NAPHTHOPYRANS AND PHOTOCHROM C ARTI CLES DESCRI PTI ON

OF "BE | NVENTI ON _ The preset invention relates to certain
novel + . napht-hepyran conpounds. Mre particularly, this invention

reldtes to novel photochrom ¢ napht hopyran conpounds and to conpositions
and articles containing such novel -napthopyran 10 conpounds. When exposed
to light radiation involving ul traviolet rays, such as the ultraviolet
radiation in sunlight or the Iight of a nmercury |anp, many phot ochromc

conpounds exhibit a reversible change i.n-col or. Wen the ul traviol et -
radi ation is discontinued, such a photochromc 15 conpound will return to

its original color or colorless state. Various cl asses of
phot ochroni ¢ conpounds NABNTHOBYRANS ANDSRHOTHEHAOMER ARMECIESggest ed for use in
applications in which a sunl i ght-i nduced reversi bl e col or change or

darkening is desired. U S. Patent 3, 567, 605 (Becker) describes a series
of 20 pyran derivatives, inglU ) [ s and

napht hopyrans. These conpou vati ves of chronene
and are seported to undergo a coI or change e.g. , fromcolorless to

yel | ow-orange, on irradiation by ultraviole o"s"ght at te eratures bel ow
about -30[err]C.|rradfRTGHIS! ippertisn ﬁ?ﬁrﬁﬁ‘t‘ﬁl ~|ight or

upon rai Si NngagiEndgFAAr dbdifcunds . tﬁo?@%&ﬁféﬁﬂhﬁerdﬂﬁ lﬁvéﬁ@ﬂéﬁed to

reverse the coloration to a col orl ess state. U S. Patent

S, 066, 818 dE%H‘F%s“\/&PT’%sP%’t?CHFaW nap tﬁ@@ﬁfpﬂnﬁ"as havi ng
desirabl e ph 38ns @dwﬂhbeéméwﬂ&ma%h

accept abl e fade, for. hthal m ¢ and othér applications. Atso di-sclosed
by way df compounds . When exposed to light radiation inwvolving .

ultraviclet rays, such as the ultraviolet radiatioem in
sunlight or the light of a mercury ‘la.mp, many gihotoch.rolﬁic
comg:ounds exhibit a reversible change in.‘colcr. When the
--"ultraviolet:'radiation'. is discontinued, such a photochromic
15 compound will return to its oz:.g:.nal color or colorless sta.te.
Variocus classes of photochrcm;c compounds have been
'synt:btesiz,ed and suggested for use’'in ;applz.ca.tzons in which a
sunlight-induced reveréible ¢olor change or darkening is
desired. U.S.- Patent 3,567,605 (Becker) describes a series of
20 pyran derivatives, including certain benzopyrans and
naphthopyrans. These compounds are described as. derivatives
of chromene .and are reported to undergo a color change, e.g.,
from colorless to yellow-orange, on iﬁradiaﬁion by. ultraviolet
light at temperatures below about -30°C. Irradiation.of the
25 compounds with visible light or upon raising the temperature
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-blpyrans as having desirable photochromic
30 properties, i.e., high colorability a.z{d acceptable Ea;ie, for
ophthalmic and other applications. Alsékgisclosed by way of

Comparative example in the '818 patent are the isomeric 2,2-
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conparative exanple in the '818 patent are the isoneric 2, 2-

-2= 7 diaryl-2H naphtho[ 1, 2-b] pyrans, which are reported to require
unacceptably I ong periods of tine to fade after activation.

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

substi t ut ed- 2H napht ho[ 1, 2- b] pyran conpositions containing S m nor anounts

of either a base or weak-to-npbderate strength acid. The addition of
either an acid or base to the napht hopéran conposition is reported to
i ncrease the fade rate of the col ored apht hopyr ans, thereby making them

el 1 o BUEVEL HELAAAADL BRI SUEl RSy I aEE. cbtrduld

[ 1, 2- b] pyr ansmaicceptéblhe auigoperiods cmédna@dtplﬁwmge‘sabtmtiorseveral

hours to nmany days to rteasch g%ke%ﬁzr,}evsg scrge% ho 0 & 128 Q96 -
‘D ﬁapﬁ?go'o‘

di scl oses a bl ue col oring p pyran aV|ﬁg at

the position sbsitdtucedzH-mappeRof, ifbnmanycmrpdsmoaspbenyangir@p havi ng
anltrogenc Stl uent .in the ortho or ara. position

ont ai ni.n
The present (HROF: AB 8“‘?‘%%& &1tBeFR oY 1ass p% Weak cp-moderats strengt

2H-napht ho[ 1,a43.pyraE8 £QIMAGRdSL\E] Ehleh AE abea Mot RERE EbEEhy found to
have an acceptable fade rate*tn addition to a _high 20 activated .intensity

and a hi gh c&%%ﬁ%tmltl%ﬁﬁlm%edt% %eéﬁec@%aﬁ%ﬁe rate
SUDSL tUSNt S i ¢ecd1 PRSI aflieno OpRliy SRefl

napht hopyran conpound I ncrea t he fade ral e w t hout the addi tllnon of
acids or basea&r'e motecemm@nmanwes (ﬁﬂﬁé’oﬁﬁdsum;@s@ér-t afh H8bstituents

g'; e:[sgﬁt Zet t he nun% tgéréi& r%ce@%on at ons o?’lﬁt Eﬁ ~nap ?Ihgo e

portion of th@-.mpmptmm{s am.thout the aforementicid MddED:.DESCRJRstO‘fraﬁt THE
| NVEBTI ON 30 h recent £p ochr e%._stl .y %
particul arly FFasttc ?Féfsertl I“?’"‘F’o t'f% ¢ F?‘E% Rave beeh t he

subj ect of caiesier abbes ,adseermlsemosé@ P T WdeC ¢basdring photochromc benzo-
- or naphthopyran having at the position alpha to the oxygen of

15 the pyran ring a phenyl group having a nitrogen containing

subst:.tuent in. the ortho or para positions.
The present invention relates €o novel subst:.t:uted

ZH-nap]:!.tho (1,2-blpyran c_ompounds 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 c_:f the né:phthopyran 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.lo carbon atoms of the

naphtho portion of the naphthopyran.

DETAILED DESCRIPTION OF THE INVENTION
30 In recent years, photochromic plastic materials,
particularly plastic materials for optical applications, have

been the subject of considerable attention. In particular,



-3 3 phot ochrom ¢ opht hal m c pl ast.iic | enses have been

I nvesti gat ed because of the wei ght advantage they offer,
vis-a-vis, glass | enses. Moreover, photochrom c transparencies
for wehicl es, such as cars and airpl anes, have been of interest
because of 5 the potential safety features that such transparencies
of fer. In accordance with the present invention, it
has now . been discovered that certain novel

2H napht ho[ 1, 2- b] pyr an conpoundd-havi ng an acceptabl e fade rate,

hi gh activated : ., intensity and a high coloration rate may be
prepar ed. TheBBotochromiy) opbihalmids Pi@pthe derisd Bayeakesrpinvespjgared

having certaig £ theSWRSLLL Qlat 98kt i ons of Lhe ring
and at the ccause c)nu eer %éﬂéar on g’t ﬁub)%%he ngbh‘?%- ~port’i§%£%$ t he
napht hopyr an Renges CeMarieoveunbsphotioamromigy tpansparenpiescfir vehicles, at

the 6, 7, 8, : ag ons. of the _npapht ho portjion . 15 t he
napht hopyr an- rg}lﬁfé;%h‘ga?eéjggﬁp%h ARey gxgg?ep?%rbéed%? éﬁkgﬁe&f because of o
foll owi ng gr aphecpétoemnilad: safé¢eyrfeatures that such traféparencies offer.

In graphic formula I, R[err}l‘i may be the group, -CH[e_errJX or .
(O Y, X may be hal ogéf, 2HGATGRFS HatBofRe 87 SCREr HFYT Py iF KRAS§ now
Clerr] - err] baay| @¢cov@Fedothit eiddraChne hble IAP-mabkyha M /bl Bean] - Clerr]

" compounds having an acceptable ﬁade rate, high activated
intensity and a2 high coloration rate may be prepared. These

10 compounds may be described as naphthopyrans having certain
substituents at the 2 position of ‘the pyran ring and at the
num@gr 5 carbon atom of tﬁe naphtho+ portion of the
naphthopy:an ring. Certain substituents may also be present
at the ¢, 7, 8, 9 or 10 carbdg atoms of the naphtho portion of

1S the naphthopyran ring. These compounds may be represented by
the fqllowing graphic formula:

20
In graphic formula I, Ry may be the group, -CHyX or
-c(o)Y, X may be halogen, hydroxy, benzoyloxy, Cp-Cg alkoxy,
Ca-Cg acyloxy, amino, Ci-cs mono-alkylamino, Cy-Cg
dialkylamino, i.e., di{Cy1-Cg) alkylamino, morpholino,

25 piperidino, 1-indolinyl, pyrrolidyl, trimethylsilyloxy, or the
group, -OCH(Rj3)}Z; Y may be the group, -OCH(R;;)Z or an



di,alkylamno, i.e., di((err]-C[err]) alkylamno, norpholino, 25
pi peridino, 1-indolinyl, pyrrolidyl, trinmethylsilyloxy, or the
group, -OCH(R[err])Z, Y may be the group, -OCH(R er])Z or an

4-4 unsubstituted, nono-substituted, or di-substituted
heterocyclic ring selected fromthe group consisting of 1- i ndol i nyl ,
nor phol i no, piperidino, 1l-pyrrolidyl, 1- I m dazol i dyl, :

2-imdazolin-1-yl, pyrazolidyl, pyrazolinyl and 5 1-piperazinyl; Z being
-CN, -CF[err], halogen, -C(OR[err], or -4- -COOR[err]; Rlerr] and Rlerr]
may be hydrogen or err]-Cerr] alkyl; err] .m .. _be_hydrogen; the
het erocycl i cq’r"lsﬁ'%s§ eEe ug}[‘?f‘é"ﬁﬁ?s‘b’etﬁeg'r PFCfb?%/"]bs“tut%ﬁikyl or

Cerr] - err hetlelgsycl tntihal 8a88c08Y HRnf thar gréip Ioudideing of 1-
Preferably, Rlerr] 1s the group, -CHerr]X or -C(OY, . 10 wherein X is
hydroxy, O effdodiayt] =g ingr RIRATY rFTPHc’SﬂlﬁQY}IYng t he
group, - OCH( Rulaakbyiafl, @iﬂﬁ&ﬂ?ﬁiiﬂl‘f%}i,obyﬁ,ﬂﬂ&r_'wsﬂbgﬁ'&ﬂmyl
heterocyclic ring selected fromthe group consisting of 1- | nng
nmor phol i N Fgi-pdpedaatnyln@ beppgr oW AyHCFwh&REPIe; -C(O)R12 COE

-C(ORerr], or - err], Rerr] and %{errg] are hydrogen or 15 ,

Clerr]-Cerr] 2 RyB? ler%'}d B3 2hPRY Rt FYERFeRhe et &bot Y ¢ Ruisngay
bstit t - ey . - .

Nor o pr of r abty SYRFEREY (R orlritiotic millyl bSbaiuenl (Y ve cupgg, i X

is hydroxy, Gkl sl @g-f&s alikexy, 24d B0gkenChey e B1LLS Yo ubreS an

unsubstituted of nono-Substituted heterocyclic ring 20 selected fromthe
group consisting of 1-imskferaply, @y plwltheogroup, aCH, R per+aiiaia., Most
pref erably, err] is hydroxynethyl, :

10 wherein X is hydroxy, C;-C4 alkoxy, or C3-C4 acyloxy, Y is the

d
I nyl,

group, -OCH{Rq1)Z, or an unsubstituted or mono-substituted

heterocyclic ring selected from the group comsisting of 1-
: indolinyl; morpholino, piperidino, and 1-pyrrolidyl, wherein 2Z

is -CN, -C(O)JRyz, or -COOR33, Rjj and Ry; are hydrogen or
15 C1-C4 alkyl, Ry3 is hydrogen; and the heterocyclic ring
substituents are C;-C4 alkyl or C;-C4 alkoxy.

More preferably, Rj is the érowp, -CH3X, or -C(Q)Y,
wherein X is hydroxy, C;-C4 alkoxy, or C3-C4 acyloxy and Y is
an unsubstituted or mono-substituted heterocyclic ring

20 selected from the group comsisting of 1-indolinyl, morpholino,
and piperidino. Most preferably, R; is hydroxymethyl,
acetoxymethyl, morpholinocarbonyl, or piperidinocarbonyl. _

Ry and each R3 in graphic formula I may be hydrogen,
C1-Cg alkyl, C3-Cy cycloalkyl, unsubstituted, wmono-, di-, or

25 tri-substituted phenyl, the group, -ORg, wherein Rg may be
hydrogeﬁ, (Cl-Cs)alkyl, phenyl (C;-C3)alkyl, mono-substituted
phenyl (Cy-C3)alkyl, (Cy-Cg)alkoxy(Cy-Cgqlalkyl, C3-Cq - -
cycloalkyl, mono (C3-C4) alkyl substituted C3-C7 cycloalkyl,

C31-Cs haloalkyl, allyl, the group, -CH(R,)W, wherein W may be



acet exynet hyl , norphol i nocar bonyl, or piperidi nocarbonyl .

R2 and each R3 in graphic formula | nay be hydrogen, Cerr]-Cerr]
al kyl, Cerr]-Cerr] cycloal kyl, unsubstituted, nono-, di-, or 25
tri-substituted phenyl, the group, -OR[err], wherein Rerr] may be
hydrogen, (Clerr]-Clerr])al kyl, phenyl(Clerr]-Clerr])alkyl,

nono- substit ut ed phenyl (Cerr]-(err])al kyl,

(derr]-Cerr])al koxy(Cerr]-Cerr])alkyl, Cerr]-Cerr] cycl oal kyl ,
mono(Cferr]-Clerr])al kyl substituted (ers}-Cerr] cycloal kyl,
Cerr]-Cerr] haloalkyl, allyl, the group, -CH Rerr])W wher ei n W nay be

-CN, -CF| er r - Nnat 6Ben, halgggyxR[ ef f9) Ror oXCeEPPRy r WhefRéReRn T2 RY may be

hyd k

(é[ re(r)?]enC[ er ?‘]"f‘% %%‘g %{'gsr %Ea’gr r95 9y s’ 8}kﬁye9%fcﬁ€§lwl' e Ren&2Yr oup,
-(OT, whergj Bst | P%%? N699€ Nun AL )S%en, c;e-% %rlrléqu err]

g
al koxy, the su unsubsti t ut ed]rar y? groups -
napht hyl , phegory,a @ff]-t@heéﬁ$sfaxutea'oéluaéﬁbdtlcutedsabyi|gﬁauyé phenoxy,

Cerr]- C[ err] noho-or al koxy substituted phenoxy, each of said
phenyl or Snaphehyl &0 naphtdyil, uphersoxyheiCagCe] wond-o] diralleykyl ,
Cerr]-Cferr] al koxy or hal ogén, -each of sai_d hal ogen or haI o]

subst i t uent s SHEFRELREED RRSFOXY) |B1 76 Wono-or di-alkoxy substituted
phenoxy, Cj-Cg monoalkylamino, phenylamino, C;-Cg mono-or di-
alkyl substitut‘:e_d'phenylamino, C1~Cg mono-or di- alkoxy
substituted phehylamino, each of said phenyl ‘or naphthyl
10 substituents being Cy-Cg alkyl, C,-Cg alko:;:y or halogen, each
of said halogen or halo substituents beiné chloro or fluoro,
~and n is selected from the integers 0, 1, 2; and 3.
Preferably, Ry and eéy.ch R3 are hydrogen, C;-Cq4
alkyl, unsubstituted, mono-, &i-, or tri-substituted phenyl,
I5 the group, -ORg, wherein Rg is T1-C4q alkyl or. the group,
-CH(R7)W, wherein W is -COORy, and Ry is hydrogen or C;-Cy
alkyl, the phenyl substituents are Cy-C4 alkyl, C3-Cg alkoxy
or fluoro and n is selected from the intiegez_'s 0, 1 and 2.
“ More preferably, Ry and each Rz are hydrogen, C;-Cp
20 alkyl, -u;zsubstituted; mono-, di-, or tri-substituted phenyl,
the group, -ORg, wherein Rg is C;~Cp alkyl or the group,
-CH(R7)W, wherein W is -COORq, and Ry is C3-Cz alkyl, - the
phenyl substituents are Cl-cé alkyl, C1-C, alkoxy or” fluoro,
and n is selected from the integers 0, 1 and 2. Most
25 preferably, Rz and each R3 are hydrogen, phenyl, methoxy,
methyl or fluoro.

In graphic formula I, B and B! .may each be selected
from the group consisting of: (i) the unsubstituted, mono-,
di-, and tri-substituted aryl groups phenyl and naphthyl; (ii)

30 the unsubstituted, mono- and di-substituted heterocyclic‘

i




and:n is selected fromthe integers 0, 1, 2; and 3.

Preferably, R err] and each R err] are hydrogen, d({err]-Cerr] al kyl ,
unxubstituted, nono-, di-, or tr-substituted phenyl, 15 the group,
-ORPFerr], wherein Rerr] is (Jerr]-Cerr] alkyl or. the group,
-CH(R[err])W wherein Wis -COOR[err], and r[err] is hydrogen or

Cerr]-Cerr] al kyl, the phenyl substituents are CJerr]-(ferr] alkyl,
Cerr]-Cerr] al koxy or fluoro and n is selected fromthe integers O,
1 and 2. More preferablys-Rlerr] and each Rlerr] are '

hydrogen, Cerr]-Cerr] 20 alkyl, unsubstituted, nono-, di-, or
tri-subst.itutacbnaitégygroups pyédyl oufran®RG, bererBinanRe -3 . Qe fidan-~ or

t he group, T ry] ereip Wisg - relsand Rlerr] is
Cerr]-d err]3' a?ﬁ(ﬂégg{%ﬁ%f’ )b)en ngh‘?ﬁ SLY\éygt ?’?ﬁ%@[earé &érr] -Cerr] alkyl,
d err] - err]diddnmoyhbenyl udibenzofuratyd ,Nnahd sattacdcd¢lf r ohetdweyl rdrepers O,
1 and 2. Most_ 25 preferably, R2 and each R3_are hydrogep, phenyl, nethoxy,
met hyl or fl Lfb?ttfrocyc{"c sustitients I%fé’ﬁaﬁﬁ?‘ﬁc?#rﬁ%ﬂ‘ Fgesg’é%gs' may each
be sel ectegl condils@ihges HydB:xpPNEhiSid N@,0t; tdnodlikgluRSHEStE{UEed, noNno-,

di-, and tri-substituted aryl groups phenyl and naphthyl; (ii) 30 the
unsubst i t ut eddiaikydamamol, diorghbiine utpeperdtdénocyidindolinyl, pyrrolidyl,

- 6- ' td idyl o f | . .b f -2-yl, b -
3yl thi enyl £ BBMREPRTEAS Ay garslityts SR L oY P oL
di benzof ur anyl-pipedaeinylnz d,yvicg alteyry \d, -@gdhaloaligtier agyCli alisaebst i t uent s

being selected fromthe group.5 consisting of hydroxy, amno, (Jerr]-(er]
nonoal kyl ani reencdCarf) @kaxy](C1-Cq) alkyl, acryloxy, methacryloxy, and

10 halogen, wherein the halogen or (halc) group may be fluoro or
chloro; (iii) the groups represented by the following graphié
formulae II A and II B: '

. 15><R9 Rg
E Ry ‘ R
{(Ra) . (Rg) i} - 10

II A II B
15

wherei_n D may be carbon or oxygen and E way be oxygen or-
substituted nitrogen, provided that when E is substituted
nitrogen, D is carbon, said hnitrogen substituent being
selected from the group consisting of hydrogen, C;1-Cg alkyl

20 and C3-Cg acyl; each Rg may be C3;-Cg alkyl, C1-Cg alléoxy,
hydroxy or halogen, wherein the halogen may be chloro or
fluoro; Rg and Ryg may each be hydrogen or C;-Cg alkyl; and m
may be the integer 0, 1, or 2; (iv) C;-Cg alkyl, C1-Cg
haloalkyl, C;-Cg alkoxy(Cy-C4q)alkyl, C3-Cg cycloalkyl,

25 mono(Cy-Cg) alkoxy(C3-Cg)cycloalkyl, mono(Cy-Cg)alkyl-
{C3-Cg) cycloalkyl, and halo(C3-Cg)cycloalkyl, said halo groups

being fluoro or chloro; and (v) the group represented by the

following graphic formula II C:



di al kyl am no, norpholino, piperidino, 1-indolinyl, pyrrolidyl,

1-i-m dazolidyl, 2-imdazolin-1-yl, 2-pyrazolidyl, pyrazolinyl,
1-piperazinyl, Cerr]-Cerr] alkyl, Cerr]-Cerr] haloalkyl, Cerr]-Cerr]
al kaxy, nmono(Cferr]-Clerr])al koxy(Cerr]-Clerr])al kyl, acryl oxy,
met-hacryl oxy, and 10 hal ogen, wherein the hal ogen or (halo) group may be
fluoro or chloro; (iii) the groups represented by the follow ng graphic
formulae Il A and 11 B: [err] wherein D may be carbon or
oxygen and E nmay be oxygen or substi t-dt-ed ni trogen, provided that when"
E is substituted nitrogen, D is carbon, said nitrogen substituent being
sel ected fromthe group consisting of ydrogq\ Cerr]-Cerr] alkyl 20
and Clerr]-Cerr] acyl; each Rerr] may ?P_ err] Cerr] alkyl,
Cerr]-Cerr] al koxy, hydr oxy or ? wherein the hal ogen may be
chl oro or fluoro; Rerr] and R err] may each be hydrogen or
Cerr]-Cerr] alkyl; and m may be the ¢nteger 0, 1, or 2; (iv)
Cer]-Cerr] alkyl, (er]-Cerr] hal oal kyl, CJerr]-(err]

al koxy(C[err]-C[err])aI kyI C3-C6 cycloalkyl, 25 nono(Cerr]-Cerr])

al koxy(d err]. ] 5C I 1) Jaak¥ may be
(derr]-derr oalﬁ Iiﬁdﬁogg? &]dé[err )cycloalky¥ said halo
groups 5 m@l@atahuaf@nmh@hﬂn@wstme@) mbhe- galiplir-epbesitutas by t he
fol I ow ng gra%ﬁ&émgogguéﬁglér$%§ consisting of naphthyl, phenyl, furanyl,
and thienyl, wherein the substituents for each member of said
group are C1~C4 alkyl, C3-C4 alkoxy, fluoro, or .chloro; or
(vi) B and B’ taken together may form an unsubstituted, mono-
10 or di-substituted fluoren-9-ylidene or form a member selected
from the group consisting of_saturated_C3-C12 spiro-monocyclic
. hydrocarbon rings, e.g.. cyclopropylidene, cyclobutylidene,
- cyclopentylidene, cyclohexylidene, cycloheptylidene,
cyclooctylidene;-cyclononylidene, cyclodecylidene,
15 cycloundecylidene, cyclododecylidene, saturated Cy-Cyo spiro-
bicyclic hydrocarbon rings, e.g., bicyclo[2.2.1]lheptylidene,
i.e., norbornylidene, 1,7,7-trimethyl bicyclo[2.2.1]- .
heptylidene, i.e., borny@idene,”bicyclo[3.2.11octy1idene,
bicyclo§3.3.1]nonan-9-y1idene, bicyclo{4.3.2]undecane, and
20 saturated C7-Cy2 spiro-tricyclic hydrocarbon rings, e.g..

