; LMNOPQRSTUe3eWNDp60TN0 7 MAR 2003 WD 001 15631 PCT/ US99/ 20472 NAPHTHOPYRANS
ANNELATED I N C6-C,, THEI R PREPARATI ON AND COMPQCSI TI ONS AND ( CO) P&Ym%m
MATRI CES CONTAI NI NG THEM 5 The present invention relates to nove

napht hopyr an-type conpounds whi ch have, in particular, photochromc
properties. Lhvention also relates to photochromc co‘;;ﬁxﬂ;gg ] and
phot ochr om é@"@ﬁ't“% mc articles (lenses for exanple) whic co%%og‘lﬁri sai d
napht hopyrans. The invention also covers the preparation of these novel
napht hopyrans. 10 The photochrom ¢ conpounds are capabl e of changi ng col our

under the infl ueNABHEHORYRANG ANKELATED IV (s e HEIR BRIFARAINON or  exanpl e) and
of returning toaNheoMPONITIONS QM QLH)POREMERMATTRICHOCENTAMNNGAL | on ceases,
or under the influence of tenperature _and/or a poly- or nono-chronatic
light different fromthe first. The PHMochroni c conpounds find
applications in various fields, e. g. for 15 the manufacture of ophthalmc

| enses, cqQntact |enses alar..protection glass filters, camera optics or
phot ogr aphi c appa?get &S t'f“(’:egmg'} r%et Sel}o 6’8 |l ngtpl%ﬁ%p ir%‘étgpeaﬁ%m%%’ggsr vation

devi ces, bgI aZNHi, ?adgdmpmibmjﬁ. pjtahiomic probértie Ehep;vsxlngm a}iﬁé&ﬂﬁﬂceﬁfol i nformation
storage by optic inscription (coding). Ln the field of ophthal mc optics,
and in parti é’i]?taﬁﬁ“?‘ﬁlé? @H@@f‘ﬁﬁqseé‘_%t ﬂ&&g,ﬁma"%ep*ﬁ%{n&fcﬁwsm élef‘séﬁsfmi/\,hi ch

CONpri ses ONQxAfiplEPwRich hA 5:A8N HaptRIERANE dBhd THiventbAY Biso Bvdid Fhe _
transm ssion in the absence of ultraviolets, - a low transm ssion (high

col our abi | i t pyepematien ofshasepovel naphtheryrash, - adapted col oration and

di scol or gtyi on Ki nej | - - rey or
brown pr Z‘Per abl y)?ﬁvé @ﬁmgr efntédr %@ﬁg&%?ﬁ%pgglg%tgnﬁgﬁgh@ﬁg@ tl§(=|(Jnt during

t he col or ati dufluamst of hgolsli aramingchriometic light {Ih¢ farerample) and whientrgingtoce of t he

performances,, the .properties thin. erature range qf 0-40C - a
S ani 11 cant  Sramin oo bhdite M iRt e gk W pBients & 50
sophi st i cat etengperanee hndie alpelys @amaenocthtdnentie fight &liféxene fisinuky firkhese | ens
characteristics e i.n fact . determned, by the active ochrgm ¢ conpounds
whi ch they contai h?® %W%BW&SCOWPWS ﬁﬂgf‘gphcatlﬁ’"?lwoﬁggééﬁi\ﬁ $d9r15631

PCT/ US99/1304 2 Rarfufickii€ biepighdh@icPiefises; CdohidctClengeat solk @rotediidn tgh@seqr gani c or

i norgani ¢ support which constitutes the |l ens, Mreover, it 1s to be noted

t hat obt ai ni Hfers Gmeis opticsr lhigioarsnkic appaFathbeRtics Py othe optigal davicepandat | east two
phot ochr omes oplerdllibd Aehibds, QRIMR! Yecotative: obftRYS! Ml idhehls' BE levaf ot T8
absorption wavel engths in the visible. This conbination further inposes

ot her requi r énfermatiomstorpgrcbysintiead inserintipe (cedii@ounds. | n particul ar, the
coloration and di ' (ALY r i ned active
phot ochrom ¢ com%&gégélﬁog?&b@@gsokﬁﬁ g‘H %‘%&hﬁ)g{a&l 5P cge)sglgg'ggappl ies for

t heir st &bi | photochrdankic ténsavhish cainprises ore erimadre pbatagiumerigicompgunds trusta pl astic or
i norganic 10hsvlépport. Anongst the numerous photochronm ¢ conpounds descri bed
in the prior at, benzopyrans or napht hopyrans nay be cited which are
descri bed i n pat evdHigntianmaission inalgpdbsenat ofulsaviddetd)- 3, 567, 605, US- A- 3, 627, 69U,
Us- A4, 826, 977, US-A-5,200,.11b, UE Al‘ 5ab2 8, 981, %?-. A-5,411,679,

