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1. General Information and methods. 
 
All reagents and solvents were purchased from commercial sources and used without 
purification. NMR spectra were recorded with a 300, 400 or 500 MHz spectrometer for 1H 
NMR, 100 or 125 MHz for 13C NMR spectroscopy. Chemical shifts are reported relative to 
the residual signals of tetramethyl silane in CDCl3 or deuterated solvent CDCl3 and DMSO 
for 1H and 13C NMR spectroscopy. Multiplicities are reported as follows: singlet (s), doublet 
(d), doublet of doublets (dd), doublet of triplets (dt), triplet (t), quartet (q), multiplet (m). 
HRMS were recorded by using ORBITRAP and ESI mass spectrometer. Column 
chromatography was performed with silica gel (100–200 mesh) as the stationary phase. All 
reactions were monitored by using TLC. 
Following the known procedure, 3-cyanoacetylindoles1 and 4-hydroxy-2-alkynoate 
Derivatives2 were prepared (Table S1 and S2). 
2. Experimental Procedures 
2.1. Preparation of substituted 3-cyanoacetylindoles: General Procedure (GP-1): 

 

 
 
General Procedure for the Synthesis of 3-cyanoacetylindoles(1a-1k):  
3-cyanoacetylindoles were prepared according to the reported procedures.1 Indole (5.85 g, 50 
mmol) was added to a solution of cyanoacetic acid (5.0 g, 50 mmol) in Ac2O (50 mL) 
preheated to 50 °C. The solution was heated at 85 °C and stirred for 5 minutes. 3-
cyanoacetylindole started to crystallize slowly. After 5 more minutes, the mixture was slowly 
allowed to cool and the solid was collected through filtration and washed with MeOH before 
drying. For pyrrole derivative reaction time 4h, cool to room temperature, neutral with 
saturated aqueous NaHCO3 and extracted with DCM. The combined organic extracts were 
washed with brine, dried over sodium sulfate and concentrated under reduced pressure. The 
crude residue was purified by flash chromatography on silica gel with EtOAc/petroleum 
ether to give the corresponding 3-oxo-3-(1H-pyrrol-2-yl)propanenitrile. 

Table S1: List of  3-cyanoacetylindoles. 
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2.3 Preparation of 3-Oxo-nitrile Substrates 

 
 

Procedure A:6a Ethyl ester (6.65 mmol, 1 equiv) was dissolved in THF (30 mL) with stirring 
at ambient temperature. Potassium tert-butoxide (1.57 g, 14.0 mmol, 95%, 2 equiv) was 
added to the above THF solution. After stirring enough the flask, acetonitrile (6.65 mmol, 1 
equiv) was then added. The resulting mixture was stirred at ambient temperature for 3 h. The 
reaction mixture was quenched by addition of water (50 mL) and then stirred for 5 min. After 
adding ethyl acetate (40 mL) and then HCl solution (1 mL, 12 M), the organic layer was 
separated and dried over anhydrous magnesium sulfate. The solvent was evaporated under 
reduced pressure and the resulting residue was purified by flash column chromatography on 
silica gel with EtOAc/petroleum ether to give the corresponding β-ketonitriles 
Procedure B:6bTo a solution of ester (10 mmol, 1.0 equiv) in THF (20 mL) under a nitrogen 
atmosphere was added NaH (15 mmol, 60 % dispersion in mineral oil, 1.5 equiv) at r.t and 
the mixture was stirred for 30 min. Acetonitrile (20 mL) was added dropwise and the reaction 
mixture was stirred at 60 °C for 12 h. The reaction was quenched with H2O and the solvent 
was removed in vacuo. The water phase was extracted with ethyl acetate (3×25 mL). The 
combined organic phase was dried over anhydrous Na2SO4 and then concentrated in vacuo. 
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The residue was purified by column chromatography on silica gel (petroleum ether: ethyl 
acetate = 3:1) to obtain the corresponding 3-oxo-3-propanenitrile. 

 
2.2. Preparation of 4-hydroxy-2-alkynoates:  

 

 
 
General Procedure for the Synthesis of 4-hydroxy-2-alkynoates(2a-2u)2: 
To a solution of alkyl propiolate (4.5 mmol) in tetrahydrofuran (20 mL), lithium 
diisopropylamide (1.6 M in hexane, 4.5 mmol) was added drop wise by syringe at -78 °C. 
After stirring for 1 h, a solution of ketone (3 mmol) in THF (5 mL) was added drop wise and 
the mixture was stirred at the same temperature for 2h. The solution was then allowed to 
warm to room temperature, quenched with saturated aqueous NH4Cl and extracted with ethyl 
acetate. The combined organic extracts were washed with brine, dried over sodium sulfate 
and concentrated under reduced pressure. The crude residue was purified by flash 
chromatography on silica gel (EtOAc:Hexanes) to get the expected 4-hydroxy-2-alkynoates. 
 
Table S2: List of 4-hydroxy-2-alkynoates.  
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3. Optimization Studies: 
 
Table S1: Optimization of Metal Catalyst.a 

 

 
 

Entry Metal Catalyst Yield of 3aa 

1 Pd(OAc)2 -- 
2 -- -- 
3 [RuCl2(p-cymene)]2 trace 
4 [Cp*RhCl2]2 73% 
5 [Cp*Co(CO)I2] -- 
6 MnBr(CO)5 -- 
7 Co(OAc)2 -- 

aReactionconditons:1a (0.3 mmol), 2a (0.3 mmol), catalyst (3 mol%), Cu(OAc)2.H2O (2 equiv), 

Cs2CO3(1 equiv), THF, 80 oC, 5 hours under an air balloon. n.r. = no reaction. 

Table S2: Optimization of Oxidant.a 

 

 
 

Entry Oxidant Yield of 3aa 
1 Zn(OAc)2.2H2O 44% 
2 AgOAc 38% 
3 Cu(OAc)2.H2O 73% 
4 --- --- 
5 Ag2CO3 22% 
6 PhI(OAc)2 n.r. 

 

aReaction conditions: 1a (0.3 mmol), 2a (0.3 mmol), [RhCp*Cl2]2 (3 mol %), Oxidant (2 equiv), Cs2CO3 (1 
equiv), THF, 80 oC, 5 hours under an air balloon. n.r. = no reaction. 
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Table S3: Optimization of base.a 

 

 
 

Entry base Yield of 3aa 
1 CsOAc --- 
2 --- --- 

3 Cs2CO3 73% 
4 K2CO3 35% 
5 (C2H5)3N instead of Cs2CO3   30% 

 

aReaction conditions: 1a (0.3 mmol), 2a (0.3 mmol), [RhCp*Cl2]2 (3 mol %), Cu(OAc)2.H2O (2equiv), base (1 
equiv), THF, 80 oC, 5 hours under an air balloon. n.r. = no reaction. 

 

Table S4: Optimization of Solvent.a 

 

 
 

Entry Solvent Yield of 3aa 
1 DCE 68% 
2 t-AmOH --- 
3 MeCN n.r. 
4 THF 73% 
5 DMF n.r. 
6 1,4-Dioxan n.r. 

