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(57) Abrege(suite)/Abstract(continued):

photochromic compounds derived from benzo[flchromenes, saild compounds comprising In their closed form particular long wave
length absorptions maxima and good performance In the open, coloured form, whereby good harmony Is achieved with the
Indenonaphthopyranes which are diffused in said phototropic glass in applications of phototropic glass.
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ABSTRACT

The invention relates to specific photochromic h-fused benzo[f]jchromene

derivatives of the general formula (1),

in addition to the use thereof in all types of plastic, in particular for ophthalmic
purposes. The invention relates specifically to photochromic compounds derived
from benzo[f]lchromenes, said compounds comprising in their closed form particular
long wave length absorptions maxima and good performance in the open, coloured

form, whereby good harmony is achieved with the indenonaphthopyranes which are

diffused in said phototropic glass in applications of phototropic glass.
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Photochromic h-Fused Benzo[f]chromene Derivatives

The present invention relates to specific photochromic h-fused

benzo[f]chromene derivatives and their use in plastics of all types, 1n
particular for ophthalmic purposes. The present invention relates 1n
particular to photochromic compounds derived from benzo[f]chromenes
which in their closed form have especially long wavelength absorption

maxima with good efficiency in the open colored form at the same time,

so that when used in phototropic lenses, they harmonize well with the

indenonaphthopyrans widely used therein.

Various classes of dyes are known which undergo reversible

changes in color when exposed to light of certain wavelengths, 1n

particular sunlight. This is due to the fact that these dye molecules
change to an excited colored state by energy 1nput 1n the form of
light, then leave this state again when the energy input 1s 1interrupted
and return to their colorless or at least almost colorless normal

state. These photochromic dyes include for example the naphthopyrans

which have already been described with various substituents 1in the

prior art.

Pyrans, specifically naphthopyrans and larger ring systems

derived therefrom, are photochromic compounds which even today are the

subject of intense investigations. Although a patent application was
filed for these compounds for the first time back 1n 1966 (US
3,567,605), compounds that appeared to be suitable for use 1n eyeglass

lenses were not developed until the 1990s.

The world market for photochromic eyeglasses made of sillcate as

well as plastic is dominated by the colors gray and brown. Colors such

as green, blue, magenta, orange or yellow play a completely subordinate
role.

In all photochromic plastic lenses currently on the market, these
two colors are achieved by mixtures of at least two photochromic dyes.
As explained 1n US 6,306,316 these may be divided 1nto two groups,

namely those whose longest wavelength absorption maximum 1s above

550 nm, 1.e., those which in an excited state vield a violet blue
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to green transmission coloxr and those whose longest wavelength
absorption maximum 18 below 550 nm, Their transmission celor ranges from

vellow to crange to red.

The first group includes ZH-naphthopyrans derived from l-naphthols
and their higher analogs derived therefrom by fusion. These are
described 1in US 5,698,141, US 5,723,072, US €,146,554, US 6,225,465,
UsS 6,331,625 and US 6,340,765, for example. Although photochromic
compounds belonging to other classes, as described in US 4,931,220 or
EP 0 600 688, have absorption maxime above 050 nm, they are no longer in
commercial use because of thelr short lifetime and/or short bandwidth of
the 1long wavelength absorption., The long wavelength absorption of
photochromic dyes of all gray or brown photeochromic plastic lenses

currently available on the market (e.g., Rodenstock Perfalit ColorMatic
Extra® - since 1999, Transitions Next Generation® -~ since 2002, Hoya

Solio® 1.55 - since 2004) belong to the compounds derived from 1-

naphthols described above.

Dves belonging to the second group include mostly 3H-benzopyrans
and 3H-naphthepyrans which are derived from 2-naphthols and are mostly
substituted with arvl or hetercaryl in position 2, as described in

US 5,244,¢€02, US 5,427,774, US 5,552,080, US 5,552,081, U& 2,585,042 and

{43

WO 87/20239. The spircadamantane-substituted compounds described in
Us 4,826,977 also belong to this group. It is possible to use
2H~naphthof{l, 2-blpyrans derived from l-naphthols only 1f the open form
is sterically hindered by substitution in pesition 5 of the system, as
described in EP 1 248 778, Without this hindrance, the Pprightening

effect is too slow for use in eyeglass lenses,

Commercially available photochromic compounds such as Reversacol
Sunflower, Corn Yellow, Flame and Ruby (James Robinson) or CNN~-4 and
CNN~8 (Tokuvama Soda) are described in EP 0 691 %6 and US 6,719, 826.
These compounds all have an amino group, usually piperidine or
morpholine in position ¢ of the naphthopyran system, vielding a very
high molar extinction (IOD > 1.5) in the absorption maximum. Without
this functional group, the value is approximately 1.5 lower.

