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(57) ABSTRACT 

The invention relates to novel naphthopyran- and phenan 
thropyran-type compounds having a carbobicycle annelated 
in 5,6- position. These compounds have formula (I) given 
beloW: 

/ 

These compounds (I) have interesting photochromic prop 
erties. The invention also relates to their preparation, to their 
applications as photochromes, as Well as to the compositions 
and (co)polymer matrices containing them. 
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NAPHTHOPYRANS AND PHENANTHROPYRANS 
ANNELATED IN C5-C6 WITH A BICYCLIC 
GROUP, AND COMPOSITIONS AND (CO) 

POLYMER MATRICES CONTAINING THEM 

[0001] The present invention relates to novel annelated 
naphthopyran or phenanthropyran-type compounds Which 
have, in particular, photochromic properties. The invention 
also relates to photochromic compositions and photochro 
mic ophthalmic articles (lenses for example) Which contain 
said naphthopyrans or phenanthropyrans. The invention also 
covers the preparation of these novel compounds. 

[0002] The photochromic compounds are capable of 
changing colour under the in?uence of a poly- or mono 
chromatic light (UV for example) and of returning to their 
initial colour When the luminous irradiation ceases, or under 
the in?uence of temperature and/or a poly- or mono-chro 
matic light different from the ?rst. 

[0003] The photochromic compounds ?nd applications in 
various ?elds, eg for the manufacture of ophthalmic lenses, 
contact lenses, solar protection glasses, ?lters, camera optics 
or photographic apparatus optics or other optical devices and 
observation devices, glaZing, decorative objects, bill ele 
ments or even for information storage by optical inscription 
(coding). 
[0004] In the ?eld of ophthalmic optics, and in particular 
the spectacles trade, a photochromic lens Which comprises 
one or more photochromic compounds must have: 

[0005] a high transmission in the absence of ultra 
violets, 

[0006] a loW transmission (high colourability) under 
solar irradiation, 

[0007] 
[0008] a tint acceptable to the consumer (grey or 
broWn preferably) With preferably a maintenance of 
the chosen tint during the coloration and the discol 
oration of the lens, 

[0009] a maintenance of the performances, the prop 
erties, Within a temperature range of 0-40° C., 

[0010] a signi?cant durability, since these objectives 
sought after are sophisticated corrective lenses and 
therefore expensive. 

adapted coloration and discoloration kinetics, 

[0011] These lens characteristics are in fact determined by 
the active photochromic compounds Which they contain; 
compounds Which must furthermore be perfectly compatible 
With the organic or inorganic support Which constitutes the 
lens. 

[0012] Moreover, it is to be noted that obtaining a grey or 
broWn tint may necessitate the use of at least tWo photo 
chromes of different colours, i.e. having distinct maximal 
absorption Wavelengths in the visible. This combination 
further imposes other requirements of the photochromic 
compounds. In particular, the coloration and discoloration 
kinetics of the (tWo or more) combined active photochromic 
compounds must be essentially identical. The same applies 
for their stability With time and also for their compatibility 
With a plastic or inorganic support. 

[0013] Amongst the numerous photochromic compounds 
described in the prior art, benZopyrans and naphthopyrans 
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may be cited Which are described in US. Pat. or US. patent 
application Ser. Nos. 3,567,605, 3,627,690, 4,826,977, 
5,200,116, 5,238,981, 5,411,679, 5,429,744, 5,451,344, 
5,458,814, 5,651,923, 5,645,767, 5,698,141, 5,783,116, 
WO-A-95 05382, FR-A-2,718,447, WO-A-96 14596, WO 
A-97 21698 Which are of the reduced formulae beloW: 

R1 2 R1 2 

0 R8 0 

R6 R7 

R5 R3 R5 R3 

R4 R5 R4 
Benzopyrans Naphthopyrans 

[0014] The US. Pat. No. 5,651,923 patent notably claims 
the general structure beloW: 

US-A-5 651 923 

[0015] in Which ring A, annelated With side f, is a ben 
Zothieno-, benZofurano- or indolo-type heterocycle. 

[0016] The US. Pat. No. 5,783,116 patent describes more 
speci?cally naphthopyrans of the folloWing general struc 
ture: 

[0017] These compounds claim to satisfy the speci?ca 
tions de?ned above. In reality, if these compounds really do 
have one or more of the basic properties sought after, such 
as a high transmission in the absence of ultraviolets and a 
high colourability under solar irradiation, none of the com 
pounds described hitherto have the complete combination of 
the properties sought after Which are necessary for the 
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production of satisfactory articles. In particular, none of 
these compounds is intrinsically grey or broWn and the 
necessity of using an additional photochrorne in order to 
obtain one of these tWo tints does subsist. 

[0018] In this context, it is to the credit of the inventors for 
having been interested in this type of derivative as a base for 
developing novel photochrornes, and for having proposed a 
novel family of molecules Which have particularly advan 
tageous photochrornic properties. 

[0019] Thus, according to a ?rst of its aspects, the present 
invention relates to compounds of formula (I): 

(1) 
R1 R2 

(R01: 

[0020] in Which: 

[0021] R1 and R2, Which are identical or different, 
represent, independently: 

[0022] hydrogen, 

[0023] a linear or branched alkyl group comprising 
1 to 12 carbon atoms, 

[0024] a cycloalkyl group comprising 3 to 12 car 
bon atorns, 

[0025] an aryl or heteroaryl group comprising in its 
basic structure 6 to 24 carbon atoms or 4 to 24 
carbon atoms respectively and at least one het 
eroatorn selected from sulphur, oXygen and nitro 
gen; said basic structure being optionally substi 
tuted With at least one substituent selected from 
the Whole of the substituents given beloW: 

[0026] a halogen, and notably ?uorine, chlorine 
and bromine, 

[0027] a linear or branched alkyl group corn 
prising 1 to 12 carbon atoms, 

[0028] a linear or branched alkoXy group corn 
prising 1 to 12 carbon atoms, 

[0029] a haloalkyl or haloalkoXy group corre 
sponding to the (Cl-C12) alkyl or alkoXy groups 
above respectively Which are substituted With at 
least one halogen atom, and notably a ?uoro 
alkyl group of this type, 

[0030] a linear or branched alkenyl group corn 
prising 2 to 12 carbon atoms, and notably a 
vinyl group or an allyl group, 

