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Polymerization of the antimonate ion, Sb(QH)has been crystallizes as a C€I, solvate () when CHCI/Et,O is used as
known to chemists for many decadellowever, knowledge of a solvent for crystallization and as an ¢FN solvate 2) when
the chemistry of polyantimonate is still very sketchy. Structural crystallized from CHCN. X-ray diffraction studies revealed that
chemistry of oligomeric antimoryoxo complexes has attracted  both1 and2 are composed of discrete [§hy(OH){ OSi(CHs).-
some interest during the last quarter of the 20th century, but (t-C,Hq)} ]2~ anions, [6-C4Hs):N]* cations, and respective solvent
virtually all of these are organoantimonates that have direetCSb  molecules of crystallizatio?? 24 Figure 1 shows the structure of
bonds}~*® the only exception being the polychloroantimonate,  the [ShOg(OH)s{ OSi(CHy)x(t-CaHs)} ]2~ anion. It is made up of
[SheO1Clud,*~ whose synthetic details have not been publisied.  four octahedral Sb@units that share edges with each other to
The study of inorganic polyantimonate has been stalled. Only {5;m g planar SiDys core. Of the 10 terminal oxygens of this
recently the first inorganic polyantimonate was isolatednd SOy core, six are bound to silyl groups. The-SB bond lengths
the [SRO:(OH),]*" anion remains the only polyantimonate that o the remaining four£1.96 A) suggest that these oxygens are

has been isolated gnd structurally characte_rlzed tc_) date. _ protonated25 although hydrogen atoms could not be located
In our study of this unexplored branch of inorganic chemistry,

we found that [SED1(OH)xg]*~ reacts with silanol to yield a new
polyantimonate that has an &he core. Here we report its
synthesis and structural characterization.

The [SBO1(OH)xg]* anion reacts with (CkJx(t-C4Hg)SiOH
at 80°C to yield a silylated polyantimonate [bs(OH).,{ OSi-
(CH3)2(t-C4Hg)}6 =2

(21) A 6-mL screw-cap vial was charged wittn{CsHo)4N]4[SbsO1(OH)z2q]
(2.0 g, 0.40 mmol), (Ch)2(t—C4Hg)SIiOH (3.0 mL), and a magnetic stir
bar. The vial was capped and taped, and the suspension was heated to
80 °C with stirring in an oil bath. The suspension was maintained at 80
°C and stirred for 18 h. The white precipitate that formed was collected
by decantation, washed with>3 5 mL of diethyl ether, and dried under
vacuum. This crude product (0.78 g) was dissolved in 2.3 mL 0f-CH
CN with heating. After centrifuging the solution at 3000 rpm for 10
min to remove a small amount of insoluble material, the clear supernatant
solution was separated and allowed to stane- &5 °C. Block-shaped
crystals started to appear within 1 h. The crystals were collected by
decantation after 12 h and dried under vacuum for 12 h to yield 0.63 g
(0.33 mmol, 41% based on Sb) of analytically pure compound. Anal.
Calcd for GgH166N2S04Sis016: C, 42.46; H, 8.70; N, 1.46; Sb, 25.3; Si,
8.8. Found: C, 42.36; H, 8.77; N, 1.12; Sb, 25.2; Si, 8.2. IR (Nujol

[SByO;(OH),*~ + 12(CH;)(t-C,He)SIOH —
2[Sh04(OH),{ OSI(CHy),(t-C,Ho)} >~ + 12H,0

The compound [{-CsHg)aN]2[ShyOs(OH)a{ OSi(CHs)(t-CaHg)} 6]
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mull, 1250 — 400 cntl): 1245 (s), 1054 (w), 1010 (w), 948 (s), 916
(s), 834 (s), 804 (s), 680 (s), 600 (s), 529 (W), 490 (W). 1H NMR 4CD
CN): 6 3.07 (t, 16H), 2.49 (s, 4H), 1.59 (m, 16H), 1.33 (m, 16H), 0.97
(t, 24H), 0.884 (s, 24H), 0.882 (s, 18H), 0., 15 (s, 12H), 0.13 (s, 12H),
0.08 (s, 12H). The crystals of the GEl, solvate were obtained by
dissolving 0.10 g of the crude product in 2.0 mL of &H, adding 2.0
mL of diethyl ether gently to make a second layer, and allowing the

