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31 DEFINITION OF FORMULA REPRESENTATIONS FOR POSS

32 - NANOSTRUCTURES:

33 For the purposes of explaining this invention's processes and chemical compositions
34  the following definition for representations of nanostructural-cage formulas is made:

35

36 Polysilsesquioxanes are materials represented by the formula [RSiO, 5} where oo = degree of
37  polymerization within the material and R = organic substituent (H, cyclic or linear aliphatic
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6 [(RSiO, 5),(RSiO, ;),(RXSiO, )]s, include but are not be limited to the following: chemical

7 ~ class of base, silicon-oxygen ring size, composition type [RSiOjs]. (silsesquioxane),

8  [(RSiO1.5)n(R2SiO)lz, (silsesquioxane-siloxane), [(RSiO1 s)m(XSiO1.5)nlze (silsesquioxane--

9 silicate), effect of the organic substituents, process temperature, process solvent, process
10 temperature, stoichiometry of base and the presence of a catalyst. Each of these variables is
11  briefly discussed below.

12
13 Co-reagent Promoters
14 Specific chemical agents can be utilized to promote or enhance the effectiveness of

15  the bases utilized in the processes. Specifically, nucleophilic base mixtures that work in
16 combined fashion to firstly solubilize the silsesquioxane and secondly promote formation of
17  the POSS nanostructure. Examples of such systems may include but are not limited to KOR
18 where OR is an alkoxide, RMgX which include all common Grignard reagents, or
19  alkalibalides such as Lil, or any of a variety of molten or fused salt media. In a similar
20 fashion co-bases such as [Me3Sn][OH] and [MesSb][OH] have been shown to promote
21  chemical transformations of POSS systems yet have not been utilized as a co-reagent in the
22 formation of POSS cages. Alternatively, electrophilic promoters such as zinc compounds,
23 (ie. Znly, ZnBry, ZnCly, ZnFy, etc.) aluminum compounds, (i.e. AlyHg, LiAIHy, All;, AlBr3,
24 AlCl3, AlF3, ete.) boron compounds including (i.e. RB(OH)y, Bl3, BBr3, BCl3, BF3, etc.)
25 which are known to play important roles in the solubilization and ring-opening
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24 Thus synergies can exist amongst several types of bases and these can be utilized to the

25 advantage and refinement of these processes. '

26
27 Sihcon-oxygen Ring Size, Ring Type and Cage sizes

28 The processes discussed in this disclosure are not limited to the formation of spec1ﬁc

29  sizes of POSS cages (i.e Z# in [(RSiO, ),)zs). Similarly the processes should not be limited
30 to specific types of silsesquioxanes (i.e. resins, cages or fragments). They can be carried out
31 to manufacture POSS cages containing four to eighteen or more silicon atoms in the silicon-
32  oxygen framework. It has been noted that the silicon-oxygen ring size contained within such
33 POSS systems does however affect the rate at which cage silicon-oxygen ring opening can
34 occur. For example rings containing three silicon atoms and three oxygen atoms as in
35 Formula ! appear to open faster than the larger rings containing 4 silicon atoms and 4 oxygen
36 atoms. The relative rate for the opening of POSS silicon-oxygen rings appears to be six
37 member rings with three silicon atoms> eight member rings with four silicon atoms>ten
38 member rings with five silicon atoms> twelve member rings with six silicon atoms. Selective
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24 and carbonate are more effective at converting [RSiO, s).. systems bearing vinyl or allyl

25 groups. It is also recognized that the use of other co-reagents may be used to promote the
26 formation of POSS species from this process.
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4. (homoleptic [(RSIO, )]s fimctionalized homoleptic [(R.Siol.s),.(RXSiql;o),]z,.. heteroleptic
[RSIO,),(RSIO, )]s, and functionalized heteroleptic [(RSIO, ) (RXSIO,)Jz) or into
POSS-fragments [RXSiO,,),] can be selectwely controlled through manipulation of the
process variables discussed above The process can be conducted using a polysilsesquioxane

resin which may contain only one type of R group to produce homolepnc [(RSiO, ) Iz

products. Alternatively the process can be carried out using polysilsesquioxane resins
10  containing more than one type of R group or with mixtures of polysilsesquioxanes in which
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11  each contains different R groups to afford heteroleptic [(RSiO, ), (RSiO, ) Jzy products. For
12 the above reaction scheme in which mixtures of homoleptic POSS cages (i.e. R of one POSS

13 cage # R of the second POSS 'cag'e)- are substituted for the polysilsesquioxane resin the
14 process effectively converts mixtures of homoleptically substituted POSS cages -into
15 heteroleptic POSS cages (functionalized and nonfunctionalized) that contain statistical
16 distributions of different R groups per cage. In most cases the POSS fragments and various
17 homoor heteroleptlc nanostructured POSS species can be separated from one another through
18 crystalhzatlon, or extractions by utilizing the differences in solubility between the reaction
19  products and the starting silsesquioxane. -

20 The purpose of the base in this process is to cleave silicon-oxygen bonds in the
21 starting silsesquioxane and thereby allow for, as well as aid in the rearrangement and

22  formation of the various POSS fragments, homoleptic and heteroleptic species. The strength
23 of the base and the base-solvent-silsesquioxane interaction are critical factors, which enable

I
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Figure 3. POSS Fragments converted into POSS cages.
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18  the topological dissimilarity between the R groups. ' '

19 In many cases the desired homo or heteroleptic nanostructured POSS 'species can be
20  separated from one axmthér via crystallization, extraction or by utilizing differences in the
21 solubilities of the products and the starting POSS fragments. -

22 An extension of this process is the action of base on functionalized POSS

23 nanonostructures (i.e. [(RSiO1.5) (RXSiO1.0),]zs)- It should be noted that these systems are
24  chemically similar to a POSS fragments in terms of their chemical composition. They are
25  different however in their topology and physical propertxes such as meltmg point, solubility

26  and volatility.
27 Figure 4 illustrates actual reactions that use the conditions described in Process II as
28 proof that the bases and conditions described in Process II are effective for the conversion of

29  functionalized POSS cages (i.e. [(RSiOj 5) (RXSiO10),]zs) desired POSS structures. It
30 should also be noted that in most cases these process results in an increase in the number of
31 functionalities (X) on a POSS nanos.t'ructure.while at the same time maintaining the original
32  number of silicon atoms contained within the starting nanostructural framework. This can be
33 desirable for a variety of subsequent synthetic product manipulations and derivations.

34 Figure 4 illustrates actual reactions that use the conditions described in Process II as
35  proof that the bases and conditions described in Process II are effective for the conversion of

36 functionalized POSS cages (i.e. [(RSiO1.5),(RXSiO1.0),)z,) desired POSS structures. It

37 should also be noted that in most cases these process results in an increase in the number of
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of 119111 WO 01/10871 ® °2§:"455 12 1 flin,of Fa ities (X) on a PCSS
nanostructure while at Rif‘h\e ¢TE naint g\phs original 2 nunber of
silicon atoms contai ned V\ns't'?rrsh t he startlﬁ‘ﬁ A ructural franmework. This
can be 3 desirable for a“varl ety of subs&quent nt heti c product
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t(RSI O .s)i(RXSIG. e)4})| X-COH Functionali1zed PCSS Alternate
Functional i zed Fxgure 4 POSS Cages being interconverted. '
1 " The first example in Figure 4 illustrates the selectivity for the cleavage of 6 membered
2  silicon-oxygen rings in the presence of 8 membered silicon-oxygen rings by the base, to
3  afford the trifunctionalized POSS species. This reaction is driven by the release of greater
4  ring strain energy from the cleavage of the 6 membered silicon-oxygen ring vs. cleavage of
5 the 8 membered silicon-oxygen ring and is thermodynamically favorable. In the second
6 example the energy of the twisted conformation is relieved upon cleavage to form a more
7  open structure.
8 A final alternate of process II and one that is of great utility is that it can also allow for
9 the incorporation of POSS fragments into existing POSS and POSS silicate nanostructures.
10  This is a very important and useful aspect of this process because it allows for the expansion
11 . of both POSS and POSS silicate cage species. This is analogous to a carbon-carbon bond
12  forming processes in organic systems. Hence this process can be utilized to prepare larger
13 POSS nanostructures as well as POSS nanostructures having previously inaccessible sizes.
14  Of particular importance is the use of this process to prepare nanostructures having odd as
15  well as even numbers of silicon atoms.
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Figure 5. Silsesquioxane/siloxane fragments being inserted into POSS Cages

The net reaction in the examples shown in Figure 5 is cleavage of an Si-O-Si bond in
the POSS or POSS silicate nanostructure and insertion of the POSS fragment. This reaction
results in the expansion of the silicon-oxygen ring in the POSS nanostructured product. Note
that the ring expansion in these reactions is in some cases favored thermodynamically
through relief of ring strain in the silsesquioxane starting material. For example, the reaction

of 1 equivalent of Vinyl(OMe); with [((c-CsH;,)Si0, 5)s)z, results in POSS molecule having

the composition [((c-CeH,1)Si0) 5)a{c-CsHy HO)SIO) 0)2(ViSiO ohi] =5 :
Mixtures of bases may also be utilized to carryout the process. One advantage of such
an approach is that the use of different types of base in combination could serve different
functions. For example one base may be particularly useful for the cleavage of Si-X groups
while the second base may function in the assembly of POSS fragments into POSS
nanostructures. Synergistic effects between different types of base can also be expected.
Particularly important is the use of mixtures of POSS fragments (i.e. where R of one

fragment = R of the other fragment) or POSS fragments having more than one type of R
group. Use of mixed fragments or fragments having mixed R groups affords heteroleptic
POSS species [(RSiOy.5) (RSiO1 5) Jz; which contain more than one type of R group. In

general the POSS nanostructured products formed contain a statistical mixture of R which is
determined by the stoichiometry of the starting fragments. As a result, numerous isomers are
possible.

Process III: Selective Opening, Functionalization and Rearrangement of POSS
Nanostructures

This processes utilizes bases (as defined previously) and POSS nanostructures having
homoleptic {(RSiOt.5)n]zs and heteroleptic [(RSiO; 5) (RSiOj5)]zy compositions. The
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Figure 6. [llustration of Process ITI

1 Furthermore as a variation of this process it is possible to interconvert various sizes of
2  POSS nanostructures. For example, with the'propex" addition of base [(RSiO, )]s can be
3  either cleaved into a smaller POSS fragments (e.g. [RSiX;), [(RXSiOys),], [(RXSIO, ),], or
4  [(RSIiO, ). (RXSiO,,),]) or functionalized into heteroleptic POSS nanostructures of the same
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Figure 7. Illustration of Process ITI

As a variation of the above it is recognized that this process can utilize mixtures and
distributions of POSS cages as well as polyhedral oligomeric silicate species (e.g.

