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Experimental

Synthesis of 1. [Trapen™S3(Li);] (1.13 g, 2.0 mmol) was dissolved in THF
(15 mL), and the solution was slowly added to the pre-cooled (-30 °C) THF
solution containing ThCIl4(DME),. The mixture was warmed to room
temperature and stirred for further 12 h. All volatiles were removed under
vacuum. Toluene (25 mL) was added and the resulting pale-yellow
suspension was filtered to remove white solids. The solvent was removed
in vacuum and colorless crystals were grown from a saturated solution of
toluene at -30 °C. Yield :1.14 g, 70%. '"H NMR (500 MHz, C¢D, 298 K):
o (ppm) 7.14 (t, J = 7.7 Hz, 3H), 7.05 (m, 6H), 6.86 (t, J = 7.7 Hz, 3H),
442 (d, J=11.8 Hz, 3H), 2.44 (d, J = 11.8 Hz, 3H), 0.13 (s, 27H). 13C
NMR (125 MHz, C¢Dg, 298 K): 6 (ppm) 148.16 (s, ArC), 132.78 (s, ArC),
130.38 (s, ArC), 129.99 (s, Ar(), 128.88 (s, ArC), 122.22 (s, ArC), 59.47
(s, NCH,), 0.90 (s, NSi(CH3)3). Si NMR (99 MHz, C¢Ds, 298 K): & (ppm)
-50.00. Anal. Calcd for C;)H4sCIN4Si;Th: C, 44.30; H, 5.58; N, 6.65.
Found: C, 44.80; H, 5.39; N, 6.89. FT-IR v/cm™! (KBr): 2949(m), 1597(m),
1472(s), 1441(m), 1231(s), 1034(m), 939(m), 908(s), 840(vs), 798(s),

746(s), 705(m), 475(m).

Synthesis of 2. THF (10 mL) was added to a mixture of 1 and NaNj; (71.5

mg, 1.1 mmol) at -30 °C. The mixture was warmed to room temperature



with stirring over 12 h. Volatiles were removed under vacuum and the solid
resulting was extracted into toluene (25 mL). The solution was filtered and
concentrated to 5 mL, slowly evaporated and cooled to -30 °C to obtain a
colorless crystal. Yield : 451 mg, 55%. '"H NMR (500 MHz, C¢Ds, 298 K):
o (ppm) 7.15 (t, J= 7.6 Hz, 6H), 7.05 (t, /= 8.0 Hz, 12H), 6.86 (t, J= 8.0
Hz, 6H),4.43 (d,J=11.7 Hz, 6H), 2.44 (d,J=11.7 Hz, 6H), 0.10 (s, 54H).
BC NMR (125 MHz, C¢Dg, 298 K): & (ppm) 148.22 (s, ArC), 132.80 (s,
Ar(), 130.45 (s, ArC), 129.34 (s, ArC), 128.99 (s, ArC), 122.71 (s, ArC),
58.76 (s, NCH,), 1.12 (s, NSi(CHj3)3). Si NMR (99 MHz, C¢Ds, 298 K):
o (ppm) -5.23. Anal. Calcd for CgHosON4SisTh,: C, 44.90; H, 5.77; N,
11.45. Found: C, 44.14; H, 5.44; N, 12.12. FT-IR v/cm™ (KBr): 2947(m),
2844(m), 2127(vs), 2086(s), 1472(m), 1446(m), 1237(s), 1032(m), 904(s),

833(vs), 797(s), 746(s), 710(m), 674(m), 591(m), 471(s).

