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Treatment of tetramethoxysilane with glycolic acid and morpholine (molar ratio 1:3:2) in methanol, followed by
crystallization from methanol/tetrahydrofuran, yielded morpholinium mer-tris[glycolato(2—)-O*,0silicate (mer-7).
Treatment of benzilic acid with sodium hydride, followed by addition of tetrachlorosilane and triethylamine (molar
ratio 3:4:1:2), afforded, after crystallization from 1,4-dioxane/acetonitrile/diethyl ether/n-pentane, triethylammonium
fac-tris[benzilato(2—)-0*,0?]silicate—hemi-1,4-dioxane (fac-8-1/,C4Hg0,). Single-crystal X-ray diffraction studies showed
that the Si-coordination polyhedra of the hexacoordinate silicon(IV) complexes mer-7 and fac-8-4/,C4HgO, are distorted
octahedra. Both compounds were additionally characterized by solid-state VACP/MAS NMR studies (**C, #Si),
and fac-8-1/,C4HgO, was studied in solution by 'H, 3C, and #Si NMR experiments. The structural investigations
were complemented by computational studies (MP2 studies, TZP level) of the dianions of fac-7 and mer-7.

Introduction ref 6) and with respect to their stereochemistiycimer

In context with our studies on zwitterionic silicates with S0merism). We report here on the synthesef of the hexa-
pentacoordinate silicon atorhsye have recently reported ~ coordinate silicon(IV) complexeser-7 andfac-8-/,CsHsO, -
on the synthesis and structural characterization of a series(C4HsO2 = 1,4-dioxane) and their structural characterization
of neutral silicon(IV) complexes containing one or two " the solid state (both compounds) and in solutitacg-

bidentate ligands of the glycolatofd type, such as com- 1,C4HgO, only). These experimental investigations were
pounds12 23 32 and4. In addition, we have reported on complemented by computational studies (MP2 studies, TZP

the related mono- or dianionic pentacoordinate silicon(lv) '€vel) of the dianions ofac-7 andmer7. The title complexes
complexes and6.5 We have now succeeded in synthesizing "€Present a new class of compound with hexacoordinate
dianionic complexes with hexacoordinate silicon(v) and Silicon (for reviews dealing with compounds of higher-
three bidentate glycolatof® or benzilato(2-) ligands. coordinate silicon, see refs 1 and 7). Preliminary results of
Hexacoordinate silicates of this particular formula type are these studies have already been presented elsethere.

of interest with respect to their potential role in silicon

biochemistry (silica biomineralization; in this context, see Experimental Section

- General ProceduresThe syntheses were carried out under dr
*To whom correspondence should be addressed. E-mail: r.tacke@ Y y

mail.uni-wuerzburg.de. Phone:+49)931-888-5250. Fax:+49)931-888-  Nitrogen. The organic solvents used were dried and purified
4609. according to standard procedures and stored under nitrogen. Melting
(1) Tacke, R.; Pim, M.; Wagner, B.Adv. Organomet. Chenl999 44, points were determined with a’Bhi Melting Point B-540 apparatus
@ .Zéi_k??& Bertermann, R.: Biller, A.: Dannappel, OZrRuM.: using samples in sealed capillaries. The 1°C, and?°Si solution
Willeke, R. Eur. J. Inorg. Chem1999 795-805. NMR spectra were recorded at 22 on a Bruker DRX-300 NMR
(3) Tacke, R.; Pfrommer, B.; Bu, M.; Bertermann, REur. J. Inorg. spectrometer, 300.1 MHz;13C, 75.5 MHz;2°Si, 59.6 MHz).

Chem.1999 807-816.
(4) Tacke, R.; Bertermann, R.; Dannappel, O.; Neugebauer, R."En;, Pu
M.; Willeke, R. Inorg. Chem 2001, 40, 2520-2527.

