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on and germanium organic compounds as well as materials 
eir basis, due to their unique properties, have found wide 
cation in chemistry, technology and medicine.1 Of special 
est are branched structures containing silicon and 
anium atoms both in the center and on the periphery. They 
sed as building blocks for preparation of anisotropic thin 
 and adsorbates,2 molecular electronic materials3 with 
-emitting4 and other properties.5–7 Highly unsaturated 
es and germanes with several acetylenic fragments are 
ctive for the synthesis of more complex compounds, 
ding polymers.1(b),8 The structures of tetrakis(ethynyl)
es 1a–g9(a)–(c) and germane 29(d) were also confirmed by 
y diffraction.
he functionalization of compounds 1, 2 is possible via 
vement of their CºC bonds. However, if groups R could be 
tionalized with the CºC bonds remaining intact, this would 
 a way to new organosilicon acetylenic dendrimers. In this 
ct, chloromethyl(dimethyl)silyl group SiMe2CH2Cl is 
ising, as its closest analogue, iodomethyl(dimethyl)silyl 

p was shown to be a good silylmethylating reagent.10–12 
goal of the present work was to synthesize the hitherto 
own tetrakis[(chloromethyl)dimethylsilylethynyl]silane 
-germane, to investigate their structure and to examine the 
ibility of further functionalization using terminal chloro
yl groups. Tetraethynyl organosilicon or organogermanium 
rimers are usually prepared by organometallic synthesis in 
steps using organolithium9 or Grignard reagents.13 The 
s vary from moderate to excellent, although the synthesis of 
ylmagnesium bromide may be complicated by bis-

llation of acetylene giving BrMgCºCMgBr.13,14

With this in mind, for the synthesis of tetrakis[(chloro
methyl)dimethylsilylethynyl]silane or -germane we have used 
the Grignard synthesis. In the first step, chloro(chloromethyl)
dimethylsilane was reacted with ethynylmagnesium bromide to 
give (chloromethyl)dimethylethynylsilane 3 in 64% yield 
(Scheme 1). Silane 3 was obtained earlier in 41% yield using 
sodium acetylenide in nitrobenzene.15 The subsequent reaction 
of ethynylsilane 3 with ethylmagnesium bromide and tetra
chlorosilane resulted in the formation of tetrakis[(chloromethyl)
dimethylsilylethynyl]silane 4a in 81% yield. When using GeCl4, 
tetrakis[(chloromethyl)dimethylsilylethynyl]germane 4b was 
obtained in 72% yield. Compounds 4a,b are stable and can be 
stored for several months without decomposition. The synthesis 
and spectral characteristics of compounds 3 and 4a,b are 
described in Online Supplementary Materials.

Single crystals of compounds 4a,b suitable for X-ray 
structural analysis were grown from ether (Figure 1, Table 1).† 
Compounds 4a and 4b crystallize in orthorhombic space group 
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 SiCl4 or GeCl4CSi(CH2Cl)Me2 CSi(CH2Cl)Me2]4
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 EtMgBr

HC M[C

kis[(chloromethyl)dimethylsilylethynyl]silane and 
ane were synthesized by the reaction of 

gCºCSi(CH2Cl)Me2 with SiCl4/GeCl4. Their structures 
 proved by IR, NMR spectroscopy and X-ray analysis, 
compared to the results of MP2/6-311G(d,p) calculations.
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Scheme  1  Reagents and conditions: i, EtMgBr, abs. THF, 30 °C; 
ii, ClCH2SiMe2Cl, abs. THF, 30 °C, 1 h; iii, EtMgBr, SiCl4 or GeCl4, room 
temperature, 1.5 h.

†	 Crystals of compounds 4a and 4b were obtained by recrystallization 
from diethyl ether.
	 Crystal data for 4a. C20H32Cl4Si5, orthorhombic, space group Pccn, 
Mr = 554.71, a = 13.495(3), b = 20.148(4) and c = 11.322(2) Å, 
a = b = g = 90°, V = 3078.5(11) Å3, Z = 4, T = 293 K,  
dcalc = 1.197 g cm–3, F(000) = 1160. Colorless prism-shaped single 
crystal with dimensions 0.03 × 0.15 × 0.50 mm was selected and intensities 
of 66634 reflections were measured using a Bruker D8 Venture 
diffractometer (MoKα radiation, l = 0.71073, the j and w scans, 
μ = 0.586 mm–1, 2qmax = 60.13°). After merging of equivalents and 
absorption correction 4504 independent reflections (Rint = 0.1114) were
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Pccn with four molecules in the unit cell and half molecule in an 
asymmetric unit. The molecules have S4 symmetry. Cell 
parameters of compounds 4a and 4b are very close, but 
germanium derivative has larger cell size and a, b, c parameters 
due to the differences in the Si–C and Ge–C bond lengths (~1.82 
and 1.88 Å, respectively).

