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The syntheses and reactions of organosilang&(®H),—, (n Scheme 1. Synthesis ofl
= 1-3),! alkylphosphonic acids RP(O)(Ogf dialkylphosphinic R R
acids RP(O)(OH)? and dialkyl phosphates (R@)(O)(OHYyab o HO,‘Si’O\Si'.
have attracted considerable attention in recent years in view of Rsi(oH), + [ENPCI, + E%NM Y o’ OH 2EtNH,
their direct relevance in the preparation of metal containing silicate H\p: :p:H
and phosphate assemblies for applications in catalysis and o” OH HO g

materials sciencé.lt has now been well documented that the

presence of a greater number of hydroxyl groups on silicon{ characterized by elemental analysis, EI-MS, IR, and NMR
phosphorus in these compounds leads to cage or polymericspactroscopic techniquédhe strong absorption observed in the
structures in th_elr gubsequent reactions with suitable metal |j spectrum at 2407 cm is characteristic of PH stretching
precursors:? While silanols containing three-OH groups on yibrations® The resonance due to the-Fi proton in thetH NMR
silicon (e.g. t-BuSi(OH)) and alkylphosphonic acids containing spectrum appears at5.73 ppm with a largdJey (670 Hz). The
two —OH groups and a phosphoryl oxygen atom (etg3uP- proton-coupled'® NMR spectrum shows a doublet centered at
(O)(OHY) hgye recently been used for the synthesis of soluble 5 _g 4 ppm EJon = 670 Hz). The high-field*Si NMR spectrum
molecular silicate and phosphate caggsthere are no known shows a doublet centered®t82.9 fJsp= 5.5 Hz) and a singlet

examples of compounds which simultaneously containCa at 6 8.1 ppm for the siloxide and the trimethylsilyl centers,
and P-OH moieties along with a silicophosphate—&—P respectively.

linkage. Apart from the synthetic challenges these kinds of
molecules can offer, they will also be useful in the synthesis of
metal containing soluble silicophosphate materials which could

be eyentually converted in solid-state materials under mild atoms has a (SiO)P(O)(H)(OH) local geometry, and hence each
COﬂdItI(.)nS. eg. s.e+gel rofﬁes)- o end of the molecule can be regarded as a monosilyl esteg-of H
Continuing our interest in synthesizing model compounds for po, The only organic residue on each silicon (Ar(Siy—
silicate and phosphate materials, we have now investigated thegroup) accounts for the high solubility afin a variety of organic
reactions of RSI(OH) (R = (2,64-PrCeH3)NSiMey)®> with  gojyents apart from also imparting necessary kinetic stability to
phosphorus halides. The preliminary results of this investigation, he nheterocatenated inorganic chain. A space-filling modél of

reporting the successful synthesis of an unusual and hithertojngicates that the inorganic core is completely enclosed in an
unknownhydrocarbon-solublenolecular silicophosphonate con-  grganic sheath provided by this organic group.

ng]?tle(/o Si_O_H’dtWO I_Db—?j—_H,r?_neSi—O—S_i, andiwo Si— In spite of the poor quality of the X-ray diffraction détahe
|n. ages, are ESCI’I. ed in this communication. bond distances and bond angles obtained fare consistent with
The title compound [RSI(OHJOP(O)(H)(OH}].0-2EtNH, (R the values reported for simple silanols and phosphonic acids in
= (2,64-Pr,CsH3)NSiMes;) (1) is obtained in 35% yield from a
direct reaction between RSi(Of8nd thei3-cyclotriphosphazane (7) [EINPCIL (2 mmol) was slowly added to a solution of RSIQHE

[EtNPCIJs® in the presence of BNl (Scheme 1). Analytically pure mmol) and E$N (6 mmol) in petroleum ether (100 mL) atG, and the

1, recrystallized from dichloromethane/petroleum ether (1:1), was reaction mixture was slowly brought to room temperature and stirred
for 24 h. Removal of the hydrochloride salt by filtration and the solvent

under reduced pressure yielded a greasy white solid, which was

A single-crystal X-ray diffraction study reveals that the
molecule is built around a HOP—O—Si(OH)—0O—Si(OH)-O—
P—OH inorganic backbone (Figure 1Each of the phosphorus

" Dedicated to Professor V. Krishnan on the occasion of his 63rd birthday. recrystallized from CHCl./petroleum ether (5:1) at18 °C to yield 1
* To whom correspondence should be addressed. Phoi22) 756 7163 (yield: 35 %). Mp: 139-141 °C. Anal. Calcd for GsH72N4OgP:Siy
or 576 8163. Fax:+(22) 572 3480. E-mail: rmv@chem.iith.ernet.in. (855.3): C, 47.75; H, 8.49; N, 6.55. Found: C, 47.9; H, 8.2; N, 6.8.
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during this step is utilized in step 2 to hydrolyze the moisture-
sensitive A3-cyclotriphosphazafeand eventually result in the
formation of the final product, presumably via a phosphonic acid
intermediate. If the above mechanism is really operative, product
1 should also be obtained as the product even if;Clsed in
place of [EtNPCI}. Indeed, when silanetriol was reacted directly
with PCk, silicophosphonat#& was isolated, however in very poor
and varying yields (210%). Hence the use of the more reactive
PCk in place of [EtNPCH does not appear to be a good alternative
route for the synthesis df.

