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When exposed to light . radiation involving u et rays,
ultraviolet 10 radiation in sunlight or_the |ijgBATH Gguggmggytllu
phot ochromi ¢ conpounds exhibit a reversible change Tn coror—her—
ultraviol et radiati oneHOSOCHROMOO ISUBSETTUTED QA PATROMMRAN NCOMPOTUNDS

5 The present invention relates to‘certain novel naphtﬁopyran
compounds. More particularly, this invention relates to novel
photochromic naphthopyran compounds and to compositions and articles
containing such novel naphthopyran compounds. When exposed to light )
radiation involving ultraviolet rays, such as the ultraviolet -

10 radiation in sunlight or the light of a mercury lamp, many
photochromic compounds exhibit a reversible change in color. When
the ultraviolet radiation is discontinued, such a photochromic
compound will return to its original color or colorless state.

Various-classes of photochromic compounds have been

15 synthesized and suggested for use in applications in which a-
sunlight-induced reversible color change or darkening is desired.’
U.S. Patent 3,567,605 (Becker) describes a series of pyran ,
derivatives, including certain benzopyrans and naphthopyrans. These
compounds are described as derivatives of chromene and are reported

20 to undergo a color change, e.g., from colorless to yellow-orange, on
irradiation by ultraviolet light at temperatures below about -30°C.
Irradiation of these compounds with visible light or upon raising
the temperature to above.about 0°C is reported to reverse the
coloration to a colorless state. |

25 . The present invention relates to novel 3H-naphtho-
(2,1-b]pyran compounds having certain substituents at the number 8
carbon atom and certain substituents either at the number 7 or
number 9 carbon atom of the naphthopyran. These compounds have been
found to have an improved solar response and an unexpectedly higher

30 activating wavelength than corresponding compounds having no
substituents on the naphtho portion of the naphthopyran or a
‘substituent at the number 8 carbon atom. As discussed later, the
number 7, 8 and 9 carbon atoms of 3H—naphtho[2,1-b]pyran compounds
are part of the naphtho portion of the naphthopyran.
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“Gonpound will return to i1.s original color ‘or colorl state.

Various ¢l asses of photochriom ¢ conpounds have been - 1% synthesized and
suggested for use in appllcatlons in which a sunl i ght -i nduced reversible
col or change or darkening is desired. U S. Patent 3,567,605 (Becker)
descri bes a series of pyran derivatives, including certain benzopyr ans
and napht hopyrans. These conpounds are described as derivatives of
chromene and are reported 20 to undergo azcolor change, e.g., from
colorless to yell ow orange LED DESCRHT e UnlveRYEgN €t 11 ght at
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napht hopyr 40.fe@%ures that such transparencies offer.
Photochromic compounds useful in optical applications, such

as conventional ophthalmic lenses, are those which possess (a) a
high quantum efficiency for coloring in the near ultraviolet, (b) a
lqﬁ'quantum yield for bleaching with white light, and (c) a
15 reiatively fast thermal fade at ambient temperature but not so rapid
a thermal fade rate that the combination of white light bleaching
and thermal fade prevent coloring by the ultraviolet component of
strong sunlight. In addition, the aforesaid properties are
~ desirably retained in conventional rigid synthetic plastic materials
20 customarily used for ophthalmic and plano lenses when such materials
‘have applied to or incorporated therein such photochromic compounds.
Another factor regarding the selection of potential
pﬁotochromic compounds for optical applications is their response
under a variety of solar conditions, e.g., a full mid—day sun, or
25 the more highly filtered solar rays found early or late in the day.
Ideally, photochromic compounds respond equally well under these
differing'conditions. Such a variety of solar conditions can be
simulated on an optical bench with a Xenon lamp fitted with either a
320 nanometer or a 360 nanometer cutoff filter. Preferred
-30_photochromic compounds are those that have a minimal difference in
optical density after exposure to both wavelength ranges of
ultraviolet light. The ultraviolet light having a wavelength higher
- than 360 nanometer represents low light conditions that occur early
or late in the day when the shorter wavelength components of the UV

35 spectrum are attenuated.
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DETAI LED DESCRI PTI ON OF TH I'NVENTI ON , " IMmyrecent years,

phot ochromi-t pl astic materials, particularly plasti€ materials for
optical applications, have been 5 the subject of considerable attention.
In parti.cul ar, photochrom c opht hal m c plastic |enses have been

I nvesti gated because of the wei ght advantage they offer, vis-a-vis,

gl ass | enses. Moreover, phot ochrom ¢ transparencies for vehicles, such
as cars and ai rpl anes, have been of interest because of the potenti al

safety 10 features that asdérladdAREPRRECHRBeRE fRivention, it has bdAOt OChromi
conpounds use

o bt oL s B el T o1 315 S
having a high quantum efficiency for coloring in the near
ultraviolet and an acceptable rate of fade may be prepared.-—These

5 compounds also have improved solar response lévels es compared,to
other substituted and unsubstituted naphthopyran compounds. This
attribute resolves a problem that has been found with other
photochromic compounds of reduced photochromic response in low light
conditions that occur early or late in the day.

10 The compounds of the present invention may be described as
3H-naphtho[2,1-b]pyrans that are substituted with an oxy-bearing
substituent at the number 8 carbon atom and with either an alkyl
group at the number 7 carbon atom or with a carbonyl bearing
substituent at the number 9 carbon-atom. These naphthopyran

15 compounds may be represented by the following graphic formula:

20

25

30 In graphic formula I A, Ry may be hydrogen or a Cy~Cg alkyl, e.g.,
methyl, ethyl, propyl, n-butyl, iso-butyl, n-amyl, iso-amyl, hexyl,
etc. Preferably, R; is hydrogen or C;-C3 alkyl, e.g., methyl. Ry
may be hydrogen or the group, -C(O)W, W being -OR, or -N(Rg)Rg,
wherein R, may be hydrogen, allyl, C;-Cg¢ alkyl, e.g., methyl, ethyl,

35 propyl, isopropyl, n-butyl, iso-butyl, sec-butyl, amyl, hexyl, etc.,
phenyl, C;-Cg monoalkyl substituted phenyl, e.g., tolyl, cumenyl,
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which ring includes as the hetero atom said nitrogen atom alone orx
one additional hetero atom of nitrogen oz oxygen, e.g., indelinyl,
morpholinc, piperidino, l-pyrrolidyl, le-pyrrolinyl, l-imidasolidyl,
2-imidazolin~l-yl, 2-pyrazolidyl, l~piperasinyl, etc., said phenyl
and heterooyclic ring substituents bsing selected from Cy1~0g alkyl
and C1~Cg alkoiy, said halo substituent being chloro or fluero.

Preferably, R; is hydrogen or the group, -C(C)W, W being ~OR,, and

" wherein Ry is a C;~Cy alkyl or allyl. In graphic formula I A,

20

25

either Ry or R, is hydrogen.
Ry in graphic formula I A may be hydrogen, C;-Cg alkyl,

phenyl(0;-C3)alkyl, C1-Og moncalkyl substituted phenyl(0;-C3)alkyl,

Cy~Cg monoalkoxy substitutad phenyl(Ci-Cj3)alkyl, C;-Cg¢

alkoxy(Cy-C, )alkyl, Cs-0s cycloalkyl, Cy-C, memoalkyl substituted
C5-0y cycloalkyl, C;~Cg monohaloalkyl, allyl or the 3foup. -0(0)X,
wherein X may be Cy-Cg alkyl, phenyl, Cy~Cg monc- or Cy-Cg di-alkyl

~ aubstituted phenyl, Cy~Cg mono=- or Cy~Cqy di-alkoxy substituted

30

35

¢

phenyl, C;~Cs alkoxy, phenoxy, Cy~0¢ mono=- or C;-Cg di-alkyl
substituted phemoxy, C=Cg mono- or Cj~Cg di-alkoxy substituted
‘phenoxy, C;~Cg alkylamino, phenylamine, Cy-~Cg mono- ox Cy=Cg
di-alkyl gubstituted phenylamine, or C;~-Cy mono- or C1=Cg di-alkoxy
substituted phenylamino, said halo substituent being chloro, £luore,
or bromo. Preferably, Ry is hydrogen, Cy~Cy alkyl,

phenyl(ci—c3)e1kyl, or the group, ~C(0)X, whereln X is & Cy~C, alkyl.

In graphic formula I A, B and B' may each be selected from
the group congisting of (4) the substituted or unsubstituted aryl
groups phenyl and maphthyl, (ii) the substituted or unsubatituted
heterocyclic aromatic gtoups pyridyl, furyl, bensofuryl, :hiényl,
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-3-. - fn accordance with the present invegtion, it has been

‘di scovered that certain novel 3H napht ho[-2, 1- b] pyrant {= npounds havi ng a
hi gh quantun1eff|0|ency f.or coloring in the near ultraviolet and an
acceptable rate of fade may be prepared.--These 5 conpounds al so have

I nproved sol ar response | evels as conpared to ot her substituted and
unsubsti tut ed napht hopyran conpounds. This attribute resolves a problem
that has been found w th other phot ochr®m ¢ conpounds of reduced

phot ochromi ¢ response in |ow |i condi tions that:%véur ear or Iate

in the day. 1ldenzothienyl,Tpgd ééﬁgb@hagdd’r Eekenp FRBRIRET nti% AP
described as ggamditpaety Ige{,ap 1- b&@)ﬁ&ﬁn&nﬂhﬁéte&beycﬂubsmbhuia&n\mwf 3nand

ot eGP ouB o5 Rt BRnefles g AR Gle Br&l BhsBLEN < Ed“ﬂ*ﬁei'ﬁﬁﬁgﬁ -
substituent atelkile ﬁuﬂ%ehaboaééwborﬁaﬁs)mlkﬂ‘ié-sGln‘éqoﬁﬂ-hﬁwpa 4 )elky
5 C1-Cs dialkylamino, acryloxy, methacryloxy, and halogen, - said
halogen or (halo) groups being fluoro, chloro, or bromo, provided
that at least one of B and B' is a substituted or unsubstituted
phenyl, except when B and B' form the spiro adamantylene group.

Preferably, B and B' are represented respectively by the
10 following graphic formulae:

15
(¥2)ea | (Z220p

20
IT A IT B

25 wherein, Y; may be selected from the group consisting of C;-Cs
alkyl, Cy-Cs alkoxy, fluoro, and chloro; Z; may be selected from the
group consisting of hydrogen and Y;; each Y; and Z, are selected
from the group consisting of C;-Cg alkyl, C;-Cs alkoxy, hydroxy,
halogen, e.g., chloro, fluoro, and bromo, acryloxy, and meth-

30 acryloxy, and a and b are each integers of from 0 to 2. Preferably,
Y; is C;-C3 alkyl, C;-Cg alkoxy, or fluoro, Z; is hydrogen, each Y,
and Zy is selected from the group consisting of C;-C3 alkyl and
C1—C3 alkoxy, a is the integer 0 or 1, and b is an integer from 0 to
2,
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15 conpounds nmay be represented by the follow ng graphic formul a:

ferr] .  « 30 In‘@qaphic formula I A R[errr"ﬁay be hydrogen or
Cerr]-Cerr] alkyl, e.g., - nmethyl, ethyl, propyl, n“butyl, iso-butyl,
n-anyl, iso-anyl, hexyl,

The preferred naphthopyrans of the present invention are

represented in the following graphic formula I B, which also shows

the numbering of the ring atoms:

10

15

Compounds represented by graphic formula I C are prepared by a

20 coupling reaction followed by derivatization as shown in
Reaction C. The propargyl alcohol represented by graphic formula
VI, which is used in Reaction C, may be prepared by methods
described in Reaction A and Reaction B. The substituted naphthalene
diol, represented by graphic formula VII A, which is used in

25 Reaction C, may be prepared by a method described hereinafter. The
substituted naphthol represented by graphic formula VII B, that is
used in Reaction E to make the compounds represented by graphic
formula I D may be prepared by the methods described in Reaction D.

Benzophenone compounds represented by graphic formula V

30 shown in Reaction A may be purchased from fine chemical
manufacturers, custom synthesized or may be prepared by
Friedel-Crafts methods using an appropriately substituted or
unsubstituted benzoyl chloride of graphic formula IV and a

commercially available substituted benzene compound of graphic
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etc.” Preferably,

Rlerr] is hydrogen or Cferr]-i(Jerr] a¥ky| e. g., nethyl.

‘Rlerr]+ s my be hydrogen gr the group, -C(OW Whbeing - _OR4 or

-N(R[err])Rerr],
al kyl, e.g., net
sec-butyl, anyl,

wherein Rlerr] may be hydrogen, allyl, (err]-Clerr]

hyI, ethyl, 35 propyl, isopropyl, n-butyl, iso-butyl,
hexyl, etc., phenyl, Cerr]-(err] rmnoal kyl

substituted phenyl, e.g., tolyl, cunenyl, etc.,
Cerr]-Cerr] nonoal koxy subst ituted pher‘Tyf' e.g., anisyl,

et hoxyphenyl , et
3- phenylpropyl

'g‘tlé‘ PP%[ 1 gfeé‘fb]% Qﬁ’)" éé q ggg F beg_z_%l;I g?enet hyl ,

(Cerr]- C[err]E)a.ad:_ﬂg.pnﬁ Geeorgd -AC] @1ati, Mmbkmc} Bulidshens,ey96%, Vol. 3,

phenyl (C[ err] 'Cﬁ

ol ?akafomqt% rRetChé€ dyhtnesighkoxy(Jerr]-Cerr])al kyl,

or

Cerr]-Cerr] m)noha wherein Rerr] and R err] each may be
sel ected fromthe grolp %Bﬁﬁ%tﬁng%fcqm%ﬁepﬁséﬁ?d éP’e$"r‘1Ph e~ al kyl ,
Clerr]-Cerrg soymiiesl kY an@hmmyte andssBra- il dolvedbstductt & cabesty|

dis
Lew

ben

10

15

20

25

ulfide or methylene chloride, and reacted in the presence of a
is acid, such as aluminum chloride, to form the corresponding

zophenone represented by graphic formula V.

REACTION A
cocl Z, o Y,
 Alcl, >'
CH,Cl1, '
(22)p (¥3)e (22 (X2,
III IV v

In Reaction B, the substituted benzophenone represented by

graphic formula V is reacted with sodium acetylide in a suitable

solvent, such as dry tetrahydrofuran (THF), to form the

30 corresponding propargyl alcohol, which may be represented by graphic

formula VI.

This Sheet Has Been Replaced

A




or. R[err] and Rlerr] t oget.her with the attached mtrog%n atom form a nono-
or di-substituyted or unsub$t|tuted non-aromatic, satupated, or 10

unsat urated heterocyclic ring containing fromb5 to 6 ring atons, . whi ch
ring includes as the hetero atom said nitorgen atom al one or one
additional hetero atomof nitrogen or oxygen, e.g.; indolinyl,

nor phol i ne, piperidino, 1l-pyrrolidyl, 1-pyrrolinyl, 1-im dasolidyl,
2-imdasolin-1-yl, 2-pyrrazolidyl, 1-piperazinyl, etc., said phenyl 15 and
heterocyclic ring substituents being selected fromCerr]-Clerr] alkyl

and Cerr]-(err] al koxy, said hal o substituent being chloro or fluoro.
Preferably, Rlerr] is hydrogen or the group, -C(OW Whbeing -OR[err], and
wherein Rerr] is a (derr]-Cerr] alkyl or allyl. 1In graphic fornula | A
either Rerr] or Rlerr] is hydrogen. 20 Rlerr] in graphic
formula I A may be hydrogen, Clerr]-Clerr] alkyl, N
phenyI(C[errS]-C[err])aI kyl, Cerr]-Clerr] nonoal kyl substituted

phenyl (Clerr]-Cerr])al kyl, Cerr]-Cerr] nonoal koxy substituted

phenyl (CJerr]-Cerr])al kyl, d erREAJELON B al koxy((err]-Cerr])al kyl .
Cerr]-Cerr] cycloalkyl, Cerr]-Cerr] nonoal kyl substi tcat ed
Cerr]-Cerr] cycloalkyl, C[err]-C[errr] nonnohal oal kyl d"yl or the group,
-C(O X, 25 wherein X&
nono- or Clerr]-Clern] di V substituted phenyl C err] nono-
or Jerr]-Cerr] dj ; > pituted phenyl (

phenoxy, derr]-C Geia Fdi aI

phenoxy, Cerr]-( ey Clerr]-Cferr] di- < ted
phenoxy, Cerr]- rr] al kyl/am no, phenyl am no, CJ mo- or
Clerr]-Clerr] 30 ‘Fsdml kyl §¥dstituted phenyl am no$%¥y J er KF2g err] mono-

or (ferr]-Clerr] di-alkoxy substituted phenylam no said ‘r’]ﬁl 0 substituent
bei ng chloro, fluoro, Vv or brono. Preferably, R err] ydr ogen,

Cerr]-Jerr alkyl,

In Reaction C, the propargyl alcohol represented by graphic

formula VI is coupled with a 7-substituted 2,6-naphthalene diol,
20 represented by graphic formula VII A, under acidic conditions to

form the naphthopyran of graphic formula VIII A. 7-substituted

2,6-naphthalene diol e.g., 2,6-dihydroxy-7-carbomethoxynaphthalene

can be prepared by methods described for the synthesis of

n-hexyl-3,7~dihydroxy-2-naphthoate described in the Journal of the
25 American Chemical Society 104, 'pages 7196 to 7204, 1982.

"In order to make the compound represented by graphic
formula I C, it is necessary to derivatize, i.e., acylate,
methylate, benzylate; etc..., the hydroxyl group on the number 8
carbon atom of the naphthopyran represented by graphic formula

30 VIII A. This is accomplished by reaction of the hydroxyl group
with an alkyl or aroyl halide, chloroformate, isocyanate, etc.
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phemyl(C[err]-Cert])al kyl, or the group, -C(O X, wher&in X'is a

‘err]«d.erv] ,al kyl. } In graphic formula u A B and B' nmay each
be selected from 35 the group consisting of ([err]) the substituted or
unsubstituted aryl groups phenyl .and naphthyl, (ii) the substituted or
unsubsti tuted het erocyclic aromatic groups pyridyl, furyl, benzofuryl,

t hi enyl -5-
benzothienyl, and (iii) B and B taken tegether formthe spiro -
adamantyl ene group. The aryl and heterocyclic substituents of B and B'

may each be selected fromthe group consisting of hydroxy, Cerr]-Cerr]
alkyl, derr]-Cerr] haloalkyl, Cerr]-Cerr]  al koxy, Cerr]-Cerr]
al koxy(derr]-Cerr])alkyl, 5 Cerr]-Cerr] dialkylamno, acryloxy,

met hacryl oxy, and hal ogen, said hal ogen or (hal o) groups being fluoro,
chl oro, or brono, provided _ o
S
REACTION C
I
Z, ¥,
(220 - (¥,
VIiI A VI
15
¥
20

25

30

35
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‘except -when: B .and B' form §he spiro adamantyl ene grou
Preferably, B and B' are represented respectively by t
graphic fornul ae: .15 [err]

that at |least one of B and B is a substituted or un%distithted phenyl,
p ’

e 10 foll ow ng

- 10 -

10

15

In Reaction D, the naphthaldehyde or alkyl aryl ketone

20 represented by graphic formulae IX A and IX B respectively, is
reduced using the Wolff-Kishner process to yileld the compound
repfesented by graphic formule X, which can be selectfvely
brominated to yield the bromonaphthalene compound of graphic formula
XI. This compound may be subjected to high pressure copper mediated

25 solvolysis to produce the substituted naphthol represented by
graphic formula XII followed by demethylation to produce the
substituted naphthol represented by graphic formula VII B. The
various compounds prepared in this series of reactions may be
cbmmercially available from fine chemical manufacturers or may be

30 custom synthesized.
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25 wherein, Y[err] may be _selected fromthe group consi ting of :

‘Jerr]-derr] . alkyl, egr]-Cerr] alkoxy, fluoro,;‘ahd chloro; Z[err]

may be selected fromthe group consi sting of hydrogen and Y[err]; each
Y[err] and Zerr] are selected fromthe group consisting of
Cerr]-Cerr] alkyl, Cerr]-Cerr] al koxy, hydroxy, hal ogen, e.g.,

chloro, fluoro, and brono, acryloxy, and neth- 30 acryloxy, and a and b are
each integers of fromO to 2. Preferably: Merr] is (Jerr]-Cferr] alkyl
Cerr]-Cerr] alkoxy, or fluoro, Z err] is hydrogen, each Y[err] and
Z[err] is selected fromthe group consisting of CJerr]-Clerr] alkyl and
Cerr]-CJerr] alkoxy, ais the integer O or 1; and b is an integer fromOoO
to 2. - 6- ' The
pref erred napht hopyrans of the present invention are

5
REACTION D
CHO C ;CCz-c‘) Blkyl X Ri
10 _ OCHy OCH,8 _ OcCH,
Wolff-Xishner OO
reduction
or
IX A X
15
20
Rl 81
OCH,3 oCH,8
> High Pressure g
Br folvolysis HO
XI XIT
30
35
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represented in the fol | owiQg graphic fornula I B, which al so shows t he
nunbering of the ring atons: 5 10 .3

[err] 15 Conmpounds represented by graphic formula | C are
prepared by a

I

-12 -
5 )
R4
OH
10
HO
VII B
15

In Reaction E, the propargyl alcohol represented by graphic
formula VI is coupled with a substituted naphthol of graphic formula
VII B under acidic conditions to form the naphthopyran of gréphic

20 formula VIII B. The compound represented by graphic formula I D is
produced by derivatizing the hydroxyl group on the number 8 carbon
atom of the naphthopyran compound represented by graphic formula
VIII B in an identical manner as previously discussed for
Reaction C. If R3 is methyl, the compound represented by graphic

25 formula XII in Reaction D may be used directly'in place of the
compound represented by VII B in Reaction E.
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20 coupllng reaction fol | owed by derivatization as shodn in Reaction C
‘The propargyl .al cohol represented by graphic fornula- $ VI, which is used
in Reaction C, may be prepared by nethods described in Reaction A and
Reaction B. The substituted naphthal ene diol, represented by graphic
formula VI1 A which is used in 25 Reaction C, may be’ prepared by a nethod
descri bed hereinafter. The substituted q@phthol represented by graphic
formula VIl B, that is used in Reaction fo make the conpounds
represented by graphic formula | D nmay be prepared by the nethods

described in Reaction D. Benzophenone conpounds represented by
graphic formula V 30 shown in Reaction A may Be purchased from fine
chem cal manuf act urers, custom synthesized or nay be prepared by

Friedel -Crafts nmethods using an appropriately substituted or
unsubstituted benzoyl chloride of graphic formula IV and a comercially
avai |l abl e supbstituted benzene conpound of graphit

REACTION E
CH
1

1 Z
OH
* gl

10
(Z2)y (¥2),
VII B VI
15
20
25
30
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-7- formula I11. See_the publication, Friedel-Crajts and Rel ated
Reactions, €earge A O ah, j nterscience Publishers; 1984, Vol. 3,

Chapter XXXI (Aromatic Ketone Synthesis). n Reaction A the
conpounds represented by graphic- 5 fornulae Ill and IV are dissolved in a
sol vent, such as carbon di sul fide or nethylene chloride, and reacted in
the presence of a Lew s acid, such as alum numchloride, to formthe
correspondi ng benzophenone represent ediby graphic formula V. 10
REACTI ON A 15 [err]
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Compounds represented by graphic formulae I A through I D
may be used in those applications in which organic photochromic
20 substances may be employed, such as optical lenses, e.g., ophthalmic
and. plano lenses, face shields, goggles, ski goggles, visors, camera
lenses, windows, automotive windéhields, alrcraft and automotive
transparencies, e.g., IT-roofs, sidelights and backlights, plastic
films and sheets, textiles and coatings, e.g., coating compositions
25 such as paints, and verification marks on security documents, e.g.,
| documents such-as banknotes, passports and driversl_licénses for
which authentication or verification of authenticity may be
desired. Naphthopyrans represented by graphic formula I exhibit
color changes from colorless to colors ranging from yellow to orange
30 and red.
Examples of contemplated naphthopyrans within the scope of
the invention are the following: . )
(a) 3,3-diphenyl-8-hydroxy-9-carbopropoxy-3H-naphtho-
(2,1-b]pyran;
35 (b) 3-(2-fluorophenyl)-3-(4-methoxyphenyl)-8-hydroxy—-9-
carbopropoxy-3H-naphtho[2,1-b]pyran;
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In Reacti B, the substituted benzophénone represented by

graphic fornmul.a V is react with sodi um-acetylide in & suitable sol vent,
such as dry tetrahydrofuran (THF), to formthe 30 correéspondi ng propar gyl
al cohol, which may be represented by graphic fornula VI. -

carbomethoxy-3H-naphtho[2,1-b]pyran;
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(c) 3—(2—f1uoropheny1)-3—(&-methoxypheny1)-8-hydroxy—9—

(d) 3-(2,4-dimethoxyphenyl)-3-(4-methoxyphenyl )-8-hydroxy—
9-carbomethoxy-3H-naphtho{2,1~b]pyran; N

(e) 3,3-diphenyl-8-methoxy~9-carbophenoxy-3H-naphtho—
[2,1-b]pyran;

(£) 3-(2-fluorophenyl)-3-(4-methoxyphenyl)-8-methoxy-9~
carbophenoxy-3H-naphtho{2,1-b]pyran;

(g) 3~(2-fluorophenyl)-3-(4-methoxyphenyl)-8-methoxy-9-
carbomethoxy-3H-naphtho{2,1-b]pyran;

(h) 3-(2,4-dimethoxyphenyl )-3-(4-methoxyphenyl)-8-acetoxy—
9-carbomethoxy-3H-naphtho{2,1-b]pyran;

(i) 3,3~diphenyl-7-methyl-8-methoxy-3H-naphtho[2,1-b]pyran;

(j) 3-(2-methoxy,4-acryloxyphenyl)-3-(4-methacryloxy-
phenyl)-8-benzyloxy-9-(carbo-l1-indolinyl)-3H-naphtho[2,1-b]pyran;

(k) 3-(2,4,6-trifluorophenyl)-3-(2,4,6-trimethoxy-1-
naphthyl)-8-acetyl—9-carboniloyl-BH-naphtho[2,1-b]pyran§

(1) 3-(2;fluoropheny1)-3-(3-methoxy—2—thieny1)-7-h—penty1—
8—benzoyloxy—3H-naphtho[2 1-b]lpyran; and

(m) 3 3-spiro adamantylene-8-acetoxy-9-carbomethoxy-3H~-
naphtho[2,1-b]lpyran;

Commercially available photoreactive inorganic -glass lenses
containing silver halide particles darken to a neutral gray or brown
color in sunlight. In order to duplicate this color change in a
plastic lens using the organic photochromic naphthopyrans of the
present invention, it is contemplated that such naphthopyrans be
used in combination with other appropriate complementary organic
photochromic materials so that together they produce the desired
gray or brown color shade when the plastic lens containing such
photochromic materials is exposed to ultraviolet light. .For
example, a compound which colors to yellow may be blended with a
compound that colors to an appropriate purgle Fo produce a brown
shade. Similarly, a compound which is orange in its colored state
will produce a shade of gray When used in conjunction with an

appropriate blue coloring compound.
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Particularly contemplated classes of complementary organic
photochromic compounds that may be used in combination with the
naphthopyrans of the present invention include: purple/blue
spiro(indoline) benzoxazines, such as those described in U.S+ Patent

5 4,816,584; spiro(indoline) PYridobenzoxazfne photochromic comﬁounds,
such as those described in U.S. Patent 4,637,698; spiro(indoline)
naphthoxazines, such as those described in U.S. Patents 3,562,172,
3,578,602, 4,215,010 and h,342,668;'and benzopyrans and
naphthopyrans other than those of the present invention having a

10 nitrogen-containing substituent on the carbon atom adjacent to the
oxygen of the pyran ring, such as those described in U.S. Patent
4,818,096. All of the aforedescribed spirooxazine-~ and pyran-type
organic photochromic compounds are reported to exhibit a color
change of from colorless to purple/blue on exposure to ultraviolet

15 light. The disclosures of said U.S. Patents may be incorporated
herein by reference. '

Other contemplated complementary organic photochromic
compounds that are reported to exhibit a color change of from
colorless to-yellow/orangg when exposed to UV light may be used in

20 combination with the naphthopyran compounds of the present invention
to augment the yellow/orange color of those activated photochromic
compounds. Such complementary yellow/orange compounds include:
benzopyrans and naphthopyrans'having a spiro adamantylene group in
the 2-position of the pyran ring, such as those described in U.S.

