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TI TLE o A METHOD FOR MANUFACTURI NG ORGANGCSI LANES
BACKGROUND "OF THE | NVENTI ON 10 This invention relates to

t he manuf acture of organosil anes by contacting an olefin with a
silane in thwomeasamnce of an azo conmpound free PCEUS96/02172
initiator. There are giéneral |y three nethods for adding
an ol efini.c ;?H%g?g . to a silane. They are a Gignard nethod, a

preci ous r?et |l yst route and a free- 15 radical initiator route using
peroxi des or azo conmpounds. Each of thelldddbr art processes suffers

from various defici QAMEFHODPFORKMANEFACTURING CROANOSH.ANESt he
reacti on may proceed very slow Also, selectivities and yields are

significantly | ower. Undesi rabI e b roduct s may be produced. Finally,
an additional recovery and/XRé s INYORAAON | ane may be

required.jgu. S. Patent ‘Z'hﬁiﬂveﬁﬁnﬁélﬁﬁhﬂﬁ&%tiﬁmfﬁmaif% siltines by

adartional - piepbagpl GF oieh Wiyl i HPRRRN %&’ﬂ)@ﬁ@%@ﬁgre%ong,

yields are | (;adxca.hmnagm'd excessi vel y disproportional quantities of
reactants are used FuThé®/are generallyhreaemodsfor addilg aholdfinic fiipduad! ar | y

present | nvereEoHERs I 8 8 SAilsBf method, a Bredfid Huewd atalys route and a gy nincry
OF THE | NWENTadikal initiator route using peroxides or gzmearapriadsi Each ofithe prigearti on t here
i's provided groceasessafiére from varides GBﬁéleﬁ&bsﬁfFo?E%ﬂﬂél they SreCekperisivel 4 the
contacting ( 'rla&%onlxﬁfysérm?&% v ;yesflc'x@ 0. sncgec%wues and yields are significantly lower.
Undesirable byproducts may be produeed Finally, an additional recovery and/or
.. recycle of unused silane may be required. U. S. Patent 2,570,462 discloses '
20 preparation of organohalosilanes under substantially atmospheric or a slight
additional pressure of an inert gas. Therein, reaction times are long, yields are low
and excessively disproportional quantities of reactants are used. Further
improvements are desirable particularly for a more efficient and economical
process. _
25 - The present invention meets these needs.

SUMMARY OF THE INVENTION
In accordance with this invention there is provided a process for
preparing an organosilane comprising contacting (i) at least one olefin having an
30 olefinic double bond aliphatic in character between two carbons and having
hydrogen on at least one of the doubly bonded carbons with (ii) at least one sﬂa.ne
of the formula:
H,SiRpX,
wherein '
35 - His hydrogen;
R is independently selected from alkyl, alkoxy, aryl, aryloxy, oxysilyl,
‘cycloalkyl, perhaloalkyl and the like;
X is a halogen selected from fluoride, chloride, bromide or iodide;
ais independently 1to 3;
40 b and ¢ are independently 0 to 3; and



30 olefinic double bond aliphatic'in character between two carbons and

havi ng hydr ogen on at | east one of the doubly bonded carbons with (ii)
at | east one silane ~.of the formular

Herr]SiR err] X[ err] wher ei n- 35° ' . H i s hydrogen;

R is independently selected from al-kyl, al koxy, aryl, aryl oxy, oxysilyl,

cycl oal kyl , perwabe24ky| and the 1ike; ?C'ﬁmﬁ?ﬂoéﬁén
selected fromfluoride, chloride, brom de o? i odi de; a

i s independeptly 1 to 3; 4 = b and c are independently O to
3: and 5 Vo o6f 3BT =4

PCT/ US96/ 02172 in the presence of (iii) at least oneazooompound of the formula _,_ 5
at+b+c=4 in the presence of (iii) atR]l—HafN—Rane azo conpound of the

formul a gﬁ’&ﬁ‘ﬁ
and R2 are the y&\?ﬁelﬂ}ucﬂdf%zraerﬁtm%% ea?re se ec?%dg%sgﬁ%e omthe on R
CFES: sti lnE Ff 18§mef¢31@9&“95‘c ey n}'-&'f

al kyl, al Kyl estyr, afl lkoxypésyd mﬁeﬁt&s,&ryl&@lesmrsowbmmdmd ar yI
aroyl esters, subst ot dddGte

cyanocar. boxyl i c 'Y &H}t ‘g?'lgﬁrm Fesaﬁéﬂﬁﬁﬂﬁﬁ%}'&é‘wﬁs oft fike, V\,herel n
(iii) is in the amount ofwhgsm(ns)o;@mthpéwmm@eubﬁ%ﬁleﬁ,baé%PBﬁl onetric
amount of ' r eact 3ttichiomeairanivuat 6f reactaits,under pregsurein thb vangesf aboutifxotabout
400 psig at a t%pag,ggapma&memgmmw%w Y6k ab®@f 90 bfersicR

about 10 hours 0 (11) i's supplled in
excess of alddut €88t 0 about 100% i n. anount
wherein (ii) is supplied in excess of about 0 to about 100% in amount

stoichiometrically required for reacting (i). The reactants are mixed together in a
reaction vessel prior to heating. Alternatively, the oleﬁn and azo compounds are
. added slowly to the silane during the reaction.

The method employed in the process of this invention involves the use
of azo compounds and is characterized by the following advantages which, '
cumulatively render this process preferable to methods previously employed:

1. reactions proceed safely, quickly and with substantially

25 quantitative yields;
o 2. the initiators are highly selective for the desired
products and requires less of the initiator;
3. no separation of initiator is necessary since formation of
byproducts is minimal and the products from the initiators do not
30 harm the system, and, more particularly, do not interfere in a
' subsequent reaction to produce an alkylalkoxysilane and recovery
of the same;
4, no undesirable color is mtroduced into the final products
by initiator or byproduct; and
.35 . 5. inexpensive, more efficient and may optionally eliminate an
additional recovery and/or recycle step. .

- Tt has been further found that the use of increased autogenous pressure, in
combination with select azo compounds, or a mode of addition of the reactants,
dramatically increases reaction rate while maintaining high yields and high

40 selectivities.
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reaction. 20 -~ . The nethod enployed in the process of this
i nvention involves the use - of azo conpounds and is characterized by

t he fol |l owi NYO264R3M?2 ages whi ch, cunuj at i vel y render t PGIMSOBIS
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sel ective for the desired DETAILED DESCRIPTIONoduct s and requires |ess

of the initiator; The oleﬁnssmtablefor%semnéapaeaemmmahaéasg%cl S |
m ni nma

necessary since for on
and the prodlfewgﬁ?ﬁ%%%??F%FSPEUSM‘B@%WM‘WX&‘P& harm t he
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subsequenfo r eiHatic ah8 cidlediphatiehydrodarbeiske Q:eélﬁddrﬁpﬁ&ﬁ

of . t he sane; thcfél ' Hy. no undefL?QJbl e color is |ntroduced into
t he final prd’df&‘f’ém ¢ torm o by initiator or byproduct; and 35
5. ‘i nexpensive, nore efficient and n#1 optioRglly elim nate an-

addi tional recovery and/or recycle stepc=cC It has been further found
that the use of increased autogenous Jressur conbi nation with
sel ect azg conpounds, or a node of ad®tion the reactants,

dramati cdfly Wm%&334mmm¢aﬂbmﬁ'ﬂmth@ gtowpregnsistisig ofibytirbgemnd hi gh

40 sel ect i vilalo@n (fluorine), alkyl, alkéifyl, ¥péledidyidaryl, alkoxy, aryol, hydrocarby%
PCT/ US96/ 0lejgrhaloalkyl and the like. Preferred are 1-hexene, l-octene, 1-octadecene and

cyclohexene. R moieties can be substituted, as will be appreciated by one skilled in
. the art, provided the substituents do not interfere with the reactants, reaction
20 . mechanism, or the reaction products. Also preferred are Cp-Cpg aliphatic olefins
containing fluorine. Mixtures of C-Cyg olefins may also be used.
The silanes can be defined by the forrmla:
HaSiRpXe '
wherein
25 : H is hydrogen; and
R is independently selected from aikyl, alkoxy, aryl, aryloxy, oxysﬂyl
and the like. For example, methyl, methoxy, ethyl, ethoxy, phenyl, phenoxy and the
 like can be used. R moieties can be substituted, as will be appreciated by one
skilled in the art, provided the substituents do not interfere with the reactants,
30 reaction mechanism, or the reaction products. For example, R can be substituted
with alkyl, cycloalkyl, aryl, alkoxy, aryloxy, halo, perhaloalkyl and the like.
: X is a halogen selected from fluoride, chlonde, bromide or iodide;
a is independently 1 to 3;
b and c are independently 0 to 3; and -
35 a+b+c=4. ' |
For example, silanes useful for carrying out the invention include halogenated
silanes such as chlorinated silanes, particularly trichlorosilane, dichlorosilane,
dichloromethylsilane, dichloroethylsilane, dichloromethoxysilane, _
chlorodimethoxysilane and the like. Mixtures of silanes are contemplated
40  equivalents. If the starting silanes are alkoxysilanes such as triethoxysilane,



