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-1-- PHOTOCHROM C NAPHTHOPYRAN COWVPOSI TI ONS OF NEUTRAL COLOR
DESCRI PTI ON OF THE | NVENTI ON The present invention relates
to conpositions of 5 certain photochrom c napht hopyran conpounds whi ch
when acti vatwe,977284, exposed to solar ultraviol et radiati GrcTUS97/04767
exhi bit the near neutral colors gray or brown. Nbre particularly, this
i nvention relates to photochromc conpositions and articles containing
such conpositions that 10 have at |east two photochroni ¢ naphthopyran
conpounds sel ect ed on the basis of specific: crlterla whi ch when
incorporated — into J[oPHEMUMECSRAMANOPORAIP (CDRBOSTPIYNEEF INEUIRAL EHIOR
activated, exhibit a neutral color, as defined in the Cl ELAB col or
system. 15 Photochronlc conmpounds exhibit a reversible change
I n color when exposed to |ight radi g ; y et rays,
such as the ultraviolet radlatlon in sunlig l'ight of a
mercury- | anp. Various cl asses Bﬁ%?%hllﬁﬁ?‘ltmn relafifFolif (ROMPRF AL s of
synt hesi zed and sy09&st@dn§ PlotbiBrbiic Zﬁﬁm?j%ﬁﬁ%h' E8pdua¥igitndwnen

sunlight-induced reversibl e col or ange aor darkenlng Is desired. The
nost widely descri beaftivated, i.e., exposed to solar ultraviolet radiation,

exhibit the near neutral colors gray or brown. More
particularly, thig invention relates to photochromic
compositions and articles containing such compositions that

10 have at least two photochromic naphthopyran compounds selected
on the basis of specific criteria, which when incorporated
into an organic solvent or organic polymeric host and
activated, exhibit a neutral color, as defined in the CIELAB
color system. ] _

15 Photochromic compounds exhibit a reversible change
in color when exposed to light radiation involwving ultraviolet
rays, such as the ultraviolet radiation in sunlight or the
light of a mercury lamp. Various classes of photochromic
compounds have been synthesized and suggested for use in

20 applications in which a sunlight-induced reversible color
change or darkening is desired. The most widely described
classes are oxazines, naphthopyrans and fulgides.

The use of combinations of organic photochromic
compounds with absorptions in the visible spectrum has been

25 disclosed in U.S. Patent 4,968,454; In this patent, an
oxazine with a visible absorption greater than 590 nanometers
is mixed with a second oxazine having at least one activated
absorption maximum in the visible range between 400 and 590
nanometers. German patent No. 43 25 154 C1 describes a

30 polymerizable mixture containing a number of photochromic
colorants, at least one of which is not a spirooxazine. TU.S.
Patent 5,066,818 discloses a mixture of diaryl-3H-naphtho(2,1-

b)pyrans with naphthoxazines or benzoxazines to obtain a near
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cl asses are oxazines, napht hopyrans and ful gi des. The use

of conbi nations of organic photochromc conpounds with absorptions in
the visible spectrumhas been 25 disclosed in U S. Patent 4,968,454. In
this patent, an oxazine with a visible absorption greater than 590
nanonet ers lo97R3y2%8d W th a second oxazi ne having at |east

activated gg?(;r ption maxi mumin the visible range bet vveenpgggs’g%%%%
nanoneters. CGernman patent No. 43 25 154 Cl describes a 30 polynerizable
m xture containing a nunber of photochromc colorants, at |east one of

which is not a spirooxazine. U. Pat ent “8; 066, 818 di scl oses a mi xture

S.

of diaryl -3H naph 2,1 b)pyrans._ w a xazlhes or benzoxazines
to obtain a near th8§ co%or.vﬂgﬁ.sfzgint J,ng,ggg r.él(:)xs"caffo:ses t?xe combination
PCT/ US97/ 04767 of a yellow/orange coloring adamantane 2-spiropyran grampoondor .

U S. Patent 4,8l 2n898 spﬂ%f?’%% r tcggogﬁ,%imgﬁoggib#&a&nﬁé a%e)ég{a'i’.‘%o%{i@?&?

col ori ng adamant ane an conpo ue “coloring
pyran contai ni ng atphényl?gpoep tsuhstituted ayhehy | onphoupr Rayst posd tEdnat witte

ortho or para ROSi}i QRS aMshB tié‘f'%'m"a%{?ﬁggﬁéﬁ'%%ga%%%ﬁsp?%fgé t?xe466’ 398

di scl oses the m xture of a Z-subs nap pyran with a
vari ety of phot ochiwmixe efnpormibsbitatdd-@i-niphthodl| 2rcblpydan wighyman

famlies to produgg, fedlf 3¢ Phod¥di¥BmtO! Hupobhdd! PN Adm the oxazine and

pyran families to produce a gray or brown color. Although all
of the aforedescribed disclosures can under ideal (primarily
10 artificial) conditions produce a desirable gray or brown shade
upon activation, it has now unexpectedly been found that under
the wide variety of conditions a lens (or other article) might
experience under solar exposure (natural conditions) such a
desirable gray or brown coloration can be produced only by an
1§ admixture of certain naphthopyrans.
Combining photochromic compounds of different
chemical families, e.g., a yellow/orange naphthopyran and a
blue oxazine, that have different activation and bleaching
rates results in the formation of different color shades
20 during activation aﬁd fade. For example, if the naphthopyran
has slower kinetics (activation and bleaching) than the
oxazine, a combination of the two compounds will when
activated initially color blue, proceed through a gray or
brown shade, and then finally turn an orange-brown during the
26 Dbleach or fade cycle. Such a mismatch in kinetics is commonly
seen when attempting to pair photochromics from different
families.
Combining photochromic_compounds of different
chemical families, e.g., naphthopyrans and oxazines, that have
30 different absorption spectra in the UV also can result in
different colors during different times of the day, at
different latitudes, and during different seasons of the year.

Unfiltered mid-day summer sun at low latitudes contains a much



of the aforedescribed disclosures can under ideal (primarily 10 artificial)
condi ti ons produce a desirable gray or brown shade upon activation, it
has now unexpectedly been found that under the wi de variety of
conditions a lens (or other article) mght experience under sol ar
exposur e (natural weaagydsyons) such a desirabl e gray or brownpegusraiison
can be produced only by an 15 adm xture of certain naphthopyrans.
Combi ni ng phot ochrom ¢ conpounds of different chemcal famlies, e.qg.,
a yel | ow orange napht hopyran and a bl ue oxazLﬁe, t hat have different
activation and bl eaching rates results in the formation of different

col or shades 20 during.actival ieNsAYE tAdE1eddtn QXBrR1et! (G (1 e., UvE)
napht hopyr an has 51 ower ki netcs (activation and bl eaching) than the
oxazi ne, a conbi nat ith lohgt vavelgdatbPourids - wiUVAIwkban doesseynlighgdat high
initially color blu d T2 4
finally turn an oraﬁﬁgﬁgggﬁﬁqgtgpﬁgﬂ?ﬁgegggyﬁﬁéégﬁed?{?ggeagﬁb?g.Q%ﬁg%ﬂg =
m smat ch in ki neti cstlieswinpemn| Fhe UVBAWANrakih igt higigy dgrendgysi en all of
photochromi cs frog difef 6560 -mentich@&ddn¥tions and can vary afdiiRiBhi,. 1f
phot ochrom ¢ conpounds of different chemcal famlies, e.qg.,

napht hopyrans and ox#hs RBItoghremipsgeEpengs el ehenyfhsepPiBh dpeetra in

the W also can resuldeiilte, at QiEFSFSY waOLPeytREl | tHbndih Ci@iterbhires of

the day, at different latitudes, and during different seasons of the
year. "Unfi | t er ecPhAt@CRESMIS, FREPORIAT Sa i L bpeardert (LS erenttlyi AsPenrdinchon
V\? 97/ 37254 the UVB/UVA ratio. For example if thd’ ggbkﬁ%ﬁéZGZomponent

10 of a lens has a Amax (UV) at 346nm and the oxazine component
has a Amax (DV) at 365nm and the molar ratio of the components
is balanced to give a gray activated color in unfiltered mid-
day summer sun at low latitudes, then at high latitudes or
sunlight early or late in the day (or in the winter sun), the

15 1lens will appear blue. Such a mismatch in UV absorption
spectra is commonly seen when attempting to pair photochromics
from different families. To achieve the most consistent
performance under the greatest variety of solar conditioms, it
is most desirable that naphthopyrans used in combination

20 absorb in the UV as close to the visible as possible where
attenuation is minimal.

Combining photochromic compounds with different
temperature dependencies also will result in different colors
in the activated state depending on the temperature of the

25 lens. Naphthopyrans have been shown to have superior
temperature dependency (i.e., their darkening abiliﬁy is less
effected by heat) when compared to oxazines. 2An article, for
example a lens, containing a naphthopyran and an oxazine at a
molar ratio that provides a gray coloration in the activated

30 sState at room temperature, i.e., 72°F, will appear blue at low
temperatures and brown at high temperatures. It has been

found that a lens containing only a combination of certain



hi gher ratio of short wavelength ultraviolet (W) (i.e., UVB) to long
wavel ength W (i.e., UVA) than does sunlight at high | atitudes or
sunlight early or late in the day, or sunlight in the winter. The
UVB/ WWA ratio is highly dependent on all of 5 the above-nentioned

condi tions and dramatically. If t he phot ochrom S
of a |l ens absor 63{%‘&'&’6. activate, at different wavel en;%(ﬂg@?ﬁ@ﬁ;the
di fferent phot ochrom ¢ conponents will performdifferently dependi ng on
the UVB/ UVA ratio. For exanple if the naphthopyran conponent 10 of a |lens
has a [err]max (WV) at 346nm and t he oxazi ne thnponent has a [err] max
(Uv) at 365nm and the nolar ratio of the_conpgnents I s bal anced t(")> gi ve
a gray activated VETUPOPHIHT PPEPRYY Miid: remaingg,nenprad, 9t (9F PERY™

| atitudes, then abvedd ghwidd idemgesatiire rangeNlvught REgHly QésimRel Geddea day
(or inthe w nterdsu?, 1L’h‘; 15, len w'?ll pear, blue. Such a m'?match I n
UV absor pti on CHFECPT & ﬁréce(%ﬁ?m'ﬁ%x} BeRCiTaRdat? SREPPRG-THSpaF e

phot ochrom cs wiirchmi di ¥Hear dntividdalise sperd thehiamesthemomat ofotnest ent
per f or mance ungerotta% L eat est variety of solar conditions, it I s nost
desirabl e that naﬁ’htt Sgyfans used in conbination 20 absorb in the UV as
close to the visible as posombising @hetochratiice Bodddundsi @ith diférent

Conbi ni ng phot ochrQm c_coppaunds. with _different t enperature .
dependenci es al so W Tl °‘rg'esu Fni'\#ﬁ & 35%"%15’0%’: examg?ﬁ THE St T4t ed

st ate dependi ng orespnlie dbspamatucamgfe tiheactZiratedshudNaphthoenanagdrmye Ifeen
Shoyin, Lo, have SURGLJ Bbn-pane LERSIAN!GR (RGIIGREY (s Ranedd Bhin (B 21100

ability is |less ecte en conpa 0 oxazi nes.
article, for 10 cowpoeperta d deps YAl achivates faphtdmepyralrramtieamexazi ne

at a mol ar rahhq LQ@:{va%OiSiQ%a[&e?rQX leﬁﬁéai&'}ibp 5419,e8C1 | ¥ €43 30
state at roomtenperature, i.e., 7Z2[er[F, w appear bl'ue at Tow
t enper at ures and iuagen. aphdticghromipacapareds firomhfamijden otherf thaml t hat a

l'ens contai ni ng (Hudﬁiﬁegcgﬁa g@&%ﬁgl(ybrcgﬁéégﬂé'fulgides which have shown a

rapid rate of fatigue, i.e., photodegradation, have been

1s avoided. For the same reason, it is postulated that
‘'naphthopyrans containing a C-H containing group at the carbon
a- to the oxygen of the pyran should be avoided for reasons of
fatigue. See, for example, Padwa et al, J.0rg. Chem., Vol.
40, No 8, 1975, page 1142. Naphthopyrans containing amino

20 groups have also been avoided for reasons of fatigque -
especially in imbibed articles where the photochromic
component is exposed to oxidizing (atmospheric) conditions.
Although oxazines and naphthopyrans (without the substitutions
mentioned) have comparable low rates of fatigue, their

25 differences in temperature dependency, kinetics and UV
absorbancy make a mixture of oxazines and naphthopyrans less
desirable. .

Finally, it is most desirable that'a photochromic

composition be formulated for use in or applied to an article

30 under the widest variety of conditions. Photochromic lenses
may be prepared either by an imbibition process, as described
in U;S. Patent 4,286,957, or cast within the lens, as

described in U.S. Patent 4,851,471. It has been suggested
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-4-7 napht hopyrans not only will remain a neutral gray (or brown)

over a wide tenperature range, but a highly desirabl e deeper degree of
darkening will be achieved in warmer tenperatures, whi ch is when

I ndi vi dual s spendwblyent2zs gest anount of tine 5 outdoors. PCT/US97/04767
Conbi ni ng phot ochrom ¢ conpounds with different rates of fatigue into
an article, for exanple a lens, wll result also in-a change in
activated hue as the lens ages. If the non-hl ue conponent of a lens

fatigues faster than the blue 10 conponent, a lens that activates to a

gray color when newgpae Mﬂlﬁeaﬁﬁéé&hﬁomé'%&&Bﬁﬁd@%aﬁ%é"{CE%% RRrd AhsRling
use. For this reason, photochrom c conpounds fromfamlies other than

oxazi nes and pyrans PrPefsePaniseeping Shackevadi OF HavdasRewew and by g¥ed rat e

of fatigue, i.e., p aapéfcgfsagaiémonhayeul;@ed&tai;s@vot:deﬁas Retehtf, $RER
reason, it is postulated that apht hopyrans contai ning a_C-H contai ni ng

group at the carbon¥reporged by l"#@l’@?y@eﬁt FLl dRedpy3Tgh SheR-dVBE- RAoi Hed 3br

reasons of fatidgyss, ?@ 5946 RLARPLEaz FRIPRoEScHRbonid - ddnpoukdPEve MOt -
40, No 8, 1975, page 114 Napht hggprans contai ning amno 20_groups have

al so been avoi ded f&PtREIEIRETHILT fpglkld catalysts commonly employed in the
casting process, but rather react to form deeply colored

adducts.
In accordance with the present invention, there are
10 provided compositions comprising a carrier and at least two
photochromic organic naphthopyrans that have been selected on
the basis of their visible and ultraviolet light lambda max
.values, sensitivity, optical density and fade rate under solar
simulated conditions. Such compositions, when activated under
15 diverse solar conditions, have unexpectedly been found to
demonstrate a near neutral color of gray or brown that is.
within the range of +10 to -10 for a* and b*, as defined in
the CIELAB color system. In addi;ion, compositions prepared
by imbibition of the selected naphthopyrans into a polymeric
20 host carrier demonsfrate a temperature dependency value of

less than 0.30.

| DESCRIPTION OF THE DRAWINGS
. For a better understanding of the present invention,
25 reference may be made to the accompanying figures in which:
Figure 1 is a graph of A Optical Density vs.
Temperature for Composition 1, Composition 2 and Composition 5
of the Examples;
Figure 2 is a color consistency chart of the CIELAB
30 color coordinates b* vs a* for Composition 1 and Composition

4; and
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especially in inbibed articles where the photochromc conponent is
exposed to oxidizing (atnospheric) conditions. Al t hough oxazi nes and
napht hopyrans (w thout the substitutions nmenti oned) have conparabl e
low rates of fatigue, their 25 differences in tenperature dependency,

Ki neti cs and UWygerzmapsor bancy nake a m xture of oxazines andPCTIUS97IO476"I
napht hopyrans | ess desirabl e. Finally, it r1s st
desirabl e that a photochromc conposition be formul ated for use in or
applied to an article 30 under the w dest variety of conditions.

Phot ochrom c | enses may be prepared eithef” by an i nbibition process,
as descri bed in US P 6, 9 (o] | he: l.ens
described in U S. Patent 4, gg@“%%% §§ %%ﬁor ég%ﬁgﬁawgihgﬁxk 5e 'eh CI€§§B
97/ 7254 color coordlnates b* vs a* for ComposRCI RSO ANGA4767

-5-. t hat oxagﬁéggﬂgyghoghronic conpounds can be used in a casting
process by keeping t | evel of initiator |low and by the j udi ci ous
selection of the catalyst. It has recently been reported by Ml at esta
et al inJ Og Chem, Vol. 46q hat oxazi ne

phot ochrom ¢ conpounds are not y catal ysts
commonl y enpl oyed in the In recent years, photochromic compositions,

particularly photochromic plastic materials for optical
applications, have been the subject of considerable attention.
In particular, photochromic ophthalmic plastic lenses have

10 been investigated because of the weight advantage they offer, .
vig-a-vis, glass lenses. Moreover, photochromic
transparencies for vehicles, such as cars and airplanes, have
been of interest because of the potential safety features that
such transparencies offer.

‘15 The development of a near neutral coloring
photochromic plastic material for optical applications that
maintains a substantially neutral color during activation and
fade within the temperature range of from S0°F te 95°F and
under conditions of variable UV light which occurs depending

20 on the time of the day, season and latitude, and over the
lifetime of the material has been an unrealized goal.
Typically, it has been reported that any blue-coloring organic
photochromic compound can be combined with any orange-coloring
organic photochromic compound to produce an activated neutral

25 colored optical material, e.g., a lens. However, the
formation of undesirable bluish or orange tints may occur in
such a lens depending on the different properties of the
individual photochromic compounds, i.e. activation and fade,
rates, fatigue rates, effects of temperature dependency and

30 the wavelength of ultraviclet absorbance.