 

aReaction conditions: 1a (0.3 mmol), 2a (0.3 mmol), [RhCp*Cl2]2 (3 mol %), Cu(OAc)2.H2O 
(2equiv), Cs2CO3 (1 equiv), solvent, 80 oC, 5 hours under an air balloon. n.r. = no reaction 
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4. General Procedure for title compounds 3 and Characteristic data: 
    General Procedure for title compounds taking 3aa as an example: 
 

 
 
To a mixture of 3-(1H-indol-3-yl)-3-oxopropanenitrile 1a (55 mg, 0.3 mmol) and 4-
hydroxyalkynoate derivative 2a (46.8mg, 0.3 mmol) in THF, [RhCp*Cl2]2 (5.6 mg, 3 mol %), 
Cu(OAc)2.H2O (119 mg, 2 equiv), Cs2CO3 (97.5 mg, 1 equiv) were introduced and the 
reaction mixture was stirred at 80 °C (oil bath) for 5 hours under air balloon. After 
completion of reaction (monitored by TLC), THF was evaporated, water was added and the 
contents were extracted with ethyl acetate (2×10 mL). The organic layer was evaporated and 
the residue was purified by column chromatography (Rf = 0.50) (SiO2, EtOAc:Hexane, 14:86) 
to get 3aa as white solid in 73% (63.7mg) yield; mp 193-198 °C. 
(Z)-2-(3,3-dimethyl-1-oxo-3,10-dihydrofuro[3',4':5,6]pyrano[4,3-b]indol-5(1H)-
ylidene)acetonitrile (3aa): 

 
1H NMR (400 MHz, DMSO) δ 12.91 (s, 1H), 7.93 (d, J = 5.1 Hz, 1H), 7.60 (d, J = 5.5 Hz, 
1H), 7.34 (dd, J = 18.4, 6.5 Hz, 2H), 5.42 (s, 1H), 1.68 (s, 6H). 13C NMR (100 MHz, DMSO) 
δ 177.0, 164.4, 162.7, 138.3, 130.6, 124.6, 122.6, 119.7, 113.2, 101.3, 98.0, 82.7, 64.8, 24.0. 
HRMS (ESI) calcd for C17H11N2O3 [M-H]- 291.0769, found 291.0771. 
(Z)-2-(3-ethyl-3-methyl-1-oxo-3,10-dihydrofuro[3',4':5,6]pyrano[4,3-b]indol-5(1H)-
ylidene)acetonitrile (3ab): 
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The title compound was prepared from 1a (55 mg, 0.3 mmol) and 2b (51 mg, 0.3 

mmol) according to general procedure A. Purification using column chromatography (Rf = 
0.50, SiO2, EtOAc:Hexane, 15:85) gave pure product as an off-white solid (64, 70% yield), 
mp 242-247 °C. 1H NMR (400 MHz, CDCl3) δ 9.79 (s, 1H), 7.66 (d, J = 7.5 Hz, 1H), 7.57 (d, 
J = 7.9 Hz, 1H), 7.46 – 7.36 (m, 2H), 4.99 (s, 1H), 2.11 (dd, J = 7.3, 2.6 Hz, 2H), 1.76 (s, 
3H), 0.98 (t, J = 7.3 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 177.0, 165.8, 163.1, 137.6, 
130.2, 125.5, 123.5, 119.6, 112.9, 102.6, 99.0, 86.8, 66.9, 30.61, 23.0, 7.90. HRMS (ESI) 
calcd for C18H13O3N2 [M-H]- 305.0926, found 305.0926. 
(Z)-2-(3-methyl-1-oxo-3-propyl-3,10-dihydrofuro[3',4':5,6]pyrano[4,3-b]indol-5(1H)-
ylidene)acetonitrile (3ac): 

 
The title compound was prepared from 1a (55 mg, 0.3 mmol) and 2c (55 mg, 0.3 

mmol) according to general procedure A. Purification using column chromatography (Rf = 
0.51, SiO2, EtOAc:Hexane, 14:86) gave pure product as a pale yellow solid (67 mg, 70% 
yield), mp 195-198 °C. 1H NMR (400 MHz, CDCl3) δ 9.81 (s, 1H), 7.65 (d, J = 7.2 Hz, 1H), 
7.59 (d, J = 7.5 Hz, 1H), 7.47 – 7.36 (m, 2H), 4.99 (s, 1H), 2.03 (dd, J = 12.1, 7.2 Hz, 2H), 
1.75 (s, 3H), 1.33 – 1.24 (m, 2H), 0.96 (t, J = 7.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 
177.2, 165.8, 163.1, 137.7, 130.2, 125.5, 123.4, 121.7, 119.6, 113.0, 102.6, 98.9, 86.6, 66.8, 
39.4, 23.3, 16.9, 14.0. HRMS (ESI) calcd for C19H17N2O3 [M+H]+ 321.1239, found 321.1223. 
(Z)-2-(3,3-diethyl-1-oxo-3,10-dihydrofuro[3',4':5,6]pyrano[4,3-b]indol-5(1H)-
ylidene)acetonitrile (3ad): 

 
The title compound was prepared from 1a (55 mg, 0.3 mmol) and 2d (55 mg, 0.3 

mmol) according to general procedure A. Purification using column chromatography (Rf = 
0.52, SiO2, EtOAc:Hexane, 14:86) gave pure product as a pale yellow solid (68.8 mg, 72% 
yield), mp 179-184 °C. 1H NMR (400 MHz, CDCl3) δ 9.97 (s, 1H), 7.65 (d, J = 7.5 Hz, 1H), 



S9 
 

7.57 (d, J = 7.4 Hz, 1H), 7.41 (tt, J = 7.3, 6.1 Hz, 2H), 4.98 (s, 1H), 2.12 (qd, J = 7.4, 2.4 Hz, 
4H), 0.95 (t, J = 7.4 Hz, 6H).13C NMR (100 MHz, CDCl3) δ 176.0, 166.2, 163.2, 137.7, 
130.0, 125.5, 123.5, 121.7, 119.6, 113.0, 102.5, 100.2, 90.0, 7.7, 29.2, 7.7. HRMS (ESI) 
calcd for C19H17N2O3 [M+H]+321.1233, found 321.1227. 
(Z)-2-(3-ethyl-1-oxo-3-vinyl-3,10-dihydrofuro[3',4':5,6]pyrano[4,3-b]indol-5(1H)-
ylidene)acetonitrile (3ae): 

N
H

O

O

CN

O

Me

3ae
 

The title compound was prepared from 1a (55 mg, 0.3 mmol) and 2e (54.6 mg, 0.3 
mmol) according to general procedure A. Purification using column chromatography (Rf = 
0.51, SiO2, EtOAc:Hexane, 13:87) gave pure product as a off-white solid (64.6 mg, 68% 
yield), mp 186-189 °C. 1H NMR (400 MHz, CDCl3) δ 9.98 (s, 1H), 7.64 (d, J = 7.7 Hz, 1H), 
7.58 (d, J = 7.8 Hz, 1H), 7.46 – 7.36 (m, 2H), 6.10 (dd, J = 17.2, 10.9 Hz, 1H), 5.64 (d, J = 
17.2 Hz, 1H), 5.44 (d, J = 10.9 Hz, 1H), 4.99 (s, 1H), 2.25 – 2.07 (m, 2H), 1.01 (t, J = 7.3 Hz, 
3H). 13C NMR (100 MHz, CDCl3) δ 175.3, 165.8, 163.1, 137.7, 132.6, 130.0, 125.5, 123.5, 
119.6, 118.7, 112.9, 102.7, 98.6, 88.3, 67.0, 29.9, 7.7. HRMS (ESI) calcd for C19H13N2O3 
[M-H]- 317.0920, found 317.0928. 
(Z)-2-(3-isopropyl-3-methyl-1-oxo-3,10-dihydrofuro[3',4':5,6]pyrano[4,3-b]indol-5(1H)-
ylidene)acetonitrile (3af): 