CDsCN was used as the solvent. Chemical shifts (ppm) were

(5) Tacke, R.; Burschka, C.; Richter, I.; Wagner, B.; Willeke JRAmM. (6) Tacke, R.; Penka, M.; Popp, F.; RichterELr. J. Inorg. Chem2002
Chem. Soc200Q 122 8480-8485. 1025-1028.
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Hexacoordinate Silicate Dianions

determined relative to internal GBCN (*H, 6 1.94), internal
CDiCN (1°C, 0 1.27), and external TMS$Si, 6 0). Assignment

of the 13C NMR data was supported by DEPT 135 experiments.
Solid-state'3C and ?°Si VACP/MAS (variable amplitude cross
polarization/magic angle spinning) NMR spectra were recorded at
22 °C on a Bruker DSX-400 NMR spectrometer at 100.6 MHz
(13C) or 79.5 MHz {°Si) with bottom layer rotors of Zre{diameter

7 mm) containing ca. 300 mg of sample (external standard, TMS
(13C, 2%Si; 6 0); contact time, 5 ms; 90*H transmitter pulse length,
3.6 us; repetition time, 4 s).

Morpholinium mer-Tris[glycolato(2—)-Ot,07silicate (mer-7).
Tetramethoxysilane (1.00 g, 6.57 mmol) and morpholine (1.15 g,
13.2 mmol) were added sequentially at ZDto a stirred solution
of glycolic acid (1.50 g, 19.7 mmol) in methanol (10 mL), followed
by addition of tetrahydrofuran (20 mL). The resulting mixture was
stirred for a further +2 min and then kept undisturbed for 2 days
at room temperature (formation of the first cystals 6ah after
combining the reactants). The resulting colorless crystalline product
was isolated by filtration and dried in vacuo (0.01 Torr,Z0) 3
h). Yield: 2.55 g (5.98 mmol, 91%); mp 18& (dec).'*C VACP/
MAS NMR (vt = 5 kHz): & 43.0-45.9 (4 C) (NCH,C), 62.7
(SIOCH,C), 63.0 (SiGCH,C), 64.3 (SICCH,C), 65.0 (4 C)
(COCH.C), 178.0 (G=0), 178.4 (G=0), 183.0 (G=0). 2°Si VACP/
MAS NMR (vyot = 5 kHz): 6 —142.0. Anal. Calcd for GHeNo-
01:Si (426.45): C, 39.43; H, 6.15; N 6.57. Found: C, 38.9; H,
6.0; N, 6.5.

Triethylammonium fac-Tris[benzilato(2—)-O!,0?silicate—
Hemi-1,4-dioxane fac-8-1/,C4HgO,). A solution of benzilic acid
(8.70 g, 38.1 mmol) in tetrahydrofuran (20 mL) was added &€ 0
over a period 61 h to sodium hydride (1.22 g, 50.8 mmol), while
the mixture was stirred. Afterward, a solution of tetrachlorosilane
(2.16 g, 12.7 mmol) in tetrahydrofuran (20 mL) and triethylamine
(2.57 g, 25.4 mmol) were added one after another & Qo the

o} 0
J : Me Me
o o}
\Q/O | \Q/O ®|
Si—CH,~N—H Si— (CH,);~N—H
2SN h A |
0 Me Me
0 0
1 2
o} 0
Me
0
\Q/O ol \Q/O ®
Si—O(CHy),=N—H Si—CH,—N-H
O/ \O | M N\
Me e
o s 4
o}
phPh o ehPh o o Phpn
o o O 0 0 O
thPh)| s oH [H,NPhI “silo—si’
i 28N 3 2 28N AN
o o 0O 0 O O
Phipp © Phipp O O pyPh
5 6
o}
Ph
Hko Ph o)
I 0 o) o fh
[HZN\ ,0] O\sli/ l [HNEt,] SII/ :\tph
342
2 O/ | \O o /|\o 0
PO PN
Ph Ph

room temperature and stirred for 1 day. The suspension was filtered,
and the solvent of the filtrate was removed under reduced pressure
and the residue recrystallized from 1,4-dioxane/acetonitrile/diethyl
etherh-pentane (1:2:2:4 (v/viviv); addition of diethyl ether and
n-pentane to a solution & in 1,4-dioxane and acetonitrile at 20
°C) to give a colorless crystalline product. Yield: 6.79 g (7.11
mmol, 56%); mp 163°C (dec).’H NMR (CDsCN): ¢ 0.98 (t,

stirred suspension, and the resulting mixture was then warmed toJ(H,H) = 7.3 Hz, 18 H, CCH), 2.79 (q,*)(H,H) = 7.3 Hz, 12 H,