In accordance with the present invention, it has now
been discovered that compositions comprising at least two

photochromic organic naphthopyrans that meet specific



casting process, but rather react to form deeply col ored adduct s.
In‘accordance with the present invention, there are 10 provided
conpositions conprisirng a carrier and at |east two phot ochrom ¢
or gani ¢ napht hopyrans that have been sel ected on the basis of their
vi si bl e and ul tr aypewsizsd i ght | anbda max val ues, sensiti vi tRCTAUS9T/04761
density and fade rate under solar simul ated conditions. Such
conpositions, when activated under 15 diverse solar conditions, have
unexpectedly been found to denonstrate a near neutral color of gray or
brown that is Wi thin the range of +10 to -10 for a* and b*, as defined
in the Cl ELAB gehestitsteitedia adli texnibi€ OtHpo Fioll Lamingp peppedes wherby
i mbi bition of the sel ected nagh%ggpyrans j nt 20 host carnrier
Fantiric

er %og Oel %\mafm{: & a. pounds and
denonstrate a tenper3fofReEE ¥ Fafte%o 2RACHIPYEes. S
DESCRI PTI ON OF THE PRpo¥dCEc solar ultravioletFeadtatdehter understandi ng of

the present invention, Z?a gferegcg q&gnbe q%pe 0 t@f accggp%gégnglﬁh% res

i n whi ch: i FPETIVRELL PGPEFH P PErTY SEBY i Talt BERs i 1 Vs

Tenperature for GnaesifiédmeteifoE) el hdg oFithianthéCarpgeidd anoSto -10 Gbrtdre

Exanpl es; . K gerae I?E&k\g a fol or gon_sia%tdency chart of _thel

Cl ELAB 30 col or cooFﬂFH&t€§'g v f 5P Cofg8EFTi §S7°1 and Conposi tion

4; and (b} a difference of less than 6 units between the maximum
and minimal a* values, and a difference of less than 14 units
between the maximum and minimum b* values measured during

10 activation and fade at 72°F for a luminous transmittance of
between 30 and 90%. Preferably, the composition exhibits a
difference of less than 5 units between the maximum and
minimum a* values and a difference of less than 13 units
between the maximum and minimum b* values. More preferably,

15 the difference between the maximum and minimum a* values is
less than 4 units and the difference between the maximum and
minimum b* values is less than 12 units. The preferred
composition contains naphthopyrans as the principal
photochromic materials, more preferably, as the only

20 photochromic materials.

Other than in the operating examples, or where
otherwise indicated, all numbers expressing wavelengths,
quantities of ingredients or reaction conditions used herein
are to be understood as modified in all instances by the term

25 “about”.

The carrier for the photochromic naphthopyran
compounds may be an organic solvent or organic polymeric host
material. When the photochromic composition comprising at
least two photochromic naphthopyran compounds is imbibed into

30 an organic polymeric host for the naphthopyran compounds and
the imbibed polymeric host exposed to solar ultraviolet

radiation, the composition also exhibits a temperature
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-6- Figure 3 is a color consistency chart of the Cl ELAB

col or coordi nates b* vs a* for Conposition 3 and Conposition 6. 5
DETAI LED DESCRI PTI ON OF THE | NVENTI ON In recent years,

phot ochrom ¢ CQpgp@eiThdsOns, particul arly photochrom c pl ashirfmsiRlasd al s
for optical applications, have been the subject of considerabFe
attention. In particular, photochrom c ophthalmc plastic | enses have
10 been investigated because of the weight advantage they offer,

vis-a-vis, glass | enses. Moreover, photochromc transparencies for

vehicles, such agepahderdfl of BkANGmn 02¥6. prebeRbI1Y), tH dRpbrREpaUse of
the potential safety features_that such transparencies offer. 15

The devel opnent dePERARRSY HSULREF Mo Pi 78 phot ochromic plastic

material for optical appli eempefstdriatiependeiiyNt 24 Herdndd Helradh| ald ¥he
neutral color during activation and fade within the tenperature range

of from 50[ err] F A%Wpeyiral predyst of diyiding tHRdfifRTeNee Rafvesnl e | i ght

whi ch occurs depeipdiiBgl 2derdd tiN8t td PhoRbchdthidaYens @RS 82 Mmbat | ddbitreand
over the lifetime of the material has been an unrealized goal .

Typically, it ha®thd@f¥F radpbPPel wiar sajap sisutarest crpdikinns by the

phot ochroni ¢ conpRiRE: 68N RRragalbhefielbtd Rlke Pk anqemg@mrdragde end@h@gni C
phot ochrom ¢ conpound to produce an activated neutral 25 col or edPOptI cal

material, e.g., FBRes YhaG¢aFee 1qfe coloration,gt ¥ agki vtk PRaBPdemiFsh
or orange tints NR%sOEsWhd Ambient HémPefatides 6pendi pRosthrbai di fdmar ent
properties of _th i ndi vi dua\légéphot ochrom ¢ conpaunds, i.e. activation

and fade 19 ohaYing 3 {LETRSFAERRE dSPPRATCY Vatuanok, At if PeFOPeR deyeEnd

30 the wavel engt lasothdl tenperaktte aiR@EhsEE Erom 72°F to 95°F compared to a
lens having a temperature dependency value of 0.27.
The photochroﬁic naphthopyran compounds of the
present invention are selected from the group consisting of
15 3(H] -naphtho{2,1-blpyrans and 2[H]-naphtho{l,2-b]pyrans.
Such naphthopyrans may be represented by the

following graphic formulae I and II, respectively:

20
The substituents represented by (R)y, (R')y, B and B and
additional modifications to graphic formulae I and IXI are
described in the following patents and patent applications,
the disclosures of which respecting those compound formulae

25 are incorporated by reference herein:



In accordance with the present inventi gh—t-has now been di scovered
t hat conpositions conprising at | east qbilS SHEBN&IASCBEEN) ¢ or gani c

napht hopyrans that neet specific RER ACBH 254

PCT/ US97/ 04767 7 sel ection
criteria wll exkydoiashdae foll ow ng properties when | ncor pecwEssh/o47670
a carrier for the naphthopyran conpounds and exposed to sol ar

ultravi ol et radiation: (a) an activated neutral color of gray or
brown, which is 5 defined herein as being withiga the range of +10 to -10
for a* and b* in the ClELAB col or system and (b) a
difference of |ess gl@anphténts 9,088y tehezmvivr,:rumssl zzanoh wignj, 0w ; a*

val ues, and a difference of | ess than 14 n the xi mum and
ni ni num b* val ues n%a?éﬁréﬂa'dérlzﬁa - 1Y%y 56??%1?‘11% a?ﬁf“fszgae %1127?2f‘gﬂf] Ffor a

| um nous transm tt age840b77; s,Besyeen 3D180bBA0Ys, Hefeanabs yeat, Be7;
conposition exhibits a di fferepnce of .l ess t its t t

maxi mum and mi MG 338 4 A7 é ghd\ PRLAFFE e E‘é‘%r %Essoéjﬁ’é%?%:! U%‘ﬁe‘?d
bet ween t he maxisurocebesni 18, MuIsb? omis4es999/pridlpd cbaiobblyl3,159bhe

di fference between the na ni val s_tha

units and the di ffe‘}sc-{%@@ g@’\?\?&ﬁ gh@%gﬂmﬁlﬁ%ndog?&o iﬁ?mﬁﬁlﬁa V& g‘§ i s

| ess than 12 units.19bl5¢ pspfsr,2sed, flle@orrmsuml omss:sa-ntoanso,naphtth& ans as

t he princi pal ‘gqt}_zgt gg'hrg*gsg Brg}aesrglalggx R t%hg% < n%?lﬁéyoﬁg the only 20

phot ochrom c materi afing
exanpl es, or Wnere 08/345t b, wifdded mii/281/e4d; =xd 08/26551039 expirlegshugust 4,
mavelengths tities of ingredients or reaction conditions used

4, s g . . i
herein are %o b€ "understood as nodified in all instances by the term
More particularly, the compositions of photochromic

organic naphthopyran compounds comprise:
{(a) at least one photochromic organic naphthopyran
compound having a visible lambda max of from 400 nanometers to
15 525 nanometers; and
(b} at least one photochromic organic naphthopyran
compound having a visible lambda max of from greater than 525
nanometers to 650 nanometers.
| Photochromic naphthopyrans of the previously
20 described group (a) include members selected from the group
consisting of: _
' (1) 2,2-diphenyl-5-hydroxymethyl-6-methyl-9-methoxy-2H-
naphtho{1,2-blpyran;
(2) 2,2-diphenyl-5-hydroxymethyl-6-~phenyl-2H-
25 mnaphtho[l,2-blpyran;
(3) 2,2-diphenyl-5- (2-ethoxy-2-oxo-ethoxycarbonyl)-8-
methyl-2H-naphtho (1, 2-b] pyran;
(4) 2,2-diphenyl-5-methoxycarbonyl-8-methyl-2H-
naphtho{1, 2-blpyran;
30 (5) 3-(2-fluorophenyl)-3- (4-methoxyphenyl) -8-methoxy-9-
methoxycarbonyl-3H-naphtho (2, 1-b}pyran;
(6) 3,3-di- (4-methoxyphenyl) -6-morpholino-3H-
naphtho(2,1-b]pyran;

Sheet Has Been Re laced

T




25 "about". . The carrier for the photochrom ¢ napht hopyran
conpounds nmay be an organic solvent or organic polyneric host

mat erial. When the photochrom c conposition conprising at | east two
phot ochrom ¢ napht hopyran conpounds is inbibed into 30 an or gani c polyneric
host for the n@ﬂ%mran conmpounds and the i mbi bed poly

exposed to solar ultraviolet radi ati on, the conposition a so eﬁﬁ égr ts
a tenperature WO 97/ 37254

PCT/ US97/ 04767 -10- - 8- dependency of

| ess than 0. 30. Preferably, the tenperature dependency is | ess than

0. 28. eral YL e GRALAISNEMy a2 SpdeSdrle .h.fr hg-{$- the
nunerical product of d?’\r/r}gdrn the di fférencé between tﬁn e}frir) ¢ opti cal

density of a photRsiipcsplenyd sGdﬂomﬂlB‘aTﬂ'@aﬁémWeél blpyr@ln i72[err] F and
95[err] F under-sol ar sjgyul at gdg ng%%xg,hﬁ{ naphPHYES 1C8) o %{age of .
0

t hese 2 nunbers. Terrperature dependency relates the degree
coloration of an acti Vi@ed2pRotirhamyd-é-methoxpgaxkpnyheSafdi ent tenperature,

e.g., a photochr qrat@lyhspspﬁgnyhewynenansﬁ&merrat yrﬁﬁeaﬁnd&racy val ue of 0.38

becones |ighter he tenperature increases from 72[err] Fto 95[err]F
conpared to a Iens‘lﬁévMgtﬁr%%r?ﬁeﬁa%%r@méb@mﬁéy val ue of 0.27.
The phot ochroni ¢ napht hopyrda guiBRuRER: Ofnal Fﬂ@hopyraﬂ&eéﬁrtthe' ¥§9§d&§'iyare
sel ected fromthe group consisting of 15 3 - na 1-b pgrans and
2[ H| - napht ho[ 1, 2_ g group (b) include members selected from the group
consisting of:
10 (1) 3-(4-methoxyphenyl)-3-(3-methyl-4-methoxyphenyl)-13-"

hydroxy-indeno[2,1-f}naphtho[1,2-b]pyran;
(2) 3,3-di(4-methoxyphenyl)-13-hydroxy-13-methyl-
indeno(2,1-f)lnaphtho(1,2-b)pyran;
(3) 3,3-di(4-methoxyphenyl)-6,11-dimethyl-13-(1-
15 methylethyl)-13-hydroxy-indeno(2,1-£flnaphthol1,2-blpyran;
(4) 3-(4-methoxyphenyl)-3-(3,4-dimethoxyphenyl)-6,11-
dimethyl-13,13-dipropyl-indeno[2,1-flnaphtho(1,2-blpyran; and
{5) mixtures of said naphthopyrans.
More particularly, the photochromic naphthopyran
20 compound of group (a) is selected from the group congisting
of:
(1) 2,2-diphenyl-5-(2-ethoxy-2-oxo-ethoxycarbonyl)-8-
methyl-2H-naphtho[1,2-b]lpyran;
(2) 2,2-diphenyl-5-methoxycarbonyl-8-methyl-2H-
25 naphtho{l,2-blpyran; and
(3) mixtures of said naphthopyrans.
More particularly, the photochromic naphthopyran compound of
group (b} is 3,3-di(4-methoxyphenyl)-6,11-dimethyl-13-(1-
methylethyl) -i3-hydroxy-indeno(2,1-£flnaphtho{1,2-blpyran.
30 The naphthopyran compounds of groups (a) and (b) are
selected based on certain selection criteria. The numerical
values for the selection criteria are based on individual

values when there is one compound selected from each of groups



K

Such nap'ht ho;ﬁyrans may be represented by the foll ow ng graphic formnul ae

| and |1, respectively: [err] ) 20 The substituents
represented by (R[err](R)[err] B and B and addi ti onal nodifications
to graphic fornulae | and Il are described in the foll ow ng patents and

patent applicatiwo®372s4 the di scl osures of which respecting thRERAUWFMI6UNI
formul ae 25 are incorporated by reference herein:

- 9- U S Patents 4,818, 096; 4,826,977; 4,931, 221; 4,980, 089;
5, 066, 818; 5, 200, 116; 5, 238, 981; 5, 244,602; 5, 244, 132; 5,384, 077,
5,395,567, 5,451, 344; 5,458, 814; 5, 464, 567, 5, 466, 398; and U.S.

application serial (ab.amB/(51209433, ifi basedOonotke av@rad®I¥ mbey inddvigupht ent

5. 645 767: 08/ 542, n 8:
08/ 490, 189, filed ?%%ééélﬁgﬁf%'& %fi‘g%relgz‘ﬁ?u%%fﬁﬁ%%%%ﬁg%&%%@gﬁ S,
Pat ent 5, 658, 59®th¢)8/0¢99r@a$ f(a) et J(le i14e..1308 svad, Ehe Bpddwadual

5.658, 201: 08/ 490, i P 5 206
008/ 359, 773 fil ed %gg%er% Al%gd"‘d 3] Eqﬁo’lv?/ﬂﬁe%'ggé mé'ty 3%1 5‘% EEQE s

08/ 345,095 fil ed NB?E’F\%*laZBYr 1984 dhEfexgrSe Patwsan shsszta}@r@eamnbﬁe max
08/286,039 filed Aygysd o £hdYhdttWoblrand deePoupst4) &é (b) is less than
150 nanometers but greater than 75 nanometers, and the
difference between the uv lambda max value of the
_ naphthopyrans of groups (a) and (b) is less than 50 nanometers
10 and is within the range of 345-400 nanometers. Preferably,
the difference between the visible lambda max value of the
naphthopyrans of groups (a) and (b} is less than 130
nanometers but greater than 100 nanometers, and the difference
between the UV lambda max value of the naphthopyrans of groups
15 (a) and (b) is less than 30 nanometers and is within the range
of 350-400 nanometers. More preferably, the difference "
between the visible lambda max wvalue of the naphthopyrans of
(a).and (b) is less than 120 nanometers but greater than 110
nanometers, and the difference between the UV lambda max value
20 of the naphthopyrans of groups (a) and (b) is less than 20
nancmeters and is within the range of 355-400 nanometers.
Additional selection criteria for the photochromic
organic naphthopyran compounds are that the difference between
the sensitivity values of the naphthopyrans of groups (a) and
25 (b) is less than 0.25; the difference between the optical
densities at saturation of the naphthopyrans of groups (a) and
(b) is less than 0.2; and the difference between the fade
rates (T1/2) of the naphthopyrans of groups (a) and (b) is
less than 50 seconds. Preferably, the difference between the
30 sensitivity values of the naphthopyrans of groups (a) and (b)
is less than 0.20; the difference between the optical
densities at saturation of the naphthopyrans of groups (a) and

{b) is less than 0.1; and the difference between the fade
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Mor e part i cul arI y, the conpositions of photochronc organic

napht hopyr an conpounds conpri se: (a) at | east one

phot ochrom ¢ organi ¢ naphchopyran conmpound havi ng a visible | anbda max
of from 400 nanoneters to 15 525 nanoneters; and (b) at
| east one phot ogly Gs4 O gani ¢ napht hopyran conpound havi ngepusdrisih ©

| ambda max of fromgreater than 525 nanoneters to 650 nanoneters.

Phot ochrom ¢ napht hopyrans of the previously 20 described group (a)

i ncl ude nmenbers sel ected fromthe group %n3|st|ng of :

(1) 2, 2-di phenyl - 5- hydr oxynet hyl - 6- net hyl - 9- met hoxy- 2H napht ho

[ 1, 2-b] pyran; rates (T1/2() 20t ©né rﬂbﬂéﬁéﬁﬂraﬁshé{fﬂg‘})&iﬁ?t Wil aBapignyls- 2H
25 naphtho[1, 2-b]p

2, 2- di phenyl - s-(2leﬁhos@3a1235x5e@@mycapmme)fegably. theedififerepre, Hskraen

[1 2-b] pyr an; the sen31t104ly égf%ég'gbefﬁé apHBLdPPEURAT 0 R¥buSs N&l Nitha 2H
napht ho[ 1. 2- b] pyr an;

3-(2-fl uorophenyl ){(b3- {g- #Whéh%ﬁé—rﬁsl ) tBe (fHififgxgucr between the optical

met hoxycar bonyls 3ld=Raphid1ofae. ;mmw ¢ th FenooviBls of 5
3, 3-di - (4- et hoxypre\enyl) 6- rmr?)hol Ino-3H - b oPKt hos [02 gmu}])s (2} oo

WO 97/ 37254 (b} is less than 0.05; and the dlfferencpd:ﬁqﬁgwghﬁe% ARl
-10- ( Ehted- (Fr/35t BY | erte SafhtWislRRBA8Z6F WrrdlpS- M) ada(ds) is

less than 25 seconds.
Regarding the selection criteria for the

10 naphthopyran compounds of the present invention, visible Amax
is the wavelength in the visible spectrum at which the maximum
absorption of the activated or colored form of the
photochromic compound in the carrier occurs, UV Amax is the
wavelength in the ultraviolet range closest to the visible

15 gpectrum at which the absorption of the activated form of the
photochromic comﬁound in the carrier occurs, sensitivity is
the change in optical density of a photochromic compound in a
carrier measured over the first five seconds of exposure to
ultraviolet light and is expressed on a minute basis, optical

20 density at saturati6n is the optical density of the
photochromic compound in a carrier measured after 20 minutes
of UV exposure, and fade (bleach) rate (T1/2) is the time
interval in seconds for the absorbance of the activated
photochromic in a carrier to reach one half the highest

25 absorbance at room temperature after removal of the source of
activating light.

