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IN THE m@fhss PATENT AND TRADEMARK OFFICE

Inre: U.S. Patent No. 5,470,932 CERTIFICATE OF MAILING
BY EXPRESS MAIL

Issued: November 28, 1995

| hereby certify that this correspondence is

o being deposited with the United States

: . : Postal Service with sufﬁcnent postage #@s

Assignee: Alcon Manufacturing, Ltd. "Exprose Mal Mafling Label No. EV

225496334 US in an enveiope addressed to:

e | MS Patent Extension, Commissioner for

Attention: PATENT EXTENS‘QN ) Patents, P. O. Box 1450, Alexandria, VA
. ,3450, on this date:

APPLICATION FOR EXTENSION
OF TERM UNDER 35 U S C §156

RECEIVED

MS Patent Extension :

Commissioner for Patents - JuL 2 372003
P. O. Box 1450 “ o . »
Alexandria, VA 22313-1450 QFFICE OF PETITIONS
Dear Sir:

Applicant, Alcon Manufacturing, Ltd. (“Alcon”), a partnership organized and
existing under the laws of the Texas, and having a principal place of busmess at 6201
South Freeway, Fort Worth, Texas 76134-2099 represents that it is the asstgnee of
the entire interest in and to U.S. Patent No. 5,470,932. An assignment is recorded in
the U.S.P.T.0. on Reel 011667, Frame 0659. =

Applicant, acting through its duly authorized attorney, hereby‘sgbmits this
application for patent term extension/undgr{ 35 U.S.C. §156 by providing thé following
information required by 37 C.F.R. §1.710 - 1785, R

All references to “approved product” are to the AcrysofE Natural Slngle—Plece

Posterior Chamber lntraocular Lens (Model SB30AL), which was approved by the
FDA on June 24, 2003. :
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ELIGIBILITY

United

LA R

provisions of

States Patent No. 5,470,932 is eli

(4
i
{

35 U.S.C. §156(a) and 37 C.F.R. §§1.710 and 1.720, The criteia for

eligibility are set forth below:

(a)

(b)

()

(d)

(e)

M

(9)

(h)

the ‘932 patent claims a product as defined in §1.?10
(§1.710(b)3)); ‘

the term of the ‘932 patent has never been previously extended;

this Application for extension is submitted in compliance with
S e . e
§1.740;

the approved product has been subject to a regulatory review
period as defined in 35’>’U.§.C. 156(‘g)w@before its commercial

marketing or use;

the FDA approval received on June 24, 2003 for the approved

product is the first received permission for commercial marketing

or use of the approved product under the'p\ro’vﬂis(iwc\)’h of lai)vf ujnde"r A

which the applicable regulatory review occurred;

this Application is submitted within the sixty-day period provided

in §1.720 (f), which period will expire on August 23, 2003;

the term of the ‘932 patent has not expired prior to submi§sjgp of

this Application;

no other patent term has been extended for the same regl.}latory

review period for the approved product.

@



APPLICATION

in accordance with the requirements of 35 U.S.C. §156(d) and 37 C.F.R. §§

1.730 and 1.740, Alcon presents the following information. The paragraph numbers

utilized below correspond to the paragraph numbers under subparagraph (a) of 37
C.FR.§1.740: :’

(N

(3)

(4)

The approved product is an acrylic intraocular lens made of a polymeric
material comprising N-2-[3-(2-methylphenylazo)-4-hydroxyphenyilethyl
methacrylamide as a polymerizable yellow dye. This dye ié .;ﬂso known
as “2-propenamide, N-[2-[4-hydroxy-3-[(2-
methylphenyl)azolphenyllethyl]-2-methyl-“ and has the CAS Registry No.

167094-66-8. The structural formula of this chromophore is

EREN

CH, HO

At

The regulatory review occurred under Section 515 of ,th}e%F;ékderaI Food,

CH,CH,NHC(=0)C(CH,)=CH,

Drug, and Cosmetic Act.

The approved product received FDA approval under Section 515 of the
Federal Food, Drug, and Cosmetic Act on June 24, 2903.' A copy of the
approval letter is attached as Appendix A. :

E]

The approved product in this Application is a device, not a ;drug product.



®)

(6)

)

(8)

(9)

This Application is being submitted within the sixty (60) day period
specified in 35 U.S.C. §1 56(d)(1) and 37 C F.R. §1.720(f), wh;ch period

A\ln irac I\"I Aerrriat
TAMITO Uit I'\UHUO

The patent for which an extens:on IS bemg sought 1s Umted States

Patent No. 5,470,932. This patent was issued to Dawd L Jlnkerson onm

November 28, 1995, and will expire on October 18, 2013.

A copy of United States Patent ‘Nq.)»5,470,932> is atta,qhed/gsi Appendix
B. -

No disclaimer, certificate of correctlon or reexammatlon certl’r' cate has
been issued in connection W|th Umted States Patent No 5470 932
The first maintenance fee has been pand A copy of the f‘rst

Maintenance Fee Statement is attached as Appendux C.

United States Patent No. 5470 932 clasms the approved product The
approved product is an mtraocular Iens made of a polymenc lens
material that contains N-2-[3- (2’-methylphenylazo)-4 hydroxyphenyllethyi
methacrylamide as a polymerizable yellow dye. The polymenc lens
material also comprises 2-phenylethyl acrylate and 2-phenylethyl
methacrylate as lens-forming monomers and an ul\trvgv\igle;t absorbing

compound.

The ‘932 patent contains eleven claims, all of which read on the

approved product.

Ciaim 1 of the ‘932 patent reads as follows:



1. A polymeric ophthalmic lens material comprising:

one or more lens-forming monomers selected from the
group consisting of acrylate monomiers and methacry~
late monomers, and

one or more polymerizable yellow dyes having from one
to four polymerizable acrylate or methacrylate groups,
wherein each acrylale or methacrylate group is dis-
placea from the dye moiety by a spacing group acaord=
ing to the formula

R

S
IHzC"-:C!—ﬁX]/{R )c’—(‘:"IR JelXC—C=CHzlx
R O [RYAXC—C=CHzl,
v
wherein
R=H or CH;

R“racyclic organic spacing group of up to 10 atoms
consisting of C, H, Si, O, N, P, S, Cl, Br or F, alone or
in any combination;

X=0, NH or NR?,

R=C, to C,, alkyl;

d, e, g, and h independently=an integer from O to 3; and

¢ and f independently=an integer from 1 to 4.

The approved product contains a polymerizable yellow dye
having one polymerizable methacrylate group displa@;e’fd from the
dye moiety by a spacing group of the formula provided in Claim 1
wherein R is CH;; R* is CH,CH,; cand fare 1; d, e, g”a;'nd h are 0;
and X is NH.

Claim 2 of the ‘932 patent reads as follows:

2. The lens material of claim 1 wherein the total amount
of yellow dye is less than about 1 wt %. /



The total amount of yellow dye in the approved produét is less
than 0.1 wt %. -

Claim 3 of the ‘932 patent reads as follows:

3. The lens material of claxm 2 wherem the‘tota] amo‘unt
of yellow dye is less than about 0. ZSW; o

The total amount of yellow dye in the approved proddct is less
than 0.1 wt %. :

Claim 4 of the ‘932 patent reads as follows:

4. The lens material of claim 3 wherein the total amount

of yellow dye is less than about 0.1"Wt %. ST T et

The total amount. of yellow dye in the approved prddUct is Jess
than 0.1 wt. %.

Claim 5 of the ‘932 patent reads as follows:

5. The lens material of claim 1 wherein the lens material
comprises one or more_ lens-forming monomers selected
from the group consisting of phenylethyl acrylate and phe~
nylethyl methacrylate.

The lens material in the approved product comprises

[l

phenylethyl acrylate and phenylethyl methacrylate.



Claim 6 of the ‘932 patent reads as follows:

6. The lens material of claim 1 wherein the polymerizable
yellow dye is

RY / R
O R

» nol ‘
(HC=C—CXR —~C—[RYIXC—C=CHalx _
R O [Rﬁd[X(lZI~(f=CHzlx

H

wherein

R=H or CH,;
R!=H, C, to C,, alkyl, OCH,, OC,H;, O€;H,, or OC,,Hg,

a and b independently=the integer 1 or 2;

R>=R', OH, NHZ, NHR3, N(R%),, SH, SR5, OR®, OS](RS)
3, or Si(R%);;

R*=an acychc organic spacing group of up to 10 ‘atoms
consisting of C, H,S8i,O,N,P,§,Cl, BrorF, aloncor
in any combination;

X=0, NH or NR®;
R5=C, to C,, alky};

d,e g, and h mdependem}y—an integer ﬁ'om Ot 3 and
c and f independently=an mteger from 1 to 4

The approved product contains a polymerizable yellow dye
having the formula provided in Claim 6 wherein R is CH,; R' is
CH,; ais 1; R?is OH; bis 1; R*is CH,CH,; X is NH; cand fare 1;
and d, e, gand hare 0. '



Claim 7 of the ‘932 patent reads as follows:

7. The lens material of claim 6 wherein the polymerizable
yellow dye is

CHy HO

i
C'HzCHzNHC(f =CH,
CHs

The approved product contains a polymerizab!é yellow dye

having the formula provided in Claim 7.

