: PHOTOCHRONIC NAPHTHOPYRAN COMPOUNDS DESCRI PTI ON OF THE | é
The present invention rekates to certain novel naphthopyrs Zggun3§¥> re
partﬂcuiarly' this inventifon relates to novel photochson1c napht hopyr an
conmpounds and to conpositions and articles containing sHu§ speEfHAs BEEN
napht hopyran conmpounds. Wen exposed to |ight radiation i nvegep(a@gp
ultraviolet rays, such as the ultraviolet 10 radiation in sunlight or th
light of a nmercury |anp, many photochronic conpounds ejMﬂ“’"ﬁL@”ﬁﬂ“ i bl e
change in-color. Wen the ultraviolet raldi-ation is di h a
phot ochrom ¢ conpound w Il return'to its original color or colorless state.
Various classes of photochrom c conpounds. have been 15 synthesized and
suggested for use in applications in which a sunlight-induced reversible
col or change or darkeni ng ipofe@iroRste NirSrHOPRRANcOBPGBIDS605 (Becker)
describes a series of pyran derlvatlves i ncl udi ng certain benzopyrans and
napht hopyrans. These ”’

-
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5 The present invention relates to certain novel naphthopyran
compounds. More particularly, this invention relates to novel
photochromic naphthopyran compounds and to compositions and articles
containing such noﬁel 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
cempound 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 the 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 relatgs to novel naphthopyran
compounds whose colored forms have been found to have an
unexpectedly higher absorption maxima than corresponding compounds
having no substituents or different substituents at the same ring
position. These compounds are substituted at the 3 position of the

30 pyran ring with (i) an aryl substitg@%t and (ii) a phenyl
substituent having a 5- or 6-member:héfefocyclic ring fused at the

number 3 and 4 carbon atoms of the phenyl substituent.
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conpounds are described as derivatives of chronene and are reported 20 to

-=undergo.a col or change, eyg9., fromcolorless to yel LQw or
i rradiation By ul'traviol e Ilght at tenperatures ber§%1a6§ﬂ$§ E%ﬂ égBEEN

Irradiation of the conpounds with visible |ight or upon raising

tenperature to above about [err] is reported to reverse Hmuﬂmmm”m“lto a
colorless state. 25 The present invention relat

napht hopyran conpounds whose col ored forns have been found to have an
unexpect edl y hi gher absorption maxi ma thah —correspondi ng conpounds havi ng
no substituents or different substituents at the sane ring position. These
conpounds are substituted at the 3 position of the 3019 ran_ring with (i)
an aryl substituent and_(iE R L L a 5- or 6-nenber
heterocyclic ring fusededdntt heardynpigtodhsdid cdplathomalepid®lyf t he phenyl

SubStituent'particularly plastic materials for optical applicationg, hawve-been
the subject of considerable attention. In‘particular, photochromic
5 ophthalmic plastic lenses have been investigated because of the
weight advantage they offer, vis-a-vis, glass lenses. Moreover,
photochromic transparencies for vehicles, such aé cars and
airplanes,. have been of interest because of the potential safety
features that such transparencies offer.

10 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
low quantum yield for bleaching with white light, and (c) a
relatively fast thermal fade at ambient temperature but not so rapid

15 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 propertieé are
desirably retained in conventional rigid synthetic plastic materials
customérily used for ophthalmic and plano lenses when such materials

20 have applied to or incorporated therein such photochromic compounds.

Compounds, such as 3,3-diphenyl-3H-naphtho{2,1~-blpyran,
change color on exposure to the near ultravioletj but, at room
temperature and above, this compound bleaches too rapidly for use in
an ophthalmic lens. Substitutiogxof either or both of the phenyl

25 rings at the meta or para positions result in an even more rapid
bleach rate, and therefore an even lower color intensity. The
compound, 2,2-diphenyl-2H-naphtho{l,2~blpyran, also colors on
exposure to near ultraviolet light at room temperature but does not
bleach in a reasonable period of time. Substitution of either or

30 both of the phenyl rings at the meta or para positions have little
effect on the rate of bleaching of these compounds.

In accordance with the present invention, it has now been
discovered that certain novel naphthopyran compounds having a high

quantum efficiency for coloring in the near ultraviolet and an
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DETAI LED DESCRI PTI ON OF THE I NVENTION I n recent years, photochromc plastic
mat eri al §, particularly phastic nmaterials for opticakapplications, have
been thé subj ect of considerable attention. In parti celTais smmsmc 5
ophthal mic plastic | enses have been investigated because ofREPh&CHRI ght

advant age they offer, vis-a-vis, glass |enses. I\/breover
transparenci es for vehicles, such as cars and airpl ane J”!Eﬂmg&ﬂﬁm
i nt erest because of the potentlal safety features t hat nci es
offer. 10 Phot ochr oni ¢ conpounds 3useful in optical applications,

such as conventional ophthal mc | enses, are those which possess (a) a high
duantum o o eacin’r 5% 25! A Ak U2 DSt th{ T AL ShapdBladyd Opscuant um
fade at anbi elebctmepeaatnmphtllmWram @bstmﬁitddla& §he [Fepned tipadef rthee t hat
the conbi nat ip(}gaﬂ)fri%i&fthl-i(gwanbggﬁicgiuﬂgtituent and (ii) a phenyl . __
substituent having a 5- or 6—membef heterocyclic ring fused at the
5 number 3 and 4 carbon atoms of the phenyl substituent and may be

represented by the following graphic formula:

10

(R“)a

15 - T

(Ry)y B

In graphic formula I, R; and Ry may each be C3-Cig alkyl,

20 C5—Cq cyéloalkyl, e.g., cyclopentyl, cyclohexyl, and cycloheptyl,
halogen, R(R')N-, -or the group, —-0~L, wherein R and R' are each
hydrogen or C1~C3 alkyl, L is a C1-Cy, alkyl, e.g., methyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl,
and dodecyl, phenyl(C;-Cg)alkyl, e.g., benzyl, phenethyl,

25 phenylpropyl, mono—, di- and tri(01—03) alkylphenyl, e.g., tolyl,
xylyl, mesityl, and cumenyl, C;-Cs alkylcarbonyl, and
halo(Cl—Ch)alkylcarbonyl, which includes mono—, di-, or tri-halo
substituents, C;-C, monoalkylaminocarbonyl, acetonyl, pyridyl,
substituted or unsubstituted arylcarbonyl, said aryl group being

30 phenyl or naphthyl, said aryl substituents being Cy-C, alkyl, C;-C,

alkoxy, e.g., methoxy, ethoxy, propoxy, and butoxy, halogen, 05—07

cycloalkyl, or Cy1~C, alkyl substituted Cg5-Cy cycloalkyl, said

halogen (or halo) groups described above being chloro, fluoro, or
bromo, and a and b are each the integers 0, 1 or 2 provided that the

35 sum of a and b is not more than 2.

_—
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and .t hermal fade prevent coloring by the ultraviolet conmponent of strong
sunlight. In addition, the aforesaid properties are,ﬁisi rably retained in
conventi‘onal *rigid synthetic plastic materials custonhrily used fOE
opht hal m ¢ and plano | enses when such nmaterials 20 havé”"&%?&?%”%% BN
I ncor porated, therein such photochrom ¢ conmpounds. Conpounds; % as

3, 3-di phenyl - 3H napht ho[ 2, 1- b] pyran, change col or on e m near
ultraviolet; but, at roomtenperature and above, this 1mummmlﬂ Iles t oo
rapidly for use in an ophthalnmc lens. Substitution of elither or both of

t he phenyl 25 rings at the neta or para positions result in an even nore
rapi d bl each rate, and therefore an even | ower color intensity. The
conmpound, 2, 2- di phe®yefenabirpiihend B> Bre\eesh, RR'IN-c Sirokbe @yosRpodute to

near ul travivedbih ilglhd &' bLOTBCRMPRIXEEA Br0Y] -cloaskyIol Lhieaghe) Niky1
reasonabl e peri od ﬁ{lt%rre.l SUbStIkUtIOﬂ f’f ei Lher OQSIO bgth of "t he pFnenyI
rings at theCidea2oripaTy potevdCPelal ity Puler pUBE BRI rat e of

bl eachi ng ofhdle€éep-GOaHotirdsbonyl, or C;—Cy monoalkylaminocarbonyl, said halo

5 group being chloro or fluoro, and a and b are each the integer 0 or
1.

B may be the substituted or unsubstituted aryl group,'
naphthyl or phenyl, said aryl substituents being C;-Cg alkyl,
halo(cl—cs)alkyl, hydroxy, Cy-Cs alkoxy, C1—C, alkoxy(Cy-C,)alkyl,

10 halogen, or R(R')N-, wherein R and R' are each hydrogen or C;-Cj
alkyl, said halogen (or halo) groups being fluorine, chlorine, or
bromine. Preferably, B is represented by the following graphic

formula IX:

15

20 (R)

In graphic formula II, RG_is hydrogen, C1-C, alkyl, Cy-C,
25 alkoxy, fluoro, or chloro and each Ry is a Cy-C, alkyl, C;-C,

alkoxy, hydroxy, chloro, or fluoro and d is an integer from 0 to 2.
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I n accordance wi'th. the present invention, it has now been di scovered.that

certain novel napht hopyr-ap conmpounds haV| ng a high ,q.§antum eff+ igggngor ;
coloring in the near ultréviolet and an -3- acce e my

abTHS 'g"ﬁ

be prepared. These conpounds nay be described as naphthopyr s substituted
at the 3 position of the pyran ring with (i) an aryl ﬁumﬂl{ll) a
phenyl substituent having a 5- or 6-nenber heterocycl | ci E“gim the 5
nunber 3 and 4 carbon atonms of the phenyl substituent and may be
represented by the follow ng graphic formilma: 10 [err] [n graphic fornula
I, [err] and [err] may each be [err] alkyl,

B' may be represented by one of the following graphic

formulae III or Vs

5

Y Ry ¥ Ry

10 Ry X Rg

e (Rydg
ITT v
15
In graphic formula IIT and IV, X is oxygen or nitrogen and
e Y is carbon or oxygen, provided that when X is nitrogen, Y is

carbon; R, and Rg are each hydrogen or C;-Cg alkyl; each Ry is a
C1-C5 alkyl, C;-Cs alkoxy, hydrbxy, or halogen, said halogen

20 substituent being chloro, fluoro, or br&mo, and ¢ is an integer from
0 to 3, e.g.s 0, 1, 2, or 3. Preferably, B' is represented by
graphic formula III, wherein X is oxygen; Y is carbon or oxygen; R,
and Rg are each hydrogen or C;-C,; alkyl; each R3 is a C;-C, alkyl,
01—04 alkoxy, hydroxy, or fluoro; and c is the integer 0, 1, or 2.

25 In graphic formula III, when X is oxygen and Y is carbon
and ¢ is zero, the group is a 2,3-dihydrobenzofuran-5-yl; when X is
oxygen and Y is oxygen and ¢ is zero, the group is 1,3-benzo-
dioxole-5-yl; and when X is nitrogen and Y is carbon and c¢ is zero,
the group is indoline-5-yl. In graphic formula IV, when X is oxygen

30 and Y is carbon, the unsubstituted group is a chroman-6-yl; when X
is oxygen and Y is oxygen, the unsubstituted group is a
1,4-benzodioxan—-6-yl; and when X is nitrogen and Y is carbon, the
unsubstituted group is 1,2,3,4-tetrahydroquinoline-6-yl.
For brevity, these groups will be referred to herein as fused

35 heterocyclic—-phenyl groups. -
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20 C5-C7 cycloalkyl, e.g., cyclopentyl, cyclohexyl, and cycl oheptyl,

-hal ogen, R(R )N, or the“group -0 L, mhereln R anan are each hydrogen or
[err] afkyl *Lis aferr]’alkyl, e.g., nethyl, ethylT R -FHAngEN ‘
pentyl, hexyl heptyl, octyl, nonyl, decyl, undecyl b [err]
e.g., benzyl, phenethyl, 25 phenylpropyl, mono-, di- and [e Iphenyl,
e.g., tolyl, xylyl, nesityl, and cunmenyl, [err] al kyltﬁuﬁh‘ “ﬁ [err]
whi ch i ncludes nono-, di-, or tri-halo substituents, ijf

. monoal kyl anmi nocar bonyl , acetonyl, pyridyl®, “substituted or unsubstltuted
aryl carbonyl, said aryI group bei ng 30 phenyl or naphthyl said aryl

substituents being r err] .al kox oxy. et hoxy.

propoxy, and but oxy.° é’}“}%g ept% %y‘%’f §EPRA e iE‘gt"i“[lgrr]argl Eﬁp?ﬁés?’ft ut ed

[err] cycl o&krkedel—-Caaftshaktges (tsﬁnghahcéppgomnpsettembsbmtabome bei ng

chloro, flu Ie t I 1 or 2

%Qu%&%QEéH“Ben{d};i anﬂﬂﬂ.d?g@f gtr g&ﬁ\ulg fIRE Q.

provi ded that t sum o
commercially available fused heterocycllc-benzene compound to

5 produce B' structures of graphic formula III or IV. 'See the

publication Friedel-Crafts and Relat Reactions, George A. Olah,

Interscience Publishers, 1964, Vol. 3, Chapter XXXI (Aromatic Ketone
Synthesis), and "Regioselective Friedel-Crafts Acylation of
1,2,3,4-Tetrahydroquinoline and Related Nitrogen Heterocycles:

10 Effect on NH Protective Groups and Ring.Size" by Ishihara, Yugi et
al, J. Chem. Soc., Perkin Trans. 1, pages 3401 to 3406, 1992. If a
fused heterocyclic-benzene compound containing an oxygen is not
commercially available, it may be prepared from an appropriately
substituted phenol as described in Organic Reactions, Vol. II, pages

15 26 .and 27.

In reaction A shown below, the compounds represented by
o~ graphic formulae V and III are dissolved in a solvent, such as
carbon disulfide or methylene chloride, in the presence of a Lewis
écid, such as aluminum chloride, to form the corresponding

20 heterocyclic fused benzophenone represented by graphic formula VII.
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-4- Preferably, [err] and [err] are each RCIR )N-, or the group, -OL,
wherein R and R are eachxhydrogen or [err] alkyl, Is [err] alkyl, [err]
al kyl phényl ‘[err] alkylcarbonyl, [err] or [err] nonoal kyl am nocar bonyl,
said halo 5 group being chloro or fluoro, and a and by HERG A teger
O or 1. B may be the substituted or unsubstituted arylﬁgf%gph;géiﬁ? M1
phenyl, said aryl substituents being [err] alkyl, [err dr ox e

al koxy, [err] al koxy([err])alkyl, 10 hal ogen, or R(R' hll Il]in and R
are each hydrogen or [err] alkyl, said FaFogen (or

fluorine, chlorine, or bromne. Preferably, Bis represented by t he

foll ow ng graphic .

5
Re 0 R ol
[o] Y
\ . Y R4 4
10 (3 . HGCIE
alcl, " Ry
. R5 .
(Rpdy (Rg). (Rdqy (R3).
v IIT VII
15
REACTION A

In reaction B shown below, the heterocyclic fused
20 benzophenone represented by graphic formula VII is reacted with
sodium acetylide in a suitable solvent, such as dry tetrahydrofuran,
to form the corresponding propargyl alcohol represented by graphic
formula VIII.
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fornmula I'l: 15 [err] In graphic formula 11, [err] is hydrogen, [err] alkyl,
{err] 25 al koxy, fluoro, -er chloro and each [err] is<q [err] alkyl, [err]

al koxy, ‘hydroxy, chloro, of fluoro and d is an integep f r UAISGHEETHAS BEEND-
B' may be represented by one of the foll ow ng graphic fornul aReplAcenr 1V. 5

[err] 15°In graphic fornmula Il and IV, X is oxygen or nit
" g

-8 —
5
R 9 . =cn
. =
1
Y R
10 ><Nac —cHZEs ><
X RS
(R)q (Ryd. (R1da (Ry)
c
VII VIII
15 ‘
REACTION B
20 In reaction C shown below, the propargyl alcohol

represented by graphic formula VIII is coupled with the
appropriately substituted 2-naphthol, represented by graphic formula
IX, under acidic conditions to form the naphthopyrans of graphic

formula X, which are compounds represented by graphic formula I.
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Y is carbon or oxygen, provided that when X is nitrogen, Y is carbon; [err]
and [err] are each hydrogen or [err] alkyl; each [et#&] is a [err] alkyl,
[err] al'koxy, hydroxy, or ‘hal ogen, said hal ogen 20 substituent being
chloro, fluoro, or bromp, and ¢ is an integer fromO to 3, erHIS SHEET WAS BEEN

or 3. Preferably, B is represented by graphic forrmula II1, mheﬂﬁFﬁAQEPs
oxygen; Y is carbon or oxygen; R4 and [err] are each hydrog

al kyl; each [err] is a [err] alkyl, [err] al koxy, hydroxy, a“mm%[‘ﬁ&u&
is the integer 0, 1, or 2. 25 thgTaphic formula I 1'% en I's

oxygen and Y is carbon and c is zero, the group is a

2, 3-di hydr obenzof uran-5-yl; when X is oxygen and Y is oxygen and c i s zero,
the group is 1, 3-benzo- dioxole-5-yl; and when X is nitrogen and Y is
carbon and ¢ is zero, the group is indoline-5-yl. 1In graphic formula 1V,
when X is oxygen 30 and Y is carbon, the unsubstituted group is a
chroman-6-yl; when X is oxygen and Y is oxygen, the unsubstituted group is
a 1, 4-benzodi oxan-6-yl; and when X is nitrogen and Y is carbon, the

10 (R7)d (RB)C (R‘l)a (RZ)b

IX
VIII (Rqy)gq

15

20
REACTION C

By substituting the fused heterocyclic-phenyl group of graphic
25 formula IV for that of graphic formula III in reaction A, compounds
similar to those represented by graphic formula X except for a
6-member heterocyclic ring fused at the number 3 and 4 carbon atoms
of the 3-phenyl substituent may be prepared.
Compounds represented by graphic formula I may be used in
30 those applications in which organic photochromic substances may be
employed, such as optical lenses, e.g., ophthalmic and plano lemnses,
face shields, goggles, visors, camera lenses, windows, automotive
windshields, aircraft and automotive transparencies, e.g., T-roofs,
sidelights, and backlights, plastic films and sheets, textiles and

35 coatings, e.g., coating compositions such as paints, and
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unsubstituted group is 1,2, 3,4-tetrahydroquinoline-6-yl. For brevity,.these
groups wll be referred n? herein as fused 35_heter_9-e¥cl | c- phenyl groups.
-6- Conpounds represented’by graphic formula | are prépared by

Friedel -Crafts nethods using.an appropriately substituted or unsubstituted
benzoyl chloride of graphic formula Vwth a -- cormerﬁ% gTa\walaE&HI e
fused heterocyclic-benzene conpound to 5 produce B C EP\@&'JE@f gr aphic
formula I'll or V. See the publication Frjedel - Crafts and Rel

Reactions, George A. O ah, Interscience PoT i shers; ‘“ m apter
XXXl (Aromatic Ketone Synthesis), and "Regi-osel ectlve m

Acylation of ydysgs3afroh®hl ALY 8h OSELD0LY UGB! &80 MduhREED s‘d@fteésocyc' es:
banknotes, passports and drivers' licenses for which authentication
or verification of authenticity may be desired. Naphthopyrans
represented by graphic formula I exhibit color changes from

5 colorless to colors ranging from yellow to orange.
Examples of contemplated naphthbpyrans within the scope of
the invention are the following:
(1) 3-(2,3-dihydrobenzofuran—5-yl)-3-phenyl-3H-naphtho—
[2,1-b]pyran;
10 (2) 3—(2,3—dihydrobenzofuran~5—y1)—3—(2—f1uoropheny1)—
3H-naphtho[2,1-b]pyran;
(3) 3-(2,3-dihydrobenzofuran-5-yl)-3-(2-methoxyphenyl)-3H~
naphtho[2,1-b]pyran;
(4) 5-acetoxy-3-(2,3-dihydrobenzofuran-5-y1)-3-(2-
15 fluorophenyl )~3H-naphtho[2,1-b]pyran;
(5) 8-methoxy-3-(2,3-dihydrobenzofuran-5-yl)-3~(2-
- fluorophenyl)~3H-naphtho[2,1-b]pyran; .
(6) 3—(4—methoxyphenyl)?3—(2,h,7-trimethy1-2,3—dihydro-
benzofuran-5-yl)-3H-naphtho[2,1-b]pyran;
20 (7) 3~ (Z—methy1d1hydrobenzofuran—S-yl) 3—(2—fluoro—
phenyl)-3H-naphtho(2,1-b]Jpyran;
(8) 3—(1,4—benzod1oxan-6—y1)—3—(2—f1uoropheny1)—3H—
naphtho[2,1-b]lpyran;
(9) 3-(1,3-benzodioxole-5-yl)-3—phenyl-3H-naphtho-~
25 {2,1-b]pyran;
(10) 3-(indoline-5-yl)-3-phenyl—-3H-naphtho[2,1-blpyran; and
(11) 3-(1,2,3,4-tetrahydroquinoline—-6-yl)~3-phenyl-3H~
naphtho(2,1-b]pyran.

30 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 graphic

formula I, it is contemplated that such naphthopyrans be used in

i



10 Effect on NH-Protective Goups and R ng Size" by |shihara
-J. Chem Soc., Perkin T;ﬁns 1; pages 3401 to 3406,={992. THP

%‘kﬁ ﬁ/}éﬁ BEEN

heteroc?cliclbenzene conpound contai ni ng an oxygen'i$ not comercia

avai lable, it nmay be prepared from an appropri at el y substi t ﬁ ﬂmtm)ﬂﬂ
described in Organic Reactions, Vol. Il, pages 15 26 and ZﬂWﬂﬁ ‘

shown bel ow, the conpounds represented by graphic fornmulae V and |1l are

di ssolved in a solvent, such as carbon disulfide or nethylene chloride, in
the presence of a Lewis acid, such as al¥rimnumchloride, to formthe
correspondi ng 20 heterocycllc fused benzophenone represented by graphic
tormil a \Al comb1n;l1on with other appropriate complementary orgaric-
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
5 example, a compound which colors to yellow may be blended with a
compound that colors to an appropriate purple to produce a brown
shade. Similarly, a compound which is orange in its colored state
will produce a shade of gray when used in conjunction with an
appropriate blue coloring compound.

10 Particulariy contemplated classes of complementary organic
photochromic compounds that may be used include: the purple/blue
spiro(indoline) benzoxazines described in U.S. Patent 4,816,584
spiro(indoline) pyridobenzoxazine photochromic compounds described
in U.S. Patent 4,637,698; spiro(indoliné) naphthoxazines described

15 in U.S. Patents 3,562,172, 3,578,602, 4,215,010 and 4,342,668; and
benzopyrans and naphthopyrans having a nitrogen-—containing

- substituent in the 2-position of the pyran ring, as described in
U.S. Patent 4,818,096. All of the aforedescribed oxazine~ and
~ pyran-type organic photochromic compounds are reported to exhibit a

20 color change of from colorless to purple/blue on exposure to
ultraviolet light. The disclosures of said U.S. Patents are
incorporated herein by reference. .

Other contemplated complementary organic photochromic
compounds that are reported to exhibit a color change of from

25 colorless to yellow/orange when exposed to UV light that may be used
in combination to augment the yellow/orange color of the
naphthopyran compounds of the present invention include: benzopyrans
and naphthopyrans having a spiro adamantane group in the 2-position
of the pyran ring, as described in U.S. Patent 4,826,977; and

30 naphthopyran compounds described in U.S. Patent 5,066,818,

The naphthopyran compounds of the present invention may be
used in admixture with or in conjunction with the aforedescribed
complementary or augmenting organic photochromic compounds in

amounts and in a ratio such that an organic host material to which

Sheet Has Been Tlaced
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[err] REACTION A In reaction B shown bel ow, the heterocyclic fused 20
benzophenone represented-by graphic formula VIl is reacted with sodi um
acetylide in* suitable solvent, such as dry tetrahyd¥ofuran, to formthe
correspondi ng propargyl al cohol represented by graphic forFFUlSaSHﬁEITIHASBEEJ‘B-
5 [err] REACTION B 20 - In reaction C,shown bel ow, the B

al cohol represented by graphl c formula VITI is coupl ed wi tﬂmlm"l"""u”m

the mixture of compounds is applied or in which they are-
incorporated exhibits a subétantially neutral color when activated
with unfiltered sunlight, i.e., as near a neutral gray or brown
color as possible given the colors of the activated photochromic
5 compounds. The relative amounts of the photochromic compounds used
will vary and depend in part upon the relative intensities of the
color of the activated species of such compounds.
For example, the naphthopyran compounds of the present
invention may be combined with one or more of the aforedescribed
10 purple/blue oxazine- 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 im which
they are incorporated exhibits a near-brown color. Generally, the
weight ratio of the aforedescribed oxazine— and pyran—type
15 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
relatively equal absorption in the visible range between 400 and 700
20 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
of its chromaticity coordinates, which describe the qualities of a
25 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
be plotted on a chromaticity diagram, usually a plot of the
30 chromaticity coordinates x and y. See pages 47-52 of Principles of
Color Technology, by F. W. Billmeyer, Jr. and Max Saltzman, Second
Edition, John Wiley and Sons, N.Y. (1981).
The amount of photochromic substance or composition-
. containing same applied to or incorporated into a host material is

35 not critical provided that a sufficient amount is used to produce a
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appr.opriately substituted 2-naphthol, represented by graphic formla IX,
under acidic conditions t§ formthe napht hopyr ans of»agraphl c fornmula X
whi ch ar'e compounds represented by graphic formula | -9- 5 Jerr] 20
REACTI ON C By substituting the fused heterocyclic- phenyl Tﬂ EGTHAS gH\ C

25 fornula IV for that of graphic formula Il in reaction AR onds
simlar to those represented by graphic fornmula X excep

het erocyclic ring fused at the nunber 3 and 4 car bon atJ{g_m mﬂenyl
substituent nmay be prepared.

photochromic effect discernible to the naked eye. Gemerally such
amount can be described as a photochromic amount. The particular
amount used depends often upon the intensity of color desired upon
irradiation thereof and upon the method uséd to incorporate or apply

5 the photochromic substances. Typically, the more compound applied
or incorporated, the greater is the color intensity.

