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chl oA eteplly froreédoaviical ks the direct hydrosilation reaction of

triethoxysilane and allyl chloride. Platinum is the most widely used hydrosilation

catalyst and its use for the hydrosilation reaction of allyl chloride and triethoxysilane
has been reported. According to U.S. Patent No. 3,795,656, a 70% yield was obtained
for the Pt-catalyzed hydrosilation reaction of allyl chloride and triethoxysilane.
Belyakova et al., Obshch. Khim 1974, 44, 2439-2442, describes the Pt-catalyzed
hydrosilation reaction of silanes with allyl chloride and reports a 14% yield for
chloropropyltriethoxysilane. As disclosed in Japanese Patent No. 11,199,588, the Pt-
catalyzed hydrosilation reaction of trimethoxysilane and allyl chloride resulted in a
70% yield of chloropropyltrimethoxy-silane.

The primary limitation with the hydrosilation reaction of allyl chloride and a
silane is a competing elimination reaction. With platinum, the competing elimination
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wherein R’ is an alkyl of from 1 to 6 carbon atoms, R* is an alkyl of from 1 to 6

carbon atoms, R is an alkyl group of 1 to 6 carbon atoms or hydrogen, R* is an alkyl
of from 1 to 6 carbon atoms, hydrogen or halogen, R’ is hydrogen or an alkyl of from
1 to 6 carbon atoms, X is a halogen and x is 0, 1 or 2, which comprises reacting an
olefinic halide of the general formula:

H,C=CR’CR'R’X
wherein R?, R*, R® and X have the aforestated meanings, with a molar excess of

alkoxysilane of the general formula:
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wherein R!, R%, R R* R®, X and x have the meanings stated above.

The process herein can be performed in a variety of commercially available
equipment now used for hydrosilation reactions, including equipment in which such
reactions are performed in continuous fashion.

By integrating the present process with, e.g., a source of trimethoxysilane,
prepared directly from silicon metal and methanol, one can avoid the use of corrosive
and hazardous hydrochlorosilanes and eliminate the generation of large amounts of
chlorine-containing waste byproducts which are inherent to the use of products
derived from hydrochlorosilanes.

DETAILED DESCRIPTION OF THE INVENTION

It has been found that several factors are important for obtaining high yields of
haloorganoalkoxysilanes from a one-step hydrosilation reaction between an olefinic
halide and an alkoxy silane. First, when all reactants are combined at the start in a

batch reaction, selectivity to the desired haloorganoalkoxysilane is highest at lower
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ruthenium catalyst and aromatic promoter. As used herein, slow addition of olefinic
halide generally means at a rate below about 3 moles of olefinic halide per hour per
mole of alkoxysilane, and preferably at or below 1 mole per hour per mole of
alkoxysilane. For example, in a semi-batch process, an addition rate of 2 moles of
olefinic halide/hr/mole of alkoxysilane is practiced when 1 mole of olefinic halide is
added to a reactor containing 2 moles of alkoxysilane in 15 minutes. Once the olefinic
halide has been added to the reactor, the reaction is continued until complete
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has a wide latitude in adjusting these factors to use various pieces of production
equipment economically and safely. Such equipment will typically have provisions
for heating, cooling, agitation, maintenance of inert atmospheres and purification, as
by filtration or distillation. Thus, equipment typically used in the prior art for large
scale commercial hydrosilation reactions can be used for the process of the present
invention, including equipment wherein olefinic halide is added to a refluxing,
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Since the process of the present invention is nearly quantitative with respect to
the conversion of olefinic halide to the desired haloorganoalkoxysilane product,
particularly in the reaction of allyl chloride with trimethoxysilane to provide
chloropropyl-trimethoxysilane, the generation of undesired byproducts is greatly
lowered. This reduces the amounts of materials to be destroyed or discarded as waste,
to be isolated as separate streams, as by distillation, or to be vented from the reaction

system. Since the process of the present invention is highly exothermic, external
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containing trichlorosilane as a hydrosilation promoter, to the triethylsilane.

While the process of the present invention does not require operation at a
pressure above atmospheric pressure, an elevated pressure may be used, for example
up to two atmospheres pressure, to control inadvertent potential emissions of allyl
halide to the environment by using a closed reactor. A pressure below atmospheric
pressure may be used if a reaction temperature below the atmospheric pressure boiling

point of the alkoxysilane is desired.



silicon conpounds, its purity on initial synthesis may

be sufficient that further purification, such as by
wdizedsiligaasi on, may not be needed. When appl i edPCE®U§2004/015748
to t %ﬁéegr. tiqQn of ch] qrogropyltrimethoxysil ane,
t he € Baliges phichyarg spitable foy dise hergingnelpre allylehinrigier

métNgh Qﬁo%iﬁ‘é,g-cﬂﬂ&glvl%uteﬁ'é? |3S44{iiﬁhﬁgo-‘ffbu?eﬂg%-%ﬁlgp%:l‘5§ene, and

fromthe limting reactant, an any one:ste

theikes (Qftheseoadltd shiveides CHeeCHiCHIQ, ispreferrad.t . This is
done t?rouq_” the additiaon. to a.reaction nedi ym of gn
ef T e EX KR SRS At 81 SHHIP Sorltsr dn fiedicat inyprplogyinclude

trithétB6ky sVians wdRfldiddetidX§ silafe @it ddipIeR iRk Ysitane, Hibthoxysilane,
process al so obtains such 'i;)lggl ds “usi ng Signifi cantbfy
mefydiethewysilone dimethyilsthoxsitane adthyldisthaxysitepec at al yst

descri in.the.art. In addition,
e R e B
prefartedtwith trivtieslybilmd HRol eredré8REA.C conpound whi ch

facilitates significant increases in product and
ni ni e BEhepm dactalgeatainipg eatslyst and the aximpdis prothotghest be

' r i equ] n sed i nce yse qof
p¥l i BEredtioh kRt B b SO SR G it B Brclene, o
with theelefiniohalide) dubdth maEbaples@R Nehatedencbie fRhEher dablytic

or der _of t%orrbi nation_ of reactants in_the present :
zqus e hidHthe geactants are intradyesd: & Yasiethef haspggensans apd

b i [ vl trichl o i han rom

e K B B AR A bl it ah b8 Sed &
catalyysthland oise lexels (bastd onlcbythined nmetilYlean Bésdowerks thdsbdf

obt ai n ield,is _significantly higher than that
oqrayBicRily ol bttt Gt ea i S seatoR. o example,

s . : I . . . i i zed
e b oot e Bnlr AR h:

cont Hiorlygen is meeded doneatalpstactivatimpnhihe raosiuhtof axygen normally

R el s lsafh senBlY oot B e shovid
geRELSly beaufae. Hﬁmjﬁh?idlaﬁlypﬂ%@ﬁ)&i E'lﬁhertﬁ{gms:\l?.gdbﬁgfﬁéjatalysts. If

pressure may be used, for exanple up ) )
fugtherratalist ashiyation dymasessary, surit ¢ap| bei aceeiplished simdy by ailding

em SS1.0NS ' to.the environnment b ng
L SR} oo Banc, Wbl bR 3000, N6 i B B e ofthé
refotars,or o teyredition Sedliirh t@cle e theddky e RO ERINebEntBRUBY the
t he a§m)spheri_c pressure hoiling point of the

calplytx yeparalf ectiation snayanore kelyrhereruirediwhen dhe cptaliists are
mﬁ{gﬁ@?kg?sfpg{ﬂe%&g%%@%l n include allyl chloride,

orl chl oro-1 - but ene,
3, 4-Sliizbleauthehiumimetad coRaimimgoratily pesehe sehdtcdfeorhi ke.

ho%ogeplgosil% ’ang L!aéélroggll;clao%rs irgtﬁénh%—{z rrzlet -grlx%ami'ngicgmpgggc?sr arn?id '
complexes including the following: Ruz(CO);2, [Ru(CO);Cl,]p; cyclooctadiene-RuCly;
RuCls, (Ph3P)2Ru(CO)2C12; (PhsP)sRu(CO)H,; Ru on Fe; Ru on Al;O3; Ru on carbon;
Ru(AcAc)s; RuBr; and the like where Ph is a phenyl group and AcAc is an
acetylacetonate group.

