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R1

A heterobenzopyran compound of general formula (I), wherein Ry repre-
sents a five-membered heterocyclic group containing one or more hetero atoms
and fused either to the f-face or the g-face of the benzo moiety of the benzopyran

skeleton, the said heterocyclic group being fused in such a manner that the hetero
atom in the heterocyclic group is linked directly to a carbon atom on the said
benzo moiety, and, optionally, the said heterocyclic group has fused thereto a fur-
ther carbocyclic or heterocyclic group or is substituted with a group of formula
R4 as defined below; each of Rz and R3, which may be the same or different,
independently represents a carbocyclic or heterocyclic group, or Rz and R3 taken

R, Y
O

R, R,

together with the carbon atom to which they are attached form a carbocyclic or heterocyclic ring system; and R4 represents a hydrogen
atom or a substituent selected from alkyl, alkoxy, aryl, aryloxy, heteroaryl, halogen, substituted or unsubstituted amino, azo, imino, amide,
ester, cyano, trifluoromethyl or nitro. The heterobenzopyran compounds of the invention are useful as photochromic transparencies for cars
and aircrafts.
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PHOTOCHROMIC HETEROCYCLOCHROMENES

The present invention relates to certain novel
photochromic heterobenzopyran compounds, and to articles and

compositions containing them.

Photochromism is a well-known physical phenomenon which
is observed with certain classes of chemical compounds. A
detailed discussion of this phenomenon can be found in
"Photochromism : Molecules and Systems", Studies in Organic
Chemistry 40, Edited by H. Durr and H. Bouas-Laurent, Elsevier
1990.

Pyran derivatives as a class of compounds are known to be
capable of exhibiting a photochromic effect. For example,
U.S. Patent No. 5066818 describes a group of novel reversible
- pPhotochromic naphthopyran compounds having at least one
ortho-substituted phenyl group at the 3-position of the pyran
ring.

The prior art pyran derived photochromic compounds - as
illustrated, for example, in U.S. Patent 5066818 - in the
activated state exhibit relatively simple absorbance profiles
(e.g. Gaussian and Lorenzian curves) and therefore tend to
exhibit relatively pure colours, provided that the
photochromic material itself is not coloured. For many
commercial applications, typically for use in sunglasses, a
more neutral brown or grey colouration is required. In order
to achieve a more neutral colouration using the prior art
photochromic compounds it is necessary to mix together two or
more photochromic compounds. This can present disadvantages,
both in terms of cost and in terms of the ease with which the
photochromic compounds can be incorporated into the polymeric
host material into which they are to be introduced.
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We have now found a group of heterobenzopyran compounds
which when dispersed into a solution or a polymeric host
material and activated with actinic light exhibit a neutral,
typically brown, colouration in the activated state.

According to the present invention there is provided a

heterobenzopyran compound of general formula (I)

wherein R, represents a five-membered heterocyclic group
containing one or more hetero atoms and fused either to the
f-face or the g-face of the benzo moeity of the benzopyran
skeleton, the said heterocyclic group being fused in such a
manner that the hetero atom in the heterocyclic group is
linked directly to a carbon atom on the said benzo moeity,
and, optionally, the said heterocyclic group has fused thereto
a further carbocyclic or heterocyclic group or is substituted
with a group of formula R, as defined below;

each of R, and R,, Whichkmay be the same or different,
independently represents a carbocyclic or heterocyclic group,

or R, and R, taken together with the carbon atom to which

3
they are attached form a carbocyclic or heterocyclic ring

system; and
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R4 represents a hydrogen atom or a substituent selected from
alkyl, alkoxy, aryl, aryloxy, heteroaryl, halogen, substituted
or unsubstituted amino, azo, imino, amide, ester, cyano,
trifluoromethyl or nitro.

For the avoidance of doubt, throughout this specification, the
ring numbering used to describe the benzopyran compounds of
the present invention is as follows:-

7\/\‘/\
g—s | (TT)
6'\/\0/ ?

