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General experimental

NMR spectra were recorded on BRUKER-AV400 spectrometer in CDClI3, Tetramethylsilane
(TMS; & = 0.00 ppm) served as an internal standard for *H NMR. The corresponding residual
non-deuterated solvent signal (CDCls; & = 77.00 ppm) was used as internal standard for **C
NMR. IR spectra were measured using a JASCO FT/IR-410 spectrometer and Perkin-Elmer
FT/IR Spectrum BX, GX. Mass spectra were measured with Micromass Q-Tof (ESI-HRMS).

Column chromatography was carried out on Silica gel 100-200 mesh (commercial suppliers) and
thin-layer chromatography was carried out using SILICA GEL GF-254. Ruthenium and Silver
catalysts are purchased from Alfa Aesar. Some of starting materials were synthesized from
commercially available reagent. Other reagents and solvents were purchased from commercial

supplier and used without further purification, except acrolein (distilled).

1. Typical experimental procedure for the C4- alkenylated indoles:
To a well-stirred solution of 1-benzyl-1H-indole-3-carbaldehyde derivative (1, 0.21mmol,

50 mg, 1 equiv), [Ru(p-cymene)Cl,], (10 mol %, 6 mg), AgSbFs (20 mol %, 14.5 mg) and
Cu(OAc)2:H20 (0.10mmol, 21.3 mg, 0.5 equiv) in dichloroethane (2 mL) was added methyl
acrylate (2a, 0.85mmol, 73.5mg, 4 equiv.) (in the case of olefins 2b and 2j-20, 1 equiv of
Cu(OAc),:H,O was used). Then, the reaction mixture was stirred at 120 °C (oil bath
temperature) and an efficient cold water circulation was maintained, in an open air atmosphere
for 8 — 12 h (monitored by TLC). After the completion of the reaction, the reaction mixture was
cooled to room temperature, and diluted with 50% EtOAc/hexane (5 mL), passed through a short
silica gel (100-200 mesh size) bed, and washed with 50% EtOAc/ hexane (20 mL x 3 times). The
combined organic layer was concentrated under reduced pressure and the crude product was

purified on a silica gel column using EtOAc/hexane mixture.
2. Preparation of starting materials.

(i) General Procedure for the Synthesis of indole-3-carboxaldehyde derivatives:

0
H
DMF N
X
R N + pPocl; — = R N
% 0°C Z N
N
H H
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Starting materials, indole-3-carboxaldehyde, were prepared by Vilsmeier-Haack reaction according
to a literature method from indoles .> To a well- stirred solution of indole derivatives (8.55 mmol,
19, lequiv) in anhydrous DMF (10ml) under dry argon atmosphere, phosphorus chloride oxide
(25.6 mmol, 2.4 ml, 3.0 equiv.) was added at 0 °C and the resulting mixture was stirred at room
temperature. After being stirred for 1h, the reaction mixture was poured into cold saturated
NaHCOj solution (aqueous) and stirred for 30 min. The reaction mixture was extracted by
EtOAc for several times. The combined organic layer was dried over anhydrous Na,SO, and
filtered, concentrated under reduced pressure and purified by silica gel flash column

chromatography to provide desired products in moderate to excellent yields (52-93%).

(ii) Preparation of N-substituted indole-3-carboxaldehyde.2

O
I
%)
O
z
z

N-substituted indole-3-carboxaldehyde was prepared by the treatment of indole-3-
carboxaldehyde (6.89 mmol, 1g, 1 equiv) with NaH (10.3 mmol, 248 mg, 1.5 equiv) in CH3;CN
(7 mL) followed by the addition of alkyl/acyl/tosyl halides (10.3 mmol, 1.23 ml, 1.5 equiv).
After the completion of the reaction (monitored by TLC), the reaction mixture was quenched
with water (50 mL) and extracted by EtOAc (25mL x 3 times). The combined organic layer was
dried over anhydrous Na,SO, and filtered, concentrated under pressure and purified by silica gel

flash column chromatography.
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3. Synthesis of  methyl 2-(1-benzyl-4-nitro-1,3,4,5-tetrahydrobenzo[cd]indol-5-
yl)acetate (10).>*

|
0.__0O
~ (@) O

H
NH,OAc(1.5equiv) ) Ny NaBH4(1.5 equiv)

r

CH3NOy, reflex N} MeOH, rt- heating N\
N N

(E)-Methyl 3-(1-benzyl-3-formyl-1H-indol-4-yl)acrylate (3aa, 319 mg, 0.31 mmol),
glacial CH3COOH (470.2 mg, 0.78 mmol), NH4OAc (50.9 mg, 0.78 mmol) in 0.4 ml of CH3NO,
was sonicated at room temperature for 4.5 h according to reported procedure®, which produces
corresponding nitroaldol product ((E)-methyl 3-(1-benzyl-3-((E)-2-nitrovinyl)-1H-indol-4-
yl)acrylate) in 75% isolated yield.

(E)-Methyl  3-(1-benzyl-3-((E)-2-nitrovinyl)-1H-indol-4-yl)acrylate (70 mg, 0.193
mmol), was dissolved in a methanol (2 mL) and NaBH,4 (11.0 mg, 0.29 mmol) was added slowly.
After the addition, the reaction mixture was heated at 65 °C for 15 h, followed by aqueous work
up the product 10 was isolated in 90% (in 50:50 diastereomeric mixture. The spectral data of the

compound is matching with the reported one.”

