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DESCRI PTI "OF THE INVENTION 5 " Theé present invention relates to
certain novel napht hopyran conpounds. More particularly, this invention
rel ates to novel photochrom ¢ napht hopyran  conpounds and to
conpesitions and articles containing such Hével napht hopyr an conpounds.
When exposed to light radiation involving 10 ultraviolet rays, such as the
ultraviolet radiation in sunlight or the light of a nercury |anp, many
photochromi ¢ conpounds eSUBSITTUTEDNAPHTHOPYRANS\ange i n col or. \Wen the
ultraviolet radiation is discontinued, such a photochromc conpound
Will return to its original color or colorless state. 15 Vari ous
cl asses of photochrom c conpqg ) Hi zed and suggest ed
for use in applications_in which a sunl i Et-induced reversible color
change or Markening i s The P&'@?FPEd"."n%"%Fg ptes S, GEFEAFBANYT)
describes a %E&b °§§r dder i Maiéd ticQThiTy hehier Savenbbsxopyr ans
and 20 napht hopy?gns. gl’%e%dem%o(?%pounds ar\ei%?escri bg](:j&as derivatives of
chronene and zelategpbeteevel, phetechsonie faphthapyyan cenpounds apd
colorless to I Isl | kO W t hthbgtardt
t enper at ures %og‘ipg\%\i%géﬁgiﬁ%%er c(ﬁj.ggl'?%% | e{{a*gunhg?ﬁt%?& na(Izaorrpounds W th
visible |ightcampoupds . r allsém expesedehpel tahlr cagdat bompbwolydddt O[err]Cis
reported reverse the coloratjen_to I .3

3 S3ea paeh LRy il pbO e prgoRpt SPRaRkAGR 1n

U.S. Pate 1bes Vvariols 3
3H napht ho[ 2, sudl]igtads ehe Hbightg ofeai nebdweryp lampe hmamy qphotochgpwperti es,

i.e., high colorabil.it d, acceptabl e fade. for. ht hal m nd ot her
appl i cations.€ Wsé?‘ggéht By ’p\ﬁ«?(?rBf'bie ¢ a@ﬁ%pé‘?a?lg}/gp'exra}%p EEPI’% the ' 818

patent are thg ¢ 531t 2adiation is discontinued, such a photochromic
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compound will return to its original color or colorless state.

15 Various classes of photochromic compounds have been
synthesized and suggested for use in applications in which a
sunlight-induced reversible color chaﬁge or darkening is
desired. U.S. Patent 3,567,605 (Becker) describes a series of
pyran derivatives, including certain benzopyrans and

20 naphthopyrans. These,compbunds are described as derivatives
of chromene and are reported.to undergo a color change, e.g.,
from colorless to yellow-orange, on irradiation by ultraviolet
light at temperatures below about -30°C. Irradiation of the
compounds with visible light or upon raising the temperature

25 to above about 0°C is reported to reverse the coloration to a
colorless state.

' U.S. Patent 5,066,818 describes various 3,3-diaryl-
3H—naphtho[2,1-b]pyfans as having desirable photochromic
properties, i.e., high colorability and acceptable fade, for

30 ophthalmic and other applications. Also disclosed by way of

comparative example in the '818 patent are the isomeric 2,2-
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-2- odkMEes2H napht ho[ 1, 2-b] pyrans, which are reported to require
unaccept aﬂl Vol gﬁg periods of time to-fade after activati ofCT/US97/09687

U. S Patent 3,627,690 describes photochromc 2, 2-di-

substi t ut ed- 2H napht ho[ 1, 2- b] pyran conpositi ons containing 5 mnor anounts
of either a base or weak-to-noderate strehgth acid. The addition of ,
ei ther- an acid or base to the napht hopyran conposition is reported to

i ncrease t Adar¥Ye2izpaphthodd, 2nkl pyFraed %Sht AY® yrenertedhbe ataquiadel ng t hem
useful in P41 Gl pé 2 ' h -saﬂq,]l £ is 10 v
reported tﬁgfag?fﬁpf ur tlﬁgr { hgﬁg?lﬁgg%%%zﬁsggofégﬂ nap r?%%_ﬁvaé;[oﬁ.z_ b] pyr ans
wi t hout the aforenentU-Sne@atigutt 3 veR7 redigdestridres photochubmim 2, 2-84-many
days to re & eversi )oSmanPakent .818, 096, dj scl oses a bl ue
col oring pﬁgﬁggﬁg@rﬁaﬁﬁégﬁhgT%fyrémagpg%g#%ﬁev’ioﬁg gf’nﬁl’é"’%i tion

al pha té thinoxysmundfs bE elheheyrarbaser@rawphkAyd-nydenptBaytrhgthni t rogen
containing__..Su titagﬁé%.i n the prtho or Eara P sitions, The
present inGSHET ont el 1P REVEHREIH ST AGEEOT Pagg $2pRRfo[ 1, 2- b] pyran
conpounds whaphthdmerD dhpoBetPest Bsllneportbaupd irtreaxe eRe agiRPtable fade
rate in addition tq a high 20 activated intensity and a high coloration

rate. | n °F BBg(FRlared Dapbthepy¥Ans e therab¥ Majiing shew weefude 1B position

of the napby80pRstddiaRndbpbliecaePiid QP RsComRPIbNCr gasss  the fade
rate without the addition of acids or bases. In addi t1on, these

conpourls ReRerted itdiereiphfurthentthat thieefade 2mteosift RBrnaphthioe pyr an
ring. Certajn | t_ ad. er 7/, 8, 9
g F4.112 bR %ﬁhgﬁ%a%? Q£ emenB L 6L ladls 4085 nym;ﬂeasn?m

or 10 carboh ato t ho portiron o e napht hop WO
98/ 55457 several hours to many days to reach completeP@EVeiS@idr10687s.

- 3- Patent 4,818[,)%-5'?5" hgpc%glapglgél gglt;r%g! %Mgugcl:l%\lomic benzo-
or naphthopyran having at the position alpha to the oxygen of
15 "the pyran ring a phenyl group having a nitrogen containing
substituent in the. ortho or para positions. '

) The present invention relates to novel substituted
2H-naphtho (1, 2-b]lpyran compounds which have been unexpectedly
found to have an acceptable fade rate in addition to a high

20 activated intensity and a high coloration rate. In |
particular, the use of certain substituents at the S5-position
‘'of the naphtho-portion of the naphthopyran compound increases
the fade rate without the addition of acids or bases. In
addition, these compounds have certain substituents at the 2-

25 position of the pyran ring. Certain substituents may also be
present at the number 6, 7, 8, 9 or 10 carbon atoms of the

naphtho portion of the naphthopyran.




In recent years, photochrom c plastic materials, particularly plastic
mat eri al s Wo9s4ssTal applications, have  been the subj ectpcafuseroses?
considerable attention. In particular, 5 photothrom c ophthalmc plastic

| ensés have been investigated ° because of the weight advantage they
offer, vis-a-vis, glass | enses. I\/breover3 phot ochrom ¢ transparencies
for vénhicles, such as cars and airpl anes,” have been of interest because
of t he potentlal saf e ;“‘Jw_“\ offer. 10

I n acgordance with the pf : peen di scover ed -
that certain novel 2H rmplﬁelmabﬂ: erjrp,yrpimtochxmommmmageammcept abl e

fade rate, hact vat e nten Ior t|on rate be
pr epar ed. TthE %%Yﬁ?&stﬁﬁymﬁ %%@? df‘ooé"d Slﬁ%.pl’ﬁ% gﬁgnﬁavtﬁv\g/e
certain 15 subshi thendubidict bE aoﬁﬁidérmwfaﬁﬂeﬁtmqman In paréfduldr,t he
nunber 5 carbon atom of the ng@ht ho- gortlon of t exgqt hogg{an ring.
Certai n sdbsPRPERAREOM:S optthaimis, plagtic lepses), a%e beerg inyegtigayed hon
atoms of theb@éQﬁEQ%PQﬂ-{é % %i’xt adrRRe 45 HPBEREr | ivils-alRe8E gOamPUNdS
may be represented 20 the | ow ng graphic fornul a:

[err] lenses. Moreover, photpﬁh.gqata:ﬁm | EramgppyeRcies Foat wjahﬁ.glqehe

group, -(O QFLQ, r] is
hydr ogen, p('lfw?% Qfg IELElleafk e. g‘*ﬂwﬁﬁf‘awﬁ’%ﬁh p%)% ,
butyl, pentyltheapdthmx'ya], safety fmggésm such transparenc:l.es offer.
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phenyl , no (CJerr]j- C[I(ﬂ’ raﬁca y °8uB%H‘t‘ER Sﬁgllmvr%lr%() e ]ha(‘?[élrrw])
al koxy- subst peehedipbsrarted mtybéei:ain]n@&ﬁr rz]ri)-ahimtholl 2-b]lpyran

compounds having an acceptable fade rate, high activated
intensity and a high coloration rate may be p're.pa.rec_:i. These
compounds may be described as mnaphthopyrans having certain

15 substituents at the 2 position of the pyran ring and at the
number 5 carbon atom of the naphtho- portion of the
naphthopyran ring. Certain substituents may also be present _
at the 6, 7, 8, 9 or 10 carbon atoms of the naphtho portion of
the naphthopyran ring. The_se compounds may be represented by

20 the following graphic forﬁula: |

- In graphic formula I, Ry is the group, -C(O)W, W
25 being -OR4 or -N(Rs)Rg, wherein R4 is hydrogen, allyl, C;-Cg

alkyl, e.g., methyl, ethyl, propyl, butyl, pentyl, and hexyl,




mono (CJerr]-Cerr])al kyl substituted phenyl (Cerr]-Cerr])alkyl,

- mono( ( erwhrdglsgsh] ) al koxy substituted phenyl (Clerr]-Cerr])al kyl, 5

- Cerr]-Cerr]alkoxy(Cerr]-Cerr])alkyl, or CJerr]-Cerr] MWMW and
Rlerr] and Rrerr] may each be selected from:the group consisting of
hydrogen, Clerr]-Clerr] ~alkyl, Cerr]-Cerr] cycloal kyl, phenyl and
mono- or di-substituted phenyl. The-phenyl substituents. may be
derr]- C[err] al kyl and C[err]-Cerr] ~al koxy and the hal o substituent

. may -be chl @henyd.f FﬂeBPd)Cli@s)alky; substituted ghenyb) ymorid (@ rFg) & the group,
-C(OW Whein ps.-OR[err] of -N(Rferr])Rerr], wherein
" Rlerr] is fﬁ%ﬁ"ggeﬁ“bﬁf%??‘?eﬁmla R?PnYl (C1-Gahalyy J ’

ool O o el Ll il P e ps?y%,{.ﬁ,% (cterr-cterrl)

o Tncleq Ikyl, 15
m)gggg[[gm] qeﬁ%?g?ﬁﬁzﬁlﬁﬁﬁiﬁﬁggap eny Q@ ei]r%?al Kyl

mono( J & r je16Cgalkday koxyadisakyil, Coer ] yed lhdloﬁllkﬂﬁrard& e-eand d},ﬂlnﬁ? kyl ;

and Rlerr] and R6 may each be selected fromthe group consisting of
hydrogen, each bpegelected (from [the, gopap rdonglisting oo hydrogen, pheayl and
nono- or di - substituted_phenyl. The phenyl -substituents may be

sel ected ZG‘lerIOrTFEI%? rFEERR Y Ly Rp?n&%@né[ E‘PP? qrerqfl]'sa-bﬂwt%d t he

hal o subst e I r.fluor Mor e
preferably, &%Fglr]nlls éiﬂé“%r 33‘%*&?5%% We?’ﬁgcJET\ces alkylg?%‘ﬁpFl &4 or
-N(R5) R6, hgesinaid tife o @obst CEaEAE wieye bE] cﬁiésed or, £lpoRdenyl,
mono(Clerr]-(err])al kyl substituted phenyl’, nmono((err] -%ferr])al koxy 25

substitit ed phenyl, rﬁ?ﬁﬁe@[a@ﬁb’jr &ﬁ.e1$]91‘eﬁ IGMPC[-&M)WG[ Wrbéing lthe or

err e al oal k erejn err Rlerr] are each
g[el ec]t e((:I:[ f PS}?\uPﬁe 4 O%yy ﬁﬁﬁseﬁﬁsi ¥ ?’ﬁﬁl’b#ﬁ]}ﬁr geE[ eFl.%cC[aé-lkV]lval kyl ,
Cerr]-C eb’hhn cl _C %{]? st ituted phenyl. The
phenyl substi tgentlgaﬁgyélna)? 6‘ el % rom e gr'oup consi sting of

[ err] - ( emohoatkyt, pdkoxy substituted phenyl, phenyl (C;-Cp) alkyl,

mono (C1-C4) alkyl substituted phenyl (C1-Cz)alkyl, |

15 mono (‘Cl-c4)élkoxy substituted phenyl (C;-C3)alkyl,
mono (Cl—c4)aikoxy(cz-c3')'a1kyl or c1—c4 haloalkyl; and Rg. and
R5 may each- be selected from the group cons1st1ng of hydrogen,
Cl-C4 alkyl, c5-c7 cycloalkyl phenyl and mono- or d:.-
substituted phenyl. The phenyl substituents may be selected

20 from C;-C4 alkyl and C1-C4 alkoxy, and the halo substituent
may be chloro.or fluoro.

More preferably, Rj is Ithe group -C{O)W, W being the
group -OR4 or -N(Rsg)Rg, wheiein Ry is hydrogen, Cy-C3 alkyl,
phenyl, mono(C;-C3)alkyl substituted phenyl, mono(C;-C3)alkoxy

25 substituted phenyl, mono(C;-Cj)alkoxy(Cy-C3)alkyl or C1-C3
haloalkyl, and wherein Rg and Rg are each selected from the
group consisting of hy_droéen, C3-C3 alkyl, C5-C; cycloalkyl,
phenyl and mono-substituted phenyl. The phenyl substituents
may be selected from the group consisting of C1-C3 alkyl and




-5- derr] C[’@nsrs eeaﬁlds(Bxeﬁ,R ndqthe hal o substituent is fluoro.

Most w0_98/554§17referabl he group, -C(OW Wpgeginngrnsdgher’ ]
or -N(Rlerr])Rerr], Rl err]* is hydrogen or .
Clerr]-Cerr] alkyl, R5 an “hydrogen, (err]-Cerr]
al kyl or phenyl. Rlerr] and each Rlerr] in graphic
formuFa | may be hydrogen, C[err5] Cerr] alkyl, (err]-(err]
cycl oal kyl, substituted or unsubstitute f?L g the group
- OR7, ~wher ei I*RG At Whyﬂ?@g%‘ﬁ ]éfrﬁubéféFmeél’t&l uor .
pheny (C[err] rr : b

~ phenyl (C[err] t:rﬁ rmno%%&;\{ %3 }')a‘*‘%éf'y su%iz étﬁ. (RS)RG'

10 phenyl (O eggdrdiie 1{4‘()_@' %Leré;} R higbx o Gl RL- Q:Sréalc)@' kyl,
Cerr]-Cerr] cycloal mono(Cl err] - err])alkyl substrtuted C3-C7

cycl oal kyl, hydrogen," cﬁbgralkﬂedsr]pﬁmiyaal kyl, allyl, and the group,
-CH(R[err])X wherein X is - CN, CF[err] halogen or -C(O W and
Rlerr] is hydrogen or CRegrahdCeach|R3 :.n grapluc %Fleﬂla ér myy be hydrogenup,

-C(OY, MMEFEIHYISky%/].Iq!FOE I‘?gber@‘_((j::{err alllgg
Cerr]-derr]Car%® ab8t FYE}%%I“WLU BELFY stituted
groups phenyl pq%'i“o rr %e ] i
al kyl subst it BREY ey)gr %Perriqq er(ralj'e:']n 1§ h’&a‘-%"ﬁ‘o cl Ce alkyl,
substituted p%gé@l}(]y( § a8kyidi o eEY.c IR pgﬁmltu
substi tuents bel ng sel Qa%t g'ﬁ errj}/ (f) ri al kyl or C[err] Jerr]
al koxy, 2Phewyll (0130 @QRyQY ﬁada@(wbsg)lanuenysSwstmﬂﬂdteao or fluoro and
n is selected fromthe integers 0, 1, 2 and 3.

10 phenyl(Cy-C3)alkyl, Cq1-Cg alkoxy(Co- C4)a1kyl, C3-Cq
cycloalkyl, mono{Cq-Cy)alkyl substituted C3-Cq cycloalkyl,
C1-Cg haloalkyl, allyl, and the group, -CH(Rg)X, wherein X is
-CN, -CF3, halogen or -C(O)W and Rg is hydrogen or Cléés
alkyl; or Ry is the group, -C(0)Y, wherein Y is hydrogen,

15 C4-Cg alkyl, C3-Cg alkoxy, the substituted or unsubstituted
aryl groups phenyl or naphthyl, phenoxy, Cy-Cg mono- or di-
alkyl substituted phenoxy, C;-Cg mono- or di-alkoxy
substituted phenoxy, C;-Cg alkylamino, phenylamino, C1-Cg
mono- or di-alkyl substituted phenylamino, or C;-Cg mono- or

20 di-alkoxy substituted phenylamino, each of said phenyl and
naphthyl substituents being selected from C;-Cg alkyl or C;-Cg

alkoxy, said halogen or halo substituents are chloro or. fluoro
and n is selected from the integers 0, 1, 2 and 3.

Preferably, Ry and each R3 are hydrogen, C;-C3
25 alkyl, C3-Cg cycloalky'l, substituted or unsubstituted phenyl
or -OR7, whe:;ein Ry is hydrogen, C;-C3 alkyl, or the group, -
CH(Rg)X, wherein X is -CN or -C(O)W and Rg is hydrogen or

‘methyl; or Ry is the group -C(0O)Y wherein Y is C1-C3 alkyl or




Preferably, R2 and each R[err] are hydrogen, Cferr]-Cferr]

al kyl , %ﬁ;&l,oal kyl, substituted or unsubstituted phenl%/

-OR7, wherein Rerr] is hydrogen, C[err]-Clerr] alkyl, (F%U%fﬂ@w7 -
25 CH(R8) X, wherein Xis -CNor -C(OWand Rerr] is hydrogen or

methyl; or R7 is the group -C(OY wherein Y is Cerr]-Cerr] alkyl or
WD 98/ 55457 -6- PCT/ US97/ 09687 _
- 6- - (err]-Cerr] al koxy, said phenyl substituents being Clerr]-Clerr]
al kyl or ©cg-0g3] alkbxf] esaid aHemyy anbstitwerss being ¢y-ary whkyl ndegers O
and 1. Nbre referably, Rlerr] and Rlerr] are each selected fromthe

gr oup kﬁﬁYoﬁn%er(ﬁgﬁleeFéﬁrfr‘q iﬁF‘RS‘Frs ﬁ’néﬁ?l land - ORY,
wh [ 5 th
aroup, - (& e” SERROVY 1 Ra BdcRe PP s Je&ﬁtzg?éofr Sng) Stows |

%l[.lé?)r(]y, aﬁg errg]tiﬁbegkegyda%ér{f ?F'E)genéor éﬁ)e?y err] Yﬂéle%ﬁ{ The”

def i ni ti onk.pfi sRhpfrbgel® &F Idy -3 adR§1 R0k rnqgrlapbhe §ﬁd§4l acko)il ke I et ters
have the sane 10 neani ng unl’ess stated ot herw se. in

graphi ¢ fowherein Waysbe; +¢p alkylbeti Cyt@gl alkoxypnand nliis eelected
tri-substituted aryl groups phenyl and napht r%'r said aryl substituents
‘may be sel dinaxd theointegers dhr?n 1eon§?§¥|lﬁi? abl¥r rR2 @ndr Rp arsy|

o i B SR i
or phol {10, cod RE! el ?a%ﬁpg%ﬁwfa& ke 1dEdagohldl Iene2eh dazol | 0 1yl

2-pyrazol i yraz perazinyl and pyrro I dy sai d hal ogen

bei ng fhglorRaNin un@@lsgrgta&r@f&h@%yseB i's an unsubstituted, nmono- or di-

20 substituted p enyI t he phenyl substituents being sel ected
_ in graphic formula I may be the unsubstituted,

or

mono-, di- or tri-substituted axyl groups phenyl and naphthyl,
.said aryl substituents way be seleétéd from the group
..coﬁsisting of Cl-és-alkyl,lcl-ce alkbxy, halogen, amino, C1-Cg

15 wmonoalkylamino, cl-c5 dlalkylamlno, i.e., d1-
(C1-Cg)alkylamino, morpholino, plperldan, 1nd011ny1, 1i-
imidazolidyl, 2-imidazolin-1-yl1, 2-pyrazolidyl, pyrazolinyl,
l-piperazinyl and pyrrolidyl, said halogeﬁ being fluoro or
chlore. Preferably, B is an unsubstituted, mono- or di-

20 substituted phenyl, the phenyl substituents being selected
from the group consisting of C3-C4 alkyl, C1-C4 alkoxy,
halogen, amino, C3-C4 monoalkylamino, C-C4 dialkylamino,
morpholino,'piperiAino, indolinyl and pyrrolidyl, said halogen
being fluoro or chlorb. More preferably, B ié an