 
The title compound was prepared from 1a (55 mg, 0.3 mmol) and 2f (55 mg, 0.3 

mmol) according to general procedure A. Purification using column chromatography (Rf = 
0.55, SiO2, EtOAc:Hexane, 14:86) gave pure product as a pale yellow solid (61.2 mg, 64% 
yield), mp 196-200 °C. 1H NMR (400 MHz, CDCl3) δ 10.07 (s, 1H), 7.65 (d, J = 7.3 Hz, 1H), 
7.56 (d, J = 7.4 Hz, 1H), 7.45 – 7.36 (m, 2H), 4.98 (s, 1H), 2.32 (dd, J = 13.7, 6.9 Hz, 1H), 
1.75 (s, 3H), 1.12 (d, J = 6.8 Hz, 3H), 1.07 (d, J = 6.9 Hz, 3H). 13C NMR (100 MHz, CDCl3) 
δ 177.4, 166.1, 163.2, 137.8, 130.2, 125.4, 123.4, 121.7, 119.6, 113.0, 102.5, 99.1, 89.1, 66.7, 
35.2, 21.4, 17.3, 16.9. HRMS (ESI) calcd for C19H17O3N2 [M+H]+321.1233, found 321.1234. 
(Z)-2-(3-isobutyl-3-methyl-1-oxo-3,10-dihydrofuro[3',4':5,6]pyrano[4,3-b]indol-5(1H)-
ylidene)acetonitrile (3ag): 
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The title compound was prepared from 1a (55 mg, 0.3 mmol) and 2g (59.4 mg, 0.3 mmol) 
according to general procedure A. Purification using column chromatography (Rf = 0.55, 
SiO2, EtOAc:Hexane, 15:85) gave pure product as a white solid (67 mg, 67% yield), mp 190-
193 °C. 1H NMR (500 MHz, CDCl3) δ 9.84 (s, 1H), 7.66 (d, J = 7.7 Hz, 1H), 7.55 (d, J = 7.5 
Hz, 1H), 7.43 – 7.39 (m, 2H), 4.99 (s, 1H), 2.11 – 2.07 (m, 1H), 1.90 – 1.85 (m, 2H), 1.75 (s, 
3H), 0.99 (d, J = 6.7 Hz, 3H), 0.90 (d, J = 6.6 Hz, 3H).13C NMR (125 MHz, CDCl3) δ 177.5, 
165.8, 163.0, 137.7, 130.2, 125.5, 123.5, 119.6, 116.6, 112.9, 102.6, 98.8, 86.5, 66.8, 45.7, 
24.4, 24.2, 24.0, 23.3. HRMS (ESI) calcd for C20H17O3N2 [M-H]- 333.1233, found 333.1241. 
(Z)-2-(1'-oxo-1'H-spiro[cycloheptane-1,3'-furo[3',4':5,6]pyrano[4,3-b]indol]-5'(10'H)-
ylidene)acetonitrile (3ah): 

 
The title compound was prepared from 1a (55 mg, 0.3 mmol) and 2h (63 mg, 0.3 

mmol) according to general procedure A. Purification using column chromatography (Rf = 
0.50 SiO2, EtOAc:Hexane, 16:84) gave pure product as a off-white solid (66.1 mg, 64% 
yield), mp 290-293 °C. 1H NMR (500 MHz, DMSO) δ 12.89 (s, 1H), 7.92 (d, J = 6.3 Hz, 
1H), 7.60 (d, J = 6.6 Hz, 1H), 7.33 (dd, J = 24.0, 6.6 Hz, 2H), 5.42 (s, 1H), 2.11 (d, J = 12.7 
Hz, 4H), 1.75 (s, 4H), 1.68 (s, 4H). 13C NMR (125 MHz, DMSO) δ 178.0, 164.5, 162.9, 
138.2, 130.7, 124.6, 122.6, 121.3, 119.7, 117.5, 113.2, 101.3, 97.3, 9.7, 64.8, 36.5, 29.3, 22.3. 
HRMS (ESI) calcd for C21H19O3N2  [M+H]+ 347.1390, found 347.1382. 
(Z)-2-(1'-oxo-1'H-spiro[cyclooctane-1,3'-furo[3',4':5,6]pyrano[4,3-b]indol]-5'(10'H)-
ylidene)acetonitrile (3ai): 

 
The title compound was prepared from 1a (55 mg, 0.3 mmol) and 2i (67.2 mg, 0.3 

mmol) according to general procedure A. Purification using column chromatography (Rf = 
0.50, SiO2, EtOAc:Hexane, 17:83) gave pure product as a white solid (66.7 mg, 62% yield), 
mp 288-292 °C. 1H NMR (400 MHz, CDCl3) δ 9.90 (s, 1H), 7.64 (d, J = 7.3 Hz, 1H), 7.55 (d, 
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J = 7.5 Hz, 1H), 7.42 – 7.37 (m, 2H), 4.97 (s, 2H), 2.22 – 2.10 (m, 4H), 1.96 (t, J = 14.1 Hz, 
2H), 1.87 – 1.78 (m, 8H). 13C NMR (100 MHz, CDCl3) δ 179.1, 165.9, 163.3, 137.6, 130.5, 
125.4, 123.4, 121.8, 119.6, 112.9, 102.6, 97.9, 89.3, 66.6, 33.3, 27.7, 24.8, 22.1. HRMS (ESI) 
calcd for C22H19O3N2 [M-H]- 359.1390, found 359.1395. 
(Z)-2-(1'-oxo-1'H-spiro[adamantane-2,3'-furo[3',4':5,6]pyrano[4,3-b]indol]-5'(10'H)-
ylidene)acetonitrile (3aj): 

 
The title compound was prepared from 1a (55 mg, 0.3 mmol) and 2j (74.4 mg, 0.3 

mmol) according to general procedure A. Purification using column chromatography (Rf = 
0.50, SiO2, EtOAc:Hexane 16:84) gave pure product as a off-white solid (46 mg, 40% yield), 
mp 183-188 °C. 1H NMR (500 MHz, CDCl3) δ 9.76 (s, 1H), 7.64 (d, J = 7.8 Hz, 1H), 7.54 (d, 
J = 7.8 Hz, 1H), 7.42 – 7.38 (m, 2H), 4.94 (s, 1H), 2.65 (d, J = 13.1 Hz, 2H), 2.36 (d, J = 12.6 
Hz, 2H), 2.15 (d, J = 23.2 Hz, 2H), 1.98 (d, J = 14.1 Hz, 2H), 1.87 – 1.79 (m, 6H).13C NMR 
(100 MHz, CDCl3) δ 177.9, 165.6, 163.7, 137.6, 130.7, 125.5, 123.4, 119.7, 117.2, 112.8, 
102.6, 98.7, 90.8, 66.4, 37.5, 36.8, 34.3, 33.6, 29.9, 26.5, 26.1. HRMS (ESI) calcd for 
C24H19O3N2[M-H]-383.1395, found 383.1398. 
(Z)-2-(3-methyl-1-oxo-3-phenyl-3,10-dihydrofuro[3',4':5,6]pyrano[4,3-b]indol-5(1H)-
ylidene)acetonitrile (3ak): 

