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| Supplementary Data

Table S1. g-values of 1-3 determined by EPR spectroscopy (X-band frozen glass EPR spectra) and redox
Potentials of 1-4 determined by Cyclic Voltammetry.

Redox Potentials

Complexes g-value
ELV E2V E3V
TPh3
Cl | . =2.724
/”OSkNQ & 297 -0.892 (red) 0.547(red)
cl” | Tse B = 2 -0.562 (o) 0.927 (ox)
PPh, gy =1.2-1.7
1
Cooe
N =2.851
O‘S\N / 2 052 -1.089 (red) 0.371 (red)
—~ =2.052, }
PhP” | Se # -0.611 (o) 0.871 (ox)
2
o‘ N/ g:=2324 1.014 (red) 0.085 (red) 1.047 (red)
S -1. re . re R re
SN =2.200
PhsP” | TSe & -0.883 (0x) 0.211 (ox) 1.200 (0x)
Se__N gx =1.928
J
3
Cre
N.. | N )
Os\ 0.043 (red) 0.960 (red)
/ -
PhP” | TSe 0.319 (ox) 1.368 (0x)
PPh,

)} 2 A a
/ B3 / Bl \k —
\) Os1
Se2 Sel
, P1

Figure S1. Molecular structure and labelling diagram of 6. Selected bond lengths (A) and bond angles (°)
of 6: B1-B2 1.878(8), B2-B3 1.916(8) Os1-B1 2.133(7), B2-Osl 2.240(6), B3-Os1 2.157(6), B1-B2-B3
93.7(4).
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Figure S2. Molecular packing of isomers of 8 in unit cell along b-axis.

Figure S3. Two isomeric forms of 8.
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Il Experimental Details

General Procedures and Instrumentation

All manipulations were carried out using standard Schlenk line and glove box techniques under inert
atmosphere of dry argon. Solvents such as toluene, hexane and THF were distilled through Na/benzo-
phenoneketyl and dichloromethane was dried over calcium hydride prior to use under argon.
Chloroform-d was degassed by three freeze-thaw cycles, dried over calcium hydride for 12 h, and
stored over 4 A molecular sieves in a Young’s ampoule under argon. [Os(PPhs)sCly], [(3,5-
(CF3)2CsH3)BH,-SMe;] and [(3,5-(CF3)2CsH3)2BH-SMe,] were synthesized according to the reported
literature procedure'® and [BHs-SMe;] were obtained commercially (Sigma Aldrich) and used as
received. The preparative TLC was performed with Merck 105554 TLC silica gel 60 F254 and thickness
of layer 250 um on aluminum sheets with 20x20 cm size. The external reference for the B NMR
spectroscopy, [BusN][(BsHs)] was synthesized according to the literature method.* The H, B{*H},
BF{H}, 3P{*H}, 3 C{*H}, and ’Se NMR spectra were recorded on Bruker 400 and 500 MHz instruments.
The residual solvent protons were used as reference (6, ppm, CsDs; 7.16, CDCls; 7.26, C;Ds; 7.09 ppm),
while a sealed tube containing [BusN][(BsHs)] in CsDs (68, ppm, -30.07) was used as an external
reference for 1'B{*H} NMR spectra. *H decoupled ''B{*H} spectra of all complexes were processed with
a backward linear prediction algorithm to remove the broad 'B{*H} background signal of the NMR
tube.> 'H NMR Evans measurements were performed at 25.8 °C on a 500 MHz spectrometer. A sealed
capillary containing 2.0 mM ‘BuOH in CDCls was placed inside an NMR tube containing only the sample
solution (1: 12.127 mM, 2: 12.453 mM in CDCls; no ‘BuOH added to the bulk), note that diamagnetic
corrections were applied using Pascal constants.® EPR measurements were conducted using a JEOL
model JES FA200 X-band (9.5 GHz) electron spin resonance spectrometer. Samples of the
paramagnetic complexes were prepared in a dichloromethane (for 1 and 2) or toluene (for 3) solution,
loaded into quartz capillary tubes, and analyzed at 77 K. Mass spectra were carried out using Qtof
Micro YA263 HRMS instrument and Bruker MicroTOF-II mass spectrometer in ESI ionization mode. All
cyclic voltammetry (CV) experiments were performed at room temperature using a Metrohm Autolab
PGSTAT 204 potentiostat. A conventional three-electrode setup was employed, consisting of a 1 mm
diameter glassy carbon disc as the working electrode, an Ag/AgCl reference electrode (3.0 M KCl,
connected by a Vycor tip), and a platinum wire counter electrode. All potentials are referenced to the
ferrocenium/ferrocene (FeCp,”°) couple for measurements conducted in organic solvent. Cyclic
voltammograms of complexes 1, 2, and 3 were recorded in dichloromethane containing 0.1 M
(nBusN)PFg) at a scan rate of 100 mV/s. UV-vis absorption spectra were gained from Jasco V-650
spectrometer. Infrared spectra were obtained on a Jasco FT/IR—1400 spectrometer.