5 DETAI LED DESCRI PTI ON

The olefins suitable for use in the present invention include organic
conpounds having an ol efinic doubl e bond aliphatic in character between two
carbons and havi ng hydrogen on at |east one of the doubly bonded carbons.
10 Aliphatic and cycloaliphatic hydrocarbons, Cerr]-Cferr] can be used.
In particular, WM@H625419 olefin is in the f(_)‘{_m of - PCT/US96/02172
[err] 15 mhereln R1- R4 are independent!| y"sel ected fron1the group

‘consi sting of dro en I

' cycl oal kyI gryl ﬂane P“%p’% lﬁ&dr%%%w%%srﬁeﬁydr@dehﬂﬂ ﬁﬁabtgﬁéﬂ'}cﬂ%
like. Preferred @F@@-’h@%@ﬁé’fﬁﬁm é"&ﬁ?ep Y@?cl ohexene.
R noi eties can hgkyilkedybiladeed, as will be appreC| ated by one skilled in

the art, provided the sub t Qﬁf@ e reactants,
reactlon 20 mechani sm o?js% %e%gg%gﬁié?%‘%ﬁ#& 0o preferred are

Cerr]-Cerr] aliphatic ol efins fI uorine. M xtures of
C2-C20 ol efiggps Wrﬁhmhﬁimaﬂa the same or different and are selivtedsfromnbsgroap be

defined by the for
Herr] S Rlerr] x[cgﬁm cyano\%cloalk% a}%oXchanoalkyl, heter o a.lk§ alkoxg eéters,
R i s i ndependentaryl alkqxy estees, alkpharayliesters, arvk aseyl “éﬁ‘&ls“i’%;a

and the |ike. FoilkysaiiidsSoyafiGdalitydxy! hﬂﬂﬁ@&tbmbﬁ)dndtbélike(yhdmimwyfazophenoxy

and the i a l@ﬁﬁéﬁ, didal! be
appreciated- b %@P%%Pﬁcﬁﬁwtggkﬁhw%& %Il’l%\flel ﬁ{agsu st tu nts do
not int erfer@ywﬁ)ﬁnﬂmlﬁmmgw %her"l?&‘cﬁaéﬁcﬁ@?ﬁ'é‘msﬁ?tw tHEmMect i on
products. For exsopdssof Risiaventionsubstituted with al kyl, cycloal kyl,

?(r?/!s"aalhgloééénaryl g)c(%/édhﬁlr gm PFLQ%S?Ml d%i'h@%&’m%e or di de:
ais.i ndependent'ﬁ}e gotxgmgtorsarecommemally available, f? m aﬁr |¢189‘b€ﬁ%r‘?ﬂ y 0
1’Egr 3ca(ra:]dl ﬁ5 UtNemoursand i o v medi Cuai s]-lmli Lﬁgs such as
- chlori na%/edgzs(?l a;}x%ﬂ:‘f:légsﬁ%‘fﬁ%inﬁfht?ﬂ% air%gﬁllagtrl\lgﬂe?jlmceﬁ?tgr osi | ane,
di chl or onet hyl si4$4R%obi 2341&'6?%1 ) di chl or omet hoxysi | ane,
: 2,2’-azobxs(2-methylpropanemtnle) :
2,2’-azobis(2-methylbutanenitrile)
1,1'-azobis(cyclobexanecarbonitrile) .=
25 2,2'-azobis(N,N’ -dmethylenexsobutylramldme)dihydrochlonde
2,2'- azobxs(z-amldmopropane)mhydrochlonde
2,2'-azobis(N,N’-dimethyleneisobutylramidine)
' 4,4'-azobis(4-cyanopentanoic acid)
'-azobis(2-methyl-N-(1, 1-bxs(hydroxymethyl)-2-hydroxyethyl)proplonam1de)
30 22'-azobis(2-methyl-N-(1,1-bis(hydroxymethyl)ethyl)propionamide)
2,2'-azobis(2-methyl-N-(2-hydroxyethyl)propionamide)
2,2'-azobis(isobutylramide)dihydrate
2,2'-azobis(4-methoxy-2,4-dimethylvaleronitrile)
dimethyl-2,2'-azobisisobutyrate '
35  2-(carbamoylazo)isobutylronitrile
22'-azobis(2,4,4-dimethylpentane) |
2-phenylazo-2,4—dimethyl—4—methoxyvaleronitrile and
2,2'-azobis(2-methylpropane). .
Particularly useful azo initiators include 2,2'-azob1s(2-
40  methylpropanenitrile), 22'-azobis(2-methylbutanenitrile) and 1,1"-



chl or odi net hoxysi | ane and the Iike. M xtures of silanes are contenplated 40 _
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triet hoxysi I ane, WO 96/ 25419 _ .
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trinethoxysilane and the like, which possess a hydrogen radical bound to
the silicon, woesnsdten the reaction of the starting sil ane pétrbsdshsr7ol ef i n
provi des dlrectly an aIkyIaIkoxyS|Iaﬁe Useful azo
conpounds have th

foll o n '
R1- RN, R2 510 gEiAbeEas OO e sl under fhe BAdePaTes VARO® 8 Veo® S ected
fromthe groumd Vazo&:&ﬂ;m@lebtwely, agdab]e)&dmﬂ kydu, Ponit klei\&emmmsaﬁ&@bmpany -
het er ocycl o w &h&r\ﬁh L@t& ﬁ'ra.(ﬁui :k I
aroyl esters V. ester su tltute | a
ani Zles cyancfE%FFﬁJE& Eﬁ’?‘%ﬁéﬁﬁ ‘F"’R‘éef es of azo
corrpounds are cont enpl indﬂsspacmfltkmpﬂsem\mhmraﬂmﬂhstmgmmfcahrbee radi cal -
15 fornejg Olinixgq msaﬁbg&cﬁeﬁ vesdel i 35 hedind? TyRATP AP xte U BARY, 21 00 1 1

th
RleN:N- Rzp{gf f‘é‘ﬁa} to thergtoichipmetric amaynt,of olgfin, conmercial 1 y

avail able, f cpreiyxsblwabpuﬁ(lmm% ekaesSankl mare preferdbdyrabous 75 tal 1089 eacess and
Wako Pure Cheghgddd if H&H&t ﬁél%mﬁﬁ%oﬁ@@i é’ﬁg&é’&e@malﬁé affRiifideCf azo

0L e ) g Al b5 S s of e, about 1007
2, 2' - azo¥Ss ( prefsrably Mdﬂmﬁﬂ% dxeass and mope prefarablyiabo@t- 10:t0!2PPhexcassdni tri| e)
1,1' - azobi s( Cdﬂ@ll:& fces RaaévaAtiveth Eﬂ’&ne%cove eisa factor The amount of
2,2' -azobi s( d| rretc%ﬁeu Eobuw mé%ﬁfé)e Zedon é);tlm iometric
2,2 azobls(
amount of reactants (oleﬁn and silane % by weight), preferably about 0.5 to 3% and
~ more preferably about 1 to 2%.

20 The contents of the reaction vessel are stirred and heated typically at -
about 50°C to 120°C, preferably 80°C to 120°C, for about 10 hours or less, preferably
for about 8 hours or less and more preferably for about 3 to 5 hours. The reaction
temperature is dependent on the azo compound being used. It has been discovered
that a specific range of temperature for the azo compounds is critical for running the

25 reaction. That is, if the reaction temperature is too low the reaction does not take
place. Concomittantly, if the temperature is too high, decomposition of the azo
compound occurs too rapidly and initiation of the reaction is ineffective . For
example, the temperature range for Vazo® 64 and Vazo® 67 is about 85°C to 100°C

- and preferably about 90°C to 95°C. The témperature range for Vazo® 88 is about

30  95°Cto 110°C and preferably about 100°C to 105°C. Typically, a pressure of 30-400
psig is generated, preferably 50 to 200 psig, and more preferably 60 to 100 psig.
"Autogenous” is defined herein to refer to self generated pressure and pressure
produced without external influence or aid such as addition of an inert gas. The

. pressure generated is autogenous and is established in this embodiment by heating,

35 ie,, the reaction temperature, and the N3 liberated from the azo compound as the
reaction progresses. After completion of the reaction, the reaction vessel is cooled
to ambient temperature and any excess starting silane is removed from the reaction
vessel by any suitable means, for example, by purging the vessel with an inert gas

- such as nitrogen, helium, argon and the like, and/or by placing the vessel under
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radi cal s that wpmsgtma@wdm;@bg@hmwlﬂneaw ich rﬁoﬂi’e‘lﬁ ISane
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. process can involve heating from a stoichiometric to an excess amount of alcohol to

20 refluxing temperature. An alkylhalosilane can be fed from a location above the
~ 'reaction vessel to a packed column which acts as a reaction zone. The
_ alkylhalosilane and alcohol vapor react in the packed column to produce the
corresponding élkylalkoxysilane and hydrogen halide. One or more condensers can
be present to prevent escape of the reactants from the system. The
25  alkylalkoxysilane product will condense and return to the reaction vessel where no
further chemical reaction occurs. The hydrogen halide can be swept from the
reaction system by an inert gas purge, such as nitrogen and/or by using vacuum,
: After all of the silane reactant has been added, refluxing of the contents of the
reaction vessel may continue for about 0-5 hours. Tlie product alkylalkoxysﬂane can
30 be purified by any known method such as distillation.

