Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2021

Construction of a spiro[pyrazolone-4,2*pyridoindole] scaffold through
a [3+3] cycloaddition of 2-indolylmethanol with

4-aminopyrazolone-derived azomethine ylide.

Shah Nawaz,*” Yue Huang,? Xiaoze Bao,* Shigiang Wei,* Xingfu Wei,? Jingping Qu® and
Baomin Wang**

% State Key Laboratory of Fine Chemicals, Department of Pharmaceutical Sciences, School of
Chemical Engineering, Dalian University of Technology, Dalian 116024, P. R. China
E-mail: bmwang@adlut.edu.cn
® Department of Chemistry, Karakoram International University,
Gilgit-Baltistan 15100, Pakistan

Contents
Copies of 'H-NMR and *C-NMR spectra of compounds 4a-z, and 5......c..cccveeiiiiinenininnenn. S1
Crystal data for 4a ......cccciiiiiieiiiiiiiiiiii e ssrassessesessssesassssensssssesnnssssanes S28

SO



Copies of '"H-NMR and *C-NMR spectra of compounds 4a-z, and 5.

0000 —

6THT\
YEV'9
£5b°9
<829
$08'9
088'9
206'9
6169
6€6'9
5269
5669
£00°Z
z10L
TeoL
0'L
150'2
1L0'2
060°Z
T€T°L
wie
6vT°L
SoT'L
¥8T'L
v0T'L |
zeeL
e'L
0SZ'2
892°L
¥82'L
€67°L
T0€°2 4
6T€L
THE'L
98€°L
L0b° LA
riad
€99°L~
289°L
290'8
180'8 A
€T -
0sz'8 /

Foot

Feoe
90z
W 1T
179
hae?
0z'z
7 86T

56T
861

0.0

0.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

1 (ppm)

85995
SLT'T9~
£65°99\

$10°90T
887'TTT |
v26'LTT
€12°6TT |
865°02T |
£05°22T |
vTLETT |
T2b'STT |
LbE°92T
[sealiad
TSsPiLTT
789°LTT
9T6'£2T
TLE°82T
6v£'82T
8££°821
YE0'62T

T —

8€6'621 ~
£55'0€T \
mmm.oﬂ\
mom.NQ\
L16€°9€T
250°8€T
661°8€T
SL8'6ET
T60°THT

SOk ThT
890°65T —

628'bLT —

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

200

S1



7607~
[ A

ﬂvv.wg
09v'9
52991
Tv'9 ]
19291
666'9 1
810
1€0°
950° |
050° |
0202
¥80°L 1
vOT°L
0z1°L Y
£6T°L
$OTL
€812
981°2
06T°27
ez
vszL

887°2

90€°2 [
gees
ogg/
9seL
89€L
et
68€°L
80v°L
089°Z
669°L
1£6'L
166'L

68°0
16'C

Fo61
= 160
F oot

€8T

€8T

€8T

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
1 (ppm)

9.0

9.5

2.0

8L8'ET —

og9'9s 7
20209 7
TZE'99

€9SH0T —

06v°TTT —
9€9°LTT

099°vLT

!

|

|

Il l |

|

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

200

S2



0000 —

LLTT
mmN.ﬁW

pIET
£60°C

96£2
PIHT
2€h°2
0bb'Z
657
115°T
S6v°2 )
65577
1452
965°C
$19'C
229
0v9°Z 1
859"
vhb'9

29t'9

6£9°9

2eL9

152°9

266'9

£66'9

210,

L10°2

1€0°2

050°
02072 1
18072
T0T°Z |
9TT'L |
SET'L
£ST°2
SL1L
S8T'L
207727
STTLA
5T LA
€922 7]
LT L
z6TL
80g'2
gzes
eL ]
voE'L
S8
bOb°L
1492
969°2
5008 |

S —

520'8°

Foo€

— Ese0

Fseo

T o0

68T
¥ 60
o0z

Tm.wﬁ

Fs8T

81

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

10.0

T45'6 —

.ETT—

19957
89£09
7699\

£20°S0T —

£9b°TTT —
699°LT1

658'8TT
€1£°021 —
1657221 7
£99'€21 7
000521
092'921 4
80221
bevrz
€05°£TT |
£18°£2T
6€£'82T ]
608'82T
856821 |
808°621
180°2ET
Ly 98T
€L1°8€1
TE9'6ET
22911
28L°THT
T€L'99T
968'bLT

