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Experimental Section

General considerations: All experiments were carried out under dry oxygen-free nitrogen using
standard Schlenk techniques or in a N, filled-glove box. Solvents were dried by standard methods and
stored in activated 4 A molecule sieve in the glovebox. The NMR spectra were recorded on Bruker
spectrometers (AV400) referenced to residual solvent signals as internal standards. The solutions of
samples in the deuterated solvent were sealed off in a NMR tube under vacuum for measurements.
Element analyses were performed on an Elementar Vario EL III instrument. For the single crystal X-
ray structure analyses the crystals were each mounted on a glass capillary in perfluorinated oil and
measured in a cold N, flow. The data for all compounds were collected on a Bruker D8 CMOS detector
at low temperatures. The structures were solved by direct methods and all refined on F? with the
SHELX-2014/3 software package.! The positions of the H atoms were calculated and considered
isotropically according to a riding model. Platon SQUEEZE was used to remove the highly disordered
solvent molecules in the crystal lattices.? Commercially available reagents were purchased from Energy
Chemical and used as received. M*Fluind®"-GeCl (1), mesitylazide,* 1-azido-4-(tert-butyl)benzene*

and 3,5-di-tert-phenyl lithium® were synthesized according to reported procedures.

Synthesis of M*Fluind®'-Ge(Cl)=NMaes (2)

To a solution of M*Fluind®*-GeCl (1) (1.69 g, 2.00 mmol) in THF (30 mL), Mes-N; (0.36 g, 2.20
mmol) was added at room temperature. The suspension was stirred for 16 h and turned clear gradually.
The color changed from yellow to orange red. The solvent was removed under vacuum, and the residue
was washed with n-hexane (10 mL) to give an orange red powder (1.42 g, 73%). Orange crystals of 2
suitable for X-ray diffraction were obtained from THF/n-hexane solution at room temperature. 'H
NMR (CgDs, 400 MHz, 298 K): 0 = 1.29 (s, 36H, C(CHs)3), 1.54 (s, 12H, C(CHs),), 1.60 (s, 6H, Mes-
CHs), 2.12 (s, 3H, Mes-CHs), 2.49 (s, 4H, CCH,C(CHs;),), 6.70 (s, 2H, Ar-H), 7.18 (m, 4H, Ar-H),
7.25 (m, 4H, Ar-H), 7.36 (m, 4H, Ar-H), 7.46 (s, 1H, Ar-H) ppm. 13C NMR (C¢Ds, 100 MHz, 298 K):
0 =21.0 (Mes-CHj;), 21.8 (Mes-CHs), 23.1 (C(CH3)5), 31.7 (C(CHa)s), 35.1 (C(CHj3),), 43.0 (C(CHa),),
58.3 (CCH,C(CHj),), 64.9 (CCH,C(CHs;),), 120.0, 120.7, 122.5, 126.0, 127.9, 128.2, 130.4, 131.2,

131.9, 147.3, 148.5, 150.8, 155.4, 155.8 ppm. Elemental analysis for CssH7cClGeN (%): Cacld: C
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79.71,H 7.82, N 1.43; Found: C 79.36, H 7.45, N 1.65.

Synthesis of M*Fluind®'-Ge(CI)N4Ar; (3)

To a solution of 1 (0.85 g, 1.00 mmol) in THF (30 mL), 1-azido-4-(tert- butyl)benzene (ArN3) (0.44 g,
2.50 mmol) was added at room temperature. The yellow suspension was stirred for 16 h and turned
clear gradually. The solvent was removed under vacuum, and the residue was washed with n-hexane
(10 mL) to give a light yellow powder (0.77 g, 65%). Colorless crystals of 3 suitable for X-ray
diffraction were obtained from THF/n-hexane solution at room temperature. 'H NMR (THF-dg, 400
MHz, 298 K): 0 = 1.03 (s, 18H, C(CH;)3), 1.16 (s, 18H, C(CHx)3), 1.29 (s, 18H, C(CH)3), 1.58 (s, 6H,
C(CH;),), 1.60 (s, 6H, C(CHs),), 2.16 (s, 2H, CCH,C(CHjs),), 2.33 (s, 2H, CCH,C(CHs;),), 6.43-6.46
(m, 4H, Ar-H), 6.79 (s, 2H, Ar-H), 6.96-7.08 (m, 10H, Ar-H), 7.23-7.26 (m, 2H, Ar-H), 7.46-7.49 (m,
2H, Ar-H), 8.02 (s, 1H, Ar-H) ppm. 3C NMR (THF-d;, 100 MHz, 298 K): § = 31.7 (C(CH3)3), 31.8
(C(CHs)s), 32.1 (C(CHs)3), 32.3 (C(CHa)s), 32.9 (C(CHs)s), 34.6 (C(CHs)s), 35.0 (C(CHs)y), 35.3
(C(CHs;),), 42.1 (C(CHs),), 42.2 (C(CHs),), 64.2 (CCH,C(CHs),), 64.6 (CCH,C(CHs),), 68.0
(CCH,C(CH3;),), 68.8 (CCH,C(CHs;),), 116.9, 117.0, 117.7, 119.7, 119.8, 119,8, 119.9, 120.6, 124.7,
124.9, 125.0, 125.4, 125.5, 126.1, 126.4, 137.6, 137.7, 137.9, 138.4, 141.8, 144.7, 149.9, 150.2, 150.7,
152.5, 156.4, 160.4, 161.5 ppm. Elemental analysis for C;sHg;ClGeNy (%): Cacld: C 78.11, H 7.85, N