25 unsubstituted, wmono- or di-substituted phenyl, the phenyl

substituents being selected from the group consisting of C;-Cs
alkyl, Cq-C3 alkoxy, fluoro, amino, C;-C3 monoalkylamino,
C1-C3 dialkylamino, morpholino, and piperidino. Most

preferably, B is an unsubstituted, mono- or di-substituted

30 phenyl, the phenyl substituents being selected from the group




fromthe group consisting of Clerr]-Cerr] alkyl, (err]-Cerr] alkoxy,
hal ogen, am®esssaferr]-Cerr] nonoal kyl am no, Clerr]-Clerr] pdiraissyhsegy no,

nmor phol i no, piperidino, indolinyl and pyrrolidyl, said hal ogen bei ng
fluoro or chloro. More preferiably, Bis an 25 unsubstituted, nono- or

di - substituted phenyl, the phenyl subsgltuents bei ng selected fromthe
group®consisting of Cferr]-Clerr] alRyl', Cferr]-Clerr] alkoxy, fluoro,

am no.  ALerrdeerloBRoal kil AiA, cy-c, GBELL ChilbLodial ol am no.

mor phol i no, fer PSCan-tin@ubst i t uted,
mono- - or di 'nﬁiﬁb%.tl bfns0 @ lgi a0l IB.H@H&(' wtphbh L HE Ndssa 3¢hsct _ed
fromthe group I V\DQSIJ;%%?1 lk? %ﬁ&l . -
PCT/ US97/ 09687 BONEh Graphief £ormula- Clway beabkYéctdd civiopm €herr |
al koxy, fluoro, C%err% err nonoal kyl am no, Clerr]-(err]

di al kyl am n@FWH FRBFEABIRALHT peri di no. B in graphic

formula- 4§ may be selected fiapm ¢he mono-WubdR i 6ared $ry19 g2bup® phenyl
(i) the nono-substituted aryl groups phenyl and naphthyl, said aryl

subst i t uent St PAPEtEEL ecBALA 131GMH SPStityerts W?Ps?%@c?ﬁd &Homothe
Jerr]-(er r&rdéﬂ‘%h%ikéﬁh&%f qrﬁrzfc] Qbr] monoaﬁ']@h.&iﬂhﬁm rk91 dpr phol i no,

pi peridino, i nyl i m dazol ? 2-imdazolin-1ty

2- pyrazol i dydialxgpiiam@hblyhorgiblind, p@i@étﬂﬁin@nmnmybn&ﬁw dyiq

(ii) the group re resentedb t he follow_ng raphic formula Il A
[err] 151m1da olidyl, 2-imidazolin-1 -yl 2-pyrazolidyl, pyrazol:myl

10 1-piperazinyl and pyrrolidyl;
(ii) the group represented by the following
graphic formula II A: ' '

_\C_/H
TN
U v

IT A
15
wherein U may be hydrogen oxr C3~C4 alkyl, and V may be
selected from the unsubstituted, mono- and ;ii—substi_tuted
members of the group consisting of naphthyl, phenyl, furanyl
and thienyl, each of said substituents of said group being
20 C3-C4 alkyl, C1-C4 alkoxy, fluoro or chl'_oxb ; and
(iii) the group iepresented by the followihg
graphic formula II B: '

25 II B



wherein U may be hydrogen or (Jerr]-Clerr] alkyl, and V may be

sel ect ed b £ unsubstituted, nmono- and di-substituted nmenber s of
the group consisting of naphthyk, phenyl, furanyl and RAF/E397/09682 ach of
said substituents of said group being 20 (Jerr]-Clerr] alkyl, Cerr]-Cerr]
al koxy, fluoro or chloro; and (i) the group
represented by the follow ng graphic.gornmula Il B: WO 98/ 55457
PCT/ US97/ 09687 : wherein Mmay be CHerr], O S, NRerr], wherein

- R err] maywherein¢lwsi @& THgM O)es griviR) 46 owhesdim®R1qf mhydsegen,
Cerr]-Cerr] alkyl, Cerr]-Cerr] cycloalk |, phenyl, nono-substituted,
and di - Ssmbst¢dLﬁnnm[ﬂhsngrouBaFepﬁﬁﬂﬂ?PB o6 #9$§ﬁbscbe¢6ufl¥§ﬂected 5

Rl err]

Trom c errLs]_ &«q al k){%}l %er r,hC[ errécl_ a g%g&’gﬁ"ﬂl %gngrfiraggo AR

sel ected fr
B taken toge

ed(iVv) B and

h 3;
%Eutg&?%%%léns;‘m%%lstsﬁg %Fé cuents being selected i ut ed

f 1 uor en-59- fironeos- g a]](kyrlor oy aCgealieoxy.elchioed dnd)r:ﬁlmbeolrbyp.s:onm sting of
saturated Cferr]-Clerr] spiro-nonocyclic hydrocarbon rings, e.g.
cycl opr opyCnd€aealkylkd churCsl rALAXY, c%l%?eﬁ!—‘yﬂ% and acj®| ohexyl i dene,
cycl oheptylidene, cycl ooctyl i dene, %Iongn l'i dene, cycl odecy

cycloundec?FFﬁEﬁ% T R &H&&Eﬁ??l%eﬁ%

hydrocarbon rings, e.g., {w¥yd ahd. 2/ 1|}aeé;yluo§aamer may form an
bi cycl o[ 3. 3. 1] nonan- 9-yl i dene and blcyclok4 2 undecane and saturated

d err] - ([ etppubgtituted.cmonee Ay dfbesiRy

10

15

20

luoren-9-ylidene or
form a member selected from the group con51st1ng of
saturated C3-C35 splro-monocycllc hydrocarbon rings, e.g.,
cyclopropylidene, cyclobutylidene, cyclopentylidene, '
cyclohexylidene, cyclohepﬁylidene,~cycloocty1idene,
cyclononylidene, cyclodecylidene, cycloundecylidene,
cyclododecylidene; saturated C7-C12 spiro-bicyclic
hydrocarbon rings, e.g., bicyclo(3.2.1]octylidene,
bicyclo[3.3.1lnonan-9-ylidene and bicyclo[4.3.2)undecane,

and saturated Cq-Cy5 spiro-tricyclic hydrocarbon rings,

e;g., tricyelo[z.z.l.oz'G]heptylidene and tricyclo-

[5.3.1.12'6]dodecylidene, provided_that this_group does not

~include tricyclo[3.3.1.13'7]decy1idene. i.e., adaman-

tylidene, 1,7,7-trimethyl bicyclo[2.2.1]heptylidene, i.e.,
bornylidene, and bicyclo(2.2.1]}heptylidene, i.e.,
norbornylidene. The fluoren-9-ylidene substituents may be

selected from the group consisting of C;-C4 alkyl, C1-C4

alkoxy, f£luoro and chloro; or
{v) B and B’ are eaqh selected from the
groups that are defined in (d) (ii) and (d) (iii)

hereinbefore.

| i dene,

&F C7-C12 spiro-bicyclic




e.g., tricyclo[2.2.1;0[err]]heptylidene and tricyclo- 20
[5.3.1. 1] ewoldscssabacy| i dene, provided that this group does negrmseredsse! ude

tricyclo[3.3.1.1[err]] decylidene, i.e., ddaman- tylidene,

1,7, 7-trimethyl bicyclo[2.2. 1] heptylidene, i.e., bornyl i dene, and

bi cycl o[ 2. 2. 1] heptyl i dene, i.-&., norbqrnyl i dene. The fluoren-9-ylidene
substituents may be 25 selected fron1the'§Foup consisting of (Jerr]-(err]

al kyl, Cerr]-Cerr] p xy,B,f Iiléogglggge&:r}_l%oi:h
g P

;
(v) B and B are each Serecta&d fromthe roups tﬁa?ngﬁﬁ defined in (d)
(i1) ‘and (d)ecdnsisting ofhert) nhadorsbstituted P8i§345Fhe phenyl

PCT/ US97/ 09687 ., . ot th ouD & 5195. £
Preferably, BRFEtuents Pgipg Aelectef Sag™ EPR TR FRESHFEIRT \°

nono- subst i tthiigh PGAY,, mbiealkelvthino, ©4behi i€kl ahtnbg wetsledldsiof,r om t he
group consi sting of amno, err]-Cerr] .nonoal kyl am no, Clerr]-(err]

di al kyl anbnopipesristisic, ndndobipypeandiipyxrroladpl i n(dilasdepgroepi dyl; (ii) the

t ed t ic f ' ( b
Pvar bgen or RERSAerad by’ RE9gaithle AR Lt £ ERE mlPhelC | e
h I bsty lead B _ ek ph i tutaldk ,
1I‘OI 52?/0, Sgr Sc]ﬁilfgﬁﬁ'&and ?ﬁtlﬁg’ EL?&:P;{F% %p gszﬁgaﬁ?%ﬂ@isﬁlgst;t%m Coxy
formula Il EPURYLi FhG PREPEL ﬁ?f%?*ﬁ,eqf %Flﬂﬁ CL-CapPAXYINCRIZ may be
| ected f L.SLq f , L= | kyl ,
Shenyl - and. ket Atbate 8 Lhi0rS] ana (LSS DO axEu ERpELELded )

sel ect ed 10r ohy Giles rgragileirey Fozinkya, IT B wiexedh- K way [bealClgxyQ, cdet &F-0 and
fluoro, Rlerr] may be CJerr]-(err] alkyl, .
Ri4, and Rj4 may be selected from the group consisting of

hydrogen, C1-C4 alkyl, phenyl, and mono-substituted phenyl,
the phenyl substituents being selected from C;-C4 alkyl,
Cl-é4 alkoxy, chloro and fluoro, Rg may be C;-C4 alkyl,

15 C41-C4 alkoxy, chloro or fluoro, and a is selected from the

integers 0, 1 and 2; or (iv) B and B' taken together form an
unsubstituted or mono-substituted fluoren-9-ylidene or a

member selected from the group consisting of saturated C3-Cg.
- spiro-monocyclic hydrocarbon rings saturated Cy-Cqg spiro-
20 bicyclic hydrocarbon rings and saturated Cy-Cjiq spifo—
tricyclic hyarocéibon rings, said fluoren-9-ylidene
substituents being selected from the group comsisting of
C1-C3 alkyl, C;-C3 alkoxy, fluoro and chioro.
More preferably, B' is selected from the group
25 consisting of: (i) mono-substituted phenyl, the phenyl
substituents being selected from the group consisting of
amino, Cj;-C3 monoalkylamino, C;-C3 dialkylamino, morpholino
and piperidiho; (ii) the group represented by the graphic
formula II B wherein M is CHy, O, or N-Ry4, and Ry, is

30 sglected from the grbup.consisting of hydrogen, C3-C4 alkyl



15 (Jerr]-Cerr] alkoxy, chloro or fluoro, and a is selected fromthe

I nt egers 2; or (iv) B and B taken together form an

unsubst i t‘g?éggls?rggnono-subst ituted fluoren-9-ylidene or CT/UR87
selected fromthe group consisting of saturated C3-C8 spi ro-nmonocyclic
hydr ocarbon rings saturated CJerr]-Clerr] spiro- 20 bicyclic hydrocarbon
rings and saturated Clerr]-Cerr] spiro-10- tricyclic hydrocarbon rings,
said fluoren-9-ylidene substituents being selected fromthe group

consi st i ngosf phenyl C[Ry rijs- ePéﬁp]:eélf@qm t@feegr?um:[mejlsmmwf G1-&ar o and

chl oro. ' Mor e abl B' |s sel ected fromthe group 25
consi st i ng28¥¥L (i §17fo AR g’(’gt g{f“?ﬁ%’ pﬁfg‘ﬁﬁ% a £xo RS it uent s
bei ng sele t he p ti f ' alﬁéq r err]
nonoal kyl agnkﬁggééfergr r;l aglg(r)ra]' @I al:'{rjnglrzll(;a B t:p 0 r&gge&&g A "g{ pi peri di no;
(i) the gflupremyd-gtcident by bheyghamlac 1) nondwtInyilddeneB Woatein Mi s

CHerr], .and er t t he group
consi st i ngbﬁF%ﬁW%@ HJ dPeFPRS Cf ‘ﬁ?% pRELYY, 99\/\6%5&?]55457'
PCT/ US97/ 08&8Bazolyl or 9-phenyl carbazolyl, said phenyl- &lbstituemtsphenyl ;
Rlerr] is selectedfromthe rou consi sti rr err al kyl ,
d err] - C ePPing| k352 Fapoait 116“‘ o @ % agia&if]%sﬂ"]on% Jlmq nt egers O,
1 and 2; or_(i %na%nd B' taken together form fluoren-9-ylidene or

A

bi cycl o[ 3. erfl Eacd ‘vlidene. Most 5 preferably, B is nono-substituted
phenyl, 9-‘et hyl C dipoahik pepPegrrmed byagha;ztdlqlfpmalai D heyy be

i ar ky i BEePREREHDYitH £o1 16Ty aqTanse notadds. “xf Rl b

repr esent egnBybahaii Gdranatidel ofity drbakdlpl efietrtolliibpReded|drowi Ng
descri bed nethods. In Reaction A_1, I he benzgéll derivative of _a
car bazol e, d&PBEﬁ?@f‘Fﬂrbﬁk%%eBPred by Friedel-Crafts methods. See the

publication = | ] iong, George A.

Olah, Intersc:.ence Publ:.shers, 1964 Vol. 3, Chapter xxxx

15 "'(Aro'mat:.c Ketone _Synthes:.s) , and “Reg:.oselect:.ve Friedel-
-Crafts Acylation of .1,2;3,4—‘1"etrahydroquinoline and Related
Nitrogen Heterocycles: Effect on NH Protective Groups and Ring
Size" by Ishihara, Yugi et al, J. Chem. Soc., Perkin Trans. 1,
pages 3401 to 3406, 1992; He_t;er_o_cygl;.s'_cqmnmmds_, Robert C.

20 Elderfield, 1951, Vol. 2, Chapter 3 (Dibenzofuran) and Chapter
5 (Dibenzothiophene); The Chemistry of Heterocyclic Compounds,
H. D. Hartough and S. L. Meisel, 1954, Vol. 7, Chapter IV
(Dibenzothiophene and its Derivatives); 2Advances in

Heterocyclic Chemistry, A. R. Katritzky and A. J. Boulton,
25 1974, Vol. 16, Chapter V (Recent Advances in the Chemistry of

Dibenzothiophenes) ; and Heterocyclic Compounds, Robert C.
Elderfield, 1952, Vol. 3, Chapter 3 (The Chemistry of
Carbazole) .
In Reaction A 1, the compounds represented by
30 graphic formulae IIi and IV ai:-e -dissolved in a solvent, such
as carbon disulfide or methylene chloride, in the presence of

a Lewis acid, such as aluminum chloride, to form .the




di benzofuran is prepared by Friedel-Crafts nethods. See the
publicati eypbssasel - Crafts and Rel ated Reactions, George APCI/USOU/@9687
I nterscience Publishers, 1964, Vol. 3, Chapter XXXI 15 (Aromatic Ketone

Synthesis), and "Regi osel ect ive Friedel - Crafts Acylation of 1,2, 3,
4- Tet rahydr oqui nol i ne and Rel at ed Ni t rOﬁen Het er ocycl es: Effect on NH
Protective Groups and Ri ng Size" by IsHi"hara, Yugi et al, J. Chem

Soc., Perkin Trans. 1, es 3401 .to 34 npounds,
Robert C. 2(FORNSRRORALPY, %@gﬁ"u\ftﬁ - bgnzgy ?‘eexgi%%%a ngi.gé&?gu%aeﬁ)& Qg '
Chapt er g'f’réﬂ'ﬂlb_e'f@i{nﬂnﬁphen&i repiresehesi potentiflHphenylycl i ¢ Conpounds,
H. D. Hartough and S. L. Misel, 1954, Vol. 7, Chapter |V

( Di benzot hi- opHestdtaetsts Deri vat | ves); Advances in Het erocyclic

Chem stry, A. R Katritzky and A J. Boulton, 25 1974, Vol. 16, Chapter V

(Recent Advances in the Chenmistry of - Di benzot hi ophenes); and

Het er ocycbi.c Conpounds, Robert C. REBACFEPNj eBdl 1952, Vol. 3, Chapter 3
(The Chemi stry of Car bazol e). In Reaction A 1, the
conpounds represented by 30 graphic dogtnul ae 111 = g§sol ved in a

sol vent, such as carhon disul fidg or nethylene

presence of : (07 Tor TT T8 ) I

WD 98/ 55457 PCT/ US9ZAQ964

-11- COr.r e@ppd 8 oylc’{i‘é]rzl vative repr esentrgd by R
graphic formula V. R represents potential phenyl substituents. 5

REACTION A 1 [err] III v v

Compounds represented by graphic formula VB are
either purchased or prepared, as shown in Reaction A 2, by
10 direct amination of a commercially available’flugro
substituted benzophenone represented by graphic formula VA
with a primary or secondary amine compound, for example, ethyl
amine, morpholine, piperidine, etc. See the publication
“Nucleophilic Displacements of Activated Fluorine in Aromatic
15 Compounds” by Bader, Henry et al, J. Org. Chem., Vol. 31,
pages 2319-2321, 1966.
In Reaction A 2, the compounds represented by
graphic formula VA énd the amino compound are dissolved in a
solvent, - such as dimethyl sulfoxide (DMS), and refluxed to
20 form the corresponding'amino substituted benzophenone
represented by graphic formula VB. R represents potential

phenyl substituents.



Conmpounds represented by graphic fornula VB are ei t her purchased or
pr epar ed, §§8,§9@¥m i n Reaction A 2, by 10 direct am nation of a
\IV y avail a

comerci a ble fluoro : substituted benzophenone Pr‘”e%‘?%’s”&#?éd by
graphic formula VA with a primary or secondary am ne conpound, for
exanpl e, ethyl am ne, norpholine, piperidine, etc. See the publication
"Nucl eophilic Displacenents of Activatedigluorine in Aromatic 15 Conpounds”
by Bader, Henry et al, J. O’g. Chem, Vol. 31, pages 2319-2321, 1966.

In Reaction A 2, the conmpounds repREMTION Ay2 graphic fornmula VA and

t he am no conpound are dissolved in a sol vent, such as dinethyl ‘

sul foxide (DVS), andgef luxed to 20 formthe correspondi ng am no
substituted benzophe jone represen&ed by graphic fofjrmula VB. R represents
pot enti al phe S reyent s. | V\%)M898/5 4

PCT/ US97/ 09687 + N

REACTI ON A 2 | R In Rg keLBge
represented b Fae i/ VB‘, or ing VC, is
reacted with sodi um acetylide in a suitable solvent, such as awshydrous
tetrahydrofuran (THRya to formthe correspondi ng propargyl al cohol
represented by graphic formula VI. Propargyl alcohols havi ng B' groups

represented by graphic formula Il A may be 10 prepared by the nethods
described in U S. PateitrRéactiénlB?, the KetoneNréprddeitediByt grashic

REACTIC»%E345¥££ ae V, VB, or in more general terms VC, is reacted with
sodium acetylide in a suitable solvent, such as anhydrous
tetrahydrofuran (THF), to form the corresponding propargyl
alcohol represented by graphic formula VI. Propargyl alcohols
having B’ groups represented by graphic formula II A may be

10 prepared by the methods deéc?ibed in U.S. Patent 5,274,132,
column 2, lines 40 to Sé.

REACTION B

O .
HO C=CH
/g\ + HC=CNa THF : \C<
£ B — 8 e
vC . VI
15 Naphthols represented by graphic formula XIIIA may

be prepared by Reactions C or D. In Reaction C, substituted
or unsubstituted 1,4-dihydroxy-2-naphthoic acid, represented
by graphic formula VII, is reacted with methyl iodide (or
ethyl iodide, propyl iodide, benzyl bromide, etc.) in the

20 presence of ethyldiisopropyl amine in a suitable solvent such
as anhydrous diﬁethylformamide (DMF), to form the
corresponding methyl-1,4-dihydroxy-2-naphthoate, which is
represented by graphic formula VIII (or XIIIA in Reaction E).
This reaction is further described in J. of Org. Chem., Vol.

25 46(17), page 3477, 1981.




15 Napht hol s represented by graphic forrmula XI11A may be
prepared bywo¥smssasrons C or D. In Reaction C, substituted POT/USY7/09687
unsubstituted 1, 4-di hydroxy-2-naphthoi c acid, represented by graphic
formula VII, i's reacted with nmethyl iodide (or et hyl iodide, propyl

I odi-de, benzyl bromde, etc.) in the 20 prgsence of ethyldiisopropyl am ne
In a suitable solvent such as anhydrous ~di net hyl f ormani de (DMF), to form
t he correspondi ng net hyl -1, 4-di hydr oxy- 2- napht hoate, which is
represented by graphic formula VIIl (or XIIlAin Reaction E). Thi s
reaction is further described in J. of Org. Chem, Vol. 25 46(17), page
3477, 1981. WD 98/ 55457

PCT/ US97/ 09687 REACTION € 33 .