B

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

200

S3



BUB U
180
6280
9880
8680
£06°0
€0T°T
STT'T
Frass
69T°T
6L4T°T
T6T'T

vILT
LT
SEL'T
LYL'T
092°T
89T
8L'T
Elzard
9s¢'C

Woo.w
Feet

Fror

EF1e0

16T
£ 960
Fe61

Fost1

Fogt

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.5

1 (ppm)

£0S°8
owm.wv
S.6°8

2oos
8/8'09
02299~

SYT'S0T —

STV ITT —

6£0'8TT
T58°8TT V

4d

U

|

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

190

sS4



000°0 —

£0€°C—
vSr'e —

15¥°9
0sb"9
9649
S18°9
£06°9
S26'9
€6'9
096°9
6002
£20°L
0L
690°L
680°L
0zTL
obTL
T9T°L
68T°L |
102°2 1
0€TL Y
8bT'L
9T Ly
18C°L ﬁ
90€°L
CEETL
EPELA
TSEL A
69€°L
€0b°L A

€TH LA
a2 A
689°L~
soss”
020'8~\_
bv0'8 - f
wmo.m\

£L0°8

TFooe
Feso

Fit

W/on.ﬂ
L6'T
L'9T

hgE4a)

kww.ﬁ

Foce

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.0

4.5
f1 (ppm)

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.5

1891 —

6v995 7
86619 ~
PS'99

£L1°90T
L9T'TTT

Lp0°8TT

62€°61T

565°02T

20s°zeT

T6L°€2T |
Thb'STT |
£55'S2T
£85°92T
00T"£2T
sevce f
vias |
08£°£2T
S06°£2T
152827
144821
9€0°62T
856621

$09'0ET ~X
SLSTET T
YLTET

Tep9eT
6€T'8ET
v0Z'8ET
LTTBET
9£6'6€T
260°THT
L£9°THT
v9Z'65T —

S8LPLT —

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200

1 (ppm)

S5



66C°C —
9Tv'c —

2454
Foot

Feg1
Mot

th.h
M/mh.N
W/Mw.m

16T
8T

zI18'T

88T

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

1 (ppm)

849 TC—

08995
PLTTO~
S8€'99\

9/2'901 1
SHTTITA
£50°8TT |
SST'61T
85°021
505°221
86°€2T 1
65€'52T 1
£9£°92T 1
a1
65b°£2T |
8692214
728211
158 L71
126'22T
88,821
8206271
SET'67T
086671 “
909'Z€T

mmw.oﬂw

STT'8ET
88C'8ET
+86°6ET
188°0vT
Y20 TvT
92STHT
880°65T —

98 VLT —

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

200

S6



€65'C—

v2S'9
€659
1289
068'9
S06°9
v26'9
€69
6002
€€0°L
¥S0'L
€L0°L
€60°L
veTL
EvTL
€912
061°£ 1
Y0E'L |
cees
see'
oves
TLE°LA
z6€L ﬁ
0Tt
[
Yo'

08v°L
10L°L
oLt
6vLL
6LL°L
88/°L
10827
001'8~
6118~
1568~
z8e8”

508'8 —

oot

Fe61

TTE
£€6'8

me.S
Feos
26T

/60

60

0.0

0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5

5.0
1 (ppm)

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

9.5

899'95

26079

8v5'99 |
T€2°90T
062 TTT /
9L6°LTT /
SOb6TT
729021
¥S5°7eT
9TLE€TT
0LEHTT
v55°52T
+02'92T
€9£°92T 1
1ST°221
662°LTT
oLt £TT
z18 e
010°82T { ]
(AR A%
897'87T ﬁ
£94°82T
Tv8°82T o
860°62T
642621
086'62T
€15°ZET
£V6°ZET

PEEHET ~E
82b°9€T ~
STZ'8ET 7
seoser /f

0£0°0bT H\
900°THT

YoLTHT

£00°6ST —

°S6'PLT —

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200

f1 (ppm)

S7



000°0- —

worT—

169°€
YLb'9
€6v°9
8£5°9
665°9
$0L°9
ses9
828'9
816'9
££6'9
956'9
010°2
620°L
1v0°L
20,
260°L
o112
6z1'L
161°L
o1z’
cEeTL Ay
25T,
65T°L
TLTL
£8T°L
80€°L
€EE°L
€5E°L
TLELA
[ITA\
621 L
[ A
€99'L =
el
6508
mB.wV
1€T8 7
BN.w\