4.79; Found: C 78.55, H 7.39, N 4.96.

Synthesis of [M*Fluind®'-GeN,Ar,][BArF,] (4)

CgHsF (15 mL) was added to a mixture of 3 (0.24 g, 0.20 mmol) and NaBArf, (0.18 g, 0.20 mmol).
After stirring for 16 h, the reaction mixture was filtered. The volatiles in the filtrate was removed under
vacuum, and the residue was washed with n-hexane to give a red powder (0.22 g, 55%). Red crystals of
4 suitable for X-ray diffraction were obtained from C4HsF/n-hexane solution at room temperature. 'H
NMR (CD,Cl,, 400 MHz, 298 K): ¢ = 0.98 (s, 36H, C(CHa)3), 1.36 (s, 18H, C(CH3)3), 1.80 (s, 12H,
C(CH;),), 2.67 (s, 4H, CCH,C(CHa;),), 6.20-6.22 (m, 4H, Ar-H), 6.92 (s, 2H, Ar-H), 6.94 (s, 2H, Ar-
H), 7.03-7.04 (m, 4H, Ar-H), 7.12-7.18 (m, 8H, Ar-H), 7.58 (s, 4H, Ar-H), 7.75 ((m, 8H, Ar-H), 7.93 (s,
1H, Ar-H) ppm. "B NMR (CD,Cl,, 128 MHz, 298 K): § = —6.6 ppm. 3C NMR (CD,Cl,, 100 MHz,

298 K): 6 = 31.1 (C(CHs);), 31.4 (C(CHs)3), 33.1 (C(CH;)3), 35.0 (C(CHs)s), 35.3 (C(CHs),), 45.1
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(C(CH3),), 55.0 (CCH,C(CHjs),), 64.0 (CCH,C(CHs),), 117.9,118.7, 121.4, 121.9, 123.7, 126.4, 127.0,
127.6, 129.3, 135.2, 137.7, 138.4, 150.6, 151.3, 151.4, 154.1, 158.5, 162.1 (q, B-C, 'Jgc = 50 Hz) ppm.
YF NMR (CD,Cl,, 376 MHz, 298 K): 6 = —62.8 ppm. Elemental analysis for C;osH193BF24GeNy (%):

Cacld: C 64.98, H 5.20, N 2.81; Found: C 64.21, H 5.36, N 3.25.

Synthesis of M*Fluind®-Ge(Ar’)=NMes (5)

THF (15 mL) was added to a Schlenk containing 2 (0.98 g, 1.00 mmol) and 3,5-di-tert-phenyl lithium
(Ar’Li) (0.21 g, 1.01 mmol). The reaction mixture was stirred for 16 h at room temperature and filtered
afterwards. The volatiles in the filtrate was removed under vacuum, and the residue was washed with
n-hexane (10 mL) to give an orange powder (0.74 g, 65%). Orange crystals of 5 suitable for X-ray
diffraction were grown from THF/n-hexane solution at room temperature. 'H NMR (CDCl;, 400 MHz,
298 K): 6 = 0.98 (s, 36H, C(CH;);), 1.19 (s, 6H, Mes-CHs), 1.23 (s, 18H, C(CH3);), 1.67 (s, 12H,
C(CHs),), 2.16 (s, 3H, Mes-CHs), 2.37 (s, 4H, CCH,C(CHs),), 6.38 (s, 2H, Ar-H), 6.79 (m, 4H, Ar-H),
6.95 (m, 5H, Ar-H), 7.08 (m, SH, Ar-H), 7.24 (s, 1H, Ar-H), 7.55 (s, |H, Ar-H) ppm. *C NMR (CDCl;,
100 MHz, 298 K): 6 = 19.9 (Mes-CH;), 20.9 (Mes-CH3), 31.6 (C(CH;);), 31.7 (C(CH;);), 33.3
(C(CHs)3), 34.7 (C(CH3)3), 34.9 (C(CHa)y), 42.5 (C(CHs)), 58.3 (CCH,C(CHs)), 65.4 (CCHC(CH3)),
1194, 119.6, 121.9, 124.7, 124.8, 127.2, 127.6, 127.9, 130.8, 132.3, 141.6, 148.3, 148.6, 149.5, 149.7,
154.7 ppm. Elemental analysis for C;oHg;GeN (%): Cacld: C 83.73, H 8.63, N 1.24; Found: C 84.11, H

