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1) General information

2)

All reactions were carried out in the air. All reagents were purchased from
commercial suppliers and used without further purification unless otherwise noted.
Thin-layer chromatography was performed using silica gel GF254 precoated plates
(0.20-0.25 mm thickness) with a fluorescent indicator. Visualization on TLC was
achieved by UV light (254 nm). Column chromatography was performed on silica
gel 90, 200-300 mesh. ' H and '* C NMR (400 and 100 MHz, respectively) spectra
were recorded on a Bruker Avance 400 spectrometer. 'H NMR chemical shifts are
reported in ppm (0) relative to tetramethylsilane (TMS) with the solvent resonance
employed as the internal standard (CDCls, 6 7.26 ppm). Data are reported as
follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet,
m = multiplet), coupling constants (Hz) and integration. '* C NMR chemical shifts
are reported in ppm from tetramethylsilane (TMS) with the solvent resonance as
the internal standard (CDCls, & 77.16). High resolution mass spectra (HRMS) were
obtained using a fourier transfer ion cyclotron resonance (FTICR) mass

spectrometer and electrospray ionization (ESI).

General procedure for substrates 1!
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Scheme S1. The synthesis of 1

Sodium hydride in mineral oil (540 mg, 60%, 22 mmol) was added to the
suspension of BnPh3PBr (10.0 g, 23 mmol) in toluene (80 mL) at -5 °C. The
mixture was stirred at room temperature for 40 min followed by the addition of
indole 3-carboxaldehyde (12 mmol) in toluene (20 mL). Then the mixture was

heated to 80 °C for 4 h monitored by TLC and quenched by saturated solution of
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NH4Cl at room temperature. The extracts with ethyl acetate were dried over
anhydrous sodium sulfate and the solvent was removed under reduced pressure.
The crude product was purified by column chromatography petroleum

ether/EtOAc 20:1) to give 1a-e (50—75 % yields).
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Scheme S2. The synthesis of 1

To the solution of Ph3P (22 mmol) in toluene benzyl chloride S4 (11 mmol) was
added at rt, and then refluxed overnight providing BnPh3PCl. NaH in mineral oil
(270 mg, 60%, 11 mmol) was added to the suspension of BnPh3PCl (4.8 g, 11 mmol)
in toluene (40 mL) at room temperature. The mixture was stirred at room
temperature for 30 min followed by the addition of indole 3-carboxaldehyde (5.57
mmol) in toluene (10 mL). Then the mixture was heated to 80 °C for 2 h monitored
by TLC and quenched by saturated solution of NH4Cl at room temperature. The
extracts with ethyl acetate were dried over anhydrous sodium sulfate and the
solvent was removed under reduced pressure. The crude product was purified by

column chromatography petroleum /EtOAc 20:1 to give 1f-1 (65—80 % yields).

Figure S1. The structure of 1
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3) General procedure for substrates 2 2
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Scheme S3. The synthesis of 2

To a solution of thionyl chloride (13.93 mmol) in CHCIs (5 mL), was added a
solution of S5 (5.8 mmol) in CHCI3 (20 mL) over 5 min. The mixture was heated
to 40 °C for overnight. After the reaction cooled to room temperature, then poured
into ice water (10 mL). The aqueous layer was extracted with CHCl3 (100 mL).
The combined organic layers were washed with brine (30 mL), and dried over
MgSOs4. Evaporation of the solvent under reduced pressure and the crude product

was purified by flash chromatogray afforded 2.
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Figure S2. The structure of 2

4) The x-ray data of 3a
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Single crystal of 3a [C30H26N202S] was obtained from the CDCls. CCDC 2205697

containing the supplementary crystallographic data can be obtained free of charge

from

The Cambrige Crystallographic

www.ccde.cam.ac.uk/data_request/cif

Identification code 3a

Empirical formula  C31H27C13N202S
Formula weight 597.95
Temperature/K 293.15

Crystal system monoclinic

Space groupP21/n

a/A10.4332(6)

b/A 13.1692(7)

