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Biomedical materials which are particularly useful as
contact lens materials‘fali into three general
classifications; hydfogels; non-hydrophilic soft materials
and rigid gas permeable materials.

The chemistries of contact lens hydrdgels are almost
completely described by polymer and copolymef systems
comprised of either 2-hydroxyethylmethacrylate (HEMA) or
N-vinyl-2-pyrrolidinone (NVP), or mixtures of HEMA and NVP.
Minor components such as crosslinking agents are used in
these systems to control tear strength, hydrolytic stability,
modulus, etc. These hydrogel Systems are generally well
known and have been successful on a commercial basis, but
they are not without shortcomings.

Polysiloxzane based elastomers have also been known in the
contact lens art for some time and have enjoyed limited
commercial success. In general, the silicone chemistries
involve vinyl functional end capped polysiloxane polymers.

Rigid gas permeable contact lens materials are generally
copolymers formed from copolymerizing acrylic or methacryl
functional monomers which contain siloxane functionalities
and often also contain fluorine atoms. _

The present invention provides a novel monomer chemistry
to the art of biomedical device materials.

SUMMARY OF THE INVENTION

The present invention provides novel monomers useful in
biomedical devices. These novel monomers have the general
formula

R2 o)

CHy=CH-(CHy) -0-C-X| R
b a

Y
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DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to new crosslinked
copolymers which employ novel monomers also disclosed in this
application. These novel copolymers are particularly useful
as biomedical materials, and are especially useful in the
area of contact lens applications. These new crosslinked
copolymers, when used in contact lens applications, can
produce a wide variety of types of contact lens materials
ranging from hard, gas permeable lens materials; soft, .
hydrogel lens materials; to soft, non-hydrogel lens materials.

The novel monomers generally fall into the following
classifications: a) hydrophilic monomers with the general
formula

R2 o)

CHp=C-(CH2)p-0-C-X| RH
a

where b is 0 or 1; a is 1, 2, 3 or 4

X denotes -NH-, -S- or -O-; and

RH denotes a hydrophilic moiety such as an organic
radical with one or more amide hydroxyl, urea or carboxylic
acid functionalities so that the monomer as a whole is
relatively hydrophilic;
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CHp=C-(CHy)p-0-C-X| RSi

a

where a, b, and X are defined as above and RSi denotes a
silicone containing organic radical;

c) non- or slightly hydrophilic monomers of the general
formula

R2 o

CHy=C-(CH5)p-0-C-X| RNH
a
where a, b and X are as defined above and RNH denote a non-
hydrophilic organic radical.

In general, there are no clear cut demarcations between
any of the three classifications of contact lens materials.
However, in general, hydrogel materials should have oxygen
permeabilities with DK's greater than 20 x 101l cm 3 x
cm/sec. x cm? x mmHg (or DK units hereinafter) and preferably
greater than 40 DK and most preferably greater than 60 DX.
They should have a Young's modulus of elasticity in the range
of 20 to 400 g/mm2, preferably 50 to 200 g/mm? as measured by
ASTM test method D 638. They should have tear strengths
greater than 1 g/mm2 and preferably greater than 5 g/mm2 as
measured by ASTM test method D 1938. Their water content
should be between 10 to 80%, and preferably between 20 to
50%. The contact angle, which is a me;surement of the
wettability of the lens, should be less than 80° and should
preferably be less than 40°. The protein uptake of hydrogel
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mat eri al s. oxygen permeabilities equal to or greater than hydrogel

materials. The water content should always be less than 10%,
and preferably less than 5%. The modulus of elasticity
should be between 20 and 5,000 g/mm2 and preferably should be
in the range of 50 to 250 g/mmz. Contact angle should be
less than 80 and preferably less than 40°.and the tear
sfrength (both initial and propagation) of this material
should be in excess of 5 g/mm2.

Properties of hard, gas permeable lens materials should
be similar to that of the hydrogel and the soft, non-hydrogel
materials. In addition, the glass transition temperature of
such materials should be greater than 40°C and preferably
greater than 65°C. The modulus of the material should be
greater than 50,000 g/mm2 and preferably greater than 75,000
g/mm2,

HYDROGEL MATERIALS

To prepare a soft, non-hydrogel material the following
prepolymer formulations should be used: (a) between 25 and
90% of the prepolymer mixture should comprise a hydrophilic
monomer portion. This portion will preferably comprise in
part at least a hydrophilic monomer represented by the
general formula

0o

CHy=CH- (CH2) p-0-C-X-RD
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portion may also include at 1east one of the hydrophilic
monomers chosen from the group consisting of wetting monomers

N-vinyl-2-pyrrolidinone, 2-hydroxyethyl vinyl carbonate,

' 2-hydroxyethyl vinyl carbamate, 3-(2-pyrrolidinon-l-yl)-
propyl vinyl carbonate, 2—(2—pyrrolidinon-1-j1)ethyl vinyl
carbonate, N-(vinyloxycarbonyloxy)pyrrolidin-2,5-dione,
N-[vinyloxycarbonyloxyethyl)pyrrolidin-2,5-dione,
N-vinylacetamide, N-methyl-N-vinylacetamide, N,N-dimethyl
vinyl carbamate, N,N-diethyl vinyl carbamate. These monomers
may, of course, comprise only a portion of the hydrophilic
monomer portion of prepolymer mix which can further be
comprised of other hydrophilic monomers.

The hydrogel prepolymer formulation should also
preferably contain a

non- or weakly hydrophilic monomer as combination of monomers
chosen from the group consisting of 3-[tris(tri-
methylsiloxy)silyllpropyl vinyl carbonate, t-butyl vinyl
carbonate, t-butyldimethylsiloxyethyl vinyl carbonate,
3-[tris(trimethylsiloxy)silyl]lpropyl vinyl carbamate,
3-(vinyloxycarbonylthio)propyl{tris(trimethylsiloxy)lsilane,
3-[tris(trimethylsiloxy)silyl]lpropyl allyl carbamatéh
t-butylphenyl vinyl carbamate. These non- or slightly
hydrophilic monomers enhance the oxygen permeability of the
final copolymer.

The hydrogel prepolymer compositions further comprise (c)
between about 0.1 to 10% of a crosslinking agent, which may
be chosen from a list of preferred crosslinking agents later
disclosed in this application, or one of the crosslinking
monomers known in the prior art as exemplified and/or taught
in U.S. Pat. Nos. 4,060,678; 4,182,822; 4,267,295; 4,640,941
and/or 4,690,993. '
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non- or weakly hydrophilic monomer content is adjusted
to maximize other desirable properties such
as oxygen permeability, modulus and/or tear strength. The
gquantity of the crosslinking monomer used to produce a
hydrogel material is adjusted to maximize desirable
properties such as water content,'moduius, lens strength, and
also aids in the hydrolytically stability of the final
material. In addition, UV absorbing monomers or tinting
monomers may also be added to enhance the properties of the
final material.

For instance, the following prepolymer formulations would
produce hydrogel materials within the scope of the present

invention.
I. A. 25-90 wt% hydrophilic monomer, 2-hydroxy-
ethyl vinyl carbamate;

B. 10-30 wt% non- or weakly hydrophilic monomer
3-N-[tris(trimethylsiloxy)silylpropyll
vinyl carbamate; and

cC. 0.1-10 wt% crosslinker, 1,2-bis-(vinyloxy

carbonyloxy)ethane.

II. A.1) 25-90 wt% hydrophilic monomer 2-hydroxyethyl
vinyl carbamate; and

ii) 25-90 wt% hydrophilic monomer N-vinyl

pyrrolidinone, where the combination
of i and ii comprises between 25 to 50
wt% of the final prepolymer
compositions.
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S hydrophlllc so t
dinon-1l-yl)propyl vinyl carbamate;

B. 10-30 wt% weak or non—hydrophilfb monomer,
t-butyl vinyl carbamate; and

C. 0.1-10 wt% crosslinker, «,&® -bis-(vinyloxy-
carbonyl) polyethylene glycol.

RD AS PERMEABLE TERIAL

Hard lenses are prepared using: (I) one or more of the
non-hydrophilic monomers of the present invention; (II) a
crosslinking agent; (III) a small amount of a wetting
monomer; and (IV) optionally other agents such as
strengthening agents or UV absorbing or dye monomers. The
three main components are used in the following ratios; the
non-hydrophilic monomer cdmponent (I) is used in amounts of
about 60 to about 95 weight percent, the crosslinking monomer
(II) in amounts from 0.1 to 10 weight percent, and the
wetting monomer (III) in amounts from about 1 to 20 weight
percent. The content of the crosslinking agent is chosen to
provide a dimensionally stable lens material resistant to
breakage and stress crazing. The amount of wetting monomer
used is adjusted within limits to provide sufficient wetting
characteristics so as to maintain a stable tear film while at
the same time keeping a sufficiently low water content.

The non-hydrophilic monomers used to make the hard
contact lens materials include one or more of the following
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rel atively hydrophilic, \ 3
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nmononmers 2, 2 2 trlfluoroethyl vinyl carbamate, 1,1,1,3,3,3-Hexafluoro-
prop-2-yl vinyl carbonate, 2,2,2-trifluoroethyl allyl
carbonate, 2,2,2-trifluoro-l-phenylethyl vinyl carbonate,
trimethylsilylmethyl vinyl carbonate, trimethylsilylethyl
vinyl carbonate, 3-(trimethylsilyl)propyl vinyl carbonate,
t-butyldimethylsiloxyethyl vinyl carbonate, 3;[t:js(tri-
methylsiloxy)silyi]propyl vinyl carbonate, 3-[tris-(tri-
methylsiloxy)silyl] propyl vinyl carbamate, 3-(vinyloxy-
carboxylthio) propyl-[tris(trimethylsiloxy)silane].

The crosslinking agents used preferably to make hard
contact lens materials include crosslinking agents known in
the prior art as taught in the U.S. patents referenced supra,
but most preferably crosslinking agents chosen from the group
consisting of crosslinking monomers represented by the formula

CH=CH-(CH3)p-0-C-0-RX1-0-C-0-(CH3)p,-CH=CH, A.

0o 0

CHp=CH- (CHp) p~0-C-X-RX1-X-C-0-(CH) p-CH=CH;  B.
o 0
or
CHz=CR-0-C-X RC1l C.

a
o)

wherein: X denotes -S-, -0O-, or -NH- and at least one X
denotes a -NH- in formula B; b is 0 or 1;

RCl denotes a multivalent organic radical and a is 2,
3, or 4; and RXl denotes a divalent organic radical.
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mherein the R noiety is non-hydrophilic. 5 In general, there
are po clear cut demarcations between any of the three classifications
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general , hydr!DgBl-bﬁrBt-ﬁrhﬁir&oiS*@Hkﬁoh}?l/@x?%é@?ﬁ,:iQi pe&ﬂﬁ@@éfi&é@é-wth DK s
greater than 20 ta 10[err] cnjerr] cni sec. x mmHg (or DK units
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g/mierr] as geasuged L %ﬁ&g& wat er cont ent
shoul d be between 6 eQMnyIg§ B§£(Vln eraﬂf et )P%%?%o 50% The

%
contact 20 affgr @, QhFcﬁV?§Ya°ﬁ¥§§HP%%¥%lt€ﬁ3¥¢¥9%%§t%&ﬁ¢¢¥y of the
2,2-dimethyl-N,N-bis(vinyloxycarbonyl)-1, 3-propand1a—

mine;
1,3-bis—[4—(vinyloxycarbonyloxy)but-l-yl]'tetramethyl-
disiloxane;
N,N-bis-(vinyloxycarbonyl)-1,6-diaminohexane:

CH3z |[CH3 CH3
CH2=CH-0-C-0-(CHp)4-Si-0|Si-0 -Si—(CH2)4—O—C-OCH=CH2

0o " CH3 |CH3 |x CH3 0
where X = 25 on the average.

The wetting monomers useful in hard contact lenses
include N-vinylpyrrolidinone, 2-hydroxyethylmethacrylate,
itaconic acid, methacrylic acid, N,N-diethylacrylamide,
N,N-diethyl vinyl carbamate, N,N-dimethyl vinyl carbamate,
N-Methyl-N-Vinyl acetamide, and all hydrophilic monomers
listed in the hydrogel section supra.

F N-HYDROGEL MATERIAIL

Soft, non-hydrogel contact lens materials with little or
no water content can be prepared by polymerizing prepolymer
mixtures with the following formulations: between 50 and 90
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oxygen perneabilities equal to or greater than hydrogel materials. The
wat er content shoul d al ways be Less than 10%

o

CHy=CH-0-C-X |-RNH
a

where X denotes either -0-, -S- or ~-NH-; and
RNH represents an organic radical that is largely non-
hydrophilic, and a is 1, 2, 3 or 4;

from 5 to about 25 weight percent of a hydrophilic monomer
and between 0.1 and about 10% of a crosslinking monomer.

RH, the largely non-hydrophilic moiety in the above
formula, is typically a monovalent radical - but it may be
multivalent. The main functional requirement is that it is
largely non—hydrqphilic, generally nonreactive to
free-radical vinyl addition reactions and may be incorporated
into the above formula from a synthetic perspective.

In general, RNH may be described by the following
formulae: '

-(CHz)n [Si (CHz)mCHj] 37
-(CHBz)n Si(0si [(CHz)mCH;] 3)3:

rl
-(CH)pn|Si-0| RCl; and
: 38 d

Rl Ri
-(CH)p }8i-Of— si—RrCl
Rl Rl
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per meabl e taitcaBbtwit®l B sdhosll hiworsidtdmay; to that of the hydrogel and the
soft, non-hydrogel materials. In addition, the glass transition tenperature

of such materials should be greater than 40[err]C and preferably greater
than 65[err] C. TRfe! nbehobtes of the naterial should be greater than 50, 000
g/mierr] and preferably greater than 75,000 g/mierr].

HYDROGEL MATERI ALS To prepare a soft, non-hydrogel naterial the

fol |l owi ng 0 )

—(CHz)p—O—C-CH=CH2

p is 1 to 6; and
d is 1-200, and

where n is 1, 2, 3 or 4, mis 0, 1, 2, 3, 4, or 5, or RNH
denotes a partially or fully fluorinated alkyl, alkylaryl or
aryl radical. '

The non-hydrophilic monomers specifically include
3-[tris(trimethylsiloxy)silyllpropyl vinyl carbonate;
1,3-bis[4-(vinyloxycarbonyloxy)but-l-ylltetramethyl-
disiloxane; 3-(trimethylsi1y1)propy1 vinyl carbbnate;
t-butyldimethylsiloxyethyl vinyl carbonate; trimethyl-
silylmethyl vinyl carbonate; trimethylsilylethyl vinyl
carbonate; 2,2,2-trifluoroethyl vinyl carbonate; t-butyl
vinyl carbonate; 3-[tris(trimethylsiloxy)silyl] propyl vinyl
carbonate; 2,2,2-trifluoroethyl vinyl carbamate;
1,1,1,3,3,3-hexafluoro-2-propyl vinyl .carbonate;
3-(vinyloxycarbonylthio)propyl-[tris(trimethylsiloxy)silane];
3-[tris-(trimethylsiloxy)silyllpropyl vinyl carbamate;
"V3Da5", 2,2,2-trifluoro-l-phenylethyl vinyl carbonate;
l-adamantane vinyl carbonate, l-adamantanemethyl vinyl
carbonate, l-adamantaneethyl vinyl carbonate; and
l-adamantane vinyl carbamate.
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prepol,ymer fornul ati ons should be used: (a) between 25 and 90% of the
prepel ynmer m xture should conprise a hydrophilic nononer portion. This
portion will preferably conprise in part at |east, a hydrophilic nononer
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given hergggggig g'agglgefgg 88h£L$§ £§H¥ggﬂilic monomers used in
contact lenses in general, including N-vinyl lactams egq,
N-vinyl pyrrolidinone; hydroxyalkyl acrylates and
methacrylates such as Z-hydroxyethyl methacryiate_(HEMA) and
preferably, the hydrophilic vinyl carbonates and vinyl
carbamates disclosed in this application such as hydroxyethyl
vinyl carbonate; N,N-dimethyl vinyl carbamate; or
N-hydroxyethyl vinyl carbamate; N-[vinyloxycarbonyloxyethyl]
pyrrolidin-2,5-dione; and 3—(2—pyrfolidinon—1—y1)propyl vinyl
carbonate.

Crosslinkers used for the soft, non-hydrogel contact lens
materials include the crosslinkers known in the prior art
such as methylene glycol dimethacrylate and divinylbenzene,
but preferably are crosslinking agents described in the .
present application by formulas A, B and C.

The preferred non-hydrophilic monomers are the long chain
siloxane monomers of the present invention such as the so-
called "VyDyg5™ monomers.

Some examples of soft non-hydrogel prepblymer
formulations include:

I) 80 wt% V3Dy5;

10 wt% N-vinyl-2-pyrrolidinone;

5 wt% 2,2,2-trifluoroethyl vinyl carbonate; and

5 wt% N-O-bis-(vinylcarbonyl)ethandamine.

I1I) 60 wt% 3-(trimethylsiloxy)propyl vinyl

carbonate;

30 wt% «,w -bis(vinyloxycarbonyl) polyethylene
glycol;

5 wt% 1,1,1,3,3,3-Hexafluoroprop-2-yl vinyl
carbonate; and

5 wt% N-vinyl-N-methyl acetamide.
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_5~p6rtfon may al so include at | east one of the hydrophilic nmononers chosen
fromthe group consisting of wetting nonomers N vinyt-2-pyrrolidinone,
2=hydr oxyet hyl ¥IRyl cabbehake3- Rt himethykd gl Mooy IcarihaiRicarbonate;

3-(2-pyrrolidinon-1-yl opy t
2- (2-pyrrolidinon-1- yI%etﬂE Qv#ny#P%%rgéffﬁgEh§ESIIOXY)SIIYIJPrOPYI

N-(V|nyloxycarbonyloxy)pyY%@YidcﬁrUBmﬁtﬂbne N- ( V|nyloxycarbonyloxyethyl)
pyrrolidin-2,5-dione, 10 wt% N-vinylpyrrolidinone; and

1 wt% 2,2-dimethyl-1,3-bis(vinyloxycarbonyloxy)
propane.
IVv) 20 wt% t-butyldimethylsiloxyethyl vinyl carbonate;
70 wt% 3-[tris(trimethylsiloxy)silyllpropyl vinyl
carbamate;
9 wt% N-vinylpyrrolidinone; and
1 wt% 2,2-dimethyl-1,3-bis(vinyloxycarbonyloxy)
propane.
V) 20 wt% trimethylsilylethyl vinyl carbonate;
69 wt% 3-[tris(trimethylsiloxy)silyllpropyl vinyl
carbamate;
10 wt% N-vinylpyrrolidinone; and
1 wt% 2,2-dimethyl-1,3-bis(vinyloxycarbonyloxy)
propane.

The copolymers of the present invention are formed by way
of a free radical polymerization the details of which are
generally known in the art. 1In general, the various
comonomers are chosen and combined, as required to form the
desired final copolymers, and a free radical catalyst is
added to the mixture. The mixture is then polymerized to
form the desired copolymer.

Free radical catalysts are known in the art and are
mostly of two general types: heat initiated free radical
catalysts, and photoinitiated free radical catalysts, more
specifically, ultraviolet radiation initiated free radical
‘catalysts. Heat initiated catalysts include peroxides such
as 2,5-dimethyl-2,5-bis(2-ethylhexanoylperoxy) hexane )
(Lupersol 256™ Pennwalt Chemicals), bisisopropylperoxy-
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.N—vihyTacetanide, N-net hyl - N-vinyl acetam de, N, N-di nethyl vinyl carbamate
and N,N-di ethyl vinyl carbamate. These nononers may, of course, conprise

nl , Is h Ik 0 i f.prepol yner mx which
oan”t r bneciparBerabe, ELBNTper6xTRAD ERnPOYE  B0e 0 E°02  KIREIAX 00
prepol yner PEEPHLAR: | BROSRdBEYiatesspineende| gompounds suabnasor weakly

hydr ophi | i Q-maeagy-QSmeeﬂyhnQLbﬁepfipBBﬁsﬂ'Biso&@Oéﬁgrééﬁ’?ﬂ hgygr oup
silToxy)silyl]propyl vinyl carbonate,

f?gﬁliflC?ﬁg%mggggghzgé£httggtggkﬁnethyIsionyethyl vi nyl carbonate,
3-[tris(trinetbilaého;yha?lbblémﬁmgye&iﬂﬁ|tﬁ@r@??%§§§ %flgﬁéymerizing
T ltris(er hg ROPE ks RIBE P breBenf| TRV ekt Eonoth. OTaBRC6P RAYAY vi nyi
carbanate.thhegésuéhagbrPbYSghalychydaopari$timmnmﬁetseeﬂhmhsnedhe oxygen
Dermectt| obLepiyHRR. LS8k RRERMER) vne eIt e RETRAGATL
crossl i nki R§O2HERt 2 WKFEPIRAylike material may also include a portion
of methylethylketone. 1In general, the amount of diluent used
should be less than 50 wt.%. In most cases, the diluent
content will be less than 30 wt.%. In a particular copolymer
system, the actual limit will be dictated by the solubility
of the various comonomers in the diluent. In order to
produce an optically clear copolymer, it is important that a
phase separation does not occur between the comonomers and
the diluent, or the diluent and the final copolymer.

Furthermore, as a practical matter, the maximum amount of
diluent which may be used will depend on the amount of
swelling the diluent causes the final copolymers. Excessive
swelling will or may cause the copolymer to collapse when the
diluent is replaced with water upon hydration.

Suitable diluents include ethyleneglycol; glycerine;
liquid polyethyleneglfcol; alcohols; alcohol/water mixtures;
ethylene oxide/propylene oxide block copolymers; low
molecular weight linear polyhydroxyethylmethacrylates; glycol
esters of lactic acid; formamides; ketones; '
dialkylsulfoxides; butyl carbitol; and the 1like.

These novel copolymers in general are made from
pdlymerizing mixtures comprising:
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REPLACED

- 14 -~

This Sheet Has Been Replaced




. be éhQéen froma list of'preferred crosslinking agents |ater disclosed in
thiS;appIication or one of the crosslinking nononmers known in the prior
art as.exe I| and/ or taught .in U S. Pat. Nos. 4, 060,678; 4,182, 822;

4, 267, 295: m %@p andod 4%@90 §432 base monomer of the general

6 Thecmﬁmnuahﬂfdnmﬂyuﬂnllc nmononer used to prepare the hydroge
materi-al in the present invention is adjusted within

R2 0

Hp=C-(CHy)p-0-C-X| RI
a

wherein: X denotes an -0-, -S-, or -NR3- divalent radical;
Rl denotes an organic radical;
RZ denotes -H or -CHj;
R3 denotes -H, or a monovalent alkyl radical;
a is 1, 2, 3, or 4; and
b is 0 or 1.

b) from 0.1 to 20 wt.% of a crosslinking agent known in
the biomedical material art, or a novel crosslinker
represented by the chemical formulae:

CH2=CH—(CHZ)b-O—S—O—RXI—O—S-O-CH=CH2
o) )
or
CH2=CH—(CHZ)be-E-X—RXI—X-Q-O—CH2=CH2

0 0o

CH2=CH—(CHz)b-O—C-XT—~R01
. " la
0

or

wherein: X is -0- or -NH- with at least one X being -NH-—;'RCl
denotes a multivalent organic radical, b is O or 1, and a is
2, 3 or 4.
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_the‘ébéve limts to give a water content in the hydrated hydrogel of from
5 to. 80% by wei ght. The non- or weakly hydrophilic nononer
content is adjTsésd topokyinetzemay helsdseasontadire fuiaprid is@d idicfesasuehygen

er meabi | t nt ty of .t
oot 1 nki 45, uSPELhY°RREREL) LEALs P SHE0T hordibhiing le¥indliBng £
maxi m ze dbkk&a’@w et@;bpérspeslgucmagembrpmﬁ@ues mduﬂasareldens
strength, and '@héoc@bg'imér%h@f ht’ﬂé P YEi S | dviilidd r Lluddt 1 il

material. Ip addition sorb NDNOMET S OF t1Nt1ng MONGTEr s may al so
be added t’algﬁﬂ%%éltﬁevb%ﬁeren@sl%fpéh@qum' PR Medl suitefh@s nst ance,

the foll ﬁ%@ﬂt@éep!}éﬁﬁﬁmaféf a8 i onge wﬁ&lﬁ«a@%mw TR maBR LigHoAl s
B o8 ERE ol h L8RP S5y’ 82 0L Techmiques kntitgyen FpE- L5
car bamat e;be useful in contact lens production. For instance,
prepolymer mixtures containing heat initiated free radical
catalysts can be placed in polypropylene tubes which are then
heat cured over time to form copolymeric rods which are then
cut to form button shaped articles. These button shaped
articles can then be lathed into contact lenses.
Alternately, the prepolymer mixture can be molded per the
methods disclosed in U.S. Patent Nos. 4,085,459 or
4,197,266. Spin casting techniques may also be used with the
present materials and such methods as described in U.S.
-Patent Nos. 3,408,429 and 3,496,254 can be so adopted to be
useful with the present copolymers.

SYNTHESIS OF MONOMERS

ART I -~ SYNTHESI DROXALKY. NOMER
USEFUL AS HYDROGEL, BASE MONOMERS AND WETTING AGENTS

1.0 2-Hydroxyethyl Vinyl Carbonate CgHgOy

To a 1000mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, N, blanket, thermometer, and a dropping

funnel 5.0g (8l.66mmol) of ethylene glycol. 7.12g (90.0mmol)
of pyridine and 500mL of chloroform were added. To this

oo
———
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%

. B. T‘ 10- 30 wt % non- or meakly hydr ophi | i ¢ nmononer _
3- N-(trls(trlnethyIS|ony)S|IyIpropyI] ~vinyl
Qarbanﬁteméﬂailon mixtures 8 7Z§3(%11%5@h§%Sm§§6%igﬁfrﬁh%02695§h£¥é“¥Loxy

car bonyl oxy) et hane. I'C_ noNOMer
2- hydr oxy d over 20 mlnutes. The r@aﬁypogambahg;g wapdstirred for jj)

25-90 wt %1/sy ooty lqmmDWQﬂ%h@Ndﬁ R¥le mixture Jyes reduced to P%hiobhdinone,
where the cqpblnat conprlses bet ween

a1y'€vaporator and therssifhe T’PHBPdp‘r’éEBI JagnL ot

25 to 90
conposi ti $is.. The aqueous phase was set aside. The organic phase was 19
?ﬁELfgggEﬁEléﬁEgner magnesium sulfate. The solvent was removed on a

rotary evaporator and the resulting oil was purified by
chromatography (silica gel, gradient starting with 60%
cyclochexane 40% chloroform) to give an oil. The 2N HC1 wash
was saturated with sodium chloride and extracted three times
with 50mL chloroform. The combined chloroform extracts were
dried with magnesiuﬁ sulfate and flash evaporated to an oil.
The oils combined to give 2.3g (17.4mmol, 21.3%) of a light
yellow o0il. FTIR (neat, capillary) 3500.56, 3477.38,
3379.94, 2960.20, 1805.29, 1753.69, 1650.79, 1558.65,
1540.44, 1506.71, 1481.33, 1455.89, 1388.72, 1373.25,
1299.19, 1244.25, 1154.19, 1067.30, 1015.59, 995.52, 969l77,
944.14, 913.44, 875.08, B59.65, 779.15, 717.53, 684.06,
666.45, 649.43. NMR (CDCl3) 8 6.83-7.177 (1H,m), 4.56-5.0
(2H,m), 4.13-4.37 (2H,m), 3.70-3.93 (2H,m), 3.07-3.43
(14,s). The instrumental analyses were consistent with a
compound represented by‘the following formula:

CHy=CH~0-C-0-CH,CH,0H

o

is Sheet Has Been Replaced THIS SHEET HAS BEEN
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7 ‘~'- 10-90 wt % of non-, or weakly hydropbilic

" rmnomer t |£I hél S|!I;oz¥:52hﬁll 1 vi nyl car bamat e;
and . fnfy/ HYd Féﬁﬁﬁ°3 bi s- (vi nyl oxy-

car bonyl) pol yet hyl ene gl ycol. A 25-90 W % hydrophilic
nmononer, 3-(2- pyrroll- di non- 1-yl ) propyl vinyl
carbanate 10- 30 wt % weak or non-hydrophilic nmonomer,

t - butyl V,'I}g,|a (%}M@e%cround bottom §lask §itted widhceoswgingtdic,

[err] -bist{itred Odondenser, N blanket herd@%%@%@ylhnﬁohi%b@XE ne

gl ycol . AR A SRS iR
funnel 20.0g (327. 4mmol) of ethanolamlne and 200mL of
chloroform were added. 17.44g (163.7mmol) of vinyl
chloroformate was added to the mixture over 20 minutes
raising the temperature to 53°C. The reaction mixture was
cooled to room temperature and stirred for 16 hours. The
resolution precipitate was removed by filtration. The
filtrate was evaporated to remove solvent and the residual
0il was distilled (125°C + 5C°, .89 Torr) to give 21.2g
(161.7mmol, 98.8%) of a light yellow oil. FTIR (neat,
capillary) 3314.69, 2940.08, 2885.15, 1705.86, 1648.26,
1522.62, 1458.28; 1432.05, 1403.96, 1363.49, 1339.67, _
1294.21, 1244.90, 1160.44, 1116.66, 1059.67, 1010.44, 947.03,
821.01, 861.00, 768.57, 731.09, NMR (CDC13)8 6.90-7.23
(1H,m), 5.76-6.3 (1lH,s), 4.26-4.83 (2H,m), 3.50-3.93 (3H,m),
3.07-3.47 (2H,m). The spectral analyses were consistent with
the following chemical structure.

CH=CH-0-C-N-CH,CH,0H

0 H
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Hara [énses are prepared using: (1) one or nore of the non-hydrophilic

: nononers of fornula (I) glven above (rn) a crossllnklng agent; (Il11) a
smal | “anmouht 2 of Na(Wk pEYaBHNbOoR] val) Pal 9 -\ er agents such as

st rengt heni ng agents or W absorblng or dye mononers. The three main
conponents are used in the follow ng ratios; the non-hydrophilic nmonomer
conponent (1) is used in anounts of 60 to 95 wei ght percent,

t he crossltekangoomnosehetk! Yoiind aBBLEGH £ 1040 C‘fﬂtééa 10 e Die IR and

h r.o bout to 20 wei ght. percent. The
cont ent  of SERELoF QeGP PARMAGE agBREFPEeR LRI SHRARIGS STl PR y
stabl e | ensabhbwaténl batkj sandt therbhoraker arearul aﬁdeiisamr(ﬁzodm Onﬁb?)amunt

vi de su
ohi L hy CILBRIEE BSLoL R AT £ LB Yl S RIHAL, ST LR

wet ting charaet eri st s S0 ina s
sane tine k@epPRyAEOEWF 2R cYent 8gdedw \Be ethe aretamrition mixEuerendn-2%gdr ophilic

MONOMers Usgd, fmdBK €ot Nei ART Aok PG GES r S Y Yddtd dUride e or nore

of the fo'éempegkture remained below 10°C., After stirring at room
temperature for 18 hours the reaction mixture was washed with
100mL 2N HCl, and 100mL 2N NaOH. The organic phase was dried
over magnesium sulfate. The solvent was removed on a rotary
evaporator and the resulting liquid chromatographed (silica
gel, chloroform) fo yield 10.0g (54.0mmol, 62.1% yield) of an
oil. FTIR (neat, capillary) 3516.50, 3132.04, 3099.40,
3003.94, 2960.21, 1830.80, 1823.25, 1792.36, 1734.05,
1671.98, 1653.62, 1646.30, 1429.97, 1380.77, 1368.60,
1306.35, 1260.89, 1241.83, 1201.12, 1162.09, 1154.49,
1134.29, 1087.59, 1049.93, 1005.21, 990.18, 948.77, 941.86,
908.06, 897.29, 892.42, 812.37, 769.04, 756.85, 724.90,
707.81. NMR (CDCl3) 6.73-7.09 (1H,q), 4.61-5.24 (2H,m), 2.78
(4H,S).

0 0
[:> N-CH2-CH2-OCH-OCH=CHp
o
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8 npnoners: 2,2,2-trifluoroethyl vinyl carbonate, 2,2,2-trifluoroethyl
“vinyl carbamate, 1,1,1,3,3,3-Hexafluoro- prop-2-yl vinyl carbonate,

2,2, 2t ri fll.gor eet(vilnydl dagte suydmNdgre thyd,) dyiriroll i 82h02), spAesxket hyl vinyl
carbonate, trinmethylsilylnmethyl vinyl carbonate, trinmethylsilylethyl vinyl
carbonate, 3-(trinethylsilyl)propyl vinyl carbonate,

t-butyl di methyl siloxyethyl vinyl carbonate, 3-[tris(tri-

t hyl si | , t
gt hzl :: | ?}gga::ﬂlo)\ﬁnilpg)% ﬁ/{/rl%\rg otil.g:%ﬂ% %la:ég[ Ekﬁe? H.{:h a mechanical

tirrer, condenser, n1trogen blanket dropplng funnel, ice-
saltwater bath, and thermometer were added 5.0 (35.0mmol) of
N-(2-hydroxyethyl) succinimide, 2.8g (35.0mmol) of pyridine,
and 100mL chloroform. To the reaction mixture was added 3.7g
(35.0mmol) of vinyl chloroformate so that the temperature
remained below 10°C. After stirring at room temperature for
18 hours the reaction mixture was washed with 100mL 2N HC1
and 100mL 2N NaOH. The organic phase was dried over
magnesium sulfate. The solvent was removed on a rotary
evaporator and the resulting red liquid chromatographed
(silica gel, chloroform). The recovered oil totaled 3.0g
(14.1mmol, 40.2% yield). FTIR (neat, capillary) 1755.10,
1694.90, 1648.77, 1427.00, 1396.38, 1366.15, 1329.97,
1298.34, 1239.58, 1185.85, 1152.26, 1111.20, 1085.92,
1024.25, 1005.00, 946.53, 894.87, 882.46, 848.52, 818.51,
778.99, 700.00, 661.32. NMR (CDClz) 6.50-6.83 (1H,q),
4,13-4.66 (2H,m), 3.93-4.13 (2H,m), 3.33-3.66 (2H,m), 2.41
(4H,8).

0 0
Q— N-CHy-CH-0C-OCH=CH,
0
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caﬁquylthio) propyl -[tris(trinmethylsiloxy)silane]. The crosslink
agents used preferably to nake hard contact |ens nmaterials include

trosslinking agents known .in_the prior art as_ taught in the U S. patents
teferenced supra, but Eﬁgg—%;eFeﬁggpﬁﬁﬁisgiﬂﬁﬁﬁ1‘%%%ﬁﬂ&gchosen fromthe

group consisting of crossli mERd by the formul a

2.0 3-(2-Pyrrolidinon-l-yl)propyl Vinyl Carbonate. CjpHgNOy4

-

To a 250mL l-neck round bottom flask fitted with a magnetic
stirrer, dropping funnel, and ice bath, 12.5g (87.3mmol) of
N-(3-hydroxypropyl)-2-pyrrolidinone, 7.6g (96.0mmol) of
pyridine and 100mL of chloroform were added. To the ice cold
reaction mixture 9.3g (87.3mmol) of vinyl chloroformate was
added over 5 minutes. After 5 minutes a precipitate formed.
The reaction mixture was adsorbed on silica gel then purified
by chromatography (silica gel, methylene chloride) to give
17.3g (81.1lmmol, 93.0%) of a straw colored o0il. FTIR (ngat,
capillary) 296-3.22, 1754.09, 1676.89, 1646.83, 1566.02,
1494.64, 1463.44, 1425.05, 1396.11, 1357.91, 1336.92,
1296.25, 1239.43, 1152.41, 1085.28, 1024.06, 998.00, 946.11,
882.00, 761.74, 737.53, 697.39, 651.25. NMR (CDClj3)
6.82-7.17 (1H,m), 4.40-4.96 (2H,m), 4.06-4.28 (2H,m),
3.24-3.47 (4H,m), 1.68-2.56 (6H,m). The spectral analyses
were consistent with the following chemical structure.

‘\/\ .
0-C-0-CH=CH3

ng

[err]
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mhéfeih X denotes -S-, -0, or -NH-'and at |l east one X denotes a -NH in

formula B; bis 0 or 1; Rlerr] denotes a multivalent organic radica
wirt hi'n th ef pni RaGl h : and

Rl err] de%o es ' i ; Ryl ' |t|(g9£§ R given
her ei nbef ore. It wll be noted that the above preferred

crosslinking agents include nononers as defined by fornmula (1) above.

To a 250mL l-neck round bottom flask fitted with a magnetic
stirrer, dropping funnel, and ice bath, were added 10.0g
(77.4mmol) of N-2-(hydroxyethyl) pyrrolidinone, 6.7g
(84.7mmol) of pyridine and 100mL of chloroform. To the ice
cold solution 8.3g (78.0mmol) of vinyl chloroformate was
added. The mixture was stirred for 30 minutes, forming a.
precipitate. The reaction mixture was chromatographed
(silica gel, methylene chloride) 90% toluene 10%) to give
8.3g (41.7mmol, 53.9%) of a light yellow o0il. FTIR (neat,
capillary) 2962.91, 1754.66, 1679.48, 1646.22, 1494.64,
1462.88, 1438.22, 1424.48, 13%3.77, 1368.15, 1327.55,
1286.44, 1237.47, 1152.71, 1113.47, 1085.63, 1046.25,
1018.86, 979.70, 946.17, B894.98, 877.43, 853.32, 779.37,
735.01, 697.06, 650.86. NMR (CDCljz) ¢ 6.84-7.17 (lH,m)f
4.,45-5.01 (2H,m), 4.18-4.35 (2H,m), 3.32-3.62 (4H,m),
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The. préferred crosslinkers include
1, 5-bi s- (vi nyl oxycarbonyl oxy) - 2, 2, 3, 3, 4, 4- hexaf | uor o- pent ane;

1,:2- bi s(vlrM&y&ihrwnyﬁbxy)Sﬁéuirml analyses weré consistent with the

[Lerr]- xg§§§ﬁﬂ¥ ene gl ycol ;
N, C>b|s( oxyca ony éﬁ%%e 2, 2

di net hyl - 1 3 bls(V|nyIoxycarbonyloxy)propane [err]
- bi s- (vi nyl oxycar bon ri ethyl ene glycol; _ _
2, 2-di met hyl - N, N- bi (w Lxycar bonyl ) -1, 3- propandl a- m ne;
. x |
\ ~,0-C-0-CH=CH, .
0

PART III - SYNTHESIS OF HALOALKYL
CONTAINING MONOMERS

3.0 2,2-Trifluor hyvl Vinyl rbon Cy5Hs503

To a 2 litre 4-neck round bottom flask fitted with a
mechanical stirrer, condenser, nitrogen blanket, thermometer,
ice-water bath, and dropping funnel 47.45g (0.6 moles) of
pyridine and 600mL of methylene chloride was added. The
mixture was cooled to between 5° and 8°C, a white precipitate
formed. Then 60.02g (0.6 moles) of 2,2,2-trifluoroethanol
was added. The reaction was warmed to room temperature for
20 hours. A precipitate remained but had changed texture.
The organics were washed thrice with 200mL 2N HCl, once with
saturated NaCl then twice with 200mL 2N NaOH. The organics
were dried over magnesium sulfate then distilled through an 8
inch vigreux to give a‘colorless oil which had the following
characteristics (bp 107°C, 760.0 Torr), 66.1g (.389mole,
64.8%). FTIR (neat, capillary) 2985.97, 1790.03, 1653.80,
1447.48, 1412.48, 1386.07, 1316.41, 1255.45, 1185.52,
1157.41, 1098.83, 1082.16, 995.88, 962.47, 941.20, 910.72,
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1,3¥bLé-[4-(vinyIoxycarbonyloxy)but-l-yl] tetramet hyl - di si | oxane;

N, N- bi s- (vinyloxycarbonyl) 1, 6-di am nohexane; and [err] ) where X =
25 on the enage al " rr rrj § wetting
nonomer s S?éf&? |g%?g}§ tag¥ gﬁngglnc ?ﬁggﬁﬁ gyPrBP g 28

2- hydroxyéﬂwyFﬁBtHaéﬁyﬁaﬂ@ (ﬂﬁaadnlcTaeldpectthacayhnysa5|dgre

N N-di et hydoashehamedens tiNedettedih oWiRY! se2LBRERES, NN-dimethyl vinyl
car bamat e,

CH=CH-0-C-0-CH,CF3

o -
3.1 2,2,2-Trifluorocethyl Vinyl Carbamate CsHgF3NOjy

To a 1L 3-neck round bottom flask fitted with a mechanical
stirrer, condenser, thermometer, and ice water bath 32.11lg
(406.0mmol) of pyridine and 450mL of ether was added. After
the temperature was stabilized at 12.5°C + 2.5°C 21.6
203.0mmol of 2,2,2-trif1uoroethy1 amine hydrochloride was
added in one portion, then the reaction was stirred to room
temperature for 18 hours. The organics were washed twice
with 300mL 2N HC1l, once with 100mL 2N NaOH, then dried with
magnesium sulfate. The solvent was removed on a rotary
evaporator and the resulting o0il was distilled at (70°C, 30
Torr) to give a white crystalline solid (mp 43-44°C) 6.8g
(40.2mmol, 21.8%). FTIR (SRATR) 3325.47, 2957.22, 2921.47,
2852.61, 1722.84, 1651.46, 1540.06, 1458.41, 1427.89,
1396.91, 1299.01, 1281.24, 1237.54, 1150.23, 1121.40,
1023.84, 956.16, 946.33, 871.75, 830.76, 771.03, 669.23. NMR
(CDCl3) 6.95-7.27 (1H,m), 5.07-5.66 (1H,b), 4.33-4.86 (2H,m),
3.50-4.13 (2H,m).

CF3CH2N~C-0-CH=CH;

HO
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_ N—NérhyI-N-VinyI acetam de, and all hydrophilic nononers listed in the

hydrogel section supra. SOFT, NON- HYDROGEL MATERI ALS
Sof t’, " non- hﬁdrogel cont act . Iens naterlals wth I|ttIe or no water content
.can be prépédred«Byl : exag 1y Pre V14 # e f of § 1y 103

fornulatlons befmeen 50'and 90 o

To a 1000mL 3-neck round bottom flask fitted with a
mechanical stirrer, condenser, nitrogen blanket, thermometer,
dropping funnel, and ice-water bath 43.50g (550.0mmol) of
pyridine and 600mL methylene chloride was added. After
cooling to 5°C + 2C° 53.3g (500.0mmol) of vinyl chloroformate
was added while maintaining the temperature. A white
precipitate formed immediately. When the addition was
complete, 92.4g (550.0mmol) 1,1,1,3,3,3-hexafluoro-2-propanol
was added. The reaction was stirred at room temperature for
18 hours. The organics were washed twice with 500mL ice cold
2N HCl, once with 500mL ice-cold saturated NaCl, dried over
magnesium sulfate, and then distilled through an 8 inch
vigreux to give a colorless oil (bp 97°C, 760.0 Torr), 21.5g
(90.3mmol, 18.1%). FTIR (neat, capillary) 2980.79, 1782.53,
1654.02, 1383.67, 1363.76, 1309.32, 1296.81, 1252.69,
1196.39, 1098.72, 1021.71, 936.52, 922.78, 905.85, 887.05,
866.80, 773.96, 712.08, 689.17. NMR (CDClj3) 8 6.83-7.23
(l1H,m), 5.26-5.86 (lH,m), 4.56-5.23 (2H,m).

CFjy

CHp =CH-0-C-0-C - H

0 CF3

THIS SHEET HAS BEEN
REPLACED

- 25 -

eet Has Been Replaced

\\ll\l\\ TG llI\




llo.lmeight percent of non-hydrophilic nononers with the foll ow ng general

f.or mul.a: [err] mhere X and a are as preV|oust deflned and R err]
denot es a hdh- (Bud ; 2 tihiy : OCY§HgF303
her ei nbef ore. from5 to about 25 wei ght percent of a hydrophilic nononer
and between 0.1 and about 10% of a crosslinking nononmer. Rlerr] t he

non- hydrophilic noiety in the above
To a 250mL round bottom flask fitted with a mechanical

stirrer, condenser, nitrogen blanket, thermometer, ice-water
bath, and dropping funnel 12.5g (71.0mmol) of l-phenyl-2,2,2-
trifluoroethanol, 7.6g (71.0mmol) triethylamine and 100mL
ethylether was added. After cooling to 12.5°C % 3°C, 7.6g
(71.0mmol) of vinyl chloroformate was added while maintaining
the temperature. The reaction mixture was -filtered to remove
triethylamine-hydrbchloride. The filtrate was washed twice
with 2N HC1l, once with distilled water then dried with
magnesium sulfate. The solvent was removed on a rotary
evaporator and the crude o0il was distilled to give a
colorless oil (bp 90°C, 4.5 Torr), 12.2g (49.6mmol, 69.8%).
FTIR (neat, capillary) 1800.23, 1767.51, 1733.45, 1653.30,
1558.52, 1499.70, 1458.25, 1383.98, 1355.92, 1312.00, )
1301.65, 1273.65, 1241.93, 1208.55, 1182.79, 1157.35,
1131.65, 1088.2, 1031.72, 998.12, 938.91, 528.82, 913.17,
877.34, 849.19, 776.46, 760.96, 696.97. NMR (CDC13) &

7.30 (5H,8), 6.76-7.03 (lH,m), 5.66-6.00 (1H,m), 4.36-9.33
(2H,m).

H
CH3=CH-0-C-0-C~ @
O CF3
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formila, is typically a nonovalent radical - but it may be multivalent. The
main functional requirement is that it is non-hydrophilic and generally
nonreactive to free-r [ ' TASRS k! og OME I n general,

Rlerr] may be describé

4.0 Trimethylsilylmethyl Vinyl Carbonate C7H;403Si

To a 250mL 3-neck round bottom flask fitted with a magnetic.
stirrer, condenser, nitrogen blanket, dropping funnel, and
thermometer was added 3.8g (48.0mmol) of pyridine then 50mL
of chloroform. The mixture was cooled to 12°C + 3°C with an
ice-water bath. Next 5.0g (48.0mmol) of trimethylsilyl
methanol then 5.1g'(48,0mm01) of vinyl chloroformate were
slowly added so that the temperature was maintained. The
cooling bath was removed and the reaction mixture was stirred
for one hour. The organics were washed four times with 100mL
2N HCl, twice with distilled water and then dried over
magnesium sulfate. The solvenf was removed under reduced
pressure to give an oil. The oil was passed through silica
gel to give 4.8g (27.56mm01, 57.1%) of colorless oil. FTIR
(neat, capillary) 2958.37, 1754.67, 1648.09, 1420.24,
1383.80, 1302.02, 1226.95, 1155.20, 1085.49, 944.10, 913.47,
840.69, 779.53, 735.76, 669.81, 668.88. NMR (CbCl3) ¥
6.73-7.07 (1H, m), 4.25-4.85 (2H,m), 3.73 (2H,S), 0.00 (9H,S).

0

(CH3) 3SiCH0COCH=CH;
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wher &, RL denotes a nonoval ent organi ¢ radical such as an alkyl radical wth
"1 to. 6 carbon atons, or a fluoroalkyl radical with 1 to 6 carbon atons;
R[err] denot es [err]

‘4.1 Trimethylsilylethyl Vinyl Carbonate CgHj 0351

To a 250mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, nitrogen blanket, dropping funnel, and
thermometer was added 6.69g (85.0mmol) of pyridine then 100mL
of chloroform. The reaction was cooled.to 12°C % 3C° with an
ice-water bath. Next 10.0g (85.0mmol) of trimethylsilyl
ethanol and 9.01g (85.0mmol) of vinyl chloroformate were
added so that the temperature was maintained. The cooling
bath was removed and the reaction mixture was stirred for one
hour. The organic phase was washed four times with 100mL 2N
HCl, twice with distilled water then dried over magnesium
sulfate. The solvent was removed under reduced pressure to
give an oil. The o0il was passed through silica gel to give
6.0g (31.9mmol, 37.5%) of colorless oil. FTIR (neat,
capillary) 2955.56, 1754.65, 1648.64, 1456.39, 1414.83,
1388.75, 1298.51, 1239.97, 1178.60, 1154.64, 1082.23,
1061.84, 1043.84, 1026.67, 943.56, 918.45, 856.41, 832.97,
784.30, 767.03, 694.35, 663.60. NMR (CDCl3) 6.80-7.13
(1H,m), 4.42-4.91 (2H,m), 4.03-4.40 (2H,m), 0.87-1.15 (2H,m),
0.00 (9H,S8).

0

(CH3) 3S1CH2CH20COCH=CH;
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K
~

v

LN

| aryl %
ude 3-
1, 3-bi s[ 4-

S
3, 4, or 5, or
Y .

Rl err] denote
::J e R il | A1 3

[tris(trinmethylsiloxy)silyl]propyl vinyl carbonate;

(vinyl oxycar bonyl oxy) but - 1-yl Jtetranmet hyl - di sil oxane;

s a partially or fully fluorinated alky

3-(trinethylsilyl)propyl vinyl carbonate; t-butyldinethylsiloxyethyl v

car bonat e;

Té ra N0 ondl - 3shéyk nedlyd o todm CEIdMN At dd iWiRi sidgteatiky |

car bonat o; SSL1£47 o CPRABRASH siH EkaAden rshuel) MRt e oad

2,2,2-tri fdxeppoadyfunial | wasrddded 25 104dl, (11 B ndyo3-)hexaf | uor o- 2- pr opyl

carbonate;tfg
3-[tris-(t{|ne

AR PO el e U S e
75mL Of toluene. 'In one portion, 22.1g (208mmol) of
vinylchloroformate was added to the reaction mixture. An
exotherm to 73°C was noted. The mixture was stirred for 3
hours at room temperature then at 50°C for 2 hours then at
room temperature for 18 hours. The organic phase was washed
with 250mL 2N HCl1l then with 250mL 2N NaOH3 and the organic
phase dried with magnesium sulfate. The solvent was removed
on a rotary evaporator and the resulting oil distilled to
give a colorless oil (bp 115°C, 35 Torr), 14.7g (7.27mmol,
38.5%). FTIR (neat, capillary) 2955.00, 2898.21, 1758.60,
1649.23, 1468.16, 1453.00, 1439.73, 1414.72, 1391.72,
1350.50, 129%8.51, 1239.70, 1190.91, 1157.19, 1090.25,
1057.10, 1031.32, 995.02, 944.19, 902.70, 856.58, 833.86,

782.42, 753.39, 691.98. NMR (CDCl3) & 6.86-7.18 (1H,m),

4-36—4088 (ZH,m), 3.96-4018 (ZH'm)[ 1.40_1091 (ZH,ITl),

0036-().65 (ZH,m), 0.00 (QHlS)c

CH2=CH-0-C-0-CH2CH2CH2S1i(CH3) 3

o

6; and dis 1-200, and where nis 1, 2, 3 or 4, mis 0, 1,

hep repy hWirnyhhidd ohonatere Gy g Sii cal | y

I nyl

Vi nyl
I
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"Vﬁérf][{err]", 2,2,2-trifluoro-I|-phenyl ethyl vinyl carbonate; 1-adanantane
yi nyl carbonate, 1-adamantanenethyl vinyl carbonate, 1-adamantaneethyl

/it nyl” ;.and. 1- adamant ane vi nyl_car bamat e.
é&g{ké%ar 0 gte’ 1dim ah 1 91 X g 1 Vinvyl rhon C11H2204851

19 JAN 1998 12

To a 500mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, nitrogen blanket, thermometer, dropping
funnel, and ice-water bath was added 19.8g (112.3mmol) of
tert-butyldimethylsiloxy ethyleneglycol, 9.8g (112.3mmol) of
pyridine and 300mL of ether. After cooling to 10°C + 5°C,
11.96g (112.3mmol) of vinyl chloroformate was added dropwise
so that the temperature was maintained. A precipitate was
formed and the reaction was stirred to room temperature over
16 hours. The organic phase was washed twice with 100mL
2NHC1, twice with 100mL 2N NaOH then dried over magnesium
sulfate. The solvent was flashed off on a rotary evaporator
and the resulting_oil was passed through a short
chromatography column (silica gel, chloroform) to give 26.9g
(109.2mmol, 97.2%) of clear liquid. FTIR (neat, capillary)
2955.19, 2929.89, 2857.80, 1759.76, 1651.09, 1743.16,
1463.41, 1386.69, 1373.,24, 1362.91, 1339.85, 1298.68,
1239.45, 1159.95, 1136.18, 1110.98, 1084.87, 1026.06,
1005.69, 944.16, 902.24, 869.65, 828.32, 812.16, 774.36,
714.82, 682.03, 661.17. NMR (CDC13)86.78—7.12 91H,m),
4.35-4,93 (2H,m), 4.03-4.26 (2H,m), 3.60-3.83 (2H,m) 0.82
(9H,S8), 0.00 (6H,S).

