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General experimental procedure

2-Bromo-3-nitrobenzaldehyde (S1)' was prepared by the reported procedures. Selenium powder and 3-
nitrophthalic acid used were purchased from Sigma Aldrich. All the reactions were performed under
nitrogen or argon atmosphere by modified Schlenk techniques and monitored by using thin layer
chromatography (TLC) from time to time. Solvents were purified by standard techniques.” Melting points
were recorded on a VEEGO melting point (VMP-1) apparatus and are uncorrected. 'H (399.88 MHz) &
'H (299.95 MHz), °C (100.6 MHz) and "'Se (57.26 MHz) and "'Se (76.31 MHz) NMR spectra were
recorded on a Varian NMR-Mercury plus 400 MHz & Bruker Avance™ 400 MHz spectrometer and
Varian NMR-Mercury plus 300 MHz for ’Se NMR at the indicated frequencies. Chemicals shifts () are
shown with respect to SiMe, (TMS) as internal standard for nuclei 'H & "*C and MesSe for nuclei "’Se as
the external standard; s = singlet, d = doublet, t = triplet, dd = doublet of doublets. The high resolution
mass spectra (HRMS) were recorded at room temperature on a Micro mass Q-TOF (YA 107) mass
spectrometer. FT-IR spectra were recorded in the range 4000-450 cm™ using KBr for solid samples and
neat for liquid samples between Csl plates on a Perkin Elmer precisely spectrum one FT-IR spectrometer.
The UV-Visible and emission spectra in solution were recorded using Varian Cary 100 Bio UV-Visible

Spectrophotometer and Varian Cary Eclipse Fluorescence Spectrophotometer.
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Synthesis and characterization data

Synthesis of Compound S2: To a solution of 2-bromo-3-nitrobenzaldehyde (S1) (13.04 mmol, 3.0 g) in
glacial acetic acid (10 mL) was added p-anisidine (13.04 mmol, 1.60 g) with continuous stirring at room
temperature. A yellow precipitate was formed. To complete the precipitation, the reaction mixture was
cooled with ice, then filtered and washed with ice-cooled ethanol. Recrystallization from hot ethanol
afforded a light yellow solid. Yield: 2.8 g (64 %); M.p 132-135 °C; '"H NMR (CDCls): 8 3.86 (s, 3H,
OCH3), (d, J=9.2 Hz, 2H), (d, J=9.2 Hz, 2H), 7.51-7.55 (td, J = 0.6, 7.9 Hz, 1H), 7.76-7.79 (dd, J =
1.5, 7.9 Hz, 1H), 8.42-8.44 (dd, J = 1.5, 7.9 Hz, 1H), 8.34 (s, 1H); *C NMR (CDCls): & 55.7, 114.7,
116.6, 123.0, 126.6, 128.2, 131.9, 137.5, 143.6, 151.6, 154.9, 159.5; IR (KBr): 2965, 1615, 1595, 1528,
1504, 1355, 836 cm™; HRMS (TOF MS ES") m/z caled for Ci4H;\N,O3Br [M+H]": 335.0031; found:

335.0034.

Synthesis of Compound S3: To a solution of compound S2 (6.86 mmol, 2.30 g) in deoxygenated ethanol
(10 ml) was added NaBH4 (27.45 mmol, 1.04 g) at room temperature under inert atmosphere. The stirring
was continued for 6 h at room temperature. The solvent was evaporated to give a semi-solid of reddish
color. The precipitate was dissolved in water and extracted with chloroform. The extracted organic layer
was again washed 2-3 times with water. The separated organic layer was dried over anhydrous sodium
sulphate and concentrated to yield an orange liquid and which was solidified by keeping in deep freeze to
give a crystalline solid. Yield: 1.90 g (82 %); M.p 74-76 °C. '"H NMR (CDCls): & 3.74 (s, 3H, OCHj3),
4.09 (s, NH), 4.44 (s, 2H, CH,), 6.51-6.53(dd, J = 7.9 Hz, 2H), 6.76-6.78 (dd, J = 8.9 Hz, 2H), 7.51-
7.557.36-7.39 (t, J = 7.9 Hz, 1H), 7.60-7.64 (m, 2H); *C NMR (CDCL): & 49.6, 55.8, 114.0, 114.1,
115.0, 123.5, 128.1, 131.7, 141.2, 142.0, 151.2, 152.6; IR (KBr): 3411, 2928, 1531, 1514, 1362, 1236,

1034, 821 cm™'; HRMS (TOF MS ES") m/z calcd for Ci4H;3N,03Br [M+H]": 337.0199; found: 337.0188.
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Synthesis of Compound 9: To a solution of di-n-butyl diselenide (2.85 mmol, 0.77 g) in deoxygenated
ethanol (20 mL) was added NaBH4 (5.69 mmol, 0.22 g) at 0 °C. The reaction mixture was stirred for 30
min at the room temperature. Compound S3 (4.75 mmol, 1.60 g) was added at 0 °C to in situ prepared n-
BuSeNa. The reaction was stirred for 4 h at room temperature. The excess of the solvent was removed
under vacuum. The residue was dissolved in CHCl; and washed with water. The organic layer and the
CHCIl; extract from the aqueous layer were combined and dried over anhydrous Na;SO4. Removal of
solvent and purification of the residue by silica gel column chromatography (elution with 5 % ethyl
acetate/petroleum ether) afforded an orange liquid. Yield: 1.25 g (69 %). '"H NMR (CDCl;): &0.86-0.89
(t, J = 7.3 Hz, 3H), 1.32-1.41 (m, 2H), 1.55-1.61 (m, 2H), 2.84-2.87 (t, J = 7.6 Hz, 2H), 3.73 (s, 3H,
OCH;), 4.58 (s, 2H, CH,), 4.77 (br s, 1H, NH), 6.53-6.55 (dd, /= 1.1, 6.7 Hz, 2H), 6.75-6.78 (dd, J= 1.1,
6.7 Hz, 2H), 7.37-7.41 (t, J=7.6 Hz, 1H), 7.47-7.49 (dd, J = 1.5, 7.9 Hz, 1H), 7.64-7.66 (dd, J=1.5,7.9
Hz, 1H); "C NMR (CDCls): §13.6, 22.9, 30.3, 32.5, 50.0, 55.8, 114.3, 115.1, 121.4, 121.8, 129.4, 130.8,
141.6, 146.4, 152.5, 156.8; 7’Se NMR (CDCl;): &204; IR (neat): 3419 (NH), 2957, 2931, 1515, 1372,
1235, 1037, 820, 796, 736 cm™; HRMS (TOF MS ES") m/z calcd for CisH2N,03Se [M+H]™: 395.0874;

found: 395.0859.

Synthesis of Compound 15: To a solution of selenide 8 (0.56 mmol, 0.21 g) was added Br; (0.56 mmol,
0.16 g, 0.03 mL) in CHCI; (1 mL) 0 °C with continuous stirring under an inert atmosphere to yield an
yellow precipitate. The obtained precipitate was filtered and taken in dry CHCI; (1 mL) as suspension. To
this EtsN (0.56 mmol, 0.06 g, 0.08 mL) was added. The solution turned to dark-black colored solution.
Additionally, the reaction mixture was stirred at room temperature for 3 h. The mixture was extracted
with CHCl; by adding water (10 mL). The separated organic layers were combined and dried over
anhydrous Na;SO4. Removal of solvent and purification of the residue by silica gel column
chromatography (eluted with 20 % ethyl acetate/petroleum ether mixture) afforded compound 15. Yield:
0.03 g (17 %); M.p 188-192 °C. '"H NMR (CDCls): §2.16 (s, 3H, CHs), 2.24 (s, 3H, CH3), 5.81-5.83 (d, J

= 8.3 Hz, 2H), 6.49-6.51 (d, J = 8.3 Hz, 2H), 6.65-6.67 (d, J = 8.2 Hz, 2H), 6.97-6.99 (d, J = 8.2 Hz, 2H),
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7.35-7.43 (m, 2H), 7.54-7.58 (t, J = 7.9 Hz, 1H), 8.21-8.23 (d, J = 8.3 Hz, 1H), 8.37-8.39 (d J = 8.3 Hz,
1H), 8.59-8.61 (d J = 7.6 Hz, 1H); °C NMR (CDCL): & 20.6, 20.9, 29.9, 117.3, 118.3, 124.1, 126.7,
127.8, 128.2, 128.3, 129.8, 129.9, 130.6, 132.9, 133.2, 134.9, 138.9, 139.8, 140.7, 141.7, 145.5, 145.9,
146.7, 165.2; ”"Se NMR (CDCly): 8666, 970; IR (KBr): 2922, 2854, 1590, 1506, 1300, 1147, 1041, 984,

791, 732 cm'l; HRMS (TOF MS ES+) m/z calcd for CosH20N4O4Se, [M+H]+: 636.9839; found: 636.9922.

Synthesis of Compound 16: Compound 16 was synthesized from selenide 9 (1.01 mmol, 0.40 g) in
CHCI; (2 mL), Br; (1.01 mmol, 0.16 g, 0.05 mL) in CHCI; (1 mL) at 0 °C and Et;N (1.01 mmol, 0.10 g,
0.14 mL) according to the procedure described for the preparation of compound 15. Removal of solvent
and purification of the residue by silica gel column chromatography (eluted with 20 % ethyl
acetate/petroleum ether mixture) afforded compound 16. Recrystallization from chloroform/petroleum
ether (1:1) afforded dark-black crystals. Yield: 0.09 g (26 %); M.p 215 °C. 'H NMR (CDCls): §3.67 (s,
3H, OCHj3), 3.72 (s, 3H, OCH3), 6.22-6.24 (d, J = 8.8 Hz, H), 6.47-6.49 (d, J = 8.8 Hz, H), 6.68-6.75 (m,
H), 7.28-7.37 (m, H), 7.47-7.51 (t, J= 7.6 Hz, H), 8.17-8.20 (dd, J= 1.2, 7.9 Hz, 1H), 8.28-8.30 (dd, J =
1.2, 7.3 Hz, 1H), 8.50-8.52 (dd, J = 8.3, 1.2 Hz, 1H); °C NMR (CDCls): §55.4, 55.5, 92.6, 113.2, 114.5,
120.3, 121.5, 123.9, 126.4, 127.7, 127.9, 129.2, 132.5, 135.5, 136.1, 139.0, 140.2, 141.5, 142.0, 145.2,
145.4, 155.4, 156.5, 163.7; ”’Se NMR (CDCl3): & 665, 971; IR (KBr): 2924, 1594, 1505, 1297, 1247,
1029, 849, 737 cm™; HRMS (TOF MS ES") m/z caled for CasHy0N4O6Se, [M+H]™: 668.9792; found:
668.9808.

Synthesis of Selenenium Cation 18: To a solution of compound 6 (3.25 mmol, 1.0 g) in the presence of
Et;N (3.25 mmol, 0.45 mL) at 0 °C in CHCl; (5 mL) was added SO,Cl, (3.25 mmol, 0.26 mL) in CHCl;
(2 mL) with continuous stirring under an inert atmosphere. Additionally, the reaction mixture was stirred
at room temperature for 1.5 h minutes. The resulting greenish-yellow precipitates was filtered off and
dried under vacuum. Yield: 0.60 g (54 %); M.p 181-184 °C. '"H NMR (CD;OD): § = 7.75-7.77 (m, 3H;
ArH), 7.98-8.02 (m, 2H; ArH), 8.21-8.24 (t, J = 8.1 Hz, 1H; ArH), 8.98-9.00 (dd, J = 0.8, 8.1 Hz, 1H;

ArH), 9.08-9.10 (dd, J = 0.7, 7.9 Hz, 1H; ArH), 10.63 (s, 1H); *C NMR (CD;OD): § =124.2, 124.7,
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130.4, 131.3, 131.4, 131.9, 132.1, 133.1, 140.1, 140.8, 163.5; ’Se NMR (CD;OD): & 1180; IR (KBr):
1614, 1520, 1312, 766 cm™; HRMS (TOF MS ES") m/z caled for Ci3HoN,0,SeCl [M-CI]™: 304.9834;
found: 304.9829.

Synthesis of Selenenium Cation 19: To a solution of selenide 8 (0.90 mmol, 0.34 g) in CHCI; (2 mL)
and triethylamine (0.90 mmol, 0.09 g, 0.124 mL) was added Br, (1.35 mmol, 0.22 g, 0.07 mL) in CHCl;
(1 mL) at 0 °C with continuous stirring under an inert atmosphere. After the complete addition of Br,, the
reaction mixture was further stirred at the room temperature for 1 h. The yellow precipitate was filtered
off and dried under vacuum afforded 19. Recrystallization from methanol/dichloromethane [1:1] afforded
light yellow needle-like crystals. Yield: 0.095 g (27 %); M.p 245-247 °C. '"H NMR (CD;OD): §2.51 (s,
3H, CH3), 7.55-7.57 (d, J = 7.3 Hz, 2H), 7.86-7.89 (d, J = 8.3 Hz, 2H), 8.19-8.23 (t, J = 7.9 Hz, 1H),
8.97-8.99 (d, J = 7.5 Hz, 1H), 9.05-9.07 (d, J = 7.9 Hz, 1H), 10.58 (s, 1H); >C NMR (CD;O0D): §21.4,
124.4, 131.1, 131.8, 132.4, 135.5, 138.5, 139.8, 144.7, 146.6 162.5; ""Se NMR (CD;OD): & 1182; IR
(KBr): 2989, 1615 (C=N), 1529 (NO,), 1360, 1311, 809 cm™; HRMS (TOF MS ES") m/z calcd for

C14H1N,0,SeBr [M-Br]": 318.9986; found: 318.9993.