' ' . 2,67 34
' tricyclotz.2.1.02’6]heptylidene, tricyclo(5.3.1.17' "]dodecyl-

idene, and Ericyclo[3.3.1;13'7]decy1idene, i.e., adamantyl-
idene, wherein the fluoren-9-ylidene substituents may be

selected from the group consisting of C;-C4 alkyl, Cy1-Cq

25 alkoxy, fluoro and chlbro..

'Preferably, B and B' are each selected from_ﬂhe
group consisting of: ki) unsubstituted, mono-, di- and tri-
substituted phenyl; (ii) the unsubstituted, mono- and di-
substituted heterocyclic aromatic groups pyridyl, furanyl,



-7- . [err] wherein U may be hydrogen or (Jerr]-Clerr] alkyl, and
V nay be 5 selected fromthe unsubstituted, nono- and di-substituted
menbers of the group consisting, of naphthyl, phenyl, furanyl, and
thienyl, wherein the substituents for each nenber of said group are
Cerr]-Cerr] alkyl, (err]-Cerr] al koxy, fluoro, or chloro; or (Vi) B
and B' taken together may form an unsubstituted, nono- 10 or di-substituted
fluoren-9-ylidene or forma nenber sel ected fromthe group consisting of
saturated C[err]-C[err] spiro-nonocyclic-8- hydrocarbon rings, e.g.,

cycl opropyl i dene, cycl obutylidene, cycl opentylidene, c clohex #ldene
cycl ohept yl | Bemrofurancgcybodendafunan-3 vyki JREIFAYLdeRenz é r dene

15 cycl ound ygd odadecyl S i {H RS g,g{,;;]arg err] Spl r o-
bi cyclic hy %J(l:%r oﬁ‘mrlgngi -, °Ef4§§ﬁﬂ[ 2.2.1] hggtyl | dene, i

nor bor nyl i deoe:balzolﬂ- t eaqletdwltug ohehypl} 2amxd Heterockeht§| #‘%?étulanﬁs

bor nyl i dene, 2 1 octylld 9- ylldene
bi cycl o[ 4. 3. Eﬁ‘ﬁ‘% % an%jr% the ur%?e‘é% t%]n%[C?err g%%%q?at ricyclic
hydr ocar ben pipgeiditioy. £1-Cq amlcych_epz &1¥o%f emd] hhdpgszti ddieehalogen
trlcyclo[5 3.1.1[err]] dodecyl - i dene, and tricyclo[3.3.1. 1[err]

] decyl i dene, oF. Eealaidgwranpybeing £lugzneor ARk t(EL] | FFEYRF i dene

substi tuent sfg%( ;ae% dzg§e#%>£&pﬁlgnkgm%p XORakstino ofs Ghebbh- Cerr]

al kyl, Cerr uoro and chl oro.

Preferably, &ndre & caayqeaacéa@ellﬁcusdcirﬁm aHerl, Clgfl@u%ll‘é@%l SYPREYT
(i) unsubstituted, nono- and tr substi tg_t ed %I’-B) t he
unsubst i t ut e8F menan&hﬂl °9'ensl’j’6§-¥"9t AR P A% E:’VEP §FSups

pyridyl, furangk hydrogen or C;-C4 alkyl; and m is the integer 0, 1 or 2;
(iv) €1-C4 alkyl, C1-Cg alkoxy(Cy-C4qlalkyl and C3-Cg
cycloalkyl; and (v) the group represented by graphic formula

.II C, wherein U is hydrogen or methyl, and V is phenyl or

mono-substituted phenyl, the phenyl substituent being Ci-C4

15 alkyl, C1-C4 alkoxy or fluord; or (vi) B and B' taken together
form an unsubstituted or mono—substituteé'fluoren-s-ylidene or
a member selected from the group consisting of saturated C3-Cg
spiro-monocyclic hydrocarbon rings, saturated Cy-Cig spiro-
bicyblgp hydrocarbon ring, and saturated C7-Cig spiro-

20 tricyclic hydrocarbon rings.

More preferably, B and B' are eaéh selected frém the
gfoup,éonsisting of: (i) unsubstituted, mono- and di-
substituted phenyl; (11) the unsubstituted, mono- and di-
substituted heterocycllc aromatic groups pyrxdyl benzofuran-

25 2-yl, benzothien-2-yl, dibenzothienyl and dlbenzofuranyl, each
.of the phenyl and heterocyclic substituents being selected
from the-grbup éonsisting of morpholino, piperidino, C1-Cj
alkyl and C,-C, alkoxy; anﬁ {(iii) tﬁe groups represented by
graphic formula II A, wherein D is carbon and E is oxygen;

30 each Rg is C1-Cs alkyl, C;1-Cp alkoxy or fluoro; Rg and Rjg are



benzof uran-2-yl, benzofuran-3-yl, thienyl, benzothien-2-yl,

benzot hi en-3-yl, di benzot hi enyl, di benzofuranyl and carbazol yl, each of
t he phenyl and heterocyclic substituents bei ng selected fromthe group
consi sting of nmorpholino, 5 piperidino, (Jerr]-Clerr] alkyl,.
Cerr]-Cerr] alkoxy and hal ogen, the hal ogen or (halo) group being
fluoro or chloro; (iii) the groups represented by the graphic fornmul & |1
A, wherein D is carbon and B is oxygen; each Rerr] is (Jerr]-Cerr]

al kyl, Cerr]-Cerr] alkoxy, hydroxy -»+ hal ogen, the hal ogen being

chloro or fluoro; Rerr] and Rlerr] are 10 each hydrogen or C&err]-C[err]
al kyl ; and neachtiysitogesger € -G @lk®l; and o jig) tine ckpieasreOr] LaPKyR;
Cerr]-Cerr] alkoxy(Cerr]-Cerr])al kyl and rr]-derrl. cycl oal kyl ;
and (v) the é?o&b")r @praé‘éeﬁ{ ctRHAR &P&ﬁﬁﬁﬁr f%?%C:I[fgu°l?rf'9CY1\hﬁi§P§i‘n Uis
hydrogen or BBHiliaeta] MokSoRiiAdend! bidPdkb[SUBSL] detar sphanybnet be
phenyl substituent being Clerr]-Cerr] 15 alkyl, Cerr]-Cerr] alkoxy or
f1uoro; or (3f3maEntyiddene: o ¥est RyefrEpbly, B faﬁ‘f"n?éna{ﬁsﬁ?%’t PESREY- or

mono- subsii tif;l&@ﬂoﬂ URh2R3 Pavdd denAr, momh&im%séﬂtﬁfé@%ﬁEtht he group
consisting of saturated Clerr]-Clerr] . spi ro-nonocycl i ¢ hydrocarbon

ri ngs, sat uréikenzpfaman-efret rjon @ Bodihydrohgrapfprantsiflocar bon ring, and
saturated Clerr]-Crert L.t os ' i pelala RN

More preferably, B andE gt%&eefc Q?%F{e}g%%cﬁfr%ﬁgﬁiaf éraoggaé%ng?sti ng
of : (i) unsupsepargddy trheofolhmivicig steps s ulBsnzophenonsds mepregsenFedhby

oyt idyl . benERERAR Fops1eY and o 23p prkE: HLEREEE 4 iRk ng 0UPS

di benzof wwanykieéeTicrattsoheticdphaiing andapmtoprdayely csuhstsitutednds bei ng

selected  LIOMLDG 8QUB.C0NS] SLINGGL P BOk:IroRhREY ' 12 o
commercially available substituted or unsubstituted benzene
compound of graphic formula III. See the publication Friedel-

' , George A. Olah, Interscience

15 Publishers, 1964, Vol. 3, Chapter XXXI (Aromatic Ketone.

Synthesis), and "Reéiosélective Friedel-Crafts Acylation of

1,2,3,4-Tetrahydroquinoline 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

20 3406, 1992. _

The compounds represeﬁ.ted by graphic formulae IXI
and IV are dissolved in a solveﬁ._t, such as carbon disulfide or
methylene chloride, a.nd reacted in thg presence of z Lewis
acid, such as aluminum chloride or tin tetrachloride, to form

25 the corrésponding substituted benzophenone represented by
graphic formula V (or VA in Reaction B). R and R' represent

potential phenyl substituents.



alkyl and Cerr]-Clerr] al koxy; and (iii) the groups represented by
graphic fornmula Il A wherein Dis carbon and E is oxygen; 30 each R err]
is (Jerr]-Clerr] alkyl, Cerr]-Cerr] alkoxy or fluoro; R err] and Rl err]
are - -9- each hydrogen or
Clerr]-Clerr] alkyl; and mis the integer 0, 1 or 2; or (iv) B and B
taken together formfluoren-9-ylidene, bornyl i dene, norbornylidene,

bi cycl o[ 3. 3. 1] nonan-9-yl i dene or adamantyl i dene. Most preferably, B and
B' are each phenyl, 5 nmethoxy substituted;phenyl, norpholino substituted
phenyl , di benzofuran-2-yl, or 2, 3-di hydrobenzof uran-5-yl.

Conmpounds represented by graphic formisadrIonyabe prepared by the
foll owi ng steps. Benzophenones represented by graphic formula V and VA
are either purchased or prepared by 10 Friedel -Crafts nethods using an
appropriately substitfted or $9nsubstituted benzoyl chloride of graphic
formula IV and a cagnerci al I}y avail abl e substit yted

benzene conmpound@f Wy aphig®

_ mul aaldls. See tff YDl i CF
Crafts and Rel ated ge , Int
( dic Kee gSYMNDESi s) |

1964, Vol. 3, Chapte XI

"Regi osel ective Friedel-Crafts Acgkation of 1, 2, 3, 4- TetrahydRoequi nol i ne
and Rel ated Nitrogengieterocycles: Ef fect on NH Protective G oups and
Ring Size" by Ishihara, Yugi et al, J. Chem Soc., Perkin Trans. -1,
pages 3401 to 20 3406, 1992. The conpounds represented by
graphic fornmulae I and IV are dissolved in a solvent, such as carbon

di sul fide or :
In - Reaction.B, the .substituted or unsubstituted

5 ketone represented by graphic formula VA, in which B and B!
may represent groups other than substituted or unsubstituted
phenyl, is reacted viitfh sodium acetylide in a ‘'suitable
solvent, such as anhydrous tetrahydroftiran (THF), to form the
corresponding proparéyl alcohol represented by graphic formula

10 VI. Propargyl alcohols. having B or B' groups other than -

. substituted and unsubstituted phenyl may.be prepared from
commercially available ketones or for example, from ketones.
prépared via reaction of an acyl halide with a substituted or
unsubstituted benzene, na:phthalene, or heterocaromatic

15 compound. Propargyl alcohols hé.ving B or B’ groups
represeﬁted by graphic formula II C may be prepared by the
methods described in U.S. Patent 5,274,132, column 2,- lines 40
to 68.

REACTION B

N=0
m
(0]
0}
i
[P
w

+ = THF
A HC==CNa

20 VA VI



met hyl ene chloride, and reacted in the presence of a Lew s acid, such as
al um num chloride or tin tetrachloride, to form 25 the correspondi ng

substituted benzophenone represented by graphic formula V (or VAin
Reaction B). R and R represent potential phenyl substituents.

- 10- REACTI ON A [err]

In Reaction B, the substituted or unsubstituted 5 ketone represented by
graphic formula VA, in which B. and B may represent groups other than
substituted or unsubstituted phenyl ,~ ils reacted with sodium acetylide

the - ~correspondi ng BPBBFSLT HREBHBHCFoare ERP R oo YET sefn (0"
VI . Propargykrak¢ohsds . imavhagpfemiradionr ofipsapitthepytams of grsphbdtit uted and
proubstl uted Dhei | T E PLeRl o Lo e TR ELELLIRYLB
In Reaction C, 1,4-dihydroxy-2-naphthoic acid, represented by
5 graphic formula VII, is reacted with an alkyl halide, e.g.,
methyl iodide, | in the presence of ethyldiisc_ipropyl amine in a
suitable soivent such as anhydroiis dimethylﬁomamidé (DMF) , to
form the corresponding methyl-1,4-dihydroxy-2-naphthoate,
which is represented by graphic formula VIII. This reaction. is
10 further desecribed in The Jourmal of O;"ganic “Chemistry, 46(17),

1981, page 3477.

REACTION C
OH oK
s _ . COOCH.
COOH : CH3CH,N (CH (CH3) 2) 2 3
+ Methyl Iodide - >
DMF
OH " OH
VII : _ VIII
15 In Reaction D, a substituted or unsubstituted

acetophenone, benzophenone, or benzaldehyde represented by
graphic formula IX is reacted with dimethyl succinate- (graphic
foimula X) in the presence of a base such as sddium hydride or
poté.ssium t-butoxide:in a suitable solvent such as toluene or

20 THF to form the appropriate substituted monoester of an a-
arylidene succinic acid; represented by graphic formula XI.
Compound XI is heated with acetic anhydride and anhydrous
sodium acetate to fom the corresponding acetate derivative
represented by the graphic formula XII. Compound XII is

25 reacted with hydrochloric acid and an anhydrous alcohol such

as anhydrous methanol to form the corresponding naphthol,



prepared via reaction of an acyl halide with a substituted or

unsubsti tuted benzene, naphthal ene, or heteroaromatic 15 conpound.

Propar gyl al cohols having B or B' groups represented by graphic fornula
Il C may be prepared by the nmet hods described in U S. Patent 5,274,132,
col'um 2,- lines 40 to 68. REACTION B [err]
-11- Napht hol s represented by graphic fornulae VIII and
X1, used in the preparation of naphthopggans of graphic formula I, may
be prepared as described in Reaction C or D. In Reaction C,

1, 4- di hydr ox yegrésdritdwins, agkqphi@pf&%mra_eﬂxby S rehapihog 1 ofsnfugeHel, 1S

reacted with _an al kyl hali.de, net |od|de |n t he presence of

et hyl di i sopr Bf§F= Rt Fhe tex§ u¥RlasVanifpses 1.

di met hyl f or 88 {IM) .gdn@ wiik f@é&}ﬁs copkesnRdivBgik.

met hyl -1, 4- g?ﬁ%droxy Z)nap théatg whichi's represented by graphic
fornmul a VIII This reaction is 10 further described in The Journal of
Organic Chem stry, 46(17), 1981, PRGE-TIAR’

REACTION C [err] | o

“OCH;

NaH, Toluene
OCH; d

®{ =~ HO
. 3'n
X . XTI

o

(CH4CO) 20

CH3COONa

COOCH; COOCH,8
HCl
OO e OO

OCOCK3
5 XIII

In Reaction E, a propargyl alcohel represented by
graphic formula VI is coupled with a naphthol represented by
graphic formula VIIIA (VIII further substituted with (R3)p)to

10 form 6-hydroxy naphthopyrans represented by graphic formula
XIV. The 6-hydroxy substituent of compounds represented by
graphic formula XIV may be converted, for example to a 6-
alkoxy grqﬁp, by reaction with an alkyl halide, e.g., methyl
iodide, ethyl iodide, benzyl bromide, etc., to form cdmpounds

15 represented by graphic formula XV. Compounds represented by
graphic formula XV may be reduced, for example with lithium
aluminum hydride (LAH) in an inert solvent such as TﬁF to

yield the S-hydroxymethyl substituted compounds represented by



15~ - In Reaction D, a substituted or unsubstituted acet ophenone,
benzophenone, or benzal dehyde represented by graphic formula I X is
reacted with di methyl succinate- (graphic formula X) in the presence of
a base such as sodi um hydride or pot assiumt-butoxide in a suitable

sol vent such as toluene or 20 THF to formthe appropriate substituted
nonoester of an a- aryl i dene succinic acid; represented by graphic
formula XI. Compound Xl is heated with acetic anhydride and anhydrous
sodi um acetate to formthe correspondi ng-Bcetate derivative repr esent ed
by the graphic Compound Xl 1 is 25 reacted with hydrochloric

fornﬁég X1
acid and an SARSRFOUCOIUGHENIsucthe S-hydraxmeitats SHRFFHRRY % orm t he

cor r espondi n@oﬁﬁ&hﬁct@netpresented by graphic formula XVI may be -12-
represented by graphic formula Xl I'l. Reaction Dis further described in

the text O g8RFEVHeReq dfsa veriety ofCwapser It can bpograverted tgomn Wl ey
& Sons, Inc. alk@*&ﬁ@fﬂ&l by reacting compounds representwlgggpgic[ err]
' § formula XVI with an alkyl halide such as wethyl iodide, n-
propyl brbmide, benzyl bromide, etc., in the presence of a
base such as potassium carbonate to produce compounds
represented by graphic formula XVII. Alternatively the
hydroxymethyl can be acylated with an acyl halide, e.g. acetyl
10 chloride, fnenzoy'l chlori_d'e., etc., to yield _céompc-mnds
represented by graphic formula‘ XVIII. In a third example, ‘the
hy&omethyl may be reacted with trimethylsilyl chloride, in
the presence of an aéid- acceptor, e.g., triethyl amine, to
"'_produce tfimet:hylsilyl ethers represented by compounds of
15 graphic; formula XIX



I n-Reaction E, a propargyl alcohol represented by graphic fornmula VI is
coupled with a naphthol represented by graphic formula VII1A (VIII
further substituted with (Rlerr])[err])to 10 form 6-hydroxy napht hopyrans
repr-esented by graphic formula XI'V. The 6-hydroxy substituent of
conpounds represented by graphic formula XIV may be converted, for
exanple to a 6- al koxy group, by reaction with an al kyl halide, e.g.,
met hyl - i odi de, ethyl iodide, benzyl brom de, etc., to form conpounds
15 represented by graphic fornula XV. Conmounds represented by gr aphi c’
formula XV may be reduced, for exanple with lithium al um num hydri de
(LAH) in an inert solvent such as THF tREACTIONyEe|d t he 5- hydroxynethyl
substituted conpounds represented by

- 13- graphic formul a | .  The 5-hydroxynet hyl substit BT of
conpounds represent ¢A0cHf ormul a XVI nmay be HO
(R3)p . HO cmmcu___B'
P Toluene
B \B 1 ]
OH
VIIIA < vI (Ra)€ XTIV
Rg Todide
DMF
: CH,0H
LAH
Ar—————
. THF
(R] ) n . (Rg ) 4

Alkyl Zcdide Acyl Halide Clsi(CHz)s
K2C°3
Et3N

CH,0Si (CH,) 4

In Reaction F, a propargyl alcohol represented by
graphic formula VI is coupled with a naphthol represented by
graphic formula XIII to form 6-aryl, 6-alkyl, or 6-hydrogen

5 bearing napﬁthopyran compounds represented by graphic formula
XX. Compounds represented by graphic formula XX may be
reduced, for example with lithium aluminum hydride (LAH) in an
inert solvent such as THF to give S-hydroxymethyl compounds
represented by'graphic formula XXI. The 5-hydroxymethyl

10 substituent of compounds represented by graphic formula XXI
may be derivatized in a variety of ways. It can be converted

to a chloromethyl group by reacting compounds represented by



derivatized in a variety of ways. It can be converted to an al koxynet hyl
by -reacting conpounds represented by graphic 5 formula XVI with an al kyl

hal i de such as nethyl iodide, n- propyl brom de, benzyl brom de, etc.,
in the presence of a base such as potassium carbonate to produce
corrpounds represented by graphic fornmula XVil. Alternatively the

hydxoxynet hyl can be acylated with an acyl halide, e.g. acetyl 10 chloride,
benzoyl chloridé, etc., to yield conpoungs. represented by graphic
formula XVI11. In a third exanple, the hydr oxynet hyl may be reacted

with trimeth I5|I hIo i d n resence of an 0
e.g., trieth 5‘ ’%E]f %}Bet#?‘?th’@t rf;‘ligi‘f% = I?r?’ghrgep Fe eéé%%écf by
conpounds of rdﬁrwudcb?ogméma(mmula XXII. The S-chloromethyl of

-14- compounds represented byREégllx:g\l RBrhBiL]1XXTT can be further

derivatized using reactions known in the art, such as by '

5 reacting it with a primary, secondary, or heterocyclic amine,
e.g. propyl amiﬁe, diethyl amine, morpholine, etc., to give S-
aminomethyl compounds represented by formula XXIII.
Alternatively the hydroxymethyl group of compounds represented
by graphic formula XXI can be reacted with an alkyl halide,

10 e.g. methyl iodide, propyl iodide, benzyl bromide, etec., to
yield compounds represented by graphic formula XXIV.



I n- Reaction F, a propargyl alcohol represented by graphic fornula Vi
coupl ed with a naphthol represented by graphic formula XlIl1l to form

6-aryl,

6- al kyl ,
by graphic formula

be - reduced, for exanple with lithium alum num hydride (LAH) in an
inert solvent such as THF to give 5-hydroxynethyl conpounds r epr esent ed
by graphic formula XXI. The 5-hydroxynethyl 10 substituent of conpounds

represented by graphic formula XXl

mayébe derivatized in a variety of

is

or 6-hydrogen 5 beari ng napht hopyran conpounds represented
XX, Conmpounds represented by graphic fornula XX may

ways. It can be converted to a chloronethyl group by reacting conpounds
represent ed by gr aphRBAGTEPMNF a XXI with thionyl chloride
to produce conpounds represented by graphic fornula XXI'l. The
5- chl or onet hyl of conmpounds represented by graphic fornmula XXII can be

further

reacting it with a prlna
am ne, di et b4l
conpounds repr@%
group of conmpounds r
with an al kyl hali de,

propyl

derivati zed us;ng reactions known in the art, ceemh as by S
s&kegndary, -or heterocyQ|<: 1

MOr bRl i REscuet C.q+ tO g Ve

+

XIII vI X%

Thionyl Chloride . Alkyl Halide
. ' K2C03

DMF

CH,C1

(a2 XXIX XXITI
_ Compounds with an amide group substituted in the 5-
position are prepared by the series of reactions found in
5 Reaction G. Naphthols represented by graphic formula XIII are
hydrolyzed to carboxynaphthols represented by formula XXV
using potassium hydroxide dissolved in a mixture of water and
alcohol. The free hydroxy substituent of compounds of-graphic
formula XXV is protected by reaction with acetyl chloride to
10 yield acetoxy substituted compounds of graphic formula XXVI.
The carboxy substituent of compounds of graphic formula XXVI

}rnulaf%OGdl tivel ,-roxynethyl
-.r-ﬁented 8§ Ypr aphi ¢ # nul a seact ed



10-e.g. nethyl iodide, propyl iodide, benzyl brom de, etc., to yield
conpounds represented by graphic fornula XX V.
- 16- REACTION F  [err]

-17-

is converted to an acid chloride by reaction with thionyl
chloride to yield compounds of graphic formula XXVII. The
acid chloride éf compounds of graphic formula XXVII is
converted to an amide group by reaction with a primary,

5 secondary or heterocyclic amine, e.g. propyl amine, diethyl
amine, morpholine, . piperidine, etc., to give compounds of
graphic formula x;n;rn; The acetoxy substituent of compounds
of graphic formula XXVIII is deprotected by reaction with .
methani:;l‘. in the presence of HCl to yield the naphthols of

10 graphic formula XXIX. Pyrans containing a S-amide group
represented by graphic forﬁula XXX are prepared by reacting a

' naphthol of graphic formula XXIX with a bropargyl alcohol of
graphic formula VI.



