WD 01/ 36406 PCT/ EPO0/ 11365 NAPHTHOPYRANS ANNELATED IN C -C_ WTH AN
| NDENE- OR DI HYDRONAPHTHALENE- TYPE CARBOCYCLE, AND COVPCOSI TI ONS AND
MATRI CES VOONY/26486 NG THEM The present invention rel ates to FOVEP00/11365
napht hopyr an-type conmpounds which 5 are annelated in C5-C6 with an indene-
or di hydronapht hal ene-type carbocycle, and which have, in particular,

phot ochrom ¢ properties. The invention also relates to photochromc
conpositions and photochrom c ophthalmc articles (lenses for exanple)

whi ch contain said napht hopyr ans. The |nvent| on aI SO covers the
preparati on oNAPH&E ANS ¢ ANNEIAEED :
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for the 5 rih GRACETH n g by R emrons el temphielinghsccargsy . ad
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decorative o el%o(gec;ﬁ:oxgicl Icogpg AP% W gsgtrqcl?r(gpu gl}a#a{c;l @?or(g'%éesofor
optical inscréxampde) (vdoch ngpntain nsaidendphéiogy s oﬁrhlthaiwhtioropalsccsqovand than

particul ar t ? ﬁ&@&tﬁ@setr{o%gﬁco ou%g phot ochronic | ens which conprises
one or nore pho romc conpoun st have : - a hi gh transm ssion in

the absentle of ul tT%ﬁ/leP@PhromlC a@onmﬁwﬂdmmwbenot lehereied Icolpuabinder yhe

under sol ar 1&1&]@6‘1&0’&&0‘{1 oly= oRHRRbRAr&GRARY REHiQUVART HhspR) %é‘b‘f?&ul‘rﬁﬁ'ﬂd cs,
25 - a tint acceptable to the consumer (grey or brown preferably) with

preferably a ﬁﬁ.lﬂ%@Léﬁl@e BieR e Kipigeys {rff&‘i‘ta“&ﬂrqeﬁijs’t PoURST SRR A 1 he
di scol or at i ontem@kratire ah@osa palyrsi ﬂfoﬂﬁ@ﬁﬁﬁn@ﬂ‘c 1iamed1}ﬂefd‘n@fr6ﬁﬂme$1,rstt he

properties, wthi rature ran

Bt ey, i nce TheRSBab GuudBBHEARY aPpicAln ol Ry 6 For e
corrective | em_amsfaand: bhephahd_rrec darpesisioneact Thses sobanproteatiac plassest fiktersar e
in fact deterged &}ficg h&: %%B{o\é?apﬂﬁmaf;ﬁé}ﬁﬂl@ 8ptics or other optical devices and

observation devices, glazing, decorative objects, bill elements or even for

information storage by optical inscription (coding).
In the field of ophthalmic optics, and in particular the spectacles trade, a

20  photochromic lens which comprises one or more photochromic compounds must

have :
- a high transmission in the absence of ultraviolets,
- a low transmission (high colourability) under solar irradiation,
- adapted coloration and discoloration kinetics,

25 - a tint acceptable to the consumer (grey or brown preferably) with preferably
a maintenance of the chosen tint during the coloration and the discoloration
of the lens,

- a maintenance of the performances, the properties, within a temperature
range of 0-40°C,

30 - a significant durability, since these objectives sought after are sophisticated
corrective lenses and therefore expensive.

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, even hybrid support which constitutes the

35 lens.
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ochronmes of different colows, i.e. having distinct maxinal

wavel engths in the visible. This conbination further inposes
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US-A-3 627_690 US-A-4,826,977,
US-A-5,411,679, US-A-5,429,744,
US-A-5,451,344, US-A-5,458,814, US-A-5,651,923, US-A-5,645,767,
US-A-5,698,141, US-A-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 :

gs?
US-A-3,567.605,
US-A-5,238,981,

patent applications :
US-A-5,200,116,

Benzopyrans 2H-Naphthopyrans 3H-Naphthopyrans

In particular, patent documents WO-A-99 31082 and US-A-5,869,658

claim 3H-naphthopyran-type structures in which there exists an aryl group in Ry :

WO-A-99 31082

US-A-5,869,658

These compounds claim to satisfy the specifications defined 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 compounds described hitherto have the complete

combination of the properties sought after which are necessary for the production of
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claimto satisfy the specifications defined above. Inreality, if these
conpoundswo enddge do have one or nore of the basic propertires/Er@ogigssaft er
such as a high transm ssion in the absence of ultraviolets and a high
colourability wunder solar irradiation, rpne of the conpounds descri bed
hitherto have the conplete conbination of the properties sought after
whi ch are necessary for the production of WO 01/ 36406 PCT/EP0O0/ 11365 3
satisfactory articles. In particular, none of these conpounds s

i ntrinsically grisfaciory atticteanImpatticiler, mone of theje 6pmpeuny iaAntEasicalo &gy or
phot ochr ore i %r@&ﬂ%dtn?e Iﬁé%é’s'itg PREingfan alilESRal phBtothidhf i @RGera8BBiast ond o
this context, it is to the credit of the inventors for having been 5

i nterested in thesesWoytgis dgesdBbiifat i ve as a base for devel opi ng nove
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: Thus, according to a first of its aspects, the present invention relates to

compounds of formulae (I) and (II) :

10
in which :
e R, and R,, which are identical or different, independently
represent :
- hydrogen,
15 - a linear or branched alkyl group comprising 1 to 12 carbon
atoms,
- acycloalkyl 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
20 least one heteroatom selected from sulphur, oxygen and
nitrogen ; said basic structure being optionally substituted with
at least one substituent selected from the whole of the
substituents given below :
+ a halogen, and notably fluorine, chlorine and bromine,
25 + a hydroxy,

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

atoms,



15 - a linear or branched al kyl group conprising | to 12 carbon atons, - a
cycl oal kyl group conprising 3 to 12 carbon atons, - an aryl or heteroaryl
group CORPHlpPkeydei N 1tS basic structure 6 to 24 carbon at WO/I?]M%O 24
carbon atons respectively and at 20 |east one heteroatom sel ecte rom

sul phur, oxygen and nitrogen ; said basic, structure being optionally
substituted with at |east one substituent selected fromthe whole of the
substituents given below : + a hal ogen, and notably fluorine, chlorine and
bromine, 25 + a hydroxy, + a linear or branched al kyl group conmprising 1
to 12 carbon atons, + a |inearhasallbnankileslkexkgeoyp gooespondinpto tier(G,-Cii)o 12

carbon atons, WO 01/36406 PCT/ERPOQ/ 11365 4 + a | ga kKoxy
group corresponding to the (Cla-H@fiZfr %\l%ﬁ@f gPUR k%%ygg%%éécst%wg\%ﬁ% e
respectively which are subst isubstaotedi with at 1¢éastone dradogen| asgon and aypfabhna

notably a fluoroal kyl group j : phenoxy or napht hoxy group
optionally substituted with aﬁiuo'&%g tlt%(ﬁgy(ff?}rl]lééfpebr branched_ al kyl ar

al koxy group conprising 1 to aphesaxhennaphshaxy group pphenally subBiasd nath at

al kenyl group conprising 2 to dd:6a¢ hdar oﬁb%&hedadlkiyliwta%k%gﬁou\pid&)YﬂpergUp
or an alkyl group, 10 + an -NH2 group, + an -NHR group, - representing a
| i near or branched al kyl grou]ptogl&ﬁﬁfl?‘]éli%‘@ni’ to 6 carbon atons, or a phenyl

group optionally substituted aiifdar 8t blagétsdd Dyl pivaprcompribingrabdad casbday |
group comprising 1 to 6 car bonatgéso,rgrsld n%t%bl-')-/ aavigyl group or an allyl group,
10 + an -NH; group,

+ an -NHR group,-R representing a linear or branched alkyl
group comprising 1 to 6 carbon atoms, or a phenyl group
optionally substituted with at least one linear or branched
alkyl group comprising 1 to 6 carbon atoms,

15 + a
—N_
R"."
group, R' and R", which are identical or different,
representing independently a linear or branched alkyl group
comprising 1 to 6 carbon atoms, or a phenyl group optionally
20 substituted with at least one 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- to 7-
membered ring which can comprise at least one other
heteroatom selected from oxygen, sulphur and nitrogen, said
25 nitrogen being optionally substituted with an R™ group,
which is a linear or branched alkyl group comprising 1 to 6
carbon atoms,
+ a methacryloyl group or an acryloyl group,
- an aralkyl or heteroaralkyl group, the alkyl group of which,
30 which is linear or branched, comprises 1 to 4 carbon atoms and
the aryl part of which has the same definition as that given supra
for the aryl and heteroaryl group ;

or



-NR group, R and R', which are identical or different, representing

i ndependently a |inear or branched al kyl group conprising 1 to 6 carbon
atonms, owa@opkdod/| group optionally 20 substituted with atrdreErsv/imes | i near
or branched al kyl group conprising 1 to 6 carbon atons, or representing
together with the nitrogen atomto whichsthey are bound a 5- to 7-
menbered ring which can conprise at | east one other heteroatom sel ected
from oxygen, sul phur and nitrogen, said 25 nitrogen being optionally
substituted with an R'" group, which is a linear or branched al kyl group
conprising | to 6 carbon atsafdfwe sabsttudméc Ry|angl Ry tagsphenrionn aaca kyl,
group, - an aral kyl or heter vl : e i 0
which is |linear or branched,&gg&hﬂ’sfelg&%H)?bde&p’cgr?(lbdg%é%%%%gﬁg%ﬁew&%&ar?/IIS
part of which has the same d®ioHitiorydealkanthgrenyhidensgrqup ¢ gid gFRUPHSAIE and

heteroaryl group ; or WO 01/3f#a8llPsabsEReY WikBablealt @i of thaveutstiehist lisest S
R1 and R2 together form an adana t;% nor bor.n flu renlél i dene,

di (C1- 06) alkyl ant hr acenyl i detP@V6for Rypif2g @RET EVETO%X "Bt hr acenyl i dene
group ; said group beinge Rpicpreaitty substituted with at | east one of the
substituents listed 5 above %fl)p({le_ , R2 : an aryl or heteroaryl group ;