CH3 CHj
CHy=CH-0~C-O-CHoCH»-0-Si - C-CHj
0 CH3 CHj
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EThe hydrophlllc nmononers used to produce the proper wetting conditions in
"conbination with the soft non- hydrogel naterlals are selected from

hydr ophi | i €. 4pn3 3 ,
lactans eg, N-vinyl pyrrolldlnone eﬂégg acrylates and nethacrylates
such as 2-hydroxyet hyl nethacrylate ( eferably, the hydrophilic
vi nyl carbonates and vinyl carbanmates disclosed in this application such as
hydroxyethyl vinyl carbonate; N N-dinethyl vinyl carbamate; or

N-h droxye yl n arbamate; N-(vinyl ox carbonyloxyeth I
pyr)r/ol i di n 3 34 Bﬁ% gaﬂﬁCIS f@u‘b‘}rp%ﬂ n@\‘/ﬁ ;Hlti)? Ay Imagedofat e.

CLossllnke581used f@rothﬁn§ofﬁnnapﬂ Eh@ﬁmﬁmﬁtéxﬂﬂéﬂa ddﬁﬁ%ﬂ?ﬁﬁ”:ﬁﬂ§ i ncl ude
t S n |o such .as net en CcCO
d.ﬁefﬂgiryt§§§5 g %&m %@ % £b:ﬁt AR %S ei%n?ﬁéh %klng agent s
descri bed vinyheapbeszbe ampl l&aﬁg ofil 2. Irmuol) asf A rifnetitdy X$idiylen above.

The, prefer sedeace: Vs oohis | £ OO LA Nad Wb skl BT TOnoTer S

of the present I nvention suc
catalyst prepared by mixing 23.8g (242.7mmol) of sulfuric

acid, 11.6g (251.8mmol) of absolute ethanol and 16.5g
(916.0mmol) of water. The addition took twenty minutes and
an B°C exotherm was noted. The reaction was allowed to stir

at room temperature for 16 hours and was then diluted with
200mL of chloroform, washed twice with 100mL 2N NaOH, and
dried over magnesium sulfate. The solvent was removed on a
rotary evaporator to give 15.3g of crude oil. Following
chromatography (silica gel, 80% Heptane, 20% methylene
chloride) the o0il was distilled (bp 125°C, 0.8 Torr), 3.5g
(8.24 mmol, 21.7%). FTIR (neat, capillary) 2958.06, 2898.76,
1762.06, 1650.84, 1543.76, 1393.82, 1319.20, 1298.62,
1245.44, 1199.11, 1160.19, 1041.77, 975.14, 946.32, 833.42,
782.42, 753,08, 714.62, 686.73, 658.57. NMR (CDCl3)
6.71-7.10 (1H,m), 4.28-4.83 (2H,m), 3.85-4.08 (2H,m),
1.36-1.85 (2H,m), 0.23-0.50 (2H,m), 0.00 (27H,S).

0

CHy=CH-0-C~-0-CH2CH,CH2Si[08i(CH3) 313
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call ed "V2D25" nmononers, referred to above. Sone exanpl es of soft .
Rron- hydr ‘8 preolyrrer formul ations .incl lie 80 wt % V2D25;

10 MI9© ) L X in SR N2 ilox 1 Rid. 91D RIS °-thyl

vi nyl car bonat e; and 1‘117“05'_31‘@ % N- O bi s- (Vi nyI car bonyl )et handam ne.
1) 60 wt % 3- (trimet hyl sﬁ oxy) propyl vinyl car bonat e;

30 % [err] -bis(vinyloxycarbonyl) polyethyl ene gl ycol ;
5wm%1,1,1, 3,3, 3-Hexafl uoroprop-2-yl vinyl carbonate; and

5wt % Nv'i‘@yal'ﬂiéﬁ Wln@@)?tzagﬂrf@'bottom flask fitted with a magnetic

stirrer, and dropping funnel was added 5.0g (i4.1mm01) of
3-amino propyl(trimethylsiloxy)silane, 1.23g (15.6mmol) of
pyridine and 50mL of chloroform. Five minutes after adding
1.5g (14.1mmol) of vinyl chloroformate, an exotherm
resulted. The reaction.mixture was checked by gas
chromatography after 10 minutes and the starting amine was
consumed. The orgarnic phase was washed once with 100mL 2N
HC1 then dried with magnesium sulfate. The solvent was
removed on a rotary evapofator to afford 5.89 of crude brown
oil. Following chromatography (silica gel, 50% heptane 40%
methylenechloride), 5.0g (11.8mmol, 83.3%) of colorless oil
(bp 130°C, .8 Torr) was obtained. FTIR (neat, capillary)
2957.80, 1751.43, 1718.38, 1648.64, 1529.69, 1445.45,
1407.29, 1293.71, 1249.76, 1195.93, 1165.08, 1041.17, 972.34,
951.33, 833.18, 752.97, 715.26, 686.34, 656.45. NMR

(CDC1l3) 6.91-7.26 (1H,m), 4.16-4.66 (3H,m), 2.80-3.20
(2H,m), 1.20-1.71 (2H,m), 0.20-0.48 (2H,m), 0.00 (27H,S).

H

CH=CH-0-C-N-CH2CHCH2S5i [0Si(CH3)313
o
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- ié - L11) 25 wt % 3- (trlnethyI5|IyI)propyI vinyl carbonate;
I I )

64 W % 3- tris anEthyIS|ony)S|
carbanate loxycarboRylihis el e 1 wt%
2, 2- dlnethyl 1, ézbaﬁéylnyloxycarbonyloxy) ' pr opane.

To a 500mL l-neck round bottom flask fitted with a magnetic
stirrer and a condenser, was added 33.0g (123.9mmol) of
3-(trimethoxysilyl) propyl thio vinyl carbonate and 81.9g
(619.2mmol) of trimethyl silyacetate. With rapid stirring,
11.3mL of an acid catalyst prepared by mixing 23.8g
(242.7mmol) of sulfuric acid, 11.6g (251.8mmol) of absolute
ethanol and 16.5g (916.0mmol) of water) unsaturated. A
vigorous exotherm was noted. After 30 minutes the reaction
mixture was dissolved in 300mL chloroform and washed twice
with 100mL of 2 N NaOH and dried over magnesium sulfate. The
solvent was removed on a rotary evaporator and the resulting
oil was chromatographed (silica gel, chioroform). The
product was distilled (160°C, .8 Torr) to afford 25.5g
(57.86mmol, 46.7%) of a colorless 0il. FTIR (neat,
capillary) 2957.71, 1720.75, 1645.91, 1250.16, 1136.24,
1113.53, 1098.48, 1038.97, 944.04, 912.93, 833.12, 751.61,
717.00, 686.49, 658.44. NMR (CDCl3) & 6.95-7.32 (1H,m),
4.32-4.85 (2H,m), 2.63-2.88 (2H,m), 1.62-1.88 (2H,m),
0.28-0.62 (2H,m), 0.00 (27,S). '

CH=CH-0-C-S~-CH3CH,CH,Si [0Si(CH3)313

0
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_ IV) 20 W% t - butyl di net hyl si | oxyét hyl vinyl carbonate; 70 wt %

3-[tris(trinmethylsiloxy)silyl] propyl vinyl carbamate;

9 W % |\j-w4rpﬂ pyarldin i (tiane thyl il tow

2, 2-di met hyl - 1, 3- bi s(vi nyl oxycar bonyl oxy) pr opane V)

20 vvt%trirrethyIsHyI et hyl vinyl carbonate; 69 wt %

3-[tris(trinmethylsiloxy)silyl]propyl vinyl car bamat e;

%Ozvvé% N\ﬁnmxal nwolr)nal I(aimwlw ro’amm bottom mcroilzawe%flask fitted with a "
i met I SV OXYC on e

copol yrreré'ya&nd[tﬁ‘ ié‘g r%’éﬁ nosr?yratr é‘%f Sirpkety fa¢ 8F°§P?'Bgeg\lﬁﬂ?%al

pol yner i zatasoraddw detéy I(sl&;fS’Mmodh afe 3gandhablrypklowisiBrimethyt- In

general ,
formthe

$130) ST O RSB BTG B 1

chloroform. To the reactlon mixture, 1.65g (13.6mmol) of

allyl chloroformate was added dropwise resulting in a pink
color and an exotherm to near reflux. After 72 hours, the
light yellow organic phase was washed once with 100mL 2N HCI1,
once with 100mL 2N NaOH, and then dried with magnesium
sulfate. The solvent was removed on a rotary evaporator to
afford an oil. Following chromatography (silica gel, CHCljy),
the product was distilled (bp 123°C, .7 Torr) to give 4.0g
(9.1lmmol, 66.6%) of a colorless o0il. FTIR (neat, capillary)
2957.56, 1702.88, 1527.57, 1445.45, 1409.33, 1249.69,
1195.48, 1039.35, 993.11, 928.34, 833.37, 753.07, 717.02,
686.29, 656.22. NMR (CDCl3) § 5.52-6.13 (1H,m), 4.88-5.34
(2H,m), 4.36-4.80 (3H,m), 2.83-3.22 (2H,m), 1.16-2.00 (2H,m),
0.16-0.47 (2H,m), 0.00 (27H,8).

OH

CHp=CH-CH3-0-C-N-CH2CH,CH,S1i [0Si(CH3) 313
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added to the mixture. The nixture is then polymerized to formthe desired
" gopal.yner. Free radlcal catalysts are known in the art and are nostly
of two general eBi 1. ] | 1
‘photoinitiated é gelradlcal catalysts nore specifically, ultravrolet
radiation initi radi cal catalysts. Heat initiated catalysts
I ncl ude peroxides such as 2, 5-di nethyl -2, 5-bi s(2-et hyl hexanoyl per oxy)

hexane (Lupersol 256[err] Pennwalt Chem cal s), bisisopropyl peroxy-
- 14 -

To a 500mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, N, blanket, dropping funnel, and
thermometer, was added 10.0g (35.9mmol) of 1,3-bis
(4-hydroxylbutyl) tetramethylsiloxane, 6.24g (78.9mmol) of
pyridine and 100mL of chloroform. Next, 7.64g (71.8mmol) of
vinyl chloroformate was added to the mixture dropwise
producing an exotherm to 54°C. The reaction mixture was
cooled to room temperature and stirred for 19 hours. The
organic phase was washed twice with 100mL 2N HCl, twice with
100mL 2N NaOH, then dried over magnesium sulfate. The
solvent ﬁas removed on a rotary evaporator and the resulting
0il was chromatographed (silica gel, chloroform) to give
13.22g (31.6mmol, 88.1%) of a light yellow oil. FTIR (neat,
capillary) 2955.52, 1756.77, 1650.72, 1456.32, 1394.01,
1296.50, 1237.62, 1185.46, 1157.25, 1043.91, 990.80, 944,43,
868.86, 836.27, 781.65, 701.78. NMR (CDC13) ¥ 6.80-7.13
(2H,m), 4.37-4.92 (4H,m), 4.00-4.20 (4H,m), 1.55-1.88 (8H,m),
0.33-0.60 (4H,m), 0.00 (12H,S).

CH3 CHj

CH2=CH-0-C-0-CHCHCH,CHy~S1~0-Si~CH,CHCH,CHy ~0-C-0-CH=CH,

0 - CHz CHz . o
11116 Sf LL‘J 11/;8 BLt"\‘
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di carbarate, acetyl peroxide, |auroyl peroxide or benzoyl peroxide,

phet.oi nitiators include conpounds such as

2 hydr oxy423net hyV2P2sfeny| pr opan- 1- one (Darocur[err], EM Chenicals), and
the like. Di luents may be enployed in the process of polynerizing

t he-copol yners of the present invention in order to nodify the resultant
physi cal characteristics of the finished copolyner. For instance, the
conononer To et A0E@miis & nfeckp redinde ba tihpdr njekowbke fhbski Alttag wish ancl ude

shoul d e onEtiR sEiPheks, A8 o Bryag Suvel UEsHRAER, 8108 onc i i1 be
| ess t han (33 -ABrmpldnof Fadribds(4rvéopdl Pubrlsgarbapatad actual limit will
be di ct at @ tumehByialidhitbilahe, 22.159 (74.7mmol) of .

octamethylcyclotetrasiloxane was added. Then 0.679g

(0.452mmol) of trifluoromethanesulfonic acid was added to the

" reaction mixture. The reddish reaction mixture was stirred

for 24 hours, then .38g (4.52mmol) of sodium bicarbonate was

added which resulted in foaﬁing. After 24 hours a small

amount of black solids formed. The reaction mixture was

filtered through 20.0g of activated F20 alumina to give a

light yellow o0il. The 0il was heated at 80°C at .25 Torr for

3 1/2 hours to remove volatiles, giving 13.4g (5.90mmol,

49.4%) of a light yellow 0il. FTIR (neat, capillary)

2960.92, 1763.97, 1255.70, 1219.52, 1160.33, 1008.42, 946.68,

864.60, 782.03, 700.22,.686.57, 661.36. NMR (CDCl3) &

6.83-7.16 (2H,m), 4.36-4.93 (4H,m), 4.00-4.20 (4H,m),

1.16-1.91 (8H,m), .32-.62 (4H,m), 0.000 (168,S).

CH} ) CH3 CH3
‘ 4 1
CH5=CH~0-C-0-CH2CH5CH,CH-Si-0 Si-0 Si~CH2CH3CH2CH-0~C~OCH=CHy

[ ] l L] [ ] n

0] C}‘} CH3 CH3 0]

25
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.of the various conmpnoners in the diluent. In order to produce an optically
cl ear -copol yner, |t |sllnportant thatl$ phase separatlon does not_ occur

b%t ween t h%- L 2 [QE > i Q2] 2 --!‘;! fy al

copol yner . ag;igmggge as a practlcal natter the maxi mum anount of

di l uent which may be used will depend on the anDunt of swelling the diluent
causes the final copolyners. Excessive swelling wll or may cause the

copolymer to collapse when the diluent is replaced with water upon

D% T gt B oy 5L e XM YUt O g ¢

polyethylene er m xtures
oxi de/ pr op¥/ bﬁ%ebm‘?fén@mrcdmmﬁ% Yankatol dr@pRingifymnel wesr

pol yhydr oxy@d &y | 524 aer yd ﬁi@ﬁnmd}is’ﬁ(ﬁf Grﬁéﬁn’f‘et%fi?ﬁ(‘sfﬂ%z%iéi, o eya des;

ket ones; dlalk ) sul foxi des i_tol i ke These nove
copol ymer s*F#C s é %o%éal?%%ly thI‘eéS 3% m3musiesy:

when the addltlon was finished 75.0g (318.6mmol) of
N-methy1-3-aminobropyltris(trimethoxy) silane was added. To
the reaction was added 57.3g (3.186mmols) of distilled

water. The reaction was stirred for 21 days and monitored by
GC. During the 21 days 60.0g (3.33mmols) of water, 340mL
methanol, and 228.0g (l1.41lmmols) of hexamethyldisilazane were
added. The reaction mixture was reduced to 125.76g of crude
0il by rotary evaporation. The crude material was distilled
to give 62.6g (169.2mmol, 53.1%) of liquid
N-methyl-3-aminopropyltris(trimethylsiloxy)silane bp. 64"
0.125mm Hg. FTIR (neat, capillary) 2957.80, 2895.02,
2790.57, 2361.73, 1471.38, 1443.26, 1412.16, 1343.04,
1249.97, 1218.84, 1187.71, 1083.76, 833.11, 751.60, 715.03,
.686.34, 658.34. NMR (CDCljy) 2.20-2.52 (2H,t), 2.24 (3H,s),
1.13-1.66 (2H,m), 0.99 (1H,s), 0.21-0.66 (2H,m), 0.00 (27H,s).

CH3

H-N-CH,CH2CH2S51 (OSiMe3) 3
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15 ﬁ‘fa) fromlto 99 w.% of a nonomer of general formula (1) above,
and . b) fromO0.1 to 20 w.%of a crosslinking agent known in the

hlonEdlcaI material_art, or a osslinker represented by the
cheni cal fggn%|%%0mL[%Tg?ck round bottom flask fitted with a magnetic

stlrre;, condenser, nitrogen blanket, dropping funnel,
thermometer, ice-water bath was added 10.0g (27.2mmol) of
N-methyl;Saminopropyltris (trimethylsiloxy) silane, 2.37g
(30.0mmol) pyridine, and 200mL ether. Next was added 3.19g
(30.0mmol) vinyl chloroformate so that the temperature
remained below 15°C. After stirring for 18 hours~the
reaction mixture was washed with 100mL 2N HC1 and 100mL 2N
NaOH, and the organic phase was dried over magnesium

sulfate. The solveqt was removed on a rotary evaporator and
the resulting o0il was chromatographed (silica gel, methylene
chloride). The product was recovered as an oil and was
distilled (94-98°C, .lmm Hg) to yield 8.0g (18.3mmol, 67.2%
yield). FTIR (neat, capillary) 2957.78, 2900.92, 1646.60,
1461.07, 1453.17, 1424.97, 1404.46, 1376.48, 1345.30,
1308.70, 1280.62, 1250.02, 1180.15, 1151.93, 1097.66, )
1039.05, 952.11, 928.39, 833.42, 787.00, 753.10, 715.30. NMR
(2H,t), 2.78 (3H,s), 1.20-1.70 (2H,m), O.i4—0.4l (2H,m), 0.00
(27H,s).

0o

CH9=CHOCN-(CH3)3Si~ {OSi (CH3) 3] 3

CH3
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_mhenéfn: Xis -O or -NH with at |least one X being -NH; Rlerr] denotes a
mul ti val ent organic radical within the definition

4,11 -Vinvlox rbonyl-N'-[tri rimethylsilox ilvipr 1
Piperazine

¥

To a 500mL_3-neck round bottom flask fitted with a mechanical
stirrer, condenser, nitrogen blanket, dropping funnel,
thermometer, o0il bath was added 5.0 (58.0mmol) of piperazine
and 230mL o—xflene. The reaction mixture was heated to 125 +
5° and 11.0g (29.0mmol) of 3-chloropropyltris{trimethylsiloxy)
silane was added dropwise. The reaction was heated for 48
hours, cooled, and dried over magnesium sulfate. The solvent
was removed on a rotary evaporator and the resulting oil was
distilled to give the product 4.5g (10.7mmol, 18.4% yield).
FTIR (neat, capillary) 3272.01, 2955.61, 2900.63, 2805.76,
2764.47, 2363.11, 1445.48, 1411.45, 1368.66, 1342.63,
1319.87, 1249.85, 1188.87, 1144.26, 1039.34, 833.42, 751.53,
712.61, 686.39, 656.40. NMR (CDCl3) 3.60-3.93 (4H,m), .
2.06~-2.43 (6H,m), 1.66 (lH,s), 0.97-1.66 (2H,m), 0.12-0.40
(2H,m), 0.00 (27H,s).

HN ~CH,CHCHpS1 0-Si(CH3)3
\___/ 3
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of . h'given her ei nbefore, bis O or 1, and ais 2, 3 or 4.
16 , These copolyners may also contain further additives such as wetting

agents, tirgls, 2dyRs, ShCEAOLBEALNBoLRBA! £120 heckhlaitn bahbghotpeci!ic

fmterial properfies as desir g ners of present 1 nvention
are usefuFt&§rBF0n€8P§§PS&EV|6é§r°aﬁﬁ bhap ?Frc@F%Pplﬁgef%%P?lsU|ted as

thermometer and ice-water bath was added 5.0g (ll.8mmol) of
3-tris(trimethylsiloxy)silylpropyl piperazine, .98g
(12.4mmol) pyridine and 100mL ether. To the reaction mixture
was added 1.32g (12.4mmol) vinyl chloroformate so that the
temperature remained below 15°., After stirring for 18 hours
the reaction mixture was washed with 100mL 2N HCl1l, 100mL 2N
NaOH and the organic phase was dried over magnesium sulfate.
The solvent was removed on a rotary evaporator and the
resulting o0il was chromatographed (silica gel, methylene
chloride). The product was recovered as an o0il 4,0g
(8.1lmmol, 68.8% yield). FTIR (neat, capillary) 2957.40,
2900.69, 2808.30, 2770.50, 1646.32, 1460.48, 1429.87,
1373.46, 1353.45, 1334.61, 1291.27, 1249.73, 1227.01,
1187.92, 1152.02, 1100.89, 1035.50, 1000.33, 952.03, 833.45,
752.98, 712.79, 686.52, 656.44., NMR (CDCl3) 6.89-7.30
(1H,dd), 4.28-4.76 (2H,m),'3,30—3.60 (2H,m), 2.19-2.40
(2H,m), 1.21-1.63 (2H,m), 0.17-0.63 (2H,m), 0.00 (27H,s).

0

CH2=CHOEI—N | N—(cgz)s Si-{osi—(¢H3)3]3
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'coniaﬁt | ens materials. The copol yners can be fornmed into contact |enses by
many, of the techniques known in the art to be useful in contact Iens

Tree T adl ca Taia s oraeht, S IR I S0hT10 - PpcBebpaialiig, |

free radical catalysts c are
"heat cured over tinme toqwiﬂmaﬁaﬁmymerlc rods which are then cut to form
button shaped articles. These button shaped articles can then be |athed
into contact | enses. Alternately, the prepolymer m xture can be nol ded
per the nmethods disclosed in U S. Patent Nos. 4,085,459 or 4,197,266. Spin
casti ng tamhm133nmnﬂafnﬂcmozhﬂumsedthMhfUhSkpfeseéﬁ wathr samagasdisuch

ndopted & HEtaur GO e HrERonF a5 sohshepden Bienket,CazaBptRg ¢
SYNTHESI S fomnadMOBRS ice-water bath was added 15.5g (196.0mmol) of

pyridine, 100mL of chloroform, 10.0g (98.0mmol) of
2,2-dimethyl-1,3-diamino propane. After cooling to 12.5°C +
2,5°C, 20.8g (196.0mmol) of vinyl chloroformate was added so
that the temperature was maintained. When the addition was
completed, the reaction was stirred at room temperature for
one hour. The organic phase was washed twice with 100mL 2N
HCl, once with distilled water, twice with 2N NaOH, once with
distilled water, once with 100mL 2N HCl, once with distilled
water then was dried over magnesium sulfate. The solvent was
removed on a rotary evaporator and the resulting solid was
chromatographed (silica gel, ethyl acetate) to afford a white
solid (mp 92-98°C), 14.4g (59.5mmol, 60.7%). FTIR 3356.25,
3330.18, 3101.77, 3091.71, 3047.38, 2967.99, 2962.39,
2932.08, 2875;70, 1733.54, 1725.58, 1710.82, 1676.99,
1649.18, 1527.92, 1473.90, 1458.90, 1440.71, 1394.41,
1371.29, 1360.72, 1299.03, 1257.64, 1244.48, 1201.55,
1157.95, 1106.46, 1062.40, 1025.93, 998.01, 979.%7, 961.45,
951.57, 876.82, 866.36, 774.00, 720.42, 671.33. NMR (CDCl3)
6.93-7.27 (2H,m), 5.46-5.93 (2H,s), 4.428-4.86 (4H,m),
2.83-3.10 (4H,d), 0.90 (6H,s).

0] CH3 0

CH,=CHOCNHCHCCH,NHCOCH=CH

CH3
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PART' [ - SYNTHESI S OF HYDROXALKYL MONOVERS 1.0 2-Hydroxyethyl Vinyl
- Car bonat e C6H804 To a 1000nL 3-neck round bottomflask fitted with a
nagnetlc SEI . ) and a dropplng
funnel 5.09° é 1. 68 LA g LB ReE et Py ri di ne

and 500nL of chlme_bmumgm)_adﬂkdn_e To th| s

To a 250mL 3—neck'round bottom flask fitted with a mechanical
stirrer, condenser, nitrogen blanket, dropping funnel, oil
bath, thermometer was added 104.3g (1021.0mmol) _
2,2-dimethyl-1,3-diaminopropane, 29.3g (79.0mmol) of
3-chloropropyltris (trimethylsiloxy) silane. The reaction
was heated at 120°C for 3 hours and stirred to room
temperature for 24 hours. The reaction mixture was washed
with 100mL 2N NaOH then the organics were dried over
magnesium sulfate. The solvent was removed on a rotary
evaporator and the resulting oil distilled to give 23.8g
(54.3mmol, 68.6% yield) bp 100°C. FTIR (neat, capillary)
2955.72, 2807.97, 2361.44, 1614.95, 1463.73, 1409.81,
1362.71, 1249.98, 1185.85, 1039.44, 833.64, 753.04, 714.78,
686.41, 657.85. NMR (CDCl3) 2.25-2,56 (6H,m), 1.19-1.63
(2H,m), 1.06 (3H,s), 0.78 (6H,s), 0.07-0.45 (2H,m), 0.00
(27H,s).

To a 250mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, nitrogen blanket, dropping funnel, ice-
water bath, thermometer was added 6.3g (15.8mmol)
N-(2-hydroxyethyl)-3-aminopropyltris(trimethylsiloxy) silane,
1.37g (17.4mmol) of pyridine, 100mL ether. To the reaction
mixture was added 1.68g (15.8mmol) of vinyl chrloroformate so
that the temperature remained below 5°C.

THIS SHEET
HAS BE
REPLAGS BEEN

heet Has Been Replaced

T




- 17 reaction mixture 8.77g (81.66mmol) of vinyl chloroformate was
added over 20 minutes. The reaction mixture was stirred for 16 hours; The
vol une of the mixture was reduced to 75nL on a rotary evaporator and the

resi due wadthed wittibr ri@@nit cofr o lemperaberagfenuzs prases wase segacisiate.  The

‘or gani c phﬁ§%u‘ﬁ@sw@rs'€% sHeRf Qﬁ“%bhﬂﬂ‘ P'ﬁéietheﬂ-hfo@{?fbvﬁ@trlm {gopved on

a rotary evaporator, e resultin
the organics were dried over magne51um sulfate. The solvent

was removed on a rotary evaporator and the resulting oil,
4.3g, chromatographed (silica gel, ethyl acetate 20%
methylene chloride 80%). The oil recovered weighed 2.99g
(6.4mmol, 25.4% yield). FTIR (neat, capillary) 2957.62,
2899.00, 1720.60, 1702.33, 1648.'16 1470.55, 1420.23, 1373.91,
1291.12, 1249.88, 1196.62, 1152.74, 1039.27, 951.52, 833.44,
753.18, 715.26, 686.53, 658.78. NMR (CDC13) 6.85-7.20
(1H,dd), 4.20-4.69 (2H,m), 3.36-3.71 (2H,bd), 3.00-3.36
(4H,m), 1.00-1.65 (2H,m), 0.05-0.40 (2H}m), 0.00 (27H,s).
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cﬁhénatography (silica gel, gradient starting with 60% cycl ochexane 40%

¢chloroform to give an oil. The 2N HO wash was saturated with sodium
chloride and extracted three tines Wit h S0mL chloroform  The combi ned
‘chloroforqlﬁﬁtr ct N ) sulfate and flash evapor at ed
to an oil ' 3 A RRY bROgbAY L vinyd ght

yel l ow oi | . FTIE&QﬂEﬂEﬁg&aplllary) 3500 56 3477 38, 3379.94, 2960. 20,
1805. 29, 1753.69, 1650.79, 1558.65, 1540.44, 1506.71, 1481.33, 1455. 89,
1388. 72, 1373.25, 1299.19, 1244.25, 1154.19, 1067.30, 1015.59, 995.52,
969. 77, 944.14, 913.44, 875.08, 859.65, 779.15, 717.53, 684.06, 666. 45,

649. 43. MNWRa (ﬁ@@ﬂ@iﬂe)c}{ &dund B3I tbml £fakkHeML ted- wheh- Q hdEMtic
4.13-4. 37 3. 93 (2H, s). The instrunental
anal yses ﬁé?édg%33|5@&%955341Q%{BWW%MSHaPéﬁFes@h?eéaB9 BRR fol | owi ng
formul a: Yhemmometer was added 100mL ethanolamine, 20.0g (53.5mmol) of
3-chloropropyltris (trimethylsiloxy) silane. The reaction
was heated at 120°C for 4 hours then at 140°C for 1 hour.
'The reaction was cooled then diluted with 400mL distilled
water then extracted twice with 100mL ether. The combined
organics were dried over magnesium sulfate. The solvent was
removed on a rotary evaporator and the resdlting oil, 23.0g,
chromatographed (silica gel, gradient from 98.75% CH,Cl,,
1.25% EtOAc to 100% MeOH) to give 6.6g (16.6mmol, 31.1%) FTIR
(neat, capillary) 2957.55, 2898.62, 2834.28, 1453.19,
1411.46, 1249.92, 1191.11,  1039.00, 833.12, 751.49, 714.58,
686.18, 657.92. NMR (CDCl3) 3.09-3.68 (4H,m), 2.25-2.43
(4H,m), 1.17-1.71 (2H,m), 0.07-0.47 (ZH;m), 0.00 (27H,s).
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- 18%: 1.1 2-Hydroxyethyl Vinyl Carbamate Cerr]Herr]NJgerr] To
*a 500nL 3-neck round bottomflask fitted with a magnetic stirrer, '

~ Condenser , TOa bimtz-ﬁéen@aﬁﬁ&rm% d¢ 201 N el @i ¢30 ao%a%%hémml )

of ethanol e and 20
n] rrer, con enser, nitrogen blanket, dropping funnel,

ice-water bath and thermometer was added 6.3g (15.8mmol)
N-{(2-hydroxyethyl)-3-aminopropyltris(trimethylsiloxy)

silane, 1.37g (17.4mmol) of pyridine and 100mL ether. To the
reaction mixture was added 1.68g (15.8mmol) of vinyl
chloroformate so that the temperature remained below 5°C.
After stirring at rooh temperature for 24 hours the reaction
mixture was washed with 100mL 2N HCl, 100mL 2N NaOH and the
organic phase was dried over magnesium sulfate. The solvent
was removed on a rotary evaporator and the resulting oil,
4.3g, chromatographed (silica gel, ethyl acetate 20%
methylene chloride 80%). The o0il recovered weighed 2.99g
(6.4mmol, 25.4% yield). FTIR (neat, capillary) 2957.62,
2899.00, 1720.60, 1702.33, 1648.16, 1470.55, 1420.23,
1373.91, 1291.12, 1249.88, 1196.62, 1152.74, 1039.27, 951.52,
833.44, 753.18, 715.26, 686.53, 658.78. NMR (CDClj3)
6.85-7.20 (1H,dd), 4.20-4.69 (2H,m), 3.36-3.71 (2H,bd),
3.00-3.36 (4H,m), 1.00-1.65 (2H,m), 0.09-0.40 (2H,m), 0.00
(27H,s).

o

H2C=CH-0-C-0-CH2CH2~-N-CH2CH2CH2S1i (OSiMe3) 3

H
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chIOféforn1mere added: 17.44g (163. 7mmol) of vinyl chloroformte was added
"to the mxture over 20 minutes raising the tenperature to 53[err]C. The
reaction m xtu ER¥B§ oled,t ¢ C ? e“and.stlrred for 16 hour s.
The resol uti on s Sjvamm ey ‘ i - ST was
evaporated to renove solvent and the re5|dual oi | mas distilled (125[err]C

+ 5 err] ,5..089 gLar Pl , 98,8 a light yellow
oil. FTIR (neaf, caprrrary ) 288§ A§15§$05 86, 1648. 26,
1522. 62, 1458.28, 1432.05, 1403.96, 1363.49, 1339.67, 1294.21, 1244.90,
1160. 44, 1116.66, 1059.67, 1010.44, 947.03, 921.01, 861.00, 768.57, 731.09,

W SPOHEL Rlhl e i Bk 2a5i sRe b Shin o natanna 2L

with the wdﬂnmﬁnngdmmgpnng fatnnedt,urice-baehr as added 10.0g (66.6mmol)
of 4-s-butylphenol, 5.8g (73.3mmol) of pyridine and 100mL of
chloroform. To the stirred solution 7.08g (66.6mmol) of
vinyl chloroformate was added over 5 minutes and the reaction
mixture stirred for 30 minutes until pyridine hydrogen
chloride precipitated. The organic phase was washed twice
with 100mlL. of 2NHCl, dried over magnesium sulfate and the
solvent removed on a rotéry evaporator to give an oil.
Following chromatography (silica gel, toluene), 9.6g
(43.6mmol, 65.4%) of colorless o0il was obtained. FTIR (neat,
capillary) 2962.40, 2929.59, 2875.00, 1770.07, 1650.57,'
1507.20, 1456.70, 1378.92, 1298.73, 1218.82, 1201.06,
1172.56, 1128.61, 1052.11, 1016.02, 997.93, 941.57, 913.17,
874.55, 835.99, 771.64, 730.98, 707.91, 696.57. NMR (CDC13)
7.08 (4H,S), 6.90-7.23 (1H,m), 4.50—5.10.(2H,m), 2,31-2.78
(1H,m), 1.33-1.81 (2H,m), 1.16-1.23 (2H,d), 0.68-1.00 (3H,m).

. CHp=CH-0-C-0 (:::) CHCHCH3

o - CH3
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RERLACEMENT SHEET 19

JAN 1998 19 1.2
hF(Vinyloxycarbonyloxy)-pyrrolidin-2,5-dione To a 500nL 3-neck round
bottom fl ask fiutiedudhiiphansacidmvaacar §ﬁ§9ﬁ©5 nitrogen

bl anket, dropping funnel, ice- saltwater bath an her monet er were added

10.0 (87.0mml) of, N-hydroxy succinimde, 6.9g (87.0mml) of pyridine,
and 100nL tetrahydrofuran was added. To the reaction m xture 9: 25g

(87. 0mmol )0ty VisRyh, ShhAtal PoiRke tiREoR 9%k PR D8tn o magnetic
stirrer, condenser, nitrogen blanket, thermometer, dropping
funnel, ice water bath was added 7.1g (80.0mmol) of pyridine,
87.5mL of chloroform, 12.0g (80.0mmol) of 4-ft-butylaniline.
After cooling. to 12.5°C, 8.6g (80.0mmol) of vinyl
chloroformate was added so that the temperature was
maintained. When the addition is completed, reaction was
stirred at room temperature for 3 hours. The organic phase
was washed twice with 100mL 2N HCl, once with distilled
water, twice with 2N NaOH, once with distilled water, once
with 100mL 2NHC1, once with distilled water, and dried over
magnesium sulfate. The solvent was removed on a rotary
evaporator and the resulting solid was chromatographed
(silica gel, CHCl3) to give a white solid (mp 83-85°C) 14.0g
(65.1mmol, 81.4%). FTIR (KBr) 3317.67, 3248.14, 2960.58,
2903.46, 2868.29, 1718.64, 1649.04, 1615.15, 1600.07,
1543.48, 1476.36, 1460.81, 1412.07, 1363.76, 1324.04,
1301.85, 1270.05, 1244.76, 1152.47, 1123.96, 1113.56,
1064.50, 1016.24, 954.13, 858.83, 828.57, 744.72, 704.65,
681.65. NMR (CDCli3) 7.27 (4H,S), 7.03-7.40 (lH,m), 6.64-6.82
(1H,S), 4.37-4.90 (2H,m), 1.27 (9H,S).

0

(cHz) € NHCOCH=CH,
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temmrmureremunaibaowlﬂ[ar]c After stirring at room tenperature
for 18 hours the reaction mxture was washed with 100nm. 2N HC1, and 100ni
>N NaQH. The organlc phase was drled over nagne5|un1sulfate The sol vent
was renoved? ord 2 2 beer bogratlet i ng | i quid chronatographed
’(S|I|ca gel, chloroforn) to yleld 10.0g (54.0mol, 62.1%yield) of an oi
FTIR (neat, capillary) 3516.50, 3132.04, 3099.40, 3003.94, 2960. 21,

1830. 80, 1823.25, 1792.36, 1734.05, 1671.98, 1653.62, 1646.30, 1429.97,
1380.77, 1658 $0mll W86 38680 Ot ot 1¢ bk 1ALk P KIS Ognje]b":i‘b 49,
1134.29, 1087.59, 104 1005. 21, 990. 18, 948.77, 9 .86, 908.06, 897. 29,
892. 42, 8151 BHET 780 ens]%%, gENEEBOMYLT 7S #a biguRr [HIBPLTE 73-7. 09
(1H, g), 4f6dnél 24mg2Hadded 210804 4664)0mmol) of 4—;—butylcyclohexanol

5.6 (70.3mmol) -of pyridine and 100mL of chloroform. The
reaction mixture was cooled to less than 10°C and 6.8g
(64.0mmol) of vinyl chloroformate was added so that the
temperature remained below 15°C. The reaction mixture was

stirred at room temperature for 20 hours, then washed with
100mL 2N HC1l, 100mL distilled water and dried over magnesium
sulfate. The solvent was removed on a.rotary evaporator and
the resulting oil chromatographed (silica gel, methylene
chloride) to afford 7.3g (32.28mmol, 50.4%) of an oil. FTIR
(neat, capillary) 2949.85, 2867.24, 1753.81, 1650.71,
1478.96, 1468.77, 1452.57, 1393.73, 1385.90, 1361.15,
1325.03, 1296.75, 1246.94, 1193.82, 1178.29, 1155.10,
1118.52, 1106.53, 1083.32, 1041.01, 1016.58, 1005.94, 946.14,
923.71, 902.63, 867.23, 843.74, 804.43, 783.98, 758.83,
696.74, 668.14. NMR (CDCl3) & 6.86-7.22 (1H,m), 4.37-4.97
(2H,m), 1.00-2,30 (10H,m), 0.85 (9H,S).

o)
(CH3)3C 0-C-0-CH=CHy
- 48 -~ I
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{eff] | 20 1.3
N- ( |nyIoxycarbonyloxyethyl)pyrrol|d|n 2, 5-di one _
.‘ PART VI - ADDITIONAL MONOMER SYNTHESIS

6.0 l-Adamantane vinvl carbon

To a 500mL 3-neck round bottom flask fitted with .2 mechanical
stirrer, condenser, nitrogen blanket, dropping funnel, ice-
saltwater bath and thermometer was added 17.69g (116.0mmol) of
l-adamantanol, 9.3g (117.0mmol) of pyridine and 200mL
chloroform. To the reaction misture was added 12.5g
(117.0mmol) of vinyl chloroformate so that the temperature
remained below 10 degrees centigrade. After stirring at room
temperature for 18 hours the reaction mixture was washed with
100mL 2N HCl and 100mL 2 N NaOH and the organic phase was
dried over magnesium sulfate. The solvent was removed on a
rotary evaporator and the resulting white solid
chromatographed (silica gel, chloroform). The white solid
recovered 19.3g (86.4mmol, 74.5% yield) melting point 35-37
degrees centigrade. FTIR (KBr) 3430.92, 2914.51, 2855.03,
1756.33, 1651.33, 1458.19, 1321.61, 1312.23, 1296.45,
1246.83, 1160.25, 1103.75, 1082,53, 1041.68, 964.82, 892.90,
784.44. NMR (CDCl3) 6.81-7.20 (lH,dd), 4.33-4.96 (2H,m),
1.50-2.40 (15H,m)

o

0-C-OCH=CHj

- 49 -
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To a 500nL 3- neck round botton1f|ask fitted wth a mechanical stirrer,
“condenser, nhtrggg I,ce- saltwater bath, and
tﬁernnneter Wwer € ) I 35. 0 fi5°tir oxyet hyl ) su00|n|n1de
2.8g (35.0mmml) of pyrldlne and 100nmL chloroform To the reaction m xture
was added 3.7g (35.0mmol) of vinyl chlorofornate so that the tenperature
remai ned below 10[er]C. After stirrin roomtenperature for 18 hours t he
reaction ntRtfred TaBfel HPEAC 199 °th¥ﬁ§ke§kF9§ﬁnﬂ}§ﬂd@%ﬂ§$ rhical
organi ¢ phagérves, débﬁdeﬁﬁ@f nngFeﬁg@m15tﬁfE€&» d}&pﬁiﬁgﬂxunﬂwﬁdrfm@wed on
a rotary evapora ar the.resulting re | e

gel, chl orBng @agéc%é gﬁew?mc?%@élv&s %%{%&D&g&@%}g

FTIR (neat &- aépmhhaa;u)xeﬂﬁ%olo 4 1694( 90, OrirtelB) B pyk2id e élxﬁBGLSiBnL

1366. 15, 1 3 1.20, 1085. 92,
1024. 25, 1L gé“ 5%6 i g‘?égté’ec%‘@gl%‘z@e“s‘géé g%d%%%? 99, 700. 00,
661. 32. NVREPCOmmpd) rcpi vinplechborafprpate; @ thas YimH tympex adize 13
(2HM , 3. 33eRabRedZ2bbidw Zo4d.(4kERr stirring at room temperature for

18 hours the reaction mixture was washed with 100mL 2N HC1l
and 100mL 2 N NaOH and the organic phase was dried over

magnesium sulfate. The solvent was removed on a rotary
evaporator and the resulting solid chromatographed (silica
gel, chloroform). The white solid recovered totaled 12.0
(50.8mmol, 84.5% yield), melting point 44-45°C. FTIR (KBr)
3423.04, 2906.49, 2580.27, 1759.74, 1649.15, 1391.84,

1322.44, 1260.77, 1231.42, 1190.53, 1147.22, 1087.78, 982.05,.'
951.64, 938.71, 889.75. NMR (CDClz) 6.89-7.27 (1H,dd),
4.40-5,05 (2H,m), 3.75 (2H,s), 1.43-2.13 (15H,m)

0o

CH,0COCH=CH,
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[er?y.

6.2 —Adamantane Vinvyl rbon

To a 500mL 3-neck round bottom flask fitted with a mechanical
stirref, condenser, nitrogen blanket, dropping funnel, ice-
saltwater bath, thermometer was added 5.0g (27.7mmol) of
l-adamanthanethanol, 2.2g (27.7mmol) of pyridine and 150mL
chloroform. To the reaction mi;ture was added 2.95g

(28.0mmol) of vinyl chloroformate so that the temperature

remained below 10 degrees centigrade. After stirring at room
temperature for 18 hours the reaction mixture was washed with
100mL 2N HC1 and 100mL 2 N NaOH and the organic phase dried
over magnesium sulfate. The solvent was removed on a rotary
evaporator and the resulting oil chromatographed (silica gel,
chloroform). The o0il recovered totaled 27.6g (10.8mmol,
38.5% yield). FTIR (neat, capillary) 2898.57, 2846.95,
1756.14, 1648.61, 1450.70, 13%98.71, 1312.71, 1296.74,
1240.05, 1155.26, 1106,22, 1097.88, 1090.63, 975.27, 944.26,
933.77, %23.00, 900.75, 867.0, 782.34., NMR (CDCl3) 6.86-7.20
(1H,dd), 4.38-4.92 (ZH,m), 4,072-4,.37 (2H€,t), 1.33-2.18
(17H,m). _ '

o

L]

CH2CH20COCH=CH3
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21‘:}f PART |1 SYNTHESI S OF PYRRLI DI NONE MO ETY

"CCNTAINING 2.0 3-(2-Pyrrolidinon-I|-yl)propyl Vinyl Carbonate
C[erfrH[erF?%EfigﬁgEmﬁﬂi%ﬂ%Q%S@ﬁ££¥uﬁ§E¥ﬂ¥bund bottomflask fitted with a
magnetic stirrer, dropping funnel, and ice bath, 12.5g (87.3mmvpl) of .
N- ( 3- hydr oxypropyl ) -2-pyrrolidinone, 7.6g (96.0mvl) of pyridine and 100nL
of chloroformwere added. To the ice cold reaction m xture 9.3g (87.3muol)

of vinyl cHPofo?ePHat2-neek atiererd dvattdn i kagke £itAfaewithisnmesshanical

preci pi tat gtf{ r8BJ. condenser, nitrogen blanket, dropping funnel, ice-
saltwater bath and thermometer was added 10.0g (66.0mmol) of
l-adamantaneamine, 5.5g (70.0mmol) of pyridine and iSOmL
chloroform. To the reaction mixture was added 7.4g
(70.0mmol) of vinyl chloroformate so that the temperature
remained below 10°C. After stirring at room temperature for
18 hours the reaction mixture was washed with 100mL 2N HC1
and 100mL 2 N NaOH and the organic phase was dried over
maghesium sulfate. The solvent was removed on a rotary
evaporator and the resulting solid was chromatographed
(silica gel, chloroform). The tan solid totaled 5.2g
(23.5mmol, 35.6% yield). FTIR (KBr) 3435.97, 3341.23,
2919.85, 2906.82, 2852.95, 1738.71, 1718.23, 1648.31,
1522.76, 1362.95, 1347.11, 1296.03, 1280.55, 1229.09,
1188.08, 1173.23, 1131.46, 1054.34, 1044.05, 952.14, 849.30.
NMR (CDCl3y) 6.94-7.33 (1H,d4d), 4.25-4.88 (3H,m), 1.56-2.26
(15H,m).

o)

NHCOCH=CH,
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The réaction m xture was adsorbed on silica gel then purified by
¢hromat ogr aphy (S|I|ca gel, nethylene chlorlde) to glve 17 39 (81 1nnDI
93.09% of6 a4 st¥a(2cadaman R (eE Donyila AN AN 5va L@

\1676 89, 1646.83, 1566.02, 1494 64, 1463. 44, 1425. 05, 1396 11 1357. 91
1336.92, 1296.25, 1239.43, 1152.41, 1085.28, 1024.06, 998.00, 946.11,

882. 00, 761.74, 737.53, 697.39, 651. 25. NMR (CDCl[err]) 6.82-7.17 (1H, n,

4. 40- 4. 9676 2, mOmﬂ-ﬂfmécQSrd@rl‘ﬂ Mot tb £13sk/ thal, thas Fitfed W8 thbd M. The

' he fol | Qwi h I r r
spectral analg 1c s {Precgpsclosxggensé,\f',t r}uttreoge% lb(ian[}]c%tc, %rz?scaaddsetd ucture.
6.33g (41.8mmol) of 2-adamantamine, 20.7g (41.8mmol) of 20%

phosgene in toluene and 90mL of dry toluene. By means of a

heating mantle the reaction was refluxed for eight hours,
then allowed to cool to room temperature over night. To the
reaction mixture was added 5.0g (38.0mmol) of 2-hydroxyethyl
vinyl carbamate in 100mL of dry toluene. The reaction
mixture was refluxed for eight hours then cooled to room
temperature and the product was filtered and dried to give
5.49 (17.5mmol, 46.1% yield). FTIR (Kbr) 3320.53, 2911.77,
2854.81, 2708.48, 2622.82, 2587.66, 2530.60, 2062.48,
1710.68, 1648.47, 1625.62, 1604.50, 1594.43, 1514.68,
1476.34, 1453.03, 1403.83, 1363.71, 1348.91, 1323.96,
1311.36, 1295.64, 1250,12, 1185.17, 1111.58, 1056.19,
1012.80, 974.49, 949.05, 913.42, 863.76, 810.32, 769.55,
730.73, 694.94, 649.43. NMR (CDClj3) 8.54-7.54 (2H,bs),
7.33-6.96 (1H,q), 4.85-4.26 (2H,m), 3.79-3.20 (4H,m),
2.33-1.33 (15H,m).
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6.5 N,N-dimethyl vinyl carbamate

To a 100mL 3-neck round bottom flask fitted with a mechanical
stirrer, condenser, nitrogen blanket, thermometer, fritted
gas delivery tube, methanol-dry ice-bath was added 23.8g
(223.4mmol) of vinyl chloroformate, 650mL of ether. When the
reaction mixture was at -65°C a stream of dimethylamine was
added for 30 minutes. By gas chromatography the vinyl
chloroformate was consumed. The reaction was stirred to room
temperature over night. The organics were washed with 500mL
distilled water then dried over magnesium sulfate. The
solvent was removed on a rotary evaporator and the resulting
0il (20.3g) distilled to give 9.3g (80.8mmol, 36.2%). FTIR
(neat, capillary) 3091.32, 2932.23, 1712.80, 1645.80,
1520.23, 1488.98, 1445.42, 1396.96, 1370.59, 1291.08,
1275.79, 1165.47, 1144.50, 1082.71, 1042.05, 951,61, 923,80,
859.37, 835.80, 758.66, 699.77, 681.97. NMR (CDClj3)
7.02-7.33 (1H,q), 4.25-4.79 (2H,m), 2.92 (6H,s).
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2. 1"2 (2-Pyrrolidinon-1-yl)ethyl Vinyl Carbonate {err]Herr]NJerr]
- To a 250nL 1-neck .round bottom flask fitted with a nmagnetic stirrer,

dropprng feunnely, nard b 10. Qg (77.4mol ) of
N-2- (hydréﬁyet d L by 1R300 4. 7mmol ) of pyridine and 100m of

chloroform  To the ice cold sol ution 8. 3g (78.0mmol ) of vinyl
chl orof ormat e was added. The m xture was stirred for 30 m nutes, formng a

t t t t il .
BT oo 190 % AL SR o, Bot top. Lagks LYLERdTHskRup Sastebicor a
| i ght yel lstd raidr., ??dﬂdhkﬁﬁ, niﬁmdde@rb&aggﬁﬂ gdgo%§5ﬂ%ggun?679qgg% -
1646. 22, 64 . 22 , .55,
1286. 44, %5%2%13%6%5"]{‘@@ i’% p%%égsg;gm %ﬁgﬁ.t%?d?mg?@g, 979. 70,
046. 17, SPNIYBro8E7 tatr @By ADEUEA.37ALER5. Ohe 867i06was50i8801vallR
(CDC' [err]5) Zﬁﬁer(rzls Brfb1h bE L Biethy1522020mbeEhPY  c4rb8ndtddwigt M.