Generally, the amount of each photochromic substance
incorporated into or applied to the host material may range from
about 0.01 or 0.05 to about 10 to 20 percent by weight. More

10 typically, the amount of photochromic substance(s) incorporated into
or applied to the host material will range from about 0.0l to about
2 weight percent, more particularly, from about 0.01 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

15 differently, the total amount of photochromic subgtance incorporated
into or applied to an optical host material may range 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

20 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

25 photochromic substance into the host material by immersion of the
host material in a hot solution of the photochromic substance or by
thermal transferj providing the photochromic substance as a separate
layer between adjacent layers of the host material, e.g., as a part
of a polymer film; and applying the photochromic substance as part

30 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 photdchromic substance alone into tﬁe host material, solvent
assisted transfer absorption of the photochromic substance into a
porous polymer, vapor phase transfer, and other such transfer

35 mechanisms. See U.S. Patent No. 5,066,818 column 14, line 41 to

column 15, line 25 for examples of the above methods.
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Conmpounds represented by graphic fornmula I may be used in 30 those

appllcatlons I n which orgaplc phot ochrom c substanceegnay be enployed,isuch
as optical |eénses, e.g., ophthalm ¢ and plano | enses

face % fias BEEN
goggl es, visors, canera | enses, w ndows, autonotive mnnd@ﬂ? ACEDN Ccr af t
and autonotive transparencies, e.d., T-roofs, S|deI|ghts

backl i
plastic films and sheets, textiles and 35 coati ngs, ﬁa‘mﬂul\jm
conpositions such as paints, and - verlflcatlon HI“ ty
docunents, e.g., docunents such as bankno}%s passports and drivers
| i censes for which authentication or verlflcation of authenticity may be

desired. Napht hopyra? Sp%eg,g ?grbgg ,.gxegmpt}?ﬁ yabé ﬁéﬁhgééen‘éo'b%

changes fromb5 col or ors rangl ng ron1 ow to or
may be translucent or even opaque. The po ymer product need only be

transparent to that portlon of the electromagnetic spectrum, which
activates the photochromic substance, i.e., that wavelength of

5 ultraviolet (UV) light that produces the open form of the suﬁstance
and that portion of the visible spectrum that includes the
absorption maximum wavelength of the substance in its UV activated
form, i.e., the open form. Further, the resin color should not be
such that it masks the color of the activated form of the

10 photochromic substance, i.e., so the change in color is readily
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:

15 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

20 methacrylate, cellulose écetate, cellulose triacetate, cellulose
acetate propionate, cellulose acetate butyrate, poly(vinyl acetate),
poly(vinyl alcohol), poly(vinyl chloride), poly(vinylidene
chloride), polyurethanes, polycarbonates, poly(ethylene
terephthalate), polystyrene, copoly(styrene-methyl methacrylate)

25 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

30 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), which is sold under the trademark, LEXAN; a
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Exanpl es of contenpl ated napht hopyrans within the scope of the invention
are the fol | ow ng: (1) &(2 3-di hydrobenzofuran S5- ) - 3- phenyl - 3H napht ho-
[2,1-b] pyran; 10 }(2) THIS §

3- (2, 3-di hydr obenzof uran-5-yl)-3-(2-fl uorophenyl) - 3H— napht ho@iﬂ@p@ﬁ%
(3) 3-(2,3-di hydrobenzof uran-5-yl)-3-(2-net hoxyphenyl)

napht ho[ 2, 1- b] pyran; (4) 5-acetoxy-3-(2, 3-di hydr obenzof \LT%@ ﬁgg[””m 15
fl uorophenyl ) - 3H napht ho[ 2, 1- b] pyr an; (5)

8- net hoxy- 3- (2, 3-di hydr obenzof ur an- 5- yl‘) 131 2-
f | uor ophenyl ) - 3H napht ho[ 2, 1- b] pyran

g-egézl;)mf_ gﬁxéﬁayqxgﬁyﬁ %ﬁ&%f& alte v.?/cb as ﬁgl Q terJ.al so(l9 under the
3- (2- et hyl dtﬂgddmmﬂanrbmss-ppllyméh@atéd ©6r @-polyol(allyl carbonate),
phenyl) - 3**r@HBLEE£i£§ élgﬂﬂyiggglglycol bis(allyl carbonate), which monomer is
sold under the trademark, CR-39, and polymérizates of copolymers of
5 a polyol (allyl carbdnate), 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 bis(allyl carbonate) and 10-20 percent
vinyl acetate, particularly 80-85 percent of the bis(allyl
10 carbonate) and 15-20 percent vinyl acetate, and copolymers with a
polyurethane having terminal diacrylate functionality, as described
in U.S. Patent 4,360,653, cellulose acetate, cellulose propionate,
cellulose butyrate, cellulose acetate butyrate, polystyrene and
copolymers of styrene with methyl methacrylate, vinyl acetate and
15 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
20 bisphenol bis(allyl carbonate) compounds. These monomers can be
described as unsaturated polycarbonates 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,
25 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
30 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.
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-benzodi-oxan-6-yl)-3-(2-fluorophenyl)-3H naphtho[ 2, 1-b] pyran;
benzodioxole¥5§yl)-3-phenyl-3H—naphtho-.

n;' (10) 3-(indoline-5-yl)-3-phenyl -3H naphtho[ 2, 1-b] pyran; and

, 3, 4-tetrahydroqui nol i ne-6-yl) - 3-phenyl - 3H THEEHMERDHASIBHEENpYr an.
30 Commerci al Iy avail abl e photoreactive inorgani cREPESED enses
contai ning silver halide particles darken to a neutral. ﬁg col or
in sunlight. In order to duplicate this calor change ini g’?gﬁg ‘imm

usi ng the organi ¢ photochronic napht hopyrt&ns of graphic f*

contenpl ated that such naphthopyrans be used in conbi nation with other
appropriate conpl enep};[pgéglﬂrr,ggnrlxtcing 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

5 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

10 percent, e.g., 80-82 percent, light transmission.

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,

15 ultraviolet light absorbers may be admixed with photochromic
substances before their ﬁpplication 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

20 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 quenchers, e.g.,
a nickel ion complex with an organic ligand, are contemplated. They
may be used alone or in combinatién. Such stabilizers are describéd

25 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 fhat serve
as oxygen barriers. Such coatings are known in the art.

The present invention is more particularly described in the

30 following examples which are intended as illustrative only, since
numerous modifications and variations therein will be apparent to

those skilled in the art.
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phot.ochromi c materials so that together they produce the desired gray or’
.brown col or shade when ttre plastic | ens containing gogh photochromc
material's i s“exposed to uftraviolet light. For 5 exanble a conpound whi ch
colors to yellow may be bl ended with a conpound that CTHISSHEEDHAS BEEN
appropriate purple to produce a brown shade. ,Simlarly, a RE:HqAGEDd \/\hi ch is

orange in its colored state will produce a shade of gr
conjunction with an appropriate bl ue col 7| ng conpoun muﬁkﬂ
Particularly contenpl ated cl asses of conpl’enentary or m C
conpounds that may be used include: the purplel/blue splro(lndollne)
benzoxazi nes described in U S. Patentggéﬁ%ﬁl§84 spiro(indolLine)

pyri dobenzoxazi ne photochrom ¢ conpounds described in U S. Patent
4,637,698; spiro(indoline) naphthoxazi nékebdéscribed 15 in U. S. Patents

3,562,172, 3,578, 602, 3%%&&9&1&!&&4}1 34225 6%anadN@ . OEN4RRYE PREs ¥ded
napht hopyrang, fiaul 1 2 N EROC-CONt ) J0p%AYRPLLL YD) nelufliS. "aliBsiid o ©f
5 and 10.8 grams (0.077 moles) of benzoyl chloride. Aluminum chloride
(12.32 grams, 0.092 moles) was added slowly and the resulting
mixture was stirred for 2 hours under a nitrogen atmosphere. The
reaction mixture was added to a 5 percent aqueous hydrochloric acid
solution and stirred until colorless. The organic layer was
- 10 separated and the aqueous layer was back extracted with 100
milliliters of methylene chloride. The organic portions were
combined and added to a 10 percent aqueous sodium hydroxide solution
containing 1 milliliter of triethylamine to remove any unreacted
starting material. The mixture was stirred and the organic layer
15 was separated and dried over magnesium sulfate. The residual
methylene chloride was removed under vacuum. The resulting pale
yellow 0il was induced to crystallize by dissolving it in hexane and
then cooling the solution in a dry ice/acetone bath. 7.8 grams of
the crystalline product, 5-benzoyl-2,3-dihydrobenzofuran, was

20 collected by vacuum filtration.

Step 2
5-benzoyl-2,3-dihydrobenzofuran (7.8 grams, 0.035 mole)
from Step 1 was added to a reaction flask containing 300 milliliters
25 of tetrahydrofuran saturated with acetylene. 10.0 grams of a 18
weight percent suspension of sodium acetylide in xylene/mineral oil
(0.035 moles of sodium acetylide) was added slowly to the stirred
solution. After 16 hours at room temperature and under a nitrogen
atmosphere, the reaction mixture was dissolved in 5 percent aqueous
30 hydrochloric acid solution. The resulting mixture was extracted
with three 100 milliliter portions of methylene chloride. The
organic extracts were combined and dried over magnesium sulfate.
The solvent, methylene chloride, was removed under vacuum to yield
7.0 grams of the product containing 1-(2,3-dihydrobenzofuran-—5-yl)-
35 17pheny1—2—propyn—l—6i which was not purified further but used

directly in the next step.
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U S. Patent 4,818,096. Al of the aforedescribed oxazine- and pyran-type
-organi ¢ photochrom c conpgunds are reported to exhip%% a 20 col or change of
fromcolorless to purple/BIue on exposure to ultravrofet %bgg

di scl Qsures

of said U S. Patents areincorporated herein |

t h
R
& her contenpl ated conpl enentary organi ¢ phot ochrom ¢ conpou f are

reported to

when exposed to UV Iight that may be used in conbination
yel | ow or ange col or of the napht hopyran™ cédnpounds of the present invention
I ncl ude: benzopyrans and napht hopyrans having a spiro adanmantane group in

the 2-position of the pyran ring,

exhi bit a color change of from 25 col orl ess T@gﬂ&ﬂmﬂﬂe

and 30 napht hopyran conpounds described in U S. Patent 5,066,818. The

napht hopyran conpounds of the present

as described in U S. Patent 4, 826, 977;

i SkepnBi on may be used in adm xture

wth or ih conjunctinl wddhckner 3 QMRS B Wef S MaB"EIeA" Yo U -EHATER" | N0

organi ¢ phot ochrom c cohpoun

5

10

15

20

25

30

flask containing 300 milliliters of benzene and 4.0 grams of _
2-hydroxynaphthalene. A catalytic amount of dodecylbenzenesulfonic
acid (3 drops) was added. The mixture was heated to 40°C and
stirred for 1 hour under a nitrogen atmosphere. Afterwards, the
reaction mixture was dissolved in distilled water and washed with
about 300 milliliters of 10 percent aqueous sodium hydroxide. . The
organic layer was separated, dried over magnesium sulfate and the
remaining benzene was removed under vacuum. The resulting residue
was induced to crystallize by dissolving it in a hexane/ether
mixture and cooling the mixture in a dry ice/acetone bath. The
resulting crystals were collected by vacuum filtration, dissolved in
a 9:1 mixture of hexane:ethyl acetate, stirred for one half hour,
and collected by vacuum filtration. The crystalline product, about
3.0 grams, melted at 128-131°C and was 97.7% pure as determined by
liquid chromatographic analysis. A nuclear magnetic resonance (NMR)
spectrum showed the solid crystalline product to have a structure
congistent with 3-(2,3—dihyd£obenzofuran—5—y1)—3—pheny1—3ﬂ—naphtho-
[2,1-b]pyran.

EXAMPLE 2

The procedure of Step 1 of Example 1 was utilized except
for the following: 2~fluorobenzoyl chloride'(13.2 grams, 0.083 mole)
was used instead.of benzoyl chloride; the mixture was stirred for
one hour; and the combined organic fraction was back extracted with
distilled water. 19.5 grams of product containing 5-(2-fluoro—
benzoyl-2,3-dihydrobenzofuran was recovered.

The procedure of Step 2 of Example 1 was utilized except
that 5-(2-fluorobenzoyl)-2,3~dihydrobenzofuran (8 grams, 0.033
moles) was used as the reactant; the reaction mixture was stirred 20
hours; 10% aqueous hydrochloric acid was used to dissolve the

reaction mixture; and the combined organic fraction was washed with
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anounts and in a ratio such that an organic host material to which - 12
-~ the mixture of conpounds, is applied or in which th are incor,porated
exhibits a substantially meutral col or when activat éd i t hTHRfsHEETNH@$ BEEN
sunlight, i.e., as near a neutral gray or brown col or as possi BERLABEDEN t he

colors of the activated photochrom c 5 conpounds. The rela}
t he photochrom ¢ ' conpounds used will vary and depend in pdb

i
relative intensities of the color of the activated species’d‘i g

conpounds. For exanpl e, the naphthopyranm t®npounds of the present invention
may be conbined with one or nore of the aforedescribed 10 purpl e/ bl ue

oxazi ne- and/or pyran-type organi c photochronic conpounds in

anounts and in

aratio such tyﬂaqorélilorﬁ Q&nV%tq’Fos?bOUt 300 milliliters each. The yield of
. product containing 1-(2,3-dihydrobenzofuran-5-yl)-1-(2-fluoro-

phenyl)—2-propyn-1-0l was 7.0 grams.

The procedure of Step 3 of Exampl% 1 was utilized except

5 that 1-(2,3-dihydrobenzofuran~5~yl)-1-(2-fluorophenyl)-2-propyn-l-ol

(7.0 grams), toluene (300 milliliters), and a catalytic amount of

p-toluenesulfonic acid (3 drops) were used; and the reaction mixture

was heated to 45°C. After the organic layer was separated, the

aqueous layer was washed once with about 100 milliliters

of

10 methylene chloride and the organic fractions were combined. The

combined organic extracts were dried over magnesium sulfate and

reduced under vacuum to yield 7.0 grams of oil.

The o0il was purified using a silica gel colummn and a 1:4

mixture of ethyl acetate:hexane as the eluant. The photochromic

15 fractions were collected, combined and the remaining eluant was

removed under vacuum. The crystals were isolated as described in

- Step 3 of Example 1. The crystalline product, 3.0 grams, melted at

110-113°C and was 99.8% pure as determined by liquid chromatographic

analysis. A nuclear magnetic resonance (NMR) spectrum showed the

20 solid crystalline product to have a structure consistent

with

3-(2,3~dihydrobenzofuran—~5-yl)-3-(2~fluorophenyl )-3H-naphtho[2,1-b]-

pyran.

PLE

25 The procedure of Step 1 of Example 1 was followed except

that 2-anisoyl chloride (14.2 grams, 0.083 moles) was used as the

reactant instead of benzoyl chloride and the reaction mixture was

stirred for one hour. 16.7 grams of the cfystalline product,

5-(2-methoxybenzoyl)-2,3-dihydrobenzofuran, was recovered and used

30 in the next step. The procedure of Step 2 of Example 1 was followed

except that the combined organic fraction was washed with distilled

water. The yield of product containing 1-(2,3-dihydrobenzo—furan-

5-y1)-1~(2-methoxyphenyl )~2-propyn~l1-ol was 16.7 grams.
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material to which the m xture of conpounds is applied or in which they are
rncorporated exhibits a near-bromn color. Generally, e weight ratio of
the afor'edescribed oxazi ne-* and pyran-type 15 conpouaﬁ?s) to the

napht hopyran conpound(s) of the present invention will vdH $hEiEH HAHBEEN : 3
to about 3:1, e.g., between about 1:2 or 0.75:1 and about 2: REPRAGRDr

neutral gray color exhibits a spectrumthat has relative t|on
in the visible range between 400 and 700 20 nanoneters, uum m i
and 660 nanoneters. A near neutral brown2fator exhlblts a spec u

whi ch the absorption in the 400-550 nanoneter range is nDderater Iarger
than in the 550-700 qﬁnoneter ran

Lern ti scribjng
color is in terms of q%?8“%ﬁ|°0| %f g d|r1 3 Y ﬁtl i Be P%
qual i ties of thaZSthgﬂpmpduat adnmann@ngth}(ut3rd1bmdnw§anzpﬂhaamfﬁaylD e., its

chr omat i i ty. 110 oy bhcif$) lp:bPe 62 '&'éaxafﬁq dhidiaESofir € Obt ai ned
by taking the ratios o rlstl us values t sum e.Jqg.
p—-toluenesulfonic acid were used; the reaction m1xture was heated to

5 35°C; and the oil purification procedure of Example 2 was used. The
resulting crystalline product, 3.7 grams, melted at 142-144°C and
was 99.5% pure as determined by liquid chromatographic analysis. A
nuclear magnetic resonance (NMR) spectrum showed the solid
crystalline product to have a structure consistent with

10 3-(2,3-dihydrobenzofuran~5-yl)~3~(2-methoxyphenyl )-3H-naphtho—
[2,1-blpyran.

EXAMPLE &4
The procedure of Step 1 of Example 1 was utilized except
15 that 2-fluorobenzoyl chloride (13.2 grams, 0.083 mole) was used as
the reactant instead of benzoyl chloride, the mixture was stirred
- for one hour, and the combined organic fraction was back extracted
with distilled water. 19.5 grams of product containing
5-(2~fluorobenzoyl)-2,3-dihydrobenzofuran was recovered. The
20 procedure of Step 2 of Example 1 was followed except that
5-(2—f1uorobenéoj1)-2,3—dihydrobenzofuran (5 grams, 0.02 mole) was
used and the combined organic fraction was washed with distilled
water. The yield of product, a yellow oil containing
1-(2,3-dihydrobenzofuran-5-yl)-1-(2-fluorophenyl }-2-propyn—-1~ol, was
25 4.3 grams. _

The procedure of Step 3 of Example 1 was utilized except
that 1-(2,3-dihydrobenzofuran-5-yl1)-1-(2-fluorophenyl)-2-propyn-1-ol
(4.3 grams) from Step 2, 3-acetoxy-2-naphthol (3.3 grams, 0.016
mole), and a catalytic amount of p-toluenesulfonic acid were used;

30 the reaction mixture was heated to 45°C; and the oil purification
procedure of Example 2 was used.. The resulting crystalline product,
4.6 grams, melted at 156-157°C and was 99.0% pure as determined by
liquid chromatographic analysis. A nuclear magnetic resonance (NMR)
spectrum showed the solid crystalline product to have a structure

35 consistent with 5-acetoxy-3-(2,3-dihydrobenzofuran-5-y1)-3-(2-fluoro-

phenyl)-3H-naphtho[2,1-b]-pyran.
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x=XI X+tY+Z and y=Y/ X+Y+Z. Col or as described in the CIE system can be -
plott:ed on a chronat|C|ty“E|agran1 usually a plot oftthe 30 chromaticity
coordinates x and y. See pages 47-52 of Principles of Cohqgswgghngg@gzN by
F. W Billneyer, Jr. and Max Sal tzman, Second Edition, John RAiegeand Sons,

N. Y. (1981). The anmount of photochronic substance or co It en-
cont ai ning sanme applied to or incorporated into a host :%Eﬂlﬁﬁmulmmtot
critical provided that a sufficient anounyis used to pr : -
phot ochrom c effect discernible to the naked eye. Cenerally such anpunt can
be descri bed as a photochrom c anmount. The particul ar anount used depends
often upon the intensity of color desired upon irradiation thereof and upon
t he net hod used-to incorporate or applﬁgugLE 5
The procedure of Step 1 of Example 1 was followed except
that 2-fluorobenzoyl chloride (13.2 gréms,*0.083 mole) was used as
5 the reactant instead of benzoyl chloride and the mixture was stirred
for one hour. 16.0 grams of the product, 5-(2-fluorobenzoyl)-2,
3—-dihydrobenzofuran, was recovered. The procedure of Step 2 of
Example 1 was followed using 5-(2-fluorobenzoyl)-2,3-dihydrobenzo-
furan (12.5 grams, 0.051 mole) from Step 1. The yield of product,
10 containing 1-(2,3-dihydrobenzofuran-5-yl)-1-(2-fluoro-
phenyl)-2-propyn-l-ol, was 11.0 grams.
The procedure of Step 3 of Example 1 was utilized except
that 1—(2,3—dihydrobenzofuran—5—y1)—1—(Z—fluorophenyl)—2—propyn—1—ol
(5.0 grams) from Stép 2, 6~methoxy—-2-hydroxynaphthalene, and a
15 catalytic amount of p-toluenesulfonic acid were used; the reactiom
mixture was heated to 35°C and stirred for 1.5 hours; and the oil
purification procedure of Example 2 was used. The resulting
crystalline product, 4.3 grams, melted at 164-167°C and waé 95.0%
pure as determined by liquid chromatographic analysis. A nuclear
20 magnetic resonance (NMR) spectrum showed the solid crystalline
product to have a structure consistent with 8-methoxy-3-(2, 3—d1hydro—

benzofuran—5-yl)~3-(2—-fluorophenyl)-3H-naphtho[2,1-b] pyran.

EXAMPLE 6
25 Step 1
2,5—dimethylphenol.(30.0 grams, 0.25 mole) was added to a
reaction flask containing 300 milliliters of ethyl alcohol and 17.0
grams (0.3 mole) of potassium hydroxide. Allyl bromide (36.3 grams,
0.3 mole) was added slowly to the stirred solution over a period of
30 15 minutes. The reaction mixture was refluxed in a nitrogen
atmosphere for four hours. The excess solvent was removed under
vacuum and the residual solid was dissolved in 200 milliliters of 5%

aqueous sodium hydroxide and extracted with three portions of
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5 the photochrom c. substances. Typically, the nore conpound applied or
‘incorporated, the greater™ s the color intensity. Geraral ¥ nmount of
each photochrom ¢ substance incorporated into or appli‘ed t0 LX&%BEEN
material may range from about 0.01 or 0.05 to about 10 to 20 percent by

wei ght. More 10 typically, the amount of photochromc sugwgmmmu
I ncorporated into or applied to the host material wll r l“"l
0.01 to about 2 weight percent, nore partjcularly, from about 0.01 to about

1 weight percent, e.g., fromabout 0.1 or 0.5 to about 1 weight percent,
based on the wei ght of the host material. Expressed 15 differently, the

total ambunt m&fhyDd QRI6EIEL aHRS 206 illNEDIRREaERM. | NHe QEgaRRl i €d to an
optical host material ma e fromabout 0.15,t0 a Eut 0.35 m.lligrans

ran
o e cofaRkt drerr Canhinat, d-Sou iR TAEESRAB SORT c TR o) i s
I ncor por at eduderapptuuendto BHielac3d.Gngransonp il yddlod ofihecqmteseittg_theent i on,

210;‘7;) g;ftsi (Z)gs&isﬁ'éﬁ%&%EPE’,”%%-Xl&é&h?i&%y?hacﬁ?‘ihé&@r? conpounds, or
5 .
Step 2
2,5~-dimethylphenyl allyl ether (33.3 grams, 0.2l mole) from
Step 1 was added to a reaction flask equipped with a water condenser
and heated to 195°C with stirring under a nitrogen atmosphere.

10 After 2 hours, the temperature was reduced to 140°C and several
drops of dodecylbenzeﬁesulfonic acid were added. The reaction
mixture was slowly heated to 195°C and held there for 3 hours. The
reaction mixture was cooled and dissolved in 5% aqueous sodium
hydroxide. The resulting mixture was extracted”%ith three 100

15 milliliter portions of methylene chloride. The organic extracts
were combined, dried over magnesium sulfate and reduced under
vacuum. The resulting product was distilled at a head temperature
of 80°C under a reduced pressure of 6 mm Hg to yield 11.0 grams of a
clear colorless oil. A nuclear magnetic spectrum (NMR) showed the

20 product to have a structure consistent with 2,3-dihydro-2,4,7-tri-

methylbenzofuran.

Step 3
2,3-dihydro-2,4,7-trimethylbenzofuran (5.0 grams, 0.031

25 mole) from Step 2 was added to a reaction flask containing 300
milliliters of methylene chloride and 5.3 grams (0.031 mole) of
p-anisoyl chloride. Aluminum chloride (5.0 grams, 0.037 mole) was
added slowly to the stirred solution. After 1.5 hours the reaction
mixture was dissolved in 20% aqueous hydrochloric acid and stirred

30 for 10 minutes. The organic layer was separated and the aqueous
layer was washed once with 100 milliliters of methylene chloride.
The organic extracts were combined, washed with about 200

milliliters of distilled water, separated, and dried over magnesium
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cont.ai ni ng same -(hereinafter "photochrom c substances”) may be applied to

or incorporated into a hé3t material by various net s descri bed i he
art. Suth methods incl ude di ssol vi ng or di spersing { nETYSISHERR vﬁ i n the
host material, e.g., inbibition of the 25 photochrom c sub§F5 Bhnto the

host. material by i_rrrrer5|on of the host material in a h ﬂ t he
phot ochrom ¢ substance or by thermal transfer; providi n m om ¢
substance as a separate |ayer between adjacent |ayers of e host material,

e.g., as a part of a polynmer film and applying the phot ochromc subst ance
as part 30 of a coating placed on the surface of the host material. The

term"inbi bi khphteQr Tﬂenmmntgsnéta&faﬁedhi&msamaan&mmhudﬂepewar&ahl on of
t he photochrom c, sybst ance al gne into the h terial ol vent assi st ed
transfer absBPp’f‘i‘%ﬂ Z‘f tgﬁ@“spl‘?gt%’aﬁlf‘{i?n%’“%’d?f‘ﬁngge ﬁﬁ‘f’oreé? E YB§s pol ymer,
vapor phase br@nadeehoxybeflzatll)er, s, febrincahgl-aihgdrotesefiurans. See U. S
Patent No. 5,066,818 colum 14, line 41 to colunn 15, line 25 for exanples
of the above net hods.

