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WD 2004/ 060951 PCT/ US2003/ 038436 - 1 HI GH | MPACT
POLY( URETHANE UREA) POLYSULFI DES [0001] This

wWa@ppHioe®wsi on is a continuation-in-part appli cBtT/082003/038436

United States Patent Application having Serial 5 No.
10/ 287,716, filed on Novenber 5, 2002; and clains
priority from Provisional Patent Applications having
Serial Nos. 60/435 537 and' 0/332,829, filed on
Decenber
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‘ act resi stance/strength. [0005] The present
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[0004] " Thus, there is a need in the art to develop a
polymeric material having an adequate refractive index and
good impact reéistance/strength.

[0005] The present invention is directed to a ‘sulfur-
containing polyureaurethane when at least partially cured
having a refractive index of at least 1.57,an Abbe number of
at least 32 and a density of less than 1.3 grams/cm’.

[0006] For the purposes of this specification, unless
otherwise indicated, all numbers expressing quantities of
ingredients, reaction conditions, and so forth used in the
specification and claims are to be undefstood as being

modified in all instances by the term “about.”. Accordingly,

- unless indicated to the contrary, the numerical parameters set
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clainms are approximations that may vary dependi ng
upon the desired properties sought to be obtained by
the present invention. At the very |least, and not as
an attenpt to limt the appriaafion 5 of the. doctrine
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functional grou term "i socyanate" refers to a

d9aP8t e whPehused IBreigeand the flrimFheclteerumm “cyanate”

regsetdiRcyanalenatehhert 918 S fi%i[')ﬁ]h.?c? gaq{ezﬁnkg Ia‘rcr%%'asl

anat e. 0 In alternate non-lir .
Fhar P yﬁggaﬁ%@% Fite caP2bHR IfFeRPies afsyalent bond with
potyaerivze groeap sm’c?d @ee la ahilﬁﬂl,y g@ﬁkéﬁ&%o rta_)tJ |a:31§lr13t function
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can produce a_polynerizate h g an e nufrberof
gt)n@%logg’o%rlsé%cma@agg aml igothiocyanate functional

groups. The term “isocyanate” refers to a cyanate which is
free of sulfur. The term “isothiocyanate” refers to a sulfur-
containing cyanate.

[0009] In alternate non-limiting embodiments, the
polyureaurethane of the invention when polymerized can produce
a polyﬁerizate having a refractive index of at least 1.57, or
at least 1.58, or at least 1.60, or at least 1.62. In further
alternate non-limiting embodiments, the polyureaurethane of
the invention when polymerized can produce a polymerizate
having an Abbe number of at least 32, or at least 35, or at
least 38, or at least 39, or at least 40, or at least 44. The
refractive index and Abbe number can be determined by methods

known in the art such as American Standard Test Method (ASTM)
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| east 38, or at least 39, or at |east 40, or at | east
44. The 35 refractive i ndex and Abbe nunber can be

waleaenaioned by nmet hods known in the art such BST/US2003/038436

Anmeri can Standard Test Method (ASTM WD 2004/ 060951
PCT/ US2003/ 038436 - 3 Nunber D 542-00. Further, the
refractive i ndex and. Abbe pqﬁber can be determ ned
using various known instrunments. In a non-limting
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polyureaurethane of the present invention are numerous and
widely varied. Suitable polycyanates for use in the present
invention can include but are not limited to polymeric and C,-
C,, linear, branched, cyclic and aromatic polycyanates. Non-
limiting examples can include polyisocyanates and
polyisothiocyanates having backbone linkages chosen from
urethane linkages.(-NH—C(O)—O—), thiourethane linkages (-NH-
Cc(0)-S-), thiocarbamate linkages (-NH-C(S)-0-), dithiourethane
linkages (-NH-C(S)-S-) and combinations thereof.

[0012] The molecular weight of the polycyanate can vary
widely. In alternate non-limiting embodiments, the.number
average molecular weight (Mn) can be at least 100 grams/mole,

or at least 150 grams/mole, or less than 15,000 grams/mole, or
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i nkages (-NHC(S)-S-) and conbi nati ons thereof.
[0012] The nol ecul ar wei ght of the pol ycyanate can
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[0015] In a non-limiting embodiment of the present
invention, the polyisocyanate can include but is not limited
to aliphatic or cycloaliphatic diisocyanates, aromatic
diisocyanates, cyclic dimmers and cyclic trimers thereof, and
mixtures thereof. Non-limiting examples of suitable
polyisocyanates can include but are not limited to Desmodur N
3300 (hexamethylene diisocyanate trimer) which is commercially
available from Bayer; Desmodur N 3400 (60% hexamethylene
diisocyanate dimer and 40% hexamethylene diisocyanate trimer) .
[0016] In a non-limiting embodiment, the polyisocyanate
can include dicyclohexylmethane diisocyanate and isomeric

mixtures thereof. As used herein and the claims, the term -
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well known in the art suct he procedures
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2,680, 127 which HEe incorporated herein by reference.

The PACM i somer mjxtures, upon phosgenati on,

CH,

NCO

cis, trans

cis, cis
[o018] In one non-limiting embodiment, the PICM used in
this invention can be prepared by phqsgenating the 4,4'-
methylenebis (cyclohexyl amine) (PACM) by procedures well known
in the art such as the procedures disclosed in United States
Patents 2,644,007 and 2,680,127 which are incorporated herein
by reference. The PACM isomer mixtures, upon phosgenation,
can produce PICM in a liquid phase, a partially liquid phase,
or a solid phase at room temperature. The PACM isomer
mixtures can be obtained’by the hydrogenation of
methylenedianiline and/or by fractional crystallization of
PACM isomer mixtures in the presence of water and alcohols

such as methanol and ethanol.
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can produce PICMin a liquid phase, a partially liquid
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groups are not bonded directly to the aromatic ring, e.q.,
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polyisothiocyanates, e.g., 4-methyl-3-
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AX A OLYANRHRen?dy ¢, to Cy alkyl.

35 il? %%@ﬁﬂé%%%e%ékﬁsocyanatgn g%cane?hy ene’

oﬁologéd:yanatl%lrthgmn@'l =kimid RE yeEreRdiest RY| ehigphatic

%d&?‘%g%@yﬂ&es Lofs %ﬁcyméegaﬁﬂéﬁé 0GBk eate,

exanmet hyl ene triisocyanat

£ 25 g PEb ey L GORY EFE oy SRS ORRU RIS fkhgocyanate,
%e’i,a%et:ﬁyn%w)dnls&yéimatsegc wan?metl‘@](ar@o dy anatymettky| ) 0 ,
ctane i anat oet hy a
kﬂ9§ﬁp§5§¥aﬁ%ﬁ‘%?ﬁ§¥¥%ﬁ?Fe’ 3 ? |§ocygﬁa%%ﬂt%ne dijsocyanate,
@}QlﬁsorymmmnxﬁhgxaneaﬂEﬂquVgnﬁ9ﬂt|@ﬁﬂ§m§ﬁﬁveene

diisocyanate, 2,4,4,-trimethylhexamethylene diisocyanate,

1,6,1ll-undecanetriisocyanate, 1,3, 6-hexamethylene-
triisocyanate, 1,8-diisocyanato-4- (isocyanatomethyl)octane,
2,5,7—trimethy1—1,8-diisocyaﬁato-5-(isocyanatomethyl)octanef
bis (isocyanatoethyl) ~carbonate, bis (isocyanatoethyl)ether, 2-
isocyanatopropyl-2,6-diisocyanatohexanoate, iysinediisocyanate
methyl ester and lysinetriisocyanate methyl ester.

[0025] Examples of ethylenically unsaturated
polyisocyanates can include but are not limited to butene
diisocyanate and 1,3-butadiene-1,4-diisocyanate. Alicyclic
polyisocyanates can include but are not limited to isophorone
diisocyanate, cyclohexane diisocyanate, methylcyclohexane
diisocyanate, bis(isocyanatomethyl) cyclohexane,

bis (isocyanatocyclohexyl)methane, bis (isocyanatocyclohexyl) -



nmet hyl ester and lysinetriisocyanate nethyl ester.
[ 0025] Exanpl es of ethylenically unsaturated

w@olngiosslyanat es can i nclude but are not |i m tRAI/U82003/038436
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butene 30 diisocyanate and

1, 3-but adi ene- 1, 4-dii socyanate. Alicyclic

pol yi socyanates can include_hut_are not limted to
|sophorone di i socyanate, cycl ohexane dii socyanate,

U%Jﬁ Sl LN B BNE 08U RERY Ry SE1 0GHARRY Ot ! )
|'ohexane, bis(isocyanatocycl ohexy nethane

BFQFY%W}%ME: y%r @féﬁypyanwpﬂﬂwl@eégsaocyanatomethyl-
B@ééﬁ;p‘o&/ .G38436tamne,8 2-2sBcPirO@ARELY1 -3 - (3~

his |soc¥anato %9%%x$§%e§%W§§8grgﬁﬁVfl%[%é%%iaﬂ%ﬁtane’

thyboctytcinef By 2- 4] (3hdpbapana tBiropyy AR5t Dietyhpht Guétthyl -
Ibtngcgflo? 9pr9pyL)e 8id SOCY B0 QIR nPh Cy (Rl 2. 2. 1] - he

zspsmwmr@m hy$ - ngcyapsb@ry%mmlawéwylo 52 B-iLd obgRiRRe

OTBLOW andtdmeth iZ&ZBILsB@9£§€Ehpropyl -(2
2-|socyanatone

.@96&]%%&%&#@(&%;1%1@68;7 Anht JHRRURARE- b? cwwﬁﬁa‘éomt%l -2-
RBQB@ocyanatopr?ﬁyl) -5- (é 1sgcyanatﬁft?gl) -bicyclo[2.2.1]-

-

ebRos SRR ATt R BPL VAL SRR e Gl ) - -
zsbspawauuﬁuhwébhyiejblulz 2.1] -heptane. .
(@fbégcvan%&%gg@y' Jr rbhal BOPAALBEL I deLiAUEL Oh 212

4 spspeyAfataFPEPRy TR OE- PSBRSA SISty Fg - eiq promatic ring

icaacyanatRetiy! hxbigycheh2eda 1ds hept ane. [ 0026]
Exanpl es of aromatic polylsocyanates wherein the

|bs§dyaﬂ@x@agp@9b§1w@z|¢@? bBrded ' réetrymeginipylene

1 QUBLY fnddd19 118 5@@% 11GbUgen Bl - R AP e iyl bed zERe ,
bls(lsocyanatoe enzene,

Rig! aSO%vartaépPaﬁﬁ HyAnapnenebidf iaqsypapLpRethyl) naphthalene,
bid+ bé@&ﬂaﬂa&t@ﬁﬁéaﬁﬁl Qtiphealhyeetidy,| Hienzeseyanatoethyl)

ocyanat Q nzene
B e bR IS AR 0 i aROR kR aRke and 2,5-
liid ( Esceyraatrenrby hyfyinpheAybmat hrepolyisocyanates having

h

DPBEACIE MEREE hlged” R PILEEY A cHiE kiR ring can
Ansrate coolayies Bey ahidtidedh Ao PRENY 1S58y ﬁhh%%cl@néﬁﬁs
hendeghdhyrcld Wit Sodeate)Makd rdpyu@h@aplem@cdladecpaﬁate,
are not_limted t henyl ene j S ate
SiRGE PRERRAEHE g LHRSFYAREES | %ﬁsﬁyﬂsﬂw . fiisocyanate,
(ﬂlusepyé@yﬂpﬁen&Eederﬁﬂﬂsdcphamyéermrnmetspt@enzyne
Frisayeheivd eReadllo 9GH308h fanatl | $ABRERYI BReNY! ene

|socy
dllsocyanate, methylnaphthalene diisocyanate, biphenyl

diisocyanate, ortho- toluidine diisocyanate, ortho-tolylidine
diisocyanate, ortho-tolylene diisocyanate, 4,4'-
diphenylmethane diisocyanate, bis(3-methyl-4-
isocyanatophenyl)methane, bis(isocyanatophenyl)ethylene, 3,3’ -
dimethoxy-biphenyl-4,4’'-diisocyanate, triphenylmethane
triisocyanate, polymeric 4,4’-diphenylmethane diisocyanate,
naphthalene triisocyanate, diphenylmethane-2,4,4’-

triisocyanate, 4-methyldiphenylmethane-3,5,2’,4',6'-



triisocyanate, benzene triisocyanate, naphthal ene
di i socyanat e, net hyl napht hal ene dii socyanate, biphenyl

W(alrzoog/@wanat e, ortho- toluidine diisocyanate, PCT/US2003/038436

ort ho- tolylldlne 30 diisocyanate, ortho-tolyl ene
di i socyanat e, 4 4' - di phenyl net hane dii socyanate,
bi s( 3- et hyl - 4- |socyanatophe@yl)nethane
b|s(|socyanatophenyl)ethylene 3,3 -

‘ :}Jeﬁﬁ%'ﬂ%’ EEHaQQenaipléerﬂzle%e&»ogy@g&ty%natél phenyl net hane
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riisoc anat e, meric 4' -dip | met hane .
dnqséeéywaetopésnﬁﬁ%ﬁmﬁleéhgl?wq anat e,

‘ﬁl@h@BM&fﬁﬁéﬁ%@ﬁeﬁyﬂeﬁher)LﬂlBSpr@yHHheglycol benzophenone

mat @%%fhenggge %f" ;Siéﬁ‘lsg ¥%%§/aﬁat eﬁ\o%i %en%q%?ﬁér

cﬂulseeyamﬁﬂaaand dlchlorocarbazole diisocyanate.

d%%bzocyaQ§rgB eny+ L?%Qyépr £¥08£ 1i hat;c and

ocyana ene
b@r@ophepimtac dwsg@xmme@ that baazblb@ Eﬁ?@o’cfya\?ﬁl@t gresent

g&hﬁé&le%@aﬁ@l%dé gLim@ﬁ@eem@myldecal ot oeaidrazal e

I'1socyanate. [0027] Further non-limting exanpl es
AYPREEKE! drfPcyapaFdal ‘| IHRA" Y. c Vit % oSy SRY B e égﬁllable
b@kdﬁSﬁchrCHdMicaﬂesﬁﬁd mdﬂEVEBtrémEﬂhylkyNEne diisocyanate

i SO an to-neth -t
CVUP ﬁg§yf E%E??ﬁ%g? %ﬁﬁ eggymh|§ﬁnge%6ﬁ%é¥bﬁg||y
avainleabi 21 10 aﬁradxﬂrameofrﬁne@umad: Iradm@trles Inc. under the
ybxyl e N “
r%ta?g %aﬂ?sﬂgc%}g%at g\@?‘%) iﬁig%ﬁet hyl) Isgg%iréarl]tee) which is
cmﬁ%ﬂm al |gp avapnabir@eltflm@rrﬁ@@%“qq’?d%tF¢%§rleﬁ”€nt ’
undentt Bg, tH2densnaR: IMEa E?Mozﬂ\ﬁﬁﬁ):lﬂ diﬂﬂiﬁdjfanates for

Isocyanate [0028] . In.a non-lTimti enb nmen
GHe8s éfit Che 1BF GvREn L FREE T AR PRGN & ot " Bnpolifas
i lcdal Ephadlc rRAi(NSOLY ahatesn forcepuresenits 'darhelppbseit group

i nventi o n.include TMXDI and conpounds of the
9 U RRT NG L 2y

rein R represents an aliphatic
gl‘anm] or aﬂccydhmatlmaxa@pgeau@f HO@20pcunatssicanng

485,91 ﬁgﬂﬁ%‘ f%ﬁﬁ?%ﬁa%@g gghﬂd?ﬁhﬂges@ﬂfﬂ%ﬁﬁﬁhﬁkageé

po yi socya Hat es c ul fide |1 nkages _such as
t st hyio@q%éyéhw@ywtédu Hrinsiprarys gkiidingyanate,

dﬂiﬂﬂﬂ%@hﬂ@%ﬁi d¥1b§@9¥ﬁﬁﬁﬁ53dlﬁbﬂﬁiiéﬂﬁféhéoﬂﬁlsocyanate,
di j socyanate, i.t hi od | V. a
Cﬁ*qhH9&FE?E§¥1(ﬂll§88¥ dlag %éﬁﬁg é§%socyanate,
dﬂit&ﬂ@)ﬁapﬁbpﬂanﬂ1§bcymhali’EE)aylldsdh.éydle}h¢x4ﬂsulflde -4,4" -
diisocyanate. Non-limiting examples of aromatic
polyisocyanates containing sulfide or disulfide linkages
include but are not limited to diphenylsulfide-2,4"'-
diisocyanate, diphenylsulfide-4,4’-diisocyanate, 3,3’-
dimethoxy-4,4’-diisocyanatodibenzyl thiocether, bis(4-
isocyanatomethylbenzene)*sﬁlfide, diphenyldisulfide-4,4’ -
diisocyanate, 2,2’-dimethyldiphenyldisulfide-5,5’-
diisocyanate, 3,3’ -dimethyldiphenyldisulfide-5,5"'-
diisocyanate, 3,3’-dimethyldiphenyldisulfide-6,6'-
diisocyanate, 4,4’-dimethyldiphenyldisulfide-5,5"-
diisocyanate, 3,3’-dimethoxyqiphenyldisulfide—4,4’— .



25 diisocyanate. Non-limting exanples of aromatic
pol yi socyanat es containing sulfide or disulfide

WO 2ovkag®s1t i nclude but are not limted to PCT/US2003/038436
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di phenyl sul fide-2,4'- diisaocyanate,

di phenyl sul fi de-4, 4'-diisocyanate, 3,3'- dinethoxy-4,
4' - d||socyanatod|benzyl th|o$hher bi s(4. 30 '
|socyanatonethylbenzene) su

uly ) &% disulfide-3,3'-
SRS ety s A sl de 3 30
@lQSOGY&ﬁﬁqﬁyldlphenyld|sulf|de 5,5"- diisocyanate,

Jo930fli et kphdi phenldicsdh §1Q§ $o16/i50d hE9EANAERE include
4, 4" -di met hyl di phenyl di sul

i de-5,5" 35 di anate
3r9maa+¢re&qm§a%msﬁsmcgmtﬁaabn94 3411%82%‘%7 as
%@%& : ﬁﬂﬁ&3364'=dﬁ£bod@??aeéyanqm&naﬂdulfone -3, 3'—

I met hoxydi n I de- 3, anat e.
[(HESOFYRGHS/ |§FFEﬁ§ gb?yﬁé§i§f§ka§%§gcan
|d1@hadglmamam&tsu¢fgm¢34,gdeﬁamaowrmﬂ a#ni ng sul fone

IIHE% %gﬁ#ﬁhnéﬁgagegﬁlI?Eﬂbsglfégﬁéd%y%nagé|S@QManate

socyanate '
men@tapn@mhe@ﬁésulﬁon%% 36ciabep@anate, 3,37~ -dimethoxy-

0 Qheﬁﬂé'@é}}h@ﬁ%%blﬁu@ﬁ@yl%ﬂfoﬁbl spoyanat e, 4-

met hyl di phenyl net hanesul f.on di.i sogyapat e, 4.
$HmstRS ﬁ;?PEE?%rFe% gém%ffﬂrt?c%?an%% it piey -
1££@hedyn§mlﬁbﬁ¢ -3034; dlxsbdyanayanmmdxn Eeﬁzylsulfone

| t '
Ailfhla’rfoém e\éﬁlqtsyF?n%? p%e ??%’ﬁ ﬂjal’f gocélalnzoiyanat e
aod34) 4" - dqomhu@mgmrmwmmmeso@% F@atdii sekianigt anide-
[ %%ig{?typ ta't@' ESANY LS nOfn@ OBl $HI-EANd can

pol yi socyanates for use _in the present .
|#ﬂﬂ§#@?0ﬁ mgﬁhyh Bclggevanato-benzene-sulfonylanilide-3" -

%éﬂ@ﬁ;{iyh &é&@%ﬁaeat od hesizenese Ut &9y cahiyl bded Fimine-4, 4" -
- -1S0C

TSRS ERRRLR 1 émﬁ -E‘?H@?}af&eeaﬂzs&eﬁ‘élﬁowl ShYsesHRL e
LA ~HEEh@uydnateeaeéu4fmﬁqnyleshy$ewmﬂnaMQ benzene-

‘SEEJU[%T anl ate ﬁgl“zrﬁ%%\éggﬁ%%g?gyanato benzene 20

an| -1S [0032] In
aIQQ&2ﬂate mbnaumﬁrnahg Qﬂﬁmidmﬁéhmg enligsliments, the

%&}éﬁ%gEﬁiéﬁ§ﬁﬂé%%e Qﬁnlﬂéwﬂd%dﬁlﬁﬁhéﬁﬁﬁ|p%1ylsothlocyanates,
sot hi ocyanates; alicyclic golglsothloc¥ana2%§to

sifdieysd igupo sqtpﬁpggﬂnqq?s, suc but not

cyclohexane diisothiocyanates; aromatic polyisothiocyanates

imit

wherein the isothiocyanate groups are not bonded directly to
the aromatic ring, such as but not 1imited to o,a’ -xylene
diisothiocyanate; aromatic polyisothioéyanates‘wherein the
isothioéyanate'groups are bonded directly to the aromatic
ring, such as but not limited to phenylene diisothiocyanate;
heterocyclic polyisothiocyanates, such as but not limited to
2,4,6-triisothicyanato-1,3,5-triazine and thiophene-2,5-
diisothiocyanate; carbonyl polyisothiocyanates; aliphatic
polyisothiocyanates containing sulfide linkages, such as but
not limited to thiobis(3-isothiocyanatopropane); aromatic
polyisothiocyanates containing sulfur atoms in addition to .

those of the isothiocyanate groups; halogenated, alkylated,



cycl ohexane dii sot hi ocyanates; aromatic
pol yi sot hi ocyanates 25 wherein the isothiocyanate

w@e@dp609ar e not bonded directly to the aromat PCT/DB2093/038436
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such as but not limted to a,a' -xyl ene

di i sot hi ocyanate; aromatic pol yi sot hi ocyanates wherein
the isothiocyanate groups are bonded directly to the
aromatic ring, such as but not linted to phenyl ene

%ilkéggﬂlgéa/ a@ﬁt:%ﬁt%’ fteatr%ee%mé: Rl ¥k 88t hiasy aBat £seq

Suc not
2nd, bigret mqarufwﬂn%ﬁ@ﬂfftgvsswﬁ dhene aﬁHYlsothlocYanatesl '

tRG0RNREEr 2D andi t8ohd¥ideMapab@ictEAFOBYbse
polylsothlocyanates al i phatic polyisothiocyanates

EORYAPAF P HAPAEER - | | nkages, such as but  not. I mted

t[QOBB! obi s @&mni- samhtn@/mmppe@me)l;paaaﬂat ic 35
|sothloc tes.c i i _
BRIV RO PRESE SR R atatidrtli ok eddhnane, 2.3

hﬁhege}mm%ﬂé@ﬂ@g{bﬁ&@@, We- Q@M@@mnatobutane and 1,6-

RGELL gg?%gycﬁg%%%gg%cane 11 yoal koxyd ﬁ‘lge ‘jzxaﬂlbfl cated aromat ic

car urea nodi fi and bi uret
modivh Feth tRFVAPRLEY e8I BING Hégéhwxﬂr@&feh pHeYRM, ftapded
AN At Ipria Qﬂleaﬁgroﬁléti@rﬂlhgd c@ﬁ Oﬂ'b.@hﬁeofaut hese not limited
poI i sot hj ocyanat es. %% 033] ﬁlng exargg&)egzgrfle
hat PSPy BRAT EFes H}&é’ cyana '
L,Z*—dh.hé@fﬂhimiy}a&aabbmm 214Bdllsothlocyanatotoluene, 2,5-
j.i o anat opr d ut.ane
E :c:ﬁyana%toh ?‘ogggén}g? o%eéangifﬁoéﬂ]]%‘aﬁ?ﬂ?%%ble%anpl es
ch‘lp@lecmét i & L'polephg bemlie/4naseshinfriang tPEeriitsdy ahat &

Qr(e%@&eﬂgﬂpse@ -L%o@hw@}alﬂétboztlh@twlmtﬂeaerl ng, 0an

incl tde but are not limted

TeEILPOR T Gy aRATbBEIEE, 3 Tethylbenzene) , 1,1 (L,2-

]et:fraglbl-aﬂffih) wigy@nakobeasa@atobenzene) , 4,4’ -
nato nzene,

2 PO A A ARAr Ot BT (GG p# g2 ~ddisothioeyanato-3, 3+

diingabirl beyzowtenomex ybemanil ide-3i 4 ‘sctillisothaerttamatel’ -

gcii%rllx%%%het&efl—'Af,rﬁet—Bng&ﬁﬁ'o%g/éhh@QtJH(P G ARBhPLGNZRNG) ¢ -

rF’bitiI%ﬂtéﬁébY%f(an -sot hi ocyanat o- 2- et hyl benzene), 1,1'-

”ﬁf(ﬁ\ﬂe ingbl %ﬁ:ébﬁ.@g Béﬂ%&@rla%@iﬁl é@dﬂiﬂc@@ﬂ&@%@)can 1;1c lude
et hane- di i's i,SO c at obenzene

AU 2rg pebt B 5¥ % SFHERE ‘#fel%%mcyanazt

dnhan@dli 591 Mimspamamyanaaie, dhppbiid BErizophiocyeate, 1,3-

enzani |.i.de-.3 I, e,
g?eﬁ}?gwflei:%rbdwl gl éggéﬂ%ﬁ%@gg% ot ].ezlp bgnzenedlcarbonyl
diljpleenpianvaeate 4nd @R ottHicyejahagle 4,4’ -dicarbonyl

diisothiocyanate. Non-limiting examples of aromatie
polyisothiocyanates containing sulfur atoms -in addition to
those of the isothiocyanate groups, can include but are not
limited to l-isothiocyanato-4-[(2-

isothiocyanato) sulfonyllbenzene, thiobis(4-
isothiocyanatobenzene) , sﬁlfonylbis(4—isothiocyanatobenzene),
sulfinylbis (4-isothiocyanatobenzene), dithiobis (4~
‘isothiocyanatobenzene), 4-igothiocyanato-1-[(4-
isothiocyanatophenyl)—sulfonyl]—2—methoxybenzen§, 4-methyl-3-

isothicyanatobenzene—sulfonyl—4’ -isothiocyanate phenyl ester
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[ 0034] Suitable carbonyl polyisothiocyanates can

include but are not limted to hexane-di oyl
walrigostsocyanat e, nonanedi oyl dii sot hi ocyanaP@&l/us2003/038436

carboni c diisothiocyanate, 1,3 25 benzenedi carbonyl

di i sot hi ocyanate, 1, 4-benzenedi carbonyl

di i sot hi ocyanate and (2,2'-bjpyridine)-4,4"-dicarbonyl

di i sot hi ocyanate. Non-limting exanples of aromatic

m.\/z;'-%@th QCQ/%&ﬁo@%ﬁéﬁdﬁeﬁgeﬁHL&C;Mfcﬁ{yqriﬁllﬂde 37
dition those of the isothiocyanate groups, can

mﬁﬁbﬂdé baﬁo%?%xﬁ@PaE% linmited to
fod At hi oci@nati@ri4ihg 2examples of polycyanates having

4_%%8 Oty% QLY. agg% O: :iﬁsﬁu# Hféo n¥ X aq:e 4 Zg?:%%bst Q:Ltr? b:ﬂnsc(lude aliphatic,

§ldé$ﬁl¢bblaﬁémaﬁmﬁ:hhetgfwmﬁdﬂmenzene¢qnta1n sulfur atoms in
fi.n |s sothipeyanat |o

LU Vi 20 VPR AURIRBIEL i b5{ i ine

sot
ﬁmﬂeﬁc panavdpieiyryaraftodyicilude nlé‘tith @FWb éﬁE eh?emlted to

f§§1 hago 3- 1sothlocyanatopropane, l-isocyanato-5-
ot hi'cyanat obenzene-su| fonyl -4' -1 sot hi_ ocyanat e hen

b%qférlqmazeewml PCI8PE65 P08 B4 YR iocyanay
fss@idhdodatBei Aeypanssehanaeneisikboradaani-ki de- 3' -

-4 - othlo anat e.. [.0035 imting exanples
b?o{ﬁ%%ﬁ¥?§ﬁ PEL I ane’isdf?ﬁﬁng@%ﬁ% i sot hi ocyanat e

gs@nhmboyanatnbémzhneal&pm@uhxi 35igbrygmiticc,l-ar omat i c,
&% g%(,%'nhﬁobgﬁz Qntal Dséei}gﬂartoahoasdilrgot@ngyw&a 0

ose e I sot |ocyanate groups. Non-
bx%w@%a@fmguc‘%rlﬁ@lcyé?%‘?%ﬂes Hsﬁéhaa%YﬁﬁtoaldéPﬁ%?Yl

l.];_u'nffcfed @ 2115.5(5@%31‘1%331; 9+ 3rd ot Bicosyanad ikphgpanesul fide .

i socyanat o-5 i sothi pcyana nt ane,

1093%cyanatB- %IF§b9ﬁWbE%%%é?gﬁ§%Qﬁﬁt polycyanate can
béoxﬁe/iﬁhﬁdowathoatyladtﬁoéhhmwm epnﬂ.aimmg/anaénidl to form
i sothio natoc xane 1.S0

?SQR{$9f%§ ﬁg?o% é%wé% ?g% %ﬁﬁé?taﬂnlng
msmmsd@/amgt U@exﬁcbm;d known in the art. Non-limiting

%x é@a%gkplﬂcfhég 8&8&§¥3@Hﬂ@€%nlﬁg3m§%éﬂib§§'Q@ch as but

ocyanat o- 4 -|sot |oc anat o- di phenyl 15 sul fi de and
ot sbidyidipgt 502P 1 ¥ Hi seif&m%mtéﬂﬁwg Jrekerfipds such as

HRO3d e llrinateanté Ilﬁ;ldtrbﬁgl efthadiidmal, pdhesyiakivey anaie SH-
can pe reacted

acti ve hyd nt ai
ar et RS JoFOF LS PHaPy o dtmne ol SRSTSA e Brbt Hhiete:
by dregen-icdst aanimgy bowht hydm}sflalaadvahl@d fapgtikooah in
t he art. Non-limting
groups .
[0037] Suitable hydroxyl-containing materials for use in
the present invention can include a wide variety of materials
known in the art. Non-limiting examples can include but are

not limiﬁed to polyether polyols, polyester polyols,

polycaprolactone polyols, polycarbonate polyols, and mixtures
. thereof. |
[0038] Polyether polyols and methods for their preparation

are known to one sgkilled in the art. Many polyether polyols
of various types and molecular weight are commercially
available from various manufacturers. Non-limiting examples

of polyether polyols can include but are not limited to
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20 exanpl es can include hydroxyl-containing materials
such as but not |limted to polyols; sulfur-containing

woraoe06@bs such as but not |limted to hydroxyPCT/US2003/038436

functional polysulfides, and SH containing materials
such as but not Iimted to polythiols; and materials
havi ng both hydroxyl and thi functional 25 groups.