US-A-5, 420, 744, 15 PR transiission (high coloysabilieg) ynder seley irradigtian.c 651 923,

US- A- 5, 645, 767, USdabte® 98lofkfidn antlliibcotiratidnIbratics;Ra An? adckptaklé fo tha0- A- 96

14596, WO-A-97 21698 which are of the reduced fornula below R Rz R6 R~ R~
R~ 20 US2pat eensumendersy sr yawn prsferably) Wik preferally ¢ mpintenapecofdbgaghiosanc g | v

descri be naphhiRpKE M8 SolBAKbAShd theiRBobI¥R bYthe fehg, St y i ndeno groups, and

secondly benzo or hapht hof urano groups on side f of the naphthopyran
(general struct uresmpigiepagre of the performances, the properties, within a temperature

range of 0-40°C,

- a significant durability, since these objectives sought after are

30 sophisticated corrective lenses and therefore expensive.
These lens characteristics are in fact determined by the active

photochromic compounds which they contain; compounds which must
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Q 7 MAR 2.003 WO 00l 15631 PCTI US99/ 20472 3 US- A-5, 645, 767 US-A- 5, 651, 923
US-A- 5,651,923 It appears that sone of the naphthopyrans disclosed in US-A
5 5,651,923 conprise i ndene-type annel ated carbocycl es whi ch aref) J WMMa0lhi t h
carbons 9 and 10 of the naphthopyran unit, or conprise benzo- or
napht hof ur aﬁ,@(,ﬁﬁ“@pnel ated heterocycles which are fused Wchssobens 5 and
6 of the naphthopyran unit. The photochrom ¢ conpounds according to
US- A-5, 645, 767 are 10 obtained from substituted or non-substituted
benzophenoneg M?i& L é’éﬁ%ttﬂﬁ WRRte dbdat & SUGGELD iLf: ester such as
t he di net hyl es er?e?{\&irﬁe )gre gncee ol? teo 'ﬂene&alng&%gggﬁgﬁﬁlrvnﬂfcgrt-but oxi de.
A hal f est er constitutesithegnoduced whi ch i s successively converted into
acet oxynapht ai eng ,and car boxynapht ho i.ch are cyclised to give a naphthol
fused with an i ng\é‘?\r(?ﬁvee"r’ésfls L& “?%?g t&‘aet\g%t?l%lﬂgoaf B € !fsfnga{P‘f g?aycorrpound
Wi th a propan@ydsitste #easbiof at léast tWohpocisanescofafiffétiiAoloards ef vinghapht hopyr an
fused with an indenone ring. The indgne honp] ogue. of this naphthopyran can
be obtainéd Bitingt a&afmbahﬁfﬂﬂmw ViveleRghy indhe Visiple: Haiﬁicﬁﬁlba’_a?@tj@&é% ket one
function. This,car R BduikRend B8R HhERBNERiSHRRIouhd & philctiA! feUS Ways. As
for the naphthopyrans fused with benzo- or naphthofuran- residues 20
accor di ng t ocaygations agh disggigratiqnh kipetigs eofpthe fiive @r pponeh sombised ietiveof a
napht hol fus A . i '+ Bol 9Gn ity dddpf R t AR i t he one
hand, and w t%&dgg@g‘{/&ﬁ?&g%cgho%nony?%eagitlhgg.s%ﬁgp@g%ﬁ){ﬁ’gp fused with
an i ndenone stabilityi witlo titr&i qtedsof for tesacqrhmatibiditydestbra Iplstid or USrganid, 645, 767 ;
whi | e th? napht hol fused with a naphthofuran ring originates fromthe
react i onHet WRBH a napht hoqui none 0 7 MAR 2003 WO 00/ 15631
PCT/ US99/ 20472 4 and\ngongst 3hé ninietowsx ptivaqehiortid eo@pontids lestfibdd inhgwt subsequent
met hyl ati on of at | east one hg/d{lgx ) ) . ) .

prior art, benzopyrans or napht op}/yrans may be cited which are described in

patents or patent applications US-A-3,567,605, US-A-3,627,690, US-A-

4,826,977, US-A-5,200,116, US-A-5,238,981, US-A-5,411,679, US-A-5,429,744,

15 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, WO-A-95 05382, FR-A-2,718,447, WO-A-96 14596, WO-A-97 21698

which are of the reduced formula below :

20
US patents US-A-5,645,767 and US-A-5,651,923 more specifically
describe naphthopyrans having, respectively, firstly indeno groups, and secondly
benzo or naphthofurano groups on side f of the naphthopyran (general structures

below).



