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a neutralizing agent, such as sodium bicafrbonate or ammonia. This process
produces S¥st&hgni fi cant amount of waste and about 30% of cyclic oligoners
whi ch have to be renoved fromthe final product by vacuum stripping. The

second pPrEKIES HESTRGP MO OF THEGHEMTED pRTyneri zati on of
hexanmet hyl cycl otrisil oxane in a water/organic solvent mxture in the

presence Qf 'g.-a iV clay, .. ch as. TROL-20). as _disclosed in US
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The first process involves controlled hydrolysis of dichlorodimethylsilane in a

water/polar solvent mixture in the presence of a neutralizing agent, such as sodium
bicarbonate or ammonia. This process produces a significant amount of waste and
about 30% of cyclic oligomers which have to be removed from the final product by

vacuum stripping.

The second  process involves ring  opening  polymerization of
hexamethylcyclotrisiloxane in a water/organic solvent mixture in the presence of acid-
activated clay, (such as FILTROL-20} as disclosed in US Pateﬁf 5,853;932, or the
acidic or basic ion exchange resins as described in for instance, US Patent 3,309,390.
The process requires filtration of the catalyst and high vacuum distillation to remove

cyclic oligomers formed during the ring opening polymerization.

SUMMARY OF THE INVENTION

An embodiment provides for a process for the production of linear silanol stopped

siloxanes comprising:



acidic or basic ion exchange resins as described in for instance, US Patent
3,309,390. The process requires filtration of the catalyst and hi gh vacuum
distillation to renmove cyclic oligoners formed during the ring opening
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at om nmonovglg. radicals, in a solvent conprising a mxture of water-and a
vol atile polar, aprotic organic solvent in the presence of catalytic
amounts of a strong base; neutralizing the catalytic ambunt of the strong
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remove salisre R andaRt erahdepeddgntlysteldcppifrom that@usupadsfdo:mctetfmtgecérbmn t he batch
and f : l t era On mtorrlloevap PPar(.iaCl Is S1g‘|atsslve|tnco?‘np]:’1|153£ m%%tereect;[f ater TTQ e\%?atlile I nvent I on
provi des & °process for the Y CRPOTE | AEA 'Wanﬁl $t'0pped si | oxanes
conpri si ngolag kprova digetic mjveat mi thﬁ})r@qyem qﬁgatzgigrliwmmunzsaﬂ l @tmorgfbase;

hexaor ganocycl otri sil oxane having the fornmula: D3 = (RLR2Si O 3 where Rl and
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anounts of a strong base; and b) neutralizing the catalytic anount of the
Strong basashig witlwater to remove salts, or, altenatively, stripping water and acetone from

the batch and filtering the neutral salts.

In a first aspect, the present invention provides a process for the production of linear

silanol stopped siloxanes comprising:

a) conducting a ring opening polymerization of a

hexaorganocyc]otrisiloxané having the formula:
- Da=(RIR5i0)s

where R! and R? are independently selected from the group of one
to forty carbon atom monovalent radicals, in a solvent comprising a
mixture of water and a volatile polar, aprotic organic solvent in the

presence of catalytic amounts of a strong base; and

b) neutralizing the catalytic amount of the strong base with a
partially neutralized salt of a polybasic acid wherein the pH ranges

from about 6 to about 8.
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partially neutralized salt of a polybasic acid wherein the pH ranges from
about 6 to about 8 2 2 5 JUL 2005 In a second aspect, the present

i nvention provides a process for the production of |linear silanol stopped
si | oxanes consisting essentially of: a) conducting a fin Ep ENng
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is to be ung)g% Jdhat this invention is not intended to be |limted to
specific t "8t hods or to particular formulations, as such may, of
course, vary. It is also to be understood that the term nol ogy used herein
is for the purepoReanf R¥mednddpendenthascddcted Gemeihsaapruraf 8nolifl y and is not
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unl ess t he context ) :
presence of catalytic amounts of a strong base; and

neutralizing the catalytic amount of the strong base witha
partially neutralized salt of a palybasic acid wherein the pH ranges

from about 6 to about 8,
DETAILED DESCRIPTION OF THE INVENTICN

The preseﬂt invention may be understood more readily by reference to the following

detailed description of preferred embodiments of the invention and the examples

- included therein.