Synthesis of 3. Complex 2 (410 mg, 0.25 mmol) was dissolved in THF (20
mL) and cooled to -30 °C. KCs (81 mg, 0.6 mmol) was slowly added to the
solution and quickly turned black. The resultant mixture was stirred at
room temperature for another 12 h. All volatiles were removed under
vacuum. Toluene (25 mL) was added and the resulting pale-yellow
suspension was filtered to remove white solids. The yellow filtrate was
concentrated to 0.5 mL and cooled to -30 °C to obtain a colorless crystal
161 mg. Yield : 42%. '"H NMR (500 MHz, C¢Dg, 298 K): 6 (ppm) 7.32 (t,
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J=6.8 Hz, 6H), 7.16 (m, 12H), 7.01 (t, J = 7.2 Hz, 6H), 4.37 (d, J=12.4
Hz, 6H), 2.41 (d, J = 11.6 Hz, 6H), 0.14 (m, 54H). *C NMR (125 MHz,
C¢Dg, 298 K): & (ppm) 149.09 (s, ArC), 133.02 (s, ArC), 130.82 (s, ArC),
129.34 (s, ArC), 128.06 (s, ArC), 122.41 (s, ArC), 59.94 (s, NCH,), 1.40
(s, NSi(CH3)3). Anal. Caled for C;4H;osNgOSicTh,: C, 50.64; H, 6.14; N,
7.18. Found: C, 50.21; H, 5.93; N, 7.55. FT-IR v/em'!' (KBr): 3057(w),
3007(w), 2940(s), 2894(m), 2852(m), 2093(w), 2045(w), 1591(m),
1472(s), 1443(s),1370(w), 1240(vs), 1064(w), 1040(m), 944(s), 911(m),
843(vs), 797(m), 747(m), 709(m), 681(m), 621(w), 595(m), 556(m),

523(m), 477(s).



NMR spectra
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Figure S1. '"H NMR spectrum of Complex 1 in C¢Dg at 25°C.

XL TN RS F e uw; o [ B
SeaSsoXdn 4w = o=
Lol ol sl ool ol ol 0 IR T B ol el =]
Y ~ N7
{

i / [

1‘

; y
L i I U
e f i !
~ = =
R - = = =
v m S = 9 =
T T T T T T T T T — T T T T i
16 15 11 13 12 11 10 9 8 7 6 5 1 3 2 1 0

fl (ppm)

Figure S2. '"H NMR spectrum of Complex 2 in C¢Dg at 25°C.
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Figure S3. '"H NMR spectrum of Complex 3 in C4Dg at 25°C.
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Figure S4. 3C NMR spectrum of Complex 1 in C4Dg at 25°C.
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Figure S6. >*C NMR spectrum of Complex 3 in C4Dg at 25°C.
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Figure S7. 2Si NMR spectrum of Complex 2 in C¢Dg at 25°C.
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IR spectra
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UV-Vis spectrum
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Figure S12. UV-Vis spectrum of Complex 1 in THF at 298 K.
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Figure S13. UV-Vis spectrum of Complex 2 in THF at 298 K.
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Figure S14. UV-Vis spectrum of Complex 3 in THF at 298 K.
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Electrochemistry

Cyclic voltammetry (CV) experiments were performed with an electrochemical
workstation (Autolab PGSTAT302N-Metrohm). The data were recorded using Autolab
NOVA software (version 1.11) and processed with the same software. The CV
experiments were performed in a glovebox under an argon atmosphere. The setup
comprised a 4 mL vial, equipped with a CHI 104 glassy-carbon-disk working electrode
(CH Instruments, Inc.), a platinum-wire counter electrode and a Ag/AgCl quasi
reference electrode. The surface of the working electrode was polished prior to the
measurement. THF solutions containing ca. 0.05 mM for 1, 2 and 3, and 0.1 M
["BusN][PFs] supporting electrolyte were used for the electrochemical analyses. The
scan-rate-dependent background of the electrolyte was recorded for each measurement
and subtracted from the analyte data. Potentials are referenced to the Fc/Fc* redox
couple used as an internal standard.
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Figure S15. Cyclic voltammograms of Complex 1 in THF (v =50 mV s!; c(analyte) =
0.05 mM; ¢(["BusNPF¢]) = 0.1 M).
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Figure S16. Cyclic voltammograms of Complex 2 in THF (v = 50 mV s!; c(analyte) =
0.05 mM; ¢(["BusNPF4]) = 0.1 M).

0.00002 -

0.00001

0.00000

-0.00001

-0.00002

-0.00003

-0.00004

G -
'

(3]

i

[

(=]

[Sv]

Potential applied (V)

Figure S17. Cyclic voltammograms of Complex 3 in THF (v = 50 mV s!; c(analyte) =
0.05 mM; ¢(["BuyNPF4]) = 0.1 M).