4

wn

and the f-face on the benzo moeity of the benzopyran skeleton
is the face between carbon atoms 7 and 8, and the g-face is
that between carbon atoms 6 and 7 of the said benzo moeity.

Throughout this specification, unless stated otherwise,
the term "alkyl" is to be taken to mean an alkyl group having
from 1 to 6 carbon atoms. Similarly, the term "alkoxy" is to
be taken to mean an alkoxy group having from 1 to 6 carbon
atoms.

The heterobenzopyran compounds of the present invention
possess extremely complex absorbance profiles (i.e. they héve
multiple absorbance peaks/shoulders/inflections) and as a
consequence they are found to exhibit neutral colours such as
browns when incorporated in solutions and polymers.

Some of the compounds in accordance with the invention
are obtained as mixtures of isomers which are not readily
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separable although in other cases one isomer tends to
predominate and can be separated oﬁt. In both cases, however,
we have found that one obtains the cbmplex absorbance profile
mentioned above, so that both the isomeric mixtures and the
single isomers exhibit the said neutral, typically brown,

colouration.

Preferably, the five membered hererocyclic ring in the
group R1 is a furan ring, a pyrrole ring or a thiophene
ring, preferably with the hetero-atom attached to the
7-position of the benzopyran skeleton.

Preferred substituents on the heterocyclic ring in the
group Rl are a benzene ring fused thereto, or a cyclohexane
ring fused thereto, or one or more alkyl substituents on the

heterocyclic ring.

In the case of the pyrrole ring, the ring nitrogen atom
may carry an alkyl substituent, usually a methyl group.

Preferably, the substituents R2
ring are chosen from a phenyl group, a 4-trifluoromethyl
-phenyl group, a 4-alkoxyphenyl group (preferably
4-methoxyphenyl), a 2,4-di(alkoxy)phenyl group (preferably
2,4-dimethoxyphenyl) or a 4-dialkylamino-phenyl group
(preferably 4-dimethylamino-phenyl).

and R3 on the pyran

When the R2 and R3 substituents together with the
carbon atom to which they are attached form a carbocyclic ring
system, they are preferably a spiro-dibenzocycloheptenyl
substituent, or a spiro-adamantyl substituent or a
spiro-norbornyl substituent.

Preferred R, groups are hydrogen or alkyl, typically
methyl.

4



. WO 95/05382 PCT/GB94/01758

The benzopyran compounds of the present invention may be
prepared by a general preparative method which is based on the

following reaction scheme:-

R, o) =

R
+ H—=—+OH —— R ,
COH
R4

(III) (IV) (I)

The preparative methods used to form the hetero
benzopyran compounds of the present invention are closely
analogous to the methods used to prepare relatively well known
photochromic benzo- and naphthopyran compounds. The synthesis
of such known benzopyran and naphthopyran compounds is
described in detail, for example, by L. Merlini in Advances in
Heterocyclic Chemistry, 1975, 18, 159, and in a number of
patents, for example, U.S. 5066818, U.S. 4990287, U.S. 4980089
and WO 92/09593. Typically, the heterobenzopyrans of the
present invention are formed by reacting a hydroxy compound
of general formula (III) with a propargyl alcohol of general
formula (IV) in the presence of acidic alumina (e.g. Brockmann
1 alumina), trifluoroacetic acid or other like acidic
catalyst; the initial condensation/etherification reaction
between the hydroxy compound (III) and the propargyl alcohol
of formula (IV) is followed by a series of catalysed
sigmatropic shifts and tautomerisation to yield the desired

compound of general formula (I).
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The synthetic process for preparing the heterobenzopyran
compounds of the present invention can lead to the formation

of two isomeric heterobenzopyrans of formulae (IA) and (IA) as
illustrated in the following reaction scheme:-

QL

an V)

