%04 2569 -1- DESCRIPTI ON "| MPROVED OXYGEN- PERVEABLE CONTACT LENS

‘COWPCSI TI ONS, “METHODS, AND ARTI CLES OF MANUFACTURE' The present invention
¢elates tognovel chem cal conpounds, 'polymers made fron1such conmpounds and. .
novel .materi-als and products made from such conpounds. "In particul ar, -Qne -
_|np0rtsﬁt use of the materials made from'the invention is'5 the : '
-manufactureée of corneal contact |enses. In recent.years, -corneal. cont

- l'enses have becone nore and pore popular in-the United States and
‘throughout the world.. The great popularity of cont-act |enses is easi
“understood. 10 One inportant reason is that such lenses provide. gj}gqps#ig
. the best -possi bl e manner. .of .achi eving optical correction for the

“lenses fit dlrectly over the eye, and en properly fitted, are easily
retained in place. - Probl ens conmon with spect-acl es, such as interference

- W th peripheral vision, 15 noving aboarrromcyhe head, disconfort, and the.
possi bilitv of 'i nproper interpupilary dl§T‘ﬁce are easily overcone. o
Cont act | enses provide cﬁ@ﬁ%@?i@éﬁﬁ@ﬁﬁ “PFE S0¥DYTY TEWS/eni ence ar. d
increased safety when uséHFRSHRIPE g_i.. g“ B 155D HEFRGLERIQ® |y sporting

~events. 20 ° ' Cont =e-e++g+naLLy-nade fron1g|ass
wer e gr adual | y ' m QiedeRs r%f.gi/@'g :]E&Egéé ales pggé?rﬁam.cal compounds,
,clyﬂcrs made from such cowpuunds and novel materials

. and o*oducta na e from such compounds. In particular, one
rmportant useé cf the materials made from the invention is
- 5 the manufacturs . of ‘corneal contact lenses.

In recent.yeazrs, corneal cgntaét ienses héve becOme_mére
2nd more ;bpulaf.in the United Staﬁes_and fhfoughout the
world. | | | |
-The'grégt pcpuiarity of éontactllensss is.easily undersLbod.
10 bne:impo:tant reason is that such lenses prbvidé perhtaps ihe
best possible manner éf'échieviné.optical_correction,fof the
‘éyes. - The lénses fit directly over the eye, and when properly

£ittecd, are easxly retalned in olace. Problems common with

spectavl such as ;n.e-.erence with peripheral vision,

o

15 moving abgut cn the-head, discomfort, and-thelposéibilitﬁ'o
improper interpupilary distzance, a“e easzly overCOﬂe. Cﬂntacﬁg'
.lenses provxce cosmetic udvantages -and afford convenx;nce N
and increased sa‘e.y when uaed n c1verse pursulbs,

 part1cu*ar¢y spurt ng nvents..

20 - Contact lenses, which were criginally made From
‘glass, were gradually improved as 1moroved matnrlula became



2042569 -2-: avai l ablé. Now nost commonly used contact | enses are generall yv

-subdi vi ded i'nto two.types, rigidor so-called hard contact I.ense§ %d soft ~
co t lenses.. Each type of lens has its own advantages, b@ﬁe@%g 90- _
. in es certain disadvantages. 5 - Referring first to the advantages,  of
- hardkontact |enses, these.lenses provide di nensional stability, so ths#
~.the characteristics of an optical. préscription will remain unchanged while
‘the lens is in use on the eye. . In sqe cases, the eye will actually -

conformto the coniour of the |ens oVRS y3.86L4A%-10:0fsds HBe SR AFall Oy -
i nprove t he VI¥&-6A~ot" tﬁé’"\/\g‘é'rter?' “No ec‘i"ver, r{ar d contact |enses are '
rel atively dufahlie:és: riahkat tah dypasofitidi@nsessoddaltied engds<nmtadte made with
smal | wei ghts enbedded in. their peripheries, or my be Cut to a prismatic
shape for nerlatisesal 21b seEkeRERCEN OFAShe BYRR tYRRYPT g Suhitt it Cafi¥Be
ori-ented, whether a hard or_asoft Iens. .can he 18de; ibQaa.5ad tifocal
" lens, and can*&@"ERTCor “grotind’ §‘6“3s‘qc6”‘ﬁ'§\7ec astﬁqgnﬁti c cgr?'éel%:% -on, ~either
~in single vision or nultifocal form Wile hard contact |enses have the -
above and.other 20 advantages, sone patients find such |enses somewhdt
unconfortaly e i n uBefexmidopfifsyy tohtha ASVaPERIFS OFt PEhCRBFAFRNE Sefhese
l'enses fall generally.into three.categories. n Ly S . ppde from

S 1PMAF REPEII LT e BE Ry *fapRr TRee 1T

si |l i cone rubb®t®Gr *f 1'énses nm

- (hydroxyethyl gethacey] Aliek 8 sPopaléed priydingabn @b11 ersasn wihahiaal |y,

| enses of the nethylmethacrylate base A o
: ' ‘while the lgns is iz use on the eve. In some cases,'thg eye

will actually conform to the contour of the lens over a period
- 10 of time so as to improve the vision of the wearer. Moreover,
" hard contact ienses are relatively durable in relation to soft

lenses. - T -

Hard iénseS_maf be.made with éméll'weights'embeddei.ih thei;_'
;éeripheries, qr'ﬁay be cut to a priématiélshape for mafidionai
15 'oriéntafion on the eye. Ahy léns which can be 6riented; whether,:
. a hard or a soft lens, can be made into a multifécal lens, and .
can bé:cut”or grotnd-éo as-to-have*astigmatic'cotfectign,

-either in single vision or multifocal form.

While hard contact lenses haVelﬁhe ab@ve and other
20 advantagés, séme.patients find such lenses soméwhat.quomfortéblé-
in use, aﬁ&_préférfhésb-called'spft_cﬁntact'léns; ' fhese
lenses fa11 gehéré11§.info.thréé categories, nahély len$es
ﬁade from silicone rubber or like matérials,.ienses.méde.from'
'_"HEMA"}fhyé:bxyeﬁhylheth;crylate) or so-Céliéd_"hydrogél“ '

25 lenses, and finally, ienses_of the methylmethacrylate base -

-

a..



"é/ type, nodified by the addition of polymers such as cellul ose acetate
‘bUcyrate ("CAB"). Soff lenses readily conformto the eve and are qui €
.confortabl g in*short termuse: They can be nade extremely thin as.wg
soft. ‘and pliable. 5 In an attenpt to create l'enses which are
per meavbe to oxygen and which are therefore confortable in prol onged :
ext ended use, both hard and soft 1 enses have been made whi ch -are extrerrely
“thin, some l.enses hei g only. 0.05 to0: 06 mm thick, .for examle. - ‘Wile-

| enses of tHy¥PS. tm’?:lk’néésbwcbeﬂ%'r‘r?“f BF BAYEHISEUE Par ot FhRey are so
thin that the [&, L@y andy g, f § t dl Wl vhBin | enses.
- can be nadé |°)r€‘ g fochX on¢| gurgitlongtbyégérgost/|rd?‘rilg??vvlgﬁtt)?rar:0re g?fferent
radii of cuweahhd @ qubee fdcibrsasfoace. sndt eker dsensest*qewy:ahxe :eruncated
at the bottom and/or nade prismatic so that: they ori ent thenselves on
15 the eye.madeopebrarelyhiien Misewphh iataFPit A Be %‘?% Ienses of. this sort
have been succesgful y pReBRtd 42 %nllxn%&%' Al Ly e iﬂwstoare not in

- W despread . use. BEer I ‘now to - l-enses, ese lenses .
possess rea&@@ablaml.maﬁlwl h&i-ﬁﬁbﬂd Eynzammeotretpmm..@ém@rb 20 wat er,
~and hence expand, somewhat unevenl t hus assuning a distorted shape and .
causing sl |Egmcn@¢%l}§le dbgt%r*tahenaﬁ%rqqrﬁelw hay peenyRide YHEGR Pehses are
reasonably sati sfact, LY. t hei r, . di rre bjLi I« 00 s that:

’%&F ?g_n g\ ,2%ome J.eni\es resg Jt: % b éoVo 56”1% L cg fl)).a

of " hard cort ‘t Rére 1s anoth trade-of f" in
re' ation th:ia‘%\B$€§ |W?1tlQEdEéh§ceQr oﬂrig{‘%ngﬁdctﬁfeseXﬁ\—eﬁdzﬁj woEE. forTI&btﬁen&d’IEn

10 perﬂons, -hey are so thin. -hat they are very fragile and Qiffi mﬂt
to handle. ery thln leqses can be made in blrocal conflguratlos s
by provxdlng two or mo*e dlf:ercnt 1”ach:. of curvature on the '

_frout surface. Thlcker lenses may be trunCated at the bottom
and/or made pr~smat1c so .ha they 111 orient themaelves °n._

'ﬂ5 the eye. however, while tbeoretlcallv attractlve, 1enses of
this sort have been succeesfv..‘l in actaal use only occas1onally,
and thus are not in w1desnread use. .

Referrlng now to Ha A ty vpe enses, while *nese lenses
possess reascnable c1wenszonal ‘stability, they sometlmes aosotb -

20 water, and hence.expand, scmewhat unevenly, thus_aesuging a_.

" dietorted shape and causing siight_visual distortion for the ..
user. Thus, while-HEMﬁ_legeesfare reascnably'satisfactpry;.
tﬁei;Hdimensionaltstabilaty ie not as gqo& as that ef_hard:_
tontact lenees._ | ._ |

25 - : At:present, there is aqether "trade—df‘" ih re’aticn'to
lenses lntended for prolonced or extended use._ Thus,_wﬁen
lenses are th1n enough to be suftlﬂlentlv permeable ror comfort,
they may be too del;ca*e to be cleaned frecuently, but on the
other hand, if thev a:e rot_cleaued rrecuently,_gtot anacecus

- 36 and other depcsits :rom tha eye may form a ccoating on the lens

‘which interferes with clear vision.




*

I enses ér'e t hi n'enough'to be sufficiently 'perrreabl e"for confort,” they may U2

- be too delicate to be cleaned frequently, but on the other hard, .if 't hey
ot. ¢l eaned frequently, proteinaceous 30 and -other deposits from the-
ay form a-coating on the lens which interferes with clear vi si-on. ~
¢w of the foragoing a advantages of cantact lenses, it would be ewgn
_ +Her advantageous if there were a hard cont act lens material that s
" possessed the known ‘advant ages of. mechi nability, djmensional st abi i ty,_
" toughness and optlcal clarity, and,which 5 were-also sufficiently - T
oxygen- per neabl .e. in relatlvely greater thicknesses to be worn by a user for .-
an extended perikadyviewf a§°f{ﬂ“a§éveiaﬂu@é?%\ac-\/\@ek§°“’~cﬁ°te\5'6ﬁ5‘fﬁ)ntlﬁs or
nore. Hard ¢ act enses. Wi ch e €. J.0 £ ed,e,d eriod woul d
‘elimnate &8hHD P'Ptb lfﬁ ntsu“Bef ac"af gg ‘Slu%t f‘\égéhar d('cé%% s)g% g 'S/"p‘e enses 10"
These probhens ma&féh—ysiﬁ 4ha%i Rgs e sBl SPAA KinBgn t v ahieagas JTeRaLER AR ;&t‘:fquent
‘handl i ng, contanination, and wear and tear occasioned by such handling,
.and the geﬁem%ﬂsmnébnw@rhléhélec d#ousoe%ﬁa ﬁgdaﬂmtll%éeﬁﬁfng'&trhemi‘ efded when N
t hey ar-e _needed .but nof E A b 19,10 handl ing, it is’
not  uncommif=$ GH=8 B‘é’i‘rm&fan gﬂ%‘&é?n ees %:%s’t" ﬁg %erh Y sIhthdFeds of .
dol'l.ars, tehidaleskol QNng ABANILYORCUYAATERN af @ ¥ehBdi et 88 ki fiknORsbeconi ng
-torn as a result of frequent. handling. -Mdre sturdy |enses, such as: knovvn
" types of héed devesel, dayrse M@Qk%ugcepmtbmnt@s tq;‘arrpng orHaGdammagt 20 but .
- can be scratched gg freq rermv? and i nse{td
. part icul ar TS ¢ B%d’&fno PR AEFEYRe

common’ probl ems- bofh with existing hard and soft type lenses.

perl woukg é&£1 nate

10 These problems 1nc1ude léSLng or m:snlac1ng the lenses because'
- of rrequen-_handllng,_ contamlnatlou,:and wear and tear
eccasioned b?.eﬁChtﬁandling, and“the'gehe:al incqnvenienee'of.
loéeﬁing and inserting the lehees.when ehey_ere needed but not
beiné.worn;' _ | o . | |

15 ' Referrzng to handllng, it 1s not uncommen for a pazr o‘="
hydrcgel lensns costxng perhaps bundreds of dollars, to’ last for._
only about one year or S0 w1thout crackxng or beccmlng torn as a
result of frequent ‘han d1*ng. 'ﬁore stﬁrdy leﬁsee;'such as known
types of ha rd lenses, are'ndt suseeofible tq'EeArng'or cracking,.

20 but can be seratcbea by rrequent removal end'insertidn, and
.cleéning, particularly if they are'dropped'oecasionally.1‘
Losing-the lerse is & reallstlc possrc ity 'hhlch could
'minlmlzed subseantzalry Jy hav1ng leﬂseq whlch are removed weekly '
or monthlj, or at greater lntervals. - ;

25 ' An lrproved oxvg=n-perneable Hard contact lens which could :
be made in moderaee thlcknesses could be reascnably rugged and
_could prov1de freedom from bacterlal penetra*xcn, and realzze the__e
potent1a1 of hard lenses for shape retention and ootxcal correcticn o
while on the eye. ' |

.30 - Referring now rc'prier attempts to.nroéideipéiyﬁersrwith

1ncreased orygen permeabm’; Ly, norﬂallj, most: or all suca known



L~os| ng the lenses i's a realistic possi bil ty which coul d be mninized
zsubstantlally ‘by havi ng, | enses which are rem)ved weekly or ronthly, dr at-

‘greater - intervals. 25 . - An inproved oxygen-perneabl e hard cont l.ens
whi ch coul d be made in noderate thicknesses could be reasonably r and
coul-d $¥OV|de freedom from bacterial penetration, and realize th ent:i al
. of hard | enses for shape retention and optical correction while on—+he eye
- 30 Referrlng now to prior attenpts.to provide polyners with i ncreased.

' oxygen perneability, normally, nosiS-or all ‘such known- pol ynmers have

ei.t her beegpémcﬁlbnﬁmd QRahty veast abd @ikens sedlak acxtaramaseor or have had
ot her di sadvant ages For exanple, it is known to add significant anmounts
of additi vesrticiraresy invseendediave hadratases MeradaBrrieds: ¥l e such 5

AL eri Al S SESpliel KL dRLOPEL, SEBUN S HSLIO JAGESS GHTRUL S Jder cof has

often tended¥E -Eauk® Fr ST hdcedlis 0Sit on and inpair the

t ranspar encyoQfaitheidenaedsts fineecfe @ chBIEL ty. ThWEJ.]hﬁ%ubEen a part | cul ar-
probl-em wi th mi ddl e aged and ol der persons, who often use nultifocal |enses
“which 10 @rleahemeierﬁ#ey hedp &l val 9r??ﬁrcI@mPﬁn#Sel asion ©EeSP nY@nFSsi on

| enses. Ji/h ous ,?tte tds h Ve, been de tQ | rove he Loxygen .
&8r £° ‘?%

perneabi | it ‘T"us P4~ ot eenlé‘ggec’ errp‘i s have net

with only Iaépotsed S GRS Smp B t*'héul:ﬁe[dsbaiéné\ﬂ cifhltﬁJSeIndeQnEﬁHSfacerreover
many soft ‘1 ens nmaterials provide an enV|.r onment which is hi ghldy sui t abl e
_fqr bact er i of q@gomgms This has been a pa1t1cular problem wvth middle
-aged and elae; pe:sons, who oftern use multlfocal-eenses.wnlch
10 are inherentiy relatiﬁelf thick in reletion to single vision
‘lenses. T . o | B
Whl;e nunerous at =m§ts have been made to 1morove the
.oxygen perneablllty of both hard and soft coneact lenses,:_
the attempts have met Wluh only 1111-2d success, partlcularly
15 in thlcker lenses.; Moreover, na1y soft lens neterlals prov1de
lan env1ronnene which is highly sultable for bac:er1=x g*owth

and thls calls for sterllezatlon procedures wnlch in tur

requlre the lenses to be hancled frequen*ly.

