Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2020

Supporting Information
for
A Formal [3+2] Annulation Reaction of Propargyl Sulfonium
Compounds and N-Ylides: Access to Pyrrolo[2,1-a]quinolines,
Pyrrolo[2,1-a]phthalazines and Indolizines
Jing Zheng,** Xiaojie He?, Hong Xu“, Hua Liu® and Weiran Yang®*
“School of Resources Environmental and Chemical Engineering,
Nanchang University, 999 XueFu Road, Nangchang, 330031, China.
bSchool of Pharmacy, Jiangxi University of Traditional Chinese Medicine,
1688 Meiling Road, Wanli Distract, Nanchang, 330004, China.
E-mail: *zhengJing@ncu.edu.cn; wyangl 6(@ncu.edu.cn

Contents

1.Copies of NMR Spectra S2-S67

2.X-raycrystal structure of 3m S68-S69



1861 —

L

)

o

L

1608
€608
8018
vil8

1 (ppm)

H0'¢

FG6°0

1 (ppPM)
3a ("H NMR, 400 MHz, CDCls)



peGL—
V0L
Jv PF\
8y'//
9962} R
LLE2) s
SevTlL — -
£8'GZ) ~ - K
P690) — £6'92) — o
9e'Zhl 9 Leh w - m
. 96'/2) P
el 0982} N E
LLS2) . a8
S R
€8szl It — 2
e69z1 o bl —4 (8
poyg c0¥El .
oy 25°5El 3
0987} 9
69'82} 1 Y
1167 ] oL bl — K
6T 1€l
83;
256t / N
oL'Lb)
0g'/8) — < s

T
190

T
200

10

f1 (ppm)
3a (13C NMR, 101 MHz, CDCl;)



9c6’L —

6889
180",
00}L
09z,
€95/
€15,
9,6/ 1
985°L
AV
Ll
qeL L
18]
808~
GlL'g
8218
8e1'g
8ee'8
6558
L1§6
96¢6 7

I S R R S|

80 79 7.8 7.7 7.6 7.5

f1 (ppm)

W

84 8.3 82 8.1

W

)

=00°¢

66°0]
01|

10°¢C

|

0¢

F20'} |

F20C

F86'0

' 05 0.0

1.0

: ' 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15

5 11.0 10.5 100 9.5

f1 (bpm)
3b (lH NMR, 400 MHz, CDCls)



£6'G) —
V8oL
ﬂv LL
wv.t\
(V]
6221 — R
£6€2) .
002} -
o €02l .
LN
el - T
S.NN; o "
c6'eTl /v ¢8'G¢l R m.\.
002 T
covzh | B
inteng S0'L2h— N
8&% o
¥6'/2) 61217 B
859z} f 85'97) \
9762} % 9762} K
05621, 05624\
YL
%61
'
917 / 3
L1 6Yl z
878l —
(@)
=z o %
74 —
<@ )

110

T
190

T
200

T
210

f1 (ppm)
3b ('*C NMR, 101 MHz, CDCL3)



¥00¢—

©
©
2 © 0
M~
_

@]
c Br

\
3

81GL
€eq'L
el
6vG L
19G°L
999°,
0.5,
809'L
€191
819/
629'L
ve9'L
ve9'L
699'L
GL9'L
a69'L

\
\

\

/
\

—201

T 0

\YJ

7.60 7.55 7.50
1 (ppm)

7.65

7.70

=00¢

00’}
M0}
10
0T
0’
R0}

7360

f1 (ppm)
3¢ ('"H NMR, 400 MHz, CDCl;



GLGl—

¥89L
o:mw
8y’ LL

G101 —

ey
1162l

AR
0Lzl 4
1662}
96'92) 1
0Lz
2182
1162}
Ge°0¢) 1
98'1E)
20%5l
286l
65071

T

. — i

G8'a8l —

R AN

G8'1E)
2048}
286eL 7

ea oyl —

@
)
33

2 R
P4
—

/

&

138 136 134 132 130 128 126 124
f1 (ppm)

T
140

f1 (ppm)
3¢ (PC NMR, 101 MHz, CDCls)



Gc0c—

e

3d

| S l

1 (ppm)

S

b
N
o

/9670
¥80'}
JWE
1
0T
bl
EEO')

60

f1 (ppm)
3d ("H NMR, 400 MHz, CDCls)



€56l —
8L'12—
v89L Y\
Jv FF.\ 1)
ey'LL -
8521 — <
€67l -
Wzl —
(o}
89'%01 — B
9Tl — 9L'Gzh ~ 3
85¢7) cg
£6'€T) . m
& A 16'92) — Ry
TR S§' LT,
1692 u | 1822}~ K
612 | -
R9rAN | .
10621 o
S.ON: 06 A -
p0'62) 1 6762
mN.@N;
€€l ]
125611
19811 —
1617}
£e'8L —

3d

T
190

T
200

T
210

1 (ppm)

3d (*C NMR, 101 MHz, CDCls)



L

.