Ry R
)@ Wi
Ry 0 R3 Rg Ry o R2
(VIA) (VIB) , R3

|

B &y,

(1A) (IB)
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The reaction of the hydroxy compound (III) with the
propargyl alcohol (IV) proceeds via the initial formation of
an aryl propargyl ether of formula (V), followed by a
Claisen-like [3,3]- sigmatropic re-arrangement. When there
are no substituents in the ortho positions on either side of
the hydroxy group in the compound of formula (III), the
Claisen-like [3,3]-sigmatropic re-arrangement gives rise to
two isomeric intermediates of formulae (VIA) and (VIB), and
these intermediates then undergo a [1,5]- sigmatropic shift to
form the two isomeric heterobenzopyran compounds of formulae
(IA) and (IB).

The presence of substituents or fused moieties on the
benzene ring of the compound of formula (III) can lead to a
predcominance of one of the two isomers (IA) and (IB) since the
isomeric ratio of the two heterobenzopyran isomers is affected
by the regioselectivity of the cyclisation of the aryl
propargyl ether of formula (V).

The hydroxy compounds of formula (III) are either
commercially available compounds or are prepared using known
synthetic methods, or methods derived from these known '

synthetic methods.

For example, S5-hydroxy-2,3-dimethylbenzothiophene, a
starting material in Example 8 bélow, is made by a method
analogous to that described by S. Gronowitz et al. (Acta.
Pharm. Suec. 1978, 15, 337) for the preparation of
2-hydroxydibenzothiophene. Thus, 5- bromo-2,3-dimethylbenzo
thiophene is converted using n-BuLi to the 5-Lithium compound
which is reacted with (n-BuO)BB to form the corresponding
tri-butyl borate derivative, which is then treated with

H,0, to yield the desired 5-hydroxy-2,3-dimethyl thiophene.
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The propargyl alcohols of general formula (IV) which are
used to prepare the heterobenzopyran compounds of the present
invention are prepared in known manner, e.g. as described by
T.F. Rutledge in Acetylenic Compounds, Reinhold, New York 1968.

The novel heterobenzopyran compounds of the present
invention are found to be particularly useful as photochromic
materials to be incorporated into polymeric host materials so
as to impart photochromic properties to the said polymeric

host materials.

The photochromic heterobenzopyran compounds of the
present invention are incorporated into the plastics host
material in known manner, for example as described in European

Patent No. 0245020 or U.S. Patent No. 5066818.

The materials of the present invention impart a
yellow-brown, red-brown or olive-green colouration in their
darkened state. In the faded or bleached condition the
materials exhibit a colourless or pale colouration.

Typical polymeric host materials are optically clear
polymer materials, such as polymers of polyol(allyl
carbonate) -monomers, polyacrylates such as
polymethylmethacrylates, cellulose acetate, cellulose
triacetate, cellulose acetate propionate, cellulose acetate
butyrate, poly(vinyl acetate), poly(vinyl alcohol),
polyurethanes, polycarbonates, polyethylene terephthalate,
polystyrene, styrene/methylmethacrylate copolymers,
styrene/acrylonitrile copolymers, and polyvinylbutyral.
Transparent copolymers and blends of the transparent polymers
are also suitable as host materials. Polymers of the type
described in EP 0294056 or EP 0453149 are also suitable.
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Preferably, the polymeric host material is an optically
clear polymerized organic material such as a polyurethane or a
polymer of diethylene glycol bis(allyl carbonate) (sold under
the trade name CR-39), or SPECTRALITE - a material sold by
Sola Optical USA.

Usually, the amount of photochromic benzopyran compound
incorporated in the polymeric host material ranges from 0.0l
to 0.5 wt%, based on the weight of the polymeric host material.