 
The title compound was prepared from 1a (55 mg, 0.3 mmol) and 2k (65.4 mg, 0.3 

mmol) according to general procedure A. Purification using column chromatography (Rf = 
0.55, SiO2, EtOAc:Hexane, 16:84) gave pure product as a pale yellow solid (65.6 mg, 62 % 
yield), mp 294-297 °C. 1H NMR (400 MHz, DMSO) δ 13.00 (s, 1H), 7.92 (d, J = 4.6 Hz, 
1H), 7.58 (s, 3H), 7.48 (d, J = 4.3 Hz, 3H), 7.34 (d, J = 26.4 Hz, 2H), 5.45 (s, 1H), 2.08 (s, 
3H). 13C NMR (100 MHz, DMSO) δ 175.3, 164.4, 162.7, 138.4, 136.9, 130.3, 129.4, 129.3, 
125.2, 124.8, 122.7, 121.2, 119.8, 117.3, 113.3, 101.5, 98.2, 84.8, 65.2, 24.0. HRMS (ESI) 
calcd for C22H13O3N2 [M-H]- 353.0921, found 353.0929. 
(Z)-2-(3-methyl-1-oxo-3-(p-tolyl)-3,10-dihydrofuro[3',4':5,6]pyrano[4,3-b]indol-5(1H)-
ylidene)acetonitrile (3al): 
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The title compound was prepared from 1a (55 mg, 0.3 mmol) and 2l (69.6 mg, 0.3 

mmol) according to general procedure A. Purification using column chromatography (Rf = 
0.50, SiO2, EtOAc:Hexane, 15:85) gave pure product as a sticky solid (60.5 mg, 55% yield). 
1H NMR (400 MHz, DMSO) δ 12.99 (s, 1H), 7.92 (d, J = 7.9 Hz, 1H), 7.62 (d, J = 8.1 Hz, 
1H), 7.44 (d, J = 8.2 Hz, 2H), 7.38 (t, J = 7.6 Hz, 1H), 7.30 (t, J = 8.8 Hz, 3H), 5.44 (s, 1H), 
2.32 (s, 3H), 2.06 (s, 3H). 13C NMR (100 MHz, DMSO) δ 175.5, 164.5, 162.7, 139.1, 138.4, 
133.8, 129.8, 125.2, 124.8, 122.7, 121.2, 119.8, 117.3, 113.3, 101.4, 98.1, 84.8, 65.2, 23.7, 
20.7. HRMS (ESI) calcd for C23H15O3N2 [M-H]- 367.1077, found 367.1086. 
(Z)-2-(3-(4-isopropylphenyl)-3-methyl-1-oxo-3,10-dihydrofuro[3',4':5,6]pyrano[4,3-
b]indol-5(1H)-ylidene)acetonitrile (3am): 

 
The title compound was prepared from 1a (55 mg, 0.3 mmol) and 2m (78 mg, 0.3 

mmol) according to general procedure A. Purification using column chromatography (Rf = 
0.53, SiO2, EtOAc:Hexane, 16:84) gave pure product as a pale yellow gel 55.6 mg, 47% 
yield). 1H NMR (400 MHz, DMSO) δ 12.99 (s, 1H), 7.93 (d, J = 7.8 Hz, 1H), 7.62 (d, J = 8.0 
Hz, 1H), 7.48 (d, J = 8.3 Hz, 2H), 7.37 (d, J = 5.4 Hz, 2H), 7.32 (d, J = 7.8 Hz, 2H), 5.45 (s, 
1H), 2.93 – 2.89 (m, 1H), 2.06 (s, 3H), 1.20 (s, 3H), 1.18 (s, 3H). 13C NMR (100 MHz, 
DMSO) δ 175.4, 164.4, 162.7, 149.8, 138.4, 134.3, 130.3, 127.2, 125.2, 124.8, 122.7, 119.8, 
113.3, 101.5, 98.2, 84.9, 65.2, 33.2, 24.0, 23.8, 23.8. HRMS (ESI) calcd for C25H19O3N2 [M-
H]- 395.1390, found 395.1399. 
(Z)-2-(3-(4-bromophenyl)-3-methyl-1-oxo-3,10-dihydrofuro[3',4':5,6]pyrano[4,3-
b]indol-5(1H)-ylidene)acetonitrile (3an):  

 
The title compound was prepared from 1a (55 mg, 0.3 mmol) and 2n (88.8 mg, 0.3 

mmol) according to general procedure A. Purification using column chromatography (Rf = 
0.50, SiO2, EtOAc:Hexane, 16:84) gave pure product as a yellowish gel (58 mg, 45% yield). 
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1H NMR (400 MHz, DMSO) δ 13.01 (s, 1H), 7.93 (d, J = 7.4 Hz, 1H), 7.69 (d, J = 8.0 Hz, 
2H), 7.62 (d, J = 8.2 Hz, 1H), 7.53 (d, J = 8.1 Hz, 2H), 7.40 – 7.35 (m, 1H), 7.33 – 7.28 (m, 
1H), 5.45 (s, 1H), 2.07 (s, 3H). 13C NMR (100 MHz, DMSO) δ 174.8, 164.3, 162.7, 138.4, 
136.2, 132.2, 127.6, 124.8, 122.9, 122.8, 121.2, 119.8, 117.3, 113.3, 101.5, 98.4, 84.3, 65.3, 
23.7. HRMS (ESI) calcd for C22H12O3N2Br [M-H]- 431.0025, found 431.0037. 
(Z)-2-(3-methyl-1-oxo-3-phenethyl-3,10-dihydrofuro[3',4':5,6]pyrano[4,3-b]indol-5(1H)-
ylidene)acetonitrile (3ao): 

 
The title compound was prepared from 1a (55 mg, 0.3 mmol) and 2o (73.8 mg, 0.3 

mmol) according to general procedure A. Purification using column chromatography (Rf = 
0.50, SiO2, EtOAc:Hexane,17:83) gave pure product as a yellow solid (66.2 mg, 58% yield), 
mp 234-238 °C. 1H NMR (400 MHz, CDCl3) δ 9.76 (s, 1H), 7.60 (dd, J = 11.7, 8.0 Hz, 2H), 
7.45 – 7.36 (m, 2H), 7.13 (q, J = 7.4 Hz, 4H), 7.01 (t, J = 6.6 Hz, 1H), 4.90 (s, 1H), 2.86 – 
2.80 (m, 1H), 2.64 – 2.55 (m, 1H), 2.44 (t, J = 7.6 Hz, 2H), 1.79 (s, 3H). 13C NMR (100 
MHz, CDCl3) δ 176.6, 165.8, 162.9, 139.4, 137.6, 130.0, 128.6, 128.4, 126.4, 125.4, 123.4, 
121.7, 119.6, 112.9, 102.7, 99.2, 85.8, 66.8, 38.4, 29.8,24.0. HRMS (ESI) calcd for 
C24H19O3N2[M+H]+383.1390, found 383.1385. 
(Z)-2-(3-methyl-3-(naphthalen-1-yl)-1-oxo-3,10-dihydrofuro[3',4':5,6]pyrano[4,3-
b]indol-5(1H)-ylidene)acetonitrile (3ap): 

 
The title compound was prepared from 1a (55 mg, 0.3 mmol) and 2p (80.4 mg, 0.3 

mmol) according to general procedure A. Purification using column chromatography (Rf = 
0.55, SiO2, EtOAc:Hexane, 18:82) gave pure product as a pale yellow gum (50.7, 42% yield). 

1H NMR (500 MHz, DMSO) δ 8.53 (d, J = 8.6 Hz, 1H), 8.04 (d, J = 7.4 Hz, 2H), 8.00 (d, J = 
7.9 Hz, 1H), 7.71 (d, J = 6.4 Hz, 2H), 7.63 (d, J = 7.8 Hz, 2H), 7.54 (t, J = 7.8 Hz, 1H), 7.40 
(t, J = 7.5 Hz, 1H), 7.34 (t, J = 7.5 Hz, 1H), 5.56 (s, 1H), 2.31 (s, 3H).13C NMR (125 MHz, 
DMSO) δ 175.0, 164.1, 162.8, 138.4, 134.5, 133.0, 130.6, 130.2, 129.6, 129.4, 127.1, 126.2, 
125.6, 125.1, 124.9, 124.0, 122.8, 121.2, 119.9, 117.5, 113.3, 101.8, 99.7, 87.1, 65.5, 25.6. 
HRMS (ESI) calcd for C26H17O3N2 [M+H]+405.1233, found 405.1225. 
(Z)-2-(1-oxo-3',4'-dihydro-1H,2'H-spiro[furo[3',4':5,6]pyrano[4,3-b]indole-3,1'-
naphthalen]-5(10H)-ylidene)acetonitrile (3aq): 
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The title compound was prepared from 1a (55 mg, 0.3 mmol) and 2q (73.2 mg, 0.3 

