19 Novenber 2003 -1 Heterogeneous Organotin Catalysts IR - 3475 Invenlion
This invention relates to tetravalent organotin conpoqug«wgﬂ&%rg&%grly
organotin functionalized silanes, a solid prepared by chemcally bondi ng

t he organotin functionalized silane to an inorganic support containing
surface hydroxy groups; a catal yst prepared from said supported organotin 5
functionalized silane; a continuous or batch process for conducting
esterification. or transesterification reactions, and urethane, urea,
silicone, or amno formng reactions utilizing said solid supported

catal yst and the reaction products of such continuous or batch processes
involving the separation of the solid tin-containing catalyst fromthe
liquid reaction products to yield tin catalyzed product containing very | ow
| evel s of tin. 1.0 Honobgeneous organotin conmpounds are known to be effective
catal ysts for esterification, transesterification, siloxane, and urethane
formng reactions by those skilled in the art. However, separation of the
honbgeneous organotin catalysts fromthe reaction products is a nmajor

di sadvantage which is frequently not possible or requires special treatnent
that usually destroys the catalyst- Honbgeneous catalysts are in the sane
phase, usually liquid, as the reactants and reaction 19 Novenber 2003
products. Heterogeneous catalysts are of a different phase than the reaction

_products. Many types of heterogeneous catal ysts are known and have a nunber

of significant advantages over honbgeneous catal ysts such as ease of
separation of the catalyst fromthe reaction products facilitating re-use
of the catalysts and hi gh nmechanical and thernal stability over a w de range
of 5 processing conditions. Heterogeneous catalysts are sonetines not as

sel ective as honpbgeneous catalysts. Supported netal conpl exes, netal

conpl exes attached to the support by a chem cal bond, are often as.

sel ective as their honbgeneous counterparts.

Heterogeneous Organotin Catalysts

IR - 3475
Background of the Invention

i i i ionalized
This invention relates to tetravalent organotin compounds, particularly organotin functional

silanes, a solid prepared by chemically bonding the organotm functionalized silane to an inorgamc

support containing surface hydroxy groups; a catalyst prepared from said supported organoiin

. fication. of
5 functionalized silane; a continuous or batch process for conducting esterification

wransesterification reactions, and urethane, urea, silicone,
e reaction products of such continuous or batch processes involving

or amino forming reactions utilizing said

solid supported catalyst and th

the separation of the solid tin-containing catalyst from the liquid reaction products to yield tin

catalyzed product containing very low levels of tin.

10 Homogeneous organotin compounds are known 10 be effective catalysts for estenﬁcanon.

oxane, and urethane forming reactions by those skilled in the art. However,

mogeneous organotin catalysts from the reaction products is a major
s the

transesterification, sil

separation of the ho
frequently not possible or requires special treatment that usually destroy
eaction

disadvantage which is

catalyst. Homogeneous catalysts are in the same phase, usually liquic, as the reactants and r




There are two types of supports for heterogeneous catal ysts, polyneric and

i norgani c. Polynmer supports are popul ar because they a i
funetionalized and have a flexible structure facilitat ﬁr?g\@gg{dleyn?g??éctl ons
bet ween active catalyst sites and reactants. Pol yner supports though have
several significant disadvantages such as poor nechani cal properties,
limted thernmal stability typically below 160C, and a | ack of physical
rigidity over a wi de range of processing conditions nmaking control over the
porosity and diffusional characteristics difficult. Myst known polyneric
organotin conpounds are not effective ¢atal ysts because of they do not 15
possess the desired functionality for.esterification, . .aRd . ducts.

t r ansest egrbduccatHetmogennes BPHESS AF g&ﬁéﬁ"é?m@?‘ §.d%§it+e| rg%cr[fe, ggngc am no formng
reactions or the fact that the tin tends to | each out too quickly fromthe
polynmer so that only a few reactions may be conducted. Ji.an Aladed US

5, 436, 357 angnb npedoldeErogtnavss caR & S ka0 HORFHRYT %n%?et&éﬁésr‘ “ﬁg%aé‘ﬁ%iégﬁﬁase in
which the organotin is_att L0. hP& R G the Mialys fro@nhd abitioe phwids and
found to BETBPPRETFUE C?%l St?rggﬁgséstgr?f Fcation reacti ops. However, the:20

pol yIer i cr.gHifang td-fe 00 tpauatsts andshigh meehepictlgnd duepal SREPRRSEP A1 TrEs i n t he
range of 50 to 150C, and,thus are L2E8mbOnd8s 8é1EREE iay Rorhadeneous
esterifi cEEPF@FF“Sé%‘Ef’E‘i‘%‘ﬁ'S,e‘??/%ﬁ“?:%ulslcfr}g@grg)ré{}g% out at tenperatures, (y?cedgdi ng
200C when harmgengised aeamefpienescmwcy}mplsxaracsaqnscéfe.thelsw?og'ehé{iﬂcchg‘a‘ﬁg P¥% have
a nunber of distinct advant ages over ?‘9“ MEJ, supports. They have a rigid
st r uct ur earpeftemasseleaiis a8 FEH ARPORTATP § '

I
GVET "t he porosity and diffusional
characteristics of the 25 support and are not affected by process

conditions. The thernmal stability is usually limfe )i poidryerof the
support ed cdimpdease twndPaDAL SEEPOTThHET E‘ﬁ?ﬁﬁ%ﬁ“‘f"“ff%%l}”fm.‘p ﬁ%ﬁsggf‘&sdgﬁ%rg%gphi gh -

mechani cal stabi | B 6)e Bisdy RAYEdncialed hiiciivel o Wnxible strimsurp £<iliting and
the for mafiP8R oF" ﬁpﬁ%@@ﬁ%&t af oxi des  are the &Dst frgﬂé’?ﬂh@’m&@%@vem

i NOr gagi Cimetagiont bawesngadtive caalystsites MRSy P OgTHEPPEGh al surfa}gp?1 19
Novenber 2003 -3 hydro leSfAnfeA rfe€Althhited thermat stabibidyi typierily Two
nmodes of &€ fﬂﬁtﬁ% %apéé%»esﬁéf?a ;pﬁigec f?r@%upporti ng COW'&%&%% e
surface Okeg®t E0°OXxind@sack Bighysicaktigidity aver & e TBIEE G SPCHFIRE RETET™ "Conpl ex

;?gbpgotr%%gqspégéclr%%lgo?osl& %%ﬁﬁ&%gpgh%&gﬁﬁﬁmmm. wi th the surface hydroxy

Most known polymeric organotin compounds are not effective catalysts because of_they do not

- - - . I3 : c’ urea.‘
‘15 possess the desired functionality for esterification; and wansesterification reactopms, urethan

nds to leach out too quickly from the

etal in US 5,436,357 and 5,561,205

silicone, and amino forming reactions or the fact that the tin te

polymer so that only a few reactions may be conducted. Jiang,

have disclosed polymeric organotin compounds in which the organotin is attached to the polymer

. . , . the
via a non-labile bond and found to be effective for transesterification reactions. However, th

. . - $0°C
20  polymeric organotin compounds are limited to reactions temperatures in the range of 50 to 130

and thus are not expected to be effective for esterification reactions, typically carried out at

temperatures exceeding 200°C when homogeneous organotin catalysts are used.

[norganic supports have a number of distinct advantages over polymer supporis. They have a

rigid structure which allows greater control over the porosity and diffusional characteristics of the

25  support and are not affected by process conditions. The thermal stability is usually limited by the

supported complex and not by the support itself. They also have high mech
" Metal oxides

anical
stability of the

ty that prevents physical breakdown of the particle and the formation of “fines.’ |
s contain surface

stabili

are the most frequently used inorganic support owing to the fact that metal oxide



reaction product in which the netal center in the conplex is directly bonded
to the surface through 5 an oxygen atom {E}--OHX--M M +HX
where { E) --OH = netal oxide M= nmetal center in the cfgﬂ Veﬁhlb{ellzbomf}(slb| | e
ligand 1 o Typically, the preferred node of attachnent of t he metal conpl ex
is through the use of a functionalized silane that contains |abile |Iigands
on the silicon capable of reacting with the surface hydroxy groups of the
metal oxide support such as 15 (E)--OH .+ XSSiY ------ > (BE)-O--Si Y where
(E)--OH = netal oxide X = MO EOQC, , . = functional group Leaching of
the metal conplex fromthe surface can b€ serlous if there is any degree of

di ssoci ation of the netal under reacti nd|t| Masb oo Qi gaRat i n
conpounds  iaydeoxybgroensivhésblcen pagEa i’é‘ﬁ‘éP‘i"ﬁBzetdh w?lg’tog?so%gé%eou%mcat%ﬁa;sts of this

i nvention pecause.t Quriel ohavel §dies dBsi trads fhmxghuhmuglemty rfiegH
esterifcat %" prgl gr‘:%&ggelg%%rﬁ{ Th?catl orol and ur et hane,

ani no f or MigagléeBacbraaiss 2 leiferigendeapahitipfrEaseng i %ﬁ%ﬁ“ﬁﬁé‘ﬂ%" %mﬁpéqg%nal ity,

or do not form stable bond By bddiRd &yhe hetics thofugh
several si T??‘WEPF@F‘E‘P’?]W&P%@HWO chls 3%9{&39%ﬁ%§ﬂq?%$ret hyl )tin dichiorides have
been repor §eekyn Mbkonov, V.- F., Stepina, EEM, and Shiryaev, E.M, Zh.
Gbshch Khim, 42 631 (1972); Mronov, V.F., Shi ryaev. E. M. Yankov, V.V.,

G adchenko, A.F. and Naunmov, A.D., Zh. Qbshch Khim. 44, 806 25 (1974);

M ronov. V, F.. &}j-fme%-w..l..p SEppdAd, +BELM , Yankov, V.V., and Kochergin.
V.P., Zh. (Obshch Khim, 45, 2448 (1975), but do not disclose or suggest
bondi ng these conpounds to an 19 Novenber 2003 -4

where {E}--OH = metal oxide
M = metal center in the complex

= |abile ligand

10 Typically, the preferred mode of attachment of the metal complex is through the use of a

functionalized silane that contains labile 11gands on the silicon capable of reacting with the surface

hydroxy groups of the metal oxide support such as

{E}--OH + X,S1Y > {E}-0--SiY  where {E}--OH = metal oxide
| - X = Me0Q, EtO.CL, ...
15 Y = functional group

{eaching of the metal complex from the surface can be serious if there is any degree of dissociation

of the metal under reaction conditions.

Most known organotin compounds are not suitable for preparing the heterogeneous catalysts of this
invention because they either do not have the desired functionality for esterification,
~0  (ransesterification, and urethane, urea, silicone, and amino forming reactions, cannot be modified to
contain such functionality, or do not form stable bonds with inorganic supports. The synthesis of
several silylmethyltin trichiorides and bis(silylmethyl)tin dichlorides have been reported by Mironov,
V.F., Stepina, E.-M., and Shiryaev, £.M., Zh. Obshch Khim., 42 631 (1972); Mironov, V. F.,
Shiryaev. E.M.. Yankov, V.V., Gladchenko, A.F. and Naumov, A.D.. Zh. Obshch Khim., 44, 806
25 (1974); Mironov, V.F., Shiryaev, V.1., Stepina, EM., Yankov, V.V., and Kochergin, V.P., Zh.

Obshch Khim., 45, 2448 (1975), but do not disclose or suggest bonding these compounds 1o an



i norgani ¢ support nor have they determ ned their effectiveness as catal ysts.
Simlarly, Auner. N and Gobe J.. Z. Anorg. Allg. Cheg@iygRhbetddod 1983)
reported a nunber of 3-silylpropyltin trichlorides but do not disclose or
suggest bondi ng these conpounds to an inorganic support and have not
determned their effectiveness as catal ysts. Schumann, H and Pachaly, B.,
Angew. Chem Int. Ed. 5 Engl., 20, 1043 (1981); Schumann. H., and Pachaly,
B., J. Organonetal. Chem . 233, 3,281 (1982); Schumann, H., and Pachaly,
B.. Ger. Ofen. 3 116643, disclosed several organotin conpounds that were
supported on alumna and silica, however, they either do not contain the
desired functionality for catalysis or there is |.aRi -ﬁ-lﬁqnquggtwa t he
si | i con aidrghdie stppprt NOVHEYS they @geﬁpmﬁ@el{ﬁf#&ﬂ‘gﬁfssﬁ %.[a,ly%gl]#‘ em S‘Otﬁ : I%’;]ckc:ghem
Commun., 798 (1984) repgr&ed the | 4s@ @) rpored gametet of diitnrémkirdachlpaidd 1.0
to the su%f"gﬁg" Zfé‘%oﬁ'i%@g' (Elﬁeat' {?f.ef(?ecjti ve as a ?r}g.dri de t,ﬂagﬁfaﬁ{j hﬁﬂéﬁthSt
for the regupt haninfosket omest bendingahese spmaunds {0 FLIPFAMEEIRECT “OF Thi s
invention therefore, to.prod iand, Wh&ddiraely, Behngew alies. Whiekdi n
the or ganégtsrriped ‘F‘?"h‘?fé‘&“‘{%B“sts egaéa?f%ﬁg y a stable Ii%?r%gié%qup(,@?wg@.i le at
both the £hg 2pdioabkisson Sciends). H.and|Pactsily, Bnd- @BAIME | SOt he' sl ane
end of the nolecule is |abile.and.res 2 s ablg ckeandSiid taifsouadstian bond
with the Sehumzee beaﬂfiﬁé‘:h%ﬁoé'ggﬁi @f‘f%nuﬁgfosrrﬁ?’s’,a%ﬁo at Ieas%non_e Oé-j“t he |igands
on the t{n.R0ghotd bBuih GRUIRA] owavdrabéyl stherdomgt contamnge Aestred BREMay "t hi s

invention i's to prepare a solid conprjsing an tinns hungitd a8, 2ed
si | ane on fcanatiﬂmm@fégﬁf?:isélﬂﬁﬁﬁ)‘?‘l“fibﬁw qdlicqad dulﬁétlgﬁ&%rebari ng a

Lr ansest o1 bl Ak ONends CBinh{un; 268 Q9g4)0epored ek harid drswerRAly dimeRoyiss linksg A
(0]

further 05] ec IS invention is to prepare SriGalhad agt for
tr ansest erd he eafacoof silica heds F$¢Eﬁ¥6ﬁ?%tﬁ&g?ﬁ%’%§%ﬁ%?%g@%ﬁ i cone, and ani no

form ng reﬁ‘(ﬁt id%ns whi ch has high selectivity, high activity and | ong
catal yst P 955 Yet anot her object of this invention is to provide a
process for conducting transesterification. esterification, and urethane,

urea. silicone It isa Lgéj ob?e@ or}%'u; 85%@9&@%?& io%ucé’organmin funcrionalized silanes wherein

the organotin is linked to the silane by a stable ligand group(non-iabile at both the tin and silicon

ends), at least one of the ligands on the silane end of the molecule is labile and results in a stable

15 silicon oxygen bond with the surface of the inorganic supports, and at least one of the ligands on the

tin end of the molecule is a labile group.