Unfortunately, this strongly polar substitution pattern results in
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strong solvatochromism, so that a porticn of the dye used is in the open
form in the solid solution (plastic matrix). This is manifested ewven in

the complete absence of exciting light in lightly colored lenses. In

3y

addition the transmissicn after V, is also reduced by 4 to 10%. Examples
that «c<¢an Dbe mentioned here include mainly the brown variants of

Rodenstock CelerMatic Extra® and Hova Sclio® 1.55.

Ancther disadvantage is the absorption of the closed form, which
has a hipsochromic shift of 20 nm to 25 nm in compariscn with the adyes
cf the first group. The composition is coordinated, i.e., the respective
concentrations of the photochromic dyes used are coordinated to achieve
a gray or brown color in such a way that the desired color is achieved
In normal direct or indirect sunlight. If the very short wavelength
portion of the visible sunlight (380-400 nm) is selectively filtered out
or bklocked, e.g., by window glass with a thermzl insulation coating or
laminated safety glass in motor vehicles, then the lenses assume a blue
color in the case of a gray lens or a gray color in the case of a brown
lens. This can bhe observed well in brightliy 1it rooms with the plastic
pnotochromic lenses available on the market today and is a cosmetic

disadvantage.

Compounds that have a longer wavelength absorption c¢f the closed
form due to thelr structure are described in WO 02/22594. However, the
important aspect here 1s that powerful dyes which absorb in the long
wavelength range, 1.e., in the violet to blue range are provided, i.e.,
they have the longer wavelength absorption of the open form. This has
been achieved by introducing eamino substituents into the naphthopyran
system. These compounds have the leongest wavelength abscorption maxima of
the open form which are not bhelow 540 nm. Here again, however, the

precoloration when used in plastic eyeglass lens materials 1s a

disadvantage,

US 5,889,058 describes compounds having a similar basic structure,
whose open form abscrbs in the desired spectral range. However, this
publication discusses only indeno~fused naphtho(2,1l-blpvrans, which are
also substituted by an alkoxy group in position 6. This is obligatory

cdue to the synthesis because the ring closure does not take place
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without an activating substituent that makes the linkage point in P~
position nucleophilic. Fused ring systems larger than the five-membered
ring are neither described nor possible by this route. Furthermore, the
brightening rates are very high. For light exposure in equilibrium, this
leads to only a small amount of open, 1.e., colored, molecules. The
darkening effect is minor (AOD < 0.5). Likewise, the absorption of the
closed form, wusually with maxima below 370 nm, 1is at a much shorter
wavelength than that of the compounds of the first group. However, <his
1s not enocugh to utilize the long wavelength UV portion of sunlight. The
dye molecules disclosed in US 5,869,658 are relativelv planar because
the repulsion of the H atoms (in positions B and 9 of the formula in
column 21) 15 not very great. Example 3 is unusual because in this case
the slow bkrightening and thus greater darkening ACD are achieved due to
a fluorine substituent in position 2 on phenvyl rings B and/or B'. This
effect, which makes the AOD value approximately four times greater, was
already described in US 5,066,818, However, this substituticon which
hNinders the free rotation leads to an undesirvably strong dependence of
the brightening o¢n the matrix surrounding the moleculeg, i.e., a very
broad distribution of the brightening rate when the molecular ensemble
in a matrix is considered and/or an extremely different brightening rate

in different plastic materials,

w1 230 234 also describes ZH-diarylnaphthopyrans substituted
with condensed rings. Condensation within the indene ring in the
structure shown here leads to compoundsg which usually brighten as
cgquickly as the comparative compound C5 owing to the absence of steric
hindrance between the CH, group of the five-membered ring and the H atonm
in poesition 8. As described 1in U8 3,567,605, compounds having this
structure  have adeqgquate  photochromicity only at extremely Low
temperatures. With the six-membered ring, the hindrance 15 also very
mincy, the brightening is guick and thus the cbserved coloration is only

b

mincr. In additaion, the choice of possible compounds 1is very small and
the synthesis described allows only compounds substituted in positions 6
and 7 with activating groups. When using only one methoxy group oxr using
less activating higher alkoxy greoups, no ring closure reasction takes
place. Larger alkane rings are possible through synthesis but the steric

hindrance 1is always low in comparison with that of compounds of the
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structure according to UZ 5,869,656 or WO 02/22594: likewise the
carkening results are minor. The essential aspect of these compounds
according to EP 1 230 234, however, Was primarily providing
intrinsically gray or Dbrown compounds. In the open form, the
5 (substituted) phenyl group 1s in meta-position to the ethylene bridge
instead of being in para-position, which leads to completely different

behavior which 1s even controversial in some cases.