‘The present lnventlon,'nuerefore, is 1ntended, from the
20 standpoxnt of an end use product, to provzde contac* lens
materials which are suff1c1ene1y oxygen 1::»er:meabln= that they
may be-worn.by fhe user on a greatly extended basis in :elaelcn
.to_ério:'art lenses, which do hpt have the disadvantages
'associete&'with'known §:ior'eft'lenees:;nﬁended for ﬁhisn"

25 purpose.



. expr essi onsu

such pol yner

and this calls for sterilization procedures which in turn require the

| enses to be handl ed frequently. The present invention, therefore, is

"intgaded, fromthe 20 standpoint of an end use product, to provide contact -

e Aterial's which are sufficiently oxygen perneable that they may be~ -
) ‘the user on a greatly extended basis in relation to prior art ™ -
| e / "which do not have the di sadvantages associated with known prior art -

| ens€S intended for this 25 purp -6- Referring, now Lo its cheni cal -

3 . a . Se- > . - . rye - .
aspect’s, the i nRRSFEFORS MEWatBsttd SERBLTRINGFRRT tie BF tHIFIYRBrs of an

| acrylic o GELBACTY L MLEEAALY o EIUmE¥Poe ABMBMEl of | LCONE-
oxygen- per meabi&yplias:ﬁ&ﬁi—ﬁan-edsf a knbhve htiipe , uandwelvgl s s illdkbeefor -

acrylic and nethacrylic conpounds so as to ‘produce 5 an. -

manuf ac.turi.ng novel cor n‘eal_-c_op_t act |l enses as referred to above. The '
6‘%%&@r%°r5ﬁl§°-s%t“}eﬁé§°ﬂ§e‘d{ REFRAHEE0PO A53Pi BF PG
referrigng pal vr ' | ncl udes. 1 MG L acizpal,, 0 .11l t hough
e G i GRS U g T he ey
MONOMEr S | ol molufanburiing, nboel pvirpesk cositabt denekesss |dafkpad td1Cr easi ng

‘the wettability of the final product, or :otherwise. The copol ymer

conposi t.i oA8%Vemd THR CRHRFESSheRle CRRIBAGTSM 1o senrhinasy sded heretnunt er part

. prior-art gggpgﬁ%gggﬁ?_é }§§%§ﬁg£gfa I@%E 'ﬁ@zse;gii(&u NSiQng!l sgability and

i nproved gas perire vel ositions also retain or provide
. principal comonomers, although such poliymer may incidentally :
10 include one cor more additional, known monomers in minor

amounts, for purposes such as cross-linking, increasing the

wettability'of the final product, or otherwise.

The cbpélymer compgsiﬁions; apd.érodﬁcts'made therefrom,
are imp;b?ed.over cbuﬁte:parﬁ_prio: attrcompositiéﬁs by
15 :eaéon_df incrgased diménéioaél_sfabiiity and.imﬁrovéa_gas
- permeability.  Sgcﬁ novél'éqﬁéositioné also retain or éro?ide.“'
improvements:inldési:ablé_érioffart'cHaracteristics s#éh;as.
. optical clarity, £he'abiii£y'tofbg'cést,_molded,'or'maChineé,'
-and compatability with chemi&ally_bondéd, h?drqéhiiié mgterialé"
20 ada‘;_ited to improve the wettability of the finishéd product. -
o 'Preferébly{'the.cbmpositioné compriée high!moleculaf_ _
weight polysiioxanylallqyl esﬁgr_s _6f acrylic and ﬁ:ethac;:ylic acids
and,other ¢ompositioné as monomers, copolymerized With methécrj—;
lates or othe£ esﬁefsfof'acrylic or méthacrylic acids;” :
25 : Accor¢;hg to ‘the inveﬁtion,gdne comoﬁoﬁe:.jthé.ﬁfirstﬁ
6om9n6mer) is an ac;yiic or methacrylic ester.ﬁilahe, sub-

stituted with one or more Highly substituted'siloxanyl groupé.

2



rovenents in deSirable prior art characteristics such as optical

clarity, the ability to be cast, nolded, or machined, and conpatability
S With chenhcally bonded, hydrophlllc naterlals 20 adapted to inprove
wet't abi | ty of the finished product: Preferably, the conpositions
hi gh ol ecul ar wei ght pol sil oxanyl al kyl esters of acrylic and net|
acirds. and ot her conpositions as nonomnerg, copolynerized with nmethscrx T
| ates or. ot her esters of acrylic or -methacrylic acids. 25 Accor di ng to

‘the invention, e $OMNOFPLchLhELr$t condnarerviwmeLyis-Srametiongllakyer . '

rethacr vl c eStel, Sklape agbRactli b ULINR orutBie Dighty substi tuted

si l'oxanyl. groups onononer 1S -a.. - _
tris-trinmethyl sidpklymeriagdnyl therhaedyydxpaniliatie ame, alipy bne EhACpE-

copol yneri zed vmg,% ang @tl,gyhs@egxhat € ofb ndlmleyd Inetitacrynid aé€po(yher” second” "
comonomer) with t 15 copol ] conposition in turn being cross-|i nked
to a slight dé@qreeoeyté%ssnl FHRPn@eH‘@r&oms“&rﬂd‘%ﬁ%f@ abt ySttiébher

modi fied by thejagdddiop eﬁosaallhn&m@nmwmwpwspwﬁmwyto i ncrease
t he wet abi lity of the fi nlshed co Olﬁﬁ material.. This' basic -
n

“pol yneri zat i on f{rthepimeAiligdePyc G 141 rf’%ﬁﬂﬁpco‘?n‘ﬁ?\‘o?r’é?fgccurs .
t hrough a known:&m&hﬁdbondtaﬁhyaembzawmmm sfetafvBlity 6nrther facet -

of the i nventi on, |nclu€es S tﬁes S er%éi ed. q}nononnglv%%glza IHdES
tris timethyl SITSSPER| SRBRGYISFoBRE e ot THrePoly |
10 of the novel comonomers: w1th known comonomers occurs

- through a known double bond polymer1zatlon mechanlsm.
A still further_facet_of the invention includes
synthesisfof'a branched comononer'which includes tris-
~ timethylsiloxy-siloxanyl groups. One, two or three

15 such7gr6ups are bonded'to a-silicon atom of an_alle '

' _ 51lane ester of acryllc or methacryllc acid. ,
- A certain proportlon, such as 10% to 60% by
Weight of this: compound 1s then polymerized with 40%
.to 90% by welght of ‘one or more of other second _

20 . comonomer compounds having the same or 51m11ar acrylic
or methacrylic ester_portlon,'together with the minor
amounts of cross linking'and wetting agents, referred
to above, namely 0% to 10% by welght of the cross |

'llnklng agent and O% to 20% by welght of the wettlng
25ﬁ'.' agent. _
One more aspect of the present 1nventlon relates
to the method of maklng the ‘so- called flrst or novel
hcomonomers of the 1nventlon. Accordlng to this method,
methylether51lanes are reacted w1th acetoxy derlvatlves

30 of polys1loxanyl groups, u51ng aqueous ethan01c sulfurlc
ac1d as a catalyst. The detalls of this method are
brought out in other portlons ‘of the spec1f1catlon.

In still another aspect, the 1nventlon relates to
alternate methods of preparing the above or similar"

35'_ ..products. One alternate method comprises reacting.



» derivatives 30

15 . such groups are bonded to a silicon atom of an al kyl 'silane ester of lg

-acrylic or nethacrylic acid.. A certain. proportion, such as 10%to 60% by

-~ .-wei gl of this conpaund,is then polynerized with 40@6to 90% by ei ght of -

nore of other second 20 - conononer conpounds havi ng the sanme~or
acrylic or nmethacrylic ester pogtlon together with the minor

.'fjann s of cross linking and wetting agents, referred to above, nanely 0%

to 10% by wei gbhekﬁo%aqrmﬁnéamppzféeggt w3l 9% L 2% by gﬁ@ﬂilﬁé the

wetting 25 agent. One nobre aspect e present.invention
" met hod of naki ﬁgdt Reassica |tk fresel bingolpEerordiemerss wifth elywenti on.
. According‘to tghsaggghggmdgﬁgageg?eggbb@negoa@e reacted w th acetoxy

. si | oxany

~acid as a catal yst. ﬂﬁ@qmﬁ%uﬂ%;QﬁmQYﬁ% otihase ‘Fregedtitoomix e her

portions of Fheyssawlh%tﬂl% ﬂaﬁéwihgapehb%laé@e%e Gl IMyEdd b P
.relates to alternate nethods of pre arlng tthe above or simlar 3

products. One%&FEBEnERE SFecty ¢ i SRS Feacfing products being -
trichl oroal kyl pethaceyl atyes«amt:}h@mfmeﬁsa;afawandle@e and rieast i ng t he
~resulting internediates with poly- silanol conpounds at about -50[err].
‘Mononer is ren%gga F?gﬁlthese reaction mixtures 5 by purification -
follomnng r enoval ofThhequﬁhannnnqmer compound of the'present

- 10 1nventlon is represented by the follow1ng general o -
formula ' '
A
o .
L A= Sr=A
. _ f
I : 0
2 X r T "
L. e . O S‘ 0.— S: —
=& 0(6””)n§:' N o
0 _ :)(_.. T
A ——S]"‘A
e
~ ) A

‘wherein R is selected from'the'elaSS consistihg of ioher
alkyl groups contalnlng 1 to~ 5 carbon atoms and hydrogen,_
.'and n is an lnteger from about one -to three, wherein
'15 X and Y are selected from the class con31st1ng of lower
| . alkyl groups contalnlng 1 to 5 carbon’ atoms, cycloalkyl
- groups, - phenyl groups(substltuted or unsubstltuted)
51loxany1 groups (1nclud1ng poly51loxany1 groups)
fluorlne aﬂd Z groups, Z 1s a group of the struc .ure:

ates 1o the ..

*

roUEé usi ng ‘aqueous: et hanoi ¢ sul furic = -
2]



“wei ght materials, with the reaction products belng purified by mashlng mnth
“Weak al kalies; or |like materials.. The novel conmononer conpound of
.present 10 |nvent|on S represented by the foll ow ng. general for )
- Jerr] mhereln Ris selected fromthe class consi sting_of |ower al groups -
contaikpi ng 1 to 5 carbon atons .and hydrogen, and n is an'integer - about '
"one to three, wherein- 15 X and Y are selgacted fromthe class conS|st|ng of

| oner al kyl -groups containing-1.to 5 carbon atoms, cycloal kyl -groups, ;

phenyl groups(substituted or unsubstituted), S|onanyl groups (|nclud|ng

pol ysi | oxanyl groups), fluorine and Z groups; Zis a group of the

structure: [err] .and. wherein A is selected fromthe class consisting of

| ower .al kyl .groups contalnl g 1 tv 5 carbon atonsmand phenyl groups. In the

al kyl or phenyl ester secord prlnﬁlpal 5 conononer}, the al kyl group - '
contains 1 to about 20 carljon atohs, (typically one to six carbon atons)
~and the phenyl ester .contafng a s_sr;lglA phenyl groyp. One conpound which may

be used as the first princ ﬁ% cogononer-.of the prljesent invention is a
tris- 10 trinmethyl siloxy-s onanwbalkyLTesggr congnoner such as:

P
l.po-s/-0-Si-A

4 l ' : o o
A.-.S\""A
B |
o ._I

and wherein A is selected from the class ednsistihg
of lower alkyl groups contalnlng 1 to 5.carbon atoms
and phenyl groups. '
_ In the alkyl or phenyl ester second principal_
S.coﬁonomer, the alkyl group contalns 1 to about 20 .
' darbon atoms, (typlcally one to six carbon atoms} and
"the phehyl ester contains a 31ngly phenyllgroup.
~ One combeund which.may be used as the first
principal.comqnqmer of the pbesent_invention is a tris-

10 trimethYlsiloxy-silexanylalkyl ester comonomer such as:



10 3 tris (tris-trinethylsiloxv-. [err] sHoxanyI)rrethacryoxy al kyIS|Iane\/
(1) nis an integer fromabout one to-three = Another conpound ‘is:
‘bis(tris-trimgthyl- siloxy- sil oxanyl) [err] nonopent anet hyl di - * . _
. .sile 'nyI met-hacyl - oxyal kyl silane (11) wherel nnis aninteger from abeut -

' . three. -Still another conpoundis: 1Gono (tris- _trinethyl- . A
S|onanyl) (pent anmet hyI disil- [err] oxyanyl)nethacryl oxy-

NV | ane () vvhereln nis an |nteger fromabout one’ to t hree.

? ~-Sr (cu3)3 |
O-Se-0- S'Cc“/a)

S |
C%-S:CEAG);
‘c”.'; ' . : ’ trls(trls-trrm=thylslloxv‘
Cll C-C'-" 2~ (CH;.) Sl 0_ So. 0 S/ (c;{s) "silaxany l)methacryloxv-
_0 . l ' alkylsllane (I)

O ~ Sl CC#3)3 .

d @”3)3

o -s¢ (5”3)3

"'n is an integer from about one to three



- 12 Anot her- sui tabl e conpound i s:

bis(tris- trinethyl' [err]

si |l oxy-siloxanyl) mono (heptamethyl-.trisiloxanyl) nethacryloxyalkyl .
~silane (I'V} whérein n is-an i'nteger from about one to thrce. Stlll<§?§?her- 3

- conmpound i s:
“mono( hegt anmet hyl-

di si | oxanyl met hacryl oxyal kyl -
13 One nore suitable conmpound. i s: 5

one to three.
-~ nmono(tris-trimethyl-:

nmono(tris-trinethyl -
- trisiloxanyl)nondde

si | oxy-sil oxanyl) [err]
nt amet hyl - -
silane (V) wherein nis an |nteger fronlabout

si‘l oxy-siloxanyl) . bls(trlnethyIS|onanyI)

met hacryl oxysabksué— c%hbaﬁ& iV )

CH;

0 Sv( y 5)3

suo Sclets)y

0-Si(cs)z
c‘> s (cHs)z

. bis(tris-trimethyl- .

~ siloxy-siloxanyl)

| 'monopentamethyldi-
C" ‘C C‘o (Cuz Sl O S\ O- s\ ((‘“3) . .
' ! siloxanylmethacyl-
o-5v (ehy), premER e |
' . - oxyalkylsilane (II)”
C“B-Ch; - LT
sl "O‘ SK-CHB
‘ ..
CH,

Chy

wherein n is an integer from about one to three.

Still another 'co'mpound is:

Cﬂ

cuzé- ¢-o-(cta); -5

0

wherein n is an integer from about one to three.

-

C“-,, -
. 0-Si O S'.. CH;
o :éA3 ' $&,
: ' mono(tris-trimethyl-.
' l o ’ 0-Si (C’ﬂg) sileyQSiloxanyl)
‘-0 —S- -0 S (CHs) : . bis(pentamethyldisil
O =S¢ C CHg )5 oxyanyl)methacryloxy-
‘alkylsilane (III)
g SM3
0S5l —O - Si-C¥s
Suy  Suy



~10:rein n is an integer fromabout ane to three. Representative known or

second conononer.s which may be 15 enpl oyed in the practice of the,
i nvention include the foll ow ng: nethyl acryl ate. and nethacrylate ethyl
ac aye-and net hacryl ate propyl qggylate and net hacryl ate 20. : -

i spp vryI acryl ate and met hacryl ate butyl acryl ate ‘and nethacrylalate héxyl
i e. and net hacryl ate heptyl acrylate anhd nethacryl ate octyl acrylate’

and met hacryl ate 2- ethylhexyl acrylate and nethacrylate 25 - ' o

2- et'hyl hexyl aﬁgé/ dﬁgthgmgauqatg,nonyl acryl ate and met hacrylate.