[{(CH,),8i0)Si01.5) Jze» [((CH,),NO)SiO1.5) ]z, [((CH,);Si0)8i01.5),Jzs,

[((CH,),NO)SiO1 5),}ss- In such cases the base effectively converts cages of several sizes into
functionalized and nonfunctionalized heteroleptic POSS nanostructures as shown in Figure 7.
This represents an entirely new synthetic route for the preparation of the very useful

incompletely condensed trisilanol reagents [(RSiO} 5),(RXSiO1.0),)=; m particular where X =
OH.
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Figure 8. Illustration of the conversion of POSS and Silicate Nanostructures - Process III

A final variation of this process is the selective action of base on heteroleptic POSS
nanostructures. POSS nanostructures bearmg more than one type of R group per cage

[(RSiO1.5), (RSi01.5),]z4 are readlly converted through the use of base into ﬁmctxonallzed
POSS nanostructures [(RSiO1.5) (RXSiO1.0),]z,. Note that all possible geometric and

stereochemical isomers are not shown.
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1 As a variation of the above it is recognized that this process can
utilize mxtures and 2 distributions of POSS cages as well as pol yhedral
ol i gorrer i ovebisiesat e species (e.g. 3 [((CH3)3Si O Si OL. 5) HCTAS00/21455
[((CH3)4NO) SiA .5)3F.e. [((CH3)3Si O S101.5)e)Xs. 4 [((CH3)4NO Si O1. 5) e] u.
In such cases the base effectively cBhverts cages of several sizes into 5
functionalized and nonfunctionalized heterol eptic POSS nanostructures as
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Fi gure onversion of POSS and Silicate

Nanogtrg I{‘Jérdé%ﬁisg %}S%QVCOJSF#Q%“%A final variation of this process is the
sel edtive action of. base on heteroleptic POSS 2 nanostructures. POSS

nanost r uct UABBIDICNADMATERIAD a SECTIONYB:ISOMERSIDP POSSSYSEEMS 3

[ (RSpQ 55) I OL.5)n| E(, are readily converted through the use of base
into functionalirzed 4 POSS nanostructures [(RSI A .5).(RXSi Ol. O)JE#. Note
t hat!Qa| IME] L) LING SEE RY| isoners are not shown.

a Rlsl - O Si GiveRtlsf thiee digndnsibhal, Randdedpicindtarp bf POSHSStemsdt ie impdriait3o O
. SN ShrQiizs thhSSminfbet of bbnferd f&tis 167 £ given formula may be produced by the
13 processes taught in this work. The stereochemistry of these isomers can be controlled by the
14  through methods taught in this patent however, in some cases geometrical isomers will still
15  exist. A number of examples are provided to convey our acknowledgement of the presence
16  of such isomers and that we in no way limit our claims to any one specific stereochemical or
17  geometrical isomer. , .
18 - Six isomers are possible for difunctional, incompletely condensed POSS

19  nanostructures [(RSiO; 5)4(RXSi0O1 0)2]5 as shown in Figure 10.
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14 loss of one, two, and three phenyl groups, respectively, at 954.7, 877.4, and 800.6 amu. The

15  above procedure can be modified for the continuous and batch production. . Alternately,

16  benzene, acetone, and methyl ethyl ketone can also be used as solvents for this reaction in -

17  place of toluene and KOH can be used instead of telraalkjlammonium' bases. In addition,

18  phenyltrimethoxysilane can be used in place of phenyl resin to prepare [((CsHs)Si0) 5),]zs:

19 Synthesis of (((C@Hs)SiO;,s),,]z., from [(CsHs)SiOy s} resin. Potassium hydroxide
20 (46.5 g, 829 mmol) was added to [(CeHs)SiO 5] resin (1006 g, 7740 mmol) in THF (7.8L)
21  at roomtemperature. The reaction mixture was heated to reflux for 2 days then cooled to
22 room temperature and filtered to give 443 g of [(((__36H5)Si01_5),,]z,; as a microcrystalline
23  white solid. Additional [(CsH;5)SiO) 5]« resin (912 g, 7059 mmol) was added to the reaction
24 mixture and the solution was heated to reflux for 2 days followed by cooling to room

25 temperat\ire and filtration to give 851 g of [((CgHs)SiO, s),,)x,, a5 @ microcrystalline white
26  solid. Characterization was accomplished by EIMS which shows a molecular ion at 1548.2
27 amu. The above procedure can be modified for the continuous and batch production.
28 Alternately, methylene chloride can also be used as a solvent for this reaction in place of THF
29 and tetraalkylammonium bases can be used instead of KOH. In addition,

30 phenyltrimethoxysilane can be used in place of [(C¢Hs)SiO)s). resin to prepare
31 [((CsHs)SiO1 5)pa)zse-

32 - Synthesis of [(c-Cslig)SiO;,s]za from [(C'CSHQ)SiOI_Slm resin. A 1.80 gram sample
33  of resin was dissolved into 90 ml of acetone and 90 mg of NaOH was added to the reaction
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Synthesis of [((C6H5)SI G . s)slr8from[ C6H5)SiAO .si resin. 9

Tet r det hy| arfyothiesis Wd[(&ﬂﬂﬁﬂ)ﬁl@n stz Sirom rifﬁﬂ)%?ﬂ)ﬁl@ds]ed resin  and
[(C6H5)Si 01,5]" resin 10 (13.0 g, .100.6 mmmol) in toluene (100 nL) at room
t enpett at [§5Oxl e a0t0-5r8 Fﬁ'@&l%?fgfe%@d 322 ebteaamethylgromenipgy, silicate falyr s |

t hen. T ook&d dissolveadfitol 20mesfathidhel and DMK, OHErhs\Widdda. tb Mhehieaction Bfixturkdmtii ftt ered to

5 2 A0 Py} SR T A oy M 5 i B B 1

| ons Toremp@anft dg then wisifiltered toodbtain .9 & \ob [((CH=CHISIH shfhe N VA teiaiiyos ,
respectively, at 954.7, 877.4, and 800.6 amu. The 15 above procedure can

be i fdisibution of rages OF [((GRzrEDBI shixi wherp noel8iCH0, 32,. 14Aah derprdpaies in 216
b I f
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t et r dal KPHAWERDY frspiRpPiCdstliation afvaternd methangl, The resuitingwhite\selid axodutan be
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of [ } 5 S SiQO.51" Tesin. Potass oxi de
in common SO vents/reagents and melts at approxlmately 150°C. -

15 Synthesis of [((c-C,H,)Si0, 5) ((c-C:H,,)Si05)]z:: In a typical reaction, a mixture
16 of (cyclohex-3-enyl)trichlorosilane and cyclohexyltrichlorosilane were added with vigorous
17 stirring to a solution of methano! (200 mL) and water (5 mL). The mixture was then refluxed-
18 for 2 days. Upon cooling, volatiles were removed in vacuum to afford a resin containing both
19  cyclohexyi-Si and cyclohex-3-enyl-Si groups. Base catalyzed redistribution of this resin was
20  accomplished by refluxing for 48 h in methyl isobutyl ketone (25 ml) with enough
21 C¢HsCH,N(CH;3);0H to produce a strongly basic solution (ca. 2 mL of 40% solution in

22  MeOH). Evaporation of the solvent (25°C, 0.01 Torr) gave a white resinous solid, which was

23 stirred with acetone (15 mL) and filtered to afford a mixture [((R)SiO, s),((RNSIO; s)Jzs
24  frameworks possessing both cyclohexyl and cyclohex-3-enyl groups. Isolated yields are
25  typically 70-80%.

26 Note: Excluding enantiomers, there are 22 [((R)Si0,.5),((R)S10; 5),}5; frameworks

27  with the formula (cyclohexyl),(cyclohex-3-enyl)s »Sig0y2 (0<n<8). All are presumed tobe
28  present in the product mixture. The relative percentage of each compound is most dependent
29 on the relative amounts of (cyclohex-3-enyl)trichlorosilane and cyclohexyltrichlorosilane
30  used in the reaction, but it may also depend on other factors. The high-resolution 2Si NMR
31  spectrum (CsDs) of each product mixture exhibits a series of well-resolved resonances for
32 framework Si atoms possessing cyclohexyl and cyclohexenyl groups. The chemical shifts of
33  these resonances are constant, but the relative intensities of the resonances depend on the
34  amount of (cyclohex-3-enyl)SiCl, and cyclohexylSiCl; used in the reaction. The product is

35  clearly a mixture of [((c-C.H,,)SiO, s)y((c-CsH,)Si0, 5),Jss frameworks. The following



20 (46.5 g, 829 mmol) was added to [(C6H5)SI Ox.s]a, resin (1000 g, 7740
nmmol) in THE (7.8L) 21 at roontenperature. The reaction m xture was heated
to refl uxwbinessflays then cooled to 22 room tenperat ur erCTABIORI45S ered to
give 443 g of [((C6H5)Si OL.5)12JE12 as a microcrystalline 23 white solid.
Addi tional [(C6H5)SiOl.5Ja, resin (%412 g, 7059 mml) was added to the
reaction 24 mxture and the solution was heated to reflux for 2 days

fol l,oned b t ' 851 g of
[ ((doresretial 8t st Rab GTC8) hEURRIE B of tomparisphel filly Auolis
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1548.2 27 amu. The above procedure.can. be nodified for the continuous .
and.3 baCH)SiPallet i on. 28 Alternately, nethylene chloride can al so be used
as g solvent for this reaction in place of THE 29 and tetraal kyl ammoni um
bases can be used instead of KOH In addition, 30 phen Itr| rret hoxy5| | ane
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T 27 (IZ5 mmol). Y72 E (125 ol
7 Z7g(Z5mmel) | SISg@75mmol |
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5 I35 @25 mmol) | .52 g (44 mimol)
5 "5.82 g (27 mmol) ~9.79g (45 Emol)

—7 068 g (313 mmol) —Y57 g (44 mmol)




21 C6HsCH2N(CH3) 30H to produce a strongly basic solution (ca. 2 nL of 40%
solution in 22 MeOH). Evaporation of the solvent (25C, 0.01 Torr) gave a
white resiwoon1esdl i d, which was 23 stirred with acet one RCOFUSHR1455(
filtered to afford a m xture [((R)SI% B)"((R)SI'A.5),Eg 24 franeworks
possessi ng both cycl ohexyl and cycl ofiéx- 3-enyl groups. Isolated yields are
25 typically 70-80% 26 Note: Excluding enantiomers, there are 22

R.,Si A t.h
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constant, but the relative intensities_ of_ the refonances depend on the 34
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The O%melﬁheﬁi CeBlakihy for W8Xh lJlflemé‘tf'lyl isobutyl ketone (25 mi) with enough

