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polymeric material having an adequate refractive index and
good impact resistance/strength.

[0004] 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’.

[0005] For the purposes of this specification, unless
otherwise indicated, all numbers expressing gquantities of
ingredients, reaction conditions, and so forth used in the
specification and claims are to be understood as being

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



properties sought to be obtained by the present
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groups. The term “isocyanate” refers to a cyanate which is
free of sulfur. The term “isothiocyanate” refers to a sulfur-
containing cyanate.

[0008] Tn alternate non-limiting embodiments, the
polyureaurethane of the invention when polymerized can produce
a polymerizate 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 Aneri can Standard Test Mt hod
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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,-
Cpo linear, branched, cyclic and aromatic polycyanates. Non-
limiting examples can include polyisocyanates and
polyisothiocyanates having backbone linkages chosen from
urethane linkages (-NH-C(0)-0-), thiourethane linkages (-NH-
C(0)~8-), thiocarbamate linkages (-NH-C(S)-0-), dithiourethane
linkages (-NH-C(S)-S-) and combinations thereof.

[0011] The molecular weight of the polycyanate can vary
widely. 1In alternate non-limiting embodiments, the number

average molecular weight (Mn) can be at least 100 grams/mole,
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generally care should be taken to select a material that does
not cause the polyureaurethane to color (e.g., yellow).

[0014] 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).
[0015] In a non-limiting embodiment, the polyisocyanate can

include dicyclohexylmethane diisocyanate and isomeric mixtures
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[0017] In one non-limiting embodiment, the PICM used in
this invention can be prepared by phosgenating the 4,4'-
methylenebis (cyclohexyl amine) (PACM) by procedures well known
in the art such as the procedures disclosed in United Stateg
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
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[0021] Further non-limiting examples of suitable
polycyanates can include but are not limited to aliphatic
polyisocyanates and polyisothiocyanates; ethylenically
unsaturated polyisocyanates and polyisothiocyanates; alicyclic
polyisocyanates and polyisothiocyanates; aromatic
polyisocyanates and polyisothiocyanates wherein the isocyanate

groups are not bonded directly to the aromatic ring, e.g.,
a,0’-xylene diisocyanate; aromatic polyisocyanates and
polyisothiocyanates wherein the isocyanate groups are bonded
directly to the aromatic ring, e.g., benzene diisocyanate;
aliphatic polyisocyanates and polyisothiocyanates containing
sulfide linkages; aromatic polyisocyanates and
polyisothiocyanates containing sulfide or disulfide linkages;

aromatic polyisocyanates and polyisothiocyanates containing
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triisocyanate, polymeric 4,4’-diphenylmethane diisocyanate,
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dithiodihexyl diisocyanate, dimethylsulfone diisocyanate,
dithiodimethyl diisocyanate, dithiodiethyl diisocyanate,
dithiodipropyl diisocyanate and dicyclohexylsulfide-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 thioether, bis (4-
isocyanatomethylbenzene) -gulfide, 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’-
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alicyclic polyisothiocyanates, such as but not limited to
cyclohexane diisothiocyanates; aromatic polyisothiocyanates
wherein the isothiocyanate groups are not bonded directly to
the aromatic ring, such as but not limited to o,a’-xylene
diisothiocyanate; aromatic polyisothiocyanates wherein the
isothiocyanate 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
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benzenedicarbonyl diisothiocyanate, 1,4- benzenedicarbonyl

diisothiocyanate and (2,2’ -bipyridine)-4,4’- -dicarbonyl
diisothiocyanate. Non-limiting examples of aromatic
polyisothiocyanates containing sulfur atoms in addition to
those of the isothiocyanate groups, can include but are not
limited to l-isothiocyanato-4-{[(2-
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isothiocyanatobenzene), 4-isothiocyanato-1-1[(4-

isothiocyanatophenyl) -~sulfonyl] -2-methoxybenzene, 4-methyl-3-
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[0036] 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 limited to polyether polyols, polyester polyols,
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[00371] Polyether polyols and methods for their preparation
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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 divalent linking group such as a straight
or branched chain alkylene which can contain from 1 to 8
carbon atoms, phenylene, and C; to Cy alkyl-substituted
phenylene. The chosen values of m and n can, in combination
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,



m xtures of ethylene oxide and propyl ene oxide. In a
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09 %feﬂh%%%bgnother so as to form a single phase.

[00401] A variety of polyester polyols for uge 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, such 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, neopentyl 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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[0043] 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



Non-limting exanples of suitable polycaprol actone
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can include teresters produced from at least one low molecular
weight dicarboxylic acid, such as adipic acid.

[0046] Polyether glycols for use in the present invention
can include but are not limited to polytetramethylene ether
glycol.

[0047] 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. 1In a non-limiting embodiment, the
active hydrogen-containing material can comprise a block

polymer of the following chemical formula:

(I’7) H-(O-CRRCRR-Yy) .- (CRRCRR-Y,-0)p~ (CRRCRR-Y,-0) .-H
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cyclopentanediol, cyclohexanediol, cyclohexanetriol,
cyclohexanedimethanol, hydroxypropylcyclohexanol and
cyclohexanediethanol; aromatic polyols, such as but not
limited to dihydroxybenzene, 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-dichlorophenocl) 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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[0052] In altermate non-limiting 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 of known methods. In a non-
limiting embodiment, the Mn can be determined by gel
permeation chromatography (GPC) using polystyrene standards.
[0053] In 2 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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thereof.
[0055] In a non-limiting embodiment, the polythiol can be
chosen from materials represented by the following general
formula,
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pol yt hi ol having at |east two thiol groups.
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pol ythiols, aromatic polythiols, heterocyclic

pol ythiols, polyneric polyEfhiols, oligoneric
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iaRer L LLagenbecmte e RN Bl soh be o
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mercapto-1,2-propanediol (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 IT includes a structure wherein R, and R, are each
methylene.
[0057] In a non-limiting 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. 1In a

non-limiting embodiment, oxidative coupling of thiol groups
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descri bed above, n and mcan be independently an
integer fromO to 21 and (n + m can be at [|east 1.
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pol yt hi ol oligoner can have disulfide |inkages and
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are not limited to materials represented by the following

T N

1

formula,

wherein ¥ 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.

[0064] The amount of asym-dichloroacetone and polymercaptan
suitable for carrying out the above reaction can vary. 1In 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.

[0065] 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.

[0066] Non-limiting examples of suitable polymercaptans for
use in the reaction with the reaction product of the asym-
dichloroacetone and polymercaptan, can include but are not
limited to materials represented by the above general formula

1, aromatic polymercaptans, cycloalkyl polymercaptans,
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PCTI US2006/ 018889 - 23 [0062] The sul fide-containing
w@oilogtiized s conprising 1,3- dithiolane (e.g., POIIs1086018889
IVia and b) or 1,3-dithiane (e.g., fornulas IV c and
d) can be prepared by reacting asym dichl oroacetone
with pol ynercaptan, and theR4reacting the reaction
product w th pol ynmer capt oal kyl sul fi de, pol ymer capt an
h%"rel?ﬁ%cl}eésp?ﬁmeer&ﬁptﬁn@eséqraméfﬁ@ﬁi RPLYHRY ceRaAps esanst
mEtt iy enpokynercaptans for use in the reaction w tg
di ch] oroacet gne can include but are not limte
[ﬁyﬂ;t eri g?]%gﬁéﬁ#éggn?}éﬂnwst R& FOttaRMiShg fornula, |
pHSRErIRpt 8Lkl suiifédes Nfek care LeptkserdacEidnowith the
23 a , [ r fram0 to 5. In
réé nor?% %?F%ﬁ%ﬁ%g& %%%?,Cﬁt%éog%%i%?%}ecg&dan for
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répAnten BANIRE fOSEInd PRl hanedi t hi ol ,
propanedi thiol, and m xtures thereof. [0064] The

anount of asymdi chl proace %8 nd pol rcaptan
suitable for carnyd 0 4 e gp, can vary.
In a non-limting ewbodi nént, asym di Poroacet one

and pol ynercaptan can be present in the reaction

m xture in an amount such that the nolar ratio of

di chl oroacetone to polymercaptan can be from1:1 to

1:10. %0065] Sui tabl e tenperatures for reacting asym
TR0 Fo S8Rt BHREFSREPR Pol S/ if¥r S8pt BnePe &IF #&r yREegem Trom 0

tnare, ki pbhibg enbedegentirdnhe teactj g @h be al’kl) integer
A 20 4 B et e B TR T e MR #m
PPtigolgbet [0066) Nenatiirnte€gey éxanpl e 6b.suitabl e
[dUHéﬂ”Efcam%ﬁME%mEQ&ng 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.

[0069] 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.

{00701 In a non-limiting embodiment, the reaction of asym-

dichloroacetone with polymercaptan can be carried out in the



use in the reaction with the reaction product of the

asym di chl or oacet one and pol ynercaptan, can incl ude
wheotocass3not |imted to nmaterial s represent edP@iyU$1086/018889

above general forrmula 1, aromatic pol ynercapt ans,

cycl oal kyl pol ynmercaptans, WO 2006/ 130339

PCT/ US2006/ 018889 - 24 hek®rocyclic pol ynercapt ans,

branched pol ynercaptans, and m xtures thereof. [0067]
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1992, Volume A21, pp. 673 to 674. In a further non-limiting
embodiment, the base can be sodium hydroxide.

[0073] The amount of base can vary. In 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.

[0074] 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.

[0075] 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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or a mxture thereof, with the reaction product can
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further non-limiting embodiment, the reaction can be carried
out neat, i.e., without solvent.

[0078] In another non-limiting embodiment, the reaction 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 uge 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.

{00791 In a non-limiting embodiment, a sulfide-containing

polythiol of the present invention can be prepared by reacting



known in the art. [0075] In a further non-limting
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reaction can be carried out in the presence of a

m xture of toluene and water as solvent system In

her non-1limting_epgbodi nent I ac{ i n,be

10337} e ik 2PRCtHe ‘B oeence d BERARriEs LiRiakE
difc0037Imtiy lafpdindi Wil cdeneenan dem 1RicgERY WHFY. In a
di%ggé%%ﬁ#geﬂyﬂgufﬁxﬁgnﬂEp%Eodﬁc§Lﬁt&ﬂﬂe%céﬂ@&rﬁ,3ﬁaﬂ%ﬁhM§@ﬁe

can be from O to 99 percent by weight of the reaction
degilxpbies 9fnthe PIRISTEr WERVFIMH 1 9% SBABDIPTENT:, t he

reaction can be carried out neat, i.e., wthout Sk

sokxent. Hs /,__/

S

Cl Base —_\\—fs\__ﬁ\ s—_/f—_
8 4 opg NI TNey — S&
SN
/

[0082] 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.



[0078] In another non-limting enbodi nent, the

reaction of asymdichloroacetone with pol yercaptan
w@amehsnssarried out in the presence of a dehyRPtEHUS2006/018889

reagent. The dehydrating reagent can be selected from

a wde variety known in the art. Suitable dehydrating

reagents for use in this tedction can include but are

not limted to nmagnesi um sul fate. The amount of

dehydrating reagent can vary w dely accord to the

stoichionetry of the dehydrating reactiond [0079] In a

non-limting enbodi nent, a sulfide-contain\ng

pol yidji ol of the present invention can be prepared by

eact1 ng WO 2006/ 130339 PCTI US2006/ 0188895 'E§7

g;%fzuchloroacetone mﬁiﬂ 1, 2- et hanedi t hi ol Y+0 bmoﬂhtgH
]2- Epﬂﬁylxga?Hgl o) yl =153=di t hi ol an as shown
\bel pw. Cl SH Lewi s or Bronsted HS~~~ S%

acid [0080] In a further non-limting snbogi nent,

1,1- dichloroacetone can be reacted wth

1, 3-propanedithiol to produce a

2- et hyl - 2-di chl oronet hyl -1, 3-di t hi ane, as shown
[09SRBdw,  Clincpuogler neaywldmyE 1 my Ridasdmept € 2-neghyl=H N
di@ﬁ%ag&n&hﬁ - Z:L(@C)&il&kllilazhea[@ahhsé PQdddmivt ERY

.enmbodi t - et - 2- . s
SRR FBFORUATPIF L3 i RTSPARE & W SPREG: beP wichiane
dediinettapt okt suedérde ingept dduces ahdiwvneberpt .0

1,3-dithiolane derivative of the present invention,
as shown below. SF C HS--Hé S 3 Base S

\_\

>f ST\

S
S

s” s s N

v 4+ 2HS O "gy S S7TN\_-SH

S

{00841 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
L o
S
S {\/\
SH — SH
L\v/J + 2 HS//\\“/ T\\//T
fo085] In another non-limiting embodiment, the polythiol

for use in the present invention can include at least one



SS- HS~~S~ ~~SH B fi/ S 5xS U [0082] In another
non-limting enbodi ment, 2-nethyl-2-
walemhhsamssaet hyl -1, 3-di t hi ol ane can be react ed raET/hISNEO18889
et hanedithiol to produce a dinercapto 1,3-dithiolane
derivative of the present i nvention, as shown bel ow.
WD 2006/ 130339 PCT/ US2006/838889 - 28 SH C S ¢S
"SC +2HS,,~/SH--~\ ~\SH ~J x S Sv [0Q083] In
oltywdwdc pohy HRHRL imgpéﬁ%dqﬁfréfﬁﬁ?t?nﬂe%%ﬁs@:dwh oro

defl 0B LAY - o B3ndibhbena igarube neags exblubtib.
di mer capt oet hyl sul'fi de to produce a dinercapto
1,3-dithiane derivative of the present i nvelgti on as

shvmbelowHSGSG%F88+2H8~'8~HSS
S\, S Q0 /I\@aﬁgt r °36p- th\r{ g}/éﬂ@dg‘g@ﬂb{
n&/r]reb[l]%é\ gﬁ%hl P(o t%?/l--;-lcﬁ- bllbt iage “can b reac\{%eid\SH
With 1, 2- ethanedithiol to produce a dinercapto

1,3-dithiane derivative of the present invenfives)as
shown below. C HS~ C S S L) + 2 HS~,,~SH SH S xS

whﬁggygzg]fﬁ Icﬂgnar:lgiageesrerll’]to%hlg,,l n(%Ht;aICSQ &"?gdbﬂegﬁkyf ,hecycloalkyl,
aryl alkyl, or alkyl-CO; Y can represent C; to Cy alkyl,
cycloalkyl, Cs to Ciq aryl, (CHz)p(S)n(CHz)q, (CHz)p(Se)n(CHa)q,
(CHz) p (Te) n(CHz) g 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 20; and x can be an integer from 0 to 10.

[0086] In a further non-limiting embodiment, a
polythicether 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.

[0087] 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.

[0088] 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.
{0089l In another non-limiting embodiment, the reaction of
asym-dichloro derivative with polymercaptoalkylsulfide can be
carried out in the presence of a phase transfer catalyst.
Suitable phase transfer catalysts for use in the present

invention are known and varied. Non-limiting examples can



for use in the present invention can include at |east

one WD 2006/ 130339 PCT/ US2006/ 018889 - 29 oligoneric
w@oilogtibized prepared by reacting an asym di chl op@I/US2006/018889

derivative with a pol ynmercaptoal kyl sul fide as foll ows.

n. + (n+l) . HS__~Y' 1x SH base HS Y4, S4SEY 1X ASH C

Cl - HO (1Ve) wherein R éan represent CH3, CHBCO

Cl to Clp al kyl, cycl oal k aryI al kyl, or alk
5L Fbr G5 RS Cet e e o LY LU Sebts gna
t@ﬂﬁaﬂﬂwlpiléﬁvc?ﬁm(lﬁ) \ﬁcte) q, I @#E)lgéﬁeﬁ rf(@iﬂ)l@ltlng

\ e erein . mcan bejsan inte

PSSR R Rt Gt R R R RO R e
OEOtetrra@aﬁybeh%ﬁrphqnlelgebromxdﬂnab Pbag@; tizs Herc aat ey san

Th@tmntf Be%ﬁag@ t]r%nslfgpsc@altal@s@ bur ther, %ﬁe:l i tfrg%
nbodi nent , grq yt hi oet her ol'i goneric thlo can

niaﬁl ehididdngye S 5By MARAYER 6F oBkatd ﬁféfewsﬁﬁr catalyst

caﬂlbererre;apb oad kyd sadjufmde@mt rpetﬂ&entpr@ﬁem&n of ta base.
mtin

e BPEaTin T FraBel s SSEUATEt S HoBSEPF orf e
pphyharteptbatl firde neackthnts¢ed to those material s

[ﬁgy&psenteg gﬁbéﬁgQEBQE lI rﬂﬂﬁ a %béélﬁgﬁﬁ“ %H% éreparatlon

recited herein. Suitabl ase or use i'n
of elehes |P6>|%Y65h°$w@md>é19ﬁ@eelcprde\¢héeé| gan digitlede hes alas of

sb0RSH]. Fub?hezlfriigargll }e&gﬁq'px% @ﬁ@ﬁh@ébﬁ s%livteilalstecan
[0) apt oa SULLTI des use.ln € presen
PRV BRCE = i e BF SEh retn
[p@%/]mer capt caldord-Sukfi i thes . endbodamann; | tam tniongs of 1,1-
h yhsul £i
B T o R S N R
Pehmﬁﬁqfr@ﬁpet}wﬂ@tﬁefaéﬁ hemlrﬁawﬁﬁndrmwtdenl yeitsoeax of

bk pel Yoer eapQathlenl gubdiHeieannbe ofiﬁdﬂe%QCOHItﬂﬂbl as
fgﬂ Tghesence of a base. n-limting exanpl es

| e bases can include those previously reC|ted
herein. (0089] In another non-linting e 'ment
GHeaction of asymdichlero derivative w th
npol yrmer capbesl Ryl suf Disde tart b&~sCarried ostl T the s

prexence of a phase transfer catalyst.

[0092] In a further non-limiting embodiment, a
polythioether oligomeric dithiol of the present invention can
be prepared by introducing “n” moles of 1,1-dichloroethane
together with ™n+1” moles of polymercaptoethylsulfide as

follows,

CH, base, CH,

PTC
n.Cr/L\ (). Hg™ NS gy H‘s”\\/’S\\//\‘s’fL\s/A\v/s\\//\\s’kiH

wherein n can represent an integer from 1 to 20.