[ 0037] Suitable hydroxyl containing materials for use

in. _ the t C t
B S B HLE, R B P eS80 O
Eahywxuahl\v@éebgtp@rx@l sneen| beri prapagedph ERIREA2B6E Yt

{> ofagl yoirx%,a %%np@m;c_@m | Abangemo) ¥ol s,
ycar onate pol yol.s, and ures .t hereof. 0038]

,P@W@ssr@kyéép?& Yo CABt H%d%r@mﬁreéheh EmSt

a1 Ry KWb:di @e PN6r SKindik@drknot ramtene Nhih}deml yletihg racid-

polyols. of v pes a r. wei re
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wherein m and n can each be a positive integer, the sum of m
and n being from 5 to 70; R; and R, are each hydrogen, methyl
or ethyl; and A is a divalenf linking group such as a straightA
or branched chain alkylene which can contain from 1 to 8
carbon atoms, pheﬁylene, and C; to Cy, alkyl-substituted
phenylene. The chosen values of m and n can, in cowbination
with the chosen divalent linking group,'determine the
molecular weight of the polyol. Polyalkoxylated polyols can
be prepared by methods that are known in the art. In a non-
limiting embodiment, a polyol such as 4,4'-
isopropylidenediphenol can be reacted with an oxirane-

containing material such as but not limited to ethylene‘oxide,
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wherein mand n can each be a positive integer, the
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di®l@le in each other so as to form a single phase.

[0041] A variety of polyester polyols for use in the
present invention are known in the art. Suitable polyester
polyols can include but are not limited to polyester glycols.'
Polyester glycols for use in the present invention can include
the esterification products of one or more dicarboxylic acids
having from four to ten carbon atoms, sﬁch as but not limited .
to adipic, succinic or sebacic acids, with one or more low
molecular weight glycols having from two to ten carbon atoms,
such as but not limited to ethylene glycol, propylene glycol,
diethylene glycol, 1,4-butanediol, neopenfyl glycol, 1,6-
hexanediol and 1,10-decanediol. Esterification procedures for
producing polyester polyols is described, for example, in the
article D.M. Young, F. Hostettler et al., “Polyesters from

‘Lactone,” Union Carbide F-40, p. 147.
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1, 3-propyl ene glycol. Conpatible 20 m xtures of

pol yet her poI yol s can al so be used. As used herein,
"conpati bl e" means that the pel yol s are nutual l'y

sol ubl e in each other so as to forma single phase.
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[00}44] In a non-limiting embodiment, the glycol material
can comprise low molecular weight polyols such as polyols
having a number average molecular weight of less than 500
grams/mole, and compatible mixtures thereof. As used herein,
“compatible” means that the glycols are mutually soluble in
each other so as to form a single phase. Non-limiting
examples of these polyols can include but are not limited to
low molecular weight diols and triols. In a further non-
limiting embodiment, the amount of triol chosen is such to
avoid a high degree of cross-linking in the polyurethane. The

organic glycol typically contains from 2 to 16, or from 2 to
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15 Sui tabl e pol ycarbonate polyols can include those
commercially available (such as but not limted to

w@Raneoe9biTM 107 from Enichem S.p. A ). In a  PCT/US2003/038436

non-limting enbodi ment, the polycarbonate polyol can
be produced by reacting an organic glycol such as a
di ol , described hereinafter d_in connection 20 with
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can include teresters produced from at least one low molecular
weight dicarboxylic acid, such as adipic acid.

[0047] Polyether glycols for use in the presenﬁ invention
can include but are not limited to polytetramgthylene ether
glycol.

[0048] In a non-limiting embodiment, the active hydrogen-
containing material can comprise block polymers including
blocks of ethylene oxide-propylene oxide and/or ethylene
oxide-butylene oxide. In a non-limiting embodiment, the
active hydrogen-containing material can comprise a block

polymer of the following chemical formula:

(I’') H-{O-CRRCRR-Y,)a- (CRRCRR-Y,-0)y- (CRRCRR-Y,-0) .-H
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and trinmethyl ol propane; and isoners thereof. [0045] In
alternate non-limting enbodi nents, the 15
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cyclic alkane polyols, such as but not limited to
cyclopentanediol, cyclohexanediol, cyclohexanetriol,
cyclohexanedimethanol, hydroxypropylcyclohexanol and
cyclohexanediethanol; aromatic polyols, such as but not
limited to dihydroxybénzene, benzenetriol, hydroxybenzyl
alcohol and dihydroxytoluene; bisphenols, such as, 4,4'-
isopropylidenediphenol; 4,4’-oxybisphenol, 4,4'-
dihydroxybenzophenone, 4,4’-thiobisphenol, phenolphthlalein,
bis (4-hydroxyphenyl)methane, 4,4'-(1,2-ethenediyl)bisphenol
and 4,4'-sulfonylbisphenol; halogenated bisphenols, such as
but not limited to 4,4’-isopropylidenebis(2,6-dibromophenol),
4,4' -isopropylidenebis (2,6-dichlorophenol) and 4,4'-
isopropylidenebis(2,3,5,6-tetrachlorophenol) ; alkoxylated
bisphenols, such as but not limited to alkoxylated 4,4’-

isopropylidenediphenol which can have from 1 to 70 alkoxy
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1, 4-butanediol, 1,3 15. butanediol, glycerol,
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[0053] In alternate non- 1;m1t1ng embodiments, the
polyurethane prepolymer can have a number average molecular
weight (Mn) of less than 50,000 grams/mole, or less than
20,000 grams/mole, or less than 10,000 grams/mole. The Mn can
be determined using a variety bf known methods. In a non-
limiting embodiment, the Mn can be determined by gel
permeation chromatography (GPC) using polystyrene standards.
[0054] In a non-limiting embodiment, the‘sulfur—containing
active hydrogen material for use in the present invention can
include a SH-containing material such as but not limited to a

polythiol having at least two thiol groups. Non-limiting -
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mercaptoacetate) and poly(ethylene glycol) di(3-
mercaptopropionate), and mixtures thereof .

[0056] In a non-limiting embodiment, the polythiol can be
chosen from materialé represented by the following general

formula,

SH

O CH—CH; O- Rr—SH
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conmbi nations of such |inkages. As used herein and the
clains, the terns "thiol," "thiol group,’

WO p@roepPsn” or “nmercapto 10 group” refer to anP€BHS2003/038436

group which is capable of formng a thiourethane
linkage, (i.e.,-NHC(O-S-)'" wth an i socyanate group
or a dithi oruethane l'i nkage 6p.e.," -NHC(S)-S-) with

an isothiocyanate group. [0055] Non- I i mting exanpl es
Rhestid a0 snd@qi YEhh e 3R 1ﬂéeﬁ>é}fdel:|ﬂ@ buhos¥re ek
limted to 5-di nmer capt onet hyl - |-, 4- dlth
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BRe¥t Dl RS BERerar Sharbera, 0 =sh ([ TER 21—
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% L@?%g%eQéSéﬁ@ 21491 -whsk el tulRl ?ﬂgnﬁeﬁ@n seaahabe

chosen“from straig br anched chai n
alﬁkpybneeth@'ﬁm Pé%}flk'yﬂéﬁ@ropbhém 8RBY hndPRet-iegtafky| -
%Hbﬁirlér&g ed Iﬂhﬁnﬁlhl&!}%r Nof-1 i dind0 embsaifdrts ®f and R, are

stral t qﬁn?rancm chai n al kyl ene can include 5 but
SPER BT Y YR Eed” %%}?@1 FWl ene, ethylene,.
IOBSDIOpy|&he poﬂyﬂhmeOmyb€€mgnthd4bbuggmex&i formula II can
fgggtay;[e%ﬂ%x REDUHISAE nggéy'un p&qt Y| feng
embodlment the polythlol of formula (II) can be prepared from
an esterification or transesterlflcatlon reaction between 3-
mercapto—l,z—pfopanediol (Chemical Abstract Service (CAS)
Registry No. 96-27-5) and a thiol functional carboxylic acid
or carboxylic acid ester in the presence of a strong acid
catalyst, such as but not limited to methane sulfonic acid,
with the concurrent removal of water or alcohol from the
reaction mixture. A non-limiting example of a polythiol of -
formula II includes a structure wherein R; and R; -are each
methylene.
[0058] In a non—limiﬁing embodiment, the polythiol
represented by general formula II can be thioglycerol bis(2-
mercaptoacetate). As used herein and the claims, the term
“thioglycerol bis(2-mercaptoacetate)” refers to any related
co-product oligomeric species and polythiol monomer
compositions containing residual starting materials. In a
non:limiting embodiment, oxidative coupling of thiol groups

can occur when washing the reaction mixture resulting from the



oct adecyl ene and icosylene. Non-limting exanpl es of
cyclic alkylenes can include but are not limted to
weyakopwst yl ene, 10 cycl ohexyl ene, cycl ohept yl P€EUS2003/038436
cycl ooctyl ene, and al kyl substituted derivati ves
‘thereof. In a non-limting enbodi nent, the dival ent
11 nking groups R1 and 'R2 can,be chosen from phenyl ene
" and- alkyl substituted phenyl €ne, such as nethyl,
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| i nkages, such as but not limted to -S S |inkages.
[ 0059] Suitable polythiols for use in the present
WO pwe06G96n can i nclude but are not limted to POI/Ys1008138436
ol i gomers having disulfide |inkages, which can be
prepared 10 fromthe reaction of a polythiol having at
| east two thiol groups and glfur in the presence of .
a basic catalyst In a non-Timting enbodi nent, the
GRd-LA af aﬁ&tﬁo f)% PO el BOROIRIv el OnSHLA U LNpe
' ron1 erein mcan represent an Integer .
fmdnp@miemt;ly amhenmﬂxesn irem eakP Fd BdchBser)f com Pheat
q@ggg {renti oned exanples, such as but not Ilimted to
S-dimercaptonethyl -1, 4-dithjane. In alternate
| n[<9|95H mti fg eRsEuFTEns linkeing srbpdiapnte Ghe pReYthiol
5 fangpedr hyshakl 806u] Gl mnﬂmgeso@waebaﬁnﬁl@uﬂlel fileflerials

S oG VRYE SR LOh kst 0 percem

exanpl es of co-product oligoneric species can include
materials represented by the fdlsmm ng genera
formula: H_(111 ) ~H2 AL - CH CH2- O CR2- S H
s RTYE o S SH H ~H2 -f SRL

-G O CH CH2- OCRZSH n WO 20Q4/ 060951 S—iwH
PCT/ US2003/ 038436 22 wherein RS7and can be as

| %%%&z?qg C%QO\fs?r@s Qgﬂeeg& fx%%eeeageé& ly 1N non-

integer fromO can be at 1east
10 [ldoéting rﬁn&a@éﬂﬁéntno?hql Vtho IfIdEPReRt TeRfReEented by

Rnethi Oﬁorn@llgj g osE B‘ea@;ragaﬁedilkﬁplthedeeéwh@g@s ansl-
can incl ude Trlals reseq;e q% t he fql |l ow
1th sulfu

&éﬁ@F%?aRRﬂW%S X r§/4391th1 ne w r in e presgnce ?f

a basic catalyst, as described previously herein.
[0062] In a non-limiting embodiment, the polythiol for use
15 in the present invention, can include at least one polythiol

represented by the following structural formulas.

20



(V) H~S S )"'~ SH wherein n can represent an
integer froml to 21. In a non- 10 limting
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general formula IV can be prepared by the reaction of
2,5- dinmeracaptonethyl-1,4-dithiane with sulfur in the
presence of a basic cataly__stz,3 as described previously
herein. [0062] In a non-lim¢ting enbodi nent, the
polythiol for use 15 in the present invention, can
i nclude at | east one polythiol represented by the
flOBdW ng Sheustlfidefavngaiatng JPLvEesiols HRMERiging 1,3-
st SS S I gl B)S = #SH
BiphiPlagR Jegad, Sromiig? T 4 P Er P dgiansitey.
Zoonpben 9B cPeTAUsh oty #38R3EPateR DY [FG6RINT IREY™-

?Etk:fﬁ:l Qfoa?élerlzt(o@i'en i glf: %W&e%l\sft@@mgﬂ% itRgn 1:§-é°actingh the

i thiolane (e.qg., .for as a r.1,3-dithiane
g Lor (e v O PN AeBT SR e B B pAsSl By YrereaEean
logatl ktgrexs heredtchl or oacet one wi t h pol ynmer capt an, ‘

edch _ |
TOPShDr captog Ry et ceSRELS Le AliEk ¥ dlymercapans

 tfoer eod . i 0084 rehohion mithngsEratiddorohcetdnalsea include

@)%ltyg?é Capt qq_?nittaertél%tieﬁigbg f@;ﬂgge‘ﬂ@ew lB}h the following
asym di chl oroacet one can include ™ 10 but are not

IforMeed: t o materials represented by the foll ow ng

Hs Ty d > sH

.

wherein Y can represent CH, or (CH,-S-CH,), and n can be an
integer from 0 to 5. In a non-limiting embodiment, the
polymercaptan for reaction with asym-dichloroacetone in the
present invention can be chosen from ethanedithiol,
propanedithiol, and mixtures thereof.

[0065] The amount of asym-dichloroacetone and
polymercaptan suitable for carrying out the above reaction can
vary. In a non-limiting embodiment, asym-dichloroacetone and
polymercaptan can be present in the reaction mixture in an
amount such that the molar ratio of dichloroacetone to
polymercaptan can be from 1:1 to 1:10.

[0066] Suitable temperatures for reacting asym-
dichloroacetone with polymercaptane can vary. In a non-
limiting embodiment, the reaction of asym-dichloroacetone with
polymercaptane can be carried out at a temperature within the
range of from 0 to 100°C.

[0067]1 | Non-limiting examples of suitable polymercaptans
for use in the reaction with the reaction product of the asym-
dichlorocacetone and polymercaptan, can include but are not
limited to materials represented by the above general formula

1, aromatic polymercaptans, cydloalkyl polymercaptans,
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formula, HS"~Y+n "SH 1 15 wherein Y can represent
CH2 or (CH2-S-CH2), and n can be an integer fromO to

w@200406@5non-1imting enbodi nent, the pol ymerPepUs2003/038436

for reaction with asymdichl oroacetone in the present
i nvention can be chosen from ethanedithiol,

propanedi t hi ol , and mi xtur es,} hereof. 20 [0065] The
anmount of asymdi chl oroacet one and - pol yner capt an

ui t abl e -f.or rryi t e 11 Q0 +GA8 d
A R AT e
asymuaiscithereatet one and pol ynercaptan can be present

'[@?ééhe [ CaRLAOT; Tt R Exdiily 2 oRMBYitatch that the

nol ar” rati o of dichloroacetone to 25 pol ynercaptan can
pelymenfapteaily hsulFidpgobe] s tabFBet erqdratu é‘g‘ ftg"re
836t i 0 pRoiitt B iher aagRt Dt lwrbAceebydreingapt ane can
vary. Ina non- lim E&ﬁg k()errbodi rren%, t he react i g{}eralfals
BE{ YA GREBRoaTEt e HOY G EPE apt TR T &9 Ba™
ecapréechird! bat tlse tfelpewaharsonmidlhi,n the 30 range of
fromO to 100C. [0067] Non-limting exanples of

sui tabl e pol ynmercapta fo 39@' thejréaction with
the reaction prodygs t ym [q¢t~chl on0aset one and
pol ynmer captan, can include but are not | Thited to

material's represented by the above general fornula 35
1, aromatic polynercaptans, C£CI oal kyl pol ymer capt ans,
WD 2004/ 060951 PCT/ US2003/ 038436 - 24 heterocyclic

e TSP R AL RO R S: H e e eger
pobynericapboahnkydrs Mef mdesnfegeudeomnot be ¥badt Fon b ten

L NE oo FAAR L 0P, PAUCEAATLE NG, asy AL CALAN @AE8t §NEung
and pol yner capf an, cgﬁ |nclrude but are not limted to
watlr kg Provepe estait da hynt hes 281 LaRPagT figiulato 20 Hs
Mobedl P SHNog-limiting examples of suitable
polymercaptoalkylsulfides for use in the present invention can
include branched polymercaptoalkylsulfides. In a non-limiting
embodiment, the polymercaptoalkylsulfide for use in the
present invention can be dimercaptoethylsulfide.

[0070] The amount of polymercaptan,
polymercaptoalkylsulfide, or mixtures thereof, suitable for
reacting with the reaction product of asym-dichloroacetone and
polymercaptan, can vary. In a non-limiting embodiment,
polymercaptan, polymercaptoalkylsulfide, or a mixture thereof,
can be present in the reaction mixture in an amount such that
the equivalent'ratio of reaction product to polymercaptan,
polymercaptoalkylsulfide, or a mixture thereof, can be from
1:1.01 to 1:2. Moreover, suitable temperatures for carrying
out this reaction can vary. In a non-limiting embodiment, the
reaction of polymercaptan, polymercaptoalkylsulfide, or a
mixture thereof, with the reaction product can be carried out
at a temperature within the range of from 0 to 100°C.

[0071] In a non-limiting embodiment, the reaction of asym-

dichloroacetone with polymercaptan can be carried out in the



10 wherein X can represent 0, S or Se, n can be an
integer fromO to 10, mcan be an integer fromO to

wao4ppean be an integer from1l to 10, g. canP@RUS2IV03/038436

10

.15

20

25

30

35

~integer fromO to 3, and wth the proviso that (m +

n) is an integer from1 to 20. 15 [0069] Non-limting
exanpl es of suitable polynergaptoal kyl sulfides for
use in the present invention Can include branched

Rok QLY gﬁ&&%ﬂé %%hgxka%ateaci%t | N NN LAELINY can be

mer capt oal Kyl.sul fide foor use in :
tsfed epked o ﬁv@h@‘? o‘fﬁrégﬁkanom ey E&Bt B6t hyausty fFdeut not

30k 007016 Theianeeids andkaMH@E&ﬁ@c@Hs Non- 11m1t1ng
pol yner capt oal kégiul fide, or Xt

ur es thf
SFRFBbPR Yoruitellt .arﬁj%cﬁﬁahﬁ%tsr &30 +BA ﬁ%&&&?eof
Fper dbed | o1 amacmhﬁm'es angycpobydiel eApratusicaialy@hgmistry,

e Lmti oI y a ,
% &é%{ﬁt o Ry su?‘fll dgul Etrdg%tqﬁer €0 fufgher
lad tpresen tndom 1ingt I@cﬁnﬂo@dlmm su,r e:hlen aghd arrRiyssucan be
éi%] Bhen ! AP P4l & fflﬁ)&llgeoéﬁzli%aage' ORyBF QML et Bride,

0 yl sul

ynercapt an,  pol yner capt oa ‘tide, or a mxture
ttlﬁPéPé@?SU]cfanﬁeaF%%m ang pigiures thereghr eover,

et ap! e t enRerAbuE o aelaaééa/a t esh \Famys reacalﬂcsh
can vary. In a non- I|mt|n errbo

reFet iR TPPIMGhREr hftdraPh %I%}?%F’c,taﬁ%oﬁ? I?&I#P’ﬁ%,can be

Erod 0M Xtdy aot pbereait by whighte gfcatki neaqﬂrmﬂumxtane

?[:?)823 ri ed t%r?ﬁo%] n?é%tl;]ngn:?ele\%bt ?Jme ,mgzgl%ngga?tlon
tplr@dueacctﬁ mymﬁdaslymr@lccehbneo@miemﬁemwcdtptan can be * .
F 080951
L i T e A
TEEEIYRT  LIRTEChei N it PFSEeReh He @ SBFRct e PERfacan be
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tol uenesul foni c acid, and m xtures thereof. L

[0074] The amount of base can vary. 1In a ‘non-limiting
embodiment, a suitable equivalent ratio of base to reaction
product of the first reaction, can be from 1:1 to 10:1.
[0075]' In another non-limiting embodiment, the preparation
of these‘sulfide—containing polythiols can include the use of
a solvent. The solvent can be selected from a wide variety
known in the art.

[0076] In a further non-limiting embodiment, the reaction
of asym-dichloroacetone with polymercaptan can be carried out
in the presence of a solvent. ' The solvent can be selected
from a wide variety of known materials. In a non-limiting
embodiment, the solvent can be selected from but is not
limited to organic solvents, including'organic inert solvents.

Non-limiting examples of suitable solvents can include but are
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the reaction mxture. [0073] In another non-limting
enbodinment, the reaction product of
asym di chl or oacet one and poI |E}nercapt an can be 15
reacted with poI ymer capt oal kyl'sul fi de, pol ynmercapt an.
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cloo7B® 5 camel emouut afh sohuept e@éh@édsﬂth%ne Igsa non-

SQkn \C‘I% Qﬁ Ml@enl: n angihebienbdident, sbieedeashi 88 from

product ym di chl or oacet one and pol yner capt an can
ﬁbtpeaatEﬁFQﬂQﬂﬁbY weight of the reaction mixture. In

further non-limiting embodiment, the reaction can be carried
out neat, i.e., without solvent.

[0079] In another non-limiting embodiment, the reéction of
asym-dichloroacetone with polyercaptan can be carried out in
the presence of a dehydrating reagent. The dehydrating
reagent can be selected from a wide variety known in the art.
Suitable dehydrating reagents for use in this reaction can
include but are not limited to magnesium sulfate. The amount
of dehydrating reagent can vary widely according to the
stoichiometry of the dehydrating reaction.

[0080] In a non-limiting embodiment, a sulfide-containing

polythiol of the present invention can be prepared by reacting
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15

20

pol yner capt oal kyl sul fi de, pol ynercaptan or m xtures

thereof, in the presence of a solvent, wherein the
waodume9s1 can be 10 selected frombut is not |POT/USINOS/@B8436

organi ¢ solvents including organic inert solvents.

Non-limting exanples of suitable organic and inert

sol vents can |ncIude alcoﬁdls such as but not limted

t hanol , et ha ,a d I romat i
1SRG B VBT e QRO A aE P o2
methehzenk chlbrboétigre,l, ﬁyﬂehlezfolleeieonas shoin &slbut not

limted to nethyl ethyl ketone; water and m xtur F
thereof. In a further non- limting enbodi ment, S
rgacti on can be carri ed out |n t he resence §

Cl ture of tol uene and er hSWinoprBranstgdt em |

an oh-1i mMHghg i ment, This reaction @h b&
20 carri ed out in the presence ofaegdhanol as sol\venf.

[0078] The ampbunt of solvent can widely vary. In a
non- limting enbodi ment, a suitable anmount of sol vent

' [ooﬁfﬁ be fI[hog] err%l%xg%oHeifrﬁmlr@/ e%bgml%rg:f the_reaction

ture. urther non-lTimtin odi rrent t he

‘dlchbemamoeencee kayreesged sk %éapropa%edltmeﬂaom

pro&@d ants R0y 9] 2 1 di @AnekbaetmeN-1l, i3nat tRthebadi BBSIn -
the reaction of asymdi.chl oroacetone with

beld®i yer captan can be carried out in the presence of a
dehydrating reage_nt The dehydrating reagent can be Cl

sglected froma w de variety known in the art. 30
Cl—sui t abl e dehydrating reagents fokewiseorBronstes r eact i@
cap=t@c| uk ebumsl'(g\ﬂo’(gT B ted to Tag™®si um sul f at e. S

The anount of dehydrating reagent camidvary wdely
according to the stoichionmetry of the dehydrating
reaction. [0080] In a non l[imting enbodi nent, a

f|de conta n 3 vt hi o
[003% enti oh &4n }Be %‘r"él gr ed n réT%S lmelt&i/@%rz %16360?951
dicPUT W82 0033/-03848bchiplang qalduhﬁqlr@aeae@twrtél with

EPhe 1) BLOGUEE £
dlmér &%J@éﬂg‘ig%lﬁor o?ret hBI -1, 3-di tdﬁlmglrg%peto als 35 ﬁlthmlane

derb‘é?‘bwe Qf tee pregagy EéMF%tb?n'Braé;n§P@‘dn &eloy- +

¢l Base : \_\ S
s + HsT S Sen — SJ><
‘ S S
[0083] In another ‘non-limiting embodiment, 2-methyl-2-

dichloromethyl-1,3-dithiolane can be reacted with 1,2-
ethanedithiol to produce a dimercapto 1,3-dithiolane

derivative of the present invention, as shown below.

S

SH

ci ' HS——\_S _/—SH
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HS acid 5 [0081] In a further non-limting
enbodi nent, 1,1- dichl oroacetone can be reacted with

wa 2@4p6mpanedi thiol to produce a PCT/US2003/038436

2-met hyl - 2-di chl oronet hyl -1, 3-di t hi ane, as shown

. below C CIl C Lewis or Bronsted Cl O+ HSSH W aci d

SS 10 [0082] I n anot her nopy; limting enbodi ment,
2-net hyl - 2-- di chl oronet hyl -1} % di t hi ol ane can be
reacted with dlnercaptoethylsulflde to pro e a
di mercapto 1, 3-dithiolane derivative of thg present
i hvention, as shown below. SH C HS---\ \ \S [/ S
Cl Base S S""'SSS+ HS"'"~S"~SHSv 15 [0083] In
anot hegi non-1limting enbodi nent, 2-nethyl -
dixchl or onet hyl -1, 3-di t hi ol ane can be react ' :
et pegie |th|oI to BLQg§93Ha di nergapto 1, 3<dix'hi ol"ane SH
&rivat Gle gf 2Me present i nvention, as sh .

28 WP 2004/ 060951 PCT/ US2003/ 038436 - 28" Sy C S S
SSC/SH~\SH + 2 HS S S [0084] In another/
non-limting enbodlnent 2- et hyl -

[0084] In another non-limiting embodiment, 2-methyl-2-

- dichloromethyl-1,3-dithiane can be reacted with

dimercaptoethylsulfide to produce a dimercapto 1,3-dithiane

derivative of the present invention as shown below.

HS,
Cl ' S
oy s
‘ : "N
U +oHs NNy s>fs 87\_-SH

[0085] In another non-limiting embodiment, 2-methyl-2-
dichloromethyl-1,3-dithiane can be reacted with 1,2-
ethanedithiol to produce a dimercapto 1,3-dithiane derivative

of the present invention as shown below.