Before the present compositions of matter and methods are disc]osed and described, it
is to be understood that this invention is not intended to be limited to specific
synthetic methods or to particular formulations, as such may, of course, vary. It is
also to be understood that the terminology used herein is for the purpose of describing .

‘particular embodiments only and is not intended to be Hmiting.

In the following specification, reference will be made to a number of terms that shall

- be defined to have the following meanings:

The singular forms “a”, “an” and “the” include plural referents unless the context

clearly dictates otherwise.

“Optional” or “optionally” means that the subsequently described event or

circumstance may or may not occur, and that the description includes instances where

the event occurs and instances where it does not.
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It has been discovered that a ring opening polynerization of

hexamet hyl cycl otri siloxane, D3, in water/volatile polar, aprotic organic
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phrase ROV AT radica efinition

'speci f i cahknin D hleslegerreditd tsdmtaotgamctzdbmmxalﬁd iscictnesiab &allowsit ed radi cal s such

as 3,3,3-trfluoropropyl as well as perhal o-al kyl radicals and perhal o-aryl

radical s. pAtigrengytral i zation of the strong base with weak acids, such as

car bon d| oxXi de or acidic salts, and a subsequent water vvash the systemis
st abl e. grermv pf th

e. g. acet oftberey R e dn Pg‘{dFﬁt\?’aﬁF{e‘a‘ﬁ‘%""gﬂ *Hg%h?fé 0?8 90?@' lgﬁglnt st opped
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substituents, e.g. halogen atoms. In addition to the alkyl aralkyl and aryl groups

subtended by the phrase “one to forty carbon atom monovalent radicals," this

definition specifically includes, without limitation, fluoro substituted radicals such as

3,3,3-trfluoropropy! as well as perhalo-alkyl radicals and perhalo-ary! radicals.

After neutralization of the strong base with weak acids, such as carbon dioxide or
acidic salts, and a subsequent water wash, the system is stable. The removal of the
volatile polar aprotic organic solvent, e.g.acetone, by a simple distillation yields the
desired silanol-stopped otganosiloxanes with high yield. It was unexpectedly found
that the ptocess does not require filtration (because no solis are present after a water
wash), and high vacuum distillation (since only small amounts of non functional

cyclic siloxanes, such as octamethylcyclotetrasiloxane are formed).

With’ respect to neutralization, the catalyst must be neutralized to prevent
condensation of the silanols during removal of solvents. It is preferable to be close to
a pH 7 after neutralization of the basic catalyst preferably the pH range after
neutralization is from about 6.7 to about 7.3, more preferably from about 6.5 to about

7.5 and most preferably from aboutﬁ.O to about 8.0. This may be accomplished by



that the process does not require filtration (because no Solis are present
after a water wash) gaand hi gh vacuum di still Oy STulce WUy smal |-
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basi c cat st to produce eactlvatlon salts which are also in the range

of pH 6 the r|@$£68’fpﬁr6éf> oHr8e Frefesed %%thﬁrﬁ'f%%icéa]éséﬁf@é opfri-bAsic 4gids (% - pasi ¢
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partially neutrallze netal salts of suiﬁﬂ(‘p?%/ sic acids, e.qg.
sodi um omerdsds Sl El?ﬁhlﬂﬁbﬁb@)%fé#‘%FBa‘EoémmrﬁrR?tas%‘Blﬂ Ogs PS8R oxal at e and
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di hydr ogenphosphate. Mbst ef red he mno_ sof guum or .bot assi um
di hydr og@8AEHEEh iy FogeARhqIR éﬁ Ry ﬁ BelPhn BPIT PP T ides 1t hi um
dihydrogenphosphate, As used hercin the term alkali metal includes lithium,

" sodium, potassium, rubidium and cesium. By varying the molar ratio of this salt to
the catalyst, the pH of the deactivated catalyst can easily be maintained near pH 7.
Even when the amount of sodium dihydrogenphosphate is in excess or shortfall, the

- pH will remain near pH 7. The most preferred ratio is 2 moles of sodium

dihydrogenphosphate per mole of basic catalyst.