¢loe

HXJ—-531-6F

$68'9— - 6

G869~ -
¥00'L”

(A4 -
oLt 1¢

RlL” -

0L~ -

1 (ppm)

N

H00°¢

~66'0
WMO._
1’2
N0z
0¢
o'l

F86°0

f1 (ppm)
3e ('HNMR, 400 MHz, CDCl5)

10



199Gl —

¥89.L
o:mw
8y’ LL

16401
SrZLl
85°Gl1
08°GL1
95°€Z)
99°¢Z)
%)
99'GZ)
G6'9Z1 ]
1912}
60’87}
6062}
9V i)
STl
0L'€E)
19°GE )
£8'L6)
08'L¢)
159
80'99)

€8'a8l —

R ———

\

L

Smm% -
092}
262)

996l —

G69¢ck — -
91T\
€08l —

60'6¢) —

9L 1EL \
szieL’

e

—

T T T T T T T
130 129 128 127 126 125 124

T
131

T
132

f1 (ppm)

h—

T T
200 190

T
210

1 (ppm)
3e (*C NMR, 101 MHz, CDCI5)

11



—-108.23

o .10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
f1 (ppm)

3e (F NMR, 101 MHz, CDCls)

12



v00'¢—

268'9
¥66'9
€10'.
092,
8hY'/
6Oy,
SIS/
0251
€25/
16521
865/ 1
0¥S'Z
9¥S'L
6192
0v9'Lf
999'/

€9/

689'/

$80'8

0018

1018

1616
916’

T Tr—r—

Sy L —
69—
G152

025 L\
€25, m
165/

865/
ovs .
oS,
619/
0v9'.
999°/
€19/
689/

—N ~

f1 (ppm)

00¢

2060
O}
/86')
AN
6}
0l

M,mo. l

F/60

f1 (pom)
3f ("H NMR, 400 MHz, CDCls)

13



VLG~

¥89L
o:mw
8y’ LL

»
«©
N~
N
=
C

8L°G81 —

AN
0L€T)
STHel
69}
56'92)
69'/2)
0182}
68'82)
G162}
0z'05)

96°¢Cl
8LGEL —
¢aLebn\

=

—

L00Y) —

T T T T
130 128 126 124

132
1 (ppm)

i M J l

T
138

T
140

|

1 (ppm)

3f (*C NMR, 101 MHz, CDCls)

14



L10C—

€68°¢ —

1789
0869
6Y6°9
G969
/869
092,
g8y'L
105,
025, W
¥2gL
865/
199,
99,
199,
997/
0L,
gLl
p108
1608
€206\
19067

ONT

780 7.75 7.70 7.65 7.60 7.55 7.50 7.45

1 (ppm)

Fooe

€1

060

9.0

1 (ppm)
3g (‘"H NMR, 400 MHz, CDCls)

15



el —

8665 —

V8L
&v FF.\
8y LL

1G'€Th

AR

S5yl

€967}~
oL~ 16°9C)
00°ZLL Gl 7
Z9°¢LL M K”NNF W
ez 06'9Z1
€072\

- | N
o] 1o/ E
169z _ <

ke 86'€E) \. R
85421 | 86EL\ -
4 o
06'82} -2
peIEL ]

GLZE)
geccl| | 5
83% o
9791

° @

~

J A

€508} — O

f1 (ppm)

"

i

f1 (ppm)
3g (3*C NMR, 101 MHz, CDCls)

16



€L0C—

9/8'9
16691
0L0°L
09¢'L
0L
V2L
89¥'L 1
ViYL
18Y'L
18Y'L
18Y'L
€1GL
LVS'L]
y25L
085/ 1
96G7L 1
9997/ 1
699°/ 1
29
989’/
102
L0117 W
82L L

VLLL~
181
06L'L
6L,
1608
GLL'8
oLL'8
Z6\
62267

o

3h

-

82818079787.77675747372717.0

3

1 (ppm)

JJu

F00'¢

860
"96°0
120}
Moy
IR

61

o'y

F/6°0

1 (ppm)
3h ("H NMR, 400 MHz, CDCl3)

17



L9Gl —

¥8'9.
ovkw
8y'LL

68'¥0) —

eeehl —

o€l
yeeTl
Ay
EA%

69z §
A4 |
TR |
1922 ]
2612} 1
wo_wi
5062}

80'67) 1
Y62
GLEEL
or'GElL-
A
OY Opl-

poezl
peTl
acvel”/

LLST—
€692}
€T LT}
8c'/2)
19°L2)
WL
80'82) —
5062}
80'62)
Y621\

:.vi
26'981

1 (ppm)

110

f1 (ppm)
3h (3C NMR, 101 MHz, CDCI;)

18



Gy6'lL —

f1 (ppm)

.

