ORGANOTI N SULFONATE CATALYSTS AND THEI R MANUFACTURE 0801493 -0

BACKGROUND OF THE | NVENTI ON < Field
of the Invention 5 The invention is directed to organoﬁxh

‘sul fonate catal ysts, polyners produced with organotin catal ysts, and
manuf agt ure of organotin catal ysts.

Description of Related Art . Cathyéts are commonly used in the
pol ymeri zati on and cross |inking reactions of nononeri c or resinous

materials to form polyners. The catal ysts, polynerizable conponents, 10

and other additives may be in the formof coatings, particles, articles,

sol utions, or dispersions. The conpositions may be mani pul ated and

pol ynmeri zed as "neat" conpositions, i.e. in the absence of solvents or
.carriers, as organic solutions or as water dispersed or enulsified:
conpositions. Each conposition has it's own strengths and weaknesses.

The chemi stry of the polynerizable conponents is the primary factor in
selecting a 15 specifi'c catalyst to use. However, it is difficult to ~//
predict the suitability of a catal yst without experi ment al

verification. Oten a catalyst that is effective for catal yzing one type of
reacti on,

ORGANOTIN SULFONATE CATALYSTS AND THEIR MANUFACTURE

BACKGROUND OF THE INVENTION

Field of the Inventi
5 The invention is directed to organotin sulfonate catalysts, polymers produced with
organotin catalysts, and manufacture of ‘organotin catalysts.

Description of Related 2
Catalysts are commonly used in the polymerization and cross linking reactions of
monomeric or resinous. materials to form polymers. The catalysts, polymerizable components,
. 10 and oﬂm additives may be in the foﬁn of coatings, particles, articles, solutions, or dispersions.
The compositions may be manipulated and polymerized as “neat” compositions, i.e. in the
absence of solvents or carriers, as organic solutions or as water dispersed or emulsified

~ compositions. Each composition has it’s Own strengths and weaknesses.
The chemistry of the polymerizable components is the primary factor in selecting a
15 specific catalyst to use.. However, it is difficult to predict the suitability of a catalyst without
experimental verification. Often a catalyst that is effective for catalyzing one type of reaction,
i.e. polyurethane polymef formation, is not be well suited for catalyzing a different type of
reaction, i.e. butylated melamine polymerization. Accordingly, when polyurethane forming



I .e. pol yurethane polynmer formation, is not be well suited for catalyzing a
different type of reaction, i.e. butylated nel am ne pol yneri zati on.
Accor di ngl’y, when pol yur et hane formnm ng

- 2- ~ reactants and polyanm ne (e.g. nelamne) formng reactants are
conbined into a single formulation, twg different catalysts are added,
one for the pol yurethane form ng reacti.on and anot her for the nelam ne
form ng reacti@fsfs ,taH@tpoW&ﬁ\iﬁé"@e.g' &Elﬁx‘hﬁﬁs foradthd Ir@RnGke PIRBGERY into a single
si mul t aneously at reasonably conparable reactioh rates. 5 cﬁre,
pol yst annoxaneformulatitm ¢ diffetenh cataly e em addedyvone for the\pelyurettang formimpatactiot ynd
for certain.reactions; see.for exanple: . "Di st annoxane as
reverse nicel Iaélofrﬁ)zorct fé’?d>l/a§?'?e forine ?8‘%)’8&) thaty the fwe diffexent reasions gan pé?cee‘?
transesterifi chmuliheousiyZtQedsbRaby; contpaiafle rkfetion rat3d Hi t osi Nozaki, Journal

of Organic Chem stry, 1989, 54,4013-4014. 10 "Novel
tenpl ate ef Pect of dlomeapripHiannexanss are kaqwn and haye brep shavwn tojhayg catalytic activity for
transesterificat fang \Lication", Juno Oxera, Nobuhisa Dan-oh
bnd Tt ool Noser et Jeactions; 3K of xaitiple. Chemistry, 1991, 56, 5307- 5311.
Wi | e pol yst annoxané®istannexdne esiresiérscniveltedype datalyst; novel soludne effiect o seactionsate of

not appear in t ri,or _art. r ! e, U.-S - Patent 2.720, 50 i
di scl oses a wi tﬁaé‘s?fff‘{nlg?tg’no?uné? ﬁ%gﬁ'&{ﬁ@g‘b‘f’éﬁﬁbﬁPﬁkbd?f%ﬂﬁé r%q}cCGZpeg}lgry :
said to be usef9go &g 4083-adpsts in the preparation of polyesters.

However pol ystannoxanes sul fonates are not discl osed.

u. S
Patent 3,689, 271, di‘Novelsemplaksife of distapnaxanenenbreia dighly «ffcient ronsesterificarion
preparation %}g{&{-}iﬁ?v Fuldd D, axlb{g%@gsg gdgﬁﬁ]m asd! 'ﬁifagsaﬁsad,afo%n&i $F Sage

U S Patent 3,676, S patent e use o
oct aal kyl st annChemnistsy,d99D, 56, B7eM3yEt s i n uret hane syst.ems conpri sing
bl ocked i socyanat es.

or,ganotin sul fonatges, ar . di sc| ased.
0 Patent 3 1'oa 77l paimapanes teve Set feisted. e miohnale e aibies o pe pear
organotin inCRERAR &R, FOLbtimpis (S Faten £.520,507 WidchtBesC WRRRSVakibt9b¥ classes of
particularly foans. Stannoxanes are di scl osed but pol yst annoxanes

sul f onat es 18r eoqganotis cosipgurds wiichmre said to be usefybasnatabistsdn therpsensratipn ef polyesters.
organotin sulf ' : osition of matter
and their use §§@%‘§ﬁ§§§f?’é‘?ﬂ§§§&f§%&%§?%gﬁ%ﬁ%@& so been discl osed. For
exanpl e: U.S. Paterfs 3,6Bh2 2l tisdoda9 the 48 bf thistanharanes as catalgigs inalweoprepafatidn

and tri organotjin sul fonat and . descriphes their use as pesticides.
Catal yst utili P{/“rf‘%?n F%(rié? ﬂ‘c?ﬁ’ém’fn&&ﬁ%“afﬁé%‘gﬁ?ﬁt’@d osed.

U S. Patent 4,286, 073.5:/midit 3%76,4028 tThistpdient idischoes’ B8 A& 5f 3ctadlkRithiBdRared A
catalysts. 3 0 U S. Patent 4,611,049 discloses a process for

produci ng &%neatplystpin yeethape systemsecomprising blacked,isecyapasess No areanefimwifonates are
conmpound used w’s&gseg sul fonic acid pronoter but the catal yst and

pronoter do not constitute an organotin sulfonate. The ability for

mononucl ear or ganot i U.S. Patent 3,194770, discloses the use of a wide variety of classes of organotin

compounds useful as catalysts in curing compositions, particularly foams. Stannoxanes are
disclosed but polystaxmox-anes sulfonates are not disclosed.
25 Mononuclear (monomeric) organotin sulfonates have been disclosed as a composition
of matter and their use as polyurethane foam catalysts has also been disclosed. For example:
U.S. Patent 3,095,434 discloses a wide range of di and tri organotin sulfonates and
describes their use as pesticides. Catalyst utility for polyurethane foams is also disclosed.
U.S. Patent 4,286,073 claims di and trialkytin sulfonates as urethane foam catalysts.
30 U.S. Patent 4,611,049 discloses a process for producing aromatic polyesters. The
catalyst may be an organotin compound used with a sulfonic acid promoter but the catalyst and

promoter do not constitute an organotin sulfonate. The ability for mononuclear organotin



- 3- sulfonates to effectively catal yze several different

pol yneri zation reactions simnultaneously has -not been di scl osed.
SUMVARY OF THE | NVENTI ON The invention provides an organotin
sul fonate catal yst capable of effectively catalyzing 5 polynerizat.ion,
esterification, transesterification, and cofittensati on reactions

i ndi vidually or _ more than one such reaction sinmultaneously. Novel
organotin sul f yHaratesta eifgcively casalyzesevapal different polymerization sgetions simultaneously has
pol yst annoxane : i ni ng an organosul fonate group and correspondi ng
to - the foﬂigé\né‘f%&?%%ﬁul a: _ R err] R

Rlerr] 10 R Sn-O[-Sn- Qferr]- Sn-R - . X(Herr]O

Rl err] Rl err] Mmm wherein each Ris
i ndependently selected fromthe ' | having . from

| to 20 carbon at onBrhedsivehti vidld$ 3h Wieanotin sulfonate catalyst cBpHble dfeffbively catalyzi
st o iy i

i ndependently sel ected fromthe group consisting of . OCR, 15

hal ogen, an@ apdlEmenzatipnsistifieation toangestarifisation, and epnHensetion rgaqsiens yidividupdly or
t_han | provi de%o}eqﬁ%:h&{e such reaclztﬁﬂ§hmﬁaﬁeo§|glg.eﬁ5\'re?QrgfaRJtin%[xﬁ&[ale daval Fnr Red
wi th each R having e sanme neani ng as above; eac err

bei ng i ndependdiat doynpsisé pelystshnbxamesilisconalimingnargemosudforate grburand corresponding to

n is an integer gﬂiu n n average value fromO to 20; and, X
i ndi cates t he BgdeHoY ter of hydration which nay be as Iow as 0 and
approach 20 infinity en the girrpound | SypN an aqueous sol uti on.

The above fornmula is referred td*rat tines rein as "Fornula 1".