The alkylhalosilanes and alkylalkoxysilanes of this invention can be
used in applications relating to coatings for textiles, plastics, building materials,
industrial equipment, household electric appliances, leather and wood products.
These silanes can also be used in the preparation of semiconductors, adhesives,

35 sealants, lubricants and hydraulic fluids. '

An alternative embodiment of this invention for obtaining faster
reaction times involves a mode of addition of the reactants. It has been discovered
that when an olefin and azo compound are added intermittently or continuously to
cither stoichiometric amounts or slight excess of silane in the amount of about 50%

40  excess or less, preferably about 20% excess or less and more preferably about 10%




15 preferably about 10 to 50% excess and nore preferably about 10 to 20%

excess-+s re lane—recovery—and recycle
is a factor. The anount of - azo conpound added is typically about 5%
or |ess, based on the stoichionetric anount” of reactants (ol efin and
.silane % by weight), preferably about 0.5 to 3% and nore preferably -
about 1 to 2%WORRs419 _ - The contents of the reacti onpePUSHEI2ERE
stirred and heated typically at abolrt 50[err]C to 120[err]C
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heating, 35 eirrlmr ‘ﬁe‘e‘?%&gﬁﬁ%ﬁ@iﬁgg Fé“"&?fétat' é‘t”(fl&”f Y from |
the azo comp migimiged or eliminatedct i on progresses After conpl eti on of the
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sui t abl e means purg gas

such as nitr J§a¢ts QRO AOMPOYNE @SPM@%OI by agjtatien. vessel
under WO $byétatdther aspect of the invention, it has been discovered that high
PCT/ US96/ 021 7)2elds can be achieved in short reaction times by adding a stoichiometric amount or
slight excess of silane of 50% or less preferably 10% or less, and the azo compound
25  to the olefin at reflux at atmospheric or elevated pressures. Alternatively, adding a
resulting product of the reaction, such as octyltrichlorosilane, of the olefin and
silane at the beginning of the reaction in an amount from about 25 to 75%, based on
reactor contents at the beginning of the reaction, also achieves high yields in short
reaction times because this essentially uses the product as a solvent to reacha
30  higher temperature as described above.

To give a clearer understanding of the invention, the following
Examples are construed as illustrative and not limitative of the underlymg principles
of the invention in any way whatsoever. '



. 6- 5 vacuum The silane, if in excess, can then be recovered and
purified, for exanple, by distillation for |ater use. ' :
A product fromthe reaction of the olefin and a hal ogenated silane is
an al kyl hal osil ane and is useful as an internmediate to prepare the i

correspondi ng . al kyl al koxysi | ane. An al kyl hal osi | ane can b o
with an al cohol ¥RM24E 10 ethanol, net hanqg,- n-propyl al coho?,d.llﬁg%iogﬂﬁpyl
al cohol, n-butyl al cohol, iso-butyl - al cohol, tert-butyl alcohol, :
2- et hyl bexano§, phenol, substituted phenol and the like to provide a

correspondi ng al kyl al koxysi | ane in which | conpound is
substituted with trinethoxysilane, triet e, and the like in

accordance with t he al cohol used as descri bed above using conventional
met hods. Qther than 15 renoving the unrBXAMPLEill ane, no purification of

t he al kyl hal osil ane is nec . 2 r ' lagi | ane
pr epar eé as delscr'i bel:l abp\?ggmcygﬁdgféég%%ﬁﬁgir‘ﬁ%%&%%%H%ﬂp%?ia??;s \
present, whith cequippes witha davkiepeddie agitator. ahemmaconplec? BR¢SSUSS gauge, heating
dleﬁolrrploii ti -o_n_l_ Pr Rk, Snjettor Wirt (dip aibley and b displiarge ponontaltead space opening to
a al koxysi | ang, r.QC EBR# | 0L :
stoiychi ome%/ri o t@eﬁ§%§§§%m§§£ﬁﬁ%ﬂ§%§(ﬁ.\%ﬁﬁéﬁ§%a?rsp%sreg’t ure.
An al kyl hal osi | ane can be ¥® W tion
vleislelh Ito al packgikhictbsiliie (& nole, 270 §, 200 ntl, 10096 kxcess),zmde,1'The o
a al oSl e . o ne. o ! ”@1 e
cor?/espondi. ng§al @q’ﬁ%ﬁg\z’gﬁ%ﬁgéﬂlﬁg @m@g@gp%ﬁffég%gsers
can be pr espichiomettie eagtants), & F t ‘2 mﬁfé"!"@ The ..
25 - a: kwqal koxyswﬁmeﬁ% I%Wxéamm-MﬁC%or :ﬁ?ene h-%acltqrd.
vessel where no §5- 50\ Giting (8 Fha. Ofnipredhite whbGedi¥@fP@RN hal i de
Rithe reaction s l?em

can be swept fro

. h
ni trogen and/ or Btmesphers through traps to remave the éﬁ%ﬁ%@?@%ﬁgif@h * wgr‘jls
been added, 2@f| followgd by nitregenpatgerdral vatuineA Gas Chmma_ldgnzphye(@lam@;m’s
continue for aboﬁmﬁmﬁ 9 gmﬂi !ésﬁtlaﬁehaﬂ;ﬁj%&@ldiéﬁl&&ﬂﬂnéﬂﬂ@ The

purified by any net o_; s di st tion.
al yl hal osi | anes 15MeT a4 5 3’3 ¢ B%f this invention -can be used

in applications relating to coatings for textiles, plastics, building

materi al s, i ndustrial eqguipnent, hml ectric appliances,
| eat her and od products. hese sl lan a o he Lh the
preparation 2? sem cq.nduct'B(fgfe'ﬁ%%%rs Sbedg\g% aﬁ%%,%ﬁegan S and
hydraul i ¢ fl ui dsingredients, except 5 g Vazo® 88x2% pf steichiometricsepglantstnt of this
invention for obtigiBdd\ef 458 1sed in ExampleeRCThmixhireRas again hegRdwitintieringto
addi tion of the rl&?’f:t, g@ttksept latt 1 -laﬁe}opbﬁgg\ﬁ%{x&g'l'hepressurewas60-80psigduring -
the run. The remaining TCS was again removed by venting, nitrogen purge and
30 vacuum. A GC analysis showed that the mixture again contained >99.5% OTCS
 and isomers, with <0.01% 1-octene. '




t hat when an ol efin and azo corrpound are added intermttently or

conti puotsty—to——etther—st o-ehtenetri c

silane in the anount of about 50% 40 excess or |ess, preferably about 20%

excess or less and nore preferably about 10% ) WO 96/ 25419
PCT/ US96/ 02172 -7- 5
excess or | e¥9%2%3%tion ti mes have been diminished. The ol mftwssaoxirazo
conmpound can be added to the silan&*as a nixture or separately. In

carrying gut this alternative nﬁ %;r@é the silane is sealed in a

reacti on Vessel. A stoichionetric a ol efin and an anount of
azo conpound as descrlﬁedhamrdpmdmwcﬂensadded 1-octeneI(|165molﬁ,ure

is charged ta18gf latfsoinl);’mesqzoﬂm@b%g,mm Lh0R%R &8 R 10
~added separ atxg Rg gljgg i nlé‘ { erg 6??”6‘%‘ heat ed
‘as above. °‘¥Yr‘ %F‘? féo i ,az{o °5Z¥E’Fﬁ§ a% QMEtHC: neor
est abl i shed Byagiamtph Ard é’eactorwa&ﬁeelreﬂn'lanmge indhp eastoriveasthieateddact or .
The ol ef iw/ a80°¢ anmﬂqndtwc-wcrfmhom esiif?e wak 66:100'haig difing the0 t hat

ol o1 i n 320 mELuRE ?@%@#ﬁ@%%%&% %@%dﬁlkrgﬁ”%ﬁﬁrgfwedti‘ﬁr an

15 addi ti on¥pconny AL mixturecontainged> IHHRTCSApdr eact i on-

vessel is thdsomersand &M%d-dc&nanbl ent ter_rperature and the process
continues as described above. However, in this enbodi nent, the need
for- recoggry and recycle of excess silane has been m nim zed or

el i m nat FreqiEXAMELE4e azo conpound will not
conpl etely dissol ve i nTblnmr%ﬁctoﬁhéS‘chBedM ¢ ¢ was Sldéd Y-oltené Emelecf i N and

azo conpound t el onpound
remai ns suspen tg( ‘ne o i?ﬁle, %ﬁnﬁ% %?%excee?ﬁ mdﬂﬁ”%&s(f I n yet
anot her aspedf® P'EQPG“‘F‘H B énitaton (Vazo@H63 Sk, 2Hastoichipmetric
yi el ds can beeaﬁm.ﬁymﬂﬂﬁraimﬁwmﬂbdomlmbmmdd%ﬁvﬁmﬁéﬂt?g?} rie
amount o :fﬁ Wﬂé 0 or -
| ess, angothsoocz?dco at %%‘gﬂglﬁ ﬁ’%@%%%ﬁ’&gﬁﬁﬁ%
el evat ed pre ¥@5 38aiy remoyed by venting, nitrogen purge and vacuum. A .
GC analysm showed that the mixture contained >97% OTCS and isomers and
<0.7% 1-octene. -

