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1. General Methods

NMR data were obtained for 'H at 400 MHz or 600 MHz, and for C at 100 MHz or 151 MHz.
Chemical shifts were reported in ppm from tetramethylsilane with the solvent resonance as the
internal standard in CDCIl; solution. ESI HRMS was recorded on a Waters SYNAPT G2 and Water
XEVO G2 Q-ToF. UV detection was monitored at 220 nm. TLC was performed on glass-backed
silica plates. Column chromatography was performed on silica gel (200-300 mesh), eluting with
ethyl acetate and petroleum ether. All 7-azaindoles and electron-rich alkenes were commercially

available. N-substituted 7-azaindoles were prepared according to the literature procedures.[l]

2. General Procedure for Synthesis of 7-Azaindole Derivatives and
Characterization Data

1-phenyl-1H-pyrrolo[2,3-b]pyridine 1a (0.1 mmol, 19.4 mg), vinyl acetate 2a (0.5 mL) and
Cp*Rh(CH;CN);(SbFg), (2.5 mg, 3.0 mol %) were stirred in dioxane (1.0 mL) in seal tube at 130
°C for 30 h. After completion, the reaction mixture was purified by flash chromatography eluting
with ethyl acetate and petroleum ether (1:50) to give the product 3aa as colorless oil (8.3 mg,
38%), ethyl acetate and petroleum ether (1:10) to give the product 4aa as colorless oil (16.6 mg,
60%).

1-(2-vinylphenyl)-1H-pyrrolo[2,3-b]pyridine (3aa). 30 h, 48% yield; '"H NMR (600

m MHz, CDCl;): & 8.39 — 8.31 (m, 1H), 7.99 (dd, J = 7.8, 1.0 Hz, 1H), 7.76 (d, J = 6.9

NN Hz, 1H), 7.48 — 7.40 (m, 3H), 7.30 (d, J = 3.5 Hz, 1H), 7.12 (dd, J = 7.8, 4.7 Hz, 1H),

6.63 (d, J = 3.5 Hz, 1H), 6.33 (dd, J = 17.5, 11.0 Hz, 1H), 5.72 (d, J = 17.5 Hz, 1H),

5.18 (d, J = 11.1 Hz, 1H) ppm; °C NMR (100 MHz, CDCl;): & 148.5, 143.8, 135.8,

135.1, 132.2, 129.9, 128.9, 128.6, 128.5, 128.4, 126.3, 120.5, 116.4, 116.3, 100.8 ppm. ESI HRMS:
caled. for CsH,N,+H 221.1079, found 221.1086.

N\ OAc (E)-2-(1H-pyrrolo[2,3-b]pyridin-1-yl)styryl acetate (4aa); (Z)-2-(1H-pyrrolo[2,3-b]
| N pyridin-1-yl)styryl acetate (4aa’); (4aa:4aa’ = 5:4). 30 h, 60% yield; "H NMR (600
MHz, CDCl;): 6 8.33 (t, J = 3.8 Hz, 2H), 8.03 — 7.96 (m, 3H), 7.77 (d, J = 12.7 Hz,
1H), 7.66 (d, J=6.2 Hz, 1H), 7.46 (dd, J=11.0, 7.5 Hz, 2H), 7.41 (dd, J = 15.7, 6.0
Hz, 4H), 7.28 (t, J = 3.1 Hz, 2H), 7.13 (dt, J = 11.0, 6.9 Hz, 3H), 6.63 (dd, J = 20.7, 3.4 Hz, 2H), 6.01
(d, J=12.7 Hz, 1H), 5.35 (d, J = 7.4 Hz, 1H), 2.09 (s, 3H), 2.08 (s, 3H) ppm. ESI HRMS: calcd. for
Cy7H4N,O,+H 279.1134, found 279.1124.

Gl 4-chloro-1-(2-vinylphenyl)-1H-pyrrolo[2,3-b]pyridine (3ba). 30 h, 25% yield; '"H NMR

B (600 MHz, CDCly): & 8.21 (d, J = 5.1 Hz, 1H), 7.77 — 7.73 (m, 1H), 7.46 (dd, J = 10.8,

NN Y 43wy, 1H), 7.43 (td, J=17.5, 1.4 Hz, 1H), 7.38 (dd, J = 7.7, 1.1 Hz, 1H), 7.33 (d, J =

3.5 Hz, 1H), 7.15 (d, J = 5.1 Hz, 1H), 6.74 (d, J = 3.5 Hz, 1H), 6.27 (dd, J = 17.5, 11.0

Hz, 1H), 5.72 (d, J=17.5 Hz, 1H), 5.19 (d, J = 11.1 Hz, 1H) ppm; °*C NMR (100 MHz,

CDCly): & 149.0, 144.2, 136.2, 135.4, 135.2, 131.9, 130.4, 128.8, 128.6, 128.4, 126.4, 119.8, 116.7,
116.5, 99.4 ppm. ESI HRMS: calcd. for C;sH;CIN,+H 255.0689, found 255.0693.

(E)-2-(4-chloro-1H-pyrrolo[2,3-b]pyridin-1-yl)styryl acetate (4ba); (Z)-2-(4-chloro
-1H-pyrrolo[2,3-b]pyridin-1-yl)styryl acetate (4ba’); (4ba:4ba’ = 9:1). 30 h, 68% yield; '"H NMR
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cl (400 MHz, CDCl3): 6 8.21 (d, J = 5.1 Hz, 1H), 8.01 (d, J = 7.7 Hz, 1H), 7.48 (dd, J

| NN, [OAc =78,4.0Hz 1H), 7.44 (s, 2H), 7.33 (d, J = 3.2 Hz, 1H), 7.19 — 7.13 (m, 2H), 6.73

NN (d, J = 3.2 Hz, 1H), 5.30 (d, J = 7.4 Hz, 1H), 2.22 (s, 1H), 2.12 (s, 3H) ppm. ESI
HRMS: calcd. for C;7H,3CIN,O,+Na 335.0563, found 335.0558, 337.0560.