Claim 8 of the ‘932 patent reads as follows;

8. The lens material of claim 7 wherein the material
comprises less than about 0.1 wt. % N-2-[3-(2" methyfphe-
nylazo)-4-hydroxyphenyljethyl methacrylarmde “and
wherein less than about 10% of the material’s blue light
absorbancy is lost if the material is extracted with a solveat.

The lens material in the approved product contains less than 0.1
wt. % of the yellow dye of the formula provided in Claim 7and less
than 10% of the approved product lens material's blue light

absorbancy is lost if the material is extracted with a solvent.

Claim 9 of the ‘932 patent reads as follows:

9. The lens material of claim 1 wherein less than about
10% of the material’s blue light absorbancy is lost If the
material is extracted with a solvent,



The lens material in the approved proéuét contaihs a
polymerizable yellow dye having the formula provided in Claim 1
and less than 10% of the approved product Iensimaterial’s blue

light absorbancy is lost if the material is extracted with a solvent.

Claim 10 of the ‘932 p"ate\nt reads as follows:

10. The lens material of claim 1 further compnsmg an
ultraviolet absorbmg compound -

The lens material in the approved product contair_js an ultraviolet

absorbing compound.

Claim 11 of the ‘932 patent reads as follows:

11. The lens material of claim 10 wherein the totalﬁ axgxoum .
of polymerizable yellow dye and ultraviolet absorbmg com-
pound is less than about 1.9 wt. %.

The lens material in the approved product contains a total amount
of polymerizable yeliow dye having the formula éprpvided in Claim
1 and ultraviolet absorbing compound less than 1.9 wt. %.



Relevant Dates and Infprrqgtign pursuant to %5 U.S.(r:. §1§6(g) -

(V)(A) IDE 6900110/844 A
The mvestlgatnonal device exemption (“IDE”) supplement

application was filed on June 08 2000 The IDE applxca’uon was

~annda AI

assigned serial number G9001 0/344 AT‘hee appr“ DE
application occurred on August 31, ZQOO '
(V)(B) PMA P930014/S008 =

The premarket approval (“PMA") supplement application
was submitted on December 21, 2001. Thg ‘PMA supplement

application was assigned serial number P930014/5009.

(v)(C) PMA Approval ‘
The PMA supplement application was approved on June

24, 2003.

10



Brief Descrlptron of Activities During the Regulatory Revrew Penod o

L SRR SR e o B e e

(11)  The activities undertaken by Alcon during the reéulatory review periods

identified in paragraph (10) above were as follows:

(A) 06/08/00 — 12/20/01

Investigational Device Exemption G900110/S44 (hereafter “!Dé") was
submitted to FDA under Section 520(g) of the Federal Food, Drug and
Cosmetic Act on June 8, 2000. The notice of exemption was conditionally
approved on July 7, 2000. A responee to this conditional apbr@val was
submitted on JuI'y 31, 2000 that resulted in an IDE approval on August 31,
2000. A clinical investigation was then initiated with the first study lens
implantation on September 14, 2000. Informational and protoc;ol
amendments were submitted as supplements to the IDE éppliéfation in
September 2000, November 2000, December 2000, April 2001 and July
2001. Additionally, during the time period of July 2000 througrr October 2001,
Alcon partlcrpated rn 8 teleconference calls with FDA regardlng status of the

IDE submission, chnlcal study and/or respondlng to FDA verbal mqurrres

(B) 12/21/01 - 06/24/03

Premarket Approval supplement P930014/S009 (hereafter “PNIA”) was
submitted to FDA on December 21, 2001. Annual IDE P‘rogresis Report #1
was submitted to FDA on January 4, 2002. In April 2002, Alcorw and FDA
participated in a statutory “100-day” meeting to discuss the status of the PMA

filing to date. Additional informational data were submitted to FDA as PMA-S

amendments in January 2002, May 2002, June 2002, July 2002, March 2003,
May 2003 and June 2003. During the time period of January 2(0(’52 through
June 2003, Alcon participated in 27 telecqnferjenyc,e\ calls with EDAMr?egarding
status of the PMA-S and/or with informational responses to FDA verbal
inquiries. Subsequent to the PMA filing, Alcon continuously and diligently
sought approval of its PMA covering this product There were no penods
between December 21, 2001 and June 24, 2003 that Alcon dld not actively

11



pursue approval from the FDA for commercial marketing of this product.
Annual IDE Progress Report #2 was submitfed to FDA on Jan@ary 26, 2003.



Statement of Applicant's Opinion Qonperning E!igﬁpility fqr an Exténsion and }he

Length of the Extensiop

e A 3P

(12)  In the opinion of Alcon, United States Patent No. 5,470,9332 is eligible for

an extension of 832 days. The length of the extension’was calculated

as follows:

(a)

(b)

/ ()

(d)

IDE Peripd

The IDE period began on June 8, 2000,’and ended on
December 20, 2001. The IDE period therefore included a
total of 561 days. One-half of this total is 280.5 days or

281 days.

PMA Pericd

The PMA period began on December 21, 2001, and
ended on June 24, 2003. The PMA period therefore
included a total of 551 days.

Total Regulatory Review Period

The regulatory review period for purposes of patent term
extension was 832 days (i.e., 281 days plus 551 days).

Limitation on Extvenwsi‘on (§1777(d)(3) - (5))" \ ‘

Under the provision of 35 U.S.C. §156(c)(3), the term of a
patent remaining after the date of product approval cannot
exreed fourteen (14) years. In the present case, this
means that the term of the ‘932 patent can';wot be extended
beyond June 24, 2017. Additionally, for patents issued

13



after September 24, 1934, the maximum term extension is
5 years. In this case, adding 832 days to the expiration
date of the ‘932 patent does not extend the térm for more
than 5 years. Therefore, it is the optnlon of Apphcant that
all 832 of the 832 regulatory review penoc} days available

for patent extension can be utilized.

(13) Alcon hereby acknowledges a duty to disclose {6 the Commissioner of
Patents and Trademarks and the Secretary of Health and Human
Services any information which is material to the determmatlon of

entitiement to the extension requested herein.

(14) The accompanymg Transmlttal Letter requests that the $1 120 00 fee
"~ required by 37 C.F.R. §1.20() be charged to Deposnt Account No. 01-
0682

(15)  Alcon requests that all correspondence and inquiries‘inmconnection with.
this Application be directed to the following individual: - r

Patrick M. Ryan

Patent Department, Q-148

Alcon

6201 South Freeway

Fort Worth, Texas 76134 C
Phone: (817) 551-3066

Fax: (817) 551-4610

As required by §1.740(b), two additional copies of this Apphcatlon (for a total of

three copies) are enclosed with this Application.



k4
Based on the foregoing, it is believed that United States Paﬁ_tkeni No.:5,{470,932
is entitled to an extension of 832 days. An official notice to that effect in the form of a

certificate of extension is respectfully requested.

Respectfully submitted,

ALCON

Date U’V’ s IO , 9003 By WW @V—
’ ' S “Patrick M. Ryan ~ ~ Y
Registration No. 36,263

Address for Correspondence:
Patrick M. Ryan
R&D Counsel Q-148
Alcon Research, Ltd.
6201 South Freeway
Fort Worth, Texas 76134-2099
Phone: (817) 551-3066
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DEPARTMENT OF HEALTT & HUMAN SERVICES Public Health Service

Food and Drug Administration

X 9200 Corporate Boulevard
2\ Rockville MD 20850
JUL 1 0 2003 .
3, 5-“ RECEIVED

Ms. Sherri Lakota %»f ® ABE“,!Q* - JUN %'2%

Manager, Regulatory Affairs N
Alcon Research Lid. L JON 24 2, R@Shem Lakota
i . gulatory Affairs

6201 South Freeway
Forth Worth, TX 76134-2099

C e

Re: P930014/5009
AcrvSof® NATURAL Single-Picce Posterior Chamber Intraocular Lens (Model SB30AL)
Filed: December 26, 2001 Lo
Amended: January 28, May 16, June 20, and July 10,2002 and

‘March 10, May 27, and June 17, 2003

Dear Ms. Lakota:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration
(FDA) has completed its evaluation of your premarket approval application (PMA)
supplement, which requested apgroval for the AcrySof® NATURAL Single Pxece Intraocular
Lens (Model SB30AL). The device, as modified, will be marketed under the trade name
AcrySof® NATURAL Single Piece Intraocular Lens (Model SB30AL) and is mazcated for the
replacement of the human lens to achieve visual correction of aphakia in adults when
extracapsular cataract extraction or phacoemulsification are performed. These lenses are
intended for placement in the capsular bag. Based upon the information submitted, the PMA
supplement is approved. You may begin commercial distribution of the device as modified by
your PMA supplement in accordance with the conditions described below and in the
"Conditions of Approval® (enclosed). Cot

The sale, distribution, and use of this device are restricted to prescription use in dccordance
with 21 CFR 801.109 within the meaning of section 520(e) of the Federal Food, Drug, and
Cosmetic Act (the act) under the authority of secnon S15(dX I)(B)(n) of the act. FDA has also
determined that, to ensure the safe and effective use of the device, the device is further
restricted within the meaning of section 520(e) under the authority of section 515(d)(1)(B)(ii)
insofar as the sale, distribution, and use must not violate sections 502(q) and (r) of the act.