The photochromic orgénic naphthopyrans described
herein may be used in amounts (and in a ratio) such that an
organic carrier to which the photochromic compounds or mixture

30 of compounds is applied or in which they are incorporated
exhibits a desired resultant color, e.g., a substantially

neutral color when activated with unfiltered sunlight, i.e.,



S

met hoxypﬁenyl ) - 6- nor phol i no- 3H napht ho[ 2, 1- b] pyr an; (8)

3, 3-di phenyl - 8- net hoxy- 3H napht ho[ 2, 1- b] pyr an; (9)

2, 2- di phenyl - 4- met hoxycar bonyl - 5- ( 2- 5

met hyl propri onyl oxy) - 2H napht ho[ 1, 2-b] pyran; and (10) m xtures
of sai d napht hopwoaaT2se The phot ochrom ¢ napht hopgrrasssoeis?
t he previously descri bed group (b) include nenbers selected fromthe
group consisting of: 10 (D)

3- (4- met hoxyphenyl ) - 3- ( 3- net hyl - 4- net hoxyphenyl-}3-13- hydr oxy-i ndeno[ 2,
1-f] napht ho[ 1, 2- b] pyr an; 2

3, 3-di (4- met hoxypheay Ineat3a mediterxy - &B-aretbypoessible given the colors of the

i ndeno[ 2, 1-f] napht ho[ 1, 2- b] pyr an; .

35560 (4. met hosypheRyiYAESS BstRepRomLe goppowiad

met hyl et hyl ) - 13- hydr oxy- i ndemropguti=dl gapht éalck, Bxbilphtrsan; spectrum that ps
3- (4- nmet hoxyphenyl ) -3- (3. 4- di net ho henyl ) -6 -

di et hyl - 13, 13- di pr%egiﬁ(‘:}?’ﬁl ne(?flffil%%/ﬂoon 5%?%0% Jf?’ﬁ-%j[spifrlgnfaneﬁﬁed between 400
(5) m xtures of saiahdaphtiopmesnss. A neutral brown Mmlerpexhibdgkas|specthemn

phot ochr ori ¢ napht NGty 20 AEBOHIA A 58 QNP 468L 536 SBLASES LhgD fdhe

group consi sting _

2, 2-di phenyl - 5- ( 2- etdidsrpt@lyergehosheranborle )558-700 nanometer range. An

met hyl - 2H napht ho[ 1, 2- ; . s .

2 2 4 phonyl -5 et FEEEREon . O dRAer PR eoler e Ay feama,pf dte.
(3) mixtures of saichusmehitigy canzdinateshbviqhadesexiber ke quadiphes sxtheoni c
napht hopyran cogpo fsn aaqi®h oy Qh sl : £ ie., i

3, 3-di (4- met hox%heén“yﬂ")‘*. %?ﬁ-dd'igrrgtﬁty 158 ?‘i”-‘ma“ce actom. S.8.. AEE

met hyl et hyl ) - 13- hy dehpejnar hefetivo[ 2110 -fHen&3Rt SOftEm2- b yphaamagipity coordinat§fe

napht hopyran conpoulds c8ta i B £MirdNehé PlarBb of theSelHGliGH1025¢H Q8 to
certain selection criteria. The nunerical val ues for the sel ection

criteria are based BMirngwwi udl . *=XA[ZF¥ed) \#8nythePeYir3) on&oderpund
sel ected from each @fscaipe@Sin the cIE system can be plotted on a chromaticity

15 diagram, usually a plot of the chromaticity coordinates x and
y. See pages 47-52 of Principles of Color Technology, by
F. W. Billmeyer, Jr., and Max Saltzman, Second Edition, John
Wiley and Sons, N.Y. (1981). As used herein, a near neutral
color is one in which the chromaticity coordinate values of

20 *x" and "y* for the color are within the following ranges for
a Dg; illuminant and a 10 degree observer: x = 0.274 to 0.355,
Y = 0.300 to 0.365 following activation to 40 percent luminous
transmission by exposure to solar radiation (Air Mass 1 or 2).
Expressed in terms of CIELAB color space, a neutral color is

25 one in which the chromaticity coordinate values of “a*” and
“b*”, under the same conditions as previously stated, range
for a* from -10 to +10 and for b* from -10 to +10.

Previous definitions of near neutral color under

similar éonditions, e.g., U.S. Patent 4,968,454, column 3,

30 lines 24 to 30, have specified ranges for the chromaticity
coordinates x (from 0.260 to 0.400) and y {(from 0.280 to

0.400) . These ranges correspond to a* and b* ranges in the
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-121- (a) and (b) or it is based on the average of the individual

val ues when there is nore than one conpound sel ected from ei t her of
groups (a) or (b), i.e., the sum of the individual val ues divi ded by
t he nunber kﬂg?ﬁg values. More 5 particularly, the

bet ween the visible nbda max val ue of the napht hopyrans of groups
(a) and (b) is less than 150 nanoneters but greater than 75
nanoneters, and the di fference between LE;_UV | anbda max val ue of the
napht hopyrans of groups (a) and (b) is less than 50 nanoneters 10 and is

within the range @fEridSedi¥s BgBOERIRAS ax PERIEI-2Bl ¥ o 54. 01 Ebbfiw ahem
bet ween the visible | anbda nax val ue of the naphthopyrans of groups

(a) and (b) is | e&2-BhER 336 - nanoneters but greater than 100

nanoneters, and the differ gaccamount Betu\wrpﬂohscmlawmwyyﬂm;ooﬁethe
napht hopyrans of groups 15 (a) and (b) .is less than 30 nanoneters and S

within the range @PPlieditozmy. ipporparghetetnto RoFRrTHEEs &F Aty crikical

di fference 5 NREEA ALY hS&bE 8 didRb dandiik Y&l uRaoto thi@anaphd hopyr ans
of (a) and (b) is less than 120 nanoneters but greater than 110

nanoneters, and tl’!]i’t? BFRTIRSheEtech ISAeFREPIOVEP AR 22KET S48 HBOR 20 of the

napht hopyr ans of a@fteuasu{ra) aeflefd))1y SubkSendulidncad be desmmeaeagras and is
wi thin the range 355-400 nanoneters di tional sel ection

criteria for the BPS’E’Fﬁ“Bﬁ'\ gmount ., Egﬁlﬁa‘?ﬁﬁfﬂ%ﬁw’&ﬁt c‘iﬁ?ﬂoﬁﬁﬁ%“ LRt

the difference beipsneshe 1ntehb£t13&:ﬂi3lcbﬂ.&i'tdés\i&éﬂ|&&>dhf ﬂ-fwauaambﬁmiweaas of
groups (a) and 25 | ess t qa)m 0..25; the difference t en the

(b
opti cal dthsidd EZ’%’E ther BPERPDPS6R ERSATRBRPTRRS PARPRIY §PBups (a) and

photochromic compounds. Typically, the more photochromic
compound applied or incorporated, the greater is the color
intensity up to a certain limit,
The relative amounts of the aforesaid photochromic
15 compounds used will vary and depend in part upon the relative
intensities of the color of the activated species of such
compounds, and the ultimate color desired. Generally, the
amount of total photochromic compound incorporated into or
applied to a photochromic optical host material may range from
20 about 0.05 to about 1.0, e.g., from 0.1 to about 0.45,
milligrams per square centimeter of volume or surface to which
the photochromic compounds is incorporated or applied.
The photochromic naphthopyrans of the present
invention may be applied to or incorporated into the carrier
25 by various methods described in the art. Such methods include
dissolving or dispersing the photochromic compounds within the
organic solvent or orxganic polymeric host material, e.g.,
casting it in place by adding the photochromic compounds to
the monomeric host material prior to polymerization;
30 imbibition of the photochromic compounds into the host
material by immersion of the host material in a hot solution
of the photochromic compounds or by thermal transfer;

providing the photochromic compounds as a separate layer



(b) is | ess than 0.2; and the difference between the fade rates (Tl/2)

of : the napht hopyrans of groups (a) and (b) is | ess than 50 seconds.
‘Preferably, the difference between the 30 sensitivity values of the
napht hopyrans of groups (a) and (b) is less than 0.20; the difference
bet ween t he optiwelems72s4 densities at saturation of the napht hORSEES304767
groups (a) and (b) is less than 0.1; and the difference between the

f ade WD 97/ 37254

PCT/ US97/ 04767 -1s- - 12- rates (T1/2)
of the naphthopyrans of groups (a) and (b) is | ess than 35 seconds.

More preferably, th:etdééﬁercﬁlacenbelameea of thet hessemserialt v .gal uas aoparhe

ht h f I
et ueen t ho opt i calot ReptomeRerctiny eb pipvaRs it Rubddinndt Conedibllce
groups (a) and as(baxru;s:ﬂ ase::iﬂ:nam leée,d amd thé swtifhte ramh cbebhosteen t he
fade rates (T a%Lr:‘BLl.t hemQaPMQEﬁ{égar %Bngééﬁuﬁﬁmfxéé" qulgpgr%de% to

| ess than 25 secon e'selection criteria for
the 10 napht hopyr maaoam)umdrguéé germept bore it themitdtonr,xrmnm bbepduards] nax

ooy oL oo Sl h e ShEUELEY, Y81 BB Wit o e
conpound in the camphcepeclmomics cothoungtsr intex & pordws polymer, vapor phase
transfer, and other such transfer mechanisms.
_ Compatible (chemically and color-wise) tints, i.e.,
10 dyes, may be applied to the host material to achieve a more
aesthetic result, for medical reasons, or for reasons of
fashion. The particular dye selected will vary and depend on
the aforesaid need and result to be achieved. 1In one
embodiment, the dye may be selected to complement the color
15 resulting from the activated photochromic compounds, e.g., to
achieve a more néutral color or absorb a particular wavelength
of incident light. In another embodiment, the dye may be
selected to provide a desired hue to the host matrix when the
photochromic compounds are in an unactivated state.
20 The carrier will usually be transparent, but may be
- translucent or even opaque. The carrier need only be pervious
to that portion of the electromagnetic spectrum, which
activates the photochromic substance, i.e., that wavelength of
ultraviclet (UV) light that produces the open or colored form
25 of the substance and that portion of the visible spectrum that
includes the absorption maximum wavelength of the substance in
its UV activated form, i.e., the open form. Preferably, the
host color should not be such that it masks the color of the
activated form of the photochromic compounds, i.e., so the
30 change in color is readily apparent to the observer.
The carrier of the present invention may be an
organic solvent or an organic polymeric host. The organic

solvent may be selected from the group consisting of benzene,



wavel ength in the ultraviolet range closest to the visible 15 spectrum at
whi ch the absorption of the activated formof the phot ochrom ¢
conmpound in the carrier occurs, sensitivity is t he change in optical
density of a photochrom c conpound in a carrier neasured over the
first five secopusofdngxposure to ultraviolet |ight and ispgyrRE#fEsag On
a mnute basis, optlcal 20 density at saturation is the optical density of
t he phot ochrom ¢ conmpound in a carrier nmeasured after 20 m nutes

of WV exposure, and fade (bleach) rate (T1/2) is the tine interval in
seconds for the absorbance of the activated photochromc in a carrier

to reach one half ga%eg%ghgghylzétms%ggﬂge BbcbOMtaaRerature after

renoval of the source o acti vating The
phot ochr oni ¢ or gartie-rabpATIHNFERENS %!@%Pibéﬂ'metthé?Yérﬁlwoﬁe' wed in

amounts (and in a gaibRyestifin ethet, 8% 1ene, éifcﬁéﬂéfaﬁéarﬁlrﬁ‘éch whi ch the
phot ochrom ¢ conpounds or i xture 30 of conpounds is applied or in V\/m ch

t hey are incor por s¥sdohexangnehi BrREl RcqE3te edetEaydrafnray| sethangd,
substantially g m@},\g}%ﬁ%ﬁ&%ﬁ%&@;&%@ mHREL LR SuHN | ght

i.e.,
PCT/ US97/ 04767 Preferably, the organic solvent is selectad from the g¥eHP 3

neutral color as Réb?x%';bl:?n@'o\feﬁcé%ecola%&&f tBerahydrofGlfu¥gt €fhcohol, 2-
phot ochrom ¢ conpounds. A neutral gray color exhibits a

spectrum t hat has methoxyeihyflj @EheT e Ariirthns ssLreerarAne hd"Wesh¥l e range

bet ween 400 S and {89 8ANHLELRE SmixAuRelt frRlreBEOWN col Or exhibits a
spectrum '
P 10 Preferably, the organic polymeric host material is a

sclid transparent or optically clear material, e.g., materials
suitable for optical applications, such as plano and
ophthalmic lenses, windows, automotive transparencies, e.g.,
windshields, aircraft transparencies, plastic sheeting,

15 polymeric films, etc.

Examples of polymeric organic host materials are
polymers prepared from individual monomers or mixtures of
monomers selected from the following groups:

(a) diacrylate or dimethacrylate compounds represented

20 by graphic formula III:
Ry Ra

CH2==CCO ——(A) n —0CC==CHj

I1I

wherein R, and R, may be the same or different and are hydrogen
or methyl, and A is (CHj) and n is an integer of from 1 to 20;
25
(b} diacrylate or dimethacrylate compounds represented

by graphic formula IV:



in which the absorption in the 400- 55@¢—+anomet T S noderately
| arger than in the 550-700 nanoneter Ral h@%SHﬁﬁFHA§%E brnati ve way of
describing color is in ternms of its c hiREFMAGE Blty cpor di nat es, which
describe the qualities of a 10 color Tn addition to its |um nance factor,
i.e., its cwoymstisgity. In the CIE system the chromati cit PCT/US97/04767
coor di nat es are obtained by taking the ratios of the tristinmulus
val ues to their sum e.g., x=X/(X+Y+Z) and y=Y/(X+Y+Z). Col or as
described in the CIE systemcan be plotted on ayghromaticity 15 di agram
usually a plot of the chromaticity coordinates x and y. See pages
47-52 of Principles of Col or Technol ogy F. %% Bill meyer, Jr., and
C

—U

Max Sal tzman, Second Edition, John FWley and So N. Y. (1981). As
used herein, a near neutral col or ijs one in whi the chromaticity
coordi nate values of 20 "x" andH,7=£@{OtRtpcot-dCATE#Hehin the
foll ow ng ranges for a Derr] |IIu nant and aJEO degree observer: x =
0.274 to 0. 355, y = 0.300 to 0.365 hollowing agivation to 40 percent

| um nous transm ssion by exposure to solar radiation (Air Mass 1 or

2). Expressed in terns of ClELAB col or space a neutral color is 25
one in which the chromaticity coordinate val uekVof "a " and "b*",

under the sane conditions as previously stated, range for a* fron1-10

to +10 and for b* fron1 1Q.t.o +10 revi o def ns_.o
near neutral col or 53“’% 8 g%?r%‘a‘t‘rz 28R 15,38, lnte e %%’% * } 5087%d
4,968, 454, col um 3 30 lines 24 to 30, have speC|f|ed ranges for t he

chromaticity s Ccoordi@at 8 acrfiiaea &k &6ﬂeﬁmac&y499a ond flfaomh@ 480 to

0.400). These ranges Cgrgrrreos poggpéeose%tegnby grapgngeéormula

Ra

CH,==CCO — CH,C — CH,

\/

0 (o}

Vv

10 wherein R, is hydrogen or methyl.

In graphic formulae III, IV and V, like letters used
with respect to the definitions of different substituents have
the same meaning.

Examples of diacrylate or dimethacrylate compounds

15 represented by graphic formulae IIT and IV include diethylene
glycol dimethacrylate, triethylene glycol dimethacrylate,
etc., butanediol dimethacrylate and poly(oxyalkylene
dimethacrylates), e.g., polyethylene glycol (600)
dimethacrylate. Examples of acrylate or methacrylate

20 compounds represented by graphic formula V include glycidyl

' acrylate and glycidyl methacrylate.