Compounds with an am de group substituted in.the 5- position are
prepared by the series of reactions found in 5 Reaction G Naphthols
represented by graphic fornmula Xl Il are hydrol yzed to carboxynapht hol s
repr.esented by fornula XXV usi ng potassi um hydroxi de di ssolved in a

m xture of water and al cohol . The free hydroxy substituent of conpounds
of - graphi c formula XXV is protected by reaction with acetyl chloride to
10 yield acetoxy substituted conpounds of graphic fornula XXVI. The
carboxy substituent of conmpounds of graphBe fornula XXV

-17- is converted to an acid chloride by reaction with thionyl

chloride to yield conpounds of grapﬁﬁ%CTEQNhﬁ a XXvil1. The aci d chlorlde
of conpounds of graphic formula XXVII is converted to an am de group by
reaction with a primary, 5 secondary or heterocyclic amne, e.g. propyl

am ne, diethyl am ne, nDrphollne pi peridine, etc., to give conpounds
of gr aphic fornula XXV§R1 . The acet oxy substituent of ghgpounds .of
graphic formul a XXV i -epro@mnged by reaction with thanol in the
presence of.k%& to it Pyr ans
containing a A dg 3 XXXare
prepared by reacting e ith a propargyl
al cohol of

napht hol s of 10 gr aphi

@ r epr eSE% ed g%g
apht hetes/a1@68811 C TO

XIII oV o
Acetyl chloride
TEA/C32C12 . . -
R, . R,
COOH ' cocl
: » & - 'd
(Ry)n OO Thionyl Chloride (Ry)g OO
———— .
QAc .n. QAc
COAmlno Methanol COAmino
(R;)n ———-—P (Rz)n
XXVIII HD\C/
/7 \
B B
. VI
COAmino

T
e
(Ry)p

XX

Compounds represented by graphic formula I may be
used in those applications in which organic photochromic
5 substances may be employed, such as optical lenses, e.g.,

vision correcting ophthalmic lenses and plano’ lenses, face



graphic fornmula VI. : _ - 18-
REACTION G [err]

-19-
shields, goggles, visors; camera lenses, windows, automotive
windghields, aircraft and automotive t:r_a.nsparencies, e.g.,
T-roofs, sidelights and backlights, plastic films azi.d.
sheet;s, textilés and coatings, e.g., cdat:'ing‘
5 ‘compositions such as paints, and verification ma.rks on
‘security. documents, e.g., documents such as banlcnét:es,
-'passﬁorts and drive“rs' licenses for which authentication
. or verification of authenticity may be desired.
. Naphthopyrans represented by graphig: formula I exhibit
10 color changes from colorless to colors ranging from
yellow to red/purple.
Examples of .contemplated naphthopyrans within the
scope of the invention are the following of:
(a) 2,2-bis (4-met£oxypheny1) -5-hydroxymethyl-6-methyl-9- |
15 wethoxy-2H-naphtholl,2-b]pyran;
(b} 2,2-bis{4-methoxyphenyl)-5-hydroxymethyl-6-phenyl-2H-
naphtho {1,2-blpyran;
(c) 2,2-bis (4-met:hoxyphenyl) -5- a:cetoxymethyl -6-phenyl-2H-
naphtho {1,2-blpyran; '
20 (d) 2- (4-methoxyphenyl) -2-(2,3- dz.hydrobenzofuran- -yl) 5-
piper:.axnocarbonyl- 6-methyl-9-methoxy-2H-naphtho [1,2-blpyran;
(e} 2,2 -bis(a -methoxyphenyl) -5-hydroxymethyl-6-methoxy-
2H-naphtho (1, 2-blpyran; '
(£) 2,2 -dipheﬁyl -5-methoxymethyl-6-methoxy-2H~
25 naphtho [l,z-b].pyran;;
() 2, 2- spiroaé.amantylene- 5-acetoxymethyl -6 -methoxy-2H-
naphtho[1,2-b]lpyran;
(h) 2,2-bis(4-methoxyphenyl) _5-triméthylsilyloxymethyl-6-
methoxy-2H-naphtho (1,2-blpyran;
30 (i) 2-(4-methoxyphenyl)-2-t-butyl-5-methoxymethyl-6-
phenyl-9-methoxy-2H-naphtho[1,2 -b]'pyran; and



Compounds represented by graphic fornula | may be used in those
applications in which organi c photochromc 5 substances may be enpl oyed,

such as optical |enses, e.g., vi sion correcting ophthalmc | enses and
pl ano | enses, face. -19-
shirel ds, goggl es, visors, canera | enses, w ndows, autonotive

w ndshi el ds, aircraft and autonotive transparencies, e.g., T-roof s,

sidelights and backlights, plastic filns .%g sheets, textiles and
coatings, e.g., coating 5 conpositions su as pai nth, and verification
mar ks on securit dggymttg b QeuRBNnt Sy SnPanknat gs e
passports and dri ve‘?%' |1 censegx?%r n\%llqc% auf e%%l&ga??on or ve}’Hi%at I on
of aut henti ci chlaagmefdhivde§rrethyl-9-naphekoRH-apphtepilogehi pUrdyy. gr aphic

formula | exhibit 10 cgl.o CQQHQ lL.orles GO el LTyl from
yell ow to redfpurple. 360 ' %Blggcgnrr%%gs tog %%%é%pkgg’g%é napﬁ‘tcgopyrans
Wi thin the ngpbpropiraniseof nymaphionfarmulahd bel hsed nin cbmbination with

5 other appropriaté complementary organic photochromic materials

so that together t;‘hey produce a near neutral gray or brown
color shade when the plastic lens containing such photochromic
' materials are exposed to ultraviolet light. For example, a

' cowpound which colors to yellow may be blended with a compound

10 that colors to an appropriate pﬁrgle to produce a brown shade. .
'Similarly, a compox.md which is orange in its colored state
will produce a shade of gray when used in conjunction with an
appropriate blue coloring compound. The aforesaid described
combihat;’.on of photochromic materials may be used also ih.

15 applications other than opﬁthalmic lenses.

The novel naphthopyran compounds of the present
inweﬁticn, suéh as those heretofore described, may be used
alone or in combination with complementa;'y pp.otochrOMic
compounds, i.e., orga;zic photochromic compounds having at.

20 least one activated absofption maxima within the range of
betwegq. about 400 and 700 nanométers, or sﬁbstances containing
same, and may be incorpofated, e.g., dissolved or dispersed,
in a polymeric organic hosﬁ material used to prepare _
photochromic articles and which compounds or mixtures of

25 coﬁpounds color when activated to an appropriate hue.

‘ A first group of complementary organic photochromic
substances contemplated for use with the organic photochromic
naphthopyrans of the present invention are those having an

3 activated absorption maximum within the visible range of

30 greater than S70 nanometers, e.g., between about grea;:.er than
570 to 700 nanometers. These materials typically exhibit a

blue, blueish-green, or blueish-purple color when expolsed to



(a) -2, 2-bi s(4- et hoxyphenyl ) - 5- hydr oxynet hyl --6- met hyl -9- 15

met-hoxy- 2H napht ho[ 1, 2- b] pyr an; (b)

2, 2- bi s(4- met hoxyphenyl ) - 5- hydr oxynet hyl - 6- phenyl - 2H napht ho

[1, 2-b] pyran; (c)

2, 2- bi s(4- et hoxyphenyl ) - 5- acet eoxynet hyl - 6- phenyl -

napht ho[ 1, 2- b] pyran; 20 (d)

2- (4- met hoxyphenyl ) - 2- (2, 3- di hydr obenzofiatan- 5-yl ) - 5-
plperlalnocarﬁon | - 6- nethyl 9- met hoxy- 2H- napht ho[ 1, 2- bl pyr an; (e)
2, 2- bi s(4- mePHBXTPIRARA Lighkyir Any aPPROPrEAtRetssdygat or matrix. Many

2H napht ho[ 1o2- Bl&Y '@pound };
5- et hoxynet hyI 6- met hO)?;IJFZ?—I-aEeS o{e%s%t O?:if?h%ﬂ%’ Ben literature. t—‘o§

2, 2- spi r oadaREATE} N EPS-radbrdodimet) mpphshora digies- REve beemrdash@[:.bea b] pyr an;
(h) 2,2-bis(4 %%wﬁ%enfh)u%”ﬁggﬁhﬁyk&'y% PE4RHDY '35 &8, 602;

rrethoxy 2H naphtho [ 1, 2-b
2- (4- met hdxyphehyl 910- mnBut y345-6681; hspyrmtirydolﬁne)napht:hoxaz:.nes having

PherY! -9 et Baxdagdt "n"%%?stp%%’fl'?F2>8§Jp%}érﬁ§F) S8 23 PRF AR AT, 58 an- 5- s

chl or onet hyl nﬁphmdlgdm&errpb 3 eRphhdbTdAu1d bi@Ydestribed in U.s.

is contenpla gani_c photochrom c napht hopyr ans of graphl c
formla I Eﬁg asth“(?grrﬂ% (FRIFAUFRACL 1L ) RyRd AoBPRFGHAZIMEE aBRp| enent ar'y

organi ¢ phot described Rl 016 Al Farent aQsi’ﬂaésé-Ogﬁbh%(ﬁéh%&n%ﬁuﬁ a near
neutral gray or, brown .. col or_ shade en the plastic |lens contalnlng

such phot®8chP¥rider “Z%Fé??%la?daﬁélﬁﬂbw}qdélwﬂ%aﬂwn%$ axgor
exampl e, a descHHEOYRITVE| BharedhOkSaiP, 38, Q gr_gg?a )WI th a
pro

conmpound 10 that colors-to an appropri ate pur ce a’ brown shade.
Simlarly, aRORRARYFaRAi ake ideserihgd im JapaneekoPatkntt Publication| |

produce a shasle; o145, aysﬁf'@@(fﬁ%@xlh@)ﬁ%éﬁ%%gg yd r-<'i¢:-~.sr2:r:|.bec3. in U.s.
Patent 4,816,584; sp:.ro(:.ndolme)benzopyrans, spiro(indoline) -
15 naphthopyrans, and spiro(indoline)quinopyrans are described,
for example, in U.S. 4,880,667; and benzopyrans and
naphthopyrans having a nitrogen-containing subst:.tuent in the
2-position of the pyran ring are describéd in U.S. Patent
~ 4,818,096. 8p1ro(1nd011ne)pyrans are also described in the
.. 20 text, wsm Volume IIT, "Phot:ochrom:.sm.."
) Chapter 3, Glemn H. Brown, Ed:.tor, John Wiley and Sons, Inc ‘
New York, 1971.
A second group of complementary organic photochromic
substances contemplated for use with the organic phot.oéhromic'
25 naphthopyrans of the present invention are those having at
least one absorption maximum within the visible range of
between about 400 and less than 500 nanometers. These
materials typically exhibit a yellow—br;énge color when exposed
to ultraviolet light in an appropriate solvent or matrix. |
30 Such compounds include certain chromenes, i.e., benzopyrans
and naphthopyra.ns Many of such chromenes are described in

the open literature, e.g., U.S. Patents 3,567,605; 4,826,977;



appr.opri ate bl ue col oring conpound. The aforesaid described conbi nati on
of -photochrom c materials may be used also in 15 applications other than

opht hal m c | enses. The novel napht hopyran conmpounds of the
pr esent i nvention, such as those heretofore described, may be used

al one or in conbination wth conpl enentary photochrom c conpounds, i.e.,
organi ¢ photochrom c¢ conpounds having at 20 |east one activated
absorption maxi ma within the range of et ween about 400 and 700

nanonet ers, or substances containing sdne, and may be incor por at ed, .
e.g., dissol r o8kS se | | ' dHkahkal used
to prepare %ﬁgh%tggﬁfg§§b g???§l%gmgﬁﬁgtﬁggﬁbﬁ%ﬁ%%%ﬁégyggéﬁﬁxture? of 25

conpounds col3d maphthepynansethad way frpuspdi with (e naphthopyrans of A
first group r.gani ot o u
@h&%@@k@ﬂ?nﬁx@{ Q625 G RO QRBLOM Gring 8 %é%ﬁc?ﬁa?%;nragﬁgns ¢ the

contenpl ated for "use wt e organi ¢ photochromc
present invergiawy atethdgeesiltdennglphe to &bei oxygsh aicwrefitthe pyxanum

Wi thin thegvigib]e e of 30 greater n 270 nano e ., ‘between
about gr ea% er%n%dnwgggg% td:c%sfgbg%%ﬁtﬂrytlgr’s.géﬁ?g"sg'gg%éﬁ%‘i gzx"?’ypi cally
e>2<2i bit a | riﬂph_thloblvlﬁi&iﬁﬂﬁ:&ﬁ_ nco@oxhidsehabiﬂglrtfdm:aﬁﬁl gubshitiu t@&%gSQé_ to
-21- ultraviolet |ight, im an appropriate solvent or natrix. n

of such conpdi}’rﬁi§“ﬂ$%rd%g%’rq ﬁe&af’:]ﬂ“?pﬁé:‘%ﬁeﬁfl FIE‘%FQPE'FBP poFtion 95X5ﬁ%| e,

spi ro(i ndol i nedktpbphex@Zidieathare DeRsitessr bPathe pyrad N BRE Shei N
U.S. Patent Nos.,6 3;562,172, 3,578,602; 5 4,215,010; and 4, 342, 668;

spi ro(i ndol | FIEERt BEXxEIRFBELRI\VW Ry Patepbripplicatdeni fewiak ¥ the 8' and

O positiens /idagray, PR BAXaFAdIe $1005b8D Di-ddiBeHBEOULR Rgndescr | bed

in U S Patent 5,405, 958; spiro(l ndol T nef pyri obenzoxazi nes are
descri bed i n h3vdngpatclrast 8%, eothospbssibuned Irhenyhepubgpituent at

0 LS, Par entih So7d85y 6 S PECLRAR. fR GRILIURTUEES B 1n oBRE" OO
descri bed i n RegsancSeofauans; PHbhamttiial2, 1-blpyran compounds having
_ certain substituents at: the number 8 carbon atom and certain
15 substituents at the number 7 or 9 carbon atom, all .
substituents being on the naphtha portion of the naphthopyran,
which are the subject of co-pend:ing g.s- Patent Application
Serial No. 08/080,246, filed June 21, 1993; 3H-naphtho(2,1-
blpyrans substituted at the 3 position of the pyran ring with
20 (1) an aryl substituent and -(ii) a phenyl substituent having a
S- or E-member heterocyclic ring fused at 't;he number 3 and 4
carbon a:toms of the phenyl substituent are described in U.S.
Patent '5,384,077; diaryl-3H-naphtho[2,1-b]pyran compounds
having a substituted or unsubstituted, .S or 6 member K
25 heteroc{yclic ring fused to the g, i, or 1 side of the
naphthopyz:an which are the subject of co-pending U.S. Patent
Application Serial No.08/225,022 filed April ‘8, 1994;
naphthopyran compounds substituted at the number 8 carbon atom
on the naphtho _port:ion of the naphthopyran ring, with for
30 example, a methoxy group which are the subject of U.S..- Patent
5,238,931; naphthopyran compounds, examplés of which are 3-
aryl-3-arylalkenyl naphthopyrans, which are described in U.S.



62/ 195383; spiro(indoline)benzoxazi nes are described in U S. Pat ent
4,816, 584; spiro(indoline)benzopyrans, spiro(indoline)- 15 naphthopyrans,

and spiro(indoline)quinopyrans are descri bed, for exanple, in U S.
4,880, 667; and benzopyrans and napht hopyrans having a

ni trogen-containing substituent in the 2-position of the pyran ring are
described in U S Patent 4,818, 096. -Spiro(indoline)pyrans are al so
described in the 20 text, Techniques in Chemstry, Volune |1

"Phot ochrom sm " Chapter 3, @enn H Br%wn, Editor, John Wl ey and Sons,

I nc., New York, 1971. A_se d._group I t

organi ¢ phot oERFBHF C§.274S&B§f a?l‘?:%é‘at?w&[r%i g"?bg@yggrrlsuss‘g.svﬁ%t ?ﬁgggr gé%i c
phot ochrom ¢ ABmb&aapPFiOR¥ERBBE - Rfort RA th, eS6RtextanipRal | @M e dkdgogeohpyi Nng at
| east one absorption maximumw thin the visible ran bet ween about

f
400 and | ess MhaRR5BPR (EFoFEPERSE oSS Paﬁ%\‘ftersl'ﬁf*g'e__f%‘i cally exhibit a

yel | ow-orange col or when, @xPedegroup b2 EbipReticitaty! dethiniid phbrapREGRI LAt €
solvent or matrix. 30 Such conpeunds include certain chronenes, i

benzopyrans subghaneehROREEYPEREed ATy use Wiith R BREIRISC é?hé’t&%he“%’éd in
0] i gl o e s, SEE e 00

-22- and her "exal conpl enentary benzopyrans . and
napht hopyr ans absetptbgn waxisen within whenwbaibbpyraag of betwaean pbovtnt

i nvention include. t i S AL, amg&ﬁ}e %Eft’g posi tion
al pha to the &)lés;g'éﬁ é%)% 0 YJt?qg'upyrant[sg'-a?tlgng, |cﬁbg?€§ escri ecﬁfnn u. S
Pat ent 4, 826, %ithiAHehe vizdplehpande 2fhbeyveen chopsuhte toabeyptc&00ai n

substitutents at. t he nber 5. and .6 -carb . t ' tho portion
of the b p FEREP§ FaFs 'ém%‘&lset RIS %Vgﬁg%hff% %%Eﬁ%jr‘%n&%]%ar e F he
subj ect of co-peEEhgIeksd yelabeNto ARigleathanySidwibroln td) pR1Eg4rag7,
filed Decenber. 9, 1993; 3H naphtho [2, 1- bgg_grans havi%g at |east one
ort ho- subst i t /&d KBRS sti?oé‘RFFﬁml%ﬁ 11ght hin 2, FEPFPRTF BT (396 VA aR™r i ng
which are desgdebed i NetdnPles ofPEliEd RnP66ndd Sinclbdsapaitwi?, 1- b] pyran

conpounds having . certain substituents at the nunber 8 carbon atom and
certain 15 s titehed 3H-pherantiwrels 3-Bl PYraaF HHPEEbHLCed 13H-

15 phenanthro{l,2-b]lpyrans; and benzopyran compounds, such as

those having.substituents at the 2-position of the pyran ring

and a substituted or unsubstituted hetefo'cyclic ring, such as

a benzothieno or benzofurano ring fused i:_o the benz portion of .

the benzopyran. Such later described compounds are the '
20 subject of co-pending U.S. Patent Applica'tion Nos.' 08/286,039

filed August 4, 1994 and U.S. Batent 5,411,679.

) Photochromic articles of the present invgntion nay
contain one photochromic compound or-a mixture of photochromic
compounds, as desired or reqﬁired. Individual phot:ochrc;mic

25 coméounds or mixtures of photochromic compounds may be used to
attain certain activated colors such as neutral grays or
brov}ns.

The compounds of the present invention (hereinafter
also referred to and included as a second group photo.c’hromic

30 compound} may be used also in combination with the organic
p_hotoéhromic substances of the first complementary group of

photochromic compounds described herein, i.e., those that



substituents being on the naphtho portion of .the naphthopyran, whi ch are
t he subject of co-pending U S. Patent Application Serial No. 08/080, 246,
filed June 21, 1993; 3H naphtho[2, 1- bi pyrans substituted at the 3
posi-tion of the pyran ring with 20 (i) an aryl substituent and (ii) a
phenyl substituent having a 5- or 6-nenber heterocyclic ring fused at
the nunber 3 and 4 carbon atons of the phenyl substituent are descri bed
in U S Pat ent 5,384, 077; diaryl-3H naphtho[ 2, 1-b] pyran conpounds

havi ng a substituted or unsubstituted, 5 or 6 nenber 25 heterocyclic ring
fused to the g;ah +Qr ' t i sh-32BBLNOHY HAReWBRS ¥ idie subj ect
of co- pendi nggbo’g t‘ga?%ln%sdglq%bp%%%ﬁhon S(Eri g‘fwﬁ% 08/ 22%,1]8%2 filed April
8, .1994; wi&phohbey rengandeppbatieckaawic subskanges; A8 RRgLRFO%e 23 hon at om
on t he napht ALt ] f I | . Wighi BB maRbérad a

et hoxy grou%%v‘fﬁgéhbg‘?he& t%éeggﬁgjggg% Y thoblllls | Etlt?'h5?238, 931 & e
napht hopyr an fiespoandsecandagpbep of phntsichaomig- compoginds .- 9T ApitaIesn It

napht hopyr ans ich are. described i
125 o sompdicias mag he Cont

. U . . . .

S VSR 8504508 SRS TR} the
nunmber five edrthoBhat ehird tgroupodesamitd hexnincehax exhibip, colonghi ch are
t he subject of U.S. Patent § 244 602, hj of

conpl enent ar FaGEdEH; EXPR S Oﬁpcpgr%{ﬁjgpgngg%l%%l‘éﬁ%] g{ag%&#%%ofl%reayvﬁ th

the organi c photochronigach ofaphéhslytddlirontct febgramcest desweilidd hexedn

t hose having an absorption maxi numw thin the vigible range of between
about 400 W&y Reoufed s ANONBRSL £P%E M@ &'ﬁ&f‘ﬂgrs“a‘%sé‘ﬁfi B ORI um
within they Virddil gackagf f JRELHCERe FHUHoRROmt® @apitindS o Cuearet er s.
These materials typically exhibit color(s) . rangi ng fromb%el | ow to purple

and yel | ow brafincorpopnds| s grpiied ncin sbichefhey aFa ARFPEPRFATSYNt in an

appropriate sQl\ OL gaai LJ Eéfgpé Of el HEeSQ GREREHALSaI el ude
certain sueglsh[\éﬁqhtseé %ﬁlp%aljﬁtéﬁ%o 4, Sof%]rgyreags; substi t ut ead %ﬁ 15
phenant hro [ hehtidadycabsr himh betivpyedwiddnpoghbiesrad GHnA3ght, thide
having  subst]yents s3fheddita? R1k! Lo p&ls:tie BYVaD did'olors of the

15 activated photochromic compounds.