'25 Patent 4,826,977; and naphthopyran compounds such as those described
in U.S. Patent 5,066,818. The disclosures of such U.S. patents also
may be incorporated herein by reference.

The naphthopyran compounds of the present invention ﬁay be
used in admixture with or in conjunction with the aforedescribed

30 complementary or'augmenting organic photochromic compounds in
amounts and in a ratio such that an organic host material to which
the mixture of photochromic compound(s) is applied or in which they
are incorporated exhibit a substantially neutral color when
activated with unfiltered sunlight, i.e., as near a neutral gray or

35 brown color as possible given the colors of the activated
DA
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15 - " 1n Reaction C, the propargyl alcohol represented by
graphie , fornula VI is caypled wth a 7- substituted’?%G-naphthalene di ol ,
20 represented by graphic fornmula VIl A, under acidic conditions to form
t he napht hopyran of graphic fornula VIIl A 7-substituted

" 2, 6-napht hal ene diol e.g., 2,6-dihydroxy-7-carbonet hoxynapht hal ene can
be prepared by nethods described for the synthesis of

n- hexyl - 3, 7- di hydr oxy- 2- napht hoat e descr+ddd-in the Journal of the 25
Anmerican Chem cal Society 104, pages 7196 to 7204, 1982.

order to make PPhEOC&'Gﬁ*p%ﬂJﬁGmP%ﬂEser?FEdrﬂytb‘feaﬁﬂP‘E‘“ of o‘i*ﬁ?u?hm}“ém‘}"ic i s
necessary to deﬁpmuh Z§ged will, va:e:;y laitt edepend i\l pytiupon haiazyémtﬁweet C.

h f.Lh
Lhe Dyorox)! Sheu88ed N5, B USIer o, RO b Al S L B0 B o,

of the hydroxyl groupFor wikamplegn thek phphthhopyrap comgoudds O:fhltb¢ cﬁr&mte
i socyanat e, $£lfvention may be combined with one or moré of the aforedescribed

purple/blue spirooxazine- and/or pyran-type organic photochromic
compounds in amounts and in a ratio such that an organic host
material to which the mixture of compounds is applied or in which
they are incorporated exhibits a neaé—brown color. Generally, the

10 weight ratio of each of the aforedescribed spirooxazine-~ and
pyran-type compound(s) to the naphthopyran compound(s) of the
present invention will vary from about 1:3 to about 3:1, e.g.,
between about 1:2 or 0.75:1 and about 2:1.

A near neutral gray color exhibits a spectrum that has

15 relatively equal absorption in the visible range between 400 and 700
nanometers, e.g., between 440 and 660 nanometers. A near neutral
brown color exhibits a spectrum in which the absorption in the
400-550 nanometer range is moderately larger than in the 550-700 .
nanometer range. An alternative way of describing color is in terms

20 of its chromaticity coordinates, which describe the qualities of a
color in addition to its luminance factor, i.e., its chromaticity.
In the CIE system, the-chromaticity coordinates are obtained by
taking the ratios of the tristimulus values to their sum, e.g.,
x=X/X+Y+Z and y=Y/X+Y+Z. Color as described in the CIE system can

25 be plotted on a chromaticity diagram, usuélly a plot of the
chromaticity coordinates x and y. See pages 47-52 of Principles of
Color Techpnology, by F. W. Billmeyer, Jr. and Max Saltzman, Second
Edition, John Wiley and Sons, N.Y. (1981).

The amount of photochromic substance or composition-

30 containing same applied to or incorporated into a host material is
not critical provided that a.sufficient amount is used to produce a
photochromic effect discernible to the naked eye. Generally such
amount can be descriﬁed as a photochromic amount. The particular
amount used depends often upon the intensity of color desired upon

35 irradiation thereof and upon the method used to incorporate or apply

the photochromic substances. Typically, the more compound applied

or incorporated, the greater is the color intensity. -~ - - -  — . . .. . ._
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Generally, the amount of each photochromic substance
incorporated into or applied to the host material may range from
about 0.0l or 0.05 to about 10 to 20 percent by weight. More
typically, the amount of photochromic substance(s) incorporated into
or applied to the host material will. rangé from about 0.0l to about
2 weight percent, more particularly, from.about 0.0l to about 1
weight percent, e.g., from about 0.1 or 0.5 to about 1 weight
percent, based on the weight of the host material. Expressed
differently, the total amount of photochromic substance incorporated
into or applied to an optical host material may raﬁge from about
0.15 to about 0.35 milligrams per square centimeter of surface to
which the photochromic substance(s) is incorporated or applied.

Photochromic compounds of the present invention, mixtures
of such compounds with other photochromic compounds, or compositions
containing same (hereinafter "photochromic substances') may be
applied to or incorporated.into a host material by various methods
described in the art. Such methods include dissolving or dispersing
the substance within the host material, e.g., imbibition of the
photochromic substance into the host material by immersion of the
host materigl in a hot solution of the photochromic substance or by
thermal transfer; providing the photochromic substance as a separate
layer between adjacent layers of the host matérial, e.g+, as a part
of a polymer film; and applying the photochromic substance as part
of a coating placed 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 absbrption of the photochromié substance into a
porous polymer, vapor phase transfer, and other such transfer
mechanisms. See U.S. Patent No. 5,066,818 column 14, line 41 to
column 15, line 25 for examples of the above methods.

The polymer host material will usually be transparent, but
may be translucent or even opaque. The polyﬁer product need only be
transparent to that portion of the electromagnetic spectrum, which
activates the photochromic substance, i.e., that wavelength of
ultraviolet (UV) light that produces the open form of the substance
and that portion of the visible spectrum that includes the
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absorption maximum wavelength of the substance in its UV adtivated
form, i.e., the open form. Further, Ehe_resin color sﬁoqid not be
such that it masks the color of the activated form of the
photochromic substance, i.e., 80 the change in color is reaﬁily
apparent to the observer. Preferably, the host material article is
a solid transparent or optically clear material.

Examples of host materials which may be used with the
photochromic substances or compositions described herein include:
polymers, i.e., homopolymers and copolymers, of polyol(allyl
carbonate) monomers, e.g., diethylene glycol bis(allyl carbonate),
polymers, i.e., homopolymers and copolymers, of polyfunctional
acrylate monomers, polyacrylates, which are polymers of esters of
acrylic acid or methacrylic acid, such as methyl acrylate .and methyl
methacrylate, cellulose acetate, cellulose triacetate, cellulose
acetate propionate, cellulose acetate butyrate, poly(vinyl acetate),
poly(vinyl alcohol), poly(vinyl chloride), poly(vinylidene
chloride), polyurethanes, polycarﬁonates, poly(ethylene
terephthalate), polystyrene, copoly(styrene-methyl methacrylate)-
copoly(styrene-~acrylonitrile), polyvinylbutyral and polymers,

i.e., homopolymers and copolymers, of diallylidene pentaerythritol,
particularly copolymers with polyol (allyl carbonate) monomers,
e.g., diethylene glycol bis(allyl carbonate), and acrylate monomers.

Transparent copolymers and blends of the transparent
polymers are also suitable as host materials. Preferably, the host
material is an optically clear polymerized organic material prepared
from a polycarbonate resin, such as the carbonate-~linked resin
derived from bisphenol A and phosgene, i.e., poly(4,4'-dioxy-
diphenol-2,2-propane) carbonate, ﬁhich is sold under the trademark,
LEXAN; a poly(methyl methacrylate),'such.as the material sold under
the trademark, PLEXIGLAS; polymerizates of a polyol(allyl
carbonate), especially diethylene glycol bis(allyl carbonate), which
monomer is sold under the trademark, CR-39, and polymerizates of
copolymers of a polyol (allyl carbonate), e.g., diethylene glycol
bis(allyl carbonate), with other copolymerizable monomeric
materials, such as copolymers with vinyl acetate, e.g., copolymers
of from 80~90 percent diethylene glycol b{s(allyl carbonate) and
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10-20 percent vinyl acetate, particularly 80-85 percent of the
bis(allyl carbonate) and 15~20 percent vinyl acetate, and copolymers
with a polyurethane, e.g., a polyesterurethane, having terminal
allyl and/or acrylyl functional groups, as described in U.S.—Patent
4,360,653, 4,994,208, and 5,200,483; cellulose acetate, cellulose
propionate, cellulose butyrate, cellulose acetate butyrate,
polystyrene and copolymers of styrene with methyl methacrylate,
vinyl acetate and acrylonitrile.

Polyol (allyl carbonate) monomers which may be polymerized
to form a transparent host material are the allyl carbonates of
linear or branched aliphatic or aromatic liquid polyols, e.g., -
aliphatic glycol bis(allyl carbonate) compounds, or alkylidene
bisphenol bis(allyl -carbonate) compounds. These monomers .can be
described as unsaturated polycgrbonates of polyols, e.g, glycols.
The monomers can be prepared by procedures well known in the art,
e.g., U.S. Patents 2,370,567 and 2,403,113.

Compatible (chemically and color-wise) tints, i.e., dyes,
may be applied to the host material to achieve a more aesthetic
result for medical reasons or for reasons of fashion. The
particular dye selected will vary and depend on the aforesaid need
and result to be achieved. In one embodiment, the dye may be
selected to complement the color resulting from the activated
photochromic substances, e.g., to achieve a more neutral color or
absorb a particular wavelength of incident light. In another
embodiment, the dye may be selected to provide a desired hue to the
host matrix when the photochromic substance is in an inactivated
state.

Typically, tinting is accomplished by immersion of the host
material in a heated aqueous dispersion of the selected dye. The
degree of tint is controlled by the temperature of the dye bath and
the length of time the host material is allowed to remain in the
bath. Generally, the dye bath is at temperatures of less.than
100°c, e.g., from 70°C to 90°C, such as 80°C, and the host material
remains in the bath for less than five (5) minutes, e.g., between
about 0.5 and 3 minutes, e.g., about 2 minutes. The degree of tint
is such that the resulting article exhibits from about 70 to 85

percent, e.g., 80-82 percent, light transmission.
This Sheet Has Been Rer
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Adjuvant materials may also be incorporated into the host
material with the photochromic substances prior to, simultaneously
with or subsequent to application or incorporation of the
photochromic substances in the host material. For example,—
ultraviolet light absorbers may.be,admixei_with photochromic .
substances before their application to the host material or such
absorbers may be superposed, e.g., superimposed, as a layer between
the photochromic substance and the incident light. Further,
stabilizers may be admixed with the photochromic substances prior to
their application to the host material to improve the light fatigue
resistance of the photochromic substances. 8tabilizers, such as
hindered amine light stabilizers and singlet oxygen quenchers, e.g.,
a nickel ion complex with an organic ligand, are conremplated. They
may be used alone or in combination. 8uch stabilizers are described
in U.S. Patent 4,720,356. Finally, appropriate protective
coating(s) may be applied to the surface of the host material.

These may be abrasion resistant coatings and/or coatings that serve
as oxygen barriers. Such coatings are known in the art. _

The present invention is more particularly described in the
following examples which are intended as illustrative only, since
numerous modifications and variations therein will be apparent to
those skilled in the art.

EXAMPLE 1
SIEP 1

3,7-dihydroxy-2-naphthoic acid (17.4 grams, 0.085 mole)
and sodium bicarbonate (21 grams, 0.25 mole) were suspended with
stirring in 120 milliliters of dimethylformamide (DMF) in a 500
milliliter round bottom flask equipped with a reflux condenser and
nitrogen pad. The mixture was warmed to 70°C and held there for 2
hours. Afterwards, the mixture was cooled to room temperature and
propyl iodide (16.6 grams, 0.1 mole ) was added. Thehstirred
reaction mixture was then gradually warmed to. 70°C where it was kept
for 3 hours. Subsequently, the contents of the flask were poured
into approximately 480 milliliters of ice and water to precipitate

the product. The resulting yellow solid was suction filtered and
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20 répresented by graphic farmulae | X A and’I X B-resp ti:5f4sel"’y, i's reduced
usi ng the Wl f.f - Ki shner proéess to yield the -conpound: jrepresented by
graphic formula X, which can be selectively - bromnated to yield-the
brom)napht hal ene conpound of graphic formula  XI. This conpound nay be
subj ected to high pressure copper nediated 25 sol volysis to produce the
substituted naphthol represented by -graphic formula X I .followed by .
denmet hyl ation to produce the - substitutedZnaphthol represented by graphic
formula VIl B. The . various coppounds prepared in this series of
reactions nay "5&%¢d F3ind EP%%"%PP%%S? YhiPR | 49 OERRHtE ¥ SMPER AWCt ur er S
or may be 30 cmstaahedystareény @dterial. The yelldw solid was néxt washed with
) 11 " water and air dried. High-performance liquid chromatographic (HPLC)

analysis revealed that the solid consiste¢ of propy; 3,7-dihydroxy—

5 2-naphthoate containing a small amount of ‘propyl 3-hydroxy- '
2-naphthoate. The yield of 3,7-dihydroxy-2-naphthoate was 16.7

grams.

STEP 2 ,

10 " Propyl 3,7-dihydroxy-2-naphthoate (3.0 grqms; 0.012 mole)
from Step 1 was added to a reaction flask containing 0.015 mole
1,1~diphenyl~2-propyn-1-ol in 100 milliliters of toluene and stirred
at room temperature. A catalytic amount of dodecylbénzene sulfonic
acid (an amount sufficient to produce a deep red—broﬁn colored

15 solution) was added and the reaction mixture was heated for five
hours at 50°C. Afterwards, the réaction mixture was kept at room
temperatuie for about 18 hours and then washed twice with water.
Toluene was removed under vacuum to yield an oily product. The
resultant oil was taken up in 5 to 10 milliliters of a 2:1 mixture

20 of hexane:ethyl acetate. Crystals of the product forﬁed and were
suction filtered and washed with fresh solvent until no additional
color was removed. Occasionally, if the oil solvent mixture did not
crystallize, the mixture was purified on a silica gel column using a
hexane:ethyl acetate mixture as eluant. The photochfomic fractions

25 were combined and the remaining eiuant was removed under vacuum.

« The resulting residue was triturated in hexane, suctibn filtered and
dried. A nuclear magnetic resonance. (NMR) spectrum showed the
recovered product, 2.4 grahs, to have a sﬁfucturé conéisﬁent wifh
3,3—diphenyl—8-hydroxy-9-carbopropoxy—Bﬁ—naphtho[2,1-b]pyran.

30

EXAMPLE 2
The procedure of Example 1 was followed excéﬁt that
1—(2—f1uoropheny1)—1-(h—methoxypheny1)—2-§ropyn-1-01f§as used in
place of 1,l1-diphenyl-2-propyn-l-ol in Step 2. A nuciear magnetic

35 resonance (NMR) spectrum showed the recovered product, 5.0 grams, to

have a structure consistent with 3~(2-fluorophenyl)-3-(4-methoxy-

phenyl)-8—hydroxy-9-carbopropoxy—3H~naphtho[2,1—b]Pyran. o
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The procedure of Example 1 was followed except that methyl
iodide was used in place of propyl iodide in Step 1 and v
1-(Z—fluorophenyl)-1—(4—methoxjpheny1)-2—pfopyn—1-ol was used in
place of 1,l-diphenyl-2-propyn~l-ol in Step 2. The recovered
product, 3.0 grams, had a melting point of 104 to 106°C. A nuclear
magnetic resonance (NMR) spectrum showed the recovered product to
have a structure consistent with 3-(2-fluorophenyl)-3-(4-methoxy-
phenyl )-8-hydroxy-9-carbomethoxy-3H-naphtho(2,1-b]pyran.

EXAMPLE &

The procedure of Example 3 was followed except that
1-(2,b—dimethoxyphényl)-1—(f—methoxypheny1)—2—propyn—1-ol was used
in place of 1-(2-fluorophenyl)-l-(4-methoxyphenyl)=-2~propyn-l-ol in
Step 2. The recovered product, 3.0 grams, had a melting point of
128 to 130°C. A nuclear magnetic resonance (NMR) spectrum showed
the recovered product to have a structure consistent with

3-(2,4-dimethoxyphenyl)-3- (h—methoxyphenyl)-8-hydroxy—9-carbomethoxy—

3H-naphtho[2,1-b]pyran.

EXAMPLE 5

. Two grams of 3,3-diphenyl-8-hydroxy-9-carbopropoxy-3H-
naphtho[2,1-b]pyran from Example 1 was added to a reaction -flask
containing 100 milliliters of acetone. TIwo grams each of anhydrous
potassium carbonate and dimethyl sulfate were added to the reaction
flask. The resulting reaction mixture was stirred and heated for 20
hours at 50°C under a nitrogen atmosphere. After cooling to room
temperatﬁre, acetone was removed under vacuum. 25 milliliters each
of water and methylene chloride were added to the mixture, which was
then stirred for 15 minutes. The organic phase was separated and
the residual methylene chloride was removed under vacuum. The
resulting oil was crystallized from hexane. Crystals of the product
were suctioned filtered, triturated with fresh hexane, suction

filtered and dried. The recovered product, 1.3 grams, had a melting
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point of 127 to 129°C. A nuclear magnetic resonance (NMR) spectrum
showed the recovered product to have a “structure condistent with
3,3—dipheny1—8—methoxy-9—caibopropoxy-SH-ﬂaphtho[2,1—b]pyran.
EXAMPLE 6 °

The procedure of Example 5 was followed except that
3-(2-fluorophenyl )~3~(4-methoxyphenyl )-8~hydroxy-9-carbopropoxy-3H-
naphtho(2,1-b]-pyran from Example 2 was used in place of 3,3-di-
phenyi—8—hydroxy-9-carbopropoxy-BH-naphtho[Z,I-b]-pyran. The
recovered product, 0.8 grams, had a melting point of 103 to 105°C.
A nuclear magnetic resonance (NMR) spectrum showed the recovered
product to have a structure consistent with 3-(2-fluoro-
phenyl)-3-(4-methoxyphenyl })-8-methoxy-9-carbopropoxy-3H-naphtho-
{2,1-b]pyran. .

EXAMPLE 7

The procedure of Example 5 was followed except that
34(2-f1uoropheny1)-3—(4—methoxyphenyl)-8—hydroxy-9—carbomethoxy—3H-
naphtho(2,1~b]-pyran from Example 3 was used in place of
3,3-dipheny1- 8-hydroxy-9~carbopropoxy-3H-naphtho{2,1~b]~pyran. The
recovered product, 1.2 grams, had a melting point of 174 to 176°C.
A nuclear magnetic resonance (NMR) spectrum showed the recovered
product to have a structure consistent with
3-(2-fluorophenyl)~3~(4-methoxy-
phenyl)-8-methoxy-9-carbomethoxy-3H-naphtho[2,1-b]pyran.

EXAMPLE 8

Three grams of 3-(2,4-dimethoxyphenyl )~3-(4-methoxy-
phenyl)-8-hydroxy~9-carbomethoxy-3H-naphtho(2,1-b]-pyran prepared in
Example 4 was added to a reaction flask containing 1.5 grams each of
acetic anhydride and triethyl amine in 100 milliliters of
chloroform. The mixture was refluxed under a nitrogen atmosphere
for 24 hours. The resulting mixture was poured into 50 milliliters
of dilute hydrochloric acid, the organic layer was separated, and

the solvent, chloroform, was removed under vacuum. About 5 to 10
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milliliters of a mixture of hexane:ethyl acetate was added to
crystallize the product from the resulting residue. €rystals of the
product were suction filtered, washed with fresh solvent until no
additional color was removed, and then dried. The recovered._
product, 1.8 grams, had a melting point of+168 to 169°C. A nuclear
magnetic resonance (NMR) spectrum. showed the recovered product to
have a structure consistent with 3-(2,4-dimethoxy-
phenyl)-3-(4-methoxyphenyl )-8-acetoxy—-9-carbomethoxy~3H-naphtho-
[2,1-b]pyran.

EXAMPLE 9
Step 1

Ten grams of purchased 5-methyl-6-methoxy-2-bromo-
naphthalene was added to the reaction vessel of a 500 milliliter
autoclave, containing 150 milliliters of an aqueous solution of
potassium hydroxide (15 grams), 30 grams of polyethylene glycol
monomethyl ether, and one gram of a 50:50 mixture of copper bronze
and copper powder. The autoclave was sealed and heated to 200°c
while stirring at 1200 revolutions per minute (RPM)., After five
hours, the autoclave was cooled to room temperature and the contents
were filtered. The aqueous filtrate was acidified with dilute
hydrochloric ‘acid and the resulting precipitate was suction
filtered. The recovered solid was dissolved in aqueous sodium
hydroxide and the solution filtered. The resulting filtrate was
acidified with dilute hydrochloric acid and the resulting
precipitate suction filtered and dried. The recovered product, 5.5
grams, had a melting point of 122 to 124°C. A nuclear magnetic
resonance (NMR) spectrum showed the recovered product to have a

structure consistent with S5-methyl-6-methoxy-2-naphthol.

Step 2
Iwo grams of 5-methyl-6-methoxy-2-naphthol, prepared in
Step 1, was added to a reaction flask containing a molar eicess of
1,1-diphenyl-2-propyn-l-ol in 150 milliliters of toluene. A
catalytic amount of dodecylbenzene sulfonic acid (an amount

sufficient to produce a dark red-brown colored solution) was added

This Sheet Has Been Reﬂlaced

ARG




Vil B 15 oo | n"TReaction E, the propargyl aaﬁohol represented by
graphic « formula VI is colupled with a substituted napht hol of graphic

formul a VII B under acidic conditions to formthe napht hopyran of
graphic 20 fornmula VII1 B. The conpound represented by graphic fornmula I D
S produced by deriVatizing the hydroxyl group on the number 8 carbon
atom of the naphthopyran conpound represenged by graphic formla Vi1 B
in an identical manner as previously discussed for Reaction C. If R3is

methyl, the ConPaRdréRRLES akeEkdWadRRBEL £87 {HeBUhdury! At ig8oReaction D
ggg‘c,? ? OESEd dIAE t(:aecrtvurla}{dsI ,n 184) axlnci?h? ittegse of wggerlpggg dadrdgg ra%%egttxg%rggniﬂ Ila}I?er!' :
was separated. The organic layer was first washed with dilute
aqueous sbdium hydroxide and then washed with water. Toluene was
5 removed under vacuum yielding a pasty solid. The pasty solid was
slurried with a few milliliters of diethyl ether and filtered. The
resulting crystals were washed with diethyl ether until no
additional color was removed and then dried. The recovered product,
~1l.4 grams, had a melting point of 230 to 231.5°C. A nuclear
10 magnetic resonance (NMR) spectrum showed the recovered product to
have a structure consistent with 3,3-diphenyl-7-methyl-8-methoxy-

3H-naphtho[2,1-b]pyran.

COMPARATIVE EXAMPLE 1
15 . Step 1
A reaction flask was charged with 200 milliliters of

acetone, powdered potassium carbonate.(13.8 grams, 0.1 mole) and
2,6-dihydroxynaphthalene (16.0 grams, 0.1 mole). Dimethylsulfate
(12.6 grams,.O.i mole) was added dropwise and the reaction mixturé

20 was stirred at room temperature for 72 hours under a nitrogen
atmosphere. ‘Sodium hydroxide (200 milliliters of a 10% aqueous
solution) was then added to the reaction flask. The white
precipitate that formed was removed by vacuum filtration. The
aqueous filtrate was acidified with hydrochloric acid to a pH of 3

25 and the aqueous solution extracted three times with 100 milliliter
portions of methylene chloride. The extracts were combined, dried
over anhydrous magnesium sulfate for 10 minutes and the solvent
removed under vacuum. The residue was washed with hot water and
dried to yield 3.0 grams of a solid product, which was confirmed by

30 NMR spectroscopy to be 6-methoxy-2-hydroxynaphthalene.

) Step 2
6-methoxy-2-hydroxynaphthalene (1.1 grams, 0.006 mole) from
Step 1, was added to a reaction flask containing 100 milliliters of
35 benzene and l,1-diphenyl-2-propyn-l-ol (1.3 grams, 0,006 mole). A

- catalytic amount (approximately 20 milligrams) of p—toluené sulfonic
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acid was added and the resulting mixture stirred under a nitrogen
atmosphere. The reaction mixture was heatgd gently at 50°C, for &4
hours, cooled, and then 200 ml of a 10% aqueous sodium hydroxide

‘solution was added. After stirring for 15 minutes, the reaetion

mixture was extracted twice with 100.millfliter portioms of
methylene chloride. The extracts were combined, dried over
anhydrous magnésium sulfate and the solvent removed under vacuum.
Tﬁe product (1.0 grams) melted at 173-175°C. An NMR spectrum showed
the recovered product to have a structure consistent with
3,3-diphenyl~8-methoxy-3H-naphtho [2,1-b]pyran.
COMPARATIVE EXAMPLE 2

1,l-diphenyl-2-propyn-l-ol (20.8 grams, 0.1 mole) was added
to a reaction flask containing 200 milliliters of benzene and 15
grams of 2-naphthol. The reaction mixture was warmed to 55°C and
after all of the 2-naphthol was dissolvéd, 0.25 grams of
p-toluenesulfonic acid was added. The mixture changed from light
tan to dark black and the temperature rose to 70°C. After a few
minutes, the reaction mixture lightened and began to cool. Thirty
minutes later, the contents of the flask were poured into 100
miliiliters of 10 percent aquéous sodium hydroxide and shaken. The
organic phase was separated, washed once with 10 percent aqueous
sodium hydroxide, and then washed with water. Benzene was removed
on a rotary evaporator and the resulting light tan solid residue was -
slurried with 100 milliliters of hexane and then filtered. The
filﬁered solid was washed again with 100 milliliters of hexane and
dried to provide 18.4 grams of the product, 3,3-diphenyl-3H-naphtho
{2,1-b]pyran. The solid product had a melting point of 156-158°C
and was 98 percent pure, as determined by liquid chromatographic

analysis,
COMPARATIVE EXAMPLE 3
Step 1
A reaction flask was charged with eight grams of
2-fluoro-4'-methoxybenzophenone, (prepared by the Friedel-Crafts

reaction of 2-fluorobenzoylchloride with anisole), 150 milliliters
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of tetrahydrofuran, and 14.0 grams of an 18 weight percent slurry of
sodium acetylide in xylene/mineral oil. The reaction mixture was
stirred at room temperature under a nitrogen atmosphere for 72
hours. The contents of the flask were poured into a 500 milliliter

‘beaker containing ice water and extracted three times with 100

milliliter portions of methylene chloride. The extracts were
combined, dried over anhydrous magnesium sulfate and the solvent
removed under vacuum. The crude product, 7.0 grams, was isolated as
a yellow oil. This oil was shown by NMR to contain the desired
product; 1-(2-fluorophenyl)-1l-(4-methoxyphenyl)-2-propyn-l-ol.