CDRH does not evaluate information related to contract liability warranties, however you
should be aware that any such warranty statements must be truthful, accurate, and not
misleading, and must be consistent with applicable Federal and State laws.

Failure to comply with the condmons of approval as attached invalidates this approval order.
Commercial distribution of a device that is not in compliance with these condmons isa’
violation of the act.




Page 2 — Ms, Sherri Lakota
&

You are reminded that as soon as possible and before commercial distribution of your device
you must submit an amendment to this PMA Wwith  copies of all approved labehng in final form.
The labeling will not routinely be rev1ewed by TFDA staff when PMA supplement applicants
include with their submission of the finalmprmted labeling a cover letter stating that the final
printed labeling is identical to the labeling approved in draft form. If the final printed labeling
is not identical, any changes from the fi nal draft labeling should be }ughhghted and explamed
in the amendment.

=

All required documents should be submitted in triplicate, unless otherwise specnﬁed to the
address below and reference the above PMA number to facxlltate processmg :
PMA Decument Mail Center (HFZ-401)
Center for Dcvxces and Radxo”]ogmal Health
Food and Drug Administration
9200 Corporate Blvd.
Rockville, Maryland 20850 »

If you have questions concerning this approval order, please contact Ke51a AIexander Ph.D. at
(301) 594-2053. :

Sincerely yours,

. Ralph Rosenthal, M.D#
/éfgirector
Division of Ophthalmic and Ear,
Nose and Throat Devices
Office of Device Evaluation

Center for Devices and
Radiological Health

Enclosure
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57 ABSTRACT

Novel polymenzable yellow dyes are disclosed. Addition-
ally, novel and known dyes are used to block or Jower the

’mlznsxty of blue hght transmitted thmugh ocular lenses and

other windows.

11 Cla:ms, 3 Drawing Sheets’
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5,470,932

1

POLYMERIZABLE YELLOW D
THEIR USE IN oi*mmft ’i:ﬁ&’s‘izs o

FIELD OF THE INVENTION

“This invention relates to polymeric yellow dyes and their
‘use in opbihialdiic leses, In particular, this invention refates
10 polymerizable yellow dyes of the azo family in “blue-
blocking™ ophthalmic lenses,

BACKGROUND OF THE INVENTION

The assessment of optical hazards in recent years has led
to the recognition of the possible hazards to the retina
associated with blue light (400-500 nm). If the blue Hght
hazard is ‘a real threat 1o vision, then the UV/visible trans-
mission characteristics of ophthalmic Jeases, and intraocular
lenses (IOLs) in particular, should be modified to provide
adequate protection from blue light hazards encountexed in
the environment,

In the ambient environment solar radiation is the primary
hazard to vision, The sun fme!y emits UV, visible and IR
radiation much of which is absorbed by the atmosphere. The
solar radiation that is u'ansnuttcd lbmugh the atmosphere
and reaches the earth’s surface copsists of UV-B radiation

2
copolymerized with other polymerizable  lens-forming

" oronier compotents. Also taught by the Menikon Appli-

10

-

5

20

(230-300'nm), near UV or UV-A radiation (3002400 i),

visible light (400-~700 nm) and near IR radiation (7001400
nm). The ocular media of man in its pormal, healthy state
freely ransmits near IR and most of the visible spectrom to
the retina, but UV-B radiation is absorbed by the cornea and
does not reach the retina. The transmission of near UV and
the blue portion of the visible spectmm can be absorbed %y
the crystalline lens depending on age. -

The buman crystailine Jens changes its UV and visible
transmission characteristics as it ages. In infancy the human
Jens will freely transmit near UV and visible light above 300
nm, but with further aging the action of UV radiation from
the environment causes the production of yellow pigments,
ﬂuomgens, within the lens. By age 54 the lens will not
transmit light below 400 mmn and the transmission of light
between 400 and 500 nm is greatly diminished. As the lens
ages it continuously develops a yellow color, increasing its
capacity to filter out near UV and blue light. Therefore, after
cataract removal the natural protection provxded by the aged
human lens is also removed, If the catdract is replaced by an
10L, usual!y UV proiection is provided, but blue light
protection is still lackmg

The use of conventional yellow dyes, such as commer-
cially available 4 “phenylazophbeno! (Solvent Yellow 7),
2-(2-methyl)-phenylazo-4-methyl phenol (Solvent Yellow
12) and N-(4-phenylazo)pheny! diethanol amine (Solvent
Yellow §8), in IOLs to block blue light is not desirable

because thesé dyes are not bound to the lens material and

thus may leach out of the IOL after it is inserted in the eye.
These nonbonded dyes ‘also cause problems in the manu-

facture of polymer lenses that are extracted with a solvent

after they are fottned. In this extraction step, the soivent may
remove up to 90% of the non-bonded dye from the lens.
Japanese Kokai Patent Application No. Hei 1{119861-299,
560 (“Menikon Application™ claims an intraocular lens
material characterized by 4 polymerizable ultraviolet light
absorber having a polymerizable group selected from an
acrylol group, a methacrylol group, a vinyl group, an allyl
group, and an isopropenyl group, and a polymerizable dye
having a polymerizable group selected from an acryloyl

60

group, an allyl group, and an isopropenyl group, which are

“*cation are polymerizable dyes having a polymerizable group

selected from methacryloy! groups, viny! grobps, and acryl
groups, The Menikon Application lists numerous formulas
representing hundreds of dyes. As examples of the polymez-
izable dyes of the gz0 sysiem, the Menikon Application lists
those of the gemeral formula:

[Raale
Xy7
where
X, may be, among others, any of the groups represented
-« by: ' :

Structure VI

) i
H1C=(’:—C-O—

o]
]
; 9 Mi—-C
Hﬂ:?-é—‘m
R N

i |
H2C=(!3-C-0CH1CHZ“N—
&!

i
HC=C—t-C—
i 1
R
Y"Y N

NYk

Ry

Yiz—

R! is ~—H or ~~CHg;

R,; may be, among others, —H, ——OH or a halogen

atom;

R4 may not be H, but may be —OH, ——-CH,, —C,H,,

—OCH,, ~OC,H , and halogen atoms;

k, m, ], and n are integers of Dor 1;

R, may be, among others, a benzene derivative substi-

 tited with C,—Cg alkyl groups;

R, is —H, or C, to C, lower alkyl; and

Y,, and Y,, are —NH- or —0—, '

‘The azo dyes taught in the Menikon Application suffer the
following disadvantages, however. Directly attaching reac-
tive acrylic/methacrylic groups or other electron-withdraw-
ing groups, such as carbonyl, ‘carboxylic acid; or ester
groups, 1o the dye moiety weakens dye strength and may
change dye color.

The effect of electron-withdrawing groups on the color
and relative strength of a yellow dye can be quite pro-
nounced. For 'example, the yellow dye known as Solvent
Yellow 58 13 convcrted mlo a red dye, Plgment Red 100
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solely by the addition of a carboxylic acid grotp directly
bonded to the phenylazopheny! dye moiety.

Solvent Yellow 58

COzH

e

N= N
OO

Pigment Red 100

Tuere is only ane case in which the Meaikon Application
allows an acrylic/methacrylic group not directly bound to
the azo dyc moiety by an electron-withdrawing group. This
caserequucsxmwadmatananunogmupbeduccﬂy
attached to the dye moiety. Even though amino azo dyes are
useful, they are less desirable than phenolic azo dyes
because the amino grovp accelerates the dccomposmon of
peroxide initiators, such as those used in_comventional
free-radical polymerization processes.

CHzCH,0H

CH;CH20H

CH;CHa0H

CHyCH,0H

5
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Another example of dyes based on the amino azo system

are the polymeric colorants based on acrylated chro-
mophores of the type

It
CHzCﬂzOCC'=CHz

R
Ar—N=N-—Ar—N

1§
ct»!:cuzoccl= CHz
R

wherein R=CH, or H; and the Ar group is phenyl, naphthyl
ete. Guthrie, “Polymeric Colorants,” Rev. Prog, Color Relay,
Topics, Vol. 20, 40-52 (1990). Substituents may be added 1o
the aromatic groups to provide variations in color and other
physical properties. The works of various people am sum-
marized in this review article. Some of the work reviewed
includes reactive azo dyes containing methacry!ate dcrylate,
epoxide and vinyl ester functionalities in the following
applications and studies: optical recording materials, the
non-linear optical susceptibility of copolymers containing
acrylic azo monoimers and methyl methacrylate, and the
determination of copolymerization parameters and reactivity
ratios for the copolymerization of azo dye monomers con-
taining a methacryloyl funcuonahty with styrene and with
methy) méthacrylate.

What i3 needed are addmonal polymerizable yellow dyes

20

4

which are easily synthesxzed ‘from commercially available _

dyes or other starting materials and which, when mncorpo-
rated in ophthalmic lenses, will not be extracted out of the
lens dunng solvent extraction or leach out of the lens after
insertion in the eye.

