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COVPRI SI NG PHOTOCHROM C MATERI ALS HAVI NG EXTENDED
WEROEDNIUGATED SYSTEMS BACKGROUND [ 001] Var i PCBEUS2006/012977

non-limting enbodi ments disclosed herein relate to

certain ophthal mc devices conprising photochromc

mat eri al s having an extended pi- conjugated system

[ 002] Many conventional photochronmic nmaterials, such

as i ndeno-fused naphthopyrans, can undergo a
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probability) the photochromic material will transform from the closed-form to the
open-form. Photochromic compositions and articles that are made using
photochromic materials Having a relatively high molar absorption coefficient (or

“extinction coefficient”) for actinic radiation may generally be used in lower
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are made using conventional photochromic materials may not reach their fully-
colored state when used in an automobile. This is because a large portion of

electromagnetic radiation in the range of 320 nm to 390 nm can be absorbed by the
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wi ndshi el d of the autonobile before it can be absorbed

by the photochrom c material (s) in the | enses.
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on the eye, it nmay be advantageous to devel op

photochromi c materials that can have a closed-form

absorption spectrumfor el ectronmagnetic radiation that
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substituted, the substituents do not together form norbornyl, and wherein the
photochromic material has an integrated extinction coefficient greater than 1.0 x 10°

nm x mol™! x cm™ as determined by integration of a plot of extinction coefficient of
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t he photochrom c material vs. wavel ength over a range
of wavel engths ranging from 320 nmto 420 nm
wo pwbasisve. [009] Still other non-limting enbpdi/Is2vWe012977

relate to ophthal m c devices conprising photochromc

materials conprising: an indeno-fused napht hopyran
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PGIMISPE0EY BiaSikion of R@)mﬂeno -fused naphthopyran or together with a group

bonded at the 10-position of the indeno-fused naphthopyran form a fused group, said

fused group being indeno, dihydronaphthalene, indole, benzofuran, benzopyran or
thianaphthene.

[010] Yet other non-limiting embodiments relate to ophthalmic devices comprising

photochromic materials represented by: (ROm ,



5 P4 13 11 12 R R4 or a m xture thereof, wherein R4,
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electromagnetic radiation in the range of 320 nm to 390 nm such that the at least a

portion of the ophthalmic device transforms from a first state to a second state.

BRIEF DESCRIPTION OF THE DRAWING(S)
[012] Various non-limiting embodiments disclosed herein may be better
understood when read in conjunction with the drawings, in which:
Fig. 1 shows the absorption spectra obtained for a photochromic material
according to one non-limiting embodiment disclosed herein at two different

concentrations and the absorption spectra of a conventional photochromic material;
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to various non-limting enbodi nents di scl osed herein;
and Figs. 5-8 are schenmatic diagrans of reaction
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materials according to various non-limting
enbodi nents di scl osed herein. DETAI LED DESCRI PTI ON
[013] As used in this specification and the appended
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understood, however, that such numerical values inherently contain certain errors

resulting from the measurement equipment and/or measurement technique.

[015] Asused herein in the terms “lens” and “ophthalmic device” refer to devices
that reside in or on the eye. These devices can provide optical correction, wound
care, drug delivery, diagnostic functionality, cosmetic enhancement or effect or a

combination of these properties. The terms lens and ophthalmic device include but
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used herein, the term "photochrom c" neans havi ng an
absorption spectrumfor at |east visible radiation

W0 b@b/1vEed es in response to absorption of at |BEFUS2006/012977
actinic radiation. Further, as used herein the term
"photochromc material" nmeans any substance that is
adapted to display photochrom c properties, i.e.
adapted to have an absorption spectrumfor at |east
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position,” etc. refer to the 10-, 11-, 12~ and 13- position, etc. of the ring atoms of the

indeno-fused naphthopyran, respectively. For example, according to one non-
limiting embodiment, wherein the indeno-fused naphthopyran is an
indeno[2’,3’:3,4]naphtho[1,2-b]pyran, the ring atoms of the indeno-fused
naphthopyran are numbered as shown below in (I). According to another non-
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17Sl 1209 133 112 3049\ $0510 () 12

13 (I'l) [019] Further, according to various
wmoovel110513 i ng enbodi ments di scl osed herein, theCT/US2006/012977

i ndeno-fused napht hopyrans may have group(s) that can

stabilize the open-formof the indeno-fused

napht hopyran bonded to the pyran ring at an avail able

position adjacent the oxygen atom (i.e., the

3-position in (lI) above, or the 2-position in (I1)

abliwiting efEbedimgatnwheeindecindatiorfgset oaphtleoppiani4 4nmi t i ng

e t. have a
g?%ggl Q 43Ln8%§ggqgﬂP%%§%ﬂa uga@ﬂ%g Hé?@ﬁ%gf t he
opmmmﬂmmmmmﬁmtmmmmndémmmﬂﬁbadnﬁﬁphthopyran bonded to

the pyran ring adjacent the oxygen atgm Non-limting
exanpl es/zg\gr oups that may be bondgd tQythe pyran

ring as dlsc ed above are describgd in|nore det ai
herein o.Lof/ reference to B a

Further, as U vt sed nor e detall in
addltlon to the gr g hat extends onj ugat ed
syst em of the nde 0 ed napht p : t he

11- posi ti on#f i Neténo- f used Aaph

phot ochr om ¢ srrlals accordi vat | 0us
non-1im ti ngxepbodi nents i scl osex y include

addi ti onal gPS bonded or fused at various

pot9iLP] dﬁ%’fh%fma‘icﬁ ingigaadoys meedmitis Rthopirreat dicinsed bergigthe

t hﬁ‘ldéri]o Q! rfabﬁ’cﬁopy&agg HayAsvdisech(H8hf cth {di8lideqhdSpen-form of

grou mean an arrangenent of one or

nothe llaie@wﬁlsefgsapb@eﬂyrh%b@dﬂd tqth@psghrr Hagateg prailgblerpagition
exaﬁ&@ﬁt thd'Gebn SOMI (HO2hE Y- 0§M§ﬁ ﬁrn)%o@sr m@g%gﬁéﬁqﬁ)

napht hopyr an™ nmeans a group having at [east one
boaebve) tEobeaaipld, accoshngiigant ow—hmttmgteh@mbmnbﬁ]eu edpsed

S yﬁ&p%mosﬁaﬁma}j lﬂlqlg B %rJuB%q can extend the pi-conjugated system of the
open-form of the indeno-fused naphthopyran bonded to the pyran ring adjacent the
oxygen atom. Non-limiting examples of groups that may be bonded to the pyran
ring as discussed above are described in more detail herein below with reference to
B and B’.

[020] Further, as discussed in more detail herein below, in addition to the group
that extends the pi-conjugated system of the indeno-fused naphthopyran bonded at
the 11-position of the indeno-fused naphthopyran, the photochromic materials
according to various non-limiting embodiments disclosed may include additional
groups bonded or fused at various positions on the indeno-fused naphthopyran other
than the 11-position.

[021] As used herein the terms “group” or “groups” mean an arrangement of one or
more atoms. As used herein, the phrase “group that extends the pi-conjugated
system of the indeno-fused naphthopyran” means a group having at least one pi-
bond (n-bond) in conjugation with the pi-conjugated system of the indeno-fused

naphthopyran. It will be appreciated by those skilled in the art that in such system,
-8-



napht hopyran. It will be appreciated by those skilled

inthe art that in such system -8 WO 2006/110513
wWERADbWBBOD6/ 012977 the pi-electrons in the  PCT/US2006/012977

pi - conj ugat ed system of the indeno-fused napht hopyran

can be de-localized over the conbi ned pi-systemof the

i ndeno-fused napht hopyran and the group having at

| east one pi-bond in conjugation with the

pi -conj ugated system of the indeno-fused

nabhpdesiioanin tBopiraeaieeed Histem of e indanorfased aphthopyran can

r

or P TG O 1 Lo RO oF e hie S PRz g

a thy gtosprhaving atilensienegi-bendiaconiggadon bith ﬂ(@m*-t-cmilgﬁt@éi) system

oon g, 0 S0S RO CHEBELIMIS SUL A SR LIy

exanrtaegensnt gf 20 st tvi albubiayr taple dnulstskprged b,so«nl}ewgmleelwnd

Sy m of . t he nden ed

gl R A D S
sewhdrain the dyabmwOmﬁmd et laast twd BBl (Agriplepindsi SNyn-limiting

di scus re ac i ni.c radi.at nthat .
OHRBBIs Sh ety Ry Ao g o el AR iR o e pdgno-fusea
bagdpithopyien #aebrling th €hiyouss hen-fiimgehibodinentyaliselosal heraid e
be ke the transformation fromthe closed-formto
th‘?tg’ﬁrgﬁ’ Stihde®lr t her, as previously discussed,

Phpborc MOseGowsh} @Eduséed, thé aloreHdGHIE Badiddion HACH plibt@chromlc
radi ation on a per rmle uIe basi s

L SBRTH 2T Oneiob anleleibeRS therasrs ks éhgeenrflﬁﬁ% g cdmfenal

| e@a1 BGh infik6 tHeRfhin@bin@itioR o tREElod¥alfeeiHothdéseh Foikli Fuither,
still achieving the desired optical effects. 023

Al dTeeaenshlisqwessArPhotociamiG hiterialythpleabsgrh morg a Igfjpn

obgeg &%(ﬁéfculel'}?asm In{hy SBARA1E, Hel'ﬂ@éd 15 h&wdr Bgl%ﬁtrz{tid)‘ﬁﬁdlan those
napht érans that Conprise a %pt hat extends the

pi thebrbpery dese actinjestedintieft on et s whildbrchisppe e

bo&ggg_ schNg: position thereof according to
cert a?%@é]gn- feré‘ﬂ&tl ng enbodi nents di scl osed herei n may

abi38b Althwmugh aeftrhennttorbg dinatinedieraim ithap beenrabparved Wy thaisi s
th
B S e s
c omacammghied systtem of thel indenasfapddtrapighepgrandondesnt dte 1tlinpesition
lﬁ cgrrc]h 8 E:gl%un norpﬁ{‘utmg emP(t)cﬁl%eﬁtQ gl@{lgseﬁ lﬂgr%ﬂl may absorb

ran accord arn non
e nhmch amamt: sadlzmombln(aspedmhbmée basrsalyanch ®p1pa§abhymg+fmsodn c

absorption of.,actinic di ove,

o or iR Sind e RS pitri R HRRR bR

r et@hgardtte Mdeno-fasddanpkthopyrdntenddis thetlil qmsmbn thereof That is,
el ect.ronagneti c .radi ati on ot ochr.oni.c eri al

P e e Tt e i e B Ot Rl e SRl
MO UREIYSed hoRE BaypsisslayRpetironfc sbsorption of actinic radiation. As

discussed above, as used herein the term “hyperchromic absorption” refers to an

increase in the absorption of electromagnetic radiation by a photochromic material
having an extended pi-conjugated system on a per molecule basis as compared to a

comparable photochromic material that does not have an extended pi-conjugated
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conpar abl e photochrom c material that does not have an
ext ended pi-conjugated -9 WO 2006/ 110513

wWERADWBBOD6/ 012977 system Thus, while not neRCI/USOOE2977
limting herein, it is contenplated that the
i ndeno-fused napht hopyrans according to certain
non-limting enbodi nents di scl osed herein nmay be
advant ageously enpl oyed i n ophthal m ¢ devi ces wherein
it may be necessary or desirable to limt the amunt
ofystdne mxmmmamm Terlinaiting berpingiy isoniemplejed thas the

unt . of hatio no@m

gglg?ﬂ’ -fiset %ap P PYTHE o a%?&@{lg Fogﬁ ?Xlg gﬁgghﬁgﬂ%aée rl{.ﬁqa eegll&ﬁs i ng
a dﬁplegmmamhomm sivaigyeeenghosipigyadiie ophthadmicdevicgs wherein it

nci dent r adi at +and
L lR e R A
t e@pRitd.t ed by the naterlal to that of the |nC|dent
r ad) n r th 2 R9)
(" [(k%l{-‘»;l Eﬁe %tﬂ@mggf(' g'll gclm goré ecﬂg' gtgﬁéﬂzg‘ tPé ‘hc}%s@rpe?rﬁg FhE
e ihddriaDRan Beda@gmimdlusinh e rsﬁcztopﬂotﬁmdter btyheposmethssmtuynaj fto
e ket o 2L R0 oo Al SR Lol S
”?ﬁt@l’is'it?tbf faaﬁlub@trg’@hﬁﬂtddlebgi tlhbymataﬂlao td Ihmg)fttllitema?ﬁrb rddidation.
of a naterial vs. wave en [~ CORPArin e
alFopeash Menelengle iestedHigbs %}tcsé %aﬁ? g@ mffeé i5jeivep Ry fhe
mqg@m%ﬁggﬁgn&pder the sane conditions, that is using

t he sane concentration and path Iength for
el ectromagneti c radi ation S&I ng through the sanple

( Gxifbrein H1Yeis AR Michly of It}fériﬁkﬁdlbnﬁfadﬁﬁﬂi’phﬁl “rh 1s(tkefhﬁ&ﬂ§1ty odithe

increase in the absorbance of or% g t he mat ‘ﬁ@’
a tyingreifedndiationghn absorpiige spesiEpm topdhe haterieloan ‘é"‘i’ fog
ﬁ)ﬁ@tﬁﬁ%\ﬂ Jorﬁalﬂge @t@%ité&hll vid %Kel&%ﬁh t@ﬁ&oﬂi@hﬁg tlﬁbbairptlon
engt 025] Referring now tg Fig

i sspsdtowmﬁﬂhetoam)mwﬂwl%ﬁh@cw%teF‘Sii upds thegrfp @?r@mons hat
P t}g L9k {hg E@trﬁe Q{tfaﬁ&%and%ﬁﬁ&%ﬁ R eRBEsSThdgRetiPradibd b

were obtained from . cm X cmx 15.24 cm

acpagdingthohigh thetshraplew g ethrstres el lwéh PGP ICRISKIEE)-n
( nlllcr%ase Yt e gﬁ%)?lgange Sk QP‘LIHE g‘meﬁaﬂﬁg £Eival wﬁ%léﬂ@th}qc@ﬁ b&sken

moNoNe and sequently casting t
m astamnmretaee Incthevintensityaafithd ap@ct@hpw forAhaiarateriabaf tAfect r um
btained froma .22 cmx 15.24 cmx 15.24 cm
ac\y?‘}l\?eélgt ip that was obtained by adding 0.00075 m
S o[0l5]| cmaferhng hew scaFug lp tteteois Niaovri tbe alzsomtion spegge pr {0

22cmx 1524 cmx 15. 24 cmeacrr;gs chips that were made by adding 0.0015 molal
(m) solutions of a photochromic material to be tested to a monomer blend, and
subsequently casting the mixture to form the acrylic chips. Absorption spectrum 1¢
was obtained from a .22 cm x 15.24 cm x 15.24 cm acrylic chip that was obtained by
adding 0.00075 m solution of the same photochromic material used to obtain

spectrum 1a to the above-mentioned monomer blend and casting. The preparation

of acrylic test chips is described in more detail in the Examples.
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of acrylic test chips is described in nore detail in
t he Exanples. -10 WO 2006/ 110513 PCT/ US2006/ 012977

WO 611053 € particul arly, absorption spectrum PEI/US20061€12977
absorption spectrumat "full concentration” (i.e.,
0.00 15 m for an indeno-fused napht hopyran accordi ng
to one non-limting enbodi nent disclosed herein
conprising a group that extends the pi- conjugated
system of the indeno-fused napht hopyran bonded at the
11[0p@ls Nl partinelady fabsogpsienispecerami hp, is His gboprtion spasem et Uikl

Id a(zolif §enrtljt§1ﬁona§{5£ ' (PB(? 1)(3 rﬁé)sfgleeﬁlt b fded ﬁaﬁ'nl%)pyran according to one

7 - whnAehibiox ymlid_dlmdnt(dphkesgdl Hepsfireenyriprising aleBoupdhatektayds-the pi-
3H 13 b te& gys?ef%x ?%thég 1nd§1}%) %J %ﬁﬁgﬁ&%}]yra% lpjnﬁ) f'he 1§ é:%glgoﬁ he

abSBMsARE et er | exce
mathemofin s;bectlﬁcrﬂiyoabsbnpmn spestamm 1hs th@abg@rpbtbn spaetwen fon gﬁﬁs

b S B BRI IS A G B P et

a bz 3)1E[411Q1%n6[ﬂ€3’t3 dipasithol T, RI-Ib]Ipytamn Séne Itlm abembance ofthis

f d ht
0 b e RRLE R Rk BB LSS SR ORMEED:
of whiteeng@epatead 1ﬁaﬂezﬁﬁiﬁ ﬁbsoﬁuﬁ&dls Bbskh&ehmpwsafpnbm qﬁe@mua
the 11-position ically, ..absor

& iR RBeSm S B iopRRB et T PRgEngeion G.c.
3, 06 sy ek b&ﬁydaktﬂ@mhémaﬁﬂeddiaﬁmm -vligholiBa @meemwafeads

H, 13H- |ndeno 2' na ht h b

Asthe th%’é“%‘@éﬁyﬁft%ﬁf @55 n@%@cﬁlﬁeﬂ EXRE\ ndmrl@d at
Fi he 11-potiién thB6H csp@ze,iﬁ@ﬂly, m&ﬁih&oméﬁtann ¢ iHthd sta@nblh e
group that extends the pi- conéugate syst em of

i neReREIR (g ech hditnstheyyriabbhdeimethone. Brdmsdyt ?@PH-
tﬂgﬁgﬂﬁz:ﬁﬁeﬁ&&ﬁﬁbh@iMpﬁﬁﬁord'ng to one non- I|n1t|ng

nent discl osed Herein displays an increase

abBBF/btA%)Wﬂdife seqnefzam ahparptien preciral anrd 1o Fig, il e aldeno -fused
di Sﬁ %E%J[!]Sq&% the Q%'g}? it SBndl ﬂle %12 Qoﬂ‘tﬁ'ga(e'd s§stem of the

sor ptl on of ectrorragnetl C
r auhdamq ~fusgd whthemngalvc@dect @ tae doprsiion ftheeeqf (rirecioms 1 ed

”aQ&%ih? i 30e %%g@g%gtggﬁoﬁ&gm&m E%h a{ég%%st Jf?ﬁncrease in

i -conj Ugat ed e co ara en
n a pbﬂ)fptblpy ofelectivongedic aadidtive having o wiavélength tapgingpfrom 320 nm

028 )
b B 2 hicphh Qe R ARPpRORbLidcof fhoid raafipn as
absanprédto a&pmphnabﬂnnﬁd@no-ﬁisesd wh&lopyrainewdhcﬁun $hecgroup that
ht h t but

AR A TR G bl ot compliop E R R R R A by s
tobome_tiaiﬂheab@mimnlthﬂeefgqxlcegﬁmﬂ_ bl)g_ As can be seﬁnI ]tcay
co [ ectr.a in. Eig. 1, .at_ane- .

OBR] R Raastn e has ey ittt BmPinimdinim 1e s

matierabsdrptidn ¥pectrum for the same indeno-fused naphthopyran as spectrum 1a,

but was obtained from a sample having one-half of the full-concentration used to
obtain absorption spectrum 1a. As can be seen by comparing spectra 1¢ and 1b in
Fig. 1, at one-half the concentration of the comparable photochromic material, the

indeno-fused naphthopyran comprising the group that extends the pi-conjugated
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i ndeno-fused napht hopyran conprising the group that

extends the pi-conjugated -11 WO 2006/110513
wWERADWBBOD6/ 012977 system of the indeno-fusedPCT/US2006/012977

napht hopyran bonded at the 11-position thereof

according to one non-limting enbodi nent discl osed

herei n di spl ays hyperchrom ¢ absorption of

el ectromagneti c radi ati on having a wavel ength from 320

nmto 420 rimas conpared to the c}gﬁg{)arabje
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mavaeleabth and ddegiiting over avangdedf yavdengtisie-gi rlg(AMdA) it is

enbodj ment.s . di sC j -haw ' r

T RRSHERE AR AASN YR Ryt e oy

X spegkiny;, therhigher the liftdgrated entinctivs adeffieient ef@dndsgrial, the more

i ntegr.ation of. | ot of extinction coefficient of

t hrég’gﬂ?ﬂ %‘8 mageﬁxla@wﬁlaa{%gqr?g? a@%r.m(\)r/\ilgci}%ﬁobeaﬁ%t h over a range
of [03¢1aVEehgiobisoméngitainlS acoordidg @o varivus nond2@itmgembodiments
inclysiye. Further, th hat ochr.om ¢ ..nat.erj al 6
ac%‘ﬁ#?ﬁei\i EerF‘G iy g W%ﬁ%tﬁ%,?f‘ S than 1.0x 10
di sEi@sEdehps i Xy Rave') asdetérmlied by isesretidn of @ pla nf
coefficient of at %eeahst ﬁj.l.x 106 1I\/h X nglg% x cni o
at etiggliqn cogffigiept afe phofpelromis material vy, wayelgnetf oyear AR P

bY whH @@ tdr2theGfon3 1 Bh tof20@d, inttisiveNn Futieefthd stiotsthroafic

t he photochrogmc material, vs. ve| er&ggﬁ %e a.r ang?l

of makuls asrgrdiag torarefisAgn FirBiRes IR Of RAnESSlise el pein may have
i ngl Hpdetfed EAhctRN 0T iSientdE GOEA DY x110° MAKinIS xRAIT; or at least
l'imting enbodinents, the photochrom c material na,

haV-d xaf® nmeagela mean castdelsEninghby Biseratips pEmplot of i

Ly
?@on
fr %Qﬂgrciént gg 44 %h&tgcl'ﬂoﬁic)fnajc&ﬁl M wivdipthlovér & fnpd of Wivelengths

gr eat er _ _ _
ranging from 320 nm to 420 nm, inclusive. For example, according to various non-

limiting embodiments, the photochromic material may have an integrated extinction
coefficient ranging from 1.1 x 10° to 4.0 x 10° nm x mol™! x cm™ (or greater) as

determined by integration of a plot of extinction coefficient of the photochromic
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determined by integration of a plot of extinction

coefficient of the photochromc -12 WO 2006/ 110513
WEMNLUBBOD6/ 012977 material vs. wavel engt h ovRCT/ES2006/012977

range of wavel engths ranging from 320 nmto 420 nm

i nclusi ve. However, as indicated above, generally

speaki ng the higher the integrated extinction

coefficient of a photochromic material, the nore

radi ation the photochromc material will absorb on a
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non i ng enbodi nents di scl osed herein have a

c Ik@smgbsﬁmchbsaﬁls dnvertorsrthat prdene-fitved Wh@%ﬁ?mﬁﬁgpg g group
r qgat%;({eg& tﬂ%—cobﬁga‘c@@%ﬁ@mﬂﬁ@ ﬁi@éﬂo%‘u@h'nﬁﬁtﬁﬁbp@ﬁm atthe 11-
orm absorption spectrum for

el mimom iregobtdcordingdd aertannerlimiting phedimers fisglesd heged
napht.ho h
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abaRkHNoiBibodihehitBscRAEH RFeihOis BaARodhroniisdlyshiEsd-Clamia tied
to absorption spectrumlb, it is
absorption spectrum is displaced toward longer wavelengths- as compared to
absorption spectrum 1b. Since absorption spectrum 1a has an increased absorption
in the 390 nm to 420 nm range as compared to absorption spectrum 1b, it is

contemplated the photochromic material from which absorption spectrum 1a was
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contenpl ated the photochrom c material from which
absorption spectrumla was -13 WO 2006/ 110513
WEMNWBBOD6/ 012977 obtai ned may be advant ageoRSI/yS2006/012977

enpl oyed in applications wherein a substantial anount
of electromagnetic radiation in the range of 320 Mh to
390 nmis shielded or blocked- for exanple, in
appl i cations involving use behind a wi ndshield. [0331
As di scussed above, the photochromc materials
aobiained mgy boadraniageeusly employ¢drintapplipaBonsodicriht gubstantial
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photochrom c material. Further, if the aryl group or
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in Fig. 2b).

-17-



in Fig. 2b). -17 WD 2006/ 110513 PCT/ US2006/ 012977
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reacti ve substituent on the photochromc material. For
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er | ough, .not | i h c
eepl?o ?cérongg 8181 eglal in Watcr \(/)gérl Iﬁ%(ﬁ%)hnﬁrrﬁ;lﬁnerﬁ (%g%ﬁl%ﬁ@ Br
e N GYbin{Beid insatediak cAm&tﬂngm mmennddalamtmg mpbmb@eas the
conpat i, l|2|n ubtlt .
i rﬁog&ﬁ%}f 12518 su ﬁst €, ? Blﬁﬁt %gra e?if ﬂé% 81110%§chr%m10 material
M $ DiRdphilic Maesriap htkll‘hoﬂgmmt Gmlﬂaig hgetein, ephslbcltrommheaterials

C CHBEIngI ' PG BT ame R AP s teitay BRI RS £1

S u&ﬁﬁﬂahb'l%gssubﬁﬁﬁ@l[ that ﬂﬁ@illfatb@ ngég,@a:tibn-m]to a\My&m)phlhd material may

represents the group -
e miscible in hydrophilic Iglatenal at leasy t to tloig extent\M‘P one gram per liter. Non-

limitng examples of compatibilizing subsubstiuents include those substituents
comprising the group —J, where —J represents the group —K or hydrogen, which are

discussed herein below. When the ophthalmic device of the present invention is
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di scussed herein bel ow. When the ophthal mc device of
the present invention is -19 WD 2006/ 110513

wERADWUBBD6/ 012977 forned from a hydrogel, PCT/US2006/012977
non-limting exanples of suitable conpatilibilizing
groups include, but are not limted to -S03-, -d,

-OH, aniline groups, norpholino groups and

conbi nati ons thereof, which may be in any position, so

| ong as the Pi conjugated system of the indeno-fused

néghict apmaa}:ydm@nldem ~bmiting exarplesoafisuifable Gogpatiliiligingegroups

[04 Furt her ouDS
idl LS AT Lo hml gétlt)sn’ égo@ﬁ z{n%gr i z(lﬁiriii)s’ andlmrc{l((glg%tr Ve,

Faﬁd axﬁlmnitxens mexsoubwmchmfoeurhaw ROSHpR, |sgg@gmyawd’ph| lic

e T

syhsihéd.uent and a conpatlbI|Z|ng substituent. As used
herein_ suc | tuents, r a

r &9 7@%“1?&6%5}’10#@ ﬁ?p%?wg'e t[glatysofn °5 \Slsgl ﬂ%gts %g%lgt?uent

| eombaibiiging |aﬁ@reb@1vapﬂdsmaﬂpleda gubstitudnin ﬂlapctumlfmmm}(yﬁrcmhﬂlc

naterlal contain a uralit

el thoC i bRty et ot gl material may
[ %%th&sreﬂitﬁé? sifbSderd RAY £conviatiblitisg substithdnm As ngpd herein, such
enbodi nents di scl osed .herein relaée to hoto%mhonlc

metestituents ngay b teraIed 85 cifher Higasiye FIRS %‘e?fa% CREPY AR and

a guBkiRiRt. P @ouRPel 8e Spfrbaated theohé p}gmcmebrmy staesmiabbay he
i ndeno-fused napht hopyran bonded a

the 11- q3|t|
AR e R LA g s B e
po[?hé]' -1 d?sfcuésr:‘(?aﬁo‘gg 84R0dsYDE JinfifR drit@ithenis dlﬂgﬁéchmrem
group ed at the 10- position OrB@ﬁ 05|t|on
ofrelatedto uomtecﬁmomle w@mbﬁﬁtﬂ%ﬁ% %}hmfl%Pnﬁéseé
W%guéa %ytsbﬁ%n%tﬂyg -éo?gu%gtted &ysRBNS0Nd G- ﬁﬁédblﬁphtﬁéﬁran

sition of” the i ndeno- fused

n almmumyhea]ri -posltlan thetpof.iprayided thatifiibe sramabonded efdhotl-
hpeos1 bSt b fidt ﬁ@no-ﬁfs@&’ é}a&ﬁ E));Itﬁﬁogétflertvﬁﬁl Al FoRPsdrdbPs tRf 10-

deno-flused nap ran i's di-substituted, the
S u;limttioh we m-pgil‘rmmplf thbandenp-fesed aamidopyien AerHs erBied Foup, said

é‘ Cﬁ%g a% Cgtra ﬁﬁ?(ﬁétl@{f chPQherlﬂEl%et 13“1%5&%9%@ {HE®RHeRo-

us e an may free of
S pfusat Iﬁa)bhﬂhbp,yrargls nnﬁplbstautedl mend Iubsbigited ayrdi-ggbstityeed, provided

e a opyran se
' f &1@ gFL@ -r:ﬂOFl 0 1£ %tp? gﬁar%ooialséés na#ﬁtﬁﬁaépa%ég ggssuli)g?%tﬁ@ Iﬂér%a ns
t hatbstithiertt lgoupSdpas kdgethar foarh nbdbernyh dimtber, asseuding to other non-
napht hopyran i s, di-sybstitute the su
B b PR LBy Rl ARl kRS
NO Brolipdit iieNIG ->¥%idioR bEthe efdeﬁmﬁisabma@h@om@s Asm,sbd hereip the

bonded at th 13 t t..farth .
t gg]pqgsea‘%@e Rgsepilrﬁ-cy ?o%lro&pgﬁat%% gﬂté(?nglrr%eag% 8%f {h%‘ﬁg%%gmon

of the indeno-fused naphthopyran is di-substituted, the substituent groups do not

together form a spiro-cyclic group. Non-limiting examples of suitable groups that

may be bonded at the 13-position are set forth with respect to R’ and R® in (XIV)
and (XV) herein below.
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-20 WO 2006/ 110513 PCT/ US2006/ 012977 [047] Further
various non-limting enbodi nents disclosed herein
WO edoati®5td photochromic material s conpri si ng BET/US2006/012977
i ndeno-fused napht hopyran and a group that extends
t he pi-conjugated system of the indeno-fused
napht hopyran bonded at the 11-position thereof (as
di scussed above), wherein the indeno-fused
napht hopyran is an
i jod@n cr[uzmgrsvarmu@mapmttmg emboditslpty diselosedrharoitrslai A t he

t the.7-
n@%ﬁ chg)lﬁ(}n AR com %smgqaa@&?elné gl%j,tgfl 9&@%@%{1 QE@Q Ff Hﬁﬁﬂt
Wextdhda thel ;ﬁxcolgegatadcsmtan of thg ngiewﬁxsgi nemhth@mg@bpnded at the

cont ai.ni n and.the
i ﬂggwlwﬂg%ﬁg£%§%§69 ?bove)%_\évhgr%i% tgé 1?1?3 o%sédqgg}g?opyran 1s
gﬁﬂrghg{ﬂlﬂﬂg 4@1)9@1‘11111)[&3 lﬂf)yram labd; Wigerﬂmrthes6-ph'aillonmlylbethe 7-
onage 1.0Nn_accoral n :
B g enB B PR AG Pt e D it o gpivued
abv'ﬁi'g mtgéeﬁ:gorﬁédﬁlh@ gtolsly by arﬁdxlygén, coatamnh@grbnp; taeditherl 3-position
unsubsti tue , a Su tltut
Dty ideno SHBLFPRYPRATSEY G TEETC S RBe SHbles of
- Gz tﬂépﬁiayb l()jd‘lbdﬁlﬁ%lﬂat WMO@?OQ heddtdinge tlik adm—l%ﬁmgay
Eﬁﬁégasi%?&tdhg”ﬁde?wﬁma%s GivLenliak Lac Hpyatst a Wbsiuted o

n&lﬂgﬁhéérgkﬁﬁ ﬁﬁ&ut&é@&ﬂﬁlsmgﬁwd Hefizyll &thdm‘y’dted or
phenoxy, no- or al kyl subsé@}ut

p hmxt}tuf@d apro@nd am(@)l& - Nep- Jm‘y%ﬂ %awy s ghpiRsiba g may

%Q{t 1nc11§i‘té| on, IH9&1’OJ(}} o, 4d ﬁ&yﬁ@ﬂ%'aﬁ&x?fthd\dﬂsﬁ&ﬁﬁlﬁbd
al ni ng S an gen cont al ni ng dgroups tqlet%:b
T\~on

rmyonbfpr gr-séaemmteéw! ar@umbe@rl ©F Baphihyl /pé?n%wqﬂop s
Qg%l Sh&%ﬁﬂéﬁ Hidsed o?ﬂf&?r% ORI -ASARGS siBstitRed JHeR6Ky.

er non-Iimtirng enbodi ments di scl osed herein
i rSuitalﬂenmhbmemeI@aitmldﬁvse)fgétogﬁll)@qnlfﬁlwg BOPRSSPEAOKYEEH R6 i n

(e?‘rélﬁr\(l)%lln : @rﬁréuég)chat Fxgg %&ﬁ&%{ Pihe d- ? Zg%}lcmgilﬁ‘/%f the quogﬂtl% bf 108

erein refate to photochromc
mahdeho-dhsed mphtirdpgnan gccardlmgtd dlrese fngsatloer mg@-hmiymdlments

in the 13: |t| f o
V\gﬁ%f aehuFEn mepidd hobd Bl cct @?thnv%lﬂ%%%‘%gst?%%% (XV) and (XV)
dnm&mb&ﬂoWUted prOV|ded that if the 13-position of

dgﬁ]l ?n o fu ed?}gga tﬁgxf)e% s 1sc.0ﬁeddﬁe]xe§ﬁlpeﬂté {og}hﬁ%t:}’nogl%

orm nor oo
WhR4teidds édhﬁmsﬁl@ ah aelbfiefisel mhﬁbll)}ahn, Indusreamthe h3-popiticmend the

extinctjion coefficient r than
PR R e YRy PREGGRRRiSS obf o lfted o
extrbviadd 1 i Qe 8 p6digdH ofthe inddne- fﬂiédﬁl@}ﬁlhh@ytam mdltsabstmlted
vs. wavel ength over a ran gpg ? E glng
f rigprpubsmenBrqugs dopetiggethe ap me Simai( ?rem tor di ng
t Oy HoBRERNIOBatetifi Hab AinFROM B DN cbdl‘ﬁmbﬁttg@teaﬂﬁd 1.0 X 106
extinction coefficient nmay range fron1% %p
x gy X cm—_,| as determined by integration of a plot o extmctlon coefficient of
the photochromic material vs. wavelength over a range of wavelengths ranging from

320 nm to 420 nm, inclusive. Further, according to these non-limiting embodiments

the integrated extinction coefficient may range from 1.1 x 10%t0 4.0 x 10® nm x mol’
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-21 WD 2006/ 110513 PCT/ US2006/ 012977 1 x cm 1 as
determ ned by integration of a plot of extinction
weowbfiisient of the photochrom c material vs.PCT/US2006/012977
wavel engt h over a range of wavel engths ranging from
320 nmto 420 nm inclusive. Still further, the
phot ochrom ¢ materials according these non-limting
enbodi ments may conprise a group that extends the pi-
conj ugated system of the indeno-fused napht hopyran
baneetasdetdrinimed by rosgrationrof a pled pextinctioarsopifigient ¢fghe
exa es .of gr.oups_ho t < Lt d :
B e e
pi20GERnjouahed irhstverSoll fitrther, thegbotocirowicdmaterighhickergipgan
i ncl ude .t hose di scussed above. [ofJ; C
NGRSO T HRE %ﬁ%oﬁgpﬁ%?aydﬁo% B S%Ileg[%ﬁélfh%%t%{ragﬂe es a
phRefE yten Bthe tridaho-fisednraplthogyran hondedhetitheddriesitios ed
napht hqpyr an, chosen frqom an .. . i
| RS [J0n- BB SR HTaRIER SRR SL Rl P Lispesifion of the indeno
i pd ﬁfh\?\ﬁfrérﬂthaﬂ dxeb itegfi-2ordjugatddpystem of dredndensfuseds
t hereof, wherein the 13-position of the indeno-fused
nﬁ‘tﬂhfh%ﬁ%%hﬁd%%@ﬁ% %‘P?aﬁﬂﬁ%"& mono- substituted or
dio451 bShd ptige noRhRvting@ehbbiiateni discldsbihedk&@nposiides an  of
the 1ndeno-fused napht hopyran_ is di c-lsu titut eﬁldsetpr(e)m
s phseqhrnaiq mategiabegsprigmer ot andadsae fed PEROREPB SPHST *
anginabior2 23> 31 Akphinb AL 2- nesd ddiaddgiof 1’ conLigahthe] 2, 1-
sglg%ng#%%?st%é indeng-fﬁ})ség_% napht hop Fg@ bondeglgaé‘ t he
1 blnyowi adgnixtueesdhaedt, whgsip 8}6&3§13P1&°€P B TER0-Hise
sy ‘tﬁoﬁay}aﬁ% subYREMDS boba Lbetitate br didsubsthisibd, prdvadtd tiar if
unsubstitute eteroaryl, or a group regresente bqg
- ¥\ 3eyrositixh of e indeperfuspd raphthapyrexs dprestiyedghe SPSU T A

X X . .Y ' Aar, aflexfefdd the piabove.
[ G 99 P eﬁ%ﬁﬁyﬁ,&?ﬁéﬁ’gﬁgﬁ O Poxt onc T he

piconjogrtedgattent of yistindenoffuse sanhihweyver bended at i pHPAHIRM an
bonded at t.he.11- It - ' 1 1, a substituted
oo Rerdih Said GoRP Rl bEH stk of DAERAIAS B9, o subsiute
127 pasibititaad béterbirgl, onalgroup fepweehteddphXmypsr-&iF gr- Non-

togerher wth r o t = Io}d frut he
i ﬁ%‘@ﬁ‘?ﬁ PR g%‘%%%g?/t?ggg?? gﬁamYaHl? i geg aéggl?cggép%g@gtgircti

f useek. gr oup bei ng i ndeno, di hydronapht hal ene, i ndol e,
benzqopyr an, .ben ran.or thianaph i -
T S T e
| QAR MBERS raaphidionhean-positiobef the mdersf fusgsi naphtbgmsirne
groups at.. the 13-positi t hereo 511

priegstheg S W%‘B’&F?QE@,SM %}Wga&%]felg% ﬂ{%?nhgel}roa 87 gpathopyran ot
805 Qekr RiGithlaCridy BoadEd at BRMOHositith ofthe imdenti-fisert mphthopyran
di scl osed herein may conprise.at | & St one ot1

r cfgrm pgsed group, said fused group being indeno, di ydronaphtha

benzofuran, benzopyran or thianaphthene. Further, according to this non-limiting

a .
ene, indole,

embodiment, the indeno-fused naphthopyran may be free of spiro-cyclic groups at

the 13-position thereof.
[051] As previously discussed, the photochromic materials according to various

non-limiting embodiments disclosed herein may comprise at least one of a reactive
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-22 WD 2006/ 110513 PCT/ US2006/ 012977 substituent

and/ or a conpatiblizing substituent. Further,
wa@ewendisnyy to various non- limting enbodi nentBCT/US2006/012977

di scl osed herein wherein the photochromc materi al

conprises nultiple reactive substituents and/ or

mul tiple conpatiblizing substituents, each reactive

substituent and each conpati bli zing substituent may be

i ndependently chosen. Non-limting exanples of

r eabstifuv aad/dy Donpefipligingdrvbstiteyt 1, BEFOFHRE OYAFouUsHRY

b used i.n ting

L S Nl
o namprﬁsas mmupmféao@ve smwenterﬁz@mplqm¢ 9ompa@b1@1@g gibstituents,

&aché_éaj:tlz/g(?u)bs ltueé_g %nd( ?ﬁl jzorl’-l)ﬁaaﬁgﬂm&é gi??st tgé?{t flsagl )6% 6n5<1§%endentll}]'
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| fh@ﬁeﬁgﬁ%y&repre@glt%@by one &-2- CI?( oO) a/r&d PIHC( =0 -
rovi de -A - repr s -0-, -A -
Ioeast d’%eﬁ&g{?&] Wth -J. pc@ é]]ilo(xpi imting e%%%?gs( of
groups.-Ahety i, may repregedt) asgording to vaddaus
non-limting enbodi ments include a dianmne re |fﬁgn
a deri vAatPve®her eof , vvher@ﬁn( ; 3 st amino”

ofjo$qi &vigh R_iekdiRe foe(Sﬂ)xéxm)rﬁwvé ﬁ@ﬂmmmg raﬂamplédbfgfoups tHahe
group that extends the pi-con at ed Sést em of Oﬁtaﬁﬁrem

| AT GRIEIHAGSPHIFS Y MAIPUS BT gt e meRts dise]

tflﬁJl@déf O- QE:% )subﬁgn )Da[ndaNH@(ﬂDj Ahbadaogatif 00- on
t he | ndeno-f used %a ran, and a second am no
nlrpwre%jéﬁ -9fs éalf’érﬂtflaé ﬁé’n‘? Addi day forma bond with

053{} aﬁoanmlﬁﬂ% Rlé@ 3t Q{%ﬁkqhﬁl-ﬁoﬂl% rdpfiéifl dcoRdingto various

derl wherein an am no nitrqgen of said
amondmatmgnmlbodﬂremtm@u%aydlﬂ@%f%ﬁldé‘é REa dprevativethereof, pigrein

fat ou
DrER: 0 nS RSl Wb CABAIARS fim BUSREMD AT group

t hhatt@@fendsdhe pi-njgeted sxstem ofithaindenpafbsedmpphthenyran hopdegt
‘ﬁ% ,1;\1 ?1:10% tLéJrg'(ﬁg or 4 me&aa%’avﬁﬁg} sft'lt)ﬁ: QIIP&JG 11@&%&-%%

amno a resi due bond wt
- Eaaphth&iayrm andla sebbridsmming nijfoen ofamd dramln@reﬁldu@vlaw @UQ a
in odi,nent s 0
n Epggall-br TR Mo gl ShakipE R
b Oﬂﬁier&mhﬂ amino nltf@en of saidlamian ailcelaﬂ cesile olap forovaylopmd voth -A’-

d f b i -
* e LD et SR e RIS R C T LDk DGRy Gyt Aaphibbyian

bonded at the 11-position thereof, or a substituent or an available position on the

indeno-fused naphthopyran, and an alcohol oxygen of said amino alcohol residue
may form a bond with -E-, -G- or —J. Alternatively, according to various non-
limiting embodiments disclosed herein the amino nitrogen of said amino alcohol
residue may form a bond with -E-, -G- or -J, and said alcohol oxygen of said amino

alcohol residue may form a bond with -A’-, the group that extends the pi-conjugated
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WD 2006/ 110513 PCT/ US2006/ 012977 system of the
i ndeno-fused napht hopyran bonded at the 11-position
w0 b@saaf513 or a substituent or an avail abl e poRCT/USI00€612977
t he i ndeno-fused napht hopyran. [054] Non-limting
exanpl es of suitable diamne residues that -D may
represent include an aliphatic diam ne residue, a
cyclo aliphatic diamne residue, a diazacycloal kane
resi due, an azacyclo aliphatic am ne residue

d syateacofobminddnodhsed naslitlparan baaded et the 4 ﬂrﬁ’f’?lﬁl‘“ﬁ'ﬁhﬁ%’% gra
@thtﬁz fS ﬁ X C\/Ja{léb(fe %b%ﬁloh' g]tﬁe' iH@nbARILH ln@;?ntlﬂi ?Eh

in conjunction Wth various
n {054] | Nod-limifing mmnbleseqftssltabih @a;mms eagidnes BatnDr may EF‘d’éesf’We

T Pnlc uamam1m&l_§d1an’1ﬁmr%ﬁ§% a%_'%ﬁll\f?mﬁf:_ dni1 Il-(i! re%ﬁi\a 11 —

[ @fakdoydioalkdne mésidua@n@xmyp]o@ﬁphnﬁc smﬁneabﬂl@eahﬂlﬁ%ﬁcmw

resj dues . that - Le TR i
it ard an e e e 5T SR SRHREnE Balip 0t
r @&iddblﬁﬂlataﬁhyaﬁa@mhmoﬁ}hnqmbawﬂdl vahmmhmh—lme'smgﬁm@odanen’fs

di azacycl o, al i | cohol residue and an aromatic
HS%S@I}@Wdﬁ@%ﬁiﬁ?@% 8Fecific non-liniting exanpl es

amn gl cohol residues thatCHay sed i n cgmnpunction
with \?&&VO‘HS/H%h 81 +tag-Nenbo nts di.s¥ Q& NH..
herein - nclude the 0l | ow ng: aC --- 110

--HN‘\~~ J~ NH NH' HSCJ H O\ N, O~ o
‘ NH
N N--
J@ CVNH -

[055] Non-limiting examples of suitable amino alcohol residues that -D- may

represent include an aliphatic amino alcohol residue, a cyclo aliphatic amino alcohol
residue, an azacyclo aliphatic alcohol residue, a diazacyclo aliphatic alcohol residue
and an aromatic amino alcohol residue. Specific non-limiting examples amino
alcohol residues that may be used in conjunction with various non-limiting

embodiments disclosed herein include the following:
0 5 C[0~ . NH
JHN . . )
- \/\Oz e A/NH <:>&\NH b o

/O/ - (j/ (j/\ E'j O\oN

[056] With continued reference to (V)~(XIII) above, according to various non-
limiting embodiments disclosed herein, -E- may represent a dicarboxylic acid

residue or a derivative thereof, wherein a first carbonyl group of said dicarboxylic
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10561 Wth continued reference to (V)-(XI11) above,
wae@endisng to various non- linting enmbodi mentBCT/US2006/012977

di scl osed herein, -E- may represent a dicarboxylic

acid residue or a derivative thereof, wherein a first

carbonyl group of said dicarboxylic -24 WO 2006/ 110513

PCT/ US2006/ 012977 acid residue may forma bond with

-G or -D, and a second carbonyl group of said

dbeid rdsizhay hiag ferai aband svidue- payP-f andm secdnd sarbopotl Erogsof said

Lim.ting exanp t d §
e e P S e o5 ?fc
d smaabbauqalrbcﬁcymaomﬂ nesadmed uﬂw -Bx neapokpasenpinelniean allphatlc
CHESPRRI 8 BEh 1 SEI AL ABORIRTBA it apt n romai

pec | I'C non-
edaalogficticiddbdateb Syydificnaelimiting emnn:h]@S)f ﬁhallbomiy apid

used. in conj nct i with vari.ous .non- |
o e by U e Bty e Gt b g gimens
\Gﬁb&%ﬁadhe\renhmeluaethR'fatdmmg.al kyl i=1 to 4 1 [057]
According to various non-linmting enbodi nents
di scl osed hereig, -G mpy reprasent a_grlup
-[ (OC2H4) X(OC3HB) v ( H8) , ®he )
are each indépendetity ch raggesfrom 0 to 50,
and a sum of x*=Hyr,a1k3and=1tz>4ranges from 1 to 50; a

er| Vv t | ve

pol yal i.d

Pl s umeda Jiohs SRttt SEnPIERES ool B TEI, & may.
bqaﬁg%ht ahgmntép [(oczﬁta)x(OCEHﬁ)y (ch@&gbzwe xfﬁm@g B mm b

- on atea s em n
D RO HESEAGIE PO © Err BB Bt LURgOr PR
Ofio E? h@ﬁ@ydl @&id@e Bgaﬁddriv@ﬂﬂve(iﬂerédfewhﬁdiﬁ ndirftypeydl oxygen of said
na
p(p%},}&l ?e,%%l;lg ?n@y argl a&as)ﬁa ?}\W?lt g p%_ - tgﬁ &% tth ex%ends the pi-
j#g YRt ROfdenottBded |nGthiﬂﬁ)yfdnfb®hdddQﬂt fhel11 goyigen

of t oI on residue forns a bong1 ({

[mqmﬁ,.qx) ngygﬁn(a@%h@)@]smo? pn the 1 eao%gérp%;ﬁn@opyran
grfHdR ecclrﬁﬁ%wax M)i)bo(y@pﬁﬁgfoﬂra@ohd wahOE1dRE]; or a

secon oxygen forms bond wit
combination thereof, wherein the first polyol oxygen of the polyol residue forms a

bond with a group -[(OC,Ha)(OC3Hs)y (OC4Hs).]- (i.€., to form the group -
[(OC,H4)x(OC3Hg)y (OC4Hs),]-O-), and the second polyol oxygen forms a bond with

-E- or -J. Non-limiting examples of suitable polyol residues that -G- may represent

include an aliphatic polyol residue, a cyclo aliphatic polyol residue, and an aromatic
polyol residue.