Crystallographic data for 3

Complex Identification code

3

Empirical formula
Formula weight
Temperature/K
Wavelength/A
Crystal system

Space group

Unit cell dimensions

Volume/A3
Z

Density (calculated)/g/cm?
Absorption coefficient/mm!

F(000)

Crystal size/mm3
Theta range for data
collection

Index ranges

Reflections collected
Independent reflections

Data/restraints/parameters

16

C74H107NoSi6ThyOp 5
1763.30
170.0
0.71073
monoclinic
P2,/c
a=15.0299(8) A
b=11.9320(6) A
¢ =22.0434(10) A
a=90°
B=94.794(2)°
vy =90°
3939.4(3)
2
1.487
3.908
1764.0

0.13%0.1x0.1
5.58 to 55.022°

-19<h<19
15<k<15
28<1<28

73838
9048 [Riy = 0.1019, Ryjgnma = 0.0488]

9048/415/422



Goodness-of-fit on F? 1.055

Final R indexes [[>=2c (I)] R, =0.0356
wR; =0.0601
Final R indexes [all data] R;=0.0551
wR; =0.0645
Largest diff. peak/hole / e A 1.19/-1.80

Table S1. Bond lengths [A] for complex 3

Atom Atom Length/A Atom Atom Length/A
Thi N4 2.801(3) Sil 8 1.871(5)
Thl o1 2.27129(19) Cl12 C17 1.405(6)
Thi N3 2.34003) c12 c13 1.399(6)
Thl N2 2.327(3) N3 C27 1.427(6)
Thi NI 2331(3) 27 €26 1.404(6)
Cl N4 1.487(5) C27 C22 1.404(6)
c1 2 1.500(6) C16 c17 1.406(6)
N4 c21 1.493(5) Cl6 15 1.381(6)
N4 Cll 1.495(5) N2 c17 1.424(5)
Si2 N2 1.729(4) N1 C3 1.423(5)
si2 €20 1.871(5) €26 25 1.380(7)
Si2 C19 1.868(5) Cl13 Cl14 1.384(7)
si2 Ci8 1.867(5) 2 C7 1.395(6)
C21 c22 1.510(6) C2 C3 1.409(6)
Si3 N3 1.741(4) 2 23 1.391(6)
Si3 C29 1.866(5) C23 C24 1.385(7)
Si3 28 1.864(5) C24 25 1.392(8)
Si3 C30 1.863(5) C7 Co6 1.386(7)
Cll c12 1.508(6) Cls Cl4 1.374(8)

Sil N1 1.731(4) Cs c4 1.384(6)

17



Sil C9 1.865(5) Cs c6 1.377(7)
Sil C10 1.864(5) C4 C3 1.406(6)
C32 C31 1.369(11) C34 C35 1.384(11)
C32 C33 1.280(10) C34 C33 1.390(11)
C31 C37 1.521(11) C35 C36 1.453(11)
C31 C36 1.437(11)
Table S2. Bond angles [°] for complex 3
Atom Atom Atom Angle/° Atom Atom Atom Angle/®
ol Thl N4 17822(7)  Cl17 C12 C13 120.4(4)
ol Thl N3 105.059)  CI3 C12 Cl1 119.3(4)
ol Thl N2 102.15(9) Si3 N3 Thl  126.41(19)
ol Thl N1 104.3909) €27 N3 Thl 116.5(3)
N3 Thl N4 75.58(11) €27 N3 Si3 116.6(3)
N2 Thi N4 76.12(11) €26 C27 N3 121.1(4)
N2 Thl N3 118.33(12) €26 C27 22 118.1(4)
N2 Thi N1 112.93(12) €22 C27 N3 120.8(4)
N1 Thl N4 76.80(11)  CI5 Cl6 C17 120.9(5)
N1 Thi N3 112.08(12)  Si2 N2 Thl  128.68(18)
N4 Cl C2 114.1(3) Cl17 N2 Thl 111.7Q2)
Cl N4 Thl 109.7(2) Cl17 N2 Si2 119.5(3)
Cl N4 Cl1 108.4(3) C12 C17 Cl16 118.4(4)
C21 N4 Thl 109.4(3) C12 C17 N2 120.5(4)
C21 N4 Cl 111.2(2) Cl16 C17 N2 121.0(4)
C21 N4 Cl1 107.9(3) Sil N1 Thl  124.56(18)
Cll N4 Thl 110.2(2) C3 N1 Thl 115.4(2)
N2 Si2 C20 112.8(2) C3 N1 Sil 119.9(3)
N2 Si2 Cl19 106.0(2) C25 C26 C27 121.4(5)
N2 Si2 C18 113.2(2) Cl4 C13 C12 121.2(5)
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C20
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C20
Th1!
C22
C29
C28
C30
C28
C30
C28
Cl12
c9
C10
C8
Cl10
C8
C8
Cl11
C31
C37
C36