SUMMARY OF THE INVENTION

The polymerizable yellow dyes of the inventon are
soluble in organic monomers, such as acryhc/memacryhc
monomers, and contain in their chemical structure ohe or

65
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more acrylic or methacrylic fonctional groups which are
reactive towards free radical polymerization. These dyes,
when polymerized with organic monotheré capable of form-
ing a trénsparent taterial, will be bonded tb the polymer and
‘thus gx:az.[y réduce the dmount of dye which can leach out
of the material. As a result, these dyes can be used in
transparent mhaterials to decrease the intedsity of blue light
transmitted through them. These transparént materials with
one’or fiore of the bondable yellow dyes incorporated in
them may be extracted with organic”solvents to remove
unreacted monomers, low molecular weight oligomers and
low molecular weight polymers, as well as other impuritics,
and then used to make ocular lenses sugch as intraocular
lenses (IOLs), contact lenses, eyeglasses and other windows.
These transparent materials containing yellow dye may also
be used io make lens coating malerials. ;

+ Although like compounds can be expected to copolymer-
ize more efficiently than unlike compounds, it has now been
found that polymerizable yellow dyes having one or more
polymerizable acrylate or methacrylate groups which have
been copolymerized with one or more lens-forming acrylate
or‘x,n,ethaay]ate monomers are much more; efficiently incor-
porated into the polymeric lens materials than yellow dyes
having other types of polymerizable groups, such as viny!
Broups.

Additionally, it has now been foung that polymerizable
yellow dyes of the azo fanu]y which do not contain electron-
withdrawing groups directly attached lo the dye moiety are
much stronger yellow dyes than thosé which do. Acrylic/
methacrylic yellow dyes which do not have the polymeriz-
able group directly bonded to the dye moxety are therefore
stronger thart those which do.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 and 2 show the transmittance, of acrylic/meth-
acrylic ophthalmic lens materials comammg vanous yellow
dyes. .

FIG 3 presents a polymerization i mcorporanon efficiency

_ comparison of four dye compounds.

DETAILED DESCRIPTION OF THE
INVENRTION ™ =% =

~ The polymerizable yellow dyes of the presem invention
are based on the azo dye system and comam polymerizablc
acrylate/methacrylate groups. These dyes are characterized
by 2 spacing group which separates the polymerizable
acrylate/methacrylate group from the dye moiety. These
dyes are further characterized by the absence of an electron-
withdrawing group’ directly attached 1o the dye moiety,

As used herein, “dye moiety” " refersto the portion of the
dye molecule’ primarily responsible for causing the dyc’s
intense color. In this invention, the dye moiety is thus the
phenyl-azo-phenyl (Ph-—N——N-—Ph) pomon of the poly-
merizable yellow dye structure.

The spacing groups of this mvcnuon may be any group
wluch separates, by means of covalently bonded atoms, the
dye moiety from the polymerizable acrylic/methacrylic
group. The spacing group separates the dye moiety {rom the
acrylic/methacrylic group in such 2 way a$ td minimize the
effect of the aczylm/methacryhc group on dye strength and
color The minimum effect on dye strength and color is
achieved by directly attaching the spacing group to the dye

* morety with a non-electron-withdrawing r'csxdue
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Preferred spacing groups of the present invention are
those of the formula:

I
'-IX]/IR‘]wff’-—[R‘J.[Xh-
IRl X~

where
R3 is directly attached o the dye moiety and consists of
an alkyl group of up to 6 carbon atoms;
Rtisan acyhc organic spacing group of up to 10 atoms

10

anbydride, acryloyl chloride, meﬂmcryloy! chloride or other
suitable acrylic/methacrylic reagent to give an intermediate
acrylic/methacrylic compound. If necessary 10 induce the
reactvity of the side chain amino or hydroxy! group, strong
bases, such as sodivm hyd.ndc or butyllithium, may be
employed; weaker bases, such as tiethylamine, may also be
useful.

The intermediate acryhclmcthacryhc compound may then
be azo-coupled with an appropriaté diazonium salt to yield
the reactive azo yellow dyes of Formula 1. Such azo
coupling reactions are performed in two $tages. In the first
stage, an ‘appropriate aniline compound (optionally substi-
tuted) is converied into a reactive’ diazopium salt at low
, such as 0° to 10° C., by reaction with sodium

which is composed of carbon, hydrogen, silicon, OXy-
gen, nitrogen, phosphomus, sulfixr, chloride, t
or fluorine alone or in any cormbination;
X=0, NH, NR%;
R=C, to Cy, alkyl;
4, & g, and b independently=an integer from 0 to 4; and
cand f mdepcnd:nzfy=an integer from 1 to 4.
Electron-withdrawing groups are not permitied to be
covalently bonded to the dye moiety becanse they can
weaken the sirengih of the yellow dye and, in some cases,

change the absorption nature of the dye suﬂicxenﬂy 1o cause _

a change in color. Examples of electron-withdrawing groups
which are not permitted to De directly attached to the dye
moiety include carbonyl groups, such as those found in
ketones; carboxylic acid esters; amides; imines; immides;
imminic acid esters (especially analogues derived from
1,3,5-triazeno systems); ureas; urethanes; and so on.

The novel dye compounds of the present invention
include acrylates/methacrylates of the formula:

iRY) " Formla 1

(H:C—?—WR‘): ~R’-|R‘uxC—c-cuzu
R O tR‘uXC‘—-('J—CHz)g

wherein
R=H or CH,;

R*=H, £, to Cyy alkyl, OCH,, OC,Hy, OC, K, or OC,H,; ¢

a and b independently=the integer 1 or 2;
R*=R', OH, NH,, NHRY, N(R%,. SH, SR5 OR®
OSI(R’),O: Si(R %),; and
R% R, R% X, ¢, d, e f, g and b are 2s defined above.
The preferred compound of Formula 1 is N-2-(3-(2"
methylphenytazo)-4 -hydroxyphenyl]ethyl methacrylamice:

-0

CHzCHle{CC"'CH:

Compound }

CHs
Compounds of Formula 1 may be prepared by starting
with a phenolic, aniline, or other substituted benzene com-
pound containing an organic spacing group terminated by
one or more amino or hydroxy} moieties. One skilled in the
art could form a reaction with methacrylic anbydride, acrylic

or other suitable nitrite salt in aquedus solution at about pH
2. In the second stage, the reactive diazonium salt is then
azo-coupled with the intermediate acrylic/meshacrylic com-
pound described above to form the desired azo product. The
azo coupling of phenolic compounds proceeds best at a
solution pH of about 4 to 8. However, with increasing
reaction pH, the diazonfum salf has a tendency to form
byproducts via side reactions.

These side reaction products are also phenalic compounds
which can compete with the desired mtmnedxaw acrylic/
methacrylic nound in the azo coupling reaction. As a
result, changing the reaction stoichiometry from a 1:1 molar
equivalence to a 41 excess of diazonium salt o acrylie/
methacrylic intermediate compound xs the preferred way to
synthesize Compound 1, Other ries may
be more effective in the azo coupling of other acrylic/
methacrylic pbenohc intermediates as determined by some-
one skilled in the art.

In the case of Compound I, tyramne [4-(2-aminoeth-
yhphenol] acts as the phenolic starting material. It is reacted
with mcthacrylic ~anhydride without tatalytic base being
necessary fo give the intermediate compound containing the
reachve actylic/methacrylic moiety, 4~(2—me\hacry)axmdo~
ethyl)phenol. The azo coupling reagent is then prepared by
reacting ortho-toluidine (2-m=thy1amlme) at about 0° C. and
pH2 wuh sodium nitrite in the presence of 6N hydrochloric
acid. This produces the reactive diazohium salt of ortho-
toluidine. This diazoniym salt is then redcted in sita with the
phenoxide of the m!ermedxate compound, 4~(2-meﬂ1acryla-
midoethy}) phenol, by azo coupling to pive the preferred
compound of Formula 1, Compeound 1. ’

Also included within the scope of the present inventon
are the diacrylates/dimethacrylates of the formula:

0w Formula 2

oo
1R /IR JRYXC - C=CHy
A e

N 10 1
Ry {R7In(R )nxﬁ—(l?-‘—'CHz
O R
wherein

R'and R” independenly=H or CH,;

R® and R” indspendently=R";

i and j independently=the integer 1 or 2;

R® R® R’ and R independently=R*;

% and m independently=an integer from 1 10 6;

land n mdepcndenﬂy*—an imeger from Oto 6;

x=0, NH, NR?; and

R%=C, 10 Cyp alkyl. .
The preferred compound of Formula 2 is NN-bis-(2-

TR T 1
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methacroylethy!)-(4 -phenylazo)aniline:
il
ca;cﬂ;oc(%:cn;

CH3

Compmmd 2 may be prepared by the azo coupling
reaction of aniline (optionally substituted) with N-phenyldi-
ethanolamine under conditions described above for azo
coupling reactions, except that only a 1 ‘1 stoichometry is
necessary for azo coupling of N-phenylamines with diazo-
nium salts. The azo coupling pmceeds wellata pH of about

0  Compound 2
it

CH;CH:OC(E:CH:

CH;

e
N

1

o

is

2 to 4. The diazonium salt of aniline Is reacted in-situ with

N-phenyldiethanolamine 1o give the intermediate azo dye
N-(4-pheny!azo)phenyldiethanofamine (also known as Sol-
vent Yellow 58). The dimethacrylate derivative can then be
prepared by reacting the intermediate azo dye, N- (4-pheny-
lazo)phmyld:elhanolmum with' mctbacryhc anhydride in
the presence of & weak basé, such as triethylamine, to yield
the reactive dimethacrylic azo yellow dye, N-(4' -phenyla-
zo)pheny] 2»bxs-(2-meﬂmcrylo)e£hy]muna In addition,
other strongef bases, such as sodium hydride or butyl-
lithjum, mright be used to form the disodium or dilithium salt
followed by reaction with” mcthacryhc aghydride, or other

methacrylic/acrylic agent used ta incorporate the polymcr— kN

izable group.