: A 1-liter glass resin kettle with a lid containing four standard taper
ground glass joints was equipped with a magnetic stirring bar, heating mantle, solids
addition funnel, thermocouple, sampling system, and condenser. The condenser was
connected to a 500 mi liquid addition funnel which was topped with a Dewar
30 condenser. The outlet of the Dewar condenser was connected to a dry-ice trap. The
entire assembly was purged with nitrogen prior to the reaction and the reaction run
at atmospheric pressure using only a slight positive pressure of nitrogen to maintain
an inert atmosphere.
The 1-liter resin kettle was charged with 1-octene (2 mole, 229 8 320
35 ml). The solids addition funnel was charged with Vazo® 64 (11 g, 2% of
stoichiometric reactants). The liquid addition funnel was charged with -
trichlorosilane (2.2 mole, 301 g, 224 ml, 10% excess). The condenser on the resin
kettle was cooled to -10°C. 1-octene in kettle was stirred while being heated. Once
the kettle temperature exceeded 95°C, enough TCS was added to 1-octene to bring
40  the kettle temperature to 90°C-95°C. Small quantities of Vazo® 64 were added at



resul ting product of the reaction, such as octyltrichlorosilane, of the

ol efin and . . silane at the beginning of the reacti-on in an anount from
about 25 to 75% based on reactor contents at the begi nning of the
reaction, also achieves high yields in short reaction times because
this essentlally uses the product as a solvent to reach a 30 higher
tenperature as WOs%25418d above. -10- To give a ?ﬁ’g‘éﬁ”@fmn
under st andi ng of the invention, the follow ng Exanpl es are construed
ovent i on i Sany S HhervalSld Bacptfie Rlack s e imptrahive Nas iuaimiained! (N
PCT/ US06/ 02172  betwben SPCS5°C aﬂdmsTCS | -8- 5
EXAMPLES The reactiofi ®@s wontinpied maitil dhtheﬂ!m@lmnl TESwasaddesde

?Lerlarr;tcglj:olog[ > rﬁsshr%au%& Hea{ %aﬂg@w{n&nt ngi h?”ncﬁ iehct i,on g;alhoual p

| tube) and a disc : hﬁ%‘&'b her e

Erhr;)lﬁ_gh an |f{bprmm%mmmgm%mﬂuawéﬁgzmmm&wﬁthatthe

0 NS reactor vias gﬁﬂléﬂfocﬂﬁ g IBOLCS ArdFisSme 6% 1-octene. This
0

trichl orosil ane 1Q0%
azobi s(cyc: ohexaﬂ@é&rﬁ'ﬁﬁﬁﬁm’ e‘B?ﬂt mﬁfﬁ(@ﬁﬁsﬁ %ﬁ%ﬁiﬁ‘@ olyes

'2.5g9, 1% of feedmgahchimﬂaneandaheamwmpoandm hoctenaatmﬂwag'heedv@mb,gﬂhe
mxture in the rig:;is d¥\bdn beSddhieved WhilO usilg b 8F t@,@ggof(ept
at 100[err]C O5l.err 0?or 4 hours léﬁle reactor pressure %\H;as at 65-7
psSi 9 duri ng Thi s pressure was vented to the

o To the product left in the resin kettle from Example 5, was added 1-

. octene (2 mole, 229 g, 320 ml). The equipment and procedure described in

20 Example 5 was used. To the mixture in the resin kettle were added TCS (2.2 mole,
301 g, 224 ml 10% excess) and Vazo® 64 (7 g, ~1% of reactants). The reaction was
maintained at atmospheric pressure under a pad of slight positive nitrogen pressure
in accordance with standard inert atmosphere lab techniques. The total reaction

. time was 5 hours. A GC analysis showed that the reaction mixture contained >96%

25. OTCS and isomers, and ~2.3% 1-octene. This exemplifies an alternative
improvement in operating at atmospheric pressure which involves adding some of
the reaction product, octyltrichlorosilane, at the beginning of the reaction. This
essentially uses the product as the solvent. The advantage of this method is that
higher reaction temperatures can be reached. At higher temperatires, the reaction

30 proceeds more rapidly because the azo compound is more effective and more silane
is available in solution. '

EXAMPLE 7 _
The equipment described in Example 5 was set up to ethoxylate the

35 product obtained in Example 6. A packed distillation column section was placed

between the kettle and the condenser. The resin kettle was charged with anhydrous

ethanol (11.6 mole, 539 g, 690 ml, 10% excess). The liquid addition funnel was

charged with OTCS (3.5 mole, 865 g, 810 ml). The condenser on the kettle was

cooled to -10°C, Stirring was started and the kettle contents were brought to refiux.
40 OTCS was added drop-wise over 5 hours and was ethoxylated in the packed column



at mosphere through traps to renove the remaining trichlorosilane (TCS).

This—was—20—fottowed—byntt 1 oger—ptr-ge- and—vactui—A—Cas—errorratography

(G0) analysis _ showed that the product m xture contai ned >995%
octyltrichlorosilane (OTCS) ~and isoners, and <0.03% 1-oct ene. 25
To the reactor described in Exanple 1 was added the sane . I ngredients,

except 5 g VWOSEBS41Y 88 (2% of stoichionetric reactants)  PCT/USPSOMAZ of
2.5 g used in Exanple 1. The m xture vvas'lzi'gain heated with stirring to

100 Ce b (. C- 10 , Tk

was[ g{)r ]80 SpSE% c?u%mngévg&%?% élh?a%l SEP%«? r%'éif _ ?Jnrfl%ﬁ ﬁf’&% ‘%gcg%%ﬁ E‘P@‘W/Zgr gy
venting, nitfedimthsrege ketile. 2dterdhoyref additional & the guxre inthe pae .
m xture agai rwa@ainplede A SaklsiIkbSwed that thtYdadtioahixfure bbitthined 90.5%
L o0t Bne. 1 Astyltricthoxysilihe YTESS dd isomers, 2.5% ethanol and 2% 1oogtene, The |

PCT/ US96/ 021 : _ mol and 2
To the react sonwasioniof X GChtofYTHS was esseatiallyqmeatitative which brought they| e

118 g, 1689 nchnvelr§ion 02 1WeteiRt6 OTES 009596 nl, ~100% excess), and

2,2' -azobis(2-. . met hyl but anenitrile) polynmerization initiator _

- (Vazo[err] 67, 5.3 g, 2% stoichionetric reactants), and the reactor
was seal ed. The mixture in the react BXAMPLESted to 10 80[err]C and kept’

at 80C-85[err]C for 3 Molthe600MEpRERES réattotdeschibed ROERENSle dukds@ded e

run. The remgi i 1 \E. [ [ t[0 [ and
vacuum - A Go e flbolie (13, §IF Bk oty P30 ' 912 ML 395G, ©
i somers add @gg%%/zi@&q, &%&. 1.5% of stoichiometric reactants). The mixture was heated with
EXAVPLE 4  stirring to 100°C and kept 20 100'€-105°C for 3 hibassC 'THeqitesstirevay hitween Was
added 1-oct enp.14h pifgl diring this run. The excess TCS was removed as described in Example

1. The GC analysis showed that the reaction mixture contained about 90%
» octadecyltrichlorosilane and isomers thereof, and about 3% 1-octadecene.

‘The reaction described in Example 8 was repeated using the same
reactor and the procedure, except using 1-octadecene (169 g, 0.67 mole),
trichlorosilane (200 g, 1.47 mole, ~120% excess), and Vazo® 88 (7 g, 2.7% of

25  stoichiometric reactants). The mixture was heated with stirring to 100°C and kept at
100°C-102°C for S hours. The pressure was 60 and 80 psig during the run. The
excess TCS was removed as described in Example 1. A GC analysis showed that the
reaction mixture contained about ~989% octadecyltrichlorosilane and isomers
thereof, and about ~1% 1-octadecene. ' ' :

30
COMPARATIVE EXAMPLE 10
A single neck, 50 mL roundbottom flask was equipped with a
- magnetic stirring bar, heating mantle and condenser. The condenser was topped
with a Claisen adapter and a polytetrafluoroethylene clad thermocouple was -

35 inserted through the Claisen adapter and condenser to reach the liquid layer of the
flask. The other arm of the Claisen adapter was topped with a Dewar condenser,
The entire assembly was purged with nitrogen prior to the reaction and the reaction
run atmospheric pressure using only a slight positive pressure of nitrogen to
maintain an inert atmosphere. The round bottom flask was charged with 1-octene

40 (115 g, 0.1 mole) and trichlorosilane (TCS) (13.5 g, 0.1 mole) and Vazo® 64 (0.25g,



112 g, 160 m), TCS (2 nole, 270 g, 200 m, 95% excess), and 2, 2'-azobi s(2-
nmet hyl propanenitrile) polynerization initiator (Vazo[err] 67, 5.3 g, 2%
stoichionetric, reactants), and the reactor was sealed. The nmixture in
the reactor was heated to 20 80[err]C and kept at 80[err]C-85[err]C for 3
hours. The pressure was 60-65 psig during the run. The renai ni ng TCS
was again remov@P ¥254¥nting, nitrogen purgg,and vacuum A PCT/pR96/02172
anal ysis showed that the m xture contained > 7% OTCS and i soners and