Step 2
, 1-(2~fluorophenyl )-1~(4-methoxyphenyl )-2-propyn-l1-ol (2.4
graﬁs, 0.008 mole), as prepared ;n Step 1, was added to a reaction
flask contéining 100 milliliters of benzene and 6-methoxy-2-hydroxy-
naphthalene (1.4 grams, 0.008 héie). A catalytic amount of
p~toluene sulfonic acid (approximately 20 milligrams) was added and
the resulting mixture stirred and heated between 30-35°C. under a
nitrogen atmosphere for 3 hours. The reaction mixture was poured
into an equal volume of 20% aqueous sodium hydroxide and extracted
three times with 100 milliliter portions of methylene chloride. The
extracts were combined, dried over anhydrous magnesium sulfate and
solvent removed under vacuum., The resultant oil was column
chromatographed on silica using 1:10 mixture of ethyl acetatethexane
as the eluant. The photochromic fractions were combined,
concentrated under vacuum, and crystallized by cooling in diethyl
ether. The crystals (0.5 g) were suction filtered and dried. The
melting point of the crystals was 120-123°C, An NMR spectrum showed
the recovered product to have a structure consistent with
3-(2-fluorophenyl )-3-(4-methoxyphenyl )-8-methoxy-3H-naphtho{2,1-b]
pyran.
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Conpounds represent ed by graphic formulae I A through‘,L " may be used I n
t hose applicati ons in whi-chi organi ¢ photochronic 20 sulgst ances may be

enpl oyed, such as optical |lenses, e.g., ophthalmc and pl ano | enses,

face shields, goggles, ski goggles, visors, canera | enses, w ndows,
autonotive w ndshields, aircraft and autonotive ‘ transparencies, e.g.,
T-roof s, sidelights and backlights, plastic films and sheets, textiles
and coatings, e.g., coating conpositions 23 such as paints, and
verification marks on security docunents, e.g., documents such as
banknot es, passports and drivers' CONRARAZEE ESAMPLE &hi ch aut hentication or
verification of authenticity may be gashred. Napht hopyrans represented

by graphic fornula | ¢ col or es fro ol ess to colors
rangi ng from yel | ow tlo’)§ #Jé'ﬁa Roxybenpepe gggq,g grems, 0.1 m%félrﬁﬂ dog-gpisoyl
cont enpl at ed elzksivti e pil7 agrsamsi, t O lnmo b senepelie.éolvedthe 200vieiitlidftearseof he

fol | ow ng: '
3, 3-di phenyl - me%h ?%?(f-h %%igre bandr gﬁti)rred?)ﬂ: rfggﬂt% eratu[rf 1%‘]‘16%%‘}18

(b) 3-(2-fl u@]‘%ﬁé’h)ﬂh)l"gid(% tsﬁe!my e yadded-ahodln o $he reaction
car bopr opoxy - whkthapévee| £ pbrPdPWEADS minutes with stirring. After stirring
an additional 15 minutes, the contents of the flask were carefully
poured into 200 milliliters of a mixture of ice and dilute '
10 hydrochloric acid. The organic fraction was separated and washed
with water. The solvent was removed on a rotary evaporaﬁor leaving
an oily product that solidified on standing. This solid was
broken—up, washed with two 50 milliliter portions of pentane, and
dried, yielding 2,4,4'-trimethoxybenzophenone.
15
Step 2
10 grams of 2,4,4'-trimethoxybenzophenone, as prepared in
Step 1, was converted to the corresponding propargyl alcohol by the
procedure described in Step 1 of Comparative Example 3. The
.20 reeulting crude product was shown by NMR to contain ‘the desired
product 1-(2,4-dimethoxyphenyl)-1-(4-methoxyphenyl)-2-propyn-l-ol.

Step 3
The crude propargyl alcohol from step 2 was added to a
25 reaction flask containing a slurry of 5 grams of 2-naphthol in 200
" milliliters of toluene. A few drops of dodecyl benzene sulfonic
acid (an amount sufficient to turn the mixture a dark red-brown
color) were added and the mixture was warmed to 50°C. for a period
of two hours. The reaction mixture was cooled and washed twice with
30 50 milliliter portions of water. The organic fraction was
concentrated on a rotary evaporator and the residue chromatographed
on a silica column and eluted with a 2:1 mixture of hexane:ethyl
acetate. The photochromic fractions were combined aﬁd concentrated
under vacuum. The residue was induced to crystallize by adding a
35 few milliliters (less than 10 milliliters) of a hexane diethyl ether
mixture and cooling. The product crystals were washed with diethyl
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(c) " 3- (2 f1 uor ophenyl ) - 3-L4- met hoxyphenyl) - 8- hydroxy-
car bomet hexy- 3H napht ho[ 2, 11b] pyr an; . d

3- (2, 4-di net hoxyphenyl ) - 3- (4- net hoxyphenyl ) - 8- hydroxy-

9- car bonet hoxy- 3H naphtho [2, 1-b]pyran; 5 (e)

3, 3-di phenyl - 8- et hoxy- 9- car bophenoxy- 3H napht ho- [ 2, 1- b] pyran;
(f) 3-(2-fluorophenyl)- 3- (4 nethoxyphenylg 8- net hoxy- 9-

car bophenoxy- 3H napht ho[ 2, 1- b] pyr an; (g) 3-(2-f

| uor ophenyl ) - 3- ( 4- net_hox enyl ) - 8- net hoxy-9- 10
Cg.l’ [)olroret h)cl)xil A4t ﬁ’épﬁ’i‘f’hﬂ dlt%?gr%}%# grams %f a prodttcﬁ:) having a melting point
3- (2, 4- di met haéy pverlpb}e.3- Adnumiehn naghetiyl Fedbiianed A¥MR) spéctium showed

9- car bonet hoxyﬁ"kﬂ%h%m[uéhltobhmi ANg f]r\ﬁtrre cogiistgh): with ()

3, 3-di phenyl OXY- nap
3- ( 2- met hoxy, @'é%r%ndéﬂ?ﬁ’r%ﬁ?‘ﬁ“yé T3 e thexyRhsn Jg-naphtnol2, »1~blpyran.
phenyl ) - 8- benzyl oxy- 9- (car bo- 1-i ndolinyl) - 3FLnaphtho(2 1- b] pyran;

Example 10
Part A :
The products of Examples 1, 5, 8, 9, and Comparative
Examples 1 and 2 were dissolved in diethylene.glycol dimethyl
10 ether., The concentrations of the resulting solutions were
approximately 0.5 milligram per milliliter. Each solution was
tested in a UV spectrophotometer to determine its activating
wavelength. The activating wavelength reported in Table 1 is the
wavelength at which activation of the photochromic compound occurs
15 in diethylene glycol dimethyl ether. That value corresponds to the
absorption peak in the ultraviolet region that is closest to the
visible region or the thréshold range, i.e., 390 to 410 nanometers,
if there is only one absorption peak in this region. If there is
more than one absorption peak, the activating wavelength corresponds
20 most closely to the absorption peak that immediately proceeds the
peak of longer wavelength in'the ultraviolet region or the threshold

range.

_ Part B

25 Further testing was done on naphthopyrans of Example 5 and
Comparative Examples 1 and 2, which were imbibed by thermal transfer
into test squares of a homopolymer of diethylene glycol bis(allyl
carbonate) by tbe following procedure. Each naphthopyran was
dissolved into toluene solvent to form a 4 weight percent solution

30 of the compound. A piece of No. 4 Whatman filter paper was
saturated with the naphthopyran solution and allowed to air dry.
The dried filter paper was placed on one side of the polymer test
square, which measured 1/8 inch (0.3 centimeter) x 2 inch'(S.l
centimeters) x 2 inch (5.1 centimeters). A piece of untreated

35 filter paper was placed on the other side of the polymer test square

and the resulting sandwich placed between two plates of flat
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(k) "3-(2,4,6-trifl uorophenyl)-3-(2,4,6-trinethoxy-1- ,.,E

napht hyl ).- 8-acet yl - 9- car boni | oyl - 3FLnaphtho[2 1-b pyra (1)
3-(2-fluorophenyl)-3-(3-met hoxy-2-thienyl)-7-h-pentyl -

8- benzoyl oxy- 3H napht ho[ 2, 1- b] pyran; and 20 (m 3,3-spiro
adamant yl ene- 8- acet oxy- 9- car bonet hoxy- 3H naphtho [2, 1-b] pyran;
Comrerci ally avai |l abl e photoreactive inorganic gl ass | enses cont ai ni ng
silver halide particles darken to a neutT gray or bromm color in

sunlight. In gtder to du I|c this cal or cha | ens
" usi nggt he orga%l gi q@ﬁ ’nag'hf h F%rﬁf%%hgasa}: e@@ﬁfs ﬁ\/ént i on,
it is cont enpﬂéi"éhovmﬁosmltimamtfﬁmem&nm ttbérmalllzetrannfenrtbenat ion with
ot her appr opr hagie e PPRine IR RhY JI1GALY (Eest eﬁﬂ%&c“km&n@@tﬁ&béﬂﬁl e hat

t oget her they produce the desi red gray or _brown col or shade when the
plastic |ens EB%R ¥PRE fdiveiad %o iﬂﬁé?%é’i‘??‘&%ﬁaélﬁeﬁ"@ﬁm‘&? #fj the ngpbppysan

ul travi ol et 5l cghgounEOrincysdey! €o ylelO B uitshrabie VCabsurbahee Wel tiwarmay be
bl ended with a

a brown sha%ltel.vag?n 9,%{,‘? eggghco%pgﬁa&g%‘flgﬁggprOgééfgégf urpge%gl roducg )

state wi | | apetonacaf ter steaduabff rgmahenbeen.used in conjunction with an 35

appropriate bl ue col OfteNge OURAPIRY- were evaluated for photochromic response
rates on an optical bench. The samples were illuminated by a 150

10 watt Xenon lamp fitted with a copper sulfate bath, a 320 nanometer
filter, and a neutral density filter at an intensity of about one
sun. A second beam of light provided by a filtered tungsten lamp
arranged to pass through the sample area exposed by the UV source
was used to monitor changes in transmission of the sample over

15 different wavelength ranges in the visible region of the spectrum.
The intensity of the monitoring beam after passing through the
sample was measured by means of an IL-1500 radiometer equipped with
a silicon detector head and matching filters.

The A OD/Min, which represents the sensitivity of the

20 photochromic compound's response to UV light, was measured using
photopic filters on the silicon detector. The response of the
filtered detector approximated the luminosity curve. The A OD was
measured over the first five (5) seconds of UV exposure, then
expressed on a per minute basis. The saturation optical density

25 (OD) was taken under identical conditions as the A OD/Min, except
UV .exposure was continued for 20 minutes for the examples in Table
2. The Bleach Rate T 1/2 is the time interval in seconds for the
absorbance of the activated form of the naphthopyran in the test
polymers to reach one half the highest absorbance at room '

30 temperature (72°F, 22.2°C) after removal of the source of activating
light. Results are tabulated in Table 2.

Part ¢
The solar response for naphthopyrans of Example 7 and
35 Comparative Examples 3 and 4 was measured using the optical bench
described in Part B. The naphthopyrans were imbibed by thermal

transfer into test squares of a polymeric matrix prepared from a_
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- 16 - - Partieylarly conterrpl ated cl assesz.pf conpl enent ary
organi c’ . photochrom ¢ conpounds that nay. be used inicpnbination with the
napht hopyrans of the present invention include: purple/blue

spi ro(indoline) benzoxazines, such as those described in U S. Patent 5
4,816, 584; spiro(indoline) pyridobenzoxazi ne photochrom ¢ conpounds,

such as those described in U S. Patent 4,637,698; spiro(indoline)

napht hoxazi nes, such as those described im38. S Patents 3,562,172,

3,578, 602, 4, 215 010 and_4, 342, 668; and benzogyrans and na hthopyrans
other than thodaetwlens shyeclehis{al)xhtsashorahm)neonposstion; ?Efbéﬁ°c?ﬁftiﬁFh| ng
subst it uent ondérkuiLtgraﬁémnraimaebrecniﬁHe abtdiNa5 minXy gxposardsheo @y wan ring,

such as those ggétp Pﬁ%tl Pié%’e% dffﬁ{[ S“ﬁzo nandm%%gr%Qteﬁla% % Exh?it:ted with

af or edescri bed"Spi r 00Xazi ne- organic
conpounds are # Pé@ﬂeée%f-ﬁﬂbﬁ- aTb%)Ilélss in rpepngeeorest ralrudeke ib¥ss to

pur pl e/ bl ue gns@ms.uirg the lﬂpu@aa Qlaﬁ‘éit%'5ol!>ﬂﬁhéd w’mﬁ Qies%@%h&ﬁet.@fr said
U orat ens TR B2 LACOLESISLEC: el Rt LTSS 520 nancperer O
filter and then dividing this figure by the optical density obtained
with the 320 nanometer filter and multiplying by 100.
The loss in response measurement, expressed as a percent,

- 10 simulates the difference between the photochromic response of the
compounds exposed to full mid-day sun and to low light conditioms,
such as early day and late in the day when the lower wavelength
components of the UV spectrum are attenuated. The results for the
loss in response, activating wavelength, and the Bleach Rate T 1/2

15 are listed in Table 3.

20 COMPOUND EXAMPLE . ACTIVATING WAVELENGTH
1 408
5 382
8 376
9 369

25

COMPARATIVE EXAMPLE

1 359
2 348

30
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’corrpounds that are reported to exhibit a color changeaof from col orl ess
to yel lF'ow orange when exposed to W |ight nmay be used ¥n 20 conbination

wi t h the napht hopyran conpounds of the present invention to augnent the
yel | ow orange col or of those activated photochromc conmpounds., Such
conpl ementary yel | ow orange conpounds i ncl ude: benzopyrans and

napht hopyrans having a spiro adamantyl ene group I n the 2-position of the
pyran ring, such as those described in U $° 25 Patent 4,826,977; and

napht hopyran conmpounds such as those de i .bed in US. Patent 5,066, 818.
The di sclosures of such U S. patents al may be incorporated herein by
ref erence. The napht hopyr an corrpounds of the present invention
may be used i rcoMEAVNR ure wi t& M conpuPR i on wgmoredescri bed
30 conpl enent ar y ERAMBUnent i ng SRR N c n_amunt s

and in a ratd o such _that an or ganic host maé]%rl al to whch the.m xture
of photochrom c conﬁound(s) s ap ‘fed or whi €h t hey are incorporated
exhi bit a subst an&dM@MTI@EUt ral col or when activated with unfiltered

sunlight, i.e. %neutral gray or 35 brown col or as possible given -

t he colorSfH th d
15
TABLE 3 _
20 COMPOUND A OD @ AOD@ % L0SS IN ACTIVATING BLEACH RATE
EXAMPLE 320 nm 360 nm RESPONSE _ WAVELENGTH T 1/2 (SEG,)

7 0.187 0.184 2% 384 196

25 COMPARATIVE

" EXAMPLE

3 0.266  0.249 6 % 359 356

30 4 0.260 0.196 25 % 348 338

The results in Table 1 demonstrate the unexpectedly higher
35 activating wavelength of the compounds of the present inventions,
vis-a-vis, comparative example 1, which has a methoxy substituent at
the number 8 carbon atom, and comparative example 2, which has no
_ substituents on the naphthalene nucleus. Table 2 shows that the
compound of example 5 has an increased sensitivity as compared to
.h0 the compounds of comparative examples 1 and 2. The results in Table
3 reveal less reduction in optical density measured after exposure
to a xenon light with a 360 nm cutoff filter as compared to the
optical density measured after exposure to the same light .source and
a 320 nm cutoff filter, for compound example 7 as compared to
45 comparative examples 3 and 4. Also; Table 3 shows that the compound
of example 7 has a more acceptable Bleach Rate T 1/2, i.e., rate of
fade. e el
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: 17 - phot ochromi ¢ compounds. The rel ative armun_k?of t he phot ochrom c
conpourids used will vary and depend in part ‘'upon the refative

intensities of the color of the activated species of such conpounds.

For exanpl e, the naphthopyran conpounds of the present 5 invention may be

conbined with one or nore of the aforedescribed pur pl e/ bl ue
spi rooxazi ne- and/or pyran-type organi c. phgi ochrom c conpounds in
anounts and in a ratio such that an organic host material to which the

m xture of conpounds i3 cRdighi ek %egé?ltwﬂwemion B8 beRhCadsRe MO Watied

exhi bits a near-brown color. Generally, wg ht rati g of each 01;. t he
af or edescri bedr%fﬁi"?‘%ﬁ?xé&% spgfdfic F"i‘ijnB 1°§p'é“(§ ﬁ‘g‘tﬂfnﬁ'&"f‘ 48, ghereot,
napht hopyr an cmneu&d:( Snteidet hthat stmteaetuilsnuenbgauem 4d limitatiomemupbout
1:3 to about 3 e Pf theb rtx\,\ée Qor?beg:gtte l‘tlinsg{ r %Z%n% %Qh@bég&targ t]h

A near neutral °olor 8x 5% Sp eet rum relatrvely equal
absorption ih tt‘reef are;dbblaxdednge tbetwmmpmnamia!w nanonmeters, e.d.
bet ween 440 and 660 nanoneters. A near neutral brown col or exhibits a

spectrum i n which the absorption in the 400- 550 nanoneter range is
noderately |larger than in the 550-700
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nanonet er range. An al ternative way of describing colQr is

its chromati‘city coordinates, which describe the quali tf es o‘ﬂmﬁuﬂﬁmﬂﬂmmlll
addition to its lum nance factor, i.e., its chromaticity. x L s %
system the chromaticity coordi nates are obtai ned by taking the ratios
of the‘tristinulus values to their sum e.g., x=XI X+Y+Z and y=Y/ X+Y+Z.

"~ Col or as described in the CIE systemcan 25 be plotted on a chromaticity
diagram wusually a plot of the chromatiddi ty coordinates x and y. See
pages 47-52 of Principles of Col or Technol ogy, by F. W Billneyer, Jr.
and Max Sal t zrikat Beedsiped i€dition, John Wley and Sons, N. Y. (1981).

The amount of photochrom ¢ substance or conposSition- 30 containing sane
applied to or incorporateq in t i LS, o j tel ovi ded
that a sufficient arm%'nt ?‘snaLftshgﬁgq’gggr%og?éég{da%#%ﬁg%%&c]% o?nﬂéctfg??&ewé'?& .

di scerni bl e t grepeindkeuiileye. General |y such anount can be d&scribed as

a photochrong ¢ anount. The particul ar amount tsed depends .often upon the
intensity of color desired upon 35 irradiation thereof and upon the nethod
used to incorporate or apply t he photochrom ¢ substances. Typically, the
nore conpound applied or incorporated, the greater is the color
intensity.
Ry
10
R3O0
R, o~
15 B
@]
B 1
20
wherein:

(a) Ry is hydrogen or a Cy-Cg alkyl; R, is hydrogen or the
group, -C(0)W, W being -OR;, or -N(Rg)Rg, wherein R, is hydrogen,

25 allyl, C{-Cgq alkyl, phenyl, C;-Cg monoalkyl substituted phenyl,
C1-Cg monoalkoxy substituted phenyl, pheny1(01—03)alky1, C1-Cg
monoalkyl substituted pheny1(01-03)a1kyl, C,-Cg monoalkoxy
substituted phenyl(C;~C3)alkyl, C;-C¢ alkoxy(C,-C,lalkyl, or C;-Cg
monohaloalkyl, and wherein R5 and Rg are each selected from the

30 group consisting of hydrogen, C;-Cg alkyl, C5-C; cycloalkyl, phenyl
and mono- or di-substituted phenyl, or Rg and Rsltogether with the
nitrogen form a mono- or di-substitited or unsubstituted

heterocyclic ring containing from 5 to 6 ring atoms, which ring

[T
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-718 -- -~ CGeneraglly, the anount of each :phoj chromi ¢ substance

e B o 28 1 ab por ety Tl Ty Bange ] MIIIIJIIIﬂIIﬂ |I|| || ||||
amount of phot ochromi c substance(s) incorporated into 5 or appliéd to the’

host material will range from about 0.01 to about 2 wei ght percent, nore
particularly, fromabout 0.01 to about 1 wei ght percent, e.g., from
about 0.1 or 0.5 to about 1 weight per 8ént, based on the wei ght of the
host material. Expressed differently, the total ampunt of photochromc

subst ance i ncongladas e the iheteropmtapFaidnityogen oser HPRHRR Raterial may
range from abQ%itioanhJ:éti ﬂ@&#fofonféogld |olr96%npes'aiaqpl9a"r@1catul meter of

surface to otochraom c su nce IS i NCOr pOT
appl i ed. heter“""’ﬁﬁof’ﬁ@n?&‘?ﬂ tugfhso ﬁ{ﬁg 8#?‘%?8 8% n%ie £ g{lld

m Xt ur es b%scgcblmaypanmdaiwnanoosdbetipm;mmgoggnmﬁ%moh is
COITpOSI tion al 1 o
% dtlx{;dé:o% g1t iyt d(p'flﬁﬁ}f’l'(%fili%? ncPP bgcéy Q-Hhé‘aﬁ:ybstances ) may

be appl i rious nethods

described in sn@sré,rtvtedsmbenw%snd‘as}awmuae-% @%*tﬂa&}‘?fa' 6% bEFIEREFS | ng
phenyl(Cy-C3)alkyl, C;-Cg alkoxy(Cy~Cp)alkyl, 05-07 cycloalkyl,
- C1=Cy monoalkyl substituted Cg5-Cy cycloalkyl, C;~Cgq monohaloalkyl,
allyl or the group, -C(0)X, wherein X is a C;-Cg alkyl, phenyl,
16_01—06 mono-oxr Cy~Cq di-alkyl substituted phenyl, 0;-Cg mono- or
- C1-Cg di-alkoxy substituted phenyl, C,-Cg alkoxy, phenoxy, C1-Cg
mono- or Cy-Cg di-alkyl substituted phenoxy, C;-Cg mono—- or C1-Cg
di-alkoxy substituted phenoxy, C;-Cg alkylamino, phenylamino, C;-Cg
mono- or C;-Cg di-alkyl substituted phenylamino, or Cj-Cg mono- or
15 C1—06 di-alkoxy substituted phenylamino, and said halo substituent
being chloro, fluoro or bromo, provided that either Ry or Ry is
"hydrogen; and
{b) B and B' are each selected from the group consisting
of (i) the substituted or unsubstituted aryl groups phenyl and
20 naphthyl, (ii) the substituted or unsubstituted heterocyclic
aromatic groups pyridyl, furyl, benzofuryl, thienyl, benzothienyl,
and (iii) B and B' taken together form the spiro ademantylene
group, said aryl and heterocyclic substituents being selected from
the group consisting of hydroxy, C;-Cs alkyl, C{-Cs haloalkyl, C;-Cg
25 alkoxy, C1-Cs alkoxy(cl—ch)alkyl, C1-Cs dialkylamino, acryloxy,
methacryloxy, and halogen, said halogen or (halo) groups being
fluoro, chloro, or bromo, provided that at least one of B and B' is
a substituted or unsubstituted phenyl, except when B and B' form the
. spiro adamantylene group.
30

!
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the substance wi t hi n the host material, e.g., inbibitl :
‘ohot ochremi ¢ substance intd the host material by i mmer |on OL ﬁmmmm ””m :
material in a hot solution of the photochrom c substance or

transfer; providing the photochrom ¢ substance as a separate Iayer

bet ween adjacent-layers of the host material, e.g., as a part of a
polymer film and applying the photochrom c substance as part of a
coating placed on the surface of the host3feterial. The term 25
"inmbibition" or "inbibe" is intended to nmean and i ncl ude perneatlon of

t he photochrom ¢ subgt and@earaphshopirent o chaim lnukexsin B ang| §erare
assi sted trangfpetsaitenr MidpebtRlely ey FEHQtEH?.'IB\@IHgCgﬁéHbiEaMulQéD a por ous

pol ymer, vapor phase transfer, and other such transfer mechani sns. See-
U. S. Patent No. 5,066, 818 col um 14, line 41 to 30 colum 15, line 25 for
exanpl es of the above net hods. The pol yner host material wll

usual |y be fransparent, but may be translucent' or even opaque. The

pol ymer product need only be transparent to that portion of the

el ectromagnetic spectrum which activates the photochrom c substance,
i.e., that wavelength of 35 ultraviolet (UV) light that produces the open
form of the substance and that portion of the visible spectrumthat

i ncl udes the

10y,

(¥2)a (Z22)p

L Z1
15

20 wherein, Y; is selected from the group comsisting of Cy-Cg alkyl,
C1-Cg alkoxy, fluoro, and chloro, Z; is selected from the group
consgisting of hydrogen and Yy, each Y, and Z, are selected from the
group consisting of Cy-Cs alkyl, C;-C; alkoxy, hydroxy, halogen,
acryloxy, and methacryloxy, and a and b are each integers of from 0O

25 to 2.