Taus the objeclt of the present invention is tc provide novel
photochromic dyes which have improved properties in compariscn with the

10 compounds available in the prior art, These photochromic compounds
should be characterized, compared to comparable compounds of the prior

art,, particularly by a longer wavelength absorption in the unexcited
state, 1.e., in the range betwesen approximately 380 nm and 400 nm while

al the same time having a good efficiency in the open form, i.e.,

15 characterized by a higher molar extinction of the excited form after
exposure to light and by good ¥inetic properties and lifetime
properties, i.e., with a rapid brightening rate which 1is adapted to the
compouncs that absorb in the long wavelength range and are usually used

at the same time 1In photcoctropic lenses and with good results in the

2 lifetime test.

This object 1s &achieved by the subjects characterized in the

claims.

In particularx, photochromic h-fused benzol[E]chromenes with general

formula {(I) are made avalilable:

<

wherein
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n and m independently of one another dencte 0, 1 or £,

the radicals Ry, R, Ry and Ry each independently c¢f one another

denote a substituent selected from

the group o, consisting of a hydrogen atom, a (C;-Cz) alkyl
raclical, a (C;-C¢) thioalkyl radical, a (C3~Cy) cycloalkyl radical, which
may have one or more hetercatoms such as O or 8, for example, a (C-Cg)
alkoxy radical, a hydroxyl group, a trifluoromethyl group, bromine,

chlorine and fluorine;

the group B, consisting of an unsubstituted, a monosubstituted or
disubstituted phenyl, phenoxy, benzyl, benzyloxy, naphthyl or naphthoxy

radical, where the substituents may be selected from phenyl and the

group o;

the group 7, wherein the radicals R; and R and/cr R; and R, each
denote an -A-{CH,),~D~ group or an ~A-{C(CH3)2)}+D- grcup bound to the
aromatic ring, where k = 1 or 2, where A and D independently of one
another are selected from oxygen, sulfur, CH;, C{(CHj); or C(C¢Hs)z and

again a benzo ring may be fused to this -A-(CH;)y~D- group;

the radicals Rg, Rg, Ry and Ry each independently of one another

are selected from phenyl and the greoup « or the radicals Ry and Rg
together with the radical Ry of the directly vicinal benzo ring form an
unsubstituted, a monosubstituted or disubstituted benzo or pyride ring
fuscd thereto, its substituents being selected from phenyl and the group
o or, if m and/or n denotes 2 the directly vicinal radicals Rs and Rg of
two vicinal CRsRe units and/or the directly vicinal radicals R; and Ry of
two  vicinal CR4Rg units together form a fucsed, unsubstituted,
monosubstituted or disubstituted benze ring or pyrido ring, whose
substituents mav be selected from phenvl and the group o, or the
radicals Ry and R¢ and/or the radicals R, and Ry together form a (C3-Cq)
cycloalkyl radical, which may have one or more neteroatoms, e¢.g., Oxygen
or sulfur, with a benzo ring optionally being fused to this cycloalkyl

radical;
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¥ is selected from O, 8§ or CRsRy,, where the radicals Rg and Ry

independently of cne another are selected from phenyl and the group «
or the radicals Re¢ and R.y together form a (C3~Cy) cycloalkyl radical
which may have one or more heteroatoms such as oxygen or sulfur, or the
radicals Rg and Ry, together with the radicals Rs and Rg and/or R; and Ry
of a directly vicinal CRsR¢ unit and/or CR4Ry unit may stand [or an
unsubstituted, a monosubstituted or a disubstituted kenzo or pyrido ring
fused to the X-C{R¢R¢) and/or ¥-C(R;Rg) bond, whose substituents may be
selected from phenyl and the group o with the provision that X may not

be CRyR;¢ when both m and n are 0

B and B' independently of one another are selected from one of the

following groups a), b), c) or dj, wherein [B and B']

a) are mono-, dli- and trisubstituted aryl radicals, where the

aryl radical is phenyl or naphthyl;

D) axre | unsubpstituted, nonosubstituted and disubstituted
heteroaryl radicals where the hetercaryl radical is pyridyl, furanyl,
penzofuran~2-vl, benzofuran-3-yl, dibenzofuranyl, thienvl, bkenzothlen-2-

vl, benzothien-3-yl or dibenzothienyl;

wherein the substituents of the aryl or heteroaryl radicals in &)

and b) are those selected from the groups o, B or y or an unsubstituted,
monosubstituted or disubstituted amino  group, where the amine
substituents may be selected from a (C;-Cg¢) alkyl radical, a (Cy-Cq)
cycloalkyl radical, an unsubstituted phenyl or benzyl radical or a