4 E Lo ANIRL S PH £ P, KL LB A,

madelgoasaeons E%’ﬁb?dtioﬁ@f&h& Il @5°@L(101e115rr)«; gavt £ohin fesmeis solid, which
[((c-C6HL, )SI QL. s)s] Es, %c CbH9) Si A . SB;F}]ES and (c C6H, | SlO s).((c- 3
9

C6H, }1Si OvasAjtimed with geeggine | ) eand rfglqereg ) rd/\i((ci-C K skl erygq)%rmwl

E?f’”f?i SRR Rt eSafin® sefd ¢ CRARAES NP G B KV (3085 e v ¢

- one {3 - cGOCRNIOOK) 5876 ¢6its, DH)INOP (bF m, I H) 1.92 {br 18, zBH),qys:d @haxemy, 1.080uUps
wi t h zero Si-cycl ohexyl near est nei ghbors: 8 -67. 9 Si-cyclohexyl with
~ thr ekt Sifr nydlﬁhéﬁeNMR 6126 8pMH2zCDEY, 300 II-DS 327. &&,011251989@5 465261931 2605i -

v e 5y e o R 4%, b B e b D

-68. {8 shi’gle&x&stﬂ}eadﬂlhfﬁ-aaﬁ @isidyd by reacting equinolar anounts (0.0125 nol)
of (cycl ohex- %_(G i chl orosi |l ane_and é ycl ohexyl tr| chl arosi | ane as .
S

descH bed ab&)’&t@iﬁl H):CHISIOQslreto s FYRIFFCHs mb) ¢ Wes; addse  cpeetylly; withat ed
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for ABC fnyaimitative Qﬁﬂd tof [i-PEBiOR4, &sﬁﬂs?afﬁa&lwmw(l@ﬁﬁ M MRue t o
the ?Iverépgam% of 1AL Yesin &Bﬁﬂpggﬁ)aWeﬁJ}lo?JL ognzggn\énces characteristic of silsesquioxane

22 resins and indicates that very little, if any, discrete polyhedral silsesquioxanes (e.g.,
23 [((CH,),CH)SiO, s}, with n = 6, §, 10, 12, 14) are present. Base catalyzed redistribution of
24 the [((CH,),CH)SIiO, 5], resin was accomplished by refluxing for 6 h in methyl isobutyl
25  ketone (25 ml) with water (1.4 mL) and enough C{Hs;CH,N(CH;),;OH to produce a strongly
26 basic solution (ca. 1 mL of 40% solution in MeOH). The crude equilibration mixture _wés
27  diluted with Et,O (200 mL), washed several times with water, dried over anhydrous MgSQO,

28 and concentrated to afford [(((CH,),CH)SiO, 5),]zs as a white microcrystalline powder. The
29 yield after one eduilibration is typically 15-30%, but additional [(((CH,),CH)SiO, s),}z; can
30 be obtained by base-catalyzed redistribution of [((CH,),CH)SiO, s]» resin present in the

31 mother liquors. The compound prepared in this fashion is identical to [(((CH,),CH)SiO; 5);)zs
32  prepared via the method described by Unno (Chemistry Letters 1990, 489) Characterization
33  data: 'HNMR (500.2 MHz, CDCl3, 300 K) 6 1.036 (d, J = 6.9 Hz, 48 H, CHj); 0.909 (sept, J



20 different chemcal shifts: 6 127.45 (br m, 127.07, 27.47, 26.85, 26.63,
25.51, 25.08,'23.15, 21 22.64, 18.68. Anal ogous results were observed when
[ ((c- CoH" woeinggA( (c-C6HI) Si A .s)AJEs 22 m xtures were poraisddAdssusi ng t he
followi ng ratios of (cyclohex-3-enyl)trichlorosilane and 23

cycl ohexyltrichlorosilane: 24 Entry €¥c o ex- -eny i 3 cycoexyi 3 2.7 ¢
mmol) 2.72 g mo 2.7 g (12.5 nunol) SAS g mol) 2.7 g (12.5 nunol) PQ g

nmol ), 4 6_47 rnnDI %79 1.35 mo 9. 52 44 mmo 5-82 ¢
ol g e § B0 P mﬁ%tw MitkoCBChs 380 BRI (o) P800/ 23455
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(br 131  lgavd) a whitdfesindus £olid, Which wakistirrei3WitiNbdstdnt 255 hi)ydid fift¥ed %o affsld K) 8
127.33, 127.08, 25.46, 25,03, 22,60, 15 18.60. 29Si NVR (99.4 Miz, C6D6,

300 ) H(CHR).CHCHASIOy sl i 302hs Yields 1.6 a8)a 8% & vhile cracrvﬁﬂheq #gli& cryst al
X- d JE8: \\at 1
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17: "yield of [(((CH,),CHCH,)SlO. 5),];,I after three resm redistribution reactlons is typlcally

18. greater than 60%. Charactenzauon da,ta 'H NMR (500.2 MHz, C.D,, 300 K) & 2.09 (m, 8 H,
19- CH); 1.08 (d, J = 6.6 Hz, 48 H, CH3); 0.84 (d, J = 7.0 Hz, 16 H, CH,). ’C NMR (125.8 MHz,
20- C,D(,, 300 K) & 25.6 (s, CH,); 24.1 (s, CH); 22.7 (s, CH,). ®Si NMR (99.4 MHz, C,D,, 300 K)
21 5-675. | - |

22 Preparation of [((c-C.H,,)SiO, ), ((c-CH,,(OH)SIO, o);)5; from [(c-CH,,)SiO0, c]
23 Resin: [(c-C.H,,)SiO, ;] resin was prepared in two steps from C,H,SiCl;, In the first step,

24  water was added to a toluene solution of phenyltrichlorosilane to produce [C;H,SiO; s). resin
25 according to the procedure reported by Brown (J. Am. Chem. .Soc., (1965), 87, 4317). This
26 [CH,SiO 5} resin (1.0 g) was then diésolved in c_yclohexane. (50 mL) and hydrogenated to
27 [(c-CjH,)SiO, ] resin in a Parr minireactor (150 °C, 220 psi, 48 h) using 10% P&/C (1.3 g)
28  as the catalyst. Filtrati&n to remové the catalyst and ex)aporation 6f the solvent in vacuo
29 afforded the [(c-C,H,,)SiO, ]» resin as a white solid. The 'H NMR spectrum of this resin
30 exhibits broad featureless resonances characteristic of ¢-CH,,Si groups and no resonances

31  attributable to C,H,Si groups. The 'zgsi{"H} NMR spectrum exhibits a broad featureless
32 resonance characteristic of cyclohexyl silsesquioxane resins and no sharp resonances




19 The solution was then refluxed for 24 h. Upon cooling, the solvent was
evaporated to. afford 20 a quantitative yield of [i-PrSiQ3n]" resin as a
pal e yel | Gyobisfvgdd- The 29Si {' HF NMR 21 spectrum of the peguspoRKBEbIts a
broad envel ope of resonances characteristic of si:l'sesqui oxane 22 resins
and indicates that very little, if al4, discrete polyhedral silsesqui oxanes
(e.g., 23 [((CH3)2CH)SI O .5]" with n =6, 8, 10, 12, 14) are present. Base
catal yzed redistribution of 24 the [((CH3) ZCLaSi QL. 51, resin was
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CDC13, 300 K) 8 1.036 &d, J =6.9 H, 48 H CH3); 0.909 (sept, J WO
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I esoran cooked and eliecwhitd ergstalline ProdudtIeRpollectaleia filifition ahd Gvas Gvashal with

(L CREa R AR, he Hriicl s BRatharey yfS fid RFAURMAES A2 9,
r edi & r isyotlargrocgdure W pwed forpachiof the fgllowing.compoungdss acconpl i shed by
el 49| NCHpIIARCHCEL 0B} gk, KECHRS, HERRAGTIS N W thenough

CoH5CH2 0 produce a ongly bdasic *12 sol U n (ca. 2 nL of 40%.
sol L0 or{((CH,J8104L),(CBePH)SIO} 01, {{(CHYSION)(EH=CEBD, 141 Torr)) 13 gave a

white resinous solid, which was stirred with, acetone (15 nL) and filtered

to adlf orl(CHISIQMUBNCHIINO) Qilg) l(('S}E_s)FiQm?G@%’ﬁlélsépx.‘an6l4 g) as a white,
m cr.cr | i.qe : a e on .gi ves nore
(i - GO adf N stowdar et R G i GiioBR cRT Jigras 1

di ' ' CH3) 2CHCH2) Si A . 5 Es. Th nbi ned 17
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reactd ons is typically 18 greater than 60% Characterization data: 'H NWR
200, TR 1 gt 10 hpd Sl o S 9

’ ’ ollowed by the addition of

26 ' C,H,,)(OH),SiOSi(OH),(c-C,H, )] was added to ethanol (50ml)
27 5meq of KHCO,. The reaction mixture was then allowed to react during reflux for 3 hours
28  then the mixture was made basic through the addition of Bu,NOH and refluxed for 2 days.
29  The reaction was then allowed to cool and neutralized with the addition of acetic acid and the
30  volatiles removed under reduced pressure. The residue was washed with MeOH repeatedly
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he2yol niitralireganizh[IN E) S3iHorbhid GrEmEEEie) GRY 23S Dhe xgaie29 (415

ny, 064mm|)asa\/\h|tesolld|n25% I el d. m (CDC13), S 0.136 (s,
3H)22 layer was washed with brine, dried over MgSO4 and vola es evaporated to give
23 [(CH,CHSIO, )(CH,CH,)OHSIO, )z The  [(CELCHSIO ),

24 ((CH,CJ{,).(OH)SiO,,,,)slz-:. was dissolved in an Et2O (30 mL) and a mixture. of

25  chlorodimethylvinylsilane (505 pL, 3.66 mmol), EtsN (595 L, 4.27 mmol), and EtO
26 (3 mL) was added at room temperature and stirred for 7 h. The mixture was
27 hydrolyzed and extracted with diethyl ether washed with brine, dried over MgSOs,
28 and evaporated to give a solid. Recrystallization of the solid from hexane afforded
29 colorless crystals of [((CH,Ct,I-I.SloI 5)4((CH3C,,HS)(OSl(CH,),(CI-I=CHQ))S10 o),]z, (230

30  mg, 018 mmol) in 36% yield. TH NMR (CDCls) 5 038 (s, 18H), 2.33 (s, 9H), 234 (s,



