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Pentacoordination of Silicon by Five Different Ligand Atoms: Neutral
Silicon(IV) Complexes with SiClSONC and SiISONC Skeletons
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Most of the pentacoordinate silicon(IV) complexes reported
in the literature contain carbon, nitrogen, oxygen, and/or
fluorine ligand atoms.[1, 2] Recently, we have demonstrated
that sulfur can also act as a ligand atom for pentacoordination
of silicon.[3] Pentacoordinate silicon compounds with five
different ligand atoms that are stable in the solid state and in
solution have not yet been described[4] and therefore repre-
sent a challenging goal for synthetic silicon chemistry. We
report herein the first examples of such compounds, the
neutral pentacoordinate silicon(IV) complexes 1 (SiClSONC
skeleton) and 2 (SiISONC skeleton). Compound 2 is the first
higher coordinate silicon(IV) complex with an Si�I bond that
has been structurally characterized by single-crystal X-ray
diffraction,[5,6] and 3, with its trifluoromethanesulfonato
ligand, contains the novel SiSO2NC skeleton.

The silicon(IV) complexes 1–3 were synthesized accord-
ing to Scheme 1. Compound 1 was obtained by treatment of
trichloro(phenyl)silane with 1-(2-methyl-2,3-dihydrobenzo-
thiazol-2-yl)propan-2-one[7] and triethylamine to yield a
yellow crystalline solid (82% yield). Compounds 2 and 3
were synthesized by reaction of 1 with iodotrimethylsilane
and trimethyl(trifluoromethanesulfonato)silane, respectively
(2, 66% yield; 3, 78% yield). The identities of 1–3 were
established by elemental analyses, crystal structure analyses,
and solid-state and solution NMR studies.[8,9]

The Si coordination polyhedra of 1–3 are somewhat
distorted trigonal bipyramids, with the carbon, oxygen, and
sulfur atoms in the equatorial positions, whereas the nitrogen
atom and the fifth ligand atom (1, Cl; 2, I ; 3, O) occupy the
axial positions (Figures 1–3). The sum of the bond angles in

Scheme 1. Synthesis of the neutral pentacoordinate silicon(IV) com-
plexes 1–3.

Figure 1. Molecular structure of 1 in the crystal (probability level of
displacement ellipsoids 50%). Selected bond lengths [+] and
angles [8]: Si�Cl 2.1954(4), Si�S 2.1571(4), Si�O 1.6850(8), Si�N
2.0069(10), Si�C1 1.8593(11); Cl-Si-S 85.410(15), Cl-Si-O 87.92(3), Cl-
Si-N 167.66(3), Cl-Si-C1 98.26(4), S-Si-O 127.65(3), S-Si-N 85.57(3), S-
Si-C1 120.12(4), O-Si-N 90.94(4), O-Si-C1 112.23(5), N-Si-C1 93.54(4).

Figure 2. Molecular structure of 2 in the crystal (probability level of
displacement ellipsoids 50%). Selected bond lengths [+] and
angles [8]: Si�I 2.7396(8), Si�S 2.1262(10), Si�O 1.6655(19), Si�N
1.936(2), Si�C1 1.851(3); I-Si-S 82.48(3), I-Si-O 85.44(7), I-Si-N
167.96(7), I-Si-C1 95.16(8), S-Si-O 124.37(8), S-Si-N 88.53(7), S-Si-C1
122.88(9), O-Si-N 93.12(10), O-Si-C1 112.16(11), N-Si-C1 96.45(10).
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the equatorial plane of 1 (360.08), 2 (359.48), and 3 (359.78) fits
almost perfectly with the ideal value of 3608, whereas the axial
N-Si-X (X=Cl, I, O) angles (1, 167.66(3)8 ; 2, 167.96(7)8 ; 3,
167.01(7)8) deviate significantly from the ideal value of 1808.