<0.7% 1-octe Rved
ted and flask-€HYERt h ted to the refl
Al-liter gl arsgs r%mﬁez}( S F%waslméme T tand =

ground gl ass JO|§§P§’%§“’€ HrPgtS‘h@l m'n'&q’ieﬁ{’ﬁgtt'g{g& é@taﬁpﬁab“

mant | e, solids temperaadtihlrbse)m mwerthélwmnqmpbd thsmzphomgasg&Mtoand

condenser. The sho& F{lﬁ rBHh& ,g:u;rs%

funnel which vva {Be\/\% con enser. The out et of the Dewar
condenser was co‘ﬁ% about 0% 1-gefener e entire assenbly was .
purged with 10 trogen pri of['b(abbvuapmeaswamremattdtdsmg%ﬁzohlsﬂﬂun at

a Irrgfgrﬁ“ C Pr eSditefr rﬁ‘aﬁ:eﬁfﬂﬂéh %%ﬁo’%ﬁ}aﬂbﬁdﬂﬂoﬁ&:&fﬁﬁéﬁ'ﬁﬂuﬁﬁr §Val1aBYE Fom O
kettle was char ggof al‘?ﬁml&‘g@f”sﬂ@“ dﬁﬂ“&’“&z&‘@“%‘?ﬁ“@ﬁ“ ot g%%gﬁg%d]
addition funnel mek)cTGS @d gik20 mmbmvmzsz(n;s g,l%zei)roactants) were placed in
stoi chionetric ri@i’ﬁﬁﬁﬂsﬁﬁ e- e&eﬁk&iﬂ Viﬁ%afé@dtgﬁtﬂeﬁhiw h
trichlorosil The conde on-the -
resin ﬁsgtt Wﬁ{fc}?eé’ ]dttg thel(??l@”ﬂ“@ \) ’F’f’%"‘ﬂﬁ/&éﬁ‘@h rred

whi | e bei ng heat baganGnreflux at 45°C and the refiux temmttacmse te12¢°€nver Uu] rhaue,
enough TCS was aﬁkqm&eréacqsﬁ%ean&vémb oébed c@mﬁﬁsﬁmﬁ&éw@a

Sorerr] S 95 err] Gmahk uHss% ERoShrs RZRbE 0 ahdut %3h51 38H5E &t
PCT/ US96/ 0172 ) -10-
' 20 . " EXAMPLE 11 '

" The process of Comparative Example 10 was repeated using 100 mL
single-neck, round bottom flask and 1-octene (11.5 g, 0.1 mole), TCS (15 g, 0.11
mole, 10% excess), OTCS (25 g, 0.1 mole), and Vazo® 52 (1.5 g, 3%of the initial
reaction mix). After refluxing at atmospheric pressure for 3 hours, a GC analysis

25 showed that the reaction mixture contained about 84% OTCS and isomers thereof
and about 15% 1-octene. To this reaction mixture was added Vazo® 64 (0.5 g, 1%
of initial reaction mix) and the reaction mixture was refluxed for an additional 2
hours. A GC analysis at this point showed that the mixture now contained about
95% OTCS and isomers thereof, and about 3% 1-octene.

30 . The above process was repeated using another 100 mL roundbottom
ﬂask and same amounts of materials (1-octene, TCS, and OTCS), except combining
Vazo® 52 (0.75 g, 1.5% initial reaction mix) and Vazo® 64 (0.5 g, 1% of initial
reaction mix) as initiators. After refluxing the reaction mixture for 5 hours, a GC
analysis showed that it contained about 94% OTCS and isomers thereof, and about

'35 4% 1l-octene. - . _ _

This exemplifies an alternative improvement in operating at
atmospheric pressure. It involves using some of the reaction product, OTCS, as the
solvent for the reaction to raise the bo:lmg point of the initial reaction mixture. The
reaction progresses rapidly from the very beginning due to the elevated reflux

40 temperature '



5 certain intervals to keep the reaction runni ng The tenperature was

mai-Rt-ai-ret———petweem—98fert | €95€by—adding—TES: The
reaction was continued until all the Vazo[err] and TCS was added. At
this point, the tenperature was allowed to rise to 125[err]C, then held for
1 hour. The total reaction tinme was 10 hours. The reaction m xture was
t hen cool ed WO%@841%nbi ent tenperature aqg t he product sanBERS0L72

anal ysi s showed that the reacti on mXture contai ned >98% OICS and

i somers, gnd - 1.6%1-octene. This exenplifi-es an inprovenent in _
operating at atnospheric pressure vdees f eedi ng :
trichlorosilane and the azo conpoun ne at reflux. The advantage
of this node is that vA@tndungﬁO)mEIrdmdbanoimﬂaklmaeequipptdmhmmeacsI i ght
excess of 15 gmanﬂe,sohgsdaedcfmonfunﬂél Sﬁtﬁcd?fdg t'Ii:@ftépbﬂhEhe

. sy, he
e EX\HQP f@cm?@ﬂma@aamamf ‘é&%'lﬁ\%glﬁ@ed, %O

m). The equi’B
t he mi xt e itheridorouple was kseited theough lmﬁmghTﬁ&l(mhaﬂlasen adapte3@ndg, 224 ni

rlrg:%)nteglcﬁzz) at gt m\ﬁ%& Eeé%{l}d f(yref[a"‘%lﬁ é ?&Lﬁ%ggﬁé;gggg@%/&ﬁ?frogen '
'FI)'L:StS (l;'[ :I r ea:ondenser The ¢rtire assembly Waslmlsgedm&mmgtlypner mrtbqwmnam% ﬂges
Thi's. exorl | Fhoeachol fid i auniilire préshirsulltg polive plesdiiclofoct ene.

at mosphoriBc B TRl wsvmosyég?engﬁsanﬁé%ﬁm i fudne ‘?@af@ﬁssﬂ
product , oct With Vazo®dddSigl a3% ofamomhnemssgp mactags);f'l'hdmzuéaddlhonMI S
essentially %éhseﬂgsdmm%ailo@%ﬂ 789! VSK‘fanf s ?nhiggﬂ%x&fsstﬂ'h% met hod

Is that reaction te atu At higher
terrperatures %i@&ﬁ?iﬁfrﬁgp because the azo
conpound i.s m)re effec'ﬁ'heaemmwasmdmuldmg ~6ml§)fm¢tub+-9.5|me°ut|on
EXALVPL Et Eo I64 to thehl-octene with s i mé@éﬂﬁ%‘xhﬂes eEmEPt&gEnwaS set
up to ethoxyl al : ed.
distillation %‘5‘ 3659&:1@3& tq‘l?é‘f‘\% M‘f‘?@"’éﬁa"?’he

condenser . Tﬁben@sﬁﬁhm|mmamé&m?6ﬁmmwmmnﬂyéomOl (11.6
mol e, 539 g, ré&tftiofimixti®8s TN Rafperattiof refitn wasaflsiinidisd Betwean ~85C to

95°C during the TCS addition. After all the TCS was added, the reaction was
25 heated for another 4 hours at the end of which time the reflux temperature had
reached about 130°C. A GC analysis showed that the produced contained >96%
OTCS and isomers thereof, and about 1.6% 1-octene.
This exemplifies an improvement in operating at atmospheric
* pressure which involves feeding trichlorosilane and the azo compound to 1-octene at
30 reflux. The temperature of the mixture at reflux is maintained so as to be at the
optimum temperature range for the specific azo compound used to initiate the
reaction. The advantage of this mode is that high yields can be achieved while using
only a slight excess of silane.