¢/A20.7935(14)

a/® 90

B/ 90.877(5)

y/° 90

Volume/A3 2856.6(3)

Z 4

p calcg/lem3  1.390

u/mm-1 0426

F(000) 1240.0

Crystal size/mm3  0.35 x 0.3 x 0.25
Radiation MoKa (A =0.71073)

S6

Data

Centere

via


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

20 range for data collection/°6.188 to 52.744

Index ranges -13<h<13,-16<k<14,-22<1<25
Reflections collected 13843

Independent reflections 5824 [Rint = 0.0305, Rsigma = 0.0585]
Data/restraints/parameters ~ 5824/2/360

Goodness-of-fiton F2  1.029

Final R indexes [[>=2c (I)] R1=0.0802, wR2 =0.2101

Final R indexes [all data] R1 = 0.1347, wR2 = 0.2486

Largest diff. peak/hole /e A-3  0.39/-0.74
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S8



LOTZ—

9E'EE—

56—

280°05s—

Iv'19o—

9L'TTI
€911
9¢'81I1
10°611
66°0C1
£8°¢€T1
§8°¥C1
17971
68'9C1
LT LTI
6E°LTT
PLLTT
L&'8T1
IL'6T1
SESEl
8LSET
91 9¢l
I[§°9¢E1
6T°TFI
08'€F1

T
30

1 (ppm)
Figure S4. The *C NMR of 3a

T T T T T T T T T
170 160 150 140 130 120 110 100 90

T
180

S9



L0'T

0r'Z

[T
PT'TH
T
LY TH
8¥ 1
8T
T8
LE'E
6" €

6e't

3
a3

or's
Is's
LL'9
8L'9

A

l';J\_m,* e

|
|

|

I’ll.‘__‘__’_‘\_'_)l

8L9
89
£8'9
€80
¥8'9
£8°0
16’9

76'01
£€6'91
€601
691
$6'91
$6'91

00°L

T0'L7
0T"Lq
0L

ITL
'L
Tl
'L
FI'L
FI'L
LT'L
LT'L
8L
8L
6T'L
oT'L
L
STL
8T'L
6T'L
0€'L
€L
LEL
LEL
6E'L
9°L

o'sg

—~3

.la

il
b6C
il

T,

F 101

e

£1 (oon)
Figure S5. The '"H NMR of 3b

S10



SLTT—

ree—

Svev—

o —

8S°IITY
190111
8S'GIT |
PLGTT
10721
e ezt
96'P7T
0T LTI
ST LTI
9°LTIA
¥9'LTT~
80' L1
gL Lzt
89871
29°671
LTIEL)
LV SETS
67951
09'0€T
9L 0ET
€0°THT
6 EFT-

T

T
80

f1 (ppm)
Figure S6. The '*C NMR of 3b

1 T 1 ! ! T T ! !
170 160 150 140 130 120 110 100 90

T
180

S11



17
PI'T
LTT
g
6+
057
[1%4
£5°71
e
1
67°s 1
Is's
vs'sy
089
18'9
789
§8°0
§8'
989
989
£6'
69
$6'9
$6'9
969
169
7oL

L]
04
e
€L

L
ST
st
81
61°L]
61°L]
07
172
s |
7L

9711
L7117
0£°L]
0€'L1
7L
9811
961 1
LE'L
g€ L

V__M_,_.._JI'I"\_.\_.JJl-_,,_._w‘

_J

£F'L
£F'L
S¥L
SFL
om.m\
85°L
96°L
L6'L

)

[—

[

Lo—

(S—

HJ

.ML

%

i

=1

l

|

M)