In some applications, it may be desirable or advantageous
to combine the heterobenzopyran compounds of the present
invention with other photochromic materials to obtain an
aggregate colour effect. For example, spiro-oxazine materials
may have a colour range of 530 to 680 nm which means that in
the darkened condition the spiro-oxazines impart a red-purple
or purple or blue or blue-green or green colouration to a host
material. Thus, the present heterobenzopyran compounds can
be combined with known spiro-oxazine materials such as those
described in our European Patent No. 0245020, or in our UK
Patent Applications Nos. 92/25346, 92/25347 and 92/25348, or
with the spiro (indolino) naphthoxazines, spiro (indolino)
pyrido benzoxazines and spiro (indolino) benzoxazines
described in U.S. Patents Nos. 4637698, 3562172, 3578602,
4816584, 4215010 and 4342668 in order to modify the
colouration in the darkened condition from a brown to a grey.
For similar reasons, the compounds of the present invention
may also be combined with other photochromic materials such as
the naphthopyran compounds described in our UK Patent
Application No. 9306587 or in U.S. Patent No. 5066818.

Typically, when used in combination, the further
additional photochromic material is present in an amount of
from 0.001 to 0.5 weight %, based on the weight of the
polymeric host material.
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Examples of suitable uses of the photochromic plastic
articles incorporating the heterobenzopyran compounds of the
invention are in the manufacture of planoc lenses, e.g. for
sunglasses, and ophthalmic lenses and as photochromic
transparencies for vehicles such as cars and aircraft.

The following Examples illustrate the present invention.
The structures of the various products were determined using

proton NMR.

Example 1

3,3-Dianisyl-3H-[chromeno(6,5-b]benzofuran] (la) and
3,3-dianisyl~-3H-[chromeno[6,7-blbenzofuran] (1Db).

A mixture of 2-hydroxydibenzofuran (2.38g; 0.0129mol),
1,1-dianisylprop-2-yn-1-ol (3.35g; 0.0i29mol) and acidic
Alumina Brockmann I (8.0g) in benzene (150ml) was heated under
reflux for 1.5h. The resulting dark mixture was filtered to
remove the alumina which was washed with benzene, the combined
filtrate and washings were evaporated and the residue flash
chromatographed over silica (eluent: 20% ethyl acetate in
hexane) to give a pale gum which upon trituration with pet.
ether (60/80)/diethyl ether afforded a 2:1 isomeric mixture of
3,3-dianisyl-3H-[chromeno([6,5-b]benzofuran of formula (la) and
3,3-dianisyl-3H-[chromeno[6,7-b]benzofuran of formula (1lb) as
a white solid (1.25g; 22%; m.pt. 120—49°C). Fractional
recrystallisation of the mixture with pet.ether (60-80)/ethyl
acetate afforded pure 3,3-dianisyl-3H-[chromeno[6,5-Db]
benzofuran] (la) as a white solid (0.65g; m.pt. 159-60°C).

OMe

0O (1a)

OMe
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O OMe
0 (1b)

OMe

Example 2

3-Anisyl=-3-(2,4-dimethoxyphenyl)-3H-{chromeno(6,5-b]benzofuran]
(2a) and 3-anisyl=-3-(2,4-dimethoxyphenyl)-3H-[chromeno(6,7-b]

benzofuran] (2b)

A mixture of 2-hydroxydibenzofuran (0.62g; 0.0036mol),
l-anisyl-1-(2,4- dimethoxyphenyl)prop-2-yn-1-ol (1.0g;
0.0036mol) and acidic Alumina Brockmann I(5.0g) in benzene
(40ml) was heated under reflux for 1.5h. The resulting dark
mixture was filtered to remove the alumina which was washed
with benzene, the combined filtrate and washings were
evaporated and the residue flash chromatographed over silica
(eluent: 20% ethyl acetate in hexane) to give a 2:1 isomeric
mixture of 3-anisyl-3-(2,4~- dimethoxyphenyl)-3H-[chromeno
[6,5-b]benzofuran] of formula (2a) and 3-anisyl-3-(2,4-
dimethoxyphenyl)-3H~[chromeno [6,7-blbenzofuran] of formula
(2b) as a pale yellow glass of m.pt. 78-83°C. The isomers
could not be separated.