In order to get a better insight into the geometry, electronic 
structure and spectroscopic properties of compounds 4a,b, we 
performed MP2/6-311G(d,p) calculations (including frequency 
calculations),19 which are very time-consuming but adequately 
reproduce the experimental structure, and compared the results 
with the X-ray and IR experiments. The calculated CºC bond 
lengths in both structures are very similar, 1.240 ± 0.001 Å, but 
their polarity, assessed as the difference DqCºC, in molecule 4b 
(0.05) is notably smaller than in molecule 4a (0.12). This is 
consistent with the notably higher Allred–Rochow electro
negativity of germanium (cGe = 2.02) than that of silicon 
(cSi

 = 1.74) and explains sharply different calculated IR intensities 
of the CºC stretching vibrations: 0.22 km mol–1 in molecule 4b 
and 7.7 km mol–1 for more polar triple bond in molecule 4a. 

As mentioned above, one of the goals was to functionalize the 
obtained dendrimers using terminal chloromethyl groups. 
However, all our attempts to involve the CH2Cl group in the 
intramolecular cyclization on the example of tetrakis[(chloro
methyl)dimethylsilylethynyl]silane 4a by the reaction with 
amines (methylamine and ethylenediamine) in order to close the 
ring by the CH2N(R)CH2 link failed. The amination did truly 
occur, as proved by the formation of the corresponding amine 
hydrochloride precipitated from the reaction mixture and the 
appearance of characteristic signals of the SiCH2N, NCH2CH2N 
and NCH3 groups in the 1H NMR spectra at 2.13-2.23, 2.43 and 
2.37 ppm, respectively. However, even at high dilution, the 
isolated product represented an inseparable mixture of oligomers. 
The formation of only negligible amounts of the product of 
intramolecular cyclization is, apparently, due to sterically too 
remote CH2Cl groups. 

All measurements were performed on the analytical equipment 
of the Baikal Center for Collective Use of Siberian Branch of 
Russian Academy of Sciences and Krasnoyarsk Center of 
Collective Use of Siberian Branch of Russian Academy of 
Sciences. We thank Dr. M. Molokeev (Laboratory of Crystal 
Physics, Kirensky Institute of Physics) for his very useful help in 
the X-ray structural analysis. 

Online Supplementary Materials
Supplementary data associated with this article can be found 

in the online version at doi: 10.1016/j.mencom.2022.05.029.
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Figure  1  (a) Crystal structure of compounds 4a and 4b M(SiC5H8Cl)4 
(M = Si, Ge). (b) The atoms in the asymmetric part of the unit cell are 
labeled. The thermal ellipsoids are drawn at the 50% probability level.

Table  1  The main bond lengths (Å) of compounds Si(SiC5H8Cl)4 4a and 
Ge(SiC5H8Cl)4 4b.

Si(SiC5H8Cl)4, 4a Ge(SiC5H8Cl)4, 4b

Si–C(1A)i 1.819(2) Ge–C(1A) 1.888(5)

Si–C(1A) 1.819(2) Ge–C(1A)i 1.888(5)

Si–C(1B) 1.822(2) Ge–C(1B) 1.883(5)

Si–C(1B)i 1.822(2) Ge–C(1B)i 1.883(5)

C(1A)–C(2A) 1.206(3) C(1A)–C(2A) 1.197(7)

Si(1)–C(3A) 1.842(3) Si(1)–C(3A) 1.837(7)

Si(1)–C(2A) 1.850(2) Si(1)–C(2A) 1.848(6)

Si(1)–C(4A) 1.842(3) Si(1)–C(4A) 1.844(6)

Si(1)–C(5A) 1.875(3) Si(1)–C(5A) 1.873(6)

C(5A)–Cl(1) 1.791(3) C(5A)–Cl(1) 1.782(6)

C(1B)–C(2B) 1.200(3) C(1B)–C(2B) 1.206(7)

Si(2)–C(3B) 1.832(3) Si(2)–C(3B) 1.821(7)

Si(2)–C(4B) 1.837(3) Si(2)–C(4B) 1.843(8)

Si(2)–C(2B) 1.852(2) Si(2)–C(2B) 1.850(6)

Si(2)–C(5B) 1.867(3) Si(2)–C(5B) 1.854(7)

C(5B)–Cl(2) 1.783(3) C(5B)–Cl(2) 1.783(6)



Mendeleev Commun., 2022, 32, 379–381

–  381  –

2006, 76, 1864 (Zh. Obshch. Khim., 2006, 76, 1952); (e) N. Baklanova, 
L. Zhilitskaya and A. Titov, Prog. Org. Coat., 2009, 64, 216. 