mmol) according to general procedure A. Purification using column chromatography (Rf = 
0.50, SiO2, EtOAc:Hexane, 17:83) gave pure product as a colourless solid (54.5 mg, 48% 
yield). mp 278-283 °C. 1H NMR (500 MHz, CDCl3) δ 10.17 (s, 1H), 7.64 (d, J = 7.4 Hz, 1H), 
7.60 (d, J = 7.5 Hz, 1H), 7.44 – 7.39 (m, 2H), 7.36 – 7.31 (m, 1H), 7.26 (s, 1H), 7.19 – 7.15 
(m, 1H), 7.01 (d, J = 7.3 Hz, 1H), 4.94 (s, 1H), 3.01 (t, J = 18.0 Hz, 2H), 2.54 – 2.45 (m, 1H), 
2.38 – 2.25 (m, 2H), 2.20 (d, J = 13.7 Hz, 1H). 13C NMR (125 MHz, CDCl3) δ 176.9, 163.1, 
139.0, 137.8, 130.4, 130.2, 129.2, 127.1, 126.4, 125.5, 123.5, 121.7, 119.6, 113.1, 102.9, 
99.3, 85.5, 66.9, 33.6, 28.8, 19.3. HRMS (ESI) calcd for C24H17O3N2 [M+H]+381.1234, 
found 381.1225. 
(Z)-2-(3-(furan-2-yl)-3-methyl-1-oxo-3,10-dihydrofuro[3',4':5,6]pyrano[4,3-b]indol-
5(1H)-ylidene)acetonitrile (3ar): 

 
The title compound was prepared from 1a (55 mg, 0.3 mmol) and 2r (62.4 mg, 0.3 

mmol) according to general procedure A. Purification using column chromatography (Rf = 
0.60, SiO2, EtOAc:Hexane, 18:82) gave pure product as a yellow gum (57.6 mg, 56% yield). 
1H NMR (400 MHz, DMSO) δ 13.05 (s, 1H), 7.95 (d, J = 7.4 Hz, 1H), 7.78 (s, 1H), 7.64 (d, J 
= 7.5 Hz, 1H), 7.42 – 7.37 (m, 1H), 7.36 – 7.31 (m, 1H), 6.92 (s, 1H), 6.59 (s, 1H), 5.46 (s, 

1H), 2.08 (s, 3H).13C NMR (100 MHz, DMSO) δ 172.8, 164.1, 162.6, 147.8, 145.1, 138.4, 
129.9, 124.9, 122.8, 121.2, 119.9, 117.2, 113.4, 111.5, 111.3, 101.8, 99.5, 80.3, 65.4, 20.7. 
HRMS (ESI) calcd for C20H11O4N2 [M-H]- 343.0713, found 343.0721. 
(Z)-2-(1-oxo-3,3-diphenyl-3,10-dihydrofuro[3',4':5,6]pyrano[4,3-b]indol-5(1H)-
ylidene)acetonitrile (3as): 

 
The title compound was prepared from 1a (55 mg, 0.3 mmol) and 2s (84 mg, 0.3 

mmol) according to general procedure A. Purification using column chromatography (Rf = 
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0.60, SiO2, EtOAc:Hexane, 18:82) gave pure product as a pale yellow gum (54.7 mg, 44% 
yield). 1H NMR (400 MHz, DMSO) δ 13.05 (s, 1H), 7.93 (d, J = 7.9 Hz, 1H), 7.62 (d, J = 8.1 
Hz, 1H), 7.51 (d, J = 2.4 Hz, 2H), 7.49 (s, 4H), 7.48 (s, 3H), 7.45 (d, J = 1.9 Hz, 1H), 7.37 (t, 
J = 7.4 Hz, 1H), 7.30 (t, J = 7.4 Hz, 1H), 5.49 (s, 1H).13C NMR (100 MHz, DMSO) δ 172.8, 
164.0, 162.8, 138.5, 137.0, 129.7, 129.2, 126.6, 124.9, 122.8, 121.2, 119.8, 117.3, 113.3, 
101.7, 99.5, 88.1, 65.7. HRMS (ESI) calcd for C27H15O3N2 [M-H]- 415.1077, found 
415.1086. 
(Z)-2-((1R)-1,7,7-trimethyl-1'-oxo-1'H-spiro[bicyclo[2.2.1]heptane 
2,3'furo[3',4':5,6]pyrano[4,3-b]indol]-5'(10'H)-ylidene)acetonitrile (3at): 

 
The title compound was prepared from 1a (55 mg, 0.3 mmol) and 2t (75 mg, 0.3 

mmol) according to general procedure A. Purification using column chromatography (Rf = 
0.50, SiO2, EtOAc:Hexane, 15:85) gave pure product as a white solid (58.8 mg, 51% yield), 
mp  176-180 °C. 1H NMR (400 MHz, CDCl3) δ 9.58 (s, 1H), 7.65 (d, J = 7.5 Hz, 1H), 7.55 
(d, J = 7.5 Hz, 1H), 7.43 – 7.40 (m, 2H), 4.95 (s, 1H), 2.55 – 2.49 (m, 1H), 2.16 – 2.12 (m, 
2H), 2.04 (t, J = 4.4 Hz, 1H), 1.72 – 1.66 (m, 2H), 1.26 (d, J = 5.6 Hz, 1H), 1.19 (s, 3H), 0.99 
(s, 3H), 0.87 (s, 3H).13C NMR (100 MHz, CDCl3) δ 175.6, 165.9, 163.5, 137.6, 130.5, 125.5, 
123.4, 121.7, 119.7, 116.9, 112.8, 102.5, 100.1, 95.0, 66.6, 56.0, 51.0, 45.4, 41.8, 29.0, 26.9, 
20.6, 20.3, 10.4. HRMS (ESI) calcd for C24H23O3N2 [M+H]+ 387.1703 found 387.1697. 
(Z)-2-(2-isopropyl-5-methyl-1'-oxo-1'H-spiro[cyclohexane-1,3'furo[3',4':5,6]pyrano[4,3-
b]indol]-5'(10'H)-ylidene)acetonitrile (3au): 

 
The title compound was prepared from 1a (55 mg, 0.3 mmol) and 2u(75.6 mg, 0.3 

mmol) according to general procedure A. Purification using column chromatography (Rf = 
0.50, SiO2, EtOAc:Hexane, 16:84) gave pure product as a pale yellow solid (63.8 mg, 55% 
yield), mp 229-234 °C. 1H NMR (400 MHz, CDCl3) δ 10.08 (s, 1H), 7.65 (d, J = 6.7 Hz, 1H), 
7.60 (d, J = 6.7 Hz, 1H), 7.44 – 7.38 (m, 2H), 4.97 (s, 1H), 1.95 (d, J = 0.5 Hz, 3H), 1.82 – 
1.73 (m, 3H), 1.35 – 1.23 (m, 2H), 1.17 (d, J = 12.2 Hz, 1H), 0.98 (d, J = 5.6 Hz, 3H), 0.90 
(d, J = 6.4 Hz, 3H), 0.83 (d, J = 6.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 177.9, 166.2, 
163.1, 137.8, 130.3, 125.4, 123.4, 121.8, 119.6, 113.0, 102.6, 99.1, 90.1, 66.6, 46.6, 44.1, 
33.9, 28.8, 28.2, 23.2, 22.2, 21.8, 18.6. HRMS (ESI) calcd for C24H25O3N2 [M+H]+389.1859, 
found 389.1855. 
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(Z)-2-(3,3,7-trimethyl-1-oxo-3,10-dihydrofuro[3',4':5,6]pyrano[4,3-b]indol-5(1H)-
ylidene)acetonitrile (3ba): 