Cl ‘ HS

QCI s S

7 7 + ~_SH _;__~> ‘ t£z:/ \\//A\SFl
() 2 HS U

[0086] In another non-limiting embodiment, the polythiol

for use in the present invention can include at least one
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di chl oronmet hyl - 1, 3-di t hi ane can be reacted with 5
di mer capt oet hyl sul fide to produce a di nercapto

wQa2@406M98i ane derivative of the present i nvenP¢DOSHG3/038436

shown below. HS C S-\_g C S\ U+ 2 HS""""SSH S S
S \SH .10 [0085] In another non-limting enbodi nent,
2-met hyl - 2- di chl oronet hyl - 1,3-dithi ane can be reacted
vvlth 1,2- ethanedithiol to produce a dinercapto

%n %Jx]@%sl%@ﬁmatﬁr\éga;édo&g txfe%creaﬁﬁeag ajsweagbgib@

pe@g@atm a’héPh%rPﬂdﬁ‘eFFﬁ?’f?#d{Yéﬁb‘ééﬁ%rﬁs fﬂ%gls ows -

polythiol for use in the present invention can

i nglgudeI at . l'east one WD 2004/ 060951 PCT/ U82003¥ 038436

- R ol igoneric poly ioI pp&gear ed

asymldi cht otme1). BeTi Ni-Hh—2 HS /nlg} /\[“Y*\SH
patiynectapt oal kyl suI f| de as -8l ons. R n R + (n+1).

HSI Y 11 ~SHb HS Y" Jx S S- Cy~Jx ASH C -~C -

HCl 5 (IV e ) wherein R can represent CHS3, (@:VBeb

Cl to C10 al kyl, cycloal kyl , aryI al kyl, or alkyl -

Y Can“ﬁqmﬁwtc alrb é;]é}l@l ‘ M@I aal kyle,, Bl (314
aryl, (CH)P(S)m(CH2)q, 10 ﬁg n}l
CrRypYne) neCkR) Y- KAhler 8Fn Hqé]a Ye aﬁ n’feé?g)f enf Gmtp Cio

fan{,»lar@cn@aanglq @Gaﬁoeaﬁhabﬁlﬂmﬂmlp&§$£(m%m 1 to 10;

t 0
R} 0 G0 (Pt by o Al G802 o integer
%!EghoﬁeQQPiQﬁeBéfpﬂ&ﬁp1b¥or§@F¥hﬂﬂ>ccan be an integer from

0 to 10.

[o087] In a further non-limiting embodiment, a
polythioether oligomeric dithiol can be prepared by reacting
asym-dichloroacetone with polymercaptoalkylsulfide, in the
presence of a base. Non-limiting examples of suitable
polymercaptoalkylsulfides for use in this reaction can include

but are not limited to those materials represented by general

‘formula 2 as previously recited herein. Suitable bases for

use in this reaction can include those previously recited
herein.

[0088] Further non-limiting examples of suitable
polymercaptoalkylsulfides for use in the present invention can

include branched polymercaptoalkylsulfides. In a non-limiting

embodiment, the polymercaptoalkylsulfide can be

dimercaptoethylsulfide.

[0089] In a non-limiting embodiment, the reaction of asym-
dichloro derivative with polymercaptoalkylsulfide can be
carried out in the presence of a base. Non-limiting examples
of suitable bases can include those previously recited herein.
[0090] In another non-limiting embodiment, the reaction of
asym-dichloro derivative with polymercaptoalkylsulfide can be
carried out in the presence of a.pﬁase transfer catalyst.

Suitable phase transfer catalysts for use in the present



asym di chl or oacet one wi th pol ynercaptoal kyl sul fide, in
the presence of a base. Non-limting exanpl es of

wa eiotabioslr pol yner capt oal kyl sul fi des for use-iPCT/OBR03/038436
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reaction can include but are not limted to those
materials represented by general 20 formula 2 as
previously recited herein. Suitable bases for . use in
this reaction can include those previously recited

££6%4%10L09§$1kééwﬂ3gﬁ& é}%éd ”‘ﬁbﬂglfm%ﬂﬂﬂgeéxg&?¥ﬁf can

mer capt oa sul fides for use in
prrsladge bh\?eﬁlﬂtﬁt Ggwtcaamiped j fer ltgeapt anamspniun salts and

POL BN & 3P RS S W £488s. | Rnaanedrtidd tﬂoaglmltlng
enbodi nent, the pol ynmer capt oal kyl su| fj de can

d?‘?@déé‘ﬁ%et%% meﬁcaéon[méae FATRL¢HRYG Frf‘t F]P@ presence
e@@%ﬂddﬁfﬁﬁhtyl}ﬁlﬁndﬁm&uﬂrﬂoﬁmmyﬁs ohadd OirﬁndﬁérV&tlalLQfst

AL PRLATELE RGN KLSHLLL 05230bec 10 et/ LG 0 o
st -Alie t hag esnigativent| udee tdmget peE\blass yresefeedatalyst
h A frwo&o% o g @g@% eflOBe ghm' g @mﬁdbn@@tlo

e reactron of "asy erivative wt
p@qw:mléaptwm%upm ééoreah tlﬁ’eS @awrae‘l@n&uperﬁe%e to the

p;?] SBRRERapEosuRRE rbhapsi®y. catal yst. 35 Suitabl e
ase transfer .catal ysts for, use. |nﬁ{ resent

BR09°36005 1 PEAGESE0APOTEANS 109 Spodimeshy | BiC a&%Paratlon
k@f)VWheapdlyaHiiﬁthdﬂo B1 ki gomdirg dexahpl esarc ancluael thoke use of
but are no t. dtotetraalkl d
t%?]r aa kyI pﬁos%}h%% u ?Tpslesl ot glf1 %%W%%I%I{r{g?@% ainng
enmmﬂndwenhoserpnﬁwmgaeﬂyomeqmﬂﬁdbéecerm4ed out inthe -
PEFEEACE S of d %aauaykﬂ@%%eawéﬂ@rGmudﬁao@és Rhase -
transfer catalyst. The anbunt of phase transfer
cdi A lprpasaroRArEwbGeF§act s #ithonetininolsg of
epdpgidreab toéfﬁyﬁﬁﬁiﬁﬂﬁeOﬁhéﬂﬁxhentEéﬂsféﬁré%@hﬁ|Xﬁtlnﬂé@%r of
befromOto 50 equi_val ent r;?lentt or fromO to 1

etV a &Rt 2Per’@mECyrer? GO R %%ﬁ‘?%‘ér%%ﬁ‘ﬁo as
t Poltwvsl0 pol yner captosul fide reactants. [0091] In
another non-1initing embodi ment, the preparatj_on,, of

pqh thi oether oligonerig ¢ dithiol can inclie the
u§e isohyﬁmyAqMﬁk)ﬁrmt|ngaexaqpkeeﬁm;4ng S g
S é [s can I ncl ude those previously recited herein.
© [0093] In a further non-limiting embodiment, a

polythiocether oligomeric dithiol of the present invention can
be prepared by introducing *n” moles of 1,1l-dichloroethane -

together with “n+1” moles of polymercaptoethylsulflde as

follows,
CH base CH3
’ + /\/ ~N PTC HJ /\/SV\ /{/l\ /\/S\/\ /]/H
n.cl (n+1). HS SH—> S .S S §7In

wherein n can represent an integer from 1 to 20.
In alternate non-limiting embodiments, the polythiol for use

in the present invention can include at least one oligomeric
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15 [0092] In a non-limting enbodi nent, "n" noles of
1,1- di chl oroacetone can be reacted with "n+l" nol es

w@Roo4paloyner capt oet hyl sul fi de wherein n can r epCEES2003/038436

an integer of from1l-to 20, to produce a

pol yt hi oether oligonmeric dithiol as follows. 0 CH3 L
n OX CH3 Base C C 20 [OO%%J In a further
non-limting enbodi nent, a pol ythioether oligomeric

iDLl ool 112 pRESEN, 'tmse@%ig&dﬁgg; st 2iche o 02hEfas and

ntroducin or oet hane

‘E@Gé?ﬁ%@ hytﬂhe'ﬁ¢lhmﬁﬁﬁh§@§hoé%lynercaptoethylsulflde

as faqgllo ‘CH3 base, +1). HS*' ~S~~SH P-~ H
h. q o) er@ﬁmHs/ATYTep ese’H an—mteger from 1
to 20. In alternate non-limting enbodi nents, the

pol ythiol for use in the present invention can

i ncl ude at | east one oIigoneric WO 2004/ 060951

PCT/ US2003/ 038436 ¢ )F*Qé?/ epresented by the,
fol |l ow ng qqgﬁATu(al mullas “and \brégéfeﬂ/byvr Es\//“\S}__H
follow ng nmethods. n ~p~~ + n+l HS~~S~~SHP HSO 'S n

H SJn5 (IVf) wherein n can be an integer from1
to 20. Various nethods of preparing the polythiol offv'f)

formlaetLYnfy céﬂ'%edéﬁciﬂéga%f Brdftfidg g United

States Patent 6, 509 1, colum 4, line 52 throug
VeI aHs gnethoss of PWHaci-’Hnal EBe RYENQL of Heamada (IV' )
|aﬁ%°ﬂ§§éﬁi&di y, aeiaeiprielexmhﬂe@mt@ls, phbésc Gyt hiod1,

co ugg %%EF%szhééﬁB co u&gaCt%H%% %8 ﬂf%hn%iggfbsure
is hetein incorporated by reference. In general, this ’
polythiol can be prepared by reacting reactants comprising one
or more polyvinyl ether monomer, and one or more polythiol

material. Useful polyvinyl ether monomers can include but are

‘not limited to divinyl ethers represented by structural

formula (V'):
CH,=CH--0--(--R? --0--), --CH=CH, (V')

wherein R, can be C, to C; n-alkylene, C, to C¢ branched

alkylene, Cg; to Cg cycloalkylene or Cg to Cy alkylcycloalkylene

group or --[(CH; --)p --0--]q --(--CH; --), --, and m is a

rational number rangihg from 0 to 10, p is an independently
selected integer ranging from 2 to 6, g is an independently
selected integer ranging from 1 to 5 and r is an independently
selected integer ranging from 2 to 10.

[0094] In a non—limiting embodiment, m can be zero (0).
[0095] Non-limiting examples of suitable polyvinyl ether
monomers for use can include divinyl ether monomers, such as
but not limited to divinyl ether and ethylene glycol divinyl
ether. '

[0096] In alternate non-limiting embodiments, the

polyvinyl ether monomer can include from 20 to less than 50
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or nore polyvinyl ether nononmer, and one or nore
pol ythiol material. Useful polyvinyl ether nononers

w@av4ioeofude but are not limted to divinyl ep¢EUS2003/038436

represented by structural 15 fornula (V1):

CH2=CH-O-(--R2 --0--)m--CH=CH2 (V') wherein R2 can
be C2 to C6 n-al kylene, C2_tg,C6 branched 20 al kyl ene,
C6 to C8 cycloal kyl ene or C6 to C10 al kyl cycl oal kyl ene

_mgfé“ﬁéf@ént Lfc%ﬁé reLEEanéé dé@dft&"f&ﬁ%re the- p@lfﬂﬁidﬁ

fational nunber ranging from0 to 10, p is an.
Pnd%@n@@ntpyle%%lté‘éf’—e@o|W1@g§terf38ﬁ5r ng from2 to 6, q

'[éosﬂﬂ i ndepgadentihny1 seheetssd fb@tn@g@r V¥:anghAgbé raacked
and r is an mdegendentl se{hect ed IE eger,
wa%.ah@orlafémczlt%wfoa [%16"94]0 13“5% 59 @ £ é aving

erbogiRNL, (VT can be zero (0). ~[0095] Non-linmting
exanpl es of suitable polyvinyl ether nononers for use
can include divinyl ether nononmers, such as but not
l'i mtad-+RL di~8HENYVIek her and et hyl ene gl ycol divinyl
30 ether. [0096] In alternate non-limting

enbodi nents, the, Hgol yvi nyl et her nononer can incl ude
hene 20 Rlochaske & [f@nt30CND Z0&¥AeBB9gHoUP; C3 to C6

Bgﬁé&ﬁ%%%éﬂé roup32ham9¢ d@@r aenﬁoﬂé ptehaaﬁea@fcamgs

used to prep e poly

PRash SOSPE e dhik BoPUbe LSt b iy engs §ours.
Bmkﬁulgafo(u\qfs) suahn &z meehpl eor etittyl grp@byi Rildbxguetowss, or

Eg/ttnoé Y%g @Oﬁ dithiol having 5 the fornula

/") wherein RL can be a C2 to C6
oap&ly| eneNgnolinitddat exTepUF Infameheabd RplERdlgk D

Eﬁ)‘w@e Pk QEe”RcSt? NReRdant - 9rouRs o1¥Whiedh Ganil acl ude
ut are not Iirmted to, hydroxyl groups, al k%/llsgroups

stbaned! thechy| I of “RABSREG HRIRL: A RoRFPRABGHE!
bﬁt@ﬁ%&ﬂﬂh@w kYIﬁr&taﬁl@aQBﬂélcNonlzl Bnbtgt?gecﬁxamaues_l of -
Sulta can 1 N e ar

PRt ettty nt o Pnaneaie Al df obbrdiigRton, 13-
ili;uszle:rjdsaﬁgua:m-:%elmtel:hgz)lkqut]ap.a7 pdoparediedhnet ¢cagtad,
b%@%ﬂ@&ém&k/m&ﬁ&ut (@BREET N Blner2ade Dt ARGIELDESRe, . -

methyl-substituted dimercaptodiethylsulfide, dimethyl-
substituted dimercaptodiethylsulfide, dimercaptodioxaoctane,
1,5-dimercapto-3-oxapentane and mixtures thereof. In a non-
limiting embodiment, the polythiol of formula (VI’) can be
dimercaptodiethylsulfide (DMDS) .

[0099] In a non-limiting embodiment, the polythiol
material can have a number average molecular weight ranging
from 90 to 1000 grams/mole, or from 90 to 500 grams/mole.

In a further non-limiting embodiment, the stoichiometric ratio
of polythiol to divinyl ether materials can be less than one
equivalent of polyvinyl ether to one equivalent of polythiol.
[06100] In a non-limiting embodiment, the reactants can
further include one or more free radical catalysts. Non-
limiting examples of suitable free radical catalysts can
include azo compounds, such as azobis-nitrile compounds such

as but not limited to azo(bis)isobutyronitrile (AIBN); organic
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15

pent anedi thiol, 1,5-pentanedithiol, 1,6-hexanedithiol,

1, 3- di nercapt o- 3- net hyl but ane, di pent enedi ner capt an,
wQQooebngscycl ohexyl di t hi ol ( ECHDT), PCT/US2003/038436

di mer capt odi et hyl sul fide, " nethyl=-substituted

di mer capt odi et hyl sul fi de, di nmethyl- substituted

di ner capt odi et hyl sul fi de, di gercaptodi oxaoct ane,

1, 5-di mer capt o- 3- oxapent ane and m xtures thereof. In a

?%PQ ide!E ti,eg gahodi npat ; 11$\D@ecp%vﬁoeh9%ypf drQ@hAHbasnd t-.

can be 25 di nmercaptodi et hyl sul fi
PODED]PQW@dﬁOnlIFQ%WﬁgP%W%ﬁP ?H%ﬂp‘ﬁ ReoFadical
geherd@rLan have a number average nol ecul ar wei ght

ran from90to 1000 grans/.nol e, from?9 .

GPARI ol 6 T N PGB AT PSS reARE FTREEion

ehhi bdi carRict @ E}atﬂr&‘ad?aatﬁ)én pad tyH ImlokanJcbm1nghteehtarer

materi al s, ss_than one.

BoEG TP e S 5 orE Satroar a g e B

[[00102] |nIa mmpnﬂlmtmggeﬂtdwmnt, tlltr:e nodathant sfor use

38" 448 PNEaRT i DN beRat & LA th
t?égéxt&%ho P&% I m tolgngaexaﬁ@jf , o? Sui tablagl??ee ©

ﬁaal@‘aingzéttéﬂly'é‘#%a]caﬁ?rg‘ﬁlﬁﬂcl ude azo compounds, such

as azobis-nitrile conpounds such as but not linited

to azo(bis)isobutyronitrile (AIBN); organic WO
%OO%QQE%\B@'HQJSZ@.O:%/ %1%4%4&/&7\0@% such-as
but "not limted to benzoyl peroxi de and t ut yl

per oxi de; inorganic peroxides and simlar free-radical

generat ors. [00101] In alternate non- I|mt|ng

enbod,i WMH’\MN H
irrag"gﬂﬁo\ﬁ/wth ultraviolet 1ight either wth or 84/

wi thout a cationic photoinitiating noiety. [00102] In

a non-limting enbodi nent, the polythiol for use in

the present invention can include a material havingIV'9)
the fwﬂle!r ¥% ng C%S’lr Hgtéﬁa:’.ntfége@lfﬁomlﬁ dd '20”"'1 :

HS-* SSS n H

vue@iteish n é’&ﬁlﬁ‘és dZethecsgef ?Jf%nﬁrfnsot% P%t%eeio%ﬁ the -

. YakinQus (Bi'R0dsrofadyanaeingnt dec43al yhhivol 00fo4treo, page

2, line 16 to page 10, line 7, which disclosure is

incorporated herein by reference. In general, the polythiol

can be a prepolymer having number average molecular weight

20 ranging from 100 to 3000 grams/molel, the prepolymer being

free from disulfide (-S-S-) linkage, and can be prepared by
ultraviolet (UV) catalyzed free radical polymerization in the
.presence of a suitable photoinitiator. Suitable

photoinitiators in usual amounts as known to one skilled in

25 the art can be used for this process. In a non-limiting

embodiment, 1-hydroxycyclohexyl phenyl ketone (Irgacure 184)
can be used in an amount of from 0.05% to 0.10% by weight,
based on the total weight of the polymerizable monomers

present in the mlxture

30 [00104] In a non-limiting embodiment, the polythlol of the

formula (IV'g) can be prepared by reacting “n” moles of an
allyl sulfide and “n+1” moles of dimercaptodiethylsulfide as

shown above.
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hO{A ! Cha (PR

formula (1V g) are described in detail in WO
03/ 042270, page 2, line 16 to page 10, line 7, which

wale@asloamar e i s incorporated herei n by ref er enP€r/US2003/038436

general, the polythiol "can be a prepolyner having
nunber average nol ecul ar wei ght 20 ranging from 100 to
3000 grans/nolel, the prepol¥ger being free from
di sul fide (- S—S—)- Ilnkage and can be prepared by

£8d & PRk Lol Ay IehL SR AN use

esence o a SuTta ofoinitiat

Sai tl&blperesyahbt brvEnttiimnoesn| mqiy@al aghpieitinlagerrospniss by
one AkildAlgl B A0 dheaakbramh be used for this

process a non-limting enbodlnent

é--my cl ohexyl phenyl ke Irgacure 184) can
e used anamuynt H. 10% by weight,
based e total melé%t of the polynerlzable

present in the mxture. 30 [00104] In a
non-limting enbodi ment, the pol yhiol of the fornula

(I'V'g) can be prgpared by reactl ! ?PLEf/ﬁg\fﬂL\\ /%/H
S S S7ln

al |yl suH@ X
di mercap odlethylsulflde as sho above. WO

2004/ 060951 PCT/ US2003/ 038436 34 [00105] Ina (IV'h)
non- | {ALLLNY I?@?Ldbge&‘i11&1;1%%e90f1‘/&ﬁ”10|tofQb use in the

present’ .invention can include a mater.i.al Ereseft%g
5901Q¢ﬂe f OVPBERPWY RQTHEEEUFAr HSPRGIES TS pplyERic
ST - (I9MhSar &3 dtiBedbSidf Iaetali) mkm,elm’sraseam befrom

an |nte er fron11 to 20 00106] ds .f

BPEPat i g thépb? B3I 0 9 gﬁm?‘/a ‘;'esur% ot iich is
dﬁ&ﬁfﬂ)d)ﬁad:eldn hdeézm | by rre\ﬂ@teliat@%mgenérm thagepglythiol
eAd L1, aR868D cild BRallioh N5 dI eahOPULRIPasHl! Blksr,
£6"i AT r'porated herein by reference. general, th
poﬂyum@llph@mcbermw@péalbwa ﬁ@nréaewsaﬁwte& diepi Jo‘ll the

i)lf‘égeﬁt,se it Bhek1ys@and nan- @lxhﬁl@xtgl exafb ¥k GINkal DAL
non- conj ugat ed diene in the resence of a cat al

RBAOLF M5 e AnPRO S BFEA0R (1 4 PoLRiDI B0Y G SuBET | himiced

thelopactiloyleas thbdlsdeubit aarerhaakdithidled 15 to

%3%@ cycfgﬁexygdgpﬂfgf %ﬁ_ cﬂépéﬁékﬁﬁéﬂéébéﬁﬁor, dipentene

dimercaptan, and hexanedithiol; aryl thiols such as benzene

dithiol; polyol esters of thioglycolic acid and thiopropionic
acid.

[00107] Non-limiting examples of suitable cyclodienes can
include but are not limited to vinylcyclohexene, dipentene,
dicyclopentadiene, cyclododecadiene, cyclooctadiene, 2-
cyclopenten-1-yl-ether, 5-vinyl-2-norbornene and
norbornadiene.

[00108] Non-limiting examples‘of suitable catalysts for the
reaction can include azo or peroxide free radical initiators
such as the azobisalkylenenitrile commercially available from
DuPont under the trade name vazo™.

[00109] In a further non-limiting embodiment,
dimercaptoethylsulfide can be reacted with 4-vinyl-1-

cyclohexene, as shown above, with VAZO-52 catalyst:



vi nyl cycl ohexyl di t hi ol , di cycl opent adi enedi t hi ol ,
di pentene . dinercaptan, and hexanedithiol; aryl
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t hi oglycolic acid and thiopropionic acid. 20 [00107]

“Non-1limting exanples of suitable cycl odi enes can

include but are not limted vi nyl dycl ohexene,
di pentene, . di cycl opent adi ene, cycl ododecadi ene,

t adi-ene, _2- Q - 1-yl - ' :
S B e e ey Sk Le . chsppgkyeniol
Kon- s i fdeeraapinds HVeRtiPaLIE dACANYRtS WGLTER
LERELEON: LAy BRL ULS 1249ngT sPAlcUde EbesuTadi cal
Inftiators Such as the azobisal kyl enenitrile
commercially available from DuPont under the trade
name VAZGTM [00109] In a further non-limting

enbodi mefjt, 30 di nerca | sQKf i be xeact &iCl,
wih g |-|-$yc|gh2§£ﬁ§*g§mM$,q—.—-»
VAZO calCflyst’. " WD 2004/ 060951 PCT/ US2003/ 038436 - 35
[00110] In another non-limting enbodi ment, the.
petythiol for use in the present invention can
clude a material represented-Hy~ih \t,ol/l\eyfﬁb\/s_
ructural formula: ZnCl2 n t + 3n SHS O0-~0'/ SA

[

S

St+~0 Q_=A~S n (O ein n can be an integer
from ’?é\Q943[00 11] ari ovs nsrﬁbQE/Qj preparing the
pol ythiol of the forrmula (IV 1) are desgribked in
d
c
n

tail in United States Patent 10 5,225,472,0fro
lum- 2, line 8 to colum 5, line B. [00112] IMa S—
-limting enbodi nent, 1, 8-di nercapto- 3, 6- fo=n

(IV'1)
wherein n can be an integer from 1 to 20.

[00111] Various methods of preparing the polythiol of the
formula (IV’1l) are described in detail in United States Patent
5,223,472, from column 2, line 8 to column 5, line 8.
[00112] In a non-limiting embodiment, 1,8-dimercapto-3,6-
dioxaooctane (DMDO) can be reacted with ethyl formate, as
shown above, in the presence of anhydrous zinc chloride.
[00113] In alternate non-limiting embodiments, the active
hydrogen-containing material for use in the present invention
can be chosen from polyether glycols and polyester glycols
having a number average molecular weight of at least 200
grams/molel, or at least 300 grams/molel, or at least 750
grams/molel; or no greater than 1,500 grams/molel, or no
greater than 2,500 grams/molel, or no greater than 4,000
grams/molel.
[00114] Non-limiting examples of suitable materials having
both hydroxyl and thiol groups can include but are not limited
to 2-mercaptoethanol, 3-mercapto—1,é—propanediol, glycerin
bis(z—mercaptoacetate),.glycerin bis (3-mexrcaptopropionate), 1-
hydroxy-4-mercaptocyclohexane, 2,4-dimercaptophenol, 2-

mercaptohydroquinone, 4-mercaptophenol, 1,3-dimercapto-2-

-



di oxaooctane (DVMDO) can be reacted wth ethyl formate,
as shown above, in the presence of anhydrous zinc
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. AF &r-8x 94c rlﬁ’@r 3gﬁ?od|

enbodi nents, the active 15 hydrogen-contai ni ng
material for use in the present invention can be
chosen from pol yet her gl ycal s,cand pol yester glycols
havi ng a nurrber aver age nol ecul ar wei ght of at | east

%Q‘Q)Eagéggsﬁ ?r&r&piﬁ; 1-238baslf, ar 3mek H@f@éptdlrl gt

;. of no greater than 1,5

raasedbr bl tremeﬁbylz@lweér oL nzereeet@%%&a/tr%p el ,

Q1 R Y EdtfopahB aﬂlﬁcﬁgf(ércﬁbeﬁ?fcﬁﬁﬁdhateﬂ Q%‘érﬂﬂa_erythrltol
Non-limting exagpl es of suitable mate;),alézc, ‘havi ng

BRER (RyBFHAALORRAE R ol BEFGaHEY ot i Hc Pé8é? but are not
|mdfbta§doa&éta%errerpamtmimmltol tris (2-mercaptoacetate),

63 el Eea Lo Loé.ag\re%qg?:gengér%{ayggpz\!g e:%r&t%? pentaerythritol
hiis((3~ mercﬁgﬂpwgpgpomﬁkakﬁ;pen;aerythrltol tris(3-- :
g&éqfc‘%? % Jo@r E?Cyﬁ} R€ny 2. 4- di mer capt ophenol ,

qu|none nercaptophenol :
frasdmﬁe%eﬁﬁe&h Vs S e R T By O R AE hige3 -

megaaﬁ@betl&l%ﬂbﬁeﬁ@?m 0 Aﬂ—h?ﬂ@taﬂﬁd 't-hl | :

i nmerc 0 ut anegdi. o ri opane
S CoPhoR BTG AR S rRFo POl FO RS TRt (3-
hiesc3p trep capitcpite pand diyeroxgenhpktlyitdmetthgl -
r\c_(_gfn%((m?o c&ia&:te E@ﬁ%ﬁﬂetk&%%t aer yt hritol bis(2 5

ner ca pentaeryt ritol
trrcno@l(tal mer caproacet biw)t ingpembedinatir cfothe present

NDRAGS: BB CaRY Qi QB 2Nt L)andP 8Bt 88K Wik bbeh - containing

bi s(3- mer capt opr opi onat e), pent aer]}/t hritol tris(
W@F@ﬁﬁﬁép?%ﬁﬂhﬁ1§ﬁéfte%yQﬁ(f?fﬁﬁ?h@@ [yurethane prepolymer, and

tﬂHé@@Wﬁ@l&&I&pkébbWﬂﬁﬂa}nﬁBé hﬂnﬁ;ted with an amine-
dr. ox I .t hio- gf%lr caB et h | obgnzen

Oﬁl ent,
one oxyernyl
Sthef pddy opat3:, aetcm@tmm'x@geuna@et@ndng materlal and

%Xxsh%%g%]oeﬁ}%non é@gﬁrﬁem&%&w& lQher in a

ane i mting enbodi nent of. the
p}ce@eﬁpt159#9ﬁﬁ@r$tl on, the pol ycyanate and active

hytdagen- C%ﬁl@ienbeﬁtaﬂﬁtr@ Ic@hﬁgrhé&teeaeg agkd af ene a

pol yur et hane prepol and t ur et
RSO P ot Bo ST bactieT et A A e VS Eo G a1 ARG

Climit@nggetdmplas afoshbtrallen ahinetdagadmbodi cening agents
can include but are not limited to aliphatic polyamines,
cycloaliphatic polyamines, aromatic polyamines and mixtures
thereof. In alternate non-limiting embodiments, the amine-
containing curing agent can be a polyamine having at least two
functional groups independently chosen from primary amine (-
NH,), secondary amine (-NH-) and combinations thereof. 1In a
further non-limiting embodiment, the amine-containing curing
agent can have at least two primary amine groups. In another
non-limiting embodiment, the amine-containing curing agent can
comprise a mixture of a polyamine and at least one material
selected from a polythiol and polyol. Non-limiting examples

of suitable polythiols and polyols include those previously



t he pol ycyanate, active hydrogen-containing materia
and 20 am ne-contai ning curing agent can be reacted