As onie skilled in the art would appreciate, other com-
pounds of Formula 2 may be prepared using analogous
reaction sequences and corresponding starting materials. In
general, compounds of Formula 2 may be prepared by azo
coupling aniline (optionally substituted) with a vmery of
N-phenylamines havmg two pendant organic spacmg groups
attached to the amine functmnahty The organic spacing
groups contain hydroxy or amino residues to which acrylic/
methacrylic functional groups may be bonded.

...~ The yellow polymerizable dyes of the present invention
may be incorporated in a number of materials in a variety of
applications where it is desirable to block blue light
(approximately 400-500 nm.). Such applications may
include, for example, contact lenses, eyeglasses and sun-
glasses. A preferred application is the use of yellow poly-
merizable dyes in intraccular lenses. A§ such, one embodi-
ment of the present invention is an intraocular lens

2
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containing one or more polymerizable yellow dyes ("blue~ )

blocking IOLs").

The blue-blocking IOLs of this invention may be made by
co-polyrnerizing onc or more lens-formmg monomers with
one or more polymerizable yellow dyes of Formula 1 or 2,
Ina prcfcrred embodiment, these monomers are cured
directly in a polypropylene mold so that a finished optic is
produced. The time and temperature for curing vary with the
particular lms-fomung material chosen, The optic may be

combined in 2 number of known ways with a var:ety of

known haptics to produce an JOL.

The total amount of yellow dye used to form a blue-
blocking IOL is typically less than about 1 wt. %. Preferably,
the total amount of yellow dye s less than about 0.25 wt. %,
and most preferably, the total amounl of ye]]ow dye is less
than about 0.1 wt. %.

Suitable lens-forming monomers for use in the present
invention include methy! methacrylate, 2-hydroxyethyl
acrylate, 2-hydroxyethyl methacrylate, 3-hydroxypropy!

55

8
acrylate, 3-hydroxypropyl methacrylate, n-vinyl pyrolidone,
styrene; eugenol (4 -hydroxyvinylbenzené), o-methylsty-
rene. In addition, for high-refractive indéx foldable lens
applications, suitable monomers include, biit are not limited
to: 2-cthylphcnoxy methacrylate, 2-ethylp henoxy acrylate,
2-ethylthiophenyl méthacrylate, 2 -ethylthiophenylacrylate,
2-ethylaminopheny! methacrylate, phcnyl methacrylate,
benzy] methacrylate, 2-phenylethyl memacrylate, 3-phenyl-
propy! methacrylate, 4-phenylbutyl methacrylate, 4-meth-
ylphenyl methacrylate, 4-methylbenzy! methacrylate, 2-2
-methylphenylethyl methacrylate, 2-3-methylphenylethyl
methacrylate, 2-4 -methylphenylethyl “méthacrylate, 2-(4-
propylphenyljethy! methacrylate, 2-(4-(1 -methylethyl)phe-
sylethy! methacrylate, 2-(4-methoxyphenyljethyl meth-
acrylate, 2-(4 -cyclohexylphenylyethyl methacrylate, 2-(2-

_chlorophenyljethyl methacrylate, 2-(3 -chlorophenylethyl

meéthacrylate, 2-(4-chiorophenyljethy! ‘methacrylate, 2-(4
-bromophenyljethyl methacrylate, 2- (3-phenylphenylethyl
methacrylate, 2-(4 -phenylpbenyljethy] methacrylate), 2:(4-"
benzylphenyljethyl methacrylate, and the like, including the
corresponding methacrylates and acrylates. N-vinyl pyroli-
done, styrene, eugefiol and a-methyl styréne may also be
suitable for high-refractive mdex foldable léns” applications,
A pmferred lens-forming monomer mixtiire is the mixture of

2 -phenylethyl methacrylate (PEMA) and 2—phcnylet.hyl
acrylate (PEA).

The copolymerizable cros-linking agent used in the

lens-materials of this inVention may be any terminally

e&hy!emcaﬂy unsaturatcd compound havmg more than one
example: ethy!ene glycol dimethacrylate, diethylene glycol
dimethacrylate, allyl methacrylate, 1,3 -propanedio}
dimethacrylate, ally]l methacrylate, ~ I,6-hexanediol
dimetbacrylate, 1,4 -butanediol dxmcthamyla!e, and the like.
A preferred cross-linking’ agenl 51,4 -butancd:ol dlacrylalc
(BDDA).

Suifable crosslinkers also include polymeric crosshnkers,
such as, Polyethylene glycol 1000 Diacrylate, Polyethylene
glycol 1000 Dimethacrylate, Po}yethylene glycol 600
Dimethacrylate, Polybutanediol Dimethacrylate,
Polypropylene glycol 1000 Dlacryla{e “Polypropylene gly-
col 1000 Dimethacrylate, Polytetramethylcnc glycol 2000
Dimethacrylate, and Polytetramemy!cne glycol 2000 D:a-
crylate,

An ultra-viglet absorbing material can alsp be included in
the polymcr;c lenses of this invention in order that the lenses
may have an ultraviolct absorbance approxxmatcly equiva-
lent to that 51 the ) ‘natural lens of the éye.'The ultraviolet
absorbmg material can bé 2 any’ compound,} which absorbs
ultraviolet light, i.c., light having a wavélength shorter than
about 400 nm, but does not absorb any substantial amount
of visible light. The ultraviolet absorbing compound is
mcmporated into he monomer mixiure a.nd is enlmpped in
the polymer matrix when the monomer, rmxmr: is polymer-
ized. Suitable ultraviolet absorbing compounds include sub-
stituted bcnzophcrmnes such as 2-hydroxybenzophenone,
and 2-(2 -hydroxyphenyl)benzotriazoles. It is preferred to
use an wliraviolet absorbing compound which is copolymer-

* izable with the monomers and is thereby covalently bound

to the polymer matrix. In this way possible Jeaching of the
ultraviolet absorbing compound out of the lens and into the
interior of the eye is minimized. Suitable copolymenzable
ultraviolet absorbing compounds are the substituted 2-hy-
droxybenzophenones disclosed in U.S. Pat, No. 4,304,895
and the 2-hydroxy-S-acryloxyphenyl-2 H-benzotriazoles
disclosed in U.S. Pat. No. 4,528,311, The most preferred
ultraviolet absorbmg compound is 2- (3‘—melha]1yl~2 hy-
b " - R
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droxy-$'methyl phenyl)benzotriazole, also known as 6itho-

methallyl TidUVin P (“oMTP").
Since many ultraviolet absorbing compounds have phe-
nolic substituents or residues within th

knows to inhibit polymerization, the ess fi]’n-avxo‘ret ébso?o- s

ing componnd needed the better. Reducing the concentration
of such ultraviolet absorbing compountds can be beneficial to
the lens forming process. When the ultraviolet absorbmg
compound is oMTP, it is typu:ally presentina concentmnon

of approximately 1.8 wt. %, However, depending on the 10

specific yellow dye chosen and the desired transmission at a
given wavelength, considerably less than 1.8 WL % of oM'I'P
may be required to block the transmission of ultravzolet and
blue light. The same is true for other ultraviolet absorbmg

compounds: the use of a yellow dye in conjunction with an 15

ultraviolet absorbing compound requires less of the ultra-
violet absoxbmg compound than the use of the ultraviolet
absorbing compound alone, The total amount, of both ultra—

violet absorbing compound and polymerizable yellow dye '~
vequired in the IOL monomer mixtire 16 effectively block 20

Iight of about 500 nm and below may be less than 1.9 wt. %.
In some cases, depéndiog on the specific ultraviglet absorb-
ing compound and yellow dye chosen, ihe total amount may
be considerably less than about 1.9 wt. %. '

The lens materials of this invention are prcparcd by 25

generally conventional pofymenzanon methods. A mixture
of Jens- fonmng. ultraviolet absorbing and blue light block-
ing monomers in the desired propomons together with a
conventional thermal free-radical i

mixture can then be troduce a
to form the Iens ‘and the polymerization’ Carri
gentle h¢atmg to activate the initiator. Typical thermal free
radical ixitiators include peroxides, such as benzy! peroxide,
pemxycaxbonaw:, such as bis-(4 -t-butylcyclohexyl)peroxy-

dicarbonate; dzonitriles, such as azo-bxs—(lsobutymmuﬂe) 3s

(AIBN), and ihe like. A preferred initiator is bis-(4--butyl-
cyclobexy! peroxydicarbonate) (PERK). Alternatively, the
monomers can be photopolymerized by using a mold which
is transparent to actinic radiation of a wavelength capable of

initiating polymerization of these acrylic monomers by 40

itself. Conventional photoinitiator compounds, e.g., a ben-

zophenone-type photoinitiator, can also be introduced to

facilitate the polymerization. Photosensitizers can be intro-
duced as well o permzt the use of ]onger wavelengths:

however, in preparing a polymer which is intended for long 45

residence within the eye, it is generally preferable to keep

the number of ingredients in the polymer 10 4 minimum to _

avoid the presence of materials which might leach from the
lens into the interior of the eye.