R3 represents a hydroxy ; £ TNEEr’ or branched al koxy group conprising 1

to 6 carbon atons ; 10 - - RlinearNvor branched alkoxy group comprising 1 to 6 carbon
atoms ;-
10 - a
—N_
R"~
group, R' and R", which are identical or different,
representing independently a linear or branched alkyl group
comprising 1 to 6 carbon atoms, a phenyl group optionally
15 substituted with at least one 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- to 7-
membered ring which can comprise at least one other
heteroatom selected from oxygen, sulphur and nitrogen, said
20 nitrogen being optionally substituted with an R™ group,
which is a linear or branched alkyl group comprising 1 to 6
carbon atoms,
¢ Ry, which are identical or different, independently represent :
- a halogen, and notably fluorine, chlorine or bromine,
25 - ahydroxy,
- a linear or branched alkyl group comprising 1 to 12 carbon
atoms (advantageously 1 to 6 carbon atoms),
- acycloalkyl group comprising 3 to 12 carbon atoms,
- a linear or branched alkoxy group comprising 1 to 12 carbon
30 - atoms (advantageously 1 to 6 carbon atoms),
- a halocalkyl, halocycloalkyl, or haloalkoxy group corresponding
to the alkyl, cycloalkyl, alkoxy groups above respectively, which



R' group, R and R', which are identical or different, representing

i ndependently a |inear or branched al kyl group conprising 1 to 6 carbon
atons, a Wwben¥ssogr oup optionally 15 substituted with at | egstppi@isdsnear or
branched al kyl group conprising 1 to 6 carbon atons, or representing
together with the nitrogen atomto mhic% they are bound a 5- to 7-
menbered ring which can conprise at | east one other heteroatom sel ected
from oxygen, sul phur and nitrogen, said 20 nitrogen being optionally
substituted with an R'" group, which is a linear or branched al kyl group
conprising | to 6 carbon abgEubstitdted withacltagronel lhéoveh @adm onotably fseleeted ,

i ndependently represent : - a ﬂalo eny and not abl.y fluorine, chlorine or
brom ne, 25 - a hydroxy, - &M HEQEFRIgHDG, WM& | group conprising 1 to
12 carbon atons (advant ageatsdryl dr heterbaryhighomp letvongs }he same dsfoliven kylthagr oup
conprising 3 to 12 carbon at%%ﬁxuﬁ‘ }'neﬁr or branched al koxy group
conprising 1 to 12 carbon 80 "at ga vant a eously 1 to 6 carbon atons), -
a hal oal kys, hal ocycl oal kyl aneralkydioohetreorsalig graipe therabieh grypnyhichds Hpear

al kyl, cycloal kyl, al koxy grpyps  ROOVRHHESELE th Uetatboraionds, Wett Ald 3R40Gd
PCT/ EPOO/ 11365 6 are substitut eé wth at | east one gﬁlﬁggen ato not abl y

selected fromfluorine, chbsteraieylagiqups Bayipg the same B0S et BPFasyien
group having the same definisip@fopR, {Rat given supra for R, R2, 5 - an
aral kyl or heteroaral kyl group, the al k\ﬁﬁgﬂr ou nea

branched, conprises 1 to 4 GaPBEERMACHHREPIRRY ¢ %UP\QH/’&]%@ Sluhétf%{ega‘%tf] at
groups havpng the sane defi idasi ameslimear bhbmaclgidvaky! o wbroxyfgrouRfompriging 1 a
phenoxy or napht hoxy group ggqﬁgg%hﬁxwﬁgpstituted with at
- an amine or amide group : -NH,, -NHR, -CONH,, -CONHR,
RIS R
—N_ - or —CON: -
R" -’ : R"."
R, R, R" having their respective definitions given supra for the
15 amine substituents of the values R , R; : aryl or heteroaryl,
- an -OCORy or -OCOORy group, Ry representing a linear 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
20 listed above for the values of Ry , R; : aryl or heteroaryl ;
e Rs, which are identical or different, represent the substituents
listed above for the values of Ry,
or
at least two of the adjacent Rs groups together form an aromatic
25 or non-aromatic cyclic group having one or two annelated rings
which can comprise at least one heteroatom selected from the
group consisting of : oxygen, sulphur or nitrogen ; this or these
rings, independently 5- to 7-membered aromatic or non-
aromatic, being able to comprise at least one substituent selected
30 from a group as defined above, as a substituent, of the basic
structure of the aryl or heteroaryl group representing R; or R; ;
® Rs, which are identical or different, independently represent a

linear or branched alkyl group comprising 1 to 6 carbon atoms ;



10 | east one linear or branched al kyl or al koxy group conprising 1 to 12
carbon atons, - an amne or amde group : -NH2, -NHR -CONH2, -CONHR, R .
-N or CONWORI3RIN6 R R, R' having their respective defi ni PCYRBOOZI1®6GN Supra
for the 15 ami ne substituents of the values R, , R2 : aryl or heteroaryl, -
an -OCOR9 or -OCOOR9 group, R9 representing a linear or branched al kyl
group conprising 1 to 6 carbon atons, or a cycloal kyl group conprising 3
to 6 carbon atons, or a phenyl group, optionally substituted with at | east
one of the substituents 20 |listed above for the val ues_of

L . R , R : aryl
or heteroaryl : R5, whiche®RBreandddi i which ogreqideptisalner di gﬁ@%ew@e&’%&emw

substituents |isted above fQpklR ya;l,m@%egf of¥ Iiear @k braadiedt wiybfegréure
adj acent R5 groups together form an ﬂr oga&ﬂbg%a% or non-aromatic cyclic

group having one or two annefARRIHFIS O3 conprise at | east one

het eroat om sel ected fromtée group consisting of : oxygen, sul phur or

nitrogen ; this or these rings,.|ndependent - to 7- i, or

non- aromatic, being able t o° o%cpt Frgere%rtesqnésaé%y%rﬁgénsf}%%E{ﬁ?%ggﬁ%gaslgflg{?%_FSO

froma group as defined abovegroupscommsishgt 1 ttaefitcarhoh athmsbwbéreas gier QdeUie of

the aryl or heteroaryl group I a 18 Whb@hcidealko
AR b B b 2 1 nched g

identical or different, independen _repres I'i near or branched al kyl
group conprising 1 to 6 car bgieuptenReprisingd101y $648HOPEPELO6/ ﬂé@g‘? ¥ ARy

and R8, which are identical 9@@@;&{ SFRIM \RJ Repreensigntal Yinedr e BR@okeda alkyl
hydrogen or a linear or branched al Kyl grou conprising 1 to ar,bon
atons, or 16 one of them repgr@EErﬁo?PéISH’sgdfdgeﬁﬁc gg’é ai“?”ﬂg.gf Bty 9@%!‘%8‘“’
al kyl 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 Ry, R; : aryl or heteroaryl,
or
15 R, and Ry together form an oxo group or a cycloalkyl group
comprising 3 to 6 carbon atoms ;
e m is an integer from 0 to 3 and n and o are integers from 0 to 4.
The person skilled in the art will obviously have understood that the
branched alkyl, alkoxy and alkenyl groups, as defined above, comprise a sufficient
20 number of carbons in order to be branched (i.e. more than 3, more than 3, and more
than 4 carbon atoms respectively).
The compounds of the invention - annelated naphthopyrans of formulae
(I) and (II) - have very fast discoloration kinetics combined with a high colourability.
Amongst said compounds of the invention, preferred are those which
25  have the formulae (I) and/or (II) in which :

e R, , R, are identical or different and represent independently
optionally substituted aryl or heteroaryl groups the basic structure
of which is selected from the group comprising phenyl, naphthyl,
biphenyl, pyridyl, furyl, benzofuryl, dibenzofuryl, N-(C;-

30 Ce)alkylcarbazole, thienyl, benzothienyl, dibenzothienyl and
julolidinyl groups ; R; and/or R, representing, advantageously, a
para-substituted phenyl group ;
or

R; and R; together form an adamantyl or norborny! group ;



group conprising 1 to 6 carbon atons whereas the other is selected froma
hydr oxy group, a linear or branched al koxy group conprising 1 to 6 carbon
atonms, aw®00#00r a - OCOCRI9 group, RI representing a |i meavemo/issanched
al kyl 10 group conprising 1 to 6 carbon atons or a cycl oal kyl group
conprising 3 to 6 carbon atons or a phenygl group, optionally substituted
with at | east one of the substituents |listed above for the values of R,
R2 : aryl or heteroaryl, or 15 R7 and R8 together forman oxo group or a
cycl oal kyl group conprising 3 to 6 carbon atons ; in is an integer fromO
to 3 and n and o are in¢eBeasd Ry capré&entpingieperiinatly arhadngenian alky grouR featyr t
w || obviously have undergﬁ(g)g\g gt the branched al kyl, al koxy and al kenyl
groups, as defined above, CO Fi'se’a sufficient 20 number of_carbons. in
order to be branched (i ®eRsmepresentsan Bdrowyrer amaKky3 2rappy apdRs rePResAnG @
carbon atoms respectivel yyy4 b Gopayngougf, the invention - annel ated
napht hopyrans of formulae “ (1) and él I") .- have very fast discoloration

ki netics conbined with & AW Lol 0f Qb5 Qi ty. Anongst said conpounds of the
invention, preferred acgotdhgse akdcohd ofStshapects, e orsent iagertion @hatésoro {1 1)

inwhich: R , i denti cal diff :d tl
opt  onal |y suissioepBcrertos Shobraryhily B B (TP LERERs AT aRear v

which is sel egéaprifeseonddmingroup conpri si ng phenyl, naphthyl, biphenyl,
pyridyl, furyl, benzofuryl, .di l\aép azobigen

t hi enyl, benzot hi enyl, di er@%t %%M%‘%ﬁ‘%ﬁﬁ“ﬁagmfﬁﬁlgﬁgﬁ; R, 1gand/ or
R2 represemting, advantagbela®lly, a para-substituted phenyl group ; or R
and RZ together form an adarmantyl Qr omorbornyl group ; W0.Q1636406

PCT/ EPOO/ 11365 8 R4 and R5'r ent, independently, ogen, an al kyl
group or an al koxy group ;

(Rym

(1) (V)
in which R, R4, Rs, R, m, n and o are as defined supra with
reference to formulae (I) and (I) ;
e with a derivative of propargylic alcohol, having formula (V)

15 below :

R, R,
OH \\ (V)
H
in which R, and R, are as defined supra with reference to formulae
(I) and (1I) ;

20 the condensation (IIT) or (IV)/(V) being carried out advantageously
in the presence of a catalyst, this catalyst being preferably selected
from the group comprising para-toluenesulphonic  acid,
dodecylsulphonic acid or bromoacetic acid ;

or
25 e with an aldehyde derivative, having formula (V’) below :

1
>; V")
R—



R7 represents a hydroxy or an al kyl

t he presepdoi/sgsgpti on relates to a

(1) and (I1),

I nternmedi ate product of formula (I11) or {IV) which are given 10 bel ow :

characterised in that it conprises condensing : an

group and R8 represents a hydrogen or
an al kyl group ; 5 nmandn=l ando=0. According to a second of its aspects,

nmet hod of preparation QiR ¢agPOUNdS

R3 OHR3 OH (Ra)ym (R5)n (Ra)m (RS)n ( o () (1V) in which R3, R4, R5,
R6, m n and o are as defined supra with reference to formulae (1) and

~

below: R R

1) ; wth a derivative of propargylic al cohol, having fornula (V) 15

OH (V)  Hinpwhhikh R, a&fd RR2arr s akfided isnpeh suigr aeferdnioe to

reference to formulae (1) an@ﬁéhl)i)aﬂagﬁgthe condensation (I11) or (IV)/(V)

bei ng carried out advantad@Bt

> presence of a catalyst, this

cat al yst bei ng preferably thel eohéshsadarom(HBe gr oGV )@fipr ibsingg carried  out,

par a-t ol uenesul phonic acid | i : : o
55 with an al dehyde der \thv?’\g‘g%de%ﬁé ] ‘{r’#gtﬂgg%ﬁﬁlcg%{%’?&%%gwﬁ}rg’gef‘?‘?bl V)

R CHO WO 61/ 36406 PCT/ EPG@Mpies®f tanigmaHitemium (Bhdethoxide cbeirg qartigudaaly
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preferred.