30 0.142 (s, 12H), 0.146 (s, 61-1), 0.64-0.72 (m 2H), 1.72-1.82 (m
2H),1.94 (s, 3H), 4.11 (t, J 31 =6.78 Hz, 3H), 5.54 (t, J =1.58 Hz, 1H),
6.10 (br swodiMesnl3C NVR (CDCl 3) 8 -4.56, W91/10871 PCh¥ciai%0s2iessd> 29 1
4.48, 8.24, 18.31, 22.19, 66.46, 125.16, 136.53,"167.46. 29Si NVR (CDC13) 8
-67.71, - 2 66.00,-65.69. Calcd for @920B84is: C, 25.91; H, 4.97. Found: C,
25.69; H 4.99. 3 Preparation of
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di chmrmmmmmmmamgmmnr(d 3 £087 Hz) 6H), 7.58 (80] m7l Hz, BIBN ( 139. 4

s ihori S J0GH) 842 A, Bl 5 Bkh BN H1 0 3810, 180 13800 s

was hegl Vﬂidmtmas 131rueefb4ome&34\?72§§s47@a§965t139 wmpgvahﬂspmm( ol atiles
10 gave CH5PUS OL ) s( ( OH =6CH3) (O CQ(CH2) 3) (H3C) SIO, o), TEg (475.5
rrg m368ﬁm1)—77_‘1.29,-32§15-ﬂ50-te solidin 89%vyield. 1H NVR (CDC13) S 0.43

517, b 43 (o Frephption @%%s%i&iaisgmﬁ%@mﬁoﬁg I Bocs §Er N
1H) 5. 1s:bh(tinn of trimethylamaresaﬁnem{m nii311. 19 ;mal), Septané §500nmIN0 pd NRE- 7. 79
157 S, dimphiyiprmamioe 650 260 yaaddet apowanor tuEhR.ENOKD. 34 &1@15131“19,

134. 25, {69 o140 a éém:d5%f ol 630 Gfin 3% 029§' NiRer( Gliitich &F all the
-78.72,48.51,46./98, 48. 7 17 Preparation of

[(( QBCG@((W,GHQM)SWZ))]@%BM@MN 3iirfred@ fo\ar bifditichal 30 nin th8n alddwed ton of

of { EFANCER SIS oo f’gz&%‘ﬁ%%ee%h?"kﬁz@%ﬂ*ﬁf ni‘?%%%%@geﬁt?&%‘*ﬂ?wéﬁ 1 on
20 thd 85 wlﬁgmkfaeaﬁlmwgﬁwm with wates ugtihgeuiraly dried-0vsr MeSO adh. The

M xt 14 e somBentidfedn T thalrésidud wastddded\a bietimndludnid alle sohible part aas eemovied Ibydi et hy|
et he

Gol 2t | eglt:@géfg{agq%@ #'tiee (G SOSIBTIE e a4 nikion & Shisoia m Fa 2"

Si | G
(¢ fg{?@‘*ﬁ%?éi%ms)@%@ss v I (CDERES e R TR ERR & ure of
25 cFﬂor %3 -vi nyl si l.ane (505 L, 3.66 nmol), Et3N (595IL, 4.27 mol),
and 20 26 d h. The
m xt Eér e was i ﬁ?a}#) Wzggégfr%)dﬁ b;élep T(@Qﬁ?ﬂfqlig@ﬁ?ﬁ,).ﬁ: hgé %a/aé eo(gvvl th
bri ng9 dm[@dolmmmﬂ‘djﬁﬂlﬁmeﬂ@&hmﬂmea(mﬁwm 88)1:1@1010&111& Ny (139.4 pL, 1.00 - _
Recrystallization of the_solid from hexane afforded 29 colorless crystal S

of [ €9 cHEewiu aeaddsd ap FE@sialytionse{ HiSH): &93%929;(@69:%95?@31@2 30 ny,
0. 1821m{174)7Mmg @AY inftlofl). at TboNimpcfabir. 3 Thémiktiz8 was stit&Vit rdord Jerferattied) . 2. 34
(s, ’ﬂ) Oéo/r A %&m@?&é&%%ﬂ%& red?xged pressure. The residue was extracted with hexane.

23 The insoluble materials were filtered. The filtrate was concentrated to give a spectroscopic
24  pure [(((CH,),Si0)SiO, )((CH,=CH)(CH,),Si0, ,).}zc (225.6 mg, 0.18 mmol) as a white

25  foam solid in 92% yield: "H NMR (CDCl,) 5 0.13 (s, 54H), 0.14 (s, 12H), 0.18(s, 12H), 5.73
26 (d, J=4.0 Hz, 2H), 5.77 (d, J = 4.0 Hz, 2H), 5.91 (d, J = 4.0 Hz, 2H), 5.94 (d, /= 4.0 Hz,
27 2H), 6.11 (d, J = 15.0 Hz, 2H), 6.15 (d, J = 15.0 Hz, 2H). “C NMR (CDCL) 5 0.11, 1.52,
28 1.62,132.00, 138.79. #Si NMR (CDCl,) & 11.24, 10.17, -1.35,-108.31,-108.70. MS (ESI):

29  Caled for C, ,H,,0,,8i,,Na, 1243.2. Found: 1243.6.
30 Preparation of [(((CH,),Si0)Si0, ):((C.H/)Si0, o),((CH,=CCH,)(0)CO .

31  (CH,):Si0,4),}zs  from . ~ [(((CH,),8i0)5i0, 5)((CH)(OH)SIO, .),(((CH,),SiO)
32 (OH)SiO, )z An Et2O (8 mL) solution of methacryloxypropyltrichlorosilane (340.3




1 9H), 2. 39(s, 31- 1) ,5.90(dd, 2J=20. 4Hz, 3J=3. 8Hz, 3H), 6. 03(dd, 3J= 14.9 Hz,
31=3.8 2 Hz, 3H), 6.28(dd, 2J=20. 4Hz, 31=3. 8Hz, 3H), 7. 01(d, 31= 7.7 Hz, 1211),
7.19 (d, ¥bowesr- 7Hz, 2H), 7.27(d, 31 =7. 7Hz, 6H), 7. 41(d, 31pcT/US00/21455
=7.7Hz,6H), 7.5 d 3J=7.7Hz,2H). 4 13C NMR (CDC13) 8 0.42, 21.51, 21.54"
21. 60, 127 51, 127 97, 128.14, 128.23, 128.55, 5 129.51, 132. 26, 134. 06;
134. 11, 134. 17, 138. 78; 139. 65, 139. 77,140.37. 29Si NMR (CDC13) 6 8
-77.81,-77.29,-77.15,-0.50. 7 Pre aration [(‘{éeCI-IS)SSl Si O s)JE6 from
[(((U%@QDWIHMNFW%LIE5 mylol)} wasa dttplaﬁdil!é

peri gd ﬁ'fm&ﬁi 5 0 Bnd@thPmbeu WS sthdeld bt fond teripératilie forlé-h and then

[ (((CH3CH, )4NO)S|055)6] E6 the m xture was stirred for an additional 30 mn

t hen4al tmoedtratgd urklenareducesl poesswree njbe aesidue gyey sxigented Apith dexergrer (1 L)

vaengd” e PaFerd e el Sl e gt e Vo lpedBlieS3NE AT 105
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| ratl1 on O | eave a pure | no as a
V\/m 8 SEV?EPIFHOES% 6 thee| dV° G&tlﬁa@%y?g*f%@ﬁgw&s 13a NVR
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sol upi opiepd. I NNIRI ( ) ot (sp S8R 0616((3,2BH, 0.17 (5, SBI) 018 s, GHY} ONE:-3 (139. 4
L, 1.00° 20 nmol) vva added an Et 20Q_sol utio

[ (( (eH3PE8i(m, @H@%hﬁ (ror&His 3i%9) (6. Gish &l (6'@? Zf]éfe? HZ&%’PAPH* fgs 18820 mol )

o TSI TRELE 3 T At ol i o 77 1

hen ed urider sure. The residue was ‘extracted
Wi t 12 he NMR. (CDUls) B2.24,1%98, 1BL36, 2@119!663951259’229127 70,3022, 10969 13408t e was

) (er oy tioegpl) o MK () B 160 o PRAE -t TS b Yo B PG 1 o

| 5.73
i &i 3@5@'%&5&@9@&?@}%0&% &352.21,84, 610 FouhaHr, 3098 B.351 M . e o

2H) 2‘4-5"51
: 5 945(d(ESI)€al4d(ﬁOﬂ—lz],177ﬂlVfZHN 5*6119_5T(W+JK]£ Found; 3177, +6Ne}'5 T(QQ%,J = 15.0
H) (CRC13). 8 0.11, 1.52, 28 1.62,132.00,138.79 . 29Si NWR
(CD(E% 1%”?‘% % 1.35,-108. 31,-108.70. M5 (ESI): 29 Calcd for
- C3488. O 7Si 16Na, 1243. 2. Found 1243..6. 30 Preparation of

[ (( ﬁ%i«:k&ﬁb@) SrProkéé (116 SBp&ive, Opihing( Enictibohiiatioh God m:@g@ " aftlod, , 5), ] E8

f CAPCISTIN SHA(( CeH5 SIQ O CH3) 3510 32
roqg &’bg] |ﬁ§$’_st9}§h%2}0 Ez(3 m_))gg_?nlon Z)f((( ) )

rret DOCF yi oxywemdtmm chlefr osi[((@=CHRIOZNECH,FCHET0)SICT)lS00/ ftar65 31 1

L,1.63 nmol) and NEta (748.5 L, 5.37 mml) . was added tq anli) ,n(_nZnL)
sol dli o{(CH,=GH)Si0, 5)slzs: An aqueous solution of NEt,OH (33%, 2 mL, 0.25 mmo

L (( (ngsb?bSmE) % Q?)’ {i&e 0a s(u%? s%iugbn 8} [((dx—fz%s:‘ié. 5)&;& %SSQ Q. 6601')131]357 (817.0

in 1:1:1 THF/CH,Clzlxsopropanol (300 mL), which was chilled in 2 -35 °C (1:1
24  methanol/water and N,) cold bath. After 4.3 hours the reaction was quenched with 1M HCI
25 (20 mL, -35 °C) and the solution was washed with 1M HCl (2x 40 mL), water (2 x 40 mL),
26 - and sat. aq. NaCl solution (40 mL). After drying over Na,SO,, and removal of the solvent in -
27  vacuo (25 °C, 0.01 Tomr) a white solid (3.01 g, 99%) was isolated. The product
28  [((CH,=CH)SiO, 5)((CH,=CH)(HO)SiO\ o),]z,  prepared by this procedure is
29  spectroscopically pure. Additional purification can be accomplished through recrystallization
30 from CH,Cl,/hexanes/acetic acid (25 °C). 'H NMR (CDCl,, 500.2 MHz, 25 °C): & 6.12-

31 574 (m, SiCH=CH,), 5.7 (br, SiOH). “C{'H} NMR (CDCl,, 125.7 MHz, 25 °C): & 137.00,
32  136.87, 136.81 (s, CH,, rel. int. 1:1:2), 129.75, 129.17, 128.80 (s, SiCH, rel. int. 1:2:1).