F00°€

F86°0

1 (ppm)

3i ("H NMR, 400 MHz, CDCls)

19



897l —

7891
oL
8y L. 1

81501 1

S6ZH 1

6194 1
19l ]

99¢Z} |

8867 1

2042 1

0L2L |

£LT1

A4

16921

89221

628244

15621y

1762 1

0562} 1

L9181~

0Lv¢l
€LVl

x.@\
1692 7
89°LZ)\
67821\

LE6TL\
6l 7
0562}

108\
pL0g) —

m:m—/
181El\

3i

L

125

126

20

127
110
f1 (ppm)

]

-

128
“'(ppm)
120
3i (*C NMR, 101 MHz, CDCls)

Ll

131 130 129
150 140

I

|

160

132
170

200 190 180

210




—-116.76

o -10 -20 -30 -40 -50 -60 -70 -80 -90 100 -110 -120 -130 -140 -150 -160 -170 -180
f1 (ppm)

3i ("F NMR, 101 MHz, CDCls)

21



168') =
66.°€ 1
928'91
586'9
£00°L
900°L
GE0'L
£50°L
690°L
1101
09Z'L
€82,
887'L
208,
90€'L |
§0°L]
L0V'L
L
8zy'L |

e
Ll
IG'L
UL
ws.
€65,
985/
8.9/
689,
104
0808
P60°8
$01°8
969'6\
G167

e

9002 B

1 (ppm)

U

F0°¢

FG0'¢

y20'}
b0’
/960

10}

Hro.m
0l

NoY

F/6°0

1 (ppm)
3j ("H NMR, 400 MHz, CDCls)

22



0Lyl —

€8'99 —

¥8'9.
o:nw
8y'LL

17'50) ~
AT
95z~
L1012}
E.ms/
6LETL]
NRR
€592 1
€897} -
6712} |
662} 1
1782}
98671 1
ww_oi
Lz
95EL
J

99°6El
Ge9gl

91981 —

R
6157
01z
€592}~
€897 “
6712
6622
1782
9e'62)
eg0c /
VT8~

€9°atl
99°6El

\

0
OCH, }
i

3

]

J

136

132 130 128 126 124
f1 (ppm)

134

f1 (ppm)
3j ('3C NMR, 101 MHz, CDCI;)

23



L96°) —

96891
0L0°L 1
880°. 1
0921
69G 1
LG
0851
2691
L
€008 1
2208
GLL'8]
82718
86181
6/£8 ¢
28e'8
¥8¢°8
1868
66€9
0v'8
Sov'8
80v'8
8058
2158
9158
€266\
wee’

R

655',

E.L
0857
291N
269, —
N:.%
62L'L

£00'9,
2208~
G

wN;V
8c1'g

03
=607

: 6'(

L

7|
1 (ppm)

F00°¢

1660
ko)

¥00C
502
7960
200}
560

60

F96°0

1 (Ppm)
3k ('"H NMR, 400 MHz, CDCls)

24



1091~
P8OLY
m@v FP\
8y'LL K
06224\, K
6L€) T
06z, 3
L0'%2) P
¢85l ~ 8552 o~
. erse” FVE
eLeLl — g
\ix44! N
6,6} colzL” e
Ny 1622}~ K
L0vCl ﬁ 169Z) ~ o
ssscl | A4TARN B
e | 88'62) \ 3
€02} -
_@.Et B
582 | VSN T
26zt S
8962/
mm.vi
9G¥l
099€) © x
wm_mi S
LT8y) J \—=
€L'e8l — O
=

f1 (ppm)
3k (3C NMR, 101 MHz, CDCl;)

25



966} —

0989
€10
280°.L
09Z'.
8ee’.
8¢, -
LIEL
GTS'L
085,
665 'L
8¥5',
y65/
995/ 1
065°L 1
209',
509'.
609'.
6Y9'L
159/
yG9'.
y19']
£08'.
L08'L
8L
060'8
260'8
eLLg
9576\
1767

-

7.60 7.55 7.50
f1 (ppm)

7.65

7.70

H0¢

5660
Ny
490}
0¢
20T
260

ol

F/60

1 (ppm)
31 ("H NMR, 400 MHz, CDCls)

26



8L°Gl —

¥8'9L
o:nw
8y'LL

€eq0l —

6921 —
9972l

RATAR
66l

IR

p1'52l

96'9Z) 1
NEN}
ANA%
6182} 1
mgi
0
€9'1El

e0HEL -
ObHElL -
00°9€ )
c9'eyl -
E.me\

L

A

99221\
FAYARN
€T~
glvzL
y1'52)—
XA
AN \
AN

61821 \
€762

Ay

eolel’
€0VEL\
orvEL -
00'9€} .