 
The title compound was prepared from 1b (59 mg, 0.3 mmol) and 2a (46.8 mg, 0.3 

mmol) according to general procedureA. Purification using column chromatography (Rf = 
0.55, SiO2, EtOAc:Hexane, 16:84) gave pure product as a pale brown solid (63 mg, 69% 
yield), mp 258-263 °C. 1H NMR (500 MHz, DMSO) δ 12.79 (s, 1H), 7.75 (s, 1H), 7.48 (s, 
1H), 7.19 (s, 1H), 5.41 (s, 1H), 2.45 (s, 3H), 1.67 (s, 6H).13C NMR (125 MHz, DMSO) δ 
176.8, 164.4, 162.8, 136.5, 131.9, 130.4, 126.1, 121.5, 119.5, 117.5, 112.9, 101.0, 98.0, 82.7, 
64.5, 24.0, 21.3. HRMS (ESI) calcd for C18H13N2O3 [M-H]- 305.0920, found 305.0931. 
(Z)-2-(7-methoxy-3,3-dimethyl-1-oxo-3,10-dihydrofuro[3',4':5,6]pyrano[4,3-b]indol-
5(1H)-ylidene)acetonitrile (3ca): 

 
The title compound was prepared from 1c (64 mg, 0.3 mmol) and 2a (46.8 mg, 0.3 

mmol) according to general procedure A. Purification using column chromatography (Rf = 
0.60, SiO2, EtOAc:Hexane, 20:80) gave pure product as a pale brown solid (62.6 mg, 65% 
yield), mp 267-272 °C. 1H NMR (400 MHz, DMSO) δ 12.77 (s, 1H), 7.49 (d, J = 8.6 Hz, 
1H), 7.31 (s, 1H), 6.99 (d, J = 8.0 Hz, 1H), 5.47 (s, 1H), 3.85 (s, 3H), 1.67 (s, 6H). 13C NMR 
(100 MHz, DMSO) δ 176.6, 164.4, 162.7, 156.0, 132.9, 130.5, 127.5, 122.0, 117.6, 114.3, 
114.0, 101.9, 101.2, 97.9, 82.7, 64.9, 55.9, 24.0. HRMS (ESI) calcd forC18H13O4N2[M-H]- 

321.0869, found 321.0879. 
(Z)-2-(7-(benzyloxy)-3,3-dimethyl-1-oxo-3,10-dihydrofuro[3',4':5,6]pyrano[4,3-b]indol-
5(1H)-ylidene)acetonitrile (3da): 

 
The title compound was prepared from 1d (87 mg, 0.3 mmol) and 2a (46.8 mg, 0.3 

mmol) according to general procedure A. Purification using column chromatography (Rf  = 
0.6, SiO2, EtOAc:Hexane, 22:78)) gave pure product as a white solid (69.2 mg, 58% yield), 
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mp 249-253 °C.  1H NMR (500 MHz, DMSO) δ 12.78 (s, 1H), 7.50 (d, J= 6.3 Hz, 3H), 7.46 
(s, 1H), 7.40 (t, J = 7.4 Hz, 2H), 7.33 (t, J = 7.1 Hz, 1H), 7.06 (d, J = 7.3 Hz, 1H), 5.48 (s, 
1H), 5.19 (s, 2H), 1.67 (s, 6H).13C NMR (125 MHz, DMSO) δ 176.7, 164.4, 162.7, 155.0, 
137.4, 133.1, 130.6, 128.5, 128.0, 122.0, 117.6, 114.9, 114.0, 103.3, 101.2, 97.9, 82.7, 70.1, 
64.8, 24.0. HRMS (ESI) calcd for C24 H17 O4 N2 [M-H]-397.1182, found 397.1191. 
(Z)-2-(3,3,8-trimethyl-1-oxo-3,10-dihydrofuro[3',4':5,6]pyrano[4,3-b]indol-5(1H)-
ylidene)acetonitrile (3ea): 

 
The title compound was prepared from 1e (59 mg, 0.3 mmol) and 2a (46.8 mg, 0.3 

mmol) according to general procedure A. Purification using column chromatography (Rf = 
0.50, SiO2, EtOAc:Hexane, 18:82) gave pure product as a pale yellow solid (60 mg, 66% 
yield), mp 290-294 °C. 1H NMR (400 MHz, DMSO) δ 12.78 (s, 1H), 7.81 (d, J = 7.3 Hz, 
1H), 7.39 (s, 1H), 7.14 (d, J = 8.5 Hz, 1H), 5.37 (s, 1H), 2.44 (s, 3H), 1.67 (s, 6H).13C NMR 
(100 MHz, DMSO) δ 176.6, 164.4, 162.8, 138.7, 134.3, 130.2, 124.3, 119.4, 119.1, 117.5, 
113.0, 101.4, 98.0, 82.7, 64.4, 24.0, 21.4. HRMS (ESI) calcd for C18H13O3N2 [M-H]-

305.0920, found 305.0927. 
(Z)-2-(8-methoxy-3,3-dimethyl-1-oxo-3,10-dihydrofuro[3',4':5,6]pyrano[4,3-b]indol-
5(1H)-ylidene)acetonitrile (3fa): 

 
The title compound was prepared from 1f (64 mg, 0.3 mmol) and 2a (46.8 mg, 0.3 

mmol) according to general procedure A. Purification using column chromatography (Rf = 
0.50, SiO2, EtOAc:Hexane, 21:79) gave pure product as off-white solid (53 mg, 55% yield), 
mp 282-288°C. 1H NMR (500 MHz, DMSO) δ 12.72 (s, 1H), 7.80 (s, 1H), 7.07 (s, 1H), 6.92 
(s, 1H), 5.33 (s, 1H), 3.81 (s, 3H), 1.67 (s, 6H).13C NMR (125 MHz, DMSO) δ 176.0, 164.4, 
162.7, 157.5, 139.6, 129.8, 120.5, 117.6, 115.2, 112.1, 101.6, 98.7, 96.4, 82.7, 64.1, 55.5, 
24.1. HRMS (ESI) calcd for C18H15O4N2 [M+H]+323.1026, found 323.1015. 

 
(Z)-2-(3,3,9-trimethyl-1-oxo-3,10-dihydrofuro[3',4':5,6]pyrano[4,3-b]indol-5(1H)-
ylidene)acetonitrile (3ga): 
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The title compound was prepared from 1g (59 mg, 0.3 mmol) and 2a (46.8 mg, 0.3 

mmol) according to general procedure A. Purification using column chromatography (Rf = 
0.55, SiO2, EtOAc:Hexane, 19:81) gave pure product as a white solid (47.4 mg, 52% yield), 
mp 288-293 °C. 1H NMR (400 MHz, DMSO) δ 12.67 (s, 1H), 7.66 (d, J = 6.2 Hz, 1H), 7.17 
– 7.06 (m, 2H), 5.34 (s, 1H), 2.42 (s, 3H), 1.59 (s, 6H). 13C NMR (100 MHz, DMSO) δ 
177.0, 164.3, 162.7, 137.6, 130.8, 125.7, 123.2, 122.9, 121.4, 117.5, 117.2, 101.9, 97.9, 82.3, 
64.8, 24.1, 17.5. HRMS (ESI) calcd for C18H15O3N2 [M+H]+307.1077, found 307.1068. 
(Z)-2-(3,3-dimethyl-1-oxo-3,12-dihydrobenzo[g]furo[3',4':5,6]pyrano[4,3-b]indol-5(1H)-
ylidene)acetonitrile (3ha): 