~decyl "acryl at e’ ang acrylate ‘undecyl acrylate.and nethacrylate |auryl

acryl ate and nethacrngLg‘QengD acrylate and . nethacrylate oct adecyl

acryl ate -and nethacryl gte cyclohe yl acrylate and nethacrylate benzyl

acryl ate and nethacraﬂg;eophadﬁl ylate and methacrylate - - 14
C)oss I|nk|ng nDnonersllnclude dlfunctlonal conpounds .such as:
. o-5¢ (Cus 3 _
. o b:.s(tns-\.r:.methyl-
0-9" (CH3)3 o _s:.loxy—s:.lo‘canyn
QR? o 1 - mono (heptametnyl-._

Cls 'C'C‘O(CH{.) <i-0- S -O- s' \07‘3) .tri'siio*{arvl)'
o . O-—S|<C“3)3 - methacryloxyalkyl—

oy s*la-le (IV)
CH3 CH'B \ 3

o- s.-o-s..ou‘:-r:u3
: ' . CH3 . CH: <Hs3
whereln n is an 1'1teger from about one to three.

Still azlgther c'omnc'unc. is:
©. CHz CH3 - i
O Ss O fl'o S“C#g

cd Cwy  CH3 |
. mono { t'ris-t'rim'ethyll'-

0_5‘ chs) 3 | siloxy-s-i-ldxényl)

éﬁ_ o . | ' - mono(he’ptamethyi-.

Cu; -C-O (CH‘)o—S.- 'SI ‘SE(CHS) tfisilox'anyl)_monooentame'thyl-

}

' 0

O S (C it 3) d:.s:.lo*canylme :haéryloxya lkylk
: silane (V)
CH3 CRB _
O Sy -0~ S\—C Hy
c'n; dry

'~ wherein n is an integer from abox_xt one to t‘hz_'e_e.,'



“ef hyl eneglycol di net hacryl ate di et hyl enegl ycol di met hacryl ate 5 _ :
~triethyl enegl ycol di rmet hacryl ate tetraethyl enegl ycol di net hacryl ate :
pol yet hyl enegl ycol di net hacryl ate and ot her conpounds known to those 7
“in the.art for use in cross-linking conpounds of the type referred ;
her ei ny10 - The wetting agert3 include, but are not limted tom— .
acrylic¢ acid methacrylic acid N-vinyl 2-pyrrolidone; and hydroxyal kyl  ~
esters of acrylic and nethacrylic acids. 15 - Referring nowto the _
conmpounds referred to above, and used as internediates to nmake nore highly
branched "tris" cORPIATYs SUBIPISUEPFRYWFotRY, for exanmple, is tris- :
trimethyl siloxy-silane \/\hi.(:‘m%s manuf actured by a. |l ow tenperature nethod.
Typically, the method consists, treating one nole of 20 - trichlorosilane
in a suitable anhydrouss0lvE {3 th about a three nolar excess of pyridine
at (-50[err]),. and then {reatjng the resulting internediate product with a
t hree equi nol ar anount of} tri et hyl si | anol , whi CQ s also i:n.a suitable
anhydroud sol vent . whi I e the entire reactt®8R A3 Ura™t i nt ai ned at’
about -50[err]..  After g}l 'prd),dg@(qur)? addeghod-he; 19:xhiie is br ought
rapidly to r oowvt enper at uf e. '

From'this? tris-trimethylsiloxy.-silane may
be ‘removed 5 by fragty ohal é,s i 1. ) bis(trimethylsiloxanyl)
eremved G DR S, e
o - . 0-si(CHslz

methaciyloxyaikylé
. silane ° (VI) '
| G8s
. " o o - g.\ -.QHB
. ]

Rkl . - :
" wherein n is an integer from about one to three.

Representative kxnown or Second.éomonomers which may be
15 . employed in the practice of the invention include the following:

methyl -acrylate and methacrylate
" ethyl acrylate and methacrvlate
. propvl acrylate and methacrylate
20 " isdpropyl acrvlate and methacrylate
butyl acrylate and methacrylate '
hexyl acryvlate and methacrylate
heptyl acrylate and methacrylate
.. octyl acryvlate and methacrylate
25 ‘2-ethylhexyl acrylate ané methacrylate
' nonyl acrylate and methacryiate.
decyl acrylate and methacrylate
undecyl acrvlate and methacrvlate -
_ lauryl acrylate and methacrvlate
30 " cetyl acrylate and methacrylate
octadecyl acrvlate and methacrvlate
cyclohexyl acrylate and methacrvlate .
benzyl acrylate and methacrylate
phenyl acrylate and methacrylate

ed



'ReferehCe i-s al.so made herein to tris(trimethyl- siloxy)acetoxyéilane, and
to a nmet hod of making such .a conpound.- The details of the manufacturing

e are set out in the speC|f|cat|on her eof ;. this compound 10 is a
usae ntermediate in the preparation of the compnonmers used as descri.bed
her® In view of the short comi ngs of prior art contact'. |enses and tae -

conmpounds and conpositions used in making them it is an object of the
present invention 15 = to provide novel- nmononmers useful in making |nproved
l ens materials, i nproved pol ynmer ddhp05|t|ons made from such novel
-mononers, and i nproved | enses made from such polyners. Anot her object of
~the invention is to provide 20 - novel silicone: conpounds used- as
conponents of- pol y- * merizabl e mononers. Yet anot:her object is to:
provi de hi ghl KCnsantfriing morerers iirglede difsnetionalaAerreiissFrekane .
materials for a variety of uses, including the manufacture of copolyners 25 :
terpolyne?§ or other polyners incorporating such materials. " 16 A stil

further object. |se&gyrgﬁagy9e09@&hdﬁﬁgﬁﬁ9Ba@@npounds contalnlng al kyl esters
of acrylic or nmethacrylic acids, and |ncorporat|ng one, -two, or three '
-trls(trlnethyIS|Idxyybwlassahytokﬁkﬂﬁﬁ§~c*ylate :

-5 ' t*letnylenegl‘cold‘we+nacrgla+e L
) tetraethyleneglycoldlmethacrylate
','polyéthyleneglycoldiméthacrylate'

' -and other compounds known to those skilled in the art for use C .
] . - .

 in cross-linking compounds of the type referred to herein.

10 _.' ﬁhe ﬁétting aéents iﬁclﬁde,fbut are not limited to:
acryl*c acid -
'methac rylie aczd o .- '._ _ ..
N—v1nyl 2-pyrrolldone, aqh |

%
hydrcxyalkvl esters of acryllc and netnacryllc ac1ds._'

15' _ Referrlng now to the compo.nds referred to above, and
| used as lntermedlates to make mere highly branched "*r*~"
T-conpounds, ‘one such comnound, &or examcle, is tris-
trlmethylsllowy—allane whlcb is manufacuurea by a low tenperatuae]
method. 'Typlcally, the methoa consxsts of trnatlng one mole of.
.20_tr1chloroszlaqe in a suitable anhydrous aolvent with about a
three molar excess of pr;dlne at (—ﬂ0°c), and then treating the

: resultlng lnternedxete product w1th a three equlnolar amount of -

tr1methylsxlanol,.wh1ch is also in a suitable anhydrous-solvent,



"Astill furthér object is to provide an optically useful, novel poly
Meterial of increased oxygen perneability with respect to prior art . ,
_conpounds Stifll another objrect is to provide a material of the. foregoing
type mhlch may be fornul ated or. 10 sypthesi zed so as. to. have a desirably
hi:gh &gfractive index, and which can therefore be used in t he manufac- ture

. of bifocal contact: Ienses particularly fused bifocal contact |lenses. A -
still further object is to provide a conp05|t|on 15 which wi'll make

‘ bl'e th f.act f I t act, whi ch b f -
Oxtended time BB R‘bﬁ%nbf%%Pﬁ?ﬁagggaif‘:ﬂwtﬁ%%?égsg&%&?ﬂﬂ%g B8 he o

' Anot h bj.ect t d . > t :
i ch i s CompaPiBes T Sudi {AUEET 0P AN Mg%” & TR ot e otner

~ desirabl e end [9 ertles urther 18CL i S tQ, rovude
oxygen- perneabﬁé po yner c%fhg r%Bﬁd 8af°ﬁses era%.rgor 8m25

_menbranes or cqpiyy n%%%ﬂ@@ﬁy% yzw sqllglr%z?r%ye g eLag) o phi ch can be.

lpurlfled by absorptlon of oxygen or “transpiration or oss of ot her

' gaseous. cogpon%@t%wégyﬁgﬁglr@%gpghfggaggtus for transferring blood or
nd

ot her materials rom and through dlaly5|s 30. machi nes, for
.exanple. Reference is also made herein to trls(trlmethyl-"

siloxy)acetoxysi;ane,.ahd_to;a methodeof making such
:aloémDOth.  The details'of'the mahufacthring method
are sef'out in the soeoificatioo'hereof; phis compoand
'ﬂO"_is a dseful_intermediate in the_preparation'of the
acomonomers used:as described'hereins
-Inf?iew.of the shortcoﬁings 5: priorfart contactt.
.lenses and the compounds andecompositions'osed in.
'_making them, it is an object of'ﬁhe present invention
15 ° to provide novel monomers useful io making improved |
iehs materia;s, 1mproved polymer comp031tlons made
fhom such novel-monomers, and 1mproved lenses made
'fromfsUCh-polymers.i
| Aoother object of the'invenﬁion is to:provideo
20'f.hove1.siiicone compounds useo asloomponehts of poly—_.
| merlzable monomers. | o |

Yet another obaect is to prov1de hlghly branched

' |
substltuted s1lane, s1lanol and 31loxane materlals for

a variety of uses, including the manufacture of copolymers-

25 __terpolymers or other polymers 1ncorporat1ng such

'-materlals.



17 These and other objects and. advant ages of the i nvention,

i nherent- therein, may be achieved in practice by carrying out the nethods,
“and .rmaking the conpounds and conpositions referred to-herein.. The .-

\

imtation, illustrate preferrediéethods of ‘carrying the inventMn
I n actice. Exanple 1 This exanple illustrates a new node 6f - :
sy s of a pentanethyld|5|loxane which is useful as.an intermediate in .
prepe+f ng other conpounds. 5 Step 1 Distilled hexamethyl disilizane (185

\Ng exanpl es, which are set forth by way of |IIustrat|on and not*by

g.): s dissolved in 6601 0f rdi-ehbyl 8bhRktand HAGKbYTd& §nélasr 3

. necked, round bottomfl.ask equi pped wi.th a_nechanical stirrer, :
ther momet er an@odddi RIHIP $hhef O ta133ng %ﬂk“&uﬁﬁt?%sdﬁﬂeﬂcﬁbltﬁ t he

‘m xture. -The @rxtxrkértﬂuacsz«y:p@éeéjcmth b&@ tchr@or»%tttﬁ{gfémehlﬂgot,hersystem
with nitrogen for 15 -m nu

erature r .
~of 1.0 N hydro&ﬁﬁﬁ%tﬁ%&ﬁ tT%”%FB%ﬁ? iﬂ gp T & ??@ﬁreaotlon m xture

eaches O[err], 660 n

is controlled so as to S’tﬁtﬁl nf‘ﬁb@ﬁer5os,3e&ftt drs add ;mevhy@lron dbtebhaniyc

acid is added,

e ated and’ weEA Hovet REDRRRr AR EE ArYe Y %%ﬁ%@y“w‘ﬁaﬁes. am -

H still ins _above ., 5.5h, e or gani-c |

”Sulfate S fllmemmkdnnllty with respect to prior ‘art compounds.

10

Stlll another obJect 1s to prov1de a material

of the fore501ng type Wthh may be formulated or

-synthe51zed so as to have a de31rably hlgh refractlve_

_index, and whlch can therefore be used in the manufac-

ture of blfocal contact lenses, particularly fused

| blfocal contact lenses.

15

20

25

30

A Stlll further obJect is to- provide a composltlon

'whlch w1ll make ‘possible the manufacture of corneal

contact lenses which can be worn for an. extended

time perlod while prov1d1ng greatly 1ncreased comfort

'to the wearer.

_ ‘Another obJect is to prov1de a polymerlc contact
lens materlal which is compatlble w1th addltlves of
known klnds used to prov1de other de31rab1e end use'
properties. ' ' _ '

A further obJect is to prov1de an oxygen permeable
polymer which has non- optlcal uses, such as forming '
membranes or contalners for blood or other dlalyzable
materlal whlch can be purlfled by absorptlon of oxygen
and/or transplratlon or loss of other gaseous components,
and for making apparatus for transferrlng blood or
other mater1a1s to and from, and through dlalys1s_

machlnes, for example.

i ncl udi ng those\J



means of.a frit filter type C. Crude trinmethylsilanol is analyzed by gas
EﬁTonatography to determ ne yleld of the 20 product fromthe reactiorrs o
.2 Dinet hyl chl orosi | ane ((100 -g) is dissolved.in 700 m of dry dietf F -

"and placed in a 2 liter, 3 necked, roudd bottom 19 flask eqU|1!badm ha .-
- mechanical stirrer, a thernDneter and an addition funnel.  The sO ¢ is
cool ed down to -500C wi-th a dry-ice- isopropanol cooling bath. \hen the
‘tenperature has reached -50[err], 95 grans -(about: 10% excess) of dry

pyridine 5 is added Qyeisea apff idkhdd Sbpekt2-4hd Bavantagelsh dfieche -
tenperature being held at -50C or |ess during pyridine addition. At the

~same tenper at Ur gnvan te@ui, Myl Rt sé I i IRERYhSI kaseleinyhimdty asn be

t hat "prepared as di scl osed above, .is added in -a diethyl- ether solvent,
formng a whiteaphgeiveidt ate pafaquird &li vy ua APy Dydr 6all ehiedae tndws, al | the_ _
trinmeethylsilanol has been added, the tenperature of the reaction m xture
i's increased raﬁndlmakan@bamb-ﬁﬂﬂﬁﬁuddﬁnﬂnattbmpdsﬁmﬁoh@ZHunHrredTmn

pyri di ni um hydrochloride is isolated by filtration and the filter cake is
washed with d5ehhyb¢hherThh5folldﬁrﬁ@nexmqbﬂesgl@hanh mmediseithylatdter is
washed twice with water (200 ml's each). The upper (organic) l|layer is. then
. separ ated and fbacwaanaw1ﬁhﬂwﬁﬁﬂdtﬁbn]&mdpmodubv,WpEnpanéﬁmﬂuatmdmwane
-is distilled at about 84-85[err] and 760 nm Hg pressure. The yield is -
about 70% - illustrate preferred methods of carrying the invention

into practice.



ent anet hyl di si | oxane thus obtained is used for 'pr eparati'on of other
\ates by simlar chemstry; as indicated bel ow. Exanple 2-This
} Wl lustrates the synthesis of-a representative inportant - '

i-nt er a4

_ late used for preparation of a polysiloxane 25 conononer. 20 _'
Syrit hesis of tris-tri- methylsi I'oxy-‘tgol_ orosil.ane Distilled tris- N
trinethyl si.l oxy-silane (93:7 ¢g.) (prepared by known nethods) and dry .