In practice, the condensation reaction between compounds (III) or (IV)
and (V) or (V’) 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 (IIT) or (IV)/(V?), reference may be made to the EP-A-0
562 915 patent application.

The compounds of formula (V) are known to the person skilled in the art
and are obtained from the corresponding 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).

Aldehydes (V'), which are derivatives of (V), are obtained by
rearrangement in an acid medium (cf' J. Org. Chem., 1977, 42, 3403).

In the case of the compounds of formula II, the condensation of the
compounds of formula IV with compounds of formula V or V’ leads to the
intermediate IIa (compound of formula (II) in which R; = Rg = H) which can be

derivatised, notably in the following manner :

(Ron

(id)

The oxidation in the air of the compounds (IIa) in the presence of a basic

PTC such as benzyltrimethylammonium hydroxide leads to compounds (IIb) which

or



formulae (I) and (Il) ; the condensation (lIIl1) or (1V)/(V) being carried
out, advantageously, in the presence of a netallic conplex, preferably a
5 conpl exy8f1kédpani um titanium (1V) ethoxide being parti chbpibdoiiizes
preferred. In practice, the condensation reaction between corrpounés (rern)
or (IV) and (V) or (V') can take place L(p sol vents such as tol uene, xylene
or tetrahydrofuran, to which appropriate catalysts are optionally added.
For nore details on the i o condensation of conpounds (I11) or (IV)/(V),
reference may be made to the EP-A-0 562 915 patent application. The
conpounds  of %fér Airexfa iyl 6@ bl twhohitdI R r@emo Buskas hethylithiune imwokder and
are obtained fromthe correspondi ng ketone according to a nmethod descri bed
notably in t heTonsecappotnds et ent application. The ketone is itself
commercial or 15 is prgpeaiedecsscomgomnglst @) ankroaikylaedhnd mesallahiomsvitthe
Friedel Crafts nethod (cf... . WO A-96 1459 nd._¢ited f C . des
(V'), which A PES R Byrgllithypmy \375“,? tl%?#‘ereg%ﬁ’é’i with ﬂﬁya“'@e@??’gnﬁ?ﬁéﬁt%‘?% hgn
aci d medi um ( ofderdo pvide Cgroupdsi@Vd),and 2hen3pdound(lldle case of the
compounds of for ml & i, e 6ARUEARANATRpokil® ofAfRaERAY RORiRh bonms a
RUTPR" 4/ 0r eads tp

|V wi th conpounds of fornu . 0 the |nterrre§teat,e Ila,.
(conpound of fher parsen gkilled infshewit. dor it intepds and pRrRAREse H Baysthkbe Wdicpted iR ded,
notably in the foldiewRgyranner : R RR RR RBOR201R3I\\ 0zR

MR3 I\ \ Oz “(Raym{Ra)m (Ra)p' (RSWn.0 - . (RS)n HOR (B5)yn  (lla) (LI b)

(1lc) R Ri RzglF@ they gomgpguRds 92 {%’WBG(@?‘P Whlﬂhﬁgﬁé{sra?’cl‘gam C?“%Pe‘,")ﬁ’a{eﬁa) m

Z Rel (Ra); Ra from the corresponding compounds of formula (IId) above in which "R;" is an
alkyl functionalised with a leaving group. Said "compounds of formula (1Id)" are

subjected to an intramolecular nucleophilic substitution of said leaving group ;

and
- that compounds of formula (II) in which R; or Rg = alkoxy, -OCORg
15 -OCOORg can be obtained in a classical manner from the corresponding

compounds of formula (II) in which R; or Rg = OH.
Compounds of formula (III) and (IV) are obtained according to a
synthesis scheme, the various steps of which are adaptations of known methods. The

preferred general synthesis scheme is given below :

20
Ry OH soc, M c
o) o)
RM (Rym
Vi) Vi)
Ram_ o
© NaH
vy o+ m AN o) H;PO, -
(Ron (Ron THF OH
(i) @G (1x)
(Rgn (Rn

(Rym o OH
NaH H,PO
i+ @O‘O — O = w
THF R ‘ )
3

~ W

(Ry)n

X
(X

In a first step. acid VI (commercial or prepared according to known
25 methods) is converted into acid chloride VII. The latter chloride is then allowed to



HR _ (R5)n R7 (R5)n (Ild) (lIle) The oxidation in the air of the conpounds
(I'ta) in the presence of a basic 25 PTC such as benzyl tri nmet hyl amoni um
hydr oxi dev0@&ad6t06 0 conpounds (I 1b) which WO 01/ 36406 PCT/ BROOEADAGHs 10 are
hydr oxyal kyl at ed by organonetal | ic reagents such as nmethyllithiumin order
to provide compounds (lic). Alternativelly, conpounds (lla) can be

al kyl ated by netallation with a base such as butyllithium and then
reaction with an al kyl iodide such as CH3l in 5 order to provide conpounds
(lid) and then conpounds (lle). The preparation of the other conpounds of
formula (11) icondénshiwithraBderabene YHE opabswdangnelX aythe pressaceefia lapgsexgess

intents and pLHfl?\gﬁ?ﬁw oribr Wacﬁtbllh&n@&imeﬁlxaﬁ@m hich are@gacllsedrtd afam IMesnd: -
that the co un gan be

formul a I n which
prepared 10 fWoﬁ‘?SIPﬁ%“V@N Péé‘ﬁ%‘ﬁtﬁ IR hRIRBEN D %?CI‘FSWHL?F)é%??R%ﬂ?X&B‘ ve in
which "R7" is an al kyAcdorhiag t@é‘&htcﬁﬁdts\/ﬂsbébt@ the Bwemngorgaleal pelatSaicdthe novel

ds of f Lecul
nucl Gophi 1 B¢ w%rgwcilaae(paw"%fs P P05 O, PRI P2 Copounas of

formula (11) in which R7 or = al koxy, -OCOR9 15 -OCOOR9 can be obtai ned
in a classical manner fRam 320t r espondi ng @f formula (1) in
which R7 or R8 = OR Corrpo

according to a synthesk$nSche NaRYAr i OUS Sk Q ch are
adapt ati ons of known met hods. ke preferred general 4!? g5 schene is

gi ven below : 20 Ra OH SCOCl ®y) a o/ o (R4)m(R1)m(VI)"'(VII) (R4)m
Rol, (i (V)

in which Rj, R4, Rs, Rg, m, n and o are as defined above with reference to formulae
(I) and (1I).

10 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
and/or grafting at least one compound (I) or (II) as defined above. The compounds
(I) and (II) according to the invention can be per se (co)monomers and/or be
comprised in (co)polymerisable and/or cross-linkable (co)monomers. The

15 (co)polymers and/or reticulates thus obtained can constitute photochromic matrices
such as those presented infra.

According to a fifth of its aspects, the present invention relates to the use of
said compounds of formula (I) or (II) of the invention as photochromic agents.
Another object of the invention is, therefore :

20 - firstly, novel photochromic compounds which are constituted by the C.-C,-
annelated naphthopyran derivatives such as defined 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 ;

25 - secondly, novel photochromic compositions which comprise at least one
compound (I) or (II) as defined above, and/or at least one linear or cross-
linked (co)polymer containing at least one compound (I) or (Il) 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

30 one non-photochromic colouring agent and/or at least one stabilising agent.

These photochromic compounds of another type, non-photochromic



(M1) +/ NaH OH3P0O4 ' (Ill) (Ra)n (R6)n THE OH (VII1) (IX) (Ra)n (R6)nN
(R)YmoO OH (M1) +O NaH H3PO~ CID= (IV) (Ra)n THE R3 (X) (XI) (Ra)n In a
first stapo g6Vl (commercial or prepared accordi ng to kromwePoo2336set hods)
is converted into acid chloride VII. The latter chloride is then allowed to
WO 01/ 36406 PCT/ EPOO/ 11365 11 condense wpth a (3-tetralone VIII or a
J3-indanone X in the presence of a |large excess of NaH in order to lead to
intermediates | X and XI which are cyclised to give Il and 1V,
respectively, by heating in the presence of an acid such as phosphoric
acid. According to acclénuring agenist andasiplibisiog ageRis arevRIiAL aShPIRIYYs KBPHE &3 theo

the novel 5 internmedi f formulae (I11) and (1V), recalled

below : R3 OH R3 CH @fsn@%qpéﬁ ‘Ra)m (Re)p . 6)o (é] I%((IV)\/% in igh R3

R4, R, R6, in, n andthin Hicccomexietithe @respiviaVeRtion, cenpmations phPRQiPRiPRy

i( Inz/eﬁ'??ogl ). %&npfbﬁﬁlag df ng ih%rﬁgfl Qﬁ%hg&ﬁbi:nbtforﬁsdf‘%ﬁg?chﬁohgc obmpmfnd@fof trlee
is (co)po r(s).,and/or retigculate(s), obtai :

and/ or cross- | PHREURYT gl“gerﬂﬁ‘}’ggchwFPW@O‘éqd%Ioéég?t{lgl)n%p%S?ﬁ%aﬁlﬂ%P‘%lﬁh?%(r)%p‘g‘l&: égg

def i ned above. patheuladymestmisendet), swoh doibinaposridinggitteresting imvtenttheyn asean
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applications such as ophthalmic spectacles or solar spectacles. These additional

photochromic compounds can be those known to the person skilled in the art and
10 described in the literature, e.g. chromenes (US-A-3,567,605, US-A-5,238,981, WO-
A-94 22850, EP-A-0 562 915), spiropyrans or naphthospiropyrans (US-A-5,238,981)
and spiroxazines (Crano et al., "Applied Photochromic Polymer Systems", Ed.
Blackie & Son Ltd, 1992, chapter 2 ).
Said compositions according to the invention can also comprise :
15 - non-photochromic colouring agents which enable adjusting the tint,
- and/or one or more stabilising agents, such as an anti-oxidising agent for
example,
- and/or one or more anti-UV,
- and/or one or more anti-radicals,
20 - and/or one or more photochimic excited state deactivators.
These additives can notably enable improving the durability of said
compositions.
The compounds of the invention envisaged within the context of their
photochromic applications can be used in solution. Thus, a photochromic solution
25 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
30 to UV. In general, a very low concentration of product (of the order of 0.01 to 5% by
weight) is sufficient to obtain an intense coloration.
The compounds according to the invention are furthermore compatible with
support matrices of organic polymer or of inorganic material (even of an inorganic-
organic hybrid material), in a form included in said matrices as well as in the form of

35  acoating of said matrices.