WO ogetb®si in a "one pot" process. [00116] PCT/US2003/038436
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Anmi ne-contai ning curing agents for use in the present

~invention are nunerous and wi dely varied. Non-

limting exanpl es of suitabl% ani ne-contai ni ng curing

agents 25 'can include but aré not linmited to aliphatic

' _ ereof . In alternate |

ROV pPRE Fig iagh 6Ur Fethtagentheaamheé SEbATET FRHG I E4PEng
%&ﬁ%kfgéﬂtiﬁhﬁﬁgp@ﬁffﬁ?TH%éﬂ%Vinﬂ @nligastihig\example of a
functional grqups independently chosen fron1prinarg
ARLUT(CRRE NPT SBLO(RR SARTHE (D) Sgpgt an intlude
GrHalcnat | DS whiehes . cdumeacibLl Y herailehiki fitdm Mgbemarle -
%ggpdingnt t he am ne-containing curing agent can '

EO%Pt¥hst two primary amine groups. In anot her
NiOLA7 i ti Ny enbedbodinentt Reenedmea-tcdat desi yvrpleutpnproduce

p&%ﬁ@@hﬂﬁ&a&%&ﬂ%émataha%tﬂgé YiuH N8 8 £ BhQ B Rliment , the
pol yam nés and mixtures t t

g;slg{ly'ﬁggauxcé%mhlasﬁ%@ir{g l)ﬁ.toW 809§r a gl xm@ecm%gatagent

a9 :
e one material 35 selected froma polythiol an
e

ny bE. ciegen istchi Heptexdmpresre At isiglyabrE §olqf BRI QT it

ang, pel ¥ehsrddtak-udeatdase spoeud oits sy mieh 30 0L ?ﬁ??@évent
St

I

A5t RELDR oI ARV PP EHbSEHRENt S T he Yei?ﬁ’ﬂgl cont ai ni ng
CLY01Ng] agerduicanldeamimiHcbiba toiiduirtigg agents for use in

1 ne-contai.ning. curi ng agent. . on-Lipti : e
3gkhpr§ﬁ??ﬁﬁgggnFé?%i%%15%?23§%§%p5%ﬁfngb%Jpgwgéggg%t
osternel sidenvingt hhe uf el BoGnghtemicalcdamential |y
avai | abl e from Al bemar| e gprporatio . [00117] In an
enbodi ment wherein it is degirable t¢!produce a
pol yur eaur et hane having | o t he am ne-curing
agent can be chosen’suc :
color and/or it. 10 can
in a manner as to preven hre R
color (e.g., vyellow). . i tal R>
am ne-contai ning curing agents for uge in the present
invention can jpgl.yde but dte not liMPted to

materials having the following chemcal fornmula. RL Rl
fgherein R; and R, can each be independently chosen from methyl,

ethyl, propyl, and isopropyl groups, and R; can be chosen from
hydrogen and chlorine. Non-limiting examples of amine-
containing curing agents for use in the present invention
include the following compounds, manufactured by Lonza Ltd.
(Basel, Switzerland): "

LONZACURE.RTM. M-DIPA: R;=C; H;; R,=C; H;; Ri;=H

LONZACURE .RTM. M-DMA: R;=CHs; Rp=CHs; Ry=H

LONZACURE.RTM. M-MEA: R;=CH;; R,=C, Hs; R;=H

LONZACURE.RTM. M-DEA: R;=C, Hs; R,=C; Hs; R;=H

LONZACURE .RTM. M-MIPA: R;=CH;; R,=C; H;; Ry=H

LONZACURE.RTM. M-CDEA: R;=C; Hs; Rp=Cp Hs; Ry=C1 ‘
wherein R;, R, and R; correspond to the aforementioned chemical
formula. .
[06119] In a nén-limiting embodiment, the amine-containing

curing agent can include but is not limited to a diamine



~NH2 R2rR2 15 (XI1') R3 R3 wherein Rl and R2 can
each be independently chosen fromnethyl, ethyl,

w@e@ppbeosand i sopropyl groups, and R3 can. be PODES2003/038436
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from hydrogen and chlorine. Non-limting exanples of
am ne- containing curing agents for use in the present
invention '20 include the fol| ow ng conpounds,

manuf actured by Lonza Ltd. ~ (3§a§el , Switzerland):

CORBROIETRTRIH Bhrt RILEEr s RALPFo 2o
GORFACURE. IRTRY) ,  NhMEFeCURE=RIY . ; MfEDEE) , HBhiclR3=Haygilable

H&%ﬁ%ﬁ%&t%&mlstmﬁ%ﬂpgﬁoﬁlgsz@ucﬁ%—%dl'@hemﬁiH Inc.

LAV ATLRE RPR-) M @E@lw@ewnﬂz@% emgpddments, the
\Mﬂﬁh@LéerJamE%gaedrB{’g GRiehespencuded ithenal prasgitt iarestion
chem cal _farmul.a. 30 [ OOlé % on-|i ng_
Ghpotralie S s Cat ARG SlReRg et iemino-3.5-
IgiceltuglE—ttnntueln& and hixivred theredli alrioddeWi P€I34/ 060951
) 038 36 S8 G " u

AR BBy o OSPpin, Bg o

ene
(AveriZalole efrmvmhe@a% Coxpprhatien aygielrabhe tyagde pame

%%%Qrétﬁoes d&h@%ﬁihﬂt‘%@%h@dﬂ]ﬁn@QﬂM@l@A) ) Rfich is
ent own al ternate non-

Pa. ).
SIPBOEF Feht 1, aﬁ’ﬁélsb%l‘?n Teme BAPETHT 1Ry C&EPPﬁ@g e indeg, the
UsQdenide HFYhesant 30went,i40Ametlyl drfdﬁ-lbl:ld e(2-chloroaniline)

am no th
G 1o S g LGyl tovene, o g BB chitricals
"whidetrhyhé¢ oinseiee dhmei M@CA .or DEDBA DA bewhi thausd at room’
conmmer I I | abl e f
SRRl Yoy y8Y 3L KBV O BETRE € CHLRST b cam e
disegielyt 1 hiiofrolchene di aidarer( BMig#)bsinghifehni s to 81

[

GUPTERE. %l]ty ggl Lapl esEcg ML an%m §CRLBAr A 11 24

Rane
fef'cenet hyl ene- bi s-(2-chloroaniline) whichis

qufﬁbf'a"ﬂh %Vﬁb£a£&$i€1ﬂ%nbﬁbgﬁﬂﬁgﬂﬁerth98315¥'%tablllzed

he trade nanme MOCA™ DETDA can be a |iquid at
SR O 50 dHEFECHEBr 800 tih €1 - v ESEBE AL OFf Wﬁfs%h sgitzdns an
20461 PR Ao Gauke yellow color), which is available under the

name Ethacure 1008 may be used in the present invention.
[00121] In a non-limiting embodiment, the amine-containing
curing agent can act as a catalyst in the polymerization
reaction and can be incorporated into the resulting
polymerlzate

[00122] Non-limiting examples of the amine- containing
curing agent can include ethyleneamlnes. Suitable
ethyleneamines can include but are not limited to
ethylenediamine (EDA), diethylenetriamine (DETA), A
triethylenetetramine (TETA), tetraethylenepentamine (TEPA),
pentaethylenehexamine (PEHA), piperazine, morpholine,
substituted morpholine, piperidine, substituted piperidine,
diethylenediamine (DEDA), and 2-amino-l-ethylpiperazine. In
alternate non-limiting embodiments, the amine-containing

curing agent can be chosen from one or more isomers of C;-C;



isoneric, with the 2,4-isonmer range being from75 to
81 percent while the 2,6-isoner range can be from 18

W 20024609per cent . [ 00120] In a non-limting enbPdi/Oe2003/038436
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di met hyl - 2, 4-t ol ueneg am ne,

the color stabilized 20 version of Ethacure 100
(i.e., formulation which contains an additive to
reduce yel l ow col or), which i,g avail able under the
nane Ethacure 1005 may be uséd in the present
eRE] A1 @2 od N Rfiohs Y kg 2edd RN, sLhe
ShfheY oﬁ%alnlng curing agent can act as a catalyst
iddmebley bl ol zanédia@Bien eded 1 GriedAI 1c@né peoluenediamine,
'Rg%%?@&g}l%,'401:81&&%&1%%&5&5 ng, s Raleyrpilzage. [00122]
n-F'rmting exanEIes,of t he_am ne-containing curing
agénenedirmimg, uded et hAWFERNT o<t ~tederpritamine, 3,5-
%tih%{aﬁ 'Jze,ss-eamuéxﬁwdimenﬁultaﬁ enikdlrkk ni(:lt@dadfo 3fn
et hyl enedi ami ne (EDA), diet enetri am ne (DETA)., .
e TR L I SR STl
(cUEPAY , agerantcaat byl eedheienan dtarfiREHA) orptpanetdivieneglycol
rpholine, .S L tut ed norpholine, piperidine, :
ggég?F?Lﬁ%ifﬁge%2§%ﬁ%ﬁé, di et hyl enedi am ne (DEDA), and
Z04ARAD- | - drhpllpepeatzer inee-1ini B lembedapents of the
gﬁ!%-sL.hEﬂ {4-Ah S IRO AL HE N Sinel BENBMH HI181L QAL 8h&i L¥kntCURANT
igent can be chosen fromone or npre isoners of Cl-C3
\WDc2pda/ o0 o1 tPETE VST FS0 8RS L SFTUGFEFRS
t ol uenedi am ne, such as but not linted to 3, 5-

3, 5-di et hyl - &4t ol uen
t ol uenedi am ne, 3, 5-di 4/1 ol uenedi am ne,
3,5 5 diisopropyl-2,6-t e, and m xtures
thereof. In alternghg non-limting egppdi ments, the
anine-containin% cur rgNagent ¢ net hyl ene

di ani i ne or (3 net hyl

di ( par a- am nobenzoat e 0123] ernate
non-1imting enbodi ments of the 10 present invention,

t he am ne- cont ai ni ng_QUIA age N\mpt.ncl ude one of
the foll ow ngggnera ure (XI1r) '

[00124] In further alternate non-limiting embodiments, the

amine-containing curing agent can include one or more
methyleﬁe bisA anilines which can be represented by the general
formulas XVI-XX, one or more aniline sulfides which can be
represented by the general formulas XXI-XXV, and/or one or
more bianilines which can be represented by the general

formulas XXVI-XXVIX,

(XVI)




H2N NH2 (XIV) S H2N NH2 (XV) 15 [00124] In further
alternate non-limting enbodi nents, the
w@rioame®dnt ai ni ng curing agent can i ncl ude onePCF/URINE038436
nmet hyl ene bis anilines which can be represented by the
general 20 fornulas XVI-XX, one or nore aniline
sul fides which can be repreggnted by the genera
formul as XXl - XXV, and/or one or nore bianilines which
can be represented by theg_general ]
XXVI - XXVI X, R3 R3 H2N NH
2004/ 060951 PCT/ UBZNQ3/ 0}
(XVIl) R4 RS Ry R4 P
R3 R5 .(MEZRIR3 (Xl X)

(XVIITI)
(XIX)
(XX)
(XXTI)
HoN . _NH,
(XXTI)
Ry S Ry



RARZ (XX) RS12 N2 2 (XXI) RS 5Rs/ S\ 55s R3

R3 HZNNH2 (XXI1) / S\ R4 R4 5 s WD 2004/ 060951
WOSAOERE03/ 038436 41 R3 2 H2N R4 (XX 1) RAT/USH03/038436
RS 55R3Rs HZNR3 (XXIV). R&/ S\ N2 2 Rs R4 R3
(XXV) R SNH2 5 R5 R3 (XXVI) NH 0 o NH2

- 41 -

(XXIIT)
(XXIV)

R4 S NH;

5
2 Rs
Ry R3
(XXV) O
Rs S NH,

(XXVII)

(XXVIITI)



5S5RAS55RAE3RE3I N2 (XXVII) \HOORE RA55R5
NH2 R3 3 NH2 (XXVI1l) RA 0. R4 Rs 55 RS W

wWQO40P8051 PCT/ US2003/ 038436 - 42 5 R5 3 2PCMEB2)3/038436
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R3 0 R4 25 R5 wherein R3 and R4 can. each

i ndependently represent C1 to C3 alkyl, and R5 can be
chosen from hydrogen and. hal ggen, such 5 as but not
limted to chlorine and bromine. The di am ne
represented by generak formpan XV cangge descri bed
generally as a 4,4 -ngthyl g % bi s(gra ﬁylaniline).
Suitable non- limting gxafn ' i am nes which can
be repsaxented by rgengy '
not limted to 4,4
nmet hyl ene- bi s( 2, 6-di ne y
4, 41- et hyl ene- bi s(2¥H, di etlgyRani | i NR},

4, 41- met hyl ene- bi s(2-ethyl -6-net hyl aniline),

4, 41- met hyl ene- bi s(2, 6-di i sopropyl aniline), :

4, 4' - npidreliane; abidsR2-daniopaopyindepentibyt Bpiddpiekseande; to

4, 4' -met hyl eng- bi_s 6-. di et hyl -3-chl oroani l.ine). 15
0t HBTE 1 R e AR P A it RS mERE, P jposss, such
ad et pontHimiited tard¢hipradgenand drrdmickudeTmatdiEmEine
) I .
\gtg %sgﬁgef%%(;ggﬂﬁlﬁéf%ﬁ%nu% %Oec(%o'eogéggrmrg@n]e_rally

ucture _ i (XXX) R22 NH2 = 2
25 Fhér &' FoThyRere-bo(digddyiani be)be PHiePR RISy
QHﬁﬁan§ré&ﬁdﬂle§10§OdfgﬁiﬂeEY%hiéﬁ{%é%'b@ngeﬁﬁééﬁﬁﬁéd by
such ai]?ut qg;é ILnyﬁgg otchlorlne or_br€n1ne. In a
R I EPRGBniSSd WETHIS BPCt AES s dATiFRY TR ido, "t he
amthelenatlziniong-dimetigy lagdntne) , 4,4' -methylene-bis (2,6~
diethylaniline), 4,4'-methylene-bis(2-ethyl-6-methylaniline),
4,4'-methylene-bis(2,6-diisopropylaniline), 4,4'-methylene-
bis(2-igsopropyl-6-methylaniline) and 4,4'-methylene-bis(2,6-
diethyl-3-chloroaniline) .
[00125] In a further qon—limiting embodiment, the amine-
containing curing agent can include materials which can be

represented by the following general structure (XXX) -

NH,

Ra3 Rao
(XXX)
R22. NHZ

21
where Ryo, Rai, Rz, and R,; can be independently chosen
from H, C; to C; alkyl, CH;-S- and halogen, such as but not
limited to chlorine or bromine. In a non-limiting embodiment
of the present invention, the amine-containing curing agent
which can be represented by general formula XXX can include
diethyl toluene diamine (DETDA) wherein R,; is methyl, Ry, and

R,;; are each ethyl and Rj» is hydrogen. In a further non-



whi ch can be represented by general fornula XXX can
i nclude 25 diethyl toluene diam ne (DETDA) wherein R23

w0 g00am6teyl , R20 and R21 are each ethyl and R2PCT/8S2003/038436
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hydrogen. In a further non WO 2004/ 060951

PCT/ US2003/ 038436 43 Ilimting enbodi nent, the

am ne-contai ning curing agent,.can include

4, 4' nethylenedlanlllne [00126] The sul fur-cont ai ni ng

aqfnx £3 “gjtofmgngf ihe anﬁhgsgsﬁtam%gt EQD; & raggwgltl can

using a variet 5 techni ques
umglad¢ 44411meﬁbﬁlﬁm¢ﬁ%ﬁnyil§ﬁbodlnent wherein the

Rl YE£aur atRang) @R k6 Rk APAS 65b1IYreRLE OGNS the

toget her a pol ycyanate and an actjve
Py&FefeniEGHtAPRI gl IPF‘atPé’rliYEFr’c%ec? NSRS PoY3iithahe

RicRpak yhey J@ia;dmt henthé nixtQduth nag fdie lafii Bend anbaidiinggt ,
t he su 10 cont alnln

t
et S PR ARES e AT BES ShBr TS By S RE SRS
ogpohyier puigeyaunace md andadeges diydgoghe- eanWanlng
SETSEL AL Sl AORNLzeklnd BHPdITRRded oy 10
vacmadvc e themppéne orAiadnAgd cetiing agent. cae selfur-

Aokedi W Ad JAGupESRBLyRle LanUst rtgalq,m\é@aksayb;ofdegassmg
nmet hods an gui pnent, such a n1ted to an

%ePF%?OJéF“e&xPP%’érvacf‘B’@lz??g (5: %?c?‘llﬁ‘gr %rf"“l‘ﬁnﬁl ting
eedi ity  cuieneagetite Isubkf furdont aonkDgmiting

ROLYAE CBUE CLAANE R0 De A S0ATE S8 0ReGR B0 vacyun, | e

ne Sl Uf - cont al nrng reaur et hane can be
mupekycmralze@gbyurm@ dagsiniig cmg@q hexethwip| yhey anapelymer
aghihyes PHARGLBECADLIRAY RYaTBLS hRint ,288ch as but not

amn contalnlng curing agent. and degassing the
HIREGES. £Q At iFBRLARY FORKCFHA®Tng  enbodi ment, this

gl e canbandenas Sesh-Undet 1ﬂ§camulh@@ﬂ2 &}he‘r’éln the
another non-limtin enbodlnﬁg %FIH a len
W Lﬁaél

BB PO L RBn BO e Brgoaal St aeere-
ig&kﬂpﬁocéﬁﬁ(jtm@dshhéurﬁﬂdhbaanlb@'ﬁuﬁyuréauséWMPnE can be

Ly
HRaYERL Bl OEEOLEND (LERLLOIR, KISV RIDE SBthce
dwairpben - ¢ aigdogi W‘F%iﬂ@dd ap®| arinegiceptaining curing

rAGkank sy %atslggng I epe riﬁ@{tﬁ&'e catal ¥ste($tne3thdd? 18miting
non-limtin odi nent, the thernal cure cycle can

|6rﬁft9°Gél'ée1P1‘é'a831’Hg°‘ fﬂhétblf%pcany REr dSFRPSESr FRGS RGBT

NioolldBE, OfIn another non-limiting embodiment, wherein a lens
can be formed, the degassed mixture can be introduced into a
mold aﬁd the mold can be heated using a variety.of
conventional techniques known in the art. The thermal cure
cycle can vary depending on, for example, 'the reactivity and
molar ratio of the reactants and the presence of catalyst(s).
In a non-limiting embodiment, the thermal cure cycle can
include heating the prepolymer and curing agent mixture, oxr
the polycyanate, active-hydrogen-containing material and
curing agent mixture, from room temperature to 200°C over a
period of from 0.5 hours to 72 hours.

[00129] In a non-limiting embodiment, a urethane-forming

catalyst can be used in the present invention to enhance the
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[00129] In a non-limting enbodi nent, a
uret hane-form ng catalyst can be used in the present
i nvention to enhance the WO 2004/ 060951

. PCT/ US2003/ 038436 44 reaction of the

Bgi\éﬁﬁfcﬁ‘f I%?g%hg %giﬁg:eﬁfﬂﬁﬁé Il SningUhkh8ll £a1s. suitable

ur et hane- rmn catal ysts can var for exanp | e
yuethkanse fogmang aﬁ%tafldlsﬁ‘? ngee afa&]sz¥er c%maf%ep u aelftarmsee

Qéét?ilﬁ]éiﬁ-%grﬂahg ?é&l%@%ubaﬁ Omdihgef ew%ﬂdar&amg/sts that
ur et hane by reacti cont al ni

ARE SFFES, * SﬁdtW|%¥W§68nl?§ t‘%rgggéﬂﬁd‘ﬁ% eta8t1°n ot the
RCOehed anecendelnia@t:namesmm,dlamgl thiakh| lmpteoﬂatele and
L3R %ﬂyate RLIRLI AN, 180Nz Jvlto&lgglséa{uﬁgee% ghopk%onate

ik 15 can osen fro
bedi ssctra@e@tel_éwsatnm dsNgmrdlmneenen Qﬂat@rdt@ﬁl 9§t guifmble

Cﬁégiyé)@sd da Hlel BRONLS £10m Eﬂ?é’gx%ﬁﬁdbﬁ wilNGUSLE | Alewis
em ‘st r% 5th Edition, 1992

| ure 673 to
evids |apdy iRGRTEL AR tTATGLERPD A Trslee cTiRed Jcnat‘ﬁﬁg?e{mc%n
hacﬁ?ﬁ;%meuefsahau@‘nam OhgmittGyaCEH, EQileibms 1908 Volume
not limt S _Octo di but
Ak o &7 BoR(EI i aan et s Lo Bl e
neteh:mu den tebat ﬁ;/ttarmormslSaldtL el eat ergemmetalwld t fuch as
%lugclgcg mlqleﬁet: yétérl ug g@tj:gaa:;eﬁ dibutyl tin dilaurate,

aza Icyclo oct ane d mxtures thereof. .
dabuy} eﬁflﬁatdeaﬁ@haﬁrm PH@YJ&BMWF?FEU@% déﬁtl‘é}’lys"tm

CaRaPEaZd nQilH@Eh?ﬁtLe_hn i s At e Ordlfnél':ﬁyp tin dllaurate,
acet | acet onat e

0130] Further non-lim¢tin
PRSI TR SR e Lo Bt T e
&U&Brﬂ&t@lﬂonnoﬁ.mhtmg ethbbdiméntisgt hpeamheyst can be zinc

I?Zg(? Ck?yl ayne J?nPerflgl-ch: e*ggﬂ éam ne. Such

er“haf am nes are |sc ose in United
Stoanee] PatF@mthErm-Za&latng:cﬂmmlie of imdgabplaggratdeysts

iﬁCLﬁéﬂ@e e g%kg%m%e'sng%lp%@ﬁoﬁq hst eilram@éd to

erence nanon-lirmtin odi nent_t he
@erﬂatyx%ar@m b rlém@mflﬁeh%r?égﬁoﬁﬁr Heglmetémlﬂoewylamlne
FANELHR Sl %e@ﬁﬂaf}eraﬁﬁlﬁéy alaénd'i%&logéﬁ hirpsmhded ®tates
LRt L Y ST e gt 4 SOPOmY| A2 80 e o
exanpl £s fcapotrabéd Hesrtinaby =afiarescare di scl osed in
[00131] In a non-limiting embodiment the catalyst can be
chosen from phosphines, tertiary ammonium salts and tertiary
amines, such as but not limited to triethylamine;-
triisopropylamine and N,N-dimethylbenzylamine. Additional non-
limiting examples of suitable tertiary amines are disclosed in
United States Patent 5,693,738 at column 10 lines 6 through
38, the disclosure of which is incorporated herein by
reference.

[001321 In a non-limiting embodiment, wherein the sulfur-
containing polyureaurethane can be prepared by introducing
together a polyurethane prepolymer and an amlne containing

curing agent, the polyurethane prepolymer can be reacted with
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through 38, the disclosure of which is incorporated

wheoeioendby reference. [00132] In a non-limtiPgr/US2003/038436

enbodi nent, wherein the sul fur- containing

pol yur eaur et hane can be prepared by introducing 35

toget her a pol yurethane prepol yner and an

anmi ne-cont ai ni ng curing agent® the pol yuret hane

prepol yner can, be reacted w th WO 2004/060951 = - .

PETIUSE0 03 0SRISIE 165 CORTA'HAE BRGSTLal Priot to being

et sethddede t 66t Had 1 iwth gh natend -adonri 0 ng octedinggagent .

L.nfrqoduced.toget her, wj 1 ne-contaj nj in

TR S RER G solbp{h A ABEATAR Al B b, can

vaclydeabdtcane naicligétedttamatestal $ fawdot gt least one,

gRt t%# ,a!og' H?]Yé %i@hlk?é@t F 1 ona®l gl ¥bs OF 1HDA €non-

epi sul'fide functional groups. In a non- limtin

brbodines erbod Heendpi $HPf PRASWTHCOS RAPRER HEERS F“aFe%héhl can

RAVE WD o mBPE endiRiebi efepfycasent B e tfhelbvihdwWeaigral
eneral formula: A 10 (V) Ym(CH2) n- HH 2 wherein
™9H3%e Sor 0; Ycan be CL - ClOalkyl, 0, or S; m

can be an integer fromO to 2, and n can be an integer

from 0 to 10. In a non-limting enbodiment, the

nunmerical ratio of 15 S is 50% or nor on the

"average, of the total of S ang 0 .congtituting a .

t hr ee- membered ri\dg. | )api GHH$Be- cont ai ni ng
material having two or nore noieties represented by
the formula (V) can be-attached to an ac CIH%Q%ndéor

cycl.i ¥hekeietofan e H&FclicYskd®t o120 Carf 0T S;
Rr asnehed or idpbjanched, oansl 4t s@dnncoat aen aaulihteger from
and/ or ether linkages,.ln a.non-limtjing e ?i ) S
: - £
Phk° i sdiff PR é‘ﬁ‘f“éltﬁfl%ge%%%ﬂegl@’ c{él'rl] bneu%%% %‘?ﬁecﬁ Yy ©
Beps amlngr tmhee pxygehei avarrepoxf chageeoit afnfngpd O
cyglig, eéigﬁrééﬂmﬁﬂ?e§éﬁffﬁa thiourea, thiocyanate,
riphenyl phosphine sulfide or é% ot her such reagents
K06¥BY n t Abeaenisulfidefeentrimiggnmaterial ﬁ@V1n9 two or
gabodidmnt e sal-dyt stdnfbdend Ve errsuhhi der comt BENdfGhched
material s _can be obtained b reactln% varioys k own
gey%mi%pyclic and/or cyclic sKeleton. he acyclic skeleton
can be branched or unbranched, and it can contain sulfide
and/or ether linkages. In a non-limiting embodiment, the
episulfide-containing material can be obtained by replacing
the oXygeh in an epoxy ring-containing acyclic material using
sulfur, thiourea, thiocyanate, triphenylphosphine sulfide oxr
other such reagents known in the art. In a further non-
limiting embodiment, alkylsulfide-type episulfide-containing
materials can be obtained by reacting various known acyclic
polythiols with epichlorohydrin in the presence of an alkali
to obtain an alkylsulfide-type epoxy material; and then
replacing the oxygen in the epoxy ring as -described above.
[00134] In alternate non-limiting embodiments, the cyclic
skeleton can include the following materials:
(a) an episulfide-containing material wherein the cyclic

skeleton can bg an alicyclic skeleton,



pol ythiols with epichlorohydrin in the presence of an
al kali to obtain an al kyl sul fi de-type epoxy materi al ;
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descri bed above. [00134] In alternate non-limting

enbodi ments, the cyclic skeleton can include the

followwng materials: (a) an epi sul fide-containing

mat eri al wherein the cyclic “Skeleton can be an

aI|c cI|c sk £ , 4 9 U2 384
R R i e o ATy e

@y@ﬂeconsmﬂ1éﬁoﬁnc%WPmﬁixﬂwS&ﬁbﬁ@@ﬂ&:a@@eleton and (c)

an epi gyl Bhds%f&ﬂtf%&egn{@irﬁrﬂgalnax\@@faa Hehei gyehd Q:ycllc
skel eton can het er OC)_[LCI i c skeleton inc|udin

SHeflaFoB @bicad BERAHELACoRF I TPIBEPC I ¢hawlfur

Rekm LA 4 i eobadbments, each of the above materials
can_centain a_i n_et

f | fide
030D, = Ko EBREAS B LR Ley arbRaBEg): oach of the
vk matériglexaapl esntefirs al Labkagepifsal fulleidd) an ether,

t I I kel
e aiEn DA e e, e By PP Y T e b o( 6

e[mcrthbpr ofipnt-hin} tind cirexahes df Buigjable, eplkﬁté'(flée-
izl E&R%&Mde%%@tmz)@%ogﬁ icPkRbfefoPcan include

I opropyl thio)cycl ohéxyl] net ane 2, 2-bis [4-
{g- are nat WEHERAOER odhyAt RPE) EyATRIRdEYI | propane,
@pi&ﬂlfpfbprQMhEDGﬁélwhéﬂdﬂeo)QyElQhﬁ%y|h -sud {gde,

-] - | ghex
R TR PR DO Ene | = - foxy.
kmﬁth¥obr¢py&ﬂﬂao$qYélqhﬁxyl] methane, 2,2-bis[4- (8- .
0 thigne, and

SR B B o, s, 20
(ﬁptlhihaﬁbml{’mm??]) cmlcphqul{l ST RS éréntsx WycHighexene

e?'i%ﬁ!l.gfde ante?wh{@eﬂr@tlem-ayém@ﬁe&g 801 8 Q4TBL- %poxy—
eton can inc but are ng lim

e
11 2BV SLOBEXS Fﬁﬂsb%pﬁ PRPSF b n%@ﬁélmﬁr%w]a%
Jdllizhbaﬁé 6ar2b 26 pi-bhé o@mm}tlhhbpﬁamml)abehgmomethyl) -1,4-
%J%[h@ - epi t hi opropyl t hi o) phenyl] met hane,
- FA (6- epithiopropylthio)phenyl] propane, his
[p01B87]13- Non- limiting examples of suitable episulfide-

containing materials having an aromatic skeleton can include
but are not limited to 1,3- and 1,4-bis(8-
epithiopropylthio)benzene, 1,3- and 1,4-bis(B-
epithiopropylthiomethyl)benzene, bis{4-(8-
epithiopropylthio)phenyl] methane, 2,2-bis[4-(8-
epithiopropylthio)phenyl] propane, bis([4- (8-
epithiopropylthio)phenyll sulfide, bis([4- (8-
epithiopropylthio)phenyl] sulfone, and 4,4-bis(B-
epithiopropylthio)biphenyl.