3. .62
;%ded and the reaction stirred for 30 minutes. To the

reaction was added 100mL distilled water then the solvent was
removed on the rotary evaporator. The residue was taken up
in ether and flltered then distilled to give an oil 2.57g
(17.9mmol, 71.8% yield). FTIR (neat, capillary) 2976.21,
2936.84, 2878.45, 1710.65, 1645.97, 1522.34, 1474.22,
1458.46, 1422.71, 1379.10, 1366.22, 1350.76, 1316.26,
1290.78, 1269.99, 1224.27, 1160.58, 1143.97, 1097.99,
1085.35, 1077.10, 1059.36, 987.36, 951.76, 858.41, 820.83,
781.32, 760.94, 699.54. NMR (CDCl3) 7.07-7.39 (1H,q),
4.31-4.89 (2H,m), 3.12-3.46 (4H,q), 1.05-1.31 (EH,t).
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23.1.70-2.50 (4H,m. Spectral analyses were consistent with the proposed
chenical structure. [err]

ADDITIORAL INTERMEDIATES

2-Bromoethyl vinyl carbonate

-~

To a 1L 4-neck round bottom flask fitted with a mechanical
stirrer, thermometer, condenser, dropping funnel and nitrogen
blanket was added 31.2g (250mmol) of 2-bromoethanol, 21.4g
(270mmol) of pyridine and 400mL of ether. The reaction was
cooled with an ice-water bath to less than 10°C then 28.8g
{(270mmol) of vinyl chloroformate was added so that the
temperature remained below 10°C. The reaction was stirred to
room temperature for 27 hours. Then the organics were washed
twice with 2N HC1l, twice with 2N NaOH, then dried over
magnesium sulfate. The solvent was removed on a rotary
evaporator and the resulting oil was passed through a short
silica gel column, to remove most of the color, to give 38.4g¢g
(197mmol, 78.8% yield). FTIR (neat, capillary) 3672.76,
3469.03, 3096.75, 2972.97, 2155.40, 2057.14, 1754.37,
1648.44, 1563.96, 1455.87, 1443.36, 1427.17, 1388.17,
1299.17, 1285.60, 1244.29, 1221.29, 1152.23, 109%5.86,
1049.38, 988.10, 940.93, 897.08, 875.78, 828.81, 778B.74,
738.01, 694.54, 663.28. NMR (CDCl3) 6.85-7.23 (1H,q),
4.40-5.10 (4H,m), 3.42-3.59 (2H,t).
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PART.I'Il - SYNTHESI S OF HALOALKYL CONTAI NI NG MONOMVERS
3.0 2,2,2-Trifluoroethyl Vinyl Carbonate Cerr]Herr]gerr] To a 2
Iltfe 4- neck round botton1f|ask fitted with a mechanical stirrer,

.condenser N, [24, X 3 anlamatiece- wat er bath, and dropplng
funnel 47.45¢g (0 6 nol es) of pyrldlne and 600nL of nethylene chl ori de was
added. The m xture was cooled to between 5 and 8[err]C, a white precipitate

To a 500mL 3-neck round bottom flask fitted with a mechanical
stirrer, condenser, nitrogen blanket, thermometer, dropping
funnel was added 19.3g (263.8mmol) of diethylaming and 250mL
of dry toluene. To the reaction mixture was added 24.7g
(131.9mmol) 6f 2-bromoethyl chloroformate. An exotherm to
40°C was noted along with the formation of a precipitate.
After 1 hour at 70°C the organics were washed with 2N HC1
then dried over magnesium sulfate. The solvent was removed
on the rotary evaporator and the resulting oil distilled to
give 6.5g (29.0mmol, 22% yield). FTIR (neat, capillary)
2973.85, 2934.58, 2875.90, 1692.95, 1478.36, 1458.21,
1422.49, 1379.09, 1365.61, 1350.53, 1314.77, 1267.60,
1224.49, 1164.67, 1093.11, 1075.29, 1003.67, 962.05, 948.43,
766.15, 647.29. NMR (CDC13) 4.23-4.49 (2H,t), 3.49-3.66
(2H,t), 3.10-3.52 (4H,q), 1.04-1.33 (6H,t).
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fornmed. Then 60.02g (0.6 noles) of 2,2,2-trifluoroethanol was added. The
teacyion was warnmed to roomterrperature for 20 hours. A precipitate

remali ned but had changed texty ere washed thrice with
.200mL" 2N HO, once with satur@ N ith 200nL 2N NaOH. The
organics were dried over magnesiumsulfate then distilled through an 8 inch
vigreux to give a<¥X§¥I¢§§ Oi )} q @l Ry TRRgract eristics (bp
107[err] C, 760.0 Torr 0 nol €, neat, capillary)
2985. 97, 1790. 03, 1653, 80, 1447, 48, 1412. 48 1386. 07, 1316.41, 1255. 45,
1185.52, 1157.41, 1098.83, 1082.16, 995.88, 962.47, 941.20, 910.72,

7.0 Propargyl Vinyl Carbonate CgHgO3

To a 500mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, nitrogen blanket, thermometer, dropping
funnel, and cooled within ice water bath was added 20.0g
(356.8mmol) of propargyl alcohol, 31.0g (356.8mmol) of
pyridine, 100mL of acetonitrile and 250mL of ether. After
cooling to 5°C, 38.0g (356.8mmol) of vinyl chloroformate was
added so that the temperature stayed below 10°C. The organic
phase was washed with 400mL 2NHCl, 200mL 2N NaOH and dried
with magnesium sulfate. The solvent was removed on a rotary
evaporator and the resulting 0il was passed through an 8 gram
silica gel pad to afford a colorless o0il 36.0g (285.5mmol,
80%5. FTIR (neat, capillary) 3297.26, 1757.06, 1652.22,
1439.81, 1386.65, 1299.36, 1152.11, 1087.82, 1016.04, 964.84,
941.81, 915.98, 879}03, 779.08, 676.61, 663.07, 656.20. NMR
(CDC1l3) 6.83-7.17 (1lH,m), 4.43-5.05 (2H,m), 4.63-4.87 (2H,m),
2.46-2.60 (lH,m).

HC=C-CH~0-C-0-CH=CHj

0
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24 - 881.10, 777.15, 694.53, 665.95. NWR (CDO[err]) [err]
6 88 7.26 (1H mM, 4.33-5.20 (4Hm . The spectral analyses wer e consi stent
mnth the follow ng structure. [err]

T VIII - OXYALKYLENE BRIDGED LINKER
8.0 1l.2-bis-(Vinvloxycarbonyloxy)ethane

To a 100mL 3-neck round bottom microware flask figted with a
magnetic stirrer, condenser, N blanket, and dropping funnel
was added 5.0g (8l.6mmol) of ethylene glycol, 12.8g
(163.0mmol) of pyridine and 50mL of chloroform. To the
reaction mixture, 17.38g (163.2mmol) of vinyl chloroformate
was added over 5 minutes. The black reaction mixture was
stirred at room temperature for 72 hours. The reaction
mixture was washed once with 100mL 2N HCl, once with 100mL 2N
NaOH and then dried over magnesium sulfate. The solvent was
removed on a rotary evaporator and the resulting oil
chromatographed (silica gel, chloroform). The product was
distilled (110°C, 5 Torr) to afford 6.5g (32.2mmol, 39.4%) of
a colorless oil. FTIR (neat, capillary) 1752.03, 1648.58,
1455.73, 1445.68, 1406.42, 1386.28, 1373.53, 1345.23,
1301.17, 1268.47, 1221.46, 1152.52, 1080.66, 1028.57,
1007.91, 941.86, 903.05, 866.96, 777.05, 696.37. NMR
(CDC13)§ 6.85-7.18 (2H,m), 4.52-5.04 (4H,m), 4.40 (4H,S).

CH,=CH-0-C-0-CH,CH2~0-C-0-CH=CHj

o o
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3. 1 2.2.2-Trifluoroethyl Vinyl Carbamate Cerr]Herr]Flerr]NJ err]
» To a 1L 3-neck round bottom flask fitted with a mechanical stirrer,
‘¢ondlenser, thernoneter, and ice water bath 32.11g (406. Ommol) of pyridine

~and 450nL of eqhes was added.. After the tenperature was stabilized at
‘12 5[ err] é -ﬂ- 5L a LGS =) d@ai YA L“LIL‘A.}::D‘ .‘ ) g N3 hyplaﬁﬂ_a@s

hydr ochl ori de was added |n ‘one portion, then the reaction was stirred to
roomtenperature for 18 hours. The organics were washed twice with 300nL 2N
HC , once with 100nL 2N NaOH, then dried with nmagnesium sul fate. The

sol vent wd® reesoved, @k naecko traisde bapdoat @l agkd fiheedewtlthi agmaghevas

43" a0 or 1 POy RO SRGT  STeanR et e Rt SekBef K1BNsy a8, 5,0

2921. 47, Zgopprdng EFramedq wascmides 10540Q. d65.6m881310£1427. 89, - 1396. 91,

1299. 01, X38%tadr1ehedfivedl, 1508943(7513kn9) of pyridine and 100mL of
chloroform. Next, was added 7.80g (73.3mmol) of vinyl
chloroformate, an exotherm was noted and the reaction mixture
was stirred at room temperature for 18 hours. The organic
phase was washed twice with 100mL 2N HCl, twice with 100mL 2N
NaOH and dried with magnesium sulfate. The solvent was
removed on a rotary evaporator to give an oil that was
chromatographed (silica gel, CHCl3) to afford an oil 2.6g
(8.9mmol, 13.5%). FTIR (neat, capillary) 2959.95, 2877.99,
1752.00, 1648.22, 1453.36, 1388.35, 1368.46, 1355.89,
1337.65, 1298.80, 1234.17, 1152.82, 1082.40, 1023.62, 943.56,
902.67, 869.75, 779.08, 697.03, NMR (CDCly) 6.98-7.63
(2H,m), 4.40-5.03 (4H,m), 4.20-4.40 (4H,m), 3.60-3.80 (48,m).

0 0
CH2=CH-0-C-O- [CHZCHZO]— C-0-CH=CHj
3
Sheet Has Been Replaced
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1023:84, 956.16, 946.33, 871.75, 830.76, 771.03, 669.23. NNR (CDCl[err])
© 6.95-7.27 (1H m, 5. 07-5.66 (1H b), 4.33-4.86 (2H M, 3.50-4.13 (2H ).

[err] 1 C26H46015

To a 500mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, nitrogen blanket, thermometer, and
dropping funnel was added 10.0g (16.6mmol) of
poly(ethyleneglycol), 3.2g (36.5mmol) of pyridine and 200mL
of chloroform. Next, 3.9g (36.5mmol) of vinyl chloroformate
in 5mL chloroform was added. A slight exotherm to 30°C was
noted. The reaction was stirred at room temperature for 48
hours and the organic phase washed twice with 100mL 2N HC1,
twice with 100mL 2NaOH, and dried over magnesium sulfate.
The solvent was removed on a rotary evaporator and the
resulting oil was chromatographed (silica gel, CHCl3) to
afford 1.3g (2.17mmol, 13.0%) of colorless o0il. FTIR (neat,
capillary) 2867.87, 1756.21, 1648.17, 1455.18, 1388.46,'
1350.26,-1298.44, 1247.57, 1083.45, 1026.37, 944.30, 871.74,
781.69. NMR (CDCl3) 6.85-7.17 (2H,m), 4.34-5.00 (4H,m),
3.60-4.35 (40H,m).

0] o O

CH2=CH~0~C-0~ [CHCH,0] -C-0-CH=CHj
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3.2 1,1, 3, 3, 3- Hexaf | uor oprop-2-yl Vinyl Carbonat e

“errlHerr]Flerr](err] To a 1000mL 3-neck round bottom flask fitted
Wthdnm@mma<wL1rvﬁ kboRi b 5O the ter,
dr oppi ng funnel, | ce-wat er g i ne and

600nL net hyl ene @WI&PPJ@xmaéogﬁded After cooling to 5C + 2C[err] 53.3g
(500. Ommol ) of vinyl chloroformate was added while maintaining the
tenperature. A white precipitate fornmed i nmediately. When the addition was
conplete, 92.4g (550.0mpl) 1,1,1,3, 3, 3-hexafl uoro-2-propanol was added.
The reacti 39 #as08mir Bedeak roundt baptomt fitask ofitiBedowish TheeOrgabESsSs

5 ce:cold
oo arohe At hehhoBAREL, SseFohln h Rkec RN Ry L oL LY
8 inch water bath and thermometer was added 20. 0g (47.0mmol)
polypropylene glycol (mw 1000) 7.6g (96.0mmol) of pyridine
and 200mL chloroform. To the reaction mixture was added
10.2g (96.0mmol) of vinyl chloroformate so that the
temperature remained below 10 degrees centigrade. After
stirring at room temperature for 48 hours the reaction
mixture was washed with 100mL 2N HC1,100mL 2 N NaOH and the
-organic phase dried over magnesium sulfate. The solvent was
removed.on a rotary evaporator and the resulting oil
chromatographed (short column silica gel, chlorform). The
0il recovered weighed 14.6g (25.9mmol, 55.0% yield). FTIR
(neat, capillary) 3096.15, 2973.01, 2534.02, 2870.93,
2335.49, 1754.56, 1648.30, 1568.82, 1453.53, 1375.64,
1349.76, 1296.84, 1249.99, 1152.61, 1083.39, 1051.95,
1018.85, 944.06, 923.43, 908.46, 868.85, 783.82, 697.48,
668.50. NMR (CDCl3) 6.86-7.23 (2H,dd), 4.61-5.06 (4H,m},
3.33-3.76 (21H,m), 1.03-1.43 (21H,m).

o) 0
CHy=CH-0-C- |0-CH-CH; | -0-C-0-CH=CH,

CH3

Where N is an average value that gives the polypropylene
glycol moiety an average molecular weight of about 1000.
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vigEEUx to give a colorless oil (bp 97[err]C, 760.0 Torr), 21.5g (90.3mol,

£ 18.1%9. FTIR (neat capillary) 2980.79, 1782.53, 1654.02, 1383. 67 1363. 76,
1309 32, 1 98 6 . 6. , 21.71, 936.52, 922.78,

905. 85, 887:05, —866B¢ - Lhydane &3qel 1) [err]

6.83-7.23 (1H, n)HTWSaEﬁréx%lQQH n, 4. 56-5. 23 (2H M. [err]

- 26 -

To a 500mL 3-neck rouﬁd bottom flask fitted with a mechanical
stirrer, condenser, nitrogen blanket, dropping funnel, ice-
saltwater bath and thermometer was added 20.0g (20.0mmol)
polyethylene glycol (mw 1000), 3.5g (44.0mmol) of pyridine,
200mL chloroform. To the reaction mixture was added 4.7g
(44.0mmol) of vinyl chloroformate so that the temperature
remained below 10°C. After stirring at room temperature for
48 hours the reaction mixture was washed with 100mL 2N HCl
and 100mL. 2 N NaOH and the organic phase was dried over
magnesium sulfate. The solvent was removed on a rotary
evaporator and the resulting low melting solid weighed 18.0g
(16.0mmol, 79.9% yield). FTIR (neat, éapillary) 3477.73,
2868.36, 2360.96, 1959.64, 1758.88, 1725.44, 1648.24, '
1465.99, 1453.61, 1388.65, 1358.03, 1342.58, 1298.64,
1255.02, 1142.06, 1100.49, 1060.10, 944.47, 872.48, 841.08,
782.12, 756.09, 730.85, 699.44. NMR (CDC13) 6.83-7.20

. (2H,dd), 4.40-4.96 (4H,m), 3.58 (88H,s).

0 0o

CH2=CHOCO(CH2CH20) COCH=CHp

Where N is an average value that gives the polyethylene
glycol moiety an average molecular weight of about 1000.

i i
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3. 3 2,2,2-Trifluoro-I|-phenyl ethyl Vinyl Carbonate
C[err]H[err]F[err]C{err] To a 250nL round bottomflask fitted with a
“irechani cal stlrrer condenser n|trogen bIanket t hernoneter, ice-water
bath, and JBAREI 1 EST i f iR ROSSLI
trifluoroethanol, 7. 6g (71 OnnDI) trlethylan1ne and 100nL ethylether was
added. After coollng to 12. 5 err]C err 3[err]C 7. 6g (71 Ommol ) of
vinyl chl 8r Bf ofwArRiRgEh¥dndadahiEa (Vi 2 S .20k 2 ,

reacti on m xture was flltered to renove trlethylan1ne hydrochlorlde The
filtrate was washed twice with 2N HCL, once with distilled water then dried
w th magnesi um sul fate. The sol vent was renoved on a rotary evaporator and
t he crudeToi b Ha6mii 8tnktkdrooungdi bettormof adlessi tdidd Wik evagr@t it 5

Torr), 12539r£é9;GEHBhenggrggﬁhermometer, ice-water bath, and dropping
funnel was added 20.0g (192.0mmol) of 2,2—dimethy1;1,3—
propaneidiol, 16.7g (211.2mmol) of pyridine and 200mL of

chloroform. To the reaction mixture was added 20.45g
(192.0mmol) of vinylichloroformate was added over 20

minutes. After 1 hour, the reaction was allowed to warm to
room temperature for 20 hours. The organic phase was washed
twice with 100mL 2N HC1l, twice with 100mL 2N NaOH and then
dried over magnesium sulfate. The solvent was removed on a
rotary evaporator to afford an oil. Following chromatography
(silica gel, 80% heptane, 20% methylene chloride) 6.4g '
(26.2mmol, 13.6%) of colorless oil was obtained. FTIR (neat,
capillary) 2970_.57, 1754.14, 1650.67, 1566.46, 1540.34,
1476.77, 1406.71, 1386.46, 1375.68, 1299.22, 1227.23,
1152,73, 1085.68, 1054.54, 1020.91, 961.81, 941.38, 871.66,
779.08, 696.42. NMR (CDCl3) ¥ 6.80-7.18 (lH,m), 4.45-4.98
(2H,m), 3.98 (4H,S), 1.04 (6H,S).

CHj

CH5=CH-0-C-0~CH~C-CHy-0-C~-0-CH=CH3

0] CHj3 0
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FTIR.-(neat, capillary) 1800. 23, 1767, 51, 1733.45, 1653. 30 1558. 52,

» 1499. 70, 1458. 25, 1383 98, 1355.92, 1312.00, 1301.65, 1273.65, 1241.93,

1208. 55, 1182.79, 1. 72 998 938. 91,
.928. 82, 91% i? g 34 94 : 56 BYED7. céﬁ&l KIX][err])
[err] 7. 30 (5H S), 6. 76 7.03 (lH n) 5. 66- 6. 00 (IHmM, 4.36-9.33 (2H, m.
[err]

10

To a 250mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, thermometer, nitrogen blanket, dropping
funnel and-an ice-water bath was added 27.2g-(344.0mm01) of
pyridine, 10.0g (164.0mmol) of aminoethanol and 100mL of
ether. Next, 36.7g (344.bmm01) of vinyl chloroformate was
added so that the temperature remained below 15°C. The
reaction was stirred at room temperature for 72 hours and
50mL acetonitrile and 5.0g (50.0mmol) of vinyl chloroformate
were added. The mixture was stirred 24 hours and the organic
phase washed thrice with 100mL 2N HCl, twice with 100mL
distilled water, thrice with 100mL 2N NaOH, twice with 100mL
distilled water, once with 100mL 2N HCl, once with 100mL
distilled water and then dried with magnesium sulfate. The
solvent was removed on a rotary evaporator to give a solid
which was chromatographed (silica gel, CHCl3) recrystallized
(toluene: heptane, 2:8) to afford a white solid (mp 45-46°C),
9.4g9 (46.7mmol, 27.2%). FTIR (KBr) 3507.66, 3318.44,
3124.82, 3047.20, 2998.82, 2967.94, 2952.25, 2849.60,
2754.60, 1761.20, 1734.02, 1707.59, 1679,14, 1650.9%91,
.1540.99, 1465.42, 1433.12, 1399.05, 1383.81, 1368.76,
1306.65, 1275.59, 1173.28, 1156.81, 1116.49, 1088.57,
1033.54, 1008.11, 964.70, 948.83, 928.54, 902.88, 887.36,
877.39, 850.91, 782.45, €699.45, 699.43. NMR (CDClj3)
6.83-7.32 (1H,m), 5.06-5.43 (1H,S), 4.37-5.06 (2H,m),
4.27-4.36 (2H,m), 3.30-3.70 (2H,m). '

o o

CHo=CHOCNHCH,CH,0COCH=CH
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- 2% = PART |V - SILI CON CONTAINING MONOVERS 4.0
. TrlnethyIS|IvInEthyI Vinyl Carbonate Cerr]JHerr]Jerr]Si To a 250nL
3- neck rou of t flask fltted Wth a magnetic stirrer, condenser,

b
nitrogen b?a%k L) LS PSRN "1 , O RAEDONY Mo -n.ed 3. 89

(48.0nmml ) of pyrosidmedifwindOnl of ctqﬁg The m xture was cooled to
12C + 3[err]Cwth an ice-water bath {g§¥?33 (48. 0nmmol ) of

trimethylsilyl nmethanol then 5.1g (48.0mml) of vinyl chloroformate were
slowy added so that the tenperature was maintai ned. The

To a 250mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, thermometer, nitrogen blanket, dropping
funnel, and ice-water bath was added 15.5g (196.6hm01) of
pyridine, 100mL of chloroform and 10.0g (98.0mmol) of
2,2-dimethyl-1,3-diaminopropane. After cooling to 12.5°C +
2,5°C, 20.8g (196.0mmol) of vinyl chloroformate was added so
that the temperature was maintained. When the addition was

complete, the reaction was stirred at room temperature one
hour. The organic phase was washed twice with 100mL 2N HC1,
once with distilled water, twice with 2N NaOH, once with
distilled water, once with 100mL 2N HCl, once with distilled
water and then dried over magnesium sulfate. The solvent was
removed on a rotary evaporator and the resultihg solid wés
chromatographed (silica gel, ethyl acetate) to afford a white
solid (mp 92-98°C), 14.4g (59.5mmol, 60.7%). FTIR 3356.25,

~ 3330.18, 3101.77, 3091.71, 3047.38, 2967.99, 2962.39,
2932.08, 2875.70, 1733.54, 1725.58, 1710.82, 1676.99,
1649.18, 1527.92, 1473.90, 1458.90, 1440.71, 1394.41,
1371.29, 1360.72, 1299.03, 1257.64, 1244.48, 1201.55,
1157.95, 1106.46, 1062.40, 1025.93, 998.01, 979.97, 961.45,
951.57, 876.82, 866.36, 774.00, 720.42, 671.33. NMR (CDCl3)
6.93-7.27 (2H,m), 5.46-5.93 (2H,S), 4.428-4.86 (4H,m),
2,83-3.10 (4H,d), 0.90 (6H,S).

(8] - CHg 0]

CHo=CHOCNHCH2CCHoNHCOCH=CHo

CHj
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_codkhﬁg bath was renpved and the reaction mxture was stirred for one hour.
* The organi cs were washed four times with 100nL 2N HO, twice with distilled

ter .and {hen driced. nesi.um sul fate. The sol vent was renoved under
?2duced prgégurg k_819¥% & '351 B g s passed through silica gel to
give 4.8g (27.56mml, 57.1% of colorless oil. FTIR (neat, capillary)
2958. 37, 1754.67, 1648.09, 1420.24, 1383.80, 1302.02, 1226.95, 1155. 20,
1085. 49, 944.10, 913.47, 840.69, 779.53, 735.76, 669.81, 668.88. NWR

(cod [err] o[ 8r PPOBL73-Regk ropndnpothomstlask {otbed whtl3a (meytio. 00

(9H S). [sthikrer, condenser, nitrogen blanket, dropping funnel,
thermometer was added 5.0g (43mmol) of 1,6 diaminohexane,
7.12g (90mmol) of pyridine, 100mL anhydrous aceténitrile,
100mL ether. After the starting material was dissolved 9.26g
(87mmol) of vinyl chloroformate was added over 20 minutes an
exoterm was noted, and a precipitate formed over 18 hours.
The solvent was removed on a rotary evaporator and the -
residue was dissolvéd in methylene chloride, washed with 2N
NaOH, thrice with distilled water then dried with magnesium
sulfate. The solid was coated on silica gel and
chromatographed (97% CH;Cly, 3% ETOAc) to give a solid that
was dissolved in methylene chloride and slowly added to
stirred heptane. The solid recovered was dried to give S.7g
(22.2mmol, 51.7% yield) melting point 94-98°C. FTIR 3333.74,
3086.01, 3032.62, 2947.83, 2886.20, 2857.98, 1713.28,
1682.02, 1648.85, 1528.09, 1476.87, 1465.92, 1339.48,
1294.01, 1259.77, 1224.55, 1156.32, 1051.88, 1001.10, 954.5,
875.05, 866.57. NMR (CDClz) 7.00-7.34 (2H,q) 4.62-5.13
(2H,bs), 4.29-4.75 (4H,m), 2.91-3.33 (4H,q), 1.31 (8H,bs).
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- 28, 4.1 Trimethylsilylethyl Vinyl Carbonate

\C[err]H[err]C{err]Sl ‘To a 250nL 3-neck round bottomflask fitted with a
‘maghetic stirrer, condenser, nitrogen bl anket, dropping funnel, and

\‘thernnnet rg\Wag, ggggg 2984 $5; o pyrldlnke then | 00nL of
chloroforﬁ1 Th ¥ 88t .él a{% err]C+ 3Cerr] with an ice-water

bath. Next 10.Qg (85.0mmol) of trinethyIS|IyI

To a 500mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, nitrogen blanket, dropping funnel,
thermometer was added 5.0g (34.6mmol) of 1,8 diaminooctane,
6.1g (76.1lmmol) of pyridine, 100mL anhydrous acetonitrile,
100mL ether. After the starting material was dissolved 8.0g
(87mmol) of vinyl chloroformate was added over 20 minutes an
exotherm was noted, and a precipitate formed over 18 hours.
The solvent was removed on a rotary evaporator and the
residue was dissolved in methylene chloride, washed with 2N
NaOH, thrice with distilled water then dried with magnesium
sulfate. The so0lid was coated on silica gel and
chromatographed (97% CH;Cl;, 3% ETOAc) to give a solid that
was dissolved in methylene chloride and slowly added to
stirred heptane. The so0lid recovered was dried to give 6.7g
(22.1mmol, 64.1% yield) melting point 83-88°C. FTIR 3336.20,
3086.75, 3032.18, 2996.55, 2942.19, 2926.73, 2872.60,
2855.14, 1709.82, 1676.68, 1649.06, 1530.29, 1478.71,
1464.03, 1362.59, 1308.80, 1257.38, 1252.87, 1213.85,
1168.05, 1083.04, 1062.73, 1031.76, 956.24, B74.73, 861.46.
NMR (CDCl3) 6.95-7.34 (2H,q), 4.62-5.13 (2H,bs), 4.29-4.75
(4H,m), 2.97-3.30 (4H,q), 1.31 (10H,bs).
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ethéﬁol and 9.01g (85.0mml) of vinyl chloroformate were added so that the
temperature was mai ntai ned. The cooling bath was renoved and the reaction

M xture was stirred garT one. Iy R I BRIDGEDhERE sNwagiked four tines
‘Wi th 100nL 2N HCQ, twice with distilled water then dried over nagnesi um
sul fate. The sol vent was renoved under reduced pressure to give an oil. The

oil was passed through silica gel to give 6.0g (31.9nnDI, 37.5% of

col orl ess 7 6, 456. 39,
1414. 83, l§8g %W% = 2, -84,

1043. 84, 1026. 6BENbARE56, 918. 4631856FeAs 832. 97, 784.30, 767.03, 694.35,
663.60. NVR (CDCl [err]) 680713(1Hrr)‘442491(2Hrr) 4.03-4. 40
(2H,n), 0.87-1.15 (2H,n), 0.00 (9H,S). [err]

To a 500mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, nitrogen blanket, thermometer, dropping
funnel, -and ice-water bath was added 12.3g (155.5mmol) of
pyridine and 200mL of methylene chloride. After cooling to
5°C + 2C° add 16.57g (155.5mmol) of vinyl chloroformate was
added so that the temperature was maintained. A white
precipitate formed immediately. When the addition was
complete, 15.0g (70.7mmol) of 2,2,3,3,4,4-hexafluoro-1,5-
pentaneidiol in one portion as a slurry with 250mL methylene
chloride was added. The reaction was allowed to warm to room
temperature for 18 hours. The organics were washed twice
with 250mL of 2N HCl1l then dried with magnesium sulfate. The
solvent was removed on a rotary evaporatbr to afford 24.7g of
a straw 0il. Following chromatography (silica gel, toluene),
21.8g (61.9mmol, 87.6%) of colorless 0il was obtained. FTIR
(neat, capillary) 3102.29, 2983.43, 1767.41, 1651.43,
1442.83, 1404.75, 1303.52, 1247.26, 1151.88, 1125.91,
1095.64, 1031.24, 1005.65, 985.71, 939.37, 882.43,_776.53.
697.20, 673.23, 650.18. NMR (CDCl3) & 6.83-7.26 (2H,m),
4.30-5.23 (8H,m). '

CH=CH-0-C-OCH,CF 2CF2CF 2CH,0-C~CH=CH;

0 ")
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- 29.°- 4.2 3-(Trinethylsilyl)propyl Vinyl Carbonate
C[err]H[err]C{err]Sl To a 500nL 3-neck round bottomflask fitted with a

nagnetlc

COPOLYMER FILM EXAMPLES
A, ROGEL MATERIAL

Soft hydrogel copolymers of the present invention were
produced by copolymerizing a monomer of the formula

H

CHy=CH-0-C-N-CH,CH,CH,Si [OSi ( CH3)3J 5
0

with N-vinylpyrrolidinone (NVP), and the crosslinker monomer
1,5-bis—(vinyloxycarbonyloxy)-z,2,3,3,4,4;hexac1uoropentane,
in the presence of a nonreactive diluent and a UV

irradiation, free radical. initiator in the following weight

ratios:
hydrophilic
ilm monomer NVP X-linkers .%H,0 Dkxlp-11
1 22.5 65.0 2.5 73 45
2 62.5 25.0 2.5 19 .91
3 64.5 24.7 0.5 25 g7
4 23.5 45.0 1.5 63 41
5 53.5 25.0 1.5 27 78
6 42.5 25.0 2.5 33 65
7 2.5 65.0 2.5 85 56
8 23.5 65.0 1.5 77 51 -
g9 44.5 45.0 0.5 58 46
10 21.5 64.7 0.9 80 49
11 43.1 43.1 0.9 53 47
12 64.7 21.5 0.9 23 115
13 32.5 45.0 2.5 51 37
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stirrer, condenser, nitrogen bl anket, thernmoneter, and dropping funnel was
.added 25. 0g (189nnn|) of trlnethyIS|IyI 3-propanol, 16.45g (208mmol) of
_pyrldlne and 175nL of toluene. In one portion, 22.1g (208mmvl) of

vi nyl chl orof ormate was added.to the reaction mixture. An exothermto
73[err] C was Heesel. fﬂhmsﬁwﬁterer&E@rQﬂ|hYenidﬁGMQBth@uP§e@plvm§Wltenperature

then at Wﬂﬁi&fﬂét@eéﬂuéﬁaéé‘g%lé’é cg%gatleygggr%uraeqfe@rlo;,& hours. The
organi ¢ phasge was washed then wth 250m. 2N NaOH3 and t he

organi ¢ pREEEPRETRY %?%e'ﬁa@ﬂ%s‘l’%?ﬁsqﬂf’aﬁré’ iateds SoFerdt DRUSSremdPEd on a
rotary evepnpbéorwene thenrpsepited o piiyastndalled:htaaag:lt\éelaae:@bﬂrl ess oil

(bp 115[err] 35. To 14. 7 1,27 8.5%. .FTIR (ne | I ary)
2955. 00, 289%’}‘151%{58‘3”6%?‘3’5%3‘5%2%?’[%ﬁé”erﬁ%‘: mli‘%%“‘?%’“gl ¥hz 72
1391. 72. £65Dowlng 1868t Sprodederdd; 1190.91. 1157.19. 1090. 25 1057. 10,
1031.32. 995.02, 944.19, 902.70, 856.58, 833.86, 782.42. 753.39 691.98.

NVR (CDO [err]) [err] 6.86-7.18 (1H,m), 4.36-4.88 (2H. ), 3.96-4.18
(2H, ), 1.40-1:91 Temskje stmengtlss(q/mnty) arg oodudMsspf elasticity

were measured per ASTM test method D1708.

2. Elongation was measured per ASTM 1708.

3. Initial tear strength and propagation tear strength
were measured per ASTM 1438.

4. Oxygen permeabilities were measured by the method
reported by Relojo, M. et al in Contact and Intraocular Lens
Medical Journal, Vol. 3, issued p. 27 (1977) and edge effects
were accounted for per the methods described by Fatt, et. al.
in International Contact Lens Clinic, v. 14, p. 389 (1987).

5. Water content is measured per a gravimetric method.

6. Refractive index was measured per typical methods on
hydrated samples using a refractometer.

The physical characterization of these films is reported
in the following table.

Tear (initial/

i Modulus ' Tensile Elongation propagation)
Film {g/mm2) (g/mm2) % (g/mm<)

1 38 15 60 1.4/1.0

2 970 . 170 130 52/52

3 203 77 330 56/56

4 52 28 70 1.4/1.4

5 370 100 160 30/30
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_ CH[éF?]:C}+C)C}C)C}{err]CH[errCH[err]Si(CH[err])[err]

-, 30,

L

6 262 72 90 17/17

7 27 7 42 y

8 17 13 120 1.1/1.0
9 18 20 280 6.5/6.5
10 72 43 75 0.8/0.6
11 49 27 180 -/5.5
12 430 110 200 -/46
13 . 86 40 70 3.2/3.1

As can be seen, all of the above film samples meet the
general requirements for a hydrogel contact lens material.

B. RD NTACT LEN TERIAL EXAMPLE

Hard, .gas permeable contact lens materials were made
using the novel vinylcarbonate functional monomers described
herein by polymerizing 1,1,1,3,3,3-hexafluoroprop-2-yl vinyl
carbonate (hfpvc)

CF3

CHo=CH-0-C-0-C-H

6] CF3

with a variety of hydrophilic monomers and crosslinkers, suéh
as those known in the prior art and the preferred hydrophilic
monomers and crosslinkers disclosed herein.

Other materials can be made by substituting the
1,1,1,3,3,3-hexafluoroprop-2-yl vinyl carbonate monomer with
a fluoroalkyvinyl carbonate or carbamate monomer preferably
chosen from the group consisting of trifluoroethyl binyl

- 72 -
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4. 3 t-Butyl di net hyl sil oxyethvl Vinyl Carbonate C[err]H[err]C{err]Sl To
_500nL 3-neck round bottom fl ask fltted with a magnetic stirrer, condenser

“nltrogen bl anket, thernoneter, g funnel, and ice-water bath wa
added 19. 88TP2RELSMKSERVED it érlﬁ‘Paﬁyl(HFﬁﬁtlﬁymﬁFBQ?YE‘PH/')'e%eél§/c%l4 ‘%rsg
(112. 3nnvhkxet1a¢&b§eneaa@d(&Q@ﬂhcqf ahbep,2, ALt e £TOLO6ND-pRedPlEERYL +
5C, 11. 969 % iz 3ngoﬁét chlorofornate was added dropw se so that
thetenpeéﬁ ¢ ° 'A precipitate was

Films were made by the general method described in the

hydrogel film example. The films were polymerized from
monomer mixtures with the following formulations.
film #14: 65 wt% hfpvc
30 wt% 3-[tris(trimethylsiloxy)silyl]lpropyl
vinyl carbamate
5 wt% hfpdvc and about
0.5 wt% free radical initiator

film #15: 65 wt% hfpvc
30 wt% 3[tris(trimethylsiloxy)silyl]lpropyl
vinyl carbonate and
0.5 wt% free radical initiator

film #16: 65 wt% hfpvc
30 wt% 3-[tris(trimethylsiloxy)silyl] propyl
vinyl carbamate
4.0 wt% 2,2-dimethyl-1,3-bis(vinyloxycarbonyl-
oxXy)propane
0.5 wt% free radical initiator

£ilm #17: 60 wt% hfpvc
25 wt% 3[tris(trimethylsiloxy)silyl] propyl
vinjl carbonate
5 wt% V3 D3s
5 wt% 2,2-dimethyl-1,3-bis(vinyloxycarbonyl-
oxy)propane
5 wt% N-vinyl-2-pyrrolidinone
0.5 wt% free radical initiator
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.forhéa and the reaction was stirred to roomtenperature over 16 hours. The
© of gani.c phase was washed twice with 100nmL 2NHC, twice with 100nL 2N NaCH
then dried ovefidmgRa8iiumbOumitét 8fp¥he sol vent was flashed off on a rotary

‘evaporator and the result bRkl 2¥WaS s ortyehro ogr aphy
colum (silica gel, chlorg?or§$ ?gegﬁggﬁggg%%“%ﬁ%%?%%%ﬁ?}{%¥f§58P% cl ear
liquid. FTIR (neat, capi VRB¥Y)Cpgbgnabe 2929. 89, 2857.80, 1759. 76,

1651. 09, 1743.16, 1463.41, 51388. ¢ ,D%g73.24, 1362. 91, 1339.85, 1298. 68,
1239. 45, 1159.95, 1136 18, 11%9.33 84.87, 1026.06, 1005.69, 944. 16,

902. 24, 869.65, 828.32, 812 ¥8*® BFRAYE 714 82, 682.03, 661.17. NMWR
(CDCl[err])86.78-7.12 91H, b) wt%. B5vinP3B-22pr ol ZdDPorde 26 (2H, n), 3.60-3.83

(2H m 0.82. (9H 9), 0'000§§Fb§%'frégr£ldical initiator -

. film #19: 60 wt% hfpvc
25 wt% 3-(vinyloxycarbonylthio)propyl-[tris
(trimethylsiloxy)silane]
5 wt% Vy Dys
5 wt% hfpdvc
5 wt% N-vinyl-2-pyrrolidinone
0.5 wt% free radical initiator

£ilm #20: 60 wt% hfpvc
25 wt% 3-tris(trimethylsiloxy) propylsilane
allylcarbamate
5 wt% V, Dosg
5 wt% 2,2,3,3,4,4-hexafluoro-1,5-pentane
dinvinylcarbonate
5 wt% N-vinyl-2-pyrrolidinone
0.5 wt% free radical initiator

The physical characteristics of these films as measured
are reported in the following table.

. . modulus tensile 02 Perm
ilm (g/mm2) (g/mm2) % elongation x 10-11
14 75000 1250 14 130
15 82000 1500 13 140
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- 3i* 4.4 3-[Tris(trimethylsiloxy)silyl] propyl Vinyl Carbonate

'QHUHMH]QHHSHHH

16
17
18
19
20

80000
73000
85000
84000
101000

2100 8 130
2000 8 120
1600 16 130
1800 7 100
2500 7 100

All of these films are acceptable as hard gas permeable

contact lens materials,

C. SOFT NON-HYDROGEL MATERIAL EXAMPLES

A series of films were made by the general film casting

technique described in the hydrogel materials example except
that prepolymer mixtures for the various films were employed

as hereinafter disclosed.

film #21:

film #22:

50 wt% 3-(trimethylsilyl)propyl vinyl carbonate
35 wt% 3-[tris(trimethylsiloxy)silyllpropyl
vinyl carbamate

10 wt% N-vinyl-2-pyrrolidinone

5 wt% 2,2-dimethyl-1,3-bis(vinyloxy-
carbonyloxy)propane

0.5 wt% UV free radical initiator

25 wt% 3-(trimethylsilyl)propyl vinyl carbonate
64 wt% 3-[tris(trimethylsiloxy)silyllpropyl
vinyl carbamate
10 wt% N-vinyl-2-pyrrolidinone

1 wt% 2,Z—Gimethyl—l,3—bis(viny15¥ycarhonyl—
oxXy)propane

0.5 wt% UV free radical initiator
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To'é“iOOnL 3-neck round bottomflask fitted wwth a nmagnetic stirrer,
“dropping funnel, thernoneter, and condenser, was added 9.5g (38.0mmmol) of

3-(trinmet hoxysdsyl) opy, Wl anat nd.16.6 125. 3 1) o
ttimet hyl si | ylsf-llﬁce%%'e. Jlgo\qt{?l/sf—?(rett;rclﬂeéﬁ’yﬁisﬁl&agp%gi’yid(‘,fég‘g'g. EBHE%F*:S
catal yst prepared by ni xi4fg wt& Sy (L2243 (tmiwlet hyfl ssdbky) isd 1gdilg@rop¥16g

(251.8mml ) of absol ute &ifiafolcAWhnERre2d (916. Omol) of water. The
addition took twenty m nytes and an 8C exot herm was noted. The reaction was

allowed to stir at room't MM viay 1r@-pysre 1AAdneae then diluted with

200mL of chlorof orm washed vit4 g 2idikmekd! 12,bl-m9dviﬂpdoﬁsr'bs%exgﬁ-
magnesi um sul fate. The sqlvent was renoved on a rotary evaporator 1o give
15.3g of crude oil. FoII@ﬁygfﬁﬂﬂﬁ@ﬁhtography (silica gel, 80% Heptane, 20%
met hyl ene chloride) the @.5 wt$ divstfirieleed agipal2®heeih€or0-8 Torr), 3.5g
(8.24 mol, 21.7%. FTIR (neat, capillary) 2958.06, 2898.76, 1762. 06,
1650. 84, 1543. 76, 1393.82, 1319.20, 1298.62, 1245.44, 1199.11, 1160. 19,
1041. 77, 975. fAlm #2432, S#3wth2 3-18ximethy338i08]1)F1dp82, v68§178arb68a6d .

NVR (CDCl [err]) 35 wt% 3-[tris(trimethylsiloxy)silyllpropyl
vinyl carbamate
10 wt% N-vinyl-2-pyrrolidinone
1 wt% 2,2-dimethyl-1,3-bis(vinyloxycarbonyl-
oxy)propane
0.5 wt% UV free radical initiator

£ilm #25: 65 wt% 3—(triméthylsily1)propy1 vinyl carbonate
25 wt% 3-[tris(trimethylsiloxy)silyl]lpropyl
vinyl carbamate
10 wt% N-vinyl-2-pyrrolidinone
1 wt% 2,2-dimethyl-1,3-bis(vinyloxycarbonyl-
oxXy)propane
0.5 wt% UV free radical initiator

film #26: 40 wt% 3-(trimethylsilyl)propyl vinyl carbonate
40 wt% 3-[tris(trimethylsiloxy)silyllpropyl
vinyl carbamate
20 wt% N-vinyl-2-pyrrolidinone
1 wt% 2,2-dimethyl-1,3-bis(vinyloxycarbonyl-
osy)propane
0.5 wt% UV free radical initiator
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6. 71-7.10 (1H N,
©'Q.23:0.50 (2H, M),
32

L

4.28-4. 83 (2H, m, 3.85-4.08 (2H mM, 1.36-1.85 (2H M,
0.00 (27H,S). [err]

4.5 3-[Tris(trinethy|$iony)silyl]propyl Vi nyl Car bamat e

film #27:

£ilm #28:

£ilm #29:

film #30:

34 wt% 3~-(trimethylsilyl)propyl vinyl carbonate
34 wt% 3-[tris(trimethylsiloxy)silyl]propyl
vinyl carbamate
30 wt% N-vinyl-2-pyrrolidinone

1 wt% 2,2-dimethyl-1,3-bis(vinyloxycarbonyl-

oxy)propane -

0.5 wt% UV free radical initiator

28 wt% 3-(trimethylsilyl)propyl vinyl carbonate
68 wt% 3-[tris(trimethylsiloxy)silyl]lpropyl
vinyl carbamate

4 wt% N-vinyl-2-pyrrolidinone

1 wt% 2,2-dimethyl-1,3-(vinyloxycarbonyl-
oxy)propane _
0.5 wt% UV free radical initiator

20 wt% trimethylsilylmethyl vinyl carbonate

70 wt% 3-[tris(trimethylsiloxy)silyllpropyl
vinyl carbamate
10 wt% N-vinyl-2-pyrrolidinone

1 wt% 2,2-dimethyl-1,3-(vinyloxycarbonyl-
oxXy)propane.

0.5 wt% free radical initiator

20 wt% trimethylsilylethyl vinyl carbonate
70 wt% 3~-[tris(trimethysiloxy)silyllpropyl
vinyl carbamate

10 wt% N-vinyl-2-pyrrolidinone

1l wt% 2,2-dimethyl-1,3- bls(v1nyloxy-
carbonyloxy) propane

0.5 wt% free radical initiator

vt e ety
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dérr]H err]NOerr]Si[err] To a | 00mL 3-neck round bottom flask fitted
w th a magnetic stirrer, and dropping funnel was added 5.0g (14.1mol) of
3 am’no propyl (trimet hyIS|ony)S|Iane 1.23g (15.6mmol) of pyridine and

. 50nL of chlorpﬁgr V) n 4, I

chl or of or %‘}(ﬁ% g??nérgéﬁ d’éé{me re%%otgaq‘rﬁ(ritouﬁl%sf%{‘écﬂ@% by
gas chro f%@ﬂﬂ}wh’ﬁge?hiba%%m%%l%dﬂqaﬁ,ﬂrsﬂd&rt| ng am ne was consuned.
The organic phase was washed once with | OO 2N HC1 then dried with
magnesi um sul fate. The sol vent was renoved on a rotary evaporator to afford
5.8g of crude brown oil. Fo Iomnf chronatograph (S|I|ca gel 50% hept ane
40@6nethy|enechlqﬁ usS o mol , §3. 3% o 311 (bp

—— PO
—
——

ﬁ%egg] Gi1f %’or (9)bt _ 1TI rfeat,, capl(lllr%i'r a12’9 7.80, 1751 4 §

1165.08, 1941.17, HIgp 34, 440 120/120 76
22 270 150 234 80/80 140
23 143 140 266 70/70 100
24 120 140 270 70/70 90-
25 110 120 270 80/80 72
26 35 40 210 14/14 56
27 ‘50 70 290 30730 80
28 400 120 200 100/100 110
29 _ . - - 100
30 ' 100

The above sample films demonstrated characteristics which
would be useful as a soft, elastomeric, contact lens material
with low or no water content.

This Sheet Has Been Replaced
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951'33, 833.18, 752.97, 715.26, 686.34, 656.45. NVR (CDCl[err])
6.91-7.26 (1H ), 4.16-4.66 (3H m), 2.80-3.20 (2H M, 1.20-1.71 (2H 1),
D.20-0.48 (2H.n), 0.00 (27H,S). [err]

_ 33 - ) -

. 1,2,3-tris(vinyloxycarbonyloxy)propane

To a 250ml three neck round bottom flask fitted with a
mechanical stirrer, condensor, nitrogen blanket,and a
dropping funnel was added 3.1g (33.7mmol) of glycerol, 8.7g
(110mmol) of pyridine and 125mL of anhydrous acetonitrile.
The reaction flask was cooled in an ice water bath so that-
the temperature did not exceed 5°C. To the reaction mixture
was added 11.7g (110mmol) of wvinylchloro formate over 30
minutes. The reaction mixture was allowed to stir to room
temperature overnight. The solvent was removed on a rotary
evaporator and the crude product was taken up in ethyl
acetate and washed with 2 100mL portions of 2N HCl, then 2.
100nL portions of 2N NaOH, then 2 100mL portions of brine.
The organics were dried.with magnesium sulfate,the the
solvent removed and the crude product is distilled to obtain

the pure product.

H
CH2=CHOSOCH2CI:CHZOSOCH=CHZ
0O CHy ©
cH2
C=0

0
CH
"

CH,
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4.6 "3- (Vi nvl oxycar bonyl t hi o) propyl -[tris(trinethylsiloxy) si | anel

Jo a 500nL l1-neck round bottomflask fitted with a magnetic stirrer and a
-condénser, was added 33.0g (123.9mol) of 3-(trimethoxysilyl) propyl thio
Vinyl carbonate and 81.9g (619.2mmpl) of trinmethyl silyacetate. Wth rapid
" stirring, 11.3nL of an acid catalyst prepared by m xing 23.8g (242. 7rmol )
of sulfuric acid, 11.6g (251.8mvpl) of absolute ethanol and 16.59

(916. 0mmol ) of water) unsaturated. A vigorous exothermwas noted. After 30

M nut esy t % iég@ L L B En issojvegd n 300nL chl orof orm and washed
tw ce m«@ b§n g baeer magnesi um sul fate. The sol vent
was renoved on Ta rotary evaporator and the resulting oil was
chromat ographed (silica gel, chloroform. The product was distilled .
(160[ errdn 2B0mbrehree néthordowsd Jrpitm FHraex firxgemridf & colorless oil.
FTI R ( rmechanical stirrer, condensor, nitrogen blanket,and a
dropping funnel was added 3.0g (22.0mmol) of
pentaerythritol,7.7g (97mmol) of pyridine and 125mL of
anhydrous acetonitrile. The reaction flask was cooled in an
ice water bath so that the temperature did not exceed 5°C,
To the reaction mixture was added 10.3g (97mmol) of
vinylchloroformate over 30 minutes. The reaction mixture was
allowed to stir at room temperature overnight. The solvent
was removed on a rotary evaporator and the crude product was
taken up in ethyl acetate and washed with two 100mL portions
of 2N HCl, then two 100mL portions of 2N NaOH, then two 100mL
portions of brine. The organic phase was dried-with
magnesium sulfate,the the solvent removed and the crude
product distilled to obtain the pure product.

CH
w2

CH

O

C=0

O

CH

CH2=CH0COCH2-C‘3H20COCH=CH2

" CH 2 "
0 0 O

C=0

.0
CH
n

CH,
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capi Ilary) 2957.71, 1720.75, 1645.91, 1250.16, 1136.24, 1113.53, 1098. 48,
1038, 97, 944.04, 912.93, 833.12, 751.61, 717.00, 686.49, 658.44. NWR
(CbClferr]) [er] 6.95-7.32 (1H m, 4.32-4.85 (2H m, 2.63-2.88 (2H m,
©1.62-1.88 (2H,m, 0.28-0.62 (2H,n, 0.00 (27,9).
CHerr]=CHOGCS-CHerr]CHerr]CHerr]SIi[OSI (CHerr])[err])[err]

To a 100mL one neck round bottom flask fitted with a magnetic
stirrer, and a drying tube was added 5.0g (11.3%5mmol) of
1,3-bis (4-vinylbutylcarbonate) tetramethyldisiloxane, and
46 6g (99.6mmol) of
1,3,5-methyl,1,3,5-trifluoropropylcyclotrisiloxane. To the
reaction mixture was added 0.0679g (0.452mmol) of
triflurormethanesulfonic acid. The mixture was stirred at
room temperature for 24 hours then 0.38g (4.52mmol) of sodium
bicarbonate was added, and the mixture was allowed to stir
an addtional 24 hours. The reaction mixture was filtered
thruogh 20.0g of actlvated F20 alumina to give a lite yellow
oil. The crude product was vacuum stripped at 90°C 0.025
Torr for 4 hours to give the desired product.

' Hy
l
CH,=CH-0-C~0- -Si- - -
2=CH-0-C-0 CHZCHZCHZCHZ 51 0 Sl $1-CH,CH, CH,CH,-0~C~OCH=CH,
0 cu3 0

CHz 25
..... —— . n— CFB ——

eet Has Been Replaced
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- 347 4.7 3-[Tris(trimethylsiloxy)silyl]propyl Alyl Carbamate
To a 100m. 3-neck round bottom mcroware flask fitted with a nmagnetic,
stirrer, condenser, N2 blanket, and dropping funnel, was_added4.8g

.(13.57mmol ) of 3-am nopropyltris(trinethyl- siloxy) silan fféagﬁgmxd

(15. 0nmol ) of pyridine and 50nL of chlonoform To thds Sy - ure,
1.65g (13.6mol) of allyl chloroformate was added dr \‘ ng ina
pi nk col or and an exothermto near reflux. After 72

CLAIMS:
1. A copolymer formed by polymerizing a

prepolymer mixture comprising:
(a) a base monomer described by the general
chenical formula: '

R2 o}
[l

CHy=C~ (CH,)},~0-C~X Rl

e e

wherein X denotes an -0-, -S- or -NR3- divalent radical;
Rl dgenotes an organic. radical;
R2 denotes ~-H or ~CHj;
R3 denotes —-H, or a monovalent alkyl radical;
b equals 0 or 1; and
(b) a crosslinking agent.

2. The copolymer of Claim 1 wherein the base
monomer is 2-hydroxyethyl vinyl carbonate, 2-hydroxyethyl
vinyl carbamate, 3-(2-pyrrolidinone-1-yl)propyl vinyl
carbonate, 2-(2-pyrrolidinone-1-yl) ethyl vinyl
carbonate, 2,2,2-trifluoroethyl vinyl carbonate,
2,2,2-trifluorocethyl vinyl carbamate,
1,1,1,3,3,3-hexafluoroprop-2-yl vinyl carbonate,
2,2,2-trifluoro-i-phenylethyl vinyl carbonate,
trimethylsilylmethyl vinyl carbonate, trimethylsilyethyl
vinyl carbonate, 3-(trimethylsilyl)propyl vinyl
carbonate, t-butyldimethylsiloxyethyl vinyl carbonate,
3-[tris(trimethylsiloxy)silyl]lpropyl vinyl carbonate,
3-[tris(trimethylsiloxy)silyljpropyl vinyl carbamate,
3—(vinyloxycarbonylthio)propyl—[tris(trimethylsiloxy)—“

silane], 3-[tris(trimethylsiloxy)silyl]propyl|a##§ySHEET HAS BEEN | ;
REPLACED B

carbamate, 1,3-bis[4-vinyloxycarbonyloxy)but-1-yIT=

[Ty



| i ght” yell ow organi ¢ phase was washed once w th I00ni 2N HO, once with
100l 2N NaCOH, and then dried wi th nagnesi um sh# 8ieet HadBeen Rplave@int  was
renoved on a rotary evaporator to afford an oi

onatography
(S|I|ca gel CHCl [err]), the product was dIStI|| .7 Torr)
to give 4 Og (9.1mvol, 66.6% of a colorpess oil". caplllary)
2957. 56, 1702.88, 1527.57, 1445.45, 1409.33, 1249.69, 1195. 48 1039. 35,
993. 11, 928e84amBBBYy27dig53o@Eney1R-0RrisBbrfetinhbs Poxy MR yl~

(cpd [err] 5 34, ( 4 O M3H m,

> 83-3 %’%ﬁi’%‘] %Egﬁ‘g’go(’g‘gﬁ@nfaé{igﬁ%éﬁ P %Wﬁxy%%ﬁ%# S).