Good catalytic activity and dual cure capabilities have al so been

di scovered 1oor anR - Sn exPafdSn FoO) = SmaadRf or mfHBO): or ganot i ns of
t he formul a: ' R err] 25

R-Sn-Rlerr] . x(H[err]IQ) ' R? R! Rferr]
wherein each R is independently selected from the group consisting of alkyl having
from 1 to 20 carbon atoms, aryl and alkarjl'i;
each R' is independently selected from the group consisting of OR, OH, OOCR,
15 halogen, and a derivative of a strong organic acid having a pKa of less than 1 provided that at
least one selection for R! is OSO,R with each R having the same meaning as above;
each R? being independently selected from the same groups as R and R';
n is an integer having an average value from 0 to 20; and,
x indicates the quantity of water of hydration which may be as low as 0 and approaf:h
20 infinity when the compounrd is in an aqueous solution.
The above formula is referred to at times herein as “Formula 1".
Good catalytic activity and dual cure capabilities have also been discovered for an

expanded Formula 1 and for monomeric organotins of the formula:
Rl
25 R - Sn - R? -x(H,0)
R2



-4- wherein R R2, and x have the sane val ues as above for Fornmula 1
and R err] is independently sel ected fromthe group consisting of OR

OH, OCCR, - hal ogen, and a derivative of a strong organi c acid having a
pKa of less than 1, with R having the sanme neani ng as above provi ded

that at |east one R is derived froman organic acid having a pKa | ess than

1. (hereinafter 5 referred to as Formula 2). The expanded
version of Forywheréin R, RO andh lﬁfd%@&ts%ln)étvhﬁeﬁﬁﬂjahéuafor@éhﬁuw&%dh!%'slsti endently
di scovered is: Rerr

R- Sn-J - Sn- Q| [s§}ef:1ed Sffom the group consisting of OR, OH, OOCR halogen, and)@(cf,quatp\]e@f a strgng

Rierr] g\gﬁ

i ndependent |y ds% eléz%ce“(ijh?vrl%gn? ?@e@'fglf%ﬁ%a“ clor‘fétflskt t|lar‘1,gl;n otP 3{1 &Hﬁ.@ abbe? pr°¥lded
| to 20 car borthat anieastang|R' anderivied firoml an organic acid having agkaHes® tha:sl (heremafter
I ndependent Ly sal e ted E{? gfﬁtzge group consisting of OR OH OCCR,

hal ogen, and &°tf strong organic acid having a pKa of |ess

than 1, with R haVI nuaetdstsanasd SétEion GBS BforavHishecatalytie\and @dallddad used hdseeh

one Rlerr] is derived froman organic acid having a pKa less than 1;
each R2 bei ng diproagredhifent |y sel ected from the same groups as R and R[err]

n is an integer havingyan avera vaI ue fanO to 20; and, X
i ndicates the quantit f vvater hydr at #&n whi ch may be as | ow as 0 and
approach 20 infinity when the conpound is in an agueous sol ution.

The above formul a Rs-Sfier Od-tSnas @ nes Spr<R as " BExx{#@)Formul a 1".
The di fference between Forml a and Expanded Fornmula 1 1s in the
definition_of R . In Bgrnded 2 Formulyg1l, at | east one value for R
nust be derfPved from affvorgano gm d haV| n pKa val ue | ess than 1

while in Fornula 1 the deri .ve o st.ra no acid J

B0 er 1R 25" Ther chEen ot Bd<hendes raelict?cﬂ i B ehafly < petstns ok Bt
of Formula | pkbs lttBQSmeonatoﬁmQHﬂ'MﬁVl ng R values other than
osgerr]R has al so been di scovered t hat, the organotin

conpounds of For mul acagh Réxlp) Mmdeﬂﬂy selected fiom the graup censifting of Qﬁﬁé)léag%:l%
N T
cat al yzi ng 1530samemeaningasraboves pmurdlad that at feast onsRY isf derivetifroro ahergama agid Hadmal
cure”. a pKa less than I; _
each R? being independently selected from the same groups as R and R';
n is an integer having an average value from 0 to 20; and,
x indicates the quantity of water of hydration which may be as low as 0 and approach
20 infinity when the compound is in an aqueous solution.
The above formula is referred to at times herein as “ Expanded Formula 1". The
difference between Formula 1 and Expanded Formula 1 is in the definition of R'. In Expanded
Formula 1, at least one value for R' must be derived from an organo acid having a pKa value less
than 1 while in Formula 1 the derivative of the strong organo acid is limited to OSO,R.
25 Therefore, Expanded Formula 1 includes all of the compounds of Formula 1 plus those
compounds having R' values other than OSO,R.
It has also been discovered that the organotin compounds of Formula 1, Expanded
Formula 1 and Formula 2 are capable of simultaneously catalyzing more than one polymerization
reaction for producing urethane, urea, silicone, or amino polymers. Simultaneously catalyzing

30 more than one such reaction is referred to herein as “dual cure”.



- 5- A novel process is also provided for the production of

t he conmpounds of Fornula 1. .. Expanded Formula 1 and Forrmula 2 using

wat er and- at | east one additional polar solvent. The process produces
organoti ns havi ng novel physical properties.

DETAI LED DESCRI PTION 5 The novel -5®rganoti n sul fonates are

pol yst annoxanes salts of a strong organic acid depicted in Formula 1.
The organo tin conpo%ﬁ@l%el feasesstivglsmprovidedifor shejprodueiemelicthe Fampavinds of Formalagdnd
Forrrula2have r rificatdon
or transesﬁ%ﬁ&fil ca éﬁ aﬁggéﬁtgﬁzs%gge !NLﬁmr?g%?zat?égéngdrdfégé?F QS) ?lc‘)'F'%' The
produci ng ur et pracsss pmscmacs argdnotingleving novel@hszlsmﬂrpmerped.yrrer s. Wi I e
organotin catal ysts of the present invention can be depicted by the 10
above formul as, when produced, a m xture of organo tin conpounds is

obt ai ned that can be anal yzed E?EEAHMESEEIEBQEO”form to the above
structural fornmulas with the values for n an ei ng average val ues.
Whi | e anal ySi s of cobsongyel organatinesulforatesrare iplystanrioxanes saltscofha scangrargamie heid

1 o 2L T e TR IR sl ool

conpar abl e enpi raxﬁal-‘oxfrmnmﬂ haveg beenn disesveredafot bé .exdellentT baralgits o ustedxﬁcanon or
formul as and t he erT'pItII cal formul as,are, consi dered equi val ent for the

pur poses SR RCLORS, o ROLReTiZRAN FRACtiPRY for produding yrgthane; uregs SHlicARRs o
Formula 1 or F%d%ﬁo Bol?ﬁ@rsVWHﬂe or, motﬁ'cgﬁlygisGPﬂfeleesetft%vemh%e ﬁept@t@c{‘b)hﬁwe
an average value from0O to 250 and for water sol ub speci es

Formula |, 1@xpabryedformuias aha_n mducsé.rarmixm of Qrsmq;pmmnomsus gbtamettdaht daa be

h |
am \(/:vat er sol 3{ ?gw,}zgﬁw‘\gé?e e ?Oa&%’?%r o e%éb‘gr @"Wg‘ Fbgpﬁﬁ%lg@ﬂ\?\nwtsv %16%% %0? ﬁém 4%
"X(H err]O". being average values. \Hil&fahﬁlyﬁé of oatnpblﬁﬂs bf the ﬁreﬁﬁt iRCSnition ark @onsistek with
in Formul a 1 Expanded For,mu

Far mul f romthe
consi sting of : the structures depicted g,( Egrm b[Fépﬂde F%‘?@v\‘%l A m@%&@a@%a gwlso
sel ected from {hgignPuin 3&@§Blﬁé the gorg%mﬁw comparabl(e t%npmcal foraldd §1¥erf HeRdthaltel. O

20 carbon atons, aryl and al kary wherein Ris an
al kyl or ards @'hgaqmqmral/‘ﬂnmﬂasm thegrhpiricad fasmulss Attednsidered rquivalent for the purposes

COO group cont a s _at I ea

(c), RPderr] H® 8?55?{‘ g‘iuonnglagueﬁgéﬁ 'F@d@ﬁae%@%r om é?énr'%%nnulaZmnvary
consi sting of gigsificantly, for example X, cal\ havierag avérage Jallieofréil 0aa 250 andiforveater 3oluble
S0 2K il e o, 02 SR bt
20 carbon at OMgappgr t}ﬂm ﬁ‘ﬂﬂmﬁ! Nqiﬁg{o?ﬂ]:h i in an aqueous solution. In a water solution, equwalent

- 6- err and, (NOJ[err]C[err]Herr]OH
20 formulas are the formulas w1thout the “x( 20)

Preferably at least'one selection for R' in Formula 1, Expanded Formula 1 and Formula

2 is from the group con51stmg of:

(a), OSO,R, wherein R is mdependently selected from the group consisting of alkyl
having from 1 to 20 carbon atoms, aryl and alkaryl;

25 (b), RCOO wherein R is an alkyl or aryl group in which the carbon atom bonded to the
COO group contains at least one F, Cl, Br, I, CN attached to it;
(c), RPO;H wherein R is independently selected from the group consisting of alkyl
having from 1 to 20 carbon atoms, aryl and alkaryl;
(d) RCrO,H wherein R is independently selected from the group consisting of alkyl

30 having from 1 to 20 carbon atoms, aryl and alkaryl; and,



When one selection for R err] in Expanded Fornula 1 or Formula 2 is from
this preferred group. the requirenent in the fornula that at | east one
value for- R err] be derived froma strong organi ¢ acid having a pKa

| ess than | has been satisfied except when the selectionis F. NJerr], or

5 dQerr]. Mst preferred selections for #err] is p-toluene sulfonate
and net hyl sulfonate. The preferred selections for Rand Rerr] is
butyl . The preferrede¥El NEs: G0y and, NO)GH@HL 0 3 in Fornul a 1 and
Expanded Fornul a 1. L nt hesi f .

nmonost annoxane sul f o‘rﬁ’é‘%“e%’é%?ﬁ% “ﬁE’l‘p?“ﬁ‘?ds%q"gg l?c/} T %%{T‘ﬁ%? ISF%?‘E r‘Rls Rﬁfemd
3, 095, 434 whi cBrotipsthé ocpuiremen in the fopailnithacatieiseone valuerfod RY i degived from a strong
The pol yst annoxane syl L%nate f Formuyla | and _Expanded Formu] a, 1l have been
synt hesi zed i nO@ayepat haying fssmﬁazhﬁ,eﬁ sapisfied except when the selegtion is F. N(.q

grams (0.52 0kgs) Rost .Flléwl'ﬁéh lskiBcrdns @6t ROB T doluen® sitfortetdit rﬁ&gglgsctlxlt;onate. il'he

nol es) of p-toluene sulfonic acid hydrate, ‘and heptane were a 0 a
liter flask fi prefarediei¢ctions fonRuanhdRhsiutybr Theprefdired values ferr is Broar) wridinFoamila
separator, and,a_candenses. The m xture was heated to reflux while
bei ng agit at ed! aﬁgxgﬁﬁ%&o&%&ﬁl&ed by the reaction and the water of
hydrati on fronsYiNTHESES uene sul fonic acid was renoved via distillation.

The condensed vapors .were collected in the Dean and Stark separator,
in which the |ower aBYPbATS qfimenestapnoxaneniylfanates of Formylarhis dijsinsed t Hafi Batent
phase was rﬁt“f&@@ﬁ’.@@wﬁﬂﬁdfs@lﬁﬁﬁé gr;% okdied Helein by reference, A L€ 3 hours at
reflux, the heat Was renoved and the m xture alfowed to cool to room

t enperat ure. The sol Thes polgstannokinecsubfonatascofdrarmulai InandaExpanded Bénata ] Gavebeeh?

hours. The sol |s)gn ersngélﬁ;[severaldiffe%tgwaays,kﬁ kKy" consistency. The product

anal yses was: 5es: .