4, Selective reduction of Olefin.
OO
o)
H
Pd/C (10 mol%)
H,/EA )
5 i N
3aa Bn 11 Bn

(E)-Methyl 3-(1-benzyl-3-formyl-1H-indol-4-yl)acrylate (3aa, 30 mg, 0.094 mmol)
dissolved in EtOAc (2 mL) and was hydrogenated uisng a hydrogen baloon for 2 h at RT with
10% Pd/C (10 mg, 0.0094 mmol) as a catalyst. The reaction mixture was filtered, passed through
Celite pad and was concentrated in vacuum. The crude product was purified by flash
chromatography using EtOAc/hexana as eluent, which yielded 98% of 11 (29.4 mg).

SI'5



Lanke and prabhu/Organic Chemistry/11Sc

ORTEP diagram for 3aa.
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SI6



Lanke and prabhu/Organic Chemistry/11Sc

Characterization data for C4- alkenylated indoles:

1. (E)-Methyl 3-(1-benzyl-3-formyl-1H-indol-4-yl)acrylate (3aa): Prepared as shown in
general procedure. Crude reaction mixture was purified on a silica gel column to obtain the
product as black crystals; Yield: 47.5 mg, (70%); mp: 133 - 137 °C; Rf
(40 % EtOAc/Hexane) 0.3; IR (KBr, cm™): 3446, 1713, '"H NMR (400 0. _O
MHz, CDCl3): 6 9.87 (s, 1H), 9.28 (d, J = 16.0 Hz, 1H), 7.82 (s, 1H), 0
7.54 (d, J = 7.6 Hz, 1H), 7.33-7.23 (m, 5H), 7.15 (d, J = 6.8 Hz, 2H),
6.42 (d, J = 16.0 Hz, 1H), 5.33 (s, 2H), 3.83 (s, 3H); *C NMR (100
MHz, CDCls): 6 183.4, 167.4, 145.3, 142.2, 138.6, 134.8, 129.4, 129.0, Bn
128.3, 127.1, 124.4, 124.0, 120.8, 119.4, 1185, 112.1, 51.6, 50.9;
HRESI-MS (m/z): Calculated for C,oH17NO3 (M + Na): 342.1106, found (M + Na): 342.1103.

2. (E)-Methyl 3-(1-benzyl-6-bromo-3-formyl-1H-indol-4-yl)acrylate (3ba): Prepared as

shown in general procedure. Crude reaction mixture was purified on a silica gel column to obtain

the product as yellow solid; Yield: 47 mg, (80%); mp: 125 - 127 °C; Rf
(40 % EtOAc/Hexane) 0.3; IR (KBr, cm™): 3435, 1691; *H NMR (400 ONg¥e

MHz, CDCls): & 9.89 (s, 1H), 9.14 (d, J = 15.9 Hz, 1H), 7.79 (s, 1H), W O
7.66 (s, 1H), 7.49 (d, J = 1.0 Hz, 1H), 7.40-7.37 (m, 3H), 7.18-7.17 (m,
2H), 6.41 (d, J = 15.9 Hz, 1H), 5.33 (5, 2H), 3.85 (s, 3H); *C NMR Br ,:
(100 MHz, CDCl5): 6 183.3, 167.1, 143.8, 142.2, 139.4, 134.2, 131.2, B

n

129.3,128.7, 127.2, 123.9, 123.4, 120.0, 119.6, 117.8, 114.7, 51.8, 51.1,
HRESI-MS (m/z): Calculated for C,oH16NO3Br (M + Na): 420.0211, found (M + Na): 420.0214.

3. (E)-Methyl 3-(1-benzyl-6-chloro-3-formyl-1H-indol-4-

yDacrylate (3ca): Prepared as shown in general procedure. Crude o) (|)
reaction mixture was purified on a silica gel column to obtain the product W © y
as orange solid; Yield: 38 mg, (58%); mp: 122 — 125 °C; Rf (40 %

EtOAc/Hexane) 0.3; IR (KBr, cm™): 3440, 1717; *H NMR (400 MHz, o '\?
CDCl3): 6 9.89 (s, 1H), 9.14 (d, J = 15.9 Hz, 1H), 7.82 (s, 1H), 7.52 (s, Bn

1H), 7.38-.736 (m, 3H), 7.32 (s, 1H), 7.17 (d, J = 6.5Hz, 2H), 6.42 (d, J
=15.9 Hz, 1H), 5.33 (s, 2H), 3.85 (s, 3H); *C NMR (100 MHz, CDCls): & 183.3, 167.2, 143.9,
142.5, 139.1, 134.3, 130.9, 130.2, 129.3, 128.7, 127.2, 123.1, 121.2, 119.9, 119.6, 111.7, 51.8,
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51.1; HRESI-MS (m/z): Calculated for CyH1CINO3 (M + Na): 376.0716, found (M + Na):
376.0717.