[0031] an —NH2 group, 
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[0032] an —NHR group, R representing a linear 
or branched alkyl group comprising 1 to 6 
carbon atoms, 

[0033] a 

[0034] group, R‘ and R“, Which are identical or 
different, representing independently a linear or 
branched alkyl group comprising 1 to 6 carbon 
atoms or representing together With the nitrogen 
atom to Which they are bound a 5- or 7-rnern 
bered ring Which can comprise at least one other 
heteroatorn selected from oXygen, sulphur and 
nitrogen, said nitrogen being optionally substi 
tuted With an R‘" group, Which is a linear or 
branched alkyl group comprising 1 to 6 carbon 
atoms, 

[0035] a rnethacryloyl group or an acryloyl 
group, 

[0036] an aralkyl or heteroaralkyl group, the alkyl 
group, Which is linear or branched, comprising 1 
to 4 carbon atoms and the aryl part of Which has 
the same de?nition as that given supra for the aryl 
and heteroaryl group; 

[0037] or 

[0038] said tWo substituents R1 and R2 together 
form an adarnantyl, norbornyl, ?uorenylidene, 
di(C1-C6)alkylanthracenylidene or spiro(C5 
C6)cycloalkylanthracenylidene group; said group 
being optionally substituted With at least one of 
the substituents listed above for R1, R2: an aryl or 
heteroaryl group; 

[0039] R3, Which are identical or different, represent, 
independently 

[0040] a halogen, and notably ?uorine, chlorine or 
brornine, 

[0041] a linear or branched alkyl group comprising 
1 to 12 carbon atoms (advantageously 1 to 6 
carbon atoms), 

[0042] a cycloalkyl group comprising 3 to 12 car 
bon atorns, 

[0043] a linear or branched alkoXy group cornpris 
ing 1 to 12 carbon atoms (advantageously 1 to 6 
carbon atoms), 

[0044] a haloalkyl, halocycloalkyl, or haloalkoXy 
group corresponding to the alkyl, cycloalkyl, 
alkoXy groups above respectively, Which are sub 
stituted With at least one halogen atom, notably 
selected from ?uorine, chlorine and bromine, 

[0045] an aryl or heteroaryl group having the same 
de?nition as that given supra for R1, R2, 
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[0046] an aralkyl or heteroaralkyl group, the alkyl 
group, Which is linear or branched, comprising 1 
to 4 carbon atoms, and the aryl and heteroaryl 
groups having the same de?nitions as those given 
supra for R1, R2, 

[0047] an amine or amide group: —NH2, —NHR, 
—CONH2, —CONHR, 

R’ R’ —N ) or —coN ‘ 

\ \ R”, R”, a 

[0048] R, R‘, R“ having their respective de?nitions 
given supra for the amine substituents of the 
values R1, R2: aryl or heteroaryl, 

[0049] an —OCOR6 or —COOR6 group, R6 rep 
resenting a straight or branched alkyl group com 
prising 1 to 6 carbon atoms, or a cycloalkyl group 
comprising 3 to 6 carbon atoms, or a phenyl 
group, optionally substituted With at least one of 
the substituents listed above for the values of R1, 
R2: aryl or heteroaryl; 

[0050] or 

[0051] at least tWo of the R3 groups, Which are 
adjacent, form a 5- to 6-membered aromatic or 
non-aromatic ring Which can comprise at least one 
heteroatom selected from the group comprising: 
oxygen, sulphur or nitrogen and/or at least one 
substituent selected from a C1-C6 alkyl group 
Which is linear or branched, a C1-C6 alkoXy group 
Which is linear or branched, and an amine group of 
formula —NH2, —NHR or 

[0052] , as de?ned above, as substituent, of the 
basic structure of the aryl or heteroaryl group 
representing R1 or R2; 

[0053] m is an integer of 0 to 4 

[0054] R4, Which are identical or different, represent, 
independently: 

a a ogen, pre era y se ecte rom t e 0055 h l f bl l d f h 
group comprising ?uorine, chlorine and bromine, 

[0056] or a C1-C6 alkyl group Which is linear or 
branched; 

[0057] n is an integer of 0 to 4. 

[0058] The person skilled in the art Will obviously have 
understood that the branched alkyl, alkoXy and alkenyl 
groups, as de?ned above, comprise a suf?cient number of 
carbon in order to be branched (i.e. more than 3, more than 
3, and more than 4 carbon atoms respectively). 
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[0059] The compounds of the invention—naphthopyrans 
or phenanthropyrans of formula (I)—have a high colour 
ability, even at 40° C., combined With discoloration kinetics 
Which are adapted to the applications sought after. The 
colours, Which may be attained easily, vary from orange to 
blue. 

[0060] Amongst said compounds of the invention, pre 
ferred are those Which have the formula (I) in Which: 

[0061] R1, R2 are identical or different and represent 
independently optionally substituted aryl or het 
eroaryl groups the basic structure of Which is 
selected from the group comprising phenyl, naph 
thyl, biphenyl, pyridyl, furyl, benZofuryl, dibenZo 
furyl, N-(C1-C6)alkylcarbaZole, thienyl, benZothie 
nyl, dibenZothienyl and julolidinyl groups; R1 and/or 
R2 representing, advantageously, a para-substituted 
phenyl group; 

[0062] or 

[0063] R1 and R2 together form an adamantyl or norbornyl 
group. 

[0064] According to a ?rst embodiment of the invention, 
the compounds (I) are such that at least tWo of their adjacent 
R3 substituents do not together form a ring. 

[0065] According to a second embodiment of the inven 
tion, the compounds (I) are such that they comprise at least 
tWo adjacent R3 groups Which together form an annelated 
carbocycle or heterocycle, Which is optionally substituted 
(With a C1-C6 alkyl or alkoXy group, or With an amine 
group). 
[0066] According to a variant of this second embodiment, 
the invention relates to the folloWing phenanthrene struc 
tures of formulae (1.1) and (1.2): 

(1.1) 

(ROI. 

(1.2) 

(R5), 

[0067] in Which R1, R2 and R4 are as de?ned above; R31 
and R32 represent, independently, a group having the same 
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de?nition as that given supra for R3 in the generic formula 
(I) Which includes the tWo embodiments described above; 
R5 represents an alkyl, alkoXy or amine group as de?ned 
above, and m=0, 1, 2, n=0 to 4 and o=0 to 4. 

[0068] In accordance With an interesting provision of the 
invention, notably in accordance With the tWo above-men 
tioned embodiments proper, n=0 in formulae (I), (L1) or 

(1.2). 

