Electronic Supplementary Material (ESI) for RSC Medicinal Chemistry.
This journal is © The Royal Society of Chemistry 2023

Design, Synthesis, and biological evaluation of 3,3’-diindolylmethane N-linked

glycoconjugate as Leishmanial Topoisomerase IB inhibitor with reduced cytotoxicity

Parampreet Kour ', Pallavi Saha 2 2, Srija Bhattacharya 3 2, Diksha Kumari '- 4, Abhipsa

Debnath 5, Amit Roy %, Deepak K. Sharma 2, Debaraj Mukherjee % 5 # Kuljit Singh ' 4 #

TInfectious Diseases Division, CSIR- Indian Institute of Integrative Medicine, Jammu,
180001, India

2Department of Pharmaceutical Engineering and Technology, Indian Institute of Technology
Banaras Hindu University, Varanasi-221005, India

SNatural Products & Medicinal Chemistry Division, CSIR- Indian Institute of Integrative
Medicine, Jammu, 180001, India

4Academy of Scientific and Innovative Research (AcSIR), Ghaziabad- 201002, India
SDepartment of Biotechnology, Savitribai Phule Pune University, Pune- 411007, India
6Department of Chemistry, Bose Institute, Kolkata, 700091, India

a Equal Contribution

#To whom correspondence should be addressed:

Dr. Kuljit Singh, Infectious Diseases Division, CSIR- Indian Institute of Integrative Medicine,
Canal Road, Jammu -180001, J&K, India. Email address: singh.kuljit@iiim.res.in (K.S.) Tel.:
91-191-2585006-13 Ext: 333.

Dr. Debaraj Mukherjee, Natural Products & Medicinal Chemistry Division, CSIR- Indian

Institute of Integrative Medicine, Jammu, India-180001. E-mail: debaraj@jcbose.ac.in

Contents

Proton NMR, 13C and 19F NMR spectra of synthesized DIM derivatives......2 - 30



NMR Spectra

$0'9 —

069~
90°L ~
0€°L ~
il
9L/

91’8 —

S56°0T —

NO,

H0'T

=0t
580'C
R0y
®0'C

H00'¢

Fs0c

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
f1 (ppm)

9.0

12.5 11.5 10.5 9.5

13.5



€8' —
09'9
19'9
19'9
35
HN.N/
€e'L
R.NV
6L/

88/ —

f1 (ppm)

Br
NH

HN

=00'T

0.0

0.5

1.0

1.5

04°6€ —

2.0

T
4.0 3.5 3.0 2.5

T
4.5
f1 (ppm)

5.0

PTTIT —
TT°6TT
6E°6TT
€8°6TT
S6'6TT
TTUee
€9°€CT
88°9¢T
CS'0ET
PETET
om.@mﬁ\
oﬁ.mvﬁ

8.5

" M..

Br

NH

HN

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

190



8’ —

6.4

7.8 7.6 7.4 7.2 7.0 6.8
f1 (ppm)

8.2

HN

=-00°T

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)

8.5

9.0

€9°6€ —

Cl

NH

HN

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

190



659

0.5

NaNow s aA
=238 aagoa
NINN OO
|
|
I
|
|
e Qo
‘\\‘N\ T
70 69 68 6.7 6.6
f1 (ppm)
T
1.0

8T/ - | =
sTL = | " 8b'6 —
L B N
Ll =07 S
L~ — 1) 1" N
ve'L = «
SEL [~ F
L£°L [
L <
™
&
L 2
e
s
| oz
n
€T'TTT
| o %+:/
© S.m:/
85611
Lo 68611
L0221 -
] . 65°€2T
éoﬂ‘m ¥6'921 7
90°0€T
£T°0€T
L 129517/,
=10¢ w@%H\
0T TL°6€T
e TT== 50T R
E— T —==J =50
— pd == 3707C
op L2 TT09T ~
— $9°29T —
—_ W — 0|
[~
Z &
T

10

20

30

40

50

60

70

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

170

180

HN

190



HN

NH

-117.27

T
-100
f1 (ppm)

T
-110

T
-120

T
-130

T
-140

T
-150

T
-160

T
-170

T
-180

T
-190

T
-20(



T€C—

€8'G—
099

19'9
£8-3
ST/
0L\
0E'L~
e/

18°L—

CHs

76 74 72 70 68 66 64

7.8

f1 (ppm)