Foor

Fore

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

1 (ppm)

957'55 7 —
£99'95
LT T T
00599~

£10°90T 7
SLTTIT
610°ETT |
SE6LTT
THZ'6TT 1
£85°02T
z8b'221
6£4°€71
81571 —
95€°921
261221
€0b°L2T
156°£21
$9E'8TT
TEL'8TT -—]
9€0'62T s ——
68621 E—
996'621
0£S°0€T 7
5T9°0€T 7
on.Hmi
eoozer i —
0£1°9€T |

$0Z'8ET
622'8€T
S0T'THT %
6v5THT
8ET°65T
goreer >

et

J‘

|

|

L06'PLT — —

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

180

1 (ppm)

S8



000°0- —

SSb'C —

Foor

ﬁmé
0t
Z0'9
/18'8
yAtr4

68’1

Fes'1
Fos't

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

9.5

vg9'9s 7
9zETI~
STH'99\

128'S0T |
€8€°TTT
9TH'STT
1€9°STT
S08°LTT
82611 |
1£9°02T |
1197721
959°€el
115°62T
¥8E°92T |
028'92T 1
xas |
£9€°£2T
825221
€94°42T
050°82T 7
16£°82T
5£0°62T
£56'621
mmo.omﬂw.
€81°0€T
L€5°2ET
95b°9€T |
SOT'8ET -|
£b1°8€T
£28°6€1
6bT° THT %
61EZHT
8L1°8ST
$96'29T ~
295597 ~

=

8SL VLT —

| “

I

|

l

|

i

L

100 90 80 70 60 50 40 30 20 10
f1 (ppm)

110

190 180 170 160 150 140

00

S9



0000 —

99’ —

9gp'9
95+'9
1619
S18'9
258'9
598'9
bL8'9
7889 1
£06'9 |
1969 1
0869 |
T20°Z |
0v0°Z |
80 |
6502
0£0°2
£80°
9T A
SOT'L
[AVAS
1122
12z
oveL
85T,
182°L
062°L
667 ]
oge's |
6veL ]
69€°L
06€°L
T
o',
089°L
869°L
€28,
[4x:92
120’8
0v0'8

Foo't

6T

WMm”a
Brer
WN.@

9
me.m

T
e

160

e

0.0

0.5

.5 1.0

3.5 3.0 2.5 2.0 1

4.0

4.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
1 (ppm)

10.0

929957
6129~
€06'99\

T21°90T
€62°TTT
£20°8TT
LTE°6TT
189°02T
6521
£89°€CT
8v's21
69€°97T |
862°£2T
8t221
YL Vaa s |
YILL2T
os6ze §
££2°821
89£°82T 1
£6£'82T
620°62T 1
££6'6TT

896'0ET
195°2€T -

T80'EET 4
7

T8E9ET
€CT0'8ET \
TST'8ET
S/8'6ET
LST'THT
[ arags
8//4°GST —

T2SPLT —

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

200

S10



3000 —

3G€T
e

L8°C
960

FoeL

Feet
00z
88's
Lzt

Fes1
Fost

Fos

0.0

5

S

5.0

(ppm)

£1

8LL’le —

LEL'9S —
L0C29 —
6LY°99 —

3617901 7
e
'€0'8LL
6Ll |
HEYAR
eszel |
zg ezl
g9z
eeTLeL ) 7r
LvLel

RYAEAS
e6°L2)
888z 1
8,821
5188z
15621
ILO0EL N
12508 1L 7]
589°08 17
309°Z€ L

sLgel
p8'SEL u
Ly'9El
EL8EL
186°6¢ 1
2Ll
zezyL

16'85L —

=

S

WLvLL —

T T
190 180 170 160 150

T
200

10

(ppm)

£1

S11



Foot

0.0

5

S

(ppm)

£1

9€L79S —

80€C9 —
01999 —

:80°9014
TELLL
iovoLL
L6'LLL
89'8LL
8902+
3g7zeL
6L'ETL
39g5's2L
0v'9ZL
99'921
iLzLel |
AR-yri §
EL LT
YA |
)86°LC1
1€0'821
581821
8zl |
18'821
76'8Z 1
300°0€ 1 \
65°0EL 7
7£9°0EL 7
ez'LEL ]
X
i8o°gElL
EBSEL |
Ly 9L |