REACTION C [err] 5 In Reaction D, a syfstituted or
unsubsti t ut ed one, benzophenone, or benzal dehyde rlepresented by

graphic formul a >Ca08 Wit h di ”%Mznﬁﬁﬁﬁgif ( D-308F | a

X) in the prese stetlgCodige S
t-butoxide in a ¥ sol vent such as tol iMfe

In Reaction D, a substituted or unsubstituted
acetophenone, benzophenone, or benzaldehyde represented by
graphic formula IX is reacted with dimethyl succinate (graphic

10 formula X) in the presence of a base such as sodium hydride or
a potassium t-butoxide in a suitable solvent such as toluene
to form the appropriate substituted monoester of an a-
arylidene succinic acid, represented 'by graphic formula XI.
Other ester substituents on the compound represented by

15 graphic formula XI may be prepared by using different
succinate esters, such as diethyl succinate. Compound XI is
heated with acetic anhydride and anhydrous sodium acetate to
form the corresponding acetate derivative represented by the
graphic formula XII. COtppoﬁnd XII is reacted with

20 hydrochloric acid and an anhydrous alcohol such as anhydrous
methanol to form the éorresponding naphthol, repfesented by -
graphic formula XIII (or XIIIA in Reaction E). Reaction D is
further described in the text Organic Reactions, Vol. VI,

Chapter 1, bages 1-73, John Wiley & Sons, Inc., New York.
25



to formthe appropriate substituted nonoester of an a- aryl i dene

succinic } presented by graphic formula Xl . O her_ester

subst i tuemﬁgg&?he conpound represented by 15 graphic forR&EIHSK968y be
prepared by using different succinate esters, such as diethyl

succi nate. Conpound Xl is heated wi th acetic anhydride and anhydrous
sodi um acetate to formthe correspondig acetate derivative represented
by the graphic formula Xl1. Conmpound XIl is reacted with 20 hydrochloric
acid and an anhydrous al cohol such REAITIPHNr Bus met hanol to formthe
correspondi ng napht hol, represented by graphic formula XiIl (or XlIIA

in Reaction E). Reactign D is further described in the t®xt Oganic

. o) .
Reactions, Vol. VI, Chapter 1) pages 1-73, John WIley & ons, ., New
York. 25 W0_88/ 55457 ' R Co0ls; -
PCT/ US97/ 09687 2 OCH, N, T i14_
REACTI ON D [ _ocH, . Toluene |
(Rs) X (Ra)a o
o .

n IX

(CH3 CO) 20

CH3COONa

In Reac;ion E, the propargyl alcohol represented by
5 graphic formula VI is coupled with the naphthol represented by
graphic formula XIII A to form compounds represented by

graphic formula I.




In Reaction E, the propargyl alcohol represented by 5 graphic fornula VI
I s coupl edwoi g8/s5481e napht hol represented by graphi c f or potsedidoss?A t O
f orm conpounds represented by graphic formula 1. WO 98/ 55457

PCT/ US97/ 09687 - 15-

REACTION E [err] shown in Reaction F, conpounds
represent ed by graphic fornmula XV (co'ﬁ%dunds of graphic formula I in
which 5 Rerr] is a hydroxy) can b d to a variety of different
groups by reaction with acylating or a yla |ng agents. For exanpl e, the
conmpound represented by aph| c formula X'V may be reacted with nethyl

i odi de (or other alkyl atlg agent) I n the presence of ank

pot assi um car bonat g Rkl e 10 sol vent such as amaydrdus agetone to
form corrpoungg ' TEd by HRaphiTCHor nuga XV, in W g S 2
met hoxy by Al kyl &ti ngJeact i eps—are—urt he 27 n
"Organi ¢ Synt hesi s" Vol Y31, pages o193, JOPHTERF | ey . New

York, NY. Al ternativel Y,

10

15

20

onpound XI'V may be @

' (R3)
XIIIA Vi o

As shown in Reaction F, compounds represented by
graphic formula XIV {compounds of graph_ic formula I in which

Ry is a hydroxy) can be converted to a variety of different

groups by reaction with acylating or alkylating agents. For
example, the compound represented by graphic formula XIV may
be reacted with methyl iodide (or other alkylating agent) in
the presence of anhydrous potassium carbonate in a suitable

solvent such as anhydrous acetone to form compounds

‘represented by graphic formula XV, in which Ry, is a methoxy

substitutent. Alkylating reactions are further described in
"Organic Synthesis", Vol. 31, pages 90-93, John Wiley & Sons,
Inc., New York, NY. Altermatively, Compound XIV may. be
reacted with acetyl chloride (or other acylating agent) in the

presence of triethylamine (NEt3) in an appropriate solvent,
such as wmethylene chloride, to form compounds represented by
the graphic formula XVI, in which R is an acetoxy (AcO)
substitutent. .Acylf.ati-ng reactions are further described in

"Organic Synthe_sis,_" Vol. 32, pages 72-77, John Wiley & Sons,
Inc., New York, NY. '



15 reacted with acetyl chloride (or other acylating agent) in the

presence

Rkﬁﬁ%k hylam ne (NEt[err]) in an appropriate solvent,
chl ori

met hyl ene e, to form conpounds represented by t RRCEHPSHIPE87 or nul a

XVl; in which Rerr] is an acetoxy (AcO substitutent. Acylating
reactions are further described in 20 "Organic Synthesis,” Vol. 32,

72-77, John Wley & Sons, Inc., New Yogk, NY. WO 98/ 55457
PCT/ US97/ 09687 - 16- [err]

10

15

" REACTION F

CH30
B CHI, K;CO3
 Acetone

(R3) o XIv . (R3)p

CH,COCl | CHCl;

| Compounds represented by graphic formula I may be
used in those applications in which organic photochromic
substances may be employed, such as optical lenses, e.g.,
vision correctiﬁg ophthalmic lenses and plano_ lenses, .‘lface
shields, goggles, visors, camera ienses, windows, automotive
windshields, aircraft and automot;i.ve tré.nsparéncies, e.g.,
T-roofs, sidelights and backiights,' plastic f£films and sheets,
textiles and coatings, e.g., coating compoéitions such as
paints, aﬂd verification marks on securii:y docﬁments, e.g.,
documents such as banknotes, passports and drivers' licenses
for which authentication or verification of authenticity may
be desired. Naphthopyrans represented by graphic formula I
exhibit color changés from colorless to colors ranging from

orange to blue.

such as

pages




5 Compounds represented by graphic fornula | may be used in

t hose appwocestasesTs i n whi ch organi ¢ photochrom c subst poTASsINEsLE
enpl oyed, such as optical lenses, e.g., ° vision correcting ophthalmc

| enses and plano | enses, face shi el ds, goggl es; visors, canera |enses,
w ndows, autonotive 10 wi ndshields, aircraft and autonotive
transparencies, e.g., T-roofs, sideli glﬁ'f's and backlights, plastic filns

and sheets, textiles and coatings, e.q., coating c 0S4 Li.on uch as
paints, and verificat iEﬁﬁ“‘RﬁFﬁfﬁnc%‘gﬁmiFgeGOﬁm:WgyrgHg.‘?ﬁhm gg%umsnt s
such’ as bankpgh&Sof RARSReReataBH &Fé WeHe 'tollloeimes 15 for which

aut hentication or verification of authenticity may be desired.

Napht hopyrans represented by graphic fo a.l xhihit color 1anges
from col orl ess tdaéoP0K%‘W%ﬁRﬁQﬁ}quBﬁP¥£?%%Eﬁﬂi???agEWTl.°xY°ar89E§g 55457
PCT/ US97/ 09§84y oxy-2u-naphtho (1, 2-b] pyran; - 17- .

Exanpl es of Cont enpl at ed napht hopyrans within the scope of the

i nvention are the follow ng:

a .
2- (4- nor ghol | nopﬂéﬁyFa)r12=wml@m}§cé?mﬁwrBrmetmeca?mel'6-

hydr oxy- 2H- s ;2 hPo . (b).
2}/( 4- )r%r pho&%ﬁg%%g%%?-&%%oﬁgl'?5?%ﬁ%?<yc§ir %)onyl - 6-

nmet hoxy- 2H napht ho[ 1, 2- b] pyr an; (c) 2- %4- nmor phol i nophenéll )
- 2- phenyl - 5- net hocq)cartiénlym'ﬁhdinmﬂf%w%ﬁpﬁt olatBoRIGRFPIRYL-6-
(d)y 2- (9- eta@éltg%péﬁgﬁéﬁit)ﬂo)[1',%'—35‘595.‘5.5' met hoxyoar bonyl -

(d) 2-(9-ethylcarbazol- 2 -yl) -2-phenyl=-5-methoxycarbonyl-
10 6-acetoxy-2H-naphtho[1l,2-b]lpyran;

(e) 2-(9-phenylcarbazol-2-yl)-2-phenyl-5-methoxycarbonyl-
6-acetoxy-2H-naphtho (1, 2~b] pyran;

(f) 2-(4-dimethylaminophenyl ) -2-phenyl -5-methoxycarbonyl -
6-acetoxy-2H-naphtho [1,2-b] pyran; .

15 (g) 2-(4-dimethylaminophenyl) —2-phenyl-;s-methoxycarbonyl-
6-methyl-2H-naphtho [(1,2-b]lpyran; and

(h) 2,2-bis(4 -dimethylamino_phenyl) -5-methoxycarbonyl-6-
acetoxy-2H-naphtho [1, 2-b] pyran.

20 It is contemplated that the organic photochromic
naphthopyrans of graphic formula I be used in combination with
other appropriate complementary organic photochromic mate:ials
so that together they produce a near neutral gray or brown
color sﬁade when thé ‘plastic lens containing such photochromic

25 materials are exposed to ultraviolet light. For example, a
compound which colors to yellow may be blended with a -compound
that colors to an appropriate purple to produce a brown shade.
Similarly, a compound which is orange in its colored state

will produce a shade of gray when used in conjunction with an



10 6- acet oxy- 2H napht ho [ 1, 2- b] pyr an; (e) 2-
(9- phenyl G bgzaaky 2-yl ) - 2-phenyl - 5- met hoxycar bonyl -

6- acet oxy- 2H napht ho[ 1, 2- b] pyr an: : (f) 2- (4-di mECRSEHPIBDheny!)
- 2- phenyl - 5- net hoxycar bonyl - 6- acet oxy- 2H napht ho[ 1, 2- b] pyran; 15
(9).2- (4-dinmethylam nophenyl) -2-phenyl-5-nmethoxycarbonyl -

6- met hyl - 2H napht ho[ 1, 2- b] pyran; and -18- (h)

2, 2- bi s(4-di net hyl am nophenyl ) - 5- met hoxycar bonyl - 6-

acet oxy- 2HRPRPPRYISHtE Diwepppiaring® compound. The dforesaidnggsardidedhat t he
organi ¢ pPhaLaliANGh or pHBRBBLAGRYS A0%e2ialb AR bef ABEY! Z1do g used in -
conbi nation wt ot heér appropriate conplenentary organic photochromc
mat eri al s applicatiidrat dtbget bbantdphthaladecdensesar neutral gray or brown
col or shade when the\,}?‘l astic.len ont ai_ni ng_suc pg%t hrom c 25 materials
are exposed to ultradts BPVPLMRP é?ﬂpyé'?gnﬁ pouia c ﬁ%cﬁﬁﬁf ich colors

to yel |l sw inyemeidi cxirt Wt bhosé Gigrutufore désatibed), onay tise aisedPpropri ate
purple to produce br o shade. . Simlarly, a compound which is orange
"n 1ts col BLERE Gn AR CoMDARAFLGR gt COTBERERtATY, PROtRRRFPES A | n

conj uncti OBoMbdbhd) i.e., o¥&aRBéPubtochromic compounds bhaving at
PCT/ US97/ 09%'\3% (:3 . . ' _mp. - 18- g aappropri ate
bl ue col or _i-ﬁgs"ecﬁﬁﬁ)m.lvﬁﬁedaﬂbﬁ@&ﬁwqjéﬁaﬁmbe‘ﬂ“h@c&h_ﬁi ¥argeo Pfof

phot ochr oM, LS ikt TRY RAaU56¢ Bidhelcirs, SPRAHERLhOLS Qtatnbiign
opht hal m ¢ | enses. The novel "napht hopyran conpounds o
presentl05 pawentansh mayudle dpncohpexatest.cteoBor ediRspivededr digpaysedsed

al one or ip_.c ' | ' SIreD omi conpounds, i.e.,
organic phg?o%g%%rg%npo %328%4\% ng él%ﬁagrl'g%s r?::g’n?"%%?xf‘:\}/at-ed absorption
maxi ma w t photdodteranding @axtficles bandedncb eol.oZ Odheamact@Paexhaetar s, or
subst ances_cont ai ni.ng.10 sane, and nay be incorporated, e.g., dissolved or
di spersed,appr??i“a?tﬁgl ric organi c host material used to prepare

A first group of complementary organic photochromic

t he

15 substances contemplated for use with the oi:'ganic photochromic
naphthopyrans of the .pre_se_n-t .inventio'n. are those having an
activated absorption max:.m\nn within the visible range of
greater than 570 nandn.eters., e.g., between about greater than
5§70 to 700 na_nomei:ers. These méterials_ typically exhibit a

20 blue, blueish-green, or blueish-purple color when exposed to
ultraviolet light in an appropriate solvent or matrix. Many
of such compounds are described in the open literature. For
example, spiro(indoline) naphthoxazines have been described,
among others, in U.S. Patent Nos. 3,562,172; 3,578,602;

25 4,215,010; and 4,342,668; spiro(indoline)naphthoxazines having
certain- substituents on the 8! and 9' positions of the
naphthoxazine portion 6f the molecule are described in U.S.
Patent 5,405,958; spiro(indolipe) pyridobenzoxazines are
described in U.S. Patent 4,63.7, 698; spiro(benzindoline)pyrido-

30 benzoxazines and spiro (benzindbline)naphthoxazines are
described in U.S. Patent 4,931,219; spiro (benzindoline)'.—

naphthépyrans are described in Japanese Patent Publication



phot ochromic articles and which col or when activated to an appropriate
hue. WO 98/55457 A first group of conplenentary organi c ppet/ossweessc 15
substances contenpl ated for use with the drgani'c photochrom c

napht hopyrans "of the present invention are those having an activat ed
absorption maxi mumw thin the visible range of greater than 570
nanoneters, e.g., between about greater thifr 570 to 700 nanoneters.
These materials typically exhibit a 20 blue, blueish-green, or,

bl uei.sh- pur A%/ 125383 inARATre (iR benzgrprings Axe Eigﬁﬁ?ﬂ?‘ﬁiéﬁ‘ YoBropriate
sol vent or nBiddnt 4VRAY,sss Pl sPikd\isRNeHBBeRsshyane! i bed in the open
literature. For exanpl e, spiro(indoline)naphthoxazines have been

descri bed, spinptigdelineinaphthopyrang,candNgRira(indolins) quinopyrans: 25
4,215, 010; : L rQf.l [ aght 'og%z,i S hayvk Nng certain
substit uent %ﬁ%@éﬁggﬁdfgk ‘%)sg)a'hsulr‘l‘?'|Q.'|c5ng"?’%)fﬁ'tBhe‘b ngggt ho%gi ne portion of
t he nol ecil ebenzopieamsi bed haphti®pyransaheving a 08 tysogenspontaining

(i ndol i ne)pyridghenzoxazin e .. descri.b i S...Pat 637 8;
spi ro( benzi nﬂﬁ%‘ﬁ?ﬁ 8- géﬁa%' P nglg gﬁ% ﬂn:lﬂn ¥ 8 &8 élésc:ﬁbgg

spi ro( benzi nilnlusm) maglhboxagisssoar e Spirddindohiaek)ipyrans. aRatadso

4,931, 219; spiro(khenzi,ndo]ine)- napht hopyt ans ar.e _descyriped in_Japanese
Pat ent Publ i 2S8F ed in gs;ﬁ%ﬂ#&&&lmg_lnjhﬂ‘m-m: {To{)ume III,

PCT/ US97/ 0968photochromism, " Chapter 3, Glenn H. Brown,- Elitor, Jolnl%2389:

spi ro(indol i ne) benzoxazi nes are described in U S Pat ent 4, 816, 584,

spiro(ind8l i HRPBopYiEns, New ¥rk.o(A%Ydol i ne) napht hopyrans, and .

spi ro(i ndol i ne) qui NopyAaR8cond HY IRRE1ehOhe £X2BRGEN1 & PHdIchromi
4,880, 667; and 5 benzopyr aﬁ‘sma?lgdf‘%daight hopyrgaﬁs havi ng g n%t%gen-cgﬁttnéfni ng

substituent #nbstancesp@ontennlated Rompwmasnwikthgthe @rgendrei peetochromip, S,
Pat ent 4, 818 | I ndoli ;AL i ;. he text,
Techni ques |Ir119 e%%a%(s %gl Eiﬁ%%ﬁﬁ&ﬂ? J‘%%? %é raorrﬁ %ﬁl}%gécﬁﬁ‘g’flg] d enn

H. Brown, Edleast cehmbsorpypitn maxinSomsiithin. theéleisiblle, raggd .of :

cont onpl d0edDPBTeT Ao AERo B GLATL Bt SeH, Bbterg, L PRMDT N of (e

present invenaterifl: typdzalhgvernilit a yeddstr-orsengeholpki whentasupused
within the visib]e ra,]rr;%te of .15 bet ween ‘about ,400 and | ess t han 500
nanomet ers. FReSEEraviglel 1ipght In; 2% IRPIEPRAAFE SOLENC,RF PATGAE col or when

exposed t sutht éaipdiirfls linghiae Nedic D chRbmahes Sl Nt behzoFfrans
Such conpounds _i ncl ude certain chronenes, .i.e., benzopyrans and

i
napht hopyr an&RA\NBRRDIHORYFARS: hr YARR AL AU EEEPPEIRRF iaF20°BREist AR
literatur®, end- opbh3idealatRe,3ed§7, G¥H. PaBllLd ¥, 567,605; 4,826,977;.

and 5,066,818. Other examples of complementary benzopyrans
and naphthopyrans that may be used with the maphthopyrans of
the present invention include: those having a spiro adamantane
group at the position alpha to the oxygen atom of the pyran

25 ring, which are described in U.S. Patent 4,826,977; 2H-
naphtho- [1, 2-b] pyran compounds having certain substitutents at
the number 5 and 6 carbon atoms of . the naphtho portion of the
naphthopyran and at the 2 position of the pyran, which are the
éubj ect of co-pending U.S. Patent Application Serial No.

30 08/1i64,187, filed December 9, 1993; 3H-naphtho[2, 1-b] pyrans
having at least one ortho-substituted phenyl substituent at
the 3-posit:|‘.6n of the pyran ring which are described in U.S.



and 5, 066, 818. O her exanpl es of conpl enentary ‘benzopyrans and

napht hopywydsdshadt may be used wi th the napht hopyrans of t he present

i nvention include: those having -a Spiro adanmant ane gr oup yps?%?“ﬁ?osi tion
al pha to the -oxygen atom of the pyran 25 ring, which are described in U S
Patent 4,826,977, 2H napht ho-[ 1, 2- b] pyran conpounds having certain
substitutents at the nunber 5 and 6 camkpon atons of the naphtho portion
of the- napht hopyran and at the 2 position of the pyran, which are the

subj ect of Pateetids upd)slis; Paneﬁapﬂqsd:tzyat-MpyﬁmlcdmpHondB&xaﬁ&{gIG4 187,
filed Decenber 3H na ht ho havi n | east one .
ort ho- subst F?ﬁ?@%"p‘ﬁ‘g‘?ﬁﬁ ‘"Jhp h%a%b%gttﬂ“o%“ fe9481By r an
ring which aubstEGEditdEedt Rhkl ﬁumber 7 \AQ 98 cae¥sT atom, all

PCT/ US97/ 09687 Pat ent

5,066, 818; SPPRELFHENNS Peifs, PRakhe AARRRGs PAGIGR, of t@ér?%ﬁ’lh‘:m??t uent's

at the nynbghs8nCard Yheilsuiaet 6€MéSigbndingUlss ) (paeahe Rbplitard 7 or
9 carbon atom all substituents being on the naphtho portlon 0 the

napht hopyr aﬁertawﬂ%h 0f/080h246ubf bled cfunso2pent93y BHSnaphhgfi2,Appl i cati on
Seri al u 0 ans
substi tut ed é%%zéqmé%lttﬁgﬁ&ogetﬁ%e p%%%%*?ﬁ%rgvﬁ)?ﬁg gg’(-gl? ’Z:ilﬁ1 9};%—"59/& _
substi t uent (ahdanélai)yla gubstiktuenbsand uGit) baphemyla subsbiteentS nwdhgra
heterocyclig¢ _ring fused a e _nu er 3 _an on ons, of the phenyl
subst it uent gargr s‘%elnﬁ’oeérd&’ie%eﬁt)gy 1c Ifat'tngn%ugeé %’%’7 Rufbl™ %n

di aryl - 3k neabbw| A dnsb|cEy tae phepplinsibstithent rag:eadesbsihéwtﬁd ms.
unsubstltuted 5 or_-6. nenber het erocycli¢c rin fused to the i, or 1
aToe of t heBacsalls AP aialel S0 tneBolts M B e Sty U o
Patent 15 Apgbifgt Guretiiitakelood SiR@ihdtizutbal £br RN ibmSer 1994;

napht hopyran conpounds substituted at the nunber 8 carbon atom on the
napht ho por PEBRTRFYINE FaFa RUPFRaFC rFhRy I-wilt HOF dr SidecRfifh®, a net hoxy

group whi Chndphehgsyuth] Sitch abe Sthgaétﬁatect of ZBeAilng G ARLhEN

conpounds, exarrpl es of which are. 0 aryl -3-aryl al kenyl napht hopyr ans,
whi ch ar¥ dapplieriiom Sgrdal N°P8§é?1?55’2274fi§32d ApxdingphidM 2, 1- b] pyrans

SUbSt t Ut ednBhnthoyred WHiBoublikCeas epemtaoamﬂétnut.e@reéamb%n aBoROet OXY

group, subj ect o S Patent 5, 244,
third gr oupoof the mpﬁtr&xm anortepganf ctlpﬁtambnhgmmmggbswm gor

Cont b o SR athehe B8 VAL I LA e BTG 0P MR o 1
visible rangeza& mifvempﬂm:apyran dﬂﬁpmmdaboexa@&snaﬁomm sarand-anot her
absor pt iﬁn J.'l.rq‘il-arylalkenyl naphthopyrans, which are described in U.S.
Patent 5,274,132; and naphtho[2,1-b]lpyrans substituted at the
numﬁer five carbon atom 'with. for example, an acetoxy group,
which are the subject of U:S. Patent 5,244,602.
A third group of complementary organic photochromic
25 substances contemplated for use with the organic photochromic
naphthopyrans of the present invention are those having an
absorption waximum within the visible range of between abeut
400 to about 500 nanometers and another absorption maximum
within the visible range of between about 500 to about 700
30 nanometers. These materials typically exhibit color(s)
ranging from yellow to purple and yellow/brown to purple/gray

when exposed to ultraviolet light in an appropriate solvent or




wi thin the visible range of between about 500 to about 700 30 nanoneters.
These nuat gy odrss48ypi cal |y exhibit col or(s) rangi ng fr omroraisoersdse
purple and yellow brown to purple/gray * when exposed to ultraviolet
light in an appropriate solvent or WO 98/ 55457
PCT/ US97/ 09687 : -21- matri X.