[0069] According to a second of its aspects, the present 
invention relates to a method of preparing the compounds 
(I), characterised in that it essentially consists in carrying out 
a condensation: 

[0070] of at least one of the intermediate products of 
formulae (II.1), (II.2), (II.3) given beloW: 

[0071] in Which R3, R31, R32, R4, R5, m, n and o are 
as de?ned above With reference to formulae (I), (1.1), 

(12); 
[0072] With at least one derivative of propargylic 

alcohol having formula (III) beloW: 
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[0073] 

(111) 
R1 R2 

OH \\ 

H 

[0074] in Which R1 and R2 are as de?ned supra 
With reference to formula (I); 

[0075] the condensation (II)/(III) being carried out 
advantageously in the presence of a catalyst, this 
catalyst being preferably selected from the group 
comprising para-toluenesulphonic acid, dodecyl 
sulphonic acid or bromoacetic acid; 

[0076] or 

[0077] With at least one aldehyde derivative, having 
formula (III‘) beloW: 

(111') 
R1 

R2 CHO 

[0078] in Which R1 and R2 are as de?ned supra 
With reference to formula (I); 

[0079] the condensation (II)/(III‘) being carried 
out, advantageously, in the presence of a metallic 
complex, preferably a complex of titanium, tita 
nium (IV) ethoXide being particularly preferred. 

[0080] In practice, the condensation reaction betWeen 
compounds (II) and (III‘) can take place in solvents such as 
toluene, Xylene or tetrahydrofuran, to Which appropriate 
catalysts are optionally added. For more details on the 

condensation of compounds (II), (III‘), reference may be 
made to the EP-A-0 562 915 patent application. 

[0081] The compounds of formula (III) are knoWn to the 
person skilled in the art and are obtained from the corre 
sponding ketone according to a method described notably in 
the WO-A-96 14596 patent application. The ketone is itself 
commercial or is prepared according to the knoWn methods 
such as the Friedel Crafts method (cf. WO-A-96 14596 and 
cited references). 

[0082] Aldehydes (III‘), Which are derivatives of (III), are 
obtained by rearrangement in an acid medium (cf. J. Org. 
Chem, 1977, 42, 3403). 
[0083] The compounds of formula (II) are obtained 
according to a synthetic scheme the various steps of Which 
are adaptations of knoWn methods. The preferred general 
synthetic schemes are given beloW, for compound (II.1). The 
compounds of formula (H2) and (II.3) can be obtained by 
the same routes starting from the organomagnesium reagent 
of 2-bromo or 1-bromonaphthalene respectively. 
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Scheme 1: route A 

\ O 
(R3)m : + step 1 

MgBr 

(ROB 

OH 

| \ 
(R3)m I step 3 

(ROB 

Scheme 2: route B 
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0 
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(R3)m I 

/ 
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/ 
I OH COOH 
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(R3)m 

(ROB 

lstep 3 
OH 

| \ 
(R3)m I 

(ROB 
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[0084] Concerning route A, step 1 is carried out according 
to a method described by Basavaiaiah et al. (Tetrahedron 
Asymm. 1994, 5, 223-234), step 2 by Corey et al. (Tetra 
hedron Lett. 1975, 2647) and step 3 by Sepiol et al. 
(Synthesis 1979, 290). Concerning route B, step 1 is carried 
out according to a method described by Schoenleber et al. 

(WO-A-96 38435) and steps 2 and 3 according to Lin (US. 
Pat. No. 5,783,116). 

[0085] According to a third of its aspects, the invention 
also relates to the novel intermediate products of formulae 

(11.1), (11.2), (11.3) recalled beloW: 
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-continued 
(11.3) 

OH 

(R32)m\/ 
I \ 

\ R 

(R5)o/ / ( 4);’! 

[0086] in Which R3, R31, R32, R4, R5, m, n and 0 are as 
de?ned supra With reference to formulae (I), (1.1) and (1.2). 

[0087] The naphthopyrans or phenanthropyrans of the 
invention are obtained by the condensation of at least one 
compound having a formula type (II) (With a compound of 
formula III or III‘). 

[0088] According to a fourth of its aspects, the object of 
the invention is (co)polymer(s) and/or reticulate(s) obtained 
by polymerising and/or cross-linking at least one monomer 
consisting of a compound (I) as de?ned above. Thus, the 
compounds (I) according to the invention can be per se 
(co)monomers and/or be comprised in (co)polymerisable 
and/or crosslinkable (co)monomers. The (co)polymers and/ 
or reticulates thus obtained can constitute photochromic 
matrices such as those presented infra. 

[0089] According to a ?fth of its aspects, the present 
invention relates to the use of said compounds of formula (I) 
of the invention as photochromic agents. Another object of 
the invention is, therefore: 

[0090] ?rstly, novel photochromic compounds Which 
are constituted by the naphthopyran or phenanthro 
pyran derivatives such as de?ned above, taken alone 
or in a mixture of themselves and/or With at least one 
other photochromic compound of another type and/ 
or With at least one non-photochromic colouring 
agent; 

[0091] secondly, novel photochromic compositions 
Which comprise at least one compound (I) as de?ned 
above, and/or one of its derivatives, and/or at least 
one linear or cross-linked (co)polymer containing at 
least one compound (I) according to the invention in 
its structure. Such photochromic compositions can 
contain at least one other photochromic compound, 
of another type and/or at least one non-photochromic 
colouring agent and/or at least one stabilising agent. 
These photochromic compounds of another type, 
non-photochromic colouring agents, and stabilising 
agents are prior art products knoWn to the person 
skilled in the art. 

[0092] Within the context of the present invention, com 
binations of photochromic compounds of the invention 
and/or combinations of photochromic compounds of the 
invention and photochromic compounds of another type 
according to the prior art are particularly recommended; 
such combinations being interesting in that they are suitable 
for generating grey or broWn tints, Which are desired by the 
public in applications such as ophthalmic spectacles or solar 
spectacles. These additional photochromic compounds can 
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be those knoWn to the person skilled in the art and described 
in the literature, e.g. chromenes (US. Pat. No. 3,567,605, 
US. Pat. No. 5,238,981, WO-A-94 22850, EP-A-0 562 
915), spiropyrans or naphthospiropyrans (US. Pat. No. 
5,238,981) and spiroxaZines (Crano et al., “Applied Photo 
chromic Polymer Systems”, Ed. Blackie & Son Ltd, 1992, 
chapter 2). 
[0093] Said compositions according to the invention can 
also comprise: 

[0094] non-photochromic colouring agents Which 
enable adjusting the tint, 

[0095] and/or one or more stabilising agents, such as 
an antioxidising agent for example, 

[0096] and/or one or more anti-UV, 

[0097] and/or one or more anti-radicals, 

[0098] and/or one or more photochimic excited state 
deactivators. 