.1 Synthesis and Characterizations

Syntheses of 1, 2, 3 and 4: In a flame-dried Schlenk tube, [Os(PPhs)sCly], (0.600 g, 0.573 mmol) and
K[L] (L = 2-selanopyridine, (0.562 g, 2.863 mmol) was taken in 1:5 stoichiometric ratio. After adding 30
mL of THF the reaction was thermalized for 4 h at 60 °C during which the colour of the mixture changed
from green to brown. The solvent was removed using vacuum and the residue was extracted in
hexane/CH,Cl, (40:60 v/v) and passed through celite. The products were further isolated by
performing chromatographic work-up using silica-gel TLC plates by eluting in 100% toluene. This
enabled us to isolate pale green 1 (0.90 g, 15%, Re= 0.6), blueish green 2 (0.210 g, 35%, R«= 0.4), dark
green 3 (0.110 g, 18%, R=0.1) and orange 4 (0.120 g, 20%, R¢=0.8).
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Modified Syntheses of 1, 2 and 3: In a flame-dried Schlenk tube, [Os(PPhs)sCl,] (0.600 g, 0.573 mmol)
and K[L] (0.562 g, 2.863 mmol) were taken in a 1:5 molar ratio. To this, 30 mL of THF was added at -
78 °C, and the reaction mixture was allowed to warm to room temperature and stirred for 12 h under
an open-air atmosphere. The solution gradually changed to a greenish-brown color, affording
complexes 1 (0.108 g, 18%), 2 (0.240 g, 40%), and 3 (0.110 g, 18%), along with trace amounts of 4.
Although the Os(lll) complexes (1-3) formed in comparatively higher yields than the Os(ll) complex 4,
the overall product yield was modest, with substantial decomposition observed under aerobic
conditions relative to the reaction carried out under inert atmosphere.

Modified Syntheses of 1 and 2: In a flame-dried Schlenk tube, [Os(PPhs)sCl,], (0.600 g, 0.573 mmol)
and K[L] (0.562 g, 2.863 mmol) was taken in 1:5 ratio. 30 mL of CCl, solvent was added and it was
further thermalized for 12 h at 60 °C. The colour of the reaction mixture changed from green to blueish
green yielding 1 and 2 with an enhanced yield of 30% (0.180 g) and 65% (0.390 g) respectively with a
trace amount of 3 and 4.

Modified Syntheses of 3 and 4: In a flame-dried Schlenk tube, [Os(PPhs)s;Cl;], (0.600 g, 0.573 mmol)
and K[L] (0.562 g, 2.863 mmol) was taken in 1:5 stoichiometric ratio. 30 mL of THF solvent was added
to it at -78 °C, after attaining room temperature the reaction was stirred for 4 h under inert
atmosphere. The colour of the reaction mixture changed from green to orange yielding 3 and 4 with
an enhanced yield of 30% (0.180 g) and 61% (0.365 g) respectively with a trace amount of 1 and 2.

1: MS (ESI*): m/z calculated for [M+NH,]*: 962.0648, found: 962.0597; 'H NMR (500 MHz, CDCls, 22
°C): & = 17.20 (br), 13.73 (br), 7.32 (br), 6.80 (br), 5.81 (br), 2.05 (br), -0.93 (br), -1.75 (br), -8.33 (br), -
10.96 (br), -16.61 (br) ppm.

2: MS (ESI*): m/z calculated for [M]*: 802.9227, found: 802.9211; *H NMR (500 MHz, CDCls, 22 °C): § =
26.54 (br), 10.41 (br), 6.82 (br), 6.66 (br), 5.65 (br), 5.48 (br), 3.42 (br), 2.53 (br), -2.50 (br), -13.33 (br),
-21.34 (br) ppm.

3: MS (ESI*): m/z calculated for [M]*: 923.9056, found: 923.9076; *H NMR (500 MHz, CDCls, 22 °C): § =
24.42 (br), 17.71 (br), 14.66 (br), 14.10 (br), 13.42 (br), 11.96 (br), 6.31 (br), 5.92 (br), -1.26 (br), -4.62
(br), -6.63 (br), -11.13 (br), -12.91 (br), -17.97 (br) ppm.

4: MS (ESI*): m/z calculated for [M]*: 1030.0461, found: 1030.0479; *H NMR (500 MHz, CDCls, 22 °C):
6=7.93(d,J=5.5Hz, 2H, L), 7.19 (t, ) = 8.0 Hz, 12H, Ar(pn)), 7.07 (t, ) = 7.1 Hz, 6H, Ar(pn)), 6.95 (t,J =7.4
Hz, 12H, Aren), 6.73 (t, J = 7.5 Hz, 2H, L), 6.36 (d, J = 7.9 Hz, 2H, L), 6.19 (t, J = 6.4 Hz, 2H, Argpn) ppm;
31P{*H} NMR (202 MHz, CDCl3, 22 °C): 6 = -6.3 (s, 2P) ppm; C{*H} NMR (100 MHz, CDCl;, 22 °C): 6 =
176.6 (s, C=Se), 148.1 (s, C-N), 138.9, 138.8, 138.5, 138.4, 134.5, 133.5, 130.3, 128.5, 127.2, 117.3 (s,
C=C, Ar(en) ppm.