[0093] In a non-limiting embodiment, the polythiol for use
in the present invention can include at least one oligomeric
polythiol represented by the following structural formula and
prepared by the following method



Sui t abl e phase transfer catalysts for use in the

present invention are known and varied. Non-limting
wWe@2@psms39 can WO 2006/ 130339 PCTI US2006/ 018889PCF/USID06/018889

include but are not |limted to tetraal kyl anmoni um

salts and tetraal kyl phosphoniumsalts. In a further

non-limting enbodinent,-tdli s reaction can be carried

out in the presence of tetrabutyl phosphoni um brom de

as phase transfer catalyst. The anount of phase

transfer catalyst can vary widely. Ina non-limting
e R2b of+ phﬁge &gﬁnsfer cagtalyst can
be fro eqU|vaIent per cen or fromO to 10

equi val ent percent or fromO to 5 equival ent percent,
to the polynercaptosul fide reactants. [0090] In

anot her non-I ti enbadi nent, the preparation of
the pol yt hjee eriégrgeﬁgr{ﬁﬁéh pel ude the
use of sol vent n-limt ex Ies //sﬁSP%bHe
sol vents can include those previously recited Heérein.
[0091] In a non-limting enbodi nent, "n" nol es of §V4ﬂ
di chl oroacet one can be reacted with "n+l" nol es o%

pol ynmer capt oet hyl sul fi de wherein n can represent an

wue:a:_eegem @fn é)_%r ﬁf“ :l'ln’ftége?tO frbm presiueg a, IQQslrMbléi qetheo c,
[1rc at ol_a

PR el " BB AR, P il G ervigs oo

orempsdi Peantagrpepy twliisdt ken phiélgolmebiac @i¢ hial lomitee

tPEGIEDL, ] %\ﬁ%%gonaﬁm euBcepahedhethlt adielag:

es 0 di chl oroe toget her w nol es
9§ﬂ”Pﬁol?H%F@aﬁFBEP%yI%%F%lH%‘ésCYF%ﬁqkﬁM%eneHa base CH3

R, P34k hben €, GbCl; n-Eki)lendS oS3 SH pod SRl aMRe1ehd), 1T, to

can.yepresent an t eger 0093] In a
ConBhe I FTTEN Hosuitear: i Ber borgorg, Thee G - hick:
“ﬁbeseht]hnvdnrﬁﬁm-can FAclarde mataheasta oreiohbjonemker -
from 0 to 10, p can be independently an integer from 2 to 6, g

can be independently an integer from 1 to 5, and r can be
independently an integer from 2 to 10.

[0094] Various methods of preparing the polythiol of
formula (IV’f) are described in detail in United States Patent
6,509,418B1, column 4, line 52 through column 8, line 25,
which disclosure is herein incorporated by reference. In
general, the polythiol of formula (IV’f) 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') :
CHp=CH--0~~(--R? --0--), --CH=CH, (V')

wherein R, can be C, to Cg n-alkylene, C, to Cs branched
alkylene, C;to Cy cycloalkylene or Cg to C;, alkylcycloalkylene
group or --[(CH; --), --0--]4 --(--CH, ~-), --, and m can be a

rational number from 0 to 10, p can be independently an



pol yt hi ol represented by the follow ng structural
formula and prepared by the foll ow ng net hod WO
wQe2D6/13B88839 PCT/ US2006/ 018889 31 n ~O | R2CPGT/ISZD06/018889
HS-RI SH HS R1"SX~O[ yO\l RL n (1V, f) wherein n
can be an integer from1l to 20; Rl can be a C2 to C6
n-al kyl ene group, C3 to C6 bt anched al kyl ene group,
havi ng one or nore pendant groups which can include
IHRIeEr EXABL2 5Nt el C3 Uy dPERYENSeUYSs 2Ral RYAISH Fupy 1
t@@ﬁn&srnﬁrhl)ﬂke l@hd@péwdenug@oaasln@éé@LXErg&O%E& 1Qr C6
cycl oal kyl ene; . R2 n-a ene,
“{03’5% br ahft Re d® ﬁrﬂ Hrgg é%‘bf’glm%%t'c;?ucam ]R‘?u%%?é’ dP’os
[a0®6T10 almc;ﬁﬂymhaﬁgyémlgsoup @i tat1eChBlyvigyfl ether
mo'riogp'g'r)s’ £ ol'(rﬁeO%{_% Jac);fude ’dl@‘glélyfpn q*geergggaﬁ(\gzgé,ons%ch as
bqtntﬂ@@ellmfeﬁﬁ ot etByl%rle cdivcbe dhdepdndshery dethylene
gliy¥agel vifemeknte, SaHéHBﬁﬂén%aalgf diJﬂH@@ngﬁgily an

integer from?2 to 10. [00947 Various nethods of
[%ﬂ%gﬂarlrmf?lﬁ§t66P§?%|QﬂnW}PmlFéFﬁlﬁ@?qﬁ”WeFFSar??e polyvinyl
eﬂhﬁicmbheﬁetrbaﬁeFabkudélﬂﬂaﬂiad Sbﬁléﬁ% E&bﬁPEO mole percent
09, 418B1.. col u t r um
%% WRT SR Hi%s & og]l]tr% % sepﬁérFe |%&89°6’6P§t ed” om 38%o
lqssf éhencBl nale gereemtt, the polythiol of formula
1ddo¥1f) Cafheb%uraaﬁpﬁree&l&yofrf b 110 egetants, reagted

conprising one or. nore polyvinyl ether  nononer
widke 20PORBFE Polsitehi dF Rt @Ptall 10k (Ho pofiyv¥gll having
tief FeknaDAOMEr'g :can include but are not limted to

di vinyl ethers represented by structural fornula

(V): CH2=CH-O-(--R2 --O-)m--CH=CH2 (V') wherein

R2 d#hriré €2SEo(VdB)n-al kyl ene, C2 to C6 branched

al kylene, C 6 to C3 cycloal kylene or C6 to C10

al kyl cycl oal kyI ene group or --[(CH2 --)p --O-)q
whereinckp canpe a Caf@ fr carrlibylaner @ownials rﬁm‘é—’erblfaﬂmhed

aﬂlyﬂ@néognﬁﬁﬁa%abﬁngnﬂﬁﬁ%ﬁd%BEEYpéﬂﬂéﬂ@ 300864430339 can
1né§TﬁgngOQ£2}%%§911m1té% to, hydroxyl groups, alkyl groups
gsuch as methyl or ethyl groups; alkoxy groups, or Cs to Cq
cycloalkylene.

[0099] Non-limiting examples of suitable polythiols can
include but are not limited to 1,2-ethanedithiol, 1,2-
propanedithiol, 1,3-propanedithiol, 1,3-butanedithiol, 1,4-
butanedithiol, 2,3-butanedithiol, 1,3-pentanedithiol, 1,5-
pentanedithiol, 1,6-hexanedithiol, 1,3-dimercapto-3-
methylbutane, dipentenedimercaptan, ethylcyclohexyldithiol
(ECHDT) , dimercaptodiethylsulfide, methyl-substituted
dimercaptodiethylsulfide, dimethyl-substituted
dimercaptodiethylsulfide, dimercaptodioxaoctane, 1,5-
dimercapto-3-oxapentane, pentaerythritol tetrakis- (3-
mercaptopropionate), pentaerythritol tetrakis- (2-
mercaptoacetate), trimethyolol propane tris-(2-

mercaptoacetate), and mixtures thereof. In a non-limiting



integer from2 to 6, g can be independently an integer
froml to 5 and r can be independently an integer
wo eawsn 3o 10 [0095] in a non-limting enbodi PENUS2006/018889
can be zero (0). [0096] Non-limting exanpl es of
sui tabl e polyvinyl ether nononmers for use can include
di vi nyl ether nononers, sucB3as but not limted to
| ene gl ycol divinyl ether, diethylene glycol
HARARCo! hbr PRlEBALane SOl JVA) eehee. (0097

dirﬁvezaiat;ﬁroaateehjammla{gt iipgo@nbodi nents, the pol yvinyl
[ és:p“{ mongner_ can i nclude from20 to Iess than 50 nol e
L

oF PHETE4E BNt st e G BoePepiaiatenethe polythiol
npodwitali ebp bavé rromudbet cavdmesg tnbaecﬁﬂamBJeegner@fsrgt

160000, Do | oBL hEfaoal A 26V 0o BR RS (P

reacted such &g bu not
fmfﬂﬁooltohéOPn@ramsd@Oﬂérrmla (VI'): HS--R --SH (VI )

(gl N Ren Canse ndr Guod 01168 t@.n@l g%ﬂ:@&@neglrto uppe G3

C6, branched al kyl ene group, _having one or nore

SHRHIEMMSGFOGpETIn OF BAHERIRY hGedbuingl ether ratptieds
cd0, b Yidisex Yhafy raiep equal-&yéntg oFURS 1y SUSH ashBet fyl oy

h L.oups groups, or C6 to Ce
%ch\lyaola yf)gn% ﬂf%’d@é] Non-limting exanples of
[%Qﬁct?ébl e polytivroldmiaing iandbloddecbut tare reattints toech
fltnocl'gexz 19%@@@@%1{6'“09' moz?-e %re[ér Q‘% ﬁgitgﬂt%lets Non-~

-propanedi thiol, 1, t ane
1%%% FEATB} oS 2>f3 SB&F%@.ftrmeorradac%l (FREFEAHBES t ¢RI |

1ﬁc151dep%ﬁba6©ﬁig>dxﬁid§;|, sﬂ,c:l@ @mgbtﬂi@imle compounds such
I d| ner capt - rreth .an ente edi rrercapt an,
ST Ve onBkytienrer > (capepe YEBEEIE AERSP Hams
p@wqmrd@aptsudheetéwydusuhbt dE,m:n:adhyb basdilt peedxide and t-
o FRLEaBLOGL ethyl Subi) RLh LLUEED, o q
|%rrpcapt odi etlhyl%uH’& &?erogéll%%c:é%? [ o%ggc%a%%,raflgﬁl
9?ﬂeﬁf@|’c@§ﬁto 3- oxapent ane, pentaerythritol tetrakis-(3-

[ 6erozg Pt Opf@mm@hﬁ}.e Ml@%ﬁ%ﬁﬂ@' LRbodi®lehki Sedlreaction
i_ et hyol ol _propane tris-(2-

ner. Capt acet
B CaE Et ) L raRA T {r Rt b HeP B ioteh hght either
witdno witthogt WO 20064130338 RETLUSPONSMD18889 - 33

[00104] In a non-limiting embodiment, the polythiol for use
in the present invention can include a material having the
following structural formula prepared by the following

reaction:

(IV'qg)
wherein n can be an integer from 1 to 20.
[00105] Various methods of preparing the polythiol of the
formula (IV’g) are described in detail in WO 03/042270, page

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



enbodi nent, the polythiol of fornula (VI') can be

di mer capt odi et hyl sul fide (DVDS). [00100] In alternate
woeh3a3se i ng enbodi ments, the polythiol natePCEHUSO6018889

have a nunber average nol ecul ar wei ght of at |east 90

g/ nmole, or less than or equal to 1000 grans/nole, or

from90 to 500 grams/nol e $390101] In a further

nonllmtln errbodlrren% the stoichiometric ratio of

LFPORPOPL BTN AYI Rt SPat efPaf sSotdiTBEIISss t han
emmeile@mtv a{:E@tpcﬂfytnﬁ)bchkaﬁy liretlhae & op:RlyvReui Nater)

thiol 001 non-li.mtin
O VEILEL md e AL v el UL LA, STROCS g
gyaaw/vall e at ¢ ystepolXoer Heimct ifmge eReampldsudfidei t-sbise)
14488, aqhaaéaweayéﬁr&my me!rasifof@to (%%megegfyzed

such as azobi s-ni e conpounds such as but
yssivedd cpé %%BC‘tﬁré)Z?’éb%t‘y“r &iet PFrrests E’Iﬂ) a 6?@%&91@
pmﬂfoamdeatsach Af thule Neoddifi tedrbos bRz oyl pek axdrde

d
PP e L R PR i 0865 R m) fhenapett Bf
phmumlmatng wrtbdenevsy widelyeaodi om icahube the usual
aﬁJ&g ed QMOJJIE rt%d Ak QJE‘:LWetdh 15' thavipl et o ghﬂoﬁlfﬂatmg

or wthout a cationic ot0|n|t|at|n%
eWmPtv nlahy%q@%w%?wymaenﬁén%etqn% 56?@"?%’@184)
cdobelsgedi intdre aaroaﬁerksf | INeRNDI. 0B Cadl J .NekUBE Beight,

having the . fo tructural fornul a
o RPaa By THE GBI Ty o deey BHE LA on SRR sH
pi4Eeng~1i8 th&Smixgurel V' g) wherein n can be an integer

(g1 L t°1§0 Qlol?rﬁlti\@ g#%difgééﬁ@dsc 12 2B ;Z&%Iél”%ft Bfe

pol ythi ol of t or nu are
fardiel (TH 9D ©3Y G22p7eRayswh &y Zearties 18"t sopagerfl@llyl

shlifiRel anthh £ ding Qo Sef @iinerWOHR0864d30339F1de as shown
PCT/ US2006/ 018889 - 34 incorporated herein by

#1%f%rence. In a non-liniting
[00107] In a non-limiting embodiment, the polythiol for use

in the present invention can include a material represented by
the following structural formula and prepared by the following

reaction:

n =— S
+ e HST OTON"Sgy _ .
Hs™ > S\/\S/NQ\S/\/S\/\S’k :

{IV'h)
wherein n can be an integer from 1 to 20.
[00108] Various methods for preparing the polythiol of
formula (IV’h) are described in detail in W0/01/6662321, from
page 3, line 19 to page 6, line 11, the disclosure of which is
incorporated herein by reference. 1In general, this polythiol
can be prepared by the reaction of a thiol such as a dithiol,

and an aliphatic, ring-containing non-conjugated diene in the



enbodi nent, the polythiol can include a prepolyner
havi ng nunber average nol ecul ar wei ght ranging from
wa2®ensn33000 grans/ nol el ,the prepol yner bei ngpET/E82006/018889
fromdisulfide (-S-S-) |linkage, and can be prepared
by ultraviolet (UV) catalyzed free radical
pol ymerization in the presedce of a suitable
photoinitiator. Suitable photoinitiators for use can
presence witdel yabatysthcl Hae-ihosd ngnewanpled I goitalgire
th 20D %”E 20k epbﬁtﬁﬁé“ﬂéa@EQBnLﬁéﬁjﬁﬂ@@u&@ryuﬂ“é¥¥ YioB NG fiaied
el ude tﬁe usual _anmounts as knO\Aﬁéﬁ lofe skilled in

tot hewey lkyhere noridsnirh s SHGEE

v:LﬂyftY}dJlQﬂq)é&}_{rQliQhﬁiQyi mhewioﬂ@tomgae@bﬁgamw% H84ntemn
In a om () 0
T
ditmehohenslyplesenérs i hélmyhtcmlec PQ@QO@]ld |Fhigpropionic
achgn-limting enbodi ment, the pol yth| ol of the fornmula
V' g) can be prepared by reacting "n" noles of al Ié/
[ogmm de &ea- 1ﬁmirtlrrﬁ;|e§§m5¥ewrfersé’éﬁﬁlaa?e%fﬁﬂ%?—fl?%l Ay
inshQue bzﬁb%Yc% nbeoﬂ%]teunta ﬁﬂ[ylldyimbhageﬁérb(idjpﬁiﬁnéne,

the_ pol yt hi,ol rese ntion Jcan
leHSIr‘?RFé}/tS‘ 8I‘I 8?’&%%’9?53%1’%%& ?ﬁ@cgo eorﬁ’ng
cysl opetitsrall -fyar rther arfdvpngpaz ﬁ@b:ibpmheef aid owi ng

ot N+l HS=~S-\SH n ~ T HST S~~~S S~~S-"-~S+n
nocﬁgg%‘%ﬁ% wherein n can be an int e%er from1l to 20.
[0pOBADS] Weri-ddwi FEth GITPARS (Rl FAFTAGL B R FoIRFLRi 6PF ofhe
re&%;g%%gggggk%huaéeaﬂﬁﬁﬁrbQ@QXiJé(h%ﬁgl%aﬂﬂcal initiators
ne a

saff ¢ ol EOTISar Y BRSSPI o ot B HePern By
Durpefzer@niw:eec the genéeabgmet WAZOPol yt hi ol  can be pr epar ed

rpiake, [ 2aCH Ol Bhof AL PUEN, AmBadhLhi o | and an

rrng -con al nt ng non- onju ate dlene in the
dl@@%ﬂ%@lﬁwﬁm%/ 0¢8gsYl witds4-pieserice of a

oyRAbALYSTe, NQNchibWht LB &EX aieh evafd-s3uichabl fst .
[00112] In another non-limiting embodiment, the polythiol

for use in the present invention can include a material

represented by the following structural formula and reaction:

O

0

O ZnCl
HS/A\\/,\\//“\O/A\V/A\S 2

ogt + 9

S//\\»/AD\\//\\cy/A\\//S——_

o ,

—STN\_0" \/\S/QS/\/O

NN\
O\x//\\s~_
—Jn

(Iv'i)

wherein n can be an integer from 1 to 20.



thiols for use in the reaction can include but are not
limted to |ower alkylene thiols such as

wetdvansdsd hi ol ,  vi nyl cycl ohexyl di t hi ol , PCT/US2006/018889
di cycl opent adi enedi t hi ol , di pentene dinercaptan, and
hexanedi thiol; aryl thiols such as benzene dithiol;
pol yol esters of thioglycoligg acid and thi opropionic
acid. [00109] Non-limting exanples of suitable
moqllgqii enemrGals hachaie olfubreperzn@t thiembbBgeHid1l of the

t I t
R oGb o ene, SEyer Dbt Al Shes Lo Lo Tt PEA Tiaees pacent
1W|509@m efedn wolethe?, Hnei Ayte 2eglomipobnehénart.

i ag”ad' kgotgrg:ttl hbBh b e&agpliffﬁelo to-3,6-

yst S reacti on can inclu no or
Pererrdeate e@MDRdi ean bwtqa@tceiﬂswﬁ‘smcﬁtha(é fagnate, as
AR a8bky| enerinkr bl-8s&QATRYEC eatlwr&téalzllael enfsome.
DuPont under the trade nane VAZOTM 00111L In a
FQRREr not 15 PRI Ay EistisRRgiment . the polythiol for use

1 reekecppeoeithyinsehticde can ibhelneacd echosirtihl 4repirydented by

v i A e R

pol ythiol for use in the present I nvention can

include a material represented by the foll ow ng
structural formula and reaction: O' 0 ZnCl2 n HILOEt
+3n HS OBP\SH n (I1V F¥ wherein n can befgg integer
from1l t 0. MO 32606/ 130339 PCTIU82006/0 -

[00113] Farfjpus Rt hids of pr epar i ! tiHe pol thol T

the formulg (IVi) @re described in detail in United
States Patent 5,225,472, fromcolum 2, line Bto

colum 5, line 8 [00114] In a non-limting

enbodi nent, 1, 8-di mer capt
can be react ed \ty)lth et hyl
the presenggg® B dr
non-limting enbodi ment

R2

(V')

wherein R; can be C;, to C¢ n-alkylene, C; to C; branched
alkylene, C¢ to Cg cycloalkylene, C¢ to C;0 alkylcycloalkylene,
Cs to Cg aryl, C¢ to Cy alkyl-aryl, alkyl groups containing
ether linkages or thioether linkages or ester linkages or
thioester linkages or combinations thereof, --[(CH; --)p, --X--14
--(--CH, --)y --, wherein X can be O or S, p can be an integer
from 2 to 6, g can be an integer from 1 to 5, r can be an
integer from 0 to 10; R, can be hydrogen or methyl; and R; can
be C; to C¢ n-alkylene, C,; to Cs branched alkylene, Cs to Cs
cycloalkylene, C¢ to Cjp alkylcycloalkylene, C¢ to Cg aryl, Cg to
Cio alkyi—aryl, alkyl groups containing ether linkages or
thioether linkages or ester linkages or thioester linkages or
combinations thereof, or --[(CH; --)p --X--]g4 -~ (--CH, -—~)Yy --,

wherein X can be O or S, p can be an integer from 2 to 6, g



in the present invention can include a materi al
represented by the follow ng structural fornula and
WO emeti3iesw schene: R2 R2 n0 RL go + n+l HS~RSH PAF1§2006/018889
OOHS ~tR3S 0 ~Rb0" S~R3~-5 n H R R2 (IV j)
wherein RL can be Cl to C6 n-al kylene, C2 to C6
branched al kylene, C6 to G8 eycl oal kylene, C6 to Cl10
al kyl cycl oal kyl ene, C6 to C8 aryl, C6 to Cl10
caal by |araryicegat kitorglobpss comtcéiméﬁganeﬂﬁﬁgqu hkSged Gt
1ot hi oether |inkages or ester |inkages or thioester
i nkages or conbi nations thereaqf, L )S J 4
1001361 CH2 In- yenexal 8P ePRI YR BE B %‘f‘c%‘rep an i
bel BE@@&%ed fb&oﬂéa?ctilqlgﬁi,dlclméalg ) erdnRtienhegened rapd dne oo:5
r-can_be an n romo0 to 28 hydrogen
moge RetHy-ClEnd wggﬁltﬁggdx?“g%ﬁé ri?%a%gﬂf ene, yCZ tgo
dl@ﬁebhmm:f}&dtta| kyharee;s €8nt vatid Wl@&@dbfoah@yqﬁétfhém@gdﬁo
thg%% ?|Ky| ¥Fkﬁ§y¥%le%%@hC@stngauﬁyXhmlggﬁtﬂb é@h@lene

groups contal ni ng et her llnk or
glwhpbe@hémeuh(ﬁr%mg%%t%r Tedrbntyieneagey st thiwdd ,cry ate,