These conpounds claimto satisfy the specifications defined aboveg7IwR 2003
reality, if these conpounds really do have one or nore of the basic
properties S sought after, such as a high transm ssion in the absence of
ultraviolets and a high colourability under solar irradiation, none of the
conpounds dggqhadied hitherto have the conplete conbinati gerRiseddoer
properties sought after which are necessary for the production of
satisfactory articles. In particular, ngne of these conpounds is
intrinsically grey or brown and the necessity of using an additional 10
photochrone in ordek _torobtain onezof these two tints does subsist. In this
context, it is tot redit of the Mjventors for 'fying beeQ interested in

this type of naphth an as a bas devel opi R vel “pheat 'ochrones, and
for having pref ovel fam Aol ecul es have’particul arly
advant ageous om ¢ prof aq g first of its
aspects, the p éntio pht hop sunds of the

follow ng formula ( RR) ~ i n whic 7\ &rrespu 2 direct bond or
to a divalent resig . )resents a Otookd anched

al kyl group which &p ises 1 to 6 carbom atons), CR-RB, (CR-Rg)2, RFC=CRe
(R~ and Rg, which are identical or different, independently representing an
H, an OH, a linear or branched al kyl or al koxy 0 7 MAR 2003 WO 00/ 15631
PCT/ US99/ 20472 5,410 i ch conpgi,s to 6 carhRn.3 or a carbocycle
sel ected fron1théﬁf5#€%a?ag 5 R?B%ﬁdfégiPndependentpy %gg?ésent- a

hydr ogen, - a linear or branched al kyl group which conprises 1 to 12carbon
atons, - a cycl oal kyl group which conprises 3 to 12 carbon atons, 10- an aryl
or heteroaryi group which conmprises jn its hasicstructure, 6 to 24 carbon
atons or 4 to 24 carbARPeADHEA e%’B’@_c?é &l—i“l Vapgﬁt?_l’léff‘“sl é‘&%‘f’s‘@né’ hSrAr oat om

sel ect ed fsr o SlobA HomPKYEd fReRNPpd hideRERNGarttR) desPARIch L MiMcl Wi el ng
optional l ysubstituted with at |east one substituent selected froml5+ a

hal ogen, and cadprs? gndf | Lefrthereaphibapysan wdt, ahepripriserbenzo-+ornaphbiefoseg- gr oup, + a

| i near or br h % Rl Sl 1.k r t 4t @ | inear or
branched alkgﬁg %?%ﬁ%hc%ﬁgéggg%g tgé1§%€cg%gd%%gﬁgﬁggggép%gfg%lkyI or

hal oal koxy gmapiphapgran@sipondi ng to the (C -C~2) al kyl or al koxy groups above
respectively which apesubstituted with at |east onedal tom and

not abl y af | uor oal kylaﬁﬁ‘r Bg(%ocgfonflﬁicso %’/‘b"e“?z**o‘i“%m?i t(r()l)egjrs %P%?’Q?\?ﬁ&d al kenyl
group conpr i brathed fiom shiBiandioor nat-cubstitutd benroplnbnes avhichrays alipwed o or an al | yl
group, + an -NHz group, +.an - NHR grouyp, representin | i near or branched
o Ryl o oup o TGt Fh ooty acn Rttt TR b 17 Finpteseofo 00f 15691
6 R_, -Ni ‘thuenc%r@dr soidsiulR tedttilioRide. Whhalhestdr &is | tH@N biodaded OWhigh fif er ent ,

i ndependent |y rep[esentggg a linear or hranched al kyl 8rou _conprising 1 to
6 carbon at orfccessivelyegan Ht‘Pﬁ‘?gacsmi‘)_@@%lttﬂ%‘}e Wt ‘Fi‘rliq’fénql??‘_ Poyaish #om t o whi ch
they are boungciBedro Ve 4 niPRHIERRA With dn WMakifdne ¢AMuE OTIRY fedfioRlof @St One