Bre_ 5-bromo-1-(2-vinylphenyl)-1H-pyrrolo[2,3-b]pyridine (3ca). 24 h, 14% yield; 'H

m NMR (400 MHz, CDCls): & 8.34 (d, J = 1.5 Hz, 1H), 8.11 (d, J = 1.7 Hz, 1H), 7.75

) (d, J=7.3 Hz, 1H), 7.44 (dt, J = 14.5, 7.2 Hz, 2H), 7.37 (d, J = 6.9 Hz, 1H), 7.30 (d,

J=3.4Hz 1H), 6.58 (d, J = 3.4 Hz, 1H), 6.26 (dd, J = 17.5, 11.0 Hz, 1H), 5.72 (d,

J=17.5Hz, 1H), 5.19 (d, J = 11.0 Hz, 1H) ppm; *C NMR (100 MHz, CDCl;): &

1443, 135.3, 135.1, 131.9, 131.3, 131.0, 128.7, 128.6, 128.3, 126.4, 122.1, 116.6, 112.3, 100.4 ppm.
ESI HRMS: calcd. for CsH,;BrN,+H 299.0184, found 299.0174, 301.0181.

Bre_ (E)-2-(5-bromo-1H-pyrrolo[2,3-b]pyridin-1-yl)styryl acetate (4ca); (Z)-2-(5-bro

m OAe mo-1H-pyrrolo[2,3-b]pyridin-1-yl)styryl acetate (4ca’); (4ca:4ca’ = 1:2). 24 h,

NN 70% yield; 'H NMR (400 MHz, CDCLy): § 8.34 (s, 1H), 8.10 (d, J = 6.5 Hz, 1H),

8.00 (d, J =17.7 Hz, 1H), 7.77 (d, J = 12.8 Hz, 1H), 7.66 (d, J = 7.2 Hz, 1H),

7.51 —7.44 (m, 1H), 7.42 (d, J = 4.0 Hz, 3H), 7.38 (dd, J = 13.5, 7.0 Hz, 1H),

7.29 (s, 2H), 7.16 (d, J = 7.4 Hz, 1H), 6.60 (d, J = 3.3 Hz, 1H), 6.56 (d, J = 3.3 Hz, 1H), 594 (d, J =

12.7 Hz, 1H), 5.29 (d, J = 7.3 Hz, 1H), 2.12 (s, 3H), 2.09 (s, 2H) ppm. ESI HRMS: calcd. for
Cy7H3BrN,0,+Na 379.0058, found 379.0066, 381.0049.

Br (1E,1'E)-(2-(5-bromo-1H-pyrrolo[2,3-b]pyridin-1-yl)-1,3-phenylene)bis(ethene-
m Ohe 2,1-diyl) diacetate (5); (1Z,1'Z)-(2-(5-bromo-1H-pyrrolo[2,3-b]pyridine-1-yl)-1,
NN 3-phenylene)bis(ethene-2,1-diyl) diacetate (5°); (5:5° = 2:1). 24 h, 8% yield; 'H
AcOw/ NMR (400 MHz, CDCl3): 8 8.33 (s, 2H), 7.99 (t, J = 7.6 Hz, 2H), 7.77 (d, J =
12.8 Hz, 1H), 7.66 (d, J = 5.0 Hz, 1H), 7.49 — 7.37 (m, 6H), 7.28 (s, 2H), 7.13
(dd, J=10.7, 6.9 Hz, 3H), 6.65 (d, J=3.2 Hz, 1H), 6.61 (d, J =3.2 Hz, 1H), 6.01 (d, J = 12.8 Hz, 1H),
5.35 (d, J = 7.3 Hz, 1H), 2.09 (s, 2H), 2.08 (s, 4H) ppm. ESI HRMS: calcd. for C,;H;7;BrN,O,+Na
463.0269, found 463.0279, 465.0264.

(E)-methyl3-(1-(2-vinylphenyl)-1H-pyrrolo[2,3-b]pyridin-5-yl)acrylate

MeOZCV/m (3da). 12 h, 20% yield; 'H NMR (400 MHz, CDCL): 5 8.49 (s, 1H), 8.17

NN (s, 1H), 7.84 (d, J=16.0 Hz, 1H), 7.76 (d, J = 7.3 Hz, 1H), 7.49 — 7.37 (m,

3H), 7.33 (d, J = 3.2 Hz, 1H), 6.67 (d, J = 3.2 Hz, 1H), 6.50 (d, J = 16.0

Hz, 1H), 6.29 (dd, J=17.5, 11.0 Hz, 1H), 5.73 (d, J = 17.4 Hz, 1H), 5.20

(d, J = 11.0 Hz, 1H), 3.83 (s, 3H) ppm; *C NMR (100 MHz, CDCl;): § 167.4, 149.2, 144.8, 143.1,

135.3, 135.0, 131.9, 131.3, 128.7, 128.6, 128.3, 127.7, 126.4, 123.3, 120.6, 116.6, 116.3, 101.5, 51.6
ppm. ESI HRMS: caled. for C;oH;sN,O,+H 305.1290, found 305.1281.