Found 1. 130.0 grams (0.5%pidles) of dibutyltin oxide (DBTO), 9%.84 8rakis (0.52
Aci d Nunber 134 ... (my KOH g) . :
%ferr]O moles) of p-tolueny suifpnic acid hydrrgi, Rad heptang e added to a 1 liter flask fitted with

%D 15 a therfnometer, paddie Stirrer, Dean and(b%&?rgsﬁ%%tgd a%@ a E&Hensle?. he hixture was

Thi s -produced a pol ystannoxane that can y Formula I 1n which R
and Rl err] heatedh teereiflux while REigg agitdted. pTheowatemproduced by shecreagtion and thenwater 6f
and 0.1 and x is,between,,0 and 0.3,. . 30 . Likew se, .the.analysis of th

eact on pr odudy Lo AR 1 ranedt sfonic 551 s B yig ARG ThecoRersEf vapors
enpi rical for myege dlleétéd iU Ddaitai Sthrkielaraor] in-wiicH @€ [owdr ddetus hiadel wis'tbmbved

which all the selections for R are buty A is p-toluene sul fonate,

the derivati ve 28¢ th upperganis Rhase was setpged to the regetianefl#pk:0 and 0.1 and n i s
- 7- 20 After 3 hours at reflux, the heat was removed and the mixture allowed to cool to room

temperature. The solids were filtered and dried in vacuo at 60°C for 12 hours. The solid product
had a “tacky” consistency.The product analyses was:

Analyses: Found
%Sn 28.8
25 Acid Number 134 (mg KOH/g)
%H,0 2.74 (Karl-Fisher)
%LOD 0.59 (100°C, 75 torr, 2 hrs)

This produced a polystannoxane that can be depicted by Formula [ in which R and R?

are butyl, R! is p-toluene sulfonate, n is between 0 and 0.1 and x is between 0 and 0.3.

30 Likewise, the analysis of the reaction product is consistent with a polystannoxane of the
empirical formula R,SnAO-{R;Sn0],-SnR,A (H,0), in which all the selections for R are butyl,

A is p-toluene sulfonate, the derivative of a strong organic acid, x is between 0 and 0.1 and n is



about 0.3. Wiether a product such as the one produced by this synthesis and

i dentified by the above analysis, is depicted by the enpirical formula
or by Formula 1. they are considered equi val ent for the purposes of
this invention. 2. 124. 45 grans (0.50 nol es) of

di butyltin oxide. 95.11 grans (0.50 noles) Gf s p-toluene sulfonic acid
hydrate, 150.0 grans of 2-propanol, and 150 granms of deioni zed water

were added to akodt 0.3.t Bihethemasproduct sushl asittelone ptddecedibnrshie synthssisdnd identifieddy thend
condenser. The m xture was heated to reflux while being agitated and
hel d at refl uxabbo¢ adalysinjiis dégéaadd by theesdnpirical forfiutzpgrelsy, Fenmild hethee aetdoasidered
m xture was allowed to cool to about 25[err]C. The solid product was

filtered and diguRdiet fobte puidses ofthid Miéntioh. vacuum for 2.5 hours. In
contrast to the product o 10 syntheses 1, the product produced in the

m xed solvent systerg of Wqbghs sQG.S@hﬂa?ég}Gfd??Jtﬂ&n oxide, 95.81@'@{&54(0}@0%&18@%&

product that was easily filter and was readily dried to a granul ar
%gf;glelsl N€g p-toluesng lsﬁlgontichﬁngmg%o.Otg%ﬁyofz-propanol, and 150 grams of deg)?(glx:]zed water
iéfgjl' > were added to a 1 liter flask ﬁttéf k\gﬁ[l\lag&?%meter, paddle stirr%x% %nd c%t'xd&%ser. Tﬁgg
(Karl -Fisher) . . . %.0D . 5.64
(100[ err] C, 75mixsume wastheatpd to reflux while being agitated apd, held af wflwg foril hour. ; Heating wyas
reaction product is a polystannoxane of Formula 1 wherein each Ris
butyl and eachstBppeds and the peaction migtuee was dlloveeddo coel rabour2 33 (e rligsolidyproducs was
bet ween 20 0 and 0.1, and x has a value of 3.1. Likew se, the analyses

i s consi stent fitérsd andodriedsat S0fummierS0 torr of vacumackhi 26 hpursdirc¢ontrast tdthe product of
enpirical formula R err]SnAO[Rerr]SnO[err]-SnRlerr}A (Herr]Oferr] in
which all tte syntheses 5eheprolR prod@éedn eHemiked ¥dlvenfsystent Sfowster and ah ioviganicqolan
strong organic acid and is p-toluene sul fonate, X is between 0 and
0.2 and nis a iy filteredland i ftiel & DEan@rystaline
di butyltin oxi g‘g{’g“é%" ‘ice‘éfgﬂ%fl“%tath%g“n%ﬁg%yssil of %’%@?ﬁ'ﬁne afiurfsatine
hydr at e, 150.0sggﬁggt‘gal‘sngi.%&%nol, and 150 grans of deionized water

Analyses: Found
%Sn 273
15 Acid Number ' 128 (mg KOH/g)
%H,0 ' 8.46 (Karl-Fisher)
%LOD 5.64 (100°C, 75 torr, 2hrs)

The analysis confirms that the reaction product is a polystannoxane of Formula 1
wherein each R is butyl and each R! is p- toluene sulfonate, n has an average value of between
20 0andO0.1, and x has a value of 3.1. Likewise, the analyses is consistent with a polystannoxane
reaction product of the empirical formula R,SnAO-[R,Sn0],-SnR,A (H,0), in which all the
selections for R are butyl, A is the derivative for a strong organic acid and is p-toluene sulfonate,
x is between 0 and 0.2 and n is about 3.
3. 124.44 grams (0.50 moles) of dibutyltin oxide, 95.11 grams (0.50 moles) of
25  p-toluene sulfonic acid hydrate, 150.0 grams of 2-propanol, and 150 grams of deionized water

- were added to a 1 liter flask fitted with a thermometer, paddle stirrer, and condenser. The



were added to a 1 liter flask fitted with a thernoneter, paddle stirrer,
and condenser. The

- 8- -m xture was heated to reflux while being agitated and held at
reflux for 1 hour. Heating was stopped, and the reaction m xture was
allowed to cool to about 25[err]C. The soli8- product was filtered and

dried at 80[err]C under 50 torr of vacuumfor 8 hours. The solid was easy
filter out andmixture wagdsatedtadeflux whiledwingmgitated andiheid atoefhax for [l ihour. Sideating wast

was not "tacky". 5 Anal yses: Found
%Bn stopped and the reacidn Snixture was allowed to cool to about 25°C. The Adlidipriiduxio evas
131 (my KOH g) %err]O

4.28 filtdted dnd ki8I &8P °C under 50 torr of vacuum for 8 hours. The soliddsl@asy filter out and
1.87 (100[err]C, 75 torr, 2hrs) 10 This produces a pol yst annoxane

of the Fornul a.}s whgt rﬁd?@&&aﬁumn@t&lmesaﬂ&'uﬁ@&&&%éﬂy"lS p-

tol uene sul fonate, n has an average value of between and 0. 1, and x has

a val ue of %bout 1.0. éevm se, the anal yg,g&ndof the reaction product

I s consi stent vmthapolysfsf ne of the ,, rrplrlcal forrrula )
Rlerr] SnAG [Rlerr]Sng[err]- Sn &JA@’S’H[EH]O) I n V\/na(c %

sel ections for R are butyl, the deri\ |ve for organl C
acid and is p-toluene sul fonat é’H’ i s between 0%#fd 0.2 and Ps about
1. The pref erre/ (%l?mt hesis is wilthl at | east(1PQF ﬂél‘%ﬁ
solvents as exenplified in synthesis 2 and 3. Preferably one sol vent

is water ard afibishpeodupes sapolysinpexane pEthe Formula i ovhersin each R isrbugyl Gindreath R is p-
to CJerr] aliphatic al cohols especially methanol, ethanol, propanol, and
but anol (i ncl uebluege swifomaesy hasanaverage&;hrehﬁbétsfeéxm andsfbl.\aedtchaﬁa(tralueaofcaboutat(br
an at |east one additional organic polar solvent produces 20 a

crystal line foriRedise! R ﬁﬁg@&%cﬁﬂ tﬁe ¢&a0tsH pddudfis Comsigind with Epﬁl&ﬁtdmﬂ)xﬁiﬁ ofithe
| and Fornul a
empirical formula R,SnAO-[R,Sn0],-SnR,A (H,0), in which all the selections for R are butyl,
A is the derivative for a strong organic acid and is p-toluene sulfonate, x is between 0 and 0.2 and
15 nisaboutl.
The preferred synthesis is with at least two polar solvents as exemplified in synthesis
2 and 3. Preferably one solvent is water and another polar solvent is an alcohol particularly C,
to C; aliphatic alcohols especially methanol, ethanol, propanol, and butanol (including isomers).
Synthesis in a solvent mixture of water an at least one additional organic polar solvent produces
20  acrystalline form of the organotin compounds of Formula 1, Expanded Formula 1 and Formula
2 having unique properties permitting the compounds to be ready dried into a non tacky

crystalline powder. Preferably, water constitutes at least about 25 % of the polar solvent mixture

with 50% being particularly preferred.



2 having uni que properties permtting the conpounds to be ready dried into

a non tacky crystalline powder. Preferably, water constitutes at

| east about 25 % of the polar solvent m xture wi t h-50% bei ng
particularly preferred.