OMe (2a)
MeO

OMe
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0 OMe

e (2b)

OMe

Examples 3 to 6

Using preparative procedures analogous to those used in
Examples 1 and 2, the following benzopyrans in accordance with

the invention were also prepared:-

Example 3

3,3-Bis(4-dimethylaminophenyl)-3H-[chromeno[6,5-b]

benzofuranl (3).

NMe,
(3)

NM62

The structure of this compound was elucidated using
spectroscopic methods (n.m.r). Its melting point was
195-197°C. '
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Example 4

3,3-Dianisyl-6-methyl-3H-[pyrano[2,3~b]-9H-5,6,7,8-tetrahydro-

carbazole] (4a) and 3,3-dianisyl-10-methyl-3H-[pyrano[3,2-b]
-9H-5,6,7,8-tetrahydrocarbazole] (4b)

pd

/ OMe
Me (4a)

OMe

=@

OMe
(@) (4b)

OMe

The structures of these compounds were elucidated using
n.m.r. spectra. The melting point of compound (4a) was
determined as 147-155°C and that of compound (4b) was
205-207°c.
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Example 5

3,3-Dianisyl-7H=-[pyrrolo[2,3-f]chromene] (5)

HN
OMe

(3)

OMe

The structure of this compound was determined from its
n.m.r. spectrum. It exhibited a melting point of 145-152°¢

(decomp) .

Example 6

Spiro[dibenzo[a,d]cycloheptane-5,3/-3’H-chromeno[6,5-b]

benzofuran] (6).

(6)

The structure of this compound was determined from its
n.m.r. spectrum. It exhibited a melting point of 205°¢
(decomp) .
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Example 7

3-Anisyl-3-(2,4-dimethoxyphenyl)-6-methyl 3H-[chromeno([6,7-b]

benzofuranl (7)

A solution of 2-hydroxydibenzofuran (18.42g;0.10mol) and
25-30% aqueous dimethylamine (22.0ml;0.122mol) in ethanol
(100ml) was treated dropwise over lh with 37% aqueous
formaldehyde (9.0ml;0.1mol). The mixture was then heated at
100°C for 1h. The mixture was cooled to room temperature to
precipitate 1-dimethylaminomethyl-2- hydroxydibenzofuran
(7a) . The product was washed firstly with 50% aqueous ethanol
and then with ice-cold ethanol to give the product as tan

coloured crystals (18.6g9;77%), m.pt 113-5°¢.

CHQNMGQ

OH
(7a)

A suspension of l-dimethylaminomethyl-2-
hydroxydibenzofuran (7a) (5.0g;0.021mol) in 10% aqueous
potassium hydroxide (50ml) at 60°¢C (bath temp 100°C) was
treated with portions of Nickel-Aluminium alloy (50:50) powder
over 0.5h at such a rate as to maintain boiling. The mixture
was heated at 100°C for a further 1h, then cooled to room
temperature and filtered through a pad of Celite and the
filter cake washed with water. Acidification of the filfrate
with conc. HC1 gave a precipitate. The aqueous suspension was
extracted with ethyl acetate, the extracts were'éombined,
dried and evaporated to afford the crude product (3.2g).
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Purification using flash-chromatography over silica (eluent:
10% ethyl acetate in petroleum ether 60/80) gave
1-methyl-2-hydroxydibenzofuran (7b) (TLC; on silica; eluent
10% ethyl acetate in petroleum ether 60/80; Rf = (0.2) as an
off-white solid, m.pt. 135.5-6.7 °c.