5 Step &

5-(4-methoxybenzoyl)-2,4,7~trimethyldihydrobenzofuran (7.0
grams, 0.024 mole) from Step 3 was added to a reaction flask
containing 300 milliliters of tetrahydrofuran saturated with
acetylene. 8.1 grams of a 18 weight percent solution of sodium

10 acetylide in xylene/light mineral oil (0.028 mole of sodium
acetylide) was added to the stirred solution. After 72 hours the
reaction mixture was dissolved in 10% aqueous hydrochloric acid and
extracted with three portions of methylene chloride, about 100
milliliters each. The organic extracts were combined and dried over

15 magnesium sulfate. The methylene chloride was removed under
vacuum. The product containing 1-(2,3-dihydro~2,4,7-trimethyl-
benzofuran)-5-yl-1-(4-methoxyphenyl )-2-propyn—-l1-ol was used directly

in the next step.

20 sfep 5
1-(2,3-dihydro-2,4,7-trimethylbenzofuran)-5-yl-1-(4-

methoxyphenyl)-2-propyn-1-ol (5.0 grams) from Step &4 was added to a
reaction flask containing 300 milliliters of benzene and 2.3 grams
(0.016 mole) of 2-hydroxynaphthalene. A catalytic amount of

25 p-toluenesulfonic acid was added to the stirred solution and the
mixture was heated to 35°C under a nitrogen atmosphere. After 1.5
hours, the reaction mixture was dissolved in 20%2 aqueous sodium
hydroxide and extracted with three portions of methylene chloride,
about 100 milliliters each. The organic extracts were combined and

30 dried over magnesium sulfate. The methylene chloride was removed
under vacuum. The product was purified using a silica gel column
and a l:4 mixture of éthyl acetatethexane as the eluant. The
photochromic fractions were combined and the remaining eluant was

removed under vacuum. The residual oil was crystallized from hexane
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- .14 - The polymer -host material wll usually be transparent, but nay be
transl ucent or even opaqlaﬁ@.’O The pol yner product need=qQnly be transparent to
that por'tion‘of the el ectromagnetic spectrum which adti VHISERHEEREAS BEEN
phot ochromi ¢ substance, i.e., that wavel ength of 5 ul traV| ol BEF"(A@?P | i ght

that produces the open formof the substance and that
vi si bl e spectrumthat includes the absorption maxi me m JI m‘(!la
substance in its UV activated form i.e., the open form ur

resin color should not be such that it medks the color of the activated
formof the 10 photochrom c substance, i.e., so the change in color is

2 o010 trankarehl D Bciatary deptied P LiqnipRce compound: dhp 11 CIE 1S
crystalline product melted at 162-164°C and was 98.8% pure as
determined by liquid chromatographic analysis. A nuclear magnetic
resonance (NMR) spectrum showed the solid crystalline product to
5 have a structure consistent with 3-(4-methoxyphenyl)-3-(2,4,7-tri-
methyldihydrobenzofuran-5-yl)-3H-naphtho[2,1-b]pyran.

EXAMPLE 7
2-methyldihydrobenzofuran was prepared by the method
10 described in Example 6, Steps 1 and 2, using phenol instead of
2,5-dimethyl phenol in Step 1. For further information respecting
the synthesis, see Qrganic Reactions, Volume II, pages 26 and 27.
The procedures of Steps 1, 2, and 3 of Example 1 were followed using
2-methyldihydrobenzofuran in place of 2,3-dihydrobenzofuran in
15 Step 1. The resulting product was 98.6% pure as determined by
liquid chromatographic analysis. A nuclear magnetic resonance (NMR)
.- spectrum showed the product to have a structure consistent with
3—-(2-methyldihydrobenzofuran-5~yl)-3—(2-fluorophenyl )-3H-naphtho—-
(2,1-blpyran.
20
EXAMPLE 8
The procedure of Step 1 of Example 1 was utilized except
that 2-fluorobenzoyl chloride (5.0 grams, 0.032 mole) was used
instead of benzoyl chloride; l,4-benzodioxan (4.4 grams, 0.032 mole)
25 was used instead of 2,3-dihydrobenzofuran; aﬁd the reaction mixture
was stirred for 1 hour. 8.0 grams of the white crystalline product,
5-(2-fluorobenzoyl)-1l,4-benzodioxan, was recovered. The procedure
of Step 2 of Example 1 was followed except that 5-(2-fluoro-
benzoyl)-1,4-benzodioxan (8.0 grams, 0.031 mole) was used and the
30 reaction mixture was stirred for 20 hours. The yield of product
containing 1-(1,4-benzodioxan~6-yl)-1-(2-fluorobenzoyl)-2-propyn~

l1-0l was 7.0 grams.
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Exanpl es of host materials which nmay. be used with the photochromc

- subst ances or conpositi ors descri bed herein include=5 elsydmy) y
honmopol yrer s* and copol ymefs, of pofyol (allyl car bo_nﬁ%) m)nor{gpgg %EEN

di et hyl ene glycol bis(allyl carbonate), polymers, i. ners and
copol yners, - of pol yfunctional acrylate nononers, pol yacrgﬂ@«fﬂﬁmmu re
pol yners of esters of acrylic acid or net hacryllc acid ,F
acrylate and nethyl 20 nethacryl ate, cel £§l| ose acetate, cellul ose
triacetate, cellul ose acetate propi onaf'e cel lul ose acetate butyrate,
poly(vinyl acetate), poly(vinyl alcohol), poly(vinyl chlori de)

pol y(vi nylidene chl %l% 3} )uce(ﬂﬂ-l YUf %It?'gtyrene Jﬁéﬁﬁ ?%gt §1L1Q é{tiéggl ene

terepht hal ate), pol ene, cop ole/ acry
copol y( st yr &hat aRfrOy‘PehlqorlF#@)ing pbt }vf*ﬂgﬁweﬂiﬁ’@lﬂ‘@rﬁt} )pbt{(Arflyore~ e

homopol yner seaasblqa@oﬁk%?%a-oqf (Hiekkahd Y eRsn RRBH 5" ¥LAdgHtab1 @aeticularly
copolynmers with car bonate) npno I.et hyl ene gI ycol

bi s(al lyl c HBB d aaﬁ.at Fa?"é’“ﬁﬁ goluenésulfongc acq.d were used

5 the mixture was stlrred for 2 hours; and the o0il purification
procedure of Eiample-z was used. The resulting crystalline product,
about 0.5 gram, melted at 143-147°C and was 97.3% pure as determined
by liquid chromatographic analysis. A nuclear magnetic resonance
(NMR) spectrum showed the solid crystalline product to have a

10 structure consistent with 3~(1,4-benzodioxan—-6-yl)-3-(2-fluoro-
phenyl)-3H-naphtho[2,1-b]pyran. '

EXAMPLE 9
Step 1

15 Piperonal (10.0 grams, 0.067 moles) was added to a reaction
flask containing 100 milliliters of tetrahydrofuran. Phenyl
magnesium bromide (0.08 moles) was added slowly and the resulting .
mixture was heated to 66°C and stirred for 1 hour under a nitrogen
atmosphere. The reaction mixture was added to a 5 percent aqueous

20 hydrochloric acid and ice solution. The organic layer was separated
and the aqueoué layer was washed with three 100 milliliter portions
of methylene chloride. The organic portions were coembined and dried
over magnesium sulfate. The residual methylene chloride was removed °
under vacuum. About 15.0 grams of a white/yellow oil product was

25 recovered. A nuclear magnetic resonance (NMR) spectrum showed the

product to be consistent with alpha-phenyl-1,3-benzodioxole~

5-methanol.
Step 2
30 Alpha-phenyl-1,3-benzodioxole~5-methanol (10.0 grams, 0.04&

mole) from Step 1 was dissolved in a reaction flask containing 300
milliliters of methylene chloride and pyridinium dichromate (25.0 -
grams, 0.066 mole) was added. After 16 hours at room temperature

and under a nitrogen atmosphere, the reaction mixture was diluted
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Transparent copol yners and bl ends of the transparent 30 polyners are al so
sui tabl e as host naterialg\ Preferably, the host matemjal is an optically
cl ear polynetized organic material prepared froma poLVHERSHﬁEﬁH?&QﬁﬁN1
such as the carbonate-linked resin derived from bi sphenol REBMACEShosgene,

i.e., poly(4,4' -dioxy- diphenol-2,2;propane), whichis
trademark, LEXAN, a - 15 - pol y( met hyl nmet hacryl ate !!ﬁ m\ llH
mat eri al sold under the trademark, PLEXI G.AS; polynem

pol yol (al Iyl carbonate), especially diethylene glycol bis(allyl carbonate),
whi ch nonomer is sold under the trademark, CR-39, and pol ynerizates of

copol yners ofw&hadmhyplec&lekladd G&Jmnﬁiﬁ:lare@ 193 refbivet Bivd ©3218d Y COhe

bi s(allyl carhonate), w th.other copolynerizabl e nononeric materials, such
as liquid portion was subjected t0 evaporation to yield 8.3 grams of a

slightly viscous off white o0il. A nuclear magnetic resonance (NMR)
spectrum showed the product to have a structure consistent with

5 5-benzoyl-1l,3-benzodioxole.

~ Step 3
The procedure of Step 2 of Example 1 was followed except
that 5-benzoyl-1l,3-benzodioxole (8.3 grams)'was used as a reactant
10 instead of 5-(benzoyl)-2,3-dihydrobenzofuran and after the reaction
mixture was stirred for 22 hours at room temperature, the pH was
reduced to about 2.0. The yield of product containing

1-(1,3-benzodioxole-5-yl)-l-phenyl~2-propyn-1-ol was 9.0 grams.

15 ' Step &
1-(1,3-benzodioxole-5-y1)-1-phenyl-2-propyn-1l-ol (3.5

grams, 0.014 mole) from Step 3 and Z-nabhthol (2.0 grams, 0.014
mole) were added to a reaction flask containing 300 milliliters of
toluene. A catalytic amount of p-toluenesulfonic acid was slowly

20 added and the reaction mixture was stirred for 2 hours at room
temperature under a nitrogen atmosphere. Afterwards, the reaction
mixture was added to 200 milliliters of 20% aqueous sodium hydroxide
and washed. The organic layer was separated and dried over
magnesium sulfate. The solids were filtered and the resulting oil

25 was purified on a silica gel column using chloroform as the eluant.
The resulting orange oil was induced to crystallize by dissolving it
in a hexane/ether mixture and cooling the mixture in a dry
ice/acetone bath. The resulting crystals were collected by vacuum
filtration. The crystalline product, about 4.1 grams, melted at

30 168-170°C and was 99.8% pure as determined by liquid chromatographic
analysis. A nuclear magnetic resonance (NMR) spectrum showed the
solid crystalliné product to have a structure comnsistent with

3-(1,3-benzodioxole-5-yl)~3-phenyl-3H-naphtho[2,1-b]pyran.
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copolyhers w th vinyl acetate, e.g., copolyners of from 80-90 percent:
di et hyl ene egcoI bls(alrvg carbonate) and 20-20 per t vinyl acetate,

particul’arly 80-85 percent “of the bis(allyl 10 carbon tﬁa §ﬁg§ﬁﬁk@@g@ercent
vinyl acetate, and copolyners with a pol yurethane haV|ng§
di acryl ate functionality, as described in U S Patent 4, 360 653 cel ul ose

acetate, cellulose propionate, cellul ose butyrate, cehiﬂlu ﬂlﬁﬁﬂlﬂ u"
butyrate, polystyrene and copol yners of S%yrene W th ate,
vinyl acetate and 15 acrylonitrile. Polyof’ (allyl carbonate) nononers which
may be polynerized to forma transparent host naterial are the allyl
carbonates of |inear or branched penptic liqui-d polyols,

e.g., aliphatic glycol bis(allyl ‘carbonate) conpounds, - or al kylidene 20
bi sphenol bis(allyl &aktéphenyl-2oprepyadtolTREL8 gEAwS P <L make hoageaddedhed

as unsat urat 8¢ ROteeRIAPFREES OhtLRIME! 200 BiLL119t¥%OLE peh2BndTMG TS S can be
prepared by F)gl;'g:(t:\se dol%r %fna\.l\pﬁllt{mlk.nowe Ir%a&@fona{n}.xture was warmed to 55°C and
5 after all of the 2-naphthol was dissolved, 0.25 grams of
p~toluenesulfonic acid was added to the stirred reaction mixture.
The mixture changed from iight tan to dark black, became exothermic,
and the temperature rose to 70°C. After a few minutes, the reaction
mixture lightened and began to cool. After 30 minutes, the reaction
10 mixture was poured into 100 milliliters of 10 percent aqueous sodium
hydroxide and shaken. The organic phase was washed once with 10
percent aqueous sodium hydroxide and then washed with water. The
solvent, benzene, was removed on a rotary evaporator. The resulting
light tan solid residue was slurried with 100 milliliters of hexane
15 and filtered. The filtered solid was washed again with 100
milliliters of hexane and dried to provide 18.4 grams of the
- | product, 3,3fdipheny1—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.
20 .
M T : PLE .

Anisole (10.8 grams, 0.1 mole) and benzoyl chloride (14
grams, 0.1 mole) were dissolved in 200 milliliters of hexane and
stirred at room temperature. Anhydrous aluminum chloride, 15 gfams,

25 was added slowly to the reaction mixture over a period of 15
minutes. The reaction mixture was stirred an additional 15
minutes. The hexane was decanted and the resulting viscous residue
was carefully hydrolyzed with 200 milli;iters of a mixture of ice
and dilute hydrochloric acid. The organic fraction was taken up in

30 dichloromethane and the resulting solution was washed with water.
Dichloromethane was removed on a rotary evaporator leaving an oil
product that solidified on standing. The solidified product was
broken-up, washed with two 50 milliliter portions of pentane, and

dried, yielding 4-~methoxybenzophenone.
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e.g.., . US Patents-2,370,567 and 2,403,113. Conpatible (chem cally and

‘color-wise) tints, i.e., dyes; 25 nay be applied to -‘H?e hos{. ‘MEWJAstBEEN
achieve a nofe aesthetic result, for nedical reasons,.for for repgaxcenf

fashion. The particular dye selected will vary and depend on the afore '
need and result to be achieved. In one enbodi nent, the dye mnﬁﬂiﬂiﬂﬁiﬂw
to conplenent the color resulting fromthe actlvat ed 30 pho

substances, e.g., to achieve a nore neutral color or absorb a particular
wavel ength of incident light. In anothet Znbodi nent, the dye nay be
selected to provide a desired hue to the host matrix when the photochromc

substance is in an '1'2)a(g;£~é:x\/sa%§dthsits

methoxybe%gophenone was converted to the
propargyl alcohol by the procedure described in Step 2 of Example
1. NMR analysis of the resulting product showed it to be a-mixture
of compounds having structures consistent with
5 l-phenyl-1(4-methoxyphenyl)-2-propyn-l-ol and the starting ketone,
4-methoxybenzophenone, in a ratio of 3:l.

The crude propargyl alcohol was added to a reaction flask
containing a slurry of 5 grams of 2-naphthol, 40 grams of anhydrous
acid alumina and 200 milliliters of toluene. The resulting reaction

10 mixture was heated to reflux for 30 minufes, cooled, and filtered.
The alumina was washed two times with 100 milliliter portions of
hexane. The toluene and liexane fractions were combined and the
organic solvents were removed on a rotary evaporator. The resulting
product was an orange oil that was induced to crystallize bé

15 dissolving it in a mixture of hexane and diethyl ether and then
cooling the solution in a dry ice/acetone bath. The product

- crystals were washed with diethyl ether and dried to yield 1.4 grams
of a product having a melting point of 149-150°C. A nuclear
magnetic resonance (NMR) spectrum showed the solid product to have a

20 structure consistent with 3-phenyl-3(4-methoxyphenyl)-3H-

naphtho[2,1-b]pyran.

PA E
The procedures of Steps 1 and 2 of Example 1 were followed

25 except that @nisole was used instead of 2,3-dihydrobenzofuran and

2-fluorobenzoyl chloride was used instead of benzoyl chloride in

Step 1. The resulting product contained l-(4-methoxy-3-methyl-

phenyl)-1-(2-fluorophenyl)-2-propyn-1~ol. The procedure of Step 3

of Example 1 was utilized except that 1-(4-methoxy—3-methylphenyl)-
30 1-(2-fluorophenyl)-2-propyn-1-ol (5.5 grams, 0.02 mole) from the

previous step, 2-naphthol (3.0 grams), and a catalytic amount of

p-toluenesulfonic acid were used; and the reaction mixture was

heated to 35°C and stirred for several hours.
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Typircal ly, tinting-is acconplished by imersion of the host material in a
"heat ed aqueous dlsper5|0ﬁ\of the selected dye. The ree of tint is
control 'ed by the tenperature of the dye bath and t he: Iength of tinme the
host material is allowed to remain in the 5 bath. GCenerally, the dye bath
is at tenperatures of less than [err], e.g., from[err] traigSHEET HALBEENS
[err], and the host material remains in the bath for Iess t hREPEAGRD ( 5)

m nutes, e.g., between about 0.5 and 3 ngut es, e.g., The
degr ee of tint is such that the resulting artlcl e exhi b| m “‘g& 0Oto
85 10 percent, e.g., 80-82 percent, light transm ssion. er| al s
may al so be incor porgkefedyitfngd fmlhpﬁdu@@tﬁsl ﬁhri’ﬁﬂaﬁ & Qi‘ﬁé&CEEPm C
substances prior to,, simultaneously subsequent to application or

i ncor por at i off ¥y W‘ei“ﬁhﬁt]o'éhi"b*ﬁ"t?es%sect&%&etﬁt‘i W@x%tasrrﬁif"erﬁla?t For
exanpl e, 15 eldandvisiliowed ityhh BOSaikaire Bﬂ}btherﬁﬂmwmékdﬂbtbs el sedun@am C

SUbSt_ances be u(?al;l%.t hl%ier ffﬂg‘laitgaxgaisogoflectthg an%sﬁzhe so wg.g rselljn%t}ed to
5 yield 2.0 grams of a solid product. The solid,product had a melting
point of 98°C and was 99% pure as determined by liquid
chromatographic analysis. A nuclear magnetic resonance (NMR)
spectrum showed the solid product to have a structure consistent
with 3~ (h—methoxy—BHmethylphenyl)—3-(2—f1uoropheny1)—3H—naphtho-
10 [2,1-b]pyran.

Example 10
Part A
The naphthopyran prepared in Example 9 was incorporated
15 into an ethyl cellulose resin by the following procedure. 25
milligrams of the photochromic compound was added to 2.0 grams of a
. 10 weight percent ethyl cellulose solution in toluene. The
. naphthopyran compound was dissolved by warming and stirring on a
steam bath. Approximately 2.0 grams of the resultant solution was
20 deposited on the edge of a 75 by 25 millimeter (mm) glass slide.
Using a draw down bar, an 8 mm layer of photochromic resin solution

was placed evenly on the siide and permitted to dry.

Part B

25 Further testing was done on selected naphthopyrans that
were imbibed by thermal transfer into test squares of a homopolymer
of diethylene 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

30 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 (5.1 centimeters) x 2 inch (5.1 centimeters).
A piece of untreated filter paper was placed on the other side of

35 the polymer test square and the resulting sandwich placed between
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absorbers nmay be superposed, e.g., superinposed, as a layer between the
‘phot ochr oni ¢ subst ance and the incident light. Furth®g, stabilizers may be
adni xed *wi t h*t he photochronic substances prior to 20 fh h(sg.mﬂnme&ﬁiﬁﬁi\‘to
the host material to inprove the |ight fatigue resistance ofRePh&CED

phot ochrom ¢ substances. Stabilizers, such as hindered anm.n '
stabilizers and singlet oxygen quenchers, e.g., a ni ckel\ang mw m(\‘ ith
an organic ligand, are contenplated. They,nay be used al

conbi nation. Such stabilizers are described 25 in U S. Patent 4,720, 356.
Finally, appropriate protective coating(s) nmay be applied to the surface of
the host el gid GhaeddIB8Ce 1M aREr@lAGRAN. JHed! Ao CORIIAOR AR PTuggOL | NOS
t hat serve as oxy gen barriers. Such coatihgs are known in e ar

present inveltsoplecediinea J4P1¢ ayearfor ackitre pukf icierty dozbhermel by ng

exanpl es Whi €fundfer | theCRSIEhaSytdnl Sdtd &h'e VR 19HReY teSt r\;@aaarre RRESdence

modi {1 cat i ong, a0d, ¥af a1 1 LIS | 48 48RARMSNLar MOSRSH e 11

5 naphthopyran compounds in order to yield a comparable UV absorbance

the art.

at 347 nm. The imbibed test squares were washed with acetone after

removal from the oven.

Part C

10 Both sets of polymer test samples were tested for
photochromic response rates on an optical bench. The samples were
illuminated by a 150 watt Xenon lamp fitted with a copper sulfate
.bath and a neutral density filter at an intensity of about one sun.
A second beam of light provided by a filtered tungsten lamp arranged

15 to pass through the sample area exposed by the UV source was used to
monitor changes in transmission of the sample over 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

20 silicon detector head and matching filters. ,

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

25 was measured over the first five (5) seconds of UV exposure, then
expressed on a per minute basis. The saturation optical degsity
(OD) was taken under identical conditions as the A 0D/Min, except
UV exposure was continued for 20 minutes for the examples in Table 1
and for 15 minutes for the examples in Table 2. The lambda max

30 reported in Tables 1 and 2 is the wavelength in the visible spectrum
at which the maximum absorption of the activated (colored) form of
the photochromic compound in poly (diethylene glycol bis (allyl
carbonate)) in Table 1 and in ethyl cellulose resin in Table 2

occurs. The Bleach Rate T 1/2 is the time interval in seconds for

aﬂPhsBem1R1immd
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- 17 - EXAMPLE 1 Step 1 2, 3 di hydr obenzofuran (9.25 grans, 0.077 nol es). was
‘added to a reaction flas ontaining 100 mlliliter f methykene chloride
5 and 10.8 grans (0.077 nol es) of benzoyl chloride. A THISSHEETMAS BEER
(12.32 grams, 0.092 noles) was added slowy and the resul tRERLATGERt Ur € was
stirred for 2 hours under a nitrogen atnosphere. The r xture was
added to a 5 percent aqueous hydrochloric acid sol ut| Egﬂﬁ ‘ﬂiﬁﬂlﬁ;tll
colorless. The organic |ayer was 10 separihed and the S
_back extracted with 100 mlliliters of yl ene chl oride. The organic

portions were conbined and added to a 10 percent aqueous sodi um hydroxi de

sol ution the absorbance of the activated form of the naphthopyran in the test

polymers to redch one half the highest absorbance at room
temperature (72°F, 22.2°C) after removal of the source of aetivating
light. Results are tabulated in Tables 1 and 2.

5
TABLE 1
Polyldiethylene glycol bis(allyl carbonat les
COMPOUND  LAMBDA A O0D/Min A oOD @ BLEACH RATE
10 EXAMPLE MAX _SENSITIVITY SATURATION T 1zg (SEC.)
1 478 nm 0.62 0.20
2 475 nm 0.86 0.90 179
3 482 nm 1.02 1.76 >600
4 490 nm 0.31 0.66 368
15 5 488 nm 0.91 1.73 624
6 485 pm 0.53 0.61 363
7 479 nm 0.91 0.90 151
- 8 463 nm 0.83 1.00 261
20 COMPARATIVE
PLE
432 nm 0.87 0.36 45
468 nm 0.66 0.25 35
467 nm 0.96 0.97 191 _
25 a.% 476 nm 0.45 1.36 ©>30 min.

* a. Purchased 2,2-diphenyl-2H-naphthol[l,2-b]lpyran

- ‘—M
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containing 1 nmltiliter of_triethylamine to renove any umareacted starting
material. The m xture was stirred and the organic |ayey 15 was separat ed
and dried over magnesium sul fate. The residual nethyl ene chloride was
removed under vacuum The resulting pale yellow oil was induced to
crystallize by.dissolving it in hexane and then cool i ngﬂ"lfes‘ﬁﬁmgg%ﬂﬁm a
dry icel/acetone bath. 7.8 grans of the crystalline product, REPLACED
5-benzoyl - 2, 3-di hydr obenzof uran, was 20 cghlected by va ' | B -
Step 2 5-benzoyl -2, 3-di hydrobenzofuran (7.8 grans, OOBHEBﬂmwmmlMep 1
was added to a reaction flask containing 300 mlliliters 0
tetrahydrofuran saturated with acetyl emgrLe 0. Q grans of a._1l8 wei ght percent
suspensi on of sodium acetylide : ﬁ )l<y: fej:jeé m ngrall oi |l (0.035 noles of sodium
acetylide) was added slowy to ton. After 16 hours at room
tenperature and under a nitrogen atnosphere, the reacti on m xture was

di ssolved in 5 pepisin2dYanEsa A 0D/Min A OD @ BLEACH RATE
5 EXAMPLE MAX SENSITIVITY SATURATION .T 1/2 (SEC.)
9 459 nm 0.66 0.31 41
COMPARATIVE
10 EXAMPLE
1 432 nm 0.87 0.31 32

The data tabulated in Tables 1 and 2 show that all of the
"15 Compound Examples, except Compound Examples 8 and 9, have lambda max

values closer to 480 nm than Comparative Examples 1, 2, and 3.
Compound Examples 8 and 9 have_lambda max values much higher than
Comparative Example 1 which has two phenyl groupé at the 3 position
of the pyran ring. Comparative Example "a" has a lamda max of 476

20 but the bleach rate is unacceptably slow for use in an ophthalmic
lens application. '

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 upon the scope of

25 the invention except insofar as to the extent that they are included

in the accompanying claims.

- —_—
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30 .hydrochl qric acid solution. The resulting m xture was extracted with

. ¢hree 1‘00—rTi*I’I"iTmm§ of methyl ene chlorideTThe organic extracts
ver e conbi nfgs shed He BeeReplaced nagnesi um sul fate. The g T HR dBeNene

chloride, wa vacuumto yield 7.0 gr amsmgf rEbBeagEDduUcCt
cont ai ni ng 1“ nzof uran-5-yl)- 35 1-phenyl -2-propyn-1-0ol which
i F ‘i '\( lﬂS - Step

was not puri f er but psed directly in the ne '“Jﬂl: ““rl lllﬂ

3 The product (7.0 granms) from Step 2 V\La§3agded_to ali

containing 300 mlliliters of benzene and 4.0 grams of 5 _

2- hydr oxynapht hal ene. A catal yti c anount of dodecyl benzenesul fonic acid (3
drops) was agdgdynmdhe m xture was heated to [err] and - -

1. A naphthopyran compound represented by the

following graphic formula:

5
10 (R,
~
B
[o]
(Rz)b B
15

wherein,
(a) Ry and R, are each C;-Cyy alkyl, C5—Cy cycloalkyl,
halogen, R(R')N-, or the group, -0-L, wherein R and R' are each

20 hydrogen or C;—Cg alkyl, L is C;-Cyy alkyl, phenyl(01—03)a1ky1,
C{~C3 alkylphenyl, Cy-C5 alkylcarbonyl, halo(C;-C,)alkylcarbonyl,
C1—Cy monoalkylaminoqarbonyl, acetonyl, pyridyl, substituted or
unsubstituted arylcarbonyl, said aryl group being phenyl or
naphthyl, said aryl substituents being Cy-C, alkyl, C;-C, alkoky,

25 halogen, C5~Cy cycloalkyl, or Ci-Cy alkyl substituted Cg5-Cy
cycloalkyl, said halogen (or halo) groups being chloro, fluoro, or
bromo; and a and b are each the integers 0, 1, or 2, provided that
the sum of a and b is not more than 2.