ot her het eroatom sel ected from oxygen, sul phur and nitrogen, said nitrogen
bei ng optliSonaattey cenppynd with acbropatdylie pleglol, ip theupsesengs GHDBRA deafs toetar or
branched al k 0 i .S : b t Aol a .hacryl oyl
group or an ?%?ﬁogg@"é@%e&pmﬁ %nﬂg?lgfigfn%bﬁ% e@gerngar(gﬁ?(%heg?gg%? t he al kyl
group, Wwhi ch naphthdppreacarobe dhtamed by dtartingroff wish thg prectsorthaymglaoedwmedons and t he

aryl and het g1 a ¥/ QL OHRS K Hthe WiRnd S ONBRRAH YERuRRYS: 15 Of

As for the naphthopyrans fused with benzo- or naphthofuran- residues

20 according to US-A-5,651,923, they are prepared by the reaction of a naphthol
fused with an indenone ring or a naphthofuran ring, on the one hand, and with a
propargylic alcohol on the other. The naphthol fused with an indenone ring is
obtained for example as described in US-A-5,645,767 ; while the naphthol fused

with a naphthofuran ring originates from the reaction between a naphthoquinone



said two substituents R and Rz together form an adamantyl, nor borﬂWlMARZUUS
fluorenylidene, di(C~--C6)al kyl ant hracenyli dene or

spi ro( CS- C6) cycl oal kyl ant hracenyl i dene group ; said group being optionally
substituted with at | east one of the 20 substituents |isted above for R,
R2 : an ary eroaryl group ; R3 and R4, which are i or

di fferent, |R§’é’ﬂ)%§{jently represent: - a hydrogen, 25 - aﬂﬁgﬁ%gdéﬁ%and
notably fluorine, chlorine or bron ne, a linear or branched al kyl group

whi ch conpriseg |.10.12 carbon. ato aav ntageously 1 to 6 carbon atons),
- a cycl oal ky'ﬁ"ag"r b%ﬂﬁh qag?t 0 ‘ggh fOEW@P‘BOﬁE%FﬂBﬂ% ,me_thygatlpprq & or
branched al kqxaét sHeQy@ogPri sing 1 to 12 carbon 30 atons (advantageously 1
to 6 carbon atomsé_i_l 0 7 MAR 2003 WO 00/ 15631 PCT/ US99/ 20472 7 - a

hal oal kyl , hal ocydhesaldeippoungs claiip S suisRy thgrpegificaipreedefingdiiahgvet & t he al kyl |
cycl oal kyl, €edii§ SH3SRVE BEL % | 62" tuted with at
| east one haﬁ%%%%gtﬂ%%“&?%? g@FyesZ[ ect (_a%:l ?ro%mfwfyuortlhgeb(,%lg%?%%#l%% and

brom ne, 5 - sawgharfpér, pich hea bightiangmisgion ipthk abdeney afwtrayiobats ahdfa ight | on as t hat
gi ven supra fQ . - an_ar. y r kyl..Qr he al kyl
group, which °|°{s° I_i\;ﬁl“’irlfléygrgn dc?? S?)lfgalﬁ%%(lf lﬁ lé%nr%fportjiqg% ﬁ%ﬂ@&uﬁ!&s ﬁesgg?eggﬁfhﬁéoorm, and the
aryl and het eieathy korgplens psmbiaation @f tha @ropamies shafhtrafier whish ae nkéessaose gi ven

supra for R, , - ,an, an.ne or amd roup. ;. -NH2, -NHR, -CONH2, -CONHR, R
SURTE NCL or for W Rrodabtiopet petisiagtord detcles o pRicar, Robe.ef shESE comPIBEY ni © i one

gi ven supra fiPrin&ihﬁcaﬂg BRy S SEdvinUand Sthof nebédsity AIfUBSndRian Bditiondl Y! ©Or 15
heteroaryl, - an - Rb or -COOR6 group, R6 representing a straight or

br anched 141 kyphotgehserpe isr tosqbiain anerof thesetapiints dagsobsistor a cycl oal kyl gr oup

conprising 3 to 6 capbil Ah@KSit iPlo P& bt &eq%m?mr%einh%eé#bsti tuted
with at | east one of the 20 substituents |isted above for tRe val ues of R,

RZ : aryl or ifteregsedanythis; typm efndaphthepyran  asdepbaseefor | geveiopinggaavsl of 0 to 4

and of 0 to i : e - | i near or
branched al k}P &g?ﬁgﬁ’%&'\hﬁd c%r %@%pfr@p&é&iﬁ{%@ﬁ%ﬁlg&%gﬂ% éaip %?}s%tcgé\e}gent ageously 1
to 6 carbon gpaniceily advantageolsphbteghrorgicpepesies.ch conprises 3 to 12 carbon