EaaE T e

who.wmr;
vom.mmr;
Vm—.:u_,;
Lyevl

J0€°6SL —

¥60°GLL —

Ll

¥

T T
190 180 170 150 140 130 120 110 100

T
200

(ppm)

£1

S12



[ Tard
ove'T
PIvC AN
vLv'9
88t'9
S05'9
9,9'9
069'9
569'9
80£°9
0s8'9
598'9
s.8'9
606'9
1269
S€6'9
$56'9
$66°9
110°2
1€0°L
9%0'L
9902
¥60°L
$0T°L
[44 92
€9T°L
661
oze'L
'L
zsTL
0922
287,
TTE°Z
8zeL
0s€°L
89€°L
HOb"L
2Ty L
6L
6L
voos/
090'8
Ro.mw
S60'8
[olx4]
ovT'8
297’8

Foez
860

F ooz
Ee661

Eze1

Foet
Es6'T

0.0

0.5

1.0

2.0

2.5

3.0

3.5

5.0 4.5
f1 (ppm)

5.5

6.0

7.5

8.0

9.0

85T T —

629'95
2029 ~
£95'99\

S50°90T 1
6LZTTT |
T€6'LTT |
6TZ'6TT |
2£5°02T |
0b°zet |
zLge
20t°S2T
paas |
LTl
[erazas |
£66°£2T
65E'82T |
T0L'82T
SE0°62T
£96'62T
$95°0€T |
9s5°0eT
829°2€T —
68€°9€T ~
S/L°9€T \m
S8L°9€T %
1S5°2€T

181°8€T
90z'8€T
YETTHT Q
105°2HT

£80°65T —

EP8'PLT
LS8'PLT v

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

190

S13



€ST'T~.
Tt

ob'T
vvLT
[£Vad
08L'T
60T
+18C
1€8'C
8v8'7 ~
9519
bLy'9
e
L9
v98'9
8069
626'9
6v6'9
0002
810°L
L£0°L
650°L
8L0°L
660°2
¥eT°L
861°L
o1z'L
SezL
15772
95z,
orzL
8L
87,
00€'Z
80€°L
SeeL
€562
0LEL
665L

0Zb'L
6cv’L 7
189°L ~
00s'L
TS0'8
0208~
274 Ryd
€978 /

—

-

o009

560

Fe60

F o0
/6T

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

45
1 (ppm)

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.5

2.0

(4824 v.

66T +C

088°€€ —

56995

a

628'19 ~
6v5'99

§90°90T
692°TTT
T£6°LTT
YOT'6TT
9£5°02T
6Lb°2CT
zIg'eet
(428741
T0L°STT
982°971 |
poT'L2T |
90t°£2T |
£56°£21
6££'82T
269827
65£'82T
2€0°62T
96621
895°0€T
Yb9'0ET
229°ZET

!
|

PP 9eT \L
NmNNMﬂ/

9TT'8ET
T62°8€T

T6T°THT 7

£T9°TrT

864'8YT —

6TT°65T —

L8LYLT —

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

190

S14



000°0- —

f44%1
:l.ﬁw
09T'T

ov'e /
8T
TEST V
0SS°C
69S°C

99v°9
[:T)
T12'9
0€L'9
958'9
6489
6689
9169
v€6'9
£56'9
£00'Z
£20'L
T50°L
£90°L
6802 |
TITL |
0022
seTs
€522
2L
¥8T'L
z0e°L
0TEZ
TEEL
8YE'L
0Le°L
YOb"L
€22
[ A
wusL—
teoe
$50'87\
s.0'8—
6£2'8 =
sscs”

E¥6°0

ket

1.5 1.0 0.5 0.0

2.0

4.0 3.5 3.0 2.5

4.5
f1 (ppm)

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

9.0

9.5

T98°'ST —

759'8C —

oso0s
£56'T9~
€559\

690°90T 7
89T TTT 4
696'£1T
0ST'6TT 1
8.5°02T 1
08t'zeT
z08°€2T
PIH'SZT ﬁ
81€'92T
£9T°£2T ﬁ
YTb 2T
L6°£2T o
18€°82T
6€£'82T
THL'8TT
9£0°62T
186'62T —
T£S°0€T \
mG.oQ\
829'2€T