- 9- - ESTERI FI CATI ON AND TRANSESTERI FI CA®} ON When at

| east one of the values for Rerr] in Formula 1, Expanded Forrmula | or
Formul a ESTERIBKIA BION RNDHERANSESTERIFICAGEONt i n sul fonate either the
pol yst annoxane. nononeric stannoxane or organotin sulfonate is

surprisingly effectiWhens leastoat of §16 valh@rfoeRY iaFofrhulatl | Expanded Forrhula 1 or Formula
transesterification reactions in addition to urethane, silicone and am no

pol ymeri zati om QIOSO,R the r& St suIRASE BigHR$ the polystannokdNe. fdidmeric stannoxane
Good catalytic activity and dual cure capabilities have al so been .

di scovered fory. oeoanofih IGHBhAE i a%ngﬁ@% 3{3&;@3&% 83 Leatdiyep af¢ e&te':;gircéfwna ahd

and Formula 2. The catal ysts of ormula I and Formu

possess the_surprisi ability to shmultanegusl e 1. O, re
ur et hane, est eﬁf’:e‘sgﬁ%ﬂr}%aﬁﬂ ,regﬁg’"%u‘ﬁ ﬁ%l ?ﬂ% %Hl?%%éfqﬁ%é%s%nae@%hBOIVré'g%%anglﬁggr
for nore then Qne urethane, silicone, am no and ester form ng
reactions are §Andensation fraglialsngl e conpositi on. Such si nul t aneous
catalysis is referred to herein as "dual cure" catalysis. In order for a
cat al yst DUALsCHBEt aneously catalyze two different reactions in a

m xture of reactants for each reaction, the 15 catalyst nust catal yze
each reaction at reaGoshbitglyticactivitycand duah cuiecsapabilities have talsatbepm idishevered for
reacti on reaches substantial conpletion significantly before the other
reaction. |In obfganotisDéAslysts of Formula 1, Expanded Formula 1 and Formula 2. The catalysts of

10 Expanded Formula 1 and Formula 2 possess the surprising abilit-y to simultaneously catalyze two
or more urethane, ester, silicone, and amino forming reactions when the reactants for more then
one urethane, silicone, amino and ester forming reactions are present in a single composition.
Such simultaneous catalysis is referred to herein as “dual cure” catalysis. In order for a catalyst
to simultaneously catalyze two different reactions in a mixture of reactants for each reaction, the

15 catalyst must catalyze each reaction at reasonably equivalent reaction rates so that neither
reaction reaches substantial completion significantly before the other reaction. In other words
if one reaction reaches a desired degree of cure or completion in a certain amount of time with
a specific catalyst, then the other desired reaction should reach a comparable degree of cure in
an amount of time that is an order of magnitude and preferable within + or - 50% of the first

20 reaction time with the same concentration of the same catalyst. This can be determined by
testing each desired reaction separately with the target catalyst. In contrast, current commercial
standard is to use at least two different catalysts for catalyzing each reaction while a single
organotin catalysts of the present invention can perform like the different commercial standard

catalysts for each reaction. Therefore a single catalyst of Formula 1, Expanded Formula 1 or



I f one reaction reaches a desired degree of cure or conpletion in a certain
anmopunt of tinme with a specific catalyst, then the other desired
reaction should reach a conparabl e degree of cure in an amount of
time that is an order of magnitude and preferable within + or - 50% of the
first -20 reaction tinme with the same coneWdtrati on of the sane catal yst.
This can be determ ned by testing each desired reaction separately
with the targeformatasd santeffectivelyoratalyeemore than ene such meastior simultaneously. sA padisnidr
is to use at least two different catalysts for catal yzing each reaction

whi | e a si ngl eadvantage of dual aure tapabiliiésdf satalystfis inleeatnge sfrwo drimweailayers. Tapically.

performlike the different comrercial standard catal ysts for each
reaction. Ther&h@hdd schSds AttbMofivel palnisdre SpliSPinbiefal layers AR & @ightehtvd ufiddr IVer
-10- Forrmula” 2 can effectively catal yze nore than one such reaction
si mul t aneousl y t,} ] GUdalsoCHE Gnded AR} Isi d hitsetbd 2
catal yst is i nmggaaggiﬁégﬁg%a@{i%r o}.hen‘%ggﬁé@?}g?gg&rypi C%J ly. . W c?oa lgnas

such as autqgnotive paints.are applied in seyer . ' d
ander 1 ayer 3 conpogfiih orlye BNt el 8)6% oo ¥ Gluind HallaiEpdl BE WHRILE
for the under layer is a, pi nt.ed conpositian: containi ur et hane, ..
silicone and / ?ﬂa¥ﬁ@?“a9?Pﬁﬁgfpg[{'EW? @&@P&Wg}g‘g}?&%mﬂg 6) s g gé‘Bg“t p‘gmenésogy“h
of ten contai ns pol yurethane and/ or_nelam ne formng reactants w thout

pi gments. W t ha dual cure gatajyss of the presentinyension, the catalyst ?ﬂﬂ%§ addedity,the geatisg forpyylation
catal yst can be added to the coating formnulation for the first or
under | ayer wi fon thetfirstoeumletliayerydth the seconddayeroratppéraionicpeingpplisd amtop ofthe indene

under | ayer and before curing of the under |ayer, with the upper
coating not coRiyér dhdbefors curing bfithe undper laler, withltisd upped opating rdt eontaihink s tontdiing
curing, the under layer tends to cure faster because of the presence
' 10 relatively little catalyst. Upon curing, the under layer tends to cure faster because of the:presence
of a greater effective amount of catalyst. During curing of the under layer, migration of catalyst
into the top or upper layer occurs promoting curing of the top layer. This also promotes strong
inter-layer bonding and allows for release of volatiles feleased during curing of the under layer
to be released through the still uncured upper layer. While it is preferred for the upper layer not
15 to contain catalyst, it is sufficient for the upper layer to contain relatively less catalyst then the
under layer. Relatively less catalyst is an amount of catalyst that results in longer curing time
for the upper layer such as more than twice the curing time of the under layer. A multilayer
coating system using the catalysts of the present invention and a gradation in catalyst
concentration between the layers has the advantage of a single cure step after several layers have
20 been applied along with migration of the catalysts upwardly among the layers duﬁng curing to
increase the effective catalyst concentration of upper layers.
USE OF CATALYST
The catalyst is employed in a catalytically effective amount usually from about 0.01 %
to about 5 % and especially from about 0.05 % to about 2 % based on the weight of metal in

25 the catalyst and based on total weight of polymerizable solids. All percentages or other



of a greater effective anmount of catalyst. During curing of the under

| ayer, mgration of catalyst into the top or upper |ayer occurs
pronoting curing of the top layer. This al so pronotes strong

inter-layer bonding and allows for release of volatiles rel eased during
curing-of the under |ayer to be releasbd through the still uncured
upper layer. VWiile it is preferred for the upper layer not 15 to contain
catal yst, it i properfipmsegiventheteisrare based qrpweightamless atherwisestated The catdlystd of Roguula
catal yst then the under layer. Relatively |less catalyst is an anount
of catal yst thatExpasied Fermuln 1 andFermula? tantbetusedin combinatioh ovithtokher cotabysts dspeciaily
such as nore than twice the curing tinme of the under layer. A nultilayer _
coating syst emiSinddzihd) Qortaihink YeatafysOkudhNgs BIAESHn Hilioed,| AbutEd Skidy asthkzinen

i n catal yst concentration between the layers has the advantage of a
single cure Stﬁ&d@éatnﬁ reSeveral layers have 20 been applied along with

m gration of the catalysts upwardly anong the layers during curing to

i ncrease theé e&mat al yst concentration of upper |ayers. USE
OF CATALYST The catalyst is enployed in a catalytically

cspeci al |y 1 olkab1stsi AR estipcaTioN REACERES  of "
especially froiké@' - ' N%fgo@%m of netal in
25 the catal yst and based on total weight of polynerizable solids. All

per cent ages or Reaqtants that undergo esterification,and transgsterification arrayell kpoymeo ghose skilled in

wei ght unl ess otherwi se stated. The catalysts of Formila . 1. Expanded’
Formul a 1 and Hwseartsa For exampleeeagtants for transesterifirationgincludet Monomerie esters andypolyneric
especially tin and zinc containing catal yst such as dibutyl tin

di | aurat e, di beftyistafncapboxgtic acid reactet] with moroaebeic coropalymeric alcohols. Reactants for
10 esterification include Mono and polycarboxylic acids reacte;i with monomeric or pt;lymeric
alcohols.
POLYMER FORMING REACTANTS
Reactants for forming polymers such as urethane, urea, silicone, and amino polymers
are well known to those skilled in the polymer art. Reactants for urethane polymers are usually
15 aromatic and diphatic isocyanates and blocked isocyanates reacted with polyhydroxy and amino
compounds.
For silicone polymers, reactants are usually alkoxy silane (and alkoxy acrylosilane) reacted with
a polymeric hydroxy compound. For amino resins such as melamine polymers, typical reactants
to produce amino resins consist of condensation product reactants like urea, melamine, carbamyl
20 methylated melamines, glycoluril or benzoguanamine usually reacted with formaldehyde or

buranol. Also acrylic carbamates reacted with melamine forming reactants.



5 REACTANTS TRANSESTERI FI CATI ON AND ESTERI FI CATI ON REACTANTS:
Reactants that undergo esterification and transesterification are well
known to those skilled in those arts. For exanple reactants for
transesterification include Mnoneric esters and polyneric esters of
carboxylic acid reacted with nonomeric or p@yneric al cohols. Reactants for
10 esterification._i ncI ude I\/bno and pol ycar boxylic acids reacted with
monomeri c or pERPHEONAL (OF : POLYMER FORM NG REACTANTS
React ants for form ng onrrers such as ur et hane, urea, silicone, and am no
pol ynmer s are \A@lﬂﬁlomtlonmedmts inay ke alded tocthie cqmnolsmopmdx;qhsed herein of the type
Reactants for urethane polyners are usually 15 aromatic and diphatic

i socyanat es andudilyosdded toswatrenat pslymencompbsitionl sped yhysbatlyxtsa pifnihts) Gilers.

conpounds. For silicone polyners, reactants are usually alkoxy silane
(and al koxy ackih@&s higolyhérahddiferyd t h a polyneric hydroxy conpound.
For amino resins such as nel ami ne polyners, typical reactants - to

produce am gob%ﬁémfggnm st of condensation product reactants |ike urea,
mel am ne, car met hyl at ed nel ami nes, glycoluril or benzoguanan ne

usually reacted with fornal dehyde or Exmll)%%nol . Al'so acrylic carbamates
reacted with nel am ne form ng reactants P

-1z ADDITI O\lﬂ_t}plcaﬂb 1on o%%%p e urethane reaction was prepared utilizing a polyol
(neophenyl alcohol) and an isocyanate (Cyclohexylisocyanate) to form a urethane. Neither the
isocyanate nor the alcohol are multifunctional and accordingly a urethane rather then a

10 polyurethane was formed. Such a straight forward reactioa is used to screen catalysts for
urethane catalytic activity.. The catalytic activify of several catalysts of the present invention
(Formula 1 and Formula 2) as identified in Table A were compared to dibutyltin dilaurate, a
commercial standard catalyst for such a urethane reaction. Comparisons were done on an equal
weight of tin basis for calculating the amount of catalyst added to the formulation. After catalyst

15 addition into the formulation, the reaction was allowed to proceed at room temperature. The
extent of isocyanate consumption (urethane formation) was monitored by FTIR as a function of
time. From first order kinetics, the relative rate of reaction as determined. The higher the rate,
the faster the urethane formation. None of the catalysts of the present invention were effective
as urethane catalysts for the reaction of an alcohol with a isocyanate in comparison to a well

20 known urethane catalyst, dibutyltin dilaurate. This confirms the general belief in the art that acid
groups tend to reta.rd the urethane reaction and would lead one to conclude that the catalysts of
the present invention were not effective catalysts for urethane forming reactions.