|u

125

130

135

1 (ppm)

| IMM \ l

110

T
190

T
200

210

1 (ppm)
31 (*C NMR, 101 MHz, CDCls)

27



v66'1 —

8L
LEy'L
26vL
S6¥'L
86, |
105
0£5°
665\
8r5 L f
]
995,
1oL
169,
959/
1191
289,
0L,

3m

T T T T T T

T =
7.807.757.707.65 7.607.55 7.50 7.45 7.40 7.35

1 (ppm)

=00°¢

#00')
220')
10}
mg.v
260
20}
201

F86°0

f1 (ppm)
3m ('H NMR, 400 MHz, CDCl;)

28



€LGl—

¥8'9L
QF_RW
8y'LL

¢e's0l —

69¢Ll —
veedl

615z}
6192~
sz f
8992
9692}
mti
6182}

VR:I4%
Y2621
8.2;
gk
be)

SOVEL
006El
Srevl

1658} —

L

AN
=z
—

4

o
o
£

S

veeel ~
qLecl ~
6L¥CL”

GLG7L
899
96921~
eLLT
61821~
:.%Q
Y2621

666217
gL~

(3]

T T T T T T T T T
132 131 130 129 128 127 126 125 124 123 122

f1 (ppm)

| IIHM ] |

|

T
190

T
200

1 (ppm)
3m (*C NMR, 101 MHz, CDCl3)

29



G861 —

J

f1 (ppm)

5 F00'E

—— =050

1 (ppm)

3n ('"H NMR, 400 MHz, CDCl;)

30



6Lyl —

v9L)

9b'44 1

8y LL]
LYH0L
ZLYOL
L6401
P8'0L
6641
£02L)

. —

Ly y0l ~
¢LY0L 7,
L6701 /

¥8'G0l

66°111
eochl
Yx47’
veell

T T T T T T T
104

110 109 108 107 106 105

112 111

1 (ppm)

l

el

™

2T
Al
€Ll
89l
1662
0042l
01'9Z) 1
5692}

IWIAR i
0792l |
25621
11081

——

28°0S) T
z.oﬁ
26°0¢)
25Gel
0r'9g )
15851
€9'851
10'19}
y1°191
08'29}
16291
0£°G9}
r'sol
¥£°08)

168G} \
€985l 7~

10b9b \
pL9L 7

08°'79) \
167917

0£'S9L \
weolL”

f1 (ppm)

JJ H”ll H .

\441

L

W

T

v

T
190

T
200

f1 (ppm)
3n (3C NMR, 101 MHz, CDCl;)

31



-106.37
-106.39
-112.02
-112.04

o .10 20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -21
f1 (ppm)

3n (F NMR, 101 MHz, CDCl3)

32



c0l'c—

Tr6'E T
196
95891
G169
9€6'9
6569
85691
097.1
GeEL T
8ce'. 1
YGe LT
65€°L1
2L
LY.
06v'2 |
yev'L ]
10'L1
2ISLT
G25'L 1
08'L

|8

esL ]
8vS'.
9L
169'L
999'L
699'L
8/0'8
£90'9
1608
1018

1006\
02067

T T T T T T
765 7.60 7.55 7.50 7.45 7.40 7.35 7.30

f1 (ppm)

Fooe

1€
[A%

/001
g1z
/76')
F9L'T
Ry

Fe0'l

F96'0

f1 (ppm)
30 ("H NMR, 400 MHz, CDCl5)

33



gL —
8195
619
589
o) .
1GET0 &
vm.mwﬁ .
G6'€Z) &
Y5l 7 -1
on! 3,
650l oo =
EXTTR 7 BN
: £
LAY _
s6¢zL g
veves | -
095z § o
. Lo
6921 | 0gzel -
8517} 66°€E) ~ !
oL 12} A ﬁ G0'GEL\ K
68971 1
ow.mm; Hs/
661 S
50°Gel
L0671
9275}
o
[32]
98l —

f1 (ppm)
30 (3*C NMR, 101 MHz, CDCl;)

34



¢e0ec—

L

J

1 (ppm)

=00°¢

F0°
B0l

180y
£20'1

60
Mo

660

1 (ppm)
3p ("H NMR, 400 MHz, CDCls)

