32.2, 294, 20.8; HRMS (ESI-TOF) calcd for
CasHasN>0,S (M+H) " 453.1631, found 453.1636.
3-(Benzyloxy)-4-((1-phenyl-9H-pyrrolo[1,2-a]indol-2-
yl)sulfonyl)butanenitrile (3ai): 73.9 mg, 79% yield, yellow
oil. 'H NMR (400 MHz, CDCl;) ¢: 7.83 (s, 1H), 7.65~
7.63 (m , 2H), 7.48~7.44 (m, 3H), 7.43~7.38 (m, 3H),
7.30~7.26 (m, 1H), 7.20~7.17 (m, 3H), 7.13~7.11 (m,
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2H), 4.35~4.27 (m, 2H), 4.04~3.98 (m, 1H), 3.93 (s,
2H), 3.33~3.29 (m, 1H), 3.11~3.06 (m, 1H), 2.77~2.72
(m, 1H), 2.61~2.55 (m, 1H); C NMR (100 MHz,
CDCl) d: 139.2, 136.3, 135.5, 133.9, 132.0, 129.4, 128.8,
128.3, 128.1, 128.0, 127.9, 127.7, 126.2, 125.6, 124.2,
116.9, 116.5, 116.3, 111.0, 71.7, 69.2, 58.0, 29.3, 23.8;
HRMS (ESI-TOF) caled for CasHasN»O3;S (M +H) '
469.1580, found 469.1586.

Benzyl 3-cyano-2-(((1-phenyl-9H-pyrrolo[1,2-a]indol-
2-yl)sulfonyl)methyl)propanoate (3aj): 74.4 mg, 75%
yield, yellow oil. 'H NMR (400 MHz, CDCls) §: 7.85 (s,
1H), 7.64~7.61 (m, 2H), 7.47 (d, J=7.6 Hz, 1H), 7.43~
7.40 (m, 4H), 7.37~7.33 (m, 4H), 7.29~7.24 (m, 3H),
5.12~5.03 (m, 2H), 3.96 (s, 2H), 3.46 (d, /=10.4 Hz,
1H), 3.15~3.09 (m, 2H), 2.85~2.82 (m, 2H); '3C NMR
(100 MHz, CDCls) d: 169.4, 139.2, 135.7, 134.6, 134.0,
131.7, 129.4, 128.7, 128.6(2C), 128.4, 128.1, 127.9, 126.3,
125.7, 123.4, 117.2, 116.7, 116.6, 111.1, 68.0, 54.7, 37.0,
293, 189, HRMS (ESI-TOF) caled for Ca9H25N204S
(M-+H)" 497.1530, found 497.1535.

Ethyl 3-cyano-2-(((1-phenyl-9H-pyrrolo[1,2-a]indol-2-
yl)sulfonyl)methyl)propanoate (3ak): 62.5 mg, 72% yield.
White solid, m.p. 148.2~148.6 C; 'H NMR (400 MHz,
CDCls) o: 7.88 (s, 1H), 7.68~7.66 (m, 2H), 7.49~7.38
(m, 6H), 7.30~7.26 (m, 1H), 4.16~4.07 (m, 2H), 3.99 (s,
2H), 3.49~3.43 (m, 1H), 3.14~3.07 (m, 2H), 2.89~2.78
(m, 2H), 1.19 (t, J=7.2 Hz, 3H); *C NMR (100 MHz,
CDCl) d: 169.5, 139.2, 135.7, 134.0, 131.8, 129.4, 128.7,
128.1, 127.8, 126.3, 125.7, 123.5, 117.1, 116.7, 116.7,
111.1,62.3, 54.7,36.9, 29.4, 18.8, 13.9; HRMS (ESI-TOF)
caled for CpHyN,0.8S (M + H) " 435.1373, found
435.1378.