Syntheses of 5 and 6: In a flame-dried Schlenk tube, [OsCI(PPhs)(k2-N,Se-L),], 2 (100 mg, 0.125 mmol)
in 15 mL dry toluene was treated with stoichiometric amount of [BH3;:SMe3] (0.1 mL, 0.498 mmol) was
thermalized for 4 h at 60 °C. During course of the reaction the colour of the reaction changed from
blueish green to orange. The volatile components were removed under vacuum and the remaining
residue was extracted into hexane/CH,Cl,(80:20 v/v) and passed through Celite. After removal of the
solvent, the residue was subjected to chromatographic work-up by using TLC plates. Elution with
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hexane/CHCl, (60:40 v/v) mixture yielded red solid 5 (15 mg, 15%, Rf= 0.7) and orange solid 6 (35 mg,
35%, Rf=0.3).

5: MS (ESI*): m/z calculated for [M-2H]*: 818.0568, found: 818.0868; 'B{*H} NMR (160 MHz, C¢Ds, 22
°C): 6 =59.9 (br, 1B), 14.2 (br, 1B), 4.6 (br, 1B), -15.2(br, 1B) ppm; *H NMR (500 MHz, C¢Ds, 22 °C): & =
8.05(d,J=5.8Hz, 1H, L), 7.82(d,J=8.2 Hz, 1H, L), 7.64 (d, J = 8.8 Hz, 1H, L), 7.62 (d, ) = 8.6 Hz, 1H, L),
7.71-7.67,7.58-6.91 (m, 15H, Arn), 6.25 (t,J = 7.2 Hz, 1H, L), 6.11 (t, ) =7.5 Hz, 1H, L), 5.80 (t, ) = 6.5
Hz, 1H, L), 5.46 (t, J = 6.7 Hz, 1H, L), 4.47(br, B-H,), 3.39(br, B-H,), -7.65 (br, Os-H-B), -11.61 (d, 1H, Os-
H-B), -11.66 (d, 1H, Os-H-B) ppm; 3P{*H} NMR (202 MHz, C¢Ds, 22 °C): 6 = 27.9 (s, 1P) ppm; B3C{*H}
NMR (100 MHz, CsDg, 22 °C): 6 = 196.0 (s, C=Se), 179.0 (s, C-Se), 172.5, 159.1 (s, C-N), 149.7, 145.2,
144.4, 138.7,137.0, 136.6, 134.8, 133.5, 132.4, 131.5, 130.6, 130.1, 128.7, 127.8, 125.6, 121.0, 116.5
(s, C=C, Arenu)) ppm ; IR (dicholoromethane, cm™ ): ¥ = 2507 (B-H), 2452 (B-H-B, Os-H-B), 1436 (C=Se).

6: MS (ESI*): m/z calculated for [M-H]*: 805.0311, found: 805.0319; 'B{*H} NMR (160 MHz, CDCls, 22
°C): 6 = 17.0 (br, 1B), -39.0 (br, 2B) ppm; *H NMR (500 MHz, CDCls, 22 °C): & = 8.40 (d, J = 5.8 Hz, 2H,
L), 7.70 (d, J = 8.1 Hz, 2H, L), 7.34-7.21 (m, 15H, Aren), 7.13 (t,J =7.1 Hz, 2H, L), 6.84 (t, ] = 6.3 Hz, 2H,
L), 4.10 (br, 3H, B-H), -1.41 (br, 2H, B-H-B), -13.40 (d, 2H, Os-H) ppm; 3'P{*H} NMR (202 MHz, CDCls,
22°C): 6=16.1(s, 1P) ppm; 7’Se NMR (95 MHz, CDCls, 22 °C): & = 234.8 (s, 2Se) ppm; C{*H} NMR (100
MHz, CDCls, 22 °C): 6 = 175.8 (s, C=Se), 147.0 (s, C-N), 137.2, 136.8, 133.8, 133.7, 131.7, 129.4, 127.7,
127.6, 116.3 (s, C=C, Arpnu)) ppm ; IR (dicholoromethane, cm™ ): #/ = 2499 (B-H), 2431 (B-H-B), 1534
(C=Se).

Syntheses of 7: In a flame-dried Schlenk tube, [OsCI(PPhs)(k*>-N,Se-L),] 2 (100 mg, 0.125 mmol) in 15
mL dry toluene was treated with stoichiometric amount of [(3,5-(CFs),CsH3)BH>-SMe5] (71.8 mg, 0.249
mmol) and thermalized for 4 h at 60 °C. The volatile components were removed under vacuum and
the remaining residue was extracted into hexane/CH,Cl, (60:40 v/v) and passed through Celite. After
removal of the solvent, the residue was subjected to chromatographic work-up by using TLC plates.
Elution with hexane/CH,Cl> (50:50 v/v) mixture yielded yellow solid 7 (12 mg, 12%, Rf= 0.4).

7: 1B{*H} NMR (160 MHz, C¢Ds, 22 °C): & = 27.8 (br, 2B) ppm, *H NMR (500 MHz, C¢Ds, 22 °C): & = 8.39-
6.07 (M, 29H, Har), -9.72 (t, 2H, Os-H-B) ppm; 3:P{*H} NMR (202 MHz, C¢Ds, 22 °C): & = 22.3 (s, 1P) ppm;
1F NMR (470 MHz, CeDg, 22 °C): & -62.2 (s, 6F) ppm; IR (n-Hexane, cm™ ): ¥ = 2360 (Os-H-B), 1454
(C=Se).