[00138] Non-limiting examples of suitable episulfide-
containing materials having a heterocyclic skeleton including
the sulfur atom as the hetero-atom can include but are not
limited to the materials represented by the following general

formulas:



epi t hi opropyl t hi o) phenyl] sulfide, his [4- (,6-

epi t hi opropyl t hi o) phenyl] sul fone, and 4, 4-bi s(13 30
we@piothewpr opyl t hi o) bi phenyl . [00138] Non-1|i m tPEIyUS2003/038436

exanpl es of suitable episulfide- containing materials

havi ng a heterocyclic skeleton including the sulfur

atom as the hetero-atom can ipnclude but are not
limted to the naterials represented by the follow ng
general 35 fornul as: 60951 ﬁCT/U82003/038436
- 47 C (CH2)m S Yn-W S/ 2\/f“ ZeH's

H2) m S- Yn- Wj(~ (CH2) S) aw SCHZ (M1) zd
HSC (U - (&8 |- S) a-W 5 U (CH) M
(CH2CH2S) a W (VI1') WY S) ( H)m S (CH2) M
(CH2CH2S) a W wherein m Ca "nteger from1l to

5; n can be an 10 integer fronrO to 4; a can be an
integer fromO to 5; U can be a hydrogen atom or an
al kyl group. having 1 to 5 carbon atonms; Y can be

- (CH2CH2S) -; Z can be chg$gh- ﬂﬂbhhaﬁﬁ#ﬁHﬁ@enWatonr an
al kyl group having 1 tQ;5 casgon atons- or - ( CH2) nBYnW
Wcan be an epximloprcpyl gfoup represented by the
foll ow ng fornul a: 1) CH2- -CH2 wherein X
can be 0 or S. [00139] Ad@l )I-dl@Hb)nﬁd@HbG:Hﬂsﬂhﬂ@
exanpl es of suitable episulfide-containing materials
can include but are not 20 limted to

2, 5-bi s(, 6-epithiopropylthionethyl)-1,4-dithiane;

gng baeé_G eplthlopropylthroethylihrgnethy&%I&H%”drthr

/

(VII') W———%CHZCHZS)a(CHz)m
(CHy)m— CH2CHZS)a—~—-W

wherein m can be an“integer from 1 to 5; n can be an

10 integer from 0 to 4; a can be an integer from 0 to 5; U can be
a hydrogen atom or an alkyl group having 1 to 5 carbon atems;

Y can be - (CH,CH,S)-; Z can be chosen from a hydrogen atom, an
alkyl group having 1 to 5 carbon atoms or -(CH;).SY,W; W can be
an epithiopropyl group represented by the following formula:

X
15 (VIII) —CHZ-CH-éH2
wherein X can be 0 or S.
[00139] Additional non-limiting examples of suitable

episulfide-containing materials can include but are not

20 limited to 2,5-bis(B-epithiopropylthiomethyl)-1,4-dithiane;
2,5-bis (B-epithiopropylthioethylthiomethyl) -1,4-dithiane; 2,5-
bis (B-epithiopropylthioethyl) -1,4-dithiane; 2,3,5-tri(B-
epithiopropylthioethyl)—l,4—diEhiane; 2,4,6-tris (B~
epithiopropylmethyl)-1,3,5~-trithiane; 2,4,6-tris (8-

25 epithiopropylthioethyl);1,3,5—trithiane; 2,4,6-tris(B-



bis (,6-epithiopropylthioethyl) -1, 4-dithiane; 2, 3,
5-tri (/i- epithiopropylthioethyl)-1,4-dithiane;

WQ@ 2004060961 S(, 6- epithiopropyl nethyl)-1, 3, 5-triP¢i/asm)3/038436
2,4,6-tris(,6 25
epi thi opropyl thioethyl)-1,3,5-trithiane; 2,4,6-tris(fl
WO 2004/ 060951 PCT/USZOOS/OS%%BG 48 :
eplthlopropylthlonethyl) 1,3 trithiane;

% ﬁtﬁl& f #% 1omethyl) 1,3, trlthlane 6-tris (8-
Slthloproy I oet | oet L trlfhlane X
@H@F@l@@@fltﬁueﬁ&hy ragethy X X 3'\5 ~CHEFRIERGHD - CH CH2

5 x\ CHCH2-S-CH2CH2-S CH2- HCH2 S CH2 (X) | x HS
CHCH2- S- CHCH2-S CH2-CH-CH2 x CHCH2CH2-S CH2- /-CH2 S
CH2 (XI'). I x  H2 S CHCH2CH2- S CH2- CH X S CH2 -

-H2 C\H2CH2 / X\ S Xl 1) X CH2 S
/ 10 C CH H2CH2-S CEQ%%EIZCEQMH& n éan be as

defi ned ab CHa
Q%%) LH | X
2 S
‘ NG
CHCH, - S—— CH,-CH-CH,
5
X
-S-CH,CH,-S——CH —CH—EH
//cggmzs CH,CH,-S 2 2
T CH,
(X) L | x
Hz S
™ CHCH,- S - CHCH,-§ —— CHy- CH H,
X
CHCH,CH, -S—— CH —CH—EH
- N 2 2 2 2
S CH,
(XI) L | X
2 S
CHCH,CH, - S—— CH, -CH-CH,
X
s———-CHz—CH—éHZ
X
_ CHCHCH, é
S CHCH, - S—— CH,-CH-CH,
(XII) j: | X
Ha //S
10 ™ CHCH,CH, ~ S —— CH, - CH-CH,

wherein'X can be as defined above.
[00140] In alternate non-limiting embodiments, the sulfur-
containing polyureaurethane of the present invention can have
15 a equivalent ratio of (-NH, + -NH- + -OH + SH) to (NCO + NCS)
of at least 0.4:1, or at least 0.8:1, or 1.0:1, or 2:0:1.0 or

less.
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[00140] In alternate non-limting enbodi nents, the
sul fur- containing polyureaurethane of the present

WO pooei696n can have 15 a equivalent ratio of ¥e™MBR2003/038436

-NH + -OH + SH) to (NCO + NCS) of at.least 0.4:1, or
at least 0.8:1, or 1.0:1, or 2:0:1.0 or less. WO
2004/ 060951 PCT/ US2003/ 03843q - 49 [00141] In
alternate non-limting enbodi rrents t he
i de-Go e S, kRean

WoauL{ | do-conkebokig IBLELIA-con doRtgse, KT
£PERYL ERGE tROTGRINi B A LETARL 1CaRy Do) PresgRt gin |aé’a§ﬁ1°,unt
EkudhlePat Whf BtioOoPrledi®asridd 8 @O 1. g or dHSsan be at
[[00142] In a non-limtin nbodi ment, the poI than]e

c? dﬁ ©88,

prapbl nt: vafTbe: thésr & F%ﬁtp]rogo‘&cto of* E%s
ardeao : pod \xcapeesl act one) di ol having the general

5; O -z -
e
P@eRdBYmen rmbr- theritdacy ienbpdddnait oft Respelyeihand a

BE%QEQ%P&JE#Q'%Q 85 GRWRLESEnd| Rele Rl YOBhS a XxXI:

15 of et hyl ene “oxi de- propyl ene oxi de

.and/ or ethylene oxi de butylene oxide. In a

non-limti ng(etodi neot |- tdre) pal (petber - (cant;admi ng
pol yol can conprise a bl ock polynmer of the follow ng

chem cal formula: 20 H (O CRRCRR-Yn) a- (CRRCRR-Yn-0O
et ERRCRR-aN-i0regeH £{oXXXl tp Wherein R can repr esent

n or. C l.;. epres
Etéqgggfnt egIenr %f %Irln K‘Yltlgg &%]%dl cgfgérpq_% e an ,
icontgirifg amlyolocd0Gompirépei hleck tpoérmees avrre:lzlglng blocks

%@O§€Hy§é’x§@ Jﬁa@. bb@pﬁlgﬁeeexgaer o@geﬁd@fxe wek gt

of the pol does not exceed 32, 000 grans/ nol el
PusYiape ICP?“éienon In ?'r]rt%é1§i‘7’bb%ﬁ’ r%‘i]ﬂo‘il{“ﬁ’ét pdtfifu PetKaHRer -

ra:beeelh?mgg gAyohecapandnpitivet § Block polymer of the
pisul fide- conta n materl al of the structural
oL 0 ke e3¢ &l AEXXXI 1) )

H- (O-CRRCRR-Y,) a- (CRRCRR-Y,-0) - (CRRCRR-Y,-0) .-H

(XXX1I")

wherein R can represent hydrogen or C;-C¢ alkyl; Y can
represent CH,; n can be an integer from 0 to 6; &, b, and ¢ can
each be an integer from 0 to 300, wherein a, b and c are
chosen such that the number average molecular weight of the
polyol does not exceed 32,000 grams/molel. .
[00144] In a non-limiting embodiment, the polyurethane
prepolymer can be reacted with an episulfide-containing

material of the structural formula XXXII:

S S
(XXXTT) CH, - CH- CHy ——8—— CHy - CH—EHz
[00145] In alternate non-limiting embodiments, various

known additives can be incorporated into the sulfur-containing

polyureaurethane of the present invention. Such additives can



H2 \CHCH2 -S- CH2- CH -CH2 [00145] In alternate
non-limting enbodi nents, various known additives can

wheooknewspor ated i nto the sul fur-containing 3BCT/US2003/038436
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pol yur eaur et hane of the present invention. Such
addi ti ves can WO 2004/ 060951 PCT/ US2003/ 038436 50
include but are not limted tg Light stabilizers, heat
stabilizers, antioxidants, ultraviolet |ight

?9.%9&9 r]c?‘ut rEHL'ednotE eim%%dagsni htSts@talﬁllzers, heat
non ot ochrom c) EF %s and, flexibilizing

sGabt i years ,saaﬁl%lcimtﬁqovl AT iket dight) ARFQAPEEE “no1d
g@geage b%t “Rat estantt p(@ioﬂ—éhlsv&@:ﬁ%ng:ccycﬂifés, plllgments and
i_benzoates n es of antl oW N
TGPy b isn SRTLFHAR 5 HHsnaF 55 Ao A o
mlka%gl @D%tgtpg.&nah dbénziqeitesy bnd m@maﬂeywﬁes glagiodtry

Q ch. .a t
SipeRtoaset o hap Lot Y SelRp 62 he Sobi FrlousAa
telddn t 1 9eperare Anchydeed giethydr 2 HegsenBano598#t cent by

:ﬁﬁ;'rgggrb aﬂe%s§n&h@fhp’§1e9§/rlcﬁﬂésﬁ¥lté/\ﬁbﬂbtreéh@c&ﬁ} aB. 101-
e tota ag%ao the prepol In alternate ,

e o) i mi 45y W%rﬂa@ bﬁhér%$%?teﬁ=é‘nf‘?o?f%‘?i‘ntoﬁ*ﬁ‘i°5n‘é"|‘at
atdi hbyesi warohet Mwesk Widsh then pal yeyaeat ey mlgh&s or

further e d I, th I dd
HReEhRt I Ry RFBGARY (SR fE Warorral 3 (EREAEE PY 4
nerght i baswl enboble nesital teéghesed tumgpsapcplmner In
%@%@h?ﬁg%&OHYLHE@?:E%%M%ngté het Q%SPémérﬁ\ﬁ%?feHon

| 'east cure Can solid , and
epsénndl Mdlzevleﬁ aﬁ%rpdqeemlxgécﬁl%atthq POL¥CEAtEp| eIn 2
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least 1.62. In further alternate non-limiting embodiments,
the sulfur-containing polyureaurethane can have an Abbe number
of at least 32, or ét least 35, or at least 38, or at least
39, or at least 40, or at least 44.

[00147] In a non-limiting embodiment, the sulfur-containing
polyureaurethane when polymerized and at least partially cured
can demonstrate good impact resistance/strength. Impact
resistance can be measured using a variety of conventional
methods known to one skilled in the art. In a non-limiting
embodiment, the impact resistance is measured using the Impact
Energy Test which consists of testing a flat sheet of
polymerizate having a thickness of 3mm, by dropping various

balls of increasing weight from a distance of 50 inches (1.25
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consists of testing a flat sheet of 35 polynerizate
having a thickness of 3mm by.dropping various balls
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[00150] In a non-limiting embodiment, the sulfur-containing
polyureaurethane polymerizate of the present invention can be
used to prepare photochromic articles, such as lenses. 1In a
further embodiment, the polymerizate can be transparent to
that portion of the electromagnetic spectrum which activates
the photochromic substance(s), i.e., that wavelength of
ultraviolet (UV) light that produces the colored or open form
of the photochromic substance and that portion of the wvisible
spectrum that includes the absorption maximum wavelength of
the photochromic substance in its UV activated form, i.e., the

open form.
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that portion of the el ectromagnetic spectrum which
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col ored or open form of the photochronic substance
and that portion of the visible spectrumthat
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phot ochromi ¢ substance in its UV -activated form i.e.
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maximum within the visible range of between 400 and less than
500 nanometers. In a further non-limiting embodiment, the
substance can have two absorption maxima within this visible
range. These materials can exhibit a yellow-orange color when
exposed to ultraviolet light in an appropriate solvent or
matrix. Non-limiting examples of such materials can inclﬁde
certain chromenes, such as but not limited to benzopyrans and
naphthopyrans. Many of such chromenes are described in U.S.
Patents 3,567,605; 4,826,977; 5,066,818; 4,826,977; 5,066,818;
5,466,398; 5,384,077; 5,238,931; and 5,274,132.

[00154] In another non-limiting embodiment, the
photochromic substance can hajg an absorption maximum within

the visible range of between 400 to 500 nanometers and an
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limted to benzopyrans and naphthopyrans, Many of

such chronmenes are described in U S. Patents

3,567,605, 4,826,977, 5,066, &L8;. 4,826,977; 5,066, 818;

5, 466, 398; 5, 384,077; 5,238,931; and 5, 274, 132.
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TEQ03RELr narBenBRLPTHAY PRGTARBD R idHEs St ptRicscribed patents

phet anbsarbratant hétem oy heepe@sent invention can
aghude one 29, photochrom ¢ SURS! angs. oA T Xhure of
photochromic articles of the present invention can include one
photochromic substance or a mixture of more than one
photochromié substances. In further alternate non-limiting
embodiment, various mixtures of photochromic substances can be
used td attain activated colors such as a near neutral gray or
brown.

[00158] The amount of photochromic substance employed can
vary. In alternate nqn—limiting embodiments, the amount of
photochromic substance and the ratio of substances (for
example, when mixtures are used) can be such that the
polymerizate to which the substance is applied or in which it

is incorporated exhibits a desired resultant color, e.g., a

. substantiélly neutral color such as shades of gray or brown
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activated col ors such as a near neutral gray or
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immersing the polymerlzate in a hot solution of the
photochromic substance or by thermal transfer.

[00160] In alternate non-limiting embodiments, the
photochromic substance can be a separate layer between
adjacent layers of the polymerizate, e.g., as a part of a
polymer film; or the photochromic substance can be applied as
a coating or as part of a coating placed on the surface of the
polymerizate.

[00161] The amount of photochromic substance or composition
containing the same applied to or incorporated into the
polymerizate can vary. In a non-limiting embodiment, the
amount can be such that a photochromic effect dlscernlble to

the naked eye upon activation is produced. Such an amount can
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substances encapsulated in metal oxides such as those
disclosed in U.S. Patents 4,166,043 and 4,367,170; organic
photochromic substances encapsulated in an organic

polymerizate such as those disclosed in U.S. Patent 4,931,220.

EXAMPLES
[00164] In the following examples, unless otherwise stated,
the 1H NMR and 13C NMR were measured on a Varian Unity Plus
(200 MHz) machine; the Mass Spectra were measured on a Mariner
Bio Systems apparatus; the refractive index and Abbe number
were measured on a multiple wavelength Abbe Refractometer
Model DR-M2 manufactgred by ATAGO Co., Ltd.; the refractive

index and Abbe number of liquids were measured in accordance
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oxi des such as those 25 disclosed in U S. Patents
4,166, 043 and 4,367,170; organic photochrom c

subst ances encapsul ated in an or rgani ¢ polyneri zate
such as those disclosed in U § Pat ent 4,931, 220.
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3bbr 66 #ld & hateo®n blanket was applied as the reactor -

contents were heated to a temperature of 120°C at which time
the reaction mixture began to exotherm. The heat was removed
and the temperature rose to a peak of 140°C for 30 minutes
then began to cool. Heat was applied to the reactor when the
temperature reached 120°C and was maintained at that
temperature for 4 hours. The reaction mixture was sampled and
analyzed for % NCO, according to the method described below in
the embodiment. The analytical result showed about 13.1.%
free NCO groups. Before pouring out the contents of the
reactor, 45.3 g of Irxganox 1010 (obtained from Ciba Specialty
Chemicals), a thermal stabilizer and 362.7 g of Cyasorb 5411

(obtained from Cytek), a UV stabilizer were mixed into the

prepolymer.



150 rpm and a nitrogen bl anket was applied as the
reactor contents were heated to a tenperature of 120C

w@rooatosBL ti ne  the reaction m xture began to PRDUREO038436
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The heat was renoved 25 and the tenperature rose to a
peak of 140C for 30 minutes then began to cool. Heat
was applied to the reactor wh the tenperature

reached 120C and was mai ntained at that tenperature

ana ééour STh /()%gggé%:%% l)gnuro‘ft ﬁggr}%%%ggﬁﬂescr ISbEd

b@dammmegouﬁm em@oéphkwmgr Hd tanaeyric sirocedure in
showsdsakauli 43 Akt pf 5682 NGO grau pélt]%e%@cm&iﬂaw

out the contents of the .reactor, 45. of Ir anox
10P {5562 PR RAF S ACR hIr p sERILEy OF &@?ﬁoeér%)

t(ﬂfthéTﬁ{eygﬁcfablié]Zer TaRd Shrbie Gaef p@j@écl)ﬁnﬁt54ﬂlitrcagen and
obt ai ne ro St r.were Xe into
£ FeY pﬁéﬁfa?;glﬁi,% %*“ﬁgo‘fﬁ 63%&‘ PG US2 063 BoB ABgruTe

5Was [61EEG62 0 Thie MNCONC dnlbent Taatinen (bf tdleepeepwl yimer pipet.

[ t f t t
pr oce uﬁ:glc:g]n‘p%gcslé%r gﬁcgﬁc\i}m %ﬁp%@ngg%gf}f\@g %%hthen placed
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beEAdS
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f tl t f t luti
HHiF 18 braor 15, Sardn ey G Ut oter o GHGR G0 ARGraDe values

‘dederaHenadl blyo:tdmelltdles eehd tHEA &llkoks ofexR0 call.coliated, the

p&%i? w%%%défﬁﬁﬁéﬂ%ghn§ng aﬁk8§1§¥£€q$ TAEPé#

oric acid 1) usin trino
dsaretiec hadt oe¢lecht ghe emféerm% wsverfavg@sf&r@éé it & I’beaker

Hele I IiRbk  h&Se 3N 8 0DBA R, adK sneBhBo L2l W'mabﬁgtl& h&irring
20- values were é)r ogrammed into the autotitrato
A@§¥”wqqqédded and thé sample tltrated with 1N HC1 u31ng the
preprogrammed Titrino 751 autotitrator. The percent NCO and
IEW (isocyanate equivalent weight) were calculated

automatically in accordance with the following formulas:

[00167] - $%NCO=(mLs blank-mLs sample) (Normality
HCL) (4.2018) /sample wt., grams
[00168] IEW= (sample wt., grams)1000/(mLs blank-mLs.

sample) (Normality HC1) .

[00169] The “Normality HCl” value was determined as
follows. To a pre-weighed beaker was added 0.4 grams of Na,CO;
primary standard and the weight was recorded. To this was
added 50 mL of deionized water and the Na,CO; was dissolved
with magnetic stirring. An autotitrator (i.e., Metrohm GPD

Titrino 751 dynamic autotitrator with 50 mL buret) equipped



sanpl e had cool ed, the contents were transferred into
a beaker wth approximately 50-60.nL of nethanol. A

wore@aesios1 stirring bar was added and t he sanpP@r/US2003/038436
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titrated wwth 1IN HO using the preprogramred Titrino
751 autotitrator. The percent NCO and 25 | EW

(i socyanate equival ent wei g_htE)8 wer e cal cul at ed
autorratl cally in accordance Wwth the follow ng
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buret) equi pped WD 2004/ 060951 PCT/ USZOOS/ 038436 - 58
vvlth a conbi natl on pH el ectrode (| - I\/Etrohm

@Ptzl)tratethe pr| mary st andar d vvlththe 1N HC1 and
t‘hé“VoI unme was recorded. This procedure was repeated
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ni t rogen anket, 450 grans o
peity-eapf ot -Hét- onBeSfl@f@}lrgWaWES o@bt@@em/\ﬁrom Bayer Corporation

Relay capralatisones Ik iy 16hagss oéydlrdh@ﬁgzmyi@écﬁrﬁﬁeme
3000 %rams of Pluronic L62D, and 2698 %rams

SESABET N WePE 185 nineed - FB@%? He&PTgE 7 Gn?Qbr?EeFBFure
ted sobi ai a[hd\l@@‘sCHtﬁQm& Viddomilrs . I a@lvroofic2L.880 Resnodur W

ayer Co orat.i nd r-epr nts
e e D LT
20% w&smié:atmadsfvprar%l\sf?sonﬁhe arehgOenohixtwre oias, befsted

M 5CL Smpd FARS el SPMBER ARl WhOM Gdi®2D3bSppn of
dibutyltindilaurate catalyst, from Aldrich, was added and
theat was removed. The resulting exotherm raised the
temperature of the mixture to 112°C. The reaction was then
allowed to cool to a temperature of about 100°C, and 131 -grams
of UV absorber  Cyasorb 5411 (obtained from American
Cyanamid/Cytec) and 32.66 grams of Irganox 1010 (obtained from
Ciba Geigy) were added with 0.98 grams of one weight percent
solution of Exalite Blue 78-13 (obtained from Exciton). The
mixture was stirred for an additional two hours at 100°C and
then allowed to cool to room temperature. The isocyanate (NCO)
concentration of the prepolymer determined, using the

procedure described above (see Example 1) was 8.7%.



20 pol yet hyl ene oxi de- pol ypropyl ene oxi de bl ock
pol yet her diol and was obtained from BASF. The

WO e@e6nl M xture was heated to a tenperat ur ePClf/USHE3/038436

at which point 30 ppmof dibutyltindilaurate
catalyst, from Al drich, was added and theat was
renmoved. The resulting exot hegﬁn rai sed the 25
terrperature of the mixture to°112C. The reaction was

~then "allowed to cool to a tenperature of about 100C,
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and 131 granms of UV absorber Cyasorb 5411 (obtai ned
f EXAMDARFe B - cBrepadpddion df Reaa)ivenBolpcEiagecaRsepdlymer 3
| fggnox 1010 (obtained from Ciba Geigy) were added
98 granms of one weight percent 30 solution of
Ek37%23 Bl R PBrE3Ctebt BRTRY fCoBRPERERY GnpitTagen blanket,

N ¢ WBmeast Sidd rmﬁptagyc%k@.%tbhenaioé WahQUEE Mo mw
100C and _then al d cool_to roomltci'ﬁre erature.
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WS RREALBYS 18F ¢ eamlléﬁ‘dﬁ? tUrled20F - 65 Feaghiep was then
p@l]rﬁweHOtbpm@]f todiabteypétatdideauvr akleowatialoyst | afd QPl grams
AIP abswage Ctdasorgdszli[ ﬁtbta 151ecrie£m %mer c

resul't FRg - exot herm rai 36 Bt BRD e H LA EE S he

néyemamg dy @ytLQQ)CanTIhQZr eacyiams wasItdmrrx A0Loweebttagned from
coQla (Rigy W%ﬁﬂ@a Qitl?tbo% ;_L,QQ&;- ,o@%@leléélgﬁ@@sex%gnt

of WabsorLer Cyasorb 5411 (obtained from American
solution of Exalite Blue 78-13 (obtained from Exciton). The

mixture was stirred for an additional two hours at 100°C and
then allowed to cool to room temperature. The isocyanate (NCO)
concentration of the prepolymer, determined using the

procedure described above (see Example 1), was 10.8%.

EXAMPLE 4- Preparation of Reactive Polycyanate Prepolymer 4
(RP4)

[00173] In a reactor vessel containing a nitrogen blanket,
508 grams of 400 MW polycaprolactone, 114.4 grams of
trimethylol propane, 3000 grams of Pluronic L62D, and 4140
grams of Desmodur W, were mixed together at room temperature
to obtain NCO/OH equivalent ratio of 4.10. Desmodur W was

obtained from Bayer Corporation and represents 4,4'-



Cyanam d/ Cytec) and 32.66 grans of I|rganox 1010
(obtained from Ciba Geigy) were added with 0.98 grans

w@booener9dei ght percent solution of Exalite BlPREr/U820038038436
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(obtained from Exciton). The mxture was stirred for -
an additional two hours at 100C and 25 then allowed to
cool to roomtenperature. The.jsocyanate (NCO)

concentration of the prepolynmer, determ ned using the
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of Exalite Blue 78-13 (obtained from Exciton). The

m xture was stirred for an additional two hours at
IDPEPaARdS515 then all owed to cool to roomtenperature.

Thda739CYand & gNQg)RP QUELILT 1S Ak ofs oL BB PLEnal YR
deternined usin pr oce ure escrl be oV

Bldfide 1formiple KXX303 wWoRRVPLESS 120 t00r7ay 8.9 g witil a
F%Pé'mc@%ﬁeé@s On Okt Rfrebives e dNneRl 0PYdo g of PTMA, 2.67g of
DETDA and 5.94 g of MDA were mixed by stirring at 50°C until
homogeneous mixture was obtained. Both mixtures then were

degassed under vacuum at 50°C. Then they were mixed at this

temperature and homogeﬁized by gentle stirring for 1-2

-minutes. The resulting clear mixture was immediately charged

between two flat glass molds. The molds were heated at 130°C
for 5 hours, yielding a transparent plastic sheet with
refractive index (e-line), Abbe number, density and impact

given in Table 1.

EXAMPLE 6
[00175] 24.0 g of RP1 and 20.0 g of bis-epithiopropyl
sulfide (formula XXXII) were mixed by stirring at 50°C until a

homogeneous mixture was obtained. 2.00 g of DMDS, 2.1l4g of



sulfide (forrmula XXXI'l1) were m xed by stirring at 50C
until a honpbgeneous m xture was obtai ned. 4.00 g of

wE@To6@567g of DETDA and 5.94 g of MDA wer e PERES2003/038436

stirring at 50C until honbgeneous .m xture was
obtai ned. Both m xtures then were 25 degassed under
vacuum at 50C. Then they were.qrixed at this

" tenperature and honpgeni zed by gentle stirring for 1-2
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refractive index (e-line), Abbe number, density and impact

given in Table 1.

EXAMPLE 8 .

[00177] 24.0 g of RP1 and 20.0 g of bis-epithiopropyl
sulfide (Formula XXXII) were mixed by stirring at 50°C until a
homogeneous mixture was obtained. 2.85g of DETDA and 3.96 g of
MDA were mixed by stirring at 50°C until homogeneous mixture
was obtained. Both mixtures then were degassed under vacuum at
50°C; Then they were mixed at this temperature and homogenized
by gentle stirring for 1-2 minutes. The resulting clear
mixture was immediately charged between two flat glass molds.