Another object of this invention is to prepare & solid comprising an organoun functionalize

- . . s oo o
silane on an inorganic support, which is useful in prepanng a transesterification, esterification,

urethane forming catalyst.

20 A further object of this invention is to prepare a heterogeneous catalyst for transesterification,

. . , . . ivity,
esterification, or urethane, urea, silicone, and amino forming reactions which has high selectivity

high activity and long catalyst life.

ion i i i ification,
Yet another object of this invention is to provide a process for conducting transesterific

esterification, and urethane, urea, silicone, and amino forming reactions.

25
Symmary of the [nvention

iti ising: in sifane; (2) a
This invention provides four compositions of matter comprising: (1)} an organoun s (2)

L L . rt
catalytically active functionalized organotin silane; (3) an organotin silane on a salid suppo



This invention provides four conpositions of matter conprising: (1) an
organotin silane; (2) a catalytically active functionalj i N
silane; (3) an organotin silane on a solid support 19 ﬂgéﬁﬂﬁgﬁgggg%?-S
conprising a netal oxide with surface hydroxy groups and. (4) catalytically
active funbanctionalized organotin silane on a solid support conprising a
netal oxide with surface hydroxy groups. The forrmula for each is given in
the detail ed description. Also provided is a solid supported organotin
resulting fromthe reaction product of otganotin 5 silanes with solid netal
oxi des contai ning surface hydroxyl groupS, such as glass, silica, mca,

silica gel, alum na, alun nasilaoxane IsNng bt @l Ricalld dctionfuactanmalized

chr omi um omwsmia@\"‘%%‘g}* B’é‘gﬁ“mai’ g%%?/’%@g&atso %té excel | ent het er ogeneous
catal ysts for est g}}é €atdRNugsort doafpsieiat @rmdiil catde ovithrseefacei ALY 8FUBFet’Rane,
urea, silic&he, an amno form ng reactions. A class of supported

funct i onal taedlagorzasiois igives in hhekald JECBEEH- di scovered to be excellent 1 o
het er ogeneous catal ysts for esterification or transesterification reactions
or urethane, urea, silicone, and amno form ng reactigns. .S o BegMkihon
al so provi des aalsb pvidedid 2 peliscuraeredreghy et &éﬁlgﬁafq?oga?ﬁygn o_r()é .
transesterification.catjon. %ﬁ%étﬁﬂé PfacdHyatRANSoups! ek, as glabsi BlreTICYSLERR NO
f or mi ngSr eSHAPFHNE ¥ &rf)“r#ag?xﬁ&gegt e '5 Séte_ps _yg# reacting. non-.ioumthﬁg@esgem
reactants bLer aamigs Rmifbimabionkaoting wamHsedent At aPBIT 84EY i'oh or
urethane, urea, silicone qr amn L Aot &aciibRRan bridiatpifiesnceacuinsa
catal yti cald¥590"é‘f°fié‘b?‘i"\)“éﬁlﬁﬁﬁ'ﬁﬁfogc%%u;a&é%%si d?supported organotin silane and
separ at i ng f ,QMS2LRaSalcbek, aRi Aniys formingrreastiensi | d phase containing the
products of the reaction. This invention further conprises the reuse of the
het er ogeneous catal yst after separating said 20 solid catalyst fronmtﬁe
reaction prodyciSs oAkSBoRionthelRtalized argamnini silawas ks besh (dFREFTIIA °6r°CH
transesterifcation reaction or urethane, urea, . SillGoNGudHandkdgsiicnel ng
reacti qus tewgensowsFIBlse f%ﬂﬁﬁﬁ-‘?“%mﬁeﬁ‘%@?iﬂg;&tnant s for an
esterification or J eakighd.fication reaction or urethane, urea, silicone,

. ami
or amino f&PRiNg reaction in

This invention aiso provides an improved process for conducting esterification oOf

ili i i i ising the
wransesterification reactions or urethane, urea, silicone, or amino forming reactions compnsing

jon or transesterification reaction or

15 steps of reacting non-solid phase reactants for an esterificat
l . f a catalytically effective amount

urethane, urea, silicone, or amino forming reaction in the presence o

of a solid supported organotin silane and separating from said solid catalyst, a non-solid phase

containing the products of the reaction.

ing said
This invention further comprises the reuse of the heterogeneous catalyst after separating

20 solid catalyst from the reaction products.

. . . . . e. urea.
Also provided is a continuous esterification or transesterification reactionl ot urethan

i isi i i ctants for an
silicone. or amino forming reactions compnsing continuously reacting the rea

i i ili ino forming reaction in
esterification or transesterification reaction of urethane, urea, silicone, or amino Io g2

. . J
a reactor containing a catalytically effective amount of a solid supported organotin silane catalyst an

ini i id solid
25  continuously separating a non-solid phase containing the products of the reaction from said s

' i i i tion or
catalyst. Also provided is the reaction product of an esterification or ransesterificatton reac

i i 1 i i anotin
srethane, urea, silicone, or amino forming reaction catalyzed with said solid supported 0rg

silanes catalyst and containing less than 100ppm tin after separating the non-solid phase containing



a reactor containing a catalytically effective amunt of a solid supported
organotin silane catalyst and 25 continuously separati gre) I@o%%e?%b% phase
contai ning the products of the reaction fromsaid solid" catal | s
provided is the reaction product of an esterification or transesterifi catl on
reaction or urethane, urea, silicone, or amno form ng reaction catal yzed
with said solid supported organotin silanes catalyst and containing | ess
than 100ppmtin after separating the non-solid phase containing 19 Novenber
2003 -6 the products of the reaction fromsaid solid heterogeneous catal yst.
| mproved synthesis of organotin silanes™’s al so provided involving the

reaction of |.1- dihal osilacycloal ka di.cl orosi | acycl obut ane)
with tin tiee pradlhﬂtwﬁ%e%%‘jgl“@@ SP‘Hé"“‘EtEﬁ‘ES%%Eg%OHaF#l Jé silapropyl tin

trichloride conpounds in the presence of a catalytically effective 5 anmount
of a Lewis acid such as alumnumtichloride to

l.d a . m xt f
3- (tri hal or o&hpepbddosoyphekis of j arganpiith ilange s gl‘%wrcygdeg *E‘fqﬁlf‘ir?n%ﬁ%elrjgegco a S’pr obyl
t' n_dichl % 1’%?%@?‘1‘%}1%%‘&3 r;t 5l hay. é?gm {lz)cpéietmdn '\E)'vﬂd-ﬂlufﬁakdtﬁ&ﬂoﬁdtcho agive the

-3-(tric “tin hlor I de vel synt heses inv gf%ﬁ ring
openl ng i scomgpéh@ta@h stiagropdiic hlagdeoragzauadsin ﬂ'&r?é?SFféfﬁa‘Pt %F%‘%{ﬁécé ith a

Lewi s acid catal LS U inthe r 1@l sidRsNesRalpse such
as 1.1-di C%’I‘%‘Pb‘éfyall-afé‘?’t:"}cﬁ%%'f ﬁeﬂwlPﬁngnﬁC%%opggﬁg{ﬁlﬁgﬂg* 0, s{uch ass bUtanl tin 10

tichlorideyd ﬁhﬂl&@rku&pastﬁ(&oﬁlohanywumxamhmnmgmddd(aytrlb#@ﬁﬂyl)mﬂp"l tin dih
3-(trihalosily pro anot s plovREQPY |
outy1 11 n Oebiok BBeHprooPRBRH B Ror P g ry o g T8 AR e
di chl orosi fyae0c: QP4 AREn hichidial Slagd ivvvhioh dLa\hilsamy cmlvszlllsawsyflim@e feagierobnal

groups, then'the need for a Lew s acj d |ng
openi ng r eadihileniatyslopkensied - éj‘é???(’ﬂof‘ﬁ‘l? w&?‘“ ?mé%ﬂg(??lﬁh%%n&gﬁ 3:h

| nventy on Thm &erlé{S,FHn g%e?{l&%ls&%ntahlga;ﬁ@mmﬂuﬁhmsvmfomrgmum:Mm S NE

(1) an organ0|n Si catalytically tiv nc
organotin s Ihhecmférﬁsll}'b)nmoylgabﬁ@ﬂﬂm %qhi/ - 5a gl 53 é’f‘fno ‘ﬁpg} S|hng a
met al oxi dgﬁl\gl th surf D%C&CHXQPM \g&mx?epdm%){y @naahﬂlgydups:a{ehybeaxeed fee

functi onal OSlgFga I'm sitTane on a solid support conprisi nlg g, et al oxide
with surf a@Ee\hl‘jd&:ﬁxg&algsro&ﬂsmnifhbtnftmrmmoae%qe@quﬁxafot;g?d UCE PEBRIOMS SEAS . For mul &
1) for the organotin silane is
Detailed Descripti { The Ioventi
15 This invention provides four compositions of marter comprising: (1) an organonn sdane (a
catalytically active functionalized organotin silane; (3} an organotin silane on a solid support
comprising a metal oxide with surface hydroxy groups and, (4) a catalytically active functionatized

organotin silane on a solid support comprising a metal oxide with surface hydroxy groups.

The formula {hereinafter referred to as Formula 1) for the organotin silane is

20 R! R?
i |
R'- Si-R’(CH,_),,-SII-R2
' |
R R?

25  wherein:
each R! is independently selected from the group consisting of F, Cl, Br, L, OR, and R, where R

" is substituted or unsubstituted C, to C j;alkyl, Cst0 C,, cycloalkyl, or aryl, provided at least one
value of R' is selected from among F, Cl. Br, [, and OR
each R? is independently selected from R, benzyl, vinyl, allyl, hydride, and



20R R 1 R- Si-R(CF4,),; Sn-Rl_i-/»_l R1 R 25 wherei
i ndependent |y sel ected frpmthe group consisting of F.4

n: each R is
ov&hberl%)p@?’ and R,

where R is substituted or unsubstituted C, to C, alkyl, C to

cycl oal kyl, or aryl, prqg.ﬁc‘lgg at least one value of R is selected from
anong F, Cl1. Br, 1, an “ehfHR= is | ndependently selected fromR ,
benzyl, vinyl, allyl, hydride, and -7 R- Si-Rr CH i~ R provided at

| east one val ue ‘[?;ovz'@‘d iz?é. . d. Br. I, or OR19 Novenber 2003 U~c 7, ni f'
i suri opl s sly T JioFPevageolRiss Eqfikgd LonoR n at eNcept, 'A', -nr, -r

~. FOR arwhenR2 iR iRy ; Rt Ben,.ald; of the v3luzs of R cannot 01 e
3el~--'"t:.df om C ar, dI|; or when R=is d, then at

Py R 3 i
HIY O:L“J = 2 oius =
oFy L Uil m =

=i ! 1 .
s A Hae ! A w1 b . H
o L8 sum S i3 exzeptwhen Rty ant o cvzloal

kvithen

= nelan—
n (S-SRl R

&

» ! Y _ - + ;
exeept,wnen I ={CH._ n=l.m=|

—
=
-

-, 4
20 UR. or whep R?

-
("]

then, all of the values of R% cannct be selected £ ' :
! e value: 1101 0@ 3eiected f7 and [; o7 when one R

: seizcted from Cland [ or when one Ri s Cl, then all

P -t .
remaining R cannot be szlactad from R and
ey
except also, when R* = (CH,),, the sumofnplus m = 2, 2.5 or 6. a!| values of R i-c OR
[ - 1 . [xe ol el A
with R being aryl or €, to €, alky!, one value of R¥ js CL. aryl or hydride,
. . onl - bl

then, all remaining values for R? cannat be

selecied fram C Crallel g, cyeloalkyl

oraryl; and,

except also, when R = (CH.), . thesum of nplus m = 3 A , : )
P P (CHo)n . the sum of n plus m =3, az least ome value of R i Cl, all

othar values of R' are selacted &g ' :
iues of R’ are selected fom CLC 1o Cizalkyl. vinyl, or phenyl and one value of R?
is Cl,;

then, all remaining values of R® cannot be selected from among Cl and methyl; and

. R 3 - -~
except also, when R’ =(CH.)_.thesumofn plusm=4or 5 all values of R are CI. and two

values for R” are Cl then the remaining value for R? cannat be buiy!

ormula thereinatiar ratarred 10 as Fo : ; ; ionali
The formula (hereinatier referred w0 as Formula 2) for the catalytically active functionalized

Ty

organerin silane:

comprising a compound of the formula:

Ri R:
R'- $i-R¥(CH.),-Sa-R:

R R:




remairir.;Racannotbc selected ffrorr R and, except also, when R (CH) ,
the sumof n, u, Pg- , all values of R $ie OR Wthﬁﬂo\%'rﬁbe@zaésor . to

C+2 al'N .., one va;ce o R=is C, ayl or hydC|d;then all remaining
val ues For R2 cannot be 5, Izccdfc Cto, C1I. ,.a . ri C
cycloal kyl or aryl; and. except also, when R = (CH), . the sumof fn plus
rn = 3. a !least oe value of R is O, all other values of Rl are selected

C. G to C _ alkyl, vinyl, or phenyl and one value oFR2 is d,; then, all
remai ni ng val ues of R canr:ot be sclectgd frnin trronu A and nethyl; and
except also, when R= (CH),, . the sum n plus m=4 or 5 all y a?ues of
R arc d, and two values for Rarc O then the remaining value fir R
cannot be butyl. The formula (hereinafter referred to as Fornula 21 for the
catal ytical}y.gactive functionalized organoti n silance conprising a conmpound

of the formifa 19 November 2003 -8 e gnd@@e@ggnthyre
sel ect ed fronmth@' ignltd@pﬁnémﬁlifﬁ%l?‘i‘??g&%’f‘% BT Coﬁl&ﬁ?oﬁ 8:\558 R where Ris

substituted S i 40 @l Kyl C,GSCL@V@palk)dw,fladéJ negyidedgf leagty | |
provi ded at 0%5 bslf&g'?gedc{rlgfl%gﬁ@m |§agel ect eddfégm anong F, d, Br, I. and

OR 5 each R?odeSrauuadElp‘emmeld;ﬁOG‘earW@d enzyl, vinyl, allyl,

hydri de, hydr oxj € &, Hﬂm&I L. ﬂhﬁ&pﬁradeehycpm@ﬁplfée
phosphoﬁat e, %Oh%lpgepengentl)é ?ﬁ&u @& REHe iy

a residue of a ca to
al cohol , or nRIBGRPtABGIaeL $hosphatdowhysmttfe§’h§%§ff"f‘% GPE%MBY Rﬁﬁ qg %IT etsLEtEée Ifaof C

to abOUt C10 ggr?;apm acid. mercapto alcohol, or mercaptoesters, carboxylates substituted or unsubstituted

of C, to about Cy, and
Rl
10 |
R'- Si-R¥(CHy),-
9
provided at least one value of R? is selected from among hydroxide, sulfide, sulfare, carbonate,

i a mercapto acid, mercapto
15 phosphate, phosphite, phosphonate, sulfonate, mercapto, a residue of P

alcohol, or mercaptoesters, and carboxylates substituted or unsubstituted of C, to about Caoes

R is (CH.)n, aryl or cycloalkyl,

m=0to17.n=1t018 sumofnplusm=1to 18 except when R’ is aryl or cycloalkyl then n

= at least 2,

20 The formula (hereinafter referred to as Formula 3)for the organotin silane on solid support

cdmprising a metal oxide with surface hydroxy groups is:
R R?
I |
R' - Si-R*(CH,),-Sn-R?