Exanpl es of these conpounds include certai?l- substituted
2H-phenant hro[ 4, 3-b] pyrans; substituted 3H- .phenant hro[ 1, 2- b] pyrans; and
benzopyran ®ARFdHndsEXaTRIES O thess SORROVIAP §8‘5§P&?u‘é‘?ﬁ B the

2-posi ti on QfyHghg tA¥EE 26 pHerntHiS (4 , SUBFyidtisnd sabstiiouta i3ust ed

het erocyclic ring, such as a benzot hieno or benzofurapo ring fused to
the benz porghiemanshro [1;Aeblpyranss and BERFORHAD, CQERETRGRy B8nds are
the — subjcql,of pegspending: bENtnérRlicaiien SBSthdH284, 9

fited Augusftq}ﬁs%g%glgﬁd 6 Pat é%l 5, 411, 67%. 10 L ¥ Phot ochr oni ¢
articles §f drite apmebsnitiuned by omsubptituted heteres¥chiotBdg o SERcdpound

or a mxture Qf photochroni C n e r |

ndivi dual | phaUBREBREED o oSty ding Radllf boEng nbilitidition of s
may be used gxe benZbbgirAncersuch ey desdribédrcompoundasarmetheal grays or

15 browns. . The_conmpounds of th esent ipvent | !

(her ei naf t ersubjegts Of; ePsPEREAIRY Uity ipﬁgFﬁgegpég"ca?%g 880&%8 'grdoa(tjf%86 » 039

phot ochr oni cgij e GgRRAN , MRYobeants &Sl sl Packit @METbON with the organic
phot ochrom ¢ subst ances of the first conpl enentar roup of 20 photochrom c
conpoundd®descri bed hePbprochremic (arfdclef Pt the i’ﬁ%ﬁf’n oLygRFion may :

bl uei sh- o1 eegon Qls Dldkel PhoBUERFEmEE dlpbiRaEE o mixeBaNoE PRSISEEIOATLC
substances in the aforesSaid second group rom c conmpounds.

of phatoch
Ei t her menbecempdunidss faisr despred or seamHEedrou <g‘f"’-ﬂf"ﬂ&g-OE¥*\T’‘E)‘Pf‘i’11=,‘-'°<‘,‘\r'.’rﬁ‘pounds
or mxtures of s ﬂ*}%@ )/ Jcﬁx?ja{nﬂédcdﬁdﬁoﬁn% H2Fbd Rised €
conj unction ﬁ\ﬂl?l%sz%rc [ #gggrgﬁr?%% phot ochromc conpoﬁds dessecri ged
herei n that attaixhtdrttaicoletivatedicoldrsosugh| 28 \RUSTBdr Grayamy
yel | ow br gwn to purplel/qgray. Each of the photochromc

subst anc dBEQYPHed herein 30 may be used in amounts (or in a ratio) such
that an organic hogtheMebmpbahds coftileh priksept dventdonc (bersioafteror
mxture g];l.sgor ggrpxgesd I1.:S<> % %l I:i.gglt%eé naswr;.I %chg ygr%ru% bﬂSQS@Exfo%%d

compound) may be used also in combination with the .organic
photochromic substances of the first complementary group of

20 photochromic compounds described herein, i.e., those that
color to blue, blueish-green, or blueish-purple or with other -
organic photochromic substances in the aforesaid second group
of photochromic compounds.  Either members of the first or
second group of photochromic compounds or mixtures of such

25 compounds may be combined with or used in conjunction with the
third group of photochromic compounds described herein that
exhibit colors rangj.ng‘ from yellow to purple and yellow/brown
to purple/gray.

Each of the pho_tochfom_ic substances described herein

30 may be used in amounts (or in a ratio) such that an organic

host materia;l to which the photochromic compounds or mixture

of compounds is applied or in which they are incorporated
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-22- ol a desired resultant color, e.g., a substantiall

neut r al cgjﬁ)yrsg\g/\%%n activated with unfiltered sunlight, i. ﬂllt/b%'”oé?mear a
neutral col or as possible given the colors of the activated photochrom c
conpounds. 5 A neutral gray color exhibits a spectrumthat has
rel atively equal absorption in the visihbkg.range between 400 and 700 .
nanoneters. A neutral brown col or exhibits a spectrum in which the
absor pt i onexhibies 4 Gfitedaresal eant auler,Se.g. Nedenudisehntiaklger than in
t he 550-700 nanoneter range. An,10 alternatiye,way of scll bi color is
in terms ofepf¥al ¢ FPE’%%FF?‘X%B?‘%H% é’?\éﬂiﬁf%%e%esg%?fl fél:t' hjg'%ddal ities
of a cola@r nbar 3l didhitaal! eolbe hsposyica el atval the eolorssof the
chromaticity. In the CIE system the chromaticity coordinates are

obt ai ned bjctaxahed (Photoahromigs COMRPYRISt | mul us val ues to 15 their sum
e.g., xzX (X+Y+Z) a(?d nET¥ral X§¥a¥) coldPledhiBits a Gpeetirindenat thae C E
system can be plotted on a chromaticity di agram wusually a plot of the
chromati ci rpletivelnagmnl apgorptign irsdhe,ydsiblkey manger bptyvepn A0 of

Col or Techngl.o ?¥ W Bi H;@( , f&m" 816 \h 183k bZ e ctaamd
Edi ti on, Jgﬁ‘ﬁ %o eA;meé:ﬁa sSong,l'l ) .%fSl) . © As used1 her el n,.ea near
neut r al inoWhich stimeabsorpitiioh fhethér4Pe550i ngnenrted nange \d# ues of

"x" and "y" for th | or _are W thi Q.o 5

i | | uni nant Wdﬁrétﬁflég%’f%ezb.t , 1?_&%%0408 %%ﬁ%bééoi ?%\11\1/%%)8 AR sctivation
to 40 par cNelHat DoeSwdy BT Hestirdbihy @ipasisein ccssofaditeadi ation (A r
Mass 1 or 2). L. , The anpupt. o hqot ochr om c .subst ance or
conposi ti oﬁ)r‘rmatéﬁh?%i?ﬁ‘?ﬁji%sapﬁﬁ‘éla '{ef%&?i’fan% it ﬁ%‘ra&flgaeﬁ n?tco % host
material i $diek ¢hi hddftidH @6 ded LGainandaifibcebenti Amuitsi s used to
produce a photochrom c effect discernible to the naked .30 eée upon

acti vat i on.chroBRELGEEY- subh R GAE BURCHY RS FPEIERLC1tYa80 r‘_ﬁ’r‘fgﬁtﬁ@nr onic
anount . Thea:%a%ts%é& 115 @lle 0BRENGIS of thef teibtiRRlusheaimdens ty of
col or desir upon 1 rradiation WO 98/ 55457

PCT/ US9¥S 038®&Llr sum, e.g., x=X/ (X+Y+Z) and y=Y/(X+Y+Z). Color as -

‘described in the CIE system can be plotted on a chromaticity
diagram, usually a piot of the chromaticity coordinates. x and
y. See pages 47-52 of Principles of Color Technology, by F.
W. Billmeyer, Jr., and Max Saltzman, Second Edition, John

20 Wiley and Sons, N.Y. (1981) .' As used herein, a near neutral
color is one in which the chromaticity coordinate values of
ux" and "y" for the color are within the following ranges (D65
jlluminant): x = 0.260 to 0.400, y = 0.280 to 0.400 following
activation to 40 percent luminous transmission by exposure to

25 solar radiation (Air Mass 1 or 2).

The amount of photochromic substance or composition
containing same appl;i.ed to or incorporated into a host
material is not critical provided that a sufficient amount is
used to produce a photochromic effect discernible to the naked

30 eye upon activation. .Generally such amount can be described .
as a photochromic amount. The particular amount used depends

often upon the intensity of color desired upon irradiation



-23 - t hereof and upon the nethod used to incorporate or apply the
phot ochr owigoesmslsyt ances. Typically, the nore photochrom c pcrRIshRIsBBTE
applied or incorporated, the greater is the color intensity up to a
certain limt. 5 - The rel ative amounts of the aforesaid
phot ochrom ¢ conpounds used will vary and depend in part upon the
relative intensities of the color of t13-activated species of such

conpounds, and the ultinmate color desired, Generally, the unt of
total photothevedt andyman Shenmerhed Heef ite &nS?rP‘{Jf?tspﬁFi éal.a’f%? '%:L‘e
phot behr o ¢, gpL 1 An 10 urIVagich. (1A% | 88 mordihskodnBmie about
1.0, e.g., : ]

rom to about 0. 45, m | ligranms per square_ centjneter of
surface to wabshabbe applisst ochingprperatadndbesgreaten ds sheatelrh,

applied. Wen L Xt ur f o] fﬂ.ﬁécri bed organi c photochromc 15
conpl enment al"?tﬁflﬁgkg k- gé%gae(ffel}t%ﬁgavv%l ght ratio of such materials, i.e

(first tg second), (sermndcedlattilver dnountsl of theapferesaidaphotochromi®sent

i nvention to other secon u cQo unds | # .].3 to
about 3:1, &qgpounds; g e"%{]g'b%ﬁtryoa?gp% enndi é%ﬂoh%rg:a‘i!.yo ﬁ%@cggg#{r?é%el on of
t he |20 fi{Stint%QEQEﬂesaéﬁhﬁﬁé rdialdﬂ-_saﬁit bndtag?atfapg?emm euch )
conpl enentary groups may_have a wei ratio_that .w var rom about
1:3:1 to 3: Foypounds, and the ulfiym EOFBE‘H’FCH'F! r§_f?rbst‘%\?‘fb"e"’saﬁt}P('tFi%epresent

i nvention  apRY o2er8PRl | SitbtdtrFoni BC shpPEai ] inBbPperdtand imebeeral such
as 25 a polyneric organic host material by various nethods described I n
t hg art . l6ucppidedote anphotechramis ephicat kst @REPRRt faY rangfofEMr oni ¢
subst ance w thi he -host ﬂ?& {18, €9+ ££88td MWDo abblt idl.43,ace by addi ng
the phot ochra()brﬁdgz tgug’ss,’t g%ce o"etjhgd’ e'ggrrénorreri ¢ host - mat erial prior to

pol yneri zat initliigramsi peonsgiarsgantdmeter cofiramiacsubat ik itheo t he host
material by i rsion, i st, Sk ] | 0 Jogneh the
phot ochr om @ﬂ?ocmlgnggggﬁlgye {@eﬁlﬁ'{arﬁ h??%ﬁé’fée%daggoé %ﬁ%ﬁ t he

phot ochr oni Gmixtures & 8Be5af6redescribed organic photochromic _ .
PCT/ US97/ 09687 . 1e4- ubst ance as
a separatl® | SOERLORAREATY FHPURE TS PSSy SPe yigiaht ﬁggiérr%jg A, e.g., as
a part of a potawRis, fillll, 2Pdrst BPRedond) | hesqdunidocbr thiixd)sulasdance as

part of a coating o, . :
(naphthopyran of the present invention to other second group

com.pounds) will vary from about 1:3 to about 3:1, e.qg.,
between about 0.75:1 and about 2:1. The combination of the
20 first, second, and third described organic photochromic
complementary groups wmay have a weight ratio that will vary
from about 1:3:1 to 3:1:3.
The photochromic substances of the present invention
may be applied to or incorporated. into a host material such as
25 a polymeric organic host material by various methods described
in the art. Such methods include dissolving or dispersing the
photochromic substance within the host material, e.g., casting
it in place by adding the photochromic substance to the
monomeric host material prior to pélymeriza!:ion; imbibition of
30 the photochromic substance into the host material by immersion
of the host material in a hot solution of the photochromic

substance or by thermal transfer; providing the photochromic



pl aced on the surface of the host material. The term5 "inbibition" or

"1 nbi be" o bégded to nean and i ncl ude pernmeation of the photochromc
subst ance al'one ﬁto t he host - material, solvent assi steBCF’r‘gﬂ'g‘f%W of the
photochrom c - substance into a porous polyner, vapor phase transfer, and
ot her such transfer nechanisnms. 10 Conpati ble (chemcally and
color-wise) tints, i.e., dyes, may be-Zpplied to the host material to
achieve a nore aesthetic result, for nedical reasons, or for reasons of
f ashi on. Theuhstanceuhgr adgepaxrate tlayeni betweswy adjdcenpclaivens of the
aforesai d It to b ' ¢l i c CPPRAI t, the dye .
may be sel gg‘?ée%q%%eég%reﬁé t’ ﬁ]sgcaggﬁ%\g? of ér]eé%%légécf rom-'t %aact i vat ed
phot ochr om applyisigatbesphetochromica subshascve a5 part ofud radatdagor or absorb
a particul ar velength_of incident. light. In_another. enbodi nent, the
Gy hay Bheced B 5B nfRes 0B $5R. bPE AR D L eSS hmt r 1 x 20 when
t he phot 9chrimbibitibar acgesinliibar 4z Wneehdeditzdmetat #&nd include -

Adj uvant material s ma%sal SO %ﬁq‘j&n org&r ated into t he, host material with

the phot ocHPEReRtIgHsPENERS gmic subghance,aore inkq Fher heshsequent

to applicathfiedilal, sbi¢eAR Mt istedOkhisrdh BOEREOphetsatitm@rces in the
host 25 material. For exanpl e, ultraviolet |ight absorbers nay be

adnmi xed wi t$RAFEOGEHABRP ca SRARIYH POIYFeror R Phagp ptranafesn and to the
host materi gy b fRS0ELE medBhiRGsSUPEr POSed, e.g., Ssuperinposed,

as a layer between the photochromc substance and the incident |ight.
Further 10st abi | i zer sCompatgiblse (nhenicdlly tand icolphowirgr dintss ubetances

prior to thegi pLi ' h -19) i mrove the |ight
PotLque. | Brday; mpy, BEPAbERSd ko Rl B0 Madlligl 8 Al B150r0” | 2}
WO 98/ 55457aesthetic result, for medical reasons, or foP(Heddsma/ 69687

- 25- as_ hi.ndered_am ne_light stabilizers and.singlet o en

quenchers, F3Piony nFﬁEe?aﬁf%’hg'@cﬁﬁ)ldé’? ﬁnei%c%%cf&;& nt’ -iad%éi\é,gpenda?ré

cont enpl at ethe HEredRYdbReed ethd | x@aler torbe ENiBgedon.In onguch stabilizers
are describedq in U S Patent 4,720,356, 5 F|nall ropriate protective
coat i ng?é) ?&Pdﬂ‘e&ﬁpl Fog e may be ?ﬁ??ﬁﬁ%‘i of° Fﬁ@pﬂ%&fn- rFﬁf‘)‘?r These may
be abrasi onresultdsigs E26h €R&!lddtisvated/ Ehoﬁ&ﬁiﬁd&ﬁ&_ blBstaRiews asgoxygen

barriers. Such coatings are known in the art. The host
material witP aRHEVEy 2 BOFS BEPFANECOLPEOr absorb a particular

wavelength of incident light. In another embodiment, the dye

may be selected to provide a desired hue to the host matrix
20 when the photochromic substances is in an unactivated state.
Adjuvant materials may also be incorporated into
the host material with the photochromic substances prior to,
- simultaneously with or subsequent to. application -or
incorporation of the photochromic substances in .the host
25 material. For example, ultraviblet liéht absorbers may be
admixed with photochromic substances before their application
to the host material or such absorbers wmay be supexposed;
e.g., superimposed, .as a layer between the photochromic
substance and the incident light. Further, stabilizers may
30 be admixed with the photochromic substances prior to their
application to the host material to improve the light fatigue

resistance of the photochromic substances. Stabilizers, such




10 may be translucent or even opaque. The host material need only be
transpar eio égssidyat portion of the el ectromagnetlc S pec tpcayosoneesh

activates the photochronic substance, i.e:, * that wavel engt h of
ultraviolet (‘UV) light that produces the’ open form of the substance and
that portion of the visible 15 spectrumthat includes the absorption

maxi mum wavel engt h of t he substance i m2fts WV activated form i.e., the
open ferm Preferably, the host col or should not he such that it nasks
the col or ofsthindexed smiger dights staRilizarsc ARG pxyaen i.e., so
the thange phofghors! S a0kl %iBRAST 6 SRR Fkn OhP Wrginic\Digana,
preferably, ost’ material article is a "solid transparent, or

optical |y chear contewlkiteds. g Theyamayibe sused algpe LF &1 GPmphpatign.
appl i cationg, sug Qaglslﬂeagp a@%d Fﬁ oRba hal ¥ & .| pRs&se 4Vi729098¢. aut onoti ve
s,

t ranspar enci g aircraft transparencies | astic -
sheeti ng,s 251nah.¥9‘erappi'opriﬁa,tee1pcmtect1ve ‘coating (s Exeam hes applp@cﬁ)m” C

organi ¢ host materials ich na se m c
subst ances &Be cﬁﬁﬁggﬁ’?l‘\éﬁs‘ﬁ"e h°5§s@?¥8§ga#er gflh\glsgw’z}é) %Eéfrzs i.e.
honopol ymer se@idtant céQpigeind/o2f cpatimid allayl seavé)cnatm:ygennorrer S,
di ethyl ene 30 gl ycol dinethacrylate nongners,, di|so ropenyl benzene

monomers, amRYARRERy| oSWeh (RABKIAGS arg KRAW iRt HP2EE tonomers such as

et hoxyl ated trimethyl ofhdNRaN alterdal Yl e JBuANPIBe trmsparw&9mﬁ457
PCT/ US97/ 09687 rrer S,

i . e., hoh®paayrbes taausteeent AN SV opPadpe} yf%%‘?ﬁﬁa}lﬂat‘?n@l di -,
tri-, tetra, ‘ié; poy E:!r]ag?%alt: SC L PN at gspfi&s eo@%ﬁéOél@@ém gie

nononers, | yacry pol ymet ates, pol y( err]-Cerr] alkyl
met hacryl at ea;)ecs:wmlm,awhpohyé.mva;desr@‘ﬂeaphyt%l@)mlc s W&ﬁ(aallkﬂene

nmet hacryl at e such y(gt | yc S

pol y(al koxyl ra'iSflggié‘ égc‘?y afescﬁq'e)é Qg)chl S ng‘t"?a‘t;’F] (%t)e:

bi sphenol A dbéfetﬂiﬁ:ﬁf pifathg, subsmideuIamﬂethatatmn;louebfutlmentalbéeet at e,
ccetat ) 15 SRS FRCaFBBRENS T RRFCRDEL Chisr iy WEbFedlt bY TV
chloride), peahé( Lidtanee, mhﬂtauw aeséu:ﬁla}teﬂyfarrb.oriaEes, the q@dryésmr s,

pol yI( eE h%/l eng)éé er ephtyhal at e%\% r ne 8?%(%"1 f&ghp@giﬁt% s%lr e)ne) ,
copol y(styre 'R e),
pol yvi nyl but Mﬁé'céﬂﬂ; R HRr §.ct:.vated form of the photochromic substance,

i.e., so the change in color is readily apparent to the

20 observer. More preferably, the host material article is a
solid transparent or optically clear material, e.g., materials
suitable for optical applications, such as plano and
ophthalmic lenses, windows, automotive transparencies, e.g.,
windshields, aircraft transparencies, plastic sheeting,

25 polymeric films, etc. '

Examples of polymeric organic host materials which
may be used with the photochromic substances or compositions
described herein ino_::]_.ﬁde: polymeré, i.e., homopolymers and
copolymers, of polyol(allyl carbonate) monomers, diethylene

30 glycol dimethacrylate monomers, diisopropenyl benzene
monomers, and alkoxylated polyhydric alcohol acrylate monomers

such as ethoxylated trimethylol propane triacrylate monomers;