(7) Selected reviews dealing with higher-coordinate silicon compounds:
(a) Tandura, S. N.; Voronkov, M. G.; Alekseev, N. Vop. Curr.
Chem.1986 131, 99-189. (b) Sheldrick, W. S. IThe Chemistry of
Organic Silicon Compounddatai, S., Rappoport, Z., Eds.; Wiley:
Chichester, U.K., 1989; Part 1, pp 22303. (c) Bassindale, A. R.;
Taylor, P. G. InThe Chemistry of Organic Silicon CompounBstai,
S., Rappoport, Z., Eds.; Wiley: Chichester, U.K., 1989; Part 1, pp
839-892. (d) Corriu, R. J. P.; Young, J. C. [fhe Chemistry of
Organic Silicon Compounddatai, S., Rappoport, Z., Eds.; Wiley:
Chichester, U.K., 1989; Part 2, pp 1241288. (e) Holmes, R. R.
Chem. Re. 199Q 90, 17—31. (f) Chuit, C.; Corriu, R. J. P.; Reye, C.;
Young, J. CChem. Re. 1993 93, 1371-1448. (g) Tacke, R.; Becht,
J.; Lopez-Mras, A.; Sperlich, J. Organomet. Cheni993 446, 1-8.

(h) Verkade, J. GCoord. Chem. Re 1994 137, 233-295. (i) Tacke,
R.; Dannappel, O. Ifailor-made Silicon-Oxygen Compounrdsom
Molecules to MaterialsCorriu, R., Jutzi, P., Eds.; Vieweg: Braun-
schweig-Wiesbaden, Germany, 1996; pp—86. (j) Lukevics, E.;
Pudova, O. AChem. Heterocycl. Compd996 32, 1381-1418. (k)
Holmes, R. R.Chem. Re. 1996 96, 927-950. (I) Kost, D;
Kalikhman, 1. In The Chemistry of Organic Silicon Compounds
Rappoport, Z., Apeloig, Y., Eds.; Wiley: Chichester, U.K., 1998; Vol.
2, Part 2, pp 13391445. (m) Pestunovich, V.; Kirpichenko, S.;
Voronkov, M. In The Chemistry of Organic Silicon Compounds
Rappoport, Z., Apeloig, Y., Eds.; Wiley: Chichester, U.K., 1998; Vol.
2, Part 2, pp 144%1537. (n) Chuit, C.; Corriu, R. J. P.; Reye, C. In
Chemistry of Hyperalent CompoundsAkiba, K., Ed.; Wiley-VCH:
New York, 1999; pp 81146. (0) Brook, M. A.Silicon in Organic,
Organometallic, and Polymer Chemistryiley: New York, 2000;
pp 97—114.

(8) (a) Richter, L.; Biller, A.; Burschka, C.; Penka, M.; Tacke, 33rd
Organosilicon Symposiungaginaw, MlI, April 6-8, 2000; Abstract
PB-18. (b) Biller, A.; Richter, I.; Seiler, O.; Tacke, Rthe 9th
International Conference on Inorganic Ring Systei®aarbrgken,
Germany, July 2328, 2000; Abstract P-111. (c) Seiler, O.; Richter,
I.; Burschka, C.; Penka, M.; Tacke, B4th Organosilicon Symposiym
White Plains, NY, May 3-5, 2001; Abstract PS18.

