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

Supporting Information

Cu-catalysed synthesis of benzo[f]indole-2,4,9(3H)-triones by

reaction of 2-amino-1,4-napthoquinones with a-bromocarboxylates

Fazhou Yang,” Ziyan Liu, Hao Liu,” Yu Shangguan,” Hao Deng,” Jiaxing Huang,*

Yumei Xiao,* Hongchao Guo®® and Cheng Zhang*“

“ Department of Applied Chemistry, China Agricultural University, 2 Yuanmingyuan West Road,

Beijing 100193, China.

b College of public health, Zhengzhou University, Zhengzhou 450001, China

Table of Contents

Copies of TH NMR and '3C NMR SPECLIaA...ucueenineeeeneneeeeerneneeaenencsesncnceesnsnssssasnsnssnses

Single crystallographic data for compound 3aa........ccccoeiiiiiiiiiiiiiiiiiiieiiiiiiiiiiiinieniee.



VAVANNuEs— >
tH NMR in DMSO-d for 1n
B
e
O
1n
Ty A |
(‘).:-) 1(‘).0 q‘r, 9{0 8{5 R‘AO 7‘.5 7‘.0 ﬁ‘.ﬁ G‘.O r,‘r) 510 4‘.5 4‘0 '3"1 '3‘0 2‘-) 2‘.0 1‘5 ]‘0 0") 0‘0 *(‘]
1 (ppm)
” S 3C NMR in DMSO-d for 1n
0
N ~y
P
Q
1n
H M H'LJ'] ' M.‘hu A
2‘00 1‘90 1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 ]‘00 ‘E‘)O gO 7‘0 6‘0 5‘0 4‘0 :;0 2‘0 1‘0 ‘0 *‘](

£1 (ppm)

S1



LomNALEAO oL ®

TH NMR in CDCl, for 10

o

1o

T T
5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

10. 5 10. 0 9.5 9.0 8.5 8.0 7.5 7.0 . 5 . 0 -0.5
£1 (ppm)
TN N .
13C NMR in CDCI3 for1o
(0]
H
N
O S L‘
1o
” ‘H l m ("
2‘00 1‘90 1‘80 ]‘70 ]‘60 ]‘F.O 1‘40 1‘30 1‘20 1‘10 1‘00 E;O f‘{(] 7‘0 é() F‘.O 4‘0 .';[) 2‘0 1‘0 ‘0 ,‘1‘

£1 (ppm)

S2



9. 444

ZT

0
Br

1u

6.003

! 1 !
T T T T T T T T T T T T T T T T T T T
1.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 65 6.0 55 50 4.5 4 3.5 3. 2.5 2. .5 -0.5 -1
£1 (ppm)
2 o 2
&8 g 8
B < E
Br l l N
Br
1u
(! | 1, A "
T T T T T T T T T T T T T T T T T T
140 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
£1 (ppm)

S3



8991 —

b L UL ()
— T

@606 08 e e e e e e e e

1H NMR in CDCI3 for 3aa

3aa

9.5

(ppm)

1

L8V 28—

9£0 "9y

S b

for 3aa

13C NMR in CDClq

I

PRI

I

Al

10

30 20 10

40

190 180 170 160 150 140 130 120 110 100 90 80 70 60
(ppm)

200

1

S4



IR (KBr) spectrum of compound 3aa

BWAH 7H 24 10:21:22 20

Title *E2W0 67 21 10:20:06 2020 (GMT+08:00)

100

95}

8S €182

G2 °LT63

¥6°0L62

90
85

10 °9%91

80!

96 'FL91
9T "L¥LT

75t

70:

1000

2000

WA (em-1)

3000

4000

89T~
69°1

TH NMR in CDCl, for 3ba

[/w Foo9

HHNM:
61
Bgeo
H\: 2
Fzot
Foo1

4.0

5

4.
f1 (ppm)

S5



g = gun
g g 8s
= ’ ] 23
0
':' cl
N
o]
O
3ba
” ' I (-
T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -1

1 (ppm)

IR (KBr) spectrum of compound 3ba

Title *2MHH 67 21 10:39:30 2020 (GMT+08:00) BIH 7H 24 10:42:44 20
100
951
90}
- oo
(=N ]
85: 2 O o
g o
ol o ™
Lo 0!
o]
IS
70
651
601
1000 ' T 3000 2000 ' ' © 1000
Pk (em-1)

S6



e L\ )\ e 1
R T

o

—1.653

1H NMR in CDCI3 for 3ca

Cl
o]
N
(L =
()
Jca
JL "
1(‘15 I(;O 9‘.»'; 910 R") 8‘0 7‘—': 710 S‘Aﬁ h‘() 5[5 510 415 4‘.0 S‘AS 3‘.0 2‘.5 2‘.0 I‘AS l‘AO
£1 (ppm)
1] e\ i
13C NMR in CDCI3 for 3ca
cl