[0099] These additives can notably enable improving the 
durability of said compositions. 

[0100] The compounds of the invention envisaged Within 
the context of their photochromic applications can be used 
in solution. Thus, a photochromic solution can be obtained 
by dissolving at least one of said compounds in an organic 
solvent such as toluene, dichloromethane, tetrahydrofuran or 
ethanol. The solutions obtained are in general colourless and 
transparent. When exposed to sunlight, they develop a 
strong coloration and regain the colourless state When they 
are placed in an area of less exposure to the sun’s rays or, in 
other Words, When they are no longer submitted to UV. In 
general, a very loW concentration of product (of the order of 
0.01 to 5% by Weight) is suf?cient to obtain an intense 
coloration. 

[0101] The compounds according to the invention are 
furthermore compatible With support matrices of organic 
polymer or of inorganic material, in a form included in said 
matrices as Well as in the form of a coating of said matrices. 

[0102] Also, Within the context of the fourth aspect of the 
invention in relation to the photochromic applications, the 
object of the invention is a matrix Which comprises: 

[0103] 
[0104] and/or at least one (co)polymer and/or reticu 

late, as de?ned supra; 

[0105] 
above. 

at least one compound (I), as de?ned supra; 

and/or at least one composition, as presented 

[0106] The most interesting applications of the com 
pounds of the invention are in fact those in Which the 
photochrome is dispersed uniformly Within or on the surface 
of a matrix formed by a polymer and/or copolymer and/or 
mixture of (co)polymers. 

[0107] FolloWing the example of their behaviour in solu 
tion, the compounds (I), included in a polymer matrix are 
colourless or slightly coloured in the initial state and rapidly 
develop an intense coloration under a UV light (365 nm) or 
under a light source of the solar type. Finally, they regain 
their initial coloration once the irradiation ceases. 
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[0108] The methods of implementation Which can be 
envisaged in order to obtain such a matrix are very varied. 
Amongst those knoWn to the person skilled in the art, the 
diffusion in the (co)polymer, from a suspension or solution 
of the photochrome, in a silicone oil, in an aliphatic or 
aromatic hydrocarbon, or in a glycol, or from another 
polymer matrix, can be cited for example. The diffusion is 
commonly carried out at a temperature of 50 to 200° C. for 
a period of time of 15 minutes to several hours, according to 
the nature of the polymer matrix. Another implementation 
technique consists in mixing the photochrome in a formu 
lation of polymerisable matrices, depositing this mixture on 
a surface or in a mould, and then carrying out the copoly 
merisation. These implementation techniques, and others, 
are described in the article by Crano et al. “SpiroxaZines and 
their use in photochromic lenses” published in Applied 
Photochromic Polymer Systems, Ed. Blackie and Son Ltd— 
1992. 

[0109] The folloWing products may be mentioned as 
examples of preferred polymer materials for forming matri 
ces Which are useful in optical applications of the photo 
chromic compounds according to the invention: 

[0110] alkyl, cycloalkyl, (poly or oligo)ethylene gly 
col, aryl or arylalkyl mono-, di- tri- or tetraacrylate 
or mono-, di-, tri- or tetramethacrylate, Which is 
optionally halogenated or Which comprises at least 
one ether and/or ester and/or carbonate and/or car 
bamate and/or thiocarbamate and/or urea and/or 
amide group, 

[0111] polystyrene, polyether, polyester, polycarbon 
ate (e.g. bisphenol-A polycarbonate, diallyl diethyl 
ene glycol polycarbonate), polycarbamate, polyep 
oxy, polyurea, polyurethane, polythiourethane, 
polysiloxane, polyacrylonitrile, polyamide, aliphatic 
or aromatic polyester, vinylic polymers, cellulose 
acetate, cellulose triacetate, cellulose acetate-propi 
onate or polyvinylbutyral, 

[0112] those obtained from difunctional monomers 
having the formula beloW: 
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[0117] p1 and q1 are, independently, integers 
betWeen 0 and 4 (inclusive); 

[0118] copolymers of at least tWo types of copoly 
merisable monomers selected from the precursor 
monomers of the polymers listed supra, and prefer 
ably those belonging to the groups comprising: 
(meth)acrylic monomers, vinylic monomers, allylic 
monomers, and mixtures thereof. 

[0119] In a particularly preferred manner, the photo 
chromes of the invention are used With resins Which have a 
nanobiphasic structure and Which are obtained by copoly 
merising at least tWo different, speci?c difunctional mono 
mers. Such resins have been described by the Applicant in 
the French patent Application FR-A-2,762,845. 

[0120] The amount of photochrome used in the (co)poly 
mer matrix depends upon the degree of darkening desired. 
Usually, betWeen 0.001 and 20% by Weight of it is used. 

[0121] Still according to the ?fth of its aspects in relation 
to the applications of the compounds (I) as photochromes, 
another object of the present invention is ophthalmic 
articles, such as ophthalmic or solar spectacle articles, 
comprising: 

[0122] at least one compound (I) according to the 
invention, 

[0123] and/or at least one (co)polymer and/or reticu 
late formed, at least in part, from compound(s) of the 
invention, 

[0124] and/or at least one photochromic composition 
as de?ned above, 

[0125] and/or at least one matrix (as de?ned supra), 
of an organic polymer material or of an inorganic 
material, or even of a hybrid inorganic-organic mate 
rial, said matrix initially optionally comprising at 
least one compound of the invention. 

[0113] 
[0114] R10, R‘lo, RM and R‘M are identical or 

different and represent independently a hydrogen 
or a methyl group; 

[0115] m1 and n1 are, independently, integers 
betWeen 0 and 4 (inclusive); and are advanta 
geously independently equal to 1 or 2; 

in Which: 

[0116] X and X‘, Which are identical or different, 
are a halogen and represent, preferably, a chlorine 
and/or a bromine; 

[0126] In practice, the articles Which are more particularly 
covered by the present invention are ophthalmic lenses or 
photochromic solar lenses, glaZing (WindoWs for buildings, 
for locomotion engines, automobile vehicles), optical 
devices, decorative articles, solar protection articles, infor 
mation storage, . . . 