LOb9ET

8L0'LET

0zT'8ET

LTTTHT

895°ZHT

L0T'pbT

80T'65T —

YIS VLT —

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

00

f1 (ppm)

S15



000°0- —

worT—

169°€ 7
[22)
£6v°9
8459
6659
$0L°9
ses'9
878'9
816'9
££6°9
9569
01072
620,
Lv0'L
2oL
260°L
or1°L
621°L
T61°L
o1z'L
2€TL
2522
65C°L 1
LTl
£8T°L
80E°L
€EE°L
€5E°L
TLELA
0Tt'L
6Ch L
[
€99°L >
89, /
650'8\
6£08
1€2°8 7
1528

L

Foot

Fore

¥ 20T
7 86T
102
2160
90°T

»EA
€0°E
8'0T

ST
L S1e

66'T

Fr61
Fse1

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

10.0

262°SS 7
£89'95 s
9pL' 19
80599~

940°90T
2T |
9L0°ETT
26711
197611
865°02T
861227
$08'€2T |
bEY'STT
89°92T Y
v0Z'£2T
€2y'LTT o f
096221

8/£°821
162°82T o
£b0°62T
S88'62T
86'62T
185°0€T

9T9°0€T
owmAMﬁ\

°L9TET
PEPOET
T1Z'8ET
9€T'8ET
LITTPT
09S°2PT
LET'6ST
082°65T v.

Y06'vLT —

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

200

S16



000°0 —

Sv6'C —
LEE'E

Em.o/
SES9
1859
0099
[a74°]
L9
989
7989
€169
€69
1569
900°L
920,
€b0°L
+90°L
200
S60° |
STT°Z
65T°2
£L9T°L
6LT°L
00T°L
02TL A
ovTL
°9T LA
08Z°2
86C°L |
LTE LN

bEE'L 7]
sseL
[
2ov'L ]
|4 A
6SL°L
8LLL
¥S0°8
vL0°8
60T'8
821'8

Fooe

Feso

¥ 20T
56T
10T
£ 660
H/ 60'T

oF's
me.:

1z
08T

Fsee

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 0 0.5 0.0
f1 (ppm)

9.5

0.0

862°v5 7
126°SS

909'09 "
265'59~\

$1+°90T 14
£85°0TT |
092111
o8I |
19v'611 |
886°611 |
5£5°02T
95221
£08°€2T
Tog"szT |
[Sas |
956'971 1

o0z 4
S8€°/2T 1
$99'221
0578271
b8Y'87T
658871
856'821

680°0€T ~
TZE0ET
LS OET
0£0'TET
T0€°ZET
TTE'9ET
T9Z'8€T
LT8'8ET
6£Y'THT
866'CHT
TZT'8ST ~
158'851

06T LT —

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

f1 (ppm)

S17



0000
99€°C /
£bb'9

)
s1L'9
zeLe
8es'9
9bL'9
65L°9
69L°9
suL'9
829
698'9
S16'9
816'9
z€6'9
5€6'9
7569
956'9
z00'L
500°2
€202
5202
0v0'L
0L
£90°L
£€80°L
260°L
160°L
(432
TETYL
z61'L
o1z'L
e
9zeL
8zTL
ovTL
vhz'L
6vT'L
652°L
9L
58z
167 |
€0€°2
902
orE7L
0zeL
52€°L 7
g€
b€,
€5€°2
0972
o0s€°L ]
IR
60b°L
ogb°L

6bb°L ]
1992
+90°'8 w
£80°8

——

DN«:
S€T'8

Foso

A LLT
2 TLE
= 880
L0'T
€€V
9°0T
ooz

H\Nmé

681
FSLT

0.0

0.5

3.5 3.0 2.5 2.0 1.5 1.0

4.0

4.5
f1 (ppm)

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

9.0

9.5

s09°95 7
50979 —
9E6'99 \

656°S0T
PIETIT
ady
659°%TT
€96°£TT
62611
549°021
€09°22T
689°€2T
115°52T
b9t |
98€°/2T
€85°£21
€06°£21
60b°821
9988271
690°621
£68'62T
TEE'0ET
TTH0ET
ETS°0ET N
8v9°0€1 7
295°TET /p
LE9'SET IF
0