A neutral gray color exhibits a spectrum that has

relatively equal absorption in the visible range between 400
and 700 @omtus. A _neutral Brown color exhibits a spectrum
in which the a.bsorpt:ioh in the 400-550 nanometer range is

20 moderately larger than in the 550-700 nanometer range. An -
alternative way of de.scribing color is in terms of its
chromaticity c.oordinat:es, which describe Ehe qualities of a
color in addition to its luminance factor, i.e., its _
chromaticity. In the CIE system,- the chromaticity coordinates

25 are obtained by taking the ratios of the tristimulus values to
their sum, e.g., x=X:/ (X+Y¥+2) and y=Y/(X+¥+Z). Color as
described in the CIE system can be plotted on a chromaticity
diagram, - usualiy a plot of the chromaticity coordinates X and
y. See pages 47-52 of Principles of Color Technology, by F.

30 W. Billmeyer, Jr., and Max Saltzman, Second Edition, Jdhn
Wiley and Sons, N.Y. (1981). As used herein, a near neutral

color is one in which the chromaticity coordinate values of



and.a substituted or unsubstituted heterocyclic ring, such as a
benzot hi eno or benzofurano ring fused to the benz portion of t he
benzopyran. Such | ater described conpounds are the 20 subject of
co-pending U. S. Patent Application Nos. 08/ 286, 039 filed August 4, 1994

and U. S. Patent 5,411, 679. Phot ochromi c articles of the
present invention may contai n one photochrom ¢ conpound or a m xture of
phot ocbrom ¢ conpounds, as desired or required. |ndividual photochromc

25 conpounds or m xtures of photochroni c2tonpounds may be used to

attain certajn actjvated colors such as neutral grays or. br owns.
The corrpoundg:x of*he Ypr ggﬁn’fh? (RPEAE ¥FF ("ﬂékl’éfln'élf‘? é"rgﬁmuﬁ‘gsﬁa'?%?%r ?%%5 to

and i ncl udedi BBundiLrse®QnNdx 0k 032 deheb0g N auTl & .=30. sseuRdhooBYobEowsad al so
in conmbination with the organic phot ochrom c substances of the Tirst

conpl ement ar3CGHREFBY to 40 PRRCSES BRI SEARN SRS PHeB*XReFEFH t9 . e,

those that golar radiation (Air Mass 1 or 2). o 24 - color to
col ors blue, blueish-green, or blueish-purple or wi th other organic

phot ochr ofi ¢ subst ance%he namdwnta b6 pietiathromi g esuhatagcgu profopprs iduimroni ¢

conmpounds. EL{her. [E%b 0 o first QLau hot ochr oni ¢
conpounds orEém Sture g%ﬁeé%lc?%dcgﬂp%%%scg%ég%%lgo t?’ngdﬂéms h or used in
conj uncti on matewidl tilsenohi exittical pprissicied etahea asuffilcdenex ambudt ciad or s

rangi.ng from.yellow to purple_ and yellow hrow -to pur [ gray, :

Fach of t he FHEE ohEseRte (p deiteatEontd st BT AfaderabTelte the maied
arr;rDl'Jnt ﬁ (or éye augont ?@:):iﬁblﬁibﬂ.habeﬁérﬂfiml&ﬂhlﬂtadmﬁ camt Féi g.és&ﬁiwu;/\ﬁh . Lhe
phot ochr c conmpqQunds _-or m xture of compounds’ is a ied or in i C

t hey ar e%nnc%? @r&%%ﬁiwta deRs rP_é'gEF'gg%ﬁY FReuRy gpededepends

subst anti al | ¥ften Rda dhe COMUENIMRGNoRACEd 1 Bdsikdd) bt hk-@aadasivi i ght,

i.e., as near a neutral color as possible given the colors of the 15
activat ed pheRexefo e uBARJthfigiethod used to incorporate or apply the

photochromic substances. Typically, the more photochromic

. substance applied or incorporated, the greater is the color
15 im';ensity..up to a certain limit.
| ~ The relative amounts of the aforesaid photochromic
compounds used will vary and depend in part upon the relative
intensities of the color of the a:ctivated species. of such’
compounds, and the ultimate color desired. Generally, the’
20 amount of ‘total photochromic substance incorporated into or
applied:‘ to a ﬁhotochromic'opticai host material may range from
about 0..0‘5 to about 1.0, e.g., from 0.1 to about 0.45,
‘miliigrams per square centimeter of surface to which the.
photochromic substance(s) is incorporated or applied. When
25 mixtures of the aforedescribed organic photochromic
' complementary groups are used, the weight ratio of such
mat.erials, i.e., (first to second), (second to third), and
(naphthopyran .of the present invention to other second group
compounds) will vary from about 1:3 to about 3:1, e.g., |
30 between about 0.75:1 and about 2:1. The combination of the

first, second, and third described organic photochromic



A neutral gray color exhibits a spectrumthat. has rel atively equal
absorption in the visible range between 400 and 700 nanoneters. A
neutral brown color exhibits a spectrum in which the absorption in the
400-550 nanoneter range is 20 noderately larger than in the 550-700
nanonet er range. An alternative way of describing color is in terns of
Its chromaticity coordi nates, which describe the qualities of a

color in addition to its |lum nance factor, i.e., its chromaticity. In
the CIE system the chromaticity coordi n&es 25 are obtai ned by taking the
ratios of the tristinmulus values to their sum e. X+Y+Z) and
Y=Y/ (X+Y+Z) . SOTRI YFentary graupe T diave Fhyedsat slsﬁé:tlérﬁ-'-é%‘h ‘b‘é- V8&¥ed on a
chromaticityfrom &bhse¥ angz.4sval4y, g plot of the chromaticity coordinates x .
and y. See pages 47-52 of Principles of Color Technol ogy, by F. 30 W
Bi | | meyer, Jr., and MadbsSaphopeshrapicosybBlanren, of)sha presefy dpvantiisons,

N Y. (1981).nA¢ HeCEbiErdd Ro 8 "ol into GPHYst! falfiEdin kol t he
chromaticity coordinate val ues of
- 25- S a"p«ahmezyic fqnganhe bosto mahegiailt hi nvatiousonethwds) deacydbeD65
i.I'lum nant): Q. t f ol | oy .
activation to 46hper cent u%h' ﬁ%us ra’%é%%gsei %9%@%?8015’%%%1‘%“?“9 B8 ar
radi ation (Aphotbskrdminr s?.!):st:a.ncé within the hodtauaderiial, of. glhobaehﬁ.ﬁg‘i c

subst ance or.go tio cont.ai ni,ng same a ed to .or ncor por at ed
into a host 1€ ) Sifae‘ﬁ %Y pEdiRe the t‘lbé’% m%&‘b{sﬁﬁf" 8 R fci.ent anount
is us edmbRopeOikt Qfost " RROESIAL GHioreithepblghartiearibhe inbibieibaked eye

upon. actlvatl n. . Generallly such anount can_be described 1Q as d

phot ochr offi ¢ EBfivRRREoSHRAmiS, FEbSEARGe dRbeh thgskeFtu@pERTal bY BreERigpon

the intensitysoiné ohodt dRtlek-eas UM 't{cfta%ihtﬁan of thetB&S@&fh:‘%HﬂcUpon the
nmet hod used to incorporate or apply the phot ochrom ¢ subst ances.

Typical |y, tREPRBERREPIRF Sohirbareak iwrwmfer ; apprYitingr thacohigrachrenict he
greater is tBensehite ks lNBPSEIYe Uhjed BetbbAl dijacl@ht 1ayers of the

"~ host material, e.g., as a part of a polymeric 'fi]..m; and

IS5 applying the photochromic substance as part of a coating
‘pla_ced on the surface of the host material. The term
"imbibition" or "imbibe" is intended to mean and include

_ permeation of the photochromic substance alone into the host
material, solvent assisted transfer of the photochromic

20 s{:bstax_tce into a porous polymer, vapor phase transfer, and
other such transfer mechanisms.

. Compatible (chemically and color-wise) tints, i.e.,
dyes, may be-. applied to the host material to achieve a more
aesthetic resuit, for medical reasons, or for reasons of

25 fashion. The particxilar dye selected v_qill vary and depend on
the aforesaid need and result to be achieved. In one
embodimer;t, the dye may be selected to complement the color
resuiting from the activated photochromic _subs{':ances, e.g.,
to achieve a moré neutral color or absorb a particular

30 wavelength of incident light. In another embodiment, t;he dye

may be selected to provide a desired hue to the host matrix

when the photochromic substances is in an unactivated state.



The .rel ati ve amounts of the aforesaid photochromc conmpounds used wi ||

vary and depend in part upon the relative i ntensities of the col or of
t he activated species of such conpounds, and the ultinate col or
desi-red. Generally, the 20 anmpunt of total photochrom c substance

I ncorporated into or applied to a photochrom c optical host materi al
may range from about 0.05 to about 1.0, e.g., fromO0.1 to about O.45,
mlligrams per square centineter of surfage to which the.

phot ochrom ¢ substance(s) is incorporated or applied. Wen 25 mxtures of
t he af oredescrl bed orgmﬂueaﬁhqamlamhcmay alsz:omal Wm@r&umoaﬂ% used,

t he wei ght t|o of such st to second), (second
to third), a gst ‘“ate(’ﬁ:ﬁ}hf"l’rﬁbypa?l %PWEE‘B‘P%%@’PSFWEW@H‘?%‘& her second
group CeReLPtdond1y wiah Yot réamsa&aeﬁc It 4;@1@99@1013 dr €.9., 30

bet ween about 0.75:1 and about 2:1. conbi nat1 on of the first,
second, and fRFPEPRMRALHGHEE éhaaPﬁQF%ﬁﬁPﬁéﬁri}%ﬁséances in the host

- 26- ”HEEQEHI?“ y éU:OWéRémﬁfé( Qﬁ‘(:‘?:a@;éé@étg his @t hBsbRed rdVicddy ¥ary

from about to he phot ochr.om c substances of

t he present ﬁﬁﬂéﬁ%@dmth nmyogbrqmﬂ ssust:en@ss |h¢<§9¢90¢h$@a apnlgcathost

mat eri al such_a I}%g 0 f;@; Y, EI%HE gret hods
descri bed Q EP% a? E-Egl c%:%asggcﬁl H.g?&: (fess Iv?nsg’y%é [ spér5| ng the
phot ochr om cesgbsta@amgobed,tém adsyerabetwesn thegphob@duoug.c it in

pl ace by addin ot omi c, sic host
material pri SPQ {5 ‘Fﬁﬂéf%g‘? gﬁ‘%bﬁ‘ g‘?t)n%‘fr@%ﬁrf hgg%ﬁﬁ P e

subst ancetoi nbe abm:bmstwuw eneai:h@bdm&amal aibstanaéstismdsnes&o rehiegii'al in a

hot sol ution of _the photochronjc . substance or b @ tr%nsfer
provi di ng th@'pBFlb?% octhe host material to impr ve the ight fatigue

resistance of the photochromic substances. Stabllu.zers, such
.as hindered amine light_ stabilizers and singlet oxygen
_ quenchers, e.g., a nickel ion complex wiﬁt:_h an organic ligand,
15 axe qon:templaf:ed. They may be used alone or in cowbination.
Such stabilizers are described in U.S. Patent 4,720,356.
Finally, appropriate protective coating(s) may: be appiied to
the surface of the host material. These may be abrasion
resistant coatings and/or coatings that serve as oxygen
20 barriers. Such coatings are known in the art.
it The host material will usually be transparent, but
may be translucent or even opagque. The host material need
only be transparent to that portion of the electromagnetxc
spectrum, which act:.vates the photochromic substance, i.e.,
25 that wavelength of ultraviolet (UV) light that produces the
open form of the substa_nce and that portiqn of the wvisible
~ spectrum that includes the absorption maxcimum wavelength of
the substance in its UV activated form, i.e., the open form.
Preferably, the host color should not be such that it masks
30 the color of the activated form of the photochromic substance,
i.e., so the .change in color is readily apparent to the

observer. More preferably, the host material article is a



substance as a separate | ayer between- adjacent |ayers of the host
material, e.g., as a part of a polyneric film and 15 applying the

phot ochrom ¢ substance as part of a coating pl aced on the surface of
the host material. The term. "inbibition" or "inbibe" is intended to nean
and i ncl ude permeation of the photochrom c substance alone into the host
material, solvent assisted transfer of the photochromic 20 substance into a
porous pol ynmer, vapor phase transfer, and . other such transfer

mechani sns. Compati bl e (cheﬁﬁ&ally and color-wise) tints,

i.e., dyes, may be applied to the host material to achieve a nore

aesthetic resif¥id fsangparenti oreapbheally GleArrwatamielef ©25. f AHiaHalphe
particul.ar dy, t r d f sai d need and
Sl %Qr%gémm xgﬁggcﬁe@?t; Qfch C?ye"pﬁﬁné 258

result to be achieved. In“one the: may be selected to
conpl enment tmfé'é#aémc 1$I€8§;ﬁ:t mgd@vs)maﬁt@mé;@vqatr@dlSpHGPEGM%m%9~.

subst ances, r a parti cuI ar
30 wavel engt h dslhr:i'gll eht {E&\ét%t F%&é%%%ggl g%ia%e&ﬁ? Sfi%éei:fpﬁ may

sel ected tH palymeerig ﬂekns,e@tlwe to the host matrix when t he :

phot ochrom ¢ substances_is _i.n_an_.un tlvat ed _state

-27- ) Ad] u%wlﬁﬁt 8F|%? CaPEHE F‘ﬁéSr%?%f’e%H H’Pﬁcphe
host materi almay He tBedpirDio &heophetS¢tsindrc eebgdriest 6 comﬁds‘ﬂﬂﬂcﬁ!%eOU5| y

with or subseguent, tq Ilcatlon or Il ncorporatign o hot ochr om ¢
subst ances i r&%"ﬁ&& g R dRcIRde FROIMET Sy e - %l 4 S’SVPBPil’“‘? P?Fdabsorbers
may be adraagsaiym&:a PEL AL T E1PU R B068 Ee P GicRicRiekB O aléma}le&@t ion

to the host materi_al such absorbers may be Superpdsed, . 0.

super i npodtd,gleosd Id&% WW'O@HFE?EWP@Y%BQ%% and t he

i nci dent | i ghtondatéidshebng 5&1@@:%‘15.@&& PENnbA-Re 2HRE8d W td Gronomers
photochrom ¢ substances prior to their application to the host materi al

to i nprove tHagh gﬁt th@*!ﬁPé‘-ed trivethylvle prPrare Yrierorhabei nonaressances.
Stabilizers, in and singl et oxygen
ece, 28, 01 MEREORAES | oBb Shiddr L

guenchers, e. g , n|c lon C an-.organi ¢ lN'gand, 15 are
cont enpl at éd. poIBfeljncnagndnb, used ainome—,orglu—n toidi rEtiren. or multi-

15 functional, acrylate and/or methacrylate monomers,
polya_.c_:rylat:es : polymethacrylates, .poly( C1-C32 alkyl
methacrylétes) suéh as poly(methyl methacrylate),
polyoxy(alkylene methacrylates) such as poly(ethylene glycol
bis methacrylates), poly (alkoxylated phenol methacrylates)

20 such ag poly(et:'hoxylgtéd bisphenol A dimethacrylate),
cellulose acetate, cellulose trié.cetate, cellulo'se acetate
propionate, cellulose acetate butyrate, poly(vinyl acetate),
poly(vinyl alcohol), poly{vinyl chloride), poly(vinylidene
chloride), polyurethanes, thermoplastic polyca;bonates,

25 polyesters, poly(eth'ylene terephthalate), polystyrene, pdly
(alpha methylstyrene), .copoly{styrene-methyl methacrylate),
cépoly(styrene-acryldnitrile) . pclyvinylbutyré.l and polymers,
i.e., homopolymers and copolymers, of diallylidene '
pentaerythritol, particularly copolymers with polyol (allyl

. 30 carbonate) monomers, e.g., diethylene glycol bis (all.y—l

carbonate}, and acrylate monomers.



Suech stabilizers are described in U S Patent. 4, 720, 356. Finally,
appropriate protective coating(s) nay be applled to the surface of the
host material. These may be abrasion resi stant coatings and/or coatings
t hat* serve as oxygen 20 barriers. Such coatings are known in the art.

The host material wll usually be transparent, but may be transl ucent
or even opaque. The host material need only be transparent to that
portion of the el ectronagnetic spectr whi ch activates the

phot ochr omi c substance i.e., 25 that waV€l'ength of ultraviolet (UWV) light -

that produces the SnbRLI0A) 81 SHDSL ANGE ANl NaE DALLER.RL 1t he

vi sible spectrum t hat or pt1on maxi num wavel engt
t he subst anceolymenss age aa;wva;mbﬂ@rnp hoet materispen fRuwefierably, t:he

Preferably, fbhe. o] ogﬁsggg Q:%t.u% cfél&hé%ﬁéngﬂzé@%?gaggc t he col or

of the actlvated ormo C Su i=. 6., so the
change i n conaterialk @a@phyeépﬁm:em thertbplastiolpeodyvarborMduecrpsifier abl y,

t he host terial_ar cIe ' . . . .

15 1% B GieR ad el cRnbntterliged npp iR daRheraTEPR FLSEBSROL At er i al s
suitabl e fOFaﬂcﬂ)tpK‘cngeaﬂ&m WEﬂéﬁ%,soiqunaﬁrpﬂi&le&ﬂdmark Ixlhalm c

| enses, w ndo aut onotive tmeansparengi es, - wi ndshi el ds,

aircraft traPep %ﬁﬁ'e§“°BI%§t’?1’c,e JREETLAY, s°1‘!'> “E’tﬁllefr’r’é%‘? ctFademarket c.
Exanpl es of -@elaiErd ©olidadtny 15845, Wicthas the MRtaREalSEGLL th

t he phot ochrom c subst ances or c 5| | ons " described herein iInclude:
pol yners, i.@ e%cﬁﬁﬁp&lryﬁ@%rlan@ GLAS popgHErerizarep 5 @ (al | yl

car bonat q) 1194 € Silfreyl 0

di i-sopr openr? benz%‘neﬂﬂ:L 1E:Qi‘l!r’mnor‘rae)r gmg ali% te?ltig ai?&ﬁ[lgﬂlgcgf#co ol
acryl at e nonbhefallyl caghonmata) ctibdehl wonomer |=ﬁetsl¢9nﬁo‘lln¢#m|¢éme triacrylate

nonorrer s; Mrci 3b: & and %%%L:w? % QBEH(&?J dfsgf POt onal |

pol yfuncti onaf ., nono*
acryl ate and,(@llyﬁetdmlo;ahae)e, rmrg)rredigthylen@cglgy@onybm &sllyl

polynethacrylaé éhaé£¥ ygcigrrghég<%5£ lgkégizable monomeric materials,
"15 such as copolymers with vinyl acetate, e.g., copolymers of
from 80-90 percent dlethylene glycol bis(allyl carbonate) and
10- 20 percent vinyl acetate, particularly 80-85 percent of the
bis({allyl carbopate) and 15-20 percent vinyl acetate, and’
copolymeés with a—polyurgthane.having terminal diacrylate .
20 funétionality, as descriﬁéd in U.S. patent 4,360,653 and |
4,994,%08; and copolymers with aliphatic urethanes, the
'terminaI'portioq of which contain allyl or acrylyi functional
groups as described in U.S. Patent 5,200,483; poly{vinyl
acetate), polyvinylbutyral, polyurethane, polymers of-members
25 of the group comsisting of diethylene glycol dimethacrylate
monomers, diisopropenyl,benzene'monomers,_and ethbxylated
trimethylol propane triacrylate monomers; cellulose acetate,
cellulose propionate, cellulose butyrate, céllulose acetate -
_ butyrate, polystyrene and copolymers of styfene with methyl
30 methacrylate, vinyl acetate and acrylonitrile. More
particularly, contemplated is uée of the photochromic

naphthopyrans of the present invention with optical organic



methacryl ates) such as pol y(nmethyl nethacrylate), pol yoxy(al kyl ene
nmet’hacryl ates) such as pol ytet hyl ene gl ycol bi s net hacryl ates),

pol y(al koxyl at ed phenol methacrylates) 20 such as poly(ethoxyl ated

bi sphenol A di nethacryl ate), cellul ose acetate, cellulose triacetate,
cellul ose acetate propi onate, cellul ose acetate butyrate, poly(vinyl
acetate), pol y(vi nyl al cohol), poly(vinyl chloride), po6ly(vinylidene
chloride), polyurethanes, thernoplastic_pglycarbonates, 25 polyesters,
pol y(et hyl ene terephthal ate), polystyrene, poly (al pha

net hyl st yr ensdsinC RRALNESE WP tBEPRYAuIRIPRECKE 8 Bd1ear polymerizates,
copol y(styrene-acrylonitrile), gg yvi nyl butyral and pol yners,
ﬁ

i’ e.,
hormopol yner st-&ird FEREFyRET su af Py iqrfdsal applifadd t FRFR RS for

particul arl Ye:eoipaley BBASc dd) RALYAm{ &/ 1dHse30 GRARMNA! Qnd™RACERESive: J- -
di et hyl ene qucol brs(allyl carbonate), and acryl ate nononer.s.

ally ! A :
-29 - ransparencipgns Fackn epe bl sl eagngo ez asest rayishave it
POl ymers ar e g#,5QeSkt 0 r@éxf‘gg rahy t
material is an opt ?cgl ?13&%? Z‘S‘?Qp‘g%%er. €=Je otr’“ggfr’u&(izt'e latlr%ftgr P’g?u%rg‘ggé'ed
from a t her myg.asfirompabgutaribdnst orasdut, 1568uch as t he carbonate-1i nked

resin derived from bi sphenaol A ..and .nhosgene whicz.is sol d under,. .t he
trademark, LEXAN: a 'ﬂf)eolpfeegfeg?, l%fﬁﬁ#"a?g gﬁemﬁﬁ? & 1c§1&ﬁﬁiﬁn‘gﬁczﬁ1}]&§d
trademark, in M¥eARplaowidg (exeinbyés neiiac aykatiftendad asadlihscrad Brd al
sol d. under, the.trademark, PLEX| G AS;, pol ri zates of a 10 polyal (allyl
carbonate) nBHteFIREE RWSHIY H?%%é%ﬁiﬁf? |§5§|Varlﬁﬁa§pg|F9Fr _H%ﬁ&te),
whi ch nooen®e igppagktt ubslathddaeskilid@demebk &R:39, and pol ynerizates of
copol yners of a polyol (allyl carbonate), e.g., diethylene glycol
bi s(allyl .carbonate), wth. other copolﬁnerizable nmononeric materials,
15 such as copolyners with vinyl ac “lesq., copol yners of from
80-90 percent diethylene glycol bis(allyl carbonate) and 10- 20 percent
vinyl acetate, particularly 80-85 percgpipof the bi s(al Iyl carbonat e)
and 15-20 percent vinyl acetate, and copolynmers with a pol yurethane
having term nal diacrzlate_zo functionality, as described in U S. _patent
4,360, 653 and . +4'-Dimethoxybenzophenone (0.27 mole) was dissolved
in a reaction flask containing 200 ml of anhydrous
15 'tetrahydfofuran saturated with acetylene and_stirred at room
temperature. An 18 weight percent suspenSion of sodium
acetylide in xylede/mineral oil (0.3 mole of sodium acetylide)
was added to the reaction flask and the mixture was stirred.
After stirring 16 hours at room temperature under a nitrogen
20 atmosphere, the contents of the reaction flask mixture was-
added to a 5 weight percent aqueous hydrochloric acid and ice
mixture. The resulting mixture was extracted with diethyl
- ether.. The organic layer was separated, washed, and dried
over anhydrous sodium sulfate. The solvents, diethyl ether
25 and tetrahydrofuran, were removed undgr vacuum to yield an
oily product containing 1,1-bis(4-methoxyphenyl)-2-propyn-1-
ol, which was not purified further but used directly in the

next step.