T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90

£1 (ppm)

S7



BEIH 7H 24 10:47:17 20

IR (KBr) spectrum for compound 3ca

Cl

e

951

Title *2M M 67 21 10:24:27 2020 (GMT+08:00)
100

Frowo

9¥9 1 —

1000

ST LPOT

TH NMR in CDCl, for 3da

16 "8L91

¥ TRLL

2000

PEE (em-1)

12 '1L8¢
G6 8762

3000

L€ 6968

[ Fooz
Freoz

189 L K
989 L

90L "L g
AV 60
26070 Fo0°1

GV
8]
8§
3da
)

90
85
80
751
70
4000

M%NHW,Ev €11 Hm

4.5
f1 (ppm)

S8

6.0

6.5

7.0

8.5

9.0




— 181. 006
~ 179,299
— 176,792

— 16. 063
22,434

13C NMR in CDCl, for 3da

(]
o]
N
(I p=o
0
3da
il .
3‘00 ]‘90 1‘80 1‘70 1‘60 ]‘50 1‘40 1‘30
Cl

N
IR (KBr)
(LI o

O
3da

Title *EWH 6/ 21 10:22:23 2020 (GMT+08:00)

T T
100 90
f1 (ppm)

spectrum for compound

B+ 7TH 24 10:51:15 20

100
90!
801

70!

2871. 21

2931. 84

601

2969. 37

LIEVES

501
40:
50!
2!

10, .
4000 3000

2000
YA (em-1)

S9

1742. 42

1678. 91

1644. 27

1000



s N

—1.654

1H NMR in CDCI3 for 3ea

1
=
©
T T T T T
5 3.0 2.5 2.0 1.5 1.0
B g
g B

13C NMR in CDCI3 for 3ea

Br
o]
N
0
0
3ea
I T T
€5 =3 s
g oo o
T T T T T T T T T T T T T
3.5 10,0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
£1 (ppm)
z
Br
o}
N
0
0
Jea
T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80
£1 (ppm)

S10



(o]
O‘ N o IR (KBr) spectrum for compound 3ea
O
3ea
Title ®*2 M1 6H 21 10:43:15 2020 (GMT+08:00) BEIWH 7TH 24 10:54:15 20
1007 T SR e
95!
90!
851 &
O
. 8o < ; 3
= a8
k) 757
=
701
65! .
—_ o
= e o
<t —
55! =
4000 3000 2000 1000
PR (em1)
1
1H NMR in CDCI3 for 3fa
F
0
N
(LT =0
()
3fa
9‘,0 8‘.5 8‘.0 7‘.5 7‘,() 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.
£1 (ppm)

S11



45. 985
22,430

I =S\ V

13CNMR in CDCl, for 3fa

F
8]
N
(L =o
()
3fa

I J |

T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 10
£1 (ppm)

250

“l12.

19F NMR in CDCI3 for 3fa

0
3fa
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200

£1 (ppm)

S12



IR (KBr) spectrum for compound 3fa
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Single crystallographic data for compound 3aa.

Single crystals of C20H1sNO3 (3aa) were obtained by slow evaporation of a solution
containing 3aa in the mixture of EtOH and DCM. A suitable crystal was selected
and the crystal data and structure refinement results for compound 3aa are listed in the

Table S1.
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Figure S1. ORTEP view of the compound 3aa with thermal ellipsoids drawn at
the 50% probability level

Table 1 Crystal data and structure refinement for 3aa.

Identification code 3AA
Empirical formula C20H15NO3
Formula weight 317.33
Temperature/K 293(2)
Crystal system orthorhombic
Space group Pbca

alA 13.5094(16)
b/A 11.0920(9)
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c/A 21.2668(18)

o/° 90

pr° 90

v/° 90

Volume/A3 3186.8(5)

Z 8

Peaicg/cm?® 1.323

p/mm 0.089

F(000) 1328.0

Crystal size/mm? 0.14 x<0.13 x<0.12
Radiation Mo Ka (A =0.71073)

20 range for data collection/°4.876 to 49.99

Index ranges -16<h<10,-13<k<13,-25<1<24
Reflections collected 8730

Independent reflections 2800 [Rint = 0.0298, Rsigma = 0.0335]
Data/restraints/parameters ~ 2800/0/219

Goodness-of-fit on F 1.075

Final R indexes [[>=2c (I)] R1=0.0446, wR> = 0.1005

Final R indexes [all data] R1=0.0607, wR> = 0.1093

Largest diff. peak/hole / e A0.14/-0.20
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