phenyl or benzyl radical substituted with one or more substituents from
the group o, an N-morpholine group, an N-thiomorpholine group, an
N-piperidine group, an N-azacycicheptane group, an N-piperazine group,
an  N-(N'-{C{~Cg~alkvl)piperazine group, ari N-pyrrolidine group, an
N-imidazeolidine group, an N-pyrazclldine group, an N-aziridine group, an
N-azetidine group, an N-indoline group, &an N-carbazole group, an
N-phencthiazine group, an N-phenazine group, an N-phenoxazine group, an
N-tetrahydroguinoline group oOr an N-tetrahydroiscquinoline group,

wherein the substituents are preferably those from groups « and B;
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C) are structural units having the fc¢llowing formulas (V) and
(W)
b Y
| >/Rl2 Rz
Z \R
R, ) i3 7ABRS?!
13
14 (R14)p

(V) (W)

wherein

Y and 2 independently of one another stand for O, §, CH;, CMey,
NH, NPh or N{C,~C¢) alkyl, the radicals Ry;; and Rjy independently of one

another denote hydrogen or a (C~-Cq) alkyl radical and the radical Ry

denotes a substituent from the group o, where p is 1, 2 or 3

Or
) R and B' together form an unsubstituted, monosubstituted or
disubstituted §,10-dihydroanthracene radical, fluorine radical,

thioxanthene radical or xanthen-9-yvlidene radical, benzolb]ilouren-1l-
~ylidene radical, 5H~-dibenzola, cljcycioheptene, dibenzosuberone Or
SH-dibenzola, clcyclooctan-5-ylidene radical cor a gaturated hydrecarbon
radical which is C3-Cyy spiromonocyclic, C9-Cy, spirobicyclic and/or Cy—Cy
spirotricyclic, where the substituents on <the unsaturated cyclic

compounds are selected from the group .

According to the present invention, compounds are made available
by h-fusion of benzolf]lchromene systems such that their photochromic
properties have important advantages in comparison with the compounds
known in the art. In particular, the inventive compounds have 1long
wavelength absorption maxima in the clocsed (ceolorless) form with at the
same time a good efficiency in the open form, 1.e., a higher molar
extinction of the excited form on exposure to light as well as good
kinetic ‘properties and lifetime properties. Furthermore, the inventive
photochromic H-fused benzo(f]chromene derivatives have good llifetime
properties comparable to those of the corresponding compounds known in

the art and/or better kinetic properties, 1.e., a rapid rate of
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brightening adapted to the photochremic dyes that today are usually used
simultaneously in phototropic lenses and have a longer wavelength

absorption as well as gecod hehavior in the lifetime test.

The cyclic ring and/or heterocyclic ring fused in position h of
the bpenzolflchromene system is  preferably a five-membered ring
(n =m = 0; see formuia (II) below), & six-membered ring (n = 1, m = (
and m = 1, n = 0; see formula (III) below}) or a seven-nexbered ring

(preferably with n = m = 1; see formula (IV] below),

The five-membered ring system having a CH, bridge is almost planar
but is under a great deal of tension. With the standard melecular
geometry program Hyperchem 7 (Monte Carlo, Mm+, 100 cycles)y, a value
of -0.27° is obtained for the angle & (rotation of the phenyl ring with
respect to the plane of the naphthalene ring). The introduction of an
oxygen atom relaxes the meolecule by rotating the angle & to =27.25°,
Replacing the CH, bridge with a CH;-CH, bridge to form a six-membered
ring f{e = -25.39° has the same effect. The seven-membered ring with a
CH,-CH,—~CH, bridge already vields a helicene-like structure (€
= =4G.725%°) . The five-membered ring with O or § definitely has a stronger
aromatic character than with a Cl, or CR, group. This leads to a

bathochremic shift of the absorption.

preferred photochromic h-fused Dbenzolf]chromene derivatives
according to the present invention have the following general formulas

(II), (II1I) and/or (IV}:

- wherein B, B', Ry, Ry, R3 and Ry are defined as given above ana
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in formula (II} X = O or $;

in formula (IIT} X and X' independently of one another are
selected from O, S or CRsRyy, with the provision that at least one of the

two 1s CRgRyp; and/or

in formula {(IV) ¥, ¥' and X" independentliy of one another are
selected from O, S or CRyRyy with the provision that when X' = 0 or §, X

and X" = CRoK1p.

The radicals Rs, Rg, Ry and Rg are preferably selected from the

group o independently of one another. If in formulas (II1) and/or (IV),
X, X' and/cr X" stands for CRgRyy, then the radicals Ry and Ry together
may stand for a (C;~Cq) alkyl radical or a (C3-Cy) cycloalkyl radical 1in

particular which may have one or more heteroatoms.