[err] [trls(trlmethylslloxy)51ly1propy1] piperazine,

3-[Tris(trimethylsiloxy)silyl]propylaminocethyl vinyl
carbonate, N-{vinyloxycarbonyloxy)-pyrrolidin-2,5-dione,
N-(vinyloxycarbonyloxyethyl)-pyrrolidin-2,5~dione, 4-sec~
butylphenyl vinyl carbonate, 4-t-butylphenyl vinyl
carbamate, 4 (t-butyl)cyclohexyl vinyl carbamate,
l-adamantane vinyl carbonate, l-adamantanemethyl vinyl
carbonate, l-adamantaneethyl vinyl carbonate, or
l-adamantane vinyl carbamate.

3. The copolymer of Claim 1 or Claim 2,
wherein said crosslinking agent is described by the
general formula:

RZ O
| |

CHy=C~ (CHjp ) ,—0-C-X Rl

. —

wherein X denotes an -0-, -S-, or -NR3- divalent radical;
Rl denotes an organic radical;
R2 denotes -H or -CHjy;
R3 denotes -H or a monovalent alkyl radical;
a equals 2, 3 or 4; and
b equals 0 or 1.

4. The copolymer of Claim 3 wherein the
crosslinking agent is propargyl vinyl carbamate of
1,3-bis[4-vinyloxycarbonyloxy)but-1-yl]-tetramethyl
disiloxane.

5. The copolymer of Claim 3 wherein the

crosslinking agent is of the formula:

IlIIIIII IIIIII IIIII ||I|I | IIII e
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35 4¥8 1,3-Bis [4-(vinloxycarbonyl oxy)but-1-yl]-tetranethyl

di si

| oxane

To a 500nL 3-neck round bottomflask fitted with a magnetic stirrer,

cendenser,

((35.9mmol ) of 1,3-bis (4-hydroxyl butyl) tetramethyl si [Thix$ire Hads placed
(78.9mmol ) of pyridine and 100nL of chl ogoform Next, qmmumﬂnﬁ

vinyl chl oroformate was added to the m xture dropw se

N2 bl anket, dropping funnel, and thernoneter, was added 10.0g

) of
ot herm

to 54[err]C. The reaction m xture was )

T
(3b=CH%}ﬁFO4lbCHijCHzﬁﬁrO--?i4}-—?L<}bCH§I§CHZﬂ}ﬁ%OG%(H2
0 CH3 CH3 CI'I3 0
X

6. The copolymer of Claim 3 wherein the
crosslinking agent is 1,2-bis-(vinyloxycarbonyloxy)-
ethane, a-w-bis-(vinyloxycarbonyl)triethyleneglycol,
a~W-bis-(vinyloxycarbonyl)polyethylene glycol, a-W-bis-
(Vinyloxycarbonyl) polypropylene glycol, 2,2-dimethyl-
1,3~bis-(vinyloxycarbonyloxy)propane, N,O-bis-(vinyloxy-
carbonyl)-ethanolamine, 2,2-dimethyl-N,N-bis (vinyloxy-
carbonyl) -1, 3-propanediamine, or 1l,5-bis-(vinyloxy-
carbonyloxy)-2,2,3,3,4,4-hexafluoropentane.

7. The copolymer of Claim 3 where a equals 2
and Rl is of the general formula:

i il
—(CHz)x—n—?i-o—n— Si-(CHjy) z-
Rl Rl
Y

where x and z are 1 to 6, y is on the average between 2
and 200 and Rl denotes an alkyl radical or fluorinated

- alkyl radical with 1 to 6 carbon atoms.

8. A hydrogel copolymer formed by polymerizing
a prepolymer mixture comprising a non-hydrophilic monomer
of the general formula:

R2 o -

I I

CHy=C- (CHy) p~0-C-X rNH
a

THIS SHEET HAS BEEN
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cooled to roomtenperature and stirred for mﬁsBa' Eﬁanlc phase was
mashed twce with 100nL 2N HCLl, twice with hen dried over
magnvem um sul fate. The sol vent was renpved o m orator and the
rgsultlng oi | was chromat ographed (silica gel or to give 13.22¢g
‘('31.6nrmol , 88.1% of a light yellowoil.4 FTIR (neat, capillary) 2955.52,
1756. 77, 1650.72, 1456.32, 1394.01, 1296.50, 1237.62, 1185.46, 1157.25,
1043. 91, 990e28in9%4dé8ot868-686, 836, 27NRY8I1dBK 16 . ZBIidNR (CDC [err])

i 5L 0o R ek oot O b esch 1. o0
denotes -H or a monovalent alkyl radical;
~ais 1, 2, 3 or 4; .
b is 0 or 1;
R2 is hydrogen or methyl; and
a hydrophilic monomer; and
a crosslinking agent.

9. The hydrogel material of Claim 8 wherein
the hydrophilic monomer is N-vinyl-2-pyrrolidinone.

10. The novel hydrogel material of Claim 8 or
Claim 9 wherein the non-hydrophilic monomer is
3-[tris(trimethylsiloxy)silyl]propyl vinyl carbonate,
t-butyl vinyl carbonate, t-butyldimethylsiloxyethyl vinyl
carbonaté, or 3-[tris(trimethylsiloxy)silyl]propyl vinyl

carbonate.

11. A soft, non-hydrogel, copolymer formed by
polymerizing a mixture comprising:

a non-hydrophilic monomer of the general
chemical formula:

il ]
CH,=C~ (CH,) p~0-C-X ~RNH
a

wherein Rl denotes -H or -CHj3:

RNVH js a largely non-hydrophilic organic
radical; '

a is 1 or 2; and

b is 0 or 1;

. a hydrophilic monomer chosen from the group
consisting of N-vinyl-2-pyrrolidinone and 2-hydroxyethyl-
methacrylate, and

a crosslinking monomex.

THIS SHEET HAS BEEN
REPLACED
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- 36%: 4.9 "V[err]Derr]" To a 100nL a-neck raund_bottom m croware

flask fitted wwth a nagnetic stirrer, and a drying tube was added 5. Og
(11. 95nnDI) of 1,3-bis(4-vinyl butyl carbonate) This Sheet Has Been Replaced

M

12. The copolymer of Claim 11 wherein the non-
hydrophilic monomer is 3[tris(trimethylsiloxy)silyl)
propyl vinyl carbonate, 1,3-bis(4-vinylbutylcarbonate)
tetramethyldisiloxane, 3-[tris(trimethylsiloxy)silyl]-
propyl ‘vinyl carbamate, 3-(Vinyloxycarbonylthio)propyl
[tri(trimethylsiloxy)silanei, 3-(trimethylsilyl)propyl
vinyl carbonate, t-butyldimethylsiloxyethyl vinyl
carbamate, trimethylsilylmethyl vinyl carbonate,
trimethylsilylethyl vinyl carbonate, trifluorcethyl vinyl
carbonate, t-butyl vinyl carbonate, 3[tris(trimethyl-
siloxy)silyl) propyl vinyl carbonate, 2,2,2-trifluoro-
ethyl vinyl carbamate, 1,1,1,3,3,3-hexafluoro-2-~propyl
vinyl carbonate, 2,2,2-trifluorocethyl allyl carbonate, or
2,2,2-trifluoro-l-phenylethyl vinyl carbonate.

5

13. The copolymer of Claim 11 wherein the non-
hydrophilic monomer is of the general formula:

o) Rl Ry o)
I | | Il

CHy=CH-0-C-0-~(CHjy) y Si-o0 Si- (CHZ)Y~O~C—O—CH=CH2

Rl Rl
y

14. A rigid gas permeable contact lens
material comprising:

a non-hydrophilic monomer of the general
formula:

rl )

I I

CH,=C-(CH5)p,~0-C-X | RNH
a

wherein b is 0 or 1;
a is 1, 2, 3 or 4;

THIS SHEET HAS BEEN |
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t et ranet hyl di sil oxane, 22.15g (74. 7mmol ) of octanethyl cycl ot etrasil oxane
was added. Then 0.679g (Q.452mmol) of trifluoronethanesul fonie--acid was

added, to the reaction mxture. The reddi sh reaction m Xt upg §Hs tjrred for
24 hours, then .38g (4.52mml) of sodium bicarbonate was a &Wh“d
resulted in foan1ng After 24 hours a sng | anmount of blac

The reaction m xture was filtered through 20.0g of activat
give a light yeIIow1oiI The oi l was heat ed at 800 at .25 Torr for 3 1/2

hours to renove vol at Vi 9.4% of a light yell ow
oi I . FTIR (neat, capl* <§$r§, ‘992’9 “%‘?‘6%"797 125% éo 1219.52, 1160. 33,
1008. 42, 946. 68, 864. B damtss é«ﬁbﬁ&byd&&@hﬁl;c6ﬁblaﬁy,NNR (CDO [err])

[err] 6.83-7.16 (2H, q§1 & %g M, 4.00-4.20 (4H, n) 1.16-1.91
(8H), .32-.62 (4Hm, e 4’13%‘ Vel [err]
crossllnklng agent; and

1 to 20 wt % of a wetting monomer.

15. A compound selected from:

3-(2-pyrrolidinone-1~yl)propyl vinyl carbonate;

2-(2-pyrrolidinone-1-yl)ethyl vinyl carbonate;

2,2,2-trifluorocethyl vinyl carbamate;

1,1,1,3,3,3-hexafluoroprop-2-yl vinyl
carbonate; and

2,2,2-trifluoro~1l-phenylethyl vinyl carbonate.

16. A compound of the general formula:

R2 o

I I

CHy=C~ (CHy),~0-C-0 R
a

wherein R2 denotes -H or -CHg;
b is 0 or 1;
ais 1, 2, 3 or 4; and
R is an organosilicon radical.

17. A compound of Claim 16 selected from
trimethylsilylmethyl vinyl carbonate, trimethylsilylethyl
vinyl carbonate, 3-(trimethylsilyl)propyl vinyl
carbonate, t-butyldimethylsiloxyethyl vinyl carbonate,
3-[tris(trimethylsiloxy)silyl]propyl vinyl carbonate,
3-[tris(trimethylsiloxy)silyl]propyl vinyl carbamate,
3~ (vinyloxycarbonylthio) propyl-[tris(trimethylsiloxy)-
silane], 3-[tris(trimethylsiloxy)silyl]propyl allyl
carbamgte, 1,3-bis[4-(vinyloxycarbonyloxy)but-1-yl]-
tetramethyl disiloxane, N-[tris(trimethylsiloxy)silyl-
propyl]}-N-methyl v1nyl carbamate, N—vinyloxycarbonyl-N'-
“ THIS SHEET HAS BEEN
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. g7 4.10 -Methyl-N-[Tris(trinethylsiloxy)silylprepyll vinyl
Qi.r b__ama_t e This Sheet Has Been Rep

o 7 T

[tris(trimethylsiioxy)silylpropyl] piperazine, and
3—[tris(trimethylsiloxY)silyl]propylaminoethyl vinyl
carbonate.

-

18. A compound of the general formula:

R2

CH,=C-(CH,)p~0-C-X | R

wherein a is 1, 2, 3 or 4;
X denotes -0-, -S- or -NR-;
R2 denotes -H or -CH3;
R3 is -H or -CH3; and
R denotes a cycloalkyl, cycloaryl or
heterocyclic radical.

19. A compound of Claim 18 selected from
N-(vinyloxycarbonyloxy)-pyrrolidin-2,5-dione,
N-(vinyloxycarbonyloxyethyl)-pyrrolidin-2,5-dione,
4-s-butylphenyl vinyl carbonate, 4-t-butylphenyl vinyl
carbaméte, 4 (t-butyl)cyclohexyl vinyl carbonate,
l-adamantane vinyl carbonate, l-adamantane methyl vinyl
carbonate, l-~adamantane ethyl vinyl carbonate, and
l-adamantane vinyl carbamate.

20. A compound of the general formula:

R2 o)
| I

CH5=C- (CH5)p-0-C-X | R

wherein a is 1, 2, 3 or 4;

 NORR VR N R THIS SHEET 1AS pom
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To 'a« 300nL 3-neck round bottomflask fitted wth a nmechanical stirrer,
condenser, nitrogen bl anket, dropping funnel was added 514.2g (3. 186mmmol s)
-of ,Yhexamet hyl di si | azane- To the reaction flask was added-675n. of nethanol
over 30 minutes, when the addition was finished 75.0gnr%}8.6nnﬁT) """ of

* N-net hyl - 3-am nopropyl tris(trimethoxy) sid ane was adde h asBeeniRegigcld ON
was added 57.3g (3.186mmls) of distilled water. The r i irred
for 21 days and nonitored by GC. During the 21 days q” s) of
wat er, 340nL net hanol zqﬁd 2é§§0qé(l.4lnnqls) of hexanet hyl di si e were
added. The reaction nixt3FR ToRicedtad 125. 769 of crude oil by rotary
evaporation. The crude denetesl-sws distilled to give 62.6g (169. 2mmol
53.1% of liquid N hyl - 3- 'fppr ltris(trinmethylsiloxy)silane bp. 64
0.125mm Hg. FTIR (neat,’ capi ary)' 7.80, 2899.02, 2790.57, 2361.73,
1471. 38, 1443.26, 141R 1% an3@pyapc FaPoed. 1218. 84, 1187.71, 1083.76,
833. 11, 751.60, 715.03, 686.34, 658.34. NWR (CDC[err]) 2.20-2.52 (2H1t),

2.24 (3H, s), .
( ) 21. Propargyl vinyl carbamate.

22. 1,3-bis[4-vinyloxycarbonyloxy)but-1-yl]-
tetramethyl disiloxane.

23. 1,2-bis-(vinyloxycarbonyloxy)ethane.

24. a-W-bis-(vinyloxycarbonyl)triethylene-

glycol.

25. a-W-bis-(vinyloxycarbonyl)polyethylene
glycol.

26. a-wW-bis-(vinyloxycarbonyl) polypropylene
glycol.

27. 2,2-dimethyl-1,3-bis-(vinyloxycarbonyl-
oxXy)propane.

28. N,O0-bis-(vinyloxycarbonyl)-ethanolamine.

29. 2,2-dimethyl-N,N-bis(vinyloxycarbonyl-1,3-
propanediamine.

30. 1,5-bis-(vinyloxycarbonyloxy)-2,2,3,3,4,4-
hexafluoropentane.
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1.13=1.66 (2H, M, 0.99 (1H,s), 0.21-0.66 (2H, m, 0.00 (27H,s). [err]
38* To a 500m 3-neck round bottom flask fitted with a magnetic stirrer,
condenser, nitrogen bl anket, dropping funnel, thernoneter, ice-water bath

was added 10.0g (27.2mml) of ABSTRACT

Novel monomers of the general formula

R o) -
CHy=CH-(CH3) -0-C-X| R
b a

where b is 0 or 1, a is 1, 2, 3 or 4, R2 is a monovalent
alkyl radical and R is an organic radical. The novel
monomers may be employed to produce novel copolymers useful
as hydrogel, soft non-hydrogel and/or rigid gas permeable
contact lens materials.
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N- met hyl

1453. 17,

b

| : TpoL,
- 3arr'rﬂepfopy-l~t ris (trimethyl siloxy) silane, 2.37g (30.0mvl)

1424. 97, 1404. 46

1290. 62, 1250.02,

- pyridine; andy Qﬂﬂa?ﬁé@@keleXt was added 3.19g (30.0mmmol) vinyl
chl oréformate nperature remai ned bel ow 15[ err]C. After
stirring for ﬂlﬁml EEU action m xture was washed_wi th 100nL 2N HC and
100mL 2N NaCH i ¢ phase was dried over §mggﬂﬁLH5ML\' The
sol vent was renoved on a rotary evaporhtor and the rpsul tirngoidn Was l
chromat ographed (silica gel, nethylene chloride). The product—was—ecovered
as an oil and was dispvin gbonxisC2NDIWIN ixenrizgied 8. 0g (18. 3nmol
6% 2%yield). FTIR (neat YA R \ " 1646. 60, 1461. 07,

1180. 15, 1151.93, 1097. 66, 1039 05 952 11 " 928. 39 833.42, 787.00, 758.10,

715. 30.
(27H,s) .

NVR (2H,t), 2.78 (@itxeRoUkp26F THEOIfFRENTIONO. 14-0. 41 (2H, M),

Biomedical materials which are particularly useful as
contact lens materials fall -into three general
classifications; hydrogels, non-hydrophilic soft materials
and rigid gas permeable materials.

The chemistries of contact lens hydrogels are almost
completely described by polymer and copolymer systems
comprised of either 2-hydroxyethylmethacrylate (HEMA) or
N-vinyl-2-pyrrolidinone {(NVP), or mixtures of HEMA and NVP.
Minor components such as crosslinking agents are used in
these systems to control tear strength, hydrolytic stability,
modulus, etc. These hydrogel systems are generally well
known and have been successful on a commercial basis, but
they are not without shortcomings.

Polysiloxane based elastomers have also been known in the
contact lens art for some time and have enjoyed limited
commercial success. In general, the silicone chemistries
involve vinyl functional end capped polysiloxane polymers.

Rigid gas permeable contact lens materials are generally
copolymers formed from copolymerizing acrylic or methacrYl
functional-monomers which contzin siloxane functionalities
and often also contain fluorine atoms. ]

The present invention provides a novel monomer chenmistry
to the art of biomedical device materials.

SUFMARY OF THE INVENTION

The present invention provides novel monomers useful in
biomedical devices. These novel monomers have the general

formula

0. 00-
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R2 o)

25 NOV 1996

CHy=CH-(CHy) -0-C-X| R
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[err] 39 4.11
N- Vi nyl oxyear bofayt--N—=ft+ri+s{tri met hyl si |l oxy) silyl propyl ] Pi perazi ne
This Sheet Has Been Replaced
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where b is 0 or 1, a is 1, 2, 3 or 4, R2 is a monovalent

il

e
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alkyl radical and R is an organic radical. The novel
monomers may be employed to produce novel copolymers useful
as hydrogel, soft non-hydrogel and/or rigid gas permeable
contact lens materials. :

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to new crosslinked
copolymers which employ novel monomers also disclosed in this
application. These novel copolymers are particularly useful
as biomedical materials, and are especially useful in the
area of contact lens applications. These new crosslinked
copolymers, when used in contact lens applications, can
produce  a wide variety of types of contact lens materials
ranging from hard, gas permeable lens materials; soft, _
hydrogel lens materials; to soft, non-hydrogel lens materials.

The novel monomers generally fall into the following
classifications: a) hydrophilic monomers with the general
formula

R2 o

CHy=C-(CHp)p-0-C-X| RH
2

where b is 0 or 1; a is 1, 2, 3 or 4

X denotes -NH-, -S- or -0-; and

RH denotes a hydrophilic moiety such as an organic
radical with one or more amide hydroxyl, urea or carboxylic
acid functionalities so that the monomer as a whole is
relatively hydrophilic;
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2% NOV 1996




To a 500nL 3-neck round bottomflask fitted wth a nmechanical stirrer,
condenser, nitrogen bl anket, dropping funnel, thernoneter, oil bath was
added 5. 0g 58-06mol-)—ef--pi-perazi ne and 230nL o-xyl ene. The reaction

m xture was, 0125 + 5[err] and Il.Qy (29. 0OmMpy—ef———m—
3-ch|oroprofﬁﬁ B ﬁﬁ”& ‘ﬁilsiloxy) i | ane was added |dFHpWHERT Ty é“FEa%tion

was heat ed cool ed, and “dried over magnesi um RHLASF
sol vent was rotary evaporator and the resulting oil was
distilled to give the product 4.5g (10.7mmol, 18.4%yvyield). FTIR (neat,
capil lary) 3272.01, 2955.61, 2900.63, 2805.76, 2764.47, 2363.11, 1445. 48,
1411. 45, 1368.66, 1342.63, 1319.87, 1249.85, 1188.87, 1144.26, 1039. 34,
833.42, 751.53, 712.61, 686.39, 656.40. NVR (CDCl[err]) 3.60-3.93 (4H m,
2. 06- 2. 43b)6Eik)icoheb6GontdiningOmdRohets ¢2LHNY ,gdhea ). k(24 n), 0.00
(27H, s). :

PSS

R2 o}

CHp=C-(CH,)p-0-C-X| RrSi
) a

where a, b, and X are defined as above and RS1 genotes a
silicone containing organic radical;

c) non- or slightly hydrophilic monomers of the general
formula

RrR2 o)

CHp=C-(CHg)p-0-C-X| RNH
a
where a, b and X are as defined above and RNH denote a non-
hydrophilic organic radical.

In general, there are no clear cut demarcations between
any of the three classifications of contact lens materials.
However, in general, hydrogel materials should have oxygen
permeabilities with DX's greater than 20 x 10-11 cm 3 x
cn/sec. x cm? x mmHg (or DX units hereinafter) and preferably
greater than 40 DX and most preferably greater than 60 DX.
They should have a Young's modulus of elasticity in the range
of 20 to 400 g/mm2, preferably 50 to 200 g/mm2 as measured by
ASTM test method D 638. They should have tear strengths
greater than 1 g/mm2 and preferably greater than 5 g/mm2 as
measured by ASTM test method D 1938. Their water content
should be between 10 to 80%, and preferably between 20 to
50%. The contact angle, which is a measurement of the
wettability of the lens, should be less than 80° and should
preferably be less than 40°, The protein uptake of hydrogel
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lenses or hydrogel lens materials should be less than or
equivalent to that of PHEMA.
Soft, non-hydrogel materials should have at a minimum

oxygen permeabilities equal to or greater than hydrogel
materials. The water content should always be less than 10%,
and preferably less than 5%. The modulus of elasticity
should be between 20 and 5,000 g/mm2 and preferably should be
in the range of 50 to 250 g/mm2. Contact angle should be
less than 80 and preferably less than 40° and the tear
strength (both initial and propagation) of this material
should be in excess of 5 g/mmZ.

Properties of hard, gas permeable lens materials should
be similar to that of the hydrogel and the soft, non-hydrogel
materials. In addition, the glass transition temperature of
such materials should be greater than 40°C and preferably
greater than 65°C. The modulus of the material should be
greater than 50,000 g/mm2 and preferably greater than 75,000
g/mm2,

HYDROGEL MATERIALS

To prepare a soft, non-hydrogel material the following
prepolymer formulations should be used: (a) between 25 and
90% of the prepolymer mixture should comprise a hydrophilic
monomer portion. This portion will preferably comprise in
part at least a hydrophilic monomer represented by the
general formula

0

CH=CH- (CH3) p~0-C-X~RD
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To a 250nmL 3-neck round bottomflask fitted with a magnetic stirrer,
condenser, nitrogen bl anket, dropping funnel, thernoneter and ice-water
bath was added 5. 0g (11. 8nnDI) of 3- trls(trlnethyIS|ony)S|IyIpropyI

pi perazine, .98g (12.4mmol) pyridine and 100nL ether. T ~gact.ion
m xture was added 1.32g (12.4nmol) _vinyl chloroformate I?%éﬁmﬂh@nbﬁrbN‘
tenperature remai ned bel ow 15. After”stirring for 18 ho PLAGHI | on

m xture was washed with 100nL 2N HC, 100nmL 2N NaCH and the organic p
was dried over magnesi um sul f at e. The sol vent was renoved on a rotary
evapor at othexed it He exd tl rendoX iwas Sehr ofmi oo ap¥RY- (sid iR dmiotewt hyl ene

h %
BN R (ned PO D IN e RE o3 . ANaBhs Hydkhds T onalied>0 vl €1 ©)-
1460. 48, PRFXS-OfYy maﬂBﬁalS&a mpjs@ewt 1g3ateane 190 1tipy hydnephlia227. 01,

1187. 92, . 0
157,52 R SRS SRS Ogepa 50y Oy 2058 Ay

(2H, m, F-¥4ry (szrrahdznf@ez hé’ﬁFPﬁ;'e“lelVHn)e%s ¢arbepete, 17-0. 63
(2H M, Q-0Fad&dethyl vinyl carbamate, 3-(2-pyrrolidinon-1-yl)-
propyl vinyl carbonate, 2-(2-pyrrolidinon—l-y1)ethyl vinyl
carbonate, N-(vinyloxycarbonyloxy)pyrrolidin-2,5-dione,
N-[vinyloxycarponyloxyethyl]pyrrolidin-z,S-dione,
N-vinylacetamide, N-methyl-N-vinylacetamide, N,N-dimethyl
vinyl carbamate, N,N-diethyl vinyl carbamate. These monomers
may, of course, comprise only a portion of the hydrophilic
monomer portion of prepolymer mix which can further be
comprised of other hydrophilic monomers.
The hydrogel prepolymer formulation should also
preferably contain a

non- or weakly hydrophilic monomer as combination of monomers
chosen from the group consisting of 3-[tris(tri-
methylsiloxy)silyllpropyl vinyl carbonate, t-butyl vinyl
carbonate, t-butyldimethylsiloxyethyl vinyl carbonate,
3-[tris(trimethylsiloxy)silyl]lpropyl vinyl carbamate,
3-(vinyloxycarbonylthio)propyl{tris{trimethylsiloxy)lsilane,
3-[tris(trimethylsiloxy)silyl]lpropyl allyl carbamate,
t-butylphenyl vinyl carbamate. These non- or slightlf
hydrophilic monomers enhance the oxygen permeability of the
final copolymer.

The hydrogel prepolymer compositions further comprise (c)
between about 0.1 to 10% of a crosslinking agent, which may
be chosen from a list of preferred crosslinking agents later
disclosed in this application, or one of the crosslinking
monomers known in the prior art as exemplified and/or taught
in U.S. Pat. Nos. 4,060,678; 4,182,822; 4,267,295; 4,640,941
and/or 4,690,993.
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The amount of hydrophilic monomer used to prepare the
hydrogel material in the present invention is adjusted within
the above limits to give a water content in the hydrated
hydrogel of from about 5 to approximately 80% by weight. The
non- or weakly hydrophilic monomer content is adjusted
to maximize other desirable properties such
as oxygen permeability, modulus and/or tear strength. The
quantity of the crosslinking monomer used to produce a
hydrogel material is adjusted to maximize desirable
properties such as water content, modulus, lens streﬁgth, and
also aids in the hydrolytically stability of the final
material. In addition, UV absorbing monomers or tinting
monomers may also be added to enhance the properties of the
final material.

For instance, the following prepolymer formulations would
produce hydrogel materials within the scope of the present
invention. )

I. A, 25-90 wt% hydrophilic monomer, 2-hydroxy-
ethyl vinyl carbamate;

B. 10-30 wt% non- or weakly hydrophilic monomer
3-N-{tris(trimethylsiloxy)silylpropyl]
vinyl carbamate; and

C. 0.1-10 wt% crosslinker, 1l,2-bis-(vinyloxy

N carbonyloxy)ethane. '
I1. A.1) 25-50 wt% hydrophilic monomer 2-hydroxyethyl
vinyl carbamate; and
ii) 25-90 wt% hydrophilic monomer N-vinyl
pyrrolidinone, where the combination
of i and ii comprises between 25 to 50
wt% of the final prepolymer
compositions.
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4.12 2,2-Di met hyl N, N-bi s(vinyl oxycarbonyl) -1, 3- propandi am ne
Cerr]Herr]Nerr]Jerr] To a 250nL 3-neck round bottom flask fitted
with a magnetic stirrer, condenser, thernoneter, nitgogen bl anket, dropping
funnel, and ice-water bath was added 15.5g (196. 0o} FHBT shREritH-Re 00N
of chloroform 10.0g (98.0mvl) of 2,2-dinethyl-1, 3-/di am R&L%fter
cooling to 12.5[err]C [err] 2.5 ert]~20.8g (196. Ormp oY)

chl orof ormat e was added so that the tenperature was maintai ned. Wien the
addi tion was conpleted, the reaction was stirred at roomtenperature for
one hour. The organi c phase was washed twice with 100nL 2N HC, once with
distilled water, twsce wi th0o2BONatk, obHneEnw tdr aiesikillyl dgrdwabphilience with

100mt 2N HC, once w th d'St'llegonomer t-butyldimethylsiloxyethyl
vinyl carbamate; and

C. 0.1-10 wt% crosslinker, o, <« -bis-(vinyloxy-
carbonyl) polyethylene glycol.
III. A. 25-90 wt% hydrophilic monomer, 3-(2-pyrroli-
dinon-l-yl)propyl vinyl carbamate;
B. 10-30 wt% weak or non—hydrophilf& monomer,
t-butyl vinyl carbamate; and
c. 0.1-10 wt% crosslinker, «,% -bis-(vinyloxy-

carbonyl) polyethylene glycol.

HARD, GAS PERMFEABLE MATERIALS

Hard lenses are prepared using: (I) one or more of the
non-hydrophilic monomers of the present invention; (II) a
crosslinking agent; (III) a small amount of a wetting
monomer; and (IV) optionally other agents such as
strengthening agents or UV absorbing or dye monomers. The
three main components are used in the following ratios; the
non-hydrophilic monomer component (I) is used in amounts of
about 60 to about 95 weight percent, the crosslinking monomer
(I1) in amounts from 0.1 to 10 weight percent, and the
wetting monomer (III) in amounts from about 1 to 20 weight
percent. The content of the crosslinking agent is chosen to
provide a dimensionally stable lens material resistant to
breakage and stress crazing. The amount of wetting monomer
used is adjusted within limits to provide sufficient wetting
characteristics so as to maintain a stable tear film while at
the same time keeping a sufficiently low water content.

The non-hydrophilic monomers used to make the hard
contact lens materials include one or more of the following
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wat er then was dried over magnesium sul fate. The solvent was renpved on a

rotary evaporator and the resulting solid was chromat ographed (silica gel,

ethyl acetate) to afford a white solid (np 92-98[err]C), 14.4g (59. 5mol,

60. 7% . FTIR 3356.25, 3330.18, 3101.77, 3091.71, 3047. 38 2967.99, 2962. 39

2932. 08, 2875.70, 1733.54, 1725.58, 1710. 82, 1676 #%E +529. 92,
X

1473.90, 1458.90, 1440.71, 1394. 417, 81371 29, 1360 BB T 64,
1244.48, 1201.55, 1157.95, 1106.46, 1062.40, 1025 Q79 97,
961. 45, 951.57, 876.82, 866.36, 774.00, 720.42, 671. 33. NWR (cpa [err])
6.93-7.27 (2H, n), 5.46-5.93 (2H,s), 4.428-4.86 (4H m, 2.83-3.10 (4Hd),
0 90 (6H S). [err]

monomers: 2,2,2-trifluoroethyl vinyl carbonate,
2,2,2-trifluoroethyl vinyl carbamate, 1,1,1,3,3,3-Hexafluoro-
prop-2-yl vinyl carbonate, 2,2,2-trifluorocethyl allyl
carbonate, 2,2,2-trifluoro-l-phenylethyl vinyl carbonate,
trimethylsilylmethyl vinyl carbonate, trimethylsilylethyl
vinyl carbonate, 3-(trimethylsilyl)propyl viqxl carbonate,
t-butyldimethylsiloxyethyl vinyl carbonate, 3-[tris(tri-

methylsiloxy)silyi]propyl vinyl carbonate, 3-[tris-(tri-
methylsiloxy)silyl) propyl vinyl carbamate, 3-(vinyloxy-
carboxylthio) propyl-[tris(trimethylsiloxy)silanel.

The crosslinking agents used preferably to make hard
contact lens materials include crosslinking agents known in
the prior art as taught in the U.S. patents referenced supra,
but most preferably crosslinking agents chosen from the group
consisting of crosslinking monomers represented by the formula

CHo=CH-(CH,)p-0-C-0-RX1-0-C-0-(CH;) ,-CH=CH;  A.

0 o

CHy=CH-(CH3)p-0-C-X-RX1-X-C-0- (CHz) p,-CH=CH, B,
0 0
or

CH,=CR-0-C-X| RC1l C.
» a .
o

wherein: X denotes -S-, -0-, or -NH- and at least one X
denotes a -NH- in formula B; b is 0 or 1;

RCl genotes a multivalent organic radical and a is 2,
3, or 4; and R*l genotes a divalent organic radical.
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The preferred crosslinkers includes:
1,5-bis-(vinyloxycarboxyloxy)-2,2,3,3,4,4-hexafluoro-

pentane;

1,2-bis(vinyloxycarboxyloxy)ethane;

= ,® -bis(vinyloxycarbonyl)polyethylene glycol;
N,0-bis(vinyloxycarbonyl)ethanolamine; .

2,2 dimethyl-l,3-bis(vinyloxycérbonyloxy)propane;

o ,@© ~bis-(vinyloxycarbonyl)triethylene glycol;
2,2-dimethyl-N,N-bis(vinyloxycarbonyl)~1,3-propandia-
mine;

1,3-bis-[4~(vinyloxycarbonyloxy)but-l-y1l] tetramethyl-
disiloxane;
N,N-bis-(vinyloxycarbonyl)~-l,6~-diaminohexane:

CH3 |CH3 CH3
CH=CH-0-C-0-(CH3)4-Si~0|8i-0| ~Si-(CHj;)4-0-C-OCH=CH,
o " CH3 |[CH3 |x CH3 0

where X = 25 on the average.

The wetting monomers useful in hard contact lenses
include N-vinylpyrrolidinone, 2-hydroxyethylmethacrylate,
itaconic acidg, methacrylid acid, N,N-diethylacrylamide,
N,N-diethyl vinyl carbamate, N,N-dimethyl vinyl carbamate,
N-Methyl-N-Vinyl acetamide, and all hydrophilic monomers
listed in the hydrogel section supra. '

FT N-HYDROGEL MATERIAL

Soft, non-hydrogel contact lens materials with little or
no water content can be prepared by polymerizing prepolymer
mixtures with the following formulations: between 50 and 90
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met hyl si | oxy) sil ane To a 250nL 3-neck round bottomflask fitted wth a
mechani cal stirrer, condenser, nitrogen bl anket, dropping funnel, oil bath,
t her nonet er was added 104. 3g (1021. Ommol ) 2, 2-di net hyl -1, 3- dlan1nopropane
29.3g (79.0mml ) of 3-chloropropyltris (trlnethyIS|ony) sil ane. The
reaction was heated at 120[err]C for_ 3 hours and stfi

tenperature for 24 hours. The reacti &% i xture masJ Tﬁﬁqu ﬁ?sfﬁﬁ

NaOH t hen the organics were dried over magnhesi um s vent mas
renoyed on a rotary evaporator and the resulting oil dIStI||ed to give
23.8g (54.3mmvl, 68.6%vyield) bp 100[err]C. FTIR (neat, capillary) 2955.72,
2807. 97, z,%%h%e;@aﬁt%f 88307 droBtOfs norkis i P 43 0% 0 110G
1039. 44, 833.764,_ 753.04, 714. 686. 41, 657.85. [err]

2. 25-2. 569€@ﬁ’ﬁ§ fgrgg $:63 (2H m, 1.06 (3H,s), O. 78 (6H s), O. 07 0. 45
(2H, M, 0.00

0

CH=CH-0~-C-X | -RNH
a .

where X denotes either -0-, -S- or -NH-; and
RNH represents an organic radical that is largely non-
hydrophilic, and a is 1, 2, 3 or 4;

from 5 to about 25 weight percent of a hydrophilic monomer
and between 0.1 and about 10% of a crosslinking monomer.

RH, the largely non-hydrophilic moiety in the above
formula, is typically a monovalent radical - but it may be
multivalent. The main functional requirement is that it is
largely non-hydrophilic, generally nonreactive to
free-radical vinyl addition reactions and may be incorporated
into the above formula from a synthetic perspective.

In general, RNH may be descrlbed by the following
formulae:

-{CHs)n [Si (CHz)mCH:,] 37
-(CHz)n Si(0Si [(CHZ)mCH;] 3)3;

rl
~(CH3)p|Si-0] RC1; and
R a

Rl Rl
-(CH2)p }S5i-O}— si—rCl
Ri Rl

a

—_— %:F‘J ’"\.)?-hazl..i“—{. SHEET
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(27H,s) . To a 250nL 3-neck round bottomflask fitted wth a nmagnetic
stirrer, condenser, nitrogen bl anket, dropping funnel, ice- water bath,

t her nonet er was added 6. 3g (15.8mmmol)

N ( 2- hydr oxyet hyl ) - 3-am nopropyl tris(tri methyl siloxy) silane, 1.37g
(17.4mmol ) of pyridine, 100nL ether. _To the reaction m xture was added
%.FSg (15. 8mmol ) of vinyl chrlorof orAat& so that the t enperat ure renmai ned
el ow 5C

where Rl denotes a monovalent organic radical such as an
alkyl radical with 1 to 6 carbon atoms, or a fluoroalkyl
radical with 1 to 6 carbon atoms;

RSl denotes

0

—(CHy) p-0-C-CH=CHj

p is 1 to 6; and
d is 1-200, and

where n is 1, 2, 3 or 4, mis 0, 1, 2, 3, 4, or 5, or RNH
denotes a partially or fully fluorinated alkyl, alkylaryl or
aryl radical. )

The non-hydrophilic monomers specifically include
3-[tris(trimethylsiloxy)silyllpropyl vinyl carbonate;
1,3-bis{4-(vinyloxycarbonyloxy)but-l-ylltetramethyl-
disiloxane; 3-(trimethylsi}y1)propy1 vinyl carbonate;
t-butyldimethylsiloxyethyl vinyl carbonate; trimethyl-
silylmethyl vinyl carbonate; trimethylsilylethyl vinyl
carbonate; 2,2,2-trifluoroethyl vinyl carbonate; t-butyl
vinyl carbonate; 3-[tris(trimethylsiloxy)silyl] propyl vinyl
carbonate; 2,2,2-trifluoroethyl vinyl carbamate;
1,1,1,3,3,3-hexafluoro-2-propyl vinyl .carbonate;
3-(vinyloxycarbonylthio)propyl-[tris(trimethylsiloxy)silane];
3-[tris-(trimethylsiloxy)silyl]lpropyl vinyl carbamate;
"VoDy5", 2,2,2-trifluoro-l-phenylethyl vinyl carbonate;
l-adamantane vinyl carbonate, l-adamantanemethyl vinyl
carbonate, l-adamantaneethyl vinyl carbonate; and
l-adamantane vinyl carbamate. |
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acetate 20% net hyl ene chl ori de 809@ The oil recover

(6. 4mol

170233, 1648.16 1470.55, 1420.23, 1373.91, 1291.12, {1249 R&-

After stirring to roomtenperature for 24 hours the reaction
m xture was washed with 100nL 2N HCl then 100nL 2N NaCH then the organics
were dried over magnesi um sul fate. The sol vent was renoved on a rotary
evaporator and the resulting oil, 4.3g, chronatographed (S|I|ca gel, et

2 ..06

25.4%yield). STIR (neat d&pfllary) 2957TGQHS§i§§&223%¥g§o.

1152. 74, 1039.27, 951.52, 833.44, 753.18, 715.26, 686.53, 658. 78.  NMR
(QDCI[err]) 6.85-7.20

The hydrophilic monomers used to produce the proper
wetting conditions in combination with the soft'non—hydrogel
materials are selected from hydrophilic monomers used in
contact lenses in general, including N-vinyl lactams eg,
N-vinyl pyrrolidinone; hydroxyalkyl acrylates and
methacrylates such as 2-hydroxyethyl methacrylate (HEMA) and
preferably, the hydrophilic vinyl carbonates and vinyl
carbamates disclosed in this application such as hydroxyethyl
vinyl carbonate;_N,N-dimethyl vinyl carbamate; or
N-hydroxyethyl vinyl carbamate; N-{vinyloxycarbonyloxyethyl]
pyrrolidin-2,5-dione; and 3-(2-pyrrolidinon-l-yl)propyl vinyl
carbonate.

Crosslinkers used for the soft, non-hydrogel contact lens

materials include the crosslinkers known in the prior art
such as methylene glycol dimethacrylate and divinylbenzene,
but preferably are crosslinking agents described in the .
present application by formulas A, B and C.

The preferred non-hydrophilic monomers are the long chain
siloxane monomers of the present invention such as the so-
called "VyDys5™ monomers.

Some examples of soft non-hydrogel prepolymer
formulations include:

I) 80 wt% VyDas:
10 wt% N-vinyl-2-pyrrolidinone;
5 wt% 2,2,2-trifluoroethyl vinyl carbonate; and
5 wt% N-O-bis-(vinylcarbonyl)ethandamine.
I1) 60 wt% 3-(trimethylsiloxy)propyl vinyl
carbonate;
30 wt% o,¢> -bis(vinyloxycarbonyl) polyethylene
glycol;"
5 wt% 1,1,1,3,3,3-Hexafluoroprop-2-yl vinyl
carbonate; and

This Sheet Has Been Replaced REPLACEM{:NT SHEET 1

5 wt% N—v1ny1 ~N-methyl acetamide.
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(I H dd), 4.20-4.69 (2H, m), 3.36-3.71 (2H bd), 3.00-3.36 (4H n), 1.00-1.65
(2H, M, 0.09-0.40 (2H, M, 0.00 (27H s).
- 44 -
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I1I) 25 wt % 3-(trimethylsilyl)propyl vinyl carbonate;
64 wt % 3-[tris-(trimethylsiloxy)silyllpropyl
vinyl carbamate;
10 wt% N-vinylpyrrolidinone; and
1 wt% 2,2-dimé€hy1-l,3—bis(vinyloxycarbonyloxy)
propane.
Iv) 20 wt% t-butyldimethylsiloxyethyl vinyl carbonate;
70 wt% 3-[tris(trimethylsiloxy)silyl]lpropyl vinyl
carbamate;
9 wt% N-vinylpyrrolidinone; and
1 wt% 2,2-dimethyl-1,3-bis(vinyloxycarbonyloxy)
propane.
V) 20 wt% trimethylsilylethyl vinyl carbonate;
T 69 wt% 3-[tris(trimethylsiloxy)silyl]lpropyl vinyl
carbamate;
10 wt% N-vinylpyrrolidinone; and
1 wt%_2,2-dimethyl-1,3-bis(vinyloxycarbonyloxy)
propane.

The copolymers of the present invention are formed by way
of a free radical polymerization the details of which are
generally known in the art. 1In general, the various
comonomers are chosen and combined, as required to form the
desired final copolymers, and a free radical catalyst is
added to the mixture. The mixture is then polymerized to
form the desired copolymer.

Free radical catalysts are known in the art and are
mostly of two general types: heat initiated free radical
catalysts, and photoinitiated free radical catalysts, more
specifically, ultraviolet radiation initiated free radical
catalysts. Heat initiated catalysts include peroxides such
as 2,5-dimethyl-2,5-bis(2~ethylhexanoylperoxy) hexane

Lupe 1 256™ Pennwalt Chemicals bisisopropyl e -
(Luperso n )e P ORY e Y \CEMENT SHEET
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4.14 3-[Tris trinethylsiloxy)silyllpropylam noethyl vinyl car bonat e
To a 500nL 3-neck round bottomflask fitted with a magnetic stirrer,
condenser, nitrogen bl anket, oil bath and thernonmeter was added 100ni

et hanol am ne, 20.0g (53.5mmol) of 3-chloropropyltris (trinethylsil oxy)
silane. The reaction was heated at 1201C for 4 hours then at 140[err]C for
1 hour. The reaction was cool ed thenldiFuted with 400nL distilled water
then extracted twice with 100nL ether. The conbi ned organics were dried
over magnesi um sul fate. The sol vent was renoved on a rotary evaporator and
the resulting oil, 23.0g, chromatographed (silica gel, gradient from 98.75%
CHrérr]G [err], 1.25% EtOAc to 100% MeCH) to give 6. 6g (16. 6rmol, 31.1%
FTIR (neat, caplllary) 2957. 55, 2898.62, 2834.28, 1453.19, 1411. 46,
1249.92, 1191.11, 1039.00, 833.12, 751.49, 714.58, 686.18, 657.92. NMR
(CDA [err]dicaUrmries, (Atetylperoside 4dlauroyl peroxide or benzoyl

peroxide, photoinitiators include compounds such as
2-hydroxy-2-methyl-l-phenylpropan-l-one (Darocur™, EM
Chemicals), and the like.

Diluents may be employed in the process of polymerizing
the"copolymers of the present invention in order to modify
the resultant physical characteristics of the figished
copolymer. For instance, the comonomer mixture used to
produce a hydrogel like material may also include a portion
of methylethylketoné. In general, the amount of diluent used
should be less than 50 wt.%. In most cases, the diluent
content will be less than 30 wt.%. 1In a particular copolymer
system, the actual limit will be dictated by the solubility
of the various comonomers in the diluent. In order to
produce an optically clear copolymer, it is important that a
phase separation does not occur between the comonomers éﬁd
the diluent, or the diluent and the final copolymer.

Furthermore, as a practical matter, the maximum amount of
diluent which may be used will depend on the amount of
swelling the diluent causes the final copolymers. Excessive
swelling will or may cause the copolymer to collapse when the
diluent is replaced with water upon hydration.

Suitable diluents include ethyleneglycol; glycerine;
liquid polyethylenegljcol; alcohols; alcohol/water mixtures;
ethylene oxide/propylene oxide block copolymers; low
molecular weight linear polyhydroxyethylme;hacrylates, glycol
esters of lactic acid; formamides; ketones;
dialkylsulfoxides; butyl carbitol; and the like.

These novel copolymers in general are made from
pdlymerizing mixtures comprising:

REPLAGEMENT,§ﬁ§E§
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(4H, M, 1.17-12.71 (2H, M, 0.07-0.47 (2H,mM, 0.00 (27H,s).

- 45 - To a 250nL 3-neck round bottomflask fitted with a nmagnetic
stirrer, condenser, nitrogen bl anket, dropping funnel, ice-water bath and
t her nonet err was added 6. 3g (15. 8mmmol)

- 15 -~
THIS SHEET HAS BEEN
| . REPLACED

a) from 1 to 99 wt.% of a base monomer of the general
chemical formula

R2 ' o)

Hy=C-(CH)p-0-C-X| RI
- a

wherein: X denotes an -0-, -S-, or -NR3- divalent radical;
) Rl denotes an organic radical;
R2 denotes -H or -CH3;
R3 denotes -H, or a monovalent alkyl radical;
ais 1, 2, 3, or 4; and
b is 0 or 1.

b) £rom 0.1 to 20 wt.% of a crosslinking agent known in
the biomedical material art, or a novel crosslinker
represented by the chemical formulae:

CH2=CH- (CH2) p~0-C-0-R¥1-0-C-0-CH=CH,
0 o
or
CH2=CH-(CHE)bﬁo-g-x-Rxl—x-g-o-CHz=cu2
0 0
or
CH2=CH-(CHz)b—O-E-XT—-RCI
. o a

wherein; X is -0~ or -NH- with at least one X being -NH-; Rcl
denotes a multivalent organic radical, b is O or 1, and a is
2, 3 or 4.
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N (2- hydr oxyet hyl ) - 3-am nopropyl tris(trimethyl siloxy) silane, 1.37g

(17. 4mmol ) of pyridine and 100nL ether. To the reaction m xture was added
1.689 (15.8nmol) of vinyl chlorofornate so that the tenperature renai ned
bel ow 5[err]C. After stirring at roomtenperature for 24 hours the reaction
m xture was washed with 100nL 2N HCO, 100nmL 2N NaCOH and the organi ¢ phase
was dried over nagnesiumsulfate. Thd6sal vent was [MTETOVREETORAS BEEN dr' y
evaporator and the resulting oil, 4.3g, chromatoglapheckgpshtEsa gel et hyl
acetate 20% net hyl ene chl ori de 80@@ The oil recoy g
(6. 4ol , 25.4%yield). FTIR (neat, capillary) 2957.62, 2899.00, 1720.60,
1702. 33, 1648.16, 1470.55, 1420.23, 1373.91, 1291.12, 1249.88, 1196.62,
1152.74, 1039.27, 951.52, 833.44, 753.18, 715.26, 686.53, 658.78. NWR
(CDCl [err]) 6.38hese@dpdlyitBrs 4030-al @0 coltaip, £8r86e3. ddf Rives)such

3.00-3. 36 (alg_"dgttijné)oa'grlenq,ss ,( %H’.r{@s, %y%%’,o's‘%(}e%%léh%ing' Qgéﬁ@ZHaﬁé- the

like to tailor specific material properties as desired.

The copolymers of the present invention are useful as
biomedical devices, and in particular, are well suited as
contact lens materials. The copolymers can be formed into
contact lenses by many of the techniques koown in the art to
be useful in contact lens production. For instance,
prepolymer mixtures containing heat initiated free radical
catalysts can be placed in polypropylene tubes which are then
heat cured over time to form copolymeric rods which are then
cut to form button shaped articles. These button shaped
articles can then be lathed into contact lenses.

Alternately, the prepolymer mixture can be molded per the
methods disclosed in U.S. Patent Nos. 4,085,455 or
4,197,266. Spin casting techniques may also be used with the
present materials and such methods as described in U.s.
-Patent Nos. 3,408,429 and 3,496,254 can be so adopted to be
useful with the present copolymers.

SYNTHESIS OF MONOMERS

PART I -~ SYNTHESIS OF HYDROXALKYI MONOMERS
FUL AS HYDROGEL BASE M MERS AND WETTING AGENT

1.0 2-Hydroxvethyl Vinyl Carbonate CgHgO4

To a 1000mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, N; blanket, thermometer, and a dropping
funnel 5.0g (81.66mmol) of ethylene glycol. 7.12g (90.0mmol)

of pyridine and 500mL of chloroform were added. To this
REPLAGEMENT SHEET
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[err] - 46 - PART V - CYCLOALKYL
AND CYCLOARYL CONTAI NI NG MONOVERS

- 17 -

_reaction mixture 8.77g (8l.66mmol) of vinyl chloroformate was
added over 20 minutes. The reaction mixture was stirred for
16 hours. The volume of the mixture was reduced to 75mL on a
rotary evaporator and the residue washed with 100mDL of 2N
HCl. The agueous phase was set aside. The organic phase was
dried over magnesium sulfate. The solvent was removed on a
rotary evaporator and the resulting oil was purified by
chromatography (silica gel, gradient starting with 60%
cyclochexane 40% chloroform) to give an oil. The 2N HCl wash
was saturated with sodium chloride and extracted three times
with 50mL chloroform. The combined chloroform extracts were
dried with magnesiuﬁ sulfate and flash evaporated to an oil.
The oils combined to give 2.3g (17.4mmol, 21.3%) of a light
yellow oil. FTIR (neat, capillary) 3500.56, 3477.38,
3379.94, 2960.20, 1805.29, 1753.69, 1650.79, 1558,65,
1540.44, 1506.71, 1481.33, 1455.89, 1388.72, 1373.25,
1299.19, 1244.25, 1154,19, 1067.30, 1015.59, 995.52, 969:77'
944.14, 913.44, 875.08, B59.65, 779.15, 717.53, 684.06,
666.45, 649.43., NMR (CDCl3) 5 6.83-7.177 (1H,m), 4.56-5.0
(2H,m), 4.13-4.37 (2H,m), 3.70-3.93 (2H,m), 3.07-3.43
(1H,s). The instrumental analyses were consistent with a
compound represented by.the following formula: '

CHy=CH-0~C-0-CH,CH,0H

0o

ol avT
I'l} 2‘ o w..!-n‘
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5.0 4-s-Butyl phenyl Vinyl Carbonate Clerr]Herr]gerr] To a 250nL
1-neck round bottomflask fitted with a magnetic stirrer, dropping funnel,
i ce-bath was added 10.0g (66. 6mmol ) of 4-s-butyl phenol, 5.8g (73.3nmmol) of
pyridine and | QOnL of chloroform To the stirred solution 7.08g (66.6muol)
of vinyl chloroformte was added over, 5 mnutes and the reaction m xture
stirred for 30 mnutes until pyridrnéshYdrogen chloride precipitated. The
organi ¢ phase was washed twice with 100nm. of 2NHC , dried over nagnesium
sul fate and the solvent renoved on a rotary evaporator to give an oil.
Fol'l owi ng chromat ography (silica gel, toluene), 9.6g (43.6mvl, 65.4% of
colorless oil was obtained. STIR (neat, capillary) 2962.40, 2929.59,
2875. 00, 1470, 02-HydzoxyethydoVipw]l Casbamate]37859N04298. 73, 1218. 82,
1201.06, 1172.56, 1128.61, 1052.11, 1016.02, 997.93, 941.57, 913.17,

To a 500mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, Ny blanket, thermometer, and dropping
funnel 20.0g9 (327.4mmol) of ethanolamine and 200mL of
chloroform were added. 17.44g (163.7mmol) of vinyl
chloroformate was added to the mixture over 20 minutes
raising the temperature to 53°C. The reaction mixture was .
cooled to room temperature and stirred for 16 hours. The
resolution precipitate was removed by filtration. The
filtrate was evaporated to remove solvent and the residual
0il was distilled (125°C + 5C°, .89 Torr) to give 21.2g
(161.7mmol, 98.8%) of a light yellow 0il. FTIR (neat,
capillary) 3314.69, 2940.08, 2885.15, 1705.86, 1648.26,
1522.62, 1458.28, 1432.05, 1403.96, 1363.49, 1339.67,
1294.21, 1244.90, 1160.44,.1116.65, 1059.67, 1010.44, 547.03,
821.01, 861.00, 768.57, 731.09, NMR (CDC13) 3 6.90-7.23
(1H,m), 5.76-6.3 (1lH,s), 4.26-4.83 (2H,m), 3.50-3.93 (3H,m),
3.07-3.47 (2H,m). The spectral analyses were consistent with
the following chemical structure.

