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Alkoxysilanes and halosilanes are important silicon compounds Scheme 1 @

because they are useful precursors of silicon polymers (polysilox- Bt H_ M ; H

anes): Among polysiloxanes, silsesquioxanes have attracted a wide oL 0\?‘;— : g>ﬁ'>_
range of interest from many organic chemists because of their . cqq, _iz,</—( i /é\;i\b (E_\yc\b
practical applications to heterogeneous catalysts, protective coatings, Py
adhesive-related materials, and so f@réxtensive studies on the +E By o, tBu: tBup, B

tBu 3 tBu 2 : 1

formation mechanism of polysiloxanes have been performed in both ) N
a(i) BBrs, rt, then EtOH, 98%; (ii) HO, 95%.

experimental and theoretical fiel@S he first step in the reaction

is considered to be hydrolysis of the precursors to give polyhydroxy-
silanes, which undergo polycondensation to yield the corresponding
polysiloxanes. The hydrolysis should involve the formation of
pentacoordinate silicon species, in which a water molecule coor-
dinates to the silicon center, and subsequent proton migration to
the leaving group (alkoxy group or halogen atom for alkoxysilanes
or halosilanes, respectively) leading to the elimination of alcohol
or hydrogen halide. The latter step, however, is too fast to permit
stopping the reaction at the stage of the formation of water-
coordinated silicon species. Although many pentacoordinate silicon
species have been synthesized as model compounds for therigure 1. ORTEP drawings o (50% probability). (a) Sideview and (b)
intermediate, there have been few reports of such species containindnteérmolecular hydrogen bonding-Bu groups are omitted for clarity).

: elected bond lengths (A) and angles (deg):—®1, 1.794(3); Si+02,
water as a liganél We have recently focused on a novel tetradentatel_683(3); Sit03, 1.732(2); Si+04, 1.691(2): Si+C1, 1.940(3): O3#-

ligand, which can occupy one apical and three equatorial positions 1, 1.78(s); 05#--H2, 1.59(6); O2-Si1—03, 118.09(12); 02Si1—04,
of the trigonal bipyramidal (TBP) structure. We succeeded in 121.45(12); 03-Si1l—04, 119.92(12); C1Si1—02, 93.05(13); C%Sil—

synthesizing a pentacoordinate phosphorus compound, 1-hydro-5-03, 91.52(13); C+Si1-04, 92.74(13); O%Sil-C1, 178.30(15).
carbaphosphatran#)® which has a nearly ideal TBP structure with  acters, % TBRand % TBR, were calculated to be 88 and 98%,
perfectly “anti-apicophilic” arrangement around the phosphorus respectively?. The apical interatomic distance of ©8il (1.794(3)
center, although the arrangement was expected to be thermallyA) is slightly longer than those of the three equatorial bonds, which
unfavorable. Here, we report the synthesis of a silicon analogue of is a typical feature of TBP structures. However, this is significantly
1, 1-aquo-5-carbasilatrar®e which is to the best of our knowledge, shorter than the reported values of 1.916(9), 1.843(9), and
the first example of a neutral silicon compound coordinated by 1.9114(14) A for the water-coordinated ionic silicon compouftds.
water, and it can be regarded as an intermediate in the hydrolysisThe hydrogen atoms, H1 and H2, of the water ligancRiare
of alkoxysilanes. hydrogen bonded to the oxygen atoms of the neighboring molecule
1-Ethyloxonio-5-carbasilatrar@was obtained by treatment of  (03*) and diethyl ether (O5*) with bond lengths of 1.78(5) and
ArsCSiCk (4)® with 8.3 molar equiv of BBy in CHCl; and 1.59(6) A for H1-03* and H2-05*, respectively, forming a
subsequent alcoholysis. Althoughwas unstable toward air and  dimeric structure in which the bond length of SiD3 is signifi-
decomposed immediately, even in the solid state, coordinated cantly longer than those of SH02 and Sit-04, probably because
ethanol was easily replaced by water whgmnwas treated with of the hydrogen bonding. Therefore, this dimeric structure can be
water! 2°Si NMR chemical shifts o and 3 are ds; —69.0 and recognized as a transition state for the theoretically proposed proton
—66.9 ppm, respectively, indicating that the silicon center@ of  transfer catalyzed by another hydroxy species, such as #éter,
and3 take pentacoordinate states as a result of the coordination ofwhich should assist elimination of the leaving group, producing