Ruthenium metal-containing compounds constituting ruthenium complexes
containing only triphenylphosphine, hydrogen and chlorine ligands such as
(PhsP);RuCly, (PhsP)sRuHCI and (PhsP);RuH} are ineffective as catalysts for the

8



Al koxysi | anes that are suitable for use in the present
i nvention include trinethoxysil ane,
wordsyligioget hoxysi | ane, di met hyl r net hoxysi | anepPCT/US2004/015748
trjethoxysil ane, nethyl diethoxysilane,
reggtion; W@pﬁ@g@g{apgwh obethye Brliders thespresgnee or absence of oxygen.
TS RcR Y BAARAGY Sk} it b investi
aF Ejgxysi %afr?{gs, bﬂtlﬁ St"wsié‘?ﬁ’é‘n e%sﬁ@zﬁsgtf)rg eéarrlrenéesv%ﬁ%tﬁrs who
examinedtbs igdrositeti oneif atylnhiaridervetle trietitbxyJitmer Wiheserphosphine

RS R Tl DR R ersn PO B Yprasna CehloBEe, o
cafti ?F'aﬂd‘ol%ﬁh _ll‘igjélgﬁ, Woulll 415 bApleseny ahd 8 9BghtB highdrleveD6f

inic hali or both may be present in

activatingoyeisen vry fhemeeded. Altbongh wittieniuny nemplexeshiontainihg an

reactants ar.e intraduced., A vari et f . honbgeneous and.
argrERds CRTBRRBISUP D 0r SHaRion GFALSHE HANBAIR ROPlR e plong With

at ?&Wﬁéle‘égﬁivgﬁnyéﬁﬂe Ql%rl?ﬁik %bffx@%ﬁnd 9{ (Iiutﬂé't‘ﬁuftlﬁ"}iahfsar? also

(based on contained netal) can be as Tow as ose 0
suitabtee Extmmbley of (raatehe)adtheham complerdsary gedymene) ruthenium (11)

chiRfiledfimen BRuscpe e U H HRAIBED pom ar e
generi h¥fedidl bR Gum! dataPyy OG0 tﬂcs‘ruﬁ%rﬂﬂn%? (lslfﬂgfidg s é{.lﬁl:é]is, with

activation, the anount of oxygen no y presen
Ru(dprhpdratedicingtive mutsepiefired. €npdyst dtony ondieatclecmttrntsycled to

t hense] ves.,. shoul enerally.he syfficient. This. is
th HARBIST ST SR PSRt By Stk be o e
rahg¥f $1E0 ;&m(g;bafﬁstpeaﬁﬁmi»sabf EhthiBed REGEISA BasePotFthe 4L ffctant
acconpl i shed sinply ddi ng dilute oxygen, as for

by a

ch@sganfwltbﬁtQSmmﬂ&p@mﬂf{Q%@gpwfmd.to one or nore of

the g e ants,..or to the.reaction nediumto el evate

t he ‘SEBElsMBaris Loy bF e BRE P Priik e ~ BY i ame.
diehylbe@iehetristhybeBicde] h-lselylbeBgeree diui-hasiibehfne [ 81Benzyl, toluene,

catal ysts are rutheni um phosphi ne conpl exes. Syitable
t-hugiltpdeangnamieale 1 -pheay Biexaneg 1 @@flgl@de@mwhlaﬁwles@# && magfure of
-k PR AARRBERERLE, B T GalEr A il BB Brse and e
bibezlzl Disbmgrs), Muk§Iehd, mesity lné, @ikt diphenylmethane,

tri C%&;%@d%ggyﬂ%g @@f%?@iﬁﬁ@,%ﬁ%é@%fﬁ%ﬁ g“i% sa Bppresent
n /G0 o i S e T e i,
metelt akd- pefdrably frog atwup 6 toalsout 60 sale equingents tvhenolasof

ru‘r‘.:n(e):ni | eI)I(lgtsal and more preferably from about 20 to about 30 mole equivalents vs.
moles of ruthenium metal.

The haloorganoalkoxysilane product of the process of the present invention
may be purified by standard means, as by distillation, or where used as intermediates
for a subsequent preparation, may be used directly without intermediate purification.

As noted above, the reaction also can be conducted in a continuous fashion by
adding the alkoxysilane and olefinic halide reactants to the reactor at the desired
molar excess of the silane. At steady state, the reactor will contain a sufficient excess

of the alkoxysilane in admixture with product haloorganoalkoxysilane to allow

substantially quantitative yield of the desired product. The excess alkoxysilane can
9



contai ning only triphenyl phosphi ne, hydrogen and

chlorine ligands such as (Ph3P)3Rud 2, (Ph3P)3RuHC
wanas(1PeP) 3RUH2 are ineffective as catal ysts POT/US2004/015748

thereaﬁtion of trhget oxysilane with ol efinic halide
convepeatly bg regovered,framp, pdust siesamyand regyeled. ack of

cat alwhdreasahé kxdct ¥cope o?ﬁfé%ir%eﬁf‘%v#ﬁie i;s/ g@c ff)ﬁﬁﬂ“h% aﬁ%?nded

[i or 1 nvest_l gat O_YS who exgm ne . rosilation
chaims; thefallomiegspecifie exminples dkustiateanegaindspeats pifths pteserd

OGRS, AL B S 1
evdl@gaiigshe sdiaell HowbaR, 16 eRifplehredBOohSbt Fhbirpival ;ﬁ.ﬁ?d’ses

| evel of activating oxygen may be needed. Althoug
oplytamd gramatde hp censidied anlimitations aarthe prasentiicventiopolihel

e I rut heni um conpl exes
afteihatns ¢, B KAR, B ARr ARG 0c ) IE P e §TRinS. it per
mAllionpibtar equipalemd gasschrérdatogaphyran®irihethé:6/sihifed Temperature is

sui tabl e. Exanpl es of (p-arene) ruthen[un1coqglexes
glyeR 1 gegresseraYLiads. napldnerentages ME detegmingr by GG psing an

. ' (M QL hoer.. . fhe. .ed
ABERSIELed YR NRCALd, OB T Rl S50
vaompodistléationidf theRprGhudty Unbise sthreid _ohdrivisealbicapti@fs &€ £ln in
% aﬁ|11Y t fromone batch can be recycled to, the next
SR RO TAH R B HARera! AURRSP PP T# Uk I PF a1y inceatmpspbere of
nt . | identi

HORe MR acHEXarRfic) fralild strfctles Word il fed P OB GmAS!
spreeomatty, infrared epeatiostopy, onusleap aragaetiaesoranté.on bei ng

o S PR SR bR il
nﬂtrbgéi Bl d3RsEE NAllyNcilbtided, BRI EchIfHidd, HIMEHORAIBRN Sind RuCls

bi benzyl , tol uene, t-butyltol Uene, anisole,

hydrefe sveye Heedawishout figthen pluiiesionn &M MNalak JistHed nding a 5 tray

| -ak K e of f tq.CL ,
Ol e SRS REL ool e e o il
stecl OoRIeS JTypicak Ympmmswwwvmcm&w@ data is expressed in

di Bhenyl net hane, triphenyl net hane, phenyl ether,
W

Haess Ay avt) andgwas permalized fanexeepeiMSan be present

! . 0 _
ThE APt AT AR gchoby KAyl g s n e

exanglest ably from about 5 to about 50 nol e equival ents

VS. es. af ruthenium netal and npre preferably from
NS :
abo ViaHoRlhoyut 30 nol e equi val eRegeripiionnp| es” of

rut heminggr met al . The hal oorganoq}i&g&%%ggi g product of
the process of the present invention y be purified

by sChEMEIY nmeans, as by di st ichloadtiimethoaysildner e used

as | nh@lrdg? diates tetramethoxysilane
Propyl-TMS n-propyltrimethoxysilane
CI-CPTMS 3-chloropropylchlorodimethoxysilane
CPTMS 3-chloropropyltrimethoxysilane
Bis TMS Propane | bis(trimethoxysilyl)propane
Isobutyl-TMS isobutyltrimethoxysilane
Cl-CIBTMS 3-chloroisobutylchlorodimethoxysilane
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for a subsequent preparation, may be used directly
W thout internmediate purification. As noted above, the
woeeanstiigaes al so can be conducted in a conti nuouBCtaskioanis74s

by a%i}:%ngdé he al koxysi |l ane_and ol efinic halide
reactdBiMS o the reactor af-chipsoigetyltdmethpxysilaneess

OBistTas Sidalee At steady st : : ]
colr?tle}?n a su?‘?i ci ent excess%gsgmﬁlﬁégﬁ%){yggi@lgﬁlﬁéﬁlg in
adm xture wi th product hal oorganoal koxysilane to all ow
sub nti ably quantitative yield of the desired
pr o@tﬂﬁ‘ty.ﬁen?he excess%é’%Pﬁu@’l SIReRehconsiating 9f Gado Cro.
r eCQU&AoIlY om the Rrafied of bhGHThaR, bBEYSH 88l related
~\Wereas the exact scope of the present invéention I's
isg@ersf orth in the appended clains, the follow ng

specific exanples ill us:rhm“a'gtlai n aspects of the
present invention and, nefe—farticul arly, point out

the Xeahbiat REPERITe0f9. 00 oﬂﬁidiaﬂoiy@ﬂaﬁe@l%sgfrl ited) Ras

sanme. However, the exanples are set fort
treqted with 8016 e ofiplvens and 1025 grof ask-85% Ru (vo/ v nethemibt sedation

TN DS T ——

WARIYIC R4t 80P TH waB Hehtsd Mth 1.3 & bPAllylBRIR{deR0YUNGhRIMS). The
as chromat ography and tri net hoxysilane. Tenperature

allyd chyfiotide wiap adidagaves onselmuir grhaldenaiviabling thertdmethaypsilaae e
t er,m ned using,.an jnternal standard, exgept
soloP R T A S1 e R 6P e A cpTaigt reacton was
bt A Q0¥ e IhGE! ARE 20 - i
Instated other&?sefggﬁ% fgggyﬁﬁ%géﬂgggdgﬁﬁggﬁgg?%?%%ﬁ%ﬂlGC'
TheaGiGrdatadlioy thi$ seastiar wasat at nospheri c pressure under an
inert atnosphere of nitrogen. In each exanple, product
structures were identified by GC, GO nass

Bt romeidpy, | nfeared spectropgppy, or ducl ear
magneti c_resonance. All of the reactions in the
tde.

wi rfdlosids np) BYORer e TMOS i edIMSt uneREMS ni tCRH

aloppsphergero7AHy | oahi or i degsonet hakdeyl chy gui de, 97 529

trimet hoxysilane, and RuC hydrate were used w t hout

further purification. TM5 was distilled using a 5 tray

A der shaw col unm under i C pressure and stored

in either a glass or st g ﬂﬁj eel bottle. Typical

TVS mlmhlbiynt\Mpelﬁf(iﬁ/e, /(mglvg dt('j uiﬁidm@si@ﬁ{e6(01234%m&$ g8

in wei ssS.. % (wt nd was normalize Oor excess,
trpige V4 0 OF B 1B 5 Hepeatt GOTRE b A oo RenCagaH L apol sohtion
of RihdnilR t?]?g' dBIdrfﬂ@?)yg%Pegﬁarpph{‘Rﬁﬁ ert5¥ AR ESxysilane solution was

Abbrevi a n Descri
warmed, and at 80° C it was treated with 11.2 g of allyl chloride (0.1449 moles). The

allyl chloride was added over one hour while maintaining the trimethoxysilane
solution between 78-83° C. After this addition was completed, the reaction was
maintained at 80° C for one hour. After this time, the solution was analyzed with GC.

