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2:1:1, in keeping with effective Czu symmetry. The v(C0) 
IR spectra are closely similar, exhibiting high-frequency 
bands at  2139 and 2154 cm-' for 1 and 2, respectively, 
which are among the highest reported for group VI11 metal 
carbonyls. 

The isolation and characterization of the singly bridged 
cationic complexes 1 and 2 offer an opportunity to probe 
a number of fundamental aspects of the chemistry of bi- 
nuclear phosphido complexes. Given their enhanced 
susceptibility to nucleophilic attack, they may serve as 
simple models for the examination of reaction mechanisms 
leading to bridge ~ l e a v a g e ~ ~ ~ ~ ' ~  and/or ligand substitu- 

(15) Regragui, R.; Dixneuf, P. H.; Taylor, N. J.; Carty, A. J. Organo- 
metallics 1984, 3, 814. 

tion.1v28*b In addition, they should be useful synthons for 
cluster chemistry. We are currently exploring these pos- 
sibilities. 
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Summary: An efficient procedure for the synthesis of 
polyhedral aluminosilsesquioxanes has been developed 
and applied to the synthesis of 7, an anionic aluminosil- 
sesquioxane that is formally derived from two corner- 
sharing D4R subunits of Linde type A zeolite. The salient 
feature of this procedure is the use of tetramethyl- 
stibonium siloxides as mild sources of siloxide anions. 
Tetramethylstibonium siloxides can be prepared from si- 
lanols by using standard means or from the oxidation of 
hydridosilsesquioxanes with Me,NO. 

We recently reported the synthesis of 2, an excellent 
latent source of 3 and a versatile precursor for the 
syntheses of polyhedral aluminosilsesquioxanes.'" In this 
paper we describe an interesting procedure for the syn- 
thesis of anionic aluminosilsesquioxanes. The utility of 
this procedure, which exploits a unique property of tet- 
ramethylstibonium siloxides (and alkoxides), is demon- 
strated by synthesizing 7, an anionic aluminosilsesquioxane 
that is formally derived from two corner-sharing D4R 
subunits of Linde type A zeolite. 

The most obvious approach to anionic aluminosil- 
sesquioxanes, the reaction of 2 with alkali-metal siloxides 
(e.g., MOSiMe,, M = Li, Na, K), produces complex mix- 
tures of intractable products. Even in nonpolar media, 
where strong contact ion pairing greatly reduces anion 
nucleophilicities, alkali-metal siloxides (and alkoxides) 
quickly destroy most silsesquioxane frameworks. The 
nucleophilicity of siloxide anions can, however, be tem- 
pered by using tetramethylstibonium siloxides (e.g., 
Me4SbOSiMe3), which are actually hydrocarbon-soluble 
molecular species with five-coordinate antimony centers. 
These interesting "pseudosalts" are excellent sources of 

(1) (a) Feher, F. J.; Budzichowski, T. A.; Weller, K. J. J. Am. Chem. 
SOC. 1989,111,7288-9. (b) Feher, F. J.; Newman, D. A.; Walzer, J. F. J .  
Am. Chern. SOC. 1989, 111, 1741-8. 

siloxide anions under very mild conditions.2 
The reaction3 of 2 with Me4SbOSiMe2b in C6H6 (80 "C, 

12 h) affords a virtually quantitative yield of 4, which was 
easily identified on the basis of 'H, 13C, and 29Si NMR 
spectral data. Both the 29Si NMR spectrum and the 
methine region of the '3c NMR spectrum of 4 exhibit three 
resonances with the expected relative intensities of 3:3:1, 
while the 13C NMR spectrum exhibited a singlet resonance 
(6  -0.72) characteristic of the four-coordinate [Me4Sb]+ 

The thermodynamic stability of 4 and efficiency of its 
synthesis suggested that a variety of interesting alumino- 
silsesquioxanes (e.g., 7) could be synthesized from 2, if a 
convenient source of anhydrous tetramethylstibonium 
siloxides and/or silicates could be discovered. Unfortu- 
nately, the usual methods5 for synthesizing stibonium si- 

(2) (a) Schmidbauer, H.; Weidlein, J. Z.; Mitschke, K.-H. Ber. 1969, 
102,4136-46. (b) Schmidbaur, H.; Arnold, H.-S.; Beiihofer, E. Ber. 1964, 
97, 449-66. (c) Eberwein, B. B.; Ott, R.; Weidlein, J. Z. Anorg. Allg. 
Chem. 1977,431,95-104. (d) Schmidbaur, H. Angew. Chem., Int. Ed. 