Synthesis of Compound 20: To a solution of 18 (0.30 mmol, 0.10 g) in methanol (1 mL) and water (1
mL) was added GSH (0.60 mmol, 0.18 g) at room temperature. The reaction mixture was stirred for 2 h
with continuous stirring. The color of the reaction mixture turned into black. The mixture was submitted
to column with silica gel and eluted by 10 % ethyl acetate/petroleum ether mixture afforded orange
product alongwith black-colored intractable mixture (0.024 g). Recrystallization from CHCls/petroleum
ether gave orange needle like crystals of 20. Yield: 0.03 g (34 %); M.p 218-220 °C. 'H NMR (CDCls): §
4.69 (s, NH, 2H), 6.05-6.07 (d, J = 7.8 Hz, 4H), 6.54-6.58 (t, J = 7.3 Hz, 2H), 6.78-6.82 (t, J = 7.3 Hz,
4H), 7.38-7.42 (t, J = 7.9 Hz, 2H), 7.62-7.64 (dd, J = 1.2, 7.6 Hz, 2H), 8.29-8.31 (dd, J = 0.9, 8.3 Hz,
2H); °C NMR (CDCls): 6 85.9, 115.7, 119.2, 125.1, 127.8, 128.6, 132.2, 134.2, 144.2, 144.3, 144.5; ""Se
NMR (CDCls): § 707; IR (KBr): 3395, 2924, 2853, 1595, 1506, 1310, 1124, 802, 737, 690 cm™'; HRMS

(TOF MS ES+) m/z calcd for Co6HsN4O4Se, [M+H]": 610.9737; found: 610.9716.
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Maximum: 80.0 10.0 50.0
Mass Calc. Mass mDa PEM DBE Score Formula
337.0199  337.0188 1.1 3.2 8.5 1 Cl4 H14 N2 O3 Br

Figure S9. HRMS spectrum of compound S3
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Figure S10. FT-IR spectrum of compound S3.
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HBS-VPS-122-1H

Al 1<

NAME HB3-VES-122-1H
5

EXPNO

PROCNO 1
Date_ 20101208
Time 11.34
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30

0 65536
SOLVENT CDC13

s 62

DS ]

SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846287 sec
RG 90.9

DR 60.800 usec
DE 6.50 usec
TE 295.2 K
Dl 1.00000000 sec
D0 1
==m===== CHANNEL f] ========
NUCL 1H

Pl 13.50 usee
PLL -1.00 4B
PL1W 10.56200695 @
SFOL 400.1324710 MHz
I 32768

SF 400.1300101 MHz
WDy EM

388 [

LB 0.00 Hz
GB 0

pc 1.00

e

T
9 8 7 6 5 4 3 2

18k

1 ppm

Figure S11. '"H NMR spectrum of compound 9 in CDCls
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Figure S12. Expanded version of a part of the 'H NMR spectrum of compound 9
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HBS-V¥PS-122-13C
exp4  CARBON
AMPLE SPECIAL
date Fep 23 20t0  temp not used
solvent coci3 ga!n not used
exp spin not used
ACQUESITION hst o.00
Ew 25125.6 pwdo 14.000
at 1.198 alfa 20.000
np E0276 FLAGS
b 138006 i1 n
bs a4 in n
d1 1.000 dp ¥
nt, 540000 hs
ct 512 PROCESSING
TRANSMITTER 1t
tn C13 i not used
sfrq 100.561 DISPLAY
tof 1554.3 sp -242.1
tpwr 56 wp 20800.1
pw 7.000 rfl 9259.1
DECOUPLER rfp 7762.5
dn v HL rp 106
dof =713.0 1p -340.9
dm yyy FLOT
dmm W wC Z50
dpwr 41 sc 9
dnf 11800 vs 53 o
th 5 ~
nm ph E,;
R
=2 2
iz g i2
1T - 5 82
iz : Tos
2 B ‘ 5 127 1 - 4
. 2 22 . ] | |
PR S ! i |
Ry od ] ! !
EI 1 ‘
||
P | !
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. 13 .
Figure S13. "C NMR spectrum of compound 9 in CDCl;
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Figure S14. Expanded version of a part of the ?C NMR spectrum of compound 9.
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HBS-VPS-122
exp¥  §2pul
SAMPLE BEC. & VT
date Apr 20 2016 dn Hi
sotvent CGOG13  dof 0
file axp dm nRn
ACQUISITION cimm c
sfrq 57.253 dmf 200
tr Se?7 PROCESSING
W 126508 o et
g».p.p 10050000 n not used
fh 55000 wert
bs 8 wexp
(%] 2.8 whs
pw 5.0 mt
t;ilwl' 53 DISPLAY
tar 50000.0 wh 393985
nt 120000 wvs 10
ct 584 sc
alc_yck n wc
gain 6 h
R FLAGS izmm 152532 ;g
il n rfi 4554.6
in n rfp
dp Y
ing §5.734
nm ph
(2]
M~
@
[3e]
o
N
| f 0
T T T \11,“ ﬂ: T T |1n‘n u: T T ‘9 T T T T T T T T T T T T T T LT ¥ 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
i}
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. 77 :
Figure S15. "'Se NMR spectrum of compound 9 in CDCl;
Elemental Composition Report Page 1

Singie Mass Analysis (displaying only valid results)
Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Isotope cluster parameters: Separation = 1.0 Abundance = 1.0%

Monoisotopic Mass, Odd and Even Electron lons
44 formuta(e) evaluated with 1 resultg within limits (all results {up to 1000) for each mass)

Micromass ;| Q-Tof micro (YA-105) Department Of Chemistry 1.1.T.(B) 08-Jul-201013:20:36
C18H22M2038e _ lonisation Mode
HBS-VP5-122 1 (0.019) AM (Med 4, Ht,5700.0,609.28,0.76); S (Md, 4.00); Sb (5,40.00 }; Cm (1:32) TOF MS ES+
10 395.0859 3.25e3
Yo
240.0675_258.0056 391.0895|396.0008
1230818 2159532 < '
: 98.0922 4851175 530.1340 610.2784 ez
A BES AR AR

L B B L e IR R L |

Minimum: -1.5
Maximum: 200.0 1¢.0 50.0

Mass Calc: Mass mDa PEM DBE Score Formula
395.0859 395.0874 ~1.5 -3.8 9.5 1 Cls H23 K2 02

125 150 176 200 225 250 275 300 3256 350 375 400 425 450 475 500 525 550 575 600 625

Se

Figure S16. HRMS spectrum of compound 9
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Figure S17. FT-IR spectrum of compound 9
HBS-VPS~-84-1H PROgNO i
Date_ 20100923
Time’ 9.55
INSTRUM spect.
PRORBED S mm PAEBO BB-
PULPROG 2930
TD 65536
SOLVENT cBpCl3
NS 39
Ds Q
SWA 8223.685 Rz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 181
DwW 60.800 usec
DE 6.50 usec
TE 296.6
D1 1.00000000 sec
TDO 1
memen CHANNEL £1 —mmmee
NUC1
Pi 13.50 usec
PL1 -i.00 4B
PL1W 10.56200695 W
SFO1 400.1324710 MHz
8T 3276
SE 400.1300087 Miz
Wwow EM
S5B 0
1B 0.00 Hz
GB &}
PC 1.00

T T T T T T

10 9 8 T 6 ] 4 3

SES ENENEE @

Figure S18. 'H NMR spectrum of compound 15 in CDCl;
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HBS-VPS-84-1H
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Figure S$19. Expanded version of a part of the "H NMR spectrum of compound 15
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it iU R S ° SRR 8] ™ 63538
Nana m N 8]
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| \\’\\N\K%// ’ \I/ NS 16680
Ds 4
W 26041.666 Hz
FIDRES 0.397364 Hz
AQ 1.2583112 sec
RG 2050
oW 19.200 usec
DE 6.50 usec
I 203.7 K
I 1.00000000 sec
DiL 0.0300000¢ sea
¥ 1
el .75 usec
11 -2.00 dB
PLIW 56.53121948 u
S5FO1 190,62309364 Mz
== CHEANNEL EZ
wWall
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-1.00 dB
14157 B
4.50 dB
10.56200693 W
0129767781 W
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Figure S20. °C NMR spectrum of compound 15 in CDCl;
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Figure S21. Expanded version of a part of the °C NMR spectrum of compound 15

NAME HBS-VPS-84-Se?7
HBS-VP5-84-5e77 EXPNO 21
PROCNO 1
Date_ 20101215
Time 17.2¢
INSTRUM spect
PROBHD 5 mm PABBO BBE-
PULFROG zg
0 655386
SOLVENT ChELl3
NS 40000
DS 4
SWH 300000.000 Hz
FIDRES 4.577637 Hz
AQ 0.1092767 sec
RG 228
DW 1.667 usec
DE 6.50 usec
TE 294.6 K
Dl 1.00000000 sec
TDO 1
======== CHANNEL fl =c==mz==
NUCL 718e
Pl 10.00 usec
PLL + 0.00 dB
3FO1 76.3490004 MHz
s8I 65536
8F 76.3110246 MHz
WoW EM
558 o
@ b 1B 60.00 Hz
2] © 6B 0
- -
- BC 0.10
(=] 0
~ 0
N (-}
I
|
" APt b o P A
T T T T T T " F T T F T T T T ¥
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Figure S22. "’Se NMR spectrum of compound 15 in CDCl;
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Elemental Composition Report

Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-1.5, max = 50.0
Isoctope duster parameters: Separation = 1.0 Abundance = 1.0%

Monoisotopic Mass, Odd and Even Electron lons
66 formula(e) evaluated with 1 results within limits (all results (up to 1000} for each mass)

Page 1

3
250 275 300 @25 30 375 400

- B i Rte YT e JOAOSI0
abs ALD 475 S00 525 550 575 600 625 650 675 700 725 750 775.

Minirmunme - -1.5

Maxitum: 200.0 5.0 50.0

Mans Calc. Mass mba PPM CBE Score Formula

636.9922 6326.9893 2.9 4.6 22.5 1 C28 HZ1 N4 Q4

Micromass : Q-Tof micro (YA-105) Department Of Chemistry 1.1.T.(B) 20-Aug-201015:53:29
C28H20N4045e2 lonisation Mode
HBS-VPS-84-17 {0.130) AM (Cen,4, B0.00, Ar,5700.0,556.28,0.76); Sm (SG, 2x4.00); Sb (5,40.00 ), Cm (1:34) TOF MS ES+
1 334.9903 3.79%4
) 636.9922
30,9044/ 336.9919
3 N os 424.0547 530.9238 632.9951_||638.9017
7. | aes.0588 525.9233#531 9244614.9963 R 7040510 7350405 e

Se2

Figure S23. HRMS spectrum of compound 15
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Figure S24. FT-IR spectrum of compound 15
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NEME HBE3-VB5E-141B-1H
HBS-VES-141B-1H EXPNO 11
PROCKO 1
Date 20101013
Time 16.59
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
D 65536
SQLVENT CDC13
NS 50
DS 0
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 228
Dw 60.800 usec|
DE €.50 usec
TE 294.3 K
Dl 1.00000000 sec
DO 1
======== CHANNEL fl ========
NUC1 1H
Fl 13.50 usec
PL1 -1.00 dB
PLI1W 10.562006%5 W
SFO1 400,1324710 MH2
s8I 32768
SF 400.1300083 MHz
Wwow EM
SSB 0
LB 0.00 Hz
GB 0
BC 1.00
LU MU I L
T T i T T T T T T T
10 -] 8 7 6 5 4 3 2 1 ppm
il ~ el o= < ~ -

Figure S$25. '"H NMR spectrum of compound 16 in CDCl;
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Figure S$26. Expanded version of a part of the'H NMR spectrum of compound 16
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HBS-YPS-1418-13C
exp3  s2pul
SAMPLE SPECIAL
date May 18 2010 temp not used
solvent CeDCL3  gain not used
flle sxp spin not used
ACQUISITION hst 0.008
sw 25000.0 pwd0 9.500
at éasgg alfa 20.000
np FLAGS
b 13800 11 n E4H
bs a 1in n wee
di 2.000 . dp v [y
nt 1500 " hs nn o~
ct 1456 PROCESSING
TRANSHITTER 1b 2.00
tn cl3z fn not used
sfro 75.430 DISPLAY
tof 748.9 sp -206.¢
tpwr 59 wp 15319.8
P 4.75¢  rfl 10029.6
DECOUPLER rfp 5815.¢
n H1 rp -141.2
dof 0 -348.2
e yyy PLOT
©mm W WC 250
dpwr 39 s¢ [
dm¥ 10900 vs 108 - n
o Twa
- 1 oguEzagieiise.
LR NN le g2 b
A S N T
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Figure S$27. >C NMR spectrum of compound 16 in CDCls
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Figure S28. Expanded version of a part of the °C NMR spectrum of compound 16



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

HBS-¥PS-141B

expd  s2pul
SAMPLE DEG. & vT
date May 18 2010 dn Hi
sClvent €bC18  dof 3
f1lg exp dm nnn
ACQUISLITION dmm c
sfrg $7.250 dmf 200
tn Se?? PROCESSING
at 6.649 b 20.00
np 128000 fn not used
&W 100000.0
fb 55000 werr
bs 8 wewp
pw 3.0 whs
W 3.0 wnt
tdgwr Sg DISPLAY
tof 30000.0 wp 86128.4
nt 32000 wvs 18
ct 1528 sc 0
alock n wc 25¢
gain 6 hzmm 344.79
FLAGS is £826.51
i1 n rfl 4554.6
in n rfp [
dp ¥y th 6
ins 65.734
nm [
o
0 @
o 0
~
o P
(€]
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Figure S29. "'Se NMR spectrum of compound 16 in CDCl;
Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 200.0 mDa / DBE: min = -1.5, max = 50.0
isotope cluster parameters: Separation = 1.0 Abundance = 1.0%

Monbisotopic Mass, Odd-and Even Electron lons
284 formula(e) evaluated with 31 results within limits (up to 1 closest resuits for each mass)

Micromass : Q-Tof microfYA-105) Dept. Of Chemistry LI.T.{B) 13-Apr-201019:51:32
C28H20N406Se2 . ) ianisation Mode
HBS-VPS-1418 27 {0.502) AbM-{Cen,5, 80.00, Ht,5000.0,600.28,0.70% Sm (Md, 5.00) Sb.(6,10.00 ); Cm {1:34) TOF MS ES+
1 £66.9836 §68.9808 92.3
664.9827
%%-
663.9911 Br0.9722 6s0.9700  662.9694
g52.0823 0972705 g89.2709 673.2828
- | | | 674.2997 67:'9.95?5\I j
8 SEUNES VSN SR SROPNESS | S Y ST S | I ot ;..‘I. i ’Itlllrl HE R 1 L miz
6525 B55.0 657.5 860.0 662.5 865.0 667.5 670.0 872.5 675.0 677.5 880.0 ‘6825
Minimam: -1.5
Mazg lehariz 200.0 5.0 50.0
Mass Calc. Mase mba PPM DEE Score Formula
668 .9808 668.9792 1.6 2.4 22.5 1 Czg H21 N4 06 Sez2

Figure S30. HRMS spectrum of compound 16
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Figure S31. FT-IR spectrum of compound 16
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HAME HBB-VPS-RSeCi-1R
HBS-VPS-RSeCl~1H oo i
PROCNO 1
Date_ 20110411
Time 12.08
INSTRUM spect
FROBHD 5 mm PABBC BB-
PULPROG zg30
) £5536 |
SOLVENT MelD
NS 24
DS 0
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 32
DW 60.800 usec
DE 6.30 usec
-IE 284.7 K
Dl 1.00000000 sec
DO 1
sms===== CHANNEL ] =======—
NUCl 1H
Pl 13.50 usec
PL1 -1.00 a8
PL1W 10.56200695 W
SFOL 400.1324710 MHzZ
8T 32768
sF 400.1300076 Mz
wow EM
55B o}
LB G.00 Hz
GB 0
BC 1.00
T T e T T | T T T R R AR AR
11 10 9 8 7 6 5 4 2 1 0 ppm
t /
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P ‘N o | o 2]
—

Figure $32. '"H NMR spectrum of compound 18 in CD;0D.
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Figure S33. Expanded version of a part of the "H NMR spectrum of compound 18
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omr s Time-
HoWwm

——163.45
140.83

NS
D§
SWH
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TE
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D11
™6

Nucz2
PCPD2
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SFO2
ST

SF
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SSE
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HBS-VP5-RSeC1-13C . PROCYO

Date
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AR OB D PROBHD
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NN\ R
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HBS-VPS-RSeCl-13C
&

1
20110411
12.01
spect
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zgpg30
65536
MeOD
127
4
24038.461 Hz
0.366798 Hz
1.3631988 sec
2050
20,800 usec
6.50 usec
285.1 K
2.00000000 sec
0.03000000 sec
i

CHANNEL £l =s======

13
8.75 usec
-2.00 dB

56.53121948 W
100.6226298 MHz
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Figure S$34. °C NMR spectrum of compound 18 in CD;0D.
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Figure S35. Expanded version of a part of the ?C NMR spectrum of compound 18
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_ _ _ HAME HBS-VPS-R3$eCl-3e77
HBS-VPS5-R5eC]l-5e77 AYPND 13
PROCNO 1
Date 20110314
Time 12.2%
INSTRUM spect
FROBHD 5 mm FAEBO BB-
FULPROG zg
TD 66560
SQLVENT MeOD
NS 111
ns 4
SWH 288461.531 Hz
FIDRES 4.333857 Hz
-t} 0.1154207 sec
RG 812
DW 1.733 usec
DE 6.50 usec
TE 294.0 K
Di 1.00000000 sec
o0 A 1
-—
o s======= CHANNEL f] ==—======
= — N
P . usee
0 1180 ppo PL1 0.00 dB
- SFO1 76.3795248 MHz
- 5T 65536
Sk 76.3110246 MHz
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S3B 0
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Figure S36. "’Se NMR spectrum of compound 18 in CD;0D
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Elemental Composition Report

Single Mass Analysis {displaying only valid results)
Tolerance = 5.0 PPM / DBE: min =-1.5, max =50.0
lsotope cluster parameters: Separation = 1.0 Abundance = 1.0%