(b) B is the substituted or unsubstituted aryl group,

30 naphthyl or phenyl, said aryl substituents being C;-Cg alkyl,
halo(C;—Cg)alkyl, hydroxy, Cy-Cs alkoxy, C;-Cy alkoxy(Cy-Cy)alkyl,
halogen, or R(R')N-, wherein R and R' are each hydrogen or Cy-Cj
alkyl, and said halogen (or halo) groups being fluorine, chlorine,

or bromine; and

* ¢ L M s ¥ _



stirred for 1 hour. under a nitrogen atnosphere. Afterwards, the reaction
-n}xture was di ssolved in“distilled water and washed %t h about 300
mlliliters of 10 percent aqueous sodi um hydr oxi de. ﬁe 10 organic | ayer
was separ at ed,Thid SheetHaoBeen elesi um sul fate and the ff l-iE benzene was

renoved- under v ulting residue was i nduceé@ig BEBN ze by
dissolving it i er m xture and coollngthe m X in adry
he resu

i ce/ acet one bat Ing crystals yere col | e gmm

filtration, dissolved in 15 a 9:1 mixture of hexane m’m stirred
for one half hour, and collected by vacuumflltratlon The crystalline
product, about 3.0 gfasg. gy nge&ted[ﬁrc;m] tRO G r885s Tepfehdited 5 tilgt erm ned
by |iquid chromatographi c analysis nucl ear magne?l c resonance (NWVR)
spect rum shofetlaiae senaphie fpgmatasiine product to have a structure 20
consistent with 3-(2, 3-di hydr obenzof uran-5-yl) - 3- phenyl - 3H naphtho-
[2,1-b] pyran. The procedure of Step 1 of Exanple 1 was utilized except

5
(R3), (Ryde
15

wherein X is oxygen or nitrogen and Y is carbon or oxygen provided
that when X is nitrogen, Y is carbonj R, and Rg are each hydrogen or
C;~Cs5 alkyl; each R3 is a C)-C5 alkyl, C3-Cy alkoxy, hydroxy, or

20 halogen, said halogen being chloro, fluoro, or bromo, and ¢ is an

integer from 0 to 3.

2. A naphthopyran of Claim 1 wherein:
(a) Ry and R, are each C;-Cg alkyl, Cg5—Cq cycloalkyl,

25 fluorine, bromine, R(R')N-, or the group -0-L, wherein R and R' are
each hydrogen or C1—€, alkyl, L is C;-C, alkyl, C;-Co alkylphenyl,
phenyl(Cy-Cy)alkyl, C;-C, alkylcarbonyl, halo(C;-Cy)alkylcarbonyl,
or Cy-C, monoalkylaminocarbonyl, said halo group being chloro or

fluoro; and a and b are the integers 0 or 1.

R YRR



25.for the fol lowng: 2-fluorobenzoyl chloride (13.2 grans, 0.083 nole) was
- used i nstead of benzayl “ehloride: the mixture was st rred.for one hour; and:

the conbi ned o anl c fractlon was back extracted Wltth'L SiiggrothyBEENy . 19. 5
grans of pr odu Bnem erﬂac(dZ fl uoro- benzoyl - ng" pbRcEmf ur an was
recovered. 30 cedure of Step 2 of Exanple 1 was

except t hat 5- ( ) 2, 3-di hydrobenzofuranlmuﬁymti um@

nol es) was used as the react ant; the reagtion mxture hour s;

10% aqueous hydrochloric acid was used t© di ssolve the reaction mxture;
and the conbined organic fraction was washed with - 19- two portions of

wat er, about 300 m I|I tser Vi _ L 51 g
1o(2. 3-di hydr obenza i 8 §T§z‘%§g?tew By Ytk doPiowth HiGpnEOHoRhil

(Rydg
10

wherein Ry is hydrogem, C;-C, alkyl, C;-C, alkoxy, fluoro, or
chloro, each Ry is a C1-Cy alkyl, C1-C, alkoxy, hydroxy, chloro or
fluoro, and d is an integer from 0 to 2; and

15 (c) B' is selected from the groups represented by the

following graphic formulae:

20
Y Ry Y Ry

25
. Rg X Rs

30

wherein X is oxygen, Y is carbon or oxygen, R, and Rg are each

hydrogen or C;-C, alkyl, each R3 is a C;-C, alkyl, C;-C, alkoxy,

hydroxy, or fluoro, and ¢ is an integer from O to 2. ~

N O A



phenyl ) - 2- pr opyn- 1--0l 'wasﬂ 7 O grans. The procedure of Step 3 of Exanple ,1'
was utilized excep ‘*

1- (2, 3-di hy%@@ﬁ&ﬁ%&rbgilﬁ ) 1- (2-f | uor ophenyl ) - 2- proﬂWﬁ&HEﬂT AS BEEN

grams), tolue ers), and a catal ytic anount ofREPLACED
p- toluenesulf

rops) were used; and the rea
heated to [er organi c | ayer was separ at ed, t“ﬂr mgﬂrﬂﬂm@er
0

was washed once with about 100 mlliliters of 10 mnethy Iene c ride and the
organi ¢ fractions were conbi ned. The conbifhed organic extracts were dried
over magnesi um sul fate and reduced under vacuumto yield 7.0 grans of oil.

2cetate: hoxane as Ch¥ ol AAERHhORYEARCTERFBITE Chuip ACTHSReR vl 80 b cct ed.
combi ned andaréleealchnwwhngllqiluafﬁuMe feambive gronple0-Yaothereid He isr yst al s
L S0 e PR By gy 10 S LBE P00
chr omat ogr apEtestitute phenyl said phenyl substituents being fluoro, methyl,

5 or methoxy; B' is 2,3-~dihydrobenzofuran-5-yl, ’
2-methyldihydrobenzofuran—-5-yl, indoline-5-yl,
1,2,3,4-tetrahydroquinoline—-6-yl, chroman—-6-yl, or
1,3-benzodioxole-5~yl; and R3s Ry, and Rg are each hydrogen or
methyl, and a, b, and d are the integers 0 or 1.

10
4. A naphthopyran compound selected from the group
consisting of: '
(a) 3-(2,3-dihydrobenzofuran—-5-yl)-3-phenyl-3H-naphtho-
[2,1-b]pyran;
15 (b)  3-(2,3-dihydrobenzofuran-5-yl)~3- (2—fluoropheny1)—
3H-naphtho[2,1-b]pyran}
.- (¢) 3-(2,3-dihydrobenzofuran~5-yl)-3-(2-methoxyphenyl)--
3H-naphtho[2,1-b]pyran;
(d) (2-methyldihydrobenzofuran-5~yl)-3- (2—-fluoro-
20 phenyl )-3H-naphtho[2,1-b]pyran;
(e) 8-methoxy-3-(2,3~dihydrobenzofuran~5-yl)-3-
(2-fluorophenyl)-3H-naphtho([2,1-b]pyran;
(f) 3-(4-methoxyphenyl)-3-(2,4,7-trimethyl-2,3~
_ dihydrobenzofuran-5-yl)-3H-naphtho{2,1-b]lpyran; and
25 ' (g) 3-(1,3-benzodioxole-5-yl)-3—phenyl—3H-naphtho—
. (2,1-b)pyran.

R R D 0



anal-ysis. A nuclear magnelic resonance (NWR) spectrum showed the 20 solid
‘crystalljne product to have a structure consistent wi
3- (2, 3- di hydr obeRz SfettHa§IB&N

EXAMPLE 3 25 iuuum “ﬂi dure of Step 1 of ExanpheaislsHEET HAS BEENd
nzoy

except that 2-ani (14.2 granms, 0.083 nol es) WREPUAGED as t he
reactant instead chloride and the reaction rred
for one hour. 16.7 grams of the crystall |§5e _product, ]TEEI ‘I{lillnﬁiunm

5- (2- met hoxybenzoyl ) - 2, 3- di hydr obenzof uran, was recove

t he next step. The procedure of Step 2 of Exanple 1 was foll owed except

that the conbined organig iﬂﬁ%h%l\é’aéré’ﬁig%m\ﬁ&iﬂn‘é' idrkgsli dvabgt - The
yreld of product cgntajnin ydr obenzo- f ur an-

5-yl) - 1- ( 2- mEeRSAAInERY 12) P‘%Dtﬁrcgb‘gmqae?%g £ ponapRfihgpgran compound
represented by the following graphic formula: e

1)

5
(Rydq
10 N
B
o}
(Rz)b B'
15
wherein,
- : (a) R; and R, are each C;-Cjg alkyl, C5-Cy cycloalkyl, .

" halogen, R(R')N-, or the group, —0-L, wherein R and R' are each
hydrogen or C;-C3 alkyl, L is C;-Cy5 alkyl, phenyl(01-03)alky1,

20 C;-C3 alkylphenyl, Cq-Cg monoalkylcarbonyl,
halo(Cy~-C,)alkylcarbonyl, 01—04:monoalkylaminocarbonyl, acetonyl,
pyridyl, substituted or unsubstituted arylcarbonyl, said aryl group

e being phenyl or naphthyl, said aryl substituents being C1-C, alkyl,
C1-C, alkoxy, halogen, C5-Cy cycloalkyl, or Cy-C, alkyl substituted

25 Cg-Cy cycloalkyl,'said halogen (or halo) groups being chloro,
fluoro, or bromoj and a and b are each the integers 0, 1, or 2,
provided that the sum of a and b is not more than 2.

(b) B is the substituted or unsubstituted aryl group,
naphthyl or phenyl, said aryl substituents being Cy-Cg alkyl,

30 halo(Cy—Cg)alkyl, hydroxy, Cy;-Cg alkoxy, C;-C, alkoxy(C;-C,)alkyl,
halogen, or R(R')N-, wherein R and R’ are each hydrogen or C1-C3
alkyl, and said halogen (or halo) groups being fluorine, chlorine,

or bromine; and

* c L M s *
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- 20 - The procedure of ~Step 3of 'Exanple 1 was utili zed except that the
*product ,cont ai n| a§]39eh|ii¥ sepenzof uran-5-yl)-

1- ( 2- et hoxyphen e(«,?H ﬂc and a catal ytic arrﬁ'ﬂr‘ﬁ T'gASBEEN
ptoluenesulfonrc ; the reaction mxture wB lH"?egtedt05

[err]; and the oil prOcedure of Exanpl e J“S
resultr ng crystalline product 3.7 grans, nelted at nmﬂlmm 9. 5%
pure as determ ned by liquid chromat ogr_ag pic anal ysi s A nucl ear nagnetic
resonance (NVR) spectrum showed the solid crystalline product to have a
structure consistent with 10

3-(2, 3-di hydrobenzof(w)ark-5 ¥ de1d3ctea FRbh ORPPEINSE) reprebaitilahBy the

[ 2, 1- b] pyran l]:: XAVMPLE 4 The_procedure of Step 1 of anple 1 was utilized
except 15 t Hed 2“1“1&16?’%26%‘““&%0“ de (13.2 grams, 0.083 nole) was used
as :

- m——

5
Ry
(Ry), "
15
- wherein X is oxygen or nitrogen and Y is carbon or oxygen provided

that when X is nitrogen, Y is carbon; R, and Rg are each hydrogen or
C1-Cs alkyl; each Ry is a C1-Cs alkyl, C;-Csg alkoxy, hydroxy, or
20 halogen, said halogen being chloro, fluoro, or bromo, and ¢ is an

integer from 0 to 3.

6. The photochromic article of Claim 5 wherein the

organic host material is selected from the group consisting of _

25 polyacrylates, cellulose acetate, cellulose triacetate, cellulose

. acetate propionate, cellulose acetate butyrate, poly(vinyl acetate),
poly(vinyl alcohol), poly(vinyl chloride), poly(vinylidene
chloride), polycarbonate, polyurethane, poly(ethylene
terephthalate), polystyrene, copoly(styrene-methylmethacrylate),

30 copoly(styrene-acrylonitrile, polyvinylbutyral and polymers of
members of the group consisting of polyol(allyl carbonate) monomers,

polyfunctional acrylate monomers, and diallylidene pentaerythritol

monomers.

AR O A R



the reactant instead of benzoyl chloride, the m xture was stirred for one

- hour,. and the conbi ned organic fractlon was back ex cted pph S, |
wa gr dlilis Shee uﬁ@d&;&eplmmt ainin I‘T}a §§H€E"s ’I"Aé EEEN

te

-(2- £l uor obenzoy enzof ur an was recovered. The 20 roce ure of
Step 2 of Exarrpl d except that nuw,"ﬁmmum'u
5-(2- quorobenzoyI) robenzofuran (5 grans, 0.02 nd
t he conbi ned organic fractl on was vvashedavmth distilled water. The yield of
product, a yellow oil containing

1-(2, 3- dlhydrobenzofuran 5-yl)-1-(2- quorophenyI) 2-propyn-1-ol, was 25 4.3

granms. The procedurg of né‘%j%p'f’? ccln‘ E{‘farg}l € f: bzv?h% g pt t hat
1

1- (2, 3-di hydr obenzofura |"Uor op propyn (4.3 grans)
fromStep 2, 3-acet®dy-B; mﬂh‘&bcﬂre(@a@ Qua@gs al E5m%d @)fd@ﬁtﬂdCYA, catal ytic

amount of Pei@:4RBE HHohBAL C RARI SNACEE WhSCE0uR0—H11E WRARIINOR MAXRHT £raNas
heated to [err e ol pur| | cati,on procegdure of Exanple 2 was used.

The resul ti ﬁ@cl{#'yef%ﬁ% fe GirGapikyls L is C1—C, alkyl, C1-C; alkylphenyl,
5 phenyl(C;-C,)alkyl, C;-C, alkylcarbonyl, halo(C;-Cs)alkylcarbonyl,

or C;-Cy monoalkylaminocarbonyl, said halo group being chloro or
fluoros and a and b are the integers 0 or 1.

(b) -B is represented by the following graphic formula:

10

15
(R724

wherein R¢ is h&drogen, ¢y-C, alkyl, €,-C, alkoxy, fluoro, or
20 chloro, each Ry is a C;-C, alkyl, C;-C, alkoxy, hydroxy, chloro, or
fluoro, and d is an integer from 0 to 2; and
(c) B' is selected from the groups represented by the
following graphic formulae:

25
Y Ry Y Ry
_ "5 X Ry
(R3), (Ry)
35

* ¢ L M § % .



4.6 grams, nelted-at [ery] and was 99.0% pure as determned by Iiquid
- chronat ogr aphi ¢ anal ysis.} A nucl ear nagnetic resongnge (NWR) spectrum
showed t he—soti-d—erystalline product to have a strucfure 35 consistent with

5-acet oxy-Ridshecszdi drobenzofuran 5-yl)-3-(2-fl uoro-
phenyl ) - 3H ﬂﬂ a“ﬁyran - 21 - EXAMPLE 5 The proce of St ep

1 of Exa_rrpl d except that 2-f | uoroben @# 13 2
grans, 0.08 ed as 5 the reagtant instegﬁ‘ OfREPOA

and the m xture was stlrred_.for one hour.  16.0 grams of
52(2-fluorobenzoyl)-2, 3-di hydrobenzofuran, was reco “\ \mm
Step 2 of Exanple 1 was foll owed using “

5- (2-fl uorobenzoyl) -2, 3-di hydr obenzo-

chlorlde

edure of

wherein X is oxygen, Y is carbon or oxygen, R, and Rg are each
hydrogen or Cy-C, alkyl, each R3 is a Cy-Cj, alkyl, C;-C, alkoxy,

5 hydroxy, or fluoro, and ¢ is an integer from 0 to 2.°

8. The photochromic article of Claim 7 wherein R; and R,
are each C;-Cg alkyl, fluorine or the group -0-L, wherein L is
acetyl, benzoyl, methyl, or methylaminocarbonyl; B is phenyl or

10 substituted phenyl, said phenyl substituents being fluoro, methyl,
or methoxy; B' is 2,3-dihydrobenzofuran-5-yl;
2-methyldihydrobenzofuran-5-yl, indoline-5-yl,
1,2,3,h—tetrahydfoquinoline—6-y1, chroman-6-yl, or
1,3-benzodioxole-5-yl; and R3, R,, and Rg are each hydrogen or

15 methyl, and a, b, and d are the integers 0 or 1.

- 9. The photochromic article of Claim 8 wherein the
. . organic host material is a solid transparent homopolymer or
cépolymer of diethylene glycol bis(allyl carbonate), poly-
20 (4,4'dioxydiphenol-2,2-propane), poly(methylmethacrylate),
polyvinylbutyral, or a polyurethane. '

10. The photochromic article of Claim 9 wherein the
photochromic compound is present in an amount of from about 0.15 to
25 0.35 milligrams per square centimeter of organic host material
surface to which the photochromic substance(s) is incorporated or
applied.

11. The photochromic article of Claim 10 wherein the

30 article is a lens.

12. A photochromic article comprising a solid transparent
polymerized organic host material and a photochromic amount of each
of (a) a first photochromic substance selected from the group

35 consisting of spiro(indoline) naphthoxazines, spiro(indoline)

* [~ L M H *




furan (12.5 grans,. 0. 051 nole) from Step 1. The y|eId of product, 10
’contaLnlng 1- (2, 3- di hydr obenzof ur an-5-yl ) - 1- (2-f1 uar!

enyl ) - 2- pr oy § IﬁBmélen_licﬂb grams. The procedure SS#E?TBA%ﬁE@!aan el

mas utilized ex

1-(2,3-dihydrob -I-(2 quorophenyI) 2- 1 gr ans)

fromStep 2, 6- oXYy- ydr oxynapht hal ene, and a nml nt of
e

p-toluenesulfonlc acid were used; the reaggtion nlxtur

ated to [err]

and stirred for 1.5 hours; and the oil purification procedure of Exanple 2
was used. The resulting crystalline product, 4.3 granms, nelted at [err] and

was 95. 0% pubﬁrmbdeiafamﬁesd, B¥a | dpAvb Cirldl V) BedARBESned)ab¥$i S. A nucl ear
20 magneti c resonance (NWR) ectrum showed the solid crystalline product

to have a st PERAARVEIDH QL) 2% °W’iﬁ’fs8h%PﬁoW“§r?8?“3°?ﬁW8Pb€
benzof ur an- Ssybgtitué® finl tivs @ppesitlipn bF thplyrah Zibhgh]andy (B).a E¥AAL E 6 25

Step 1

photochromic substance selected from naphthopyran compounds

5 represented by the following graphic formula:

10

15

(Ryp ' B

wherein,
(a) Ry and R, are each Cy-Cjqg alkyl, Cg5-C; cycloalkyl,

20 halogen, R(R')N-, or the group, —0-L, wherein R and R' are each
hydrogen or C;-C3 alkyl, L is Cy~Cy, alkyl, phenyl(C;-C3)alkyl,
C1-C3 alkylphenyl, Cy-Cg monoalkylcarbonyl,
halo(Cy~-C,)alkylcarbonyl, C;-C, monoalkylaminocarbonyl, acetonyl,
pyridyl, substituted or unsubstituted arylcarbonyl, said aryl group

25 being phenyl or naphthyl, said aryl substituents being C;-C, alkyl,
Cy-C, alkoxy, halogen, C5-C; cycloalkyl, or C;-C, alkyl substituted
C5—Cy cycloalkyl, said halogen (or halo) groups being chloro,
fluoro, or bromo; and a and b are each the integers 0, 1, or 2,
provided that the sum of a and b is not more than 2.

30 (b) B is the substituted or unsubstituted aryl group,
naphthyl or phenyl, said aryl substituents being Ci—Cs alkyl,
halo(Cy~Cg)alkyl, hydroxy, Cy-Cs alkoxy, Cy-C, alkoxy(C;-C,)alkyl,
halogen, or R(R')N-, wherein R and R' are each hydrogen or C;-Cj

alkyl, and said halogen (or halo) groups being fluorine, chlorine,

35 or bromine; and

L



2, 5-di met hylphenoi—(30.0 granms, 0.25 nole) was added to a reaction flask
vcont ai ni ng SOthgwgﬂeLtqjagﬁ&ﬁﬁ et hyl al cohol and 17 ’5‘;grams (0.3 nol e) of
pot assi um hydr NHE“ onm de (36.3 grams, 0.3 HRpSLauMBSHASHEEN S! oW Y
to the stlrred l a period of 30 15 m nutes. LAGES L1 ON
m xture was ref rogen atnosphere for four hours. The excess
sol vent was rem)ved under vacuum and the residual solll“l@ﬂ“jﬁﬂlsﬂﬁ“‘ed in
200 milliliters of 5% aqueous sodi um hygroxi de and e hree
portions of" - 22 - methylene chloride, about 100 mlliliters each. The
organi c extracts were conbi ned, dried over magnesium sul fate, and reduced
under vacuumto yie{d) 3B! IsgpeT6cted FroMetleOdroigs eopcdient&y bretkesi red

pr oduct, 2, ?(_)ﬂorvrv?}xgyglxg Jr.lcylfo%lmlx ae.et her.
5
Y R4— Y Ry
10
P . %5 x Ry
Fade (Rydg
15

wherein X is oxygen or nitrogen and Y is carbon or oxygen provided
that when X is nitrogen, Y is carbon; R, and Rg are each hydrogen or
C1—Cs alkyl; each Rj is a C1-Cs alkyl, C1-Cs alkoxy, hydroxy or

20 halogen, said halogen being chloro, fluoro, or bromo, and ¢ is an

integer from 0 to 3.

13. The photochromic article of Claim 12 wherein the

organic host material is selected from the group consisting of

25 polyacrylates, cellulose acetate, cellulose triacetate, cellulose
acetate propionate, cellulose acetate butyrate, poly(vinyl acetate),
poly(vinyl alcohol), poly(vinyl chloride), poly(vinylidene
chloride), polycarbonate, polyurethane, poly(ethylene
terephthalate), polystyrene, copoly(styrene-methylmethacrylate),

30 copoly(styrene-acrylonitrile, polyvinylbutyral and polymers of
members of the group consisting of polyol(allyl carbonate) monomers,
polyfunctional acrylate monomers, and diallylideme pentaerythritol

monomers.

* [ L | S *



Step. 2 2, 5- dl—n‘et—h'yhl—phﬁwl——al—l—yhl—ether (33.3 grans, Q.21 nole) fromStep 1
L aas added to ay reﬁxeet'h‘ﬁe qU| pped with a water '_c\;andenser and heated to

[err] with Stirr rogen at nosphere. 10 After 2 hours, the
t enperat ure was IH'

r] and several drops of THIS §
dodecyl benzenes re‘tadded. The reaction m xturge H%E §1BEENY

heated to [err] and held there for 3 hours. The reactlu,m xt ur'8Ras cool ed

and di ssolved in 5% aqueous sodi um hydr®@ de. The resu ﬂﬂl’m m/a
The

extracted with three 100 15 mlliliter portions of neth
organi c extracts were conbined, dried over nmagnesiumsulfate and re
under vacuum The rhleulrhm@hptmmlwtdcbt of | Gl imt 13 wWhegdirnt:enper at ure of

[err] under a reducgg PRESHM' R, Yrebeddh éoax Idc 1e 0 GLasF9h, a clear
colorless oil. A nugalgear net cres?oectr % ?he 209 roduct to

have a stru@f-%ﬂ’"é%orkﬁ%‘f‘w {2, o cﬁhﬁyﬁﬁ%‘-‘?z ,L? vhereipeR BAdLR N AFeUr an.
each hydrogen or CI-CZ alkyl, L is Cy-C, alkyl, C;-C, alkylphenyl,

5 phenyl(Cy-C,)alkyl, C{-C, alkylcarbonyl, halo(C;-Cy)alkylcarbonyl,
or C;—Cy monoalkylaminocarbonyl, said halo group being chloro or
fluoro; and a and b are the integers 0 or 1. ’

(b) B is represented by the following graphic formula:

10

15
(RDy

wherein Ry is hydrogen, Cy-C, alkyl, C;-C, alkoxy, fluoro, or
20 chloro, each Ry is a Cy-C, alkyl, C;-C, alkoxy, hydroxy, chloro, or
fluoro, and d is an integer from 0 to 2; and ‘
(c) B' is selected from the groups represented by the

following graphic formulae:

25
Y R,y ¥ Ry
30
X Rg X g
(Ry), (2>,
35
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Step*3 2, 3—d—|—h¥d—l‘—9~2—4—7—=—t—£—l—ﬁet hyl benzofuran (5.0 gr , 0.031 25 nol e)
o a reaction flask containing 300 mlliliters of

.from Step 2 .
net hyl ene ch ans (0.031 nole) of p-anisoyl chloride.

Al um num chl o 0.037 nole) was added sl fus)sHEETHAS BEEN: r ed
solution. Aft he ‘keaction mxture was di ssol VREPUACERDY aqueous
hydr ochl ori c aC|d and stl rred 30 for 10 m nutes. The or

separated and the aqueous layer was washéél -once with 1 ﬂm ww}\h of
met hyl ene chloride. The organic extracts were conbi ned J about

200 mlliliters of distilled water, separated, and dri ed over magnesi um
- 23 - sulfate. The solvent, net hyI ene chl orl.de, was renoved under vacuum

wherein X is oxygen, Y is carbon or oxygen, R, and Rg are each
hydrogen or Cy-C, alkyl, each Ry is C;-C, ,alkyl, C;-C, alkoxy,

5 hydroxy, or fluoro, and c is an integer from 0 to 2.-

15. The photochromic article of Claim 14 wherein Ry and Rg
are each C;-C3 alkyl, fluorine or the group -0-L, wherein L is '
acetyl, benzoyl, methyl, or methylaminocarbonyl; B is phenyl or

10 substituted phenyl, said phenyl substituents being fluoro, methyl,
or methoxy; B' is 2,3—dihydrobenzofuraﬁ—5—y1;
2-methyldihydrobenzofuran-5-yl, indoline-5-yl,
1,2,3,4-tetrahydroquinoline-6-yl, chroman-6-yl, or
1,3-benzodioxide-5-yl; and R3, R, and Rg are each hydrogen or

15 methyl, and a, b, and d are the integers 0 or 1.