15 (co)pol yners and/or reticul ates thus obtained can constitute

phot ochrom ¢ matrices such as those presented infra. According to a fifth
of its aspeeol/3¢406 he present invention relates to the use afcT/BRI0d1IBSNMPOUNdS
of formula (1) or (I1l) of the invention as photochrom c agents. Another
object of the invention is, therefore 2013 firstly, novel photochromc
conpounds which are constituted by the CS-Cfi- annel ated napht hopyran
derivatives such as defined above, taken alone or in a mxture of

t hemsel ves and/or with at |east one other ghot ochrom ¢ conpound of another
type and/or with atAlseagithinike eenexsiobihicfifthasrect ebibgupysayonde Aelationto the

secondl y, novthoRJaﬁit&ﬁbr &tlemwe&aﬁm\emmn@@mmalelxawmma@mpﬁm
conmpound (1) Cross-

( (Ir) as above, d (ge t one linear or
| i nked (co)pol ymer cont i rﬁ‘?“?@“&nelc@ﬁ@f’u oﬁ% PES S¥P96) 1Y accor di ng
to the invention in its shilettlesst oﬁu(do)mmm:dmnralwtnmcasldtﬁnmbsupan,

contain at |east one other ,photochrom c co u r type and/ or
at | east 30 one non-phot O@Hfl’%ﬁlat le%%%%?(i)rﬂ 05@0% ?9%re§§nt<?d1§’otok}?east one

st abi li sing agent . Tﬁlélfﬁanpﬂlont@rﬁhmmgmpplmemmfdbe epmpoutds eyt thg/p)ézentlon are
non- phot ochr om, G mh%g’é %@%@cf %It-a/ &Qé}ﬁa&@ﬁs m%e?s%h%ﬁfoﬂﬂl}a%ﬂﬁhﬁ or c'1‘3"1‘1dthe

stabilising agen S are kno erson skill tJ n
the art. Wt hisnrfage ch(mmltlx (fpntl btir%é?@mm¢rn%dé14?ﬁ 6@01%%?%‘yf)f é’f%t%? 0

pﬂot ocﬂr om ¢ E%B s of the invention and/or conbinations of

phot ochrom ¢ conpounds_ of the 5 |nvent|on d photochrom ¢, co un

anot her tyie accordi nd @@“ﬁ‘?ﬁ’ethﬁrel"@i“l’]&rq tg?lég%?fﬁ'?qu&ﬂ é(F]PE}OIP él&%ﬁc%ﬂ%‘ﬁ]gs (Bsuch
combi nat Ib ons hgimg, inatuaé@&t h pglymrer hﬁ&icijx ‘aﬂ&&y)}l:afrﬁss swslightly eofoaredgiartke atitialg
grey or brown tlnts esire the uch
as opht hal nic Séaﬁ%é?%HPécgy BFV%‘EH e méeﬂ’é?:f% faion "%ﬁ rsae adléglftigén% {Uﬂ%} hider 2
phot ochr omi ¢ cl;gmpeumds of ahe belat hypse Flaabywnthep regeen pheiss titia kdollgradori aneehthear t
and 10 descri beg1 goitl% ég terature, e.g. chronenes (US-A-3,567, 605,

US- A- 5, 238, 981 % i 22850, EP-A-0 562 915), spiropyrans or

napht hospi Isopyr ans Thesmatheds 88 imglementatian syliel 2ay bh &g visTIedna @derafo, obtain

" Appl i ed Phot %%Blrl Q%zﬁr&) Qb P&y, vasd. %Snosg%ose Bhagk ek p%@sl&)n'—s‘kﬂledlﬂQQe art,

chapter 2 ). nposi ti ohs accord |n to the inventi.on | so _conpri se
: P ) the dlfoSlOH in the (co)polymer from a suspension or solution o &mtochro nE

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
20 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 formulation of polymerisable
materials, depositing this mixture on a surface or in a mould, and then carrying out
the copolymerisation. These implementation techniques , and others, are described in
25  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.

The following products may be mentioned as examples of preferred polymer
materials for forming matrices which are useful in optical applications of the

30  photochromic compounds according to the invention :
- those obtained 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 halogenated or

which comprises at least one ether and/or ester and/or carbonate



15 - non-photochrom c col ouri ng agents which enable adjusting the tint, -
and/ or one or nore stabilising agents, such as an anti-oxidising agent for
exanpl e, woansh4e6 one or nore anti-UV, - and/or one or norrcEERMAIZE cal s,
20 - and/or one or nore photochimc excited state deactivators. These
additives can notably enable inproving the durability of said
conpositions. The conpounds of the invention envisaged within the context
of their photochronmic applications can be used in solution. Thus, a

phot ochromi ¢ solution 25 can be obtained by dissolving at |east one of
sai d conpounds in an or gamrxd/cscﬂavlmmat@andﬂoaﬂut)@ﬁrbme agilion [ vaeeo Ard/ pra Aaide

t et rahydrof uran or et hanolg %/[é:e sol utions obtained are in general

col ourl ess and transparent~ en exposed to sunlight, they deveL p a
strong col oration and rergal?qlnyi‘ttﬁén%cﬂoéx‘?ﬁheésﬁo ¥‘%Sé€trep9\lbf64{b‘?fll?é§/ (a8ebisParosl4 n

an area of |ess exposure Oﬁd}yé n8i¢)' SdRAYIS diethyRn®t hglycsbr dsolysiieshatd)ey
are no | onger submtted 3 I'n general a very | ow concentratl on of

product (of the order of POYIHBPMYE Py Y i s REEFent POYBIIIR an
i ntense col oration. The cospptivdiscthaepr @bl}gll«b;cant:he polyaenytdnitnilgr epolyamide,

furthernore conpatible vvit ort Matrl f I I
inorganic material (even ot lpgﬁtl%) O?I@gﬁ’l &P o@%&gﬁlwn%@?&ﬁn%%%eﬁﬁgﬁs?acé?gte
formincluded in said matréetlebsas weldcetat, i n ¢dllaldsor m e¢etatgprepiensdt i ngobf
said matrices. WO 01/ 3640%’ \g%ﬁ @&1365 13 Also, within the context of
the fifth aspect of the invention rn relation to the photochromnic

appl i cati o¥s, the object- dthoseheblaingdrirersndifuncional: mpRomers drvangngie fumula

at | east one conpound (1) gdowk!), as defined supra ; - and/or at |east one
(co)polymer and/orpreticulate, as deflned sypia .. 5 - and/or at |emgt one

conposi tion, pr §)en b t he
conpounds of tﬁléI mvéni((lsgﬁﬁa%ﬁ’ tn fact\¥Hose,I |céégﬁg%b?%' mghizs
di spersed uniformy thin or on the sGfface ofXy matrix formed by a

pol ymer and/or copol ynmer and/or mxture of (co)polyners. 10 Follow ng the
exanpl e of their behaviour in solution, the conpounds (I)

in which :

15 A Ry, R'yo, R}, and R'|; are identical or different and represent
independently a hydrogen or a methyl group ;
A m, and n; are, independently, integers between 0 and 4
(inclusive) ; and are advantageously independently equal to 1 or
2;
20 A X and X', which are identical or different, are a halogen and
represent, preferably, a chlorine and/or a bromine ;
A p, and q, are, independently, integers between 0 and 4
(inclusive);
- copolymers of at least two types of copolymerisable monomers
25 selected from the precursor monomers of the polymers listed supra,
and preferably those belonging to the groups comprising
(meth)acrylic monomers, vinylic monomers, allylic monomers, and
mixtures thereof.
In a particularly preferred manner, the photochromes of the invention are used
30 with resins which have a nanobiphasic structure and which are obtained by
copolymerising at least two different, specific difunctional monomers. Such resins
have been described by the Applicant in the French patent Application
FR-A-2,762,845.



or (I1), included in a polynmer matrix are colourless or slightly col oured
inthe initial state and rapidly develop an intense coloration under a W
| i ght (36WomBe46 under a |ight source of the solar type. PETRERII/M3I6E hey
regain their initial coloration once the irradiation ceases. 15 The

met hods of inplenentati on which can be en saged in order to obtain such a
matrix are very varied. Anongst those known to the person skilled in the
art, the diffusion in the (co)polyner, froma suspension or solution of

t he photochronme, in a silicone oil, in an aliphatic or aromatic
hydrocarbon, or in dhglamamnt ofphotoghromenisedn thio(GPARNYMER PRYIX depsniisUpeR ed
for exanple. The di‘gifefetb?idaﬂ(ehﬁlgc&mstuaay,rﬂeeweezpo.g@ut iRl 209t BWeight of & iof
50 to 200C for a period of time of 15 mnutes to several hours, according
to the nature B¥di he pol ymer matrix. Another inplenentation technique
consi sts in mxing thesphat@shingn® thefith boiteubpmisdn rethtigotoytie rapphditiens of

materials, depgsiting thig m xture.o surface or .| ]
carryi ng out &9@05@%8?%@} P%Qh %&ho%ggoglqsh%}o hek 9P e’? i (gfn ?kﬁgﬁ?tgﬁg%&“pﬁg%d
others, are desghthiledc amicRS, suok asoplitbdlmibyr ©larspeadaclabrticlespjomprarigies and

their use in photochronig thqgfs?§3%%ﬁ“ﬁdéﬁ?ﬁf°§@)é‘?@g&iﬁg|‘ HRURCEIBA] C

Pol ymer Systens, Ed. Bl ackie an oW ng products may
be nentioned as exanpl es® ofndfersdtdeasangEoypabymernandarirgicste formsenptigast in

matrices which are useful (n qRin eGthp&RRId)GRitedRPertfon! Ne 30 phot ochromi ¢
conpounds according to the invention : - thC se obt ai ned fro‘%}ﬁlleﬁ%hgve
XS di -

cycl oal kyl 10 (poly or ol i od%¥/PRAtdsAst Ong RROHICAIQMRiG|ICORMPOON A%
tri- or tetraacryl ate orenMBMPor at 1€list ond matrixqas d&finedrapriacsfidnadrganioholymer s

optionally hal ogenated or which conprises at |east one ethe st er
and/ or _car bonate WO 01/ 364G BEPEROE) PPERET Tﬁtegaldf)ro?\?egaé%?ala‘éqqu{gﬁlfﬁ/agir%
t hi ocar bamat e ‘and/ or urea angdhior mardardl sajd cuglrix- ipoallys comprising patl Jeasthene

pol yester, polycarbonate (gmg OLB\idSOQEﬁé-ll?lk/élﬁiO pol ycar bonate, diallyl

di et hyl ene glycol polycar bon_aPe , 9 Fol yc_arnbarrat e, pol yeFoxy, pol yurea,
pol yur et hame, " pol yt hi olir erarsine, thsobiyisles owhish, argomgesc pyitishiatly | ¢aversdoby dhf de,

aliphatic or apouali 6 RRiHESEE ophitlalile’ fnBQ! ¥PERtocRImiE! Q18 ¥GBERT Bazing
(windows for buildings, for locomotion engines, automobile vehicles), optical

devices, decorative articles, solar protection articles, information storage, ...
The present invention is illustrated by the Examples which follow, of
20 synthesis and of photochromic validation, of compounds of the invention. This

compound of the invention is compared to prior art compound C5.