NCH.C), 3.62 (s, 4 H, OCBL), 7.05-8.00 (m, 30 H, GHs), 9.4
(br.'s, 2 H, NH).13C NMR (CDsCN): 0 8.7 (QCHg), 46.5 (NCH,C),
67.5 (OCH,C), 81.4 (QCCg), 126.5 (C4, GHs), 126.7 (C4, GHs),
127.8 (12 C) (C2/C6 and/or C3/C54lds), 127.9 (C2/C6 or C3/
C5, GHs), 128.4 (C2/C6 or C3/C5, ¢Els), 147.8 (C1, GHs), 148.5
(C1, GHs), 180.1 (G=0). 2°Si NMR (CDsCN): ¢ —150.4.13C
VACP/MAS NMR (vrot = 6.5 kHz): 6 8.4 (QCH3), 45.8 (NCHC),
67.7 (QCH.C), 79.5 (CCC;3), 80.3 (OCCy), 82.0 (CCCs), 124.8-
131.5 (30 C) (C2 to C6, &s), 141.9 (C1, GHs), 148.5-149.3 (4
C) (C1, GHs), 152.0 (C1, @Hs), 176.0 (G=0), 183.5 (2 C) (&=0).
295i VACP/MAS NMR (vrot = 5 kHz): ¢ —150.4. Anal. Calcd for
CseHssN2010Si (955.23): C, 70.41; H, 6.96; N, 2.93. Found: C,
70.1; H, 7.0; N, 3.1.

Crystal Structure Analyses ofmer-7 and fac-8-%/,C4HgO,. A
suitable single crystal omer7 was isolated directly from the
reaction mixture; a suitable single crystalfat-8-1/,C4HgO, was
obtained after recrystallization from 1,4-dioxane/acetonitrile/diethyl
etherh-pentane (1:2:2:4 (v/vivlv)) (see preparation fafc-8-
1/,C4HgO,). The crystals were mounted in inert oil (perfluoroalkyl
ether, ABCR) on a glass fiber and then transferred to the cold
nitrogen gas stream of the diffractometer (Stoe IPDS, monochro-
mated Mo Ku radiation ¢ = 0.71073 A)). Both structures were
solved by direct methodsAll non-hydrogen atoms were refined
anisotropically:® A riding model was employed in the refinement
of the CH hydrogen atoms. The NH hydrogen atoms were localized
in difference Fourier syntheses and refined freely. In addition to

(9) Sheldrick, G. M.SHELXS-97 University of Gdtingen: Gutingen,
Germany, 1997. Sheldrick, G. Micta Crystallogr., Sect. A99Q
46, 467-473.
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Scheme 1 Table 1. Crystal Data and Experimental Parameters for the Crystal
o Structure Analyses afer7 andfac-8-1/,C4HsO,
3
* HO OH ° mer7 fac-8-1/,C4HgO>
/\ ')k empirical formula G4H26N2011Si CseHeeN2010Si
Cl)Me +2 HN\_/O (|'J formula mass, g mok 426.46 955.20
) o Y collectionT, K 173(2) 173(2)
_gi— - = . ~a :
MeO—Si—OMe —— [HzN\_/O] Si A(Mo Ka), A 0.71073 0.71073
4 MeOH 2 PR e .
OMe o7 | ~o™0 cryst syst triclinic monoclinic
o o space group (No.) P1(2) C2/c (15)
a A 9.3934(19) 40.633(8)
7 b, A 10.313(2) 13.055(3)
c, A 10.955(2) 19.257(4)
en § o, deg 106.08(3) 90
+ SiCl, Ph‘\)ko B, deg 106.35(3) 97.99(3)
Ph 0 +4NaH  + 2NEt, SNQ | _© Pgh 7, deg 98.01(3) 90
3 Ph si v, A3 951.0(3) 10116(4)
[HNEt,1, S
HO OH - 4H, — 4 NaCl o7 | S0 z 2 8
o D(calcd), g cm?® 1.489 1.254
0 olen w, mnt 0.186 0.108
F(000) 452 4080
8 cryst dimensions, mm 0.6 0.5x 0.5 0.5x0.4x 0.3
260 range, deg 4.8256.32 4.00-49.44
. . . . index ranges —-12=<h=<12, —47 < h < 47,
the Supportlng Information .descrlbed at the end of this paper, 13<k=<13 —15<kK< 15
crystallographic data (excluding structure factors) for the structures —14<l<14 —22<| <22
reported in this paper have been deposited with the Cambridge no. collected refins 14417 49031
Crystallographic Data Centre as supplementary publication nos. no.independent refins 4268 8532
CCDC-180401 fier7) and CCDC-1804024c-8-Y,C4HsO,). Cop- R 0.0442 0.0438
. . o no. reflns used 4268 8532
ies of the datg can be obtalne_d free of charge on application to 5 params 331 645
CCDC, 12 Union Road, Cambridge CB2 1EZ, U.K. (faxt44)- no. restraints - 1
1223/336033; e-mail: deposit@ccdc.cam.ac.uk). g ) 1.046 0.978
Computational Studies. MP2 geometry optimizations of the Wec'ght params/b 0.0790/0.1352 0.0576/0.0000
dianions offac-7 andmer7 were carried out at the TZP (tripke- R[> 20()] 0.0430 0.0337
fac ¢ p wR (all data) 0.1211 0.0890
plus polarization}* level, using the program systeURBO- max/min residual +0.3970.431  +0.267/0.327
MOLE.*? For the facisomer, idealC; symmetry served as the electron density, e A3
starting geometry. In the case of terisomer, the crystal structure 2S= {3[wW(Fs® — F2)2/(n — p)}°5 n = no. of reflectionsp = no. of