The process of the present invention produces linear siloxanes in excess of 90% yield
and preferably in excess of 93% yield, more preferably in excess of 95% yield and
_most preferably in excess of 97% yield.

The ;Sroaess of the present invention allows the production of linear silanol-stopped
“oligomers with a higher yield than known processes. The process of the present
invention provides a faster rate of reaction, and the filtration step required in the prior

art is eliminated by the use of a homogenous catalyst system. The process of the
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salt to the catalyst, e pH of the deactivated Iﬂf ) easily be
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process of the present invention provides a faster rate of reaction, and
the filtr&5AFdep required in the prior art is elinminated by the use of
a honogenous catal yst system The process of the 4 2 5 JUL 2005 WO
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than the prior, arnt. .ther . negd cuum -

di stillatf&WP ]E%ﬂ%ﬁ%gm #Eée/w@ ?}“%& {'&ggg&gkﬁes ar ggés%{est‘;ﬁ ‘ﬁ‘%‘?‘ﬁ %é%‘ provi de

t hose of aedihadapyd s'lalubﬂed,iarldtamoameenﬁmhhrmt borpwpetbwbd gy inpttagn of how t he
conposi ti Qn t. i I gqgg eval uat ed,
and are nof rd%% ﬂ{% é‘?e n&f‘ E’Félﬂ%% seccé{l)%!eaﬁgg) %‘fﬁh&ﬁgeﬁl %\l/ent e&%jregard as

-t hei r i’ nvamtheon(e.gfafnopnts, thapeatiieeficnitfesoms qrrnymné dgaatipns should b respect to
number s ( &egueTP iete i RERT LAEMLS, pkGrobyRiliot® ibeRlB i 30d deviat fons

shoul d be®“*8¢count ed ess ‘1 nd cate ot e parts are by weight,
“tenperature is in C  Exanple I A 1000 m reactor equi pped with condenser,
mechani caExamulet er and addition funnel was charged with acetone (987g),
wat er (50g) and D3 (444g, 2nols). The reaction mxture was heated to 70 C

When t enpgrateing riefr shapiddiviedconQeldd? hetKinRAl1Birmemind addition funnel
was charged with acetone (987g), water (50g) and D3 (444g, 2mols). The reaction
mixture was heated to 70° C. When temperature was stabilized, 0.042g (0.0018 mol)
of lithium hydromde was added to start the reactlon The conversion of D3 was
followed by gas chromotography. The reaction was stopped at the point when
conversion of D3 was above 95%. The lithium hydroxide was neutralized by an
addition of solid carbon dioxide (2 grams) into the flask. The reaction was cooled to
50° and was washed with 100 grams of water. The water layer was removed from the
flask. Subsequently, the vécuum was slowly applied to remove the acetone and
residual D3. The resulting silanol-stopped oligosiloxane (yield above 93%) was

analyzed by gas chromotography.

- Example 2

In an experiment, using a 500 ml flask with a condenser and a mechanical stirrer, D3
._(ISOgTams) acetone (36 grams) and water (20grams) were charged. The reaction
mixture was heated to 61.5 10 62 ° C. Afer the temperature stabilized, 175 ppm of
potassium hydroxide based 611 total weight was added. Samples were taken
periodically to follow the reaction by gas chromatography. Samples were neutralized

by the addition of carbon dioxide. The reaction continued for six hours when sodivm



.slowWy applied to renpve the acetogne an

of lithium hydroxi de was added to start the reaction. The conversion of D3
was - foll owed by gas r onot ogr aphy. The react]| 5va.HJlst26EﬁJed at the point
when conversion of s above 95% The lith hydr oxi de was neutralized
by an adaNaéameef solid carbon dioxide (2 grans) int PGSk, The
reaction was cooled to 50 and was washed with 1 00 grans of water. The
wat er | ayer was renoved fromthe:  fl ask. Subsequently t he vacuum was
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wat er ( 20geBiERYWaRdpterERed arjacmg gt F’é@t“ff’ “afﬁp ‘ﬁf‘é“%&é’aﬂ‘? &% o 61.5 to
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based on total wei ht was added, Sanp /e t ak egﬁ g{) g.h %Iy to foldow
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addi tion Q-ﬁ)ﬂlcc&:h{%ﬁtrhfdf O Hd8rs of RAcK@awis deteraded iortee .66%r andithe dilanols when
sodium 5 JUL, 2 .92/ 092607 PCT/ US02/ 22501 di hydrogen phosphat e
nonohydr aF%“‘f’ﬁ“?bE(ﬂ?’ s added to neutratize and buffer the reaction
m xture. The reactlon was washed three times wwth water. The sil anol