1, pkagess Q1 asenbimaldenstkher epfdimethyipfdgdde 1) B-
X_can

B e

gllaGI/ wsa@éxgimsawe, @propahebe gydait ég épefi)@aryipse,
n e n

B LA (TR O

dlpm@paa adr\atiee ae ERory i tase BRYARPSA DL élrﬂs‘ﬁ Cré’rjré‘tSne

J:%oxw&@ecﬁ)q{e)gaabgi@l NOfredtinb itk ex amRbesnof1 livical e
t h)acryl at rs, can var%/lvm deIX and can

di (e e
4 (TSP HIBC Y H5Sa RAGWRY 11F TheogPE L& vsstout ot
ail (rdichedctgl sthy herpleng ydolcodi Girbtdiftaecylases, diethylene

T Eoth) 2ery Rk e s ATEROE BN Mo} gt vhutianedishee,
polybutadlene dl(meth)acrylate, thlodlethyleneglycol
di (meth)acrylate, trimethylene glycol di(meth)acrylate,
triethylene glycol di(meth)acrylate, alkoxylated hexanediol
di (meth)acrylate, alkoxyolated neopentyl glycol
di (meth)acrylate, pentanediol di(meth)acrylate, cyclohexane
dimethanol di (meth)acrylate, ethoxylated bis-phenol A
di (meth) acrylate.
[o0117] Non-limiting examples of suitable polythiols for use
in preparing the polythiol of structure (IV’ j) can vary
widely and can include those known in the art, such as but not
limited to 1,2-ethanedithiol, 1,2-propanedithiol, 1,3-
propanedithiol, 1,3-butanedithiol, 1,4-butanedithiol, 2,3-
butanedithiol, 1,3-pentanedithiol, 1,5-pentanedithiol, 1,6-
hexanedithiol, 1,3-dimercapto-3-methylbutane,
dipentenedimercaptan, ethylcyclohexyldithiol {(ECHDT) ,
dimercaptodiethylsulfide (DMDS), methyl-substituted
dimercaptodiethylsulfide, dimethyl-substituted
dimercaptodiethylsulfide, dimercaptodioxaoctane, 3,6-

dioxa,l,8-octanedithiol, 2-mercaptoethyl ether, 1,5-



di (nmeth)acryl ate, 1, 6-hexanedi ol di(neth)acrylate,

propyl ene gl col di(neth)acrylate, dipropylene glycol
wal2qooesdsyacryl ate, tripropyl ene glycol PCT/US2006/018889

di (meth)acryl ate, tetrapropyl ene glycol

di (nmet h)acryl ate, ethoxyl ated hexanedi ol

di (nmeth)acryl ate, propoxyla8ed hexanedi ol

,diqs:rret h)acryl ate, neopentyl glycol di(nmeth)acrylate,
AIIRGRPERT BICHEEPEREG Yl Bmergaphenedady, 4t éithiane
(hheny|, entygbye a1 ydol nel (D atidapt8acai LY @REy1 Ly Gl col
dldqiql%t hgia ryl ate, po yet_[ﬁ/l eng) gl ﬁcol o

di"(met iy acPYT R E 2 B0l ybutHdiEHEY 8T ¥ metisPaerefidkiiol,
beriviepdi dihiziehedl weethiciiwetdehachybn} ericbicrpt byl e

L _di( t,riethyl en l.ycol .
ST Eaath) Aot araorkpdtaee) BRAK R XeY cetraria- (a-
NS CRECRYEER VP at &rineeygisllapadravepenis(2gl ycol
meticepRbRFacs e At anapgitaned ehediopet h) acryl ate,
[CO¥L§.|8 hexape di methanol di (neth)acrylate, ethoxylated
DB henof ™ & TP( MUEH i FIRPEITEROL EE ReATESMacmgate
ussdaitpl psepdrs lﬂh]EeabbEyqu b‘tﬁoksslqiu;axa USIE 3 Nl anar i ng
I i ruct ur. IV j) can vary wdely
e%ﬂ%eggn%m&ﬁﬂugg({nﬁ{o@;&z r&\%ﬁgi'n the art, such as but
[OQ3&91] i i Fechnosher 2nast-Hamedindi ehhodsrRnpr, oplan adhilhiihab)
b33 ppghnedidil 3rbut-a it Odrrs -
3_1, 4-tcb)gjt‘5anedi t ﬁithgl Q%Qt%l%%uggnggﬁﬂgol (I,W J) can be
e3CpRheaheditrof 199, BMpSht anedi thi ol , 1, 6-
[olveRanedi thi al noih,—Birdiiumgﬁaﬁb@dﬁnéhmi,h?%ltéu%é&]%i(on to
[ t [ rer.capt an t cy hexyl dithiol (ECHDT),
o R Ea LS T (S ONDGS ). Tt POUBSTTR 68t Lo
thei Rereeptodifebayescitfaldet .di fettyhlesibsti tated/sts for
di aBr egpt odiLt-hyhs [ I I.oxaoct ane , 6-
uSdi oxa, 1, 8- oct gn}él&i %}r{ c‘)}%%yz%rrg?%%g%%gt 3% B%t%e:%dtf%gw
thogE6F1RB 3G PEF BER006A9T888Ditinggxambles can include

budiﬁEﬁg&ﬂi@ﬁ&ﬁm&apﬁﬂ?ﬁ?ﬁjagy %mine bifes s?chtﬁfll,s_
, - capt onet -1, 4-di . ane DMVD) , et hyl ene
dféﬁg?}%’ééfﬁr’%‘i gg?r?érgi’é%%eocdgéFﬁFe;??B RA%NeNgl ycol
digetByheerapttoprepi Bratepunt of base catalyst used can vary
Aaiert -hutylol, 2 i1 Ri nzene dithiol
Wl4‘,34§-t hi odi ggnzehﬁ%%?%%éﬁ%@%ﬁ/t %I‘%Iet g?se catalyst can
bet BEPAKHs {3 ARePEAI O pTo oMl €)01 genfaek yihnictight of the
rebetiakisi{t2rener capt oacetate), trinmethyol ol propane

[Obibff(z- Not intending to be bound by any particular theory,
it is believed that as the mixture of polythiol,

di (meth)acrylate monomer, and base catalyst is reacted, the
double bonds can be at least partially consumed by reaction
with the SH groups of the polythiol. 1In a non-limiting
embodiment, the mixture can be reacted for a period of time
such that the double bonds are substantially consumed and a
desired theoretical value for SH content is achieved. In a
non-limiting embodiment, the mixture can be reacted for a time
period of from 1 hour to 5 days. In another non-~limiting
embodiment, the mixture can be reacted at a temperature of

from 20 °C to 100 °C. In a further non-limiting embodiment, the



mer capt oacetate), and mi xtures thereof. [00118] in a
non-limting enbodi nent, the di(nmeth)acrylate wused to
w@em@pass3t he pol ythiol of formula (1V j) can bBCT/US2006/018889
et hyl ene glycol di(nmeth)acrylate. [00119] In another

non-limting enbodi ment, the polythiol used to
prepare t he pol ythl ol of foffuta (IV ) can be

e R R LR BREEL (T PPREE L ORT (17 386 ¢ he

cout ertthiodl f@bmf@rfrﬁ,llt@ e0¥' i9 =chriebedcarried out in the
RdESANCEe of o DAse GaLalysle m%‘i'e‘cﬁgéf xPéalr?gthQMa)' Y5t gnbor
use I'n thi's reaction cam var
r%@#@@tﬁ@dpﬁiwﬁm@hﬁé%ﬁwa}m Ve E ‘at@elx{\bnln A B¢ty
1%@@1{%&@&&1&9& U@@le Qx%bé&f @vRRhghi IS Leidhar iy,

am ne bases such as
OFi RAMEPE | B BIA] &'ﬁBe]Ee Ashremipad) Py rfdiansieichiometry
ofli ttet hybkbenay| amimel tdhes edroiont- 1ﬁlfnlbﬁl5§ ddodhiysht aiSathe M,
N nonllmtn dlrrent
% ey%g%gﬂ ? %é{merl gat }?%saetnt |aﬁk:a%0§1 nt “6f °Fr 6 1683 than
oD, gDkl GOSS%O kg//m@eghpr ofrathd 00pebet 3 G m/)@pﬂme
[6&92]32]1] N@E érkt_c?rﬂ-q'lﬂlgtiﬁc% %b@@i'iﬁ\gnpy Yy p%@ﬁ/‘:h?é‘i Hor use

theory, it is believed That as the m xture of
1poia Hﬂrﬁrgent d’r?‘ﬁ"?é”ttﬁfé}ci;?/‘ll at siRoferat e lp ggpresented by
teatBMslving seacdtalt bermdoubiha bendsicandhemat | east
partially consuned by reaction wth the SH groups of
the&olythl ol . Inga non-limting enbodinent, the

mxture can be re cted for a perlod of time such that
e substanti al d_and a _
deS| raﬁ thgg§gﬁ]§2§§ val u& fof* %Hh?ont e%kmes achi eved.

In a aon-limtdng enbodi nent, the m xture can be
reacted for atinme period of from1l hour to 5 days.
In another non-limjting enbqgdinent, the m xture can
be reacted at a te from20 Cto 100 C. In
a furthgRraon m tlng odj t heRBO 20064130339
PCT/ U$3006/818889 - @?;Sxtur carS be‘g}QeS;})/Gd unti |
a theoretical val for SH nt of fromO0.5%to
20% i s achi eved. 0122] The n er average nol ecul ar
wei ght (Ma) of the (IV' k)

wherein R; and R; each can be independently C; to C¢ n-alkylene,
C, to C¢ branched alkylene, C; to Ci cycloalkylene, Cg to Cig
alkylcycloalkylene, Cg¢ to Cg aryl, Cs to Cp alkyl-aryl, alkyl
groups containing ether linkages or thicether linkages or
ester linkages or thioester linkages or combinations thereof,
--[(CH; ~--)p --X~-]q --(--CH; --), --, wherein X can be O or S,
p can be an integer from 2 to 6, g can be an integer from 1 to
5, r can be an integer from 0 to 10; R, can be hydrogen or
methyl.

[00124] In general, the polythiol of structure (IV’ k) can
be prepared by reacting polythio(meth)acrylate monomer, and
one or more polythiols. Non-limiting examples of suitable
polythio(meth)acrylate monomers can vary widely and can

include those known in the art, such as but not limited to the



resulting polythiol oligoner can vary wdely. In a

non- limting enbodi nent, the nunber average nol ecul ar
wowioghso3gM' ) of pol ythiol oligoner can be detBCTigaa6/018889

by the stoichionmetry of the reaction. In alternate

non-limting enbodi mrents, the Mh of polythiol

ol i goner can be at | east -480 g/ nole, or less than or

equal to 5000 g/nole, or from 1000 to 3000 g/ nol e.
di[gedP3icriyhabe moh-1 idret agedrodilméneluding élﬁpmﬁm

thEPLo#S @ neal Bi Qtﬁ@ckﬂrﬁ%ﬂgté nc\,(ﬁ rﬁ:ﬂn%&cﬁ@@ocﬂf@ﬂﬂﬂe s@lfide

material represented b the fol Iovmn}g structural
(1t ormaA-a’ aﬁHlP%tal&"’Fiecﬂgrt%ﬁ%n‘él (e b ol a81g)s 1potigding
oﬁ&&ﬁ%%%&Qﬂ%@@&Mﬁhk&bBS@ﬁ&ﬁwsW

) h _ca b |nde endent |
g ‘%%\%610137 A% g\l(glhneg Oqégmtnerscg: erlﬁaerc]’(@:he Al ky}oene CGy
ditoe38) aayolleabkyf enamerCeptoeilhol edhky| tyclwhiltioy lodhaomass
tnbPe&R aiyl g3 elt.lﬁ)) £:Q128kkyhe af Y- cdl K¥l pe B RS i01, and

contai ni ng et |1 nkages or thioether |inkages or
migEpEes Iql'&?l’é&@'és or t hi oester |inkages or conbi nations

[Obﬂ25?0f )T(he f)&%ld(}@th) ﬁ%rﬂ]ﬁate;)&on&h@r -car’ be]: prepaéred
xpg RS Betim arPegs <Brmte cons, SdEe ja°the

aritpnt Egceﬂrucfmgnb@ttmotl(l,mﬂﬁedam behdwed meglecmdsa rdismdphygd. in
usl Qoégﬁ]sslzn gene dﬂb 1€ Qﬂéyﬂeé"&,'/ogfw%r hcgﬂ”le.Lm(_Ll:y'ngk)

repare y reacting polythio(meth)acrylate
exmﬁbﬁ%ro sidtabhe wlvrbiel periyaHiedes fomhm iif PrRgaring

theXpanyes Af o@ugtﬂb&@repqhyt hic o (4Rt hhathyd of erimeNeseLScy
can_vVv W and ncl ude th kno i.n the
e oL S e o ArF oL Ao b 5006/ 083600
1, 9%t]h5@é?ﬁﬁrkzﬂﬂ>8889 2-pr/b@)aneld(imeicﬂ),aar,9I—a:t@pmed1thlol
3 EAEHISSL o LGSOl 00 S a5
pentanedithiol, 1,5- pentaned1th101 1,6-hexanedithiol, 1,3-
dimercapto-3-methylbutane, dipentenedimercaptan,
ethylcyclohexyldithiol (ECHDT), dimercaptodiethylsulfide,
methyl-substituted dimercaptodiethylsulfide, dimethyl-
substituted dimercaptodiethylsulfide, dimercaptodioxaoctane,
3,6-dioxa,l,8-octanedithiol, 2-mercaptoethyl ether, 1,5-
dimercapto-3-oxapentane, 2,5-dimercaptomethyl-1,4-dithiane
(DMMD) , ethylene glycol di (2-mercaptoacetate), ethylene glycol
di (3-mercaptopropionate), 4-tert-butyl-1,2-benzenedithiol,
benzene dithiol, 4,4’ -thiodibenzenethiol, pentaerythritol
tetrakis- (3-mercaptopropionate), pentaerythritol tetrakis-(2-
mercaptoacetate), trimethyolol propane tris-(2-
mercaptoacetate), and mixtures thereof.
[00126] In a non-limiting embodiwment, the
polythio (meth)acrylate used to prepare the polythiol of
formula (IV’ k) can be the di(meth)acrylate of
dimercaptodiethylsulfide, i.e., 2,2’-thiodiethanethiol

dimethacrylate. In another non-limiting embodiment, the



(i.e., 2,2 -thioethanedithiol di(neth)acryl ate)

including oligoners thereof, the di(neth)acryl ate of
W®2@eMdsm3a- | , 8- octanedi thiol including oli gonBEBUS2006/018889

thereof, the di (nmeth)acrylate of 2-nercaptoethyl ether

including oligonmers thereof, the di(nmeth)acryl ate of

4, 4" -t hi odi benzenet hi ol , anéi m xtures thereof.

P%?gééf Eg%ﬁ&ﬁ%é%?;%% FQ% 1ﬁ%§ﬁgggqgenwﬁat69§h&g can

bekdlhetaphothethydrstul fiidel (OMPR) .but not limted to

B8535 57, ME R b ne R oy O TR e e
csuiteblatpdhyths gravereri af sofsr casalyst pr dleariagiting

eRAyidd Je gﬁlgxgwtﬁa@% EhVa1fde L0l N6L U 204 0fidely
variety of_polythiols known in the art, such as but

2Rt 34 M% éﬁl?%tedi B3 o8y RERBFI FIE 191552 jidpanedPERRI ol |

1lm§t£ﬂgﬂﬁmaﬁﬂléﬁldﬂn 1nbladbU%ﬁﬁKH£dihbelllmlted to tertlary
1. 4- but anedi L hi oI but ned| i

aﬁ%ﬁ? edit Ao %%péﬁ fanedit |Ogl dleexcane |f3hi(%]?[{)
ahd3N, D@Iﬂldmled;hpll@e@mrhyibbut ane, di pent ened| nmer capt an,
gbhﬂéfyc'QHSX§$6Uﬂé“d%|bQEE}EQQalyst ugsed can vary widely.

I mercapt odi et hyl sul fide met hyl - subst t ut ed
I8 FroTeHpOaF SRAARACRGEE  dF Me(IAPe. CSbBLTt Geggbe present

16i BRI Sapiedoet hyds W foode £odb N&F eaptedyhi a8t ttake reaction

mikg d%j]O)r(fg lcgp{lcgr?éﬁ'g)e(al tél%:: %n%ocglmentcagflgerajh tureet letl 'be

r2abted nierc apt bnetgardiot, $£dELHm andouDMVD) , &ty efie
g%@i ﬁun(%lmwte%%%meg% W8089l %hPlbe reactea at

mer capt o roplonat o
Mt?@P%rwryl Of | BLqier?Perfedior APBI °C- bERzRnEHheR] BPn-
l4m4t11t1§ﬂiéﬂ@oﬁ@ﬂﬂéﬁ@etﬂheohuxﬁﬁﬁé aeryter htgted until a

et r ak 3- t [ I t t.h t I
HEPF K S 32 by ERbeBRGBraFey 7% AnB Ry St of° Biapife
achiisv¢®- mercaptoacetate), and m xtures thereof

t
SBRSTR o AEPrihon E-BletPE s IE el o 0 ot e
r@EultmmMOéthwl kqlmmeﬁecaheva( weeR}der yllratae ngf-
1976t 6@ Ripduehbyt sWid dembbreaverhge mbiéoei At %&ghhl k)

di net hacrylate. In another non-limting enbodi

oEh BN DOU6 PLS8FI PEF Be2BD6T BLEREoLY 9 Stoiehiohetry

of the reaction. In alternate non-limiting embodiments, the M,
of polythiol oligomer can be at least 400 g/mole, or less than
or equal to 5000g/mole, or from 1000 to 3000g/mole.

[00130] In a non-limiting embodiment, the polythiol for use
in the present invention can include a material represented by

the following structural formula and reaction:



pol yt hi ol used to prepare the pol ythiol of fornmula
(I'V' k) can be dinercaptodiethylsulfide (DVDS).