of mer7 served as the starting geometry. For both dianions, the parameterst wt = 02(F?) + (aP)2 + bP, with P = [max(Fc2,0) + 2F:)/
critical points of the potential energy surfaces were characterized 3. ¢RL = 3 ||Fo| — |Fe||/3|Fol. dWR2 = { T [W(Fo2 — FAA/ 3 [W(F?)4}°>.

as local minima by calculation of the vibrational frequencies. The ) ]
calculated energies of the dianionsfat-7 andmer7 include the 3:4:1:2). The synthesis was performed in tetrahydrofuran at

MP2 energies and the zero point vibrational energies obtained by room temperature, and the resulting product was recrystal-

HF calculationd3 lized from 1,4-dioxane/acetonitrile/diethyl ethepentane to
) ] give the hemi-1,4-dioxane solvatac-8-1/,C;HgO> in 56%
Results and Discussion yield as a colorless crystalline solid.

Compound?7 was synthesized according to Scheme 1 by ~ The identities ofmer7 andfac-8-1/,C4HsO, were estab-
treatment of tetramethoxysilane with glycolic acid and lished by elemental analyses (C, H, N), solution NMR studies
morpholine (molar ratio 1:3:2). The synthesis was performed (*H, **C, #Si; fac-8-1/,C4HsO; only), solid-state VACP/MAS
in methanol at room temperature. Upon addition of tetrany- NMR experiments *C, 2°Si), and single-crystal X-ray

drofuran to the clear reaction mixture, the isonmeer7 diffraction studies.
crystallized over a period of 2 days and was isolated in 91%  The crystal data and experimental parameters used for the
yield as a colorless crystalline solid. crystal structure analyses ofer7 andfac-8-1/,C4HsO, are

Compoundd was synthesized according to Scheme 1 by summarized in Table 1. The structures of the respeéfiSe
treatment of benzilic acid with sodium hydride, followed by silicate dianions are depicted in Figures 1 and 2; selected
addition of tetrachlorosilane and triethylamine (molar ratio interatomic distances and angles are listed in Table 2. The
dianions are chiral, and the crystals contain pairs of the

(10) Sheldrick, G. M.SHELXL-97 University of Gdtingen: Gitingen, respectiveA- and A-enantiomers.
Germany, 1997. . . -
(11) Schiger, A.; Horn, H.: Ahlrichs, RJ. Chem. PhysL992 97, 2571 Compoundmer7 crystallizes in the space grot, with
12) 2P577. TURBOMOLE Ahirichs. R Ba. M- Haser M two cations and one dianion in the asymmetric unit. The
rogram syste = ricns, R.; bd, M.; Haser, \V.; HH : H : H :
Hom, H.. Kamel, C.Chem. Phys. Let1989 162 165-169. TZP S|I|cc_)n atom of_ th_e dianion is octahedrally coordlnat_ed, with
basis sets used for the dianionsfaé-7 andmer7 (in this context, maximum deviations of 7.27(7and 7.34(6) from the ideal

see also: Tacke, R.; Becht, J.; Dannappel, O.; Ahlrichs, R.; Schneider, _Qj— i i
U.; Sheldrick, W. S.; Hahn, J.; Kiesgen, Brganometallics1996 90" and 180 O-—Si—O angles, respectively. The -Si