The angles spanned by the silicon center and its respective
ligand atoms in the Si coordination polyhedra of 1–3 are very
similar, that is, the tridentate S,N,O ligand leads to a certain
rigidity and thereby controls the structure. The Si�N distances
of 2 and 3 are significantly shorter than that of 1 (Table 1).
This shortening (increased bond strength) of the axial Si�N

distance in 2 and 3 can be correlated with a decreased strength
of the axial Si�I (2) and Si�O (3) bonds and is in accordance
with the same trend observed for the strength of intra-
molecular Si···O[6c] and Si···S[10] interactions in other penta-
coordinate (4+1 coordination) silicon compounds. Interest-
ingly, the decrease in the axial Si�N bond length in 2 and 3 is
also accompanied by a slight shortening of the equatorial Si�
S, Si�O, and Si�C distances (Table 1). All equatorial bonds of
1–3 are somewhat shorter than the sum of the covalent radii,
whereas the axial bonds are somewhat longer than the sum of
the covalent radii.[11] The Si�I distance of 2 (the first
experimentally determined Si�I bond length of a pentacoor-

dinate silicon compound) of 2.7396(8) > is significantly
longer than Si�I bonds observed for tetracoordinate silicon
compounds (e.g., Si�I 2.4339(19)–2.5720(13) >[12]).

The isotropic 29Si chemical shifts of 1 (d=�83 ppm),[13] 2
(d=�91 ppm),[13] and 3 (d=�81.7 ppm) in the solid state are
very similar to those in CD2Cl2 solution (1, d=�82.1 ppm; 2,
d=�92.5 ppm; 3, d=�83.7 ppm), that is, 1–3 exist in solution
as well.[14] For all three compounds, only one set of signals was
observed in the solution 1H, 13C, and 29Si NMR spectra (no
diastereomers detected), which is in accordance with the
aforementioned rigidity induced by the tridentate ligand. The
isotropic 15N chemical shifts of 1 (d=�149.4 ppm), 2 (d=
�163.8 ppm), and 3 (d=�156.4 ppm) in the solid state are
strongly affected by the monodentate axial ligands (Cl, I,
OSO2CF3) and correlate with the trend observed for the
isotropic 29Si chemical shifts. This can be interpreted in terms
of a significant bonding interaction between the silicon and
nitrogen atoms of 1–3, which is also reflected in the Si�N
distances (1.9238(16)–2.0069(10) >).

To obtain information about a potential dissociation of the
Si�I (2) and Si�OTf (3) bond in solution (formation of a
cationic silicon species and the I� and OTf� anion, respec-
tively), 29Si NMR studies in solvents with different polarity
were performed. However, because of the poor solubility and/
or limited stability of 2 and 3 in most of these solvents, only
additional 29Si NMR spectra of 2 in CDCl3 (d=�92.8 ppm)
and CD3CN (d=�85.2 ppm)[15] could be recorded. These
spectra (and the 1H and 13C NMR spectra as well) are very
similar to those obtained in CD2Cl2 and indicate that 2 also
exists in the more polar solvents CDCl3 and CD3CN.

In conclusion, with the preparation of 1 and 2, we have
succeeded in synthesizing the first pentacoordinate sili-
con(IV) complexes with five different ligand atoms (SiCl-
SONC and SiISONC skeletons). These chiral compounds
exist in the solid state and in solution, probably with very
similar structures. As demonstrated by the synthesis of 2 and 3
from 1, the chloro ligand of 1 can be easily replaced by other
ligands to give further pentacoordinate silicon compounds
with novel Si coordination polyhedra (SiISONC and
SiSO2NC skeletons); compound 2 with its iodo ligand is
especially remarkable. Thus, compound 1 (and probably 2 and
3 as well) is a promising precursor for the synthesis of further
neutral pentacoordinate silicon(IV) complexes with novel Si
coordination polyhedra, including further chiral compounds
with five different ligand atoms attached to the silicon center.
Systematic studies on compounds of this type could further
our understanding of the influence of different types of ligand
atoms on the bonding situation at pentacoordinate silicon
centers, and they offer other new perspectives for the
chemistry of higher coordinate silicon. For example, replace-
ment of the monodentate monoanionic ligands of 1–3 by
bidentate monoanionic ligands could lead to novel neutral
hexacoordinate silicon(IV) complexes.