IR

)
JO0E
= 901

0

= 00

[1}]
10°¢
il
0l
E0l
106
[1§]
4 il
10°¢
1 1§
[1§]
=101

1 (ppm)
Figure S7. The '"H NMR of 3¢

S12



OL'TT—

96TE—

LTor—

PETO—

SS'IIIY
0L91TY
ST61T
S9'61T
802211
6EET1Y
LEPTIY
LTy
TE'LTTY
P9°LTT

—

T

oo.hmﬁlr
Oh.wmﬂ\.
89'671
65°0€T
79'0¢l
S0°9¢T
1€°9¢T
IL°9¢T
8L'9¢1
€0°TrI
Pe'EVL

T
80

T
90

1%0 léD 1%0 140 130 léﬂ liﬂ 160
1 (ppm)
Figure S8. The '*C NMR of 3¢

I
180

S13



=+

t O
o)

—
—

00'8

=0l

L

— ¢

—— B[]

f1 (ppm)

Figure S9. The 'H NMR of 3d

S14



SLIT—

§§5°6C—

6I'8F—

I6'19—

SSTIT
S9°9TT+
S9GTTH
€LGTTA
€171
e ezl
STHIIY
10°SZT
7€°9T1
0T'LZT+
8E° LTI
99271
0LLz1
TL'8TT
¥9°6214
£6'15T
652614
PhoeT |
0L'0€T
Th'SET
8T°THT
S6°EFT-

B B R S h e o e

P N

T I T T I T T I T T
170 160 150 140 130 120 110 100 90 g0
1 {(ppm

T
180

Figure S10. The *C NMR of 3d

S15



817
§8°1
88'T1
LT7TT
SETH
S5

=
S
=3

——

i

= = {0
—' /80

(Y

‘l

)

= g

= F I

v

I

| —

== =101

88°01
6801

0.0

10.3 10.0

1.0

Figure S11. The '"H NMR of 3e

S16



S06T~
LOTIT—

LE6T—

00'6v—

SL09—

PLTTTA
89°STIA
658111
906711
$0'TZTH
OF €71
£L°€TTY
68 FT14
€971
887971
66°0TT~
6€°LT1
o LTT
95'87T-
656717
mﬂmmiﬁ

—

T T T T

]

=T

00°SET
96'5€1-
PI'OET
LY 9E1
€5 THI
zLErT

3e

T 1 I i 1 T T T I
170 160 150 140 130 120 110 100 a0 80
f1 (ppm)

T
180

Figure S12. The *C NMR of 3e

S17



L6
107
v0'7
S&a
877
677
[A¥a
€67
6171
8T €1
61 €
0T
176
7T
V€
53
43
87’51
6991
69°91
0L'01
0L 91
1£°91
1L°01
€401
L9
9191
9L 01
891
8201
68701
6891
069
1691
o |
00°L1

10°L
01'L
0121
1L
1L
€11
P L7
P1LT

TIT T

-

-

ST'L
or'L
9T'L
8T'L
6T'L
6T'L
6T'L
€L
EEL
S€'L
9L

T6'L

1

)

—= 7 0
_J 0%
= =0

= e

==

1l
J

= = 01

h
|

|

1

J

|

]
g IJ‘
oy
=

|

1

| |‘
ora

=

o=

4.0
f1 (ppm)

Figure S13. The 'H NMR of 3g

518



£9°61~
S8'IT—

rre—

£ETIS—

90'€9—

HIIL,
05911
89°61T1
§L°611
807711
T4t |
£0°ST1
60°ST14
80°L71+
Ly LTI
0T8I
57871
786717
20°0€T
99751
6EET
85°9¢T
g8'0cT 4
STk
€5 THT
or'THT
1THbT

=

L

5

_—— T

T
80

l"f'U léO 15"0 1“10 150 léU liU 160 9‘0
1 (ppm)
Figure S14. The *C NMR of 3g

T
180

S19



oW
76'T
£€6'T
96°T1
L6°TH
STEY
L1€9
19°¢€
79'¢€

18°§1
£8'S
z8'9
78'9
00'L
0L

w0l
0L
€0°L
¥O'L
PO'L
SI°L
SI°L
or'L
or'L
LT'L
LT'L
LT'L
ST'L
ST'LA
61°L1
61°L1
61°L9
0T'L1
IT°L9
TT' LY
£T°L
£T°L
€T'L1
YTl
STL
ST'L
9T’L
9T'L
LTL
LTL
8T'L
8T'L
6T°L
el
el
£E°L
£E°L
€L
SEL
SEL
SE'L
09°L
9°L
66°L

!