NH

HN

=40'€

=00'T

=60'¢C

#80°¢C
280'C

»NO.N
0°¢

0'¢C

1.5 1.0 0.5 0.0

2.0

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
f1 (ppm)

9.0

1 —

8L°6€ —

€0°TIT —
TC6TT
Hm.m:W
66611 Y
mw.._”N._”\
8G7ECT
e
6S'8¢T
$6°8¢T
C¢S'SET
0£9€T

00°THT

NH

HN

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

190



9,°€ —

wn —
- O
T
g/

OCH,

f1 (ppm)

NH

HN

—€0°¢

-00'T

0.0

0.5

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
f1 (ppm)

9.0

PE6E —

€085 —

SO'TTT
mm.m:#
0C'6T1
66611
p0'0ZT -
8.5*
95°€7T YA
£0°LTT \
79621
ST'9ET
1£°9€T

06'£8T —

OCH,

NH

HN

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

190



b —

€8'6 —

897
o1,
(e
bt
w7
oc )

8L —

74 72 70 68 66
f1 (ppm)

7.6

7.8

- =80'C
0°¢

- 0t
- Nmo.ﬁ
0T
JMO.N
0°¢

-< EE0'C

NH

HN

2.0 1.5 1.0 0.5 0.0

8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5
f1 (ppm)

9.0

€0°9T —

89'6€ —

SCHs

NH

HN

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

190



0L'S—
899
699
689
69
€6'9

6’9
om.c\
veL
S¢L
9L
86'L —

899
699
689
69
€6'9
¥6'9

86'L —

0°¢

0°9

6.0

6.5

7.5

8.0

8.5

f1 (ppm)

-00'T

Yoz
50'

=10°¢C

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)

9.0

$9'6€ —

9S'v0T
6/%0T
9%°0TT
¢/L0TT
LLTTT
98°TTT
¢6'8TT
96'8TT

9z'sel
2.5/
ON.RH/
95°82T &
96'62T
:.Nmﬁx
6T°EET

8 THT —

—-

—

TH9ST ~
PL'8ST —

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

190

10



—-124.23

T
-10

T
-20

T
-30

T
-40

T
-50

T
-60

T
-70

T
-80

T
-90

T
-100
f1 (ppm)

11

T
-110

T
-120

T
-130

T
-140

T
-150

T
-160

T
-170

T
-180

T
-190

T
-20C



91’8

= (7

0'H

NO,

80 78 76 74 72 7.0 68 6.6

8.2

f1 (ppm)

I

N

=-00°T

—<0°¢

=50t

=0t

=0V

0.0

0.5

1.0

1.5

¥8'6€ —

4.0 3.5 3.0 2.5 2.0

4.5
f1 (ppm)

5.0

88211
SO'ETT

SN
mm.mﬁw
€8'be1 7
ey ser /f
sz'8el \
62T

SE'GET /

5.5

6.0

6.5

8L°9pT —
€8°0ST —

7.0

7.5

8.0

8.5

9.0

NO,

Br

NH

HN

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

190



TS —

299
299
527

YL

9C’L

mv.n\

0’8 —

299
N@.@WV
299

4

WL
Sh'L
SbL

08—

| Iy

T o

76 74 72 70 68 66 6.4
f1 (ppm)

7.8

N
o
8.0

Br
NH

Br

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5
f1 (ppm)

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.0

LE76E —

0L'T1T
£8°211
SH'8TT
nm.oﬁw
STTeT —
6451 T
D.mﬁ*
9821
TE0€T
B.HH\
bE'SET
R4y /

10

20

30

40

50

60

70

80

90

120 110 100
f1 (ppm)
13

130

NH
150 140

Br

HN
170 160

180

190



WS —

n
o
~
84 82 80 7.8 7.6 74 72 7.0 6.8 6.6
f1 (ppm)