3. The naphthopyran of Claim 2 wherein R; is hydrogen or
methyl; R, is hydrogen or the group, -C(O)W, W being -OR,, wherein
Ry is Cy-C3 alkyl or allyl; and R3 is hydrogen, C;-C3 alkyl,

30 phenyl(C;-C3)alkyl, or the group, -C(0)X wherein X is a C;-C, alkyl,
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-719 - absor ption mexinum wavel ength of the substgpce in |ts UV
activated - form i.e., the open form Further, the I’eSI n CH ﬂ
be such that it masks the color of the acti vat ed form of ”ﬁ"ﬂ"’ mn ’"’

phot ochrom ¢ substance, i.e., so the change in color is readlly 5 ‘apfar &nt*
to the observer. Preferably, the host ndterial article is a solid
transparent or optically clear material. Exanpl es of host
material s which may be used with the $l8techrom c substances or
conpositions described herein include: polymers, i.e., honopol yners and

copol ymers, of pol yol4.al | Je heplkihoppremt eﬁ Mn%rw@er@!gh A §‘u,‘r&'d eAbyH ycol
bi s(al | yl' car gonat gikozi PPINIBES, 2l - & P@A,y@aaxs qnan@czgowrrers of
yacr i“c

pol yfunctlonal acrylate nononers, at es l\é\g ners of .
esters of seksated %‘é’f“d“&ﬂ SREMM £ER ténﬁcﬂ dC1qac Al ¢ & P&+ and
met hyl met Qagd khat mteged loubpsky, anetatie, arcahtegedserdnr Oaaetzat e—cel | ul ose
15 acetate opionate, cellulose acetate butyrate, poly(vinyl acetate),

pol y(vi nyl cohol), poly(vinyl chloride), poly(vinylidene chl ori de),

pol yur et hanes, pol ycai bona esphghwipytan Wymmd selested Hirra| deeproup

pol ystyrene, Qg,p@s)ﬁﬁé weene- met hyl net hacryl ate)
' (a) 3,3-diphenyl-8-hydroxy-9-carbopropoxy-3H-naphtho-
[2,1-blpyran;
10 ~ (b) 3,3-diphenyl-8-methoxy-9-carbophenoxy-3H-naphtho-
[2,1-b]pyran;
(¢) 3(2-fluorophenyl)-3-(4-methoxyphenyl)-8-methoxy-9-
carbopropoxy-3H-naphtho{2,1-b]pyrar; '
(d) 3(2-fluorophenyl)-3-(4-methoxyphenyl)-8-methoxy-9-
15 carbomethoxy-3H-naphtho[2,1-b]pyran;
(e) 3-(2,4-dimethoxyphenyl )-3-(4-methoxyphenyl)-8~acetoxy-
9-carbomethoxy-3H-naphtho[2,1-b]pyran; and
(£) 3,3-diphenyl-7-methyl-8-methoxy-3H-naphtho[2,1-b]pyran.

20 6. A photochromic article comprising an organic host
material and a photochromic amount of a naphthopyran compound
represented by the following graphic formula:
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copoly(styrene acrylonltrliﬁ) pol yvi nyl butyral and ners 20 I.e.
‘honopofyners and copol yners; of diallylidene pentaer r|t ” l”""'um
particularly copolynmers with polyol (allyl carbonat e) nono I,””"’
di et hyl ene gl ycol bis(allyl carbonate), and acryl ate nononers.

Transparent copolyners and bl ends of the transparent polymers are al so
suitable as host materials. Preferably, the host 25 material is an
optically clear polynerized organic mateti3dl-prepared froma

pol ycarbonate resin, such as the carbonate-linked resin derived from

bi sphenol A and phosgene, i.e., poly(4,4'-dioxy- di phenol -2, 2- propane)
carbonate, ‘which is sold under the trademark, " LEXAN, a poly(nethyl

nmet hacryl ate), such as the material sold under 30 the tradenark, PLEXl GLAS;
pol ynmeri zates of a polyol (allyl carbonate), especially diethylene glycol
bi s(allyl carbonate), which nmononer i s sold under the trademark, CR-39,
and polynerufates of copolynmers of a polyol (allyl carbonate), e.g.,

di et hyl ene ycol bis(allyl carbonate), with other copol ynerizable
nonomneric 35 materials, such as cop®zyners with vinyl acetate, e.g.

copol yners of from 80-90 percent ¢iethylene glycol bis(allyl carbonate)

and
R30

10

15

wherein:

20 (a) Ry is hydrogen or a Cj-Cg alkyl; Ry is hydrogen or the
group, —C(0)W, W being -OR, or -N(Rg)Rg, wherein R, is hydrogen,
allyl, C;-Cg alkyl, phenyl, Cy-Cq monoalkyl substituted phenyl,
Cy-Cg monoalkoxy substituted phenyl, pheny1(01-03)alkyl, C1-Cs
monoalkyl substituted pheny1(01—03)a1ky1, C1-C¢ monoalkoxy

25 substitﬁted pheny1(01-03)a1ky1, C1-Cg alkoxy(cz-ca)alkyl, or C1~Cg
monohaloalkyl, and wherein R; and Ry are each selected from the
group consisting of hydrogen, C;-Cq alkyl, C5~C; cycloalkyl, phenyl
and mono- or di-substituted phenyl, or Rg and Ry together with the
nitrogen form a mono- or di-substitited or unsubstituted

30 heterocyclic ring containing from 5 to 6 ring atoms, which ring
includes as the hetero atom said nitrogen atom alone or one
additional hetero atom of nitrogen or oxygen, said phenyl_aﬁd
heterocyclic ring substituents being selected from C1-Cg alkyl and
C1-Cg alkoxy and said halo substituent being chloro or fluoro; Rg is
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- 20 - 10- 20 percent vinyl acetate, particularly 80 85 percent of the—

bi's(al I'yl. cdrbonate) and 15320 percent vinyl acetate,.
with a polyurethane, e.g., a polyesterurethane, havi ng ter @ﬂ @mmm&uﬂm

and/or acrylyl functional groups, as described in U S. -Paten

4,994, 208, and 5, 200, 483; cellul ose acetate, cellul ose pr opi onat e,

cel lul ose butyrate, cellul ose acetate butyrate, pol ystyrene and

copol ymers of styrene with nethyl nethacrydoate, vinyl acetate and
acrylonitrile. Pol yol (allyl carbonate) nononers which may be

pol ynmeri zed 101ytiooéemr,ncg-qsraﬂsﬂarﬁrﬁnyhﬁﬁt—cgﬁléwialclaﬂg nonealtitly| car bonat es
of linear Em?gf%ﬁ%w&at_bc) 'icyfr%gﬁé' %ohaa%ﬂ %&e&&tea

al i phatic gl yco dene b| sphenol

bi s(al |yl car FogaYEfCic ks C1-8 @LkoRH oy §1165&1n Be-"y cpelaalkply as
unsat urat ed pd,;ycardasalied Mbmmtmﬁgémﬂcy@oymwB C{<C¢ Thenonanoancya can be

pr epared_by argegules, glbuknonton) 15 Ely 1 QC’C;ﬁ"‘?l PR o i se)

2,370,567 and
tints, i.e., dyeS monomuy Cbecgaﬁéi-ﬂéﬁltwbtsﬁét\m%t PW&V |Qil-05 dneaehi@e a nore

aest het iC rcqsglg ta1f @Ik UE @Al 1 E QAIOPFerI , f@il’_gg eA%XSRS, Phehdd)l e{~cg The
mono- or Cy-Cg di-alkyl substituted phenoxy, Cy-Cg mono- or C;-Cg
di-alkoxy -substituted phenoxy, C;-Cg alkylamino, phenylamino, C;-Cg
10 mono- or Cy-Cg di-alkyl substituted phenylamino, or C;-Cg mono- or
C;-Cg¢ di-alkoxy substituted phenylamino, and said halo substituent
being chloro, fluoro or bromo, provided that either R; or R, is
hydrogen; and
(b) B and B' are each selected from the group consisting
15 of (i) the substituted or unsubstituted aryl groups phenyl and
naphthyl, (ii) the substituted or unsubstituted heterocyclic
aromatic groups pyridyl, furyl, benzofuryl, thienyl, benzothienyl,
and (iii) B and B' taken together form the spiro adamantylene
group, sald aryl and heterocyclic substituents being selected from
20 the group consisting of hydroxy, C;-Cs alkyl, Cy-C5 haloalkyl, C;-Cs
alkoxy, C;-Cs alkoxy(Cy-C,)alkyl, C;~Cg dialkylamino, acryloxy,
methacryloxy, and halogen, said halogen or (halo) groups being
fiuoro, chloro, or bromo, provided that at least one of B and B' is
a substituted or unsubstituted phenyl, except when B and B' form the

25 spiro adamantylene group.

7. The photochromic article of Claim 6 wherein the
organic host material is selected from the group consisting of
polyacrylates, cellulose acetate, cellulose triacetate, cellulose

30 acetate propionate, cellulose acetate butyrate, poly(vinyl acetate),
poly(vinyl alcohol), poly(vinyl chloride), poly(vinylidene
chloride), polycarbonate, polyurethanes, poly(ethylene
terephthalate), polystyrene, copoly(styrene-methylmethacrylate),
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20 particular dye selected will vary and depend on t afo

‘and result to-be achieved. fln one enbodi nent, the dye Fay Eﬁﬂnﬂm EHHH”“{
conpl ement the color resulting fromthe activated phot o M
substances, e.g., to achieve a nore neutral color or absorb a particul ar
wavel ength of incident light. In another 25 enbodi ment, the dye may be
selected to provide a desired hue to the host matri x when the

phot ochrom ¢ substance is in an inactivat&i~ state.

Typically, tinti i.s._acconplished.py i LSIQN.Of o terial in
a heat ed aque%?}?qgf%tﬁ’gfg?—oaggﬁ#m’tqﬁéiis)%l B eéﬁ%@’&t? ﬁle%ﬂk&g‘%g‘r“%’és of tint is
control | ed bymenbers exfpbhaitaxoep consirtidgothackvaidlliyl carbanekel moppmetme t he

host ‘mat eri al pd15£ahd tQBREL R r{ BARI Hoddheld€ and IRyl 1AL finltherydh@itye bath
is at terrpera;t’ures of | ess than 100[err]C, e.g., from70[err]Cto

90[ err] C,, suctPr®8eBd{err]C, and the host materi al remai ns imthe bath
for less than five (5) mnutes, e.g., between 35 about 0.5 and 3 m nutes,

e.g., about 2 minutes, The degree.of tini . , i ch %%ggl{gﬁgl ing
article exhibits frof-aboe B ieghERmic a‘ilotélrc%eer?tsf, ag"?g.,t’ TR Jefeent, 1ight,
transni ssi on.are represented respectively by the following graphic formulae:

10

15y

(Yz)a- (Zz)b

20

25 wherein, Y; is selected from the group consisting of C1-Cs alkyl,
Cy-C5 alkoxy, fluoro, ard chloro, Z; is selected from the group
consisting of hydrogen and Y;, each Y, and Zy are selected from the
group consistihg_ of Cy1~Cg alkyl, Cy-C5 alkoxy, hydroxy, halogen,
acryloxy, and methacryloxy, and a and b are each integers from

30 0 to 2.
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21 - : - Adj uvant materials may al so be i. o_p_oratedlntothe
host * wmatenial with the phot ochromi ¢ substances pri si mul t aneously

wi th or subsequent to application or incorporation of th l mmmﬂmn
substances in the host material. For exanple, 5 ultravi mu“lmE
absorbers may be adm xed with photochrom c subst ances Wef brettHeirt *

application to the host material or such absorbers may be superposed,
e.g., superinposed, as a |layer between ~ 42 e phot ochrom ¢ substance and

the incident light. Furt may Je,a ed h {he
phot ochr oni ¢ subst antes E?? 8P°f%§‘fﬁ’" ‘h@FF{q}ﬁpF? cﬁf’f’"@)gﬂw}éef?@é\’n hés’fs mat eri al
to inprove thedxtq'gghto:f aetigls R, sebydrogrteonofthe exophot-GEMbnicbeldsst ances.

Stabilizers, _gpChvRsrein R) fl‘ieé LEna bfqhtlgwadaul UsSnd gahpg& efc3oxygen
anc corrplexvmt an 0 ni c

guenchers,

cont enpl at edagwyphe“yﬂrﬁgllﬁé)ﬁy%v&'a?’brfé‘eo?r“i“ﬁ'CC%B afftﬁeBﬁ aew °1‘°a
stabilizers aleyldescribed 15 in U S. Patent 4,720,356. Finally, appropriate
protective coating(s) may be applied to the surface of the host

mat eri al . These nmay be abrasion resistant coatings and/or coatings that.
serve as oxygen bi.ri Bres phSkshromin ienticler of [Glehm 9 wherringy  is

The present pu@NGLIRA,T & 16 G1RAH, T 641£30bY%, 085 Cfd BeRyd:BgbdlS cach ¥, and
| Zo is selected from the group consisting of C;-C3 alkyl and C;-Cj
10 alkoxy, a is the integer 0 or l, and b is an integer from 0 to 2.

11, The photochromic article of Claim 10 wherein the
organic host material is a solid transparent homopolymer or
copolymer of diethylene glycol bis(allyl carbonate),

15 poly(4,4'dioxydiphenol-2,2-propane) carbonate, poly(methyl-
_methacrylate), polyvinylbutyral or a polyurethane.

12. The photochromic article of Claim 11l wherein the
photochromic compound is present in an amount of from about 0.15 to
20 0.35 milligrams per square-centimeter of organic host material
surface to which the photochromic compound is incorporated or

applied.

13. The photochromic article of Claim 12 wherein the

25 article is a lens.

14. A photochromic article comprising a solid transparent
pol&merized organic host material and a photochromic amount of each
- of (a) a first photochromic substance selected from the group
30 consisting of spiro(indoline) naphthoxazines, spiro(indoline)
pyridobenzoxazines, spiro(indoline) benzoxazines, and benzopyrans or
naphthopyrans other than the photochromic substance of (b) having a

nitrogen-containing substituent on the carbon atom adjacent to the

* This Sheet Has Been Repl

v




,20 foI | owi ng exarrpl es Wmég? are intended as ill ust raLd\ve onl y, since
d

“rumer ous .nodi f i cations and}variations therein will be h ppar
skilled in the art. g '!#!m, ﬂﬂﬂm
- an |

3, 7-di hydr oxy- 2-napht hoic acid (17.4 grans, 0.085 nol e)

bi carbonate (21 granms, 0.25 nole) were suspended W th stirring in 120
mlliliters of dinmethylformamde (DMF) in a 500 mlliliter round bottom
flask equi pped with a reflux condenser an® 30 nitrogen pad The m xture was
warnmed to 70[e d held th refor hour s After Xt ure was
cooled to roo?ﬁytgg‘i‘rﬂ%né?ﬁrpérrﬁ?l Fing» 8 §T) Poltiead RS \éﬁig‘f"g&g ‘g’ ?ﬂﬁ%‘fe ) was
added. The stseleeted fromamphﬂrupwrmt wespavaist tpregenteddaby \theaf niddvice
70[err]C vvher . for 3 hours. Subsequently, the contents of
the flask were SOUAN%S 35 into approximately 480 nmilliliters of ice and
water to precipitate  the product. The resulting yellow solid was suctjon
filtered ang :

10

15

20
wherein:

(a) Ry is hydrogen or a C;-Cg alkyl; Ry is hydrogen or the
group, -C(O)W, W being -OR, or —N(Rs)R6, wherein R, is hydrogen,
allyl, C;-Cg alkyl, phenyl, C;-Cg monoalkyl substituted phenyl,

25 C1-Cg monoalkqxj substituted phenyl, phenyl(Cy-C3lalkyl, C;-Cg
monoalkyl substituted phenyl(C;-C3)alkyl, C;-Cq monoalkoxy

. substituted phenyl(C;-C3)alkyl, C;-C¢ alkoxy(C,-C,)alkyl, or 0;-Cg

monohaloalkyl, and wherein Ry and Ry are each selected from the
group consisting of hydrogen, C1-Cg¢ alkyl, C5—Cy cycloalkyl, phenyl

30 and mono- or di-substituted phenyl, or Rg and Rg together with the
nitrogen form a mono- or di-substitited or unsubstituted
heterocyclic ring containing from 5 to 6 ring atoms, which ring

includes as the hetero atom said nitrogen atom alone or one
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L 22 - washed ‘Wi t h a &Qdi um bi carbonat e sol uti on;-' cid_e_r__-.t.o_remve----aﬁy--
unreacted Starting materiaf. The yellow solid was next? washed with wat er

and air dried. Hi gh-performance |iquid chromatographic (H m mmm H!ll
reveal ed that the solid consisted of propyl 3, 7-di hydroxyPH “& :
containing a small anount of propyl 3-hydroxy- 2- napht hoat e® The %i el d
of 3, 7-di hydroxy-2-napht hoate was 16.7 . grans. 10 Pr opyl

3, 7-di hydr oxy- 2- napht hoate (3.0 grans, 0.%12 m)l e) fromStep 1 was added
to a reaction flask containin i

0. 015 nol e propyn-1-ol in
100 millilit éddibkonal hehgro '“s?ﬁ'olniéﬁ"gen °?‘§55?ﬂ’t Eﬂg‘gﬁfﬂ% RA catal ytic
anount of dodeeytdgrineisylfubstituentadiedng axdlacadn€ron iChi-Cy exlkyl andr oduce

a deep red-brong, CalgkPdabOsdal H O%gﬁg %ﬁdﬁgiﬂﬂghi&%hwaﬂ%% Rxgre

was heated fort~ e reactl onom xt ure
was kept at rfwdmsen-tén&raﬂmle phenyh s X b urCy ~SaramRaHkYiashed twi ce
Wi th water.s gybstituted phenyl(C;~C3)alkyl, C;-Cg monoalkoxy substituted

~ phenyl(C;-C3)alkyl, C;-Cg alkoxy(Cy-Cj)alkyl, C5-C; cycloalkyl,
Ci—Ca monoalkyl substituted Cg-Cy cycloalkyl, Cy~Cg monohaloalkyl,
allyl or the group, -C(0)X, wherein X is a Cy-C4 alkyl, phenyl,
.01“06 mono-or'014c6 di-alkyl substituted phenyl, G;-Cg mono- or
10'01-06 di~alkoxy substituted phenyl, C;-C¢ alkoxy, phenoxy, Cy-Cg
" mono- or C1-Cq di-alkyl substituted phenoxy, Cy-Cg mono- or Gl-Cg
di-alkoxy substituted phenoxy, C;-Cg alkylamino, phenylamino, C;-Cg
mono— or Ci—CG di-alkyl substituted phenylamino, or C;-Cg .mono- or
C1-C¢ di-alkoxy substituted phenylamino and said halo substituent
15 being chloro, fluoro or bromo, provided that either R; or R, is
hydrogen; and
_ (b) B and B' are each selected from the group consisting
of (i) the subétituted or unsubstituted aryl groups phenyl and
naphthyl, (ii) the substituted or unsubstituted heterocyclic
20 aromatic groups pyridyl, furyl,.benzofuryl, thienyl, benzbthienyl,
and (iii) B and B' taken toéether form the spiro adamantylene
group, said aryl and heterocyclic substituents being selected from
the group consisting of hydroxy, C;-C5 alkyl, C;-Cg; haloalkyl, Cy~Cy
alkoxy, C;-Cs alkoxy(Cy-C,)alkyl, C;~Cg dialkylamino, acryloxy, '
25 methacryloxy, and halogen, said halogen or (halo) groups being
~fluoro, chloro, or bromo, provided that at least one of B and B’ is
a substituted or unsubstituted phényl, except when B and B' form the

spiro adamantylene group.

30 - 15. The photochromic article of Claim 14 wherein the
organic host material is selected from the group consisting of
polyacrylates, cellulose acetate, cellulose triacetate, cellulose

acetate propionate, cellulose acetate butyrate, poly(vinyi acetate),
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.Tol uene was renoved under-}acuum to yield an oily prm - ~resuf tant --
oil wa$ t=aKen-up in 5 to*1® mlliliters of a 2:1 mx

e 20 of hexane e
acetate. Crystals of the product forned and were suctlon ul‘w uﬂa“m ﬂil ‘III
washed with fresh solvent until no additional col or was
Cccasionally, if the oil solvent mixture did not crystallize, the

m xture was purified on a silica gel coluph using a hexane: et hyl acetate .
m xture as eluant. The photochrom c fractions 25 were conbi ned and the

remai ni ng el ugdity (Wasy 1 Eﬂ&iﬁ%@)}‘?ﬂ@i}(v‘*ﬁ?!‘L@Hloride-ﬁhepémUkﬁjl'lﬂeﬁ@s' due was
triturated in hexa%a suction Itere and dried nucl ear magnetic

resonance ( NVEJOZpeAsr B YSATHRFtEn POl Y“F%V‘é?’e(ifqﬁ(?d‘ﬂlf}e"ez 4 grams, to.
have a Stl‘ucttﬁﬂépﬁthuihsé)yﬁboywdd?rene, copoly(styrene-methylmethacrylate),

3, 3-di ph | - 1- 3
SapLE 5 CorblPla e SRR PRl SRLNBEMO by R IR ¢
1- (2- f | uor opreampeys pf( nhmhwy:phe#gkli)lg zafppebsqﬁalknl eaxbongte)) imonomexs|,ace

of 1,1-di phenydiy2eddtABYEL hePyldtl mirReds, /énata:xawlmg@%eaéémwasmance
(NMR) spectrum showed the recovered product, 5.0 grans, have a

structure corf®"CP8FR* with 3- (2-fl uor ophenyl ) - 3- (4- met hoxy-
phenyl.) - 8- hydr oxy- 9-"car bopr opoxy- 3H napht ho[ 2, 1- b] pyr an.

_ 16. The photochromic article of Claim 15 wherein B and B'
10 are represented respectively by the following graphic formulae:

15

(¥3)a (Z23)p
20

25

wherein, Yy is selected from the group consisting of C1-C5 alkyl,
Cy~-C5 alkoxy, fluoro, and chloro, Z; is selected from the group
consisting of hydrogen and Yy, each Yy and Z, are selected from the
30 group consisting of C;-C5 alkyl, 014-05 alkoxy, hydroxy, halogen,
| acryloxy, and methacryloxy, and a and b are each integers of from 0
to 2.
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- REPL/ACEMENT SHEET -*} - 23 .

‘The procedure of Exanpl e was fol | owed except that r'ret (ﬂ

used in place of propyl iodide in Step 1 and 5 q“”"””'"'"” mmm
1- (2-f 1 uorophenyl) - 1- (4- net hoxyphenyl ) - 2- pr opyn- 1- ol was “uséd Fn ™ l &ce
of 1, 1-di phenyl - 2-propyn-1-o0l in Step 2. The recovered product, 3.0
granms, had a nelting point of 104 to 10GfgeLr]C. A nucl ear magneti c

resonance (NWVR) spectrum showed the recovered product to have a
structure consi stent7wi trhe?pt{oﬂoét{:uﬁi@w}ﬁﬂ%dle) o8- dl&immexyreimnl is -
phenyl ) - 8- hydr.o axy- 9. car t napht ho yr e
brockdur & of VESORT 8 FeUREEx Apl 1 SRR (Ra #rouBY B0, W being

1- (2, 4- di met98xy pthensdn) R - iﬂﬂmﬁﬁjﬁ@iyxﬂhenwl)ms Endpiy-is- bydnegen u$gaCi5 in

pl ace of 1- (ﬁu&i U%QWQWMQMH& gt h‘.@x’éym){'-)c(%)i?ﬁﬂi&‘@ir@‘xoksld‘cl-ca

5 alkyl. | ,

18. The photochromic article of Claim 17 wherein Y; is
Cy-C3 alkyl, Cy-C3 alkoxy, or fluoro, Z; is a hydrogen, each Y, and
- 25 1s selected from the group consgisting of C;-C3 alkyl and C;-C3
10 alkoxy, a is the integer O or 1, and b is an integer from 0 to 2.

19. The photochromic article of Claim 18 wherein the
organic host material ie a solid transparent homopolymer or
copolymer of diethylene glycol bis(allyl carbonate),
15 poly(&,h‘dipxydiphenol-z,2-propane) carbonate,
poly(methylmethaﬁrylate), polyvinylbutyral or a polyurethane.

-~ 20. The photochromic article of Claim 19 wherein the

.- ' photochfomic compound is present in an amount of from about 0.15 to
20 0.35 milligrams pei séuare centimeter of organic host material
surface to which. the photochromic compound is incorporated or

“applied.

21. The'photochromic article of Claim 20 wherein the
25 weight ratios of the first photochromic substance to the second
photochromic substance is from about 1:3 to about 3:1.

22, The photochromic article of Claim 21 wherein the
article is an ophthalmic lens.

This Sheet Has Been Repl
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‘ Step 2. The recover ed pr@ct 3.0 grams, had a rreltlaig poi nt of 128 to
“130[ efr'«CT" A nucl ear nagnetic resonance (NWVR) specttum showed t he
recovered product t-o have a structure consistent with

3- (2, 4- di met hoxyphenyl ) - 3- (4- met hoxyphenyl ) - 8- hydr oxy- 9- carbonet hoxy- 20
3H napht ho[ 2, 1- b] pyr an. EXAMPLE 5

Two granms of 3, 3-di phenyl - 8- hydr oxy-9-car bopr opoxy- 3H

napht ho(2, 1-b] pyran from Exanple 1 was added to a reaction flask 25
containing 100 mlliliters of acetone. Two grams each of anhydrous

pot assi um carbonate and di nethyl sulfate were added to the reaction

flask. The resulting reacti on‘%ﬁ?i%‘}ﬁreom‘v‘s’??ﬁc@@%d heated for 20

" hours at 50[err]C under a nitrogen at m)sphere After cooling to room
tenperature, aceton moved unde il ch 30 of
wat er and net hyl eneg%srﬁrgp?‘g«?rﬁ/e'Pvegdtaevarf% °?t°°€1°mé° %\% gﬁhﬁgos t hen
stirred for [251+b]pptes cofpmmds gafi chqatfatboHAas slaphitatfedmm t he residual
met hyl ene ghl oride was renoved under vacuum The resulting oil was
crystallized fromhexane. Crystals of the product - were suctioned
filtered, triturated wth fresh hexane, suction 35 filtered and dried. The
recovered product, 1.3 grans, had a nelting

10

15

20

wherein Ry is hydrogen or alkyl, R, is hydrogen or preferably a

carboalkoxy group and Ry is hydrogen or preferably an alkyl group,
25 provided that either R; or Ry is hydrogen, and B and B' are the aryl

groups phenyl or naphthyl, a heterocyclic aromatic group or together

form a spiro adamantylene group. Also described are organic host

materials that contain or that are coated with such compounds.

Articles s'uch as ophthalmic lenses or other plastic transparencies
30 that incorporate the novel naphthopyran compounds or combinations

. thereof with compiementary photochromic compounds, e.g.,

spiro(oxazine) type compoundé, are also described.

