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Notes

Conversion of Hydrosilanes to Silanols and Silyl Results and Discussion

Esters Catalyzed by [PRPCuH]s The reactivity of hydrosilanes in alcoholysis and related
reactions drops in the serieg$IR > H,SiR; > HSiRz.%10 |t
can be assumed that a catalyst coupling tertiary silanes will be
even more reactive with secondary and primary silanes. To
Institut fur Anorganische Chemie, Technische Univéisita pr obe the qctivity of [PiPCUH}i’ we therefo.re only used tertiary
Wien, Getreidemarkt 9, A-1060 Wien, Austria silanes RSiH with different substituents in the present study.
They additionally have the advantage that only two types of
products, BSIOH or RSIOSiR;, can be formed, but no
oligomers or polymers.

When PRSiH, PhMeSiH, PhMeSiH, or EtSiH was added
Introduction to a THF solution of an equimolar amount of water and a
catalytic amount (0.4 mol %) of [RRCuH}, the evolution of
H, was observed. After a few hours at room temperature, the
silanols PBSIOH, PhMeSiOH, or EtSIOH were isolated in
high yields (eq 1, Table 1), while the reaction with the more
reactive PhMgSiH gave the disiloxane (Phi®i),0 (eq 2). The
reactions were performed in the presence of air, because in the
previously performed alcoholysis reactions the copper catalyst
was much more active in air than under ardon.
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The most common preparative reactions for the conversion
of Si—H groups to Si-OH groups are oxidations (for example,
by O, O3, PhCQH, AgNOs, AgNO,, dioxiranes, or KMnQ)
and hydrolyse$. Hydrolysis reactior’? require acidic or basic
conditions, which also promote the condensation of the formed
silanols.

An interesting possibility is the use of metal catalysts for the
conversion of StH into Si—OH or Si—O—Si groups. In some

cases, this reaction accompanies the metal-catalyzed dehydro- [Ph,PCuH

genative coupling of hydrosilanes to oligo- or polysilafies. R,;SiH + H,O R;SIOH+ H, Q)
However, there are also a few complexes which only catalyze ] ) ) )

the former reaction. The outcome of the metal-catalyzed R;Si= PhSi, PhMeSi, EtSi

reaction of hydrosilanes with water appears to depend to a high [Ph,PCUH,

degree on the type of catalyst. For example, reaction ef Ph 2PhMgSiH + H,O
SiH, with water in the presence of @RCI,/Li"Bu as the

catalyst quantitatively gave the disiloxane,RBiOSiHPh,> The easy reaction of the tertiary silanes with alcohols or water
while in the presence ofttCeHe)(CO)Cr(rP-HoSiPly) amixture  in the presence of [BRCuH as the catalyst prompted us to
of Ph(HO)SIOSI(OH)Ph, PhSi(OH),, and siloxane oligomers  inyestigate the dehydrogenative coupling with othertXbonds.
was formed’. With the supported catalyst Rn(CO)CI[FPh  while there was no reaction with &tH, there was a quick
CHCH,Si0317]2°xSIO,, prepared by setgel processing of  reaction with acetic acid in benzene solution (eq 3, Table 1).
Rh(CO)CI[PPRCH,CH,SI(OEt)]./Si(OEt), mixtures, only Ph The silyl acetates were formed in each case in good yields.
Si(OH), was obtained.

An interesting aspect in the catalytic formation of-&H or ) [PhyPCUH )
Si—0-Si linkages from SiH groups is the possibility to R3SiH + CH;COOH———— R;SIOC(O)CH + H, (3)
prepare setgel materials from hydrosilanes as an alternative . . . : .
to the usually employed alkoxysilanes. This wager alia, ReSi = PhySi, PhMeSi, PhMeSi, E6Si
demonstrated for gBi—CgHs—SiH3.8

We have previously shown that [fRCuH} is a very active
and highly selective catalyst for silane alcoholysis. It dehy-
drogenatively couples even tertiary alcohols with tertiary silanes
and also with the least reactive triethylsilane under mild
conditions. Furthermore, catalytic alcohol O-silylation occurs
in the presence of competing=C and G=C bonds without
hydrogenation or hydrosilylatioh.In this paper, we report the
extension of these studies to the reaction of hydrosilanes with
water and carboxylic acids.

(PhMeSi),0+ 2 H, (2)

The use of [PEPCuH} as an efficient catalyst for the
alcoholysis of hydrosilanes therefore can be extended to the
reactions with water or carboxylic acids. Tertiary silanes, which
are less prone to dehydrogenative coupling reactions than
secondary or primary silanes, are readily converted under mild
conditions to silanols (or siloxanes), or silyl carboxylates. There
is no such reaction with amines, which probably deactivate the
copper complex. The reactivity of the silanes decreases in the
sequence PMeSiH > Me;PhSiH> PhsSiH > Et3SiH. About
the same dependence on the type of the silane was found in the
alcoholysis reaction. The reactivity of the X-H compounds

* To whom correspondence should be addressed.

