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SYNH~gS AD CL4ACTEIZATION1 OF A NW
CTRA flOLCyCLSlLO ANESynithesis of l,3,S,7-tetra(dirnetbylsilyl)-1,3,5,7-tctra(cyclopentyl)-

cyclotetrasiloxse. Under a nitrogn tmopeeasigteceso

77morisr YS. Haddod'. Brian .i*tf or' n hoo Ph I!ip7r dimretlsylchlorosilare (24D meg, 2.54 mmrol) was added to, a 15 eiL. THEF
solution of triethyltmine (260 mg-, 2.57 aimnol) and l,3,5,7-(tctrahvdroxy)-
l,3,S,7-(ctmetvclopcnsyl)cyclotecraeiloxsr.e, 1, (300 mg, 0.576 mmol). The

PERC Corporation. 'Air Force Rcsearch Laboratory ration iso' 4 within Ihour as seen by HPLC, The solution was filtered
Building 8451, 10 Ea:st Saturn BOulec'55d (under air) to rentovc NEt5HCI and the solvent removed under vacuum. The

Edwards Air Force Base, CA 93524-7680 residue was extracted with diethyletlser, refiltered and the solvent renmoved

intrductonunder vacuum to yield a single compound. 'H NNM (C~D13, ppm) 4.76

There has been recent intcrest in using incompletely condensed (de~,J =2.8 H7 IH). 1.73 (Nult,21l 4, 1.1 mlt6),27.55(S) l, 27.7 1(), 023.6
sitsseqsios~ancs as moteeularbuildirg blocks in mrypolymrSYSIt~TIS.' This28e61.'CH M (D~apm2.5() 2.7(I 36
interest is driven by significant property enhaneementt imparted by inelusion a,06 s.'i )Ntg.(~ 3  p)-. s,-76()
of a nanonizcd inorganic particulate into an organsic matrix. Most of 1th Results and Discussion
work to date has focused on thermoplastic hybrid inorganiclorganic The hydrolytic condensation of cyelopentyltrichlorosilane in reflusing

espolymers~~~~~~~~~~~~ deie hr ihrams-n do-isssiss Fgr ) 0 % acetone and water produces a high yield of the trisilaiol shown is
A c, ao Figure 1, a stmall amount of a fully condensed oetamer, elong with soein

OS*o S. o 7" resinous polymeor." A change in the solvent composition can result in
-d 0 P_ ~ significant chages to the produce disnributiern. An astetopt to produce aI-&0 "' ýR/, tenusilanoldisilscane, t(CsH,~Si(OH)2]:O analogous to a cycloheavl

\o 0-~- \ -. o/Ke \oR~ derivative reported by Brown using ahoot 10 % aetone and 90 % water
ss -..0 a0 In A i yielded a mixture of esinous produets. However, we found that if the

A ;r a reaction was allowed to proceed for a longer time, asingle major product, 1,
was produced along wish smaller amounts of other partially condensed

A disitasotrelittay scrul A tisnevl canbeeasily converted ailseaquioxanes. This major product can be isolated in about 50 %o yield:
for prosluzinr sbnrmsptssic into a mzmmlfer containin; a seinge NMR. spectrescapy reve-als it to be a high symmetry compound containtinga

A o sovse yscealerciooy siagle silanol mrup per silican. The threse reasonable structures that fit all
Figure 1. Two sypes of incompletely condersed oi~rqixnsused for the available data arce shown in Figure 3. In the absence of any single
making hybrid inorganic/organic materials. crystal X-ray ctyatallography dama, the~re in no simole way to unambiguously

assign ,the correct Structtsr. Howeveir, she analogous compounds with
There is a rieed for the development of other incompletely condensed .phenyl- or snitb isopropyl' groans as silicon sarc also known and they have
silsesquioxanes useful in both themmoplastira and therososets. Towards this been proves to have the all cis-smiensce by X-ray crystallography.
end. wc have been studying the- iaolation and chemisty of a new
eycloniloxane containing four silanol fsanesionahticse. This toerasilanol is0 * HO H R on No ctentatively assigned the structuresohown in Figpre 2which is analogous to the N4O \ 14 NiOc Og CI c \ ON /
known phenyl' and isoprepyl' deriviaives. .\ s~.15  ~ \O 5

j~o ~ \o.- W
Ho 0*35' -

R enlperl Iv

Figue 2 incmpltely '~'"~'NEt 3. The reaction in rapid and quantitative, yielding a high symmetry
Figre . Icomletlycondensed seersilanots. The X-ray crystal tetalnhydride. NlvSR apectrascopy reveals a single SiMcýH mnoiety per

structures of the phenyl aind isopropyi derivatives have been solved. cylpny rs sssctwt a l m arete h yrd