- pyridine (45.0 g. - slight excess) are placed in a2 liter, 3 necked, round
i ~bottomflask and dituted to a volune of about. 1200 m: with n-Hexane. ~The -
- 5.flask is equipped wth a nechanical stirrer and thernoneter, and'i's -
. cooled- to |l ess’ D‘._ - 7] by. an ice bath. Chlorine gas in then introduced -
through the gas gyilsebyedmthe 1A Wb lRcR 8ChQE hidke ©F Pwichdiid Wp Aydrochl oride - -
. is forned. The tenperature is maintained in the range of 5-8[err], while
- chlorine 10 pestaneltblbditiiosagh wthHehr dacesaoivlnpstan dnteBoedi@teohnof - t he
. exothermindicates that the reactjon-is conplete. Pyridinium hydrochloride
i's isol ated BYCHAIPPaPTYH SRUPPWHIT di scarded. The product, ' : '
.. tris-trimethylsiloxy-=chlorosilane is recovered by fractional distillation.
(B.P. = 79-80[err]/11 nmHg, 20 15 d - =0.921 g/m .~ [err] 1.3923 +
'0.0010)  A'yi elgtepglial - t o about 85% of theoretical was obtained. .

Disiilled hexamethyidisi;izane:(185 g.) is dissolved in
660 ml of a'ie-th'ylether and placed m-a' 3 liter,. 3l.peck-ed,
'rpund bqttcm flask.equipééd with a mechaniéa;.é;irrér;,a_
' thérmo@eter and édditipn funnel. 132 g. of wate#_is'addéd..
10 to the mixture.';The.mixtufe_is éooled witﬁ ice #OIOo_c.
Afééf:flushing the system Qith nitregen fqr_lS minutes,

‘when the témperaturg ;eéches 0°C; 660 ml of 1.0 N hydrochlofic
acid is'slowly'added. The.pH_dfithé reécﬁion mixfure isl_' |
éontrélléd so as to remain'abbve-s;s, afﬁer'ail the'ﬁydré-

15 chldric acid is added, ﬁhe pH étill remains above S.?,'the'
organic layer is sepafated and dried over dry_méénesium
suiféte for 30 minutes. Magnesium éulfate is filtered bf
means of a frit filter_ﬁype'c. Cfude £riméthylsilahol is

~ analyzed bg.gas.éhrohatography.to:aetermine-yield of the

20 product from the reaction.
Sten.z _ |
Dimethy1¢hlorosilane (100 g:) is dissolved in 700 ml of

.dry diethylether and pléced in a 2 liter, 3 neckéd; round bottom '



E§gnple 3 .This exanpl e |Ilustrates a synthesis of a new conpound, _
tris-trimethylsiloxyactoxysilane, which is useful as an 20 |nterned|'
'in preparing other conpounds ‘referred to herein. 21 Toa] liter, A
- necked,- round bottom flask equi pped with mechanical stirrer, a therrn
‘and’ meeer cool ed reflux condenser Wlose product outlet is connected t
500 m'¥§ coIIectlng flask, is added 114.9 grans of tris- trlnethyl .
si | oxy-chl.orosilane, 60 g. of acetic anhydride (excess). and 4 g. of
‘triisopropanol anine (catalyst).., The mixture is refluxed for 10 hours. The:
resul ting acélysk cuMaPPRR Wighgs spqchppical SiBEEET 5 H &PRTOREtPE02Mn. Hy

" pressure, an aL bpll A9 nRlerl 10: NG S$09F acetic
anhydri de, é%%’ %ét#%4nt on'un??Pé Te te%%%?g}g?egﬁgﬁche58150[err]
The distill amelm DRREQ DédlS- iSopFEianelNeesl iad beue. VaadghiniHe rRermpschture

- fraction which distills at 94-96[err] .under 5-6 F? pressure is

“col | ect ed hasemaghed d-° Cor £3-gaamgel RRPUY |18§eye=<%?e 0R§/§111Yam§r+~sl't§bt ai ned..

(Pobi ) S RME PS8 0 290 Al Lot e Lodtee

0. 001.) Ex one exa hesi s

- represent atllse;wlméaalwarssol"cabkwheel aﬂﬁr@wh@m@aeaﬂmn. at the
mono(tris-trimethyl- siloxy-siloxanyl) bis - '

~ (pent anet hy| 8pBe | (SRRAY2 YRS, hat!r%‘ltt}wéPbp%ﬂ}QunEOO%|qr&ﬂet%ﬂﬁl)1&n®he ‘Th;-lcé of
tr|nethoxynethaqulgxxprégpg %1gg§gged.%bLVe, is added in a o1ethy1— '

ether eolvent, forn1ng a whlee prec191tate of pyr*d¢n1um

10 hydrochlorlde. When all the tr1methyls;1anol has been addedf
the temperature of- the reactlon mixture is lncreased apidly
;to about +3o°c apd stlr*ed for 1/2 hour._ The pyrldlnlum B
hyd*ochlorlde is isolated by f*ltra ion and the_filter cakei

t.xs washed w1th dlethylether. ' . . -

'15 *PentametthdiSiloxane’in diethylether is-wdShed"twice'

;with,ﬁeter_(zoo ml's each). ‘The upper (organic) layer is

then separated and f:actionaily distilled.

The product, pentemethyldlslloxane, is dlstllleo a*-'
about 84—85°c and 760 mm Hg pressure. The yleld is about 70%.
20 The pentamethvldlsllowane thus obtained is used for preoaratlon

of other lntermedlates by 51m11ar chemlstry; as xndxcated below.

_Examgle 2

This example illustrates the'syntheSis of_a'rep:eeentative
important intermediate used for preparation of a polysiloxane

25 comonomer.



~one nole of. tris-trinethylsiloxy-acetoxysilane (346.0 g.), and two noles of

. acet axypent anet hyl di si | oxane (412.0 g.) are mxed together in a 2 liter, 3 ~
uﬁ" " round bottom fl ask equi pped with 25 a mechanij cal stirrer, ‘a

th .ter ~and an addition funnel20 - 22 The mixture is cool ed to [ ess.

t ha_40C by . an ice coollng bath. '62.0 g. of ‘aqueous et hanoic sul furic aeid.
are added to the reaction mixture over a period of 75 minutes. Then, the
tenperature is sl oW y |ncreased t‘o.roomtenperature and the 5 reaction
‘mixture is stirred for hglﬁ‘*r“ _cﬁgbew‘s‘ﬂ ayer ‘which separates is

“renoved and discarded. The orléé%\?c 1Gyer ¥ Wdshed twice with 300 ni: ef

dicstill ed wat erD,_a,ry_qltahef,ers.&fvt.e{.m‘vmsqgom L% 1andi I(m.er gofligedairear bonat e
sol ution, nwthdistilled water once, -and then dried over magnesium 10
sul fate. (anﬁ’;\'df\ﬁ‘a-e‘) meghods) apdufzy PYFH@*GPl etp- r?oﬁorrEr51|1§thﬁ‘r°f€I5éd by
~distilling ff ow_boi t gressure.
The purifi e% ﬁ%ir?eerd S re% rllqggggtg c%ktg? ﬁoglglg gﬁ)gtoq‘ ;]:15'?% e nmonormer -
(I11)-is 0. 9Q@Iugédrito at vallwy bf. alRAdT200 4R 1% th- n-Hexane. T"Br eparation of .
bis(tris-trinethyl- siloxy-siloxanyl)pentanethyldisil oxanyl- . '
met hacryl fzxy‘—lﬁﬁbp‘ﬂ g;p.angeq |t41)th@,é“qﬁ§1|agz @qzl stlrrer and thermometer,

t ri met hoxy t crylo ro vl sil ane ( %) em)le of '
. acet oxypen{rgilﬁe ﬁ?/lcd" é‘ggoxﬁgnle"'q 8?° bYand J”tc\?/o %8‘ mol es of :
tris- tr|nethyIsHoxyacetoxysHane (692 0g.) are mxed together in a2

liter, 3 necked, -round bottom fl ask. equi pped
_ _ Chlorlne gas in then lntroduced hrougb the gas inlet: tube.

N A_wh;ue preCLthete qﬁ.pyrld;n;um.hydrecnlqude 19 formed. The _
.temperéture is'maintained in the reege of 5-8°C, whilefchlorine
10 s bubbled threugh-the reaction mixture."_Ceseation_of.the_
,exoﬁherﬁ indicates that the-reacﬁioﬁ is cemplete, _Pyridinium

.hydrochloride is isolated by fiitraﬁion and then-discardedi_'

-Theiproﬁuct, tris-t:imethylsiioxy~chlo:osilane“is ..
;écoﬁeted by f:action;i distilLation. '(B,P.'= 79-80°C/11 tam Hg,
15 a®% = 0.921 g/m1  n25 = 1.3923 + 0.0010) A yield equal to

about 85% of theoretical was obtained.

- _Examgle 3

. Thls example ‘llust rates a synthe51s of a new conpound,
trla-trlmeuthSlloxvacntoxy51lane, which 15 useful as an

"26 1ntermedlate in prepar‘ng othe: conpcunds ;ererred to herelﬁ.



- .carried out in the sane manner as described in Exanpl e 4A Densi t:

Wh nechanical stirrer, thernometer and an addi ti-on funnel . Reaction s

fesulting nonorrer \is 0.981 25 g/m. at 20[err]. - The product is
refrigerated until used.- The @t')oduct made from Exanple 4B (11)

relatively free from unpol ymeri za e conponents for best optical clarity,

as is brought out el sewhere herein. Exanple 5A This exanple illustrates t he
~preparation of a representative oxygen-perneabl e copol yner. A mxture of 35
parts by wei ght mf at helidempndmaickid) | Jounld Ema:rmd F148k dmipped svith wei ght of -

cyclohexyl” 10 nethacrylate,- and 0.24% by -wei ght of the entire mxture of
‘tert-butyl p’é?‘ﬁk‘}‘d&thnﬂdtré"’?:s P LhEEROTFCE @P‘és‘s“ﬁrsﬁ"%’redt GB&1%hd t hen

placed in a YAGLITLON MNLENINAS RERK. AU O5H MR B)1d 3gfNm +The oven i s

cl osed and the .tenperature i1s -maintal ne err| r-s The 15-
noNomer s r eacdllewtingafiask, cmd&yxa&rlmlscbraﬁs hor dr1§-€ﬂrﬁinb€5§l-— transparent.
and rigid._ The oxygen pernmeabil - ity is 1430 cc. - m /100 )L rr]/ 24 '

hr./atm SThetieXygeRlorasidant |5t°y90f°%1 agrsic AnhYSF et (RyCRes late, .
measured in % @trrgﬂlv%lpﬁ}i/% ﬁﬁxi{x%‘y{ thgygg)rr]zrﬁé Mx*j Mg 20 while that

of -a disc of hydra roxye acrylate I's 0 Tc. - mil/100
[err]/24 hr. i-aﬂlrmedetﬂse.ouneﬁﬁs .anghé st hogl a(a:fetbakch!{l@rHBQst nmeasur enent s,

are dlstllled_at about 51°C_et 760 mm Hg pressare, and all low
'_ boiiing ﬁateriais, including an.excess of acetic aﬁﬂydride,.
" 10 are distilled off ﬁntil the.temperature reaches'150°c;. The
_jdistil;atioﬁ_etparatus is then ccnneeted'te'a.vacuum'iine_'
| and-the fraction which distills at '94-9s°c under 5<6 mm Hg
préSstre'is collected. A 66u yleld of trls trlme*hy151loxy-
acetoxysilane is obtained. (B. P. 94 96°C/Snm Hg pressure

15 d22 = 0.908 g/ml n2} = 1.3910 0. 001.)

- Example 4A

This exarple Jllustrates the synthesis of a representatlve
polysxloxanyr alxyr51lane ester comonomer, mono(trls-trlmethyl—
s;loxy-51loxanyl) bis pentanethyl§;szloxanyl)methacryloxypropyl-

zb :SLlane 1D . o '

One mole of tr1met1orymethac'yroxypropv1s1lane (248 0 g- ),

. one- mele of trzs-;rzmethylsx’oxy-acetoxysxlane (346 0 g ), and

two moles of acetoxypentamethyldlsiloxane (412 0 g ) are mlxed
together ina 2 llter, 3 necked, round botton ‘lask equxpoed w1tm

25 a mechan1ca1 stlrrer, a thermometer, anq an addltlon funnel.



to rhose skilled in that art - U S Patent No. 3,808, 178. Exanple 5B _
A xture of 35 parts by weight of novel conononer of Exanple:4A; 60
_ y wei ght of nethyl methacrylate, 24 2 parts of N vinyl
.pyrr(} i done; and 3 parts by wei ght of - triethyl enegl ycol di met hacryl ate and
.. 0.24% by wei ght of the entire conposi2g on of t-butyl peroxydecanoate i 9w
‘pal ynerized in a polypropyl ene dish or tube at 48[err] 5 - for 24 hours.
The resulting copolyner plastics material is machined, cut, polished and
finished into a:concavoconvex |lens of- 0.15 nmthi ckhess. The oxygen .
per neabi |'i t hofmipiuse| ehsookedsty ddsby abtifEE Metdfodcercaddnai dRidi- is 12. 4
x 10.1m oxygen/[err]./sec/ 155 nm 10. ~ "Hg pressure. (155 m"an is the -
normal - partial pressure of oxygen in-a 760 nm Hg at nosphere). - This -
_particul ar neasgy.@TgNtofazuBBES dBhatolSChararVer saldare Mulla 980ugas flux -
meter which is known and wi dely used in the contact Iens I ndustry. 15 -
The fol | ow nga@@azmpmenstta:emvprlmmrapé Qﬁébcmhd‘-ilﬁ%ns'i‘mn:prtésar ation and

properties of yners h- cont ain rying.pro tions qf fthe novel
" conmpno-  ne g %&r‘rﬁl’es f\gg‘ - ¥dER® 3% 5\#?8 téo)i'?p = g‘éﬁ o &°%i F7° one or
-_”Dre of tg1e*££&éﬁ3ﬂ HQXGEHEPQHnQ§§rred for 15 hours. The aqueods layer

which separates is removed and dlsca*ded. The organlc layver

is washed tw1ce Wlth 300 ml._of dlst~11ed Water, and tnere-

a after twice w1th a dilute soalun b1ca*bonate so]utlon, agaln
w1th dlst11led w.ter once, and then drlea over magnesium’

10 ulfate (anhydrous) for" houre | THe drled monomer is purarr.d | f
_by dlst1111ng of all low bozllng mater*als at 80°C and 0.1 ma

Hg pressure. The pur1f1ed nonomer ls refrlgeratea until used.

Density of the monomer (;ID is 0.983 g/ml. at 20°C.

Examgie 4?

15 o Preparation.cf bis(trisetrinethyl-
' 51loxy-51107anyr)pen ameth)ldr51loranyl-

' methacrylcxy pro ylsllane {11;

_ One moie'of trimethoxymethacryioxyprcpylsilane (248.0:§.), '
- one mole of ace otypentametnvldlslroxane (206 0 gqg. ), and- twc :
?0 .moles of tr15—tr1metny1szroxyacetoxvsxrane (592 6 g.) a*e
mxxed together in a- 2 1t=r, 3 ﬂecked, round bo*tom rlasx eaunced
_with mechan;cal stlrrer, *hermomnter and an ‘addition runngl.
Reactzon is carrled out in the sane manner as descr;bed in >

Bxamp’e 4A._  Densxty of *he result n, monomer is 0.981

' 25',9/ml..at 20°C.  The produet is refrigerated until used.