(1) Review article: Lickiss, P. DAdv. Inorg. Chem 1995 42, 147. toward the tertiary silanes decreases in the ordesGIMOH >
(2) Merker, R. L., Scott, M. JJ. Polym Sci 1964 12, 15. H,O > ROH.
(3) Barnes, G. H.; Daughenbaugh, N. E.Org. Chem 1966 31, 885.
(4) For example: Brown-Wensley, K. Rrganometallicsl987, 6, 1590. Experimental Section

Aitken, C.; Harrod, J. F.; Samuel, E.OrganometChem 1985 279,

C11. Lappert, M. F.; Maskell, R. B. OrganometChem 1984 264, All operations were performed by standard Schlenk tube techniques
) 2817d 4T CoC 3.0 tChem 1992 428 315 in air. The solvents were dried and saturated with argon. Instrumenta-

edard, T. C.; Corey, J. Yd. Organomet Chem . e 1 . o

(6) Matarasso-Tchiroukhine, BE.Chem Soc Chem Commun199Q 681. tion: H NMR spectra, Bruker AC 250; IR, Perkin-Eimer 1310. The
(7) Egger, C.; Schubert, \Z. Naturforsch 1991 46h, 783. hydrosilanes were prepared by standard procedures from the corre-
(8) Corriu, R. J. P.; Moreau, J. J. E.; Wong Chi Man, MSol-Gel Sci

Technol 1994 2, 87. (10) Qjima, I.; Kogure, T.; Nihonyanagi, M.; Kona, H.; Inaba, S.; Nagai,
(9) Lorenz, C.; Schubert, WChem Ber. 1995 128 1267. Y. Chem Lett 1973 501.

S0020-1669(96)01134-2 CCC: $14.00 © 1997 American Chemical Society



Notes Inorganic Chemistry, Vol. 36, No. 6, 19971259

Table 1. Reaction Times (at Room Temperature) and Isolated NMR (CDCl, 6): 0.69 (s, 6 H, SiMe). ESIOH: bp 61°C (102
Yields for the Reaction of R8iH, PhMeSiH, MePhSiH, or E4SiH Torr). *H NMR (CDClg, 6): 4.47 (s, 1 H, OH), 0.99 (t, 9 H, CMe),
with Water or Acetic Acid 0.66 (g, 6 H, CH).
reaction yield reaction yield General Procedure for the Reaction of RSiH with Acetic Acid.
product  time (h) (%) product time (h) (%) When 25.5 mmol of acetic acid was added to a solution of 200 mg
- - (0.1 mmol) of [PRPCuH} in 10 mL of benzene, the solution turned

EE?/IISS'}'OH 2 397’ E?ﬁ?ﬂlgs(?(()%x)?Me i 22 im_mediately colorless. The_n 25.5 mmol _of the silangSIRI was
(Me,PhSi)O 4 89 MePhSIOC(O)Me 1 67 quickly a_dded. There was vigorous e\{olutlon of, ldnd Fhe color of
Et:SiOH 9 50 E$SiOC(O)Me 4 52 the solution became yellow. The solution was then stirred for several

hours (Table 1). The products were separated by distillation and
sponding chlorosilanes and LiAlH [PhPCuH} was prepared by a ggftslarlictenzed b¥H NMR spectroscopy in comparison with the literature
literature proceduré’ PhSIOC(O)Me: bp 158C (102 Torr). *H NMR (CDCh, 8): 2.57

General Procedure for the Reaction of RSiH with Water. A : . 2 1
25.5 mmol (0.46 mL) aliquot of water was added to a solution of 200 §S803c||:' (;\;I,e)é SF?XISG?IO-IC((?I\)/I'ZI)(EEZ% %g% %US”\T/I%;O' P&ggg

mg (0.1 mmol) of [PBPCuHE in 10 mL of THF. Then 25.5 mol of (O)Me: bp 108°C (1072 Torr). 'H NMR (CDCl, 6): 2.36 (s, 3 H
the silane BSiH was slowly added. There was vigorous evolution of CMe), 0.93 (s, 6 H, SiMe). ESIOC(O)Me: bp 8(3’C -(102 Tor}) 1H7

Ha, and the color of the solution became yellow. The solution was .
' - NMR (CDCl;, 6): 2.22 (s, 3 H, CMe), 1. , 9 H, CMe), 0. ,
then stirred for several hours (Table 1). The products were separatedH CHS: Ch, 9) (s, 3 H, CMe), 1.03 (t, 9 H, CMe), 0.65 (9, 6

by distillation (except Pi8iH, which precipitated as a colorless solid)
and characterized byH NMR spectroscopy in comparison with Acknowledgment. This work was supported by the Fonds
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