[058] Specific non-limiting examples of polyols from which the polyol
residues that -G- may represent may be formed according to various non-limiting
embodiments disclosed herein include (a) low molecular weight polyols having an
average molecular weight less than 500, such as, but not limited to, those set forth in
U.S. Patent No. 6,555,028 at col. 4, lines 48-50, and col. 4, line 55 to col. 6, line 5,

which disclosure is hereby specifically incorporated by reference herein; (b)
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-E- or J. Non-limting exanples of suitable polyol

residues that -G nmay represent include an aliphatic
w@eiogolosiesi due, a cyclo aliphatic polyol resiBUBEUSENE012977

an aromatic polyol residue. [058] Specific

non-limting exanples of polyols fromwhich the polyol

residues that -G nay represent may be forned

according to various non-limting enbodinents

di scl osed herein include (a) |ow nol ecular weig

ppmyasteSpdsmB rsgcgaas , butwet liitedrto, thesa Isetrfonleing - lfaé@%NPh an
5
Lf? %55 éﬁi?ls 11nlélt%7 E%évl‘hg‘galgc%émteqs hér&ﬂrss%egiﬁéal g%&fbofdi’ed

I nes 4
cw refeéench hereinsS&) poiyeibd:r poByols| §ugk asbut nmhlllmﬁpddp dhososet; Fosth

B RS A HI0ARS LSRR Sy

p%ﬂﬁ‘a&lﬁyﬁn&ﬁb@f@de& by ﬁdﬂﬂbncaﬁereimu {d) amidel-donfaina nodyols, pusbés,
set fo Pat 5 I
| Pyfast {Ymé%‘i tOVJHPSi?ﬁercﬁgﬁ s gop AT TR0 gisgozgstpaé g?lf P clé'ﬁ 5y1 62,
| Gziﬁiéh I@%E:f&ﬁlﬁg F]S HéYebg @ﬁ@[f&lﬂ)lemhﬁpmated by cefenondey €8 bgxy polyols,
po ol's, such . a not i to tho :
VoS TR 0k L I B
\Q@B ?ch(%oqj 165 GheS, hwrﬁcﬁ cﬁsoluﬁﬁlebyhera@apedﬁﬁ@ap hr;cormmdufynaﬂe@dce
reference herejn; ta| n ol s

< beming ) polgandng Go T Ao ook frogt tebif By s 3 fart
P‘rﬁ{ €1 phent M. 8355,028at@b1. 6lnes 5=12,| wme1$d15aloﬁfa is hWGi)}C h

i sclosure i s hereb by specn‘lcally q|\+{jlcorp§ @t Q’bt ‘
r @pq@rf@nﬂjemcqmyra@g@yyefg@pc&;:&egem (@) resthape rolyg ]?a ut no
! 'hg{;%&go fiBse. b sEh%ﬁﬁ iP6ls bt lNol 8,555,628 Rablen1inde13-43, which

ine 63 to col 6, l'i. ne 3, .whi ¢h
didiscloowe lsehereby heqcefbylls meerpeiRted by yefprapes st (R polperylic

r E)f ofs n&l%% {]%{n‘?ﬂo@ 1m(t£ci toRHAs)é BA G5 InRPE Yty No2b, S35l 91t

o, those set forth in US.
Pabk a1 lidde 43 &, ®$§ s bgeg4(hwh@b|dlsckgsurp p%@bxsneglﬁm glﬁorporated

?IGbSICl 12retld ere%n %?rxﬁrb fl};o(l:sa lsdcl‘x ab, %@ﬁcﬁ@ﬁrﬁ{eg% mé)se set

rence er el uret ane O yo S, such as,
ndbrth ini WSt Mertt NOt 6658028t c¢lo?,t11nesi 4{-15, ghighalisshpsurRs hereby

h eSP‘é%’g}‘%ﬁﬁ értcmfpo%:aéﬁdl bS/ refelddESheteln hid yﬂ‘l es o sieh &%1@ i's

I'NCOr por at’e erence er el n;
( Mpsg10 Imm:ﬁgg dgain tp OV yO{IH) almyc,facagdmg tae vations RANKIRIBES t o

t hosl:]oﬁ%get Zﬁép cLos%ci)lilereLill},S-J pgﬁ%e%g%ed}'% 0%5%5 %Olgﬁfr( érellﬁ%ents a
h suS]ﬁ)ss; bifii alimited toc-@HOOMH eICH(ISHg)@D@Hence her ei n;
ar t I trpngt t ed
{ o CBRGHEERE rGaBROM, Gty b e OB
C Of,H, 30 H hitES O wikerein/hi” Cianghis $iolnostord. iAscérding hxyother non-
specifically incorporated b feren e here
m Sapiting §mbtp<¥g151&tﬁ -Jﬁgﬁwprgsen %@%ﬂgeﬁ&% %gxbc{' ‘{vﬁh o ox(nggn
(ralniddeh o@ﬁﬁl&iﬁ% g@ﬁ&@rfdinﬂgrdaemaﬁmay Sudmrs ~OHrvr tNHg For
enbodi nents di scl osed herein, - %['P Fse(m a grou
- Kexapptes agoprding tp é{ﬁ‘i“é@ SRR~ gmétmg embodlments sclosed herein,
represent hydrogen, provided that if -J represents hydrogen, -J is bonded to an

oxygen of -D- or -G-, or a nitrogen of -D-.
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group such as, but not limted to, -CH2COOH
-CH(CH3) COCH, -C(O (CH2)w, 000H, - Co6HASOBH,
wWO0 gBki10808H, - C4AHBSO3H, - C3H6SOBH, - C2HASCBH RCMUSIB@BH 2977

wherein "w' ranges from1l to 18. According to other
non- limting enbodi nents -J may represent hydrogen
that fornms a bond with an oxygen or a nitrogen of
l'inking group to forma reactive noiety such as -OH or
-NH For exanple, according to various non-limting
efiso}i Asntdingtiostill ofherndnelimiting embodiggnts,-EppR EPFAsent a group
hy ro [QV, h

Igsr 1%%1%%3 E%recglh ﬁgefn ﬁ&nagfrepr%_eﬁted%&%@?ﬁ%}eﬂg@P}llo%rﬁglglgn
Oﬁccofd-mg to %md@nﬁ%ﬁﬁﬂﬂg)@ﬂ@di?@ﬁmm@@@ lprgin 7i7 may gepogsent a
According to still. ath nbodi nents, -J
& P &P (ihglg’etﬁ‘tt not hémteg 5 % P%}ﬂgg (R?hgr eof, wherein
- bnamabryleﬂl’)ﬁhﬁﬂztrbanyleb(meth@rymwﬂyoxygﬂborgk dﬁ‘pméphenyl

accordi arious non-limti )
dlvglé( gscglg)r%v&y OF,ePOXY, su§eg&elgénéﬁ%t§rﬁgglrfgg%{%@cwl crotyl, 2
b l@ﬁletﬂmrylbxmthﬁdarbﬁnylazs{méthaommmahgodyparmm yll—ymﬂphenyl

(nethac et hyl ca

9W‘ y?@ﬁﬂ@??@%ngﬂh§FMOW“WFHuWBﬁenyI vi nyl ,
1 -chlor vinyl or epoxy. As used heérein, the t
acryl, t hacryl, crot|yl,
(netha&gy xy) et hyl , .
2- (met hacryl oxy) et hoxycaf bonyl, 4-vinyl phe i nyl,
1-chl orovinyl, and epoxy refer to the Il owi n) ey
structuF@% 000 ac? hethacryl %Wb%yl 4- V|nyrp%eny

0 CI 10 vi nyI 1- chljor OVI nyl epoxy X = NH
2-( carb 517 771&,
2- ( hacryl oxy) t hoxycar bonyl [061T Aswpr evi o8l y

di scu . - rqpreseh‘ty‘ a residieist a pol yor,
whi ghil?g?ﬁet °Y)t Riky a,rl}el n to include hydroxy-containi ng

N?l lahydg)a%fgglslgtdl'l SSBTS h}%%ﬁ %Ee% 1{‘(% ésrque og bj?l?ol gﬁl‘i:fr‘ ft

\gfueﬁhediheseih asit¢ledd ls,rdrd':@Foebtyunmgeaatlfohymatby sichae thoee @lt &ith
. rererenc |

£ o ‘?’afeavﬁ%%ea#%w@ff 4 ﬂ‘y%{ tocf %53’?1 ildn ngr% disglosuge is

t rl%rdb?@ﬁécﬁfﬁﬁll@fnc@@&raf&d Hyﬁ’éféreﬁée hetdiie Tie poblol fayxdn@myj/ be

groupS. With a _precursor

aclormesls fog exaﬁ%}ilﬁ %de\ﬁ]éhql}a}nina@oné‘leﬁbiﬂb EXI E@ 6?ac§?n oair one o¥more of
POlhY BbikEPhyhdk ACkr@ifpd sath a€dirsasoP Al y alck ik @ Babgtyic atid or a

methylene halide, a precursor of polyalkoxylated group, such as polyalkylene glycol,

or a hydroxyl substituent of the indeno-fused naphthopyran. The polyol may be
represented by g-(OH), and the residue of the polyol may be represented by the
formula -O-¢g-(OH),.1, wherein q is the backbone or main chain of the polyhydroxy
compound and “a” is at least 2. '

[062] Further, as discussed above, one or more of the polyol oxygens of -G- may
form a bond with -J (i.e., forming the group -G-J). For example, although not
limiting herein, wherein the reactive and/or compatiblizing substituent comprises the

group -G-J, if -G- represents a polyol residue and -J represents a group -K that
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or a hydroxyl substituent of the indeno-fused
napht hopyran. The pol yol may be represented by
w@R(et)@E1and t he residue of the polyol may be PCT/US2006/012977
represented by the formula -O-qg-(OHa-1, wherein q is
t he backbone or main chain of the pol yhydroxy
conpound and "a" is at least 2. [062] Further, as
di scussed above, one or nnre of t he pol yol oxygens of
-G may forma bond with - .e., formng the up
®nif)1ns mboe:xletmmleahna@fqv@u@ﬂ W@Y be profyged by THENNE e or

m%geel%cpyol nfcﬁ&gﬁl gltolugﬁo%ﬁiﬂ e g?dﬁimﬁt(fo@ leka%ﬁﬂ]&aﬁi&ﬁisbd want

represents_a ol
r esp@bmea Readtiond Braelgﬁe@e?ﬂt 83, élng 3 EHJC°1 K6t gt 1505 - %atent {No.

g%@% 62‘% WhthfeH og{ﬁ‘g Qs%ﬁ%%é&?ﬁcaﬁ? HeipBiied by EfBRN herein)

rmnati ng grou be produced by reacting

0 m:Epmducmarcerbpqﬂg;tcxl pdix&d residpe. gitomptivelys ifi-HreRraserds yEgtp K

for .exa -G-
Rt g B BEHBSG Ml a b RREG I Bog herep, .1
158 fbe yroaucdaaiyanﬁlchdondeneat@a@f o@8or e ofthelpelzplddionyl s

e

AHGC 8 ISOE] of, HZSD4,-rdSpE(Eﬁ’BES @nttberaal@;png]nmot Jimiting &erein, if -G-

t f
S PR 2RO Ol A g s Bt G i P oy
aGhdthderyg, w@mafymp)eafymﬁam antiapexyo£L trag bpadded by

h)égrrlq%)l(l)sll 3 u re 1 &é}d 81:5'% gt?%acryﬂ;y] é’}%

r Q%gﬁfa o\éﬁlly}/metﬁ:kbﬁ'i'lﬁlt@ lor e;ﬁbﬁlbl@ﬁﬂihnﬂﬁkpdcﬁfﬂl}i i ng herein,
rep resents a ‘a/ resi due nd repres SntS a

grl8e3 As d@qq@@ghabpy% ﬁpc‘% ipg to varpysfipn: Wltmg embodimen
2- Cfgﬁﬁ;sgcﬁﬁerré‘ih YAt OIS RLER AU/ 0P EbngRAKZing subdiityenbay be

condensation of the pol yol reS|d e ﬁﬁwy

adaoyd@wo geayb dhait epetendgtherpiePpinged YRPBAL He
g Hﬁ%ﬁrﬁf&o%ﬁ%d 4ratha Cﬂo\ﬁtl%h 8f Ak iRIRh&hised ﬂ@ﬁfﬂbpﬁan For
r espect

di scussed above, accorg
v amqamnb, archschgsed @bcwg tmew thatxéendsiihe pi-epningls ‘?’in Ot he

e% ﬁseﬁ%@%ﬁ&pﬁﬁﬂ%oﬂ&&/ aPthed I%Efﬁgﬁ 1hBlebZihf\Obe an aryl or

Ptuent bonded to group that_extends the
p| hmmrwghett @sjsubgmtedrwah theveactivieiendénr porspaiblingp FoSBHG

bonded at the t fthe: | ’ d
ot Ropypip iR HOT 10T, (ROt JRAR O X, Yoo

g r UUmaY bahpris tt&n@@tlvmmdmrccmpgtﬂpgame dubstjertas dBCusped above.

f d h
th Qer%%?m S%c%og E %oa&f%?{a%ﬁﬁ‘.mﬁﬁ%degﬁhog%m{n"@ Qﬁqs:imaawﬁ (i)rlsFl%' fNthe

Supetyp thdt etends thh pt-hmm@aadtsystm amwoo en gyhgraen (o1 2iphgnyl

" eiad i ki TREaG SRR P GRGR, Sigtencfe 8-

c Oﬁ%ﬂlb&?lokﬁwhdxglﬁﬁﬂ)bﬂ}ﬂ agsttbwarin Fiprpa)t which riap de represented by
SU P/? t-(IitJ %z?snglscggseg LﬂSc’o(\:ze ereﬁll % -Tepresents -C(=0)-, -G- represents
-[OC,H4]0-, and -J represents methacryl.
[064] Additionally or alternatively, a reactive and/or compatiblizing substituent

may be bonded at a substituent or an available position on the indeno-fused
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For exanple, according to one non-limting enbodi nent

as shown in Fig. 3a, the group that extends the
w@retsonjsuyat ed system may be an aryl group (e.RBCT/US2006/012977

phenyl group as shown in Fig. 3a) that is substituted

with a reactive substituent (e.g., a (2-

nmet hacr yl oxyet hoxy) car bonyl as shown in Fig. 3a),

whi ch nay be represented by -A - GJ (as d| scussed

above), wherein -A - represents - O -

r ﬁ@hﬂmpyl'as ring pt@@zhm 2the 14rm@sitign.r E@ﬁé@l@ﬂ?eﬁ“ﬁ@f&h@@? lppiting

?{%13;( lpﬁa‘# % or 1 ste?ﬁ ?ﬂlheatr\]ltﬁlrg%quc‘tli% %(rbdé (53 cfe)ﬁﬁ&fb'hyﬁg and/ or
S mﬁmémaﬂﬁd@d tto ﬂlﬂ geoupithag pitends (t)@l HHCQIFJugﬁ’qedt gyatem of the indeno-

TS i el P L0 i
exappditon ¢l thdiatgilo-faet nhphthdpymg madydreanano- @nﬂlawptu,tqglnvq}ba

or iInste of h n L bkl zi ng

e T A i SR B

E butfg,ﬁtgtddgaabﬁ ottt inagfoe ttltesfama (rt]ie mcﬁfegehu dednothgy mohdipyitizen
onded at e 11- ost of the Lnde

o Sple 3y pdon i o et e Pine b et FHEA0: LR ESbiaine

n @9&&&@%0@%?@%6@0@&&& extohdstthe mt)doﬂjugited gydtewi dflthesindeno-

reacti ve and/ or conpati zZi.n stituent .. Furit

| o panpghapan oot pethe ! | ponth &SRR e ot o

By chfe etﬂa%r SMBatdliziflg sifbetit@t: maly be Silatituesd anthia -3|-pomlt1b1n n@an

exanpl e addition to or _instead o{ havi ng a

r drdenplda3 a?a@]ﬂ@i?hﬁ@&h%‘ﬁlﬂyﬁnr e RPosiABet 3% uent bonded to
t I'ir? eQBI_qu? -4 Bk h@ﬁg[? NiFoytAa /o£@B UG- ﬁdsﬁ@tﬁbemeﬁbf inddne-

eno used hop ran bonded at the 11-positi
offuserl e&aphﬁmmtanﬁ eh f3ht PhofRFHEgRIC Haterial foppYises AKY glf‘
IEQ %at:mel eﬂip)g c&%ﬁwlztlﬁ?ﬁ%sﬁfﬁéﬁt REcSlehsive bt/ @omipatitiRing

I on of

i mdmm[ezt msy b@thapanmstom gifferent fpmypna AT mewgef theserasiping
of _an |nd ctméaub%z gs&ﬂsﬁﬁg tho[2, 1 -b]pyran, and /or

t HEAEve &y e ese i ndeno- fused
n a{pﬁﬁ]h (pr exa:m)le, Fa;ﬁ«vrtlhgnqw iof Fig 1, prisordingtip 6§ ROMinidipg a|

ri.ses r e th ety

C ot o A R EPELK R BRI o the jdeno fused
grr?ﬁ?gﬂrhbﬂ}rarzbdgﬁ]e% ﬁgm;n-pqsmn thmgogb@ suhgtiteiedirybgrowy (‘;{ g, a(4-
kBT el P FpR BGE R R EIRLBORE miiEAT ke
r ecfc@i’liﬂrisé? REvE mbEmgentIE?g aﬁﬁ}r di ng t o one
non-limti odi men e aro
pi mé%‘?ﬁr&]@&’%&' E%‘Bi‘r@ﬂf’@fm‘?wger’leﬁ%%% 0°¢ 3’ Q&T (ﬁﬁ’ap t ho plyt} ;Fl
boswleghieh niafl' 8e ﬂe]are@éiﬁéd byO-ﬂD -1 ae dBafssddsibaved udstrdin tid-gdpresents
aryl group he
i R OOM L AT TR
COLRSHOT RIidae FRRAS h byl witbhb iddefdifusédEnaphthopyran 4t2he 7-position,

and the alcohol oxygen of the azacyclo aliphatic alcohol residue forms a bond with

-J, wherein -J represents 2-(methacryloxy)ethylcarbamyl. Another non-limiting
example of a photochromic material according to various non-limiting embodiments

disclosed herein that has a reactive substituent at the 7-position thereof is a 3-(4-
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nmet hacryl oxyet hyl ) car banyl oxynet hyl enepi peri di no-1
-yl) group as shown in Fig. 3b), which nay be

wo epoesesn ed by -D-J (as di scussed above), whePE&l/nS2006/012977
represents an azacyclo aliphatic al cohol residue,
wherein the nitrogen of the azacyclo aliphatic
al cohol residue forns a bond with the indeno-fused
napht hopyran at the 7-position, and the al coho
oxygen of the azacyclo aliphatic al cohol residue forns
ambtphdlintiphényl)-3phentieé-giethoxyH 7r(@t¢-esent s

2' t | t . e _ - 1 3 t 1
B
V @inieftys-3HAB HHindérto[ 213" phtbadithebh?-blpytins c| osed herei n

that. has a reactive subst i 3 0 . 7 it :

¢ NPk opns Son i s sbPhee B AN PORBY b PO 10
nMasPheitingepibeditehts Jiploesniterd et ao x yeagti(ezsupstituent at the 3-
"S;Q&%éﬁ%;%f‘égg YA RN D SRERLREE) Phaignis-y!)
dipigiyhy l7-d3ethety-1 Polenol 23,133dimdihg]-siapBtho[ 1, 2- b] pyr an.
[066 e _non-limti g exanpl e of a photochrom c
na#@wﬂaﬁ:ééBBPH®&EJH3 /&t ous non-liniting

erfm?i ARAksnddsepsatbfhiekavdsubhitientaBat maydaasddie
substituent at the 3- positjon H%Er ﬁf 1S a forth in U.S

3 cpunegton il e RERPSHFeRl SRISHA S BRR] g ds gy forth i US.
p'ﬁﬁ){{ ApplicatRi}@qy!118, 7- di met hayled OPHTHALMIC DEVICES
1-p eny?-lS,lS-dinE

thyl -3H, 13H-
| (ERMBRISING PHO T GHBAMG] MATERK) 1y R FAGTIVE
A%épéﬁ’f@bg@@?ﬁl‘éh B b Qhte BfenHRRSihY @hiSh St Wenftng Xiab /Bdrry
may be used 1h connection with the photochromc
el erGaest, Sbigkwnddalisdevan and EragléM%%ﬁ PHIVARS S,

P t | | i d Byl Bt Hdrhh Vb €1 other
D%Eﬁ%%%%%%&ﬁ%&% M_KITERI ALS W TH .
REAGTEng GBS PORNTS . and/peepmmatiblizing woeiysnis Lt shforh o

I ehp L | | 1,28, 1 Van; .U SiHawktnar
VSRR o L T S s e O L ke
ar&11se81dhy cal o dinéd 30a64, whichcdbclostes el hergby wrafiealiye
herein. S 'Ilfotq%ﬁwﬁﬁgn-liniting exanpl es of reactive
ah@?%?mﬁ%h%%ﬁ?%F?zing Substituents are set forth in
U. Pe9jPadtértnobklimifinh&bbddaBentedisadeskd hegein pravédesphptpchigmic
4, line 26, and. U, P t : . 3,
|i%@ﬂ*§69%ﬁs,enﬁﬁ P¥ is@{‘égﬁPéN”g‘ bglrog’) %%?3 gb%it&fs S%"é. ically
i ncorporated by reference herein. [069] O her
non-limting enbodi nents discl osed herein provide a
photochromic material represented by (XIV), (XV)
(shown below) or a m xture thereof. -30
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WD 2006/ 110513 PCT/ US2006/ 012977 R R7 11 12 / \10 /
13R8B 913B OB (RRRM(XIV) (Re)m a 3 2 B
w@BRBpN1GB13 B 1 13 R8 11 12 R4 R7 (XV) [0701 WET1US2006/012977
reference to (XIV) and (XV) above, according to
various non-limting enbodi nents disclosed herein R4
may represent a substituted or unsubstituted aryl; a
substituted or unsubstituted heteroaryl; or a group
represent ed by -X=Y or -X=Y . Non-limting exanples
& that X X', Y and Y may represent are set
forth abeve. Swtable non-limting exanples of aryl
and het pstht uents are set forth above in
detail grnatively, according to various
non- | fmi ting &di scl osed herein, the group
represented by gether) with a group represent ed by
an RS bonded
napht hopyr an > 5
an R5 group } at the 10-position of the
i ndeno- f used xapht hopyran may forma fused group.
Exanpl es of suitgpl e fused grQHRS i ncl ude, without
[imtation, i Qdeno di hydr onapht' hal ene, i ndol e,
benzof uran,; Ref‘lzopyran and thianaphthlene. [0721 Wth
serence to (XIV) and (XV), according to

Ré xv)
[070] With reference to (XIV) and (XV) above, according to various non-limiting
embodiments disclosed herein R* may represent a substituted or unsubstituted aryl; a
substituted or unsubstituted heteroaryl; or a group represented by -X=Y or -X’=Y".
Non-limiting examples of groups that X, X’, Y and Y’ may represent are set forth
above. Suitable non-limiting examples of aryl and heteroaryl substituents are set
forth above in detail.
[071] Alternatively, according to various non-limiting embodiments disclosed
herein, the group represented by R? together with a group represented by an R’
bonded at the 12-position of the indeno-fused naphthopyran or together with a group
represented by an R’ group bonded at the 10-position of the indeno-fused
naphthopyran may form a fused group. Examples of suitable fused groups include,
without limitation, indeno, dihydronaphthalene, indole, benzofuran, benzopyran and
thianaphthlene.
[072] With continued reference to (XIV) and (XV), according to various non-

limiting embodiments disclosed herein, “n” may range from 0 to 3, and “m” may

-3] -



limting enbodi ments disclosed herein, "n" may range
fromO to 3, and "nf' may -31 WO 2006/110513
WEMNLBBOD6/ 012977 range from 0 to 4. Accor di PQI/U82006/012977

various non-limting enbodi nents discl osed herein,

where n is at |east one and/or mis at |east one, the

groups represented by each R5 and/or each R6 may be

i ndependent|ly chosen. Non-limting exanpl es of groups

that R5 and/or R6 may represent include a reactive
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represen acco arfous non-limtin

enoi nimtlsnnﬁng@taum Oﬁem@gw-wmmm&groumtth%g% and/or R® may
I|n1tat n h

¢ UPsg Bhuds BT 3%t B X eprBIREy ROBRUR Tl be
be(ha sxetnlm @mifferg»ﬂt Ekxmn}ﬂ@tdf igeTupSthyt & R danEn zmﬁyup;gpgemt according
di benzot hi en 0 Q
O By o aahitng TR RN A e g SN o o iichitimitation,
CZIdeEd’geﬁ, 1|-©g&dllk§y|phamﬂ IﬁﬂzhtEﬁOﬁJadriybbyxaloﬁlyan— -yl, benzoﬁ1ran-3-y1
Al ter ive Q.VAlrio n
oSty th‘*ﬁetEPﬁ %&Q’gnﬁa b Pheprattizny ‘8‘?%“65@& b,
EOE@Zéﬁgiﬁylb ﬂﬁor&ﬂyﬂk fclt-mgalkyﬂurylt ag€ry c&blomlkyloCI ﬁforhlca/cﬁal-kﬁlz Os-

eterg-bjc 0

Tt yarslanl i PSR PRy e g o ariont -
of 1Rtk efBodMmesO 1 bt RY ny @émé‘seﬁﬁg%upRﬂ‘laaﬂdﬁﬂbgether Wlth the

nitrogen atom to form a C3-Cy hetero-bicycloalkyl ring or a C4-Cyo hetero-

tricycloalkyl ring.
[074] Other non-limiting examples of a nitrogen containing groups that R’ and/or

R® may represent include nitrogen containing rings represented by (XVI) below.
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R6 may represent include nitrogen containing rings

represented by (XVl) below -32 WO 2006/110513
wWERADWBBOD6/ 012977 (M N (Q (XVI) [075] Wth Pef/esmnee12977

to (XVI), non-limting exanples of groups that -M my

represent according to various non-limting

enbodi nents di scl osed herein include -CH2-,

-CH(R13)-, -C(R13)2-, -CH(aryl)-, -C(aryl)2- and

-Q(R13) (aryl)-. Non-limti n%(l exanpl es of groups that

-Q may represent accog “ar\\gus non-limting

enbodi nents di scl osed hereln i ncl udg those di scussed

above for -M, “0=—=%-, - S(O-, ¢ -, -NH,
-N(R13)- and N(aryl). Mccor di ng tgrvari ous
non-limting enbodinments sed hexehn, each R13
dent | e g hhen
gf%ﬁipn%e‘glr@ﬁ?{l%ea% (%9 1|1<§ﬁ rH\lrrltglyg. | )%gnﬁé e%gn f/lﬁllr epr esont

phspryént @tcondipgitoatious deulintitug emiwumntsr@some%?rm@ dpglude

e T, ERGTLTE G LSRRI . i

Io E%}d@d)ftghﬁlbs tht Q- In‘&y@cpres@&t alca:pdleg tmtasloas lgmdupltmg

di d ab t t | eth
nlé%gg‘ﬁ%%?tﬁ aﬁgl\é%éi%Te&lngnge tﬁ%ﬁlﬁsﬁgﬁsgd 1ikdi %Jreﬁt' b, gL ber
C Q2] -RDAY -MIQURER )t A Nﬁﬁylanﬁémdlﬁﬁtmmomsamdmmg
LQ&%&&%&%@%@]@%@?@ Rain D paspendag sk S IGe ok
Raa%d th@@'ﬂt#)%)emboazgcﬂ “«(AGTOmEy ﬂl@eﬁeﬁdetﬂy irepissentphenyil of maph‘(l;lyl

odi ments discl osed herejn, resente
bfuﬂhes, acRawingriel VITIons nes feding ¢a) &F%m(* Q@P‘P Hgfeap, U ey
ﬁﬂg‘e BonfPRVELadiBY B Gray tdhge HBME) 83, Sovided lfhEtr ienfs (T FQM
eaclr one another. Non-limting exanples of groups
t hregiresRA1E 2 LRIVE (b‘inSFéaiboﬁﬁV“h ﬁ‘“d‘@?fé tly represent
C[ﬁﬂ'i] di 'Sﬂg E%r G- inﬁi{ﬁl hig léerfta|sﬁ‘191bleQ{m hﬁBﬂﬁhlﬁmg groups
di'sc Qs€ erein |nc de "hydrogen,
phiba® and(mcR fraghtepggsont ¢ ingludeETonES r@@ﬁvnteé@éf&i& ?Iﬁé of GEVIIB)
vqgious non-limting enbodi nents, R15 and R16 may
reﬁresent groups that together form a ring of 5to 8
carbon atons.\ Further, according
Ris N
N AN X
Rl 5 \ —(R14)p I T (RM)p

Ris (XVIIA) Ry7

(XVIIB)
[077] According to various non-limiting embodiments disclosed herein, the groups

represented by R, R'® and R!7 respectively in (XVIIA) and (XVIIB) above may be
the same as or different from each one another. Non-limiting examples of groups
that R, R*® and R may independently represent according to various non-limiting
embodiments disclosed herein include hydrogen, C;-Cs alkyl, phenyl, and naphthyl.
Alternatively, according to various non-limiting embodiments, RY and R® may

represent groups that together form a ring of 5 to 8 carbon atoms. Further, according
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non-1im ng enbodi nents di scl osed herein, "p" nmay range
wWo e@wans5td 3, and if p is greater than one, eaPtI/ysW0OE012977

represented by R14 may be the sanme as or different

fromone or nore other R14 groups. Non-limting

exanpl es of groups that R14 may represent according

to various non-limting enbodi nents di scl osed herein

include C1-C6 al kyl, C-C6 al koxy, fluoro, and chl oro.

[ @AGFonéatondintieg embodiments diselgsed kerip) & rery rangsi from g i3, and

cont.ai ni n r oups
e Btk 4 fach Moo hues A B RISl R S65H
S piffefdat iy lohe or rmoiendsr R dranphs Not-litmdtingsxamples pgrpuns tlad

4,18 spirotricyclic am nes.;. :
oR SR Aer i b by hibdinbils dBUBTGSn,
[ %lﬂdﬁsl]%ﬂ[kglﬁgl{%lkow’mm @it @Gbral koxy or phenyl (C 1
- al kyl . . Alternatively.. accaordi.ng t s
OHET | Vv rentiotiraear i S BBt Hhithlhe bSOy

I GRY/ESEhBGep¥scaninBide Subsiiveted opasiibstionedaDaCa spiraugyclic

represented by an R6 i.n t -pasition ma ther.
 @rrcR a7t BhFitFED P%%H‘?SSH“%{E(‘%/?R”{%}CYﬁC a“(‘%(%?i{' hhs) Hitfing
bel oWl Frdpifobicycli®and spiroitiblit bAYneRibstinkn(s XydhideByyl, Ci-Cs
[080] In (XVIITA) or XVIIH?), the groups Z and Z' nay
ballkyh £1€arkory obphenf( ¢ reodY. f r om each ot her .

Ngﬁﬁ | Kk dnRGveBX 2P0k Aag Rfvablb@uies-linfifig entudineits discjosed
represent accordlng to various non-I|H1t|n ted by an
e totsiti, rarpue reniresentsd by amBr withe ¢-Resiifgen 8%’%@5&5&“ ed by

- wlié% 75&3&&1'0{1 ol MR K AR 2Soupfre R4S b MaVIIR)r R14
and y represent according to various

nA¥MIIIB) balewg enbodi ments di scl osed herein include
those di scussed above. [081] Refegring again to (XIV)
and (XV), acgerdi ng~tQ.various non-|tgti -
enbodi ment s “di sed |herein the groups reprlesented by
R7 and RS, Hgs cXivelly, my be the .
different. n-1im ng\§§§qﬁh§s f; that Réand
R8 may represent accordin 0’various non-limting
enjoseli e (X ¥IIHA s |(BYEIB ) dreerovps Aehd demay be Basme e or

nytireey R exd o ol Ryl RSP la Pty PUR 2360y

S Ufepilebdntitcedrding td natidis tnbb-litnétih g diments dm?}@z‘iff/ hereipgychidp
h of sajd.phenyl. and benzyl t 6

?ﬁ%@g@hﬂiﬁ-%@ Oinifige RERBIES LB ot RSt RIUGRESS thay

represent according to various non-limiting embodiments disclosed herein include

those discussed above.
[081] Referring again to (XIV) and (XV), according to various non-limiting
embodiments disclosed herein the groups represented by R’ and R®, respectively,
may be the same or different. Non-limiting examples of groups that R’ and R® may
represent according to various non-limiting embodiments disclosed herein include a
reactive substituent; a compatiblizing substituent; hydrogen; hydroxy; Ci-Cs alkyl;
C;-C; cycloalkyl; allyl; a substituted or unsubstituted phenyl or benzyl, wherein
each of said phenyl and benzyl group substituents is independently C;-Cs alkyl or
-34 -
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chl oro; fluoro; a substituted or unsubstituted am no;

WO GO RG13 wherein RO nmay represent groups suchP@spS»oe/012977
not limted to, hydrogen, hydroxy, Cl1-C6 al kyl, Cl1-C6
al koxy, the unsubstituted, nono- or di-substituted
phenyl or naphthyl wherein each of said substituents
is independently Cl1-C6 al kyl or Cl-C6 al koxy, phenoxy
mono- or di-(Cl-C6)al kyl substituted phenoxy, mong
diC{CGhHkosY; a:hlom; Yluguebs subistituted or piksabrbikifed W%UC(%oWheé‘?m

c%?) &}%ﬁp % c!n{%umts 925 FRER theﬁ?oéngaﬁge H;Fdr&&y, €&y alkyl,

phenylam no
dic {CshikoRy, ahd(lﬂxybssmheﬁt mpm-em dl-pibsjnyﬂeéphml oL n@h_tgyl wherein

mg&%&%@%&&%%mr Eprnfai 1? ent%L ?‘%l'ii%?:ga%? ﬁﬁ&}’a %ﬁgﬂoxy,

mecdrdﬂ@iﬁ@k)y]ﬂ(ylsmﬁaﬁmtdiwetd)xpmm oG- (C&Fa]al{qpky substituted

(Cl- Cg) al k
Cnlg’n %E’XX’I %ﬁ@ (nts%)éy@ﬁ gﬁ%k%)gﬁ(%gm%&}%né }ﬂgsl)n?}lé( Yok di-(Cy-
MR sibiatel heryliasiho iﬂﬂtrﬁ@hoCBr EACe VJ@)laIkakMdbsumd C6

hi | kyl | k | |
Smp@?&’%mn%gbﬁaywmrﬁwé R Fepreat ety vuel B sk o
NRY,- @@ﬂ{ﬁt SRRy 1CN.Csfaltid 1, Q@lﬂm&w@eﬁammenm Cg)alkyl
represen rogen or
e ceonten BhineayrGrorat o e touor sl let
g r(E7L6?§lo§1H§lhm@§o(Cp@£)am91 suboétﬁhtta&dg-CQ cycloatliyQ gBIC, clbrdaiyl,

anp,unsubsti tyted, non

|cls%@qqrqaufyé@11ww@ﬁycﬂei YiapheTRIR. v} PToSeh Ry Togen o Car

3Sat1 uleﬁgf' fesérfﬂ@ﬁp@ﬁg%d)MR@lwﬁelﬁﬂ%yﬁm Prepfederlydrogen
aI 0X eno mono- di - é al k subst | tuted

pm'ﬁb’@é aliybroghigeinh - mgxche @BWWW > pprat U may
a NE,-Cq alkoxy,
Ak A s AL i, o
p t’emyalsmstmtﬁdamomm oodi-suhstitaed p@ylcsswh&@sl yherghseach of @i
e { -
Ay O UL, SRS o
p0($]1tC|16§aﬂky1 sltbenmtmbghmomnnomemr@ @1@6)?&%@)%‘}115F1%1te&d1h§n°xya
residue or de Eork
det P& P ’h (ébp’)a gﬁﬁoﬁ gﬁenplﬁnhlg(]l r eS| S g ?((':){3@&1@1
degubwittited phenhamiaf or manopaidyti(Cr-Esalliorey wbstifeted phenylamino;
t her eof [
b g o e R
SO0posaivd, b a[tﬁhﬂileﬁt fb&ngaldlhﬁfbokylerﬁmdrragldwe)r dm@m therepfy a
an aryI gr. n anot hot ochr o erial, ..
R e A S e SV S
t 0g g8 ID8IIredidicrdr i aéh@ﬁﬁe thgll’eﬁf,l RICHR)- spcngf- oaqbe(cmja],g, wherein
group, containin Q, 6 carbon_at é vi ded bhat
t het n?ﬁlr?r{g@ QP’&J%VS&} komay pres iy tﬂg (D I){S;lﬁliem
SPiReadedt %[a?q))f @bﬂnﬁc@ﬂ R Ak GpinAgother ﬁh@tozhlﬁmjkgtﬁﬁtenal
atons and 6_carbgn atons includin

spi®83t aAb@natg@](ynR kR a3y represent groups tha% may together form an oxo

group; a spiro-carbocyclic group, containing 3 to 6 carbon atoms (provided that the

spiro-carbocyclic group is not norbornyl); or a spiro-heterocyclic group containing 1

to 2 oxygen atoms and 3 to 6 carbon atoms including the spirocarbon atom. Further,
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spi ro-carboxyclic and spiro-heterocyclic groups may be
w@anehi@gtierd with 0, 1, or 2 benzene rings. [ 083/US2006/012977
Further according to various non-limting enbodi nents,
the groups represented by B and B in (XIV) and (XV)
may be the sane or different. One non- |imting
exanpl e of a group that B and/or B' may represent
according to various non-limting enbodi nents
diteabis-estbbaicht ad spirb-hetercaycliagydupgmenpe @ingHatedcaith 0 el, or 2
gt hough not limting herein, a phenyl group or a
%‘P &roup) that is nmono- substituted with a
| | Partifed hsbidingat vardowd /nom—hm@xgrqrxdmdiniemm thg groups

ST T -

v %ﬁilﬁhdgsexﬁ@@H of mgt‘duﬁ ¢hae Bhadions h1tnSy dalpBaGd:rm Sﬁﬂrdmm teivarious
i ncl ude an _unsubst

t Po-SiEpg ﬁtnﬂh"éaneé‘ 15"5%&&@% H’Sh‘dggn arEfE?"?PoﬂfO‘i AP &Y

t Qthou2A @BYlimBihg R@BIAL Mpehil ngdthJr @lniaptithyl lgrouphthat is mono-
unsubsti tut ed, npno- or di- eroaromati c

h
el AR MUV B T A A

bggQT R ndn- lliﬁlltin teRABRY of gstipé eabB@Ad B iy represent
benzot hi en- 3-y 5

benzof ur anyl di benﬁothl e‘i@%{?
c actsading to va@eh%mﬁylrmlaw em‘i)?@ét@?t}tﬁ*}lﬁd%ﬁ%@ FERIRETRR 20
Eﬁ%m%lsﬁtﬁtegf mStl- t(ﬁbér%@ﬁ%huﬁéﬂcﬁryl@%lﬁr(ﬂﬁ;hﬁmt fiot limited to,
stituent rnclude, wthout ITmtation, dr oxy

arp}ubnyl qunaphthy}); %ﬂulolzd@yla-a@yz;@w@e%gladmo- Oh‘%ir?&bsﬁéllied
%%r&&ft) %“%’ c"ﬁs%s 'fronﬂgy%a?ﬁ/hrrarﬁ;ﬁ berlzofH S 9—?1 lo¥ Az kitAn-3-

oal k
C yy} I tblahjdybemxgtb@ 2@@)3310[&1}1@-3 B d(gpnzoﬁlranyl dlbenzothlenyl

CyC| 0a| éf%%&ﬁ@ 1Gl S%%Hf&hum%ﬁ | &l b‘l@g%@uﬁyﬂle aryl and

ary yl oxy(Cl- C12) al kyl,
arhekemoayérﬁiénc@ilﬁgtmmbmylpdmmboutdmtmtatlon, hydroxy, aryl, mono- or di-

&C{l‘ﬂ S%%’j ’4 l ar Jar y(%tllé éz%%%% hmn%g%Q G C%ﬁlo_a%kélﬁryl’

Cl@g)-@" dyyloalkyl, CG}Q SkcRaditykexyyCs- Gi)crwloalkyloxy(Cl-Clz)alkyl C3-Cy

di Cy((’]@ k%[’ﬁ;@ @ﬁéﬁ‘?’éos%chchf% "1‘1%50?‘1((3 aZ| 0, ﬁ%l{-y(

Clﬁ&lakmlmlﬂakﬁzambxy(&@wﬂbwemam mdl(@zf:rzmkmm-

|ndoI|n P n i omor phol j-no,
t ceplbista Al oD S BSrBT g, o P
plyc LRy 1(C & elidxy, ahdtipt or dilcpa:,%)dmaixgaiyl(gzi ~C12BlkoR¥ 2amino,

nmono( CL1- C12) al k Cl Cl12) al k cryl oxy,
ne@ﬂ%fbr%ﬂb@ Clé)ﬁ]&fyﬁ‘éllmé’g Wﬂﬂo IPf atzr%/ngé;hrrpl es of

sug ?amy@plp&wﬂe N-ﬁyupﬁatetatzme Niz&ridino) Bldukke, piperidino, aidrptiotino,
and tluoro. Non-limting exa Ies of sultabI?dalr&I C
gr@umorph%PUE@hﬁﬁéﬁ‘WdHﬁde%% Atopspauinelige, pyrrol 12

alkyl, C;-Ci haloalkyl, C;-Ci3 alkoxy, mono(C;-Ciz)alkoxy(Ci-Crz)alkyl, acryloxy,

methacryloxy, and halogen. Non-limiting examples of suitable halogen substituents

include bromo, chloro and fluoro. Non-limiting examples of suitable aryl groups

include phenyl and naphthyl.
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non-limting exanples of suitable aryl and
whedenosidmat i ¢ substituents include those reptBEESWE2977
by -C(=0) R21, wherein R21 may represent groups such
as, but not limted to, piperidino or norpholino, or
R21 may be represented by -OR22 or -N(R23)R24,
Wherein R22 may represent groups, such as but not
limted to allyl, C1-C6 alkyl, phenyl,
MpoRH{ Cﬂ)ﬂ(eﬁ)lai-kylﬁtlrewb@nplcmfédﬁtheﬁwll and h@tﬁ@e@w@e Fubsgsays

S L AR g

rmmm(cﬂ:hnﬁea t, loqmclydlgm blstnolphmleld, pie n;may mmg@)smtwpy -OR* or

iR e)?il %ﬁélfeglf%ﬁg?r g%érsg@%%{ug Jsg&paﬁg’?ﬁ Ritidled to al allyl, 0)-Cs

t rmya phenydmom(C £ &)kl sabsdmmyphmd,l raat®(C o) bllsorty substltuted

at | oal kyl
e B TR e R SRR e BT et
p lhﬁcnmtc lso@ak?ﬁM?gtmtmenﬂmlmealkﬂm fssb ﬂk&(ﬁ/((llzeﬁ(]alﬁﬂl a@h
a n mtl exa a 4Na
S Yoot 8 MBS 5 ) R P 30 e o
Stdlfférelﬁtah@fnap qmddbmﬁhdagl_nﬁmitamlces:&tkygrcgaqas;yﬂbakyllndmd
O var.i o

epr esent, ccor di ti.n
o D e B 0 BT o BRI TR U oo e i de
Orclf@JHTkyEI uﬂ&ty-bymsxﬂ NYsPIERAS SnfplRBE PYifadRHaloken
i m dazol yrazolinyl, imdazolinyl, pyrrolinyl,

p HEhBitypn ézmﬂ el“ﬁﬁ%ﬁ@k%%@ﬂ%WOKbhena2|nyI and
aC[ES(ﬁ' @t’lhl othP ﬁ&@llﬁl’tﬁ@egarﬁ;&l@ssc;ﬂ g?dh@ﬁ‘ﬂfét BaNdB’ fﬁly %l?esent

| koxy, phenyl or hal ogen;
rrmeorémséq Vquw&aorph@ﬁlyg emb@dl@elah drglps ab@lfeﬁgmglude an
Ttshit@tor hRmBLsEcktitked &bl dPBER FRASHIrhRR, 1hf'kﬁ1zoly1

su stituent being a dicarboxylic aci resi due or
d amazamlemldazehre@,fpyrrahwl,axhpméhlﬁwlom@n@m@@p phegagigd and

theraql 1 whbkre ﬂfsu@étﬁ‘&l? ledg% élg 48, Bleyl, @?—C dx¥ Shenyl or

thereof . a pol yol resid rivative t

(IQH%)EH ‘and (a@k@))tsubmtutec{ henyl Gt pheiid havipg a p@:}s‘ﬁtue@t loggpd at
Fads Bara %?% 2%3% ?b n1i  tin carrl?(ﬁ i gcrl&’ itiud & égvatwe

wher e co necte to an aryl
g rthelqeob n dannm&memdlpﬂmtdonml@mh@reOfmn eming|alcohalg7giduger

%}?{Vgtgo egﬁ%? g&g%lr%és%l aeanfamQ:rtﬁé{ é&?[%) - {(ﬁ%g gr -[O-

{5 Var T ous no
enmm#]ﬁmvherde‘C’l m@edng'eetbm Atd had dit® ngyy oangs from 1 to 50,

nggrﬁcg%fel gt}/t?e " X%? cc%%l(!g?t(@ tt) %[1 iréri(@oyg $1|1 gl%theli\)%ﬁotychromic

material.

[087] Yet other non-limiting examples of groups that B and B’ may represent
according to various non-limiting embodiments disclosed herein include groups

represented by (XIXA), (XIXB) or (XX) below.

26 26
U <, S0¢
(XIXA) s

(XIXB)
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[088] Wth reference to (Xl XA) and (Xl XB) above,
woemwel1105i3 i ng exanpl es of groups that V may reRQrESENE012977
according to various non-limting enbodi ments
di scl osed herein include represent -CH2- and -O-.
Non-limting exanples of groups that Wnmay represent
according to various non-limting enbodi nents
di scl osed herein include oxygen and substituted
nitrogen, provided that if Wis substituted nitrogen,
Vis -CH2-. Suitable nohxgggAﬁ ng exanpl es of nitrogen
substituents include de#ogEEm Cl-Cl12 al kyl and
Cl1-Cl12 acyl. Further,Raccording & vari ous” non-

[imting enbodi nents_di scl erein,."s.! may ran

¢ IO OWaty retorentago LTXA) ad (RPGSK P i Rine SRAmAREe
r me thab YepRAentBdorliRg toharis@ MndBniting etibddinent

fro one or nore other R25 grau

or, ps. Non-limn
e sarlpreddiosin igrlbdRsPIeRaN -GEs oty NOpPEUHRg SreREIog gLeows
Cl; ¢ s itsbdted losed
iy ﬁgem% ac%lg%%b o o E%gh?%ﬁgt Wil S Re7 Sfrgy
r ég]eélégﬂpdea@wgep@nﬁgul@sgm\‘ye&qulmggn,%ﬁw&q gti gnls substitute
. ScH)- ol iflg | il stetiih
g@%%liﬁ,'g%;?ﬁ'z f%‘gg?&% (?ﬁl‘irﬁitlﬁg bRl f idpaganstaichs

reference to (XX)_ above,
nduehide iy driopen, Ex-npilied apd CoFouagyl- FHeberrgegording to various non-
reDrese k | «Quif D Pt rBInt0 B2, and, if s |
B e i A ety
Chréale? thahloy¢, eadiogrous tepresantpddy Rpnassbedhe gpmn as<r fitistenbom

may represent »2accor.ding.y; ' apsl tHALIRPNEL
ERTT e e e e
unsptbsehi intltded ,C1r0p olkyl C1-Glix-adluobyz.iHytoxe andkadegeny Non-limiting

henyl, furanyl bs t hien i i : YHAE
DSl By Sl MBI it
Al e&tﬁfoﬂﬁﬁdntéeiisﬂos& Ieeein Bicluda;xyc}regﬁn@sé i-Cgradiefs t hat
t aken get ner, nm orm a fl.uoren-9- -
o108 e efrre BROPDFh e, Ror-UitinE Restinfld d1 2R iR fnal R Gy
fC a&%&%ﬁt :l&EM:dir@%? ezgidmb allbﬂ-timﬁimgsem‘bndilepam diznloked Howdimigelude

- a , - a oxy or a en.

prigdrases P‘V’y%ﬁ'g g &Q‘é’é g‘?""t‘ﬁ@ﬁ%‘ﬁ &t ?Soo%%éou%ghg?%i; I@ represent
C OJE?&IH&E?&;I&?O% ﬁ%ipliﬁlh?g em@ddiﬁlﬁﬂs ﬁisbieseﬁihemmb ' ’dinulgé& ?dt .
system.o e I naeno-t1 use n n . a
s eegnmo e 8 ey o PR h e ey o ey et
Y hé%ﬁ)&ﬁﬁl{n%rﬂeﬁl LeL iaﬁtkll, and, Jayoxylodhdlb@h. conpri se a

reactive and/or conpatibli zi ng substhtueEt, s%ﬁh as
bui099lotAlteggatively, B and B” may represent groups that, taken together, may form

a fluoren-9-ylidene or mono- or di- substituted fluoren-9-ylidene, each of said

fluoren-9-ylidene substituents independently being C;-Ci, alkyl, C1-Ciz alkoxy or
halogen.