I .e., homopol yners and copol yners, of diallylidene- pentaerythritol,
particul a ynmers with polyol (allyl carbonate) nononers, e.g.,

di et hyl enelw%fé;% bi s(al Iyl carbonate), and acryl ate noRGREISLT09Y
Transparent copol yners and bl ends of transparent polymers are al so
suitable as host materials. Preferably, the host material is an
optically clear polynerized organic nejgeri al prepared froma )
t her nopl asti ¢ pol ycarbonate resin, such as the carbonate-linked resin
derived fr polymepsenle d Aomcpedynses Jane, coptleters, s d under the
trademark, L N a, ol yester, such_as the material sold_under the .
trademark, P° YI@PE‘FRP%‘“%OI%/'(%H ARPROTet fier iXde) Cetkn s ™ hEinateri al sol d
under the thaReABhKL, PAEYEdARSanAgbY RéLEA8A a8k Honomdi®d, Yol (al 'yl

carbonat e) nmononer, especially diethylene glycol 30 bis(allyl carbonate),
whi ch nonoRALlYREryspEesnRILymesbacrylateRnmAdYERCE L1 9 Kyd| yreri zat es of

I - of I | I.yl garbonat 0. .. di et hyl I I
cO0POl YITEL S o0l 13 aBIhkPhay, condi o’ bo T 1RERR heeRadiya iyt 1Y ene ol yeo
PCT/ US97/ 0923 %oxy (alkylene methacrylates) such as poly(ethflene gg$aﬂpnate),
w th other copolynerizable nonongeric materials, such as copol yners with
vinyl acet &, ™! B‘.”“Frlﬁ%ﬁﬁi)neWlﬂﬁalkWHﬁ%'Pben%%"l’Pca’Y&. Jene gl ycol
bis(allyl GRIOBAL g1 n]sl?noxy:ll@m%a Bﬁé?ﬁéﬁolV'AnHkméﬂﬂc%ﬁatQN“CW arly 80-85
a )

percent of the 5 brs yl “carbonate) and 15-20 percent vinyl acetate, and
copol yner s sgliplaspongetatharelinipag trianetated ¥ lpse acetapretionality,

as descyq ool o, PALPRISed 3805800 BVmaced S04 A0S 120decpn VT

wi th aliph anes, t termnal “portio chcontai'd allyl or
acrylyl fumsiliydnvahylOabechgds ,apodgévinykchlorids) , Rlervisy20@enk33;

pol y(vi nyl a te | vvinyl bu - oy ur pers of menbers
of the grofﬁlgggg%zti%%lﬁfr%tﬁgf%ﬁr e}r%é%}'d clc%%télunﬁéﬁg%%ﬁog%légs' nonomners,

di i sopr opempdlyeenzeas polwlatissleandtetéphntaated), pdlyisvgtrbye plpgiyopane
triacrylate oners; cellulose acetate, 15 cel]ul.ose propionate,

el |l bse. ERpPE, Bechuf o) s SpRpLY Coirimpr ek Serbas Pl A

copo: ymes S_éfﬁ‘poi&)(é&?feﬂé-tibﬁ‘yﬂldm_ l)iltlrilenptmwl h@lgut;ym"alyhnd?ﬁémh 1)d
acrylonitrile. Mre - articul arly,_contenplated .use of the

phot ochr omlce"NE‘SBﬁPﬂI)gW%é’“@f "'_Pé@l}?f“"e’%se'nPfi F}%%#tfl&r‘lie\ﬂet h optical organic
20 resin NIRksvHReItdD, Hiea1apl{ Caddalymees witl YAbIatL&By1 |.€.,

materials suitable for optical applications, such as for exanpl e pl ano
and opht hal SHOPaEESIORPTIRKS s & -Inel GHBUMOIEREILYee) Risfatdnti es.  Such

optically cdf88onBebY "eihd HES1ME RNEmérs. refractive index that may range
from about 1.48 to about 1.%?. _

20 Transparent copolymers and blends of transparent
polymers are also suitable as host materials. Preferably, the
host material is an optically clear polymerized organic
material preparéd from a thermoplaéﬁic polycarbonate resin,
such as the carbonate-linked resin derived from bisphenol A

25 and phosgene, which is sold under the trademark, LEXAN; a
polyester, such as the material sold under the trademark,
MYLAR; a poly(methyl methacrylate), such as the material sold
under the trademark, PLEXIGLAS; polymerizates of a
ﬁolyol(allyl carbonate) monomér, éspecially diethylene glycol

30 bis(allyl carbonate), which monomer is sold under the
trademark CR-39, and polymerizates of copolymers of a polyol
(allyl carbonate), e.g., diethylene glycol bis(allyl




25 e.g., fromabout 1.495 to about 1. 66. o The present

I nvent i onwios9sasusy particul arly descri bed In the fol | ow pgTRISNMMYeRE Whi Ch
are intended as illustrative only, since nunerous nodifications and
variations therein wll be apparent to those skilled in the art.
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-28 - EXARPLE 1 -

STEP 1- 4- Fl uor obenzophenone (25 granms (gm, 0.12 noles) and

mor phol i ne F35PYRGCHer dikiiolhes sepPiEIsdFaplsRoRARATch MAgesiakno

LI ¢er s oQtn anbyskstymdieBelvh SH AP dibtatel, 685, Albporymb ) |dgced under
an argon atnosphere for 8 hours. Afterwards, the confents of the .
reaction fl &5RMB%1N Pereensiddéathylem gliycol bis fallvle caxbonavektande and

stirred for,g. BoUsredfie vipy1l GRULLLLT SildsduRLORY o WS pbicLLSE 65k cjashed
ﬁ”é%r Pgﬂ' %y ex g P!clil . Th

I N sequence Wt wat er | owe ane an hen -ai rred e vyield
of the $5 |ibdssaklybreanbomated 80dghs-20 mericeat wimylktacetatepnante (NVR)

spectrum sh r C ave, .a struct.ure consistent. W th
2ot phol | naRBRL Yt oA b8 DRXEe Radd NG porn iR B RE M AES . g
directly infuhethendlittyepas déberibed in U.S. Patents 4,360,653 (L;a&ﬁf’ 2
feact | on {1 3SR RO Ky SSBONPRFF | ¥LVE LEpatic greripapohe | -

di met hyl f or gagingiea s FbartalcRd of bﬂiéﬁ%éﬂﬁl@x-%‘iﬂgl or ddry19d 2inéOVHa1
tenperature. An 18 wei ght percent suspension 20 of sodium acetylide in

xyl ene/ MOnePAPUBE | 2% (AFq dofinsPef unPatentc &t 3PP otf3 mPelyduiayt o t he
reaction flggkeapd ! RoiPvibyiBubPsal, polyurethane, polymers of members

of the group consisting of diethylene glycol dimethacrylate'
monomers, diisopropenyl benzene monomers, and ethoxylated
trimethylol propane triacrylate monomers; cellulose acei:ate,

15 cellulose propionate, cellulose butyrate, cellulose acetate
butyrate, polystyrene and copolymers of styrene with methyl
methacrylate, vinyl acetate and acrylonitrile. More
particularly, contemplated J'_.s use of the photochromic
maphthopyrans of the present invention with optical organic

20 resin monomers used to produce optically clear polymerizates,
i.e., materials suitable for optical ;.pplications, such as for
example plano and ophthalmic lenses, windows, and automotive
transparencies. Such optically. clear polymerizates may have a
refractive index that may range from about 1.48 ‘to about 1.75,

25 e.g., from about 1.495 to about 1.66.

The present invention is wmore particularly described
in the following examples which are intended as illustrative
only, since numerous modifications and van;:iations therein will

be apparent to those skilled in the art.



stirred. After stirring 3 hours at roomtenperature under a ni t rogen
at rmspher%vom;s“&ontents of the reaction flask m xture were added to 250
m of an ice-water mixture and 25 stirred for one hour. ThECTASHHy solid

product was - filtered, washed with water foll owed by hexane and air

dri ed. The yield of the isolated product was 8 gm A nucl ear

magneti c resonance (NVR) spectrum showed.jhe product to have a structure
consi stent with 1-(4-norpholinophenyl)-1-phenyl-2- WO 98/ 55457

PCT/ US97/ 09687 R o - 29- propyn- 1-ol,
whi ch was not purified further but uSXAMBLEert!y in the next step.

STEP 3 1- (4- Morphol i nophenyl) -1-phenyl-2-propyn-I-ol

(about 5 0.025 nole) fromStep 1 and ggthyl -1, 4-di hydroxy-2- napht hoat e
(5 gm 0.022 nole) were added to a reatttor flask containing - 200 m of
toluene and stirred. A catalytic anount of p- tol uene sulfonic acid
(about 100 m Il i grans¥-Raeornchtzophetione {2% gransuiemha0 Sit2 mokdsf cnd!
hours. Afterwards,. th eaction 10 Jjy xture was poured.into a 10 wei ght

por cent sodPREPIHFS. 8 %) SRR (AgHedr e B BRAAEaoR o Lo oA Y o,
washed wst hip@ateiililiterd Of i &thyuiusadimdeybeiddiiae sBdihed dhe

remai ni ng sol vent, toluene, was renoved under vacuum The resulting oil
was purifi eBCHAIFRS F0GRF| 88 FEIOR ATARTPRAYS L § RPRFEr o Rfteryards,

chl or of or m PR adkhtehtishB£ethé Nteaddi®nP FALEK Mibitugel WAS AR to %66 Gn1

conbi ned and _the eluent was renoved under vacuum The resul ting product
was i nducedef car rigs-yateremixgire anghetirred foy @chowred Fheduct had a
mel ting poipg 173 e ¢k NRGAEH! £n ' iR
spect rum shgv\% %%?Sgbgl?i[&c?£%%‘%%%aasv§&g s?%ifcture co%réi stagntig\%i %’% g
2- ( 4- norlphovaresp Hmdliowed- by hexane and then air dried. The yield of the
phenyl - 5- me - b- roxy-2H na -

D ANDLE 2 1 Do %%&hcﬁzﬁé{%’ A?(K/tﬂr%ho% ﬁg%ﬂééinzlyr%gﬁwi/é Absonance

- 2- phenyl - 5{fMR hepecarioangheved the Ippebdory - Aheaehahstdydddepyran (2 grans)
brepar ed as SESELRR’ WARn' B-FAAMR S nboeARHELONS PRRESS WD GaEPONA e (2
grams), an -' SR

purified further but used directly in the next step.

s S _ o
4-Morpholinobenzophenone (10 gm, 0.037 moles) was
dissolved in a reaction flask ‘containing 50 milliliters (ml)
of anhydrous dimethylformamide saturated with acetylene and
stirred at room temperature. An 18 weight percent suspension

20 of sodium acetylide in xylene/mineral oil (0.3 mole of sodium
acetylide) was added to the reaction flask and the mixture was
stirred. After stirring 3 hours-at room temperature under a
nitrogen athosphere, the contents of the reaction flask
mixture were added to 250 ml of an ice-water mixture and.

25 stirred for one hour. The resulting solid product was
filtered, washed with water followed by hexane and air dried.
The ﬁeld of the isolated product was 8 gm. A nuclear
magnetic resonance (NMR) spectrum showed the product to have a

structure consistent with 1- (4-morpholinophenyl)-1-phenyl-2-



met hyli odide (2 granms) were added to a reaction flask cont ai ni ng 40
mllilitewngoodssaghydrous acetone, stirred and r ef | uxed ROTHES97MY68A gONn
at nosphere. Afterwards, the acetone was renoved under vacuum and 25
mlliliters each of water and 30 net hyl ene chloride were added to the
reaction m xture. The WO 98/ 55457

PCT/ US97/ 09687 -29- - 30- m xture was
stirred for 30 m nutes andthe organi c | ayer separ at ed, .. d and
dried. The rR¥REY-Agolel YREER YAS AAteRRTill ‘EV%H‘:H‘S” Rﬁ% pesheye SHS
vacuum The {iesild nagt:Okty¥p. concentrate was crystallized froma 1:1
hexane: di et hyl ether 5 m x ure. The solid obtained was suction filtered,
washed with hexane and air dried. The resulting product had a nelting
poi nt of 175-176[err] C. A nucl ear nagnetBR3r esonance (NVR) spectrum
showed the product to have a structure consistent wWth 2-

(4- mor phol.i nophenyl) g A=, ﬁb;(mdiméy, § bp 1 -30p1 -1-0l (about
met hoxy- 2H- napht ho[ 1, 2 i]W rair}p 98} Do PHerky -20propyn EXAVPLE
3 0.025 moie)( rmrﬁmlh@ﬁ?%ﬁ}ﬂtPlelpﬁ'éWdS°?%f%méﬁ9l 6-
hydr oxy- 2H—n o[ b pLe e

Exanpl e 1, aﬁgwl eotlr?% a%nlB%é ?ﬁé r ans mgfeaaggéeﬁg%sf%agﬂriﬁﬁé}%%n | ask
cont ai ni ng 5200wl idf tolsnené mdyﬂtmd- Aecatalytd cc ameunteofuRt stirred.

Acetyl chlorpd 2 ) t.Q At ?ﬁd n a d. the
reaction m x{:ﬁf‘é T qrp%‘f"\lgf%%ﬁdf %ﬂo@r‘) Q‘Eﬂ’? 3 WL% gg?%g abld
milliliters) tnaanﬁdﬂmé wast stiheedeam i9holirask m:twhedseathe areagitibuor e
was stirred for 20 anot her It hour ter rds anlg ayer. was
separ at ed? \/\B%ﬁ‘é‘dr%ﬁf?sdﬂ%‘ae v ?"t%’mihy:'cf?A d?ﬁ’Fﬁ:e'sr fsgfig ‘%\Féﬁ ation
of solvent rgsvhtEshi N e OkrbiniesSisler il seéparated,’ yasheli with fwavera 1:1
hexane: di et hyl ether m xture.. The solid was suction filtered, washed

wi th hexane, 28fddsied @vex] anbydyaus rgrdiym ﬁb‘lﬁﬁﬁﬂuct'rhﬁaa'eﬁ‘aﬁ’éﬁq ng poi nt of

143-145[ err] gGivént, t¥AGlRR, WBENSEHSvEERIBRACHaENR) IMRCesm siliyved 1t he
pr oduct to have a structure consistent with 2- (4-nor phol i nophenyl ) - 2-

phenyl - 5- met HegyRwrbEigd. WBingeRoR§ 1 rEPh1RIVMR nd |3 gnmixture of
15 chloroform:hexane as the eluant. The photochromic fractions

were combined and the eluent was removed under vacuum. The
resulting product was. induced to crystallize from hexane. The
recovered product had a melting point of 178-179° C. A
nuclear magnetic resonance {(NMR) spectrum showed the product
20 to have a structure consistent with 2-(4-morpholinophenyl)-2-
phenyl-5 -methoxycarbonyi- 6-hydroxy-2H-naphtho[1, 2-b]pyran.
EXAMPLE 2
2- (4-Morpholinophenyl) -2-phenyl-5-methoxycarbonyl-6-
hydroxy-zﬁ-naphtho [1,2-b] pyran (2 grams) prepared as described
25 in Example 1, anhydrous potassium carbonate (2 grams), and
methyliodide (2 grams) were added to a reaction flask
containing 40 milliliters of anhydrous acetone, stirred and
refluxed under an argon atmosphere. Afterwards, the acetone

was removed undér vacuum and 25 milliliters each of water and

30 methylene chloride were added to the reaction mixture. The
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-31- EXAMPLE 4

STEp 1 O N Et hyl car bazol e (50 grans, 0.25 noFEUSIHERzoy|
chloride (0.28 nole) were added to a reaction flask containing 5 500
mlliliters of anhydrous nethylene chloride and stirred at room

t enper ature. Anhydrous al um num chl oride _gf.30 nole) was added slowy to
the m xture. The reaction m xture was stirred one hour and then poured
into a 5 wemgktupervaiistigieauior 36\mimtakonha e drgadit Chaydrwdse. The
resulting mxture was 10 stirred_15 m nutes and, extracted wi th nethyl ene .
chlori de. TREParatzdy, Washed, apd,griedyaThee FeRatPifgs FRAVERt s mafiyhene

wei ght PRhESA dS I URRN TrefRYel MAIEF GXdimf Ol Trvadday cdhgtddihed water.

The organic | ayer was separated and dried over anhydrous, magnesi um
sul f at e. ThECREeRYFakfe waR crvatalbizedifrnmsar dnb heFans :dheehyly gthem The

resul ti ng oj,l du I :al L4 s e r.ad duct ,
e gr s WaiXeECL e BD bbeSinad /s, snBEKA Hi1EREACAAERA WELET T L)
spect rum shbesane hand ainjdegiiedd pFhelumsulgihgyvereductr hadua auedadsgst ent with

2- benzoyl - - et hyl.car. ole. .20 . STEP 2
The pr ocedngi%f %‘i[]e‘{p 18'%% Ekarrp?emf’]\?%asr FaPPetiEt resog%%%t (I"[Mrlfg\t

2- benzoyl - 9spébéytwumrdinaald thaspyodact rtphave afsthucture consistent

nor phol i nobepnzophepone t rroduce 1-(9-ethyl carbazol -2-yl)-1-

ph elEl)yI - 2-pr 88%%." gﬁ-_mo%o&ipophenyl)('-z- %e%yi-s-met?loxycéq%pyg.-s—

The pr ocedunetRbxyt Fp-nhpditnofaPLe] gyvas, f ol | oned except that 1-
(9-ethyl carbazol -2-yl) -1-phenyl-2-propyn-1-ol was used in place of 1-
4- hol i h ) -1-ph | - 2- - ' :

(4- nmor pho |nqp enyl) p ehy | propyn _

2- ( 4-Morpholinophenyl) - 2 -phenyl-5-methoxycarbonyl-6-
hydroxy-2H-naphtho[1,2-blpyran (2 grams), prepared as -
described in Exatnple 1, and tri'ethj"rlamin'e ‘{2 grams) were added

15 to a reaction flask cbntaiﬁing 50 milliliters of anhydrous
methylene chloride and stirred. Acetyl chloride (2 grams) was
added to the reaction flask and the reaction mixture was
stirred for 1 hour. Distilled water (50 milliliters) was added
to the reaction flask and the reaction mixture was stirred for

20 another half hour. Afterwards, the organic layer was
separated, washed and dried over anhydrous sodium sulfate.
Evaporation of solvent resulted in an oily residue that was
crystallized from a 1:1 hexane:diethyl ether mixture. The
solid was suction filtered, . washéd with hexane, and air dfied.

25 The fesulting product had’'a melting point of 143-145° C¢. A
nuclear magnetic resonance (NMR) spectrum showed the product.
to have a structure consistent with 2-(4-morpholinophenyl)-2-

Phenyl -5-methoxycarbonyl -6 -acetoxy-2H-naphtho[1, 2-b] pyran.
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-32- w@bs/ssas';pr oduce 2- (9-ethyl carbazol -2-yl) - 2- phenylpcTnuse7/09687

nmet hoxycar bonyI 6- hydr oxy- 2H napht ho [ 1, 2:b] pyran.

STEP 4 The procedure of Exanple 3 was foll owed except that
5 2- (9-ethyl carbazol -2-yl) -2-phenyl -5-nmet hoxycar bonyl - 6- hydr oxy-

2H napht ho[ 1, 2-b] pyran was used in pl ace-3®f- 2-(4- nmor phol i nophenyl )

- 2- phenyl - 5- net hoxycar bonyl - 6- hydr oxy- [2H] - napht ho[ 1, 2- b] pyran. The
resul ting product was an oil. A  nuclear_ magnet i ¢ resonance (NWR)
spectrum showed the product 10 to ha ture consistent with
2-(9-et hyl carbazol - 2-yl) -

2- phenyl - 5- net hoxycar bonyl - 6- acet oxy- 2Hgfgphi ho[ 1, 2- b] pyr an.

The procedure of Exanple 4 was foll owed except that in step 1,

N- phenyl carbazol e was used in place of N 15 ethyl carbazole. The resulting
product had a nel ti ngNpBFRYlearbazolgg (B8ogEaps, @28 Mgdpbapn

resonance ( r:.%@c(for 98 mol &) ek il ‘EQUSt réa&:ﬂl%he flask &éritdifing
consistent wt 2-(9- phenyl car bazol

- 2- phenyB - 55 0@ tuidhdiddiermy PE Gamﬁmys mqthY{enapﬁh]mﬂlﬂ‘EZaEFmeed ago
Eﬁlc\:/glaﬁrg of°e empfraar?(‘ilrg ofwr?us flmug%gﬁ-réﬁf%ﬁﬁdgvég %gc“é%]te)t haFTlhﬁ
Step 2, 4- dad@édnyé]am]m)luenzhprmxmace Theageaskibn mipitare was stirred
41rr8[]22§: [ nobegb%}g\%r%n% rod ‘g ’[}'g %I Rzgelg g?ﬁefll ami ngﬁhencg) ,.
(4- di net hy| pparesHRsilc ac'idphﬁdyicé-mlxture The result:.ng mixture was
nethoxycarbon Liedr?ghgiﬁ t%g_gg héiﬁkicté% QLcB eékylene chloride. The
organic layer was separated and washed first with 10 weight
percent aqueous sodium hydroxide followed by distilled water.
The organic layer was separated and dried over anhydrbus
magnesium sulfate. The methylene chloride solvent was removed
15 under vacuum. The resulting oily product crystallized from
hexane. The recovered product, 35 grams, was filtered and air
dried. A nuclear magﬁetic resonance {(NMR) spectrum showed the
desired product to have a structure consistent with 2-benzoyl-

9-ethy1cafbazole.
20 SIEP 2

The procedure of Step 2 of Example 1 was followed
except that 2—benzoyl-9-eﬁhylcarbazole was used in place of 4-
morphoiinobenzophenone to produce 11(9-ethy1carha261—2-y1)-1-
Phenyl-2-propyn-i-ol.