The GC data for this reaction was:

Allyl Propyl Cl- Propyl- Cl-
chloride chloride = TMOS TMOS TMS CPTMS CPTMS
0.001 0.088 1.267 3.242 1.498 0.340 88.904
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TMS trimethoxysilane O -TMOS chl orotri net hoxysi |l ane
TMOS tetranet hoxysil ane Propyl -
wo-2p0sopgd98 r i met hoxysi | ane C - CPTMS PCT/US2004/015748
3- chl oropr opyl chl or odi et hoxysi | ane CPTM5
3-chl oropropyl tri met hoxysilane Bis TMS Propane
bi s(trimethoxysilyl) propgramEgeyt vl -
i sobutyl trinmet hoxysil ane T -CI'BTNVB
3- chlAdamibianb temydedtiuey 3810 ihgtdf d}i)ilyle‘élbkfﬂﬂeﬂ GI[IBEZ moles) was

i e
oﬂRufBreﬁlﬂuhy{IHyaﬂsfi@@ ﬁﬁﬁ@'(ﬂ? bﬁlﬁ ), @?usttﬁrrfal?oxyﬁ‘eﬁfe@bﬁl@ibn was

(r) A mxture of ethyl benzene, bi benzyl and’rel ated
Wwagnedanl at BRAUPItEVES ttEtatEdnmﬂe ht 21ge]fpﬂyh¢h]mmde @9.4892 napled). The

ol PR R caBdf ' ond oy BrTehat Eaminkal Sveipopysiine

sé[ﬁﬁ&?ﬁ‘éﬂveépfy g300. oAb 9&‘&1‘&?1} (bt bam Pfg{e:ag%h@\%g%)(lgﬁ WL

(24 ppm Ru). This trimethoxysilane so

maaTtamed at&](i)d Cafor 8@ Bourt At this ¢iadep thewolutioh wad aalgked with GC.
|1yl chloride (0.1449 noles). The allyl chloride was
The GCodate, & thin&eaqHOR WaRi | e mai nt ai ni ng t he
trimet hoxysil ane solution between 78-83 C. After this
addi tion was conpl eted, the reaction was mai ntai ned at
881lyT f or Roowyl hoCL-TMOSBer thi s tiBmepylt he sGl-uti on was Bis TMS

zed GC. The GC fortlsr | O :
%@l# 01\1%“{% - Propyl - :%aégl or iHE3ch %T&%@@—Lﬁo ane
TAI\B9CPTI\/ED Q‘PTI\/B 01086 0. 1237D. 121.237850 0.6896 087164 0.297
92. 529 EXAMPLE 2 At anbi ent tenperature, 28.91 g of
tri met hoxysilane (0.2342 noles) was treated with 0. 056
g of toluene, and 0.025EXAMPLEM4 85% Ru (wt/wt)

met hanol _ sol uti on
At ambient temperature, 28.91 g of trimethoxysilane (0.2342 moles) was

treated with 0.64 g of toluene, and 0.050 g of a 3.85% Ru (wt/wt) methanol solution
of Ruthenium (III) chloride hydrate (47 ppm Ru). This trimethoxysilane solution was
warmed and at 80° C, it was treated with 11.2 g of allyl chloride (0.1449 moles). The
allyl chloride was added over one hour while maintaining the trimethoxysilane
solution between 78-83° C. After this addition was completed, the reaction was
maintained at 80° C for one hour. After this time, the solution was analyzed with GC.

The GC data for this reaction was:

Allyl Propyl Cl- Propyl- Cl-
chloride chloridle @~ TMOS TMOS TMS CPTMS CPTMS
18.461 0.449 1.619 3.691 0.340 0.546 66.719

EXAMPLE 5
At ambient temperature, 28.67 g of trimethoxysilane (0.2323 moles) was
treated with 0.016 g of Therminol® 59, and 0.020 g of a 3.85% Ru (wt/wt) methanol

solution of Ruthenium (III) chloride hydrate (19 ppm Ru). This trimethoxysilane
12



of Ruthenium (111) chloride hydrate (24 ppm Ru). This
trimet hoxysil ane sol ution was warned, and at 80 C it
woasositmgased with 11.2 g of allyl chloride (0. Ba2AS2004/015748

SOURIPS P PR P 6 WA ISR b ety bghloride (0.1449
nﬁﬁés‘)\’e #e 48y13B1drideAbds edﬁd&m)v}r agld @Bﬁ@@?ﬂ@ﬁlaﬁﬂwﬁ ng e,
the reaction was mal ntai ne or  one

trixhethoxydilase salation idieesn?848300. werer diahddigch Waé Borfsleted, the
The GC data for this reaction was: Al lyl Propyl -
TeBCHoN Was magkiaed aiB02R for prschommod fenths thivs, P THBLHAPTRS

498 0. 340 88. 904EXAMPLE 3 At

R P O, T 8 e ot hoys | ane

(0.2342 nol es) was treated W|th 0.64 g of toluene, and
50 g of a 3.85% Ru (wt/wt) nethanol solution of

0.
Rﬁﬁﬂenl unt®ePYl1) cH¥lori de hydr at Bropaly ppnfCRu). Thi's Bis TMS
EHloriERt hO)éMI‘bhH@ne mbst ' OT'M‘MSS veryed ang s 80 @PTME Propane

\r/\]@?treated W th of aIIyI chl oride

© TRET 1yl 08?9 orl dé%as  ddfsd ov@rlZgne h8&675 0.155
whil e nmaintaining the trimethoxysilane sol ution

between 78-83 C. After this addition was conpl eted,

the reaction was nmaintained at 80 C for one hour.

After this tinme, the sol anal yzed wth GC

The GC data for this reagc{ﬁ‘f"‘—lgnﬁi'\ﬁ. Al'lyl Propyl

a - TMnBrenp’gempe@ture,Blﬂ) Moﬁﬁirﬂéth@@sﬂﬁﬂec(g |72Q?3 2&%37 ) W

%Cl;/stgPT% Propane 2.929 0.087 1.007

trepted; yith P bwe@@ 080 2045 85% Rudipyerthingthanol
soA@ionlo® of tr| et hoxysi | ane (0.2342 noles) was treated
with 0.64 g of toluene, and 0.050 g of a 3.85% Ru
ruthwniwen(relihedohydsate LQI3 ppmdu) RUhisetnimetholysilgne sbluubn Ghexs

T i W S T
Tﬁ’é :111}91 cRIMHOE bAS aﬁ At \Aﬁ ﬁ%&ﬁ)whﬂ-mﬁal?&akr%ﬁ &%ltﬁﬁleﬂl%x\’\g?ane

deéd over one hour mai nt al ni ng

sdiwtnmebdﬂw&qrs&l(] 8ifeC salftet thivadittiorewas diinfide thétdaetion Was
addi.tion was conpl eted, the reaction was maintai ned at
mataingdot 897 € fpere howr: dvfter fhistimenihe selwton vlas ai@yzegawith GC.