[091] As previously discussed, the photochromic materials comprising a group that
extends the pi-conjugated system of the indeno-fused naphthopyran bonded at the
11-position thereof may be further linked to another photochromic material and may

further comprise a reactive and/or compatiblizing substituent, such as, but not
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forth above. For exanple, referring again to Fig. 2a,

W@ b@oa1i583 shown a phot ochromi c materi al accor dP@US®06/012977
various non-limting enbodi nents disclosed herein,
wherei n the i ndeno-fused napht hopyran is an
i ndeno[ 2', 3': 3, 4] naphtho[ 1, 2-b] pyran (for exanple, as
represented by (XIV) above), wherein the group that
extends the pi- ugat ed system of the indeno- fused
na:phteh tt.rp@mfameitfeﬁbl eézpvat Ferrpxample, jgfsating againte Eige & there is

m d
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n Ogﬂoégh i Fik G). emmﬂl i, aRll(ittugh hbtamngﬁg)hmemep [sBoemineg. m 1Be
may be an ar r e up as s in
Fi @oup Izat)%sqnﬁ%tbm (Oﬁﬁl%?dn%%%e sfi‘%e@ H?@’E%W% %%Pfésé‘&% 8“’“1’
S %ﬁtéx{eﬂ@srﬁxe él%oﬁ]u%até@ systéat é¥and MH&?@MﬁieﬂﬂaﬁlﬁMﬂ?ﬁﬁWoﬁ&@d at

as shown in Fi that, may be represent ed

- Athe Dl—yoswmeﬂereﬁﬂmam cmprigyaigyatiye susHupy tha Ela?/égu due

of (a9 Al SN O ScBirBin@Ro thHoRQinfilihd QEIRithént, the
mﬁ&gﬁ ? - and gn accgﬁg? oxygen_ i s_bonded _to -

angtoumrep@semﬁpétbnélcmw be $ro 9] TS 12d R RESYD Z9HB phown in i,
no%llg lila0]sth Y- EORAAL T o m&{v%'sﬂbshhl% % _@fhrom ¢

rial 1s represented above,
ni meuhaceylpmtg@ﬁarbmylb)ea@tsh@\w ig. 23) ooy WeéﬁPfégeé‘F?@é’é{

by a;b ?wl%&enége @6( @ésd})t 3, %J is "i’l{é r&qd&r& YR afinolat®hol wherein an

may conprise a
r eaﬁmb\n&rogemlis bondednpad i-lphd i dgoleh@mgpn isdanded[tgglzpnd -J is
Acco d| to still another non-limting embodi nment

he photochromc material is an

[ 2 [093] &coé}dmeglb tahathdr ndndihptngembodjpnet wherei thypiosaciyomic
above,, each of r nted b ¢
e Sl P SRS e e
t hg giog gdiﬁe{siante@by & B 40 el 6-pusftibp 2t ey ouret they7-fsition, B, dB’
|n depgn eptly an.oxyg en cont ai ni ng., gr.ou sente
OB E0 R sk e R GRS POlT SOBRTE-gge BubsFRE
[093] According to still another non-limiting embodiment wherein the
photochromic material is an [2°,3°:3,4Jnaphtho[1,2-b]pyran represented by (X1IV)
above, each of a group represented by an R® group at the 7-position and an R® group
at the 6-position of the indeno[2°,3’:3,4]naphtho[1,2-b]pyran may be independently

an oxygen containing group represented by -OR!, wherein R'® may represent
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Cl-C6 al kyl, a substituted or unstubstituted phenyl
wob@seicsizai d phenyl substituents may be Cl- GBCHUE2006/012977

or Cl-C6 al koxy, phenyl (Cl-C3)al kyl, rnono(Cl-C6)al kyl

substituted phenyl (Cl-C3)al kyl, nono(Cl- C6) al koxy

substituted phenyl (Cl-C3)alkyl,

(Cl- C6) al koxy(C2-C4)al kyl, C3-C7 cycl oal kyl and

nmono( Cl- C4)al kyl substltuted C3-C7 cycloal kyl; a
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t
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supgtist lé?cﬂxtR“ Bﬁi ?ﬂgg;%gcrl%nﬂﬁ?fr&@ntr@ s LAIME ash blodgnt

conpri ses risin analﬁ_ﬂatlc
andesignatb¢ @hud) indepshdpndy may cqpeqsent pheyh preapbthyghi gages from 1

al oNla | SRk ifm 61 %Wd%h haPlvhl sl 630G 2 group set

eSidle, l'azacyc ol resid
d| mth mbovedsr -Mieor ncaciive gl’mtlﬂu@:ntdpravmﬂbthaféhff @@l‘élve aub‘,s?‘@lpléi
hati c di.am ne res
| LBARkL, S0 Bt il o Fadseial b estdue
gr sliphaticdamiab a}ohlaﬂ residpelay @bacyds ahlphatlc alcolmw! tprlig a diazacyclo

I L d 1. t
" B toicdrol %Stiye, A SR AR o TR A BRRE B o 1o
pogliphtfddigmink Aesidbe podiadacywinalkahd mslrlaﬁ iaw etagyclaelimhrtid argine
LSret {1%@?1 3?%431&%% an@ﬁ%ﬁag} tpogrﬁl rgﬁgger 9 UQ ((;}G:?(P gl&)%ﬁ{]:tp%ﬁjyol
r efv‘sﬁﬁ@maefa&nbya mhdwﬁthgh@mneno[a 13h 8 4]na}pb1$bﬁ1;29hﬂ]pyrhn tirthe 6-
i ndenog[ 2' - 3,4] na tho 1 1¥ Q 5({% et her
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wherein the groups represented by Z and Z° may be the same or different, and may

include oxygen and the group -NR'-, where R represents a group as set forth

above.
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[094] Further, according various non-limting

enbodi nents di scl osed herein, the groups represented
whoriieml RS nay each independently be hydr oge@T/USDo€B12977

al kyl, C3-C7 cycloalkyl, allyl, a substituted or

unsubstituted phenyl or benzyl, a substituted or

unsubstituted am no, and a group -C(O R9, wherein R9

may represent groups including, without limtation,

hydr ogen, hydroxy, Cl1-C6 al kyl, Cl1-C6 al koxy, _the,

ufeodijo Stuirther, ectordmgTariovs ndin-lisniting ¢mbadimends {iscleged hgrgin, the

phenyl or napht hyl 4 . 5 - 1,
P reroRy AR B R st ROSR L ndERAendoe hydrogen, Cr G alky
dCs-CedycBa)ial, latixly a suhstitsted outrsdbstinserbpheny[ @ de)zybe systituted
ot her .nap-1j m.ting, enhodi s @l ' te
L R LR e S S
naRhiiepyitesut lisdthitbnahydagget  ydsoxsC 64 allgylat:-Cealkexyoiie

of a, benzofuranq:-fused napht hopyran L - ed
S b S A LT G
( idoho-Bor HE-QTHPCHiRbxyexbsindal pheroxyi arclongneg at &ieCs¥slatkaxof

t he _napht hopyran bonded at the 11-position thereof.

APYOSHYEH PRSIO%Yi mi ti ng herein, the naphthopyrans
age3| dsinother doRaRBtAGENDIdihértydsobssbd Héraimélste neyhoxehromic

generally represented by structur . a

( Yousaripls cRRPEHRE (R @maphihopyrangsagl a Wﬁ@@&@@@ m‘*a,stffe pHa
7 berSofukanol fiSd daphthepyBantlardind§lo-Féked Bapkthdpydan oFa bénkaiiehy-

[ 096 hbn-lln1t|n?”exanples of 11-position groups gﬂat
ndysed papdithpryien; g5l 11%9%1)9%%%%@%‘%1&%'%1%@ system ot the

be %bg?a%%bﬁ&bﬁea@ﬂﬁm@%ﬁﬁmﬂh&%ﬁ AlhRuiingta lienfingsieebin, the
napht yrans and the benzot hj eno-fysed naﬁgthqgéhgns

amephtenpgs acoprting g hesepentipitng ARLFHRGRS FaN 08 8°

di infed (RSS! (RGOET) bbioRQ SihbieANX B1s@IPS of Hat
néé&&%§§22g§%§§¥%§ -con?ugéted 3ysten1ofethe

i ndeno-fused napht hopyrans di scussed .above. For

exapphe, according to various non-Ing embodi nent s

(XXXI) (XXX1I)

[096] Non-limiting examples of 11-position groups that may extend the pi-
conjugated system of the benzofurano-fused naphthopyrans, the indolo-fused
naphthopyrans and the benzothieno-fused naphthopyrans according to various non-
limiting embodiments disclosed herein include those 11-position groups that may
extend the pi-conjugated system of the indeno-fused naphthopyrans discussed
above. For example, according to various non-limiting embodiments disclosed
herein, the group that extends the pi-conjugated system of the naphthopyran bonded

at the 11-position thereof may be a substituted or unsubstituted aryl group (non-
-41 -



herein, the group that extends the pi-conjugated
system of the napht hopyran bonded at the 11-position
W b@oeofS13my be a substituted or unsubstitut edP@r/yk2006/012977
group (non -41 WD 2006/ 110513 PCT/ US2006/ 012977
limting exanples of which are set forth above), a
substituted or unsubstituted heteroaryl group
(non-limting exanpl es of which are set forth above),
or a group represented by -X=Y or X =Y, wherein X
Y, linktingerdmyles i yhich preesséﬁotth ghaye) e sebstiggad o snguhstitiied o
[ et al,l 7 LRAL [
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HBAvaAR €5l he benzot hi eno-fused napht hopyr an
bonded at the 11-position thereof together with a
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r. toget he bonded.at . t he L
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the 11-position, but not the 10-posjtiqn or th

12wis piopp horded pihe 12-pesitiqngsithe 19gesitiopiierms g f\é%?g gfaradhe

of fusdiChod AR x4 lﬂ]ﬂéspllceﬁlug%g&i dySRR? the benzofurano fused
dlhydronaphthalene i ndol &, bénzof uran, enzopgran and

t hma@h@pmm #@ m@@@seci:mpﬂlﬁl@pyralaerctb@ benagfhieofused ous
glgagkfhgfg At n o ﬁ}%’ds{fﬁ)ﬁt Bt nbthife ﬂ(ﬁpcﬁﬁ@nto'r e leposfuBl@ thereof.

yran may unsubstituted or
no&utablﬁb@mlmu‘llwxam s of qugh qumgremml@k ipdengyj t abl e

13 d with
SRR RS S bR B yaphsag)
above ! 99] Suitable non-linmting exanples of graoups

t hi9P8] ethagsardingte vetius gon-limitinggmbodimentsgthe 1g-positjen of
an i d. -
%ﬁ oRORkdd &Pﬁg&{yﬁﬁnﬁ ayPNARIBLRRA of HRRE substituted. Non

opyr an, 0- fused napht hopyran or the
belmmms wemplcs@@wtabéepﬁrmmpn aybstienss thchige thess,dipqueigd with
no gr oups
'& Egg%di%gd m?g%gg@g%t %h@ﬁgv&%8§$n structures
(XI and (XV) above. Suitable non-limting exanples

of (099 uSpstablh apn-limaiingreapplatieidzresps theemay po Bonded at the 4+ fre 6-
nﬁ : %ug ang- [yEe d%cﬁﬁ@m QRH%E&EoﬁﬂaH@ ds@&j ﬁ%:i’ﬁhoi)&'rﬁﬁ Ghe indolo-

bpyrah or 't enzot hi eno-fuse ht hopyr an
r efnsei;mphédp)byn ¢oedpenzothieno-fused naphthopyran according to various

non-limiting embodiments include those groups discussed with respect to R’ and R®

in structures (XIV) and (XV) above. Suitable non-limiting examples of groups that
may be bonded at the 3-position of the benzofurano-fused naphthopyran, the indolo-
fused naphthopyran or the benzothieno-fused naphthopyran represented by (XXXT)

or the 2-position of the benzofurano-fused naphthopyran, the indolo-fused
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or the 2-position of the benzofurano-fused
napht hopyran, the indol o-fused -42 WO 2006/ 110513
wWERADWBBOD6/ 012977 napht hopyran or the PCT/US2006/012977
benzot hi eno- f used napht hopyran represented by (XXX 1)
according to various non-limting enbodi nents include
those groups discussed with respect to B and B in
structures (XI'V) and (XV) above. [100] Methods of
maki ng photochrom c materials conprising indenQ: Bsed
nagphthiepyyn arthe bangethisnergised naphopyren FROFRSPILEA B @‘3‘)&
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S%s‘cﬁﬁéﬁd@ﬁh&’@%&tlfbxﬂeﬂttﬁe Exweiplete, for exanpl e and
without |imtation, halogen. SUI t abl e téf{jﬁlgubstll e ts

i {&0de, ReferingBomaeFigfl a\ﬁplvﬂ%‘b? a -§ubst I

gr HORnEE by E@Jc%ﬂe B Eig f%nB@enzé{&h fe@éiﬁedadytbmlauf@(b) in
orla cat al zesthe Fri edel afts acylation to

glng %mmhmwmvmebemmbﬁﬁmtwepn @@@M%’@I chlpgjde are added

Shgggggg%%béas?s e %ﬁ%ﬂ/ %b§tﬁuenlt e 4?, or g"{(Jagfl ngalihg\gltﬂ{éﬁﬁﬁ ed

PraRikaSn thalbeds. UWudtablE yhﬁﬂbﬁm@é&ﬁﬁhﬁud@ A& eRdmpib ishwitiout
represented by structure (d) |n Fi

4. Thereafte
trienmmtb@ep arpases KrBAbowLof R -pebiious AR HE ot

t oc!aﬂl?k@ F abdee xR hedat P efvah Hﬁlﬁnfuﬂedﬂfe%‘éﬁﬁxonafebﬁ:ﬁented
recr lzation, a mxture of substitute

nalphtbivatues(e) s &g 4uthis maisl Hrhegeactediiaa rS@BP%geé?ﬂoé‘dV ifhy
st &1}%1%&13 Sicifidte ho%ﬂodﬂcg a nfbcturb 42 hiTEX §ibhs Son@ bt ﬁrﬁféﬁ {d eptbReted

ene conpounds is then reacted with net hyl

rra‘@nﬂmcmm @nindiig.de Therepfierdhealfzestprsare reacted inggeii dnhydrids

N a&*&%&%&%” & an elevated temperature to produce, after recrystallization, a mixture

of substituted naphthalene compounds, one of which is represented by structure (e)
in Fig. 4. The mixture of substituted naphthalene compounds is then reacted with
methyl magnesium chloride to produce a mixture of substituted naphthalene

compounds, one of which is represented by structure (f) in Fig. 4. The mixture of
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conmpounds, one of which is represented by structure
(f) in Fig. 4. The m xture of -43 WD 2006/110513
wWERADWBBOD6/ 012977 substituted napht hal ene coP@DUsING6/012977
is then cyclized with dodecyl benzene sulfonic acid to
afford a m xture of 7H benzo[C]fl uoren-5-0l conpounds,
one of which is represented by structure (g) in Fig.
4. [102] Referring nowto Fig. 5, the
7Hbenzo[ C] fl uoren-5-ol conpound represented by
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LA b ST ) e
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s bRt freeuapis lwﬁr@alaigm acid @@r%@ﬁ&@ ey it ed and
Egg&%ﬁ@ghﬁ%ﬁg ﬁ k?) ounﬂe@fé@%teﬁi] l% %’tg{ef(ﬁf'o}sﬁ}gl? ofk yﬂamples of

ISCUSSG
suitable alcohols 1nclude without limitation, methanol, diethylene glycol, alkyl

alcohol, substituted and unsubstituted phenols, substituted and unsubstituted benzyl
alcohols, polyols and polyol residues, such as, but not limited to those discussed

above with respect to -G-. The compound represented by structure () may be
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above with respect to -G . The conpound represented by
structure (M may be -44 WO 2006/ 110513

WEDDLWBBOD6/ 012977 further reacted with a proper/yyi006/012977
al cohol represented by structure (i) to produce the
i ndeno-fused napht hopyran (represented by structure
(n) in Fig. 5) according to one non-limting
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shown in group bonded 1
118681 qfuthmmﬂw fsed n@ﬂﬁmpb'faaﬂ%‘epnd%ﬁ the M-?QSH@HQ%??& es
of AﬁH&%ﬁ hbib&dreR h&@&ljdmg OVRDub R-1ikBng RRboBARAE disalbsed
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e nb@@inm{lss,ShQWQ it Biget theh%peﬂ graup bpudsed am-hﬁ L &@Peb%nw be
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AR SRR R e BN Bedyel, S UREhRIER) row

S ubkkylphangt) atkoayphamy, Iarllomhefl,ploé alkbxyesrbonylplenyl. Further, the
substituted phenyl at the 11-position may have up to five substituents, and those

substituents may be a variety of different substituents at any of the positions ortho,

meta or para to the indeno-fused naphthopyran.
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nmeta or para to the indeno-fused napht hopyran. -45 WO

2006/ 110513 PCT/ US2006/ 012977 [106] Referring now to
wWO-2@6/170513 he 7H benzo[ C] f | uoren-5-0l conmpound PCT/US2006/012977

represented by structure (g) may be coupl ed under

pal | adium catalysis with a term nal al kyne group

represented by structure (r), which nmay be substituted

with a group represented by y4 as shown in Fig. 7, to
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furt her reacted with a proparéy al coho] represent

bymayt ba substiteted with g groyp seniesentehBy 178 Sy igdidgy 8, to form the So-
naphly Pﬂlf "ngﬁkk g%?rlﬂ&%ﬁ B %G’Iﬁgé{ma%ﬁﬂé%wé@b;( Whuctule &) & Fif)s.

havin group t ext ends
pi E)@mnleg @ésletabb;aﬁqem ingludehwithewi Epdatiansiebexgnd KYFapY fath
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o RPOPYT BB bRt (ol h 8%, 512 e R afon ekl
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| nﬂ -gcgs?tlo?ll%gesrttac; ¢ %ltﬁoug% not required, as shown in Fig. 8, the alkenyl group
bonded at the 11-position may be substituted with up to three y* groups. Non-
limiting examples of alkenyl groups that may be bonded at the 11-position according
to various non-limiting embodiments disclosed herein include substituted and

unsubstituted ethylenes, 2-phenyl ethylenes, and 2-chloroethylenes.
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unsubstituted ethyl enes, 2-phenyl ethylenes, and
2-chl oroet hyl enes. -46 WD 2006/ 110513

WEMDLBBOD6/ 012977 [1081 Further, non-Iim ti nBCT/US2006/012977
exanpl es of methods of form ng benzof urano-fused
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portion of an organic material, for example and without limitation, by mixing or

imbibing the phtochromic material into the organic material; and/or chemically
combined with at least a portion of an organic material, for example and without
limitation, by copolymerization or otherwise bonding the photochromic material to

the organic material.
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the organic material. -47 WO 2006/ 110513

PCT/ US2006/ 012977 [110] Further, it is contenpl ated
W@ b@b/1143¢3 phot ochrom ¢ material s accordi ng t o PURUSO&012977
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least one of polymeric materal, an oligomeric mdterial and a monomeric material,
and a photochromic material according to any of the non-limiting embodiments of
set forth above incorporated into at least a portion of the organic material.
According to various non-limiting embodiments disclosed herein, the photochromic

material may be incorporated into a portion of the organic material by at least one of

blending and bonding the photochromic material with the organic material or a
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bl endi ng and bondi ng the photochromic material wth

the organic material or a -48 WO 2006/ 110513
wWERADWBBOD6/ 012977 precursor thereof. As usedPdiEUS1006/012977

with reference to the incorporation of photochromc

materials into an organic material, the terns
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More specifically, suitable components include polymerizable monomers,

prepolymers and macromers, wetting agents, UV absorbing compounds,
compatibilizing components, colorants and tints, mold release agents, processing

aids, mixtures thereof and the like.
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aids, mxtures thereof and the like. -49 WO
2006/ 110513 PCT/ US2006/ 012977 [115] According to one
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device form ng conponents preferably forma hydroge
upon pol ynerization and hydration. A hydrogel is a
hydrated, crosslinked polyneric systemthat contains
water in an equilibriumstate. Hydrogels typically
are oxygen perneabl e and bi oconpati ble, rmaking them
prieffr Aecordimp ecr orel spedifie nCpHmdmng sgbadinet atherophthpdmicodsgice

RO B g RISy
I NA hjtkoged is aaij'dratddcd:msbdankqdqiohmib Bysine thaorvotmBrssyater in an

pre ners a whi ch _caont ai n, pol I e
BB e B ey P e B el bl

r Qﬁzﬂdlﬁgl them pruiferred mhateriibt for praflucing dphthdiesic daiides and in particular

properti Sui, t bIe per formance groups include, but

aﬁ@nﬁﬁﬁngpﬁV?Q@“ 5% hydr ophi I i ¢ groups, oxygen

Pefti 163 2 [ phitalnie B6ACIoRHing r:mpcﬁmtwreomown &i fab ert hidyiatlude
absorblnqggroups compat |b|||2|n
i

en
C PEORHRTSPFERYRENSE M AcE me? n%f‘r;]]‘ Gf‘rsﬁaén palymerizable
" NRBR®and H&ﬁﬂmﬁﬁfe%&pé hhprdviel tﬂé/\teﬁmhﬁgiipﬂlﬁﬁermmgéﬁal

conpounds cal ly havi ng nunper .avera
mwﬂt@ﬁsaablwoemlgs |§§§b1t> H%fFPTQBIEfGth"P@E))nC{“d?’lbé‘b gyﬂfelil’é“ed

8, 1Rp Hmctg‘EbuBb Py Fa &ﬁ%a@fhtﬁﬁ&%ngc%i‘mm%r Qi’s1ble light

poI mers (having repeati ng structural units and

n mbg@rbma\gmuag sompaibdiAa C‘WPP@?WS’ gorakinations Rgreobgehihe Tike
7 Oll(ﬁz‘!'e Ok A “AbnbHBC s ¥keiB fRUPR 168 méc%laQ Qvefgﬁf $diounds

rization. Macroners are uncrosslinked 7ymsrs
vval GHYIacaél}’d?aWaB nembygr ageragsmpleeHldrvpigis 1P§§r’fh4*ilea|b°ut 00

P %%@ﬁ%é@&fa%dﬂn} goﬂlékmgleﬁlﬂértv@egélﬁ c&h dé)cf)r &Wi‘ﬁé?@{hm/iﬁg

devi orm ng conponénts I ncl udes rophili
c orrpatieg steyctuntl ivots znder mapdabiverage Hpiewlrmwwghtaafealt@élw about

% .an
Rt e RGB! BORR shp e beFTer B mth Bl lomers are
r enmkaslindred potpoams mthich aftheaphblel phybestlinkingonfuthent s t hat
! sed to nmake the polyners of this invention
ar BB Y% having at | east one polynerizable double

bopd S]a I”(Dheﬁsﬁntaidﬁﬁ@lhss@lﬁ epl’(tyadmﬂ:pi'eivicb ﬁ)rﬂlurga:bhlpnmintsgndudrs

able%)u(gl nds, .incl.ud

Pl FSPRTTYR Poih A <Frat el arovnatat FLACR OIS 2 0

f Uﬁi@felre(bly 4vradaet dbouﬂS% Whter do&@ﬂf o pie g dubthierlyis, when combined

O vi nyl car bonat e, allyljc,

O Vit o daEt e AP TeD I R (g ROyl ey e used to

dofhké&the PORSSEs ol intdHitibh BE reotdmels@aviag at skt omni | i ¢

nmononer s having acrylic and
polymerizable double bond and at least one hydrophilic functional group. Examples
of polymerizable double bonds include acrylic, methacrylic, acrylamido,
methacrylamido, fumaric, maleic, styryl, isopropenylphenyl, O-vinylcarbonate, O-
vinylcarbamate, allylic, O-vinylacetyl and N-vinyllactam and N-vinylamido double

bonds. Non-limiting examples of hydrophilic monomers having acrylic and

methacrylic polymerizable double bonds include N,N-dimethylacrylamide (DMA),
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met hacrylic pol ynerizabl e doubl e bonds i ncl ude

N, N- di net hyl acryl am de (DVA), -50 WO 2006/110513
WEMNLBBOD6/ 012977 2- hydr oxyet hyl acryl ate, PCT/US2006/012977

2- hydroxyet hyl nethacryl ate, glycerol nethacrylate, 2-

hydr oxyet hyl net hacryl am de, pol yet hyl enegl ycol

nmononet hacryl ate, nethacrylic acid, acrylic acid and

m xtures thereof. [119] Non-limting exanpl es of

hydr ophi i ¢ nmononers having N-vinyl |actam and

N-Nhyﬂyé;@ﬁihglbacmmy,rmht}idzca;bvbﬁhyldmthdoeyltte,rgibscetqh clethderylate, 2-

gl-cl‘\é/lfhg%?’%rgyl Cﬁ/ mlRé é)f)ﬁr)e?hyf\lﬁe Y%COYI&OIIO n%‘lac%/?llla[te 'Q‘_leﬂ%aﬁl)?’ lC

f cacia Birgies a01d\kndlrmxfurefs®1ieli’mﬁ] de, N 2-hydroxyet hyl vinyl

N R X seing S e B e iy gy bt and

PoX Y asnidd pzﬂﬁﬁéhzme Avidiebadsbihide Nsviig pyabkdonb @ VP), N-

i ncl yded 20] her .h 0 lic ner an b
i e S e S A R et AN B
pqlmmﬁ f0RAYIn{¥e, W 2ehydfoxHEth{ vyl tdiBarhs, N-babodyyRislaniyé N-
graoups repl aced wi.th. a functional % %up cont ai ni)nlgm
* [ 0 ers

poVipesten it & \dorns X visshl - methy ppetapidp peipg pye

eXﬁﬁHé@ﬁo@ﬂ%séﬁsndMe@mWalbdseMbm&éd car bonate or vinyl
carbamate nononers di sclosed in

Nol180]0 7etherfrydroghidic proaomsra s eany heemf%}%h%lnvwwa frglude
di ﬁ&&?&ﬂ llaﬁb pdlydls Hafing olr\1@ or ﬂorla%@ 1R fdrmifal Bfdro S Fﬁ} e

nononers wi || be apparent to one skilled

i nrepheedawh a {umanalmr@#pecrmW1wqim¢wh e #oHdaRd. whi ch
mi%Zgle SRR Weé AL Be thg&d}oplﬂﬁcl: Vlﬁgrda?o%mtg ofWidf14hBafbte

resent 1 nvention include l'ic nononers
s umhnonaggs Risdlpsgd it 1By Patalde §405wwe apdhydrophiciexasgletchy |
ac ebhy r
ol P dER O XeE o SRR IS SabbENNpLS e
I\I- munmyérpyrﬂrbrl apdams ¢ hM:l)lqlleNI-wthaytttr N- et hyl ac et am de

pot91 | ene nonone Oq'g ] X1 L

th %@gm“ﬁﬁ‘gﬁ‘y“%}ﬂ” 110pnPoe énrerse ylalr ﬁeﬁﬁ?l E{]ﬁ%% ?)H r‘%(g’rﬁlse

[ npdludmztalﬁiwl&nxﬂd%f tli‘d\ﬁ?eseht-mvamylbn mkxludehyd}d)pwipenam such

and t her eof . %4 E?,eref

R R A R e e L R s

of methastelatel HIEMA)C glmeacltmétbemsﬂae saamrmemﬁmhamdmﬁe,dﬁn

to etafllcongmﬂ, v con, gefi%ﬁon nd

| crarpregions GhEPR Netipsmetay] Bt BelroebrigeeBofl act

| emSnorh&iBacayI®e Biid @fxnliyskhapdi. | i ¢ monomer i ncor por at ed

into_the pol ynmerjzable m xture is t&‘}é b

wel gl Westwesferedherizophilic monpragrs inclyds @8% cyKIOvmyl-

bagedetHpQBethfifie and mixtures thereof.
[124] The above references hydrophilic monomers are suitable for the production
of conventional contact lenses such as those made from to etafilcon, polymacon,
vifilcon, genfilcon A and lenefilcon A and the like. For a conventional contact lens
the amount of hydrophilic monomer incorporated into the polymerizable mixture is
at least about 70 weight % and preferably at least about 80 weight %, based upon the

weight of all the components in the polymerizable mixture.
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wei ght of all the conmponents in the polynerizable

m xture. -51 WO 2006/ 110513 PCT/ US2006/ 012977 [1251
WO pooanotser non-1imting enbodi ment, suitabl e pPONUSING/012977

| enses may be made from polyneric materials having

i ncreased perneability to oxygen, such as galyfilcon

A, senofilcon A, balafilcon, lotrafilcon A and B and

the like. The polynerization m xtures used to form

these and other materials having increased

pdi12/@al dndther hon-tmjtgpgrmbgdimentasuitablie wontae densesanayrbempgde

of . t he .hydr.ophi |.i.c, nbnaner ' . i t

it B et BRI ke @ AP e hh B

s i dalyfitooa-AG eearofilaon Ag balefiipan éttafilcon dremdtbhatd tholikeaiThs at

|l east one.[-Si- O Si rou i_n.a. nmnoner, . Macr. r_or

o1 ion e st o BeseioR AP PR TR e

prRERAbilitNtol dxg g@i, béneaille it ahe1omgore ofthe hgdbphilic monomers

anmpunt . greater . than 20 wei ght .percent, and nore

orSiedehtfey Vih aLlees Oy POt eQlEATRE CRIREEME of the

t qiL2d) rppéiﬁ@dalg@?n?ﬁixg@mpénehﬁe ofié thhCRRim aflkeast bhe{g—Si—

conpaonent. Useful silicone- containing, c nent.s

pri&tSHIEPYP, BhBPRUReTIBICHHRTT % BISPRY R, Berlgmap: E‘ng?ﬁd

SUfACIRE O &6 hidséit & thoBlibaesh@inthg BEpYhenfind@,amount greater

nmet hacryl am de, N-vinyl lactam N-vinylamd

, d
s ttyqtrﬂo veightnersal ar@r‘@‘?fﬁ gyefq;ggcgylﬁqe%‘rgr thpn 30 welgﬁt perc%lqt of the

Si {hiaf ABREAALtioR the %ﬂﬁp&n&ﬂfa%iﬁ‘@&ﬁbon&ft.eUb@ﬁfsﬂicoh@
this invention may be found in U S. 'Pat. Nos.
3, ®oRinimEeomporas Bylyrablycompgisopiymerizabls figitional groups such as

4, ' '8, in ide
o fa%%?ﬂg,elﬁetha%rﬁg’cé Y @iaéﬁﬁé n@tl{az&la%ﬁﬁe, Naﬁgyﬁ%@zﬁﬂ@9 %Ilggﬂ de,

paterits cited herein are hereby incorporated
i rendisticy] fenptiona igraugs. bixamples oé siligone-cppiaipingcempprspisadch

di 5¢1.958 iﬁfﬁl@s{iﬁ%@l&? Ré’fouﬁh ﬁlfﬂjpi. ﬁatﬁg&g’. 5801 7i2 ntjah Byg

conponent’s. urther exanples of sui
si4,136630; ¢,053,64 1n#1740,63% 61984.46 lharg 5,070,215, and EP080539. All of

ol vsi,l axanvyl,al k ' d
AR A s gy oo
( CER)se 1eBiré:108s B3RS 2RBS s Samilex afiofefini silitenstatainingr
| ower a%ré [; X' denotes 0 or NR34; each R34
i nFERER Téqtly denot es hydrogen or methyl, -52

[127] Further examples of suitable silicone-containing monomers are

polysiloxanylalkyl(meth)acrylic monomers represented by the following formula:

Formula XXI

X——— (CHy),,Si(OSIR3'R32R33),

wherein: R’ denotes H or lower alkyl; X denotes O or NR**; each R* independently

denotes hydrogen or methyl,
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WD 2006/ 110513 PCT/ US2006/ 012977 ............... each

R3' - R33 i ndependently denotes a | ower al kyl radical or
w@2@bems3 radi cal, and nislor3tol0. [1281 Exami/eS2006/012977

t hese pol ysil oxanyl al kyl (neth)acrylic nonomers

i ncl'ude net hacryl oxypropyl tris(trinethylsiloxy)

sil ane, nethacryl oxynet hyl pent anet hyl di si | oxane,

nmet hacryl oxypr opyl pent anet hyl di si | oxane,

met hyl di (tri met hyl sil oxy) met hacryl oxypropyl sil ane,

andactiRt {R7T thidéendently iyhates| adsoyJuralityh zadrop] eneyheriyadical, and

si | ane. t hacryl oxypr opyl

trinslfilpf%(f ﬂ‘& siloxy)silane is the npst preferred.

[ 1253] Exangiecdfahase gdolybissnyddlkyd (hethaomlic ownermers mmylude
conponents is a. Po r.ganosi | oxane) prepol yner

r @%Qﬂ%&%ﬁ%&ﬂﬁﬂ%ﬁi&?@ S%alll—%r mula XXI'| R35 R37 R35
A nfdfa9)yldmeBylpehtamefByldisiloXa89) A 136 R38 R36

wher ei n_each i nde ently denotes an acti vated

u lﬂaﬁfyé?xé@m@%ﬁ‘ﬂ?mgtggﬁls @‘a\éﬁ ester or anide of an
aGhethyl8i(t8mety BROBALEMbdrgloR@irébyDsilaae aad kyl or aryl

gr 0% (providing th@t a]t8 l e igqne %ngr ses a
acpstipddiggmethy istlorameeqyisrmen s Niethafi Ry EePHy

r afli(GRhetRAIIRSsilARS 88 osRebred. R35, R36, R37 and R38
are i ndependent] sel ected fromthe group consisting
of 1201 n&he wegferrad "?%?ﬂ PHYlfoBEROHARPE SMRARCHS B ogen

Sgﬁ?}(b WSRO SoBHer R e BorbrimaRixcall: having 1 to
18 carbon atons whi ch may have ether |inkages between
carbon atons; R39 denotes a dival ent hydrocarbon

r 38 il sBayi ng from1 to 22 carbon atoms, and inis O
or an I nteger greater thsan or 3;qual w0 1, and
preferably 5 to 400, afd® norfE preRerably 10 to 300.
One specific exanple isl a, tof bi sm{at hacrgl oxypr opyl

pol y- di met hy-siH-@ere— shrotiesil,pr 08ierr6rf le is
nPDVS ( nononet hacryl oxy|pr opyl| ter m'|nat ed nono-n-butyl
term nated pol ydi met hyqssi | oxgpe) . R3653

wherein each A’ independently denotes an activated unsaturated group, such as an

ester or amide of an acrylic or a methacrylic acid or an alkyl or aryl group
(providing that at least one A’ comprises an activated unsaturated group capable of
undergoing radical polymerization); each of R* R, R* and R*® are independently
selected from the group consisting of a monovalent hydrocarbon radical or a halogen
substituted monovalent hydrocarbon radical having 1 to 18 carbon atoms which may
have ether linkages between carbon atoms;

R* denotes a divalent hydrocarbon radical having from 1 to 22 carbon
atoms, and

m is O or an integer greater than or equal to 1, and preferably 5 to 400, and
more preferably 10 to 300. One specific example is o, o-bismethacryloxypropyl
poly-dimethylsiloxane. Another preferred example is mPDMS
(monomethacryloxypropyl terminated mono-n-butyl terminated

polydimethylsiloxane).
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WD 2006/ 110513 PCT/ US2006/ 012977 [130] Anot her usef ul
cl ass of silicone containing conponents includes
W@l 03e3 cont ai ni ng vinyl carbonate or vinyl PCT/US2006/012977

car bamat e nononers of the followng fornula: Formnula
XXI'l'l R40 1: 10 RS. CH2CG(CH2)g-O-CY d wherein: Y
denotes 0, S, or NHL RS denotes a silicone-containing
organic radical; R40 denotes hydrogen or nmethyl; dis

1, 2, 3 or 4, and qis O or 1. Suitable silicone-

co8@li Mimtheonyfihclesy efdilicaescoptaining apdwondnds iﬁdhﬂf@\ﬁﬂhgﬂe-

R4°%_%1P%ng Ylnxlkgfgt%%‘} %T}]él %bamégﬁ@l&ﬁéﬁ é% rhfied wherel n: %

denot eForula XKIII- ( CH2) p- C}C}C}hC}Q wherein pis 1 to
6; R41 denotes an al kyl radi cal a 4 | uor oal kyl

radi cal having 1 toR® carbon at is 1to 200; ¢
is 1, 2, 3 or 4; and|s is O, grss 4 ®wsi5. The

si li cone- conta|ﬁﬂhg—GrnyPHﬁaTﬂbné%e vinyl carbanmate
nmononers specifji cal ly include: d

1, 3-bi s[ 4- (vi nyl oxycar bonyl oxy) but - 1-yl ]t et ranet hyl -

di si |l oxane; 3-(vinyloxycarbonylthio) propyl-[tris

(twhdBhhY lashdi@Xy)sS bl RACRY dgﬁotes a sﬂlcone -containing organic radical;
[tr{s(trlneth yl'siloxy)sily £:§ al l yl carbamate;
0

3- Rt derquesthydeery prapet y<} il r%@wS@c@é/ Pugablessilicone-
PG Hﬁﬁl@? bRkE D bicals REORMhdethd Mok Rbamat e;

trinmet yl ethyl vinyl carbonate;
trlnethyIS|IyInethyI vi nyl carbonate, and

-(CHa)Si[(CH2)sCHs]3

~(CH,)¢Si[OSi(CH,),CHsls

R41 R41

—(CHp)qg—[Si0le—Si—Q

R41 RH
wherein:
Q denotes
O

I
—(CHp)p—0—C—CH=CH,

wherein p is 1 to 6; R*! denotes an alkyl radical or a fluoroalkyl radical
having 1 to 6 carbon atoms; e is 1 t0 200; q’ is 1,2,3 or4;andsis 0, 1,2, 3,4 or 5.
The silicone-containing vinyl carbonate or vinyl carbamate monomers
specifically include: 1,3-bis[4-(vinyloxycarbonyloxy)but-1-yl]tetramethyl-
disiloxane; 3-(vinyloxycarbonylthio) propyl-[tris (trimethylsiloxy)silane]; 3-
[tris(trimethylsiloxy)silyl] propyl allyl carbamate; 3-[tris(trimethylsiloxy)sily1]
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[131] The above description of silicone containing
conponents is not an exhaustive list. Any other

W@ 200620033 conponents known in the art nmay be uBErUS2006/012977

Furt her exanples include, but are not limted to

macroners made using group transfer polynerization,
such as those disclosed in 6,367,929, polysiloxane
cont ai ni ng pol yur et hane conmpounds such as those
di scl osed in US 6, 858,218, polysiloxane containin
Mpedpyireing], cagtamhteasintetiydsilybdwtvinpledrbesatttitimehalsdylmebyl n
00;, macroners contai ni ng pol ysi |l oxane,
de@’F?@? 2 her, diisocyanate, polyfluorinated
hyd319c anbakuve ﬂ@dcyif)ﬁmmfismabmcbomahmg @ngpopaiktsyis actenar i de

O RS sk s PPl S v

grr?lrmé&kalhprgb figlude, muwreganmatedm ahtrambeanadde using gnomp naI

| uor o-su stltute n.at as .t hose

d e erRlyneizefian, s gta“ &C 18%05?35? 61%@64}% padwsilgzae

S5, ogﬁt%u@r;lg%l ollﬁl‘x‘&lieﬁ‘@ Iagmp@tnﬁs §uoK ammbsema@cnbaed w138 6358 IBEr S
an po ySI I oXxane- I e acr

t iRobisileras FoTHRIBng ﬁlagsmgtfow%i@ 89;?31% gL WA 5&3313 in US
t hejofoo2mberbii6rs bbktSinink pSighilokhie, QQ!VMI&%EﬂeZeﬂwr ein%oyhmmg

may contain additional components such _as

| mlstfbl@nwed hsirqoprhgn.pgbittugrinadggd gthes and Pf&%séc“éll?’é‘éf] %g‘@ﬁ Jugh

o b
Sa/s ghc%g aesg?lﬁeol §y§7e Grc‘?g/ B ﬁ]92 . Mysﬂgﬂe(n@%\élgtﬁ g%dlat%l%gﬁﬂleg attor

Nosideogums)baviog mlmirpgﬂnl afor pigacheship areminal didlyere-sybstined o
di &%ogﬁ?o(in sl s@h(ﬁg aesgﬁﬁed 1&@0‘5 \ﬁgp %9%23% 208,% 87,662 and

bsorbers I ci nal agents ant|n1cro i al npounds
r eﬁ@&ﬂ 0is; hydn@rénhcmﬂgmm wyethecaylate yraspmors @n‘ép@ﬁﬂloxane-

NoaRe Ql M{ﬁfakezrﬁfcﬁ@ég%gﬁhfﬁg 9SS 2 %192872

I'nattons so contenp ated are
canmﬂymnmﬁsﬁ&momﬂdﬂkﬂwenent|oned nmononers,

‘]?Jﬁ]ealgl i Ceg[ZJ% lﬁg%rrlg(rtlgg m &ﬁ&ﬁ%{l E&ﬁ&[&@%ﬁﬁ%ﬂs such as, but
f ofigtlintiteé tq &m&ingagemsg suvhtaguioke @s@@ad;tlsUS p832p16p Kﬂé Serlal
POl MBI 5 3RS S8, Y542 088k og\f U0 556 MR TS WRrial
m Xbse1ay @mp@dﬂhhﬁﬂgwmﬁoneﬁth eucﬂrels thdkb) d}sd;losgdunlf]@? ,822,016
oGP B VB A SR i

Or reAttikle inBS pidRE @S, copdlyaédable dnd h@polymetiodbledites, reloask la%ns
-55 WO 2006?110513 PCT/ US2006/ 012977 al cohol s, diols,

trFQﬂ%?“*ﬁHW%WﬂQ¥“§ﬁd pol yal kyl ene gl ycol s. Exanples

E1|39]j eARb toRéfplied aﬂe'cﬂi&f}ﬂerﬁ of @k YRedndntiontidahdhotiletsh as
t hyl ene gl ycol or diet ene coI borjs acid

combinations, and blends of the aforementlone polymers and copolymers with
other polymers, e.g., to form interpenetrating network products.
[134] The polymerizable mixture may optionally further comprise a diluent.
Suitable diluents for polymerizable mixtures are well known in the art. Non-limiting
examples for polymerizable mixtures for hydrophilic soft contact lenses include

organic solvents or water or mixtures hereof. Preferred organic solvents include
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esters of polyols such as those described in US
Patents 4, 680, 336; 4, 889,664 and 5,039, 459;
w@oiogit1asyd pyrrol i done; et hoxyl ated al kyl gl ucorC€™®S2006/012977
et hoxyl ated bi sphenol A; polyethyl ene glycol;
m xtures of propoxyl ated and et hoxyl ated al kyl
gl ucosi de; single phase m xture of ethoxylated or
propoxyl at ed al kyl glucoside and C2-i2 dihydric
al cohol ; adducts of s-caprolactone and C2.6
al dicvheldj didls, teold, Holyold anfd pokyalklzim)d ﬁif@ﬂs CXafhpkes kshvdt butoirg

d t f. t Pat ent s . . .
o ips Dot lo Bty 88 ol o GBNElE e SR porisapic
5, 83, dPp8Blyol, sﬁaﬁasltﬁlﬁe desbriElGn HSPatebis! 41,@0t3§6;c43889aﬂ6§ ande

t f

G o TRES A i s el sl BB AES Ry dedisphenot
des; qd’o:l}bﬁﬂ'leitne gl;}lﬁolf’ﬁﬁﬁﬁl’és ot:brﬁbﬁﬁﬂylgﬁﬁ and étﬁ&]yld‘slemaéllcyl educbgidy;
exa es o 11 u urta e e
o tilg o Bt o PO A pEper ke S e i e
| NGhHEIR aftoRGIhducts uﬂélca@solid?aﬁ andCssdRaR i olsanlBiols;
6, 020, 445 and US Seri al . 10/.794, 13199 fo&i s[éégcone

b i

hydRagetedSgrsalkaprifigle fnd IB‘l’fE’é? of thepgsds fie ferthese

an53|4537| 14005 360,035 206 0602S,498 8B 5\808,047) 5L dBuD 58T I6R@b] ON
are her eéig]éil ncor por at ed by ref erence. Many ot her .

sub- 118 Sl ean alsodeisplsdipr from dheomenp wmgla qepbjtiqnef a
ar &eﬁﬁwvﬁfogltﬂ/ Elfd ARG (‘,’Uhgéq'd)ﬂ"patrﬁﬁeté:r%@ B&schbedifl] r(_g Patent

i nvention. Hard contact |enses are made from
pot9tI3$. that |ncI ude but are not linmted to polyners

of [&B g 3’1‘6 fiiin 'gfél'n?}f}ﬁsr of ldﬂﬁé?lts sﬁitéﬂl&fb? p@l?ﬁ%h@aﬁofesmlxtur%s for

oroac Yy ate oroeth ers, acetylenes
p o‘tlmoms Hedrogaliedt eontistleptes prghide alevhcdﬁ such é%)ﬂle@émchls‘?dﬂé Us

R U B A g

I eﬂweiasodﬁsutehé thewmdtallmﬂlec sferbses mtﬁ@dtmlsthrsgippk%@vmare

naléer%})y I%aciog?ora Laf ren&b M?ig Otfl rss%ft lﬂ??ﬁ(a?ng)tle:lgﬁeqm%&g% fhose
p obfysit inythe aﬁdﬂdaw mblaﬂeﬂ, wmmh the sgape pEthippioventian.bonat e,

L}%F}O Iiarﬁg?rét?(ingnges%vn% grzaglgmﬁrél aam/c_:\ﬂl egu oagealllc%ﬂ/ﬂmted
I [ mﬁo@&mdﬂmofﬂmljgdmety@l)ﬁethsdrylate,mﬂesoﬂat@ralteaj &ior?cﬁydtesc
material s, ugr.ocar bgn mat.eri a the |i
coh’b‘?rﬂ%i‘?r%r?g YF?F&‘IEIEF an %]IYB%} k‘?rggbelﬁr Tation ﬂges are
defpresdiftdlive Bx M) OB HOFouniln Ww 540,759 293608 84\D

- / [
00BI35HS WP TR, R RO b Ve

S URKbvASm ki, aor Féka’dﬁhﬁe, tﬁ@ﬂ!n@ﬁmﬂjaﬂ@mﬁd@mnﬁ @Hgﬁgﬁﬁteﬁd’l d
silicone el astgoners. previ ously di scus

haichiding. my@gaw pq{gnizthy}épﬁt}éﬁcgda(tﬁé)p}gftsprne po ?ycar’bonate

or the like, and combinations thereof. Additionally, flexible materials may be used
including, without limitation, hydrogels, silicone materials, acrylic materials,
fluorocarbon materials and the like, or combinations thereof. Typical intraocular

lenses are described in WO 0026698, WO 0022460, WO 9929750, WO 9927978,
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phot ochrom c materials according to certain

non-limting enbodi nents di sclosed herein may displ ay
whypenoisidn ¢ absorption of el ectronmagnetic raPCHUSING/012977

having a wavel ength from 320 urn to 420 urn as

conpared to a photochromic materials conprising a

conpar abl e i ndeno-fused napht hopyran w t hout the group

that extends the pi-conjugated system of the

conpar abl e i ndeno-fused napht hopyran bonded at the

1 1%)3&022%9; anh Bt 20901073¢ ¢.oP thengyihghalmig [de Yisdsnsush depungtabplugs

I di
varRohEhR AR coBinh Al LS P Sed herai n may

al so_di spl ay |ncreased absorption of el ectromagnetic
r aﬂﬁal i onAlsavevingsla disgessed, dhgs beefLobser@d by Alra invendarethat the

I%Q%nﬁgnﬁ%ngﬂ a?&l?&lggior@e ai ﬁgﬁ ﬁﬁntm%‘% Qﬁ?ﬂeﬂ dfsclosed

e I ndeno-Tused” napht hopyran out the group
t hhetrele xtagy ighplay thiyperphironsmbemypticacf slestramagnéti fadiation having a

© TR A Sy A B W A AR RO Bl
di sc!mmsmg a ®nmembb hmleph*ﬁtsed:iupbﬂliopyramwﬁhcbmlﬂs grambzrtdkhgds
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[139] Further, as previously discussed, it has been observed by the inventors
that the photochromic materials according to certain non-limiting embodiments
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according to this non-limiting embodiment, the first state may be a bleached state

and the second state may be a colored state that corresponds to the colored state of

the photochromic material(s) incorporated therein.
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photochromic materials according to various non-limiting embodiments disclosed

herein may be sufficient to permit the photochromic materials to transform from a

closed-form to an open-form, thereby enabling their use behind a substrate that
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[146] The mold containing the lens material then is exposed to conditions suitable
to form the lens. The precise conditions will depend upon the components of lens
material selected and are within the skill of one of ordinary skill in the art to
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photochromic material may be applied over the additional coating and at least
partially set. Non-limiting methods of applying coating compositions to substrates

are discussed herein below.
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ocul ar environment. Non-limting exanples of
ophthal mcally conpati ble coatings include coatings
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[153] Non-limiting methods of making photochromic compositions and
photochromic ophthalmic devices according to various non-limiting embodiments
disclosed herein will now be discussed. One non-limiting embodiment provides a
method of making a photochromic composition, the method comprising
incorporating a photochromic material into at least a portion of an organic material.
Non-limiting methods of incorporating photochromic materials to an organic

-62 -



[ 154] Another non-limting enbodi nent provides a
nmet hod of making a photochrom c ophthal m ¢ device
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coated.ophthal m. c device js.re t he nol d.