The polyfnenzable yellow dyes of this invention may also 50

be used in lens coatings. Such coatinigs are produced by
polymerizing the monomeric dyes of this invention with
soluble po\ymcrs and casting them onto transparent mate-
rials. After coating and evaporauon of the polymer solvent,

such polymer solutions would impart a yellow film onto the 35

transparemit material and give the material blue Iight protec-
tive properties. Also, the polymerizable yellow dyes of this
invention can be dissolved into a suitable monomer formula,

L o

cast onto a transparent material, and cured by a suitable
free-radical initiation procedure, such as exposure to beat or 60

UV radiation. A totimon technique for casting such polymer
or monomer solulions mxght include the spin casnng tech-
nique for applying thin films 10 surfaces. )

The polymerizable yellow dyes of this invention might

also be dissolved into a suitable solvent or monomer for- 65 t
il sofiition was allowed o stir at 0°-10° C, for about 15

mula, followed by immersion of the transparent maters

into the dye solution. The transparent material would then

" Of tyraminé and 100 mL of mel

10 !

imbibe the dye into its matrix by absorbing the solution and
swelling. The curing of the polymerizable dyes can be
accomplished by heat, radiation or other” mcﬁns suitable to
bond the dye into the polymer.

The mvennon will be :
examplés which are m
limiting.

by the following
strative, but mot

"EXAMPLE 1

. Preparation of Compound 1

Step one: Synthes:s of Compound 1 Precirsor

Into areag:uon flask was added 44834 g (32 68 mmoles)
anol, The tyramine was
dissolved with stirring and sonnication, T6 the reaction fSask

was added 5.089 g (33.01 mmoles) of methacxyhc anhydride ™

(MAA) dmpwxse with constant stirring, Thé reaction was

_ performed at room teriperature and was monitored by high

performance liquid chromatorgraphy (H’PLC') Within the
first hour after the MAA addition, the wacnon was com-
pleted.

To the reaction fask was added 100mk of IO%Aq NaC}
and an additional 30 g of salt ‘was’
excess salt was filiered off and the reaction 12k
overnight 1n & fréézer, The Text HOMINg & whnc solid
precipitate was filtered from the reaction solution and was
washed with celd 50:50 methanol:water solunon The hqmd
supetfiatent wa's cooled agam to obtain ‘@ Second crop of
crystals. After filtering the second crop, all the solid pre-
cipitant was combined together and 5.6668 g (27.61
mmoles) of Compound 1 precursor product was obtamed
Yield=84.5%.

The producc was recrystalhzcd “from CHCY,. The solid
product was filtered off, dried in air and had a mehmg pmm

“of 123° C. The MP for tyramine szamug material is

161°-163° C. The Compound 1 precursor product identity
was confirmed by comparison of FTIR, NMR and mass
spectrim data to that of the tyramine starting material.

Step two: Synthesis of Compound 1 from the Compound
1 Précursor

Into'& 1000 ml beaker was added 200 mL of deionized
water followed by 6.2 g (100 mirholes) "of boric acid

_ {H,BO,J. The Boric acid was dissolved with stiring and the

pH was monitored with the aid of 2 Oncm EA940 Jon
Analyzer and 2 Rass pH electrode. To the bez&cr was  added -
dropwise 6N HCI to adjust thé solution to about pH 2.
o-Toluidine in the amount of2.0831l g (19.94 mmoles) was
added to thc beaker p solution pH was’again adjusted
to pH 2'with the addition of 6N HCL Ice wds added to the
reaction solution to cool it down to 0°-10°C.

Into a separate beaker was weighed 13603 g (1971
mmoles) of sodium nitrite, NaNO, and 20 mL of water. The
sodium nitrite soluuon was added | dropwise i iAto the reaction
solution with constam snrrmg and monitoring of the solution
pH. The pH of the reaction was mamramed at about 1.9 to
2.2 by the addition of 6N HCI. Ice was added periodically to
the reaction to keep the temperature at 0°-10° C. and the
reaction was stirred for about 10 miowes.

‘Ihib afiother beaker was placed 1.0048 g (4'90 thriioles) of
Compound 1 precursor, 30 mL of water and 1,96 mL of 2.5N
NaOH (490 mmoles) solution. This soluuon was added
dropwise into the ice-cooled reaction soluuon with constant
surring. The reaction solution began to develop "a light”
‘yellowish-green color which grew more inténse as more of
the Compound 1 precursor solution was addcd The reacuon

minutes at pH 2.0-2.5.
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A 2.5N NaOH solution was added in small aliquots to the
reaction solution to bring the pH up fo “about 8 5. With
increasing pH the ycllow color of the reaction solutior
brighter. The reaction solution was. al}pwﬁsg“ Warm up
room tzmperature over about 2-3 hotr time intérval, As the
solution warmed up a red solid floated on top of the solution
and the reaction began to take on an orange color. At this
point the total reagtion volume was about 900 mL. Upon
warming 10 f00m temperature the reaction solution darkened
to a red-browp color and 3 very dark solid. floated on the
surface of the solution. To the solution was addod 14 2g
(100 mmoles) of dibasic sodidm’ phosphate. To the reaction
solution was ‘added 6N HC] dropwise unti] the pH was
adjusted to about 6.0.

The dark precipitate from the reaction solution was fil-
tered off and was combmed wnh solid
reacnon soluuon ‘I‘he

PR

had three products. The products were separated by cofumn’™
chromatography using a silica gel column. The column was
eluted with methylenc chloride (CH,CIQ) and acétonitrile

e e e b

o "c‘f“was“ “Washed with~ o

. From, thcm n6 321m 13 oiju: red solid
26 precutsor product crystdls were “ﬁflete& ‘off and drjed under

HPLC analysis of the red solid indicated that the reaction |

12

_ stirred for about 15 rminutes.
Into another beaker was placed 9.1481 g (50.48 mmoles)
" of N-Phenyidiethanolatine, 100 mL of water, and enough
6N HCl was added to dissolve the solid. The - N-Phenyldi-
ethanolamine solution was adchd dropwise into the stirring
venction solution which Was kept at 0°-10° C. by periodic
addition” of i zce Immedian:!y the reaction so)uuon began to
develop a dark red 1o purple color which grew more intense
a3 more of the N-Phenyld:ethanolamne solution was added.

10 Aftcr The aﬁdmon was completed the solutidn was stirred for

t'an hotir and wasmed up to about 10° C. Then 50% wiv
a.nd 2N NaOH solutions were added to the rea
to pH 6.9. As thie pH of the reaction solation 1
solid precipitated out of solution. Az this point the total

15 reacu:gl volume  was about 1 L. The soljg was filtered off and

éompound 2
vacuim overmgln at 50° C. 'The identity of the ‘Compound

oo < o s

7 precursar vas confirmed by NMR and mass spectroscopic
analysis. Compound 2 precursor in the amount of 11.1449 g
(39.06 mmoles) was obtained, melting range 136°-138° C.

(MeCN) mobile phases. Fractions of various colored bands 25 _ Yielg=77. 4%

were coflected as they eluted off the column and analyzed by
HPLC. Fractions whose chromatograms indicated similar
composition and p\mty were combined. These combmed
fractions were separately filtered through a 0.5 um filter via

“Step two: Synthesis of Cérapousid 2 by the Reaction of
Compound 2 Précursor with Methacrylic Anhydride

Inte a'100 mL round bottomed flask was placed 1.4299 g
(5.011 mrmoles) of Compound ™2 preclirser and 25 mL of

a glass syrmgc into separate round bottomed fiasks. The 30, tetrahydrofuran (THF), completely dissolving the Com-

flasks containing the combined fractions were sequencially
placed onto a rotary evaporator and the solvents removed
under vacuum with low heating (appros. 50° C.). Upon

solvent remova] the produc s from the combined fractions

pound 2 precursor. Into a tared 16x125 ‘esttube was

_ weighed 1.5549 g (10.086 mmoles) of MAA. The MAA was

" then added dropwise to the stirring reaction solution using 2
transfer pipet and the time of MAA addition was noted. An

remaned, The fasks  containing desired products were dried 35 ﬁI’LC analytical method was used to momtor ‘the ‘Progress

at 50° C. under vacuum. The combined fractions of pure
product were re-analyzed by HPLC and also analyzed by
mass spectroscopy and NMR spectroscopy to confirm its
identity. Less pure fractions were purified by repeated col-

of the reaction with time. After about four houzs 1.0452 ¢
(10.329 mmoles) of triethylamine (Et,N) was added érop-
wise to the reaction soluuon The reaction ‘was stirred for 2
days, and then another aliquot of 4.1877 z (41.385 mmoles)

umn chromatography runs in the same manner as the above 40 of Et,N was added to the reaction. The next day, the reaction

run until the desired product purity (>95%) was' obxamed.