25 | |
R! R?

wherein:

M-
each R! is independently selected from the group consisting of F, CL, Br. [,
cycloalkyl, or aryl, provided at least

Q-, ORL R, where

R is substituted or unsubstituted C, to C galkyl, C; 0 Cyy
¢ one value of R' is M-0-;
each R’ is independently selected from R', benzyl, vinyl, allyl, hy

Rl
!

dride, and;



10 R |

al cohol ,

R -

or

Si-R3(CH.),, R provided at |east one value of R2 is selected

fromanong hydroxide, sulfide, sulfate, carbonate, 15 RRGgRBAIRr 28dsPhite,
phosphonat e,

sul fonate, mercapto, a residue of a nercapto acid. nercapt
mer capt oesters, and carboxyl ates substituted or unsubstitut

C, to about C20.; R is (CH),, aryl or cycloalkyl, m=0 to 17, it =
18, sumof n plus m=1 to 18 except when Rs is aryl or cycloalkyl then n =
at least 2. 20 The formula (hereinafter referred to as Fornula 3) for t
organotin silane on solid support conpri-sing a netal oxide with surface
hydroxy groups is: R 25 R21 R - Si-R(CH2),, Sn-R2 I R K wherein:

each R

0
ed of
l1to

he

I s 1 ndepengen$itR/(Si¢lected fromthe group consisting of F, d, Br, 1,
MO, OR R where Rjis substituted or unsubstituted C, to C a alkyl. CSto
Cl2 cycloal kyl, or arg!, provided at |east 30 one value of R is MO ; each

R2 is independently selected fromR , benzyl, vinyl, allyl, hydride, and; R

10

15

20

25

30

R? is (CH,)., arvl or cycloalkyl

m=0t017. n=110 18, sumof nplusm=1to 18 except when R’ is aryl or cycloalkyl then n
= at least 2, and M-O- is the metal oxide component of the solid support.

except, when R® = (CH,),, the sum of n plus m = 2. 4.5 or 6, all values of R' are R with R being
aryl or C, to C,; alkyl, one value of R?is Cl aryl or hydride;

then, ail remaining values for R? cannot be selected from C, to Cj;alkyl. C; 10 Cyy cycloalkyl or
arvi; and

except also, when R? = (CHy) , the sum of n plus m = 4, all values of R' are Cl, and two values
for R? are Cl or when all values of R' are methoxy and two value; for R? are methoxy, then the

remaining value for R? cannot be butyl.
The formula (hereinafter referred to as Formula 4) for the caralytically active, functionally

organotin silane on a solid support comprising a metal oxide with surface hydroxy groups is:

R: Rz
| i
R'- Si-R’((ZH:),,-Sn-R2
|
!R‘ R

wherein:

-each R' is independently selected from the group consisting of F, Cl, Br, I, M-O-, OR, R, where
R is substituted or unsubstituted C, to C gatkyl, C4t0 C,, cycloalkyl, or aryl, provided at least

one value of R' is M-O-;
each R? is independently selected from R ! benzyl, vinyl, allyl, hydride, hydroxide, sulfide,

sulfate, carbonate, phosphate, phosphite, phosphonate, sulfonate, mercapto, 2 residue of a

. ituted or unsubstituted
mercapto acid, mercapto alcohol, or mercaptoesters, carboxylates substitu

of C, to about Cq. and
’RI

|
R'- Si-R¥*(CH.),-
|
RI
provided at least one R? is selected from among hydroxide, sulfide, sulfate, carbonate, phosphate.



19 Novenber 2003 -9 R- Si-R(CH),- R R is (CH),,,, aryl or cycloal kyl

m=01to 17, n=11to 18, sumof n plus m=1 to |8 ex Bgod s aryl
or cycloalkyl then n at least 2, and MO is the net aﬁgg\% e (%(r)nponent of
the solid support: except, when R= (CH,),,,, the sumof n plus m= 2. 4.5

or 6, all values of R are Rwith R being aryl or C to Cl2 al kyl, one
value of R2 is O aryl or hydride; then, all renmaining values for R2 cannot
be selected fromC, to C,, alkyl, C to Clg cycloal kyl or 10 aryl; and
except al so, when (CH2),, , the sumof nplus m= 4, all values of R are
Cd, and two values for R2 are O or when all values of R are rre&hgéy and
two val ues for . ar B0, afr@ Rk B Ngervakaiid. orerdRA0 GEARLOThe
butyl. The foqhﬁ%%ﬁg(pﬁ%ﬁ%uﬁgﬁﬁg?&aﬁbg@grfﬁ to as Forrml(g 4 foE t he

catal yti cal | ymaeigioeserst andctiboxddibssubstigiasy 5 aRPFHUE] 97nd® 8 580l i d support

conprising a netal_  oxide wth rface hydroxy groups is: R R 1 I Rl -
Si - RL( CH, ) 0- Sh-'RE '@?%céflg?lgﬂ each R is independently sel ected from the
group consi st ng @fi7F = Cho | Bkum &t n fOn= OR, |8 Rxcephwiea R 3kl & GHLeaY| 6y "oy

unsubstituted C, to C a alkyl, C5 to Cl12 cycloal kyl, or aryl, provided at
| east 6ne vaf@#de®stZR is MO ; 25 each R is independently selected fromR
benzyl, vinyl ,n g is bl dRide Botfifonxit d€he salldf suprt.

The synthesis of the organotin silanes and chemicaily bonding them to a solid support comprising

a metal oxide with surface hydroxy groups is disclosed hereinafter and shown in the examples at

least for the preferred embodiments.

10 A ﬁeterogeneous organotin silane catalyst is provided comprising, the organotinsilane of
Formulas 3 and 4 are made by chermically bonding (supporting) an organotin silane of Formula 1 or

3 onto a solid metal oxide containing surface hydroxy groups via at least one metal-O-Si bond.
Preferably is the functionalized heterogeneous organotin silane of Formula 4. The compounds of
Formula 4 can be synthesized by either by bonding the compound of Formula 2 onto the salid

15  support or by bonding the compound of Formula | onto the support and then improving @e cat.zﬂytic
| functionality by replacing at least one of the labile groups on the tin of Formula 1 with the sunstituent

groups for R?contained in the Formula 2 verses Formula 1.

| Improving the catalytic functionality of Formuia 1 or Formuia 3 can be increased by converting

them to the compounds of Formula 2 and Formula 4 respectively. This is accomplished when the

20 labile group on the tin is replaced by reacting it with a reagent selected from the group cansisting of
alkali and alkaline hydroxides, oxides, carbonates, bicarbonates, phospates, phosphinates, sulfates,
organic acid salts, sulfonates, aicohols, phenols, and inorganic or organic acids. This resuits ina

class of supported functionalized organotin silanes that have been discovered to be excellent
heterogeneous catalysts for esterification or ansesterification reactions or urethane, urea, s.1l1con§.

25 and amino forming reactions . For catalytic properties, the key requirement for this functional group
is that it result in a labile bond with the tin under reactions conditions typically used for
esterification or transesterification reactions or urethane, urea, silicone, and amino forming reactions.
The catalytically active groups on the tin include F, C!, Br. [, M-O-, OR, benzyl, vinyl. ailyl.

hydride, hydroxide, sulfide, sulfate, carbonate, phosphate, phosphite, phosphonate, sulfonate,



sul fate, carbonate, phosphate, phosphite, phosphonate, sul fonate, nercapto,
a residue of a nercapto acid, nercapto alcohol, or nenga.RrdHeELSH

car boxyl ates substituted or unsubstituted of C, to about C,,. and R 30 R
R sulfide, at least one R is selected from anong hydroxide, de, sulfate,
car bonate, phosphate, 19 Novenber 2003 -10 phosphite, phosphonate.

sul fonate. nercapto, a residue of a nercapto acid, nercapto al cohol, or

nmer capt oesters. and carboxyl ates substituted or unsubscituted of C, to about
COR is (CH),,, aryl or cycloalkyl; m=0to 17, n =1 to 18, sumof n
plus m= 1 to 18 except when R is aryl-ldr cycloalkyl then n 5 = at |east
2; and MO is the netal oxide conponent of the solid support. g'hu%sis[_xtgcghesis
of the orgageikdasiskenda memdpiohedimeatapyp asehrli WG TCARATSES: H &0l *E° &Tbor

conprising a netal oxide with.sugf S Yed Srel 8. Ok Sxidesediroxide.
her ei naf t et WAPSERGHP! n ‘4 Wgu%gﬁn%{ng‘ﬁétt%dpl}easet gé'fr%urﬂgt he preferred

enbodi Ment §roduf ofcHRiehegansmuRd of ganotinnedsitiCatreabetit@i-yst i s provi ded
conprising, the organotinsilane of Forrmulas 3 and 4 are made by chemcally
bondi ng (supporting) an organotin silane of Fornmula 1 or 2 onto a solid

metal oxid ecsggéo%@b@gmﬁg Ll AELcompB s Wi Boraiafs3 and&omulk éadwve base diveqvgrede® Si
a

bond. Prefer y 1s the functionalized heterogeneou [ i itane of
For mul & 4. béldxgelboniraerpgeseayd caydyFhipr 55:9;1@:&“0%%(: 5t ré@clagcélgﬁg§log? 'Fﬁer by

bondi ng t he C%@g&éﬂ%ﬁ%ﬁ%mﬁher&cmﬁp the solid !5 support or by bonding
of I

t he corrpou?fﬁ“’o mula | onto the support and then inproving the catalytic
functionality by replacing at |east one of the |abile groups on the tin of

Formula 1 w %Qgénggn sslllérrx]étol“ ttl'éfI %ﬁnuia 1 in which m equals 0 and n plus m equals 3 can be produced
utilizing a novel ring opening reaction of silyacyclobutanes with tin halides followed by subsequent
functionalizing with the above stated reactions . The only reported examples of such a ring opening

1¢  reaction were limited to the reactions of 1,1-dichioro a_nd 1.1-dimethylsilacylobutane with tn
tetrachloride to give the corresponding 3-silylpropyltin trichloride compounds. Although the
reaction of 1.1-dichlorosilacyclobutane with tin tetrachloride is reported by Auner and Grobe, it was
found that this reaction does not occur in significant conversion of the silacyclobutane to give the
gxpected organotin silane. Surprisingly it was found that by adding a small amount of a suitable
15  Lewis acid catalyst, such as aluminum trichl_oride, the reaction occurred to give a mixture of 3-
(trichlorosilyl)propyl tin trichloride and di-3~(trichlorosilyl)propyl tin dichloride. Using a Lewis acid
catalyst, t.1-dichlorosilacyclobutane reacts with organotin halides, such as butyitin trichloride 10

open up the silacyclobutane ring and give 3-(u'ichlorosi1yl)pmpyl butyltin dichloride.

[t has been discovered that the reaction of tin tetrahalides and organotin halides with 1.1-

20  dialkoxysilacyclobutanes proceed without the need for a catalyst.

An improved esterification or transesterification reaction or urethane, urea, silicone, or amine
forming reaction is provided of the type comprising reacting non-solid phase reactants for an
esterification or transesterification reaction or urethane, urea. silicone, or amino forming reaciion
wherein the improvement comprises the steps of reacting said non-solid phase reactants in the

25 presence of a catalytically effective amount of a solid supported organotin silane catalyst of Lk-\e
present invention (Formula 3 or Formuia 4) , and separating from said solid catalyst a non-solid
phase containing the products of the reaction. This results in a reaction product that has been

) . . on
catalyzed with a tin containing catalyst and contains very little tin after the phase separatio




groups for RI contained in the Fornula 2 verses Formula 1. Inproving the
catalytic functionality of Formula 1 or Formula 3 can r y
converting themto the conpounds of Fornula 2 and Forﬁ%ﬂgﬂ%nﬁgiggg?lvely
This is acconplished when the 20 labile group on the tin is replaced by
reacting it with a reagent selected fromthe group consisting of alkali and
al kal i ne hydroxi des, oxi des, carbonates, bicarbonates, phospates,

phosphi nates, sulfates, organic acid salts, sulfonates, alcohols, phenols,
and inorganic or organic acids. This results in a cl ass of supported
functionalized organotin silanes that have been di scovered to be excell ent
heter ogeneous catal ysts for estarificathal Min iHeanaaste daticatrpdnt r Base i ons
or ur et han&Pe o8ah ‘glﬁtg%ﬁghg 2 and gﬁlﬁo formng reactions . For %gt@%ytlc
propertiesg, maork@permqymemmd-mldm gasqausreal IdSRRATUGR SRF2UIMS 2ERSE T esul t
in alabile bond wth the tjn under BSoGRRRialll OFFietyiph Cahtjugaseed f or
esterlflcavmbﬁW6¥“W?éhgﬁgtﬁlngﬁét|on ?%%@%IO%S or urethane, urea, silicone,

and ‘am no E%%Hk 4 ERAGInAN e but EiTew kadval tymttlocalatllqns et isp @hage GUiTFEenEH 1P FECE 7 n

i ncl ude F, I, MO, OR o d ook axi de.
sul fi des sa&pfaatlen otmprGHat B adBIHB%ﬁFFE%/aé“’“ﬁ %ffe?tb% ty‘%)ﬁg?srg%onat e “Sul fonate,