Tmbyd%?adfompre%%mn was:

Allyl Propyl Cl- Propyl- Cl- Bis TMS
chloride chloride TMOS TMOS TMS CPTMS CPTMS Propane
0.135 0.115 0.837 1.896 1.167 0.206 90.320 0.115

EXAMPLE 7

At ambient temperature, 160.78 g of trimethoxysilane (1.3056 moles) was
treated with 0.140 g of n-butylbenzene, and 0.080 g of 3.85% Ru (wt/wt) methanol
solution of ruthenium(III) chloride hydrate (22 ppm Ru). This trimethoxysilane
solution was warmed, and at 80° C it was treated with 63.72 g of allyl chloride
(0.8243 moles). The allyl chloride was added over one hour while maintaining the
trimethoxysilane solution between 80-81° C. After this addition was completed, the

13



The GC data for this reaction was: A lyl Propyl d -
Propyl - O chloride chloride TMOS TMOS TMs CPTMS CPTNS
wW0200561808449 1.619 3.691 0.340 0.546 66. 719 ERAKRISEN0F/015748

At .anmbient .te ratur 28.67 g of trinethoxysilane
iS855S HBIEPET A Glor o0¢ o e thisgines, the soluton vwas
Wik GO, o .85% Ru (wt/wt)

a%fiheg‘nvgﬁ Sg?u%%o%éo ta%ﬁt enl%ﬁmo(rﬁv chl ori de hydrate

(19 ppm Ru). This trinethoxysil anesol ution was war nmed,

apd .at 78 C it was,treated with 11.2 g of allyl i
c%ﬁ%lri de%)(rﬁPy1449 ?%1 es). The aP{QWI'chI ppil‘de was addd&ts TMS
di@ideonechiotide WhiTIMOSTRI TMAISNT NgTMSE t raMMIHOKPEMSANEPropane

tion en 78-83 C __After Is addition was
idg(#%il et ed{))'?% e reoaéz ion?\ﬁéé nai ]n{]% ned %¢848081P&8 ond39>
hour. After this tine, the solution was anal yzed with

GC. The GC data for this reaction was: A lyl Propyl
d- Propyl- d- Bis Tve ERAMBLdR8chl ori de TMOS TMOS

0. 123" 3307k Pl IR B A U g Tl s

trdB6d Bith@.1d10 ¢ of amidole)uyd 0/080 ¢ &B»@@Ruwlgﬁ%m‘gg%nol so%ution of
and 0. g o

i t.h .Q. 28 f hyl b :
rob R AL PHIET O §GraE G BPmIB L g ate bR pn pias
: . . ot 1 ane
VET PAEa STl i o RE TR 64,17 DloF ol TR Y B30 EBte
Thalh6 chlopide avas yidethdver bakehd@ whikPmaitesihg tEfnRkakysilane
chloride was added over one hour while maintaining the

solirtiqnehehRgns$-BheCs difter thimadsétioneens eonpleted. thagtastion wias

ddi. 1 onpl et ed,, 4 he .react j.on s mai nt ai ned at
ot S5 PP Fouky ey s B ip® So iEn s anieaianth G
Tl Cyaefontiib rdactiongs: OC data for this reaction was:

Al lyl Propyl d- Propyl- - Bis TMs chloride chloride

T™MOS TMOS TMS CPTMs CPTMS Propane 0. 135 0.115 0. 837

IWRY6 1. pfyP- 206¢P0. 320 0.1155 01 Cl- Bis TMS

chloride  chloride =~ TMOS TMOS TMS  CPTMS CPIMS Propane

0.001 0223 1019 2245 1460 0379 91213 0472
EXAMPLE 9

At ambient temperature, 165.22 g of trimethoxysilane (1.3413 moles) was
treated with 0.170 g of diphenylmethane, and 0.080 g of 3.85% Ru (wt/wt) methanol
solution of ruthenium(I1II) chloride hydrate (22 ppm Ru). This trimethoxysilane
solution was warmed, and at 80° C it was treated with 65.47 g of allyl chloride
(0.8469 moles). The allyl chloride was added over one hour while maintaining the
trimethoxysilane solution between 80-81° C. After this addition was completed, the
reaction was maintained at 80° C for one hour. After this time, the solution was

analyzed with GC. The GC data for this reaction was:

Allyl Propyl Cl- Propyl- Cl- Bis TMS
chloride chloride TMOS TMOS TMS CPTMS CPTMS  Propane
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EXAMPLE 7 At anbient tenperature, 160.78 g of
trimethoxysilane (1.3056 noles) was treated with 0.140
wq 20f5/1n83981t yl benzene, and 0.080 g of 3.85% Ru P@x/U8R)04/015748

| h hi oride hyd
o i 947 ot Ry | dridbol uBRSh wadbIE - 0386

warned, and at 80 Cit was treated with 63.72 g of
allyl chloride (0.8243 nnlesi. The allyl chloride was
added over one hour whi ithi ng t he

a1 O e 37 ¢ LRGN fnaflesiie

tr8&teCwiithr0.0Aeg hﬂhibenz&l taad Otdll()% dflam 5% Feu GRwi) ia9 B n¥ianol
(i}r}al yzed Wit The GC data for this reaction was:
i und% I) shigsige hydyate sgiugionnd hintrisaterxysitangrsplision

W}%%@%i o7 SR YRR LS aseR iprics 1345 motes).

Thealpdrehlogide wak@lid&boer @he hour®hilomytdiMng theltriddefloxysilane
nol es%pwas treated with 0.1 10 g of anisole, and 0.080

sqjuigen betwsen F8r83WE/ vixfjer this Addition wes cempleteds the reaction was

ruthen chl rlde 2 ppmRu). This )
mETEELAYS ) Srans BPUR (ARF S tite FieoNien i agveed with GC.
ngddﬁf&%%éa!‘}u%%z. g of allyl chloride (0.8301
nmol es). The allyl chloride was added over one hour
V\,hi l e mai ntai ni ng the trimethoxysilane sol ution
en ter this ad n was conpl et ed, .
Hon %’ﬁ’ ?g qJé?P % f or Bis TMS

e reacti i ntai ned at ne hour .
dhli(trsle thclﬂoﬂdeme TMOS solIMO®N wadisanal ¢PENISW t OPTHMS Propane

for t reagcijon . Al ly opyl
ropyl gf?”Bl S chl o % e cﬁ?@ﬁ de M %\?S 0.197
CPTMS CPTMS Propane 0.001 0.223 1.019 2.245 1.460

0.379 91.213 0.472 EXAMPLE 9 At anbi ent tenperature,
165.22 g of trimet hoxysMﬂMls nol es) was

tr eaA?Qmmeh{‘t Q;r@ s, ﬁ SO 4l )@@Peﬁ}e @916 nRE&) Hras

of 3.85% Ru et han
treai¢dreith SO ()f tohhanyldethimye pad @. osag qﬁ BrBSR6 Ru (Wms) methanol

SRR 8 Ol o R ocBide

solution was warmed, and at 80° C it was treated with 65.48 g of allyl chloride

(0.8470 moles). The allyl chloride was added over one hour while maintaining the
trimethoxysilane solution between 80-81° C. After this addition was completed, the
reaction was maintained at 80° C for one hour. After this time, the solution was

analyzed with GC. The GC data for this reaction was:

Allyl Propyl Cl- Propyl- Cl- Bis TMS
chloride chloride T™™OS TMOS TMS CPITMS CPTMS  Propane
0.012 0.168 1.222 2.069 1.890 0.535 90.319 0.487

EXAMPLE 12

- At ambient temperature, 28.61 g of trimethoxysilane (0.2318 moles) was
treated with 0.024 g of bibenzyl, and 0.020 g of a 3.85% Ru (wt/wt) as a methanol
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(0.8469 noles). The allyl chloride was added over one

hour while maintaining the trinethoxysilane solution
woebtisaaess80- 81 C. After this addition was conpberas2004/015748

he react i

solyies o hhen D Eﬁ@?é%"ﬂaﬁ@? gw%t%ﬁgngﬁfﬁéq@&?m%l@e solution

é?%ﬁ{/ﬁ%&?%g@a @:éri\}/g%ch ori e c 'ofgidg‘lghmrjo[%']%/%mdes)'

ThPAID cRISTRB Wk afjdatbdved Ohe RodriBhilk B4intalniB heltridilebhdkysifahe
92.112 0.386 EXAVPLE 10 At anbient tenperature, 28.34
sojutggm hetwean ¢(b&3'sE1 Ater s Q%BOW%gqmpJ@@dt the sieastioniven

ot B R g X 8 R, B i SR M i

They dCada8a R kiME tedBtiod Rias: t ri met hoxysi |l ane sol uti on was
warned, and at 78 Cit was treated with 11.2 g of

aIIyI chl oride (0.1449 noles). The allyl chloride was
d ov e hopr while maint ng t .
#lo gﬂ‘ - I@('%P h/ -  Bis TMS

trlrrethoxy ane sol ution betwee 8-83 C. After thi
chiidide i onchiwisleconpM&Sed, TMI@S r eadMSHNn WABTMSI NGHTIME] aPropane

for hour fter st t he uti s
ana%yzed q?\ll 08%2\ jgﬂét a fgr%'{ hi s résgctl 0 . 0276
Al'lyl Propyl CI - Propyl - - Bis TM5 chl oride chl or| de
TMOS TMOS TMS CPTMS CPT& P ggﬁgg 0.029 0.127 0.768
1.616 1.064 0.287 93. 39 MPLE | | At anbient
tenp f ﬁﬁk‘i’ﬁ%?& (

&f Ahbieht teﬂﬁ%éraglﬁ'e a1l léébf@ rlllﬁ' 1 368@&&)%5& was

nol es) was treated with phenyl net
trta%md w1th 80 9§ goiff bEhedz9h, Rud ()\&O/gvmf)a M%ﬁmﬂwtéw as & orettehol

e P R S G o R 86 & 14
tn‘ﬁ%ihé i@én%@omﬁbﬁ “%'é véa&mgd ofndak '7&4 cqmvgsf tr&lfed x%ﬁ %385 g of

nol es The allyl chloride was over one hour
allzvth K:hlerlda((h$2zﬁ0rmalg8); Hﬁletaiﬁyhelﬂbndqwa:% aided oubtriecour while

ween 80-81 C. After this addit c eted,.
PR S sy Mol bBGesD T8 oL B bieddition wes

B e

soRrtivmywas abhlyz& with /. The GC data for this reaction was:

Allyl Propyl Cl- Propyl- Cl- Bis TMS
chloride chloride TMOS TMOS TMS CPTMS CPTMS  Propane
0.062 0.155 0.657 1.558 0.908 0.908 93411 0.325

EXAMPLE 14

At ambient temperature, 28.41 g of trimethoxysilane (0.2302 moles) was
treated with 0.032 g of bibenzyl, and 0.020 g of a 3.85% Ru (wt/wt) as a methanol
solution of ruthenium (III) chloride hydrate solution. This trimethoxysilane solution
was warmed, and at 78° C it was treated with 11.2 g of allyl chloride (0.1449 moles).
The allyl chloride was added over one hour while maintaining the trimethoxysilane

solution between 78-83° C. After this addition was completed, the reaction was
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chl oride chloride TMOS TMOS TMS CPTMS CPTMS Propane

0.012 0.168 1.222 2.069 1.890 0.535 90.319 0. 487
w&):mm@az At arrbi ent tenper atur e, 28.61 g of PCT/US2004/015748

trimet SI| 2318 noles) was treated with 0,024
Ingpin B Orgﬁa %embz‘éftﬁ tgne tapssplwbion Wits apedyzed with GC.