Cl

HN

=00'T

=00'¢

=10'8
=0'¢

F0C

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

5.0

8.5 8.0 7.5 7.0 6.5 6.0 55

9.0

0€'6€ —

69°CTT
28Tt
SS'8TT
91'zer
R.vﬁw
9T'SeT
T
mo.wﬁ\
06'62T \
beTeT \
se'seT
S.:x\

Cl

Br

NH

HN

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

190

14



s —

i

il

00’8 —

6.6

78 76 74 72 7.0
f1 (ppm)

8.2

NH

HN

-00'T

-£0°C
A90'C
=909
90T

£50°¢C

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)

8.0

8.5

9.0

91'6€ —

Br

NH

HN

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

190

15



HN

NH

Br

-116.65

T
-100
f1 (ppm)

16

T
-110

T
-120

T
-130

T
-140

T
-150

T
-160

T
-170

T
-180

T
-190

T
-200



N | o
o
| < n
o r o
€9'9— 907 ¢
80°Z [ L2 60' T —
oT'L ©
ST'L N -
LT ~E L2
61* ~g
L N - 8b'6€ —
€7t Fa
€€'T e R ~£0°€
- ¥t ]
'L B Fa
86'L— 5907 2
o
Lo Mo
— e
o
<
nE
| 2E
S
[ v
85711
- v9'TTT
Fa 97'611
0L'S — S — -00°T o0gzet
o et /
o 6'b2T
8€'87T —
i %.wﬁx
£9:9 o gz [ ® ST'62T
' om.mﬂ\
wL ozl om.mmﬁ\
£TL - = - r~ S0°04T
o A R — m = WMO.m
Lr'Ls T o
L pd oz
86— E— T — 90| 2
O
©n
—_— r o
Z
T o
[ o
| .
v}

10

20

30

40

50

60

70

80

90
17

f1 (ppm)

CHs3
Br
NH
170 160 150 140 130 120 110 100

180

HN

190



789
vw.ov/
€L
€2
y'L
Q.NY
L0°8—~
6L'€—
69'G — —
299
799
£9'9
£9'9
789 o
¥8'9
YAV T
0T'L
<Ly TTTTTT———
MNNN o
€L
vl
L
108 — —_

OCHjs

70 6.8

7.2

7.4
f1 (ppm)

09

7.6

8.0

8.2

NH

—<0'€

-00'T

-60°¢C
=10°¢C

€09
=60'¢C

#90°¢C

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5
f1 (ppm)

5.0

5.5

8.5 8.0 7.5 7.0 6.5 6.0

9.0

S0°6€ —

9C'SS —

65211
N@.N:/
08'ETT
wm.mdﬂ
€721
1L621
1621/
%.wﬁ\
Sb'621
9z'SET
LE'SET

ST°8ST —

OCH;

NH

HN

-20

-10

210 200 190 180 170 160 150 140 130 120 110f %00 ) 90 80 70 60 50 40 30 20 10
1 (ppm

220

18



96'ST —

SE'6E—

SCHs

Br

NH

HN

L

|

—

10

20

30

40

50

LY'T—

90 80 70 60
f1 (ppm)

100

110

TLS—

130 120

140
<
O
©

150
< <
NN
NN
— =

180 170 160
e}
N
~
<

190

€99
¥9'9 g
$9'9
99 [

6.6

6.8

7.0

6T, r
[A

<

T
7.2

f1 (ppm)

SC'L
'L

tlw; K
1L L

7.4

7.6

7.8

008 — 0T <

NH

SCH;

HN

-

-00°¢

-00'T

0.0

0.5

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
f1 (ppm)

9.0

19



80 78 76 74 72 70 68 6.6
f1 (ppm)

8.2

Cl

NO,

Cl

—=00'T

NH

HN

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)

9.0

c0'0b —

Cl

Cl

NH

HN

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

190



Br

f1 (ppm)

Cl

Cl

NH

HN

-00'T

=-00°¢
M\Ro.m

10°C
Jeoe
=¥0'¢C

o

=£0'¢C

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)

9.0

$9'6€ —

NH.:H
No.m:/
[T0T
65021
poeeT
PTbT
mm.mﬁx
8T8zl

SE0ET
mv.HmH\
mo.nmﬁ\

6E°CHT

Br

Cl

Cl

NH

HN

-20

-10

210 200 190 180 170 160 150 140 130 120 110f %00 ) 90 80 70 60 50 40 30 20 10
1 (ppm