15, 2060-2077): Si, (12s9p1d)/[7s5pid]; O, C, and N, (10sepidy O(carboxylato) distances are in the range 1.7952(14)
[6s3p1d]; H, (5s1p)/[3s1p]. 1.8407(14) A, whereas the significantly shorter—Si

(13) Calculated energies (MPR E(vib0) energies (Hartree)): dianion of .
fac7, —1196.9064106Gs symmetry); dianion ofmer7, —1196.9058872 g(alcoholato) distances amount to 1.7264(1B)7552(13)

(C1 symmetry).
3952 Inorganic Chemistry, Vol. 41, No. 15, 2002
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Figure 1. Structure of the dianionA-enantiomer depicted) in the crystal

of mer7. Figure 3. Hydrogen-bonding system in the crystalroér7. The dashed

lines indicate intermolecular hydrogen bonds between the two crystallo-
graphically independent cations and the dianion, leading to infinite one-
dimensional chains along the [110] base vector. The hydrogen atoms (except
for the NH atoms) are omitted for clarity.

Figure 2. Structure of the dianionX-enantiomer depicted) in the crystal
of fac-8-1/,C4HgO,. The phenyl groups are represented as stick models for
clarity. Figure 4. Hydrogen-bonding system in the crystal fafc-8-1/,C4HgO5.

The dashed lines indicate intermolecular hydrogen bonds between the two
Table 2. Selected Interatomic Distances (A) and Angles (deg) for the  crystallographically independent cations and the dianion, leading to single
Dianions ofmer7 andfac-8-%/,C4HsO; in the Crystal and for the neutral aggregates. The hydrogen atoms (except for the NH atoms) are
Calculated Dianiongac-7 andmer7 omitted for clarity, and the phenyl groups are represented as stick models.

mer7 fac-8-Y,C4HgO, fac-7 (calcd) mer7 (calcd)

of the dianion is octahedrally coordinated, with maximum

Si—01 1.7950(14 1.8588(11 1.862 1.862 .y :
s:—oz 1_72665133 1.7374&1; 1759 1764 deviations of 5.77(5)and 9.88(5) from the ideal 90 and
Si—03  1.8188(14) 1.8502(11) 1.862 1.848 180° O—Si—O0 angles, respectively. The-SD bond lengths
g::gg i;iggﬁg; i-;éggg% i-;gg i-;gé are very similar to those observed fomer7: the Si-
Si-06  1.7474(12)  1.7187(11) 1759 1.769 O(carboxylato) distances are in the range 1.8073f11)
1.8588(11) A, whereas the significantly shorter—Si
mer7  fac8-2CHg0, fac7 (caled) mer7 (caled) O(alcoholato) distances amount to 1.7187A1)7374(11)
01-Si—02  90.00(6) 84.99(5) 87.4 88.3 .
81:2::83 1;;1_'32((23 132:338 132‘_3 1;;:3 As would be expected from the presence of the potential
01-Si—05  88.95(7) 85.27(5) 86.0 88.6 NH donor functions of the cations and the potential oxygen
01-Si-06  95.09(7) 92.86(5) 93.2 91.5 acceptor atoms of the dianions;Al:--O hydrogen bonds
02-Si—03  89.52(6) 92.33(6) 93.2 90.9 . X
02-Si~04  97.26(7) 93.71(5) 933 04.7 were observed in the crystals of both compounds (Figures 3
02-Si—05 175.90(6) 170.12(5) 173.4 175.8 and 4; Table 3}* In the case ofmer7, both NH functions
02-Si-06  89.68(6) 94.04(6) 93.3 90.7 of each of the two crystallographically independent cations
03-Si-04  87.22(6) 86.72(5) 87.4 87.3 . 7 ) .
03-Si-05  91.91(6) 85.42(5) 86.0 924 and five oxygen atoms of the dianion are involved in
03-Si—06  90.46(6) 173.48(5) 173.4 91.3 N—H---O hydrogen bonds, leading to the formation of
04-Si~05  86.65(6)  95.77(5) 93.2 88.2 infinite one-dimensional chains along the [110] base vector
04-Si—06 172.66(6) 94.23(5) 93.3 174.4
05-Si—06  86.47(6) 88.06(5) 87.4 86.5
(14) The hydrogen-bonding systems were analyzed by using the program
Compoundac-8-1/,C4HgO, crystallizes in the space group ,F\’ILQTCTN dSpelké éAé LI-PthATONtUntIverSItylof Utje?fht Uct;reght,S The
. . : . etneriands, . In tnis context, see also: Jefirey, G. A.; saenger,
C_Z/C' with two catlgns, one dlamon_' a”O_' One'ha!f_ of a 1,4- W. Hydrogen Bonding in Biological Structure$pringer-Verlag:
dioxane molecule in the asymmetric unit. The silicon atom Berlin, Germany, 1991; pp 1524,
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Table 3. Hydrogen-Bonding Geometries faner-7 andfac-8-1/,C4HsO;
in the Crystat