699°S€T 7
Tob'9gT
€/8°L€1
so1°86T
£08°0bT %
8ze Tyt

8T0'65T ~
592°T9T —
91L'€9T —

9T8 VLT —

|

|

|

|

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

190

S18



000°0- —

vLET—

L9%'9
98’9
0zL'9
ovL'9
¥98°9
5269
vv6'9
£96'9
220,
£50°L
190°2
880°L
80T°L
9L
SpTL
€072 |
12TL
9g7L
€522
erzL
687°L
Tz
rg€72
€52
1272
68€°
6TH'L
6572
85y,
999°2 =
caos”
190°8

180°8 A
€028 7
faaar 7

Foot

86'T
Fooe
v0T
Rprr
81’9

Wﬁ.oﬁ
or'z
S8

Fuet
Foet

1.5 1.0 0.5 0.0

2.0

4.0 3.5 3.0 2.5

4.5
f1 (ppm)

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

9.0

9.5

5595/
Tz —
88€'99\

£56°S0T |
£2ETTT |
££6'L11
S9T'61T
969°021
ve9zel
699°€2T
ThS°STT |
9v5°92T |
8bb'2T |
e |
9b8"L2T
yias |
0Eb'8ZT |
029821 1
688'82T
5£0°62T
£06°621
ZHT'0ET
89b°0ET
$£9°0ET 7
615°ZET \
TeLEET \
T2y et
SbL'LET
621°8ET
£0b°8€T
zE8'obT
£60°2HT
6£6'85T —

LLLYLT —

4

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

190

S19



£0S°C—

SLY'9~N
e

3662
920°L /
6ET'L
65T°L W
0c12
8T W
oze'L ]
ger
ose's
oovzff
8T, ] ﬁ
ovL ]
09t°2
oL
68 ]
ees'L ]
256°L
€L6°L
060'8
o1r'8
622'8 ]
8vz'g

Foot

Tt

W 60'8
To.ﬁ
K661
00T
¥ 10
8T

3.0 2.0 1.5 1.0 0.5 0.0

3.5

4.0

5.0 4.5
f1 (ppm)

6.0 5.5

6.5

9.5 9.0 8.5 8.0 7.5 7.0

10.0

b9/
8819 ~
64299\

8v6°S0T
806 TTT
£10°8TT
692°61T
958°02T
oss7zen
€s8°zet
sss°get
¥99°521 |
£8£°921 1
£82°£2T |
894°L21
seg szt
£96°£TT ﬁ
zvegen
0£5°82T
orT'62T
5£9°621
b28'62T
TEE'0ET
628°0€T

652°ZET &
0Eb"9ET

682°LET ~:
£10°8€T 7
b8E0PT N
£95°THT

€05°LbT —

T¥8'85T —

98SVLT —

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

f1 (ppm)

S20



000°0- —

T —

Thr'9
1959 |
896'9
886'9
910,
0902
080°Z |
1012
yers |
WL
0ST'Z
122,
vrTL
1972 7
872 Y
¥8T°L
16T
$0E72
91EL ]
vTeL
09€2 |
R
00t°Z ]
6TH'L |
2Ev'L
1562
osv'L
9692 |
s12°L ]

o162 ]
1662
9508 |
9208
T61'8 ]
orz'g?

Foot

Tes1

W [Yara
Tﬁwﬁ

Begr
81
081
081

2.0 1.5 1.0 0.5 0.0

2.5

3.0

3.5

4.0

4.5
f1 (ppm)

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

9.0

9.5

o195/
20619 ~
167799\

+20°90T
P ITT
€90°8TT
LTE6TT
868°0CT
+08°2CT
968°CCT
909°€CT
S69'SCT
218927
164°L2TT
798°/TT |
S00°8¢T
955°8ZT
STT°6¢T
LST'6CT
099°62T
+S8°6CT
L9E°0ET A
TS8'0ET

Wik

N

L27TET~E
29b°9€T

€2 LT\
250°8€T ~
STH0bT 77
609°THT

95 LbT —

SS8'8ST —

09S'vLT —

Al

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

190

S21



000°0 —

€99°C
TL9°C
20s'9
015’9
699°9
£89°9
€649
2089
5089
+18'9
S€6'9
+56'9
€469
920°L
ve0’L
0s0°2
0L0°2
€802
6¢1°L
o1
6b1°L
9T°L
89T°L
1L
62TL
s
09¢°2
€LTL
64T,
v6T°L
LIE°L
SEELA
6SE°L
9Ly
°6E°LA
1Tt 2|
TEP LA