Experimental fimeitionalities opensa manifold of reaction possibilities utilizring hydrosilatian
Materials. Cyclopencylsrichlorosilaric and disneteylehlerosilane: were chemnistry.

purchased frese Unisead Chemical Technologies. Technical grade acetone Cocuin
and decionized water were used as received. Tettahydrofition was dried by e nopeeycnesdsissuoaetsalhsbe
Passage thrg sstvsdauiaclm n 'ehlnI.- was distilled synthesized and chaoaccrized. It is easy so derivatize into a teetrafunctional

Iunstrurmentation. 'H, saC, "Si NMR spectra were obtained on a tnderwmrtatya. eieroaedit hcsat.Thswr nesed
Brisker AMX-300 spectroteeter using 5 tmin e~d, tshes. Samtple underway. mn.W rtfi~yamweg heArFreOfc
coneerm.itiosna were about 10% (wlv) in either CCin or d4-acetone and Af cknowledgcemearh nt.Wd rtfayaloweg the Air Foree RsacLbotory, ce
were r-fereneod internally to the solvent PofulscientDifcrscaze5bn the Air f oracea s esearct Lbraoy ,ee

Synthesis of 1,3 5,7- ttrabvdroxy)-1,3,5,7-(tetracyclopentylpcyeln- Pouso ietrto hi iaca upr
tee'ailoxante, I. To a 1000 mL erletamnyr flask equipped with a stiebar and Rfrne
coetaining 6.00 mL -of cold deionized water, a cyelopentyltrichloresilane (1)er(a)Lce nai Z;Ooai k Cm J armlcls1M
(12.54 g, 61.6 mmtol) acetone solution (50 m.L) was added in a dropwisen2,83.()HdaTS;LetnaI.Meooene 96 9

maner vera prid o on hoe' Oncre the addition was ecomplete, the 7302. (c) Rotno-Uribie, A.; Mather, P.T.; Haddad, T.S.; Liebtenbon,
sttebar was remooved, rinsed wish a few eaLs of acetone and tine reaction J.D. J. Patto. Sos.: Part B: Po/sn. Phn'z 1998, 36, 1857. (co Masher,
flask sealed. After 2 weeks a white precipitate was obtained by filtration .P.T.; icon, 11.0.; Rorno-Ucibe,' A,; Haddad, TS.; Lichtenlson,. D.
(7.10 g, approximately 89 % yield) that contained ewo mains products as Muo felr19 ,3,94
revealed by nSi NMRt. (singletse as -44.2 and -5).2 ppmi along wish mnieor Mcooeue 99 2 1

peaks at -44.5 and -53.8 ppm). Extraction of this precipitate with ac2eehrtonecwb,1. oilvn, . ile,3. anGou hm
filtration, solvent reduction and precipitation into water purifies thec desired 1597.2, l1tH.23. Le.19849

prodct.;14 MR dg-cetoc, pm)5.40(sIH),1.7 (mtt, H) .52 (3) Unno, M; Takada, K; asmtH im er 9849
prouct *HNMR(d4 aceonc pp) 540 s, 11) 1.6 (alt 21). .52 (4) Foher, F.J4 Budziclnowski, T.A-,; Blalnalci, ILL.; Weller, K.L: Ziller.

(mult, 6H), 0.95 (souls; 111). 
3CJl-) NMIR (d,1-acetorie, ppm) 28.2a (a),

27.53 (5.2.8() Iiil M (oacoe p)-32() W. Organoimetallice 1991, 10, 2526.
27.5 (s, 2.28 s).Si(H) MR (accone ppm -5.2 s).(5) Brown Jr., I.F.; Vogt Jr.. L.l. J Amn Chem. Soc. 1965,87, 4313.
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