19 Novenber_ pgsucrggeas a;E[:l&d Rd b &d16Hhe ind wmcnﬁbmmmioemand arqredded prconoatsebitiol

or mercapt G&SCers. Car oxyl ates substituted gs&tgism tb%@% g{ongrodggsabout
C, 0. Howevesactdneprphustsars etoytdothsesby Fecaptingghe 5%’)"53 & rOXI f onat e.
or carboxyl.at e'ﬁe sybstiatut ggreggw%gmtglstmﬁ ehiat ofChe preseabomnu@l camHve Uiﬂshi?)or t ed
organotin SiPPHRES Conpounds of Formula 3 and Formula 4 e REANifEQyer ed
to 5 be exeelduentdy hetenogeniotien FdrateyERLcHeh FBTRLT fi cgtl on or
transesterification reactio r v codfifRusl tadtdu@g)mm aoaddeaamnn@o a

f or mi ng°r e ABETOREPH GRS |ﬂ§ssgla§#fang&1%§éateche For rruli 1 in which meguals

and n pl us r@c@ettatanidy haauest md@dmm@mlyutmﬂ%%nﬁle F3eeT 2 $5°H0 C%npenl %g
reaction of silyacycl obutanes with tin halides foll owed by subsequent

functi onal |5%1F4163%°PH“1‘1H%‘ ‘above stated reactions. The only reported exanpl es
of such a ring opening 10 reaction were limted to the reactions of
1,1-dichloro and 1,1-dineth buta I @Idl’caﬁl}kﬂ}dndﬁadtmngl ve
t he corresponWhFFQe"?f"é‘F?VICB‘P‘éHW{Yloﬁ FHIVET r%%%&g%&nlggt&ﬁgs AItho

reaction of rédultsdéhfi Fgagq&§5r$@au atealuptisingly Wit in tini impuretics-ZERITENY RS ﬂi“"gq P@B%‘Pt ed
i t

Py A nelrs arind can be less than 10 Ppm This purity is accomplished by a simple phase separation in which the

s separated from the non-solid, usually liquid, reaction products.

ar

solid (heterogeneous) catalyst i

Also, this purity is due to the fact that the tin catalyst is not readily extractable fromit’s solid support

due to the sTong bond between the support and the organotin silane achieved by the M-O-Si bond.

duct of
Reducing or eliminating tin impurities is an important consideration when the reaction pro

reaction
209  an esterification or wansesterification reaction or urethane, urea, silicone. or aminos forming

icati ' ' ion such as
will be used in food contact applications, e.g. containers, ot for human ingestio

pharmaceutical products.

The heterogeneous organotin silane catalyst is a solid supported organotin silane resulting from

the reaction product of an organotin silane of Formula 1 or Formuia 2 with 2 solid support having

55  ametal oxide containing hydroxyl groups on the surface of the solid support. Examples of suitable

es, kaolin,
metal oxide materials are glass, such as silica, mica, silica gel, alumina, aluminasijoxan

titania. zirconia and chromium oxide. Suitable supports can be solid. hollow or porous particles of

1 e present
such materials or composites having such materials on the surface of the particle. The p

invention is independent of the shape and size of the solid support. While beads are a common shape

) g . . nt
30 for supports, any convenient shape and size may be utilized and selected for practicing the prese



found that this reaction does not occur in significant conversion of the
silacycl obutane to give the expected organotin sil ane. WS it was
found that by adding a small anount of a suitable 15 ngﬁﬁk@@#@#@@&y

catal yst-such as alum numtchloride, the reaction occurred to give a m xture
of 3- (trichlorosilyl)propyl tin tichloride and di-3-(trichlorosilyl)progyl
tin dichloride. Using a Lewis acid catalyst, 1. 1 -dichlorosilacycl obutane
reacts with organotin halides, such as butyltin trichioride to open up the
si l acycl obutane ring and give 3-(triehlﬂnosilyl)propyl butyltin dichloride.
it has been discovered that the reaction’of tin tetrahalides and organotin

halides with 1.1- 20 dial koxysil acycl obut a ; ") 8 ngeqrfor a
catal yst. wrentiopr¥sdaeresgnsids ?“&itsi‘%haso? g??ughﬁ'gteag{ g&???cﬁ?%ﬂ%%e%@t L on or

urethane, yrea. sidiLRNEcayst¥dinN8e ndnOkolid Rgettomaedduan i s provi ded of the type

conpri sing Feact | ng non-soli1d phase reactants for an esterification or

transesterification reaction or urethane, urea, silicone, or amno formng

reaction wheyein the dnoprove CORPEI BES. drherSbeps tafof tRacjjongd saaigst

non-sol i d phasé °f 85¢ %érfﬁgalglne h‘g;séS %r esence of a catalytical I%Vc ffe&ii ve
r

anount of éefiaed byFsmpladrané Boroulpario piefsrable rapleced Mt AREGUP SRV PR ERPTRYESBRY

| nvention (FOLM ar3: OF bE QLI Bioaddungildde OfhsPhetors Of drtdr taik al yst
a non-sdl i op?)rﬂas,se %%apgfﬁ$c%p1 hga g;yéegﬁgnétﬁp gendtifYildre r

uct’s of 'the reaction. 11_(21'3 gga#.lts in
a react i onpdndediisake supmir (e isreeferredy; avitd awidel vadientPi se2g eSS ‘Fr‘@fI GFyst
and contains very little tin after t e i itk SpHIOMEBIHRL brgdflO 3
oper ati on PSRRI C%P?Qﬁesta:‘%’faé{;ci/"g eg’isg@ag%b%@a ege?%%oggn?t h%_ non- sol, i
reacti on pLaguet sulRRass andBnadcton ith dgprapatihemms. stids{beil inoraquir aokBEIYF) At
gaseous-sol i d separation operatij.gons, are | | bk 1,0 of Bn
cheni cal efEFMEaganHIANE oSt F'ﬁgﬁf@o W?‘i“ai“l@%% t# g?‘%ﬁ?%ﬁ%&%@ 7o
centri {ygagégﬁ{&m hSieel Thid Gesul@ngl e MbilagRup(ite. Brd, But, on FRIWNKEroiNbeing replaced
operations that use phase differences to effect a ' ' ; ials.
I'n additi owjthgdynational suR e BEOESS B@%@%&“&%ﬁ?‘% R@g@%@ég@gﬁ%ﬁ?gﬁgn a
reactor s u?ﬂfo%ﬁteﬁ)l’%@&!(ﬁgrg%g oPbrg&d AT}, inBricSpridl) phbspham- ghobphite rphasphinatesindr e

added and hon-so reaction products_are renoved, there effe I,pg the
separ at i oncabomacmn- Althaugh theeganein plepeivih &e *P#Iﬁ?ﬂagﬁeeg’%‘? P E AP ﬁ%‘%‘l%‘%lp
reactor containi 3&@9'&&&@%?& orkdHBiP G REER beplaBitanit BBtherfindiendi gadp t 0

uc errtrcation

cont i nuousP§ V&It es of transesterification reaction or a
uret hane, Uy e, resdtion cidmessedosbove. Adding the improved catalytical functionality to the organotin

silane after it has been reacted with the metal oxide containing support is preferred because it avoids
the labile groﬁp or groups on the silane from being also replaced with the functional group. The

labile group of groups on the silane are better utilized as the site for forming the Me-O-Si bond for

chemically antaching the organotin silane to the support. -

20 A novel, ring opening, synthesis has been discovered for a subgroup of the organotin silanes of

Formula 1. The subgroup has the formula:
R! R?

: i
R'-Si-CH,CH,CH,-Sn-R?

25 | |
R! R?

wherein R' and R? have the same values as in Formuia 1.

. . I
The svnthesis can be best described by the following general reaction scheme using C! for R'and
R? and AIC], for the Lewis Acid catalyst. [t should be understood that R', and R’ can have any of

30  the values given in Formula | and any Lewis Acid catalyst can be used.



o amno formng reaction. This is acconplished by continuously addi ng
non-solid reactants to a reactor containing the cataly. Ngmgk&g@bb@uously
renoving fromthe reactor a stream containing non- solid reaction products.
Whet her practiced continuously or batchw se, after separation of the solid
catalyst fromreaction products, the reaction products are surprisingly |ow
intininmpurities, generally less than 100 ppm 15 and can be | ess than 10
ppm This purity is acconplished by a sinple phase separation in which the
solid (heterogeneous) catalyst is separated fromthe non-solid, usually
l'iquid, reaction products. Also, this purity is due to the fact that the
tin catalyst is not readily extractable fromit's solid support due to the
strong bond between the support and the organotin silane achieved by the

M 4-Si bond. Reducing or elimnating tin inmpurities is an inportant

consi derati on when the reaction product of ZQ\@p esterification or
transesterificatiqgn rgaction or urethane, ureé,SsiIicone, or am nos form ng
reaction wll b€i3§éd in food cqggﬁmm"appLLoatidﬁﬁﬂCéthmh0®Mainers, or for
human i ngesti on swh™as pharmaceutical products. The het er ogeneous
organotin silane catalyst is a solid supported organotin silane resulting
from the reacti $rgqqg5 of an organotin silane of Formula |I or Fornmula 2
with a solid sup ?'“haV|ng 25 a netal oxide containing hydroxyl groups on
the surface of the solid support. Exanples of suitable netal oxide
materials are_glass, such. as sili.ca, .fm.ca.18musdrndeinde philibangyze the reaction
aluninasiIoxaH@gFgﬁ&ﬁﬁFﬁ?“mfﬁFgﬁF%?‘%?F%géfghghd chrontu€1oxi e. Sr%}g@ie
suppor t; can Q?ar%obrigﬁ'iﬁtihmhﬁw\tv?ﬁ | pelitpiesilasaslepenegnd fn Wi ﬁ*“r?ﬁlt érall“a’hs ar
conposi tes having such materi als t - Jatsicle. The present
invention is { éﬁﬁ@ﬁ?sﬁ*“?WQLg%ﬂﬁ%n%g%HggggagﬁE?%gﬁig??ﬁ support. Wile
beads are a comon shape 30 for supports, any conveni ent shape and size may
be utilized and sel ected for practicing the present 19 Novenber 2003 -13
invention based on considerations such as a good surface area to mei%gt
ratio and/ og, erg%gogsfwﬁ@ggarp?gdha@r Phidnteofypbducts deeadipasen the leRE RIS d
reaction products. One-or nore of the Iabi}e AL OHRSch Vaife ofn: © Br, 1, or
OR) on the teactionfschems. Eraspase shavrcigt By SrIEs of reaction

AlCl,
cl _
10 <>sa" + RSACL e > Cl,Si(CH,):SnR;
‘ N
c
cl AlClL,
si, > CLSI(CHpsSaR:Cl + [CLSCH) ]Sk,
N + R,SOCl, - ) ;SoR,
C AICl,
4 ) )
Cs'\a + RSaCl, > CLSi(CHy),SaRCY +  [CLSI(CHy);LSaRCE

15 + [CL,Si(CHy);],SnR



defined by Fornula 1 and Formula 3 is preferable repl aced mﬁth a group
havi ng i nproved catalytic 5 properties. This can be acngg} ﬁ 265 reacting
the organotin silane. either before or after inis bon to the support
(after is preferred), with a wide variety of reagents such as al kali and

al kal i ne hydroxi des, oxides, carbonates, bicarbonates, sulfates, phosphate.
phosphi te, phosphinate. organic acid salts, sulfonates, and by reaction
wi t h al cohol s, phenols. acids (both inorganic and organic), and other
reagents known to those skilled in the_git for substituting the halide
functionality on an !0 organotin halide. This results in the |abile group

(i.e. F, d, Sr, I, or OR) onthe tin being replaced wth a functiona
group such as oxide, hydroxide, carboxylate, bicarboxylate, sulfate, organic
salt, sulfonate, phenol, inorgant€lor organic acids, mercaptide, phosphate,

the halide | ab group on't 8“¥in s catal ytically ‘active preferably t he
hal i de group on YheCbrganotin silane d@hSé@Hﬂdéﬁchnfh[5h§ﬂﬁgp3#ﬁhct|onal
group 15 by the reaction discussed above. Adding the inproved catalytical
functionality to the organotin silane after it has been reacted wth the
net al oxi de containing support is preferred because it avoids the labile

group or groups on the silane from bei so.re C tibe thevkuae tieonal
group. The&urnheiiote JEbup il KgPHRR thise Fﬁ‘ge‘i it gﬁeﬂa%egﬂgﬁcelre Utifized as the

STTe Tar 1. OL LAl NSl O Blacll e olinly abdey st bbb oy e gat

ovel , ring qpeni J v,
di scover ed;ca‘aﬁibhag m}bg?rlfidﬁfb}s  ReC L opRn 88 115 00 qu%cgysgP = (1)1??7%]? A?&%Ml

subgroup_has 2 Zrofod pibaucBrass$t Gt G2 Snitarl fofmulRy THRY
wher ei n R ﬂgfﬁm ave Igﬁganeevaou%s as in For lge%x@%gﬁ can be
|ng

best descrrbgb@ﬂ ampuiith of thotehainh prydustsin the I MIKBEECYiH! SHY EFP?@ and

reactants, that is the mole ratio of the 1.1-dichlorosilacyclobutane reacted with the halide.

phosphi te, phosﬁ‘? néte and_ c& ponat e, c{’\k&@ﬂ%%d he[C@'SQ@HQE]lShCﬂLH ane with

10 Also discovered is another synthesis not requiring a Lewis acid catalyst involving the reaction
of 1.1-dialkoxysilacyclobutane, such as 1,1-dimethoxysilacyclobutane, with R, SnCl,. The
reactions for different values of R., showing the mixtures of reaction products the above, except that

the chlorides on the silicon are replaced with RO- groups, and there is no need for Lewis acid

catalyst.

15 The reactivity of the tin halide decreases with an increase in the organic functionaiity on the tin.

ie. the reactivity decreases in the order SnCl, > RSnCl, > R,8aCl,, and R,SnCl. This is particularly

true for the uncatalyzed reactions.

Svnthesis of Type A Organotin Functionalized Silanes

Comparative Exampie A Attempted reaction of 1,1-dichlorosilacyclobutane with Tin

20 Tetrachloride

L.1-Dichlorosilacyciobutane (7.14 grams) and tinn tetrachloride (13.70 grams) were transferred into

a tube under nitrogen. The tube was sealed and placed in oil bath and held at 132°C for 18.5 hours.

Analysis of the reaction mixture by 19§ and ¥Si NMR indicated virtually no reaction had occurred.