Monoisotqpic Mass, Odd and Even Electron lons
27 formulale) evaluated with 1 results within limits (up to 50 closest results for each mass)
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Figure S37. HRMS spectrum of compound 18
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Figure S38. FT-IR spectrum of compound 18
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Figure S40. Expanded version of a part of the "H NMR spectrum of compound 19
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Figure S42. 7Se NMR spectrum of compound 19 in CD;0D

Elemental Composition Report

Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
tsotope cluster parameters: Separation = 1.0 Abundance = 1.0%

Monoisotopic Mass, Odd and Even Electron lons
24 formula(e) evaluated with 1 results within fimits (all results (up to 1000) for each mass)

Micromass : Q-Tof micro (YA-105) Department Of Chemistry 1. T.(B)
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Figure S43. HRMS spectrum of compound 19
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Figure S44. FT-IR spectrum of compound 19
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Figure $46. Expanded version of a part of the "H NMR spectrum of compound 20
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Elemental Composition Report

Single Mass Analysis (displaying only valid results)
Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Isotope cluster parameters: Separation = 1.0 Abundance = 1

Monoisetopic Mass, Oxd and Even Electron lons

Micrornass : Q-Tof micro (YA-105) Department Of Chemistry LLT{B)
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Figure S50. HRMS spectrum of compound 20
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X-ray Crystallographic Analysis: X-ray crystallographic studies were carried out for compounds 15, 19
and 20 on a Oxford Diffraction Gemini diffractometer using graphite-monochromatized Mo Ka radiation
L =1.54184 A. The diffraction measurements were performed at 295(2) K. The structures were solved by
direct method and refined by a full-matrix least-squares procedure on F* for all reflections in SHELXL-97
software.’ Hydrogen atoms were localized by geometrical means. A riding model was chosen for
refinement. The isotropic thermal parameters of hydrogen atoms were fixed at 1.5 times for (CH; groups)
or 1.2 times U(eq) (Ar-H) of the corresponding carbon atoms. CCDC-808889 (19) contains the
supplementary crystallographic data for this paper. These data can be obtained free of charge from the

Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

Molecular Structure of 19

The molecular structure of 19 is shown in Figure S51. Compound 19 was crystallized as a solvate with
two water molecules during crystallization. The geometry around the selenium atom is T-shaped with a
O1---Se—N2 angle of 157.00(11)°. The Se—N2 distance [1.919(3) A] is slightly greater than the sum of
the Pauling covalent radii (1.87 A) of these two atoms.* The Se—N distance is nearly same as reported for
the selenenium cations with bromide (1.895(0) A) and tribromide (1.899(2) A) as counteranions.” The
Se---O1 distance [2.486(3) A] is slightly smaller than that reported for the selenenium cations with
bromide (2.544(2) A) and tribromide (2.521(3) A) as counteranions significantly. The Se—Br distance

[3.608 (0) A] is also greater than the sum of single bond covalent radii of Se—Br [2.31 A].
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Figure S52. Molecular structure of 19. Water molecules are omitted for clarity. Thermal ellipsoids are set
at 50 % probability. Significant bond lengths [A] and angles [°]: Se---O1 2.486(3); Se—N2 1.919(3);

Se—Cl 1.845(4); Se—Br 3.608(0); Ol---Se—N2 157.00(11); C1—Se—N2 84.25(15); C7—N2—Se
112.8(3); O1---Se—C1 72.76(14).
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Table S1. Crystal Data and Structure Refinement for 19

Compound 19

Empirical formula C14H5BrN,O4Se
Formula weight 434.15
Crystal system Monoclinic
Space group Cl2/cl
a(A) 27.179(2)
b(A) 7.5043(5)
c(A) 17.8594(15)
a(deg) 90

B(deg) 119.584(11)
v(deg) 90

V(AY) 3167.7(4)

Z 8
D(caled)(Mg/m’) 1.821

Abs coeff(mm™) 4912

Obsd reflens [I<20] 9545

Final R(F) [I<2o(D)]™ 0.0429
wR(F?) indices[I<20(I)] 0.0822
Data/restrain/parameters 3225/6/203
Goodness of fit on F* 0.845

IDefinitions: R(Fo) = ||[Fo| - |Fel[/|Fo| and wR(F?) = {Z[w(F.2- F) ) [WFS
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Figure S54. Photoluminescence spectra of 15 and 20 in dilute CHCI; solution (10™ M) excited at 270 nm.
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Table S2. UV-Vis and emission data for compounds 15, 16 and 20.

Aabs Aexe b

Absorption (nm) eM'em™) Excitation (nm)

15 270 99930 270 0.006
360 26040
427 23020

16 270 99360 270 0.02
360 38730
427 28590

20 257 81610 270 0.002
400 24780

Aabs = Wavelength of absorption, A = Wavelength of excitation, € = Molar extinction coefficient, @
= Quantum yield calculated using 9-hydroxymethylanthracene as a standard.
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CheckCIF/PLATON report for compound 15

No syntax errors found. CIF dictionary

Please wait while processing .... Interpreting this report

Datablock: 15

Bond precision: C-C = 0.0066 A Wavelength=1.54184
Cell: a=10.5321(8) b=10.6562(7) c=14.6081(11)

alpha=99.386(6) beta=94.285(6) gamma=111.122(7)
Temperature: 295 K

Calculated Reported
Volume 1492.9(2) 1492.92(19)
Space group P -1 P -1
Hall group -P 1 ?

C28 H20 N4 04 Se2, 0.56(C H

?
Cl3), 0.44(C C13), 0.44(H) ’

Moiety formula

Sum formula C29 H21 Cl3 N4 04 Se2 C29 H21 Cl3 N4 04 Se2
Mr 753.89 753.77
Dx,g cm-3 1.677 1.677

Z 2 2

Mu (mm-1) 5.930 5.928

F0O0O0 748.0 748.0

FOO0O' 748.74

h,k, lmax 13,13,18 13,13,18
Nref 6315 6196

Tmin, Tmax 0.124,0.202 0.502,1.000
Tmin' 0.044

Correction method= MULTI-SCAN

Data completeness= 0.981 Theta (max)= 77.080
R(reflections)= 0.0592( 5563) wR2 (reflections)= 0.1673( 6196)
S = 1.045 Npar= 395

The following ALERTS were generated. Each ALERT has the format
test-name ALERT alert-type alert-level.
Click on the hyperlinks for more details of the test.

-
PLAT327 ALERT 2 B Check for Possibly Missing H on sp3? Carbon

PAlert level C
PLAT341 ALERT 3 C Low Bond Precision on C-C Bonds (x 1000) Ang

JAlert level G

PLAT002 ALERT 2 G Number of Distance or Angle Restraints on AtSite
PLAT003 ALERT 2 G Number of Uiso or Uij Restrained Atom Sites
PLAT244 ALERT 4 G Low 'Solvent' Ueqg as Compared to Neighbors of
PLAT244 ALERT 4 G Low 'Solvent' Ueqg as Compared to Neighbors of
PLAT302 ALERT 4 G Note: Anion/Solvent Disorder ..............c.....
PLAT432 ALERT 2 G Short Inter X...Y Contact Cl1S .. C5B
PLAT432 ALERT 2 G Short Inter X...Y Contact O2B .. C1ls
PLAT720 ALERT 4 G Number of Unusual/Non-Standard Labels ..........
PLAT790 ALERT 4 G Centre of Gravity not Within Unit Cell: Resd. #
C H C13

<C2S

8

3

Ccls

Cc28

100 Perc.

3.04 Ang.
3.00 Ang.

10

2
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PLAT790 ALERT 4 G Centre of Gravity not Within Unit Cell: Resd. # 3
C C13

PLAT790 ALERT 4 G Centre of Gravity not Within Unit Cell: Resd. # 4
H

PLAT793 ALERT 4 G The Model has Chirality at C7A (Verify) .... R

PLAT860 ALERT 3 G Note: Number of Least-Squares Restraints ....... 30

0 ALERT level A = Most likely a serious problem - resolve or explain

1 = A potentially serious problem, consider carefully

1 ALERT level C = Check. Ensure it is not caused by an omission or oversight
13 ALERT level G = General information/check it is not something unexpected

0 ALERT type 1 CIF construction/syntax error, inconsistent or missing data

5 ALERT type 2 Indicator that the structure model may be wrong or deficient

2 ALERT type 3 Indicator that the structure quality may be low

8 ALERT type 4 Improvement, methodology, query or suggestion

0 ALERT type 5 Informative message, check

It is advisable to attempt to resolve as many as possible of the alerts in all categories. Often the minor
alerts point to easily fixed oversights, errors and omissions in your CIF or refinement strategy, so
attention to these fine details can be worthwhile. In order to resolve some of the more serious problems
it may be necessary to carry out additional measurements or structure refinements. However, the
purpose of your study may justify the reported deviations and the more serious of these should
normally be commented upon in the discussion or experimental section of a paper or in the
"special_details" fields of the CIF. checkCIF was carefully designed to identify outliers and unusual
parameters, but every test has its limitations and alerts that are not important in a particular case may
appear. Conversely, the absence of alerts does not guarantee there are no aspects of the results needing
attention. It is up to the individual to critically assess their own results and, if necessary, seek expert
advice.

Publication of your CIF in IUCr journals

A basic structural check has been run on your CIF. These basic checks will be run on all CIFs
submitted for publication in IUCr journals (Acta Crystallographica, Journal of Applied
Crystallography, Journal of Synchrotron Radiation); however, if you intend to submit to Acta
Crystallographica Section C or E, you should make sure that full publication checks are run on the
final version of your CIF prior to submission.

Publication of your CIF in other journals

Please refer to the Notes for Authors of the relevant journal for any special instructions relating to CIF
submission.

PLATON version of 24/03/2011; check.def file version of 16/03/2011

Datablock 15 - ellipsoid plot
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CheckCIF/PLATON report for compound 19

No syntax errors found. CIF dictionary
Please wait while processing .... Interpreting this report
Datablock: 19

Bond precision: C-C = 0.0069 A Wavelength=0.71073
Cell: a=27.179(2) b=7.5043(5) c=17.8594 (15)

alpha=90 beta=119.584 (11) gamma=90
Temperature: 295 K

Calculated Reported

Volume 3167.7(5) 3167.7(4)
Space group C 2/c cC12/c1
Hall group -C 2yc ?
Moiety formula Cl4 H11 N2 02 Se, 2(H2 0O), Br C(Cl4 H11l N2 02 Se, 2(H2 0O), Br
Sum formula Cl4 H15 Br N2 04 Se Cl4 H15 Br N2 04 Se
Mr 434 .14 434 .15
Dx,g cm-3 1.821 1.821
Z 8 8
Mu (mm-1) 4.912 4.912
FOO0O 1712.0 1712.0
FOOO' 1709.82
h,k, lmax 33,9,22 33,9,22
Nref 3247 3225
Tmin, Tmax 0.284,0.782 0.531,1.000
Tmin' 0.210

Correction method= MULTI-SCAN

Data completeness= 0.993 Theta (max)= 26.370
R(reflections)= 0.0429( 1758) wR2 (reflections)= 0.0902( 3225)
S = 0.845 Npar= 203

The following ALERTS were generated. Each ALERT has the format
test-name ALERT alert-type alert-level.
Click on the hyperlinks for more details of the test.

o
PLAT417 ALERT 2 B Short Inter D-H..H-D H1W2 .. H2w2 .. 1.84 Ang.

WAlert level C
PLAT341 ALERT 3 C Low Bond Precision on C-C Bonds (x 1000) Ang .. 7

#JAlert level G

PLAT002 ALERT 2 G Number of Distance or Angle Restraints on AtSite 6
PLAT720 ALERT 4 G Number of Unusual/Non-Standard Labels .......... 4
PLAT790 ALERT 4 G Centre of Gravity not Within Unit Cell: Resd. # 2
H2 O
PLAT860 ALERT 3 G Note: Number of Least-Squares Restraints ....... 6
0 ALERT level A = Most likely a serious problem - resolve or explain
1 = A potentially serious problem, consider carefully
1 ALERT level C = Check. Ensure it is not caused by an omission or oversight
4 ALERT level G = General information/check it is not something unexpected
0 ALERT type 1 CIF construction/syntax error, inconsistent or missing data
2 ALERT type 2 Indicator that the structure model may be wrong or deficient

2 ALERT type 3 Indicator that the structure quality may be low
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2 ALERT type 4 Improvement, methodology, query or suggestion
0 ALERT type 5 Informative message, check

It is advisable to attempt to resolve as many as possible of the alerts in all categories. Often the minor
alerts point to easily fixed oversights, errors and omissions in your CIF or refinement strategy, so
attention to these fine details can be worthwhile. In order to resolve some of the more serious problems
it may be necessary to carry out additional measurements or structure refinements. However, the
purpose of your study may justify the reported deviations and the more serious of these should
normally be commented upon in the discussion or experimental section of a paper or in the
"special_details" fields of the CIF. checkCIF was carefully designed to identify outliers and unusual
parameters, but every test has its limitations and alerts that are not important in a particular case may
appear. Conversely, the absence of alerts does not guarantee there are no aspects of the results needing
attention. It is up to the individual to critically assess their own results and, if necessary, seek expert
advice.

Publication of your CIF in IUCr journals

A basic structural check has been run on your CIF. These basic checks will be run on all CIFs
submitted for publication in IUCr journals (Acta Crystallographica, Journal of Applied
Crystallography, Journal of Synchrotron Radiation); however, if you intend to submit to Acta
Crystallographica Section C or E, you should make sure that full publication checks are run on the
final version of your CIF prior to submission.

Publication of your CIF in other journals

Please refer to the Notes for Authors of the relevant journal for any special instructions relating to CIF
submission.

PLATON version of 24/03/2011; check.def file version of 16/03/2011

Datablock 19 - ellipsoid plot
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CheckCIF/PLATON report for compound 20

No syntax errors found. CIF dictionary

Please wait while processing

Interpreting this report

Datablock: 20

Bond precision: C-C = 0.0083 A Wavelength=1.54184
Cell: a=11.6784(4) b=14.9497(5) c=18.2715(6)

alpha=66.074 (3) beta=78.162(3) gamma=84.131(3)
Temperature: 295 K

C H C13

Calculated Reported
Volume 2853.22(18) 2853.20(18)
Space group P -1 P -1
Hall group -P 1 ?
Moiety formula C26 H18 N4 04 Se2, C H C13 C26 H18 N4 04 Se2,
Sum formula C27 H19 Cl3 N4 04 Se2 C27 H19 Cl3 N4 04 Se2
Mr 727.73 727.73
Dx,g cm-3 1.694 1.694
Z 4 4
Mu (mm-1) 6.178 6.178
F00O0 1440.0 1440.0
FOOO' 1441.11
h,k,1lmax 14,18,23 14,18,23
Nref 12150 11936
Tmin, Tmax 0.306,0.802 0.437,0.896
Tmin' 0.054

Correction method= ANALYTICAL

Data completeness= 0.982 Theta (max)= 77.620
R(reflections)= 0.0560( 9366) wR2 (reflections)= 0.1744( 11936)
S = 1.046 Npar= 734

The following ALERTS were generated. Each ALERT has the format
test-name ALERT alert-type alert-level.
Click on the hyperlinks for more details of the test.

#Alert level C

PLAT094 ALERT 2 C Ratio of Maximum / Minimum Residual Density

PLAT244 ALERT 4 C Low 'Solvent' Ueqg as Compared to Neighbors of

PLAT244 ALERT 4 C Low 'Solvent' Ueqg as Compared to Neighbors of

PLAT341 ALERT 3 C Low Bond Precision on C-C Bonds (x 1000) Ang

PLAT732 ALERT 1 C Angle Calc 109.5(2), Rep 109.50(9) ......
CL2 -C1s -CL3 1.555 1.555 1.555 #

#JAlert level G
PLAT002 ALERT

N
@

Number of Distance or Angle Restraints on AtSite

PLAT072 ALERT 2 G SHELXL First Parameter in WGHT Unusually Large.
PLAT154 ALERT 1 G The su's on the Cell Angles are Equal (x 10000)
PLAT720 ALERT 4 G Number of Unusual/Non-Standard Labels ..........
PLAT793 ALERT 4 G The Model has Chirality at C7A (Verify)
PLAT793 ALERT 4 G The Model has Chirality at C7B (Verify)
PLAT793 ALERT 4 G The Model has Chirality at C7C (Verify)
PLAT793 ALERT 4 G The Model has Chirality at C7D (Verify)
3 G

PLAT860 ALERT Note: Number of Least-Squares Restraints .......