cellulose triacetate, cellul ose acetate-propionate or polyvinylbutyral, 10
- those obtained fromdifunctional nononers having the fornula below: R10
CH3 Rf 10wahizzeads6 F (OCHR, -CH,)nj -OO - (CH -CHR | On, @d3/EM0/413pp, C H 3
1)gl O in which : 15 AR o, Rlo, Rl11 and R 1, are identical or different
and represent independently a hydrogen ¢¢ a nmethyl group ; A m and n,

are, independently, integers between 0 and 4 (inclusive) ; and are

advant ageousl y i ndependently equal to 1 or 2; 20 A X and X', which are
identical or different, are a halogen and represent, preferably, a
chlorine and/or a bromine ; Ap, and q, are, independently, integers
between 0 and 4 (inclusive); copolyners QEX%BJPEE§t two types of

copol yneri sabl e nononmers 25 selected fromthe precursor nononers of the
pol ymer s Iisted supra and preferably those bel onging to the groups
conprising : ryI I C JYRIAEBEDF AOMBYUND (ayoners, al lylic nononers,
and m xtures t In a particularly preferred manner, the photochromnes
of the |nvént|on are used 30 with reS|ns mhlch ave a nanoblpha5|c
structure and which are obt"&P '&op Eyger|5| east two different,
speci fic difunctional monongpssABuch resins hayg ~—en‘Hescr|bed by the
Applicant in the French patent Application FR-A-2, 762 845. WO 01/ 36406
PCT/ EP00/ 11365 15 The anount of® phot ochr ome used i the (co) pol ymer matri x
depends upon the degree of darkening desired. Usually, between 0.001 and
20% by weight of it is wused. Still according tp the fifth of its aspects
inrelation to the applications of

MeO OH
wes
7 + 0 —_—— OH

Toluene

A
10 11 4

MeO O OH pTSA MeO
MeO ‘ HO \\ CHC' MeO ‘

Step I :
Thionyl chloride (16 ml) is allowed to react with homoveratric acid 6
10 (19.6 g) in dichloromethane (100 ml) in the presence of a catalytic amount of DMF
(0.5 ml). Stirring is effected under reflux for 4h. The solvent is then evaporated off to
provide 22.7 g of acid chloride 7 (yellow oil).
Step 2 :
NaH (800 mg of a 60% suspension in mineral oil) is cautiously added in
15 portions to a solution of 7 (2.14 g) and 2-indanone 10 (1.32 g) in THF (15 ml).
Stirring is effected under reflux for 1h, and then 0.4 g of sodium hydride are added.
Stirring is continued for 1h, and the mixture is then hydrolysed with a IN solution of
HCI. After extraction and evaporation of the solvents, the reaction mixture is purified
by silica column chromatography to provide compound 11 (1.04 g, yellow powder).
20 Step3:
15 ml of an 85% aqueous solution of phosphoric acid are added to a
solution of 11 (2.5 g) in toluene (30 ml). The water present in the medium is distilled
off with the aid of a Dean-Stark apparatus. Stirring is effected under reflux for Sh.



5 the conpounds (1) or (I1) as photochrones, another object of the present
invention is ophthalmc articles, such as ophthalmc or solar spectacle
articl es,WoOmpe406i ng at |east one conpound (1) or (Il) ackwiBPWY136 the
invention, and/or at |east one (co)polyner and/or reticulate fornmed, at

| east in part, from conpound(s) of the ipvention, 10 and/or at |east one
photochrom ¢ conposition as defined above, and/or at |east one matrix (as
defined supra), of an organic polyner material or of an inorganic
material, or even of a hybrid inorganic- organic material, said matrix
initially conpFhesmpgumtis ceelsd, waier is eddqso andithsfpredipitdteoepaphghe! 41809 me dry,

practice, the gﬁ%ﬂ%hgﬁfyﬁ&ﬁai&ﬁe nore particularly covered by the present
i nvention are op al'fic lenses or phot ochrom ¢ sol ar | enses, gl azing

(wi ndows for_bﬁnvdrngs, for | oconotion engines, autonobile vehicles),
optical devices, decopafewenafald 6F %?Sﬁ@ﬂ)a%-tdlﬁ@ie@@f)h&ﬁc akid) cdresadded to a

information storage, ... The_ present, i nvention.i Jdlustrated by. t

Exanpl es whi chsoli‘éﬂqlb% 40&fmg 26“@‘1‘?93@54”3 3?@6“%f’f L’ﬁdi‘%lbeﬁy ek n\'cjla'P?l&’aIRf%l}l?f of
corrpoundf of td‘}ﬂoﬂowﬁﬂtStﬁﬂgg /Hmisr refloRpis wififtcefl fohdhi Maemtactionisixtorpartbeh t o
prior art conpou . 1/ 36406.,.PCTLEPQQ/. Y o
SYNTHESI S OF (ﬂ?@%ﬂ% (fxtll%\?)'ﬁ‘“%l N fe) ﬂgc%,ol'c'l%z S%é%?gn‘#% _E%_S@'\é:%’ahﬁég %%63 Jl\r/geo 6
7 MeO OH NaH M#OnkiRPehehtlypifk Giistalslwhiple@e pIHEBWFONMB Tol uene 10 11 4 MO
OHIl j \ pTSA MO O CHC :

10 EXAMPLE2: SYNTHESIS OF COMPOUND (C2)

Step 1 :
0.5ml of a 40% by weight solution of benzyltrimethylammonium
hydroxide is added to a solution of compound C1 (160 mg) in 15 ml of THF.
15  Reaction is allowed with air for 2h, and the mixture is poured into H,O and is
acidified with 1N HCI solution. The precipitate is filtered off and recrystallised to
provide 110 mg of orange crystals.
Step 2 :
1 ml of a 1M solution of methyllithium are added at 0°C to a solution of
20 190 mg of the product of step 1 in 10 ml of THF. Reaction is allowed for 10 min, and
0.5 ml of methyllithium are then added. After stirring for 10 min at 0°C, the mixture
is hydrolysed with a 1IN HCI solution and is extracted with ethyl acetate. After
evaporation of the solvent, the reaction mixture is purified over silica, and the

recrystallised to provide 110 mg of yellow crystals, correct by 'H NMR.



MO HO 3 MO 4 C1 Step 1 : Thionyl chloride (16 m) is allowed to react
with honoveratric acid 6 10 (19.6 g) in dichloronmethane (100 m) in the
presencewd o1mesmt al yti ¢ anount of DMF (0.5 ml). Stirringpcs/mrrbé/ected under
reflux for 4h. The solvent is then evaporated off to provide 22.7 g of
acid chloride 7 (yellowoil). Step 2 : NgH (800 ng of a 60% suspension in
mneral oil) is cautiously added in 15 portions to a solution of 7 (2.14
g) and 2-indanone 10 (1.32 g) in THE (15 mM). Stirring is effected under
reflux for I'h, and then 0.4 g of sodium hydride are added. Stirring is
continued forExAmpiaEdl:t he HYNTHESRSIOF caMrOUNDIIG)ysed with a I N sol ution of
HCl1. After extraction and evaporation of the sglvents, the reaction m xture
is purified by silica columm chromatography trOV| de conmpound 11 (1.04
g, yellow powder). 20 Step 3 . 15 m of an 85%
phosphori c ad\#eéﬁ/ﬁdﬁed ° sokut | Yi? o )
The water prese not he m i stHell sfid-he
Dean- St ar k apparatps Stirring is effect ed under
PCTI EPOO' 11365 17 The mixture is cool ed, water ,
preci pitate of naphthol 4 (800 ny dry, be| ge solid) is filtp
4 : Afewcrystals of pTSA (par a-tol uenesul phonic acid) are agted to a 5

sol ution of 400 ny W@ of 1, 1-di phenyfp -l-ol in
10 M of chl oroform i s ok f ecte 1‘3 ; he
reaction mixture is“"then tratle,.qb.ov 3 : e solid
obtained is recrystalllsed to provi de 0 ngy of sllg?'ntly rystals

which are pure by "H NVR 10 EXAMPLE 2 : SYNTHESIS OF CO¥POUND (C2) Step 1
: 0.5 m of a 40% by wei ght solution of benzyltrimethylamoni um hydroxide
i s added to a solution of compound C1 (160 ng) in 15 nl of THF. 15

Reaction is afkpwed with air for 2h, and the mxture is poured into H2O and

s 5 This step is analogous to step 1 of Example 1. 18.5 g of a yellow oil are
obtained from 16.1 g of homoveratric acid 6 and 4.1 ml of thionyl chloride.