(3) In a typical reaction, Me4SbOSiMe3 (1.00 mmol) was added to a 
solution of 2 (576 mg, 0.288 mM) in benzene. The solution was refluxed 
for 12 h and then eva orated (25 "C, 0.1 mTorr) to give 4 in virtually 

4 was obtained by recrystallization from C&&/heXane. Spectroscopic and 
analytical data for 4 are aa follows. 'H NMR (500.1 MHz, CDC13, 25 "C): 
6 2.26-2.18 (m, 14 H), 1.90-1.67 (complex, m, 35 H), 1.41-1.22 (complex 
m, 21 H), 1.10-1.06 (complex m, 4 H), 1.05 (s,12 H), 0.96-0.85 (m, 3 H), 
0.327 (s,9 H). 13C{'HJ NMR (125.03 MHz, C6D6, 25 "C): 6 28.62,28.53, 
28.47, 28.36, 28.21, 28.14, 28.04, 27.90, 27.79, 27.62, 27.48 (CHZ), 25.93, 
24.72,24.28 (331 for CH), 3.82 (SiMe3), -0.72 (SbMe4). 29Si{1Hl NMR 
(99.3 MHZ, C&er 25 "C): 6 0.035, -66.59, -68.35, -69.52 (1:3:1:3). Anal. 
Calcd (found) for C4&gsA1013Si8Sb C, 46.39 (46.54); H, 7.78 (8.07). Mp: 
>400 o c .  

(4) In C6D6 at 25 OC, resonances for the Me4Sb groups in five-coor- 
dinated complexes (e.g., Me,SbOSiMe3, Me4SbOCMe3, Me6Sb) typically 
occur downfield from 10 ppm in 13C NMR spectra. Resonances for the 
Me4Sb groups in four-coordinate complexes (e.g., [Me,Sb] [Al(OSiMe,),]) 
typically occur upfield from 0 ppm. 

(5) The two most common methods for synthesizing stibonium sil- 
oxides are the reactions of alkali-metal siloxides with [Me4Sb]CIzb and 
the reactions of silanols with Me,Sb.arc 

Engl. 1965,4, 201-11. 

quantitative yield (by P H and 13C NMR spectroscopy). Analytically pure 
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loxides are not attractive routes to stibonium silsesqui- 
oxides or multifunctional siloxides and silicates. Recent 
syntheses of silylsilicates by Klemperers did, however, 
suggest that hydridosilsesquioxanes might be excellent 
precursors for tetramethylstibonium silicates. In order to 
explore this possibility, 5 was prepared by the reaction of 
llb with HSiCl, in Et,N/Et,O.' 

The reactiona of 5 with Me3NO/(TMS)C16 affords a 

(6) Agaskar, P. A.; Day, V. W.; Klemperer, W. G. J .  Am. Chem. SOC. 
1987,109,5554-6. 