4. (E)-Methyl 3-(1-benzyl-3-formyl-2-methyl-1H-indol-4-yl)acrylate (3da): Prepared as

shown in general procedure. Crude reaction mixture was purified on a silica gel column to obtain

the product as dirty white solid; Yield: 52 mg, (75%); mp: 168 - 170 |

°C: Rf (35 % EtOAc/Hexane) 0.3; IR (KBr, cm™): 3418, 1715; *H O

NMR (400 MHz, CDCls): 8 10.30 (s, 1H), 8.99 (d, J = 15.9 Hz, 1H), N A
7.48 (d, J = 7.4 Hz, 1H), 7.31-7.20 (m, 5H), 6.97 (d, J = 6.6 Hz, 2H), A\
6.40 (d, J = 15.9 Hz, 1H), 5.37 (s, 2H), 3.85 (s, 3H), 2.72 (s, 3H); °C N
NMR (100 MHz, CDCls): 5 184.6, 167.4, 149.1, 145.3, 137.5, 135.2, o

129.1, 128.7, 127.9, 125.8, 124.8, 123.2, 121.5, 119.1, 1155, 111.4, 51.7, 46.6, 11.6; HRESI-
MS (m/z): Calculated for C;;H19NO3 (M + Na): 356.1263, found (M + Na): 356.1257.

5. (E)-Bethyl 3-(1-benzyl-3-formyl-2-phenyl-1H-indol-4-yl)acrylate (3ea): Prepared as

shown in general procedure. Crude reaction mixture was purified on a
silica gel column to obtain the product as pale yellow solid; Yield: 53 O 0O
mg, (83%); mp: 68 - 75 °C; Rf (40 % EtOAc/Hexane) 0.3; IR (KBr, N @
cm™): 3448, 1717; *H NMR (400 MHz, CDCls): & 9.66 (s, 1H), 9.54
(d, J=16.0 Hz, 1H), 7.62 (d, J = 6.5 Hz, 1H), 7.52 (q, J = 7.5 Hz, 1H),
7.47 (t, J = 7.5 Hz, 2H), 7.40-7.38 (m, 2H), 7.30-7.25 (m, 5H), 6.95- Bn
6.93 (m, 2H), 6.43 (d, J = 16.0 Hz, 1H), 5.26 (s, 2H), 3.86 (s, 3H); *°C
NMR (100 MHz, CDCls): 4 185.7, 167.7, 154.9, 146.3, 138.0, 136.0, 130.8, 130.2, 129.9, 128.9,
128.6, 128.5, 127.8, 125.8, 124.4, 124.2, 1215, 118.2, 117.2, 112.4, 51.7, 47.8; HRESI-MS
(m/z): Calculated for C6H2:NO3 (M + Na): 418.1419, found (M + Na): 418.1419.

6. (E)-1-Benzyl-4-(3-oxoprop-1-en-1-yl)-1H-indole-3-carbaldehyde

(3ab): Prepared as shown in general procedure. Crude reaction mixture was
purified on a silica gel column to obtain the product as dark yellow crystals;
Yield: 47 mg, (77%); mp: 138 - 139 °C; Rf (30 % EtOAc/Hexane) 0.3; IR N
(KBr, cm™): 3443, 1672; *H NMR (400 MHz, CDCl;): 5 9.88 (d, J = 7.8 Hz, \
1H), 9.85 (s, 1H), 9.46 (d, J = 15.6 Hz, 1H), 7.87 (s, 1H), 7.67 (d, J=7.4 Hz, 1H), 7.42-7.33 (m,

SI 8




Lanke and prabhu/Organic Chemistry/11Sc

5H), 7.20 (d, J = 7.4 Hz, 2H), 6.72 (dd, J = 7.8, 15.6 Hz, 1H), 5.40 (s, 2H); *C NMR (100
MHz, CDCl3): & 194.9, 183.3, 154.1, 143.9, 139.1, 134.6, 129.2, 129.0, 128.6, 127.2, 124.8,
124.4, 121.4, 119.7, 113.0, 51.1; HRESI-MS (m/z): Calculated for CigH;sNO, (M + Na):
312.1000, found (M + Na): 312.1002.

7. (E)-1-Benzyl-6-bromo-4-(3-oxoprop-1-en-1-yl)-1H-indole-3-carbaldehyde (3bb):

Prepared as shown in general procedure. Crude reaction mixture was

purified on a silica gel column to obtain the product as dark yellow O H
crystals; Yield: 47 mg, (80%); mp: 163 - 165 °C; Rf (30 % N @
EtOAc/Hexane) 0.3; IR (KBr, cm™): 3448, 1671; 'H NMR (400
MHz, CDCls): & 9.88 (d, J = 8.3 Hz, 1H), 9.87 (s, 1H), 9.35 (d, J = 5
16.2 Hz, 1H), 7.83 (s, 1H), 7.75 (s, 1H), 7.55 (s, 1H), 7.41-7.36 (m, Bn
3H), 7.20-7.18 (m, 2H), 6.68 (dd, J = 7.8Hz, 1H), 5.36 (s, 2H); *C
NMR (100 MHz, CDCls): 6194.4, 183.1, 152.3, 144.0, 139.8, 134.0, 130.8, 129.9, 129.4, 128.9,
127.2, 124.3, 123.5, 119.7, 118.1, 115.5, 51.2; HRESI-MS (m/z): Calculated for C19H14NO,Br
(M + Na): 390.0106, found (M + Na): 390.0104.