OB PTGERBF BR o5 g Foferal, i REP ARG btk 10
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connected tqQ at, | .east a portion of an,ophth ' .
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¢ owplingy coatingprl Bmimation gor pXAmple. Apsordipg, ' angnan-upging . o
C OghhJaSmer MBS pHERIcHioHe maRflalGRiytieaimeoRd td ft@¢asiof porti@rof an

ophthalmic deviceby in-mold casting. According to this non-limiting embodiment, a

coating composition comprising the photochromic material, which may be a liquid

coating composition, is applied to the surface of 2 mold and at least partially set.
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exanpl e, according to one non-limting enbodi nent, the
phot ochrom ¢ material may be connected to the
wG@ sttt by over-nol di ng. According to this PCT/US2006/012977

non-limting enbodinent, a coating conposition
conprising the photochromc material (which nmay be a
liquid coating conposition) may be applied to a nold
and then the ophthalmc device may be placed into the
nol d such that the ophthal mc device contacts the
c OHieirdagen; ap«sl'ymgnz'ablet mixdpe adstever thatoatisgsid aurgaiorAfieon

of t. he t he ht hal m Thereafter,
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0O an organic nmat rom
desibéalris dﬁucwe’ﬂle(efaﬁﬁr, the apating compesiting ma:véoe at loast partially set
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t hereaftter a rom c eria may be the
sajts7]of dAﬂﬂmomily of akbem&tivelyaef maengmmmﬂwn ittt archithont

mat.er | .may, be.con ect
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d ea@rr df iedorboivg methods))ibe 26064 &dlﬁﬁ)]sﬁloﬁfﬁ.ﬁyLBSBOIéﬁdt parA8iR7set,
her e t hase,skill e

| et et el AP S el HPORE G
Opﬁlt(htﬁb matmgeump@ﬁloﬁade therefrom according to
var.i n-limti ts di.sc] osed here
¥ SRR b B g P eat (RSl el E e TR he
pr ﬁ@ﬁ)’fﬁﬁﬁt@ls g&ﬂ‘f)lﬁﬁtldﬂﬁgf mf,- e ghethdtR u;; ﬁimq;f&b{oblﬁﬁmﬁramcles
opht hal, mi ¢ device n ting exa es of _such
adecPidngdo Varaus den-irgiag eﬁ%@l&}eﬁwﬁsa{gpﬁl bereipy, Epr gxpmple, and
I Nithétt BirStatiPAYEIR fab e dih® b dn MoR itk enfAdM@ME, 2, |1 ght
stabilizers (such as, but not limted to uItraV| ol et

| | phptockEswie pBfesiabney g ¢pmpected to an ophthalmic device by incorporation

into an organic material from which the ophthalmic device is formed (for example,

-

using the cast-in-place method and/or imbibation), and thereafter a photochromic
material (which may be the same of different from the aforementioned photochromic
material) may be connected to a portion of the substrate using the in-mold casting,

coating methods described above.
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stabilizers, such as hindered am ne |ight stabilizers
(HALS)), heat stabilizers, nold release agents,

WO bweliogy3 control agents, |eveling agents (SucPCHBES2006012977

not limted to, surfactants), free radical
scavengers, adhesion pronoters (such as hexanedi ol

di acryl ate and coupling agents), and conbi nati ons and
m xtures thereof. [160] According to various
non-limting enbodi ments, the photochromic materials
d e[5169] be dFmeaiitwiﬂdy: apprecigted by thossdulivdsn ﬂmrartrthat ithnts)
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conmpositions and articles described herein is no

cr Firfagtants), BpoipfigalForvsagers adpgsion praapaters (Yets he§art9§1@a to

Pr @S RtctA8 cé’tﬁﬁlhg 8gbn@, 88 tombihatfAO MdnREiresARRESCI at ed
that the particular amount of the photochronic

nmatléPl al dseudingie vagiepew-lniting eupedimgnts fthe phofaghwomic
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connect the romec ter e op
deendcigpes Aff phm«z@lrpmg maferigismaydelseleeedsuch datbe dplntgalm@
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anoun t he romc
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by Pactnd hofiaRiei ShabBI: BEERE Ry de B Mhon acfizated by
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enmhodi nent t ween about ut .2

e AR oot Tl BRPORE T G HEC BT SEHibed g 1 not riia
mapekidad thaf d &itficidlaamoust isad td produce thealkitedicffestt $t should be
dlsclosedtgerenvvl ustrated in.th

C OPTRERS e ha Fhrcalas amahl AL e pho Sk BIc e ter) by may

Patépedd 61 a ViR tyExfaadAbe Ssuch Nibus ettt So, Habedpli®s used
t o make hotochromc materi als ac%ordl n% to various
no FARAECERTIsTiGS N1(03 f fiembatoriramc mpteraldhgeplor and imtensity of the color

desired upon activation, and the method used to incorporate or connect the

photochromic material to the ophthalmic device. Although not limiting herein,
according to various non-limiting embodiments disclosed herein, the amount of the
photochromic material that is incorporated into an organic material may range from

about 0.01 to about 40 weight percent, in some embodiments between about 0.1 to
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herein are set forth in Exanples 1-15, and the

procedures used to nmake four conparative photochromc
woraioeni@hs are described in Conparative ExanplBST/(SHD6/012977

1-4. In Part 2 the test procedures and results are

described. In Part 3, the absorption properties of

nodel ed photochrom c nmaterials are described. PART 1:

SYNTHESI S PROCEDURES Exanple 1 Step -1 [163]

1, 2- Di met hoxybenzene (31.4 g) and a sol ution of

4-about A beigabi amstin ofietkenbodBaents, §ytween B0Bt k¥ taybout 20%

met h%& s&&tﬂga 1%5§e9%ng%fvgedg§%?ﬂwto9 aﬁwrn%a&{ pon flask

iCon f Un er a nitrogen
aﬁnﬁ$pheﬂéumEDNHHMHmmgdmbthQMEdﬁﬂgwﬂh@hﬂ@ﬂﬂ@@WﬁEO 0

th [
O HERS S RGP e i th occastonal |y
The reaction n1xture masEXﬂ%ﬂHd& at room tenperature
f t to 300
i b o Rl R ety it BRSHG o

Y ipgoﬂbelusinjc Iﬁﬂénals':'acmmhg etSvariBhenm-bnhmmg emhsdimentt dadbed

twice wt hl ori Th a
et e el gort o il ot et O R RERDD )
Yochiamphtati@ ghoweskohic ﬁﬁeﬂﬁls at degtibéd in Chparmdtditaaipies (CE)
chl ori de solvent wa

O s Ry TRLEd DL LY, SYAROE A ko

%ﬁ{é‘é%fﬁlom ﬁhoﬁn@ﬁr@hﬁ@n&t@ﬁm@retdbﬁnpécbdum to have
tructure consistent wth

a s
3, 4- di met hoxy- 4' PARD AoHENTHERENGHRCERVRES o [ 164]
PdiaEwledm t - but oxi de (30.1 g) and 70.0 g of

3, 4- di met¥ed/- 4' - bronpbenzophenone from Step wer €
add6¥ tl¢-Bimedhnxybearere|(Blkk sLanaaRiiag O%bmﬁaebewyl oride

t o(IS(‘)I 8 %? in g0 Zl?[r &¢ R thy 1028 R RIERIRNRIED to B8acHbx HANLFitie@ Svith a

heated to r ux and dinmethyl succinate (63.7 g) was
adhebid adtidgn fureel vudst a pittesen atmpsphere; el us lefinye d

fo I
T 6y S0 e P B A A i o

PGEidis? @ﬁﬁﬁ@ iR avice/ wotsubath. Thetreacfoominturg waggfiread agrpgm
vi tgr%:p]grgt%r%fois .;; h&{rg q‘hg Persulag%‘[}}ngﬂr‘gﬁﬁx Pi{lﬂ@d ﬁh@’diﬁml{ﬂ @f‘zgl :1

ases Were separ e organi ¢ phase
vva:mxﬁaxe Dﬁlcd: :m;ﬂ I\M Hﬁl mume_:d vigorouslp fier 16 fmipgiese dhe mmre was

e Wiird

TRt BfeT St | BRALARSRAS oML Tnt Bl BRRER W 0

I agcﬁ_fblmanawameﬂ iwdttl 50 anlpdf 1D wii % maoml\fonlveChb}dSOanL of water.

\F,)\Ar 'f]%:l yg#fngt%neel ngg (sjolve-lr-ltc] vevasa AT h ra a%g e\\fg%graﬁ& {o%‘f\;ee?@ 0gof
a yellow solid. Nuclear magnetic resonance (“NMR”) spectra showed the product to

have a structure consistent with 3,4-dimethoxy-4’-bromobenzophenone.

Step 2
[164] Potassium t-butoxide (30.1 g) and 70.0 g of 3,4-dimethoxy-4’-

bromobenzophenone from Step 1 were added to a reaction flask containing 500 mL
of toluene under a nitrogen atmosphere. The mixture was heated to reflux and
dimethyl succinate (63.7 g) was added dropwise over 1 hour. The mixture was

refluxed for 5 hours and cooled to room temperature. The resulting mixture was
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mL portions of chloroform The organic extracts were

conbi ned and concentrated by rotary evaporation. NWR
wepwetit@1df the resulting oil showed the produRCT/U82006/012977

have structures consistent with a m xture of (E and

Z) 4-(3,4-dinthoxyphenyl)-4-(4-

br onophenyl ) - 3- net hoxycar bonyl - 3- but enoi ¢ aci ds. Step

3 [165] The crude half-esters from Step 2 (100.0 g),

60 nL of acetic anhydride, and 300 niL of toluene were

adptemlect iatoeB00 @dC o veaerfahd sigomnsig stirednfiot nglﬂmteat Tesgheusand

t { ted,to 110
c o%rlg%'Hc P o‘%ﬂ?ﬁ%ﬁ%&%ﬁf\q@ ﬁ’g OI%H](? phfls(r)?ewag § W%Cﬁ‘{a ?} Qﬂ%u he
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wi Tk PSEqRE oheferptsre. Hie aneanin/XERAds WERICOTPHIES s omconttaied
O B@Rdry B¥dpbAGLS mResprEQif'ﬂﬁ:%@Mgtdﬂ%hﬁﬁéd/tﬁa brod@@ to have

renoved by rotary evaporation to yield thick red oil.

Themsiuresgaasigient saihaapixiuge Qi E sndrél ﬁéwdlmfawafpb?ﬂﬂ)r%@ at

0 frof@phetiyl) BUnSthokRSLERE S HukdRGicGENSt al s were col | ect ed
by vacuum “filtration, washed with cold nethanol to

produce t BBP3i xtures of 1-(4-bronmophen

D b oy s csamsien S 2 6L09- Tl M) i enldide and

an %&'ﬂi%f fhluene Were added to a reaction flask under a nitrogen atmosphere. The
oxyphenyl - 2- met hoxycar bonyl - 4- acet oxy- 6- brononap

ht tﬂabtmmenmmhmwmh@d@d to 1167 tfor @hevas cagleditowperh tamperature, and
ification S 0
E1§] el¥ﬁxgs olu?ne and (1%6610 Gnhaslégﬁ 59&'1% ed b?g(():tg v%o? LGB "l4he
| ntegidae weaditdobwed fid 200kn1Li nﬂmeth@lenmctlﬂwmigand ad)(mnﬁplﬁ ma‘er audid
anhydr ous . THE was add nesi um
o Ratioyavas3aAeeth gtbinkiat RS SRRy Ml R T ARG
r e geplataQid afitl m{elhq&cﬂyﬁfyerlvd%@uﬁacted'ﬁhﬂl 5(Elﬁhtpbﬁﬁnmﬁ<rh¢th3&ene
d overnight and t r.ed nto 300
12 GhSha T w2 Pk T SeRerd S B oy S pecvea By
eXIrdtﬁ? te@tbowitioh teyibiatigéioredoflt THeasl Was@Solvid nlvasdGnetilahol
The organi c extracts were conbi ned, washed w th

s afist gullsd 2488 6 ders? hogs: Vs wodenscrystals weerrllesid s vaqpigy 7
Naﬂtraﬁgh %dsﬁ)&l x(/iﬁp&)lcmn)athm tcfjﬁrb@lﬁ:e REShix BT QuBromophenyl)-

Renoval he sol vent by rotary evaporation

yl éﬁmféhpxd!@arborg'l-éfacqm(yﬁﬁ hrdsnathasenphihalene and 1-(3,4-
Hiﬁ&ﬁ%gﬁy ?gpﬁ(mﬁﬁ)!?wa)boﬂylwgeﬁﬁy GGOergﬁagﬁﬁlngffé/ ﬂ'ﬁ@pxtoﬁ@ct

ene an
d| mexthisxyas weed withivut Girthentrinyifibarion dxsplyeaghert yeadtidny dr oxy - 6-
br omnaph%@eilfne.

[166] The mixture (50.0 g) from Step 3 was weighed into a reaction flask under a
nitrogen atmosphere and 300 mL of anhydrous THF was added. Methyl magnesium
chloride (200 mL of 3.0M in THF) was added to the reaction mixture over 1 hour.
The reaction mixture was stirred overnight and then poured into 300 mL of a 1:1
mixture of ice and 1N HCI. The mixture was extracted with chloroform (three times

with 300 mL). The organic extracts were combined, washed with saturated aqueous
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Step [167] The products from Step 4 (30.0 g) were
placed in a reaction flask equipped wth a Dean-Stark
wo e@p/1805e3 150 nl of tol uene was added. The reaPtT/U82006/012977

m xture was stirred under a nitrogen atnosphere and
dodecyl benzene sulfonic acid (about 0.5 nl) was

added. The reaction m xture was heated at reflux for 2
hours and cooled to roomtenperature. Upon cooling

the m xture to roomtenperature for 24 hours, the

whNe€l spbitiod (4@0smb) andli dpied aves dnhyNMRs Neei4r Rernbrahetihe kudvent

o 29 gﬁ%% lgpdy,g glegfeﬁ H? &%I Qosrﬁc%sﬁe-‘[}k?e%ng{]C] fl uoren-

5 ﬁilmethsrlhy@oxmnféhylhn—hMXﬁ6,t7 qmueﬁléxyadplfthaiérh and b3 ,4nas

or Sin S e RS o R bR onp lions

flask und&tepgd nitrogen at m)sphere and 100 nL of
an hWI olis pleduetsh"ydm StepW(S(Dd) )00 pRcstbis a&d&dﬁﬁh ﬂas@é@ﬂpped

&&tP g?eaﬁﬁa]ﬁg Sh gl @3@%@%‘%@9@%@”?@? reactwa L s

C ostired underfaafifddea Iﬁﬁﬁfs@hdﬁé &nd dT)ﬁedyl'lﬁnieﬁé stifdnRRCheld ($6uk ©.5
adde the mj xture was

o T B e Sher st B avoh PG oL roly o heM P ogled to

1 Stboftl tefdPéraiued) Ut c8bIMY thémetat & fobh88npdritBR forMhours, the
%nl c.extracts V\gre conbi ned and the sol vent was

Jetpligyvas Bfeawta@ apPdatnesir hewed the prodactdo Baves stryptasg
S ObdrdistehIMR IS 2. 3Qﬁﬁl&h&mnﬁéﬁ?l@[tﬁglﬁg-tﬂltﬁénﬁﬂm?ﬂ@ren- -ol.

structure consistent wt
dil s msdeyialwas not pwfing) fnghes utrivas peedstivestdy iojthe nest gep.5- ol

. Step ZI%QL%Q
5 o @anm efaﬁciﬁzmeeg@@b ﬁmwa&ﬂﬁ REBEA] ekt LARE 8N

rom sSte
- bnereaw@mwk?rp a8 5/@() mgﬂé pEpygirpus 1—mecti1y1 -2¢pgrrolidjnonervens added.

pr @Q@ﬁt@ 9l %@mleﬁ tolth RS n mildrd The r@a@h&pﬁu}éuréézg §%ﬁe’d at

whi ch exanple is ere y Speci |cal y I ncorporate
r efedlps frad lmxseanﬁ ):oolerb@e@gm kenpeahee.sTd themésoltiag mjxt(lﬁ ans

ry
0088 R LSRR o B S0 dE0 s
t ewpewashed with 50 &l bartipss. of Tihgl acetatetthiee tintex tThe ergamis extracts
V\aggﬁ%%oé%ltngd glgd tl-{ SO \%nlfl (V%g r%d o eygr\légapl\grggcc@ i 2tg %ivrerzt7).2 gofa

he organic a ef was drié
2086y 3dE5 WR@ﬁécuszmﬁzﬁddﬁﬂfQﬁMuct trthyela mnﬁ@é’(ﬁ@@tenﬂ'xhiﬁl 2,3-

?rg{h\égnof(%% i n@‘&ﬁ%"if%* tﬁg‘?}%@@ i a% 8€| due and t he

sol ution BSweplfed to roomtenperature. The resulting
pr HeDPpi 2, ADémerhexyc B datéik- 9y aN@EH bEhAo] € fffudteh 3ol dHkh Step 6

Waﬁ'a 31 IV\f {)15(4-metﬁoxyphenyl) -2-propyn-1-ol, (8.0 g, the product of Example 1
Step 1 in U.S. patent 5,458,814, which example is hereby specifically incorporated
by reference herein), dodecylbenzene sulfonic acid (0.5 g) and chloroform
(preserved with pentene, 250 mL) were combined in a reaction flask and stirred at
room temperature for 5 hours. The reaction mixture was washed with 50 %

saturated aqueous NaHCOj3 (200 mL) and the organic layer was dried over
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met hanol yielding 14.0 g of

3, 3-di (4- met hoxyphenyl ) -6, 7- di met hoxy-11- cyano-
wa3oé31diaet hyl - 3H, 13H i ndeno[ 2', 3' : 3, 4] napht he¢T/pR2004/m12977

yran, (i.e., an indeno fused naphtho[1, 2-b] pyran wth

a cyano group that extends the pi-conjugated system

of the indeno-fused napht hopyran bonded at the

11-position thereof). The product was used w t hout

further purification in the subsequent reaction.

Ex antpideou? Naﬁcap The ol @} was removed by rotary evaporatlon Hot methanol

2 3B RERY sk LTS e AR cAbPRABON Hrhp D The

a frésah;lhg pmd@rtata was tollsgied bawmgpﬁ“éméloa rud Na@eﬂ with@olg)

(Lo Res il L0 ot S p ShABPRn b Db RGN B,

at 18 &Bldimetﬁ}dB}BFBI-f-‘rmﬂem)[&’g&i 3eidapbitiofl-blowpan.t(eeper iadamce.
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i e Bengitor s el B RO B pf et s Bho iy s
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portions of et ate three nmes. e organic

ex (¥ Bped Without %ﬁﬁ%pﬁlé catigp ip ﬁ%“bg%q“\fétﬁfacafé% renoved by

r otExhmpRYaporation to give 9.0 g of a white solid.

NVR spect r@ep_slhovved the product to have a structure

Cogﬁ(ﬁt Q@tDﬁ‘HeEH@x?J& SRl oxyamo-7H-benzo[ C]fluoren-5-ol from Step 6
di met h —car boxy- 7H benzo[ ¢ f1 yor en- 5 oI

2 [Of’ﬁiﬁlmﬂlhi (H}‘b%)ewméacs? oy ask Fndsy a piioge FMpsRigE and NAOH

fol¢ h@%‘)exgaseﬁ@e%oﬁ"o H{éé}ﬁlx&reg'ethanol (100mL) and Water (100 mL) were added.
di met hox di met hyl - 8- car boxy- 7H benzo[ C] f | uor en- 5-

o| Toe r@p‘@?p 1}1X\Rgg Wag}éqgtqdﬁlt relglpzégg 24 hours and cooled to room
T:rgf[)eﬁ@chllgo H¥e tesulitifl MBI wa® p&anRito/dtoRemsO] Ll fnlikeredsTice

roduce

3 3ind ﬁNLHGi@pﬁ stiyshezrreyshsor 1 ymirstasohe mixture was washed with

1 | I n
Cl}]() ;%t érFJo? %&ﬁ%@% aﬂ;_lléé_ltll:l‘lgﬁ THe' B{?;[e%trac%s we e é:]ombl ed
2 anmthmp}vomwaa remaetiedby ngthry gvamra@@n ya give %E ﬁz)é P @]mtp sdide

aqueous %_%l‘sr%\?% ﬂfﬁ%ﬁl% gﬁ?ﬁ% an&? goelggtengwﬁ% ne‘g&‘eth"xy'

a f1 ’&dime@tmﬂ-%eﬂx)sﬁ7ﬁtbenm‘[Clﬂu0femf5 -d4 hours. The
reactl on rgtxt re was cooled and the resulting

SR S P L AR,

met dimethbxyy7,@ldithethy1D-rigpxe+7 Habeanko [Céfhwndn-Fol MR psheet ysed in

sh Ovi?c% otf ES-dimethoxy-7,7-dimethyl—9-cyano-7H—benzo[C]ﬂuoren—S-ol to produce
3,3-di(4-methoxyphenyl)-6,7-dimethoxy-11-carboxy-13,13-dimethyl-3H,13H-
indeno[2°,3:3,4]naphtho[1,2-b]pyran.

Example 3:
Step 1

[172] 2,3-Dimethoxy-7,7-dimethyl-9-carboxy-7H-benzo[Clfluoren-5-ol from Step

1 of Example 2 (5.0 g), 1.0 mL of aqueous HCl, and 100 mL of methanol were
combined in a flask and heated at reflux for 24 hours. The reaction mixture was

cooled and the resulting precipitate was collected by vacuum filtration and washed
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product to have a structure consistent with
2, 3-di met hoxy-7, 7- di net hyl -
woredohoxopear bonyl - 7H benzo[ C] f|l uoren-5-0l . St epCRUFDISH12977
The procedure of Step 7 of Exanple 1 was foll owed
except that 2, 3-
di met hoxy- 7, 7-di net hyl - 9- net hoxycar bonyl - 7H benzo[ C] f |
uoren-5-ol of Step 1 was wused in place of
2, 3-di et hoxy- 7, 7- di met hyl - 9- cyano- 7H benzo[ C] f | uor en-
5 oritlt @ld pethahet gielding 4.9 g of a white solid. NMR spectra showed the

d tho enyl tho -1 ar bon
yI pf%fi"%%torﬂg %%IEFJ %% tmglenoﬁléme y%ﬂi %?ho[
1, ZnéllllwbabonyEXHmahm[@]ﬂub&ﬂzs}ol
3,3-Di (4- néett hgxyphenyl) 6, 7- di met hoxy- 11- car boxy- 13, 13

o e prsh s el o o v BN e T 01 "

( 0. cﬁm@thoxﬂ’l’ CyiahaheyhetBeiyoftonyH78iebenio[ 2] floren-5-0l of Step 1 was

4-(d di
o CRFORHE Rah %)mﬁ%w? e i Hos MR Pl naprg-5-o to
hegdr&shce 8 radﬁ 4-1ﬁaﬁé>¢ﬁshd‘n91) éﬁdlh@ufoﬁy-ﬁlmmy@ebompwmd

was_.renove tration and remai ni ng sol vent
1?‘%%1%‘%'1@8{‘%[?373 éﬂﬁ@hglo{% IP¥fRer was added to

thq;xa{fpfelﬁtl ng residue and the solution cooled to room
te erature, The precipitate obtained was coll ected

N2 u drd-Pilf-ethoxprhenr o vledimetion- 1 hcagbasy Hy | Setimethyl-

y' ej}fjlﬁg-md%né‘p‘% @f4]§apﬁtho[1 2-b]p an from Step 2 of Example 2 (1.8 g),
net hoxy ;Jhen %’rox- 11-(2-(2-

hy cﬁi@hxl@terﬁi &%@x@éﬁﬂ%ﬁ)}llcﬁbﬂ!@lm@e - ek Aydingihyleggipo)-
1 [ 9 12081 2B3mAliRaRM AGhant (R BLPYERRddPIETRLE md helt&P

2, am@amﬂmfoy 24haurg)j Thetshlyd prodined wiss trayed 0 filtigbereandshe

lt eHelgr(l S%%?llvg t%as ngﬁgfgﬁ’ hf I e3rg Yaﬁ)o 1on ]z,tger V%as a)dded to the

fl uemtmgerngnﬂmm ﬂlecsolatlordcc(omedﬁo gom @omenawrec artie prezipatate
\(N;t oé'o?ai dw%{c?ﬁec%ﬁ%y Q,'a W 9n| fil gﬁorﬁegnti%vasheetd% c#l?%}g}él ryf})et g@f&mg

feYconi ned N A reaction
a .t pofA- da(ﬁnmeslmxgph?:naln}cﬁ Tedimethegly-1 b€2-@-hour at room

B L IS EN KT L ) A

f| Ilh&srne[iz ansl4mpiithdteeadpyad. h et hyl acetate (three
300 m.). The organic extracts were

he sol vent was renoved by rotary
e\é%ﬁ%égt@%fg%—@ 7-7 7- &1meth%r1 8-bromo ZenzVB] chg{— -1 om Step 5 of
Example 1 (1.4 g), tetrakis(triphenylphosphine)palladium (0.12 g), 4-
fluorophenylboronic acid (0.6 g), sodium carbonate (1.06 g), ethylene glycol
dimethyl ether (50 mL), and water (50 mL) were combined in a reaction flask under
a nitrogen atmosphere and stirred for 1 hour at room temperature. The mixture was
then heated at reflux for 24 hours. After this time, the mixture was filtered and

extracted with ethyl acetate (three times with 300 mL). The organic extracts were

combined and the solvent was removed by rotary evaporation to give 1.2 g of a
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white solid. NWMR spectra showed the product to have a
structure consistent with
wWQ2®ed105e3 hoxy- 7, 7- di net hyl - 9- (4- f | uor ophenyl ) PGHUR®NEZ 12977
[C]fluoren-5-0l. Step 2 [176] The procedure of Step 7
of Exanple 1 was foll owed except that 2, 3-
di met hoxy-7, 7-di net hyl - 9- (4-fl uorophenyl ) - 7H benzo[ C] f
| uoren-5-o0l of Step 1 was wused in place of
2, 3-di et hoxy- 5- hydr oxy- 7, 7- di net hyl - 9-cyano- 7H
be n;zld{e@])]id l_ﬂ@m]spﬁctaﬂ shbwedthe dreduct to have a structure consistent with

S g T e o R

aphtho[l Zigi@yran Exanple 6: Step 1 [177] The
pr c{ct'e&] uiTae pfoc&lwepoflSted 7 &dwupipte Lwawfellbedd axvem t}&\xz,épt

o e BOR CrPRaR O Blerep e lRI GREreh S oS Phas

di rsedinplacé o724 idﬁiﬁéthyirﬁ)hﬁd%o&yph’@ﬂyﬁéﬂﬂ;ﬂ@@aﬂo-m benzo

of et Eo R BB Lo Rnear e oS- P!

di nfaiohsphymyl)- 73, 18- ai&teuwl-sﬁ-mﬂ-lﬁwﬁsmmnm]saapﬂtho[Y brupgRz0[ C

]flgoreg-g-ol of Step 1 was used in place of

2 Xy-7, 7-di met hyl - 9- cyano- 7H benzo[ C] f | uor en-
d-la?l( 4 hﬁ@f%fi%ﬂ%ﬁw o prple Y ppiRljowed except that 4-phenyl-

| - ( Eﬁ)ﬂﬁkﬁ’ﬂfﬁl: hﬁh%}!haedlﬁ% 14& of 4-fluorophenylboronic a01d to roduce 2,3-
dlégth | -3H, 13H i ndeno % ﬁ% ﬁihoﬁ 1, -%yran

Ex &geaons-7, %tdaﬁet&ylr%géhwapww Holrazelf fbt%?sl 5o
Exanple 5 g@@;follomed except that 4- (hydroxynethyl)
eflwé]bqrhe B&d‘ce&%ﬁé ot Y857 Hﬁ%rﬂp'ib P%v@s%n%ed except that 2,3-

uor ophenyl boroni ¢ aci roduce

3 Slarhorn el M- (eERDEerab Ty bhoesly Mg 5-HAn)
-7 Hi/asth@&lzﬁg)?cg lof'?@%éh&! =7 Fﬁhﬁﬁgﬁ% 3029110 JI@ %el%; f@]gqg’r_%ﬁ' ~5-0l

Xcep
o rtophshege 13- m(amquyphegyla 4,7<m9aqﬂmyhb(4agnhywehguy)) -13H3-

N S S Y

bedi@pﬁmiluoren 5-ol to produce

3,3-di (4- Bh xyphenyl ) -6, 7- dinethoxy 1 1-(4-

,( gyﬂ@zﬁﬁﬁaﬁe ?LP %telg b%t?’Exam ?e gT\%as howgé g‘x%'e_ll)-tlthnagg-no[ 2
(hydroxymethyl) phenylboronic acid was used in place of 4-fluorophenylboronic
acid to produce 2,3-dimethoxy-7,7-dimethyl-9-(4-(hydroxymethyl)phenyl)-7H-

benzo[Clfluoren-5-ol.

Step 2
[180] The procedure of Step 7 of Example 1 was followed except that 2,3-

dimethoxy-7,7-dimethyl-9-(4-(hydroxymethyl)phenyl)-7H-benzo[ C]fluoren-5-ol of
Step 1 was used in place of 2,3-dimethoxy-7,7-dimethyl-9-cyano-7H-
benzo[Clfluoren-5-ol to produce 3,3-di(4-methoxyphenyl)-6,7-dimethoxy-11-(4-
(hydroxymethyl)phenyl)-13,13-dimethyl-3H,13H-indeno[2°,3”:3,4]naphtho[1,2-
blpyran.
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-71 WO 2006/ 110513 PCT/ US2006/ 012977 Exanple 8: Step
1 [181]

WQ 2®6Mases hoxy- 7, 7- di met hyl - 9- br ono- 7H- benzo[ GpET/US20661012977
5-ol fromStep 5 of Exanple 1 (5.0 @g),
tri phenyl phosphine (0.16 g),
di chl orobi s(tri phenyl phosphi ne) palladium(0.12 g) ,
copper iodide (0.06 g), 2-methyl-3-butyn-2-ol (1.56 @)
and diisopropylamne (30 nL) were conbined in a
redixemple & | ask under a nitrogen atnosphere and
stirred fditepll hour at roomtenperature. The m xture
waq1sthen, 3hlémted13bxydt7 SR EHyB-bR¥nd BlilHbsnzo AT Jflavretidid fitoihnSiep 5

gerotSntibind S e e adesen Bhacay SehbraBEP ey Blveb iR

NVRaHpteh (@1 Tgnfcoppee ibdide(0.06 g Bmdting- 3vmn't>trez-sbalis<6 o) and

h th t
o issaory it 0 Gicte oo e forbnaaR udeg itk adgm,

%2 l[alhﬁas]pg&h Qn@it?ﬁatﬂ dor 1ehdilfr atSb&P tempfatlrx AR InixthreM@ss then heated
0 owe exce p

di rAbEHEXEPT 74 hovgs- n‘%ﬁ“ﬁﬁ“s @me dhaspe ooy filierrd o Preg e shenf pad-of

b e 'HIQ:L GLif dnH HeCRB iR Wa®bonc @R d hndB FadnRd NVIRRbAGE cBiifirmed
3-di met hoxy-7, 7- di net hyl - 9- cyano- 7H

beﬁh@{e@}l‘fmgﬂg @ﬁogd@p have thersgaeieis 2,3-dimethoxy-7,7-dimethyl-9-(3-
Xy-1 1-(3-
3 SodiddsRaRonent laAicindbapsinay- 1 L

Xy= 3- nmet I met hyl - 3H, 13H i ndeno[ 2' , 3
3 4] napht¥ieg21, 2- b] pyran. Exanple 9: Step 1 [183]
Th e[lib?r] odded procedyire o Hep 1 obExamplmiptves fBllowsd dxont dwed 3-

ex C(ﬁlﬁﬁth{nﬂﬁ’y %ut nﬁ%-ﬁﬁ%&&? 8- dlﬁ%:ﬁylg&gg ’}I-E] b&lz@f(%ﬂ%ren—S ol of
d i rﬂ;erhbwys l?sed unkplmtdﬁ 3213-@mé®0phéﬁydhm¢thmlf9y¢y)anﬂ-l?ﬂb enzo[ C]
fl Lt)% o[C uoren— o%t e]iaséuiléz% E}B%ﬁglg%ﬁf § 7%f1m§{1881-11 @f

exce
dl ﬂnﬂmxﬁ—rﬁetﬁylﬁum} I‘Bfﬂm@ﬂl@%lﬁh BHyihdenb[2N§1:),4Mkplitieni 2,2{ C]
fl§ﬂren 5-ol of Step 1 was used in place of
thoxy-7,7-dinethyl-9-cyano-7H—benzo[C]fIuoren-

5- Gixamipte Pr oduce
3, 3-di (4- ns&tghoxyphenyl ) - 6, 7- di net hoxy- |

| - (1283] hamy peickdny b)) Stalsl &BExadipm Wyd foﬁdﬂvécﬁdﬂcem tlewn o
[2 phgnylacetylg i alg tug]e% in pIace c?iJZD 1¥1etﬂ{l]l 3 Extynng-o?to produce 2,3-
dimethoxy-7,7-dimethyl-9-(2-phenylethynyl)-7H-benzo[ C]fluoren-5-ol.

Step 2
[184] The procedure of Step 7 of Example 1 was followed except that 2,3-

dimethoxy-7,7-dimethyl-9-(2-phenylethynyl)-7H-benzo[ C]fluoren-5-ol of Step 1
was used in place of 2,3-dimethoxy-7,7-dimethyl-9-cyano-7H-benzo[ C]fluoren-5-ol
to produce 3,3-di(4-methoxyphenyl)-6,7-dimethoxy-11-(2-phenylethynyl)-13,13-
dimethyl-3H,13H-indeno[2’,3’:3,4|naphtho[1,2-b]pyran.

Example 10:

Step 1
[185] 4-Biphenylcarbonyl chloride (150 g), 1,2-dimethoxybenzene (88 mL), and

dichloromethane (1.4 L) were combined in a reaction flask under a nitrogen
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Step 1 [185] 4-Bi phenyl carbonyl chloride (150 g),
1, 2-di met hoxybenzene (88 nl), and dichl oronet hane
W@ 2004/119513ere conbined in a reaction flask undeCT/ES2006/012977
nitrogen -72 WD 2006/ 110513 PCT/ US2006/ 012977
at nosphere. The reaction flask was cooled in an ice
bath and al um num chl ori de anhydrous (92.3 g) was
added slowy over 30 minutes using a solid addition
funnel. The ice bath was renoved and the reaction
m mhuosghab | Bhveciadtion flaskwasopled m antiegpdlr aitdualwminum chloride

Addi nal t.h nze a I

B GaR e B TRROCI IS AEE0R il i st O Rpner

Af e ide. lﬁtﬁmrranbwhad ané thetreaptionmnitiure ellmmsl to sdauwhyroom
re,.0f .sat.urate

red i.nto 1 X eoys

o dbimferaey Adaotid EgfleupRinthabe iR Fnice fBfe o
I a)geimsbﬁs&r@ﬁié@fbttwrewﬁoh flavlo A0 1r51hopfsrthé eagionafixture was
dic ronet hane. The o ni.c,porti re. c '
ek ReTe s mi g LS BReh R Shfeb iDL the
of hI Wd er¢ depajated bhe tl&ralgfﬁétiuﬁ lalyay\%d s ewasctedlr W1&dt\x®d \éBD mL portions
an r nesjum sul.fate and concentrate t ar

% r°§ FogRethepe o ThoQgS Pytionsa¥sTe eRmBHRRd 2l & segidatit 50 %
hOtsaﬁlraﬁ’éH MhuediB bditiorfd RIHGOY 1 QJR | DEgdni: 1aRRIwak Arié DY

0

tenperature slowly. A white s preci pitated and was
col anBY4rews TEnGsANY Sitfate athwa%epgﬁed s graRPiRtion: oty resulting

t- tl%l&'le v%tdﬁk\éiﬂvﬁ 86t M!nﬁj!/l%éﬂ%/l 288 Hd aflowedio CboTRS Rdxy -
4' -phenyl benzophenone. Step [1861

3, 4empgrairesiopdn’ ApHueisyplk WQ@E‘W@ vap gpHested By Yaqupno
g) 1R AS wh n%ﬁﬁgtvﬁﬁ{ colcpylglﬁgfl' hnyfl Lehdr Pd1din ?998 b oF 4208méBoxy-

were conbined in a flask under a nitrogén
at n%sth@ﬂ@nmematl ng begun. To this was added
di methyl sgcepnate (144 i) dropw se over 45 m nut es.
f g
) I At BB

wa sbupaxides(d4 § m)t mdatolman@t (a g wefe cogrbingd an eﬂamwwwm
an datrlngse ht(:lie a1|Ta heaEng b@%e&‘g S Ss %dﬁ@(?&ﬁlte%?}_% %tg gl 44 m

aqueou racted w
di edrbwlsem}mens mitheeso Rgaation nligtyerveas\heated tod?iOS’Ca“DdEﬁi harrsi and

t he_ aque sla er was,  acidified to.pH 1 with conc. .
OSSP LH S FEUERAENS T Lo agae ero b agmixtue of
ext JaagitedaqashsNIE] hm/leé @3 15)e [Tk &dyed werel feparad elithe b@ysots
was, extracted with t porti ons 6

di CRYSPeRetisicd Wlfhﬁ&(o I&r@‘%‘i"l? of digyLethgrr Ihe Brgptin Lyor e

washedrdsh bid 8 h§leolAaler wad BEIBLPRIPIL 1 it RbnoMpg1. dri ed
over anhydr ous rmagnesi um sul fate and concentrated by
r ot Richlogymgthsna {3 bhwasgpdded, the mixture extracted and the layers sepafated.

The aqueous layer was extracted with two 1 L portions of dichloromethane. The
organic layers were combined and washed with water (2 L). The organic layer was
dried over anhydrous magnesium sulfate and concentrated by rotary evaporation to
an orange colored oil yielding 287 g of a mixture of (E and Z) 3-methoxycarbonyl-
4-(4-phenyl)phenyl,4-(3,4-dimethoxyphenyl)-3-butenoic acid. The product was
used without further purification in the subsequent reaction.

Step 3
-73 -



an orange colored oil yielding 287 g of a m xture of
(E and Z) 3-nethoxycarbonyl -
wa2q@dApisenyl ) phenyl , 4- (3, 4- di net hoxyphenyl ) - 3- PCt/E82906012977
acid. The product was used w thout further
purification in the subsequent reaction. Step 3 -73 WO
2006/ 110513 PCT/ US2006/ 012977 [187] A m xture of (E
and Z) 3-nethoxycarbonyl - 4-(4-phenyl) phenyl, 4- (3, 4-
di met hoxyphenyl ) -3-butenoic acid from Step 2 (272 g)
an qlm etAi Iﬁlxanh yilid aié 7)) 8-hiethdx)y catkongl-¢-(4rbhenglplienyld-(3,4-

Lo a8 i i SR 2 PR A e Bpigc: s

co Qﬁ]@dvdr@ cdrﬁlﬁﬁéd 8 ApEIcAdilAk afdbr b htfogers httobphe feCint (héated to

into_ice ter The. m xture s stirred for
hod? LAY ﬂhstf%ﬁca PLRIXLE ¥a% 0 Httfmpir%f‘sand then
sl Quwly g&ﬂ@cdmtoﬁldawﬁﬂepu@) 06 iniiiie vk Eiediabe3 h&&&ﬁld then

grans) was sl ova adde on W se. Djchlorgnetha
(o e uccia RelCls (P AGRE e EH TS L HB e atbonte
fi sy @msandd stdv8y hddell bédiBn RMBS BichRREh&hAR- (2. 50§ was added to

aqueous I'ayer was extracted with dichlor orret hane (1

L) them@ﬂafsgvalﬂ?ltw%y@? fltepgsh andthefiltiisphaseepasgedy Bie aqueous
anhyglt QUS «IRORE $it Mchidrdridiane 21E). CAREHALRE WM¥re combined,
rotdry evaporation to a dark red solid. The red solid

vvasif@ﬂ evqnaéhvdirws menesiasidiate, gnslsoaepnirated byratary evaporation to

! t
{ CrIRERAlaHIGid, Ot hEFLEE wAY SHACHT: e{h'éﬁcﬁ,sdogﬁd 1

m )Q:Qrgpegatgfe, collected by vacuum fl)lltratlon ang washed with cold ethanol yielding
| 7
di nlé?% ({/}%1 5}112?12@%@1 @ ﬂﬁ%@iﬂﬂﬁgﬁﬁqgaﬂéxyéarﬁ&%i Q)SXetQXy-G 7-
1- (@mdthdxymplhhalglp ladh {4(3,4-Bimehdxyrlycozb BemgthoxycabenybAyacetoxy-
na l.e i .
o AR AP PR AL UR 0 i g,
4 [stB&tuchinesactiont ur e of

1 (4- phenyl,) phenyl - 2- net hoxycar bonyl - 4- acet oxy-6, 7-
hal d
0 (sl ﬁ%%%ss% PR Ry SRR RSPy
6 phimegiboapptithadenad 1 (HmMdEhaloxIplchyB-2ghethadicabornyl-@3hbetoxy-

e oD T e P vt U e iact S ety anc
f orsodfan18Mdiskide (PSS §)ensd a:@mblﬁédxﬁ b FRcHESIBR ahdltbated t6 ROIEX for
te erature and vvas t hen slo? poured into mxture

gy Ybe repciion mixgie wageq wqmemaﬁraﬂhrecaél vies firnslowly
S ol poredRAt8 @mfaﬂutreadf%tea Spls w%oﬁd HICE (390 naAnGndassh @Cwiitel S31id

water. The solid issolved in a small anount of

anHyeripitaediand wap t]ia%q'l ndarashetvithwater Thetselid wpg ¢issolved ina

U - Da¥il ardBRhE O anh Rk 8 fetrabtirSfupl aH8 HRA dNAS Wak A8y Wintdiy1
saturated aqueous NaCl and the organic |ayer
ether. This solution was washed with saturated aqueous NaCl and the organic layer

was dried over anhydrous magnesium sulfate and concentrated by rotary evaporation
to a light orange solid. The solid was slurried in hot toluene, cooled to room
temperature, filtered, and washed with cold toluene yielding 127 g of a white solid
(1-(4-phenyl)phenyl-2-carboxy-4-hydroxy-6,7-dimethoxynaphthalene). The product
was used in the subsequent reaction without purification.
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was dried over anhydrous magnesi um sul fate and

concentrated by rotary evaporation to a |light orange
wabd105The solid was slurried in hot tol uene, PCDUS®AE6/012977

to room tenperature, filtered, and washed with cold

toluene yielding 127 g of a white solid

(1- (4- phenyl ) phenyl - 2- car boxy- 4- hydr oxy- 6, 7- di nmet hoxyn

apht hal ene). The product was used in the subsequent

reaction without purification. -74 WO 2006/ 110513

PCT/ US20068@R02977 Step 5 [189]

1- (A8%h dniftBhshebighend- %w@x%wdmméin@rhbxmmhﬂmlewﬁmn

) LS8 B ARl SR G rile. R B BOMREHO: 5500, no

1 21 ZAMHM@V]’WMQ@ @On enl() 56 qvinbined irea cactiuinfizadk inndeaa nitrogen

{0 Gyt A3 e R0 eltre R LRHES bR s ki 1 (10

( 10g)3vas afidesas tidefdion Mitthe aﬁ@‘@h@ tdn@R iy ik @sRANg 1ihec,
erature increased to 144 C. After 28 hours the

{15173 hepsiths wachion mixtyig was slopluepoled tp sram teawpieriag anda

and ofid piRlpitbtcl! €4 RRhdiRh & ek efl@él_?
fi Isfergd 611% eWashed w th }t(tgrl-l;%rﬁe Fgﬁywﬁ%ggﬁtgt a

r edvieldingd3 0 of argd Pﬁéldr(éﬁgdnsetb@@tinmtoxml besthy/H- 7 H-

bengal SffRdNods) O Re {)tOIm wQ% adue th@@l?osyc?.l%gt IJC&UBH Kithout
subsequent reacti on hout urther purification

St efyrter[ppgfigation.

2, 3-Di net h%‘ég go- acet oxy- 11- phenyl - 7H benzo[ C] f | uoren- 7

o O Pl LA ) 800 AW g e
f I agike2 gl)l Aukbanhydrois retrgedrofitram 5 melevae dormsloddaid airenction flask
13. 5.
@It ehmtr-g en a%&gﬂm@rg af’i‘cfj 9 o?ed 11 an ](:g%i)th fl‘o ﬁ'u%}va e}%qf:d 13.5mL

ethy mag nes &Nso1°uti of
et hdra)1 edwhm/gnssum\bmmﬁ@solmonm ey m'Bnﬁhyle&ret)l cbdipvsfﬂ;e)ﬁvkdfﬂ)
towarmto roQ eratyre and was

te
pour ea \A? X reacrﬁoggtnbl?{%“e Was§g1?ﬁ?d$g&nﬁgﬁéo88%teﬂpﬁfﬂre was
i cethédfired.into aTlhﬁturdéTbﬁ@ahhtﬁedMﬂlﬁediﬂs INH,€tand itd(160 Bilf). The

acetate (40.. and en th wer epar at ed.
Then e S I ey BRe e AL R Ape ot cte spareta.
por ThetiyBeddb 18tyhs axaadtal with te70 I gaiioss é Bcef¥d. €The
conbi ned and washe satu at ed. agueous Na

100 nL
i | BEPER a7 RSSO BT 2 By ORI (100 i,

eVvapdaleado), dfBhickniteObPieey SAbbdtion bR Handd Solid.
slurried in hot t-butyl nethyl ether, cooled to room

t enffsrsalid vas stupdeq gt &bu'ahae sthss copledh tasepr tqmmtgme

m9t ﬁligre@ﬁﬁlﬁﬁa%b&mh B&d ?nb@cygmé’tilyl%tﬂek gﬁfdn@' 23@ bfafi
(2,3-di neth oxg/ dr ox -117% FF be &F
fl lf@}l@ﬁ’& %_dgm) oxyﬁe ydroxy— -ethyl- 11-phenyl -benzo[C]ﬂuoren-S-ol The

product was used in the subsequent reaction without further purification.