The preliminary investigations indicate thiatvould be useful
as a molecular precursor for the synthesis of soluble models for
silicoaluminophosphate materials (SAPO). For example, treatment
of 2 equiv of AIMe; with 1 revealed interesting spectral changes
in 3P and?*Si NMR chemical shift$® The 3P NMR signal for
1 at —9.4 ppm completely disappears with the appearance of
several new upfield signals betweeri2 and—18 ppm. Many
of these new signals disappear with time, and the spectra recorded
after 7 days revealed the presence of only three very closely
spaced signals ai —14.1, —14.5, and—14.9 ppm. Similarly,
the original doublet®Si NMR spectrum due to the siloxide af

Figure 1. Molecular structure ofl. Average bond distances and bond
angles: S0 1.614(8) A, P-O 1.535(8) A, P=O 1.465(8) A; S-O—
Si 142.2(5), Si—O—P 151.7(6).

Scheme 2. Suggested Pathway for the Formationlof

Et,N R ,/O\Si'R completely disappears with the appearance of two new upfield
2 RSi(OH)y; ——» Ho’%' ! “oH doublets at—86.0 and—88.3 ppm. These spectral changes are
H,0 OH HO consistent with the formation of-FO—Al and Si-O—Al link-
A ages'? indicating the existence of molecular SAPO species in
solution. Our attempts to obtain single crystals of these species
H,0 have so far not been successful.

A + [EINPCIl; —® 1 + EiNH, + Et,N-HCI

Thus, it has been demonstrated here that the reaction between
_ o a kinetically stabilized organosilanetriol and a highly reactite
the literature:? The two phosphonate moieties in the molecule ¢yclotriphosphazane offers an easy route to a unique molecular
adopt an approximate trans orientation on the central siloxane sjjicophosphonate with abundant acidic hydroxyl groups. Further
unit. The silicon and phosphorus atoms in the molecule are possibilities exist for the conversion of the silicophosphoriate
approximately tetrahedral. The-S8D—Si bond angle (142.2(3) into the corresponding silicophosphate (by oxidation of theiP
is in very good agreement with the value obtained for the [RSi- group), which would contain six free hydroxyl groups. Reactions
(OH)JO (R = (2,6-Me:CeHz)NSiMes) (140.7(2)).1 The observed  of such hydroxyl rich silicophosphates with metal alkyls, alkox-
Si—OH distances inl (average 1.600(8) A) are signifcantly shorter jges, and amides are likely to open up new possibilities in
than the corresponding values observed for disilanols of the type synthesizing tailored silicometallophosphate (SMPO) materials

[R2SI(OH)LO (R = Me 1.642(5)i-Pr 1.640(2); Ph 1.620(3)  through molecular routes. Work in this direction is currently
1.647(3) A)!* However, there are no considerable variations in underway in our laboratories.

the observed £0O and P-OH distances inl compared to the _
several earlier reported phosphorus acids as well as orothophos- Acknowledgment. The authors thank the DAE, Mumbai (99/

hate and phosphonate est&rs.

Although, at a first glance, the isolation @ffrom the above
reaction may seem somewhat unexpected, Scheme 2 provides
possible pathway for the formation of Step 1 is consistent with

the recent observation that the silanetriol can undergo a facile

self-condensation reaction to yield the tetrahydroxydisiloxane
intermediateA during the course of its reactions with metal
substrates such as Cp*Talfeor NalnMeg* or in the presence

of acidic or basic impuritie¥? It appears that the water liberated

(10) Murugavel, R.; Btcher, P.; Voigt, A.; Walawalkar, M. G.; Roesky, H.
W.; Teichert, M.; Noltemeyer, MChem. Commurl996 2417.

(11) For an exhaustive compilation of the structural parameters of various
types of silanols, see ref 1e.

(12) Corbridge, D. E. CThe Structural Chemistry of Phosphorisevier:
Amsterdam, 1974.

(13) Gouzyr, A. I.; Wessel, H.; Barnes, C. E.; Roesky, H. W.; Teichert, M.;
Ustn, I. Inorg. Chem 1997, 36, 3392.

20/2-R&D-II), and the DST, New Delhi (SP/S1/F19/98), for the
financial support, and the DST-funded X-ray Diffractometer
Facility at 1IT-Bombay for the X-ray data. Mr. W. Zolke is
thanked for his help in NMR experiments.

Supporting Information Available: Tables listing detailed crystal-
lographic data, atomic positional parameters, and bond lengths and angles,
and the details of NMR spectral investigations. This material is available
free of charge via the Internet at http://pubs.acs.org.

IC000960M

(14) Voigt, A.; Walawalkar, M. G.; Murugavel, R.; Roesky, H. W.; Parisini,
E.; Lubini, P.Angew. Chem., Int. Ed. Engl997, 36, 2203.

(15) To a GDs solution of1 in a NMR tube was added AlMen hexane
(1.6 M solution, 2 equiv) dropwise. After the mixture was shaken well
and the methane gas evolution was allowed to cease’'fhand?°Si
NMR spectrum were recorded. After the solution was stored for 7 days,
the spectra were again recorded.