8.41, N 1.86.

Synthesis of M*Fluind®'-Ge(Me),-N(Mes)Li(thf) (6)

Methyllithium (0.55 mL, 1.10 mmol, 2 M in THF) was added to a pre-cooled (—30 °C) solution of 2
(0.49 g, 0.50 mmol ) in THF (15 mL) via syringe. The suspension was allowed to warm up to room
temperature and stirred for 16 h. The color changed from orange to light yellow. The mixture was
filtered and the filtrate was concentrated to 2 mL and stored at —30 °C to yield a yellow powder (0.32 g,
60%). Yellow crystals of 6 suitable for X-ray diffraction were obtained from THF solution by layering
n-hexane at room temperature. '"H NMR (C4Dg, 400 MHz, 298 K): § = —0.54 (s, 6H, Ge(CHs),), 1.24
(br, 4H, CH,CH,0), 1.35 (s, 36H, C(CH);), 1.57 (s, 12H, C(CH;),), 1.79 (s, 6H, Mes-CHs), 2.33 (s,

3H, Mes-CHs), 2.42 (s, 4H, CCH,C(CHs),), 3.16 (br, 4H, CH,CH,0), 6.63 (s, 2H, Ar-H), 7.16 (m, SH,
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Ar-H), 7.52 (m, 8H, Ar-H) ppm. 3C NMR (C¢Dg, 100 MHz, 298 K): 6 = 8.4 (Ge(CH;),), 14.4 (Mes-
C(CH3)s), 23.1 (Mes-C(CHs)3), 23.4 (C(CHs)3), 25.36 (CH,CH0), 31.8 (C(CHz)s), 32.9 (C(CHs)y),
35.2 (C(CHj;),), 44.6 (CCH,C(CHs),), 64.1 (CCH,C(CH;),), 68.36 (CH,CH,0), 116.6, 118.23, 119.7,
124.7, 124.9, 129.8, 137.9, 149.8, 149.9, 150.7, 155.7, 157.0, 157.1, 157.9 ppm. Elemental analysis for

C71Hg9GeNOLi (%): Cacld: C 80.98, H 8.61, N 1.33; Found: C 81.36, H 8.22, N 1.83.
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Table S1. Crystal data and refinement of 2-4

2 3 4
formula C¢sH76C1GeN C76Ho;C1GeN, C117H24BF2,GeNy
formula weight 979.30 1168.56 2125.59
crystal system monoclinic triclinic triclinic
space group P2/c P-1 P-1
a/A 15.0823(10) 10.4216(10) 10.8141(5)
b/A 26.4574(17) 17.8327(16) 19.1127(10)
c/A 14.7964(10) 21.2462(16) 27.1321(15)
o/deg 86.176(4) 93.952(2)
p/deg 108.586(3) 82.097(4) 96.523(2)
y/deg 76.433(5) 96.935(2)
VIA3 5596.4(6) 3799.4(6) 5511.3(5)
Z 4 2 2
Pealed/g cm> 1.162 1.021 1.281
w/mm-! 0.963 0.760 0.736
F(000) 2088 1248 2214
crystal size/mm? 0.15x0.12x0.1 0.16 x 0.14 x 0.12 0.2x0.18 x0.16
0 range/deg 2.689-54.448 2.824-54.108 2.033-53.989
index ranges -18<h<18 -12<h<12 -13<h<12