16. The photochromic article of Claim 15 wherein the
organic.host material is a solid transparent homopolymer or
copolymer of diethylene glycol bis(allyl carbonate),

20 poly(4,4'dioxydiphenol-2,2-propane), poly(methylmetﬁacrylate),
polyvinylbutyral, or a polyurethane.

. 17. The photochromic article of Claim 16 wherein the
photochromic compound is present in an amount of from about 0.15 to
25 0.35 milligrams per square centimeter of organic host material
surface to which the photochfomic substance(s) is incorpdrated or

applied.

18. The photochromic article of Claim 17 wherein the
30 weight ratios of the first photochromic substance to the

naphthopyran compound is from about 1:3 to about 3:1.

19. The photochromic article of Claim 18 wherein the

article is an ophthalmic lens.

* [ L M S *



.to yield 7.0 grams of prddyct containing the de5|red”5etone,
5- (4- mef hoXybenzoyl ) -2, 4, 7¥tri net hyl - di hydr obenzof urad. 5
“Step 4_5-(4-nmethoxybenzoyl)-2,4,7-trinethyl di hydrobenzofuran (7.0 gramns,
0.024 nole) from Step 3 was added to a reaction flask cont afté SHEBDRAS BEEN
milliliters of tetrahydrofuran saturated with acetylene. 8.1 grREPLAGEDa 18
wei ght percent solution of sodium 10 acet

Lum_ I|de L xylene/li
(0.028 nol e of sodium acetyl i d8¥2H4 e HE R SLHRSU |rred u ﬂ"
72 hours the reaction m xture was dissolved in 10@6aqueous
acid and extracted e 100
Web B aCEr U %Prl%vgisl'i{%%%&d{dﬂ § 3 taégl\%k

milliliters each. The organi c extracts were conbi ne
magnesi um su$gmpesndsph exsrnlies| o ahish eredeompaynde spbetityted raty fhein The

product Coﬂt%sﬁ'tﬂ& bt 2nSpehly Hig 2 dbn’ (1) iakBLAM 'Subst:.tuent: and (ii) a

benzof ur an met hoxyphenyl ) - 2- prop 1- was u directl in the
next step. ) phenyl Su(bStituentK yy) R &b ber %eterocycffc ring used

v:.ng a’'5-or 6
at the number 3 and 4 carbon atoms of the phenyl substituent. Also
described are organic host mater:.als that contain or that are coated
with such compounds. Articles such as ophthalmic lenses or other

10 plastic transparencies that incorporate the novel naphthopyran
compounds or combinations thereof with complementary photochromic

compounds, e.g., spiro(indoline) type compounds, are also described.

{1 RT




20

Step 5

1- (2, 3-di hydro-2, 4, 7-trinet hyl benzofuran)-S-yI-l (4-

merihoxyphenyl) 2- propyn-1-ol (5 0 grams) frop

-rmlge) of 2-hydroxynapht hal ene. A catal ytic
acid was added to the stirred solution and tjh&r{
under a nitrogen atnosphere. After 1.5 houryg

di ssol ved

of methyl ene chloride, about 100 mlliliters
were conbi ned and 30 dried over magnesium s
was renoved under vacuum The product was ‘p

ep 4 was added to a

Hb@ﬁﬁ '&% B a3 Xa3
in 20% aqueous sodi um hydroxi de.a dEeAE .....
each e oi?tg»éﬁLGtex;tj@gts

11§ TE@F%}KQ/ :eresgﬁwl d

colum and a 1:4 m xture s w NI
phot ochrom c fractions weérgg Q&% gﬁ?wg@a@n%g el uant was rempved

under vacuum The residual oil was crystal Fized from hexane -—

10

15

20

25

30

The present.inéention relates to certain novel naphthopyran
compounds. More particularly, this invention relates to novel
photochromic naphthopyran compounds and to compositions and articles
containing such novel naphthopyraﬂtcompounds. 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 exhibif'a‘reveréible 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
synthesized and suggested for use in applicaﬁions 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
to'undergo a color change, e.g., from colorless to yellow-orange,”bn
irradiation by ultraviolet light at temperatures below about -30°C.
Irradiation of the 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 naphthopyran
compounds whose colored forms have been found to have an
unexpectedly higher absorétion maxima than corresponding compounds
having no substituents or different substituents at the same ring
position. These compounds are substituted at the 3 position of the
pyran ring with (i) an aryl substituent and (ii) a phenyl
substituent having a 5- or 6-member heterocyclic ring fused at the

number 3 and 4 carbon atoms of the phenyl substituent.

This is t'he replacement sheet
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24 - to yield 200 ng. of the desired photochrom c conpound; The
crystalline product nelted at [err] and was 98. 8% pure as determ ned by

| i qui d chromat ographi ¢ anal ysis. A nucl ear nmagnetic resonance (NVR)
spectrum showed the solid crystalline product to 5 have a structure
consistent wth 3-(4-nethoxyphenyl)-3-(2,4,7-tri -

met hyl di hydr obenzof ur an- 5-yl ) - 3H napht ho[ 2, 1- b] pyr an. ’

2- met hyl di hydr obenzof.uran was prepared by the method 10 described in
Exanple 6, Steps 1 and 2, using phenok 2nstead of 2,5-dinethyl phenol in
Step 1. For further information respecting the synthesis, see O ganic
Reactions, Volune Il, pages 26 and 27. The orocedures of Steps 1, 2, and 3
of Exanple 1 vere fol | 0RSIATLEDN PESCRESY TR ANBENTIONr an i n pl ace of

2, 3- di hydr obenzof Ll'rnageéé?lt]-;eastseppt'gotocﬁpﬁnzceﬁmstt'xggma&reggﬁ'fg was 98.6% pure

as determ ned by
particularly plastic materials for optical applications, have- been

the subject of considerable attention. In‘particular, photochromic

5 ophthalmic plastic lenses have been investigated because of the
weight advantage they offer, vis-a-vis, glass lenses. Moreover,
photochromic transparencies for vehicles, such aé cars and
airplanes, have been of interest bgcause of the potential safety
features that such transparencies offer.

10 Photochromic compounds useful in optical applications, such
as conventional ophthalmic ledées, are those which possess (a) a
high quantum efficiency for coloring in the near ultraviolet, (b) a
low quantum yield for bleaching with white light, and (c) a |
relatively fast thermal fade at ambient temperature but not so rapid

15 a thermal fade rate that the combination of white light bleaching
and thefmal fade prevent coloriug by the ultraviolet component of
strong sunlight. In addition, the aforesaid properties are
desirably retained in conventional rigid synthetic plastic materials
customarily used for ophthalmic and plano lenses when such materials

20 have applied to or incorporated therein such photochromic compounds.

Compounds, such as 3,3-diphenyl-3H-naphtho[2,1-b]pyran,
change color on exposure to the near ultraviolet; but, at room
temperature and above, this compound bleaches too rapidly for use in -
an ophthalmic lens. Substitution of either or both of the phenyl

25 rings at the meta or para positions result in an even more rapid
bleach rate, and therefore an-even lower color intensity. The
compound, 2,2-diphenyl-2H-naphtho(l,2-b]}pyran, also colors on
eXposure to near ultraviolet light at room temperature but does not
bleach in a reasonable peribd of time. Substitution of either or

30 both of the phenyl rings at the meta or para positions have littlé
effect on the rate of bleaching of these compounds.

In accordance with the present invention, it has now been
diséovered that certain novel naphthopyran compounds having a high

quantum efficiency for coloring in the near ultraviolet and an

This is the replacement sheet
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| + qui d chromat ographi ¢ anal ysis. A nucl ear magneti c resonance (NVR)
spectrum showed t he product to have a structure consistent with
3- (2- et hyl di hydr obenzof ur an-5-yl ) - 3-(2-fl uor ophenyl ) - 3H napht ho-
[ 2, 1-b] pyran. 20 EXAMPLE 8 The procedure of Step 1 of Exanmple 1 was
ut il i zed except that 2-fluorobenzoyl chloride (5.0 granms, 0.032 nole) was
used instead of benzoyl chloride; 1,4-benzodioxan (4.4‘grans, 0.032 nole)
25 was used instead of 2, 3-di hydrobenzofuran; and the reaction m xture was
stirred for 1 hour. 8.0 grans of the whiste crystalline product,
5-(2-fluorobenzoyl)-1, 4- benzodi oxan, was recovered. The procedure of Step 2
of Exanple 1 was followed except that 5-(2-fluoro- benzoyl)-1, 4-benzodi oxan
(8.0 grans2cperfablaprate ofifadsceryahe puepased s ekedepgompoundsemagadest i rred
for 20 houdascribedyaelndpREndpyoshis lsubOitak8d Nt the 3 position of the
1-(1,4-b enng)rgla!mo Xr?.gg(sw tlh) (:;.L) 2 Lzl-yLioggl?setr}.Zt& rlug a%dp{ig'ByQ phenyl __
_substituent having a 5- or 6-member heterocyclic ring fused at the
5 number 3 and 4 carbon atoms of the phenyl substituent and may be

represented by the following graphic formula:

&~

wn

10

(R,

15

- (Rz)b B .

.In graphic formula I, Ry and R, may each be C;-Cyqy alkyl,
20 C5—-Cy cycloalkyl, e.g., cyclopentyl, cyclohexyl, and cycloheptyl,
halogen, R(R')N-, -or the group, -0-L, wherein R and R' are each
hydrogen or Cy-C3 alkyl, L is a C1-C1q alkyl, e.g., methyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl,
and dodecyl, phenyl(C;-C3)alkyl, e.g., benzyl, phenethyl,
25 phenylpropyl, mono-, di- and tri(cl—c3) alkylphenyl, e.g., tolyl,

- xXylyl, mesityl, and cumenyl, C1~Cs alkylcarbonyl, and
halo(cl—Ch)alkylcarbonyl, which includes mono-, di—, or tri-halo
substituents, Cy-C, monoalkylaminocarbonyl, aéetdnyl, pyridyl,
substituted or unsubstituted arylcarbonyl, said aryl group being

30 phenyl or naphthyl, said aryl substituents being C;-C, alkyl, C;-C, ‘
alkoxy, e.g., methoxy, ethoxy, propoxy, and butoxy, halogen, 05-07
cycloalkyl, or C,-C,; alkyl substituted Cg-Cy cycloalkyl, said
halogen (or halo) groups described above being chloro, fluoro, or
bromo, and a and b are each the integers 0, 1 or 2 provided that the

35 sum of a and b is not more than 2.
This is the replacement shest
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1-0l was 7.0 grans. - 25 - The procedure of Step 3 of Exanmple 1 was
utilized except that product containing

1- (1, 4- benzodi oxan-6-yl )-1-(2-fluoro- benzoyl)-2-propyn-1-ol (7.0 gramns)
from Step 2, 2-naphthol (3,6 grans), and a catal ytic anmount of

p-tol uenesul fonic acid were used; 5 the mxture was stirred for 2 hours;
and the oil' purification procedure of Exanple 2 was used. The resulting
crystalline product, about 0.5 gram nelted at [err] and was 97.3% pure as
determined by liquid chronatographic anglysis. A nuclear nmagnetic resonance
(NVR) spectrum showed the solid crystalline product to have a 10 structure
consistent with 3-(1, 4-benzodi oxan-6-yl)-3-(2-fl uoro-

phenyl ) - 3H napht hofé@flfggﬂ}xrﬁqLand R, are each R(R')N-, or the group, -0-L,
wherein R and R' are each hydrogen or Cy-C, alkyl, L is C;-C, alkyl,
C1~Cy alkylphenyl, phenyl(C;~C,)alkyl, cl-cz alkylcarbonyl, —
halo(cl—cz)alkylcarbonyl, or C;-Cq monoalkylamznocarbonyl. said halo

5 group being chloro or fluoro, and a and b are each the integer 0 or
1. ' )

B may be the substituted'gr disubstituted aryl group,
naphthyl or phenyl, said aryl subs;ituents being C;-Cg alkyl,
halo(cl—cs)ﬁlkyl, bydroxy, C;—-C5 alkoxy, C;-C, alkoxy(C;-C,)alkyl,

10 halogen, or R(R')N-, wherein R and R' are each hydrogen or Cy-C3
alkyl, said halogen (or halo).groups being fluorine, chlorine, or
bromine. Preferably, B is represented by the following graphic
formula II: |

15

* Ry

In graphic formﬁia II, Rg is hydrogen, Cy-C, alkyl, C1-C,
25 alkoxy, fluoro, or chloro and each Ry is a C;-C, alkyl, C{-C,
alkoxy, hydroxy, chloro, or fluoro and d is an integer from 0 to 2.

This is the replacernent sheet
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EXAMPLE 9 Step 1 15 Pi peronal (10.0.grams, 0.067 noles) was added
to a reaction flask containing 100 mlliliters of tetrahydrofuran. Phenyl
magnesi um broni de (0.08 noles) was added slowy and the resulting. mxture
was heated to [err] and stirred for 1 hour under a nitrogen atnosphere. The
reaction m xture was added to a 5 percent aqueous 20 hydrochloric acid and
ice solution. The organic |ayer was separated and the aqueous | ayer was
washed with three 100 milliliter portions of methylene chloride. The

organi ¢ portions were conbined and drie@ ever nagnesium sul fate. The

resi dual nethyl ene chloride was renoved under vacuum About 15.0 grans of a
white/yell ow oil product was 25 recovered. A nucl ear magnetic resonance
(NMR) spect r um shoB&dnayhie prepdesdnted e osemfi $herfiolipying graphic

al pha- phenyl,s.d. P9z Qdl ¢pl e- 5-nethanol . Step 2

1]

5
Fade | Ry
IIT | v
15

In graphic formula III and IV, X is'oxygen or nitrogen and

Y is carbon or oxygen, provided that when X is nitrogen, Y is
carbon; R, and Rg are each hydrogen or C,-Cs alkyl; each Ry is a
C1-Cs alkyl, C;-Csg alkoxy, hydroxy, or yalogen, said halogen

20 substituent being chloro, fluoro, or brqmo, and ¢ is an integer from
0 to 3, e.g., 0, 1, 2, or 3. Preferably, B' is represented by
graphic formula III, wherein X is oxygen; Y is carbon or oxygen; R,
and Rg are each hydrogen or Cy~C, alkyl; each R3 is a Cy-C, alkyl,
Cy~C, alkoxy, hydroxy, or fluoro; and ¢ is the integer 0, 1, or 2.

25 In graphic formula III, when X is oxygen and Y is carbon
and ¢ is zero, the group is a 2,3-dihydrobenzofuran-5-yl; when X is
oxygen and Y is oxygen and ¢ is zero, the group is 1,3-benzo-
dioxole-5-yl; and when X is ﬁitrogen and Y is carbon and ¢ is zero,
the group is indoline-5-yl. In graphic formula IV, when X is oxygen

30 and Y is carbon, the unsubstituted group is a chroman-6-yl; when X
is oxygen and Y is oxygen, the unsubstituted group is a
1,4-benzodioxan—-6-yl; and when X is nitrogen and Y is carbon, the
unsubstituted group is l,2,3,h—tetrahydroquinoline-&-yl.
For brevity, these groups will be referred to herein as fused

35 heterocyclic-phenyl groups. ' ,
d pheny™ grovp This is the replacement sheet
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30 Al pha- phenyl -1, 3- benzodi oxol e- 5- net hanol (10.0 grans, 0.044
nol.e) from Step 1 was dissolved in a reaction flask containing 300
mlliliters of nethylene chloride and pyridi niumdichromate (25.0 grans,
0.066 nol e) was added. After 16 hours at room tenperature and under a

ni trogen at nosphere, the reaction m xture was dil uted - 26 - with

di ethyl ether and vacuumfiltered-to renove the solids. The liquid portion
was subjected to evaporation to yield 8.3 grans of a slightly viscous off
white oil. A nuclear magnetic resonances (NVR) spectrum showed the product
to have a structure consistent with 5 5-benzoyl -1, 3- benzodi oxol e. The
procedure of Step 2 of Exanple 1 was foll owed except that

5- benzoyl - 1, 3- ben£oupwxdb erep@e8enprednby svaphiiscidrmsla Ir edetimrpared by

Friedel-Crafts methods using an apbropriately substituted or
unsubstituted benzoyl chloride of graphic formula V with a -—
commercially available fused heterocyclic-ﬁenzene compound to

5 produce B' structures of graphic formula III or IV. See the
publication Friedel-Crafts and Related Reactiong, George A. Qlah,
Interscience Publishers, 1964, Vol. 3,¥Chapter XXI (Aromatic Ketone
Synthesis), and "Regioselective Friedel-Crafts Acylatiog of
1,2,3,4-Tetrahydroquinoline and Related Nitrogen Heterocycles:

10 Effect on NH Protective Groups and Ring éize" by Ishihara, Yugi et
al, J. Chem. Soc., Perkin Trans. 1, pages 3401 to 3406, 1992. If a
fused heterocyclic-benzene compound containing an oxygen is not
commercially available, it may bé prepared from an appropriately
substituted phenol as aescfifgd in Qrganic Reactions, Vol. II, pages

15 26 and 27.

In reaction A showﬁ below, the compounds represented by
graphic formulae V and III are dissolved in a solvent, such as
carbon disulfide or methylene chloride, in the presence of a Lewis
acid, such as aluminﬁm_chloride, to form the corresponding .

20 heterocyclic fused benzophenone represented by graphic formula VII.
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10 instead of 5-(benzoyl)-2, 3-di hydrobenzofuran and after the reaction

m xture was stirred for 22 hours at roomtenperature, the pH was reduced to
about 2.0. The yield of product containing

1- (1, 3- benzodi oxol e-5-yl) - 1- phenyl - 2- propyn- 1-ol was 9.0 granms. 15

Step 4 1-(1, 3-benzodi oxol e-5-yl)-1-phenyl - 2- propyn-1-ol (3.5 grans, 0.014
nole) from Step 3 and 2-naphthol (2.0 granms, 0.014 nole) were added to a
reaction flask containing 300 mlliliters of toluene. A catalytic anmount of
p-tol uenesul fonic acid was slowy 20 added and the reaction m xture was
stirred for 2 hours at roomtenperature under a nitrogen atnosphere.
Afterwards, the reaction mxture was added to 200 mlliliters of 20%
aqueous sodi um hydroxi de and washed. The organic | ayer was separated and
dried over magnesium sulfate. The solids were filtered and the resulting
oil 25 was purified on a silica gel colum using chloroformas the eluant.
The resulting orange oil was induced to crystajlize by dissolving it

5
Rq Ry oI
R o 4
10 MeCL
AlCl, R,
. Rs ' ’
(Rydy (Rydy (83),
v ” IIT , VII
15 -
REACTION A

In reaction B shown below, the heterocyclic fused
20 benzophenone represented by graphic formula VII is reacted with
sodium acetylide in a suitable solvent, such as dry tetrahydrofuran,

to form the corresponding propargyl alcohol represented by graphic
formula VIII. |

This is the replacement sheet
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in a hexane/ether m xture and cooling the mxture-in a dry ice/acetone
bath. The resulting crystals were collected by vacuumfiltration. The
~crystalline product, about 4.1 grams, nelted at 30 [err] and was 99. 8% pure
as determ ned by liquid chromatographic anal ysis. A nuclear nagnetic
resonance (NVR) spectrum showed the solid crystalline product to have a
structure consistent with 3-(1, 3- benzodi oxol e- 5-yl ) - 3- phenyl - 3H napht ho

[ 2, 1- b] pyran. -27- COWMPARATI VE EXAMPLE 1 1, 1-di phenyl - 2-propyn-1| -ol
(20.8 grans, 0.1 nole) was added to a t@gaction flask containing 200
mlliliters of benzene an d-15 grans of 2-naphthol. The reaction m xture

was warnmed to [err] and 5 after all of the 2-naphthol was dissol ved, 0.25
grans of i T :

5
R N H |
5 —C
1
s ‘4
) 10 ' ><N’ac -crz——»
_ ' x “s-
(*a (Ryd, (*1)q (Ry)
<
VII _ VIII
REACTION B
20 In reaction C shown below, the propargyl alcohol

represented by graphic formula VIII is coupled with the
appropriately substituted 2-naphthol, represented by graphic formula
IX, under acidic conditions to form the naphthopyrans of graphic

formula X, which are compounds represented by graphic formula I.

This is the replacement sheet
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p-tol uenesul fonic acid was - added to the stirred reaction m xture. The

m xture changed fromlight tan to dark bl ack, became exotherm c, and the
tenperature rose to [err]. After a few mnutes, the reaction m xture

| i ght ened and began to cool. After 30 minutes, the reaction 10 m xture was
poured into 100 mlliliters.of 10 percent aqueous sodi um hydroxi de and
shaken. The’organi c phase was washed once with 10 percent aqueous sodi um
hydr oxi de and then washed with water. The sol vent, benzene, was renoved .on
a rotary evaporator. The resulting lighd tan solid residue was slurried
with 100 mlliliters of hexane 15 and filtered. The filtered solid was
washed again with 100 mlliliters 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 [err] and was 98 percent pure as determned by liquid
chromat ogr aphi ¢ anal ysis. 20 COMPARATI VE EXAMPLE 2

»

5

R

o '§ C =cCH T

c & OH
¥t Ry
Ry
10 (®1)a CR3de (B2, L IR \ §
VIII COCR), Ix

15
20

REACTION C

By substituting the fused heterocyclic-phenyl group of graphic
25 formula IV for that of graphic formula III in reaction A, compounds
similar to those represented by graphic formula X except for a
6-member heterocyclic ring fused at the number 3 and 4 carbon atoms
of the 3-phenyl substituent ma& be prepared. '
Compounds represented by graphic formula I may be used in
30 those applications in which organic photochromic substances may be.
employed, such as optical lenses, e.g., ophthalmic and plano lemnses,
face shields, goggles, visors, camera lenses, windows, automotive
windshields, aircraft and automotive transparencies, e.g., T-roofs,
sidelights, and backlights, plastic films and sheets, textiles and

35 coatings, e.g., coating compositions such as paints, and
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Anisole (10.8 grans, 0.1 nole) and benzoyl chloride (14 grans, 0.1 nole)
wer.e dissolved in 200 mlliliters of hexane and stirred at room
tenperature. Anhydrous al um num chloride, 15 granms, 25 was added slowy to
the reaction mxture over a period of 15 mnutes. The reaction m xture was
stkrred an additional 15 m nutes. The hexane was decanted and the resulting
vi scous residue was carefully hydrolyzed with 200 mlIliliters of a m xture
of ice and dilute hydrochloric acid. The organic fraction was taken up in
30 dichl oronet hane and the resulting sabuti on was washed with water.
Di chl or omet hane was renoved on a rotary evaporator |eaving an oil product
that solidified on standing. The solidified product was broken-up, washed
with two 36chficabioperagisr en gesunttypdacuments arkt 8ds i datumen s ¢ualy as
4- met hoxy hRakRPHY)|0p&ssports and drivers' licenses for which authentication
or verification of authenticity may be desired. Naphthopyrans
‘represented by graphic formula I exhibit cdlor changes from
5 colorless to colors ranging from yellow to orange.
Examples of contemplated naphthopyrans within the scope of
the invention are the following: #
(L 3-(Z,3-dihydrobenzofﬂran-5-y1)-3-pheny1—3H—napbtho—
(2,1-b]pyran;
10 (2) 3-(2,3-dihydrobenzofuran-5-yl)-3-(2-fluorophenyl)-
3H-naphtho({2,1-b]lpyran; -
(3) 3-(2,3-dihydrobenzofuran—-5-yl)-3—(2-methoxyphenyl )-3H-
naphtho{2,1-b]pyran; :
(4) 5-acetoxy-3-(2,3-dihydrobenzofuran-5-yl)-3-(2-
15 fluorophenyl)-3ﬂ-naphtho[Z,I-b]pyran;
(5) 8-methoxy-3-(2,3-dihydrobenzofuran=5-yl)=3-(2~
fluorophenyl)~3H-naphtho[2,1-b]pyran; ' )
(6) 3-(4-methoxyphenyl)-3-(2,4,7-trimethyl-2,3-dihydro-
benzofuran-5-yl)-3H-naphtho[2,1-b]pyran;
20 (7) 3-(2-methyldihydrobenzofuran=-5-yl)-3-(2-fluoro-
phenyl)-3H-naphtho[2,1-b]pyran; '
(8) 3-(1,4-benzodioxan-6-yl)-3—-(2-fluorophenyl)-3H~
naphtho(2,1-b]pyran;
(9) 3-(1,3-benzodioxole-5-yl)-3-phenyl-3H-naphtho-
25 : (2,1-b]pyran; .
(10) 3-(indoline~S5-yl )-3-phenyl-3H-naphtho[2,1-b]pyran; and
(11) 3-(1,2,3,4-tetrahydroquinoline-6-yl)-3-phenyl-3H~
naphtho{2,1-b]pyran.