The radicals Ry and R, and/or Ry and Ry may each form
an =4~ (CH;)-D~ group, where k = 1 or 2, bound to the aromatic ring,
where A and D, independently of one another, are selected {rom oxygen,
sulfur, CH,, C(CHs;); or C(Cglls}, and where a benzo ring may in turn be
fused to this ~A-(CH,),.~D~ group; in particular =0-(Ch;).;-0- may e
listed as an -A-({(CH,),~D- unit, with a benzocycllc ring opticnally beilng
fused to the ethylene group thereof. The ~A=- (CHy)—D- unit 1is bound to

the respective benzo ring by A and D in ortho position to one another,

In an especially preferred enbodiment, B and 37, independently ot
one another, in the formulas (1), (IT1) (III) and/or (IV) given above are
mono—, di- or trisubstituted aryl radicals, whereln the aryl radical 1s

a phenyl radical or a naphthyl radical,

Especilally preferred photochromic h-fused benzo[f]chromene

derivatives according to the present invention include:

(1) 2~(4~methoxyphenyl)-2~ph@nyl~2ﬂvbenzofurano[1,2"h]benzo[f]-
chromene,
(2) 2~ (4-methoxyphenyl)-2-phenyl-2d-benzothiophenc{l,2-n]-

benzeclfjchromene,

]
(3) 0~ {(4-methoxyphenyl)=2=-phenyl=-2H~13, l4~dihydronaphtho{l, 2-h}-

Y

s

benzolf]chromene,



{n

10

20

30

CA 02585847 2012-05-30

WO 2006/045495 FCT/EP2005/011202

11

(4) 7-methoxy=-2- (4-methoxyphenyl)-2-phenyl-2H~-13, 14-dihydro-

napntho{l,2-hlbenzo[f]chromrens,

(5) 1l-methoxy=2-{4-methoxyphenyl)-~2-phenyl-2H~13,14-dihydro-
naphtholl, 2-hlbenzo{f{]chromene,

(6 ) 2—{4d-methoxyphenyl!-2-phenvl-2H,13H~-chromeno{l, Z2-hibenzo[f]-
chromene,

(7) 2—(4~methoxyphenyl)~2~pheny1-2H,léchhroménoll,ZMh]benzo[f}~

chromene,
(8 ) J-methoxy~Z2- {(4d-methoxyphenyl)-2-phenyl~2H-

benzocyclcheptano!l, 2~-h]lbenzo [ flchromene.

The longest wavelength absorption maxima A,y of the closed
(colorless) form and the open (colored) form of different compounds are
shown 1in the following table (the numbers are based on the list of
especlally preferred compounds). Furthermore, the efficiency of the
colored form of the inventive compounds is also shown. To do so, 500 ppm
photochromic dye was Incorporated into a phototropic matrix of
ColorMatic Extra® and after polymerization, the transmission was
measured in a defined procedure on a2 Xinetic bench at 23°C {15 min
exposure at 50 klux). The lower the transmission, the more 1intense 1S
the power of the photochromic dye under exposure. However, 1t must also
be nointed out that the transmission was measured as a factor weighted
in relation to the optical sensitivity maximum V; s¢ that yellow-orange
dves whose absorption maximum is farther away from the human sensitivity
maximum will have a higher transmission than oranyge red dyes whose
absorption maximum 1is closer to the human sensitivity maximum. The
intensity c¢f two photochromic dyes can thus be compared well only Dy way
of the degree of transmission under illumination if their longest
wavelength abscrption wmaxima (open form) are not too far apart
(otherwise vellower dyes would be classified at a seemingly lower level
than redder dyes). A compound of the prior art according to US 5,869,658

is shown in the last row of the following table for comparison purposes.

The information given in the f¢llowing table for m, n, ¥, R; and

Ry 15 based on the structure (I}:

~ B 18 4-nmethoxyphenyl
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- B' is phenyl

"m_wwmﬂlﬂuﬂllh‘ﬂllﬁm

It can be seen from this table that the inventive compounds have a
higher ecfficiency in the darkened state in comparison with the cxemplary
compound of the prior art. Furthermore, the absorption maximum of the
closed form has a bathochromic shift in most cases. This property 1s
cspecially important when only a small amount c¢f UV radiation 1s
available for excitation owing to scattering effects in the atmosphere,
Longer wavelength UV radiation is subject to less scattering than
shorter wavelength radiation, so these dyes undcergo good darkening even
under unfavorable conditions in contrast with photochromic dyes that

absorb at a shorter wavelength,

The inventive compounds may be used in plastic materials and/or
plastic objects of all types and shapes for a plurality of applications
for which photochromic behavior 1s important. A dye according to the
present invention or a mixture of such dyes may be used. For example,
the inventive photochromic benzo[f)chromene dyes may be used in lenses,
in particular ophthalmic lenses, lenses of eyeglasses of all types such
as ski goggles, sunglasses, motorcycle goggles, visors of safety helmels
and the like., Furthermore, the inventive photochromic benzo(f]chromene
dyes may also be used as solar prctection in vehicles and residences in