Me

A mixture of l-methyl-2-hydroxydibenzofuran (7b) (0.60g;
0.0030mol), l-anisyl-1-(2,4-dimethoxyphenyl)prop-2-yn-1-ol
(0.90; 0.0030mol) and acidic Alumina Brockmann I (3.3g) in
benzene (40ml) was heated under reflux for 15min. The
resulting dark mixture was filtered to remove the alumlna
which was washed with benzene, the combined filtrate and
washings were evaporated and the residue flash chromatographed
over silica (eluent:20% ethyl acetate in hexane) to give a
pale gum which upon trituration with hexane gave 3-anisyl-
3-(2,4-dimethoxyphenyl)-6-methyl 3H~-[chromeno
(6, 7-b]benzofuran] (7) as a crude product (0.42g9;29%; m.pt.
158-65 C) Further purification by recrystallisation
(hexane/ethyl acetate) gave the product as colourless
mlcrocrystals m.pt. 173-4.7 Cc.
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MeO
o OMe

O (7)
Me

OMe

Example 8

3-Anisyl-3-(2,4-dimethoxyphenyl)-8,9~-dimethyl-3H~[pyrano([3,2-e]
benzothiophene] (8)

A solution of 5-bromo -2,3-dimethylbenzo{b]thiophene
(3,61g; 0.015mol) in diethyl ether (40ml) under nitrogen was
cooled to 0°C and treated dropwise over 5 min. with 2.5M
n-butyl lithium (6.1ml;0.0153mol). The resulting mixture was
stirred for a further 20 min. then treated over 10 min. with a
diethyl ether solution of tributyl borate (3.45g; 4.1lml;
0.0153mol) and allowed to warm to room temperature and stirred
for 110min. The mixture was cooled to 10°C and treated with
acetic acid (1.3ml1;0.0225mol) in one portion. After further
cooling to<0°C,.the mixture was treated dropwise with a
solution of 30% hydrogen peroxide (1.7ml, 0.0165mol) in water
(10ml) which resulted in an exotherm (T=15°C). The mixture
was allowed to warm to room temperature and stirred for 2
hours. The mixture was poured into a saturated aqueous
solution of ammonium sulphate containing ferrous ammonium
sulphate and the organic phase washed until no colour was
present. The organic phase was dried and‘evaporated to leave
a tacky solid (contaminated with n-butanocl) which upon
trituration with petroleum ether (30/40) gave 5-hydroxy
-2,3-dimethylbenzo[b]thiophene (8a). [TLC 20% ethyl acetate

in hexane over silica; R 0.22] as a white solid (1.42g;53%).

f
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Me

(8a)

A mixture of S5-hydroxybenzothiophene (8a) (0.40g;
0.00224mol), l-anisyl-1-(2,4-dimethoxyphenyl)prop-2-yn-1-ol
(0.66g; 0.00224mol) and acidic Alumina Brockmann I (3.509) in
toluene (40ml) was heated under reflux for lh. The resulting
dark mixture was filtered to remove the alumina which was
washed with toluene, the combined filtrate and washings were
evaporated and the residue flash chromatographed over silica
(eluent: 20% ethyl acetate in hexane) to give a yellow oil
which crystallised upon trituration with hexane to afford
3-anisyl-3-(2,4-dimethoxyphenyl)-8,9-dimethyl-3H~-[pyrano([3,2-e]
benzothiophene] (8) as a white solid (0.32g;31%) m.pt.
135-37%.

Me  Me

OMe
(8)

MeO

OMe
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The photochromic properties of the heterobenzopyran
compounds of the present invention were tested by preparing,
in conventional manner, by a direct casting process, 1.0 mnm
plates of a polyurethane host material of the type described
in EP 0294056, incorporating the photochromic heterobenzopyran

in a concentration of 0.3% w/w.

The resultant plates were illuminated under standard
solar simulation conditions at Air Mass 2 at 21°C (see Parry
Moon, J. Franklin Inst. 230, (1940), p 583-617). The
measurements which were made on the samples in the darkened
condition were taken when the samples had reached a steady
state; this steady state was deemed to have been reached after

10 minutes in the darkened condition.
The results obtained are shown in Table 1.

Table 1 shows the difference between the unactivated and
the activated photochromic article.