content was Bketelewf thegubigntpitaci ng a thin layer of the sanple in a cup,

evaporating the residual acetone, then performng an FTIR The D3 + D4
content aihgr efs@%'&elﬁg}'&ﬁné?f 43%&%&&9@ WRI356t GhEI Mefla (500MPreRetfA% and t he

si | anol cont +D4 content after six hours: of
reacti on wessel yathagitgteraad condseser Aib3-agmef Hilral 20 s 3 gatplyste Slsptdpeig pe about

6.95% An fo@i@ﬁ‘i@l!u@ @fC tahﬂyﬁyﬂ{oﬂlmes?—fh%n séharee ﬁﬂﬂZQ‘Bf Mygnetith@Ride 439 of
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batch separate for 30 minutes. Separate and discard the aqueous bottom layer. Cool
until room temperature. Add 1g of Celite 545, agitate for 10 minutes. Filter to
remove all solids. Return a filtrate to a clean 500 ml flask with agitator and with
. vacuum capability. Add vacuum slowly until 100 mm Hg. Then heat the batch to 120
| C. Vacuum strip until D3 content and D4 content combined is less than 5% by GC.
80g of product was isolated giving a 93% yield.

This invention has been described in detail with particular reference to preferred
embodiments thereof, but it will be understood that variations and modifications can

be effected within the spirit and scope of the invention.



for 16 hours. G C. analysis shows |ess than 5% trinmer. JA8djURPEES rmagnesi um
oxide to neutralize thegliltrol 20. Agitate and two hours. .Turn off
agitation and let the h separate for 30 mn . Separate and discard
t he aqueod B®PHIM | ayer. Cool until room tenperat ur @CTABMRA2[0If Celite
545, agitate for 10 mnutes. Filter to renove all solids. Return a
filtrate to a clean 500 mM flask with agitator and with vacuum capability.
Add vacuum slowy until 100 mm Hg. ..T, beat the batch to 120 C. Vacuum
strip until D3 content and D4 cont onbined is less than 5% by GC. 80g
of product was isolated giving a 93%yield. This invention has been
described in detail with particular reference to preferred enbodinments
thereof, but it will be understood that variations and nodifications can
be effected within the spirjt fede LR o8 6 2 5JUL 2005 WO
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(RIR2Si O s where R and are independently select fromthe group of one
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m xture of water rRgbr2ansydlotdigloRaheliavirgthefhgmda:gani ¢ sol vent in the
presence of catalytic anpunts of a strong base; and b) neutralizing the
catal yti c anount f_{rﬁﬁﬁ(éfong base with a partially neutralized salt of a
pol ybasi c acid e ®0H ranges fromabout 6 to about 8. 2. The
process of claim1 further conprising the step of

' where R! and R? are independently selected from the group of one

to forty carbon atom monovalent radicals, in a solvent comprising a-
mixture of water and a volatile polar, aprotic organic solvent in the

presence of catalytic amounts of a strong base; and

b) neutralizing the catalytic amount of the strong base with a
partially neutralized salt of a polybasic acid wherein the pH ranges

from about 6 to about 8.

2 The process of claim 1 further comprising the step of

removing the volatile polar aprotic organic solvent.

3. . The process of claim 1 where the volatile polar aprotic

solvent is a low molecular weight ketone.

4. The process of claim 3 where the low molecular weight

ketone is acetone.