CH=CH-0-C-N-CH;CH,0H

OH
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874.55, 835.99, 771.64, 730.98, 707.91, 696.57. NWR (CDCl[err]) 7.08
(4H,S), 6.90-7.23 (1H, M, 4.50-5.10 (2H, M, 2.31-2.78 (IH M, 1.33-1.81
(2H, M, 1.16-1.23 (2H,d), 0.68-1.00 (3H M. [err]

47 5.1 4-t-Butyl phenyl Vinyl Carbamate Cerr]Herr]NJg err]

- 19 THIS SHEET HAS BEEN

REPLACED

' 1.2 -{Vinvloxvcarbonvloxy)-pvyr idin-2,5~dione

To a 500mL 3-neck round bottom flask fitted with a mechanical
stirrer, condenser, nitrogen blanket, dropping funnel, ice-
saltwater bath, and thermometer were added 10.0 (87.0mmol) of
N-hydroxy succinimide,.6.9g (87.0mmol) of pyridine, and 100mL
tetrahydrofuran was added. To the reaction mixture 9:25g
(87.0mmol) of vinyl chloroformate was added so that the
temperature remained below 10°C. After stirring at room
temperature for 18 hours the reaction mixture was washed with
100mL 2N HCl, and 100mL 2N NaOH. The organic phase was dried
over magnesium sulfate. The solvent was removed on a rotary
evaporator and the resulting liquid chromatographed (silica
gel, chloroform) to yield 10.0g (54.0mmol, 62.1% yield) of an
oil. FTIR (neat, capillary) 3516.50, 3132.04, 3099.40,
3003.94, 2960.21, 1830.80, 1823.25, 1792.36, 1734.05,
1671.98, 1653.62, 1646.30, 1429.97, 1380.77, 1368.60,
1306.35, 1260.89, 1241.83, 1201.12, 1162.09, 1154.49,
1134.29, 1087.59, 1049.93, 1005.21, 990.18, 948.77, 941.86,
908.06, 897.29, §92.42, 812.37, 769.04, 756.85, 724.90,
707.81. NMR (CDCl3) 6.73-7.09 (1H,qg), 4.61-5.24 (2H,m), 2.78
(4H,8).

o 0
E:> N-CHy-CH2-0CH~OCH=CH
0
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To a 250nL 3-neck round bottomflask fitted with a nmagnetic stirrer,
condenser, nitrogen bl anket, thernoneter, dropping funnel, ice water bath
was added 7.1g (80.0mml) of pyridine, 87.5nm of chloroform 12.0g
(80.0mmmol ) of 4-t-butylaniline. After cooling to 12.5[err]C, 8.6g
(80.0mmol ) of vinyl chloroformte was added so that the tenperature was-
mai nt ai ned. When the addition is cenpbeted, reaction was stirred at room
tenperature for 3 hours. The organi c phase was washed twice with 100nm 2N
HCL, once with distilled water, twice with 2N NaOH, once with distilled
wat er > once with 100mL 2NHC1, once with distilled water, and dried over
nagnesiun1su|fate The solvent was renoved on a rotary evaporator and the

résul t-i ng i £ ¢Sty 3% 13) e a white
solid (np 15 BdTer r’[@I %WE)QQ‘E’@@P m%é?é Wt hﬁﬁRé(éB@)lg? 17. 67,
3248. 14, 2960.58, 2903.46, 2868.29, 1718.64, 1649.04, 1615.15, 1600. 07,
1543. 48, 1476.36, 1460.81, 1412.07, 1363.76, 1324.04,

To a 500mL 3-neck round bottom flask fitted with a mechanical
stirrer, condenser, nitrogen blanket, dropping funnel, ice-
saltwater bath, and thermometer were added 5.0 (35.0mmol) of
N-(2-hydroxyethyl) succinimide, 2.8g (35.0mmol) of pyridine,
and 100mL chloroform. To the reaction mixture was added 3.79
(35.0mmol) of vinyl chloroformate so that the temperature
remained below 10°C. After stirring at room temperature for
18 hours the reaction mixture was washed with 100mL 2N HC)
and 100mL 2N NaOH. The organic phase was dried over
magnesium sulfate. The solvent was removed on a rotary
evaporator and the resulting red liquid chromatographed
(silica gel, chloroform). The recovered oil totaled 3.0g
(14.1lmmol, 40.2% yield). FTIR (neat, capillary) 1755.10,
1694.90, 1648.77, 1427.00, 1396.38, 1366.15, 1329.97,
1298.34, 1239.58, 1185.85, 1152.26, 1111.20, 1085.52,
1024.25, 1005.00, S546.53, B894.87, 882.46, 848.52, 818.51,
778.%9, 700.00, 661.32. NMR (CDCl3) 6.50-6.83 (1lH,q),
4.13-4.66 (2H,m), 3.93-4.13 (2H,m), 3.33-3.66 (2H,m), 2.41
(4H,8).

o) 0
¢>“ N-CH»~CH3-0C-OCH=CH3
o)
REPLACEMENT SHEET
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1301. 85, 1270.05, 1244.76, 1152.47, 1123.96, 1113.56, 1064.50, 1016. 24,
954. 13, 858.83, 828.57, 744.72, 704.65, 681.65. NWR (CDO[err]) 7.27
(4H,S), 7.03-7.40 (1H ), 6.64-6.82 (1H S), 4.37-4.90 (2H, m), 1.27 (9H S)

[err] - 48 -
- 21 - "THIS SHEET HAS BEEN
- REPLACED
ART II - SYNTHESIS OF PYRROLIDINONE

MOIETY CONTAINING MONOMERS

2.0 3-(2-Pyrrolidinon-l-yl)propyl Vinyl Carbonate CjgHsNO4

To a 250mL l-neck round bottom flask fitted with a magnetic
stirrer, droppinb funnel, and ice bath, 12.5g (87.3mmol) of
N-{3-hydroxypropyl)-2-pyrrolidinone, 7.6g (96.0mmol) of
pyridine and 100mL of chloroform were added. To the ice cold
reaction mixture 9.3g (87.3mmol) of vinyl chloroformate was
added over 5 minutes. After 5 minutes a precipitate formed.
The reaction mixture was adsorbed on silica gel then purified
by chromatography (silica gel, methylene chloride) to give
17.3g (81.1mmol, 93.0%) of a straw colored oil. FTIR (neat,
capillary) 2953.22, 1754.09, 1676.89, 1646.83, 1566.02,
1494.64, 1463.44, 1425.05, 1396.11, 1357.91, 1336.92, .
1296,25, 1239.43, 1152.41, 1085.28, 1024.06, 9598.00, 946.11,
882.00, 761.74, 737.53, 697.39, 651.25. NMR {CDC1l3)
6.82-7.17 (1H,m), 4.40-4.%6 (2d3,m), 4.06-4.28 (2H,m),
3.24-3.47 (4H,m), 1.68-2.56 (6H,m). The spectral analyses
were consistent with the following chemical structure.

L\\//“\\ -
0-C-0-CH=CH>
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5.2 4-t-Butyl cycl ohexyl Vinyl Carbonate To a 250nL 3-neck round bottom
flask fitted wwth a nagnetic stirrer, condenser, thernoneter, ice water
bat h, dropping funnel, was added 10. Qg (64.0mvl) of 4-t-butylcycl ohexanol,
5.6g9 (70.3muol) of pyridine and 100nL of chloroform The reaction mxture
was cooled to less than 10[err]C and.§.8g (64.0mmol) of vinyl chloroformte
was added so that the tenperature reiffi ned bel ow 15[ err]C. The reaction

m xture was stirred at roomtenperature for 20 hours, then washed with

2.1 2-(2-Pyrrolidinon-1-yl)ethyl Vinyl Carbonate CgH)13NO3

To a 250mL l-neck round bottom flask fitted with a magnetic
stirrer, dropping funnel, and ice bath, were added 10.0g
(77.4mmol) of N-2-(hydroxyethyl) pyrrolidinone, 6.7g
(84.7mmol) of pyridine and 100mL of chloroform. To the ice
cold solution 8.3g (78.0mmol) of vinyl chloroformate was
added. The mixture was stirred for 30 minutes, forming a
precipitate. The reaction mixture was chromatographed
(silica gel, methylene chloride) 90% toluene 10%) to give
8.3g (41.7mmol, 53.9%) of a light yellow oil. FTIR (neat,
capillary) 2862.91, 1754.66, 1679.48, 1646.22, 1454.64,
1462.88, 1438.22, 1424.48, 1393.77, 1368.15, 1327.55,
1286.44, 1237.47, 1152.71, 1113.47, 1085.63, 1046.25,
1018.86, 979.70, 846.17, 894.%8, 877.43, 853.32, 779.37,
735.01, 697.06, 650.86. NMR (CDCl3) § 6.84-7.17 (1H,m),
4.,45-5.01 (2H,m), 4.18-4.35 (2H,m), 3.32-3.62 (4H,m),
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| OOk 2N NG, 100mL distilled water and dried over magnesi um sul fate. The
sol vent was renoved on a rotary evaporator and the resulting oi
chromat ographed (silica gel, nmethylene chloride) to afford 7.3g (32.28mmol,
50.4% of an oil. FTIR (neat, capillary) 2949.85, 2867.24, 1753.81,
1650. 71, 1478.96, 1468.77, 1452.57, 1393.73, 138590, 1361 .15, 1325.03,
1296. 75, 1246.94, 1193.82, 1178.29; 2Z3155. 10, 111§IB£$SHEEBH535Em@83.32,
1041. 01, 1016.58, 1005.94, 946.14, 923.71, 902. 63, 86MREPBACBA3. 74,| 804. 43,
783.98, 758.83, 696.74, 668.14. NWR (CDCl[err]) [err] 6.86-7.2Z (1H m,
4,37-4.97 (2H, m, 1.00-2.30 (10H, M, 0.85 (9H ' S). [err]

; 1.70-2.50 (4H,m). Spectral analyses were consistent with the

proposed chemical structure,

\  ,0-C-O-CH=CH, o

0

ART 3137 - SYNTHE F_HALOATLKYY,
CONTAINING MONOMERS

3.0 2.2,2-Trifluorcethyl Vin n C5H503

To a 2 litre 4-neck round bottom flask fitted with a
mechanical stirrer, condenser, hitrogen blanket, thermometer,
ice-water bath, and dropping funnel 47.45g (0.6 moles) of
pyridine and 600mL of methylene chloride was added. The
mixture was cooled to between 5° and 8°C, a white precipitate
formed. Then 60.02g (0.6 moles) of 2,2,2-trifluoroethanol
was added. The reaction was warmed to room temperature for
20 hours. A precipitate remained but had changed texture.
The organics were washed thrice with 200mL 2N HCl, once with
saturated NaCl then twice with 200mL 2N NaOH. The organics
were dried over magnesium sulfate then distilled through an 8
inch vigreux to give a‘'colorless 0il which had the following
characteristics (bp 107°C, 760.0 Torr), 66.1g (.389mole,
64.8%). FTIR (neat, capillary) 2985.97, 1790.03, 1653.80,
1447.48, 1412.48, 1386.07, 1316.41, 1255.45, 1185.52,
1157.41, 1098.83, 1082.16, 995.88, 962.47, 941.20, 910.72,
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PART VI - ADDI TI ONAL MONOMVER SYNTHESI S 6.0

1- Adamant ane vi nyl carbonate

- 24 -

881.10, 777.15, 694.53, 665.95. NMR (CDCl3) 3 6.88-7.26
(1H,m), 4.33-5.20 (4H,m). The spectral analyses were
consistent with the following structure.

CHy=CH~0-C~0-CH,CF3

o -

3.1 2.2.2-Trifluorcethyl Vinyl Carbamate CgHgF3NO,

To a 1L 3-neck round bottom flask fitted with a mechanical
stirrer, condenser, thermometer, and ice water bath 32.1lg
(406.0mmol) of pyridine and 450mL of ether was added. After
the temperature was stabilized at 12.5°C + 2.5°C 21.6
203.0mmol of 2,2,2-trif;uoroethy1 amine hydrochloride was
added in one portion, then the reaction was stirred to room
temperature for 18 hours. The organics were washed twice
with 300mL 2N HCl, once with 100mL 2N NaOH, then dried with
magnesium sulfate. The solvent was removed on a rotary
evaporator and the resulting oil was distilled at:(70°c, 30
Torr) to give a wbite crystalline solid (mp 43-44°C) 6.8g
(40.2mmol, 21.8%). FTIR (SRATR) 3325.47, 2957.22, 2921.47,
2852.61, 1722.84, 1651.46, 1540.06, 1458.41, 1427.889,
1396.91, 1299.01, 1281.24, 1237.54, 1150.23, 1121.40,
1023.84, 956.16, 946.33, 871.75, 830.76, 771.03, 669.23. NMR
(cDCl3) 6.95-7.27 (1H,m), 5.07-5.66 (1H,b), 4.33-4.86 (2H,m),
3.50-4,13 (2H,m).

CF3CHyN-C~0-CH=CH;
H O
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To a 500nL 3-neck round bottomflask fitted wth a nmechanical stirrer,
condenser, nitrogen bl anket, dropping funnel, ice- saltwater bath and

t her nonet er was added 17.6g (116. Omol) of 1-adamantanol, 9.3g (117.0mmmol)
of pyridine and 200nL chloroform To thﬁ reaction m sture was added 12. 5¢g
(117.0mmol ) of vinyl chloroformte so £Raf the tenperature renai ned bel ow
10 degrees centigrade. After stirring at roomtenperature for 18 hours the
reaction m xture was washed with 100nmL 2N HCO and 100mi 2 N NaCH and the
organi ¢ phase was dried over magnesi um sul fate. The sol vent was renoved on
a rotary evaporator and the resulting white solid chromatographed (silica
gel, chlorofornm). The white solid recovered 19.3g (86.4muvl, 74.5% yi el d)
mel ting point 35-37 degrees centigrade. FTIR (KBr) 3430.92, 2914.51,

2855. 03, 1756.33, 1651.33, 1458.19, 1321.61, 1312.23, 1296.45, 1246. 83,
1160. 25, 1103.75 1082 53 1041 68 964. 82, 892 90, 784 44 NVR

(‘CDA [errB)y26. 8117123, af 3 ) Sarbongte

To a 1000ml 3-neck round bottom flask fitted with a
mechanical stirrer, condenser, nitrogen blanket, thermometer,
dropping funnel, and ice-water bath 43.50g (550.0mmol) of
pyridine and 600mL methylene chloride was added. After
cooling to 5°C + 2C° 53.3g (500.0mmol) of vinyl chloroformate
was added while maintaining the temperature. A white
precipitate formed immediately. When the addition was
complete, 92.4g (550.0mmnl) 1,1,1,3,3,3-hexafluoro-2-propanol
was added. The reaction was stirred at room temperature for
18 hours. The organics were washed twice with 500mL ice cold
2N HCl, once with 500mL ice-cold saturated- NaCl, dried over
magnesium sulfate, and then distilled through an 8 inch
vigreux to give a colorless oil (bp 97°C, 760.0 Torr), 21.5g
(90.3mmol, 18.1%). FTIR (neat, capillary) 2980.79, 1782:53,
1654.02, 1383.67, 1363.76, 130%9.32, 1296.81, 1252.69,
1196.39, 1098.72, 1021,71, 936.52, 922,78, 905.85, 887.05,
866.80, 773.96, 712.08, 68%.17. MR (CDC13)8 6.83-7.23
(l1H,m), 5.26-5.86 (1H,m), 4.56-5.23 (2H,m).

CF3y

Cip =CH-0-C-0-C-H
o] CF3
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[err] - 50 - 6.1 1-Adanant anenet hyl
Vi nyl Carbonate

- 26 -

3.3 2.2.2-Trifluoro-l-phenvlethvl Vinvyl Carbonate 'CjjHgF303

To a 250mL round bottom flask fitted with a mechanical
stirrer, condenser, nitrogen blanket, thermometer, ice-water
bath, and dropping funnel 12.5¢g (71.6mmol) of l-phenyl-2,2,2-
trifluorcethanol, 7.6g (71.0mmol) triethylamine and 100mL
ethylether was added. After cooling to 12.5°C + 3°C, 7.6g
(71.0mmol) -of vinyl chloroformate was added while maintaining
the temperature. The reaction mixture was-filtered to remove
triethylamine-hydrochloride. The filtrate was washed twice
with 2N HC1l, once with distilled water then dried with
magnesium sulfate. The solvent was removed on a rotary
evaporator and the crude oil was distilled to give a
colorless oil (bp 90°C, 4.5 Torr), 12.2g (49.6mmol, 69.8%).
FTIR (neat, capillary) 1800.23, 1767.51, 1733.45, 1653.30,
1558.52, 1499.70, 1458.25, 1383.98, 1355.92, 1312.00, '
1301.65, 1273.65, 1241.93, 1208.55, 1182.79, 1157.35,
1131.65, 1088.2, 1031.72, 998.12, 938.91, 928.82, 813.17,
877.34, 849.19, 776.46, 760.96, 696.97. XNMR (CDCl3) &

7.30 (5H,S), 6.76-7.03 (1lH,m), 5.66-6.00 (1H,m), 4.36-9.33
(2H,m). |

H

CH=CH-0-C-0-C-

0 CF3
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To a 500nL 3-neck round bottomflask fitted wth a nmechanical stirrer,
condenser, nitrogen bl anket, dropping funnel, ice- saltwater bath and

t her nonet er was added 10. Qg (60.0mmol ) of 1-adamantannet hanol, 4. 8g

(60. 0mmol ) of pyridine and 150ni chloroform To the reaction m xture was
added 6.4g (60.0mmol) of vinyl chloroformate so that the tenperature

remai ned below 10[err]C. After stiTr?%g‘at roomtenperature for 18 hours
the reaction m xture was washed with 100mL 2N . HO and 100ni 2 N NaOH and
the organic phase was dried over magnesium sulfate. The solvent was renpved

on a rotary evaporat or paRe Re r gsphEbR A i hed (silica gel,
chloroforn). The white“sSolTd recovere otale nmol , 84.5%
yield), nelting point 44- 45[err]C FTIR ( KBr) 3423. 04, 2906. 49 2580. 27,
1759. 74, 1648. I3 . vERA. 23 42C7ﬁ}2©3§§ 1147. 22,
1087.78, 982.05, 951.64, 938.71, 889.75. NWR ( 89-7.27 (1H dd),

4.40-5.05 (2H,m), 3.75 (2H,s), 1.43-2.13 (15H,m

[err]

To a 250mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, nitrogen blanket, dropping funnel, and
thermometer was added 3.8g (48.0mmol) of pyridine then 50mL
of chloroform. The mixture was cooled to 12°C + 3°C with an
ice-water bath. Next 5.0g (48.0mmol) of trimethylsilyl
methanol then 5.1g'(48,0mmol) of vinyl chloroformate were
slowly added so that the temperature was maintained. The
cooling bath was removed and the reaction mixture was stirred
for one hour. The organics were washed four times with l00mL
2N HC1l, twice with distilled water and then dried over
magnesium sulfate. The solvent was removed under reduced
pressure to give an o0il. The o0il was passed through silica
gel to give 4.8g (27.56mmol, 57.1%) of colorless oil. FTIR
(neat, capillary) 2958.37, 1754.67, 1648.09, 1420.24,
1383.80, 1302.02, 1226.95, 1155.20, 1085.49, 944.10, 913.47,
840.6%, 779.53, 735.76, 669.81, 668.88. NMR (CDCl3) ¥
6.73-7.07 (1H, m), 4.25-4,85 (24,m), 3.73 (2H,S), 0.00 (9H,S).

o

(CH3)3SiCH;0COCH=CHy
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4.1 Trimethylsilylethyl Vinvyl Carbonate CgH3160351

To a 250mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, nitrogen blanket, dropping funnel, and
thermometer was added 6;69g (85.0mmoi) of pyridine then 100mL
of chloroform. The reaction was cooled to 12°C + 3C° with an
ice-water bath. ©Next 10.0g (85.0mmol) of trimethylsilyl
ethanol and 9.01g (85.0mmol) of vinyl chloroformate were
added so that the temperature was maintained. The cooling
bath was removed and the reaction mixture was stirred for one
hour. The organic phase was washed four times with 100mL 2N
HC1l, twice with distilled water then dried over magnesium
sulfate. The solvent was removed under reduced pressure to
give an oil. The o0il was passed through silica gel to give
6.0g (31.9mmol, 37.5%) of colorless oil. FTIR (neat,
capillary) 2955.56, 1754.65, 1648.64, 1456.39, 1414.83,
1388.75, 1298.51, 1239.97, 1178.60, 1154.64, 1082.23, '
1061.84, 1043.84, 1026.67, 943.56, 918.45, B856.41, 832.97,
784.30, 767.03, 694.35, 663.60. NMR (CDCl3) 6.80-7.13
{lH,m), 4.42~4.91 (2H,m), 4.03-4.40 (2H,m), 0.87-1.15 (2H,n),
0.00 (9H,S).

o

(CH3) 3SiCH2CH,0COCH=CHy




REPLACEMENT SHEET 51 6.2
1- Adamant aneet hyl Vi nyl Carbonate To a 500nL 3-neck round bottom fl ask

fitted with a mechanical stirrer, condenser, nitrogen bl anket, dropping
funnel, ice- saltwater bath, thernoneter was added 5.0g (27.7mmol) of
1- adamant hanet hanol , 2. 2g (27.7mm|)_02f9 pyridine and 150mL

4.2 3-(Trimethylsilvylipropyl Vinyl Carbonate CgHj3gO3Si

To a 500mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, nitrogen blanket, thermometer, and
dropping funnel was added 25.0g (189mmol) of .
trimethylsilyl-3-propanol, 16.45g (208mmol) of pyridine ang
175mL of toluene. 1In one portion, 22.1g (208mmol) of
vinylchloroformate was added to the reaction mixture; An
exotherm to 73°C was noted. The mixture was stirred for 3
hours at room temperature then at 50°C for 2 hours then at
room temperature for 18 hours. The organic phase was washed.
with 250mL 2N HCl then with 250mL 2N NaOH3 and the organic
phase dried with magnesium sulfate. The solvent was removed
on a rotary evaporator and the resulting oil distilled to
give a colorless oil (bp 115°C, 35 Torr), 1l4.7g (7.27mmol,
38.5%). FTIR (neat, capillary) 2955.00, 2898.21, 1758.60,
1649.23, 1468.16, 1453.00, 1439.73, 1414.72, 1391.72,
1350.50, 1298.51, 1239.70, 1190.91, 1157.19, 1090.25,
1057.10, 1031.32, 995.02, 944.19, 902.70, 856.58, 833.86,
782.42, 753.39, 691.98. NMR (CDCl3) & 6.86-7.18 (1, m),
4.36-4.88 (2H,m), 3.96-4.18 (2H,m), 1.40-1.91 (2H,m),
0.36-0.65 (2H,m), 0.00 (9H,S).

CH=CH-0-C-0-CHCH2CH2S1 (CH3) 3

o
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chloroform To the reaction m xture was added 2.95g (28.0mmol) of vinyl
chloroformate so that the tenperature renmai ned bel ow 10 degrees centi grade.
After stirring at roomtenperature for 18 hours the reaction m xture was
washed with 100nL 2N HCO and 100nmL 2 N NaOH and t he organi c phase dried
over magnesi um sul fate. The sol vent was renoved on a rotary evaporator and
the resulting oil chromatographed ts3®ita gel, chloroform). The oi
recovered totaled 27.6g (10.8mml, 38.5%yield). FTIR (neat, capillary)
2898. 57, 2846.95, 1756.14, 1648.61, 1450.70, 1398.71, 1312.71, 1296. 74,
1240. 05, 1155.26, 1106,22, 1097.88, 1090.63, 975.27, 944.26, 933.77,

923. 00, 900.75, 867.0, 782.34. NWR (CDCl[err]) 6.86-7.20 (1H,dd), 4.38-4.92
(2H,m, 4.072-4.37 (2Ht), 1.33-2.18 (17H M. [err]

4.3 -B l1dimethylsilox hvl Vinyl rhbon C311H720481

To a 500mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, nitrogen blanket, thermometer, dropping
funnel, and ice-water bath was added 19.8g (112.3@@01) of
tert-butyldimethylsiloxy ethyleneglycol, 9.8g (112.3mmol) of
pyridine and 300mL of ether. After cooling to 10°C + 5°C,
11,969 (112.3mmol) of vinyl chloroformate was added dropwise
so that the temperature was maintained. A precipitate was
formed and the reaction was stirred to room temperature over
16 hours. The organic phase was washed twice with 100mL
2NHC1, twice with 100mL 2N NaOH then dried over magnesium
sulfate. The solvent was flashed off on a rotary evaporator
and the resulting.oil was passed through a short
chromatography column (silica gel, chloroform) to give 26.99g
(109.2mmol, 97.2%) of clear liquid. FTIR (neat, capillary)
2955,19, 2929.89, 2857.80, 1759.76, 1651.09, 1743.16,
1463.41, 1386.69, 1373.24, 1362.91, 1339.85, 1298.68,
1239.45, 1159.%85, 1136.18, 1110.98, 1084.87, 1026.06,
1005.69, 944.16, 902.24, 869.65, 828.32, 812.16, 774.36,
714.82, 682.03, 661.17. NMR (CDC13)86.78-7.12 91H,m),
4.35-4.93 (2H,m), 4.03-4.26 (2H,m), 3.60-3.83 (2H,m) 0.82.
(9H,8), 0.00 (6H,S).

CHj3 CH3
CH2=CH—O-C—O—CH2C52—O-Si -~ C~CHj
0 CH3 CHj3
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- 52 - 6.3 1- Adamant ane Vinyl Carbanmate To a 500nL 3-neck round
bottomflask fitted wwth a mechanical stirrer, condenser, nitrogen bl anket,

droppi ng funnel, ice- saltwater bath and thernoneter was added 10.0g
(66. 0mmol ) of 1-adarmantaneam ne, 5.5g (70.0mmol) of pyridine and 150nL
- 31 -

4.4 3:[Tris(trimethvlsi;oxv)silvl] propyl Vinyl Carbonate
C15H3604514

To a 100mL 3-neck round bottom flask fitted with a magnetic
stirrer, dropping funnel, thermometer, and condenser, was
added 9.5g (38.0mmol) of 3-(trimethoxysilyl) propyl
vinylcarbonate and 16.6g (125.3mmol) of trimethylsilyl-
acetate. To this reaction mixture was added 3.45ml of a
catalyst prepared by mixing 23.8g (242.7mmoel) of sulfuric
acid, 11.6g (251.8mmol) of absolute ethanol and 16.5g
(816.0mmol) of water. The addition took twenty minutes and
an 8°C exotherm was noted. The reaction was allowed to stir
at room temperature for 16 hours and was then diluted with
200mL of chloroform, washed twice with 100mL 2N NaOH, and
dried over magnesium sulfate. The solvent was removed on a
rotary evaporator to give 15.3g of crude oil. Following
chromatography (silica gel, 80% Heptane, 20% methylene
chloride) the oil was distilled (bp 125°C, 0.8 Torr), 3.5g
(8.24 mmol, 21.7%). FTIR (neat, capillary) 2958.06, 2898.76,
1762.06, 1650.84, 1543.76, 1393.82, 1319.20, 1298.62,
1245.44, 1199.11, 1160.19, 1041.77, 975.14, 946.32, 833.42,
782.42, 753,08, 714.62, 686.73, 658.57. NMR (CDClj)
6.71-7.10 (1H,m), 4.28-4.83 (2H,m), 3.85-4.08 (2H,m),
1.36-1.85 (2H,m), 0.23-0.50 (2H,m), 0.00 (27H,S).

o

CH2=CH-0-C-0-CHpCHyCH281i[0Si(CH3)3]3
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chloroform To the reaction m xture was added 7.4g (70.0mmol) of vinyl
chloroformate so that the tenperature renmai ned below 10[err]C. After
stirring at roomtenperature for 18 hours the reaction m xture was washed
wi th 100nmL 2N HC and 100nL 2 N NaCH and the organi c phase was dried over
magnesi um sul fate. The sol vent was renoved on a rotary evaporator and the
resulting solid was chronmat ographed @%irica gel, chlorofornm). The tan solid
totaled 5.2g (23.5mmol, 35.6%yield). FTIR (KBr) 3435. 97, 3341.23, 2919. 85,
2906. 82, 2852. 95, 1738 71, 1718 23, 1648. 31 1522 76 1362 95, 1347.11,
1%96 03, XW3&. I ‘ ; ad sid oxyd® : LNYQSQagRamanR .
952. 14, 849. 30. NVR (CDCI[ r 7.33 (1H dd) 4 25 4. 88 (3H n,
1.56-2.26 (15H,m). [err] gﬂfﬂ%s%“

To a 100mL 3-neck round bottom flask fitted with a magnetic
stirrer, and dropping funnel was added 5.0g (i4.1mmol) of
3-amino propyl{trimethylsiloxy)silane, 1.23g (15.6mmol) of’
pyridine and 50mL of chloroform. Five minutes after adding
1.5g (14.lmmol) of vinyl chloroformate, an exotherm
resulted. The reaction mixture was checked by gas
chromatography after 10 minutes and the starting amine was
consumed. The organic phase was washed once with 100mL 2N
KCl then dried with magnesium sulfate. The solvent was
removed on a rotary evaporator to afford 5.8g of crude brown
oil. Following chromatography (silica gel, 50% heptane 40%
methylenechloride), 5.0g (11l.8mmol, 83.3%) of colorless oil
(bp 130°C, .8 Torr) was obtained. FTIR (neat, capillary)
2957.80, 1751.43, 1718.38, 1648.64, 1529.69, 1445.45,
1407.29, 1293.71, 1249.76, 1195.93, 1165.08, 1041.17, 972.34,
951,33, 833.18, 752.97, 715.26, 686.34, 656.45. NMR

(CDC1l3) 6.91-7.26 (1H,m), 4.16-4.66 (3H,m), 2.80-3.20
(2H,m), 1.20-1.71 (2H,m), 0.20-0.48 (2H,m), 0.00 (27H,S).

H

CH2=CH-—O-C—N—CH2CH2CH281 [0Si(CH3 ) 3]3
0
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6.4 N (2-adamantyl)-0-2-Vinyl oxycar bonyl am noet hy] Car banmat e

To a 250nL 3-neck round bottom flask that was fitted with a nmagnetic

stirrer,

condenser, nitrogen bl anket, was added 6.33g (41. 8mmol) of

2- adamant am ne, 20.7g (41.8mmol) of 20% phosgene in toluene and 90nL of dry

t ol uene.

By neans of a
- 33 -

4.6 -{(Vinvlox by lthiolpr 1-{tri imeth ilox

silanel"

To a 500mL 1l-neck round bottom flask fitted with a magnetic
stirrer and a condenser, was added 33.0g (123.9mmol) of
3-(trimethoxysilyl) propyl thio vinyl carbonate and 81.9g
(619.2rnmol) of trimethyl silyacetate. With rapid stirring,
11.3mL of an acid catalyst prepared by mixing 23.8g
(242.7mmol) of sulfuric acid, 11.6g (251.8mmol) of absolute
ethanol and 16.5g (916.0mmol) of water) unsaturated. A
vigorous exotherm was noted. After 30 minutes the reaction
mixture was dissolved in 300mL chloroform and washed twice
with 100mL of 2 N NaOH and dried over magnesium sulfate. The
solvent was removed on a rotary evaporator and the resulting
oil was chromatographed (silica gel, chioroform). The
product was distilled (160°C, .8 Torr) to afford 25.5g
(57.86mmol, 46.7%) of a colorless oil. FTIR (neat,
capillary) 2957.71, 1720.75, 1645.91, 1250.16, 1136.24,
1113.53, 1098.48, 1038.97, 944.04, 912.93, 833.12, 751.61,
717.00, 686.49, 658.44. NMR (CDCl3) § 6.95-7.32 (1H,m),

4.32-4.85 (2H,m), 2.63-2.88 (2H,m), 1.62-1.88 (2H,m),
0.28-0.62 (2H,m), 0.00 (27,S).

CH2=CH—O—C-S-CH2CH2CH255. [0S (CH3 ) 3 ] 3

0

REPLACEMENT SHEET

25 NOV 1996

A e m————tl

Sorearesrsam i roarmansas




heating mantl e the reaction was refluxed for eight hours, then allowed to
cool to roomtenperature over night. To the reaction m xture was added 5. 0g
(38.0nmol ) of 2-hydroxyethyl vinyl carbamate in 100ni of dry toluene. The
reaction m xture was refluxed for eight hours then cooled to room
tenperature and the product was filtered and dried to give 5.4g (17.5mmmol,
46. 1% yield). FTIR (Kbr) 3320.53, 298k 77, 2854.81, 2708.48, 2622.82,
2587. 66, 2530.60, 2062.48, 1710.68, 1648.47, 1625.62, 1604.50, 1594. 43,
1514. 68, 1476. 34, 1453.03, 1403.83, 1363.71, 1348.91, 1323.96, 1311. 36,
1295. 64, 1250.12, 1185.17, 1111.58, 1056.19, 1012.80, 974.49, 949. 05,
913.42, 863.76, 810.32, 769.55, 730.73, 694.94, 649.43. NWR (CDC[err])
8.54-7.54 (2H,bs), 7.33-6.96 (1H,q), 4.85-4.26 (2H M, 3.79-3.20 (4H m,
2.33-1.33 (15H m.

: 4.7 =[Tri rimethylsilox ilyllipropyl Allyl

To a 100mL 3-neck round bottom microware flask fitted with a
magnetic stirrer, condenser, Ns blanket, and dropping funnel,
was added 4.8g (13.57mmol) of 3-aminopropyltris(trimethyl-
siloxy) silane, 1.18g (15.0mmol) of pyridine and 50mL of
chloroform. To the reaction mixture, 1.65¢ (13.6mmol) of
allyl chloroformate was added dropwise resulting in a pink
color and an exotherm to near reflux. After 72 hours, the
light yellow organic phase was washed once with 100mL 2N HC1,
once with 100mL 2N NaOH, and then dried with magnesium
sulfate. The solvent was removed on a rotary evaporator to
afford an oil. Following chromatography (silica gel, CHCl3},
the product was distilled (bp 123°C, .7 Torr) to give 4.0g
(9.1mmol, 66.6%) of a colorless oil. FTIR (neat, capillary)
2857.56, 1702.88, 1527.57, 1445.45, 1409.33, 1249.69,
1195.48, 1039.35, 993.11, 928.34, 833.37, 753.07,-717.02,
686.29, 656.22. NMR (CDCl3) & 5.52-6.13 (1H,m), 4.88-5.34
(2H,m), 4.36-4.80 (3H,m), 2.83-3.22 (2H,m), 1.16-2.00 (2H,m),
0.16-0.47 (2H,m), 0.00 (27H,S).

O H

CHy=CH-CHy~-0-C-N-CH,CH,CH2Si [0Si (CH3)3]3




- 54 - 6.5 N,N-dinmethyl vinyl carbanmate To a 100nmL 3-neck round
bottomflask fitted wwth a mechanical stirrer, condenser, nitrogen bl anket,
thernoneter, fritted gas delivery tube, nmethanol-dry ice-bath was added
23.8g (223.4mmol ) of vinyl chloroformate, 650nL of ether. \Wen the reaction

m xture was at -65[err] C a stream of di nethyl am an%°S@Q%STﬁE“B)

m nutes. By gas chromat ography the vinyl

REPLACED
- 35 " -
4.8 1. 3-Bisf4-(vinvloxvcarbonyloxy)but-l-vll-tetremethvl

To a 500mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, N, blanket, dropping funnel, and
thermometer, was added 10.0g (35.9mmol) of 1,3-bis
(4-hydroxylbutyl) tetramethylsiloxane, 6.24g (78.9mmol) of
pryridine and 100mL of chloroform. Next, 7.64g (71.8mmol) of
vinyl chloroformate was added to the mixture dropwise
producing an exotherm to 54°C. The reaction mixture was
cooled to room temperature and stirred for 19 hours. The
organic phase was washed twice with 100mL 2N HCl, twice with
l100mL 2N NaOH, then dried over magnesium sulfate. The
solvent was removed on a rotary evaporator and the resulting
oil was chromatographed (silica gel, chloroform) to give
13.22g (31.6mmol, 88.1%) of 2 light yellow o0il. FTIR (neat,
capillary) 2955.52, 1756.77, 1650.72, 1456.32, 1394.01,
1286.50, 1237.62, 1185.46, 1157.25, 1043.91, 9%90.80, 944.43,
868.86, 836.27, 781.65, 701.78. NMR (CDCljy) & 6.80-7.13
(2H,m), 4.37-4.92 (4H,m), 4.00-4.20 (4H,m), 1.55-1.88 (8H,m),
0.33-0.60 (4H,m), 0.00 (12H,S).

cné CHy
CHy=CH-0-C~0-CHCHCHZCHy ~51-0-51~CHyCHCHpCH-0~C-0-CH=CKy
o CHy CHz . 0
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chl orof ormat e was consuned. The reaction was stirred to roomtenperature
over night. The organics were washed with 500niL distilled water then dried
over magnesi um sul fate. The sol vent was renoved on a rotary evaporator and
the resulting oil (20.3g) distilled to give 9.3g (80.8mvl, 36.2%. FTIR
(neat, capillary) 3091.32, 2932.23, 1712.80, 1645.80, 1520.23, 1488. 98,
1445. 42, 1396.96, 1370.59, 1291.08, "18$5-79, 1165.47, 1144.50, 1082.71,
1042. 05, 951.61, 923.80, 859.37, 835.80, 758.66, 699.77, 681.97. NWR
(chC[err]) 7.02-7.33 (1H,q),  4.25-4.79 (2H,n), 2.92 (6H,s).

4.9 "V3Dy5"

To a 100mL l-neck round bottom microware flask fitted with a
magnetic stirrer, and a drying tube was added 5.0g
(11.95mmol) of 1,3-bis(4-vinyl butyl carbonate)
tetramethyldisiloxane, 22.15g (74.7mmol) of -
octamethylcyclotetrasiloxane was added. Then 0.679g
(0.452mmol) of trifluoromethanesulfonic acid was added to the
reaction mixture. The reddish reaction mixture was stirred
for 24 hours, then .38g (4;5;mmol) of sodium bicarbonate was
added which resulted in foaming. After 24 hours a small
amount of black solids formed. The reaction mixture was
filtered through 20.0g of activated F20 alumina to give a
light yellow o0il, The o0il was heated at 80°C at .25 Torr for
3 1/2 hours to remove volatiles, giving 13.4g (5.90mmol,
49.4%) of a light yellow oil. FTIR (neat, capillary)
2960.92, 1763.97, 1255.70, 1219.52, 1160.33, 1008.42, 946.68,
864.60, 782.03, 700.22, 686.57, 661.36. NMR (CDCl3) &
6.83-7.16 (2H,m), 4.36-4.93 (4H,m), 4.00-4.20 (4H,m),
1.16-1.91 (8H,m), .32-.62 (4H,m), 0,000 (168,S).

C'Hj CHa I CH3
1 ' ' -
CHy=CH-0-C—-0—CHCH5CHCE2~51-0 — §i-0+—81-CHCH,CH;CH,~0-C-0CH=CH)
L] ‘ L} s "
o Ul CH3‘J CH3 o)
| 25
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- 55 - 6.6 N,Ndiethyl vinyl carbamate To a 250nL 3-neck round bottom
flask fitted wwth a nagnetic stirrer, condenser, nitrogen bl anket, dropping
funnel was added 3.2g (26.25mmopl) of potassiumt-butoxide, 50nL anhydrous
tetradhydrofuran. After the solid was dissolved 5.6g (25.0mvl) of

N, N- di et hyl 2-bronoet hyl carbamate was added and the reaction stirred for
30 mnutes. To the reaction was added 100nL distilled water then the

sol vent was renoved on the rotary evaporagtor. The residue was taken up in
ether and filtered then distilled to gi@ an oil 2.57g (17.9mol, 71.8%
yield). FTIR (neat, capillary) 2976.21, 2936.84, 2878.45, 1710.65, 1645.97,
1522. 34, 1474.22, 1458.46, 1422.71, 1379.10, 1366.22, 1350.76, 1316. 26,

£4.10 =Methvl-N-[Tri imethylsiloxy)silylp vinyl
carbamate '

To a 300mL 3-neck. round bottom flask fitted with a mechanical
stirrer, condenser, nitrogen blanket, dropping funnel was
added 514.2g (3.186mmols) of hexamethyldisilazane. To the
reaction flask was added 675mL of methanol over 30 minutes,
when the addition was finished 75.0g (318.6mmol) of
N-methyl-3-aminopropyltris(trimethoxy) silane was added. To
the reaction was added 57.3g (3.186mmols) of distilled

water. The reaction was stirred for 21 days and monitored by
GC. During the 21 days 60.0g (3.33mmols) of water, 340mL
methanol, and 228.0g (l.4lmmols) of hexamethyldisilazane were
added. The reaction mixture was reduced to 125.76g of crude
oil by rotary evaporation. The crude material was distilled
to give 62.6g (169.2mmol, 53.1%) of liquid
N-methyl-3-aminopropyltris(trimethylsiloxy)silane bp. 64'
0.125mm Hg. FTIR (neat, capillary) 2957.80, 2899.02,
2790.57, 2361.73, 1471.38, 1443.26, 1412.16, 1343.04,
1249.97, 1218.84, 1187.7), 1083.76, 833.11, 751.60, 715.03,
686.34, 658.34. NMR (CDCljy) 2.20-2.52 (2H,t), 2.24 (3H,s),
1.13-1.66 (2H,m), 0.99 (1lH,s), 0.21-0.66 (2H,m), 0.00 (27H,s).

CH3
H-N-CH,CHoCH)S1 (OSiMe3 )3

REPLACEMENT SHEET

|

| | 25 NOV 199




1290. 78, 1269.99, 1224.27, 1160.58, 1143.97, 1097.99, 1085.35, 1077. 10,

1059. 36, 987.36, 951.76, 858.41, 820.83, 781.32, 760.94, 699.54. NWVR

(CDC13) 7.07-7.39 (1Hg), 4.31-4.89 (2H,n), 3.12-3.46 (4H q), 1.05-1.31
- 56

6H t). .
/(ADDI T? ONAL | NTMEDI ATES ' THIS SHEET HAS BEEN

_ 38 - REPLACED

To a 500mL 3-~neck round bottom flask fitted with a magnetic
stirre;, condenser, nitrogen blanket, dropping funnel,
thermometer, ice-water bath was added 10.0g (27.2mmol) of
N-methy1;3aminopropyltris (trimethylsiloxy) silane, 2.37g
(30.0mmol) pyridine, and 200mL ether. Next was added 3.19g
(30.0mmol) vinyl chloroformate so that the temperature
remained below 15°C. After stirring for 18 hours-the
reaction mixture was washed with 100mL 2N HCl and 100mL 2N
NaOH, and the organic phase was dried over magnesium

sulfate. The 501vept was removed on a rotary evaporator and
the resulting oil was chromatographed (silica gel, methylene
chloride). The product was recovered as an oil and was
distilled (94-98°C, .lmm Hg) to yield 8.0g (18.3mmol, 67.2%
yield). FTIR (neat, capillary) 2957.78, 2900.92, 1646.60,
1461.07, 1453,17, 1424.97, 1404.46, 1376.48, 1345.30,
1308.70, 12%0.62, 1250.02, 1180.15, 1151.93, 1097.66, .
1039.05, 952,11, 928.39, 833.42, 787.00, 753.10, 715.30. NMR
(2H,t), 2.78 (3H,s), 1.20-1.70 (2H,m), 0.i4-0.4l (2H,m), 0.00
(27H,s).

o)

CH2=CHOCN-(CH;)3Si- [OSi(CH3)3] 5

CH3 -
B REPLACEMENT SHEET
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2- Bromoet hyl vinyl carbonate To a 1L 4-neck round bottomflask fitted
with a nmechanical stirrer, thernoneter, condenser, dropping funnel and
nitrogen bl anket was added 31.2g (250mmmol) of 2-bronoethanol, 21.4g
(270mmol ) of pyridine and 400nL of ether. The reaction was cooled wth an
i ce-water bath to |l ess than 10[err] C then 28. 8¢g ZQopol ) of  vinyl

chl orof ormate was added so that the-téfAperature éﬁﬁSﬁEEEbéhﬁﬁﬁEﬂ[err]C
The reaction was stirred to roomtenperature for |27 hoREPEACERen t he
organi cs were washed twice with 2N HC, twice'with 2N NaOH, then dried over
magnesi um sul fate. The sol vent was renoved on a rotary evaporator and the
resulting oil was passed through a-short silica gel colum, to renpve nost
of the color, to glve 38. 4g

4.11

To a 500mL 3~neck round bottom flask fitted with a mechanical
stirrer, condenser, nitrogen blanket, dropping funnel,
thermometer, oil bath was added 5.0g (58.0mmol) of piperazine
and 230mL o-xylene. The reaction mixture was heated to 125 +
5° and 11.0g (29.0mmol) of 3-chloropropyltris(trimethylsiloxy)
silane was added dropwise. The reaction was heated for 48
hours, cooled, and dried over magnesium sulfate. The solvent
was removed on a rotary evaporator énd the resulting oil was
distilled to give the product 4.5g (10.7mmol, 18.4% yield).
FTIR (neat, capillary) 3272.01, 2955.61, 2900.63, 2805.76,
2764.47, 2363.11, 1445.48, 1411.45, 1368.66, 1342.63,
1319.87, 1249.85, 1188.87, 1144.26, 1039.34, 833.42, 751.53,
712.61, 686.39, 656.40. NMR (CDCl3) 3.60-3.93 (4H,m),
2,06-2.43 (6H,m), 1.66 (1H,s), 0.97-1.66 (2H,m), 0.12-0.40
(2H,m), 0.00 (27H,s).

“HN 1-CH,CH,CH,54 0-5i(CH3) 3
\—/ 3
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(197mvol, 78.8%vyield). FTIR (neat, capillary) 3672.76, 3469.03, 3096. 75,
2972.97, 2155.40, 2057.14, 1754.37, 1648.44, 1563.96, 1455.87, 1443. 36,
1427.17, 1388.17, 1299.17, 1285.60, 1244.29, 1221.29, 1152.23, 1095. 86,
1049. 38, 988. 10, 940.93, 897.08, 875.78, 828.81, 778.74, 738.01, 694.54,
663.28. NWMR (CDCl[err]) 6.85-7.23 (1H q), 4.40-5.10 (4H m, 3.42-3.59
(2H t). - 40°- 57 . |

To a 250mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, nitrogen blanket, dropping funnel,
thermometer and ice-ﬁater bath was added 5.0g (ll.8mmol) of
3-tris(trimethylsiloxy)silylpropyl piperazine, .98g
(12.4mmol) pyridine and 100mL ether. To the reaction mixture
was added 1.32g (12.4mmol) vinyl chloroformate so that the
temperature remained below 15°. After stirring for 18 hours
the reaction mixture was washed with 100mL 2N HCl, 100mL 2N
NaOH and the organic phase was dried over magnesium sulfate.
The solvent was removed on a rotary evaporator and the
resulting oil was chromatographed (silica gel, methylene
chloride). The product was recovered as an oil 4.,0g
(8.1lmmol, 68.8% yield). FTIR (neat, capillary) 2957.40,
2900.69, 2808.30, 2770.50, 1646.32, 1460.48, 1425.87,
1373.46, 1353.45, 1334.61, 1291.27, 1249.73, 1227.01,
1187.92, 1152.02, 1100.89, 1039.50, 1000.33, $52.03, 833.45,
752.98, 712.79, 686.52, 656.44. NMR (CDCl3) 6.89-7.30
(1H,dd8), 4.28-4.76 (2H,m), 3.30-3.60 (2H,m), 2.19-2.40
(2H,m), 1.21-1.63 (2H,m), 0.17-0.63 (2H,m), 0.00 (27H,s).

0

CHp=CHOC-N i-(CHz)3 Si- [OSi-(CH3)3]
3
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NN- di et hyl - 2- br onpet hyl car bamat e To a 500nL 3-neck round bottom fl ask
fitted with a mechanical stirrer, condenser, nitrogen bl anket, thernoneter,
droppi ng funnel was added 19.3g (263.8nmmpl) of diethylam ne and 250ni of
dry toluene. To the reaction m xture was added 24.7g (131.9mmol ) of

2- bronoet hyl chl oroformate. An exothermto 40[err]C was noted along with
the formation of a precipitate. Afterdtll-hour at 70C the organics were

washed with 2N HC then dried over magnesi um sul fate. "The sol vent was
renoved

4.12 2,2-Dimethyl N,N-bis(vinyloxycarbonyl)-1l,3-propandiamine
C11H1gN204

To a 250mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, thermometer, nitrogen blanket, dropping
funnel, and ice-~-water bath was added 15,59 (196.0mmol) of
pyridine, 100mL of chloroform, 10.0g (98.0mmol) of
2,2-dimethyl-1,3-diamino propane. After cooling to 12.5°C &
2.5°C, 20.8g (196.0mmol) of vinyl chloroformate was added so
that the temperature was maintained. When the addition was
completed, the reaction was stirred at room temperature for
one hour. The organic phase was washed twice with 100mL 2N
HCl, once with distilled water, twice with 2N NaOH, once with
distilled water, once with 100mL 2N HCl, once with distilled
water then was dried over magnesium sulfate. The solvent was
removed on a rotary evaporator and the resulting solid was
chromatographed (silica gel, ethyl acetate) to afford a white
solid (mp 92-98°C), l4.4g (59.5mmol, 60.7%). FTIR 3356.25,
3330.18, 3101.77, 3091.71, 3047.38, 2967.89, 2962.39,
2932.08, 2875;70, 1733.54, 1725.58, 1710.82, 1676.99,
1649.18, 1527.92, 1473.90, 1458.90, 1440.71, 13594.41,
1371.29, 1360.72, 1299.03, 1257.64, 1244.48, 1201.55,
1157.95, 1106.46, 1062.40, 1025.93, 958.01, 975.97, 961.45,
951.57, B76.82, 866.36, 774.00, 720.42, 671.33. NMR (CDC13)
6.93-7.27 (2H,m), 5.46-5.93 (2H,s), 4.428-4.86 (4H,m),
2.83-3.10 (4H,d), 0.90 (6H,s).