Further examples of polymeric organic host materials

which may be used with the photochromic compounds described

This Sheet Has Been Reﬂ

] AW
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- 14- Cl ELAB col or systemfor a ﬁﬁ&)ﬁﬂfﬂ‘a.}mst@%éﬁ 0 and for b* from
-22.5 to 33.1. The anountREd] ACES P bchrom ¢ napht hopyrans
to be applied to or incorporat 1 i s not critical
provided that aygWhhisgs ent anount is used to produce a mj:,?@g;
effect discernible to the naked eye upon activation. Cenerally suc
anount can be described as a phot ochrom ¢ anount. The particul ar
anount used depends often upon the inten gty of col or desired upon
irradiation thereof 10 and upon the nmethod uSéd to incorporate or apply
the phot ochruiied nC oAPRIFIS Mr@al §Ye. t%@m@%ﬁnﬂ?%%%@%fmers,
conmpound applied or incorporat ed greater € Co Intensity
up to a certain |9hithe monomers and mixml‘ﬁesl‘-‘eﬁ gerorermsapresaatedhy af or esai d
photochrom ¢ 15 conpayBdgompadet | l1vahd ad d¢Belhy1N cRALInLRY Mmbkliners,
relative intensities of the color of the activated speci es_of such
conpounds, and t HEiFPPFARARY 1c BPRFeRfe FPPeRersGe AERAF¥YARted Haisphenghpint  of
total photochr 9N g reRRROHAG teNROhRWTEL €8eiAleReOf1 yeol ﬁ@@&.étﬁﬁc 18te

phot ochromi c optical host” material nmay range from 20 about 0.05 to about
1.0, e.g., from Cpomgrap@MYderbylene ghyqql)qgbafsneidacEyiatice MeBRReY ot er of
vol ume or surf acedh@xhasdy phen&bq:ﬁhaaemr%ee GRIHRE PSS dﬁtokﬁﬁ&f&prat ed
or applied. phot ochr om ¢ napht hopyrans of t resent

i nvention nay be BI¥PYER¢ &ISPh?%cRﬂlHBF’éYJeﬁfel H%owré cEigh @8 ethoxylated

trimethylol propane triacrylate monomers, urethane acrylate

10 mwmonomers, such as those described in U.S. Patent 5,373,033,
and vinylbenzene monomers, such as those described in U.S.
Patent 5,475,074 and styrene; polymers, i.e., homopolymers and
copolymers, of polyfunctional, e.g., mono-~, di- or multi-
functional, acrylate and/or methacrylate monomers, poly(C3-Cqia

15 alkyl methacrylates), such as poly(methyl methacrylate),
poly(alkoxylated phenol methacrylates), cellulose acetate,
cellulose triacetate, cellulose acetate propionate, cellulose
acetate butyrate, poly(viﬁyl acetate), poly(vinyl alcochol),
poly{vinyl chloride), poly(vinylidene chloride},

20 polyurethanes, thermoplastic polycarbonates, polyesters,
poly{ethylene terephthalate}, polystyrene, poly(alpha
methylstyrene), copoly(styrene-methyl methacrylate),
copoly(styrene-acrylonitrile}, polyvinylbutyral and polymers,
i.e., homopolymers.and copolymers, of diallylidene

25 pentaerythritol, particularly copolymers with polyol (allyl
carbonate) monomers, e.g., diethylene glycol bis{allyl |
carbonate), and acrylate monomers, e.g., ethyl acrylate, butyl
acrylate.

_ Transparent copolymers and blends of transparent

30 polymers are alsc suitable as host materials. Preferably, the
host material is an optically clear polymerized organic
material prepared from a thermoplastic polycarbonate resin,
such as the carbonate-linked resin derived from bisphenol A

Tthh&ﬁ

I



25 by vari ous methods described in the art. Such methods incl ude

di ssol ving or dispersing the photochrom c conpounds within the organi c
sol vent or organic polyneric host material, e.g., casting it in place
by addi ng the photochrom ¢ conpounds to t he nononeric host nmateri al
prior to pol ymerwoaizis®isas 30 i nbibition of the photochrom ¢ conpPCIrise7iossd

t he host material by imrersion of the host material in a hot solution
of the photochrom c conpounds or by thermal transfer; provi di ng the
phot ochrom ¢ conpounds as a separate |ayer -19- WO 97/ 37254

PCT/ US97/ 04767 -15- bet ween

adj acent |ayers of &he giesteri@! hish, i€ . dld afder pheltrademask, LEXANYNEri C
film and applying the photochrom c conmpounds as part.of a coatjng

pl aced on the surfa¥3‘£|:L tehe ‘?ﬂfg’t as thematerinl spid ?’é‘%ﬁ “PRoTRErBR* or
"inmbi be" is intendedyfiar; aSpoPAlnetAd inuthadeyDedd)eabue asf théanatleei sl hyadi C
conpounds al one én o.the host teri al I]‘egol \é;nt assi sted_transfer of

t
t he phot ochr onf® %ﬁﬁSu?E&deF'ﬁFg?aP%Ig hEYWRFEIZREEB D fase
transfer, and ot berpsleh (bl 2ys fRirbbRatEN MoABmer, especially diedt3npaéidlyol

(chem cally and colQlamie) aldiacks Samichopiiits, ITodls, Bl 2 0,00,
or for reasons of traddmazki CB:39Thendasdliymskbratdiseos edapollederd |df wapylyand
depend on t he ?f I sagd%neacé and- res .t %@ bg hcicgvggléj alirl ne
enbodi nent, the dye %%ﬁb@ Ry ?c?c’o#fif% P fey Sl 8BS By
carbonate), with other copolymerizable monomeric materials,
10 such as copolymers with vinyl acetate, e.g., copolymers of
from B0-90 percent diethylene glycol bis{allyl carbonate) and
10-20 percent vinyl acetate, pafticularly 80-B5 percent of the
bis({allyl carbonate) and 15-20 percent vinyl acetate, and
copolymers with a polyurethane having terminal diacrylate.
15 functionality, as described in U.S. patents 4,360,653 and
4,994,208; and copolymers with aliphatic urethanes, the
terminal portion of which contain allyl or acrylyl functional
groups, as described in U.S. Patent 5,200,483; poly(vinyl
acetate), polyvinylbutyral, polyurethane, polymers of members
20 of the group consisting of diethylene glycol dimethacrylate
monomers, diisopropenyl benzene monomers, ethoxylated
bisphenol A dimethacrylate monomers, ethylene glycol
bismethacrylate monomers, poly(ethylene glycol)
bismethacrylate monomers, ethoxylated phenol bis methacrylate
25 wmonomers and ethoxylated trimethylol propane triacrylate
monomers; cellulose acetate, cellulose propionate, cellulose
butyrate, cellulose acetate butyrate, polystyrene and
copolymers of styrene with methyl methacrylate, vinyl acetate
and acrylonitrile.
30 More particularly, contemplated is use of the
combination of photochromic naphthopyrans of the present
invention with optical organic resin monomers used to produce

optically clear polymerizates, i.e., materials suitable for



15 resulti ng'fromthe activated photochrom c conpounds, e.g., to

achieve a nore neutral color or absorb a particular wavel ength of
incident light. In another enbodi nent, the dye may be selected to
provi de a desired hue to the host matrix when the phot ochrom ¢
conpounds are iwpassdacti vated state. 20 The car answ,d,hﬂ
usual |y be transparent, but nay be transl ucent or even opaque. The
carrier need only be pervious to that portion of the el ectronagnetic
spectrum which activates the photochronjc substance, i.e., that

wavel engt h of ultraviolet (W) Iight that®produces the open or col ored

form 25 of the %&59§££{“‘a§p§§9aéi%ts,pﬁﬁéﬁ%% g%r: emgggis &éaﬁ&téﬂﬂ&aﬁﬂ{gw

i ncludes the absofption nmaxi mum wavel ength ance I n
activated form ilensest Windpws, famdraurprdtdvgbtyanapayencies.ho§uckol or shoul d

b h that gty ' h
not be such that obh%@isl@is cgasr ?gl?ﬁegizééé% may haifel sv?%ﬁdacft%@ %{dlegc Ehat

phot ochrom ¢ -conpounds, “i.e., e 30 change in color Is rea
apparent to the BB¥ec¥ange from about 1.48 to Fheukgk(7Sere of- .+ Hroprabomst

[ nvent  on may e 12Bss to ABRAILE, €30 VEBLe L cANLPTAARLAL PAIHTREL GGk The

organic solvent may be selected fromthe group consisting of benzene,
WO 97/ 37254 . resins sold by PPG Industries, Inc. undpryhesdesibgrggion CR-

-16- t ol uenggyr Bt WR-26Hy! ketone, acetone, ethanol,

tetrahydrofurfuryl alcohol, N-nethyl pyrrolidinone, 2-
The present invention is more particularly described

in the following examples which are intended as illustrative
10 only, since numercus modifications and variations therein will

be apparent to those skilled in the art.

EXAMPLE 1
Compounds 1 and 2 are naphthopyrans which have a
15 visible lambda max within the range of from 400 nanometers to
525 nanometers. Compound 1 is 2,2-diphenyl-5-(2-ethoxy-2-o0xo-
ethoxycarbonyl) -8-methyl-2H-naphtho{1,2-b]pyran; and Compound
2 is 2,2-diphenyl-5-methoxycarbonyl-8-methyl-2H-naphtho{1,2-
blpyran. The compounds may be prepared by the methods
20 described in U.S. Patent application Serial No. 08/490,190
filed June 14, 1995 and in U.S. Patent 5,458,814,
respectively.
Compound 3 is a naphthopyran having a visible lambda
max within the range of from greater than 525 nanometers to
25 650 nanometers, and is 3,3-4i(4-methoxyphenyl)-6,1i-dimethyl-
13- (1-methylethyl) -13-hydroxy-indeno {2, 1-f1naphtho[1, 2-
blpyran. Compound 3 may be prepared by the methods described
in U.S. Patent application Serial No. 08/542,993 filed
October 13, 1995

30



met hoxyet hyl ether, xylene, cycl ohexane, 3-nethyl cycl ohexanone, et hyl
acetate, tetrahydrofuran, nethanol, 5 nethyl propinate, ethylene glycol
and m xtures thereof. Preferably, the organic solvent is selected from
t he group consi sting of acetone, ethanol, tetrahydrofurfuryl alcohol,
2- met hoxyettwo 97sviser , 3- net hyl cycl ohexanone, N nethyl PCT/US97/04767
pyrrolidinone and m xtures thereof. 10 Preferably, the organic
pol ymeric host material is a solid transparent or optically clear
material, e.g., materials suitable for opticah_applications, such as

pl ano and ophthal m c | enses, w ndows, autonotive transparencies, e.g.,
w ndshi el ds, aircraft transparencies, NPARA peekKAMBLE 15 pol yneric
films, etc. Ex | es. of pal ric o i g host. materials are
pol yners prepared from indi vi Frﬁﬁﬁﬁhéggy ‘"ﬁF&Pﬂgg@ gfangz%ﬁﬁsners
selected fromthe fpitdtmsheomiy @oppounds of the (azdhacfapidychawring a visible

di met hacryl ate conppunds represented 20 b raphic _forrmula ||

[err] wher ei n fﬂ'@%a] mﬁ%&'ﬁ?@?rfa’ﬁﬁ/ egf e§aﬁ% Ei’éu f?egrseonf‘aﬁ?luc'f‘;‘tgfg'

hydr ogen or net hydmpazadive iExapble)canipdunds 1 andi 21tmeye be Oprépared 1by a:h20;

25 ohic formih o ARALCa S dbIg! Y Y. A SAMOURY S PLES WhnBlrarsd)
Compound 3 may be prepared by the methods described in U.S.

Patents 5,405,958. The identity of the oxazine compounds is
as follows:

10 CE Compound 1 is 1-propyl-3,3-dimethyl-S-methoxy-
spiro(indoline-2,3’ - [3H]) pyrido(3,2-£f] [1,4] benzoxazine;

CE Compound 2 is 1-propyl-3,3,5,6(or 3,3,4,5)-
tetramethyl-spiro(indoline-2,3’- [3H]lpyrido(3,2-
f]1{1,4]1benzoxazine; and

15 CE Compound 3 is 1,3,3,4,5 (or 1,3,3,5,6)-
pentamethyl-9'-methoxycarbonyl-8‘-acetoxy-spirolindoline-2,3" -
[3H)naphth(2,1-b] [1,4)oxazine.
Comparative (CE) Compounds 4, 5, 6 and 7 are
naphthopyrans having a visible lambda max in the range of from
20 400 to 525 nanometers. Comparative Compounds 4 and 5 may be
prepared by the methods described in U.S. Patents 5,066,818
and 5,238,981, respectively. Comparative Compounds 6 and 7
may be prepared by the methods described in U.S. Patent
5,458,814. The identity of the naphthopyran compounds is as
25 follows: ,

CE Compound 4 is 3- (4-methoxyphenyl)-3-(2,4-
dimethoxyphenyl)-3H—naphtho[2,1-blpyran;

CE Compound 5 is 8-methoxy-3-(2-fluorophenyl)-3- (4-
methoxyphenyl) -3H-naphtho [2, 1-b] pyran;

30 CE Compound 6 is 2,2-bis(4-methoxyphenyl) -S-methoxy-
carbonyl-6-methyl -9-methoxy- [2H] -naphtho{1,2-b)lpyran; and

CE Compound 7 is 2,2-diphenyl-5-methoxycarbonyl-6-
(2-methylpropionyloxy) - [2H] -naphtho [1, 2-bl pyran.



[err] . wherein Dis CHerr]CR err]Rerr] and p is an

I nteger of from1 to 50 ; and 5 (c) an acrylate or a

nmet hacryl ate conpound havi ng an epoxy group represented by graphic fornula
V: [err] 10 wherein R err] is hydrogen or nethyl.

In graphic formyoagaiks, |V and V, like letters used YitrtsohBeefCt
to the definitions of different substituents have t he sane

meani ng. Exanpl es of diacrylate or dinethacrylate
conpounds 15 represented by graphic formgilae Il and IV include

di et hyl ene gl ycol dinmethacrylate, triethylene glyco

di net hacryl ate, etc., butanediol dinethacrylate and

pol y(oxyal kyl ene di mret hacryl ates), e.g., polyethylene glycol (600)
di net hacryl ate. Exanpl es of acrylate or nSERMBRSZace 20 conpounds

represented by graphic fornula V include gagqi gyl

Testing was done with the photochromic compounds
5 described in Example 1 in the following manner. A quantity of
photochromic compound calculated to yield a 1.5 x 10" molal
solution was added to a flask containing 50 grams of a monomer
blend of 4 parts ethoxylated bisphenol A dimethacrylate (BPA
2EO DMA}, 1 part poly(ethylene glycol} 600 dimethacrylate, and
10 0.033 weight percent 2,2’'-azobis(2-methyl propionitrile)
(AIBN). The photochromic compound was dissolved into the
monomer blend by stirring and gentle heating, if necessary.
After a clear solution was obtained, it was poured into a flat
sheet mold having the interior dimensions of 2.2 mm x & inches
15 (15.24 cm) x 6 inchee (15.24 cm). The mold was sealed and
placed in a horizontal air flow, programmable oven programmed
to increase the temperature from 40°C. to 95°C. over a S hour
interval, hold the temperature at 95°C. for 3 hours and then
lower it to 60°C. for at least 2 hours. After the mold was
20 opened, the pol?mer sheet was cut using a diamond blade saw

into 2 inch (5.1 centimeters) test squares.

Paxt B
The photochromic test sguares prepared in Part A
25 were tested for photochromic response on an optical bench.
Prior to testing on the optical bench, the photochromic test
sguares were exposed to 365 nanometer ultraviolet light for
about 15 minutes to activate the photochromic compounds and
then placed in a 76°C oven for about 15 minutes to bleach or
30 inactivate the photochromic compounds. The test squares were
then cooled to rcom temperature, exposed to fluorescent room

lighting for at least 2 hours and then kept covered for at



acrylate and gl ycidyl nmethacryl ate. Furt her exanpl es
of "pol yneric organic host materials whi ch may be used with the
phot ochrom ¢ conpounds descri bed WO 97/ 37254

PCT/ US97/ 04767 herein include: polyners, i.e., honopol yners and
copol yners, wo 9f37dshe nononers and mi xtures of nononers reprPewNEsITBd76DY
graphic fornulae 11, 1V, V, bi s(allyl carbonate) nononers,

di i sopropenyl benzene nononers, ethoxyl aced bi sphenol A 5

di et hacryl at e nononers, ethyl ene glycol bisnmethacryl ate nononer s,
pol y(et hyl ene glycol) bis nethacryl ate nononers, et hoxyl at ed phenol
bi s nmethacryl at e nopedsy 2, hahkOpliaieth testing [l whyopticadl bekdl maintained

pol yacryl ate monomer s, s_ el hoxyl ate .rpmethylo 0

triacryl ate nonomer8® & ét R?a% %ér’ %(1 % tbenChl‘l'fs r%%lé%rwsf&s%c oas'ggﬁoxseenon

described in U S Pafemanﬁ,Ba&d&&%e controlleamim:itayl e roeper nrldate hatduch

as those described in 475 074 and YETS,
ts"ae o neag,gF0h B B TR0 SHHOE0 G B0 M

i.e., honopolyners | Ona
di- or multi- 5 cutfA\UEEt £ONET; mﬁcylﬁrmvaadérmrtrmairmn}gtatmm&mr S,

poly(Cerr]-Cerr] alk S I I
nmet hacryl ate), n"‘"‘“:prc?l§ ‘%)Xy P%rc{jsﬁeno? rret écry gfigg)%( %Pﬁl %hsee
acet at e, cebwmeotba axaetaﬁeqamehlsetm aeed;@]tlempr—e)@lhmat ef light

al cohol ) RS 5 B2 B8 et e P SHBAE o TAE o amagy

pol yur et hanes, t heramgﬂleasapprcpmmghomﬂesonm yestke square. After passing

poly(ethyl ene tgpepi gl Al Ghe fRRIYE! VHE"9:1gRO %A PAZ tungsten lamp was
directed to a detector through Spectral Energy Corp. GM-200
monochromator set at the previously determined visible lambda
max of the photochromic compound being measured. The output
signals from the detector were processed by a radiometer.

15 Change in optical density (AOD) was determined by
inserting a test sguare in the bleached state into the sample
holder, adjusting the transmittance scale to 100%, opening the
shutter from the Xenon lamp to provide ultraviolet radiation
to change the test square from the bleached state to an

20 activated (i.e., darkened) state, measuring the transmittance
in the activated state, and calculating the change in optical
density according to the formula: AOD=log(100/%Ta), where %Ta
is the percent transmittance in the activated state and the
logarithm is to the base 10.

25 The A OD/Min, which represents the sensitivity of
the photochromic compound's response to UV light, was measured
over the first five (5) seconds of UV exposure, then expressed
on a per minute basis. The saturation optical density (A OD@
Sat) was taken under identical conditions as the A OD/Min,

30 except UV exposure was continued for 20 minutes for the
examples in Table 1. The lambda max (Vis) is the wavelength
in the visible spectrum at which the maximum absorption of the

activated (colored) form of the photochromic compound in a



met hyl st yrene) , copol y(styrene-nethyl nethacrylate),

copol y(styrene-acrylonitrile), polyvinylbutyral and pol yners, I.e.
honopol ynmers and copol yners, of diallylidene 25 pentaerythritol,
particularly copolyners wi th polyol (allyl car bonat e) nononers,
e.g., diethyl egp hy bi's(al |yl carbonate), and acr ¥tatiSoroa767
nononers, e.dg. et yl acryl ate, butyl acryl ate.