8. (E)-1-Benzyl-6-chloro-4-(3-oxoprop-1-en-1-yl)-1H-indole-3-

carbaldehyde (3cb): Prepared as shown in general procedure. Crude O._H
reaction mixture was purified on a silica gel column to obtain the product N H
as black solid; Yield: 51 mg, (85%); mp: 161 - 163 °C; Rf (30 %

EtOAc/Hexane) 0.3; IR (KBr, cm™): 3448, 1671; '"H NMR (400 MHz, ;

Cl
CDCls): 5 9.87 (d, J = 7.8 Hz, 1H), 9.82 (s, 1H), 9.35 (d, J = 15.7 Hz, 1H), Bn

7.86 (s, 1H), 7.59 (s, 1H), 7.39-7.36 (m, 4H), 7. 19 (d, J = 7.8 Hz, 2H),

6.67 (dd, J = 7.8 Hz, 1H), 5.36 (s, 2H); *C NMR (100 MHz, CDCls): 5194.4, 183.1, 152.4,
144.2, 139.5, 134.1, 130.6, 130.4, 129.9, 129.4, 128.9, 127.2, 123.2, 121.5, 119.7, 112.6, 51.2;
HRESI-MS (m/z): Calculated for C19H14CINO2 (M + Na): 346.0611, found (M + Na):
346.0612.
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9. (E)-1-Benzyl-2-methyl-4-(3-oxoprop-1-en-1-yl)-1H-indole-3- , o. H
carbaldehyde (3db): Prepared as shown in general procedure. Crude o
reaction mixture was purified on a silica gel column to obtain the product
as black solid; Yield: 47.4 mg, (78%); mp: 171 - 173 °C; Rf (30 % A\
EtOAc/Hexane) 0.3; IR (KBr, cm™): 3446, 1648; *H NMR (400 MHz, N

CDCls): & 10.17 (s, 1H), 9.87 (d, J = 8.0 Hz, 1H), 9.41 (d, J = 16 Hz,

Bn

1H), 7.60 (d, J = 7.6Hz, 1H), 7.35-7.26 (m, 5H), 6.99-6.97 (m, 2H), 6.69 (dd, J = 8 Hz, 1H), 5.4
(s, 2H), 2.72 (s, 3H); *C NMR (100 MHz, CDCl5): & 194.8, 183.6, 154.7, 151.4, 138.1, 134.9,
129.2, 128.9, 1285, 128.1, 125.7 124.7, 123.7, 121.8, 115.6, 112.3, 46.8, 11.1; HRESI-MS
(m/z): Calculated for C,0H17NO, (M + Na): 326.1157, found (M + Na): 326.1158.

10.  (E)-1-Benzyl-4-(3-oxoprop-1-en-1-yl)-2-phenyl-1H-indole-3-
carbaldehyde (3eb): Prepared as shown in general procedure. Crude

reaction mixture was purified on a silica gel column to obtain the
product as dark orange crystals; Yield: 53.9 mg, (92%); mp: 169 - 171
°C; Rf (30 % EtOAc/Hexane) 0.3; IR (KBr, cm™): 3447, 1665; 'H
NMR (400 MHz, CDCl3): 6 9.90 (d, J = 7.9 Hz, 1H), 9.65 (d, J = 15.8
Hz, 1H), 9.62 (s, 1H), 7.69 (t, J = 4.3 Hz, 1H), 7.56 (t, J = 6.7 Hz, 5H),
7.50 (t, J = 6.6 Hz, 2H), 7.42-7.40 (m, 2H), 7.33 (d, J = 4.3 Hz, 2H), 7.28-7.25 (m, 3H), 6.95-
6.93 (m, 2H), 6.73 (dd, J = 8.4 Hz, 1H), 5.29 (s, 2H); **C NMR (100 MHz, CDCls): & 195.0,
185.9, 155.9, 154.9, 138.1, 135.7, 130.7, 130.3, 129.2, 129.0, 128.9, 128.7, 128.2, 127.9, 125.8,
124.6, 124.5, 121.9, 117.1, 113.5, 47.9; HRESI-MS (m/z): Calculated for C,sH;9NO; (M + Na):
388.1313, found (M + Na): 388.1312.

11.  (E)-1-Benzyl-5-methoxy-4-(3-oxoprop-1-en-1-yl)-1H-indole-3-carbaldehyde  (3fb):

Prepared as shown in general procedure. Crude reaction mixture was

purified on a silica gel column to obtain the product as dark orange O M

solid; Yield: 415 mg, (69%); mp: 149 - 152 °C; Rf (30 % N @ H
EtOAc/Hexane) 0.3; IR (KBr, cm™): 3440, 1661; *H NMR (400 MHz, <|> §
CDCls): 6 9.87 (d, J = 7.6 Hz, 1H), 9.83 (s, 1H), 9.39 (d, J = 15.9 Hz, N
1H), 7.83 (s, 1H), 7.38-7.36 (m, 3H), 7.31 (d, J = 9.0 Hz, 1H), 7. 24 (dd, Bn
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J =78 Hz, 1H), 7.19-7.17 (m, 2H), 7.01 (d, J = 15.9 Hz, 1H), 5.36 (s, 2H), 3.94 (s, 3H); *C
NMR (100 MHz, CDCly):  197.2, 183.1, 157.0, 151.2, 144.5, 134.6, 133.7, 132.6, 129.2, 128.6,
127.2, 127.1, 119.6, 116.9, 113.5, 109.5, 56.2, 51.2; HRESI-MS (m/z): Calculated for
CaoH17NO3 (M + Na): 342.1106, found (M + Na): 342.1107.