4,994,208; and copolyners with aliphatic urethanes, the term nal portion
of -whi ch contain allyl or acrylyl functional groups as described in U S.
Pat ent 5, 200, 483; pol yl (vinyl acetate), polyvinylbutyral, polyurethane,
pol ymers of nenbers 25 of the group consisting of diethylene glycol

di met hacryl ate nononers, diisopropenyl benzene nononers, and

et hoxyl at ed trimethyl ol propane triacryl dte nonomers; cellul ose

acet at e, cel l ul ose propionate, cellul ose butyrate, cellul ose acetate
butyrate, polystyrene and copol yners of -8tyrene with nethyl 30

met hacryl ate, vinyl acetate and acrylonitrile. More particul arly,
contenpl ated is use of the photochromc napht hopyrans of the present

i nvention with optical organic STEP 2

- 30- resin nonomens i USE 4 tePhORMSKarRAY -9 yp il Al01PQLYBEE | Zat es,
i.e., materials suitable for optical applications, 'such as for . exanple
pl ano and opRAt#aF Mmeldlefzen, Stemdoand aehdutiohyiroey -6 -methgi¥par enci es.
Such optically _-hal ' y ' ' l,hdex that may
range froma oﬁ%ﬁ?%@%ﬁ%ﬁ%@lq%g? O@fﬁle?r%%%%dteﬁi}:%g to about

1. 66. 5 reaction flaskpcessxiningyvanlinh ofs todnengand epismki. descr.i bed

in the follown npl es whith are intend s.illustrati only,
si-nce numaro%llsc’%roﬁ(ﬁ:"ccaﬁ“gﬁ"%tE a%dpﬁgf?‘éﬁ%nséﬂtf%g% ce:iJilf!:j:"vﬁi I%Eafgl%bé‘ogpparent to
t hose skil |l etilDiddeensi tvas added, and the mixture was stirredEXANPLE 1

STEP 1 B 4, 4' - Di met hoxybenpzophenone (0.27 nole), was di ssol ved
in a reacti oR°FFask %ﬂ?ﬁ%%rﬁ#&%rﬁﬁﬁﬁﬁs 3% PREEE PGP of ur an
saturated w ahiacediditNgeaBenstdddieft Bydi®oie soletpRiat e An 18 wei ght

percent suspenrion-of sodium acetylide in xylene/mneral oil (0.3 nole
of sodi untPacBF§RRrHe)layer was separated, washed with water, and

dried over anhydrous sodium sulfate. Tﬁe remaining
solvent, toluene, was. r__emoved under vacuum. The
. resulting oil was purified using a silica gel column and
a 1:3 mixture of chlofoform:hex’ane as the eluant. The
15 photochromic fraqtions were combined- and the eluent was
removed -under vacuum. The resulting prodiuct was induced
to crystallize from hexane. The recovered product. had a
mel.t.ing point of 132-133°C. A nuclear magnetic
resonance (NMR) spectrum showed the product to have a
20 structure consistent with 2,2-bis{4-methoxyphenyl)-5-
methoxycarbonyl-6-methyl-9-methoxy-2H-naphtho [1,2-
blpyran. '
STEP 3
2,2-Bis (4-methoxyphenyl) -5-methoxycarbonyl-6-
25 methyl-9-methoxy- (2H] -naphtho(1,2-blpyran (1.7 g, 0.0034
mole) from Step 2 was dissolved in a reaction flask
containing 200 ml of tetrahydrofuran and stirred.
Lithium aluﬁinum hydride (0.13 g, 0.0034 mole) was
carefully added and the mixture was stirred for 2 hours
30 at room temperature. 2-Propanol was added followed by
the addition of a 5 weight percent aqueous hydrochloric

acid solution. The resulting mixture was extracted with



was -added to the reaction flask and the m xture was stirred. After
stirring 16 hours at roomtenperature under a nitrogen 20 atnosphere, the
contents of the reaction flask m xture was added to a 5 wei ght percent
aqueous hydrochloric acid and ice m xture. The resulting m xture was
extracted with diethyl ether. The organic | ayer was separated, washed,
and dried over anhydrous sodi um sulfate. The solvents, diethyl ether 25
and tetrahydrofuran, were renoved under vacuumto yield an oi |y product
containing 1, 1-bis (4-nethoxyphenyl) -2~pzepyn-|- ol , which was not '
purified further but used directly in the next step.

-31 - two 100 ml portimiss(of methbl@l;#]e?h}-b)nﬁeprdﬂwdng@m(:about

0. 025 nol e) f &5 4P whpan g{,g{ Y zﬂﬁg
1- et hyl - 2. - napht hoat e f% %m% é\/\a(broéga QR%(Q/:Lum u}efgc?l on flask
cont ai ni ng 20@h¢nSQﬂvEm@Luuemhx%aiesbhlezmﬁe, wal camaV9d|undamDunt of
p-tol uene- sul ac ( 100 " and the
m xture was s%?%‘gnd fg?ﬁe 8‘@8&'%(§urw§s l%E‘nf dg&?ﬁ%\ffléza rSH‘ m xture was
poured int®. dleuhym3emheghampameeatysfﬁnsuwéredbﬁlldetéaﬂhyIeuatloﬂhe 10

[ and dri ed_over anhydrous

organi c | ayer ar at w th water
sogi um sul ?at%yﬂﬁ?}’\%&al %’%gﬂec°v§5Fge‘?ﬁ°d“c‘i§I'uén8 Inhad 2 F8FEdnginder

vacuum The poirfs# hBe- 92+°c\/\/aSApﬁuézféa%dmu§heezc Sredidnabi@e dflngo0! UMM and
a 1:3 mxture of chloroformhexane as ant. .The 15 photochrom c

fractions wer¥PYFIELCURY thec perdust tmdave pegbyectunsder vacuum The
resul ting prcggﬁglgy@§§|ggagqg -pis@- ééﬁaﬁﬂﬂh%ﬁg §§8n1hexane The

recover ed product t| ng pol nt [err] C. A nucl ear
magnetic 10 rhssramymethiivig -terdoil - nmethomect 2HBhsaphtiaitl, 2-b] prvan a

EXAMPLE 2
STEP 1 .
Potassium t-butoxide (75 grams(g), 0.75 mole)
15 was added to a reaction flask containing 200 milliliters
(ml) of tolueme. The resulting slurry was heated to
reflux temperature under a nitrogen atmgsphere while a
"mixture of benzophenone (91 g, o.s'mole), dimethyl
succinate (90 g,'o.sz mole) and. toluene (100 §) was
200 added over a period of 30 minutes. After the addition,
the resulting pasty mixture was‘maintained at reflux
temperature for two hours and then coéoled to room
temperature About 400 ml of water was added and the
mixture was stirred.for 30 minutes. The aqueous layer
25 was separated, acidified with dilute hydrochloric acid,
and extracted with 200 ml of toluene. The solvent was
remove¢'under vacuum yielding a viscous oil that later
solidified, which contained the product, 4,4-diphenyl-3-
methoxycarbonyl-3-butenoic acid. This material was not

30 purified further but was used directly in the next step.



20~ structure consistent with 2, 2-bis(4-net hoxyphenyl)-5-

nmet hoxydar bonyl - 6- net hyl - 9- net hoxy- 2H napht ho[ 1, 2- b] pyr an.

STEP 3 2, 2- Bi s(4-nmet hoxyphenyl) - 5- net hoxycar bonyl - 6- 25

met hyl - 9- net hoxy- [ 2H] - napht ho[ 1, 2-b] pyran (1.7 g, 0.0034 nole) from Step
2 was dissolved in a reaction flask containing 200 m of tetrahydrofuran
and stirred. Li t hi um al um num hydride (0.13 g, 0.0034 nole) was
carefully added and the m xture was stirred for 2 hours 30 at room
tenperature. 2-Propanol was added fol | owd8- by the addition of a 5

wei ght percent aqueous hydrochloric acid solution. The resulting

m xture was extracted with STEP 2

-32 - two 100 m poié ipaiuet 8Bt Hydene wal aisstavedhenosgani c

extracts were conbig&g and. dried over magnesi um sul fate . The sol vent,

met hyl ene chl TTTE O WaL3F 8 ARREGLEAREr 200 ™), o, GRtueAfe pASBELE was i nduced

to crystalli zanHy@adeS (§o@id) larkl BRAyarshd R MSid S oeerescyl | ected by
suction filtration. The recovered product, 1.0 g, had a nelting

poi nt of 125-4erg &ddpe. tQ the IreactiegnElask BafohbRCEXENFR) Was . spectrum

showed the prageichelOr8aVEr hothlsUC HEE resu1tIB mifttre il coolea
2, 2- bi s(4- nmet hoxyphenyl )-5- 16 - ‘
hydr oxymet hy| % -4aeih emperature pndHeha pdnlvsnt, fas|remomed under

S (o P78 Sy RS BAERC BTl 0. 75 1) 15

reaction flask containing the resulting residue. Water

10 (200 ml) ﬁés-added to-fhe reactibn'flask followed by the
slow addition of solid sodium carbonate until the
evolution of,carbon dioxide ceased. The methylene
chloride ;ayer was separated, washed with water, and the

- solvent was removed under vacuum to yield a viscous oil

15 containing 1-acetoxy-3-methoxycarbonyl-4-

phenylnaphthalene.

STEP 3
) Methanol (400 ml) was added to the reaction
20 flask'containing 1-acetoxy-3-methoxycarbonyl-4-phenyl-
napht£;lene from step 2. Hy&roéhloric acid,
concentfated (2 ml) was added to the reaction flask and
tye.resulting mixture was heated to reflux temperature.
After .4 hours, the mixture was cooled to room
25 temperature, the solvent was removed under vacuum, and
the resulting crystals were collected by suction
filtration. The collected crystals were washed with
methanol and air dried. The recovered product, 100 g,
had a melting point of 174-176C. .A nuclear magnetic
30 resonance (NMR)} spectrum showed the pro@uct to have ;_
Structure consistent with 4-phenyl-3-methoxycarbonyl-1-

naphthol.



(m)- of toluene. The resulting slurry- was heated to reflux tenperature
under a nitrogen atnosphere while a m xture of benzophenone (91 g, 0.5
nol e), di net hyl succinate . (90 g, 0.62 nole) and.toluene (100 g) was 20
added over a period of 30 mnutes. After the addition, the resulting
pasty m xture was naintai ned at refl ux tenperature for two hours and
then cooled to room tenperature. About 400 ml of water was added and

t he m xture was stirred for 30 m nutes,, K The aqueous | ayer 25 was
separated, acidified with dilute hydrochrdtic acid, and extracted with
200 mM of toluene. The solvent was renoved under vacuumyielding a
viscous oil that |ater solidified, which contained the product,

4, 4- di phenyl - 3- met hoxycar bonyl - 3gsfiBResoi ¢ acid. This material was not

E’:ngEII‘I fied further but 4\i\%§e#ysle_c%_gle‘r:ectl aflbr‘]’nwglpnea)‘(pthtit&pﬁeg)product o
Step 1 was di ssehVeshg B and 1, 1-2d6l(i onetiagiphennl bt 2HpxppYOO 1AL of tol uene.
Acetic anhydride (100 g) and anhydrous sodi &rp cetate 1@@ 5 were

added to the f2a%}i%HeT SaSR hrRf BRI tleTRagde A FREG-+ 17 hours.

The resulti ”gfgééﬁ'%&eﬁiiiﬁgoi@ﬂml of CoT1RQ18 LOAPSEBkrER amtet he sol vent
was. renoved under vacuum #Met hyl ene chloride (200 m) was added to the

reaction flaskesehtiziqinigtuhe wassbeated tedidide. ahiPecataBYEIR00 ) was
added to the reacti 0{1ar fé[el%zgr&%)l %‘éeg?g%#%fb@z gg‘gjé*ﬁ}_@ LicR @igsolid

sodi um car bonataunt evol utl carbon di oxi de ceased. The
met hyl ene addédy i il |, aper amamts epifacozht was bedduge 12 W@eepr rednd t he

SO | EReS A pLART Relhe € BB e fdiag 8 comtalni

40°C., the mixture was cooled and washed with water.
The organic layer was separated, and the solvent,
toluene was removed under vacuum. The resulting oil was
purified using-a. silica gel column and a 2:1

15 hexane:ethyl acetate mixture as the eluant. The
photochromic fractions were collected and the solvent
was removed under vacuum. The resulting product (2.0 g)
was crystallized .f‘rom ;3. hexane-ether mi::ture and
collected by sucdtion filtration as off-white crystal;.

20 The recovered product had a melting point of 168-169C.
A nuclear magnetic resonance- (NMR) spectrum showed the
product-_t.o have a structure consistent with 2,2-bis(4-
methoxyphenyl) -5-methoxycarbonyl-6-phenyl-2H-
naphtho (1,2~b]pyran.

25

STER 5
2,2-Bis (4-methoxyphenyl) -5-methoxycarbonyl-6-

phenyl-2H-naphtho(1,2-blpyran (10.0 g, 0.02 mole) from
Step 4 was dissolved in a reaction flask containing 30_0

30 ml of tetrahydrofuran. Lithium aluminum hydride (1.2 g,
0.032 mole) was carefully added to the stirred solut::‘..on

and the mixture heated to 40C. for 2-1/2 hours. After



Met hanol (400 m ) was added to the reaction 20 flask contai ning

1- acet oxy- 3- net hoxycar bonyl - 4- phenyl - napht hal ene from Step 2.

Hydrochl ori ¢ aci d, concentrated (2 m) was added to the reaction fl ask
and - the resulting m xture was heated to reflux tenperature. After 4
hours, the m xture was cooled to room 25 tenperature, the solvent was
renoved under vacuum and the resulting crystals were collected by
suction filtration. The collected crystals were washed with met hanol
and air dried. The recovered product, 10059, had a nelting point of
174-176 C. A nucl ear magnetic 30 resonance (NWVR) spectrum showed the
product to hapeling to stoantemperamsiest enprwml was added

flégflenyl 3 ”E‘ftofi%wgé‘rx?g? %e addzt::.or{] %g} 9 lwexghrz percent agqueocus

4- Phenyl - 3- matyldeseghasbin \deill- saplit 1al. (i'hg)resulfmnm Slepude aves

e LS e RUBRERN o BBV Gd b ponri e i HiSERT Pt o ?réd
The r es Ul fHen grghxi¢lrextiRsrBend sl dorbdfegrandardad event al ytic amount

(a few drops) of dodecyl_ benzenesul fgnic acid was added, i.e., an anount
sufficient tAFEFHER SULRAES-peTba CARTRBE/ | FLeHY InfkREFe. WS\t er 3 hours of

stirring at pemoved under vacuum. The resulting residue was induced
to crystallize frou't diethyl ether and the crystals were
collected by suction filtration. Three grams of the
10 . des:.red product was recovered A nuclear magnetic
resonance (NMR) spectrum showed the product to have' a
structure consistent with 2,2-bis(4-methoxyphenyl)-5-
hydroxymethyl-6-phenyl-2H-naphtho [1,2-b]lpyran.

15 EXAMPLE 3
2,2-Bis(4-methoxyphenyl) -5-hydroxymethyl-6-

phenyl-2H-naphtho(1,2-blpyran (2.0 g, 0.004 mole) from
Step 4 of Example 2, was dissolved in a reaction flask
containing 200 ml of methylene chloride and 1.2

20 equivq}en:s of triethyl amine. Acetyl chloride (0.37 g,
0.0048 mole) was added to the stirred mixture which was
heated to reflux temperature for 4 hours. After cooling
to room temperature, diethyl ether was added and
triethylamine hydrochloride, a byproduct, was removed by

25 filtration. The resﬁlting product was purified on a
silica gel column using chloroform as the eluant. The
photochromic fractions were collected and the solvent
was removed under vacuum. The recovered product, 0.2 g,
was induced to crystallize from diethyl ether. A

30 nuclear magnetic resonance (NMR) spectrum showed.the

product to have a structure consistent with 2,2-bis(4-



40terr]C., the m xture was cool ed and washed with water. The organic

| ayer was separated, and the solvent, tol uene was renoved under vacuum
The resulting oil was purified using a silica gel colum and a 2:1 15
hexane: et hyl acetate m xture as the eluant. The photochrom c fractions
were collected and the sol vent was renoved under vacuum The resulting
product (2.0 Q) was crystallized froma hexane-ether m xture and
collected by suction filtration as off-whifege crystals. 20 The recovered
product had a nelting point of 168-169 C. A nucl ear nagneti c resonance

(NWR) spect r ufie Sttsaygshene ) - -a&gmwthgnhav&@ya.tmc&mmqnszst ent with
2, 2-bi s(4- {ret hoxyphenyl ) - 5- met hoxycar bonyl - 6- phenyl - napht ho [ 1,
2-b] pyran. STEP 5

2, 2- Bi s(4- et hoxyphenyl ) - 5- nethoxycarbonyl 6-

phenyl 2H- napht ho[ 1, 2-b] pyran (10.0 g, 0.02 nole) from Step 4 was

di ssolved in a reaction flask cont aERRMBLEBGD 30 m of tetrahydrofuran.

Li t hi um al ymi num hydride (1.2 g, s%@% nol e) was carefully added to the
stirred solution and the m xturé heated to 40 C. for 2-1/2 hours.

Af t er -methoxycarbcnyl 4-methyl 7-met13:5=y 1- cooling to

[0 e 2 M s A RS oY o COMLOURY SPlak BRIGL LT f  °
was ext r acbetassium thlyﬂcexi@@ ds @or,t water of2sbi mn.hydmdatetmanoﬁ The organic
ext- racts wer e(§8”n?i)”.6d T%.edmg:rctlzue}je C%:\é.%r heated on a steam bath for six
10 hours, cooled to ;r:oom temperature, and poured into an
excess of cold dilute (approximately S weight percent)
aqueous hydrochloric acid. The resulting solid product
was removed by suction filtration and dried to yield 11
. g of the desired product, 3-carboxyaé-methy1-7-ﬁéthoxy—
15 1l-nmaphthol. .

STER 2
_ 3-carboxy-4-methyl-7-methoxy-'1-naphthol (11
g) from Step 1 was added to a reaction flask containing
20 100 ml of methylene chloride. Triethyl amlne (10 g, 0.1
' mole) was added with stirring. . The resulting exothermic
reaction mixture was cooled in an ice bath. Acetyl
chloride (4 g, 0.05 mole) was added dropwise while
maintaining the temperature at 5C. The mixture was
25 stirred an additional 15 minutes at 5C. and then warmed
to room temperature where it:_ was stirred an additional
15 minutes before pouring into an excess of cool
dilute (approximately S weight percent) agqueous
hydrochloric acid. The precipitated product was suctz.on
30 filtered from the two phase mixture, washed with fresh
methylene chloride, and dried to y:.eld 11 g of the
desired product. A NMR spectrum showed the product to



magnesi um sul fate. The sol vent, diethyl ether; was renoved under vacuum
The resulting residue was i nduced to crystallize fromdiethyl ether and

the crystals were coll ected by suction filtration. Three grans of the 10
desited product was recovered. A nuclear magnetic resonance (NWVR)

spect rum showed the product to have a structure consistent with 2,2-bis

(4- met hoxyphenyl ) -5- hydr oxynet hyl - ‘6- phenyl - 2H napht ho[ 1, 2- b] pyr an.

15 EXAMPLE 3 2,2-Bis

(4- met hoxyphenyl) -5-hydroxynet hyl - 6- -Phenyl - 2H napht ho[ 1, 2-b] pyran (2.0

g, 0.004 rmI?l) from Step 4 of Exanple 2, was dissolved in a reaction
flask contAVRi RgSSHF o FoORBI FRANEN Wikh| bracrEoiyd3TCarbexY4ui val ent s of
triethyl am methyfcetydthixyak EH@na(lQen%Z g, 0.0048 nol e) was added to the
stirred m xture which was eated to reflux tenperature for 4 hours.
After cooling to roomtenperature, diethyl ether was added and.
triethylan ne hydrochloride, a bypr was renoved by 25 filtration. The
resulting product was purified on a Silica gel colum using chl orof orm

as the el want. The FHTECeEAxYTA wakbaxytormetirle 7col | ect ed and t he sol vent
was renoved A _ e p , was induced to
. 4Rk, v %tzﬁg f‘?ﬁg\% gm %Q%Jq wa% %dged £

crystallize fromdi et “nuc . magnetT C Fesdnance (NVR)
spect rum showegcthon flaskodoutaiminga2e mlsof mgrglcahibsi@@tana th

2, 2- bi s(4- ' - N - 36-

et hoxypheny T2 BEXEE G X PRITeS B an FFe3R Bl n8TFEZ220SUE 30 pyr an.

EXAMPLE 4 5 minutes, when HCI evolution ®#d&Rcdmplete, the excess
" 10 thibnyl chloride was reitimied on a rotary evaporator to
vield the acid chloride as a solid. The product, 1-
acetoxy-3-chlorocarbonyl-4-methyl-7-methoxynaphthalene,
was not further purified but was used directly in the
" next step.
15

One-half of the ,l-aceto_xy-B-chlorocarbonyl-'é-
methyl - 7-methoxynaphthaiene from Step 3 was added in
20 small port:.ons to a reaction flask containing a mixture
of meth.ylene chloride (S0 ml), piperidine (4.25 g, 0.0S
mole} and triethyl amine (5 g, 0.05 mole). After
completing the. addition, an excess of cool dilute
(approximately 5 weight peré:ent:) aqueous hydrochloric
25 acid was added and the resulting solution was mixed.
The organic layer was separated, washed successively
with water, dilute aquéous sodium carbonate, and water.
The solvent, methylene chloride, was removed under
vacuum to yield the desired product as an oil. A NMR
30 spectrum showe& the product to have a structure
. consistent with i-acetoxy-3-piperidinocarbonyl-4-methyl-

7-methoxynaphthalene.