0

o

Richter et al.

0]
o™
0

D—H:--A D-H(A) H-A(R) D--A(R) D—H---A (deg) 0 o o ]
mer7P K l /j; K2
N1—H1IN---O2 (inter) 0.89(2) 2.45(2) 3.006(2) 121(2) o | Yoo o o” | Yo
N1—H1N--O6 (inter) 0.89(2) 1.90(3) 2.778(2) 166(2) o oA
N1—-H2N---08 (inter) 0.89(2) 1.97(2) 2.735(2) 143.2(19) o) o)
N2—H3N--O4 (inter) 0.91(2) 1.79(2) 2.695(2) 173(2) fac-A fac-4
N2—H4N---09 (inter) 0.89(2) 1.90(2) 2.777(2) 171(3) o o
fac-8-1/,C4HgO-° ’u\
N1—-H1N--O3 (inter) 0.92(2) 2.59(2) 3.1677(18)  121.6(15) 0 0
N1—-H1N---O8 (inter) 0.92(2) 1.81(2) 2.7260(18)  175(2) o, | OO 0y 0., | O
N2—H2N---O1 (inter) 0.96(2) 2.592(19) 3.3274(18)  133.2(15) KEN T \l\: KEIN
N2—H2N---O7 (inter) 0.96(2) 1.83(2) 2.7777(18)  168.4(17) o | Yo o” | Yo
aData calculated by using the progr&@hATON4 P O2:-H1N:--06 = oA\/O O\/go
67.2(6}. ¢ 03++-H1N---08 = 57.8(6}, O1-++H2N---O7 = 57.1(5}. mer-A mer-4

Figure 5. The four possible stereoisomers of the dianior? ¢facmer
diastereoisomerism antl/A enantiomerism).

(bifurcate NX:-H1N---O2/06 interaction; N+H2N---O8,
N2—H3N---04, and N2-H4N---O9 hydrogen bonds; Figure
3). In the crystal ofac-8-1/,C4HgO,, bifurcate N:-H1N---O3/

08 and N2-H2N---0O1/07 interactions between the two
crystallographically independent cations and the dianion were
observed, leading to the formation of single neutral building
blocks (Figure 4). The dioxane molecule is not involved in
this hydrogen-bonding system.

The isotropic?Si chemical shifts obtained in solid-state
VACP/MAS NMR studies oimer7 (6 = —142.0) andac-
8:Y,C4HgO, (0 = —150.4) clearly characterize th&Si
resonances as arising from hexacoordinate silicon compounds
with SiOs skeletons. These chemical shifts are similar to
those observed for the tris[benzene-1,2-diolat){&ilicate®
tris[acetohydroximato(2)]silicate 1® and tris[benzohydroxi-
mato(2-)]silicate!® dianions and for the tris[1-oxopyridin-
2-olato(1-)]silicon(IV)*” cation. The isotropié®Si chemical
shift determined forfac-8-1/,C4sHgO, in the solid state is
identical with that obtained in solutiof’Si NMR studies
(0 = —142.0; solvent CBCN), indicating that the tris-

[benzilato(2-)-Ot,O?silicate dianion also exists in solution.