C37

107.6(2)
106.4(2)
110.8(2)
180.0(15)
112.93)
113.0(2)
112.1(2)
107.1(2)
106.6(2)
109.2(2)
108.7(2)
111.93)
111.3(2)
114.7(2)
106.3(2)
108.8(2)
106.8(2)
108.9(2)

120.2(4)
125.1(10)

122.6(9)
120.1(8)

117.1(9)

C7

Cc7

C3

C27

C23

C23

C22

C25

C6

Cl6

C4

Cs

C7

C2

C4

C4

CI13

C26

C35

C34

C32

C31

C2

C2

C2

C22

C22

C22

C23

C24

C7

C15

C5

C4

C6

C3

C3

C3

Cl14

C25

C34

C35

C33

C36

Cl

C3

Cl

C21

C21

C27

C24

C23

C2

C14

C6

C3

Cs

N1

N1

C2

CI15

C24

C33

C36

C34

C35

119.8(4)
119.6(4)
120.5(4)
120.1(4)
120.0(4)
119.9(4)
121.3(5)
119.1(5)
121.4(5)
120.7(5)
120.8(5)
121.1(5)
119.1(5)
120.9(4)
121.1(4)
118.0(4)
119.4(5)

120.1(5)
125.4(9)

115.9(8)

117.0(10)

116.5(8)
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Calculation studies

Computation method:

The structures of complexes 2 and 3 were optimized by the DFT method
with the BP86 functional using the Gaussian 16 program package'. The
scalar-relativistic small-core pseudopotential ECP60MWB? 3 and the
corresponding segmented valence basis sets were applied for the Th atom,
and the 6-31G(d) basis set was used for H, C, N, O, Si. Wiberg bond indices
(WBIs)*, and localized molecular orbitals (LMO)> were analyzed by using
Multiwfn 3.8 software®.

Table S3. The Bond distances (A) obtained from experimental and

theoretical calculations.

complexes bonds experiment calculated
2 Th1-N5 2.555 2.538
Th1-N7A 2.576 2.615
Th1-N4 2.669 2.753
Th1-N1 2.315 2.332
Th1-N2 2.299 2315
Th1-N3 2.309 2.359
ThI1-N1A 2.28 2316
Th1-N2A 2.34 2.359

Th1-N3A 2.33 2.331
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Th1-N5SA

Th1-N7

Th1-N4

Th1-O1

Th1-N1

Th1-N2

Th1-N3

2.557

2.48

2.7798

2.2714

2.344

2.324

2.332

2.616

2.538

2.842

2.197

2.354

2.354

2.354
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Table S4. The values of WBIs at the BP86/ECP/6-31G(d) level of theory.

complexes WBIs
2 Th1-N5 Th1-N7A Th1-N4
0.883 0.786 0.555
Th1-N1 Th1-N2 Th1-N3
1.285 1.339 1.325
Th1-N1A Th1-N2A Th1-N3A
1.340 1.287 1.321
Th1-N5A Th1-N7
0.785 0.882
3 Th1-N4 Th1-O1 Th1-N3
0.510 1.580 1.281
Th1-N2 Th1-N1
1.281 1.281

Table S5. The WBIs of the Th-N and Th-O bonds in complexes 2 and 3

were calculated with Multiwfn software program.

complexes WBIs
2 Th1-N5 Th1-N7A Th1-N4
0.883 0.786 0.555
Th1-N1 Th1-N2 Th1-N3
1.285 1.339 1.325
Th1-NTA Th1-N2A Th1-N3A
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1.340

Th1-N5SA

0.785

3 Th1-N4

0.510

Th1-N2

1.281

1.287

Th1-N7

0.882

Th1-O1

1.580

Th1-N1

1.281

1.321

Th1-N3

1.281

Table S6. The MBOs of the Th-N and Th-O bonds in complexes 2 and

3 were calculated with Multiwfn software program.