—31<k<26 21<k<21 —23<k<23
-17<i<16 —25<1<24 —32<171<32
collected data 72960 58815 98139
unique data 10335 13849 20104
(Rine = 0.0969) (R = 0.0587) (Rine = 0.0457)
completeness to 99.9% 99.3% 99.6%
data/restraints/parameters 10335/115/642 13849/0/761 20104/409/1482
GOF on F? 1.022 1.067 1.026
final R indices[/>20 (])] R, =0.0746 R;=0.0431 R, =0.0540
wR, =0.1972 wR,=0.1179 wR, = 0.1466
R indices (all data) R;=0.1290 R, =0.0563 R, =0.0601
wR, =0.2277 wR, =0.1250 wR, =0.1512
Largest diff peak/hole (e-A- 0.99/-0.77 0.25/-0.61 0.99/-0.72

))
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Table S2. Crystal data and refinement of 5-6

5 6
formula C19Hy,GeN C71HgoGeLiNO
formula weight 1133.16 1052.96
crystal system triclinic triclinic
space group P-1 P-1
a/lA 10.9718(8) 12.7185(7)
b/A 11.2149(9) 15.0410(9)
c/A 27.474(2) 17.9978(10)
o/deg 93.954(4) 82.265(3)
pldeg 91.347(4) 73.454(2)
y/deg 97.621(4) 80.240(2)
VIA3 3340.9(5) 3239.0(3)
Z 2 2
Pealed/g cm> 1.126 1.080
wmm'! 0.606 0.609
F(000) 1220 1132
crystal size/mm? 0.18 x0.14 x 0.12 0.2x0.14 x0.13
6 range/deg 3.468-54.008 2.237-54.075
index ranges -12<h<13 -15<h<15

-13<k<13 -18<k<18
-33<1<32 —21<1<21
collected data 60392 56006
unique data 12214 11882
(R = 0.0647) (R = 0.0587)
completeness to 6 99.6% 99.7%
data/restraints/parameters 12214/382/823 11882/126/715
GOF on F? 1.056 1.042
final R indices[/>20 (I)] R, =0.0576 R, =0.0446
wR, =0.1529 wR, =0.1155
R indices (all data) R, =0.0774 R, =0.0608
wR, =0.1641 wR, =0.1235
Largest diff peak/hole (e-A-3) 0.61/-0.60 0.37/-0.66
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Computational details

All of the calculations were performed with the Gaussian 09 program.® All the geometry optimizations
were performed with the @B97XD functional” in conjunction with a 6-31G(d) basis set® in the gas
phase. Besides, the natural bond orbital (NBO) analysis® was obtained at the same level. The quantum
theory of atoms in molecules (QTAIM) analyses were performed using Multiwfn (Version 3.8).!° The
wavefunction files for QTAIM were obtained from Gaussian 16 at thewB97XD/6-31G(d) level of

theory.

000 2—#A0kN

0.00 1.73 3.47
Length unit: Angstrom

Fig. S1 Contour line diagrams of the Laplacian distribution V?p(r) in the C-Ge-N plane of 2.
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Coordinates of the studied molecule

2
Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 32 0 -0.763279  -0.392135  -0.487910
2 17 0 -2.903375  -0.892185  -0.397720
3 7 0 0.526779  -0.798022  -1.481105
4 6 0 -0.430456 0.758428 1.002929
5 6 0 -0.688430 2.130086 0.997149
6 6 0 -0.538580 2.900541 2.145414
7 6 0 -0.143157 2.312017 3.342181
8 1 0 -0.061546 2.905425 4.251022
9 6 0 0.151544 0.954932 3.355427
10 6 0 0.041650 0.195739 2.189580
11 6 0 -1.247316 4.407948 0.403899
12 1 0 -0.655758 5.152337  -0.136710
13 1 0 -2.296548 4.697272 0.291630
14 6 0 -0.860675 4.363708 1.912734
15 6 0 0.358132 5.249630 2.210801
16 1 0 0.658427 5.166558 3.261555
17 1 0 1.216871 4.965447 1.593603
18 1 0 0.127219 6.301671 2.007681
19 6 0 -2.040337 4.804649 2.792411
20 1 0 -1.789126 4.735192 3.857054
21 1 0 -2.313505 5.844388 2.577826
22 1 0 -2.918088 4.174293 2.611723
23 6 0 0.617664  -1.318504 3.968284
24 1 0 -0.243678  -1.895401 4.319605
25 1 0 1.514835  -1.854884 4.289312
26 6 0 0.552148 0.120383 4.557612
27 6 0 -0.530056 0.204604 5.646111
28 1 0 -0.295523  -0.475845 6.473062
29 1 0 -0.603251 1.218629 6.055855
30 1 0 -1.511191  -0.068818 5.242991
31 6 0 1.892542 0.573171 5.155528
32 1 0 2.147463  -0.041555 6.026416
33 1 0 2.709463 0.487245 4.434602
34 1 0 1.840428 1.617516 5.484009
35 6 0 -1.029527 2.994632  -0.211110
36 6 0 0.098912 2.903536  -1.231549
37 6 0 1.426828 3.234514  -1.061651
38 1 0 1.756694 3.640491  -0.109543
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39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82