The melting range of the product was 157°~160° C.and
the amount of pure Compound 1 product obtained was
0.5153 g (1.60 mmoles), Yield=32.7%.

EXAMPLE 2

Preparation of Compound 2

Step one: Synthesis of Compound 2 Precursor by the Azo
Coupling of Aniline with N-Phenyldiethanolamine

Into a 1000 mL beaker was added 200 mi of water and
142 g (100 mmoles) of sodium phosphate,” “dibasic”
(NaQHPO.,) followed by the addition of 6N HC1 solution to
adjust the reaction solution to pH 2. After the phosphate

buffer salt was completely dissolved, 4.7351 g (50.84 s5
mmoles) of aniline was added to the reaclion soluuo% Tce

was added 1o the reaction suluuon to cool it C
Tnto a separate beaker, 3.5151"s (50.94 “mmolés) of
sodium nitnte, NaNO,, was dnssolvcd in 20 mL of water. Jce
was added to cool the solution. The sodxufn o W‘C
was addedd dropwise with constant Stirring 1o the reaction
solution while constantly monitoring the pH of the reaction
using a Orion EA940 Jon Analyzer and a Ross pH Electrode.
The pH of the reaction was maintained to about 1.9 to 2.2 by

was analyzed by HPLC and another alxquot of methacrylic
anhydnde 3.5542 g (23.054 mmoles), was added 1o the
reaction te complete the conversion of the Compound 2
precursor to Compound 2 product.

45 The crude Compound 2 product was purified by column

chromatography using the same procediire as described
above for Comppund 1, except that lower heating was uscd
for the solvent removal (30° C. instead of 50° C.). Less purc
fractions and the remainder of the solid, red  product from the

50 reaction were purified by repeated column , chromatography

funs in the same manner as the above | un, “until the desired
“prodiict purity Was obtained. The identity of the Compound
2 product was confirmed by mass spcctrdst:opy and NMR
spectroscopy. ' o

Compound 2 is a red gum solid at room wmpemlurc and
atmosphenc pressure. The residual producls of three syn-
ﬂnenc attempfs Wete ‘combined and purified by column
" chrbmatography. From this 1.701 g (4.04 mmoles) of purc
~ Compound 2 product was obtained from 2 total of 6.25 ¢
} (2194 mmales) of Compound 2 precursor s&amng malena}

' Yield={64%.

EXAMPLES 3-5,

the addition of 6N HCI. After the addmon of sodium nitrite &5 Preparation of Lens Material

et

solution was completed more ice was added to the reaction
to kecp the temperature al O° 1()° C. and the reacuon was

R 5 (4 s

" The bcmdable yellow dyes of Examplcs 1 and 2, were
w;mg“ﬁed Thto tndividial test tubes. An z approplate amount of
A
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4 solution of monomers containing 66% PBA, 30.5%
PEMA, 2nd 3.3% BDDA by weight réspectively, was added
1o each test fube 1o give a bondable yellow dye concentration
of approximatcly 0.1% by weight, as shown in Tablé 1
below: To a third test tube, 15.6 mg, of Lphmylazophenol
ally! ether (a polymcnzable yellow dye containing a po]y-
merizable viny! group) was added and an appropriate

amount of the same monomeér solption wag added so that the

yellow dye concentration was within the same range.

TABLE 1
Ex.  Hondable' " g PEAPEMA” Dye Come *
ample Yellow Dye wg Dye  BDDA Formula W, %
3 Compouad 1 1045 100326 "
4 Compound 2 967 3.0502
5 Aphenylazo- 156 15,0049 0,104
phenol alyl

After dissolving each bondable yellow dyc into the PEN
PEMA/BDDA 'monomer solunon an_amount of b:s(4-lm-
butylcyclobexylperoxy dicarbonate (Perkadox-16, AZKO'
Corp.) was added as the polyfiierization iniator (catalyst) to
make the initiator concetitration approximately 0.5%. One
mm thick sheetstocks of the materials were made by placing

15

0

25

the individual bondable yellow dyc/monomcr solutions via

syringe into molds formed between two glass plates anda 1 _
mm Teflon gasket. The glass plates were held togcthcr with

14
CHy Conpound 3
|
HC=C <|:=o :
CH; (4]
/ \ @
CHy
v
v s+ . TABLE2 "‘
Ex- Bondabls ¢ monomer~  Dye Conc.
~ ample Yellow Dye mg. Dye solution Wt %
6  Compousd 3 164 som8 °  Toled
+ .1 Compound3 407 9.9462 0.406
8 Compound ! 1478 m.ox'ga : 0,147

After dissolving éach bondable yellow dye into die mdx-
cated mopomer solution, an amount of bls(d—tcn-buty]cy—
clohexylperoxy dicarbonate) (Peikadox-16, AZKO Corp.)
was added as the polymerization iniator (caxa.\ysz) to make
the initiator concentration approximately 0.5% for Examples
6 and 8 and 1.0% for Example 7. One-mm thick sheetstocks
of the materials were made by placing the mdmdual bond-
able yellow dye/monomer solutions via syrifige into molds
formed between two glass plates add a 1 mm Teflon gasket.

30 The glass plates were held twpgether with metal clips, For

metal clips, Polymmzauou was effected by ‘placing the

molds into a 65° €. oven and curing for 17 hoirs. The
temperature of the oven was raised to 100° C. and the mold
heated for 3 hours to effect post-cure of the sheetstock.

Rectangles measuring about 1x2 cm., were cut from the

sheets and ‘soxhlet exiracted for 4-5 hours wit

Following extraction the material samplcs were dned A

followed by drying at about 50° C, under vacuurs. The
UV/visible transmission and absorption spectra was mea-
sured for each example listed in Table 1 both before and after
soxhlet extraction and drying. From the absorbancé of the
samples at npproplalc wavelengt.hs between 400 and 500
om, the percentage of the dye which is removed in soxhlét
extraction was calculated for each example: Example 3=1%,
Example 4=7% and Example 5=44%. The UV/visible trans-
mission curves for the lens materials_of Exa.mples 3—5
(post-extraction) are shown in FIG. 1. R

EXAMPLES 6-8

Dye Strength Comparison i

The bondable yellow dye of Example 1'and one of the
bondable yellow dyes of the Menikon Application, 2-{2'-
methylphenylazo}-4-methyl-phenyl methacrylate (“Com~

35

. Examples 6 and 7, polymerization was effec!

by placing
the molds into a 65° C. oven and curing for 15-17 hours with
2 post-cure at 100° C. for 2-3 hours. Example 8 was cured
at 65° C. for 1.5 hrs, thhapost—cureat]OO‘C for 2 hrs.
Rectangles measuring approximately 12 cm. were cut from
the sheets and Examples 6 and 8 were soxhlét extracted for
ith acetone. Following extraction the material

“saimiples of Examples 6 and 8 were dred in air and then

under vaciurh 4 about 50° C. Example 7 w3§ not extracted.

40 The UV/visible transmission and absorption speclra foreach

45

S0

55

pound 3", were weighed into test mubes according to the”’

amounts listed in Table 2 below. An appropriate amount of
a solution of monomers contaiming 66% PEA, 30.5%
PEMA, and 3.3% BDDA by weight, was added to two of the
test tubes to form the lens materials of Examples 6 and 8.
The lens riiatefial of Exaniple 7 was formed by adding an
appmpnaxe amount of the following solution of monomers:
65% PEA, 30% PEMA, 3.2% BDDA and 1.8% MTP (a UV
absorber). ‘

60

65

example listed above in Table 2 are shown in FIG. 2.

"The dye strefigthi of the yellow dyes in' Exdmples 6-8 can
be )udged by comparing their transmission values at wave-
lengths in the blue light region, 400-500 nm. As shown in
FIG. 2, Examplé 6 (0.164 wi. % of Compound 3) transmitted
53.1% at a wavelength of 450 nm. Example 7 (0.406 wt. %
of Compound 3) iransmitted 23 8% at this wavelength, and
Examplc 8 (0.147 wt. % of Compound 1) transmitted only
8.3%.

Comparing Examples 6 and 8 which bave approxiamately
the same concentration of dye (0.164 wt, % vs. 0.147 wt. %),
Compound 1 blocks almost 45% more light at 450 nm than
does Compéand 3.