AIC], Catalyzed Reaction of 1,1-dichiorosilacyclobutane with Tin Tetrachloride
0.048 mole), tin tetrachloride (13.58 gram. 0.051 mole)

Example 1
25 |.1-Dichlorosilacyclobutane (6.77 grams.



R and AICI, for the Lewis Acid catalyst. It should be understood that R

and R2 can have any of 30 the val ues given
catal yst can be used. 19 Novenber 2003g 14 A:a ForHU|aé?éﬁﬂg??@¥?@$¥ASC£C|d
Si(CH),SnR, _iCl,., Weren =1 to4Inthis general reaction schene t he
Lewis acid (alumnumtrichloride) will catalyze the reaction 5 of any
organotin halide with 1, 1-di hal osilacyciobutane and in which R can be alkyl
or aryl (unsubstituted or substituted), alkylene or the silyl group itself
X, Si (CH)3-. The reactions will give a product or a mxture of products
depending on the value of n in the generé reaction schene. These are shown

for the series of reaction f

o5 (G seldomrii Hiorie (P sepm A0l G Serp igsfEléed Hroebi yBer e The 2
I G indoPanMi1C d‘helRSrﬂ@l}?CF Td-hours >

(C13Si (CH, )%ﬁé g%ega"fpclzgfssi“( (:Hz)l[:a]gt %él?\R 19 Nave be guw SIESRCOMIGESARG « +

conversion of the 1.1-Dichlorosilacyclobutane. mSn N showed P?mole C1,Si(CH,);SnCl;,

25.8 mole% [Cl;Si(CH,),],SnCl,, and 53.1 mole% tin tetrachloride.

5 Example2  AICI, catalyzed reaction of 1,1-Dichlorosila(:j;rclobutaue with Tin Tectrachloride
1,1-Dichlorosilacyclobutane (28.54 grams, 0.202 mole), tin tetrachloride (26.62 grams, 0.102 mote)
and aluminum trichloride (1.00 grams, 0.0075 mole) were transferred into a (00 ml flask under
nitrogen. The mixture was heated at reflux for 18 hours. '%Sn nmr showed that all the un

tetrachloride had been coaverted to 95.1 mole% ICL,Si(CH )} SnGl and 4.1 mole%s
10  CLSi(CH,),SnCl,.

Example3 AICl, catalyzed reaction of 1,1-Dichlorosilacyclubutane with Butyitin
Trichloride

1,1-Dichlorosilacyclobutane (12.79 grams, 0.907 mole). butyltin trichloride (25.59 grams, 0.907

mole), and aluminum trichloride (0.70 grams, 0.0052 mole) were transferred into a 100 ml flask

15 . under nitrogen. The mixture was heated and refluxed for 25 hours. GC-MS analysis showed 46.8

area% [C1,Si(CH,);Sn(Bu)Cl,, and 34.4 area% {C1,Si(CH.);},Sn(Bu)Cl

' Example 4 Reaction of 1,1-Dimethoxysilacyclobutane with Tin Tetrachloride
30.0 grams (0.227 mole) of 1,1-dimethoxysilacycioburane, 76.0 grams (0.294 mole) of tin
tetrachioride, and 170 mi of toluene were transferred into a flask under nitrogen and stirred for 18
53 hours at 25°C. The reaction mixture was then heated and refluxed for 6 hours. The reaction product,
represented by the formula (Me0),CISi(CH,),SnCl; was isolated by removing the solvent and then
vacuum distilled at 123-126°C at | torr. Elemental analysis gave 30.9% Snand 7.76% Si.

Example S Reaction of 1,1-Dimethoxysilacyclobutane with Butyltin Trichloride

30.0 grams (0.227 mole) of 1,1 -dimethoxysilacyciobutane, 64.1 grams (0.227 mole) of butyltin
25  uichloride were transferred into a flask under nitrogen and stirred at 80°C for 30 hours. The reaction

product. represented by the formula (MeQ).CISi{CH,);Sn(Bu)Cl, was vacuum distilled at 160°C at

I torr. Elemental analysis gave 24.0% Sn and 6.55% 5i.




~Cl1 CSi SCE AIC13 sSnC, -------- > Cl13Si (CH,)3sSnCI3 [ 3Si (CH,) 3] 25nCl,
[A3Si(CH )3]3Snd + [C13Si(CH,)3]4Sn Furthernore, AlCL3 W wn to
those skilled in the an as an effective catal yst for tﬁg N@e}rqug}'gﬁ?but i on
reaction of organotins. There are potentially other species that may be
formed by the scranbling or R, Cl3Si (CH2)3-, and O groups on the tin which
exist in equilibrium Accordingly, the product is better described as a
reaction product rather than by the above structural forrmula. The relative

amounts of the reaction products in the_lgr_i xture will vary depending on the
nole ratio of the reactants, that is the nole ratio of the 1, 1

-di chl orosi | acycl gbut ape. react WLt h.thes. j de. 10 Al so discovered is
anot her s\fyoresis of hxpe gg’dgﬁ"r"f‘ﬁ “ﬁctloé\ﬂnl%e%%{;ﬁucat al yst involving the reaction

of 1, 1-di aé&%i)\(g&l acy @eQcchitor M eORSIIH, a8 WiithIScllliret hoxysi | acycl obut ane, with
) e

R, _"Snd n: reactions for different val yes.of Rin show ng.the oixfures
of reacti m.mrmmttsie@hélcéb@vb{-‘legk’%b‘ifsf‘ﬁ}itangt K& gﬁaﬁﬁsgp? gé“‘sﬂdn he silicon

are replaced wit h.[.fé? ' &R 4t Dere s e hcreloion evits vasiitiered andal yst .
15 The red&‘t"iamaf%/ 0 rfuﬁé&t“?%d hal i dae decr eaJses W th an iinc%er% .0 b 880,
or gani & f upediaonat disgllednt SBHE°E a2 tofr. Rlemetial R T IR P IHEL FREEL & AT he

order SnCi4 > cl 3,2 . thel RESulh $iCEda)ly true for

t he uncat aﬁ%%@?ﬁ;géaaé‘?izg'%%g‘%ﬁhﬁg% S0 %JS%B% O g%ﬁ?? n Functionalized

Si | anes Conparative Exanple A Attenpted reaction of

1, 1-dichl orosil acycl obut anec. ith Tin 20 Tetrachloride

| .| - Di chl Bergingef,Areapfnofs '{gﬂ? 14 granms) and tin tetrachl oride (13.70 grans)

wer et r ansyhglig£ek difidaqPregarhitaefSagter) ni t rogen. The tube was seal ed and pl aced

in oil bath’and held at 2C.for 5 vARALYaSk SvaQ it i haakdrifask
mi xture by?Sib@pmaplfilice gl lligﬁﬁilecjég? %‘f:?‘h%% ?’ﬁ%ﬁ Iy no reaczpi on had occurr ed.

10  and heated to 95°C at 1.8 torr for 5 hours to produce silica gel for use i_n the examples.

Comparative Exampie B Attempted Support of Monobutyltin Trichloride on Silica
25 grams of dried silica was transferred to a 250 mi flask under dry nitrogen. 75 ml of toluene was
added via syringe to the reaction flask followed by addition of 10.4 ml (6.14 grams) of monobutyltin

rrichloride. The mixture was heated and allowed to reflux under nitrogen for 18 hours. The volatiles

15 were then removed under vacuum to give a solid. 8.52 grams .of the solid was Soxhlet extracted with

methanol for 18.5 hours. The wet solid was then dried under vacuum. Elemental analysis for tin gave
0.13% Sn. The calculated percent tin assuming compiete reaction of the monobutyltin trichtoride to

give a product as represented by {Si}-O-Sn(Bu)Cl; is 8.5% Sn.

Comparative Example C Attempted Support of Tin Tetrachloride on Silica
26 11.0 grams of dried silica and 7.16 grams of tin tetrachloride were transferred to a reaction flask
under nitrogen and 30 ml of toluene added. The mixture was refluxed for 5 hours, cooled to room

temperature. and filtered. The solid was Soxhlet extracted with methanol for 20 hours and dried

under vacuum (o give 8.82 grams of a solid. The elemental analysis of the reaction product gave

0.74% Sn.

25 Example? Boading of Mixture of [C1,Si(CH,);]; SaCl; on Silica

6.00 grams of dried silica. about 30 ml of toluene and 4.99 grams of from [CLSIHCHY: SnCl,

' 3 i ixture
Example 3 were transferred into a flask under nitrogen and refluxed for 3 hours. The reaction mix

was cooled and filtered, and the solids Saxhlet extracted with methanol for 24 hours. The solids were




Exanple | MC13 Catal yzed Reaction of 1,1-dichlorosilacyciobutane with Tin

Tetrachloride 25 |,I -Dichlorosilacycl obutane (6.77 gr ! e), tin
tetrachl oride (13.58 gram 0.051 nole) 19 Novenber 200%@%\’%3%%?%%% num

trichioride 10,44 gram 0.0033nple) were transferred into a tube under
nitrogen. The tube was sealed and placed into an oil bath and held at 133'C
for 24 hours. :9 Si NM, MR showed 100% conversion of the 1.

| -Di chl orosilacycl obutane. ' 9Sn NMVR showed 21.1 nol eJO Cl; Si (CH. ) 3SnCl 3,
25.8 mol e% [C13Si (CH, )] 1,Snd 2, and 53. kil e®otin tetrachl oride. 5 Exanple
2 AMC1, catalyzed reaction of 1,1-Dichlorosilacyclobutane with Tin

Tetrachl or it@:‘?’nd 14 udder e OF l0gbdidlayad) sbgavané®($8. 54 grans, 0.202 nole), tin
tetrachl oride (26.62 granms, 0.102 nole) and alum numtrichloride (1.00
grans, 0.0075 nole) were transferred into a 100 m flask under nitrogen.

The m xt ur e, was , hgat (ANSKCHES,SaQUrda Sili&Sn nnr showed that all the
tin tetra&ﬂag'rplledg hggmﬁ{'a%sﬁkie@i (i, Sag :

n converted to 95,1 | €% 33 ] d
4.1 ol e/ o 1018 gﬁ]:QSif@r@d,sﬂ@@ﬁ&@gmﬁk‘aﬁf?w@%“%h@l%%%@%@d&%gﬁ}?sﬁgggpﬂp

1, 1-Dichl orosi | acycl ubut ane..w W ddr binBeen Bhé EnLLQIIfEHES hours. The reaction mixture
1, 1-Dichl or ‘ﬁnpgéy”‘éﬁreoﬁlf%rﬁeg déyliglﬁ?% ]

grans, 0.907 nole),_ Db ltin trichloride
(25.59 G aNtas cBol@&ihd filrered )end hmeblids ﬁm&hmﬁvﬂq{ffdcwﬂbfﬁ?%@%fﬁf%% a ef"‘é‘gg"c‘fg

nole) were transferred into . K3 988 snapdapee@it rogen. The mixture
was heat ed BERPTEOAY SHEWBr E%%’%?qi%ua%lﬁg(%?l\/s anal ysi s showed 46.8 area%

[C3Si(CH )3Sn(Bu)d 2, and 34.4 area% { CL3Si (CH, ) 3hhSn(Bu) C1. Exanple 4

Reaction of 1, 1-Di nethorysi I ' Tin Tetrachloride 30.0 grans
(0. 227 nol §xagple? 13934%?*1@&@?&3“%2‘9%%&@:& ane, 76.0 grams 0, 234 qul e)
of tin tetgiachl ol bfified aiich. 1708 glamobe toblenmsamd 1idrazams ke FEI G E Y ask

under nitrogen and stirred for 18 20 hoyrs.at : d kR 3o lLRNTHEI rédetise  Was
t hen heat edTemBxamese 5@ urpsersd jfie p Jaskrf errmeugogfrlg%%rﬁg%guct, represent ed by
d

the formul %{%{f&%ﬁﬁoﬁkﬁ% hnSROaRd @ solids Sbetledxtrrtedevitrnateanphier 3HIAFEh{ M n

h 123-12 I .. El a ' . 9%
J[Sneg.nd\f??gggﬂi&' were the?l%rigcﬁ undet?) vacuu?‘r% Eall;[rnentatl %ﬂPYSlS Sa‘?cnga-ﬁg bn s YRk ergave 30. 9%

Example 10 Bonding of (Me0),SiCH,SaCl; on Silica
4.04 grams of (MeQ),SiCH,SnCl, from Example 6, 26.92 grams of dried silica, and 68.66 grams of
toluene were transferred to a flask under nirogen and refluxed for 5 hours. The reaction mixture was

| cooled and filtered. and the solids Soxhlet extracted with methanol for 24 hours. The solids were then
dried under vacuum. Elemental analysis gave 3.83% Sn and 1.91% CL

Ekample 11 Reaction of Silica Bonded (Me0O),C 1Si{CH,);SuCl, with Sodium Acetate
5.56 grams of silica bound {Me0),CISi{CH,);SaCl, from Example 8, 3.60 grams of sodium
acetaterribydrate, and 60 ml of methanol were transferred into a flask and heated at reflux for 2 howrs.

The solids were filtered and then Sohxlet extracted with methanol for 20 hours. The extracted solids

were dried under vacuum. Elemental analysis gave 4.11% Sn and 0.04% Cl.