Car bon atln, and noTHBr R0 R PR oot Bt aes l” 2 0

naphthopyran compounds of the following formula (I) :

in which :
20 e L corresponds to a direct bond or to a divalent residue : O, S,
NRs, (Rs represents a linear or branched alkyl group which
comprises 1 to 6 carbon atoms), CR,R, (CR4Ry);, R,C=CRy (R,
and R, which are identical or different, independently

representing an H, an OH, a linear or branched alkyl or alkoxy



0 7 MAR 2003 WD 00/ 15631 PCT/ US99/ 20472 8 - a phenyl or benzyl gr Oth:a
optionally substituted with at | east one of the substituents |isted o §4R.2003
for the values of R~, Rz aryl or heteroaryl, - a group -COR7 , -COCRS or
CONHR~ , R~ representing a 5 |linear or branched al kyl group conprising 1 to
6 carbon at QB%enRs: cycl oal kyl group conprising 3 to 6 ¢arkei,gi®ns, Or a
phenyl or benzyf group optionally substituted with at | east one of the
substituents fisted above in the defini§ion of the radicals R~, RZ in
formula (1), in the case in ich th O.radi cal s correspond

i ndependently to an aryPo8¢ “Wg*eﬁpg‘gflgﬁ%elg ooﬁﬁ?rg%glogg b SELOBFIE he

i nvention - napht hopyr agsec@t fiofrtheifollowing : possess particul arly advant ageous
phot ochrom c properties. Mre specifically, these novel conpounds have a

hi gh colourability, (even at 40C), a high 15 sensitivity to Ww th higher
7~max' s than the known napht hopyrans of anal ogous structure. Anobngst said

conpounds of fornmula (1) ab preferrgdnare those which have the formul a
(I 1) below R~(11)L20 in L repr s a direct bond, an oxygen, a
radical -CHZ or (CH3)2 ~ , or the carbdcycle below 0 7 MAR 2003 WO

001 15631 9 PCT/ US99/ 20472 R~ .and/or , 1 ndependently represent optionally
substitutéd aryl or hét r%&l‘“‘%?%\%ﬁgﬁg%esﬁ%féi c structure of which is
selected from5 those ofy, h, nhaphthyl, biphenyl, pyridyl, furyl,

benzof uryl, dibenzofuryl, N-(C-C6)alkylcarbazole, thienyl, benzothienyl,
di benzot hi enyl, j ul ol i di fyineagras hsaichedralkyngrpun whichaepmpmstsgbseidRy
representing a para-substifiit.ed phenyl group or R and Rz together form an
adamantyl or norbornyl group; O RS represents a hydrogen, a linear or
branched al kyl group whi zéycloalkprgraupsvhich compriscaBiioh2 edrborsgtorasy opt i onal |y
substituted phenyl or bepzyl,ar - 7 ngCCJ)QS. r. R~ group, R~
represenﬁ&ng a |linear or®bf hcﬁg’gp%(fﬂ%}lggg‘ioy&lccoﬁp'?qr'ssgsnéncgyt 3°%6 car bon
atonms, or an optionally shbmte 6ubell paxbsty hioars drehzyl 241 vargsrodpmsAnongst t he

above conpounds of fornmula (1), an 1 re particul ar refered those
which are different fronftHy “‘)SHé‘§gﬁé‘\9‘i‘Sh€“eﬁ‘°E?643f°é’§ ‘?‘féﬁ%r{Jﬁ;{”Tg“l Y8i rect bond
and RS being COOR7 or COpyteh tsd!Bitfogé; | $idl basRr sttucturd being sptibgalig0 general |y
t hose of said fornul ae (Iu%) and (1.1 ) in which L (does_not correspond a
gitufed iy ptdeast ong sy
+

h L (
direct bond) correspondsS Rytiwent selected fip® :  CR-RB, ( CR~RB) 2,
15 a halogen, and notably fluorine, chlorine and bromine,

+ ahydroxy group,
+ a linear or branched alkyl group comprising 1 to 12 carbon
atoms,
+ a linear or branched alkoxy group comprising 1 to 12
20 carbon atoms,
+ a haloalkyl or haloalkoxy group corresponding to the (C-
C),) alkyl or alkoxy groups above respectively which are
substituted with at least one halogen atom, and notably a
fluoroalky! group of this type,
25 + a linear or branched alkenyl group comprising 2 to 12
carbon atoms, and notably a vinyl group or an allyl group,
+ an -NH; group,
+ an -NHR group, R representing a linear or branched alkyl
group comprising 1 to 6 carbon atoms,