The solution®™*C NMR data of this species are compatible

with the presence of thdac-configuration (one set of

resonance signals for the three benzilatef®*,0? ligands

in accordance with the idealized point groGg). Because

of the poor solubility ofmer7 in organic solvents, attempts  rigure 6. Calculated structures of the dianionsfaé-7 (top) andmer7
to characterize this compound by solution NMR studies (bottom) (A-enantiomers depicted).

failed. Thus, no further information aboiai/merisomerism

in solution could be obtained.

The H, 13C, and?*Si NMR spectra of a solution dhc-
8-1/,C4HgO, in CD3CN did not change over a period of 20
days at room temperature. This result can be interpreted in
terms of a rapidac/merisomerism (signals of thiac- and
merisomer not resolved on the NMR time scale) or in terms
of a configurational stability of théac-isomer (nofadmer
isomerization) under the experimental conditions uSed.

However, in view of the high configurational stability of the
tris[4-isopropyltropolonato(®)]silicon(IV)*° cation and the
tris[salicylato(2-)-O',0%]silicate?® dianion, it is likely to
assume that the dianion ¢4c-8 is also configurationally
stable.

MP2 studies (triplez plus polarization (TZF} level) were
performed for the silicate dianions f#c-7 andmer7 using
the programTURBOMOLE(Figure 5)*? The structures of
the calculated minima of the dianions fafc-7 and mer7
are shown in Figure 6; selected calculated interatomic
distances and angles are listed in Table 2. As can be seen
from Figure 6 and Table 2, the calculated and experimentally

(15) Tacke, R.; Stewart, A.; Becht, J.; Burschka, C.; Richte€dn. J.
Chem.200Q 78, 1380-1387.

(16) Biller, A.; Burschka, C.; Penka, M.; Tacke, Rorg. Chem, 2002
41, 3901-3916.

(17) Tacke, R.; Willeke, M.; Penka, MZ. Anorg. Allg. Chem2001, 627,
1236-1240. (19) Azuma, S.; Kojima, M.; Yoshikawa, Ynorg. Chim. Actal998 271,

(18) Because of the poor solubility &dc-8-1/,C4HgO; in organic solvents 24-28.
at low temperatures, no information about any stereodynamics of the (20) Seiler, O.; Burschka, C.; Penka, M.; Tacke, R. Publication in
tris[benzilato(2-)-O!,0Fsilicate dianion could be obtained. preparation.
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established structure of the dianionmoér7 are in reasonable  of mer7 in water, and treatment of a solution &ic-8-
agreement! The geometry optimizations revealed only a /,C4HgO, in acetonitrile with traces of water led to the
small difference in energy for the respective local minima, formation of theu-oxo-disilicate dianion o6 (comparison
the dianion of thdac-isomer being energetically more stable with the NMR data reported in ref 5). Compouiak-8-
than the correspondinmerisomer by 1.4 kJ mol. This 1,C4HgO, was even found to react with traces of methanol
result is in accordance with the finding that bédle- (—fac- in acetonitrile solution to form a pentacoordinate silicate
8-1/,C4Hg0,) andmerconfigurated-{-mer7) complexes can  species Si NMR: 6 = —112.8; solvent CECN).

be synthesized.

Stability tests have demonstrated that the potential role of
hexacoordinate silicate dianions of this particular formula
type in silicon biochemistry (in this context, see ref 6) is
presumably rather limited: compoundser7 and fac-8- Supporting Information Available: Tables of atomic coordi-
1/,C4HgO, were found to be sensitive toward water. Spon- nates and equivalent isotropic displacement parameters, anisotropic

taneous formation of silica gel was observed upon dissolution displacement parameters, experimental details of the X-ray dif-
fraction studies, and bond lengths and anglesniier7 and fac-
(21) A perfect agreement between the calculated and experimentally 8-1/,C4HgO,. This material is available free of charge via the Internet

established structure of the dianion cannot be expected because theat http://pubs.acs.org.
latter is influenced by intermolecular interactions (including hydrogen
bonds) with the neighboring cations in the crystal. 1C025597T
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