12.  (E)-1-Benzyl-4-(4-bromostyryl)-6-chloro-1H-indole-3-carbaldehyde (3cm): Prepared

as shown in general procedure. Crude reaction mixture was purified

on a silica gel column to obtain the product as yellow solid; Yield:
28.6 mg, (35%); mp: 193 - 195 °C; Rf (40 % EtOAc/Hexane) 0.4;
IR (KBr, cm™): 3448, 1667; *H NMR (400 MHz, CDCls): & 9.87 (s,
1H), 8.80 (d, J = 16.2 Hz, 1H), 7.76 (s, 1H), 7.61-7.50 (m, 5H),
7.38-7.36 (m, 3H), 7.22 (s, 1H), 7.17 (d, J = 6.3 Hz, 2H), 7.04 (d, J
= 16.2 Hz, 1H), 5.31 (s, 2H); *C NMR (100 MHz, CDCls): &
183.4, 143.1, 139.4, 136.5, 134.5, 133.9, 131.8, 130.7, 129.3, 128.9,
128.7, 128.4, 127.2, 122.4, 121.5, 120.0, 119.5, 109.5, 51.1; HRESI-MS (m/z): Calculated for
Ca4H17BrCINO (M + Na): 472.0080, found (M + Na): 472.0078.

13 (E)-Methyl 3-(3-formyl-1-(4-methoxybenzyl)-1H-indol-4-yl)acrylate (4): Prepared as

shown in general procedure. Crude reaction mixture was purified on a _0_0O

silica gel column to obtain the product as Thick liquid; Yield: 44.7 mg, L © !
(68%); Rf (30 % EtOAc/Hexane) 0.4; IR (Neat, cm™): 3615, 2949, 1715,

1699, 1669; 'H NMR (400 MHz, CDCls): & 9.83 (s, 1H), 9.30 (d, J = 16.0 ,\}
Hz, 1H), 7.77 (s, 1H), 7.54 (d, J = 6.8 Hz, 1H), 7.35 (d, J = 8.0 Hz, 1H), PMB

7.25(t, J = 7.6 Hz, 1H), 7.11 (d, J = 8.0 Hz, 2H), 6.84 (d, J = 6.8 Hz, 2H), 6.42 (d, J = 16.0 Hz,
1H), 5.24 (s, 2H), 3.82 (s, 3H), 3.75 (s, 3H); *C NMR (100 MHz, CDCls): & 183.3, 167.4,
159.5, 145.3, 142.2, 138.5, 129.3, 128.7, 126.4, 124.4, 123.8, 120.6, 119.1, 118.2, 114.3, 112.1,
55.1, 51.5, 50.3; HRESI-MS (m/z): Calculated for C,;H1gNO4 (M + Na): 372.1212, found (M +
Na): 372.1210.

14.  (E)-Ethyl 3-(1-benzyl-3-formyl-1H-indol-4-yl)acrylate (3ac): Prepared as shown in
general procedure. Crude reaction mixture was purified on a silica gel column to obtain the
product as yellow crystals; Yield: 51 mg, (72%); mp: 132 - 135 °C; Rf (35 % EtOAc/Hexane)
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0.3; IR (KBr, cm™): 3412, 1702; *H NMR (400 MHz, CDCls): § 9.96 (s,

1H), 9.24 (d, J = 15.9 Hz, 1H), 7.84 (s, 1H), 7.59 (d, J = 7.5 Hz, 1H), ™
7.36-7.27 (m, 5H), 7.17 (dd, J1 = 2.2, 3, = 7.2 Hz, 2H), 6.45 (d, J =159 | °
Hz, 1H), 5.36 (s, 2H), 4.31 (g, J = 7.1 Hz, 2H), 1.39 (t, J = 7.1Hz, 3H); N AH
3C NMR (100 MHz, CDCly): § 183.5, 167.1, 144.9, 141.7, 138.7, N
134.8, 129.8, 129.2, 1285, 127.2, 124.6, 124.1, 121.0, 119.6, 119.3, Nb

n

111.9, 60.4, 51.1, 14.3; HRESI-MS (m/z): Calculated for C1H1sNO3 (M
+ Na): 356.1263, found (M + Na): 356.1262.
15.  (E)-Phenethyl 3-(1-benzyl-3-formyl-1H-indol-4-yl)acrylate (3ad): Prepared as shown

in general procedure. Crude reaction mixture was purified on a silica gel column to obtain the

product as black thick liquid; Yield: 54 mg, (62%); Rf (40 % 0O~
EtOAc/Hexane) 0.2; IR (Neat, cm™): 3414, 1706; *H NMR (400 MHz, 5 Ph
CDCls): 5 9.98 (s, 1H), 9.24 (d, J = 16.0 Hz, 1H), 7.85 (s, 1H), 759 (d, J= | H
7.5 Hz, 1H), 7.36-7.28 (m, 9H), 7.24-7.21 (m, 1H), 7.18 (dd, J; = 2.5, J, = \
7.8 Hz, 2H), 6.44 (d, J = 16.0 Hz, 1H), 5.37 (s, 2H), 4.46 (t, J = 7.1 Hz, NBn

2H), 3.08 (t, J = 7.5 Hz, 2H); **C NMR (100 MHz, CDCl5): & 183.5, 166.9,
145.2, 141.6, 138.7, 138.1, 134.8, 129.8, 129.2, 129.0, 128.5, 128.4, 127.2, 126.4, 124.7, 124.1,
121.0, 119.7, 119.2, 112.0, 65.1, 51.1, 35.3; HRESI-MS (m/z): Calculated for Cy7H,3NOs (M +
Na): 432.1576, found (M + Na): 432.1590.