<

2Q_, 3 met hyl nethacrylate (MA) hydroxyethylnethacrylate (HENA) _
:cyclohexylnethacrylate (CHWA). nethacrylic acid (MAA) 25 \
N-vinyl .pyrrolidone (NVP) tri et hyl enegl ycol di net hacryl ate (TEGDIVA) "The -
~ siloxane comononer used in these exanppgs is thaT: USED I N Exanple 4B o
.nanel y>bis(tris-trinethylsiloxy- 30 |
S|onanyl)pentanethyld|5|onanylnethacryloxypropyIS|Iane (11), ~and which is
abbreviated in the table below as. Conpound Il or Cnpd. Il. 25 The

pol'yreri zation is conduet%QdJWd%ﬂmadéﬂh$&mesféﬂﬁlEOEB24%HQU%%&@
t enperat ur es shown in thetable. The table also sho e conposi |on of

~each form of pObynBéla@ﬂdeuﬁeﬂH¥§“¥ﬁbmtuﬁﬁbﬁ-m&PiEQb?Ql¥gﬁ ol
place. "The properties of the 5 polymer are abbreviated in the rigt t

corner, with thEeﬁeaGpBg&ancﬂ@%ﬁﬂywwﬁ@fﬁs(Eﬁo@$9€aéh99e@§EQWeHJ]the
: exanples the principal. polyners are Conpound | th
~conpositions ingcéneding one or nore other conpounds as indicated. - HEMA, .
provides wettability, CHVA 10 suppl enents the MVA. MAA and NVP- provide
fnereased wettabrampye BAcept . ‘that, where nore than 4 or 5% NP is
present, amgortlon t hereof serves as a third nononer. .The TEGDMA is a
Cross- Ilnklng ‘agent . TEINP@BBEP@N ﬂwuus&ﬁxfﬁﬂ'the preparatlon of a

representatlve oxygen- permeable copolymer.
A mlxture of 35 parts by welght of the comonomer
(III) of Example 47, 65 parts by welght of cyclohexyl
102 methacrylate, and 0.24% by welght of the eritire mlxture
| ~of tert- -butyl. peroxydecanoate 1s placed in a glass dlsh
"or tube and then placed in a vacuum oven whlch has
been purged with nltrogen The oven is closed and the
temperature is maintained at 45°C for 24 hours. The
i monomers react to create a copolymer whlch is hard
colorless, transparent ‘and rlgld. The oxygen permeabile_“
ity is'l430 ccq'— mllYlOO in2/24 hrl)atm. The oxygen
permeability'of a'disc of polymethylmethacrylate,_
measured in the'same way is'34 céQQmiifioo in?/24 hr. /atm.
.20 while that of a ‘disc of hydrated polyhydroxyethylmeth-l
| acrylate is 250 ce. - mil/100 1n.’/24 br./atm. These
eunlts and the method of taklng these measurements, are:
known to those skllled in that art - U.S. Patent No.
3,808, 178. |

Example SB

25
- A mlxture of 35 parts by welghf of novel comonomer

of Example 4A, 60 parts'by weight of methyl methacrylate,'



15 Exanpl e Cnpd. 11 MA HEMA  CHWA NAA NVP TEGDNA [err] PROPERTI ES 6

3 .60 2 .3 48 T,HR 7 - - +-35, 30
3d4 )4 1. 50 T, H R 8 45 200 5 - * 25 1

445 TTHR 9 38 29 . 24 215 . 80 3.5 46
" T,HR 10 .50 - 20 .30 - 50 T,HSR
11 20 40 - 40 . 45- T,HR 12

.38'- 40 . 2 partslgf N-anfi %¥Frofﬁdonéo aId BR§a¥%s dz welégt of. 40

= Not Clear,. sené- éﬁemsaav;empo‘szmoﬁerafIglsluPypdyetsngdet:faexda&\@mté on
herein ‘descri bed. as " har have 30 a -hardnpess, neasured on the Shore D :
scal e of aboutP@bYBHTiER gTI%’I”Zﬂ@“\Mﬂ’f%mbg???re?ﬁ?f‘rr@f'h&t‘rbfl &te 48'dsted the
- same way,s5 has fohagdneearsf. 9@hI3. resuﬂmgoeobywmeborpuamlwe fromthe o
et havi g AREBRISE. 0 PRCBIED T oS TS T ARG A TG S8 T
- . opposite’side.a Joenalvenseyex dremseast [§. V\Etmndtbyck/aEels and han catmts -
saline sol uti O&errﬁ‘QQb?hhtW%f‘h t%r}.lsy 1089’9‘3%9&&{}?89' By' O another method
or technique, is 12.4 x 10~ -1 ml oxygen/cm /sec/155 mm
10 Hg pressure (155 mm Hg is the normal partlal pressure
' of oxygen in a- 760 mm Hg atmosphere) This partlcular
| measurement was made by a "Schema. Versatae" Model 920
_gas flux meter whlch is known and w1dely used ln the'
contact lens 1ndustry '

15 - "The. follow1ng Examples 6-14 1llustrate the
_condltlons of preparatlon and properties of copolymers
which contalns varylng proportlons of the novel comono-
‘mers of Example 4B when such’ comonomers are reacted w1th.

_ one or more of the follow1ng compounds: o
20 - methyl methacrylate (MMA)

hydroxyetHY}methacrylate (HEMA).
o cyClohexylmethaCrylate'(CHMA)
methacryllc acid (MAA) |
;25- o _ . N -vinyl pyrrolldone (NVP)
“ | trlethyleneglycoldlmethacrylate (TEGDMA)

The 51loxane comonomer used in these examples is
'thaT USED IN Example 4B, namely, bls(trls tr1methyls1loxy—
30 -31loxanyl)pentamethyldlslloxanylmethacryloxypropyISLIane
- - (I1), and which is abbrev1ated in the table below as
Compound II or Cmpd. II.- ' S '

0 trie9h51e48817°|91|41“2%thal"”3’|'1‘%1h§péﬁénp -RA% Ihé{rd’el‘\l&h%"{ﬁd ST. o



et hacryl oxypropyl si | ane nononer 281 1) of Exanpl e 4B 50 'parts by wei ght of

-

_reLatioh to pri or art |enses of acceptabl e optical quality. Exanple 15 10

Thi ;s exanple il lustrate the preparation and properties of a wettable,
exygen- per meabl e terpolymer. A disc is prepared in the manner descri begd—i
Exanple 5 froma mixture of. 45 parts_ by weight of the’ bls(trls- -
trimet b3 si | oxy-si | oxanyl ) pent-amet hyl di si 1 oxyanyl.-. 15

met hyl methacrylate, and 5 parts .by weight- of N-vinyl pyrrolidone, using

tert-butyl- peroxypival ate as a cat alyst. . The polynerization is carried
out at 480C f@fe 241 RAUWSaridRG d @oHbld G hSSolvprEf) RineCEsps tdcaNgRar ent

hard and rigid. ~The oxygen 20 permeability of the terpolymer is 1610 cc.
-m | /100 [errijchid4 At Yt recpératiulries sxmrpb.e theo tdblenctthentdbley @dsel i nking. -

agent was -used. Exanple 16 i s exanaple illustrates the
preparation o?“°é{’°c’6ngl‘iﬂ‘f‘e?sb‘fl%f’ﬁy?a‘f}’et‘ﬁﬁ‘érﬁ LY R ﬂlﬁ/ézle"‘éﬁﬁound

(1) referred.,Q hg @&ngl&%uzatggn Roo¥! byl Ca'i‘h@'p':’.@p@étltet}eo@()% ymer

i's prepared by polymerizing a mxture of .40 parts by wei'ght of suc;h novel

‘cononormer (3 Igo]aner&qaabbSe\bi;at\eel int thesf rlirglhihyiand corner, with the

neanings of +he abbrevxatlons appearing’ below.
In the examples, the przncxpal poly“ees are Compound TI
-and MHMA, with tne composltlons 1nclud1ng one or more other
compounds as indicated. HEMA provides wettaoility; CHMA
.10 .supélements'the MMA,_M@A‘and'NVP.provide inc:eaéed-wetteoility,
except that, where more than'4.of.5% NVP is oreéent, a.oo;tion"
thereof.serves as.a third monomer. The TEGDMA is a cross-

linking ageat.

COMPOSITION, WT. PERCENT

15> Example Cmpd. II MMA HEMA CHMA MAA NVP TEGDMA °3C  PROPERTIES
6 : - 35 60 -2 ' 3. 48 T,H/R,
7 35 30 . 30 4 1 50 7HR,
8 45 20 5 25 1 4 45 T,H,R, .
20 9 . 38 29 .. 21.5 . 8.0 3.5 46 T,H,R,
10 _ 50 20 3. 3 50 T,H,SR,
1 20 40 - 40 _ ' 45 ' T,H,R,
12 40 - 40 R 12 5 5 3 40 THR,
13- 35 40 2 C . -3 .60 " ST,H,R,
.14 35 47.5 1o . ' __3.5 48 7T,H,R,
.25. T = Transparent
- . H= Hard '
.R = Rigid -
ST = Not Clear, &murtnusguant
- SR = Semirigid .
30' . Products of the invention herein described as "hard" have

é herdness, measured on the Shore D scale offabout 82-90;
(ASTM 2240) whlle polymethylmethac*VIate, tested the same way,
has a hardness of 90- 93. o



. methacrylate in the presence of ter-butyl peroxydecanoate 5 at 45[err].

- Lenses prepared fromthe plug are hard, rigid, transparent and highly.

~ oxygen-perneahble in relation to prior art |lenses. Exanple 17 This exanple
., trates the preparation of a 10 coppéyner used for the producti on~of-
Gh per neabl e bi focal cont act. | enses. A mixture of 60 parts by wei gt of -
ehexyl met hacryl ate and 40 parts by weight of the novel nononmer (111):
- Exanpl-e 4A i's polynerized .under the 15 conditions described in Exanpl e
'16 except that theiwﬂaﬁaéﬁémfméﬁ 5OLebhab. malike firesmill giamaOPPLYTEr iS -
machi ned to pr.oduce the bifoc near .vi sion segment. portion of a corneal
contact lens. Jbe pladdidedasnd@ highshebr aat ithe iudiext mdner 1t&3flakeThen,
a lens D 20 blank i s produced i na known nanner wi-th a bifocal insert
therein. The Bichaaalt hldike hasaponki ansowickl ehisyir fanck | e omelexiper tindns.

Thi's partlcular | ens was. then cut ‘and finished to provide a dioptric power -

~of +2.00 in the @iowvad \durPaceegnebheandpodi®@ isidde ZBherealeussison
segnent. Such a lens is highly satisfactory fromthe standpoint  of overaII-

;oxygen pernéhbaketpasmtyrwemtd@sngwetbenhn@o@hn&qéqnst$Eﬂmaarer 28
'solutlon,'and all are hlghly oxygen permeable in |

relatioh to prlor.art'lenses ‘of acceptable optlcal

quality. .o S

. Example 15

10 ifhis example illustrate the-preparation.aod
:propertles of a wettable, oxygen permeable terpolymer._
A dlsc is prepared in the- manner descrlbed in Example
- 5 from a mixture of 45-parts by welght of the: bls(trls—_-
,trlmethy131loxy 31loxany1)pentamethy1d131loxyany1-
15 methacryloxypropy131lane monomer (II) of Example 48
50 parts by weight of methyl methacrylate,.and 5 parts
uby'weigﬁt of N-vinyl pyrrolidone, usiag tert-butyl-
perorypivaiate as a oatalyst. The polymerizatioh'is
carrled out at 48°C for 24 hours.' The resulting'disc

is colorless, transparent, hard and rlgld. The oxygen

20
permeablllty of the terpolymer 1s 1610 cc. -mil/100
3.2/24_hr:/atm,: In thls example, no dlfunctlonal
- orosselinking“agent_was used. | | |
_Example.16e. | -
25 ' 'fhis ekampie.iilustrates,the preparation of a

copolymer of methyl methacrylate and the novel compound

(II) referred to in Example 4B,



Exampl e 18 A bifocal contact |ens was made as folloms ngh | ndex Polyner
for fused .bifocal segment: - Conposition - Wi ght Percen
;- 5. [err] - 1.531° 40 parts silicone connnoner of Exanpl-e 44
( Coipound III) 20 parts cycl ohexyl net ha2fyl ate 20 aprts benzyl net hacryl @
15 partse N-vinyl pyrrolidone 5 parts. triethyl eneglycol di methacryl ate {0-&
| ndex Polyner for remainder. of |ens: Conposi-tion - - --\Wei ght '
"Percent [err] - 1.480 40 parts silicone conononer of Exanple 4A (111) D.

53 parts nethyl -net hacAwnlendelpaﬂt 9lug etfhyihenssinalyme met faprppareds

- parts nethacryll 1 I S as ¢f Qllons:

Hi gh | ndex Polyner ugggiﬁﬁ %c Fqgggﬁe?ﬂwﬂﬁipdﬁ¥§ %g wgggﬁﬁogf QUdE

- \\éi ght . Pefcent - mozeel 1C%@nomes pALYs agid] |5@orP@rt§(ﬁrdﬁbrfé¢ls>lFtER§nﬁleéh4!B (11)
---- 30 parts Cmmmgﬁéh%ﬁrxhatsr%Qemret %fbeawibmha&mk%ecanmrttes

ethyleneglyc%Idlnethacry
459C. Lenses prepared from the plug are hard

_rlgld, transparent, and hlghly oxygen permeable in
relation to prlor art lenses. '

Example 17

_ _ This example 1llustrates the preparatlon of a
10 copolymer used for the productlon of oxygen perneable
blfocal contact lenses. . ' _
A mixture of 60 parts by weight of cyclohexyl-“
' methacrylate and 40 parts by welght of the novel
‘monomer (III) of Example 4A is polymerized under the
: s conditions described in Examble.16, except that the
- temperature is 50°C. The resulting copolymer is
_machined'to produce the bifocal_or near vision segment
portion of a corneal.contactllens, ,Thehplastie has a
hign.refractive index_:.ng5 = 1.530. Then, a lens |
! 20 blank is produced in a known manner with a bifocal
insert_tnerein._ The bifocal blank has. portions with
:high.and'low index,nortions;'.This partloular lens was
then cut and'finiShed to pro#ide a dioptric power_df
+2 00 1n the d1stant v131on segment and -2.00 in the
25 near vision segmént. Such a lens is- hlghly satlsfactory
-from the standpoint of overall oxygen permeablllty,

: and prOVldes excellent comfort for the wearer.



29 Low | ndex Pol ymer for remai nder of Iens Cbnp05|t|on
Wi ght Percent [err] - 1. 480 40 parts S|I|cone connnoner of - Exanple 4A
i\l') 53 parts nethyl nethacrylate 5 *3 parts. '.
4let hyl enegl ycol di nethacryl ate 4 parts. nethacryllc aC|d Exanple 20 Anot her-
focal 1 ens was nade-as follows: -H gh Index Pol ymer for fused bifoch
: ggnent : 10 - Conposi.tion . \Weight Percent n 25 1.540 .
337 parts silicone conononer of EanpIe 4B (11) 60 parts phenyl methacrylate
3 parts trlethyleneglycoldlnethacrylate Low tndéx Pol ymer: for remainder of
“lens: 15 Composition. . . Wi ght Percent [err] - 1.480 40
parts si | i conexgawaeonsr of Exanple 4A(11'l) 53 parts nethacrylate 3 parts
’trlethyleneglycoldlnethacrylate parts nethacrylic aci.d - 30 Exanple 21
‘Anot her bifocal |ens was made as follows: ngh | ndex Pol ynmer for fused

bi focal segment:, . LonRosition 3 as made as fRIGRE: Percent 5 Lerr]
-~ 1540 3 parts s?+|cone 8g%ﬁ%ong? %f Exanple 4A(III) ' :

HiQh'Iﬁdex'quymer,for fﬁéed.bifbcal segmen;i T

Composition ' s IWeigHt P'F*ﬂ*t_. T

5. n %?--'1;531 :40 part° 311*core cononomer of E\amplc QA(III)
: ' : o (Conpound III} ' _ . o

20 parts cycloh;xylmeunacrylate —
20 aprts benzylne‘hacrylate |
.ls'parts -vinyl pyrrolldone S

5 parts +rlethylenealycoldlmethacrylate

10
Low Index Polymer for remainder of leps.
Composxtlon : : o '——Welght Pe;cen-
a ZDS - l 480 40 parts silicone comonomer of ‘Example 4A ([IT)..' .
53'parts.methy1 methacrvlate-I -
15 . a _-' '_ 3 parts t*zethyleneclycoldlwethacrylate
4 pafts methacryllc ac1d
Example 19
'Anbther bifocai lens was made as follows: -
High Index Polymer:for fused blfocal segment;
20 - | Composition i g Weight Percent ' : o

n %? - 1.53$ Y parts silicone comonomer of Example 4B (II)
| 30 parts cyclohexyl methactylate |
- 30 parts benzyl methacrylate

2 parts ethylénelecoldimathacrylate _ o



3Q_/parts benzyl met hacryl-ate 29 parts phenyl nethacrylate 3 parts -
tri-et hyl enegl ycol di rret hacryl at e Low I ndex Polyner for renminder of "lens:_10 -
LConposi tion - ) ~~ "Weight Percent [err]- 1.475 - 40 parts
silicone nonomer of -Exanple .4A (111) 60 parts nethyl net hacryl ate T i
-f or egoidg exanpl es ‘directed to biggcal |enses illus- trate that the V& s .
‘novel polynmers. of theinvention can be 15 used to make both el ements of a -
bi focal contact |ens and that the finished lens has greatly inproved oxygen
perneability t es o) QL 8hdad BBFSeS,s. Because of this increased
‘per meabi | i ty?wev%rt;gr e‘iorﬁc"ltmvgl f/‘p{ r#c‘ﬁa{) L1‘0??;"1“ xénses i ncl udi ng those wherein
t he bifocal segnesatpositiehal |y surroundeabobthCPerolmw index material, can
be com‘ortably and, afely worn-for extended periods inrelation to rr)rlor.
art lenses. The iesenicd®8f cAferastibstidirPa JFEPEEMTBGEsER™PLeE G cone -
conononers whi ch provi-de the |§§c?‘qg§§ e@g}ég @1 L I|ty of the lenses
does not. in any way adversely effect t th.ca arlty 25

machinalsi | ity, dinmensional stals batys Ki:l’leltﬁﬁlféhe@ﬂ.yéﬁfd’iaﬁthﬁtylatal of the
finished product. Moreover, the finished pol is relatively tough and
~scratch resistant. Referring ncﬂNPPBt%ﬁ’lﬂtﬁéF Eb@ aspect of ‘the
invention, fromthe above exanples, it can be seen 5 that the invention,
consi dered fromthe standpoint R '

"Example 20
Another bifbcal'leﬁs was madé-as foilows:

ngh lndex POIVmﬂr for fused bifocal segment:

10 _' _ Conpoéltlon _ B WElght Pe*cent

n %f - 1.540 37 paits 5111cone comonomer of ExanpledB (11)
- Golparts phenyl nethacrylate

_3 parts urlgthyleneglyco}dlmethacrylate.-

'Low.Index Polymer: for remalnder of lens.