3- net hoxycar bonyl - 4- et hyl - 7- met hoxy--1- napht hol (12 g) was added to a

reaction flask containing pot assi um hydroxi de (25 g), water (250 m) and
et hanol (50 mM). The m xture.was heated on a steam bath for six 10
hour-s, cooled to roomtenperature, and poured into an excess of cold

di l'ute (approximately 5 wei ght percent) aqueous hydrochloric acid. The
resulting solid product * was renoved by suction filtration and dried to
yield 11 g of the desired product, 3-carboxy-4-nethyl-7-nmethoxy- 15

1- napht hol . 3- car boxy-#4ret hyl - 7- met hoxy- 1- napht hol (11
g) fromStep 1 was added to a reaction flask containing 20 100 ml of

net hyl ene chloride. Triethyl amne (10 g, 0.1 nol e) was added with

stirring. The resulting exotherm cﬁr%%_ieact ion m xture was cooled in an
i ce bath. Acetyl chloride (4 g, U. nol e) was added dropwi se while
mai nt ai ni ng the tenperfminguxe 5240 mlhle ofi mel;haacmaandZS stirred an

additional 15 nmin t C..and .t [oom tenperature
where it vvascoé’thPEJéﬁé%‘% tﬂﬁ%ﬁc ﬁﬁ ¢ ac"fi;e(% %ewsasbgfig?g ‘b gt ng into an
excess ofs ca@actiofli FLisk (dim&hﬁmiﬂ@tﬁlac&ow+ght per cent) aqueous

hydrochl ori ¢ ,aci ¢.., The preci_pi tate roduct was on filtered from
the two pha%WinP@ca:g%’rY FPYfe"s‘l‘Fet %ﬁ}ltgﬁieﬁ‘ﬁ e, and dried
to yield 11 ggef alherhe f&ﬁﬂﬁc&ﬂgpf%&ton A1 MR-& Rast semshoyee the product

to -37- have a structure
consi stent @ SFeemabathERm 2 BPBERy - Afterwards, the mixture was

cooled to room temperature and poured into dilute
10 aqueous hyd.;rbchlori.c acid. The resulting precipitate
was suction filtered, washed with wé.ter, and dried to
vield 4.8 g of the desired product as tan crystals. A k
NMR spectrum showed the ‘product to have a structure
‘consistent with 3-piperi_dinocarbonyl—4—methyl-7-methoxyf
15 l-naphthol.

STIEP 6
-plper:.d.tnoca.rbonyl 4-methyl- 7-meth.oxy -1-
naphthol (2.5 g) from Step 5 and 1-(2,3- d:.hydrobenzofur—

20 5-yl)-1- (4-methoxyphenyl) -2-propyn-1 -ol (2.5 g) were
‘added to a reaction flask cont:aiﬁin.g 100 ml of toluene
and stirz:ed. The stirred mixture was heated to SO‘C‘_ and
‘a few drops of dodecyl ‘benzenesulfonic acid were added- (
an amount sufficient to produce a deep red color).

25 After two hours, the reaction mixture was cooled to room
temperatﬁre and water was added. The organic layer was
washed with water and the solvent was removed on a
rotary evaporator. The resulting oil was purified using
a silica gel column and a 1:1 hexane:ethyl acetate

30 mixture as the eluant. The photochromic fractions were
contbined, concentrated and induced to crystallize from a

small amount of a diethyl ether:hexane mixture. The



met hyl - 7- met hoxynapht hal ene. 5 -

1- acet oxy- 3- car boxy- 4- net hyl - 7- nmet hoxynapht hal ene. (11 g) from Step 2
was added to a reaction flask containing 20 m of thionyl chloride and
the.m xture was heated on a steam bath. After about 30 m nut es, when HCI
evoel ution was conplete, the excess 10 thionyl chloride was renoved on a
rotary evaporator to yield the acid chloride as a solid. The product, 1-
acet oxy- 3- chl or ocar bonyl - 4- net hyl - 7- net hoxynapht hal ene, was not further
purified but was used directly in the néft step. 15 STEP 4 '
One-hal f of the 1-acetoxy-3-chl orocarbonyl -4- . . N

met hyl - 7- met hoR§ALPHT RHWNEES ¥afn 2ecoyese SRFEGOPNE BT #AT 356 tions to
a reaction f|aak-ié@nt§&|a}1|éia 3. 81 Kl @rystfis MRkAvbeRemeENt Qg §Rikd0 Nl ),

pi peridine (4.25 g, 0.0% nol e) and triethyl amne (5 g, 0. 05 nole).

Aft er conpl efi AGL1AS Gddix NYR, specturueshowed citd pFodyeEs to have

(approxi mat el ya%*éﬁ&?ﬁreo%ro%%%g’zﬁﬂ%%Zzb(ﬁu%@%' bty

ﬁ'”%% icj d'nas added and
the resulting so on was m xed. organi c er éq%ggégated,

washed succéssidibygrobensdfiarant B+yl)dis-pipenidiomearbonylrgd aeethylade, and
wat er . The so nt,..eth n ride, was.renoved under vacuumto .
yield the desiP&Eﬁﬁf%ﬁﬁg%mﬁ§L§%EB%P¥SRYNWE~30 spectrum showed t he product

to have a structure consistent with
1- acet oxy- 3- pi peri di nocar bonyl - 4- net hy| - 7- met hoxynapht hal ene.
- 38- ) ST- :
10 ' Testing was done-with the photochromic naphthopyrans -

of the Examples incorporated into polyméric samples by the
following method. The quantity of naphthopyran calculated to
yield a 1.5 times 10™> molal solution was added to a flask
contaiﬁing 50 grams of & monomer -blend of 4 parts ethoxylated
15 bisphenol A.dimeﬁhacrylate {BPA 2EO DMA}, 1 part ﬁoly(ethylene
glypol) 600 dimethacrylate, and 0.033 weight percent 2,2'-
azobis(z-metﬁyl propionitrile) (AIBN). ’The naphthopyran was
dissolved into the monomer blend by stirring and gentle
heating, if necessary. .After a clear solution was obtairied,
20 it was poured into a flat sheet mold having éhe interior
dimensions of 2.2 mm x 6 inches (15.24 cm) x 6 inches (15.24
cm) . fhe mold was sealed and placed in a horizontal air flow,
programmable oven set to increase the temperaéure from 40°C. to
95°C. o&er a S5 hour interval, hold the temperature at 95°C. for
25 3 hours and then loéer it to 60°C. for at least 2 hours before
the end of the curing cycle. After the mold was opened, the
polymer sheet was cut using a diamond blade saw into 2 inch

(5.1 centimeters) test squares.

30 Part B
The photochromic test squares prepared in Paft A

were tested for photochromic response rates on an optical



A mxture (200 m) of nethanol and concentrated hydrochloric acid (2 m)
was added to a 5 reaction flask containing 1l-acetoxy-3-

pi peri di nocar bonyl - 4- et hyl - 7- met hoxynapht hal ene from Step 4. The
resulting reaction mxture was refluxed on a steam bath for 2 hours.
Afterwards, the m xture was cooled to roomtenperature and poured into
dilute 10 aqueous hydrochloric acid. The resulting precipitate was
suction filtered, washed with water, and dried to yield 4.8 g of the
desired product as tan crystals. A NNR48ﬁectrun1shomed t he product to

have a structyefen. CEHSEENEIM | ;
3-pi peridi nocar bgnyl - 4- met h§| I-:#rrlg%hg?yPhiSO%qlﬁg‘%hPﬁ%‘fr." the

STEP 6. photochromg.opitpeti equroesr Wers| expareidhyb- FFratdnomper

napht hol (2.5 f apd 1-(2.3-di hydrobenzof ur- 20

5-yl)-1-(4- rretu%)c:&%/%)ﬁgney ;ﬂgg%r%%ﬁ/r?b uFoFg(‘ﬁg’gmgef g@r%" lva%&a&&ﬁ to a

reacti on fl asphototiatowning ct@ifoundsofaniobheneplacedanftstd rreed ¥R &4 I 1 ed

m xture was heated 0[err] _C.and a few drops of dqdecyl .
benzenesul ?OI’II °%Eiﬁﬁf&%ﬁd’éﬁ-@ea%ﬂra}ﬂﬁﬁﬁv@gﬁFl&? OGREPBHtice a deep
red color). 2gokpbedidd Wo ThaUESst t 8CHre Y tHek! H6818M T 28bRA t 0 room
tenperature and water was addéd. The or.ganic | ayer was “washed with water

and the sol veff™REEaTHfoy 8YPEFRS tO FlpgFescent Fpemal ighting, Soreat| keaay oi |

was purified ushb@rs ard theh CReftelcovlkUdNESGta1dade @w&&-'segby ragptate 30
m xture as the eluant. The photochronic fractions were conbi ned,
concentrat ed HRECIHE RTedn: ORISRk Henckemainfinined at TR (23p8R€) of The

e R ST e 8, PR SIRPoRTY Y PoFSRS
controlled shutter, a copper sulfate bath acting as a heat
sink for the arc lamp, a Schott WG-320 nm cut-off filter which
removes shért wavelength radiation; neutral density filtér(é)
and a sample holder in which the square to be tested was

I5 inserted. A collimated beam of light fipﬁ a tungsten lamp was
passed through the square at a small angle normal to. the
square. After passing through the'sqﬁare; the.light from the
tungsten lamp was directed through a phé&opic filter attached
to a detector. The photopic filter passes wavelengths such

20 that the detector mimics the response of the human eye. The
output signals from the detector(s) were.processed by a
radiometer.

Change in optical density (AOD) was deterq;ned by
inserting a test square in the bleached state into the sample

25 holder, adjusting the transmittance scale to 100%, opening the
shutter from the Xenon lamp to provide ultraviolet radiation
to change the test square from the bleached state to an
activated (i.e., darkened) state, measuring the transmittance

' in the activated state, and calculating the change in optical

30 density according to the.formula A OD=log(100/%Ta) Qﬁere %Ta
is the percent transmittance in the activated state and the

logarithm is to the base 10,



drired to yield 2.6 g of crystals having a nelting point of 201-203 C. A

NVR spectrum showed the product to have a structure consistent with

2- (4- met hoxyphenyl )-2-(2,3- 5 di hydrobenzof uran-5-yl)

- 5- pt peri di nocar bonyl - 6- net hyl - 9- met hoxy- 2H napht ho[ 1, 2-b] pyran.
EXAMPLE 5 10 Testing was done with the photochromc

napht hopyr ans of the Exanples incorporated into polyneric sanples by the
foll owi ng nethod. The quantity of napht hogyran, cal culated to yield a
1.5 tinmes 10[err]nmolal. solution was added to a fl ask cont ai ni ng 50

grans of a nononer bl 8&hd 4fODRY/Mjar,t shéthorepreisedtd Sti syemRigivAty of

di met hacryl affre (%Eo?%qsgggyg‘) ¢ol cR%rdt' sp(zj'l?g gx&sr]jé_llt%nﬁv lib?q{S%/,CQJa)s ﬁggsured

di met hacryl ate, ‘Wwel ght™ per cen azo 2- et
propi oni tril eyex ARN)EirsSike fireg@h(3ioperandsast UV dxpssiweed theno ekbeesssqner

bl end by stirri d.gentle . heati i f . After R
Sorut i on eneoBit B HASEE' Basia  Hha daenta SR BRE] St iR BT g ¢ he
interior s- dasenstanindbr2idemiioal6 cofghesorslas26heém oD Min)CBREepdS. 24

cm The no]l d was seal ed and p] aced in a horizontal air flow,
pr ogr ammabl eTOVEPEHTS Uaﬁnﬁ?’é‘g’s’ﬁ‘ﬁdngﬁeﬁ%éﬁ“ﬂ%ﬁﬁ FoB b [B3AFPest in

95[err] C. oveabPe 51 hodhel DhRbdR I max)Sefobbéa LHMRALEE UL 6 AlerdSLaEI CngfRr 25
3 hours and then lower it to 60[err]C for at least 2 hours before = " the
end of the ciRiFRe FaibleaFPePtiyre afpWhivihthepspsimun RbsOrpséopnef theet
was, Cut USi NgeRs il EoRbags) Sei BeOtRe | gidtochrbRid Pl ¢hsy _t est
squar es. 30, " .. Part B The

phot ochr dfi caieshylene gdycpl dpis ad 1yl Parbonpate) gerRodidticnd okonrs.

phot ochr om cqf £SPOINSE HALES PNy A QR 168! 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
_.room temperature (75°F,...23.9°‘c) after removal of the source of
15 ac'tivat:fmg’ light. Result;s. for the Compounds of the Examples -
~are tabulated in Table 1.

IABLE 1
20 EXAMPLE LAMBDA MAX AOD/MIN Aope . Bleach
COMPOUNDS ~ (VISIBLE) SENSITIVITY SATURATION  (T1/2)
1 s20  0.38 0.42 303 sec
2 506 0.32 0.26 149 sec
3 508 0.33 0.25 109 sec
25 4 535 0.34 0.65S >800 sec

The results .of Table 1 show that the bleach
rate of 2H-naphtho(l,2-blpyrans is dramatically effected
30 by the nature of the S5-position substituent. For
example, Compounds 1 through 3 have an acceptable bleach

rate, i.e., fade rate, while Cori\pound 4 fades much



-40 .- bench. Prior to testing on the optical bench, the

phet ochrom ¢ test squares were exposed to 365 nanoneter ul travi ol et

| ight for about 15 minutes to activate the phot ochrom ¢ conpounds and
them placed into a 76[err] C oven for 5 about 15 mnutes to bleach or

i nactivate the photochromc conpounds. The test squares were then
cooled to room tenperature, exposed to fluorescent roomlighting for at
| east 2 hours and then kept covered-#dr at |east 2 hours prior to
testing on an optical bench_nmaintained at 75F (23.9C). The 10 beach was
fitted with BLARF waPllxéneh Ehe Example Lompayngs bave aohigR|PRd shutter, a
copper sulfaje Nahika?GbhN0i 88, 2 di8abaced [tdhsioy, R arﬁlﬁarm a Schott

WG 320 nm cut-off filter which renoves short mavelengt radi ati on;
neutral densfeloratiar gafe, i.ewndsgnsahNicrhol der in which the square to be
tested was 15 inserte beam QfnLi ghthakrgga s | anp was
passed t hrough the sqg'étr:éb‘%ﬂa srrgﬁisangr%1 ﬁgriﬁ%f] as g% sqta%r&e Af ter
passi ng tﬁroughhtﬁufem@aaee;otﬁh;Ispghufi¢cﬂndahés Ofuuwgspeharanp was
directed thr h t opi t r o) d t .JThe .phot api ¢
filter passe%%\g\%ve er'f%t ﬁg ‘55; 2% f‘% {‘gf %fnfgét%h%tmg%ggs&%%enrse?%onse of
t he human eyeegaitded as mmhpwemn;nabenftmsd@gedm atteoifisenybse processed
by a radi onet er. in optical densit err] OD) was
det er ni ned b§*CePY-RSARRNES ttfeesﬁx"@&ﬁa%a thteh'paﬁ?e‘é‘c? age gt};‘f‘ é B%to the

sanpl e 25 hoh&&émpaafliingt cngikde transmttance scale to 100% opening the

shutter fromthe Xenon |lanp to provide ultraviolet radiation to change
t he test 1Qquare fromthe bl eached state to an activated (i.e., darkened)
state, measuring the transmttance in the activated state, and

cal cul ating the change in optical 30 density according to the fornula.[err]
OD=l 0g( 100/ %da) where %la is the percent transmttance in the activated

state and the logarithmis to the base 10.



-41 - The A OO M n, which represents the sensitivity of

t he phot ochrom ¢ conpound' s response to WV |ight, was neasured over
the first five (5) seconds posure, then expressed on a per.
m nyte basis. Thﬂmmm ' gical density (OD) 5 was taken under

i dentical conditi mﬂ)ﬂmn"’m Mn, except WV exposure was
continued for 20 m'nufest fdr sherexanples in Table 1. The | anbda nax
reported in Table 1 is the wavel ength— in the visible spectrumat which
t he maxi mum absorption of the activated4fcol ored) formof the

phot ochrom ¢ conmpound in a 10 diethylene glycol bis(allyl carbonate)
conposi tion oc®@r&dim:  The Bl each Rate (T 1/2) is the time-interval in

seconds for the absoibancg Q{pHiMpichhVab@isbundl Fepfedditcaapht bgpyran in

the test squares_to reach one half the highest absorbance at room
tenperature (75PE¥I9YiRg gBaBiLi [ogpudter renpval of the source of 15
activating light. Results for the Conpounds of the Exanples are
tabul ated in Table 1- . Ri TABLE 1 20
EXAMPLE LAMBDA MAX [err] OO M N err]OD@ err] Bl each
COVPOUNDS (VTSI BLE) SENSI TI VI TY N TN (T1/2 ) 1
520 0. 38 0.42 + 303 sef 506

0. 32 0. 26 149 sec ~ ' 08 0.33

0. 25 109 sec 25 4 0. 34 0. 65

>800 sec The resul Tabl e 1 show that the bl each

rate of 2H napht ho[ 1, 2-b] pyrans i? c%r efically effected 30 by the nature
of the 5-position substituent. Fo R3ln exanpl e, Conpounds 1 through 3 have

an acceptabl e bl each
5 wherein,

(a) Ry is selected from the group consisting of
-CHzX and -C(0)Y, wherein X is halogen, hydroxir, benzoyloxy,
C1-Cg alkoxy, Cp-Cg acyloxy, amino,,C;-Cg mono-alkylamino, Ci-
' Cg dialkylamino, morpholino, piperidino, 1-indolinyl,

10 pyrrolidyl, trimethylsilyloxy, or the group, -OCH(Ry1)2, Y is -
the group, -OCH(Ry3)Z, or an unsubstituted, mono-substituted,
or di-substituted heterocyclic ring selected from the group
cénsisting of 1l-indolinyl, morpholiﬁo, piperidin.o, 1- '-
pyrrqi_l}idﬂ(l, l-imidazolidyl, 2-imidazolin-1-yl, pyrazolidyl,

15 pyrazolinyl and l-piperazinyl, wherein Z is -CN, -CFj3,
halogen, -C{O)}R33, or -COOR;3, Ryj and R;j; are hydrogen or
C1-Cg alkyl and Ry3 is hydrogen; said heterocyclic r;ng
substituents being selected from C;-Cg alkyl and C;-Cg alkoxy,
and said halogen being chloro or fluoro;

20

(b) Ry and each R3 are hydrogen, C;-Cg alkyl, C3-
C7 cycloalkyl, unsubstituted, mono-, di-, or tri._-subs_t:_i.tuted
phenyl, the group, -ORg, wherein Rg is hydrogen, (C;-Cg)alkyl,
phenyl (C1-C3)alkyl, mono-substituted phenyl(C;-Cj}alkyl,

25 (Cp-Cglalkoxy(Cy-C4q)alkyl, C3-C; cycloalkyl, mono(Cy-C4)alkyl



rate, i.e., fade rate, while Conpound- 4 fades. nuch

- 42~ sl owner npl e Conpounds have a high OD at
saturation, i.e ' g nsity, and a high coloration rate, i.e.,
sensitivity. U“Iﬂfm“!ﬁm"ﬂﬂ“t“ww the present invention has been descri bed
5 with referenc&s«lOc speei f+c details of particular enbodi nent s
thereof, it is not intended that such details be regarded as

limtatei ons upon the scope of the invent_i49n except. as and to the
extent that they are included in the  acconpanying clains. 10

- 43- s%ﬁgialﬂgd C3-Cg, Fycloalicyl, ?:éﬁ hald Eﬁ?{'é Wﬁntﬁgmound

represented by t OW Ng grap ormul a:
group, -CH(R7)W, wherein W is -CN, -CF3, halogen, -C(O)R7, or

-COOR7, wherein R is hydrogen, C;-Cg alkyl, or

(C1-Cg) alkoxy (C3-C4)alkyl, or Rg is the group, -c(o;Zr, wherein
5 T is hydrogen, C;-Cg alkyl, C;-Cg alkoxy, the substituted or-

unsubstituted aryf groups phenyl or naphthyl, phenoxy, cl-cs'

mono-or di-alkyl substituted phenoxy, C;-Cg mono-or ‘di-alkoxy

sqbstitut:ed, phenoxy, C1-Cg monoalkylamiﬁo ‘ phep.ylamino, C1-Cg .

mono-or di-alkyl substituted phenyla.miné, C1-Cg mono-or di-

10 alkoxy substituted phenylamino, each of said phenyl or
naphthyl substituents being C;-Cg alkyl, C;-Cg alkoxy or
halogen, each of said halogen or halo substituents: being
chloro or fluoro and n is selected from the integers 0, 1, 2,
and 3; and -

15 * {e) B and B' are each selected from the group
consisting of: _ |

(1) the unsubstituted, momo-, di-, and tri-
substituted aryl groups phenyl and naphthyl; |
i ' (i1} the unsub_st:itutéd', mono- and di-

20 substituted heterocyclic aromat-';ic groups pyridyl, furanyl,
benzofurén-z-yl, benzofuran-3-yl, thienyl, 'benzoth'ien-z-yi,
benzothien-3-yl,. dibenzothienyl, dibenzofuranyl, and-
carbazolyl, said aryl and heterocyclic substituents being
selected from the groﬁp consisting of hydx;oxy,_ amino, Cy-Cg

25 .monoalkylamino, C1-Cg dialkylamino, morpholino, piperidino, 1-
indolinyl, pyrrolidyl, 1-imidazolidyl, 2-imidazolin-1-yl, 2-
pyrazolidyl, pyrazolinyl, l-piperazinyl, C1-Cq alkyl, C1-Cg
haloalkyl, C;-Cg alkoxy, mono(Cj-Cg)alkoxy(C1-C4)alkyl,
acryloxy, methacryloxy, and halogen, said halogen or (hal.o)

30 group being fluoro or chloro;

-
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5 wherein, (a) Rlerr] is selected fromthe group

consi sting of -CHerr]X and -C(OY, wherein X is hal ogen, hydroxy,
benzoyl oxy, cerr}-—Cerr} al koxy, Cerr]-Cerr] acyl oxy, am no,
Cerr]-Cerr] err] C6 di al kyl am no,

norphol i no, pi ggmmmﬁﬂuﬂawﬁ 10 pyrrolidyl, trinmethylsilyloxy,
or the group, - err the group, -OCH(R[err])Z, or an
unsubstituted, nono-substituted, or di-substituted heterocycllc
ring selected fromthe group consigt.i ng of 1-indolinyl, norpholino,-
pi peridi no, 1- pyrrolidyl, |-imdazolidyl, 2-imdazolin-1-yl,
pyrazolidyl, 15 pyrazol |(n.y.l:.)ant:lhé grqn@rsazepyésexvm &iyn tHe| ﬁolmd,ung
-CF[err], C(ORerr], or -COOR[err], Rerr] and R err]
are hydrogen raphlgaéo%%afgr’] derr] aI kyl and Rl err] is hydrogen; said

het erocyclic ring S stltuents bei ng selected 4 om err]-C[err]
alkyl and (err]-CJerr] a Rs and s3 De g chl oro or
fl uoro; 20 b) Rerr] a R[ rr] are
hydrogen, Cerr]-Cerr] al r] Rie Sh aI kyl ,
unsubstituted, nono-, dRg)mor tri-substitutedrg)d eny ;.Othe group,