16.  (E)-Cyclohexyl 3-(1-benzyl-3-formyl-1H-indol-4-yl)acrylate (3ae): Prepared as shown
in general procedure. Crude reaction mixture was purified on a silica gel
column to obtain the product as black viscous liquid; Yield: 49 mg, (60%); O/O ©
Rf (30% EtOAc/Hexane) 0.2; IR (Neat, cm™): 3422, 1700; *"H NMR (400 = 0
MHz, CDCls): § 9.97 (s, 1H), 9.22 (d, J = 15.9 Hz, 1H), 7.84 (s, 1H), 7.59
(d, J=7.0 Hz, 1H), 7.38-7.28 (m, 5H), 7.18-7.16 (m, 2H), 6.45 (d, J = 15.9
Hz, 1H), 5.36 (s, 2H), 4.9 (sept, J = 4.4 Hz, 1H), 1.97 — 1.94 (m, 2H). 1.83-
1.80 (m, 3H), 1.60-1.54 (m, 3H), 1.44-1.41 (m, 2H); **C NMR (100 MHz, CDCls): & 183.5,
166.5, 144.6, 141.6, 138.6, 134.8, 129.9, 129.2, 128.5, 127.2, 124.6, 124.1, 120.9, 120.0, 119.7,
111.9, 72.6, 51.1, 31.7, 25.5, 23.7; HRESI-MS (m/z): Calculated for CxsHsNO3; (M + Na):
410.0732, found (M + Na): 410.1732.

H

N\
N

Bn
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17.  (E)-tert-Butyl 3-(1-benzyl-3-formyl-1H-indol-4-yl)acrylate (3af): Prepared as shown
in general procedure. Crude reaction mixture was purified on a silica gel column to obtain the
product as Thick liquid; Yield: 36 mg, (50%); Rf (30 % EtOAc/Hexane)
0.4; IR (Neat, cm-1): 3463, 2977, 1698, 1670; 'H NMR (400 MHz, >(° o
CDCl3): 6 9.94 (s, 1H), 9.16 (d, J = 16 Hz, 1H), 7.81 (s, 1H), 7.57 (d, J Ny AH
= 3.8 Hz, 1H), 7.34-7.20 (m, 5H), 7.17-7.15 (m, 2H), 6.38 (d, J = 16
Hz, 1H), 5.34 (s, 2H), 1.59 (s, 9H); *C NMR (100 MHz, CDCls): &
183.5, 166.4, 143.9, 141.7, 138.6, 134.8, 129.8, 129.1, 128.4, 127.1,
124.6, 124.0, 121.1, 120.7, 119.6, 111.8, 80.2, 51.0, 28.2; HRESI-MS (m/z): Calculated for
Ca3H23NO3(M + Na): 384.1576, found (M + Na): 384.1578.

N\
N

Bn

18.  (E)-Phenyl 3-(1-benzyl-3-formyl-1H-indol-4-yl)acrylate (3ag):

Prepared as shown in general procedure. Crude reaction mixture was 5% pPn
purified on a silica gel column to obtain the product as dark yellow solid; XN, © H
Yield: 45 mg, (56%); mp: 138 - 140 °C; Rf (30 % EtOAc/Hexane) 0.2; IR N
(Kbr, cm™): 3452, 1723; *H NMR (400 MHz, CDCls): § 9.86 (s, 1H), 9.56 N

Bn

(d, J = 16.0 Hz, 1H), 7.81 (s, 1H), 7.64 (d, J = 7.2 Hz, 1H), 7.39-7.19 (m,
10H), 7.14-7.13 (m, 2H), 6.60 (d, J = 16Hz, 1H), 5.32 (s, 2H),; *C NMR (100 MHz, CDCls): &
183.3, 165.4, 150.9, 147.2, 142.6, 138.7, 134.8, 129.3, 129.2, 129.1, 128.4, 127.1, 125.4, 124.6,
124.1,121.7, 121.0, 119.5, 117.8, 112.5, 50.9; HRESI-MS (m/z): Calculated for C;sH19NO3 (M
+ Na): 404.1263, found (M + Na): 404.1263.

19.  (E)-4-Methoxyphenyl 3-(1-benzyl-3-formyl-1H-indol-4-

yl)acrylate (3ah): Prepared as shown in general procedure. Crude /@/0 ©
reaction mixture was purified on a silica gel column to obtain the | >0

product as black solid; Yield: 62 mg, (71%); mp: 125 - 126 °C; Rf N\
(40 % EtOAc/Hexane) 0.3; IR (KBr, cm™): 3434, 1720; 'H NMR N
(400 MHz, CDCls): § 9.94 (s, 1H), 9.50 (d, J = 16.0 Hz, 1H), 7.81 (s,
1H), 7.67 (d, J = 7.3 Hz, 1H), 7.39-7.30 (m, 5H), 7.18-7.16 (m, 4H), 6.91 (d, J = 8.7 Hz, 2H),
6.61 (d, J = 16.0 Hz, 1H), 5.37 (s, 2H), 3.80 (s, 3H); *C NMR (100 MHz, CDCl;): & 183.4,
165.8, 157.0, 146.9, 144.6, 142.2, 138.8, 134.8, 129.5, 129.2, 128.5, 127.2, 124.7, 124.2, 122.5,

Bn

SI'13
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121.1, 119.7, 118.2, 114.3, 112.4, 55.6, 51.1, ; HRESI-MS (m/z): Calculated for C,6H2:NO,4 (M
+ Na): 434.1368, found (M + Na): 434.1365.