2.92
C1s
Cc2s

2.22
210

16
0.12
300

0 ALERT level A = Most likely a serious problem - resolve or explain

0

A potentially serious problem, consider carefully

su-Ra

Deg.
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5 ALERT level C = Check. Ensure it is not caused by an omission or oversight

9 ALERT level G = General information/check it is not something unexpected
2 ALERT type 1 CIF construction/syntax error, inconsistent or missing data
3 ALERT type 2 Indicator that the structure model may be wrong or deficient
2 ALERT type 3 Indicator that the structure quality may be low

7 ALERT type 4 Improvement, methodology, query or suggestion

0 ALERT type 5 Informative message, check

It is advisable to attempt to resolve as many as possible of the alerts in all categories. Often the minor
alerts point to easily fixed oversights, errors and omissions in your CIF or refinement strategy, so
attention to these fine details can be worthwhile. In order to resolve some of the more serious problems
it may be necessary to carry out additional measurements or structure refinements. However, the
purpose of your study may justify the reported deviations and the more serious of these should
normally be commented upon in the discussion or experimental section of a paper or in the
"special_details" fields of the CIF. checkCIF was carefully designed to identify outliers and unusual
parameters, but every test has its limitations and alerts that are not important in a particular case may
appear. Conversely, the absence of alerts does not guarantee there are no aspects of the results needing
attention. It is up to the individual to critically assess their own results and, if necessary, seek expert
advice.

Publication of your CIF in IUCr journals

A basic structural check has been run on your CIF. These basic checks will be run on all CIFs
submitted for publication in IUCr journals (Acta Crystallographica, Journal of Applied
Crystallography, Journal of Synchrotron Radiation); however, if you intend to submit to Acta
Crystallographica Section C or E, you should make sure that full publication checks are run on the
final version of your CIF prior to submission.

Publication of your CIF in other journals

Please refer to the Notes for Authors of the relevant journal for any special instructions relating to CIF
submission.

PLATON version of 24/03/2011; check.def file version of 16/03/2011

Datablock 20 - ellipsoid plot
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Synthesis and Glutathione Peroxidase-Like Activities of Selenenamides
Vijay P. Singh," Harkesh B. Singh*“ and Ray J. Butcher'”

Dedication ((optional))

Abstract: The aromatic nucleophilic  dihydrobenzisoselenazole (28). The selenenamides/ seleninamides,
substitution (SyAr) reactions of N-(2-  bromination of 22 affords  stabilized by intramolecular secondary
bromo-3- nitrobenzyl)aniline (18), N- selenenamides; 2-(4-methylphenyl)-7- Se--O interaction, have been
(2-bromo-3-nitrobenzyl)-4- nitro-2,3-dihydrobenzisoselenazole (29)  structurally characterized by single

methylaniline (19) and N-(2-bromo-3- and 2-(2-bromo-4-methylphenyl)-7-  crystal X-ray diffraction studies and
nitrobenzyl)-4-nitroaniline (20) with  nitro-2,3-dihydrobenisoselenazole (30) computational studies. In addition to
the in situ generated selenolate alongwith some other products. The the synthesis and characterization, the
[nBuSeNa] afford N-(2-(butylselanyl)- bromination reaction of 23, under glutathione peroxidase-like (GPx)

3-nitrobenzyl)aniline (21), N-(2-  identical conditions gave 2-(2-bromo-4-  activities of selenenamides and
(butylselanyl)-3-nitrobenzyl)- 4-  nitrophenyl)-7-nitro-2,3- seleninamides have been evaluated by
methylaniline (22) and  N-(2- dihydrobenisoselenazole (31). The the coupled reductase assay.
(butylselanyl)-3-nitrobenzyl)-4- oxidation reaction of 21-22 with H,0,

nitroaniline (23), respectively. The yielded cyclic seleninamides; 7-nitro-2-
bromination of 21 results in the phenyl-2,3-dihydrobenzisoselenazole
formation of cyclic selenenamides; 7-  selenium-oxide  (33) and  2-(4-  Keywords: GPx mimics * heterocycles *

nitro-2-phenyl-2,3- methylphenyl)-7-nitro-2-phenyl-2,3- antioxidants * SyAr reactions « selenium
dihydrobenzisoselenazole (27) and 2- dihydrobenzisoselenazole  selenium-
(4-bromophenyl)-7-nitro-2,3- oxide  (34), respectively. New

has been reported by intramolecular homolytic substitution with

amidy]l radicals.*¢¢
Introduction Y

Ebselen (1, PZ 51, 2-phenyl-1,2-benzisoselenzol-3-(2H)-one), a CHy o 0

0
. L . . HO_
heterocyclic compound containing a selenium—nitrogen bond, N@ | NM N-Me
se Hic” N7 Se 3 s

exhibits both anti-inflammatory activity in vivo and glutathione

peroxidase (GPx)-like activity in vitro (Figure 1).l' It catalytically CHy

reduces the harmful peroxides by reduced glutathione (GSH) or ! 2 3
other thiols mimicking the activity of GPx and protects the lipid

membranes and other cellular components against oxidative o R R\@E<
damage.[zl Due to wide applications of ebselen, several methods for o ©f\r11//|-1 s’eN H SéNH
its synthesis have been developed.’*! In the most direct approach, 2- se R

(chlorocarbonyl)phenyl selenenyl chloride obtained from 2,2°- 5 6aR=H.R <H 7aR<H
diselenodibenzoic acid, is treated with aniline to afford ebselen.*" 4 6bR=H, R = NO, 7b R = OMe

The method developed by Engman and co-workers involves ortho- BeR=H,R=NO,

lithiation of benzanilide followed by selenium insertion and

. L . . . Fi 1. Ebselen 1 i | 2-7.
oxidative cyclization reactions.*! A free radical synthesis of ebselen lgure bselen 1 and its analogues

Very recently, an efficient copper-catalyzed method has been
reported for the biologically active ebselen.’) The reactivity of
Department of Chemistry ebselen ?ould be mterpola‘Fed by .changmg the basic structure based
Indian Institute of Technology Bombay, Powai on substituent effects and isosteric replacements. To understand the
Mumbai-400 076 (India) effects of various substituents on the GPx activity of ebselen,

Fax: (+91)-022-2572-3480 several ebselen analogues have been reported.'*®%? Novel pyridine-
E-mail: chhbsia@chem.iitb.ac.in

[a] V. P. Singh, Prof. H. B. Singh

fused tocopherol, selenium containing antioxidant and anti-
[b]  Prof. R.J. Butcher inflammatory agent 2 has been reported./”’ Selenenamide 3, without
Department of Chemistry an aromatic substituent, has also been developed as a model
Howard University compound for GPx.®) Another example of selenenamides such as
Washington DC 20059 (USA) selenenamide 4 containing a Se—N bond in the seven-membered

ring has been reported.!”) The internalization of a subsidiary

Supporting information for this article is available on the tetrahedral carbon (CR,) into the heterocycle led to compounds 5,'"
WWW under http://www.chemeurj.org/ or from the author. 6" and 7"'?! as GPx mimics. It is worth mentioning here that the
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introduction of an ortho-nitro group in 2-phenyl-7-nitro-1,2-
benzisoselenazol-(2H)-3-one (8) enhances the GPx-like activity
(Figure 2).'*! The synthesis of such ebselen analogues 9,114% 1014
and 111" has been accomplished by ortho-lithiation, selenium
insertion followed by oxidation. It has been revealed that the
presence of intramolecular secondary Se---O/N interactions
enhances the reaction of the Se—N bond towards cleavage by
thiols."*”! The cyclic selenenamides, with CH, group as part of the
five-membered heterocyclic ring, have not been studied in detail. In
contrast to ebselen, the isolation of such cyclic Se—N selenenamides
is difficult due to the flexible —CH,~NH— bond with a sp’
hybridized carbon atom. To date, only a camphor-derived cyclic
selenenamide 12, that showed good GPx-like activity, has been
reported by Back and co-workers (Figure 2).['"! Here, the
cyclization, probably, is possible due to rigid conformation of the
substrate.  Furthermore, an attempted cyclization of 2-
(bromoseleno)bromomethylbenzene with methylamine did not lead
to the formation of expected selenenamide 13.1¢

HN 0

10aR = Ph, R =Bu
10bR=Me, R'=Bu
10c R=iPr,R' =Bu

Se

13 (not isolated)

Figure 2. Selenenamides 8-12.

Recently, we have reported the synthesis of related Se—N
heterocycles with imine (—CH=N—) and nitro (—NO,) groups ortho
to the selenium atom.[' These heterocycles are closely related with
ebselen and exhibit excellent GPx-like activity. Now we have
isolated a new range of Se—N heterocycles with CH, group present
in the five-membered ring. It occured to us that such ebselen
analogues might display interesting GPx-like activity due to a
weaker Se—N bond. In this paper, we present our findings on the
structure-property correlation as well as GPx-like activity of
selenenamides/seleninamides with CH, group and compare with the
analogues having a C=0 group.

Results and Discussion

Precursor  N-(2-bromo-3-nitrobenzylimino)benzene  (15)
prepared from 2-bromo-3- nitrobenzaldehyde (14).'® N-(2-Bromo-3-
nitrobenzylimino)-4-nitroaniline  (16) and N-(2- bromo-3-
nitrobenzylimino)-4-methylaniline (17) were synthesized in a
similar fashion by treating 14 with p-nitroaniline and p-toluidine,
respectively (Scheme 1). Further treatment of 15-17 with NaBH, in
ethanol afforded the expected reduced products 18-20 in good
yields.

was

ey

iog
~ NS
° i - i) N ) N
Br Br Br
NO,

NO, NO,

14 15R=H 18R=H
16 R =Me 19 R =Me
17 R = NO, 20R =NO,

Scheme 1. i) aniline, glacial acetic acid, r. t.; ii) p-toluidine, glacial
acetic acid, r. t.; iii) p- nitroaniline, glacial acetic acid, r. t.; iv) NaBH,,
ethanol, reflux, 5 h.

Unsymmetrical selenides 21-23, the required intermediates for the
synthesis of selenenamides 27-31, were synthesized by the aromatic
nucleophilic substitution (SyAr) reactions of 18-20 with the in situ
prepared n-BuSeNa (Scheme 2). Triethylamine (Et;N) was added to
a CHCI; solution of 21 after the complete bromination. The progress
of the reaction was monitored by thin layer chromatography (TLC).
After the usual work-up, selenenamides 27 and 28 were obtained by
the silica gel column chromatographic purification with petroleum
ether/ethyl acetate. Formation of 28 was accompanied with N-
phenyl ring bromination at the para-position. To prevent the N-
phenyl ring bromination at the para-position and also to see the
substituents effect, when selenide 22 was treated with Br,/Et;N, the
reaction mixture after the work-up and rotary evaporation afforded a
black mixture of compounds. The crude mixture
chromatographed on the silca gel to afford selenenamides 29-30,
selenide 32 alongwith a selenospirocyclic product,!'” respectively.
A similar bromination reaction of 23 afforded selenenamide 31 in
very low yield alongwith a yellow precipitate which could not be
characterized.

was

R R
SO 9
N n
18R=H i) S N
19R=Me — > 86 "N se” B
20 R=NO, NO, lo
2
21R=H
22R=Me 24R=H
23R=NO, 25R=Me
26 R=NO,

N R
EE—— §€ +
/l RI
7'

27R=H, R'=H
28R=Br,R'=H
29R=Me, R'=H
30R=Me, R'=Br
31R=NO,, R'=Br

Ber/Me
N
H + other product
Se
Lo, \/\
32

Scheme 2. i) [n-BuSeNa], C,HsOH, 0 °C, 3 h; i) Bro/CHClIs, Et;N, 0 °C,
2 h.

The oxidation of selenides 21-22 with an excess of H,O, afforded
cyclic seleninamides 33-34 (Scheme 3).

21R=H
22 R =Me
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Scheme 3. i) H,0; (6 equiv), CHClIs, at 55-60 °C, 40 min.

The reaction of selenides 21-22 with H,0,, presumably, leads to
selenoxides 35-36 which undergo subsequent [2,3]-sigmatropic
rearrangement to give selenenic acids 37-38 (Scheme 4). Further,
oxidation of 37-38 to seleninic acids 39-40 followed by
condensation yields cyclic seleninamides 33-34.

ey

[2,3]-sigmatropic
H rearrangement
aRch ﬁ’ H/\/\ o E;(\HOH
22R =Me Se - -
NO i > avd Se
2 0 NO,
35R=H 37R=H
36 R =Me 38 R=Me
R
34
Se-OH H0
NO, ||
39R=H
40 R =Me

Scheme 4. Plausible mechanism for the formation of seleninamides
33 and 34.

In order to delineate the structure-GPx-like activity correlations
of the newly synthesized cyclic selenenamides 27-31, related
ebselen analogue 8 has also been prepared by a modified
procedure.!™ In our modification, 2-(butylselanyl)-3-nitro-N-
phenylbenzamide (42), obtained by the reaction of 2-bromo-3-nitro-
N-phenylbenzamide (41)!"8 with the in situ generated nBuSeNa, has
been used instead of 2-(methylselanyl)-3-nitro-N-phenylbenzamide
(Figure 3).133] The reaction of 42 with Br,/Et;N in CHCl; solvent
gave 8 in much better yield.

0] o] o
NHPh NHPh
/N@Br
Br s&T Sf\
NO, NO, NO, ©
41 42 43

Figure 3. Precursors 41-42 and ortho-nitro coordinating ebselen
analogue 43.

In summary, a facile synthesis of cyclic selenenamides and
seleninamides incorporating a CH, group in the five-membered
heterocyclic ring have been achieved. The intramolecular
coordination of the 6-nitro group to the selenium atom plays a
crucial role in the cyclization process.

Spectroscopic Studies
The 'H NMR spectroscopic studies of seleninamides 33 and 34 were
performed in DMSO-dg¢ (see Figures S92 and S99 of the Supporting
Information). Nonequivalent signals for the benzylic protons of 33
{5.19 (d, 1H) and 5.26 (d, 1H) ppm} and 34 {5.16 (d, 1H) and 5.24
(d, 1H) ppm} were observed as two doublets with vicinal coupling
(J = 16.0 Hz). The doublets are due the presence of the chiral

selenium centres in optically active 33 and 34.
7Se NMR spectroscopy is a very useful technique for probing
the electronic environment around the selenium atom,!®!415:19]
The ""Se NMR spectra of selenenamides 27-31 exhibit signals at
974, 977, 987, 1060 and 1070 ppm (Table 1). These chemical shifts

are slightly downfield as compared to 1 (961 ppm),!®® 8 (953
ppm),[* 3 (819 ppm),’ 7a (693 ppm)!'* and 12 (885 ppm).t'*! As
expected for seleninamides 33 and 34 with selenium (IV) showed
higher downfield shifted as compared to selenenamides 27-31.

We performed density functional (DFT) calculations for
organoselenium compounds to see the effect of CH, group in place
of CO group in the five-membered heterocycle ring on the "’Se
NMR chemical shifts and compare the calculated values with the
experimental data. The geometries were fully optimized at the
B3LYP/6-31+G(d) basis sets. The NMR calculations were
performed at the B3LYP/6-311+G(d,p) level on the B3LYP/6-
31+G(d)-level-optimized geometries by using the gauge-including
atomic orbital (GIAO) method.”” As observed from the
experimental data, the calculated "7Se NMR chemical shifts for 27-
31 are downfield shifted as compared to that observed for 1 (Table
1). This difference in the chemical shifts is probably due to the
presence of intramolecular secondary Se---O interaction with ortho-
nitro group. It is well established that the presence of the
intramolecular  secondary ~ Se---NI®!®®)  and  Se---Qlébe2122
interactions leads to a downfield shift of the '’Se NMR chemical
shifts. Recently, we have demonstrated that the presence of the
Se---O interactions in selenenium cations'” and selenenate esters!*?!
leads to downfield shift of the ”’Se NMR chemical shifts (vide

infra).