30 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 graphic

formula I, it is contemplated that such naphthopyrans be used in
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-~ 28 - 10 grans of this 4-nmethoxybenzophenone was converted to the

. propargyl al cohol by the procedure described in Step 2 of Exanple 1. NWR
anal ysis of the resulting product showed it to be a m xture of conpounds
havi ng structures consistent with 5

1- phenyl - 1( 4- met hoxyphenyl ) - 2- propyn-1-ol and the starting ketone,

4- met hoxybenzophenone, in a ratio of 3:1. The crude propargyl alcohol was
added to a reaction flask containing a slurry of 5 grans of 2-naphthol, 40

grans of anhydrous acid alumna and 2091 Ililiters of toluene. The
resulting reaction 10 m xture was heated to reflux for 30 m nutes, cool ed,
and filtered. The alum na was washed two times with 100 mlililiter portions

of hexane conpinatdpyarichapthercappropiiait icomslepenbaryowibgasi-and t he organic

sol vent s %6E‘odtﬁ'ﬂﬁi’@dna@gr?alrsogér%a@v ﬁLPrthe{gﬁJd%Eu'Eﬂeﬁqu{é&@UCt was an
orange oil that ced to cry stal Il ze dissolving 1t in a mxture

of hexane 8534 H gaﬁv} caler Shads v\ttﬁgnt:he plascic lens containing such

photochromic materials is exposed to ultraviolet light. For

5 example, a compound which colors to yellow may be blended with a
compound that colors to an appropriate purple to produce a brown
shade. Similarly, a compound which is“orange in its colored state
will produce a shade of gray when used in conjunction with an
appropriate blue coloring compound. _

10 Particularly contemplated classes of complementary organic
photochromic compounds that may be used include: the purple/blue
spiro(indoliné) benzoxazines described in U.S. Patent 4,816,584;
spiro(indoline) pyridobenzoxazine photochromic compounds described
in U.S. Patent 4,637,698; spiro(indoline) naphthoxazines described

15 in U.S. Patents 3,562,172, 3,578,602, 4,215,010 and &4,342,668; and
benzopyrans and naphthopyrans having a nitrogen-containing
substituent in the 2-position of the pyran ring, as described in
U.S. Patent 4,818,096. All of the aforedescribed oxazine- and
pyran—-type organic photochromic compounds are reported to exhibit a

20 color change of from colorless to purple/blue on exposure to
ultraviolet light. The disclosures of said U.S. Patents are
incorporated herein by reference.

Other contemplated complementary organic photochromic
compounds that are reported to exhibit a color change of from

25 colorless to yellow/orange when exposed to UV light that may be used
in combination to augment the yellow/orénge color of the |
naphthopyran compounds of the present invention include: benzopyrans
and naphthopyrans having a spiro adamantane group in the 2-position
of the pyran fing, as'described in U.S. Patent 4,826,977; and

30 naphthopyran compounds described in U.S. Patent 5,066,818.

The naphthopyran compounds of the present invention may be
used in admixture with or in conjunction with the aforedescribed
complementary or augmenting organic photochromic compounds in

"amounts and in a ratio such that an organic host material to which
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cooling the solution in a dry ice/acetone bath. The product crystals were
washed with diethyl ether and dried to yield 1.4 grans of a product having
a nelting point of [err].. A nuclear magnetic resonance (NVR) spectrum
showed the solid product to have a 20 structure consistent with

3- phenyl - 3( 4- net hoxyphenyl ) - 3H napht ho[ 2, 1- b] pyran. COVPARATI VE EXAMPLE 3
The procedures of Steps 1 and 2 of Exanple’ 1 were foll owed 25 except that
ani sol e was used instead of 2, 3-di hydrobenzofuran and 2-fl uorobenzoyl
chloride was used instead of benzoyl -ctderide in Step 1. The resulting
product contained 1-(4-nethoxy-3-nethyl -

phenyl)-1-(2-fl uorophenyl)-2-propyn-1-ol. The procedure of Step 3 of

Exanpl e 1 thagnixture 2fd commuptis tisarpalied- optinowhich wbenydgstienyl ) -

1-(2-11 uog %ﬁﬂwﬁe@ “Xh ey - Ql %éa&iﬁ%@@a?%a&%e‘)h&f Q&M%eﬁ?fev' ous

step, 2- na grans) a cat tic amount of p-tol uenesulfonic
aci d wer e¥tER@nfd Ee’ﬁﬁ‘esﬁuéd-ég‘\:orf‘ Bt x tafr eewa§ neutral- gray or brown

color as possible given the colors of the activated photochromic
5 compounds. The relative amounts of the photochromic ‘compounds used
will vary and depend in part upon the relative intensities of the
color of the activated species of suchgcoﬁpounds.
For example, the naphthop;ran compounds of the present
invention may be combined with one or more of the aforedescribed
10 purple/blue oxazine- 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 near-brown color. Generally, the
weight ratio of the gfbredescribed oxazine- and pyran-type
15 compound(s) to the naphthopjran’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
relatively equal absorption in the visible range between 400 and 700
20 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
of its chromaticity coordinates, which describe the qualities of a
25 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 triétimulus values to their sum, e.g.,
x=X/X+Y+Z and y=Y/X+¥+Z. Color as described in the CIE system can
be plotted on a chromaticity diagram, usually a plot of the
30 chromaticity coordinates x and y. See pages 47-52 of Principles of
Color Technology, by F. W. Billmeyer, Jr. and Max Saltzman, Second
Edition, John Wiley and Sons, N.Y. (1981).
The amount of photochromic substance or composition-
containing same applied to or incorporated into a host material is

35 not critical provided that a sufficient amount is used to produce a
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heated to [err] and stirred for several hours. - 29 - The resulting oil
product was purified on a silica gel colum using a 1:5 mxture of ethyl
acet at e: hexane as the first eluant followed by a 1:1 m xture of
chl or of orm hexane as the second eluant. The filtrate was collected and the
sol.vent was renoved to 5 yield 2.0 grans of a solid product. The solid
product had a nelting point of [err] and was 99% pure as determ ned by
| i qui d chromat ographi c anal ysis. A nuclear magnetic resonance (NVR)
spectrum showed the solid product to hdde-a structure consistent with
3- (4- met hoxy- 3- et hyl phenyl ) - 3- (2-fl uor ophenyl ) - 3H napht ho- 10
[2,1-b] pyrgﬂbtoggggm¥ceegézct discernible to the naked eye. Generally such
amount can be described as a photochromic amount. The partiéular
amount used depends often upon the intensity of color desired. upon
irradiation thereof and upon the method uséd to incorporate or apply
5 the photochromic substances. Typically, the more compound applied
or incorporated, the greater is the cblo; intensity.
Generally, the amount of each®photochromic substance
incorporated into or applied to the host material may range from
about 0.01 or 0.05 to About_lo to Zo-percent by weight. More
10 typically, the amount of photochromic substance(s) incorporated into
or applied to the host material will range 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
15 differently, the total amount of photochromic substance incorporated
into or'applieq to an optical host material may range 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
20 of such compounds with other photochromic ¢ompounds, or éompositions
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
25 photochromic substance into the host material by immersion of the
host material in a hot solution of the photochromic substance or by
-thermal transfer; providing the photochromic substance as a separate
layer between adjacent layers of the host material, e.g., as a part
of a polymer film; and applying the photochromic substance as part
30 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 absorption of the photochromic substance into a
porous polymer, vapor phase transfer, and other such transfer
35 mechanisms. See U.S. Patent No. 5,066,818 column 14, line &4l to
column 15, iine 25 for examples of the above methods.
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Part A The napht hopyran prepared in Exanple 9 was incorporated 15 into an
ethyl cellulose resin by the follow ng procedure. 25 mlligrans of the
phot ochrom ¢ conmpound was added to 2.0 grans of a 10 wei ght percent ethyl
cellul ose solution in toluene. The napht hopyran conpound was di ssol ved by
warm ng and stirring on a steam bath. Approximately 2.0 grans of the

resul tant solution was 20 deposited on the edge of a 75 by 25 mllineter
(mm) glass slide. Using a draw down bar, an 8 mm | ayer of photochrom c
resin solution was placed evenly on thel&l4+de and permtted to dry. Part B
25 Further testing was done on sel ected napht hopyrans. that were

I mbi bed by thermal transfer into test squares of a honopol yner of

di et hyl ene gl ycol BheRalyper haspaiesesialyil haspal bohentramsgersntnebuttach
napht hopyr ay s tdassniceat drkded QpHGRL. SThy Galyhdr besdict dediody Hercent

sol ution O%rggg%éiggpc%g1Qhaé\J%L%E§; %% Eﬁk efectromagnetic spectrum, which
activates the photochromic substance, i.e., that wavelength of

.5 ultraviolet (UV) light that produces the open form of the substance
and that portion of the wvisible spectrum that includes the
absorption maximum wavelength of the Substance in its UV activated
form, i.e., the open form. Furthér!_the resin color should not be
such that it masks the color of the activated form of the

10 photochromic substance, i.e., so the chanée in color is readily
apparent to the observert Preferably, the host material article is
a solid transparent or optically clear material.

Examples of host materials which may be used with the
éhotochromic substances or compositions described herein include:

15 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 ornmethacrylic acid, such as methyl acrylate and methyl

20 methacrylate, cellulose écetate, cellulose triacetate, cellulose -
acetate propionate, cellulose acetate butyrate, poly(vinyl acetate), .
poly(vinyl alcohol), poly(vinyl chloride), poly(vinylidene
chloride), polyurethanes, polycarbonates, poly(ethylene
terephthalate), polystyrene, copoly(styrene-methyl methacrylate)

25 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

30 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), which is sold under the trademark, LEXAN; a
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30 Whatman filter paper was saturated with the napht hopyran solution and

al lLowed to air dry. The dried filter paper was placed on one side of the
pol ymer test square, which neasured 1/8 inch (0.3 centineter) x 2 inch (5.1
centinmeters) x 2 inch (5.1 centineters). A piece of untreated filter paper
was pl aced on the other side of 35 the polyner test square and the
resulting sandw ch pl aced between - 30 - two plates of flat alum num
netal plates. The entire-assenbly was then placed in a [err] oven for a
time sufficient to thermally transfer-tise-napht hopyran into the pol yner
test square. Residence tines in the oven were adjusted to inbi be conparable
anounts of the 5 naphthopyran conpounds in order to yield a conparable W
absor bancePod¥ (methyinme thasty knfiede dsuabs as stheamateniel esolds bedemithé acet one

after trademark, PLEXIGLAS; polymerizates of a polyol(allyf carbonate),

especially diethylene glycol bis(allyl carbonate), which monomer is
sold under the trademark, CR-39, and polymérizates of copolymers of

5 a polyol (allyl carbonate), e.g., diethylene glycol bis(allyl
carbonate), with other copolymerizable monomeric materials, such as
copolymers with vinyl acetate, e.g., c%polymers of from 80-90
percent giethylene glycol bis(allyi carbonate) and 10-20 percent
vinyl acetate, particularly 80-85 percent of the bis(allyl

10 carbonate) and 15-20 percené vinyl acetate, and copolymers with a
polyurethane having terminal diacrylate functionality, as described
in U.S. Patent 4,360,653, cellulose acetate, cellulose propionate,
cellulose butyrate, cellulose acetate butyraté, polystyrene and
copolymers of styreme with methyl methacrylate, vinyl acetate and

15 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

20 bisphenol bis(allyl carbonate) compounds. These monomers can be
_described as unsaturated polycarbonates 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,
25 may be applied to the host material to achieve a more aesthetic
result, for medical reasons, or for reasons of fashion. The
particular dye selected will vary and depend on the aforesaid need
and result to be achieved. 1In one embodiméqt, the dye may be
selected to complement the color resulting from the activated
30 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.
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renoval fromthe oven. Part C 10 Both sets of polyner test
sanples were tested for photochrom c response rates on an optical bench.
The sanples were illumnated by a 150 watt Xenon lanp fitted with a copper
sulfate bath and a neutral density filter at an intensity of about one sun.
A second beam of |ight provided by a filtered tungsten |anp arranged 15 to
pass through the sanple area exposed by the UV source was ‘used to nonitor
changes in transm ssion of-the sanple over different wavel ength ranges in
the visible region of the spectrum Thggi ntensity of the nonitoring beam
after passing through the sanpl e was neasured by nmeans of an |L-1500

radi onmeter equi pped with a 20 silicon detector head and matching filters.
The [err] OY M n wpb.e&nlryepemgs:.é hﬁca@nishéd/ibvﬁmdertshmmfottﬁemm c

conpound’ s NSE, 1 was, neasur ed ing photopic filters on the
silicon dé¥ate Oﬁ Sn%hygggs i%gper31on oELEE g%l % 8 Aye. &ée

degree of tlnt is controlled by the temperature of the dye bath and
the length of time the host material is allowed to remain in the

5 -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 fivef(S) minutes, e.g., between
about 0.5 and 3 minutes, e.g., aboht_z minutes. The degree of tint |
is such that the resulting article exhibits from about 70 to 85

10 percent, e.g., 80-82 percent, light transmission.

Adjuvant materzals may also be incorporated into the host
mater1a1 with the photochromic substances prior to, simultaneously
with or subsequent to application or incorporation of the
photochromic substancés in the host material. For example,

15 ultraviolet light absorbers may be admixed 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

20 their application to the host material to imprdve the light fatigue
resistance of thé photochromic substances. Stabilizers, such as
hindered amine light stabilizers and singlet oxygen quenchers, e.g.,
a nickel ion complex with an orgénic-ligand, are contemplated. They
may be used alone or in combination. Such stabilizers are describéd

25 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

30 following examples which are intended as illustrative only, since
numerous modifications and variations therein will be apparent to
those skilled in the art.
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filtered detector approximated the lum nosity curve. The [err] OO Mn 25
was neasured over the first five (5) seconds of UV exposure, then expressed
on a per mnute basis. The saturation optical density (OD) was taken under

i dentical conditions as the A OO M n, except UV exposure was continued for
20-m nutes for the exanples in Table 1 and for 15 mnutes for the exanples
in Table 2. The |l anbda max 30 reported in Tables 1 and 2 is the wavel ength
in the visible spectrumat which the nmaxi rum absorption of the activated
(colored) formof the photochromc comdund in poly (diethylene glycol bis
(allyl carbonate)) in Table 1 and in ethyl cellulose resin in Table 2

occurs. The Bleach Rate T 1/2 is the tinme interval in seconds for - 31 -
t he absorbance of the activated for§¥@¥ﬂ@hé'naphthopyrah in the test
Step 1

2,3-dihydrobenzofuran (9.25 grams, 0.077 moles) was_added

to a reaction flask containing 100 milliliters of methylene chloride

5 and 10.8 grams (0.077 moles) of benzoyl chloride. Aluminum chloride
(12.32 grams, 0.092 moles) was added slowly and the resulting
mixture was stirred for 2 hours under %@ nitrogen atmosphere. The
reaction mixture was added to a 5 %ércent aquecus hydrochloric acid
solution and stirred until colorless. The organic layer was

10 separated and the aqueous layer was back extracted with 100
milliliters of methylene chloride. The orgénic portions were
combined and added to a 10 percent aqueous sodium hydroxide solution
containing 1 milliliter of triethylamine to remove any unreacted
starting material. The mixture was stirred and the organic layer

15 was separated and dried over magnesium sulfate. The residual '
methylene chloride was removed under vacuum. The resulting pale-.
yellow oil was.induced to crystallize by dissolving it in hexane and
then cooling the solution in a dry ice/acetone bath. 7.8 grams of
the crystalline product, 5-benzoyl-2,3-dihydrobenzofuran, was

20 collected by vacuum filtration. .

. Step 2
5-benzoy1-2,3édihydrobenzofuran (7.8 grams, 0.035 mole)

from Step 1 was added to a reaction flask containing 300 milliliters

25 of tetrahydrofuran saturated with acetylene. 10.0 grams of a 18
weight percent suspension of sodium acetylide in xyleme/mineral oil
(0.035 moles of sodium acetylide) was added slowly to the stirred
solution. After 16 hours at room temperature and under a nitrogen
atmosphere, the reaction mixture was dissolved in 5 percent aqueous

30 hydrochloric acid solution. The resulting mixture was extracted
with three 100 milliliter portions of methylene chloride. The
organic extracts were combined and dried over magnesium sulfate.
The solvent, methylene chloride, was removed under vacuum to yield
7.0 grams of the product containing 1-(2,3-dihydrobenzofuran-5-yl)-

35 l-phenyl-2-propyn-l-ol which was not p&rified further but used

directly in the next step. _
This is the replacement sheet

17 SFP ‘9%

Date:



polymers to reach one half the highest absorbance at room tenperature .
([err], [err]) after renmoval of the source of activating light. Results are
tabulated in Tables 1 and 2. 5 TABLE 1 Pol y[ di et hyl ene gl ycol bis(allyl

carbonate)l Sanples COVPOUND LAVBDA [err] OD)Mn [err] OD @
BLEACH RATE 10 EXAMPLE MAX SENSITIVITY SATURATION T 1/2
(SEC.) 1 478 nm 0. 62 0. 20 33 2 475
nm 0. 86 0.90 179 3 482 nm 1.02
1.76 >600 4 490 nm -8B 3 0.66 368 15
5 488 nm 0.91 1.73 624 6 485 nm
0. 53 0.61 363 7 479 nm 0.91 0.90
151 8 463 nm 0. 83 1.00 261 '

' - Step 3

The product (7.0'grams)'from Step 2 was added to a.reaction
flask containing 300 milliliters of benzene and 4.0 grams of
5 2-hydroxynaphthalene. A catalytic amount of dodecylbenzenesulfonic
acid (3 drops) was added. The mixture was heated to 40°C and
stirred for 1 hour under.a nitrogen atmosphere. Afterwards, the
reaction mixture was dissolved in ‘distilled water and washed with
about 300 milliliters of 10 percent équeous sodium hydroxide. - The
10 organic layer was separated, dried over magnesium sulfate and the
remaining benzene was removed -under vacuum. The resulting residue
was induced to crystallize by dissolving it in a hexane/ether
mixture and cooling the mixture in a dry ice/acetone bath. The
resulting crystals were collected by vacuum filtration, dissolved in
15 a 9:1 mixture of hexane:ethyl acetate, stirred for one half hour,
| and collected by vacuum filtration. The crystalline product, about
3.0 grams, melted at 128-131°C and was 97.7% pure as determined by
liquid chromatographic analysis. A nuclear magnetic resonance (NMR)
spectrum showed the solid crystalline product to have a structure
20 consistent with 3-(2,3~dihyd£obenzofuran—5-y1)-3-phenyl—3H—naphtho-
{2,1-b]pyren.

EXAMPLE 2

The procedure of Step 1 of Example 1 was utilized except
25 for the following: 2-fluorobenzoyl chloride (13.2 grams, 0.083 mole)
was used instead of benzoyl chloride; the mixture was stirred for
one hour; and the combined organic fraction was back extracted with
distilled water. 19.5 grams of product containing 5-(2-fluoro-
benzoyl-2,3-dihydrobenzofuran was recovered.
30 The procedure of Step 2 of Example 1 was utilized except
" that S-(Z—fluorobenzoyl)—2,3—dihydrobenzofuran (8 grams, 0.033
moles) was used as the reactant; the reaction mixture was stirred 20
hours; 10% aqueous hydrochloric acid was used to dissolve the

reaction mixture; and the combined organic fraction was washed with
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20 COMPARATI VE EXAMPLE 1 432 nm . 0. 87 0. 36

45 2 468 nm 0. 66 0.25 35 3 467 nm
0. 96 0. 97 191 25 a.* 476 nm 0. 45
1.36 >30 mn. * a. Purchased 2, 2-di phenyl - 2H napht ho[ 1, 2- b] pyr an
- 32 - TABLE 2 Ethyl Cellul ose Sanples COVPOUND LAMBDA [err]
oD/ M n [err] OD @ BLEACH RATE 5 EXAMPLE MAX

SENSI TIVITY SATURATION T 1/2 (SEC.) P 459 nm 0. 66

0.31 41 - - '

two portions of water, about 300 milliliters each. The'yield of
product containing 1-(2,3-dihydrobenzofuran-5-yl)-1-(2-fluoro-
phenyl)-2-propyn~l-ol was 7.0 grams. _ —
The procedure of Step 3 of Example 1 was utilized except

5 that 1-(2,3-dihydrobenzofuran-5-yl)-1-(2-fluorophenyl)=-2-propyn-l-ol
(7.0 grams), toluene (300 milliliters), and a catalytic amount of
p-toluenesulfonic acid (3 drops) were®used; and the reaction mixture
was heated to 45°C. After the organic layer was separated, the
aqueous layer was washed once with #bout 100 milliliters of

10 methylene chloride and the organic fractionms were combined. The
combined organic extracts were dried over magnesium sulfate and
reduced under vacuum to yield 7.0 grams of oil.

The o0il was purified using a silica gel colum and a 1l:&

mixture of ethyl acetate:hexane as the eluant. The photochromic

15 fractions were collected, combined and the remaining eluant was.
removed under vacuum. The crystals were isolated as described in
Step 3 of Example 1. The crystalline product, 3.0 grams, melted at
110-113°C and Qas 99.8% pure as determined bi liquid chromatographic
analysis. A nuclear magnetic resonance (NMR) spectrum showed the

20 solid crystalline product to have a structure consistent with
3—(2,3-dihydrobenzo£uran-5-y1)-3-(2-fluorophenyl)-3K~naphtho[2,l-b]-
pyran.

_ EXAMPLE 3

25 . The procedure of Step 1 of Example 1 was followed except
that 2-anisoyl chloride (14.2 grams, 0.083 moles) was used as the
reactant instead of benzoyl chloride and the reaction mixture was
stirred for one hour. 16.7 grams of the crystalline product,
5-(2-methoxybenzoyl)-2,3~dihydrobenzofuran, was recovered and used

30 in the next step. The procedure of Step 2 of Example 1 was followed
except that the combined organic fraction was- washed with distilled
watgr. The yield of product containing 1-(2,3-dihydrobenzo-furan-

5-yl)-1-(2-methoxyphenyl)-2-propyn-l-ol was 16.7 grams.

“This is the replacement sheet

| Date: 1 1 SEP \m



COVPARATI VE 10 EXAMPLE 1 .- 432 nm. 0. 87 _ 0.31

32_The data tabulated in Tables 1 and 2 show that all of the 15 Conpound
Exanpl es, except Conmpound Exanples 8 and 9, have | anbda max val ues cl oser

to 480 nmthan Conparative Exanples 1, 2, and 3. Conpound Exanples 8 and 9
have | anbda max val ues much higher than Conparative Exanple 1 which has two
phenyl groups at the 3 position of the pyran ring. Conparative Exanple "a" )
has a | anda max of 476 20 but the bleach.rate is unacceptably sl ow for use
in an ophthalnmc | ens application. Al th#igh the present invention has been
described with reference to the specific details of particular enbodinents
thereof, it is not ntende such g%talls be regarded upon the scope of

25 the invention exteROFf Fa? &P 3 OhcExanpln L (wag; utHdyed rexceRE| uded in
‘the acccnno&hytr&yecbamduct containing 1-(2,3-dihydrobenzofuran-5-yl)-

1-(2-methoxyphenyl)-2-propyn-l-ol and a catalytic amount of.—
p—toluenesulfonic acid were used; the reaction mixture was heated to

5 35°C; and the oil purification procedure of Example 2 was used. The
resulting crystalline product, 3.7 grams, melted at 142-144°C and
was 99.5% pure as determined by liquid chromatographic analysis. A
nuclear magnetic resonance (NMR) spectrum showed the solid
crystalline product to have a strucﬁﬁre consistent with

10 3—(2,3-dihydrobenzofuran—5—yl)—3-(Z—methoxyphenyl)-3H—naphtho—
[2,1-blpyran.

EXAMPLE &
The procedure of Step 1 of Example 1 was utilized except
15 that 2-fluorcbenzoyl chloride (13.2 grams, 0.083 mole) was used as
the reactant instead of benzoyl chloride, the mixture was stirred
for ome hour, and the combined organic fraction was back extracted
with distilled water. 19.5 grams of produc? containing
5-(2-fluorcbenzoyl)-2,3-dihydrobenzofuran was recovered. The
20 procedure of Step 2 of Example 1 was followed except that
5-(Z-fluorobenioyl)-z,3-dihydrobenzofuran (5 grams, 0.02 mole) was
used and the combined organic fraction was washed with distilled
water. The yield of product, a yellow oil cdntainihg
1-(2, 3-dihydrobenzofuran-5-y1)-1—(2-fluoropheny1)-2—propyn-1-ol, was
25 4.3 grams.

The procedure of Step 3 of Example 1 was utilized except
that 1—(2,3-dihydrobenzofuran-5-yl)-1—(2-f1uoropheny1)-2—propyn-1—ol
(4.3 grams) from Step 2, 3-acetoxy-2-naphthol (3.3 grams, 0.016
mole), and a catalytic amount of p-tolueﬁesulfonié acid were used;

30 the reaction mixture was heated to 45°C; and the oil purificﬁtion
‘procedure of Example 2 was used. The resulting crystalline product,
4.6 grams, melted at 156-157°C and was 99.0% pure as determined by
liquid chromatographic analysis. A nuclear magnetic resonance (NMR)
spectrum showed the solid crystalline product to have a structure

35 consistent with S-acetoxy-3-(2,3-dihydrobenzofuran-S-yl)-3-(2-fluoro—
phenyl)-3H-naphtho[2,1-b]}-pyran.
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| claim 1.

graphic fornmula: 5 10 [err] 15 wherein, (a) [err] and [err] are each

al kyl ,

CbH-

C7 cycloal kyl, hal ogen, RFR )N, or the group, -0-L, wherei

~and R are each 20 hydrogen or [err] alkyl, L is [err] alkyl, phenyl
[err] al kyl phenyl, [err] alkyl carbonyl, [err]

alkyl ,

10

15

20

25

30

’

- 21 -

EXAMPLE 5
The procedure of Step 1 of Examble 1l was followed_ggpept

that 2-fluorobenzoyl chloride (13.2 gréms,'0.083'mole) was used as
the reactant instead of benzoyl chloride and the mixture was stirred
for one hour. 16.0 grams of the product, "5-(2-fluorobenzoyl)-2,
3-dihydrobenzofuran, was recovered. Thé prdcedure of Step 2 of
Example 1 was followed using S5-(2<fluorobenzoyl)-2,3-dihydrobenzo--
furan (12.5 grams, 0.051 mole) from Step 1. The yield of product,
containing 1-(2,3-dihydrobenzofuran-S—yl)-1-(2~fluoro-
phenyl)-2-propyn-l-ol, was 11.0 grams..

The procedure of Step 3 of Example 1 was utilized except
that 1-(2,3-dihydrobenzofuran-5-yl)-1-(2-fluorophenyl)-2-propyn-l-ol
(5.0 grams) from Step- 2, 6-methoxy-2-hydroxynaphthalene, and a
catalytic amount of p-toluenesulfonic acid were used; the reaction
mixture was heated to 35°C end stirred for 1.5 hours; and the oil
purification procedure of Example 2 was used. The resulting
crystalline product, 4.3 grams, melted at 164-~167°C and was 95.0%
pure as determined.by liquid chromatographic analysis. A nuclear
magnetic. resonance (NMR) spectrum showed the solid crystalline
product to have a structure consistent with 8-methoxy—3—(2,3¥dihydro-

benzofuran-S-yl)-3-(2—f1uorophenyl)—3Hrnaphtho[z,l-b] pyran.