20.  (E)-Naphthalen-2-yl  3-(1-benzyl-3-formyl-1H-indol-4- 0.0
yl)acrylate (3ai): Prepared as shown in general procedure. Crude / O H
reaction mixture was purified on a silica gel column to obtain the
product as black solid; Yield: 60 mg, (65%); mp: 104 - 107 °C; Rf
(30 % EtOAc/Hexane) 0.2; IR (KBr, cm™): 3442, 1664; '"H NMR Bn
(400 MHz, CDCls): § 9.95 (s, 1H), 9.59 (d, J = 15.4 Hz, 1H), 7.88-7.80 (m, 4H), 7.74 (s, 1H),
7.69 (d,J=7.1Hz, 1H), 7.48-7.45 (m, 2H), 7.42-7.36 (m, 5H), 7.16 (d, J = 7.3 Hz, 2H), 6.66 (d,
J = 15.4 Hz, 1H), 5.35 (s, 2H); *C NMR (100 MHz, CDCls): § 183.4, 165.6, 148.7, 147.3,
142.3, 138.8, 134.7, 133.8 ,131.4, 129.5, 129.2, 128.5, 127.7, 127.2, 126.3, 125.4, 124.8, 124.2,
121.5,121.2,119.7, 118.6, 118.1, 112.5, 51.1 ; HRESI-MS (m/z): Calculated for Co9H2;NO3; (M
+ Na): 454.1419, found (M + Na): 454.14109.

\
N

21.  (E)-1-Benzyl-4-(3-oxobut-1-en-1-yl)-1H-indole-3-carbaldehyde (3aj): Prepared as

shown in general procedure. Crude reaction mixture was purified on a silica

gel column to obtain the product as pale yellow solid; Yield: 21 mg, (32%); ©
mp: 119 - 122 °C; Rf (30 % EtOAc/Hexane) 0.2; IR (KBr, cm™): 3441, N 2 H
1675; 'H NMR (400 MHz, CDCl3): 6 9.86 (s, 1H), 9.45 (d, J = 16.7 Hz, N\
1H), 7.85 (s, 1H), 7.65 (d, J = 7.2 Hz, 1H), 7.39-7.33 (m, 5H), 7.20-7.18 NB

n

(m, 2H), 6.65 (d, J = 16.7, Hz, 1H), 5.39 (s, 2H), 2.59 (s, 3H); *C NMR
(100 MHz, CDCls): 6 200.6, 183.4, 145.7, 143.8, 138.9, 134.6, 129.9, 129.2, 128.8, 128.6, 127.2,
124.8,124.5,120.8, 119.7, 112.3, 51.1, 26.1; HRESI-MS (m/z): Calculated for CoH17NO, (M +
Na): 326.1157, found (M + Na): 326.1158.

22.  (E)-3-(1-Benzyl-3-formyl-1H-indol-4-yl)acrylonitrile (3ak):

Prepared as shown in general procedure. Crude reaction mixture was If

purified on a silica gel column to obtain the product as yellow solid; Yield: N @ H
20 mg, (32%); mp: 124 - 128 °C; Rf (30 % EtOAc/Hexane) 0.3; IR (KBr, N
cm™): 3450, 1654; *H NMR (400 MHz, CDCls): & 9.84 (s, 1H), 9.24 (d, J N

= 16.9 Hz, 1H), 7.85 (s, 1H), 7.52 (d, J = 7.5 Hz, 1H), 7.42-7.30 (m, 5H), B

Sl14
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7.19-7.17 (m, 2H), 5.86 (d, J = 16.9 Hz, 1H), 5.40 (s, 2H); *C NMR (100 MHz, CDCly): &
183.1, 151.4, 150.0, 143.4, 138.9, 134.6, 129.2, 128.9, 128.6, 127.2, 124.4, 124.1, 120.1, 119.5,
118.6, 112.9, 96.1, 51.2; HRESI-MS (m/z): Calculated for C19H14N,O (M + Na): 309.1004,
found (M + Na): 309.1003.

23.  (E)-Dimethyl (2-(1-benzyl-3-formyl-1H-indol-4-yl)vinyl)phosphonate (3al): Prepared
as shown in general procedure. Crude reaction mixture was purified on a silica gel column to
obtain the product as black solid; Yield: 47 mg, (47%); mp: 127 - 129 °C; Rf (EtOAc) 0.6; IR

(KBr, cm™): 3448, 1656, '"H NMR (400 MHz, CDCls): & 9.89 (brs, 1H), 9/ )

9.05 (dd, J; = 17.9 Hz, J, = 4.6 Hz, 1H), 7.85 (s, 1H), 7.57 (d, J=7.5Hz, | ©7P~O

1H), 7.36-7.27 (m, 5H), 7.18-7.16 (m, 2H), 6.26 (dd, J; = 17.9, J, = 1.1 N Oy
Hz, 1H), 5.38 (s, 2H), 3.88 (s, 3H), 3.85 (s, 3H); *C NMR (100 MHz, \
CDCls): & 183.0, 149.2, 149.1, 142.7, 138.7, 134.7, 130.3, 130.0, 129.1, NBn

128.5, 127.1, 124.2, 124.1, 120.6, 114.1, 112.1, 52.8, 52.7, 51.1; HRESI-
MS (m/z): Calculated for CxoH2oNO4P (M + H): 370.1208, found (M + H): 370.1207.

