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All experiments were carried out under an inert atmosphere of argon applying standard Schlenk
techniques or in a glove box. The solvents used were purified by an MBRAUN solvent
purification system MB SPS-800. All chemicals purchased from Sigma Aldrich were used
without further purification. 'H and '*C NMR spectra were recorded in C4Dg and toluene-dy
using a Bruker Avance DPX 200 or a Bruker Avance DRX 400 spectrometer and were
referenced to external SiMe,. However, high resolution mass spectra (HRMs) was obtained using
a Q Exactive Thermo Scientific. Elemental analysis was performed by CSIR-National Chemical
Laboratory, Pune. Melting point was measured in a sealed glass tube on a Stuart SMP-30 melting
point apparatus.

Preparation of 2, 6—dimethylphenylisonitrile

The mixture of 2, 6 —dimethylaniline (10 g, 82.5 mmol) and ethylformate (15 mL) was heated
under autoclave up to 200 °C overnight. The n-formyl derivative of 2, 6-dimethylaniline was
obtained and purified in a very good yield (11.07g, 94%). The resultant compound (2.0 g, 13.4
mmol) was dissolved in 60 mL of dry dichloromethane and phosphorousoxychloride (3.61 mL,
39.02 mmol) was added drop by drop to this reaction mixture over a period of five minutes at—
60 °C under inert conditions. The reaction mixture was stirred for next 20 minutes and
triethylamine (16.2 mL, 117 mmol) was added drop by drop to the reaction mixture over a period
of 10 minutes at —60 °C. The reaction was transformed into a orange color when allowed to
warm at room temperature for overnight. Finally, the mixture poured on to the 50 mL of cold
water and extracted with dichloromethane (2 x 60mL). The organic layer was dried under
reduced pressure. The isonitrile was obtained as a white crystalline solid compound through
sublimation under vacuum (1.5+10"> mbar) at 55 °C (1.54g, 87.5 %). '"H NMR (200 MHz, C¢D,

25°C) §2.06 (s, 6H, CHs), 6.60 (d, 2H, 7.68 Hz, Ph ), 6.69 (m, 1H, Ph) ppm.
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Preparation of 1

The toluene solution (25 mL) of 2, 6-dimethylphenylisocyanide (0.56 g, 4.31mmol) was added
drop by drop to the toluene solution (10 mL) of GeCl,-dioxane (1.0 g, 4.31 mmol) at ambient
conditions. The resulting reaction mixture was stirred overnight and transformed to a brown red
color. The final compound was filtered through celite, solvent was removed under vacuum and
the following filtrate was reduced to 5 to 7 mL. Good quality of yellow colored crystal was
obtained when crystallization was performed in toluene at —30 °C in a freezer. Yield: 220 mg
(54 %). 'H NMR (400 MHz, C¢Dg, 25 °C) 0 1.92 (S, 24H, CH3), 6.4 (d, 8H, 8.03Hz, Ph), 6.65
(m, 4H, Ph) ppm; 3C NMR (400 MHz, C¢Dsg, 25 °C) o 18.38 (CH3;), 127.18, 130.69, 136.65
(Ph) ppm; Anal. Calcd for C3¢H36ClsGesNy (955.9): C, 45.19; H, 3.76; N, 5.85. Found : C, 45.2;
H, 3.14; N, 5.74.

S2. Crystal Structure Determination

X-ray intensity data measurements of compound 1 was carried out on a Bruker SMART APEX
II CCD diffractometer with graphite-monochromatized (MoK,= 0.71073A) radiation. The X-ray
generator was operated at 50 kV and 30 mA. A preliminary set of cell constants and an
orientation matrix were calculated from three sets of 36 frames. Data were collected with @ scan
width of 0.5° at different settings of ¢ and 26 keeping the sample-to-detector distance fixed at
5.00 cm. The X-ray data collection was monitored by APEX2 program (Bruker, 2006).5! All the

data were corrected for Lorentzian, polarization, and absorption effects using SAINT and
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SADABS programs (Bruker, 2006). SHELX-97 was used for structure solution and full matrix
least-squares refinement on F2.5% All the hydrogen atoms were placed in geometrically idealized
position and constrained to ride on their parent atoms. An ORTEP III8? view of compound 1 was
drawn with 50% probability displacement ellipsoids and H atoms omitted for clarity.