Step 2 :
5.47 g of a white solid, which is in accordance with the desired product 9
10 by '"H RMN, are obtained according to a method which is analogous to that of step 2
of Example 1, from 7.67 g of 2-tetralone 8, 8.21 g of NaH and the product of step 1,
Step 3 :
2.05 g of a slightly yellow solid are obtained according to a method
which is analogous to that of step 3 of Example 1, from 3 g of the product of step 2.
15 Step 4:
A few crystals of pTSA are added to a solution of 1 g of the product of
step 3 and 889 mg of 1.,1-diphenylpropyn-1-ol in 100 ml of chloroform. Stirring is
effected under reflux for 4h. The mixture is cooled, and purified by filtration over

silica to provide 513 mg of an orange solid, correct by 'H NMR.



acidified with N HCL solution. The precipitate is filtered off and
recrystallised to provide 110 ng of orange crystals. Step 2 . I m of a1l
M sol ut i oNO®1/36d86hyl | i t hi um are added at OC to a sol uti on PET/ER@/11943 ng of
the product of step 1 in 10 M of THF. Reaction is allowed for 10 mn, and
0.5 m of nethyllithiumare then added. Afster stirring for 10 mn at 0C,
the mxture is hydrolysed with a IN HCl solution and is extracted with
ethyl acetate. After evaporation of the solvent, the reaction m xture is
purified over silica, and the recrystallised to provide 110 ng of yell ow
crystals, cor rEKAMByE'4H SYNRHESIS OROOMIBBP0E-4PCT/ EPO0/ 11365 18 EXAMPLE 3:
SYNTHESI S OF COVPOUND (GBY c Fald of S ALY &dedNEQ s31ulon G oy theﬁémc 0
+ THE i MeO O CH Tol uene NEO Ve

MeO C3 Step 1 Of gemii & tagple ¢ aalﬁaﬁ%ga&gf to- élﬁ@pmithew%?aﬁﬁwéopfn C@O f
ahyel | Iow g: | algleof ehbaifoes Jirany i!iﬁde% r@lﬁ(fh 1sr¢@fﬁ'ﬁt\él@lf(?{4ﬂ \Aﬁha@mduﬁe &rud)okdlaxﬁﬂ of
t hi onyl chlori de of a white [ i.Cc in_accor ce
with the desi r%‘b“fb%;gﬁéﬁ“@lonlo‘@r%i}mf ® Iﬁmde %toglan%lﬂjgfeﬁg’r mrﬁef% 2{]
met hod whi ch iNMial ogous to that of step 2 of Exanple 1, from 7.67 g of
2-tetralone 8, 8.21 g of NaH and the product of step 1, Step 3 2.05 g of a
slightly yellow solid are obtained according to a net hod which is

anal ogous to t BAAMBLE St:ef0NP@INIHGRI O RTHE PRIOBMRY (SorARENg PY-AddS07605kt ep

2. 15 Step 4 : Afewcrystals of pTSA are added to a solution of 1 g of

t he product of
P 10 The photochromic properties of said compounds (C1), (C2), (C3), (C4)

and (C5) were evaluated.
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
15 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.



step 3 and 889 ng of 1.1-diphenyl propyn-

Stirring is

correct by |

ef fected under
puri fi edvyof/3dsoe at i on over

| -ol
reflux for 4h. The m xture i s cool ed,
silica to provide 513 ng of awTERmIYB6sOlid,
H NVR. 20 WO 01/ 36406 PCT/ EPO0/ 11365 19 EXAMPLE 4: SYNTHESI S

in 100 M of chloroform

and

OF COVWPOUND (C4) A few crystals of pTSAjgre added to a solution of 470 ny

of the product

of step 3 of Exanple 3 and 554 ny of

1, 1- bi s(p- met hoxyphenyl) - propyn l-ol in 50 m of chI oroform Stirring
under reflux is effegted+or —Fhe—xture—+s—copted—ang—5—purit{i ed by
filtration over silidga tmppnmyi de 509 SmgU@TURa pi nk{sohv* ¢corfTett by 'H
NVMR. EXAMPLE 5: COVPOINB—-E5——FHHEPRHFORART(USTPATENT US-7A=3,5%7, 605) .
10 The photochrom c groperties |of said co nds (¢), (C2}, (&), |(HA)
and (C5) were eval uatled. Sai d dqonpounds a ed at the rate of 5 ngy
in 50 mM of THF. The | UV-vi si blle absor pt iR path|of 1 cm are
t hen neasured before |and &lber | expes mm‘l%’“g’ourcel SThe
observation of the tijnts and intensit ped i s nade by placing
the solutions in the |sun or befjor &8 soI br . The |[properties of
t hese conpounds are diven in the Table be 1/ 36406 IPCT/ EPOO/ 11365
20 COVMPOUND STRUCTURH_2_ VI S* T112** 134-nmt—OH-s— MO I~/
(C2) Meo 0 442 nm5 g C MO HO CH3 im 63 s MO W

(C2) MeO 442 nm 5s

MeO O

(C3) 428 nm 63s

(C4) 458 nm 12s

(C5) O ~) 428 nm s

e * Avis of the band of the highest intensity in the range of the visible spectrum of the compound
after exposure.
** decoloration time corresponding to 50 % decrease of absorption at the Avis at ambient

temperature.

w



41!~ (C4) 458 nm12 s MO/ COOW MOI/ (C5) 0428 nml1ll s C *
%is of the band of the highest intensity in the range of the visible
spect rumwb ot/B&oconpound after exposure. ** decol orati orpdT/PE00/11365
corresponding to 50 % decrease of absorption at the ?vis at anbient
tenperature. 5 WD 01/ 36406 PCT/ EP00/ 113651 21 The observation of the
solutions in the presence of sun's rays or W rays shows that the
conpounds of the invention have a high colourability, notably in
conparison with conmpound (C5). WD 01/36406 PCT/EPOO/ 11365 22 CLAIMS 1 -
Conmpounds of the fol | Giliernpsérvatin efeh¢ soluaers if|thy presenge Ri sURy rays 05 LR3 TSR,
(Ra) m (R5) n ( / Q@@%l - 1 tSloWhibafly,: nothbly and
R7, whi ch arelglﬁé‘g’%t%ga ?Bero I ?%ﬁ%%l!@%ﬁarétgbgggﬁev&%yg}} gpresent}:l - hy(}jlrogen,
10 - a linear compariserciyéll campeundfCPhp conprising 1 to 12 carbon



atons, - a cycloal kyl group conprising 3 to 12 carbon atons, - an aryl or
het eroaryl group conprising in its basic structure 6 to 24 carbon atons or
4 to 24 ow®boss4ed ons respectively and at 15 | east one hetrrmEROOMIBE! ect ed
from sul phur, oxygen and nitrogen ; said basic structure being optionally
substituted wth at |east one substituerg selected fromthe whole of the
substituents given below : + a halogen, and notably fluorine, chlorine and
brom ne, 20 + a hydroxy, + a linear or branched alkyl group conprising 1
to 12 carbon atons, + a linear or branched al koxy group conprising 1 to 12
carbon atoms, 25 + a hal oal kyl or hal 0@kRB¥Y group corresponding to the (C
1-C 12) al kyl or al koxy groups above respectively which are substituted
with at | east one hal ggen atom ahl | uor oal group of this
type, WO 01/ 36406 PCT/E#@UWH&@@SOPQS%ﬂ 5§8H6w§wdﬁfm§5 hoxy group
optionally substituted with at |east one linear or branched al kyl or

al koxy group conprising 1 to lx.carbon atoms, + a lineargor branched

al kenyl group conpr|5|ng 2 t @ TR carbon 5 atons, o«-le a vinyl group
or an allyl group, + ® ) J
| i near or branched aIkyI p conprising 1 to "6 ﬂj:n atons, or a pheny
group optionally subﬁg iqt eqf Wi a& | east on i ranched 10

al kyl group conpri sing to pon' &t ons, +

in which :
e R, and R,, which are identical or different, independently
represent :
- hydrogen,
10 - a linear or branched alkyl group comprising 1 to 12 carbon
atoms,
- acycloalkyl 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
15 least one heteroatom selected from sulphur, oxygen and
nitrogen ; said basic structure being optionally substituted with
at least one substituent selected from the whole of the
substituents given below :
+ a halogen, and notably fluorine, chlorine and bromine,
20 + a hydroxy,
+ a linear or branched alkyl group comprising 1 to 12 carbon
atoms,
+ a linear or branched alkoxy group comprising 1 to 12 carbon
atoms,
25 + a haloalkyl or haloalkoxy group corresponding to the (C,-Cy2)
alkyl or alkoxy groups above respectively which are
substituted with at least one halogen atom, and notably a

fluoroalkyl group of this type,



R11. group, R and R', which are identical or different, representing

i ndependently a linear or branched al kyl group 15 conprising 1 to 6 carbon
atonms, orwe ophieddgl group optionally substituted with at | parEP@ma3dsi near
or branched al kyl group conprising 1 to 6 carbon atons, or representing
together with the nitrogen atomto whichzthey are bound a 5- to 7-
menbered ring which can conprise at | east one other 20 heteroatom sel ected
from oxygen, sul phur and nitrogen, said nitrogen being optionally
substituted with an R'" group, which is a linear or branched al roup
conprising 1 to 6 carbon atoasheroxy orendphthoxy @yeupgersipnakhy smuamci;w@%at
group, 25 - an aral kyl or het I

which is linear or branched, %%%%%gggfhr&nﬁ%&mgg?§g§b§¥§%§r%ﬁgpggﬁghgﬁg
part of which has the sane deflitpil2icaongtamat gi ven supra for the aryl and

heteroaryl group ; or 30 sai thn\é@r &Lﬁiﬁﬁdhwamaﬁl o@ﬁ@b-g@i@ggttmz chidom an

adamant yl , norbornyl fl uoren |de d? Cﬁ | ant | i dene or
spi r o( C5- CB) cycl oal kyl ant hr ac@Hs @“ﬁlﬁﬁﬁ““'§§? Y8 y@%?ﬂé WO 01/ 36406

PCE/EPOO/11365 24 optlonaIHyaﬁumsmgﬁumed with at | east one of the
substituents listed above for [ e I R3
5 - a an Rﬁ]&ﬁ g&?uPbr Y ﬁ‘%ﬁg%nﬁf‘% Ql ﬁr?é’af’ %ryﬂra&:rhgal pdlkylg 1

represents a hydroxy ;
to 6 carbon atons ; a R - NgRup comprising 1 to 6 carbon atoms or a phenyl group

optionally substituted with at least one linear or branched

10 alkyl group comprising 1 to 6 carbon atoms,
+ a
/R' )
—N
\ .
RH' .

group, R' and R", which are identical or different,
representing independently a linear or branched alkyl group

15 comprising 1 to 6 carbon atoms, or a phenyl group optionally

substituted with at least one 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- to 7-
membered ring which can comprise at least one other