mixture to stand at ambient temperature. The compound thus obtained

gave spectra identical with those of the material described above.
(22) Single crystals of are, at 170 K, monoclinic, space groBgi/c, with
a=20.962(2) A,b = 21.070(2) A,c = 23.672(2) A, = 93.670(9),
andZ = 4. A colorless crystal of dimensions 0:20.2 x 0.1 mn? was
used for data collection. Diffraction data were collected on a MAC
Science DIP-LABO imaging plate diffractometer installed on the BL04B2
beam line of the SPring8 synchrotron radiation facility, using 38 keV
(A = 0.331 A) monochromatized Xray beam. The final agreement
factors wereR = 0.095 andwR2 = 0.242 for 6272 unique reflections.
Single crystals of are, at 120 K, monoclinic, space groBgi/n, with
a=14.3290(7) Ab = 16.3670(9) Ac = 22.3070(13) AB = 95.985-
(3), andZ = 2. A colorless crystal of dimensions 0:30.3 x 0.2 mn?
was used for data collection. Diffraction data were collected on an Enraf
Nonius diffractometer using Mo ¢ radiation by ag-axis oscillation

method. Imaging plates were used as detectors. The imaging plates were

read on a MAC Science DIP-420 effine IP reader. The final agreement
factors wereR = 0.063 andwR2= 0.182 for 7615 unique reflections.
For both structural analyses, DENZO and the SCALEPACK programs
were used for indexing, integration, scaling, and merging of the
reflections? Both structures were solved and refined using the Xtal 3.6
progranm?* No absorption corrections or extinction corrections were made.

Atomic scattering factors and anomalous scattering factors were taken

from International Tables for Crystallography, Vol. IV, Table 2.2B and
2.3.1.
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anion. The Sb-Sb distances il are slightly yet significantly
longer than those i8.26 The position and orientation of the GH

Cl, molecule in the pocket suggest that it is acting as a hydrogen-
bond donor.

So far there is no direct evidence that the JSOH).,{ OSi-
(CHa),(t-C4Hg)} 6]>~ anion keeps CkCl, molecules in its pocket
in solution. However!H NMR data indicate significant interaction
between this molecular antimonate anion and the solvent mol-
ecules. Chemical shifts of the OH groups vary very much in
different solvents and they correlate well with Gutmann’s donor
numberd’ and Dimroth and Reichardt’E;?82° of the solvents
(Figure S1). The order observed here is the same as that observed
for the chemical shifts of*Na in different solventg?

The [ShOs(OH){ OSi(CHs)2(t-C4sHo)}6]?>~ anion hydrolyzes
spontaneously in CD@Il The peaks for the silyl groups of the
anion completely disappear in 15 h, and free silanol peaks appear
instead in theH NMR spectra. Such hydrolysis does not occur
in dry CD:CN, for which thelH NMR spectra do not change

T A Nt even after 60 h. However, the hydrolysis reaction completes within
C4Ho)} ]2~ anion inl. Displacement ellipsoids are scaled to enclose 50% . . . : .
probability levels. Selected distances (A): Si01 2.117(15), Sb205 1 h, evenin CICN, if 100 e_quw of HO is added to the solution.
1.968(15), Sb3013 1.977(17), Sb102 2.146(16), Sb206 1.924(13), In both solvents the reaction appears to proceed cleanly. Only
Sb3-014 1.967(18), Sb103 1.984(12), Sb209 1.978(15), Sb402 peaks for the free silanol and then{Cs;Ho)sN]* cation are
2.113(14), Sb+04 1.936(12), Sb2010 1.99(2), Sb404 1.961(16), observed in théH NMR spectra when the hydrolysis is complete.