Syntheses of 8: In a flame-dried Schlenk tube, [(PPhs)(H),0s(n®>-BsHs(CsHiNSe);)] 6 (100 mg, 0.124
mmol) in 15 mL dry toluene was treated with excess [BHs;-SMe;] (0.5 mL) and thermalized for 12 h at
90 °C. The colour of the mixture changed from orange to pale yellow. The volatile components were
removed under vacuum and the remaining residue was extracted into hexane/CH,Cl, (60:40 v/v) and
passed through Celite. After removal of the solvent, the residue was subjected to chromatographic
work-up by using TLC plates. Elution with hexane/CH,Cl, (60:40 v/v) mixture yielded yellow solid 8 (30
mg, 30%, Rf = 0.5).

8: MS (ESI*): m/z calculated for [M]*: 593.0259, found: 593.0291; *B{*H} NMR (160 MHz, CDCls, 22 °C):
6 =12.2 (br), 10.4 (br), 8.9 (br), -2.6(br), -7.2(br), -10.3(br), -11.5 (br), -21.3(br), 22.4 (br), -28.1(br)
ppm; *H NMR (500 MHz, CDCls, 22 °C): 6 8.32 (t,J=6.2 Hz, L), 7.86 (d, ) = 8.4 Hz, L), 7.84 (d, ] = 8.8 Hz,
L), 7.63 (q,J = 5.3 Hz, L), 7.36 (t, ) = 7.6 Hz, L), 7.23 (t, ) = 7.1 Hz, L), 7.00 (t, ) = 6.5 Hz, L), 6.87 (t, ) =
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6.4 Hz, L), 3.74 (br, B-H:), 2.66 (br, B-Hy), -0.54(br, B-H-B), -1.29 (br, B-H-B), -1.44 (br, B-H-B), -2.79 (br,
B-H-B) ppm, -4.19 (br, Os-H-B), -9.83 (br, Os-H-B) ppm; "’Se NMR (95 MHz, CDCl;, 22 °C): 6 = 125.0
ppm (s, 2Se); *C{*H} NMR (100 MHz, CDCls, 22 °C): 6 = 174.7, 172.6 (s, C=Se), 147.2, 146.9 (s, C-N),
136.3-116.9 (s, C=C, Arpn) ppm; IR (dicholoromethane, cm™ ): 7 = 2541 (B-H), 2482 (B-H-B, Os-H-B),
1536 (C=Se).

Syntheses of 10: In a flame-dried Schlenk tube, [Os(PPhs)2(k2-N,Se-(CsHaNSe)),] 4 (500 mg, 0.485
mmol) in 15 mL dry toluene was treated with stoichiometric amount of [BH3:SMe,] (0.1 mL, 0.970
mmol) and thermalized for 4 h at 60 °C. The colour of the mixture changed from orange to red. The
volatile components were removed under vacuum and the remaining residue was extracted into
hexane/toluene (60:40 v/v) and passed through Celite. After removal of the solvent, the residue was
subjected to chromatographic work-up by using TLC plates. Elution with hexane/CH,Cl, (50:50 v/v)
mixture yielded red solid 10 (20 mg, 20%, Rf = 0.6).

10: MS (ESI*): m/z calculated for [M]*: 978.0715, found: 978.0793; *B{*H} NMR (160 MHz, CsDs, 22 °C):
6 = 0.6 (br, 1B), -21.0 (br, 1B) ppm; *H NMR (500 MHz, Ce¢Ds, 22 °C): § 7.58 (m, 1H, L), 7.51 (m, 6H,
Arpn), 7.44 (t, ) = 8.4 Hz, 7H, Ar(pn), 7.13 (d, J =7.4 Hz, 1H, L), 7.06-6.91 (m, 17H, Argpn), 6.05 (t, ) = 7.5
Hz, 1H, L), 5.73 (t, J = 8.0 Hz, 1H, L), 2.90, 2.11 (br,B-Hy), -11.17 (br, 1H, Os-H-B), -14.14 (br,1H, Os-H-B)
ppm; 3P{*H} NMR (202 MHz, C¢Ds, 22 °C): 6 = 13.6 (d, 1P), 6.1 (s, 1P) ppm; *C{*H} NMR (100 MHz,
CeDe¢, 22 °C): 6 =175.9 (s, C=Se), 147.1 (s, C-N), 140.6, 140.2, 136.1, 135.7, 134.7, 134.6, 134.5, 134.4,
132.7,132.1, 129.4, 129.2, 128.6, 127.7, 127.6, 127.5, 127.4, 125.7, 116.0(s, C=C, Aren)) ppm; IR (n-
hexane, cm™): ¥ = 2381 (B-H),2342 (Os-H-B) 1431 (C=Se).

Syntheses of 11: In a flame-dried Schlenk tube, [Os(PPhs),(k?-N,S-C7HaNS3),] 4™7(100 mg, 0.095 mmol)
in 15 mL dry toluene was treated with stoichiometric amount of [(3,5-(CFs).CsH3)2BH-SMe;] (47.75 mg,
0.095 mmol). The reaction was stirred at room temperature for 2hr. The volatile components were
removed under vacuum and the remaining residue was extracted into hexane and passed through
Celite. After removal of the solvent, the residue was subjected to chromatographic work-up by using
TLC plates. Elution with hexane/CH,Cl, (80:20 v/v) mixture yielded orange crystalline solid 11 (15 mg,
15%, Rf = 0.8).