WO @a27339 n a non-limting enbodi ment, this reRCt/UHNV06/018889
can be carried out in the presence of base catalyst.
Non-limting exanples of suitable base catalysts for
use can vary widely and caf?be selected fromthose
known in the art. Non- limting exanples can include
but dre not limted to tertiary m'ne bases such as

1, I az@aWi Io[5 O]u and
nN,%gi\[é?hyl berzyl a H?SO&@S] Tﬁe armunt of "base

cat al yst used can vary V\/ldely In a non-limting
enbodi nent, the base catal yst can be present in an
amount of from 0.001 to 5.0% by wei ght of the reaction
m xture. In a non-I¥mting enbodi nent, the m xture can
be reag fpr_a tjme perio m 1ihpur to 5
days.Hi;ﬁﬂ@OI he nondMg\s odi , the m xture
can be reacted a:% a tenperature of from20 Cto 100
C. In a further h- limting enbodi nent, the m xture
can be heated until a theoretical val (N' flor SH
content of fromO0.5%to 20%is achieved. [00129] The
whReAERL I@V@&ragﬁ% mphecgéarommieghtyl ( Myd &, tde bg esuld icag-
t hi ol nLvayy. wi_del Ina - _Lim1ting
e e e e 1 S
tof C;podiylt}tilqylclghitignm C&h be Qie@ﬂeﬂm e dt ®yCib helkyl-aryl,

a3kpl chy ?@tE¥nt§¥nﬂﬂ§eeE%@QtifﬂkagEQ glt@iNali®er linkages
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be prepared by reacting allyl (meth)acrylate, and one or more

polythiols. WNon-limiting examples of suitable polythiols for
use in preparing the polythiol of structure (IV’ 1) can
include a wide variety of known polythiols such as but not
limited to l,z—ethanedithiol, 1,2-propanedithiol, 1,3-
propanedithiol, 1,3-butanedithiol, 1,4-butanedithiol, 2,3-
butanedithiol, 1,3-pentanedithiol, 1,5-pentanedithiol, 1,6-
hexanedithiol, 1,3-dimercapto-3-methylbutane,
dipentenedimercaptan, ethylcyclohexyldithiol (ECHDT]),
dimercaptodiethylsulfide, methyl-substituted
dimercaptodiethylsulfide, dimethyl-substituted
dimercaptodiethylsulfide, dimercaptodioxaoctaune, 3,6-
dioxa,l,8-octanedithiol, 2-mercaptoethyl ether, 1,5-
dimercapto-3-oxapentane, 2,5-dimercaptomethyl-1,4-
dithiane, ethylene glycol di(2-mercaptoacetate), ethylene
glycol di(3-mercaptopropionate), 4-tert-butyl-1,2-
benzenedithiol, benzene dithiol, 4,4’-thiodibenzenethiol,

pentaerythritol tetrakis- (3-mercaptopropionate),



HS}R2,S' - OS~S.R2- , S n H Rl (IV 1) wherein Rl can
be hydrogen or nethyl, and R2 can be Cl1 to C6 n-
w@bdoghsnigg C2 to C6 branched al kyl ene, C6 to OBCT/US2006/018889
cycl oal kyl ene, C6 to Cl10 al kyl cycl oal kyl ene, C6 to Ca
aryl, C6 to C10 al kyl-aryl, alkyl groups containing
et her |inkages or thioethers3lnkages or ester
| i nkages or thioester |inkages or conbinations
penheewofhmdicol - f€iGrHkis-) (3 neRcapupacetat € txgmethyolol
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di oxa, |, 8- oct anedi t hi o ner capt oet hg et her
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reelbthmxame,xeulayl enen ¢l yeal- 1t 2inereaptoacet atde, mixture

t I I apt opr.opi ona.
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allyl double bonds can then be reacted with the remaining SH
groups in the presence of radical initiator. Not intending to
be bound by any particular theory, it is believed that asg the
mixture is heated, the allyl double bonds can be at least
partially consumed by reaction with the remaining SH groups.
Non-limiting examples of suitable radical initiators can
include but are not limited to azo or peroxide type free-
radical initiators such as azobisalkylenenitriles. In a non-
limiting embodiment, the free-radical initiator can be
azobisalkylenenitrile which is commercially available from
DuPont under the trade name VAZO™. In alternate non-limiting
embodiments, VAZO-52, VAZO-64, VAZO-67, or VAZO-88 catalysts

can be used as radical initiators.



prepare the polythiol of formula (I1V 1) can be
di mer capt odi et hyl sul fide (DVMDS). [00133] In a
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bonds of allyl (nmeth)acrylate can be first reacted
with polythiol in the presence of base catalyst
Non-limiting exanples of “stftable base catal ysts can
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[00134]. in a non-limtin errb0|msnt the m_xture can
gﬁ%ms/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.

[00137] Non~limiting examples of suitable materials having
both hydroxyl and thiol groups can include but are not limited
to 2-mercaptoethanol, 3-mercapto-1,2-propanediol, glycerin
bis(2-mercaptoacetate), glycerin bis(3-mercaptopropionate), 1-
hydroxy-4-mercaptocyclohexane, 2,4-dimercaptophenol, 2-
mercaptohydroquinone, 4-mercaptophenol, 1,3-dimercapto-2-
propanocl, 2,3-dimercapto-l-propanol, 1,2-dimercapto-1,3-
butanediol, trimethylolpropane bis(2-mercaptoacetate),
trimethylolpropane bis(3-mercaptopropionate), pentaerythritol
mono (2-mercaptoacetate), pentaerythritol bis(2-

mercaptoacetate), pentaerythritol tris(2-mercaptoacetate),



heated for a period of tinme such that the doubl e bonds
are substantially consuned and a desired theoretica
wo aloge3msy SH content is achieved. In a non-|Pei/Us2006/018889
enbodi nent, the mxture can be heated for a tine
period of from1 hour to 5 days- |In another
non-limting enbodi nent, -tke nai xture can be heated at
a tenperature of from 40C to 100C. In a further
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hydrogen-containing material can include at least one material

chosen from polyol, polythiol and polythiol oligomer.

[00139] Amine-containing curing agents for use in the
present invention are numerous and widely varied. Non-
limiting examples of suitable amine-containing curing agents
can include but are not limited to aliphatic polyamines,
cycloaliphatic polyamines, aromatic polyamines and mixtures
thereof. 1In 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 therecf. In a

further non-limiting embodiment, the amine-containing curing
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pol yam nes, aronati poI yam nes and mi xtures thereof.
In alternate non-1T17H ¢ &lam ne-
contai ning curing agent am ne havi ng at
| east two

(X117)
wherein 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,; Rs=H
LONZACURE.RTM. M-DMA: R;=CH;; R,=CH;; R,=H
LONZACURE.RTM. M-MEA: R;=CH;; R,;=C; Hs; R;=H
LONZACURE.RTM. M-DEA: R;=C, Hg; Ry=C; Hg; Ry=H
LONZACURE.RTM. M-MIPA: R;=CH;; R,=C; H,; R;=H



functional groups independently chosen from primary
amne (- NH2), secondary am ne (-NH) and conbi nati ons
wo bmresi339 In a further non-limting enbodi menNeCT/URI®06/018889
am ne-contai ni ng curing WO 2006/ 130339
PCTI US2006/ 018889 - 46 agent can have at |east two
primary am ne groups. In anéfher non-liniting
enbodi nment am ont.ai ni ng curing agent_can
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can each endently chosen from net
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BT R i pr e Sont ot e Lo st Lo e
ugdep dured $ radamefigc Mocad byETnzanlbd. a (iBasel at room

th%éra u&%nglth a viscosity of 156 cPs at 25°C. DETDA can be

isomeric, with the 2,4-isomer range being from 75 to 81
percent while the 2,6-isomer range can be from 18 to 24
percent.

[00143] In a non-limiting embodiment, the color stabilized
version of Ethacure 100 (i.e., formulation which contains an
additive to reduce yellow color), which is available under the
name Ethacure 100S may be used in the present invention.
[00144] 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
polymerizate.

[00145] Non-limiting examples of the amine-containing curing
agent can include ethyleneamines. Suitable ethyleneamines can
include but are not limited to ethylenediamine (EDA),
diethylenetriamine (DETA), triethylenetetramine (TETA),
tetraethylenepentamine (TEPA), pentaethylenehexamine (PEHA),



LONZACURE. RTM M DI PA: R1=C3 H7; R2=C3 H/; R3=H
LONZACURE. RTM M DMA: R1=CH3; R2=CH3; R3=H

WO ANEASIIRE. RTM M MEA: R1=CH3; R2=C2 H5; R3=H PCT/US2006/018889
LONZACURE. RTM M DEA: R1=C2

LONZACURE. RTM M M PA: R1=CH3; R2=
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room tenperature with a viscosity of 156 cPs at 25C.
DETDA can be isong with the 2 I somer range
being from75 to 8¥\p 2, 6-i somer
range can fgzrfrirom 18 [00143] In a
non-limting enbodi n o stabilized version
of Ethacure 100 (i. 1 atl on whi ch contains an
additive to reducg Nel | ow color), which is available
under the name Ethasine used in the
present i n%i on. -limting
enbodi nent, the am R

HN: NH>
(XV)

[00147] In further alternate non-limiting embodiments, the

amine-containing curing agent can include one or moxre
methylene bis 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,



curing agent can act as a catalyst in the
pol yneri zation reaction and can be incorporated into
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exanpl es of the am ne-containing curing agent can
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i nclude but are not |imtedote ethyl enedi am ne (EDA)
di et hyl enetri anmi ne (DETA), triethyl enetetram ne
(TETA), tetraethyl eneRentam ne RTEPA),
pent aet hyl eneh i ne |
PCT/ US2006/ 018 i ine,~Mblzphol i ne,
subst i t(oved nor phol substi t ut ed
pi peri di ne, diethyl and 2-am no-

1- et hyl pi perazi mra. P g bmM ting

enbodi nents, the i ne-cont ai nijng curi ng agent can be
chosen from one or nor&s isomersRef Cl-C3 dial kyl

t ol uenedi am ne, such asg but not J|ijited to

3, 5-di net hyl - 2, 4-t ol uenedi am 325- di et hyl - 2, 6-

t ol uenedi am ne,
3,5-diethyl- 2,6-to

3, 5- di (xvapmy opyl - 2, 4- 3, 5-
di i sopropyl - 2, 6-f ol uenedian ne nel\im xt ur es t her eof .

In alternate n i m tfi ng enbodi{ment'Rs t he
am ne-cont ai ni ng ;

' Racl ude one of
t he | owi ng genera N NH2 (XII1) H2N
NHQ(&&%?Q "O H2N N I In further

al ternate non-IiRg

, e

inc?ﬂde one or nore
nmet hyl ene bis anilines R¥i e represented by the
general formulas XVI-XX, one or_nore aniline sulfides
whi ch can be represenﬁ%d by thetgeneral formnulas
XXl - XXV, and/ or g

(XIX)

(XX)

2 2
R4
(XXT)
Rs S Rs
5 5



nore bianilines which can be represented by the

general formulas XXVI-XXVI X, WO 2006/ 130339
wOeQDhUSB80D6/ 018889 - 49 3 3 H2N NH2 (XVI) PCT/US20R:018889

532 HNRa (XVII) R4 R 55 NH2 NH2 R4 (xvlll)

~1 RRRE 5535 HNR3 (XIX) 1/ \' RA NH2 5 NH2

RS R4 R3 (XX) RS NH2 572°9 R4 (XXI) 1 I R SRS
R3 R3
FLN NH>
(XXIT)
Ry S Ry
5 5
Ry 2
HoN Ry
{(XXIT1)
R4 S Rs
5 5
R3 Rs
(XXIV)
R4 S NH,
5
NH, Rs
Ry R;
{XXV)
Rs S NH,
5

{(XXVI)

(XXVIT)




5 5 WD 2006/ 130339 PCT/ US2006/ 018889 - sO R3 R3 H2N
NH) (XXI1) Re sRE 55 RZ2HINRE (XXII1) R4 s
WRS0MB3E R RS HZNR3 3 (XXIV) R4 S NH2  SPAARSRB6/018889
RAR3 (xxv) RS SNH2 3 R5 5 R3 (XXVI) NHO O N2 R2
55R4 3RS3 N2 (XXVII) \HOORE RE5 5 R5 WD
2006/ 130339 PCT/ US2006/ 018880 -- 51 NH2 R3 3 2
(XXVI11) R4 O O R4

{(XXVITI)

(XXIX)

wherein R; and R; can each independently represent C; to C
alkyl, and Rs can be chosen from hydrogen and halogen, such as
but not limited to chlorine and bromine. The diamine
represented by general formula XV can be described generally
as a 4,4'-methylene-bis(dialkylaniline). Suitable non-
limiting examples of diamines which can be represented by
general formula XV include but are not limited to 4,4'-
methylene-bis(2,6-dimethylaniline), 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-isopropyl-6-methylaniline) and 4,4'-methylene-bis(2,6-
diethyl-3-chloroaniline) .

[001438] In a further non-limiting embodiment, the amine-
containing curing agent can include materials which can be

represented by the following general structure (XXX):

NH,

Ras Rag
{(XXX)
Rao NH,

21
where Ry, Rai, Rz, and R,; can be independently chosen frowm H,
C, to Cy alkyl, CH3;-S- and halogen, such as but not limited to

chlorine or bromine. In a non-limiting embodiment of the



R5 s s R 5R 3 N2 (XXIX) R30 o0 R4 z Rs wherein

R, and R4 can each independently represent C,, to C3
wabdogh303and R5 can be chosen from hydrogen andr¢Eiszyesi)18889

such as but not limted to chlorine and brom ne. The

di ami ne represented by general formula XV can be

descri bed generally as a- 52 -

4, 41- met hyl ene- bi s(di al kyl aniline). Suitable non-
preésurtt ngveraihpl eshef aldimﬁqmld;a\m&ng can.rige agept egeitthedan

b@yrefﬁ%gghﬁja? eh;;ye @éh@f&/ ENGLH el fudla' gdegdqto

di met anl
tqlt@p%étlﬁw%e@@@é BheR g II?yI A rﬂieﬁby | Ry and Ry are

edett Rt NYhene; bis @bgeﬁl 6- mtéﬂxfh@ehém@n limiting

, hy| b 6- I I
HBUTREE ny F Bn TR (25T SU By EeE AR I kPF TR
4 M 4 mavityhghediatiild@a, 6- di et hyl - 3- chl oroanl I ine).
[&@Pﬁs"ﬁl '@{13 JRer Ron: L] %oﬂgﬁé‘;"uoﬁdet ane ks,

ne- containi'ng curing agen erials
pmﬁemt dareheion gppebenpetyinritded fioitrow rvgrgehmcaﬁ

té%ﬂﬂﬁaﬂé%ekﬁgggoln NHZ oF23 R20 5 6XXX) 1R Moadine,
where Ra0, R21, R22, and R13 can be lndependentlé ing

wREEh tPFoH?I*Y““@P“FBh%%e Ay e ergraredh by haF
tcsg;m:theas abgblynetadaite aed 410 acahliker hﬂ&r@jerbk:@ﬁtélﬁnlﬂgn a

di. e of the WO 2006/ 130
560 OTBaR0 LY Les i SRR St AR (T on e
infiareicdont BlhaianiteurPngebgieret cwiiiod agent.bghe sulfur-

SeRI 8380t 801 PYraeRetaknd AL Mg&é‘fhéé&% dge gl &tihy
CtoI ulene@dlﬁa%n% (DETDAIl wherein"R23 i s net hyl e%z and

LS PLHRS LYBSE Hndaty Iva‘éHIdmR?Z‘q Sleppar bR e ﬁmén? urt her
cortednifigt cAginerpedtrenin 4 FardiepensiaiiniAg curi ng

eﬁgg%lmen n ££%éé“¥%te%1§isW§£P¥Je@%g%@%@ idy%ér vacuum. The
amine-containing curing agent can be mixed with the prepolymer
using a variety of methods and equipment, such as but not
limited to an impeller or extruder.

[00150] In another non-limiting embodiment, wherein the
sulfur-containing polyureaurethane can be prepared by a one-
pot process, the sulfur-containing polyureaurethane can be
polymerized by intoducing together the polycyanate, active
hydrogen-containing material, and amine-containing curing
agent, and degassing the mixture. In a further non-limiting
embodiment, this mixture can be degassed under vacuum.

[00151] In another non-limiting embodiment, wherein a lens
can be formed, the degassed mixture can be introduced into a
mold and 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 pfepolymer and curing agent mixture, or

the polycyanate, active-hydrogen-containing material and



[00149] The sul fur-containing pol yureaurethane of the
present invention can be polynerized using a variety
w@Roosiasbmi ques known in the art. In a non-I|i mMP@T/0§R006/018889
enbodi nent, wherein the pol yureaurethane can be
prepared by introducing together a polycyanate and an
active hydrogen-containingsamaterial to forma
pol yur et hane prepol yner and then introducing the
cugpig eaggrt aiipitnye c ukiarg ragent smpdim tsuref be -2 Qe aivekng
pee%auwaw&t hagensahs be Pal yoREd zed by degassing the

g ymer under vacuum and degassing the am ne-
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erern ur-contal ni ng
arﬁopyaf@htﬁqa% lrége feamr tionp P pareldhip @yOﬁ@aCfpmn of the
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and the nold can be_heat ed u5|ng a variety of
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alageﬁhtm I8 mikd B ndRiteAper attmr ealtal1200C0Vere ainc
kod of from0.5 hours to 7% urs. [00152] In a

Fr mUt énﬁgdferr e aneaforn1ng

[00153] Further non- 11m1t1ng examples of suitable catalysts
can include tertiary amines such as but not limited to
triethylamine, triisopropylamine and N,N-dimethylbenzylamine.
Such suitable tertiary amines are disclosed in United States
Patent 5,693,738 at column 10, lines 6-38, the disclosure of
which is incorporated herein by reference.