(7) (a) The synthesis of 5 has been previously dea~ribed.'~ A much 
more efficient synthetic procedure and complete characterization data 
for 5 are provided in ref 7c. (b) Brown, J. F.; Vogt, L. H. J.  Am. Chem. 
SOC. 1966,87,4313-7. (c) In a typical reaction, freshly distilled HSiC13 
(0.995 g, 7.35 mM) was added to a solution of 1 (7.155 g, 7.35 mM) and 
EQN (2.41 g, 23.25 mM) in 35 mL of Eb0.  The mixture was stirred 
overnight and then filtered to remove EQNHCl. Evaporation of the 
volatiles (25 OC, 0.1 mTorr) gave 6.50 g (88%) of 5. The product is 
spectroscopically pure ('H, 'BC, lDsi NMR) but can be recrystallized from 
CEH, acetonitrile. Spectroscopic and analytical data for 6 are as follows. 
'H N L R  (500.1 MHz, CEDE, 25 OC): 6 4.689 (a, 1 H), 2.W1.99 (complex 
m. 14 H). 1.75-1.57 lcomolex m. 35 HL 1.26-1.20 lcomolex m. 21 HL 0.950 
(m, 7 H). 19c{1H] NMR i125.03 MHz,'C&, 25 'C): ;27.73,'27.68,'27.28, 
27.26, 27.21, 27.07 (CHz), 23.78, 23.53 (4:3 for CH). %il'H) NMR (99 
MHz, CnDn, 25 OC): 6 -68.05, -68.12, -68.15, -83.16 (31:31). Mass 
spectrum (20 eV, 200 "C): m/e (relative intensity) 998 (M+, lo%), 915 
(M+ - CEHll, l00%), 833 (M+ - 2 CEHI1, 20%). Anal. Calcd (found) for 
C4zH78012Si8: C, 50.46 (49.90); H, 7.86 (7.77). Mp: >400 "C dec. 

(8) In a typical reaction, 5 (519 mg, 0.519 mM) was added to a solution 
of MeSNO (78 mg, 1.04 mM) and Me3SiC1 (112 mg, 1.04 mM) in 10 mL 
of THF. The solution was refluxed for 44 h and then filtered to remove 
[Me,NOH]Cl and [Me3NSiMe3]C1. Evaporation of the solvent (25 OC, 
0.1 mTorr) gave 6a in virtually quantitative (NMR) yield. Analytically 
pure material was obtained by recrystallization (46%) from CH2Clz/ 
acetone. Spectroscopic and analytical data for 6a are aa follows. 'H NMR 
(500.1 MHz, CEDE, 25 OC): 6 2.10-2.05 (complex m, 14 H), 1.73-1.55 
(complex m, 35 H), 1.25-1.20 (complex m, 21 H), 1.03 (m, 7 H), 0.278 (s, 

27.22,27.16 (CH,), 23.80,23.76,23.66 (1:33 for CH), 1.60 (SiMes). %il'H} 

(1:331:1). Mass spectrum (20 eV, 200 OC): m/e (relative intensity) 1086 
(M+, 15%), 1071 (M+ - CHB, 25%), 1003 (M+ - CEHI1, 100%). Anal. 
Calcd (found) for C,H,O1&3k C, 49.88 (49.71); H, 7.97 (7.76). Mp: >400 
OC. 

9 H). 

NMR (99 MHz, C&, 25 OC): 

"C{'H} NMR (125.03 MHz, CEDE, 25 "C): 6 27.75, 27.70, 27.29, 

6 11.29, -67.54, -68.09, -68.12, -107.81 
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quantitative (NMR) yield of 6a. Under conditions that 
do not induce gross decomposition, the O-SiMe, group in 
6a is surprisingly resistant to cleavage by anionic nucleo- 
philes. The analogous trimethyltin derivative (6b)9 is, 
however, much more reactive and can be easily cleaved (3 
h, 25 "C, C6H6) by Me4SbOSiMe3 and MelSbOCMe3 to 
give quantitative (NMR) yields of 6c and the corre- 
sponding stannyl ethers (Le., Me3SnOSiMe3 or 
Me3SnOCMe3). Compound 6c can also be prepared di- 
rectly by the reaction of 5 with Me3N0 (2 equiv) and 
[Me4Sb]C1.9 

The structure of 6c was straightforwardly established 
on the basis of multinuclear NMR data. Of particular 
relevance was the presence of a strongly shielded resonance 
in the 29Si NMR spectrum of 6c. The chemical shift of 
this resonance (6 -108.93) was within the range expected 
for Q-type silicon atoms in a [SiaOl2] framework (-100 to 
-110 ppm)6J0 and was upfield from the region where an- 