i) W e Ll o) W e ) N e e e e W e ) e ) o) S e e e N ) T e ) W ) e ) o) W e) Ui e U e e N ) N e ) W e ) S e ) W o) W e ) S e )

(= el el == e e e - = = =l i e R - e A =l — =l e R e e A = N = = = e R e R e A = N = = e N = 2 =2 = e B e R e i e B — A = R )

2.345453
1.874403
2.561707
0.540292
0.216604
-0.350081
-1.784575
-2.706621
-2.400174
-4.035753
-4.750510
-4.478502
-3.530172
-3.813554
-2.201661
0.550923
1.908804
3.104168
3.112680
4.285240
4.208937
5.109648
3.006284
2.972805
1.854063
0.480246
-0.105661
0.467276
-1.446787
-1.894951
-2.232404
-1.626425
-2.196973
-0.290433
0.934085
2.316564
2.831490
3.898505
2.021994
0.661206
0.005633
0.101874
3.188501
2.974549
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3.030712
2.478712
2.295075
2.112398
1.651382
2.334240
2.054316
1.489622
1.135501
1.406269
0.971311
1.851221
2.379896
2.705380
2471753
-1.222148
-1.486716
-0.802545
0.118401
-1.298353
-2.469772
-2.874357
-3.125934
-4.007118
-2.633134
-3.138492
-4.216540
-4.835743
-4.493429
-5.344076
-3.711611
-2.618016
-1.964353
-2.330414
-1.689077
-1.661955
-2.570463
-2.546828
-3.506729
-3.498785
-4.205892
-2.608874
-0.639204
0.356857

-2.099313
-3.296340
-4.114648
-3.464618
-4.393108
-2.427332
-2.290809
-3.166639
-4.146831
-2.774438
-3.467119
-1.516941
-0.638794
0.357093
-1.022798
2.410690
1.749109
1.913804
2.484591
1.348228
0.579853
0.127975
0.354533
-0.279080
0.952939
0.951288
0.302703
-0.381089
0.546877
0.041791
1.407287
2.033706
2.685977
1.795271
-2.442962
-2.751307
-3.664928
-3.882998
-4.314375
-4.026933
-4.532916
-3.109281
-2.082653
-2.483276



&3
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126

—_— = QN = = = NN = = = N = = = N = = = NN = = = N = = = N = = = NN = = = QN = = = O\ = e

(= el el == e e e - = = =l i e R - e A =l — =l e R e e A = N = = = e R e R e A = N = = e N = 2 =2 = e B e R e i e B — A = R )

2.978977
4.251208
2.614790
1.837800
3.173750
3.312776
-1.370111
-1.587082
-1.794759
-1.901915
3.815574
3.939375
3.325622
4.980304
3.613023
4.303587
3.810049
4.098592
5.382574
4.722669
4455115
5.760999
4.681485
-5.960989
-6.384556
-5.806876
-7.447602
-6.234613
-6.804803
-6.678900
-7.869312
-6.520014
-6.251563
-5.697313
-6.000413
-7.319106
5.650309
6.506067
6.660659
7.490585
6.020391
5.527893
4.900725
5.108906
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-0.586210
-0.858960
-4.487500
-5.091755
-3.974047
-5.174677
-2.611866
-2.911442
-1.607282
-3.295073
3.396937
4.925424
5.300011
5.209122
5.429960
2.720213
3.130388
1.645174
2.867387
2.938257
3.419138
3.207623
1.852322
1.720407
0.240522
-0.363318
0.140501
-0.181134
2.544178
2.193056
2.467786
3.601577
2.229740
1.660114
3.290644
2.118266
-0.638903
-1.586233
-2.550070
-1.143454
-1.778605
0.702548
1.411634
0.577550

-1.011941
-2.231007
-5.295056
-5.773766
-6.086142
-4.801237
-2.834366
-1.801268
-2.956875
-3.503303
-1.868449
-1.725699
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Fig. S3 'H NMR spectrum of 2 in C4Ds at 298 K.
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