- | Composition . Weight Percent

n_%; - 1.480 40 pérts 5111cone comonomer of Examgle4A(III7
o 53 pa:ts'methacrylate
3 parts trzetnyleneglycolulmethacrylate

4 paris methacryllc *c;d



. of ‘new contact |ens material, provides a copol ymer conprised 6f one or

| ens rmat eri détigh Thisx Fateger améheelt Pifporl eseagmpht; cycl ohexyl

met hacryl.ate and_si nil.ar. _compounds whi ch_undergo the 30. same reactjons-o}
“‘those referred tSgﬂﬁfﬁﬁéagbove—sﬁee+++fr%§§é§ﬁ:ggggﬁﬁgﬂh+eh—+eae%+eﬁs are

ther efgr e not rege%sed 1i. Bsglet ajgl _pQEE@iél-licone comonomer of -Examéle 4A (III)

onofioner's whi ch aré novel” in and of thenselves. These include the.

of known conononers whi ch-have -a pol ynéri z- able -acrylic noiety or portion

“to.produce the oxygen- 15 perneable plastics. Consequently, broadly
speaking the copol ynerization of these classes of conononers, provides the
- basic, ‘novel plagkigprm@terial of the invention.  However, as is well known

‘to those skilled™n %ﬁe_art,_the actual plastics used in 20 . conmerci al

practice may al so further include mixtures of these known conbnoners

.instead of the single compnorers only. Naturally, where one or nore
| Sesarg BTERHY ORBr e EETB1 -1 fedkony

mononers are novel ko hes& Tohomers -wi t h khown

~conononers will alsobe novel. 25  Still further, sone of the acrylic -~ -
“nmonorers, while known in-thensel ves, have not been commonly used in making -

30 parts benzyl methacrylate
29 parts phenyl methacrylate
3 .parts triethyleneglycoldimethacrylate

' Low Index Polymer for remainder of'lens:

10 Compdéitioh o B WeightfPer¢eat ' 
‘n %; - 1.475 - 40'pafts silicone monomer of Exaﬁple.4A.UII)

60 parts methyl methacrylate

fhe fofégoing_ekémples diiécted'to hifocal lenses_ilius-
' -traté-that the various né&el polymers of theinvention c;n'be
15'. used to make both eiements of.é bifocal qohtact ieﬁs;énd_thét'
the finished leﬁs,ﬁasgfeatly.imprOQQd oxygen perméabilitf with
reSpéct to P?ior.arﬁ ;eﬁseé. Because of this incteésédn

. pe:meabilify).even ré;étiﬁelf thick bifocal lensés; including

th§se Qhergin.the'bifcéalssegmenn is'tétally sﬁ;:oundgd by
20 low index material, cén'bezdomfortébiyfand_safely WOrn_fof.

- extended pe:ioés_in felatibn_to priof aét lenses. The_présencé
.6f e#en.subétantiai percéntagés_df,the siliCone comoﬁomers
which provide thé'incréised oxygen permegbility of the lenses
ddes not in any -way a§§ersely_effec£ the optical clarity,

25 - machinability, dimensional stability, or index of refraction

'.L)_

.

_ substituted novel nonomers-referred to in the intro- 10 - ductory
portfhon: of the specification and given Conpounds Nos. |-VI, .inclusive. ~Any
oneior. nore of ‘these conmpounds or conorggrers -are then reacted with a clwess



SZVJn addition to the two or nore princi pal classes of cononomers used to
"make t he: novel plastics conpos-.ltlon of the invention, it is well known to_:
those skill.ed i'n the contact ‘'l ens art to be desirabl e, but 5 not
‘necessary, to provide, additionally, nminor anmounts of other nonomer
materi &% used to .cross-1ink the conposi-tion or -i ncrease the. wettabil
t'he finished'product However, where the .novel material' is not goihg to
be used in meki ng contact |enses, 10 thqge ingredients may be left out,
and ot her and-different naterlals may be used as- desired. The nanufacture
.of certain of the.ingredients of the po nanel t he, variou
il lustrated congno egf%xls é%c??%%ﬁcgélo orfgver, hgc&HﬁBUﬂﬁeél) uhlch
. i'ncl udes threepommmsnﬁlarnalatsvelyn&bhghsahdxycmdumﬁunﬁsxﬁmﬁntor g
substituent, i's nmad t 4A, by .usi.ng the. substjtute
acrylic propylsil ang{ %tserrﬁlr#'e %oxyrre?%acggphgoxyp X’ﬁiyla i PR Shd egéfl ng it
with three nol égventi®n i riron rimetaydvel exgapdesyyditl amm ben séenpresence
of ethanoi g sukfuki-¢racid,dpl{sned P | r and
dIStI||Ing§StepS referreSItJR%% B CQ¥ i&%rgg 2%%§uggflfﬁ¥§{ cryTlc or
methacrylic pr8fyR §ﬁwam§ﬂﬁﬁﬁQmiﬁmoughteoiats ponyidesed appolymek- 25
bone” or basi Ccoh@iriisREl WP & &l o OO WML 6o hBR P! Xéﬂ“ggécﬁﬁ4 groups

are added to produce the .novel nonomers. Consequentl he sane ackbone" "
i s ' in and of themselves. These 1nclude t e hlghly

. substituted novel monomers referred to in the intro-
10.' ductory-portlon of the spec;flcatlon and given '
| ‘Compounds Nos. I-VI, inclusive. Any one or more of
.'these compounds or comonomers are then reacted with
a class of known comonomers wh1ch have a polymerlz-'
.able acryllc m01ety or portlon to produce the oxygen-
15 permeahle plastlcs. Consequently, broadly speaking _
' ”'the copolymerization of these classes of_comonomers,
provides the ba31c, novel'plastic material of the. |
nlnventlon. However, as is well known to those
skilled in the art, the actual plastics.used'in
20 "commerc1a1 practice may also further include mlxtures'
.of these known comonomers 1nstead of the 31ngle
comonomers only. Naturally, ‘where one or more
monomers are novel, the reaction product of these
monomers with known comonomers w1ll also be novel.
25 fStlll further, some of the acrylic: monomeps,'wh11e
:known 1n themselves, have not been commonly used 1n-'
- making lens materials. - o
ThlS category 1ncludes, for. example,'cyclohexyl'
: methacrylate and 51m11ar compounds whlch undergo the
30' 'same reactlons or those referred to in the above
| spe01f1c examples and whlch reactlons are therefore

" not repeated in detail herein.



uused in the case of nmking each different nononer, the reactlon mechani sm. \J

he sane, the conditions 30 are the same, and in some cases, such as
qubstit- ytion of the pentanethyl d|S|onyanyI groups portlons of the
)i ng materi-al s are the- sane: 33 Conpound (IV) ks ‘thus nade by the '
sd met hod, using the "backbone" acryllc starting: mat erial ,

t ri met hoxyret hacryl oxypropyl sil ane, ‘and reacting it mnth tmo nDIes of the
~tristrimethyl siloxyacetoxy- 5 S|Iaﬁ@ and one nole.- B
-acet oxyhept anet hyl tri si | oxane, nd which:is nDIo ue of
t he acetoxypentaneFHyHﬁQﬁq%ﬁ&u&PrE? Fﬂa %0) Pﬁféxaﬁd%§é%eixﬁ£%ﬁﬁﬁg is

.rnade byhre?Ctb?ﬁcFﬂ%ﬂgﬁeﬁgxusﬁdC@GDﬁané %hbhn@ﬁ&ﬂﬂﬁkﬁsﬂﬂﬂs(ﬁompos— :
acet oxyhept.anet hyl.- ri siloxane, tri | si |l ax cet oxysi | ane,
and. acet oxypéht2ReCy tdi%siibieheton ObF‘rpi'J% E{]\:}) 0 (hta%/) RLNELS élfferent

princi pal subskitueat igr s, coOneacdnlansi agtt wo suel ideovi et pbes, but

.containing three silicon atons, and e cQ ta|n| on at ons. l5
“Condition .ana°gtH@F%ﬁiﬁﬁ%ﬂst%r%r?hegganegastﬁﬁ%%él(ﬁ 4é$n Exanpl es 4A

,and 4B. ConpoamdufpVls) dﬁsdﬂ&ﬁuembnwmeeamataglaﬂe uaﬁﬂ<t¢xnmﬁ5@ohpohnd with -

one mol e of t trlnet dsg 0 ceLQyy¥s h@n% d o | .
-acetoxytrlnet%bFS|Pg lld%ndl o%s éng othéﬁﬂﬂéﬁggﬂﬁg §fe9$ e sane as’
those finished product. However, where the novel materlal

‘is not 301ng to be used in maklng contact lenses,

10' these 1ngred1ents may be left out, and other and

: dlfferent materlals may ‘be used as de31red._
The manufacture of certaln of the 1ngred1ents
_'of the polymer, namely the varlous 1llustrated
comonomers, is described below.__'

15 . Compound (I), whlch includes three unlts of the
trls trlmethy151loxy 31loxanyl group or substltuent,
is made as.outlined in Example 47 by us1ng the'
substltuted acryllc propy131lane, trlmethoxymethacryl-
oxypropy151lane and reactlng it w1th three moles of

20 tris- trlmethyls1loxyacetoxy31lane, in the presence

' of ethan01c sulfuric ac1d, followed by the separatlon,
.r1n51ng and dlstllllng steps referred to 1n Example
4A. The substltuted acryllc or methacryllc propyl.
51lane may be thought of or considéred as a "Gack-

25 _bone" or ba51c startlng materlal onto whlch the :
siloxy. functlonal groups are added to produce the
”novel monomers. Consequently, the same "backbone" is
used in the case of maklng each dlfferent monomer, '
-the reactlon mechanlsm is the same, the condltlons

30..are the same, and 1n some cases, "such as ‘the substlt-
utlon of the pentamethyl dlSlloxyanyl groups,'

portlons of ‘the startlng materlals are the same.

~

L 3



ferred to in Exanples 4A and 4B. The exanples referred to just above _
I ustrate.the: basic nature of the reaction, nanely, the provisions of. a.
_ backbone or, starting conmpound which is a 25" substituted silane such
tri met haxynet hacr yl oxy- propyl silane.- The trimethoxy group of this si
is remavwed by and reacts with the acetoxy portion of t-he substituent {
- to. produce a by-product such as nethyl acetate, wth the silicone ato
‘the 30  silane in the "backbone" thenshaving the substitued si l.oxy group

bonded t hereto. 34 Conpounds |-Vl ilTustrate that trinethylsiloxy groups .

in various conbinations, as well as nore highly substituted groups such as’
the tris- tr|nethylS|¢omyeupdnﬁaﬁéthplmhus(»Qdﬁﬂh&ﬂﬁhaysamesmébhpdand

simlar - fn cggebebg g Q %Qe a&kb &, a&&g gpnblnatlons
°s A S 4 T 4Bt

As p0|nted out nomn 0S€ alt, the use
of pentanethyhmEnmok@neyastaasubspmwwemmmkﬁﬂ&EWW1 aﬂmerﬂoveinaohyners of.

10 the presenyy dvephi 99 bgchydeneoy LokpEpetpghude the

" pent anet hyl di sil oxane substituents, as me as t He nor e- ranched
and/ or highly stibkane uzed @onpoeﬂuésof mt@rwf@ptsamehsbﬁelsnoxane,

pent amet hyl di sid RS0 hRd 9Rh RGNt 9sP8 UEEHE HYhologue of the
: .acetoxypentamethyldls1loxane referred to in Example 4,
Compound (V) is made by_reactlng the "backboneﬂ_
compound:with one mole each of acetoxyheptamethyl-
10 ttrisiloxane,_tris(trimethylsiloxy)acetoxysilane,_and.-
acetoxypentamethyldisiloxane. 'Compound (V) thus
has three different pr1n01pal substltuent groups, one
COntalnlng two 5111con ‘atoms, one contalnlng three -
silicon atoms, and one contalning'four silicon atoms{
15 _Condltlons and other reagents are the same as those
set out in Examples 4A and 4B. o
Compound (VI) is created by . reactlng the "back-
bone" compound w1th ohe mole of trls trlmethyls1loxy-
'acetoxy51lane and two moles of acetoxytrlmethy151lane.
201 Conditions and other reagents are the same as those
' _referred to in Examples 44 and 4B. _ _ '
| - The examples referred to just above 1llustrate the
ba31c nature of the reactlon, namely, the . prov151ons
) of a backbone or startlng compound which is a
.25 substltuted 51lane such as trlmethoxymethacryloxy-.
propy131lane. The trlmethoxy group of this s1lane
is removed by and reacts with the acetoxy portlon of -
.the substituent group to. produce a by product such '
as methyl acetate, with the s111cone atom of the
30 "s11ane in the "backbone" ‘then -having the substltued

'31loxy group bonded thereto.



15 . préctice-of the invention, it is also desirable to prOV|de an |nproveqd

"type of -

group,

- rmononer..

