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I Spectroscopic details
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Figure S1. ESI-MS spectrum of compound 2
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Figure S2. 'H NMR spectrum of compound 2 in CDCl;

S5



e
—-=3.9

T T T T T T T
150 100 50 0 =50 -100 -150 PpPm

Figure S3. 'B{1H} NMR spectrum of compound 2 in CDCl;

(=] M < <N W0
e e B L,
- WINnNoNe- ™M
U] NN o L]
I ST I
@
w
[}
o
o
- ILIL) ) P |
) ) 1 1 I 1 ) ) ) 1
180 160 140 120 100 80 60 40 20 PEm

Figure S4. 3C{*H} NMR spectrum of compound 2 in CDCl;
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Figure S6. 'H NMR spectrum of compound 3 in CDCls
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Figure S7. 'B{*H} NMR spectrum of compound 3 in CDCl;

[Ty}
~ ™
= m o wmwow o
— Moo Mma *
= NMN-HA D L]
= oo el
[T}
7
m
2
(L]
] I I I | I I | I |
180 160 140 120 100 80 60 40 20 PPm

Figure S8. 3C{*H} NMR spectrum of compound 3 in CDCl3
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Figure S10. 'H NMR spectrum of compound 4 in CDCl3
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Figure S12. 3C{*H} NMR spectrum of compound 4 in CDCl;
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Figure S13. ESI-MS spectrum of compound 5
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Figure S15. 3C{*H} NMR spectrum of compound 5 in CDCl;

0.5
—11b
—2
0.4 —
4
=
a 03
@
Q
=
[+
2 o2
o
7]
a
<L
0.1

400 500 600 — 700
Wavelength (nm)

Figure S16. UV-Vis spectra of compounds 1b, 2-4
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Il. Computational data

Table S1. Selected bond parameters (A) and Wiberg bond indices (WBI) for the compounds
2’-5’ optimized at the B3LYP/def2-TZVP level.

zl 3I 4’

Exp. Cal. WBI Exp. Cal. WBI Exp. Cal. WBI

Nb-Nb 2960 2.965 1.01 2.957 2.965 1.01 2.956 2.961 1.01
B1-B2 1.777 1.781 0.61 1.799 1.781 0.61 1.777 1.779 0.61
B2-B3 1.775 1.797 0.55 1.778 1.797 0.55 1.794 1.796 0.55
Nb-B1  2.408 2.427 0.45 2.379  2.420 0.45 2.408 2.422 0.45
Nb-B2 2416 2424 0.46 2.399 2422 0.47 2.421 2.423 0.47
Nb-B3  2.393  2.398 0.50 2411 2.399 0.50 2.409 2.400 0.50
Nb-B4 2.399 2.399 0.50 2.393  2.400 0.50 2.407 2.402 0.50

B-S/Se  1.903  1.899 1.02 1.910 1.905 1.01 2.029 2.039 1.03

5I

Exp. Cal. WBI

Ta-Cll 2414 2429 1.14

Ta-Cl2  2.398 2405 1.15

Ta-CI3  2.407 2429 1.14

Ta-S1 2.517 2.576 0.93

Ta-N 2.281  2.298 0.47
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Table S2. Experimental and DFT calculated (B3LYP/Def2-TZVP) NMR chemical shifts 6 (ppm)

for compounds 2’-4’.

2 3’ q
Exp. Calc. Exp. Calc. Exp. Calc.
B1 3.3 5.35 2.9 5.58 1.2 8.83
B2 -39 -3.49 -3.6 -3.49 -3.5 -3.47
B3 3.3. 8.86 2.9 8.19 1.2 6.72
B4 3.3 9.11 2.9 8.32 1.2 7.31

Table S3. Calculated energies of the HOMO and LUMO (eV) and HOMO-LUMO gaps (AE =

EL.umo-EHomo, €V) for compounds 1b’ and 2’-5’.

1b’ 2 3’ 4 5’
HOMO -5.08 -5.30 -5.32 -5.09. -6.38
LUMO -2.29 -2.67 -2.65 -2.55 -3.23
E 2.79 2.63 2.67 2.54 3.15

Table S4. Calculated natural charges (q) and natural valence population (pop) for

compounds 1b’ and 2’-5’.

1b’ 2’ 3’ 4’
q pop q pop q pop q pop
Nb -0.482 -5450 -0.403 5.369 -0.403 5.370 -0.405 5.372
B1 -0.227 -3.198 -0.204 3.170 -0.182 3.147 -0.234 3.197
B2 -0.225 -3.195 -0.242 3.214 -0.246 3.218 -0.242 3.213
B3 -0.221  -3.191 -0.207 3.177 -0.208 3.178 -0.211 3.182
B4 -0.218 -3.188 -0.206 3.176 -0.208 3.178 -0.207 3.177
S/Se 0.218 5.746 0.192 5.779 0.225 5.759
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5'

q pop
Ta 0.331 4.503
cn -0.189 7.172
CI2 -0.180 7.163
CI3 -0.189 7.172
S1 0.128 5.840
N -0.462 5.425

Table S5. Bond critical point (bcp) properties computed at the B3LYP/Def2-TZVP level of

theory of selected bonds in 5’. p is the value of the electron density, V2p(r) is the Laplacian

of the electron density, and H(r) is the local energy density of the electron density at the

bcp’s.
bond plr) Vip(r) H(r)
Ta-Cl1 0.0706 0.1783 -0.0166
Ta-S1 0.0675 0.0564 -0.0219
Ta-N 0.0420 0.3423 -0.0025
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HOMO LUmo

HOMO LUMO LUMO+3

Figure S17. Frontier molecular orbitals of 3’(top) and 4’(bottom) [isocontour values: +0.04

(e/bohr3)1/2],

ON=1.96 ON=1.91 E = 42.95 kcal/mol E =90.66 kcal/mol
Ta, 21.87; Cl, 78.13% Ta, 27.52; Cl, 72.48%

(a) (b) (c) (d)

Figure S18. Selected bonding molecular orbital diagrams, of 5’ (a and b) and their
occupation and percentage of NBO on each atom obtained; NBO donor-acceptor interaction
of LP of N to LP* of Ta in 5’ (c and d) and corresponding stabilization energy(E) values

[isocontour values: +0.04 (e/bohr3)Y/2].
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Figure S19. Absorption spectrum of 1b’ computed at the TD-DFT-B3LYP/Def2-TZVP level of
theory (g in LMlcm™1),

Table S6. TD-DFT calculated energies (excitation energy (eV), A (nm)), oscillator strength
(f), and main composition of the first UV-vis electronic excitations for 1b’. Experimental

absorption wavelengths (A.,,, nm) of 1b are given for comparison.

No Excitation Wavelength A (nm) Main electronic transition
Energy (eV) (% weight) [al
Calc. (f) Expt.
1 1.859 667 (0.0) HOMO-1—-LUMO (99)
2 2.264 548 (0.10) 550 HOMO—LUMO (92)
3 2.853 435 (0.0) HOMO—LUMO+1 (55)

HOMO—LUMO+2 (43)
4 2.947 421 (0.00) HOMO—LUMO+1 (43)

HOMO—LUMO+2 (56)

5 3.195 388 (0.00) HOMO-1->LUMO+1 (97)

6 3.247 382 (0.00) HOMO-1—>LUMO+2 (96)

7  3.670 338 (0.00) HOMO-5—>LUMO (93)

8 3.806 326 (0.00) HOMO-1—LUMO+6 (15)
HOMO—>LUMO+4 (66)

HOMO—LUMO+5 (15)

S17



9 3815 325 (0.00) HOMO-1—LUMO+4 (49)
HOMO-1—>LUMO+5 (13)
HOMO—LUMO+6 (35)

10 3.948 314 (0.00) HOMO—LUMO+4 (17)

HOMO—LUMO+5 (74)
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Figure S20. Absorption spectra of 2’ computed at the TD-DFT-B3LYP/Def2-TZVP level of
theory (g in LMlcm™1),

Table S7. TD-DFT calculated energies (excitation energy (eV), Acc (nm)), oscillator strengths
(), main composition of the first UV-vis electronic excitations for 2’. Experimental

absorption wavelengths (Ae,, Nm) are given for comparison.

No Excitation Wavelength (A, nm) Main electronic transition
Energy (eV) (% weight) (2!
Calc. (f) Exp.
1 1.901 652 (0.00) HOMO-1—LUMO (99)
2 2.193 564 (0.07) 560 HOMO—LUMO (93)
3 2.689 461 (0.00) HOMO—LUMO+1 (90)
4 2.827 439 (0.01) HOMO-2—LUMO+3 (97)
5 2.982 416 (0.0) HOMO—LUMO+2 (91)
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Figure S21. Absorption spectrum of 3’ computed at the TD-DFT-B3LYP/Def2-TZVP level of

theory (g in LM1cm).

Table S8. TD-DFT calculated energies (excitation energy (eV), Acic (nm)), oscillator strengths

(f), main composition of the first UV-vis electronic excitations for 3’. Experimental

absorption wavelengths (A.,, Nm) are given for comparison.

No Excitation

Wavelength (A, nm)

Main electronic transition

Energy (eV) (% weight) [@]
Calc. (f) Exp.
1 1913 648 (0.01) HOMO-1—LUMO (99)
2 2.218 559 (0.08) 556 HOMO—LUMO (93)
3 2.737 453 (0.00) HOMO—LUMO+1 (88)
4 2.851 435 (0.01) HOMO-2—LUMO (97)
5 2.985 415 (0.0) HOMO—LUMO+2 (88)
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6 3.196
7 3.392
8 3.616
9 3.771
10 3.790
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Figure S22. Absorption spectrum of 4’ computed at the TD-DFT-B3LYP/Def2-TZVP level of

theory (g in LMlcm™1),

Table S9. TD-DFT calculated energies (excitation energy (eV), A.ic (nm)), oscillator strengths

(f), main composition of the first UV-vis electronic excitations for 4’. Experimental

absorption wavelengths (Aey,, M) are given for comparison.

No Excitation Wavelength (A, nm) Main electronic transition
Energy (eV) (% weight) 2!
Calc. (f) Exp.

1 1.844 672 (0.0) HOMO-1—LUMO (99)

2 2.088 594 (0.06) 560 HOMO—LUMO (93)

3 2.556 485 (0.02) HOMO-2—LUMO (96)

4 2.670 464 (0.00) HOMO—LUMO+1 (86)

5 2.888 429 (0.0) HOMO—LUMO+2 (87)
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6 3.127
7 3.293
8 3.567
9 3.684
10 3.713

397 (0.00)
376 (0.00)

348 (0.00)

337 (0.00)

334 (0.00)

388

HOMO-1—>LUMO+1 (97)
HOMO-1—>LUMO+2 (97)
HOMO—LUMO+3 (57)
HOMO—LUMO+4 (17)
HOMO—LUMO+5 (16)
HOMO-2—>LUMO+1 (94)
HOMO-1—>LUMO+6 (14)
HOMO—>LUMO+5 (11)

HOMO—LUMO+7 (52)

lLIComponents with greater than 10% contribution shown
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Figure S23. Optimized geometry and coordinates of 2’ (total energy (T. E.) =-1727.910339 a.

u.)
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Figure S24. Optimized geometry and coordinates of 3’ (T. E. =-1404.934563 a. u.)
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Figure S25. Optimized geometry and coordinates of 4’ (T. E. =-3240.754367 a. u.)
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Figure S26. Optimized geometry and coordinates of 5’ (T. E. =-2752.057313 a. u.).
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