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NMR Spectra of all the synthesised compounds



Starting 2-bromomethyl-1,3-thiaselenole (1) was prepared from SeBr; and divinyl sulfide according to the previously described procedure.
[S. V. Amosova, I. A. Novokshonova, M. V. Penzik, A. S. Filippov, A. I. Albanov and V. A. Potapov, Tetrahedron Lett., 2017, 58, 4381.]

2-Bromomethyl-1,3-thiaselenole (1). Modified procedure for the synthesis 2-bromomethyl-1,3-thiaselenole 1. A solution of
bromine (5.85 g, 36.63 mmol) in CCl, (30 mL) was added dropwise to powdered selenium (2.89 g, 36.63 mmol, carefully
ground) in CCl4 (70 mL) over 15-20 min under an Ar atmosphere and the mixture stirred for 2 h. The formed solution of SeBr; in
CCl4 (100 mL) and divinyl sulfide (3.15 g, 36.63 mmol) in CCl, (10 mL) were simultaneously added dropwise over 1 h to a flask
containing CCl, (15-20 mL) so that the molar ratio of both reagents in the mixture was 1:1. The reaction mixture was stirred for 3
h, then a solution of pyridine (3.47 g, 43.92 mmol) in CCl,; (10 mL) was added over 10-15 min, and the mixture stirred overnight.
The reaction mixture was filtered, and the solution stirred for 24 h and filtered again. Most of the solvent was removed by rotary
evaporation. The residue (25-30 mL) was allowed to stand for 1 h and filtered. The solvent and the remaining pyridine were

removed from the filtrate in vacuo to give high purity thiaselenole 1 (6.35 g, brown oil) in 71% vyield.

'H NMR (400 MHz, CDCls): & = 6.64 (d, 1H, 3Jiun = 6.3 Hz, Xsen = 49.3 Hz, 3Jse s = 21.0 Hz, SeCH=HCS), 6.42 (d, 1H, 3Ju = 6.3 Hz,
SeCH=HCS), 5.07 (dd, 1H, 33y = 7.3 Hz, 3Jyn = 8.2 Hz, 2Jse s = 24.0 Hz, SCHSe), 3.64 (dd, 1H, 2J;14 = 10.0 Hz, 33y = 8.2 Hz, CH,Br),
3.57 (dd, 1H, 2Jyyn = 10.0 Hz, 3Jup = 7.3 Hz, CH,Br); 3C NMR (100 MHz, CDCls): § = 119.59 (SeCH=HCS), 113.46 ({Jsec = 106.6 Hz,
SeCH=HCS), 47.65 (}Jsec = 71.3 Hz, SCHSe), 37.51 (CH,Br); 77Se NMR (76 MHz, CDCly): & = 521.57; MS (El): m/z (%) = 244 (21,
M+), 151 (74), 84 (99), 58 (87), 49 (100); Anal. Calcd for CsHsBrSSe: C, 19.69; H, 2.07; Br, 32.75; S, 13.14; Se, 32.36. Found: C, 19.43;
H, 2.18; Br, 32.64; S, 13.44; Se, 32.21.
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"Se NMR spectrum of 2-bromomethyl-1,3-thiaselenole (1)
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13C NMR spectrum of 2-(2,3-dihydro-1,4-thiaselenin-2-ylsulfanyl)-1H-1,3-benzimidazole (3a)



77Se

171.46

700

650

T T T T T T T T T T T T T T T T T T T T T T T T T
600 550 500 450 400 350 300 250 200 150 100 50 0
ppm

"Se NMR spectrum of 2-(2,3-dihydro-1,4-thiaselenin-2-ylsulfanyl)-1H-1,3-benzimidazole (3a)
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13C NMR spectrum of 2-(2,3-dihydro-1,4-thiaselenin-2-ylsulfanyl)-1-methyl-1H-1,3-benzimidazole (3b)
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13C

o n n
e} (o) n o O O [}
=) N o N oo™ B N @ x <
N < o NN O N O o o
— — i o o e ~N < < o™
| I N I

™M

«©Q

(32]

=

s < ]
[ : /
Se HsC
CDCI3
ool
| |
114.3
| W
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
ppm

13C NMR spectrum of 1-methyl-2-[(1,3-thiaselenol-2-yImethyl)sulfanyl]-1H-1,3-benzimidazole (4b)



HMBC (1H-15N) --400

—-350

—-300

—-250

—-200

—-150

—-100

—-50

T T T T T T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0
ppm

HMBC (*H-*N) NMR spectrum of 1-methyl-2-[(1,3-thiaselenol-2-yImethyl)sulfanyl]-1H-1,3-benzimidazole (4b)

ppm



77Se

516.17

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
750 700 650 600 550 500 450 400 350 300 250 200 150 100 50
ppm

""Se NMR spectrum of 1-methyl-2-[(1,3-thiaselenol-2-yImethyl)sulfanyl]-1H-1,3-benzimidazole (4b)