20 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,

+ a methacryloyl group or an acryloyl group,

25 - an aralkyl or heteroaralkyl group, the alkyl group of which,
which is linear or branched, comprises 1 to 4 carbon atoms and
the aryl part of which has the same definition as that given supra
for the aryl and heteroaryl group ;

or

30 said two substituents R; and R, together form an adamantyl,
norbomyl, fluorenylidene, di(C;-C¢)alkylanthracenylidene or
spiro(Cs-Cg)cycloalkylanthracenylidene group ; said group being



group, R and R', which are identical or different, 10 representing

i ndependently a |inear or branched al kyl group conprising | to 6 carbon
atonms, a Roasksodgr OUp optionally substituted with at |easp-pPREod 136" Of
branched al kyl group conprising 1 to 6 carbon atons, or representing
together with the nitrogen atomto mhic?4they are bound a 5- to 7 15
menbered ring which can conprise at | east one other heteroatom sel ected
from oxygen, sul phur and nitrogen, said nitrogen being optionally
substituted with an R'" group, which is a linear or branched al kyl group

conprising 1 to 6 carbon atpiBnalgGubsftutediighalesst iofeRF tigadubshitudhit igteant

i ndependently represent : -_a hglﬁge , and not b“y fiuorine, chl orine or
brom ne, - a hydroxy, - a |i3Re%WipRIp n&%éﬁ’ﬁTﬁ??oﬁﬁ g% omprising 1 to 12
carbon atons (advant ageoulrgprésdn®s 6 carbon atons), 25 - a cycloal kyl group
conprising 3 to 12 carbon atqgﬁE - a linear or branched al koxy group
conprising | to 12 carbon” &8 advant ageously 1 to 6 carbon atons), - a
hal oal kyl , shal ocycl oal kyl ,- ar litxar aal lrenghed radkgxyc gronp sqeomutising 1tto 6 verboinky| |
cycloal kyl, al koxy groups ahpye respectively, which 30 are substituted
with at | east one hal ogen atom hotably selected fromfluorine, chlorine
and bromne, - an aryl or -hé@ eroaryl group having the sane definition as
that given supra for RL , R2, WO 01/36406 PCT/EA0/ 11365 25 - an aral kyl
or heteroaral kyl group, the al kyl group, whiehanNs litnear or branched,
conprises 1 to 4 carbon atons, and the aryl and ngteroaryl groups havi ng

the sane definitions as those given supra for R°°, R2, 5 - a phenoxy or
napht hoxy group optionally subséig, uRedand t R"atwhickaafe Odenddahear different,
branched allokyl or alkoxy gr Ouee&ggg%{ihg Iir?c%p%ndently a linear or branched alkyl group

comprising 1 to 6 carbon atoms, a phenyl group optionally
substituted with at least one 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- to 7-
15 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,
20 e Ry, which are identical or different, independently represent :
- ahalogen, and notably fluorine, chlorine or bromine,
- ahydroxy.
- a linear or branched alkyl group comprising 1 to 12 carbon
atoms (advantageously 1 to 6 carbon atoms),
25 - acycloalkyl group comprising 3 to 12 carbon atoms,
- a linear or branched alkoxy group comprising 1 to 12 carbon
atoms (advantageously 1 to 6 carbon atoms),
- a haloalkyl, halocycloalkyl, or haloalkoxy group corresponding
to the alkyl, cycloalkyl, alkoxy groups above respectively, which
30 are substituted with at least one halogen atom, notably selected
from fluorine, chlorine and bromine,
- an aryl or heteroaryl group having the same definition as that

given supra for R; , Ry,



to 12 carbon atonms, - an am ne or amde group : -NH2, -NHR -CONH2, - CONHR,

R . -Nor - CON- R. RI1. 10 0 R R, R having their respective
definiti swsogiowen supra for the am ne substituents of thepaalrpes/1fRss, R2
aryl or heteroaryl, - an -OCOR9 or -OCOOR9 group, R9 representing a linear

or branched al kyl group conprising 1 top§ carbon atons, or a cycloal kyl
group conprising 3 to 6 carbon atons, or a phenyl 15 group, optionally
substituted with at | east one of the substituents |isted above for the
values of R, R2 : aryl or heteroaryl ; R, which are identical or
different, represent the substaralighirdetdroasalisyl grbemdhe dkykgreun athidsisdmemy,

or 20 at least two of the ag)geadiqRQHEAPS {009%%?5 fioh D Al @aeoamta:fd or

non-aromati ¢ cyclic group having one or two annel at rings can
conprise at |east one heter o@@ﬁﬁ@blgé@ﬂ?édiwwnﬁhﬁh’@megﬁﬁﬁ}j“%néi ghqs;,gg%qn ;
oxygen, sul phur or nitrogen g,}hict Q. Rbhese rings, independently 5- to

7-menbered aromatic or non 25 I’OTTB.'[IC in abletoc ri.se. at st, one
substituent’ sel ected from & @ BRAYY & H@%efﬁ’é‘g YR £Ptigea gpélﬂhjggf‘}t?%éfﬂﬁ“ b
the basic structure of the [gagtlonelinbetetearciied gikolipr alepxyeg@np icompRsingrl R2
: R6, which are identical or glfferent i ndependently represent a |inear
or branched al kyl group corrptlol bb att%h B carbon atoms ; 30 R7 and Rg,
whi ch are identical or dif{ eareamhine onemptermieurt 1 YNHx pNHRe AEONHay-vQYHR. or
linear or branched al kyl group conprisiRig | to 6 carbo atons, or WO

01/ 36406 PCT/EPOO/ 11365 26 one of them repre rogen or a linear
or branched al kyl group conprising 1 t*si{G car on a omsﬂ\heréas t he ot her

IS
10 R, R', R" having their respective definitions given supra for the
amine substituents of the values R; , R, : aryl or heteroaryl,
- an -OCORy or -OCOORy group, Rg representing a linear or
branched alkyl group comprising 1 to 6 carbon atoms, or a
cycloalkyl group comprising 3 to 6 carbon atoms, or a phenyl
15 group, optionally substituted with at least one of the substituents
listed above for the values of R; , R, : aryl or heteroai’yl ;
e R;, which are identical or different, represent the substituents
listed above for the values of Ry,
or
20 at least two of the adjacent Rs groups together form an aromatic
or non-aromatic cyclic group having one or two annelated rings
which can comprise at least one heteroatom selected from the
group consisting of : oxygen, sulphur or nitrogen ; this or these
rings, independently 5- to 7-membered aromatic or non-

aromatic, being able to comprise at least one substituent selected

8]
w

from a group as defined above, as a substituent, of the basic
structure of the aryl or heteroaryl group representing R; or R; :
e R;. which are identical or different, independently represent a
linear or branched alkyl group comprising 1 to 6 carbon atoms ;
30 e R, and Rg, which are identical or different, independently
represent a hydrogen or a linear or branched alkyl group
comprising 1 to 6 carbon atoms,

or



selected froma hydroxy group, a linear or branched al koxy group
conprising 1 to 6 carbon atons, a -OCOR9 or a 5 -OCOOR9 group, RO

repr esentwo@1/8e4oé near or branched al kyl group conprising llcf/EPgb/ﬁﬁJsbon
atons or a cycloal kyl group conprising 3 to 6 carbon atons or a pheny
group, optionally substituted with at |gast one of the substituents |isted
above for the values of Rl, R2 : aryl of heteroaryl, 10 or R7 and R8

toget her forman oxo group or a cycloal kyl group conprising 3 to 6 carbon

atonms ; mis an integer fromO to 3 and n and o are integers fromO to 4.
15 2 - Conpounds accordi ng bae @fﬂiem r@eﬁg@q&ﬂmg%ﬁd)rlamlﬂdaabr bR@yher £kyf
formula (1) in which: R1 are i.denti cal di fferent and eprﬁzsent

i ndependently optionally s@fﬁ’tp EQMRRASIG V| 10 FFéP%I?(% Y VR st Al ¢
structure of which is sel estleded rfmmt&hym)wgroumpa|lmem:goprbemch¢d rediphxtyhy| |

20 bi phenyl, pyridyl, furyl gbgl ?]ﬁlﬁrlgln Pe%z%];%{%ﬁ{ll ’at OC(])RTHCHI nyl

Co6) al kyl car bazol e, th| enyl , eny enzot ni eny and
groups ; RS and/or R2 r epr es@ROORy, gepaRoapprssiting a ligsar @rsbrbmhedmlhﬂ

phenyl group ; or 25 Rl ang d%%d&e%gﬁﬁdéﬂ llfQ)r g‘c’ifbo%dgtgﬁﬂtwa(%&clﬁﬁ’lﬁ(?mgmﬁb

group ; R4 and R, represen y a hal ogen, an al kyl group or an
al koxy group ; mandn= Lando<mpEeing 3. o@‘)@éc%rf’dpli*@ﬂ 8T QPgoRtiqnally

characterised in that they @ﬁt@su@hed mram@as( bhd of theWibstituents Bsted aB3veafs

identical or different and re sent epen tionally substituted
aryl or heteroaryl groups t ‘é‘?sc,c’f&?]g%:twgorr}l:?fé;wgh is selected from

the groupigonprising phenyt, naphthyl 35 bi phenyl, pyridyl, furyl,
benzofuryl, dibenzofuryl, NR(7 dVP Q éeﬁ?edr'%ml?%/ cI)E>I<300 4011'1 365a C§Zloalkyl group
comprising 3 to 6 carbon atoms ;

e m is an integer from 0 to 3 and n and o are integers from 0 to 4.

15 2 - Compounds according to claim 1, characterised in that they are of
formula (I) in which :

e R, , R, are identical or different and represent independently
optionally substituted aryl or heteroaryl groups the basic structure
of which is selected from the group comprising phenyl, naphthyl,

20 biphenyl, pyridyl, furyl, benzofuryl, dibenzofuryl, N-(Ci-
Cg)alkylcarbazole, thienyl, benzothienyl, dibenzothienyl and
julolidinyl groups ; R, and/or R, representing, advantageously, a
para-substituted pheny!l group ;
or

25 R; and R, together form an adamantyl or norbornyl group ;

e R, and R; represent independently a halogen, an alkyl group or an
alkoxy group ;

e mandn=1ando=0.