Step 7
[191] 2,3-Dimethoxy-7-hydroxy-7-ethyl-11-phenyl-7H-benzo[C]fluoren-5-ol from

Step 6 (2.59 g), 1,1-bis(4-methoxyphenyl)-2-propyl-1-ol (2.19g, the product of
Example 1, Step 1 of US Patent No. 5,458,814, the disclosure of which is hereby

specifically incorporated by reference), and dichloromethane (52 mL) were
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product was used in the subsequent reaction w thout
further purification. Step 7 [191]

wWQ2®6/Moses hoxy- 7- hydr oxy- 7- et hyl - 11- phenyl - 7H benpsfo}/612977
| uoren-5-o0l from Step 6 (2.59 ),
1, 1- bi s(4- et hoxyphenyl )-2-propyl -1-ol (2.19g, the
product of Exanple 1, Step 1 of US Patent No.
5,458,814, the disclosure of which is hereby
specifically incorporated by reference),
d| cdrhlnashie @ ieagtior( B@kmglermt@gewnw@@oélmmws added

fbiggoggeq{c Qdia 171;]1%}: %@éf Hfs? t@lu@ﬁe@&l‘fdr@dqacfld RAskoyBRR (29

en at nos was ad
t r m‘gb wey a}idg@tq the @gq;td)n(fm_s_k n@fj:er an@d@hox@l ﬁi)mrgltes the reaction

d
P RSOOSR RGN SR b R e
t heatureiad hip@ous NaB€Qs €0 wals). dhe ottgexdc Vayeihwa driell oveorrnhyshous

o R Bl SR AR o SR 2 R ORI s

an hcydéﬂ oalthe revalting sdsidoe sud 4 aufid ptmmltm@dlcm mgthed wby cooled to

t t t t onj t
: ggfﬂ%/ﬁeﬁlég glgﬁae{%cglﬂglﬁ;ll%ée a%l}% vgar%% LA th ¢ a%cee?n‘f{]%% e}ﬁeﬁd&lg §43
m XloBA ﬁgm%ﬁeeﬁ@@lhce@ 3- dl(4-methnx}tphmy®|t637-dﬁmthm@du yrhenyl-13-

! ST Py RS ATRDE iy B An AR byt VIR SHoe was
( 3ﬁ&ddh (tR-sTRkhnyREGvY Without fumiciptifivayied. 1- phenyl - 13-
et hyl

L3 hdr o L 3 I densl 2 Sy Thngpho ol 2 A an

‘é\" t3ﬁoll3h4ﬁ1§érfo 13° Bﬁﬂﬂaﬁohtﬁ@[tﬂzoé]p 2 tﬁﬁm&tépi”i@hhg) anhydrous
yl npgxagwld @3 )ch I?mne (%4 mL), and p-t&ﬁene%ﬁ%mc acid n%gnohy& atee(%5

3 Hrng lﬁ!’ekerlg)ﬁﬂ)g{ea m Breactichl AP dPE ﬁltrggé?l] dMbsHhere raﬁ&rhe?attéﬂﬁo

4 q), drous nethanol (35 nL), tol uene

m_)feﬂvén eﬁftet 6 fﬂQl‘Eﬁ gupdcHen BIGEE Waneankidya r%teplpsratqmnd
we rdﬁut%ﬁ Wit il d{e 3 Sami? aﬁﬁe' r@:ﬂ:tlgﬁ Askud NS Rna@heﬁ IV\;l{hqg’% '3 5 mL

at nosp lux. After hour s
r e@ottioosofioRé maﬁ@\ﬁsqlwouﬂ Péféﬂ@% ride maa@m&w’awa% ‘i,ﬂeéir?def

d' la @gﬁjou\én a%nés@tlr%%ﬁ%{e(ﬁlﬁ oBokntrak Qﬂ%}r@%gj LRPordict Yig was

portions sat ur at ed
aq umﬂnwoleH@dﬂed Dhtlee rosudizngi residusyrnd a welisl Wiedipithtasly dhe mixture

an Wag %8 M2 £ {ﬂ%g?ﬁ %enligyrat le,f \%r(, n?ﬁﬁer dﬁp %f@% rs@kﬁgasm,{d Rﬁ &y

evaporatton anol” was a e resu t| ng
r esnaﬂhmohjnddmg&ﬂ&g:bfprlght wilbwiselitl. Mbss Spectitosscpy (4S™)

corPio iR PRBSPEY HrdrpdREE N RS g 0
| ghi-nyehdxgphehgl)60l- dﬂw’&ﬁ&xﬁpb@hwnybd:bpmyl(la\efﬁéﬂloxsaﬁlHuny S

antrjpé({\lg/liig ?e%%ﬁp%ﬁg\{v}tb?peyrgnr oduct to have a structure
co B '

Example 11:

Step 1
[193] 2,3-Dimethoxy-7,7-dimethyl-9-bromo-7H-benzo[C]fluoren-5-ol from Step 5

of Example 1 (5 g), tetrakis(triphenylphosphine)palladium (0) (0.43 g), 4-

() ()

methoxycarbonyl phenylboronic acid (2.5 g), sodium carbonate (3 g), ethylene
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di (4- met hoxyphenyl)-6, 7 -di nmethoxy-11-phenyl-13
-ethyl-13 -nethoxy-3 H 13 H indeno[2', 3

wo Noéimapht ho[ 1, 2- b] pyran. Exanple 11: St ep BCT/USBP6/012977

2, 3- Di met hoxy- 7, 7-di met hyl - 9- br ono- 7H benzo[ C] f | uor en-
5-o0l fromStep 5 of Exanple 1 (5 g),

tetraki s(triphenyl phosphi ne)pal | adium (0) (0.43 g), 4-
nmet hoxycar bonyl phenyl boronic acid (2.5 g), sodium
carbonate (3 g), ethylene -76 WD 2006/ 110513

PCTgliusP dinithy1 &8et {90 glLy,cod Wdtel‘réiOhyl) vedrt esmi§ifel 1n13)reacaﬁldﬂask
wat er n.a reaction fl unde

ni 198 afenﬁm )aun%%}}e(ree and hrr? ‘? for & Gopr s Topm fsmpera r‘?’ 0 e
t e mpesrthdn reeted a‘ﬂ’reﬂm fot 24 Bours\VelW atieh@0 niloahé sbdiim hedrbxide (1 g)

woraE ) i teion Bebe b Reari e o ut trer s

r efﬁmag tHeatix@de W bosled A {06 télip&atutel] £, aqhdtRs MICT (1006) WS
cool roomtenperature, an

d a us (109, was
C R T B PR G gt N Fiched ALt B oty
f i ldceRAthaRdingX WiAad0e ehWiahddieh1BMmetRES LS tifnbd W8 100 mL).
times with 100 nlL) and.  di chl oromet hane (three tines

wi t Hrepaganif otractsere sprgbinpEandiths solvest WasemewtdviieEand
t hesvadentio Fﬁ& 5 rgeam\y@ﬂimb YoliiQh. 81 d¥metBYGPRT-Alh @Ry 110q40i Ve

of a yellow so
( zqg'dmxwlpﬂgygphqnyﬁ - di-henzallthoareny5-ol). The product was used without

hy%ﬁﬂ&%@ﬁﬁ&wﬁmﬁ@wb)seqtﬁkhtb%ﬁ&{ Clfluoren-5-ol). The
product was used wtho further purification in the

subsequent_ﬁlééctl on. Step 2 [194]
2, 19 e hbimetioxy=7g)- qhmeﬂyl -9-¢-tdrp g pdrydplrebpry/EHpheny | )

P RO b o
madeol{4§ g dsp d@scnlmedEn Erphele 1 S8pdpofl.Sfpatens), 4 fhs et
S, Atﬁﬁetgf%b ene gﬁﬂ)%ﬁya!c%éf@ grbcgﬁ{k%ﬁ@hﬁ &}S(gée e?%ﬁérpg}xter%] C}O

chl oroform (preserve
co nbLhwe combingdia@tréastion flaskland stiireslta't roogcke@mperatocnfor 2 hours.

te r 2 hours The ctl ture

t onDE Bl Emhile &l 0Bl sEAGd (B0 M E FagéFin me

r esrbsidlte argirtbe {ltvey whailteredygizlding 6.2 efla gigeebatidn Thépodact was
of a green.solid. The.pr.odquct, was d w t hout

f urllsﬁcg?’ﬁ%mt f'ﬁhgﬁmngﬁatfoﬁ l?ﬂ’(? s ?PB%‘?&USH‘%‘ %Peaction. Step

3 [195]  Step3

3- Ftﬂl%lyB-Bleﬁﬂ -3ty Prstyl))6; Bdifiretionpt hoay- 1 | - (4-

hy q{ C ar bo n%h%y?)n%?l) 3 cfime&xg —éjH n%:}tl XJeng[g f} ’33I_£-1]Inér1]p%%{]oc[){ 2-
b]pyran from Step 2 (0.2 g), 2-hydroxyethyl methacrylate (0.5 mL), dicyclohexyl
carbodiimide (0.2 g), 4-(dimethylamino)-pyridine (0.04 g) and dimethylformamide
(20 mL) were added to a flask and heated to 55-58°C for 3 hours. Water was added
to the reaction mixture, the precipitation was filtered out, yielding 0.27 g of an off-
green solid. Mass spectroscopy (“MS”) analysis supports the molecular weight of 3-
phenyl-3-(4-methoxyphenyl)-6,7-dimethoxy-11-(4-(2-
methacryloxyethoxy)carbonylphenyl)-13,13-dimethyl-3H,13H-
indeno[2°,3’:3,4]naphtho[1,2-b]pyran.
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b] pyran from Step 2 (0.2 g), 2-hydroxyethyl

nmet hacrylate (0.5 nL), dicyclohexyl carbodiimde (0.2
W@20064105d3 met hyl am no) - pyridine (0.04 g) and PCT/US2006/012977

di met hyl formam de (20 nlL) were added to a flask and

heated to 55-58C for 3 hours. Water was added to the

reaction mxture, the precipitation was filtered out,

yielding 0.27 g of an off- green solid. Mss

spectroscopy ("Ms') analysis supports the nol ecul ar

wei ght of 3- phenyl -3 -(4-nethoxyphenyl) -6,

7-dEﬂmhm95¥-ll-(4-(2-

met hacr yl ogpgtihoxy) car bonyl phenyl ) - 13, 13- di met hyl - 3H, 1

3H- 11v6yd eRpZmetBoxy-B7- AN odmd-78= Hé}lﬂi{Cﬁl’horenBzoM@m Step 5

2006/ 110513 PCT/ U82006/ 012977, Exanple 12: ep 1
[ 19ngExamp e 1 (4.7 g), 1,1-bis(4-methoxyphenyl)-2-propyn-1I-ol (3 5 g, the product of

2, 3pdntpRd DO ¥'17of71' gl ?)B%ﬁt"ﬁ[éi%%‘lbf quhhlkiﬁ{éZdéhééhffbﬂé@H(@ﬂS g),
5-0l1 fromStep 5

1, 1uisiedyl Qﬁ@fﬁ@@ﬁ:{ﬁ éﬁyﬁa)) anQ _Cblpfj)&rﬁl ([preéprv?cgwgh Bontngel 00 mL)
pr ogiie tcoﬁf)mem&&ioﬁ fRikeRd ltn?efd altJrecﬁux Fféitlﬁﬁthour The reactlon

5,458, 814), pyridiniump-toluenesul fonate (}@
t | Wi Wap perisenteiada hectone Basadjiediodhaterignef rsmrry was filtered,

prﬁaﬁ{ :%e/d7 %’b{(:ﬂl ALRhENGI g}@g aﬂa-}} fli %@fn%t Ctﬂﬂi*ﬂb%@lﬂaﬂ Wwhight of

reacti o and stirre our .
The3,B-di{d toheshoxyphony -6 - mthexmlﬂehmﬂm-@dm dgethyheH1aH-

g1 et A B AU e MY baiBEw o o syt
s uppwificstigriie thepfubssghieat reagtioght  of
3, 3-di (4- xyphenyl) 6, 7- di met hoxy- |

i espfocgg%f gt S r%oﬁixafmoi ByPLRRIOFRLISPR A s
us ephenyphatytbotanid degt waspused in piatel af n-ﬂumrdphmyskhmsmqmm
R Tt e Rl YR

ph ecﬂlyﬂeﬂb'e-ﬂﬁl 1bHF1ﬁdHn6[28,61 314]lda§l1thti[e,d-b]§yr@i arte padduct was used
CI dto roduce

4- fI bor oni ¢

3 Rg W%ﬁ%%w e GUBSeHEERTIT: 11- ( 4- phenyl phen
yl)-13, 13- sgiprget hyl -

13Heiod emﬂﬁ(4ﬂﬁeth&yﬂ1}ldm§9m§mahéﬂﬁxﬁ]1 PY4- @heny'ﬁjpaer@npm;m

was used. w thout fur ication t he
S ubglgﬁ:@é(}n?aH 13Haipdenql(2’ %t %6]ngpli[t11c§g]2-b]pyran from Step 2, above, (6 g),

3, 33-hipeAdiNBhaaxoP1ENY) ahd GirdhyiréfRial Q50/mi bined in a d
|-(4Jal phelnyl)phenhl)g)w i QTR 00 mt) were combined in a dry

13HepFimBlsFl undst nigoZen AR Pud B}iwfl £19 L33 M ig frexane)

aboygs canBulbikd 1nt<?’th@ 're%@ﬁdrpﬂa@ﬁ oRdep @tﬁﬁh (”ﬂ‘-héf‘mﬁ}ur@&gs stirred for 30
tetrahydrofuran (60 nL) were co |ned in adry
minutes at room temperature and then carefully poured into ice water The mixture

was extracted with ethyl acetate (three times with 100 mL). The extracts were
combined and washed with saturated aqueous sodium chloride solution. The
solution was dried over Na,SO, and filtered. The solution was concentrated and the
residue was purified by silica gel chromatography (ethyl acetate/hexanes (v/v): 1/1).
The major fraction was collected from column and concentrated, yielding 5 g of

purple foam. MS analysis supports the molecular weight of 3,3-di(4-
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reaction flask under nitrogen atnosphere, butyl
[ithium (10 nL, 2.5 Min hexane) was cannulated into

wao b@enemes i on flask under stirring. The m xturBCINES2006/012977
stirred for 30 mnutes at roomtenperature and then
carefully poured into ice water. The m xture was
extracted with ethyl acetate (three tinmes with 100
m.). The extracts were conbi ned and washed with
sat urat ed aqueous sodi um chl oride solution. The
s ol methoxypheryelf-ime thory-21((3Na28¢meathyllehédipeidan)-1 Fi)el 1-(4-

sol uyt | C e y

pur @b&:-:ng@pié%ﬁ/lg icll%Pl(éa(ﬁ g e@yle%} oA éfggrrl%[% héi%(@fl?ﬂ?mﬁ 2-bpyran.
acelTlatmohekanesed withdut fidrthe) purifithonniajthersubsegadnt teactivms
coI | ected % m col urm and concentrated, yielding 5 g

BEW e &?‘}’(n& 0}%@ v‘é%%%fgbgié the nol ecul ar

Pcmydaﬁ@ﬁﬁﬂ@kaaﬁﬁendlmmq&ynh@rmharryﬁpm@qumﬂduﬁétﬁyl 3H,13H-

E Bﬁlg )%/%ﬁt H hlaapﬁtg @grlag%g’?hw S%?q)ﬁ(ér@a%deho[ 2,3
: 3, ﬂ&dymaﬁg{lﬁetﬁada}wr(am% Hﬁ&qﬂﬁ@&wkaw\@sarb@%dd \eahymékﬁte

f ri her rificatiaon in the_subsequent reaction, Ste

) é?@@]mgvu%é ‘énebzin%ﬁlé{* A&ses Ak i %ﬁelﬁ%aw opeytoatr. The P
hy d:hﬁ(wa%buéa@aa%md@m ifeH20 limbtes/ Metahol(4 n{ID AR ¥EdRRS MY
)- 13, 13- di met hyl - 3H,_13H

i nd@kdpreto @en@ FPFRa gHETBptopthisimefhagrylate. o Regpasion mixgure was
9) , coRoernBRAYANH: GdHY W@%ﬁﬁ%ﬁ%éhféa Gl cmolnat&%rém Yk N

dilaurate (1 drop i and ethyl acetate

contseiatsdhexanes (W eadtl) ohhermajandragfiomwas @Ha@%&gﬁ ﬂw@hlmrmnd
ali rcona-éh@ratem ﬁ&lﬁfng 6WobT a %ﬁgﬂ@fga i Mseiﬂa 1s sQﬁpo?tQ t}{yn%f%cﬁﬁlr

Met hanol é was ad o the ureto quenc

ex ceeightaf B Sali(famethersphgiy et mathpxsl- %rl((é (2The reacti onf .
e B L R Uy A

(v/ @)len}'l)pllf)nyl)qlﬁel 3rrhljn@thylﬁ3r}hb?¢ﬁmdenﬂ2’ 3.4 |saphdd] f,2-blpytane
columm and concentrated, yielding 6 g of a purple

fo phal ysis supports the nolecular weight of
1.0 xyphenyl) 6- nethoxy 7- ((3 (2-

pl p glr nle ' :riei alrr}( %cﬁ.?(alama oS wgch except that 4-bromophenyl-4°-
( p hﬁﬁhb})}qbbmphénoﬂéwéﬁrsdd nmdldey lof S,Hdirﬁéﬂhd))(}d@ rRdmobedzopBerfbne

oL DY 2SN b e,

4- br onophegypz 4' - et hoxybenzophenone was used in
pl age1jof 344tydioxBbdie¥phedone PI0DD B HAGRBBAMIE50 g), sodium

hydroxide (20 g) and water (500 mL) were combined in a reaction flask. The

mixture was heated at reflux for 6 hours. The oily layer was separated and
crystallized upon cooling, the crystalline material was washed with aqueous sodium
hydroxide followed by fresh water and dried, yielding an off-white solid 85 g. The

product was used without further purification in the subsequent reaction.

Step 3
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to produce
3- nmet hoxy- 9- brono- 7, 7- di nmet hyl - 7H benzo[ C] f | uor en- 5- ol

WO 2@bep313 [ 201] 4- Hydr oxybenzophenone (100 @), PCT/US2006/012977
2-chl oroet hanol (50 g), sodium hydroxide (20 g) and
water (500 nL) were conbined in a reaction flask. The
m xture was heated at reflux for 6 hours. The oily
| ayer was separated and crystallized upon cool i ng,

the crystalline material was washed wt gueous
s d@l«m m  Higrooedudeftgm SiepRed0 %W#Srdé@ﬂl"ﬁ%{“eﬁ“ﬁ&#ausd ried,

f asth-with &er um
yi gl gthv\??(h 1{19{6 &ZW]Ihf_,ﬁnsd‘}laicﬁoxgﬁ -with mﬁ@ﬂﬂﬁﬁg \Rasi

used rther” purification in the subseguent

r eaetyliderpasistieiol@ne (9 ng?W@efYai 2idpddo theractonBsk 19577
an‘H%/Jéous sgrr&r 0 %Lf%%ﬂ'llfe ?&%ﬁ &Ro lét% Othg WiV vhs 880Ja\e traten

Fous or mam de m.) in _a reaction
f | (&G(km\m) tand t}meplueadws& mtnaq:tanlﬂS@thV]mﬂ?er SwdqeyithR00galy dhe

ol uene cgmls)mgd andg\%s d Wik sa@lgrgt?&i (ﬁ&oﬁ%dﬁﬁﬁgﬂdrﬁl@

fI R A& OV gor BuUs Stirring the reaction is
C odopitieh and drieel dvmxs:odmm swifstea dbeshlutonwens sen flswd apd ) |

dth t a
o ot e R AR it b S et
Wi ddataBionirith e»dv)aq/l]l)‘:‘o’[l& sajoli fravticthway Gollected pm cplymnand
dried over s s then
f | PAnEFRGedng gﬁf?&%ﬁagﬁ%gdiﬁﬁ%ﬁégﬂé¥?e5|due was
pumd&d»@éthbyy)ﬁhelnym ;gqiynclhblo mat ogr aphy (et hyl

acet at e/ hexanes (v/v 1/1). The major fraction was

S
OO e s Y209 5 CONeRI LAL S kel Sl ot 181
hy ﬁ;fe@xv BhAGKY- X@tmdraxyaﬂ@mﬂwﬁylb 2GhropySitiepl forh SGBP (4 g),

9 écpdwmlbepzqnecﬁu}f@pﬁ ?(fld & drgps) inact @]lcrrpfﬁ)gp &40 %Lbfvelfercg%bg{ad ina

{géﬂ&ﬁ)ﬂa sk. The mlxture was heated at reflux for an hour and then concentrated
1-p -1-(4- % dr oxyet hoxy) phen
y

|
(r fﬂw @s@pe et by HOGRE PSR AP S AR (/o)
r eac ’g%ﬂ??ﬁ%&vugﬁ %m:c(lﬁgte@hbmw QeI RHcdniat®d to 7 gof

The m xture was heated at reflu % 13
anaheamnéﬁdaﬁméﬁm@dM@@ﬁﬂWﬁf@ﬂWOﬂﬂﬁ%ﬁpgﬁ?ﬂﬁﬁmﬂg§ 3-phenyl-3-

ac ré%-g}/tgr?}ﬁg}ﬁﬁ@gh%\? -%%?etlﬁ%?—% ')I%RQHJ P MLk bH,13H-

exan The maj or fraction was
colindess[@43 {3 4Inaphtw[ Goblpyranand concentrated to 7 g of
an expandgg een foam WMS anal ysis supports the

(2R ooy PR R o phenl Setonysi amer 121>

hy I@rﬁéﬁlﬂmﬁﬁ-nﬂemﬁg "B’ 334]nap3th4ﬂls?a‘p]mmn from Steir} (/5 @,
tetrakis(triphenylphosphine)palladium (0) (0.12 g), phenylboronic acid (1.05 g),
sodium carbonate (1.33 g), ethylene glycol dimethyl ether (50 mL), and water (10
mL) were combined in a reaction flask under nitrogen atmosphere and stirred for 1
hour at room temperature. The mixture was then heated at reflux for 28 hours.
After this time, water (30 mL) was added to the mixture. The mixture was extracted
with ethyl acetate (200 mL), the extract was washed with water and saturated

aqueous sodium chloride solution and dried over sodium sulfate. The solgtion was
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Step 5 [204] 3 -Phenyl -3
- (4- (2- hydr oxyet hoxy) phenyl ) - 6- net hoxy- 11 - brono-
wd 308310513 PCT/US2006/012977
di met hyl - 3H, 13H-i ndeno[ 2' , 3' : 3, 4] napht ho[ 1, 2- b] pyr an
fromStep 4 (3.5 Q),
tetraki s(tri phenyl phosphi ne)pal |l adium (0) (0.12 g),
phenyl boronic acid (1.05 g), sodium carbonate (1.33
g), ethylene glycol dinmethyl ether (50 nL), and water
( 1Gilterdd)and\mmemtddi Aaelrdsiduawaemuified by filias el dheratography

t t t d f h
B TrP L ERE o F & v Pl o Rt
28 abetaitemexandy WAL 124 iyiéldlhgﬂ‘;‘.ﬁ g\l b gelldvd@reaih Jolida NMR degdtra 0

the m xtyre., The ed, .wth et

o o s s ot bt TR S S e o 11
anchs@i-us amdnemﬂxsepm{ mdeliofzn 3 13| 4qapHmof c-bipinan. and
dried over go iumsul fate. The solution was -80 WO
2006/ 11052 200 12977 filt

corde®t r at %Ehen’-‘f‘(ﬁ% %@meﬁmh?‘?y?)eémﬁamﬁ"ﬂ Phenylsi 3,13

C hr B PI TR PIYY- mdé@d[@yj 3@@4@&@{1@5@5}@& fowd SYt)ap 5 Ha, > .
The maj or fractio

ac éf%@ﬁ%%ﬁ@éhaev}a&e (018/ 12;4) dlh“@lhéﬂ ql}blu@ltqg(lgir(a%s and ethyl acetate

yelbow§RRtoaBlded i 1n Néﬁétﬁ)a%m With & B6HIBAdeS oA ®o air. The
str uct ure of 3-phen

- ( Avixtupg WAheged ﬁbtﬁg,h})bﬁé hipute Migthangl(p mlywas added to the mixture

P h ec@ Y]llenl:ﬁ excase- ﬂ@ctylaﬁ(a{toélﬂnlﬁg’thl&d gt% nﬁ{e%eac%on mixture was
4] napht ho| pyr an. Step

3- mewtratsd el(d4ﬂlQ @sﬁy@wm@tﬂqéww%gﬁp o@ai?etahhmy 11-p
he
i e hemamglcsiope 4V b R e g e
f r om‘llé;tt@ibfrﬁn cdlugh andzconpmgcémtam@mhlyded@tmatmlfm ¥8. 8
| t at
Py S RS B e, oot
c 0 ndahmylozqrpﬁnyl)tanbmyﬂoxyﬂnexy)phenyl}ﬁsnmyhhlapledyldﬂ, 13-
a0 i, 2000 T che

2- | BagpdnBlt oet hyl met hacryl ate. The reaction m xture
was concediep &t ed and the resi due was purified by
si | [206] gel Tﬁﬂyfrmn@gommmple(mvexhlfatcmmﬂteh@pemat 4,4-

hexane et on v/ivlv 10/ 5/ 1 , fraction
TGP PB YRR Hite of St eBmeabe- o an

ex nﬁaﬂs&nb&phen@e eeprofia 39-dnethorpl Y sdiseByipTIdbéso ¢l efluoren-

nmol ecul ar wei ght of 3-phenyl -3-(4-(2-(2-

net%gkryloxyethyl)carbanyloxyethoxy)phenyl) 6- met hoxy-

11- phenyl - 4@ 23- di met hyl - 3H, 13H i ndeno[ 2' , 3
1 3, pbmapht @,Q%iﬁle'%oﬁ]-p,y fd%ﬁethﬁxﬂ{rﬁélﬁollﬂﬂuorﬁ-%l fom Step 1 (3 g),

the product of Example 13 Step 3 (1-phenyl-1- (4-(2-hydroxyethoxy)phenyl)-2-
propyn-1-ol (5 g), p-toluenesulfonic acid (0.2 g) and chloroform (preserved with
pentene, 10 mL) were combined in a reaction flask and stirred at room temperature
for half hour. The reaction mixture was concentrated. The residue was purified by
silica gel chromatography (ethyl acetate/hexanes (v/v): 1/1). The major fraction was

collected from column and concentrated, methanol was added to the residue and the
-81-



[206] The procedures of Exanple 1 were followed except
that 4,4' - di met hoxybenzophenone was used in place of
w@2ebed10ses hoxy-4' - bronobenzophenone to produckCT/US2006/012977
3, 9-di net hoxy- 7, 7- di met hyl - 7H benzo[ C] -f | uoren- 5-ol.
Step 2 [207]
3, 9- D net hoxy-7, 7-di net hyl - 7H benzo[ C] f | uor en- 5- ol
fromStep 1 (3 g), the product of Exanple 13 Step 3
(1-phenyl -1 - (4-(2-hydroxyethoxy) phenyl) - 2-
pr dpgapLatigh wesfitigred, yiclding g efarydllom-gre@ciotid ( MS2imglysignd
chl r L5 h t 10 re
cortrheg T nBlaaE R 4 oD R By gt Fagmn-6 11
t enfreetpxy-&3,13-dimetipl-8HH 8Hrindehh’ 8 2318 InapithdTil RtU}FyRaAS
concentr at The residue was purified by silica gel

3 .
g o0 FRo L MR A ) PSSR o ™
coresory-dasnzef€ltharats-u4s.7agdy eti;hbleylilhgt-ﬁﬁﬁb%ﬁe@ﬁbdz-
thzm-) 1_1\g\q(§006/%610313 F / US2006/ 012977
pr C|p§'|ntai fr VAT FPTE f‘%f“@l’]ﬂilr%epsl’@%S-I&teﬂt5,458,814),
y elpyouingme piolsaikulfondVB(020%ad) Yisike iU BiRIbrshale 1. 5 TR SGH! ar
001G RS, i B SO BT R

di metrbbatytethi B20hdWRE Ak rdbhidn3hd certirated; ht
ho[ 1.2-b %(;%3? Step 3 EZOEIB] Tﬁ‘gﬂgf“g%‘%‘fe‘% teéaglhrrp e 2

St ‘f)Squej_?"’ pRepe end/thyitykangtipl ether (v/v: 1:1), the slurry was
cartiiey; yiktagnzadrelyb s Res So1fl : = | 5

( 4- ma%go}Z phgnzﬁ - }’% pro y%?o-lﬁ-abll\_ﬁ%ig%},’sgs)nsg%%mg?% "hiotecular
des¢?§1H8 'PFF“E%%W’QW@MX enyD16,7-dimet®xypldt artioxy-13,13-

5, 4a8:tBARN, 1 3HRMAbEI[ Y U840 S nate (0.04 q),
tri tt%;ll Srt %?‘8‘?%% m("g".agﬂﬁr%ﬁ@%@W“‘@'h?%?%%%“r%wag&sed
( pradeytfaghagpimfigstion mtke subgeqnent resetien. combi ned in a
reaction fw and stirred at reflux for 22 hours.

Thezgopact i30hej X6 Y&V kGt  pAd, e

r e?i dSe was g(%edld{ gz\g@grtoggégﬁog(m}) h? I—‘ﬁﬁ?’)llfla%et%W'létlﬁér

(v pgjeﬂml«ﬁﬂ,13ﬁ1@dg1lom’;3y3mphtlhomm]p¢an froml sﬂép;]m(olygg 30f

a YV M- a si.S suppqrts the

m_)?e é‘%/l a’r(ﬂ;-ﬁf\%g{&é ] efgﬁ) @V_%gﬁ%ﬁ(g}%ﬁr_fé ca%bd[))(g-q3,1§-d1methyl-3H,13H—

;j( mdﬁﬁz[%@&@mm?:hpg&—mpgqaﬁﬁphgﬁ%p 3 Q()].Sh tg)ﬁcﬁf}kfﬁély%}il $Bbddintide

[ 1y 5 den 3 napht ho[ 1, 2- yran.

e By e A I3RE .0, Sl RBr msdent FeaBorers n

t ged@ bs:eﬂﬁ@rahd hemtﬁit eeiflux ﬁtr@p héuls2 @R fjeacﬂ%‘ﬂﬁﬁlﬂure was

-3-((4-(2- xyet hox n -6, 11-di nmet hoxy- 13, 13-

di %grﬁﬁ%tfa?%f{“%@ﬁéﬁlﬁ%%%@ﬂ?lgg L%?lﬁ‘}ar%ﬂ?ﬁ@ﬁt!?g@plm pyr an

f r GhchBiremetRar(elhexXghes/m8thanol (v/v/v): 10/10/ 1). The major fraction was
collected from column and concentrated to 0.7 g of blue-green foam. MS analysis
supports the molecular weight of 3—phenyl—3-(4-methoxypheny1)-6,7-dimethoxy—
13,13-dimethyl -11-(2-(4-(3-phenyl-6,1 1-dimethoxy-13,13 dimethyl-3H,13H-
indeno[2’,3°:3,4]naphtho[1,2-b]pyran-3 -yl)phenoxy)ethoxycarbonyl)-3H,13H-
indeno[2’,3’:3,4]naphtho[1,2-b]pyran.

Example 15:;
-82.



phenyl - 3- (4- met hoxyphenyl ) -6, 7- di net hoxy-1 1- car boxy- 13
, 13- di met hyl - 3H, 13H
wo pabenaf5e3 , 3' : 3, 4] napht ho[ 1, 2- b] pyran from St epCBUS§DN&E012977
g), di cycl ohexyl carbodiimde (1 g),
4- (di et hyl am no) - pyridine (0.17 g) and
di chl oronet hane (50 nL) were added to a flask and
heated at reflux for 27 hours. The reaction m xture
was concentrated, and the residue was purified by
silica gelStephr omat ogr aphy
( dif210] or opeiyhnebaeopiasha@d lgg B3al- dlhydwﬁmpyréhO(BQ 1)) .

cofedrmtPare et 00 el SR BRI G aRt o

su p@ﬁbﬂned ﬁ)h&eaﬂiﬁbﬁ ﬂadkamdmmgigén atinosphere. The mixture was stirred at

-3d (Pﬂ Wpera 4- %}5& (gﬁ’%‘ﬁ%ﬂ 1nf€,7$_ tgl%f_?%@ta\%%(cﬁlg %f? % glf%rbonate

dl @@tﬂﬁbﬂ “The chlqﬁ)ré‘ﬂnethaﬁﬂ DAL Avas Separhtedi|anad @Héd@fer sodium sulfate.

- b] pyr an- 3- henoxy) et hoxycar bon 3H,1
1 i oG Sl AR Aot s 1H6 FRoTAn: WSl wbseguent
- 8 2ea¥d ARl AP d3unET4dR2006/ 012977 Step -1 [ 210]
Hydroxybenzophenone (45 g), 3,4-dihydro-2H pyran (30
enzenesul fonic _acid (10 drops) and

di cmllbr onéqhﬁﬁﬁ@“%tszl Aiepl WQ@Wa%@)‘ﬁiﬂl‘f?édP ?lglygr"i"%act i on

fl %ﬁﬁeﬂé‘;ﬁﬁ»%arﬁid%r(%%ﬁh HRSRRG fask THl JFbohbad BirdiBS sodium
stirr roomtenperature for 2 hours and_ poured

i nteeetyidedn iofuere Gt of8t7eoras dadasite depenctipr aww.vaa@mus
Th iing N REOHEB LR m%a Pw@sthé%%ﬁtve& p%méd% ReeP1986

|um su at e. The sol I ONn wWas ltered
c 0 mdémndatheewlutrpn avap exitagied Wikhsthyd etfier (ﬂﬂm@qu&ﬂ% mL). The

reaghl v E%Iﬁdﬁhgb%?ﬁef%{ﬂﬁa{“\%ﬁéd %ﬂeoé%&ﬂgrﬁ chiofidd

The product ssol ve
anhyldtiouand diedevdrygpdivmsalfitel d he s@0tion asi fﬂteeedraeée@ncmtrated-

e R 1

under vigdtend stirring. After the reaction was
corfpi2gt e, ThHeeroduxt fivre Stepd (PO, pdoluericsnlfvatcercid((208g) and) |

R T
wastieel mirbdm saipataatre braq uﬁmues and@ourad tind mturmted aqueous

sol u d dried.ov solutlo
e SRR UG 4t e O S PR e teded
I N vEthasieq desidte (tRiee hme@wim paoonL), bubid thi @ktraatvidre e@hbingd. and
St ed%eg over sodium sulfate. The solution was filtered and concentrated. The product

was used in subsequent reaction without further purification.

Step 4
[213] The product of Example 2 Step 1 2,3-dimethoxy-7,7-dimethyl-9-

carboxy-7H-benzo[C]-fluoren-5-ol (1 g), the product from Step 3 (3 g),
dodecylbenzenesulfonic acid (5 drops), tetrahydrofuran (5 mL), and chloroform (40
ml) were combined in a reaction flask, the mixture was heat at reflux for 2 hours,
and then concentrated. Methanol was added to the residue and the slurry was

filtered, yielding 0.7 g of an off-white solid. MS analysis supports the molecular
-83.-



[212] The product from Step 2 (80 g),
p-tol uenesul fonic acid (0. 14g) and anhydrous

woredohansh3 (50 nl) were conbined in a reaction PCEHEK2006/012977

The m xture was stirred at roomtenperature for 30

m nutes and poured into saturated aqueous sodium

bi carbonate solution (15 nL)/ water (150 ni), the

m xture was extracted with ethyl acetate (three tines
with 200 nL), and the extracts were conbi ned and

dr iveighovis-pleoyli-1+(4- lsydlrcf:arpmnymmg -diglethokpii 1 \eaboxyi-13, 8F-ed

used i n subsequent
S ey ?e‘?’?r]t%hgr sHfihol ERpYRE" o ep 4 [213]
The productepdf Exanple 2 St ep 1
2, 321 et MQNyerabeTﬁzﬁbh&‘Eﬁﬂ&)(BG 8); piperazine (23 g), triethyl amine (23 mL),

Ca O T HBOROL S L or ol b fd Bl L0, B as

dr e@slion fiRk) ra&ﬁ yicbr ik thir@wa Heatel ht reflinelfoz DO B60E. OA fer(tHO time, the

m.) were conbi ned |naﬁ reaction flask, the n‘{ixtj}ﬁrﬁl S
he &RiXtgFe Wasiepelgd pstposreddip avater hgstpme g siweeird Wi ghforoform
Metah@ e lchibrsto 6b m WitBed With GHiGr Wck dnb@risd wat yocmaﬁ
filtered, yielding of an_ off-whit

an s sThe plycen ¥t eS8 55 £ OB 03‘033? preglavas used

PCT4 W52QR6d: 0ded B/ withiddk BftthePfuridicatidpeny! -
-(4- hydroxgphenyl) 6, 7- dlnethoxy 11 -carboxy 13,13 -

di net hyl Hindeno[ 2', 3" : 3, 4] naphtho[ 1, 2- ran.
St dplSy | 21121116 pracriuie phbien2 sigh Ellgred prgpighat thsi m@dua%m Step

(2% susé hg fa0Y b a@pﬁl&au(:@@mﬂbael Rﬁ&ﬁﬁébv&lmlﬁna{lﬁ(?&%u% was
d1 I met hyl F

sul f oxi de wer e conbi ned

a pnueﬁ@:ct b}bﬂﬂlqalgalsqlnomﬁ@gr@m (ﬁﬂlxltamtétem%hane]e(waf 14}). The maJ or
ref aU orr \9 c%ﬁecl?é?ig'foin cAifhfbnd éHn%i]ﬂﬁ'a{Eﬁ to W& of e{TﬂléﬂtoWisﬁ sORE

coo poure Into water e slurry was” extracted

with: chI orﬁiﬂ’(ﬂm and the chl orof orm phase was washed

wi t[Bl6hat er3,9-Rimnehenye!, ddinedhyd 78 besee Clinoraed-plfiam SEpé of

sol rate I S

or dhinpe JA2F ek SR SRR B8 sl o kB0t Q. BaARtR el L0290

f urain eliloyoiivrinf (7€ atli) erre dibjned il 2653tiohlflsly tlecettunewad stirred
rom Step

C ct
o R EaPTR ER SR an PEbRer SRS e EOCP: or
t h Q)ow@sﬁkm a@boalesoheivh QZIHnIAkashe qhwrcbfbmeplhd@g/ was éenpmteg ehd
ra thy,t%ac at e/ anol. (v/ V?W-} ,{]ﬂ
et o st eSS Bliph Sat TherRl S bbfeled: e resdue
c 0 nﬁ@@hﬁﬂéds@ dilica bél Quarhategrystlyl (e 1sbetat0methanolIu&R 171). The
blue fraction was collected and concentrated, the residue was added to methanol,
and the slurry was filtered, yielding 0.6 g of a green solid. MS analysis supports the
molecular weight of 3-phenyl-3-(4-piperazinophenyl)-6,11-dimethoxy-13,13-
dimethyl-3H,13H-indeno[2°,3”:3,4]naphtho[1,2-b]pyran. The product was used

without further purification in the subsequent reaction.

Step 8
[217] 3-Phenyl-3-(4-hydroxyphenyl)-6,7-dimethoxy-11-carboxy-13,13-

dimethyl-3H,13H-indeno[2’,3”:3,4naphtho[ 1,2-b]pyran from Step 4 (0.45 g), 2-
isocyanatoethylmethacrylate (1.5 mL), dibutyltin dilaurate (1 drop) and
-84 -



[216]
3, 9- D net hoxy-7, 7-di net hyl - 7H benzo[ C] f | uor en- 5- ol

wo eawaniBisep 1 of Exanple 14 (1 g), the productPET/v82006/012977

Step 6 above (3g), p-toluenesulfonic acid (0.2g) and
chl oroform (70 nL) were conbined in a reaction flask,
the m xture was stirred at roomtenperature for 20

m nut es and then poured into saturated aqueous

pot assi um car bonate solution (20 nL), the chloroform
phaaretidforaaphe 3 all) aad cotibined ira/ekctioa diaskttewhik@teewas
The so uti filtered and concentrated. The

" e LPHiERi® e Fparops ﬁhedg}maf? WESPRER TR B PR with

( etohyl acdta@d. athelerichaidkash¥d With whied dwicd 44 driBdl Beer sodium
fraction was coll ected and concentrated, the residue

waSuie e Thersolufian Waniiitered afdgongsatraipd, rlihs regidye s pddedtp
yi ebdbfthnd n@ﬂanaf(vf@ greeR sﬁfﬁlyl whs ﬂ}@reanﬁém}ig@ CSHBROSelISw
the ol ecul ar wei ght of - phenyl

- (49%-per azi nophenyl ) - 6, 1 1 -di et hoxy 13,13 -
di nmet hyl - %;T_g&'sl—l-i ndeno[ 2', 3' : 3, 4] napht ho[ 1, 2- b] pyr an.
Thea gy oduc PRSI 3IEE per%ﬁ%%uﬁyﬁ@ﬁi hﬁﬁeﬂmﬂ,ufsugmaﬂyv n

the subsequent I on

3- PhklH-inderjof2’ ﬁyaﬁﬂmybth@[d;ﬂ ‘i}]plafaf? erﬁmﬂ)@ﬂ 213-phanybXy4-

13,43
o TR s L R oo,
f r cimSh@BH1 FDindenaf)’,3’ zA]m@bmyﬁmblpman@one&tem& fOﬂ gt e

b0k TRl bt oidseg o lPhniyin SRR 00t L,

L )dimethd feempiide €D inh) |ere e&:ﬂﬁdl to A flhtkamid hedtbiktorf0XRCUbE] amis.

heated .to 80C for .2 hours. m Xt yre was, pou 0
e e o e PR U, s T Sl lfed SRS G (0 5 ) as
wa Suniees peafiod tiyRiliea g chiomatraphd (éin 1aeletweﬁetmdl GA): 1/1).
sul fate. The sol ution wa gflltere dcon%q%trated
Thebe @uTedTRstigmEas£aRergreis toae%ltiéﬁ%mgﬁ anEtPRRGed blyerareen

17 Xpam t B amhiysis wpysaass tﬁe {nfoﬁ%ﬁdn wMElﬂ'o@BffﬂeIQfl-@ -@-@f a

yellow solid. Step
( 4ne6]pe*§ QI W@my}ox@p}fnll) 6€7 @gpmwm j3-dimethyl-11-((4-(4-
¥3; ﬁér[ﬁi%hyjdlmethoxy-l?) 13 dlmeth 1- 3H 13H indeno[2°,3":3 4]naphtho[1 2-
1§)H-|ndeno[2 37:3.4 ht ho['1, 2- b YT an from Step
7 (b@p}galg§-yl)fphgtpy@ﬁmetagmpzﬂ-yl carbonyl) 3H,1
(2 lﬁ@ehg@egy m)g“q:, y%ﬁyl oxyphenyl) -6, 7- di met hoxy-
11- car boxy-1 h -3
13H-i ndeno| 2 3 3, 4] napht ho[ 1 2-b] pyran from Step 8
(OMMEE@&Q&&E&Q/I carbodiinmde (0.5 g),
4- (di net hyltepd no) - pyri di ne (0.08 g) and
di f2tHy| f oRatessiiioid-birto@idei(30. %}@dév@d@@htmna(lﬂoé%kwamdded to
heat u X
n% Orggct&n? ﬂgs%oﬁnlfal% n&JS%O tﬂﬁ, 5f$tPluF1%eEJ§1é1:é]? Iglﬁl(gge{lh osgll%% ef’o the
( 0.mixgpye wassadded dimethyl succinate (150.0 g) dropwise over 1 hour. The mixture

was stirred for 5 hours at room temperature. The resulting mixture was poured into
300 mL of water and vigorously stirred for 20 minutes. The aqueous and organic
phases were separated and the organic phases were extracted with 100 mL portions
of water three times. The combined aqueous layers were washed with 150 ml

portions of chloroform three times. The aqueous layer was acidified to pH 2 with
-85 -



further purified by silica gel chromatography (ethyl

acetate/ nethanol (v/v): 1/1). The pure fraction was
weovernmsiated to yield 130 ng of an expanded bPCEUOEN 2977

foam WMS anal ysis supports the nol ecul ar wei ght of

3- phenyl - 3- (4-(2-

nmet hacr yl oxyet hyl ) car banyl oxyphenyl ) -6, 7- di net hoxy- 13,

13-dinethyl -11-((4-(4- (3- phenyl 6, 11- di net hoxy- 13, 13

di net hyl - 3H, 13H-i ndeno[ 2' , 3' : 3, 4] napht ho[ 1, 2-

b] oY He! @dﬁ gregh@hg/fo)lpqtqaéﬁazqmuﬂlayér)vmmbmydd)wﬁlﬁlﬁe&300

in ho tive
Eeannre oot e PRl R PR combiel il ostrngeced
9) tarrrdtabemxpcphm ﬂiﬁ\/IR 05800 s]g%veﬂﬂ]ﬁda%radidlefﬂ) HaOe a ﬁrducture of 4,4-
re ntal [ ) nL of toluene under a
ni ?ﬁ%ﬂggﬂ ﬂn@& r?ﬁerrbgnyl%'b #eC a4t ure was added
di net hyl sSteg2nate (150.0 g) dropw se over 1 hour. The
ni Ye2e whe stdertmifdstofrorh SEPUNE0AY gY, 60 AL SRRy Bide,

The 58 m xt ure poured into 300 nL of water
and™ g ]lni'l.?g g‘ilu?]f’l“fef ?ﬂi\ga‘g'io azeachipy, ﬂes&mdw%mée@@sﬂme
or gaw Ir&ch@hﬂﬁ@l&e VWRE BeafRa BJ°Rtfod B Ghokd Q:ogfeg ?(Wog Rgﬁée?z?‘ture
wer e extracted with 100 nL portions wat er mh

t i fBd the-pplyerts plupnegng gertis aeid) rsypered lvsem@ryo\a@p@fdhw {The
15Qediduc wRQHisk QN 19@0@1?1&9)&' ﬂfeﬁfﬁgng Qﬁl@ﬁdé érﬁ%g gl-EV@ water. Solid

aqueous | ayer was acid
20%@@0@&@@%@@@9@@@1@@% uIElelHK’dlman@sal The layers
pr @ Pl Pl the

laRlil iR ARGk 1R ACRRE] 1Y 30 miSbrith LA Bone
extchlﬁéltl% %‘ég%ﬁﬁﬂﬁ@ﬂwmmmbm@mdfhe galvenbyentovedbyyrotary
e;’ ?ﬁag{oﬁirtﬂgﬁgo yllﬂ}i%lélp{%ﬁtofla'[ﬁg S6ds &Js]s%l\%ﬁ %9 Wetn Itngthatl]l% $h
di ghidag kt-03-Chier iadmtyre aimwlh@dﬁyﬁte&mme caltdcetd bStvedhum

ugde. hal ter fromStep, 1 (100.0 g), 60
. Db Fh LRI Rt mEBat Sl -Bhey o reriseRny -
ad éexdetbmy-ﬂaphﬂﬁtehe OThdf ﬂr&ﬁiét WMDEAEE was Bdetl MWABBH AL Eﬁ’ﬁ‘ﬁfaﬁon
act i xture was heated to 110 C for ours,
coorf ST 6??%?%rrper ature, and the solvents (toI uene
and aceti stgcd d) renoved by rotary evaporation. The
regixdpe \NaSPhéh szninmd BrbaRf-1dee Rk
and, 200, ot o e et Briai Pecley MRINAAE ol 3 (B0
bi Sha&fL Oﬁlu)r E‘e@ﬁft‘ql (2080%1139& ?Irﬁgsoé’@aslé’droxmélq)(hgbeme
s e pahBih@linaneactibe 1ARUEe Hcsdtéd%f %ﬂu‘ﬁ@& ﬁﬁ)tugsa i Qea\éﬁ&hngcgure

Fportlons of methylene chlorid e org
S eeaded fa reony tsmpPiaBEe andavas tﬁl@n§bwdjemurccbmm/remwof water

r O{13$ ¥, conc. HCI (500 mL) and ice. A white solid precipitated and was filtered and

washed with water. The solid was dissolved in a small amount of anhydrous
tetrahydrofuran and then diluted with #-butyl methyl ether. This solution was
washed with saturated aqueous NaCl and the organic layer was dried over anhydrous
magnesium sulfate and concentrated by rotary evaporation to a light orange solid.
NMR spectra showed the product to have a structure of 1-phenyl-2-carboxy-4-
hydroxy-naphthalene.