24.  (E)-1-Benzyl-4-(4-bromostyryl)-1H-indole-3-carbaldehyde (3am):
Prepared as shown in general procedure. Crude reaction mixture was purified
on a silica gel column to obtain the product as yellow powder; Yield: 35 mg,
(40%); mp: 138 - 141 °C; Rf (30% EtOAc/Hexane) 0.3; IR (KBr, cm™): 3447,
1654; 'H NMR (400 MHz, CDCls): § 9.91 (s, 1H), 8.86 (d, J = 16.4 Hz, 1H),
7.78 (s, 1H), 7.66 (d, J = 7.3 Hz, 1H), 7.57 (d, J = 8.6 Hz, 2H), 7.49 (d, J =
8.6 Hz, 1H), 7.35-7.28 (m, 4H), 7.24-7.22 (m, 1H), 7.18-7.16 (m, 2H), 7.04 (d, J = 16.4 Hz,
1H), 5.34 (s, 3H); **C NMR (100 MHz, CDCls): § 183.6, 142.7, 138.9, 137.0, 135.0, 132.6,
131.7, 130.1, 129.2, 128.5, 128.3, 128.1, 127.2, 124.4, 123.9, 121.0, 120.0, 119.2, 109.8, 51.0;
HRESI-MS (m/z): Calculated for C4H1sBrNO (M + Na): 438.0469, found (M + Na): 438.0469.

25. (E)-Methyl  3-(1-benzoyl-3-formyl-1H-indol-4-yl)acrylate (6):
Prepared as shown in general procedure. Crude reaction mixture was
purified on a silica gel column to obtain the product as yellow liquid; Yield:
37 mg, (52%); Rf (30% EtOAc/Hexane) 0.3; IR (Neat, cm™): 1701; ‘H
NMR (400 MHz, CDCls3): 6 10.00 (s, 1H), 9.05 (d, J = 15.8 Hz, 1H), 8.40

SI'15




Lanke and prabhu/Organic Chemistry/11Sc

(d, J =8.3 Hz, 1H), 8.06 (s, 1H), 7.78 (d, J = 7.81 Hz, 2H), 7.70-7.67 (m, 2H), 7.60 (t,J=7.48
Hz, 2H), 7.47 (t, J = 7.81 Hz, 1H), 6.45 (d, J = 15.62 Hz, 1H), 3.85 (s, 3H); *C NMR (100
MHz, CDCl3): 6 184.4, 168.2, 167.2, 144.4, 138.0, 133.3, 129.6, 129.5, 129.1, 126.5, 125.2,
123.4, 123.3, 119.6, 117.5, 51.8.; HRESI-MS (m/z): Calculated for CyHi;sNO4 (M + Na):
356.0899, found (M + Na): 356.0898.

26. Methyl  3-(1-benzyl-3-formyl-1H-indol-4-yl)propanoate  (11):

Prepared as shown in general procedure. Crude reaction mixture was ~Op°
purified on a silica gel column to obtain the product as yellow crystals; © H
Yield: 29.5 mg, (98%); mp: 62 - 65 °C; Rf (30% EtOAc/Hexane) 0.5; IR A\
(KBr, cm™): 3448, 1645, 'H NMR (400 MHz, CDCls): § 9.94 (s, 1H), 7.78 NBn

(s, 1H), 7.37-7.25 (m, 3H), 7.21-7.12 (m, 5H), 5.33 (s, 2H), 3.66 (s, 1H),
3.60 (t, J = 7.6 Hz, 2H), 2.71 (t, J = 7.6 Hz, 2H); *C NMR (100 MHz, CDCls): § 183.7, 173.6,
140.6, 138.5, 135.7, 135.0, 129.1, 128.4, 127.2, 124.1, 124.0, 123.9, 119.5, 108.8, 51.5, 50.9,
36.1, 31.0; HRESI-MS (m/z): Calculated for CooH19gNO3 (M + Na): 344.1263, found (M + Na):
344.1261.

27. Methyl 2-(1-benzyl-4-nitro-1,3,4,5-tetrahydrobenzo[cd]indol-5-

yl)acetate (10): Prepared as shown in general procedure. Crude reaction | -O~_© NO,

mixture was purified on a silica gel column to obtain the product as Thick
liquid; Yield: 48 mg (1:1 mixture of diastereomers), (90%); Rf (25% N\
EtOAc/Hexane) 0.6; IR (Neat, cm™): 3448, 2931, 2057, 1645, 1380, 1054; N
'H NMR (400 MHz, CDCls): & 7.32-7.26 (m, 6H), 7.14-7.10 (m, 8H),
6.95-6.87 (m, 4H), 5.29 (s, 2H), 5.25 (s, 2H), 5.17 (d, J = 4.6 Hz, 1H), 5.12-5.08 (m, 1H), 4.38-
4.31 (m, 2H), 3.74-3.72 (m, 1H), 3.72 (s, 3H), 3.68 (s, 3H), 3.55-3.39 (m, 3H), 2.77 (d, J = 6.4
Hz, 2H), 2.69 (d, J = 5.2 Hz, 2H); **C NMR (100 MHz, CDCls): § 171.7, 117.5, 137.4, 137.3,
134.5, 129.7, 128.8, 128.8, 127.8, 127.7, 126.9, 125.4, 125.3, 123.2, 123.1, 123.0, 122.8, 116.1,
115.4, 108.7, 108.4, 106.8, 106.6, 85.4, 84.9, 52.0, 51.8, 50.4, 5.3, 38.1, 37.8, 36.9, 35.4, 29.7,
25.5; HRESI-MS (m/z): Calculated for C1H2oN204 (M + Na): 387.1321, found (M + Na):
387.1325.
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