Sb1-07 1.935(16), Sh301 2.126(11), Sh406 1.995(15), Sh10O8 This implies the formation of a new polyantimonate, such as
1.976(16), Sh303 2.029(15), Sh4012 1.910(13), Sb201 2.076(16), [, 04(OH),]? .

Sbh3-05 2.03(2), Sh4015 1.983(15), Sb202 2.056(15), Sb3011
1.980(13), Sb4 016 1.960(19), C69-013 3.20(3), C69-014 3.25(4), [Sb,04(OH),{ OSI(CHy),(t-C,Ho)} 2~ + 6H,0 —

C70--015 2.97(6), C70-016 3.01(5)
[Sh,04(OH),J*~ + 6(CH,),(t-C,H,)SiOH

Effort is underway to isolate this species.

One more thing that deserves notice is the apparent nonlability
of the OH protons of the title anions. The OH groups of the
[ShO6(OH)4{ OSi(CH)2(t-C4Hg)}s]>~ anion give a single rela-
tively sharp*H NMR peak in CDC}, CD;CN, CD,Cl,, acetone-
ds, and DMSOes. Furthermore, the OH peak persists in the
B =2 NMR spectra even after 100 equiv of®lis added to the solution.
Figure 2. Front (left) and side (right) views of the [§Bs(OH)s{ OSi- This implies that the terminal SHO oxygen atoms are quite basic.
(CHs)2(t-C4Hg)} 6]~ anion holding CHCI, molecules in its pockets. The Supporting Information Available: X-ray crystallographic files in
CHCl, molecules are shaded darker. Atoms are represented by sphereC|F format for the structures df and 2, plots showing the correlation
having van der Waals radii (C, 1.65 A; H, 1.20 A; O, 1.40 A; CI, 1.78  petween the chemical shifts of the OH peak and DN's Bfig of the
A; si, 2.10 A). solvents (Figure S1), and packing diagramsf@nd2 (Figures S2 and

S3). This material is available free of charge via the Internet at
directly from the X-ray data. The result of elemental analysis was http://pubs.acs.org.
also con_sistent with four OH groups. _ 1C001308U

The silyl groups of the [SIDs(OH),{ OSi(CH)2(t-C4Ho)} 6]>~

anion make a shallow pocket on each side of the molecular oxide (26) Distances between Sb atomslitA): Sb1:-+-Sb2 3.254(3), Sbi-Sb3

Figure 1. Perspective drawing of the [Dg(OH)s{ OSi(CHs)a(t-

. : : 3.158(2), Shi:-Sh4 3.149(2), Sh2-Sh3 3.153(2), Sh2-Sh4 3.140(2).
anion. The mouth of th_ese pockets\ig A wide, and they appear Distances between Sb atoms @ (A): Sbl---Sbi* 3.1884(7),
to be capable of holding small molecules. In fact, each of the Sbi:++Sh2 3.1157(7), Sbi-Sh2* 3.1290(7). Atoms with and without *
pockets contains a G, molecule inl (see Figure 2). There are related by a center of inversion. )
exist some short contacts between the,Climolecules and the (27) Gutmann, VThe Donor-Acceptor Approach to Molecular Interactigns

. . Plenum: New York, 1978. Japanese translation by Ohtaki, H.; Okada,
oxygen atoms of the terminal OH groups (see the caption of I. Gakkai Shuppan Center: Tokyo, 1983.
Figure 1). In2, on the other hand, the GEIN molecules locate (28) Dri]mroth, K.; Reichardt, C.; Siepmann, T.; BohlmannLkbigs Ann.

i ; Chem.1963 661, 1-37.
themselves relatl_vely far from the anion, and th(_a pockets are left (29) Marcus, Y lon sobation, John Wiley & Sons: New York, 1985: pp
vacant. The confinement of the GEl, molecules in the pockets 141-145.

seems to have some influence on the size of the molecular oxide(30) Erlich, R. H.; Popov, AJ. Am. Chem. S0d.971, 93, 5620-5623.