Table 1. GIAO ”’Se NMR chemical shifts calculated in gas phase at
the B3LYP/6-311+G(d,p) level on the B3LYP/6-31+G(d)-level-
optimized geometries for compounds 1, 8, 27-31 and 33-34 alongwith
the experimental values.

Entry Se Se Solvents
NMRP! NMRE!
Calcd Exptl

1 960 961! CDCl;

8 886 953!"3% CDCl;

27 1045 974 CDCl;

28 1051 977 CDCl;

29 1037 987 CDCl;

30 1025 1060 CDCly

31 1031 1070 CDCly

33 1142 1182 DMSO-dg

34 1139 1174 DMSO-ds

[a] The values are referenced with respect to Me,Se (6 = 0 ppm).

X-ray Crystallographic Studies

The molecular structures of 21, 29-30 and 32-33 were
unambiguously confirmed by single crystal X-ray diffraction
studies.

Molecular Structures of 21 and 32

The molecular structure of 21 (Figure 4) indicates a V-shaped
geometry around the selenium atom with a bond angle
C1—Se1—C14 of 100.00(11)°. The Se---O1 distance [3.295(9) A] is
slightly less than the sum of the van der Waals radii (3.45 A),
indicating a weak secondary Se---O interaction.”” The geometry of
32 around the selenium atom is quite similar to that observed for 21
with a bond angle C1—Sel—C15A of 100.3(3)° (Figure 5). The
Se---02 distance [3.212(2) A] is also similar to that observed for 21.
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Figure 4. Molecular structure of 21. Thermal ellipsoids are set at 50 %
probability. Significant bond lengths [A] and angles [°]: Se---O1
3.295(9); Se—C1 1.924(2); Se—C14 1.978(3); O1---Se—C7 115.93(6);
C1—Se—C14 100.00(11).

Figure 5. Molecular structure of 32. Thermal ellipsoids are set at 50 %
probability. Significant bond lengths [A] and angles [°]: Se---02
3.212(2); Se—C11.926(3); Se—C15B 1.892(10); C1—Se—C14
100.3(3).

Molecular Structures of 29 and 30

The coordination geometry of 29 around the selenium atom is nearly
T-shaped with a bond angle O1---Se—N2 of 156.76(11)° (Figure 6).
The Se—N2 distance [1.891(3) A] is found to be similar to that
reported for 1 [1.896(3) A] and 8 [1.896(3)].%* The Se:--Ol
distance [2.591(3) A] is slightly greater than that reported for 8
[2.573(3) A],** which indicates a weak intramolecular secondary
Se---O interaction in 29. The geometry of 30 around the selenium
atom is quite similar to that observed for 29 with a bond angle
O1---Se—N2 of 155.61(10)° (Figure 7). The Se—N2 distance
[1.905(3) A] is similar to that observed for 29. The Se---O1 distance
[2.686(3) A] is slightly greater than that observed for 30, suggesting
a weaker intramolecular secondary Se---O interaction.

Figure 6. Molecular structure of 29. Thermal ellipsoids are set at 50 %
probability. Significant bond lengths [A] and angles [°]: Se---O1

2.591(3); Se—N2 1.891(3); Se—C1 1.861(3); O1---Se—N2 156.76(11);
C1—Se—N2 85.69(14); C7 —N2—Se 114.0(2).

Figure 7. Molecular structure of 30. Thermal ellipsoids are set at 50 %
probability. Significant bond lengths [A] and angles [°]: Se---O1
2.686(3); Se—N2 1.905(3); Se—C1 1.880(3); O1---Se—N2 155.61(10);
C1—Se—N2 88.11(12); C7 —N2—Se 107.00(19).

Molecular Structure of 33

The molecular structure of 33 is shown in Figure 8. The geometry
around the selenium shows a “see-saw” type with the bond angle
N2—Se---02 of 152.31(16)°. This angle is quite similar to that
reported for 2-(4-bromophenyl)-7-nitro-1,2-benzisoselenazol-(2H)-
3-one selenium oxide (43) [151.74(0)°].') The Se—N distance
[1.867(4) A] is slightly smaller than that observed for 43 [1.888(8)
A]. The Se---02 distance (2.742(5) A) is close to that observed for
43 (2.749 A), indicating a weak secondary Se---O interaction.

Figure 8. Molecular structure of 33. Thermal ellipsoids are set at 50 %
probability. Significant bond lengths [A] and angles [°]: Se---02
2.742(5); Se—01 1.645(4); Se—N2 1.867(4); Se—C1 1.938(6);
N2—Se—C1 84.05(21); N2—Se---02 152.31(16); N2—Se—01
106.26(20); C1—Se—01 104.33(21).

Computational Studies

Effect of CH, group in place of CO group in the five-membered
heterocycle

The reactivity of the Se—N bond in the ebselen analogues plays a
crucial role in the GPx-like activity. The cleavage of the Se—N bond
by the thiol leads to the formation of the Se—S bond.[*>142) Fyrther
attack of another thiol on the Se—S bond results in the formation of
reactive selenol. The reactivity of the selenosulfide intermediate is
tuned by intramolecular secondary Se---O interactions.’®™*™ To find
out the effect of the incorporation of CH; in the place of C=0 and
intramolecular secondary Se---O interactions on the nature of the
Se—N bond in selenenamides 27-31 and seleninamides 33-34, DFT
calculations have been carried out (for the optimized geometries and
coordinates see Tables S1, S3, S5, S7 and S9 of the Supporting
Information). The data suggest that incorporation of the CH, group
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in the place of C=0 in compounds 27-31 leads to an increase in the
Se—N and Se---O distances (Table 2). In line with this observation,
the Se—N distances in 1 (1.880 A) and 8 (1.908 A) are shorter when
compared with the Se—N distances in 27-31 and 33-34.

Table 2. The theoretical data for 1, 8, 27-31 and 33-34 obtained by
DFT calculations at the B3LYP/6-311+G(d,p) level. The NBO analysis
and NICS (0) values were calculated at the B3LYP/6-311+G(d,p) level
on the B3LYP/6-31+G(d)-level-optimized geometries.

Ent  reen [A® rse-o [AI?  Eseo Gse NICS
ry (kcal/m (0)
ol) ppmt®
]
1 1.880(1.896)% - +0.626  -7.14
al
8 1.908(1.896)%  2.563(2.57 13.48 +0.771  -5.61
b] 3)
27 1.947 2.603 11.54 +0.706  -2.78
28 1.949 2.585 12.41 +0.709  -2.83
29 1.946(1.891)  2.611(2.59 11.22 +0.704  -2.88
1)
30 1.948(1.905)  2.598(2.68 11.68 +0.711 278
6)
31 1.953 2.499 22.72 +0.778  -1.55
33 1.905(1.867)  2.762(2.74 05.62 +1.576  -1.84
2)
34 1.903 2.65 05.54 +1575  -1.91

eap).”! The values of electron density pg....o obtained for the
Se---O interaction for compounds 8, 27-31 and 33-34 range from
0.022 to 0.031 eay” (See Figure S124 for AIM pictures in the
Supporting Information). The trend that ps....o decreases from 27-30
to 33-34 is in full accordance with the trend of Eg....o obtained by
the NBO analysis and the Se---O distance by quantum chemical
calculation (Table 2). The Laplacian (V’ps..o) represents the
curvature of the electron density in 3-D space at the bcp of the
Se---O interaction. The values of Vsze..‘o obtained for the Se---O
interaction for 8, 27-31 and 33-34 are all positive, suggesting a
dominant electrostatic character. However, the total electron energy
density (Hse.o) is more reliable to understand the nature of
secondary Se---O interactions instead of the V2pg,..0. According to
the Hs..o values obtained for 27-30 and 33-34 are positive, which
strongly suggests that the Se---O interactions are weak. It has been
observed that the negative value of Hs..o for 31 indicates increase
in the strength of the Se---O interaction. The values obtained for 33-
34 are found to be more positive as compared to 8 and 27-30. It is
evident that the values of Hg..o becomes more positive with
increase in the Se---O atomic distance (i.e., weakening of the Se---O
interaction). A similar observation of the bcp, positive values of
Vsze.‘.o and total energy density Hs...o for the Se---O interactions
has been obtained by Tomoda and co-workers.*'®

Table 3. Summary of properties of electron density at the bond critical
point (bcp).

[a] The experimental values are given in parentheses. [b] NICS (0)
values are calculated at the centre of the five-membered heterocyclic
ring.

Second-order perturbation energy (Es....0) between the selenium and
oxygen atoms was calculated at the B3LYP/6-311+G(d,p) level on
the B3LYP/6-31+G(d)-level-optimized geometries by using the
natural bond orbital (NBO) calculation.”® The Ege...0 due to the
np—0*g. N orbital interaction was obtained by the NBO analysis.
These studies reveal that the replacement of C=0 with CH, group in
27-30 and 33-34, the Es....o decreased slightly as compared with that
of 8 (Ese.0o = 13.48 kcal/mol) suggesting a weaker Se:--O
interaction (Table 2). However, the Es....o (22.72 kcal/mol) for 31 is
found to be higher than 8 and other selenenamides 27-30. This is
due to the presence of -NO, and —Br groups at the N-phenyl ring.
Also the interaction energies for 33 (Es,...o = 05.61 kcal/mol) and 34
(Ese---.0 = 05.50 kcal/mol) are much lower as compared with that of
27-31, indicating relatively weaker Se---O interactions in 33 and 34.
The NBO analysis further shows that weaker Se---O interactions
and the presence of the CH, group lead to an elongation of the
Se—N bond length.

Further, distinct bond critical point (bcp) at the Se---O
interaction correlates with the strength of the interacting atoms. The
presence of bcp was identified in compounds 8, 27-31 and 33-34
using Bader’s theory of atoms in molecules (AIM)?” with
AIM2000 (Table 3).?¥ The values of electron density (p) obtained
are much smaller than a covalent bond (e.g., pc.c = 0.24 ea,™) but
larger than those for the practical boundary of molecules (p = 0.001

Entry PSe»o[a] VZPSe»-o[b] Hse-o
(eao®) (eao®) (ea0™)
8 0.031 0.091 +0.0002
27 0.028 0.089 +0.0004
28 0.029 0.092 +0.0003
29 0.028 0.088 +0.0004
30 0.029 0.090 +0.0004
31 0.038 0.116 -0.0008
33 0.022 0.068 +0.0008
34 0.022 0.068 +0.0008

[a] The electron density at the bep. [b] The Laplacian of the electron
density at the bep. [c] The total energy density at the bep.

The NBO charge calculation shows that the Se---O interaction leads
to an increased higher positive charge on the selenium in 8 (+0.771)
than ebselen (Table 2). However, there is a slight decrease in the
positive charge on the selenium atom of compounds 27 (+0.706), 28
(+0.709), 29 (+0.704) and 30 (+0.711) as compared to that of 8
(+0.771). It should be noted that the high positive charge on
selenium in 8 can be due to the delocalization of the carbonyl double
bond in the five-membered heterocycle as well
coordinating nitro group. The high positive charge on the selenium
atom in compound 31 (+0.778) is due to the presence of the electron
withdrawing groups. As expected the NBO charges on the selenium
atom in compounds 33 (+1.576) and 34 (+1.575), which contain
selenium (IV), are found to be higher as compared to 1, 8 and 27-31.

Nucleus-Independent Chemical Shifts (NICS) values for 1 (-
7.14 ppm) is more negative than that observed for 8 (-5.61 ppm)
(Table 2). This significant loss in the aromatic character in the five-
membered ring is due to the presence of the Se-:-O interaction and
the conjugated carbonyl group. The Se---O interaction enhances the
electrophilicty at the selenium atom. This decrease in the aromatic
character from 27 (-2.78 ppm), 28 (-2.83 ppm), 29 (-2.88 ppm) and
30 (-2.78 ppm), 31 (-1.55 ppm), 33 (-1.84 ppm) and 34 (-1.91 ppm)

as ortho-
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is due the absence of carbonyl group (Table 2). The significant
decrease in the NICS(0) values of 33-34 is mainly due to high
positive charge on the selenium atom. Thus, the introduction of
CH, group in the five-membered heterocycle leads to a decrease the
aromaticity. In our earlier report,” a similar behaviour for the
carbonyl versus CH, group has been observed in the cases of
selenenate esters.

The results obtained by DFT calculations have shown that "'Se
NMR chemical shifts are shifted downfield in selenenamides 27-31,
with CH, group as part of the heterocycle, as compared to that
observed for analogues 1 and 8 with C=0O. Although the
experimental Se—N bond distances in 1, 8, 29, 30 and 33 are in the
same range, the calculated distances of 29, 30 and 33 are much
longer (i.e. lengthening of the Se—N bond) than that observed for 1
and 8. These studies suggest that the introduction of CH, group in
the place of C=0O leads to weakening of the Se—N bond and a
decrease in the positive charge on the selenium atom as well as the
aromaticity of the heterocycle.

Glutathione Peroxidase-Like Activity

The catalytic reduction of H,O, using reduced glutathione (GSH) as
co-substrate in the presence and absence of catalysts; 1, 8, 27-30 and
33-34 was studied (Table 4). The initial rates (vo) for the reduction
were determined by the coupled reductase assay from a linear fit
spanning the first 5-10 % of the reaction by following the oxidation
of reduced nicotinamide adenine dinucleotide (NADPH) at 340 nm
in phosphate buffer. Interestingly, it was found that compounds 29
(411 £ 1 uM.min™), 33 (425 = 1 pM.min™") and 34 (506 * 4
UM.min™") exhibited much higher activities than the carbonyl group
based analogues 1 (133 + 1 uM.min") and 8 (221 * 2 uM.min™).
The GPx-like activity of 1 was found to be lower than 27-30, which
is due the absence of ortho-nitro group in 1. The selenenyl sulfide
derived from 1 has been shown to undergo thiol-exchange reactions
due to the presence of a strong Se---O interaction.’® The strong
Se---O interactions in selenosulfides hamper the generation of the
reactive species selenol. Compound 8 showed nearly two times
more activity than 1. This enhancement in the GPx-like activity of 8
was due to the presence of an ortho-nitro group to the selenium.!'*"!
The GPx-like activity of 28 (204 = 3 uM.min") was found to be
higher than 27 (172 + 5 uM.min) due to the presence of para-
substituent at the N-phenyl ring. Similarly, selenenamide 29 showed
better activity with para-tolyl group at the heterocyclic N-atom than
other selenenamides 8, 27-28 and 30 (255 + 6 pM.min™"). The
activity of 29 decreased to nearly half with additional bromo
substituent at the ortho-position to the N-phenyl ring. The high GPx-
like activities of seleninamides 33 and 34 are probably due to weak
secondary Se---O interactions, lengthening of the Se—N bond and
high positive charge on the selenium atom. Related ebselen
analogue 43" also showed good activity (472.7 3.5 uM.min™"). In
our earlier report,m] it has been observed that the seleninate esters
exhibited much higher activity than selenenate esters. The present
study further suggests that the seleninamides 33-34 are even better
catalysts than their corresponding selenenamides 27-30. Similarly,
the para-substituted selenamides 28 and 29 are found to be better
catalysts.

Table 4. Initial rates, vo (uM.min™") for the reduction of H,0, by
glutathione (GSH) in the presence of ebselen 1, 8, 27-30 and 33-34.