  9	 (a) F. L. Geyer, F. Rominger and U. H. F. Bunz, Chem. – Eur. J., 2014, 
20, 3600; (b) B. Wrackmeyer, W. Milius and A. Badshah, J. Organomet. 
Chem., 2002, 656, 97; (c) A. Schwarzer, I. C. Schilling, W. Seichter and 
E. Weber, Silicon, 2009, 1, 3; (d ) C. Dallaire, M. A. Brook, A. D. Bain, 
C. S. Framfton and J. F. Britten, Can. J. Chem., 1993, 71, 1676.

10	 (a) L. V. Zhilitskaya, N. O. Yarosh, L. G. Shagun, I. A. Dorofeev and 
L.  I. Larina, Mendeleev Commun., 2017, 27, 352; (b) L. G. Shagun, 
I. A. Dorofeev, L. V. Zhilitskaya, L. I. Larina, N. O. Yarosh, L.V. Klyba 
and E. R. Sanzheeva, Mendeleev Commun., 2015, 25, 34; 
(c) L. V. Zhilitskaya, N. O. Yarosh, L. G. Shagun and I. A. Dorofeev, 
Russ. J. Gen. Chem., 2020, 90, 1235 (Zh. Obshch. Khim., 2020, 90, 
1047).

11	 I. V. Ushakova and B. A. Shainyan, Mendeleev Commun., 2020, 30, 117.
12	 I. V. Ushakova and B. A. Shainyan, Mendeleev Commun., 2020, 30, 794.
13	 H. Schmidbaur, J. Ebenhöch and G. Z. Müller, Z. Naturforsch., B: 

J. Chem. Sci., 1988, 43, 49.
14	 E. R. H. Jones, L. Skatteböl und M. C. Whiting, J. Chem. Soc., 1958, 

4765.
15	 V. F. Mironov, A. A. Buyakov and T. K. Gar, Russ. J. Gen. Chem., 1971, 

41, 2223
16	 G. M. Sheldrick, Acta Crystallogr., 2008, D64, 112.

17	 PLATON – A Multipurpose Crystallographic Tool, Utrecht, The 
Netherlands, 2008.

18	 K. Brandenburg and M. Berndt, DIAMOND 2.1e, Visual Crystal 
Structure Information System, Crystal Impact GbR, Bonn, 2001.

19	 M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb, 
J. R. Cheeseman, G. Scalmani, V. Barone, B. Mennucci, G. A. Petersson, 
H. Nakatsuji, M. Caricato, X. Li, H. P. Hratchian, A. F. Izmaylov, 
J. Bloino, G. Zheng, J. L. Sonnenberg, M. Hada, M. Ehara, K. Toyota, 
R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O. Kitao, 
H. Nakai, T. Vreven, J. A. Montgomery Jr., J. E. Peralta, F. Ogliaro, 
M. Bearpark, J. J. Heyd, E. Brothers, K. N. Kudin, V. N. Staroverov, 
R. Kobayashi, J. Normand, K. Raghavachari, A. Rendell, J. C. Burant, 
S. S. Iyengar, J. Tomasi, M. Cossi, N. Rega, J. M. Millam, M. Klene, 
J. E. Knox, J. B. Cross, V. Bakken, C. Adamo, J. Jaramillo, R. Gomperts, 
R. E. Stratmann, O. Yazyev, A. J. Austin, R. Cammi, C. Pomelli, 
J.  W.  Ochterski, R. L. Martin, K. Morokuma, V. G. Zakrzewski, 
G. A. Voth, P. Salvador, J. J. Dannenberg, S. Dapprich, A. D. Daniels, 
O.  Farkas, J. B. Foresman, J. V. Ortiz, J. Cioslowski and D. J. Fox, 
Gaussian 09, Revision E.01, Gaussian, Wallingford, CT, 2009.

Received: 28th October 2021; Com. 21/6742 