Transpar ent copolyners and bl ends of transparent 30 polyners are al so
suitable as host nmaterials. Preferably, the _,_ host material is an
optically clear polynerized organic material prepared froma
thernopl astic poLys@IRRBRLEoERRS), The lambda S (¥8s) RAvERLAANA! ebbitrr
resin derived from bi sphenol A WO 97/ 37254

PCT/ US97/ 04767 1in Table 1 were determined by testing the phpgochromicypgst

phosgene, which séu&@sdpanﬁeérﬂzaeeér@ﬂ%&&ka h%hbaﬁan carpcﬂ YRSy eéibirlich
as the material sold under the tradem (et hyl

net hacryl ate), sTRICFOPRAECTRITEE | aTh%&Iaﬂ‘bdam ﬁ‘ﬁae”m’t)hésttl-’l%ﬁjé'ﬁﬁerngth in

PLEXI GLAS; pokyngsé mtteavgéwc raﬁgaoéwﬂeeal t leneavboiAee spd@IRREAL which
especially diet hé/l en g ycol bi s(all carbonate), I ch monomer is
sol d under the ke afRrthe Ph&?d’cé‘é‘l’ CPPRRWE GECWEo| THBFS of a

pol yol {al |aﬂ>s&q;ckieﬁat‘ee)ne 8180, adtiedhiiiéena gl Ms‘es)lsalaéS( al lyl
carbonate), with ot her gg{) ITEI‘I zabl e nononerj¢ materials,  10_such as

copol ymers wit h SHF5H roapd axe, SEPOTRES 181 Table 1t | FhegBlepher cent
di et hyl ene gl yCOﬂtatL’é Srabyy) i‘salthenﬁirﬁé id8@rval in seconds for the

10 absorbance of the activated form of the photochromic compound
in the test squares to reach cne half the highest absorbance
at room temperature (75°F, 23.9°C) after removal of the source
of'activating light. Results for the photochromic compounds
tested are listed in Table 1.

15

Part C
Further testing was done with mixtures of the
photochromic compounds described in Example 1 and the
Comparative Example by incorporating them into test sample

20 planoc lenses by an imbibition procedure. The test sample
lenses were prepared from optical resins sold by PPG
Industries, Inc. under the designations CR-307 and CR-407, and
measured 76mm in diameter. Test Compositions 1, 2, 3, 4, 5
and 6 were prepared using the mixture of specified

25 photochromic compounds (in a specified weight ratio) in the
optical resins listed in Table 2. Each composition was
dissolved to form a solution of approximately 10 wéight
pércent in an imbibition formulation comprising resin,
stabilizers and a mixture of n-methyl pyrrolidone, 2-

30 methoxyethyl ether and tetrahydrofurfuryl alcohol. The
solution was then spin coated onto the test samples and
allowed to dry. Samples were then heated in a hot-air oven at

135-155°C for a periocd of time sufficient to thermally



10- 20 percent vinyl acetate, particularly 80-85 percent of the

bi s(allyl carbonate) and 15-20 percent vinyl acetate, and copol yners
wi th a pol yurethane having termnal diacrylate 15 functionality, as
described in U S. patents 4,360, 653 and 4,994, 208; and copolynmers with
al i phati c ur et hawesnrise term nal portion of which contai nPEIUSAT0EI67
acrylyl functional groups, as described in U S. Patent 5,200, 483;

pol y(vi nyl acetate), polyvinylbutyral, polyurethane, polynmers of
menbers 20 of the group consisting of diethyl-eke gl ycol dinethacrylate
nononers, diisopropenyl benzene nononers, ethoxyl ated bi sphenol A

di met hacryl at e nonotransfertths phetefhragiic intg)ithgptertcAePes® mAAbREr s,

pol y(ethyl ene glycoldoiing, tHeSTRbRRCING FLEiATNANELSs BOY | GlrdeRhargt bis
met hacryl ate 25 nononerS and et hoxyl ated trinmethyl ol propane triacrylate

nononers; cel | ul oseSaPALALRY washing JsiEpMBpeD fatdoved byurerene. Tt yrate,

cel lul ose acetate bigiah€e tiRleY$hYFENSvRAGtor theCORMY YERpFedPvabt ¥R t h
nmet hyl nethacrylate, vinyl acetate and acrylonitrile. 30

More particul arl§y, %oimbibe AE@arable areunts oL the RIGHFRERMIGH cgfpounds.
phot ochrom ¢ napht hopyrans of the present I nvention with optical
organi c resin nononers used to produce optically clear polynerizates,
i.e., materials suitable for WO 54

PCT/ US97/ 04767 _ The photochromic test lenses prepared in Part C were

tested for photochromic response on an optical bench

10 simulating solar conditions. The same procedure described in
Part B for activating and inactivating the photochromic
compounds prior to testing on an optical bench was followed.
The optical bench was fitted with a 300 watt Xenon arc lamp,. a
remote controlled shutter, a Schott 3mm KG-2 cut-off filter

15 which removes short wavelength radiation, and neutral density
filtex(s).

The solar simulated conditions were established by
first measuring outdoor responses of photochromic lenses wormn
by individuals while walking outside in large quadrants.

20 Measurements and conditions were reported after each leg of
the quadrant i.e., about 200 feet, and were averaged. The
output of the optical bench was adjusted until this averaged
response was obtained. Solar simulated conditions for the
temperature dependency study, shown in Figure 1, for 72°F were

25 220 watts with 1.5 neutral density filter and KG-2 filter and
for 95°F were 235 watts with 1.6 neutral density culture and
KG-2 filter. The activated percent luminous transmittance
values of Figure 1 were derived from the calculations
determining the photopic coptical density values and previously

30 collected transmittance values for an unactivated test square.

The activation cycle shown in the color consistency

studies of Figures 2 and 3 was obtained by the combination of



- 20- optical applications, such as for exanple plano and ophthal mc

| enses, w ndows, and autonotive transparencies. Such optically clear
pol ynmeri zates may have a refractive index that may range from about
1.48 to about 1.75, e.g., from about 5 1.495 to about 1.66. Specifically

contenpl at ed argoRsisa! resins sold by PPG Industries, Igteusdineert he
desi gnation CR- 307 and CR-407. The present invention

is nmore particularly described in the foll owi ng exanpl es which are
intended as illustrative 10 only, since nunergus nodifications and
variations therein wll be apparent to those skilled in the art.

EXAMPLE 1 controllin§otHo Wadsul dhe Déronapbt fpy Aanscuddd ¢he have a
15 visible |l anbda max within the ran%e of _from 40Q nanoneters to 525

nanomet ers. ConpoBfFat €8 bhe spmphe sad subseqyent, fibteping of “the’ light €0
et hoxycar bonyl ) - Spaaddud sdthnajiimunatda Zohlpyidiy. athe GadaOodfichie was 2 i S

conpounds my be- BPOHTRRPR, RISt et FEmo50 AHECRF e P BT PEHES

application Sesi ahhé\lq;es%émewuere helld hed72Peneod 40 hPRAxedNdni & U S.
Pat ent 5, 458, 814, respectivel X Codgound 3is a
napht hopyr an havi RgFRERATEFS| ePREIRbled arhR S8t nPt9R uEA82 B from
grgafj _eE4t hanh525 ﬁmhgﬁiaiﬁd) fadt cﬁ&@st)aawﬁmlejnate@%nusormg beam of

, 3-di (4- met hoxyphe - -
o5t et oy PREGHE JerBin i SRE RS 1AM, 15 BARERG fompugh the test sample

at -15° normal to the surface of the sample. After passing

10 through the sample, the light from the tungsten lamp was
directed through a photopic filter attached to a detector.
The output signals from the detector were processed by a
radiometer. Another low intensity monitoring beam of light
was directed perpendicular to the test sample via a fiber

15 optic cable from a SC Technologies-Model CSE-10
spectrophotometer. The fiber optic cable was aimed at a -
target fiber optic cable returning to the spectrophotometer
for measurement of the color values in the color consistency
studies shown in Figures 2 and 3. The color values, i.e., a*

20 and b*, of the CIELAB color space were collected under the
conditions of a Dg illuminant and a 10 degree observer. The
control of the test conditions and acquisition of data was
handled by the Labtech Notebock Pro software and the
recommended I/0 board.

25



b] pyr an. ‘Corrp‘ound 3 may be prepared by the nethods descri bed in US

Pat'ent application Serial No. 08/ 542,993 filed Cct ober 13, 1995 30

WD 97/ 37254 PCT/ US97/ 04767

-21- COVPARATI VE EXAMPLE

Conparative (CE)woanpmsads 1, 2 and 3 are phot ochrom ¢ conNPCLUSHF/04767
the oxazine famly having a visible | ambda max in the range of greater
than 525 to 650 nanoneters. 5 Conparative Exanpl e Conpounds 1 and 2 may
be prepared by the nmet hods described in U23S- Patent 4,637,698, and
Conmparative Compound 3 may be prepared by the nethods described in

uU. S Patents 5,405,958. The identity of IABEE dxazi ne conpounds isS

as foll ows: CoRPOLH ket

1- proopyl - 3, 3-di mt%hgg } w'(g"%(hnd%q"?@"énz 3 - !mrl doﬁ;ﬁ]

[1, 4] benzoxazi ne;

3,3,4,5)- t et ranet hyl - spi #8%i ndol iH& 2, 3' - [QHT?)yrl do[ 3,037

f1[1, 4] benzoxazi ne; angl 15 467 3d8E Corrpoumth is 1,3.374,5 (or71

;eﬁt grrgt ﬁifl 9' - met hoxytar bonyl 82 - acet o%37- spi r o[ Pntd! i ne- 2, #-36 81

[ 3H napht h[ 2, 1-b] [ 1, 4oxazi ne. 22 348 0.26 0.35 61
CE 2 616 348 0.32 0.42 57
CE 3 628 368 0.32 0.5 72
CE 4 486 348 0.22 0.63 271
CE 5 491 359 0.24 0.7 198
CE 6 524 357 0.16 0.35 135
CE 7 475 350 0.3 0.77 186

The results of Table 1 show that Compounds 1 and 1

or 2 would be suitable to C§mbine with Compound 3 to yield a

5 composition of the present invention. The use of a
combination of compounds CE 1, 2 and 3 with CE compounds 4, 5,
6 and 7 or with Compounds 1 and.z would not meet at least one
of the criteria of the present invention, e.g., the difference
being greater than 140 nm but less than 75nm for A max visible;

10 a difference of less than 50nm for A max UV; 0.25 units for
sensitivity; 0.2 units for optical density at saturation; and

50 seconds for fade rate,



Conparative (CE) Conmpounds 4, 5, 6 and 7 are napht hopyrans having a
visible | anbda max in the range of from 20 400 to 525 nanoneters.
Conpar ati ve Conpounds 4 and 5 may be prepared by the nethods descri bed
in US. Patents 5, 066, 818 and 5, 238,981, respectively. Cbnparative
Conmpounds 6 an may be prepared by the nmethods describegdd

Pat ent iggyﬁﬂ%M‘The I dentity of the naphthopyran conpound% 'S

fol |l ows: CE Conpound 4 is 3-(4-nethoxyphenyl)-3- (2,4-

di met hoxyphenyl ) - 3H napht ho[ 2, 1- b] pyr an; -28- CE Conpound 5 is
8- met hoxy- 3- (2-fl uorophenyl ] - 3-(4-

met hoxyphenyl ) - 3H napht ho[ 2, 1- b] pyran; 3C0pagiE 2 CE Compound 6 is

2, 2- bi s(4-met hoxyphenyl) -5- net hoxy-

car bonyl - 6- net hy| COMR@SIREON- [ 2H] - napht ho[ 1, 2- b] pyr an; and OPTICAL

CE Conpound 7 is_2, 2QPLeREny| - 5- FEMROWNRSr bonWEIGHT RATIO RESINS
(2-7Ethy}propionyloxy)-[ZFﬂ-naphtho[l 2- b] pyr an. WO 97/ 37254

PCT/ US97/ 04767 -22- -

PART A i R%%stlng was done with the pﬁotochronlc céﬁbggﬂds 5
described in Exam@® dGRAYN the fol | o’khg manner. ASAfdntity of CR-407 .
phot ochrom ¢ conpgu grébicul ated togyjeld a 1.5 Xzgdfserr] nol alcr-407
solution was added to a flask containing 50 grans of a nonomer

4 (GRAY) CE1,CE2,CE4,CE5 = 29/25/30/16 CR-307
5 (GRAY) CE3,CE6,CE7 42.5/30/27.5 CR-407
6 (BROWN) "CE3, CE6, CE? 34/34/32 CR-307

The comparison of Compositions T and 2 with
Composition 5 in Fig. 1 under solar simulated conditions shows .
s less of a decrease in the A Optical Density for Compositions 1
and 2 at temperatﬁres above 72°F. This result is related to
the temperatufe dependence of the photochromic composition.
The temperature dependence is célculated by using the
following formula:
10

AQD 72°F -~ AOD 95°F
Average {AOD 72°F + AOD 95°F)

Based on the data presented in Fig. 1, the

15 temperature dependence of Composition 1 is 0.27, that of
Composition 2 is 0.17, and that of Composition 4 is 0.3B.
Figures 2 and 3 show a comparison of the color consistency of
Composition 1 with Composition 4 and of Composition 3 with
Composition 5, respectively.

20 In Fig. 2, the activation/fade cycle plot of the
color consistency of Composition 1 falls within the (b*,a*)
coordinates of (3.5,-1.1) and (-7.8,-5). This corresponds to
a difference in b* values of 11.3 and a difference in a¥*

values of 3.9. The plot of the color consistency of



bl end of 4 parts ethoxyl ated bi sphenol A dinethacryl ate (BPA 2EO DWA) ,
1 part poly(ethylene glycol) 600 di nethacrylate, and 10 0.033 wei ght
percent 2,2'-azobis(2-nmethyl propionitrile) (AIBN). The photochrom c
conmpound was di ssolved into the nmononer bl end by stirring and gentle
heating, if necewasans7r2s4 After a clear solution was obtai ned, PCT/USKIONI767
poured into a fl at sheet nold having the interior dinensions of 2.2 mm
X 6 inches 15 (15.24 cm x 6 inches (15.24 cm. The nold was seal ed and
placed in a horizontal air flow, programuabl e -agen programed to
increase the tenperature fromd40[err]C. to 95[err]C. over a 5 hour
interval, hold theCormasdtaonre fall9SfidhihCrhd oib*3ahbigeordhrptdsert (13.8,owner
it to 60[err]C. fogptleeqsy @ houss. HichCbotliGoBRhS 03 AL E@%ﬁbﬁ

pol ymer sheet was cut using a dlannndv de saw Into |nc
centimeters) test aedid@*eyalues of 17.4 and 14.7, respectively. Part B

The photochrom c test squar eﬁ:e%@?f&%q ng@ertcyélg%l\%r ertat edibpr

phot ochrom c response on an optica Pritor to testing on the
optical bench, fhecppmistenrvriinc Figst3 for C@mnﬁié;i,w\e? €agdkp ouiddrinotiyss
nanonet er ultravi okgt g*u,gggogd:lg]at s ofanug .47 DG €& b0 actdyvate the
photochronlc conpounds and ﬁ l'aced in a r6[err]C oven for about 15
m nutes to bl each 8PYZGPPRALRY ket 2 erféeﬁhtb@%)clwr by and @ifpvrines. ofhe. & aod:

squares were ih@nregg &4 ey ! 00M) ! SRPET S %ﬁpo@meﬁeéi éaqlts' mmc‘éﬂ&
room lighting for at Teast 2 hours and then kept covered for at
WO 97/ 37254 (b*,a*) values of (11, 10.4) and (1.4, -3p@)/viHgh gampsponds

10 to a difference in b* and a* values of 9.6 and 13.6,

respectively.

The present invention has been described with
reference to specific details of particular embodiments
thereof. It is not intended that such details be regarded as

15 1limitations upon the scope of the invention except insofar as
to the extent that they are included in the accompanying

claims.



- 23- lor to testing on an optical bench nmaintai ned

at 75[9r imma‘l““mmman[ The bench was fitted with a 150 watt Xenon

arc | anp, = renmbte*cohtroll ed shutter, a copper sulfate bath acting as
a heat sink for the arc lanp, a Schott WG 320 nm 5 cut-off filter which
renoves short WRyei#egth radiation; neutral density filt @ceikoiidsra
sanpl e holder in which the square to be tested was inserted. A

col I i mat ed beam of |i ght froma tungsten | anp was passed through the
square at a small angl e (approximately 3Qferr]) normal to the square.
After passing 10 through the square, the light fromthe tungsten Iarrp was
directed to a detweic@rikirough Spectral Energy Corp. Gv 200

nonochr omat or set at the previ ouslé det.erm ned visible | max of

t he phot ochronic conpound Bei ngBnESRRAE Lo COMRFIIRT At geé?tgr?é’f’s fromthe

detector were prmaeﬂr&ﬁcﬁtnapﬂtmpg,&eh cosa;%unds, said napKEnapgean n opti cal
density ([err]OD) was deternined nsertlngtia test s are I n tgﬁ
e

bl eached state i rAPCHRIS HFIPE frad FopEire sppshityhegd PRE! ¢ 8H§’Fn?nt &
scale to | 00% s opaitivag st adgac@ﬁwtcbethéramgbheae@mam t R pyican prioig, de

ul traviol et radiati,on the test are fromthe bl eached
state to an 20 aﬁﬂ"ldvﬁ?ws("lt"(?n e’ﬂ%%%éﬁﬁ%)éﬁ &P gf OIRg AP R L RE whien
transmttance indotipbheredl inval £ taxiraee, fan the ahaphitAbpyucar kemphimdgeand

optical density a cord| to the.formula. [err] O>=l og(100/%a), where
%a is the CER E%Ft‘fjaﬁf@é’mg ?rfea%égkl%% ed state and the

|l ogarithmis to the base 1Qa) 2%n activated neuthral| esYdr OB/ §tay, omhbxdwn;
represents the sgag_g{rtlwty of ' t he photochrom ¢ conpound's response to
WV light, was?t over the first five (5) seconds of UV exposure,
t hen expressed - {(b) a difference of less than 6 units between the

maximum and minimum a* values and a difference of less than 14
units between the maximum and minimum b* values measured
during activation and fade at 72°F for a luminous transmittance

15 of between 20 and 20%.