Complexes MBOs
2 Th1-N5 Th1A-N7 Th1A-N4
0.364 0.312 0.293
Th1-N1 Th1-N2 Th1-N3
0.771 0.805 0.779
Th1-N1A Th1-N2A Th1A-N3B
0.804 0.772 0.777
Th1-N5A Th1-N7
0.312 0.362
3 Th1-N4 Th1-O1 Th1-N3
0.276 0.990 0.790
Th1-N2 Th1-N1
0.791 0.790
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Table S7. The WBIs of the Th-N and Th-O bonds in complexes 2 and 3
were calculated wusing Gaussian software program at the

BP86/ECP60MWB/6-31G(d) theoretical levels.

Complexes WBIs
2 Th1-N5 Th1A-N7 Th1A-N4
0.458 0.424 0.229
Th1-N1 Th1-N2 Th1-N3
0.630 0.666 0.661
Th1-N1A Th1-N2A Th1A-N3B
0.460 0.425 0.230
Th1-N5A Th1-N7
0.632 0.667
3 Th1-N4 Th1-O1 Th1-N3
0.183 0.763 0.587
Th1-N2 Th1-N1
0.587 0.587

Table S8. The MBOs of the Th-N and Th-O bonds in complexes 2 and
3 were calculated using Gaussian software program at the

BP86/ECP60MWB/6-31G(d) theoretical levels.

Complexes MBOs
2 Th1-N5 Th1A-N7 Th1A-N4
0.364 0.312 0.294




Th1-N1

0.771

Th1-N1A

0.362

Th1-N5SA

0.777

3 Th1-N4

0.276

Th1-N2

0.790

Th1-N2

0.805

Th1-N2A

0.312

Th1-N7

0.804

Th1-O1

0.989

Th1-N1

0.791

Th1-N3

0.779

Th1A-N3B

0.294

Th1-N3

0.790

Table S9. The WBIs of the Th-N and Th-O bonds in complexes 2 and 3

were calculated

using Gaussian

software

B3LYP/ECP60MWB/6-31G(d) theoretical levels.

program at the

Complexes WBIs
2 Th1-N5 Th1A-N7 Th1A-N4
0.428 0.400 0.211
Th1-N1 Th1-N2 Th1-N3
0.586 0.623 0.618
Th1-NTA Th1-N2A Th1A-N3B
0.430 0.400 0.211
Th1-N5A Th1-N7
0.617 0.624
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3 Th1-N4

0.165

Th1-N2

0.546

Th1-O1

0.714

Th1-N1

0.546

Th1-N3

0.546

Table S10. The MBOs of the Th-N and Th-O bonds in complexes 2 and

3 were calculated using Gaussian

B3LYP/ECP60MWB/6-31G(d) theoretical levels.

software program at the

Complexes MBOs
2 Th1-N5 Th1A-N7 Th1A-N4
0.318 0.271 0.258
Th1-N1 Th1-N2 Th1-N3
0.730 0.767 0.740
Th1-N1A Th1-N2A Th1A-N3B
0.317 0.272 0.258
Th1-N5A Th1-N7
0.730 0.768
3 Th1-N4 Th1-O1 Th1-N3
0.238 0.935 0.749
Th1-N2 Th1-N1
0.749 0.749
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Table S11. Composition of metal-ligand bonds in complexes 2 and 3

calculated at the BP86/ECP/6-31G(d) level of theory.