HMDS

6¢'€
v'€
e 89'S~_

b€~ 66°G—
s 65'S

0b'9—
€y'9—

059 —
€99 —

LSS
89S
6S°S
6S°S

0¥'9
1 4IRS
05'9-7
€59

[4ar
YL
9T,
8¢/
6C’L
mv.mx
vyl
65°/
19°Z

(J

1H

s

Se

6£€~
Th'E ~
we—
bye/

0T

5.61

ppm

01|

3.4

3.5

ppm

0T

i\

A

|

NN.N./.
veL—

9C’L
mm.m\
6CL

&L~
YL

65/~
19°L—

7.2

7.3

7.4
ppm

7.5

7.6

Iy

=00'T

50°T -

BE6°0

ksze ¢

=00'T
=00'T

9.5 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
ppm
'H NMR spectrum of 2-(2,3-dihydro-1,4-thiaselenin-2-ylsulfanyl)-1,3-benzoxazole (3c)

10.0



13C

© o 0 MOoOYT Y
< N rss MNB®W NO o ) o
I — = TYTON OO N N - 2
\o] Y] < AN AN - — N LN LN -
— — — i | N < IVl —
a
N
Te]
(TY N
Se
< |
N © [
S S
1
I
HMDS

CDCI3

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

13C NMR spectrum of 2-(2,3-dihydro-1,4-thiaselenin-2-ylsulfanyl)-1,3-benzoxazole (3c)



o

HSQC (1H-13C)
‘ |
T T T T T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0
ppm

HSQC (*H-1C) NMR spectrum of 2-(2,3-dihydro-1,4-thiaselenin-2-ylsulfanyl)-1,3-benzoxazole (3c)

-10
20
;30
40
50
60
70
;80
;90
100
;110
;120
;130
140
150

160

ppm



T

i HMBC (1H-13C)
® ® ® s
LU -] (] L] ﬁi
e — [ ] [ ]
j oo (-3 L [ ] &
L oy e 0 @ ™)
® B m o
—_— oo [
N ® & e
1 "
T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0
ppm

HMBC (*H-C) NMR spectrum of 2-(2,3-dihydro-1,4-thiaselenin-2-ylsulfanyl)-1,3-benzoxazole (3c)

10
20
-30
40
-50
-60
~70
-80
~90
-100
~110
120
-130
-140
-150

160

ppm



(T

HMBC (1H-15N)

--400

~-350

~-300

~-250

—~-200

—-150

~-100

~-50

T T T T T T T T T T T T T T T T T T T T T
7.50 7.45 7.40 7.35 7.30 7.25 7.20 7.15 7.10 7.05 7.00
ppm

HMBC (*H-N) NMR spectrum of 2-(2,3-dihydro-1,4-thiaselenin-2-ylsulfanyl)-1,3-benzoxazole (3c)

6.95

ppm



77Se

174.97

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
700 650 600 550 500 450 400 350 300 250 200 150 100 50 0 -50
ppm

7Se NMR spectrum of 2-(2,3-dihydro-1,4-thiaselenin-2-ylsulfanyl)-1,3-benzoxazole (3c)



(7p]

()]

W (5€
65°€~"
09°c
9c"
v9'€ —
99'c
89'c —

0£'G—
66—
bE'G ~
yigs
65°€
09°€
79°€ —
b9'€E
99°¢ P
89'¢ %9
€9 \
€99~
599
0€'S
48 AN
pes/
9
£4'9 N
€99~
599/
1L
i)
vT'L
STl
STL
YAl
[TL
6C°L
L
@]

P
NN
s—</ |

Se

[~

1H

Tt

—00°T |

6.7 6.6 6.5 6.4

3.60
ppm

3.65

5.30
ppm

5.35

ppm

Ferz |

J Fo0'1 i

=0T

L

Feve +

0T

7.2

7.3

7.4
ppm

7.5

7.6

=0T

A

Fror

0.0

0.5

9.5 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
ppm
'H NMR spectrum of 2-[(1,3-thiaselenol-2-ylmethyl)sulfanyl]-1,3-benzoxazole (4c)

10.0



13C B R B RaBHND o N o
o} — — < ™M O 0™ g N MmN 2
\o] n < NAN—=—w—=0O ™~ O o
— — — — o o N <t <t —
A I
<
N 0
™ ™~
— o
— <
| o
N o <
/ <
s s |
[ O
Se
l l l l HMDS
P e 1L
|
_'_|_'_|_
! —_— 46.4
-l_'_|_'_|_'_
114.1 Ppm 40.8
ppm ;
ppm
_-JL‘.‘-WI--WWF'!L“M'L A " " .J M».L‘_ .lv " | " »
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

ppm
13C NMR spectrum of 2-[(1,3-thiaselenol-2-yImethyl)sulfanyl]-1,3-benzoxazole (4c)



STl
| e

1 HSQC (1H-13C) oo
‘ 6@
]
——
@
@
ﬁ@i @
T T T T T = T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0
ppm

HSQC (*H-1C) NMR spectrum of 2-[(1,3-thiaselenol-2-ylmethyl)sulfanyl]-1,3-benzoxazole (4c)