The following examples are illustrative of the invention and the preferred embodiments.



Addi tional ingredients may be added to the conpositions disclosed herein of

the type usual |y added to coating or polynmer conpositions such as
cocatal ysts, pignments, fillers. extenders and pol yner nodifiers. 5
EXAMPLES Example A

A typical fornulation for a sinple urethanel3eacti on was prepared utilizing
a pol yol (neophenyl al cohol) and an isocyanate (Cycl ohexyli socyanate)
to forma urethane. Neither the i stxamplede nor the al cohol are

mul tifunctional and accordingly a urethane rather then a 10 pol yurethane
was fornmed. Su@dhalpticiatixity Fir aftypiceh autometinet pobyurétbane gefthithingswasealuatad. alnydéw of
for uret hane catalytic activity.. The catalytic activity of several
catal ysts of tiherepil89€Bkamply A1 atalydts of the prefdn®inVedtidn KFo’iﬂdlaﬁQEfﬂdhdkdI’)onﬁﬁlal and
identified in Table A were conpared to dibutyltin dilaurate, a

conmer ci al st anganth f)amhef aac ﬁeoéxpﬁé%é"cf‘toabe%f&kﬂ?é“@hérﬁélﬁﬁﬂa%a M@PHE?JS&&QH&S%[ e
done on an equal t| n baS| s for calculating the anpbunt of

tal yst ad I
For mil ati on® cHESpHaTehg ‘2"“’“9 o OIS0, oy 40 (o RHlcn T ah el e
e & functi on Beserpold] TR LT e Bresers rﬂ%%nvgﬁﬂ”%gm R e

of reaction as determ ned The hi gher .t he he faster t.he
ur et hane f or meRONIRNIng\GHBCIEHt cRtplys gt’%f}SS}%'E%O b‘ﬁ} fﬁé‘vf}rbegeeﬁp the \yeRA o6 Hn gad hesed
effective as urethane catalysts for the reaction of an alcohol with a

i socyanat e i n oothpaetabweightef solids|in the formulatioprAflgreetlystaddition) the formulation was

dibutyltin dilaurate. This confirns the general belief in the art that acid
groups tend t omnintained at 2%° (rand thetignerin hours swereamcbrdwd forthe &xvhulation toofoc agellaade

that the catal ysts of the present invention were not effective

catal ysts for adRhiicief “povlifendn additén cvatings were madelWith éach fermiutagion tadithe eimedn e

illustrative of the invention and the preferred enbodi nents.

hours at ambient temperature were recorded for the coating to achieve drying parameters of Sol-
Gel transition and Surface Drying Time as measured with a B. K. Drying Recorder. The results
are given in Table 1. Catalysts of the present invention preformed about as well as the industrial
standard of DBTDL.

15 _ Example 2

Catalysis of blocked isocyanates for the production of polyurethane coatings was

evaluated. Catalysts of the present invention (Formula 1, Expanded Formula 1 and Formula 2)
were compared with a present industrial .standard catalyst, dibutyltin dilaurate (DBTDL).
Aliquots of a formulation of MEKO blocked HDI, an acrylic based polyol, in MAK (Methyl

20 amyl ketone) and MIBK (methyl isobutyl ketone) solvents were prepared, each contﬁMg
sufficient catalyst to constitute 0.14% catalyst based on the weight of tin and based on the total
weight of solids in the formulation. The formulatioﬁs were preheated to between 70 and 80

degrees C. so that the selected catalyst would be soluble in the formulation. After catalyst

addition into the preheated formulation, the formulation was raised to 130 ° C and the time in



- 13- Exanple 1 Catal ytic
activity for a typical autonotive pol yurethane refinishing was eval uat ed.

In view of the results of Exanple A, catalysts of the present
i nvention (Fornula 1, Expanded Fornmula 1 and Formul a 2) woul d not be
expected to be effective when conpared withkl4a present industrial 5

standard catal yst, dibutyltin dilaurate (DBTDL). Aliquots of a formnulation
of an acryl i c nbautey were recqrded, fos ther fopuulatinn tarrachdheigel paint €590 Gentipoises) ovhich
prepared with xyl ene and ketones as sol vents each cont ai ni ng

suf fici ent catisdigatds stbstantislsbmpletien 6f thehdaction atingd Bivakfield Viscometenve Thghdesudfs atd n
and based on the total weight of solids in the formutation. After

cat al yst addi tgivef in T4tte 2.0 Catdlysts bifie présent inventibRpréfornedisttad thehithd id@uiskriaCstantird
the time in hours were recorded for the fornulation to for a gel as an 10
i ndi cation of sepyETppfe”. In addition coatings were nmade with each
formulation and the tine in hours at anbient tenperature were

recor ded fog the coating to achi eve dryi_ﬁgalggfgmeters of Sol - Gel
transition and Surface Drying Tinme as neasur dwith a B. K Dryi ng

Recorder. The result . [ i.ven in Tabl,e 1. t al yst.s of the present
i nvention preforned %&WRS 3g%eﬁ 15°§yﬂ?gesitﬁﬁh_‘§t3’?%%g°n °¥p°l¥'t“5W5%ﬁ' gpagpes was
DBTDL. 15 . ) . . . . . .Example 2 .

Catal ysis of HivBWRtedasiabxampls? incombinatipnwith 3zine ¢qniAining cwpﬁa&@ﬁa?@emwe)-

coatings was eval uated. Catalysts of the present invention (Fornula
1, Expanded Fd¥atlysts pf thedresentignention (Formula 1,JExpandedrfiosnulg lvaod Fopmya ds with and
i ndustrial standard catalyst, dibutyltin dilaurate (DBTDL). Al'i quot s

of a formul at i withonf thiviEs@tdlysd wiersdcdsiiplared1o a aunrent industriglesthngayt gaghlysti DBUBK, and to
(Met hyl 20 anyl ketone) and M BK (nethyl isobutyl ketone) solvents were
prepared, eachzsnitoaletinoge. Aliquots of a formulation of an Acrylic based polyol, an Oxime blocked
isocyanate, MAK and MIBK were prepared,. each containing a quantity of catalyst indicated in
Table 3 based on the weight of tin (zinc for zinc neodecanocate). The formulations were
preheated if necessary so that the selected catalyst would be soluble in the formulation. After
catalyst addition into the preheated formulation, the formulation was raised to 120 ° C and the
15 time recorded for the formulation to reach the gel point (2,500 Centipoises) which indicates
substantial completion of the reaction. The results are given in Table 3. Catalysts of the present
invention preformed better then the industrial standard of DBTDL and their performance was

improved by the addition of the cocatalyst zinc neodecanoate.

Example 4

20 This example evaluates the effect of catalyst concentration on catalyst performance for
catalysts of Expanded Formula 1 in comparison to DBTDL for the reaction of blocked
isocyanates with a polyol for the production of polyurethane coatings. A catalyst of the present
invention was compared with a present industrial standard catalyst, dibutyltin dilaurate

(DBTDL). The catalyst used was a polystannoxane of the Expanded Formula | wherein each

25 Risbutyl and each R' is OCOCF,, n is 0, and x is 0 which is consistent with a polystannoxane



sufficient catalyst to constitute 0.14% catal yst based on the weight of tin
and based on the total wei ght of solids in the fornulation. The
formul ati-ons were preheated to between 70 and 80 degrees C. so that
the sel ected catal yst would be soluble in the fornulation. After catalyst
addition into the preheated formul ation, the-fornulation was raised to 130
[err] Cand the tine in

-14- m nudfale enspixical fooould BQSM-[RzﬁaOI,MA §{Qpintwhichealtthe sélectipes fop &i ane
(2,500 Centi poises) which i ndi cates substantial conpletion of the :

reaction usi nghaylBroskhe dérivativessfon®iong orghfit dcRisaildtis GIIGCF,;, x is Qiav@ R ik @bcalol e
2. Catalysts of the present invention prefornmed better then the industrial

st andard Rfiqtdd Bk a forrRulation of Desmophen A565, an acrylic Folyol available from Bayer.
Exanpl e 3 Cat al ysis of bl ocked isocyanates for the .

production of %ﬂo‘dﬁxﬁgpﬂﬁgAgﬂg&imQﬁ)cﬁmﬁﬁ ytse SYiblidoRB r,iWAE;&Q BKwdrd

conbi nati on w a Zinc contalning co c t (z1nc neodecanoate).
Cat al ysts of the present inventi@n (Formula 1. ded_Eor mul
For mul & 2) Vi ¢ Feegit: cseh config bitBed valol obnfesof SAAUS & SRETA Pook €08 e,
I ndustrial standard catal yst, DBJDL. and t 10.zin¢ nep .dec ate. Aliquots
of a fornul ati BAfeden 'gﬁ Wﬁl&%&ﬁfi"t‘ oW gpv&s?hdaixp @i?‘?@‘“ 18&(?&%1. catalyst addition
| socyanate, MAK and M BK were prepared, each containing a quantity of
catal yst i ndi citethepreheated fornpgation, the forgwiation wah misgd tQyihe tesrperatyre stated in Tahle 4
zi nc neodecanoate). The fornul ati ons were preheated if necessary so
that the sel ecamtthetineinminutes cicdrdsd for thefoimaulationitd eea¢hothenglepoing 62,50 Centipoises)
catal yst addition into the preheated formnulation, the formulation was
rai sed to 120 whichriédicites substantial completion of the reaction. The results are given in Table 4.
10 Catalysts of the present invention preformed better then the industrial standard of DBFDL even
when the concentration of DBTDL was 250% higher
Example S.
The ability of catalysts of the present invention to catalyze silicone polymerization was
evaluated in comparison to DBTDL. The reactants were tetra propyl silicate as a cross linker for
15 a silanol-terminated polydimethylsilicone oil. The formulation with the desired catalyst was
heated to 140° C. In a stirred plastic beaker and the time in minutes to reach the gel point was
recorded. Superior performance was obtained with the catalysts of the present invention except
when the catalyst was not soluble in the reaction mixture. The results are given in Table 5.
Example 6.
20 The ability of catalysts of the present invention to catalyze melamine formaldehyde
crosslinking with acrylic polyol was evaluated in comparison to DBTDL and Nacure 5626
available from King Industries and is an amine blocked dodecylbenzene sulfonic acid. The

formulation for each test used as reactants 60.2 grams of hexamethoxy melamine (Cymel 303)

and 140.71 grams of an acrylic polyol (Joncryl 500) in 100 grams of methylethyl ketone (MEK).