[0127] The present invention is illustrated by the 
Examples Which folloW of synthesis and of photochromic 
validation, of compounds of the invention. Said compounds 
of the invention are compared to prior art compounds C1, C2 
and C3. 
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EXAMPLES 

Example 1 

Synthesis of Compound (1) 

[0128] The synthesis of compound (1) Was carried out 
according to route A described supra. 

step 1 
—> 

MgBr 

OH 
step 2 
—> 

O 

lstep 3 
MeO OH 

OMe 

step 4 

[0129] Step 1: 

[0130] In a 250 ml conical ?ask, the following products 
are loaded in the order: 40 ml of THF, 33.5 ml of PhMgBr 
(3M ether) and 3.4 g of CuI. The mixture is cooled to —30° 
C., and a solution of 10 g of epoxynorbornane in 50 ml of 
THF is then poured in. After 30 minutes at 30° C., the 
temperature is alloWed to rise to 25° C. and after 16 hours, 
the medium is poured into an ammonium chloride solution. 
The organic phase is recovered, Washed With 3><150 ml of an 
ammonium chloride solution, and then dried over magne 
sium sulphate. 12.5 g of an oil are recovered Which contains 
the desired product. 

[0131] Step 2: 

[0132] In a 500 ml conical ?ask, the folloWing products 
are loaded in the order: 11.5 g of the product of the preceding 
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step, 200 ml of dichloromethane, 60 g of Celite and 39 g of 
pyridinium chlorochromate. After 1.5 hours at ambient 
temperature, 200 ml diisopropyl ether are poured into the 
medium and the suspension is ?ltered. After evaporation to 
dryness, 12 g of a broWn liquid are recovered that is puri?ed 
by chromatography on silica in eluting With a toluene/ 
dichloromethane 80/20 mixture. 5.84 g of the desired prod 
uct are recovered in the form of an oil. 

[0133] Step 3: 

[0134] In a 250 ml conical ?ask equipped With a Dean 
Stark collector, the folloWing mixture: 5.85 g of the product 
of the preceding step, 3.55 g of ethyl cyanoacetate, 2.7 g of 
ammonium acetate, 2.2 g of acetic acid and 100 ml of 
toluene, is heated under re?ux for 24 hours. 10 g of 
acetamide are then added and the toluene is distilled off. 
After 6 hours at 200-220° C., the medium is poured into 300 
ml of Water, and the product is then extracted With a 
THF/ethyl acetate mixture. The product is then puri?ed by 
chromatography on silica in eluting With a toluene/dichlo 
romethane 60/40 mixture. 1.37 g of the desired intermediate 
product are isolated after recrystallisation. 

[0135] The folloWing mixture 1.37 g of the product of the 
preceding step, 2.7 g of KOH in 15 ml of n-butanol, is heated 
at about 200-220° C. for 6 hours in a 125 ml acid digestion 
bomb. After cooling, the mixture is transferred into a ?ask 
and is then reduced to dryness. The paste is then dissolved 
in 50 ml of Water and is then neutralised by the sloW and 
progressive addition of concentrated hydrochloric acid. The 
product is extracted With 60 ml of diisopropyl ether, Washed 
With 2><100 ml of Water and then dried over magnesium 
sulphate. After evaporation to dryness, 1.3 g (98%) of a 
broWn oil are recovered. 

[0136] Step 4: 

[0137] The folloWing mixture: 0.5 g of the product of the 
preceding step, 0.78 g 1,1-bis(para-methoxyphenyl)pro 
pyne-1-ol in 10 ml of dichloromethane, is heated under 
re?ux in the presence of a catalytic amount of bromoacetic 
acid in a 100 ml reactor for 5 hours. The product is then 
puri?ed by chromatography on silica in eluting With toluene. 
The purest fractions are combined Which are reduced to 
dryness. About 50 mg of the desired photochrome are 
obtained. Its structure is con?rmed by NMR spectroscopy. 

Example 2 

Synthesis of Compound (2) 

[0138] The synthesis of compound (2) Was carried out 
according to route A described supra. 

MgBr step 1 
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-continued 

OH 

step 2 
—> 

is tep 3 

M60 O 0M6 

9 
[0139] The method is analogous to that described for the 
compound of Example 1 in starting from the 1-bromonaph 
thalene Grignard reagent instead of the bromobenZene Grig 
nard reagent. In step 4, the following mixture: 0.35 g of the 
phenanthrol originating from step 3 and 1.2 g of 1,1 
bis(para-methoxyphenyl)propyn-1-ol in 15 ml of toluene is 
heated under re?ux in the presence of a catalytic amount of 
bromoacetic acid for 4 hours. The product is then puri?ed by 
chromatography on silica in eluting With a toluene/heptane 
80/20 mixture. The purest fractions are combined and are 
reduced to dryness. A recrystallisation in a toluene/heptane 
mixture at 0° C. enables isolating about 50 mg of the desired 
photochrome. Its structure is con?rmed by NMR spectros 
copy. 

Example 3 

Synthesis of Compound (3) 

[0140] The method is analogous to that described for the 
preceding product. In step 4, the folloWing mixture: 0.35 g 
of the phenanthrol originating from step 3 and 1.2 g of 
1-phenyl-1-(para-dimethylaminophenyl)-propyn-1-ol in 15 
ml of toluene is heated under re?ux in the presence of a 
catalytic amount of bromoacetic acid for 14 hours. The 
product is then puri?ed by chromatography on silica in 
eluting With a toluene/heptane 80/20 mixture. The purest 
fractions are combined and are reduced to dryness. Arecrys 
tallisation in a toluene/heptane mixture at 0° C. enables 
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isolating about 50 mg of the desired photochrome. Its 
structure is con?rmed by NMR spectroscopy. 