 
The title compound was prepared from 1h (70 mg, 0.3 mmol) and 2a (46.8 mg, 0.3 

mmol) according to general procedure A. Purification using column chromatography (Rf = 
0.50, SiO2, EtOAc:Hexane, 17:83) gave pure product as a sticky pale brown gel (41 mg, 40% 
yield). 1H NMR (400 MHz, DMSO) δ 13.62 (s, 1H), 8.89 (d, J = 7.9 Hz, 1H), 8.05 (t, J = 8.3 
Hz, 2H), 7.79 (d, J = 8.6 Hz, 1H), 7.64 (s, 1H), 7.57 (d, J = 7.5 Hz, 1H), 5.63 (s, 1H), 1.70 (s, 
6H). 13C NMR (100 MHz, DMSO) δ 176.1, 164.3, 162.8, 133.7, 130.8, 128.8, 128.6, 126.6, 
125.6, 123.6, 122.2, 121.8, 118.5, 117.9, 103.2, 98.8, 82.4, 65.6, 24.1.  HRMS (ESI) calcd 
forC21 H15 O3 N2 [M+H]+343.1077, found 343.1073. 
(Z)-2-(7-bromo-3,3-dimethyl-1-oxo-3,10-dihydrofuro[3',4':5,6]pyrano[4,3-b]indol-
5(1H)-ylidene)acetonitrile (3ia): 

 
The title compound was prepared from 1i (78 mg, 0.3 mmol) and 2a (46.8 mg, 0.3 

mmol) according to general procedure A. Purification using column chromatography (Rf = 
0.6, SiO2, EtOAc:Hexane, 19:81)gave pure product as a white solid (55 mg, 50% yield), mp 
304-307 °C. 1H NMR (400 MHz, DMSO) δ 13.07 (s, 1H), 8.17 (s, 1H), 7.51 (d, J = 9.3 Hz, 
2H), 5.58 (s, 1H), 1.67 (s, 6H).13C NMR (100 MHz, DMSO) δ 177.5, 164.2, 162.1, 137.0, 
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131.6, 127.3, 123.0, 121.9, 117.2, 115.5, 115.0, 100.8, 97.8, 82.8, 66.0, 24.0. HRMS (ESI) 
calcd for C17H12O3N2Br [M+H]+371.0025, found 371.0020. 
(Z)-2-(8-bromo-3,3-dimethyl-1-oxo-3,10-dihydrofuro[3',4':5,6]pyrano[4,3-b]indol-
5(1H)-ylidene)acetonitrile (3ja): 

 
The title compound mixture was prepared from 1j (78 mg, 0.3mmol) and 2a (46.8 mg, 

0.3 mmol) according to general procedure A. Purification using column chromatography (Rf 

= 0.55, SiO2, EtOAc:Hexane, 19:81) gave pure product as a pale yellow solid (49.6 mg, 45% 
yield), mp 297-300 °C. 1H NMR (400 MHz, DMSO) δ 13.03 (s, 1H), 7.91 (d, J = 8.6 Hz, 
1H), 7.73 (d, J = 1.5 Hz, 1H), 7.43 (dd, J = 8.5, 1.6 Hz, 1H), 5.47 (s, 1H), 1.68 (s, 6H).13C 
NMR (100 MHz, DMSO) δ 177.4, 164.2, 162.3, 139.1, 131.4, 127.5, 125.4, 121.4, 120.4, 
117.1, 117.0, 115.7, 114.0, 101.4, 97.9, 82.9, 65.7, 23.9. HRMS (ESI) calcd for 
C17H10O3N2Br [M-H]-368.9869, found 368.9876. 
Synthetic utility: 
 
(Z)-2-(3,3-dimethyl-1-oxo-7-(p-tolyl)-3,10-dihydrofuro[3',4':5,6]pyrano[4,3-b]indol-
5(1H)-ylidene)acetonitrile 

 
The bromo pyrano indole 3ia (55 mg, 0.15 mmol) in H2O (3 ml) was added p-tolylboronic 
acid (30 mg, 1.5 equiv), Pd(OAc)2 (1.7 mg, 5 mol%) DIPA (0.05 ml, 1.5 equiv) and the 
reaction mixture was stirred at reflux (oil bath). After completion (monitored by TLC) of the 
conversion, reaction mixture was quenched with H2O and extracted with ethyl acetate. The 
combined organic layers were dried over anhydrous sodium sulphate, filtered and 
concentrated under reduced pressure and the product was purified through a short silica gel 
column using EtOAc:Hexane (15:85) as the eluent to get pure product as a yellow solid (44 
mg, 78% yield), mp 290-293 °C. 1H NMR (400 MHz, DMSO) δ 12.94 (s, 1H), 8.08 (s, 1H), 
7.70 (s, 2H), 7.65 (s, 2H), 7.28 (s, 2H), 5.65 (s, 1H), 2.35 (s, 3H), 1.68 (s, 6H).13C NMR (100 
MHz, DMSO) δ 177.1, 164.4, 162.5, 137.6, 136.4, 135.1, 131.0, 129.5, 127.1, 123.7, 122.0, 
117.5, 117.0, 113.6, 101.5, 97.9, 82.8, 65.5, 24.0, 20.8. HRMS (ESI) calcd for C24H19O3N2 
[M+H]+ 383.1396, found 383.1388. 
(Z)-2-(3,3-dimethyl-1-oxo-8-(p-tolyl)-3,10-dihydrofuro[3',4':5,6]pyrano[4,3-b]indol-
5(1H)-ylidene)acetonitrile 
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The bromo pyrano indole 3ja (55 mg, 0.15 mmol) in H2O (3 ml) was added p-tolylboronic 
acid (30 mg, 1.5 equiv), Pd(OAc)2 (1.7 mg, 5 mol%) DIPA (0.05 ml, 1.5 equiv) and the 
reaction mixture was stirred at reflux (oil bath). After completion (monitored by TLC) of the 
conversion, reaction mixture was quenched with H2O and extracted with ethyl acetate. The 
combined organic layers were dried over anhydrous sodium sulphate, filtered and 
concentrated under reduced pressure and the product was purified through a short silica gel 
column using EtOAc:Hexane (16:84) as the eluent to get the pure product as a yellow solid 
(39.7 mg, 70% yield), mp 300-305 °C. 1H NMR (400 MHz, DMSO) δ 12.96 (s, 1H), 7.98 (s, 
1H), 7.77 (s, 1H), 7.58 (s, 3H), 7.30 (s, 2H), 5.46 (s, 1H), 2.35 (s, 3H), 1.69 (s, 6H). 13C NMR 
(101 MHz, DMSO) δ 177.01, 164.37, 162.63, 139.06, 137.45, 136.83, 131.14, 129.77, 
126.82, 121.69, 120.41, 120.12, 117.45, 110.60, 101.38, 98.00, 82.80, 64.93, 24.03, 20.78. 
HRMS (ESI) calcd for C24H19O3N2 [M+H]+383.1396, found 383.1388. 
Scale-up Experiments: 
 

 
 

To a mixture of 3-(1H-indol-3-yl)-3-oxopropanenitrile 1a (1012 mg, 5.5 mmol) and 4-
hydroxyalkynoate derivative 2a (858 mg, 5.5 mmol) in THF, [RhCp*Cl2]2 (102 mg, 3 mol 
%), Cu(OAc)2.H2O (2189 mg, 2 equiv), Cs2CO3 (1788 mg, 1 equiv) were introduced and the 
reaction mixture was stirred at 80 °C (oil bath) for 8 hours under air balloon. After 
completion of reaction (monitored by TLC), THF was evaporated, water was added and the 
contents were extracted with ethyl acetate (2×10 mL). The organic layer was evaporated and 
the residue was purified by column chromatography (Rf = 0.50) (SiO2, EtOAc:Hexane, 14:86) 
to get 3aa in 55% (883 mg) yield. 
 