15 time recorded for the fornulation to reach the gel point (2,500

Centi poi ses) which indicates substanti al conpletion of the reaction.
The results are given in Table 3. Catal ysts of the present i nvention
prefornmed better then the industrial standard of DBTDL and their

per f or rance was i nproved by the addrté-on of the cocatal yst zinc
neodecanoat e. L i ) Exanple 4 20
Thi s exanpl e dhafarmulation with thedesired edtalystvas hetedso M8 £t ingtstioed plastic heakiesand the
per formance for catal ysts of Expanded Forrmula 1 in conparison to

DBTDL for the tinecintmioutefo redchehecgk! point was recordedaSapeior perfdrmangeolasalbdired withe
producti on of pol yurethane coatings. A catalyst of the present

i nvention was theRavas ofvitlieNprésent Rivertion in Haphrisdh t6 tthe cbifighrative alnyidsed catalyst.
di butyltin dilaurate (DBTDL). The catal yst used was a pol yst annoxane

of the Expandqsgtef Mihe resulld'Gt given GPFble 6,25 R is butyl and each Rlerr] is
OCOCF[err], nis O, and x is O which is consistent wth a pol ystannoxane

of the enpitical formula RSnAO[R[err]Sn@a{ng:lg],-SnR[err]A(H[err]O)[err] in
which all the selections for R are u yé Ais the derivative of a

strong organi c acid.and,is OCt‘.OCF err] is 0 and nis about O, .. .
Aliquots of a for nuITg‘FiacPrﬁh%fo Iﬁ@%ﬁ@ﬁ tﬁ%@g?sergnm&x}tvpitg %?gﬁlf%l esigrificptign and
from Bayer, Desnodur Bl 3175A an oxi nme bl ocked isocyar]ate_ v&%éﬂa@lﬂe
from Bayer. MAFRnggsterification, eactions svas evaluated dry comparisop 3 duty gnd
various quantities of catalyst as stated in Table 4 (% catal yst based
on the wei ght btylstaanoiacid GUSA). wahe macients sy ghthalic amicidsr and] 2rethupxanal atca
catal yst addition into.the preheated fornul ation, the fornul ati on was
rai sed to the resmipe texperature p62203 O and Teithl 3% 4xcess alcohah dThefermulation iwithrthewdasized
recorded for the formulation to reach the gel point (2,500 Centipoises)

10 catalyst was maintained at 220° C and the decrease in acid number was monitored with time

(hours). Catalyst addition was on an equal weight of tin basis and at the rate of 100 milligrams
of tin per 100 grams of phthalic anhydride. Completion is cqnsidered at an acid number below
about 3. Superior performance was obtained with the catalysts of the present invention. The
results are given in Table 7.

15



whi ch indicates substantial conpletion of the reaction. The results are

given in Table 4. 10 Catalysts ofthe present invention prefornmed better

then the -industrial standard of DBTDL even when the concentration of

DBTDL was 250% hi gher

Exampl e 5. The ability of cat7alysts of the present invention

to catal yze silicone polynerization was evaluated in conparison to

DBTDL. The reactants were tetra propyl silicate as a cross |linker for 15

a silanol-term nated pol ydi nethyl silicone oil. The formulation with the

desired catal yst was heated to 140T&leAn a stirred pl astic beaker

and the tinme in mnutes to reach the gel point was recor ded.

Superior performance was obtained with the catal ysts of the present

i nvention except wigaalvshe catal yst was not solublelgguﬁﬂu@ﬁ@ctlon

m xture. The results are given in Table 5.

Example 6. 20 : 5{ laguﬁaﬁgeof catal ysts of the prgsent invention

to catalyze nel am ne forngy §6.CH,), (» crosslinking wth aeiid ¢ pol yo

was evaluated in conparls DE"apd Nacure 5626 o.pvailable from

King Industries and is an ed)dodecylbenzene sul f c acid. The

formul ati on for each test use as éactants 60. 2 grams of hexanethoxy

gg'();m]l EelgOQ/mel 303) 3. 0. 7# g' aremethyﬁul¥ N pol yol (Joncryl
granms of rEﬂWﬁﬂg%

- 16- The for nult E}E?PW taé? é?l“%ﬁémﬁﬁ’ﬁfeeg %er ]

C. in a stirred plastikormuiad e?*aﬁﬁa- %'ﬁ(li’“‘y’ Briolyere sHifonpten T ané H'ed

gel point was recorded. Superior perfornance was obtained with



the catal ysts of the present invention in conparison to the conparative tin

based catal yst, DBTDL.. The results are given in Table 6. 5

Exanpl e 7. The ability of catalysts of the present invention
to catal yze esterification and transesterification reactions was

eval uated in conparison to dibutyltinoxi 3:3 (DBTO and but yl st annoi c

acid (BSA). The reactants were phthalic anhydride and 2-ethyl hexanol at a
reaction tenperature of 220 C and with 5% excess al cohol. The fornul ation
with the desired 10 catalyst was mai ngghdyed at 220 C and the decrease in

acid nunber was nonitored with tine (hours). Catalyst addition was on
an equal weight of tin basi sCadigh PéfoimaiceiRPdlyRttthdh@Codiiny | | 9r ans of tin
per 100 granms of phthalic anhydride. Conpl et| on is considered at an acid
nunber bel ow about 3. Superior performance was obtained with: the
catal ysts Qdulydve present SohGelfirinsiion (BRSO Suifs Db Emé(hes)gi R Rifé desbabl e 7.
15 -17-
Table A Dibutyltin dil@zteal yst 3.0 3.8 6.0
Rel ative Rate D butyltin dilaurate 1.0
BuSn( OS] ePw:PERASEGH:) [“@r r] (130 .« 80lnsoluble 78
Bu[ err] Sn( g@ err 0.17
[ Bu[ err] SnBts A{'ﬁl’f)err]"b (3) 30 650.07 6.0 -
(Bu,Sn(pTSA)LO © 3.0 : 4.0 5.0

1. Formula 2, R and R? are butyl and R! are methylsulfonate

2. Formula 2, R and R? are butyl and R' are p-toluene sulfonate

3. Formula 1, R and R? are butyl, R! are p-toluene sulfonate, n =0 and x is about 0



1. Formula 2, R and R err] are butyl
Formula 2, R and R err] are butyl
Formula I, R and R err] are butyl,

and x is about O
Tabl e 1

n

cal yst Performance in

and R[err] are nethylsul fonate 2.
and R err] are p-toluene sul fonate 3.
Rlerr] are p-toluene sulfonate,

0

Pol yUr et hane Coati ng Cat al yst Sol -Gel Transition (hrs.)
Surface Dry Tine (hrs.) Pot Life (hrs.) D butyltin dilaurate
3.0 3.8 Table 2 6.0
Bu[err]Sn(CsOerr]CH err])[err] (1) 5.0 8.0
7.8 Bu[err] Sn(QTSA) [ erAtaLyst?) [L % &e0 TIME GEL TIME
6.5 6.0 [Bulerr]9n(pTgudderriP ( 3
3.0 30 5—6 1.
Formula 2, R and 3 @1 are butvl and®*® erlr1 ar @fet hyl bul f onat e
Formul a 2, R and gejsatodocoly butyl andoif erfr] aresp-tol upne sul fonate
3. Formul a 1',—-R—a'n'd~Ri: | brert=y—1RF 1 ottere—stH-Fothat e,
~0 and X is about{BaSa(OCOC H1o @ - |7 014 Ve TP
- 19- {Bu,Sn(OCOCFy)},0 @ 0.14 15.1
Bu,Sn(0OSO.CH;), @ 0.14 15.7
{Bu,Sn(0SO,CH;)},0 @ 0.14 152
{Bu,Sn(0SO,CHy)},0 @ 0.14 22.6
{Bu,Sn(0SO,CH;)},O0 @ 0.11 262
{Bu.Sn(0SO,CH;)},0 © 0.095 30.4
{Bu,Sn(0SO,CH;)},0 ** 0.082 334
1. Formula 2, R and R* are butyl and R! are trichloroacetate
2. Expanded Formula 1. R and R? are butyl, R are trichloroacetate, n = 0 and x is about 0
3. Expanded Formula 1, R and R? are butyl, R! are trifluoroacetate, n = 0 and x is about 0
4. Formula 2, R and R? are butyl and R" are methylsulfonate
5. Formula 1, R and R® are butyl, R' are methylsulfonate, n = 0 and x is about 0

n



Table 2 CATALYST % TIN CGEL TI ME
GEL TIME @30 @z25 DBTDL 0.14
23. 4 Bu[err] Sn(OCOCCl [err])[err] (D) 0.14 25.2
{Bu[err]Sn(OCOCC [err])}[err]O (2) 0._%04 14.9
{Bu[ert] Sn(OCOCF3)}[err] O (3) 0.14 15.1
Bu[err]Sn(Osgerr]CH err])[err] (4) 0.14 15.7
{Bu[err]Sn(OCs err]CH err)}[err]O (5) 0.14 15..2
{Bu[err]Sn(OCSO err]CH err])}[err]O (5) Orabiés 22.6
{Bu[err]Sn(OcQ err]CH err])}l[err]O (5) 0.11 26. 2
{Bu[err]Sn(OSQerrM&gﬂ)}[err]Q_%@g.C% GEL TiME 30. 4 CO ENT
{Bu[err]Sn(Op err]CH err])}[enr] O 482  @120c 33.4 nl’EM ?ai! R
and Rlerr] afebutyt _a‘n@eu‘ are tr-ehitorcacetate—2- Expa“dcd For-reHf a 1,
R and R[ err] Lar ePiyiwipdi cr] lar @ P%hi droacet 8%, n =0 and x is abgut O
3. Expanded For mzna,eédecﬁoaad R er rd;;smg bLtyI R[,gyr] are trifluoroacetate,
n = 0 and X about — rormyta—2 —R-eng—Rrer+—are—buty—and—Rerrare
met hyl sul f on BuSHOSRCHN(": 1 B anb2%rr]| are btﬁ drr] whe70C
met hyl sul f onaBesa@se.c,)Md X |94 abepsd 22.1 sol at 70C
-Ci'(l)',-ALYST Zn neo decanoate | 007%Zn e e Tablje 3 s
% 'VEII—L |\ Iy o gy ) wv’?v‘.:!\r'

. @120C {BInPEPCF M duratle  0-2%Sn 872% sn solat70G g 7
Zn neo decanpasesa(OCOCF)};,0 @ 0.35%F%sn 20840 sol at 70C
Bu[ err] Sn( OSY er r3ndeb @ucsnpaté er r | (1(107%2,1 0. 298N 26. 4
sol at 70C B e et H—r——0—26n 22. 1
sol at 70C i BRSHOFO gh’éat & bdss 1 0. 8%3@n sol at 40C
{Bu[ err] Sn( OOstBhecoLLh:er r O (|2) o02%sa 0.2%n 134 - 27 0Bat 40C
sol at 70C { BuSn(Zdetldcamiond )} [grr] O (2) 0. 2%6n 20. 4
sol at 70C g saococciy1o @ 0.2%Sn 25.5 sol at 25C

{Bu,Sn(OCOCCl;)},0 @ 0.2%S8n 12.7 sol at 25C

Zn neo decanoate 0.07%Zn

1. Formula 2, R and R? are butyl and R' are methylsulfonate
2. Expanded Formula 1, R and R? are butyl, R are trifluoroacetate, n = 0 and x is about 0
3. Formula 2, R and R? are butyl and R! are trichloroacetate
4. Expanded Formula 1, R and R? are butyl, R' are trichloroacetate, n = 0 and x is about 0



Zn neo decanoate 0.07%Zn Bu[err]Sn(OCOCC [err])[err] (3)

0. 2%Bn 27. 2 sol at 40C

Bu[err] SR(OCOCC [err])[err] (3) 0. 2%Bn 13.4

sol at 40C + Zn neo decanoate {Bu[err},Sn(OCOCC [err])}[err] O (4)

0. 2%6n 25.5 sol at 25C

{Bu[err] Sn(OCOCC [err])}[err] O (4) 0. 2%Bn 12.7

sol at 25C Zn neo decanoate - 0. 07%Zn 1. Formula 2. R
and R2 are butyl and R are nethyl sul f crabie ¢ 2. Expanded Formula 1, R
and R2 are butyl, R are trifluoroacetate, a = 0 and x is about O 3.