Entry Vo(UM.min® Entry Vo(UM.min™)#!
1)[6]

Control®? 3142 29 411 +1

1 133+ 1 30 255+ 6

8 22142 33 425 + 1

27 172+5 34 506 + 4

28 204 +3 43 472.7 + 3.5

[a] Assay conditions: reactions were carried out with phosphate buffer
(100 mM), pH 7.5, with ethylenediaminetetraacetate (EDTA): 1 mM;
GSH: 2 mM; NADPH: 0.4 mM; glutathione reductase (GR): 1.3
unit/ml; GPx samples: 80 uM; H,O, (1.6 mM). [b] The control values
were obtained from the reduction of H,O, by GSH in absence of GPx
samples. [c] All these values were triplicated for initial 10 sec and
average values were taken with standard deviation. [d] See Ref. [16].

Determination of the Catalytic Parameters

To further understand the catalytic behavior of compounds 29 and
33 with good catalytic activities, detailed kinetic experiments have
been carried out. The Lineweaver-Burk (double-reciprocal) plots for
1, 29 and 33 (see Tables S28-33 and Figures S125-130 of the
Supporting Information) were obtained by plotting the reciprocal of
initial rate (1/vq) against the reciprocal of substrate concentration
(1/[substrate]) and used for the determination of the catalytic
parameters. The catalytic parameters, such as maximum velocity
(Vmax), Michaelis constant (Ky), catalytic constant (k), and
catalytic efficiency () were obtained for the reduction of H,O, in
the presence of compounds 1, 29 and 33 (Table 5). It is worth
mentioning here that the Ky, values for 29 (2.05 mM) and 33 (0.93
mM) were found to be lower than those obtained for ebselen 1
(1447 mM) when GSH is variable, indicating that the thiol
exchange reactions significantly increase the Ky values. The poor
catalytic activity of ebselen has been ascribed to the thiol exchange
reactions in the selenenyl sulfide due to the presence of strong
Se---O interaction.[°! The catalytic efficiencies of 29 and 33 were
determined to be 3.83, 3.48 mM™"! min™ and 6.74, 8.34 mM™! min™
respectively, whereas the catalytic efficiency of 1 was only 2.21,
0.61 mM™"' min"' when both H,O, and GSH variable. The catalytic
efficiency of 33 is nearly ~2 times higher than that observed for 29.
Higher catalytic efficiency of 33 as compared with 29 suggests that
33 is found to be more effective GPx mimetic than that of 29. That
may be due to fast reactions in the presence of thiol and peroxide.
Moreover, in contrast to H,O,, typical saturation kinetics was
observed at higher concentrations of GSH.
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Table 5. Effect of H,O, and GSH concentrations on the maximum
velocity (Vimax), Michaelis constant (Ky), catalytic constant (k..), and
catalytic efficiency (n) for catalysts 1, 29 and 33.

Entry Vinax(UM K Keat (Min”~ 1 (MM min®
min™) (mM) b) b)

Catalyst 1

H,0, 228.31 1.29 2.85 2.21

(variable)®

GSH 709.22 14.47 8.86 0.61

(variable)®

Catalyst 29

H,0, 444 .44 1.45 5.55 3.83

(variable)®

GSH 571.43 2.05 714 3.48

(variable)™

Catalyst 33

H,0, 609.75 1.13 7.62 6.74

(variable)®

GSH 621.12 0.93 7.46 8.34

(variable)™

[a] Assay conditions: Phosphate buffer (100 mM), pH 7.5; GSH: 2
mM; NADPH: 0.4 mM; EDTA: 1 mM; GR: 1 unit/ml; H,O, (variable)
and test compound: 80 uM. [b] Assay conditions: Phosphate buffer
(100 mM), pH 7.5; GSH (variable), NADPH: 0.4 mM; EDTA: 1 mM;
GR: 1 unit/ml; H,O,: 1.6 mM and test compound: 80 uM. For each
value atleast two readings were taken

Consumption of H,O, by GSH in the presence of catalysts 29
and 33

In order to prove that compounds 29 and 33 behaved as catalysts,
kinetic reactions were followed for till the completion of the
reactions (maximum 10000 sec). Control experiments were carried
out in the presence of H,O, and GSH. A combination of catalysts
(29/33), GSH and H,0, was taken in a cuvette [containing 100 mM
phosphate buffer pH 7.5, EDTA, NADPH and GR] and the decrease
in the absorbance of NADPH was measured. A graph for the
consumption for H,O, versus time was plotted from the data
(obtained from Tables S34-36 of the Supporting Information), upto
65 % and 60 % consumptions of H,O, were observed after 70 min
and 166.66 min for catalysts 33 and 29, respectively (Figure 9). This
observation further shows that compound 33 is better catalyst than
29.
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Figure 9. Catalytic reduction of H,O, by GSH in the presence and
absence of selenium catalyst. The consumption of H,O, was followed
by micromoles of NADPH utilized per min: a) control i.e. in the
absence of any catalyst; b) 29+GSH+H,0,; ¢) 33+GSH+H,0,. Assay
conditions: reactions were carried out with phosphate buffer (100
mM), pH 7.5; with EDTA: 1 mM; GSH: 0.25 mM; NADPH: 0.40 mM;
GR: 1.3 unit/ml; H;O,: 0.20 mM and selenium catalyst: 10 pM.

In summary, a structure-activity correlation reavels that
selenenamides 27-31 and seleninamides 33-34 with CH, group are
found to be better GPx mimics as compared to 1 and 8 with C=0. It
has also been shown that 28 and 29 with para-substituents are nearly
1.5 and 3 times, respectively more active than 1. On the other hand,
as expected seleninamides 33 and 34 are significantly more active
than their corresponding selenenamides 27 and 29. To support the
observations based on initial rates for selenenamides 27 and
seleninamides 29 with CH, group, further detailed kinetic studies
using various concentrations of thiol and hydrogen peroxide indicate
that compounds 27 and 29 are found to be more efficient catalysts
than 1.

Catalytic mechanism for catalyst 33

To identify the intermediates involved in the catalytic mechanism of
seleninamide 33 with promising GPx-like activity, the ’Se NMR
spectroscopy was carried out (Scheme 5). When 33 (& = 1182 ppm)
was treated with PhSH (1 equiv) in DMSO-ds, a new ''Se NMR
signal was observed at § = 973 ppm (see Figures S131-132 of the
Supporting Information). The signal observed at § = 973 ppm can
be assigned to selenenamide 27. The identity of 27 was further
established by its independent synthesis and complete
characterization (see the experimental section). Upon addition of
one more equiv of PhSH to the above mixture, both the signals at
1182 and 973 ppm completely disappeared and new signals were
observed at 514 and 424 ppm (see Figures S133-136 of the
Supporting Information). The "’Se NMR signals at 514 and 424 ppm
can be assigned to the corresponding selenosulfide 44 and diselenide
45, respectively. The 7’Se NMR signals observed at 514 and 424
ppm were further confirmed by the addition of 2 equiv PhSH to a
solution of 27 in CDCIl; (see Figure S137 of the Supporting
Information). A similar observation has been made by Back and co-
workers for the related selenenamide 12 which follows a different
catalytic mechanism.['™ In the presence of more thiol, selenosulfide
44 was converted to disulfide (PhSSPh) and selenol 46 (Cycle A). A
"7Se NMR signal for 46 was not observed in the catalytic cycle.
Compound 46 probably oxidizes to selenenic acid 37. Selenenic acid
37, in turn; reacted rapidly with PhSH to regenerate 44 back. In the
catalytic cycle, selenosulfide 44 disproportionates to the
corresponding diselenide 45. In excess of thiol, diselenide 45 was
converted to 46 (Cycle B). Further oxidation of the diselenide 45
regenerates the selenosulfide 44 followed by thiolysis of 37 (Cycle
C). In this catalytic cycle, seleninamide 33 was reduced to 27 which
is the procatalyst and rapidly gets depleted in the presence of PhSH
to give 44 and 45. The observation of diselenide 45 is in contrast to
the mechanism reported by Back and co-workers for selenenamide
12,17

61



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

33

r PhSH
PhSH

&/\ PhSH
Sea» /\< /&\ Se-f
PhSH

45 PhSSPh PhSH
\%\ PhSSPh

H20, SeSPh
PhSH X
PhSSPh
s H
SeOH e

NO,
46

PhSH

37
HQO Hy0,

Scheme 5. Proposed catalytic cycle for the reduction of H,O, by
PhSH in the presence of 33.

Conclusion

In conclusion, an efficient methodology has been developed for the
synthesis of new selenenamides incorporating CH, moiety in the
five-membered heterocyclic ring. The facile synthesis of
selenenamides 27-31 and seleninamides 33-34 is due to the presence
of ortho-nitro group to the selenium atom. Theoretical investigations
suggest that the replacement of C=0 with CH, present in the five-
membered heterocycles leads to activate the Se—N bond. It also
decreases the positive charge on the selenium atom. It was observed
that the selenium centre is more deshielded in the heterocycles with
CH, group which may be due to weak intramolecular secondary
Se---O interaction. Selenenamide 29 and seleninamide 33-34 are
exhibited excellent GPx-like activity.

Experimental Section

[30a] [30b]

2-Bromo-3-nitrobenzoic acid and 2-bromo-3-nitrobenzaldehyde
were prepared by the reported procedures. Selenium powder and 3-
nitrophthalic acid used were purchased from Sigma Aldrich. All the
reactions were performed under nitrogen or argon atmosphere by
modified Schlenk techniques and monitored by using TLC from time
to time. Silica gel of 100-200 mesh size was purchaged from merck.
Solvents were purified by standard techniques.®"! Melting points were
recorded on a VEEGO melting point (VMP-1) apparatus and are
uncorrected. 'H (399.88 MHz) & 'H (299.95 MHz), "*C (100.6 MHz)
and ""Se (57.26 MHz) NMR spectra were recorded on a Varian NMR-
Mercury plus 400 MHz & Bruker Avance" 400 MHz spectrometer and
Varian NMR-Mercury plus 300 MHz for 7Se NMR at the indicated
frequencies. Chemicals shifts (8) are shown with respect to SiMe,
(TMS) as internal standard for nuclei 'H & *C and Me,Se for nuclei
"Se as the external standard; s = singlet, d = doublet, t = triplet, dd =
doublet of doublets, td = triplet of doublets. The high resolution mass
spectra (HRMS) were recorded at room temperature on a Micro mass
Q-TOF (YA 107) mass spectrometer. FT-IR spectra were recorded in
the range 4000-450 cm™ using KBr for solid samples and neat for
liquid samples between Csl plates on a Perkin Elmer precisely
spectrum one FT-IR spectrometer. The UV-VIS spectra for GPx-like
activity in solution were recorded on a JASCO, V-570 spectrometer.

Synthesis of N-(2-bromo-3-nitrobenzylimino)-4-methylaniline
(16): To a solution of 14 (43.4 mmol, 10.0 g) in glacial acetic acid (10
mL) was added p-toluidine (43.4 mmol, 4.64 g) with continuous
stirring at room temperature. A curdy yellow precipitate was formed.

To complete the precipitation, the reaction mixture was cooled with
ice, then filtered and washed with ice-cooled ethanol.
Recrystallization from hot ethanol afforded a light yellow solid. Yield:
8.9 g (65 %); mp 110-112 °C. '"H NMR (CDCls): §= 2.39 (s, 3H, CHs),
7.19-7.24 (m, ArH), 7.52-7.56 (t, J = 7.9 Hz, 1H), 7.77-7.80 (dd, J =
1.6, 9.51 Hz, 1H), 8.42-8.45 (dd, J = 1.6, 9.5 Hz, 1H), 8.92 ppm (s,
1H); *C NMR (CDCls): & = 21.2, 116.7, 121.3, 126.7, 128.2, 130.1,
132.0, 137.3, 137.5, 148.2, 151.5, 156.4 ppm; IR (KBr): v = 2918,
1616 (C=N), 1534 (NO,), 1426, 1366, 1029, 829, 818, 713, 529, 487
cm”’; HRMS (TOF MS ES') m/z caled for Ci4HyBrNO,
[M+H]": 319.0082; found: 319.0088.

Synthesis of N-(2-bromo-3-nitrobenzylimino)-4-nitroaniline (17):
Compound 17 was synthesized from 14 (8.69 mmol, 2.0 g) in glacial
acetic acid (50 mL) and p-nitroaniline (8.69 mmol, 1.2 g) according to
the procedure described for the preparation 16. Yield: 1.6 g (53 %);
m.p. 195 °C. "H NMR (CDCls): 6= 7.30-7.32 (d, J = 1.9, 6.73 Hz, 2H),
7.58-7.62 (t, J = 7.1 Hz, 1H), 7.62-7.89 (dd, J = 1.6, 7.9 Hz, 1H), 8.33-
8.34 (d, J = 2.8 Hz, 2H), 8.43-8.46 (dd, J = 1.6, 7.9 Hz, 2H), 8.91 ppm
(s, 1H); ®C NMR (CDCl): & = 117.5, 121.7, 125.3, 127.9, 128.6,
132.4, 136.4, 146.4, 151.7, 156.6, 160.3 ppm; IR (KBr): v = 1601,
1582, 1532, 1514, 1341, 1107, 858, 738, 701 cm”'; HRMS (TOF MS
ES") m/z: calcd for C43HgBrN;O, [M+H]" : 349.9776; found: 349.9768.
General procedure for the synthesis of sec-amine-based
compounds 18-20: To a suspension of compounds 15-17 in ethanol
(50 ml) was added NaBH, (4 equiv) portion-wise. The mixture was
stirred for 5 h at room temperature under inert atmosphere. The
solvent was reduced to give a semi-solid. The usual work-up using
water/chloroform afforded a yellow solution. The solvent was
evaporated under reduced pressure to give yellow-colored oil, which
was solidified by keeping it in deep freeze to afford a crystalline solid.
Synthesis of N-(2-bromo-3-nitrobenzyl)aniline (18): Compound 15
(9.8 mmol, 3.0 g). Yield: 2.4 g (80 %); m.p. 110 °C. 'H NMR (CDCls):
0=4.34, (brs, 1H, NH), 4.48-4.49 (d, J = 4.9 Hz, 2H, CH,), 6.54-6.56
(dd, J=1.0, 7.7 Hz, 2H), 6.73-6.77 (td, J = 1.0, 7.4 Hz, 1H), 7.16-7.20
(t, J =7.7 Hz, 2H), 7.35-7.39 (t, J = 7.7 Hz, 1H), 7.59-7.62 ppm (t, J =
6.6 Hz, 2H); '"H NMR (D,O-exchange): 6 = 4.48 (s, 2H, CH,), 6.54-
6.56 (m, 1H), 6.73-6.74 (t, J = 7.7 Hz, 1H), 7.16-7.20 (t, J = 7.7 Hz,
2H), 7.35-7.39 (t, J = 7.7 Hz, 1H), 7.59-7.62 ppm (t, J = 6.6 Hz, 2H);
3C NMR (CDCls): 6= 48.9, 112.9, 114.0, 118.4, 123.6, 128.1, 129.5,
131.7, 141.7, 147.0, 151.2 ppm; IR (KBr): v = 3412 (N-H), 3075,
3046, 3013, 2899, 1601, 1533, 1375, 1270, 755, 699 cm”; HRMS
(TOF MS ES") m/z: caled for Cy3H11BrN,O, [M+H]": 307.0082; found:
307.0087.

Synthesis of N-(2-bromo-3-nitrobenzyl)-4-methylaniline (19):
Compound 16 (15.7 mmol, 5.0 g). Yield: 3.95 g (78 %); m.p. 99-92 °C.
'H NMR (CDCls): §=2.23 (s, 3H, CHs), 4.21 (br s, 1H, NH), 4.46 (s,
2H, CH,), 6.46-6.48 (d, J = 8.4 Hz, 2H), 6.98-6.99 (d, J = 8.1 Hz, 2H),
7.34-7.38 (t, J = 7.8 Hz, 1H), 7.58-7.62 ppm (t, J = 7.8 Hz, 2H); 'H
NMR (D,O-exchange): 6 = 2.23 (s, 3H, CH3), 4.46 (s, 2H, CH), 4.80
(due to H,O in D;0), 6.46-6.48 (d, J = 8.4 Hz, 2H), 6.98-6.99 (d, J =
8.1 Hz, 2H), 7.34-7.38 (t, J = 7.8 Hz, 1H), 7.58-7.62 ppm (t, J = 7.8
Hz, 2H); "®C NMR (CDCls): 5= 20.5, 49.1, 113.0, 114.0, 123.6, 127.6,
128.1, 130.0, 131.7, 141.9, 144.8, 151.3 ppm; IR (KBr): v = 3402,
3077, 2919, 1611, 1534, 1522, 1372, 1303, 1271, 825, 810, 797, 789
cm”; HRMS (TOF MS ES") m/z: calcd for Ci4H1sBrNoO, [M+H]'":
321.0239; found: 321.0224.