I(Z:mlasquhpane (140. 0

dach 5%&@)&%?%@%%%&%?@(%&%%@ g 100 e W) over -




3 mol) at -35 C and the mxture was stirred at roomtenperature for 6 h
and then 4 concentrated. under reduced pressure. The residue was extracted
wi th hexangug g1aes#so! ubl e rraterl als were filtered, and thedridshésisss Was
concentrated to give an oit.: 6 The oil was purlfled using a silica gel

col um and hexane/ Et 20 (50: 1) as an é2uent. 7 Evaporation of the volatiles
gave [(((CH3)3SIiO SiO1,s)6((C6H5)SI O, .s), 8 ((CHz

CCH3) (O C(CH2) 3S10,,s), ] Eg (210.0 ng, 0.18 nmol) as a white solid in 25%

9 i el d. ”81IHH‘]WBC®DI3§, 98404113 26$C):18HY1.39 (s1 8iQH), -7PP) -8056A5, SICH, gH) , 0. 18
(S, 9, inf- 172"'3 Miks %X I)ZH)SZ (;alca?ﬁnlC%ﬁub”Sls’z?llog 0695 %H)nd 5%1&1 (7 t 413
242—1) %P/"Se §P 9fo 963%*17(‘19‘&’ P“E‘é‘& f 6 1 24,

7 95 4 18C3H,,028i, 1[M] 669 9528, fmpd 649. 953214%1; [M_BCJ'B]Z 623_8Lfo@91 62324(109%)
136. 44, 167. prepsration NVR ofDCl Sy &Nﬁ@ﬂ%ﬂé}%%;«ﬂ&&ﬂﬁéﬂzciﬁcﬁﬁ
(0]

-65.60, 12.55, 14 12.58, 12. 59 Cal cd for osi 14: C, 32.21} H,
6. 10. 6 Fo(H@)Si0; 0)35%. oomH, {(ﬁusaﬂHmzCH,IHngn.)).lﬁal & fsolntiam 77 1 [{(Bbe— Na] +:

1193.1 [M+ Kl +. Found: 1177 6 1193. 1+ .10% : 17
15 Bk NECH G GotBe aulp P11 sholt iy VR OB Rononmal e o 73 flant
Rear r angaiiesy. NE,OH 5 W5S0NADO0GA3 higdoly was stidrelrae 35 0 for'2 Bf AdditionZof

adueols St (L é?)%t"%a%%?*g Pl baded %ﬂ%‘g N ot Bt 5

was AAdedrying AYeENs:SPe andsmevalof! thrsolvent@r-pacapi(2s °6, 0.9 Ior()zaf@sdeg [(Boss ol )

(Zi Il@1 %4%’%%6@{3&%@"(?%@@&? gﬁ%gﬂ ﬁﬁl%'ﬁg{r’ flﬁ@lﬁéﬁf}?g&sﬁ@ réega%t i gﬁ g/as

quenqt\ed jeidt PPsi{RHHQMRf(éDCP,%m MH2 25CC):218d -377985 B51674,06798s (s)aaihpd With 1M

Afte dr§ %&%%%@ é’ﬁ%gaf?rzgf‘ﬁpglg%'Veﬂv Nﬁg]ﬁ%ﬁjf 40 nL)

0. 011%oriJ22d.white solid (3.01 g, 99% was isolated. The product 28
[ ((Cig- CH) Si GprepakiitiohHoF rolNHCH), M, mssw.ggt(@i-wu-ﬁnmemeﬂg o gh
u

spectroscopi cal [y pure. Additional purlflca i on can be acconplish
recry6t a(HO);SiQu.ddza fomf (Chz2PNHOHGCHCH S s)lzs: ob i swlution QDHEE(CIJH-MR (CDCI

500.

oo CII\DAC_%{C@C ’?/ls—g' }%5, %ﬂuﬁx&&%@m 13 %@Fhs?pr@g Ig3§"’é"9 5 %@)

i nt. 18: 1and aq. :1.‘@4% (33,996, 50 1001 3mmol) wes mrredraér35 °¢nf°r 2 hy: &édttlmfonlos?l
PCT/ WS00CH@6H (BPmL, 253C){ éxtibctivRvitiGDéahiated SyuéousitaCl 28ludn (3% 10hERY (s,

51 o - 88 0S80 e iehiyenn i 55 5L OfF R USRIAIHES]) 17
672. 91, Pmcmmmmow).((awm-sm,cwﬂmzﬂm)m o)klad alcatoeldsspaste ind

C, 6H26013Si 8:. [ M+ 649. 9528, found 649. 9532 (49 M - C2H3] + 622.9, found
623. 32( 1608 yield. *Si{’H} NMR (CDCl,, 99.4 MHz, 25 °C): § -58.4,-65.543, -67.470 (s, rel. int.

23 1:1:2). Mass Spectrum (ESI) m/z caicd for Cj28H170N16037Sis: [M + NaJ" 2772.54, found
24 2772.9.
25 Preparation of [((MeO,CCH,CMe,CH,CH,CH,)SiO, 5),(MeO,CCH,CMe,CH,

26 CH,CH,)(HO)SiO,,),]z; from [(MeO,CCH,CMe,CH,CH,CH,)Si0; s)slzs: A solution of

27  [((MeO,CCH,CMe,CH,CH,CH,)SiO; 5),]5; (0.11 mmol) in 1:1:1 CH,Cl/THF/isopropanol (-
28 35 °C, 7.5 mL) and aq. NEt,OH (35 wt%, 50 pL, 0.13 mmol) was stirred at -35 °C for 2 h.
29  Addition of CH,CO,H (0.1 mL, -35 °C), extraction with a saturated aqueous NaCl solution (3
30 x 10 mL), drying over Na,SO,, and removal of the solvent in vacuo (25 °C, 0.001 Torr)
31 afforded [((MeO,CCH,CMe,CH,CH,CH,)SiO, 5),((MeO,CCH,CMe,CH,CH,CH,HO)
32 SiOy),]zs as a colorless paste in 66 % yield. ¥Si{'H} NMR (CDCl,, 99.4 MHz, 25 °C): & -

33 57.551, -64.981, -66.841 (s, rel. int. 1:1:2). Mass Spectrum (ESI) m/z calculated for
34  CgH,,0,Si;: [M + NaJ* 1601.61, found 1602.0.



5 Preparation of [((Boc-NHCH2CH2CH2) S! 01. 5) 6( ( Boc- NHCHZCH2CH2) 6

(HO Si O100) 2] ES from [ ((Boc- NHCHZCHzZCH2) SI Ols) JEs: A sol ution of [((Boc- 7
NHCH2CH2 Gy@)opésif) S ES (0. 11 nmol ) in 1:1:1 CH2CLl2/ THF i seapssepings (- 35 C
7.5 n) 8 and aq. NEt40H (35 wt% 50 L, 0.13 mml) was stirred at -35 C
for 2 h. Addition of 9 CH3CO2H (0.83nL, -35 C), extraction with a
saturated aqueous NaC sol ution (3 x 10 rrL) 10 dry| ng over Na, S04, and
renoval of the solvent in vacuo (25 C, 001 Tor afford_'a_nltéﬂ( Boc- |

NHCHZ CH2CH, )Pseparations of [(6CHR) H@}@)(@H) pis: e a k) ess past e

% ol 35 YgRof. SISO ot 4B 5 G503 g’ Sl oo b ol °C1 o

for @%ﬂmwﬁ}t $2.3(¥), 0.20%dmol)lat 240 7C. mwéﬁhu ikt wds stitred Boriead at i on of °
[ ((Cbz Pro- NHCH2 CF2CH )Sr O1s) 6( (Cbz Pro- NHCH2CH2CH2) .16 (HO) Si O1. 0) 2] Es

from [ (4Che -2 IC ferdPiaiR2 Thiniinme: Bps hautralizkd sntﬂlunurmns srflutjof(oCHICI K116,-3 17

RS e iy g R ) (5

for hMSs1L di ti®K of SY@O cozH‘to 1&‘?[9 33 C) , SHERHISERE on va% a
sat yr aty R@bnq,ne 5K ,'}ﬁ@tcrf,gbid)(ms@ gyg]é.lm oz@nﬂr oY) 39 whitwahidgiRlD4, and

renoval of vent i'n:vacuo . Torr) afforded [((Cbz- 21

' Pr o-\NHGH20%qHR) ST SMIS{EGRCEY0. k4 (s, S4HOH ’dmazrmma)s. 194, 28] E8i MMRa

coI rle e_in %.VI 29Si {"H NWR (CDCI 3, 99.4 M#z, 25 C): 8
% Ewii%éz“‘*ﬁl? é?quosloz' r@P%1 nt. 23 1:1:2). Mass Spectrum (ESI) m z
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Pre@Hratlon of [ (MeQ2CCH2CMe2CH2 CH2 CH?) )d“i]élanZCCHZCNEZCHZ 26

2)(OHFI:ah x5 ?}%SW&WM“E%’OQ’&QPF SEOSIQysk] & Was\ sol uti on
of 1227 drédahda W fddoid13)thrit Ghblshdd-by Hle&n &R Main'Grbigd Metals

oy 2 M) P . R o i Mger i S 20 &
| 3514C) m:@szlr) and equeausNEROH @et mb-af-28 mmpllwessprregastedsfor 4@ miputessandgben 10 ni)
3 fg??g?%%%%%@?%&%l@dﬁ?j%?%@%s &%%ir%dé%%f o) (KO -
32 1§ Omisytes Bsraem tempetatire.c Jhe peactien was den peytralized tr@mh the lasldmomo( CDC13,
99. % MEiluteX2CIGnd tik solvést Wab riadved vider 98fuced ﬁ&sﬁ'ﬂlTﬁérest@é wad thén tafténl: 2) . Mass

o2t A o SR 6B d Mofpilort? 1

of l[9( ( (sehieyorgegiagyelipw (ofl(233 0802wl 8 19.2%)viglddelestsd gharpgterizatiom ) 2

S S Ler S, ST 20 R DA,

resqutrlrgg%rmg@m MADT7 3 ({NMHea]Ret ween 4 -40 to 25 C for 40 mn. The
m xture was neutralized with a%ueous sol uti on .of ‘(J 3
22 Preparation ot__' [{{{ H,CH,)S!OH),((CH,CH,)(HO)SI “.),]z,, from

23 [((CH,CH)SiOs)lzs: A CH(ly/i-PrOH/THF(10/10/10 mL) solution - of
24  [((CH,CH,)SiO s)glss (259.7 .m'g, 0.40 mmol) was added an aqueous solution of