=901
el

801

= |0

1 (ppm)

Figure S15. The 'H NMR of 3i

S20



S8'6T—
EETE

8T 0 —

189y —

LTT9—

PO
8L'STI
65611
66111
391714
6£7771
39°€71
PSHTIA
6LFTT-
07'L21]
65 LT17
96°L71
$9°8711
083711
€0'TET
ﬁ,oﬁ
98 LT

LT TP

L

e o

T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80
1 (ppm)

T
180

Figure S16. The *C NMR of 3i

S21



IT°ZH
o'z

61T
087
€8T
SEET

A_HJ"I"'LJL& N _LL

Jiul

J LU

\

|

S S—

f

570

S0
0=8=
3

[ S

U

i

|

LT SR I *Y—

B g0
78T
= G0

= 601

Fiz
= 701

1 (ppm)

Figure S17. The 'H NMR of 3j

S22



EL'TT—

seEE—

68°6F~
6505

EL'TO—

900111
£0°01T+
TE6IT
1£°02T1
69'ITT |
£6'S711
vZ'9T1
£5°9711
£0°LT1
TTLTTY
87'LTT
8T'LTT
8" LTI
95" LTT

——

=

T

i

86'LT1
19,214
69'LTT
%.mniﬂ
:.mﬁi
65621
9L'sET
99"9€T-
L8'OET
70°LETH
79'LET
£5'THT
LS EbTH

T
80

T
S0

17"0 léﬂ 1:110 1:10 léﬂ léﬂ liﬂ 160
f1 (ppm)
Figure S18. The *C NMR of 3j

T
180

S23



91’7,
81°C
07T L
T —
'
67
£6°T
967 _
L6'T —
LV €] )
85°5

—

08'9 = = 801
5 008

96'0
169
86°9
260 = = 401
669
00°L
i <= m

)
1L
€L
€1°L]
¥I°L]
PI'L
ST
STL1
o1 L]
1172
81"L]
81'L]
61°L
IT°L = = ¥
€L
ST'L
ST'L
LTL
LTL
6T'L
6T'L
gL T [0
0€'L P Rt
1eL " % 0l

el ————

€L
£€°L
£€°L
09°L
19°L -— = 001
9L
9L
708

f1 (ppm)

Figure S19. The '"H NMR of 3k

S24



1912 —

6'TE—

LTLY—

I€19—

ISTT,
S0'9TI
H 611
£9°6T11
76'0717
[AR<at
$E €714
86714
1LH2T4
81°071
8I°LTI
99°L71
§7°6717
6t 6217
SO'TET
S9'IET
05°Z€1
L7961
9951
§T°9€1

N

—

=

aass

T

=

LO'TFTA
€6"EFT-

30 20 10

40

130 120 110 100 20 80 70 £0
i1 (ppm

140

170 160

180

Figure S20. The '*C NMR of 3k

S25



817y
0z°T]
T
17T
6°7
€6'7
96°7
L6°T
85°51
09°$1
1891
89

78°91
€8°01
78°91
¥8'91
96°9

860

869

86°01
00°L1
00°L

ﬂ,j_
Ly
UL
E1L
PIL]
PI°L]
ST'L
91
9T
9I°L
LT'L
LT
81'L
81'L
81'L
61°L]
el
cars
9T°L]
9T
LT
8L
671
0€°L]
1€L
1€°L
€L
€L
€E"LA

1, -

fi \7 L
A
/ ‘-_,.I L

h

= g

B

ve'L
vm,n%
SEL
09°L
09°L
WL
9L
mm,ng\

= FI0E

I

=460

== = 0

Lo 0.0

2.0

3.0

3.9

4.0

1 (ppw
Figure S21. The 'H NMR of 31

S26



OL'IT—

§€6T—

€ELY—

LI9—

€911
679111
09'611
02611
677711
SPETTA
$0'$T11
06'+711
S€'97T
€471
08°LZT~
58'871-]
$0°621
£9°671
0€'TI€1
oL ZET
66'Z€11
oF €T+
6L OET
TH8ET
0L 0FT
90" 1