11: MS (ESI*): m/z calculated for [M]*: 1486.1462, found: 1486.1342; “'B{*H} NMR (160 MHz, C¢De, 22
°C): 6 = 2.2 (br, 1B) ppm; *H NMR (500 MHz, CeDg, 22 °C): & = 8.97-6.14 (m, 44H, Ha,), -5.51 (br,1H, Os-
H-B) ppm; 31P{"H} NMR (202 MHz, CsDs, 22 °C): § =-5.5 (s, 1P) ppm, & = -16.8 (s, 1P) ppm; °F NMR (470
MHz, CsDs, 22 °C) : 6 = -62.2 (s, 6F), -62.6 (s, 6F) ppm; IR (n-hexane, cm™): ¥ = 2360 (Os-H-B), 1356
(C=S).
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1.2 Spectroscopic details
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Figure S4. ESI-MS spectrum of 1.
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Figure S6. Comparison of powder X-ray diffraction (PXRD) patterns with the simulated patterns from single-
crystal X-ray diffraction (SCXRD) for 1.
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Figure S9. Comparison of powder X-ray diffraction (PXRD) patterns with the simulated patterns from single-
crystal X-ray diffraction (SCXRD) for 2.
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Figure S15. Cyclic voltammetry and UV-Vis spectrum of 4.
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Figure S48.3C{*H} NMR spectrum of 10 in CsDe.
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Figure S50. ESI-MS spectrum of 11.
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Figure S52. 'H NMR spectrum of 11 in CeDe.
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Figure S54. F{*H} NMR spectrum of 11 in C¢De.(* = inseparable impurity of BHRy; R = (CFs),CsH3)
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Figure S55. IR spectrum of 11.
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.3 X-ray Analysis Details

Suitable X-ray quality crystals of complexes 1, 2, 4, 5, 6, 7, and 8 were obtained by slow diffusion of a
hexane—CH,Cl, solution at —4 °C, while crystals of complexes 10 and 11 were grown from hexane.
Crystal data of 6 was obtained and integrated using a Bruker APEX-II CCD diffractometer with graphite
monochromated Mo-Ka (A = 0.71073 A) radiation at 296(2) K. All other crystal data were obtained and
integrated using a D8 VENTURE Bruker AXS diffractometer with PHOTON Il detector with graphite
monochromated Mo-Ka (A = 0.71073 A) radiation at 156(2) K for 1, 200(2) K for 2, 269(2) K for 4, 150(2)
K for 5, 296(2) K for 6, 150(2) K for 7, 150(2) K for 8, 301(2) K for 10, 150(2) K for 11. All the structures
were solved using SHELXT-2018 and SHELXS-97* and refined using SHELXL-2018, SHELXL-2014 and
SHELXL-2019.” Note that for compounds 6, 7 and 11 highly disordered lattice solvent molecules were
removed using the SQUEEZE procedure in PLATON. Using Olex2 all the molecular structures were
drawn.® Powder X-ray diffraction (XRD) patterns were recorded on a Bruker D8 Advanced Powder X-
ray diffractometer using Cu Ko (A = 1.5418 A) radiation. The monophasic nature of each of the three
compounds 1 and 2 was verified by comparing their powder XRD patterns with those simulated, using
the MERCURY program,® on the basis of their single-crystal X-ray structures. Crystallographic data have
been deposited with the Cambridge Crystallographic Data Center as supplementary publication no
CCDC- 2481059 (1), 2481057 (2), 2466501 (4), 2481058 (5), 2466499 (6), 2466503 (7), 2466500 (8),
2472949 (10), 2472945 (11). These data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.

Crystal data for 1: Ca1H34Cl,NOsP,Se, M= 942.69, monoclinic, space group P21/n, a = 9.5636(5) A, b =
15.3610(8) A, ¢ = 25.2268(15) A, @ =90 °, 8 =100.93 °, y = 90 °, V = 3638.8(3) A3, Z = 4, peaica = 1.721
g/cm?3, u=4.771 mm™, F(000) = 1844, R, = 0.0336, wR, = 0.0724, 7566 independent reflections [20 <
52.7 °] and 867 parameters.

Crystal data for 2:CysH,3CIN,OsPSe,, M= 802.02 , monoclinic, space group P2:/n, a = 12.1253(9) A, b
= 18.0329(10) A, c = 12.3810(9) A, @ =90 °, 8 =91.515(3) °, y = 90 °, V = 2706.2(3) A3, Z =4, pcaica =
1.968 g/cm?3, u = 7.580 mm™, F(000) = 1524, R, = 0.0228, wR, = 0.0517, 6722 independent reflections
[26 £56.6 °] and 316 parameters.

Crystal data for 4: C4sHasN20sP,Se,, M= 1028.84, monoclinic, space group P2:1/c, a= 19.9615(18) A, b
=17.6882(17) A, c= 11.2486(11) A, a=90°,8= 95.367(3) °, y=90°, V=3954.3(6) A3, z=4, Pealcd = 1.728
g/cm?3, u =5.182 mm™, F(000) = 2008, R, = 0.0729, wR, = 0.1605, 105792 independent reflections [20
<£52.88 °] and 480 parameters.