Experimental Section
1: Triethylamine (1.95 g, 19.3 mmol) and trichloro(phenyl)silane
(2.04 g, 9.65 mmol) were added at 0 8C one after another to a stirred
solution of 1-(2-methyl-2,3-dihydrobenzothiazol-2-yl)propan-2-one[7]

Figure 3. Molecular structure of 3 in the crystal (probability level of
displacement ellipsoids 50%; light-green F). Selected bond lengths [+]
and angles [8]: Si�S1 2.1435(8), Si�O1 1.6682(14), Si�O2 1.8744(14),
Si�N 1.9238(16), Si�C1 1.8476(19); S1-Si-O1 127.06(6), S1-Si-O2
83.15(5), S1-Si-N 87.10(5), S1-Si-C1 117.42(6), O1-Si-O2 86.29(7), O1-
Si-N 92.80(7), O1-Si-C1 115.23(8), O2-Si-N 167.01(7), O2-Si-C1
96.18(7), N-Si-C1 95.91(7).

Table 1: Comparison of the Si�X (X=S, O, N, C) distances [+] of 1–3.

Si�X 1 2 3

Si�S 2.1571(4) 2.1262(10) 2.1435(8)
Si�O (3 : O1) 1.6850(8) 1.6655(19) 1.6682(14)
Si�N 2.0069(10) 1.936(2) 1.9238(16)
Si�C1 1.8593(11) 1.851(3) 1.8476(19)
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(2.00 g, 9.64 mmol) in tetrahydrofuran (30 mL). The resulting mixture
was allowed to warm to 20 8C and was then stirred for 30 min. The
solid was filtered off, washed with tetrahydrofuran (5 mL), and
discarded. The solvent of the filtrate was removed in vacuo,
acetonitrile (30 mL) was added to the solid residue, and the resulting
suspension was heated until a clear solution was obtained. The
solution was allowed to cool to 20 8C (formation of crystals) and was
kept at this temperature for 1 h and then at �20 8C for a further 3 h.
The yellow crystalline product was filtered off, washed with diethyl
ether (10 mL), and dried in vacuo (0.01 mbar, 20 8C, 2 h). Yield: 2.72 g
(7.86 mmol, 82%); m.p. > 116 8C (decomp); 1H NMR (500.1 MHz):
d= 2.27 (d, 4J(H,H)= 0.5 Hz, 3H; CCH3), 2.32 (s, 3H; CCH3), 5.77 (q,
4J(H,H)= 0.5 Hz, 1H; CCHC), 6.97–7.02, 7.14–7.28, 7.42–7.47 ppm
(m, 9H; C6H4, C6H5);

13C NMR (125.8 MHz): d= 24.1 (CCH3), 24.3
(CCH3), 105.0 (CCHC), 123.6, 124.4, 127.3, 127.8 (2C), 128.5, 129.8,
132.4 (2C), 133.9, 137.4, 139.8 (C6H4, C6H5), 171.1 (CN or CO),
171.5 ppm (CN or CO); 29Si NMR (99.4 MHz): d=�82.1; 13C VACP/
MAS NMR: d= 25.2 (CCH3), 27.2 (CCH3), 106.6 (CCHC), 124.3,
124.7, 127.4, 128.9, 133.4, 138.5 (C6H4, C6H5), 170.4 (CN or CO),
171.1 ppm (CN or CO); 15N VACP/MAS NMR: d=�149.4 ppm; 29Si
VACP/MAS NMR: d=�83 ppm (br);[13] elemental analysis (%)
calcd for C17H16ClNOSSi (Mr= 345.92): C 59.03, H 4.66, N 4.05, S
9.27; found: C 59.2, H 4.8, N 4.1, S 9.2.