the form of windows, safety visors, covers, roofs cr the 1like,

NO ., m | N ' A 4 Ry Ry P s | P  Transmission
b mee | By | Ll | iclosed) | (open) | darkened
W o o o ol w | H  3B0 nm | 470nm 53%
(2) | 0 L0 s . n 1 Hop a8 am fdlobm )
(3} 1 0 CH, H H 385 nm | 450 nm | 58% ?
RN UUU.L42 NS I RSN, S N S ) — _
(4) 1 0 CH, 7-OMe H 400 nm 470 nm 40% i
i H/H - ; 1 N P i
(5y 11 ¢ | CH, H | 11-Ctde | 390 nm | 455 nm | 55%
H/H - _ - S N N
ey | 1 o | o | W |7 H | 380 nm | 455 om | 50%
H/H -~ |
(7) o | 1 | © H | H | 395 nm | 460 nm | 57%
_ s nm [0S AU AU N R |
(8) 1 | 1 CH, 7-0OMe H 380 nm 485 nm i 40% |
o looB/H ] H/H L . b S ——
" Prior 0 0 | CH, 6-OMe H | 380 rm | 465 nm | 65%
art o ) o 1 N A Ao o . .G.,..,.,~.,..._.........,m.,,.:.,..,.,.,,,.,,,,,,,,,,,,,Mm-u s -
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For producing such pnotochromic objects, the inventive
photochromic benzolf]chromene dyes may be applied to or embedded in a
polymer material such as an organic plastic material by means of various
methods described 1in  the prior art such as those described in

WO 93/155H18.

A distinction 1is made between so-called bulk dyeing methods and
superficial dyeing methods. A bulk dyeing method comprises, for example,
cdissolving or dispersing the pnctochromic compound or compounds
according to the present invention 1n a plastic material, e.g., by
adding the photochromic compound(s) teo a monomoric material before
polvmerization takes place. Another possibility for producing a
photochromic object is by impregnating the plastic material (s} with the
photochromic compound({s) by immersing the plastic material 1in a hot
solution of the photochromic dye(s) according to the present invention
or by a thermal transfer method, for example. The photochromic
compound{s) may also be provided in the form of a separate layer between
adjacent lavers c¢f the plastic material, e.g., as part of a polymer
film. Furthermore, applying the photochromic compound(s) as part of a
coating on the surface of the plastic material 1s also possible. The
term impregnation should be understood to refer to the migration of the
photochromic compound{s) into the plastic material, e.g., through the
solvent-supported transfer of the photochromic compound(s}) 1nto =
polyvmer matrix, wvapor phase transfer or cther such surface diffusion
processes. Such photochromic objects, e.g., eyeglass lenses, can
advantageously be produced not only by means of the usual bulk dyeing
but also in the same way by means of surface dyeing; a surprisingly
lower migration tendency can ke achieved with the latter variant, This
is advantageous in particular in the case of subsequent finishiling steps,
e,g., when an antireflective coating is applied due to the lower
backdiffusion in vacuo—drastically reducing layer separation and

! ¢

similar defects.

Thus on the whole, orn the basis of the inventive photochromic
h-fused benzol{f]lchromene derivatives, any compatible dyelngs {(tolerated
well from a chemical standpoint and with regard to the color)y, 1.e.,

~ i

dyes may be applied to or embedded 1n the plastic material to comply
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o

with aesthetic factors as well as medical or fashion aspects. The dye({s)
selected specifically may consequently vary, depending on the intended

giffects and requiremants.

The  inventive photechromic h-fusad benzol|fjchromane derivatives
with the general formulas (I} and/or (II), (I1I) and (IVY can he
synbthesized Ly reaction of sultsbly subgstituted fused Z-naphthol
derivatives with suitably substituted Z-propyn-l-ol derivatives in &
known way {see WO 02/22584), Production of the inventive compounds 1§

explained below on the basis ©f a geneéral reaction scheme [(zee PIG 1).