This Sheet Has Been Replaced
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IS — F

aa WE% BLARNIZSHET |C. A nue Wpum* ;;egﬁ el
spectt.um s ‘
wth & ..3, 3-di phgnyl 0, 9-{c4r bopr opgx hthﬁﬂﬁhh kppm@ﬂ 5
EXAMRLE B 1'I7h§%Erﬁéd rd of Exarp WHBE(S) opagedert. wpggéutha

3-(2-fluorophenyl )t 3t (4- met hoxyl
napht ho[ 2, 1-
phenyl - 8- hydr oxy- 91 carboprepexy orrndpthQ[j DATE OF RECE] ‘élz%_xbeﬁpvered
product, 0.8 grams, had a nelting point of m .

nyl ) - 8- hy 4§ bssragtr bongelioxytcﬁiyhged
b] - pyrfin from Exanple 2 s useq in pI ace of 3,

teel ear

magnetic resonance (IHUBPCERDMIC rSUBSTITYEED nm{mepmw edMPOUNDBOdUCt to have a
structure consistent with 3- (2 fluoro-

phenyl ) - 3- (4- met hoxyphenyl ) - 8- net hox%- 9- car bopr opoxy- 3H napht ho-
[ 2, 1- b] pyran. '

10

15

20

25

30

35

The present invention relates to‘certain novel naphtﬁopyran
compounds. More particularly, this invention relates to novel
photochromic naphthopyran compounds and to compositions and articles
containing such novel naphthopyran compounds. When exposed to light .
radiation involving ultraviolet rays, such as the ultraviolet
radiation in sunlight or the light of a mercury lamp, many
photochromic compounds exhibit a reversible change in color. When
the ultraviolet radiation is discontinued, such a photochromic
compound will return to its original color or colorless state.

Vafious-classes of photochromic compounds have been
synthesized and suggested for use in applications in whic@_a
sunlight-induced reversible color change or darkening is desired.-
U.S. Patent 3,567,605 (Becker) describes a series of pyran .
derivatives,fincludiug certain benzoﬁyrans and naphthopyrans. These -
compounds are described as derivatives of chromene and are reported
to uhdergo a color change, e.g., from colorless to yellow-orange, on
irrediation by ultraviolet light at temperatures below about -30°C.
Irradiation of these compounds with visible light or upon raising
the temperature to above about 0°C is reported to reverse the
coloration to a colorless state.

The present invention relates to novel 3H-naphtho-~
(2,1-b]pyran compounds having certain substituents at the number 8
carbon atom and certain substituents either at the number 7 or N
number 9 carbon atom of the naphthopyran. These compounds have been
found to have an improved solar response and an unexpectedly higher
activating wavelength than corresponding compounds having no

" substituents on the naphtho portion of the naphthopyran or a

substituent at the number 8 carbon atom. Asg discussed later, the
number 7, 8 and 9 carbon atoms of 3H-naphtho(2, l-b]pyran compounds

are part of the naphtho portion of the naphthopyran.



-
3

15

Exarfpl e 5 was fol
3-(2-fl uorophenyl
napht ho[ 2, 1- b] - pyta
8- hydr oxy- 9- car bopr
product, 1.2 gra
magneti ¢ resonancd (NWR)
structure consi st Wt
phenyl ) - 8- nethoxy 9- car boREEADLER. BERQRS
EXAMPLE 8 Three grans of 3- (2 4rd|nethoxyphenyl) 3- (4- nmet hoxy-

phenyl ) - 8- hydr oxy- 9- car bonet hox napht hq 2 g yran epared in 30
Exanpl e 4 was added If‘o"%t“t”éa%?"f%n ‘H a‘§e§?'g{ﬂs each of acetic
anhydri de anghrticeldrly plustéc imataBlalwi Ebrldptéc&n atplicamhanJDmavcnbéEhe

L o O W S OGBSI e g MBS
aci d, the orqphthelnigyatestds Lansasdtave, besnd i9%eqtigates \Péﬁ%us%ﬁlfoﬁﬁ orm was
r emoved Undaieiﬁﬁsluﬂ%nﬁﬁukh@ o@fd#), vis-a~vis, glass lenses. Moreover,
k photochromic transparencies for vehicles, such as cars and '
airplanes, have been of interest because of the potential safety
.10 features that such transparencies offer.
 Photochromic compounds useful in optical applications, such
as conventional ophthalmic lenses, are those which possess (a) a
high quantum efficiency for coloring in the near ultraviclet, (b) a
- low quantum yield for bleaching with white light, and (c) a
15 relatively fast thermal fade at ambient témperature but not so rapid
a thermal fade rate that the combination of white light bleaching
and thermal fad§ prevent coloring by‘the ultraviclet component of
-.strong sunlight. In addition, the aforesaid properties are i
desirably retained in conventional rigid synthetic plastic materials
20 customarily used for ophthalmic and plano lenses when such materials
have applied to or incorporated therein such photochromic compounds.
Another factor regarding the selection of potential

REPHAGEM T’SHfERI EXAMPLE "7 The procedure of
~(4- met hoxyph nyl ) - 8- hydr oxy- 9- car bonet hoxy- 34
f{profx 4988 e} 3} was used in place of 20 3, 3-di phenyl -
poxy- 3H napht hof 2, 1- b] - pyran. The recovered
Ing p |nt of 174 to 176[err]C. A nucl ear
ﬁgggg; owed % he recovered product to have a
3-(2- quorophenyI) 3- (4 nethoxy 25

photochromié compounds for optical applications is their response
under a variety of solar conditions, e.g., a full mid-day sun, or

25 the more highly filtered solar rays found early or late in the day.
Ideally, photochromic compounds respond equally well under these
‘differing conditions. Such a variety of solar conditions can be
simulated on an optical bench with a Xenon lamp fitted with either a
320 nanometer or a 360 nanometer cutoff filter. Preferred

W\

30 photochromic compounds are those that have a minimal difference in
-.optical density after exposure to both wavelength ranges of
ultraviolet light. The ultraviolet light having a wavelength higher
than 360 nanometer represents low light conditions that occur early
or late in the day when the shorter wavelength components of the UV

35 spectrum are attenuated.



- 25 - mllilit RE O AR X urrq bf hexane: et hyl acetate was added to
crystallize the prqdd ? 9_ im.t he rgsulting residue. Crystals of the
product were auctidn ffiltered, washed with fresh solvent until no
addi ti onal col or wajs rerrm/saP VA6 t;hen dried. The recovered 5 product,
1.8 grans, had a ne ng poi nt of 156 to 169[err]C. A nucl ear magneti c
resonance (NWVR) spegtromsnhowed the rlecovered product to have a
structure consistenf with 3-(2 4-dimet hoxy-=

g?g]“g'yg 3 (4 TRt hoxY Pe e ddaned SWtR Vad st Thpencion o 44 Bas been L%
Step 1 discoverdérthgt arertein movehadfedaph thetl Byl-bd pynedrh crypdunids o -
napht hal ene was; added 4 hoawﬁurne@@ém@shasﬁsfﬁelcoqforenéfm fHd hbbiter 15

aut ocl ave, containing Iters of an_agueous sol ution of
pot assi um hy&?‘b’i@i"é@lfﬁﬁnﬁr%)’ce%bb? diffeoft Fodg Aty be RregriRdpy —These

5 compounds also have improved solar response levels as compared to

—+

other substituted and unsubstituted naphthopyran compounds. This
attribute resolves a problem that has been found with other
photochromic compounds of reduced photochromic response in low light
conditions that occur early or late in the day.

.10 The compounds of the present invention may be described as
3H-naphtho[2,1-b]pyrans that are substituted with an oxy-bearing
substituent at the number 8 carbon atom and with either an alkyl
group at the number 7 carbon atom or with a carbonyl bearing

. substituent at the number 9 carbon-atom. These naphthopyran
15 compounds may be represented by the following graphic formula:

20

25

'\‘.“

W\

30 In graphic formula I A, Ry may be hydrogen or a C,~Cg alkyl, e.g.,
.methyl, ethyl, propyl, n-butyl, iso-butyl, n-amyl, iso-—amyl, hexyl,
etc. Preferably, R; is hydrogen or Ci~C3 alkyl, e.g., methyl. R,
may be hydrbgen or the group, -C(0)W, W being —ORa or -N(Rg)Rg,
wherein R, may be hydrogen, allyl, C1-Cg alkyl, e.g., methyl, ethyl,
35 propyl, isopropyl, n-butyl, iso-butyl, sec-butyl, amyl, hexyl, etc.,
phenyl, C;-Cg monoalkyl substituted phenyl, e.g., tolyl, cumenyl,



rmnorret hyl et her, 1 f;’ a b0: 50 mi xture of copper bronze and
copper powder. The|aBEdECAVE nadt6lal ed and heated to 200[err]C  while
stirring at 1200 revTI utions per nute (RPM. After five 20 hours, the

IJ-).U

aut ocl ave was cool ¢d |t 01 yogHP t1gggefafure and the contents were filtered.
The aqueous filtratetwas acidifiediwmth dilute hydrochl oric acid and the
resul ting precipitate-was—suction filtered. The recovered solid was

di ssol ved in aqueoys sodi um hydr oy de- and the solution filtered. The
resulting filtrate was 25 acidified with dilute hydrochloric acid and the
resul ting etcpy @gi-gd matealsmet wobu . bttedr promxhd %8 i cd*iaie recovered product,
5.5 graws% ‘S},{m“é ptﬂﬂ&f'(tc Qéar);ggy,_t O¢ )4 [ dak}f; pheddtmytr nagnetic

resonance ( rum showed. t he cCovere Qro uct to have a

structure c&?§f’§'t’~éﬁ?91’\%m t4Fe5e r?éﬁwf‘"‘@ %‘gh fri=sg

Step 2 (cy=C )a!.ky'll/;Ongﬂgmilwmyttmmwhwmﬁﬁa@ﬂ%h Cpgpared in

Step 1, .rﬁ Lo )mﬁ%C&d eg-a‘ ! aﬂswm&ﬁm i ¥neRar RHALR, of
yr-2-pr8 tg

1, 1- di phen mllilite o to uene. SCataIytlc
amount of d¥WEBAM Y 2én%°"§ﬁl e R504P (°3H" ’Eﬁfl"?‘b‘i 5&’['(:&0 produce a
dark red- bra\wl.cdgm-;edrslmhmymrbhm aaddmdo~ oz di-luhatitut:ed phenyl,

or Rg and Rg Sogether with the attached aitzogen atom form a mono-
or di-substituted ar unsubgtituted, non—-arcmatic, satuzated, or

10 unsaturated hetarscyclic ring containing from 5 to 6 ring atoms,
which zing includes as the heterc atom said nitrcgen atom alone or
one additional hetezo atom of nitrogen oz oxygen, e.g., indolinyl,
morpholinc, piperidino, l-pyrrolidyl, L-pyrrolinyl, l-imidasolidyl,
2-imidasolin~l-yl, 2-pyrasolidyl, l-piperssinyl, etc., said phanyl

15 and hatezoeyclic ring substituents being seslected from C;~Cy alkyl

~ and Cy~Cq alkoxy, said balc substituent being chloro or fluors.
Preferably, R, is hydrogem or the graup, -C(O)W, W beiag ~0R,, sad

- vheredn R, is 2 C;-Cy alkyl or allyl. Ia graphic formula I A,
sither ; or R, is hydrogen.

20 Rz in graphic formula [ A may be hydrogen, C;-Cgs alkyl,

_ pheﬁyl(cl-cghlkyl, Cy-Cg moncalkyl substituted phenyl(Cy-C3lalkyl,
Cy~Cs monoalkoxy substituted phenyl(Cy-Cj3)alkyl, Cy-Cg4
alkoxy(Cp-Cylalkyl, Cs-0; cycloalkyl, Cy~C, moncalkyl substituted
Cs~Cy cycloalkyl, C;-C; monohaloalkyl, allyl or the group, -C(0)X,

25 wherein X may be Cy-Cg alkyl, phenyl, Cy=Cg monc= or Cy~Cg di-alkyl
substituted phenyl, Cy~Cg monow- or C;~Cg di-alkexy substituted
paenyl, G ~Cg alkoxy, phencxy, C;~Cg mono- or C;~Cg di-alkyl )
substituted phenoxy, C;-Cy mono- or C1-Cg di-alkoxy subatituted
phanoxy, Cy«Cg aliylamino, phenylaming, C)-Cy mono- or Cy=Cg

30 di-salkyl substituted phenylamino, oz C1~Cy mano- ar Cy~Cy di-alkexy

.-Substitutad phenylaming, said halo substituens being chlora, flucre,
oz brome. Freferably, Ry is hydrogen, Cy~Cy alkyl,
phanyl(C;~C3)alkyl, or the group, -C(0)X, wherein X is e Cy~C, alkyl.

In graphic formula I A, B and B' may each be selacted from

33 tha grocp consisting of (L) the substituted or unsubstituted aryl
groups phenyl and naphthyl, (i) che substituted or unsubstituted
haterocyclic aromatic groups pyridyl, furyl, bensofuryl, thieayl,



26 - and the reaction nixture was heat ed-f-or’-‘t'mé“"'l’iou-rg- Bt 45[err]C.
Afterwards, 100 nilliliters of water was added &%i-the or gani.g l{ayer was
separ.ated. The organic |ayer was first washed Wifh dilute gyeous sodi um
hydroxi de and then washed with water. Tol uene hap 45 KE#OWPE under vacuum
yielding a pasty’solid. The pasty solid was lurried with ja ffew
mlliliters of diethyl ether and filtered. The esulting crystals were
washed with diethyl ether until no addBt+ongl col or was remved and t hen
dried. The recovered product, ranms, had a nelting point of 230 to
231.5[err]C. bA“?RFd’I’-éﬁ?’-an“ﬁ‘ré@ﬁé?l%aP‘é n&pken (HRERSISSHERT FHE HRIFED t he
recovered pr@dafdntiylene ghowe aTkd laipl Lnd ROtEdotyEl¥c ubdtituents of B and

%O%/Pi:?%?‘?’?/él EXA"E%L EXlin % e”?& ﬂ?:%g d from slbte QQ&J] Oclaga 1:1319.1:9 YJ fa-ﬂydroxy » C1~C 5
. alkyl, Cy-Cg haloalkyl, C;-Cs alkoxy, Cy-Cs5 alkoxy(C;-Cslalkyl,
5 C1~Cs dialkylamino, acryloxy, methacryloxy, and halogen, said
halogen or (halo) groups being fluoro, chloro, or bromo, provided
that at least one of B and B' is a substituted or unsubstituted

' phenyl, except when B and B' form the spiro adamantylene group.
“ Breferably, B and B' are represented respectively by the
10 following'grgphic formulae:

15
(¥3)e CZ)w

20
IT A II B

25 vwherein, ¥; may be selected from the group consisting of C1-Cs
alkyl, C1~Cs elkoxy, fluoro, and chlore; 21 may be gelected from the
group consisting of hydrogen and Y;; each Yz and Z, are selected
from the group consisting of C;-Cs alkyl, C;-Cs alkoxy, hydroxy,
halogen, e.g., chloro, fluoro, and broﬁo, acryloxy, and meth-

30 acryloxy, and a2 and b are each integers of from 0 to 2. Preferably,

-~ ¥y is Cy~C3 alkyl, C;-C3 alkoxy, or fluoro, Zy is hydrogen, each Y,
and Z, is selected from the group consisting of Cy{-C3 alkyl and
CL-C3 alkoxy, a is the integer 0 or 1, and b is an integer from 0 to
2.



A reaction flask was charged with 200 nmilliliters of
pot assi um carbonate (13.8 grans, 0.1 nole) and{™ G

‘rans 0.1~ e

. powder ed
B di hy MR nlapht hal ene

(16.Q grans, 0.1 nole). Dinmethylsulfate (12 was added
dropwi se and the reaction mxture 20 was stirr@djat roonégﬁﬁﬁf ature for 72
hours under a nitrogen at nosphere. Sodi um hydnoxhtde % K1l iters of
a 10% aqueous solution) was then added to t reaction, The white
precipitate that formed was renoved by wvaguum f§ I The aqueous
filtrate was acidified with hydrochloric acid t t he

aqueous sol ution extTtecpeefdrireémaphniespywand cFOBherigresent dnventipordteons of

met hyl ene chF?HeQQ?B?dT?g Erd E8Ffavwi] ;qg {rhgggp £35ele1 4T 89 whicRVAlsoMAr OUS

magne3| um su

The resi due

ate m nut es an
fibe nyakecies pf HhgoFingapEIMSINd dried to yield 3.0 grans of

solid product, which was confirmed by 30 NWR spectroscopy to be. -
- hydr oxynapht hal ene. Step 2
- hydr oxynapht hal ene (1.1 grans, O. 006 nole) from Step 1, was
added to a reaction flask containing 100 mlliliters of 35 benzene and

6- met hoxy-
6- met hoxy-

1, 1- di phenyl

-2-propyn-1-ol (1.3 grams, 0.006 nole). A catal ytic anount

(approxixmately 20 m | ligrans) 02 p-tol uene sul fonic
2

10

15

20

25
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Compounds represented by graphic formula I C are prepared by a
coupling reaction followed by derivatization as shown in
Reaction C. The propargyl alcochol represeanted by graphic formula-
VI, which is used ;n Reaction C, may be prepared by methods
described in Reaction A and Reaction B. The gubstituted naphthalene
diol, répresented by graphic formula VII A, which is used in
Reaction C, may be prepared by a method described hereinafter. The
substituted naphthel represented by graphic formula VII B, thatis
used in Reaction E to make the compounds represented by graphic W
formula I D may be prepared by the methods described in Reaction D. ‘
Benzophenone compounds represented by graphic formula V
shown in Reaction A may be purchased from fine chemical '

- manufacturers, custom synthesized or may be prepared by

Friedel-Crafts methods using an appropriately substituted or
unsubstituted benzoyl chloride of graphic formula IV and a

commercially available substituted benzene compound of graphic

sol vent rem)ved unaer vacuum

a



-~ 27 - acid was added and the resulting pte—st] ﬁnder a
ni t rrogen at nosphere. The reaction m xtur RERLAGENEY J& SS@ |y at
50[err]C. f or 4 hours, cool ed, and then 20 n1 of a 10% aqueous sodi um
hydr_oxi de sol ution was added. After stirrijnd ?@pm@mﬂtms- t he
reaction 5 mxture was extracted twice with 1(0 n1| liter portions of

net hyl ene chl oride. The extracts were conbi ndd,\—e++ed—over anhydr ous
magnesi um sul fate and the sol vent renovedyunder vacuum The jproduct (1.0
grans) nelted at 173-175[err] C. An NWVR spect ronmrshowed t he recovered

product to hgosmaasStImct See :aor;ﬁ;bsiamiowi. tRxikGel-Crafts and Related
e L AR SO RO, AP e e 1981, 151 20
0.1 nole) waéhapgdeddXI (Aromatic Ketone Synthesis) '
In Reaction A, the compounds represented by graphic-
5 formulae III and IV are dissolved in a solveat, such as carbon

disulfide or methylene éhloride, and reacted in the presence of a

Lewis acid, such as aluminum chloride, to form the corresponding

benzophenone represented by graphic formula V.

.

10
REACTION A
y cocl z, © %
AlCl, .
CH,C1, '
20 _(Z;)b (¥, (Z2)p (%),
IIX Iv v
25

RN

In Reaction B, the substituted benzophenone represented b? W\
graphic formula V is reacted with sodium acetylide in a suitable
solvent, such as dry tetrahydrofuran (THF), to form the

30 corresponding propargyl alcohol, which may be represented by graphic

~- formula VI.



t-o a’reaction flask containing 200 mlliliters of benzene and 15 15 grans

of 2-naphthol. The reaction m xture was warned tg : al
of the 2-naphthol was dissolved, 0.25 grams of | ’

was added. The nixture changed fron1I|ght ta

tenperature rose to 70[err]C. After a few m ujes,

| i ght ened and began to cool. Thirty 20 m nutes Iater

flask were poured into 100 ﬁl|||||ter§ of 10 {p€

hydr oxi de and shaken. The organi c phase was s gnce with
10 percent aqueous sodi um hydr oxi de, and thentwestred~ W th water. Benzene
was renoved on a rotary evaporator and the resulting light tan solid
residue was 25 slurried with 100 milliliters of hexane and then filtered.
The filtered solid was washed again with 100 mllilitérs of hexane and

dried to provide 18.4 grans of the product, 3, 3-diphenyl-3H naphtho _
[ 2, 1-b] pyran. The solid product had a nelting point of 156-158[err]C and
was 98 perkent pure, as determ ned by liquid chromatographic 30 anal ysis.

COVPARATI VE EXAMPLE 3 Step 1
A reaction flask was charged vvithReq:éEtT]g.PgrrrsBof 35

2-fluoro-4'-nmet hoxybenzophenone, (prepared by the Frled§ﬂ-Crafts
reaction of 2- fl uogpbensoyl ahl oride with anisole), 250 ngllildters

“

10 . () mezen—mE . og

(Z3)» (Y3), (23)p C¥2)a
v

15

In Reaction C, the propargyl alcohol represented by graphic
formula VI is coupled with a 7-substituted 2,6-naphthalene diol,

20 represented by graphic formula VII A, under acidic conditions to
form the naphthopyran of graphic formula VIII A. 7-substituted
2,6-naphthalene diol e.g., 2,8-dihydroxy-7-carbomethoxynaphthalene
can be prepared by methods described for the synthesis of
n~hexyl-3,7-dihydroxy-2-naphthoate described in the Journal of the

25 American Chemical Society 104, pages 7196 to 7204, 1982.

In order to make the compound represented by graphic =
formula I C, it is necessary to derivatize, i.e., acylate, W
methylate, benzylate; etc..., the hydroxyl group on the number 8
carbon atom of the naphthopyran repreéenéed by graphic formula

30 VIII A. This is accomplished by reaction of the hydroxyl group

"witﬁ an alkyl or aroyl halide, chloroformate, isocyanate, etc.



-28- . of tetrahydrofuran, and 14.0 granms of an 18 weight perce

nt slurry

of sodlunlacetyllde in xylene/mneral oil. THE r
stirred at roomtenperature under a nitrogen atwnggﬁéﬁth @Tq%ékf
The contents of the flask were poured into a 509 flliliter pe
containing ice water and extracted fhree tinmes Wwih 1PGEP 1996 | {1
portions of nethylene chloride. The extracts wefe conbi ned, dr

anhydr ous nagnesium sul fate and t he solvent eovedumder—vacu
crude product, 7.0 grams, was isolated a§ ? “a-yellow oil. This o

P Was
hour s.
aker

ter

ed over
m The
| was

shown by NVR to contain the desired 10 product
1- (2-fl uorophenyl)-1- (4 nmet hoxyphenyl ) - 2- propyn- 1- ol .
Step 2

5
" REACTION C
CH
]
} % ¢ ¥,
10 Rg [-) 4
R =
o _
’ (23)y (¥,
15 _ VII 2 \'a
+

20

25

W

30

35

N



- (2-fl uorophenyl) - 1- (4- met hoxyphenyl ) -2-propyn-1-ol (2.4 grans, 0.008
nol &), as prepared in Step 1, was added to a reaction 15 flask contai ni ng

100 mlliliters of benzene and 6-met hoxy-2- hydr Qx¥¥r ; P ne (1.4
grans, 0.008 nole). A catalytic anmount of E%ﬂ'ﬁﬁfyﬁl g%éﬁ clacid

(approximately 20 milligrams) was added and tthe resul ting ture
stirred and heated between 30-35[err]C. under {a] 17 $EPA9IG a sphere for
3 hours. The reaction m xture was pourquzg intq an equal vol of 20%
aqueous sodi um hydroxi de and extracted™ thrge TTHES illiliter
portions of nethylene chloride. The extractts_were conbi ned, flried over
anhydr ous magnesi um sul fate and sol vent renoved under vacuum The
resultant oil was col umm chromat ogr aphed on silica using 1:10 m xture of
et hyl acet ate: hexane 25 as the eluant. The photochronic fractions were
conbi ned, concentrated under vacuum and crystallized by cooling in

di et hyl ether. The crystals (0.5 g) were suction filtered and dried. The

melting pdint of the crystals was 120-123[err]C. An NWVR spectrum showed
the recovered product to have f,structure consistent with 30
3-(2- quorophenyI) 3- (4- met hoxyphenyl ) - 8- net hoxy- 3H- napht h[ 2, 1- b] pyran.

10

15

In Reaction D, the naphthaldehyde or alkyl aryl ketone .

20 fepresented by graphic formulae IX A and IX B respectively, is
reduced using the Wolff-Kishner process to yield the compound
repiesented by graphic formula X, vhich can be selectively
brominated td yield the bromonaphthalene compound of graphic formula
XI. This compound may be subjected to high pressure copper mediated

25 solvolysis to produce the substituted naphthol represented by
graphic formula XII followed by demethylation to produce the
substituted naphthol represented by graphic formula VII B. The W
various compounds prepared in this series of readticns may be
cbmmercially available from fine chemical manufacturers or may be

30 custom synthesized.