Meozcm OAc  (2E)-methyl3-(1-(2-(2-acetoxyvinyl)phenyl)-1H-pyrrolo[2,3-b]pyridin-5

NN -yDacrylate  (4da); (2Z)-methyl3-(1-(2-(2-acetoxyvinyl)phenyl)-1H
-pyrrolo[2,3-b]pyridin-5-yl)acrylate (4da’); (4da:4da’ = 1.1:1). 12 h, 75%

yield; "H NMR (600 MHz, CDCl;): & 8.49 (s, 2H), 8.17 (dd, J = 9.4,

S3



1.3 Hz, 2H), 8.01 (d, J = 7.8 Hz, 1H), 7.86 (d, J = 4.0 Hz, 1H), 7.83 (d, J = 4.0 Hz, 1H), 7.78 (d, J =
12.7 Hz, 1H), 7.67 (d, J=7.4 Hz, 1H), 7.48 (dd, J=11.2, 4.9 Hz, 1H), 7.43 (dd, J = 16.7, 9.1 Hz, 4H),
7.39 (t, J = 7.6 Hz, 1H), 7.32 (t, J = 3.4 Hz, 2H), 7.16 (d, J = 7.4 Hz, 1H), 6.69 (d, J = 3.5 Hz, 1H),
6.66 (d, J=3.5 Hz, 1H), 6.51 (d, J = 3.3 Hz, 1H), 6.49 (d, J = 3.3 Hz, 1H), 5.97 (d, J=12.8 Hz, 1H),
532 (d, J = 7.4 Hz, 1H), 3.82 (s, 6H), 2.11 (s, 3H), 2.09 (s, 3H) ppm. ESI HRMS: calcd. for
CHgsN,O,+ H 363.1345, found 363.1354.

Meozcm Methyl3-(1-(2-vinylphenyl)-1H-pyrrolo[2,3-b]pyridin-5-yl)propanoate
PN\ (3ea). 12 h, 20% yield; "H NMR (600 MHzCDCly): 5 8.19 (d, J = 1.0 Hz,

1H), 7.82 (s, 1H), 7.74 (d, J = 7.1 Hz, 1H), 7.42 (ddd, J = 21.7, 11.9, 4.4

Hz, 3H), 7.28 — 7.25 (m, 1H), 6.57 (d, J = 3.4 Hz, 1H), 6.32 (dd, J = 17.5,
11.0 Hz, 1H), 5.72 (d, J = 17.5 Hz, 1H), 5.18 (d, J = 11.1 Hz, 1H), 3.68 (s, 3H), 3.07 (t, J = 7.7 Hz,
2H), 2.69 (t, J = 7.7 Hz, 2H) ppm; °C NMR (100 MHz, CDCLy):  173.1, 147.6, 144.2, 135.8, 135.0,
132.2,130.2, 128.5, 128.4, 128.3, 128.3, 126.3, 120.4, 116.2, 100.4, 51.6, 36.2, 28.2 ppm. ESI HRMS:
calcd. for C;oHgN,O,+H 307.1447, found 307.1440.

Meozcvm oAc  (E)-methyl3-(1-(2-(2-acetoxyvinyl)phenyl)-1H-pyrrolo[2,3-b]pyridin-
“>N  \ 5-yl)propanoate (4ea); (Z)-methyl3-(1-(2-(2-acetoxyvinyl)phenyl)-1H

-pyrrolo[2,3-b]pyridin-5-yl)propanoate (4ea’); (4ea:d4ea’ = 2:1). 12 h,

32% yield; "H NMR (400 MHz, CDCl;): 8 8.19 (s, 2H), 8.02 — 7.98 (m,
1H), 7.85 - 7.80 (m, 2H), 7.78 (d, J = 12.8 Hz, 1H), 7.67 — 7.63 (m, 1H), 7.43 (ddd, J = 15.5, 10.4, 6.7
Hz, 6H), 7.26 (d, J = 3.2 Hz, 2H), 7.15 (d, J = 7.4 Hz, 1H), 6.59 (d, J = 3.5 Hz, 1H), 6.55 (d, J = 3.5
Hz, 1H), 6.01 (d, J = 12.8 Hz, 1H), 5.35 (d, J = 7.4 Hz, 1H), 3.68 (s, 6H), 3.07 (td, J = 7.7, 2.5 Hz,
4H), 2.69 (td, J = 7.7, 3.1 Hz, 4H), 2.10 (s, 3H), 2.09 (s, 3H) ppm. ESI HRMS: calcd. for
CyHyoN,O4+H 365.1501, found 365.1501.

N

m 1-(4-chloro-2-vinylphenyl)-1H-pyrrolo[2,3-b]pyridine (3fa). 24 h, 40% yield; '"H NMR
N“ N\ (400 MHz, CDCL): & 8.32 (d, J = 4.4 Hz, 1H), 7.99 (d, J = 7.7 Hz, 1H), 7.71 (s, 1H),
737 (q, J = 8.7 Hz, 2H), 7.25 (d, J = 3.8 Hz, 1H), 7.13 (dd, J = 7.7, 4.7 Hz, 1H), 6.64 (d,
J=3.4Hz, 1H), 6.26 (dd, J=17.5, 11.0 Hz, 1H), 5.73 (d, J = 17.5 Hz, 1H), 5.24 (d, J =
11.0 Hz, 1H) ppm; °C NMR (100 MHz, CDCly): & 142.9, 135.7, 133.3, 130.2, 128.7,
128.5, 128.0, 127.5, 125.3, 119.5, 116.5, 115.6, 100.2 ppm. ESI HRMS: calcd. for C;sH;;CIN,+H
255.0689, found 255.0683, 257.0665.

Cl

m OAc  (E)-5-chloro-2-(1H-pyrrolo[2,3-b]pyridin-1-yl)styryl acetate (4fa); (Z)-5-chloro-2-

NN\ (1H-pyrrolo[2,3-b]pyridin-1-yl)styryl acetate (4fa’); (4fa:4fa’ = 1.5:1). 24 h, 50%

yield; 'TH NMR (400 MHz, CDCls): & 8.32 (s, 2H), 7.98 (t, J = 7.5 Hz, 3H), 7.78 (d, J

= 12.8 Hz, 1H), 7.63 (s, 1H), 7.38 (d, J = 7.4 Hz, 2H), 7.33 (d, J = 8.5 Hz, 2H), 7.25

(s, 2H), 7.18 (d, J = 7.4 Hz, 1H), 7.16 — 7.09 (m, 2H), 6.65 (d, J = 3.3 Hz, 1H), 6.62

(d, J=3.3 Hz, 1H), 5.94 (d, J = 12.8 Hz, 1H), 5.28 (d, J = 7.4 Hz, 1H), 2.14 (s, 2H), 2.09 (s, 3H) ppm.
ESI HRMS: calcd. for C;7H;3CIN,O,+Na 335.0563, found 335.0558, 337.0592.