2. The composition of claim 1 wherein said
carrier.for the photochromic naphthopyran compounds is an
organic solvent or organic polymeric host, and wherein said

20 composition exhibits a difference of less than 5 units between
the maximum and minimum a* values and a difference of less

than 13 units between the maximum and minimum b* values.

3. The composition of claim 2 wherein the
25 difference between the maximum and minimum a* values is less
than 4 units and the difference between the maximum and

minimum b* values is less than 12 units.

4. The composition of claim 1 wherein said
30 photochromic naphthopyran compounds are selected from the
group consisting of 3[H]-naphtho([2,1-b]pyrans and 2{H]-
naphthe [1, 2-b]lpyrans.



ves Scen DDA st oo a2t et o e o o oeept v

exposure was céntinutd For* 20 ninutes for the exanples in Table 1. The
| anbda max (Vis) is the wavel ength in the visible spectrumat which

t he maxi num absoismmsaf t he activated (colored) form of pOPUSI7/04767
phot ochrom ¢ conmpound in a WO 97/ 37254

PCT/ US97/ 04767 - 24- test square
occurs. The | anbda max (Vis) wavel engt hs reporized in Table 1 were
determ ned by testing the photochrom c test squares pol ynerizates of

Part Ain a Varian Cary 3 U\.Vi sitthleecompesisgjent o pilatontiwhereimesaid

| anbda([err]) max s the wavel ength in 5 th | .t.r avi ol et range

cl osest. to the vi sélk%\%’cg’ﬁ%%’tcr ﬁlﬁpiaégu\?ﬁ?‘caﬁ’ compoyhds g'és(lporﬁf)s ron of the

phot ochrom ¢ conpound occur s(a)Theskeast onabsimrtgchoosicvopphthionyrdet ervinged
wth the sanme S r 0i.0 e aﬂga r jn T, .
Bl each - Rat e (‘im%% 3% ?ésmf%emg%néf inter ég n%%%ééﬁ%}édg of#r):I> ?ﬁéom{%bers'
absor bance of the amwitivated formof the photochrom ¢ conpound in the

test squares to reach one half e, i r .
tenperature (75[err]F, 23. Q?aé)r)r%g)1%%59'2?3%e%%ﬁgg&ﬁgaggﬁﬁg&ggmwgfg =
activating light. Resilleslanyda hex pddtfoom grearecopaus@s nanometers to 650

nanometers.

10 6. The composition of claim 5 wherein the
difference between the average visible lambda max value of the
naphthopyrans of (a) and .(b) is less than 150 hanometers but.
greater than 75 nanometers and the difference between the
average UV lambda max value of the naphthopyrans of (a) and

15 (b) is less than 50 nanometers and is within the range of 345-

400 nanometers.

7. The composition of claim & wherein the
difference between the average visible lambda max value of the
20 naphthopyrans of (a) and (b) is less than 130 nanometers but.
greater than 100 nanometers and the difference between the
average UV lambda max value of the naphthopyrans of (a) and
(b) is less than 30 nanometers and is within the range of 350-
400 nanometers.
25
B. The composition of claim 7 wherein the
difference between the visible lambda max value of the
naphthopyrans of (a) and (b} is less than 120 nanometers but
greater than 110 nanometers and the difference between the UV
30 lambda max value of the naphthopyrans of (a) and (b) is less
than 20 nanometers and is within the range of 355-400

nanometers.



tested ar ' 1. 15 Part C
Fur't her tEl ll@ W @A th mxtures of the phot ochrom ¢ conpounds
anplre a

descri bed ¥n t he Conpar ati ve Exanpl e by incorporating
theminto test sanple 20 plano |lenses by an inbibition procedure. The

test sanple wo b3S were prepared fromoptical resins sol gchyis&tfersr
I ndustries, Inc. under the designations CR 307 and CR-407, and

nmeasured 76nmin di aneter. Test conpositions 1, 2, 3, 4, 5 and 6 were
prepared using the m xture of specified 25 _photochrom c conpounds (in a
specified weight ratio) in the optical resins listed in Table 2. Each
corrpﬁsi tion was di SSO!SﬁEdbtﬁgf&&?oéiﬁfﬁﬂJTdfoalﬁm apphexdimpkaiy 10

wei ght ercent in an _inbibjtion for ation conprising resin,

st agi lizers gnd é’rﬂgﬁr’s@WFnﬁ-’n%tWFcb rSPPabhe 979w %‘T?Sqﬁéf%ﬂfet hyl

et her and tetrahydhaéhéf Wolhend £ althyl dths) ketorsd) Hbétohe)asthdedl,spin
coated onto the test sapples. and | lowed to dry. Sanples were then
heated in a hot-d:iel‘:rﬁl\%%p"ff‘rfurﬂ P35°h8 '[éqr'f“]eé“f]mm%r 328t 27 e
sufficient to 4 hedefRbkyethyl ether, WN8ré 3 e32dohexane, 3-methyl

PCT/US97/ 04767 cyclohexanone, ethyl acetate, tetrahydrofuran, wethanol,

methyl propinate, ethylene glycol and mixtures thereof.
. »

10. The composition of claim 9 wherein said
10 organic solvent is selected from the group consisting of
. acetone, ethanol, tetrahydrofurfuryl alcohol, 2-methoxyethyl
ether, 3-methyl cyclohexanone, N-methyl pyrrolidinone and

mixtures thereof.

- 18 11. The composition of claim 2 wherein said
organic polymeric host material is selected from the group
consisting of poly(C;-Cj5 alkyl methacrylates),
poly (oxyalkylene dimethacrylates), poly({alkoxylated phenol
methacrylates), cellulose acetate, cellulose triacetate,

20 cellulose acetate propionate, cellulose acetate butyrate,
poly (vinyl acetate), poly(vinyl alcohol}), poly(vinyl
chloride), poly{vinylidene chloride}, thermoplastic
polycarbonates, polyesters, polyurethanes, poly(ethylene
terephthalate), polystyrene, poly(alpha methylstyrene),

25 copoly{styrene-methylmethacrylate), copoly{styrene-
acrylonitrile), polyvinylbutyral and polymers of members of
the group consisting of bis(allyl carbonate) monomers,
polyfunctional acrylate monomers, polyfunctional methacrylate
monomers, diethylene glycol dimethacrylate monomers,

30 diisopropenyl benzene monomers, ethoxylated bisphenol A
dimethacrylate monomers, ethylene glycol bismethacrylate
monomers, poly{ethylene glyccl) bismethacrylate monomers,
ethoxylated phenol bis methacrylate monomers, alkoxylated
polyhydric alcohol polyacrylate monomers, styrene monomers,

35 urethane acrylate monomers, glycidyl acrylate monomers,



- 25- tn chromic into the test |enses. After
cool i ng, thi‘“ﬂﬂm.mlmwm@' | mwas renpoved fromthe test sanpl es by
washing with' LT Ok | Osne y acetone. The residence tinme in the oven
for the test sanples was adjusted 5 to inbi be conparabl e anounts of the
phot ochr om ¢ conpawIds2ss - PARTPEXNUS97/04767
The photochrom c test | enses prepared in Part C were tested for

phot ochrom ¢ response on an optical bench 10 sinulating solar conditions.
The sane procedure described in Part B foemzactivating and inactivating
t he photochrom c conpounds prior to testing on an optical bench was

followed.  The ppjisaal RABER-YASd iohSfess! And 300198t sentenon arc | anp,

a renote contTolled shutter, a Schott 3mm KG 2 cuf-off filter 15
whi ch renpves shorRERWEGEYEHGHRLr BRAMETSn, and neutral density
filter(s). The solar sinulated conditions were established

by first nmeasuring out dqgr_ r ¢8RO s‘lftigﬂoéé)“cliéﬂmﬁ bﬁ@l\/i% WRLN by

i ndi vidual s while wal king outside In rge quadrants. , 20 asurenents and
condi ti ons wer e®r FROIVPERLGIAGANEGIPIteFabrrial is; fcSQliddFEASPArENt RASTET
200 feet, and wer eselveradeftomlBRe groupOdbpsistdingt 68 mli(eethylench was
adjusted until thi ;?ﬂg_q : gxﬁﬁ ) {164 a! Al el Mul at ed
conditions for theﬁet"q}\élg enpe)r'a?ﬁir:)gtseg’glgg%ae cﬁgﬁ'ﬁi’y gﬁ% |ar?§'?:|' ure 1,
for 72[err]F were BRY (etbpxydated pigphengl nb dimgthaendiaty) | iNeEPORRP RS 2
filter and f Gfo1YehebdddteyepelYBA nyat Acetsitleh, lpd ywenyImityeansi ty
culture and KG i i h iya rcen i .t.iance
val ues of Figufe O\alg%kergggiﬂevgalff%l%gﬁé %gﬁ%e&ﬁggigoénfsltﬂg] &0031 t%éﬁ{%ﬁ%h&t he
phot opi ¢ optical dehsiefhxkangeglyeel pisfprbligl Fazbonats)| veramneres otk anee
val ues for an unacjiweledidethbhcsglitcc monomers, ethoxylated phenol bis

methacrylate monomers, diiscopropenyl benzene monomers and

ethoxylated trimethylol propane triacrylate monomers.
15

13. The composition of claim 12 wherein said solid

transparent polymer is an optical element.

14. The composition of claim 13 wherein said

20 optical element is a lens.

15. The composition of claim 2 wherein said
organic polymeric host is a polymerizate of an optical organic

resin monomer.

25 16. The composition of claim 15 wherein the

refractive index of the polymerizate is from 1.48 to 1.75.

17. The composition of claim 16 wherein the
refractive index of the polymerizate is from 1.495 to 1.66.

30
18. The composition of claim 5 wherein:

{i) said photochromic naphthopyran compound {(a) is
selected from the group consisting of:
(1) 2,2-diphenyl-5-hydroxymethyl-6-methyl-9-
35 methoxy-2H-naphtho(1,2-b)pyran;



The_ activati - t he col or consi stency studi es of Figures
2 and 3 was ﬁmun m mﬂeuwonbi nation of WD 97/ 37254
L ] S *

PCT/ US97/ 0476% ¢ - 26- controlling
the output of the xenon arc |lanp directed 15[err] normal to the sanple
and subsequent wWébienrsng of the light to produce sol ar si 'Pélrﬁfsﬁ'ﬁ?]a77
conditions. The fade cycle was obt ai ned by closing the renote s u?ter.
During both cycles, 5 the test sanples were held at 72[err]F for 30
mnutes in a tenperature controlled quartyz_cell. Al so during the
activation and fade cycles, a collimted nonitoring beam of i ght from

a tungsten | anp was passed through thgqzt.aﬁ,he&@riptehydrox%etﬂﬂ_%LFhemrmL
to the surface of the sanple. After passing 10 through the sanple, the
light fromthe tuPRIER LapPIYTaR: * directed through a photopic filter

attached to a detector. The @yt ptﬂ,zsagﬂ%@ltgom_temaogﬁlﬂa,@t wer e
processed by a radi onmeter. Anot her | ow intensity nonitoring beam of
li ght was di PEREREpRIPE aBclrthy -G pephtdell 2l P¥*eRa a fiber 15

optic cable frgma SC Technol ogi g5- Mydel E-1 pect rqphot opet er. _The
fiber optic cable was aimed at a(eﬁ Ngtgr'aé? %nygé?"%epﬁ%c’éyﬁ%\%%é‘y B UPSHG t o
t he spect rophot on@igphtho{bhr2-pdny¥vaenent of the color values in the color
consi st ency st udi es shown i g)Fi gur(gsﬂ?uoa;aghgnyﬂhg_@plﬁthgmﬂi)_g~,
a* 20 and b*, of tt}g1 Cl ELAB %%I or glgaci wgre ogl ?ct eg) under the

condi tions of a DFEPITY T TITIRIPANEA Y4 1 "&Pé’éﬁﬁ 8l B BT The

control of the test conditions dfd a&gar€iphenylof-mxhaxyearbonyl-5-(2-

10 methylpropionyloxy)-2H-naphtho(1, 2b)lpyran; and

(7) mixtures of said naphthopyrans;

(ii) said photochromic naphthopyran compound (b) is
selected from the group consisting of:
15 (1) 3-(4a-methoxyphenyl)-3-(3-methyl-4-
methoxyphenyl) -13-hydroxy-indeno (2, 1-f]lnaphtho(1,2-blpyran;
(2) 3,3-4di({4-wmethoxyphenyl) -13-hydroxy-13-
methyl-indeno(2, 1-flnaphtho(l,2-blpyran;
{3) 3,3-di(4-methoxyphenyl)-6,11l-dimethyl-13-
20 (l-methylethyl)-13-hydroxy-indeno{2,1-flnaphtho(l,2-blpyran;
{(4) 3~(4-methoxyphenyl)-3-(3,4-
dimethoxyphenyl)-s,11-dimechy1—13,13-dipropyl-indeno[2.1-
finaphtho([1,2-blpyran; and
{5) mixtures of said naphthopyrans.

25
19. The composition of claim 18 wherein:

{i}) said photochromic naphthopyran cowpound (a) is
gselected from the group consisting of:
(1) 2,2-diphenyl-S5-(2-ethoxy-2-ox0-
30 ethoxycarbonyl)-8-methyl-2H-naphtho[1l,2-blpyran;
(2) 2,2-diphenyl-5-methoxycarbonyl-8-methyl-
2H-naphtho (1, 2-b]lpyran; and

(3) mixtures of said naphthopyrans:



e

ng%edzgy,mm,mmw'mmlwlg?ggz Pro software and the recomrended 1/0
Mmoo '

PCT/ US97/ 04767 * -27- EXAVPLE
([err]) max ([err]) max [err]OD) M N [err] OD@ Bl each
COVPOUNDS (VISP 9737254 (V) SENSI TIVITY SATURATI ON ( T1/ 2CT0S9T/04767 1
464 372 0. 39 0. 37 60 2 467
368 0. 27 0. 37 71 3 582 359
0. 26 0. 36 81 CE 1 -35- 622 348 0. 26
0. 35 61 CE 2 616 348 0. 32 0.42
S7 CE 3 628 (ii) sa'i@SphotochroQiégxaphthopyranocémpound (b) 42
Y aeo’  3,3-31 pa-methoxyphicngl)-6, 11-dindeig) 13- (1-methfjetnyl) -13- oo, °
357 0.16 hydroxy-ind@gol2,1-f)naghtholl,2-blpygany 475 350
0.3 0.77 186 The results of Table 1 show

that Conpounds gl and 1~ @p.2 Wil bnpBsstidrAkECcifnt 290ING WLt h Conpound
3toyield a 5 conposition of the present invention. The use of a

conbi nati on of conpounds CE 1, 2f{&hPaddnwpkerachrenhdasrlshopyran compougdand 7
or with Cormounds (Ja)a!ﬂg 2, Mﬂbﬂeﬂ}ﬁt—SU?QIe@Hoxbe@-Sde)@Qhoxycargé-n)}lheBCr' teria
of the present invention, e.qg., the difference
methyl-2H-naphtho [1,2-blpyran or 2,2-diphenyl-5-
methoxycarbonyl-8-methyl-2H-naphtho([1l,2-b]lpyran; and
10 (ii) said photochromic naphthopyran compound
{b) is 3,3-di(4-methoxyphenyl)-6,11-dimethyl-13-(1-

methylethyl) -13-hydroxy-indeno[2, 1-f]lnaphtho(1,2-bjpyran.

21. The composition of claim é wherein the
- 15 difference between the average sensitivity value of the
naphthopyrans of (&) and (b) is less than 0.25; the difference .
between the average optical density at saturation value of the
naphthopyrans of {(a) and (b) is less than 0.2; and the
difference between the average fade rate (T1/2) of the

20 naphthopyrans of (a) .and (b) is less than 50 seconds.

22. The composition of claim 21 wherein the
difference between the average sensitivity value of the
naphthopyrans of (a) and (b} is less than 0.20; the difference

25 Dbetween the average optical density at saturation of the
naphthopyrans of {(a) and (b) is less than 0.1; and the
difference between the average fade rate (T1/2) of the

naphthopyrans of (a) and (b) is less than 35 seconds.

30 23. The composition of claim 22 wherein the
difference between the average sensitivity value of the
naphthopyrans of (a) and (b) is less than 0.15; the difference

between the average optical density at saturation of the



bei ng grea ut | ess t hamy X visible; 10 a
di f f erence ﬂ"mm,"ﬁw mfor [err VSSBQPEEAE?EE#‘ E s for
sensitivity; 0°2 uni*tssfor optical del Lon; and 50

seconds for fade rate. WO 97/ 37254

PCT/ US97/ 04767 wo 97137254 - 28- PCTIUSYT?
COVPCOSI TI ON CPTICAL ?%%1(I§
COVPOUNDS VElI GHT RATI O RESI NS 1 (GRAY) ,
60/ 40 CR- 407 2 (GRAY) -36- 2,1 60/ 40

CR- 407 3 ( BROMN) 3,1 35/ 65 CR- 407

4 (GRAY) CElnﬁﬁZGl’%ﬂfr% of &9’5 2514(30(/b16is less thédt 03.@.7:; and tha ( GRAY)
CE3, CEb6, CE7Y ;g §/30/27 5 CR- 407 %ﬁ CE3, CE®6,
CE7 34/ 34/ 3 erence E??%ﬁ?? the average fade ra { a??:ﬁﬁ? of

Conposi tions 1 andaghtidprans ofCQaposad i @) 9siTedsl ghard Asndecorsdd.ar
sinmul ated conditions shows 5 less of a decrease in the [err] Opti cal
Density for Conpositions 1 and 2 at tenperatures above 72[err]F. This
result is related to the. t ermeicohps£i iopestlanaemoi2 tineraiet ochronic
conposi tion. The terrper?ture gegende pce ] s cal cul at ed b usi ng t he
fol | owi ng formul a: sai hotochromic nap thopyran c pound (a) is

selected from the group consisting of:

(1) 2,2-diphenyl-5-(2-ethoxy-2-oxo-

ethoxfcarbonyl)-B-methyl-ZH-naphtho[1,2-b]pyran;

10 (2) 2,2-diphenyl-5-methoxycarbonyl-8-methyl-
2H-naphtho{1,2-b}pyran; and
(3) mixtures of said naphthopyrans;
{(ii) said photochromic naphthopyran compound (b) is
3,3-di (4-methoxyphenyl) -6, 11-dimethyl-13- (1-methylethyl) -13-
15 hydroxy-indeno(2,1-flnaphtha{l,2-blpyran.