-30
- 40
- 50
- 60
- 70
- 80
- 90
;100
;110
;120

~130

—140

ppm



S|

HMBC (1H-13C) '
| - A
@ @ : ° oo
— 0 0
o Ghae . P ]
!';Q;: X:Q 1] *
& o o o ’
— LU - - ]
— & o o ;
T T T T T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0

ppm
HMBC (*H-1C) NMR spectrum of 2-[(1,3-thiaselenol-2-ylmethyl)sulfanyl]-1,3-benzoxazole (4c)

-30
-40
50
-60
-70
-80
;90
-100
110
120
;130
- 140
- 150

160

ppm



HMBC (1H-15N)

~-300

~-280

~-260

- -240

—-220

~-200

~-180

~-160

~-140

~-120

—-100

r— 1+~ 1 T T T T~ T T T *~ T T T T T T T T T T T T 1
8.5 8.4 8.3 8.2 8.1 8.0 7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2
ppm

HMBC (*H-N) NMR spectrum of 2-[(1,3-thiaselenol-2-ylmethyl)sulfanyl]-1,3-benzoxazole (4c)

ppm



77Se

519.18

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
700 650 600 550 500 450 400 350 300 250 200 150 100 50 0 -50
ppm

7Se NMR spectrum of 2-[(1,3-thiaselenol-2-yImethyl)sulfanyl]-1,3-benzoxazole (4c)



v
¢
D

999
£9°S
89S
89°G

8¢9
09 V
9v'9 -1
89

L
YL
yeL

oT’L-T
o
8¢,

1A
9¢’L
8¢,
6¢’L
0v'L
69°L
|VAVA
¥8°L
98,

1H

HMDS

8¢9 —
0’9"
9%'9 ~_
8Y'9 —

€CE~
SE€~
9€'€ —
8¢ —

99°€~_
L9°€—
69°€ ~
oL

—€C'T

3.35 3.30

ppm

3.40

€CT|

6°0|

5.70 5.65

3.70 3.65

3.75

ppm

B

ppm

0Tt

T

[

7.6 7.4

7.8

ppm

ezt |

T |

0.0

0.5

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

5.0
ppm

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5
'H NMR spectrum of 2-(2,3-dihydro-1,4-thiaselenin-2-ylsulfanyl)-1,3-benzothiazole (3d)

10.0



Ccosy

7.0

7.1

7.2

7.3

~7.4

~7.5

7.6

7.7

7.8

~7.9

795 790 78 780 775 7.70 7.65 7.60 755 750 745 740 735 730 725 720 7.15 7.10 7.05 7.00

ppm
COSY NMR spectrum of 2-(2,3-dihydro-1,4-thiaselenin-2-ylsulfanyl)-1,3-benzothiazole (3d)

ppm



13C & = L &5¥8xn S o o "
™ I 7o) NS —~ON O < QO — a3
O LN ™M NN NN i N LN [Fp] .
i i i o — Y < o i
I SNy IS
_ |
@
™~
- S |
| i
s/
Se
117.8 HMDS
ppm - CDC3 +——7——
110.7 109.8 25.2
ppm ppm
P —— A A DTN TS TANAMY p Uﬂhmmmwmwm‘m I mewm»mﬂkm

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

13C NMR spectrum of 2-(2,3-dihydro-1,4-thiaselenin-2-ylsulfanyl)-1,3-benzothiazole (3d)



Sges

HSQC (1H-13C)
o
8
Bo
. 0
T T T T T T T T T T T T T T T T T T T T T 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

ppm
HSQC (*H-1C) NMR spectrum of 2-(2,3-dihydro-1,4-thiaselenin-2-ylsulfanyl)-1,3-benzothiazole (3d)

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

~160

ppm



Sges

HMBC (1H-13C)

9@8%%%“ R

— @@ @w

=

10
;20
30
;40
50
;60
70
;80
~90
100
~110
120
~130
;140
;150

160

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0

ppm

HMBC (*H-3C) NMR spectrum of 2-(2,3-dihydro-1,4-thiaselenin-2-ylsulfanyl)-1,3-benzothiazole (3d)

2.5

ppm



HMBC (1H-15N)

--400

~-350

~-300

~-250

—~-200

~-150

~-100

~-50

79 7.8 780 775 7.70 765 7.60 755 750 745 740 735 730 7.25 720 7.15 7.10 7.05 7.00 6.95

ppm
HMBC (*H-*N) NMR spectrum of 2-(2,3-dihydro-1,4-thiaselenin-2-ylsulfanyl)-1,3-benzothiazole (3d)

ppm



77Se

181.05

700

650

T T T T T T T T T T T T T T T T T T T T T T T
600 550 500 450 400 350 300 250 200 150 100 50
ppm

"Se NMR spectrum of 2-(2,3-dihydro-1,4-thiaselenin-2-ylsulfanyl)-1,3-benzothiazole (3d)
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