35



168Gl —
P89LY
Jv FF\ b
8v'LL B
N
B0€h B
08°€Zh \ 1
AR 4% B
JIXTARN F
G7'G0) — 00°L¢h "
Nﬁsv 2F
SQTLL — 06'22) T
wmmww Nm.wN% 13 c
. 67621 N
ARZAR 108 o
19621 % . B
0021 # mo.mmv - Mv
et 9% vEL~ [~
oo.NN_‘_ vm”mmv \ -%
AR A} : (A1 -
6267} % '3
LL0EL T
£0'ec) Q - )
T vel ; @)
¥5e) ;
1Z9€) ]
avs o
/ (2r]
L0¥8) —

f1 (ppm)
3p (*C NMR, 101 MHz, CDCl;)

36



L06) —

———n

X

OCH;

\

=

8180797877 7675747.3727.1706.96.8

T

1 (Ppm)

00°¢

6¢
1€

60
760
20T
0
N0z
0l
0l

660

f1 (ppm)
3q ("HNMR, 400 MHz, CDCl5)

37



VLYl —

2095\
9595/

¥/
GEL
gv'1L
0501
€oTh 1
00°SH 1
Sl |
9L ]
19621
IRYAR
6072} |
€591 1
68'92) |
TR
90821
0v'62)
11T \
28°¢)

9’09} ~
G0¥al —

1978l —

A

|

19€T
81671~
6072l

€59z} —
689zl
€52} —
90'8Z} ~

ovech —

H3;CO

3q

T T T T T T T
129 128 127 126 125 124 123

T
130

i

1

)

|

|

l

T
190

T
200

f1 (ppm)

3q (3C NMR, 101 MHz, CDCls)

38



166} —

9889
$00L 1
220,
092L 1
865/ 1
1GGL 1
GGG/ 1
€1GL 1
G65L
165,
089/
989'/ 1
€0L L]
0081
508,
sl
928L
116'L
Ge6L
86,
0262~
6018~
9218
218
/818
0618
2606\
15267

A

008
G08'L
728'L
978,
L6,
Ge6'L
86,
0.6'L
/818
0618

3r

1 (ppm)

F00°¢

700}
560'1

ey
f60°)
vZ0'}
Mg

256
o0

F/6°0

1 (ppm)

3r ("H NMR, 400 MHz, CDCls)

39



9961 —

o

wv.k\

L9€TL~

00gl —

Wzl
670} —

o 6E°Gel —
& 52—
0072} 8L°9Z) \
Wizl 96'9Z1 \
6¢'9¢l “ﬁ W)
19621 § LLULTIA
wzmé 9% .21 7
96'9Z1 10'82)
912} w ccgzl ]
LL1T ; AN
96°L2) ; L1'62) 7
1082} 6.°62)
€6'8Z1 1
ANTAR e ™
A%
6L62 1
68°7E 1
16°€E) 1 o
06E} 1 &
26°GEl 1 jz -

%wﬁ =
0Z'L8l O
o /

1 (ppm)

110

T T
200 190

T
210

1 (ppm)
3r (®C NMR, 101 MHz, CDCI5)

40



- 6]
617
et 16670
= H0'¢
(9}
65v'L <
coy 1 % "
Url~ =
veys . o
=L/ y A
V6L —
6L =
€15, N o
iy o E
155, 8
G5’/ T
3
N
8291
9.~ =160,
YL = Z1 le
=/ N
059'.
-" 60
60
AN
2660
— 96
<, —— 1260
_— ™

f1 (ppm)
3s ("H NMR, 400 MHz, CDCl5)

41



5001 —
2991
0802~ —
F
[
V9L
=5 F\ o B
ov'LL -
85621 — B :
0S¥l — -
£
o
At Y
71601 YA A -
81 Th — sL9cL” g —
85°cZ) NEN_M ® i
OS&L 9922} -
MN@NJ 99871 — R — 3
5,92} ] o F —
NEN% B
99'/2) 5 4
88; .
15281 o -
Nm.vm: 16261 -m
"
LM
AR T
SN |
y1 061 — —
4 o 7)) v
_— (2]

T T
210 200 190

f1 (ppm)

3s (3*C NMR, 101 MHz, CDCl;)

42



ovL} =
veLe . - L
§1 @/ 6
82L9 606
1909 6
. 7989 ola
82/°91 089 A0 KO J
LvL'9] 6569\ 0] o
vmw.f 09¢'L I~ R
028°9 6Le. o 5
1£6°9 00¢ 4 SO
m.vm.wg w_‘m.m/ = < w-
69691 wwm =55 "
5969 1 0
n| e5v'L o~
e 1571 8
oiz 1) 09v'L B
00€'2 98L. o
8lEL 808, °
|
oL
oL | Y~
Bv.g
09 o
@wi
808'. / NU u
560'6\ &
ri6” M
@)

Fooe

8¢

60
60

f1 (ppm)
3t ("H NMR, 400 MHz, CDCl3)