Step 4
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evaporation to yield thick red oil. The oil was

di ssolved in warm net hanol and <chilled at 0 C for 2
whowsa105The resulting crystals were col |l ect ed PYT/USZOCOM2977

filtration, washed with cold nmethanol to produce the 1

- phenyl - 2- net hoxycar bonyl - 4-acet oxy- napht hal ene. The

product m xture was used w thout further purification

i n subsequent reaction. Step -3 [221]

1- Phenyl - 2- net hoxycar bonyl - 4- acet oxy- napht hal ene from

St e[gzzg ( 1ODPhgl)yl-Zimﬂ)exy-é-hgﬁomj:jlaphﬂ‘ﬁtehaﬂ_ﬁin Ste0(501g), acetic

an 00. re 0 |n in a
r eac g mﬁet %yli‘m@?&f GQ8F’(%$ ﬂ&tﬁ' s. The
r eaumcthmlbnmmhwfseo mzraswec@mmﬂleuen i eratlidnemBie udde's RitdB¢h

t he t t f t
corimaerE pboeB s S foEeme tRu oo dbpmpemogieripian i
andyvasagddditb H%ﬁé‘éitl@i'ﬂﬂll}(tﬂi@%ﬁ‘@@le \ﬂérﬁﬂgr ‘ﬁ%& ﬁfcrea;ga§o $24ocd ARS8

di ssolved in a small anount of
t ethousfheTstction mism wasslowdy ¢Q§>ﬂeéd0 womhtetnpbmtuyd andetshijd
et BedeipithRlS Tﬁ@%e%tio‘ﬂ%&ﬁl?e Wé(@fﬁfé?e% P (x}asl%gtwlilﬁ%oluene yielding

aqueous Nad he organi ¢ [ ayer was
ant drenfs redmﬁ@ﬂés&%@&dﬁfluw[ﬁmomﬁkm Tt erbdbyt was used in

I oL Ihb&Y E%Eﬁ(ﬁﬂvtﬂ%u?fu%&[ylm LAHHE solid. NWR

spectra showe produc ave a structure of
1- phenyl - Btem¥ boxy- 4- hydroxy- napht hal ene. Step 4 -86
V\D[mﬂ)6/ 11@5&@0@@M-b8%&ﬁﬂﬁdr%7%ne E‘rBﬁ@tepM (10 g) and anhydrous

g&f};}{ drace r(l?g)d( %Lﬁwgl%dr 28 %jgga r)eac on gskfurn gr]aslglt? geﬁ
4 (atjnqsphdnq/hmmonlm)lmyan dé bath.( 26 this s, adadi drams 6f NaH. The

tr| h nzene e conbined in a reaction
| SR RERE SRSy oRied 1 e B CorE S e rm e s (e Bsoeed
f onntc»amlkmmrof sﬂoﬂaamb@nzm@cmhﬁ&ru@o BE). AreImiQtud) was

ture and the tenperature

" nar B B bBvharnele R P o At b eReercuptreh Tho saeous
m )lfztyef ‘&as\lﬁ&acﬁéd)thh’ tv@cDSU Rl pbRichOON Bty RGN THOreRE: Iders
The reaction mxture was Filtered

lid
ot oL ed, Vo i s SyeiedieagpouoNaHGOp 104 lacisgiover
5 msogpayd Z&baﬁfazéa[@]rsda@%ﬁﬁbriﬁo%@aff%% BHR y%{ was
t he subsequent reaction w thout her
ﬁ?‘%zf’@élf‘}“&ﬁn ep 5 [223]
5 Acet oxy-sfdg-denzo[ C] f| uoren-7-one from Step 4 (10 g)
ang2anhy disquirodyeh it AEKATOERRS o} ﬁgm@rép YRR §OPLIAE

in a reaction flask under a nitro
methoxyphenyl)-2-propyn-1-ol, (2.19g, the product of Example 1, Step 1 of U.S.

Patent No. 5,458,814), , dodecylbenzene sulfonic acid (0.12 g) and dichloromethane

(52 mL) were combined in a reaction flask and stirred at room temperature for 5
hours. The reaction mixture was washed with 50% saturated aqueous NaHCO; (200
mL) and the organic layer was dried over anhydrous sodium sulfate. The solvent
was removed by rotary evaporation and the product was isolated by column
chromatography (hexane/ethyl acetate: 2/1). NMR spectra showed the product to
have a structure of 3,3-di(4-methoxyphenyl)-13-hydroxy-3H,13H-
indeno[2’,3”:3,4]naphtho[1,2-b]pyran.
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at nrosphere and cooled in an ice bath. To this was

added 2 grans of NaH The reaction m xture was
W@bkdoomed13 0 warmto roomtenperature and was tPERNUS2006/012977

poured into a mxture of saturated aqueous NH4Cl and

ice (100 nL). The mxture was diluted with ethyl

acetate (100 nL) and then the | ayers were separated.

The aqueous |ayer was extracted with two 50 nL

portions of ethyl acetate. The organic |ayers were

conbi ned and washed wi th saturated aqueous NaHCO3 (100

ml Compuritig Bxgmple QYR504 and. concent rat ed by rotary
evi38k at i dhe procesures ,ogcgnmq}wg}@y ample CE1 were ollowe except that

be@ éohgemy% hgno‘ﬁle waglﬁﬁ 11§p1[1¢?e20‘ﬂ)enzophenone to produce 3 3-di(4-

5- Hydr oxy- 7H o[C]fluoren-5-0l fro .. &1

g) methotyrbim{}s, Théi ﬁélﬁgan)ty-QHg}ﬁHp‘})#PnP[?oﬁ =iy a&@boll 2

thﬁggggduct of Exanple 1, Step 1 of U S. Patent No.
14), , dodecyl benzene sulfonic acid (0.12 g)

and di chl oronmet hane (52 nlL) were conbined in a

r e @otnpamtitd BxsnplrdEXt i rred at roomtenperature for 5

hours. Thétapgéacti on n1xture was washed with 50%

s af226ht ed Thepmoedirdiaioeps 3-3 00Exanple hwdretfalBovpidgpapeng that
was dried over of

Sl S BB 245° 3OS 0 oo
prmﬁmﬁﬂmmﬂs1Bsmhahﬁthmﬂﬂ&gHmnmndﬂﬂdnatography
(hexane/e acetate: 2/1). NNR spectra showed the
et E

prod uct ur ]
22237& o aci ey fod o Fanaep L0 ol s
MNapibigphedyl)22 biqpymrm (2 857 g\ pmﬁﬁt afGMm3le 1, Step 1 of
PCT/ US2006/ 01297

R et VIR S e Che

ex @flordidthane 452 mi §l Wgﬁtcbﬂﬂbhﬁ@ aopladtion daskemd sieell atmoom
pl ace of benzophenone to duce 3, 3-

o ipraRGSHRE AGH 5 ey TLISE Bt LS W%W%%dﬁ’fz‘g with 7974 faHsd
2 ’aﬁuew§NQﬂI@@F£QOB%I§|}’a%d tHel QQg’dhﬁﬂayeEGJﬁD&tﬁeﬂtdvvﬁalﬁym :&)dlum

he procedures of stegil of
Ex gf,n—)ffaptg ’{h(—.w@}vgntf Ws| reeveddy. SRIBEY evpppration and the product was

”ag é a&&%at\‘)@xﬁpmﬁ(ﬁ&ahéretﬁ&la&aa@f85/15 Re=0.3). NMR
I met’hoxy- 4" - br ondb enzogmenone t o produce

13, sectidishesvdshthe prodedd i(blﬂage apEriEe eh3, i—fl(@,«_{ﬂet%ﬂfnyl)— 13,13-
dimethyl-3H,13H-benz[p]-indeno[2°,3":3,4]naphtho[ 1,2-b]pyran.

Comparative Example CE4:

Step 1
[228] The procedures of Steps 1-5 of Example 1 were followed except that

benzoyl chloride was used in place of bromobenzoyl chloride to produce 2,3-
dimethoxy-7,7-dimethyl-7H-benzo[C]fluoren-5-ol.

Step 2
[229] The procedure of Step 7 of Example 1 was followed except that 2,3-

dimethoxy-7,7-dimethyl-7H-benzo[C]fluoren-5-ol of Step 1 was used in place of
2,3-dimethoxy-7,7-dimethyl-9-cyano-7H-benzo[C]fluoren-5-ol to produce 3,3-di(4-
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[227] 13, 13-D nethyl -di benzo[a,g]fluoren-1 1 -ol from
step 1 (2.50 g), 1,1-

whe@e4105es hoxyphenyl ) - 2- propyn-1-ol, (2.19 g tP€T/US2006/012977
product of Exanple 1, Step 1 of U S. Patent No.
5, 458, 814) ), dodecyl benzene sulfonic acid (0.12 g),
and dichl oronethane (52 nL) were conbined in a
reaction flask and stirred at room tenperature for 5
hours. The reaction m xture was washed with 50 %

sat me&lbe@hemp@wuﬁnd‘mdi@% 13200 etd ) 3FM3EL he or gani c

| aye e drous sodium sulfate. The
sol g ?ﬂ% Z‘?‘?Bgéa{lt@bﬁpé’ﬁry evaporation and the
product was isol ated byparglznmESHINGM®t Ogr aphy

(hexane/ ethyl acetate: 8&sbiptioRTedind) . NVR spectra

shopsd] t he TRE Pibisdhrdntic Ba¥d@mandetof tetphb®clbmic materials of
3,3-di ( nethoxypheny 13, 13-

di nE¥anR eSngl 5 S0MpaRIHT al’“ﬂ’aeé&ﬁlZCE‘b as well as eleven additional

AGRUNS Inhtedald (BitRes 16DBPRYAL b Y&V@q@mll &Eﬁn
Stegﬂl 228] Theap]r(oce urses 0 Ster?s - Zx Smga

wer SR pbedands the @peronjygated spdem gfjthe @#P@rrﬁla%i lmbthg@é@n
i N pbiAESaQhe DI- Qém{?ﬁ@ﬂéi’éfdf el Q&L P&ideInPrAdYWES o%ugéﬂ bencls set-

di met hoxy- 7, 7-di met hyl - 7H- benzo| fglquoren-
2 [e2of Wﬂhbﬁ @pm?@éﬁdrbéf thyfse gillerd n ﬂ@ﬁf arthatris photochgpsnic materials

f ol
i e ROy e 62 e i aseordmervi s i o grampleg

1 wédisclossd detein vplﬂ'aap@rqpﬁate mod1ﬁcat10ns which will be readily apparent to

2 SaflaBangnynlut: SLARS M SEAVER L bBIRAL L YRt Ao

PCTho$Zio@Bhe B disclosed methods, as well as other methods, may be used in

A e U K T S el

n pyran. PART 2:
TES[IZBMB ABsortpttéstng fﬁestqlalgbs[oﬂﬂﬁi:e 1aalutpdrodf@edtr ghotochromic

erfo nce .of .t he phot.oc romc ter S.0
D RS EBor e P S Aol i B sy IR D it
addsdlutmmadas ﬂ[eh@tlaroemm@mmmﬁaﬁﬂ tdseded h@ﬁhg apdlaontfathdéngth of 1
listed | ow i n Tabl e roup that
oy e e hiels SRR Beartrad B Blavod s e iBata Phewer
napﬁhzmgﬁﬁlfangg@ffﬂﬁdl 301)tnnﬁ hﬂ@lmDﬁ@ﬂl gd @anrz]ubwmf vver e
teste t he goptlca nch set- up
Wi | fpea%opiﬁwgf@ @dpl &‘@ngm Wé&e??qgﬂkw Omnefih a%le
t heingaedardtinctioa cH&ﬁ@i&hﬁbﬁeacl@fnaéi‘i@lﬁ&’téﬁ&va%Qhe%ﬁie%m@@ by

made in accordance with the teachi ngs and exanpl es
converting the absorption measurements to extinction coefficient and integrating the

resultant plot over 320-420 nm using Igor program (distributed by WaveMetrics,
Inc.).
Table 1: Absorption Test Data

Area Integrated
Example Name Conc. 320- Extinction Coeff.
No. (m) 420nm (nm x mol™ x em™)
1 As set forth in Example 1 145x10* | 195.8 1.4x10°
2 As set forth in Example 2 130x10* | 173.9 1.3x10°
3 As set forth in Example 3 1.28x10° | 1755 1.4x10°
4 As set forth in Example 4 136x 10 | 193.8 1.4 x 10°
5 As set forth in Example 5 1.26x10* | 1518 1.2x10°
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di scl osed herein with appropriate nodifications,

wll be
vari ous
wel | as

readi ly apparent to

womobhersi3 t hose skilled in the art wll

nodi fications to the discl osed nethods,

ot her nethods, may be use

din

phot ochrom ¢ materials of Exanples 1-26.

[ 231]

whi ch

those skilled in the art.
r ecognPZEUS1086/012977

as

maki ng the
Prior

to testing the nolar absorbance, a solution of each
photochronmc material in chloroformwas made at a
con@ent rjat i onAaset fonliciadamdleibn Tabl €1dx 1@ach2o6z0l{ut | 018 x 10°
was 7t hen pl ac@dsdt forthin Exagdpre7dual | estxe@®l | Teasi g a13x10°
sol 8t i on pat hlAesd fonth of Exbmple h and | hes £ &®*t | crlilss [wer @.3 x 10°
meadur ed for Aksat fovhal Bamplb8or bancé&3dx & @ 27amwgd of 2.0 x 10°
wavdd engt hs rassst fagh inFsanB0® nm t pl1.4301067m uKildg [a Casy 10°
40001 LV | spechs sshifarh indsareple Hnd a Il-Oftxw“ ab®BYbancel.6 x 10°
vs. 1avdl engt s sghfertoiyFaimmell2 The | Vﬁ@e@@ at eth2.5 2.2x10°
ext thet ilon cobsset fitinfExdeple Bach nh8a3x H° | eHBAd |was 1.2 x 10°
t hel detler mi ndpebforth indnyenle 14ng t hpldhs ¥k | 2464 2.0x10°
mamﬁgrd;ﬁ:ﬁwebfbﬂh mﬁﬁmme Poef fi 2Ahx 1G6nd 3%t edr at iAg 10°
t he, resubfantepl® nhm usi ngl | gor program
(di %ﬁrutrﬁdgﬁgar,3 8?1%%{%1%% 131\% }5211-5%6 7.4 12x 10°
Absorpti Q,ft4-ﬁ161§ﬁohh@ﬁe' DAY 15};_(—:9[ ated Exa]rw e Ngne
Congzy  33Qimemwly-Meirboan %fef.hyl- (.83 x A20nmgeRmM (X mplil 146
X cni 1) 311,139&-1@@[21303&]haphthb[lEz(lﬂrrpl e 1 1.45 x 104 |195.8
1.4 x 1(‘6’)’5:1‘9 Aclcp}tl fnrth |qr;7 Exanple 2 1.130 x 1Q0-4
173.9 1. mi‘@ inophepd rth in Exa 28 X
10- ¥ 175% ]6? 010 °"“,°, Eslét f of 1-0 ¥£B)Exa3r%19e 4 118610°
x 10-4 19% hg\o[lzog]py,anlo ﬂs set forth in Exanplle 5
1. 26 X 1G=(4mdpHolifbphenyd)- 3X(410b -89 20067110513
PCT14JS2 QeehexlyRteayD-6,76linkghogettl-(4-or t h| 1.4 |20 1. 161%x 109
10 206. 4 fporgphsay-0p, 12-diesthgledtLIBlhr t h | n Exanpl e 7 1.[24 x
10-4 164 lrnd:np[Zq3 \34]mphtlg[15&§)] l)fnr hin Exanple 8 1 28
X 10161571 ORI yTort in Example 9 1.33
x 18 2735 %‘}% P ;“;] yl Pi“#f‘ h Ex"fé?r& g 1013x10°
123X]Q)yr1161413x set forth in Exanple
11 1. 02 [%-(A-BorpieRuophedy)EB-(t- 106 12 As set florth i
Exadipl e |12thgxygienyR-11P-ph@Rlebynd)-2 x [1029x 10* | 277.5 2.1x10°
13,13-dimethyl-3H,13H-indeno[2°,3%:3,4]
naphtho[1,2-b]pyran
3,3-di(4-methoxyphenyl)-6,7-dimethoxy-11-
22 (4-dimethylaminophenyl)-13,13-dimethyl- 1.25 x 10* 275.9 2.2x%x10°
3H,13H-indeno[2°,3’:3,4]naphtho[1,2-b]
pyran
3,3-di(4-methoxyphenyl)-6,7-dimethoxy-11-
23 (4-methoxyphenyl)-13,13-dimethyl-3H,13H- | 1.26 x 10™* 185.4 1.5 x10°
indeno[2’,3°:3,4]naphtho[1,2-b]pyran
: 3,3-di(4-methoxyphenyl)-6-methoxy-7-
24 morpholino-11-phenyl-13-butyl-13-(2-(2- 1.03x 10™ 170.7 1.7x10°
hydroxyethoxy)ethoxy)-3H,13H-
indeno[2°,3:3,4]naphtho[1,2-b]pyran
3-(4-fluorophenyl)-3-(4-methoxyphenyl)-6-
25 methoxy-7-morpholino-11-phenyl-13-butyl- | 1.03x10* | 1682 1.6 x 10°
13-(2-(2-hydroxyethoxy)ethoxy)-3H,13H-
indeno[2’,3’:3,4]naphtho[1,2-b]pyran
26 3,3-di(4-fluorophenyl)-11-cyano-13- 1.62x10* | 1815 1.1x10°
dimethyl- 3H,13H-indeno[2°,3°:3,4]
naphtho[1,2-b]pyran
CE1 As set forth in Comparative Example 1 | 1.88x 10* | 109.8 58x10°

-90 -




13 As set forth in Exanple 13 8. 7T x 10 108.5 1.2 X

106 14 As set forth in Exanple 14 1.25 x 10-4 246.4
WQ2@61506 15 As set forth in Exanple 15 2. 32P&T/1I82006/012977

38.4 1.7 x 106 3, 3-di (4-nethoxyphenyl)-11 16

nmet hoxycar boxy- 13, 13-di net hyl - 3H, 13H 1.52 x 10-4

177.4 1.2 x 106 indeno[2‘,3‘:3,4] napht ho[ 1, 2- b] pyran

3- (4- nor phol i nophenyl ) - 3- phenyl -6, 7- 17

di net hoxy-11-carboxy-13,13-dinethyl- 1.30 x 10-4 187 2

1.@EX_1D6\s sgHprihig HoimpalaivoFRimpR'2: 3 16 ndphi hdBP 2l h] 5.8x 10°

DYEEh _ B-Asketforfnih 6binpaasive Bydnpled. pHeAw(105 ] 7144 |~ 1.0x10°

di €84 holk\Asiset fortlt ih Geypaative Bxampled 13.64x 185 | x 9fd- 4l 2057 10°

1 ;2%]] 196 Ga%é@%$ﬂbm% da!a‘?ihl'ﬂaﬂlg Q nﬂ‘&é ghotgbhrﬁmé]ma%ﬁﬁt ho[

pyran 4- nor phol 1 nophe
netamx@m@wmusmon-lmm mbgd:mqﬁ%dlsclcﬁe herszmiﬁzpnmﬂétzNes 1-

%g)xal‘ég g]mtte%éi%? %Q[F’%ﬂ%lll %oe}éjb’lel'x% ﬁeé@ttﬁ%l 1.3k é-ﬁﬁn'xr}g(ﬁn Rem’

3 ( pwlickein pothh pwquen(cmmmh@iymwgtme exggples CE1-CE4 did
6, 7-di met hoxy-11-cyano-13, 13-di nethyl - 1.46 x 10-4
189°D 1.3 x 106 3H, 13 H-|ndeno[2' 3" :3,4] napht ho[
1,2-b] pyran 3-(4Pha fiby Tegtilig
rret[mib} y the plydtgchrdmit péﬁerpiame)df ﬁ‘temhnipbl)romic 1B@entald @F Ekamples
E|_7I7nl% e §81[ngaraéve‘6%xamp’leﬁa t(?%f %g/ xge TS’ t11'ie eleven additional
Photiot ot sy @ryinpled ] 726l ilined hlmw -niTablé P) were tested as

nmet hyl am nophenyl ) - 13, 13- dlnethyl 1.25 x 10-4
27 .2 x 106 3H, 13Hindeno[2',3' :3,4]naphtho[
1 Zizixﬂ] Ajtiadtity of the photochromlc material to be tested calculated toyielda 1.5

nmet. hoxyph 7-di net h
(4 NS RgBHEY I 0ol iy SR ane ) Jaf of  Bgngmaglepd of 4
18%afts dthéxylatddBisphenol A dimethacrylate (BPA 2EO DMA), 1 part
poly(ethylene glycol) 600 dimethacrylate, and 0.033 weight percent 2,2'-azobis(2-

methyl propionitrile) (AIBN). The photochromic material was dissolved into the
monomer blend by stirring and gentle heating. After a clear solution was obtained,
it was vacuum degassed before being poured into a flat sheet mold having the
interior dimensions of 2.2 mm x 6 inches (15.24 cm) x 6 inches (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 5 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 opened, the polymer sheet was cut using a diamond blade
saw into 2 inch (5.1 cm) test squares.

[235] The photochromic test squares prepared as described above were tested for
photochromic response on an optical bench. Prior to testing on the optical bench,
the photochromic test squares were exposed to 365 nm ultraviolet light for about 15
minutes to cause the photochromic material to transform from the unactived (or
bleached) state to an activated (or colored) state, and then placed in a 75°C oven for

about 15 minutes to allow the photochromic material to revert back to the bleached
-91 -



worephaisiyo- | 1- phenyl

i ndeno[ 2', 3': 3, 4] napht ho[ 1, 2-b pyran
3, 3-di (4- met hoxyphenyl ) - 6- net hoxy-7- 24
-13-butyl -13-(2-(2- 1. 03 RCIOSA06/012977
170.7 1.7 x 106 hydroxyet hoxy) et hoxy)-3H, 13H i ndeno
2',3":3, 4] napht ho[ 1, 2- b] pyr an
3-(4-fluorophenyl)-3-(4-nmet hoxyphenyl)-6- 25
nmet hoxy- 7- nor phol i no- 11- phenyl - 13-butyl - 1.03 x 10-4
168.2 1.6 x 106 13- (2-(2-hydroxyethoxy) et hoxy)-3H, 13H
i ndsizte] The B8t sqByet|wrapiieh o@oléd, 13 -rdidnptefr@ﬁraaﬁe exposzd ’?—)SﬂilorSescent
7, oghpln g BREFY e PR Bt Spvstiddtiabiogp atape i o
1 Zeﬂynpgmcam) iGEdt IMt Bhdurd pmidrl‘ﬁo teﬁtm@wﬂhﬂ loptidal Berfok R tAneH at
i%% 09, 8 90 WO 2006/110513
2

537%ﬁ§@%3%0e‘9’a‘? BTPR afcrareR Ry gnaleicowtrolled

Ex ashpttﬁ 2MENEG ot KGOBItd? that Sodifi l@thi ?jvsarﬁls{RS&%vefeﬁéth@aﬂdrbcts

44 10
e B TRy BTGRPl beldes igatednuitgng patr

5 Toath, IwhicR 8k lsqige R 1E:&ASRR LRI A PAliflAR bédh Jﬂ@h@ﬁom
tochrom c materials according to varl ous

n b nt ‘{'}Pgﬁl?et‘ﬁqﬂap FADEATFhtoushythe squgrsat 2 maplb prely @rprepinwtely 30°)
NOSnorrhal t8 €he s@ﬁdre hafled (?aﬁﬁ%r tﬁfoﬁgm fﬁé tsdpﬂ‘?é 'tffgmglilpﬁ% lygel t&r%tst%n

greater than 1.0 x 1 nm x -

as %ﬂ@“Bﬁ@?ﬁ@ﬂﬁ%ﬁF@kﬁﬁﬁéﬂm@Fstﬁe@@ﬁg@ﬂ&ﬁ&k@de?anbmewan
CE]O&EAO@J& S20060 spe?@&ﬁ&%l%@ the 5}%(:&\9‘%1 Fﬁiﬁg %%%%ngﬁ m was

[2331 The phot ochrom ¢ perfornmanc
mat @Hpeidangangtizedp b6 Amal.viclis the Gonplangih invhe Emmpasmm at

oh ohor o ne Rl aB5ihilRo BHE SR 88 Gl Hrmqtae wptsptromic
i n chaipbendlih awest fubesicads. dhe A&aq.l,, Wielenp B Itk déreAhiacd byt ﬁéstmg

h hot och t to be tested cal cul at ed
0o i Bl toRie e oty Sh o ebn P 00AE Yl shestreptpiogster

corit mamalﬁtgbdi&lcgrawa&i@ﬁ the s

paRbANRbtak8 BY 1Rfs2800 %’é[:ttr&n ter on
et Iat i sphenol A di net hacryl ate (BPA 2 3
7 g ifie

hyl ene glycol) 600 dimethacrylate, and
0. Q336 Wahe kiured 65ial dendity @BRRS GO for each test square was

determined by opening the shutter from the xenon lamp and measuring the
transmittance after exposing the test chip to UV radiation for 30 minutes. The Amay.
vis at the sat’d OD was calculated from the activated data measured by the S2000
spectrometer on the optical bench. The First Fade Half Life (“T1/2”) is the time
interval in seconds for the absorbance of the activated form of the photochromic
material in the test squares to reach one half the Sat’d OD absorbance value at room
temperature (73°F), after removal of the source of activating light. Results for the
photochromic materials tested are listed below in Table 2.

Table 2: Photochromic Test Data

Example

T1/2

SAT.OD | A, | Example T1/2 SAT. OD Amax-

No. (at A'max-vis) (at }"max-vis) vis No. (at A'max-vis) (at }\'max-vis vis
1 66 0.58 459 16 50 0.42 560
2 121 0.80 455 17 220 0.85 603
3 116 0.79 457 18 199 0.81 603
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met hyl propionitrile) (AIBN). The photochromc
materi al was di ssolved into the nononer blend by
W@ eiosnieseg and gentl e heating. After a cl ear soPUI/USI006/012977
was obtained, it was vacuum degassed before being
poured into a flat sheet nold having the interior
di mensions of 2.2 mmx 6 inches (15.24 cn) x 6 inches
(15.24 cm. The nold was sealed and placed in a
hori zontal air flow, programuable oven programed to
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SOOGman ABn oﬁ%llmgfomdm]T aMDdHim}ts&antSOﬁHrdS d)ésigadd bbb e,

I | R.
é%[é tl]il(?’eno d %]gaphg}g [IaE-E gfangl ﬁt& sg‘lﬁg 1 pt ta% ﬂﬁ-p?sg,tlon
f i | d;fethe( m)iera)nﬁisﬁ rﬁplifh)dp@rdﬁC(bldﬁﬂimerﬁ!, tuld aﬂom&lhwﬂe ﬁbpl&@écﬁ\ﬁllth

bat h 0 _be tested was .inserted,

col PIOREEREBE IR e e e o Eorae B NG LIE, pPABA el Bocke's

pasgueandtér fmtgiondl hﬁc&lﬁﬂﬂﬁl@n &fith QheﬂL&' Va8 dEParr (LYP) correlation
normal _to the square. After

a r oXi ma 3
R heHioRn i 1D Bah drB S DB GADR T beorgtion spectra

t ungéetk @ﬂculht@(ﬂ@sﬂ@ﬁm@‘ aé&ﬁaeaﬂdén&qaﬁ;ﬁ&idnﬁ%é&y &ﬁﬂbﬁ)%th
wher e thg@el ght was_ bl ended, and on to an

opt P I55meionalandior Prs Srbagip aste Thalonsgsbabsemhomand: he
e aguile it d&He ARnARP cal Pl id Bt ”ﬁﬁbﬁﬂg 3308{d 2R hovt \ﬁﬁl%—ﬂ TRble

is the wavelength in the visible spec¥rum at
t he3 i PiisrenEeP petipiredysingR3LagY 63 5@ (col ored) form

of t he photochrom c conpound in a test square occurs.

Ther 0P - Mol Piveh §RAN. HRTISE] ?&H‘l WQ&Y Pﬂ&&c,hr&&c Md&ials

PHOT OC{LAEAC t €St WModeldd § V< T ¥idaerel Y °VY 3 | Modeled
U¥ndlo&irbrnfe MeR&ESE 1 35\% Qfftedsity | Photochromic Material (nm; Interfsny

at ?"maxl at A'm:lxl

383 0.12 388 0.31




it may al so be calculated fromthe spectrum obtai ned
by the S2000 spectroneter on
wab@egatsuy at ed opti cal

test square was

fromthe xenon | anp and neasuring the

t he

opti cal bench.

[ 2361

density ("Sat'd OD') f orCBEEI06/012977
determ ned by opening the shutter

transmtta

nce

after exposing the test chip to U radiation for 30

m nutes. The 2max_ v;5 at the sat'd OD was cal cul at ed
fromthe activated data pmeasured by the S200 o
pect romet er on | H92opt i%H The First [Fade |Hal ¥

e ("T1/2") is|the finme i in seconds for| the
bance of thp actijvated \ the phot dchroni c
mat ¢ in the fest gquares|to r h Jone halff the
Sat OD absorbapce val ue at|roo t ehperat urle (73F),
after reM®Mi of [the Source of activati M¥M4j ght .
‘ pHdt gcht-bini ¢/ Taterial s tested A3 057
rabl e |2. Tabl e—%. Photochrom c Tes|t
P SAT.] OD Xmax_ le T1/ 2 [SAT. [OD
kK-vis)| (at ax-vi (at
-vis|vu 1 66 O. 16 50 P. 42 b60
2 121 0.80 455 1Y 220|0.85 603 3 6 OpfRied5lF 18 1199
8160392 VWO 25§07 [T 193RL 3 [7USZ0067 01297] 394 [L120.44
37 456 19 180 ¢.57 07 5 238 1.09 452 20 134 0.B6
kd 152 21 41 0.48 §Q5 7 245 1.1pb 451| 22
197 0.|93 457 0.64 451 {9 18B
|79 476 10 ¢ 25 128 1.08
448 26 130 Q. 593 0.67 #75
13 921 0.65 4 ®Pds 0] 86 589
3% 866007 6¢ T NEBS 0.16
MPM9
395 0.19 393 0.20
MPM11
405 0.38 445 0.37
MPM13
395 0.18
MPM15

[238] The modeling data indicates that groups that extend the pi-conjugated system
of the 3H,13H-indeno[2’,3’:3,4]naphtho[ 1,2-b]pyrans bonded at the 11-position

thereof have an increased modeled intensity and a bathochromic shift N Agpax1 @S
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PART 3: MODELED SYSTEMS Mbdel ed 3H, 13H I ndeno[2' 3'3
4] naphtho[1 2-b] p ans [237] The substituent effect on
Woahsisipt i on and intensity at the 11-positi oPCDUS20061€12977
3H, 13Hi ndeno[ 2', 3" : 3, 4] napht ho[ 1, 2- b] pyrans were
cal cul ated using density functional theory
i npl enented in Gaussi an98 software, which is purchased
from Gaussian, Inc. of Wallingford, CT. Mdel systens
wer e desi gned based on the . .
3kdomBited tronomppblephotchipRisIARIRRASTYBIA] pgosndhahpignds the
S %?—%{)ﬁ%%ttédosﬂst?&- o% bR ildenfBskd hhthopfrat Béhded dEBO1 f-pesttbn
nap yran (substituents at ‘the 3-position were
rehﬂra:féﬂ)rmamplt?h@@/ﬂdgen atoms for ease of nodeling).
< . . ,
e R e A iy
g EpgﬁﬁY'O? guuéthdtalgémt efteiché pirconiveateheysemRaAdthgindgesipeds et
- 31 . . j SPRGE "
c effalgﬁtﬁgp " gl(é)ln% %}hetli-{%‘mgg% Z(E]r%g%l?ﬂg ensi %’ym?%{@é\ggl?m 0do
t he BjypebMOBETS) a siprificanBRbi¢mefimmotélehiatensiftpsGomparsdiod )

R A e e T G

bepdinien 1 Fakitien ardl thé\l 0-pasitianet theds -pesition ept 1pasignosthag

B3LYP/ 6- 3 Tabl e, 3:. Mbdel ' .

O AU R AROR AR YBEP O i o TS e PRy Bt

@n?étrend\&d@_ | adenibfieldedptahopsran albadle bedlingRivettionhifenrrixemple,
| a

bt A 8 een Gyt iR ko MipE B i an
| MoMimSdeldd gthBw&om%mimwm @Fis3d PoTp B ©061de TRIF-7

402 0.31 399 0.2
0. sonjygeled systgms (nghéindel\{lpo-%se%y&lthopy%%%n% an Zhel\ﬁ%gsi%lcl)r? (for

example, MPM3 and MPM4) or indeno-fused naphthopyrans having a group that

extends the pi-conjugated system of thereof bonded at the 11-position only. The
modeled intensity data for MPM2, MPMS8 and MPM12 is consistent with the
integrated extinction coefficient measurements for similar compounds as described

above.

Modeled 2H,13H-Indeno[1°,2°:4,3Inaphtho[2.1-b]pyrans
[240] The substituent effect on UV absorption and intensity at the 11-position of

the 2H,13H-indeno[1°,2’:4,3Inaphtho[2,1-b]pyran was calculated using the same
procedure as described for the 3H,13H-indeno[2’,3’:3,4]naphtho[1,2-b]pyrans.
Model systems were designed based on the 2H,13H-indeno[1’,2’:4,3]naphtho[2,1-
b]pyrans with substitution at the 11-position of the indeno-fused naphthopyran
(substituents at the 2-position were replaced with hydrogen atoms for ease of
modeling). The absorption spectra were calculated using time dependent density
functional theory (TDDFT) with B3LYP functional and 6-31+G(d) basis set. The
longest absorption and correspondent intensity calculated by TDDFT/6-31+G(d) are
shown below in Table 4. All structures were optimized using B3LYP/6-31G(d). As
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400 0.48 397 0.44 \/ a | MW 382 0.17 MPMB - 385

0.16 //SO0OOo0o MM MW10 395 0.19 393 0.20 | O
wWORME1160 MPML2 i / 405 0.38 2 - 445 0.37 5 \PCT/USM06/012977

MPML4  MPML3 395 0.18 / O O MPML5 [238] The

nodel i ng data indicates that groups that extend the

pi - conj ugated system of the

3H, 13Hi ndeno[ 2', 3' : 3, 4] napht ho[ 1, 2- b] pyrans bonded at

the 11-position thereof have an increased nodel ed

i nt hawh iy Tableid, gxtonding thecomgativhaf the Ilhpgsiﬁqn. ihcragses ﬁgl WD

200 : US2006/ 012977 conpared to conparabl e

phd?%%%&%#ﬁ?ﬁ ferials without a group that extends

the pi-conjugated system of the indeno-fused

napht hopyran bonded at the 11-position thereof (for

exanple MPML). [239] Further, nodel ed photochrom c

mat eri al s having a group bonded at the 11- position

butTableat: ModededTatengtytiRitalfor MBsfd F&aniradadeePhaidt et Materials

t he ilnden®Miédetsdd®Photochromic Amax Modeled Intensity
Material (nm) at Amaxt
383 0.33
MPM16
402 0.42
MPM17
396 0.57

MPM18

[241] As can be seen from Table 4, both MPM 17 and MPM 18 (which had a

cyano- and a phenyl group, respectively, extending the pi-conjugated system of the
indeno-fused naphthopyran bonded at the 11-position thereof) had higher modeled
intensities and a bathochromically shifted Ay, as compared to MPM16, which did

not have a group that extended the pi-conjugated system of the indeno-fused
naphthopyran bonded at the 11-position thereof.
Molded 3H.13H-benzothieno[2’,3°:3.4]naphtho[1.2-blpyrans

[242] The substituent effect on UV absorption and intensity at the 11-position of

the 3H,13H-benzothieno[2’,3°:3,4]naphtho[1,2-b]pyran was calculated using the

same procedure as described for the 3H,13H-indeno[2’,3’ :3,4]naphtho[1,2-b]pyrans.

Model systems were designed based on the 3H,13H-

benzothieno[2’,3’:3,4]naphtho[ 1,2-b]pyrans with substitution at the 1 1-position of
-96 -



napht ho pyran along the 11-position, for exanple MPMb,
MPMB, and MPMLO do not appear to have a significant

w0 pwsaases i N nodel ed intensity as conpared to POPNE2006/012977
Model ed photochrom c materials having a fused-group
that is bonded at both the 11-position and the
10-position or the 11-position and 12-position of the
i ndeno- fused napht hopyran, wherein the fused group
extends the pi-conjugated system of the indeno-fused
napght WQVhianO-atsectmﬂphthbmah (sgbsmﬁﬂnfs laOIhs 3 (ﬁoﬁﬁo@%@l@'ﬁé}ﬂaced

VP Iler i ncrease
Ig’u‘l ?h }gﬁ%ﬁt ens‘%% f(g% ?n}oﬁ nglff’ear SUPBAbPEH BHe Eal"“lated !
matveing ine debmﬂeﬂtddnsay ﬁu&ﬁdna@ thevy (THBIFTEWiE BAS YPFendBbnal

L st.e f .the deno-fused napht hopyr an
oo g RS YRSRE, T hpiEraboormion i corrmBient Tt
or cahuﬂeted bﬁ ISt aphidiapate mﬂt@ww& bR U] érhﬁ%ures were
exte % &3#@% 98 d system of thereof bonded at
t heP leﬁ £ § As eyt Bdl ablstde prprdjnedhe epnfugation
MPleRthe VPBsi B CindEME 2 thic absz)epiﬁ)hsﬁt@rm with the

[ nt egr ated extinction coeffl ci ent neasurenents for
I\/bdel ed 2H

substrirtuent—eff
the 11- pogé\g% ;
3H-i ndeno[] ' 21 2
cal cul at ed
the 3H, f[:;%‘l—l,—:,
Model syst eirs
2H, 13H—| ndserr‘__"”
subs{iTUTTBR &
naphthopytad (sul
repl aced wit fi Ry
The absor pti' A
depewdent dert,j'
B3LYP # uncti ofal angy ; ¢ et The
| ongest absor ptl on an corresponuem Frtensity
cal cul ated by TDDFT/ 6-31+G d) are shown below in
str tures wer e ogtimzed usi ng

Taphl e 4, Al
@ﬁ}/ 6 5pBbg peendtom Gabloy MMEY (Wigehiimd a phenyl group, extending

PCfEé PEEARARA Sl o5thOWEZbMich8BhEd 4aphBlt éﬁgﬂ bigeh Bme 11-
atjon _at the 11-position Incr ase
‘%P%’P sreqthfiad adrighgr mq%«rdemwané Iaédthbﬁlr@nsallwsh[fwﬂaml
f Ods dohpeed td PN 19f wiles t\ﬂ}vg
Mo dse | ed Phot ochro ch Xgrrit(ajl;1 ; t%tt g% éll?({ed %el\yétcgw}l%ﬁted
nniYsiemyatihe benzothieno-fused naphthopyran bonded at the 1 1-pos1t10n thereof.

[244] 1tis to be understood that the present description illustrates aspects of the
invention relevant to a clear understanding of the invention. Certain aspects of the
invention that would be apparent to those of ordinary skill in the art and that,
therefore, would not facilitate a better understanding of the invention have not been
presented in order to simplify the present description. Although the present

mvention has been described in connection with certain embodiments, the present
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383 0.33 MPML6 402 0.42 MPML7 396 0.57 MPML8 [ 241]
As can be seen from Table 4, both MPM 17 and MPM 18
W@ avbaoshad a cyano- and a phenyl group, respeCT/US®hg012977
extendi ng the pi-conjugated system of the
i ndeno-fused napht hopyran bonded at the 11-position
t hereof) had higher nodeled intensities and a
bat hochromi cally shifted Xmaxl as conpared to MPMLG,
which did not have a group that extended the
pi -igoemiiog stnetlisitet te theqfarticalar embletinerdts diedlosed b ishapydearto

03|t|on t her Mol ded 3H. .
s lﬁ‘fagﬁ%s[]tﬂ 5w fhg B‘Pﬁwdlscgp%%ﬁ%laﬁ@ﬁpwzﬁeﬁned

Thdnghbanmmhﬂmhnﬂéfect on WV absorption and intensity
at the 11-position of the
3H, 13H benzot hi eno[ 2' , 3' : 3, 4] napht ho[ 1, 2- b] pyran was
cal cul ated using the sanme procedure as described for
the 3H, 13H-i ndeno[ 2', 3" : 3, 4] napht ho[ 1, 2- b] pyr ans.
Model systens were desi gned based on the 3H, 1311-
benzot hieno[2', 3': 3, 4] naphtho[ 1, 2-b]pyrans with
substitution at the 11-position of -96 WD 2006/ 110513
PCT/ US2006/ 012977 the benzot hi eno-fused napht hopyran
(substituents at the 3-position were replaced with
hydr ogen atons for ease of nodeling). The absorption
spectra were calculated wusing time dependent density
functional theory (TDDFT) with B3LYP functional and
6- 31+ d) basis set. The | ongest absorption and
correspondent intensity calculated by TDDFT/ 6- 31+ d)
are shown below in Table 5. Al structures were
optim zed using B3LYP/6-3 1 d). As shown in Table 5,
extendi ng the conjugation at the 11-position
i ncreases the absorption intensity. Table 5: Mdel ed
Intensity Data for C osed Form of Model Photochromc
Materials Model ect Pb6to hrc-n ¢ Modeled Tntenrity L |
at C7"1 73 (LL
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Ci O '"~1l'"l 14Q 1" 2 MI'N 20 [243] As can be
seen from Table 5, MPM20O (which had a phenyl group,

wesxaendisnyy the pi-conjugated systemof the  PCT/US2006/012977

benzot hi eno-fused napht hopyran bonded at the 11-
position thereof) had a higher nodeled intensity and a
bat hochrom cally shifted maxi as conpared to MPML 9,
whi ch did not have a group that extended the

pi -conjugated system of the benzothieno-fused

napht hopyran bonded at t h&l#Msosition thereof. [ 244]
| tWeslatnp be understood that the present description
1] ustral ﬁt%a &ch?é c%?mphﬂﬁg atl Wi fABobIRbRYARAtedd @
cléar un ers |ng 0 e Invention. Certain aspects
oﬂmhmemngnventlon that woul d be apparent to those of
ordi k|| t hat therefore, would
not P23XP1 a émgpﬁﬁﬁﬁéﬁﬁ g?standlng of the invention
have(if)ot gibeethat m@ﬂeﬂw edcomugatea eystenp oStherpridenasfusete

pr esent cr| |on |

has beéﬁdlﬁ é’ Bd‘?dnat chg 2?1 g’% F& fléﬁgfvaﬁ &Eéiggﬁwlg%ﬁﬂﬁﬂﬂhg roup
enbodi reend,at tH&G 1pfoeisiemdt th@ﬂldm-ﬂ%ﬁlamlibhm@an and a group
PCT/ US OO /01 i vent i on .S n

partic deaﬁ‘ﬁﬁc}%rfé’ﬁlpg Eﬁ oSl 09{) 1111({2915 ﬁ%te &e{r?la glglgyran
cover ffBgBtﬁdr €attn DRsedt iatp, sidfussd droup i Inet es‘tpnnm-fusatmOup,
scope of the i nvention, as defined by the appended

cl ai ns.22498 WD 2006/ 110513 PCT/ US2006/ 012977 CLAI VB

Ve gdginihe B-pddRtioaplnthd axhcféh@-ﬁﬂed/h@hﬂmpymm issinnudpstittitel aato-

one photochrom c,. materi a

SR CE TR By ik U5 0t 1y Piatighsh R Bigpo-fasea
exhanddp §113§1sR11—'S§&ﬂiu't&laﬂl8Gu&ﬁﬁ&ﬁﬂﬂ@ﬁottt@theﬂﬂﬁmmofhoﬁ@ﬂ
naphthopyran bonded at the 11-position of thereof,

provided that if the group. bonded at the 11-position
of 2¢ heThernpbhalnrie desdoerpa SR b JPPEH 'gﬁa OGBS “Palo%lﬁ

%rﬁ;ﬁ'lsépalplﬂﬁéﬂo[? 3.9 r4] %htﬁ&[@ bty Bﬁaﬁ)fant he indeno-fuse d

ran orm a used group, said fused

g r msﬂpm[é =2H 43 ]meph ﬁ?@l blpg@a of BYiure thereof.

3. The ophthalmic device of claim 1 wherein the photochromic material has an
integrated extinction coefficient greater than 1.0 x 10%nm x mol™ x cm™as
determined by integration of a plot of extinction coefficient of the photochromic
material vs. wavelength over a range of wavelengths ranging from 320 nm to 420

nm, inclusive.

4. The ophthalmic device of claim 3 wherein the integrated extinction coefficient

is at least 1.3 x 10°nm x mol™! x cm™.