LA
L~
mmm.nN
€19°L
690'8
omo.ww
60T'8

Foot

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

f1 (ppm)

16595 —
SL0°6S —

TTr99 —

Sk6°S01 1

ZSETTT
bEO'BTT |
0sz611 |
s8£°021 1
669°221 1
928'€TT |
£59°b2T
s15°52T
112921 |
87071 ¢
216°921
9Tb/2T
864°£21
106°£21
TLP°8TT
016°82T
££0°62T
$98'62T ~
8L£°0€T \
Gm.oﬂ\
BLLTET
6LE°9€T
661'8ET %
£92'8€T 7
088°0bT
08z'zh1 “
158°2bT
66885T —

0051 —

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

200

S22



0000 —

0St'c —

Sov'9
vTr'9
SLL9
v6L°9
£589
6’9
£v6'9
¥20'L
€b0°L
790,
vL0°L
S80°L
°60°L
ars
ESTL
TLTL
06T°L
L0T°L
veeL
WLy
65T
99T,
S8T°L
+0E°L
62€°L
LyE LA
YoE°L
6LE°L |
[As A
6TH L
6EP" LA
6St'L
659°L
8L9°L
0b0'8~\
090'8 —
9TT'8 F
SvT'8 \

Foot

/81

rSeT
1860

H/ $0'T
66t
9°€T

Fos't

681
81

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

f1 (ppm)

969'95 7
266’19 ~
65199 <

£69°S0T
228'eIT |
PPEETT
12617 |
S0b°0ZT |
8L€'STT
1£5°52T
§99°52T
SEP'OTT
SLELTT
€29°£21
£6£°£TT
668221 f
LH0'8TT

¥8°8TT !
PbLo8TT A
€/8'8CT )W

e

90T°62T

¢SSTrT
€LL°8ST —

18v VLT —

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

200

S23



000°0- —

LT —

90v°9
szb'9
9119
s6L°9
6589
596'9
oL
TH0°L
090°2
€L0°L
260°L
L
1ST°L
691°L
881/
00z'2
zees
657°L |
097° |
6.2 ﬁ
867° 1

czes
e
656
2L€°¢
20672 A
STH'L

SEP'LA
(A
1S9°L 7
o
PH0'8
$90'8 —
€T >
oszs’

—

F oot

0.0

0.5

1.0

2.0

3.0

3.5

4.0

4.5

5.0

55

6.0

6.5

7.5

8.0

8.5

9.0

f1 (ppm)

602957
YEETO ~
04199~

508°50T
T6£°2TT |
THELTT
29e°611
weTer
TELPTT
0v9°52T
062921
0£b°92T
89¢°/21
219°221
054°£2T |
868221 |
bb0°8eT |
S2b'8zT W
L2781
998821
S0T°621
6/8'62T ~
Z9€°0€T
99/°0€T \
95b°2ET \
oL PET
0z8'LET
£50°8€T
T9°6€T
LST°THT
869261
99£°85T —

e

61SPLT —

"

™

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

200

S24



T000°0 —

£89T°T~
6STH'C
81TH'C

98bb'9
SL9b°9
+84L°9
bL6L°9
£158'9
zeL89
££96'9
0886'9
9510°L
9E0°L
YESO'L
$190°L
¥6L0°L
¥860°L
S6ET'L
18512
SOLT'L
8812
PIICL
vSCT'L
S62T°L |
osvT'L |
S192°L |
£182°L
620€°Z
902€°L |
81EE"L |
88c€°L
TISEL
¥89€°L
09TH°Z
19662~
6551, 7
9249, -
sreer’
9/90°8
£980°8 A
65228 7
vIvT'8 \

Fsez
Foor

Foe1

W 66'T
v0'Z
201
v0's
601

Kooz

96T

Feot
Eve'T

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)

9.0

SL9'1C —

veros/
L2179~
2099\

809°S0T
6v6'0TT
£69°LTT |
2zE6TT |
90T
LpTbTT
ogt'szT
€5€°92T
11T 22T |
Eragia s |
£89°£21 1
zo6'zzT YL
£v6°£2T
$Ob'8TT f
Pl 82T |
192821
¥b0'62T )W
668°62T \
696'62T
€85°0€T 7
wow.oﬁ\
€45TET
TELVET
PTT'8ET
98Z'8€ET
TH6'6ET
T THT
THS THT
£ST'6ST —