The first data column shows the induced optical density
(I0D), measured at the integrated visible transmission (IVT),
which is the log difference between the bleached transmission

(BT) and the darkened transmission (DT).
IoD (IVT) = log BT (%)/DT(%)

The two columns to the right of the table give both a
subjective description of the bleached and darkened states and
an objective description of colour using the universal Lab
system (see reference at foot of Table 1). The Lab system is
a method for representing colours mathematically and therefore

numerically.

As will be seen from the results given in Table 1, the
colouration of the samples in the darkened condition is a

brown, yellow-brown, orange-brown or olive-green colouration.
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Table 1
0.3 % w/w of photochromic in polyurethane plate (Imm)

PCT/GB94/01758

Example | Induced Optical Density! |  Bleached colour? | Darkened colour?
(Bleached Transmission/
Darkened transmission)
avr) a* b* a* b*
2 0.730 colourless brown
(89.5/16.7) -0.87 0.70 16.81 18.33
4b 0.286 colourless yellow brown
(88.9/46.0) -0.99 2.59 1543 60.42
5 0.650 pale brown warm brown
(75.5/16.9) -1.31 12.46 26.24 49.14
6 0.642 colourless orange/red brown
(88.6/20.2) -1.10 1.55 39.73 44.37
7 0.718 colourless olive green
(91.1/17.4) -1.09 0.91 -7.10 32.62
8 0.346 colourless yellow brown
(89.5/40.4) -0.83 0.92 21.21 51.42

! 10 minutes darkening under Xenon arc filtered to Air-Mass 2 at 21°C.

21*a"b* system (DIN 6174, Commission Internationale de L'Eclairage 1976) developed
by Judd and Hunter (ref. GJ. Chamberlin and D.G. Chamberlin, Colour: Its
Meassurement, Computa tion and Application, ed. L.C. Thomas, Heyden 1980, ch. 4.
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CILAIMS:

1.A heterobenzopyran compound of general formula (I)

wherein R1 represents a five-membered heretocyclic group
containing one or more hetero atoms and fused either to the
f-face or the g-face of the benzo moeity of the benzopyran
skeleton, the said heterocyclic group being fused in such a
manner that the hetero atom in the heterocyclic group is
linked directly to a carbon atom on the said benzo moeity,
and, optionally, the said heterocyclic group has fused thereto
a further carbocyclic or heterocyclic group or is substituted

with a group of formula R, as defined below;

4
each of R2 and R3, which may be the same or different,
independently represents a carbocyclic or heterocyclic group,
or Rz and R3 taken together with the carbon atom to which
they are attached form a carbocyclic or heterocyclic ring

system; and

R4 represents a hydrogen atom or a substituent selected from
alkyl, alkoxy, aryl, aryloxy, heteroaryl, halogen, substituted
or unsubstituted amino, azo, imino, amide, ester, cyano,

trifluoromethyl or nitro.
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2. A heterobenzopyran compound according to claim 1, wherein
the five membered hererocyclic ring in the group R, is a "
furan ring, a pyrrole ring or a thiophene ring, preferably
with the hetero-atom attached to the 7-position of the
benzopyran skeleton.

3. A heterobenzopyran compound according to claim 1 or 2,
wherein the heterocyclic ring in the group R1 has a benzene
ring fused thereto, or a cyclohexane ring fused thereto,.or

carries one or more alkyl substituents.

4. A heterobenzopyran compound according to claim 2 or 3,
wherein the ring nitrogen atom of the pyrrole ring is
substituted with an alkyl group, preferably a methyl group.

5. A heterobenzopyran compound accaording to any one of the
preceding claims, wherein each of the R2 and R3
substituents is chosen from a phenyl group, a
4-trifluoromethyl-phenyl group, a 4-alkoxyphenyl group,
preferably 4-methoxyphenyl, a 2,4-di(alkoxy)phenyl group,
preferably 2,4-dimethoxyphenyl or a 4-dialkylamino-phenyl
group, preferably 4-dimethylamino-phenyl.