43



_— 9} i
s6e01 E _
8501~ BEE A
A [+~ 1
096G} — \ T —3
28111 B
:%:V = e
LL'ET) MG
Nm.mﬁ/ 108
N2 TARN = [:
P8z ~—— |9
L8°0S) —~ [~ s
L 00'1€} 1|y
6565 ESQ 319
¥0'9€) 2 }
c0Thl — =1L u
€89 3 3
m—.t\ —_—
il
S6°€0)
%_s_/ 3
A I
NE:/ —_—
L8l -
X4 I |
Bmﬁ/ i
JA A TARN —
5821 7 I
5.8_\ —
00'1€)
v ¥El D
¥0'9€) .
co'Tyl ‘
6565} — ( \ —
© H
~
4
/ \—= =
G808} — —
O ]
<>

T
190

T
200

f1 (ppm)
3t (*C NMR, 101 MHz, CDCls)

44



N
~
) W0
~

6'(

N

1 (ppm)

Foe

Floe

F96°0

1 (ppm)
3u ("H NMR, 400 MHz, CDCl3)

45



va'al —
LV~

€89.
m:mw
LyLL

¢avol —

65y
%&J
8567

6952}
29971/
5582} -
1982} 1
Y762
6267
AN
)
18°GE )
L0°8€)
61

-

e ——

F—
—

. — i o .

60°/81 —

L0721
ezl
856z \
68521\ I
29921\
658zl
19'8Z)
ZATA)
62621
2Llel
yeyel
1861~
L0°8EL ]

L

125

I

oyl — ]

f1 (ppm)

|

\

3u

[

il LHI

1 (ppm)
3u (3C NMR, 101 MHz, CDCls)

46



9eeCc—

6837+
0zy'L

6Ch'L

osvL
£egL
gmi
156,

80L'L
0eL .
2L
06.'L
71081
76081
oleg

=

0zv L~
6y L —
95y~
neLy
TG L~
€85, %
s'L
155,
295,

801\
08I~
151~
ULl
06LL”

5a

T T T ™% T ¥ v T
7.80 7.75 7.70 7.65 7.60 7.55 7.50 7.45 7.40

f1 (ppm)

Fooe

f1 (ppm)
5a ('"H NMR, 400 MHz, CDCl5)

47



661~ —
3
.“.
i
v89L\
ﬁv FF.\ m“
8v'LL “
81°9z) — - . i
e ]
59°9z) — - -
€810} — IN —
y8°02) 504eh~ - q
rreel I ,
81'9z) 04120\ g i
G99zl sz’ °% i
S0'2) a8 _
0422V F . 0 >
9¢'9 $
VIR | &
9€'82) | 5
s.am% o _
89'62) : .
61Z¢} ] . o i
om.mﬁ 19'62F - i
02091 89'67) — w K .
A ° ;
)
9€'/8) — o —
z-z 8 .
7 — %

T
190

T
200

T
210

1 (ppm)
5a (*C NMR, 101 MHz, CDCl5)

48



ovee—

088°¢€—

5089
0269
e6'9
092 L
67 L
£lg'L
AX]
669°L\
8L
1811
L
rgL
666'L
6108
4:

1

A

)i

g6y L~
€lgL—
eesL”

669 'L~
8LLL—
LeLL”

6Ll
w8l

60

A AN AV " A

7.90 7.85 7.80 7.75 7.70 7.65 7.60 7.5 7.50

1 (ppm)

.

6z

fore

f1 (ppm)

5b ("H NMR, 400 MHz, CDCls)

49



Al

08¢l — —
3
1665~ -
V8oL ]
-
=5 F\ - 3
8L Q
19°GTL — o
9,921\ P
67101 — mﬁmw_‘v A 1
99°€l) 5 Leby R ,
om.owv/ E.NN_‘ | v ~
€221 098¢l -m m.
1952} oS 3
2.8% the ¢
61221 _ —
Sv'L2) : 2
vLle pLZEL B ]
09'8Z} . ,
o el ~
rhzer| o9zl o
vv.wm; -
99cL |
0zshl
2Te9l — N —
T
O
O
o
97'98) — —
z-Z o
7 \= ”
E
o

T
190

T
200

1 (ppm)
5b ('3C NMR, 101 MHz, CDCl;)

50



CTANAS
8cre”

AR
052,
092,
25,
625,
ws'L
GhS'.
169°L A
9011
0zL'.
8008 1
9209 ]
Gz¢'8

[ —
e . e |

v09'L
909, =
asLT
Geq'L \
440
Gva'L

—

1692\

LOLLIN

:Em
ozLL /
SvLL

\
5¢

|

i JLJLJ__JJ;

- 166

775 770 765 760 755 7.50
f1 (Ppm)

7.80

/68'C
N00'e

F/60

o
0}
e
¥66°0

L.vo.o

1 (ppm)
5¢ ("H NMR, 400 MHz, CDCls)