£ sterification Reactions
111.09 grams of phthalic anhydride (0.75 mole), 234 41 grams of 2-ethyl
Sn contained

General Procedure:
hexanol (1.80 mole), and the appropriate amount of catalyst added to give 116.1 mg of

in the catalyst per 100 grams of phthalic anhydride were transferred into a 1 liter flask fitted with a

Dean and Stark separator. The reaction flask was purged with nirogen for 15 minutes and then the

i ' i 1 fluxing at
temperature of the reaction mixrure increased to 220°C. The reaction mixiure begins re g




Exanpl e 5 Reaction of 1, 1-D nmethoxysilacyclobutane with Butyltin Trichloride
30.0 grans (0.227 nole) of 1,1-dinethoxysilacycl obutan (0.227
nole) of butyl tin 25 trichloride were transferred intqglgo%feﬂna%ﬁgg%er
nitrogen and stirred at 80C For 30 hours. The reaction product. represented
by the formula (MO 24 Si (CH )3Sn(Bu) Ch was vacuumdi stilled at 160C at |
torn. Elenental analysis gave 24.0% Sn and 6.55% Si. 19 Novenber 2003 -17
Synt hesis of Type B Organotin Functionatized Silanes Exanple 6 Reaction of
(MO SIiCH A Wth SoCl, 10.0 grams of (MO,SiCH Cl, 1 1.11 granms of SnCl 2,
and 1.30 granms of n-Pr4NCl. were transfeffed into a flask under ni trogen
and heated at 154C for 3 hours. The reaction. mxture I -apd

t hen vacuur7eiGridiréagtioratmeg gregaien AR B2 fref ) Vi gﬁéﬁstcﬁ?#\%%a rlflgng{eg? J?Eémé

i sol ated product gave 32, 4% %aSiion @RS 2%ordsins whisckl Ngnteepnesient ed
by the for r?moén‘(?\ygﬁe?gf%ﬁéds?ﬁﬁhdég%i{%g of Or%ganoti n on Silica Drying of
Silica (Prapamati @motsdbuypport) 98.0 grans of silica gel. Davisil grade 646
avai lable fromWR G ace, was placed in a |l titer flask 10 and heated to
95C at 1.8 Corr for 5 hours to produce silica gel for use in the exanples.
Conparati ve Exanple B Attenpted Support of Mnobutyltin Trichloride on
Silica 25 granms of dried sjlica s_.transfefr thaskesunder dry
nitrogen. 7Examplel2t o JetrEififaRon ﬁ%ag%n’vﬁsgg%ef%ﬁaégg?‘% c?%gn%nacti % fl ask

foll owed by addition of 10.4 m (6.14 grans) of nonobutyltin trichloride.
The m xture was heated and al]qwed to r fltux fjrrﬁgﬁ{ﬁ)nitrogen for 18 hours.
The vol & i |@=altE were then & Under*aCulm to 'give a solid. 8.52 grants
of the solig-was--Soxhtet—extTacteéd Wih nethanol for 18.-; hours. The wet
solid was tBempth7 ed under vacuu{M? El enent al alysis for tin gave 0.13%
Sn. The calBuhmleetl percent tin a3%Um ng conpl el e reaction of the

t nonobut yl tExantpté Thl ori de to gi¥%& a product &5 represented by :

{Si }- O9n( BEnakiipk i 8.5% Sn. Cond@t ative Exanple C Attenpted Support of Tin
Tetrachl origenpt Silica 0.11 5

Example 13 Esterification Reactions - Catalyst Recycle

. ) i ach
Esterification reactions were carried out as described as in the General Procedure. At the end of &

reaction, liquid reaction product was separa:ed from the solid heterogeneous organotin camalyst by

15  the simple liquid-solid separation operation of filtering. = This was accomplished by removing the

reaction product from the reaction flask through a filter tube inserted into to reaction flask, leaving

- i i i 2-
the catalyst in the flask along with a small amount of reaction product. Phthalic anhydride and 2

athv] hexanol were then added to the flask and another esterification reaction carried out with the

same catalyst that rerained in the flask. The reuse of the catalyst with additional reactants was

20  repeated up to six times with monitoring of the acid number and time to determine how long it took



20 11.0 grans of dried silica and 7.16 grans of tin tetrachloride were
transferred to a reaction flask under nitrogen and 30 mNS’Jerﬂt%lr‘i%% added.
The m xture was retluxed for 5 hours, cooled to room tenperature. and
filtered. The solid was Soxhlet extracted with nethanol for 20 hours and
dried wunder vacuumto give 8.82 grans of a solid. The el enental analysis of
the reaction product gave 0.74% Sri. 25 Exanple 7 Bonding of M xture of
[C3Si (CH2) 312 SnCl 2 on Silica 6.00 granms of dried silica. about 30 m of
tol uene and 4.99 grans of from[Cl3Si (Cthg312 SnCl; Exanple 3 were
transferred into a flask under nitrogen and refluxed for 5 hours. The
reaction mxture was cogle fHlat tge BObwag boxhl et extracted
with met hardlt ?5P“§W§%§ﬁ$§?9?ﬁg8§6F#é§ﬁ§£?g§§gnhbvenber 2003 -18 then dri ed
under vacuum Elenmental analysis gave 5.5% o0 Sn. Exanple S Bonding of
(MO 2C SIi(CH. )3SnA 3 on Silica 101.? %%ﬁng of dried silica, 259.5 grans of
tol uene andawys62 gr BFAPRS ' (MeO) 2CLSF{CH) 3SF C13 from__Exanple 4 were
t ransf err ed-i-nto-a-F1askRUNGET nltroggg ggd refluxed for 5 hours. The

el e

reaction nilztiske was &dol @ and fil ,X§nd the solids Soxhlet extracted
with mesharol for 30 h8@8s.(Phe soli B> weid’ then dried under vacuum

El emental @nalysis gav804. o sri an®t!b. 9% 0. Exanple 9 Bonding of

(MeO) 20 Si (3CH2) 3Sn(Bu) G5 6@:38 granms®df dffed silica. 158.8 grams of tol uene
and 17.9 grans of (NbCPZCISﬁQCH,)]Sneéﬁ)dﬁk from Exanple 5 were transferred
into a flask under nitdden6and refl éfed ®br 5 hours. The reaction 10

m xt ureogwass cool ed andOfidl té@ ed, and the solids Soxhlet extracted with

met hanol f of--24--heut-s-—--Fhe-—-sot-t-ds--were-thendried—under vacuum El enent al
anal ysi s gan@d AuRdm@hireaanch BniB W@k 2ivEX MrR3TSBNETS Bondi ng of (MeO) 3Si CH2SnCl 3
on Silica 4.04 granms of (MO 3Si CH SnC 3 from Exanple 6, 26.92 grans of
dried silica, and 68.66 grans of toluene were transferred to a flask under
nitrogen and refluxed for 5 hours. The reaction m xture was 15 cool ed and
filtered. and the solids Soxhlet extracted with nethanol for 24 hours. The
solids were then




dried under vacuum El enental analysis gave 3.83% Sn and 1.91% C . Exanple
11 Reaction of Silica Bonded (MO 2d Si (CHZ) 3SnC1l3 W't | te 5.56
grans of silica bound (MO 2C Si (CH,)3SnC 3 from Exanppegﬁg&ewgg%g?:gns of
sodium acetatetrihydrate, and 60 m of nethanol were transferred into a
flask and heated at reflex for 2 hours. 20 The solids were filtered and

t hen Sohxl et extracted with nethanol for 20 hours. The extracted solids
were dried under vacuum El enental analysis gave 4.11% Sn and 0.04% O .
Esterification Reactions Ceneral Procedure: 111.09 grans of phthalic
anhydride (0.75 nole), 234.41 grams of 2lethyl hexanol (1.80 nole), and the
appropriate anount of catalyst added to give 116.1 ng of Sri contained 25
in the catal ydt pE¥im00 grans of phthalic anhydride were transferred into a
| liter flask fitted with a Dean and Stark separator. The reaction flask was
purged with ni tABGESINPGR simeromprismgandnigeand bhehe fbe5Mer at ure of the
reaction mixture increased to 220C. The reaction m xture begins refluxing at
19 Novenber 2003 -19 1751 Cpand reacgion tines are taken fromthe tinme at

whi ch the reaction m xture }reaches 175' C. The anmpbunt of unreacted acid at
the end of the reaction I_i{@ g{@ﬁ&lg i terms of Acid Nunber (ng of KOH per
gram of sanple). Exanple 'l 1 YFPB& i on Reactions usi ng Het er ogeneous
Organotin Catal ysts 5Catal yst Acid NgnberReacti on Tinme (hrs) Exanple
AR e 0. ¥97 ExanpRe 80. 136 Exanpl e 90. 146 i oExanpl e

100. 094 Exanpl e 110. 115 Exanple 13 Esterificati on Reactions - Catalyst
Recycle Esterification reactions were carried out as described as in the
Gener alwh¥reiaedure. At the end of each

] r - - .
each R' is independently selected from the group consisting of F, Cl, Br, {, OR, and R. where

R is substituted or unsubstituted Cito C palkyl, C, o0 C,, eycloalkyl, or aryl, provided at

least one value of R’ is selected from among F, Cl, Br, I. and OR

each R’ is independently selected from R, benzyl. vinyl, allyl, hydride, and

R!
. Iq .
R'- Si-R*(CH,).-
. I]{'
provided at least one value of R? is F, Cl, Br, I, or OR

R is (CH,),. aryl or cycloalkyvi.
m=0to17,n="1 1o 18.sumofnplus m =1 lo 18 except when R? is aryl or cycioalkyl then
n=atleast 2,
except, when R} = (CH,)., n=1,m=0, at least one value of R' is C| . F or OR, or when R?
is

R

l
R'- Si-RY(CHy),-

l
R]




reaction, liquid reaction product was separated fromthe solid heterogeneous
organotin catalyst by |5 the sinple liquid-solid separgt { on of
filtering. - This was acconplished by renoving the reac;élﬂtl)élvégﬁ%ggg@éfromthe
reaction flask through a filter tube inserted into to reaction fl ask,

| eaving the catalyst in the flask along wth a small anount of reaction
product. Phthalic anhydride and 2- ethyl hexanol were then added to the °
flask and anot her esterification reaction carried out with the sane
catalyst that remained in the flask. The reuse of the catalyst with

addi tional reactants was 20 repeated upZ2t® six tines with nonitoring of the
acid nunber and tine to determne howlong it took 19 Novenber 2003 -20 for
the reaction to reach conpletion. The results are given in the foll ow ng

tabl e: Cat aI -------------------- l, 0.Q9(4)
570, 08( 5. 5) Ghob L B eR S R pengs pajelaie Rl %)ﬂsdiﬁrejh»&évné?%fo&(zﬁ%éaﬁ
50.11(6) 2. 8(6) I060 14(6). -- - = =--mmem - e e e o eeioeo oo -
------- ---femammﬂl?émadnmtlhcb%?le\ﬁﬁ% freact ¥R time in hours given in

par ent heses 19 November 2003 -zl W claim An organotin silane conprising a

conpound of ei&‘fyt hRbMhan R? B (CR). . the sum of n plus m = 2, 4.5 or 6, ail values of R' are OR

with R being aryl or C, to Cy; alkyl, one value of R* is Cl, aryl or hydride;

S
then, all remaining values for R? cannot be selected from C, o ' alky! . C, w0 C}E cyc]c.mlkyl
or aryl; and,
eﬁcapt also, when R* = (CH,),, , the sum ot n plus m =3, at least one valus of R'is Cl, all
_ ~ other values of R are selected from CL. C, to Cy, alkyl, vinyl. or phenyland one value of RY .
10

is Cl,;
then, all remaining values of R? cannot be selected from among Cl and methyl; and
" except also, when R*=(CH,),, , the sum of n plus m =4 or 5, all values of R' are Cl. and two

values for R* are Cl then the remaining value for R? carnot be butyl.



Il Rl- S1I-R3(CH2)n~Sri-R~ R RZ wherein: each R is independently selected -
fromthe group consisting of'd . O, Br, 1, OR and R (¢hgs B{E 3
substituted or unsubstituted ClL to C 12 al kyl, C$ to C,, cyc yl,

aryl, provided at |east one value of R is sel ected from anong F, CI Br,

1, and OR each R2 is i ndependently selected fromR , benzyl, vii }y 1, allyl,

hydride, and R R - Si-R(CH)n- |1 R provi ded at | east one value of R2 is
F, C1, Br, 1, or OR R3is (CH)rt, ar or cycloalkyl. m=0 to 17, n = |

to 18. sumor'n plus m=1to 18 except' R3 is aryl or cvcioalky i then
in - at “feast 2, except, when R3 = (CH., ),,, n =1, m= 0, at |east one val ue

ggog\y IZ?_ acé 2. F Aogam%caiw ac%@ﬂn&%nhﬁ:e&rg‘lmetigs;‘langicﬁr%'ﬁﬁ@ Sndpould of2: lavedsber

R! R?
! I
R!- Si-R3(CH1),,-Sn-R1
15 | |

R! R?
wherein:
each R' is independently selected from the group coasisting of F, Cl. Br, [.. OR, and R, where
R is substituted or unsubstituted C, to C ,yalkyl, C, to C,; cycloalkyl, or aryi, provided at least
20 one value of R' is selected from among F, Cl. Br, [, and OR;

each R? is independently selected from R', benzyl, viny_l. allyl, hydride. hydroxide, sulfide,
sulfate, carbonate, phosphate, phosphite, phosphonate, sulfonate, mercapto, a residue of a

mercapto acid. mercapto alcohol, or mercaptoesters, carboxylates substituted or unsubstituted




xa 15 then, all of the values of R cannot be selected fromd and t; or
when one R2 is C, then all remaining R2 cannot be selgcysdnidsPobs and,
except al so, when RL W(CHz)~, the sumof n pl us in ™ 2, 4,5 o0or U, all
values of R are OR with R being aryl or § to Cl2 al kyl, one value of R -
is A, aiyl or hydride; then, all remaining values for R2 cannot be sel ected
fromC to C,z alkyl, C, to Cl18 cycloalkyl or aryl; and, except also, when

R = (CH2)n, , the sumof n plus m=3, at |east one value of R is d, all
ot her val ues of \Ware sel ected fromd, &3-to C,, alkyl, vinyl, or phenyl and
one value of R is d,; then, all remaining values of R2 cannot be sel ected

from{am)ng)r@ adun@l i, and  except al so, when R3 = (CH), , the sumof n
plus rn 4 or 5 all values of R arc d, and two values for Rz are C
then the remaining valgue for R2 canna be butyI. 19 Novenber 2003 -22 2. A
catal ytically active functionalized organotin silane conprising a conpound
of the fornula: 15 R_sRgych)- R - SI-R3(CH)n-Sn-R1 | | R Rz wherein:
each R |s |ndependentlly sel"écted fromthe group consisting of F, d. Br, L.
OR, and®R where R is,.substituted or unsubstituted Cl to C18 al kyl, C to
C12 cycl oal kyl, or aryl, provided at |east

provided at least one value of R? is selected from among hydroxide, sulfide. sutfate, carbonate,
phosphate, phosphite, sulfonate, mercapto, 2 residue of a mercapto acid, mercapto alcohol, or

mercaptoesters, and carboxylates substituted or unsubstituted of C, to about Cy.;

10 R’ is (CH,),, aryl or cycloalkyl,

m=0t!17.n=1to 18, sumof nplusm=1 10 18 except when R? is aryl or cycloalkyl then n

= at least 2,

3. An organotm s;lane chermcally bonded to a solid metal oxide through an oxygen bridge and

capable of catalyzing and esterification or Lransestenﬁcanon reaction or a urethane, urea, silicone,
15 oramino forming reaction comprising the reaction product qf ;

| (a) a solid support containing a metal oxide with surface hydroxy groups, and

(b) one or more an organotin silanes of the formula

R R?
I !
20 R'- Si-R¥(CHy),-Sn-R?
E
R e

wherein:
each R' is independently selected from the group consisting of F, Cl, Br, [, OR, R, where R is

provided a1 least one

25 substituted or unsubstituted C, to C alkyl, C; 10 C,; cycloalkyl, or aryl.