0

A\
N~ N \> 1-(5-chloro-2-vinylphenyl)-1H-pyrrolo[2,3-b]pyridine (3ga). 30 h, 43% yield; '"H NMR

Cl

(400 MHz, CDCly): § 8.34 (d, J = 4.2 Hz, 1H), 7.98 (d, J = 7.7 Hz, 1H), 7.67 (d, J = 8.3

(¢]]
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Hz, 1H), 7.41 (d, J = 11.8 Hz, 2H), 7.25 (d, J = 1.6 Hz, 1H), 7.13 (dd, J=7.5, 4.8 Hz, 1H), 6.64 (d, J =
3.2 Hz, 1H), 6.27 (dd, J=17.5, 11.1 Hz, 1H), 5.70 (d, J = 17.5 Hz, 1H), 5.20 (d, J = 11.0 Hz, 1H) ppm;
C NMR (100 MHz, CDCly): & 148.4, 144.0, 136.7, 133.7, 133.7, 131.4, 129.5, 129.1, 128.7, 128.6,
127.4, 120.5, 116.7, 116.7, 101.4 ppm. ESI HRMS: calcd. for C;sH;;CIN,+H 255.0689, found
255.0684, 257.0638.

m oac (E)-4-chloro-2-(1H-pyrrolo[2,3-b]pyridin-1-yl)styryl acetate (4ga); (Z)-4-chloro-
NZ N\ 2-(1H-pyrrolo[2,3-b]pyridin-1-yl)styryl acetate (4ga’); (4ga:4ga’ = 2:1). 30 h, 50%
yield; '"H NMR (400 MHz, CDCLy): & 8.33 (d, J = 3.0 Hz, 2H), 7.98 (t, J = 7.5 Hz,
2H), 7.93 (d, J = 8.6 Hz, 1H), 7.75 (d, J = 12.8 Hz, 1H), 7.57 (d, J = 8.4 Hz, 1H),
747 (s, 1H), 7.40 (dd, J = 13.9, 9.1 Hz, 3H), 7.24 (d, J = 3.9 Hz, 2H), 7.14 (dt, J =
12.2,4.0 Hz, 3H), 6.65 (d, J = 3.4 Hz, 1H), 6.61 (d, J = 3.4 Hz, 1H), 5.95 (d, J = 12.8 Hz, 1H), 5.30 (d,
J=17.4 Hz, 1H), 2.09 (s, 2H), 2.07 (s, 3H) ppm. ESI HRMS: calcd. for C;;H;3CIN,O,+ Na 335.0563,
found 335.0557.

Cl

m 1-(4-methoxy-2-vinylphenyl)- 1H-pyrrolo[2,3-b]pyridine (3ha). 24 h, 25% yield; 'H

NN} NMR (600 MHz, CDCl3): § 8.32 (d, J = 4.0 Hz, 1H), 7.97 (d, J = 7.8 Hz, 1H), 7.31 (d,

J=8.6 Hz, 1H), 7.25 (d, J = 3.7 Hz, 1H), 7.23 (d, J = 2.7 Hz, 1H), 7.10 (dd, J = 7.8,

4.7 Hz, 1H), 6.96 (dd, J = 8.6, 2.8 Hz, 1H), 6.60 (d, J = 3.4 Hz, 1H), 6.23 (dd, J=17.5,

11.0 Hz, 1H), 5.69 (d, J = 17.5 Hz, 1H), 5.16 (d, J = 11.0 Hz, 1H), 3.89 (s, 3H) ppm;

C NMR (100 MHz, CDCly): & 159.5, 148.8, 143.8, 136.4, 132.1, 130.1, 129.6, 129.0, 128.9, 120.4,

116.4, 116.2, 114.3, 110.9, 100.5, 55.6 ppm. ESI HRMS: caled. for C;sH;4N,O+H 251.1184, found
251.1174.

OMe

m oAc (E)-5-methoxy-2-(1H-pyrrolo[2,3-b]pyridin-1-yl)styryl acetate (4ha);
NT N\ (Z)-5-methoxy-2-(1H-pyrrolo[2,3-b]pyridin-1-yl)styryl acetate (4ha’); (4ha:4ha’ =
1.2:1). 24 h, 66% yield; "H NMR (600 MHz, CDCl): & 8.34 — 8.31 (m, 2H), 8.00 —
7.96 (m, 2H), 7.75 (d, J=12.7 Hz, 1H), 7.58 (d, J = 2.9 Hz, 1H), 7.35 (d, J = 8.6 Hz,
1H), 7.29 (d, J = 8.6 Hz, 1H), 7.25 — 7.24 (m, 2H), 7.13 (dd, J = 7.5, 4.9 Hz, 2H),
7.12 -7.09 (m, 2H), 6.97 (d, J=2.9 Hz, 1H), 6.94 (d, J=2.9 Hz, 1H), 6.93 (d, J=2.8 Hz, 1H), 6.62 (d,
J=3.5Hz, 1H), 6.59 (d, J = 3.5 Hz, 1H), 5.92 (d, J = 12.8 Hz, 1H), 5.25 (d, J = 7.4 Hz, 1H), 3.89 (s,
2H), 3.88 (s, 3H), 2.13 (s, 2H), 2.07 (s, 3H) ppm. ESI HRMS: calcd. for CigH(N,Os+H 309.1239,
found 309.1229.