-OR[err], wherein Rerr] is hydrogen, ((ferr]- &[err])alky
phenyl (Cerr]-Cerr])al kyl, nono-substituted phenyl (Clerr]-Cerr])alkyl,

25 (el Gerclaikoy(Genl derthalkyl, ok d ol ool

n;trogen, provided that when E is substituted nitrogen, D is
carbon, said nitrogen substituent being selécted from the
group consisting of hydfogen, C;-Cg alkyl, and C3-Cg acyl:
each Rg is c;—cs alkyl, C;1-Cg alkoxy, hydroxy, chloro or
10 fluoro; Rg and Ryg éré'eace hydrogen or C;-C¢ alkyl; and m is
| the integer 0, 1, or 2;
(iv) C;-Cg alkyl, C3-Cg baloalkyl, C;-Cg
alkoxy(C1-C4)alkyl, C3-Cg cycloalkyl, mono(Cy-Cg)
alkoxy (é3 -Cg) cycloalgkyl , mono (Cy1-Cg) al]q;l' (C3-Cg) cycloalkyl,
15 and hele(c3-cs)cycloa1kyl, said halo groups being fluoro.o?
chloro; and

-

(v) the group represented by the following

graphic-formula:

\c_ A
TN
U v

20
wherein U is hydrogen or C1-C4 alkyl, and V is selected from
the unsubstituted, mono-, and di-substituted members of the
group consisting of naphthyl, phenyl, furanyl, and t@ienyl,
wherein the substituents for each member ef said groué are

25 Cy3-C4 alkyl, C1-C4 alkoxy, fluoro, or chloro; or



-44 - substituted CJerr]-Cferr] cycloalkyl, Cerr]-Cerr] hal oal kyl,

allyl, the group, CH(R[eI’I’])W wherein Wis -CN, -CF[err], hal ogen,
-C(ORerr], or wherein R err] is hydrogen,

Clerr]-Cerr] 4(1!‘3" mﬂml il(C[err] C[err])al koxy(Clerr]-(err])al kyl,

or Rerr] isth wherein T is hydrogen, (err]- C[err]
alkyl, Cerr]-Cerr] alkoxy, the subst.i t ut ed or unsubstituted aryl
groups phenyl or naphthyl, phenoxy, Cerr]-Clerr] nono- or di - al-kyl
substituted phenoxy, Clerr]-(err] nono- of "di - al koxy substituted )
phenoxy, 10 each of sa ph n sihtuents being
Cerr]-Cerr] alkyl, derr]- err] aH}doé taken 93&%@052%& %%ch of said

hal ogen or halhasshssitutessht swobei-ngor di- subshhoumdarflﬁbnemos-aﬂddnn%or a

selectedfromth |n ers nd c B and
B are each sé“l ; dg’frafpoglbe group ggﬁ%%étix% of &alsturated Cg-ézlz (i)

the unsubstit Q‘o-ﬁ&%’cycﬂ'c hy8P8cdfdon rings, Sé&?:ﬁ.{rhﬁﬂae@—{]-aédﬁs spLedRs

phenyl and napht hyl ; (ri) the tituted,
mono- and di - blcarelle UiFdrdcairBanheifdHC \ald eabtttRid C;oCoypime-i dyl ,
furanyl, benzof uran-2-yl, “benzofuran-3-yl, thienyl, benzothien-2-y|,

benzot hi en- 3- {ricydl berhasitcicanppn ditghz shddafitoreand-rhidenl yl, said aryl

ekl OCYC'shSat?EP&éﬁéé‘%ﬁgbC?EMTtﬁ £r. S@Lé Z%oﬁgofzéz?ﬁétrrﬁag LguP

consi st.i ng of I ox
Cerr]-derr] Ggalkallani Ny -0gr phkdxyo, flmoperanh‘lmmoi:e. | ndoI I nyl,
pyrrolidyl, 1-imdazolidyl, -2-imdazolin-1-yl, 2- pyrazolidyl,

pyrazolinyl, 1-piperazinyl, C[err] C[err] al kyl, derr]-Cerr]
Prglng?l(:{qelr riOC[C[ee;]r] §:[alerk2)1<y?l(:{( err er rTS’Y‘f%Pf claim 1 wggss %ky,
met hacryl oxy, and hal ogen, safad haapgfm selethed From ti3® grawp cosshgtidgior o
or chloro; of -CHzX and -C(O)¥, wherein X is hydroxy, C;-C4 alkoxy, or
Cy-C4 acyloxy, Y is the group, -OCH(R;;)Z, or an unsubstituted
or mono-substituted heterocyclic ring selected from the group:

15 consisting of 1-indolinyl, morpholino, piperidino, and 1- ‘
pyrrolidyl, wherein Z is -CN, -C(O)Rjj, or -COOR313, Ry and
Ri5 are hydrogen or CJ.."C4 alkyl and Ri3 is hydrogen; said

- heterocyclic r"ing- substituents being selected from C1-C4 alkyl
and C3-C4 alkoxy: .

20 . (b} Ry and each R3 are hydrogen, C;1-C4 alkyl,
unsubstituted, mono-, d1-, or tri-substituted phenyl the
group, -ORg, wherein Rg is C3-C4 alkyl or the group,

CH(R7)W, wherein W is -COORq, and Ry is hydrogen or Cy-Cg4
alkyl, said phenyl substituents being C;-C4 alkyl, C;-C4

25 alkoxy 5: -fluoro and n is selected from the integers 0, 1, and
2; and '

(¢) B and B' are each selected from the group
consisting of:
(i) unsubstituted, mono-, di-, and tri-

30 substituted phenyl;



-45-, (iii) the groups represented by the foll ow ng
graphic fornulae: [err] 5 wherein D is carbon or oxygen and E is
oxygen or substituted nitrogen, provided that when E is substituted

nitrogen, D isS ;g sald nitrogen substituent being selected fromthe
gr oup consistir{mg i”, err]-Cerr] alkyl, and CJerr]-C[err] acyl;
each Rlerr] is ¢ Cl yI Cerr]-Cerr] al koxy, hydroxy, chloro-
or 10 fluoro; Rerr] and Rlerr] are each hydrogen or Jerr]-Cerr] alkyl;
and mis the integer 0, 1, or 2; -47- (iv)
Clerr]-Cerr] alkyl, Jerr]- C[err] hal oal , err]-Cerr]

al koxy(QJerr]-Cerr])al kyl: Cerr]-{&ter r‘fh‘%’ﬁﬂ %Fkﬂut%nﬂ‘(’ﬁ’érﬂddlew])

al koxy( ([ err] - eibst]guwied Qakléi‘&cyﬂ@.@.oﬁ%ﬁéiicﬁf%h pL) kGl euthafderr])

cycl oal kyl , 1% and_halo(Cferr]-Cerr])cycloa sal d hal o groups being
fl uoro or fRgPEIrafit@-yl, benzofuran-3-yl, th(l@?ﬂhé’Wb-lﬁepaexbnt ed by

the follow ng pengb@pitr- 391 Mfendothlibnyl, dibenzofuranyl, and
5 carbazolyl, each of said phenyl and heterocyclic substituents

being selected from the group consisting of morpholino,
piperidino, C;-C4 alkyl, C;-C4 alkoxy, and halogen, said
halogen or (halo)_ group being fluoro or chloro;
_ _ (iii) the groups represented by the
10 following graphic formula: |

E Rio

(Rg)

wherein D is carbon and E is oxygen; each Rg is 'C1-C4 alkyl,
C1-C4 alkoxy, hydroxy, or halogen, said,hé.logen being chloro
15 or fluoro; Rg and Rjg are each hydrogen or C;-C4 alkyl; and m
is the integer 0, 1, or 2; )
(iv) C1-C4 alkyl, C1-Cg
alkoxy(Cy-Cqlalkyl, and C3-Cg cycloalkyl; and
(v) the group represented by the
20 following graphic formula: ~

\ /
/C—-

wherein U is hydrogen or methyl, and V is phenyl or mono-

substituted phenyl, said phenyl substituent being C.l-.é4

25 alkyl, C;-C4 alkoxy, or fluoro; or



20« wherein U is hydrogen or (Jerr]j-Clerr] alkyl, and Vis selected from
ther unsubstituted, nono-, and di-substituted nenbers of the group

consi sting of I henyl, furanyl, and thienyl, wherein 't he
substituents HEIIB ry" ﬂm f said group are 25 C[err]-Clerr] alkyl,
Cerr]-Cerr] , J or chloro; or

-46 - (vi) B and B taken together form an

I
unsubstituted, nmono-, or di-substituted fl qgren- 9-ylidene or a menber
sel ected fromthe group consisting of saturafed Clerr]-Clerr]

spi ro-nmonocycl i ¢ hydrocarbon rings, talr CL- AP lcyelic
hydr ocarbon rings, and saturated C[(‘é?’ra]%I éirar g?)"%%-&@&ﬂefr?%ﬁ':l%%

hydr ocar bon ri wgsubsiHitgtetuor arord~pubdbhtuted fQubsentdwitidebnei og ael ect ed
fromthe group,const St rrl-Clerr] .alkyl, rrl- r | koxy,
™ %If&ggt&g from %1% #o% ﬁoJSL%%h%(% oé:[s tuLg.?L%l é-Jf'H‘?B_L

fluoro and chl oro. e n opyran,

wher ei n: spiro-m lic hydrdkaBbehltidds Seheetfthd Ol he 19
consi sting pof c)-nglc-:l grjfc]:xyand -aC(C))Y,1 erein Xis k@drggyfﬁpéj

Clerr]-ders] bi&psdjc tydrocarbdremihgt] eand satylrarsd &4-4cy ot BRigsOUD,
-OCH(R[err])Z, or an unsubstituted or nono-substituted heterocyclic
ring sel ect ed FFifelie Jrdupcatparoméngsing of 1-indolinyl, norphol.ino,

pi peri di no, and 1- pyrrolidyl, wherein Zis -CN, -C(ORerr], or
-COCOR[err], Rerr] and R12 are hydrogen or CJerr]-Clerr] alkyl and
Rlerr] is hydrogen; said3. The naphthopyran of claim 2 wherein: :

(a) Rj is the group, -CHyX, or -C(O)Y,’

10 wherein X is hydroxy, C;-C4 alkoxy, ,,pr Ca-C4 acyloxy-énd Y is
an unsubstituted or mono-substituted heterocyclic ring
selected from the group consisting of 1-indolinyi, morpholino,
and piperidino; -. ' |

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

15 unsubstituted, mono-, di-, or tri-substituted phenyl, the

_group, -ORg, wherein Rg is C1-Co alkyl or the group,
;CI{(R7)W, wherein W is -COOR7y, and Rq i; C1-C2 alkyl, said
phenyl substituents being C3-Cp alkyl, C;-C; alkoxy or fluoro,
and n_is selected from the iﬁtgg’ers 0, 1, and 2; and

20 . (¢} B and B' are each selected from the group

consisting of: ' |
_ (1} unsubstituted, mono-, and-di-
substituted phenyl; )
(ii) the unsubstituted, mono- and di-

25 substituted heterocyclic aromatic groups pyridyl, benzofuran-
2-yl, benzothien-2-yl, dibenzothienyl, and dibenzofuranyl,
each of said phenyl and heterocyclic substituents being
selected from the group consisting of morpholino, piperidino,
Cy1-Cy alkyl, and Cy-C, alkoxy; and

30 (iii) the groups represented by the

following graphic formula:



het-erocyclic ring. substituents being selected from{err]-Cerr] alkyl

and Cerr]-Cerr] al koxy; 20 (b) Rferr] and each

Rlerr] are hydrogen, Cerr]-Cerr] alkyl, unsubstituted, nono-, di-,

or tri-substituted phenyl, the group, -OR6, wherein R6 is (Jerr]-Cerr]
al Kyl or the _group, CH(R7) W wherein Wis -COOR7, and Rlerr] is
hydrogen or—€ferri-Cferr] al kyl, said phenyl substituents being
Cerr]-Cer wm u ﬂﬂﬂ!mmqer]r 25 algoxy or fluoro and n is selected
fromthe in[“u “ I” 2; and (c) Band B-
are each sel &cted rdm fhe* group consi sting of: :
() unsubstituted, nono-, di-, and 3, stst Ry ut ed phenyl ;

-47- (i) t subski t ut ed, nono- and di -
substituted heterocyclic aromatic gr [o]uTe dyl'r, § ur anyl '

benzof uran-2-yl, benzofuran-3-yl, yl, benzothlen 2- yI .

benzot hi en-3-yl, dibenzothi enyl, (SI Beﬂzof uranyl and *5 carbazolyl, each
of said phenyl and heterocyclic substituents bei ng selected froomthe
group consi sting of norpholino, pi peridino, Cerr]-Cerr] alkyl,

d err] - er r [wheiriledryD- aﬂcbmougend Baisl oxygenhaeamrﬁeochS( Fa 6 glkgm bei ng

fluoro or chloraq; 1ii1) the groups represent ed by

(
the 10 fol | oiLT§2gRRsPRE "'f’brfﬁﬂPgm[%srﬂnd R1g are each hydrogen or C;-C; .
§ alkyl; and m is the integer 0, 1, or 2; or
( iv) B and B' taken together form fluoren-9-

yl:.dene, bomylz.dene, norbornylidene, bicyclo(3.3.1]nonan-9-
ylidene or adamantylidene.

10 4.  The naphthopyran of claim 3 wherein R; is
" hydroxymethyl, acetoxymethyl, morpholinocarbonyl, or
piperidinocarbonyl; R, and each Ry are hydrdégen, phenyl,
methoxy, methyl or.- fluoro; and B and B" are each phenyl,
methoxy substituted phenyl, morpholino sybstituted phényl,
15 @.i.ben.zofuran-z-yl_, or 2',3édii1ydrobenzofuran—5-yl.

5. A naphthopyran compound selected from the
group consisting of: ..
(a) " 2,2-bis (4-methoxyphény1) ~5-hydroxymethyl-

20 6-methyl-9-methoxy=2H-naphtho[1,2-b]pyran; o

(b) 2,2-bis(4-methoxyphenyl)-S -hydroxymethyl-
6-phenyl-2H-naphtho [1,2-blpyran;
(c) 2,2-bis(4-methoxyphenyl) -5-acetoxymethyl-
6-pﬁenyl-2H-naphtho (1,2-blpyran;

25 ' (a) 2-'(4-methoxyph:enyl)-2-(2,3-
dihydrobenzofuran-5-yl) -S-piperidinocarbonyl-6-methyl-9-
methoxy-2H-naphtho [1,2-b] pyran;

(e) 2,2-bis(4-methoxyphenyl) -5-hydroxymethyl-
6 -methoxy-2H-naphtho (1,2-b]l pyran;
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wherein D is carbon and E is oxygen; each Rerr] is (Jerr]-Clerr] alkyl,
Cefr]- C[err] al koxv hydr oxy, or hal ogen, sai dhal ogen being chloro 15 or

fl uoro; er e each hydrogen or (Jerr]-Clerr] alkyl; and m
|sthe|nte (iv) derr]- C[err]
al kyl, der oxy(C[err] Cerr])alkyl, and (err]-Cerr]
cycloalkyl and (v) the group represented by the
20 fol l owi ng graphic forml a: [err] wherein U is hydrogen or

met hyl, and V is phenyl or nono- substdsout ed phenyl, said phenyl

substituent being (err]-Cerr] 25 alkyl, "(Jerr]-Cerr] al koxy, or fluoro;
(£) 2,2-diphenyl-S-methoxyi@thyl-6é-methoxy-

or
(vi) B and B t e rm an unsubstituted or nono-substituted
' kahg Eﬁ)ogﬁ 1 réleéﬁ%‘ar‘n ‘sel ecte I sti

quoren-9-yI| ene d fromthe group consisting of
saturated Clerr]- C[ er r] (gpi r @, epspiyadidamany il enerhacationyuetspl v6at ed

Gorrl- E[[ZH} =8 phogr-2x2aRb Bl L DRy B Bt atbon rings.
(h} 2,2-bis(4-methoxyphenyl)-5-
. trimet:h'ylsilyloxymethyl-G—methoxy-ZH‘-naghtho (1,2-blpyran;
' (}.) 2~ (4-methoxyphenyl) -2-t-butyl-S-
methoxymethyl-6-phenyl-9-methoky-2E-naphtho ['1, 2-blpyran; and
() 24(4-tlrethoxyphenyl) -2-(2,3-
10 - d:.hydrobenzofuran S-yl) -Sochloromethyl-s—methyl-s-methoxy-za-
naphtho {1, z-bipyran ;

§. A photochromic article couwprising a polymeric
_» organic h.ost: material and a photochromic amount of a
15 naphthopyra.n compound of claim 1.

7. ‘The phot:och.romc article of Claim & wherein
the polymeric organic host material is- selected from the g'roup
consisting of polyacrylates, polymethacrylates, poly( c,:clz

20 alkyl gxe'thacryla.tes) ‘ polyoxy(alkylené methacrylates), poly
(alkm;ylated phenol methacrylates), cellulose acetate,
cellul'c;;e triacetate, cellulose acetate proﬁionat:e,_ cellulose
écet:ate butyrate, poly(vinyl acetate) , poly(vinyl alcohol},
poly(‘vinyl chloride), p‘oly (vinylidene chloride), thermoplastic

25 polycarbonates, polfest:er's, polyurethanes, poly(ethyiene
terephthalate}, polystyrene, poly(alpha methylstyrene),
copoly{styrene-methylmethacrylate), copoly(styrene- _
acrylonitrile}, polyvinylbutyré.l and polymers of members of

' the group consisting of polyol(allyl carbonate} monomers,

3o. poly.funct:ional acrylate monomers, polyfunctional met:h.a.crylat:e

monomers, diethylene glycol dimethacrylate monomers,



3.. Jhe napht hopyran of claim 2 wherein: (a) Rerr]
| S« t he group, - err| X, or -C(OY, 10 wherein X is hydr oxy,
Clerr]-Clerr] al mj lﬂﬂﬁ"ﬂm err] acyloxy and Y is an
unsubstituted or het erocyclic ring selected fromthe
greup consisting of 1- |ndoI| mor phol i no, and pi peri dino;

(b) Rerr] and each R err] are hydrogen, ([err]-(err] alkyl, 15
unsubstituted, nmono-, di-, or tri-substitusied phenyl, the group,

-OR[err], wherein Rerr] is (Jerr]-Clerr] alkyl or the group,
-CH(R[ err]) W dilierpropalyls bemanm}qmemd E!Jemxy]lait:sd@elyl}yqie: AL caitlog| |

id h b
arkoxy or 11 udreYLebs sosfiles Bt dartaRriiari tf onamdtd| g

20 (C© B and B are each selected fromthe group

consi sting of: : . . ) _unsubsti tute
and- di - subst i t ut ed pherdyPRotochromic artitle comprising a po fD §Fie

unsubsti t utsed oxgandc mﬁ: diate.%alsamtal phio8citdnflicoanetth€ &f aati c groups
pyridyl, benzofuran- 2-yl, benzothien-2-yl, dibenzothienyl, and
di benzof ur anyPaPhthopygan (S’P“‘E’SPﬁdp%rﬁ;}a‘-&‘na het erocycl i c substituents being

sel ected fromthe group consisting of norpholino, piperidino,

Cerr]-Cerr] alkyl, and C[err] rr] al koxy;, and 30
(iii) the groups repredent emgapsochrom%mw#gqﬁgém@ fovherein

the polymeric organic host material is selected from the group

10 comsisting . of polyacrylates, polymethacrylates, poly( C1-Cjia
alkyl .methacrylates), polyoxy(alkylene methacrylates)}, poly
{alkoxylated phenol ﬁtethacrylates) ' cellulose-acetat:e,
cellulose triaéeta.te, cellu,lése acetate propionate, cellulose

. acetate bﬁ.tyrate, polﬁ}(vinyl acetate), poly(vinyl alcohol},

15 poly(vinyl chloride), éoly(vinylidene chloride), thermoplastic
polycarbonates, polyesters, polyurethanes, poly(ethylene
térephthalate) , polystyrene, poly(alpha methylstyrene).,
copoly( styrene-methylmetﬁacrylatg) , copdly(styrene-
acryl_onitrile) . Dolyvinylbutyral and polymers of members __of

20 the group consisting of polyol(allyl carbonate) monomers,
polyf&hcti’onal acrylate monomers, polyfunctional methacrylate
monomers, diethylene glycol dimethacrylate monomers,
diisopropenyl benzene monomers, alkoxylated polyhydric alcohol
acrylate monomers and diallylidene pentaerythritol ménorlne'rs .

25

10. The photochromic article of Claim 9 wherein
the polymeric organic host material is a solid transparent
homopolymer or copolymer selected from the group comnsisting of
poly(methyl methacrylate), poly{ethylene glycol bis

30 methacrylate), poly(ethoxylated bisphenol A dimet:hacr-y-late) P
thermoplastic polycarbonate, poly(vinyl acetate),

polyvinylbutyral, polyurethane and polymers of members of the



[ erg] wherein Dis carbon and E i s .oxygen; each Rerr] is

Cerr]-Cerr] alkyl -Cerr]. alkoxy or fluoro; Rerr] and R err]
are each hydr o C[err] 5 alkyl; and mis the integer 0, 1, or
2 m“i‘ @t“ﬂ!g\ iv) B and B taken together form fl uoren-9-
ylrdene bo A @rnylldene bi cycl o(3. 3..11nonan- 9- yl i deneg, or
adamant yl i dene. : The napht hopyran of claim 3 .wherein
Rlerr] is hydroxynet hyl , acet oxynet hydz,- nor phol i nocar bonyl , or

pi pi ridi nocarbonyl; R err] and each R err] are hydrogene phenyl,

met hoxy, or snbhyl¢ouam$tBn§ndfEhléuhyleaacglphﬁmyhs(allykndanbpnsthtituted
phenyl, norp L no_subst ed p , z fur

2, 3- 4-di hydr@%zel?luz‘%lfu'r acfli E‘xyﬁ.ene g Yéél dlmetga '138 °A naﬁ’% dpyran -conpound
selected fr O&Lib@propé}r}ﬂupeﬁeéﬁé Sidrdghedt, and ethoxylat:ed trimethy).ol

2, 2- bIS(4 nethox hen 5 dro met hyl - 20 .