0 CH3 ©

CH,=CHOCRHCHCCH,NHCOCH=CH3

CH
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on the rotary evaporator and the resulting oil distilled to give 6.5g
(29.0mmol, 22%vyield). FTIR (neat, capillary) 2973.85, 2934.58, 2875. 90,
1692. 95, 1478. 36, 1458.21, 1422.49, 1379.09, 1365.61, 1350.53, 1314.77,
1267. 60, 1224.49, 1164.67, 1093.11, 1075.29, 1003.67, 962.05, 948. 43,
766.15, 647.29. NWR (CDCl[err]) 4.23-4.49 (2H,t), 3.49-3.66 (2H 1),
3.10-3.52 (4H,g), 1.04-1.33 (6H,t). - 42 - - 58

4,13 N-(2-ethyl vinvl carhonate)-3-aminopropvltris(tri-

methylsiloxy) silane

To a 250mL 3-neck round bottom flask fitted with a mechanical
stirrer, condenser, nitrogen blanket, dropping funnel, oil
bath, thermometer was added 104.3g (1021.0mmol) .
2,2-dimethyl-1,3-diaminopropane, 29.3g (79.0mmol) of
3-chloropropyltris (trimethylsiloxy) silane. The reaction
was heated at 120°C for 3 hours and stirred to room
temperature for 24 hours. The reaction mixture was washed
-with 100mL 2N NaOH then the organics were dried over
magnesium sulfate. The solvent was removed on a rotary
evaporator and the resulting oil distilled to give 23.8g
(54.3mmol, 68.6% yield) bp 100°C. FTIR (neat, capillary)
2955.72, 2807.97, 2361.44, 1614.95, 1463.73, 1409.81,
1362.71, 1249.98, 1185.85, 1039.44, B33.64, 753.04, 714.78,
686.41, 657.85. NMR (CDCl3) 2.25-2.56 (6H,m), 1.19-1.63
(2H,m), 1.06 (3H,s), 0.78 (6H,s), 0.07-0.45 (2H,m), 0.00
(27H,s).

To a 250mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, nitrogen blanket, dropping funnel, ice-
water bath, thermometer was added 6.3g (15.8mmol)
N-(2-hydroxyethyl)-3-aminopropyltris(trimethylsiloxy) silane,
1.37¢g (17.4mmol) of pyridine, 100mL ether. To the reaction
mixture was added 1.68g (15.8mmol) of vinyl chrloroformate so
that the temperature remained below 5°C. '
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PREFERRED CROSSLI NKERS PART VIl - SYNTHESI S OF SI MPLE

CROSSLI NKERS 7.0 Propargyl Vinyl Carbonate Cerr]Herr]gerr]
To a 500nL 3-neck round bottomflask fitted with a magnetic stirrer,
condenser, nitrogen bl anket, thernoneter, dropping funnel, and cool ed
wWithin ice water bath was added 20. Og (356 8mmol ) of propargyl al cohol ,
31.0g (356.8mml) of pyridine, 100m- &3 acetonitrile and 250nL of et her .
After cooling to 5[err]C, 38.0g (356.8mvol) of vinyl chloroformte was
added so that the tenperature stayed below 10{err]C. The organlc phase was
mashed wi th 400mL 2NHC, 200ni 2N NaOH and dri ed

After stirring to room temperature for 24 hours the reaction
mixture was washed with 100mL 2N HCl then 100mL 2N NaOH then
the organics were dried over magnesium sulfate. The solvent
was removed on a rotary evaporator and the resulting oil,
4.3g, chromatographed (silica gel, ethyl acetate 20%
methylene chloride 80%). The 0il recovered weighed 2.99¢g
(6.4mmol, 25.4% yield). FTIR (neat, capillary) 2957.62,
2899.00, 1720.60, 1702,33, 1648.16 1470.55, 1420.23, 1373.91,
1291.12, 1249.88, 1196.62, 1152.74, 1039.27, 951.52, 833.44,
753.18, 715.26, 686.53, 658.78. NMR (CDCl3) 6.85-7.20
(1H,d4d4), 4.20-4.6% (2H,m), 3.36-3.71 (zﬂ,bd), 3.00-3.36
(4H,m), 1.00-1.65 (2H,m), 0.09-0.40 (2H,m), 0.00 (27H,s).
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wi th magnesi um sul fate. The sol vent was renoved on a rotary evaporator and
the resulting oil was passed through an 8 gramsilica gel pad to afford a
colorless oil 36.0g (285.5mmol, 80%. FTIR (neat, capillary) 3297. 26,

1757. 06, 1652.22, 1439.81, 1386.65, 1299.36, 1152.11, 1087.82, 1016. 04,

964. 84, 941.81, 915.98, 879.03, 779.08, 676.61, 663.07, 656.20. NWR
(CDA[err]) 6.83-7.17 (1H M, 4.43-5.8% (2H,n), 4.63-4.87 (2H m, 2.46-2.60
(1H m. [err]

4.14 3-[Tris(trimethylsiloxy)silyllpropylaminoethyl vinyl
carbonate

To a 500mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, nitrogen blanket, oil bath angd
thermometer was added 100mL ethanolamine, 20.0g (53.5mmol) of
3-chloropropyltris (trimethylsiloxy) silane. The reaction
was heated at 120°C.for 4 hours then at 140°C for 1 hour.
‘The reaction was cooled then diluted with 400mL distilled
water then extracted twice with 100mL ether. The combined
organics were dried over magnesium sulfate. The solvent was
removed on a rotary evaporator and the resdlting oil, 23.0g,
chromatographed (silica gel, gradient from 98.75% CHClp,
1.25% EtOAc to 100% MeOH) to give 6.6g (l6.6mmol, 31.1%) FTIR
(neat, capillary) 2957.55, 2898.62, 2834.28, 1453.19,
1411.46, 12459.%2, 1191.11,-1039.00, 833.12, 751.49, 714.58,
686.18, 657.92. NMR (CDClj) 3.09-3.68 (4H,m), 2.25-2.43
(4H,m), 1.17-1.71 (2H,m), 0.07-0.47 (ZH;m), 0.00 (27H,s).
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- 59 - ~ PART VIIl - OXYALKYLENE BRI DGED CROSSLI NKERS 8.0

1, 2-bi s- (Vi nyl oxycar bonyl oxy) et hane To a 100nmL 3-neck round bottom
mcroware flask fitted with a magnetic stirrer, condenser, N2 bl anket, and
droppi ng funnel was added 5.0g (81.6nmmopl) of ethylene glycol, 12.8g
(163.0mmol ) of pyridine and 50nL of chloroform To the reaction m xture,
17.38g (163.2mmol) of Vvinyl chlorojoagage

To a 250mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, nifrogen blanket, dropping funnel, _
ice-water bath and thermometer was added 6.3g (15.8mmol)
N-{(2-hydroxyethyl)-3-aminopropyltris(trimethylsiloxy)

silane, 1.37g (17.4mmol) of pyridine and 100mL ether. To the
reaction mixture was added 1.68g (15.8mmol) of vinyl
chloroformate so that the temperature remained below 5°C.
After stirring at rooﬁ temperature for 24 hours the reaction
mixture was washed with 100mL 2N HCl, 100mL 2N NaOH and the
organic phase was dried over magnesium sulfate. The solvent
was removed on a rotary evaporator and the resulting oil,
4.3g, chromatographed (silica gel, ethyl acetate 20%
methylene chloride 80%). The o0il recovered weighed 2.99g
(6.4mmol, 25.4% yield). FTIR (neat, capillary) 2957.62,
2899.00, 1720.60, 1702.33, 1648.16, 1470.55, 1420.23,
1373.91, 1291.12, 1249.88, 1196.62, 1152.74, 1039.27, 951.52,_5
833.44, 753.18, 715.26, 686.53, 658.78. NMR (CDCl3y)
6.85-7.20 (lH,dd), 4.20-4.69 (2H,m), 3.36-3.71 (2H,bd),
3.00-3.36 (4H,m), 1.00-1.65 (2H,m), 0.09-0.40 (2H,m), 0.00
{27H,s).

o

H2C=CH-0-C-0-CH3CH-N-CHCH2CH;S81 (OSiMe3) 3

H
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was added over 5 minutes. The black reaction m xture was stirred at

room

tenperature for 72 hours. The reaction m xture was washed once with 100nL
2N HCO, once with 100m. 2N NaOH and then dried over magnesi um sul fate. The

sol vent was renpved on a rotary evaporator and the resulting oi

chromat ographed (silica gel, chloroforn). The product was distilled
(110[err]C, 5 Torr) to'afford 6.59 3 2nmmol, 39.4% of a colorless oil.
FTIR (neat, capillary) 1752.03, 1648.58, 1455.73, 1445.68, 1406. 42,

1388. 28,
1028., 57,

(CDA [err])[erphgl §5-7 W oAtk afin°ércrOfrdrM e dlea i fifs GhoRlERS

1373. 53, 1345.23, 1301.17, 1268.47, 1221.46, 1152.52, 1080. 66,
1007. 91, 941.86, 903.05, 866.96, 777.05, 696.37. NMR
[err]

5.0 4-s~-Butvylphenyl Vinyl Carbonate C13H3403

To a 250mL l-neck round bottom flask fitted with a magnetic
stirrer, dropping funnel, ice-bath was added 10.0g (66.6mmol)
of 4-s-butylphenol, 5.8g (73.3mmol) of pyridine and 100mL of
chloroform. To the stirred solution 7.08g (66.6mmol) of-
vinyl chloroformate was added over 5 minutes and the reaction
mixture stirred for 30 minutes until pyridine hydrogen
chloride precipitated. The organic phase was washed twice
with 100mL of 2NHC1l, dried over magnesium sulfate and the
solvent removed on a rotary evaporator to give an oil.
Following chromatography (silica gel, toluene), 9.6g
(43.6mmol, 65.4%) of colorless oil was obtained. FTIR (neat,
capillary) 2962.40, 2%29.59, 2875.00, 1770.07, 1650.57,'
1507.20, 1456.70, 1378.92, 1298.73, 1218.82, 1201.06,
1172.56, 1128.61, 1052.11, 1016.02, 997.93, 941.57, 913.17,
874.55, 835.99, 771.64, 730.98, 707.91, 6%6.57. NMR (CDCl3)
7.08 (4H,8), 6.90-7.23 (1H,m), 4.50-5,10 (2H,m), 2.31-2.78
(l1H,m), 1.33-1.81 (2H,m), 1.16-1.23 (2H,d), 0.68-1.00 (3H,m).

CH2=CH-0-C-0 (:::) CH2CH5CH3

0 _ CHjz
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- 60 -
Cerr]Herr]Jerr]

8.1 [err]-bis-(Vinyloxycarbonyl)triethyl enegl ycol

- 47 - THIS SHEET HAS BEEN
REPLACED
5.1 4-t-Butvylphenyl Vinyl Carbamate Cy3H17NO5

To a 250mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, nitrogen blanket, thermometer, dropping
funnel, ice water bath was added 7.1g (80.0mmol) of pyridine,
87.5mL of chloroform, 12.0g (80.0mmol) of 4-t-butylaniline.
After cooling to 12,5°C, 8.6g (80.0mmol) of vinyl
chloroformate was added so that the temperature was
maintained. When the addition is completed, reaction was
stirred at room temperature for 3 hours. The organic phase
was washed twice with 100mL 2N HC1l, once with distilled
water, twice with 2N NaOH, once with distilled water, once
with 100mL 2NHC1l, once with distilled water, and dried over
magnesium sulfate. The solvent was removed on a rotary
evaporator and the resulting solid was chromatographed
(silica gel, CHCl3) to give a white solid (mp 83—85°é) lﬁ.Og
(65.1lmmol, 81.4%). FTIR (KBr) 3317.67, 3248.14, 2960.58,
2903.46, 2868.29, 1718.64, 1645.04, 1615.15, 1600.07,
1543.48, 1476.36, 1460.81, 1412,07, 1363.76, 1324.04,
1301.85, 1270.05, 1244.7s8, 1152.47, 1123,96, 1113.56,
1064.50, 1016.24, 954.13, 858.83, 828.57, 744.72, 704.65,
681.65. NMR (CDClj) 7.27 (4H,S), 7.03-7.40 (1H,m), 6.64-6.82
(1H,S), 4.37-4.90 (2H,m), 1.27 (9H,S).

0

(CH3)3C NHCOCH=CH,

" REPLACEMENT SHEEF |

This Sheet Has Been Replaced 25 Nov %996




To a 500nmL 3-neck round bottomflask fitted with a magnetic stirrer,
condenser, thernoneter, nitrogen blanket, and dropping funnel was added
10.0g (66.6nmol) of triethyleneglycol, 5.79g (73.3muvol) of pyridine and
100mL of chloroform Next, was added 7.80g (73.3mol) of vinyl

chl orof ormate, an exotherm was noted and the reaction mxture was stirred
at roomtenperature for 18 hours. Thggorgani c phase was washed twice with
100 2N HO, twice with 100nL 2N NaCOH and dried with magnesi um sul f ate.
The sol vent was renoved on a rotary evaporator to give an oil that was
chromat ographed (silica gel, CHC [err]afford an oil 2.6g (8.9mmol, 13.5%.
FTIR (neat, capillary) 2959.95, 2877.99, 1752.00, 1648.22, 1453. 36,

1388. 35, 1368.46, 1355.89, 1337.65, 1298.80, 1234.17, 1152.82, 1082.40,
1023. 62, 943.56, 902.67, 869.75, 779.08, 697.03. NVR (CDCl[err]8-7.63
(2H.m, 4.40-5.03 (4H m, 4.20-4.40 (4H m, 3.60-3.80 (48, m.

LY

5.2 4-t-B 1 lohex Vin arbona

To a 250mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, thermometer, ice water bath, dropping
funnel, was added lo.bg (64.0mmol) of 4—t-buty1cyqlohexanol,
5.69 (70.3mmol) -of pyridine and 100mL of chloroform. The
reaction mixture was cooled to less than 10°C and 6.8g
(64.0mmol) of vinyl chloroformate was added so that the
temperature remained below 15°C. The reaction mixture was
stirred at room temperature for 20 hours, then washed with
100mL 2N HC1l, 100mL distilled water and dried over magnesium
sulfate. The solvent was removed on a rotary evaporator ang
the resulting o0il chromatographed (silica gel, methylene
chloride) to afford 7.3g (32.28mmol, 50.4%) of an oil. FTIR
(neat, capillary) 2949.85, 2867.24, 1753.81, 1650.71,
1478.96, 1468.77, 1452.57, 1393.73, 1385.90, 1361.15,
1325.03, 1296.75, 1246.94, 1193.82, 1178.29, 1155.10,
1118.52, 1106.53, 1083.32, 1041.01, 1016.58, 1005.94, 946.14,
$§23.71, 902.63, 867.23, 843.74, 804.43, 783.98, 758,83,
696.74, 668.14. NMR (CDCl3) & 6.86-7.22 (1lH,m), 4.37-4.97
(2H4,m), 1.00-2.30 (10H,m), 0.85 (9H,S).

0

(CH3)3C 0-C-0-CH=CH»
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- 49 -
' PART VI - ADDITIQONAL MONOMER SYNTHESIS

6.0 l-Adamantane vinyl thon

To a 500mL 3-neck round bottom flask fitted with .2 mechanical
stirrer, condenser, nitrogen blanket, dropping funnel, ice-
saltwater bath and thermometer was added 17.6g (116.0mmol) of
l-adamantanol, 9.3g (117.0mmol) of pyridine and 200mL
chloroform. To the reaction misture was added 12.5¢g
(117.0mmol) of vinyl chloroformate so that the temperature
remained below 10 degrees centigrade. After stirring at room
temperature for 18 hours the reaction mixture was washed with
100mL 2N HCl and 100mL 2 N NaOH and the organic phase was
dried over magnesium sulfate, The solvent was removed on a
rotary evaporator and the resulting white solid
chromatographed (silicé gel, chloroform). The white solid
recovered 19.3g (86.4mmol; 74.5% yield) melting point 35-37
degrees centigrade. FTIR (KBr) 3430.92, 2914.51, 2855.03,
1756.33, 1651.33, 1458.19, 1321.61, 1312.23, 1296.45,
1246.83, 1160.25, 1103.75, 1082.53, 1041.68, 964.82, 892.90,
784.44. NMR (CDCly) 6.81-7.20 (1H,dd), 4.33-4.96 (2H,m),
1.50-2.40 (15H,m)

0

0-C-OCH=CH>
;
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To a 500nmL 3-neck round bottomflask fitted with a magnetic stirrer,
condenser, nitrogen bl anket, thernoneter, and dropping funnel was added
10. 0g (16.6nmol) of poly(ethyleneglycol), 3.2g (36.5mvl) of pyridine and
200mL. of chloroform Next, 3.9g (36.5mol) of vinyl chloroformate in 5nL
chl orof orm was added. A slight exothermto 30[err]C was noted. The reaction
was stirred at roomtenperature for- 4% hours and the organi c phase washed
twice with 100nL 2N HCl, twice with 100niL 2NaOH, and dried over magnesi um
sul f-ate. The sol vent was renpbved on a rotary evaporator and the resulting
oi | *was chromat ogr aphed (S|I|ca gel CHCI[err]) to afford 1.3g (2. 17mmol,
13. 0% of &d odl-adsmaint. eRhim eyt ptbamate 2867. 87, 1756.21, 1648. 17
1455.18, 1388.46, 1350. 26 1298. 44 1247 57, 1083.45, 1026.37, 944. 30,
871.74, 781.69. NWR (CDCl[err]) 6.85-7.17 (2H m, 4.34-5.00 (4H m,

3. 60- 4. 35 (40H, m . [err]

To a 500mL 3-neck round bottom flask fitted with a mechanical
stirrer, condenser, nitrogen blanket, dropping funnel, ice-
saltwater bath and thermometer was added 10.0g (60.0mmol) of
l-adamantanmethanol, 4.8g (60.0mmol) of pyridine_and 150mL
chloroform. To the reaction mixture was added 6.4g
(60.0mmol) of vinyl chloroformate so that the temperature
remained below 10°C. After stirring at room temperature for
18 hours the reaction mixture was washed with 100mL 2N HC1
and 100mL 2 N NaOH and the organic phase was dried over
magnesium sulfate. The solvent was removed on a rotary
evaporator and the resulting so0lid chromatographed (silica
gel, chloroform). The white solid recovered totaled 12.0
(50.8mmol, 84.5% yield), melting point 44-45°C. FTIR (KBr)
3423.04, 2906.49, 2580.27, 1759.74, 1649.15, 1391.84,
1322.44, 1260.77, 1231.42, 1190.53, 1147.22, 1087.78, 982.05,.
951.64, 938.71, 889. 75. NKMR (CDCl3) 6.89-7.27 (1lH,dd),
.40-5.05 (2H,m), 3.75 (2H,s), 1.43-2.13 (15H,m)

0

CHoOCOCH=CH,
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- 62 - 8.3 [err]-bis(Vinyloxycarbonyl) Polypropyl ene d ycol (1w
approx. 1000) To a 500nL 3-neck round bottomflask fitted with a
mechani ca

“THIS SHEET HAS BEEN
- 51 - REPLACED

6.2 -Adamantane Vinyl rbon

To a 500mL 3-neck round bottom flask fitted with a mechanical
stirret, condenser, nitrogen blanket, dropping funnel, ice-
saltwater bath, thermometer was added 5.0g (27.7mmol) of
l-adamanthanethanol, 2.2g (27.7mmol) df pyridine and 150mL
chloroform. To the reaction mixture was added 2.95¢g
(28.0mmol) of vinyl chloroformaée so that the temperature
remained below 10 degrees centigrade. After stirring at room
temperature for 18 hours the reaction mixture was washed with
100mL 2N HCl and 100mL 2 N NaOH and the organic phase dried
over magnesium sulfate. The solvent was removed on a rotary
evaporator and the resulting oil chromatographed (silica gel,
chloroform). The oil recovered totaled 27.6g (10.8mmol,
38.5% yield). FTIR (neat, capillary) 2898.57, 2846.55,
1756.14, 1648.61, 1450.70, 1398.71, 1312.71, 1296.74,
1240,05, 1155.26, 1106,22, 1097.88, 1090.63, 975.27, 944.26,
933.77, 923.00, 500.75, 867.0, 782.34. NMR (CDCl3) 6.86-7.20
(1H,8d), 4.38-4.92 (ZH,in), 4.072-4.37 (2H,t), 1.33-2.18
(17H,m).

o

CH2CH,0COCH=CH;
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stirrer, condenser, nitrogen bl anket, dropping funnel, ice- saltwater bath
and t hernoneter was added 20.0g (47.0mmvol) pol ypropyl ene glycol (nmwv 1000)
7.69 (96. Omol ) of pyridine and 200nL chloroform To the reaction m xture
was added 10.2g (96.0mmol ) of vinyl chloroformate so that the tenperature
remai ned bel ow 10 degrees centigrade. After stirring at roomtenperature
for 48 hours the reaction m xture was2washed with 100nL 2N HO ,1 OO 2 N
NaCH.and the organi c phase dried over nmagnesium sulfate. The sol vent was
removed on a rotary evaporator and the resulting oil chromatographed (short
col um siléc§. |’ qp nrfrg)r . T (¥I recovered wei ghed 14.6g (25.9mmol,
55. 0% yi el d)~ g@#EE%ﬁggF?J%g%FPFQ§§§J§§§§¢ﬁ5, 2973. 01, 2934.02, 2870.93,
2335.49, 1754.56, 1648.30, 1568.82, 1453.53, 1375.64, 1349.76, 1296. 84,
1249. 99, 1152.61, 1083.39, 1051.95, 1018.85, 944.06, 923.43, 908. 46,

868. 85, 783.82, 697.48, 668.50. NWR (CDCIBerr]) 6.86-7.23 (2H,dd),
4.61-5.06 TR MO0m F=neck qound HottorpElesk3fittmdnyrith a mechanical

stirrer, condenser, nitrogen blanket, dropping funnel, ice-
saltwater bath and thermometer was added 10.0g (66.0mmol) of
l-adamantaneamine, 5.5g (70.0mmol) of pyridine and iSOmL
chloroform. To the reaction mixture was added 7.4g
(70.0mmol) of vinyl chloroformate so that the temperature
remained below 10°C. After stirring at room temperature for
18 hours the reaction mixture was washed with 100mL 2N HCl
and 100mL 2 N NaOH and the organic phase was dried over
maghesium sulfate. The solvent was removed on a rotary
evaporator and the resulting solid was chromatographed
(silica gel, chloroform). The tan solid totaled 5.2g
(23.5mmol, 35.6% yield). FTIR (KBr) 3435.97, 3341.23,
2919.85, 2506.82, 2852.95, 1738.71, 1718.23, 1648.31,
1522.76, 1362.95, 1347.11, 1296.03, 1280.55, 1229.09,
1188.08, 1173.23, 1131.46, 1054.34, 1044.05, 952.14, 849.30.
NMR (CDCl3) 6.94-7.33 (lH,dd), 4.25-4.88 (3H,m), 1.56-2.26
(15H,m).

0]

NHCOCH=CH>
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[err] Where N is an average val ue that gives the pol ypropyl ene
gl ycol noiety an average nol ecul ar wei ght of abQut 1000.

- 53 -

6.4 N-(2-adamantyl)-0-2-Vinyloxycarbonylaminoethyl Carbamate

To a 250mL 3-neck round bottom flask that was fitted with a
magnetic stirrer, condenser, nitrogen blanket, was added
6.33g (41.8mmol) of 2-adamantamine, 20.7g- (41.8mmol) of 20%
phosgene in toluene and 90mL of dry toluene. By means of a
heating mantle the reaction was refluxed for eight hours,
then allowed to cool to room temperature over night. To the
reaction mixture was added 5.0g (38.0mmol) of 2-hydroxyethyl
vinyl carbamate in 100mL of dry toluene. The reaction
mixture was refluxed for eight hours then cooled to room
temperature and the product was filtered and dried to give
5.4g (17.5mmol, 46.1% yield). FTIR (Kbr) 3320.53, 2911.77,
2854.81, 2708.48, 2622.82, 2587.66, 2530.60, 2062.48,
1710.68, 1648.47, 1625.62, 1604.50, 1554.43, 1514.68,
1476.34, 1453.03, 1403.83, 1363.71, 1348.%1, 1323.95%,
1311.36, 1295.64, 1250.12, 1185.17, 1111.58, 1056.19,
1012.80, 974.49, 949.05, 913.42, 863.76, B810.32, 769.55,
730,73, 694.94, 649.43. NMR (CDCl3) 8.54-7.54 (2H,bs),
7.33-6.96 (lH,q), 4.85-4.26 (2H,m), 3.79-3.20 (4H,m),
2,33-1.33 (15H,m).

EET
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63 8.4 J[err] -Bis(Vinyloxycarbonyl) polyethylene dycol mw appr ox.
1000 To a 500nL 3-neck round bottomflask fitted with a nmechani cal
stirrer, condenser, nitrogen bl anket, dropping funnel, ice- saltwater bath
and thernoneter was added 20.0g (20.0mmvl) pol yethyl ene glycol (mv 1000),
3.59 (44.0mmol) of pyridine, 200nL chloroform To the reaction m xture was
added 4.7g (44.0mmol) of vinyl chlarghocmate so that the tenperature

remat ned below 10[err] C. After stirring at roomtenperature for 48 hours

t he *reaction m xture was washed with 100nmL 2N HO and 100nL 2 N NaOH and

t he or.ganigCsphasR-dRsethi8dv MOl BREBERbLEN sul fate. The sol vent was renoved
on a rotary evaﬁ6TETﬁT’ﬁtﬁ‘Tﬁ§2T§§UTTTﬁ§_Tom/neltlng solid wei ghed 18. Og

To a 100mL 3-neck round bottom flask fitted with a mechanical
stirrer, condenser, nitrogen blanket, thermometer, fritted
gas delivery tube, methanol-dry ice-bath was added 23.8g
(223.4mmol) of vinyl chloroformate, 650mL of ether. When the
reaction mixture was at -65°C a stream of dimethylamine was
added for 30 minutes. By gas chromatography the vinyl
chloroformate was consumed. The reaction was stirred to room
temperature over night. The organics were washed with 500mL
distilled water then dried over magnesium sulfate. The
solvent was removed on a rotary evaporator and the resulting
0il (20.3g) distilled to give 9.3g (80.8mmol, 36.2%). FTIR
(neat, capillary) 3091.32, 2932.23, 1712.80, 1645.80,
1520.23, 1488.98, 1445.42, 13%6.96, 1370.59, 1251.08,
1275.79, 1165.47, 1144.50, 1082.71, 1042.05, 951.61, 923,80,
859.37, 835.80, 758.66, 699.77, 681.97. NMR (CDClj3)
7.02-7.33 (1H,q), 4.25-4.79 (2H,m), 2.92 (6H,s).
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(16. Omol, 79.9%yield). FTIR (neat, capillary) 3477.73, 2868. 36, 2360. 96,
1959. 64, 1758.88, 1725.44, 1648.24, 1465.99, 1453.61, 1388.65, 1358.03,
1342. 58, 1298. 64, 1255.02, 1142.06, 1100.49, 1060.10, 944.47, 872.48,
841.08, 782.12, 756.09, 730.85, 699.44. NWR (CDCl[err]) 6.83-7.20 (2H,dd),
4.40-4.96 (4H,m, 3.58 (88H,5s). [err] Where N is an average val ue
t hat- gi ves the pol yethyl ene gl ycol 1oty an average nol.ecul ar wei ght of
about 1000. :

6.6 N,N-diethyl vinyl carbamate

To a 250mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, nitrogen blanket, dropping funnel was
added 3.2g (26.25mmoi) of potassium f-butoxide, 50mL
anhydrous tetradhydrofuran. After the solid was dissolved
5.69 (25.0mmol) of N,N-diethyl 2-bromoethyl carbamate was
added and the reaction stirred for 30 minutes. To the
reaction was added 100mL distilled water then the solvent was
removed on the rotary evaporator. The residue was taken up
in ether and filtered then distilled to give an oil 2.57g
(17.9mmol, 71.8% yield). FTIR (neat, capillary) 2976.21,
2336.84, 2878.45, 1710.65, 1645.97, 1522.34, 1474.22,
1458.46, 1422.71, 1379.10, 1366.22, 1350.76, 1316.26,
1250.78, 1269.99, 1224.27, 1160.58, 1143.97, 1097.99,
1085.35, 1077.10, 1059.36, 987.36, 951.76, 858.41, 820.8?,
781.32, 760.94, 699.54. NMR (CDCl3) 7.07-7.3% (1H,q),
4.31-4.89 (2H,m), 3.12-3.46 (4H,qg), 1.05-1.31 (6H,t).
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64 PART | X - SYNTHESI S OF BRANCHED ALKYL BRI DGED CROSSLINKERS 9.0
2.2-Di methyl -1, 3-bi s-(Vinyl oxycar bonyl oxy) pr opane To a 500nL 3-neck
round bottomflask fitted with a nagnetic stirrer, condenser, thernoneter,
i ce-wat er bath, and dropping

- 56 -
ADDITIONAL INTERMEDIATES

2-Bromoethyl vinyl carbonate

-

To a 1L 4-neck round bottom f£lask fitted with a mechanical
stirrer, thermometer, condenser, dropping funnel and nitrogen
blanket was added 31.2g (250mmol) of 2-bromoethanol, 21.4g
(270mmol) of pyridine and 400mL of ether. The reaction was
cooled with an ice-water bath to less than 10°C then 28.8g
(270mmol) of vinyl chloroformate was added so that the
temperature remained below 10°C. The reaction was stirred to
room temperature for 27 hours. Then the organics were washed
twice with 2N HC1l, twice with 2N NaOH, then dried over
magnesium sulfate. The solvent was removed on a rotary .
evaporator and the resulting oil was passed through a short
silica gel column, to remove most of the color, to give 38.4g
(197mmol, 78.8% yield). FTIR (neat, capillary) 3672.76,
3469.03, 3096.75, 2972.97, 2155.40, 2057.14, 1754.37,
1648.44, 1563.96, 1455.87, 1443.36, 1427.17, 1388.17,
1299.17, 1285.60, 1244.29, 1221.29, 1152.23, 1095.8s6,
1049.38, 988.10, 940.93, 897.08, 875.78, 828.81, 778.74,
738.01, 694.54, 663.28. NMR (CDCl3) 6.85-7.23 (1H,q),
4.40-5.10 (4H,m), 3.42-3.59 (2H,t).
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funnel was added 20.0g (192.0mmol )" of 2, 2-dinethyl-1,3- propanediol, 16.7g
(211. 2mol ) of pyridine and 200nL of chloroform To the reaction m xture
was added 20.45g (192.0muol ) of vinyl chloroformate was added over 20

m nutes. After 1 hour, the reaction was allowed to warmto room tenperature
for 20 hours. The organi c phase was washed twice with 100nL 2N HO, tw ce
with 100nL 2N NaOH and then dried avey7 magnesi um sul fate. The sol vent was
renoved on a rotary evaporator to afford an oil. Foll ow ng chromat ography
(silica gel, 80% heptane, 20% nethyl ene chloride) 6.4g (26.2mmol, 13.6% of
colorless oil was obtained. FTIR (neat, capillary) 2970.57, 1754. 14,

1650. 67, 1566.46, 1540.34, 1476.77, 1406.71, 1386.46, 1375.68, 1299.22,
1227.23,- 1152. 73, 1085.68, 1054.54, 1020.91, 961.81, 941.38, 871. 66,
779.°08, 696.42. NWR (CDCl[err]) [err] 6.80-7.18 (1H,n), 4.45-4.98 (2H m,
3.98 (4H,S), 1.04 (6H,9).

N,N-diethyl-2-bromoethyl carbamate

To a 500mL 3-neck round bottom flask fitted with a mechanical
stirrer, condenser, nitrogen blanket, thermometer, dropping
funnel was added 19.3g (263.8mmol) of diethylamine and 250mL
of dry toluene. To the reaction mixture was added 24.7g
(131.9mmol) of 2-bromoethyl chloroformate. An exotherm to
40°C was noted along with the formation of a precipitate.
After 1 hour at 70°C the organics were washed with 2N HC1
then dried over magnesium sulfate. The solvent was removed
on the rotary evaporator and the resulting oil distilled to
give 6.5g (29.0mmol, 22% yield). FTIR (neat, capillary)
2973.85, 2934.58, 2875.90, 1692.95, 1478.36, 1458.21,
1422.49, 1379.09, 1365.61, 1350.53, 1314.77, 1267.60,
1224.49, 1164.67, 1093.11, 1075.29, 1003.67, 962.05, 948,43)
766.15, 647.29. NMR (CDC13) 4.23-4.49 (2H,t), 3.49-3.66
(2H,t), 3.10-3.52 (4H,q), 1.04-1.33 (6H,t).
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[err] - 65 - 9.1
N, O bi s- (Vi nvl oxycar bonyl ) et hanol am ne Cerr]Herr]Jerr]

- 58 -

.PREFERRED CROSSLINKERS

ART VII - SYNTHESIS OF SIMPLE LINKER
7.0 Propargy) Vinyl Carbonate CgHgO3

To a 500mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, nitrogen blanket, thermometer, dropping
funnel, and cooled within ice water bath was added 20.0g
(356.8mmol) of propargyl alcohol, 31.0g (356.8mmol) of
pyridine, 100mL of acetonitrile and 250mL of ether. After
cooling to 5°C, 38.0g (356.8mmol) of vinyl chloroformate was
added so that the temperature stayed below 10°C. The organic
phase was washed with 400mL 2NHCl, 200mL 2N NaOH and dried
with magnesium sulfate. The solvent was removed on a rotary
evaporator and the resulting o0il was passed through an 8 gram
silica gel pad to afford a colorless oil 36.0g (285.5mmol,
80%). FTIR (neat, capillary) 3297.26, 1757.06, 1652.22,
1439.81, 1386.65, 12%9.36, 1152.11, 1087.82, 1016.04, 964.84,
941.81, 915.98, 879.03, 779.08, 676.61, 663.07, 656.20. NMR
(CDCl3) 6.83-7.17 (1H,m), 4.43-5.05 (2H,m), 4.63-4.87 (2H,m),
2,46-2.60 (1H,m).

HC=C~CH3-0-C-0-CE=CH3y
o
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To a 250nmL 3-neck round bottomflask fitted with a nmagnetic stirrer,
condenser, thernoneter, nitrogen bl anket, dropping funnel and an ice-water
bat h was added 27.2g (344.0nmol) of pyridine, 10.CQCg (164.0nmol) of

am noet hanol and 100nL of ether. Next, 36.7g (344.0mmol) of vinyl

chl orof ormate was added so that the tenperature renained below 15[ err]C
The-r'eaction was stirred at roomtenp®® ature for 72 hours and 50nL
acetonitrile and 5.0g (50.0nmol) of vinyl chlorofornate were added. The

m xture was stirred_24 hours and the organi ¢ phase washed thrice with | OO
2N HC1, twice with 23B&K.VE SEALBYLENE BRIDGEDGGROSSIANKERY NaOH, twice
with 100 distilled water, once with 100n1 2N HCO, once with 100nL
distilled Ber | U sulfate The sol vent was
renmoved on -y -O1=< > ' 4% ch was chr omat ogr aphed
(silica gel, CHC13) recrystalllzed (toluene heptane, 2:8) to afford a
white solid (np 45-46[err]C, 9.4g (46.7mmol, 27.29%. FTIR (KBr) 3507. 66,
3318. 44, 3124.82, 3047.20, 2998.82, 2967.94, 2952.25, 2849.60, 2754.60,
1761. 20, 1784a0200m%Z03-B0ck16F9nddbotitdkt . ilcroware £flask fitted with a

magnetic stirrer, condenser, Ny blanket, and dropping funnel
was added 5.0g (8l.6mmol) of ethylene glycol, 12.8g
(163.0mmol) of pyridine and 50mL of chloroform. To the
reaction mixture, 17.38g (163.2mmol) of vinyl chloroformate
was added over 5 minutes. The black reaction mixture was
stirred at room temperature for 72 hours.' The reaction
mixture was washed once with 100mL 2N HCl, once with 100mL 2N
NaOH and then dried over magnesium sulfate. The solvent was
removed on a rotary evaporator and the resulting oil
chromatographed (silica gel, chloroform). The product was
distilled (110°C, 5 Torr) to afford 6.59 (32.2mmol, 39.4%) of
a colorless oil. FTIR (neat, capillary) 1752.03, 1648.58,
1455,.73, 1445.68, 1406.42, 1386.28, 1373.53, 1345.23,
1301.17, 1268.47, 1221.46, 1152.52, 1080.66, 1028.57,
1007.91, 941.86, S503.05, 866.96} 777.05, 696.37. NMR
(CDC13)¥ 6.85-7.18 (2H,m), 4.52-5.04 (4H,m), 4.40 (4H,S).

CHy=CH-0-C-0-CH,CH2-0-C~0-CH=CH,

0 0
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1540. 99, 1465. 42,

1433. 12, 1399. 05, 1383.81, 1368.76, 1306.65, 1275.59,

1173. 28, 1156.81, 1116.49, 1088.57, 1033.54, 1008. 11, 964.70, 948. 83,

928. 54,
(2H, m,

902.88, 887.36, 877.39, 850.91, 782.45, 699.45, 699.43. NWR

(CDO [err]) 6.83-7.32 (1H,m), 5.06-5.43 (1H,S), 4.37-5.06 (2H,m,
3.30-3.70 (2H,m. [err] -

- 60 -
8.1 X, ©-bis-(Vinyloxycarbonyl)triethyleneqlycol CjH)1g0g

To 3 500mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, thermometer, nitrogen blanket, and
dropping funnel was added 10.0g (66.6mmol) of
triethyleneglycol, 5.79g (73.3mmol) of pyridine and 100mL of
chloroform. Next, was added 7.80§ (73.3mmol) of vinyl

chloroformate, an exotherm was noted and the reaction mixture
was stirred at room temperature for 18 hours. The organic
phase was washed twice with 100mL 2N HCl, twice with 100mL 2N
NaOH and dried with magnesium sulfate. The solvent was
removed on a rotary evaporator.to give an oil that was
chromatographed (silica gel, CHCl3) to afford an oil 2.6g
(8.9mmol, 13.5%). FTIR (neat, capillary) 2959.95, 2877.99,
1752.00, 1648.22, 1453.36, 1388.35, 1368.46, 1355.89, i
1337.65, 1298.80, 1234.17, 1152.82, 1082.40, 1023.62, 943.56,
902.67, 869.75, 779.08, 697.03. NMR (CDCl3) 6.98-7.63

(ZH,m), 4.40"‘5-03 (4H,m), 4.20""4.40 (4H,m), 3-60"3.80 (48,1“).

o 0

CHp=CH-0-C-0- [CHZCHZO]- C-0-CH=CH,
3

4.27-4. 36
66 -
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9.2 2.2-Di nethyl-NN-bis(vinyloxycarbonyl)-1. 3- pr opanedi am ne
CerrJ]Herr]Nerr]Jgerr] To a 250nL 3-neck round bottom flask fitted
with a magnetic stirrer, condenser, thermometer, nitrogen blanket, dropping
funnel, and ice-water bath was added 15.5g (196.0mmol) of pyridine, 100niL
of chloroforn1and 10.0g (98.0mmol ) of 2, 2-dinethyl -1, 3-di am nopr opane.
After cooling to 12.5C + 2.5C, 20.8g §196. 0mmol ) of vinyl chloroformte was
added so that the tenperature was nai ntai ned. When the addition was

conpl ete, the reaction was stirred at roomtenperature one hour. The
organi ¢ phase was washed twice with 100nL 2N HCl, once with distilled

water, tw ce wﬁ}h 2N NaCH. once with dlstllled water, once W th 100nL 2N
HO ," once 8% : sl Vv 0 xy6a TDRBK1YPO L BgRY Q28H46Q s The

sol vent was

To a 500mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, nitrogen blanket, thermometer, and
dropping funnel was added 10.0g (16.6mmol) of
poly(ethyleneglycol), 3.2g (36.5mmol) of pyridine and 200mL
of chloroform. Next, 3.9g (36.5mmol) of vinyl chloroformate
in 5mL chloroform was added. A slight exotherm to 30°C was
noted. The reaction was stirred at room temperature for 48
hours and the organic phase washed twice with 100mL 2N HC1,
twice with 100mL 2NaOH, and dried over magnesium sulfate.
The solvent was removed on a rotary evaporator and the
resulting oil was chromatographed (silica gel, CHClj3) to
afford 1.3g (2.17mmol, 13.0%) of colorless oil. FTIR (neat,
capillary) 2867.87, 1756.21, 1648.17, 1455.18, 1388.46,_
1350.26,°1298.44, 1247.57, 1083.45, 1026.37, 944.30, 871.74,
781.69. NMR (CDCl3z) 6.85-7.17 (2H,m), 4.34-5.00 (4H,m),
3.60-4.35 (40H,m).

0 0 0

CH2=CH-0~C-0- [CH,CH70] ~C-O-CH=CHy

| nepLacement sreer
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renoved on a rotary evaporator and the resulting solid was chromat ographed
(silica gel, ethyl acetate) to afford a white solid (np 92-981C), 14.4g
(59.5mml, 60.7% . FTIR 3356.25, 3330.18, 3101.77, 3091.71, 3047. 38,
2967.99, 2962.39, 2932.08, 2875.70, 1733.54, 1725.58, 1710.82, 1676.99,
1649. 18, 1527.92, 1473.90, 1458.90, 1440.71, 1394.41, 1371.29, 1360.72,
1299, 03, 1257.64, 1244.48, 1201.55,-1457-95, 1106.46, 1062.40, 1025.93,
998. 01, 979.97, 961.45, 951.57, 876.82, 866.36, 774.00, 720.42, 671.33.
NVR (CDCI[err]) 6.93-7.27 (2H m, 5.46-5.93 (2H,S), 4.428-4.86 (4H m,

2, 83-3. 10 §.MH, ¥ A -Gis(Alins)loxvcpsbenyl) Polypropyiene Glvcol

(mw approx. 1000)

To a 500mL 3-neck round bottom flask fitted with a mechanical
stirrer, condenser, nitrogen blanket, dropping funnel, ice-
éaltwater bath and thermometer was added 20.0g (47.0mmol)
polypropylene glycol (mw 1000) 7.6g (96.0mmol) of pyridine
and 200mL chloroform. To the reaction mixture was added
10.2g (96.0mmol) of vinyl chloroformate so that the
temperature remained below 10 degrees centigrade. After
stirring at room temperature for 48 hours the reaction
mixture was washed with 100mL 2N HC1l,100mL 2 N NaOH and the
. organic phase dried over magnesium sulfate. The solvent was
removed on a rotary evaporator and the resulting oil
chromatdgraphed (short column silica gel, chlorform). Tpe
0il recovered weighed 14.6g (25.9mmol, 55.0% yield). FTIR
(neat, capillary) 3096.15, 2973.01, 2934.02, 2870.93,
2335.49, 1754.56, 1648.30, 1568.82, 1453.53, 1375.64,
1349.76, 1296.84, 1249.99, 1152.61, 1083.39, 1051.95,
1018.85, 944.06, 923.43, 906.46, 868.85, 783.82, 697.48,
§68.50, NMR (CDCl3) 6.86-7.23 (2H,484), 4.61-5.06 (4H,m),
3.33-3.76 (21H,m), 1.03-1.43 (21H,m).

o (o)

CHp=CH-0-C- |0-CH~CHy | ~0-C-0-CH=CH)
) N

"CHj

Where N is an average value that gives the polypropylene
glycol moiety an average molecular weight of about 1000.
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- 67 - 9.3 1, 6-di vinyl hexyl di car bamat e To a 500nL 3-neck round bottom
flask fitted wwth a nagnetic stirrer, condenser, nitrogen bl anket, dropping
funnel, thernonmeter was added 5.0g (43mmol) of 1,6 di am nohexane, 7.12g
(90mml ) of pyridine, 100nL anhydrous acetonitrile, 100nL ether. After the

starting material was dissolved 9.26g (87mmol) “‘gﬂ chl-groformat e was
added over 20 minutes an - 63 - ' THIS SHEET HAS BEEN
. REPLACED

8.4 =X, -Bis(Vinvloxycarbonylpvolyethylene Glycol
mw approx. 1000

To a 500mL 3-neck rouﬁd bottom flask fitted with a mechanical
stirrer, condenser, nitrogen blanket, dropping funnel, ice-
saltwater bath and thermometer was added 20.0g (20.0mmol)
polyethylene glycol (mw 1000), 3.5g (44.0mmol) of pyridine,
200mL chloroform. To the reaction mixture was added 4.7g
(44.0mmol) of vinyl chloroformate so that the temperature
renained below 10°C. After stirring at room temperature for
48 hours the reaction mixture was washed with 100mL 2N HC1
and 100mL 2 N NaOH and the organic phase was dried over
magnesium sulfate. The solvent was removed on a rotary
evaporator and the resulting low melting solid weighed 18.0g
(16.0mmol, 79.9% yield). FTIR (neat, capillary) 3477.73,
2868.36, 2360.96, 1959.64, 1758.88, 1725.44, 1648.24, .
1465.99, 1453.61, 1388.65, 1358.03, 1342.58, 1298.64,
1255,02, 1142.06, 1100.49, 1060.10, 944.47, 872.48, 841.08,
782,12, 756.09, 730.85, 699.44. NMR (CDCl3) 6.83-7.20
(2H,dd), 4.40-4.96 (4H,m), 3.58 (B8H,s).

0 o

CH2=CHOCO(CHzCH30) COCH=CH

Where N is an average value that gives the polyethylene
glycol moiety an average molecular weight of about 1000.

S — _| REPLAGEMENT SHEET
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exotermwas noted, and a precipitate fornmed over 18 hours. The sol vent was
renoved on a rotary evaporator and the residue was dissolved in nethyl ene
chloride, washed with 2N NaOH, thrice with distilled water then dried with
magnesi um sul fate. The solid was coated on silica gel and chromat ogr aphed

(97% CH err]d[err], 3% ETOAc) to give a solid t} % AROBYEd |i n
met hyl'ene chloride and slowy added_-tggstirred hgp q&w gL§oI|d recovered
was-dried to give 5.7g (22.2mmol, 51.7%yvyield) ne [err] C

FTIR 3333.74, 3086.01, 3032.62, 2947.83, 2886.20, 2857.98, 1713.28,
1682. 02, 1648.85, 1528. 09, 1476. 87, 146592, 1339. 48, 1294.01, 1259, 77,
1224. 55, 115BARZ. IX ; O ISR 16

7.00-7.34 (2H,g) 4.62-5.13 (2H, bs), 4 29 4.75 (4H m, 2. 91-3.33 (4H q),

1.31 (8H, bs).
9.0 2-Dim 1-1,3-bis-(Vi

To a 500mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, thermometer, ice-water bath, and dropping
funnel was added 20.0g (192.0mmol) of 2,2-dimethyl;1,3-
propaneidiol, 16.7g (211.2mmol) of pyridine and 200mL of
chloroform. To the reaction mixture was added 20.45g
(192.0mmol) of vinyl chloroformate was added over 20

minutes. After 1 hour, the reaction was allowed to warm to
room temperature for 20 hours. The organic phase was washed
twice with 100mL 2N HCl, twice with 100mL 2N NaOH and then
dried over magnesium sulfate. The solvent was removed on a
rotary evaporator to afford an oil. Following chromatography
(silica gel, 80% heptane, 20% methylene chloride) 6.4g
(26.2mmol, 13.6%) of colorless o0il was obtained. FTIR (neat,
capillary) 2970.57, 1754.14, 1650.67, 1566.46, 1540.34,
1476.77, 1406.71, 1386.46, 1375.68, 1299.22, 1227.23,
1152.73, 1085.68, 1054.54, 1020.91, 561.81, 941.38, B71.66,
779.08, 696.42. NMR (CDCl3) § 6.80-7.18 (1lH,m), 4.45-4.98
(2H,m), 3.98 (4H,S), 1.04 (6H,S).

CH3

CHy=CH-0-C-0~-CHy~C-CH-0-C-0~CH=CHy

0 CH; ol
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- 68 - 9.4 1,8-divinyloctyl di carbamate To a 500nL 3-neck round bottom
flask fitted wwth a nagnetic stirrer, condenser, nitrogen bl anket, dropping
funnel, thernoneter was added 5.0g (34.6mmol) of 1,8 diam nooctane, 6.1g
(76. 1mmol ) of pyridine, 100nmL anhydrous acetonitrile, 100nmL ether. After
the starting material was dissolved 8.0g (87mml) of vinyl chloroformte
was .added over 20 m nutes an exot herm wds-noted, and a precipitate forned
over 18 hours.

9.1 N,O-bis-(Vinyloxycarbonyl)ethanolamine CgHj305

To a 250mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, thermometer, nitrogen blanket, dropping
funnel and an ice-water bath was added 27.2g (344.0mmol) of
pyridine, 10.0g (164.0mmol) of aminoethanol and 100mL of
ether. Next, 36.7g (344.6mmol) of vinyl chloroformate was
added so that the temperature remained below 15°C. The
reaction was stirred at room temperature for 72 hours and
50mL acetonitrile and 5.0g (50.0mmol) of vinyl chloroformate
were added. The mixture was stirred 24 hours and the organic
phase washed thrice with 100mL 2N HCl, twice with 100mL
distilled water, thrice with 100mL 2N NaOH, twice with lo0mL
distilled water, once with 100mL 2N HCl, once with 100mL
distilled water and then dried with magnesium sulfate.- The
solvent was removed on a rotary evaporator to give a solid
which was chromatographed (silica gel, CHCl3) recrystallized
(toluene: heptane, 2:8) to afford a white solid (mp 45-46°C),
9.4g (46.7mmol, 27.2%). FTIR (Kﬁr) 3507.66, 3318.44,
3124.82, 3047.20, 2998.82, 2967.94, 2952.25, 2B49.60,
2754.60, 1761.20, 1734.02, 1707.59, 167%,14, 1650.91,
1540.99, 1465.42, 1433.12, 13%9.05, 1383.81, 1368.76,
1306.65, 1275.59, 1173.28, 1156.81, 1116.459, 1088.57,
1033.54, 1008.11, 964.70, 948.83, 928.54, 502.88, 887.36,
877.39, 850.91, 782.45, 699.45, 699.43. NMR (CDCl3)
6.83-7.32 (1H,m), 5.06-5.43 (1H,S), 4.37-5.06 (2H,m)},
4.27-4.36 (2H,m), 3.30-3.70 (2H,m).

o o

CH,=CHOCNHCH,CH,0COCH=CH3
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The sol vent was renoved on a rotary evaporator and the residue was

di ssol ved in nethylene chloride, washed with 2N NaOH, thrice with distilled
wat er then dried with nmagnesium sul fate. The solid was coated on silica ge
and chromat ographed (97% CH err]Cl[err], 3% ETQAc) to give a solid that was
di ssolved in nethylene chloride and slowy added to stirred heptane. The
solid recovered was dried to give 6-7¢g6(22.1 mMmol, 64.1%vyield) nelting
poi nt 83-88[err]C. FTIR 3336.20, 3086.75, 3032.18, 2996.55, 2942.19,

2926. 73, 2872.60, 2855.14, 1709.82, 1676.68, 1649.06, 1530.29, 1478.71,
1464.03, 1362.59, 1308.80, 1257.38, 1252.87, 1213.85, 1168.05, 1083. 04,
1062. 73, %0%1. 6 [%rr ) 6.95-7.34 (2H,0q),
4.62-5.137(2H, =31 (10H, bs).

T an' iam.:lno Cy1H1gN204

To a 250mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, thermometer, nitrogen blanket, dropping
funnel, and ice-water bath was added 15.5g (lQG.dﬁmol) of
pyridine, 100mL of chloroform and 10.0g (98.0mmol) of
2,2-dimethyl-1,3-diaminopropane. After cooling to 12.5°C %
2,5°C, 20.8g (196.0mmol) of vinyl chloroformate was added so
that the temperature was maintained. When the addition was
complete, the reaction was stirred at room temperature one
hour. The organic phase was washed twice with 100mL 2N HC1,
once with distilled water, twice with 2N NaOH, once with
distilled water, once with 100mL 2N KCl, once with distilled
water and then dried over magnesium sulfate. The solvent was
removed on a rotary evaporator and the resulting solid wés
chromatographed (silica gel, ethyl acetate) to afford a white
solid (mp 92-98°C), 1l4.4g (59.5mmol, 60.7%). FTIR 3356.25,
3330.18, 3101.77, 3081.71, 3047.38, 2967.99, 2962.39,
2932.08, 2875.70, 1733.54, 1725.58, 1710.82, 1676.99,
1649.18, 1527.92, 1473.90, 1458.90, 1440.71, 1394.41,
1371.29, 1360.72, 1299.03,  1257.64, 1244.48, 1201.55,
1157.95, 1106.46, 1062.40, 1025.93, 998.01, 979.97, 961.45,
951.57, 876.82, 866.36, 774.00, 720.42, 671.33. KNMR (CDCljz)
6.93-7.27 (2H,m), 5.46-5.93 (2K,S), 4.428-4.86 (4H,m),
2,83-3.10 (4H,d), 0.90 (6H,S).