(9) (a) In contrast to the oxidation silylation reaction," which requires 
2 equiv of Me3N0 and 2 equiv of Me3SiCl per Si-H moiety, oxidative 
stannylation and stibnation only require 1 equiv of Me3SnCl or 
[Me4Sb]C1. (b) Compounds 6b and 6c were prepared in 87% and 83% 
yelds, respectively, by the oxidation of 5 with 2 1  Me3NO/Me3SnC1 and 
2 1  Me3NO/[Me4Sb]C1. Spectroscopic and analytical data for 6b are as 
follows. 'H NMR (500.1 MHz, CEDE, 25 "C): 6 2.25-1.95 (m, 14 H), 
1.94-1.44 (complex m, 35 H), 1.44-1.15 (complex m, 21 H), 1.15-0.95 
(complex m, 7 H), 0.307 (a, 9 H). W('H) NMR (125.03 MHz, CED8, 25 

23.84 (3:1:3 for CH), -2.84 (Me,Sn) ( J s , ~  = 2500, 2710 Hz). 98Si('H} 

Maas spectrum (20 eV, 200 OC): m/e (relative intensit ) 1178 (M+, 1%), 
1163 (M+ - Me, 30%), 1095 (M+ - C a l l ,  50%), 931 (MY- SnMe3 - C a l l ,  
100%). Anal. Calcd (found) for C4HmSiEO&n: C, 45.86 (45.69); H, 7.36 
(7.42). Mp: 318-322 OC. Spectroscopic and analytical data for 6c are 
as follows. 'H NMR (500.1 MHz, CEDE, 25 '(2): 6 2.25-2.00 (m, 14 H), 
1.82-1.45 (complex m, 35 H), 1.15-1.42 (m, 21 H), 1.10-0.95 (complex m, 

23.94 ( 3 3 1  for CH), 10.39 (MeSb). %i{'H) NMR (99 MHz, C&, 25 OC): 
6 -68.08, -68.16, -68.58, -108.93 (3:1:3:1). Anal. Calcd (found) for 
CeHasSi8013Sb C, 46.17 (45.85); H, 7.50 (7.34). Mp: >400 "C dec. 

OC): 6 27.82, 27.79, 27.35, 27.34, 27.29, 27.27, 27.23 (CHZ), 23.93, 23.87, 

NMR (99 MHz, CeD6,25 OC): 6 -68.00, -68.09, -68.14, -102.99 ( 3 3 1 ~ 1 ) .  

7 H), 0.914 (s, 12 H). 13C('H] NMR (125.03 MHz, CeDe, 24 OC): 6 27.96, 
27.86, 27.83, 27.49, 27.43, 27.41, 27.37, 27.32, 27.29 (CH,), 24.21, 23.96, 
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ionic T-type silicate nuclei are typically observed (-94 to 
-97 ppm).1° The 13C NMR spectrum of 6c also exhibited 
a characteristic singlet resonance (6 10.39) for five-coor- 
dinate Me,SbOR  ether^.^ 

The reaction" of 6c with 2 gave high yields of 7, which 
was identified on the basis of multinuclear (lH, 13C, 29Si) 
NMR data. A single-crystal X-ray diffraction study on one 
of many well-formed but poorly diffracting crystals con- 
firmed the identity of 7. Unfortunately, a serious dis- 
cussion of metrical data is not warranted due to the 
marginal quality of the diffraction data and the severely 
disordered nature of the cyclohexyl groups.12 

(10) (a) Marsmann, H. In NMR Basic Principles and Progress; Diehl, 
P., Fluck, E., Kosfeld, R., Eds.; Springer-Verlag: New York, 1980; Vol. 
17, and references cited therein. (b) Williams, E. A. Annu. Rep. NMR 
Spectrosc. 1983, 15, 235 and referenced cited therein. (c) Williams, E. 
A. Annu. Rep. NMR Spectrosc. 1979,9,221 and referenced cited therein. 