Deuterium labelling studies:  
An oven-dried reaction vessel was charged with [Cp*RhCl2]2 (5.6 mg, 3 mol%), 
Cu(OAc)2·H2O (119 mg, 2 equiv), Cs2CO3 (97.5 mg, 1 equiv) 3-(1H-indol-3-yl)-3-
oxopropanenitrile 1a (55 mg, 0.3mmol), THF (0.5 ml), and CD3OD (10equiv) under Ar. The 
vessel was sealed and heated at 80 oC (oil bath) for 1 h. After removal of solvents, the residue 
was purified by flash column chromatography on silica gel (eluent: EtOAc/ petroleum ether = 
32:68). 1a' was recovered in 88% yield. 



S21 
 

N
H

CN
O

1a

[Cp*RhCl2]2 (3 mol%)

Cu(OAc)2 H2O (2 equiv)

Cs2CO3 (1 equiv)

THF, 80 oC, air,1h

CD3OD (10 equiv)
N
H

CN
O

H/D
H/D

H/D

20% D

5% D

1a'  

  
 
 
KIE studies: 
Preparation of indole-2-d and 3-(1H-indol-3-yl-2-d)-3-oxopropanenitrile(1a-2D) 
indole-2-D is prepared according the literature procedure.7a 

N
H

NaOH (1.8 equiv)

TsCl (1.5 equiv), DCM
rt, 18h.

N
Ts

1. n-BuLi (2 equiv)

-78o C, THF, 2h

2. D2O
N
Ts

D
98%

CNCH2COOH,

AC2O, 85o C

NaOH (2M)
MeOH, reflux 
18h.

N
H

D
90%

N
H

D
88%

O
CN

3-(1H-indol-3-yl-2- d)-3-oxopropanenitrile( 1a-2D(88%)) indole-2-D
 

 
3-(1H-indol-3-yl-2-d)-3-oxopropanenitrile(1a-2d): 
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1H NMR (400 MHz, DMSO) δ 12.21 (s, 1H), 8.36 (d, J = 3.2 Hz, 0.12H), 8.15 – 8.11 (m, 
1H), 7.51 (dd, J = 6.4, 1.9 Hz, 1H), 7.28 – 7.20 (m, 2H), 4.48 (s, 2H).  
 

 
 
 
 
 
 
 
 
 
 
Parallel experiments Study:7b 
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To a mixture of 3-(1H-indol-3-yl)-3-oxopropanenitrile 1a (27.6 mg, 0.15 mmol) or 2d-1a 
(27.5 mg, 0.15 mmol) and 4-hydroxyalkynoate derivative 2a (23.5 mg, 0.15 mmol) in THF, 
[RhCp*Cl2]2 (2.8 mg, 3 mol %), Cu(OAc)2.H2O (60 mg, 2 equiv), Cs2CO3 (48.7 mg, 1 equiv) 
were introduced and the reaction mixtures was stirred at 80 °C (Pre-heated oil bath) for 20 
minutes under air balloon. From the resulting solution of reaction mixture THF was 
evaporated. The 1H NMR yields of 3aa for each reaction were given using 
1,3,5trimethoxybenze as an internal standard. A KIE value of 1.55 was determined on the 
basis of the 1H NMR analysis.  
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Combined experiments Study:7c 

 

OMe

OMeMeO
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N
H

CN
O

+

Me
Me

HO

CO2Et

[Cp*RhCl2]2 (3 mol%)

Cs2CO3 (1 equiv)

THF, 80 oC, air, 20 min
1a 2a

Cu(OAc)2 H2O (2 equiv)

N
H

CN
O

1a-2d

D N
H

CN
O

1a/2d-1a

H/D
46/54

3aa +
+

kH/kD= 0.54/0.46= 1.17  
 

To an equimolar  mixture of 3-(1H-indol-3-yl)-3-oxopropanenitrile 1a (27.6 mg, 0.15 mmol) 
or 2d-1a (27.5 mg, 0.15 mmol) and 4-hydroxyalkynoate derivative 2a (23.5 mg, 0.15 mmol) 
in THF, [RhCp*Cl2]2 (2.8 mg, 3 mol %), Cu(OAc)2.H2O (60 mg, 2 equiv), Cs2CO3 (48.7 mg, 
1 equiv) were introduced and the reaction mixtures was stirred at 80 °C (Pre-heated oil bath) 
for 20 minutes under air balloon. From the resulting solution of reaction mixture THF was 
evaporated. Then the crude reaction mixture was directly subjected to column 
chromatography, and best of the recovered 1a/1a-2d calculated the KIE. The observed KIE = 
0.54/0.46= (1.17), suggested initial rate of the reaction does not depend on the CH cleavage 
step. 

 
 
Copies of 1H and 13C NMR spectras: 
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1H NMR (DMSO, 400 MHz)
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13C NMR (CDCl3,100 MHz )
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Me

3ae
13C NMR (CDCl3,100 MHz)

N
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O

CN

Me

O

Me

Me

3af
1H NMR (CDCl3, 400 MHz )
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13C NMR ( CDCl3,125 MHz)
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CN

O3ai
13C NMR (CDCl3,100 MHz)
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O
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1H NMR (DMSO, 400 MHz)
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13C NMR (DMSO, 100 MHz)
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13C NMR (DMSO, 100 MHz )
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CN
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1H NMR (CDCl3, 400 MHz)
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13C NMR (DMSO, 100 MHz)



S43 
 

 

N
H

O

O

CN

Me

O

O

3ar

1H NMR (DMSO, 400 MHz)
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1H NMR (DMSO, 400 MHz)
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8. X-ray crystallography data: 

 

Sample Preparation for Crystal Growth: The compound 3aa was dissolved in 

acetone in beaker and kept for slow evaporation at room temperature. Formation of needle 

shape crystals was observed after three days. The single crystals were then subjected to X-ray 

diffraction analysis. 

Figure caption: ORTEP diagram of KB658 compound with the atom-numbering. 

Displacement ellipsoids are drawn at the 50% probability level and H atoms are shown as 

small spheres of arbitrary radius. CCDC deposition number 2234910 contains the 

supplementary crystallographic data for this paper which can be obtained free of charge at 

https://www.ccdc.cam.ac.uk/structures/ 

 Crystal data for KB658: C22H14N2O3, M = 354.35, Monoclinic, Space group Cc 

(No. 9), a = 9.8625(12)Å, b = 24.973(3)Å, c = 7.5384(10)Å, α = 90°, β = 111.143(4)°, γ = 

90°, V = 1731.7(4)Å3, Z = 4, Dc = 1.359 g/cm3, F000 = 736, Bruker D8 QUEST PHOTON-III-

C7 detector, Mo-Kα radiation, λ = 0.71073 Å,  T = 293(2)K, 2θmax = 55º, μ = 0.092 mm-1, 

22582 reflections collected, 3617 unique (Rint = 0.0651), 249 parameters, R1 = 0.0394, wR2 = 
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0.0738, R indices based on 2539 reflections with I  > 2σ(I) (refinement on F2), Final GooF = 

1.012, largest difference hole and peak = -0.179 and 0.133 e.Å-3.  

  

Data collection and Structure solution details:  
  

X-ray data for the compound were collected at room temperature on a Bruker D8 QUEST 

instrument with an IμS Mo microsource (λ = 0.7107Å) and a PHOTON-III C7 HPAD 

detector. The raw data frames were reduced and corrected for absorption effects using the 

Bruker Apex 3 software suite programs [1]. The structure was solved using intrinsic phasing 

method [2] and further refined with the SHELXL [2-4] program and expanded using Fourier 

techniques. Anisotropic displacement parameters were included for all non-hydrogen atoms. 

All C bound H atoms were positioned geometrically and treated as riding on their parent C 

atoms [C-H = 0.93-0.97 Å, and Uiso(H) = 1.5Ueq(C) for methyl H or 1.2Ueq(C) for other H 

atoms]. The N bound H atom was located in the difference Fourier map. CCDC deposition 

number 2234910 contains the supplementary crystallographic data for this paper which can 

be obtained free of charge at https://www.ccdc.cam.ac.uk/structures/ 
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