35 - Having thus described and exemplified the invention with a certain
- degree of particularity, it should be appreciated that the following Claims are not to
be limited but are to be afforded a scope commensurate with the wording of each
element of the Claims and equivalents thereof. '



charged with OTCS (3.5 nole, 865 g, 810 m). The condenser on the kettle

was cooled to -10[err]C. Stirring was sj ' |l e contents
were brought to reflux. 40 OICS was added dr pp=™M HAS s and was
ethoxyl ated in the packed col um WO OBEPEAGED

PCT/ US96/ 02172

=~11-
contacting vapoWa@s#®hanol . The product fg rrmed in the packed"‘éreﬂ’wl%ul d
fall in the resin kettle. After 3 hours of d|t|ona| .

m xture int 8%!&%4 was sanpl ed. A GC anal ysi s shoy _
reacti on m xt él ned -92. 5% oct | triethoxysi| l HIH“LT
i soners, 2.5% et hanol and 2% 1-oct ene. Th conver ES

was essenti al | y quantitative which brought the 10 conversi on of 1- oct ene
to OTES to -95%

To the 600 m pressure re&tt oPm&%s?g?ri% 8”‘“}? i a?os %ﬁﬁ?&oﬁt&ung(t)
1- oct adecene ( 19@ lgast ong olefin baying ap olefinis aing e ingl ﬁc%pgtweegé%)

excess), 15 j@ndca¥pém didHavidg hydlogen oﬂaﬂ&nfonebbﬂmtdwbiytbunded earbonsy with (i) he

m xture was heated w,th to 100[err] C and kept at

100[err] G 105[er?‘anSF8P°§“"rt‘8t?F§MFﬁ‘§H%r essure was between 90- 140 psig
during this run. The excess TCS was r enoViaSIBbEeescri bed in Exanpl e : '
1. The GC anal ysis showed wﬁmmtmshyemgénon m xture cont al ned about 90% -

oct adecyl trichl orosil ane qﬁ@aﬁadg}} 5{@@0@9@,’, 20
EXAMPLE 9 - Wi ih rea t|on ;&% e 8 was

repeated usi by the sanme aryh anyloxyogysiyl, t using |

1- oct adecene (169 g, 0.67 mahalogenselectedlﬁdm&ecgomlam(smo luorideychieride,
120% excess), and Vazo[ er ryle, e(aZonma /% of 25 stoichionetric react ants)
~The mi xture was heat ed W|t md mPe%tly? lgO[err] C and kept at

. . b and c are mdependently Oto3;and
20 a+b+c=4;
in the prcsence of (iii) at least one azo compound of the formula
- R1.N=N-R2 -
" wherein R1 and R2 are the same or different and are selected from
: the group consisting of cyanoalkyl, cyanocycloalkyl, alkoxycyanoalkyl,
25 ' heterocyclo alkyl, alkyl alkoxy esters, aryl alkoxy esters, alkyl aroyl
esters, aryl aroyl ester, substituted and unsubstituted alkyl amides,
cyanocarboxyhc acids and carbamoyl; _
wherein (m) is in the amount of about 5% or less, based on a stoichiometric amount
of reactants, under pressure in the range of about 30 to about 400 psig at a
30 temperature in the range of about 50 to 12(PC for about 10 hours or less; and
 wherein (ii) is supplied in excess of about 0 to about 100% in amount
stoichiometrically required for reacting (i) to produce (iv) the organosilane.

- 2. The process of claim 1 wherein (i) has 2-20 carbons, (ii) is a
35 halogenated silane and (iif) is selected from the group consisting of
2,2'-azobis(2,4-dimethylpentanenitrile),
© 2,2'-azobis(2-methylpropanenitrile),
2,2'-azobis(2-methylbutanenitrile),
1,1’-azobis(cyclohexanecarbonitrile),
40  22'-azobis(N,N'-dimethyleneisobutylramidine)dihydrochloride,

This Sheet Has Been Re{ilaced




100[ err] C-102[errJCfor 5 hours. The pressure was 60 and 80 psi g duri ng t he ,‘
JJHIIIHMIIIHWHI@ i Lo

anal ysi s sh reaction m xturE ~98%

oct adecyl trichl érodi | Bines and i soners t hef E@ g?ﬁ% Qﬁg tEEN 1%

1- oct adecene. 30 K EXAMPLE 10

A single necwodssath roundbottom flask was equipped with a pcrussshegtic

~ stirring bar, heating mantle and condensdd: The condenser was topped

vvrth ad |sen adapt r and a pol yt etrafl uoroet hyl ene cl ad thernocoupl e was
i nser ed zt-%rﬁﬂgﬁ Z-graidgopr Qe condenser to reach the |iquid

Iayer of the 22'-azobis@£k{ -dﬁhahylehﬂsomltylrmm;; Cl ai sen adapter was topped

with a Dewar ,pp ente{'ﬂafc | re assenbly was purged with nitrogen
act E

prior to the un. at nospheri c, pressure using

“only a sli ght ‘Lﬁléﬁﬁ?(i‘)‘ﬁb"f’i‘ﬁﬁ’éhyl -hydroxy qpionamideler t

at nosphere. T&- azohn(l-ﬂnethber(ﬂJldnt(hyrksxyﬂmhg propibnamidele 40 (11.5 g,
?OlermI e)loan@,i'fdzﬁﬁi'sff &i%kyétﬁy?l)ﬁoﬂmngmfdegol e) and -Vazo[ err] 64
PCT/ USo6/ 021 752-azobis(iso ‘Yfamlde drate, - -12- 5 1%

of react ants)2,2’&zobm(4ngetkmxy—2,4+dimeﬂxy&abmhﬁﬂa)$k content were heated to the

reflux ¥ jon mxture initially began to reflux at
&ﬁy -ﬁ'zob b{‘igﬁﬁ&

45[err] C and ¢ rature rose to 120[err]C over the 10 hour
period the r &4 proceed. A GC anal ysis showed t hat

tlgoe/ Erod;]ét cﬁ:ﬁitmhe@%dmaﬁ;ﬂﬁbﬂfﬂiﬁ and i somers thereoI : dand. about

0 1- oct ene 2-giknylazo- 4d1m é[ﬂ&gr@é]@x‘(ﬁf s was repeated using
2,2' -azobi s( é}& 2’ trﬂif;gé'aﬁ tanénitri tH; Q'ﬁfglzo[err] 52, anot her
pol yneri zat i G 1RPPISrBE R e from E. 1. du Pont de Nenours -and

Conpany. | n tthegeinthepreswne is in thecnapgeof 4houb5¢to £ba®200 psig and mpetattrd 27. 1
g,- 0.20 o] e)in @krakge of £cul 8570 110 & féb abbift 8honkri&E! S) vere placed in

20 :
3. The process of claim 2 wherein (i) is 1-octene, (ii) is trichlorosilane
and (iii) is 2,2'-azobis(2-methylpropanenitrile) and the pressure is about 60 to 100
psig at a temperature in the range of about 90 to 95°C for about 3 to S hours.
25 | 4. The process of claim 2 wherein (i) is 1-octene, (ii) is trichlorosilane

and (iii) is 1,1’-azobis(cyclohexanecarbonitrile) and the pressure is about 60 to 100
psig at a temperature in the range of about 100 to 105°C for about 3 to § hours.

5. The process of claim 2 wherein (i) is 1-octene, (ii) is trichlorosilane
30 and (iii) 2,2"-azobis(2-methylbutanenitrile) and the pressure is about 60 to 100 psig
at a temperature in fthe range of about 90 to 95°C for about 3 to 5 hours.

6. The process of claim 2 wherein (i) is 1-octadecene, (i) is
trichlorosilane and (iii) is 2,2"-azobis(2-methylpropanenitrile) and the pressure is
35 about 60 to 100 psig at a temperature in the range of about 90 to 95°C for about 3 to
5 hours,

7. The process of claim 2 wherein (i) is 1-octadecene, (ii) is
trichlorosilane and (iii) is 1,1'-azobis(cyclohexanecarbonitrile) and the pressure is

- This Sheet Has Been Replaced




a 100 nL singl e-necked round bottom fl ask. SpHt+i-hg—was—i-ri--af ed and t he
flask 15 coﬁ“l mllmlﬂaumﬁmd to the reflux|THIGSHEELHAS BBl | eacti on
mxture initl8 ! mjeiblito reflux at 45]|err] RERACEDe ref| ux
tenperature rose to 12oc®ovér the 15 hour perTod—tiheTeacti on was
all owed to proceed. A GC anal ysi.s showed that the product cont ai ned
65% OTCS and i sOM@P&2¥MHer eof , and about 25% 1 octene. 20 PCT/US96/02172
EXAMPLE 11 The process of nparative Exanple 10 was

repeated using 1 L :
(115 6. 0.1 Boi Apostanso 190 b Bl Fichietantcilihe AL BEMGA 0 BfRCOLA |
mol e), and Vazol[ & P°‘3’2~ (1.5 g, 3%of the initial reaction mx). After
refluxing at atnospheric pressure for 3 hours, a GC analysis 25 showed

that the reaction m xture ?39&5 Q];g:@ ' Ner eof
and about 15% 1-oc¢tene., Tog?gls?r actalpgyﬁnﬁét%é e %-qgo(ﬁea Vaesz’g )grgr . Q4
(0.5 g, 1% - QrQiiang an é’é‘é?&dﬂ’%’&%@;ﬁ‘@%‘ﬁéﬂ%ﬁ@?i the Rresywe out
refluxed forl@n 60i¢h 100psig at2a temperatimelin the rangofabouy90 © ¥ Cifor abqunoBito 5
showed that the gigiure now contained about 95% OTCS and i soners
t hereof, and about 3% 1-octene. 30 - . The above process was

repeat ed usi ng anot her 100 nL roundbottom flask and sanme anounts of
materials (1-octene, TCS, %riTheGiroyss obanyxficlaimsibhi8whegein the redetanfsare miked

(0. 75 9. 15% I Nidglefler P2 tddctiln Woke: af' el 1] 64 (0.5 g, 1o6of initial
ef | uxing

reaction rn'x)l as Initrators. ter he reaction mxture for 5
hour s, 5 anal ysis showed that it contai ned about 94% OTCS and
i somers thereof, and about1(BThe4rodesoof anyof claims 1-8 wherein the olefin did azo

exenplifies an akimbodidsufe AARANHIFR i SRR MG Rlaction,  atmospheric
pressure. It invo‘?v S using sone of” the reactqlionbpro%ct, OrCs, as the
solvent for the reaction to raise the boiling point of the initial reaction

m xture. The . react i otl. (Kheqreesseef anywf dlayms 1-8,whereintbe prgasgsilane isfigue
to the el evapgd pghikythafdiiladeSAHACHAHE Bomprising the step of reacting (iv) with (v) an

alcohol to (vi) a corresponding alkylalkoxysilane.