The molds were heated at 130°C for 5 hours, yielding a



between two flat glass nolds. The nol ds were heated at
130C for 5 hours, yielding a transparent plastic

wabmeneoast h refractive index (e-line), Abbe nReES2003/038436
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density and inmpact given in Table 1. 25 EXAMPLE 8
[00177] 24.0 g of RP1 and 20.0 g of bis-epithiopropyl
sul fide (Formula XXXI'1) were %%xed by stirring at 50C -
until a honbgeneous nixture s obtai ned. 2.85g of

%Asﬁt%‘ggng oﬁ%ga&l%f sﬁg r%fra%:(tegveb)iné l.cr E%{%Lr?et) , Abbe

eneous m X ure

’ mmxﬂuﬂesdehsrth§n§ depass arivendén Valkisurh-at  50C. Then

they were m xed at this, tenperature and honogeni zed

by gentle stirring for 1-2 mnutes. The resulting
cﬁgﬁilﬁiﬁture was i medi ately charged between two fl at
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MDA were m xed by stirring at 50C unti |

h‘b?ﬁigeé’ﬁék}ﬁ% #kPreIRRsz by ﬁéaﬂ%o%%rﬁalseﬂ ufes tfen
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Ther Tl dge neidohaal edngf 1306 olgbed RAMLSLy VA diRd R
transparent astic sheet W th refractive 1 ndex
(glvygman, T Inunber, density and i npact given in
Tabl e 1. EXAMPLE 10 [00179] 30.0 g of RP4 and 25.0 ¢
of bis-eeithiopropyl 20 sulfide (Formula XXXI'1) were

tirring at 50C until a honpgeneous m xture

Weso I ai nexb . i3 g/bfgrPd DNDS5.2. I 1§F Ofis-epithiopropyl

sulfide (Formula XXXII) were mixed by stirring at 50°C until a

homogeneous mixture was obtained. 3.75 g of DMDS, 2.71g of
DETDA and 5.17 g of MDA were mixed by stirring at 50°C until
homogeneous mixture was obtained. Both mixtures then were
degassed under vacuum at 50°C. Then they were mixed at this
temperature and homogenized by gentle stirring for 1-2
minutes. The resulting clear mixture was immediately charged
between two flat glass molds. The molds were heatéd at 130°C
for 5 hours, yielding a transparent plastic sheet with
refractive index (e-line), Abbe number, density and impact

given in Table 1.

EXAMPLE 11 .

[00180] 30.0 g of RP2 and 21.4.0 g of bis-epithiopropyl
sulfide (Formula XXXII) were mixed by stirring at 50°C until a
homogeneous mixture was obtainedl 3.21 g of DMDS, 1.92 g of

DETDA and 3.67 g of MDA were mixed by stirring at 50°C until



DETDA and 5.17 g of MDA were m xed by stirring at 50C
until honbgeneous m xture was obtai ned. Both m xtures
wao b@n/ogwse degassed under vacuum at 50C. ThenP@T1€§2003/038436

were m xed at this 25 tenperature and honogeni zed by
gentle stirring for 1-2 mnmnutes. The resulting clear
m xture was inmediately charged between two fl at
gl ass nol ds. The nolds were héated at 130C for 5
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Lenmxes it yhis tenperature and honpgeni zed by
ggnt e stirring for 1-2 mnutes. The resulting clear

m xture was i mmedi ately charged 5 between two flat"
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hours, yielding a transparent plastic sheet with

refractive ijndex (e-line)], Abbe nupber, dengity and.
| BRPEE imeitV 8N RdErbakkioel.| 10atkabl €| benEXBPI| NBiact Energy
Refragtive Abbe Beastty ||impaehb&Rel gy # | ndex Nunber
(e-line) (g/crrB()e_(l\l}le)S 1.58 38 1. 19 /330 | 6 1. 61786
234213171+ 59381247 24781 60371 22 2 77
Q 1 ﬁl'::’ 20 1 Lo Lo w4 \j‘A'S [y 1 1 27 n :"'figg i fad 11L3|"g|.9n
36 1 15 >4 155 EAAEBLE 14 - Syvthebid 22Lrat vt hi cother
Rl R NP il - - 4
e g Tt U2 .60 37 1.222 2.77
9 1.60 38 1.227 >4.95
10 1.59 ‘ 37 1.211 3.56
11 1.59 38 1.218 >4.95

EXAMPLE 12 - Synthesis of Polythioether (PTE) Dithiol (1)
[00181] NaOH (44.15 g, 1.01 mol) was dissolved in 350 ml of

H,0. The solution was allowed to cool to room temperature and
500 ml of toluene were added, followed by the addition of
dimercaptoethylsulfide (135 ml, 159.70 g, 1.04 mol). The
reaction mixture was heated to a temperature of 40°C, stirred
and then cooled to room temperature. 1, 1 —Dichioroacetone
{(DCA) (50 ml, 66.35 g, 0.52 mol) was dissolved in 250 ml of
toluene and then added drop-wise to the reaction mixture while
the temperature was maintained at from 20-25°C. Fo;lowing the
drop-wise addition, the reaction mixture was stirred for an
additional 20 hours at room temperature. The organic phase
was than separated, washed with 2x100 ml of H,0, 1x100 ml of
brine and dried over anhydrous MgSO,. The drying agent was
filtered off and the toluene was evaporated using a Buchi

Rotaevaporator. The hazy residue was filtered through Celite



[00181] NaCH (44.15 g, 1.01 nol) was dissolved in 350
m of 15 H20O The solution was allowed to cool to

WO oasaper ature and . 500 m of tol uene wer ePEOUSHN3/038436
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foll owed by the addition of dinercaptoethylsulfide
(135 M, 159.70 g, 1.04 nol). The reaction mxture
was heat ed to a tenperature. 40C, stirred -and then
cool ed to roomterrper ature. 1 -Dichl oroacetone 20 -
2 L3SPLy
m°(’g$ g‘gne an enoggg%%l rg)lq-o\?\n gie ?agst Jorless
rE&eri @hl}r‘n])ét(%l}l?irlé1 whi | e the t enperature was mai nt ai ned

afoohs2M 20-22MassFBhLOM NGakh8ondli @RdMoR e, Gkt dii RN sah'?fe

' reactlon m xture was stirred for an. additional 20

e atMIOIRT EiPePrttite 2PRBTMYYani dRBhERTUS Wage as |

tﬂbamosgparmle—dxxs washed wi ta) 2x 190erdroet , H2d mnkRQ18%
? |ne dri ed over anhydrous |\/g504. The dryi ng

Wgeéﬁ i“Itered off and the tol uene was evapor at ed

umong3h Bu@hiNMRRwaaempimabdron Theprdnyt r esipdiee vadisg a

Nar i ERo il SRae TR L CEE RO bere e, Satdpus: o TR

RFRCH: t Ri08I MEZ) : ok- 5550l(§r:l &8k, cl78armej 1§ H)i.q@i-d8. (s, 3H),
10(5)3},82,11 All\@.gs) Spectra was conducted on a product

usi ng Mari ner Bi o Systens apparatus. The
FBORPEL orBladH SEPE oA TR R/BEOR5 (W1 Ngf ormined

Thenef ohe, f%megwﬂgbepwcaerdumel gjntsan@s_e:%ézze[ QDLS@b)Aof the
NMR was conduct e n a arlan
ey T e d kel S < S n e B

NVRF) (0DBEH3,er20g1 vk} , (804286 4wd dityrred. 5 anm témb&rature
%nt%g &ﬁe %ﬁ?ﬁyle ngs 1sx§t(a?ﬂtlgrli}_bcilsskggé§4] W-H]ﬁesglﬁirring,

groups wt ct were determ ne usin

25 Pok et - écéTdElP@m% sedipplien s{we ghowas n@famwrrcstﬁély
mdwﬁ&d Vhﬁ:&‘onﬁ@ﬂhkmsﬂ Wt RgB0-11 wfs bebhrahysdrnofunaRture and

)/ ene (80/20) and stirred at room
oE) E DTGP 20° s tors So st ot BEGESRR Salfpy It
dnmaoésred ToNihie sixturengas 28363 Al 00fal.Ocdndénit@dia€ HC1.
u reiall .oht |ne f r O]
M %ngggﬁg[ﬁ Was a&geﬁ&f%ntt feom x dlley an h P hed'
aﬂqdemdthxpai@égttefm the miglperltodnyd feden 524 blagk value
ma@uaﬁ&laﬁqg Rips 2 Mh&d Wie twesaeddeds2 0Ol £0RGeRLT at ed

(1nclud1ng 1 mL of concentrated hydrochloric acid) with sodium
thiosulfate in the same manner as conducted with the product

sample.

%SH = mLsBlank - mLSSample) (Normality Na2S$203) (3.307)

sample weight, g

[00185] The following results were obtained: 13.4% SH
[00186] The refractive index (e-line) and the Abbe number
were measured using a multiple wavelength Abbe Refractometer

Model No. DR-M2, manufactured by ATAGO Co., Limited, in



20 The m xture was then titrated potentionetrically
wth 0.1 N sodiumthiosulfate in the mllivolt (V)

woreae/06085hl ank val ue was initially obtai ned bRCT/US2003/038436
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titrating 25.0 nL of iodine (including 1 nL of
concentrated hydrochloric acid) with sodium
thiosulfate in the sane rmnn%r as conducted wth the
product 25 sanple. %SH = &8 ank -

“chgé {ﬁ% %@%@&V?J\P%%zo?%hé 3 l)r i 58 )ngaghi’ 618

owi ng results were obta
@Oﬂc% Skd tbe18ehe Thabesfvakt3dve i ndex (e-1i ne) and

tfe188be nuiRe SARAIHI Bk Uiy I 44 Rk fo11
V\ﬂ/gvel eg th%bgr%ﬁgctoneter gllatg&lDFgIqJ ollowing

r?éﬁ&ff%?%r REBDPiIATAeD @3, (1PP nrg 'ecP 28nmipgl D ot G66981ved
RE&T bu&ZOQBI&&&A%@om@&lmﬁcaer HahE & splera I 542=00c

ref was 1 nd t he
R Aa st Boe ot fwglgr%%%adodggf%e%sreack@wn
adetykat eahcby:xuleewbduhmm ng.oprocedure: mkdE Birtdhi ol

|
gﬁ )mﬁFﬁg Of%g% 1[ir?g!ol)m ﬁ‘pgd}’%?éd rt\éh%glAgg?é I c arﬂrﬁg ggi’éure
(v@soaelmalr@des afpPym ipsrgddedre Farthé hears i oﬁ’he mixture

Ria%t Uhén &Ndiddal G| ATiIeof O 88, 1Met nldx 6 7wdamls) wakd
di met hyl am nopyridine (1 drop) were then added. The"

RIKEARE NAHHL: ittt T8 dOREE éﬁﬁéﬁﬁyﬁ?% Ly was
EQUESreaTmfﬂH xher eold: as th@ éﬂdpﬂ@&de&néfflﬂﬁdﬁk vfcuum

ethyl. et queo

S8 R SOHY TAETHRY Wy myshr ey PRIoE B las
\ﬂ@lramat@gra/véweei dueporat/edtbit mtevaczluwfv)am@ pheszde
Qig |3ym§e§éémey1\éﬁ§l pr I(.{la%thYaééd idagek flash

chromat ogr aphed exane acetate 8:2 v/v) to
p08388L 15 1HIMR @@a/éyl%?%)"y}l@ﬁ : dft eet (8 al By pt ohudt- 02

[(9101813] 1:Hﬂ\43 66D 3,4:13002M2)4 . 74 QR (8, HlH)z, 38 (s, 3H),
2:3.02(m 4H), 2.75-2.65 (m 4H), 2.95-2.78 (m 8

%352 38 §€- 3H), 2.35 (s, 6H). [00189] ESI-NS: 385

(Moloxsdip) . 2BI-06196045 UM NMRY CDC13, 200 MHz) , 4.56

gt 2Rkt Mened?, b e’ 436 5] 02y 72.68) (m, 16

H), 2.38 (s, 3H), 1.75 (m, 1.5H)).

EXAMPLE 13 - Synthesis of PTE Dithiol (2)

[00191] NaOH (23.4 g, 0.58 mol) was dissolved in 54 ml
of H,0. The solution was cooled down to room temperature and
DMDS (30.8 g, 0.20 mol) was added. Upon stirring the mixture,
dichloroacetone (19.0 g, 0.15 mol) was added dropwise while
the temperature was maintained at from 20-25°C. After the
addition of dichloroacetone‘was completed, the mixture was
stirred for an additional 2 hours at room temperature. The
mixture was acidified with 10% HCl to a pH<9, and 100 ml of
dichloromethane were then added, and the mixture was stirred.

Following phase éeparation, the organic phase was washed with

100 ml of H,0, and dried over anhydrous MgSO,. The drying agent

was filtered off and-the solvent was evaporated using a Buchi



EXAMPLE 13 - Synthesis of PTE Dithiol (2) [00191] NaOH
(23.4 g, 0.58 nol) was dissolved in 54 ml 25 of H2QO
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DVDS (30.8 g, 0.20 nol) was added. Upon stirring the
m xture, dichloroacetone (19.0 g, 0.15 nmol ) was added
dropwi se while the tenperat was mai ntai ned at from
20-25C. After the addition of dichloroacetone was

r 0, st f
R R R Rt ARt M i O
Wasngepuety e‘l&w@hhqmmel\fﬂécaspﬂag 73aﬁ>d oD@ 8nFPof

dieghbor opetihane \ereiddienraddeds awtcl Neadiex umBewast 36,
stirred. Fall OWIWQ Eﬁhase separ ati on, the or gani c

SHia §EOWR SR 10500 M of H20, and dried over
anhydrous MgSO4. The dryi ng agent 35 was filtered off
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di ssol ved . he sol uti on was
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ropw se to t m xture wth stirrin
waspef AT Esd ﬁfvan afgi Fieriaded 61BoRFD AR EOPBC eTerat urRe The

%Q%bhi@rbﬂb@s% cRAEPsSl £t ddhewab XL & R tEVas1 68 Ikl F B, 1x100

itional 16 hqurs_at roomtenperature. The  organic
PHasé ]%’s“esé‘ﬁgr greed ‘?Rﬁ‘srhé‘&hw U M58 i Thst SFg 19 agent

m&oellmreﬁ JEEi ard aftdldélhleedaﬁvefagﬁj’i:ﬁytdﬁ&b}@1rfgﬁﬁo4 The -
JoLLR0.B0ENt WaSa YL 1Y €0 8hL) a0 LOIURDe Masicparent
evapor a éi 4% & F%évapora or to e BYP§

'1@99¢@ 0?13AQ§GGMS(71K%nS§&IQQH rdfrqgtcwe\mndgasxeyllne)

@785 (3PP abid hRfbkYe3s NABX foubl Bfd1ysis: 3.54%.

EXAMPLE 15 - Synthesis of PTE Dithiol 4

[00193] NaQOH (96.0 g, 2.40 mol) was dissolved in 160 ml of
H,0 and the solution was cooled to room temperature. DMDS
(215.6 g, 1.40 mol), 1,1-dichloroethane (DCE) (240.0 g, 2.40
mol) and tetrabutylphosphonium bromide (8.14 g, 1 mol. %) were
mixed and added to the above mixture dropwise under nitrogen
flow and vigorous stirring while the temperature was kept at
20-25°C. After the addition was completed the mixture was
stirred for additional 15 hours at room temperature. The
agueous layer was acidified and extracted to give 103.0 g
unreacted.DMDS. The organic phase was washed with 2x100 ml of
H,0, 1x100 ml of brine and dried over anhydrous MgSO;. Drying

agent was filtered off and the excess of DCE was evaporated on



1.622 (20C), Abbe nunber 36; SH group analysis: 3.54%
EXAMPLE 15 - Synthesis of PTE Dithiol 4 25 [00193]
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H20 and the solution was cooled to room tenperature.
DMDS (215.6 g, 1.40 nol), 1, 1-dichl oroethane (DCE)
(240.0 g, 2.40 nol) and te;r6apu_tyl phosphoni um br om de
(8.14 g, 1 nol. % were mxed and added to the above
M lddhap GEQ&W w g&@srvw rQg8H §9aﬁégawe@1@d1y%@mous

stirrin t enperat ure was

ms&os&%g é’d%fﬁﬂ. oh5v6‘a%/ EEApRetEE tlﬁléefﬁ fe Tk enSles 1-625
stageeed Avbe addbét on@) SES gheup Ssaailyiseen s emgper at ure.
The aqueous |layer was acidified and extracted to give
103.0 g wunreacted DVDS. The organi c phase was washed
VEXAMP2£106 +Syofthadsisl26r BneEl0dthiodfs brine and dri ed

hyd Dr f f
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refractive I ndex (e-line) : , Abbe nunber
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under tro%gn flow and under
v‘fl“geormdﬁ%ug?ﬂ’t‘arsi r?&ak?\?t‘é‘? 8aF ey &Pa\ﬁ&ssﬁ%{ﬁ‘@t"é’d 200 ml
t el uetiieX et € amdstbrtm dztgran&ddl&ymalthéﬁ houﬁas alashed
at 0
d@%rﬂv\é?g %d g gé R m X u?egl\}\%dsz}% ngré'n V\?e (?11 C{over
pﬁtr&s@rgep aMafQ.onDr20® migent ovae e wered actie dirtdo thhesolvent
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5% I—E%%%dg? getéév%{-%&a 3 g?lgeiye:)\r%gré é\%%yglr%o@us
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(c:)%grouvpi %%g.l['yéls rangpar ent liquid: viscosity (73C): 56

EXAMPLE 17 - Synthesis of Polythiourethane Prepolymer (PTUPP)1
[00195] Desmodur W (62.9 g, 0.24 mol) and PTE Dithiol [1]

(39.4 g, 0.08 mol) were mixed and degassed under vacuum for
2.5 hours at room temperature. Dibutyltin dilaurate (0.01 % by
weight) was then added and the mixture was flushed with
nitrogen and heated for 32 hours at 86°C. SH group analysis
showed complete consumption of SH groups. The heating was
stopped. The resulting viscous mixture had a.viscosity (73°C)
600 cP as measured on a Brocockfield CAP 2000+ Viscometer,
refractive index (e-line): 1.562 (20°C), Abbe number 43; NCO
groups 13.2 % (calculated 13.1%). The NCO was determined

according to the procédure described in Example 1 herein.
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[00195] Desnodur W (62.9 g, 0.24 nol) and PTE Dt hiol
[11 (39.4 g, 0.08 nol) were mi xed and degassed under
vacuum for 2.5 hours at room enper at ur e. D butyltin -
dilaurate (0.01 % by weight) was then added and the
mxture was flushed with 30 nitrogen and heated for 32
hours at 86C SH group ar{DaI sis showed conplete

CERMERBt 1§ FYNSREsES He Heating was stopped.

ThR1besul t Iﬂ&m\éaﬁgowsurg Xt gl eo hegh anol)SeRai by A3Ghol [2]
600 cP as neasured on a Brqokfield CAP 2000+
Vi20c Qffet Br025 Moty ateYs dviXcdernd ed39a79Ld undep aoye) for
Ablsehaumeat %omNeé}nﬁ&ragfmpsniﬁthymlﬁﬁahehiﬁﬁré (0.01
évg’egigo rcaeeNSOWB.S dtheerg er&agﬁglegol Ceg?né,lgcl g J] %he mixture
2«%4/&6@]@61 VACH USROOB038438ca 68l JEXANIBLEOQ:GS -at a

f R ] u 075
%ﬁgg%g\%&% é)f -5%' (P 231—){ %?3,8[(9 ar%m% %Izlgylér% ozl getQ
rﬁ%amahamaégfa%arfa% T@&cl}aﬁﬁféﬁ‘ was SEeppRlr §hﬁ
QM eAY oF Al dbue. mBkBuktey [Haanvdsedd ari datc( Q. Sdmpiaghiie of
perce %3 was then added ﬁo the m xkg[ e1 and the
mMXcurd s oF| WHERSHEER B ¢ SFeR-ana  hedted®PlF 18
hoscematen, Aefirperaterindesx 86€LiEH griosp4ana0°gsi sAbbe

Th heat
E e Rl S L

viscosity (at a tenperature of 73C) of 510 cP as

Baswpred: Hy. &.Braekil eld feHBp2900+ Vi sconeter,
refractive index (e-line)y : 1.574 (20C), Abbe unmber

ABPOIRFD gr d??ﬁ@oﬂ?erSW 0/83(](::9I gul At P ft‘?léfy&‘nd 1%’fFE5?AWPEE1 [3]
193-. 7Syt heasd s mofll ) RidiRP ﬁ;{eQOAM]d@%@QGUﬁn&&:{ IbAuf, for

0, 118 nol)_and PTE Di t hi 039, ol
dere ﬁﬁv"%’%éa%”ﬁa@oalegs S hrfer RCT PO - 1 e hen
ragiglendt 0Pl atelicht Pebednt)t tn the hhicrtugte , wasd ttfien mixture

%6‘31{191%%& mY!et'hg Etﬁc?%&\{fm tr%i hoatdie E&Xtﬁrﬁcé%?s“egxtt he

m Xt ure nitrogen and for 37
HeuPsratuee the r@ﬁeﬁ? atSHr §TORP @4@1YSHSgﬁ1@%<br¢m§?§e

Q&%Qpemlcﬁt @;H §OHSMPIHRNLeL t Sl GfeURSeopdde. Reat i ng

was St
resultggg v1scous mixture had viscosity (at a temperature of

73°C) of 415 cP as measured using a Brookfield CAP 2000+

Viscometer, refractive index (e-line): 1.596 (20°C), Abbe
number 39; NCO groups 6.6 % (calculated 6.3%).

EXAMPLE 20 - Chain Extension of Polythiourethane Prepolymer

with Aromatic Amine

[00198] PTUPP [1] (30 g) was degassed uﬁder vacuum at a
temperature of 70°C for 2 hours. DETDA (7.11 g) and PTE Dithiol
[1] (1.0 g) were mixed and degassed under vacuum at a
temperature of 70°C for 2 hours. The two mixtures were then
mixed together at the same temperature and charged between
preheated glﬁss.plates mold. The material was cured in a

preheated oven at a temperature of 130°C for 5 hours. The cured
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(e-line) : 1.596 (20C), Abbe nunber 39; NCO groups

6.6 % (calculated 6.3%. EXAMPLE 20 - Chain Extension

of Pol ythi ourethane Prepolymgs, wth Aromatic Am ne 30
[00198] PTUPP [1] (30 g) was dgegassed under vacuum at
a\ateempfr@gyr&aaéfzp&e‘ Qa2 nBQUE srefaézgévén&éexg)(eam@ne :

PTE Di g) _were_m xed degassed under

Vaégam(a9°Ca - erbgre3 dfayddepgity :holﬂ‘ls 9/THe t kb

RieXEUE @S I@ teRfinedl XEGc-0g8ihes wltht ReTHaM®2 .
tenperature and charged between 35 preheated gl ass

‘plates nold. The material was cured in a preheated

GXeMPRE 21 tenperature of 130C for 5 hours. The cured

/ 06 PCT/11S2Q03/ 038436 terial wa ~
Wa%gggr en%& %Zar&&:ﬁe ch Tve 1THdEX Te- Yacuu}“ &2 6soc
Fo585 Q@G . DEFDba ﬁmrﬁtﬁerg)sgnénal’li‘iélmmylll 174 83/ ghBwere
Mgeadeneid \é%éad &R N, @CE0 d@&ﬁ@z \Moh!?sASFrMn fhe
Dr792. 5 EXA LE 21 00199 PTUPP 2 was degasse
GRePiFE R EE c6BbESd 1‘561 Behgrrs . te@E‘FBA 3= ggdgFharged
BEEwBEA rplealheht(ea §8a4p pletes mwd Tedmdegessetdagndefed in
vacuu he two m xtures were

t 5C 2
o RaERL o et (LR 20D R n e I L s
prehepdeehiglaasis hph ateframlicde Thdexrateeliat) was 509r é20°C) ,

‘ iAgbe ,gfﬁg}e%tgegngvg&sq ty1 go%g% c1mG) hours. The cured

mat eri t ransparen refractive index
(e-line): 1.599 (20C), - Abbe nunber 39 and density .
Ex2Q81.9/ £8. 15 EXAMPLE 22 [00200] PTUPP 3 (40 g) was
d@%'a‘S‘S‘e“d“under vacuum at 65C for 2 hours- DETDA (3.89
gPOane) PTE PEUPRi 21 (40 @3. ¥as gJedisedninéer Rriudeghss®d for

unﬂgﬁryammat(s%% §>?@1trl% b@yrﬁltthmqnlt th§ ézwg;) were mixed

res we xed a e sane tenperature_and

ERAr §eF b BB B b At clo @) S8 Pl EEE R Hifp two

mketred wase aiked ah the Baﬁdaetainqﬂaxﬁ‘t&ﬁe adndlaﬂaréed 10
arent and has

PephSen Woriiied PRI Wacks wifPV3RR RUlARd 188, cured 1n

ggpaﬁ@e@ﬁqﬁnqygnlaqggﬂﬁ¢Cfmy 10 hours. The cured material is

transparent and has refractive index (e-line): 1.609 (20°C),

Abbe number 39 and density 1.195 g/cm’.

EXAMPLE 23 - Synthesis of 2-Methyl-2-Dichloromethyl-1,3-

Dithiolane

[00201] In a three-necked flask equipped with a magnetic
stirrer and having a nitrogen blanket at the inlet and outlet,
were added 13.27 grams (0.104 mol) of 1,l-dichloroacetone,
11.23 grams (6.119 mol) of 1,2-ethanedithiol, 20 grams of MgSO,

anhydrous, and 5 grams of Montmorilonite K-10 (commercially

- obtained from Aldrich, USA) in 200 ml toluene. The mixture

was stirred for 24 hours at room temperature. The insoluble
product Was filtered off and the toluene was evaporated off
under vacuum to give 17.2 grams (80% yield) of a crude 2-
methyl-2-dichloromethyl-1,3-dithiolane.
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25. EXAMPLE 23 - Synthesis of
2-Met hyl -2-Di chl oronethyl -1, 3- Dithiolane [00201] In a

wao booeeearecked fl ask equi pped with a magnetic BCT/DSB03/038436

and having a nitrogen blanket at the inlet and outlet,
wer e added 13.27 grans (0.104 nol) of

1,1-dichl oroacetone, 30 11.23.grans (0.119 nol) of

1, 2- ethanedlthlol 20 grams oP MySO4 anhydrous, and 5

TopaBa P’ I'Vt%ﬁl"énpﬁcié)'ﬂr%ﬁulétl@aé d&@ﬁ"l%&'m’thlqptaal ned

from USA) i'n 200 uene. The mxture was
SEMPRBAC YIS IEZFgﬁo‘Pﬁ Frem A88nte epiCatlir 82 MH9- H NMR and

s QlHbbe tHY Qduel1vas ﬁﬁdah@&eda@fr{ea@ddeah@sird laevvarlan
was evgg ted of f. 35 der v uun13geg|ve 17.

UBosryF By 20 gy dis gL fovs
BMHI t(bmmaa,neoovmiiﬁodal @960951 B@T;/ dS2@034 N36:036 2. 0270s

202 t IIed in a
Pahper b e (ERHTE RO ¥Eos 1 e e hm hg.
NVR and 13C NWR of the dlstllled product was neasured
BEhAgrA MAar @gntllr&itsy JB Ber(B00,:M12 ) :g%ﬁ%ﬂﬁb}l,ﬂi@z mole

5ab3o)l s, 1H): 3.34 (s, 4H): 2.02 (s, 3H):; 13C NVR
(S[yGDEdt 3 50'&15&):%%@%?E> a|4Q Q&eﬁi—@zckm\ﬁsﬁ %ﬂ_[ulpped with

n eS| S .0

POEba It GETF 1 MG TIOTETTT o CHe it FASaRY adedeers

eqnepp@ﬂ iwiltely aadrnnéwanmcahtsét»'r@Fdlmhfmagnuathyla@mﬂflde
t S [ r
(BpSRS F°5a0g SCAR BhLep) Ut da=sloitny L sHRts et arv
5iysegemlass) 4-They F1laskohabekens NWVEEM (hLHrd79, nkt ﬁ’()%en
aBdedy MW ladia=g Vel @D exene i hYCHllr3ld. 478 =863 &% 2nr, 15

nol es) was added with stirring durln% a time period of
KAnioty lﬁﬁerﬁ%?CtTW%‘F@E@FPBHr?éHﬁ€F§FS eI TR e ferpAture
Iteoaztera&rea{ urer 4o a@a(::taéherFo’llJJaiwlﬁg aditlidilodnof the

Fol | add tio of th V|n cl hexene

TIREPP R RERt | hed kBt WakTaPUEE I SRC, | e
wascttmn1MMsaued was abmenpeaa¢dwup @fté@ﬁhr&nuie 20 60%¥@® and
Q:L%%I S( Q‘%l% fd’fe%r'é@d}:&ﬂcé[lnIltnllgg.géozy 5%2( 22 22

azo yl pentanenitri tal ne
BaPbh® )2, Wlélet}a@d@!ltaE&@htpblfet mtmseédm @the:nt), were

bAkesY al ERh 888t W hiasTHRded CRELd ORI XA & MRSe hour. The

evacuat ed at 60C/ 4-5mm Hg for one hour
reaction mixture was evacuated at 60°C/4-5mm Hg for one hour

to give 1.2 kg (yield: 100%) of a colorless liguid , with the
following properties:

[00204] Viscosity 300 cps @ 25°C (Brookfield CAP 2000+,
spindle #3, 500 rpm); refractive index (e-line) = 1.597
(20°C) ; Abbe Number = 39; SH groups content 16.7%.