a}

water and ethanol, respectively. the hydoxysilane.
Single crystals oR were obtained by slow evaporation of the In the IH and3C NMR spectra of obtained after removal of
solution (hexane/BD) of 2. The crystal structure o was diethyl ether in vacuo, three equivalent benzene rings were

established by X-ray crystallographic analysis, which showed that observed, indicating tha2 exists as a monomer in solution, in
diethyl ether and hexane are contained in the unit cell (Figufe 1). contrast to the crystal structure, and that rapid rotation around the
Compound has a nearly ideal TBP structure with a water molecule Si1—O1 bond or rapid elimination and recombination of water at
at the apical position. The equatori@quatorial bond angles (© the silicon center must occur relative to the NMR time scale in
Si—0) of 2 are 118.09(12), 119.92(12), and 121.45¢12nd the solution. Because the signal due to the water ligan® afas
apicak-equatorial bond angles (€Si—0) are 91.52(13), 92.74(12), observed separately from that of free water in tHeNMR, the

and 93.05(13) respectively. In fact, the pentacoordination char- latter possibility can be ruled out. However, the slow exchange of
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water was suggested by a labeling experiment usigft§a© It is
also interesting that the bond cleavage of SAr does not occur,
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In summary, we have synthesized the water- and ethanol-

coordinated neutral silane complexzand3, which can be regarded
as intermediates in the hydrolysis or alcoholysis of alkoxysilanes,

respectively. The rigid tetradentate ligand based on the triarylmethyl

unit enabled stabilization of the water- or ethanol-coordinated

neutral silane complexes. Theoretical calculations showed that the

tetracoordinate silan@has unusually high Lewis acidity. Isolation
of 6 and further investigations on its Lewis acidity and application
to organic synthetic reactions are in progress.

Chem.1982 102 199-236. (b) Feher, F. J.; Newman, D. A.; Walzer, J.
F.J. Am. Chem. S0d989 111, 1741-1748. (c) Baney, R. H.; Itoh, M.;
Sakakibara, A.; Suzuki, TThem. Re. 1995 95, 1409-1430. (d) Feher,
F. J.; Budzichowski, T. APolyhedron1995 14, 3239-3253.

(3) (a) Ng, L. V.; Thompson, P.; Sanchez, J.; Macosko, C. W.; McCormick,
A. V. Macromoleculesl1995 28, 6471-6476. (b) Kasehagen, L. J;
Rankin, S. E.; McCormick, A. V.; Macosko, C. Wlacromoleculed997,

30, 3921-3929. (c) Kudo, T.; Gordon, M. SI. Am. Chem. Sod.998
120, 11432-11438. (d) Rankin, S. E.; Macosko, C. W.; McCormick, A.
V. Chem. Mater1998 10, 2037-2040. (e) Kudo, T.; Gordon, M. S.
Phys. Chem. £00Q 104, 4058-4063. (f) Kim, H.-J.; Lee, J.-K.; Kim,
J.-B.; Park, E. S.; Park, S.-J.; Yoo, D. Y.; Yoon, D.X Am. Chem. Soc.
2001, 123 1212%+12122. (g) Matejka, L.; Dukh, O.; Hlavata, D.;
Meissner, B.; Brus, Macromolecule001, 34, 6904-6914. (h) Kudo,
T.; Gordon, M. SJ. Phys. Chem. 2002 106, 11347-11353.

(4) (a) Corriu, R.; Guerin, C.; Henner, B.; Wang, IQorg. Chim. Actal992
198-200, 705-713. (b) Gel'mbol'dt, V. O.; Simonov, Y. A.; Ganin, E.
V.; Fonar, M. S.; Kravtsov, V. K.; Dvorkin, A. A.; Ostapchuk, L. V;
Ennan, A. A.Russ. J. Coord. Chert996 22, 18—29. (c) Bassindale, A.
R.; Parker, D. J.; Taylor, P. G.; Auner, N.; Herrschaft(®em. Commun.
2000 565-566.