5. The ophthalmic device of claim 3 wherein the integrated extinction coefficient

ranges from 1.1 x 10 nm x mol™ x cm™ t0 4.0 x 10°nm x mol™ x cm™.
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and wherein the 13-position of the indeno-fused

napht hopyran i s unsubstituted, nono- substituted or
walgeosnbsts t ut ed, provided that if the 13 - posieCDOSNG6/012977

t he i ndeno-fused naphthopyran is di-substituted, the

substituents do not together formnorbornyl. 2. The

ophthal m c device of claim1l wherein the photochromc

mat eri al conprises an

i ndeno[ 2', 3': 3, 4] napht ho[ 1, 2- b] pyr an,

i nélendhe opthalmicxlenizpiof hle{lml whbt]ewh@pho@ch@mw oetgrial displays

t hlg};p%ﬁ:%onn% aﬁghr%tlgﬁ) Q{ Q@J%Pﬁﬁ?es g%ﬁatﬁg hENiRd %&vé@é}%ﬁpﬁ&n 320

romc nm I nt egrat ed
ethmm:#zoann asa:mirfpamdema pgcvtet’chrfemcmall&@lmlsm@@ campscable

m4las, ter f
xR Ol RO P Riegf o Pitub BREREAH. B8 pBtorfuRldoyim o
VS the Wwaimpdrabig indemmv e donapbthgeyraof bcmde.@lt diregitl ositian dieragt.
fron1320 nmto 420 nm inclusive. 4. The ophthal mc

C wher.ej n th nt e
é.lf f ?@16 é)ﬁﬁtlhalfl’gc (i% cle é)£ gi[amitl CI tgg OC%IO XIE T‘[l?e‘iila%i a
: cl&bﬂ fﬁﬂlﬁlhlh;aipﬂbﬁ spibentin é’or&ﬂecﬂbmagneﬂc mﬂatlem thatike
e on coeffic ran from
O beiemonsiony shlEi S Sorfi e oS efonapeof i ASKS o S £
- 981eM@nﬂégﬁfc]r§(Q5tﬁ o?@ﬂl&saﬁ&ﬁicﬁﬂa&&?a}’ cotfiprisiipen comparable
opht hal m c_ devi ce of ¢ erein tfl]dﬁhot och

naf’@?ﬁloafus‘?ﬂ I?ﬁh@?@’ralh‘y P, g{?ﬂp aéﬁ%?‘ﬁ C%Ipugated system of

el afetcbhl 8 trldend-AdéBhdpaihopyai Bhded wakel lep@ithnfilicasaf320
run to 420 nm as conpared to a photochromc materi al

conprising a conparabl e indeno-fused naphth ran
wi 8habe o@%@l@wﬂewﬁwf Jsimelyphergip éhe;ﬂfmt?&ﬂ?t&@fﬁtﬂgs%%%t em

Of coﬁﬁgteq%%aﬁ abig m&eﬁ&mﬂy@rﬁ ﬁﬁﬂﬁb&ﬂ@&ﬁt&ﬁe bopskasbnat

osition thereof ugﬁt hal m ¢ devi ce of

c I gherof Mﬁelb%ﬁm’cect orampihstittsd e asuhgitepd an unsuhstigpted
< £ yel magneti c
¢l gaeftall ?‘ﬁg%;?&aﬁ%sgﬂte& OkE4B) 0% vl PRk AT

atho rom cal | s’hlfted as
Corrpar edi) iKds CR, NeOS o¥Rn AR or dﬁ‘@}ﬁe eWherpnfRo s amino,

el ectronmm [ f o) ial
conpr | o1 ne SR EiAC AR ARG %ﬁﬂﬁﬁgﬁ%&ﬁﬁ

wi t hout a gsniaspmtdde@l -@x nlsyile suhqétupﬂdm: vegubgittediCs Cotabienyl,
?Le tlgepggl PEn tf‘ffgltr ‘?&‘ﬁg‘fté@%gc Opht fral m(;gglgfél\??ﬂgga{j !
claim 1 whedeixy, édygery a@ulyot fesitiues x Sehstigited fpe uprubstituted
conlugat o6, 4GB o DFSRALHPRSIBNL R r
unsubst i t uimeabsatuydd; alloxgbsibitituted or wisubstisitddsixiyalkexyd
alkylamino, mercapto, alkylthio, a substituted or unsubstituted aryl, a
substituted or unsubstituted heteroaryl, a substituted or unsubstituted
heterocyclic group, a reactive substituent, a compatiblizing substituent or
a photochromic material, provided that:
(a)if X is -CR or -N, Y is CR?),, NR?, O or S, wherein each R* is
independently chosen for each occurrence from amino, dialkyl

amino, diaryl amino, acyloxy, acylamino, a substituted or
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heteroaryl; or a group represented by -X=Y or -X Y',
wherein: (i) Xis -CRL, -N, -NO -SR1, -S(=OR1 or

WO B{os@MR13 wherein RL is amno, dialkyl anm nopC™Us2096/012977
am no, acyl oxy, acylam no, a substituted or
unsubstituted Cl-C20 al kyl, a substituted or
unsubstituted C2-C20 al kenyl, a substituted or
unsubstituted C2-C20 al kynyl, hal ogen, hydrogen,
hydr oxy, oxygen, a polyol residue, a substituted or
unsubst i t ut ednsubktitmiod €;-Cao Akyisd substitedd o ungitsttusddi @,ut,gd

benzyl oxy, a _substituted or unsubstitufed al koxy, a
substi t ut ed 8?1“*??{5%»5% é?nle[tltﬁggﬁunéﬁkfﬁ“i%f o éﬁwﬁgﬁ%@
mer capt o, al hydiropinohydrosy bsdeh, U @iy obfesidns Wk sbstitusdas
aryl, a substi u,tedg&[l unsubstituted heteroar

|,
substitut ed SPSUIRELESPRGIGTRE SURERGdAT PR E“t@?g\éﬁ}zygxy’ a

reactive subsiibstituesdtor uasubSTRBY hilkbiyZ b BEbsEHRAor IkkaBit@Ed
a photochrom c terial, provided that: (a)_ if X is
~CRL or -N, ¢xyakoxyggilylamjre, meyeappo, alkylfhiaraiuhstityied oo

i's i ndependendubsiteB@&61 afsbstiAAH orABGIBEERRE SetbloR, 2
am no, dial kyl  am no, diaryl amno, acyloxy,
acyl am no, a Sty ieybyituted bejerpgychip gmnp. Fosacve

PCT/ US2006/ 0 b thent U satmbiblizth 8 Seknde h P $hbtochRmi
substituted or u_nsubst i tuted (§ c20 al kenlgi?é,oca e
substituted &RtEREardt it uted C2- C20 al kynyl, hal ogen,

hydrogen, {ygreYNODXHIER =GR Q| ¥RLOJIBST WG,

substit ut._eg)ypr uns(bstit g(Jt(g) phg‘ralox);/: ’ %qélgbggltai t ut ed

or unsub@ X is-E@r BEn2yd Yiis CRY or Ny wbeien R delawino, dialkyl amino,
unsubsti t ufigdh ak; | Lruted
oxyal koxy, lgl?Ly" lg%x%}él? Qyng ?@%%itng% sg‘l%f(t?/r{it? % ?%&@Sh&vede& Ca0
subst i t ut edkydra substiutod o1 ungtlstitutady(,-Con akkepd ta subdtidedor
unsubsti t r I Ltuted or

unsubsti t ﬁ@%sﬂg{tegr@ 2(% f‘%@é*r%ﬁ‘%%é‘ y(lrilré) get ?%Q//déoxy’ oxyegen, a
subst i t uergolycd resinpatsubdtiteeder wmslistiuted phtnoand sabstituted or

phot ochr onj rial: and (h) jf Xis -. -SRI ,

P oz R oot Ryt B08 ool of sl digiy; o

- N+, and VubstBut@RGr wmsubistitwddexgilkody3alkfamifionfercaitélakylthio,
am no, diaryl..anno cV.| ., ,acC mno, a )

subst i t ut €6° ?mgtgéﬂ lg}s??tf% Plg%iyaéﬂ’- &%&t&?gw unsybstituted
subst i t ut eibteasarylns sibstituted beahsGBstiGRE IRkdtesF¥lic grdup, a reactive
e Sy Ssey Ry Hng SR or A photochrons matshal or

the group that extends the pi-conjugated system of the indeno-fused naphthopyran

bonded at the 11-position of the indeno-fused naphthopyran together with a group
bonded at the 12-position of the indeno-fused naphthopyran or together with a group
bonded at the 10-position of the indeno-fused naphthopyran form a fused group, said
fused group being indeno, dihydronaphthalene, indole, benzofuran, benzopyran or
thianaphthene.

9. The ophthalmic device of claim 8 wherein the group that extends the pi-

conjugated system of the indeno-fused naphthopyran is: a substituted or

unsubstituted C,-Cy alkenyl; a substituted or unsubstituted C,-Cspyg alkynyl; a
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pol yol residue, a substituted or unsubstituted

phenoxy, a substituted or unsubstituted benzyl oxy, a
wG@aipstiiasus ed or unsubstituted al koxy, a substPCTIUSZH0E012977

unsubsti tuted oxyal koxy, al kyl am no, mercapt o,

al kylthio, a substituted or unsubstituted aryl, a

substituted or unsubstituted heteroaryl, a

substituted or unsubstituted heterocyclic group, a

reactive substituent, a conpatiblizing substituent or

a phintiandt @:tn:iinmbeﬁtheﬂ aB/l;;a sobstinhed Grumbybstitirt hetstoeyds t he

PorEa A R BT ar e N FRbam Y ald B ol ¥+ ¥ CRe

naphtNdopyr an together with a group bonded at the
12-position of the indeno-fused napht hopyran or
ogether with a group. .honded at the 10-position of

t nd0 Eﬂfe?t&lthattge&eﬁaep?ﬁ%wrwr%t%gaoum%aéaxt@mdaatﬁ Pisai d

f USBRiugHtOLYsRR dTthe iRGLR0 Fused nipHHR AR BLRRE %f‘tﬁe 1 1-595%(91

benzof uran, benzopyran or _thianaphthene.
opfibsazatiis 20 aehereuw dip heterdapyl gropp Ehebls ﬂntqbétltgteé epsutaptettted with

eXtafffégﬁ oh&16r PubstERBd Hﬂﬁl‘éﬁgnﬁlyeﬁtaﬁ@l %fsuﬂﬁﬁltém%ﬂ ggt%ﬁég

napht hopyran is: a substituted or unsubstitute
C2-atkony.4 Wbsiifnted e I@eﬁetltutedtowﬂmxym@wspbw @2- C20

a' K¥EbStituRd anddla suffRlitafdd 8f tEéZE&lU%%tQ@A&&%?W

substituted or unsubstitute ary a’ su Ituted or

undugbsiitpied dgterparybagide.sarbonyl( eﬂ@omlyt estgr, ethR, Bylpgay, hydroxy, a
C\F/;%)ONO resﬁﬁﬁse %ﬁﬁ%ﬁ%tédsb %%%%t&?éhen&gp b fs1§03 1&193% gunéuﬁstltuted

e opht Vi €
wh é’p@}’&pxb’h‘é’ ape, ey, sWtnyle shid rdwibstitated pr urlsdnfltlllgeaiﬂetd:rocychc

sy ht h ran bonded. at .t he
T B Pleabdle st L USnRAt) UBBHLATL R aR}
gr aunteriah a:trowd;aduhvs tfisbd arylugrep arnheshmoaryltg@qb coiriptises adore than
l e n St.it ted or_uns uted al kyl, a
su%%%m?ﬁ&%' b?m%nsu'm 1 Py &g mdgp g?ab §m§ﬂbst|tuted or
unsubsti t ut ed oxyalkoxy, am de, a substituted or
undib$hé éphitetiniadbvios ofalsn l@smietdiﬁ td gedrupum ersids tthef o d

bstit t| tute h [, ..
éﬁ-})osmon

aryl ,.

o i B3t M ip Bloa R b oben Bpnce
hy dliedeof is -@(—ley@herélﬁ‘ R iRy lamiryRSdxl W @t@stﬂﬁted or

unsub tltuh e a.su stltuted or _unsubsti t ut ed
ber’f??ﬂ SW e gTy éﬁg%a %ﬁt stltgtﬁ prowp sttfqtﬁdﬂlkox&, a substituted or
suhsubbtithRd oRfalktrs, Hsihé, (duIEA alBloCHiRGY £thinG, 2 GbRHRed &
reactive substituent, a conmpatibli zing substit uent or

a PRSLSEReE A 2 sHpgtibteder “nﬁtbé@ttlﬁééefﬁwatylalafsub%@t%%rl
Or QUfibelituich bRk @%F % R, h%z@f&%éﬂ 35S okP t)ﬁydgehaﬁpowme

substj tuent, eac subst it uent be i ndepen
chassidye, a substituted or unsubstituted phenoxy, a substituted or unsubst1tuted

benzyloxy, a reactive substituent or a photochromic material.

12. The ophthalmic device of claim 1 wherein the photochromic material
comprises at least on of a reactive substitutent and a compatiblizing substitutents,
each of said reactive substitutent or compatibilizing substituent each being

independently represented by one of:
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11. The ophthal m c device of claim9 wherein the group
that extends the pi- conjugated system of the

wo pdenosizised napht hopyran bonded at the 11- poRCT/DS2906/012977
thereof is -C(=O Rl, wherein Rl is acyl am no, acyl oxy,
a substituted or wunsubstituted Cl-C20 al kyl, a
substituted or unsubstituted al koxy, a substituted or
unsubsti tuted oxyal koxy, am no, dial kyl am no, diaryl
am no, a substituted or unsubstituted aryl, a
subst it bARD-BG-Iynsubsti t ut eG-E@Jer oaryl , a sukBE-GJL ed

or unsupstituted heterocycli€.group, halogen,_ -
hydr oger'1‘jE #Jfﬁlr oXy, oxygen, ﬁgcf){ﬂ yol residue, T
substit uA®G-or unsubsti t ut eg-Jpdndnoxy, a substiduted or

unsuk%st.i_t uted benzyloxy, a reactive substituent or a
phot5&HPoni ¢ material . 12. The ophthal ni c device of

cl a: (i aac‘hhﬁr—ﬁ;% défadaotos tn:(gm'){; -O- S0GH-0)-6p THC 6€9-,
at |least gn gactive substitutent and a

conpat PBIVidsd ﬂlj‘t %u‘%s 5 it ‘gnt fg’fms Hdeast e b%‘?}fflﬂt‘ dacti ve
subsgi) tatheDt isGhdepereatly: bi | i zi ng substituent each being
i ndependent |y represented, by one of -102 WO )
2006/ 10 smHarpiny resiship 067 erpatrve therpof, piddiggine resigugbeing an
- D- B G Jialiphdic diakide resilia dyclos Miphatic dlamfde JosiquéTa);  and
-A'-J wherein; (i) each -A - is independently -0-,

- (=0 -, diazpgycloa regijiue, gy azagyqly aliphatic a@ﬁ%@ﬁléw at hat
Lf-A - iazaQown effter regi@l{egﬂi aﬂ:érolnﬁﬁéhiagfﬂ%_ LR, WhirBinatirst

i
(ii) each -D Is Independently: (a i am ne residue
or a der japang pgogdnex said diaguriedetidugivims artwsd itk -Hei thg geoup

al i phat i q%acé bRl Snd I.%'g 1 atePsySal tl‘gel ihd@ald&a qg@igﬂo%an

resi due, I azac d Eane residue, an azacy

al i phat i dondrdraéthedd ipgsition teredf, avasbstithend bhar avaidahileipmition
or an ar ' | ad1] ' , er.ei T 1.
ot ogon e B TR RRHE, e sl ibyen BLEE
-A' -, t hdigrioepsiduhfrmex benldzitlt e, - ecdngmugat ed syst em
of the,indeno-fused,napht hopyr.an. nded at t.he

71- pos R HEGHe RIACL SO o BRPT Bl prifiipot o
posi t i on residuetbeingian dbplatif asmd alvaldl trésidug s adycloahighgic amino

second am np nitrogen of said,  dianine residye forns a
bond wi ¢ ool esiqes g azicyeloiphagk aledhol redidie.t Wamsyelo
resi due atipkatidalcolelirésidhe bh&i AomhaticSahido alobhvD re31dae)Felerein an

amino nitrogen of said amino alcohol residue forms a bond with -A’-, the
group that extends the pi-conjugated system of the indeno-fused
naphthopyran bonded at the 11-position thereof, or a substituent or an
available position on the indeno-fused naphthopyran, and an alcohol
oxygen of said amino alcohol residue forms a bond with -E-, -G- or -J, or
said amino nitrogen of said amino alcohol residue forms a bond with -E-, -
G- or -J, and said alcohol oxygen of said amino alcohol residue forms a
bond with -A’-, the group that extends the pi-conjugated system of the
indeno-fused naphthopyran bonded at the 11-position thereof, or a

substituent or an available position on the indeno-fused naphthopyran;
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resi due being an aliphatic am no al cohol residue, a

cyclo aliphatic amno al cohol residue, an azacyclo
wa@bkiophatsiz al cohol residue, a diazacyclo ali ph@t/iUg2006/012977

al cohol residue or an aromatic am no al cohol residue,

wherein an amno nitrogen of said am no al cohol

residue fornms a bond with -A -, the group that

extends the pi-conjugated system of the indeno- fused

napht hopyran bonded at the 11-position thereof, or
subdiii) taaelhtE- ¢y independgpily p gma@oigdg:, acidgesigis o R élenva’uve thereof

| ndenq iy OQQEJ%CMMH%CI aﬂﬂheﬁ‘l'c ‘aﬁ:lafyoxylﬁz)@éﬁfr@sﬂtfe a

said am no residue forns a bond with -

or -J cydpahpélawdlembwhn neid eryidhe elfanswaattsrﬁlmb%vw

resid r i eﬁ:ﬂdi%b lic 36 1S £

al cohtJ+ Slo‘%y‘ggeﬁg%‘? sal yb%ﬁ%ﬂr%% ugo c rrecs))lgydlﬁe férrrs aOmls

bond i tond wAth-G- bthd®- ga@@swmca@)@nﬂrﬁlj@lﬁﬁéaﬂ dicarboxylic acid
n S f gt.he indeno-fused naphthopyran

bondecflaéj‘?%tfﬁlgml&l’@o%g?l ion thereof, or a substituent

or d&iv) avdi Hald iedgpesdenilpn on t he |ndeno fused

(rh) CRECR O GERRP L RO B

resi due tudemendently\chddex end iaegeeﬁxﬁm 03@5@] add & arrbofoy,lm, end z
aci d residue bei 1 al i phatic dicarboxylic acid

resi due, raggesctg’ gg(f ?d;)hat i ¢ dicarboxylic acid residue
or an @ @ﬁayblaesidlﬁafr h@xyivative thetedf, saié polstolapsidvedredigrana

first car f sai i carbo ic.acid res
forms _adbignte uglyd) tidte s efg ROl LS aRE R
group of p&ﬁbldeﬂa@awhaxmlw fiistgoiydl oxry@&i dik@ldfp@[yl%re&d’@@faﬁns a
wth -G; (iv) each -G |S|nde ende

- [ (OC2HAPdcEEHeY “Podinr e ha fﬁmlaf&t e B co%pugﬂad ystem

are eachof g ﬁﬁl@ﬁ@ﬁl@éﬁ hasphmhpﬁanb@ﬂed S1AROE -HdsRIBn Ahdrédr o a
and a sum of x, v, ranges from1l to 50; ‘ﬁl{ﬂan and

pol yol r sistiientor alaa%?é‘ﬁble Rp§iten quibs wdeno-tusgdnaphy

resi due beidgq ﬁ&yolaﬂx& fishid BQllyM%nﬁseaSlbdiﬁHthhaECUﬁJJ Qor
al i phatic polyol “residue or an aromatic

resi dues) agembeiatiomtheieps whersintbe figgkpole opfeea 3¥ thepglygbl
resi due fof [diE fﬂ—g s Wich B grfip= [(OC&Lt)x(Oé?}k (O, BHAUE the

t hat exten -con ugat ed system
i ndeno- f @@Qudndpﬂtmgﬁ}lr axmspdivaé Vit Bt ¢ret; pad p03| tion

t her o]¢ shit.uent or an avail able positi on on
1
t he &zgg%hojflﬁgg%%ﬁapp hopyran, and a second pol yol

oxygen(aps gwap eK pulieyeh -K o L6000 CHGHR)CQOHor - J; or
-C(0)(CH,)COOH, -C¢HsSOsH, -CsH10SOsH, -C4sHgSOsH, -C3HgSOsH, -
C,H4SOsH or -SOsH, wherein w ranges from 1 to 18;
(b) hydrogen, provided that if -J is hydrogen, -J is bonded to an oxygen of -D-

or -G-, or a nitrogen of -D-; or

(c) a group -L or residue thereof, wherein -L is acryl, methacryl, crotyl, 2-
(methacryloxy)ethylcarbamyl, 2-(methacryloxy)ethoxycarbonyl, 4-
vinylphenyl, vinyl, 1-chlorovinyl or epoxy.
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(c) a conbination thereof, wherein the first polyol

oxygen of the polyol residue forns a bond with a
w@e@an105iy OC2H4) , , (OC3H6) y (OC4Hg) Z] - and t he PGEUSWA6/012977

pol yol oxygen fornms a bond with -E- or -J; and (v)

each -J is independently: (a) a group -K wherein -K

is -CH2COOH, -CH(CH3)COOH, -C(O (CH2)WO0O0H,

- C6H4S8H, - C5H10S03H, - C4H8SO3H, - C3H6SCBH, -

C2HASOBH or -SMBH, wherein wranges from1l to 18; (b)

hy dBogbnophthabuic dedcd ﬁ@ﬂaimm-vmeteén thy ghcﬂgnémmc dnategial

boregagn;eg @fhdgﬁqgeﬁ e ]na& o@;%-ggga%erag IS %%g,r%g}e%f

i S pasitig, ,therﬁapdsamnyﬂhe lo\,-poilgld)n, thid-3-position, and the group that extends

et h r ba
o oAt oL Sy R RRbI 2 Aaniief Bdasgmn bop e e
1- dhlposidun thgteofeongipivesya reactil® 4ubsiilerd006/ 110513
PCT/ US2006/ 012977 13. The ophthal m c device of claim

12 ein.t hat o om_c mat.erial rise
&ghi%ezoph%ap@Cﬁfwaep?ﬁ P V&h%%waweaﬁ seq TARBOpyBs fiee

of off BsirdSey 3O grotipsid thet 136pofitipR 6f tht &dend-fuSedlndpRBSHyrAON,

the 3- p05|t| on and the group that extends the

he
&3 ﬁ“azgp gﬁ%g%n?ﬁ%%ﬂ hepiip e dreperfitsedmaphthopyan is an

11-1]m2,ﬁb rgrn34 th XY dns%@l&gﬁct ive substituent.
14. The[tz pht h]al mc 4 1 wherein the

i nden®- ’Fhﬁée@sﬁla’b Rt the 35%(?{2*,% 354]@@hthefl Kplpyrn dyawbstiuted with
groups ghittd3en é&rtd?ﬁ th éﬂoﬁﬁ oPJn 3:98er d%ﬁ%ﬁfalgf s&f

napht hop hal mc device of claim1

Whor o 0 EpsSHiR RS e a8 HAgHrOpt ldrblpyrasis substiied with a
i ndeno[ %mo?en &nﬂﬁﬁ%%%ﬂﬁgﬂan%xpﬁ&y&ﬁﬁiniwoﬁf gaein: (1)

the 6-position o

i nden@{%zth633'10951ﬂ?fh@fﬁhf€ ingpro[ 7 35P dynephthold . 2shipwen isuti-ed
\C’:V'otn?al nISlE]BgS{lﬁl%g 091%&% @Q{Uﬁwgﬁﬂggﬁxﬂ{gﬂ ?ﬂ]{t ﬂ{%ylg%smon 1S

i ndeno[ Zdependgntly]hydioigerh 6]1 21Kyl S1Careyélealiyibmiyl, histlestituted or
O BB U BBy IAS, g o
i ndeno| EhauBSﬁt@sﬂdﬁtmmpmrhcgrdupZ-C@W? aheredn R is hydrogen, hydroxy,
the 13- bocrePEh Be Shanl B nBlRrleg i TR eyt B
al kyl , @mﬁiﬁthgy phmkjg)ﬂl mord} biydi;(CaCodlsiy subktittie®phenoxy or a
unsubstltut ed I“t?n I % tityted or unsubstituted
benzyl , ™ % %ﬂ%@s s ¥t uted anmino, or a
group - C(O) R30, wherein R30 i s hydrogen, hydroxy,

16. A ophthalmic device comprising the photochromic material of claim 1

incorporated into at least a portion of an organic material, said organic material
being a polymeric material, an oligomeric material, a monomeric material or a

mixture or combination thereof.

17. The ophthalmic device of claim 16 wherein the organic material is a polymeric

material, said polymeric material being a copolymer of ethylene and vinyl acetate; a

copolymer of ethylene and vinyl alcohol; a copolymer of ethylene, vinyl acetate and
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Cl-C6 al kyl, Cl-C6 al koxy, an unsubstituted, nono-or
di -substituted phenyl or naphthyl, phenoxy, a nono-
W®@r00di115CL - C6) al koxy substituted phenoxy or a PEDOR200€012977
i -(Cl-C6)al kyl substituted phenoxy. 16. A ophthalmc

devi ce conprising the photochromc material of claiml
incorporated into at | east a portion of an organic
material, said organic material being a polymeric
material, an oligoneric materia a nononeric naterla

orvimyl algokeljpeliulgse zcsisisi hﬁlam‘%mylﬁ@ﬁ@ewe) ppy(acryate);
ngJi% ﬂﬁiefﬂa&gﬁ%\; i e%ngp bn eﬁlﬁfoﬁ%@uﬂmgﬁa@ b@ly%n@ﬁ pgfy%ﬁj'cﬁ'lde)

erla terial, said lyreric

rregtody(juesh “tﬁ@lan@ a %Wl(@ﬁthbpw%@ﬁ%ﬁaww RRjmer;

ac al cohol ; a
SRl S AIRRLIOR Py S S i o100

2006/ 110513 PCT/U82006/012977 vi nyl al coho

celd. (he sphthdwicadewich of ¢laint k6 winséiy therpbipteireinic composition

po&l.)! laC ra}séltl@ %?,I %]% abQ&Jg%Jnr@te{%%&legg&th) radi ?&H(dl?al’vgmg;}; wavelength

P ofr(yi(l Be@amito 20han ej conapaledatd k phoytmdlrhyic (cmpwmwmmim a

functio e

o e P nf o nap Rl R Mg e BhRREDE

d ewnjl%afeﬂ s}Zdtam nf t]héic(vdmr@ildmddm fpded medtinapyian bonded at the 11-
0sSi di spl ays an i ncreased absorption of

el% Pyﬁﬁgﬁﬁgilc radi ati on having a wavel ength from

320 nmto 420 nm as conpared to a photochrom c

C 019 Ofe lolp RRal&AWSvics o Glain 16 whgreinall photoahiemie dongpesition has

naphthop ran W thqut_ a rou .that .extends th i .
ot LSPBEP SR 15 Flep RAmEBHIS P IR P RER T GsHoelly shifted
n a@smoﬂﬂﬁbéﬁ%‘ albﬂﬁ&@ﬁorﬁipe&thﬁn fol elep@shdgnetiv rafieti@ndfa 19.

The ophthal m ¢ devi ce of, cIa|n116 er ei

P BRQSRGHFOIRHF COTPRSITE CPTBHS B COmAT At FBIF0 ] Tigedd SpAER PR
f O{%/ltﬁ«l)lﬁ G Lok QUFREH ekt Ads &%l@%ﬁ]ﬁ%htéd@%tein%f BrtcoaphBBliRRhd-y

shifted "as conpared to an sorption spectrum for
el Bised BaphiBYPE @E@@ﬁﬂh@ﬁ“ﬁﬁ“@nﬂﬁﬁﬁtochron1c

conmposition conprising a conparabl e indeno-fused
n aE@ t ﬁ%%ﬁﬁglmly\ﬁém% cRird ﬁ@%ﬁe&ﬂ‘ﬁe d:éﬁ%llé Etﬁnpo sition
-conj ugat ed system of the conparabl e i ndeno- fused
n ammmmgyatéwsb@mé a cemplepentary pb@@?ltrm@w maigiab@fphotamitiator, a
ﬂﬁﬁlﬁ&tﬁ} G eﬁ&tlgfl 1rﬁ1k‘t§'ﬂofna]s§1vmedf Bt sthbi@izer, a heat
fomc’cd tion conprises at Ieast one of a
c 0 mpblémm mpld rpihme @gehnt @rrh@lmwenmmagera agpvsiing Agent attise,
2o ko, P B TR, L A g
nokamp@icetas medgmal ageet, mmmhmgyblelmompo\hndag wattivedint, a

| e\fneglnlle?l , a%ggo%lhenazagl[a Gid nonpolymerizable dye and mixtures thereof .

21. The ophthalmic device of claim 1 wherein said photochromic material is

connected to at least a portion of said ophthalmic device.
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radi cal scavenger, an adhesion pronoter, a wetting

agent, a conpatibilizing conponent, a nedicina
w@g@nt1105an ant i m crobi al conpound, a reactive PCTUS2086/012977

pi gment, a copol ynmerizabl e and nonpol yneri zabl e dye

and m xtures thereof . 21. The ophthal m c device of

claim1l wherein said photochromc nmaterial is

connected to at |east a portion of said ophthal mc

devi ce. -106 WO 2006/ 110513 PCT/ US2006/ 012977 22. The

op B2 hEhenophtlabwic devied ofeladh m Whereih élieciphthialigic dphédiakeloted

device.is selected fromthe group, consisting of soft
conitpe PrsRE sasiaing of soffcoala: fongsecbard coniaat epges, praocrlar

| e, owrley leayes| @nke fser@Caldanptitdl $ee#s, and opti cal
inserts. 23. The ophthal m c device of claim22 wherein
t he,opht h 1.C. device, |$S contact Ilens. 24. The

op%la hﬂ?erﬁpgkhgkw g&“‘&f-’r OfG’aa}l%F yiesghdpe prhthakgiclskice i arpoatact
dewémge is fornmed froma polyneric material and the
photochrom c material is at |east one of blended wth
at | egst portion of the Eolynpric material, bonded

t o 24t Hieaphhalimip deyees clgfm 2|, whensty therephtialigtdericais formed
l n’ﬂbbn@ﬁ)dlﬁh&ic@hatbﬁaﬂﬁﬁd Be PRYtb RSO InatdiB 139* L Bféecof blended
materi al . hal alm 21

25. The opht hal m c device of clal
wh &ithijahleatt apertion of the pplymestic materialobondad forst deastdenprtim df e
COBb9heMt IteRialC AR itidfhe 18 | Sateri
P et beRal Rl bl S Sl 6 18] BAPRGE ficerial
wherein the substrate is a polyneric material. 27.
Thé>-opiftaphithaingc desigecad clofm 21 whereigit Wagaeiart of sdidophthalmic

po ; ki nt.s

oMM 0L Sl e AR ! AL EOTRITIA A e
and silicone conponents. 28. The ophthal mc device of
cl 3¢-mtzphthelnt devicsi of clajph 2 haherein thiesubeteats & agolyaretiaaiaterial.
| ens and said polyneric nmaterial conprises a hydrogel.

29 10, G - eV rising at | east . one.

o3t o R REL bl 25 PRLKE! A8 p3lvmef gyl ormed
nafihmivopyppaents ashprising hydrephilR-rp@inters) hydbpHilepolymers and
ingﬁagk%g eqw saphthopyran i s unsubstituted,

nmono- substrtuted or di-substituted, provided that if
the 13-position of the indeno-fused naphthopyran is

di 28 (listophihbled; dévive of ulaki 25 WREES said @pRAAIEOGRAASS 2 ERE4N
nokgorqyl and wherein the photochrom c material has

n'°0F #idsaidRobaneti At emresesraydroget greater than 1.0
X 106 mmn x nol"1 x cm-1 as determ ned by

| 2% QrrBsphtilic davipd SImpisin® %t lefkt bhPhotRefdiliC inefdtiall Bfuprising
t he otochromc materjal, vs. wavel ength over a range
of ARG FOHERITRPRtAPRY ARy WheTeim i3 -pasition og@@ indeno-fused

naphthopyran is unsubstituted, mono-substituted or di-substituted, provided that if

the 13-position of the indeno-fused naphthopyran is di-substituted, the substituents
do not together form norbornyl, and wherein the photochromic material has an
integrated extinction coefficient greater than 1.0 x 10°nm x mol™ x cm™ as
determined by integration of a plot of extinction coefficient for the photochromic
material vs. wavelength over a range of wavelengths ranging from 320 nm to 420
nm, inclusive.
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nm inclusive. - 107 WD 2006/110513 PCT/ US2006/ 012977
30. The ophthal m c device of claim?29 wherein the
WO nicegrEted extinction coefficient ranges froPC/US2006/012977
106 nmx nol-1 x cm1l to 4.0 x 106 nmx nol"1 x cm 1.
31. The ophthal m c device of claim29 wherein the
phot ochrom ¢ material conprises a group that extends
t he pi-conjugated system of the indeno-fused
napht hopyran bonded at the 11-position thereof,
wherein said group is: a substituted or unsubstltuted
aB| Theephiibbic denieoiotaim A8 whetein the BtperbedegasHam cogfficignt

, 1 X
gro“@ frre‘iﬁﬁ%ﬁﬂ%%ﬁ& §>S t%t({);{lqﬁﬁgxof)ﬁbﬁ"fxedmngeré:)n Rlls

[ s am no, dial kyl am no, d| aryl am no, acyl oxy
a(Byl anﬁheoplahashnt@siewtccl pedaior29urhentis theml}?t@dlr@lll@@enal

a substjtuted I yl,
cgﬁlggfesf'llﬁ%lg that eﬁtﬁ%(bsb SPT tbggﬁé&cérgt‘égl X @%rqu@enﬁ k&R
h aiaﬂgﬁébyrdmmm@m thetiyt Ehoemw thevepfj avheredn sl gremp me%suaﬂéuted

a substi tut tltut tut ed
o1 HRSUHLNES Evich BERDY RS by b R ey ort Bob
U&&Mbééhteﬂuyexi—‘alokcx(’ysY’awherbmt ituted or unsubstituted

oS8, S ARG Y A % g i

UNMAS tdidrdtagfino, A6HS40 @d’y}’dmm@ aSulfssitutddudr adsubstltuted C 1-Czo

gntpzlgﬁf a{ qutbgétl?tgfégre%g{ﬂl%ggﬁc' IC? Z(?z glﬂgrb'ﬂy E%@:%&l o ungubsututed
p h@Zt_%g ka‘*}ﬂirlchdl%eﬁ rﬂya{o RMOWoRE Gxydeat a pdlp)l rédiduX, 4 sibstBiRgd

or -

| erepEdhciy %xwubwgdawnal&’eﬁwgh&wfoe%rﬁ%ﬁf‘ﬁ%wd or

‘grlslﬂys'tmﬁéﬂ fioxy, HhuBsithted bl ﬁ@ubsﬁﬁlyddwxyalk@@y hiaytmino, a
stituted or unsubstituted -

s < ubsrhietadabio. & ﬁé&%@tﬂfim@%}b%@?t@%“ﬂa? R‘éﬁ‘;}‘i“tegé’f unsubstifited
%ﬁérb& sgubgﬁmtam ups%t)gtws@ﬁet&sc}@ﬂ@gwmmwaaib@tgem a

oge roxy, oxygen, resj due,
suMpatlblmng @bstum bsa %ﬁ%b@%ﬁ@ﬁé& , prgvided it t uted or

unsubsti { E[‘f%gisgﬁgz R is BISHPRRP, tO‘BIeSj viferein each R? is

unsubsti oXy, a substituted or unsubstituted
oxyal koxy, najepgddam:bmhosqnépr@aph QFCUIT{ICR yqotq»ﬁngno,éhalkyl amino,

substi tut e%la he X fgt;;l&{yuﬁcgﬁmﬁxgsla sul%hﬁﬁ%r'uhé’lﬁo@tﬂ:u@& Ci-Cao

unsubstitute tituted
unsubst i t utaigl, iaesumunqxbdrluosubgtlt@f@fb Cz-é?z(raéla@b’l ¢ ubstituted or

substi t uent ? ildle oxvoen

phot ochr oni E‘ 1@“?%)@18 él}(’? &hbm)%i YESR:

-S(=O R omoly( 1%@)15& a sﬁbsl:lmte(d or angiibstituted phenoxy, a substituted or
unsubstituted benzyloxy, a substituted or unsubstituted alkoxy, a

substituted or unsubstituted oxyalkoxy, alkylamino, mercapto,
alkylthio, a substituted or unsubstituted aryl, a substituted or
unsubstituted heteroaryl, a substituted or unsubstituted heterocyclic
group, a reactive substituent, a compatiblizing substituent anda
photochromic material; and

(b) if X is -NO, -SR, -S(=0)R" or -P(=O)R', Y is O; and
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-108 WD 2006/ 110513 PCT/ US2006/ 012977 (b) X is -C or

-N+, and Y' is CR3 or N wherein R3 is am no, dialkyl
wW@pionn105d3 aryl am no, acyl oxy, acylam no, a sSubGTL/U$20€al2977

or unsubstituted Cl-C20 alkyl, a substituted or

unsubstituted C2-C20 al kenyl, a substituted or

unsubstituted C2- C2o0 al kynyl, hal ogen, hydrogen,

hydr oxy, oxygen, a polyol residue, a substituted or

unsubstituted phenoxy, a substituted or uns t'tuted
benzy (W is & @u s’taFlﬁl&{ é%c%érjor%w’ﬁ?ﬂ Rus agmgy E’Bﬁ? angmno,

substity éllﬁrw?@td 1aheich, @¥ALIHR6r uidubiti@sd GRCso
nmer capt o, %qla%To "o c";ysubst ituted or unslggst i tut eél

aryl, a a&ubelsulhsuww opnsyhsfitried Co-Groatkemyds & pbsiitpied of
Subst i t dh&fla el CRLNYE, BHoRA! AIRGE, hArdy Mifeerda

reactive su atl iz ng substi tuent or
a phot ophlyohiesiduras eutistitutedor umbstgtrt%ﬂwpwat 2 gybstyird of he

- con] Yaahed Y BLETR) d ek ALEARLbiREhaREkhapy T an

bonded i ndeno-fused
napht hopybsatutddamy ahsh:b stitwied hxyalkgrpatkylasinel aepreppta; pikylthio, a

12- p05|t|on f, the
2 e e PR AIERSEENS AR ORI 0 e«
t he i ndetaistifussid unambththte@ymamcymp igroaipf asedivg sestituesiad d

fused grou dol
benzo ps a:ta a"ﬁ’ilﬁ gﬁle%f ora E’%{tg%hg&ﬁ?h e néﬁa% rbg e
opht pdh pTﬂﬁt S@nde ﬂle @hactr@mgatedmystenraf e irglene Hispt masvhthgpyran

|( :’%’é“%ﬂ & Q}ij&gl 9p:§) 51&1?)% gﬁ g ﬁr@f]?oqg% r(ﬁlTaBﬁttl]lo Sythh tfogaﬂér%ﬂth a group
lt h%a% ak thevz\lth ~bsiBbh t@ﬁfh& hﬁlbﬂo-ﬁrsfﬂ mhﬁnpﬁﬂdom%ﬁthﬁr &?th a group
ereo erejn 0 e.in 0
nlpebs e 7esian oh e el Btied Apbgestth G e ad S4B sid
d' ﬁ1§é&t§$dpt Béﬁr%qndaﬁﬁ QithydieshabitBdleref intble, tedzqfoan tbetm)pyfan or
indeno sed naphthopyran is di-substituted, the

suﬂb!ﬂflﬂnhﬂt?ﬁ? groups do not together form nor bor nyl :
and (ii) a group that extends the pi-conjugated system

Of 32 NG d tﬁﬂﬁﬁ ¢ hta&d HaRRLRIPMARBAal c@ﬂﬁﬁiﬁﬁ’g at the

11-posi tion thereof, wherein said group

sub§) art indeng-fosed naphikapyranichesed frgman. Ingengizh 373, f nehihod}2-
unsubsoﬁ Hréi{ ed dagﬁ(&}] oprmAnapg{ho@ S Byin b Eﬁ&ﬁm@&@f@é ﬁereo@y

- SR1, W@(&::Qlﬁ]l 3fp|osn;11§1( &@mdew@pq@, qqplﬁhogygandﬁp%bsmuted
di al kyl . am Q&itutgd & é{—sst e egl%%ﬂl‘:@ﬁl\ét if ?rﬁijlb%lﬁ@n ofkhe

subst i TUEES unsub
subst i 1hdHne£fused neptghdpstantis diesgbstmuie the substituent groups do not

together form norbornyl; and
(ii) a group that extends the pi-conjugated system of the indeno-fused naphthopyran
bonded at the 11-position thereof, wherein said group is: a substituted or
unsubstituted aryl; a substituted or unsubstituted heteroaryl; or a group represented
by -X=Y or -X’=Y’, wherein:

(a) X is -CRY, -N, -NO, -SR', -S(=0)R" or -P(=O)R', wherein R' is amino,
dialkyl amino, diaryl amino, acyloxy, acylamino, a substituted or
unsubstituted C,-Cyg alkyl, a substituted or unsubstituted C»-Cao
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-109 WO 2006/ 110513 PCT/ US2006/ 012977 al kenyl, a

substituted or unsubstituted C2-C20 al kynyl, hal ogen,
whydsogsny hydr oxy, oxygen, a polyol residue, BCT/US2006/012977

substituted or wunsubstituted phenoxy, a substituted

or unsubstituted benzyl oxy, a substituted or

unsubstituted al koxy, a substituted or unsubstituted

oxyal koxy, al kyl am no, nercapto, alkylthio, a

substituted or unsubstituted aryl, a substituted or

unsubst i t ut fRenyt b SutBefuYd,or ansubsthistbd Cyt:g‘ocau@ﬁlyl halogen,
unsubsti tuted het grgc clic group, .a reacti

subst i t uent YaEpEeR, VY n@p‘élﬁ‘ﬂsr?ﬁl‘i‘{?eﬁubﬁ?mﬁd or

phot ochr omi ﬁlsﬂlﬁhﬁ&ddﬁ}ihendit& QVduBaeutbd 8 unsullstidutdds be?fz)llo%cy
-CR or erein each R2

is inde p en dsé‘hft}we&ﬂ’é‘éﬂ’s?%@dég@ﬁysﬂbﬁt‘g%@ unshstituted

am no, di al &yhlkoRThkPlameHodm¥ica@B] dl'l%zlthﬁyck(gl%ﬁtuted or
acyl am no, a substituted or unsubst i t ut ed - C20

al kyl, a supstbsiiyedandra wheimsd pt w@&n@ted(trzt@roa@rlwe nyl

a substit Ut.@tﬂstﬁﬁtedj 1B hﬁ%ﬁ%@te%y&i%%‘r&{ ?( fk\ﬁ{:’ave subs tuent a
hal ogen, hydro h dr oxy, oxygen, 6)0 resi

a subst i t ut@paf llzmﬁ§u'eﬁ§1fqetlmr@d3hpwelﬁgmyc m@telsalnso\rldqslttmt
or unsubsti (tly;fgéjls berzy! KXY is é R2 uﬁgt i %sggvl%fe%n eiacl% R%is

unsubstituted al koxy, a subs
oxyal koxy, al meiimly chesen ﬁptea;ch @twydnthfrom agino, dlalkyl

substituted of.;4n t sub ted or
unsubsti t ut ed Iﬁe;d e@%@?ﬁlﬁg’ggﬁg%&}ﬂ?ﬁ?éﬂa %‘r’s‘ﬁ}t&eg
unsubst i t ut edwirsbstiged/ Cl-Co a@wblarsubszﬁmt@ianmhmsntuted Ci-Cao

suost 11 et SRR 39, SHERLALERL, A e,
-S(=O R or - H{S(d:@eﬂl hydiﬁxysox@gemn @okyb) resfdue, & subSlitnted ol\+,
and Y' is CR3 or o, dial kyl

ani no, diaryl urzlasrlﬁ) Srﬁl’ct)u te ap§137f1%§3¥ya Slﬁ’é&}?%ﬁloﬁg?sug“%?%]ﬁ%?’@’da
or unsubst i t usubstitue? ofG2Rulsstilaydd, allaoxsubﬁibisﬁtuﬁe@duﬁf bstituted
unsubsti t ut ed C21 C20 ﬁ({_yl}gﬁ I SUbéktht ed PSR
unsubst i t ut ed”E3%e5H 2 % eﬁcﬁP@g “%&r%‘&&ﬂﬂed or
hydr oxy, oxy gem;ubﬁtut@mrjﬂph sUbeSua Or uubisRgsd Redr&gy105

unsubsti t ut ed eno a substjtuted or unsubstituted
benzyl oxy, ?’E’Btétt“i %’E wyubs i ieoyElif BaUm P KERE a

substituted Oﬁubbﬁtﬁéiﬁ&tdohipbﬁﬂlzﬂfg)éﬁlbéﬁﬁ?éﬁt an@lakHbRPABRic
nmercapto, alkylthio, a substituted or unsubstituted

aryl, a substPRGH#GEH,
(2) if X is -NO, -SR', -S(=0)R! or -P(=O)R}, Y is O; and

(b) X* is -C or -N*, and Y” is CR? or N wherein R® is amino, dialkyl
amino, diaryl amino, acyloxy, acylamino, a substituted or unsubstituted

C,-Cyp alkyl, a substituted or unsubstituted C»-Cy alkenyl, a substituted

or unsubstituted C,-Cy alkynyl, halogen, hydrogen, hydroxy, oxygen, a
polyol residue, a substituted or unsubstituted phenoxy, a substituted or
unsubstituted benzyloxy, a substituted or unsubstituted alkoxy, a
substituted or unsubstituted oxyalkoxy, alkylamino, mercapto,
alkylthio, a substituted or unsubstituted aryl, a substituted or
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- 110 WO 2006/ 110513 PCT/ US2006/ 012977 wunsubsti tuted
heteroaryl, a substituted or unsubstituted
whedoenosyxl i ¢ group, a reactive substituent, aPCT/US2006/012977
conpati blizing substituent or a photochromnc
material; or the group that extends the pi-conjugated
system of the indeno-fused napht hopyran bonded at the
11-position of the indeno-fused naphthopyran together
with a group bonded at the 12-position qf
i ndeno- f usweubstiftrdheisient aoubgtigyed WéWSWSFWtGQ heYjF"BYﬁ;lc
bonded at ég&?p grQeaQ@v%' shbs‘?ﬂheﬁf abh8pdtibHenge sibdt@eht or a
napht hopyran forma fused group, said fused group
bei ng i ndephotochiomjcmeiaadithal ene, indol e, benzofuran,
benzo hthopyran
ety oy %sﬁ%x@in@%?&?%‘ﬁ%%d Py O AL RRRILAE) Sotonye
Re HoR@edlat i m-lﬁsm@x af tBe il o- s@ naphthopyramgtoggsher gvithp group
a
(P e oo Bl FbAERERlprS Y s
un sgrbm bdntlédeai thdwm-lmsmm ¢f the mdeao -§rselmphtopaesfrag fhpd

R1
) S(g_rej)lq?img fusg%gfg&%l?g eno( ﬁ’limytéiﬁl gfh;ﬁr%il[% 6nd31e dPég%fylraﬁ

anTmﬁangﬂmyMﬁambmhawacyIoxy, acyl am no, a substituted
unsubstituted Cl-C20 al kyl, a substituted or

unsu substituted or
uﬁ?ugﬁép %@H“fﬁm%ﬂﬁrgF%?%¥+b ‘hal ogen, hydrogen,

hydr oxy, .4 oxygen7 a pol yol residue, a substftuted or
unsubsti t hi? ( a substituted 02 ubsti t uted

Rm , R*
or a mixture thereof, wherein:
6) R*is a substituted or unsubstituted aryl; a substituted or unsubstituted
heteroaryl; or a group represented by -X=Y or -X’= Y’, wherein:

(2) X is -CR!, -N, -NO, -SR" -S(=0)R" or -P(=O)R', wherein R' is amino,
dialkyl amino, diaryl amino, acyloxy, acylamino, a substituted or
unsubstituted Ci-Cy alkyl, a substituted or unsubstituted C,-Cyo alkenyl, a
substituted or unsubstituted C,-Cy alkynyl, halogen, hydrogen, hydroxy,
oxygen, a polyol residue, a substituted or unsubstituted phenoxy, a
substituted or unsubstituted benzyloxy, a substituted or unsubstituted
alkoxy, a substituted or unsubstituted oxyalkoxy, alkylamino, mercapto,
alkylthio, a substituted or unsubstituted aryl, a substituted or unsubstituted

heteroaryl, a substituted or unsubstituted heterocyclic group, a reactive
-111-



al koxy, a substituted or unsubstituted oxyal koxy,
al kyl am no, nercapto, alkylthio, a substituted or
wap®ehstsiz ut ed aryl, a substituted or unsubstiPair/Es2006/012977
heteroaryl, a substituted or unsubstituted
het erocyclic group, a reactive - 111 WD 2006/ 110513
PCT/ US2006/ 012977 substituent, a conpatibli zi ng
substituent or a photochromic material, provided
that: (1) if Xis -CRl or -N, Yis C(R2)2, NR2, 0, or
S, wher eswbstmeit, Rbriymtiblisichembstiient biya sHoesaRdliOmaRAAN
occurrengﬁwk%gqh m no, dial kyl am no, diaryl am no,
acyl oxy, am o, a substituted or unsubstituted
C2- C20 ell)kgzx ,1s @Pé wbeaN,iY istG{ElZ)gﬂ\IR}DGLJ&SS‘ lvah@ieaﬁea@?RQ%O

al kenyl, a.s ubstituted C2-
al kynyl , haft eB% en%@%?&?jlef reaﬁ 8?°8¥9n°e<§5%@ﬂm°’eﬁlal}§dla?’@}°

residue, a ddridsiniielado) adiliibs i shbdtiaHe PHRRMtitRd C,-Cop
substituted oi unsubstit ut %d benz ony a substituted

or unsubst A5y &FubFRsd or ugsubstimpied eilkenyl, a substituted or

UnSUbStItUtuﬁdlb@ﬂtﬁﬁlil@)Qé 2Ry Y, B EH0 hry FE SR
al kyl t hi o, bstit ut e%l %*ﬂyungm%st [ ¥utéed g% 7y Oxygen a

substitute éPOB’P T B Sy hstitygad pr H@%uéﬁtﬁwﬁ@phenaxy, a Substltuted or
subst i t ut ednaibsktey B&iylodAbuBEAELH IS i OHD

reactive substit uent, corrpat i bl zi ng su b1t uen¥ and
a phot och@%‘?ﬁlwtmr@flwﬁﬂtutﬁﬁ exyalkoxy.falkylangino, NBrcapBRI |
-S(=O Rl ofy Rﬁoa)ﬁ'bnﬁ{ta [ - N+
and Vs é% i0 & s eeeﬁrnlgwlgélﬁﬂfhtédbd)ryl)% sdéﬁhtﬁ%d?