808'vLT —

ey

L

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

f1 (ppm)

S25



000°0- —

LobTN
819'€q
129
9bt'9
59'9
1699
£99'9
699'9
SS2°9
1929
¥6L'9
€18'9
9£8'9
£26'9
616'9
ze0L
oL
1902
180°L
0012
SvT'L
€912
€81,
1612
20TL
0zz'L
8¢C'L
e'L
9T'L
0922
8972
6.2,
60€°L
82€'L
THEL A
09€°Z
86€°L
6TH'L
A
¥S9'L~
e’
6608\
8908~
0SZ'8
sors”/

F oot

F1o¢

R oo
101
T so€
R oot
H/ $0'T
8T
2011
Ksre

v 96T

Froz
F1oe

0.0

0.5

1.0

2.0

5.5 5.0 4.5 4.0 3.5 3.0 2.5
f1 (ppm)

6.0

6.5

7.5 7.0

8.0

9.0

Sb8'SS 77
9bL°9S 7
64129
06+'99 ~

£92°00T
£69°S0T 1
046’111
T
81Z61T |
ZETHET |
0Lb°STT
LzEr9TT | ﬁ
€07°£2T

STH'L2T ﬁ
589°£ZT

b88'LZT %
ST6°£2T

$0b'8TT
seeger |
€££°82T

9+0°62T
£16°62T

£09°0€T N\

6bb TrT
T9S'¥ST —

880°6ST —

TUBYVLT —

|

|

|

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

200

S26



0000 —

[:1
086'9 /
866'9
910°Z
S€0°L
80T°L
8TT'L
1L
16T°L
902°L
ote'L
€€TL
(3 24VA
0sz'L
857'L
uee
€6T°L
867°L
81€'L |
6€€°L
z6€°L
00v°Z |
60v°L |
PIv'L
0zy'L
ovb'L
v6v°L
861
S0S°L
9TS L N
625°L
obS'L \

€608~
€908/
9528~

Fert

09
FETT
Fogzr
Fvry
2%

Foze
= 00T

4.0 3.5 3.0 2.5 2.0 .5 1.0 0.5 0.0

5.0 4.5
1 (ppm)

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

9.5

S80'EL~\.
69s°€L”

L6E°TTT
0v9°9TT
0£€°8TT |
791611 {
181°12T
S0Z'12T
998721
YLE'STT
PEE'LTT
£95°£2T
374 |
SL8TT
TT1'8eT
981827
662°82T
LLb8TT JW
Lb0'67T ~8
82Z'0€T

LYbOET

PBEBET \_
000°ZHT

S9L YT W
$0S'9bT ~
618'9bT 7

vL2°09T —

TI8'E€LT —

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

00

S27



Crystal data for 4a

27 Y

(180920)

PLATON-Sep 25 02:10:44 2020

N
|
—
N
ul
N

Pbca R = 0.05

Prob

RES= 0 152 X

Empirical formula:
Formula weight:
Temperature (K):
Crystal system:
Space group:
Hall group:
a(h)

b(A)

cA)

a(®)

B(*)

v(°)

Single crystal xray structure for compound 4a
C43H32N4 0O
622.74

220
Orthorhombic
Pbca

-P 2ac 2ab
18.8089(13)
17.8043(12)
21.9597(15)
90.00

90.00

90.00
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Volume (A 3) = 7353.8 (9)

Z=8

D caled (gcm™®) = 1.125

p(mm™) = 0.068

F (000) = 2624.0

Crystal size/mm?®) = 0.26 x 0.24 x 0.22

Theta range for data collection = 4.296 to 55.08

Index ranges = -24 <h <24, -23 <k <23,-28<1<28
Reflections collected = 148677

Independent reflection = 8472
Data/restraints/parameters = 8472/0/441

GOF (on F2) = 1.069

Final R indexes [I>=2c (I)] R1 = 0.0547, wR2 = 0.1451
Final R indexes [all data] R1 = 0.0889, wR2 = 0.1645
Largest diff. peak and hole (e A 0.25/-0.24

S29