- 29 - COVPARATI VE EXA

PLAGEMENT SHEET

Step 1 1, 3-Di net hoxybenzene (13.8 gransj

p- ani soyl chloride (17 granms, 0.1 nole) were di gsdl ved 1 n 200
mlliliters of 5 nmethylene chloride and stirred at roomnnggpe?ﬂ%u e.
Anhydr ous al um num chl oride (15 grans) was adde lowy to efction
m xture over a period of 15 mnutes with stirring. |AATETr—Stt++ag-! |an
additional 15 mnutes, the contents of theyfflask e carefully pbur ed

into 200 mlliliters of a mxture of ice and dilute 10 hydrochtroriec—aci d.
The organic fraction was separated and washed with water. The sol vent
was renoved on a rotary evaporator |eaving -an oily product that
solidified on standing. This solid was br oken-up, washed with two 50
mlliliter portions of pentane, and dried, yielding '
2,4,4" -trinmethoxybenzophenone. 15

Step 2
10 grans of 52, 4, 4' -tri met hoxybenzophenone, as pr.epared in T

RERCTION D
° -
I
10 . CHO c;CC3-c‘)l1k71 R|
ocH, oct, . oCH,
OO OO Wolff-Xishner
. reduction
' ot
IX A IX B X
-3 4 2
15
20
Ry R,
OCH, OCH.
. 3

25 OO Cu, KOH

High Pressure W

Be Solvolysis  HO
XI XII

30

35



Step 1, was converted to the correspondi ng p} opEbty ﬁ’-’ffg’rffgaholf t he
procedure described in Step 1 of Conparative anple 3. The R0} resul ting
crude product was shown by NVR to contain the ¢es{yegEP 99 oflutt

1- (2, 4-di met hoxyphenyl ) - 1- (4- met hoxyphenyl ) - 2- pr opyn- 1- ol

The crude propargyl alcohol fromstep 2 was gdded=to—a 25 reaction’fl ask
containing a slurry of 5 grans of 2-naphthol {in 200 mlliliders of

tol uene. A few drops of dodecyl benzemeldul f ormiT acid (an anount
sufficient to turn the m xture a dark red-brown color) were added and
the m xture was warned to 50[err]C. for a period of two hours. The
reaction m xture was cool ed and washed twice with 30 50 m'lliliter portions
of water. The organic fraction was concentrated on a.rotary evaporator
and the residue chromat ographed on a silica colum and eluted with a 2:1
m xt ure of hexane: et hyl acetate. The photochrom c fractions were.

conbi ned aand concentr at ed under vacuum The: resi due was induced to
crystallize by adding a 35 fewmlliliters (less than 10 mlliliters) of a
hexane di ethyl ether. mxture and cooli The product crystals were
washed wi th di et hyl

OH

10
HO

15
In Reaction E, the propargyl alcohol represented by graphic

formula VI is coupled with a substituted naphthol of graphic formula
VII B under acidic conditions to form the naphthopyran of graphic

20 formula VIII B. The compound represented by graphic formula I D is
produced by derivatizing the hydroxyl group on the number 8 carbon
atom of the naphthopyran compound represented by graphic formula
VIII B in an identicel manner as previously discussed for
Reaction C. If R3 is methyl, the compound represented by graphic

25 formula XII in Reaction D may be used directlyAin place of the
compound represented by VII B in Reaction E. -

W



- 30 - ether and dried to yield 4 grans of & PERAAGEMEMBASHERT af el ting
point of 144-146[err]C. A nucl ear nagnetic r¢{
showed the solid product to have a structure
3- (2, 4- di net hoxyphenyl ) - 3- (4- net hoxyphenyl ) - 3H
Exanpl e 10

products of Exanples 1, 5, 8, 9, and Cbnggrativ
di ssol ved in diethylene glycol dinmethyl” et he ] -
resulting solutions were approxi mately 0.5 nllllgran1per mlliliter.
Each sol uti on was tested in a WV spectrophotoneter to determine its
activating wavel engt h. The activati ng wavel ength reported in Table | is
t he wavel ength at which activation of the photochrom.c conpound occurs
15 in diethylene glycol dinethyl ether. That val ue corresponds to the

~e

5
REACTION E
Ill
; oe A
( z:) » C !3) ]
VI B vI
15 Y
20
25

N

30




absorption peak in the ultraviolet region that is closest
region or the threshold range, i.e., 390 to 410 rmgﬂem' SHEETf
only.one absorption peak in this region. If the OF-e—t1
absorptlon peak, the activating wavel ength corr onds 20 ggag D
the absorption peak that inmmediately proceeds t 4 3SEP ohgé
wavel ength in the ultraviolet region or the thr ol d range
Part, B 25 Further testing was d ne on nap opyrans of B

mw owo

visible
there is
one
sely to
;

anple 5

and Conpar ative Exanples 1 and 2, whi wer e jiohibhed by—thermat transfer
into test squares-of a honopol yner of dlethylene gl ycol bls(aIIyI

carbonate) by the follow ng procedure. Each -napht hopyran was di ssol ved
into toluene solvent to forma 4 weight percent solution 30 of the
conpound. A piece of No. 4 Whatman filter paper was saturated with the
napht hopyran solution and allowed to air dry. The dried filjler paper was
pl aced on one side of the polyner test square, which neasured 1/8 inch
(0.3 centibeter) x 2 inch (5.1 centineters) x 2 inch (5.1 centineters).
A piece of untreated 35gf{d!|ter paper was placed on the other side of the

polyner test square and ™R
of flat -

10

15

Compounds represented by graphic formulae I A through I
may be used in those applications in which organic photochromic

| ti ng sandw ch pl aced between two pl ates

D

20 substances may be employed, such as optical lenses, e.g., ophthalmic
and plano lenses, face shields, goggles, ski goggles, visors, camera

lenses, windows, automotive windshields, aircraft and automotive

transparencies, e.g., T-roofs, sidelights and backlights, plastic

films and sheets, textiles and coatings, e.g., coating compositions

25 such as paints, and verification marks on security documents, e.g.,

documents such-as banknotes, passports and drivers' licenses for
which authent;cation or verification of authenticity may be
desired. Naphthopyreans represented by graphic formula I exhibit

W\

color changes from colorless to colors ranging from yellow to orange

30 and red.
e Examples of contemplated naphthopyrans within the scope
the invention are the following:
(a) 3,3-dipheny1—8;hydroxy—9-carbopropoxy-3ﬂ-naphtho-
(2,1-blpyran;

of

35 (b) 3-(2-fluorophenyl)-3~(4-methoxyphenyl)-8-hydroxy-9-

carbopropoxy-3H-naphtho(2,1-b]pyran;



-~ 31°- al umi num netal plates. The entire AGEMBH SHEET [}l aced in a
155[err]C oven for a time sufficient to thernal
naph{'hopyran into the polynmer test square. Resi

1ce sﬁ(rée n it oven
-~ were adj usted to inbibe conparable anmounts of the hi i?dé 5} conpounds

in-order to yield a conparable UV absorbance at thelr act I hg
wavel engt h. The i nbi bed test squares were washed wth acetone fter
removal fromthe oven. The 4 ast =sanples-were—evattratred f or
phot ochromni ¢ response rates on an optical bench. The sanples were

i | lunminated by a 150cd0 3wef2t-f damrophéranip) -3+ (4-md thixyphenyddpBelivdsoxy<f—e bat h,
a 320 nanonega@i,omett{dxyt.ﬁ.nagggwqzngj.g Laglensity filter at -an intensity of
about one sun conct eam o 0 ged b &IH d t ungst en
| anp arranged to (Fdss>t ﬁr‘(‘)‘tﬂjﬂ‘efh‘@‘@&ﬁﬁbg §r g‘b‘?’é’ e)[ g@iur ce
was used to guairhéiie vhbRyHEESnaghtho DS pyeam;of the sanple over-;LS di.fferent
wavel engt hgranges i1y hhe; wi gl Bleqt efleQUndby1o0Ea SREHLAP-3H-naphtho-
(2,1-b]pyran; .
(£) 3-(2~-fluorophenyl)-3-~(4-methoxyphenyl)-~8-methoxy-9-
carbophenoxy-3B-naphtho{2,1-b]pyran;
- (g) 3—(Z-fluorophenyl)-3—(a-methoxyphenyl)-S-methoxy—9-
10 carbomethoxy-3H-naphtho(2,1-b]pyran;
(h) 3-=(2, A-dzmethoxyphenyl)-3-(4-methoxypheny1)-B-acetoxy-
9~carbomethoxy-3E-naphtho{2,1-b]pyran;
(i) 3,3-diphenyl-7-methyl-8-methoxy-3H-naphtho(2,l-blpyran;
(j) 3~-(2-methoxy,4-acryloxyphenyl)-3-(4-methacryloxy-
15 phenyl)-8-benzyloxy-9-(carbo-i—indolinyl)-3H-naghtho[z,l-b]pyran;
(k) 3-(2,4,6-trifluorophenyl)-3-(2,4,6-trimethoxy~l-
naphthyl)-8-acetyl—9-carboniloyl-BH-naphtho[2,l-b]pyran}
(L 3-(2;fluorophen&1)-3-(3-methaxy-2—thienyl)-7—h-penty1—
8-benzoyloxy-3E-naphtho[2,1-b]pyran; and
20 (m) . 3,SLspiro adamantylene-8-acetoxy-9-carbomethoxy-3H~
naphtho[2,1-b]pyran;
Commercially available photoreactive inorganic -glass lenses
containing silver halide particles darken to a neutral gray or brown
color in sunlight. In order to duplicate this color change in a
25 plastic lens using the organic photochromic naphthopyrans of the
present invention, it is contemplated that such naphthopyrans be
used in combination with other appropriate complementary organic N
photochromic materials so that together they produce the desired -
gray or brown color shade when the plastic lens coantaining such
30 photochromic materials is exposed to ultraviolet light. .For
.example, a compound which colors to yellow may be blended wiéh a
compound that colors to an appropriate purple to produce a brown
shade. Similarly, a compound which is orange in its colored state
will produce a shade of gray when used in conjunction with an

35 appropriate blue coloring compound.



The intensity of the nonitoring beam after passi nglePh&QﬁM:ﬁWtﬁ‘ém sanpl e

was” nmeasured by neans of an |L-1500 radi oneter eq ped vmth ajlsilicon
deteftor head and matching filters. Th e)'gk , whi ch
represents the sensitivity of the 20 photochromf ound’ s re panse to WV
| i ght, was measured using photopic filters on{t ecit or. The
response of the filtered detector approxi mateE the lumnosity curve. The
[err] OD was nmeasured over the first-fléve (5) mdS of UV exposure,

t hen expressed on a per mnute basis. The saturation optical density 25

(OD) was taken under Begbigylesty contiemrlened xdapees Af Gymplemendare mreanie)y
exposur e Waspiddtchionfid E6hipodRddTichut Gfayl B& Jded 8XaBRbRRtisn TABhetne 2. The

Bl h Rat / interv i n_sec s for th absor bance of
thgagctlvate e'ba‘fj%ﬁ?r?’b"'rmfh%g th PHRITSEST g‘ﬁ‘vﬁ”t%eg‘f% : 5’%5&(5}% to reach one
hal f t he hi g#wsb(émb@inbah@snadzxazdm SBGutiemserthiaer degciiped ripFy.22 Patedt | C)

d
_?_;L?; I’ZerTDgaL gk, 588 §9i‘£§ﬁn@$la§ﬁt}'Mih@@edz'ogmmel?gﬂgﬁﬁrﬂi% &&B}#k&&? l:’;

response f or SYapAt NOIRFF afRe oD AR S - 7R abRp €35, G mpfia b P im0 (ERdaidred 3 and 4
was neasur edndpiitigrddiaedptsuenlashensde desiitedbirl Ul s. Paténtd 375,172,

napht hopyr an %rgoi mglh(-?j Qy ttae};rgau sséraa%fbenzo&;mnt esly squares of a
pol ymeric mai¥i x ' prepar fo
naph:hopyrans other than those of the pregent invention having a

10 nitrogen—-containing substituent on the carbon atom adjacent to the
oxygen of the pyran ring, such as those described in U.S. Patent
4,818,096. All of the aforedescribed spirooxazine~ and pyran-—type
organic photochromic compounds are reported to exhibit a color

- change of from colorless to purple/blue on exposure to ultraviolet

15 light. The disclosures of said U.S. Patents may be incorporated
herein by reference.

Other contemplated complementary organic photochromic
compounds that are reported to exhibit a color change of from
colorless to yellow/orange when exposed to UV light may be used in

20 combination with the naphthopyren compounds of the present invention
to augmeng'the yellow/orange color of those activated photochromic.
compounds. Such complementary yellow/orange compounds include:
benzopyrans and naphthopyrans having a spiro adamantylede group in
the 2-position of the pyran ring, such as those described in U.S.

25 Patent 4,826,977; and naphthopyran compounds such as those described
in U.S. Patent 5,066,818. The disclosures of such U.S. patents.also
may be incorporated herein by reference. "

The naphthopyran compounds of the present invention may be N
used in admixture with or in conjunction with the aforedescribed

30 complementary or augmenting organic photochromic compounds in

.. amounts and in a ratio such that an organic host material to which
the mixture of photochromic compound(s) is applied or in which they
are incorporated exhibit a substantially neutral color when
activated with unfiltered sunlight, i.e., as near a neutral gray or

35 brown color as possible given the colors of the activated



- 32 - di et hyl ene glycol bis(allyl carbondt gEprarmpusit SETand two
opti cal density neasurenents were nade afteqr &5~ﬁinute“ékﬁ@s res to a W

source first fitted with a 320 nanoneter filtdr thSEE{gg tediwith a
360 nanoneter filter. The loss in response wasj cja d 5 subtracting

the optical density obtained with.the 360 nano fidterfrlom t he
optical density obtained with the 320 nanonete fllter and then dividing
this figure by the optical density obtaiyyed nonet er
filter and multiplying by 100. The 1 oss in response

measur enent phetquheanixl caspaunper c @he, rel@tivensmatres phethi phetwmhgembet ween

the phot ochrgg%&mr 4§S d,.cyaseiﬁf vhf¥f end &&@@%ﬁdéa%%s&d:ﬁeorméw d-day sun

and to | ow I'Tght condi ti ons such as day and |late in the day when
the | ower wév&?%éns of ERmsehens Ehe Pﬁ&iweép@eﬁia?n%ﬁ 8uch (MRS The

results for the For example, the naphthopyran compounds of the present ..
5 invention may be combined with one or more of the aforedescribed
purple/blue spirooxazine- and/or pyran-type organic photochromic
compounds in amounts and in a ratic such that an organic host
A material to which the mixture of compounds is applied or in which
they are incorporated exhibits a neaf-brown color. Generally, the
.10 weight ratio of each of the aforedescribed spirooxazine- and
pyran-type compound(s) to the naphthopyran compound(s) of the

present invention will vary from about 1:3 to about 3:1, e.g.,
between about 1:2 or 0.75:1 and sbout 2:1.
A near neutral gray color exhibits a spectrum that has
15 relatively equal absorption in the visible range between 400 and 700
nanometers, e.g., between 440 and 680 nanometers. A near neutral
brown color exhibits a spectrum in which the absorption in the
400~-550 nanometer range is moderately larger than in the 550-700 .
nanometer range. An alternative way of describing color is in terms
20 of its chromaticity coordinates, which describe the qualities of a
color in addition to its luminance factor, i.e., its chromaticity.
In the CIE system, the-chromaticity coordinates are obteained by
taking the ratios of the tristimulus values to their sum, e.g.,
x=X/X+Y+Z and y=Y/X+Y+Z. Color es described in the CIE system can
25 be plotted on a chromaticity diagram, usually a plot of the:
chromaticity coordinates x and y. See pages 47-52 of Principles of
Color Technology, by F. W. Billmeyer, Jr. and Max Saltzman, Second o
Edition, John Wiley and Sons, N.Y. (1981).
The amount of photochromic substance or composition-
30 containing same applied to or incorporated into a host material is
not critical provided that a sufficient amount is used to produce a
photochromic effect discernible to the naked eye. Generally such-
amount can be described as a photochromic emount. The particular
amount used depends often upon the intensity of color desired upon
35 irradiation thereof and upon the method used to incorporate or apply
the photochromic substances. Typically, the more compound applied

or incorporated, the greater is the color intensity.



10s§ in response, activating wavel ength, and th
liSted in Table 3. '

Act pvating Wavel ength in Diethyl ene dycol Dinetihyi. Et her ‘\93& OQUND
EXAVPLE 1 4087 SEP

382 8 ' 37 9

369 25 COVPARATI VE EXAMPLE 1

2 348~ 18360

10

apms o+

=T/
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~ Generally, the amount of each photochromic substance
incorporated into or applied to the host material may range from
about 0.0l or 0.05 to about 10 to 20 perceant by Qeigﬁt. More
typically, the amount of photochromic substance(s) incorporated into
or applied to the host material will rangé from about 0.01 to about
2 weight percent, more particularly, f£rom.about 0.0l to about 1
weight percent, e.g., from about 0.1 or 0.5 to about 1 weight
percent, based on the weight of the host materiel. Expressed
differently, the total amount of photochromic substance incorporated
into or epplied td en optical host material may ra@ge from about
0.15 to about 0.35 milligrams per square centimeter of surface teo
which the photochromic substance(s) is incorporated or applied.

Photochromic compounds of the present invention, mixtures

- of such compounds with other photochromic compounds, or compositions

15

20

25

30

35

containing same (hereinafter "photochromic substances’”) may be
applied to or incorpo:atedlinto a host material by various methods
described in the art. Such methods include dissolvin; or dispersing
the substance within the host material, e.g., imbibition of the
photochromic subsgtance into the host material by immersion of the
host materigl in a hot solution of the photochromic substance or by
thermal transfer; providing the photochromic substance as a separate
layer between adjacent layers of the host matérial, e.g., 45 a part
of a polymer film; and applying the photochromic substance as paft
of a coating placed 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 abshrption of the photochromic substance into a
porous polymer, vapor phase transfer, and other such transfer
mechanisms. See U.S. Pateat No. 5,066,818 column 14, line 41 to
column 15, line 25 for examples of the above methods.

The polymer host material will usually be transparent, but
may be translucent or even cpaque. The polymer product need only be
transparent to that portion of the electromagnetic spectrum, which
activates the photochromic substance, i.e., that wavelength of
ultraviolet (UV) light that produces the open form of the substance
and that portion of the visible spectrum that includes the

15 are

359
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15
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absorption maximum wavelength of the substance in its UV activated
form, i.e., the open form. .Further, éhe resin color should not be
such that it masks the color of the activated form of the
photochromic substance, i.e., so the change in color is readily -
apparent to the observer. Preferably, the host materiel artiéle is
a solid transparent or optically clear material.

Examples of host materials which may be used with the
photochromic substances or compositions described herein include:
ﬁolymers. i.e., homopolymers and copolymers, of polyol(allyl
carbonate) monomers, e¢.g., diethylene glycol bis(allyl carbonate),
polymers, i.e., homopolymers and copolymers, of polyfunctional
acrylate monomers, polyacrylates, which are polymers of esters of
acrylic acid or methacrylic acid, such as methyl acrylate .and methyl
méthacrylate, cellulose acetate, cellulose triacetate, cglluiosé
acetate propionate, cellulose aceta;e'butyrate, poly(vinyl acetate),
poly(vinyl alcohol), poly(vinyl chloride), poly(vinylidene
chloride), polyurethanes, polycarbonates, poly(ethylene
terephthalate), polystyrene, copoly(styrene-methyl methacrylate)-
copoly(styrene-acrylonitrile), polyvinylbutyral and polymers,

i.e., homopolymers and copolymers, of diallylidene pentaerythritol,
particularly copolymers with polyol (allyl carbonate) monomers,
e.g., diethylene glycol bis(allyl carbonate), and acrylate monomers.

Transparent copolymers and blends of the transparent
polymers are also suitable as host materials. Preferably, the host
material iz an opﬁically clear polymerized organic material prepared
from a polycarbonate resin, such as the carbonate-linked resgin-

derived from bisphenol A and phosgene, i.e., poly(4,4'~dioxy-
diphenol-2,2-propane) carbonate, which is sold under the trademark,
LEXAN; a poly(methyl methacrylate), such as the material sold under
the trademark, PLEXIGLAS; polymerizates of a polyol(allyl
carbonate), especlally diethylene glycol bis(allyl cerbonate), which
monomer 1s sold under the trademark, CR~39, and polymerizates of
copolymers of a polyol (allyl carbonate), e.g., diethylene glycol
bis(allyl carbonate), with other copolymerizable monomeric
materials, such as copolymers with vinyl acetate, e.g., copolymers
of Erom 80-90 percent diethylene glycol bis(allyl carbonate) and

AN

=33"- TaB| B ACEMERT SHEBR oUND
[efr] OD'Mn [err] OD @ BLEACH RATE | [ EXAMPLE
SENSI TIVI TY SATURATION T 1/2 (SEC.) 755ng 1996 1.4
0.55 80 COVPARATI VE EXA ﬂz 1 1
1.25 0.73 87 2 VP 0. 36
45 15

- 19 ~



TABLE 3 20. COWOUND [err] OD @ [err] OD '@ [%% ﬁé@w SHEET PCTI VATI NG
BLEACH RATE EXAMPLE 320 nm 360 nm :

VWAVELENGTH T 1/2 (SEC.) 7 0. 187 . 184 2 Y%

384 196 25 COVPARATI VE 3 0.246] 17 SERA996 6 %

359 356 30 4. 0. 260 0. 196 2% % d 348

338 ' The results in Table 1 denongdtrate the unexpecfedly

hi gher 35 activating wavel ength of the coggpeundg._of the nLesgw__;_vaent i ons,
vis-a-vis, conparative exanple 1, which has a net hoxy substituent at the

nunmber 8 car b.@ﬁzmtmmceandinnh’p.aeatievepmanplasrlz 80s85cperdrasttaf the
substituents bQQ(Hﬁln@%hﬂéénﬁn@Li%'-@él%e:cJ&bvanﬁl ilaglf@l:et h@ﬂd tcufolymers

conmpound of e as_ an increased sen5|t|V| y as conpared {o 40 the
conmpounds of ¥ é‘&hp‘arpéi?'\??téi%pf’e% 12 Rfrest %eF%‘GI'tsh‘i" ng fAprginal 3 [ oyeql
| ess reducti ailyh amdfor alcrgkyls £t tiessll gecdupd,t @8 despothedein U.iSe~Rateapon

light with @366 N¥93CUL Yok, 3ddl,t §la 3S26PABH 1L dsiCacetate, cellulose
. propionate, cellulose butyrate, cellulose acetate butyrate,
polystyrene and copolymers of styrene with methyl methacrylate,
vinyl acetate and acrylonitrile.
Polyol (allyl carbonate) monomers which may be polymerized
10 to form a transparent host material are the allyl carbonates of
linear or branched aliphatic or aromatic liquid pq}yols,'e.g..
aliphatic glycol bis(allyl carbonate) compounds, or alkylidene
. bisphenol bis(allyl -carbonate) compounds. These monomers .can be
- described as unsaturated polycgrbouates of polyols, e.g, glycols.
15 The monomers gan be prepared by procedures well known in the art,
e.g., U.S. Patents 2,370,567 and 2,403,113.
cdmpatible (chemically and color-wise) tints, i.e., dyes,
may be applied to the host material to achieve a more aesthetic
result for medical reasons or for reasons of fashion. The
20 particular dye selected will vary and depend on the aforesaid need
and result to be achieved. In one embodiment, the dye may be
selected to complement the color resulting from the activated
photochromic substances, e.g., to achieve a more neutral color or
absorb a particular wavelength of incident light. In another
25 embodiment, the dye may be selected to provide a desired hue to the
host matrix when the photochromic substance is in an inactivated
state. '
Typically, tinting is accomplished by immersion of the host\‘
material in a heated aqueous dispersion of the selected dye. The
30 degree of tint is controlled by the temperature of the dye bath and
. the length of time the host material is allowed to remain.in the
bath. Generally, the dye bath is at temperatures of less than
100°C, e.g., from 70°C to 90°C, such as 80°C, and the hogt material
remains in the bath for less than five (S) minutes, e.g., between
35 about 0.5 and 3 minutes, e.g., about 2 minutes. The degree of tint
is such that the resulting article exhibits from about 70 to 85
percent, e.g., 80-82 percent, light transmission.
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reference to the specific details of partlcula
i ntended that such details be regatded

i s not

density neasured after exposure to the
320°nm cutoff filter, for conmpound exanple 7 a
exanples 3 and 4. Also, Table 3 shows that the
a nore acceptable Bleach Rate T 1/2, i.e., rat

Al t hough the present .i nvent

scope of the invention except insofar as and to the extent that 5 they are
i ncluded in the accomjavantngatdrdebs may also be incorporated into the host

10

15

20

25

30

35

material with the photochrémic substances prior to, simultaneously
with or subsequent to application or incorporation of the
photochromic substances in the host material. For example,—
ultraviolet light absorbers may be admixed with photochromic
substances before their application to the host m#terial or such
absorbers may be superposed, e.g., superimposed, as a layer between
the photochromic substance and the incident light. Further,
stabilizers may be admixed with the photochromic substances prior to
their application to the host material to improve the light fatigue
resistance of the photochromic substances. Stabilizers, such as
hindered amine light stabilizers and singlet oxygen gquenchers, e.g.,
a nickel ion complex with an organic ligand, are coaéemplated. They

‘may be used alone or in combination. Such stabilizers are described

in U.S. Patent 4,720,356. Finally, appropriate protective
coating(s) may be applied to the surface of the host material.
These may be abrasion resistant coatings and/or coatings that serve
as oxygen barriers. Such coatings are known in the art.

The preseant invention is more particularly described in the
following examples which are intended as illustrative only, since
numerous modifications and variations therein will be apparent to.
those skilled in the art. R

EXAMRLE 1
STER 1
3,7—dihydr6xy—2—na§hthoic acid (17.4 grams, 0.085 mole).
and sodium bicarbonate (21 grams, 0.25 mole) were suspended with
stirring in 120 milliliters of dimethylformamide (DMF) in e 500
milliliter round bottom flask equipped with a reflux condenser and

N\

nitrogen pad. The mixture was warmed to 70°C and held there for 2

_hours. Afterwards, the mixture was cocled to room temperature and

propyl iodide (16.6 grams, 0.1 mole ) was added. The etirred
reaction mixture was then gradually warmed to 70°C where it was kept
for 3 hours. Subsequently, the contents of the flask were poured
into approximately 480 milliliters of ice and water to precipitate
the product. The resulting yellow solid was suction filtered and
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washed with a sodium bicarbonate solution in orxder to remove any

unreacted starting material. The yelldw solid was next washed with
water and air dried. High~performance liquid chromatographic (HPLC)

- analysis revealed that the solid consisted of propy; 3,7-dihydroxy-

10

2-naphthoate containing a small amount of 'propyl 3-hydroxy-
2-naphthoate. The yleld of 3,7-dihydroxy-2-naphthoate was 1§.7

grams.

. SIEP 2

Propyl 3,7-dihydroxy-2-nasphthoate (3.0 grqms; 0.012 mole)
from Step 1 was added to a reaction flask containing 0.015 mole
1,1-diphenyl-2-propyn-l-ol in 100 milliliters of toluene and stirred
at room temperature. A catalytic amount of dodecylbénzene sulfonic

. acid (an amount sufficient to produce a deep red-brown colored

15

20

30
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solution) was added and the reaction mixture was heated for five
huufs-at 50°C. Afterwards, the réaction mixture was kept at room
temperatu}e for about 18 hours and then washed twice with water.
Toluene was removed under vacuum to yield an oily product. The
resultent oil was taken up in 5 to 10 milliliters of a 2:1 mixture
of hexane:ethyl acetate. Crystals of the product formed and were
suction filtered and washed with fresh solvent umtil no additional
color was removed. IOccasionally, if the o0il solvent mixture did not
crystallize, the mixture was purified on a silica gel column using a
hexane:ethyl acetate mixture as eluant. The photochiomic fractions
were combined and the remaining eiuant was removed under vacuum.

The resulting residue was triturated in hexane, suctibn filtered and
dried. A nuclear magnetic resonance (NMR) spectrum showed the
recovered product, 2.4 grams, to have & structure consisgtent wiéh

N\
W

3,3-diphenyl-8~hydroxy-9~carbopropoxy~3H-naphtho[2,1-b]pyran.

EXAMPLE 2 |
The procedure of Example 1 was followed exceét that
1-(2-fluorophenyl)-1-(4-methoxyphenyl)-2-propyn-l-ol was used in
place of 1,l-diphenyl-2-propyn-l-ol in Step 2. A nuclear magnetic
resonance (NMR) spectrum showed the recovered product, 5.0 grams, to
have a structure consistent with 3-(2-fluorophenyl)~3-(4-methoxy-

phenyl)-8-hydroxy-9-carbopropoxy-3H-naphtho{2,1-b]pyran.
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al kyl; R err] is hydrogen or the group, -C(OW Whernmg—CRETY]| or
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~al kyl, phenyl, (err]-Cerr] nonoal kyl substituted
nonoal koxy substituted phenyl, phenyl((err]-Cerg]) L er
monoal kyl substituted phenyl (C[err]-Cera3] al kyl, [ err] Clerr] nonpal

substituted phenyl (CJerr]-Clerr])alkyl, (err]-( &
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cloal k

hydr ogen,

-

Cerr]-Cerr] alkyl, C5-C7

¥ . phenyl |
The procedure of Example 1 was followed eXkcept that methyl

iodide was used in place of propyl iodide in Step 1l and -

5 1-(2—f1uorophenyl)-1-(4—methoxjpheny1)—2—p§opyn-1-ol was used in

place of 1,l-diphenyl-2~propyn-l-ol in Step 2. The recovered
product, 3.0 grams, had a melting point of 104 to 106°C. A nuclear
magnetic resonance (NMR) spectrum showed the recovered product to
have a structure consistent with 3-(2-fluorophenyl)-3-(4-methoxy-

10 phenyl)-8~hydroxy-9-carbomethoxy-3H-naphtho(2,1-b]pyran.