30 + a



RFC = Re or to a carbocycle (sub-famly I" or 11 "). The inventor§ 7aMARI003
take the credit in that they have proposed, in this 25 field of

phot ochrones, a novel synthetic route to annel ated napht hopyrans which

gi ves access to novel conpounds which possess at | east one carbocycle or

het er ocycl e ith carbons 6 and 7 of the naphthopyr bdra0adaNi S
synt hetic rb‘ﬁ"t@ﬁ%é i ng use of a naphthol -type precursor \;\%ﬂéﬁ I's obtained

fromat |east one ketone 30 - which conprises at |east one carbocycle or
het er ocycl e ; 0 ~ MaR zuo3 WO 00/15631 PCT/QJS99/20472 10 - and which is
allowed to react with at | east one al kyl cyanoacetate ; the product

obt ai ned being then subjected to a cyclisation. /According to a second of

o

its aspects, the invention also relates to aR nmethod of preparation,
notably a nmethod of preparation gf the,co unds .of .f ornul |) as defined
supra. This nethod essenti agr?‘ip’crgn?? &’i "g’ar‘afeyi'ﬁed’tlﬁﬁt oy d%&%‘ifinsati on - of
at | east one conpound of f Ghdegkriieftly )epbﬁkmﬁ&slﬁaur) ord}dicHdd AlRylwhi ch R3,

R4, R5, L, mand n are as defined above with reference to fornmula (1) ; -
with at |east one derivati VEOUWf CORTEISRE gy 10 & cAIDEDIRAMS, OF TERIFSERINE (111) 15

below R~ R OH ~\ H in whi cliodier 3t tRidpen #9mA6 WHIGAREPAY Gouith T ef erence

to 20 formula (1) ; the condensation (Il)7(IIl) being advantageously
carried out in the presences-ok 7amemesddyring whigh sax gemprisetat Beastnepepr ef er abl y

selected fromthe group co ISy el e oni cid,
dodecyl sul phoni c acid and l%ﬁo%geg?qt%"?}%?eal%g H&B WI%E\*F]? %@??\/%qom 15631
PCT/ US99/ 20472 11 - or w t mimogensaid hitobgerieingugptionatly satfstifuteddthann( 111" ) bel ow

R ~~CHO (1117) R™ group, which is a linear or branched alkyl group
10 comprising ! to 6 carbon atoms,
+ amethacryloyl group or an acryloyl group,

- 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 definitions given above,

15 or
said two substituents R, and R, together form an adamantyl,
norbornyl, fluorenylidene, di(C,-Cg)alkylanthracenylidene or
spiro(Cs-C¢)cycloalkylanthracenylidene group ; said group
being optionally substituted with at least one of the
20 substituents listed above for R), Ry : an aryl or heteroaryl
group ;

e R, and R, which are identical or different, independently

represent :
- ahydrogen,

25 - ahalogen, and notably fluorine, chlorine or bromine,

a linear or branched alkyl group which comprises 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),



in which R and RZ are as defined above with reference to 5 formula (1) ;
the condensation (I1)!(Il1") being advantageously carried out in th@z MAR 2003
presence of a netallic conplex, preferably a conplex of titanium titanium
(1'V) ethoxide being particularly preferred. In practice, the condensation
reaction be‘km&{gﬁﬁorrpounds (1) and 10 (I'11) can take pl 3efukdd 84t vents
such as toluene, Xyl ene or tetrahydrofuran, to which appropriate catalysts
are optionally added. For nore details-on the condensation of conpounds
(rr), (rrr), reference m d EP- A- O | 5 ent
application. Said corrpo'ur?dsx%lgﬁlf}g’?rrﬁ?lg&ﬁo%l’ ards kﬁg\gfxﬁ%k?%‘g tﬁ%h%er son
skilled in the 15 art andoaeseomiirigato rtelalkylpopcidakkyl; atkoey praongd sigpviket one
according to a nethod descri b.e% not.ably i.n.the W-A- 96 1459? pat ent
application. The ketone "&PFHY Vﬁw%g}ﬁférsﬁl?smute PVisatjeash onechplogen o di ng t o
t he known net hods such a%t&ﬁ]ﬁot&ﬁl&@&@ited@oﬂ{ﬂt&nﬂ@,tdﬂmnéﬁﬁdbryﬂnég- 9b 14596 and
cited references). Al dehydes derived from (I11), are obtained by
rearrangeéhent in an aci-d msei onhetesgaryl groupyhgving s game definjtionzs thed | 3403) .
Sai d conmpounds of formul g;(hl) ,@fogRot;gai ned according to a synthetic schene
the various steps of whi ch aré) adapt’atti’ons of known nethods. The preferred
general synthetic schere apswafiyl enh¢serogalkyl group, theralky) BoupOWAEEi5631 12 ~ NC
COzEt ~R) ~ ~CO-Et ~R)": = | =5 ~ ,~ ~ |, R4) m,l m PCT/ US99/ 20472 H ~
ONi i ~s L ~Re)m NaOH ~1lm§a§ o &ra.ﬁfhled,l c%ﬁ%gmzél lgg)c%boﬁi}&oms, and/ thje