51



6L~
58’1z~
v89L
Jv FF\
. (@]
§viL €667} — o
08'92) R
§9'101~ €Lzl — &
d 89221\ _
6022} 1 SLLTLN oF
€6'521 | @ 8
0§21 | - T
6421 |
8512} °
sLieh ;ﬁ 2162 d
262l e
87671 :
69'62) o
69
Ry t ock R
T N
s.mi
eyl
@)
Z2—Z o &
\ —
8181 — O

1 (ppm)
5¢ (3C NMR, 101 MHz, CDCI;5)

52



AR

698°9
09Z'L
19°L
8/G'L
665,
919/ 1
9£9°/ |
959, 1
VL1
OvL'L
96/'L 1

UL L~

veL 17

608
0.0'8
£60°8
1579
0.8
1578
R
9658

e

€758

6708\
008~
€608 7

1 (ppm)

L

Foog

f1 (ppm)
5d ("H NMR, 400 MHz, CDCl3)

53



7l -
9L\
&v FF\
8l 1607} — Lo
LTt - -m
pI70L - 6SIZI "
1602} 1652 o
€L 701 e19z)\ 2
S§HZh 1 B i~
16520 0022 "C
€19zl 0§21 "
AN | 9797} B
oﬁﬁ [ 16zl i
0622 -
07971 -
hood 9LZEh, i
N2k | jple )
9 zeh N o
1976} S
¢0SEl |
oii
e o
6187 - -
z-z ©
1SY8) — [ )7
(\_

110

f1 (ppm)
5d (3*C NMR, 101 MHz, CDCl;)

54



QLeC—

—

8E9'L—
L99°L—
9,9,

%N
159'L V
£99'L—
1197,
089'L
TANAN
ogLL”
gvL L7
69L°L”

VYo

0

7.75

7.65 7.60 7.55
f1 (ppm)

7.70

7.80

Fo'e

f1 (ppm)
5e (\H NMR, 400 MHz, CDCl;)

55



T
132 131 130 129 128 127 126 125 124 123 122

Iy —
v8'9LY
ﬂv FF.\
8y'LL .
8y 2z} i
/52T
12201~ i
e6.0cl 0292)\ i
8yeel 09'92h\ -
B.NNF 6921 ~
oot | o |
£6'92) 1 90'8Z) \
SRJW [
86°LCl | 667l — i
90'8Z) I o
65601 £8°0¢) I
€30¢) il i
0r'zeh G9TEL\ -
5978} SR
€8 ¥EL
om.mi
eeeYl o
X o
Z-Z
0568} — ) \=

f1 (ppm)

110

T
190

T
200

f1 (ppm)
5e ('*C NMR, 101 MHz, CDCls)

56



N F

\ 7

5f

_J

1 (ppm)

=00¢

1 (ppm)
5f ("H NMR, 400 MHz,CDCls)

57



6EVL —

P89L 1
9L LL 1
8y'LL 1

65201 |

LGGH ]

08GH 1

YW ICH
LT
RaZA%
Sy92 ]
692} |
gy |
99'/2) 1
1082} 1
2z e} |
8E°0E1 1
R
9e°Z¢) Y
AaAR
mm.mi
09°¢El
80°eY) —

ST ——

L16G1 ~
99'191

L8l —

ARV
880} \.
o7

9€ZEl\
5 Teh
55261~
o9zeL”

5f

' 131.5 131.0 130.5
1 (Ppm)

132.0

132.5

110

T
190

T
200

1 (ppm)
5f (3C NMR, 101 MHz, CDCls)

58



—-115.24

T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -0 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -20
f1 (ppm)

5f ("F NMR, 400 MHz, CDCl;)

59



vz Hoe
82/
gLy
1951y
295L~
9952/
8.6,
cag L | )
885" £
eel L 2
] T
mmE:
98'9 WL L
092'L NMMM |
o0 ool
8YGL 8208~
085'L 8v0'8
1S5'L
295°L 1
895/ 1
a1 — 1860
€85/ 1
88524
eeLL | — 0
WLy 5 6
65LLF o 286
52» )%.o
8./, o ) 60
J0R | > e60
o%.; z-z i
5e8'. ) \=
8208
8091 O

8068 N J

f1 (ppm)
Sg ('H NMR, 400 MHz, CDCl5)
60




0Lyl —

v8OLY
J
o1
1092} ~
LL9T A\
0692} —
98201 — 18°1¢C1 ~
£6°0Z1 018217
19721 ¥9'8¢1 7
10'92)
1°92)
06'92) et
ey gl
e.wml LVIEb
hoid wel—
9'82) 1
2 OEl 1
LV1E) 9Lel —
Wwieh
9/°7¢) 1
979} ]
No_oi
9e'ehl / 5 \
o
IS8l — o
(=2}

f1 (ppm)
5g (*C NMR, 101 MHz, CDCls)
61

f1 (ppm)