TREdren) s f#fsr%’u&?ﬁ wadt henium (I'11) chloride hydrate
|

sol ut1 on. s tri rret oxysi | ane sol uti on was war nmed,
and at 60 Cit was treated with 11.2 g of allyl

c ride 449 I es). The al chloride was added )
o‘sg}% one I%?R}' whi I " mai nt ai ni ngl!)‘%% tri et hoxysil ane Bis TMS
chibdridei Onclletideeen TMDS3 AMASt er TMS S g@rngéncvmf MS Propane
C | et ed he r tion t gl ned at or _one

hdg . Af t%}f% hi s a?: tﬁg‘%sol u{a 93 wasVdthl yzed -84 n 0.152

GC. The GC data for thls reaction was: Allyl Propyl
G- Propyl- d- Bis TMs chloride chloride TMOS TMOS
TMB CPTMS CPTMS PropaneEXAMEBREQ3409 0.842 2.708 0.787

0 égs%éz&b@qe%py%&% e Rl AP I v

tréatedivirtl (Mli @oﬂblﬂa&ﬁyg aall Oblidoenahd 3.88%ROABVY a8h neethanol

?f 85%]§H V\“ﬁ)a a net hanol sol uti on of rutheni um

sqlytiqn ofamthspivge (THy ghlaride Bydrate sohitiopp Thisririmethoxypilane solution
d t . '

B T

Thehlg chlofide vais layliiedcdiled bhéi Bowm%iﬁ@ﬂtdﬂﬁﬁg tHNEinfeMbxysilane
whil e mai ntaining the trinethoxysilane sol ution

sqhationehsivemn FRIE. Carvfier thinadditieniives mmpda@dcﬁmﬁ«ta@nem was
th t nt ed .at. 70 _.C for, one hour. )
mapEap o5 R Snd Rt QR P it i saflioR sl viad with G
THOECatLf Fib %acﬁ&@aﬁ.eac_t' on was: Allyl Propyl O -
Propyl- O - Bis TM5S chloride chloride TMOS TMOS TMS

CPTI\/B CPTM5 Propane 0.062 0.155 0.657 1.558 0.908
8 93. 0. 325, EXAMPLE 14 |ent tenperature, _.
%ﬁl g S?Jp%'rl met onysn | ane (0%%?rml &) was treat edis ™S
ahiaride 0. O@dorgleof BMESNzyTMGHd 0T g OPTMS3. SY6NRSI  Propane

OMzoM ) 38153 Methagel 5175 2107 0296 88911 0.470

EXAMPLE 16
At ambient temperature, 28.32 g of trimethoxysilane (0.2294 moles) was
treated with 0.036 g of a 2.23% Ru (wt/wt) dichloromethane solution of (p-
cymene)ruthenium(Il) chloride dimer. This trimethoxysilane solution was warmed,

and at 78° C it was treated with 11.2 g of allyl chloride (0.1449 moles). The allyl

chloride was added over one hour while maintaining the trimethoxysilane solution
between 78-83° C. After this addition was completed, the reaction was maintained at
80° C for one hour. After this time, the solution was analyzed with GC. The GC data

for this reaction was:

Allyl Propyl Cl- Propyl- Cl- Bis TMS
chloride chloride TMOS TMOS TMS CPTMS CPTMS Propane
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solution of ruthenium (111) chloride hydrate sol ution.
This trinmethoxysil ane sol ution was warned, and at 78 C
wonoosassvseated with 11.2 g of allyl chloride (’OT/II«$4®4/015748

). 1yl oride was added over one hgu
%51?82 :@elésm ng tﬁlé tri hoxyg?94ane <SH988t | on92 189 0326
betvveen 78 83 C. After this addition was conpl et ed,

the reacti on wasmai ntai ned at 80 C for one hour. After
this tinme, the sol uti on EzeAMEBAEI Vred with GC. The GC

Cot 2 i S SASLLOR60B7 1 AhduBE AR S50 B e

m§g/§2@rm?8t@0m|\/gﬁ% Gciﬂssiszltn@ o'rtT’Jlo)I)ﬂltg&fﬂtleeﬂ@ ?) 120104f 163 03

rghesp(I) Shiogs By alve a6 8 96 misdhase) éﬁ‘a%&fxe@fmme v,
2 f

R “Fud tﬁ%ﬁﬁ%ﬁ%@%‘%ﬁ?@ﬁ%@ﬁ Vet end et O bfasistvien

6hyid lggaifallybé}ﬂdsmdm(o SDNB sndled)mahb alyisdhl it wa ele‘l'dle@ Bvéidne hour
warmed, and at 95 Cit was treated with 64. 66 of

while wal%tmnmg the trimetbgwyrilans solytiompasween Y9-82hCo rAftm thiss

whi |
PGS pRY PR B srArtD b St amed ALyl & for gre bous. 1 Ger this
tlﬁfédthtels@mtﬂ&ﬁ%ﬁ afay£dadith BTe TIRAGE Ak fORfidRaBGH Wed at

C for one hour. After this tinme, the solution was
anal yzed with GC The GC data for this reaction was:

%)&%l TIE)/Dgﬂéﬁ% ?Z}F/JTI\/S Pr opa%gp XEZESIQ{ Ilgs ihl(:sgrSI deBls ™S

chlorids 2. gigoridy. 296’M{$ 91TMO870 HXAPLECPGMN a@PiMRt Propane

eratu 28. of ilan 22

R0 o8 T cat P O bUES oTabTL 2 U R PR 0326

di chl or onet hane sol ution of (pcyrrene) rut heni un(I1)

chl oride dinmer. Thi 5 Ll,ri g% Egéﬁl | ane sol ution was

war med, and at 78 h 11.2 g of

ally

o DGORHHE el pEARBY bl Bl ) O Kt i
methaneltandestingthes soduticn with Betspecified Quzﬁﬁltﬁof diphenylmbihane at
"JdEfl on. s conpl eted, the reaction was mai ntai ned at

310 L}é(“nour After this time, the solution was
anal yzed with GC. The CC data

al

Catalyst Solution A B
RuCl; hydrate 1.034 g 1.047 g
Diphenylmethane 7070 g 3.570g
Methanol 9316¢g 9433 g

Mole Ratio of 10:1 5:1

Diphenylmethane vs. Ru

After mixing, the resulting solutions were ready to be used.
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for this reaction was: Alyl Propyl d- Propyl- C -
Bis TMS chloride chloride TMOS TMOS TMS CPTMS CPTMS
wonopang®s 048 0. 158 1.097 1.806 1.304 0.088 92pa84S2004/015748

0.326 EXAMPLE 17 At anbi ent tenperature, 160.07 g of
trimet hoxysilane (1.3008 noles) was treated with a

catal yst sol ution consi $$AQPrefE & 074 g of toluene,

0.120 g of rutheniun(l1) chioride hydrate, and 62 g

of médt lsebiant temperatptee 163HH3 g of bimetbbxsilens/El.3330)moles)iveas

LTRSS R S b ) o
trifd RS ysilAResoitiof wad WatiddSantPa 380 ¢ed waY Gkatld Gifh B4 89 ¢ of

whi | e mai nt ai ni ntlzj the trimethoxysilane solution
allhd toltosidle 10-8894 moles).t Ehe alhyil shintide tias rddmkoven opé Rowrdyhile

AP PTG 40 Bl atin
B, e ARG Otk AR e o

soDEidvBvaPaidly Zed oyitin@CO Thé &O ddta Forlth3GéactioB Masl . 304
0.088 92.189 0.326 CATALYST SOLUTIONS Two sol utions
were prepared by dissolving ruthenium(111) chloride
hygiat e ippogyBt hanel. and treatipyg,fhis gglution with g
thlqej}.F speci f(i)ﬂ_ei;g guantity of di phe%)yli nmet hane at anbi ent s

r at gileridecat AMAS ~ SEMOSj on T, RUCPBMBy dr EPEMS. 034Propane

®.0b1047 g.Pophenyl At hangoeg. 07916y 3. Sehg Met B?.@% 0.302
9.316 g 9.433 g Mole Ratio of 10:1 5:1 D phenyl net hane
vs. Ru After mxing, the resulting solutions were

ready to be used. EXANPL%@M ent tenperature,
163793 g of trimethoxys ~3330 nol es) was
t r eaOeer the tburfe @08 ght IRfurd (feurcaialys), tRkibkilate #8s added a

repared above (21 m Ru). This
raPe of 1.47 g/n?in, allyl S:hlori?lerzJ was a&ded a rate of 0.78 g/min and prepared catalyst

solution B was added a rate of 0.167 mL/hr using syringe pump to a one liter glass
reactor. A constant level was maintained in the stirrer reactor such that the residence
time was 2 hours. The reactor was maintained at 75° C. The catalyst loading was
~20 ppm Ru, and the ratio of trimethoxysilane vs. allyl chloride was maintained at
~2.0:1.0. Water condensers were used on the reactor. On startup, the reactor
contained ~53% chloro-propyltrimethoxysilane, ~41% trimethoxysilane and ~20 ppm
Ru (wt/wt). The crude CPTMS in the reactor based on the average GC wt % and

standard deviation for four turnovers in the reactor consisted of

Allyl Propyl Cl- Propyl- Cl- CPTM  Bis TMS
chloride  chloride I™MS TMOS TMOS TMS CPTMS S Propane