Contributions of each
Complexes Bond type Element , _
atomic orbital (%)

2 Thi 75(1.31)6d(0.86)
0 N5 25(82.02)2p(9.96)
Thi 75(0.86)6d(0.55)

0 N7A 25(84.59)2p(8.66)
Thi 75(2.22)6d(1.04)

0 N4 25(48.63)2p(36.15)
Thl 75(4.30)6d(2.46)

0 N1 25(67.05)2p(17.74)
Thi 75(4.46)6d(2.87)

0 N2 25(62.25)2p(21.46)
Thi 75(4.43)6d(2.58)

0 N3 25(67.89)2p(17.21)
Thi 75(4.46)6d(2.87)

0 NI1A 25(62.25)2p(21.46)
Thi 75(4.30)6d(2.47)

0 N2A 25(67.14)2p(17.66)
Thi 75(4.45)6d(2.58)

0 N3A 25(67.81)2p(17.26)

G Thi 75(0.85)6d(0.55)
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N5A 25(84.66)2p(8.59)
Thl 75(1.31)6d(0.86)
N7 25(82.00)2p(10.04)
Thl 75(1.48)6d(0.54)7p(0.63)
N4 25(48.86)2p(36.29)
Thl 75(5.88)6d(3.73)5£(1.34)

Thl 75(5.88)6d(3.73)5f(1.34)

01 2p(70.70)

Thl 6d(2.91)5£(0.50)
Thl 6d(2.91)

01 2p(87.15)

Thl 6d(2.91)

Thl 6d(2.91)

0Ol 2p(87.14)

Thl 75(4.95)6d(2.51)
N3 25(66.50)2p(18.23)
Thl 5(4.95)6d(2.51)
N2 25(66.49)2p(18.24)
Thl 5(4.95)6d(2.51)

N1 25(66.50)2p(18.23)
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Th1-N5 6 bond Th1-N7Acbond  Th1-N4 ¢ bond

Th1:7s(1.31)6d(0.86) Th1:7s(0.86)6d(0.55) Th1:7s(2.22)6d(1.04)
N5:25(82.02)2p(9.96) N7A:25(84.59)2p(8.66) N4:25(48.63)2p(36.15)

Th1-N2 6 bond Th1-N3 ¢ bond Th1-N1 o bond

Th1:7s(4.46)6d(2.87) Th1:7s(4.43)6d(2.58) Th1:7s(4.46)6d(2.87)
N2:25(62.25)2p(21.46)  N3:2s(67.89)2p(17.21) N5:25(62.25)2p(21.46)

Th1-N7 6 bond Th1-N5A o bond Th1-N4A ¢ bond

Th1:7s(1.31)6d(0.86) Th1:7s(0.85)6d(0.55) Th1:7s(2.23)6d(1.04)
N7:25(82.00)2p(10.04) N5A:25(84.66)2p(8.59) N4:25(48.65)2p(36.14)

Th1-N2A ¢ bond Th1-N3A ¢ bond Th1-N1A ¢ bond

Th1:7s(4.30)6d(2.47) Th1:75(4.45)6d(2.58) Th1:75(4.46)6d(2.87)
N2A:25(67.14)2p(17.66)  N3A:2s(67.81)2p(17.26)  N1A:2s(62.25)2p(21.46)

Figure S18. The LMO plots of complex 2 at the BP86/RECP/6-31G(d) level of theory (The isosurface

value is set as 0.01 a.u.)
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Th1-O-Thi :s bond Th1-O-Th1 n bond Th1-O-Th1 = bond
Th1:7s(5.88)6d(3.73)5f(1.34) Th1:6d(2.91) Th1:6d(2.91)
0:2p(70.70) 0:2p(87.15) 0:2p(87.14)

Th1-N4 ¢ bond
Th1:7s(1.48)6d(0.54)7p(0.63) Th1:s5(4.95)6d(2.51) Th1:7s(4.95)6d(2.51)
N4:25(48.86)2p(36.29) N2:25(66.49)2p(18.24) N2:25(66.50)2p(18.23)

"

Th1-N1 ¢ bond Th1-N4A o bond Th1-N2A ¢ bond
Th1:6d(2.91) Th1:7s(1.48)6d(0.54)7p(0.63) Th1:7s(1.48)6d(0.54)
N1:2p(87.14) N4A:25(48.86)2p(36.29) N2A:25(48.86)2p(36.29)

Th1-N3A ¢ bond Th1-N1A ¢ bond

Th1:7s(1.48)6d(0.54)7p(0.63) Th1:7s(1.48)6d(0.54)7p(0.63)
N3A:25(48.86)2p(36.29) N1A:25(48.86)2p(36.29)

Figure S19. The LMO plots of complex 3 at the BP86/RECP/6-31G(d) level of theory (The isosurface

value is set as 0.01 a.u.)
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