5. The process of claim 4 where the partially neutralized salt of
a polybasic acid is an alkali metal salt.



removing the volatile polar aprotic organic solvent. 3. The process of
claim,1l where the vo‘i | e polar aprotic sol .:t? i5s Jei | ‘ol ecul ar

wei ght ketone. 4. The ocess of claim 3 where e | ow nol ecul ar wei ght
ket one i sWREBBKE 5. The process of claim4 where thePEHPIVRSPY
neutralized salt of a polybasic acid is an alkali netal salt. 7 25JUL2005
WO 02/ 092607 PCT/ US02/ 22501 6. The process of claim5 where the partially

neutralized salt of al ybasi.c, aci.d J s otassiumsalt... 7. The process
of ol ai m o whePe the BaFPrOkRRI RIS sirhde hERRRaR) HEUERea s ol "o P 0 T s
sodium salt. 8. The pn@oB¥asiohcidlivd pol@ssiarsaltRl is methyl. 9. The process

of claim7 where RL is nmethyl. 10. The process of claim5 where RL is 3, 3,
ion of |inear silanol

3-trifluoropropyl. 1 A process. far the prod

st opped si |l oxg'nes coig?gfq%?@ Ozgégﬂ?’i"él?elrﬁﬂ‘geff?arg%ﬂﬁ}ﬁ%@ﬁeﬂé %ofing opening -
pol ynmeri zation of a Qggg«gﬁg@m@yﬁﬁdﬁﬁﬁisb@xane having the forrmula: Ds =
(R1IR2Si O 3 where R1 and are independently selected fromthe group of one

to forty carbgn ato noval e t] ragi als_ . in a sgl vent conprising a
m xture of wat®r and a'vOICaEFICECBBT FVC]E,S?BHSC}“@P@ nic solvent in the
presence of catalytic anmpbunts of a strong base; and neutralizing the

catal ytic anou;mt of t'nee@bf;@@gfaaﬁle7w}{ehe R1 ispﬁéth'yal |y neutralized salt of a
pol ybasi ¢ acid wherein the pH ranges

10. The process of claim 5 where R1 is 3, 3, 3-trifluoropropyl.

11. A process for the production of linear silanol stopped

siloxanes consisting essentially of:

a) conducting a ring opening polymerization of a

hexaorganocyclotrisiloxane having the formula:
Ds = (RIR?510)3

where R? and R? are independently selected from the group of one to
forty carbon atom monovalent radicals, in a solvent comprising a
mixture of water and a volatile polar aprotic organic solvent in the

presence of catalytic amounts ofa strong base; and

neutralizing the catalytic amount of the strong base with a
partially neutralized salt of a pdlybasic acid wherein the pH ranges

from about 6 to about 8; and

12. - The process of claim 11 further comprising the step of

removing the volatile polar aprotic organic solvent.

13. The process of claim 12 where the volatile polar aprotic

solvent is a low molecular weight ketone.



fromabout 6 to about 8; and 12. The process of clgignnM-fbﬁther conpri sing
the step of renoving t vol atil e polar aprotic ga 3 vent. 13. The
process of claim 12 whe the vol atile polar apr(.c solvent is a |l ow

nmol ecul ar WRER2@HH07ket one. 8 :5 JUL 2005 WO Q 2/ 09 260 P¢TRGR24802/ 22501 14.
The process of claim 13 where the | ow nol ecul'ar weight ketone is acetone.
15. The process of claim 14 where the partially neutralized salt of a

pol ybasic acid_is an al kali nmetal,salt. 16. The process of claim 15 where
the partially héutral T2eprosesof cdgim a3 pheyathelew malerulay vweiglt assi um sal t .
17. The process of clgiipdl Mighe the partially neutralized salt of a

pol ybasic acid is a sodiumsalt. 18. The process of claim 16 where Rl is
methyl.. 19. The process of claim 17 where Rl is nethyl. 20. The process of
clai m 15 wher elR1 i s Bhe proces of tifinudt wihersghe partiplly neutralized salt

of a polybasic acid is an alkali metal salt,

16. The process of claim 15 where the partially neutralized salt

of a polybasic acid is a potassium salt.

17. The process of claim 15 where the partially neutralized salt

of a polybasic aéid is a sodium sa]t7

18. The process of claim 16 where R! is methyl.
19. The process of claim 17 where R1 is methyl.
20. "~ The proceés of claim 15 where R1is 3, 3, 3-trifluoropropyl.