220

21



369
099
199
199

S6'L—

o oin
82 80 7.8 76 74 72 7.0 68 6.6 6.4
f1 (ppm)

Cl

-

Cl

Cl

HN

=-00°T

=90'C
60T
0'C
0t
¢oe

H00'¢C

0.0

8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

8.5

9.0

LY'6E —

PTTIT—
01’611
ST0TT .
19°021 7
STHCT 7
ey
91'8C1
s5'821
v6'621
ST'ZET
£0'LET \

(8 TPT

Cl

Cl

Cl

NH

HN

80 70 60 50 40 30 20 10

90

22

f1 (ppm)

180 170 160 150 140 130 120 110 100

190



70 69 68 6.7 66 6.5

f1 (ppm)

74 73 72 7.1

Cl

-+0'¢C
0%

0P
-80'C

#00°¢C

HN

Cl

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5
f1 (ppm)

7.5 7.0 6.5 6.0 5.5 5.0

8.5 8.0

9.0

T€6€ —

:.:H
B.m:
87'STT
9611
om.oﬁ/
$9°02T ¢
bl ~
Tb'S2T <
01'821
b6'82T
v6'62T
10°0€T \
b0'LET

00°6€T

09T ~
YL'T9T —

Cl

NH

HN

Cl

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

190

23



Cl

HN

NH

Cl

-116.76

T
-10

T
-20

T
-30

-40

T
-50

T
-60

T
-70

T
-80

T
-90

T
-100
f1 (ppm)

24

T
-110

T
-120

T
-130

T
-140

T
-150

T
-160

T
-170

T
-180

T
-190

T
-20C



Br

AcO

AcO

o) ACOAC

T »

J

i
)

-

Foar

FyTT
Fost
=907

=0T

J 00’1
60'T
20T

= 00T

0.5

1.0

1.5

2.0

5.5

6.0

7.5

8.0

8.5

9.0

f1 (ppm)

11°0C
65°0¢
29°0¢
€L°0¢

1879~
1089~
0b'0L—
AR
crve
65°€8—

€8°€0T —
TUTTT~
£6'ETT ~

ggcer
9z'szT
K.mﬁw
GL 08T

8oer/

02891
zlm:%
91°0LT
29'0LT

Br

AcO

AcO

OA COAc

-20

-10

210 200 190 180 170 160 150 140 130 120 110 fl%00 ) 9 8 70 60 50 40 30 20 10
ppm

220

25



)

Br

HO

HO

TT'T
T
0T

Rzo'1

Rooz

2001
ooz
»00'T

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
f1 (ppm)

9.0

ST'T9—

56'69 —
Vi I
85'/L—
1zeL”
Sh'S8~

€9°T0T —

06°TTT~_
99°CI1

19°72T ~
10421
19z1/
68°06T
ST'SET—

Br

HO

HO

oH ©H

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

190

26



(.

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

L6°6T
50°0¢
£5°0¢
69°0¢
TL6C—

86'£9

om.omw
78°0L—
66'CL 7,

8€'G |
65

:

Br

¥ 60°C
20°€

20T

# 90T
/00T

—

o+ 80°S
- 80°T

4.5

5.0

5.5

6.0

6.5

7.0

7.5

f1 (ppm)

8.0

8.5

9.0

(7474
£9°€8 —

Br

Br

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

190

27



-116.65

T
-100
f1 (ppm)

28

T
-110

T
-120

T
-130

T
-140

-150

-160

-170

-180

-190

-200



62°€

N
ol

HO OH

OH

o
HO%S/OH
Ho L

A

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
1 (ppm)

9.0

€8¢ —

6C°'19 —

€669 —
st/
€940 —
9z'6L/
95°68 ~

[ Z4arany
€57CIT
PP PIT
mmé:/
9C'8TT
SE'8TT A
€9'T¢T —
6EVCT -
€6°5¢T !
6S°6CT
S6°6CT
€0°0¢T
[8'SET
P6'SET
6C°6ET

8€09T ~
64°C9T —

Br

)

A

ok

|

T

30 20 10

40

180 170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

190

29



-118.83

-100
f1 (ppm)

30

-110

T T T
-120 -130 -140 -150 -160 -170 -180

-190