EXAMPLE 6
. Step-1

2,5—dimethylphenol.(30.0 grams, 0.25 mole) was added to a
reaction flask containing 300 milliliters of ethyl alcohol and 17.0
grams (0.3 mole) of potassium hydroxide. Allyl bromide (36.3 grams,
0.3 mole) was added slowly to the stirred solution over a period of
15 minutes. The reaction mixture was refluxed in a nitrogen
atmosphere for four hours. The excess solvent was removed under
vacuum and the residual solid was dissolved in 200 milliliters of 5%

aqueous sodium hydroxide and extracted with three portions of

A napht hopyran -conpound represented by the foll ow ng

[err]
n R
[err]
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[err] nonoal kyl am nocar bonyl, acetonyl, pyridyl, substituted or .
unsubstituted aryl carbonyl, said aryl group being phenyl or naphthyl, said
aryl substituents being [err] alkyl, [err] al koxy, 25 hal ogen, [err]
cycloal kyl, or [err] alkyl substituted [err] cycloal kyl, said hal ogen (or
hato) groups being chloro, fluoro, or brono; and a and b are each the
integers 0, 1, or 2, provided that the sumof a and b is not nore than 2.
(b) Bis the substituted or unsubstituted aryl group, 30 naphthyl. or
phenyl, said aryl substituents being fe¥2 - al kyl, [err], hydroxy, [err]

al koxy, [err] halogen, or RC(R )N, wherein R and R are each hydrogen or

err] al kyl and sai hal ogen (or hal o roups being fluorine, chlorine, or
[ ] ymgthyriene ctﬂ.or:a.'de,gaboét 100 milli ite-rg each. gThe organic

brom ne; an
extracts were combined, dried over magnesium sulfate, and reduced
under vacuum to yield 33.3 grams of a yellow oil containing_the
desired product, 2,5-dimethylphenyl allyl ether.

5 ' |
Step 2 |
_ Z,SQdimethylphenyl allyl ether (33.3 grams, 0.21 mole) from

Step 1 was added to a reaction flask equipped with a water condenser
and heated to 195°C with stirring under a nitrogen atmosphere.

10 After 2 hours, the temperature was reduced to 140°C and several
drops of dodecylbenzenesulfonic acid were added. The reaction
mixture was slowly heated to 195°C and held there for 3 hours. The
reaction mixture was cooled and dissolved in 5% aqueous sodium
hydroxide. The resulting mixture was extracted with three 100

15 milliliter portions of methylene chloride. The organic extracts
were combined, dried over magnesium sulfate and reduced under
vacuum. The resulting product was distilled at a head temperature
of 80°C under a reduced pressure of 6 mm Hg to yield 11.0 grams of a
clear colorless oil. A nuclear magnetic spectrum (NMR) showed the

20 product to have a structure consistent with 2,3—dihydro-2,4,7-tris-
methylbenzofuran. '

Step 3
2,3-dihydro-2,4,7-trimethylbenzofuran (5.0 grams, 0.031

25 mole) from Step 2 was added to a reaction flask containing 300
milliliters of methylene chloride and 5.3 grams (0.031 mole) of
p-anisoyl chloride. Aluminum chloride (5.0 grams, 0.037 mole) was
added slowly to the stirred solution. After 1.5 hours the reaction
mixture was dissolved in 20% aqueous hydrochloric acid and stirred

30 for 10 minutes. The organic layer was separated and the aqueous
layer was washed once with 100 milliliters of methylene chloride.
The organic extracts were combined, washed with about 200

milliliters of distilled water, separated, and dried over magnesium
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: 34 - (c) B is selected fromthe groups represented by the foll ow ng
graphic formulae: 5 [err] 15 wherein X is oxygen or nitrogen and Y is
carbon or oxygen provide.d that when X is nitrogen, Y.is carbon; [err] and
[err] are each hydrogen or [err] alkyl; each [err] is a [err] alkyl, [err]
al.koxy, hydroxy, or 20 hal ogen, said hal ogen being chloro, fluoro, or
bronmo, and c is an. integer fromO to 3. 2. A napht hopyran of Caim1l
wherein: (a) [err] and [err] are each [err] alkyl, [err] cycloal kyl, 25
fluorine, bromine, RIR )N, or the grogd =O L, wherein Rand R are each
hydrogen or [err] alkyl, L is [err] alkyl, [err] alkylphenyl, [err], [err]

al kyl car bosr\]x)f.kati.er li.‘l\e solvent, methylene chloride, was removed under wvacuum
to yield 7.0 grams of product containing the desired ketone, '

5-(4-methoxybenzoyl)-2,4,7-trimethyl—-dihydrobenzofuran. —

5 Step 4
5-(4—methoxybenzoyl)-2,h,7-trimgthyldihydrobenzofuran (7.0

grams, 0.024 mole) from Step 3 was added to a reaction flagk
containing 300 milliliters of tetrahydrofuran saturated with
acetylene. 8.1 grams of a 18 weight percent solution of sodium

10 acetylide in xylene/light mineral oil (0.028 mole of sodium
acetylide) was added to the stirred solution. After 72 hours the
reaction mixture was dissolved in 10% aqueous hydrochloric acid and
extracted with three portions of methylene chloride, about 100
milliliters each. The organic extracts were combined and dried over

15 magnesium sulfate. The methylene chloride was removed under
vacuum. The product containing l—(2.3-dihydro-2,h,7-tfimethy1—
benzofuran)-5-yl-1-(4-methoxyphenyl)-2~propyn-l-ol was used directly
in the next step. '

20 - Step S
1-(2,3-dihydro-2,4,7-trimethylbenzofuran)~5-yl-1-(4-

methoxyphenyl)-2-propyn—-l-ol (5.0 grams) from Step &4 was added to a
reaction flask containing 300 milliliters of benzene and 2.3 grams
(0.016 mole) of 2-hydroxynaphthalene. A catalytic amount of

25 p-toluenesulfonic acid was added to the stirred solution and the
mixture was heated to 35°C under a nitrogen atmosphere. After 1.5
hours, the reaction mixture was dissolved in 20% aqueous sodium
hydroxide and extracted with three portions of methylene chloride,
about 100 milliliters each. The organic extracts were combined and

30 dried over magnesium sulfate. The methylene chloride was removed
under vacuum. The product was purified using a silica gel column
and a l:4 mixture of ethyl acetate:hexane as the eluant. The
photochromic fractions were combined and the remaining eluant was

removed under vacuum. The residual oil was crystallized from hexane
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or [err] nonoal kyl am nocar bonyl, said hal o group being chloro or fluoro;
and a and b are the integers 0 or 1. - 35 - (b) Bis represented by the
followi ng graphic fornmula: 5 [err] wherein [err] is hydrogen, [err] alkyl,
[err] al koxy, fluoro, or chloro each [err] is a [err] alkyl, [err] alkoxy,
hyeroxy, chloro or fluoro, and d is an integer fromO to 2; and 15
(c) B is selected fromthe groups represented by the foll ow ng graphic
formul ae: 20 25

- 24 -

to yield 200 mg. of the desired photochromic compound: The
crystalline product melted at 162-164°C and was 98.8% pure as
determined by liquid chromatographic analysis. A nuclear magmetic
resonance (NMR) spectrum showed the solid crystalline product to
5 have a structure consistent with 3-(4-methoxyphenyl)=3-(2,4,7-tri-
methyldihydrobenzofuran~5-yl)-3E-naphtho[2,1-b]pyran.
. o
2-methyldihydrobenzofuran was prepared by the method
10 described in Example 6, Steps 1 and 2, using phenol instead of
'2,5-dimethy1-phenol in Step L. For further information respecting
the synthesis, see Organic Reactions, Volume II, pages 26 and 27.
The procedures of Steps 1, 2, and 3 of Example 1 were followed using
2-methyldihydrobenzofuran in place of 2,3-dihydrobenzofuran in
15 Step 1. The resulting product was 98.6% pure as determined by
liquid chromatographic analysis. A nuclear magnetic resonance (NMR)
- spectrum showed the product to have a structure consistent with .
- 3-(2-methyldihydrobenzofuran~5-yl)-3-(2-fluorophenyl )~3HE~naphtho—
(2,1-b]pyran. '
20
. EXAMPLE 8
The procedure of Step 1 of Example 1 was utilized except
‘that 2-fluorobenzoyl chloride (5.0 grams, 0.032 mole) was used
instead of benzoyl chloride; 1,4-benzodioxan (4.4 grams, 0.032 mole)
25 was used instead of 2,3-dihydrobenzofuran; aﬁd thé reaction mixture
was stirred for 1 hour. 8.0 grams of the white crystalline product,
5-(2-fluorobenzoyl)-l,4-benzodioxan, was recovered. The proceduré
of Step 2 of Example 1 was followed except that 5-(2-fluoro-
benzoyl)-l,4-benzodioxan (8.0 grams, 0.031 mole) was used and the
30 reaction mixture was stirred for 20 hours. The yield of product
containing 1-(l,4~benzodioxan-6-yl)-1—-(2-fluorobenzoyl)-2~-propyn-

l-ol was 7.0 grams.
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[err] 30 wherein X is oxygen, Y is carbon or.oxygen, [err] and [err] are
each hydrogen or [err] alkyl, each [err] is a [err] alkyl, [err] alkoxy,
hydroxy, or fluoro, and c is an integer fromO to 2. - 36 - 3. A
napht hopyran conpound of Claim2 wherein [err] and [err] are each [err]
al kyl, fluorine or the group -OL, wherein L is acetyl, benzoyl, nethyl, or
nmet hyl am nocarbonyl; B is phenyl-or substituted phenyl, said phenyl
substituents being fluoro, nethyl, 5 or methoxy; B is
2, 3-di hydr obenzof uran-5-yl, 2-nethyl di B§dr obenzof uran-5-yl, indoline-5-yl,
1, 2, 3, 4-tetrahydroqui noline-6-yl, chroman-6-yl, or
The procedure of Step 3 of Example 1 was utilized except
that product containing 1-(l,4-benzodioxan-6-yl)—1-(2-fluoro—
benzoyl)-~2-propyn-1-ol (7.0 grams) from Step 2, 2-naphthol (3,6
grams), and a catalytic amount of p-toluendsulfonic acid were used;
5 the mixture was stirred for 2 hours; and the oil purzfxcatzon
procedure of Example 2 was used. The regultzng crystalline product,
about 0.5 gram, melted at 143-147°C and was 97.3% pure as determined
by liquid chromatographic analysis. A nuclear magnetic resonance
(MMR) spectrum showed the solid crystalline product to have a
10 structure consistent with 3-(1, h—benzodiaxan-ﬁ—yl)-3-(2-f1uoro-

phenyl)-3H-naphtho(2,1-b]pyran-:

EXAMPLE 9

15 . Pipercnal (10.0 grams, 0.067 moles) was added to a reaction
flask containing 100 milliliters of tetrahydrofuran. Phenyl
magnesium bromide (0.08 moles) was added slowly and the resulting.
mixture was heated to 66°C and stirred for 1 hour under a nitrogen
atmosphere. The reaction mixture was added to a 5 percent aqueous

20 hydrochloric acid and ice solution. The organic layer was separated
and the aqueous layer was washed with three 100 milliliter portions
of methylene chloride. The organic portions were combined and dried
over magnesium sulfate. The residual methylene chloride was removed
under vacuum. About 15.0 grams of a white/yellow oil product was

25 recovered. A nuclear magnetic resonénce (NMR ) sfectrum showed the
product to be consistent with alpha-phenyl-l,3-benzodioxole-

5-methanol.
h Step 2 .
30 Alpha-phenyl-l,3-benzodioxole-5-methanol (10.0 grams, 0.04&

mole) from Step 1 was dissolved in a reaction flask containing 300
milliliters of methylene chloride and pyridinium dichromate (25.0
grams, 0.066 mole) was added. After 16 hours at room temperature

and under a nitrogen atmosphere, the reaction mixture was diluted
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1, 3- benzodi oxol e-5-yl; and [err] and-[err] are each hydrogen or nethyl, and
a,-b, and d are the integers 0 or 1. 10 4. A napht hopyran conpound

sel ected fromthe group consisting of: (a)

3- (2, 3-di hydrobenzof uran- 5-yl) - 3- phenyl - 3H napht ho- [ 2, 1- b]pyran 15

(b)Y 3-(2,3-di hydr obenzof uran- 5- yI) 3-(2-fluorophenyl) -

3H napht ho[ 2, 1- b] pyran; (c)

3- (2, 3-di hydr obenzof uran-5-yl) - 3-(2-nmet hoxyphenyl ) - 3H napht ho[ 2, 1- b] pyr an;
(d) (2-nethyl di hydr obenzof uran-5-yl)-36 2-fl uoro- 20
phenyl ) - 3H napht ho[ 2, 1- b] pyr an; (e)

8- net hoxy- 3- (.2, 3-di hydr obenzof ur an- ) - 3-

(2-f1 uor OpHé | egw &ﬁh?‘h@[‘ﬂ *ﬂ_qcb\myq%ﬁer%q -)to remove the solids. The

3- (4- met hoxyplicnpbeidn( dad! sibjédtert €/ levdpckation to yield 8.3 grams of a

slightly viscous off white 0il. A nuclear magnetic resonance (NMR)
spectrum ;howed the product to have a structure consistent with
5 5-benzoyl-l,3-benzodioxole. ’

Step 3+ .
The procedure of Step 2 of Example 1 was followed except
that 5-benzoyl-l,3-benzodioxole (8.3 grams) was used as a reactant
10 instead of 5-(benzoyl)—2,3-dihydrobgnébfuran and after the reaction
mixture was stirred for 22 hours at room temperature, the pH was
reduced to about 2.0. The yield of product containing

1—(1,3-begzodicxole-5-y1)-l—phenyl-z—propyn-l-ol was 9.0 grams.

15 ' Step &
1-(1,3-benzodioxole-S—yl)-l-phenyl-2-propyn-l-ol (3.5

grams, 0.0l4 mole) from Step 3 and 2-naphthol (2.0 grams, 0.0l4
mole) were added to a reaction flask containing 300 milliliters of
toluene. A catalytic amount of p-toluenesulfonic acid was slowly

20.added and the reaction mixture was stirred for 2 hours at room
temperature under a nitrogen atmospheré. Afterwards, the reaction
mixture was added to 200 milliliters of 20% aqueous sodium hydroxide
and washed. The organic layer was separated and dried over
magnesium sulfate. The solids were filtered and the resulting oil

25 was purified on a silica gel column using chloroform as the eluant.
The resulting orange oil was induced to crystallize by dissolving it
in a hexane/ether mixture and cooling the mixture in a dry
ice/acetone bath. The resulting crystals were collected by vacuum
filtration. The crystalline product, about 4.1 grams, melted at

30 168-170°C and was 99.8% pure as determined by liquid chromatographic
analysis. A nuclear magnetic resonance (NMR) spectrum showed the
solid crystalline product to have a structure consisteant with

3-(1,3-benzodioxole-5-yl)-3-phenyl-3H-naphtho[2,1-b]pyran.
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i hydr obenzof uran- 5-yl ) - 3H napht ho[ 2, 1- b] pyran; and 25 (9)

3- (1, 3-benzodi oxol e-5-yl ) - 3- phenyl - 3H napht ho- (2, 1- b) pyran. - 37 - 5.

A photochrom c article conprising an organic host nmaterial and a _
phot ochrom ¢ anount of a napht hopyran conpound represented by the foll ow ng
graphic formula: 5 10 [err] 15 wherein, (a) [err] and [err] are each [err]
al kyl, [err] cycloal kyl,

10

15

20

30

- 27 -

COMPARATIVE EXAMPLE 1 T

1,1-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 dissolved, 0.25 grams of
p-toluenesulfonic acid was added to the stirred reaction mixture.
The mixture changed from light tan to“dark black, became exothermic,
and the temperature rose to 70°C.” After a few minutes, the reaction
mixture lightened and began to cool. After 30 minutes, the reactiom .
mixture was poured into 100 milliliters of 10 percent aqueous'sodium_
hydroxide and shaken. The organié phase was washed once with 10
percent aqueous sodium hydroxide and then washed with water. - The
solvent, benzene, was removed on a rotary evaporator. The resulting
light tan solid residue was slurried with 100 milliliters of hexane
and filtered. The filtered solid was washed again with 100
milliliters of hexane and dried to provide 18.4 grams of the

product, 3,deiphenyl-3ﬁ-na§htho[2,1—b]pyran. The solid product had

a melting point of 156-158°C and .was 98 perceant pure as determined
by liquid chromatographic analysis. '

COMPARATIVE EXAMPLE 2

Anisole (10.8 grams, 0.1 mole) and benzoyl-chloride (14
grams, 0.1 mole) were dissolved .in 200 milliliters of hexane and
stirred at room temperature. Anhydrous aluminum chloride, 15 gfams,
was added slowly to the reaction mixture over a period of 15
minutes. The reaction mixture was stirred an additional 15
minutes. The hexane was decanted and the resulting viscous residue
was carefully hydrolyzed with 200 milliliters of a mixture of ice
and dilute hydbochloric acid. The organic fraction was taken up in
dichloromethane and the resulting solution was washed with water.
Dichloromethane was removed on a rotary evaporator leaving an oil
product that.solidified on standing. The solidified product was
broken-up, washed with two 50 milliliter portions of pentane, and

dried, yieldipg h—methoxybenzophenone:_
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hal ogen, R(R )N-, or the group, -OL; wherein Rand R are each hydrogen or
[eer] alkyl, L is [err] alkyl, [err] 20 [err] al kyl phenyl, [err]
nonoal kyl carbonyl, [err] nonoal kyl am nocar bonyl, acetonyl, pyridyl,
substituted or unsubstituted arylcarbonyl, said aryl group being phenyl or
napht hyl, said aryl substituents being [err] alkyl, [err] al koxy, hal ogen,
[err] cycloal kyl, or [err] alkyl substituted 25 C5-C7 cycl oal kyl, said

hal ogen (or hal o) groups being chloro, fluoro, or bronp; and a and b are
each the integers 0, 1, or 2, provided 28hat the sumof a and b is not nore
than 2. (b) Bis the substituted or unsubstituted aryl group, naphthyl or
phenyl, said aryl substituents-being [err] alkyl, 30 [err], hydroxy, [err]
al koxy, [err] hal otfesrams of rhisN4-mefthoxphenzRphentnr vag couvexttelythy ahen or

[err] al kypropaigy®adidohel @gcthd %Eoé@u@: SRR 2h "Gt dp 905¢ 'iﬁamﬁﬂ_l orine, or
brom ne; affl NMR analysis of the resulting product showed it to be a-mixture
of compounds having structures consistent with
5 l-phenyl-l(4-methoxyphenyl)-2-propyn-1-ol and the starting ketone,
4-methoxybenzophenone, in a ratio of 3:1.

The crude propargyl alcohol was added to a reaction flask
containing a slurry of 5 grams of Eygaph;hol, 40 grams of anhydrous
acid alumina and 200 milliliters of tolueme. The resulting reaction

10 mixture was heated to reflux for 30 minutes, cooled, and filtered.
The alumina was washed two times with 100 milliliter portions of
hexane. The toluene and hexane fractions were combined and the
organic solvents were removed on a rotary evaporator. The resulting
product was an orange oil that was induced to cryétallize by

15 dissolving it in a mixture of hexane and diethyllether and then
cooling the solution in a dry ice/acetone bath. The product
crystals were washed with diethyl ether and dried to yield l.4 grams
of a product having a melting point of 149-150°C. A nuclear
magnetic resonance (NMR) spectrum showed the solid product to have a

20 structure consistent with 3-phenyl-3(4-methoxyphenyl)-3H~

' naphtho(2,1-b]pyran. '

COMPARATIVE EXAMPLE 3
The procedures of Steps 1 and 2 of Example 1 were followed

25 except that dnisole was used instead of 2,3-dihydrobenzofuran and
Z-flgorobenzoyl chloride was used instead of benzoyl chloride in
Step 1. The resulting product contained l-(4-methoxy-3-methyl-
phenyl)-1-(2-fluorophenyl)-2-propyn-l-ol. The procedure of Step 3
of Example 1 was utilized except that l-(4-methoxy-3-methylphenyl)-

30 1-(2-fluorophenyl)-2-propyn-l-ol (5.5 grams, 0.02 mole) from the
previous step,  2-naphthol (3.0 grams), and a catalytic amount of
p—-toluenesulfonic acid were used; and the reaction mixture was

heated to 35°C and stirred for several hours.
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-38 - (c) B is selected fromthe groups represented-by the foll ow ng
graphic fornulae: 5 [err] 15 wherein X is oxygen or nitrogen and Y is
carbon or oxygen provided that when X is nitrogen, Y is carbon; R4 and RS
are each hydrogen or [err] alkyl; each [err] is a [err] alkyl, [err]

al koxy, hydroxy, or 20 hal ogen, said hal ogen being chloro, fluoro, or

bronp, and ¢ is an integer fromO to 3. 6. The photochromc article of
Claim5 wherein the organic host material is selected fromthe group
_consi sting of : - 29 -

The resulting oil product was purified on a silica gel
column using a 1l:5 mixture of ethyl acetate:hexane as the first
eluant followed by a 1:1 mixture of chloroform:hexane as the-gecond
eluant. The filtrate was collected and the solvent was removed to

5 yield 2.0 grams of a solid product. The solid product had a meiting
point of 98°C and was 99% pure as determined by liquid
chromatographic analysis. A nuclear mégﬁetic resonance (NMR)
spectrum showed the solid product to have.a structure consistent
with 3-(h-methoxy—3-methylphenyl)-3-(2—f1uoropheny1)-BH-naphtho-

10 [2,1-blpyran.

Example 10
Rart A
The naphthopyran prepared in Example 9 was incorporated
15 into an ethyl cellulose resin by the followiﬁg procedure. 25
milligrams of the photochromic compound was added to 2.0 grams of a
10 weight percent ethyl cellulose solution in toluene. The
naphthopyran coﬁpound was dissolved by warming and stirring on a
) steam bath. Approximately 2.0 grams of the resultant solution was
20 deposited on the edge of a 75 by 25 millimeter (mm) glass slide. ..-
Using a draw down bar, an 8 mm layer of photochromic resin solution
was placed evenly on the siide and permitted to dry.
Bart B |
25 Further testing was done on selécted naphthopyrans that
were imbibed by thermal transfer into test squares of a homopolymer
of diethylene 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
30 Whatman filter paper was saturated with the naphithopyran 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 (5.1 centimeters) x 2 inch (5.1 centimeﬁers).
A piece of untreated filter paper was placed on the other side of

35 the polymer test square and the resulting sandwich placed between
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25 polyacryl ates, cellulose acetate, cellulose triacetate, cellulose
acetate propionate, cellulose acetate butyrate, poly(vinyl acetate),

pol y(vi nyl al cohol), poly(vinyl chloride), poly(vinylidene chloride),
pol ycar bonat e, pol yurethane, poly(ethylene terephthalate), polystyrene,
copol y(styrene-met hyl met hacryl ate), 30 copol y(styrene-acrylonitrile,

pol yvinyl butyral and polymers of nenbers of the group consisting of

pol yol (al Iyl carbonate) nonomers, polyfunctional acrylate nononers, and
diallylidene pentaerythritol nonomerst 30 = 39 - 7. The photochronic

article of aim6 wherein: (a) [err] and [err] are eaEPL[e&L] a!kyk, [grg
' i i - erein R an
cycl oal kyl twcf: lp kel G Qigyag&inﬁgﬁgt'\al-l’ pP;terrJe %eogzetire- assembly was

are
then placed in a 155°C oven for a time sufficient to thermally

transfer the naphthopyran into the polymer test square. Residence
times in the oven were adjusted to imbibe boﬁparable amounts of the
5 naphthopyran compounds in order to yield a comparable UV absorbance
at 347 nm. The imbibed test squares. were washed with acetone after
removal from the oven. = -
Rart C

10 Both sets of polymer test samples were tested for
‘photochromic response rates on an optical bench. The samples were
illuminated by a 150 watt Xenon lamp fitted with a copper sulfate
bath and a neutral density filter at an intensity of about one sun.
A second beam of light provided by a filtered tungsten lamp arranged

15 to pass through the sample area exposed by the UV source was used to
monitor changes in transmission of the sample over 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

20 silicon detector head and matching filters.

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

25 was measured over the first five (5) seconds of UV exposure, then
expressed on a per minute basis. The saturation optical density
(0D) was taken under identical conditions as the A OD/Min, except
UV exposure was continued for 20 minutes for the examples‘in Table 1
and for 15 minutes for the examples in Table 2. The lambda max

30 reported in Tables 1 and 2 is the wavelength in the visible spectrum
at which the maximum absorption of the activated (colored) form of
the photochromic compound in poly (diethylene glycol bis (allyl
carbonate)) in Table 1 and in ethyl cellulose resin in Table 2

occurs. The Bleach Rate T 1/2 is the time interval in seconds for
This is the replacement shest
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each hydrogen or [err] alkyl, L is [err] alkyl, [err] alkylphenyl, 5 [err]
al kyl carbonyl, [err] or [err] nonoal kyl am nocarbonyl, said hal o group being
chloro or fluoro; and a and b are the integers 0 or 1. (b) B is represented
by the followi ng graphic fornmula: 10 [err] wherein [err] is hydrogen, [err]
al kyl, [err] al koxy, fluoro, or 20 chloro, each [err] is a [err] alkyl,
[err] al koxy, hydroxy, chloro, or fluoro, and d is an integer fromO to 2;
and (c) B is selected fromthe groups represented by the foll ow ng graphic
formul ae: 25 [err] - 31 -

the absorbance of the activated form of the naphthopyran in the test

' polymers to reach one half the highest absorbance at room
temperature (72°F, 22.2°C) after removal of the source of ae%ivating'
light. Results are tabulated in Tables 1 ‘and 2.