25 EtNOH (35%, 4935 L, 1.20 mmol) at -20 °C. After addition the resulting mixture
26 was stirred at the same temperature for 7 h. The mixture was neutralized with IN'
27 HCl solution and extracted w1th diethyl ether. The orgamc layer was washed with
28  brine, dried over NaxSO;. Evaporatlon of the volatlles gave spectroscopically pure
29 [((CH,CH,)SiO, 5),,((CH,CH2)(HO)SIOI o),]& (263.5 mg, 0.39 mmol) as a white solid in
30  99% yield. TH NMR (CDC]a) 5 0.54-0.66 (m, 16H), 0.93-1.04 (m, 24H), 5.21 (br s, 2H).
31 BC NMR (CDCL) & 3.94, 4.36, 441, 6.42, 646, 6.50. 2Si NMR (CDCls) § -66.73, -
32 64.95;—57.63. Caled for CieHeO1sSis: C, 28.80; H, 6.35. Found: C, 28.78; H, 6.43.
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5 nL) and extracted with diethyl ether. The organic |ayer was washed with
brine, dried over 6 MySO4, and evaporated to give a spectroscopic pure 7
[ (((CH3) 3Swo)om168tp) 2( ((CH3)3SIi O (OH)Si O .0)4]r, (174.7 nypcRrdbsivg ) as a
white wax.solid 8 in 99%yield. '"H NWR (CDC13) 8 0.14 (s, 54H). 13C. NWR
(CDCI3) 8 1.24, 1.28. ' Si NVR 9 (GACI3) S 12.44,12.19,-10.0.12,-109. 27.
10 Preparation of [(((H3O),SIOSA.s)6(((H3O3SiO(OHSIA.o},(((CH CH

11 SiO,4),]r,:. The starti | yhedral ol i gaeeric silicat
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[((;%f{%—b Si O, 5)8] x1 at - 1218. Af t er[( 5 hod'\ré%(,%ct ggﬁrd)ez;ct i!'(l‘;),%] %ﬁxt ure was
At e
23

dec (c-Cot:FH0 1. D crf Hi) (CEDSID ok ((CHa=GH(OMISi01 @ilt:r Sctectnd sharacterization
data: “’Si{'H} NMR (99.3 MHz, CDCl,, 25 °C) 5 -60.1 (s, 2 Si, Cy-Si-OH), -68.2 (s, 1 Si), -

24 69.1(s,2 Si),-69.7 (s, 1 Si), -72.0 (s, 1 Si, V-Si-OH). 'H NMR (500 MHz, CDCl,, 25 °C)

25 5.90 (m, 3 H, -CH=CH,); 1.65, 1.16 (m, 66 H, CsH,;). "C{'H} NMR (125.8 MHz, C,D;, 25

26  °C) & 135.4 (s, =CHy); 130.4 (s, -CH=); 27.53, 27.47, 26.82, 26.67, 26.59, 26.56 (s, CH,);

27  23.81, 23.59, 23.36, 23.10 (s, CH). MS (ESI, 100% MeOH): m/e 917 (M + HJ", 75%); 939
28 ({M+NaJ’, 100

29 Reaction of [((¢-C,H,,)SiO s)lz; with NEt,OH at rcom temperature: A solution

30  of [((c-CH,,)Si0.5)]z (200 mg, 0.24 mmol) and 35% aqueous NEt{,OH (0.1 mL, 0.25

31  mmol) in THF (2.5 mL) was stirred at 25 °C for 4 h then neutralized with dilute aqueous HCI.
32 Evaporation of the volatiles afforded a white solid, which was dissolved in Et,0 and dried
33 over anhydrous MgSO,. Filtration and evaporation of the solvent afforded a white solid in



6 dried over anhydrous Na2SO4, then evaporated in vacuo, obtained a yellow
solid which was 7 purified by colum chromatography (Si 2, 60%CH2C1l2 in

hexanes) woafibsmmd a 8 spectroscopically pure powder (1BOI/HY2BI88H. ' H NVR
(500 MHz, CcDCl" 25 ©: 8 3.90 9 (br,s, SIOH, 2H), 1.03 (br ms, 48H), 0.91

(br m's, 8H '3C{'H NWR (125 M, 13, 25 10 C): 8 16.91, 16.79, 16.64
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dissolved in Et20 and dried over anhydrous MgSO4. - Flltratlon and evaporation-of the

24  solvent afforded [((c-CJH,,)SiO1.5).((c-C.H,,OH)Si01.0):]Jz; as a white microcrystalline
25  solid in 23% yield. Spectroscopic data for the product matched the data previously reported

26 for samples of [((c-C.H,,)Si01.5)((c-CH;, )(OH)SiO1.0)s]z; obtained via the hydrolytic
27  condensation of c-CJH, lSlCl3

28 . Preparation of . [((c-CJi,,)SiO_],5),((c-C5H,-,)(0}I)SiO1,o).];‘, from [((c-
29 C.H,)Si01.5)lz: A solution of [((c-C4H,;)Si01.5)]zs (200 mg, 0.24 mmol) and 35% -

30 agueous NEt4OH (0.2 mL, 0.49 mmol) in THF (5 mL) was stirred at 25 °C for 1 h then
31 neutralized with dilute aqueous HCl. Evaporation of the volatiles afforded a white solid,

il



7 h and then neutralized with an aqueous sol ution of HCL The volatiles were
evaporated in 8 vacuo to afford a white solid, which was dissolved in Et20

and dri ed wg9ingpnydrous MgSO4. 9 Filtration and evapor apecfrosmiidsse
solvent afforded a white mcrocrystalline solid in high yield. 10 Analysis

by 29Si NMR spectroscopy and el ectrodpray M indicated that the product
m xture 11 contained -.76% (by "Si NVR) [((c-CbH')Si O
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-59.4, -68.8 fs, 2:_%%. 1H NVR 4 (500 MHz, CDC13 2%?_0 8 1.78 (v br m:
1.7 1B 0e88p. 12890 137. 1737230 53829 149- 1 5pdPd 5, 1492k 1}91@ £¢DEL) 827 47,
26. 80, 218.082(7303)-6828. 68, 23.16 (2:1, SiCH). M5 (ESI, 100% 6 MeOH): mie

846 (MrH, 48%; MtNa, 95%; 885 (Mr - H + K, _100% . 7 Preparation of
[ (( GHSCH=CHPEsRar3tiny cofis 19, HYEHELEHLHAOMSIO, ).ls;  from

LR Qe iysid 2 5., ol e, BebaHn 45 ™ 3! orlefon b
22 [((CH,CH,CH,)SiO, )]z, (251.6 mg, 0.20 mmol) was added an aqueous solution of Et,NOH

23 (35%, 247.0 W, 0.60 mmol) at —35 °C. After addition the resulting mixture was stirred at the
24  same temperature for 4 h. The mixture was neutralized with 1N HCI solution and extracted
25 with diethyl ether. The organic layer was washed with brine, dried over MgSO,, and
26  evaporated. The residue was passed through a silica gel column using hexane/Et,0 (2:1) as
27 an eluent. Evaporation of the volatiles . gave pure

28  [((CH,CH,CH,SiO, ,)«((CsH,CH,CH,)(OH)SIO, ).}z (225.3 mg, 0.18 mmol) as a coloriess
29 oil in 88% yield.  'H NMR (CDCl,) & 1.11-1.25 (m, 16H), 2.86-2.98 (m, 16H), 5.24 (br s,
30 2H), 7.25-7.47 (m, 40H). “C NMR (CDCL) & 13.56, 14.19, 14.30, 28.90, 28.95, 28.98,




9 [((CBH3CH=CH) Si O, )3]FS (124.2 ng, 0.10 nmol) was added an aqueous
solution of Et4NOH 10 (35% 49.4 nL, 0.12 mmol) at -35 C. After addition
the resul WGUMBHRt ure was stirred at the 11 sane tenper BETAUBOO2M4555 h. The
m xture was neutralized with I N HC lution and extracted 12 with diethyl
ether. The organic layer was washed With brine, dried over Na2SO4, and 13
evaporated. The residue was passed through a silica gel colum using
hexahe/ B2S213, 125.89, 138.71,1127:40, £28129/1128.33y aZRMK 14R67,AH3.THEI43TBATIS] MRJave pure
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5)8]¢€, [(mcawg?.snc@mwmnmmewmm)écaamsoamfzam 23
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'31 £9 Obrine5 dtibd over)MgIQL anl/Rv{pOBEIA3) The Besidse wag pased trougioa silie geh, 127. 29,
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][\'('\)/rRz g%&ﬁ}s&smg- A 2@@571%1%}31;. #.60g, dr;g o) b & white Sofid in 4% yield. '
22 NMR (500 MHz, CDCl,, 25 °C): 5 4.30 (br s, SiOH, 2H), 1.76 (br m’s, 40H), 1.23 (br m’s,
23 40H), 0.74 (br m’s, 8H). "C{'H} NMR (125 MHz, CDCl, 25 °C): § 27.55, 27.48, 26.88,
24 2679, 2658, 26.53 (CH,), 23.79, 23.69, 23.07 (4:2:2 for CH), “Si{'H} NMR (99 MHz,
25  CDCI,, 25 °C): § -59.91, -67.60, -69.85 (2:2:4). IR (25 °C, KBr, cm™): 2916, 2838, 1447,
26 1197, 1109. MS (70 eV, 200 °C, relative intensity): m/e 1015 ([M - (CH)T, 100). Anal
27 Calod for C,gHyy0,Sis (found): C, 52.42 (52.32), H, 8.25 (8.68).