Crystal Data for compound 1. C;4 H3 Clg Ges Ny, M =956.16, yellow color, 0.34 x 0.22 x 0.17
mm?3, monoclinic, space group P2,/c, a =9.4793(10) A, b =16.9178(19) A, c = 25.305(3) A, B=
92.288(3) °, V = 4054.9(8) A3, Z =4, T = 150(2) K, 26,:x=50.498°, D . (g cm™) = 1.566,
F(000) = 1916, u (mm) = 2.636, 158406 reflections collected, 7348 unique reflections (R;,=
0.0621), 5586 observed (I > 2o ([)) reflections, multi-scan absorption correction, Ty, = 0.776,
Tmax = 0.768, 450 refined parameters, S = 1.041, R1 = 0.0612, wR2 = 0.1731 (all data R =
0.0877, wR2 =0.1965), maximum and minimum residual electron densities; 4pn.x = 4.907,
APmin=-0.621 (eA3).

S3.  DFT Computations of 1

Computational Details

All the calculations in this study have been performed with density functional theory (DFT), with
the aid of the Turbomole 6.4 suite of programs,* employing the PBE functional®>and the TZVP3
basis set. The resolution of identity (RI),5¢ along with the multipole accelerated resolution of
identity (marij)S’ approximations have been used for an accurate and efficient treatment of the
electronic Coulomb term in the DFT calculations. Solvent correction were incorporated with
optimization calculations using the COSMO model,*® with toluene (g = 2.38) as the solvent. Full
frequency calculations on the optimized minima and also normal mode analysis was performed
for compound 1 using the same level of theory. Consequently, all reported energy values
represent gas phase data at 298.15 K temperature.
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The nature of germanium-carbon interaction in compound 1 was investigated with the natural
bond orbitals (NBO) analysis procedures as implemented in the Gaussian 09 program. The
analyses was performed at the PBEPBE/TZVP optimized geometry using the PBEPBE density
functional together with the all electron TZVP basis set.
In order to gain insight into the interaction of the isocyanide ligands with the central germanium
atom, the intermolecular charge transfer in the complex has been analysed with the natural bond
orbital (NBO) analysis. The energetic estimate of donor (i) — acceptor (j) orbital interactions can
be obtained by the second order perturbation theory analysis of the Fock matrix in the NBO
basis. The donor—acceptor interaction energy E(2) is given by
E(2) = AE(i,)= q(i.))F(1.j)*/{e(i)- £()}

where q(i) is the donor orbital occupancy, €(i) and &(j) are the diagonal elements (orbital
energies), and F(i,j) is the off-diagonal NBO Fock matrix element. In the present investigation,
the important interactions between the central germanium and the isocyanide ligands have been

analyzed.
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Figure S1 (a) Strong o (LP (C=N)—LP (Ge)) interactions and (b) weak n(LP(Ge)— n"(C=N))

interaction

(a) (b)

Figure S2: (a) LUMO of 1 and (b) LUMO of 1?>* (contour value +0.03). Hydrogen atoms have

been omitted for clarity.

The Cartesian coordinates of the optimized singlet geometry of complex 1 [Ge(RNC),]*

2[:GeCl;] is given below:
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Figure S3 : Ge(1)~C(74) =2.10, Ge(1)~C(75) = 2.22 , Ge(1)~C(76) = 2.50 , Ge(1)~C(77) =

2.05, C(74)-N(3)=1.167 , C(75)-N(2)=1.173 , C(76)-N(4)=1.175 , C(77)-N(5)=1.163, Ge(1)-

C(74)-N(3) = 164.1°; Ge(1)-C(75)-N(2) = 156.3°; Ge(1)-C(76)-N(4) = 142.0°;Ge(1)-

C(77)-N(5) = 170.2° ;The isocyanide ligands are almost linear about the nitrogen atoms with the

C-N-C angles between 176.7° and 177.7°
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The cartesian coordinates of optimized triplet geometry of complex 1 [Ge(RNC),J** 2[:GeCl3] is

0.590436
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5.481686

3.268360

5.127233

6.288680
6.491409
3.441513
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given below
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11.564910
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