Suitably substituted aromatic Grignard compounds  having  a
protected acetic acid function in corthoe position are zadded onto cyclic
aromatic aliphatic ketones {step 1}. After splitting off water and
removing the carboxylic acid pretective group, substituted fused
2-naphthol derivatives (steps 11 and iii) are formed via intramolecular
cyclization, These 2-naphthol derivatives are then reacted with sultably
substituted Z2-propyn=-1-¢l derivatives according to step iv) to form the

inventive compounds,
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Claims

F

1. Photochromic h-fused benzo[f]chromenes of the general

formula (I)

whereiln

n and m independently of one another denote 0, 1 or 2,

the radicals R;, Ry, R3; and R; each independently of one

another denote a substituent selected from

the group o consisting of a hydrogen atom, a (Ci;-Cg) alkyl
radical, a (Ci-C¢) thiocalkyl radical, a (Cs-C;) cycloalkyl radical
which may have one or more heterocatoms, a (C;-Cg) alkoxy radical,
a hydroxyl group, a trifluoromethyl group, bromine, chlorine and

fluorine;

the group P consisting of an unsubstituted, monosubstituted

or disubstituted phenyl, phenoxy, benzyl, Dbenzyloxy, naphthyl

and naphthoxy radical, where the substituents may be phenyl or

the group o;
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the group y wherein the radicals R; and R, and/or Rs and Ry
each denote an -A-(CHy)yx-D- qgroup or an -A-(C(CHs3):)x—D- group
bound to the aromatic ring, where k = 1 or 2, where A and D
independently of one another are oxygen, sulfur, CH,;, C(CH3), or
C(CgHs) 2, and wherein a benzo ring may be fused to said -A-(CHy) k-

D—- group;

the radicals Rs, Rg, R; and Rg each independently of one

another are selected from the group consisting of phenyl and the

group o or the radicals Rg and Rg together with the radical Rz of

the directly wvicinal Dbenzo ring form an unsubstituted,
monosubstituted or disubstituted benzo or pyrido ring fused

thereto, 1ts substituents being selected from the group

consisting of phenyl and the group a or, if m and/or n denotes
2, the directly wvicinal radicals Rs and Rg¢ 0of two vicinal CRsRg
units and/or the directly wvicinal radicals R; and Rg of two
vicinal CR7Rg units together form a fused, unsubstituted,
monosubstituted or disubstituted benzo ring or pyrido ring whose

substituents may be selected from the group consisting of phenyl

and group o, or the radicals Rs; and Rg and/or the radicals R; and
Rg together form a (C3-Cy) cycloalkyl radical which may have one
or more heterocatoms, with a benzo ring optionally being fused to

this cycloalkyl radical;

X 1is O, S or CRgRjp, where the radicals Rg and Rjp

i
—

independently of one another are selected from the group

consisting of phenyl and the group a or the radicals Rg and Rjig
together form a (Cs3-C;) cycloalkyl radical, which may have one or
more heterocatoms, or the radicals Rg and Rjp together with the
radicals Rs; and R¢ and/or Ry and Rg of a directly vicinal CRsRg

unit and/or CR+Rg unit represent an unsubstituted, a
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monosubstituted or a disubstituted benzo ring or pyrido ring

fused to the X-C(RsR¢) and/or X-C(RsRg) bond, whose substituents

may be selected from the group consisting of phenyl and the

group o, with the provision that X may not be CRgR;y; when both m

and n are 0;

¥ b
p—

B and B' 1independently of one another are one of the

| -

"ollowing groups a), b), c) or d), wherein B and B'

a) are mono-, di=- and trisubstituted aryl radicals, where

the aryl radical is phenyl or naphthyl;

D) are unsubstituted, monosubstituted and disubstituted
heteroaryl radicals, where the hetercaryl radical 1i1s pyridyl,
furanvyl, benzofuran-2-vl, benzofuran-3-vl, dibenzofuranyl,

thienyl, benzothien-2-yl, benzothien-3-yl or dibenzothienyl;

F

wherein the substituents of the aryl or heteroaryl radicals

in a) and b) are from group «a, group f or group Y Or an
unsubstituted, monosubstituted or disubstituted amino group,
where the amine substituents are a (Ci—-C¢) alkyl radical, a (Cs3-
C;) cycloalkyl radical, an unsubstituted phenyl or benzyl radical

or a phenyl or benzyl radical substituted with one or more

substituents from the group o, an N-morpholine group, an N-
thiomorpholine group, an N-piperidine group, an N -
azacycloheptane group, an N-piperazine group, an N-=(N'-(C;-Ce-
alkyl)pilperazine group, an N-pyrrolidine group, an

N-imidazolidine group, an N-pyrazolidine group, an N-aziridine
group, an N-azetidine group, an N-indoline group, an N-carbazole
group, an N-phenothiazine group, an N-phenazine group, an N-
phenoxazine group, an N-tetrahydroquinoline group or an N-

tetrahydroisogquinolline group;
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C) are structural units having the following formulas (V)
and (W) :
D BN
14)17 (RM)p
(V) (W)
wherein