EXAMPLE 25 - Synthesis of PTE Dithiol 7 (DMDS/VCH, 5:4 mole

ratio) .

[00205] In a glass jar with magnetic stirrer were mixed
21.6.8 grams (0.20 mole) of 4-vinyl-1l-cyclohexene (VCH) from
Aldrich and 38.6 grams (0.25 mole) of 2-mercaptoethyl sulfide
(DMDS) from Nisso Maruzen. The mixture had a temperature of 60

°C due to the exothermicity of the reaction. The mixture was



to give 1.2 kg (yield: 100% of a colorless liquid,
wth the 25 follow ng properties: [00204] Viscosity

WQB40a051@ 25C (Brookfiel d CAP 2000+, spi ndl eP¢/BUSH08038436

10

rpm; refractlve index (e-line) = 1.597 (20C); Abbe

- Nunmber 39; SH groups content 16.7% 30 EXAMPLE 25 -

Synthe3|s of PTE Dithiol 7 ( S/ VCH, 5:4 nole ratio)
[00205] In a gllass jar with nmagnetic stirrer were

0
PrsEee o g Al A By helabley g7, 472 op g
gndes fonidBrogsneflef fomelchpuvet hwhesmnﬁtwée 35S DVES)

IR 65 &M H2BPerdhif-dTl Kl HEEotiad 2 b@g@@ﬁsatda&%oaénc
60 C due to_the exotherm CItC%‘POf t he reacti on he :

PEOAHFE Wi ARER2BBY/ 06095 Fhpcirsrids B38RFe-ias: 71 .
pjoaeedll n 3Rsebkib@ativsdo, achenperarar efokdicrancher 2000+,

sti,rr. under a nitrogen flow for 40 hour The

HEAPREE 4o SEnER b o P O POt o fRe PR & ac0s (20°C)
Ghlber Neslssr W 4¢ouSH odrqgsecbotepr Gduét was obt a| ned,
with the follow ng properties: 5 [00206] Viscosity
10860, cps @25 C (Brookfield CAP 2000+, spindle #3,
@rXAMBhE 2§ of Bypthewis mfeBtas. Pohaer— (8Pk04 (200 ;
%ngwnberln a4éla§iﬂr&@p§e§%ﬁ@f 55&8@ 1]5:_)&%&43@51:;6 were

Synthesis of Star Pol yner }
Giodss. F;%éﬂdmﬁéﬁéPB? %)TG‘%G’E’iaP%cPéﬁaéPf“Po 9é’7 -&4dBd

£18 48ineBE g pledh 3] 6Ff shrexaodobanss (IBYDO). 58 &We£4land
%aé‘;grml e?l’nc cﬁ?for:{c? nP9t e g7?1§0 i§|6|bgt ?6)5 é[l'{,P mlgtture was

rous zinc OI‘I

: 'Etterlrrﬁdtem e Wampsrwme&j cdt 88° € efpe 28t brersf B86E torldd to
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Eg%%ﬁge£Me09@| g8l éO p;'d%ea Lsn@&r aﬁs&ar fua? G é\gdfﬁ of a

m xture was . % so utlono
B34 ardvEntc pEl 6 £- @l.azqaf’ﬁcaﬁéo (b@a@@ycy@mzsfﬁﬁl%@? f or
O(roezbﬁw%e) Eiaﬁf Bh¥t ki@ | wa&hltethﬁﬂxtgﬁ;éh@ast Shén 20636Jled to a
erat ure an | er ro a mcCr
B R T LIS | R S S A Rt S S
foakl owi pngavZ@epaoqumicbguolﬁzﬁﬁ:?@s&hé\ﬁ stoki tlye £A0oepsg @

kfield CAP 2000+, spindle #1, 1000rpm;
%%fge£§£eo%53; Abbe Number = 42; SH groups content

100898] t hi Jliseqaival &R0 weBgRt25 °28(Rrookfield CAP 2000+,
spindle #1, 1000rpm); ny*° = 1.553; Abbe Number = 42; SH groups
content 11.8% (thiol equivalent weight.: 280). A

EXAMPLE 27 - Synthesis of PTUPP 4

[00209] 4,4—dicyclohexylmethaine diisocyanate (Desmodur W)

" from Bayer (20.96g, 0.08 mole), Isophorone diisocyanate (IPDI)

from Bayer (35.52g, 0.16 mole) and PTE Dithiol 6 (32.0 g, 0.08
mole) were mixed and degassed under vacuum for 2.5 hours at
room temperature. Dibutyltin dilaurate (0.01%) obtained from
Aldrich was then added to the mixture and the mixture was
flushed with Nitrogen and heated for 16 hours at a temperature
of 900C. SH group analysis showed complete consumption of SH
groups. The heating was terminated. The resulting clear
viscous mixture had viscosity (730C) 1800 cP, refractive index _
(e-line): 1.555 (200C), Abbe number 44; NCO groups 14.02 %.



25 EXAMPLE 27 - Synthesis of PTUPP 4 [00209]
4, 4-di cycl ohexyl nmet hane dii socyanate (Desnodur W

w0 ecao@ayer (20.96g, 0.08 nole), |Isophorone  PCT/US2003/038436

di i socyanate (I PDI) from Bayer (35.52g, 0.16 nole)
and PTE Dithiol 6 (32.0 g, 0.08 nole) were nixed and
degassed under vacuum for 2. onurs at 30 room

- tenperature. Dibutyltin dilaurate (0.01% obtained
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from Aldrich was then added to the m xture and the
mxture was fI ushed W|th Nltrogen and heated for 16
P L 28 S @IS Jgp U 49r oup anal ysi s

quhcorrpéﬁt@ qomw@t Iwa@, eéga%ec%%e:% vadguheat hng

was term nated. The resultjng clear 35 viscous m.xture

HEFRFEEBER 1S ((PI0COTLE00 RPITF ePEAPR| (& Th@dxand PTE
(LZLdgjzme)s 125(5@) @gesalx%b?%gn@%%segjgg@%@mﬁat a
EERRRERESEE ST 5 @nBORe or IBTUBRE 4 TO SRR B Uf

4nix30 gF Was sba@asseplemtdme aadudm@edabegﬂammmaheeted
7
g:h(a@%CE&?Eeé MR IROUERC yﬁ%.ngAaﬁ wad SrN8n ol Ml Obven

were m xe assed under vac
taetnﬁercatﬂa%ata%rea@é %9°sz%w‘r3§fe TRuKst HEhe WirtrePxmaresial

V\@rse c1Bh¥egh@thddeesadd: venpasak ufe 1and) charged (20°c), abbe

. geen greheat ed glass plates nold. The materi al vvas

a preheated oven at a tenperature of 130C
for five hours. The cured material 10 was clear and
3} 1. 574 (20C), Abbe
F tfeSi s of PTUPP 5 [00211]
41;04)2dilo§ycl mebcwlnﬁchdﬁecydm%bmrﬁan@ocmsm uDedfnodds ‘W)
‘Effx‘?ﬂ% Egy&@ (&99 0%9 0037387%&@5 e)PTé:’-BEtQ&%ﬁ]'@l( 099, 0.118

and Star

lee gnd ‘B?U% O%W%lj (ferap g §<>ed<%/~r9é degas m é} were
e B mbe et BT St (R o
Cedbirabife EN BhEwoA i Akt ATt f0h tBy Reged
f@r. 0165 hoamd tate aﬁmﬁ;reswagr ﬁﬂmslmmlthNsttﬂm and heated
Cf%rpollgt ﬁog%nsa%bbﬁtl% grgw sﬂghgh&e,g Hate

st opped résu cous n X
VACSISuEPE ot THO 918(2@3:PTh6r bertigd wesi ﬁ’@i@i@@f(de [Thae) :

k223 t{ 2900 earARREOMTHEK 48 MO viGLBEPSy 18262 Y820 cp,

refractive index (e-line): 1.553 (200C), Abbe number 46; NCO

0,

groups 13.65 %.

EXAMPLE 30 - Chain extension of PTUPP 5

[00212] PTUPP 5 (30 g) was degassed -under vacuum at a

. temperature of 60°C for two hours. DETDA (6.94 g) and DMDS

(1.139) were mixed and degassed under vacuum at a temperature
of 60°C for two hours. The two mixtures were then mixed at the
same temperature and charged between preheated glass plates
mold. The material was cured in a prehéated oven at a
temperature of 130°C for five hours. The cured material was
‘clear and had refractive index (e-line): 1.575 (20°C), Abbe
number 41.



25 EXAMPLE 30 - Chain extension of PTUPP 5 [00212]
PTUPP 5 (30 g) was degassed under vacuum at a

wao eospes@sur e of 60C for two hours. DETDA (6. 94PQl/usaed3/038436

10

15

20

DVMDS  (1.13g) were m xed and degassed under vacuum at
a tenperature 30 of 60C for two hours. The two

m xtures were then mixed at_the sane tenperature and
charged bet ween preheat ed glass plates nold. The
X _ Moh o@tﬁ:eé'i‘/urethal al
Mar and had refractlve i ndex (e-line): 1.575
(RR%h3] Abbey iSd@H%%h&&E%QHQ%ﬂ%%§énate (Desmodur W)
PCT/ USZOOB/ 038436~ 73 31 ot _synthesis
dPoPFY R oth%edLdr e?tjr%ﬁ‘é’ler)rai"@?l%ﬁga[sﬁﬁﬁléﬂl ¥ vacuum at
ékoémdtemﬁéﬂiﬁmél ek hawne ivrsocyamabiHibesgoa. ddy, 0.08

el megton *G3009; ap bA rEh e bR BHRRE L. U 0. 06
DictLied oweﬁe (B e@0 gnd Od € saside indOE TR Ukl ad Orgpm Geffdrature
E?E)l e):wggg 19543 Ti’l% é@o gm:.xQ:u%g wéfPé Q:)he\ﬂeﬁgx&?)%&d t"ﬁ@dsame

eg under

asse vacuum at room t enperature

FropSTaTHES (3RS FRRTGTRPIeent BETheHbeddohest [ abafemold.
teRPRRALHL £ and ehaé&% ketpweraa psehrahed: 0 asmpRrat 88e of

mol d. 10 The materi was ured i.n_a gﬁ eat ed gven at .
e atzér Bog¥s - TIGCPHP ﬁtrﬁif&ra% v ed The results
eirer bal foliowel:earefddre inestihtisx (werldnas foddowW0°C), and

retra &, index (e-line) 1.582 (20C) , and Abbe
Aeogo %u‘h% 42) 100214] The invention has been descri bed
vvlth reference to non-limting enbodi nents. Cbvious

MR@hktal i 6A% 3RFen@ AL BBSH CHL RGBS &Pclptxl%%(éence to

upon_readi ng and understanding the detaile
AT Liptithg ambopdmeRniend OB Vi ARE "Ecr?éfllﬁ%h‘?lilsor?ndbe

Caflﬁ%&éﬂﬁ@'nsﬂ&:alnn okudi ngp aidheeac:hpcsmdle‘au@agl S meraeanding
alterati o insofar_as t cong wthin e op

e ahpelt dRtuthelth [ EURvinasel chpg B B fon
2@0 4060854 RETAUSROD} N 38436uch metifidcat adms and
alterations insofar as they come within the scope of the

appended claims or the equivalents thereof. .



1. A sul fur-containing polyureaurethane adapted to
have a refractive index of at least 1.57, an Abbe

W(mmﬂb/@m%f 5 at least 32 and a density of.| essPCTamob3/@38436
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grans/cnB, when at least partially cured. 2. The
sul fur-contai ni ng pol yureaurethane of claim1l wherein
said Abbe number is at least 35. 3. The

- sul fur-cont ai ni ng pol yureaure %hane of claim1 10

Whel‘elt)&le aq Abbe nunmber is from32 to 46. 4. The
sul fur-contal ni ng pol yureaurethane of claim1l wherein
said refractive index is at least 1.60. 5. The

sul fur - c@ngmfum:oa%wiﬁ@%&g@éesup&ﬁr@ aaégwé@n% Rave a
said density is |ess than

sul f ur - cBREEFAT I ﬂBFiﬁiir%%Lﬁ‘tetlﬁéﬁE b5l mbevﬁé‘ib@irnOf

sai d dengkt yedsc f3208n0d. anércs:JtQSSftb@é)s thdn QUafEon’,

7. The sulfur-c tal nin gc&tl)g/ureauret hane of claim1

further & rai‘% g° Enpiaﬁjb T s CPERGth of at |east 2

20 poul eS‘hasssmﬂgfuxheohnpaningErp@rlgyra'asrtetlﬁneTbé claim 1

sul fur-c o] e_of [ 1 that is
%E%P%ﬂ% NG, ;RORYHL %Fﬁb%?“?g a@ sac H

prepar ed reacti on a su ur cont ai ni ng
pol yur et FaResuiiapePrpheining@odgurggurgthane of claim 1

am ne- Coﬁhélkéﬂrﬁ%a@.dfhﬁge%ﬁier 9s fh&n 32 to 46.
sul fur-coptai nj n% ur eaur et hane of claim8 wher ein

t hesul f GrecBR R Cﬁﬁgﬁww SORAHESHIES DR fRePt claim 1

conpri seghthein eadtl parfpdctive) iadsyl fdilatcanhat m gy .

ol yeyanate; ads 30.L0).a0, achi ve  hydragen- contalyi 0o
mat eri al . 19 Hebhta I ng po Viureaur ethane
of cl ai nwBewkiar eiadt ﬁensut}f urs- é@ms atimn @ - p6| gryrmgyame. /

ConBr'SGQh@ sdﬁgd@ %ghbéﬁﬁﬁﬁﬁikg ééaufgy%ane of claim 1

sul fur-contai ni ng poI yur eaur et hane of claim9 35
wher ei n PRe* & FEidc 8RR AF FEPY Y difate ¢Bfipr s 1a3
m xture gf:alas/p@Pw sot hi ocyanate and a pol yi socyanat e.
Vo %904/ 980 fcr:-r/cgrsl ggg{n%s%% guréajrsethane of claim 1
further comprising an impact strength of at least 2
joules using the Impact Energy Test. .
8. The sulfur-containing polyuréaurethane of claim 1 that
is prepared by the reaction of:
(a} a sulfur-containing polyurethane
prepolymer; and .
(b) an amine-containing curing agent.
9. The sulfur-containing polyureaurethane of claim 8
wherein the sulfur-containing polyurethane prepolymer

comprises the reaction of:

(a) a sulfur-containing polycyanate; and
(b) an active hydrogen-containing material.
10. The sulfur-containing polyureaurethane of claim 9

wherein the sulfur-containing polycyanate comprises a
polyisothiocyanate.

11. The sulfur-containing polyureaurethane of claim 9
wherein the sulfur-containing polycyanate comprises a

mixture of a polyisothiocyanate and a polyispc&anate.



12. The sul fur-containing pol yureaurethane of claim?9
wherein the active hydrogen-containing materi al

wae ops®es pol yol free of sulfur. 13. The PCT/US2003/038436
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sul fur-cont ai ni ng pol yureaurethane of claim9 5

-wherein the active hydrogen-containing nateri al

conprises polythiol. 14. The | fur-containing
pol yur eaur et hane of claim9 erein the active

hydr.ggensgont,ai Ai ¥ ' i Xkur£ .of A
ol a1 oe oft QoL kA opfOBRBRR IR EERAL 5
sul f ur - cshessH ridipecyive drdraghecort nbng vatepiarlei n
the acti vempyiQ0R1¢ent &4l R@ gpierial is a hydroxyl
functional polysulfide. 16. The sul fur-containing .

pol ydr eatiFt HEETGICOREAF Rt 1 POIBURRRYES thagg afhilﬁarlz’:}kfl
functi onwheryauldhedact iré NBfdrogenpeoBetining material
SH- f unct icgﬁaliéé/s 1{. TQ sul fur-cont ai ni-ng

pol yur ealiP S haie SPL¢FAER 14 wherein said polyol free
of 44l f uFhe sschioserohtamingpippégteeapdyeing, of claim 9
pol ycapr olLy.olk e . 0 .

pol ycar bgiﬁgff:%ggo h%olaé?hg%cﬁ%rx? E?eéo%‘%elr%ggé: hléti%r.laﬁ'he ‘
sul f ur - cBATRF¥iSfy SpBLFtreanfethRAtYRt fAes Afosulfier aénd 2
sai d act pyeytpsdiogen-contai ning material has a nunber

aver age | ecul ar wei ght of from 200 ranms/ mplel to

32, 680 of Aoy HOIH CREE R HIePRIE By S Bee 98, Sia 9
sul f ur - ceh¢meim ndepakyivediydichanecadtirdinm d8terial is a
wherein j ti - f ning material has a
nunber aggégaj% n&‘ﬁ%gﬁ?%:ﬁgﬁm%%&%?ﬂ%ﬂ#bm about 2,000 to
15, 060 gfrhesywidlual-cantdtrimaripedsiubsa@rRthage 90, cIftia 15

sul f ur - coptal 7 NG1ROLYEESAHT 8LRaPER fpdih @Mk Dae VHRLGLD
sai d prepol yner has a thiocyanate to "hydroxyl
equi val eRP™PEISS SE-FrBRyIF1t6Yt ess than 5.5. 21. The

sul figt - coné asuli fig -pohy i aly ebhgtitefirethang 32 claim 14

T R TR T
polyester polyols, polycaprolactone polyols, polyether
polyols, polycarbonate polyols, and mixtures thereof.

18. The sulfur-containing polyureaurethane of claim 9
wherein said active hydrogen-containing material has a
number average molecular weight of from 200
grams/molel to 32,000 grams/molel as determined by
GPC.

19. The sulfur-containing polyureaurethane of claim 18
wherein said active hydrogen-containing material has a
number average molecular weight of from about 2,000 to
15,000 grams/molel as determined by GPC.

20. The sulfur-containing polyureaurethane of claim 9
wherein said prepolymer has a thiocyanate to hydroiyl
equivalent ratio of from 2.0 to less than 5.5.

21. The sulfur-containing polyureaurethane of claim 12
wherein said polyol free of sulfur comprises a

polyether polyol.



76 22. The sul fur-containing pol yureaurethane- of
claim 21 wherein said polyether polyol is represented

whgootieo9sf ol | owi ng structural fornula: 5 H PCT/US2003/038436
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(O CRRCRR-Yn) a- (CRRCRR-YN-O) b (CRRCRR-YN-O) c-H
wherein R can represent hydrogen or C-C6 alkyl; Y can
represent CH2; n can be an inj gyfegLer fromO to 6; a, b,
and c¢ can each be an integer TfromO to 300, wherein
a, QzandThzl,os&]hﬂ[re—c%?l9§§ﬂ1r§é'%l%/ﬁ§‘teaﬁp&ﬂﬁﬂgo% ayera
nol ecul ar wel the pol oes not exceed 32, 00
gr ams/ nowélprea% %Pé{depﬁiﬁ%@%@ pEPEol )bs rEpresented by the
sul fur - cent abhimy fReyvheaurRihang.of claim9 wherein
sai d sul fur-containing polycyanate and said 15 active
hydr ogen- contai ning material are present in an anount
such t ha#-{beCRRIRR- Yo 4i( CRRERH - 1,,a0) 0 (CRRERR £0) NGS)
to (SH+ OH) is less than 5.5 to 1.0. 24. The

sul fur-cont ai ni ng pol yureaurethane of claim9 wherein

~sai d sul WherebmtRicaionyepotsanfahdticoaen saitd-C2@1hgt i ie can

hydr ogegs,ceahai @ﬂ{ngnﬁé&?%éﬁ'anaaﬁt%@?eﬁtogd 3 @8 é‘”%”n'b, and
such that the nolor equivalent ratio of NCS)

to (SH FaOHeRCRRYS, AtherEPEER §2P™PdFBg2ho orwheéﬁk9| a, jbs and
I elss t&ﬁ@&eﬁcﬁob@n lsysh ZﬁatTﬂgeSmﬂuﬂom - &O@i@j@'ﬁﬁgecular

(0] ureau t er ej
o T Ur PR fr Ry R ettt EFORghets - g PRaroLel

t he r@a:tdecuﬁrmfmec(ajy &pPpol yi socyanate; and (b) a

sul Hyr - C%ﬂ&%@iﬂﬂ:—%}lhé{%ﬂ}ﬁ%&g?ﬂ Meecr A 070 ]gagm 9

The sul f ur - cont ai ni ng Rane o clarm
wher ei n Wherpbt \Haddc i %I{“’e‘q%“-té‘héé‘ﬂ@% voloirvanbphaand said

pol yi socxee@&@%y&bggﬁ%éﬁawlagpﬁayémaﬁ}at §§esent in an
aromati c i soc tes,  and_m xtures thereo

The sul f& OE nt &t ﬁ ah o 3 MOAGF e ERAHE GREcFaF e 2f (§E0 +
wher ei n masd ol \sHSecyrnaie liesschhaers f3 am al bphatic

o 3858 A PRRLABIAN £, Ol PRIATALSS o ST
wherein said sulfur-containing polycyanate and said
active hydrogen-containing material are present in an
amount such that the molor equivalent ratio of (NCO +
NCS) to (SH + OH + NR), wherein R is hydrogen or
alkyl, is less than 5.5 to 1.0.

25. The sulfur-containing polyureaurethane of claim 8
wherein the sulfur-containing polyurethane prepolymer

comprises the reaction of:

(a) a polyisocyanate; and .
(b) a sulfur-containing active hydrogen
material.
'26. The sulfur—containing polyureaurethane of claim 25

wherein the polyisocyanate is chosen from aliphatic
polyisocyanates, cycloaliphatic polyisocyanates,
aromatic polyisocyanates, and mixtures thereof.

27. The sulfur-containing polyureaurethane of claim 25
wherein said polyisocyanate is chosen from aliphatic

diisocyanates, cycloaliphatic diisocyanates, aromatic



77 diisocyanates; cyclic dimers and cyclic trimers
thereof, and m xtures thereof. 28. The

W@ i0R60960DNt ai Ni ng pol yur eaur et hane mat eri al oPCT/TEBNIN38436
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‘wherein said polyisocyanate i

23 wherein said polyisocyanate is chosen from 5

cycl ohexyl met hane and isoneric m xtures thereof. 29.

The sul fur-containing pol yu[ez\_yr et hane of claim25
chosen fromtrans,

trans is nebi s(cy L '
'SOCyana%n?Lso%éarga&AésT E;Q¥+ ucfimén%%% a%#ll&@%lc Erimers
pol yur eatrhetrhohe afd HALWFeS theveedin said-

p0|b@socﬁﬁgag§1f6%‘Hgﬁ%gmniﬁénBéiyureaurethane material of
i socyanat o- net 5-trimet hyl cycl ohexy

i soxyanalcéalﬁe%% "fl"@rreéﬁeisﬁ’ﬂ @H]éfﬁéoﬂwf‘%ﬁ?y&ﬁaf%o‘ﬁn From
bi s( Ih-l seg:aaﬁé;quhmdmblhfyl &ﬁ@ﬁémi@@ﬂé&ﬂﬁ)tﬁd’é@ Hhéifé,trﬁ]ies
15 thereo 3 e s ur-contal nin ure t ha
o A b S e ERLLE A e Rrar SR S F RS
hydr ogen wietein adaid podyBebcomtadieniiagcedear ifabm tr@iks,

. The sul f;&%éﬁg#@a&mgfpgl yurgayr et hape, Pég&%%g%ﬁl 20

wher ei n . contalnlng materral 1I's a
33. The d@gbfyanatsit-ai ni ng pol yur eaur et hane of claim 32

whergi n &%ds@pfafxuyo%ahﬁlﬁ@qasﬁ@,uﬁ_»eaﬁiéﬂna@ﬁabfcclalm 25
pol yt hi ols, cycl oalj phati c %fa(ﬂyt higls, aromatic

pol yt hi ol‘“@e‘rﬁbril Viferd EOpBF§P e A8 SR $¥98 3-

cont ai ni Agoetvaedtd-nekagess, Ep,(ﬂ—)ttchmei:ﬁyromcaiohéﬂglone

or nore sulfldellnka es ur - £Qnt.aj ni
pol yureaure Fhe- G "Crai Fﬁa meﬁ-‘ &iré n %éﬁggP?Y%ﬁl%tl% (1,3-

conpr i sediatlt bestyagngonbtestitatlethpbl dyanead) bynd heixtures
fol | ow ng;hgg_,ggf:tural formul as: /SH HS /-' HS /-SH'S S
S S S S S

The sulfur -containing polyureaurethane of claim 25
wherein the sulfur-containing active hydrogen material
is a SH-containing material.

32. The sulfur-containing polyureaurethane of claim 31
wherein the SH-containing material is a polythiol.

33. The sulfur-containing polyureaurethane of claim 32
wherein said polythiol is chosen from aliphatic
polythiols, cycloaliphatic polythiols, aromatic
polythiols, polymeric polythiols, polythiols
containing ether linkages, polythiols containing one
or more sulfide linkages.

34. The sulfur-containing polyureaurethane of claim 32
wherein the polythiol comprises at least one material

represented by the following structural formulas:

HS |
SH S
HS s——/_ | _\—s | s—/_
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30 WD 2004/ 060951 PCT/ US2003/ 038436 78 (IV a)
(IVb) SH HS/-SHHS-SSSS SS SSSS(IV O

W@ kod4/06956 35. The sul fur-containi ng pol yur eauP€r/ns2we3/038436

of claim32 wherein the polythiol conprises at |east
one material represented by the follow ng structural
formulas R x Sn __~f HSYSY -SH(IVe) 10
wherein R can represent CH3,78CH3CO, C1 to Cl10 al kyl,
cycloal kyl, aryl al kyl, or alkyl-CO Y can re resent
Cl to CIOTH(RYI, cycloalkyl, C6 to C74 aryl, )

(CH2) p( S) m(CH2) q, (CHZ_)D(Se)IT(CHZ)q _ SH
(CH2) p(Te) M CH2) g wherein mcan be an 15 integer from

1to 5 and, p and g can eachWeger from1 to
HE; n can be Sﬁ'eger from1l to and x can

eger fr to 10. 36. The sulfur- tal n|
poI yur\eauret hane of claim 32 whereéin t eXpol yt hi ol
conpr i east one material- 20 repres y the
n

foll ow ctural formnul as: HS~~S~~~S' S
(1Vf) % 060951 PCT/ US2003/ 038436 - 793 n
(IV' c) ' (IV’ d)

35. The sulfur-containing polyureaurethane of claim 32
wherein the polythiol comprises at least one material

represented by the following structural formula:

Lot etk

(IV’e)

wherein R can represent CH;, CH;CO, C; to lealkyl,
cycloalkyl, aryl alkyl, or alkyl-CO; Y can reéresent Cy
to C;p alkyl, cycloalkyl, Cs to Cis aryl, (CHy)p(S)n(CHz)g,
(CHz) p(Se)n(CHz)q, (CH;)p(Te)n(CH,;),; wherein m can be an
integer from 1 to 5 and, p and g can each be an integer
from 1 to 10; n can be an integer from 1 to 30; and x can
be an integer from 0 to 10.