Example 4 

Synthesis of Compound (4) 

[0141] The synthesis of compound (4) Was carried out 
according to route A described supra. 

step 1 
—> 

MgBr 

OH 

step 2 
—> 

O 

is tep 3 

NMeZ OH 

0‘ I a 
a 

[0142] The method is analogous to that described for the 
compound of Example 1 in starting from the 2-bromonaph 
thalene Grignard reagent instead of the bromobenZene Grig 
nard reagent. In step 4, the folloWing mixture: 0.7 g of the 
phenanthrol originating from step 3 and 1.0 g of l-(para 
methoxyphenyl)-1-(para-dimethylaminophenyl)propyn-1-ol 
in 15 ml of toluene is heated under re?ux in the presence of 
a catalytic amount of bromoacetic acid for 7 hours. The 
product is then puri?ed by chromatography on silica in 
eluting With a toluene/heptane 70/30 mixture. 
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[0143] The purest fractions are combined and are reduced 
to dryness. A recrystallisation in a toluene/heptane mixture 
at 0° C. enables isolating about 140 mg of the desired 
photochrome. Its structure is con?rmed by NMR spectros 
copy. 

Example 5 

Compounds C1, C2 and C3 

[0144] Compound C1 is commercially available. Com 
pounds C2 and C3 are described in the US. Pat. No. 
5,783,116 patent. 
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Example 6 

[0145] The photochromic properties of said compounds 
(1), (2), (3), (4), C1, C2 and C3 Were evaluated. 

[0146] Said compounds are dissolved, at the rate of 5 mg 
in 50 ml of THF. The UV-visible absorptions (optical path of 
1 cm) are then measured before and after exposure to a 365 

nm UV source. The observation of the tints and intensities 

developed is made by placing the solutions in the sun or 
before a solar simulator. The properties of these compounds 
are given in the Table beloW. 

COMPOUND STRUCTURE 7x1 * 7\,2* * 

(1) M60 OMe 375 nm 529 nm 

0 | 

(2) M60 OMe 394 nm 580 nm 

0 | 

(3) NMe2 393 nm 601 nm 
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-continued 

COMPOUND STRUCTURE }\,1* AT“ 

(4) MeO NMeZ 390 nm 602 nm 

0 | 

(C1) M60 OMe 369 nm 490 nm 

0 

(C2) MeO 0M6 369 nm 490 nrn 

0 

(C3) MeO OMe 374 nm 508 nrn 

'Oj 
*kl max of the band of the longest Wavelength of the compound before exposure. 
Mk2 max of the band of the longest Wavelength of the compound after exposure. 

Nov. 8, 2001 



US 2001/0039356 A1 
12 

[0147] The observation of the solutions in the presence of 
solar or UV rays shoWs that the compounds of the invention 
have X1 and )»2 Which are shifted towards longer Wave 
lengths (bathochromic shift). This observation is especially 
evident by comparing the )tmax’s of the compound (1) With 
the analogous compounds C1, C2 and C3. 

What is claimed is: 

1. A compound of the folloWing formula (I): 

(1) 
R1 R2 

in Which: 

R1 and R2, Which are identical or different, represent, 
independently: 

hydrogen, 

a linear or branched alkyl group comprising 1 to 12 
carbon atoms, 

a cycloalkyl group comprising 3 to 12 carbon atoms, 

an aryl or heteroaryl group comprising, in its basic 
structure, 6 to 24 carbon atoms or 4 to 24 carbon 
atoms, respectively, and at least one heteroatom 
selected from sulphur, oXygen and nitrogen; said 
basic structure being optionally substituted With at 
least one substituent selected from the group con 
sisting of: 

a halogen, 

a linear or branched alkyl group comprising 1 to 12 
carbon atoms, 

a linear or branched alkoXy group comprising 1 to 12 
carbon atoms, 

a haloalkyl or haloalkoXy group corresponding to the 
(Cl-C12) alkyl or alkoXy groups above, respec 
tively, Which are substituted With at least one 
halogen atom, 

a linear or branched alkenyl group comprising 2 to 
12 carbon atoms, 

an —NH2 group, 

an —NHR group, R representing a linear or 
branched alkyl group comprising 1 to 6 carbon 
atoms, 
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group, Wherein R‘ and R“, Which are identical or 

different, represent independently a linear or 
branched alkyl group comprising 1 to 6 carbon 
atoms or represent together With the nitrogen atom 
to Which they are bound a 5- or 7-membered ring 
Which can comprise at least one other heteroatom 
selected from oXygen, sulphur, and nitrogen, said 
nitrogen being optionally substituted With an R‘" 
group, Which is a linear or branched alkyl group 
comprising 1 to 6 carbon atoms, and 

a methacryloyl group or an acryloyl group, 

an aralkyl or heteroaralkyl group, the alkyl part of 
Which is linear or branched and comprises 1 to 4 
carbon atoms and the aryl or heteroaryl part of Which 
has the same de?nition as that given supra for the 
aryl and heteroaryl group; 

or 

said tWo substituents R1 and R2 together form an 
adamantyl, norbornyl, ?uorenylidene, di(C1 
C6)alkylanthracenylidene, or spiro(C5 
C6)cycloalkylanthracenylidene group; said group 
being optionally substituted With at least one of the 
substituents listed above for R1, R2: an aryl or 
heteroaryl group; 

R3, Which are identical or different, represent, indepen 
dently: 

a halogen, 

a linear or branched alkyl group comprising 1 to 12 
carbon atoms, 

a cycloalkyl group comprising 3 to 12 carbon atoms, 

a linear or branched alkoXy group comprising 1 to 12 
carbon atoms, 

a haloalkyl, halocycloalkyl, or haloalkoXy group cor 
responding to the alkyl, cycloalkyl, or alkoXy groups 
above, respectively, Which are substituted With at 
least one halogen atom, 

an aryl or heteroaryl group having the same de?nition 
as that given supra for R1, R2, 

an aralkyl or heteroaralkyl group, the alkyl part of 
Which is linear or branched and comprises 1 to 4 
carbon atoms, and the aryl and heteroaryl part of 
Which has the same de?nitions as those given supra 
for the aryl or heteroaryl groups for R1, R2, 

an amine or amide group: —NH2, —NHR, —CONH2, 
—CONHR, 



US 2001/0039356 A1 

R’ R’ 
/ / 

—N or CON , 

\ \ 
R” R” 