[00154] In a non-limiting embodiment the catalyst can be
chosgsen 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.



catal yst can be used in the present invention to

enhance the reaction of the pol yurethane-form ng
woraoensmBs. Suitabl e urethane-form ng cat al ySPGI/Us2006/018889

vary, for exanple, suitable urethane-form ng

catal ysts can include those catalysts that are useful

for the formati on of urethand by reaction of the NCO

Blfaithcy b ackal arare- o derrEatel Gns et g 0P Fur-
cahtaiﬂﬁmgapelyanebmﬁﬁﬁhﬁaaat@nfhﬁ'mEEp@nedP%M%ﬂntwbﬂhcqu
tgé % EEV\?E&%&SGS p%%‘%\ﬂgiﬁérs a ﬁnag &I}Pes%n%?ﬁ‘lﬁ&‘e

acCl ds and I nsertion
Céﬁ%%ﬂ! yeestastie RINPEGThANS DERRPAYEST ErRy deopedraedfwith

ahnﬂé&tﬂ iole Qﬁﬁﬂﬁﬁ:[dé cohPa Bidd aRce2892, p MR &Ky
EE¥%$ to 674. In non-1imting enbodi ment, the

Yred EgAchReR V&’tta]ihﬁ%ﬁe SHRTF AR OF g G958t d,
ssut&bktsepbshlﬁbde4adndaéd1ﬁ@ sltaniels cat oate;, dn&u&aﬁ

1}15{\1(% | %gregt‘% % %:X:l dt {(—f{g nngaitae%(?.gﬁgeha %ta\él lgagt one,

mer capt eate
odi b‘@@t @tremoman%mﬁﬁlﬁudﬁ fiheiirared, groups. In a non-

11mfe dipzabbayabef 2. t%ezleﬁgEﬁ@d@@@nﬂh%ﬁﬁ{%aﬂ%@ﬁ@@fcan

In alternate non-limting embodinents e _catal

hauqn pe ﬂrnElor%c‘f‘%“aefteleSnggﬁ $entsd Py g following Ygeneral
facetldacet onate. [00153] Further non-limting exanpl es
of suitable catalysts can include tertiary am nes

such as but not limted to triethylamne,
triisopropylam ne and N, N-di net hyl benzyl am ne. Such
suitable tertiary am nes are disclos g%in Uni t ed

States Patent &/693, 738-uf—¢cohym &f,— tiihes 6-38, the

di scl osure of which is incorporated herern by

reference. [00.154] In a non-limting enbodi nent the
whatalryst ceanbbes ehasen f:alﬁ)l’ﬁzeplmspm,‘l@%lkﬁler bi aby s m can
bangx?nln " Séal %J‘?’oan ttoerztI af ac:@nn 2 az%u:{: eger % om 6 to
Fi ff €026t ri et hylanirne™™ trllsopropyldﬁ1ﬁb d

1N, Néﬁlﬁethvkbemz@dﬁnnam@odﬁmhnuﬂ ¢Malnnmﬂrl¢ahnratmg of S is
58%agPl 5 Of oﬁutﬂékg\fertaﬁgt'éfyt@'ntgﬁélaéf diae gsed in
United States Patent 693,738 at columm 10 Tines 6

CPRP Bl ingsa F?ﬁﬁ?f@ﬁﬂb8§9¢enﬁﬁﬁmhlch i s incorporated

(beLsdin by Theeder 80168.3eVWERO0G{11303308 PG WS2006/ 618889
mérg4moieties represented by the formula (V) can be attached
to an acyclic and/or cyclic skeleton. The 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 oxygen in an epoxy ring-containing acyclic material using
sulfur, thiourea, thiocyanate, triphenylphosphine sulfide or
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.



(00155] In a non-limting enbodi nent, wherein the

sul fur- containing pol yureaurethane can be prepared by
WO ni06080389 ng toget her a pol yuret hane prepol ynetT/aszd0aen8ss9

am ne-contai ning curing agent, the pol yurethane

prepol yner can be reacted with at |east one

epi sul fi de-cont ai ni ng mat-esisal prior to being

i ntroduced together with am ne-containing curing
[oagemt . Suoi tabéenays swhf L ikl tiget ghPAiertser ithescrahic
sk¥§£%m1%%% %ﬁglanQhﬁg%OQEEwﬁ&frﬁﬂkrhéﬂéted to

materi a avi n | east one or two, or nore ,
epi S8l f FRHIRAER GRAFOBFIIIFT PACSE idn thFﬁHl.wge cyclic

skﬁmpﬁ)&hrﬁ%t pet B8 £Pi spd1filcdexensdai,ni ng materi al can
ave

ieties, represente the f Iow
gendPal anf?ﬁ%ﬁﬂﬁ% go"c?ﬁﬁakﬂﬁ- By léijﬁﬁﬁrﬁﬁﬁ cﬁgc
sk¥leadn hernSher af); anonean coek€letorGl @ndl kyl, 0, or S n1

can 2 ? c#n %Q?ﬁetEQH}§E&££ ma?@%&él %%%rngnaahe cyclic

|nteg |mt|nge odi nent
skehetommsn &8l ar Betorastydicsskebohas inptedingh & [faltur

at@%egggglmggrbhgt&@tal of Sand 0O constituting a
menber e n The i,sul fi de-cont i ng
LORABET: o RGOt | AP e RO ehr GAt €8 By
adoke ﬁéﬁéﬂﬂ&is(&%nCéwnﬂHinabtamhkmbelnf ansatfide c aandtber,
a S%E%IC skele 8ne Egg%qﬁy%h] ggleton can be branched

fanche can con ain sulfide and/or
[Oéﬂﬁél | i Mgésmltmm grompleai of rpicabddi srirulfike-

cERESH A AR CAL Al mh g JIRLEr bat cFain bexebtebhehPY nelude
replacing  the oxygen in an epo§¥ ri ng-contai ni ng
r

budcpER| ROAEERESR Beithg ~ 8P brd k%A Gurea, thiocyanate
eﬂlfthﬂbpfbﬂﬁ&@ﬁbhb?el&hé;&?ﬂe ﬁm OirhE‘l’_L aubhsr@agents
int a further nan ting
eEﬁ%%&ﬂ? fy%lfﬁyF%%?%c%f fﬁan%bﬂ%u e- cont ai ni ng
emuhérpadsylcdnobeyobtlzéndd bytheaet |2n@ -pagldusbknown
eﬁ%ﬁhgfopﬁ%%h b?bﬁoﬂ\ééﬁlel&%ﬁ&&é oim%rmn pn the

presence to obtain an al Xlsulflde type

eRdpbRPRANETTAR) CHAtCHe ] el dRi My VERE L okygent HTERE
dl%%)éﬁlfidﬂsg @Seﬁﬁﬁﬁib@ﬁﬂflahO\é?clMﬁwéﬂlﬁﬁ&:ﬁ@ 4-epoxy-

-gyc qggég}%%§%lde,E%%S—bls(B—eplthlopropylthlo) -1,4-
dithiane, and 2,5-bis(B-epithiopropylthiocethylthiomethyl)-1,4-
dithiane.

[00160] Non-limiting examples of suitable episulfide-
containing materials having an aromatic skeletoﬁ can include
but are not limited to 1,3- and 1,4-bis(8-
epithiopropylthio)benzene, 1,3- and 1,4-bis (8-
epithiopropylthiomethyl)benzene, bis{4-(g-
epithiopropylthio)phenyl] methane, 2,2-bis[4- (8-
epithiopropylthio)phenyl] propane, bis(4- (8-
epithiopropylthio)phenyl] sulfide, bis[4-(8-
epithiopropylthio)phenyl] sulfone, and 4,4-bis(f-
epithiopropylthio)biphenyl.

[00161] Non-limiting examples of suitable episulfide-

containing materials having a heterocyclic skeleton including



[00157] In alternate non-limting enbodi nents, the

cyclic skeleton can include the following naterials:
w@ 2006/a3038pi sul fi de-contai ning materi al wher ei NnPETES2006/018889

cyclic skeleton can be an alicyclic skeleton, (b) an

epi sul fi de-containing material wherein the cyclic

skel eton can be an aromatic®8kel eton, and (c) an

epi sul fi de-cont ai nin teri,al wherein the. cyclic
tERACHSH GRANDE & o8l BEye T SRBI BPOR T EidrRg Bt
lsulfed tcathm asterikdiserepa¢omtddObES8he |folflomwtihgr general
fggﬂﬁiégnting enbodi nents, each of the above materials

can contain a linkage of a sulfide, an ether, a

sul fone, a ketone, and/or an ester. [00159]

Non-1imting exanpl es ofcpuid, ghlevepisul fide-

containing materials pdavi gn alicyclic skeleton can

i ncl ude but e not finit H4t o 1,3- and 1, 4-bis(R

epithiopropyf i 0) cye whex%ne, 1,3- and 1, 4-bis((3-

epi t hi opr opyl t hi omet hyMesfehohexane.y bi s[ 4-(, 6-

epi t hi opropyl t hi o) cycl ohexyl ] net hane, 2, 2-bis[4-($-

epi t hi opropyl t hi 0) cycl ohexyl | propane, bis[4-(Q

epi t hi opropyl t hi 0) cycl ohexyl] sul fide,

4-vinyl -1 -cycl ohexene episul fi
4-epithioethy|-I-cycloﬁgkaﬁéCga%fﬂgggjkgéba&y-
1, 2-cycl ohexene sul fi ée, CHZ
2,5-bis(/3-e®ﬂﬂhioprggﬁjthi|)-1,4- di t hi ane, and 2,

5- bi s($- epi t hi opr opy i oethyl t hionethyl)-1,4-

di t hi ane. [00160] Non-li%ﬁrﬁﬁﬁgwaﬁ%‘ﬁ@%’fa‘%itable

epi sul fide- containing materials having an aromatic
skel eton can include but are not limted to 1,3- and

1, 4-bi s(Q epithiopropylthio)benzene, 1,3- and

1, 4-bi s((3- epithiopropylthﬁoneuﬁm%%penzenggnbs)a—-—-W

bi s[ 4- (, 6- epithiopropylthio)pheny nmet hane,
2,2-bis[4-((3- epithiopropyl 0) phenyl ] propane,

i-s[,4- (13-_epi bhiopr hi ®) phepyl ] sul fide,
g{lér[ j-(’?’a- gﬁzF ?%%r%%ﬁ i | ] .5ul.fone cpd ) o— w
4, 4-bi s((3- epithiopropyl tHi heﬁ§§%“[001%1f 2
Non-limting exanples of suitabl eiepisulfide-

wherein m can be an integer from 1 to 5; n can be an 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 atoms; Y
can be - (CH,CH;S8)-; 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:

(VIII) ———-CHz—ég—éHz

wherein X can be O or S.

[00162] Additional non-limiting examples of suitable
episulfide-containing materials can include but are not
limited to 2,5-bis(B-epithiopropylthiomethyl)-1,4-dithiane;
2,5-bis(f-epithiopropylthicethylthiomethyl)-1,4-dithiane; 2,5-



containing materials having a heterocyclic skeleton
i ncl udi ng WD 2006/ 130339 PCTI US2006/ 018889 - 56 the

wa 20680332 om as t he hetero-atom can incl ude buPCEHUS20n€018889
limted to the materials represented by the foll ow ng
general formulas: CYCH)mS-Yn-W S CHZ (MI) ZHS
CUCH2)m S-Yn-Wj (\- (CHZp7l- (CH2CH2 S) a-W S CHZ
(M) zZCH ~s \ V) - (CH2)m (CH2CH2S) a- W uu(CH2)m

bié QHXGHAS) oprigy 1Shivsthyvl] «, 4y Lchiee S & CHEY inl 8-

epglgg?g%%gﬁ% R\ 1 Whes Sl JRGan beea&-.asm@eger from

an be an i nt eger fromo0 4;, can be an
epi W iqRAOABRT Y Yo 153 B ERhCHene ﬁyﬂr%g’?ﬁ?‘ APom or an
ep@!;ﬂsyéngfﬁuem@&mw)llw 5-eartharnat opps , &¢ txdarigbe

coenfromahdo n.atem an

epéé?wpﬁqu&ﬁhh%‘{}?%’lﬁ ogsg S BBt i %rég-% é%( neYnW
ep W BhAtptylahiepitiitbprepiry Ll grlodp Srepwels:eaneed by the

following formula: x (M1l) -CH2- CH -CH2 wherein X

can be 0 or S. [00162] Additional non l[imting

exanpl es of suitable epi suI f| de aining materials

can include but are L%&

r@:{ 3 ?) 1,

2, 5- bi s($- epi t hi opr.ep 42 di t hi ane:

2, 5- bls($e ithio opyl Heoethylthlorrethyl)-1,4-dithia
ne; W& 2006/ 1 CT/ US2006/ #8889 - 57
B35 ept 1y onr ony T g8 1) &4l ane

X

/CHCHZ -S-CH,CHy-S—— CHZ—CH—EHg

(X) EHZ é X

CHCHZ 8-CHCH,;-S—— CH;- CH Hp

X

CHy-S——CH;-CH —\EH
/CIiZHg Ho 2 2
S CH,

(XI) LHZ .ls X

/
CHCH,CH, - S—— CHy-CH-CHy

X
?——*—CHg‘ég‘éHz

X
HCH,CH
//C\\ 2CH, é/ é
8 CHCH, - S—— CHp - CH-CH,

2

(XII)

/ !
CHCH,CH,~S——CH,~-CH-CH;

wherein X can be as defined above.
[00163] In alternate non-limiting embodiments, the sulfur-

containing polyureaurethane of the present invention can have



epi t hi opropyl thioethyl)-1,4-dithiane; 2,4,6-tris(i-

epi t hi opropyl nethyl )-1,3,5-trithiane; 2,4,6-tris(/6-
we@piobhswpr opyl t hi cethyl )-1, 3,5-trithiane; 2,4,BCcT/Us®(0018889

epi t hi opropyl thi omethyl)-1, 3,5-trithiane;

2,4,6-tris(o-
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[00165] In a non-limiting embodiment, the polyurethane
prepolymer can be the reaction product of Desmodur W and a

poly (caprolactone) diol having the general formula XXXI:
{(XXXT) HO- [- (CH;)5-C(0O) -O-1- (CH;) 5-OH

where t is an integer from 1 to 10.

[00166] In a non-limiting embodiment, the polyether-
containing polyol can comprise block polymers including blocks
of ethylene oxide-propylene oxide and/or ethylene oxide-
butylene oxide. In a non-limiting embodiment, the polyether-
containing polyol can comprise a block polymer of the

following chemical formula:

H- (O-CRRCRR-Y,) 5~ (CRRCRR-Y,~0) - (CRRCRR-Y,,~0) o~H
(XXXTI")
wherein R can represent hydrogen or C;-Cs alkyl; Y can
represent CHy,; 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 ¢ are
chosen such that the number average molecular weight of the
polyol does not exceed 32,000 grams/molel.
[00167] In a non-limiting embodiment, the polyurethane
prepolymer can be reacted with an episulfide-containing

material of the structural formula XXXII:

(XXXII) CHz“CH"CHz —_S CHz—é-éHz



of at least 0.4:1, or at least 0.8:1, or 1.0:1, or
2:0:1.0 or less. [00164] In alternate non-limting
weodedsasent s, the episul fide-containing mat er PEI/USANG/018889
be present in an anount such that the ratio of
episulfide to (NCO + OH + SH) can be at |east 0.01:1,
or 1:1, or at least 1.3:1.-0590f 4.0:1.0 or less, or
6.0:1.0 or less. [00165] In a non-limting enbodi nent,
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[00169] In a non-limiting embodiment, the resulting sulfur-

containing polyureaurethane of the present invention when at
least partially cured can be solid, and essentially
transparent such that it is suitable for optical or ophthalmic
applications. In alternate non-limiting embodiments, the
sulfur-containing polyureaurethane can have 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 sulfur-containing polyureaurethane can have 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.

[00170] 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



stabilizers, antioxidants, ultraviolet |ight
absorbers, nold release agents, static

W@ ARzt ochr om c) dyes, pignments and fl exi bPdT/E$2006/018889
additives, such as but not limted to al koxyl ated
phenol benzoates and pol y(al kyl ene gl ycol)
di benzoates. Non-limting éranples of anti-yell ow ng
addi tives can include 3-nethyl-2-butenol, organo
Enpygpcerionatels e istisphEnyes pings phflat (s &gi stry

po@%%egi%teoﬁagin Sa“%l%ﬁﬁégévﬁ.s XA Be QFasERly Bradus

unt suc the additive constltu%qi | es th?f
balds pef darrepying| B tof ror & SIHARCE Perterdt %1? 25
me\ﬁﬁkghtont@ th@sﬁeﬂﬂ'lafa:ncﬁ Iaﬁécglﬁlietb.y Ifetghtshdzasad on
t he t_o r r r
ackBRT 9 (oG ENEER AR TLS FRE APErL ey, T akeures
AsaddedliMesicantbe mixed fwathutdle yedleyeybmar ecrac ghrough

erfeUl %glre ecﬁﬁ%ghgggtof the eptional. Addbt byetﬁoﬁ‘@@ Brate

rogen-containing nmateri al r%0016 ]a L &
pl@@ﬁSHWtdeﬁgC RERR Aerfle PReTPEs RUSCRE SEPT U ckside

ofCQREaéE%éIQ (HOleyur@t@élrﬁtdéaae ohe tdiRcpr eppositavert Bdde of

when_ at ally cured n he soli
SBSCBht | P amaH i R ary fpglk Mol zesr as
de@ptribad orredpht hat Mmpacppkireagtilonsn ba attksanit @ -0
jou‘i | Ig}ta{tnq gg‘go&hg@rhtoﬁlleghe sul fur-cont ai ni ng

ureauret hane can hHave a refractive index of _ at
[(IOéaéﬂ 1. Furtherat the il fprsgonigpingmy pasyugeatyetypng of
tﬂee%tesén@zlnvleﬂtﬁéﬁtﬁ%n altt eenat epa{lﬁﬁ-aJlELm tihgd can have

enbodi nents, the s ur .cont n reaur et .ha
1wy KeREvEY an IRbBenﬂ]El iting § Horg%l%s téfa%? n be

£3m gReaBér [t@@st 138, torlads |teast1 29 gx@msapmi @t £4om
glie:]ataetr }:gaStl %4t [ Qgé'goilha!r{] 183 ngParl\é/rgnP' ngIr?@%hn?%ltlng

ur contalnlng pol yur eaur et hane wh
engoidiment z etheadgnat ty ebs tn9sae Pl wlreﬂnae@enéa?]ECH

5 AemRshl ah, HRedu-0Rag) FLS @g»ancm&;ﬂp%mgwd | npact
resi stance can be neasured usug% vari et
n

RN BPBE ™ SRS h BBROKHBRT 't & SRR éé ]i“ﬁa‘?lﬁe el
aééb:@ia&@e ¥ritA tplsrrg DEH’bOdI msnt the inpact resistance

gggg)%?dldg t né’ra 4] %gépﬁggﬁgg%% |ts}ies of
smlfﬁn—mgnaaimxng @héeﬂrgaurethane of the present invention
include but are not limited to optical lenses, such as plano
and ophthalmic lenses, sun lenses, windows, automotive
transparencies, such as windshields, sidelights and
backlights, and aircraft transparencies.
[00173] 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 visible

spectrum that includes the absorption maximum wavelength of
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[ovavel engtih a@bther non- limiting embodiment, the organic
photochromic substances can have at least one absorption
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 include
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,



WO 2006/ 130339 PCTI US2006/ 018889 61 the photochromc
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[00179] The relevant portions of the aforedescribed patents
are incorporated herein by reference.

[00180] In alternate non-limiting embodiments, the
photochromic articles of the present invention can include one
photochromic substance or a mixture of more than one
photochromic substances. In further alternate non-limiting
embodiment, various mixtures of photochromic substances can be
used to attain activated colors such as a near neutral gray or
brown.

[00181] The amount of photochromic substance employed can
vary. In alternate non-limiting embodiments, the amount of
photochromic substance and the ratio of substances (for

example, when mixtures are used) can be such that the



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
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photochromic article; and removing the residual coating from
the surface of the photochromic article. In alternate non-
limiting embodiments, the imbibtion process can include
immersing the polymerizate in a hot solution of the
photochromic substance or by thermal transfer.

[00183] 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.