190

200

210



LEET—

026\
o6’

9089
1891
898°01
097 L1
89E
£98'L |
615,

p8g'L
vov'L
o6Y'L
105,
2161
265,
pes'L
W0L'L
0zL L]
VR
966'L |
2109
eeeg’

e

[—
e

A

]
TR
618'L 7
yeg'
voyL
%W
L05'L~
251
265
pes

0L L~
0zLL—
8eL L7

OCH
OCH;

5h

T T T T T T T
7.75 7.70 7.65 7.60 7.55 7.50 7.45 7.40 7.35

1 (ppm)

=8¢

009

60
0l

No'l

H,@S
61

g6

¥¢60

f1 (ppm)
5h ("H NMR, 400 MHz, CDCl3)

62



6L€l—

G199
9199

vw.ﬁ/

L,

91'Lt
wv.R\

L7101~
0LOM
W~
1902}

62221\
00'52) ~
LSt
2992
9122}
8y’ /2l ]
omﬁmiﬁ
1782}

LyTe)
1928 |
szehl
L06Y1
66251

8098l —

L90¢) —

6¢ecl —

009¢t — -
¢L'Gel ~
99l \
OV Lehn
8¥'LCl
LTl
Ly'8¢) —

OCHj
OCH;

5h

T
129 128 127 126 125 124 123 122 121

f1 (ppm)

T
190

T
200

f1 (ppm)
5h ('*C NMR, 101 MHz, CDCl)

63



106} —

1

€089
£089
1289~
289 f
8€89
cv89

101,
¥01'L
€cl’L
oal'L

orl'L
MS.NV

=
=]
=

AR
<

T T T T T T
7.15 7.10 7.05 7.00 6.95 6.90 6.85 6.80

1 (ppm)

L LJ@M

Fool

1 (Pppm)

7a ("H NMR, 400 MHz, CDCl;)

64



9.6l —

vw.mm/

ﬂv L
wv.R\

0y'981 —

44710

AATARN
€587} ~—
8217

L90€L —

f1 (ppm)

L

vl

RN

Lhahi i L)

[T

f1 (ppm)
7a (3C NMR, 101 MHz, CDCl;)

65



v16°1
G16'l

Lywe—

L

L

T T T T T
7.0 6.9 6.8 6.7

76 7.5 74 7.3 7.2 7A1

V-

1 (ppm)

00°¢

6'¢

e60

60
%O._

AR
50z

=060

f1 (ppm)
7b ("H NMR, 400 MHz, CDCl3)

66



8L G~
Gl'gl”

mw.om/

Jv LL
wv.R\

¢8'eol —

chell—
LL'ECL
19°9¢)
E.@N_V
¢q'LCl
9¢'8ch
¢q8¢el
G9°0¢€1
81'GEl
c6'8E1
A

¢59'98l —

09921\
0,921 7

1G'Lc)l —

14

4]

v90€L —

1 (ppm)

110

T
190

T
‘00

f1 (ppm)
7b ('*C NMR, 101 MHz, CDCls)

67



2. X-raycrystal structure of 3m

Single crystals of 3m were grown in ethyl acetate and petroleum ether.

petroleum ether (2.0 mL) was added to 3m (15 mg in a4 mL vial) followed

by 3 drops of ethyl acetate. The 4 mL vial was capped and placed at room

temperature in the experimental cabinet for 7 days, whereupon crystals

formed. A yellow block shaped crystal of 3m was used for the X-ray

crystallographic analysis. The X-ray intensity data were measured at 293(2)
K, on a Rigaku AFC7R diffractometer. The crystal data of 3m have been

deposited in CCDC with number 2022332 and have been displayed at 50%

ellipsoid contour probability level.
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Table 1. Crystal data and structure refinement for 3m.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

V4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 53.594°
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2sigma(I)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

20200702L1 ZNZ5223 2 Om_a
C20H14CINO

319.77

193(2) K

1.34139 A

Triclinic

P-1

a=8.0991(3) A o=75.7790(10)°.
b=10.0866(3) A B=69.4490(10)°.
c=10.5705(3) A y=67.4610(10)°.
740.63(4) A3

2

1.434 Mg/m3

1.517 mm'!

332

0.120 x 0.110 x 0.080 mm3

3.918 to 53.902°.

-9<=h<=9, -12<=k<=12, -12<=I<=12

9190

2690 [R(int) = 0.0309]

99.4 %

Full-matrix least-squares on F?

2690/0/209

1.035

R1=0.0372, wR2 = 0.0990

R1=0.0418, wR2 =0.1025

n/a

0.603 and -0.298 ¢.A-3
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