O CH3 O
CHp=CHOCNHCHCCH NHCOCH=CH, REPLACTWENT SHEET |
CHa |
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PART X - FI UCROALKYLENE BRI DGED CROSSLI NKERS 10.0

s- (Vi nyl oxycar bonyl oxy) - 2, 2, 3, 3, 4. 4- hexaf | uor o- pent ane
Herr]Flerr]Jerr] To a 500nL 3-neck round bottomflask fitted
magnetic stirrer, condenser, nitrogen bl anket, thernoneter, dropping

- 67 -

9.3 1l1,6-divinylhexyldicarbamate

To a 500mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, nitrogen blanket, dropping funnel,
thermometer was added 5.0g (43mmol) of 1,6 diaminohexane,
7.12g (90mmol) of pyridine, 100mL anhydrous acetSnitrile,
100mL ether. After the starting material was dissolved 9.26g
(87mmol) of vinyl chloroformate was added over 20 minutes an
exoterm was noted, and a precipitate formed over 18 hours.
The solvent was removed on a rotary evaporator and the -
residue was dissolvéd in methylene chloride, washed with 2N
NaOH, thrice with distilled water then dried with magnesium
sulfate. The solid was coated on silica gel and
chromatographed (97% CH,Cly, 3% ETOAc) to give a solid that
was dissolved in methylene chloride and slowly added to
stirred heptane. The solid recovered was dried to give 5.79
(22.2mmol, 51.7% yield) melting point 94-98°C. FTIR 3333.74,
3086.01, 3032.62, 2947.83, 2886.20, 2857.98, 1713.28,
1682.02, 1648.85, 1528.09, 1476.87, 1465.92, 1339.48,
1294.01, 1259.77, 1224.55, 1156.32, 1051.88, 1001.10, 954.5,
875.05, 866.57. NMR (CDCl3) 7.00-7.34 (2H,q) 4.62-5.13
(2H,bs), 4.29-4.75 (4H,m), 2.91-3.33 (4H,q), 1.31 (8H,bs).
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funnel, and ice-water bath was added 12.3g (155.5mvol) of pyridine and
200mL of methyiene chloride. After cooling to 5[err]C + 2Cerr] add 16.57g
(155.5mmol ) of vinyl chloroformate was added so that the tenperature was
mai ntai ned. A white precipitate forned i nmedi ately. Wen the addition was
conpl ete, 15.0g (70.7mml) of 2,2,3, 3,4, 4-hexafluoro-1,5- pentanediol in
one portion as a slurry with 250n 4mestghyl ene chl ori de was added. The
reaction was allowed to warmto roomtenperature for 18 hours. The organics
were washed twice with 250nL of 2N HCO then dried with nagnesium sul fate.

The sol veny yas) | I@venelo@ vy Qi r R ator to afford 24.7g of a straw
oi | . Fol | ow ng tﬁTUﬁﬁtﬁjﬁ%%ﬁﬁiTerTTﬁffﬁﬂ’ t ol uene), 21.8g (61.9mmol ,
87.69% of colorless oil was obtained. FTIR (neat, capillary) 3102. 29, .
2983. 43, 1767 41, 1651.43, 1442.83, 1404 75, 1303.52, 1247.26, 1151. 88,

. TN L O N
stirrer, condenser, nitrogen blanket, dropping funnel,
thermometer was added 5.0g (34.6mmol) of 1,8 diaminooctane,
6.1g (76.1mmol) of pyridine, 100mL anhydrous acetonitrile,
100mL ether. After the starting material was dissolved 8.0g
(87mmol) of vinyl chloroformate was added over 20 minutes an
exotherm was noted, and a precipitate formed over 18 hours.
The solvent was removed on a rotary evaporator and the
residue was dissolved in methylene chloride, washed with 2N
NaOH, thrice with distilled water then dried with magnesium
sulfate. The so0lid was coated on silica gel and
chromatographed (97% CH3Clsy, 3% ETOAc) to give a solid that
was dissolved in methylene chloride and slowly added to
stirred heptane. The solid recovered was dried to give 6.7g
(22.1lmmol, 64.1% yield) melting point 83-88°C. FTIR 3336.20,
3086.75, 3032.18, 2996.55, 2942.19, 2926.73, 2872.60,
2855.14, 1709.82, 1676.68, 1649.06, 1530.29, 1478.71,
1464.03, 1362.59, 1308.80, 1257.38, 1252.87, 1213.85,
1168.05, 1083.04, 1062.73, 1031.76, 956.24, 874.73, 861.46.
NMR (CDCl3) 6.95-7.34 (2H,q), 4.62-5.13 (2H,bs), 4.29-4.75
(4H,m), 2.97-3.30 (4H,q), 1.31 (10H,bs).
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[err] 70
COPOLYMER FI LM EXAMPLES A. HYDROGEL MATERI ALS
Soft hydrogel copolyners of the present invention were produced by

copol yrmeri zing a nononer of the formula

THIS SHEET HAS BEEN
- 69 - REPLACED

.o ART X - FLUOROAL BRIDGED CROSSLINKER

10.0 1.5-bis-(Vinvloxycarbonyloxy)-2,2.3,3,4,4-hexafluoro-
pentane C11H10F60s

-

To a 500mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, nitrogen blanket, thermometer, dropping
funnel, -and ice-water bath was added 12.3g (155.5mmol) of
pyridine and 200mL of methylene chloride. After cooling to
5°C + 2C° add 16.57g (155.5mmol) of vinyl chloroformate was
added so that the temperature was maintained. A white
precipitate formed immediately. When the addition was
complete, 15.0g (70.7mmol) of 2,2,3,3,4,4-hexafluoro-1,5~
pentaneidiol in one portion as a slurry with 250mL methylene
chloride was added. The reaction was allowed to warm to room
temperature for 18 hours. The organics were washed twice
with ZSOmL of 2N HC1l then dried with magnesium sulfate. The
solvent was removed on a rotary evaporater to afford 24.7g of
a straw oil. Following chromatography (silica gel, toluene),
21.8g (61.9mmol, 87.6%) of colorless oil was obtained. FTIR
(neat, capillary) 3102.,29, 2683.43, 1767.41, 1651.43,
1442.83, 1404.75, 1303.52, 1247.26, 1151.88, 1125.91,
1095.64, 1031.24,.1005.65, 985.71, 939.37, 882.43, 776.53,
697.20, 673.23, 650.18. NMR (CDCl3) & 6.83-7.26 (2H,m),
4.30-5.23 (8H,m). '

CH=CH-0-C~OCH,CF 2CFCFCHp0-C~CH=CH3

0 0
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[err]

presence of a nonreactive diluent and a UV irradiati on, :
hydrophilic film#

initiator
nonomer

wi th N-vinyl pyrrolidinone (NVP), _
1, 5-bi s- (vinyl oxycar bonyl oxy) -2, 2, 3, 3, 4, 4- hexaf | uoropentane, in the

in the foll ow ng weight rati os:

NVP X-11nkers %Wierr]Q

and the crosslinker nonomer

fr

DKX10[prr]

ee radical.

- 70 -
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COPQLYMFR FILM EXAMPLES

A. HYDROGEL MATERIALS

Soft hydrogel copolymers of the present invention were
produced by copolymerizing a monomer of the formula

H

CH2=CH-O-C-N-CH2C32CH281[OSi(CH3)3]3

0

with N-vinylpyrrolidinone (NVP), and the crosslinker monomer
1,5-bis-(vinyloxycarbonyloxy)-z,2,3,3,4,4;hexac1uoropentane,
in the presence of a nonreactive diluent and a UV

irradiation, free radical initiator in the following weight

ratios:

KVP X=-linkers

2.5
2.5
0.5
1.5
1.5
2.5
2.5
1.5
0.5
0.9
0.9
0.9
2.5

hydrophilic
film # monomer
1 22.5 £5.0
2 62.5 25.0
3 64.5 24.7
4 23.5 45.0
5 53.5 25 .0
6 42.5 25.0
7 2.5 65.0
8 23.5 65.0
9 44.5 45.0
10 21.5 64.7
11 43.1 43.1
12 64.7 21.5
13 32.5 45.0
heet Has Been Rep]aced

HII\l\! Il \\\I II\ ||Il

73
19
25
63
27
33
85
77
58
80
53
23
51

- %H50 QleQ"ll '

45
91
97
41
79
65
56
51 -
46
49
47
115
37
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25.0
25
53. 5"
2.5

45.0
80
64.7
2.5

22.

97

23

49

5 65.0 2.5 73 45 2 62.5
2.5 19 91 3 64.5 24.7 0.5

4 23.5 45.0 1.5 63 41 5

25.0 1.5 27 79 6 42.5 25.0

33 65 7 2.5 65.0 2.5 85 56
.5 65.0 1.5 = 71 -77 51 9 44.5
0.5 58 46 10 21.5 64.7 0.9

11These f£ibmg were prepasediby plaoimg the psgpolymen7 12
Sr&ix&;rérk?,?betwé’ex? glass pzl?ates slﬁ:?raté@ by a TSL1one 45.0

peripheral gasket and were UV irradiated for 2 hours. The
samples were then prepared for physical characterization.
Physical properties for films were determined using the

following test procedures:

1. Tensile strength (g/mm2) and modulus of elasticity
were measured per ASTM test method D1708.

2. Elongation was measured per ASTM 1708.

3. Initial tear strength and propagation tear strength

were measured per ASTM 1438.
4. Oxygen permeabilities were measured by the method

reported by Relojo, M. et al in Contact and Intraocular Lens
Medical Journsl, Vol. 3, issued p. 27 (1%77) and edge effects
were accounted for per the methods described by Fatt, et al.

in International Contact Lens Clinic, v. 14, p. 389 (1987).

5. Water content is measured per a gravimetric method.
6. Refractive index was measured per typical methods on
hydrated samples using a refractometer.

The physical characterization of these films is reported
in the following table.

Tear (initial/

N Modulus  Tensile - Elongation propaaation)
Film K  (g/mm2) /mm?2 % _(a/mm?)

1 38 15 60 1.4/71.0

2 970 . 170 130 52/52

3 203 77 330 56/56

4 52 28 " 70 1.4/1.4

5 370 100 160 30/30

‘(25 NOV 1996
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- 71 - These filnms were prepared by placing the prepolynmer m xtures
bet ween gl ass plates separated by a Teflon[err] peripheral gasket and were
W irradiated for 2 hours. The sanples were then prepared for physical

characterization. Physi cal properties for fil ng—were-HEreyaRIBEEN USi ng
the follow ng test procedures: 1. Tensile P Afsonferry) and
modul Us of elasticity were nmeasured per72ASTM t est net hod-Bi+08: 2.
El ongati on was measured per ASTM 1708. 3. Initial tear strength and
propagati on ¢ ear strgyth were rBasured per gfSTM 1438.1‘7/17

7 27 7 42 -/ =

8 17 13 120 1.1/71.0

9 18 20 280 6.5/6.5

10 72 43 75 .0.870.6

11 49 27 180 ~/5.5

12 430 110 200 -/46

13 : 86 40 70 3.2/3.1

As can be seen, all of the above film samples meet the
general requirements for a hydrogel contact lens material,

B, RD NTACT LEN TERIAL EXAMPLE

Hard, .gas permeable contact lens materials were made
using the novel vinylcarbonate functional monomers described
herein by polymerizing 1,1,1,3,3,3-hexafluoroprop-2-yl vinyl
carbonate (hfpvc)

CF3

CHy=CH-0-C-0-C-H

0 CF3

with a variety of hydrophilic monomers and crosslinkers, suEh
as those known in the prior art and the preferred hydrophilic
monomers and crosslinkers disclosed herein.

Other materials can be made by substituting the
1,1,1,3,3,3-hexafluoroprop-2-yl vinyl carbonate monomer with
a fluoroalkyvinyl carbonate or carbamate monomer preferably
chosen from the group consisting of trifluoroethyl ﬁinyl

This Sheet Has Been Replaced
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4. Oxygen perneabilities were neasured by the nethod reported by Rel ojo,
M et al in Contact and Intraocul ar Lens Medical Journal, Vol. 3, issued p.
27 (1977) and edge effects were accounted for per the nmethods described by
Fatt, et. al. in International Contact Lens Cinic, v. 14, p. 389 (1987).

5. Water content is neasured per a gravinetric nethod 6.
Refriactive index was measured per typizal-nmethods on hydrated sanples using
a refractoneter. The physical characterization of these filnms is

reported in the foll ow ng table.
Tear (initcatbonate (tfémal} us,5-bienVinyloxyRanpgayilexy)-2,2pBepadat+on

gglnT (gﬂ%%?fiﬁdQopen%%ﬁgniﬁTﬁéQﬁzQU%?%)f@z,2-trifluor@QﬁE§B§E9h¥th}l
Vvinyl carbonate (tfpvc).

Films ﬁere made by the general method described in the
hydrogel £ilm example. The films were polymerized from
monomer mixtures with the following formulations.

£ilm #14: 65 wt% hfpvc

30 wt% 3-[tris(trimethylsiloxy)silyl)propyl
vinyl carbamate

5 wt% hfpdvc and about

0.5 wt% free radical initiator

film #15: 65 wt% hfpve
30 wt% 3[tris(trimethylsiloxy)silyllpropyl
vinyl carbonate and
0.5 wt% free radical initiator

£ilm #16: 65 wt% hfpvc
30 wt% 3-[{tris(trimethylsiloxy)silyl] propyl
vinyl carbamate
4.0 wt% 2,2-dimethyl-1,3-bis(vinyloxycarbonyl-
oxy)propane
0.5 wt% free radical initiator

film #17: 60 wt% hfpvc
25 wt% 3[tris(trimethylsiloxy)silyl] propyl
vinyl carbonate
5 wt% V, Djys
5 wt$ 2,2-dimethy1—l,3-bis(vihyloxycarbonyl-
oxy)propane
5 wt% N-vinyl-2-pyrrolidinone
0.5 wt% free radical initiator

- REPLAGEMENT 3 .:t
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330
370
72
42

6

970 170 130 52/52 3 203 77

56/ 56 4 52 28 70 1.4/1.4 5
100 160 30/ 30
262 72 . 90 17/ 17 7 27
-/ - 8 17 13 . 120 1.1/1.0
- 74 - THIS SHEET HAS BEEN
REPLACED

£ilm #18: 60 wt% hfpvc
25 wt% 3[tris(trimethylsiloxy)silyllpropyl
vinyl carbonate
5 wt% V5 Dys
5 wt% hfpdvc
5 wt% N-vinyl-2-pyrrolidinone
0.5 wt% free radical initiator -

film #19: 60 wt% hfpvc
25 wt% 3-(vinyloxycarbonylthio)propyl-[tris
(trimethylsiloxy)silane]
5 wt% V3 Dgs
5 wt% hfpdvc
5 wt% N-vinyl-2-pyrrolidinone
0.5 wt% free radical initiator

film #20: 60 wt% hfpvce
25 wt% 3-tris(trimethylsiloxy) propylsilane
allylcarbamate
5 wt% V3 Dyg
5 wt% 2,2,3,3,4,4-hexafluoro-1,5-pentane
dinvinylcarbonate
5 wt% N-vinyl-2-pyrrolidinone
0.5 wt% free radical initiator

The physical characteristics of these films as measured
are reported in the following table.

. modulus tensile 02 Perm
film # _(g/mm?2) (g/mm?2) % elongation v 10-3%
14 75000 1250 14 130
15 82000 1500 13 140

|
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9 18 20 280 6.5/6.5 10 72 43

75 .0.8/0.6 11 49 27 180 -15.5 12
430 110 200 -146 13 - 86 40 70
3.2/3.1 As can be seen, all of the above film sanples neet the

general requirenents for a hydrogel contact |lens material.

B. HARD CONTACT LENS MATERI AL EXAMPLES 75 - Hard, gas perneabl e cont act

| ens materials were nade using the vi nyl carbonat e functional nononers
descri bed herein by polynerizing 1,1,1,, 3,3, 3-hexafl uoroprop-2-yl vinyl
carbonate (hfpvc)

16
17
18
19
20

80000
73000
85000
84000
101000

2100 8 130
2000 8 120
1600 16 130
1800 7 100
2500 7 100

All of these films are acceptable as hard gas permeable

contact lens materials.

C.

FT NON-HYDROGEL MATERIAL E PLE

A series of films were made by the general film casting

technique described in the hydrogel materials example except
that prepolymer mixtures for the various films were employed

as hereinafter disclosed.

f£ilm #21:

film #22:

50 wt% 3-(trimethylsilyl)propyl vinyl carbonate
35 wt% 3-[tris(trimethylsiloxy)silyl]lpropyl
vinyl carbamate
10 wt% N-vinyl-2-pyrrolidinone

5 wt% 2,2-dimethyl-1,3-bis(vinyloxy-
carbonyloxy)propane

0.5 wt% UV free radicel initiator

25 wt% 3-(trimethylsilyl)propyl vinyl carbonate
64 wt% 3-[tris(trimethylsiloxy)silyllpropyl
vinyl carbamate
10 wt% N-vinyl-2-pyrrolidinone

1 wts 2,2~dimethy1-l,3—bis(vinyl&&ycarbonyl-
oxy)propane

0.5 wt% UV free radical initiator

i
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[err] with a variety of hydrophilic nmononmers and crosslinkers, such
as those known in the prior art and the preferred hydrophilic nononmers and
crosslinkers disclosed herein. O her materials can be nade by

substituting the 1,1, 1,3, 3, 3- hexaf | uoroprop-2-yl vinyl r
wi th a fluoroal kyvinyl carbonate or carbamate nononmer pr 2PEEF T/ Heh 8BEM
fromthe group consisting of trifluosoeshyl vinyl REPLACED

£ilm #23: 44 wt% 3-(trimethylsilyl)propyl vinyl carbonate
44 wt% 3-[tris(trimethylsiloxy)silyllpropyl
vinyl carbamate
10.5 wt% N-vinyl-2-pyrrolidinone
1 wt% 2,2-dimethyl-1,3-bis(vinyloxycarbonyl-
oxy)propane '
0.5 wt% UV free radical initiator ~

film #24: 54 wt% 3-(trimethylsilyl)propyl vinyl carbonate
35 wt% 3-[tris(trimethylsiloxy)silyllpropyl
vinyl carbamate
10 wt% N-vinyl-2-pyrrolidinone
1 wt% 2,2-dimethyl-1,3-bis(vinyloxycarbonyl-
oxy)propane
0.5 wt% UV free radical initiator

film #25: 65 wt% 3-(trimethylsilyl)propyl vinyl carbonate
25 wt% 3-[tris(trimethylsiloxy)silyl]propyl
vinyl carbamate
10 wt% N-vinyl-2-pyrrolidinone
1 wt% 2,2-dimethyl-1,3-bis(vinyloxycarbonyl-
oxy)propane
0.5 wt% UV free radical initiator

film #26: 40 wt% 3-(trimethylsilyl)propyl vinyl carbonate
40 wt% 3-[tris(trimethylsiloxy)silyl])propyl
vinyl carbamate
20 wt% N-vinyl-2-pyrrolidinone
1 wt% 2,2-dimethyl-1,3-bis(vinyloxycarbonyl-
osy)propane
0.5 wt% UV free radical initiator

This Sheet Has Been Replaced ]
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- 73 - carbonate (tfevc); 1,5-bis-(Vinyloxycarbonyloxy)-2,2,3,3,4,4-
hexaf | uor opent ane (hfpdvc); and 2,2,2-trifluoro-I|-phenylethyl Vinyl

carbonate (tfpvc). Films were nade by the general nethod described in
t he hydrogel filmexanple. The filnms were polynerized from nmonomer m xtures
wi tth the follow ng formul ations. film#1l4: 65 w % hf pvc

300wt % 3-[tris(trimethylsiloxy)silylkl propyl
film #27: 34 wt% 3-(trimethylsilyl)propyl vinyl carbonate
34 wt% 3-{tris(trimethylsiloxy)silyllpropyl
vinyl carbamate
30 wt% N-vinyl-2-pyrrolidinone
1 wts 2,2-dimethy1-l,3-bis(vinylbxycarbonyl-

oxy)propane ~
0.5 wt% UV free radical initiator

film #28: 28 wt% 3-(trimethylsilyl)propyl vinyl carbonate
68 wt% 3-[tris(trimethylsiloxy)silyllpropyl
vinyl carbamate
4 wt% N-vinyl-2-pyrrolidinone
1l wt% 2,2-dimethyl-1,3-(vinyloxycarbonyl-
oxy)propane
0.5 wt% UV free radical initiator

film #29: 20 wt% trimethylsilylmethyl vinyl carbonate
70 wt% 3-[tris(trimethylsiloxy)silyllpropyl
vinyl carbamate
10 wt% N-vinyl-2-pyrrolidinone
1 wt% 2,2-dimethyl-1,3-(vinyloxycarbonyl-
oxy)propane.
0.5 wt% free radical initiator

film #30: 20 wt% trimethylsilylethyl vinyl carbonate
70 wt% 3-[tris(trimethysiloxy)silyllpropyl
vinyl carbamate
10 wt% N-vinyl-2-pyrrolidinone
1 wt% 2,2-dimethyl-1,3-bis(vinyloxy-
carbonyloxy) propane )
0.5 wt% free radical initiator -

‘ 25 NOV 199
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vinyl carbamate _ 5 mﬁ@bhfpdvc and about . 0.5

wt % free radical initi-ator i #15: 65 mﬁ?bhfpvc-‘-:-nﬁﬁ*%+=*ﬁa 30
@63[tr|s(tr|nethyIS|ony)S|IyI]propyI © .- vinyl carponate. and
0.5 wt%free radical initiator f|In1#16 65 wt % hf pvc
30 W% 3-[tris(trinethylsiloxy)silyl] propyl : vi nyl carbamate
4.0 W % 2, 2-di et hyl -1, 3- bi s(vi nyl oxygar bonyl - oXy) pr opane
0.5 wt%free radical initiator

The f£ilms were cured, semples were taken of the film and
the following characteristics measured:

tensile Tear Strength
modulus strength % (initial/
film # (a/mm2) (g/mm?) elongation propagation) Q; DXxio-1l
21 2200 440 106 1207120 76
22 270 150 234 80780 ‘140
23 - 143 140 266 70/70 100
24 120 140 270 70/70 90
25 110 120 270 80/80 72
26 35 40 210 14714 56
27 ‘50 70 290 30/30 80
28 400 120 200 1007100 110
29 —_ — - — 100
30 — — — - .100

The above sample films demonstrated characteristics which
would be useful as a soft, elastomeric, contact lens materizl
with low or no water content.

REPLAC
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film#17. 60 wt % hf pvc 25 W% 3[tris(trinmethylsiloxy)silyl]

pr opyl vi nyl carbonate 5 wt % V2 D25
5 wt % 2, 2-di net hyl - 1, 3- bi s(vi nyl oxycar bonyl - oXYy) pr opane
5 wt % N-vi'nyl - 2-pyrrolidinone 0.5 % free radical initiator
74 )
- 79 - THIS SHEET HAS BEEN:
REPLACED

. 1,2,3-tris (vinyloxycarbonyloxy)propane

To a 250ml three neck round bottom flask fitted with a
mechanical stirrer, condensor, nitrogen blanket,and a
dropping funnel was added 3.1g (33.7mmol) of glycercl, 8.7g
(110mmol) of pyridine and 125mL of anhydrous acetonitrile.
The reaction flask was cooled in an ice water bath so that-
the temperature did not exceed 5°C. To the reaction mixture
was added 11.7g (110mmol) of wvinylchloro formate over 30
minutes. The reaction mixture was allowed to stir to room
temperature overnight. The solvent was removed on a rotary
evaporator and the crude product was taken up in ethyl
acetate and washed with 2 100rL portions of 2N KCl, then 2
100mlL portions of 2N NaOH, then 2 100mL portions of brine.
The organics were dried with magnesium sulfate,the the )
solvent removed and the crude product is distilled to obtain

the pure product.

H
Cdz=ChOSOCaZ?CHZOSOCH-Ch2
O CHy, O©

0
C=0
o
CH
n

CH,

REPLAGER
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film#18: 60 wt % hf pvc 25 wt %

3[tris(trinmethylsiloxy)silyl]propy] vi nyl carbonate
5-wt % V2 D25 5 wt % hf pdvc 5w %

N-Vi nyl - 2- pyrrol i di none 0.5 % free radical initiator
film#19: 60 wt % hf pvc 25 wt %

3- (vi nyl oxycar bonyl t hi o) propyl - (trisgg -

(trimethylsiloxy)silane] 5 wm % V2 D25 5 wm %
hf pdvc -b;s vinyloxy¥ ngynrngdlnone 0.5 wt%
free rad'G?indBiyéﬂﬁﬂbnyloxyﬁéﬂﬂ?'g 9:o§933¢96hfpvc

To a 250ml three neck round bottom flask fitted with a
mechanical stirrer, condensor, nitrxogen blanket,znd a
dropping funnel was added 3.0g (22.0mmol) of
pentaerythritol,7.7g (97mmol) of pyrld;ne and 125mL of .
anhydrous acetonitrile., The reaction flask was cooled 1n an
ice water bath so that the temperature did not exceed 5°C.

To the reaction mixture was added 10. 3g (97mmol) of
vinylchloroformate over 30 minutes. The reaction mixture was
2llowed to stir at room temperature overnight. The solvent
was removed on a rotary evaporator and the crude product was
taken up in ethyl acetate and washed with two 100mL portions
of 2N HCl, then two 100mL port;ons of 2N NaOH, then two 100mL
port;ons of brine. The organic phase was dried with
magnesium sulfate,the the solvent removed and the crude
product distilled to obtain the pure product.

"‘—.2
CH
0
¢=0
0

an-CHOCOCﬁZ~C-EHZOCOCh—CH2
CH
0 6° o
c=0
0
CH
n

CHZ
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25 W% 3-tris(trinmethyl.siloxy) propylsilane al Iyl car banmat e

5w%V[err] Derr] 5 w% 2, 2, 3, 3,4, 4- hesaf | uoro-1, 5- pent ane
di vi nylicar bonat e 5 w % N-vi nyl -2-pyrrolidinone
0.5 W% free radical initiator The physical characteristics of these
filnme as nmeasured are reported in the follow ng table. nmodul us
tensile 02 Permfdlgm - (g/mijerr]) (g/mierr])
% el ‘ongat i on X 10[err] 14 75000 1250 14
130 15 82000 1500 13 140

VZDFZS

To a2 100mlL one neck round bottom flask fitted with a magnetic
stirrer, and a drying tube was added 5.0g (11.95mmol) of
1,3-bis (4-vinylbutylcarbonate) tetramethyldisiloxane, and
46.6g (89.6mmol) of .
1,3,5-methyl,1,3,5-trifluoropropylcyclotrisiloxane. To the
reaction mixture was added 0.067%g (0.452mmol) of
triflurormethanesulfonic acid. The mixture was stirred at
room temperature for 24 hours then 0.38g (4.52mmol) of sodium
bicarbonate was added, and the nixture was allowed to stir
an addtional 24 hours. The reaction mixture was filtered
thruogh 20.0g of activated ¥F20 alumina to give a lite yellow
oil. The crude product was vacuum stripped at S0°C 0.025
Torr for 4 hours to give the desired product.

B fomy | oy
cn;cs-o-s—o-cazcuzc.»:zc:ez-;si-o—-—§i—-o——§i-CHzcazcxzcnz-o-s-oca=cn2
0 cy _?_2_ CHy 0

CEy 25

[

. ——— - —  CFg ——-
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73000

16 80000 2100 8 130 17
2000 8 120

THIS SHEET HAS BEEN
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- 82 -
CLAIMS:

1. A copolymer formed by polymerizing a
prepolymer mixture comprising:

(a) a base monomer described by the general
chenical formula:

This Sheet Has Been Replac

T e ] i

CHy=C- (CHj)},~-0-C-X Rl

wherein X denotes an -0-, =-§- or -NR>- divalent radical;
R} denotes an organic. radical;
R2 denotes -H or -CHj:
R3 denotes -H, or a monovalent alkyl radical;
b equals 0 or 1; and
(b) a crosslinking agent.

2. The copolymer of Claim 1 wherein the base
monomer is 2-hydroxyethyl vinyl carbonate, 2-hydroxyethyl
vinyl carbamate, 3-(2-pyrrolidinone-l-yl)propyl vinyl
carbonate, 2-(2-pyrrolidinone-l1-yl) ethyl vinyl
carbonate, 2,2,2-trifluoroethyl vinyl carbonate,
2,2,2-trifluoroethyl vinyl carbamate,
1,1,1,3,3,3-hexafluoroprop-2-yl vinyl carbonate,
2,2,2-trifluoro-1-phenylethyl vinyl carbonate,
trimethylsilylmethyl vinyl carbonate, trimethylsilyethyl
vinyl carbonate, 3-(trimethylsilyl)propyl vinyl
carbonate, t-butyldimethylsiloxyethyl vinyl carbonate,
3-[tris(trimethylsiloxy)silyl]propyl vinyl carbonate,
3-[tris(trimethylsiloxy)silyl)propyl vinyl carbamate,
3-(vinyloxycarbonylthio)propyl-[tris(trimethylsiloxy)-
silane], 3-[tris(trimethylsiloxy)silyl]propyl allyl

carbamate, 1,3-bis{4-vinyloxycarbonyloxy)but-l-ylj-RHMACEMENTiqTET
- wLiv: oniz
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18 . 85000 1600 16 130 19 84000

1800 . 7 100 20 101000 2500 7
100 * Al of these filnms are acceptabl e as hard gas perneabl e cont act
| ens material s. C. SOFT NON- HYDROGEL MATERI AL EXAMPLES

A series of filnms were nmade by the gengral filmcasting techni que described

I n the hydrogetraméen glg £X0HP4 e&gqﬁ; for the
various filns mgre enp ? %;g ggyhﬁielna fgrQ%%g@&%@%h%ﬁ?&xy)§§P*f$#21 50

Wt % 3- (tri rrel?mmélrlyfl’jlb? 1 vinyl carhsmasee N-Vinyloxycarbonyl-N'-
(tris(trimethylsiloxy)silylpropyl] piperazine,

3-[Tris(trimethylsiloxy)silyl)propylaminoethyl vinyl
carbonate, N-(vinyloxycarbonyloxy)-pyrrolidin-2,5-dione,
N-(vinyloxycarbonyloxyethyl)~pyrrolidin~2,5~dione, 4-gec-
butylphenyl vinyl carbonate, 4-t-butylphenyl vinyl
carbamate, 4(t-butyl)cyclohexyl vinyl carbamate,
l-adamantane vinyl carbonate, l-adamantanemethyl vinyl
carbonate, l-adamantaneethyl vinyl carbonate, or
l-adamantane vinyl carbamate.

3. The copolymer of Claim 1 or Claim 2,
wherein said crosslinking agent is described by the
general formula:

Sheet Has Been Replaced

I - HII\I\ AW

Ry 0
l f

CHy=C~- (CH;)},~0-C-X Rl

s —

wherein X denotes an -0-, -S-," or -NR3- divalent radical;
Rl denotes an organic radical;
RZ denotes -H or -CHjy:
Ry denotes -H or a monovalent alkyl radical;
a equals 2, 3 or 4; and
b eguals 0 or 1.

4. The copolymer of Claim 3 wherein the
crosslinking agent is propargyl vinyl carbamate of
1,3-bis{4-vinyloxycarbonyloxy)but-1-ylj-tetramethyl
disiloxane.

5. The copolymer of Claim 3 wherein the

crosslinking agent is of the formula: RE?iAnrnrw"m;M“

25 Nov
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35 W% 3-[tris(trinethylsiloxy)silyl]propyl vi nyl carbamate

10 wﬂ@thV|nyI 2- pyrrolidinone 5 w%

2, 2-di net hyl - 1, 3- bi s(vi nyl oxy- carbonyloxy}p¥epane_mW_m_mm_
0.5 wt% UV free radical initiator film#22: 25 w % sSe Has B
3-(trinmethylsilyl)propyl vinyl carbonate as Seen Replaced
3-[tris(trimethylsiloxy)silyl]propyl_ g4 - Vi nyl Hm’l"mmm
10 wt % N-vi nyl - 2-pyrrolidi none 1 w%

2, 2-di et hyl -1, 3- bi s(vi nyl oxycar bonyl - OXYy) pr opane

0.5 W% WV free radical initiator CHy | G | Ci3

| | |
CH?#EPCFE4}{Hj3bCHﬂ}h-?i4}'—?i<}'-?i*EbCszﬁﬁﬂéﬁ}iFOQ¥{Hé
0 Gy | CHy | O3 0
X

6. The copolymer of Claim 3 wherein the
crosslinking agent is 1,2-bis-(vinyloxycarbonyloxy)-
ethane, a-Ww-bis-(vinyloxycarbonyl)triethyleneglycol,
a-W-bis~(vinyloxycarbonyl)polyethylene glycol, a-k-bis-
(Vinyloxycarbonyl) polypropylene glycol, 2,2-dimethyl-
1,3-bis-(vinyloxycarbonyloxy)propane, N,O-bis-(vinyloxy-
carbonyl)-ethanolanine, 2,2~-dimethyl-N,N-bis(vinyloxy-
carbonyl)-1,3-propanediamine, or 1,5-bis-(vinyloxy-
carbonyloxy)-2,2,3,3,4,4~hexafluoropentane.

7. The copolymer of Claim 3 where a equals 2
and Rl is of the general formula:

RL R1
| l
-(CHy)x Ti‘O Si—(CHz)Z-
RL R
Yy

where X and z are 1 to 6, y is on the average between 2
and 200 and R! denotes an alkyl radical or fluorinated
‘alkyl radical with 1 to 6 carbon atoms.

8. A hydrogel copolymer formed by polymerizing
a prepolymer mixture comprising a non-hydrophilic monomer
of the general formula:

R2

O -
I I

CH,=C- (CH;) ,-0-C-X RNH '
: a REPLACEMENT SHEET

wwwwn o




76 film#23: 44 w% 3-(trinethylsilyl)propyl vinyl caLbonate

Wt % 3- (tris(trinmethylsiloxy)silyl]propyl Vi NYHISCSHAR TB{CRERy
10.5 wt'% N-vi nyl - 2- pyrrol i di none 1 w% REPLACED
2, 2t di et hyl - 1, 3- bi s(vi nyl oxycar bonyl| - oXxy) propane

0.5 W% W/ free radical initiator _fman#24 54 Wt %
3-(trinet hyI@néJ;:éJ)rpr)bp;/énwtegll-Qe-e,r bergt eNR3- dlvalenB&cm%al.

44

3-[tris(trimethylsilgovey)gllyldPrond,- hydroph::.llcVc!:zD inf@'P SAPLS

R3 denotes -H or a monovalent alkyl radical;
~ais 1, 2, 3 or 4;

b is 0 or 1; This Sheet Has Been Replaced

R? is hydrogen or methyl; and ,"Hl "I"l”lu u'

a hydrophilic monomer; and

.,

a crosslinking agent.

9. The hydrogel material of Claim 8 wherein
the hydrophilic monomer is N-vinyl-2-pyrrolidinone.

10. The novel hydrogel material of Claim 8 or
Claim 9 wherein the non-hydrophilic monomer is
3-[tris(trimethylsiloxy)silyl)propyl vinyl carbonate,
t-butyl vinyl carbonate, t-butyldimethylsiloxyethyl vinyl
carbonate, or 3-[tris(trimethylsiloxy)silyl]propyl vinyl
carbonate. '

11l. A soft, non-hydrogel, copolymer formed by
polymerizing a mixture comprising:

a non-hydrophilic monomer of the general
chemical formula:

il i
CHp=C-(CH,)-0-C-X | -RNH
a

wherein R denotes -H or -CHj;

RNE s a largely non-hydrophilic organic
radical;

a is 1 or 2; and

. b is 0 or 1;

a hydrophilic monomer chosen from the group
consisting of N-vinyl-2-pyrrolidinone and 2-hydroxyethyl-
methacrylate, and

a crosslinking monomer. REPLACERAZNT SWFET

HIIIIII HIIH IIIH Hlll H ||I| 25 Nov 1%




10 wt % N-vi nyl - 2-pyrrolidi none 1 w%

2, 2-di net hyl - 1, 3- bi s(vi nyl oxycar bonyl - 0oXYy) pr opane

0.5 W% UV free radical initiator film#25: 65 W%

3- (trlnethyIS|IyI)propyI vi nyl carbonate 25 wm%
3-(tris(trimethylsiloxy)silyl]propyl vi nyl carbamate

10 wt % N-vi nyl - 2-pyrrolidinone -8 -1 W%

2, 2-dinethyl -1, 3-bi s(viqyyl o a Y, o] e _
0.5 wt% WV free radical rh|yn| i&?hiaét OrBBX#an_r %EGCIa% %},ﬁérgfﬂ the non
3- (trimet hyl sShY§¥oRNdphaG manepercisbadbbrds (trimethylsiDowy)silyl)

3-[t |s(tr|rn?f%§ '|43ﬁ93“dé@hb&éﬁﬁ¥|l 3-bis (4-viNyIWht FPELARBLSte)
20 Wt % N-vi n rrolid

tetr ethyldlslloxane, 3-[tris(trimethylsiloxy)silyl]-
propyl ‘vinyl carbamate, 3-(Vinyloxycarbonylthio)propyl
(tri(trimethylsiloxy)silane], 3-(trimethylsilyl)propyl
vinyl carbonate, t-butyldimethylsiloxyethyl vinyl
carbamate, trimethylsilylmethyl vinyl carbonate,
trimethylsilylethyl'vinyl carbonate, trifluoroethyl vinyl
carbonate, t-butyl vinyl carbonate, 3[tris(trimethyl-
siloxy)silyl] propyl vinyl carbonate, 2,2,2¥trif1uoro-
ethyl vinyl carbamate, 1,1,1,3,3,3-hexafluoro-2-propyl
vinyl carbonate, 2,2,2-trifluorocethyl allyl carbonate, or
2,2,2-trifluoro-i-phenylethyl vinyl carbonate.

13. The copolymer of Claim 11 wherein the non-
hydrophilic monomer is of the general formula:

o Rl Rl - o
| | [l

CHp=CH-0-C~0- (CHp) y——Si-0——8i~(CH;) y~0-C-0-CH=CH,

Rl Rl
y

14. A rigid gas permeable contact lens
material comprising:

a non-hydrophilic monomer of the general
formula:

il i
CHy=C-(CH,)p-0-C-X | RNH
a

wherein b is 0 or 1;
a is 1, 2, 3 or 4;

RE“L#CEMENT SHEET
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vit

— 3

wt % 2, 2-di net hyl - 1, 3- bi s(vi nyl oxycar bonyl - OXYy) pr opane

% UV free radlcal Initiator - 77 -
27 34 wt% 3-(trimethylsilyl)propyl vinyl carbonate 34 wt %
i s(trimethylsiloxy)silyllpropyl vi nyl carbamate

- 87 -
X denotes -0-, -NH~ or =-S-; and
RNH denotes a non-hydrophilic moiety;
Rl is H or methyl; .
a crosslinking agent; and
1 to 20 wt % of a wetting monomer.

15. A compound selected from:

3~ (2-pyrrolidinone-1-yl)propyl vinyl carbonate;

2=-(2-pyrrolidinone-1-yl)ethyl vinyl carbonate;

2,2,2-trifluorcethyl vinyl carbamate;

1,1,1,3,3,3~hexafluoroprop-2-yl vinyl
carbonate; and _

2,2,2~trifluoro-l1-phenylethyl vinyl carbonate.

16. A compound of the general formula:

R2 o)

| i

CH,=C- (CHj) p-0-C~0 R
a

wherein R? denotes -H or -CHg:
b is 0 or 1;
a is 1, 2, 3 or 4; and
R is an organosilicon radical.

~ 17. A compound of Claim 16 selected from
trimethylsilylmethyl vinyl carbonate, trimethylsilylethyl
vinyl carbonate, 3-(trimethylsilyl)propyl vinyl
carbonate, t-butyldimethylsiloxyethyl vinyl carbonate,
3-[tris(trimethylsiloxy)silyl)propyl vinyl carbonate,
3-[tris(trimethylsiloxy)silyl)propyl vinyl carbamate,
3-(vinyloxycarbonylthio) propyl-[tris(trimethylsiloxy)-
silane], 3-[tris(trimethylsiloxy)silyl]propyl allyl
carbamate, 1,3-bis[4-(vinyloxycarbonyloxy)but-1-yl]-

tetramethyl disiloxane, N- [trls(trlmethy151loxy)f ﬁ #ﬁft: ”j”““
propyl]-N-methyl vinyl carbanate, N—v1nyloxycarbwn'; Nt

HII\III I |l||| [ 25 Nov 9%




30 wt % N-vi nyl -2-pyrrolidinone 1 w%

2, 2+di met hyl - 1, 3- bi s(vi nyl oxycar bonyl - 0SYy) pr opane

0.5 Ww% UV free radical initiator film#28: 28 wt %
3-(trinmethylsilyl)propyl vinyl carbonate 68 wt %
3-(tris(trimethylsiloxy)silyl]propyl vi nyl carbamate

4 wt % N-vinyl -2-pyrrolidinone - 88 1 W%

2, 2-di met hyl -1, 3- (vi nyl oxycar bonyl - oXy) pr opane 0.5

wt % WV freeltads¢arimathiyasbloxy ¥silplp2epyl20pipeaaeinet huhdi | yl net hyl

x:gg: g:;gg%&#@rls(trlmethyi% %&*ﬁﬁ%_h&&g?&éﬁk%@%%ﬁ §£%§§y%§hlxl]propyl

carbonate.

18. A compound of the general formula:

RZ

CHy=C-(CHy)~0-C-X R

wherein a is 1, 2, 3 or 4;
X denotes -0-, -5~ or -NR-;
R2 denotes -H or -CH3;
R3 is -H or -CH3; and
R denotes a cycloalkyl, cycloaryl or
heterocyclic radical.

19. A compound of Claim 18 selected from
N-(vinyloxycarbonyloxy)-pyrrolidin-2,5-dione,
N-(vinyloxycarbonyloxyethyl)-pyrrolidin-2,5-dione,
4-s-butylphenyl vifiyl carbonate, 4-t-butylphenyl vinyl
carbaméte, 4 (t-butyl)cyclohexyl vinyl carbonate,
l-adamantane vinyl carbonate, l-adamantane methyl vinyl
carbonate, l-adamantane ethyl vinyl carbonate, and
1-adamantane vinyl carbamate.

20. A compound of the general formula:

R2 0
| fl

CHp=C~(CH,)p-0-C-X | R

wherein a is 1, 2, 3 or 4; : ﬁfféﬂﬁﬁﬁﬁﬁz_SHEET

25 NOV 1995
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1 wt %2, 2-di nethyl -1, 3-(vi nyl oxycar bonyl - 0oXY) pr opane.

0.5 W% free radical initiator film#30: 20 wt% trinethylsilylethy

vi nyl carbonat e ) 70 wt% 3-[tris(trinmethysiloxy)silyllpropyl

vi nyl carbamate 10 wt % N-vi nyl - 2-pyrrolidi none 1 Wm%
2, 2-di net hyl -1, 3-bi s(vi nyl oxy- car bonyl oxy) propane

0.5 % free radical initiator - 89 -

R2 denotes -H or =-CH3;
X denotes -S-;

b is 0 or 1; and

R is an organic radical.

21. Propargyl vinyl carbamate.

22. 1,3-bis[4-vinyloxycarbonyloxy)but-1-ylj-
tetramethyl disiloxane.

23. 1,2-bis-(vinyloxycarbonyloxy)ethane.

24. a-W-bis-(vinyloxycarbonyl)triethylene-

glycol.

25. ea-W-bis-(vinyloxycarbonyl)polyethylene
glycol.

26. a-wW-bis-(vinyloxycarbonyl) polypropylene
glycol.

27. 2,2-dimethyl-l,3-bis-(vinyloxycarbonyl-
oXy)propane,

28. N,O-bis-(vinyloxycarbonyl)-ethanolanine.

29. 2,2-dimethyl-N,N-bis(vinyloxycarbonyl-1,3-
propanediamine.

30. 1,5-bis-(vinyloxycarbonyloxy)-2,2,3,3,4,4~
hexafluoropentane.
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- 78’- The filnms were cufed, sanpl es were taken of the filn1a%%4the

fol | owi ng characteristics neasured:
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B E YT SpeET

Tear*Strength nodul us strength _ (i

(g/merr]) = (g/mmjerr]) el ongation Propagation) erf] DXx10[err]

21 2200 440 106 120/ 120 76 219 JAN 199870
150 234 80/ 80 - 140 23 143 140

266 70/ 70 100 24 120 140 : 270

70/ 70 90 1

COPOLYMERS OF VINYL CARBONATE AND VINYL CARBAMATE AS
CONTACT LENS MATERIAL

The present invention relates to
copolymers which are useful as biomedical materials, and
in particular are well suited as contact lens materials.

Biomedical materials which are particularly
useful as contact lens materials fall into three general
classifications; hydrogels, non-hydrophilic soft
materials and rigid gas permeable materials.

The chemistries of contact lens hydrogels are
almost completely described by polymer and copolymer
systems comprised of either 2-hydroxyethylmethacrylate
(HEMA) or N-vinyl-2-pyrrolidinone (NVP), or mixtures of
HEMA and NVP.
agents are used in these systems to control tear
strength, hydrolytic stability, and modulus.

These hydrogel systems are generally well known and have

Minor components such as crosslinking

been successful on a commercial basis, but they are not
without shortcomings.

PolysiloXané based elastomers have also been
known in the contact lens art for some time and have
enjoyed limited commercial success. In general, the
silicone chenmistries involve vinyl functional end capped

polysiloxane. polymers.

Rigid gas permeable contact lens materials are
generally copolymers formed from copolymerizing acrylic
or methacryl functional monomers which contain siloxane
functionalities and often also contain fluorine atonms.

Polymer Bulletin 16, 391-94 (1986) discloses specific
chlorinated and fluorinated vinyl carbonates and
polymers made thereof which are used for optical fibers,
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la
Polymer Bulletin 4, 705-710 (1981) discloses the polym-
erization of phenYl vinyl carbonate, methyl vinyl car-
bonate, menthyl vinyl carbonate, N-diethyl vinyl
carbamate and N-butyl wvinyl carbamate. Further, co-
polymers of phenyl vinyl carbonate and vinyl acetate are
disclosed.

The present invention provides a  further
development in copolymer chemistry to the art of biomedical
device materials.

The present invention in its broadest aspect
provides a copolymer useful in biomedical devices.



79 < O her exanpl es of nononers of general formula (1) above ndygPfeLdsEAT SHEET
31,2, 3-tris (vinyloxycarbonyl oxy) propane To a 250m three neck-round
bottomflask fitted with a nechanical stirrer, condensor, nif{r gela JAN.9
bl anket and a dropping funnel was added 3.1g (33.7muvol) of g|yger 8.9%
(110mml ) of pyridine and 125nL of anh§drous acetonitrile. The cti-ehn

flask was cgoled in an ice _water bath_so that the tenperature did not
exceed 5[er T%fe1QPYéiaQQRﬂﬁypﬁﬁsnFEFuF%ImeQaby Slymerizing 2

prepolymer mixture comprising:

(a) a compound of the general formula (I):

(1)

10 wherein
aisl1l, 2, 3 or 4;
X is -0~-, -8~ or -NR*-;
R® is H or a monovalent alkyl radical; and
R is selected from an organosilicon radical, a
15 cycleoalkyl-containing radical, a cycloaryl-containing
radical, a heterocycle -containing radical, an alkylene
radical, an oxyalkylene radical, a fluoroalkylene
radical, a haloalkyl radical and a hydroxyalkyl radical;
and '

20 (b} a crosslinking agent.

The copolymers are particularly useful as
biomedical materials, and are especially useful in the
area of contact lens applications. These new crosslinked
copolymers, when used in contact lens applications, can

25 produce a wide variety of types of contact lens materials
ranging from hard, gas permneable lens materials; soft,
hydrogel lens materials; to soft, non-hydrogel lens
materials.

The monomers of general formula (I) given above
30 generally fall into the foliowing classifications, viz:
(a) hydrophilic nonomers, wherein the R moiety
is hydrophilic so that the monomer as a whole is
relatively hydrophilic,



was added 11.7g (110mml) of vinylchloro formate over 30 mnutes. The
;reaction mxture was allowed to stir to roomtenperature overnight. The

sol vent was renoved on a rotary evaporator and the crude prp Agﬁﬁmﬁabm&T

up in ethyl acetate and washed with 2 100nL portions of 2N HO-—ihen--2

100k ‘portions of 2N NaCH, then 2 100nL portions of brine. [The organics

were dried with magnesium sul fate,the the solvent rempved ahdjt & JANIH8

product is distilled to obtain the pure product. "[err]
3

(b) silicone-containing monomers wherein the R
moiety is an organosilicon radical, and

(c) non- or slightly hydrophilic monomers
wherein the R moiety is non-hydrophilic.

5 In general, there are no clear cut demarcations
. between any of the three classifications of contact lens
materials mentioned above and which the copolymers of the
present invention can be used to produce. However, in
general, hydrogel materials should have oxygen
10 - permeabilities with DK’s greater than 20 x 10" cnd® x
cm/sec. x cm?® x mmHg (or DK units hereinafter) and
preferably greater than 40 DK and most preferably greater
than 60 DK. They should have a Young’s modulus of
elasticity in the range of 20 to 400 g/mm?, preferably 50
15 to 200 g/mm’ as measured by ASTM test method D 638.
They should have tear strengths greater than 1 g/mm? and
preferably greater than 5 g/nmﬁ as measured by ASTM test
method D 1938. Their water content should be between 10
to 80%, and preferably between 20 to 50%. The contact
20 angle, which is a measurement of the wettability of the
lens, should be less than 80° and should preferably be
less than 40°. The protein uptake of hydrogel



- 80 - 1,3-bis (vinyloxycarbonyl oxy)-2,2- bis (vinyloxycar

: propane To a 250m three neck round bottomflask fitted wit

stirrer, condenser, nitrogen blanket,and a dropping funne
3.0g (22.0mmol ) of pentaerythritol,7.7g (97mml) of pyriding
anhydrous acetonitrile. The reaction flask was cooled in a

D
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'so that the tenperature did not exceed 5[err]C. To the reaction m xture was

added 10.3g (97mml) of vinylchlorofornmate over 30 ninutes.

FheTeactionm

m xt ure Verses |ondirdro el rlens make tiehsesdioyld deelabghthamher sol vent was
renmoved Qb B d LR Ve SUaPor afOrpdigh t he crude product was taken up in ethyl

acetate and S\/\(/;'_afshed wth two 100nl port.ions

. non-hydrogel materials should have at a minimum

oxygen permeabilities equal to or greater than hydrogel

materials. The water content should always be less than 10%,

and preferably less than 5%. The modulus of elasticity
should be between 20 and 5,000 g/mm2 and preferably should be
in the range of 50 to 250 g/mm2., Contact angle should be
less than 80 and preferably less than 40°.and the tear

strength (both initial and propagation) of this material

should be in excess of 5 g/mm2.

Properties of hard, gas permeable lens materials should

be similar to that of the hydrogel and the soft, non-hydrogel

materials. In addition, the glass transition temperature of

such materials should be greater than 40°C and preferably
greater than 65°C. The modulus of the material should be
greater than 50,000 g/mm2 and preferably greater than 75,000

g/mm2,

-HYDROGEL MATERIALS

To prepare a soft, non-hydrogel material the following

prepolymer formulations should be used: (a) between 25 and

90% of the prepolymer mixture should comprise a hydrophilic

monomer portion. This portion will preferably comprise in

part at least a hydrophilic monomer represented by the

general formula

o}
CH? = CH-0O-C-X-R®

where X is as previously defined and R" denotes a
hydrophilic moiety within the definition of R given

hereinbefore. This hydrophilic monomer




of 2N HO, then two 100nL portions of 2N NaOH, then two 100ny

oTrT

sbri ne. The organi ¢ phase was dried with nagne5|un1su|fatethe’ihe”

renpved and the crude product distilled to obtain the pure jpr
[err] . - 81 -

o

Sheer

oduct .