000000C

Note: The complex 4 was having non-merohedral twinning. The twin matrix is: (100.332;0-10;00 -
1) and program PLATON was used to generate the twin matrix and make HKLF5 format data. The
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heaviest peak at 1.38 angstrom from Sel (as shown in above image) measured 7.9 e/A® and gave an
A-level alert in the checkcif. After the twinning was resolved and HKLF5 data generated, the difference
peaks have considerably reduced in height. But such techniques won't ideally clean the effects of non-
merohedral twinning. Some effects of insufficient twin separation are still shown as elevated
difference peaks.

Crystal data for 5: C2sH33BsN,0sPSe,, M= 819.89, orthorhombic, space group Pna21, a = 15.3411(5) A,
b =9.6807(3) A, c =20.0705(5) A, ¢ =90°,8=90"°,y=90"°, V=2980.72(15) A%, Z = 4, pcaica = 1.827
g/cm3, 4 = 6.795 mm™, F(000) =1576, R; = 0.0218, wR, = 0.0449, 5802 independent reflections [28 <
52.00 °] and 373 parameters.

Crystal data for 6: CysH2sBsN,OsPSe,,0.5[CH,Cl;], M= 846.604, triclinic, space group P-1, a =
11.1170(3) A, b =15.9224(5) A, c = 17.8651(5) A, a = 78.0360(1) °, 8 = 81.905(1) °, y = 84.906 (1) °, V =
3056.97(15) A%, Z= 4, peaica = 1.839 g/cm?3, 1 = 6.713 mm™, F(000) = 1618.9, R; = 0.0282, wR; = 0.0712,
10760 independent reflections [20 £ 50.00 °] and 707 parameters.

Crystal data for 7: CasH31B>F12N,0sPSes, CsHs, M= 1387.51, monoclinic, space group P2:/n, a =
10.8616(7) A, b =30.8022(19) A, c =14.9297(10) A, =90 °, 8 =97.324(2) °, y =90 °, V = 4954.1(6) A3,
Z =4, peaicd = 1.860 g/cm3, u = 4.895 mm™, F(000) = 2680.0, R; = 0.0506, wR, = 0. 0.1149, 12305
independent reflections [20 < 56.58 °] and 779 parameters.

Crystal data for 8: C10H21B;N,0sSe,, M= 593.08 , monoclinic, space group P2:/c, a = 12.7281(8) A, b=
9.4036(6) A, c=15.1331(9) A, =90 °, 8=101.480(2) °, y =90 °, V= 1775.04(19) A3, Z =4, peaica = 2.219
g/cm?3, 1 =11.275 mm=, F(000) = 1096, R1= 0.0136, wR, = 0.0333, 3628 independent reflections [20 <
52.7780 °] and 247 parameters.

Crystal data for 10: CsH39B,NOsP,Se,,C;Hs M= 1069.58, monoclinic, space group P2i/n, a =
11.0801(15) A, b= 11.7542(12) A, ¢ =34.230(4) A, =90 "°, 8 =90.696(5) °, y = 90 °, V = 4457.7(9) A3,
Z =4, peaicd = 1.594 g/cm?3, 1 = 4.599 mm™2, F(000) = 2104, R, = 0.0308, wR, = 0.0785, 9111 independent
reflections [26 £ 52.7760 °] and 512 parameters.

Crystal data for 11: CesHasBF12N2OsP2S4,0.5[C7Hs], M= 1531.29, triclinic, space group P-1, a =
20.9226(9) A, b = 24.4708(12) A, c = 24.7349(12) A, o = 73.662(2) °, 8 = 84.215(2) °, y = 87.098(2) °, V
=12087.5(10) A%, Z=6, peacd = 1.262 g/cm?3, i = 1.789 mm™2, F(000) = 4578, R, = 0.0622, wR, = 0.1864,
42528 independent reflections [20 < 50.00 °] and 2745 parameters.

n Computational Details

All molecules were fully optimized with the Gaussian 16 program® using the gradient-
corrected Becke—Lee-Yang—Parr (B3LYP) functional! in conjunction with the 6-31g(d)-LANL2DZ basis
set from the EMSL Basis Set Exchange Library.’? The model complexes were fully optimized starting
from X-ray coordinates in the gaseous state (no solvent effect). Frequency calculations were carried
out for the verification of the nature of the stationary state and to confirm the absence of any
imaginary frequency which eventually confirmed the minima on the potential energy hypersurface for
all structures. Furthermore, the gauge including atomic orbital (GIAO)'®* method was employed to
compute the B chemical shifts. Wiberg bond indices (WBI)!* was generated from natural bond orbital
analysis (NBO).®> All the optimized geometries and orbital pictures were drawn by Chemcraft'®
visualization programs. Laplacian electronic distribution plots and Two-dimensional electron density
and were generated using the Multiwfn package.?”
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Table S2. Selected geometrical parameters and Wiberg Bond Indices (WBI) of 1, 2, 3, 6, 7, 8, 10 and
11.