25 ' ' STEP 3

The procedure of Step 3 of Example 1 was followed
except that 1-(9-ethylcarbazol-2-yl)-1-phenyl-2-propyn-1-ol
was used in place of 1-(4-morpholinophenyl)-1-phenyl-2-propyn-
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-33 - WO 98/554 STEP 2 The procedure of

Exanpl e 3 was ol owed except that 2-4- PCT/US97/09687

di et hyl am nophenyl ) - 2- phenyl - 5- net hoxycar bonyl - 6- hydr oxy- 2H

napht ho[ 1, 2-b] pyran was used in place of 2-(4- 5 norpholinophenyl)

- 2- phenyl - 5- net hoxycar bonyl - 6- hydr oxy-2H:33.  napht ho[ 1, 2- b] pyran. The ]

resul ting product had a nelting point of 156[err]C. A nuclear magnetic

resonance (INM3) tppebaube shHoyecethylidag-batoTLEtyl)02hpKenyl B uct ure

consi stent with 2- - di met hyl am nophenyl

- 2- phenyl - @%@}Wﬁé&%}ﬁyﬁt&é&%%&‘ h'i%° e‘ﬁaﬁﬁpﬂngﬁ?’?— b] pyr an.

EXAMPLE 7 o STEP 1 The

procedure of Step 3 of Exanple 1 was fgpgpowed ©~  except that

1- (4-di net hyl am nophenyl ) - 1- phenyl - 2- propyn- 1-ol 15 was used in pl ace of

1- (4- nor phol i nophenyl ) - 1- phenyl - 2- pr opyn- - 1- ol d .

met hyl - 4- hydr oxy- 1- me%h?lg -‘F%ﬁﬂ'}ﬁ%é’ gy‘ﬁml%s%_d'aﬁnfgﬁmfﬁda@é‘c@”t that

met hyl - 15 4-4li M&wcarﬂaebir@s}ﬁ--z-&enygssﬂdéamxycarwmu%thpagoﬁ{m| ting
spec

poi nt of 182-184[err]C A nuclear magnetie - resonance (NWVR) rum
showed t he ¥ hodlpavhl pyran was yeedr &n hneesPEn-{¢th 2-

(4-dimet hy'r@cﬁ??i{?ﬁ' HeR¥hEny 2y PAEMWAry] -5 -meth bonyl-6-h - [2H] -

5- met hoxycar bonyl - g #etﬁlﬁy 2H naépﬁ?t_ho[ IZH?Z-%,]:%?%rar??Y ydroxy- [2H]
EXAVPLE 8 naphtholl,2-blpyrdhe (Whet aesudtoig brodpct $asvan fadlll owdd except
t hat i e Lahi ' hyl.and.no Rﬁ%h 0 25

pl ace of 4[’h dlgnlb%ﬁ%%ﬁ?ngﬁgng%%%ﬁ%%.&%g %éegu t ngﬂ%rp%%\lﬁ%% B?SQH%Qd a

mel ting1poity lefve?2? sPdfenrd Conkimtentawitingreet(veethyleadmzabe-yNWR)
spect rum Shousd 11° sRhaPHEk LA -2 -acetony B-B3EREHST , 2-b1pyran.

The procedufe 6f Ekaﬁiple 4 was followed except that
in step 1, N-pheny'lcarbaz.c.ale. was used in ;_Slace of N-

15 ethylcarbazole. The resulting product had a melting point of
188-189° C. A nuclear magﬁétic resonance (NMR) spectrum
showed the product to havé a s__:ti'ﬁzcture'consi'stent with 2-(9-
phenylcarbazol-2 le ) ~2-phenyl-5 -methocharbonyl- 6- acétoxy- 2H-
naphtho [1,2-blpyran. |

20 EXAMPLE 6
STIEP 1

The procedure of Steps 2 and 3 of Example 1 were
followed except that in Step 2, 4-dimethylaminobenzophenone
was used in place of '4~morphoiinobenzophenone to produce 1-(4-

25 dimethylaminophenyl) -1-phenyl-2-propyn-1-ol, which was used in
Step 3 to produce 2-(4-dimethylaminophenyl) -2-phenyl-5-
methoxycarbonyl-6-hydroxy-2H-naphtho[1,2-b]lpyran.



- 34- structure consistent with 2, 2-bi s(4-dinmethylam nophenyl)-5-

met hoxycar weyskssgsracet oxy- 2H napht ho [ 1, 2-b] pyran.  PCT/US97/09687
EXAMPLE 9 5 PART A Testing was
done ' wi th the photochrom ¢ napht hopyrans of the Exanpl es incorporated
or i-nbibed into test square pol ynmeri zates by one of two different

met hods. In Method I, t he phot ochr oni t33tapht hopyrans of the Exanpl es
were 10 incorporated into polyneric sanples. The quantity of

napht hopyran cal culated to yield a 1.5 %10[ err] nol al sol ution was
added to a flask contai ning 50 grans of*® oner bl end of 4 parts

et hoxyl at ed bi sphenol A dinethacryl ate (BPA 2EO DWA), 1 part

pol y(et hyl enegl ycrhe fftetiurel bEc Exhapre Bnéisl FollGIA waicgbt pratcen(4-

2,2' -azobis(2:methyl propjonitrile) . Al BN) . The, napht [ans re

4l Ssol ved | rEimethy lapiaREReny ’ﬁ%}'&f??%ﬂ%&%@ﬂf?@y%mﬁgﬁ'i f
necessary. :ﬁﬂlﬁfhﬂlg-b@bﬁé&nsﬁé#tdéﬁa WASplatdidrd- (4t was poured into a
flat sheet nol d having the interior dinmensions of 2.2 mm x 6 inches 20

(15. 24 cnf xnexpheiiaepheny?)- 2 rphenfle Sroefbarycadanyd -nBydrop-28ed in a

hori zontal aj . B émpl 'é?éb\ﬁ%ﬁ.' détn%aagemé#\g gpature
from 40[errflgpr§éo 92|'2rrg? . over'ﬁgp hour néc)p]i:“?]tuerval, hol tﬁgegla_

t enper at ure of TH%.r] @ nficiedr magnetiw rerenance (MR sbectowsGhowedC. f or
at least 2 h e.th d,of . L0 | c ter the nol ds
wer e opened,a#%}%gu%r?eFBsﬁgggsa ;t mer‘éricggﬁﬁg%\eg*abgfgﬁ%ng‘{ bl ade saw into
2 inch (5.1 dimetlylamimophenyl ps2-pliprarles-methoxycarbonyl -6 +acétimixyedHE| , t he
phot ochrqni c_n t hopyr was i mbi bed into test square polynerizates
pr epar edqm oﬂ?‘ﬁﬁ% &'ét’ PEAB%gl ycol bis(allyl carbonate) composition.

The test squares neasured 1/8 inch (0.3 centineters) x 2 inches (5.1
centineters) x 2 inches (5.1 centi neterBIAMHLUE {Zhe WO 98/ 55457

PCT/ US97/ 09687

 SIEP 1

The procedure of St_ep 3 of Example 1 was followed

except that 1-(4-dimethylaminophenyl)-1-phenyl-2-propyn-1-ol

15 was used in place of 1-(4-morpholinophenyl)-1l-phenyl-2-propyn-
1-ol and methyl-4-hydroxy-1-methyl-2-naphthoate was used in
place of methyl-1,4-dihydroxy-2-naphthoate. The resulting
product had a melting point of 182-184°C. A nuclear magnetic
resonance (NMR) spectrum showed the product to have a

20 structure consistent- with-.z- (4-dimethylaminophenyl) -2-phenyl -
S -methoxycarbonyl; 6-methyl -zﬁ-naphtho [1,2-blpyran.

EXBMPLE 8

The procedure of Example 6 was followed except that
in Step 1, 4,4’-bis(dimethylamino)benzophenone was used in
25 place of 4-dimethylaminobenzophenone. The resulting product
had a melting poj.nt of 222-224°C. A nuclear magnetic

resonance {(NMR) spectrum showed the product to have a



- 35- I mbi bition process, the photochrom c napht hopyran was di ssol ved
to form gud@gMeisght percent solutionin a 1:9 m xture of ethéll
cel l ul ose:todluene. The sol ution*was then spi n coated o MG /YS74/0268% ¢
squares and allowed to dry. Sanples 5 were then heated in a hot-air oven at
135-155[err]C for a period of time sufficient to thernmally transfer the
phot ochromic into the test squares. Tqe residence time in the oven for

t he test squares was adjusted to inbi be conparable anpbunts of the

napht hopyrstrmagreu edasidbenst waisthd @ne-bis (4 edimethy} avigopherfyl)espar abl e UV
absor bance at. the | anbda pax of the:.co d.J t he near UV. After

cool i ng, tMRFRPYFRTPERY rﬁ‘s%??"tﬂ’f}’éﬁé"}"gggﬁﬂ"d%’f"ﬂ,?ﬁi“r enoved fromthe
test squares by washing with acet one. 15 :

Part B _ The photochrom c test squares were tested for

phot ochromi ¢ response rates on an GS8MBEE-®ench. Prior to testing on the
optical sbench, the photochromc testwles wer e exposed to 365
nanoneter ultraviolet light for about 20 minutes to activate the

phot ochr oni ¢ conpoun@esting twash dsmec wdth the rphetgchepni¢ raphdaPYBARHbOUt

15 m nut eS,f bl GShObel MACHMAIEea ox! BALANGE GGREOELEE GRRGNTS. The test

squares were n co 0 room tenperature, exposed 1o fluorescent
room | i ghtpoilyrearizatesaby| enstof2? twoudd fatent avethogs . colmrMathiodr Iat | east 2

(95 o or r [0S eiehochEhuAS, SRRt abr R RE ot PRI AR e e ¢ | arp, @
r enot e 16 ON{icdhpRtated! ifito polyincdlc Sahblée. bathe quanefty rdf as a heat sink

for the arc l.anp, a Schott WG 320 nm, cut -off, filters whjch renoves short
wavel engt FPIRREBoEYFAR Splrulated YRepdedd #i ?‘t%rt("g‘fsaﬁg a"‘e%& e holder in

whi ch the goiusitiavast 8aleat €st£EMa% coaeatethg Aocekhnsrded heasmet | i ght
froma tungsten | anp was passed throu%h the square at_a snall WO
08/ 55457 blend of 4 parts ethoxylated bisphenol A dpmerhreryintegABPA

-36- S, M8l phet! BE15 MR eribh GhoPRSEI0N A BERMGR TR, SEHAT €,
the light fromthe tungsten l'anp was directed through a
15 0.033 weight percent 2,2’-azobis(2-methyl propionitrile)
(AIBN). The naphthopyrans were dissolved into the monomer
blend by stirring and gentle heating, if'necessaz_:y. After a
clear solution was obtained, it was poured into a flat sheet
mold ha'ving the interior dimensions of 2.2 mm x 6 inches
20 (15.24 cm) x 6 inches (15.24 cm). The mold was sealed and
placed in a horizontal air flow, programmable oven set 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 before the end of the
25 curing cycle. After the wmolds were opened, the polymer sheets
were cut using a diamond blade saw into 2 inch (5.1
centimeters) test squares.
In Method II, the photochromic naphthopyran was
imbibed into test sgquare polyﬁerizateé prepared from a
30 diethylene glycol bis(allyl carbonate) composition.
The test squares measu:::ed 1/8 inch (0.3 centimeters) x 2

inches (5.1 centimeters) x 2 inches (5.1 centimeters). 1In the




photopic filter attached to a detector. The photopic filter passes

wavel engt wodssbssthat the detector mimcs the response 5 opctiosyinsesmn eye.
The output signals fromthe detector(s) “were processed by a radioneter.
Change in optical density ([err]OD) was determ ned by i nserting a test
square in the bl eached state into the sanple hol der, adjusting the
transmttance scale to 100% opening the -36 shutter fromthe Xenon lanp to
provide ultraviolet radiation- to change the test: square fromthe

bl eached st dmbibdtion pracess/attihe photochromia maphthepyxan magsuring the

opt 1 cal - dimerayed: bl B oY nBIAF pRECOSIuB ORI AESIT0C o 15

i s the per cefixtiurensli ethyl cceélluloseatbluened Jhet eodmticvmaevas thegarithmi s

to the base 1Q. The Jerr] _OD Mn ich.represents_th
sensitivity ﬁﬂgn C%ﬁﬁdpﬂﬁfﬁcqﬂeonﬁegtcgﬂkﬁﬁﬁﬁ' anq 52@8‘&%% 'f‘g %Y’I i %ﬁ{“?f%s
measured 5 R thea heatédfin e Hok-ageosden aft UE501p530CIfor tahpares@r essed
20 on a per mnute basis. The saturation optical d%péit QD was éaken

under i dent ifaltigengrELdfient G Shermpl iy Crangiah ig ¥Rk
conti nued fOJheZQe@ifns&aéréer -hﬁf A2L3WRhes time inl@BkCoden THHY |chEbEAsLBX

reported in Table 1 i's the wavel ength in the visible spectrum at which
t he maxi numshenes: wes afljubke® T dmbikecaotparahledpmewnes ¢if the
phot ochr om QIR L.n > dieth e gLy, ?{ RS ob8bL Vi ragnat e)
conposi ti on(‘%%cur?.i’%ahrﬁ%“% eac{' R?a?thg'g( ‘Fg%/g 5 $"t Re t*rreoﬁﬁ'teravgl in
seconds 10r compgadmabdles UVbahserlrindehatathevdawoldd maxm of the compoundpiman in

the test squares to ch e_hal f. .t he" hi ghe bs t,.3 rQom

t enper at ur e %ﬁlﬁeafBF&?er ﬁq‘gjr a??"e]rmfgérrg\i/’gl egl%yfﬁeeqé.gxgggg/ % Lithe activating
li ght. Resul £51d &fad emcoapofscin tHe tdeatExquates by washing ahidtat ed in Tabl e
1 WD 98/ 55457 :

PCT/ US97/ 09e%etone. - 37-

TABLE 1 EXAVPLE LAVBDA MAX [err] OD' M N [err]OD[err]

Bl each COVPOUNDS (VI SIBLE) SENSI TI VI TY SATURATI ON (T1/2) 5
1 15 511 0. 64 1Bagt B 193 2

541 0.29 The BhdPochromic ted®Zsquares were tested for

photochromic respénse rates on an optical bench. Prior to
testing on the optical bench, the photochromic test squares
were exposed to 365 nanometer ultraviolet light for about 1S

20 wminutes to activate the photochromic compounds and then placed
into a 76°C oven for about 15 minutes to bleach or inactivate
the photochromic compounds. The test squares were then cooled
to room temperature, exposed to fluorescent room lighting for
at least 2 hours and then kept covered for at least 2 hours

25 prior to testing on an optical bench maintained at 75°F
(23.9°C). The bench was fitted with a 150 watt Xenon arc
lamp, a remote controlled shutter, a copper sulfate bath
écting as a heat sink for the arc lamp, a Schott WG-320 nm
cut-off filter which removes short wavelength radiation;

30 neutral density filter(s) and a sample holder in which the
square to be tested was inserted. A collimated beam of light

from a tungsten lamp was passed through the square at a small



3 545 0.24 - 0.31 88 4%

528 0. 46 270 5 520

o3 WodsRdgr g 70- 10 - 6 591 PCT/USI7/0958% 7

0. 30 . 70 7 584 0. 20 0.51

200 8 618 0.16 0. 07 19

Test square prepared by Method Il. Al ofggers were 15 prepared by Method

l. The results of Table 1 show that a range of

val ues for gpgeacChot®4E, td aiid G&ua& satuf&tr (p'a,ssangl tibwnshei siphyrer €
obt ai ned for thggExagple Conmpounds resent

f the
i nventi on OO Hehe t“nﬁéFEPelﬁ'f‘p ﬂﬁ%l%ﬂ'gﬁ‘é‘h?‘g ? Rl err],
Rlerr], an%h%taﬁ@chfuter attached to & ddwutdori herps Eﬁﬁ’ﬁoﬂiavﬁﬂi&ﬁ‘ has

been descri bed with reference to the specific details of particular
25 enbodi PAFEeSt Wevelsngths jsuchythak BhelAPUETaPT SHEM Gfotthie| Sepronse
regar ded gyl ikl ghy Se,bwonfﬂéeoaegee Slgdd1® EBUR KA Retectof t4FP! as and
to the.. extent that they are 1 ncluded acconpanyi ng cl ai ns.

- 38- werel arqcessed by a radlometgr- A napht hopyran conpound

represented by the f(ﬂé(¥ﬁ %%tﬂé&fhaéhJ£%§”Hkan) was determined by

inserting a test square in the bleached state into the sample
holder, adjusting the transmittance scale to 100%, opening the
10 shutter from the Xenon lamp to provide ultraviolet radiation
‘to change the test square from the bleached state to an
activated (i.e., darkened) state, measuring the transmittance
in the activated state, and calculating the change in optical
density according to the formula A OD=1log(100/%Ta) where %Ta
15 is the percent transmittance in the activated state and the
logarithm is to the pase'lo.
fhe A OD/Min; which represents the sensitivity of
the photochromic compound'; response to UV light, was measured
over the first five (5) ‘seconds of UV exposure, then expressed
20 on a per minute basis. The saturation optical density (OD)
was taken under identical conditions as the A OD/Min, except
UV exposure was continued for 20 minutes for the examples in
Table 1. The lambda max.repoited in Table 1 is the wavelength
in the visible spectrum at which the maximum absorption of the
25 activated (colored) form of the photochromic compound in a
diethylene glycol bis(allyl carbonate) composition occurs.
The Bleach Rate (T 1/2) is the time interval in seconds for
the absorbance of the activated form of the naphthopyran in
the test squares to reach one half the highest absorbance at
30 room temperature (75°F, 23.9°C) after removal of the source of
activating light. Results for the Compounds of the Examples
are tabulated in Table 1.




[err] wher ei n, (a) Rerr] is the group,

-C(OW Whnpesmsas7OR4A or -N(R[err])Rerr], wherein R epcrnusy7/te687 ogen,
allyl, Cferr]-Cferr] alkyl, phenyl, 10 nono (Cferr]-Cferr]) alkyl
substituted phenyl, nono(Clerr]-Clerr])al koxy substituted phenyl,
phenyl (Clerr]-Cerr])al kyl, mono(Cerr]-derr])al kyl substituted

phenyl (Cerr]-Cerr])al kyl, nono((err]-QGfrr])al koxy substituted
phenyl (Cerr]-Cerr])al kyl,-€err]-Cerr] alkoxy(Clerr]-Cferr])alkyl, or

Clerr]-Cferr]  haloalkyl; Rerr] and Rlerr] are each selected fromthe
group 15 consisting of hydrogen, ([egpbrglerr] alkyl, Cerr]-Cerr]
cycl oal kyl, phenyl and nono- or di-substituted phenyl sai d_phenyl

subst i t uentexaMpLEbei ngmmtmf rAﬂﬁ/@FHr r]-d er AOD@I Kyl an®kgEehr | -Jerr]

al koxy, and_ sai t ddnbl: Cé%ﬁz&@ﬁb?lf'“or ;

(b) HRerr] _ M : vﬁikC[err err] al kyl, 0 CG3-C7

\(/:\%cl oal kyl , subgtituted or saasubsti tulmi phenyl t he36 gr ouplS30RY7,
erein R7 is hydr ogen, C[err] derr] hgoyl (C[err Cerr])

-al kyl, mono (Cferr]- C[err]sﬁ al kyl ?)?t tuted 6hs’%enyl C[egrr -Cerr])

al kyl, mono (C[grr]-( err])sa&l koxy Sles)sz‘;tut ed 0.31 '

%{]ZPH(&[:;H C[4err])a| kyl , C[err] C[errJ al koxy(CLerr] C[err])za,}éwl

5 520 0.31 "~ 0.88 70
10 6 591 ' 0.27 0.30 70

7 584 0.20 0.51 ~ 200

8 618 0.16 0.07 19

* Test square prepared by Method II. All others were
15 prepared by Method I.

The results of Table 1 show that a range of
values for bleach rate, AOD at saturation, and .
20 sensitivity are .obtained for Ithe Example Compounds 1
through 8 of the present invention depending on the
nature of substituents R;, Ry, R3, and B and B'.

Although the present invention has been described
with reference to the specifi_cﬁ details of particular
25 embodiments thereof, it is not intended that such details be
regarded as limitations upon the scope of the invention
except as and to the. extent that they are included in the

accompanying claims.