R, R‘, R“ having their respective de?nitions given supra 
for the amine substituents of R1, R2: aryl or het 
eroaryl, 

an —OCOR6 or —COOR6 group, Wherein R6 repre 
sents a straight or branched alkyl group comprising 
1 to 6 carbon atoms or a cycloalkyl group comprising 
3 to 6 carbon atoms or a phenyl group, optionally 
substituted With at least one of the substituents listed 
above for the values of R1, R2: aryl or heteroaryl; 

or 

at least tWo of the R3 groups, Which are adjacent, form 
a 5- to 6-membered aromatic or non-aromatic ring 
Which can comprise at least one heteroatom selected 
from the group consisting of oxygen, sulphur, and 
nitrogen and/or at least one substituent selected from 
the group consisting of a C1-C6 alkyl group Which is 
linear or branched, a C1-C6 alkoXy group Which is 
linear or branched, and an amine group of formula 

—NH2, —NHR, or 

as de?ned above With regard to substituents of the basic 
structure of the aryl or heteroaryl group representing 
R1 or R2; 

M is an integer of 0 to 4; 

R4, Which are identical or different, represent, indepen 
dently: 
a halogen or 

a C1-C6 alkyl group Which is linear or branched; and 

n is an integer of 0 to 4. 
2. A compound according to claim 1, Wherein n is 0. 
3. A compound according to claim 1, Wherein R1 and R2 

are identical or different and independently represent option 
ally substituted aryl or heteroaryl groups, the basic structure 
of Which is selected from the group consisting of phenyl, 
naphthyl, biphenyl, pyridyl, furyl, benZofuryl, dibenZofuryl, 
N-(C1-C6)alkylcarbaZole, thienyl, benZothienyl, diben 
Zothienyl, and julolidinyl groups; or Wherein R1 and R2 
together form an adamantyl or norbornyl group. 

4. Acompound according to claim 1, Wherein no adjacent 
R3 substituents form a ring. 

5. A Compound according to claim 1, Wherein at least tWo 
adjacent R3 groups together form a 5- to 6-membered 
aromatic or non-aromatic ring Which can comprise at least 
one heteroatom selected from the group consisting of oXy 
gen, sulphur, and nitrogen and/or at least one substituent 
selected from the group consisting of a C1-C6 alkyl group 

Nov. 8, 2001 
13 

Which is linear or branched, a C1-C6 alkoXy group Which is 
linear or branched, and an amine group of formula —NH2, 
—NHR, or 

as de?ned in claim 1 With regard to substituents of the basic 
structure of the aryl or heteroaryl group representing R1 or 
R2. 

6. A compound according to claim 1 having one of the 
folloWing formulae (1.1) or (1.2): 

(1.1) 

(1.2) 

Wherein: 

R5 represents a C1-C6 alkyl group Which is linear or 
branched, a C1-C6 alkoXy group Which is linear or 
branched, or an amine group of formula —NH2, 
—NHR, or 

as de?ned in claim 1 With regard to substituents of the 
basic structure of the aryl or heteroaryl group repre 
senting R1 or R2; 

m and o are integers of 0 to 2 and 0 to 4, respectively, 

R1, R2, R4, and n are as de?ned in claim 1, and 

R31 and R32 represent, independently, a group having the 
same de?nition as that given for R3 in claim 1. 
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7. A compound according to claim 6, wherein n is 0. 

8. A method of preparing a compound according to claim 
1, said method comprising: 

condensing an intermediate of the following formula 11.1: 

(11.1) 
OH 

(ROI. 

in Which R3, R4, m, and n are as de?ned in claim 1, With 

at least one derivative of propargylic alcohol having the 

folloWing formula (III): 

(111) 

in Which R1 and R2 are as de?ned in claim 1, said 
condensing being optionally carried out in the presence 
of a catalyst; 

or With at least one aldehyde derivative, having the 
folloWing formula (111‘): 

(111') 
R1 

R2 c110 

in Which R1 and R2 are as de?ned in claim 1, said 
condensing being optionally carried out in the presence 
of a metallic compleX. 

9. A method according to claim 8, Wherein said condens 
ing is carried out With at least one derivative of propargylic 
alcohol and Wherein said catalyst is selected from the group 
consisting of para-toluenesulphonic acid, dodecylsulphonic 
acid, and bromoacetic acid. 

10. A method according to claim 8, Wherein said con 
densing is carried out With at least one aldehyde derivative 
and Wherein said metallic complex is a titanium complex. 

11. Amethod according to claim 8, Wherein the compound 
has the folloWing formula 1.1: 
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(1.1) 

(ROI. 

Wherein the intermediate has the folloWing formula 11.2: 

(11.2) 

(ROI. 

and Wherein 

R5 represents a C1-C6 alkyl group Which is linear or 
branched, a C1-C6 alkoXy group Which is linear or 
branched, or an amine group of formula —NH2, 

—NHR, or 

as de?ned in claim 1 With regard to substituents of the 
basic structure of the aryl or heteroaryl group repre 
senting R1 or R2; 

0 is an integer of 0 to 4; and 

R31 represents a group having the same de?nition as that 
given for R3 in claim 1. 

12. A method according to claim 8, Wherein the com 
pound has the folloWing formula 1.2: 

(1.2) 

(ROI. 

(R5), 
Wherein the intermediate has the folloWing formula 11.3: 



US 2001/0039356 A1 

(11.3) 

(ROI. 

and wherein 

R5 represents a C1-C6 alkyl group Which is linear or 
branched, a C1-C6 alkoxy group Which is linear or 
branched, or an amine group of formula —NH2, 
—NHR, or 

as de?ned in claim 1 With regard to substituents of the 
basic structure of the aryl or heteroaryl group repre 
senting R1 or R2; 

0 is an integer of 0 to 4; and 

R32 represents a group having the same de?nition as that 
given for R3 in claim 1. 

13. A compound having the folloWing formula II.1: 

(11.1) 
OH 

in Which R3, R4, m, and n are de?ned as in claim 1. 
14. A compound according to claim 13 having the fol 

loWing formula II.2: 

(11-2) 

/ 

or the folloWing formula II.3: 
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(H3) 
OH 

(R32)m\ 
\ 

l / \(ROI. 
(R5)o 

Wherein: 

R5 represents a C1-C6 alkyl group Which is linear or 
branched, a C1-C6 alkoxy group Which is linear or 
branched, or an amine group of formula —NH2, 
—NHR, or 

as de?ned in claim 1 With regard to substituents of the 
basic structure of the aryl or heteroaryl group repre 
senting R1 or R2; 

m and o are integers of 0 to 2 and 0 to 4, respectively; and 

R31 and R32 represent, independently, a group having the 
same de?nition as that given for R3 in claim 1. 

15. A (co)polymer and/or reticulate obtained by poly 
merising and/or cross-linking at least one monomer com 
prising a compound according to claim 1. 