36. The sulfur-containing polyureaurethane of claim 32
wherein the polythiol comprises at least one material -

represented by the following structural formulas:

0
HS/\/S\/\S/F\/ \/\3/\/8\/\3]?1—"'

(IV'E)
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4 (1

V'h) Sn

/IS ~~S - \Stn (IVg) SSS H HS~~S-\S
(I'V'i) 10 wherein n can be an integer

wo e@a0d09sp 20. 37. The sul fur-containing PCT/US2003/038436
pol yur eaur et hane of claim 32 wherein the
SH containing material conprises a mxture of

poly

thiol and

pol yol free o§ sulfur. 38. The

sul fur-cont ai ni ng pol yureaur et hane of claim 25 15
wherein the sul fur-containing active hydrogen materia
I's a hydroxyl

functional polysulfide. 39. The

sul fur-containi ng pol yureaur et hane of claim 38

wher ei n sai d hydroxyl functional polysulfide further
conpri ses SHfunctionality. 20 40. The

sul f

ur-contqi ni pglyur eaur ethane .of ai er ei
saH$1§E?ﬁ6F%bﬁ{§gSi g rin§/ggéﬂf/T?Séﬁ\\Jngiv)Mq\S’%?H
sul fur-containing am ne-contai ning curing agent. 41.
The sul fur-containi ng pol yureaur et hane of cl ai m 1IVfat
is prepared by the reaction of: 25 (a) a

sul fur-containing pol ycyanate; WO 2004/ 060951

PCT/ US2003/ 038436 80 (b) amaxtive

hydr ogeq- corg ai nj.ng npteri g “’é;?\fib

ani H& con a:gnl G| CLB e S\/\S/]n/H
sul fur-containing pol yureaurethane of claim41 5 __ =
wherei n the sul fur-containing polycyanate conpriéggkﬁ
pol yi sot hi ocyanate. 43. The sul fur-containing

pol yur eaur et hane of claim4l wherein the

sul f
a po

Ur - cont ai n
| yi sot hi oc

_S/\/O/\/O\/\S/Q

i ng pol ycyanate conpri ses m xture of
yanate and a poni%Qcyana{gx//“\ozf\g,/s__

$TN\_-0

wherein n can be an integer from 1 to 20.

37.

38.

39,

40.

41,

The sulfur-containing polyureaurethane of claim 32

wherein the SH-containing material comprises a mixture

of polythiol and polyol free of sulfur.

The sulfur-containing polyureaurethane of claim 25

wherein the sulfur-containing active hydrogen material

is a hydroxyl functional polysulfide.

The sulfur-containing polyureaurethane of claim 38

wherein said hydroxyl functional polysulfide further

comprises

SH-functionality.

The sulfur-containing polyureaurethane of claim 8

wherein said amine-containing curing agent is a

sulfur-containing amine-containing curing agent.

The sulfur-containing polyureaurethane of claim 1 that

is prepared by the reaction of:

(a)

a sulfur-containing polycyanate;
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- chosen s ch tha

10 44. The sul fur-containing pol yureaurethane of claim
41 wherein the active hydrogen-containing nateri al

weomwplswes pol yol free of sulfur. 45. The PCT/US2003/038436

sul fur-containing pol yureaurethane of claim4l

wherein the active hydrogen-containing material 15
conprises polythiol. 46. Thegsukfur-containing

pol yur eaur et hane of claim4l wherein the active

hydr ogen- cont ailnj ngamederivel hydoogeni-sestaiminxg mateafiad;
pol yol free of sulfyr;and a polythiol. 20 47. The

sul fur-containing polyureaurethane of claim44

wher ei n sai d pétlyol afi rasmdinsf-coprdinins ceirdsendertm

pol yest efheo(yu)iglrl%*c aﬁ%@ﬁ&%é‘f}mﬂ‘&u&@kﬁ%é’o:‘ip%'l)é%h@{

pol yol s, polyc onat m xtures thereof
48. The virain- ‘ebﬁt%ﬁﬁulafgcam@/m%@@@naﬁ@%e CPHEPRiaes @

25 wher %ﬂﬁ%bqh@géya@tgydr ogen-contai ning nateri al

has a nunber _avera m)I ecul ht of frao 00 t

35 %500 Hr AL et S g R ey Tepbeng ot Fagim L1
sul f ur - cdradini Bhe polMunreaunes hairey @folybmmatéb? comprises a

uherein =al,d.80LKel NEN RELYAL oL SRR 618" b1 sbBanate.

30 fol | oW n St ruc
H (43 .CRRORR- s\ﬂrl)far(@m(a;bmvg P CRRERRR e Qfc cfjaim 41
wher ei n &£é¥¥1nr@Hée§éﬂﬂﬁehﬁ?ﬁ?gﬁghiHbﬂgélﬁﬁnéuﬂ@ﬂer1¥lCan

35 represent CH2; n can be an Tnteger fromO to 6; a,
b, and CCYMFIESENPBLY Un frREHErSYHBIR-0 to 300, wherein

a, 45 andrﬁé!)szﬂ%w@&%hn@ﬁ@/ PSPA0HR3I84BENe 8If Qadmesl
nurrbglr aver agi%_lrml ecul ar

ht
of the PUTSFAIbRS Ut o BEdoST GO0 gl arey e ods
determ n‘ﬁﬁnﬂlﬂS@CPO35>0:h115|1e sul fur-cont ai ni ng

pol J4ir eanl et h; @Sroa‘;o% 7 SO% %Qf%ure%dbr%tﬂéﬁgacg@d:ngmt he

reaction o a) a

sul f ur - corrRe i ﬁéea%@il\if@ hyér@@@?rcqmﬁémw meieF ipd)
an am nesGitidie8i A0mLUr0 0898 Nolyol free of sulfur and a

polythiol.

47. The sulfur-containing polyureaurethane of claim 44
wherein said polyol free of sulfur is chosen from
polyester polyols, polycaprolactone polyols, polyether
polyols, polycarbonate polyols, and mixtures thereof.

48. The sulfur-containing polyureaurethane of claim 44
wherein said active hydrogen-containing material has a
number average molecular weight of from 200 to 32,000
grams/molel as determined by GPC. -

49. The sulfur-containing polyureaurethane of claim 47
wherein said polyether polyol is represented by the

following structural formula:
H- (O-CRRCRR-Y,) - (CRRCRR-Y,-0) p- (CRRCRR-Y,-0) .-H
wherein R can represent hydrogen or C;-C¢ alkyl; Y can

represent CH,; n can be an integer from 0 to 6; a, b, and

¢ can each be an integer from 0 to 300, wherein a, b and



10 51. The sul fur-containing pol yureaurethane of claim
50 wherein said am ne-containing curing agent is a

W@ a00R06096DNt @i Ni ng am ne-contai ni ng curi ng agePCT/USD03/038436
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The sul fur-contai ni ng pol yureaurethane of claimb50
wherei n the polyisocyanate is selected fromaliphatic

15 polyi socyanates, cycloaliphatic polyisocyanates,
aromati c pol yi socyanates, and m xtures thereof 53.

The S e €OBLEE LG, ROLY URUERARNEy Lo ATLBax
wher ei n sail iSocyanate 15 chosen ITo atic

di i socvg@m@ttegf élymmyoéhé@% THit] @6@99%@@0%9@@4@1&

20 di i SONRBIMERed AKFIdpe . di Mers and cycl ic trimers
thereof, and mi xtures. thereof. 54.

he

sul Flr - cBReaFt Fi 5onya B mgﬁéeﬁr%q%nﬁ] gf claim 1 that
wherein Ebepﬁé@éﬁﬁa:%@htﬁ@rﬁdaytaGhlNﬁ hydrogen mat eri al

is a SH cont ai nj ﬁ o %

sul fur - cont ai ni 4?3 poa} 9’8 &3 ?éfa}?aalng of cI ai m 54

wherein the SH@ont & sud§uretertadning actpotey hiylobgen

56. The sul fur-cont [ ol eaur et hane of claim44
wherei n said polythﬁgﬁe?gaghéﬁg% fromaliphatic

pol ythi ol s, cycl@al i pHatd"éngof9Rtaislidy guvieg iagenso

pol gt hi olrge H@I sRIHCEE RO PRI Fur @M tH0ESof claim 50

containing ether |inkages, polythiols containing one
or nore ¥uffre ﬁﬁlﬁkéﬁ‘g ) %ﬁén% TIPS BRAERY mihd
poI yur eagnefiansomfaialag miihe —Wbﬂt&inm.rtd‘l @upmhgtetgemlt

0 3004/ OBDSEL. BT CRoDuYy Bogria - ad ISR e 5

'S /-Svwhegein tig pSlBis@ySnSts {$\sedeqtey Byomsialiggatic

0 polyisocyanates, cycloaliphatic polyisocyanates,
aromatic polyisocyanates, and mixtures thereof.

53. The sulfur-containing polyureaurethane of claim 50
wherein said polyisocyanate is chosen frém aliphatic
diisocyanates, cycloaliphatic diisocyanates, aromatic
diisocyanates, cyclic dimmers and cyclic trimers
thereof, and mixtures thereof.

54. The sulfur-containing polyureaurethane of claim 50
wherein the sulfur-containing active hydrogen material
is a SH-containing material.

55. The sulfur-containing polyureaurethane of claim 54
wherein the SH-containing material is a polythiol.

56. The sulfur-containing polyureaurethane of claim 44
‘'wherein said polythiol is chosen from aliphatic
polythiols, cycloaliphatic polythiols, aromatic
polythiols, polymeric polythiols, polythiols
containing ether linkages, polythiols containing one
or more sulfide linkages.

57. The sulfur-containing polyureaurethane of claim 55
wherein the polythiol comprises at least one of the

following materials:



HS SH-SS SS SSSSSS (IV ¢) (IV d) 558. The
sul fur-containi ng pol yureaur et hane of claim55

wob@r o695t he pol yt hi ol conprises at | east one P&l/861088/038436
represented by the follow ng structural formula: R H+
SYSS~YSH _~ n 10 wherein R can represent CH3, CH3CO
A to C10 al kyl, cycloalkghb, _aryl al kyl, or alkyl-CQ,
Y can represent C1 to Cl0 al kyl, cycloalkyl, C6 to
Cl4 aryl, (CH2)p(Snm(CH2)q, (CH2)p(Se)m CH2)q, SH
(CH2) p(Te) M CH2) g wherein mcan be an integer from
to 5 and, p andaq_'l]can eldBh—ke an integer 15 from7 to

" H40; n can be/an teger fro g0 20; and X _anS be an
g ger fg 0 to 10. 59. The su fur-con$a+—14|€n—g :

ot e
pol yir eayr et hane of claim55 whereiy the pol ythi ol
conpr Bs€ | east one of the foll o8

g erials: WD
2004/ 06095 PCT/ US2003/ 038436 83 HSS"! - SJn H
(IV, f) 9n HY ~/S~/~=S'Sn (IV g) 5 S2-,,P- "S+n H
(1V h) 0"0 ' ~S/\ n 10 (IVi) "/ :
(IV’'a) (IV'Db)

Hs\—\s/sgz/_ SH \—\S&

U J
(IV'c) (Iv’d)
5 58. The sulfur-containing polyureaurethane of claim 55

wherein the polythiol comprises at least one material

represented by the following structural formula:

R
H
\%s/\PY/k\an\s/\FY/k\SH
10 wherein R can represenﬁ CH;, CH;CO, C; to Cy alkyl,

cycloalkyl, aryl alkyl, or alkyl-CO; Y can represent C;
to Cig alkyl, cycloalkyl, Cs to Cis aryl, (CH;)p(S)n(CH:)g,
(CHz) p(Se)n(CHz) q, (CH;)p(Te)n(CH;)q wherein m can be an
integer from 1 to 5 and, p and g can each be an integer
15 from 1 to 10; n can be an integer from 1 to 20; and x can

be an integer from 0 to 10.

59. The sulfur-containing polyureaurethane of claim 55

wherein the polythiol comprises at least one of the

following materials:



wob@re6095t he SH- contai ning nateri al
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20

wherein n can be an integer from1l to 20. 60. The
sul fur-containi ng pol yureaur et hane of claimb54

conpri ses BCTHIK1003/€38436

of polythiol and polyol free of sulfur. 15 61. The
sul fur-contai ni ng pol yureaur et hane of claim 50
wherein the sul fur-containi ng,active hydrogen nateri al
is a hydroxyl functional polysulfide. 62. The
sul fur-cont ai ni ng pol yur eaur et hane of claim 61

wherein sgid dr oxyk _funahi onal pol ysul fi de further

N P T T S AN T W
wherein said anmine-containing curing agent is a WO (gyf)
2004/ 060951 PCT/ US2003/ 038436 84 m xture of
am ne-containing curing agent and at | east one
mat eri al chosen from pol ythiol and polyol. 64. The

sul fur-cont ai ni ng pol yureaurethane of claim8 wherein
sai d am ne-coat ai ni_ ng ring_agent is.a pol gam

havi ngsaf\l\eégt\%ESMsMB ep d%ﬁt/l/;;{s’]f i
chosen fromprimary am ne (-NH2), secondary am

(-NH), and conbinations thereof. 65. The

sul-fur-containing pol yureaurethane of claim64 wherein
sai d polyani ne is chosen fromaliphatic 10

pol yam nes, cycl oal i phatic pol yatr
pol yam nes, and m xtures

sulfurHsdﬁ?aPﬁgn

es, arommtic

ne
(IV'g)

- . % ; %@4“847 :

wherein said polyamne is represented by the foll ow

struct ural

chl ofi ne.

—s N0 O

S
/\/o\/\

wherein n can be an integer from 1 to 20.

60.

61.

62.

63.

n
fol l owing formul a and ni xtures thereof: @@gh)
RL RL H2 NH2 R2 R2 R3 R3 wherein R, and R2 are each

i ndependently chosen from nethyl, ethylg propyl, and o
i sopropyl groups, and R3 is chosgﬁﬁ?rdﬁ?hydfgggﬁnghd/s

O\/\S___

—in

(Tv'1i)

The sulfur-containing polyureaurethane of claim 54

wherein the SH-containing material comprises a mixture

of polythiol and polyol free of sulfur.

The sulfur-containing polyureaurethane of claim 50

wherein the sulfur-containing active hydrogen material

is a hydroxyl functional polysulfide.

The sulfur-containing polyureaurethane of claim 61

wherein said hydroxyl functional polysulfide further

comprises SH-functionality.

The sulfur-containing polyureaurethane of claim 50

wherein said amine-containing curing agent

is a



20 67. The sul fur-containing pol yureaurethane of claim
6 wherein said am ne-containing curing agent is 4,4'-

woreaohpbnebi s( 3- chl oro- 2, 6-di et hyl ani | i ne). 68PCT82003/038436
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sul fur-containing pol yureaurethane of claim6 wherein
sai d am ne-containing curing agent is chosen 25 from
2, 4-di am no- 3, 5-di et hyl -t ol ugne;. 2, 6-di am no-3, 5

di et hyl-tol uene and m xtures t ereof. 69. The

sul f ur - coni@ini og %iﬂéu&ﬁﬁ%ghfﬂﬁ&ec&fm@ abend aﬁw%%enaast
sai d am ne-containin curl ng agent has NCO' N

equi val efife ratiegist Fhess ONCE?%)Y%%I—EH?OPO:L%’H 0
NC%0 4, 20?31}&425u1\£0r26814££)ﬁ&9@1p8@ﬁ£52ﬁ%&hh aag%ﬁ c&.&&m 8
7 A sul fur-contai.ni 0 reaur et hane adapted to
have a PBFrsct P7aYi ;&%}(43 cio\ég TPER Y189 ¢ & AR Se 2
nunber opolymineabevd2g aatd lazadenswae )ftm‘cthessl tdraups. 3
grans/ c I hat

pr epar eg§ %de#%%’%%ngi}/egﬁg%ﬁ%o%{n L%/maw gﬁlﬁ% e tygng

pr epol yrréeccrmiar@’bfmane afrifie-) coAn |¢ﬁ“ﬁ2}nélﬁii?% tdpaigef -

wheggi n @ﬁeléﬁﬁﬁhroagnﬁglﬂf%b %6@yﬁ£@adﬁ%tﬂaﬁé|éﬂ”clalm 64
contaihing material. 10 he” sul f ur-cont

ol yur eatREATEnE=0F RPRIARITS Lahereidh S5P0 aliphatic

pol yur et haneaninegol yﬁ@Ioa(ﬂﬁmhb.ltSESpcblt'}&mlheaCtama]tflc
(a) pol ycgﬁnate andncgbr)l ctive é{reo%gen cont ai ni ng

s ures t
mat er i al POTABIPSE TR S SEo Rt aT ng

pol géir ealhetvaifarofortaimirgl pohkrereiureshnde pof yopamate
i's chosepyfrom saghyééggam@l@t s P@éf/és%%aaogya&@ ollowing

and m xtures thereo he sulfur-containin

pol yur eafiFBigtarre lof oLl ARy Forppl it MAXERT &F arg*{eir@@f ?
hydrogen material is chosen from polyols, polythiols,
and m xtures thereof. 74. The sul fur-containing

pol yur eaur et hane of claifa 70 V\:heRGEI n said

am ne-cont ai ni ng curing [

wherein R; and R, are each independently chosen from
methyl, ethyl, propyl, and isopropyl groups, and R; is
chosen from hydrogen and chlorine.

67. The sulfur-containing polyureaurethane of claim 6
wherein said amine-contdining curing agent is 4,4’-
methylenebis (3-chloro-2,6-diethylaniline) .

68. The sulfur-containing polyureaurethane of claim 6
wherein said amine-containing curing agent is chosen
from 2,4-diamino-3,5-diethyl-toluene; 2,6-diamino-3,5-
diethyl-toluene and mixtures thereof.

69. The sulfur-containing polyureaurethane of claim 6
wherein said amine-containing curing agent has a
NCO/NH, equivalent ratio of from 1.0 NCO/0.60 NH, to
1.0 NCO/l.ZO NH, .



pol yam ne having at |east two functional groups 25
i ndependently chosen from primary am ne (-NH2),

waemeidrsy amne (-NH), and conbinations therBOf/US2085038436
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A net hod of - preparing a sul fur-containing

pol yur eaur et hane conprising: (a) reacting a

sul fur-contai ni ng pol ycyanat egg 30 and an active

hydr ogen-containing naterial to forma pol yurethane

"prepolyrﬁﬂ’suaﬂ@r(&ﬁntéEﬁfﬁgfﬁbﬂ?@b@aﬁ@éﬁh&ﬁg|&@B§ted to have a

prepol ymer Wit h, ntai ning curing
wher ei n a&gﬁ?%‘a”f \e/}é %f rq:fﬁggtsf:vg T &t égg%tn?% of
35 1. 57, aanlggde Ipuabéra oleratitleast 18 atnaldengddams/cm?,

Cur od- w2003 DSOS PR Uob T D3aaTET S oghr  birky che

met hod ofreaFaion P :furt her conprising reacting said
pol yuret hane prgpol wngbi{ nrcsgkpaql (3)eWbivhdan " and

epi sul fi de-cont a| ni nrTB eri al © % ei16'4t31e§%n13t 'hod - of

clai m 75 wher ei %) sai §'BH°%rc%ﬁﬁtléﬁﬁgn‘ﬁlrwgpéﬁ%"yanat e
conpri sesharih WS abhs Oy alEe (a Y 8and h@)Meshadsf fur-

cl ai mc705ntv\a/ri%£§| n stal d iul fur-containing polycyanate
conpri ses a mtire o pol yi sot hi ocyanate and .

pol ¥isocFanatwl fuz9 cofftrl migichpd 1 phredaiethdbewberediaim 70

2 pol yol "HEse P e e b TS Pomie, 262

a polyol free of sul m-7

wher ei n 8t ofe hydrogen contai ning materi al

conpri ses pol ytB) ol poBleydfrsretiigd of claim75
wherein said a;:é% ve hydrogen- containing materi al

conprises a mi xur e 26F PoIRSITCBFBeCoORB GGy MR R igdd
pol y2 hi ofhe %llfArnebﬂnmhmfngppep@nrenagn&thane of claim 71

sul fur-coptal quggldylg %z)}gg%%g[:%t hgnqqr conprl SI ng: (a)

reacti ng a p 1 SOC Cfsur- cont ai ni ng
active hpetvg@ryesatai malyisgbhhetwsriagk, t and orimtares

pol yur et hgae-4¥ . epol ynmer; and

73. The sulfur-containing polyureaurethane of claim 71
wherein said active hydrogen material is chosen from:
polyols, polythiols, and mixtures thereof.

74. The sulfur-containing polyureaurethane of claim 70
wherein said amine-containing curing agent is a
polyamine having at least two functiomal groups
independently chosen from primary amine (-NH,),
secondary amine (-NH-), and combinations thereof.

75. A method of preparing a sulfur-containing |
polyureaurethane comprising:

(a) reacting a sulfur-containing polycyanate
and an active hydrogén-containing material
to form a polyurethane prepolymer; and

(b)  reacting said polyurethane prepolymer with
an amine-containing curing agent,

wherein adapted to have a refractive index of at least
1.57, an Abbe number of at least 32 and a density of

less than 1.3 grams/cﬁ3, when at least partially cured.



(b) reacting said pol yurethane prepolyner with an
am ne-contai ning curing agent, wherein adapted to have

wa200ef6@st i ve i ndex of at least 25 1.57, an AbGEBUS2003/038436
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nunber of at least 32 and a density of less than 1.3
grams/cn8, when at least partially cured. 83-. The

met hod of claim 82 wherein sgigd_pol yi socyanate is
chosen from ali phatic polyi socyanates, cycloaliphatic
pol ¥ soomwa{&%oda69Mal% pel ﬁ@@@é&aw@hsﬁ@ #ycting
m xtures thereqof. 84. The net hod of, cl 22 wherein

sai d sul 344 FREPRPS REEPOLYRSOr Ty & eEo ThiHiGy an
mat eri al e@ﬁsmﬂfSHeeeahtaammg maeéetdlal . 85. The net hod

o By g s ot s 38 TR g ens

The net hpel wsfyackakne@dpnisese Rnpeshy idcSHioonaad e ng

matgf | al peORh3aSoA 5&3&%&@ Qﬁe@eﬁplssétlal gﬁlﬁmc%ntammg
pol yo] free of sul ? he nmet hod of claim8

wher ei n wwywmrcmlaﬁeﬁ. ﬁgml?stU%cPﬁv@olwsothwcyanate
hydr ogenacpakakBgyamdtey.i al is a hydroxyl functional

ol sulfde of . cl ai m 82 wh i d
D 1 oS athge Bhr i g thresh ea AL PEEOr AV Hgen-
am ne- Coa!tira:al!nligg naremighlagenpridds 89 poApodbpitezalof sulfur.
arté&le PR 90 é&££%PESC§Héf%fH 354 ac ive hydrogen—

p0| yur eaur et hane, ereln sal ur eaur et ane
adapt ed gentipivang weterictl @émph{%%@ Folythiehst 1. 57

an fbbe muhernefl 8t drast 732.p0ek @ denal Lyt ofe eso en-

than 1.3 grans/cnB, when _at |east partially cure
90. An offftifamdre ‘l“%‘f%“@&nﬁPT“E’FJrﬁesa 3 TEEEREE St éioﬂriYﬁé free
pol yur eacuﬂ' efdiZne, aﬁ@lpbl@@ﬂhyuneaur et hane is adapted to

hav fr%tlve |ndeex ofn at suelaftsur L n 5120 Abbe
nu er of "t easf‘ %]i d’ g aens P €ss Ifgnan 1.3
grarrs/cr@?lmnuaethmtcogmmsmgy cured. 20 91. © A

photochromi ¢ argjcl @504 S BY14: SH St CORE &h ' M1 Fur-
containing active hydrogen-containing
material to form a polyurethane
prepolymer; and
(b) reacting said polyurethane prepolymer with
an amine-containing curing agent,
wherein adapted to have a refractive index of at least

1.57, an Abbe number of at least 32 and a density of less

than 1.3 grams/cm’, when at least partially cured.

83.. The method of claim 82 wherein said polyisocyanate is
chosen from aliphatic polyisocyanates, cycloaliphatic
polyisocyanates, aromatic polyisocyanates, and
mixtures thereof.

84. The method of claim 82 wherein said sulfur-containing

- active hydrogen-containing material is a SH-containing
material. .
85. The method of claim 84 wherein said SH-containing

material is a polythiol.



pol yur eaur et hane, wherein said pol yureaurethane is
adapted to have a refractive index of at |east 1.57,

wa@poodobwsnunber of at | east 32 and a density oPCT/@8SH03/038436
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than 1.3 grans/cnB. 25 92. The photochromic article of
claim91 wherein it conprises an at |east partially
cured substrate, and at |eas§;a photochrom c anount
of a photochrom c substance. 93. The photochromn c
artiggl e eheChaimBPrWRes £h e £ ajHdr30n POOL P SR OBhEaining
substance is at_least partially inbibed into said
subst r at 82teRialNGETRRGEBE HF JHACUEFt PEI R RALYERAPH I 2
wher ei n galgol siest baEt guisunt | east partially coated

phoPdchr O N aThE a8 bt o LRBLGERP oM SED BrCECiB:™S

.2004/ 060856t iPETHNIS20E8/ 6CB8UBirg8ma®éridlhds a hydroxyl

phot ochr %%gt%r&ajlc?%%gguﬁﬂén 92 wherein said

phot ochrom ¢ subst conprises at |east one .
nap@8hopyhanned®d PheChpdt dthrdereiareadid engnecrentaiging
wher ei N gai-fng Sadehet 96hs o L SURSHBALE: P 2mRA8 Bohd BMing
spi ro(i ndol i ne) napht hoxazi nes,

spi ro(i nGYFiIA8)IE R Foxazi nes, benzopyr ans,
naplBbhopphasst i @lganei ks atombtilkii agnat @S, ful-ubgh tketn iard
fU|g|n]de%1 a@g1ﬂ;é%g£gs &QS&SEIsa}Q %%1 éea rethane is
phot ochr it article cohprising a SUl ¥ UrEGAL AT R ng

pol yur eaadephatid;o aavat al eaftactipar tndg+ yicaredeast 1.57,
substrat g, g, PHohRHRL08E Ca@Muml 95 é‘n@@oh%ﬁgt.‘i@@&f less

mat eri al wherein said photochromic is at |eas

parti al | FhRRbI b @PRESC%ai #henbat rkRaet BRAYCiMEeicHres -/

sai goart nal ephhORAacattes i dagbrayidgl £f fiaGurvech PeaX mef

at least 1.57, an A%be nunmber of at Ieastbi?‘Z and Aoted

density SPLYSERWIRERSTS 3 FiHhd PeWBr TS IARS| d3s3dapted to

parti al | haveradie8ctAvphidehodmat heddtcllie 5Congm i 2eg

a SU|flJrh889£PjJE 8 least 32 and a density of less than 1.3
‘grams/cm®, when at least partially cured. .

91. - A photochromic article compriéing a sulfur-containing
polyureaurethane, wherein said polyureaurethane is
adapted to have a refractive index of at least 1.57,
an Abbe number of at least 32 and a density of less
than 1.3 grams/cm’. ‘

92. The photochromic article of claim 91 wherein it
comprises an at least partially cured substrate, and
at least a photochromic amount of a photochromic
substance.

93. The photochromic article of claim 92 wherein said
photochromic substance.is at least partially imbibed
into said substrate.

94. The photochromic article of claim 92 wherein said
substrate is at least partially coated with a coating
composition comprising at least a photochromic amount

of a photochromic substance.



20 pol yureaurethane, an at |east partially cured
substrate, wherein said substrate is at | east

\NQammmaEBy coated with a coating conposition CPOPUSBHN0IIES436
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at- | east a photochromi c anount of a photochronic
materi al, and wherein said pol yureaurethane is adapted
25 to have a refractive indexgpf at |east 1.57, an-
Abbe  nunber of at l|east 32 and a density of |ess than

1. 39591 anRé CHfh MBS BMEL dRah ePBEL LB 1Y BULBErein said

photochromic substance comprises at least one
naphthopyran.

96. The photochromic article of claim 92 wherein said
photochromic substance is chosen from
spiro (indoline)naphthoxazines,
spiro(indoline)benzoxazines, benzopyrans,
naphthopyrans, organo-metal dithizonates, fulgides and
fulgimides, and mixtures thereofi

97. A photochromic article comprising a sulfur-containing
polyureaurethane, an at least a partially cured
substrate, a photochromic amount of a photochromic
material wherein said photochromic is at least

. partially imbibed into said substrate, and wherein
said article is characterized by a refractive index of
at least 1.57, an Abbe number of at least 32 and a
density of less than 1.3 grams/cm®, when at least
partially cured.

98. A photochromic article comprising a sulfur-containing
polyureaurethane, an at least partially cured -
substrate, wherein said substrate is at least
partially coated with a coating composition comprising
at least a photochromic amount of a photochromic
material, and wherein said polyureaurethane is adapted
to have a refractive index of at least 1.57, an Abbe
number of at least 32 and a density of less than 1.3

grams/cm’, when-at least partially cured.