0.033 0.399 41.697 0.518 0.971 0.591 0.155 54.166 0.102
+0.002 +0.020  +0.891 £0.025 +0.093 +0.042  +0.034  +0.885 +0.023

During continuous operation, the material in the reactor was continuously fed to the

2" tray from the top of a 15 tray Oldershaw column. The column reboiler
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tri met hoxysil ane solution was warned, and at 80 C it

was treated with 64.89 g of allyl chloride (0.8394
wonbea)iss9The al |yl chlori de was added over onePOomIS2004/015748

whi |l e naintaining the trinethoxysilane solution

tePpSRRIEFE Vrer maingainieds hefyeqn} 67- La9GiG. i Bhe lies wernmsrilecdiwith the

' it o h .
PP ROl PR, Rtiofi ot 17 Ry THE ppmpositon
of the 11&3 haediof tre avhrage G data on Yvasd stahdayd d&riaior foElfour reactor
Propyl- G- Bis TMS chloride chloride TMOS TMOS TMS

EB¥M5 Propane 0.001 0.139 0.751 1.499 1.162
0.101 93.970 0.302 EXAMPLE 19 Over the course of eight
hours (four turnovers), trinmethoxysilane was added a
rAdlyé of Propy¥ g/ nmin, alGlyl chlori diopgls adfed a rate of Bis TMS

A [ o and t-AlRst L&t i d
cgloﬁﬁeg %ﬂl&;&g 5 ?ﬁrﬁ\&b§ﬁ T”M@S§I ngsl_‘ei\/I_%UI %T%/Igvag C@?lgﬁ Propane

'

0i062r gl &8 re&203F . POHonsh.a4 | 6WBP wad.0iRi nt ad.ozd 0.000
' he i k4 er t ch that resj ce t|
Lo, Sh58 =T SPEL IR LOR SsLRAEC Ll 0000
catal yst | oading was -20 ppm Ru, and the ratio of

rinet hgxysid ane vs. allyl.chloride S _mai nt ai ne

ThE LR it e e S B b S RS RO B P e T M
rdsbrvirai0veP thel ddRrse @RSt hG@8 [AhubRAers) 3N resulting crude CPTMS

chl oro-propyl tri met hoxysil ane, -41%tri nmethoxysil ane
wa golleptpdiab grag of @e41\g/tnin arideitscqompesitonMBsddort the average 6€C

d t.he % and st andard devi ation

d%{%?&f/?)%?d %‘,?%agég‘%‘?gt?%n%&? o7 &8Rsi sted of Allyl

Propyl O - Propyl- G- CPTMBis TMs chloride chloride

TI}/S TMOS TMOS TMS CPTMB, S Propane 0.033 0.399 41. 697 .

&shs oFepyl 0. 591 0. 155454, 166 0. 182P¥l0. 00£1+0. 020 ~ BisTMS
chidri&P1 tibrfiS +EM893 TUO0E42 Thib$34 BME885 CPrig3 PPiMIY  Propane

g@ntl nuous operation, the maferl al Tn the reactor was

B i nudbQ0y f eti*to t RE7Hd th28P frd®he t063800f H1BES  0.226

doroay - A deoehawpaksimmuo okge aglivgm Lehny | eLp esper aluhe 40102
was mai ntai ned between 167-169 C. The lites were

recycled with the fresh trinethoxysilane back into the

reactor at a rate of 1. / 'ﬁ The conposition of

the lites based on the data wt % and

st andamgibidayieaipeiturt 028 404 bf frRAEth&ysilaid @309 nY#ISs) was
treated with 0.034 g of bibenzyl, and 0.033 g of a 3.85% Ru (wt/wt) methanol
solution of ruthenium (III) chloride hydrate (30 ppm Ru). This trimethoxysilane

solution was warmed and at 80° C, it was treated with 13.30 g of methallyl chloride
(0.1454 moles). The methallyl chloride was added over one hour while maintaining
the trimethoxysilane solution between 78-83° C. After this addition was completed,
the reaction was maintained at 80° C for one hour. After this time, the solution was

analyzed with GC. The GC data for this reaction was:

Methallyl Isobutyl Cl- Isobutyl- Cl- Bis TMS
chloride chloride T™™OS TMOS TMS CIBTMS CIBTMS isobutane
0.471 1.404 0.872 1.588 2.054 0.058 90.457 0.306
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AUyl Propyl Cd- Propyl- - Bis TM5 chloride chloride
M5 TMOS TMOS TMS CPTMS CPTMS Propane 0.053 0.877
WO 203322898081 0. 142 0.029 0.012 0. 024 0. 000 0. B6D/US2004/015748
+0. 332 +0. 374 +0.038 +0.033 0.020 +0.020 0.008 +0.000
The strip material fromthe columm reboiler unit was
continuous fed i ntcoORPARIVEVIEEERANPTE 1Over the course
of eight hours (4 turnovers), the resufting crude
CPTMVB wabienbtemneraireal 5492 goé trohethoyilgna{l2 581 dnoles) was

bty base h Ver a at.a % and
uERER AT G AR5 83 P PO R AL sl S mllnn g
orid Ehed ' L@r hdgoch! @rd .
s TG R S O s Ry TR sgtution
was geged with 5 10t0250f dlyl ghloride (REO43. 100s)) . A ExdihdrAc reaction
+0.086 0.1 0.119, +0.159 0,473 +0.1Q2 EXAMPLE 20 At
WP A s it s e Ol iGR WS R WG SePiaee 79-81° C
- o . :
P 0SS L PEORIIR, ARE AP O S ol BN cqyrse
of enethwwr using hisydingshpump. dAfterythissatddit{oBOvasmoniRidted, Thé seaction
tri met hoxysi sol ution s warmed and at 80 C,_ it
W AL S0 Lot nehog i Shmsey hedmeon des abowas
: I QL . . hour..
o hbichl Guibetaic aid e Al A, ', GELRL BY iy RAGIWES
between 78-83 C. After this addition was conpl eted,
t reactj on.was i ntained at_80 C for_one hour. i
A&?}gr thi%olfyilrre, t'fle sol uti on W&BYanal $Fed with cc.  BisTMS
chireideC dalilarideor (IMGSr eakMOSN viErds MetFeNis Y| dPI@IRIt VI Propane

- | sobu - - _Bis T | or] chloride TMOS TMOS
%&26@ BTA@% BTl\/sl'F@obuthgﬁé 0. @75%81. 40268, g786248gg  0.833
2.054 0.058 90.457 0. 306COVPARATI VE EXAMPLE 1 At

anbi ent tenperature, 154.92 ‘%t of trimethoxysilane
(1.2581 nol es) wa&9: IVEERXAOMPEE Y of "a 3. 85% Ru

e Ty e
treatedmeith 0088 igl cfraes. 8594 (Ru @v/wi metaaal slutivrt df rfthe ARng(IH

Iyl chlorjde (Q.7943 noles). An exotherm c reaction
chﬁlona/e hydrate (23 ppng Ru) and warmed. )At 80° C, this trimethoxysilane solution

was treated with 62.10 g of allyl chloride (0.8033 moles). An exothermic reaction

was observed and the trimethoxysilane solution was maintained between 79-81° C
throughout the allyl chloride addition. The allyl chloride was added over the course
of one hour using a syringe pump. After this addition was completed, the reaction
was maintained at 80° C for one hour. After this time, the reaction was allowed to

cool to ambient temperature and then analyzed. The GC data for this reaction was:

Allyl Propyl Cl- Propyl- Cl- Bis TMS
chloride  chloride @ TMOS TMOS TMS CPTMS CPTMS Propane
0.020 0.349 1.585 3.350 2.554 1.314 86.692 1.039

COMPARATIVE EXAMPLE 3
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was observed and the trinethoxysilane sol ution was

mai nt ai ned between 79-81 C t hroughout the allyl
wohbwriigies addi ti on. The allyl chloride was addedTa$er4/015748

t he course of one hour using a syringe punp. After

ERhmpRA0WEY hdweed S8FinS £onigaea tfv%%%hh?lé Mes&eept the allyl
mai ntai ned at 80 C for one hour. After this tine, the

chloride ased hagh bagrs parchaseddfrey Alslsicht Ghemisile nThe €3 atotn fnretlus
t hen analyzed. The GC data for this reaction was:
reactlo@??syl Propyl C- Propyl- - Bis TM5 chloride chloride
TMOS TMOS TMS CPTMS CPTMS Propane 0.026 0.388 1.600
3.784 2.599 1.266 86.249 0.833 COVPARATI VE EXAMPLE 2
Allylpt  arfispRt terfderature, 156PmPYlg of €k et hoxysi | aneBis TMS
1.2 | esp st d 0. of % R
%/Mhmﬁ o B S D s 0] & ri deropane
0.047hydr a0.87§ 23 ph43&u) a0dSwar fe8l7 At 8@3€, thiss.109 0.938
trimet hoxysilane solution was treated with 62.10 g of
allyl chloride (0.8033 noles). An exotherm c reaction
was observed QMMTIVW$ﬁW#@ne sol ution was
mai nt ai ned be ut the allyl
Exdrople devasduintiiced thetsamsl dsydomphtative dmmple 1afdntept thy ellyl

ctri R B4 o ShEel  F 0e pR s A B i

reaction®hgit ai ned at 80 C for one hour. After this tine, the
reaction was allowed to cool to ambient tenperature
and then anal yzed. The GC data for this reaction was:

Al'lyl Propyl - Propyl - chloride chlorige
Allyly i’ﬁ"ﬂ?@ﬁg TVMB-CPTMS CPTI\/ISOEFCEPB’ ine 0..020 0.349 1.585 % s
chlor1d3 35@10’%1(554 TMBB 8PMBR 1. PR COMPAROME VE EXPMBLE  Propane

3 was conducted the same as conparative
0047exarr19 ]éol extO8% thé- M0 yI EAlbri dd-8@%ed haddF34n 0.526
purchased from Al drich Chem cal. The GC data for this
reaction was: Allyl Propyl O- Propyl- - Bis TMS
Table 1.0GCalatader evdluatiod &f ThISu-thaly zddVby &S ME oo BT Wby IRthiydeeind
. 0.047 0.178 1.438 3.015 1.817 0.636 88.109 0.938
mmeth‘@i@ﬁ)é@é&%m VE EXAMPLE 4

Propyl Cl-
Comp. : Allyl chlorid CI- Propyl- CPTM CPTM Bis TMS
Example Aromatic compound chloride e TMOS TMOS TMS S S  propane
Dow Chemical allyl
1 chloride 0026 0388 1.600 3.784 2599 1266 86249 0.833
Dow Chemical allyl
2 chloride 0.020 0349 1.585 3.350 2554 1314 86.692 1.039
Aldrich Chemical
3 allyl chloride 0.047 0.178 1.438 3.015 1.817 0.636 88.109 0.938
Aldrich Chemical
4 allyl chloride 0.047 0.160 1.083 3.040 1.611 0.505 88.734 0.526
Average for 0.035 0.269 1.427 3.297 2.145 0.930 87.446 0.834
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Exanpl e 4 was conducted the sane as conparative
exanple 1 except the allyl chloride used had been
wouoshaswsl from Al drich Chemical. The GC data PoT/uSki0g/015748
reaction was: Allyl Propyl G- Propyl- - Bis TMS
chl ori deCahpamativde TMOS TMOS TMS CPTMS CPTMS Pr opane
0.047 0.160 1.P83 3.040 1.611 0.505 88.734 0.526 Table
1. GC data For evaluation of the Ru-catal yzed
hydr osstaadarddevistioal | 3d.01€hlx0r1i0t 0208 Hor310etbaxy si0.293e+£1.012 +0.192
Conp. Allyl chlorid - Propyl- CPTM CPTM Bis TMS
Exanpl e Aromatic conpound chloride e TMOS TMOS TMS S S

Al rRERpaRGe: (ATiclh STz Ga0% aloleykceds of MO L. G1 Chidid 20388 Ru

.600 3.784 2. 59 86. 249 0.833 Do i.cal
rachinpiite St st s T80 o i s orsel T G e Bl by
one 196r. a6 TR2831 CO A9 GAl dah ivadmofdhudivad dalexc8ssaiMSyty deAding rtiedE \Q1ud éffeach

. 3. : .. 938 dri.c
combyeh(88 ks it i o BE AT AT By B P Btug bv
Chrom lgbpgrsgnnel05 88. 734 0. 526 Average for 0.035 0.269 1.427

3.297 2.145 0.930 87.446 0.834Conparative exanples 1-4

St andard devi ati on 0.012 +0.101 +0.208 +0.310 +0.438
+0. 363 1.012 0. COMRARASEIMIHELAMPEESonduct ed using a

609 | f TNS . allyl chlori 20- 30
R IR ROEE SOt fana e prelieothlo Biaciple & ag ipresd
in UB)9akatNo261013,920bwScllling Jr. Gl BdviiBard. oV @Wes c it scOb¥eight

hour at 78-83 C. AUGC data was normalized for excess

houry(fup{uraeversi hdS emeinat new trimegioxysilane co#$ emeintof guyk he
: - | e f TVB). A !
cnof L0 194 KSR Tt P i Bl E Poca T

chloFdABRuforbwite slded s liteeglaxeiepdtor. Wa Sotsdaid Usiet tras

.anal ogous to Exanple 1 as reported .
maintaine 1gn e stirred reacr:‘[t.gr such that the 1’%s1dence time was 2 hours. The reactor

was maintained at 75° C. The catalyst loading was ~20 ppm Ru, and the ratio of
trimethoxysilane vs. allyl chloride was maintained at ~2.0:1.0. Water condensers
were used on the reactor. On startup, the reactor contained ~53%
chloropropyltrimethoxysilane, ~41% trimethoxysilane and ~20 ppm Ru (wt/wt). The
crude CPTMS in the reactor based on the average GC wt % and standard deviation

after four turnovers in the reactor consisted of

Allyl Propyl Cl- Propyl- Cl- Bis TMS
chloride  chloridle @ TMS TMOS TMOS TMS CPTMS CPTMS Propane
0.014 0.438 40.717  0.825 1.656 0.975 0.417 52.880 0.406
+0.014 +0.032  +1.992 +0.065 +£0.307 £0.071 +0.030 +1.924  +0.070

During continuous operation, the material in the reactor was continuously fed to the
2™ tray from the top of a 15 tray Oldershaw column. The column reboiler
temperature was maintained between 167-169° C. The lites were recycled with the

fresh trimethoxysilane back into the reactor at a rate of 1.16 g/min. The composition
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in US. patent No. 6,015,920 by Schilling Jr. and
Bowman. Over the course of eight hours (four
woroosanews), 1.45 g/ mn of new trinet hoxysil aneCTASZB4/015748
nd 0.1 14 nmL/hr of a 3,85% Ru

[mn of allyl chlorid . -
O?We/lm b%@% o 512V RN (G B VL Yh standard deyiatien ¥r ifeus reactor
ngabwrs @as:were added to a one liter glass reactor. A
constant |level was naintained in the stirred reactor
such that the residence tine was 2 hours. The reactor

mai nj ai ned at 75 C_,The catal yst | oadi ng was ~20 .

}?%‘fﬁl Ru, nﬁéﬁp r11t he ratio oF trinet hox?g’?’ﬂéne Vgl al |yl Bis TMS

chivride i dehlowide nallMSai NEMCGS -IMOS 1. OTM¥At eICPTMBIeNGETMS — Propane

Le use t act.or,. On rt t he tor
\g'glﬁ?ai neg4&;3%®§fﬁr9 r o;??l&gyl t?'ﬁ'@t hgﬁ%éi I ané{sg- 419%0-177 0.000
10.i3%et haopas | an®.3a8d +@0540pm0BY9 (We0.040 . THeooor udep.o31  +0.000

CPTMS in the reactor based on the average GC wt % and
standard devi ation after four turnovers in the reactor

TORSHShAditroh b o nofibe
chl oyﬁg%g%ﬂl odlrﬂllcpefil }\l%g%{%ﬁ%éo@g R/%u%ggf‘ﬁgy% CPTMS
réBepEn O@r Gkdoldrs¢ 38 eipht Bduks (4 BRBovErHSlie Or@lé THIMS fvas
. 880 .0.406.£0.014.0.032 1.992 0.065 +0.307 0.071

cilfis o agy O 4.2 At g CBHRAHIB S%ip%}til?iamﬁg? HE data wt
WRiEthrdlard devidtRon BAF P furkeeréRAl:i nuously fed to the
2nd tray fromthe top of a 15 tray A dershaw col umm.
The colum reboiler tenperature was naintai ned between

169 ,C. _The lites e recycled,wi th the,fresh .
t%‘g}g';ret hg%}’glll ane backwlé%to t he reg%rf’@p' at Z:I'r ate of Bis TMS
chlofie g/ chlorideTheTRSNpPoEMOSonG@MA@%e ITMEs bE@REASon OPITMS  Propane

age dat % st rd pati for f
ra'\é)gét or 'urlnovggr%\hvvas?‘qg\ I ajggr%gpyl qé\éb Pr 8639 . G@':Héiss 0.728
ANMBOChl apiode chlsp9 der0lMS TMLSAA M. IS CRIVE CPEM®09 +0.035

Propane 0.187 1.449 96.290 0.119 0.236 0.043 0.000
0.177 0.000 0.133 0.345 +0.348 0.054 0.049 0.010 0.000

0.031 0.000 The syompARyerivd pkhAmpifg col um
: A, S

reboil er unit was continuous f CPTMS
r eseAy aimbienCeapetdarec2¥iv3 g obfrimmethbrysiang ©.2328 moles) was

eGR4 415 TS ibEITy nERlatiicH sEhuberdy e
clggfgge M drfe T00Ipsth 3 2 i sAfiv elox 9§18 Solfufbh Wak WAPKES Snd at 80°

C, it was treated
with 13.30 g of methallyl chloride (0.1454 moles). The methallyl chloride was added

over one hour while maintaining the trimethoxysilane solution between 78-83° C.
After this addition was completed, the reaction was maintained at 80° C for one hour.