20 one value of R is selected fromanong F, d, Br, 1, and OR; each Rz is

i ndependently selected fromR , benxyl. vinyl, ally[, xi de,
sul fide, sulfate, carbonate, phosphate, phosphite. phgﬁgﬁ%ﬁﬁygpégé€fonate,
rnercapto, a residue of a nercapto acid. rnercapto al cohol, or

mer capt oesters, carboxylates substituted or unsubstituted 19 Novenber 2003
-?3 of C to about CE), and R R- Si-R3(CH ),- 51 R provided at |east
one value of Rl is selected from anong hydrOX|de sul fide, sulfate,
carbonate, phosphate, phosphite, sulfonate, nercapto, a residue of a
mercapto acid, mercapto al cohol, or neﬁtaptoesters, and car boxyl at es
substituted or unsubstiruted of C, to about C,0.; 10 R3is (CH )m aryl or
cycl oal kyl, faheof®: iseledied from ainotoF 18, By (itnéfOR | plus m=1 to 18 except when
R3 is aryl or cycloalkyl then n = at least 2, 3. An org anot|$ ;sLIan@is
chemi cal |y boagad;stQieaénaaliiyde BREBom R, denayh g bllgnhsiRgg n st ¢ Rigé™sin
capabl e of cgfalyzing and esterification or transesterlflcatlon reaction or
a urethane, urea, silicone, 5 or amino formng reaction conprising the
reaction product of ;pi(a) a solid support containing a netal oxide with
surface hydroxy group§ and (b) one or nore an organotin silanes of the
formul @ R R2 1 R05Rcid) - R3(CH2) e-Sn-R2 | |

I
RI

provided at least one value of Rtis F,CLBr,LLor OR

10 R’ is (CH,)n, aryl or cycloalkyl,

m=0to17,a=1to 18, sumofnplusm= 1 to 18 except when R’ is aryl or cycloalkyl then n

" = at least 2,
except, when R* = (CH,),, the sum of nplusm=2, 4,35 or6, all values of R' are R with R being
aryl or C, to C,; alkyl, one value of R? is Cl aryl or hydride;
15 then, all remaining values for R? cannot be selected from C, to C,; alkyl. C; 10 Cys cvcloalkyl or

aryl; and

except also, when R? = (CH,),, the sum of nplusm = 4, all values of R are Cl, and two values

" for R? are Cl then the remaining value for R cannot be buryt.

4. An organotin silane chemically bonded to a solid metal oxide through an oxygen bridge and

' 1 i ilicone, ot
20  capable of catalyzing esterification or transesterification reaction or 2 urethane, urea, s

amino forming reaction comprising a compound of the formulia:

R R?
l 1
R' - Si-R¥(CH,),-Sn-R?

25 | I
R R?

wherein:



R R2 wherein: each R is independently selected fromthe group consisting
of F, d. Br, 1. OR R where Ris 25 substituted or ungyssd , to C
le alkyl, C, to C' cycloalkyl, or aryl, provided at |east %%égg%%Nggenber
2003 -24- value of R is selected fromanmong F, Cl1, Br, E. and OR each R
i s independently selected fromR . benzyl. vinyl, allyl. hydride. or and OR
where Ris alkyl or 5 R- Si-R3(CH2),,- R provided at |east one val ue of
Rl isF d, Br, 1, or OR 10 R3is (CH2),,, aryl or cycloalkyl, m=0 to
17, n = 1 to 18, sumof n plus mto 18 exgept when R} is aryl or cycloal kyl
then n = at |least 2, except, when R = (CH,), the sumof n plus m= 2, 4,5
I

or 6, all values of R _are R bl H8up BRNn@bE CCLIB. IC21-a-kIR, R offereval ue
of RZis d ﬁWRdF‘“ﬁ%P‘ieat@gfselgg&Fﬁg%ﬁ, a%}l B enai ni ng val ues for R2 cannot be

selected fromC, to C, alkyl, C -to C Vel 9@ kykioRkyvi. @i, pravidedex cept
al so, when RBRESP@“WedO‘“““¥ﬁIé“t§du% 'St lﬁalé us''m= 4, all values of R are O,

and two values for RZ are C then the renmaining value for R cannot be
butyl . 4. An aegaiieef R ‘éii\f[‘&be chem cally bonded to a solid netal oxide

through an oxygen bridge and 20 capaple of catalyzi &S LELfO e @r
transest eri f i @ah Rbia indepeadyngh sgzeted fﬁ%phgﬁﬁyl*dlﬁ‘ g?p{éi}ﬁig%one, or am no
f or mi ngsreactalignoconpri sing a conmpound of the formula: R Rz

Rl

|
R'- Si-R¥CHy),-

I
10 R

R? is (CH,), aryl or cycloalkyl

m=0t 17, a=1to18 sumofnplusm=1to 18 except when R’ is aryl or cycloalkyl thenn

= at least 2, and M-O- is the metal oxide component of the solid support;

except. when R’ = (CHyn, the sumof n plusm=2,4,50r 6, all values of R' are R with R being

13 aryl or C, to C,, alkyl, one value of R?is Cl aryl or hydnde;

then, all remaining values for R* cannot be selected from C, t0 C,, alkyl, C, to Cy cycioalkyl or

aryl; and

. except alsa, when R’ = {CHy),, . the sum of nplusm= 4, all vaiues of R' are Cl, and two values

: h
for R? are Cl or when all values of R' are methoxy and rwo values for R? are methoxy, then the

20 remaining value for R? cannot be buryl.

5. A catalvtically active functionalized organotin silane chemically bonded to a solid metal oxide

through an oxygen bridge and capable of catalyzing and esterification or transesterification reaction



| R - Si-R3(CH.)n Sn-R2 25 11 R R wherein: 19 Novenber 2003 each R is

i ndependently sel ected fromthe group consisting of F. YEgm%J,.,?_O%O. R
R, where R is substituted or unsubstituted C, to CB alk

cycloal kyl. or aryl. provided at |east one value of R is MO ; each Rl is
i ndependently selected fromR , benzyl, vinyl, allyl, hydride, or and OR
where Ris 5 alkyl or R R - Si-R3(CH )~ I 10 R R3is (CH),,, aryl or
cycloalkyl in =01to 17, n = 1to 18, sumof n plus m= 1 to 18 except when

R is aryl or cycloalkyl then n = at legst 2, and MO is the netal oxide
conponent of the solid support except, when R3 = (CHm the sumof n plus m

=2, 4,5 0r 6, all valu SorRRind cbddni FhskeinB@sindlbcanppundot tB; forpule, 2
al kyI one OURHGEART: URRP- éco%r l?’Eor Flydrrl &e then, all remaining values for

Rl cannot be sel ected from C ,0 C,, alkyl, C to C g Cycloal kyl or aryl;
and except al so, when = ,m, the sumof n plus nr4, all values of Ware
d, and two values fd r R2 ar gn or when all values of R are nethoxy and
two val ues for RZ at'e Sindt ' “t en the 20 remaining value for RZ cannot be

butyl. &. A catalytically actl ve functionalized organotin silane chemcally
bonded to a solid netak' oxide

wherein:

each R' is independently selected from the group consisting of F, Cl, Br, [, M-O-, OR. R, where

R is substituted or unsubstituted C, to C alkyl, Cst0 Cyy cycloalkyl, or arvi, provided at least

10 one value of R' is M- 0-;
_ each RZ is independently selected from R, Benzy!, vinyl, allyl, hydride, hydroxide, sulfide,
sulfate. carbonate, phosphate, phosphite, phosphonate, sulfonate, mercapto, a residue of a

mercapto acid, mercapto alcohol, or mercaptoesters, carboxylates substituted or unsubstituted

of C, to about Ca,. and

15 R!
|
R'- Si-R¥CH,)y-

R
20 provided at least one R*is selected from among hydroxide, suifide. sulfate, carbonate, phosphate.
phosphite, phosphonate, sulfonate, mercapto, a residue of a mercapto acid, mercapto alcohol. or
mercaptoesters, and carboxylates substituted or unsubstituted of C, to about Cyg.;
R’ is (CH.)n, aryl or cycloalkyl;
m=0to17.n=11to {8, sumof nplusm=11to 18 except when R is aryl or cycloalkyl then n
25 = at least 2,

and M-O- is the metal oxide component of the solid support;



t hrough an oxygen bridge and capabl e of catal yzing and esterification or
transesterification reaction 19 Novenber 2003 =6 5 or g &idans 2005ea,
silicone. or am no form ng reactions conprising a conpound of the fornula.
R R 11 :R - S-R3(CH2),-Sn-R R R2 wherein: each R is independently
selected fromthe group consisting of F, d. Br, I, MO, OR R where Ris
substituted or unsubstituted C, to Cs alkyl, C5 to C' cycloal kyl, or aryl,
provi ded at |east 10 one value of R is MO ; each Rz is independently
selected fromR, benzyl, vinyl, ally[, hydride, hydroxide, sulfide,

sul fate, carbonate, phosphate, phosphitel7phosphonate, sul fonate, nercapto,
a residue of a nercapto acid, nercapto al cohol, or nercaptoesters ‘hane
carboxyl at g5 subsid Hettrdpnddts eansysbior piterifisationotr uansesleritingBien Fasigns A R
R 20 provided at |east one Rz is selected fromanong hydroxide, sulfide,
sul fate, Cat;réaoﬂﬂ&o%e. R B9 5B ReHring pdaGRRbhEisipho SO fectietd iSRS, SR Dt o,
a residue of a nercapto acid, nercapto al cohol. or rrerca%t goest‘%s, and

car boxyl at es i i Pkt antol beifigeGortespondiogito BedermuR3 | s
(CH),,,, :broyr/l?é&g?tacs{)/ic ’ggﬁ%}‘f&%@o to?%, n=1i to 18, sumof n plus m=i
to 18 except when R3 ig.aryl of: cycloalkyl then n 25 = at least 2; and MO
is the rget al oxide corrﬁ)onent o]‘ the solid support;

R'- Si-RYCH.,),-Sn-R?
|
xo®
wherein:
10 each R' is independently selected from the group consisting of F, Cl, Br, I, OR M-0O-, R, where

R is substituted or unsubstiruted C, to C jgaikyl, C, to C,, cycloalkyl, or aryl, provided at least

one value of R! is M-O-;

each R is independently selected from R/, benzyl, vinyl, allyl, hydride, and

RI
15 !
R'- Si-RY(CHy)u-
R
R’ is (CH,)m» ary! or cycloalkyl
20 m=0tol7.n=1to 18, sumofnplusm =1 to 18 except when R? is arvl or cycloalkyl thenn
= at least 2, and
M-O- is the metal oxide component of the solid support
7. The catalyst of claim 6 wherein R? is (CH,),, and the sum of n plus m is either 1 or 3 resulting in
R3(CH,),- being either a methylene or propylene group.
2
25 8. The catalyst of claim 6 wherein at least one of the labile group values F, Cl, Br, [.or OR for R

m the group consisting of oxide,

has been replaced with a catalyticaily active group selected fro




19 Novenber 2003 -27- 6. A solid heterogeneous catal yst for esterification
or transesterification reactions or a urethane, urea. § \b&Pr2863ani no
form ng reactions conprising an organotin fitrtctionalized silane chemcally
bonded to a solid netal oxide through an oxygen bridge corresponding to the
formumla: 5 RRI ~R- Si.R(CH)"-Sn-Rz wherein: 10 each R is

| ndependently selected fromthe group consisting of F, d, Br, 1, OR MO,
R, where Ris substituted or unsubstituted C, to C,a alkyl, C to Cs,

cycl oal kyl, or aryl, provided at |east e value of R is MO ; each Rl is
[ ndependent I y sel ected from R, benzyl i 'nyI allyl, hydride, and R 15 R -
Si - R3( CHz R3 is I hPate. QuitRak /meRapi® al8,
sum of n plhug'omdﬁt splfidg. -"l‘ga‘é-ﬁ-ﬁ’ﬁfla‘ HSPE@I hggdrhw pth% cycloal kyl then n = at

least 2, and MO is the netal oxide conponent of the RROdikudd orThe
catal yst ofestduaiofie Greapioaicid. RErcARO EepNofrAT MREFPIE T 50 o%ljégl#éugs mis e ther

| or 3 resulting in R3(CH )"- being either a nethylene or propyl ene group.
75 8. The cajubkytstd of Cobabant6xwherein at | east one of the |abile group
values F, d, Br, I. or OR for R2

9. The catalyst of claim 7 wherein at least one of the labile group values F, CL Br, L.or OR for R*
5  has been replaced with a catalytically active group selected from the group consisting of oxide,
hydroxide, sulfide, sulfate, carbonate, phosphate, phosphite. phosphonate, sulfonate, mercapto, &

residue of a mercapto acid, mercapto alcohol, or mercaptoesiers, and carboxylates substituted or

unsubstituted of C, to about Cy,.

10. A heterogeneous catalyst for esterification or transesterification reactions or a urethane, urea,

10 silicone, or amino forming reactions comprising the compound of claim 3 wherein at least one of the
labile group values F, Cl, Br, I, or OR for R?has been replaced with a cata.ly.ticaily ?cﬁve group

| selected from the group consisting of oxide, hydroxide, suifide, sulfate, carbonate, phosphate,
phosphite. phosphonate, sulfonate, mercapto, a residue of a mercapto acid. mercapto alcohol, or

mercaptoesters, and carboxylates substituted or unsubstituted of C, to about Cag-

15 11. The composition of claim 3 or 4 wherein said metal oxide support is selected from the group

consisting of glass, mica, silica gel, alumina, aluminasiloxane, kaolin, titania, zirconia and chromium

oxtde.