- 39- cycl oal kyl ,~mono(Cerri=—Ctet rq‘l)al kyl substituted Clerr]-Clerr]
I

cycl oal kylw098,554570[ err] aI lyl, the group err]) X
wherein X is - ”mm"l "ﬂ"ﬁr p , C(O)Wand R[E?T’P 47 Wdrogen
or Clerr]- C[eJr al kyl * sth oup, -C(OY, wherein Y is
hydrogen, Clerr]- C[err] aI kyI 5 (err]- C[err] al koxy, the substituted or
unsubstituted aryl groups phenyl -or.jgapht hyl, phenoxy, Cerr]-Cerr]
nono- eor di-al kyl substituted phenoxy, (Cerr]-Clerr] nono- or

di - al koxy sebelatnted phenoxy, each of said phenyl and napht hyl
substituents being sel ect from Ger rr]-Cerr}
al koxy, said hal ogen br 10 78R ﬁgﬂ%%‘%?glrﬁérﬁﬁ?%ﬁ?oé’ﬁ’%ﬁﬁoro and n
i s sel ect ectonomhgogr&ﬂsmd-rﬁdiﬁma 0, 1, 2 or 3; and '
(c) Bis selected fromthe group consisting of unsubstituted, nono-,
di- and tri- substituted aryl groups phenyl and naphthyl, said aryl
substituents being selected 15 fromthe group consisting of CJerr]-Clerr]
al kyl, Cerr]-Cerr] alkoxy, hal ogen, amno, C[err]-Cerr]

nonoal kyl am no, Clerr]-(err] di aékyl a nmor phol i no, pi peri di no,

i ndol i nyl, 1-im dazolidyl, 2- ™L-yl, 2-pyrazolidyl,
pyrazolinyl, 1- plpera2|nyl and Bai d hal ogen being chloro
or fluoro; 20 sel ected fromthe group
consi sting of : , I ) nmono-substituted aryl
groups phenyl and napht hyl , sald | substituents being selected from
the 25 group consisting of am'(ﬂ:?’i1 err]-Clerr] nonoal kyl am no,

Cerr]-derr]

wherein,

(a) Ry is the group, -C(O)W, W being -OR4 or
-N(Rg)Rg, wherein R4 is hydrogen, allyl, C;-Cg alkyl, phenyl,
10 mono(Cy-Cg)alkyl substituted phenyl, mono(C;-Cg)alkoxy
substituted phenyl, phenyl(cl-é3)alky1, mono (Cq -Cg) alkyl
substituted phenyl(cl—c3)a1kyl, mono (C;-Cg) alkoxy substituted
phenyl(Cl—C3)alkyl, C1-Cg alkoxy(cz-c4)alkyl or C1-Cg
haloalkyl; Rg and Rg are each selected from the group
15 consisting of hydrogen, C;-Cg alkyl, Cs5-C; cycloalkyl, phenyl

and mono- or di-substituted phenyl, said phenyl substituents
being selected from C;-Cg alkyl and C;-Cg alkoxy, and said

halo substituent being chloro _'or fluoro;
(b) Ry and each R3 are hydrogen, C;-Cg alkyl,
20 C3-C7 cycloalkyl, substituted or unsubstituted phenyl, the
group -ORy, wherein Rq is hydrogen, C;-Cg alkyl,
phenyl (Cq-C3) -alkyl, mono(cl-cé)alkyi substituted
phenyl (C1-C3)alkyl, mono{C;-Cg)alkoxy substituted

phenyl (C1-C3)alkyl, Cp-Cg alkoxy(Cy-C4q)alkyl, C3-Cn




di al kyl am no, nor phol i re—ptpert+di-re—indol inyl, 1- I m dazol i dyl ,

2-1 m dazowon9sissgsr, 2- pyr i nyl, 1- pi perpeAVIROh /0998
pyrrolidyl VO 98Tﬂﬁm |||ﬁ mﬂw PCT/ US97/ 09687
-40- e group represented by the

follow ng graphic fornula: [err]

5 wherein U is hydrogen or (ferr]- C[err] ‘éPkyI and V I s--selected from

h b d
consi oting. STEREERRDY SiopdC, FL iR | %rﬁﬁﬂg Uy BErerififel
subst | t uent ol cgahgh cHyA, banmglc[eﬁé]g%r]-cakkgix, wher@ﬁﬁrfc]ié:[%f]

al koxy, fluo or chloro; and (i) t he group
repr esent ed-oy; | Nealogém| Io&vm-ugogwaﬂmmg disnhlydrogen or C;-Cg alkyl, or
[err] 15 wherein Mis CHerr], O S, NRerr], wherein Rerr] is

sel ected frBmis the group, -C(0)Y, wherein Y is hydrogen, C;-Cg alkyl,
5 C3-Cg élkoxy, the substituted or unsubstituted aryl groups
phenyl or naphthyl, phenoxy, C3-Cg mono- or di-alkyl
substituted phenoxy, C3-Cg mono- or di-alkoxy substituted
phenoxy, Cj-Cg alkylamino, phen&lamino, C1-Cg mono- or di-
alkyl substituted phenylamino, or Ci-Cs mono- or di-alkoxy

10 substituted phenylamino, each of said phenyl and naphthyl
substituents being selected from C;-Cg alkyl or Cq-Cg alkoxy,

said halogen or halo substituents being chloro or fluoro, and
n is selected from the integers 0, 1, 2 6r 3; and
(c) B is selected from the group consisting
15 of unsubstituted, mono-, di- and tri- substituted aryl groups
phenyl and naphthyl, said aryl substituents being selected
from the group consisting of C3-Cg alkyl, C;-Cg alkoxy,
halogen, amino, C3-Cg monoalkylamino, C;-Cg dialkylamino,
morpholino, piperidino, indolinyl, 1-imidazolidyl, 2-
20 imidazolin-1-yl, 2-pyrazolidyl, pyrazolinyl, l-piperazinyl and
pyrrolidyl, said halogen being chloro or fluoro;

(d) B! is éélected:from the group consisting
of: . i o |
25 * (i) mono-substituted aryl groups phenyl
and naphthyl, said aryl substituents being selected from the
group consisting of amino, C;-Cg wmonoalkylamino, C1-Cg
dialkylamino, morpholino, piperidino, indolinyl, 1-'"
imidazolidyl, 2-imidazolin-1-yl, 2-pyrazolidyl, pyrazolinyl,

30 1-piperazinyl and pyrrolidyl; _—
| This Sheet Has Been

T



the group consisting—e%hytdmgenr__q_eu]-qerr] al kyl, Cerr]- C[err]

cycl oal yl and di - substltuted sai d
phenyl l‘)‘;%stllmff]ﬁznts EHMBH@@H mdcerr]-Jerr] 204 ]7/0
Cerr]-Cerr] al koxy I o; Rlerr] is (err]-derr] aIkyI,
C.err]-Cerr] al koxy, chloro or fluoro and a is selected fromthe
integers 0, 1, 2 and 3; . -40- (e) B and B taken together.
form-.an unsubstituted, noro- or di-substituted fluoren-9-ylidene or---
25 a nenber selected from t hdigd othe cawmips repyessntest byatbel WO

98/ 55457 ¢ PCT/ US97/ 09687
-41- errlflgc?’é‘r??l%ploro r%onocycl i ¢ hydrocarbons, saturated
Cerr]-Cerr] spiro-bicyclic hydrocagbons and sat ur at ed Cerr]-Cerr]
Spi ro- tricyclic hydrocarbons, ed that said bicyclic and
tricyclic hydrocarbons include nenb her- than 5 adamantyl i dene,

bornyl i dene and nor bornyli dene, Salqj M uor en- 9- yl i dene substituents
bei ng selected fromthe group - consisting of CJerr]-Clerr] alkyl,
Clerr]-Cerr] al koxy, fluoro and chloro; or ()
B and 8' wiiexedcCcl selnpdmgéﬁm thecd Oaliydypandsy o teedeéctad (go i i) and
(d) (iii) - _The naphthopyran of Claim1, wherein:

(a) Rier rhe ynepbegibuEed. GKCQCW apddi repRatiteEpd wambers ofNgig err]) Rlerr],
wh |
erein r']%hg c’oﬁr?ﬁﬁtﬂ? subst ek 1Cl ﬁﬁéﬁyla lﬁﬂ:‘an?h%d thidayl

nmono( C er err ed phenyl’, ‘mono(err]-{ et r])al koxy

substit utmrpkpénya;dpmbgm(uqm p£Cpatd |graupy being fif-CGeemdkyl] err] ) al ky!
substi t ut edcohen}é Cerr]-derr])alkyl, mpno(Cerr]-Cerr])al koxy
substi t uttad SR¥ny FIR9Rar PXCEBLPF 1987 |

mono(gferr]-Cerr])alkoxy(d qf bq@ﬁé]g?r%hﬁykepxoéseg:% by Gl ']

following graphic formula:.

15
wherein M is CH,, O, S, N-Ry,, wherein R;4 is selected from
the group consisting of hydrogen, C;-Cg alkyl, Cg-Cq
cycloalkyl, phenyl, mono-substituted, and di-substituted -
phenyl, said phenyl substitﬁent:s being selected from C;-Cg

20 alkyl, C;-Cg alkoxy, chloro and fluoro; Rg is C3-Cg-alkyl,
C;-Cg alkoxy, chloro or fluoro and a is selected from the
integers 0, 1, 2 and 3; -

(¢) B and B' taken together form an -

unsubstituted, mono- or di-substituted fluoren-9-ylidene or--

25 a member selected from the group consisting of saturated T



hal oal kyl , and wherein R[err “and err] are each selected fromthe 20
group congigsgsagsof hydrogen, [m"mﬂwumkyl d er r] - Gloaruso7/09687

cycl oal kyl , phenyl and tut ed phenyl, said phenyl
substltuents ‘bei ng sel ected from C[err] Cferf] alkyl and C[err]-C[err]

al koxy, said hal o substituent being chloro or fluoro;

(b) . R2 and each R err] are hydrogen, Cesa1]--Clerr] al kyl, 25
Cerr]-Cerr] cycloal kyl, substituted or unsubstituted phenyl or -
OR[err], \Ahel“3e-|c12R§pnr<]>-umcbg5ctzthlhydcpeaﬂ]m@{.ersa}:uaakgd C-;o-rcltghe group, -
CH(R[err])X wherein X is -CN, -C(OWand R8 is hydrogen or nmet hyl ,
or R7 is th@@r@upwye}w\hymh?n\s |a§dCf%F‘1“Ia'-'QdeFr7]’cm §giro-  or

Cerr]-Cerr substi.t bei,ng rr] al kyl or
30 Jerr]-Q < Féo&i}&r‘éﬁ%’qﬁ”&' ?@PX&F@% ‘1'5}?‘30 g P%’é‘é@r Ca:%siand 1; and
WO 98/ 55457 tricyclic hydrocarbons include members other €kar USO7/09687

42- (c) Bis selectedfromthe %rou conS|st|ng

of unsubsii tafamantyrligens n pornyl jdene gpdq o

substi t uent seR@i - §ewiaéﬁiefé&aélf&e%gusemsse%beeaofra euhre] %@%S
alkyl, (err]-Cferr] al koxy, halogen, amno, (ferr]- C[err] nonoal kyl am no,
5 d err] [ eansigitdngy Pani Go; Cac? /i Ra-Cpi FUEPA nEL u??facﬁnquhlaﬁa.

pyrrolidyl, said hal ogen being fluoro or chloro; (d) B is
sel ected frd the group consisting of: : (i)

nono- substi t ut ed phenyl sqiggl plieraylh B’ asellsHdn uem@tmimmsghect ed from
the group consisting o 10 _am no C[ err]- C&er rl]. m)noal kyl am no,

d err] - Cl@r rgcdra [aF| éﬁithedrﬁp@l , and Peédd di no, indolinyl and

pyrrolidyl;
2. The naphthopyran of Claim 1, wherein:
(a) Ry is the group, -C(O)W, W be:i-.ng -OR4 Or
-N(Rg5)Rg, wherein R4 is hydrogen, C1-C4 alkyl, phenyl,

15 mono(C;-C4)alkyl substituted phenyl, mono(C;-C4)alkoxy
substituted phenyl, phenyl (C;-Cj)alkyl, mono(Cj;-C4)alkyl
substituted phenyl (Cl—czialkyl, mon'o(Cl-C4)alkoxy substituted
phenyl (Cy -C3)alkyl, mono(C;-C4a)alkoxy(Cy-C3)alkyl, or C;-C4
haloalkyl, and wherein Rg and Rg are each selected from the

20 group consisting of hydrogen, C;-C4 alkyl, ¢5-C7 cycloalkyl,
phenyl and mono- or di-substitut.ed phenyl, said phenyl
substituents being selected from C1-C4 alkyl and C;-C4 alkoxy,
said halo substituent being chloro or fluoro;

(b) Ry and each R3 are hydrogen, C;-C3 alkyl,

25 C3-Cg cycloalkyl, substituted or unsubstituted phenyl, or - |
ORy, wherein Ry is hydrogen, C;-C3 | alkyl, or the group, -
CH(Rg)X, wherein X is -CN, or -C(O)W and Rg is hydrogen or
methyl, or Ry is the group, -C(0)Y, wherein Y is C;-C3 alkyl
or C;-C3 alkoxy, said phenyl substituents being C;-C3 alkyl or

30 Cy;-C3 alkoxy, and n is selected from the integers 0 and 1; and



(ii) the group represented by the follow ng graphi c fornul a:

[err] erein Uis hydrogen or nethyl, and V is phen nono-
substi tutlgl(? %en%%r' sai d phenyl -substituents being_Cerr]- %]7/08687 al kyl ,
Cerr]-Cerr] al koxy, fluoro, or chloro; and 20 (Ti1)

g Tepenten by TR 00 0” dh yppal.

wherein Mis CHerr], O or NRerr], wher ei n R[err] i § stldttdd from
the group consisting of hY(Q':r)Ogeé‘u.sqéérlrel:tgieffdm ghkY browbredttsi st by

nmono- substituted phenyl, said phenyl substituents belng sel ected from-
O err] -  epf | ungubstituted; | moper rand | ddnspbsEhrues m&nﬂuoﬁi&d P@}en&}err] is
Qerr]-g eéﬁis@é%lnt Chelihl &gééi%&lzé_%gn\r/ enehyR Ponkhseiny @€, ac)s

selected fromihe integers™0
alkyl, C;1-C, alkoxy, halogen, amino, C;-C4 monoalkylamino,

5 Cp-C4 dialkylamino, morpholino, piperidino, indolinyl and
pyrrolidyl, said halogen being fluoro or chloro;
(d) B' is selected from the group consisting of:
(1) mono-substituted phenyl, said phenyl
substituents being selected from the group consisting of
10 amino, C;-C4 monoalkylamino, C;-C4 dialkylamino, morpholino,
piperidino, indolinyl and pyrrolidyl;
(ii) the group represented by the following

graphic formula:

Se=<(.
4] \'4
15
wherein U is hydrogen or methyl, and V is phenyl or mono-
substituted phenyl, said phenyl substituents being C;1-C4
alkyl, C;-C4 alkoxy, fluoro, or chloro; and
20 (iii) the group represented by the following

graphic formula:

25



(e) B and B' taken together—forman unsubstituted or nono-substituted

f 1 uor en- Sy ggkesy? or a omthe group eenaissimgsgy of
saturated C3-C8 10 spiro- m)nﬁ Hlﬂ Igﬂ“ H bon rings, saturated
bi cy y 0

Cerr]-Cerr] spiro- clecC roearpon rings and saturated
Cerr]-Cerr] spiro- tricyclic hydrocarbon rings, said
fluoren-9-ylidene substituents being-aglected fromthe group consisting
of -Cerr]-Cerr] alkyl, Cerr]-(err] alkoxy, fluoro and chloro. 15

3. The naphekepyrMni=fCHy,ai0on 2xr NFAR{g£i rwherein R;4 is selected from (a)
Rlerr] is the group, -C(OW Whbeing -ORlerr] or -N(Rlerr] err],
wher ei n R[ ethp 9§°ﬁ9d??fgﬁ§')rﬁtleﬁepf-] bydergsn.aGayFs HHEM 'p@iﬂn dnd

Subst 1ot cumphangbeh s sl oo R ey BB S L

err] - er gkledfedhateildorlc, anstydhecpia, Blsoxy, actildicerand 8leowsch

sel ected fromthe group consisting of hydrogen, (ferr]-(err] alkyl,
d err]-Cser Ry dgctoaCkyalkyl, Cipfanglkexyl, rmhdoroupstfkuared phdnglis sai d
phenyl substituents beinqg selected from(err]-Cerr] alkyl and

d err] - d er selgrkedyfranitheydmsegers Qupktand, @it ©being fluoro; 25

(b) Rerr] and Rerr] are(g{acthgﬁgcgeq:Jkregrr\;gQ@ther £folHmOBR consi sting of
hydrogen, Cerr]-Cerr] alkyl, phenyl and -ORlerr], __Wherein Rerr] is
hydr ogen or ubsabstithbed]onnopo-subskitregd i uopeng? tiiidene or aCc(Q) Y,

wherein Y i rL- l_.ar rdoddisiih Zgg}mﬂ@gdnc'_sc

sel ected fr?)nne’l Fg %ﬁ%géér% %Jﬁcfh%; g%ﬁﬁ éo:g:% Qg/aéé 5 3°Cs
PCT/ US97{D96834 ro-monocyclic hydrocarbon rings, saturated-ctfc;o spiro-

(c) Bis selected fromthe.group consisting of unsubstituted, nono-
and di - substbitayicdd cphgaybearisird milngisy bnd saturated C7-C;q spiro-

tricyclic hydrocarbon rings, said fluoren-9-ylidene
substituents being selected from the group consisting of

C1-C3 alkyl, C;1-C3 alkoxy, fluoro and chloro.
15 3. The naphthopyran of Claim 2, wherein:
(a) Rp i_s the group, -C(O)_W, W being -OR4 or
-N(Rg)Rg, wherein R4 is hydrogen, C;-C3 alkyl, phenyl,
mono (Cq -C3)alkyl substituted phenyl, mono(cl—c3)-a1koxy
substituted phenyl, mono(C;-C3)alkoxy(Cy-C3)alkyl or C,-C3
20 haloalkyl, and wherein Rg and Rg are each selected from the
group consisting of hydrogen, C;-C3 alkyl, Cg-Cq cycloalkyl,
phenyl and mono-substituted phenyl, said phenyl substitue.nts
being selected from C;-Ca alkyl and C;-C;3 alkoxy, said halo
substituent being fluoro;

25 ' (b) - Ry, and R; are each selected from the
group consisting of hydrogen, C;-C3 alkyl, phenyl and -ORq,
wherein R, is hydrogen or C;-C3 alkyl, or Rg is the group, -
C(0)Y, wherein Y is C;1-C3 alkyl. or. cl-c3. alkoxy, and n is

selected from the integers 0 and 1; and



substituents bei ng sel ected framthe group consisting of (Jerr]-Cerr]

al kyl , ako fluoro amno, Clerr]-Cerr] monoal kyl am no,
5d err] 8(5%% al kyl am mumm m uljllml”nd pi per| d| no; FPCTUSIT03687
(d)-B is sel ected fromt

(i) nono-substituted phenyl, sald phenyl substltuents bei ng sel ected
fromthe group consisti ng of 10 am no, C[err] C(ferr] nonoal kyl am no,
Cerr]-Cerr] dialkyl am no, m)rphollno 4“4-and pi peri di no;

(ii) the group represented the n hic_fornmula

15 wherein Mis CHer ré]@s B Gs ﬁ-e%FE?% &/ﬂ%ﬂeggiangﬁ‘?r ﬂmP%ngﬂé ogen
Cerr]-Cereg @Lmsartunaanyinon&{ eddd dis-sabkeftwkdl phenyle spiduphenyl
consisting of Clerr]-Clerr] ‘al k Cé 1:glpd%er%'}' al kox .and fluyoro, and a
is 20 sel eﬁﬁw*q‘ﬁﬂ%é’e?ﬁgeﬁéi%‘“ﬁ? oup condisting of C°Cy (e)
B.and B tak rmfI ren- 9-

bi cycl o[ 3. 3¢ f’?’ﬁ%hgﬁ gzel"yﬁ'ﬁg ERusTs, amino'yé %% %ﬁggal m&f)l)?f an of Claim
3, vvhere]_k)) RF£ ;i]dl Mﬁmlﬁ %Qfﬁonlwla}%dﬁ% pidgnoPR err] or

-N(R err erein érr] is gen or C[err] Cerr] alkyl,
Rlerr] and Rerr] are each (rmdrageri,s @b&ébtec{:[&’om] the graipkgbneistienyl; R2

and R err] g}rz_g each hydrogen or (Jerr]-Cferr] alkyl;
(i) mono-substituted phényl,_ said phenyl
substituents being selected from the group consisting of
10 amino, C;-C3 monoalkylamino, C;-C3 dialkylamino, morpholino
and piperidino; _
(ii) the group represented by the

following graphic formula:

(Ro) 4
15 B
wherein M is CHy;, O, or N-Rj4, wherein Ry, is hydrogen,
C3-C4 alkyl or phenyl, Rg is selected from the group
consisting of C;-C4 alkyl, C;-C4 alkoxy and fluoro, and a is

20 selected from the integers 0, 1 and 2; or
(e) B and B! taken'together form fluoren-9-
ylidene or bicyclo[3.3.1lnonan-9-ylidene.