aryl and heteroaryl groups having the same definitions as

10 those given supra for R, R,
- an amine or amide group : -NH,, -NHR, -CONH,, -CONHR,
’ R‘" R’
—N_ or —CON
RII Rll

R, R, R" having their respective definitions given supra for
the amine substituents of the values R, R, : aryl or
15 heteroaryl,
- an -OCOR, or -COOR, group, R, representing 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
20 substituents listed above for the values of R, R, : aryl or
heteroaryl ;
e m and n are, independently, integers of 0 to 4 and of 0 to 3
respectively;
¢ R;represents :
25 - ahydrogen,
- a linear or branched alkyl group which comprises 1 to 12
carbon atoms (advantageously 1 to 6 carbon atoms),
- acycloalkyl group which comprises 3 to 12 carbon atoms,
- a linear or branched alkenyl group which comprises 2 to 12

30 carbon atoms, and notably a vinyl group or an altyl group,



This synthetic route is inspired fromthe work of Sepiol et al. (Syft/hi4&R 2803
| 979, 290 ) Fromwhere it ensues that the invention also covers a nethod of
5 preparing the naphthols of formula (11), characterised in that it
conprises the follow ng essential steps 1- Reaction of a precursor (lpi) of
formula (R-)~ rm(IPi) with at | east one al kyl cyan f formula
NC- CHzZ- mé’om?ﬁy%a = al kyl preferably ethyl, so as to %E?@lg%btﬁ 72

i nternmedi ate product (Ipz) 15 ~ 7 MAR 2003 WO 00/15d31 13 C N (R3).

PCT/ US99120472 (| Pz) ~~4~m 2- Ther | cyel i ' of.. (1.p2), lL.eading to the
intermediate (1p3): ,.,, ~§P%£yl(qf§’)e‘n%t F59§§= %ﬁﬁah?gﬁgsgnm%—d ‘ﬂl}hg#f?aétrrper ature
decyanation of (1p3) to pomchfcle: subsitnentsdisted dbatecfof the values of R, Ry :

aryl or heteroaryl,
- a group -COR, , -COOR, or CONHR, , R, representing a
5 linear or branched alkyl group comprising 1 to 6 carbon

atoms, or a cycloalkyl group comprising 3 to 6 carbon atoms,
or a phenyl or benzyl group optionally substituted with at
least one of the substituents listed above in the definition of
the radicals R, R2 in formula (I), in the case in which these

10 radicals correspond independently to an aryl or heteroaryl
group.

The compounds of the invention - naphthopyrans of formula (I) -
possess particularly advantageous photochromic properties. More specifically,
these novel compounds have a high colourability, (even at 40°C), a high

15  sensitivity to UV with higher Amax’s than the known naphthopyrans of analogous
structure,

Amongst said compounds of formula (I) above, preferred are those

which have the formula (I 1) below :

an

20
in which :

¢ L represents a direct bond, an oxygen, a radical -CHp-
|

or (CH3)2C| ,

25 or the carbocycle below :



(R3)n (I'l) The details on the whole of this nethod are given in the
following Exanples. It really is a matter of a novel synthetic rolif MARRIEhe
field of (R4)m 0 7 MAR 2003 WD 00115631 PCTI US99120472 14 phot ochrones
; and this route offers undeni abl e advantages in terns of ease of

i mpl ement aty,an,ad3sy i n econom cal terms. According to a tRichRis®faokkS
aspects, the O%j ect of the invention is a (co)polyner and/or a reticul ate
obt ai ned by pol ynerising and/ or cross-I4nking at 5 | east one nononer
conprising a naphthopyran as defined supra. Thus, the napht hopyrans
according to the invention can be per se (co)nononers and/or be conprised
in (co)polynerisable and/ oy cross-I|inkable (co)nmnoners. The (co)pol yners
and/or reticulates thu ai ned can constitute photochromic nmatrices. 10
According to a fourth ts aspects, the present invention relates to the
use of said conpounds of formuia (1) of the invention as photochronic
agents. The object of the_ i.nvent.i i therefore firstly avel