am no, di a‘PSHbSt&H‘ieﬁ betergeryl, @ sybstiutad cxnmsubstitated heterocychc

substi t ut ed,
subst ] t ut e ap LS ShE, S o npridt anda
subst i t ut e@h@fechromisuiaterial; anéd C2- C20 al kynyl hal ogen,

Cubst 1t SFoN, Y FE g or LR YL Pt e on

unsubsftb) Ku ise€ dyeNZ phdX3is GR*su Ns tviheratneRP i®Emino, dialkyl amino,
unsubst i I subst unsubstlt d
oxyal k ox@l%ﬁﬁl}ﬁ rr? %’353,’: ACHPELDy %Su%gtfef%‘??f’ﬁ nubstituted 81'(?20
subst i t utlled, osubstitstad st liutsulis&dlt@qu‘&l-czo alkemsh.sd dubstiteed e

unsubsti h r sub tltute r

unsubst i %n%@l%gt%eed{(? %P'ﬂl’y& aiﬁ’ °§8’b ydrogem, gY‘?()IQ’éV’ oXygen, a

subst i t ugryal rasidue omnbstitnhéd @i ungubstit et iph&RY, Ofubituted or
rial R4.together with an R5 group

hot och
Ponded AL RS BN oD Eh R o Wb LR, o

?ﬁp ht1 B 0 pgubﬁ?uted ot m@aﬁh@tedmyﬂk@@ Ry 18t A PmbRAAE D1&thio, a
e OSIL1O
p su stltuteé] or unsubst%tuted aryl, a substituted or unsubstituted heteroaryl, a

substituted or unsubstituted heterocyclic group, a reactive substituent, a
compatiblizing substituent or a photochromic material; or
R* together with an R’ group bonded at the 12-position of the indeno-fused
naphthopyran or together with an R® group bonded at the 10-position of the
indeno-fused naphthopyran form a fused group, said fused group being indeno,
dihydronaphthalene, indole, benzofuran, benzopyran or thianaphthene;

(ii) nranges from 0 to 3;
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i ndeno-fused napht hopyran forma fused group, said

fused group being indeno, dihydronaphthal ene, indole,
wheesoiosian, benzopyran or thianapht hene; (ii)PCI/Us2vge612977

fromO to 3; - 112 WO 2006/110513 PCT/ US2006/ 012977

(iiti) mranges fromO to 4; (iv) each R5 and R6 is

i ndependently chosen for each occurrence from a

reactive substituent; a conpatiblizing substituent;

hydr ogen; C1-C6 aIkyI chloro; fluoro; C3-C7

cydiidankaiges iomQBeti t ut ed or unsubstituted phenyl:

Cl- C6
SaL(ﬂ;))( &B?%R%g%‘%&h& ﬁ@éﬁé;{%ﬁéseﬂfcg%%cfﬁgm%rg)ﬁfz 6m!

hydr ogenstiamilriuensa e@nmubyzmg ﬁﬂbéﬁ*mr(tdwd@g?%l%ﬁﬁ alkyl;

o e Gl e e iy
( C1- Cohemlyksuksti@Rts®4ingl GayTs, alkygcmg @y@k@qp 1@3 By - C(=O)RY,

rmno( g%‘%rgﬂ%lais h%‘ﬁg%;‘t ehidl 39 - (533&1%? P%Xl‘r‘}h@dﬁ)ﬁhkyl Fnono(C-

S al Ravi n
subst Ckakmt subﬂma:e@pheayl@ h@g)pihylampmﬁﬂt C@)qlkmgh@lb stituted

subst i chd I -
der  vEPGRCEp R FrnC oA B TERg] SRl fimono(C:
there @ﬁ)alk&hsuhmtﬁted a}-Co hyrloalleyd,aduenoerubstigwted/plieinylesaid phenyl

! ?ngg Lvmg? ent cf%g’cle? gtb ggﬁio\ﬁa{he\él?oséfﬁgﬁt?)%ﬁn r?g os

f r om Qicatbex@ic aai’cldeslidtfeaiﬁ gaWaﬁveD’lhBﬂ:of, o datineamsldwehe deiiyative

the substituent i opnegted to ar r
anot hétfer%d‘fl&mooaﬁﬁ g] ﬂrgﬁ chldenv%(ﬁ?eie;ét?f%o%mﬁregﬁue or
R11 angi3lide thefeBf, eﬁnn) - idEpPE R qmdcyizmgrml@ean t fahgdSFrom 2

fura benzof ur an

aleﬁ)zlloftfej ’henglr%ges ?ﬁnérw |50 agd %rtem the,s sWent 18 conn% ed to an
benzothh g{b ? oM hnoth&iph6i&biicanytérial; dmelrﬁ)Ri’c Iwhemﬂ R' and R™
benzopyr i ﬁ/ and fluorenyl, CI- g&a c{;g Cﬁ
cycl oaresprh independently iy groBesia Cieds al P%/R"E‘% 2Ky |

or  CL-C20 - K 9K Yhdotlran-851, Blidny@ inAtdec DHE bgeided-yl,

with the nitrogén atomto forma C3- .C20

het er clitisnzfeiensl] <ik19¢nzmhwgylebena'0md@2@d fluorenyl, C-Cs alkylaryl,
het er Lot bidGoloddic] ¢ LOFY BibycloRRya: [T, 1Y rlng
repregje"n(h—f\d)yC aﬂé}éﬂcﬁ{} Qgco k}nu Y 2grelyﬁ egpchr-1 |

i ndepericapalkyl, Qrﬁbs@ml RS FOIE%I@BG%@MF}H@?IE@OSW“‘ @-@m‘ a Cs-

Cyo hetero-bicycloalkyl ring or a C4-Cao hetero-tricycloalkyl ring; a nitrogen

containing ring represented by:
/‘ M )x

wherein each -M- is independently chosen for each occurrence from -CH-,
-CH(R13)-, -C(R13)2-, -CH(aryl)-, -C(aryl)>- and -C(Rys)(aryl)-, and -Q-is -M-,
-O-, -S-, -S(0)-, -S0,-, -NH-, -N(R"®)- or -N(aryl)-, wherein each R" is
independently C;-Cs alkyl, each (aryl) is independently phenyl or naphthyl, u
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-CH(R13)-, -C(R13)2-, -CH(aryl)-, -C(aryl)2- and
-C(R13)(aryl)-, and -@ is -M, -0-, -S, -0 -,

WO B08A1054NH-, -N(R13)- or -N(aryl)-, wherein eBcChuRDB6/012977
is independently Cl1-C6 al kyl, each (aryl) is
i ndependent|y phenyl or naphthyl, u - 113 WO
2006/ 110513 PCT/ US2006/ 012977 ranges from1l to 3, and
v ranges fromO to 3, provided that if vis 0, -Q is
-M; a group represented by: N\ Rs N-(Rl4)p (R14)p
R15 R1Gandtiram 1 1073 \ahéweﬁngeseﬁmh OR4. 3, pr&RiiGedanal 1R118 0] K- is -M-;
|ndependentlé/ éq‘ﬁ Cl-C6 al kyl, phenyl or
napht h{f o8 FeRRTEY R16together forma ring of 5 to
8 carbon atonms, each R14 is independently Cl-C6

al kyl, C1-C6 al koxy, fluoro or chlorg, nges
fromO to 3; and uted or unsubsti - C18
spi robi cycl i &s Qr a~SBbktituted of uns bs/th@tI‘@pd

C4-C18 spirotricy ne, wherei nggdal tuents
aLe [ lm(alggengg)nt : @l?r yl, Cl- % al gn)jl thé‘ﬂgl koxyt or
pheny a or an group in posi tion
and an isnp s ¥7 0

aroup oo alauPe iy B X7 RPRL AR PREHEY, CRLTURL pheny!
each Zommephthyl, peR] nmtb&émmet @nonyglgnf Bto & trgbagradams, each

;llk\)ls\]/-é;- (%ﬁuﬂ%&eﬂd &lﬁ%é‘ 5P eﬂ%agﬂ_ 6 ag( %rsotqsr%hloro, anJ] p ranges

react i iemsliost ard resubstitded mmmmbsbhmm (h@p 1$ s;hs:bwtycle:mmme ora

hydr oge C3-.C7 _cyc

a1y Sibisaider iartind CrCnstro poiisamibny g Yot
benzy I substimests sre éalependéntBairy, Phepnyikyla0FChalkay or phenyl(C;-
SUbStIE‘U)ﬂﬁyg |s i ndependently C1-C6 al kyl or Cl-C6

al koxy, 6 fluoro; a substituted or unsubstituted
am noan R@é@)ﬂ:ﬁ the/‘&pdsﬁidﬂ a8 ah R® Biodp ao@e 7-poyitsowyethdstoraba

al kyl, Cl-C6 al koxy, an unsubstituted, nono- or
di - sub§f"i“¥’l5‘ipé?§e‘ﬁ | or naphthyl wher ei n each of
said substituents are. ndepe.ndent ly £4.C6 al kyl .or

Cl1- C6 al koxy, R

R16
1 Y .
Z hES or R16 Z

wherein each Z and Z’ is independently oxygen or the group -NR'!-; wherein
R, R and R'S are as set forth above;
(v) R and R® are each independently:

a reactive substituent; a compatiblizing substituent; hydrogen; hydroxy; C;-
Cs alkyl; C3-C7 cycloalkyl; allyl; a substituted or unsubstituted phenyl or
benzyl, wherein each of said phenyl and benzyl substituents is independently
C1-Cs alkyl or C1-Cg alkoxy; chloro; fluoro; a substituted or unsubstituted
amino; -C(O)R’, wherein R’ is hydrogen, hydroxy, C;-C¢ alkyl, C;-Cs
alkoxy, an unsubstituted, mono- or di-substituted pheny! or naphthyl wherein
each of said substituents are independently C;-Cg alkyl or C;-Cg alkoxy,
phenoxy, mono- or di-(C1-Cg)alkoxy substituted phenoxy, mono- or di-(C;-
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phenoxy, nono- or di-(Cl-C6)al koxy substituted
phenoxy, nono- or di-(Cl - 114 WD 2006/110513

WEMNLWBBOD6/ 012977 C6) al koxy substituted phenPXypS2006/012977

am no, nmono- or di-(Cl-C6)al kyl am no, phenyl am no,
nmono- or di-(Cl-C6)al kyl substituted phenyl am no or
mono- or di-(CLl-C6)al koxy substituted phenyl am no;
-OR18, wherein R18 is Cl-C6 al kyl, phenyl (Cl-C3)al kyl,
nono( C1- C6) al kyl substituted phenyl (Cl1-C3)al kyl ,

mono( C @6)alﬁﬁz)}adubmyte¢pl’mbiy, e, mherk (GG C3)aditykaphino,

mono( CLOGH AP mStbat (PR e iR stfpmine eymeag-or

chl or oadiky;-Csfallcofh siftistitnted dhinplaming; |- @ngowherﬁh‘ﬂ(ﬂ:‘&l@)ﬂ' Cs

wher ein &9 9&?3}11& yd ﬁégﬁn@g’;ﬂﬁ&'ggﬁ %s t;r@tf’eg}%T&F %}Syl

Wner ei NmBA& Ch-E5)aGorubstitwdae phdnyl(U;-Cs)alkyl 0ogR alkoGAELE

RN A N T —

Sa' d substy bm&%ﬁ:ylaclec:k ﬂd&ﬁﬁl&ﬁeﬂgﬁl ¥r CLH(RE ’E!|v4‘h)éfe119R19 is
Cl- C6 al koxy, phenox nono- C]QO gal kyl,
subst i t BYBREBRE heky AV ADCNor Faftr GGleﬂr?%’b / is hydrogen

substi t yte CPﬁEﬁﬁd&Xﬁheﬁ:’iﬂ RUis XRAO)U, %efunmg?dr en, C1-Cs

C6) al kyl am no enyl am no, nono- or di al Kyl

subst i t ekBdCi6h elﬁy}f.‘/aﬁﬁl RSB titiesh Bron0y O -5 o PaPIRL R
substit Hzgp‘fq%gp Wyellr?éﬂcﬂ B saft Wb itudiRPs B hﬂénﬁ%r ?f#-cs alkyl or

phenyl , hen havi ng a substituent | oca
t he par &1~ Opekkpxsr,@ nOt(hén@Qb@}tdlt(Geﬁt)am sypstiguted phenoxy,

di car boyyl .G, @l? téi -E kcg&%ul%lﬁ N Véminb I'}ﬁ&{%ogr difC;-
i

di am ne resi ue or erivative ereo an amn
al cohol Cs)e&vbmaaphendbnmpamow ar et €o€¢)a1é<ykﬁ§b§tmted

resi due ny 11]1 (?rtnlléﬁ% (t) (@OE alkg st te& faii {anda
[O( wherein r]anges rom Eu hd

ranges ﬁronmsﬂbstlmtdﬁ@hemyﬂ;d;ald\metyé hmmg1:es®sltt3¢nt tagetnd atithe para

ﬁg?g??;?dS“f‘ﬁ% %? atgs¥ be1 & t car oo%hcez{md 1%31851 c%r}i%gvatl%e

S |t0| ro-c ﬂrekmf,)acdlar?ﬁgfeeﬂpe mohhmtwe rﬂg:geo& amlcanﬁnazmddnohemdue or

atons, pQrov ar bac i C

ot noRBOPHS st &Y B R st PR feispu s Pl ACrac o

c:)nt ai nL[nlg(cgizptqk-Zwthgemngém amnfl6 3nd & ﬂn@escfﬁmbbm 50, and

atons i ncl udi rocarbqn atom said

ST o- CAPBERET i e PSR T ah 8 SR EPRLSYPBHSS bei ng

annel | abﬁ&omﬁﬁc(}natehm ot 2 benzene rings, and (vi) B

and B' are each ind pendently an aryl grouyp that is, .
nmono- su%?‘i“l%t%&ﬂgﬁg LY B ST e? WIS B@Jﬂ? gpup gontaining

3 to 6 carbon atoms, provided that the spiro-carbocyclic group is not

norbornyl; or a spiro-heterocyclic group containing 1 to 2 oxygen atoms and 3

to 6 carbon atoms including the siprocarbon atom, said spiro-carboxyclic and

spiro-heterocyclic groups being annellated with 0, 1, or 2 benzene rings, and
(vi) B and B’ are each independently:

an aryl group that is mono-substituted with a reactive substituent or a

compatiblizing substituent; an unsubstituted, mono-, di- or tri-substituted aryl
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conpati blizing substituent; an unsubstituted, nono-,
di- or tri-substituted aryl - 115 WD 2006/110513

WEMDLBBOD6/ 012977 group, 9-julolidinyl, an PCT/US2006/012977

unsubstituted, nono- or di-substituted heteroaromatic
group chosen from pyridyl furanyl, benzofuran-2-yl,

benzofuran-3-yl, thienyl, benzothien-2-yl,
benzot hi en-3-yl, di benzofuranyl, dibenzothienyl,
carbazoyl, benzopyridyl, indolinyl and fluorenyl,

wher ei grotp@-jatoyidingt) en hedubgstiveted) minbcor dglistitutedehiatesoatdntatic

each |nde nden hydr.ox I no-, or .
e ( L PREBSRRED oty s St st tedbfumnan ey
ggl g gr ydenzotiﬂibnl(ﬂyllpbﬁhlzﬂhiek%ég,r&lbenz@mﬁ:ﬂ, giyedzoalidayl, carbazoyl,
- cycl o oxy, - ) .

cycl o aPV%PW@Y@%‘d@E‘%‘)I 3@ {Jyporengd, vherein the aryl pud hpiqrparqmatic
C12) al mmemm%eﬁhlﬁaegéﬂekw aryl (C1- C12) al koxy,
aryl oxy, onréﬂl Cl12) al k aryloxy (C1-C12) al koxy,
rmno- or héffl OB BH- I?f/fha@1c(1()ﬁk°’@f2')l’é’ﬂ%9r or difho- or

- (CL- C1) Qllkiil@?y %whfy%@%»abmﬁarym% cRlodfiyl(Ele,
ClZ)aIkyIaryI

- ( C1- cryslattedesra Fyncc 81‘210%1519?%{(@10&@311%(171%&7 chelpalkylery(Ci-

d Cl-C o X(Cy-
N (CL c1§2?‘k‘§’%’>’p?%93§.‘%%@% b DCr)alRP RG] Gryloxy(C

azi ri di n&ralkgemloss(Cis 1;)@‘#9’61: ﬁ’@no-rfﬁ dptfat¢ nglkylaryl(Ci-
t hi onor p@i h]ﬁ?{ mBﬁ‘& ro’i”ﬁ¥ﬂ’f§tﬂ9)'a1ﬂ€%%/ F}Q(Célcleeﬂ%y] Fi?n? or di- (Cl'

tetrahydr0|so ui nolino rvo

Cl-C12 héllz)alkkytyl(cﬁ:QMBOXYamquDr dh%cqlmlkmryl(cl—
| k |
) al koxy (@, z}alkééiylgosn Rl kY \/\# - o@ﬁf @dhz%é»alkﬁg%@gﬁlﬂy%

hal ogen,
pi peri di mwemlnonﬁﬂﬁh&lz)mlplmenm, N-Rginesaziriol %lndlm 6

| kyl he
oo 1t R S PEb AT bior RN Ay R,
Cﬁ) al lk%/Icietmhwir()@lqtﬁ}ﬁ))lmb,Whohdm,ﬁw(FlEh&al Cl-tc)jlzt haloatlkyl Ci-C2
en X upst |

Bhenzl (cf 1‘%’} AT kcl ‘?3051 3 96(@ ?aeﬁf?&gyi ’Wf“e“ﬁ}? r@i"y’
?:Zill %g\l k?/lhalogdfn;l oR’E{— R’zhélreﬁtt lE“éﬁ-‘ﬂRz? ,ANET&RA® pipkiidino or
unsubsfl i t“ﬁc’(r%}ﬁ)?gﬂ’ ecxglglo% lgare%f? @ﬁ'iéi?‘f}%yb’téﬁ‘%@ CrCoaliot
i nd ege nd eﬁﬁshymebl@hﬁgyl GhotdfC ACKYIko0r subskitited pﬂelﬁjbp(yhenﬁlml-
onsubst| i o oo SipL Ul o g cRorSyTigR

pyrrol i nyjﬁ)almga mﬁm&alpﬁyﬂya(@@)amymlmglalkoxﬂ@g@mwybr Cr-
and acrl f)? sai d suybstifuents being Cl-Cl2 al ky

Cl-Cl12 al alky’pﬁﬂé#%l a%ﬁrRhaqeﬁg‘éﬂndeé’e%ﬁ%y @ugsﬁﬂwlu?e@
phenyl , saichlpf %ﬂ ¥ kutiaitdd Gr ansabisitbd BHRAY, said phenyl substituents

independently being C;-Cs alkyl or C;-Cs alkoxy;

an unsubstituted or mono-substituted group chosen from pyrazolyl, imidazolyl,
pyrazolinyl, imidazolinyl, pyrrolinyl, phenothiazinyl, phenoxazinyl,
phenazinyl and acridinyl, said substituents being C;-Cy; alkyl, C;-C1; alkoxy,
phenyl or halogen; a mono-substituted phenyl, said phenyl having a substituent

located at the para position, the substituent being a dicarboxylic acid residue or
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| ocated at the para position, the substituent being a
di carboxylic acid residue or - 116 WD 2006/110513
wWERADWBBOD6/ 012977 derivative thereof, a di amP@EUS2006/012977
resi due or derivative thereof, an am no al cohol
residue or derivative thereof, a polyol residue or
derivative thereof, -(CH2)-, - (CH2)t- or
-[O(CH2)t-]k-, whereint ranges form2 to 6 and k
ranges from1l to 50, and wherein the substituent is
connec ﬂad/aﬁxze thereaf] y Idiagﬁmasmm oddaivagve thpleof, ag hmwiatzohol
27 ey Rordle fib G G g e el (o -
and W {GHH- or- [@L(csm Jikitvet@refti ﬁr&ﬁ@e I':brmpZ(t@\ﬂ fhad raﬁgaﬁ from 1 to

when S st]t nitr o
subst | St VR s Sust B ienied et s o Spapter
C1- Cl12piatdchtontit nfaleriall 3 gﬁﬁyhepr@aﬁbuﬁi% i ndependent | y
bei ng C1-Cl12 al kyl, Cl-ClZ al koxy, hydroxy or,hal ogen,
R26 and R27 a @ }ﬁ%pendent r\@}ﬁﬁ%r Cl-Ci12
al kyl, and s range Q,to 2; [ al group
represented by ~H RAQ/ \RZRg \QATé RY
hydr ogen or -@12 al kyl, a g s an unsubsti tuted,
nono- Iy gu :
phenyl Ge’B?rﬁflr%anfls q%% %ﬁégﬁggmgg gjdl t uegigﬁlgﬂ %e&r%hat
Cl - C12whé¢tkW is s@tisti@led nafrdgex,V ErCHal thg evbstiptedBitaogdn B’
taken V. r - or

e LA ORE Al h ST B 2 e Pl
fl uor emdaseylﬂmﬂlmbemg@bfﬂu 11kcdrfﬂﬁcizaﬁtegemz|@nxy yrhaﬂx@emg{ and
Céh?%g zl a(%é’ é é:% e eepen%en%iy'ﬁ?é%g or%lé)l glﬂy]t ﬁ%d ] ranges from 0 to 2;
phot ocbrogroap reptesdrital by: conpr i ses at | east one reactive
substituents and a conpati k{ltl zi ng,; substituents, each
of said reactive substituen c=a=r¢d’ conpati bilizing
substituent being i ndepeng&e/ntly rPepresented by one
of : - Awh&efn-KZ ik hydfogen 6G;Cpy B §#dIR? is an unsubstituted, mono- or

di-substituted group chosen from naphthyl, phenyl, furanyl or thienyl, said

substituents being C;-C;; alkyl, C{-C;; alkoxy or halogen; or

B and B’ taken together form a fluoren-9-ylidene, or mono- or di- substituted
fluoren-9-ylidene, each of said fluoren-9-ylidene substituents independently
being C;-Cj; alkyl, C;-Cy; alkoxy or halogen.

34. The ophthalmic device of claim 33, wherein the photochromic material
comprises at least one reactive substituents and a compatiblizing substituents, each
of said reactive substituent and compatibilizing substituent being independently

represented by one of:

-A’-D-E-G-J, -G-E-G-I; -D-E-G-J;

-A’-D-J; -D-G-J; -D-J;

-A’-G-J; -G-J; and -A’-]
wherein:
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-A-DJ; -DDGJ; -DJ; -A-GJ; -GJ; and -A -

wherein: - 117 WD 2006/ 110513 PCT/ US2006/ 012977 (i)
W@2mh/110813 i s i ndependently -0-, -C(=0 -, -CHZ2PCT/US2006/012977

-OC(=0) - or -NHC(=0O) -, provided that if -A- is -0-,

-A'- forns at | east one bond with -J; (ii) each -D

is independently: (a) a diam ne residue or a

derivative thereof, said diamne residue being an

al i phatic diam ne residue, a cyclo aliphatic diam ne
r es(ifeesh -4’- id udzmn;l@itba()haﬁ(f(})es@ﬂve-o 0¥z cHEICE=0)-»
al i pha%olv‘fdeamart]ﬁ‘ Ae% %‘e A’afoaﬁig Qtzl\%;s{ G boﬁ&l{lfflﬁ jeSI due
or Parorat ¢ ditam ne’ res erein a first amno
ni t(n)gmh—@f issindapentleatly:ne resi due forns a bond with

t\he ..qr ou X J . m
o+ hédi FARREEReril o SHRNC whithn B GARhABHRR iR
11- posi tdliphatichitargioé resioe,a csclbshpltauedlanme residwyai | abl e
p05|t|on nde no- f used ht
secon d zﬁcc"ycic?afl?agaléeﬁl , all azagycrig Blé)hag(p Xl’ ll%g .Te&ueng orns a
bond wi tcliazaﬁ'own-eﬂ}er mrSldueJ or anrarc(rhn)tlcalnanam msndaé G\dlhmﬁna first
residue or, a derivative,.thereof % mdno al .G e o
Fesi due BEPAGTRRCTTIBH ARG SRghBIEE de rou

cyclo al m@dmeunas REbRcoNj 1Rk R0 Btent e&hdmﬁenoaﬁﬁsa]mplylhbmrran
ohol residue, a_diaz

al i phat i

al cohol l?‘%’g?‘gl‘i}éheo]rl -pasition dhrsober 3 ﬁ’t‘al?‘%mﬁ?t BAB F@a?@é]]e &otion
wher ei N @fithe afcRRfuRéd ﬁa@gﬁaepﬁﬁn aﬁu dseamawnlab aifo@én of said
residue forps a bond wth oup t hat

ext ends GIHEISITCEdR] %@’é@é’&@?&éﬁﬁ' 'Olrﬁ]:eof ndeno- f used

napht hepy inBARARS rédidiede a ddivaasd theebr, ke Elﬁﬁlﬁ),aldéhola
substituent or an avail able positiaon on the

i ndeno- f 15&idee Wﬁ%}@y%ﬁm%w&lﬁl gpidih 8 cycle Rirhatic gpino
sai d am fo,| fé@#aﬁé 2h §31cPUE afiHaiBalBoHRPREIGUS, blixzkeyclo- G

or -J, or said ami no nitrogen of said am no al ¢ohol
resi due #linhatic ajcahohigsigig ¢r angromatic gmingralcohol T§¥ignes Wherein an

al cohol %ﬁ%%%ﬁro%fe% §Adafh a@rﬁh@ﬁc&lo?%@he fo?tﬁé QH&KY‘ WHHTEA 2 the

bond wt e group that extends
pi - conj ugaue t]lasgxﬁttr@ﬁﬂ@fpl-t?mugatqfidw@n Pﬁ%lé ﬁldﬁafpﬁts% pyr an

bonded af, qﬁqﬁ@}@ BORieh bAfle ihﬁﬁe b o ra%upa&ae&lvmh

or an aval oSl tlon on eno-
napht hopyvaiiable posﬂuqn a@ethindgho-fusedi mpﬂﬁbmyc?@mn@anealcohol

di car bOXX' | g%n g sl,agd a[mel%(l) glléoeho? es%uéj ?ornlng Q%Bﬁ/de\nflttﬁ]%-,e-@c- 'or -J, or

said amino nitrogen of said amino alcohol residue forms a bond with -E-, -

G- or -J, and said alcohol oxygen of said amino alcohol residue forms a
bond with -A’-, the group that extends the pi-conjugated system of the
indeno-fused naphthopyran bonded at the 11-position thereof, or a
substituent or an available position on the indeno-fused naphthopyran;
(iii) each -E- is independently a dicarboxylic acid residue or a derivative thereof,
said discarboxylic acid residue being an aliphatic dicarboxylic acid residue, a
cycloaliphatic dicarboxylic acid residue or an aromatic dicarboxylic acid

residue, wherein a first carbonyl group of said dicarboxylic acid residue forms
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sai d discarboxylic acid residue being an aliphatic

di carboxylic acid residue, a cycloaliphatic
waele@anbsxy| i c acid residue or an aromati c di cap@DKy100€012977

acid residue, wherein a first carbonyl group of said

di carboxylic acid residue forns - 118 WD 2006/ 110513

PCT/ US2006/ 012977 a bond with -G or -D , and a

second carbonyl group of said dicarboxylic acid

residue forns a bond with -G; (iv) each -G is

i ndepeabentwih -G-a) -D{,@0C2 skEprd GEBHG) gro@OeRAR]) ddarldxylic acid

wher ei ch independently chosen and

range g}%Me%m@gggéxﬁ%@h%g sumof x, y, and z ranges

fronfiv) ¢ach 5&:is {dypeadgullyyol resi due or a derivative

:nge;glo ei@ﬁeﬁo@%@(@ﬁ)ﬁkg ng%’ﬁ?gﬁlé’gnbgg?%{?ghor an

aromatic 1nq@péryle:ht1yrcassedued rappefremrd ta 50, andt spaloy @)y, and z

oxygen of sal residue forms a bond wth -A -
hap Rt

-D, dp°Phat extends the pi - conj ugat ed

syst e n(b) afpotyblaemmdaaﬁaﬂéﬁmﬂe tRpJoL, ROIB YO B! lRadeksbidtiant he

11- pOSItlgﬂ1theH§ﬁ %1 g)ﬁ i tuent or an avai |l abl e

posi t i on 2BRhafifn ROyl gesidhes e ‘é’iﬂ?ﬂ"iﬂﬁ’b&ﬁ Iidug,ofn agomatic

second p@blyel reQdyy) Rerein aS@ktChoBI ¥Blgeh Of AR pOLRPRFidE tdims a
a corrbl nati on thereof, wherein the

-E- or - (c
first pol%9’i‘ffw619q/g enDof-Ev e Heinbit exfeads the/pi-qogfugated system
bond wit laf fhe %déﬁ&ﬁxs[:c( 1%%&116%%&1@&%1&@3 %t tﬁ%'{?@tﬁ] thé?&)q o a

the second El or s
and (v) &¥RsHent qrén PY?éFé‘b‘é ReRifan c;n the wﬂe@ @s@upphtkopyran and
wher ei n o

~q(O ( CH§;§6 v%ooﬂ% Thn it HlOSOBaHbon-d he&s o
- C3H6 Sto 14, combapfigrstheieot WhﬁISQ’EhF fixstiealys! exygenafithe pokyobm
1to 18;
hydr ogen r és?i\)lu © ?%{-ﬂ{) gﬂd with ngmqg X%@E%&%@Cﬁf@y (6C4Ié§i)2] and the
a ni t r ogé&erond polppl; Oxmen(fgl)nsai tpnd wpth-E- @r-J;raedi due

ther 0 I acryl met hacryl, crotyl, 2-
ﬁagarci} Y\gfgyl?d P?]nd Lnt!’i's ba

(et

2- (net@h@@@W@ﬂ&)ﬁ&h@xﬁéarﬁHﬂ?DOHA%HﬁKE&KﬂMEHyI vinyl ,
B e e
6- posi t i 6htLSENHRE -Y05l whateirt W eangeiban litobg; B, B',
R8 an d(b%yd%og ,rIl)rgxglgeda’thzrttelff;l —% is hy%rogen, -J is bonded to an oxygen of -D-
or -G-, or a nitrogen of -D-; or
(c) a group -L or residue thereof, wherein -L is acryl, methacryl, crotyl, 2-
(methacryloxy)ethylcarbamyl, 2-(methacryloxy)ethoxycarbonyl, 4-
vinylphenyl, vinyl, 1-chlorovinyl or epoxy.

35. The ophthalmic device of claim 34 wherein at least one of an R® group at the
6-position, an RS group at the 7-position, B, B’, R/, R® and R* comprises a reactive

substituent,
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substituent. - 119 WO 2006/ 110513 PCT/ US2006/ 012977
36. The ophthal m c device of claim 33 wherein the

w0 pdenosizised napht hopyran i s an PCT/US2006/012977
i ndeno[ 2', 3': 3, 4] napht ho[ 1, 2-b] pyran and wherein: (i)
each of an R6 group at the 7-position and an R6 group
at the 6-position of the
i ndeno[ 2', 3': 3, 4] napht ho[ 1, 2-b] pyran i s independentl|y
-OR10, wherein RIO is Cl1-C6 alkyl, a substituted or
unsabst Thepplthghinisrdevice efdladmplevherein thydndenorérsed naphiopygyan

oot ekt g b PARAA, " ey

mC): 2 d()Clachef a Rogryulsatm@t T-pasitizal aphemif £owp at(tBe) Geplasifiqn of the
Sm no( C§1 %%‘f%f ﬁf‘”%}‘@s ltiyﬂt ‘?}Pé}g %S}n%g%&éﬁi ﬁ%y | ‘,Vherem R"is
I— Efj 51 éﬁgﬂ alkph e s@istituied br ensdbsHbRedplendacdid phenyl substituents
Ca° CoaPEBRE e R FET e et Ry gty okt

; { [ Icy C bubatiteyed phénymtr -05alkyh hbﬁ&r(]&HJGﬁ)aﬂkoxy\blﬁj’s&tutbd%b@I(Cl—
ot a G FoEC gkl t SR o1 SefRabi it ona G gt
\gﬁgiL ﬂ gulﬁ’ﬁtﬁ?b:l%ﬂ@dbﬂ@&pﬂﬂﬁ’éml? ywiersRH ah@®R "@acdach

OSH ar GRS R Cafaao FrSs B G avelealioh O

-M,  €QrbicycBalkyt, NGy trmgrBaéikyl 08 C;~ B alk¥kyatleyl, WiRFed fid
each R13 is independent| - al kyl , each aryl is
i ndepeﬁlaréﬁrpwlsm%@ﬁ@ Pr jzph ?élp hflﬁs%en ¢pufaipipeEng ‘ieBIi‘?FePtetdé’Y

3, and v ranges fromO to 3, (1% hat if v is O,
-Q is -M; and a reactive ubstitugﬁ;LBh}a
conpati bl i zi ng substi tderts-Nprovi ded t hatgh)he reactive
or conpatibilizing substitdggiagfggggigg/a I i nking
group conprising an aliphatic ohol residue,

a cyclo aljph am no coh si dye, an azacyclo

al i phat"Pees eeg‘hé\ﬁ- i &@F@@@eﬂt g?sa% g‘?f)‘?&‘FhoocﬁFrF‘?S‘ﬁ%%P’@ -Cho-,
al coholcreghaue g, LieHbGD., - ﬁ%ﬂﬁ%d BRAAPIAALO- is M-,

di am ne_residu aI| atic |an1pe resid

i azacyR ot Rifire NBE s N et avbeesio Feshat'| isependahifa-Co
resi dugpcyBBacR%%A llslﬁﬁ&é{)en&ﬁ@}“ﬂlenﬁrbr %Lﬁlﬁllfﬁtd ﬁnﬁé@ %@ 1 to 3, and

resi due or a_cyclo aliphatic |'yol residue that forms
a bondV¥#nges frera Ojte dameyided that i u]Onzﬁrm h;1and agastivean

at t hegQ5RQSk: 9 @oxﬁﬁatﬁ)ﬁﬁng iﬂa&ﬁ&éxﬁ] P8viddd that tHeABactive or
compatibilizing substituent comprises a linking group comprising an aliphatic
amino alcohol residue, a cyclo aliphatic amino alcohol residue, an azacyclo
aliphatic alcohol residue, a diazacyclo aliphatic alcohol residue, a diamine
residue, an aliphatic diamine residue, a cyclo aliphatic diamine residue, a
diazacycloalkane residue, an azacyclo aliphatic amine residue, an oxyalkoxy
group, an aliphatic polyol residue or a cyclo aliphatic polyol residue that forms
a bond with the indeno[2’,3°:3,4]naphtho[1,2-b]pyran at the 6-position or the

7-position; or
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the 6-position and an R6 group in the 7-position of

w0 b@eitndeno[ 2' , 3' : 3, 4] napht ho[ 1, 2- b] pyr an t ogeP¢iBEUST006/6m2977
a group represented by: RaZ Ra Z R16~~ or R16 Z
wherein Z and Z' are each independently oxygen or
-NR11-, wherein R11 is as set forth above in (i). 37.
The phot ochrom c material of claim 33 wher ei n the

phot 5: [ic rial is chosen from (i)
@ %ﬁ%g’ﬁérﬁ?ﬂ}l%anﬂ 2 RereS Oy tuen 7 ecgﬁstwnpgﬂlts-
d| meth Id , 33 hape@b
(i i) amscr,%:?% T h%l[xzﬁ‘ﬁﬁ’?ﬁ’;%g“’ Bi%Rfth B Qhohp ZerBiEFEY
7-di met hoxy- | 1- gar boxy~13.,-13 - di mat*
i ndeno[ 2", 3" : 3, Zﬁ

, 7- d| net hoxy
1- met hoxycar bonyl Fret hyl - 3, . -
i ndeno[ 2 , 3' : 3, 4] napht ho[ 1, 2- b byran (iv% a
g_ 3-d :']Whel‘ﬂmg-zl’mndzﬂj Iaﬂ‘ﬂéagl) mﬁep%nc:]ently oxygre]:n or -NRIE)-, whfreifs%{l;ig as

i met -11-(2-( 2= r oxyet hoxy) et hoxycar bonyl - 13, 13-
di met h%lé?oﬁlafgﬁlgi%ﬂ'dgno[ 2'y, 3" 3?/)4] naph%/ho[ 1, Zyb] pyr an;
(v) a 3,3-di(4-methoxyphenyl)-6,7- di nmethoxy-1
1- ¢2- f | Uibe phphehydn)ie Mdtetidl-officath BY M&Hm]tﬁé‘bhotochromlc material is

is,”é-"ﬁ?{ %?%%?e%f@pmt %P]hfnylg%ﬁlws%gxsﬂ -cyano-13,13-
( 4 dinpdien3H) BEBiadégol 23’3, Jlﬁlaplﬁihﬂ']fttzhﬂbyraﬁ b 43 3Jdi(4-

éngl% o%wwlhg;y%ﬁgtﬁht hold ai;boxy-l 13 dimet ;/IIIBI' 13H-

di mat B £ day! t hyl -

T s S e )
a Gimet ( 1ipagt %mwg l?sdqnethy -3H,13H-

di mabkrxys°] | t hyl

3;_'&?3{1'&_92(%/3;]3 (];4;]10 Mgrpg]}éyén Wgﬁo%mgd%g%%%ﬁqj tjér?x) ya
3, Simgthoxyh(h %@Wﬂl})x@emoxmaqbgmﬁdﬁyi’,:ﬁlmethyl 3H,13H-

Ilnggﬁrm[p?wbeﬁ]wﬁﬁhb 1 Zlgflﬁ}én 4y Zﬂﬁ B (435& 1;01eny1)-6,7-

3, dumgtho, 4¥ﬁét(ﬁr§1%9rsnhqmyl)jl363 Thm@hyié!tfhba& 1 -phenyl -1 3

iefnhé/ﬂci[Zp;B.r g#ﬁ%?ﬁ;ﬂpy&na%% a @,‘%‘?&‘ P4L efhg’xyp%érﬁ']l)ljép-ht hol

3- pimstipry-31(4-(henyliphgmieldyl 3 difiethy BB HEBHOXY - 11- (4- ( 2-

”ﬁ%ﬁ%%{%!ﬁé%ﬁﬁﬁaﬁ&%@l%a@ﬁ E&D[ag?’ | §1(4 seffjoxyphemy)-6,7-
dlmethoxy-ll -(4- (hydroxymethyl)phenyl) 13,13-dimethyl-3H,13H-
indeno[2’,3’:3,4]naphtho[1,2-b]pyran; (viii) a 3,3-di(4-methoxyphenyl)-6,7-
dimethoxy-11-(3-hydroxy-3-methylbutyn)-13,13-dimethyl-311,13H-
indeno[2’,3°:3,4]naphtho[1,2-b]pyran; (ix) a 3,3-di(4-methoxyphenyl)-6,7-
dimethoxy-11-(2-phenylethynyl)-13,13-dimethyl-3H,13H-
indeno[?2’,3’:3,4naphtho[1,2-b]pyran; (x) a 3,3-di(4-methoxyphenyl)-6,7-
dimethoxy-11-phenyl-13-ethyl,13-methoxy-3H,13H-indeno [2°,37:3,4]naphtho[1,2-
b]pyran; (xi) a 3-phenyl-3 -(4-methoxyphenyl)-6,7-dimethoxy-11-(4-(2-
methacryloxyethoxy)carbonylphenyl) -13,13 -dimethyl-3H,13H-indeno[2°,3":3,4]
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(xii) a 3,3-di (4-nethoxyphenyl)-6-net hoxy-7-((3-(2-
woredobgtasey | oxyet hyl ) car banyl oxymnet hyl enepi per i BCTIO$2006/§12977

)-11-(4- (phenyl) phenyl) -

13, 13-di net hyl - 3H, 13H-i ndeno[ 2' , 3' : 3, 4] napht ho[ 1, 2-b] p

yran; (xiii) a 3-phenyl - 3-

(4-(2-(2-net hacryl oxyet hyl ) car banyl oxyet hoxy) phenyl ) -6

- met hoxy- 11- phenyl - .

13Pﬁlbhﬂ}ﬂ’¥]|w%‘i1’m*‘-n8ét“isﬁ#3rqﬁ@efH%¥P@YPb@1¥Y§:641}lﬁt§B¥%M({31(,22- b] p

Y aRthybotidxyethydefB&aYlbs@nethylenepiperidino)-1-y1)-11-(4-(phenylphenyl)-
YTkt BoBRY b incthylenepiperidino)- Lyl 11-(4-(phenyDpheny)

(4- met hoxyphen 6 .

-1 13,é%dl(rlzp_ﬂp§-_35|ﬁé!)lﬂy]nde®'[21’,§_’ 3 dinsphthelt y2-bByrarg (xi1i) a 3-phenyl-3-
‘[j |1 (@{2&233%2%%&%&&35@{)a%yl&yétﬁoﬂ)ﬂl?eﬁpf)-%gnethoxy-1 1-phenyl-

yl VphEAosaitBHoh i adensld 137:3 dinaplehplil Addnohe (x18) 2 3pUdmykp-
ht 7 a7 _ - H -11-(2-(4-(3-phe . _

3 t&ﬁ%ﬁ?ﬁ@?ﬁ"’?@ ﬁéﬁ%%"?ylfbliydé’inﬁtﬁ’l) CEipEhea ALy ) -
6, HmethoayHda§ dirgetid-3 gl 3kindero[2° 81:3 Aaphtho ( 42-bPyphehy |

i- ngg%}lg%%ﬂ?%ﬁ&g?ﬁf{%réghﬁ E_).?—i-ﬂﬁ%ll?c}fb ",3’3 H;4]_|§4f!-htho[1,2—b]pyran; (xv) a
1, 2-pbinyyB dfr(Bmetperyloarmsthyljpabemslok yyhedyly b atinbibogh-)3, 13-
3H;: ' AR ot thol 1, 2- L an; L) @

3 gl-}%lﬁl?}}lgﬁré -g)ég;lb(ﬁaar}]lgll‘ng}]_— ?,?_ﬁ)-lghmé)c{m){y?l3?1]393/1me{1]1y1-£12ﬂ512[-
nghid]@)qﬂ:’ﬁr’ ﬁebll}aplhf&pDIBZ—U]pthWI)—ﬁ_Hnﬂlﬁﬁgérmm%Béar&')nyl) -

: 0l 1,.25 n o LXVI .

AR BB R R oD 4 i peorappenst-1-
- caethoxyoarbbBy-13 1 _3-dimethy1—3lH, 1 3'H.-indeno [2°,3°:3,4Inaphtho[ 1 ,2-b]pyra1_1;

i pROYL P ISHERSENS] 2203 - A RBR DAL 25Dl e
nodiptectyl-BHABEAYdNORY BheAjtapifhof1 AU BiRe Xiwiii) a 3-(4-
1-nehﬁpé%§ rb%g¥I-13 %g-dl t hyl - 3?, _ )

1 RO D5 D6 L g Bp 13 it hypasborskily 3 imethy-
3-§4:1 HHH@J&&)EZHQED,&W&H&O?1,Q4>f|pyran; (xix) a 3-(4-morpholinophenyl)-3-(4-

neth%xyphen Ié-6,7-d|nethox -1 )

1- gt PW’?‘)‘P‘B’?}'] ﬁs?!‘?@ﬂl‘gﬁyllé:@ffﬁ’émwnyéﬂ311§Hilmethy1-3H,13H—
eSS A MORB CN gnAR
| Tp@ngw,'@édlwtmywrQYWﬂgl{ga'd']methyl'?’H:l3H'

'3??14@1{5}%2?23% :g i4g%g§z%g£%]p§@&ﬁa?l B M rpHolidtbphefiyl)-3-(4-
4R

metRERYPher-) L pylpthEm)t B Bydipethyt3H13Hdi net hyl - 3H,
13H ] Q42 B3, 2 : i ]

Lo PSS B A0 o Ea LB )

1- dimethioned hy4-dimeatinaneingihpnyl 3] 3éB3~dhmeﬂ1yh9H;13H- 13H

S PUBREE S AR bRk B ] 15 R AR by -

1- itnethoryd kypmethpkyphe iyl 83, tH-distetiyl SHH3H3 H-
IR B ROk S RLPY L et
- Phemyiholife-bLrplényl- 33 -bityl 23-(2y@rigationydhony) hdxox gii;13H, 13H
Ay AL L A G M

mebihayyphayy)-§-mé thors-N e phblife1 D—?ﬁéﬂyﬂ%-iautyl—l 3-(2-(2-
1- phenyl - 13-butyl -13 -(2-(2 -12
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hydr oxyet hoxy) et hoxy) - 3H, 13H-i ndeno[ 2' , 3' : 3, 4] napht ho|
wa2®eh}esyy an; (xxvi) a 3, 3- PCT/US2006/012977

di (4-fl uorophenyl)-11-cyano- 13-di net hyl -

3H, 13H-i ndeno[ 2' , 3' : 3, 4] napht ho[ 1, 2- b] pyran; (xxvii)

a 3- (4-norphol i nophenyl ) - 3- phenyl - 6- net hoxy- 7- ( 3- ( 2-

nmet hacryl oxyet hyl ) car banyl oxyrret hyl enepi peri di no-1-yl)

hen 13, 13- di net hyl
 shidton %@{cszethsxw@rm%mdpw B3, 40aphiha;2-Plexmaii (yvika 3,3-

e

13Pipvme(ﬁl§‘f19 a 33(4“130m¥¢ia}9h1_lldm0[)-ﬁ;Qﬂlem}ltﬁymahv?a?& @ xtures
n g&gloégegh tlfgrtbgﬁ%gﬁhgb o%’%g }f’gﬁ‘%ﬂ@q@ N _%qeg%lollrésll% on

of digieghyl- BHﬁéﬁﬂedﬂno[Qf 3ldi,Apapdithol In2-blpsranafxgeiiipd 3-32R-(@ t 0

Sl PO A S5 SR ey g
napht hdm}eﬂam3HﬂdHanmm3TMha;ﬁﬂto{ams]ﬁym and mixtures thereof.

pi - conj ugated system of the |ndeno fused napht hopyran

bo a 0S t he cOo 0. at

A s 1ot Rl P A BB GHAERER ¢ he

at sdbetaﬁ;tial pomom bf ed¢ttemapigic eqatidtioalin Bk mga bf S 398 nm,
41@51 unt of .electro netic ra]ﬁl ati.on hayvi ng

e&PSé?‘EP“?%%P@% Pateap) fgmPH5 B ghndsO-
s uhsw @bﬁthb;by&in HldacdtsupthsieRehdithé filcoiphte@8ys@in of the indeno-
ct netic r?fglatmnlnthe range of 320 nmto
OB Reh P HshorsLactke | Ispnettion T Paegied tofd loasta porton
O Pbf tE@bptRheS BNt WIRRSH Bk ABledst @ Porfioh bf §b ofical Qethéht ﬁbsorbs a
é&ﬂd st at e. @gg The ophthal m ¢ device of claim 38

FIFnt EREUR GbglertEmagneiic radplinndhaving a gyanelengih pigpter than 390

POfithipPRin@fthiBh@Cthé AFRERAE HafblbAd
320 rp [ mnftgo Bg%mr}m is a va\ln nd gg|ag’%%uhlrbo“gbr%e({fgﬁgﬁonggnem

f i Tediatien Bythe 13pee ¢S 20 pr te 3P0 emendrthatithe af lesblercrontéan of tlzet e
anghtichNfenSSE QN3 H8m Sfidt £l Bl8dcitidhe, - 123

39. The ophthalmic device of claim 38 wherein the substrate that blocks a
substantial portion of electromagnetic radiation in the range of 320 nm to 390 nm is
a windshield and wherein the first state of the optical element is a bleached state and

the second state is a colored state.
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