=

-

e B i W e

-

-10

T T T T T T T T T
170 160 150 140 130 120 110 100 90 80
f1 (ppm)

T
180

Figure S22. The *C NMR of 31

S27



€L
€L
€L
FeL
SE'L

L
'L
'L
bsL
bsL
r1'8/

S =108

= F Ul

=== I §|

=== F [l

WU N

=10

3.0 2.0 L0

3.0

4.0
i1 (ppm

6.0

8.0

Figure S23. The 'H NMR of 3m

528



LOTE—

690 —

Irir—

€119 —

RN
ST'STI
G611
68'6111
L3I
PETTIA
896714
LSFTIA
95471
07'871
mw,wﬂw
09871
$1'6T1
STTET
8LTET]
79°9¢11
6L LET
LsovT

D

(e

T T T T T T T T T T
170 160 150 140 130 120 110 100 50 80
fl (ppm

T
180

Figure S24. The *C NMR of 3m

S29



oY,
0£'T

o7
767
£6°C1
9671
L6'7
65°ST
19's

LL'9T
6L°91
6L9

§6°91
§6°91
56°9-
L6°91
L1697
00°L

WL

60°L

60°L

orL

L

1L
L]
L]
7L
€1°L]
v L
PrL
ST°L]
STL

o1 L
LrL
L1
LT
0z L1
L

|

.

(S —

f

=]
=

I

b

0re

A

PR

YT Ly
STL
oT'L
LTL
8T'L
6T°L
6Z°L
6T°L
€L
I€L
€L
el
EL
€€°L
vE'L
8S¢°L
3&°L
oo,n\
09°L

008

108

3n

|

ore

== F 1

——— = 0

3.5 3.0

4.0
1 (ppw
Figure S25. The 'H NMR of 3n

S30



61 1T~
¥L1z

sLeT—

06'LY—

007T9—

9§11
£9°07TT
LS'GTT
LLGTT
§0°ZZ11
or€z1|
b #T1+
20°STIA
§€°0714
8¢ LTI
TS LTI
19°LTT7
S€6T1
65671/
17°Z€1
egzer
oF'9€1
oL 9ET
84'9€T
TH'8ET
L1661
16°€KT-

e T T s e

—

30 20 10

40

170 160 150 140 130 120 110 100 %0 0 70 60
i1 (ppm

180

Figure S26. The *C NMR of 3n

S31



Pz
S1'7
817
s77
'z
v6'71
5674
2671
66'71
s
59§
29°0

8901
0401
0L'0

Lo

€10

€L°0

6L0

6L°0

$6'0

5601
5691
£6'9]
£6'9]
£0°L1
S0°L1
L0°L]
L0L]
60'L]
60'L]
L]
L]
1L
7]
3 |
1L
L]
1L
81'L]
0z'L]
17°L]
€7
sTL]
8T
67'L7
677
€L
9 ;
1L

J

seif
oF°L
LEL
LE'L
65°L
09°L
19°L
9L
s0'g”

30

— =10

£l (ppm)

Figure S27. The 'H NMR of 30

S32



LS'TT
TL'IT

L8'6T—

e —

68'I9—

9S°TI1,
199111
156111
L6
661211
€7 €T1
1§41
8LFT1A
66°+Z11
14971
07" LTI
€9°LTTL

—

T T p——

T6°LTTF
7e'szl
ps8TLl
yo 6zl
€7°ZE1
6751
15°9¢1 ]
LL'OET
97'8€1 1
Y1 8€T 1
61°TF1
S6'EPT-

——

T T T T T T T T T
160 150 140 130 120 110 100 90 80
fl (ppm

T
170

T
180

Figure S28. The 1*C NMR of 30
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Figure S32. The 3C NMR of 3q
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Figure S37. The '"H NMR of 3t
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