EXAMPLE &
The procedure of Example 3 was followed except that

~1-(2,h-dimethoxyphényl)-1-(f-methoxypheny1)~2—propyn-1-o1 was used

1S in place of 1-(2-fluorophenyl)-l-(4~methoxyphenyl)-2-propyn~l-ocl in

Step 2. The recovered product, 3.0 grams, had a melting point of

128 to 130°C. A nuclear magnetic resonance (NMR) spectrum showed

the recovered product to have a structure consistent with

3-(2, h-dimethoxyphenyl)-3-(h-methoxypheny1)—s-hydroxy-Q-carbomethaxy—

20 3H-naphtho[2,l-b]pyran.

EXAMPLE 35
Two grams of 3 s 3—-diphenyl-8~hydroxy-9-carbopropoxy-3H-~
naphtho[Z 1-b]}pyran from Example 1 was added to a reaction flask

25 containing 100 milliliters of acetone. Two grams each of anhydrous

potassium carbonate and dimethyl sulfate were added to the reaction
flask. The reéulting reaction mixture was stirred and heated for 20
hours at 50°C under a nitrogen atmosphere. After cooling to room

temperature, acetone was removed under vacuum. 25 milliliters each

30 of water and methylene chloride were added to the mixture, which was

.~.then stirred for 15 minutes. The organic phase was separated and

the residual methylene chloride was removed under vacuum. The
resulting oil was crystallized from hexane. Crystals of the product

were suctioned filtered, triturated with fresh hexane, suction

35 filtered and d;ied. The recovered product, 1.3 grams, had a melting

AN



Ther with the

and hono- or di-substituted phenyl, or

ni trogen forma nono- or di-substitited or ungulstit uted hlet brocyclic
ring containing from5 to 6 ring atons, which riing? 7 SEP 1996

- 36 - i ncludes as the hetero atom said i §rogen atom al hnp or one

addi tional hetero atom of nitrogen or oxygen, }sard phenyl an
het erocyclic ring substituents being selectedlfram Cerr]l-Clerrj al kyl and
Cerr]-Cerr] alkoxy and said hal o substp&uent being chloro or fluoro;
Rlerr] is 5 hydrogen, Clerr]-Cerr] alkyl, phenyl((err]-Cferr])alkyl,

d err] - errjeinbnafallRy| to 129¥bsA inuglear phemq“(ccrcmn]anq e(NMR ) o8 Heglt rum
Jerr]-Jer rJhoW@QﬁalekPé‘dvaH kB&E&dt navehsmdr(ﬂtﬁrer Laﬁi%reah a1l !

Cerr]-Cerr Eg ¥& ‘]é%f L e cl oal kyl
derr]-derr3n t"é't' g@%‘f"r"}‘yﬁ Ppph éFb’a‘Iﬁ?Y“‘b[err] derr]
nonohal oal kyl , aIIyI or the group, -C(O X, wherein Xis a-gerr]-Clerr]
alkyl, phegyl, EXAMPIE §

The procedure of Example 5 was followed except that
3-(2-fluorophenyl )~3-(4-methoxyphenyl )-8-hydroxy~9~carbopropoxy~-3H-
naphtho{2,1-b]~pyran from Example 2 was used in place of 3,3-di-~
phenyl-8<hydroxy-~9~carbopropoxy-38-naphtho[2,l-b}-pyran. The

10 recovered product, 0.8 grams, had a melting point of 103 to 105°C.

A nuclear magnetic resonance (NMR) spectrum showed the recovered
product to have a structure consistent with 3-(2-fluoro-
phenyl)-3-(4-methoxyphenyl )-8-methoxy-9-carbopropoxy-3H-naphtho-
.[2,1-b]pyran. o

15

EXAMPLE 7
The procedure of Example 5 was followed except that

3—(2—f1uoropheny1)-3-(4—methoxypheny1)-S-hydroxy—Q-carbomethoxy—SH-
naphtho{2,1-b]~pyran from Example 3 was used in plade of

20 3,3-diphenyl- 8-hydroxy-9-carbopropoxy-3H-naphtho[2,1-b]~pyran. The
recovered product, l.2 grams, had a melting point of 174 to 176'C.-
A nuclear magnetic resonance (NMR) spectrum showed the recovered
product to have a structure consistent with
3-(2-fluorophenyl)-3-(4-methoxy~ _

25 phenyl)-8-meth6xy—9-carbomethoxy-3H—naphtho[Z,l-b]pyran.

EXAMELE 8 ' N
Three grams of 3-(2,4-dimethoxyphenyl)-3-(4-methoxy—- h
phenyl)-8-hydroxy~9-carbomethoxy-3H-naphtho(2,1-b]-pyran prepared in
30 Example 4 was added to a reaction flask containing 1.5 grams each of
..acetic anhydride and triethyl amine in 100 milliliters of
chloroform. The mixture was refluxed under a nitrogen atmosphere
for 24 hours. The resulting mixture was poured into 50 milliliters
of dilute hydrochloric acid, the organié layer was separated, and

35 the solvent, chloroform, was removed under vacuum. About 5 to 10
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EXAMPLE 9
Step 1
Ten grams of purchased S-methyl-6-methoxy-2-bromo-
maphthalene was added to the reaction vessel of a 500 milliliter
15 autoclave, containing 150 milliliters of-an aqueous solution of
potassium hydroxide (15 grams), 30 grams of polyethylene glycol
monomethyl ether, and one gram of a 50:50 mixture of copper bronze
and copper powder. The autoclave was sealed and heated to 200°C
while stirring at 1200 revolutions per minute (RPM). After five
20 hours, the autoclave was cooled to room temperatuie and the contents
were filtered. The aqueous filtrate was acidified with dilute
hydrochloric acid and the resulting precipitate was suction
filtered. The recovered solid was dissolved in aqueous sodium
hydroxide and the solution filtered. The resulting filtrate wasg
25 acidified with dilute hydrochloric acid and the resulting
precipitate suction filtered and dried. The recovered product, 5.5
grams, had a melting point of 122 to 124°C. A nuclear magnetic
resonance (NMR) spectrum showed the recovered product to have a
structure consistent with 5-methyl-~6-methoxy-2-naphthol.
30 o
Step 2
Two grams of S5-methyl-6-methoxy-2-naphthol, prepared in
Step 1, was Qdded to a reaction flask containing a molar excess of
l,l-diphenyl-2~propyn-l-0ol in 150 milliliters of toluene. A
35 catalytic amount of dodecylbenzene sulfonic acid (an amount

sufficient to produce a dark red-brown colored solution) was added
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and the reaction mixture was heated for three hours at 43°C.
Afterwards, 100 milliliters of water was edded and the corganic layer
was separated. The organic layer was first washed with dilute
aqueous sodium hydroxide and then washed with water. Toluegg_was.
removed under vacuum yielding a pasty solid. The pasty solid was '
slurried with a few milliliters of diethyl ether and filtered. The
resulting crystals were washed with diethyl ether until no
additional color was removed and then dried. The recovered product,
1,4 grams, had a melting point of 230 to 231.5°C. A nuclear
magnetic resonance (NMR) spectrum showed the recovered product to
have a structure consistent with 3,3-diphenyl-7-methyl-~8-methoxy-
3H-naphtho[2,1~b]pyran.

COMPARATIVE EXAMPLE 1
Step 1

A reaction flask was charged with 200 milliLiters of
acetone,'powdered potassium carbonate (13.8 grams, 0.1 mple)'and
2,6-dihydroxynaphthalene (16.0 grams, 0.1 mole). Dimethylsulfate
(12.6 grams, 0.1 mole) was added dropwise and the reaction mixture
was stirred at room temperature for 72 hours under a nitrogen
atmosphere. Sodium hydroxide (200 milliliters of a 10% aqueoué
solution) was then added to the reaction flask. The white
precipitate that formed was removed by vacuum filtration. The
aqueous filtrate was acidified with hydrochloric acid to a pH of 3
end the aqueous solution extracted three times with 100 millilicer
portions of methylene chloride. The extrﬁcte were combined, dried
over anhydrous magnesium sulfate for 10 minutes and the solwvent
removed under vacuum. The residue was washed with hot water and »
dried to yield 3.0 grams of a solid product, which waé confirmed by
NMR spectroscopy to be 6-methoxy-2-hydroxynaphthalene.

. Step 2
6-methoxy-2-hydroxynaphthalene (1.1 grams, 0.006 mole) from

Step 1, was added to a reaction flask containing 100 milliliters of
benzene and 1,l-diphenyl-2-propyn-l-ol (1.3 grams, 0.006 mole). A

catalytic amount (approximately 20 milligrams) of p-toluene sulfonic
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hours, cooled. and then 200 ml of a 10% aqueous sodiuin hydroxide
solution was added. After stirring for 15 minutes, the reaetion
mixture was extracted twice with 100 milliliter portions of '
methylene chloride. The extracts were combined, dried over
anhydrous magneéium sulfate and the solvent removed under vacuum.
The product (1.0 grams) melted at 173-175°C. An NMR spectrum showed
the recovered product to have a structure consistent with
3,3~diphenyl-~-8-methoxy-3H-naphtho [2,1-b]pyran.

COMPARATIVE EXAMPLE 2
1,1-diphenyl-2-propyn-l-ol (20.8 grams, 0.1 mole) was added

- to a reaction flask containing 200 milliliters of benzene end 15

grams of 2-naphthol. The reaction mixture was warmed teo 55°C end
after all of the Z-naphthol was disaolvéd, 0.25 grams of
p-toluenesulfonic acid was added. The mixture changed from light
tan to dark black and the temperature rose to 70°C. After a few
minutes, the reaction mixture lightened and began to cool. Thirty
minutes later, the contents of the flask were poured into 100
milliliters of 10 percent aqueous sodium hydroxide and shaken. The
organic phase was separated, washed once with 10 percent aqueous

sodium hydroxide, and then washed with water. Benzene was removed

on a rotary evaporator and the resulting light tan solid residue was -

slurried with 100 milliliters of hexane and then filtered. The
filéered solid was washed again with 100 milliliters of hexane and
dried to provide 18.4 grams of the product, 3,3-diphenyl-3H-naphtho
{2,1-blpyran. The solid product had a melting poiant of 156-158°C
and was 98 percent pure, as determined by liquid chromatographic

analysis.
COMPARATIVE EXAMPLE 3
Step 1
A reaction flask was charged with eight grams of
2-fluoro-4'-methoxybenzophenone, (prepared by the Friedel-Crafts

reaction of 2-fluorobenzoylchloride with anisole), 150 milliliters

o )hal Q/J geggl} tl% 96'%'p’foi-q O X

S
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(b) 3, 3-di phenyl - 8- net hoxy- 9- car bophenoxy- 3H napht ho- [ 2, 1- b] pyran;

(c) 3(2-fl uorbpieanghydrafsrameand dppf cgrams - & ot Howpight perceant slurry of

car bopr opoxysiFuRaptédiaide linbkptdRMmineral 0il. The tldction mixture was

3(2-fluor ophengll ) - 3- (4- met hoxyphenyl ) - 8- met hoxy- 9- . .
stirred at room temperature under a nitrogen atmosphere for 72
hours. The contents of the flask were poured into a 500 milliliter

5 beaker containing ice water and extracted three times with 100

milliliter portions of methylene chloride. The extracts were
combined, dried over anhydrous magnesium sulfate and the solvent
removed under vacuum. The crude product, 7.0 grams, was isolated as
a yellow oil. This oil was shown by NMR to contain the desired

10 product; l-(2-fluorophenyl)-l-(4-methoxyphenyl)~2-propyn~l-ol.

Step 2
l1=(2~fluorophenyl)-1-(4-methoxyphenyl)~-2-propyn-1-ol (2.4

.grahs, 0.008 mole), as prepared in Step 1, was added to a reaction

15 f£lask containing 100 milliliters of benzene and 6-methoxy-2-hydroxy-
naphthalene (1.4 grams; 0.008 héle). A catalytic amount of
p-toluene sulfonic acid (approximately 20 milligrams) was added and
the resulting mixture stirred and heated between 30-35°C. under a
nitrogen atmosphere for 3 hours. The reaction mixture was poured

20 into an equal volume of 20% aqueous sodium hydroxide and extracted
three times with 100 milliliter portions of methylene chloride. The
extracts were combined, dried over anhydrous magnesium sulfate and
solvent removed under vacuum. The resultant oil was columm
chromatographed on silica using 1:10 mixture of ethyl acetate:hexane

25 as the eluant. The photochromic fractions were combined,
concentrated under vacuum, and crystallized by cooling in diethyl
ether. The crystals (0.5 g) were suction filtered and dried. The
melting point of the crystals was 120-123°C. An NMR spectrum showed N
the recovered product to have a structure consistent with

30 3~(2—f1uoropheny1)-3-(h-methoxypheny1)-8—me;hoxy-3H-naphth6[z,l-b]

.. Pyran..
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COMPARATIVE EXAMPLE &
. Step 1°
1,3-Dimethoxybenzene (13.8 grams, 0.1 mole) and p-anisoyl
chloride (17 grams, 0.1 mole) were dissolved in 200 milliliters of-
methylene chloride ‘and stirred at room teﬁperacure. Anhydrous
aluminum chloride (15 grams) was added slowly to the reaction
mixture over a period of 15 minutes with stirring. After stirring
an additional 15 minutes, the contents of the flask were carefully
poured into 200 milliliters of a mixture of ice and dilute
hydrochloric acid. The organic fraction was separated and washed
with water. The solvent was removed on a rotary evaporator leaving
an oily prodﬁct that solidified on standing. This solid was .
broken-up, washed with two 50 milliliter portions of pentane, and

" dried, yielding 2,4,4'~trimethoxybenzophencne.

Step 2

10 grams of 2,h,h';trimethqubenzophenone, as prepared in
Step 1, was converted to the corresponding propargyl alcohol by the
procedure described in Step 1 of Comparative Example 3. The
resulting crude product was shown by NMR to contain the desired
product 1-(2,4-dimethoxyphenyl)-1l-(4-methoxyphenyl)-2-propya-l-ol.

Step 3
The crude propargyl alcohol from step 2 was added to a
reaction flask containing a slurry of 5 grams of 2-naphthol in 200

" milliliters of toluene. A few drops of dodecyl benzene sulfonit

30

35

acid (an amount sufficient to turn the mixture a dark red-brown
color) were added and the mixture was warmed to S0°C. for a period
of two hours. The reaction mixture was cooled and washed twice with
50 milliliter portions of water. The organic fraction was

- concentrated on a rotary evaporator and the residue chromatographed

on a silica, column and eluted with a 2:1 mixture of hexane:ethyl
acetate. The photochromic fractions were combiﬁed and concentrated
under vacuum. The residue was induced to crystallize by adding a
few milliliters (less than 10 milliliters) of a hexane diethyl ether
mixture and cooling. The product crystals were washed with diethyl
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ether and dried to yield 4 grams of a product having & melting point
of 144-146°C. A nuclear mﬁgnetic resonance (NMR) spectrum showed
the solid product to have a structure consistent with
3-(2,4-dimethoxyphenyl )=3~(4~methoxyphenyl)-3H-naphtho[2,1-blpyran.
Example 10
Raxt A

The products of Examples 1, 5, 8, 9, and Comparative
Examples 1 and 2 were dissolved in diethylene glycol dimethyl
ether. The concentrations of the resulting solutions were
approximately 0.5 milligram per milliliter. Each solution was
tested in a UV spectrophotometer to determine its activating

wavelength. The activating wavelength reported in Table 1 is the

- wavelength at which activation of the photochromic compound occurs

135

20

25
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in diethylene glycol dimethyl ether. That value corresponds to the
absorption peak in the ultraviolet region that is closest to the
vigible region or the th:éshold range, i.e., 390 to 410 nanometers,
if there is only one absorption peak in this region. If there is
more then one absorption peak, the activating wavelength corresponds
most closely to the absorption peak that immediately proceeds the
peak of longer wavelength in.the ultraviolet region or the threshold

range.

Rart B

Further testing was done on naphthopyrans of Example 5 and
Comparative Examples 1 and 2, which were imbibed by thermal transfer
into test squares of a homopolymer of diéthylene glycol bis(allyl
carbonate) by the following procedure. Each naphthopyran was
dissolved into toluene solvent to form a 4 weight percent solution
of the compound. A piece of No. &4 Whatman filter paper was
saturated with the naphthopyran solution and allowed to air dry.
The dried filter paper was placed on one side of the polymer test
square, which measured 1/8 inch (073 centimeter) x 2 inch (5.1
centimeters) x 2 inch (5.1 centimeters). A piece of untreated
filter paper was placed on the other side of the polymer test square
and the resulting sandwich placed between two plates of flat
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o gon for RBhtBResgiier Pl ipolypda E86 b s dAEtLOFI IR FUPRE LIS BBSL i o
ri ng contai nevgn weoaadjtsted to rigbilicoremparabli amongts afl thd mepstimpytrae
o o ert O Sauld 1905ReR! MALORG Qomaliante ubiEkdd-0RALe S BLL-AL 0T o

nitrogen o sal et erocyclic ring substltuents bei ng
sel ected fr om@p'eh-f}s ef*é?ltepssh kth%lriﬂ‘b’-bedC["éPF |eqeneas yezg p@shedvdtBai d hal 0
substituent bHedddge CAHLQE rembvdl E2bm; thB3ovén.

The test samples were evaluated for photochromic response
rates on an optical bench. The samples were illuminated by a 150
10 watt Xenon lamp fitted with a copper sulfate bath, a 320 nanometer
filter, and a neutral density filter at an intensity of about one
sun. A second beam of light provided by a filtered tungsten lamp
arranged to pass through the gample area exposed by the UV source
.was used to monitor changes in transmisgion of the sample over
15 different wavelength ranges in the visible region of the spectrum.
The intensity of the monitoring beam after passing through the
sample was measured by means of an IL~1500 radiometer equipped with

a silicon detector head and matching filters.
The A OD/Min, which represents the sensitivity of the
20 photochromic compound's response to UV light, was measured using
photopic filters on the silicon detector. The response of the
filtered detector approximated the luminosity curve. The A 0D was
measured over the first five (5) seconds of UV exposure, then
expressed on a per minute basis. The saturation optical deﬁsity
25 (OD) was taken under identical conditions as the A OD/Min, exceﬁt
UV exposure was continued for 20 minutes for the examples in Tabhle
2. The Bleach Rate T 1/2 is the time interval in seconds for the
absorbance of the activated form of the naphthopyran in the test

\\\‘

polymers to reach one half the highest absorbance at room
30 temperature (72°F, 22.2°C) after removal of the source of activating
light. Results are tabulated in Table 2.

Part €

The solar response for naphthopyrans of Example 7 and
35 Comparative Examples 3 and 4 was measured using the optical bench
described in Part B. The naphthopyrans were imbibed by thermal

trangfer into test squares of 8 polymeric matrix prepared from a



-40 : hydrogen, Cerr]-Cerr] alkyl, pheny
Cerr]-Cerr] nonoal kyl substituted phenyl ( ,
Clery]-Cerr] nonoal koxy substituted phenyl ({C err]ﬁgg?r palikyl
Clerr]-derr] alkoxy(Cferr]-Clerr])alkyl, Clerr] eflr C
Cerr]-Cerr] nonoal kyl substituted Clerr]-Cerr cl

monohal oal kyl, 5 allyl or the group, -C(O X, whe¢rein Xis a
al kyl, phenyl, Clerr]-Cerr] nono-or _geLr]- ' substituted
phenyl, Cerr]-Clerr] nono- or Clerr]-Cerr] di-al koxy substituted
phenyl , ( ergletHyeeni¢ gllykok\bisEEI¥AXyarbohets) cbhgisikion affdntwo @ptical
Cerr]-Cerr | -3l j t d - -
Cerr]-Cerr }’e&uitgi ‘K%%sku%g@%ejbg%% ﬁ'?ggmgﬁéﬁo%,mﬂtgﬁﬁ%}%gﬂgafﬁﬂ am no,
phenyl am no, sezser fi{{%ﬂ}/t%"#ﬁh@u 380 repepefercfiditer eAd Ahes/|fisted itht ed
phenyl am no, a0360Chefddetel efillte FDNTheOLoss ik]REpnse] Ras Jcaltubd teaxyy

substitute enyl i N and.saj d, hal o supstitue i.ng chloro, fluoro
or b omo. g SUTpeaE e dne HtRa] elits & SHPRIden Wl ene Sk Ml O
(b) B and Bfilges ém_téelmﬁ-eell fdepaiphebdtained widhskkse 33§ nsopetés ) ot he
substituted efjddSpiblehball@diaidgd tHIOPUNZuPOYPY knBPticalNdid ity obddihkat N *
substituted 0{1 ungubﬁol tuted hetgrocycli.c amnatﬁ’c %roups pyridyl,
furyl, benzofthtychef0-ReFomeser Athee Apd multip i PT)98-and B taken
t oget her formthe spheolesiinntedponge meagtixement S @xgregsed asnd peremacyclic
substi t uentys ' iC 1.S{ ] y ,
e 6 A PR LR FUiL o o Casald 1 ol
compounds exposed to full mid-day sun and to low light conditions,
such as early day and late in the day when the lower wavelength

components of the UV spectrum are attenuated. The results for the
- loss in response, activating wavelength, and the Bleach Rate T 1/2
15 are listed in Table 3.

20 COMPOUND EXAMPLE . ACTIVATING WAVELENGTH
1 408
5 382
8 376
9 369

25

COMPARATIVE EXAMPLE .
1 359 .
348 h

30



al koxy, derr]-Cerr] alkoxy(derr]-Cerr])altkyl . derrl-Certlmm—a

di dl kyl am no, acryl oxy, nmet hacryl oxy, and hal og‘e;n;;.-:_sai_'c,tj?hail{merﬁ or

(hal,0) groups being fluoro, chloro, or brono, i-cled--t-h t |l east one
of Band B is a substituted or unsubstitute he;M Ex%gt when B and
B' formthe 25 spiro adamantyl ene group. Skt hq’

phot ochrom c article of Caim®6 wherein the rdanic _host. nmatdrilal is
selected fromthe group consisting of = 3Botyacrlyl ates, cellul oselacetate,
cellulose triacetate, cellul ose 30 acetate propi . lcet at e
butyrate, poly(vinyl acetate), pol y&&ARR& al cohol ), pol y(vi nyl

chloride), poly(vinylidene chl oride), polycarbonate, pol-yurethanes,

pol y(et hyl ene COMROUWPht hal at &) ,0DgBiystyr&md @ BLEACH RATE
copol y( st y;ene- BEX4MBLENet hacr SATURATION I 1/2 (SEC.)

5 1.4 0.55 | 80 -
COMPARATIVE
o EXAMPLE
1 1.25 0.73 _ 87
“ 2 0.87  0.36 45
15
TABLE 3 |
20 COMPOUND AODE@ AOD@ % LOSS IN ACTIVATING BLEACH RATE
EXAMPLE 320 om 360 om RESPONSE .  WAVELENGTE I 1/2 (SEC.)
7 0.187 0.184 2% . 384 196
25 COMPARATIVE
3 0.266  0.249 6% 359 356
0 4 0.260 0.196 25 % 368 338

The results in fable 1 demonstrate the unexpectedly.higher

35 activating wavelength of the compounds of the present inventioms,
vis-a-vis, comparatitfe example 1, which has a methoxy substituent at
the number 8 carbén atom, and comparative example 2, which has'ho
substituents on the naphthalene nucleus. Table 2 shows that the W
compound of example 5 has an increased sensitivity as compared to

40 the compounds of comparative examples 1 and 2. The results in Table
3 reveal less reduction in optical density measured after exposure

- to a xenon light with a 360 nm cutoff filter as compared to the
optical density measured after exposure to the same light source and
a2 320 nm cutoff filter, for compound example 7 as compared to

45 comparative examples 3 and 4. Also, Table 3 shows that the compound
of example 7 has a more acceptable Bleach Rate T 1/2, i.e., rate of
fade.



: 41 - copol y(styrene-acrylonitrile, poly{i pgi:MMENI MTp | ymers of

nmertbers of the group consisting of polyol (alll 56 Dhofrer s,

pol yfuncti onal acryl ate nononers, and dlaIIyI|d=ne 9egé§qu§h i 4ol
nononers. 5 8. The photochromc farjti & { wherein B
and B are represented respectively by the fd | ow aphidc |f or mul ae:

10 15 [err] 34

Although the present invention has been described with
reference to the specific details of particular embodiments thereof,
it is not intended that such details be regarded as limitations upon
the scope of the invention except insofar as and to the extenmt that

5 they are included in the accompanying claims.

LAY



20 * 25
Cerr]-Cerr]

and Z[err] ar

alkyl, Jerr]
met hacr.yl oxYy,

al kyl , Cerr]- C“ I m I oro chl-ora—Afery] is
sel ected fromthe group- cons i" n i]Fm 1d Y[err Y[ Err]

e selected fromthe * group wORS| & of q'éréﬁp-dﬁﬁrr

-Cerr] al koxy, hydroxy, haI ogen, acr yltoxy, and

and a and b are each integers from30 @ to 2.