1 2

Expt. Cal. WBI Expt. Cal. WBI
Os1-N1 2.046(18) 2.118 0.559 Os1-N1 2.108(3) 2.105 0.593
Os1-Sel 2.5523(19)  2.663 0.781 0s1-N2 2.098(3) 2.135 0.531
Os1-Cl1 2.374(4) 2.404 0.820 Os1-Sel 2.4515(4) 2.533 0.943
Os1-Cl2 2.381(4) 2.428 0.788 Os1-Se2 2.5355(4) 2.642 0.804
0s1-P1 2.387(4) 2.493 0.699 0Os1-Cl1 2.3681(9) 2.474 0.798
Os1-P2 2.385(5) 2.488 0.704 Os1-P1 2.2951(9) 2.443 0.784
3 6

Expt. Cal. WBI Expt. Cal. WBI
0s1-N1 - 2.105 0.542 0Os1-B1 2.132(7) 2.180 0.620
Os1-N2 - 2.147 0.528 0Os1-B2 2.241(6) 2.256 0.477
Os1-Sel - 2.559 0.899 Os1-B3 2.153(6) 2.221 0.605
Os1-Se2 - 2.680 0.733 B1-B2 1.877(8) 1.811 0.549
Os1-Se3 - 2.523 0.965 B2-B3 1.918(9) 1.848 0.512
Os1-P1 - 2.445 0.766 Os1-Sel 2.5263(5) 2.625 0.754
7 8

Expt. Cal. WBI Expt. Cal. WBI
Os1-B1 2.234(7) 2.308 0.404 Os1-B1 2.416(3) 2.463 0.305
Os1-B2 2.289(7) 2.352 0.372 Os1-B2 2.210(3) 2.224 0.517
B1-Se3 2.093(7) 2.151 0.893 B1-B2 1.713(4) 1.721 0.710
B2-Se3 2.111(7) 2.154 0.881 Os1-B5 2.160(3) 2.165 0.576
Os1-Sel 2.4711(7) 2.548 0.815 Os1-B6 2.181(3) 2.201 0.520
Os1-Se2 2.5617(7) 2.551 0.809 Os1-B7 2.191(3) 2.221 0.503
Os1-Se3 2.5617(7) 2.633 0.579 B5-B6 1.860(4) 1.864 0.464
10 11

Expt. Cal. WBI Expt. Cal. WBI
Os1-B1 2.374(5) 2.425 0.320 Os1-B1 3.001 3.104 0.129
Os1-B2 2.379(4) 2.478 0.318 Os1-S1 2.441(3) 2.508 0.667
B1-Se2 2.062(6) 2.080 0.950 Os1-N1 2.176(8) 2.220 0.432
B2-Se2 2.082(5) 2.087 0.949 0s1-S3 2.339(3) 2.410 0.707
Os1-Sel 2.4951(5) 2.591 0.786 Os1-P1 2.309(3) 2.373 0.833
Os1-Se2 2.5288(5) 2.620 0.652 Os1-P2 2.314(3) 2.394 0.818
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Table S3. Calculated natural charge and HOMO-LUMO energy gap of 1, 2,3, 6,7, 8, 10 and 11.

Natural Charge (q)

Complexes AEy. (eV)
dos as an qe (E=S, Se)
PPhs
ch. | N
S
- 2.087
CI/‘ e -0.570 -0.461 0.199
PPh,
1
{N}TSG_NN )
"'os"'\ i -0.434 (N1) 0.286 (Sel) 2.060
PhsP” | Se -0.494
g ol -0.458 (N2) 0.199 (Se2)
Cre
\ N ‘ N
A -0.431 (N1) 0.253 (Sel)
Php” | e -0.706 - 0456 (N2)  0.174(se3) 2088
Se__N -0.493 (N3) 0.245 (Se5)
- \
3
PPhs
H | H
Se— "os’/Se
/ \ 0.290 (B1)
- -0.573 (N1) 0.334 (Sel)  3.159
H/ ‘\ / 1831 0.293(B2) 567 (N2) 0.364 (Se2)
H-SBH H 0.316 (B3) : :
H
6
TPhS
Se—A.—Se
-0s; T/J 0.345 (Se1)
H H 0.419 (B1 -0.600 (N1 '
CT\T / \ N -1.523 (1) NI o360 (sez) 3053
0.426 (B2) -0.594 (N2) 0.230 (se3)
FSCQ \Q\C%
CF,4 FsC
H
HABH
/// N\ -0.211 (B1)
H B<‘~|*3 B -0.181 (B2)
-0.043 (B3) 0.564 (N1) 0.388 (Sel)
-~ -0. : e 3.343
g Se OS Se@ -1.370 -0.142 (B4) -0.560 (N2) 0.328 (Se2)
- 0.387 (B5)
b —544 H -0.205 (B6)
Y 0.321 (B7)
8
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PPh,

o
H H N

H 1 | Z
5

-1.507

-0.812

0.081 (B1)
-0.262 (B2)

0.566

0.299 (Sel)
-0.562 (N1) 2.996
0.301 (Se2)
-0.529 (N1) 0.088 (S1)
3.379
-0.637 (N2) 0.142 (S3)

Table S4. TD-DFT calculated energies (excitation energy (cm1), Acc (nm)), oscillator strength (f), and main composition of

the first UV-vis electronic excitations for 1, 2 and 3.

Complex No Excitation Energy (cm?)