30 3 - Compounds according to claim 1, characterised in that they are of
formula (IT) in which :

e R, , R, are identical or different and represent independently
optionally substituted aryl or heteroaryl groups the basic structure
of which is selected from the group comprising phenyl, naphthyl,

35 biphenyl, pyridyl, furyl, benzofuryl, dibenzofuryl, N-(C;-



C6) al kyl car bazol e, thienyl, benzothienyl, dibenzothienyl and julolidinyl
groups ; R and/or R2 representing, advantageously, a para-substituted
phenyl gwaupse4sr 5 R and R2 together form an adamantyl par/Eros/higsany|
group ; R4 and R5 represent independently a hal ogen, an al kyl group or an
al koxy group ; R7 represents a hydroxyser an al kyl group and R8 represents
a hydrogen or an alkyl group ; 10 inand n =1. 4 - A nethod of preparing
conpounds according to any one of clains 1 to 3, characterised in that it
conpri ses condensing : an intermedi ate product of formula (111) or (IV)
whi ch are given 15 bel oWs)alR8catbraRE, Otthiepy4) heuzrg)ienyl R4Yibenaeisny! R4
(rer)y (rv)y in which R3, 1 LR N ifef iRadiab&bu8RY aone
of clains 1 to 3 with rgﬁlg}lgﬁlgle_gtﬁygp%ér%r‘u ae (II2 Qg‘ﬁﬁé?h T vvitgh aB,y
derivative of propargyli dam-sssluedergeEnula (V) 20 below: RR OH
(M Hin which Rl and RZare as defined in any one of clains 1 to 3 with

reference to formulae (1)_an 1) . 25 the condensatiqn (L11) aor (I1V)/(V)
bei ng car i ed out advant é&e@cx@séaiogqtheft fen g & oY ngr @éyél%%lfp,’ this
cat al yst bei ng preferahl yRsgldeR} Reresémtdnddperdanlyuphaogans asiatkyl group or an
par a-t ol uenesul phoni c aci d, dodecyl sul phonic acid or bronmpacetic acid ; or
WO 01/ 36406 PCT/ EPOQ/ 113650y 8roUP

e R, represents a hydroxy or an alkyl group and Rg represents a

hydrogen or an alkyl group ;

10 e mandn=1.

4 - A method of preparing compounds according to any one of claims 1

to 3, characterised in that it comprises condensing :
e an intermediate product of formula (III) or (IV) which are given

R, ! O OH
(R)m ’G (Ryn (R)m .G

(Rg)o

15 below :
R, OH

(Rgin

() %

in which R3, R4, Rs, R¢, m, n and o are as defined in any one of
claims ! to 3 with reference to formulae (I) and (II) ;

e with a derivative of propargylic alcohol, having formula (V)

20 below :

R, R,
OH \\ (V)
H
in which R, and R, are as defined in any one of claims 1 to 3 with
reference to formulae (I) and (II) ;

25 the condensation (III) or (IV)/(V) being carried out advantageously
in the presence of a catalyst, this catalyst being preferably selected
from the group comprising para-toluenesulphonic  acid,
dodecylsulphonic acid or bromoacetic acid ;

or



28 wth an al dehyde derivative, having formula (V') below: R >-\ R 2
CHO5 in which RI and R2 are as defined in any one of clains 1 to 3 above
with ref ewormase406 fornulae (1) and (11) ; the condensati onpCT/EP)O/MIB6S

(IV)/ (V') being carried out, advantageously, in the presence of a netallic
conpl ex, preferably a conplex of titaniggy titanium (1V) ethoxide being
particularly 10 preferred. 5 - Internedi ate products, which are notably
useful for the preparation of conpounds according to any one of clains 1
to 3, characterised in that they have the following fornulae (111) and

(1V) : R3 OH R3 OH (Ra)mvifsymaldehy)dmdere)tiye( msjng forgulpi(V)belewy in whi ch

R3, R,, R, R6, in, n and o are as defined in any one of clains 1 to 3
W th referencetoforrmlae(l) and(ll){ 6 - A (co)polyner and/or
reticul ate obtained by pol ynerising and/0 0 cross-lynking and/ or

grafting at | east one conpound accordi ngto any one of claime | to 3. 7 -
A phot ochrom ¢ conpound, characterised in that™t is constituted by a
conpound according to any one of claims 1 to 3, or by a mxture of at |east

two conpounds according t.0 1 i, f at
| east one 25 conpound acchdYa}ﬂélgba%aoﬁz %rﬁgsgsﬁ%ﬁdégr?gyf)% Opéaﬁnmn ¥Eﬁe\§st
one ot her photochrom ¢ cowipotetetende tadamhdae @ypel @hd/ or at | east one

non- phOt ochronic col ouri nq 9990Bhden§atlorfo‘ giiﬂt ngr mr?g(‘p?n%%’r%tl Qaﬁned out,

characterised in that it conp east 0 d accordl ng to
any one of claims 1 to 3, W@@g%ﬂlwﬁlnlf@qpmﬁﬁﬁwtaIQQ Comﬁ}?éfl Brefepbly @qst

one |inear or cross- Ilnkecto(rﬁﬂamrytrf&ﬁmmtﬁamuﬁlomt\@l Bifioxide beigy Partitaldilye,

at | east one conpound (1) or
10 preferred

5 - Intermediate products, which are notably useful for the preparation of
compounds according to any one of claims 1 to 3, characterised in that they have the
following formulae (III) and (IV) :

@ O R, oH
o Wy

15 () ()

in which Rj;, Ry. Rs, R¢, m. n and o are as defined in any one of claims 1 to 3 with

reference to formulae (I) and (1I).

6 - A (co)polymer and/or reticulate obtained by polymerising and/or
20  cross-linking and/or grafting at least one compound according to any one of claims 1
to 3.

7 - A photochromic compound, characterised in that it is constituted by a
compound according to any one of claims 1 to 3, or by a mixture of at least two
compounds according to any one of claims 1 to 3, or by a mixture of at least one

25 compound according to any one of claims 1 to 3 with at least one other photochromic

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

8 - A photochromic composition, characterised in that it comprises :

- at least one compound according to any one of claims 1 to 3,



according to any one of clains 1 to 3, - and, optionally, at |east one
ot her photochrom c conpound of 5 another type and/or at |east one
non- phot owbrons406 col ouri ng agent and/or at | east one stabpdT/EPOVYIZGENt. 9

- Amatrix, characterised in that it conprises : - at |east one conpound
(1) or (1) according to any one of claipg 1 10 to3, - and/or at |east one
conposition according to claim8, - and/or at |east one co(polyner) and/or

reticul ate according to claimé6. 15 10 - A (co)polyner matrix according to
claim9, characterised in that the (co)polynmer(s) which constitute it is
(are) sel ected from t he-f @hiliowi aigleastsone Linean e cigss-linkedd (f9)pphvanek yyhich

cycloal kyl, (poly or olige)ghiyl e?ﬁ'elts %'trﬁ@l%e ar Yéastoronéré/drﬂlbdﬂﬁld mner (i -

tri- or tetraacryl ate or mono-, di- , tri- Qr tetramethacrylate which is
optional ly hal ogenated or 32@)@6‘%15‘? ARy o oftclai@gditodne et her and/or ester
and/ or carbonate and/or . gag ba{a@dr@ugnd( Qéast mnecahaa@amectmdﬁ@rcompeamamﬂ or
am de grou - pol ystyrene. t@ %let he ster Y onat q

bi sphenol - A  pol ycar bonat &"°%4f4 P§,|an@f>g§thk;¥§ﬁge@|°§kp§€ oﬁgﬁoﬂlﬁr‘:ﬁ P%) gent
pol ycar bamat e, pol yepoxy, apdby btrleast opoktybitisihpapent. 25 pol yt hi our et hane,

pol ysi | oxane, polyacrylonitrile, polyamde, aliphatic or aromatic

pol yester, vinylic polyners, cellulose acetate, cellulose triacetate,
cel l ul ose acet ate-proM o@nmaerugrchax;aollegmdwltba;tlmpnsest hose obtained from

di functi onal h f .-~
( wlfIRI : '_ cH,) mm?)OErECIr-lS Gi‘é!aﬂ%&%thﬁle cQ)riﬂB(!)luﬁd (}3% ng)%%ordﬁg%\/\% (;)1?/05 %%(1)%"1

PCT/ EPOO/ 12365 30 to 3,
- and/or at least one composition according to claim 8,

- and/or at least one co(polymer) and/or reticulate according to

claim 6.

15 10 - A (co)polymer matrix according to claim 9, characterised in that the
(co)polymer(s) which constitute it is (are) selected from the following list :

- those obtained 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 halogenated or

20 comprising at least one ether and/or ester and/or carbonate and/or
carbamate and/or thiocarbamate and/or urea and/or amide group,

- polystyrene. polyether, polyester, polycarbonate (e.g. bisphenol-A
polycarbonate, diallyl  diethylene glycol  polycarbonate),
polycarbamate, polyepoxy, polyurea, polyurethane,

25 polythiourethane, polysiloxane, polyacrylonitrile, polyamide,
aliphatic or aromatic polyester, vinylic polymers, cellulose acetate,
cellulose triacetate, cellulose acetate-propionate or
polyvinylbutyral,

- those obtained from difunctional monomers having the formula

30 below :

R CH,
CH,=— (OCHR, -CH,),, —0 O-(CH,-CHR',,0) , —n——‘—CH_
0 ), 6o,



in which : ARo, RIlo, Rl1 and R 11 are identical or different and
represent independently a hydrogen or a nethyl group ; A nl and nl are,
i ndependewoloy/36406t egers between 0 and 4 5 (inclusive) ; arc/Br®/11365
advant ageously i ndependently equal to 1 or 2; A X and X, which are
identical or different, are a halogen ang represent, preferably, a
chlorine and/or a bromne ; A pi and gl are, independently, integers
between 0 and 4 10 (inclusive); - copolyners of at |east two types of
copol yneri sabl e nononmers selected fromthe precursor nononers of the
polymers listed supra, andvlpeleferably those bel ongi ng to the groups

comprising : (meth)acrylicgoRg MRy e MBARAPE? diffkib! bt FRRGGRY S,
and 15 m xtures thereof. 10 Agmﬁﬁ anh mc olr sol ar arltlrcle conprising :

- at |east one conpound (I)lné?Pepqiqn)ﬂYéc}E’GFQﬂeﬁ@fP@%‘WgHH’é’ of clains | to 3,

20 - and/or at |east one £OHPOMA! npNardC GRdedeREND, thagéfwbetweanom odndatd
| east one (co)polymer and/ Oérb:lietl ul ate accordi ng / or at

| east oneSmatrix accordi ng YEHE) oD F‘%‘?aﬁié’a@a%ero iléf m%eﬂenﬂyfﬁgaﬂ?t i ¥ e

according to claim11l, charagterised in that it is constituted by a | ens,
by a glazing or by an OptACXalan(anj, Ghtiich are identical or different, are a halogen and
represent, preferably, a chlorine and/or a bromine ;
A p; and q; are, independently, integers between 0 and 4
10 (inclusive);
- copolyrriers of at least two types of copolymerisable monomers
selected from the precursor monomers of the polymers listed supra,
and preferably those belonging to the groups comprising :
(meth)acrylic monomers, vinylic monomers, allylic monomers, and

15 mixtures thereof.

11 - An ophthalmic or solar article comprising :
- at least one compound (I) or (II) according to any one of claims 1
to 3,
20 - and/or at least one composition according to claim 8,
- and/or at least one (co)polymer and/or reticulate according to
claim 6,

- and/or at least one matrix according to one of claims 9 or 10.

25 12 - The article according to claim 11, characterised in that it is

constituted by a lens, by a glazing or by an optical device.