25. The composition of claim 24 wherein:
(i) said photochromic naphthopyran compound (a) is
2,2-diphenyl-5- (2-ethoxy-2-oxo-ethoxycarbonyl) -8-methyl-2H-
20 naphtho{l,2-blpyran or 2,2-diphenyl-5-methoxycarbonyl-8-
methyl -2H-naphtho (1, 2-blpyran; and
{(ii) said photochromic naphthopyran compound (b) is
3,3-d4i{4-methoxyphenyl)-6,11-dimethyl-13- {1-methylethyl)-13-
- hydroxy-indeno{2, 1-f}naphtho[1l, 2-blpyran.
25
26. A composition comprising at least two
photochromic naphthopyran compounds, said naphthopyran _
compounds being free of amino substituted aryl groups on the
carbon atom adjacent to the oxygen atom of the pyran ring,
30 said composition exhibiting the following properties when
imbibed into a organic polymeric host for the naphthopyran
compounds and exposed to solar ultraviolet radiation:

{a) an activated neutral color of gray or brown;

S
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10 95[err] F

Avérage ([er mgm “'m rr]CD 9% Based on
the data presen ' '" f:}t he 15ltenp tL&FEDdepen ence of Conposition

1is 0.27, that of Oorrp05|t|on 2 is 0.17, and that of Conposition 4 is
0. 38. Figureo®msasd 3 show a conpari son of t he col or consi BCEUSKOH67
Conposition 1 with Conposition 4 and of Conposition 3 with Conposi tion
5, respectively. 20 In Fig. 2, the activation/fade cycle plot
of the col or consi stency of Conposition X3fralls within the (b*, a*)
coordinates of (3.5,-1.1) and (-7.8,-5). This corresponds to a

di fference in b* values of 1{®)3 aﬁndl&fdmrf@r efictessmthan 6 unyg$ hegwgen the

The plot of the co shshst f a rggggdbf 1 han 14
PCT/ US97/ 04767 JnQJE:. §h§ i i¥wil a* values an aV\@.@fy e?r?)OtSIatnl At 4

falls within the (Baits petgesnithe: vaxipur #8dgrinimm q*z)vaéms (megsgred 2 7)
whi ch corresponds E’Qrﬁigd at:t:%aerﬂ%% Bﬂq_t%a Fvﬁ%}?oﬁ? = Mah YRS 0k %Tzan%mqgga%ce

14.7, respectively,. fade cycle ot 0
col or 5 consi $t enfybatiweEn 30 BinﬁoBO%Zbrqydy tion 3 falls within the

(b*,a*) coordinates of (6.8, (8' 4)a QQQpégatgxre' &egéndency of less than 0.30.

27. The photochromic article of claim 26 wherein
the difference between the maximum and minimum a* values is
10 1less than 4 units; the différence between the maximum and
minimum b* values is less than 12 units; and the temperature

dependency is less than 0.28.

28. The composition of claim 26 wherein said
15 photochromic naphthopyran compounds comprise:

(a) at least one photochromic naphthopyran ‘having a
visible lambda max of from 400 nancmeters to 525 nanometers;
and

(b} at least one photochromic naphthopyran having a

20 visible lambda max of from greater than 525 nanometers to 650

nanometers.

29, The photochromic article of claim 28 wherein

the difference between the visible lambda max value of the
25 naphthopyrans of (a) and (b) is less than 120 nanometers but
greater than 110 nanometers and the difference between the UV
lambda max value of the naphthopyrans of (a) and (b) is less

than 20 nanometers and is within the range of 355-400

nanometers.
30
30. The photochromic article of claim 2% wherein:
(i) said photochromic naphthopyran compound {a} is
selected from the group consisting of:
\hﬁ‘—f-%———ﬁ
This Sheet Has Be
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correspondi ' in b* a x tyes—ef—4-—H and 1.6,
respecti vel ;/‘jmﬂﬁﬂﬂmlmmﬂ%om ti onlgiﬁﬁlsly"gtw  BEEN B (b*, a*)

val ues of (11 . ands(1+4, -3.2) ich %ﬂﬂﬁéﬁﬂonds 10 to a difference
in b* and a* values of 9.6 and 13.6, respecti very. The
present inventyan. been described with reference to spgeinfidesnsetail s
of particul ar enbodi nents thereof. It is not intended that such details
be regarded as 15 |limtations upon the scope of the invention except

i nsof ar as to the extent that they are ingluded in the acconpanying

cl ai ns. WD 97/ 37254

PCT/ US97/ 04767 (1) 2,2-diphenyl-5- {2-et¥dxy-2-oxolé claim

1. A conposition conprising at |east two phot ochr om ¢ napht hopyr an

conmpounds, said RERMEKEFPPANL) -8-mebRAT BB Y 1r AeR) BF 3B no subst i t ut ed
aryl groups on the 5 carbon atom.adjacent to the oxygen atom gf th ran
ring, sai d conposition exhi E%)ti n%%‘ﬁép?%ﬂlo% ‘F]“a prx Sgﬁ?n@’g \%h%eﬁt&

i ncor por at ed i nt eHenagdathpdt, 3-dr) pylren nagi®t hopyr an conpounds and exposed

to solar ultrgviolet radiation:a) mixtures of &ad aBpRtdpyahes; neutral
col or of gray or brown; di fference gffless
i

10, and . b) a
than 6 units between the ?1ﬂa>ﬁaﬁﬂn?1%ﬁﬁ?cﬁfﬁtpjrﬁjrﬂ(a§i‘t%%3y65§ SFPoRnd; flerfEnce
of less than 14 3,3-udi (dsmbthovaghenipd) nditrdimetiylrildit (irmeblyletihyds-easur ed
during activatiop gnd.f. e Ll dyrias lygagrs transmttance 15  of
bet ween 30 and Qgg/o 108e (381 %‘ ha %olprrygosition of claim1

wherein said . _ ,
10 31. The composition of claim 30 wherein:

g @

v

(i} said photochromic naphthopyran compound (a) is
2,2-diphenyl-5- (2-ethoxy-2-oxo-ethoxycarbonyl) -8-methyl~2H-
naphtho(1,2-blpyran or 2,2-diphenyl-5-methoxycarbonyl-8-
methyl-2H-naphtho {1,2-blpyran; and

15 (ii) said photochromic naphthopyran compound (b} is
3,3-di (4-methoxyphenyl) -6,11-dimethyl-13- (1-methylethyl) -13-
hydroxyfindenotz,1-f]naphtho[1,2-b]pyran.

32. The photochromic article of claim 26 wherein

20 the polymeric organic host material is a =solid transparent
polymer selected from the group consisting of poly(methyl
methacrylate), poly(ethylene glycol bismethacrylate),
poly {ethoxylated bisphenol A dimethacrylate), thermoplastic
polycarbonate, poly{vinyl acetate), polyvinylbutyral,

25 polyurethane and polymers of members of the group consisting
of diethylene glycol bis(allyl carbonate) monomers, diethylene
glycol dimethacrylate monomers, ethoxylated phenol bis
methacrylate monomers, diisopropenyl benzene monomers and

ethoxylated trimethylol propane triacrylate monomers.

30 33. The photochromic article of claim 32 wherein

said solid transparent polymer is an optical element.

34. The composition of claim 33 wherein said

optical element is a lens.

" This Shéet Has Been Re
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carrier for the phot ochrom ¢ napht hopyran conpounds is an organic
solvent or organic polyneric host, and wherein said 20 conposition

exhibits a difference of less than 5 units between t he maxi num and
m ni mrum a* values and a difference of |ess than 13 units between the
maxi mum and m niywpeYyBHRsyal ues. 3. The conposaIisa7/e£767
claim2 wherein the 25 difference between ti#f8 naxi rum and m ni nrum a* val ues
is |less than 4 units and the difference between the maxi num and
m ni mrum b* values is less than 12 units. 4, The
conposition of claim1 wherein said 30 photochrom c napht hopyran conpounds
are selected fromthe group consisting of 3[H -naphtho[ 2, 1-b] pyrans and
2[ H - napht ho[ 1, 2- b] pyr ans. WO 97/ 37254
PCT/ US97/ 04767 -31-
5. The conposition of claim4 wherein said phot ochrom ¢ napht hopyr an
conpounds conpri se: (a) at least one photochropic 0
napht hopyran having a vi si bl e | anbda max fof from 400 nanoneters fo 525
nanonet ers; 5 and (b) at | east fone phot ochrofn c
napht hopyran having a vi si bl e | anbda fromgreater/ than 525
nanoneters to 650 nanonet ers. 10 6. Thef conposi {i on of
claim5 wherein the di fference betweenft average visyble | anbfla nax
val ue of the napht hopyrans of (a) and () fis |l ess than /150 nanogeters
but ) ‘:
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greater than 75 nanoneters and the difference between the average W

| ambda max val ue of the naphthopyrans of (a) and 15 (b) is less than 50
nanoneters and is within the range of 345- 400 nanoneters.

7. The conposition of claim6 wherein the di fference between the
average Vi si bl e ywa¥hgnsqyrax val ue of the 20 napht hopyrans of (@crasd4477 i s
| ess than 130 nanoneters but greater than 100 nanoneters and the

di fference between the average WV | anbda max val ue of the

napht hopyrans of (a) and (b) is less than 30 nanoneters and is within
t he range of 350- 400 nanoneters. 25 B. The
conposition of claim?7 wherein the di fference between the visible

| anbda max val ue of the napht hopyrans of (a) and (b) is less than 120
nanoneters but greater than 110 nanoneters and the difference between
the UV 30 | anbda nmax val ue of the naphthopyrans of (a) and (b) is |ess
than 20 nanoneters and is within the range of 355-400 nanonet ers.

WD 97/ 37254 PCT/ US97/ 04767

- 32- 9. The conpositi onpsz | aim 2 wherein said

organic solvent is selected fromthe grou onsi sting of benzene,

tol uene, nethyl ethyl ketone, acetone, er.thanol t et rahydr of urfuryl

al cohol, N-methyl pyrrolidinone, 2- 5 rﬂsg%l;(?et%yl et her, xyl ene,

cycl ohexane, 3-net hyl
14 :
4
12 :. j g
10 N@g‘”

Start : /d ‘Pf
6 : ]

4 i
) Start —9@}«) %

b* .0
7
-2 fﬂ :
-4 ;
-6 : —G— Lo‘tinpos:étlon;i 1
-g - —£— Composition; 1
-10
-12
~14
L L
-10 -8 -6 -4 -2 0 2. 4 6 8 10 12 14



cycl ohexanone, ethyl acetate, tetrahydrofuran, nethanol, met hyl

propi nate, ethyl ene glycol and mixtures thereof. 10. The
conposition of claim9 wherein said 10 organic solvent is selected fromthe
group consi sting of acetone, ethanol, tetrahydrofurfuryl alcohol,

2-met hoxyet hyl woogbhes, 3-nethyl cycl ohexanone, N-nethyl pyr ridringbonesrer
and m xt ures thereof. 15 11. The conposition of claim?2
wherein said organi c polyneric host nmaterial is selected fromthe group
consisting of poly(([err]-Clerr] al kyl nethacryl ates), pol y(oxyal kyl ene
di met hacryl ates), pol y(al koxyl ated phenol met hacryl ates), cellul ose
acetate, cellulose triacetate, 20 cellul ose acetate propionate, cellul ose
acetate butyrate, pol y(vinyl acetate), poly(vinyl alcohol), poly(vinyl
chloride), poly(vinylidene chloride), thernoplastic pol ycar bonat es,

pol yesters, pol yurethanes, poly(ethylene terepht hal ate), pol ystyrene,
pol y(al pha net hyl styrene), 25 copol y(styrene-nethyl nethacryl ate),

copol y(styrene- acrylonitrile), polyvinylbutyral and pol yners of
menber s of the group consisting of bis(allyl carbonate) nonomers,

pol yfunctional acryl ate nononers, polyfunctional nethacrylate nonomners,
di et hyl ene gl ycol dinethacryl ate nononers, 30,.diisopropenyl benzene
nononers, ethoxyl ated bi sphenol A di et | at e nononers, ethyl ene

gl ycol bisnethacryl ate nmononers, poly(ethyl ene_glycol) bisnethacrylate
nononer s, et hoxyl at ed phenol bis net HatBBECe Fononer s, al koxyl at ed

pol yhydri c al cohol polyacryl ate nononers, styrene nononers, 35 urethane
acryl ate nononers, gl ycfey—aecrytate—frorgrets; : WO97-37254

PCT/ US97/ 04767 14 : =33 TGy ETdyl

met hacryl at e nononers, _and.idi.allyli.debe entiaeryt.hriit.ol. . .nunoners.
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- Thé conposition of Caim 11 wherein the 5 pol ymeri c orR_'i&bAGEMH%Tt SHEET
mater1 al is a solid transparent polymer = selected fromthe group
cond sti | y( et hyl met hacryl.ate), poly(ethylene col
i tha‘g’gﬁo'“t’g pol y( et hoxyl ated bi sphenol " A di met haé%/lly IIR9ap4767
rmopl astic pol ycar bonat e, poly(vinyl acetate), polyvinylbutyral, 10
| yuret hane and pol ynmers of nenbers of the group consisting. of
di et hyl ene gl ycol bis(allyl carbonate) nononers, diethylene glycol
di nret hacryl at e nononers, ethoxytated phenol bis  nethacryl ate nononers,
di i soproper§iS bdfntemesnsndadi §98nds . B26 efmbxy‘!.eﬁﬁéd 225 net $§9 018%r opane
triacryl ateg r h Qnpo | of claim12
wher ei n sai d o) rgg'ss 51gr ans"ﬁgrenfz%%r?/?rle'r 1's an’esoo(it rrEél?]ﬂ;él4e)£r172ent
14. The co%ipb&i taon; ca‘ 3c9|sa|sm713sv\hen.e13msas da;a?,(hmpt scabksekement is a
| ens. The conposition of claim?2 wherein said

or gani ¢ pol §464.3%8: H%U S pplicatism, sesial in-a0%543993nfileh Oriebar 18y §3inew U-S- resin

NONONEr . s BRem 5, 645 767, osﬂs@z 999" f}ﬁedc@ma@éi' i3, ov99f ool mﬂ 1’5@“’“53550 dost he
refractive index of g‘ rrerlzatels fromi.48 to
T

17. The conff&0:488n f@ﬂ Ifn 19950108/480.48% fled June ¢ F%?ét i‘%q HBEETHT ¢ he
pol yneri zat g gsg, 566 @B1490,45filk® Juhe 88, 1599 now U s Patent 5,658,201 808/490®0LABPOSI ti ON
of claimb5 erein é% 6phot ‘ochr omi ¢ _na ht{?%pyran
conpound ( ayuted4. 1995 gay Ues- Latert 5ot 562 ?’3%77@ Hed Lgcemlsr 8¢ 1954 i _
(1) 2,2-di phemd,ss2; dwdosmsmgts idd: Kovembétyls; 99943&>w U.S. Patent 5,552,090 and
?&?B@g;&%@ Qg 5139[ tl led Aug l.y 4, 1994 now U.S. Patent\élglg %7254

@

More particularly, the compositions of phocochromic
organic naphthopyran compounds comprise:
{(a) at least one photochromic organic naphchopyran
compound having a visible lambda max of from 400 nanometers to
15 525 nanometers; and
(b) at least one photochrcmic organic naphthopyran
compound having a visible lambda max of from gﬁeater than 525
naﬁomecars Lo 650 nanometers.
Photochromic naphﬁhcpyrans of the previously
20 described group (a) include members éelecced from the group
consisting of: )
<9 (1) 2,2-diphenyl-S-hydroxymethyl-6-methyl-9 -metj:quy- 2H- e
naphtho (1, 2-b]pyran; .
(2) 2,2-diphenyl-S-hydroxymethyl-6-phenyl-2H-
25 naphtho{1l,2-blpyran;
(3} . 2,2-diphenyl-5-(2- -ethoxy-2-oxo- ethoxycarbonyl) -8-
methyl-2H-naphtho (1, 2-blpyran;
(4) 2,2-diphenyl-S-methoxycarbonyl-8-methyl-2H-
'naphtho[l.z-b]pyran;
30 (s) 3-(2-fluorophenyl)-3-(4;mechoxyphenyl)-S-methoxy-s—
methoxycarbonyl-3H-naphtho (2, 1-b]pyran;

- -

- (8) 3,3-di- (4-methoxyphenyl) -6-morpholino-3H- o
naphtho (2, 1-b] pyran; } REPLACEMENT SH
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e, | (25 @EELQ{-}EMFM ?H Th;droxy-met hyHEMﬁEMENTS#E'ET

-

naphyéo[l 2- b]pyran R S (3) )

2.2/ g (2 ef oxy- 2- oxo- &feammrtoryw B- et puk 22k papht hol

2,/2-di phenyl - 5- nethoxycarbonyl 8- methyT- 2H rfapht ho[ 1, 2- b] pyr an

(A) 3-(2-fluorophenyl)-3-(4- ne} hoxyphenyl )- 8- _ oo

met hoxy- 9- met hoxycar bonyl - 3H napht ho[ 2, 1=¥]pyran; . . (6)
2, 2-di phenyl - 4- net hoxycar bonyl -5-(2- 10 . S - '
nethylproplonyloxy) ZFLnaphtho[l @b]pyran - and Ry .. (7)

m xtures of said naphthopyrans; (ii) said photochronic

napht hopyran conpound (b) is sel ect ed fron1Jhe group consisting of: 15
(1)  3-(4-net hoxyphenyl ) - 3-ge3 et §yf04D) g — OCT == C, N
nethoxyphenyl) 13- hydr oxy-i ndeno[ 2} 1- f]naphthoﬂl 2- b]pyran T

(2) 3, 3-di (4-nethoxyphenyl)-13-hydr.oxy- 13- c.

met hyl -i ndeno[ 2, 1-f] napht ho[ 1, 2- b] pyr an; - ' - (3)

3, 3-di (4- net hoxyphenyl ) -6, 11-di met hyl - 13- 20

(1- et hyl et hyl ) - 13- hydr oxy- i ndeno[ 2, 1- f ] B&#pht ho[ 1, 2- b] pyran;

(4) 3-(4-nmet hoxyphenyl)-3-(3, 4-

di met hoxyphenyl ) -6, 11-di net hyl - 13, 13- di propy! -i ndeno[ 2, 1-

f] napht ho[ 1“123’f')$’p?r%n15 SMpCR1R; and p is an integes) ofmERem bt fSdyajahd
napht hopyrans. 25 _ 19. The conposition of claim18 wherein:

(i) said photochraom c napht hopyran conpound (a) is sel ected fromthe
gr oup CoﬁSIStlng (§): an acrylace’or a mec“aCW?f?ca compound having an

2,@di phenylkpbxts2geblipXyeprdsenceil) by graphic formula V:

et hoxycar bonyl ) - 8- net hyl - 2H napht ho[ 1, 2- b] pyr an; ' (2)
2, 2-di phenyl - 5- met hoxycar bonyl - 8- net hyl - 2H napht ho[ 1, 2- b] pyran; and
(3) mxtures of said napht hopyrans; R,

c};2=cco ———CH,;CH—CH,

Ny’
[

10 wherein R; is hydrogen or methyl.