‘Comparing Examples 7 and 8, Compéund 1 blocks
approximately 91.7% of light at 450 nm while more thap
twice as much of the Compound 3 (0.147 wt. % vs. 0.406 wt.
%) blocks only approximately 76.2%. ’

4

EXAMPLES 9-10

Preparaton of Finished IOLs Commmng Compounds 1&2,

The bondable yellow dyes of Examples 1 and 2 were

wmghcd into individual test tubes. To, each test tube an

piate amount of a solution of monbr comaxmng

65% PEA, 30% PEMA, 3.2% BDDA and\f 8% oMTP by

weight to give a bondable yellow dye chncentrdtion of
approximately 0.05 and 0.2% by weight mspecnvely,
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shown in Table 3 below:
TABLE 3
Ex- Bondable o z monomer ﬁ;é“@&f R
ample Yellow dye mg Dye Wt B
9 Compound 1 40 ‘gosdE ”o‘ii*a‘ﬁ” -
10 Compound 2 924 473194

After dissolving the bondable yel]ow dyc into the PEAI
PEMA/BDDA/OMTP monomer formula an amount ¢ of bis(4~
tert-butylcyclohexylperoxy  cicarbonate  (Perkadox-18,
AZKO Corp.) was added as the polymerization initiator
(catalysl) to make the initiator conceritration approximately
1.8 wt. %. Lens optics of the materials were made by placing

the individual bondable yellow dye/monomer solutions via

syringe into polypropylene molds which formed lenses
having a refractive power of 20 diopters with a ceptral

thickness of approximately } mm and a diameter of approxi— .

mately 6 mm, For the samples of Example 9 the casting was
performed on a plate assembly designed to hold up to. 16
polypmpy!ene lens molds held together between the plate
and spring compressed metal dies so that as many as 16
Jenses could be formed simutancously. The samples of
Example 10 were cadt into lens molds and held together
individually with metal chps Polymerization was effected

by placing the molds into a 80° C. oven and curing for 1
hour. The temperature of the oven was raised to 100° C. and |

the mold heated for I hour io effect post-cure of the lenses.
Followmg cufing the polyprupylcnc lens rholds and optic
were lathe cut to just Jess than the optic diameter to give an
edge thickness of approximately 0.3 mm. Short holes
approximately 1 mm deep Were drilled into opposite sides of
the lens for haptic attachment. The lathed polypropylene

lens molds and optic were cooled in a freezer at -5° C. for 35

about 30 min. and then carefully split apart while still cold.
The lexts optics removed from the polypropylene molds were
placed into individual tissue capsules. The lens optics were
soxhlet extracted for 4-5 hours with acetone. Following
extraction the material samples were dried in air foliowed by
drying at about 50° C. under vacuum. Two haptics composed
of a flexible plastic fiber materia) such as polypropylene
(Prolene) or of a flexible plastiized nonofilament PMMA
material were attached to the lens optic using the holes
drilled on each side of the lens earlic ake a finished
intraocular lens. \ e

EXAMPLE 11

Preparation of Lens Material Containing Solvent Yellow 7

4-Fhienylazophenol, [Solvent Yellow 7 (SY7)], a conven-
tional yellow dye obtained from Aldrich Chemical Company
in the amount of 10,3 mg was dissolved into a 10.01 g
solution of monomers containing 66% PEA, 30. 5% PEMA,
and 3.3% BDDA by weight respectively giving a SY7
concentration 0f 0,103 wt, %. After dissolving the SY7 into
the monotner solution 523 mg of bis(4-tert-butylcyclohexy-
Iperoxy dicarbonate (Perkadox-16, AZKO Corp.) was added
as the polymerization iniator (catalyst). One mm thick sheats

were made by placing the SY7 monomer solution via

syringe into 4 mold formed between two glass plates and a
1 mm TeRon gasket. The glass plates were held together with
metal clips. Polymcnzanon was effected by placmg the mold
into a 65° C. oven and curing for 17 bours. The temperalure
of the oven was raised to 100° C. and the moi. heated for

3 hours 1o effect post-cure of the Sheelstock. Approximately -

1X2 crn. rectangles were cut from the sheet‘and the UV/vis-

s -

16 .
ible measurements performed. The curye exhibited a strong
attentuation of the short wavelengths of visiblé Hght in the
400 to 500 nm blue light region of the spectrum yielding a
a, 0% t:mnsrmssx vel at 473 om. The rectangu]ar samples
s were placed into individual Tissde Cipsules_and soxhlet
extracfed in acefore followed by drying in air then under

e @t 50° C. Afterwards UV/visible measurcmentsu o

wefe performed again. The UVivisible | tragsmission
before’ and

“absorption spectra were measured both

10 samples, at appropiate wavelengths between 400 and 500

nm, the percéritige of the dye which is’ rcmoved by soxhlet
extraction was found o be 84%.
A comparison of the moorpomuon efficiency of the dyes
of Examples 1, 2, 5 and 11 in the same lens material (66%
13 PE?I 30.5% PEMA and 3.3% BDDA by wexght) is shown
inFIG. 3. ~

The amount of absorbance between 400-500 nm lost after

extraction is an indication of the amount of &ye Temoved
from the lens roaterial by the “sitraction proccss Low
absorbance loss for wavelengths between 400-500 nm indi-
cates that very little dye failed 1o copolymenzc with the lens
forming monomers,

FIG. 3 shows that the largest loss of absorbance between
400-500 nm after extraction occurred with the _Solvent
25 Yellow 7 dye (84%), In contrast, the dyes containing poly- ~
merizable groups resulted in less than 50% absorption loss.
Of the polymmzable dyes, 4-phenyl:rzop nol a]lyl ether
(containing a polymerizable vinyl group) resulted in 2 44%
absorbtion loss, while both Compounds 1 dnd 2 (contaming
polymerizable methactylate groups) resulted in less than
10% absorbtion loss. As measured by the absorption loss at
appropriate wavelengths between 400~500 nm, the lens
material containing Compound 2 Jost approximately 7% of
its blue light absorption while Compound 1 lost only 1%.

-1 claim:

1. A polymeric ophthalmic lens matena} comprising:

one or more lens-forming monomers selected from the

group consisting of acrylaie monomers and methacry-
late monomers, and

-
i3

30

20
one or more polymerizable yellow dyes having from one
fo four polymerizable acrylate or methacrylate groups,
wherein each acrylate or methacxylatc group is dis-
placed  from the dye moiety by a spacing group accord-
45 ing to the formula
T NP |
KHsz—CI—CX]/iR lc—*C‘-—IR 1l XC—C=-CHyj
50 R O m‘mxﬁ—-$=c};ﬂ,
0O R
wherein
55 R—H or CH,
‘Ré=acyclic organic’ spacmg group of” “up to 10 atoms
consisting of C, H, i, O, N, P, §, C] Br or alcne or
in any combination; i
o X=0, NH or NR%;

R%=C, 10 C,, alkyl;

d, e, g, and h independently=an mteger from 010 3; and

cand f mdcpendemly—an integer fiom 1 t0 4.

2. The Jens malerial of claim 1 wherein the tota] amount

65 of yellow dye is less than about 1 WL %" '
3. The lens material of claim 2 wherein the total amount

of yellow dye is less lhan aboul 025 wt%

soxhlet extraction and drying. From the absorbance of the
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4. The lens matetial of claim 3 wherein the total amount
of yellow dye is less than about 0.1 wt %.
5. The lens material of claim 1 wherein the lens material
corprises one or more lens-forming monomers selected

from the group consisting of phenylethyl acrylate and phe- s

aylethyl methacrylate, .
6. The lens nwmnal of claim 1 wherein the po)ymmzablc
yellow dye is

[Rl @’ “—Q "

mzc._c-omn‘k ——c—m‘mxc—c—-am,.
[R‘MXC—-(IT"CHH‘

wherein

R=H or CH;;

R'sH, C, to Cyg alkyl, OCH,, OC,H,, 0Q,H-,, or OCJY.,.

a-and b independently=the integer I or 2;

R2=R!, OH.NHQ, NHR®, N(R*),, SH, SR%, ORS, OSI('Rs)
3, or SiRY)y:

R*=an acyclic organic spacing group of up to 10 atoms
consisting of C, H, Si, O, N, P, S, Cl, Br or F, alone or
in any combination;

X=0, NH or NR;

R%=C, 10 C,, alkyl;

RV RO S

15

20

“nylazo}4-hydroxyphenyllethyl :iﬁthacry

18
de, g,andhmdepcndenﬂy:—anmwgerfmmmo?' and
¢ and fmdependent]Fan integer from 1 to 4,
7. The lens material of claim 6 wherein the polymerizable
yellow dye is

e

R '“,i PR

Rasol)

G{zO'IzNHCC-—Qiz
CHy

8, The lens material of claim 7 wherein the material
comprises less than about 0.1 wt. % N-2- [3-(3-methylphe-
lemide, and
wherein less than about 10% of the material’s blue light

° absorbancy is Jost if the material is extracted with a solvent.

9. The lens materiat of claim 1 wﬁemn Tess than about
10% of the material’s blue Yight abwrbancy is lost if the
material is extraclod with a solveit, |

10, The lens matcnal of claim 1 further comprising an
ulzravzolel absorbing compound.

11. The lens material of claim 18 wherein the total amouat
of polymenzable yellow dye and ultraviolet absorbing com-
pound Fs less than about 1.9 wt. %,
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Memorandum
Date:  August 28. 2003

From: Claudia Grillo, Paralegal Specialist
Office of Regulatory Policy (HFD-013) "~~~
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Subject: Patent Term Restoration Application
“for Acrysof

To: Dockets Management (HFA-305)

Attached please find a copy of the Application for Extension of' Patent Term Un agfu 5; UsEs §
156 for the above-referenced medical device, to gether with the cover letter from the Patent and
Trademark Office. The applicant is Alcon and the product‘s trade name is Acrysof Please

assign a docket number to this application for patent extension and advise me of sa.me

If you have any questions, please contact me at 240 453-6699. Thank you for your aissiSiaﬁEe.’ -

Attachment