ﬁ

Y and Z 1ndependently of one another denote O, S, CH;, CMey,

NH, NPh or N(C,-Cg) alkyl, the radicals R;» and Rj3 1ndependently

of one another denote hydrogen or a (C;-Cg¢) alkyl radical and the

radical R;; denotes a substituent from the group o, where p 1is 1,

2 or 3

Ooxr

d) B and B together form an unsubstituted,

monosubstituted or disubstituted 9,10-dihydroanthracene radical,

fluorine radical, thioxanthene radical or xanthen-9-ylidene

radical, benzo[b]flouren-1lylidene radical, SH-
dibenzola, c]cycloheptene, dibenzosuberone or
5H-dibenzofla, c]cyclooctan-5-ylidene radical or a saturated

hydrocarbon radical which 1is (C3-C;, spiromonocyclic, C7-C1o

splrobilcyclic and/oxr C;-C12 spirotricyclic, where the

substituents on the unsaturated cyclic compounds are from the

group Oo.
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2. The photochromic h-fused benzo[f]chromenes of claim 1
wherein the radicals Rs and R¢ and/or the radicals R; and Rg

together form a (C3-C7) cycloalkyl radical which may have one or

more heteroatoms selected from the group consisting of oxygen

and sulfur, with a benzo ring optionally being fused to this

cycloalkyl radical.

3. Photochromic benzo[f]chromenes as claimed 1n any one
of Claims 1 or 2, wherein the cyclic ring or the heterocyclic

ring fused in the h-position of the benzo[f]jchromene system

according to formula (I) is a five-membered ring, a six-membered

ring or a seven-membered ring.

4, Photochromic benzo[f]chromenes as claimed 1n any one

of Claims 1-3, having the following general formulas (II), (III)

or (IV):
R,
0
| X
I L =
9 8
R, -

wherein B, B', Ry, R,, R; and Ry are defined as 1in claim 1

and

I

in formula (II) X O or S;



CA 02585847 2012-12-13

2.0

1in formula (III) X and X' independently of one another are

O, S or CRgRig, with the provision that at least one of the two

1s CRgRlo;

in formula (IV) X, X' and X" 1independently of one another
are 0, S or CRyRjp with the provision that when X' = O or S, X

and X" = CRgRlo;
wherein R¢ and Ryjg are defined as in claim 1.

0. Photochromlic benzo[f]chromenes as claimed 1n any one

of Claims 1 through 4, wherein the radicals Ri, Rz, R3; and Ry are

radicals from group o or group B.

0. Photochromic benzo([f]chromenes as claimed 1n any one

of Claims 1 through 5, wherein the radicals Rs, Rg, R; and Rg are

cach selected independently of one another from the group «.

7. Photochromic benzo[f]chromenes as claimed 1in any one

of Claims 1 through 6, wherein B and B' denote mono-, di- oOr
trisubstituted aryl radicals, 1ndependently of one another,
where the aryl radical 1is a phenyl radical or a naphthyl

radical.

8 . Photochromic benzo[flchromenes as claimed 1in claim 1,

selected from the group consisting of

2= (4-methoxyphenyl)-2-phenyl-2H-benzofurano([l,2-h]benzo[f]-
chromene,

2-(4-methoxyphenyl) -2-phenyl-2H-benzothiopheno[l,2-h]benzo[f] -
chromene,

2= (4-methoxyphenyl)-2-phenyl-2H-13, 14-dihydronaphtho(1l,2-h]-

benzo|[f]chromene,



CA 02585847 2012-12-13

21

T-methoxy-2-(4-methoxyphenyl)-2-phenyl-2H-13, 14-dihydro-

naphthol{l,Z2-h]benzo[f]chromene,

ll-methoxy-2-(4-methoxyphenyl)-2-phenyl-2H-13,14-dihydro-

naphtho([l,2-h]benzo[f]chromene,
2- (4d-methoxyphenyl)-2-phenyl-2H, 13H-chromeno[1l,2-h]lbenzo[f] -

chromene,

2-(4-methoxyphenyl)-2-phenyl-2H, 14H-chromeno[1l,2-h}benzo[f] -
chromene and

7T-methoxy-2- (4-methoxyphenyl)-2-phenyl-2H-benzocycloheptano[l, 2-

h]lbenzo[f]chromene.

9. Use of the photochromic benzo[f]chromenes as clalmed

w——

in any one of Claims 1 through 8 in plastic materials.

10. Use as claimed in Claim 9 wherein the plastic material

1s an ophthalmic lens.
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Figure 1

Reaction scheme

li

i) Addition/cleavage of water (R* carboxylic acid protective

e.g., ortho ester)

ReRew
gBr o Q{X
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R' bttt o eter el
R, R* A) THF/A

1i) Hydrolysis of carboxylic acid protective group R* to ~COOH |

iii) Intramolecular cyclization
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1v) Naphthopyran condensation
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