OMe

npr (E)-2-(1H-pyrrolo[2,3-b]pyridin-1-yl)styrylbutyrate (4ab). 36 h, 24% vyield; 'H

N\ O/&o NMR (600 MHz, CDCl5): § 8.34 (d, J = 3.8 Hz, 1H), 8.00 (d, J = 7.0 Hz, 1H),
NZ N \ 7.80 (d, J=12.7 Hz, 1H), 7.66 (d, J = 6.8 Hz, 1H), 7.41 (dt, J = 12.0, 4.3 Hz, 3H),
7.29 (d, J=3.4 Hz, 1H), 7.13 (dd, J =7.8, 4.7 Hz, 1H), 6.65 (d, J = 3.4 Hz, 1H),

6.00 (d, J=12.8 Hz, 1H), 2.31 (t, J=7.4 Hz, 2H), 1.64 (dd, J = 14.8, 7.4 Hz, 2H),

0.93 (t, J = 7.4 Hz, 3H) ppm; °C NMR (100 MHz, CDCl;): § 170.4, 148.4, 143.9, 137.6, 135.9, 132.1,
129.7, 129.0, 128.8, 128.6, 128.2, 126.4, 120.5, 116.4, 110.6, 101.1, 35.7, 18.0, 13.5 ppm. ESI HRMS:

calcd. for C;oHgN,O,+H 307.1447, found 307.1440.
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Q nPr (2)-2-(1H-pyrrolo[2,3-b]pyridin-1-yl)styryl butyrate (4ab’). 36 h, 16% yield; 'H
mo NMR (400 MHz, CDCl;): 6 8.33 (d, J = 4.4 Hz, 1H), 8.03 (d, J="7.4 Hz, 1H), 7.98
NN (d, J=7.7 Hz, 1H), 7.44 (dt, J = 8.6, 4.9 Hz, 3H), 7.29 (d, J = 3.3 Hz, 1H), 7.18 (d,
J=7.4Hz, 1H), 7.12 (dd, J = 7.6, 4.8 Hz, 1H), 6.62 (d, J = 3.3 Hz, 1H), 5.33 (d, J

=7.4 Hz, 1H), 2.35 (t, J = 7.4 Hz, 2H), 1.69 (dd, J = 14.8, 7.4 Hz, 2H), 0.98 (t, J =

7.4 Hz, 3H) ppm; “C NMR (100 MHz, CDCls): & 170.0, 148.3, 143.8, 136.1, 135.1, 131.3, 130.5,
129.8, 129.0, 128.4, 128.1, 128.0, 120.6, 116.4, 106.7, 100.9, 35.8, 18.0, 13.6 ppm. ESI HRMS: calcd.

for C19H18N202+H 3071447, found 307.1437.

vy (E)-2-(1H-pyrrolo[2,3-b]pyridin-1-yl)styryl pivalate (4ac). 48 h, 31% yield; 'H
TN OT<O NMR (400 MHz, CDCl;): § 8.34 (d, J = 4.5 Hz, 1H), 8.00 (d, J = 7.7 Hz, 1H),
NN ) 7.78 (d, J = 12.8 Hz, 1H), 7.67 (d, J = 6.2 Hz, 1H), 7.43 — 7.37 (m, 3H), 7.30 (d,
J=3.4Hz 1H), 7.13 (dd, J=7.7, 4.7 Hz, 1H), 6.66 (d, J = 3.4 Hz, 1H), 6.04 (d,
J = 12.8 Hz, 1H), 1.19 (s, 9H) ppm; *C NMR (100 MHz, CDCls): § 175.3,
148.4,143.9, 138.1, 135.7, 132.1, 129.7, 128.9, 128.8, 128.5, 128.1, 126.4, 120.5, 116.4, 110.4, 101.04,

38.6, 26.8 ppm. ESI HRMS: calcd. for C,0H»)N,O,+Na 343.1422, found 343.1418.

O>—t-Bu (Z)-2-(1H-pyrrolo[2,3-blpyridin-1-yl)styryl pivalate (4ac’). 48 h, 6% vyield; 'H
mo NMR (600 MHz,CDCls): ¢ 8.33 (d, J =4.3 Hz, 1H), 8.11 (d, J = 7.8 Hz, 1H), 7.99
NN (d, J=17.7 Hz, 1H), 7.46 (dd, J = 14.7, 7.1 Hz, 2H), 7.43 — 7.39 (m, 1H), 7.30 (d, J
=3.4Hz, 1H), 7.19 (d, J= 7.4 Hz, 1H), 7.12 (dd, J = 7.8, 4.7 Hz, 1H), 6.63 (d, J =
3.4 Hz, 1H), 5.30 (d, J = 7.4 Hz, 1H), 1.32 (s, 9H) ppm. ESI HRMS: calcd. for

CyoHoN,0O,+Na 343.1422, found 343.1418

pn  (E)-2-(1H-pyrrolo[2,3-b]pyridin-1-yl)styryl benzoate (4ad). 48 h, 50% yield; 'H
N o NMR (600 MHz, CDCl): 6 8.38 (dd, J = 4.6, 1.3 Hz, 1H), 8.23 (d, J = 7.9 Hz, 1H),
ENI,} \ 8.17 (dd, J=8.1, 0.9 Hz, 2H), 8.04 (dd, J = 7.8, 1.4 Hz, 1H), 7.69 (t,J = 7.5 Hz, 1H),

7.61 — 7.54 (m, 4H), 7.53 — 7.50 (m, 1H), 7.49 (d, J = 7.3 Hz, 1H), 7.38 (d, J = 3.5

Hz, 1H), 7.17 (dd, J= 7.8, 4.7 Hz, 1H), 6.69 (d, J = 3.5 Hz, 1H), 5.53 (d, J = 7.3 Hz,
1H) ppm; C NMR (100 MHz, CDCl;):  163.2, 143.9, 136.3, 135.4, 133.8, 131.4, 130.7, 130.1, 129.9,
129.0, 128.7, 128.5, 128.2, 128.1, 120.6, 116.5, 107.9, 101.0 ppm. ESI HRMS: calcd. for
CyH sN,O,+H 341.1290, found 341.1282.