28 Reaction of [((CH,),CHCH,)SiO, shlz; with NEt;OH at room temperature. A
29  solution of 35% NE,OH in water (0.11 mL, 0.25 mmol) was added to a THF (5 mL) solution
30 of [((CH,),CHCH,)SiOLs_),]z; (0.20 g, 0.23 mmol). The solution was stirred at room

31 temperature for 1 h and then neutralized with an aqueous solution of HCl. The THF was
32 removed in vacuo to afford a white oil, which was dissolved in Et,0, dried over anhydrous
33 . MgSO; and filtered. Evaporation of the solvent afforded in 85% mass yield 2 milky white oil -

< oaml




12 1185.4. Cs%BO1L3Si SH (20%: 1163. 2. Found: 1163.5. C56H580 3Si SK (20% :
1201.2. 13 Found: 1201.3. 14 Preparation of. [(c C6HL1SI O ) ((c-C6H11) (O

1O, )21 frweekAder6HLI1SI 01_~6j 6 E6: 15 A THE (100 nl) sopgi/usiee4ss
[ (c-CBHL: 1Si O, 3)8] g8 (5.41 g, 5.00 mml) was added a methanol 16 sol ution

of Me4NOH (25% 1..90 nmlL; 4.50 nmol) 38t room tenperature. After addition
the 17 resulting mxture was stirred at the. sane tenperature for 1 h. The
m xture was neutraglized 18. with IN HC sol ution: &\nd extracted with
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20  the solvent afforded crude [((CH,),CHCH,)SiO; 5),((CH3)2CHCH,_)(0H)8101 5),]2-, asa whlte

2]  resinous substance in 44% yield. Colorless crystals were obtained by recrystallization from
22  acetonitrile/toluene. Selected characterization data . for

23 [((CH,),CHCH,)SiO1 5)((CH,);,CHCH,XOH)SiO1 0);}z: “Si{'H} NMR (99.3 MHz, C¢Ds, 25°
24 °C) 5 -58.5,-66.9, -68.3 (s, 3:1:3). 'H NMR (500 MHz, C¢Dy, 25 °C) § 2.21 (m, 7 H, -CH-);
25 124 (d,J=6.6 Hz, 18 H, CH;); 1.21 (d, ] = 6.6 Hz, 18 H, CH;); 1.17 (4, ] = 6.6 Hz, 6 H,
26 CH,); 0.97(d,J="7.1 Hz, 6 H, CH,); 0.95 (4, ] = 7.1 Hz, 6 H, CH,); 0.92 (d, = 7.0 Hz, 2 H,
27  CHy). "C{'H} NMR (125.8 MHz, C¢Ds, 25 °C) & = 25.7 (s, CHy); 25.6 (s, CH3); 25.5 (5,
28  CHy); 24.1 (s, CH,); 24.05 (s, CH,); 24.0 (s, CHy); 23:4 (s, CH); 23.0 (s, CH); 22.6 (s, CH).

29  MS (ESI, 100% MeOH): m/e 791.16 (M+H", 80%); 813.08 (M+Na", 100%). A single crystal
30 X-ray diffraction study was also performed.

31 Preparation of [((CH,),CHCH,)SiO,)((CH,),CHCH,)(OH)SiO,),ls; from




11 (MeH+, 11% and 913 (M+Na, 5% . For 12
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CoD6, 25 wOoOV®SA (-58.4,-56.6,-66.5,-68.3, 1:1:1:1); NSPCESISN021885r VeCH) :
W 909 (MH r, 159% 14 and 931 (M+Na 10099 . 15 Preparation of
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[ ( ( CM3) Zaildhed) 15 Othob) 4f EGirB2 GHGHER) (FGijaBow) WaS )Bdriibrerlsbyd HBLC snd onr €Si NOUS

subsisancgmb I&né‘n{‘\{w’#ﬁh&ed %Qﬁb it >coné. maaha 7%*{11?.}'1&6 & 0¥ Baporation of
recr stahllz Llon rom 2 aceto il eltol yene, Selected c aracterlzatlon
a ‘gﬁh‘(’ "?éﬁdj&') C‘ﬁ}eél T7-aosi (' H)

dat a°f oft
NVR (799 ré}:rj’ﬁﬁl;zedteﬁﬁg a@ﬁmezud eZ)etcﬂltnESO 5rodu651 25 g-(38%YlPof pﬁ:dﬂ:ct:-h) 98%H NVR

(5008'\/'4%mn@; PENMIP (EDC 18) 3933( 247} 7011 bs‘)%§ (8 H2§x3cx¥4m @.95%48 HO 16 xHZ e 0142) H,
o 97 (d&'é Q?"‘i"ﬁlf%ﬁsﬁ%ﬁ) bﬁgﬁ E%'"% &3’1 P&‘o l{%ét—‘é EI-"?5992 (d,”
J: = 19, 0 28i93; 28.86; 23.07, 22145) Note gt (tmmpow\mot(eﬂm c8n ha-adaptes Bsbomﬁm@:u@:s 25. 7

CH2) ;.
(22 01@'("2)and Bitelbp rg(glczﬁ‘igﬁtho@ﬁo fice th@&s%md&ﬂhxéh&%nelaﬂa)grea%ns E% 3 1002)/0

lvecH;Z Ve 79§reper=(tiw1 of8d((%);cgﬁgﬁgﬂmm&((@%%CH%Q&F@%) atal 30

dif f f d., 31 P
Ny éh%%é%?%“@%he&ﬁa@é”@ 4 Bheior PR FAREs S it 4280 &
ggllws 6282415&438 of é:ié STE§310) S%dimmﬂﬁmrgwla&olmmged W th
S
| SW‘MN&Q’ VA
:Soclélngﬁomessmémyed(fsrelmumallSthsmt hideackioncirogress was inoniteredby HYLC hour of

st l N7i Ngnd & @fhipletion GieFedction waSGuekittivd tisto SICIYS0HHLOL W) dndiBéxane (00 &) et i o ][1 9‘6
i on 0o
the S 18U QNS Hbid Qlring St Hpeiit1 ht;@ 780 ke Wos FR 00 arfd apol R RE .

ter until
oHOS” 123,78 (9 %) of the eolrips Agic o ta’éé‘{l‘é%éc’aﬁb) SLET .5 LT B3y odane
152509 bit):01. 151D, h); P100YR3; tm)a 0. 898949 9; 08§ (17 s);'OLTINBR, bra))@158)(8.03bAY (2 H, 2

¢ O, ) o o o . 8,039,204, 15 26 g 15

2
23 t?gH %%724 2.46. Note that the above procedure can be adapt ed to both
contznuous faﬂepm.obat&h[«cagwm(nm ngm.gm(mgpmmmenam product

hi gher yield and greater purity. 12 Preparation o

[ ( @%rﬂmmwmmﬁth 2CBICHR) (OsEiaCiwpainftto tha kepated
(((CI-lS)ZCI—lZCI—lCI—BCI—lZ SiOL.5)]E'" n =8, 10: A reactor was charged with 128.0
g 25 above for [((CH,),CH,CHCH, 2)S10} 5),,((CH3)2CHCH2)(OH)SIO. 0)Jzs can be using LiOH

26  in acetone to prepare an only_tnsnlanol product that contains 95% of two trisilanol species
27 [((CH,),CH,CHCH,CH,)SiO, 5),((CH,),CHCH,)(OH)SiO g);}z; and [((CH.),CH,CHCH,CH,)
28 SiO, 5)((CH,),CHCH,)(OH)SiO; ¢);]5 'H NMR (500 MHz, CDC),): 8(ppm) 0.562 (m, 1 H), .
29  0.755 (m, 1 H), 0.908 (s, 9 H), 1.002 (m, 3 H), 1.137 (m, 1 H), 1.303 (m, 1 H), 1.831 (m, 1.
30 H), 6.240 (br, 3 H); BC NMR_ (125 MHz, CDCl,): 8(ppm) 24.06, 24.51, 24.86, 25.44, 25.59,
31  25.65, 25.89, 29.65, 29.90, 30.64, 30.68, 31.59, 32.02, 54.28, 54.77; *Si NMR (99.4 MHz,

32 CDCL): 8(ppm) -68.66, -68.43, -67.54, -67.32, -58.75, -57.99. EIMS: m/e 1382 (22%, M'(T;) -
33 -iOct - H,0), 1052 (100%, M*(T,) - iOct - H,0).
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14 (96.82 mml [((CH3)2CH CHCH3CH2) Si O1.5)],j and 2080. nL THF. A basic
solution 48 nL 15 (25w % in MeOH) of I\/e4NO—| was cooled to O C and added
to the reagdoffpsfii Xt ure over 16 45 m nutes and stirred ferrraspors@st i onal
1.5 hour. Reaction progress was nonitored by HPLC 17 and at conpletion the
reacti on was quenched into HO (15048, 1 N) and hexane (500 nmL) 18 with
rapid stirring over a period of 1 hour. The top | ayer was renoved and
evaporated to give 19 125.7 g (97 9% of the col grless liquid product. 'H
NVR (00013) Prep@&ctiond. 3, br dX(,CH;CEI?)S(@wM(Cl'B@HQ)@H)SIOLEM(:ﬂO b frem 00 (23

%C ?\ule B¢ 54310“)?%03\ %’&‘“3‘? bt é%**%h(og‘b“‘z‘?‘g')z@ 24%‘? \ 8@8‘ 03 sz?éd‘%5 30:

25.2
i éﬁﬁ‘%ﬁéﬁi?@% %%@5@@‘15‘5@%&%‘%% TP s
[ (( GH3) rfuz<d-for B aag themacutplized with-angiquepgs solutionef dd8twasremgvedat
repost egy vacaodtRYdin Cshr colorless oil, which is dissolved in EtzO and dried over MgSO,
i

() o St oS B (RN S50 o, SR i 5,

E oas fri g&n@&%%ﬁ? (&?rléclzﬁéj(on)sm. 0; %basa_'vzvl)nze 53;% | SOldcc(;t;d?:ihEr?act;ﬂéatlon data:

[M(éCB‘I(E%C Sﬂl PHORARHEP.3 EﬂizSIG;IDs,E‘aSGE(C)CH%zg?i&CHO 75??,055 ISu(CS)]I 3»%319(10531 I(amg(i?o
m , S

1. 002 (Megl‘l)l—(f'} 592@# m10§°° 5175243153 60%)1 H), 1.831 (m 1 30 H), 6. 240

2397 ", g et SRSty gl e 1

54 ]7 23501 m%s(p@ﬁménMﬂ{((CH@SxG}%ﬁ(BS 1583 mntol) Bas adféd 41.a §3u§4
(67,32, -58 75, %7 99 EINE Ve 1382 (3200 M(T0) 33 - Gt H20) 1052

(100% welavion of ELNOH (35%0.51 mb 151831mew]) sbtcremsemperabisre. After addition at i on

[Sf)|(l?§‘30n o’% %“)&) 415‘5“ c i A\Aﬁéd 4 QW B;egéaugfof[zb\(/!\l/as %@e’(g&gw o] §8THé

(5 M) sweutralized with H@Gfa[:bﬂ):ﬁbﬁ)anﬂ) éxtracted Withgdxemyzn@tlmmlj'he olgando! uti on
efl uxed f and then neu lized with an sol ution of

Hat 15 Th iy er e ashes stybrise, ded SVae Bt Brppratem b IR SGlates 3R o | s

4 5581 Vehitofiliad . drn&ﬁ:s%nwwmémymﬂumnﬁaawﬁ sQfvent the

solvent 1 n vacuo and crystallization from MeCH afforded 7
[E} ( mtﬂwt iQ§(2t(52143Qgﬁﬁ!)gegﬂ%&m:@x)s)%!(enﬂé@ﬁmmﬂs (38 g.R. 7295*1!!!18 )gg 4
aracterization data; | = -
Cha 18 a gy it s et %@33»801 %9?8&%%@9% OB (v
0% 1 4
[((/() )%}%rgg?%'?gg?nddr E (1% 8 rrL) suspenS| on ?‘%ﬁ %@3010 ’5) 8] E8
(8 909 6336,.835.8h0Chalcddter ﬁ?dﬂad)xﬁv 6 1&823H, 4.87.s bound:dD) 1GT16EH) MA9. MBS% 6.51
f 13 th | t
> (sl T8 MREh /% S RNEH Foedid e N Tt i tur e wae 14

neutZQaI I zed Héﬂirﬂti%n"'o Sﬂ(&b ,,}Q,rbsﬁﬂg)‘ﬁwﬁ,,f(éﬁ)m. 1) 3]q| et hytongt her[«cjl' he

organlc
23 GCJH,))Si0, 5),(H) SiOyo)lzs: A solution of [((c-CeH,,)SiOy 5),((H)SiO o)1 ]xs (460 mg, 0.46

24  mmol) and 35% aqueous NEt,;OH (0.2 mL, 0.49 mmol) was refluxed in THF (S mL) for 5 h
25 then neutralized with dilute aqueous HCl. Evaporation of the volatiles afforded a white solid,
26  which was dissolved in Et,0 and dried over anhydrous MgSQ,. Filtration and evaporation of
27  the solvent afforded a white microcrystalline solid in high yield. Analysis of the product

28 mixture by *Si NMR spectroscopy indicated that the major product was [((c-
29  CH,))Si0, 5),((c-C H,, J(OH)SiO, ¢);]5;; small amounts of [((c-C.H,,)SiO, s)]lzs Were also
30 present.