Formula 2, R and R ar e Bifsetyf Ingrmage iR Camalyer Gonéentration eneRsefbrariapce 4. Expanded
Formula 1, R.and Rz are butvl, R are trichloroacetate, n = 0 and x is

about 0 CATALYST %S0 | Min@130°C | Min@ 125°C | Min-@i20°C
Tabl e 4 - . Ffrect—of—rrerease—Cat-adt yat Gorreerrtatt{on on
Per f or mance | Dibutyltin dilagratg o\ vST 0.20 186 u8n ®'n @
130[err] C Dbl dRbae M n @ 130perr] C Omautyltin dilaurdte 355
0. 20 196 - 48—F—DBHBHH=yH
dil aurate {Bu,Sn(OCOCF;)}.0p 50 020 17.3 130 18.6 27.3
33.5 {Buferr kI erjr 1 20 13.0
{Bulerrl ipdedarpiol Mlenr| Qs (1] 1k 20 ] 162 240,

I6 5 2.0 o Ekentded oy 2T R g o ) e b Rer]

) ) 5 MU . a rrl_ar u . err
are trifluor oag‘e ’gltméd.edga(@g@ hnﬂ‘ﬁglﬂg gg%t“ﬁ‘ﬁm e, 1 ='afd lsa%u_to

- 22_



Table 5 Cure TC Cat al yst g

Gel Time (mn 140 Dibutyltin dilaurate 0. 63
149.9 s 140 BuSn(QAc)[err] (1) 0. 35

96. 4 140 Bu[ err] OAcSNnOSnQAcBu[ err] (2) 0.44

>130. 0 (insol uble) 140 Buf&rr]sn(ococa [err])[err] (3)

0. 56 11.5 140 [Bu[err] (OCOCCl [err])Sn][err]O (4)
0. 40 12. 4 140 [Bu[err] (OCOCF[err])Sn][err]O-
(5) 0.35 10.7 140

Bu[ err] Sn(OCOCF[err])[err] (6) 0. 46 Table5 8.8 1. Formula 2, R and
Rlerr] are butyl and R err] are acetate 2. Expanded Fornmula 1, R and Rl err]

are butyl, R drriL are,acefate, n = X 1s about|0 3. Fornul nd
R[err] are butvltﬁcﬁé?pr ] are fri%arefafp 4 | Ex| ndiri rMﬁ
and Rlerr] argq butyhke R efr] areDibutytttl dilaaaget ate, h 943 apd x |3493.90ut 0
5. Expanded Fc , : ' 3
n =10 and x iy abous00 6.| For nul BuBn(@Aahd W err] afe Wikt yl| and Rétr] are
L Luoroacet areTo, Bu,0AcSnOSHOABY, | B o 1i he 0d4d] 7139-Pgnsolublé)” |
Cat al yst t @ Room Te Cel i @
115[err] C (m rj—adfPrrqshe mw{"_}quql?éa (1) 056 R

sol ;J:ﬂ e ol 140 6.1 {Bu[oncncclp)sm é‘ﬁr] ere40 } [lerr] O 1293

partly Sol ubl § e offotked

sol ubie . 140 (BugOGOGEFaLD  Paci d) [Di®t yiltin dil%lrate
sol ubl e Yt I nooxifd

sol ubl e 140 Bg$ﬂ&&‘9ﬁ§=ﬂ(r)mll a2 &4 .E[.e.n.L.]_E'gLe_but_yl

and Rlerr] are methylsulfonate 2. Formula 1, R and Rferr] are butyl, Rerr]
are et hyl sul f bnBorequla2, R $hdRfcrebutyd and) B! are@eatate al ysts added on equi mol ar
basi s Cat al yst 8. Expanded Eorffilanty®l and RS ex¢ butyl,tRitasd acetateon =duinid ¢kds dout 8 me
measur ement s ( Br Bemdule?. R ddRianebheyl)andR' drktfichiorpaetteasure rate of viscosity
increase to reacRxgmdedPoritula K RUAdR3ape butyl, R' are trichloroacetate, n =0 and x is about 0

5. Expanded Formula 1, R and R? are butyl, R' are trifluoroacetate, n = 0 and x is about 0

6. Formula 2, R and R? are butyl and R! are trifluoroacetate



- 24-

Aci d Number vs.

Ti me Ti me

DBTQ( 1)

Tabl e
BSA( 2)

7

BuSn( MBA) 3( 3)

- Bu2Sn( MBA) 2(4) (Bu2SnMsA) 2Q( 5) (Bu2SnpTSA) 2Q(6) (hrs) 0.5 63.9
60. 5 27. 32.2 41.8 43.6 1.0 . 40.
69. 1 10. 5 | 5.8 2232 22.6 1.5 29.
23.0 5.3 9.1 14.2 14.2 2.0
22. 4 12.1 3.3 5.6 Table 6 . 9.2 9.3
2.5 17.5 7.6 3.8 6.5
5.9 3.0 13. 4 4.7 Melamine Crosslinking 3.9
3.8 3.5 . 10.1 4.0 7.2 4.5 5.3 5.0 3.8 1.
D butyltin oxirde .. put yl st C E=Qr .
butyl and R efr] _and Rﬁ@-‘aﬁ'ﬁ"are net ﬁpm %ﬁ@w

bl ar e et hiybsgy Epaad e

=0 nnnl

5. Forn‘gllal R a

o nbaout

Rlerr] are buty, sBl )
Rl err] ‘are bu - ¥ _ — O—axf
6. Fornmula 1, |RBa/St(G$G0H;)}a@e®but y| | palesolibler e p-tolu

I\ LA %1 "AA %L

cne sul fGr‘Pate

n

and x i s about

Nuacuré 5625 (amine blocked soluble 6.4
sulfonic acid) '

Dibutyltin dilaurate soluble >100
Dibutyltin oxide soluble >100

1. Formula 2, R and R? are butyl and R' are methylsulfonate
2. Formula 1, R and R? are butyl, R' are methylsulfonate n=0and x is about 0

Catalysts added on equimolar basis

Catalysts conc = 0.18 mmol based on total wt of solids
Gel time measurements (Brookfield Viscometer) at 115°C
Measure rate of viscosity increase to reach gel point (2500 cps)

5
2

hd
d



VE CLAI M : 1. A pol ystannoxane salt .of a strong organic acid

having multiple catalytic activity. conprising a conpound of the
formul a: . Rl err] R Rl err] 5
R-Sn-gd-Sn-Q[err]-Sn-R  (Herr]Oferr] Rl err]

Rlerr]. Rl err] wherein each R is independently
sel ected fromthe group consisting of al ky# having froml to 20
carbon atons, aryl and al karyl; each R err] is independently selected from
t he group consisting of OR, OH, OOCR, hal ogen, and a derivative of a

strong organic acid having a pKa 10 of fjgss than 1 provided that at | east
one selection for Rerr] is OSJerr]R, wth each R having the sane

meani ng as above; each R[err] bei ng andsasReRtihy sel ected fromthe sane
groups as R and Rerr]; is an integer having an average val ue from

0 to 20; an IW»OMM Whl ”ﬂ.gr%mde&"‘t! m{ﬂﬁmm t‘_g_‘g%&%gl’ést
is in an aquagug sol ut|on. e stanpoxane of clpim erein
each R err][Tx NMOERENUENT Y Sel T TromTe o oup _I.:F CONpT STl
osgerr] R }M?igrcinég '-xcgbf ﬁg |ng"<2[F\> dbfinadE :um1qg'gfprr1
COO wherei nf 1.0 40 efrgo.li § an 1455kyl or arsd group ie.2which|the @asbon
at om bonded[T,Q T 0 cont ar ns ST . e F,|Jd, B, I,
attached to l% D;%L ar ] cb\':J - §\§D hac fhgchwe__m:\nllﬁ as def itin'g\'rl Ln
claiml;, RO G{Oerr]za-*l\/\/h«ar &I |R had3t he |sane Steani g as 9R defihed in9&l ai m | ;
F, NdJerr];ddler{{s ﬁangﬁ (NO)[er riglerrfH errgsOH 5 provi deg that
at | east onp—seHesient-er—Hf-efr—i-s—gScer-R -
30 || 134 4.7 3.9 38
3.5 10.1 :
4.0 7.2
4.5 5.3
5.0 38
1. Dibutyltin oxide
2. Burtylstannoic acid
3. Formula 2, R is butyl and R' and R? are methylsulfonate
4. Formula 2, R and R? are butyl and R' are methylsuifonate
5. Formula 1, R and R? are butyl, R’ are methylsulfonate, n = 0 and x is about 0
6. Formula I, R and R are butyl, R' are p-toluene sulfonate, n = 0 and x is about 0



20 3. ~An.i.nproved curabl e polynmeric coating conposition conprising or
obt ai ned

conbining at | east one set of polyner form ng reactants
sel ect edﬂﬁ’!{ﬂlﬂ@ﬂ'ﬂ””t nsi sting of pol yur et hane formn ng
react ant W,,FQ reactants, amno formng reactants and ester
form ng Yedctants; wherein t he i @f+ ovenent conprises including in
sald conposition an organotin salt of a strong organic acid as a
catal yst for MWIECLARME:i on of said pol ymer formng reactants, said
catal yst being selected fromthe group of organotin conpounds correspondi ng

to the faornul aa podystdnabxang sait of a&trong organic acid having multiple catalytic acR{/ley’ r]
‘R Rl err] RSn-g-Sn-Qerr]-Sn-
x(Herr]O comprising a compound of the formula; =~ Rl err] Rierr]