(11) In a typical reaction dimer 2 (81 mg, 0.0404 mM) and 7c (98 mg, 
0.0819 mM) were refluxed in benzene (3 mL) for 12 h. Evaporation of 
the solvent gave a quantitative (NMR) yield of 7 (based on 2), which was 
recrystallized from C H MeCN to give large colorless crystals. Spec- 
troscopic and analytical 6 8 L i  ata for 7 are as follows. 'H NMR (500.1 MHz, 
CsDe, 25 "C): d 2.30-2.04 (complex m, 28 H), 2.04-1.55 (complex m, 70 
H). 1.55-1.17 (comdex m. 42 H. with sham sindet (12 H) at  1.35 for 
SbMeJ, 1.17-0.85 (iomplex m, 14 H). l%I1H] NMR (125.03 MHz, CBD,, 
25 "C): d 28.76, 28.36, 28.25, 28.13, 28.03, 27.93, 27.88, 27.85, 27.82, 27.66, 

23.92 (3:3:1:34 for CH). -0.43 (SbMe,). '%il'H\ NMR (99 MHz, CnDR, 
27.61, 27.48, 27.44, 27.41, 27.37, 27.29 (CHZ), 25.75, 24.75, 24.26, 25.15, 

25 "c): 6 -66.94, -68.44, -68.52,'-68.57; -68.74, -70.07, -106.2i 
(3:3:1:3:1:31). Anal. Calcd (found after removal of benzene and MeCN 
of crystallization in vacuo) for C82H156A1025SbSi13: C, 47.93 (47.42); H, 
7.60 (7.61). Mp >400 "C de:. 

(12) Compound 7 crystallizes as a ben~ene-(CH,CN)~ solvate in the 
space group B3 (a = 14.734 (1) A, c = 35.498 (6) A; V = 6674 (1) As; D d d  
= 1.270 g/cm3 (2 = 2)). A total of 2930 independent reflections with 4.0 
< 28 < 45.0' were collected on a Nicolet R3m V diffractometer at -100 
"C using graphite-moncxhromatd Mo KLY radation. The structure was 
solved by direct methods (SHELXTL PLUS), and all non-hydrogen atoms 
were located by a series of difference-Fourier syntheses. The crystallo- 
graphic 3-fold rotational axis is aligned along the Si-0-AI linkage joining 
both silsesquioxane frameworks. (The dihedral angle for the gauche 
O3A1(-O-)SiO3 conformation is 35O.) All of the cyclohexyl groups are 
severely disordered. Although efforts to model the disordered cyclohexyl 
groups as 1-adamantyl groups were moderately successful, the final R 
factor for isotropic refinement of all non-hydrogen atoms was 10.2%. 

The preparation of 6c and its use for the synthesis of 
7 clearly suggests that a number of other interesting silicate 
clusters could be synthesized from 6c. More tantalizing, 
though, are the prospects for achieving syntheses of very 
large, structurally well-defined clusters and/or entirely new 
framework silicates by using multifunctional precursors 
(e.g., [HSiO,,],; n = 8, 10, 12, 14).6J3 We are currently 
exploring these possibilities and will present the details 
of this work in due course. 
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Summary: The synthesis and characterization of a new 
class of silicon compounds with high transparency and 
nonlinear optical properties have been carried out. 

The growing interest in new organic products for 
quadratic nonlinear optics, related to intramolecular 
electronic charge transfer (CT), has led to numerous 
studies of various classes of molecules.' In most com- 

pounds, previously published, this CT between an elec- 
tron-donor and an electron-acceptor group takes place 
through a conjugated 7~ system. For many applications 
(optical processing, integrated optics, ... ) new compounds 
combining high nonlinear optical activities (NLO) with 
good transparency are needed. In this study, we have 
examined a new class of silicon compounds, whose general 

RhBne-Poulenc Recherches. 
f Centre National d'Etudes des TBlBcommunications. 

(1) (a) Chemla, D. S.; Zyss, J. Eds. Nonlinear Optical Properties of 
Organic Molecules and Crystals; Academic Press: Orlando, FL, 1987. (b) 
Hann, R. A., Bloor, D., Eds. Organic Materials for Non-linear Optics; 
Royal Society of Chemistry: London, 1989. 
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