5
COMPOUND  LAMBDA AoOD/Min - AOD@ BLEACH RATE -
10 EXAMPLE MAX S
1 478 om 0.62 0.20 . 33
2 475 om ~0.86 ' 0.90 179
3 482 nm 1.02 1.76 >600
4 490 om 0.31 0.66 368
15 5 488 nm 0.91 1.73 624
6 485 nm 0.53 0.61 363
7 479 om 0.91 0.90 151
8 463 nm 0.83 1.00 261

20 COMPARATIVE

EXAMPLE
1 432 om 0.87 0.36 45
468 nm 0.66 . 0.25 .35
3 467 om 0.96 0.97 191
25 a.% 476 am 0.45 1.36 30 min.

* a. Purchased Z,Z-diphenyl—ZH-naphthd[L,Z—b]PYran
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-~40 - wherein X is oxygen, Y is carbon or oxygen, [err] and [err] are each
hydr ogen or [err] alkyl, each [err] is a [err] alkyl, [err] alkoxy, 5
hydroxy, or fluoro, and c is an integer fromO to 2. 8. The phot ochrom ¢
article of daim7 wherein [err] and [err] are each [err] alkyl, fluorine
or~the group -0-L, wherein L is acetyl, benzoyl, nethyl, or

nmet hyl am nocarbonyl; B is phenyl or 10 substituted phenyl, said phenyl
substituents being fluoro, nethyl, or nethoxy; B is :

2, 3-di hydr obenzof uran-5-yl ; -2- net hyl drhd&robenzof uran-5-yl, indoline-5-yl,
1, 2,3, 4-tetrahydroqui noline-6-yl, chroman-6-yl, or 1, 3-benzodi oxol e-5-yl;
and [err] and [err] are each hydrogen or 15 nethyl, and a, b, and d are the
integers 0 or 1. 9. The phot ochr title of Claintr8-wherein the
organi ¢ host material is a sBthyl Cé s c3umpli@gopol ynmer or

COMPOUND  LAMBDA A OD/Min ‘A 0D @ BLEACH RATE

5 EXAMPLE MAX SENSITIVITY SATURATION .T 1/2 (SEC.)
9 459 am 0.66 . 0.31 41
COMPARATIVE
10 EXAMPLE
1 432 am “0.87 L 0.31. ' 32

The data tabulated in Tables 1 and 2 show that all of the
15 Compound Examples, except Compound Examples 8 and 9, have lambda max
values closer to 480 am than Comparative Examples 1, 2, and 3.
Compound Examples 8 and 9 have lambda max values much higher than
Comparative Example 1 which has two phenyl groupé at the 3 positiou
of the pyran ring. Comparative Example "a' ﬁas a lamda max of 476
20 but the bleach rate is unacceptably slow for use in an ophthalmic
lens application. )

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 upon the scope of

25 the invention except insofar as to the extent that they are included
in the accompanying claims. |
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copol ynmer of diethylene glycol bis(allyl carbonate), poly- 20

(4, 4' di oxydi phenol -2, 2- propane), pol y(nethyl methacryl ate),

pol yvi nyl butyral, or a pol yurethane. 10. The photochromic article of aim
9 wherein the photochrom c conpound is present in an anount of from about
0-15 to 25 0.35 mlligrans per square centineter of organic host material
surface to which the photochrom ¢ substance(s) is incorporated or applied.
11. The photochronic article of Caim10 wherein the 30 article is a |ens.
12. A photochrom c article conprising=a&3%elid transparent polynerized
organi ¢ host material and a photochrom ¢ amount of each of (a) a first
phot ochrom ¢ substance sel ected fromthe group 35 consi stl ng of

spiro(i ndoh‘ﬁ@)mnapht hoxazi nes, spiro(indol’i ne)

1. A naphthopyran compound represénted by the

following graphic formula:

F

10 (Ry)q

ng.)b B

15

wherein,
(a) Ry and R, are each.Cy~Cyg alkyl, C5-Cy cycloalkyl,
halogen, R(R')N-, or the group, -0-L, wherein R and R' are each

20 hydrogen or C;-Cj alkyl, L is Cy~Cy, alkyl, phenyl(C;-C3)alkyl,
C;-C3 alkylphenyl, C;-Cs5 alkylcarbonyl, halo(C;-C,)alkylcarbonyl,
C1-C, monoalkylaminoqarbonyl, acetonyl, byridyl, substituted or
unsubstituted arylcarbonyl, said aryl group being phenyl or

_ naphthyl, said aryl substituents being C;-C, alkyl, C;-C, alkaky,

25 halogen, 05—07'cyclongy1, or C;-C, alkyl substituted Cs~Cy
cycloalkyl, said halogen (or halo) groups being chloro, fluoro, or
bromo; and a and b are each the iﬁtegers 0, 1, or 2, provided that
the sum of a and b is not more than 2.

(b) B is the substituted or unsubstitﬁted aryl group,

30 naphthyl. or phenyl, said aryl substituents being C1~-Cs5 alkyl,
halo(Cy~Cs)alkyl, hydroxy, C;-Cs alkoxy, C;-C, alkoxy(C;-C,)alkyl,
halogen, or R(R')N-, wherein R and R' are each hydrogen or C1-C3
alkyl, and said halogen (or halo) groups being fluorine, chlorine,

or bromine; and

This is ﬂﬁe replacement shest
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= 41 - pyri-dobenzoxazi nes, and spiro(indoline) benzoxazines, and
benzopyrans or napht hopyrans havi ng a nitrogen-containing substituent in
the 2-position of the pyran ring, and (b) a second photochrom c substance
sel ect ed from napht hopyran conpounds 5 represented by the foll ow ng graphic
formula: 10 [err] wherein, (a) [err] and [err] are each [err] alkyl, [err]
cycl oal kyl, 20 hal ogen, R(R)N-, or the group, -OL, wherein Rand R are
each hydrogen or [err] alkyl, L is [err] alkyl, [err] [err] alkylphenyl,
[err] nonoal kyl carbonyl, [err] nonoalk ﬁaﬁinocarbonyl, acetonyl, pyridyl,
substituted or unsubstituted aryl carbonyl, said aryl group

(c) B' is selected from the groups represented by the

following graphic formulae:

5
® ~
>4 Ry v R,
10
Rs . X RS
(Rade (R3¢
15

ﬁherein X is oxygen or nitrogen and Y is carbon or oxygen provided
that when X is nitrogen, Y is carbon; R; and Rg are each hydrogen or
€1-Cs alkyl; each R3.is a C;~Cs alkyl, C;~Cs alkoxy, hydroxy, or

"20 ‘halogen, said halogen being chloro, f£luoro, or bromo, and ¢ is an..
integer from 0 to 3.

2. A naphthopyran of Claim 1 wherein:
(a) R; and Ry are each Cy-Cs5 alkyl, C5-C4 cycloalkyl,
~ 25 fluorine, Bromine, R(R')N-, or the group -0-L, wherein R and R' are
. each hydrogen or C;-€, alkyl, L is C;-C, alkyl, C;-Cy alkylphenyl,
phenyl(C;~Cy)alkyl, C;-C, alkylcarbonyl, halo(C;-C,)alkylcarbonyl,
or C1~C, monoalkylaminocarbonyl, said halo group being chloro or
fluoro; and a and b are the integers 0 or 1.

“This is the replacement shest
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25 bei ng phenyl or naphthyl, said aryl substituents being [err] alkyl,
[err] al koxy, halogen, [err] cycloalkyl, or [err] alkyl substituted C5-C7
cycl oal kyl, said hal ogen (or hal o) groups being chloro, fluoro, or brono;
and a and b are each the integers 0, 1, or 2, provided that the sumof a
and b is not nore than 2. 30 T (b) Bis the substituted or
unsubstituted aryl group, naphthyl or phenyl, said aryl substituents being
[err] alkyl, [err] hydroxy, [err] alkoxy, [err] halogen, or R(CR )N,
wherein R and R are each hydrogen or 3®rv] alkyl, and said hal ogen (or
hal o) groups being fluorine, chlorine, 35 or brom ne; and - 42 - (c) B

's selected from Ebh)e %r i)suprsepi_g el;x%ggrgye%hgyfglqgwing graphic formula:

10

-

wherein Rg is hydrogem, C;-C, alkyl, C;-C, alkoxy, £luorec, or
chloroy each Ry is a C1-Cq alkyl, 'Cl-Ch alkoxy, hydroxy, chloro or
fluoro, and d is an int:egez"-; from 0 to 2; and '

15 (c) B' is selected from the groups represented by the
following graphic formu.iae:

20
25
Rs X Ry
(Fade (R3¢
30

wherein X is oxygen, Y is carbon or oxygen, R, and Rg are each
hydrogen or Cy-C, alkyl, each Ry is a Cy-C, alkyl, C{-C, alkoxy,

hydroxy, or fluoro, and ¢ is an integer from 0 to 2.

Th&istheremacemenxéheet
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fol | owm ng graphic fornulae: 5 [err] 15 wherein X is oxygen or nitrogen and
Y is carbon or oxygen provided that when X is nitrogen, Y is carbon; [err]
and [err] are each hydrogen or [err] alkyl; each [err] is a [err] alKkyl,
[err] al koxy, hydroxy or 20 hal ogen, said hal ogen being chloro, fluoro, or
bronpb, and c is an integer fromO to 3. 13. The photochrom c article of
Claim 12 wherein the organic host material is selected fromthe group
consi sting of 25 polyacrylates, cellulose acetate, cellulose triacetate,
cellul ose acetate propionate, cellul osd@6asetate butyrate, poly(vinyl
acetate), poly(vinyl alcohol), poly(vinyl chloride), poly(vinylidene
chl oride), polycarbonate, polyurethane, polg(ethylene terepht hal ate),
pol ystyrene, copoldy(stdmenethapyrsn mempewndy phitGpim 2 wheréin’ Ry and R,

are each Cy-C3 alkyl, fluorine or the group -0-L, wherein L is

acetyl, benzoyl, methyl, or methylaminocarbonyl; B is phenyl—-or

substituted phenyl, said phenyl substituents being fluoro, methyl,

5 or methoxy; B' is 2,3-dihydrobenzofuran-5-yl, '
2-methyldihydrobenzofuran-5-yl, indoline-S-yl,
1,2,3,4-tetrahydroquinoline-6-yl, chroﬁan-G-yl, or
1,3-benzodioxole-5-yl; an@ R3, Rag#and Rs are each hydrogen or
methyl, and a, b, and d are the integers 0 or 1.

10 ‘
4. A naphthopyran compound selected from the group
consisting of: '
(a) 3-(2,3-dihydrobenzofuran~5-yl)-3~phenyl-3H-naphtho-
(2,1-b]lpyran;
15 (b) - 3-(2,3-dihydrobenzofuran-5-yl)-3-(2-fluorophenyl)- -
3H-naphtho[2,1-b]lpyren; .
(¢) 3-(2,3-dihydrobenzofuran-5-yl)-3-(2-methoxyphenyl)--
3H-naphtho[2,1-b]pyran;
(d) (2-methyldihydrobenzofuran-5-yl)-3- (2-fluoro-
20 phenyl)-3H-naphtho[2,1-b]pyran;
(e) 8-methoxy-3-(2,3-dihydrobenzofuran—5-yl)-3-
(2-fluorophenyl)-3H-naphtho[2,1-b]pyran;
(£) 3-(4-methoxyphenyl)-3-(2,4,7-trimethyl-2,3-
. dihydrobenzofuran~5-yl)-3H-naphtho[2,1-b]pyran; and
25 (g) 3-(1,3-benzodioxole-5-yl)-3-phenyl-3H-naphtho-

This is the replacement shest
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30 copoly(styrene-acrylonitrile, polyvinylbutyral and polyners of nenbers
of =t he group consisting of polyol (allyl carbonate) nononers, polyfunctional
acrylate nmononers, and diallylidene pentaerythritol nononers. - 43 - 14.
The photochromic article of Claim13 wherein: (a) [err] and [err] are each
[err] alkyl, [err] cycloalkyl, fluorine, bromne, RRR )N, or the group
-0-L, wherein Rand R are each hydrogen or [err] alkyl, L is [err] alkyl;
[err] al kyl phenyl, 5 [err] al kylcarbonyl, [err] or [err]

nonoal kyl am nocar bonyl, said hal o grduﬁ7béing chloro or fluoro; and a and b
are the integers O or 1. (b) B is represented by the follow ng graphic
formul a: S. A photochromic article comprising an orgamic host
material and a photochromic amount of a naphthopyran compound

represented by the following graphic formula: —

13

10

ng)b B8

15 _
wherein,

(a) Ry and Ry are each C;-Cjq alkyl, C5~C; cycloalkyl, .
halogen, R(R')N-, or the group, -0-L, wherein R and R' are each
hydrogen or C;~C3 alkyl, L is C;~Cyo alkyl, phenyl(cl-03)a1ky1,

20 Cy~C3 alkylphenyl, C;~C5 monoalkylcarbonmyl,
halo(Cl-ch)alkylcarbonyl, C;-C4 monocalkylaminocarbonyl, acetonyl,
pyridyl, substituted or unsubstituted arylcarbonyl, said aryl group
being phenyl or naphthyl, said aryl substituents being C;-C, alkyl, .
C1-C4 alkoxy, halqgen, C5-Cy cycloalkyl, or C1-Cq4 alkyl substituted

25 C5—C7 cycloalkyl, said halogen (or halo) groups being chloro,
fluoro, or bromo; and a and b are each the integérs 0, 1, or 2,
provided that the sum of a and b is not more than 2.

(b) B is the substiéuted or unsubstituted aryl group,
naphthyl or phenyl, said aryl substituents being C1-Cs alkyl,

30 halo(Cy-Cs)alkyl, hydroxy, Cy~Cs alkoxy, Cy-C, alkoxy(C;-C,)alkyl,
halogen, or R(R')N-, wherein-R and R' are each hydrogen or 01-03

alkyl, and said halogen (or halo)} groups being fluorine, chlorine,
or bromine; and

This is the replacement s_hoét
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10 R6 [err] wherein R6 is hydrogen, [err] alkyl,
[err] al koxy, fluoro, or 20 chloro, each [err] is a [err] alkyl, [err]

al koxy, hydroxy, chloro, or fluoro, and d is an integer fromO to 2; and
(c) B is selected fromthe groups represented by the foll ow ng graphic
formul ae: 25 [err] - 44 - wherein X is oxygen, Y is carpon or oxygen,
[err] and [err] are each hydrogen or [err] alkyl, each [err] is [err]

al kyl, [err] al koxy, 5 hydroxy, or fluggo, and c is an integer fromO to 2.

(c) B' is selected from the groups represented by the

fbllowihg graphic formulae:

5
10-
‘Rg - x R
CRy)4 (Rade
15

wherein X is oxygen or nitrogen and Y is carbon or oxygen provided
that when X is nitrogen, Y is carbon; R, and Rg are each hydrogen or
C1~Cs5 alkyl; each Rjy is a C1-Cs alkyl, C;-Cs alkoxy, hydroxy, or

20 halogen, said halogen being chloro, fluoro, or bromo, and ¢ is an..:
integer from 0 to 3. ' '

6. The photochromic Article of Claim 5 wherein the

organic host material ig selected from the group consisting of '

gS polyacrylates, cellulose acetate, cellulose triacetatg, cellulose.
acetate propionate, cellulose acetate butyrate, poly(vinyl acetate),
poly(vinyl alcohol), poly(vinyl chloride), poly(vinylidene
chloride), polycarbonate, polyurethane, poly(ethylene _
terephthalate), polystyrene, copoly(styrene-methylmethacrylate),

30 copoly(styrene-acrylonitrile, polyvinylbutyral and polymers of
members of the group consisting of polyol(allyl carbonate) monomers,.

polyfunctional acrylate monomers, and diallylidene pentaerythritol

monomers.

This is the replacement sheet

17 SEP 996

* [ L M S *

Date:



5. The photochromc article of Claim214 wherein [err] and [err] are each
[exr] alkyl, fluorine or the group -OL, wherein L is acetyl, benzoyl,

met hyl , or net hyl am nocarbonyl; B is phenyl or 10 substituted phenyl, said
phenyl substituents being fluoro, nmethyl, or nethoxy; B is

2,3-di hydr obenzof uran-5-yl; 2-nethyl di hydrobenzofuran-5-yl, indoline-5-yl,
1, 2,3, 4-tetrahydroqui noline-6-yl, chroman-6-yl, or 1, 3-benzodi oxi de-5-yl;
and [err] and [err] are each hydrogen or 15 nmethyl, and a, b, and d are the
integers 0 or 1. 16. The photochroni c-a%icle of Caim 15 wherein the
organi c host material is a solid transparent honmopol ymer or copol yner of

di et hyl ene egcoI IS(%E; carbonate

pol y(4, 4' di oxydi phenol shaAmic aﬁﬁ%@?h‘%%tﬁdﬁﬁlﬁ?e)
pol yvinyl butyral, @) aR ahytnfhhan@chld' -C Tb.ekﬂhotzgcd:g @ycLodalkyl¢l € of Claim

1o uherci et BDOIRRIAT ROEAREOU chi BoREEt, "W ALbeAIOH Uaah: .9 DO

each hydrogen or cl—cz alkyl, L is C1-Cy4 alkyl, Ci1~C, alkylphenyl,

5 phenyl(Cy-Cy)alkyl, C;~C, alkylcarbonyl, halo(C;~C,)alkylcarbonyl,
or C1-Cy monoalkylaminocarbonyl, said halo group being chloro or
fluoro; and a and b are the integers & or 1.

(b) B is represented by ‘the following graphic formula:

10

15
CR)g

wherein Rg is h&drogen, C;-C, alkyl, d1-04 alkoxy, fluoro, or
20 chloro, each Ry is a C;-C, alkyl, C1-Cq alkoxy, hydroxy, chloro, or
fluoro, and d is an integer from 0 to’'2; and
(c) B' is selected from the groups represented by the
following graphic formulae:

25
¥ R4' | R
(R " * %3
3 .
¢ (Ra)c
35
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25 0.35 mlligrans per square centinmeter of organic host materi al
t o- whi ch the photochrom c substance(s)
photochrom c article of Claim17 wherein the 30 wei ght
phot ochrom ¢ substance to the napht hopyran conpound is fromabout 1:3 to

IS incorporated or applied. 18.

surface

The

rati os of the first

about 3:1. 19. The photochromc article of Caim118 wherein the article is
an ophthal mc | ens.

10

15

- 40 -

wherein X is oxygen, Y is carbon or oxygen, R, and Rg are each
hydrogen or Cy-C, alkyl, each R3 is a C;-Cj alkyl, C;-C, alkoxy,
hydroxy, or fluoro, and ¢ is an integer from 0 to 2.

8. The photochromic articLe‘éf Claim 7 wherein R; and R,
are each C;-C3 alkyl, fluorine or ‘the group -0-L, wherein L is

. acetyl, benzoyl, methyl, or methylaminocarbonyl; B is phenyl or

substituted phenyl, said phenyl sub;tituents being fluoro, methyl,
or methoxy; B' is 2,3-dihydrobenzbfu£an-5-y1;
2-methyldihydrobenzofuran-5-yl, indoline-S-yl,
1,2,3,4~tetrahydroquinoline-6~yl, chroman-ﬁ-yl,-or
1,3-benzodioxole-5-yl; and Ry, Ry, and R are each hydrogen or
methyl, and a, b, and d are the integers 0 or 1.

9. The photochromic article of Claim 8 wherein the

. organic host material is a solid transparent homopolymer or

20

.25

30

35

copolymer of diethylene glycol bis(allyl carbonate), poly-
(h,h'dicxydiphenol-z,z-propgne), poly(methylmethacrylate),
polyvinylbutyral, or a polyurethane.

10. The photochromic article of Claim 9 wherein the
photochromic compound is present in an amount of from about 0.15 to
0.35 milligrams per square centimeter of organic host material
surface to which the photochromic substance(s) is incorporated or
applied. )

11. The photochromic article of Claim 10 wherein the
article is a lens.

12. A photochromic article comprising a solid transparenﬁ
polymerized organic host material and a photochromic amount of each
of (a) a first photochromic substance selected from the group

consisting of spiro(indoline) naphthoxazines, spiro(indoline)

* 4 L M H *
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10

15

20

- 30

35

- 4] -

pyridobenzoxazines, and spiro(indoline) benzoxazines, and

benzopyrans or naphthopyrans having a nitrogen-—containing-
substituent in the 2-position of the pyran ring, and (b) a second
photochromic substance selected from naphthopyran compounds

represented by the following graphic formula:

(Rdp B’
wherein, .
(a) Ry and Ry are each C;-C;q5 alkyl, C5-Cy cycloalkyl,
halogen, R(R')N~, or the group, —0-L, wherein R and R' are each .-

hydrogen or C;-C; alkyl, L is Cy;-Cy, alkyl, phenyl(C;-Cj)alkyl,
C1-C3 alkylphenyl, C;-Cs monocalkylcarbonyl, '
halo(cl—ca)alkylcarbonyl, C1-Cs, monoalkylaminocarbonyl, acetonyl,
pyridyl, substituted or unsubstituted arylcarbonyl, said aryl group
being phenyl or naphthyl, said aryl substituents being C1-C; alkyl,
C1-C, alkoxy, halogen, 05—07 cycloalkyl, or C1—Csq alkyl substituted
C5-Cy cycloalkyl, said halogen (or halo) groups being chloro,
fluoro, or bromo; aﬁd'a and b are each the integers 0, 1, or 2,
provided_that the sum of a and b is not more than 2.

(b) B is the substituted or unsubstituted aryl group,
naphthyl or phenyl, said aryl substituents being C,-Cs alkyl,
halo(C;-Cg)alkyl, hydroxy, C;-Cs alkoxy, Cy-C, alkoxy(C;-C,)alkyl,
halogen, or R(R')N-, wherein R and R' are each hydrogen or C1—C5
alkyl, and said halogen (or halo) groups being fluorine, chlorine,

or bromine; and

* C L M s *
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(c) B' is selected from the groups represented by the

following graphic formulae:

3 4 RG : Y R4

wherein X is oxygen or nitrogen and Y is carbon or oxygen provided
that when X is nitrogen, Y is carbon; Ry and_RS are each hydrogen or
C1~Cs alkyl; each R is a Cy~Cs alkyl, Cy-C5 alkoxy, hydroxy or
halogen, said halogen being chloro, fluoro, or bromo, and ¢ is an.-
integer from 0 to 3.

13. The photochromic article of Claim 12 wherein the

organic host material is selected from the group consisting of

polyacrylates, cellulose acetate, cellulose triacetate, cellulose
acetate propionate, cellulose acetate butyrate, poly(vinyl acetate),
poly(viayl alcohol), poly(vinyl chloride), poly(vinylidene
chloride), polycarbonate, polyuréthane, poly(etﬁylene
terephthalate), polystyrene, copoly(styrene-methylmethacrylate),
copoly(styrene-acrylonitrile, polyvinylbutyral and polymers of
members of the group consisting of polyol(allyl carbonate) monomers,
polyfunctional acrylate monomers, and diallylidene pentaerythritol

monomers.
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14. The photochromic article of Claim 13 wherein:

(a) R; and R, are each C;-Cs alkyl, C5-Cq cycloalkyl,
fluorine, bromine, R(R')N—, or the group -0-L, wherein R and R' are
each hydrogen or C;-C, alkyl, L is C1—Cy, alkyl, Cy-C, alkylphenyl,

5 phenyl(C;-Cy)alkyl, C;-C, alkylcarbonyl, halo(C;-C,)alkylcarbonyl,
or C;-Cy monoalkylaminocarbonyl, said halo group being chloro or
fluoro; and a and b are the integeré}@'ér 1.

(b) B is represented by-the following graphic formula:

10

1s |
(Ryd4

where%n Rg is hydrogen, C;-C, alﬁ}l, C1—C; alkoxy, fluoro, or

20 chloro, each Ry is a C,1~C, alkyl, C1—C, alkoxy, hydroxy, chloro, or
fluoro, and d is an integer from O to 2; and :
) (c) B' is selected from the groups represented by the
following graphic formulae:

25
R R
>4 4 \'4 4
X Ry ' X Rg
(R3)c ) (Ra)c .
35
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wherein X is oxygen, Y is carbon or oxygen, R, and Rg are each
hydrogen or C;-C;4 alkyl, each Rg is Cy-C4 .alkyl, C;-C, alkoxy,
hydroxy, or fluoro, and ¢ is an integer from 0 to 2.-

15. The photochromxc article of Claim 14 wherein R; and Rz

are each C;-C5 alkyl, Eluorine or;the group -0-L, wherein L is
acetyl, benzoyl, methyl, or methylaminocarbonyl; B is phenyl or
substituted phenyl, said phenyl substituents being fluoro, methyl,
or methoxy, B' is 2, 3-d1hydrobenzofuran—5-yl,
Z—methyldihydrobenzofuran-s-yl, indoline-5-y1,
1,2,3,h—tetrahydroquinoline—é-yl, chroman-6-~yl, or
1,3-benzodioxide-5~yl; and Ry, R4, and Rg are each hydrogen or
methyl, and 2, b, and 4 are the integers 0 or 1.

16. The photochromic article of Claim 15 wherein the
organic host material is a solid transparent homopolymer or
copolymer of diethylene glycol b{s(allyl carbonate),
poly(4,4'dioxydiphenol-2,2-propane), poly(methylmetﬁacrylate),
polyvinylbutyral, or a polyurethane.

. 17. The photochromic article of Claim 16 wherein the
photochromic compound is present in an amount of from about 0.15 to
0.35 milligrams per square centimeter of organic host material
surface to which the photochromic substance(s) is incorporated or

applied.

18. The photochromic article of Claim 17 wherein the
weight ratios of the first photochromic substance to the

naphthopyran compound is from about 1:3 to about 3:1.

19. The photochromic article of Claim 18 wherein the

article is an ophthalmic lens.
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ABSTRACT OF THE DISCLOSURE
PHOTOCHROMIC NAPHTHOPYRAN COMPOUNDS

Described are novel reversible photochromic naphthopyran
compounds, examples of which are compo&nds substituted at the 3
position of the pyran ring with (i) an .aryl substituent and (ii) a
phenyl substituent having a 5- orlﬁréémbef heterocyclic ring fused
at the number 3 and-4 carbon atoﬁ; of the phenyl substituent. Also
described are orgadic host materials that contain or that are coated
- with such compounds. Articles such as ophthalmic lenses or other
plastic transparencies that-incérpor;te the novel naphthopyran
compounds or combinations thereof with complementary photochromic

compounds, e.g., spiro{indoline) type compounds, are also described.
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