' i ] i i ilicone.
[2. An improved catalyzed esterification ot ransesterification reaction or a urethane, urea, s

] i 1 ilizi lyst, the
or amino forming reaction process, wheremn the improvement comprises utilizing as the cataly

50 solid heterogeneous organotin silane catalyst of claim 2, 3 or 4.




has been replaced with a catalytically active group selected fromthe group
consi sting of oxide. 19 Novenber 2003 ?8- hydroxide, nghg@emé#lfo%e’
carbonat e, phosphate, phosphite. phosphonate, sul fonate.” nercapto, a

resi due of a mercapto acid, nmercapto al cohol, or nercaptoesters. and

car boxyl ates substituted or wunsubstituted of C, to about Go. 9. The
catalyst of claim7 wherein at |east one of the labile group values F, O,
Br, 1, or ORfor R= 5 has been replaced with a catalytically active group
selected fromthe group consisting of oxide, hydroxide, sulfide, sulfate,
carbonat e, phosphate, phosphite. phosphosdte, sulfonate, mercapto, a
residue of a nercapto acid, nercapto al cohol, or nercaptoes S ng:

car boxyl at eg;. sitbisddrdvad elalgred surTSiodnior WNERIIEHH 0N {37 9BSUE uréh %g?oure%ﬁmne'
het erogeneous catal yst for esterification or transesterification reactions
or a uret haggy ik Le@actioh Grobdsh inesinieg reactarandnd Gorfrang FEAsEoR BARE ESHPITSTY t he
conpound of cf)ai m 3 wherein at |east one of the |labile group values F, Cl
Br, |, or O:i]afsé[)ﬁm& D leaRs@Phasa teiihrovereat edmarisealtliging et e £ gy Bup®
selected fromthe group consisting of oxide, hydroxide, sulfide, sulfate,
car bonat e, gg}ﬁ%@l}{é}} @neo@&%%hh%i%emﬁﬁbbﬂahﬂ. sul fonate, nercapto, a

resi due of mercap%to acli d. nercapto al cohol, or - mercaptoesters, and

car boxyl ates substituted or unsubstituted of C, to about C,,. 15 11. The
conposition of claim3 or 4 wherein said netal oxide support is sel eipt eed
fromthe group, consisti f iSresterificativa r@edon onk ureihage, urea, sihcone,
al um nasFfl oﬁgn‘é’,‘ ”T%p@.f?ﬂe?rﬁ?&?lze;agﬁfgﬁ:f%%%nrconi a and chrom um oxide. |2. Anl'd

i nproved catal yzed esterificati.n Sitihé fea@tdhipdunedhaieona pin-¥l

ur et hane, uPég‘?m’é‘}glWaégwme%srlﬁ"??n%#?%?\?ﬁ@ﬁﬁ rea%ti on gr ocess, wherein the

i nprovenent conpri ses utigoiB@iﬁg‘%agg ,%P%qu;%@zi&ﬁém chigrise20ilziigiad thetelyggdaeous

or ganotin siphﬁﬁémé%t‘%ﬁci}%"f( . . m 19 Novenber 2003 -29- |;. An
:Jme){ ﬁ\éﬁg_ C3;3?’1,2%9%%2%'cyig'ago%:'sﬂgne%mltf&%%ﬁéﬁ grification reaction or a

i i i ilicone,
15. An improved catalyzed esterification or wransesterification reaction or a urethane, urea, silic

i i i ilizi st, the
10  or amino forming reaction process. wherein the improvement COmPrises utilizing as the cataly

solid heterogeneous organotin silane catalyst of claim 6.

i i i ilicone,
16. Animproved catalyzed esterification or transesterification reaction or a urethane, urea. sili

.V . ags - t' the
or amino forming reaction process, wherein the improvetnent comprises utilizing as the catalys

solid heterogeneous organotin silane catalyst of claim 7.

i i i silicone,
15 17. The improved catalyzed esterification or transesterification reacuon ora urethane, urea,

or amino forming reaction process of claim 13, 14, 15 or 16 further comprising separating the

. . . hase
products of said reaction from said solid catalyst when the reaction products are in a different p

i i i ' ct
than the solid catalyst and utilizing said phase separation operation 10 vield a reaction produ

containing less than 100 ppm tin after said separation.



or formng reaction process involving reactants and form ng reaction

products that are in a non-solid phase under reaction aEQ&idmeoowherein

t he i nprovenent conprises utilizing as the catalyst, the solid

het er ogeneous organotin silane catalyst of claim3. 5 14. An inproved

catal yzed esterification or transesterification reaction or a urethane,

urea, silicone, or formng reaction process involving reactants and form ng

reaction products that are in a non-solid phase under reaction conditions,

wherein the i nprovenent conprises utilizing as the catalyst, the solid

het er ogeneous organotin silane catal yst -8 claim4. 15. An inproved

catalyzed esterification or transesterification reaction or.a_ urethane,

urea, siliG@Nene oflndlin-aiyaed, rexsmgodwnemizaringlescsys | 004REY ¥ FofifE

i nprovenent conprises utilizing as the catalyst, the solid heterogeneous

organotin ?hkgg%fggha[yst of claim6. 16. An inproved catal yzed

esterification or transesterification reaction or a urethane, urea.

silicone, or amno form ng reaction process, wherein the inprovenent

conprises utilizing as the catalyst. the solid heterogeneous organotin

silane cat q%ysfrh of rSLe%;;JJachs F51ald 17, Fk@hel BoMARR atiert thé prreaiseparaeen; fdugiag fhn or

transesterificafion reaction or a urethane, urea, silicone, or an}no

form ng react | ro ) %;1 ol @ a dBal @4 ol @n Edrifieationc papsestasifingion
%ctggﬁrg%e&%g.?,s ornofd, gl'cliﬁb lgtzl%fé’e@s |

separati ng°f said reaction fromsaid solid catal yst when the

reaction products arge in I I S0l BSEne th@idnt he solid catal yst and
utilizifg §%‘H°$Wé§%£@5pu§$aa§}1§)%€bcgerati on to yield a reaction product
containing less than 100 ppmtin after said separation. 19 Novenber 2003
-30- 18. The organotin-catal yzed. reaction product containing | ess than 100
ppmtin produced by the roces f ol ab o lZncatiSh reddi@n pFiREQ VL8l uRthane 8Ra,of
claim17, f48r M@P@ﬁ?ﬁﬁaiﬂg’%fgﬁﬁf‘ﬁ?r%o? e p zﬁgﬁ?eparreati on: reusi ng the solid,

het er ogeneous, organotin, silane catalyst Gl ShctbR brodlcts that are in a
est eri fi catsilisane, PTaAHER ST2EHTF RTRAES ‘8?1"1“3!?%%{%% %I%i or u%/etchlanepf urea, silicone,

or amno formng reaction. 20. An inproved cat al .iLication or
t ransest er idonealid prse enser PAFHOPFATELES ST PE IR n‘é&gﬁtﬁgg’?&%

(a) utilizing as the catalyst, the solid heterogeneous organotin functionalized silane ¢

atalyst of

10 claim 3, 4. 50r6

* (b) continuously passing reactants for said esterification, transesterification, or urethane, urea,

silicone. or amino forming reaction through a reactor containing said solid catalyst; and,

' (c) continuously separating reaction product from the solid catalyst by removing reaction product

. . . . . ion
of said esterification, transesterification, or urethane, urea, silicone, or amino forming react

15 from said reactor.

1. The tin catalyzed reaction product produced by the process of claim 20 and containing less than

100 ppm tin.

i in si i in si comprising reacting 1,1-
22. A process of producing organoun silane or mixture of organotin silanes prising

dihalosilacyclobutarte with a tin halide to yield a mixrure of 3-(trihalosilyl)propyltin compounds in

20  the presence of a catalytically effective amount of a Lewis acid, wherein the tin halide compound




silicone, or am no reaction process involving reactants and form ng reaction
products that are in a non-solid phase under reaction foNdidhseISDoqeher ein

t he i nprovenent conprises: (a) utilizing as the catalyst, the SO|I8

het er ogeneous organotin ftinctionalized silane catalyst of 10 claim3, 4, 5
or 6 (b) continuously passing reactants for said esterifcation,
transesterification, or urethane, urea, silicone, or amno formng reaction
through a reactor containing said solid catalyst; and, (c) continuously
separating reaction product fromthe sol.yd catal yst by renoving reaction
product of said esterification, transesterification, or urethane, urea,
silicone, or amno f ) @n 15 fromsaid reactor. 2 1. The tin
catal yzed FBQBFFﬁﬁC%ﬁ@ghggf%gggﬁggd by the process of claim20 and
containing less than 100 ppmtin. 22. A process of producing organotin
silane or m xture of or'ganotin silanes conprising reacting 1, 1-

di hal osi | acycl obut ane With a tin halide to yield a mxture of 3
-(trihalosilyl)propyRﬁFf conmpounds in 20 the presence of a catalytically
effective anmount of a Lewis acid, wherein the tin halide conpound 19

Novenber 2003 -31 coanises a conmpound of the formula: 5 R I RSn-R | R
wherein: each Ris independently selected fromthe group consisting of F,
c, Br, I, alkyl (substituted or unsubstituted) fromC, to about C, O,

al kenyl (sulstréit:ut ed or unsubstituted) fromC, to about C,,

each R is independently selected from the group consisting of F, Cl, Br, [, alkyl {(substituted or
unsubstituted) from C, to about Cy, alkenyl (substituted or unsubstiruted) from C, to about Cy,
10 cycloalkyl (substinuted or unsubstituted) from C; to about C  or aryl substituted or

unsubstituted, with at least one R selected from the group o_f F,Cl, Br.or .

23. The process of claim 22 wherein the tin halide is tin tetrachloride and the reaction is carried out

at an elevated temperarure above 25° C.

24. The process of claim 22 wherein the tin halide is an organotin trichioride obtained by selecting

15 atleastone R from the alkyl, alkenyl, cycloalkyl, and aryl members of the group.

25. The process of claim 22 wherein the tin halide is diorganotin dichlonde obtained by selecting Two

values for R from the atkyl, alkenyl, cycloatkyl, and aryl members of the group.

26. The process of claim 22 wherein the tin halide is triorganotin chloride obtained by selecting at

least three values for R from the alkyl, alkenyl, cycloalkyl, and aryl members of the group with the

20 R group.



10 cycl oal kyl (substituted or unsubstituted) fromC5 to about C Z or aryl
substituted or unsubstituted, with at | east one R sele group
of F, d, Br, or I. 23. The process of claim22 wherei nﬁﬁgvérﬁtﬁépk?g |§de is
tin tetrachloride and the reaction is carried out at an el evated
tenperature above 2% C. 24. The process of claim 22 wherein the tin halide
is an organotin tichloride obtained by selecting 15 at,least one Rfromthe
al kyl , al kenyl, cycloal kyl, and aryl nenbers of the group. 25. The process
of claim22 wherein the tin halide is diorganotin dichloride obtained by
selecting two values for R fromthe al kK, al kenyl, cycloalkyl, and aryl
menbers of the group. 26. The process of claim 22 I el tsRe haliide is
triorganot i) TahI REdege oohlarhnad By Tebeebi HEER ‘%‘Fe‘\ggg‘hﬁﬁg‘ealé%{?%bfuﬁé for R
fromthe alkyl, alkenyl, cycloalkyl, and aryl menbers of the group with the
20 R groupdm%@ﬂgmﬁggp@ﬁmgOOS 27. The process of clains 23. 24. 25 or 26.
wherein the 1, 1-di hal osi | acycl'obutane is |.1- dichlorosilacycl obutane. 23. A
process of produci ng an organoun silane conprising reacting

1,1 -diorgartooxysilacyclobutane with tin halides to yield a nnxt rgmgé

3- (dior ganqur%/ h%'ce‘%%’ﬂbdréﬁu):iﬁé QP¥brotin filahé ebesprising resftingt! Hediorgancoxysiacycio

di or ganooxysSi‘t acycl obutane is of the formula: mheréhn:mds is_aLK%gﬁﬁbFF g
(substituted, or S i LUt e Ogh idr bottioilEl)pre l@é@%? tute
or unsubsfﬁ@d?b§¥“¥$§%$%gl?g%gﬁéut %?%,Qﬁ? aryl (substituted or

unsubstituted); and. the tin_ haldgle,gampound conprises a conpound of the
formul a® 16! a"P“’ifi-S'g}?Y%Oé'@iE@Mergi n:

“OR

wherein:

i d
R is alkyl {substituted or unsubstituted) from C, to about Ca, cycloalkyl (substituted or

unsubstituted) from C, to about Cy, or aryl (substituted or unsubstituted); and

- the tin halide compound comprises a compound of the formula:

10 E;'L
R-Sn-R
|
R
15 wherein:

. . c
each R is independently selected from F, Cl, Br, I, alkyl (substituted or unsubstituted) from €,

tituted
to about C.,, alkeny! (substituted or unsubstituted) from C, to about C.p cycloalkyl (substt

. : . e
or unsubstituted) from C; to about C,, or aryl substituted or unsubstituted, provided at least on

value of R is selected from the F, Cl, Br, or [ members of the group.

59  29. The process of claim 28 wherein the tin halide is tin tetrachloride.



each Ris independently selected fromF, Cl1, Br, |, alkyl (substituted or
unsubstituted) fromC 1 to about C , al kenyl (substit = tituted)
fromC, to about Cxo. cycloal kyl (substituted or unnsuﬁ?ﬁﬁ%ﬁ@??om C to
about Cl12, or aryl substituted or unsubstituted, provided at |east one
value of Ris selected fromthe F, d, Br, or | nenbers of the group. 20 29.
The process of claim 28 wherein the tin halide is tin tetrachloride 19
Novenber 2003 33- 30, The process of claim2S wherein the tin halide is
organotin trichloride obtained by sel ectijmg one 1F, from anong the al kyl,

al kenyl, cycl oal kyl, and aryl nenbers of the group. 31. Th_eqi)rocess of claim
28 wher ei n*%)hﬁti N halkLge, 1S, ganokdite ficedahein dehloire abwe by seleslidetieng
two val ues *For™®R¥¥8m anong the al kyl, alkenyl, cycloal kyl, and aryl nenbers
of the group. 5 32. The e i, 281 MBebas of thhigrotg.n hal ide is
triorganoti “%‘HI“B‘PP%I&“’SB‘?Q%%%anﬁgJE%e y({g'cafﬂii ng three values for R from anong
the al kyl, al kenyl, cycloal kyl, and aryl nenbers of the group. 33 The
process of clainms 29, 30, 31, or 32 wherein the silacyclobutane is 1,1 d
imetho xy si | acy c to bytane . 34.T dishadidEBotQned3y, seBdtingor 32
wherein t hélsﬂeaﬁm%‘kf&ﬂ%gg ?”é‘e'i’,nfgﬁ)tm i e?ﬁ%g&gﬁgﬁ/cl obut ane.

rwo values for R from among the alkyl, alkenyl, cycloalkyl, and aryl members of the group.

32. The process of claim 28 wherein the tin halide is triorganotin chloride obtained by selecung

three values for R from among the altkyl, alkenyl, cycloalkyl, and aryl members of the group.

33 The process of claims 29, 50, 31, or 32 wherein the silacyclobutane is 1,1-

dimethoxysilacyclobutane.

34 The process of claims 29, 30, 31, or 32 wherein the silacyclobutane is 1.1-

10 diethoxysilacyclobutane.