(5) (a) Kobayashi, J.; Goto, K.; Kawashima,Jl Am. Chem. So2001, 123
3387—-3388. (b) Kobayashi, J.; Goto, K.; Kawashima, T.; Schmidt, M.
W.; Nagase, SJ. Am. Chem. So@002 124, 3703-3712.

(6) For trichlord tris(34ert-butyl-6-methoxyphenyl)methysilane, see: Koba-
yashi, J.; Ishida, K.; Kawashima, Bilicon Chem2002 1, 351—354.

(7) Data for2: colorless crystals, mp 26267 °C dec;'H NMR (500 MHz,

C¢Ds, 24°C) 0 1.31 (s, 27H), 6.62 (d, 3H] = 8.4 Hz), 6.93 (dd, 3HJ

= 8.4, 2.2 Hz), 7.87 (d, 3H] = 2.2 Hz), 11.4 (brd, 2H)!3C NMR (125

MHz, CDCk, 24 °C) 6 25.16, 32.04, 34.63, 113.18, 123.45, 125.83,

137.94, 143.33, 156.74Si NMR (99.3 MHz, CDC}4, 24 °C) 6 —69.0.

Anal. Calcd for GiH3504Si*(C;Hs),0: C, 72.88; H, 8.39. Found: C,

72.88; H, 8.39. Data foB: colorless crystals, mp 452458°C dec (in a

sealed capillary)H NMR (500 MHz, THFds, 24 °C) 6 1.30 (s, 27H),

1.53 (t, 3H,J = 7.2 Hz), 3.41 (br s, 1H), 4.41 (q, 2K,= 7.2 Hz), 6.64

(d, 3H,J = 8.4 Hz), 6.94 (dd, 3HJ = 8.4, 2.2 Hz), 7.86 (d, 3H] = 2.2

Hz); 13C NMR (125 MHz, THF€s, 24°C) 6 16.11, 24.06, 29.26, 31.92,

61.55, 110.60, 120.91, 123.12, 134.82, 140.95, 154%%;NMR (99.3

MHz, CDCk, 24 °C) 6 —66.9.

Crystal data foR-Et;O-hexane: GgHssOsSi, monaoclinic,P2,/n, colorless,

a=10.451(3) Ab = 20.497(6) A,c = 16.753(5) A8 = 90.3493(119,

V= 2588.7(18) A T = 130(2) K,Z = 4, My = 619.91,D. = 1.147 Mg

m=3, R[I > 20(l)] = 0.0566, WR; [all data] = 0.1384, GOF= 1.105.

(9) (a) Tamao, K.; Hayashi, T.; Ito, Y.; Shiro, Ndrganometallics1992 11,
2099-2114. (b) Kano, N.; Kikuchi, A.; Kawashima, Them. Commun.
2001 2096-2097.

(10) See Supporting Information.

(11) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M.

A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A.; Stratmann,

R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Daniels, A. D.; Kudin,

K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone, V.; Cossi, M.; Cammi,

R.; Mennucci, B.; Pomelli, C.; Adamo, C.; Clifford, S.; Ochterski, J.;

Petersson, G. A.; Ayala, P. Y.; Cui, Q.; Morokuma, K.; Malick, D. K.;

Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; Cioslowski, J.; Ortiz,

J. V.; Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, |.;

Gomperts, R.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A;;

Peng, C. Y.; Nanayakkara, A.; Gonzalez, C.; Challacombe, M.; Gill, P.

M. W.; Johnson, B.; Chen, W.; Wong, M. W.; Andres, J. L.; Head-Gordon,

M.; Replogle, E. S.; Pople, J. A&Saussian98Gaussian, Inc.; Pittsburgh,

PA, 1998.

Martell, A. E.; Smith, R. MCritical Stability ConstantsPlenum Pless:

New York, 1974; Vols. 16.

JAD47249R

8

~

(12)

J. AM. CHEM. SOC. = VOL. 126, NO. 50, 2004 16319