(0]

ptBu-CgHs  (E)-2-(1H-pyrrolo[2,3-b]pyridin-1-yl)styryl 4-(tert-butyl)benzoate (4ae).

| NN O_<\o 48 h, 39% yield; '"H NMR (400 MHz, CDCl;): & 8.35 (d, J = 4.2 Hz, 1H),

NN 8.06 — 7.99 (m, 2H), 7.95 (d, J = 8.3 Hz, 2H), 7.74 (d, J = 6.9 Hz, 1H),

7.46 — 7.40 (m, 5H), 7.32 (d, J = 3.4 Hz, 1H), 7.14 (dd, J = 7.7, 4.7 Hz,

1H), 6.67 (d, J=3.4 Hz, 1H), 6.19 (d, J = 12.7 Hz, 1H), 1.31 (s, 9H) ppm;

C NMR (100 MHz, CDCly): & 163.4, 157.5, 148.4, 143.9, 138.0, 135.9, 132.1, 129.9, 129.8, 129.0,

128.8, 128.6, 128.2, 126.5, 125.7, 125.4, 120.5, 116.4, 111.1, 101.1 ppm. ESI HRMS: calcd. for
C6H24N,0,+H 397.1916, found 397.1909.

(2)-2-(1H-pyrrolo[2,3-b]pyridin-1-yl)styryl 4-(tert-butyl)benzoate (4ae”). 48 h, 6% yield; "H NMR
(600 MHz, CDCl;): 6 8.33 (d, J =4.6 Hz, 1H), 8.19 (d, J = 7.8 Hz, 1H), 8.05 (d, J = 8.4 Hz, 2H), 7.98
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o) (dd, J=7.8, 1.1 Hz, 1H), 7.53 (t, J = 8.3 Hz, 3H), 7.49 (d, J = 7.1 Hz, 1H),
m o>\_ P-tBuCells 7 44 (dd, 3= 13.5, 7.3 Hz, 2H), 7.33 (d, J = 3.5 Hz, 1H), 7.11 (dd, J = 7.8,
NN 4.7 Hz, 1H), 6.63 (d, J =3.5 Hz, 1H), 5.45 (d, J = 7.3 Hz, 1H), 1.37 (s, 9H)
ppm; *C NMR (100 MHz, CDCl;): § 163.1, 157.6, 148.3, 143.8, 136.1,
135.5, 131.5, 130.7, 130.0, 129.9, 128.9, 128.4, 128.1, 128.1, 125.8, 125.7,
120.5, 116.4, 107.4, 100.9, 35.2, 31.0 ppm. ESI HRMS: calcd. for CosH,,N,0,+H 397.1916, found
397.1909.

m (E)-1-(2-(prop-1-en-1-yl)phenyl)-1H-pyrrolo[2,3-b]pyridine (3af). 24 h, 25% yield;
NN \}  '"HNMR (400 MHz, CDCl3): & 8.33 (d, J = 4.4 Hz, 1H), 7.99 (d, J = 7.7 Hz, 1H), 7.67
(d,J=7.5Hz, 1H), 7.38 (dd, J = 13.4, 5.7 Hz, 3H), 7.29 (d, J = 3.3 Hz, 1H), 7.11 (dd,
J=17.7,4.7 Hz, 1H), 6.62 (d, J = 3.3 Hz, 1H), 6.26 — 6.14 (m, 1H), 598 (d, J =15.7
Hz, 1H), 1.71 (d, J = 6.5 Hz, 3H) ppm; >C NMR (100 MHz, CDCls): & 147.5, 142.8, 134.4, 134.1,
129.0, 127.8, 127.4, 127.3, 127.3, 126.4, 125.3, 125.1, 119.4, 115.2, 99.6, 17.7 ppm. ESI HRMS: calcd.
for C¢H 4N, +H 235.1235, found 235.1240.

A I\ 1-(2-(1H-pyrrolo[2,3-b]pyridin-1-yl)phenyl)ethanone (6). 48 h, 30% yield; 'H
NN 9 NMR (400 MHz, CDCl;): 6 8.31 (d, J=4.6 Hz, 1H), 7.98 (d, J= 7.8 Hz, 1H), 7.76
(d, J=17.7 Hz, 1H), 7.64 (t, J = 7.6 Hz, 1H), 7.50 (t, J = 7.9 Hz, 2H), 7.34 (d, J =
3.5 Hz, 1H), 7.13 (dd, J = 7.7, 4.7 Hz, 1H), 6.68 (d, J = 3.5 Hz, 1H), 1.97 (s, 3H)
ppm; C NMR (100 MHz, CDCl;): § 200.6, 148.0, 143.9, 137.6, 135.7, 132.2, 129.3, 129.0, 128.8,
128.0, 127.8, 120.9, 116.9, 102.2, 28.4 ppm. ESI HRMS: calcd. for C;sH;,N,O+Na 259.0847, found
259.0845.

S\ P E)-1-(2-styrylphenyl)-1H-pyrrolo[2,3-b]pyridine (3ag). 48 h, 24% yield; 'H NMR
N° N \ (600 MHz, CDCl;): 6 8.36 (d, J =4.2 Hz, 1H), 8.03 (d, J = 7.8 Hz, 1H), 7.88 (d, J =
7.8 Hz, 1H), 7.50 — 7.42 (m, 3H), 7.35 (d, J= 3.6 Hz, 1H), 7.25 (s, 4H), 7.19 (dd, J =
8.5,4.0 Hz, 1H), 7.13 (dd, J = 7.8, 4.7 Hz, 1H), 7.07 (d, J = 16.3 Hz, 1H), 6.72 (d, J =
16.2 Hz, 1H), 6.66 (d, J = 3.6 Hz, 1H) ppm; °C NMR (100 MHz, CDCl): 5 148.5, 143.9, 137.0, 136.0,
134.7, 130.8, 130.1, 129.0, 128.5, 128.3, 128.2, 127.7, 126.5, 126.4, 123.9, 120.6, 116.4, 100.9, 29.6
ppm. ESI HRMS: calcd. for C,H gN,+H 297.1392, found 297.1398.