Synthesis of N-(2-bromo-3-nitrobenzyl)-4-nitroaniline  (20):
Compound 17 (5.2 mmol, 2.2 g). Yield: 1.35 g (61 %); m.p. 162 °C. 'H
NMR (CDCl,): 6 = 4.60-4.62 (d, J = 6.3 Hz, 2H, CH,), 5.12-5.14 (t,
NH), 6.54-6.57 (d, J = 7.9 Hz, 2H), 7.42-7.45 (t, J = 7.4 Hz, 1H), 7.50-
7.52 (dd, 1H), 7.65-7.67 (dd, 1H), 8.08-8.11 ppm (d, J = 8.9 Hz, 2H);
3C NMR (CDCls): 6= 48.3, 111.7, 144.4, 124.3, 126.5, 128.5, 131.2,
139.2, 139.8, 151.6, 152.4 ppm; IR (KBr): v = 3364, 1601, 1529,
1309, 1284, 1112, 844 cm™; HRMS (TOF MS ES') m/z: calcd for
C13H1oBrN304 [M+H]+ 351 9933, found: 351.9926.

General method for the synthesis of unsymmetrical selenides
21-23: To a solution of the in situ prepared n-BuSeNa (6.5 mmol) was
added sec-amine-based compounds 18-20 (6.5 mmol) at 0 °C. The
mixture was stirred for 3 h at room temperature under inert
atmosphere. The excess of the solvent was removed under reduced
pressure to yield a yellow viscous solid, which was dissolved in CHCI3
and then worked up. The combined organic layers were dried over
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anhydrous Na,SO,. The solvent was evaporated under reduced
pressure and then purified on silica gel column using ethyl acetate
and petroleum ether (4 %) as eluent to give an orange liquid.
Synthesis of N-(2-(butylselanyl)-3-nitrobenzyl)aniline (21): The
compound was solidified by keeping in open air to afford yellow
crystals. Yield 0.85 g (36 %); m.p. 63 °C. 'H NMR (CDCls): 6= 0.86-
0.90 (t, J = 7.3 Hz, 3H), 1.33-1.42 (sextet, J = 7.3 Hz, 2H), 1.52-1.64
(quintet, J = 7.3 Hz, 2H), 2.84-2.88 (t, J = 7.3 Hz, 2H), 4.30 (br s, 1H,
NH), 4.65 (s, 2H, CH,), 6.56-6.58 (d, J = 8.1 Hz, 2H), 6.72-6.76 (t, J =
7.3 Hz, 1H), 7.16-7.20 (t, J = 7.3 Hz, 2H), 7.37-7.41 (t, J = 7.7 Hz,
1H), 7.48-7.50 (d, J = 6.9 Hz, 1H), 7.64-7.66 ppm (d, J = 7.3 Hz, 1H);
'H NMR (D;O-exchange): & = 0.86-0.90 (t, J = 7.3 Hz, 3H), 1.33-1.42
(sextet, J = 7.3 Hz, 2H), 1.52-1.64 (quintet, J = 7.3 Hz, 2H), 2.84-2.88
(t, J=7.3 Hz, 2H), 4.65 (s, 2H, CH,), 4.80 (due to H,O in D,0), 6.56-
6.58 (d, J = 8.1 Hz, 2H), 6.72-6.76 (t, J = 7.3 Hz, 1H), 7.16-7.20 (t, J =
7.3 Hz, 2H), 7.37-7.41 (t, J = 7.7 Hz, 1H), 7.48-7.50 (d, J = 6.9 Hz,
1H), 7.64-7.66 ppm (d, J = 7.3 Hz, 1H); °C NMR (CDCls): § = 13.6,
229, 30.3, 32.5, 49.2, 112.9, 113.0, 118.1, 121.3, 121.9, 129.5,
130.6, 146.2, 147.4, 156.8 ppm; ""Se NMR (CDCls): 6= 203 ppm; IR
(KBr): v = 3422, 2958, 2930, 1603, 1530, 1370, 1321, 1265, 802, 751
cm”; HRMS (TOF MS ES') m/z: calcd for Ci7HzoN20,Se [M+H]":
365.0768; found: 365.0771.

Synthesis of N-(2-(butylselanyl)-3-nitrobenzyl)-4-methylaniline
(22): Yield 1.46 g (78 %). 'H NMR (CDCls): § = 0.86-0.90 (t, J = 0.1
Hz, 3H), 1.34-1.39 (sextet, J = 7.3 Hz, 2H), 1.56-1.63 (quintet, J = 7.9
Hz, 2H), 2.23 (s, 3H, CH3), 2.84-2.88 (t, J = 7.5 Hz, 2H), 4.17 (br s,
1H, NH), 4.62 (s, 2H, CH,), 6.48-6.51 (d, J = 8.3 Hz, 2H), 6.97-6.99
(d, J = 8.3 Hz, 2H), 7.38-7.47 (t, J = 6.2 Hz, 1H), 7.46-7.49 (dd, J =
1.1, 7.9 Hz, 1H), 7.63-7.65 ppm (d, J = 7.5 Hz, 1H); '"H NMR (D,0-
exchange): §=0.86-0.90 (t, J = 0.1 Hz, 3H), 1.34-1.39 (sextet, J=7.3
Hz, 2H), 1.56-1.63 (quintet, J = 7.9 Hz, 2H), 2.23 (s, 3H, CH3), 2.84-
2.88 (t, J = 7.5 Hz, 2H), 4.62 (s, 2H, CH>), 4.80 (due to H,O in D,0),
6.48-6.51 (d, J = 8.3 Hz, 2H), 6.97-6.99 (d, J = 8.3 Hz, 2H), 7.38-7.47
(t, J=6.2 Hz, 1H), 7.46-7.49 (dd, J = 1.1, 7.9 Hz, 1H), 7.63-7.65 ppm
(d, J = 7.5 Hz, 1H); °C NMR (CDCl3): 6= 13.6, 20.5, 22.9, 30.3, 32.5,
49.5, 113.1, 121.2, 121.8, 127.3, 129.4, 129.9, 130.6, 145.1, 146.3,
156.8 ppm; ""Se NMR (CDCly): &= 203 ppm; IR (neat): v = 3420 (N-
H), 2958, 2929, 2870, 1617, 1523, 1370, 808 cm™'; HRMS (TOF MS
ES") m/z: calcd for C1gH2N20,Se [M+H]": 379.0925; found: 379.0916.
Synthesis of N-(2-(butylselanyl)-3-nitrobenzyl)-4-nitroaniline (23):
Compound 23 was purified on silica gel column using ethyl acetate
and petroleum ether (10 %) as eluent to give an orange liquid. This
was solidified by keeping it in open air for a long time to give a dark
green solid. Yield: 0.80 g (46 %); m.p. 88 °C. 'H NMR (CDCl,): & =
0.86-0.90 (t, J = 7.3 Hz, 3H), 1.32-1.40 (sextet, J = 7.3 Hz, 2H), 1.56-
1.64 (quintet, J = 7.6 Hz, 2H), 2.85-2.89 (t, J = 7.6 Hz, 2H), 4.77 (s,
2H, CHy), 5.31 (br s, 1H, NH), 6.55-6.57 (d, J = 9.2 Hz, 2H), 7.42-7.46
(t, J=7.6 Hz, 1H), 7.52-7.54 (d, J = 7.6 Hz, 1H), 7.57-7.59 (d, J=7.6
Hz, 1H), 8.05-8.05 ppm (d, J = 8.9 Hz, 2H); *C NMR (CDCl,): 6 =
13.6, 22.9, 30.7, 32.5, 48.6, 111.7, 121.7, 122.5, 126.5, 129.9, 130.5,
138.8, 144.7, 152.7, 157.0 ppm; ""Se NMR (CDCls): 6= 206 ppm; IR
(KBr): v = 3354, 2950, 2926, 2868, 1602, 1525, 1300, 1105, 834 cm™;
HRMS (TOF MS ES") m/z: calcd for C17H19N30,Se [M+H]": 410.0619;
found: 410.0631.

General procedure for the synthesis of 27 and 28: To a solution of
compound 21 (2.75 mmol, 1.0 g), in dry CHCI; (2 mL) was added Br;
(3.30 mmol, 0.52 g, 0.18 mL, CHCI; {2 mL}) for 30 min at 0 °C under
an inert atmosphere. After the complete bromination, triethylamine
(2.75 mmol, 0.27 g, 0.38 mL) was added to the reaction mixture. The
reaction was further stirred at room temperature for 2 h. The mixture
was extracted with CHCI; by adding water (10 mL). Separated
organic layers were combined and dried over anhydrous Na,SO;.
Removal of solvent and purification of the residue by silica gel column
chromatography (eluted with 2 % ethyl acetate/petroleum ether
mixture) afforded 27 and 28.

Synthesis of 7-nitro-2-phenyl-2,3-dihydrobenzo[d][1,2]selenazole
(27): Compound 27 was recrystallized from dichloromethane/diethyl
ether to give a dark purple colored solid. Yield: 0.06 g (7 %); m.p. 146
°C (decomposed). 'H NMR (CDCls): & = 5.04 (s, 2H), 6.70-6.99 (m,
2H), 7.27-7.29 (m, 1H), 7.38-7.42 (t, J = 7.9 Hz, 1H), 7.59-7.61 (d, J =
7.3 Hz, 1H), 8.19-8.21 ppm (d, J = 8.3 Hz, 1H); "°C NMR (CDCl,): § =
60.0, 116.6, 120.2, 123.5, 127.2, 128.3, 129.5, 139.1, 141.7, 143.1,

151.2 ppm; "’Se NMR (CDCls): & = 974 ppm; IR (KBr): v = 2925,
1595, 1511, 1293, 733 cm™; HRMS (TOF MS ES') m/z calcd for
C13H10N20,Se [M+H]": 306.9986; found: 306.9977.

Synthesis of 2-(4-bromophenyl)-7-nitro-2,3-
dihydrobenzo[d][1,2]selenazole (28): Recrystallization  from
dichloromethane/diethyl ether afforded a dark purple colored
compound 28. Yield: 0.37 g (35 %); m.p. 155 °C (decomposed). 'H
NMR (CDCl;): 6 = 5.00 (s, 2H, CH,), 6.67-6.69 (d, J = 8.8 Hz, 2H),
7.33-7.36 (d, J = 9.2 Hz, 2H), 7.39-7.44 (t, J = 7.7 Hz, 1H), 7.58-7.61
(d, J = 8.3 Hz, 1H), 8.19-8.21 ppm (d, J = 8.1 Hz, 1H); *C NMR
(CDCly): 6 = 59.9, 112.3, 117.9, 123.6, 127.4, 128.4, 132.2, 138.6,
141.2, 142.9, 150.0 ppm; "’Se NMR (CDCl3): 6= 977 ppm; IR (KBr): v
= 1589, 1570, 1514, 1286, 801 cm™'; HRMS (TOF MS ES") m/z: calcd
for C13HeBrN,0,Se [M+H]": 384.9091; found: 384.9091.

General procedure for the synthesis of 29-30 and 32: To a
solution of selenide 22 (4.29 mmol, 1.62 g), in dry CHCI3 (20 mL) was
added bromine (4.29 mmol, 0.68 g, 222 pL) and EtN (4.29 mmol,
0.433 g, 594 uL) at 0 °C according to the procedure described for the
preparation of 27. Removal of the solvent and purification of the
residue by silica gel column chromatography (eluted with 2-6 % ethyl
acetate/petroleum ether) afforded 29-30 and 32.

Synthesis of 7-nitro-2-p-tolyl-2,3-dihydrobenzo[d][1,2]selenazole
(29): Recrystallization from dichloromethane/ether afforded a dark
black colored compound. Yield 0.05 g (3 %); m.p. 140 °C. 'H NMR
(CDCls): 6= 2.27 (s, 3H, CHs), 4.99 (s, 2H, CH,), 6.7-6.8 (d, J = 8.5
Hz, 2H), 7.05-7.07 (d, J = 8.6 Hz, 2H), 7.37-7.41 (t, J = 7.9 Hz, 1H),
7.60-7.62 (d, J = 7.3 Hz, 1H), 8.17-8.19 ppm (d, J = 7.3 Hz, 1H); °C
NMR (CDCl;): 6 = 20.6, 61.0, 117.3, 123.4, 127.2, 128.2, 129.9,
130.5, 139.3, 142.1, 143.3, 149.7 ppm; ""Se NMR (CDCls): § = 987
ppm; IR (KBr): v = 2916, 2855, 1615, 1511, 1287, 799, 730 cm™;
HRMS (TOF MS ES") m/z: calcd for Cq4H13N20,Se [M+H]": 321.0142;
found: 321.0145.

Synthesis of 2-(2-bromo-4-methylphenyl)-7-nitro-2,3-
dihydrobenzo[d][1,2]selenazole  (30): Recrystallization  from
chloroform/ether afforded orange colored crystals. Yield 0.05 g (3 %);
m.p. 165 °C. '"H NMR (CDCls): § = 2.24 (s, 3H, CHs), 4.98 (s, 2H,
CH,), 6.79-6.87 (m, 2H), 7.42 (s, 1H), 7.44-7.47 (t, J = 7.3 Hz, 1H),
7.69-7.72 (dd, J = 1.1, 7.3 Hz, 1H), 8.17-8.19 ppm (d, J = 7.7 Hz, 1H);
3C NMR (CDCls): § = 20.5, 63.3, 119.2, 119.6, 123.6, 127.5, 127.9,
128.7, 134.3, 135.5, 139.8, 143.7, 144.2, 150.8 ppm; "'Se NMR
(CDCl3): 6= 1060 ppm; IR (KBr): v = 3082, 2919, 1598, 1508, 1315,
824 cm™; HRMS (TOF MS ES') m/z: calcd for Ci4Hi1BrN,O,Se
[M+H]": 398.9247; found: 398.9232.

Synthesis of 2-bromo-N-(2-(butylselanyl)-3-nitrobenzyl)-4-
methylaniline (32): Recrystallization from chloroform/ether afforded
yellow crystals. Yield 0.35 g (19 %); m.p. 58 °C. 'H NMR (CDCls): 6=
0.86-0.91 (t, J = 7.4 Hz, 3H), 1.32-1.43 (sextet, J = 7.2 Hz, 2H), 1.56-
1.64 (quintet, J = 5.4 Hz, 2H), 2.21 (s, 3H, CH3), 2.84-2.87 (t, J=7.6
Hz, 2H), 4.68-4.69 (s, 2H, CH,), 4.82-4.85 (br s, 1H, NH), 6.33-6.35
(d, J = 8.2 Hz, 1H), 6.89-6.92 (dd, J = 1.5, 8.2 Hz, 1H), 7.28-7.30 (dd,
J=0.6, 1.0 Hz, 1H), 7.37-7.41 (t, J = 7.9 Hz, 1H), 7.47-7.50 (dd, J =
1.8, 7.8 Hz, 1H), 7.57-7.59 ppm (dd, J = 0.7, 7.8 Hz, 1H); °C NMR
(CDCly): 6= 13.6, 20.2, 22.9, 30.4, 32.5, 49.2, 109.8, 111.7, 121.4,
122.0, 128.3, 129.2, 129.6, 130.3, 133.0, 141.9, 145.7, 156.9 ppm;
7Se NMR (CDCls): 6 = 203 ppm; IR (KBr): v = 3394 (N-H), 2967,
2925, 1606, 1509, 1365, 803 cm™'; HRMS (TOF MS ES") m/z: calcd
for C1gH21N20,SeBr [M+H]": 457.0030; found: 457.0016.