Qf .

maki ng such pent a- et hyl di si | oxane. Flnally because-t he |

fnechani sm of reking the novel nononers uses' acet oxy derivations of

tutents, sonme reference will 20 be nmade to acetoxysilane -
and their production. The acetoxy conpounds undergo the. cl ass or

reaction referred to above, nanely, the' elimination of an acetoxy .
_ and coupllng a siloxy or siloxanyl group to the silicon at om bonded. -
25  to the alkyl portion of the subgiituted acrylic or nethacryllc ' '

Wil e the basic nethod of manufacturing other acetoxy compounds

a an

My be suggested byt ahasf payyr ¢9 10l e Sl aéﬁwéé L Bs DRbkgved that

"the acetoxy conpound it

i nt er medi ate Eﬁﬁﬂkﬂmﬂﬂrxﬁrh@uﬁovembﬁnndm@m§n%ﬁ&ﬂWQ&ﬁtQSheceenhlgh135

Ref erring agai it r n I
advant ages Ofs?ﬁgﬁﬁg?ﬁgﬂﬁl {ﬁg ?a?g Q% %%e'??%?ﬂéy?% ?ge yie

gilBQ?dOf t_he__ X

of

pent a- nethyl@Pﬁqﬁﬂéﬂﬁy4%1%hb@¥&h?P&FmFﬁhﬂ%ﬂﬁkﬁkﬂqwﬁra@%a@labﬂefto be

obt ai ned F r oMgPlouQ's Ardaieh §108l8dedOBE 18RS ¥R i orddi Snigathalist he known and
previ ously preferred nmet hod invol ves the cohydrol ysis of m xed S|Ianes

the cﬁﬁ%ﬁﬁﬂﬁﬁﬁ%P%f dlnethylchlor05|lane and

‘nanel y,

20

10

15

25

30

As pointed out, and as is well knonn to those
skilled in hhe art, the use of pentamethyldlslloxane

_as'a'substitnenﬁ'is known. The novel polymers of

' the present invention 1nclude comonomers whlch 1n-
turn include the pentamethyldlslloxane substltuents,

- as well as the more hlghly branched and/or hlghly
'substltuted compounds. Therefore, since. some '
pentamethyldlslloxane is 501ng to be used in the
practice of the 1nventlon, it is also de81rable to

'_prov1de an 1mproved method_of.maklng'such penta-
methyldisiloxane. 'Finally, because the reaotion; _
meohanism of making the'novel'monomers'uses aoetoxy
derivations of the sﬁbstitntents, s0me'reference'wi;1
be made to acetoxy51lane compounds and their ._-
production. The acetoxy compounds undergo ‘the class
“or type of reactlon referred to above, namely, the."

"e11m1natlon of an acetoxy group, and coupllno a .
s1loxy or s1loxanyl group to the silicon atom ‘bonded
to the_alkyl portion of the substltnted acryllc or
metheorylic MonOmer; 'While the basic method of
manufaoturing.Other eoetoky'oompOUnds may be'suggested '
by eerﬁain'featUres of the'prior.art, it is believed
that the acetoxy-combdund itSelf is new;. It is.
'hlghly useful as an 1ntermed1ate in preparlng the

.novel monomers referred to hereln.

-



nethylchlor05|lane The process is. carrled out .10 by hydrol yzi ng,
chrbrlne silicone-bond and form ng hydrochloric acid and the . - .
pentanethyld|5|loxane However, as wth ot her cohydrol ysi s reactlonis'

two or nore different starting reagents, the reaction product conpr
m xt ur &of the tetranet hyl -, 15 -pentanethyl- and hexanethyl-disilo
~Since such conpounds differ: only sllgh§ y from each other in structure and
- nol ecul ar wei ght,” subsequent ‘separati on” of the desirable:

-penta”Ethy|d|31|OXGRGfE?QEh@h%gﬁﬂﬁﬂtdKHHKMmEhuf§cdufél6@|benﬁépen5|ve and'
ti me-consumng. 20

N Accordin g 1o t he ent neth rel gted .
conpounds_are PFbA%EEY: Slli' cﬁ’ném%ncﬁ{/ %i/ %I‘?Y\%ngﬁgeg ?‘ \fths may
be used to enSﬂIBusbahtehe1hy¢Mmmﬂk§|h Esldh@teahedybyluheﬂwyunuawldoes -

- not react W th Oéﬁ%iglsll | nt rfer etﬁa%t‘btfjhgfl tgéglﬁg éegr‘;%trer |ha%t or

- the reaction .pPd R ougﬁ: e pyri dival
prevent s sugh aehettonpean@udmnedrﬁrQMHnnﬂ@mLmetomethedseacﬂma1naaaqne

e 2t at s curkfnbnts 13 38 (I NGRGA O PoRLE9: 801 GO 4t 1| an

fapproprlate yield I's"reach ferr| now to"t
plastics natermatBOdadeVbﬂdﬂﬁahhﬁuﬁﬂhY¢k@lh§1%n@fomlnﬁﬂeShépﬁ@%%ﬂhyI

~trisi|oxanyl 95 OHBE 2T EngUil OB J1G7s 156 # ndixl?§thp?zeﬁ&bs=ef51qlaf Heetddg onl'y
fron1the|r Iess subsfitute -counterparts i n mol ecul ar “wei ght's and slight
o _tr1methy1ch10r031lane._ The process is carried out

_1O by. hydroly21nv the chlorine-silicone bond and formlng-
hydrochlorlc a¢id and the pentamethyldisiloxane.
However, as with other cohydrolysiS'reactions using
two. or'nore different starting reagents,'the'reaCtion

_'product comprlses a mlxture of . the tetramethyl—

15 pentamethyl— and hexamethyl dlSlloxanes. " Since such
compounds dlffer only slightly from each other in _
structure and molecular,welght, subsequent separation
of the_desirable pentamethyldisiioxane from tbe other
compounds iS'difficult; eXpensive,'and time-consuming.

20 AcCording'to the present'method,'no such'reiated

' compounds are produced.' Pyridine,.vinylpyridine,ior
similar compounds may be used to ‘ensure that the
hydrochloric acid creadated by the react;on.does not

_ -react'with.or otherwise interfere with the. starting

25"materials or the_reaction_product. It is thought that

. the pyridihe'or equifalent preventSISuch reaction, and
when the temperature of the reaction mixture (Step 2,
Example 1) is ralsed, the reaction beglns and contlnues

_untll an appropriate yleld 1s reached. - _ _ -

30 - Referrlng now .to- the polymer, plastlcs materlals;
7made from a monomer hav1ng one or’ more heptamethyl-
'tr131loxanyl groups are sultable for ‘use in the
invention, d;fferlng only from thelr_less substltuted

counterparts in molecular weights and slight



" co ol hayving a | ower Silicon content. Referring-agai'n to the nanufacture

_invention is that RIEF HA& HBHEE

*

Aheptanethyltr|5|loxy or other, nore highly substituted groups, results in a~’

1'pro u ch is sonemhat hore gas permeabl e than"a counter-- 5+ part

36 physical property differences. In general, the.substitutiOﬁ of the

\specj fi c..conpounds identified as conpounds Nos. -I-VI, it wll %
ul ‘ood that, as i-n. the manufactyre of other-sjnilar-nnnbners, there are.
c.certai ™NBy- 10 - products which ar @rade as a result of commercial or even

| aboratory sgghsg jnanuf e 0f 3t PP cpLQAUCt Sy R &X2P! gpei N an attenpt
to prepare t%eygb oudﬁg?%%nt? fied aseconpoun il ég%WHcEPcon?alns two of -

“the tri’s- tr|ﬁﬁ@ﬁﬂlt%ﬁkRRBOénﬁhenbeﬁéﬁﬂéﬁ@Wﬁﬁf1iﬁkﬂﬁv aqy otherwi|| be

" under st ood tB%?éiH¥§ﬁfvfb&%%€§B&@ga eholulps ,yirelshd | 1 hea aprBRQRRS haV'“QI
two or -three pentaneth %egbou ps, and a certain part of the yield wll be

a_nononer ha¥itd§ords 139 2HeRAYE- EFFORS A A, 2 t FRUBEEFMs are o
“not' i nt egded phe teXxInitruld haw‘rbﬁgpaesenee @fi 194h cosppsmes which exist as

by- products of nuf acturin the ngggegéeteiuﬁﬁfngtégfégée or t he
ng&nig I3 orily

|ncorporatedsp@ulﬂﬁ&e¢ﬂmﬁﬁm@dsaieénahslbmomsMudmpddwﬁéemses B-gIto 25 =
" by-product s iy el i W fefs E8hao ThaY LAY a, v e drac HieBowy " "
'substltutlono@nannennsimﬂreslMDnomeasonshmﬂenan&acertaln by- . S
_10_-3products which are made as a result of commercial or‘
 even laboratory scale manufacture_of these products.
For'example;iin-eh:attempt-to-prepare.the compound _'
'Tidentified'as compound II, which contains tﬁo of the
trithrimethyl- groups and one_pentemethyle group, |
15 ;Lit wili be'understood that'a certain percehtage of
l the yleld w111 be a monomer hav1ng two or. three
'ffpentamethyl— groups, and a certaln part of the yield
.w1ll be a monomer hav1ng one tris-trimethyl- group.
_Accordingly,. the clalms are not intended to exclude
20 the presence ‘of such compounds Wthh ex1st as by-
-products of manufacturlng the lntermedlates. One
- feature of the invention is that such.by product
compOunds meytbejsatisfactorily incorporated into
the plasti¢ materials from Which the lenses are to
25  be made; even-though-they'are not intentionelly
included. In addition; the by- products may include -
other compounds whereln there is a hydroxyl '
substitution on one or more 3111con atoms relatlve
to which there is or is 1ntended_to be, a s;Loxane
30 - group. Whereas, if sufficient effort,is'made, the -
'preseoce'of these hydroxyl-substituted COmpounds can’
be minimized or eben'elimiﬁated; one feature of the

invention is that although a plastics copolymer



’t.;o which thereis or is intended to be, a siloxane 30  group. Wereas, if
sufficient effort is made, the presence of .these hydroxyl-substituted .
.,conpounds can-fe mininized or even elininated, one feature of the invention

is that although a plastics copolymer - 37 product may be nade which,

al t hough incorporating varying anounts oy such by-products, is still '
~satisfactory for use as a lens material. Wile this aspect has not beg
~‘i'nvestigated in detail, it is 5. bel | eved %ossibte that such by-prods

‘mght, in-cert@rRddsdedtaaRf dipde “kiftieh2dshegsaho inparrarafeiips nore,

of the intendeqapyadiectamdiei®es réNdsnew sgabpobiackie Arepariati on of penta-
_nethyld|3|loxane,_t2e %B£&r<: nt has set-fgrth t he iQ preferred nethod of
manuf acturing SA&ISARAS P Y nf UcHS FreBfod FREPUBAAG FERE -additdildh WHiDyridine
or Vinyl pyridasgecitomaaxaigpt ehedw iheesoligadedetinylde taliligr osid aie prior to

e, 9900 o e g T 81 LEAEL sy 5B S 000, O L T e
acid created i getrhaircaxtses), fageregatagasr maahakyziling tdhea 5%/ forcoupl i ng “of
e TR oBob e DE oL lugyosum 10 hal pyrl e
pyridinium hydro- Referring now again to the preparation of penta- -

' : methyldisiloxane, the applicant has'setiforth the |
10, .preférred method of manhfacturing the same, with
" such method including the addition of pyridine or
vinyl pyridine,:  for example, to ﬁhe.cold dimethyl-
chlorosilane prior to the addition of the trimethyl-
. silanol. | It is believed poSsiblé'that the pyridine,.
_15-_: Vihyl p&ridine, or like Compoun@ prévents the |
: hydroéhldric_acid dreated:in.the reaction from aiding
' ob catalyzing the self-Coupiing of the trimeﬁnyl-' |
silanol into hexamethyldisiioxane. ' AsSuming.tnat
pyridiné'itself is used for this purpose, the
20 resulting.pyridihe cbmpouﬁd is-pyfidiniﬁm[hydfd-
chloride. Those,skilled in the art may uée oﬁher
compounGSZSerVing the same purpose as pyridiné or’
vinyi pyridiﬁe; the reaction product will then_be a
| counterpart hydrochloride or equivalent. | o
25 It is believed that the names used herein
-adequately'identify the_éompounds used in the practice
of the invention. Certain compounds, in addition to
'being”identified'by name,.wehe also identified:by.
1stfuc§ure.'_lh édditidn.tp the co@pounds_ideﬁtified

30 'by structure above, therefgfe other'compounds which,



chloride. ~Those skilled in the art may use ot her conpounds serving the"
same purpose as pyridine or vinyl.pyridine; the reaction product will then

" be a count er part hydrochl ori de or equi val ent.. 25 - - 1t is Pelieved

the nanes used herein. adequately |dent|fy the conpounds used in the -

_ ‘ce of the invention.: Certain compounds, in addition to being “ .
':I}f\“fled by nane, were also identified by structure. In addition to t he-
conpdlinds identified 30 . by structure above, there are other conpounds

© which, 38 while fully |dent|f|ed by 3@ane, are sonetlnes gi ven ot her or

addltlonal names, and for sinplicity and accuracy, the structural formulas .

. of these conpounds are set forth below. 5 o PVP or pol yvi nyl

pyrrolidone is a polyner of | -vinyl-2- pyrrolldlnone pol yvi nyl
. -vinyl - 2 pymwﬁhlbgrfgﬂﬂdondentlfled by name, adeneneeGaM§@lemmmnas'

o Nevinyl < 2- pé/it'ié’t QP”ﬁhdIrt'l%(ntarl' "HkafW. S'A%Y}é‘ﬁeé%ﬁ .l 4 |
W thus be seen -t resent” i nvention éés nove chenlca
Conpounds, Conp@%¢@r@ﬁg, &hg structural formulas of these compounds

are set forth below

5 PVP or polyv1nyl pyrrolldone is a polymer ‘of
' 1- v1nyl 2 pyrrolldlnone '

:N: e
u

-C—-cC- |
l. : _!
S |
— 1%
polyViny1' S o - 1= v1ny1 2- pyrrol-
_ pyrrolidone S : ~idinone (also known
10 E : _ R ' as N-~vinyl-2- -

: pyrrolidone)o

jTris(trimgthylsiloxy)acétoxysilaha-

l

cugo- :.._o.. s,(cqq_-,.)

N
O S" (C‘_Hs)

It w111 thus be seen that the presnnt 1nventlon-'

_.15'1 prov1des novel chemlcal conpounds, C0m9031uwons,'and



3Q articles made therefrom such conpounds, conpositions and articles

-havi hg the novel advantages and characteristics referred to hereiin and

ot hers whi ch are i nherent therein. 40 CLAIMS 1. A conpound suitable for
‘maki:ng -oxygen- _perneabl e pol ymers used in the productiqn of contact |enses,
said cdﬁpound having the structure: A ASI-Al R - X 0 A -
[err]- wherein Ris selected fronlthe cl ass consisting of |ower alkyl
groups contalnlng 1 to 5 carbon atoms a&@%d hydrogen, and n-is an‘integer
- from about one to three, wherein X and Y are selected fromthe class
consi sti'-ng of | ower aIkyI groups containing 1 to 5 carbon atoms, cyclo-

al kyl groups, paemwclers)me( subesztém&@;i 306nUBSHBSLInGS, utc%mpoﬁdwyl

.groups (includin ol ysil.oxa gr oups fluorine and.Z groups; Z'is a -
groug 0§ the Stﬁggfﬁfylcles'ngv1 ghg novel advantavesgan

07

characterlstlcs referred to hereln and others whlch

- are 1nherent therein.



AAS-AO  A-0-Si-0- Si-AO AAS-AA - 41 and wherein Ais
sel.ect ed fronmrtthe—ctass Loﬁsisting'of | ower al kyl groups containing .1 to 5

_ carbon at ups. 2. A conpound suitabte.for making.
.0 Qhper Wﬂ mrs used in the production of contact |enses;”
- sai {yCgnpoun i s(tris-trimethylsiloxY- e

_ '~c:yl)nethacryloxy(lomer al kyl)silane, wherein said: Iomer aIkyI group_
. has.one-to three carbon atons. .3.. A c#ﬁpound suitabl e for making .