2 : Iodotrimethylsilane (255 mg, 1.27 mmol) was added at 20 8C to
a stirred solution of 1 (400 mg, 1.16 mmol) in dichloromethane
(4 mL), and the solution was kept undisturbed at 20 8C for 3 d. The
yellow crystalline product was filtered off, washed with diethyl ether
(5 mL), and dried in vacuo (0.01 mbar, 20 8C, 2 h). Yield: 333 mg
(761 mmol, 66%); m.p. > 108 8C (decomp); 1H NMR (400.1 MHz):
d= 2.35 (d, 4J(H,H)= 0.5 Hz, 3H; CCH3), 2.37 (s, 3H; CCH3), 5.87 (q,
4J(H,H)= 0.5 Hz, 1H; CCHC), 7.01–7.08, 7.18–7.30, 7.38–7.44 ppm
(m, 9H; C6H4, C6H5);

13C NMR (100.6 MHz): d= 24.3 (CCH3), 24.5
(CCH3), 106.0 (CCHC), 123.6, 124.9, 126.6, 128.0 (2C), 129.1, 130.1,
131.4 (2C), 135.6, 136.6, 138.9 (C6H4, C6H5), 171.6 (CN or CO),
172.2 ppm (CN or CO); 29Si NMR (79.5 MHz): d=�92.5 ppm; 13C
VACP/MAS NMR: d= 24.0 (CCH3), 27.4 (CCH3), 109.1 (CCHC),
124.8, 126.4, 127.7, 128.5, 130.1, 134.5, 138.0 (C6H4, C6H5), 170.2 (CN
or CO), 173.0 ppm (CN or CO); 15N VACP/MAS NMR: d=
�163.8 ppm; 29Si VACP/MAS NMR: d=�91 ppm (br);[13] elemental
analysis (%) calcd for C17H16INOSSi (Mr= 437.37): C 46.68, H 3.69, N
3.20, S 7.33; found: C 46.3, H 3.8, N 3.2, S 7.3.

3 : Trimethyl(trifluoromethanesulfonato)silane (283 mg,
1.27 mmol) was added at 20 8C to a stirred solution of 1 (400 mg,
1.16 mmol) in dichloromethane (18 mL), and the resulting solution
was kept undisturbed at 20 8C for 20 h and then at �20 8C for a further
24 h. The yellow crystalline product was filtered off, washed with
diethyl ether (5 mL), and dried in vacuo (0.01 mbar, 20 8C, 2 h). Yield:
415 mg (903 mmol, 78%); m.p. > 103 8C (decomp); 1H NMR
(400.1 MHz): d= 2.30 (d, 4J(H,H)= 0.6 Hz, 3H; CCH3), 2.43 (s, 3H;
CCH3), 5.86 (q, 4J(H,H)= 0.6 Hz, 1H; CCHC), 6.98–7.00, 7.09–7.18,
7.33–7.35, 7.39–7.42 ppm (m, 9H; C6H4, C6H5);

13C NMR
(100.6 MHz): d= 23.7 (CCH3), 24.3 (CCH3), 105.5 (CCHC), 123.7,
125.1, 128.1 (2C), 128.5, 129.2, 130.8, 131.4, 133.1 (2C), 135.0, 136.9
(C6H4, C6H5), 172.4 (CN or CO), 172.7 ppm (CN or CO);[16] 19F NMR
(376.5 MHz): d=�78.1 ppm; 29Si NMR (99.4 MHz): d=�83.7 ppm;
13C VACP/MAS NMR: d= 23.6 (2C, CCH3), 106.4 (CCHC), 125.4,
129.1, 131.5, 134.1, 134.9, 136.4 (C6H4, C6H5), 170.9 (CN or CO),
175.2 ppm (CN or CO); 15N VACP/MAS NMR: d=�156.4 ppm; 29Si
VACP/MAS NMR: d=�81.7 ppm; elemental analysis (%) calcd for
C18H16F3NO4S2Si (Mr= 459.54): C 47.05, H 3.51, N 3.05, S 13.96;
found: C 46.9, H 3.6, N 3.3, S 14.2.
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