In graphic formulae III, IV and V, like letters used
with respect to the definitions of Aifﬁerenc substituents have
the same meaning. |

Examples of diacrylate or dimethacrylate compounds™

15 represented by graphic formulae III and IV include diethylene
glycol dimethacrylate, triethylene glycol dimethacrylate,
etc., butanediol dimethacrylate and poly(oxyalkylene
dimechaérylates), e.g., polyethylene glycol (600)
dimethacrylate.  Examples qﬁ acrylatce or methacrvlate

20 compounds represented by graphic formula V include glycidyl
acrylace and glycidyl methacrylate.
’ Further examples of polymeric organic host macerials

which may be used with the photochromic compounds described

[
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j(ll) sald pho o] hron1c naphthopyran conpound (b) isi

3, 3fdi: xyph : - 13- (1 nethylethy

hydyoxy- |néﬁﬁg?§ _ %§5K£§?ﬁ”€7
osition of claln

- (i) said
phot ochrom ¢ napht h _ _
2- di phenyl - 5- ( 2- et . oxycar byl ) - 8-
‘met hyl - 2H napht ho[ 1, 2- b] pyra 5t 2, 2-di phenyl - 5- . . '
met hoxycar BSnyf"‘B*?r%%‘l’ﬁ? APIAAAho[-1 22+ bFPHPRALYRARF af¢ copolymers,
(ii) said QhOt:aehﬁsﬂa&ei@%&]wxﬂ&e@mowéom rs (pdeSenced by
3, 3-di (4- net hoxyphenyl) -6, 11-di net hyl - 13- (1-
met hyl et hyl%—@&*ﬁyé%‘%\}l&ﬂdgnﬂ{ MN.1-f] naphPhé[(ilQYb]WWaCE) monomers,
21. The ¢ (o t i ff.er en the
.aver age se;&sﬂ}%?’\'?r%’gg\’}gf‘ %g%% mﬂrﬁph?ﬁ%ﬁ%?é%g %f&( % glr?ge%o)e Is less:
t han 0. 2b; dﬂmc@jat:&:e‘ﬂ.aneemonoméﬂ y\mhyclfmeagéyagk bjpsmeiagiyisicey at

saturation value of th ns .of a and Is |less than 0. 2;
and the %Wéreﬁ?i%%f"%éﬁg?h% ’g%%lra)a@e'sf 5‘%8 ﬁv%lé‘l%lrﬁm&e e 20
napht hopyr aéshddy e RBenB) bss| @EShddBLAQ wRa6RESs, alkoxylated - 22.
The conposition of claim2l wherein the di fference between the average
sensi ti vi t yPYRTHETIC Heohol REBHRRBYR EHhMVOTEAS - aficEbT | S-HUTE A HRan
0.20; the dif{fdE@NPR2Drdpahneeesihbey YL athdrldsCalrdenshé Yaddy1sadaur ati on
of the napht hopyrans of (a) and (b) is less than 0. 1; and t he

di fferedle B@FWt@%@%g@qS&déeﬁaFéb%qlﬁQ)U .6 EREent 5 naphtHepyr ans of
(ag®@and (Db) i Egg 5 23ped ThE gQg1posi tion
of claim Zzaagelr’g?gl% o8 “E%%erensu geﬁ\etel}los geg\?eraae sensitivity

val ue of th@®atent faphs hopyrams sfyreap:apdlyters.s il.ess hhaapoluders pnd
di fference copeolymers, of polyfunctional, e.g., mono-, di- or multi-

- functional, acrylate and/or methacrylate moncmers, poly(C;-Cy3

15 alkyl methacrylates), such as poly(methyl methacrylate),
poly(alkoxylated phenol methacrylates), cellulose acetate,

‘cellulose triacetate, cellulose acetate propionate, cellulose
acetate butyrate, poly(vinyl acetate), poly(vinyl alcohol),
poly(vinyl chloride), poly(vinylidene chloride),

20 polyurethanes, thermoplastic polycarbonates, polyesters,
poly(ethylene cerephthaiace), po}ystyrene, poly(alpha

:" methylstyrene), copoly(styrene-methyl methacrylace), L
copoly (styrene-acrylonitrile), polyvinylbutyral and polymers,_
i.e., homopolymers and copolymers, of diallylidene ,

25 pentaerythritecl, particularly copolymers with polyol (allyl
carbonate) monomers, e.g., diethylene glycol bis(allyl
carbonate}, and acrylate monomers, e.g., ethyl acrylate, butyl
acrylate.

Transparent copolymers and blends of Cranéparent

30 polymers are also suitable as host materials. Preferably, the
host material is an optically clear polymerized organic
material prepared from a thermoplastic polycarbonate resin,

such as the carbonate-linked resin derived from bisphenol A
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bet ween . the aver age optlcal density at saturation of the BEPLACEMENT SMT
napht'hopyfans—of (a) and (b) is less than:0.05;. and the difference bet ween .
t he average fade ratE‘TTTTZT'of the napht hopyr ans of (a) and (: )WFﬁJREQEWFSHEE
t han 25 se mm"u" The conposition of claim 12 erehd
(i) said p umng%ﬂﬂhopyran conpound (a) is selected fro he group
consi sting of , 2= ggphenyl 5- ( 2- et hoxy- 2- ¢x¢- 2*‘1 NAR 1999
ethoxycarbonyl) -8 -nethyl - 2H—naphtho [1, 2-b] pyran; I (2)
2,2 -di phenyl -5 -met hoxycar bonyl - 8- net hyl - 2FLnaphtho[1 2-b] pytan; and
(3) m xtures of said napht hopyrans; (i) said photo_hrnn1r
?apht hﬁp%/raﬁapnamwfhxéﬁ)of S(B) d&dl ({¥- mﬁa@xyﬁhﬁﬂw) sg]aﬂrh dineet hyl - 13- -
1- nmet hyl et - 13 roxy-i nde 2,° 3 napht ho yr.an.

The COH%S%?F?BﬁeOPeEW%ﬁ?n5&FV@*§¥§§? fade rate ; ?#1fhﬁhotochron1c
naphthOpyraHaﬁﬁHHQ%?Qaﬁ@)ofs(a? Qn&'QDﬁQMJiims than 25 seconds
(2- et hoxy- 2- oxo- et hoxycarbonyl ) -8-nethyl - napht ho[ 1, 2- b] pyran or
2, 2-di phenyl - 5- met hoxycar bonyl - 8-  net hyl - 2H—naphtho [1,2-b] pyran; and
(||) sai d phot ochrom c,paph ( [ :
3,3-di (4- nethoxyphenyl E 1}Q%Pnet ?g?%gg%Tg%ég%?fgﬁﬁyrhfffﬁn
hydr oxy- |ndeno[2 1- f]n&phth@{d ﬁhbﬁgghEnmlc naphthopyran cg@ound (&) is
photochronic rt cIe conp S|n l.yneric host and at | east’
t wo photochro§| edngﬁﬁ?hééyrg n%%%%%ﬁﬂ'gﬁg’ ‘napht hopyran conpounds
bei ng free of amno substMuutedzaaydlghanxmssemztheh@xy%nnbxmbon1 adj acent

to the oxygen aton1o pyran ting,..sai rticle exhi biting the
fol | owi ng proPErY] Lﬂﬁg ! épﬁ?&& ?62§6P ¢k #t?aVFBYE?nradlatlon
(2) 2,2- diphenyl -S-methoxycarbonyl-8-methyl-

2H-naphtho (1, 2-b]pyran; and
(3) wixtures of said naphthopyrans;
(ii) said photochromic naphthopyran compound (b) is
3,3-di(4-methoxyphenyl)-6,11-dimethyl-13-(1-methylethyl)-13-
hydroxy-indeno [2, 1-f]naphtho(l,2-b]l pyran.

25. The composition of claim 24 wherein:

(i) said photochromic naphthopyran cdmpound (2) is
2,2-dipheny1-5-(2-ethoxy¥2-oxo-ethoxycarbonyl)—B—methyl-zH-
naphtho[l,é;b]pyran or 2,2-diphenyl-5-methoxycarbonyl-8-
methyl-2H-naphtho[1,2-b]lpyran; and

(i}) said photochromic naphthopyran compound (b) is
3,3-di (4-methoxyphenyl) -6, 11-dimethyl-13- (1-methylethyl)-13-

hydroxy~indeno[2,1—f]naphtho[1,2-b]PYran.

26. A photochromic article comprising an
organic polymeric host and at least two photochromic
naphthopyran compounds, said naphthopyran compounds being
free of amino substituted aryl groups on the carbon atom
adjacent to the oxygen atom of the pyran ring, said article
exhibiting the following properties when exposed to solar
ultraviolet radiation: '

(a) an activated neutral color or gray or brown;
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(a) an activat ¢dREBLAGEMENEOSREETOY gray or brown;’ ﬁ?\ﬁc?-“e“‘

-37- _ (b) ad|T efence. of |ess than 6 uni.ts betvveenthe
nmexi num and m i fum Ay ngl a difference of leSSt%
bet ween t he nmaji fum an m n| b* val ues neasured - during activati +—
fade at 72[err]|F ransm-ttance of bet ween H"I"HM d
(c) a tenperature dependency of [l ess thagw0.30. ?m!gyuu
photochrom ¢ artrcre of crarm 26 wherein the difference bet'weén -t hew

and mini mum a* values is less than 4 units; the difference between the

maxi mum and m ni rum b* yval ues ess tha 2 units; and the tenperature
‘dependency is |ess thanbgl Alféere_nce 3 %g.ss l"lt"ali\'hé Bt HTSRE &Peicl e
of cl ai m 26, mashistimi ranmamdnahn&bfahr QElLQeBagid ho pyT Bie TR0 WIS €8 NMRRhAS €1 4

(a) at |east one photochrom c napht hopyr an: havi ngba vi si blle |anbda max of
from 400 narHetSe REHEeE2 508 AGHEIURs andapipimum b values graguredast one

phot ochr o canapy RORMAAR RAVIRG Fa¥eShE! ¢ zdﬁarmaa”&ﬁmﬁﬁoﬁﬁ e SR &laddian
The otochromc

525 nanoneters to 650 nanoneters. _
article of cthibad@emhadleciamd 99& ;diafider ence bet ween the visi bl e | anbda nax

val ue of the naphthopyr; ns f ng ) n 0 rs but
greater than 110 nanome(t rs %ndé@u l%gde d%ﬁ?%egé %%SZSOL}@’%‘W %Enb’g’
val ue of the naphthopyrans of (a) and (b) is less than 20 nanoneters and

is within the range of 3755 4,9he Bﬁlggg%

rom:Lc article of c¢laim 26 wherein
the\dlﬁference between the maximum and minimum a* values is
less than 4 units; the diffefence between the maximum and
winimum b* values is less than 12 units; and the temperature
dependency is less than 0.28.

28. The photochromic article of claim 26,

wherein ga{a photochromic naphthopyran compounds comprise:

(a) at least one photochromic naphthopyran having a
visible lambda max of from 400 nanometers to 525 nanometers;

and

(b) at least one photochromic naphthopyran having a

visible lambda max of from greater than 525 nanometers to 6S0
nanometers.

298. The photochromic article of claim 28 wherein
the difference between the visible lambda max value of the
naphthopyrans of (a) and (b) is less than 120 nanometers but
greater than 110 nanometers and the difference between the UV
lambda max value of the naphthopyrans of (a) and (b) is less

than 20 nanometers and is within the range of 355-400
nanometers.

30. The photochromic article of claim 28 wherein:
(i) said photochromic naphthopyran compound (a) is

selected from the group consisting of:



30.. The phot ochr BRPIAEMENEI SHEET ¢1 ai m 29 wherei n: 'REPMGFE;‘AE_-W SHE:
phot ochr om ¢ -ngpHthopyran conppupd (a) is selected fromthe group .

consi sting of: . 38-1 (1)
2, 2-di phenyl - 54( 3- e2t- (%R 39-909;(0- ¢t hoxycar bonyl)

- 8- net hyl - 2H ngph-hefd—2—bipy+an = - (2) o
2, 2-di phenyl - 54net ho>[<ycar bi)ﬁi/l - 8§ net hyl --38+ napht ho[ 1, 2“'"”"’"’1"'“",”"’
(3) mxtures of—sard napntnopyr.ans; (ii) said photloctrofic*
napht hopyran conpound (b) is L .
3, 3-di (4- met hoxyphenyl') - 6, 11¢xdi mep hyldighédynes hyd addndxy~23oxBydr oxy- i ndeno
[2, 1-f]napht hOLF%" 2-b] pyran. L. 31, -The photochromc article of
clai m 30 wh&t&oKycarbonyl) -8 -mefhydi-dH5REPBERP &1 &~ P Apyr an conpound
(a) is 2,2-diphenyl-5- (2-ethoxy-2-0x%x0-et hoxycarbanyl) -8-nethyl-2H
napht ho [1, 2-b] pyran or 2, 2-{ﬁ)pheﬁy??g}%‘?ﬂﬁiyééﬁ%})-%r%°nya'X"“c‘:hyl‘
met hyl - 2H nagHy¥aphths-(h], pybapyrand and (1i1) said photochromc
napht hopyran compound (b) is : . . 7 .
3, 3- di (4- met hoxyphenyl ) - 6, 1153 metTFSHEY L5HeAkA BRRYFjoRYrans:
hydr oxy-i ndeno[ 2, 1- f ] ndpht hepid? pbpppchmromic naphthopyragp conploend (b) is
Phot ochr o c; A Il oilerihih " Qi ol RE cRGL VIBL { £- U GRA S,a Ly

i t i ﬁ_t%@l")"l% tH?EeL dif?? (£ ﬁ €enyiyta1s.

material is a solid transp pol ymer_ sel ec romthe “group consSisting

of pol y( met BT HiadencdiZe I- L. énPlgryest bi snet hacryl ate),

pol y(et hoxyl ated bi sphaw) A dirhkd haEsvdHLImid NeFODPLl @SLECo PR} yCgpbonat e,

pol y(vi nyl a%tegeq_)n_ pol yvi nyl butyral, pol yurethane and pofymers of

menbers of the group consi st i.r:ig . ] ' .
(i) said photochromic naphthopyran compound (a) is

A=~

2,2-diphenyl-s-(2—ethoxy-z-oxo-ethoxycarbonylf-a-methyl—ZH-
naphtho[1,2-blpyran or 2,2-diphenyl-S-methoxycarbonyl-8-~ .
methyl-2H-naphtho(1,2-b]lpyran; and

(ii) said photochromic naphthopyfan compound (b) is
3,3-di (4-methoxyphenyl) -6, 11-dimethyl-13- (1-methylethyl) -13-
hydroxy-indeno (2, 1-£]naphtho (1,2-b]lpyran.

32. The photochromic article of claim 26 wherein

the polymeric organic host material is a solid transparent .
polymer selected from ﬁhe group consisting of poly{methyl
ﬁethacrylate&. poly(ethylene glycol bismethacrylate).
poly (ethoxylated bisphenol A dimethacrylate), thermoplastic

" polycarbonate, poly(wvinyl acetate), polyvinylbutyfal, -
polyurethane and polymers of members of the group consisting
of diethylene glycol bis(allyl carbonate) monomers, diethyiene
glycol dimethacrylate monomers, ethoxylated phenol bis
methacrylate monomers, diiscpropenyl kenzene monomers and

ethoxylated trimethylol proéane triacrylate monomers.

33. The photochromic article of claim 32 wherein
said solid transparent polymer is an optical element.

34. The photochromic article of claim 33
wherein said optical element is a lens.
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of diethyl ene glycol bis(allyl carbonate) mononers, diethylene glycol ,M: 3025
di net hacryl ate nononers, ethoxyl ated phenol bis nethacryl ate nononers, replacement

di i sopropenyl benzene nonomers and ethoxylated trinethylol propane

triacryl ate nonomers. 33. The photochromc article gf§l aim
32 wherein said solid transparent polyner is an optical elenent. S
34. The phot ochiP@YE arti cl ewexio mrmaismdS rropmsirecrsamzamNd opt i C Seos? enent
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