- oxygen- perneabl e 10 polyners used.in the product.ion of contact: Ienses

© said conpound .conprising bis(tris-tgumEMyl sil oxy-
-.S|onanyl)nnnopentanethyld|S|onanyrﬁﬁfﬁaéryloxy (1 owner - aIkyI) ‘si | ane,
wherei n -said | owery al kyl cgnpopndasuana ile ttoeansial hgnoaygen- 15 4.
A conpound suitable for naking oxygen-perneabl e polyners used in ‘the

~ production ofpevanéssiel pawﬁersalu&e@brmowmb qunqaduxetngn of contact
-nDno(trls trinmethylsiloxy- - _

SI | oxanyl ) bi g(q&esmaneunyhdcsmbomrd yia)wm’t&ad‘rgll @'XW#: bwee

IA-
A-Si-A
o : Ry . ,
% < & | SR
1 o b T
CHZ—C—C O—(CHZ) —Si—O-Si-O—Si*A I :
1 : \ i :
o Y .o A
: §
A-Si-A
st
A

5 Qhereln.R is selected from the class con31st1ng of 1ower.
' alkyl groups contalnlng l to. 5 carbon atoms and hydrogen,
‘and n is an_integer from about_one to three,.whereln,x
and Y are Selected'frdm the claes consis*’ng of 1ower
alkyl groups contalnlng 1 to 5 carbon at >ms, <yclo-
iQ' alkyl groups, phenyl groups (substltuted and unsubstit-
| Uted),"siloxaﬁyl gboups:(includlng pe;y51loxany1 greups),

fluorine and Z groups; 2 is a group of the structure:

o
- A—?i—A
o A
1
~0-8i-0- Si-A

! !
o A
o
A-Si-A .

SR




alkyl) silane, wherein sald | ower al kyl group has-—one 20 to three carbon
atonms. 5. A conpound suitable for naking oxygen-perneabl e ner s used I n
‘I he productlon -of contact Ienses sai d corrpound”ﬁ,m "I IIIH"i]I"rIII
bi's(tris-trinmethylsil oxy-
'5|Ioxdﬁyl)nono(heptanethyltrl5|onanyl)nethacryloxy ‘25t ?Iomer al ky :
~silane, wherein said |ower alkyl group has one to three carbon at ows-

42 6. A conpound suitable.for making aygen- perneable polyners used in the
.production of contact lenses, said conpound conpr|3|ng :

_mono(tris-tri J“dﬁ%}@ . lected f S '
VS|onanyI)nDng§%eptanet yItr|S|F8x§ﬁyldnnﬁEEEnhe %}ass con31st1ng of

met hyl di si 1 ox t I |5 i e r aIkyT'

" group has oneq%ﬁr{%g%gr %g&ggw@gn@%ﬁ% kgs npour?dMSTaJ?e % %g?%? ?fﬁ ing = -
oxygen- pernea@q%dylygggé ygsed in the production of contact Ienses 10
sai d conpound cenpri sing nDno(trls trinethyl siloxy-

si | oxanyl’) bi s(trimet hyl gid xg8%haM8LERGHY OB QES; ¢ ka/i)g\é.ha{;&m&@s&%' n

sai d | ower al kyl' group -has one to three carbon at ons.

oxygen- perreallol yilér $ti$8d "Bhethal ppuluekli®nldr JAIt4SE 18, 58K ng contact
| enses, said plastics material conprising the'reaction product. of from 10%

ta 60% by wei gfatldofc@lwmuwmaﬁ1gehgn@@lﬂsﬂ tfiﬁ%lmlmeftfh@ms‘h(l%xy-

51loxanyl)methacryloxy(lower alkyl}51lane, whereln said
lower alkyl group has one to three carbon atoms.
'_3. A compound su1tab1e for maklng oxygen- permeable
.10 .polymers qsed.ln the_productlon of_contect lenses,
'said_compoqﬂd comprieing'bis(trieetrimethylsiloxyéi
 siloxany1)mohopentameﬁhyldisilokanylmethaoryloxy'
(Iowef alkyl) silane, wherein eaid'lower alkylzgroup_has
one to_three cerbon atoms;_'
:15 : "' 4; A compound suitable for maklng oxygen pefmeable
polymers used in the productlon of contact lenses,
:sald compoond comprlslng mono(trls-trlmethy151loxy-:
_siloxanyl)bis(pehtamethyldisiloxao&i)methacryloxy(iowef
ealkyi) eilane, wherein sald lower alkyl group has one
p20 to three carbon atoms.

5. A compound suiteble for making;oxygen-permeable -
poiymers-useo in'ﬁﬁeeproduction of.oontact-leﬁses;.
-seid_compouod coﬁprising_bis(tfis-ﬁrimethylsiloXy-
siioxanjl)mono(heptamethyltfisiioxanyl)methaChyloxy

25 (lower'alkyi)lsilahe,_wqerein eaidoioﬁer.elkylegroup

has one to three carbon atoms. -



-'.hexy1

to. 90% by melght of a polynerizable acryllc mat eri al sel ected fromthe

cl ass conS|s met hyl acrylate, nethyl methacrylate ethyl
acryl a Hmmm{l ]Wlulll ul ropyl acrylate, propyl methacrylate |sopropyl
acr ylfat &) |soﬁro Byl “me¥ hatryl ate butyl acrylate, butyl nethacrylate 25 -
)ilyl ate, hexyl methacrylate heptyl acryl ate, heptyl nethacrylatef
43 octY acryl ate, octyl nmethacrylate 2-ethyl hexyl acrylate, 2-ethyl hexyl.
met hacryl ate nonylzacrylate ‘nonyl ng phacryl ate decyl. acrylate, decyl
net hacrylate 5 - | auryl acryl at
cetyl methacrylate octadecyl acrylate, octadecyl nethacrylate cyel ohexyl

:\/'

|l auryl nethacryl ate cetyl acrylate,t

acryl ate, cycl ohegyl metdmgronred eshehapleacoyl abdkingenzyytgeret hbacnyible 10'e
phenyl acrylate, phenyl nethacrylate and m xtures thereof, fron10@6to 20% -

by wei ght- ofpalmeerﬁn@sgﬁnmneﬂnbfPDQdO@&ton1©%>@pmﬂaqﬁnleﬂses,
cross-linking agent. 9. An oxygen-perneabl e plastics nmaterial :as 15
defined in chairh gompeorugidn mmrmmmgoagénmoemmmmhom-z -

pyrrolldone or polyners t her.eof .
51loxanyl)mono(heptamethyltrlslloxanyl)monopenta—

5 methyldlslloxanylmethacryloxy(lower-alkyl).51lane,ﬁ
_whereih seiollower alkyl group has one to.thfee carbon -
'etoms. | | |

f. A'compound'suitebie fof'makihg 0x§gen;oecmeable-
polymers used 'in the productlon of contact lenses, 
10.' said compound comprlslng mono(trls trlmethy131loxy-'
' 51loxanyl)bls(trlmethyls;loxanyl)methacryloxy(lower
' elkyl)eilane; Qﬁereiﬁ said lower_aikﬁi gfoup.hasﬁone.
to three carbon atoms.
. o 8;."Ah oxygen?pefmeable p1estics”meterie1 euitable
15 for pse in.making-cohtect'lenses, eaid,plastics'ﬁatefial'
comprieing'the.ceaction bfodhct.of from'lO% to 60%
by welght of a. compound as deflned 1n claim l, from 40%
tto 90% by welght of a polymerlzable acryllc materlal
selected from the class_con31st1ng of
20 . .methyl'acny1éte, methyl methacfylete'
' | --ethyl'aCr&iete, ethyl'methecrilate
:pfopyl'acrylate, propyl methecrylate;
'1sopropy1 acrylate, 1sopropy1 methacrylate
butyl-acrylate, butyl methacrylate-e.
25 hekyi:acrYiate, hexy;_methacrylate

heptyl acrylate, heptyl Methecrylete "

2



410.  An. oxygen-‘per neabl e pl astlcs material as defined
sai’d cross-|inki ng agent conprises: 20 et hyl ene i“w "HIiﬂaﬂmﬂml ate
dlethyleneglycoldlnethacrylate trlethyleneglycoldlneth

tetraethyl enegl ycol di net hacryl ate pol yet hyl enegl ycol di met hacryl ate 25 or. +

- m xturss thereof. 44 11. An oxygen-perneabl e plastics material - swtabl'e '

for use in the nanufacture of contact. | enses, said naterlal conpri sj the

reaction product. of from 30%to .45% by ﬁklght of -a conpound as def din
claiml, 5 from3%to 10% by wei-ght of a wetting agent, and the remainder -
bei ng a nononer selected fromthe class consisting of methyl methacrylate, . .
_cyclohexylnethacryl@éﬁylaﬁdrgﬁ&ture&dwym%mﬁthdékylétanterlaI as defined in
claim11, in which 10 said wetting agent conprises from3%to 4% by melght
of methacrylic aci d2-d8nhylRenglienicalylataefdrerhyhetyl methacnywhiteh said
wetting agent conprises from4%to 10% by -wei ght of N-vinyl 2-pyrrolidone.-
15 - 14. A conmanyllensymhteqpnmnmi(mq@hanmm&mba b|||ty said | ens
belng made fron]transparent pl astics - : o
o decyl acrylate, decyl methacrylate
5 : laurylnacrylate, lauryl methacrylate'
'cetyl acrylate, cetyl methacrylate
octadecyl acrylate, octadecyl methaerylate'
cyclohexyl acrylate, cyclohexyl ﬁethacrylate
benzyl ‘acrylate, benzyl methacrYlaﬁe
.'10 B phenyljacrylate, phenyl methacrylate
'and-mixtures thereof, from 0% to 20% by welght of a
-wettlng agent and from 0% to 10% by WElghu of a
crossfllnklng agent.
9. "An okygen-permeable plestics material'as
15 '-defined in claim's wherein said wetting"agent comprises
N -vinyl 2 pyrrolldone or polymers thereof.
' 10, ‘An :oXygen- permeable plastlcs materlal as.
defined in-élaim 8 wherein said cross-linking-agent.
-comprlses. _
. 20 ethyleneglycoldlmethacrylate
| _dlethylenegLyceldlmethacrylate'
Zﬁhiethyleneglyeoldimethacrflate
tetraethyleneglycoldimeEhacrylate”
'polyethyleneglycoldimethacrylate

'25 | or mlxtures thereof.



¢l ass’ consi sTPRG

material, said material conprising the reaction product of “from 10% t o 60% .
by meight of a conpound—as-defined in claim1l and fP0n140@6t0 90% by melght\’f

poI crylic or nethacrylic éster.-15. An -

\piﬂmﬁmmﬂﬂlgﬂmg terial suitable for use in the manufacture of.

it | enses.t rlal conprising the reaction product of fromud%

aO@bby viei ght of - at |east one silicon-centaining 25 nononer selected

‘from-the class consisting of tris

(tris- tr|nethyIS|onyS|Ioxanyl)nethacry+oxy(lomer aIkyI) - 45 silanef

bi s(tris-trinmethylsiloxy-siloxanyl)nono- . '

pentanethyld|5|Io%%hyldb!h@%yaeox9€rmwebhﬂIqﬂ%sﬁﬂQ§umaterlal sultable

‘mono(tris-trimethylsiloxy-siloxanyl)bis(pentanmethyl- -

di si | oxanyl ) Ferhaiey | igxyFroveanufRetprei odnsorgact lenses, said

bis(tris-trinmethylsiloxy- S|onanyI£nDno(heptaneth yl-

- trisi | oxanyl PRéEFdEY | OBAT ESEREaF 9IY§@Q%%9“rﬁﬂRﬂ%¢¢s°f from 30%

trimet hyl sil oxy-si | oxanyl ) nono( hept anet hyl-tri sil oxany

_ nnnopentanetﬁ?ldﬁ%IQ%«ﬂﬁd$%Yh%€r9lGQ?PP&ﬁQ’%ﬁl&ﬁ§1%ﬁ ah@, chadm 1»_ |

- mono(trisztrinethyl |Io |onan ag

(trimethy?si If6>?5‘n>717§ y‘P%x‘g’?¥§ °£I I?yl”)etsqli%ég%ﬁ’ n"f‘R'E‘uF§§ t her eof

and fron140@6to QOW wej ght- of at | east _on nDnoner sel ected fromthe
% 78 A LPERAREE, Se3F St (O N St hASRYl i ¢ aci ds

t'gggbghxgggﬁ: %Q%&% 1n§mg gyﬁyl%éth%t?&&a%rou%%cE%ﬁé]yingg%gggy %t%nree,

~and mlxtures thereof.
_ lé; A-materialvas_defined in'olaim ;1;'in which -
10 'aaid wetting agent oompniées.from 3%_to.4%”bynweight
Cof methacrylic acid. o |
| .13,: A materlal as.deflned in. cla1m ll,'ln whlch
sa1d wettlng agent comprlses from 4% to 10% by weight
of N-vinyl 2- pyrrolldone._"
3a15l E 14, - A contact lens of 1mproved oxygen permea-
bility;.sald-lens belng made’ from transparent plastics
-:material, sa1d materlal comprlslng the reaction product
of from 10% to 60% by welaht of a compound as defined
__1n clalm 1 and from 40% to 90% by wetght of a- poly-
' 20_ merlzable acryllc or methacryllc ester..
. 15. An_oxégen-penmeable plast;c matérial suttatle
~ for use in_thelmanufaoturotoﬁ'oontact lenses,jsaid-
material conpriaing_thé-réaction product of from 10%
to 60%'oy weight of at least one Siiicon—containing'
25. monomer sélected'from the class conéisting'of_tria

(tris-trimethYlsi10xysiloxanyl)methacryloxy(lower alkyl)'

«)



:’&6;_ ~ An oxygen- per heahl e plastic material as set forth in claim15 wherei n
d silicon-gontaining mnoner i s bis(tris-trimethylsiloxy- si | oxanyl ) nono-

pentanethyld|5|onanylnethacryloxy(lower al kyl) si sai d /7~

"l ower al kyl group has one to three carbon atons. H“mmmmumﬂ ﬁmr nmeahpe .
pl- asth material as set 'forth in e¢laim 15 wherein*satd 'si " cén-tont ai-
_nnnoner is mono(tris-trimethylsiloxy-siloxyanyl)bis 25 _ .
(pentanethyld|5|onanyl)nethacryloxy(Iéﬂer alkyI)S|Iane wherein said | ower

~alkyl group has one to three carbon atomns. 46 '18. Contact |enses

~substantiall h b d f t f . '
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dlSlloxanyl)methacryloxy(lower alkyl) 31lane,
 5 bls(trls-trlmethyls1loxy-31loxany1)mono(heptamethjl-"
trlslloxanyl)methacryloxy(lower alky1)51lane, mono(trls-
trlmethylsiloxy 3110xanyl)mono(heptamethyltrlslloxanyl)
' monopentamethyldlSlloxanylmethacryloxy(lower alkyl)
51lang, and-mono(trls-trlmethy131loxy-slloxanyl)bls
- 10 .(trimetﬁyisilokanyl)methacryloxy(iowér élkil)-silane,.
: and_mixtures-therédf,-and from ho%ltg_gﬁ%;by weight
of ét'leaét:bné mohbmer selected from,ﬁhe élass |
coﬁSiSting of.polymerizable esters of;a;r&lié and .
_meﬁhacryiic;acids and mixtufés'therébf, said_iowen
15 ﬂalk§1 groups having from one'to thbee carbon atdms;

16' An oxygen permeable plastic materlal as set_
forth in clalm 15 whereln said sillcon -containing
monomer is bls(trls;trlmethylslloxy-saloxanyl}mono-
pentamethyldl51loxanylmethacryloxy(lower alky1)51lane,

20 whereln sald lower alkyl group has one to three carbon
atoms. R |

17. An oxygen-perﬁééble;élastié material as'set

'forﬁh.in.giaimfls.wheﬁein said Siliéo@-cohiaining
mono@ér is.mono(tris-trimephylsilokyfsiloxyanyl)bié
| 25 (pehtametﬁyldisiloxényi)methacbylo#y(lower aikyl)sil#ne,
Qhepein éaid.iower alkji‘grbuQ has oﬁe'to three éaﬁbon

atoms.
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18.. Contact lenses substantially as hereinbefore
described with reference to any one of Examples 6 to
21,

The text of the specification has been reprqdﬂced "by photocopying the applicants orig'.né.l

_typescript. = 1t may contain a few amendments which are difficult to read. ' The original
" typescript containing these amendments may be in_spect_ed on the premises of the Patent Office