6- met hyl - %@e ff$ EFPran: (b
2, 2- bis(45nethoxypheny|) 5- hydroxynethyl-

6 phenyl 2H- napht ho[ | , 2- b] pyr an;

- bi s(4- met hoxypheny k- 5%?5?9?@‘%’?%’-—" artéc%éﬁ#yf:&;%ﬁ‘n]a?)m%ein
[1 2- b] pyr anghe2ghotochromic compound 4k | %eééntfr%hgﬁyﬂﬁtﬁ.ﬂiﬂ )df2f§:3m3'

di hydr obenzof uran-5-yl) - 5- plperldlnocarbonyl 6- net hyl -
met hoxy- 2H na.‘pmxﬁoO{qs ZDHEpPraklligram per square cent:.moi@r of organie -

2, 2- bi s(4 TeLBgK VRGN 2 3ul¥dLOWI Rk the FhdTRLRRKNI £ EuiARELRElS)

2-b] pyra

10 is incorporated or appl:.ed.

12. The photochromic article of Claim 11 wherein

the article is a lens.

15" 13. A photochromic ,article'oomprising a
photochromic amount of the naphthopyran compound of claim 3
and a polymeric organic host material selected from the group

. consist;ihg of poly(methyl methacrylate}, “poly(ethylene glycol
bis meéhacrylat:e) ‘ poly(ethoxylated_ bisphenol A .

20, dimethacrylate), thermoplastic polycarbonate, poly(vinyl .
acetaté), polyvinylbutyral, polyurethane and polymers of
membérs of the éroup consisting of diethylene glycol bis(allyl
carbonate) monowmers, diethylene glycol dimethacrylate
monomers, d:.:.sopropenyl benzene monomers, and ethoxylated

25 trimethylol propane triacrylate monomers.

14. A photochromic article comprising a
photochromic amount of. the naphthopyran con;pound of claim 4
and a polymeric organic host material selected from the group
30 comsisting of poly(methyl methacrylate), poly(ethylene glycol
bis methacrylate), poly{ethoxylated bisphenol A
dimethacrylate), thermoplastic polycarbonate, poly{vinyl



o R TRess

-50, - (f 2, 2 -di phenyl - 5- net hoxynet hyl - 6- net hoxy-
2Hanapht ho [ 1, 2 b) pyran; (9)

2, 2 spi r oadana yrret hyl - 6- nmet hoxy- 2H napht ho[ 1, 2- b] pyr an;
5 ” ” I s(4- met hoxyphenyl ) - 5-
trrrret hyl si | yA hoxy 2H naphtho [1, 2-b] pyran;

(i) 2-(4-net hoxyphenyl) 2 t-butyl-S-

met boxynet hyl - 6- phenyl - 9- net ohoxy- 2H naphjho[ 1, 2- b] pyran; and
() " (4- met hoxyphenyl )-2- (2,3- 10 dlydrobenzofuran 5-yl)

- 5- Ch' or omet QybeQe P! @Qly%xﬁ?&ﬁﬁﬁ)‘r@l‘"‘ polyﬁé@@ﬁiﬁé laha 36?}::1&/& HB

6. A photochromc articl conprising a polyneric ganl c host nmateri al
and a phot och‘P@hPﬁsa‘h%mﬂe group gopsifinchefydistvdepeuaiyed! dig (alliyvl.

7. The phOEQEQBR ect ogi?lil_egs %:(élt.gd u@e""&i{r@bi‘ dzmet:hQSrc.)-f ef*§“ ¢ organic

host material rs s om t consi sting acryl ates,
pol ynet bacr ymne@erpolqatls(ogFepel]lYE[mqenezmonamm mﬁhaéhmmﬁ .

pol yoxy(al kyl en | ates) a | at ed phenol
met hacryl at es g‘%gEY{l‘?%#?@??aPéf ’%'lat F’%?&g%e(syt riacetate, cellulose

acetate proplonate cel | ul ose acetate butyrate pol y(vi nyl acetate),
pol y(vi nyl al cohol),

15. A photochromic article comprising, in
combination, a solid transparent polymeric or§anié host
material, and a photochromic: amount of each of (a) at least

10 one naphthopyran compourd of .claim 1, and (b) at least one
other organic photochrémic compound having at least cne
activated absorption maxima within the range of between about

400 and 700 nanometers.

15. 16. The photochramic. article of Claim 15 wherein
the polymeric organic host material is selected from the group
consisting of polyacrylates, polymethacrylates, poly( C1-C12
alkyl methacrylates), polyoxy{alkylene méthacrylat:es) + poly
{alkoxylated phenol meﬁhacrylat':es) . cellulose acetate,

20 cellulose triacetate, cellulose acetate propionate, cellulose
acetate butyrate, poly(vinyl acetate), poly(vinyl alcohol),
poly (viﬁyl' chloride), poly(vinylidene chloride), thermoplastic
polycarbonates, polyesteré, polyurethanes, poly(e,t:h.y}_.ene
terephthalate), polysi:yrene,- poly (alpha methylstyrené) ‘

25 copoly(styrene-methylmethacryla,te) . copoly(styrene-
acrylonitrile), polyvinylbutfral and polymers of members of
the group consisting of polyol{allyl carbonate} monomers,
polyfunctional aczylate monomers, polyfunctional methacrylate
monomers, diethylene glycol dimethacrylate monomers,

g'o diisopropenyl benzene monomers, alkoxylated polyhydric alcohol

acrylate monomers and diallylidene pentaerythritol monomers.
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pol y(vinyl chloride), polytvinylidene chloride), thernoplastic 25
poL ycar bonat es, "pol'yest eérs, polyuret hanes, pol ytethyl ene

copgr v ety ent. AL ' 2000 2 SV enes  acryionitrite.

pobyvi nyl butyral ‘and pblyﬁers of nenbers of t he group consi sting of
pol yol (al 'yl carbonate) nononers, 30. polyfunctional acrylate nononers,
pol yfuncti onal nethacrylate nnnoners:&ﬂiethylene gl ycol dinmethacryl ate
nononer s, -51-

di i sopropenyl benzene AFnondibe, phbRoslreniat arsighy i Clai®ohd| wherein y| at e
nmonomer s andwgli r Syl at
%ﬁle CO%poEngxﬁ&ﬁﬁ’é h:lrd“%em g fmiss s.eleﬁted from the

photochromc arti risrn organlc ost material and a
phot ochr om cgeemp rtonsdisging Oﬁaphthopyran conpound of claim 2.

9. The photochromc articl d rga
host material is selected (%I) cﬁ?:angmrcoaﬂgﬁé consi S%I ng@a(}* g’%rgﬁ 3?
po: ymet ?alsrk y.‘ll.eamts oﬁla,b(soebfﬁ.oﬁ :ﬁi.:ei.lrmjm in t}a.tkyﬂslilughgaaxﬁgé adlte\ﬁetween

pol yoxy(al ky acrylate 0 al koxyl at ed pheno

net hacryl at e§§ T I%ﬁs@sghﬁeegé?e‘?am}a‘eé:&%m ose triacetate, cellulose
acetate propionate, cell ul osg) &W@phﬂtd&%cpﬁh&ém&s aeoiabein

pol y(vi nyl alcohol), 15 pal y(vin chl ori de) ol y(vin Iidene chl ori de),
t her nopl ast i &80 %%&%ﬁ&?e@lgﬁﬂ yigib glﬁ?&‘ﬁ&t RENREEWSRR FOOUky | ene

terephthal atgde 44 V&do/ nARBmeRELY (HPha EBEBYbELH BE&Y rum witlun the

copol y(stgrene nmet hyl net hacryl ate), c6pol y(styrene-
visible range of between 500 and 700 nanometers; and.

(¢} organic photochromic substances having“ an
activated absorption maxima in the visible range of greater
than 570 nanometers; and

(d) mixtures of sa:.d. organic photochromic

15  substances.

'18. The photochromic article of claim 17 wherein
the organic photochromic compound (b) is an organic
photochromc substances ha.v:.ng an act:.vated absorption max:.ma.

20 in the v1sxble range of greater than 570 nanometers

-

.

19. The photochromié article of Claim 16 wherein
the polymeric organic host material is a solid transpé.rent
h.omo'polymer or copolymer selected from the group consisting of

25 poly(methyl methacrylate), polyl{ethylene glycol bis
methaerylate), poly(ethoxylated bisphenol A dimethacrylate),
thermoplastic polycarbonate, poly(wvinyl acetate),
polyvinylbutyral, polyurethane and polymers of members of the
group consisting of diethylene glycol bis(allyl carbonate)

30 monomers, diethylene glycol dimethacrylate monomers, -
diisopropenyl benzene monomers, and ethoxylated trimethylol

propane triacrylate monomers.



acrylonitrile), polyvinylbutyral and-polyners of nenbers of 20 the group
cogsisting o nat e) nononers, pol yfunctional acrylate

noroners, pol i (. acryl ate nononers, diethylene glycol
di n®t hacryl atI i!ﬂ:ﬂuﬂmulmm i i sopropenyl benzene nononers, al koxyl ated
poPyhydric al cohel + mcrsyl ate nononmers and di allylidene pentaerythritol

nononmers. 25 10. The photochromc article of Claim9 wherein
t he polyneric organic host material.is a~¥o1id t ranspar ent honopol yner
or copolymer selected fromthe group consisting of pol y( nmet hyl

met hacryl ate), poly(ethylene glycol bis 30 nethacrylate), poly(ethoxylated
bi sphenol A di net hacrylzt ), The gHoeophpdmixd iaxrtholy oaf adne 17 pethexedmy|

acetate), ol yvi nyl but.,yral , pol yur et han d pol yger f. e rs of the
o2 gr ol BRC BRERRT (RRSTOUE BT | SRR AP L% CRLES RS A0 A
nmononers, di gidenpeengiyeitly GNMBHhAS (IM1EnaPRAFRIMRXxazines] i sopr openyl
benzene nononer,s, %gd el hoxyl ated tri net h\élﬁol ,%gpane trjiacryl ate
NDNONEr S. spiro(indoline) -pyrideRenzdXAZiaRe o nfRITYCERFESP L iEelipyTigo-

wherein 1 hRnoReheehédN ¢piceTBeHPthds) iRe§A8PlithdxazdRegOUNt Of from
about 0.05 to 1.0 mlligram per square centineter of organic host

mat erial sur feRdEobenpiedrline) prokteonysens - s apiEliodol dpeibenzoxazines,

i ncor por at ed js £l i rh?inddER ' ticle of
C-aim 11 whersgliri'r:faqma%1 e aer)thleazgp?rga%s1 of slr&%ui% hbghes E.%B. A
phot ochr oni ¢ spdxpi(dndotingquinegyaans, mpdrodindedine) pyuans of3H:he

napht hopyygan - of .m_3 ﬁ%&g?i i i 10st materi al
sel ect ed #d?orfé%%égaé?gbﬁbﬂl?g%i's% 0 f):g%/’{gng r’??P%nﬁag?‘& at e)

, pol y( et hyl ephieglanchiro (1, Hil] pyeahac rydraiopyranotgugoninide x phd t mikthireshefol A
20. di net hacry] ate t her nopl asti ¢ _pol ycarbonate, poly(vinyl acetate),
pol yvi nyl butf)r(ﬁ%, %SFV%}%?%@“%% tmers of nenbers of ‘the group
consi sting of diethylene glyeol bis(allyl




carbonate) nononers, diethylene glycol dinethacrylate nononers,

di i sopropenyl benzene nononers, and ethoxylated 25 trinethyl ol propane
triacryl ate nonomers. 14. A photochromc article
conprising a phot ochrom ¢ anount of the napht hopyran conpound of claim4
and a polyneric organic host material selected fromthe group 30 consisting
of pol y(nethyl nethacrylate), poly(ethylene glycol bi s nethacryl ate),
pol y(et hoxyl at ed bi sphenol A di mret hacryl ate), thernoplastic

pol ycar bonat e, pol y(vinyl

-53
- acetate), polyvin Ibu&yr3F?I%%F§ﬁ?%€ﬁghgugﬁkijﬁﬁz nmers of menber s
of the group consisti ngNVAPHTHGPYRANS ANR PHPTRCHROMECS AR Cf-# car bonat e)
nononer s, diethyl ene gl |_dinethacrylate_: 1m Iy openyl
benzene mononers, and e?ﬁ%ﬁ?%é%c?msngf’?l n%?‘fﬁﬁsd‘?’ Qg?%%%%éeﬂ r?‘gér%at e
nMoNOMer s. naphtho [1, 2-b] pjfan Acdipoundl| oakanplds off ewltixtprarei ngmpounds
conbi nation, a solid tranpsparent, polyneric_organic _hgst materi al,, and a
phot ochr o 'c.-hﬁmtcetfﬁ:aéﬁcﬁuﬁt‘(% FEaE?e%ﬁ‘"a‘?é' aﬁﬁ'}?ﬁfpﬁ&aﬁ RdnRfind

of claiml, afchi{dy pairtheasés o’ naphehbpyrai did atptind lpoetitEos agpound
havi ng at | east one activated absorption maxima within the range of
bet ween about the PHXFTaFdnge0 FericHd sppstityents may also besprespgpt at

phot ochrom ¢ ¢iad tdrde 06, Gy ai &) 1P eheklrbon {dmsPOkYERL ifapBtfani ¢ host
material is selected fromthe gr oup consi sting of poiyacrylates,

pol yrret hacr y| eexsionp ity thel %@-Pl}thm- Alge IGQSQ#PE (o g eﬁz;wsy,ic host
pol yoxy( allbyl ez[%lr%a%‘:aégéé# Q'er that(ﬂéo&%t@degi.w%ﬁ compounds.,
nmet hacryl ates), cellul ose acetate, ) ‘

: Articles such as ophthalmic lenses or other plastic
transparencies that incorporate the novel'naphthopyran-
compounds or combinations thereof with complemeﬁtary
photochromic compounds; e.g., spiro(indoline) type compounds,

15 are also described.



20 cell.ul dse triacetate, cellul ose acet a%@gﬁ’t%nat e, cellulose acetate

butyrate, polyvinyl acetate), poly(vinyl, 95%1) pol y(vi nyl chloride),
pol y(vinyliderfe chloride),: t hernopl ast i c ca

Wye&ee s,
pol yur et hanes, pol y(ethyl ene t erepht hal ate) , ,m i1 WI!]JQ@
met hyl styrene), 25 copol y(styrene-net hyl met hacsrd;??g ) cuEu. yEstyene—,
acrylonitrile), polyvinylbutyral and polyners of negbgr sﬂﬁ B i Or pup
consi sting of polyol (allyl carbonate) nonomers, I al jacfylate
nononer s, pol yfunctional nethacryl ate “dononer s, |

dlnethacrylate nDnoners 30 diisopropenyl benzene 1 ed
pol yhydric al™&hor<Fs. a‘E?' e TEABHRT s S CaPRYt W t ol
noONOMer s. -

17. The phot gdﬁogen' kg} cPhi (n$11§5\,\/ﬁé‘]r‘8 (€2-9 )géo éan?lé R may

phot ochr oni ¢ wrmaugéoﬁlb) 4@(@@4 eqh&fe i AMualebe h}ﬂiz@gléncoﬁil-eg' APt ;
(a) organic photochrom c Substances having at 5 |east one absorptlon

maxi num i n ttﬂa,-*\ﬂssabkexyar@:e clubbeitwred or HBubskitured alryd §60ups
nanonet ers; gb organi ¢ phot ochrom ¢ _substances havi ng
nP

an absot ptHbtﬁWH-a?FnWm% AROXY s qU-Esr Eﬂﬁ%" déeF\?m‘SéfF‘r about 400

bet ween 500
phot ochromi ¢

gani c

and 500 nanong Eaggﬁgéééang?s:%r péh sntglag(riorpér ahi] eu£0 vi:st:b%e range of

(d) m Xt ur esadk Bl s Bt 6 DAt Dadtis S BhERStean E&4S
18.. The phot ochrom C art | cI e of cI aim 17 vvherel n the organl C

phowechr oni ¢ ~ smispgaench of sphdiphenydnior sapbthvikes having
an activaygpd ﬁﬂ:’%@lﬂh&ﬁes BB ¢, -c5 alkyl, C1~Ce alkoxy or halogen, each

of said halogen or halo substituents be:.ng chloro or fluoro,

and n is selected from the integers 0, 1, 2; and 3.
Preferably, Ry and eech R3 are hydrogen, C1-Cg
alkyl, unsubstituted, mono-, d&i-, or tri-substituted phenyl,
15 the group, -ORg, wherein Rg is C3-C4 alkyl or. the group,
-CH(R7)W, wherein W is -COOR;, and Ry is hydrogen or C;-C4
alkyl, the phenyl substitueﬁts are C1-C4 alkyl, C1-C4 a:lko;cy
or fluoro and n is selected from the int'eg'ez;s. 0, 1 and 2.
“  More preferably, R, and each R3 are hydrogen, C1-Cj
20 alkyl, -uﬁsubstituted', mono-, di-, or tri-substituted phenyl, .
the group, -ORg, wherein Rg is C3-C3 alkyl or the group,
-CH(R7) W, wherein W is -COOR7, and -R7 is C;__-Cz alkyl, - the
phenyl substituents are C:L"C.z ‘alkyl, C1-Cy alkoxy or” fluoro,
and n is selected from the integers 0, 1 and 2. Most
25 preferably, R, and each Ry are hydrogen, phenyl, methoxy,
| methyl or fluoro.
In graphic formula I, - B and B 'may each be” selected
from the group consisting of: (i) the unsubstituted, mono-,
di-, and tri-substituted aryl groups phenyl and naphthyl{ (ii)

30 the unsubstituted, mono- and di-substituted heterocyclic



20 im the visible range of greater than 570 nanometers
19. The photochromc article of Claim 16 wherein the polyneric organic
host material -is a solid transparent honopol yner or VITET —SethE

V SE

fromthe group consisting of 25 poly(nethyl neshestiikacRdat'PE

gl ycol bis met hacryl ate), poly(ethoxyl ated bi spheno}] R drmethacryrate),
t her nopl asti c pol ycarbonate, poly(viziyl acetate), ppl yvEry| ARR ey

pol yur et hane and pol yners of nenbers of t_h&'_ group copsisting of

diethyl ene glycol bis(allyl carbonate) 30 nonomers, die¢ghylene
di et hacryl at e did Ny, ReNZeNe - §IE
et hoxyl at ed trgrﬂng?ﬁgﬁfd C3 p?o% %gg{%}g'ér)k;ﬁ'ate nononers.
20. The phot oglrbapi c_@uﬂ.,qlwe Qhesdai W L& wom| elorF;, Halegengarnt(®)}Ry, or
phot ochrom ¢ cornpound (b) is selected fromthe group consi sting of

spi ro(i ndol i nefAeRht hebersime8y; &s ysinagefi. nGatFaedlicydyr PEobenzoxazi nes,
spiro (benzindoli nei yri do- benzoxazi nes, spiro écbenzi 8?8)'1!' n%)h .
napht hoxazi ned€1-Cs ﬁf’?@%‘@nz%ﬁﬁ%l PEpREhdPyTRmETeP: - ‘ ere:.]n
spiro(indoldn nzo | NES . _~_SPiL(1 ndold n ORYLA | | ndol i ne)
napht hopyraslns%) 9‘2 éﬁfégg FHdGR ﬁé)gjq n’ogir gﬁs,gi}g%%'o%ﬁdg%ﬁgﬁ;{#gngg 3H
10 napht ho [ 2ynkuBLeyéeisa a2t PEesasd HHald130R] Rypanssl , Sphenoxphenarihr o

[ 1, 2-b] pyrans; benzopyran comnpounds and m xt ures of such phot ochrom c
substances. mono-or di-alkyl substituted phenoxy, C1-Cg mono-or ‘di-alkoxy

substituted phenoxy, -61-Cg—mencalkylamino,—phenylamine,—€1—Cg.

glycol
(, =

10 -alkexaLsabs%iéuéeé~§hsnyéamia97 each of said phenyl or
naphthyl substituents being C;-Cg alkyl, C;-Cg alkoxy or
halogen, each of said halogen or halo substituénts:being
chloro or fluoro and n is selected from ﬁhg integers 0, 1, 2,
and 3; and . _ .

_15 : S (c) B and B' are each selected from_;he group
consisting of: o

(1) the unsubstituted, mono-, di-, and tri-
substituted aryl groups phenyl and naphthyl; | a
- (ii) the unsupstitutéd; mono- and di-

20 substituted heterocyclic aromatic graups pyridyl, furanyl,
benzofurﬁn-z-yl, benzofuran-3-yl, thienyl,'benzothien;z-yi,
benzothien-3-yl, dibenzothienyl, dibenzofuranyl, and-
carbazolyl, said aryl and heterocyclic suystituents being

selected from the group consisting of hydroxy, amino, C;-Cg

25 .monoalkylamino, C,-Cg dialkylamino, morpholino, piperidino, 1-
indolinyl, pyrrolidyl, l-imidazolidyl, 2-imidazolin-1-yl, 2-
pyrazolidyl, pyrazolinyl, l-piperazinyl, C3-Cg alkyl, C;1-Cg
haloalkyl, C;-Cg alkoxy, mono({Cy-Cg)alkoxy(Cyi-Cg)alkyl,

acryloxy, methacryloxy, and halogen, said halogen or (halo)

30 group being fluoro or chloro;
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wherein D-is carbon and E is oxygen; each Re is C;-Cy alkyl,
C1-Cy. alkoxy or fl&oro :+ Rg and Rjg ‘are each hydrogen 6:_: Cy1-Co .
alkyl; and m is the integer 0, 1, oxr 2; or
(z.v) B and B' taken together form fluoren-39-
-

yl:.dene, bornyh.dene, norhornyl:.dene, bicyclo(3.3.1]lnonan-9-

ylidene or adamantylidene.

4.  The naphthopyran of claim 3 wherein Ry is

" hydroxymethyl, dcetoxymethyl, morpholinocarbonyl, or

pipéridinocarhonyi_; R, and each R3 are hydrogen, phenyl,
methoxy, 'Mhﬁ%%%ﬂ; and B and B" are. each phenyl,
methoxy substituted phenyl, morphol:.no sybstituted phenyl,
d:.benzofura.n- -yl or 2,3+ d:.hy&robenzofuran- -yl.

5. A naphthopyran compound selected :Erom the
group consisting of: .. )

(a)" 2,2-bis (4-methoxyphényl) -5-hydroxymethyl-

6-methyl-9-methoxy=~2H-naphtho (1,2~ b} pyran; | '

(b) 2,2-bis(4-methoxyphenyl) -5- hydroxymethyl-

6-phenyl-2H-naphtho [1,2-b] pyran;

(¢} 2,2-bis(4-methoxyphenyl) -S-acetoxymethyl-
s-pﬁenyl-zn-naphtho (1,2-blpyran;

(d) 2-(a -methoxyphenyl)-2-{2,3-
dihydrobenzofuran-S-yl) -5-piperidinocarbonyl-6-methyl-9-
methoxy-2H-naphtho (1, 2-b] pyran;

(e) 2,2-bis(4-methoxyphenyl) -S-hydroxymethyl-
6 -methoxy-2H-naphtho {1, 2-blpyran;