Calc. Wavelength (nm) (f) [

1 1 14980
2 19804
2 1 16084
2 16316
3 23748
3 1 14271
2 19780
3 20130

667 (0.030)

504 (0.04)

621 (0.052)

612 (0.035)

421 (0.012)

700 (0.052)

505 (0.037)

496 (0.020)

B-HOMO-2—> B-LUMO (79)
B-HOMO—> B-LUMO (13)
B-HOMO-3—> B-LUMO (89)
B-HOMO-3—> B-LUMO (66)
B-HOMO-2—> B-LUMO (19)
B-HOMO-3—> B-LUMO (17)
B-HOMO-2—> B-LUMO (76)
0-HOMO— a-LUMO+1 (11)
B-HOMO—> B-LUMO+1 (24)
B-HOMO—> B-LUMO+2 (39)
B-HOMO-1—> B-LUMO (91)
B-HOMO-5—> B-LUMO+2 (43)
B-HOMO-4—> B-LUMO+2 (49)
B-HOMO-5— B-LUMO+2 (49)
B-HOMO-4—> B-LUMO+2 (32)

ll0scillator strength greater than 0.010 and PlComponents with greater than 10% contribution shown.
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B-LUMO B-HOMO-4 B-HOMO-5

Figure S56. Selected molecular orbitals of 1 (isocontour values: +0.043 [e.bohr=3]Y/2).

B-LUMO B-LUMO+1 B-LUMO+2 a-LUMO+2

Figure S57. Selected molecular orbitals of 2 (isocontour values: +0.043 [e.bohr=3]Y/2).
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Figure S58. Contour-line diagram of the Laplacian of electron density in the Os1-N1-Sel (a) Os1-N2-Se2 (b) and
Cl1-0s1-P1 (c) planes of 2. The solid brown lines are bond paths, while blue spheres indicate the bond critical
points and orange sphere indicates ring critical points. Area of charge concentration [V?p(r)<0] are indicated by
solid lines and area of charge depletion [V2o(r)>0] are shown by dashed lines.

(@ ) ©

B-LUMO B-HOMO-4 B-HOMO-5

Figure S60. Selected molecular orbitals of 3 (isocontour values: +0.043 [e.bohr=3]Y/2).
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Figure S61. Contour-line diagram of the Laplacian of electron density in the Os1-N1-Sel (a) Os1-N2-Se2 (b) and
Se1-0s1-P1 (c) planes of 3.

90 799 008 1198 1398 000 200 400 6O 00 1000 1200 1401 0.00 84 267 581 74 260
Tongth umi: Rohr Lengt Bohr Length umit Roh,

HOMO-12

Figure S63. Selected molecular orbitals of 6 (isocontour values: +0.043 [e.bohr=3]Y/2).
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Figure S64. Contour-line diagram of the Laplacian of electron density in the B1-B2-B3 (a), Os1-B1-B2 (b) and Sel-
Os1-B1 (c) planes of 6.

(a) (b) ©

HOMO-18 HOMO-20 LUmMo

Figure S66. Selected molecular orbitals of 7 (isocontour values: +0.043 [e.bohr™3]Y/2).
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Figure S67. Contour-line diagram of the Laplacian of electron density in the B1-Se3-B2 (a), Os1-B1-B2 (b), Os1-
H1A-B1 (c), Os1-Se3-B1 (b) and Os1-B1-Sel (c) planes of 7.

5.45 60 75 2 > 0.00 215 430 645  B60
Length unit: Bohr Length unit: Bohr

Figure S68. ELF plot in the B1-Se3-B2 (a) and Os1-B1-B2 (b) planes of 7.
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HOMO-21 HOMO-24 HOMO-25 LUMO

Figure S69. Selected molecular orbitals of 8 (isocontour values: +0.043 [e.bohr=3]Y/2).

(d)

Figure S70. Contour-line diagram of the Laplacian of electron density in the Os1-B5-B7 (a) B5-B6-B7 (b), Os1-B5-
B6 (c) B1-B2-B4 (d), Os1-B1-B2 (e) and Os1-B1-B4-B3 (f) planes of 8.
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HOMO LUMO

Figure S73. Contour-line diagram of the Laplacian of electron density in the B1-Se2-B2 (a) Os1-H1B-B1 (b) and
0Os1-H2C-B2-Se2 (c) planes of 10.
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Figure S74.ELF plot in the B1-Se2-B2 (a) Os1-H1B-B1 (b) and Os1-H2C-B2-Se2 (c) planes of 10.

Figure S75. Selected molecular orbitals of 11 (isocontour values: +0.043 [e.bohr™3]"/2).
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Cartesian Coordinates of all Optimized Structures
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Figure S76. Optimized geometry of 1.
Total energy =-2671.85535246 a.u.
Cartesian coordinates for the calculated structure 1 (in A)
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Figure S77. Optimized geometry of 2.
Total energy =-1321.71260555 a.u.
Cartesian coordinates for the calculated structure 2 (in A)
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Figure S78. Optimized geometry of 3.
Total energy = -1563.71855705 a.u.
Cartesian coordinates for the calculated structure 3 (in A)
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Cartesian coordinates for the calculated structure 6 (in A)
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Figure S79. Optimized geometry of 6.
Total energy = -1720.43700776 a.u.
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Figure S80. Optimized geometry of 7.
Total energy = -3513.88669676 a.u.
Cartesian coordinates for the calculated structure 7 (in A)
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Figure S81. Optimized geometry of 8.
Total energy = -786.983998268 a.u.
Cartesian coordinates for the calculated structure 8 (in A)
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Figure S82. Optimized geometry of 10.
Total energy = -2483.14378986 a.u.
Cartesian coordinates for the calculated structure 10 (in A)
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Figure S83. Optimized geometry of 11.
Total energy = -6242.52235302 a.u.
Cartesian coordinates for the calculated structure 11 (in A)
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