[00184] The amount of photochromic substance or composition

containing the same applied to or incorporated into the
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[00186] Further non-limiting examples of suitable
photochromic substances for use in the present invention can
include photochromic pigments and organic photochromic
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
[00187] 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



[00183] In alternate non-limting enbodi nents, the

phot ochrom ¢ substance can be a separate | ayer between
wa@eljoaasssy | ayers of the polynerizate, e.g., asPEI/psaode6/018889

of a polymer film or the photochronmi c substance can

be applied as a coating or as part of a coating

pl aced on the surface of trhé> polynerizate. [00184]

The anmount of photochronm ¢ substance or conposition
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Vand th’ﬁ nmet hod used to incorporate or apply the
photdchiron ¢ substance. In general, the nore

phot ochronmi ¢ substance applied or i ncor por at ed, the
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phot ochrom, c substances for use in the present
tFﬁV%TE%%ﬂ% &gﬂmer and 80% of the cis,cis and cis, trans

isomers. The contents of the reactor were stirred at a rate of

150 rpm and a nitrogen 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 Irganox 1010 (obtained from Ciba Specialty
Chemicals), a thermal stabilizer and 362.7 g of Cyasorb 5411



i ncl ude phot ochrom c pignments and organi ¢ photochrom c
subst ances encapsul ated in netal oxides such as those
waole@ehssed in U S. Patents 4,166, 043 and 4, 367pdi0$2006/018889

organi ¢ photochrom c substances encapsul ated in an
organic polynerizate such as those disclosed in U S
Pat ent 4,931, 220. EXAMPLES 6§00187] In the foll ow ng
exanpl es, unl ess otherw se stated, the 1H NVMR and 13C
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Ry the Mass Spectra were neasured on a Mariner
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trans,trans i soner and 80% of the cis,cis and
tk&? §1tﬁlﬁlﬁs’7 } SHMATEC TRECERTRERESs oPREh & Nee FEEBRISISIEE ues

&t itHeedCat nartali@ ieks and DBA blanks were calculated, the
values were programmed into the autotitrator. After the
sample had cooled, the contents were transferred into a beaker
with approximately 50-60 mL of methanol. A magnetic stirring
bar was added and the sample titrated with 1N HC1l using the
preprogrammed Titrino 751 autotitrator. The percent NCO and
IEW (isocyanate equivalent weight) were calculated

automatically in accordance with the following formulas:

[00190] $NCO= (mLs blank-mLgs sample) (Normality
HC1) (4.2018) /sample wt., grams
[00191] IEW=(sample wt., grams)1000/ (mLs blank-mLs

sample) (Normality HCL) .

[00192] 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



150 rpm and a nitrogen bl anket was applied as the

reactor contents were heated to a tenperature of 120C
W@2ooehswsbo ti ne the reaction m xture began to BXDURD6018889

The heat was renoved and the tenperature rose to a

peak of 140C for 30 minutes then began to cool. Heat

was applied to the reactor &hen the tenperature

reached 120C and was mai ntained at that tenperature
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below in the enbodinent. The anal ytical result showed
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NCO concentration of the_prepol ymer was
a?fé’(réllﬂ‘?n‘é‘a &S AL REIRD I TBWAG i trinetric procedure
[00193RCCONRREA it BeASTMIIa287@: 91.grERe /tiint.& | Bt (0C 053)

nmet hod consisted of adding a 2 gram sanpl e of
Conmponent A to an Erlenneyer flask. This sanple was
EYrmMeged2 wi brepirtatagenocArkbacsever ablghass theadspd hagr 2
( e then added. To this m xture was added 20 nL of
#%—di butylamne (in toluene) with a pipet. The
LHALREdr e Wars aswierkedr avrEssdppedtaifhiod laagktwegen fidanket,
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reflex, mnutes at th
P‘?Jé’r?BBF%}%?té’%d Lhef %WSe&ft Brl‘P%"tﬂWtoénﬁéP@%%ﬁ'e 3000
gietse of appinead 0LeZef | o wesphasad &Em@eledufhe were

PRSL d j int to, prevent ressyr uil whi |.e
APREL- A 1 0ok OB BT EUE UL 3B, YL S e
r&fm@qgéni 186 svaeISmédun & rwagst péhpinécbrfmomahgeve Goipgtreohon
aﬁﬁerPEQQQEﬂéml 4B|ﬁ@kh¥f@ﬁ5ﬁis%@§@l&ﬁg§yﬂqggogggn?te)

det er m ned h ditect titration of
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and was obtained from BASF. The reaction mlxture was heated

to a temperature of 65°C at which point 30 ppm 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%.



val ues were programed into the autotitrator. After

the sanple had cool ed, the contents were transferred
WO oioe/1303beaker w th approxi mtely 50-60 nl of PCT/US2006/018889
met hanol . A magnetic stirring bar was added and the
sanple titrated with IN HC1L using the preprogramred
Titrino 751 autotitrator. Thg percent NCO and | EW
(i socyanate equival ent weight) were cal cul ated
automatically in accordance with the foll ow ng
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enebi s(cycl ohex I Socyanat e)
were added with O 98 grams of one weight percent

Ciba Geigy
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)

[00196] 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
gramg 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'-



contai ning 20% of the trans, trans isonmer and 80% of
the cis,cis and cis, trans isonmers. Pluronic L62D is
w@200pasoget hyl ene oxi de- pol ypropyl ene oxi de bl oB&T/US2006/018889
pol yet her diol and was obtai ned from BASF. The
reaction mxture was heated to a tenperature of 65C
at whi ch point 30 ppm of -dsbutyltindilaurate
catalyst, from Al drich, was added and theat was
mé enpheattbi ey e bsudxtyilnjsexyddreran cansethirdye 20% of the
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Desrmodur W were _m xed together at roomtenperature
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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 homogenized by gentle stirring for 1-2
minutes. The resulting clear mixture was lmmediately 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

[00198] 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.l4g of



tenperature of the mxture to 112C. The reacti on was
then allowed to cool to a tenperature of about 100C,
waoeA3B3gr ans of UV absorber Cyasorb 5411 ( obCEUSZ06/018889
from Anerican Cyanam d/ Cytec) and 32.66 grans of
I rganox 1010 (obtained from G ba Geigy) were added
with 0.98 grans of one wei-ght percent solution of
Exalite Blue 78-13 (obtained from Exciton). The
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refractive index (e-line), Abbe number, density and impact

given in Table 1.

EXAMPLE 8

[002001 24.0 g of RPL 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 f£lat glass molds.

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



concentration of the prepolynmer, determ ned using the

procedure described above (see Exanple 1), was 12. 2%
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]}Il%% oI ds vveree}yh%ateieg gt CPUFBPT 5 C#(ﬁfr%, §iel diHTgta
Yrvemspar Bablepllastic sheet with refractive index
(e-line), Abbe nunber, density and inpact resistance

iven in Table 1. EXAMPLE 7 [00199] 30.0 g of RPI and
é@&w bi s- epi thi opropyl sulfide (Formula XXXI1)

vz xedz dyo S iofer R@@ aa 28Cougtdt Wis- %%&fegm%&@l
sul)gllcjie (iévarmL(l)lbt %{IXQ{%I) welfleo m%ngi g;hﬁlréflng 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 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 11

[00203] 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 obtained. 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 3.96 g of MDA were m xed by stirring at 50C
until honbgeneous m xture was obtai ned. Both m xtures
wo /13,88 degassed under vacuum at 50C. ThenP€hE§2006/018889
were mxed at this tenperature and honogeni zed by
gentle stirring for 1-2 mnutes. The resulting clear
m xture was i medi ately charged between two fl at
gl ass nolds. The nolds were heated at 130C for 5
hhoogspeguise hdlktngrea Wasmbpamm Hoast mtx et tliephwere
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ket dd . Weee Eb%?@lr@’ Slebbl higdle 506 ﬂzﬁﬁédlaﬁ:ely charged

hormgeneous m xture was .obt ai ned 85 TDA angd .
bgtygey W THRRA %\ﬁﬁ%‘s HoLeg - @%tﬂﬁlﬂﬁnaeg? Q’?ﬁgE 19 oc
fb@nngt&n&ws yireXdlme a wasnepiadmedlaBolh shedtu m.u;ht hen

dega u cu t
e N SRR, S ir e P e AP Sy B aRpres
gsufranrlmg"faﬂ?dle 1-2 minutes. The resulting clear nmixture
was i medi ately charged between two flat gl ass nol ds.

The nolds were heated at 13QC for 5 hours, yielding a

, D 2006/ 130339 PCT/ US20%'618889 - 71 transparent

plastic sheet with refractive-index (nlinn)’ Ahha

nurrber densi ty and.i rrpact [ ven n Tabl e

EXAMPLE 9
fﬁﬁﬁrﬂ 0.0 RfFRCRp%e 'Peﬁﬁét% t*ﬁp FoBYETIY
tE‘ulfl de (For w@?%ﬁ(&l?nmt‘q@mﬁ?geo {) plrl ngggt Oggc

until a homog¥$hédls’ mi xXture was ab%{lcﬁ‘e 3.75 gIdf

DVDSS 2. 454 of 1DE¥DA arld 4.66 g bf IMDASwele ni x&dPhy

stirking atl 50CIlultil honogEneous di-¥Bilirel was 2-13
obtai/ned. Both ri-%Pures |them’Swere! deddlsed undef-47

vacum at 50C. Théf they wer® ni xe 1aR2Phils 2.77

tenmpérature and ]hﬁﬁnﬂenl zed ¥y gentlle?8¥irking f4r9%-2

mnut®s.  The r(ac?irl5t9|nmr par3hixt iréd-Rad i diat el

char¥ed hetweer -£fo flalt gl3ks L ds21%hel nol d<

heated at 130C for 5 hours yi el di ng a transparent
AXa@stECisheelynehtBis of Polythioether (PTE) Dithiol (1)

[00204] 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 -Dichloroacetone
(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 waintained at from 20-25°C. Following 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



refractive index (e-line), Abbe nunber, density and

i npact given in Table 1. EXAMPLE 10 [ 00202] 30.0 g of
waRReasd3R5. 0 g of bis-epithiopropyl sulfide PEDUNDE018889

XXXI'l) were mxed by stirring at 50C until a

honbgeneous m xture was obtained. 3.75 g of DMDS,

2.71g of DETDA and 5.17 g-of3 MDA were m xed by

stirring at 50C until honbgeneous m xture was
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wadepspty and inpact given in Table 1. EXAMPLE
1 [00203]_.30.0 of RP2 and 21.4.0 of )
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Wyristd niing Blub@ESchhhé | arhéwmgeﬁememam tﬂbelm 'H NMR
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D006/ 1B0338HPCT/ U82006/ 018889 - 72 honbgeneous
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degassed under vacuum at 50C. Then they were m xe
hty tthv?nﬁ@?']a?w RRACFONTeniz E8MBYe gEis d0sti #g) Rf the
;ﬁmdubtz wasi amedThEtneSmlrﬁﬂ RG ﬁbEﬁ&h}Fﬂﬁdful’r&nWaS

atel char ss nol ds.
BT asPelniiay e (RN shEshufied 4 epihngogperscure
Wfalrilsrtéueeﬁﬁmplﬁagtalsc ssheetntiiatlly deéseltddie Whildx stirring,
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Table 1. Tab . Experinment Refractive Ab Densi t'y
??F&aﬂekedEﬁéP@yAl%CPn ex Nafodr pas| pidsd (g éhﬁ)m{xgare and
theln 58 13Ged. 49%e3c89for a time period of from 5 to 10

minutes. To this mixture was added 2.0 mL concentrated HCL.
The mixture was then titrated potentiometrically with 0.1 N
sodium thiosulfate in the millivolt (mV) mode. A blank value
was initially obtained by titrating 25.0 mL of iodine
(including 1 mL of concentrated hydrochloric acid) with sodium
thiosulfate in the same manner as conducted with the product

sample.

%SH = mLsBlank - mLSSample) (Normality Na2S203) (3.307)

sample weight, g
[00208] The following results were obtained: 13.4% SH
[00209] 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
accordance with ASTM 542-00. The refractive index was 1.618
(20°C) and the Abbe number was 35.
[00210] The product sample was acetylated by the following
procedure: PTE Dithiol (1) (100 mg, 0.28 mmol) was dissolved



6 1.61 36 1.231 2.13 7 1.59 38 1.217 2.47 8 1.60 37

1.222 2.77 9 1.60 38 1.227 >4.95 10 1.59 37 1.211
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Pol yt hi oether (PTE) Dithiol (1) [00204] NaOH (44.15

g, 1.01 nol) was dissolved in 350 ml of H20. The

sol ution was allowed to cool~f0 roomtenperature and

500 m of toluene were added, followed by the addition
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The react| on m xture was hgﬁee%d to.a
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mxture was stirred for an additional 20 hours at
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4\1@8, conguot ed of, arprodust-sampl(e, &sing A kBrEnesn)Bi @.35
%st%gs apparatus. The results were as foll ows:
385 (M + Na). Therefore, the nolecul ar weight
21242, [ 862063: AsEMRMwaNedonduct ed on a product

G usi n t Iu chin Th syl t
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HH) ,2 . 28785( nr?H).lﬁ H)75 2m3gl (&) )3H) , 1.75 (m 1.5H)).

[ 00207] The SH groups within the product were

det er m ned ‘ o

EXAMPLE 13 - Synthesis of PTE Dithiol (2)

[00214] NaOH (23.4 g, 0.58 mol) was dissolved in 54 ml of

H,O0. 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 separation, 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
Rotaevaporator, which provided 35 g (90%) of viscous,
transparent liquid having a viscosity (73°C) of 38 cP;
refractive index (e-line) of 1.622 (20°C), Abbe number of 36,
SH group analysis of 8.10%.



using the follow ng procedure. A sanple size (0.1 ng)
of the product was conbined with 50 nL of

wao etorakogsly of uran ( THF) / propyl ene gl ycol (80/ 2B)T/a82906/018889
stirred at roomtenperature until the sanple was
substantially dissolved. Wile stirring, 25.0 nL of
0.1 N iodine solution (which s commercially
obtai ned from Al drich 31, 885ga1) was added to the
Rkatipire 1and s{heneld Qwegrt &igach for a tine period
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FiBEZTSEL[igm) % sol ve&i WO 2006/ 1
260 /%i%@’ﬁpora?a 152 M ra?a%‘r%ﬂﬂr@rteﬁe%améfeaw g
f B pénpeasfacmﬁr,e trAnepanenmnhﬁdﬁddeviihdﬁ&YM(73@;)6 58 cP;

P} 1R &Eﬁ? Sta%' ?TEDP“E)Xt é[)gé A 36, sm

trlethylamne

et ﬁ?ﬁéﬁﬁ;%pﬁ' iSdPne (1 drop) were then added. The

m xture was naintained at roomtenperature for 2

. Was then dlluted with 20 m of
AP 24588 NAHCO8 and dri ed

mnleﬂsuflgsomaorhe(ear yi g mgzentn?ws“éaé ldlts%@de@fi% ﬂsﬁeml of
Ry yaporat e oé under vacuum an

0|8I %ﬁ(?e%?ed\l%&\%g S UFT CeH1BY &7 150 GETPFYadtye. DMDS
(215.6 g, 1.40 mol) l l-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
agqueous layer was acidified and extracted to give 103.0 g
unreacted DMDS. The organic phase was washed with 2x100 ml of
H,O0, 1x100 ml of brine and dried over anhydrous MgSO,. Drying
agent was filtered off and the excess of DCE was evaporated on
rotaevaporator to give 78 g (32%) transparent liquid:
viscosity (73°C): 15 c¢P; refractive index (e-line): 1.625

(20°C) , Abbe number 36; SH group analysis 15.74%.



chr omat ogr aphed (hexane / ethyl acetate 8:2 v/v) to
provide 103 ng (83% yield) of diacetylated product.
wO 02114339 H NMR ( CDC13, 200 MHz): 4.65 (s, 1H)PCT/US2006/018889
3.12-3.02 (m 4H), 2.75-2.65 (m 4H), 2.95-2.78 (m 8
H, 2.38 (s, 3H), 2.35 (s, 6H). [00212] ESI-Ms: 385
(M+ Na). [00213] 'H NWR Cp€13, 200 MHz), 4.56 (s,
1H, 2.75 (m 16 H), 2.38 (s, 3H), 1.75 (m 1.5H)).
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3889 - (?T%nt esis. of PTE
aphy Ares qu@@zmle@@{ﬂ?@iz V@Sg fléteﬁe the solvent

wlsS 80hY&kh el 3R0r &t adifapoddBor The ﬁ%ueoo@ =3 )cedl ed

t t t d 240.m _of dd d
HOFP B B RE- Ao L0 of VR 777005, > 050, mol

rEfeant ktelrimdeas (bekhtred t 4 .435 eErat uk@@ﬁlvlr@er 36; SH

stifre d t.hengeool ed down under nitrogen flow until
F66Mm ?% ratﬁr% was reached. DCA (50.8 g, 0.4D nol)
was dissolved in 70 m of toluene and added dropw se

£0Mbhe 19 Xt WRarWeths of Polythiourethane Prepolymer (PTUPP)1
[00218] 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 Brookfield 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 procedure described in Example 1 herein.

EXAMPLE 18 - Synthesis of PTUPP 2
[00219] Desmodur W (19.7 g, 0.075 mol) and PTE Dithiol [2]

(20.0g, 0.025 mol) were mixed and degassed under vacuum for



stirring, while the tenperature was mai ntai ned from

20-25C. After the addition was conpleted, the m xture
wowamessG3sy ed for additional 16 hours at room PCT/US2006/018889

tenperature. The organi c phase was separated, washed

with 2x100 m of H20, 1x100 ml of brine and dried

over anhydrous MJSO4. The drying agent was filtered

of f and toluene was evaporated using a rotaevaporator
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EXAMPLE 20 - Chain Extension of Polythiourethane Prepolymer

with Aromatic Amine

[00221] PTUPP [1] (30 g) was degassed under 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 glass plates mold. The material was cured in a
preheated oven at a temperature of 130°C for 5 hours. The cured
material was transparent and had a refractive index (e-line):
1.585 (20°C), Abbe number 39 and density 1.174 g/cm’. The

density was determined in accordance with ASTM D792.



under vigorous stirring. After the addition was

conpleted the mxture was stirred for additional 60
whowsa3m\s9 room tenperature. Then 300 m of H2ZETENS2086018889

m of DCE were added, the m xture was shaken well and

after phase separation, 200 ml toluene were added to

the organic |layer; then it was-washed wth 150 ni

H2O, 50 m 5% HC1 and 2x100 mi H2O and dried over

ramlyck aus MgSO4. Dryi ng agent was filtered off and the
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Disddgiade by a Brookfield CAP 2000+
[00224] 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 (0.119 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.