12. The process of claim 11 wherein (iv) is octyltrichlorosilane, (v) is

ethanol and (vi) is octyltriethoxysilane.

_ 13. A process for preparing an organolsilane comprising adding, in
sequence, a silane of the formula
H,SiRpX¢
wherein H is hydrogen;
30 R is independently selected from the group consisting of alkyl, alkoxy,
| aryl, aryloxy, oxysilyl, cycloalkyl and perhaloalkyl; _
X is a halogen selected from the group consisting of fluoride, chloride,
bromide and iodide; ' -
- - ais independently 1 to 3; .
35 b and ¢ are independently O to 3; and.
a+b+c=4; - :
in excess of 50% or less, and an azo compound selected from the group consisting of
2,2'-azobis(2-methylpropanenitrile) 2,2'-azobis(2-methylbutanenitrile) and 1,1'-
azobis(cyclohexanecarbonitrile) to an olefin under pressure of 200 psig and less.
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Funnel - and condenser]] Hllilulﬂamlinimf P ondenchr GonEE] HAS RN o
Cl ai sen adapter and a polyteatrafleoroethyl ene cl ad~% was

‘inserted t hr¥O82MY strai ght neck of the ./CI ai sen adapt er aR§T/US96/02172

condenser to reach the liquid layer in the flask. The other neck of the

d ai sen -adapt er wagy f4 Lt ha, Lo jool, 1 Cﬁ%ﬁﬁ ich
was fi tte%l a Dewar C%h%@g%%fﬁﬁg@#ﬁégg@%f%%r ge m
nitrogen pri 8n olefinwith (i asilarmolthe formula he reaction run at at nospheric
pressure using only a slight positiveHgSiRyXge of 15 nitrogen to maintain

an inert atnosphere. T | b i.tion funnel was charged with
Vazo[err] 64 (3 g, ~2£§§;§%%ﬁ%§%ﬁ%%§g§%@mq i g{#gbaddi tion
funnel was ctharg epengd A Onstfing of atx Gu‘ﬁ’ﬁ»e, -
rlrgi%)e)exceie) . The drgkatyloxy, duysilyk cymmj]angpdrhawalkyl;-%;_ct ene 1%73- g T(():_SS
and -65 g Vazolerr] 20)(}5%{?%&(1 d&_ o&%@?ﬁ%&bstl rri gg gﬁgnﬁgat |°% t he

resul ting mxture. ThePT@ ®,  mixture refluxed at about 105[err]C.
After about 1 hour, TGHSsimdepandbntlydrtoByni se over t he next 4.5 hours.

During this tine, Va-zq%gﬁéle?lgéﬂégﬁg%{o@;%mttently to the
GEA

reaction_pm xture. The te ux was nmi ntai ned between = - '
~g5[err] &to 95[®FB E Yl ng the TCS addition. After all the TCS was
added, the r suppliedin excessXf S0%ecart less ih an amonntstoicioimetricallyrequireddor] of whi ch
time the ref %&-L :ﬁéruﬁﬁ TN ¢ ' anal ysi s
showed t hat % e p?gizf}{ée cb?ﬁhg?gg Latl%%fﬂﬁ@'a%%%%p&a%ﬁk%&@%ﬁ% ereof, and
about' 1. 6% 18tupsREsistng of 2,2"-azobis(2-methylprapageni ?%‘P"&b'sgﬁel nmproovenent in
oper at i ng .at methyltnphnenitrile) and 1k’ egebis(cydlicxhnscarboiniteile)f addivign '
trichloroegil 6%3%&!\&&?&&@&@9%155&&&8&?”9 at 30 reflux. The
tenperature of  the mxture at reflux 1s nmaintained so as to be at the

opti mum tenperature range for the specific azo conpound used to initiate

t he reaction. The advantage of this node is that high yields can be
achi eved whil e using ~only a slight excess of silane. 35

Havi ng thus described and exenplified the invention with a certain

degree of particularity, it should be appreciated that the followi ng d ains
are not to be imted but are to be afforded a scope comensurate with
t he wordi ng of each '

\
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f'é'luérrent fhe d%i's ‘and eqw vaI ents thereof

CLAI MS 5 1. A process for preparl ng an organosil ane
conprising contacting (i) at: | east.- one ol efin having an olefinic
doubl e bond €H28Aktic in character betweerldt wo . carbons and havi ng

hydrogen on at |east one of the doubly bonded carbons, with (ii) at

| east one ailane ofthe tor mul a: : dmmmmmﬂ
H[err”mm)muum' le wherein His hydrogen,
Ris ml ected fromthe group consisting of alkyl, alkoxy,

aryl, &ryfoxy, "oxyaityl, cycloal kyl a;@mﬁgl oal kyl ;

X is a hal ogen selected fromthe grou ting of fluoride, chloride,
brom de and i odi de; 15 a is independently 1 to 3;

b and c ?{ee |ndependentl ; and a+b+c -4
in the presence of (iii )Mmgermmmnwpmmw)at

and are sel ot o sleinaving an oleti! doBie'Shod Uiptife 3 FrdrkGerifpgi e | ° "

cyanoal kyl , m@mluahgmyd:owwmmw sfthe doubly bonded carbons, with (ii) at
het er ocycl o laI kyl, @ al koxy esters, aryl al koxy esters, IT( aroyl
esters, aryl® Bt ut ed and unsubstituted al kyI am des,

cyanocar boxylic aC| ds and carbanoyl ; H,SiRyX,
10 | wherein H is hydmgen
' R is independently selected from the group consmmg of alkyl, alkoxy,
aryl, aryloxy, oxysilyl, cycloalkyl and perhaloalkyl; |
X is & halogen selected from the group consisting of flucride, chloride,
bromids and iodide;
15 a is independently 1 to 3;
b and c are independently 0 to 3; and
atb+c=4;
in the presence of (iii) at least one azo compound of the formula:
' R1-N=N-R2
20 . wherein R1 and R2 are the same or different and are selected from the
group consisting of cyanoalkyl, cyanocycloalkyl, alkoxycyanoalkyl,
heterocyclo alkyl, alkyl alkoxy esters, aryl alkoxy esters, alkyl aroyl
esters, aryl aroyl ester, substituted and unsubstituted alkyl amides,
cyanocarboxylic acids and carbamoyl;
25 - wherein (iii) is in the amount of 5% or loss, based on & sioic)ﬁometric amount of
reactants, under pressure in the range of 30 to 400 psig at & temperature in the range
" of 50 to 120°C for 10 hours or less; and wherein (i) is supplied in excess of 0 to
100% in amount stoichiometrically required for reacting (i) to produce (iv) the
organosilane,
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25 V\,herel n ¢(iiti) is in the anount of 5% or |ess, based on a '

st oi ri c_anmount of reactants, under pressure in the range of 30
to 400ﬁ5| at a tenperature in the range of 50 to 120C for 10 hours

or le mmum'mu i) is supplied inW¥xcess of 0 to 100% i n
armunt ,Iy required for reacting (i) to progch éivhathe
organ05|lane 2. The proce

wherein (i) has 2-20 carbons, (ii) |sa hal ogenat ed silane and (iii)
is selected f.romthe gro consi sting o _

2 - azobi s( 2, 4- di net hy mﬁequdmlwh«emc)huz-mwbons () isa

230 RO Mo o e g i

1 - azob$ s( 2)2-aedbis( pefitehénitrile),

-azob| s(N, di | sobut l.r m d| ne) d| hydrochl oride, 10
, 2' -azobi s(?%ﬁ&eﬂgﬂﬁﬁa M’ﬁ%}/ﬂk chloride, -

, 2" -azobi s( Bl rﬁmm‘éﬁdl ram di ne), _

,4 -azobi s( 4~ cyano ent arfoi ¢ acl

, 2 azob| s( 2-l|'mtdb}d(qmlcﬂibxﬂwbub(ulauue Yxynmet hyl ) - 2- hydr oxyet hyl ) pr opi onani de)
, ob| hyl - N- (,1,.1- hi s(hydr oxymet hy] ) et yl ) propi onam de) ,
15 2,2'- az ‘Q%t}ﬁeﬁ'm@@ﬂmmﬂmdfﬂ de) ,

g g gigm s(%’%}hﬂﬂ’y{( %ﬁéﬁ%@#er r| | e),

di met hyl - 2, 22azmmmmmynwmbmymmq banoyl azo) i sobut yron| trile, 20

2,2' -azobi s( 4, 4-di met hyl pent gne),,
2- phenyl azo- $47a2abig ?‘ﬁ#&”‘#ﬂ%@(’hl eronitrile, and

2,2' -azobis(g 2'@%&%’(?—5:%@? N-(1, 1-bis(hydroxymethyl)-2-hydroxyethyl)propionamide),
2,2'-azobis(2-methyl-N-(1,1-bisthydroxymethyl)ethyl)propionamide),

15 2,2"azobis(2-methyl-N-(2-hydroxyethyl)propionamide),
2,2'-azobis(isobutyramide)dihydrate,
2,2"-azobis(4-methoxy-2,4-dimethylvaleronitrile),
dimethyl-2,2-azobisisobutyrate, -
2-(carbamoylazo)isobutyronitrile,

20  2,2%-azobis(2,4,4-dimethylpentane),

- 2-phenylazo-2,4-dimethyl-4-methoxyvaleronitrile, and

2,2'-azobis(2-methylpropane). -

wherein the pressure is in the range of 50 to 200 psig at & temperature in the range of
80 to 110°C for 8 hours or less.