AcQ (E)-3-(2-(1H-pyrrolo[2,3-b]pyridin-1-yl)phenyl)allyl acetate (4ah). 24 h, 8% yield ;
| _ 'H NMR (600 MHz, CDCl;): § 8.33 (d, J = 4.5 Hz, 1H), 8.00 (d, J = 7.8 Hz, 1H), 7.74
—7.71 (m, 1H), 7.45 —7.41 (m, 3H), 7.28 (d, J=3.5 Hz, 1H), 7.13 (dd, J = 7.8, 4.7 Hz,
1H), 6.64 (d, J =3.5 Hz, 1H), 6.24 (s, 2H), 4.53 (d, J = 2.5 Hz, 2H), 1.97 (s, 3H) ppm;
C NMR (100 MHz, CDCls): & 170.6, 148.5, 143.9, 136.0, 133.7, 129.9, 129.0, 129.0,
128.5, 128.4, 126.7, 125.6, 120.5, 116.4, 101.0, 64.7, 20.8 ppm. ESI HRMS: calcd. for C;sH;sN,O,+Na
315.1109, found 315.1118.

(o]
O>* MeX " (E)-3-(2-(1H-pyrrolo[2,3-bIpyridin-1-yl)phenyl)allylheptanoate (4ai). 24 h, 11%
B yield; "H NMR (400 MHz, CDCl;): & 8.33 (d, J = 4.3 Hz, 1H), 7.99 (d, J = 7.7
NN Hz, 1H), 7.72 (d, J = 4.4 Hz, 1H), 7.43 (d, J = 9.4 Hz, 3H), 7.28 (d, J = 3.3 Hz,
1H), 7.12 (dd, J = 7.5, 4.9 Hz, 1H), 6.64 (d, J = 3.2 Hz, 1H), 6.24 (s, 2H), 4.54
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(s, 2H), 2.21 (t, J = 7.5 Hz, 2H), 1.52 (dd, J = 13.9, 6.8 Hz, 2H), 1.25 (s, 6H), 0.87 (t, J = 6.3 Hz, 3H)
ppm; *C NMR (100 MHz, CDCLy): & 173.4, 148.1, 143.9, 129.9, 129.0, 128.7, 128.6, 128.5, 128.4,
126.7, 125.8, 116.4, 101.0, 64.5, 34.2, 31.4, 28.7, 24.8, 22.4, 14.0 ppm. ESI HRMS: calcd. for
Cy3Ha6N,0,+H 363.2073, found 363.2071.

m 1-(2-allylphenyl)-1H-pyrrolo[2,3-b]pyridine (8). 24 h, 70% vield; 'H NMR (400

NZ N /  MHz, CDCLy): § 8.32 (d, J = 4.3 Hz, 1H), 7.98 (d, J = 7.8 Hz, 1H), 7.47 — 7.38 (m,

@\/ 2H), 7.35 (s, 2H), 7.29 — 7.22 (m, 1H), 7.10 (dd, J = 7.7, 4.7 Hz, 1H), 6.61 (d, J =

3.4 Hz, 1H), 5.82 — 5.69 (m, 1H), 4.92 (d, J =9 .8 Hz, 1H), 4.80 (d, J = 17.0 Hz,

1H), 3.18 (d, J = 6.3 Hz, 2H) ppm; '°C NMR (100 MHz, CDCly): § 148.3, 143.7, 137.8, 136.8, 136.3,

130.4, 129.5, 128.7, 128.6, 127.2, 120.4, 116.2, 100.6, 35.9 ppm. ESI HRMS: caled. for C,gH N, +H
235.1235, found 235.1228.

N MHz, CDCl;): 6 9.72 (s, 1H), 8.32 (d, J = 3.8 Hz, 1H), 8.14 (d, J = 7.7 Hz, 1H), 8.01

d\\ (d,J=7.7Hz, 1H), 7.75 (t, J = 7.5 Hz, 1H), 7.57 (t, J=7.5 Hz, 1H), 7.49 (d, J = 7.8

Hz, 1H), 7.46 (d, J = 2.8 Hz, 1H), 7.19 — 7.15 (m, 1H), 6.73 (d, J = 2.8 Hz, 1H) ppm;

C NMR (150 MHz, CDCly): & 189.3, 148.9, 144.2, 140.0, 134.7, 131.6, 129.4, 129.2, 128.6, 128.0,
127.6, 120.7, 117.3, 102.6 ppm. ESI HRMS: calcd. for C;4H;,N,O+H 223.0871, found 223.0873.

m on (E)-3-(2-(1H-pyrrolo[2,3-b]pyridin-1-yl)phenyl)prop-2-en-1-ol (10). 2 h, 99%
N° N \S yield; "H NMR (400 MHz, CDCL;): § 8.31 (d, J = 4.3 Hz, 1H), 7.99 (d, J = 7.7

m o 2-(1H-pyrrolo[2,3-b]pyridin-1-yl)benzaldehyde (9). 2 h, 70% yield; 'H NMR (600
N "

Hz, 1H), 7.71 (d, J = 6.8 Hz, 1H), 7.47 — 7.36 (m, 4H), 7.28 (d, J = 3.1 Hz, 1H),