[00225] The crude product was distilled within a temperature
range of from 102 to 112°C at 12 mm Hg. ‘H NMR and “*C NMR of
the distilled product was measured using a Varian Unity Plus

(200 MHz) machine. The results were as follows: 1 NMR



Vi sconmeter, refractive index (e-line) : 1.574 (200Q),

Abbe nunber 42; NCO groups 10.5 % (cal cul ated 10.6%.
wWaE208MP808399 - Synt hesis of PTUPP 3 [00220] Desmmrius2008/018889

(31.0 g, 0.118 nol) and PTE Dithiol [3] (73.7 g,

0.039 nol) were m xed and degassed under vacuum for

2.5 hours at room tenperature.-Di butyltin dichloride

was then added (0.01 weight percent) to the m xture,
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[00227] Viscosity 300 cps @ 25°C (Brookfield CAP 2000+,

spindle #3, 500 rpm); refractive index (e-1line) = 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)

[00228] In a glass jar with magnetic stirrer were mixed
21.6.8 gramg (0.20 mole) of 4-vinyl-l-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
placed in an oil bath at a temperature of 47 °C and stirred
under a nitrogen flow for 40 hours. The mixture was then
cooled to room temperature. A colorless, viscous oligomeric

product was obtained, with the following properties:



transparent and has refractive index (e-line) : 1.599
(20C) Abbe nunber 39 and density 1.202 g/cnB. EXAMPLE
WQ@200pA83281 PTUPP 3 (40 g) was degassed under REDUS2ONE018889

65C for 2 hours. DETDA (3.89 g) and PTE Dithiol 1

(3.84 g) were m xed and degassed under vacuum at 65C
for 2 hours. Then the two _njxtures were mxed at the
same tenperature and charged between preheated gl ass
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oven_at 130C for hours. "The cured material is

PP Fafdnt > AP s TREFFCHS é PRl e 1809 nE) 1: 644 639 °C) /
A2QCNumbAbbe qupmzer g38upn dedgrait §. 15 195 g/ cnB.
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EXAMPLE 27 - Synthesis of 2:1 Adduct of DMDS and Ethylene

Glycol Dimethacrylate
[00232] Dimercapto diethyl sulfide (42.64 g, 0.276 mole) was

charged into a 100 ml, 4-necked flask equipped with a
mechanical stirrer, thermometer, and two gas passing adapters
(one for inlet and the other for outlet). The flask was
flushed with dry nitrogen and charged under stirring with 1,8-
diazabicyclo[5.4.0]undec-7-ene (0.035 g)obtained from Aldrich.
Ethylene glycol dimethacrylate (27.36 g, 0.138 mole) obtained
from Sartomer under the trade name SR-206 was added into
stirred solution of dithiol and base over a period of 12
minutes. Due to exotherm, the reaction temperature had
increased from room temperature to 54°C during the addition
step. Following completion of the addition of dimethacrylate,
the reaction temperature was 42°C. The reaction mixture was

heated at 63°C for five hours and evacuated at 63°C/4-5 mm Hg



(one for inlet and one for outlet), 2-dinercaptoethyl
sulfide (DWVDS) (888.538, 5.758 noles). The flask was
wo bwshad3sn th dry nitrogen and 4-vinyl -1 - cycl BATEKSI066/018889
(VCH) (311.47g, 2.879 noles) was added with stirring
during a tine period of 2hr, 15 mn. The reaction
tenperature increased fromeroemtenperature to 62C
after 1 hr of addition. Follow ng addition of the
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cd#daer ar nid.sageny fhemgfar 40 hours. The mixture was
then cooled to roomtenperature. A colorless, viscous
oligoneric product was obtained, with the foll ow ng
EXMPREr £ es:Synbh2806/ dB 3330 ARCTF USXDMEIPG188892, 2" 80
Tﬂg%gg%%a&é&&%@ meé’@l%?cor%l%‘E% @25 C (Brookfield CAP

)5 refractive index (e-line)
[002B4604 (RoEyrcarpphdieiinterutfide ©f -gPogp™Tot-8RE4
moXed Yo nEXAVMPLE 12641 e Syidtesics afinStidcdiabyae(i14{ SR) grams,
0 \[,92‘3923%01!3? o%t%llneg Jfllfgrr? le&)%%%t gfxolcoliba?lS%(r)ldleg tci%) %C Iatd%

name S2EG were charged into a small glass jar and mixed

together, using a magnetic stirrer. N,N-dimethylbenzylamine
(0.0154 gram) obtained from Aldrich was added, and the
resulting mixture was stirred at ambient temperature (21-25 °C)
for 75 hours. A colorless to slightly yellow liquid was
obtained, with a thiol equivalent weight of 488, a viscosity
of 1470 cps at 25 °C (Brookfield CAP 2000+, spindle #1,
100xpm); refractive index np?® = 1.6100, Abbe Number 36, and an
SH group content of 6.76% by weight.

EXAMPLE 30 - Synthesis of 4:3 Adduct of DMDS and Allyl

Methacrylate

[00235] Allylmethacrylate (37.8 g, 0.3 mols) and dimercapto
diethyl sulfide (61.6 g, 0.4 mols) were mixed at room
temperature. Three drops of 1,8-diazabicyclo[5.4.0]undec-7-



added 1, 8-di nercapt o- 3, 6- di oxaooct ane ( DVDO)

(3907.541b, 21.43nples), ethyl formate (705.53 | b,
wW@®2®8/15m88%s), and anhydrous zinc chloride (90PdBUS1)6/018889

0-66 nole). The mi xture was stirred at a tenperature

of 85C for 20 hours, then cooled to a tenperature of

52C. Added to the m xture wa8296.48 I b of a 33%

sol ution of 1,4-diazabicyclo[2.2.2]octane (DABCO
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di met hacrylate, the reacti on tenperature was
reaction m xture was heated at 63C for five hours and
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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 900oC. SH group analysis showed complete consumption of SH
groups. The heating was terminated. The resulting clear
viscous mixture had viscosity (73oC) 1800 cP, refractive index

(e-line): 1.555 (200C), Abbe number 44; and NCO groups 14.02

)
S .

EXAMPLE 32 - Chain extension of PTUPP 4
[00237] PTUPP 4 (30 g) was degassed under vacuum at a

temperature of 60°C for two hours. DETDA (7.57 g) and PTE

Dithiol 6 (2.02g) were mixed and degassed under vacuum at a
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charged into a snall glass jar and m xed together,
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3 PTUPP 5 (30 g) was degassed under vacuum at a
temperature of 60°C for two hours. DETDA (6.94 g) and DMDS

(1.13g) 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 preheated 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), and Abbe
number 41.

EXAMPLE 35 - One pot synthesis of polythiourea/urethane

material

[00240] 4,4-dicyclohexylmethane diisocyanate (Desmodur W)
from Bayer (42.00g, 0.16 mole) was degassed under vacuum at

room temperature for two hours. PTE Dithiol 6 (32.00g, 0.08



tenperature for 21 hours. Irgacure 812 (0.08 g)
obtained from Ciba was added and the m xture was
wo eqoadsmsed with Wlight for 1 mnute. The UWdT/Uki006/018889
source used was a 300-watt FUSI ON SYSTEMS WV | anp,
with a D-Bulb, which was positioned at a distance of
19 cm above the sanple. The ganple was passed beneath
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had viscosity (730C) 1800 cP, refractive index
(e-line): 1.555 (200C), Abbe nunber 44; and NCO groups
14.02 EXAMPLE 32 - Chain extension of PTUPP 4 [00237]
PTUPP 4 (30 g) was degassed under vacuum at a
tenperature of 60C for two hours. DETDA (7.57 g) and
PTE Dithiol 6 (2.02g) were m xed and degassed under
vacuum at a WD 2006/ 130339 PCTI US2006/ 018889 - 83
tenperature of 60C for 2 hours. Then the two m xtures
were m xed at the sane tenperature and charged
bet ween preheated glass plates nold. The naterial was
cured in a preheated oven



at a tenperature of 130C for five hours. The cured
material was clear and had refractive index (e-line)
1.574 (20C), and Abbe nunber 40. EXAMPLE 33 -
Synthesis of PTUPP 5 [00238s:-4,4-di cycl ohexyl nmet hane
di i socyanate (Desnodur W from Bayer (99.00g, 0.378
nole), PTE Dithiol 6 (47.00g, 0.118 nole) and Star
Pol ymer (Exanple 6) (4.0g 85 nole) were m xed
and. degassed under vacuum f‘&o .5 hours at room
tenperature. Then Dibutyltin dilaurate (A drich) was
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[ ndex ( ea bulfie)conthibagpdlg@iethane plebelymentxad 46; and NCO

groups 13.65 % EXAMPLE 34 - Chain extension of PTUPP

5 [OOZBWWO@%’@SE}}“%CH%gassed under vacuum at

a tenp

and Dube BTG s hRinhyBoli ¢l ane pReRithuich cHpfiies the
reactionavft:enper ature of 60C for two hours. The two

m xt ures re then m xed t ratu

char ged @X?‘\I?B]é'ﬁﬁoﬁ}@’r%eatae%l -gg%talﬁurgtp@éycyggﬁa ot ﬁ'ﬁléxmeqher eof
andraterial was cured in a preheated oven at a

tenperature of 130C for five hours. The cured materi al

was cl e@y asnfuhenntzining aetivety drogeamaterialiine polythied pgmprising at

20C r 41. EXAMPLE 35 - One pot
leaéfﬁ?kggleqd%?wﬁgl yatqﬁrrgsﬁr ea/ urethane material [00240]

4, 4-di cycl ohexyl met hane dii socyanate (Desnodur W

f r om2 Bayer (42 OOge O0.16 nole) was degassed under

vacpum omt nperature for two h s. PTE Dithi ol
n 006/ 130339,+RCT4 §S2008H)18889—8%

nol e) DETDA 1 .40 g, 0.064 nole) and DVDS (2.46 g,

0.016° nol e) wét e mi xed and degassed under vacuum at

roomtenperature for two hours The two mi xtures were

then m xed at the saye

/F\’)J\ T /“\(\ R3\
(IV'))

R2 R2
u R3|
0] 0]
O O
R3 R1, R H
‘S/F\KU\S/ \S/Uﬁ/\s/ 3\S4n/
R2 R2

(IV' k)



tenperature and charged between preheated gl ass pl ates
nold. The material was cured in a preheated oven at a
tenperature of 130C for 24 hours. The cured nateri al
was clear. The results Wer g s follows: refractive

i ndex (e-line) 1.582 (200, and Abbe nunber 40.
[00241] The invention has been described with
refgrence to non-linmting enmbodinents. Covious

nmodi|fi cati ons and alterations can qesur to ot hers

n uwg\ﬁaﬁw undeyst andpng HBE detSiled — =
descrifption. It is intended that the invention be
constr@ed as including all such nodifications and

alterations insofar as they cone wthin the scope of

the appended cl ai ns 8 the equivalents thereof. - 85
- CLAIM5 1. A sulfurgfjcontaini ng pol yur eaur et hane
adapt ed §R2hav refFact | in of Ri2~| eagt-H. 57,

an A8 nunbR®r lof JT | eddt 32™and aSdensit§ of |ess
than 1.3 grams/enBpmhen at |east partially cured,
that is prepared by the reaction of: a '

sul fur-cont ai ni ng pol yur et hane prepol ymer; €Nd!) an
am ne-contai ni ng curing agent; wherein the

sul f ur - cant ai ni ng .pol yuyet e preppl.ymer compr.i
whte]ﬁén n jsandpteger %crnqzl tE) 235, 1 162?239 SC(% &%%Q%rée, grgup,r@g to %eésnranched
alk§1ehE Bfoup ORdvid b itCorRArY pYAdEAL Brodbs Shd¥br frufnchyldhsxye gfoqu, alkyl
and (b) a sultur-containing active hydrogen materia

graugps,allgaly\aretips) orcentorGssiyplgatkyleng:disis GoeCon-allgydene, Cato Cs
faollow terkals ~R3, + .
bregosce P« € st ifoBegh Sop Crprtiesadioli gl
[(OH,SHRLVGE-1f -0+CHESYR- A% m s a rational number from 0 to 10, p is
independently an integer from 2 to 6, q is independently an integer from 1 to 5 and r is

independently an integer from 2 to 10.

2. The sulfur-containing polyureaurethane of claim 1, wherein said Abbe

number is at least 35.

3. The sulfur-containing polyureaurethane of claim 1, wherein said Abbe

number is from 32 to 46.

4. The sulfur-containing polyureaurethane of claim 1, 2 or 3 wherein said

refractive index is at least 1.60.

5. The sulfur-containing polyureaurethane of any one of the preceding claims

wherein said density is less than 1.25 grams/cm3.

6. The sulfur-containing polyureaurethane of any one of claims 1 to 5,

wherein said density is from 1.15 to less than 1.3 grams/cm’.

7. The sulfur-containing polyureaurethane of any one of the preceding claims,

further comprising an impact strength of at least 2 joules using the Impact Energy Test.



Oo0o HSR3,S SR1,S S~R3-,~S'1In H R R2 (IV k) - 86 -
RlL nO + n+tl HS~R2SH (0 O HS R2,S 0~/ ~S~R~S~n R1
(I'V' 1) wherein nis an integer froml to 20; R is C2
to C6 n-al kyl ene group, C3 g6 C6 branched al kyl ene
group, having one or nore pendant groups chosen from
hydr oxyl groups, al kyl groups, al koxy groups, or C6

8. 10 Cg cyphoahfy. k@tﬂﬁrmﬂ?p C@n%@tﬁa&%f@i&hkly hiBRin (e ataﬁ’ve
C6 branched al kyl ene, cycl oal kyl'ene or C6 t

hyd@ genedokirinipg totsirial fuether epraprisenr polydl(CH2 --)p -- O - ]q

--(--CH2 --), --, and mis a rational nunber fron10 to

10, IS pendent | n integer fr
9. indegendgiﬁ?r GonARgRO ety of of fair & Wherein $hid Polyol s
T 1 oty

pdﬁdhdmAMMEﬂEﬂthmofls at least 35. 3. The
sul fur-contai ni ng poI yur eaur et hane of cI ai m 1, wherein
said Abbe nupber is.from32 to 46. 4,

10.sul f ur - cbht BFRONIBBInE AR PR SRS qffclaemeﬁ hereimsaid agive

hyd?ﬁ%hgégﬁ jatiit gmaEe?‘fa[ Agdd fﬁﬁ?ﬂ)e@ qgé‘ragec‘ﬁrlﬁfecﬁﬁﬁ% gi. t 8o 200

ontal ni ng pol yureau ane of any one
gramisfmqleleo 88j000 gednad/mplel ahdstenminsbbydGBENsi ty is | ess
than 1.25 grans/enB. 6. The sul fur- containing
polyureaurethane of ,any one of claing

to wher ei n
1.sai d denshq sy %’CPF%‘:WIE POSYYIERYrelgang Qféilﬁnil h @wm P getive
hydz?ge;hh&n%{l e lay Lo SRR IRP Fetht @f‘ﬁfolﬁ'?aﬁout 2,000

e prec ng C alns urthér conprising an I npact

to @tﬁ@@Ms/nfoldtasﬂetaﬂninedbp(ﬂP& usi ng the | npact Energy

Test. - 87 8. The sul fur-containing pol yureaurethane
of claiml1, wherein the active hdro en cotalnln

12.mmt eri al ThesuiRErcoptaining ralxurgaysgth erein said polyol

ol yur eaur et hane of cIa n18, wh [
ot gpashal e, polvurea. me. herein

13. The sulfur-containing polyureaurethane of claim 1, wherein said sulfur-
containing polycyanate and said active hydrogen-containing material are present in an
amount such that the molar equivalent ratio of (NCO + NCS) to (SH + OH) is less than 5.5
to 1.0.

14. The sulfur-containing polyureaurethane of claim 1, wherein said sulfur-
containing polycyanate and said active hydrogen-containing material are present in an
amount such that the molar equivalent ratio of (NCO + NCS) to (SH + OH + NR), wherein
R is hydrogen or alkyl, is less than 5.5 to 1.0.

15. The sulfur-containing polyureaurethane of claim 1, wherein the
polyisocyanate is chosen from aliphatic polyisocyanates, cycloaliphatic polyisocyanates,

aromatic polyisocyanates, and mixtures thereof.

16. The sulfur-containing polyureaurethane material of claim 1, wherein said
polyisocyanate is chosen from 4,4’-methylenebis(cyclohexyl isocyanate) and isomeric

mixtures thereof.



chosen from pol yester polyols, polycaprol actone
pol yol s, pol yether polyols, polycarbonate polyols,
and m xtures thereof. 10. The sul fur-containing
pol yur eaur et hane of claim38,,wherein said active
hydr ogen-cont ai ni ng materi al "has a nunber average
nol ecul ar wei ght of from 200 grans/nole! to 32,000
gr ans/ no
17 sul fur- cgﬁ? %lllﬂfliljlr %gﬁtgo ﬁ?ﬁ u%‘ﬁtga%el%ﬁ‘d%ﬁ” thren\}\ﬁer ein
polgiaocyaagit iivvehostry ftomgenns cennk sdonien 9f 4@t -afctlinileirbi (@ clotishar
. average nol ecul ar wei ght of from about 2,000 to
EO%@“@S% grans/ nol e! as determined by GPC. 12. The
sul fur-contai ni ng polyureaurethane of claim8, wherein
sai d pol I -The
18. ‘sul fur- cz% %lllﬁl? %gﬁ%ﬁ‘?‘?ﬁ}?‘ﬂgﬂ \?%@%ée (gf?d% tein ael(riei n
pol§ﬁoctyaﬁatb fiskchos@ofidmi misﬁ@anﬁﬂo}fﬁ@tﬁﬂa? & 5€tﬁ€heﬂ@|l dycﬂ@ﬁdx‘yﬁ
drogen-contai ning material are present in an
ISO@@eﬁtet mste-tewametylxyleag dilsogyante cvlaio -bis(lgFsogyanaios] me%tqu%vl)
I han 5.5 to 1.0. 14. The
bm%ﬁ%?é?&g%ﬂ?é?ﬁﬁﬁéjiolyureaurethane of claiml1, wherein
said sul fur- containing polycyanate and said active
19.hydr ogenTlosil fur-obmginifgl wily@tadéaiyy &Sedilin 1 Whérin safatine-
sych that the nolar equivalent ratio of (NCO + NCS) to
confaing CEfINg aggR} COmPprAIeE ApneEoRtaiNDE ARt EHIUES confpiang compounds.
|l ess than 5.5 to 1.0. 15. The sul fur-containing

pol yur ea &
20. pol yi socyﬁana e ?g&c n%sg% %8%}%}??%% atctlaém 1, wherein the sulfur-
confihivip polyy sarateasompises 9 pblypbatiosyapabyi socyanat es,
aromati c pol yi socyanates, and m xtures thereof. 16.

The sul fur-containi ng pol yureaur et hane nmaterial of
l.cl ai m 1, Thshed@rgortaingng pdyyreapethartefcldim b ivdwesin faidm

B PRI Ao B

pol yur eaur et hane of claim1, wherein said
22. pol yi socyaiflRrlcontahasepblitresirbthansef d4idNs wrfe%ﬁ@ Ehe%lﬁn-
4' - et hyl enebi s(cycl ohexyl isocyanate).
conéaumfl& POYSFANAIROMRPIISES § DRI eftanphesehiosyanatn and myxecvqyanate
sai d polylsocyanate is chosen from

223 Soc L SR O o GhE i s st

polf(dld@rdpt@éﬂtedl 553%68(61516 somthyd g6dmulld: benzene) and
m xt ur es thereof. %%e sul fur-containi ng

pol yur eaHr(@rﬁBRé?F& Ym)aa(pwwne@}n (§8|Rﬂ31§ﬁnm60)c-H
contain i n rises tainin
Cont 2 L i A SRR CHE, T L AL A .

canddl ahuntegarftah 0it6 g; QCH yiid €3at €ichdeendfitegdrdidim 8 to YO tekein a, b

t he sul fur-
and c are chosen such that the number average molecular weight of the polyol does not

exceed 32,000 grams/molel as determined by GPC.