Synthesis of 2-(2-bromo-4-nitrophenyl)-7-nitro-2,3-
dihydrobenzo[d][1,2]selenazole (31): To a solution of selenide 23
(1.95 mmol, 0.8 g), in dry CHCI; (210 mL) was added bromine (1.9
mmol, 0.31 g, 100 pL) and Et;N (1.95 mmol, 0.19 g, 270 pL) at 0 °C
according to the procedure described for the preparation of 27. It was
filtered off and the filtrate was reduced to give dark a red semi-solid,
which on column chromatography with silica gel (eluted with 10 %
ethyl acetate/petroleum ether) afforded 31 as a brown powder.Yield
0.005 g (0.6 %); m.p. 170-174 °C. "H NMR (CDCls): 6= 5.04 (s, 2H,
CH,), 7.00-7.02 (d, J = 8.8 Hz, 1H), 7.49-7.53 (t, J = 7.6 Hz, 1H),
7.76-7.79 (d, J = 7.4 Hz, 1H), 7.98-8.01 (dd, J = 2.2, 8.9 Hz, 1H),
8.21-8.23 (d, J = 7.9 Hz, 1H), 8.48-8.49 ppm (d, J = 2.2 Hz, 1H); ""Se
NMR (CDCl;): 6 = 1070 ppm; IR (KBr): v = 1591, 1495, 1315, 1112,
735 cm™; HRMS (TOF MS ES') m/z calcd for Ci3HsBrNs;O,Se
[M+H]": 429.8940; found: 429.8942.
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Synthesis of 7-nitro-2-phenyl-2,3-dihydrobenzo[d][1,2]selenazole
selenium-oxide (33): To a solution of selenide 21 (3.30 mmol, 1.20
g) in CHCI3 (5 mL) was added H,O, (30 %) (19.82 mmol, 2.2 mL) at
the room temperature. The reaction was stirred for 25 min at room
temperature and then heated at 55-60 °C for 40 min. An orange
precipitate formed was filtered and dried under vacuum to give
orange solid 33. The product was recrystallized from DMSO/diethyl
ether to afford dark red needle-like crystals. Yield: 0.42 g (40 %); m.p.
164 °C. "H NMR (DMSO-d): 5= 5.17-5.22 (d, J = 16.0 Hz, 1H), 5.24-
5.29 (d, J=16.0 Hz, 1H), 6.98-7.03 (t, J = 7.3 Hz, 1H), 7.21-7.24 (d, J
= 7.7 Hz, 2H), 7.35-7.40 (t, J = 7.3 Hz, 2H), 7.93-7.98 (t, J = 7.7 Hz,
1H), 8.13-8.15 (d, J = 7.7 Hz, 1H), 8.37-8.40 ppm (d, J = 8.1 Hz, 1H);
®C NMR (DMSO-dq): & = 55.9, 116.8, 121.3, 123.8, 129.9, 132.1,
133.2, 140.5, 144.0, 144.6, 145.2 ppm; "Se NMR (DMSO-dg): & =
1182 ppm; IR (KBr): v = 3081, 2823, 1594, 1531, 1341, 823, 814, 748
cm”; HRMS (TOF MS ES') m/z: calcd for Cq4H1oN2OsSe [M+H]":
322.9935; found: 322.9932.

Synthesis of 7-nitro-2-p-tolyl-2,3-dihydrobenzo[d][1,2]selenazole
selenium-oxide (34): Compound 34 was synthesized from 22 (1.32
mmol, 0.50 g), CHCI; (2 mL) and H;O; (30 % ) (7.96 mmol, 0.90 mL)
according to the procedure described for the preparation of 33. A red
colored precipitate obtained was filtered and dried under vacuum. The
product was recrystallized from DMSO/diethyl ether to afford dark red
crystals. Yield: 0.18 g (38 %); m.p. 156-158 °C. '"H NMR (DMSO-ds): &
= 2.27 (s, 3H, CH3), 5.14-5.19 (d, J = 16.0 Hz, 1H), 5.22-5.27 (d, J =
16.0 Hz, 1H), 7.12-7.15 (d, J = 8.7 Hz, 2H), 7.18-7.21 (d, J = 8.7 Hz,
2H), 7.95-7.97 (t, J = 7.8 Hz, 1H), 8.12-8.15 (d, J = 7.8 Hz, 1H), 8.37-
8.39 ppm (d, J = 7.8 Hz, 1H); °C NMR (DMSO-ds): & = 20.1, 55.9,
117.2, 123.6, 130.1, 130.4, 131.9, 132.9, 142.8, 141.9, 143.9, 145.3
ppm; "Se NMR (DMSO-ds): 6= 1174 ppm; IR (KBr): v = 3091, 2824,
1570, 1530, 1340, 1280, 827, 733 cm”; HRMS (TOF MS ES') m/z:
calcd for Cq4H12N,03Se [M+H]": 337.0091; found: 337.0087.
Preparation of 2-bromo-3-nitro-N-phenylbenzamide (41): To a
mixture of thionyl chloride (50 mL) and DMF (1 mL) was added 2-
bromo-3-nitrobenzoic acid® (40.0 mmol, 10.0 g) and refluxed for 3-
4 h. The excess of thiony chloride was removed under vacuum
applying a liquid N, trap. The brown precipitate was obtained, which
was further dissolved in dichloromethane. Aniline (100 mmol, 10 mL)
in dry dichloromethane was added dropwise to a suspension of the
brown precipitate obtained at room temperature over a period of 2-3
h. Additionally, the reaction was stirred at room temperature for
overnight. The mixture was extracted with dichloromethane by adding
water (10 mL). The separated layers were combined and dried over
anhydrous Na,SO,. The solvent was evaporated under reduced
pressure to give yellow-colored oil, which was solidified by keeping in
deep freeze to give a crystalline solid 41. Yield: 6.5 g (50 %); m.p.
153-155 °C. '"H NMR (CDCls): §=7.18-7.23 (t, J = 7.3 Hz, 1H), 7.36-
7.41 (t, = 7.3 Hz, 2H), 7.50-7.55 (t, J = 7.8 Hz, 1H), 7.59-7.61 (d, J =
7.3 Hz, 2H), 7.68-7.71 (dd, J = 1.5, 7.8 Hz, 1H), 7.45-7.78 ppm (dd, J
= 1.5, 7.8 Hz, 1H); ®C NMR (CDCl,): 6= 111.6, 120.4, 125.6, 126.2,
128.9, 129.4, 131.9, 137.2, 141.2, 151.2, 164.4 ppm; IR (KBr): v =
3289 (NH), 1661, 1528, 1369, 1326, 755 cm™'; HRMS (TOF MS ES")
m/z: calcd for Cy3HoBrN,O3 [M+H]": 320.9875; found: 320.9873.
Synthesis of 2-(butylselanyl)-3-nitro-N-phenylbenzamide (42):
Compound 42 was synthesized from 41 (6.22 mmol, 2.0 g) with the in
situ prepared n-BuSeNa (6.22 mmol, 0.24 g) in deoxygenated ethanol
according to the procedure described for the preparation of 21-23.
Removal of solvent and purification of the residue by silica gel column
chromatography (eluted with 10 % ethyl acetate/petroleum ether
mixture) afforded a yellow solid 42. Yield: 1.2 g (53 %); m.p. 98 °C. 'H
NMR (CDClz): 6=0.74-0.79 (t, J = 7.3 Hz, 3H), .1.19-1.31 (sextet, J =
7.3 Hz, 2H), 1.45-1.55 (quintet, J = 7.3 Hz, 2H), 2.85-2.89 (t, J=7.3
Hz, 2H), 7.18-7.22 (t, J = 7.3 Hz, 1H), 7.38-7.43 (t, J = 8.3 Hz, 2H),
7.49-7.54 (t, J = 7.8 Hz, 1H), 7.64-7.66 (d, J = 6.8 Hz, 2H), 7.82-7.87
(dd, J = 1.5, 6.8 Hz, 1H), 7.88-7.91 (dd, J = 1.5, 6.8 Hz, 1H), 8.35
ppm (s, 1H, NH); "*C NMR (CDCl): 6= 13.5, 22.7, 31.1, 31.9, 119.9,
122.4, 125.3, 125.6, 128.9, 129.4, 133.3, 137.6, 142.8, 155.0, 165.4
ppm; "Se NMR (CDCls): 6= 276 ppm; IR (KBr): v = 3294 (NH), 1658
(CO), 1520, 1436, 1324, 748, 713 cm™'; HRMS (TOF MS ES") m/z:
calcd for Cq7H1gN2O3 Se [M+H]": 379.0561; found: 379.0546.
Preparation of “2-phenyl-7-nitro-1,2-benzisoselenazol(2H)-3-one
(8): To a solution of 42 (0.53 mmol, 0.40 g), in dry CHCI; (5 mL) was

added bromine (0.53 mmol, 0.084 g, 0.027 mL) and triethylamine
(0.53 mmol, 0.053 g, 0.072 mL) according to the procedure described
for the preparation of 27. Removal of solvent and purification of the
residue by silica gel column chromatography (eluted with 10 % ethyl
acetate/petroleum ether mixture) afforded 8. Yield: 0.31 g (92 %,
1it."* 78 %); m.p. 168-170 °C (lit. 160-163 °C). 'H NMR (CDCls): § =
7.30-7.35 (t, J = 7.3 Hz, 2H), 7.45-7.50 (t, J = 8.6 Hz, 2H) 7.63-7.65
(d, J = 7.3 Hz, 1H), 7.71-7.76 (t, J = 7.8 Hz, 1H), 8.46-8.49 (dd, J =
1.0, 7.7 Hz, 1H), 8.57-8.60 ppm (dd, J = 1.0, 8.3 Hz, 1H); °C NMR
(CDClg): 6= 1251, 127.2, 127.7, 127.9, 129.7, 131.5, 135.3, 136.4,
138.5, 142.1, 163.9 ppm; "’Se NMR (CDCls): 5= 924 ppm; IR (KBr): v
= 1650 (CO), 1607, 1518 (NO,), 1298, 751, 736 cm”'; HRMS (TOF
MS ES') m/z: calcd for Ci3HgN,OsSe [M+H]": 320.9778; found:
320.9769.

Coupled Reductase Assay: GPx-like activity of organoselenium
compounds was determined by the spectrophotometric method at 340
nm described by Wilson et al.®’¥ The test mixture contained GSH (2
mM), EDTA (1 mM), glutathione reductase (1.3 unit/ml), and NADPH
(0.4 mM) in 100 mM potassium phosphate buffer, pH 7.5. GPx
samples (80 uM) were added to the test mixture at 25 °C and the
reaction was started by the addition of H,O, (1.6 mM). The initial
reduction rates were calculated from the oxidation rate of NADPH at
340 nm. The initial reduction rate was determined at least 3-4 times
and calculated from the first 5-10% of the reaction by using 6.22 mM"
'em™ as the extinction coefficient for NADPH.

X-ray Crystallographic Analysis: X-ray crystallographic studies
were carried out for compounds 21, 29-30 and 32-33 on a Oxford
Diffraction Gemini diffractometer using graphite-monochromatized Mo
Ka radiation A = 1.54184 A for 21, 29-30 and 32-33. The diffraction
measurements were performed at 295(2) K. The structures were
solved by direct method and refined by a full-matrix least-squares
procedure on F* for all reflections in SHELXL-97 software.”
Hydrogen atoms were localized by geometrical means. A riding model
was chosen for refinement. The isotropic thermal parameters of
hydrogen atoms were fixed at 1.5 times for (CH3 groups) or 1.2 times
U (eq) (Ar-H) of the corresponding carbon atoms. Some details of the
refinement is given in Tables 6-7. Crystallographic data for the
structures reported in this paper have been deposited with the
Cambridge Crystallographic Data Centre (CCDC) as supplementary
publications CCDC-808887 (21), CCDC-808888 (33), CCDC-808890
(32), CCDC-808891 (29) and CCDC-808892 (30). These data can be
obtained free of charge on application to CCDC, 12 Union Road,
Cambridge CB2 1EZ, UK or via
www.ccdc.cam.ac.uk/data_request/cif.
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) Compound 32 33
Table 5. Crystal Data and Structure Refinement for 21, 29 and 30.
Compound 21 29 30 Empirical formula C1sH21BrN.O,Se C13H1oN.O;Se
Empirical formula Ci7H2N20,  C14H12N20;  C44H11BrN:O: Formula weight 456.24 321.19

Se Se Se
Formula weight 363.31 319.22 398.12 Crystal system Monoclinic Orthorhombic
Crystal system Triclinic Monoclinic  Monoclinic Space group P12,1 Pbcn
Space group P P12,/c1 P12,/c1 a(A) 10.9761(5) 13.1780(4)
a(A) 8.1599(5) 13.6944(6) 13.0789(2) b(A) 8.0108(2) 8.4675(3)
b(A) 10.1630(6)  6.3988(3) 7.80369(12) c(A) 11.7412(5) 22.6182(8)
c(A) 11.0254(8)  15.6904(8)  13.9947(2) a(deg) 90 90
a(deg) 93.953(6) 90 20 B(deg) 113.054(5) 90
B(deg) 107.286(6) 106.224(5)  98.9459(16) y(deg) 90 90
y(deg) 99.356(5) 90 90 V(A% 949.93(7) 2523.85(15)
V(A?) 854.71(10)  1320.17(11  1410.97(4) z 2 8
)

z 2 4 4 D(calcd)(Mg/m®) 1.595 1.691
D(calcd)(Mg/m®) 1.412 1.606 1.874 Abs coeff(mm™) 5.240 4.100
Abs coeff(mm'1) 3.041 3.854 6.951 Obsd reflens [I<20] 6828 21353
Obsd reflens [I<20] 6633 5302 6152 Final R(F) [I<2o(1)]™ 0.0333 0.0635
Final R(F) [I<2o()]!  0.0381 0.0503 0.0325 wR(F?) indices[I<20(l)] 0.0937 0.1407
wR(F?) 0.1071 0.1404 0.0848 Datal/restrain/parameters  3575/1 /238 2659/0/172
indices[l<2o(l)]
Data/restrain/parame 3567 /0 / 2736/0/ 2942/0/183 Goodness of fit on F2 1.062 1.179
ters 204 173
Goodness of fit on 1.039 1.060 1.043

F2

[a] Definitions: R(Fo) = ||Fo| - |Fell/|Fol and WR(F.2) = {S[w(F,2-F2)?/  Table 7. Crystal Data and Structure Refinement for 32 and 33.

2\271/2
w(Fe)3™ [a] Definitions: R(Fo) = ||Fol - |Fell/|Fs] and wR(F.2) = {S[w(Fo?- F2)
[W(F02)2}1/2.

Computational Methods: All theoretical calculations were executed
by using Gaussian 03 suite of quantum chemical programs.?¥ The
hybrid Becke 3-Lee-Yang-Parr (B3LYP) exchange correlation
functional was implemented for DFT calculations.®™ The geometry
optimizations were carried out at the B3LYP level of DFT by using the
6-31G(d) basis sets. The total energies of the optimized geometries
were computed based on with inclusion of zero-point corrections. The
7Se NMR calculations were performed at B3LYP/6-311+G (d,p) level
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on B3LYP/6-31G(d)-level-optimized geometries by using the gauge-
including atomic orbital (GIAO) method (referenced with respect to
the peak of Me,Se).” The quantifications of orbital interaction were
done by natural bond orbital (NBO) analysis at B3LYP/6—-311+G(d,p)
level.”® Atoms in molecules (AIM)*"? calculations have also been
used to confirm distinct bond critical point. Nucleus-Independent
Chemical Shifts (NICS)®® have been carried out at B3LYP/6—
31G(d)//16-311+G(d,p) level.
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