phot ochrom ¢ corrpound§ i&)nalmc org‘F’em&(% enng Iln{yurflgg e%ty()p'?ﬁ’éauxa% s%/lpll(t)epyafygn
derivatives such as defontetraabdygeupstthkieasicairaungere of which i selieatédfrém of 15

t hemsel ves and/or with at |east one ot her. phofochrqn.c conpound of anot her
type and/dr with at |ea sep‘?fé’ el IBH}&E‘QCFIIPEW P&B@ygﬁﬁﬁgb%g@ﬁyp ;-
secondly, novel phot ochyiBéiz6fuQNRAE| 050N/ 108k baEdle, COMERYI HRnthidr§RSt ONe
napht hopyran derivative ,gl ),.and one of its derivatives as defined above,
and/or at |east one |indibenzethiepylgulslidinyigeerps cB) pfef Rendvastigesusly ng at | east
one conpound (1) 20 aPCngx@be'ﬂﬁnth ;%a?a?sdb&%&@& BBy brbidpS o3 LR UGAHIRS: Such

phot ochrom ¢ conpositionS can contain at |east “one Ot her photoChron c
conpound, of anot her t ytogethanrwranadaniaatyd or moneormyd groshot ochr omi ¢ col ouri ng

agent and/or at | east e stabilisi agent.. The phot ochr,om c _conpounds of
anot her type, non-phot 8@%?%58“%& W@&gﬁ"g aatglfgﬁrso,r Branened 3" group

which comprises 1 to 6 carbon atoms, an optionally substituted
phenyl or benzyl group, a -COR,, -COOR,, or CONHR, group,
R, representing a linear or branched alkyl group comprising 1 to

6 carbon atoms, or an optionally substituted phenyl or benzyl

15 group.

Amongst the above compounds of formula (I) and (I1) are particularly
prefered those which are different from the ones having L corresponding to a
direct bond and R; being COOR; or CONHR; (sub-family I' or 1 1') and more
20  generally those of said formulae (I} and (I1) in which L (does not correspond a
direct bond) corresponds to a divalent residue : O,S, NRs, CR7R3,(CR;Rg),,

R;C = Rg or to a carbocycle (sub-family I" or I1").

The inventors also take the credit in that they have proposed, in this

25 field of photochromes, a novel synthetic route to annelated naphthopyrans which

gives access to novel compounds which possess at least one carbocycle or

heterocycle fused with carbons 6 and 7 of the naphthopyran unit, this synthetic

route making use of a naphthol-type precursor which is obtained from at least one
ketone :

30 - which comprises at least one carbocycle or heterocycle ;



and stabilising agents are prior art products known to the person ikllled
inthe art. 25 Wthin the context of the present invention, conbi B&tMBAM3 of
phot ochrom ¢ conmpounds of the invention and/ or conbinations of photochromc
conpounds of the invention and photochrom ¢ conpounds of another type
accordi ng t&otot?ﬁ’ss?{i or art are particularly recomrended ;, SHghHpgbi nations
being interesting in that they are suitable for generating grey or brown
tints, which are desired by the 30 pubbbc in applications such as
opht hal m ¢ spectacles or_.,solar spegtacles. These additional photochrom c
conpounds can be those ¥HolfHdo™: ﬁ@o‘?ﬁe rg%rfeg“ﬁi Wﬁgdati ﬁeaﬁ%é’nﬁr*{fky nd descri bed
inthe literature, e. geyafdic@dtenes (US-A-3,567,605, USSA 0 7 MAR 2D03 WO
00/ 15631 PCTI US991 20472 | S .5, 238,981, WO A- 94 22850, EP-A-0 562 915),

spi ropyr ans ©¢ Piedpst oh@wed b ensubleqied tR asyelisations ) and spiroxazi nes (Crano
et al., "Applied Phaashhpm & séBhd bBfis MpedteMRe invEtionHi@Clefale§ 1¢a SON Lt d,
1992, chapter 2 ). Said conpositions according to the invention can al so
conprise $ -metbed pfpreparatianrinetally laomether o genaratianh pE heegoatpoendadif ust i ng t he
tint, - and/gr abi | i sing agents, such as an anti - oxi di sing
agent for ex%ﬁgﬁgﬁ)%ﬁgﬁg%g%ﬁ%he or nore anti-UV, - and/or one or nore

ant i - r adi cal ