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I. Experimental details
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Scheme S1. Synthesis of the vanadium thiolate complexes 5 and 6.

Synthesis of 5 and 6.In a pre-dried Schlenk tube, [Cp*VClL]s (4) (0.10 g, 0.13 mmol) was suspended in
10 mL toluene. To this suspension of 4, a freshly prepared in situ intermediate from CS: and
[LiBH+THF] was added dropwise at —78 °C under argon atmosphere. The reaction mixture was then
kept under constant stirring at room temperature 18 hours. The solvent was removed under vacuum
and the solid residue was extracted using n-hexane/THF (80:20 v/v) followed by separating and
purifying through silica-gel coated TLC plates. Elution with n-hexane/toluene (80:20 v/v) yielded 5 and
6 (0.002 g, 4%) as a yellow solid along with the earlier reported yellow I (0.006 g, 12%) [1] and purple II
(0.014 g, 11%) complexes [2].

A. Supplementary Data

Figure S1. Molecular structure and labeling diagrams of 5 (left) and 6 (right) (co-crystallized in the same
crystallographic unit). Selected bond lengths (A) and bond angles (°): 5: V1-V1 2.570, V1-S1 2.432(9), V1-S1
2.438(8), C11-S3 1.611(6), C11-S2 1.792(13), C11-S1 1.842(11), S1-C11-S2 105.5(5), V1-51-V1 63.7(2), V1-52-V1
63.3(2), S1-V1-S1 116.3(2), S2-C11-S1 105.5(5), C11-S1-V1 83.9(3), C11-S2-V1 84.4(4). 6: V1-V1 2.570, S1A-54
1.805(18), V1-S2A 2.43(2), C12-54 2.045 (17), C12-S2A 1.80(3), STA-S4 1.805(18); S2A-C12-54 105.9(11), S1A-S4-
C12102.5(9), S4-S1A-V1 116.6(11), V1-S1A-V1 62.4(6), V1-S2A-V1 63.4(5).



Figure S2. Molecular structure and labeling diagram of 6 with site occupancy ratio of (a):(b) = 0.31:0.13. Selected
bond lengths (A) and angles (°) are: (a): V1-S2A 2.43(2), C12-54 2.045 (17), C12-S2A 1.80(3), S1A-S4 1.805(18);
S2A-C12-54 105.9(11), C12-S4-S1A 102.509); (b): V1-S2B 2.37(3), C12'-S4’' 1.93 (4), C12'-S1B 1.84(5), S2B-S4'

1.80(2); S1B-C12'-54" 106.0(3), C12'-54'-S2B 102.0(18).

I. Spectroscopic Details
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Figure S3. ESI-MS spectrum of 2.
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Figure S4. 'H NMR spectrum of 2 in CDCls ($H20, thexane, #silicone grease).
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Figure S5. BC{'H} NMR spectrum of 2 in CDCl;s (thexane, *H-grease).
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Figure S6. IR spectrum of 2 in CHxCl..
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Figure S7. "B{'H} spectrum of in-situ {1 + CSz2 + PPh;} reaction mixture in CDCls. [3-5]
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Figure S8. 3'P{'H} spectrum of in-situ {1 + CS2+ PPh;} reaction mixture in CDCls.



II. Computational Data

Table S1. Calculated Co—Co bond distances (dv-v), M-S bond distances (dv-s), Co-S—Co bond angles
(<Co-5-Co), WBI indices of M-M bond, natural charges (gu and gs), natural valence population (Pop)
and HOMO-LUMO energy gap (AEn-1) of 2.

dum(A)  dus(A) <M-S-M (°) WBI(M-M) gum gs Pop (Mvat) ~ Pop (Sva)  AEn (eV)
3.390 2267  94.832 0454 -0.052 9.423 6.029 3.192
2283  97.317 0369 0.192  9.335 5.754
2.261 0.179 5.785
2.320 0.146 5.807
2.254 0.262 5.678
2.264 -0.153 6.110

Table S2. TD-DFT calculated energies (excitation energy (eV), A« (nm)), oscillator strength (f), and
main composition of the first UV-vis electronic excitations for 2. Experimental absorption wavelengths

(Aexp, nm) of 2 are given for comparison.

Wavelength A (nm)
No Excitation Energy (eV) Main electronic transition (% weight) ®!
Calc. (f) Expt.
1 2.229 556 (0.025) 570 HOMO—-LUMO+3 (9)
2 2.782 446 (0.020) HOMO-1-LUMO+1 (12)
3 2.816 440 (0.013) HOMO-1-LUMO+3 (13)
4 2.907 427 (0.023) HOMO-3—-LUMO+1 (13)
HOMO-1-LUMO+1 (13)
5 3.108 399 (0.023) HOMO-2—»LUMO+3 (12)
HOMO-1-LUMO+3 (38)
6 3.126 397 (0.015) HOMO-2—»LUMO+2 (44)
7 3.248 382 (0.042) 384 HOMO-6—LUMO (11)
HOMO-4—-LUMO (12)
HOMO-3—-LUMO (15)
HOMO-2—-LUMO+4 (14)
8 3.400 365 (0.021) HOMO-3-LUMO+1 (11)

HOMO-3->LUMO+2 (11)
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Figure S9. Absorption spectrum of 2 computed at the TD-DFT-B3LYP/Def2-TZVP level of theory (¢ in
LM-cm™).

Figure S10. Selected molecular orbitals of 2 related to most intense electronic transitions [isocontour
values: +0.045 (e/bohr?)'2].



II1. Cartesian Coordinates of the Optimized Structure 2

Cartesian coordinates for the calculated structure 2 (in A)

OO0 o0 I T T OIITTTOI TTIIOIIITIIO0OIIIIO0OONn0O0O0O0O0N

3.704523000
3.255758000
3.382592000
2.821446000
2.697027000
2.217743000
1.480667000
1.755123000
3.056627000
3.410808000
4.293930000
2.548955000
3.531203000
4.441642000
4.191271000
5.520011000
4.225339000
3.740701000
3.670175000
3.086266000
4.767773000
2.473200000
3.340345000
2.185939000
1.654745000
-3.013547000
-3.370370000
-3.799733000
-3.692381000
-3.233732000

0.020408000
-0.402533000
-1.011397000
-2.111235000
-1.726851000
-2.582802000
-3.310261000
-1.985537000
-3.126610000
0.333135000
-0.028281000

0.187090000

1.403607000

1.282074000

1.668222000

1.093133000

2.066294000
-0.997003000

0.006803000
-1.645902000
-1.345277000
-3.447293000
-4.112454000
-3.380996000
-3.917119000

1.257860000

0.693510000
-0.643359000
-0.924823000

0.258674000

Figure S11. Optimized geometry of 2.
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