16. A photochromic compound, characterised in that it is 
constituted by a compound according to claim 1, or by a 
mixture of at least tWo compounds according to claim 1, or 
by a mixture of at least one compound according to claim 1 
With at least one other photochromic compound of another 
type and/or at least one non-photochromic colouring agent. 

17. A photochromic composition, characterised in that it 
comprises: 

at least one compound according to claim 1, and/or 

at least one linear or cross-linked (co)polymer Which 
contains, in its structure, at least one compound accord 
ing to claim 1, and 

optionally, at least one other photochromic compound of 
another type and/or at least one non-photochromic 
colouring agent and/or at least one stabilising agent. 

18. A (co)polymer matrix, characterised in that it com 
prises: 

at least one compound according to claim 1. 
19. A matrix according to claim 18, characterised in that 

the (co)polymer is selected from: 

alkyl, cycloalkyl, (poly or oligo)ethylene glycol, aryl or 
arylalkyl mono-, di-, tri-, or tetraacrylate or mono-, di-, 
tri-, or tetramethacrylate Which is optionally haloge 
nated or Which comprises at least one ether and/or ester 
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and/or carbonate and/or carbamate and/or thiocarbam 
ate and/or urea and/or amide group; 

polystyrene, polyether, polyester, polycarbonate, polycar 
bamate, polyepoxy, polyurea, polyurethane, polythio 
urethane, polysiloxane, polyacrylonitrile, polyamide, 
aliphatic or aromatic polyester, vinylic polymers, cel 
lulose acetate, cellulose triacetate, cellulose acetate 
propionate, or polyvinylbutyral; 

difunctional monomers having the formula beloW: 
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25. A matrix according to claim 24, characterised in that 
the (co)polymer is selected from: 

alkyl, cycloalkyl, (poly or oligo)ethylene glycol, aryl or 
arylalkyl mono-, di-, tri-, or tetraacrylate or mono-, di-, 
tri-, or tetramethacrylate Which is optionally haloge 
nated or Which comprises at least one ether and/or ester 

and/or carbonate and/or carbamate and/or thiocarbam 
ate and/or urea and/or amide group; 

(X)p1 (X6111 

in Which: 

R10, R10, R11, and R‘11 are identical or different and 
represent independently a hydrogen or a methyl 

m1 and n1 are, independently, integers betWeen 0 and 4 
inclusive; 

polystyrene, polyether, polyester, polycarbonate, polycar 
bamate, polyepoxy, polyurea, polyurethane, polythio 
urethane, polysiloxane, polyacrylonitrile, polyamide, 
aliphatic or aromatic polyester, vinylic polymers, cel 
lulose acetate, cellulose triacetate, cellulose acetate 
propionate, or polyvinylbutyral; 

difunctional monomers having the formula beloW: 

X and X‘, Which are identical or different, are halogens; 

p1 and q1 are, independently, integers betWeen 0 and 4 
inclusive; 

a copolymer of at least tWo types of copolymerisable 
monomers selected from the precursor monomers of 

the polymers listed above; and 

combinations thereof. 

20. An ophthalmic or solar article comprising: 

at least one matrix according to claim 18. 

21. An article according to claim 20, characterised in that 
it is constituted by a lens, by a glaZing, or by an optical 
device. 

22. An ophthalmic or solar article comprising: 

at least one compound according to claim 1. 

23. An article according to claim 22, characterised in that 
it is constituted by a lens, by a glaZing, or by an optical 
device. 

24. A (co)polymer matrix, characterised in that it com 
prises: 

at least one co(polymer) and/or reticulate according to 
claim 15. 

in Which: 

R10, R‘lo, R11, and R‘M are identical or different and 
represent independently a hydrogen or a methyl 
group; 

m1 and n1 are, independently, integers betWeen 0 and 4 
inclusive; 

X and X‘, Which are identical or different, are halogens; 

p1 and q1 are, independently, integers betWeen 0 and 4 
inclusive; 

a copolymer of at least tWo types of copolymerisable 
monomers selected from the precursor monomers of 
the polymers listed above; and 

combinations thereof. 

26. An ophthalmic or solar article comprising: 

at least one matrix according to claim 24. 

27. An article according to claim 26, characterised in that 
it is constituted by a lens, by a glaZing, or by an optical 
device. 

28. An ophthalmic or solar article comprising: 

at least one (co)polymer and/or reticulate according to 
claim 15. 
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29. An article according to claim 28, characterised in that 
it is constituted by a lens, by a glazing, or by an optical 
device. 

30. A (co)polymer matrix, characterised in that it com 
prises: 

at least one composition according to claim 17. 
31. A matrix according to claim 30, characterised in that 

the (co)polymer is selected from: 

alkyl, cycloalkyl, (poly or oligo)ethylene glycol, aryl or 
arylalkyl mono-, di-, tri-, or tetraacrylate or mono-, di-, 
tri-, or tetramethacrylate Which is optionally haloge 
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nated or Which comprises at least one ether and/or ester 
and/or carbonate and/or carbamate and/or thiocarbam 
ate and/or urea and/or amide group; 

polystyrene, polyether, polyester, polycarbonate, polycar 
bamate, polyepoxy, polyurea, polyurethane, polythio 
urethane, polysiloxane, polyacrylonitrile, polyamide, 
aliphatic or aromatic polyester, vinylic polymers, cel 
lulose acetate, cellulose triacetate, cellulose acetate 
propionate, or polyvinylbutyral; 

difunctional monomers having the formula beloW: 

in Which: 

R10, R10, R11, and R‘11 are identical or different and 
represent independently a hydrogen or a methyl 
group; 

m1 and n1 are, independently, integers betWeen 0 and 4 
inclusive; 

X and X‘, Which are identical or different, are halogens; 

p1 and q1 are, independently, integers betWeen 0 and 4 
inclusive; 

a copolymer of at least tWo types of copolymerisable 
monomers selected from the precursor monomers of 
the polymers listed above; and 

combinations thereof. 

32. An ophthalmic or solar article comprising: 

at least one matrix according to claim 30. 

33. An article according to claim 32, characterised in that 
it is constituted by a lens, by a glaZing, or by an optical 
device. 

34. An ophthalmic or solar article comprising: 

at least one composition according to claim 17. 

35. An article according to claim 34, characterised in that 
it is constituted by a lens, by a glaZing, or by an optical 
device. 