7.12 (dd, J = 7.3, 4.7 Hz, 1H), 6.63 (d, J = 3.0 Hz, 1H), 6.35 — 6.26 (m, 1H), 6.21
(d, J = 16.1 Hz, 1H), 4.11 (d, J = 4.7 Hz, 2H) ppm; *C NMR (100 MHz, CDCly): & 148.4, 143.8,
135.8, 134.2, 131.1, 129.8, 129.0, 128.6, 128.4, 128.4, 126.7, 126.2, 120.5, 116.4, 101.0, 63.5 ppm.
ESI HRMS: caled. for C¢H sN,O-+H 251.1184, found 251.1174.

m (E)-2-(1H-pyrrolo[2,3-b]pyridin-1-yl)-3-vinylstyryl acetate (11);
NN\ (2)-2-(1H-pyrrolo[2,3-b]pyridin-1-yl)-3-vinylstyryl acetate (11); (11:11" = 3:1).
AcO,,_~ 48 h, 15% yield; '"H NMR (600 MHz, CDCl;): & 8.32 (d, J = 3.8 Hz, 1H), 8.02 (d, J

= 8.2 Hz, 1H), 8.00 — 7.96 (m, 1H), 7.73 (d, J = 12.7 Hz, 1H), 7.67 — 7.61 (m, 1H),
7.57 (d, J=7.6 Hz, 1H), 7.49 (t, J=7.7 Hz, 1H), 7.43 (t,J = 7.6 Hz, 1H), 7.16 (s, 1H), 7.15 - 7.11 (m,
1H), 7.08 (d, J=7.2 Hz, 1H), 6.68 (d, J = 13.5 Hz, 1H), 6.05 — 5.94 (m, 1H), 5.76 — 5.64 (m, 2H), 5.10
(d, J=11.0 Hz, 1H), 5.01 (d, J = 7.3 Hz, 1H), 2.21 (s, 1H), 2.05 (s, 3H) ppm. ESI HRMS: calcd. for
Ci9H1sN,O,+H 305.1290, found 305.1288.

3. Mechanism Study
SI 1. A plausible mechanism about the generation of benzaldehyde 9.

X OAc A
| N NaOH T o
N \ — > °N N
EtOH/H,0, 50 °C H
air

—

4aa 9, 70%
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From the evidence that we had obtained we proposed a plausible mechanism. The enol as the
hydrolysis product from 4aa was oxidized to the radical A by molecular oxygen in air. Dioxetane

intermediate B is produced subsequently, followed by the generation of benzaldehyde 9.1*!

NN o m oH m or, mo o
NN Naow NN 02 NN TN o
—, —
MeOH/H,0)

A B

J\ HCOONa

Sl 2. Plausible Reaction Mechanism

N N +

N
@ Ph o dioxane, 125 °C

la 2d 3aa 4ad

Ph
O

o e mm*
_ )k \CPR(CH3CN)3(S Fe)2 NN \ L SNEN \

1-phenyl-1H-pyrrolo[2,3-b]pyridine 1a (0.1 mmol, 19.4 mg), vinyl benzoate 2d (10 equiv, 140 uL),
Cp*Rh(CH;CN);(SbFe), (4.2 mg, 5.0 mol %) were stirred in dioxane (1.0 mL) in seal tube at 130 °C
for 48 h. After completion, in order to investigate acetaldehyde, 2,4-dinitrophenylhydrazine (31.7 mg,
1.6 equiv) was added in the mixture to stir another 6 h. The corresponding product
1-(2,4-dinitrophenyl)-2-ethylidenehydrazine was detected by LCMS. These data indicated that
acetaldehyde was released in the reaction.

Ret. Time: 1.63 Ret. Time: 1.85

ES-API Positive ES-API Positive

1™

14 X NO,
b m 40000

20000 4 NN Y H | g0
] NO, o
] 30000 NO, g
15000 +
] NN

+ H 250003 2
=]
] v |
10000 ] NO, 20000 9y C)\H
] NN . 15000 8
1 @
50004 |2 \e o 10000 —~ ;
1k §| 5000
0: [ 0 |
— — — — — — — —
150 200 250 150 200

S| 3. Plausible Reaction Mechanism of 6
D 9 Cp*Rh(CH3CN)3(SbFg) m Q
— 3 3 6/2 N N
o e IR @(L
i : dioxane, 125 °C

la 2f 6

1-phenyl-1H-pyrrolo[2,3-b]pyridine 1la (0.1 mmol, 19.4 mg), isopropenyl acetate 2f (0.5 mL),
Cp*Rh(CH;CN);(SbFg), (4.2 mg, 5.0 mol %) were stirred in dioxane (1.0 mL) in seal tube at 130
°C for 48 h. After completion, in order to investigate the acetone, 2,4-dinitrophenylhydrazine
(19.8 mg, 1.0 equiv) was added in the mixture to stir another 6 h. The corresponding product
1-(2,4-dinitrophenyl)-2-(propan-2-ylidene)hydrazine was detected by LCMS. The data indicated
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that acetone was released during the formation of the carbonyl product 6.

Ret. Time: 1.74 <<<< POSITIVE SPECTRA >>>>
ES-API Positive
= NO,
60000 - &
50000 -
40000 - O,N r
30000 ] _ )NI\
20000 4 & L
G
- &
10000 > ‘
0 - ] | N |l . .
T T T T T T
100 150 200 250 300 350 m/2

When substituents on vinyl were applied to the system, the methyl or phenyl group might block

the coordination with alkene to give the rhodacycle species 11°. Then II’ would subsequently be

involved in an ester oxidative addition generating the rhodacycle species I11’. With treatment of

proton, 1V’ is isolated through the loss of acetone. Finally, the reductive elimination is followed to

lead 6, and the catalytically active Rh(III) is regenerated.”) However, mechanistic details of

producing of the product 6 are not clear right now and further investigation of the catalytic

mechanism is underway in our laboratory.

0 N
D I
| P \ /‘\ - N/ N
o N7 N Il *Cpe,
~ka\=E o Rhlll

Il
AN
la m (0]
N~ N ~q
Rhlcp* :
- /Rh 20
*Cp
|
Plausible reaction mechanism.
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