10

15

20

25

30

wherein, Y[err] is selected fromthe g "-"'Q@Emgw Mﬂr@f

- 35 -

What is claimed is:

1. A naphthopyran compound represented by'the following

graphic formula:

wherein: _
(a) R; is hydrogen or a C;-Cgq alﬁyl; Ry is hydrogen or the
group, -C(0)W, W being -OR, or ~N(R5)Rs, wherein R; is hydrogea,
allyl, Cy-Cg alkyl, phenyl, C;~C4 monoalkyl substituted phenyl,
Cy~C¢ monoalkoxy substituted phenyl, phenyl(C;-C3lelkyl, Cy-Cg
monoalkyl substituted phenyl(Cy-Cj)alkyl, C;-Cg monoalkoxy «
substituted phenyl(C;=Cy)alkyl, C;=Cg alkoxy(C,=-C,)alkyl, or C;~Cg
monohaloalkyl, and wherein R5 and Ry are each selected from the
group consisting of hydrogen, Cy-Cg alkyl, C5-Cy cycloalkyl, phenyl
and mono- or di-substituted phenyl, or Rg and RG together with the
nitrogen form a mono- or di-substitited or unsubstituted

heterocyclic ring containing from 5 to 6 ring atoms, which ring



BPLAGEMEN]
oup, -(OQ W
3l P WAG
err]) al kyl

~ 42 - 9. The photochromic article of d afnR
Rlerr] is hydr ogen or nethyl ; R[e”“l wmﬂngﬂmn Hr. thq g
W bej ng -ORlerr], wherein Rerr] |8 Ir §RRIUf e al kyl
Rlerr] is hydrogen, Cerr]-(err] al kyl ,” phenyl (C[err] -
the group, -C(O X wherein Xis-a (Jerr]-Cerr] 5 al kyl .
10. The photochromc article of Claim9 wherein Y[err] is -
alkyl, derr]-Cerr] alkoxy, or fluoro,-236e+r] is a hydrogers Y[err]
and Z2 is selected fromthe group consisting of CJerr]-Cerr] alkyl and
d err] - ([ er r fncllgdap kagx phe heitsrq [edon raddenitrogen tomnaloge ar #nei nt eger from
0 to 2 . additional hetdro hBGm RECAOGREENIdr Skyden,Csdfd PhaiyD 4Rk vvnelrel n th]ga
organi c host, material, is.,a solid.transparent ho ol yrner, .0 opal.ymer o
i St hyt ene GRS RPCEFLELFISH Satisatts baliy e e TICE, ¥ a1l iR
pol y(4, 4' di oRy-elgphtkary- 2a@ -spidpmie)subacbourenttebeingl gilmohgt -fluore; Ry is
met hacryl alsehyqdigky Y idQLbP U1Ky £ pRbnt ROLYNaSkPA" @y ~C4 monoalkyl 12. The
photochronic%rt?cl'ed;f %ai?n’lf vvhiire?n%ey' 176 Y
substituted phenyl(C;-C3)alkyl, C;-Cg monoalkoxy substituted
phenyl(C;~C3)alkyl, C;-Cg alkoxy(Cy-C,lalkyl, C5-Cy cycloalkyl,
A C;-C; monoalkyl substituted C5-C; cycloalkyl, Cy-Cg monohaloalkyl,
allyl or the group, -C(0)X, wherein X is a C;-Cg alkyl, phenyl,
10 C;-Cg mono—or Cy-Cg di-alkyl substituted phenyl, Cy-Cg mono- or
Cy-Cg di-alkoxy substituted phenyl, C1~Cg alkoxy, phenoxy, Cy-Cg
mono- or C;~Cg di-alkyl substituted phenoxy, Cy-Cg mono- or €1-Cq
di-alkoxy substituted phenoxy, C1-Cg alkylamino, phenylamino, Cy-Cg
-mono~ or Cy~Cg di-alkyl substituted phenylamino, or C1-Cg mono- or
15 C;-Cq di—alkcxy substituted phenylamino, and said halo substituent

being chloro, -fluore or bromo, provided that either Ry or R, is

hydrogen; and )
{(b) B and B' are each selected from the group consisting
of (1) the substituted or unsubstituted aryl groups phenyl and '

20 naphthyl, (ii) the substituted or unsubstituted heterocyclic
aromatic groups pyridyl, furyl, benzofuryl, thienyl, benzothienyl,.
and (iii) B and B' taken together form the spiro adémantylene
group, said aryl and heterocyclic substifuents being selected from
the group consisting of hydroxy, C;-Cs alkyl, C;-Cg haloalkyl, C1~Cs

25 alkoxy, C;-Cs alkoxy(C;-C,lalkyl, C;-Cs dialkylamino, acryloxy,
methacryloxy, and halogen, said halogen or (halo) groups being*
fluoro, chloro, or bromo, provided that at least one of B and B' is “
a substituted or unsubstituted phenyl, except whean B and B*' form the
spiro adamantylene group.

30



mll49grans per square centinmeter of org gt-face—to
whi ch t he phot ochrom ¢ conpound is incor pI i 4d.
13. The photochronmic article of Caim 12 wherein the 25 artilclle 14 §E?e1326.
14. A photochromic article conprising a solid transparent olvnerized

organi ¢ host material and a photochrom ¢ anount of each qf (a) a first

phot othromi ¢ conpound is present in an wﬂw?l from aboutWOREﬁLAOEMZNTCE}EET

phot ochrom ¢ substance sel ected fromthe g?qyp 30 consistin
spiro(indoline) naphthoxazi nes, splro(lndo i ne) pyrldobenzoxa2|nes

spiro(indoline) benquaznmsnam@loﬁmaowrcaa&mor whe P BhaRY 1BANGrt her than
the photochrom c_substance Ofﬁéeg) 03 grlltrogegic nt- alinl ng
substituent OifPFRREHREALERFRIEEH S| B { lpying & ¢ formulae:

10 - 21

(Yz)g (ZZ)b

15

20 wherein, Y; is selected from the group consisting of C;-Cg alkyl,
C,-Cs alkoxy, fluoro, and chloro, 2y is selected from the group
consisting of hydrogen and Y;, each ¥, and Z, are selected from the
group ccnéisting-of Cy~Cs alkyl, C;-Cs elkoxy, hydroxy, halogen,
acryloxy, and methacryloxy, and a and b are each integers of from O

25 to 2.

3. The naphthopyran of Claim 2 wherein R; is hydrogen or W
methyl; R, is hydrogen or the group, -C(0)W, W being -OR;, wherein
R, is C;~C3 alkyl or allyl; and Ry is hydrogen, C1-C3 alkyl,
30 phenyl(cl-C3)alkyl, or the group, -C(0)X wherein X is a C1~C4 alkyl.



- 43 *
subst ance
fol | om ng
[err]

10

15

20

orapne Trm = | A

- 38 -

4. The naphthopyran of Claim 3 wherein Y; is C;-C3 alkyl,
Cy1-C3 alkoxy, or fluoro, 2 is a hydroéen, each Y, and iz is .
selected from the group consisting of Cy-C3 alkyl and C,1-C3 alkoxy,
a is the integer 0 or 1, and b is an integer from 0 to 2. — -

5. A naphthopyran compound selected from the group
consisting of:

(a) 3,3~-diphenyl-~8~hydroxy-9-carbopropoxy~3H-naphtho-
(2,1-b]pyran;

(b) 3,3-diphenyl-8-methoxy-9-carbophenoxy-3H-naphtho—
(2,1-b]pyran; _

(¢) 3(2-fluorophenyl)-3-(4-methoxyphenyl)-8-methoxy-9—-
carbopropoxy-3H-naphtho[2,1-b]pyran; . .

(d) 3(2—f1uorophenyl)—3-(4—methpxyphenyl)—8-methoxy-9-
carbomethoxy-3H-naphtho[2,1~b]pyran;

(e) 3-(2,4-dimethoxyphenyl )-3—(4~-methoxyphenyl )-8-acetoxy~
9-carbomethoxy-3H-naphtho[2,1-b]pyran; and

(£) 3,3-diphenyl-7-methyl-8-methoxy~3H-naphtho[2,1-b]lpyran.

6. A photochromic article comprising an organic host

material and a photochromic amount of a naphthopyran compound
represented by the following graphic formula:

(N



e i Kyr: R ~ (&) Rerr] is hydrogen or a . umpemss’”
O ] .,1,'..7‘.’_," et T

Cerr]-Cerr] alkyl; Rerr] is hydroge

-OR[err] or -N(R[err])Rerr], mhereln imnﬂﬂ lLﬁ ﬁ’ﬁﬂl -------- -
C[e[ﬁl-C[err] al kyl , phenyl, r]-qemr bsti tt enyl, 25
Cerr]-Cerr] nonoal koxy substltut ed phenyl, phenyl (derr]-Ce r]i-gggpm
Cerr]-Cerr] nonoal kyl substituted phenyI(C[err]-C[err]).I yl
Clerr]-Cerr] nonoal koxy = substituted phgnyl (Cerr]-Clerr])\a
Clerr]-derr] alkoxy(Cerr]-Cerr])alkyl, or Jerr]-Clerr]
nonohal oal kyl, and wherein R err] and R err] are each sel ecteb
group consisting of hydrogen, Cerr]-Cerr] alkyl, (err]-Cerr]
cycl oal kyl, phenyl 30 and nono- or di-substituted phenyl, or Rerr] and

Rlerr] together with the nitrogen forma nono- or di-substitited or
unsubsti t ut ed heterocyclic ring containing from5 to 6 ring atons,_which
ring iluﬂ;Mes as the hetero atomsaid nitrogen atom al one or one
R,
R40
10 .
R, N
B
(0
15 - B
wherein: |
20 (2) R; is hydrogen or e C;-C4 alkyl; R, is hydrogen or the

group, —=C(0)W, W being -OR, or -N(Rg)Rgz, wherein R, is hydrogen, -
allyl, Cy~Cg alkyl, phenyl, C;-Cg monoalkyl substituted phenyl,
C1-Cq ﬁonoalkoxy substituted phenyl, phenyl(c1-03)alkyl, C1-Cq
monocalkyl substituted phenyl(Cy-Cjlelkyl, C;~Cg monoalkoxy

25 substituted phenyl(C;-C3)alkyl, C;-Cq glkoxy(cz-ca)alkyl. or Cy=Cq
monohaloalkyl, and wherein R5 and Ry are each selected from the
group consisting of hydrogem, C;-Cg alkyl, Cs~Cy cycloalkyl, phenyl o
and mono—~ or di-substituted pheayl, or Rs; and Rg together with the
nitrogen form a mono- or di-substititgd or unsubstituted

30 heterocyclic ring containing from S to 6 ring atoms, which ring
includes as the hetero atom said nitrogen atom alone or one
additional hetero atom of nitrogen or oxygen, said phenyl and
heterocyclic ring substituents being selected from C1~Ce alkyl and
C1-Ce alkoxy and said halo substituent being chloro or fluoro; R3 is



-44- - addi tional hetero atom of nitrogen or oxygen, sai I[ﬁ@ EMENG SHEET
het erocyclic ring substituents being sel ected from err]-dle

| k d d hal b I dr} f1
e e U s
VAL

Cerr]-derr] nonoal kyl - 5 substitut &d phen d er ] aI kyl
Cerr]-Cerr] nonoal koxy substituted phenyl (Cerr]-(err}])al kyl,
Cerr]-Clerr] alkoxy((lerr]-Clerr])al kyl _ £5-C7 cycl oal kyl,

Clerr]-Cferr] nonoal kyl substituted Clerr]-Terr] cycloal kyI' Cerr]-Cerr]

nonohal oal kyl , | | ¥]-cQr ai g doaiylClerr]-(err]
al kyl, phenyl, hydroged, U}r f m ﬁwl(clcgg»&kmeé eJcE i -ogl Eyyl substituted

phenyl , [ er r [fue Ehtute %%5&1163&@??; Larce r“]°“8?”‘é?|" o§(§”°§65%'t°1dt ut ed
phenyl, (er fpheﬁrlﬂfcr ke ali:?f% cp Qﬁ#oxﬂ[ Fczl}a?[cﬂ r]::g-c cyoharlkyl,
Gorr]-der ij Lo gy T bl BBy ¢ %ﬁlﬁg cCifCapasngiion
phenyl am no,> @lér} JorCris gFoup, ’%Q\B{r U?eﬁiér’l‘] s n"Fﬁ ALkl Kk y#heagbst i t ut ed
phenyl am no, @y -q Qlohb=dd eif—ds dDREkyQr substituted phenyl, C;-C¢ mono- or
Cy-Cg di-alkoxy substituted phenyl, C;-C4 alkoxy, phenoxy, C;~Cg
mono- or Cy-Cg di-alkyl substituted phenoxy, C;-Cg mono- or C;-Cg
di-alkoxy -substituted phenoxy, C;-Cq alkylamino, phenylamino, C;-Cg
10 mono~ or Cy-Cg di—alkyi substituted phenylamino, or C;-Cg mono- or
C;-Cg di-alkoxy substituted phenylamino, and éaid.halo substituent
being chloro, fluoro or bromo, provided that either Ry or R, is
hydrogen; and .
(b) B and B' are each selected from the group consisting
15 of (i) the substituted or unsubstituted aryl groups phenyl and
naphthyl, (ii) the substituted or unsubstituted heterocyclic
aromatic groups pyridyl, furyl, benzofuryl, thienyl, benzothienyl,
and (iii) B and B' taken together form the spiro adamantylene
group, said aryl and heterocyclic substituents being selected from
20 the group consisting of hydroxy, Cl-cs“alkyl, C1~Cs haloalﬁyl, C1-Cs
alkoxy, C;-Cs alkoxy(Cy-C,lalkyl, C;-Cs dialkylamino, acryloxy,
methacryloxy, aad h&losen, said halogen or (halo) groups being
fluoro, chloro, or bromo, provided that at least one of B and B' is
a substituted eor unsubstituted phenyl, except when B and B' form the

25 spiro adamantylene group.

7. The photocﬁromic article of Claim 6 wherein the
organic host material is selected from the group consisting of
polyacrylates, cellulose acetate, cellulose triacetate, cellulose

30 acetate propionate, cellulose acetate butyrate, poly(vinyl acetate),

~. poly(vinyl alcohol), poly(vinyl chloride), poly(viaylidene
chloride), polycarbonate, polyurethanes, poly(ethylene
terephthalate), polystyrene, copoly(styrene-methylmethacrylate),



C-erri-Cerr] di-al koxy substituted phenylam no and said h IBEEkP&@MEMewEET
15 Pbeing chloro, fluoro or brono, provided that either R[err] or Rlerr] is

Qgﬁg?gtelnngand of (i) the sul(otsjzl Fu?gg Jlmﬁmyn lﬂﬂ(ﬂmr yl f;r Ouggsgﬁrem

and napht hyl, (ii) the substituted of unsdbstitited hetlerleeyctit 20
aromati c groups pyrldyl furyl, benzofuryl, thienyl, benzothlenyl and

(iii) B and B' taken together form t he s-pim.o-adanantyl ene group, said
aryl and heter ocycl i c substituents being selected from t he group
consi sting of copadyésyyreapeaqryl@iitirdle alpeyyvinglbutiral] axd pohyteral k|
Cerr]-Clerr] membe@!k k@i()ﬁ,heq%'b] cﬁs%i:ﬂnfab#%ﬁrﬁ@imh Q%Bla@)k)ﬂmomers "y

Cerr]-Cerr]: nmet ha sai d

hal ogen or (h8&? gf)%ﬁ?gbﬁrﬁ ade B MPRORSTS: ) 8&621 y&f" eoﬁﬁ““tﬁ%g*‘ﬂ%"d’lt hat
at | east one wdnddeasd B is a substituted or unsubstituted phe.nyl _except
when B and B formthe spi ro adamantyl ene group. 30 15.

The photochromc article of Caim14 wherein the organic host material is
selected fromthe grdlp cEhesPBetashremic arpisilgaef \Alains whersim Ssendadét at e,

cel lul ose triaetdpPescatbl We@botive B Blyatife Ro0DbvARR! @zapﬁehlwﬁasa@cet ate
but yrat e; pol y(vinyl acet ate),

10

15y

(¥2)a - (Z2)s

20

25 wherein, Y; is selected from the group consigting of C;-Cg alkyl,
Cy~Cs alkoxy, fluoro, ard chloro, Z; is selected from the group-
consisting of hydrogen and ¥, each Y, and 2y are selected from the -
group consisting of Cy-Cs alkyl, C1-Cs alkoxy, hydroxy, halogen, a
‘aeryloxy, and methacryloxy, and a and b are each integers from

30 0 to 2.

-~



- 45 - pol yvi nyl al cohol), poly(vinyl chloride); poly( fEEPLﬂGHWENi‘“fET
chl gri de), polycarbonate, polyurethan ' Iene

pol ysg yrene, copol y(styrene-methyl met mg Em r Uu

copal y(styrene-acrylonitrile, polyviny ’yrrer f 17535&1@#3
of the group consisting of polyol (allyl car bonat €) nononer g,

pol yfunctional acrylate nononers, and diallylidene pentaer Fhrltol

NONONEr s. 16. The phot ochrogpc-article of d

and B 10 are represented respectively by the foll ow ng graphic fornul ae:
9. The photochromic article of Claim 8 wherein Ry is

hydrogen or methyl; R, is hydrogen or the group, -C(O)W; W being

-OR,, wherein R, is C1-C3 alkyl or allyl; and Ry is hydrogen, c1-03

alkyl, phenyl(cl-c3)alkyl, or the group, —C(O)X wherein X is—a Cy=C,
5 alkyl.

10. The photochromic article of Claim 9 wherein Y] is
C1-C3 alkyl, 01-03 alkoxy, or fluoro, 2 is a hydrogen, each Y, and
Z9 is selected from the group consisting of C;~C3 alkyl and C;-C3
10 alkoxy, a is the integer 0 or 1, and b is an integer from 0 to 2.

11. The ﬁhotochromic article of Claim 10 wherein the
organic host material is a solid transparent homopolymer or
- copolymer of diethylene glycol bis(allyl carbonate),
15 poly(b,A'dioxydiﬁhenol-z,z-propane) carbonate, poly(methyl-
methacrylate), polyvinylbutyral or a polyurethane.

12. The photochromic article of Claim 1l wherein the
photochromic compound is present in an amount of from about 0.15 to

20 0.35 milligrams per square centimeter of organic host material

surface to which the photochromic compound is incorporated or _

applied.

13. The photochromic article of Claim 12 wherein the
25 article is a lens.
14. A photochromic article comprising a solid transparent o
polymerized organic host material and a photochromic amount of each N
of (a) a first photochromic substance selected from the group
30 consisting of spiro(indoline) naphthoxazines, spiro(indoline)
~~.pyridobenzoxazines, spiro(indoline) benzoxazines, and benzopyrans or
naphthopyrans other than the photochromic substance of (b) having a-

nitrogén-containing substituent on the carbon atom adjacent to the



15 s
Y[ eer]
C[err]
consi st
the™ 30

hydr oxy,

i nt eger

[err] 20 IMENT SHEET
Is selected fromthe group con; ﬂ“mmm ﬂmmll qeﬁwﬁmﬂm ‘-1
Clerr] alkoxy, fluoro, and chl “ | ecte rom-t
ing of hydrogen and Y[err], eac |fer'r] Yand Z['err] ale séfé@ﬁd%ﬁ
group consisting of Cierr]-Clerr] alkyl, Cerr]-Cerf]{al koxy

hal ogen, acryl oxy, and nethacryloxy and a and are each
s of fromO to 2. - 43 -

\‘_J__1

oxygen of the pyran ring, and (b) a second photochromic substance
selected from naphthopyran compounds represented by the following

graphic formula: - . '
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wherein: -

(a) R; is hydrogen or a C;-Cg alkyl; R, is hydrogen or the
group, =C(0)W, W being -OR, or -~N(R5)Rg, wherein R, is hydrogen,
allyl, Cy~Cg alkyl, pheayl, C;~Cg monocalkyl substituted phenyl,

25 C1-Cg monoalkoxy substituted phenyl, phenyl(C;-Czlalkyl, C;-Cq
monoalkyl substituted phenyl(C;-Cj)alkyl, Cy-Cg mondalkoxy .
substituted phenyl(C;~Cj)alkyl, C;-Cg alkoxy(Cy-C,)alkyl, or C;-Cg .
monphaloalkyl, and wherein R5 and Ry are each selectgd from the
group consisting of hydrogen, C;-Cg alkyl, C5~C; cycloalkyl, phenyl

30 and mono- or di-substituted phenyl, or Rg and Rg together with the

~nitrogen form a mono- or di-substitited or unsubstituted

heterpcyclig ring containing from 5 to 6 ring atoms, which ring

includes as the hetero atom said nitrogen atom alone or one




- 46 ¢ 17. The phot ochfonf'rc aI‘H—C| e-of— CI aﬁj@@LMEMENh SHEET
Rler] is .  hydrogen or nethyl; Rlerr] i hk "“uup, —CCOW
W bei ng -OR[err], wherein R err] Hul WIrI M aI ky ﬁgﬁpﬁ&
Rl err] is hydrogen, Cerr]-Cerr] err] q »at'k [
t he -group, JXQvaaeH1Xi61qu](Iar] SMKW ; 18-
The photochromc article of daim17 wherein Y[err] is f errj- C[erﬂ
alkyl, C([err]-Cferr] alkoxy, or fluoro, Zfgrr] is a hydrogér—eaeh—¥{erT]
and Z[err] is selected fromthe group consisting of Clerr]-(err] alkyl

and Clert]- O itk dfainhkeacs aton e dRbBPIL ofyath, Tsasdfhéhyroadtl! | Nt egCr

fromO to
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heterocyclic ring substituents being sélected from C;-Cy alkyl and
C;—Cg alkoxy and said halo substituent being chloro or fluoro; R3 is
hydrogen, C;-Cg alkyl, phenyl(C;-C3)alkyl, C;-Cg moncalkyl — -
substituted phenyl(C;-C3)alkyl, C;-Cg monocalkoxy substituted
phenyl(C;~C3)alkyl, C;-C4 alkoxy(Cy~C,lalkyl, C5-C; cycloalkyl,
C;-C, monoalkyl substituted C5~Cy cycloalkyl, C;~Cg monohaloalkyl,
allyl or the group, -C(0)X, wherein X is a C;-C¢ alkyl, phenyl,
Cy~Cg mono-or C;-Cg di-alkyl substituted phenyl, C1-Cg mono- or
C1-Cg di-alkoxy substituted phenyl, C;-Cg alkoxy, phenoxy, C1-Cs
mono- or Cy~Cg di-alkyl substituted phenoxy, C;-Cg mono- or C1-C¢
di-alkoxy substituted phenoxy, C;-Cg alkylamino, ﬁhenylamiﬁo, C;—Cq
mono- or ci—cs di~-alkyl substituted phenylamino, or C1~Cg -mono- or

- C1=Cg di-alkbxy_substituted phenylamino and said halo substituent
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being chloro, fluoro or bromo, provided that either Ry or R, is
hydrogen; and

(b) B and B' are each selected from the group consisting
of (i) the substituted or unsubstituted aryl groups pheayl and
naphthyl, (ii) the substituted or unsubstituted heterocyclic
aromatic groups pyridyl, fu:yl, benzofuryl, thienyl, benzothienyl,
and (iii) B and B' taken together form the spiro adamantylene
group, said aryl and heterocyclic substituents being selected from
the group consisting of hy&roxy, Cy-Cs alkyl, C1-C5 haloalkyl, C;-Cs
alkoxy, C;-Cg alkoxy(C;-C,)alkyl, Cy1~Cs dialkylamino, acryloxy,
methacryloxy, and halogen, said halogen or (halo) groups being
fluoro, chloro, or bromo, provided that at least one of B and B' is
a substituted or unsubstituted phenyl, except when B and B' form the .
spiro adamantylene group. ' ‘

-~

15. The photochromic article of Claim 14 wherein the

“organic host material is selected from the group consisting of

polyacrylates, cellulose acetate, cellulose triacetate, cellulose
acetate propionate, cellulose acetate butyrate, poly(viayl acetate),
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19. Fhe photochronic article of Claim 18 wherein the = orypaRERLADEMENT TSHEEF‘}
mateiial is a solid transparent honnpﬁl l'ynel pf—drethytene; :
gl ycol bis(allyl carbonate), 15 pol y( mﬁﬂﬂﬂlﬂ”ﬂﬂﬂﬂ-z,z pf 0 aﬁ@’ !
pol y( et hyl net hacryl ate)’} pol yvi Ayl butyral of h 90 eﬁﬁ?n@.
20. The photochromc article of Caim19 wherein the phdt bchrom ¢ i
conpound is present in an anount of from about 0.15 to 20 .35 m|ligrans

per square centineter of organic host naté?ixal surface
phot ochromi ¢ cq

: 1 ok
T CIT U1

ound i s incorporajed or I ed
phot ochroni ¢ %l;?‘é’r'gq'o?'f’dhﬁiﬁ %Glﬁévé“ggnclllﬁé'gggj P IPEH4ESGt the firs
phot ochr om ¢ ¢hlbsideicepbdlychbisonate prupblyur@ihanes hrpody Cethybeteance is from

about 1:3 to about..3: . 0 ' I .clye of
Claim 21_\Nherﬁﬁrﬁp%?ﬂglite%ﬁhf?%ﬁigyfgpﬁinc8%%%%%§Pﬁ#éylr%égg}&ggléhd@;iééu)'
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copoly(styrene-acrylonitrile, polyvinylbutyral and polymers—of )
members of the group consisting of polyoléallyl carbonate) monomers,
polyfunctional acrylate monomers, and diallylidene pentaerythritol

monomers.

16. The photochromic article of Claim 15 wherein B and B'
are represented respectively by the following graphic formulae:

(¥2)a (Z22)p

wherein, ¥; is selected from the group consisting of C1~Cs alkyl,
Cy-Cs alkoxy, fluoro, and chloro, Z; is selected from the group
consisting of hydrogen and Y;, each Y, and Z, are selected from the
group consisting of Cy-Cg alkyl, C1-Cs alkoxy, hydroxy, halogen,

_acryloxy, and methacryloxy, and a and b are each integers of from 0

to 2.

21. The

t
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17. The photochromic article of Claim 16 where;n R; is
hydrogen or methyl; R, is hydrogen or the group, -C(O)W, W being
-OR,, wherein R, is C;~C3 alkyl or allyl; and R3 is hydrogen, C;-Cj
alkyl, phenyl(C;~Cy)alkyl, or the group, -C(0)X wherein X is-e C;-C,
alkyl. .

18. The photochromic article of Claim 17 wherein ¥; is
Cy-C5 alkyl, €1~C3 alkoxy, or fluoro, Zi i3 a2 hydrogen, each ¥, and
2, is selected from the group consisting of C;-C3 alkyl and C;-Cy
aikoxy, 2 is the integer 0 or 1, and b iz an integer from 0 to 2.

19. The photochromic article of Claim 18 wherein the
organic host material is a solid transparent homopolymer or
copolymer of diethyleme glycol bis(allyl carbonate),
poly(4,4'dioxydiphenol-2,2-propane) carbonate,
poly(methylmethacryiatg). polyvinylbutyral or a polyurethane.

20. The photochromic article of Claim 19 wherein the .
photochromic compound is present in an amount of from about 0.15 to
0.35 milligrams per séuare centimeter of organic host material
surface to which the photochromic compound is incorporateq or
ﬁpplied. : )

21. The photochromic article of Claim 20 wherein the
weight ratios of the first photochromic substance to the second
photochromic substance is from sbout 1:3 to about 3:1. .

22. The photochromic article of Claim 21 wherein the
article is an ophthalmic lens.
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ABSTRACT OF THE DISCLOSURE - : _d

PHOTOCKROMIC SUBSTITUTED NAPHTHOPYRAﬁ COMPOUND?

Described are novel reversible phoﬁochromic 3H-naphtho-
{2,1-b]pyran compounds, of the followiang graphic formula:
5 .
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wherein R; is hydrogen or alkyl, Ry is hydrogen or preferably a
carboalkoxy group and Ry is hydrogen or preferably an alkyl group,

25 provided that either R; or Ry is hydrogen, and B end B' are the aryl
groups phenyl or naphthyl, a heterocyclic aromatic group or together
form a spiro adamantylene group. Also described are organic host
materiaels that contain or that are coated with such compounds. \
Articles sﬁqh as ophthaimic lenses or other plastic transparencies

30_that incorporate the novel naphthopyran compodndé or combinations
thereof with complementary photochromic compounds, e.g.,

"spiro(oxaziné) type compoundé, are also described.