31 Preparation [((c-C.H,)Si0,.s)({(c-C;H,)(OH)SiO, 9),]z; from [(c-CH,)SiO,; s]s5: A
32 12-L reactor equipped with a mechanical stirrer, addition pump and drying tube, was charged



15 layer was washed with brine, dried over MgJSO. Evaporation of the

vol atiles gave a 16 white oil-like solid. Recrystallization of the white
solid frowoamesred sol vent 17 (MeOH H20 = 2.5/1) affor (RGF/US00/21455
[((CH3)SIi G .s)4((CH3)(OH)SIiO .0)3]Ef (1.35 g, 2.72 nmol) 18 as a white
powder in 17%yield. 1H NVR (CDCI3)45 0.13 (s, 9H), 0.14 (s, 3H), 0.15 (s,
19 9H), 6.11(s, 3H). 13C NMR (CDCI3) 8 -4.50, -4.35. 29Si NWR (CDCI 3) 8

c i B e i O R b b fi gy, 4

( Mrbla+Metit¥] 25 #2 %22¢D il tahd THF (({.4- Wp&p@ed 3hdifdded Slowtly to(tBH-yegition. 0) 3127
from [ ]ﬁﬁ:npcoﬁﬂiléﬂoh QT @€ reaction a

e N R B e

neusr alcoaleditond 0 and thetaboecreantion mme%mpmhﬁda aporatien gnsl Bltratiansofaf f or ded a

Nyt T it B g B PO Gl Y 2

?)1 c%ggl(&s%abfwme sthl:is at 98% ;hmgyh ﬁmgmeb)é{%mm, lmﬁdﬂpbﬁdb& (151@223 mi >2<1§ur e
y g EPS& 1t 6 & 91, '); 01948 BB &t c-
org) > ﬁ?ﬁ‘? 8 85912? ag w;% . STk, 276849105, 9499 2@%8@35%3 Sia.5) 1€

wer & al
[ ((10- Cam)sswmatﬁm@(m@amﬂmmm)bgpm tp design{both ontimyoup apdseatghg: A 32
12-1 g&ﬁiqw pped with a mechanical stirrer, addition punp and dry| ng
s C
o) [ (c-

tube 01/ 10871 PCT{ USQ012 4 4 457.
k0 ST AISBA 45 et e U k31 ot
MeQB. , ediboditmests, umzanmatematwmopsmeomésatlﬁ%!BWHﬁa dawaéac%freovm y to
t hemr e%ﬁﬁdraﬁ to Iddk XkMES B )i B iSitheréfore inAdedithatrthel fGllowiny ¢laimssbe Upon

| et.ion of the rea ﬁﬁla 8 S

glrp’gedn 5§ 85 L0y é&h %ﬁaﬁﬂ(}%&ggﬂ V\"l/él(%ﬁgr%g\k/.avzliilsvgi cogﬁ%géﬁlﬁg&lg’\a and the

abdxﬁe rseepetof the imNeplion: e was quenched. Evaporation and filtration of 6 the
resiyl ting nivatiis@lagastis] (( c- C5HI) Si OL. 5) 4((c- CSH9)(G—|)S|G 0)2]zs to

produce 364 g 7 (81 %9 of white solids at 98% purity. 'H NVR (CDC13): 4.63
(2 H 2x OH bs); 1.72 (16 H, 8 8 x CH2, nm); 1.56 (16 H 8 x CH, m;
1.46 (32 H, 16 x CH2,.m; 0.94 (8 H 8 x CH, m. {"H 9 '3C NWR (CDC13):
27.41; 27.39; 27.36; 27.20; 27.06; 27.02; 27.00; 26.99; 22.88; 22.66; 10
22.16. Variations of this preparative nethod can be used to design both
continuous and batch 11 processes. 12 Although the present invention has
been described above in terns of specific 13 enbodinents, it is
anticipated that alterations and nodifications thereof will no doubt becone
14 apparent to those skilled in the art. It is therefore intended that the
following clainms be 15 interpreted as covering all such alterations and
nodi fications as fall within the true spirit and 16 scope of the
i nvention.




17 What is clainmed is: WD 01/10871 PCTIUSO0/ 21455 42 CLAIMS 1 1. The
process of using bases to convert. pol ysil sesqui oxane resins into POSS 2
nanost r uct waegizioé71t he type: honoleptic [(RSIOL. S).]1r,,, hecausbenissc
[(RSIO .5 MRSIO.5"]r" and 3 functionalized heterol eptic

[ (RSIi 06, 5) mM(RXSi O, 00)"]E#. Wiere mad#d n represent the 4 stoichionetric
conposition and # = the nunber of silicon atons contained within the 5
nanostructure (aka cage size). 1 2. The process of. using bases to convert
PGSS fragnments [ (RS O .5)n{ RXSi O Agﬂl\il'\"lsi nto 2 POSS nanostructures of the
type honoleptic [(RSIOL.s)q]E,,,, eptic 3 [(RSIO .s)MRSI O, .s)JE"
and functionalized heteroleptic [(RSIOL S)m(RXSiO.On]Za 1 3. The process
of udi ng.bas&%e t process e nsifOIBsasa too convertt polysilsesyuminxend iresins? ift¢ RBDSYH. . 5) n] En,

L B B o R AL s

POSS 5f 1 iieeiBhalizid t %a, IR str r

functj onal.i ?Ielaglz%uetﬂeegegl eptci ([:&S R’éjl“'g. Sm) h?’P&Si C‘I”ﬁ%)ég %S/.a}l&) nzreﬁﬁgem the

[ ( XSi%o1, Spichiomesicycompostiion ﬂrrd[ogsr the number: of sificgno atoms contained witkindbe of

di r edt | ynanostrachufefaktacagesize).( RSi O . 5) 4(RXSi O . 0) 3] E7 from 2

pol ysi | sesqui oxanes [(RSi O155)n] E,,, nonfunctionalized

[(RSIiOL.5)mMRSIi OL.5)jr, POSS cages, 3 and PGCSS fragnents

[(RSIG.S)mM RXSiA.o0),]Ev using base as shown in the figure. TLITITT LTI

LTIy Tl 1] ; 53 4@58' : i t u.-tum
ne. rl\l/l L.ZIM SFPZE}SE%S;%-% aa?é/sé %%M%/fe X xéyﬁg%h%k u?.(’lé‘-"(wlﬁ”mgn ra;men'tJ S
i p RundOSSnalnapesiruRaRS yof | the Mtypea Momoleptia URRSHD,:)J:NM heterdieptid Syi i /

M Fwxt i ALX SS NanostrucdRea FOSS Nanostruct ur ea
A QRS RSTS; )5 04 hinctonalised heterolepae [(RSIOL9)-(RXSI0L.0) e

—

3. The process of using bases to convert POSS nanostructures homoleptic
- 2 [(RSiO1 5)n)sy heteroleptic [(RSiOy,5),(RSi01.5),Jzy into functionalized heteroleptic
3 [(RSiOy,5),(RXSi0 0) )54 POSS nanostructures.

1 4 The process of reacting POSS fragments with POSS and silicate nanostructures to

2 form functionalized heteroleptic [(RSiO1 5) (RXSiO1.0) )z, [(X8i0.5),(RXSi01.9) J5,- POSS
nanostructures. '

1 5. The process of directly manufacturing [(RSiO; 5)(RXSi01 0),]s;, from
2 polysilsesquioxanes [(RSiO1 5)n]s,, nonfunctionalized [(RSi0, 5),(RSiO} 5) Iz POSS cages,
3 and POSS fragments [(RSiO1 5) (RXSiO1.0),]5, using base as shown in the figure.
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POSS Nanostruema 1 G The process for the sequential growh of PGCSS
fragnments, honoleptic [(RSI Ol.5)n]Fa, 2 heteroleptic

[ (RSi O . Syvé(BxdrO . 0) 3] r 7 POSS nanostructures from POSS FOTAIRRSS usi ng 3
base, as shown in the figure. POSS Fragnents Exi ,x 1 1 RS-0 L, Rs
Xx si-0six R XRR R P%Si 0 St-#8P-0- R01 x 61 01 Rt~V \ ~~ RBI _Si
RROO0O-$R ~St~-OSCR SSr-O0S '-S-0 I(d R R RR R PGCSS
Nanostructures and Functionalized PQSS Nanostructures 1 7. The conpositions
reported in the exanples for hor.rmI' btlc [(RSiA. )n]r,, heteroleptic 2
[(RSTA.5)mM RS O.5)MEa an%f\pm:: tohal | zed heterol eptic
[(RSIOL.5)mRXSiA.OQn]r" na n—‘S-«ﬂ,. | cat € nanostructures.
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oo Functionalized POSS Nanostructures
' ' POSS Nanostructures

POSS Nanostructures

1 6. The process for the sequential growth of ,POSSl _fragm_ents, homoleptic [(RSiOl_s)n];,,

2 heteroleptic [(RSiO1.5),(RXSiO1.0),)s; POSS nanostructures from POSS fragments using
3  base, as shown in the figure. ;

POSS Fragments
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POSS Nanostructures and Functionalized POSS Nanostructures

I 7 The compositions reported in the examples for homoleptic [(RSiO1.5)n]zs» heteroleptic

2 [(RSiO15),(RSiO1.5), Jes and functionalized heteroleptic [(RSiOy s) (RXSiO1 0), ]z, POSS and
3 POSS silicate nanostructures.
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