19 JAN 1998

5

portion may also include at least one of the hydrophilic

monomers chosen from the group consisting of wetting monomers

N-vinyl-2-pyrrolidinone, 2-hydroxyethyl vinyl carbonate,

2-hydroxyethyl vinyl carbamate, 3-(2-pyrrolidinon-1

...yl)._

propyl vinyl carbonate, 2-(2—pyrrolidinon—l—yi)ethyl vinyl
carbonate, N-(vinyloxycarbonyloxy)pyrrolidin-2,5-dione,

N-[vinyloxycarbonyloxyethyllpyrrolidin-2,5-dione,

R-vinvlacetamide, N-methyl-N-vinylacetamide, N,N-dimethyl

vinyl carbamate and N,N-diethyl vinyl carbamate. These
monomers may, of course, comprise only a portion of the
hydrophilic monomer portion of prepolymer mix which can

further be comprised of other hydrophilic monomers

The hydrogel prepélymer formulation should also
preferably contadain a

non- or weakly hydrophilic monomer as combination of monomers

chosen from the group consisting of 3-{tris(tri-

methylsiloxy)silyllpropyl vinyl carbonate, t-butyl vinyl

carbonate, t-butyldimethylsiloxyethyl vinyl carbona

te,

3-[tris(trimethylsiloxy)silyllpropyl vinyl carbamate,

3-({vinyloxycarbonylthio)propyl{tris(trimethylsiloxy)lsilane,

3-[tris(trimethylsiloxy)silyllpropyl allyl carbamate,

t-butylphenyl vinyl carbamate. These non- or sligh

hydrophilic monomers enhance the oxygen permeability of the

final copolymer.

The hydrogel prepolymer compositions further comprise (c)
between -about 0.1 to 10% of a crosslinking agent, which may
be chosen from a list of preferred crosslinking agents later
disclosed in this application, or one of the crosslinking
monomers known in the prior art as exemplified and/or taught
in U.S. Pat. Nos. 4,060,678; 4,182,822; 4,267,295; 4,640,941

and/or 4,690,993.

tEly




Vlerr]DF[err] To a 100nL one neck round bottomflask fit [ ——
»magnetic stirrer, and a drying tube was added 5.0g (11.95nnt f ﬁ%%§iﬁﬁ§¥
(4-~vi nyl butyl carbonate) tetranethyl disil oxane, and 46. 6g (]99. 6nmol ) of

1,3,5-methyl, 1,3,5-trifluoropropylcyclotrisiloxane. To tHhe re?9tJAN'19c?8
m xture was added 0.0679g (0.452mol ) of triflurormethanegulifonic acid. Thel
m xture was stirred at roomtenperature for 24 hours thenj0.380 (4 —52mol
of sodi um bi carbonate was added, and the nlxture was allogwed to stir an .

addtional 24 Ry Smolh rﬁlqwa&rbgnlxltfer%o%% Ltseae@othBQPJQn

goT
activated F20 alumna to give a lite ye : crude roduc?
vacuunystrqﬁﬂﬁﬁﬁ%ﬁ R e Xﬁ(ﬁﬁ?'ﬂﬁqseﬂér1$Vﬁ66ﬁ§“tésgﬁééuﬁhéddésthem

product. the above limits to give a water content in the hydrated
hydrogel of from 5 to 80% by weight. The
non- or weakly hydrophilic monomer content is adjusted

to maximize other desirable properties such
as oxygen permeability, modulus and/or tear strength. The

guantity of the crosslinking monomer used to produce a
hydrogel material is adjusted to maximize desirable
properties such as water cortent, modulus, lens strength, and
also aids in the hydrolytically stability of the final
material. In addition, UV absorbing monomers or tinting
‘monomers may also be added to enhance the properties of the
final material.

For instance, the following prepolymer formulations would
produce hydrogel materials within the scope of the present

invention.
I. A, 25-90 wt% hydrophilic monomer, 2-hydroxy-
ethyl vinyl carbamate;

B, 10-30 wt% non- or weakly hydrophilic monomer
3-N-{tris(trimethylsiloxy)silylpropyl]
vinyl carbamate; and

C. 0.1-10 wt% crosslinker, 1,2-bis-(vinyloxy

carbonyloxy)ethane.

II. A.1) 25-90 wt% hydrophilic monomer 2-hydroxyethyl
vinyl carbamate; and

ii) 25-90 wt% hydrophilic monomer N—vihyl

pyrrolidinone, where the combination
of i and ii comprises between 25 to 90
wt% of the final prepolymer
compositions.



[err]
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B. 10-90 wt% of non-, or we;kly hydropbilic

monomer t-butyldimethylsiloxyethyl
vinyl carbamate; and

C. 0.1-10 wt% crosslinker, &, <« -bis-(vinyloxy-
carbonyl) polyethylene glycol.
III. A. 25-90 wt% hydrophilic monomer, 3-(2-pyrroli-
dinon-1-yl)propyl vinyl carbamate;
B. 10-30 wt% weak or non-hydrophilic monomer,
t-butyl vinyl carbamate; and
C. 0.1-10 wt% crosslinker, ¢,& -bis-(vinyloxy-

carbonyl) polyethylene glycol.

HARD, GAS PERMEABLE MATERIALS

Hard lenses are prepared using: (I) one or more of the
non-hydrophilic monomers of formula (I) given above; (II) a
crosslinking agent; (III) a small amount of a wetting
monomer; and (IV) optionally other agents such as
strengthening agents or UV absorbing or dye monomers. The
three main components are used in the following ratios; the
non-hydrophilic monomer component (I) is used in amounts of

60 to 95 weight percent, the crosslinking monomer
(II) in amounts from 0.1 to 10 weight percent, and the
wetting monomer (III) in amounts from about 1 to 20 weight
percent. The content of the crosslinking agent is chosen to
provide a dimensionally stable lens material resistant to
breakage and stress crazing. The amount of wetting monomer
used is adjusted within limits to provide sufficient wetting
characteristics so as to maintain a stable tear film while at
the same time keeping a sufficiently low water content.

The non-hydrophilic monomers used to make the hard
contact lens materials include one or more of the following



1. - A copol yner fornmed by polynerizing a prepol ynmer RPPDACEIENT SHEET
; conpri sing: (a) a conmpound of the general fof ~—terrh
wher ei n ais 1, 2, 3 or 4 Xis A ’-3-\1&9
-NR[err]-; Rlerr] is Hor a nonoval ent al kyl nfa |c13; _ 39§5
R is selected froman organosilicon radical, a cycl oal kyli-

radi cal, a cycl oaryl-containing 8

monomers: 2,2,2-trifluoroethyl vinyl carbonate,
2,2,2-trifluoroethyl vinyl carbamate, 1,1,1,3,3,3-Hexafluoro-
prop-2-yl vinyl carbbnate, 2,2,2-trifluoroethyl allyl
carbonate, 2,2,2-trifluoro-l-phenylethyl vinyl carbonate,
trimethylsilylmethyl vinyl carbonate, trimethylsilylethyl
vinyl carbonate, 3-(trimethylsilyl)propyl viqyl carbonate,
t-butyldimethylsiloxyethyl vinyl carbonate, 3;[tris(tri—
methylsiloxy)silyllpropyl vinyl carbonate, 3-[tris-(tri-
methylsiloxy)silyl] propyl vinyl carbamate, 3-(vinyloxy-
carboxylthio) propyl-[tris(trimethylsiloxy)silane].

The crosslinking agents used preferably to make hard
contact lens materials include crosslinking agents known in
the prior art as taught in the U.S. patents referenced supra,
but most preferably crosslinking agents chosen from the group
consisting of crosslinking monomers represented by the formula

CHp=CH- (CH3) p-0-C-0-RX1-0-C-0-(CH3 ) ,-CH=CH5 A,

o 0

CH2=CH-(CH3) p-0-C~X-RX1-X-C-0-(CH5)p,~CH=CH,  B.
o )
or

CHy=CR-0-C-X| RCl C.
- a
o

wherein: X denotes -S-, -0-, or -NH- and at least 6ne X
denotes a -NH~ in formula B; b is 0 or 1;

R°! denotes a multivalent organic radical within the
definition of R given hereinbefore and a is 2, 3, or 4; and
R*! denotes a divalent organic radical within the

definition of R given hereinbefore.

It will be noted that the above preferred
crosslinking agents include monomers as defined by formula

(I) above.



radi cal, a heterocyclic-containing radical, an al kyl ene
*oxyal kyl ene radi cal, a fluoroal kyl ene radi cal, a hal oal

a hydroxyal kyl radical; 20 and (b) a crossl

2. : A copol yner of Claim1, whereln for conpound  (a H‘PQM@M?%
organosilicon radical. 3. fpolyner of Caimlj wherein for
conpound 25 (a) R is a pyrrolidinone-containing radical. Zim A

copol yner of €hai préfewnhedeict ofsa iGXERGUARCIudea)r X is - NR3-.
1,5-bis-(vinyloxycarbonyloxy)-2,2,3,3,4,4-hexafluoro-
pentane;
1,2-bis(vinyloxycarbonyloxy)ethane;
°<,E7—bis(vinyloxycarbonyl)polyethylene glycol;
N,0-bis(vinyloxycarbonyl)ethanolamine;
2,2' dimethyl-1,3-bis(vinyloxycarbonyloxy)propane;
o ,0 ~bis-(vinyloxycarbonyl)triethylene glycol;
2,2-dimethyl-N,N-bis(vinyloxycarbonyl)-1,3-propandia-
mine;
1,3-bis~[4-(vinyloxycarbonyloxy)but-1-y1] tetramethyl-
disiloxane;
N,N-bis—(vinyloxycarbpnyl)-l,6—diaminohexane; and

CH3 [CH3 CH3
CHp=CH-0-C-0-(CH2) 4-Si-0|Si-0| -Si-(CH3)4-0-C-OCH=CH,

o CHz |CH3 | ¢ CH3 o
where X = 25 on the average (so-called "V,D,." monomers).

The wetting monomers useful in hard contact lenses
include N-vinylpyrrolidinone, 2-hydroxyethylmethacrylate,
itaconic acid, methacrylic acid, N,N-diethylacrylamide,
N,N-diethyl vinyl carbamate, N,N-dimethyl vinyl carbamate,
N-Methyl-N-Vinyl acetamide, and all hydrophilic monomers
listed in the hydrogel section supra.

OFT, NON-HYDROGEL MATERIALS

Soft, non-hydrogel contact lens materials with little or
no water content can be prepared by polymerizing prepolymer
mixtures with the following formulations: between 50 and 90
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6. A copolyner of Caim1, wherein for conpofind ta)
7. A copol yner of Caiml1, wherein gohp S
selected fromtrinmethylsilylnmethyl vinyl carbonate, qugA&ﬁ%@h

A copol ymer of Claim 1, wherein for conpound aBHXAFEMEMi SHEET
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weight percent of non-hydrophilic monomers with the following

general formula:

0

CHo=CH-0O-C-X | -RNH
a

where X and a are as previocusly defined and R™ denotes a
non-hydrophilic moiety within the definition of R given
hereinbefore.

from 5 to about 25 weight percent of a hydrophilic monomer
and between 0.1 and about 10% of a crosslinking monomer.
R, the non-hydrophilic moiety in the above
formula, is typically a monovalent radical - but it may be
multivalent. The main functional requirement is that it is
non-hydrophilic and generally nonreactive to

free-radical vinyl addition reactions,

In general, RFH may be described by the following
formulae:

-(CHz)n 81 B'CHZ) mCHg] 3;

~(CHy)n Si(0Si [(CHz)mCHg_,J 3)3:

Rl
~(CHz)n Si—O RC1; and
R a

Rl Rl
~(CH3)p +Si-Of{— Si—RC1
Rl rl

d



S <trimethylsilyethyl vinyl carbonate, 3-(trinethylsilyl)f ™ gq'),py\M

;, vinyl carbonate, t-butyldinmethylsiloxyethyl vinyl cgr SR %é
3-[tris(trimethylsiloxy)silyl)propyl vinyl .car bonat 4,
3-[tris(trinmethylsiloxy)silyl]propyl vinyl car banmat 4, 19 JAN 1598
3- (vinyl oxycarbonyl t hi o) propyl -[tris(tri- 10 nethyl siloxy)isilane],
N-[tris(trinmethylsiloxy)silyl- propyl]-N-nethyl vinyl} carbanat e,
N-vi nyl oxycar bonyl - N - (tris(trinmethylsiloxy)silyl]propyl piperazine
and 3-[tris(trimethylsiloxy)silyl]propylam noethyl vinyl car bonat e.
15 8. The dopbiopiei 1 o¢ hedomets wbedeto pooPuvoadthe)pieper sel ected

f N-
3r?g]pygréﬁ:dﬂﬁ%%%ﬁ?ﬁg?%@%ye{pyéoﬂg{ﬁgéighnﬁbth %hg éogtoﬂgn —-hydrogel
2, ( 2- pyr mdtiedt ivdree-alr g/ | §ptepied vE ngh hydrephbbhatBonomers used in

2, (2- pyrr&dtdécrmeergsé@) xﬁ%é(llkei’éfyllggl ?W%?n{{f‘ 38eebubyLanenyl vinyl
carbonate V|ng car uty cyc hexyl
N- -vinyl pyrroli 1none, roxyalkyl acrylates and
methacrylates such as 2-hydroxyethyl methacrylate (HEMA) and
preferably, the hydrophilic vinyl carbonates and vinyl
carbamates disclosed in this application such as hydroxyethyl
vinyl carbonate; N,N-dimethyl vinyl carbamate; or
N-hydroxyethyl vinyl carbamate; N-[vinyloxycarbonyloxyethyl]
pyrrolidin-2,5-dione; and 3-(2-pyrrolidinon-1-yl)propyl vinyl
carbonate. _

Crosslinkers used for the soft, non-hydrogel contact lens
materials include the crosslinkers known in the prior art
such as methylene glycol dimethacrylate and divinylbenzene,
but preferably are crosslinking agents described in the
present application by formulas A, B and C given above.

The preferred non-hydrophilic monomers are the long chain
siloxane monomers of the present invention such as the so-
called "VyDy5" monomers, referred to above.

Some examples of soft non-hydrogel prepolymer
formulations include:

I) 80 wt% VyDasg;
10 wt% N-vinyl-2-pyrrolidinone;
5 wt% 2,2,2-trifluoroethyl vinyl carbonate; and
5 wt% R-O-bis-(vinylcarbonyl)ethandamine.
11) 60 wt% 3-(trimethylsiloxy)propyl vinyl
carbonate;
30 wt% o ,e> -bis(vinyloxycarbonyl) polyethylene
glycol;
5 wt% 1,1,1,3,3, 3—Hexafluoroprop 2-yl vinyl
carbonate; and
5 wt% N-vinyl-N-methyl acetamide.



viﬁ&l carbonat e, 1-adamantane vinyl carbonate, 1- adanBRRLAGEMRET IHYIEET

‘vinyl carbonate, 1-adanmantane ethyl . vi nyl carbonate adanantanevi nyl
carbamate and 25 2,2,2-trifluoro-1-phenylethyl vinyl carbo e : 9.
o § Al B9

A copol yner/of Caim1l, wherein conpound (a) is sel ¢ct
2- hydroet hyl vinyl carbonate, 2- hydr oxyet hyl vi nyl ¢arbarat-e;
2,2,2-trifl uoroethyl vi nyl carbonatel52,2,2-trifluofoethyl vinyl

carbarmte. $0) bodwly 8 30NG!| USF P hicich o W42 DFIL T

t-butyl vinyl carbonate.
for conpoundabovegaynd is 2 and Ris of the general fornula:

B - S -

q%ﬂefein

b) from 0.1 to 20 wt.% of a crosslinking agent known in

the biomedical material art, or a crosslinker
represented by the chemical formulae:

CH2=CH—(CHZ)b-O-?-O—R21—O—9—O—CH=CH2
o o)
or
CH2=CH—(CHZ)beO—S-X—Rxl—X—S—O-CH2=CH2
o) o
orx

—_—

{fﬂ2=cn—(cnz)b—o-c-x RC1

a
0

wherein: X is -0- or -NH- with at least one X being -NH-; RCl
denotes a multivalent organic radical within the definition
of R given hereinbefore, b is 0 or 1, and a is 2, 3 or 4.
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These copolymers may also contain further additives such
as wetting agents, tints, dyes, strengthening agents and the
like to tailor specific material properties as desired.

The copolymers of the present invention are useful as
biomedical devices, and in particular, are well suited as
contact lens materials. The copolymers can be formed into
contact lenses by many of the techniques known in the art to
be useful in contact lens production. For instance,
prepolymer mixtures containing heat initiated free radical
catalysts can be placed in polypropylene tubes which are then
heat cured over time to form copolymeric rods which are then
cut to form button shaped articles. These button shaped
articles can then be lathed into contact lenses.

Alternately, the prepolymer mixture can be molded per the
methods disclosed in U.S. Patent Nos. 4,085,459 or
4,197,266. Spin casting technigues may also be used with the
present materials and such methods as described in U.S.
-Patent Nos. 3,408,429 and 3,496,254 can be'so adopted to be
useful with the present copolymers.

SYNTHESIS OF MONOMERS

PART I -~ SYNTHESTY F ROXALKYT, MONOMER

1.0 2-Hydroxvethyl Vinyl Carbonate CgHgOy4

To a 1000mIL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, N; blanket, thermometer, and a dropping

funnel 5.0g (8l.66mmol) of ethylene glycol. 7.12g (90.0mmol)
of pyridine and 500mL of chloroform were added. To this
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1.2 N-(Vinvlox rbonyloxy)-pyrrolidin-2,5-dion

To a 500mL 3-neck round bottom flask fitted with a mechanical
stirrer, condenser, nitrogen blanket, dropping funnel, ice-
saltwater bath, and thermometer were added 10.0 (87.0mmol) of.
N-hydroxy succinimide,.6.9g (87.0mmol) of pyridine, and 100mL
tetrahydrofuran was added. To the reaction mixture 9:25g
(87.0mmol) of vinyl chloroformate was added so that the
temperature remained below 10°C. After stirring at room '
temperature for 18 hours the reaction mixture was washed with
100mL 2N HCl, and 100mL 2N NaOH. The organic phase was dried
over magnesium sulfate. The solvent was removed on a rotary
evaporator and the resulting liquid chromatographed (silica
gel, chloroform) to vield 10.0g (54.0mmol, 62.1% yield) of an
0il. FTIR (neat, capillary) 3516.50, 3132.04, 3099.40,
3003.94, 2960.21, 1830.80, 1823.25, 1792.36, 1734.05,
1671.98, 1653.62, 1646.30, 1429.97, 1380.77, 1368.60,
1306.35, 1260.89, 1241.83, 1201.12, 1162.009, 1154.49,
1134.29, 1087.59, 1049.93, 1005.21, 9%0.18, 948.77, 941.8s¢,
908.06, 897.29, 892.42, 812.37, 769.04, 756.85, 724.90,
707.81. NMR (CDCl3) 6.73-7.09 (1H,q), 4.61-5.24 (2H,m), 2.78
*(44,8).

0 .
]

I
N-0~C~-0CcH =CH;

0



A copol yner of daim 2, mhefein conmpound (a) is 1*_B§§g@§h§ﬁﬁﬁgﬁg?

12.°
. 1, 3-bi s[ 4-vi nyl oxycar bonyl oxy) but - 1-yI - tetramet hyl digi

propar gyl vinyl carbamate of

1, 3- bi s[ 4-vi nyl oxycar bonyl oxy) but - 1-yl ] t et r anet hyl| di sifl oxah@.JAN 199813}
A copol yner of Caim1l, wherein conpound (a) is 20 selectted from propar gyl
vi nyl carbamate, 1, 3-bis[4-vinyl- oxycar bonyl ) but - | -yl )t et amet hyl

di sil oxane, 1, 2-bis- (vi nyl exycar lzanyl oxy) et hane,

- -bi Lyl b | ).- i.et hyl I ey 2
e S I SB35  csone
[err]-[err]-bis(vinyloxycarbonyl)pol ypropyl ene glycol, 25

2, 2-di met hyl - 1, 3- bi s(vi nyl oxycar bonyl oxy) pr opane,
N, O bi s(vi nyl oxycar bonyl ) - et hanol am ne, 2, 2-di net hyl - N, N-

To a3 500mL 3-neck round bottom flask fitted with a mechanical
stirrer, condenser, nitrogen blanket, dropping funnel, ice-
saltwater bath, and thermometer were added 5.0 (35.0mmol) of
N-(2-hydroxyethyl) succinimide, 2.8g (35.0mmol) of pyridine,
and 100mL chloroform. To the reaction mixture was added 3.7g
(35.0mmol) of vinyl chloroformate so that the temperature
remained below 10°C. After stirring at room temperature for
18 hours the reaction mixture was washed with 100mL 2N HC1
and 100mL 2N NaOH. The orgaﬁic phase was dried over
magnesium sulfate. The solvent was removed on a rotary
evaporator and the resulting red liquid chromatographed
{silica gel, chloroform). The recovered oil totaled 3.0g
(14.1lmmol, 40.2% yield). FTIR (neat, capillary) 1755.10,
-1694.90, 1648.77, 1427.00, 1396.38, 1366.15, 1329.97,
1298.34, 1239.58, 1185.85, 1152.26, 1111.20, 1085.92,
1024.25, 1005.00, 946.53, 894.87, 882.46, 848.52, 818.51,
778.99, 700.00, 661.32. NMR (CDCl3) 6.50-6.83 (1H,q),
4.13-4.66 (2H,m), 3.93-4.13 (2H,m), 3.33-3.66 (2H,m), 2.41
(4H,s8).

; 0
\ | ]
/‘N“CHL”‘CHL*‘ OC—O¢cH :CHZ

I
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PART II _ SYNTHESIS OF PYRRCLIDINONE

a

MOIETY CONTAINING MONOMERS

2.0 3-(2-Pyrrolidinon-l-yl)propyl Vinyl Carbonate CjgH5NOy4

To a 250mL l-neck round bottom flask fitted with a magnetic
stirrer, dropping funnel, and ice bath, 12.5g (87.3mmol) of
N-{3-hydroxypropyl)-2-pyrrolidinone, 7.6g (96.0mmol) of

pyridine and 100mL of chloroform were added.
reaction mixture 9.3g (87.3mmol) of vinyl chloroformate was

added over 5 minutes. After 5 minutes a precipitate formed.

To the ice cold

The reaction mixture was adsorbed on silica gel then purified

by chromatography (silica gel, methylene chloride) to give
17.3g (8l1.1lmmol, 93.0%) of a straw colored oil. FTIR (neat,
capillary) 2963.22, 1754.09, 1676.89, 1646.83, 1566.02,
1494.64, 1463.44, 1425.05, 1396.11, 1357.81, 1336.92,
1296.25, 1239.43, 1152.41, 1085.28, 1024.06, 998.00, 946.11,
882.00, 761.74, 737.53, 697.39, £51.25. NMR (CDC13)
6.82-7.17 (1H,m), 4.40-4.96 {(2H,m), 4.06-4.28 (2H,m),
3.24-3.47 (4H,m), 1.68-2.56 (6H,m).
were consistent with the following chemical structure.

The spectral analyses

O

N
L Q
N 0—C—0-Cl=CH,
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1.70-2.50 (4H,m). Spectral analyses were consistent with the
proposed chemical structure.

(>
N 0—C~0—CH=Cl,

7

PART IIJ - SYNTHEST F_HALOATLKYI,
CONTAINING MONOMERS

3.0 2.2, 2-Trifluor hyl Vvinvyl Carbon CgHg03

To a 2 litre 4-neck xound bottom £lask fitted with a
mechanical stirrer, condenser, nitrogen blanket, thermometer,
ice-water bath, and dropping funnel 47.45g (0.6 moles) of
pyridine and 600mL of methylene chloride was added. The
mixture was cooled to between 5° and 8°C, a white precipitate
formed. Then 60.02g (0.6 moles) of 2,2,2-trifluoroethanol
was added. The reaction was warmed to room temperature for
20 hours. A precipitate_remainad but had changed texture.
The organics were washed thrice with 200mL 2N HC1l, once with
saturated NaCl then twice with 200mL 2N NaOH. The organics
were dried over magnesium sulfate then distilled through an 8
inch vigreux to give a colorless 0il which had the following
characteristics (bp 107°C, 760.0 Torr), 66.1g (.389mole,
64.8%). FTIR (neat, capillary) 2985.97, 1790.03, 1653.80,
1447.48, 1412.48, 1386.07, 1316.41, 1255.45, 1185.52,
1157.41, 1098.83, 1082.16, 995.88, 962.47, 941.20, 910.72,
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s(4-vinyl butyl carbonat e) tetranethyl disil oxane,
s(trimethylsiloxy)silyl)- propyl vinyl carbamate,

carbo

€,

nethyIS|IyI)propyI Vi nyl t- butyldlnethyIS|onyethyI Vi nyl
phiSilHy e 1t '

car bonat e, trléigg gﬁ%ﬁgl vi nyl carbonate t;butyl V|nyf carbonate
3[tris(trinmethyf= )silyl] propyl vinyl carbonate, 2,2,2-trifluoro-

et hyl
2,2, 2-
vi nyl

vinyl carbamate, 1,1,1, 3,3, 3-hexafl uoro-2-propyl vinyI car bonat e,

trifluoroethyl allyl carbonate, or 2,2,2-trifluoro-1-phenyl ethyl

car bonat e. 13. The copolyner of Caim 11 wherein the non-
To a 500mL 3-neck round bottom flask fitted with a magnetic

stirrer, condenser, N; blanket, dropping funnel, and
thermometer, was added 10.0g (35.9mmol) of 1,3-bis
(4-hydroxylbutyl) tetramethylsiloxane, 6.24g (78.9mmol) of
pyridine and 100mL of chloroform. Next, 7.64g (71.8mmol) of
vinyl chloroformate was added to the mixture dropwise
producing an exotherm to 54°C. The reaction mixture was
cooled to room temperature and stirred for 19 hours. The
organic phase was washed twice with 100mL 2N HCl, twice with
100mL 2N NaOH, then dried over magnesium sulfate. ~The
solvent was removed on a rotary evaporator and the resulting
0il was chromatographed (silica gel, chloroform) to give
13.22g (31.6mmol, 88.1%) of a light yellow o0il. FTIR (neat,
capillary) 2955.52, 1756.77, 1650.72, 1456.32, 1394.01,
1296.50, 1237.62, 1185.46, 1157.25, 1043.91, 990.80, 944.43,
868.86, 836.27, 781.65, 701.78. NMR (CDCl3) & 6.80-7.13
(2H,m), 4.37-4.92 (4H,m), 4.00-4.20 (4H,m), 1.55-1.88 (8H,m),
0.33-0.60 (4H,m), 0.00 (12H,S).

CH3 CHj
CH,=CH~0-C-0-CH5CH,CH;CHy~S1-0-8i~CHyCHyCH,CH,-0~C~0~CH=CH
u . . L] "

0 CH3 CH3 0
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To a 500mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, nitrogen blanket, dtopping funnel,
thermometer, ice-water bath was added 10.0g (27.2mmol) of
N-methyl-3aminopropyltris (trimethylsiloxy) silane, 2.37g
(30.0mmol) pyridine, and 200mlL ether. Next was added 3.19g
(30.0mmol) vinyl chloroformate so that the temperature
remained below 15°C. After stirring for 18 hours the
reaction mixture was wéshed with 100mL 2N HCl and 100mL 2N
NaOH, and the organic phase was dried over magnesium

sulfate. The solvent was removed on a rotary evaporator and
the resulting oil was chromatographed (silica gel, methylene
chloride). The product was recovered as an oil and was
distilled (94-98°C, .lmm Hg) to yield 8.0g (18.3mmol, 67.2%
yield). FTIR (neat, capillary) 2957.78, 2900.92, 1646.60,
1461.07, 1453.17, 1424.97, 1404.46, 1376.48, 1345.30,
1308.70, 1290.62, 1250.02, 1180.15, 1151.93, 1097.66,
1039.05, 952.11, 928.39, 833.42, 787.00, 753.10, 715.30. NMR
(2H,t), 2.78 (3H,s), 1.20-1.70 (2H,m), 0.14-0.41 (2H,m), 0.00
(27H,s).

0]

CH2=CHOC/N— (CHy)3Si- [OSi (CH3)3] 3

CHj3



wherein b is 0 or 1; ais 1, 2, 3 or 4 REPLACEMENT SHEET
- 87 -

19 JAN 1998

39
4.11 N-Vinvloxycarhonyl-N'-[tris(trimethylsiloxy)silvlipropovl)

piperazine

To a 500mL 3-neck round bottom flask fitted with a mechanical
stirrer, condenser, nitrogen blanket, dropping funnel,
thermometer, oil bath was added 5.0g (58.0mmol) of piperazine
and 230mL o-xylene. The reaction mixture was heated to 125 +
5° and 11.0g (29.0mmol) of 3-chloropropyltris(trimethylsiloxy)
silane was added dropwise. The reaction was heated for 48
hours, cooled, and dried over magnesium sulfate. The solvent
was removed on a rotary evaporator and the resulting oil was
distilled to give the product 4.5g (10.7mmol, 18.4% yield).
FTIR (neat, capillary) 3272.01, 2955.61, 2900.63, 2805.76,
2764.47, 2363.11, 1445.48, 1411.45, 1368.66, 1342.63,
1319.87, 1249.85, 1188.87, 1144.26, 1039.34, 833.42, 751.53,
712.61, 686.39, 656.40. NMR (CDCl3) 3.60-3.93 (4H,m),
2.06-2.43 (6H,m), 1.66 (1H,s), 0.97-1.66 (2H,m), 0.12-0.40
(2H,m), 0.00 (27H,s). '

HN -CHZCHZCHZSi[b-Si(CH3)3]
N 3



X denotes -O, -NH or -S-; and RNH denot es a nof- R§UAOPHETRT SHEET
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general formula:

h

To a 250mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, nitrogen blanket, thermometer, dropping
funnel, ice water bath was added 7.1g (80.0mmol) of pyridine,
87.5mL of chloroform, 12.0g (80.0mmol) of 4-f£-butylaniline.
After cooling to 12.5°C, 8.6g9 (80.0mmol) of vinyl
chloroformate was added so that the temperature was
maintained. When the addition is completed, reaction was
stirred at room temperature for 3 hours. The organic phase
was washed twice with 100mL 2N HCl, once with distilled
water, twice with 2N NaOH, once with distilled water, once
with 100mL 2NHC1l, once with distilled water, and dried over
magnesium sulfate. The solvent was removed on a rotary
evaporator and the resulting solid was chromatographed
(silica gel, CHCl3) to give a white solid (mp 83-85°C) 14.0g
(65.1mmol, 81.4%). FTIR (KBr) 3317.67, 3248.14, 2960.58,
2903.46, 2868.29, 1718.64, 1649.04, 1615.15, 1600.07,
1543.48, 1476.36, 1460.81, 1412.073 1363.76, 1324.04,
1301.85, 1270.05, 1244.76, 1152.47, 1123.96, 1113.56,
1064.50, 1016.24, 954.13, 858.83, B828.57, 744.72, 704.65,
681.65. NMR (CDCl3) 7.27 (4H,S), 7.03-7.40 (1H,m), 6.64-6.82
(1H,S), 4.37-4.90 (2H,m), 1.27 (9H,S).

0

(CH3)3C HCOCH=CH,
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17. A compound of Claim 16 sel ected fron1trinethylsilylnetryl'v' y
194N 5%

carbonate, trinethylsilylethyl vinyl carbonate, 3-(trinethyls
carbonate, t-butyldi nethylsiloxyethyl vinyl carbonat¢
3-[tris(trinethylsiloxy)silyl]propyl 5% nyl carbonate,

vi nyl

6.2 1l-Adamantaneethyl Vinyl Carbonate

To a 500mL 3-neck round bottom f£lask fitted with a mechanical
stirref, condenser, nitrogen blanket, dropping funnel, ice-
saltwater bath, thermometer was added 5.0g (27.7mmol) of
l-adamanthanethanol, 2.2g (27.7mmol) of pyridine and 150mL
chloroform. To the reaction mixture was added 2.95g
(28.0mmol) of vinyl chloroformate so that the temperature
remained below 10 degrees centigrade. After stirring at rcom
temperature for 18 hours the reaction mixture was washed with
100mL 2N HCl and 100mL 2 N NaOH and the organic phase dried
over magnesium sulfate. The solvent was removed on a rotary
evaporator and the resulting oil chromatographed (silica gel,
chloroform). The oil recovered totaled 27.6g (l0.8mmol,
38.5% yield). FTIR (neat, capillary) 2898.57, 2846.95,
1756.14, 1648.61, 1450.70, 1398.71, 1312.71, 1296.74,
1240.05, 1155.26, 1106,22, 1097.88, 1090.63, 975.27, 944.26,
933.77, 923.00, 3900.75, 867.0, 782.34. NMR (CDCl3) 6.86-7.20
(1H,dd), 4.38-4.92 (2H,m), 4.072-4.37 (2H,t), 1.33-2.18
(17H,m).

o

-

CHCH20COCH=CH>



tris(trinmethylsiloxy)silyl)propyl vinyl carbamate,
i nyl oxycar bonyl thi o) propyl-[tris(trinethylsiloxy)- sildngﬂﬂﬁCEMEMYSH ET
ris(trinmethylsiloxy)silyl]propyl allyl carbanate,
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’3 ane :
N-[tris(trimethylsiloxy) silyl- propyl]-Nnethyl vinyl carbamate?9 JAN 1998
N-vi nyl oxycar bonyl N 63 - 88 -
(trls(trlnethyIS|ony)S|IyI ropyl ) piperazine, and

8. =<« -Bis(Vinyloxycarbonyl) polyethylene Glycol

mw approx. 1000

To a 500ml: 3-neck round bottom flask fitted with a mechanical
stirrer, condenser, nitrogen blanket, dropping funnel, ice-
saltwater bath and thermometer was added 20.0g (20.0mmol)
polyethylene glycol (mw 1000), 3.5g (44.0mmol) of pyridine,
200mL chloroform. To the reaction mixture was added 4.7g
(44.0mmol) of vinyl chloroformate so that the temperature
remained below 10°C. After stirring at room temperature for
48 hours the reaction mixture was washed with 100mL 2N HC1
and 100mL 2 N NaOH and the organic phase was dried over
magnesium sulfate. The solvent was removed on a rotary
evaporator and the resulting low melting solid weighed 18.0g
(16.0mmol, 79.9% yield). FTIR (neat, capillary) 3477.73,
2868.36, 2360.96, 1959.64, 1758.88, 1725.44, 1648.24,
1465.99, 1453.61, 1388.65, 1358.03, 1342.58, 1298.64,
1255.02, 1142.66, 1100.49, 1060.10, 944.47, 872.48, 841.08,
782.12, 756.09, 730.85, 699.44. NMR (CDCl3) 6.83-7.20
(2H,dd), 4.40-4.96 (4H,m), 3.58 (B8H,s). '

o 0

CH2=CHOCO(CHCH20) COCH=CHj

Where N is an average value that gives the polyethylene
glycol moiety an average molecular weight of about 1000.



3-Ttris(trinmethylsiloxy)silyl]propylam noethyl vinyl carb ) —

. 18. A conmpound of the general formula: [err] wh ;%Pm%?ﬁ-’%“‘ﬂl&ﬁﬂ
3 or 4 X denotes -O, -S or -NR-; Rl ery]{ denotes -H 0]
-CH err]; _ Rlerr] is -Hor -CHerr]; and 19 JAN 1998
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PART IX - SYNTHESIS OF BRANCHED ALKYL BRIDGED CROSSLINKERS

9.0 2,2-Dimethyl-1,3-bis-(Vinvloxycarbonvloxy)oropane

To a 500mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, thermometer, ice-water bath, and dropping
funnel was added 20.0g (192.0mmol) of 2,2-dimethyl-1,3-
propanediol, 16.7¢g (211.2mmol) of pyridine and 200mL of
chloroform. To the reaction mixture was added 20.45g
(192.0mmol) of vinyl chloroformate was added over 20

minutes. After 1 hour, the reaction was allowed to warm to
room temperature for 20 hours. The organic phase was washed
twice with 100mL 2N HC1, twice with 100mL 2N NaOH and then
dried over magnesium sulfate. The solvent was removed on a
rotary evaporator to afford an oil. Following chromatography
{silica gel, 80% heptane, 20% methylene chloride) 6.4gq '
(26.2mmol, 13.6%) of colorless oil was obtained. FTIR (neat,
capillary) 2970.57, 1754.14, 1650.67, 1566.46, 1540.34,
1476.77, 1406.71, 1386.46, 1375.68, 1299.22, 1227.23,
1152.73, 1085.68, 1054.54, 1020.91, 961.81, 941.38, 871.66;
779.08, 696.42. NMR (CDCl3) ¥ 6.80-7.18 (l1H,m), 4.45-4.98
(2H,m), 3.98 (4H,S), 1.04 (6H,S).

.CH3

CHy=CH-0-C-0-CH3-C~CHy~0-C~0-CH=CHp

o CH3 o



R.-denotes a cycl oal kyl, cycloaryl or heterocyclic radical.
conpound of Claim 18 selected from

N- (vi nyl oxycar bonyl oxy) - pyrrol i di n-2, 5-di one, N (vinyl oxydariboh9l Ay 82981
-pyrrolidin-2, 5-dione, 4-s-butylphenyl vinyl carbonate, 4-jt-{butyl phenyl
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carbamate, 4(t-butyl)cyclohexyl vinyl carbonate, 1-adanmantane vinyl
carbonate, 1-adamantane nethyl vinyl carbonate, 1-adamantane_ethyl vinyl
carbonate, and 1-adanantane vinyl carb@mate. 20. A conpound of

the general formubgir 4 € 'd1UOROALKYLENE BRIDGED CROSSLINKERS

10.0 1.5-bis-(Vinvloxycarbonvloxy)-2,2 3,4.4-hexafl
ntan C11H10F505

To a 500mL 3-neck round bottom flask fitted with a magnetic
stirrer, condenser, nitrogen blanket, thermometer, dropping
funnel, -and ice-water bath was added 12.3g (155.5mmol) of

_ pyridine and 200mL of methylene chloride. After cooling to
5°C + 2C° add 16.57g (155.5mmol) of vinyl chloroformate was
added so that the temperature was maintained. A white
precipitate formed immediately. When the addition was
complete, 15.0g (70.7mmol) of 2,2,3,3,4,4-hexafluoro-1,5-
pentanediol in one portion as a slurry with 250mL methylene
chloride was added. The reaction was allowed to warm to room
temperature for 18 hours. The organics were washed twice
with 250mL of 2N HC1l then dried with magnesium sulfate. The
solvent was removed on a rotary evaporatbr to afford 24.7g of
a straw oil. Following chromatography (silica gel, toluene),
21.8g (61.9mmol, 87.6%) of colorless o0il was obtained. FTIR
{neat, capillary) 3102.29, 2983.43, 1767.41, 1651.43,
1442.83, 1404.75, 1303.52, 1247.26, 1151.88, 1125.91,
1095.64, 1031.24, 1005.65, 985.71, 939.37, 882.43,_776.53,
697.20, 673.23, 650.18. NMR (CDClgz) § 6.83-7.26 (2H,m),
4,30-5.23 (8H,m).

. . -0~
CH,=CH-0-C-OCH,CF »CF2CF2CH20-C~CH=CH,

V) 0



- 89 - Rlerr] denotes -H or -CHerr]; B S

b ir's 0 or 1; and Ris an organic radical. ﬁEgﬁﬁ%&TM]SHaﬁ

Prqpar gyl vinyl carbamate. 22. 1, ]

3- bi s[ 4-vi nyl oxycar bonyl oxy) but-1-yl]- 19 JAN 1998 1
COPOLYMER FILYM EXAMPLES

A. EYDRQGEL MATERIALS

Soft hydrogel copolymers of the present invention were
produced by copolymerizing a monomer of the formula

H

CH2=CH—0—C—N-CH2CH2CHZSi[OSi(CH3)1]3

o

with N-vinylpyrrolidinone (NVP), and the crosslinker monomer
1,5-bis-(vinyloxycarbonyloxy)-2,2,3,3,4,4-hexafluoropentane,
in the presence of a nonreactive diluent and a UV

irradiation, free radical initiator in the following weight

ratios:
hydrophilic _
film # monomer NVP  X-linkers %H,Q DKx1p-11l
1 22.5 65.0 2.5 73 45
2 62.5 25.0 2.5 19 9l
3 64.5 - 24.7 0.5 25 97
4 23.5 ' 45.0 1.5 63 41
5 53.5 25.0 1.5 27 79
6 42.5 25.0 2.5 33 65
7 2.5 65.0 2.5 B85 56
8 23.5 65.0 1.5 77 51
9 44.5 45.0 0.5 58 46
10 21.5 64.7 0.9 80 49
11 43.1 43.1 0.9 53 47
12 64.7 21.5 0.9 23 115
13 32.5 45.0 2.5 51 37



tetranet hyl disil oxane. 23,

b, 2-bi s- (vinyl oxycarbonyl oxy) et hane. 24. = S
[err]-[err]-bis-(vinyloxycarbonyl)triethylene- glycol. ﬁa%A@ﬁ@ENT SHEET
[err])-bis-(vinyloxycarbonyl)pol yet hyl ene gl ycol . 36.
[err]-[err]-bis-(vinyl oxycarbonyl) pol }J/gropyl ene glycol. 19 JAWTWS
2,2-dimethyl -1, 3-bi s-(vinyl oxycar bonyl .
6 262 72 90 © 17717
7 27 7 42 iy
8 17 13 120 1.1/1.0
9 18 20 280 6.5/6.5
10 72 43 75 .0.8/70.6
11 49 27 180 —~/5.5
12 430 110 200 -/46
13 - 86 40 70 3.2/73.1

As can be seen, all of the above film samples meet the
general requirements for a hydrogel contact lens material.

B. HARD CONTACT LENS MATERIAL EXAMPLES

Hard, .gas permeable contact lens materials were made
using the : vinylcarbonate functional monomers described
herein by polymerizing 1,1,1,3,3,3-hexafluoroprop-2-yl vinyl
carbonate (hfpvc)

CF3

CH=CH-0-C-0-C-H

(o] CF3

with a variety of hydrophilic monomers and crosslinkers, subh
as those known in the prior art and the preferred hydrophilic
monomers and crosslinkers disclosed herein.

Other materials can be made by substituting the
1,1,1,3,3,3-hexafluoroprop-2-yl vinyl carbonate monomer with
a fluoroalkyvinyl carbonate or carbamate monomer preferably
chosen from the group consisting of trifluoroethyl binyl



oxy3 pr opane. 28. N, O bi s-(vinyl oxycar bonyl }= I IR
© 297 2,2-di nmethyl -N, Nbi s(vinyl oxycarbonyl -1, 3- propanedi ﬁ@ﬁﬂ%ﬁgMEMfSHEEr
30.- 1, 5-bi s- (vi nyl oxycar bonyl oxy) - 2, 2, 3, 3, 4, 4- hexaf| uor ojpeht ane.

19 JAN 598
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film #18: 60 wt% hfpvc
25 wt% 3[tris(trimethylsiloxy)silyl]propyl
vinyl carbonate
5 wt% Vy Djg
5 wt% hfpdve
5 wt% N-vinyl-2-pyrrolidinone
0.5 wt% free radical initiator

film #19: 60 wt% hfpvc
25 wt% 3-(vinyloxycarbonylthio)propyl-{tris
(trimethylsiloxy)silane]
5 wt% V5 Dyg
5 wt% hfpdvc
5 wt% N-vinyl-2-pyrrolidinone
0.5 wt% free radical initiator

film #20: 60 wt% hfpvc
25 wt% 3-tris(trimethylsiloxy) propylsilane
allylcarbamate
5 wt% V3 Dys
5 wt% 2,2,3,3,4,4-hexafluoro-1,5-pentane
divinylcarbonate
5 wt% N-vinyl-2-pyrrolidinone
0.5 wt% free radical initiator

The physical characteristics of these films as measured
are reported in the following table.

modulus tensile 02 Perm
film # _(a/mm2) f{a/mm?) % elongation x 10-11
14 75000 1250 14 130

15 82000 1500 13 140



film #23:

£ilm #24:

£ilm #25:

film #26:

76

44 wt% 3-(trimethylsilyl)propyl vinyl carbonate
44 wt% 3-[tris(trimethylsiloxy)silyllpropyl
vinyl carbamate

10.5 wt% N~vinyl-2-pyrrolidinone

1 wt% 2,2-dimethyl-1,3-bis(vinyloxycarbonyl-
oxy)propane

0.5 wt% UV free radical initiator

54 wt% 3-(trimethylsilyl)propyl vinyl carbonate
35 wt% 3-[tris(trimethylsiloxy)silyllpropyl
vinyl carbamate

10 wt% N~vinyl-2-pyrrolidinone

1 wt% 2,2-dimethyl-1,3-bis(vinyloxycarbonyl-.
oxy)propane .
0.5 wt% UV free radical initiator

65 wt% 3-(trimethylsilyl)propyl vinyl carbonate
25 wt% 3-[tris(trimethylsiloxy)silyl]proPyl
vinyl carbamate

10 wt% N-vinyl-2-pyrrolidinone

1 wt% 2,2-dimethyl-1,3-bis{vinyloxycarbonyl-
oxy)propane

0.5 wt% UV free radical initiator

40 wt% 3~-(trimethylsilyl)propyl vinyl carbonate
40 wt% 3-[tris(trimethylsiloxy)silyl]propyl
vinyl carbamate
20 wt% N-vinyl-2-pyrrolidinone

1 wt% 2,2~-dimethyl-1,3-bis(vinyloxycarbonyl-
oxy)propane

0.5 wt% UV free radical initiator
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Other examples of monomers of general formula (I) above now

follow:

1,2,3-tris(vinyioxycarbonyloxy)propane

To a 250ml three neck round bottom flask fitted with a
mechanical stirrer, condensor, nitrogen blanket,and a
dropping funnel was added 3.1g (33.7mmol) of glycerol, 8.7g
(110mmol) of pyridine and 125mL of anhydrous acetonitrile.
The reaction flask was cooled in an ice water bath so that-
the temperature did not exceed:5°C. To the reaction mixture
was added 11.7g (110mmcl) of wvinylchloro formate over 30
minutes. The reaction mixture was allowed to stir to room
temperature overnight. The solvent was removed on a rotary
evaporator and the crude product was taken up in ethyl
acetate and washed with 2 100ml: portions of 2N HCl, then 2
100nl: portions of 2N NaOH, then 2 100mL portions of brine.
The organics were dried with magnesium sulfate,the the
solvent removed and the crude product is distilled to obtain

the pure product.

H
CH, CHOSOCHZC!:CHZOSOCH CH,
o .0
o
=0
0
CH

"

CH,
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1.
mixture

wherein
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A copolymer formed by polymerizing a prepolymer
comprising:
(a) a compound of the general formula (I):

H 0]

CH,=C-0-C-X| R

(1)

a is 1, 2, 3 or 4;

X is -0-, -S- or =-NR3-;

R’ is H or a monovalent alkyl radical; and

R is selected from an organosilicon radical, a

cycloalkyl-containing radical, a cycloaryl-containing

radical,
radical,
radical,
and '

2.
(a) R is
(a) R is

4.
(a) X is

5.
(a) X is

a heterocyclic-containing radical, an alkylene
an oxyalkylene radical, a fluoroalkylene
a haloalkyl radical and a hydroxyalkyl radical;

(b) a crosslinking agent.

A copolymer of Claim 1, wherein for compound
an organosilicon radical.

A copolymer of Claim 1, Qherein for compound
a pyrrolidinone-containing radical.

A copolymer of Claim 1, wherein for compound
-NR3-.

A copolymer of Claim 1, wherein for compound
~0-.

* c L M S *
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6. A copolymer of Claim 1, wherein for compound
(a) X is -s-. '
7. A copolymer of Claim 1, wherein compound (a) is

selected from trimethylsilylmethyl vinyl carbonate,
trimethylsilyethyl vinyl carbonate, 3-(trimethylsilyl)-
propyl vinyl carbonate, t-butyldimethylsiloxyethyl vinyl
carbonate, 3-[tris(trimethylsiloxy)silyl)propyl vinyl
carbonate, 3-[tris(trimethylsiloxy)silyl]propyl vinyl
carbamate, 3~(vinyloxycarbonylthio)propyl-[tris(tri-
methylsiloxy)silane], N-[tris(trimethylsiloxy)silyl-
propyl)-N-methyl vinyl carbamate, N-vinyloxycarbonyl-N’-
(tris(trimethylsiloxy)silyl]propyl piperazine and

3-[tris(trimethylsiloxy)silyl])propylaminoethyl vinyl

carbonate.

8. A copolymer of Claim 1, wherein compound (a) is
selected from N-(vinyloxycarbonyloxyethyl-pyrrolidine-
2,5-dione, 3-(2-pyrrolidinone-1-yl)propyl vinyl
carbonate, 2, (2-pyrrolidinone-l1-yl)propyl vinyl
carbonate, 2, (2-pyrrolidinone-1-yl) ethyl vinyl
carbonate, 4-sec-butylphenyl vinyl carbonate,
4-t-butylphenyl vinyl carbamate, 4-(t-butyl)cyclohexyl
vinyl carbonate, l-adamantane vinyl carbonate,
l-adamantane methyl vinyl carbonate, l-adamantane ethyl
vinyl carbonate, l-adamantane vinyl carbamate and
2,2,2-trifluoro~-l1-phenylethyl vinyl carbonate.

9. A copolymer ;nglaim 1, wherein compound (a) is
selected from 2-hydroethyl vinyl carbonate, '
2-hydroxyethyl vinyl carbamate, 2,2,2-trifluoroethyl
vinyl carbonate, 2,2,2-trifluoroethyl vinyl carbamate,
1,1,1,3,3,3-hexfluoroprop-2-yl vinyl carbonate and
t-butyl vinyl carbonate.

10. A copolymer of Claim 2, wherein for compound
(a) a is 2 and R is of the general formula:

L
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R! R
[ |
—-(CH,) x~|-8i-0~|~ S5i-(CH,)z~
e b
L. Ay

vhere x and z are 1 to 6, y is on average between 2 and
200, and R' is an alkyl radical or a fluorinated alkyl
radical. '

11. A copolymer of Claim 2, wherein compound (a)
has the formula:

. CH

(!:h’ CH’ 3

— — Y — Y - - —C S o ) e '-——-o-—
HZC—HC o—C OCHZ'CHZ CHZ C‘H2 ?1 0 ?1

{l

o cH, CH, cH, °
- -— X
where x is on average 25.
12. A copolymer of Claim 2, wherein compound (a) is

selected from 1,3-bis{4-vinyloxycarbonyloxy)but-1-ylj-
tetramethyl disiloxane and the propargyl vinyl carbamate
of 1,3-bis[4-vinyloxycarbonyloxy)but-1-yl]tetramethyl

disiloxane.

13. A copolymer of Claim 1, wherein compound (a) is

selected from propargyl vinyl carbamate, 1,3-bis[4-vinyl~-

oxycarbonyl)but-1~yl]}tetramethyl disiloxane, 1,2-bis-
(vinyloxycarbonyloxy)ethane, o~w~bis(vinyloxycarbonyl)-
triethylene glycol, a-w-bis{vinyloxycarbonyl)polyethylene
glycol, a-w-bis(vinyloxycarbonyl)polypropylene glycol,
2,2~dimethyl~-1,3-bis(vinyloxycarbonyloxy)propane,
N,0-bis(vinyloxycarbonyl)-ethanolamine, 2,2-dimethyl-N,N-

R

—si—ca;ca;cnscx,—o—ﬁ-—o-—cx-—cz—x,
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bis(vinyloxycarbényl) -1,3-propanediamine and 1,5-bis-
(v1nyloxycarbonyloxy)—2 2,3,3,4 +4-hexafluoropentane.

14. A copolymer of any preceding claim, whereln the
crosslinking agent is a compound of the general formula:

5
|
CH,=C-(CH,),-0-C-X R
10 a
wherein:

X and R are as defined in Claim 1,
a is 2, 3 or 4, and
b is 0 or 1.

15 15. A contact lens formed of a copolymer of any

preceding claim.

WMWMMHW
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NOVEL VINYL CARBONATE AND VINYL CARBAMATE
CONTACT LENS MATERIAL MONOMERS

BSTRACT

Novel monomers of the general formula

Ro 0 -
CHp=CH~(CHy) -0-C-X R
b a

where b is 0 or 1, a is 1, 2, 3 or 4, R2 is a monovalent
alkyl radical and R is an organic radical. The novel
monomers may be employed to produce novel copolymers useful
as hydrogel, soft non-hydrogel and/or rigid gas permeable
contact lens materials.
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