4. Ti:xe naphthopyran of Claim 3, wherein Ry is the
25 group, -C(O)W, W being -OR4 or -N(Rg)Rg, wherein Ry is
hydrogen or C;-C3 alkyl, Rg and Rg are each hydrogen, C;-C3

alkyl or phenyl; Ry and R3 are each hydrogen or C;-C3 alkyl;



WD 98/ 55457 PCT/ US98/ 09687

-45 - WO9B/43487s an u | 0-substituted or dipcTuseZmdesti t ut ed
phenyl, said phenyl subH Hmm E Hgﬂ}err] - err] al kyl,
Clerr]-Cerr] al koxy, f ) - rr] nonoal kylam no, Cerr]-Cerr]

di al kyl am no, norpholino or piperidino; and B is a nono- 5 substituted
phenyl, 9-ethyl carbazolyl or 9-phenyl .4¢arbazolyl, said phenyl
substituents being (Jerr]-Clerr] nonoal kyl ami no, Cerr]-(err

di al kyl am nandnBr pscan nmsubistitutpdpahiobsubstitifed or di- 5. A

ht h d I df th . isti f:
? :? z?FZE ﬁ%%%g?gﬁlg% ﬁgﬂ%&_ e_ ﬁﬁ.ré mpl_lgrgylg rs%%%titugrgtnss Ibséilnggclc_)-.cz
met hoxycarb 6- OX WA a 2- ; .
o1 "9 e DK & By Shcit Bkl o d) oBMElyramtno, €3 -c;
met hoxycar baaahk?_lémiﬁw)(m&ﬁmaﬁbheéépﬁpéﬂﬂa‘ihap;and B’ is a mono-
(c) 2-(4-norpholinophenyl)-2-phenyl -5-
met hoxycar bHpPFtétaked phem., n&pﬁf—ﬁﬁ} 1caxhAzelyAnor 9-phenyl
d 2-(9-e ol g2 - 2-ph c H- 4
() 2 (9 llehaabhpr ol serd ek tﬁ%?gt_% ts being G)-Cp

met hoxycar bonyl - 6- acet oxy- 2 pyr an;
2- (9- pheny| eenhbalryianitid,” £,RegNMiadkylamino, morpholino, or
met hoxycar bonyl - 6- acet oxy- 2H napht ho [ 1, 2-b] pyran;
(f) 2-(4-dpApehydimenophenyl ) - 2- phenyl - 5-
met-hoxycar bonyl - 6- acet oxy- 2H napht ho [ 1, 2-b] pyran;
(g) 2-(4-dinmethyl am nophenyl) -2-phenyl -5- 25
met hoxycar bonyl - 6- net hyl - 2H napht ho[ 1, 2- b] pyran; and
10 5. A naphthopyran compound selected from the group

(e)

consisting of:

(a) 2-(4-morpholinophenyl) -2-phenyl-5-
methoxycarbonyl-6-hydroxy-2H-naphtho [1,2-b]l pyran;

(b)  2-(4-morpholinophenyl) -2-phenyl-5-
15 methoxycarbonyl-6-methoxy-2H-naphtho [1,2-blpyran;

(c) 2-(4 -morpholi_nophenyl ) -2-phenyl-5-
methoxycarbonyl-6-acetoxy-2H-naphtho[1,2-b]lpyran;

(d) 2-(9-ethylcarbazol-2-yl)-2-phenyl-5-
methoxycarbonyl-6-acetoxy-2H-naphtho [1,2-b] pyraii ;-

20 (e) 2-(9-phenylcarbazol-2-yl)-2-phenyl-5-
methoxycarbonyl-6-acetoxy- 2H-—naph€ho (1,2-blpyran;

(£) . 2-(4-dimethylaminophenyl)-2-phenyl-5-
methoxycarbonyl-6-acetoxy-2H-naphtho{1,2-b]pyran;

() 2-(4-dimethylamincphenyl) -2-phenyl-5-
25 wmethoxycarbonyl-6-methyl-2H-naphtho(1,2-b]pyran; and



WD 98/ 55457 ' PCT/ US97/ 09687
- 46- (h) 2, 2-bis(4-dinethyl am nophen - 5-
met hoxycaﬁ)o‘ny"f - 6 - acet oxy- 2H napht ho [ 1, 2-b] pyran ¥C'}’US97.’99687 6. A

Py

phot-ochrom c article conprising a polyneric 5 or terial and a
phot ochrom ¢ anount of a napht hopyr an corrpou ﬁm w wv" JJ“!I

7. The photochronmic article of Caim6_yherein organic
host material is selected fromthe group 10 consi stl ng of pol yacryl ates,
pol ynet hacryl ates, poly( Cygjr] zCheroaLu dinthyl aBhSEidnghates) |

pol yoxy(al kyl ene net hacryl at es) ¥1 (al koxyl at ed phenol

met hacr y| at%e@hoxyeprhpey 6@%&"@‘1"2 "néﬁhﬂm Bod-PiP¥E®mrate, cellul ose
acetate propionate, cellul ose acetate butyrate, poly(vinyl acetate),

pol y(vinyl alcohol), 15 poly(vinyl chloride), poly(vinylidene chloride),

t her nopl ast iC poéycar Bophoeechyamice arsicle msimpriginane polyvleyiot hyl ene

t er epht hal 0 Y, Ip
copol y(s yre am.@: k%?[.’ ‘%‘%ac’?’y ata%da %8?8%@69'?‘%%&9&)‘ acrf?l onitrile),
pol yvi nyl btnagpmjhopym‘apobgrmmd)fofrrmlh¢mslof 20 the group consisting of

pol yol (al l yl carbonate) nononers, pol yfunctional acrylate nononers,

pol yfunctional nethacryl ate nononers, diethylene glycol dinet hacryl ate
nonomer s, i SODr@penyh-haeﬁﬁm@easuéw@fybaheﬂ $oknEredhi C

al cohol acryl.ate pononers,  and diallylidene pent aergt hritol nononers. 25
8. A phot%meﬁ?“i’l erEAnishass F‘i‘gtﬁrb%’f %F?Eeete from the group

10 consisting of polyacrylates, polymethacrylates, poly( C1-Cyp

alkyl wmethacrylates), polyoxy(alkylene methacrylates), poly
(alkoxylated phenol methacrylates), cellulose acetate,
cellulose triacetate, _cellulose acetaﬁe propionate, cellulose
acetate butyrate, poly (;vinyl acetate), pely(vinyl alcohol),

15 poly(vinyl chloride), poly(vinylidene'. chloride), thermoplastic
polycarbonates, polyesters, polyurethanes, poly(ethylene
terephthalate), poiystyrene, poly(alf:ha methylstyrene),
copoly (styrene-methylmethacrylate), copoly(styrene-
acrylonitrile), polyvinylbutyral and polymers of members of

20 the group consisting of polyol (allyl carbonate) monomers,
polyfunctional acrylate monomers, polyfunctional methacrylate
monomers, diethylene glycol dimethacrylate monomers,
.diisopropenyl benzéne monomers, alkoxyiéted pélyhydric alcohol

acrylate monomers and diallylidene pentaerythritol monomers.

25
8. A photochromic article comprising a polymeric
organic host material and a photochromic amount of a
naphthopyran compound of claim 2.
30 9. The photochromic article of Claim 8 wherein

the polymeric organic host material is selected from the group

consisting of polyacrylates, polymethacrylates, poly( C3-Cjg



organi ¢ host materi al and a photochrom ¢ anount of a napht h_op/{ran]c
conpound WO 98/3545M 2. U ll lﬂ The phot ochr om @caniss¢sss?
Cl ai m 8 wherein t he “I LHII"I“"JHI Hm host material is selected from

t he group " consisting 6f bol'ya®ryPates, polymethacrylates, pol y(
Cerr]-Cerr] WO 98/ 55457
PCT/ US97/ 09687 -47- -47- al kyl

t hacryl at I | k thac |.at.es ol 0X Iated
menol  e; naLkyH EPRUAAatkeS s colTinar (XLiGhSk phftdkrvaat-ae's
cel l'ul ose aqallRbRyDédtsd GHendl ﬁehhah@;s&tes)qcebmmlm Mcaicatepol y( vi nyl
acetate), poli&V|nyI al cohol), 5 poly V|nyI chlorlde) poly(V|n | i dene

chl ori de), Hﬁﬁ?%s"’t#’c?cetatﬁol SFEH- taseyREIRIAnatge| gatbilnaees,
pol y(et hyl eggetatt eheital, atp@,h%, épﬁyftazé@a&e)pobyiﬁtﬂ%lrra?@xﬁéwr ene)

copol y(styrene-net hyl met hacryl a copol y(styrene- acrylonitrile),
pol yvi nyPbuPPrai(viRyl hlonide) of pn%nbtémvbfdep@ cherigelup themuostasty cof

ol yol (all ATk al NDNOMEr S,
Bol g;f U(I’IC'[ [ 2; ?%zggﬁacr 'tz’ %ﬁﬁ%r@&ﬁ%ﬁ%@%e %%%‘ékﬁgiﬁ%? hacryl at e
noNomer s, terdphth@lat;m)nyIpoﬁgszyneneprmﬁy(alphhkmt;hﬁ%st&rph _tﬁfa)/hydl‘l c s
al cohol acr nononer ent aer ritol nonomers.
10. The phot éﬁgk%?rﬁ’& 3’%’?‘“‘&%?%5{ r’elﬁ }‘ f YMeri ¢ organic
fror ?ﬁt o “””’"“‘”ﬁim T 'Wne%’ﬁﬁ%?eﬁtf?“%’éfﬁf STyl ene.
rom e roup consi sti
gl ycol o5 fg‘gnﬁfﬂ%r?ﬁ t"ngo gi%?ﬂ"ét]é’& GRE ) moprweFdacryl ate),
t her mopl ast b%l?@hﬁ&@i&@i@taﬂsryﬂ.@thé( MbRMhe ¥ etp%t19)suncu&iamﬁteeﬁ£éi-wa@
pol yur et hane and pol yners of nenbers_of t he group consi sti'ng ‘of

di et hyl ene PCPEBRIH; s%ﬁtf*wle@&r ganged)dime pke wpnameysene gl ycol
dimet hacry! aliq sBPAGPEEP) HeholhleSABRORERY! NS LR WU yar80% FAdHRYY! At e

trimet hyl ol pr opane tr| acryl ate nononers
acrylate monomers and dlallylidene pentaerythritol monomers.

15
10. The photochromic article of Claim 9 wherein

the polymeric organic host material is a sblid transparent
homcpolymer or copolymer selected from the group comsisting of
poly(methyl wmethacrylate), poly(ethylene glycol bis

20 wmethacrylate), poly(ethoxylated bisphenol A dimethacrylate),
thermoplastic polycarbonate, poly(vinyl acetate),
polyvinylbutyral, polyurethane and polymers of members-oﬁ the
group consisting of diethylene glycol bis(allyl carbonate)
monomers, diethylene glycol dimethacrylate monomers,.

25 diisopropenyl benzene monomers, and ethoxylated trimethylol

propane  triacrylate monomers.

11. The photochromic article of Claim 10 wherein

the photochromic compound is present in an amount of from
30 about 0.05 to 1.0 milligram per square centimeter of organic
host material surface to which the photochromic substance (s)

is incorporated or.applied.



11. The photochromc article of C aim 10 wherein t he phot ochrom c
conpound o bg/gaent i n an amount of from 30 about 0.05 to 1.0 milligram per
square cem’mater of organic . host- material surface to WARCRIVHES
phot-ochrom ¢ subst ance(s) Is incorporated or apptied. WO 98/ 55457

PCT/ US97/ 09687 - 48- 12. The pho ' ' of
Claim1ll wherein the article is a lenstg- 5 mﬂmmmmnuﬂm

phot ochrom c article conprising a phot ochrom ¢ amoufht '‘of M hé *

napht hopyran conmpound of claim3 and a pol ynmeric organic host materi al

selected fromthe gr onsl stl A ool YA y crylate), .
pol y(et hyl ene gl ycol A bi%ﬁ%ﬂo}&y gﬁéf,g%%ﬁcé'%g%ﬁoé%/@ g'g' gﬁﬁﬁ%ol A 10
di met hacr ylthieeprtibke noplaadiens .pol ycar bonat e, pol y(vi nyl acetate),

pol yvi nyl butyral, polyurethane and polyners of menbers of the group
consi sting of diethylene glycol bis (allyl car bonat e) nononers,

di ethyl ene gl ycol di neshacsyprdtbchroi@BoaEt Soledicomppiongnd benzene
nononers, and et hoxy|ated 15 trinethyl oltﬁ)oro ane triacryl ate nonomers.

14. A phot SOREERPECRLE | AUty f e AR BRoCHRAN QfotHAi®R t he

napht hopyr aaaCanpetprePfc Grdaiit hos@NrhterAahyEEIddtedl $2BInCLh0Yrompt er i al
sel ected fromthe group 20 ‘consisting of poly(nmethyl nethacrylate),

pol y(et hyl esasipying of naly (rethudrpethagrylask)( adoxethviensisivesdol A
di et hacry e st [ ; v Mmi Ryl acetate),
pol yvi nyl b%?;%r g‘FFﬁ%o ureégj}ﬁa%%lgg#ﬁp% ’E_rrers 8 E&l’l&(r?gln%grs of the group
consi st 1ng dafmetihachyl atres) .glthesimopilaétil ¢ \polysarbendkmatpelyfvimyier s,

di et hyl ene _gl ycol , di hacr vl at e : i sopropenyl benzene
noNomner s, aa%cei 3?%2)@?”%%"&3915’%1&:?@“%0 ﬂ%rr‘%f}%ée afsnrl i %?‘Wéf% Yononer s.
15. A phot aehbefrsCcofirthe |grompnebnsiaging rof3diethylens ighgecod Isid (ad 1yl

transpar entca%'o [Ee) Cmgrioqr%rys(:, (J).g%:hylene ‘glycol dimethacrylate

monomers, diisopropenyl benzene monomers, and ethoxylated

15 trimethylol propane triacrylate monomers.

14. A p_hotochrou:\i.c. article_ combrising a
photochromic amount of the naphthopyran c'ompound of claim 4
and a polymeric organic host material selected from the group
| 20 consisting of poly(methyl methacryl'ate) . poly(ethylene glycol
bis methacrylate), poly(ethoxylated bisphenol A
dimethacrylate), thermoplastic polycarbonate, poly(vinyl
acetate), polyvinylbutyral, polyurethane and polymers of
members of the group consisting of diethylene glycol bis(allyl
25 carbonate) monome'fs, diethylene glycoi dimethacrylate
monomers, diisopropenyl ben_zene mdnomers, and ethoxylated

trimethylol propane triacrylate monomers.

15. A photochromic article comprising, in
30 combination, a solid transparent polymeric organic- host
material, and a photochromic amount of each of (a) at least

one naphthopyran compound of claim 1, and (b) at least.one



material, and a photochronic_ampunt of each of (a) at |east one

napht hopymnissapDund aim1, and (b) at |east one PCT/US97/09687

- 49- ot her organi Sﬂl”& ,ﬁufpound havi ng at | east one
activated absor ptlon range of between about 400 and
700 nanonet ers. The photochronic article of Claimi15
wher ei n t he poI erEI’I C organl c host mat¥rial is selected fromthe group
consisting Q ol at S, t hacr Iate on rrj- C[err]

al kyl net haé’rts)i’g é Eng° %Iﬁﬂ

(al koxyl at eaqweaeédmmmloai ﬁ&kmmﬁehitlﬂxﬁﬁ a;n@cebﬁge ofl BetGlebt 856ut
triacetate, cellul ose acetate propionate, cellul ose acetate butyrate,
pol y(vi nyl 408 apg)7 Bo‘l‘ﬂq}?erﬁﬂrsal cohol ), pol y(vinyl chloride),

pol y(vi nyl i dene chI or| de), ther m)pl astic pol ycarbonat es, pol yesters,

pol yur et hanes, pol y(ethyl ene terephthalate), polystyrene poly(alpha
met hyl sty¥ene), 15 cobd y(?h?rmmmlﬁeehhiﬁ%ﬁl @tfeFlamplﬁ whereisne-

acrylonitril f t he_qroup
consisting o pglg?/g‘}‘g%{lﬁy af&ca?lbonat eﬁglr:r%%%rfer& ’ngg&e‘l!’(§ t%ﬁa? yl ate
mononer s, piopsdstingnaf pmlﬂmyplaam, pohmtanmcsylaltamp@ye( gi ycp)

di nmet hacryl ate nononers, 20 dili sopropenyl benzene nononers, al koxyl ated

pol yhydric @lkyhomethacrdlatiefle ROAYREY{abad eneamethacmiatesy aeeyyhritol
MONOMBrS.  (alkoxylated phendd m E}%ﬁl 18606 OMe13bibEL Gdlleafled! M 15 whereln

the organi ¢ photoChrom c conp i's sel'ect rom-t g gr oup
consi stify sfellulose trlacetate. cellulepe m@]:ﬂtecppmmueomelmsteances

ho0 937 osceEaRl BREVANSE! MAIGNVIRS HELLIL) ) pYh PR 2183580 Dot e
phot ochr om eodyliviant eshlerdde) ,apal§y (abapl deren chhistrbdeh Widherhoph&stisi bl e
range of betp\@i ca%ggﬂétes, polyesters, polyurethanes, poly(ethylene
terephthalate), polystyrene, poly(alpha methylstyrene),
15 copoly(styrene-methylmethacrylate), copoly(styrene-
acrylonitrile), polyvinylbutyral and polymers of members of
the group consisting of polyol(allyl carbonate) monomers,.
polyfunctional acrylate monomers, polyfunctional methacrylate
monomers, diethylene glycol dimethacrylate monomers,
20 diisopropenyl benzene monomers, alkoxylated polyhydric alcohol

acrylate monomers and diallylidene pentaerythritol monomers.

17. The photochromic article of claim 15 wherein
the organic photochromic compound (b) is selected from the
25 group consisting of:
| - (a) - organic photochromic substances having at
least one absorption maximum in the visible range of between
400 and less than 500 nanometers;
(b) organic photochromic substances having an
30 absorption maximum within the visible range of -between about
400 and 500 nanometers and an absorption maximum within the

visible range of between 500 and 700 nanomeﬁers; and



400 and 500 nanoneters and an absor ption nmaxi mumw thin the vi sible

e s S50 < (ITAIARIR " " °5o Fefummmar

(c) - organi c photochrom c subst ancés havt ng an activated absorption
maxima in the visible range of greater t han 570 nanoneters; and

(d) mxtures of said organic photochron es® substances. 18.
The photochromc article of claim 17 wherein t he organi ¢ photochronmic
conpound (b) is an organic (e) pmmmetMRcesbmm havimy iarat ed.

o Phe phaPELIR e eblokBEsdh Sl A008ng AR LR S oRREC O1, ¢

host mat er i thamn S5 s@niotheteanspamdnt honopol ynmer or copol ynmer sel ected
fromthe group consisting of,,15 pal hacryl at | y( et hyl ene
gl ycol bis met hacryl at e)(d)pol‘ﬁfﬁ#gfy?gt%%l §Hﬁéﬁ%lﬁkt§f‘)’ﬁ§%¥éryl ate),
t her nopl ast sabednery.bonat e, pol y(vi nyl acet at e) pol yvi nyl butyral,

pol yur et hane and pol yners of nenbers of the group consi sting of

di et hyl ene gl ycol bis(allyl carbonate) 20 nononers, diethylene glycol

di rethacryl.ate nonomerg, rHdl bheRsERESMc ReRISIE JORAARMS17 %&EHOXW at ed
tri met hyl ol propane triacrylate nononers. . The
phot ochr oni Eh*arct:rgﬁr@coph@rzaphqrqmwmq#n%(bhelsOﬁgaﬁmarp#ﬂ)t ochr om c
conpound (b%v 155 SRECAubELTRLEE navil Igo'd.? a%Tehngbgé rpLion maxima

spi ro(i ndol napht hoxazi nes, spi i n I ne) -pyridobenzoxazi nes,
spiro (Hénzimddie nesible rpyged@begmt&g nbsn 570 nanometers

spi ro( benzi ndol i ne) napht hoxazi nes, spi ro( benzi ndol i ne) napht hopyr ans,
spi ro(indoline)benzoxazi nes, 30 spiro(indoline)benzopyrans,

spi ro(indol i ne) napht hapyr aimhe photoshtami(d aetliche )afuiClapyr a6 Syherein

L A LR g B s B P e

homopolymer or copolymer selected from the group consisting of

15 poly{(methyl methacrylate) , poly(ethylene glycol bis
methacrylate), poly (ethoxylated bisphenol A d:.methacrylate) '
thermoplastlc polycarbonate, poly(vinyl acetate),
polyvinylbutyral, polyurethane and polymers of members of the
group consisting of diethylene glycol bis(allyl carbonate)

20 monomers, diethylene glycol dimethacrylate monomers,
diisopropenyl benzene monomers, and ethoxylated trimethylol

propane triacrylate monomers.

20. The photochromic article of claim 17 wherein
25 the organic photochromic compound (b) is selected from the
group consist:ing'_ of spiro (indoiiﬁe)napht_:hoxazines,
spiro(indoline) -pyridobenzoxazines, spiro(benzindoline)-
pyridobenzoxazine_s ' épiro (benzindoline)naphthoxazines,
spiro(benzindol ine) naphthopyrans, spiro(indoline)benzoxazines,
30 spiro(indoline)benzopyrans, ‘spiro(indoline)naphthopyrans;
spiro{indoline) qqinopyrans , spiro(indoline)pyrans, 3H-

naphtho(2, 1-blpyrans, 2H-phenanthro(4,3-blpyrans; 3H-
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-51- pwoesssies7o[ 1, 2- b] pyr ans; benzopyran corrpounds and pfiishPeeess
such phot ochromc subst ances.

-5]-

phenanthro[1,2-b]lpyrans; benzopyran compounds and mixtures of -

. such photochromic substances.
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