6. A heterobenzopyran compound according to any one of claims
1 to 4, wherein the R2 and R3 substituents together with

the carbon atom to which they are attached form a
spiro-dibenzocycloheptenyl substituent, or a spiro-adamantyl
substituent or a spiro-norbornyl substituent.

7. A heterobenzopyran compound according to any one of the
preceding claims, wherein R4 is a hydrogen atom or a methyl

group.
8. 3,3-Dianisyl-3H-[chromeno(6,5-b]benzofuran].
9. 3,3-Dianisyl-3H-[chromeno(6,7-b]lbenzofuran].

10. 3-Anisyl-3-(2,4-dimethoxyphenyl)-3H-[chromeno(6,5-b]

benzofuran.
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11. 3-Anisyl-3-(2,4-diméthoxyphenyl)-3H-[chromeno[6,7-b]
benzofuran.

12. 3,3-Bis(4-dimethylaminophenyl)-3H-[chromeno[6,5-b]
benzofuran.

13. 3,3-Dianisyl-6-methyl-3H-[pyrano[2,3-b]-9H-5,6,7,8~
tetrahydrocarbazole].

14. 3,3-Dianisyl-10-methyl-3H-[pyrano[3,2-b]-9H-5,6,7,8~-
tetrahydrocarbazole]. '

15. 3,3-Dianisyl-7H-[pyrrolo(2,3-f]jchromene].

16. Spiro[dibenzo[a,d]cycloheptane-5,3’-3’H-chromeno
[6,5-b]benzofuran].

17. 3-Anisyl-3-(2,4-dimethoxyphenyl)-6-methyl 3H-
[chromeno[6,7~b]benzofuran].

18. 3-Anisyl-3-(2,4-dimethoxyphenyl)-8,9-dimethyl-3H-[pyrano
[3,2-e]benzothiophene].

19. A process for preparing a heterobenzopyran compound of
formula (I) as defined in claim 1, which process comprises
condensing a hydroxy ‘compound of general formula (III)

(III)
OH
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wherein Rl and R, are as defined in claim 1, with the

hetero atom in the heterocyclic ring of the group R1 being
located in the para- or meta- position relative to the hydroxy
group on the benzene ring, with a propargyl alcohol of general

formula (IV)

H—-—k%OH (IV)

wherein R2 and R3 are as defined in claim 1,
in the presence of acidic alumina, trifluoroacetic acid or

another like acidic catalyst.

20. A photochromic article comprising a polymeric host
material having a heteropyran compound as defined in any one
of claims 1 to 18 incorporated therein or applied thereto.

21. A photochromic article according to claim 20, wherein the
polymeric host material is selected from polymers of polyol
(allyl carbonate) monomers, polyacrylates,
poly(alkylacrylates), cellulose acetate, cellulose triacetate,
cellulose acetate propionate, cellulose acetate butyrate,
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poly(vinyl acetate), poly(vinyl alcohol), polyurethanes,
polycarbonates, polyethylene terephthalate, polystyrene,
styrene/methylmethacrylate copolymers, styrene/acrylonitrile
copolymers, and polyvinylbutyral.

22. A photochromic article according to claim 21, wherein the
polymeric host material is a polyurethane or a polymer of
diethyleneglycol bis (allyl carbonate).

23. A photochromic article according to claim 20, 21 or 22,
wherein the amount of heterobenzopyran compound is from 0.01
to 0.5% by weight, based on the weight of the polymeric host

material.

24. A photochromic article according to any one of claims 20
to 23, comprising a further photochromic compound selected
from spiro(indoline)naphthoxazines, spiro(indolino)pyrido
benzoxazines, spiro(indolino)benzoxazines, and naphthopyrans.

25. A photochromic article according to claim 24, wherein the
further photochromic compound is present in an amount of from
0.001 to 0.5% by weight, based on the weight of the polymeric
host material.

26. A photochromic article according to any one of claims 20

to 25, which is in the form of a lens.

27. A photochromic article according to claim 26, wherein the

lens is an ophthalmic lens.
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