I\)-hl\)l\)l\)i—‘l\)l\)l\)

25
3. The process of claim 2 wherein (i) is 1-octene, (ii) is trichlomsalnne
and (iif) is 2,2"-azobis(2-mathyipropanenitrile) and the pressure is 60 to 100 psigat a
' tempemure in the range of 50 to 95°C for 3 to 5 hours. '
30
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‘whereinth pressure is in the range of 50 to 200 psi.g at a tenperature in -

the range of 80 te—-110C for 8 hours or less. 25

3. The process of clajm? wherein (i) is 1-octane, (ii) is trichloroilane

and (iii M‘m\m\“‘“ﬂﬁmfz net hyl propanedftrile) and the pressure is 60 to
100 pig\ A ature in the range of 90 to 95C fgr ,3 to hours.

30 - 0 ¢ 4. The process of claim2 wherein (i) 3 (1)
is trichlorosilane and (iii) is 1,1'- azobi s(cycl ohexanecabonitrile)
and thc presure is 60 to 100 psig at a tenperature in 5 the range of 100

to 105[ err] CH &he qucsﬂsofmf wherein (i) is 1- , (i) i trichloragilarerand|(jiid dsek 3'- of

claim 2 whergj f:flhi - o (aledt bt Lchl i £ and (iii

2 2 "azobi o( PR Eratellbaite ahitd Brehdbtlh ¥ B YOG pt o sevpilbes o)
t enper at § e the ridge ofd00¢o Q05 Widc 3 t835Chaued. 3 t0 S5 hours. 10

6. The process of claim2 wherein (i) is 1-octadecane, (ii) is

trichlorosilane and (iii) is 2,2 -azobis(2-methyl propanenitrile) and the

pressure is 60 to ' eratur.e.in the.xange, of 90 to 95C

for 3 to 5 hours. 15_:5'_ ﬂ_gpp&legggclﬁmtf%ﬁ'l@ﬁﬁ?%(lgf’wmg%er ein

(1) I's 1-octad@E)ee-azobis(2-methylbutanenitrile) and the pressuse is 60 to 100 psig at 8
temperature in the range of 90 to 95°C for 3 to 5 hours.

10
6. The process of claim 2 wherein (i) is 1-octadecens, (ii) is
trichlorosilane and (iii) is 2,2'-azobis(2-methylpropanenitrile) and the pressure is 60 to
100 psig at a temperature in the range of 90 to 95°C for 3 to § hours.
15 . 7. The process of claim 2 wherein (i) is 1-octadecene, (ii) is

trichlorosilane and (iii) is 1,1-azobis{cyclohexanecarbonitrile) and the pressuce is 60 to
100 psig at a temperature in the range of 100 to 105°C for 3 to § hours.

8. The process of claim 2 wherein (i) is 1-octadecene, (i) is
20  trichlorosilane and (jif) 2,2'-ezobis(2-methylbutanenitrile) and the pressure ig 60 to 100
psig at a temperature in the range of 90 to 95°C for 3 to 5 hours.

| 9. The process of any of claims 1-8 wherein the reactants are mixed
together in a reaction vessel prior to heating.

25
10. The process of sny of claims 1-8 wherein the olefin and azo
compounds are added to the silane during the reaction.
- REPLACEMENT SHEET
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e hPordeifahe 20t (il ey 1 1 azob| s(cycl ohexanecarbonitrile) and the
pressure is 60 to 1004;&9 at a tenperature in the range of 100 to

- 105[err]CTor 3 to 5 hours, - 8. The process of claim

"2 wherein!(j ‘mmmmﬂumﬂm (ii) is 207 trichlorosilane and (iii)
2,2 azobls trile) and the pressure is 60 E éOO p psi g
at a tenperatur® in t*he range of 90 to 95C for 3 to 5 hour

9. The process of any of clains 1-8 wherein the reactants are m xed

together in a reaction vessel prior to heating. 25
'10. The process of any 13 “Ianaxmet‘mwfslwm h@.mhotalmtlumaamuhnels(w)

conmpounds are d t he s ne_durin he reacti

11. The proc é&?ﬂ‘aﬁ“%ﬁ“ﬁ T@m{n%é&%?‘ﬁpf’ ﬁ%ﬂ@sﬂ‘ﬁﬁ@ qnsdcﬁh?s

an al kyl hal o%tﬁpec@@&pm ARylafeRPilagd. N9 the step of reacting (iv) -wth
(v) an al cohol to (vi) a corresponding al kyl al’koxysi | ane.

12. The process of claim 1l wherein (iv) is octyltrichlorosilane, (v) is
et hanol and (vi) is oct | to6i et hox l, ane . : o 13, A
process for preparing & éﬁ‘@ ¥?§%%MPF&%V)AHB?‘H‘§€WW°NW- (%) 15
sequence, a gttaAstandi(vi) IFodiflir@lokysilane. . -

10 13. A process for preparing an organolsilans comprising adding, in
‘sequence, a silane of the formula _
HaSiRpX, .
wherein H is hydrogen; '
R is independently selected from the group consisting of alkyl, alkoxy,
15 aryl, aryloxy, oxysilyl, cycloalkyl and perhaloalkyl;
X is a halogen selected from the group consisting of fluoride, chloride,
bromide and iodide;
a is independently 1 to 3;
b and c are independently O to 3; and
20 o atbte=¢;
~ in excess of 50% or less, and an azo compound selected from the group consisting of
2,2'-azobis(2-methylpropanenitrile) 2,2'-azobis(2-methylbutanenitrile) and 1, 1'-
azobis(cyclohexanecarbonitrile) to an alefin under a pressure of 50 to 200 psig.
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. . . R PR S S | S ra) o Lkttt yen W
& .10 (U-LUFUNT oUc ria " oU0 Etiae
errT Si F'zTéJrer[err . wherein His hydrogen;
R | s—1—nde13&ade1=rt—|—y—se1—ect ed fromthe group consisting of alkyl, alkoxy, 15

.aryl, ., cycl oal kyl and per hal oal kyl ;
Xis ﬂg @mu ?[EH‘ d fromthe group coflsisting of fluoride chloride,
brom a i s independent IE@M
b and ¢ are independently 0 to 3; and 20 ==,

in excess of 50% or |ess, and an azo corrpound sel ected fromthe group

consi sti-ng of obi s anenitrile
2,2' -azobi s( 2- net hyl but%ﬁn ﬁ%“{l)‘ﬁ orgmos&lane\.)ompmmgcontactmg(:)

azobl s(cycl 0%5ﬁﬂﬁmfh§ﬂﬂe%}'tﬁﬁ0%l§| efin under a pressure of 50 to 200
psi g. 4. A process for preparl ng an
organosi |%ine conprising contacting (i JHgaSiRpXe an ol ef| nwth (ii) a silane
of the formula

Herr]SiRerr]-Xerr] wheteml'lllhydrogen, wherein H |s hydrogen

R is independently sel (lict ed fro Iﬂ Eg CO S!&‘isc’i‘lylré nmtmg olpdkyl akot’)&y,

aryl, aryloxy, oxysily

X is a hal ogen sel ect ewrﬂbﬁ%ﬁﬁﬂﬂﬁyﬂﬁﬂ@l%u'ﬁdﬁloﬂﬂy{o“ de, chloride, 10

bromi de and i odi de; IS i'ndependently 1 to 3;

b and c are |ndependent?u!adxdugempelmdifromthegmup cons:sungofﬂuodd&, dhloride, =4:
suppl i edlq n excess of 50%.qr n an anmount stoichoinmetrically required
for reacting 15 (1), @% ce of (iii) at |east one azo conpound

sel ected fromthe grougisindependently 1to 3;
b and ¢ are independently 0 to 3; and
atbte=4¢ '

PR A S Y | PN § ISR R I ] 1e) - 0

supplied in excess of 50% or less in an amount stoichoimetrically required for reactmg

15 (), in the presence of (jii) at least one azo compound selected from the group
consisting of 2,2'-azobis(2-methylpropanenitrile), 2,2'-azobis(2-methylbutanenitrile)
and 1,1'-azobis(cyclohexanecarbonitrile), and (iv) an organosilane, under pressure of
200 psig and less.

20
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consi st ing’-’of- 2,2' -azobi s(2-net hyl propanenitrile), R { |
3
[MPs copn

2,2' -azobis(2-nethyl butanenitrile) anq b,
1,1 -azobi s(cycl ohexanecarbonitrile), and (i \9 an, 05 e;pom | ane, under
- pressure of  ~ 200 psig and less. 20 i 7f, d .
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