Rl err] and 10 . HRerr]
R- Sn -Rerr] X ( r]O) Rl err]

5 .
wherein each R is ind&vendentl yRseI ected Rom the group consisting of alkyl
havi ng

s R-Sn-O[-Sn-0],-Sn-R - (H,0),
R' R? R!

wherein each R is independently selected from the group consisting of alkjl having
from 1 to 20 carbon atoms, aryl and alkaryl; each R' is independently selected from the group
consisting of OR, OH, OOCR, halogen, and a derivative of a strong organic acid having a pKa
10 ofless than 1 provided that at least one selection for R' is OSO,R, with each R having the same
meaning as above; each R? being independently selected from the same groups as R and R'5n
is an integer having an average value from 0 to 20; and, x is from 0 to approaching infinity when
the catalyst is in an aqueous solution.
2. The stannoxane of claim 1 wherein each R' is independgntly selected from the group
15 consisting of OSO,R, wherein R has the same meaning as R defined in claim 1; R? COO wherein
R’ is an alkyl or aryl group in which the carbon atom bonded to the COO group contains at least
one F,Cl, Br, I, CN attached to it; RPO,H wherein R has the same meaning as R defined in
claim 1; RCrO,H wherein R has the same meaning as R defined in claim 1; F; NO;; C1O,; and,
(NO),C,H,OH ; provided that at least one selection for R' is OSO,R
20 3. An improved curable polymeric coating composition comprising or obtained by
combining at least one set of polymer forming reactants selected from the group consisting of

polyurethane forming reactants, silicone forming reactants, amino forming reactants and ester



from1 to 20 carbon atomns, aryI and al karyl; each Rlerr] is independently
sel ecte consisting of OR, OH, OOCCR, hal ogen, and a
deri vat “mlm"n"mlmmmm' ganic acid having a pKa of less than 1,
with R havirfig the*sahe reani ng as above; pravided that at |east one R err]

I s der.ived from an organi ¢ acid havi? g a pKa |l ess than 1; each R2

s an | it cger R AR, BPIHR DR HBTHFEroRRats e i Sid Ry mJ,Jan

to approach infinity when the catalyst is in an aclueous sol ution. 4,
The conposi ti GFgaBetint|salt #f 8 SngAEsaRiceasid asy eaalyst fiog hwéﬁ:s@n@émldyob@eé&wg
fromthe group consisting of OSJerr] R wherein R has the sane
meani ng as R deaclantecsaidreatalyati being selewfted frgm the@roup of orgapgtir eompomidsrcpiresponding to
al kyl or aryl group in which the carbon atom bonded to the COO group

cont ai ns the formulas consisting of: -27-

at least one F, O, Br, | or CN attached to it: RPJ err] H wherein R has the
sanme neaning as R defined in claima1, Rererr]vahereinRhasthe
same neaning as R defined in claiml1; F, NJerr]; adderr]; and
(NO[err]Cerr]H err] CH provillf]edthat t | east y selection for R is
OSOR. 5. The conpositionvof clai wher ei aid set of polyner

form ng reactants is pol yuret hane 5 formng reactants. 6. The
conposition of claim3 wh sal et of yrrer for ng r (b nts is
silicone pol yner for intsn i‘ii n of claim

3 further conprising a zi nc'or t| n cont ai ni ng cocat aI yst 8. The
conposi tion of claim3 wherein said set of pol yrer form ng reactants is
amno resin R

and
T R
R-Sn-R - x(H,0)
Rz

wherein each R is independently selected from the group consisting of alkyl having
from ! to 20 carbon atoms, aryl and alkaryl; each R' is independently selected from the group
15 consisting of OR, OH, OOCR, halogen, and a derivative of a strong organic acid having a pKa
of less than 1, with R having the same meaning as above; provided that at least one R' is derived
from an organic acid having a pK# less than 1; each R? being independently selected from the
same groups as R and R'; n is an integer having an average value from 0 to 20; and, x is from 0
to approach infinity when the catalyst is in an aqueous solution.
20 4. The composition of claim 3 wherein each R' is independently selected from the group
consisting of OSO,R, wherein R has the same meaning as R defined in claim 1; R* COO

wherein R* is an alky! or aryl group in which the carbon atom bonded to the COO group contains



10 for 9. The conposition of claim3 wherein two sets
of pol mlﬂ;ll Em []j m ants are conbined in sai d conposition.

10. Th |l aim9 wherein said two sets of polynmer formng
reactants are am no pol ymer form ng reactants and pol yuret hane
formng reactants. 15 11. The conpositigg.of claim10 wherein said am no
formng reactants are nel am ne form ng . reactants. 12. An

i nproved coat ia¢easistieal FCINBr, f orl M attachdio i@ RPOSHCRAGEIN R G tife JaineTheahi @k R
containing a coating conpositioh of claim3 and a second | ayer on

top of and in déﬂﬂénﬁﬁkla%tlhREWH\lvﬁe?ém R3%$the same meanfiigas Rl dekiRG 1ﬁcfaﬁﬁ‘t1'p'gNO,,
conposi tion of cI aim 3 but thout the catal yst conponent of claim3 or 20

?(232'5 ai ni ng r eI a?\l;jy%\k@? lé{f%f'c{zérxﬁ?e& A5 e | dzg§ ohk SeldctibRYSER! is OSO~

n |rrpr producing an-or ganot’l P1t of a

SRE ;?p]g or ganl % afhe composxnon of clﬁn iylflerem said set of polymer forming reactanis 1§ﬁ°l{j‘rfth§ﬁ’
CR)]2 [err]- SR— F&’EF‘PFX‘Q‘;I etrsr]O) _ Rl err]

' or
Rl err] '

6. The composition of claim 3 wherein said set of poiymer forming reactants is silicone polymer
forming reactants.
7. The composition of claim 3 further .comprisif'l_g a zinc or tin containing cocatalyst.
8. The composition of claim 3 wherein said set of polymer forming reactants is amino resin
10 forming reactants.
9. The composition of claim 3 wherein two sets of polymer forming reactants are combined in
said composition.
10. The composition §f claim 9 wherein said two sets of polymer forming reactants are amino
polymer forming reactants and polyurethane forming reactants.
15 11. The composition of claim 10 wherein said amino forming reactants are mélamine forming
reactants.
12. An improved coating containing at least two layers comprising a first layer containing a
coating composition of claim 3 and a second layer on top of and in contact with the ﬁrst'layer
containing a coating composition of claim 3 but without the catalyst component of claim 3 or

20 containing relatively less catalyst then the first layer.



R - Sn -W 10 . Rlerr]

wherei n e ently selected fromthe group consisting of alkyl
havi ng m!ﬂ&mﬁm arbon atons, aryl and al karyl; each Rlerr] is
|ndependent*|ycseL the gr oup consi sting of OR, OH, OCCR,

hal ogen, and a derivative of a strong orgar28 acid having a pKa of

less than 1, with R having the sane neani ng as above; provided that at

| east one Rl erk3} As imm@vagpmesa for pmodaning rag anngapotit | sdltiod\ai stepng opddnicl asik of then
1; each R err] being independently sel ected fromthe sanme groups as
R and R err]; formelaan i nteger having an average value fromO to 20; and, x
Is fromO to approach infinity when the catalyst is in an aqueous sol ution;
sai d process conprising reacting the reactants for said organotin
salt in a solvent system wherein the inprovenent conpri ses.
utilizing as the solvent syst a m xt u of at 8§$t two pol ar sol vents

20 wi th one solvent being and t ot her sdi*vent bei ng an al cohol.

14. The inproved process of cIa|n113 further conpr|5|ng the steps of;

(a) cooling and crystallizipg the stapn anelns ixture of polar
sol vents; 5 ﬂ é 6F §< 0] a~ od X(ﬁzd))

16. An inproved esterification or transesterification reac-

tion product conprising a catalyst and reactants capabl e of

entering into an esterificati oRbr tranRsterificRion reaction

In the presence of the catal yst; wherein the inprovenent

conprises including as the catalyst in said conposition an

organotin salt of a strongotrganic acid as a catalyst for the
reaction of said polynmer formng reactants, said catal yst

bei ng selected fromthe group ofR(prganoti n conpounds .

R-Sn-R:- x(HzO)
10 R:

wherein each R is independently selected from the group consisting of alkyl having
from 1 to 20 carbon atoms, aryl and alkaryl; each R! is independently selected from the group
consisting of OR, OH, OOCR, halogen, and a derivative of a strong organic acid having a pKa
of less than 1, with R ha‘;ing the same meaning as above; provided that at least one R' is
15 derived from an organic acid having a pKa less than 1; each R? being independently selected
from the same groups as R and R'; n is an integer having an average value from 0 to 20; and, x
is from O to aﬁproach infinity when the catalyst is in an aqueous solution; said process
comprising reacting the reactants for said organotin salt in a solvent system; wherein the
improvement comprises utilizing as the solvent system a mixture of at least two polar solvents

20 with one solvent being water and the other solvent being an alcohol.

14, The unproved process of clalm 13 further comprising the steps of;

(a) cooling and crystallizing the stannoxane in said mixture of polar solvents;



correspondi ng to the fornulas consisti ng of: Rlerr] R

(I e

Rl err]: -29- R-Sn-Rerr] .x (Herr]O

| R err] wherein each Ris i ndependent ly sel ected
fromthe group (b) separating ghsstanaexangfrom saidiaikturadichg from 1 to 20 carbon
atons, aryl and al karyl; each R err] is independently

sel ected fromthe (c)drying the stanngane fp prodise stystaljinef gr@mlarGlaptacly@alilal ogen,
and a deriva- tive of a strong organic acid having a pKa of’
less than 1, W3.HThe crystalline. granularfRndtacky solidprodued byreha praeess af clainp 1k,

provi ded that at | east one Rlerr] is derived from an. organic
acid having a pKa |l ess - than 1; each Rlerr] being

i ndependently selected fromthe sane groups as Rand Rerr];
n is an integer having an average val ue fromO to 20; and, x
is fromO to approach infinity when the catalyst is in an
agueous sol ution. 17. The conposition of claim 16 wherein -
each Rerr] is i ndependently sel ected fromthe group
consisting of GSJerr] R, _ wherein R has the sane neani ng as
R defined in claiml; Rerr] COO wherein R err] is an alkyl
or aryl group in which the carbon atom bonded to the COO
group contains at |east one F, d, Br, I, or CN attached to
it; RPJerr]H wherein R has the same neani ng as R defined
inclaiml, RCrJerr]H wherein R - : has the same neaning as R
defined in claiml; F, NJerr]; dderr]; . and,

(NO[err]Cerr]Herr]OH provided that at | east one selection for
Rlerr] is GSJerr]R