After this time, the solution was analyzed with GC. The GC data for this reaction

was:
Methallyl Isobutyl Cl- Isobutyl- Cl- Bis TMS
chloride chloride TMOS TMOS ™S CIBTMS CIBTMS isobutane
0.428 2.950 1.686 6.462 3.532 1.485 71.835 3.915
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AUyl Propyl Cd- Propyl- - Bis TM5 chloride chloride
TS TMOS TMOS TMS CPTMS CPTMS Propane 0. 000 0. 001
w0 200811459428 2. 537 1.752 0.747 87.935 0.728 0. 800/18203015748
0.599 0.139 0.244 0.210 0.076 0.909 0.035 COVPARATI VE
VERAIPISEC ent tenperature, 28.73 g of

o L?q;hgxé”gt’}‘%%é"p?ﬁf‘%‘%y E%ﬁ%ﬁgﬁ@%ﬂ”’&%?ﬁ%f tholmta
(ren) ﬁhlorlde hy ® ;(B(OBQSI}QH‘QGHRC S g
SIS 5 BRI SR S
cﬁmoﬁ%}oms-rhé iRt HRyl %‘bulf Bf P¥d 618arHBs aRHRSH K ?Hﬁf oeRNE B hlkyl

whil'e marntal ning t ri met hoxysil ane sofution
orﬁ émebto @ 8arBGn @omaf hydrogén ¢ haligien) Rhiswexdrogenpt e eldtyl of from

t t t f h -
BB ASRB TR DR il s o
oTéiﬁuéi@alm@to@tﬁeogenbﬁuﬁorﬁﬁ@@tl on was: Methallyl Isobutyl

- Isobutyl- d- Bis TM5 chloride chloride TMOS TMOS

TI\/IS Cl BTVB Cl BTMB |sob&izéﬁ-r§113€liﬁlé>é 950 1.686 6.462

TEBRs o Sa iR i e bl A e Becpnof
aﬂ@xwla@e()%e(g%ﬁ@hﬁforﬁlugﬂm%cm%x wherein Rl is an
al kyl of from1l to 6 car R2 is an al kyl of

ons
from1l to 6 carbon aton® x(:&Q)srdeH al kyl group of 1to

v@e?e% ‘”'&n&‘%{“ ﬁﬁd?ﬁ ﬂy@x%%&ﬁ@stat%ﬁgg%iﬁgs,%Eryféacﬁ&a‘iﬂe‘afﬂn}‘too

carbon a rogen or rogen or
vitictehdsydeen hdded aroatalytically effcbtibve aba@nts of Xithenivnvahtaging

X 1s 0, 1 or_ 2, which c [ises rea | efnic
cRiglystarids r%ﬁ@ﬂg@ﬁ@&ﬁ%ﬁ%@ﬂ%&@%ﬁ&mﬁ%ﬂg pFpmatic
cﬁﬁpo{ﬂﬂi. R5 and X have the aforestated neanings, with a
nolar excess of al koxysilane of the general fornula:

(Rl RRO)3- SiH

2. The process of Claim 1, wherein the electron donating aromatic
compound is selected from the group consisting of benzene, ethylbenzene,
diethylbenzene, triethylbenzene, n-butylbenzene, di-t-butylbenzene, bibenzyl, toluene,
t-butyltoluene, anisole, 1-phenylhexane, 1-phenyldodecane, m-xylene, mesitylene, p-
cymene, diphenylmethane, triphenylmethane, phenyl ether, phenothiazine, and
biphenyl.

3. The process of any of Claims 1 - 2, wherein the electron-donating
aromatic compound is present in an amount of from about 1 to about 100 mole

equivalents vs. moles of ruthenium metal.
4, The process of any of Claims 1 - 3, wherein the electron-donating

aromatic compound is present in an amount of from about 20 to about 30 mole

equivalents vs. moles of ruthenium metal.
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wherein R1 and R2 and x have the aforestated neani ngs,
in a reaction nmediumto which has been added a
WoaO(lsl'lysﬂ9saI ly effective anount of rut heni um cearaiISHoMg15748

taly t t ount,  of
o ot r A BUERS SIS TuhaSisiein e CleREoMicss
s@lEctéd B0 the g‘lédil?r&hﬁst‘iﬁgeoieﬂ@@ E:l'il@fldé?i lonahding cﬁfoﬁﬁ@tj Ehloro-1-

compound is selected fromthe group consisting of
biene.ch é-dichlonpt bbnteasand ichlongnirbpeneears] wherein alkoxysﬂane is

S B SRS P R YRR R e,

dﬁnahﬁmétmmm thiefHos il agle detiandiethdkysilaae, thethylethoxysﬂane
nes | ene, pcynene, dlphenylnethane

orpisHancs apd dictyiaihoxystang . phenot hi azi ne, and
b| phenyl 3. The process of any of Clains 1 - 2,
wherein the el ectron-donating aromati c conpound is
pr es 6ntThe prevessoiuy tof @aifisdm 5 lwhtkeid theocuaOativeiflem@iSof
qui val ents VS. nPI es of rutheniumnetal. 4. The
alkpapselage trolshgic bplids mnass trom aBoutyhek keabout )
el ectron-donati ng aromati ¢ conpound is present in an
anmount of from about 20 to about 30 nol e equival ents
vs ﬁDfl‘hs ptdcessﬂﬂ‘aayiotﬁ @laietsdl - G whEkein fieaessng$ cariyd ofit at a
wher in the g{acgl nic halide is selected
t%n?ﬁ%tt“ﬁé’féﬁoabfbb% "%?‘?%1 1yl chloride, methallyl
chloride, 3-chloro-Ibutene, 3, 4-dichloro-I-butene and
2-chl oropropene, and wherein al koxysilane is sel ected
f r onBt Abe grasess afemy iof Claigsdf- ,rwlnmﬂhd]xeymt]hmnn -containing

cFhin S B e ERGP P R RS o0, IREC0yCia

cyti]l GovdiidrRt EsTy RuGij) QPhﬁi)JWd(@O?}CHQ XVEd WCO?H? Ru on Fe ]l_iu on

di et hyl et hoxysi | ane. 6. process o d ai ns
Al Os, R\Aﬁ@ﬁ@l‘lbﬁn,t]ﬁdA@ML alnd R@Bnol eratio of aI koxyS| | ane
to olefinic halide ranges fromabout 1.3 to about 3.0.
7. The process of any of Clains 1 - 6, wherein the

r eac9i Ghe pfocesrdfiaag of Maifkk 1a- §,aitesiathe ndint LF Athéfiamt
50 to about 130C. 8. .The process of any of Clains 1

pregent yy the apaction madipm éndrommabew Hiorabagt 100 pany by weight of the

ted fromthe group consisting of Ru3(CO) 12,
e? ) 3Cl a] 2, cycl ooct adi ene-RuC 2, Rud 3,
(Ph3P) 2Ru(CO 2d 2 (Ph3P)3RU(COH 2 Ru on Fe, Ru on

10. A process for preparing a chloroalkylmethoxysilane of the general

formula:
(CH3)x(CH;30)3.,SiCH,CHR?*CR*R’CI
wherein R? is an alkyl of from 1 to 6 carbon atoms or hydrogen, R? is an alkyl of from
1 to 6 carbon atoms, hydrogen or chlorine, R’ is hydrogen or an alkyl of from 1 to 6
carbon atoms and x is 0, 1 or 2, which comprises reacting an olefinic chloride of the
general formula:
H,C=CR’CR*R’CI
wherein R?, R* and R’ have the aforestated meanings with a molar excess of a
methoxysilane of the general formula:
(CH3)x(CH30)3.xSiH
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Al @B Ru on carbon, Ru(AcAc) 3, and RuBr3. 9. The
process of any of Clains 1 - 8, wherein the anount of
\Noumbenkﬂ&1present in the reaction nediun1is f POMUAROWO 15748

1 ht f t ts
Dbt S 00 e SRR Reanmig o Sl R aIe g &) ¢ mgisilane to
JTRiCENSHid of PéMbaut | FrBBuEsBG: atagb%{%mﬁ% RBBGHt 60 to

wherein R3 is an alkyl of from1t carbon atons or
ahqatr 13§30 in Reeactiommedivay inte Whichdres be¢radiied arrbtheniatmemntaining

hydr ogen .or I IS drogen ot _an alkyl.o
oo e Plne g SO bl 0 DG el Basth o bota
WS Iof BRSrei@att hilfanslebh@i-ddtaging Bloddtieoffpou@ oD RBRI Mout 1
formul a; H2C=CR3CRAR5CI wherein R3, R4 ané) R5 have the
toy s DA mole equivalends Viimelesofmthepiuax metd. of a

nmet hoxysi | ane of the general fornula:wherein x has the
af orestated neaning in a cunulative nole ratio of

met hoxysilane to olefmc chloride of fromabout 1.3 to
about 3.0 at a tenperature of from about 60 to about
1300C in a reaction nediuminto which has been added a
rut heni um cont ai ni ng catal yst contai ning fromabout 5
to about 100 ppm rut henium based on the total weight

of the reactants and an el ectron-donating aromatic
conpound of from about 1 to about 100 nol e equi val ents
vs. noles of rutheniumnetal.
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