24, The sulfur-containing polyureaurethane of claim 1, wherein said amine-

containing curing agent is a sulfur-containing amine-containing curing agent.



cont ai ni ng pol ycyanate conpri ses a pol yi sot hi ocyanat e.
21. The sul fur-containi ng pol yureaurethane of claimal,
wherein said prepolynmer has a thiocyanate to hydroxyl
equi valent ratio of from2.Q,to less than 5.5. 22.
The sul fur-containing pol yureaurethane of claim1,
wherein the sul fur- containing pol ycyanate conprises a

m xture I yi nage
2555 The Shr BRShaRY R6YARR S BN UG L BRRIFERY,
polﬂ:ﬁocybhﬂé @4 chosen fropalliphitiediisop@iniiek, dyslobkHaeis Gﬁé&ﬂaﬂes,
thefollovmng structural fornul a: )
aropatiexlusquyamtesn gylicrisir and cyglis-triorpchereef, andynixtpres thereof.
wherein R can represent hydrogen or Cl-C6 al kyl; Y can
represent CH2; n can be an integer fromO to 6; a, b,
26.and c cafbhesdfurienainingpagaeairethandoft aaifDn), wheken ierpodythiol

dcﬁ%q ﬁd c ar.e chosen sug t the nu er aver age
ad il eGPl ghicasroneint UsuPJoMEgBRSHIE  exceod 32, 000
grans/ nol el as determ ned by GPC. 24. The

SH.
sul fur-contai ni ng pol yur eaur et hane of claim1, wherein
sai d am ne- con E_Inlh@ ring agent is a

H§u|fur cont ayni am ne-cont.g ning curin agent. - 89
The ur-contai ni ng poI ur eaur eg e of claiml,
V\her aid polyisocyanate is cRosen fromaliphatic
dii soS a s, cycloaliphatic diis®cTy es, aromatic
di i socy , cyclic dinmers and cy # éIITEfS
t her eof,: anfm xtures thereof. he
sul fur-c i ni ng pol yur eaur et hane of im1l, wherein

t he pol yésa,qe}l additionally conpri sesl_é& | east one of
the follewHg materials: SH -SSSH HS S S-S

-s"Xx'"/Svu (lVa) (IVb) SH HS --SH HS---S -9
-\' S SSSS (IVe) (Ivd 27. The sulfur cont ai ni yig
pol yur eaur et hanggff cl Hwaerer n the pol ythr
g:on'prlsesi:/TT one mate represent ed the

ol | owi n ructural formula: R\
S J><

S S
(IV’e) Iv:a)
27. The sulfur-containing polyureaurethane of claim 1 wherein the polythiol

comprises at least one material represented by the following structural formula:

H\%S/\PY/};\S%S/\PY%X/\SH

wherein R can represent CHs, CH3CO, C; to Cy alkyl, cycloalkyl, aryl
alkyl, or alkyl-CO; Y can represent C; to Cj alkyl, cycloalkyl, Cg to Cy4 aryl,
(CH2)p(S)m(CHz)g, (CH2)p(Se)m(CHz)q, (CH2)p(Te)m(CH,)q wherein m can be an integer
from 1 to 5 and, p and q can each be an integer from 1 to 10; n can be an integer from 1 to

20; and x can be an integer from 0 to 10.



H+S Y' xS S~Y SH wherein R can represent CH3, CH3CO, C
to C10 al kyl, cycloal kyl, aryl alkyl, or alkyl-CO Y
can represent C to ClO al kyl, cycloalkyl, C, to Cl4
aryl,  (CH2)p(S)m(CH2)q, (CHp) p(Se) m(CH) q,
(CH2) p(Te) M CH2) g wherein mcan be an integer froml
to 5 and, p and g can each be an integer from1l to 10;
nc
281, 088 BAGARoh ol Mo RGP TE o GO ROl
compriisgs néditiow lyaat eastf onelodithm followingrmaterialite pol yt hi ol
corrpri ses additionally at |east one of the follow ng

i a HS~§1" 0, Q\S/RLSIH n (IV'f) HS" -§'-

S Sp3~S\S+tn H
Hﬁsv S'\~-0 0 Wm'@%_qq an
|ntegerfrom1to 20 RI is C2to C6 n-allk

C3 to C6 branched al kyl ene group, having one or
pendant groups chosen from hydroxyl groups, alkyl
groups, al koxy roups, or C6 to C8 cycl gal kyl ene; R2
H§CG C2 L0 TB AhapeRed ank
toC80ycI§Ikerne toa
group or -- [(CH2 --)p --O lg --(--CH --), --, and

is a rational nunber fromO to 10, p is independently

an integer from2 to 6, qis dependently an integer

froml 1o 5 nd r

to Hs/th\/ BostiTar
claim1l, wherein said am ne- containing curing agent
is a mxture of am ne-containing conmpound and at Vel t
one material chosen from polythiol, polyol and

pol ythiol oligomer. - 91 30. The suI fur-containing
pdl yur eaur et hane of claim 1, wherein said am ne-

cqntaining curing agent is a patyami+ie havi ngat~Least

tvo functional groups |ndepen ently chosen from

prli n am ne (-NH), and
cdnbi naﬁg"r{q)her eof g SN0
\/\

v,

yl ene gr R
e D

&
o al kyl cycl oal yI e(meg)

Mr% gjﬂ/H

O\/\S_

wherein n is an integer from 1 to 20; Ry is C; to C n-alkylene group, Cs to C¢ branched

alkylene group, having one or more pendant groups chosen from hydroxyl groups, alkyl

groups, alkoxy groups, or Cg to Cg cycloalkylene; R; is C; to Cg n-alkylene, C;to Cg
branched alkylene, C¢to Cg cycloalkylene or Cgto Cyg alkylcycloalkylene group or --

[(CH; --), --O--]q -~(--CH3 --); --, and m is a rational number from 0 to 10, p is

independently an integer from 2 to 6, q is independently an integer from 1 to 5 and r is

independently an integer from 2 to 10.

29.

containing curing agent is a mixture of amine-containing compound and at least one

The sulfur-containing polyureaurethane of claim 1, wherein said amine-

material chosen from polythiol, polyol and polythiol oligomer.



31. The sul fur-containing pol yureaurethane of claim

30, wherein said polyamne is chosen fromaliphatic

pol yam nes, cycl oaliphatic pol yam nes, aromatic

pol yam nes, and m xtures thepeaf. 32. The

sul fur-containi ng pol yureaur et hane of claim 31,

wherein said polyanmne is represented by the
30.f ol | owt ngys EJIHﬁ-tcHﬁéinix‘li\%zE&%Q&eﬁﬁﬁM Raif'd VHeKil 588 amine-

thereof: RL Rl HZ ~ RZ Rz 3 R3 wherein Rl and
cordinmgeudng hgdnh tepeoigemink havihg stieast toenfunstingal grapsy | |

. _propyl nd i sopropyl grou d R3,is chos Q
incp bt Ten Enpor ey e VLS SrePnets aftas GHGH AR
colRGihXsbRardssane of claim 1, wherein said am ne-
containing curing agent is
4, 4" - met hyl enebi s(3-chl oro-2, 6-di ethylaniline). 34.
31.The sul f The suifitraioniaimingpédlyweeaathethaindaiof 3Q; Ivehernin said

wher ei.n said_am ne- contai ning curin ent is chosen.
POl RHESS AP HORALDhaTCPUYHIeT. 5 lapirhabe golpihesramatc
poldhuRiddy| b PhiRA& BB xtures thereof . 35. The

Sul fur-containing polyureaurethane of claim1, wherein

said am ne- containing curing agent has a NCO NH2
32.equi val efthe sdfiiraonfaifingpoljuRaiebate 60cIdhR3 t,ovikrdn said

NCQO 1..20 NH2. . A nmethod of pr in .
poly S ESpREiER g@ ol e el Ol fagmplp and rgixtures
thetédr: reacting a sul fur-containing polycyanate and an

active hydrogen- containing material conprising at

| east one of R2 R2 n 0,RLVO + n+R;HS~R'36 SH O O O O

R3~ LH HSj R3_S40R1~,0 § Si R2 R (IV J) R2R2 nS

R1~S + n+l1 HS R3HZK

wherein R; and R; are each independently chosen from methyl, ethyl,

propyl, and isopropyl groups, and Rj is chosen from hydrogen and chlorine.

33. The sulfur-containing polyureaurethane of claim 1, wherein said amine-

containing curing agent is 4,4’-methylenebis(3-chloro-2,6-diethylaniline).

34. The sulfur-containing polyureaurethane of claim 1, 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.

35. The sulfur-containing polyureaurethane of claim 1, wherein said amine-
containing curing agent has a NCO/NH, equivalent ratio of from 1.0 NC0O/0.60 NH; to 1.0
NCO/1.20 NH,.

36. A method of preparing a sulfur-containing polyureaurethane comprising:



0 OOOL HS§R3S SR, ,S S\R-Sth H R2 R2 (IV k)
RLORZSH nl| + ntl HS~ 0 Ol' HSR2.5 0S~R2~S~n H R1
(I'V 1) to forma pol yuret hane prepol ymer wherein n is
an integer from1l to 20; R ¢pbs_C2 to C6 n- al kyl ene
group, C3 to C6 branched al kyl ene group, having one or
nor e pendant groups chosen from hydroxyl groups,
al kyl pSs, h@ﬁy -
cycl oaI k eneregét SL@MHQ&&HE{ % n- %Igﬁl)l/d %rhaectwggydrogen

con@6ning aratdriad cathpnising et led ohoof8 cycl oal kyl ene or C6 to
clo al kyI cycl oal kyl ene group or --[(CH2 --)p --O-]q
--(=-CH2 --)I --, and mis a rational nunber fromO
to %) p is inde dently anlntegerfrom2t06 gis
| endent |4 an teger from 1t

N i fdepindeRly i nt eger FronnZ td'?§0 gﬁf(
reactbng sai d ppl yuret hane prepolynmer with an
am ne-containing curing agent, wherein adapted to
have a refractive index of at |east 1.57, an Abbe
nunber of at |east {82 and a nsity of Iess than 1.3
grans/ c| at least rtijal ly curedg
nethp{i;gfﬁ3t$ m 3¢, fu@t/n:‘gﬁl 'sm@rea S sald
pol yuret hane prepolyner in stepl(a) wth an
epi sul fi de-contai'™Mng nmateri al . . The net hod of
claim 36, wherein said sulfur-containing pol ygyajpate
conprises a polyisothiocyanate. 39. The nethod of
cl aim 36, wherein said sul fur-containing polycyanate

conp2i ses a m xt uRZ,‘—‘ of pol yi sot hi ocyanate and
polyi socyanake. The nmethod of cl ajrg,36, wherein

N sard >acti VR1hy og - cont-&i ni mg-1elS7 i al SH ur ter——=
conprbses a polyol free of sulfur. 41. The nethod of

cl ai m36, wherein said active hydrogen-contai ni ng
material further conprises a polyol free of sulfur.

0O @)
3 R1, R H
‘S/{/\HJ\S/ ‘S/U\’/\S/ 3\S/i|n/
R2 R2

(V' k)
R1
o _R2,
n \/\ + n+t1 HS SH —_—
O
o
wR2 _R H
Hs” ‘SMO/\/\S 2~
R1
(V' 1)

to form a polyurethane prepolymer wherein n is an integer from 1 to 20; R; is C; to C¢ n-
alkylene group, Cs to Cg branched alkylene group, having one or more pendant groups

chosen from hydroxyl groups, alkyl groups, alkoxy groups, or Ce to Cg cycloalkylene; R,



42. The nmethod of claim 36, wherein said active

hydr ogen-contai ning nmaterial conprises a m xture of
pol yol free of sulfur and polythiol. 43. A nmethod of
preparing a sul fur-contain rg pol yureauret hane
conprising: (a) reacting a polyisocyanate with a

sul fur-containing active hydrogen-containing material

r t
is C'Q_‘S‘P&@ hsa!u{éi@eré gﬁaéc‘gbraﬁ&eefal %e%é C6t%8§%%6a@yﬁé@%{c%lcm
alkﬂﬁyqlbakylpl)e giegp B2--f((H; - S), ROJG, +(REH: HE -RInSkh is@ i@ihabnumber

fro D0 10- P I8pfpep o e SRR ATS L1 nfepepdgply o ntegér from
1td/\51§ﬁc§fi§1ﬁliép§n&ﬁtly%%ﬁsgerfﬁfm%l ® £ Rlis Cto C6
n-al kyl ene group,; C3 to C6 branched al kyl ene group,

havi ng one or nore pendant groups chosen from hydr oxyl

groups, @hKkyl reaging s pdykethyngpreppigmenwitian amiBcontaining
cycloal kylene; R2 is C2 to C6 n-al kylene, C2 to C6
Ui 288 Hed” al kyl ene, C6 to Cs cycloal kylene or C6 to Co

al kyl CyCJNH@lJeifNédﬁﬂl%d% RMRR aot’éfractlveQEdeﬁ({fQWeaﬁ .57, anQb‘b]: ‘ﬂumber
--, and mis a rati nunber from O

of ald)s;astp32 and a densrcy of less than 1.3 grams/cm’, when at least partially cured

37. The method of claim 36, further comprising reacting said polyurethane

prepolymer in step (a) with an episulfide-containing material.

38. The method of claim 36, wherein said sulfur-containing polycyanate

comprises a polyisothiocyanate.

39. The method of claim 36, wherein said sulfur-containing polycyanate

comprises a mixture of polyisothiocyanate and polyisocyanate.

40. The method of claim 36, wherein said active hydrogen-containing material

further comprises a polyol free of sulfur.

41. The method of claim 36, wherein said active hydrogen-containing material

further comprises a polyol free of sulfur.

42. The method of claim 36, wherein said active hydrogen-containing material

comprises a mixture of polyol free of sulfur and polythiol.

43, A method of preparing a sulfur-containing polyureaurethane comprising:
(a) reacting a polyisocyanate with a sulfur-containing active

hydrogen-containing material comprising at least one of



i ndependently an integer from2 to 6, q is

i ndependently an integer from1l to 5 and r is

i ndependently an integer from2 to 10, to forma

pol yur et hane prepol yner, andg4(b) reacting said

pol yur et hane prepol yner with an am ne-cont ai ni ng
curing agent, wherein adapted to have a refractive

I ndgx of at |eastr2.57, an Abbe nunber of at |east 32

andja density of lless than 1.3 grans/cgB, when at
nlgénmmﬂthfq . 444 The,pet pggt” of *gHai m-43———
wher eilln sai'd pallyi socyanate is chosen from aliphatic

pol yi Socyanat es? cycl oal i phati c pol yi socyanat es,
aromati c polyi socyanates, and m xtures thereof. 45.
The net hod of cIainR33, wher ei py sai d am ne- cont ai ni ng
curing agent is a sulfur-cont@ ning an ne-containing
curing afent . pt iR4l Lcl R 3s{ H
sul f S contAi i ng poly&?eauﬁ%than ac%ordin t o™ any
one of claims 1 tRo35, wherein sagg pol yureaurethane
is adapted to have a refractive index of at |east
1.57, an Abbe nunber of at |east 32 and a densUV&Dof
| ess than 1.3 grans/cnB, when at |east partially
cured. 47. An ophthalmc |ens conprising a
sul fur-cont ai ni ng pol yureaurethane according to any
one of clainms 1 to 35, said polyureaurethane is
adagtLed to have agrorefractive index of at least 1.57,
an be nunber of jat | east 32 and a dempsjty of I|ess

nt 3. gr. : when at | gast 1pgrilaghy cured. =
48. Alphotochroiic article conprising a
sul f ul® cont ai ni @g pol yur eaur et hane according to any
one of clains 1 to 35, wherein said pol yureaurethane
is adapted to have an refracti i ndex of at | east
1.57, an Abbe nunber)jof at |ea 32 and a density}gf
| ess thamR3 1. nB, RA9Q. 0ChR8r4_c icle
of cﬂé$%148§ ergin i tSconp®i sesYan a§5least8/%ﬁ{
partially cured s trate, and atpgleast a photochromc
amount of a photochrom ¢ substance. - 96 50. The
phot ochronic article of claim49, wherein said{V k)
phot ochrom ¢ substance is at |east partially inbibed
intqg said substrate. 51. The photochrom c article of
cl aifh 49, wherein said substrate is %§$Iea5t

n Pa hal LY coated with a coating P@gp '§Hon conpri sing
at” l eafit a pho?bchron1 anpunt o a photochromc
substapce. 52. The photochrom c article of claim49,
wherei n sai d photochrom ¢ substance conprises at
| east one napht hopyran. 53. The photochromc article
of claim49, wherein i d photochromc

2R2 R H
Hs” “s 0 e R AT
R1

(IV' 1)

wherein n is an integer from 1 to 20; R, is C; to Cg n-alkylene group, Cs to Cs branched
alkylene group, having one or more pendant groups chosen from hydroxyl groups, alkyl
groups, alkoxy groups, or Cs to Cg cycloalkylene; R, is Cyto Cs n-alkylene, Cyto Ce
branched alkylene, Csto Cg cycloalkylene or Csto Cyg alkylcycloalkylene group or --



substance i s chosen from

spi ro(i ndol i ne) napht hoxazi nes,

spi ro(indol i ne)benzoxazi nes, benzopyrans,

napht hopyrans, organo-netal 4di thi zonates, ful gi des and
ful gimdes, and m xtures thereof. 54. A photochromc
article conprising a sul fur-containing

[(orgé'_sogr-eﬁqg Teig-t@ﬁs;--)rasz GRE 4 R hBoB%uRBE FAim 01t8i10Fp ik tO

n at ast a’partially cured substrate, a )
indppaidenthy aminteganfromt?2 1©f6, g ipndepandensiy an integer freth IvihSrasidny is

. Sai ot ochrom.c i | east partially inbibed into
mdﬁ%‘?“gelgti}b%rw’éetgsr, %&S\Rﬂ@rei n said article is
characterized by a refractive index of at |east 1.57,

an Abbe nurrbe{oi?(m tpo\%ﬁﬁ‘éﬁl rg%}g@elggﬁ@i ty of less

than 1.3 grans/c en at partially cured.
55. A photochromic article conprising a

sul fur - c)t ai readbigngRlidpolgaethand prreolyare oitlliangmtine-amytaining
one of clains 1 to 35, an at |least partially cured
substrate, wheWE&ReEyd substrate is at | east

par i al | Y608 ol AHRERASATROT & 1A% LIRG St humber

at least a rom c anount of a photochromc
of ardéast B21knd adehsith ef Esnthanild gramylend auhet 4t devst pastially cured.
adapted to have a refractive index of at |east 1.57,

an Abbe nunber of at .least 32 and a_ density of |les
44t han 1. 3 Lhe merodiad clandd, wheneimsssid pRlyispcansfe & shogen from

aliphatic polyisocyanates, cycloaliphatic polyisocyanates, aromatic polyisocyanates, and

mixtures thereof.

45. The method of claim 43, wherein said amine-containing curing agent is a

sulfur-containing amine-containing curing agent.

46. An optical article comprising a sulfur-containing polyureaurethane
according to any one of claims 1 to 35, 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.

47. An ophthalmic lens comprising a sulfur-containing polyureaurethane
according to any one of claims 1 to 35, 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.

48. A photochromic article comprising a sulfur-containing polyureaurethane
according to any one of claims 1 to 35, 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’.

49. The photochromic article of claim 48, wherein it comprises an at least

partially cured substrate, and at least a photochromic amount of a photochromic substance.
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50. The photochromic article of claim 49, wherein said photochromic

substance is at least partially imbibed into said substrate.

51. The photochromic article of claim 49, wherein said substrate is at least
partially coated with a coating composition comprising at least a photochromic amount of

a photochromic substance.

52. The photochromic article of claim 49, wherein said photochromic

substance comprises at least one naphthopyran.

53. The photochromic article of claim 49, wherein said photochromic
substance is chosen from spiro(indoline)naphthoxazines, spiro(indoline)benzoxazines,
benzopyrans, naphthopyrans, organo-metal dithizonates, fulgides and fulgimides, and

mixtures thereof.

54. A photochromic article comprising a sulfur-containing polyureaurethane
according to any one of claims 1 to 35, 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.

55. A photochromic article comprising a sulfur-containing polyureaurethane
according to any one of claims 1 to 35, 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.
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