4-(Naphthalen-1-yl1)-3-(((1-phenyl-9H-pyrrolo[1,2-a]in-
dol-2-yl)sulfonyl)methyl)butanenitrile (3al): 66.3 mg, 66%
yield, brown oil. '"H NMR (400 MHz, CDCls) 6: 7.76~
7.69 (m, 4H), 7.48~7.26 (m, 12H), 7.19 (d, J=6.8 Hz,
1H), 3.86 (s, 2H), 3.14~3.00 (m, 4H), 2.68~2.65 (m,
1H), 2.61~2.55 (m, 1H), 2.44~2.39 (m, 1H); '3C NMR
(100 MHz, CDCls) d: 139.2, 135.4, 134.0, 133.0, 131.8,
131.3,129.3, 128.8, 128.5(2C), 128.1, 128.0, 127.7, 127.7,
126.2, 126.1, 125.7, 125.6, 125.4, 123.6, 123.1, 117.5,
117.1, 116.4, 111.0, 57.9, 37.0, 31.7, 29.3, 21.5; HRMS
(ESI-TOF) caled for C3H»N>0,S (M+H)™ 503.1788,
found 503.1794.

3-Methyl-3-phenyl-4-((1-phenyl-9H-pyrrolo[1,2-a]in-
dol-2-yl)sulfonyl)butanenitrile (3am): 54.2 mg, 60% yield,
yellow oil. '"H NMR (400 MHz, CDCl;) §: 7.68 (t, J=7.2
Hz, 2H), 7.51~7.44 (m, 4H), 7.43~7.40 (m, 2H), 7.31 (d,
J=17.6 Hz, 1H), 7.27~7 .23 (m, 1H), 7.18~7.14 (m, 2H),
7.04~7.01 (m, 3H), 3.92 (s, 2H), 3.26~3.15 (m, 3H),
2.96 (d, J=16.8 Hz, 1H), 1.66 (s, 3H); *C NMR (100
MHz, CDCls) o: 141.5, 139.2, 135.0, 133.8, 132.2, 129.4,
128.7, 128.2, 128.1, 127.7, 127.2, 126.2, 125.6, 125.5,
125.4, 117.4, 116.5, 116.4, 110.9, 64.3, 40.0, 29.3, 29.0,
257, HRMS (ESI—TOF) calcd for ngstNzOzS (NI‘“H)Jr
453.1631, found 453.1636.

2-(((1-Phenyl-9H-pyrrolo[1,2-a]indol-2-yl)sulfonyl)-
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methoxy)acetonitrile (3an): 32.8 mg, 45% yield. Yellow
solid, m.p. 151.2~151.6 ‘C; '"H NMR (400 MHz, CDCl;)
0: 7.89 (s, 1H), 7.63~7.61 (m, 2H), 7.49~7.42 (m, 5H),
7.40~7.36 (m, 1H), 7.29~7.25 (m, 1H), 4.38 (s, 2H),
4.29 (s, 2H), 3.97 (s, 2H); '*C NMR (100 MHz, CDCl) 6:
139.2, 135.8, 134.1, 132.1, 129.7, 128.5, 128.1, 127.8,
126.3, 125.7, 121.2, 118.0, 117.6, 114.7, 111.1, 84.0, 56.5,
29.2; HRMS (ESI-TOF) calcd for CooH7N,03S (M+H)"
365.0954, found 365.0960.

43

Gram scale experiment

A gram scale experiment was carried out in the presence
of N-propargylindoles 1a (1 g, 4.33 mmol), cyclobutanone
oxime ester 2a (1.5 equiv., 6.5 mmol), Na-Eosin Y (59.9
mg, 0.0866 mmol, 2 mol%), K,S,0s (1925.2 mg, 8.66
mmol, 2 equiv.) and MeCN (40 mL) at 80 ‘C for 64 h.
Cyanoalkylsulfonylated oxindole 3aa was obtained in 52%
yield (815.3 mg).

Supporting Information The NMR spectra copies of
products 3aa~3aaa and products 3ab~3am. The Sup-
porting Information is available free of charge via the In-
ternet at http://sioc-journal.cn.
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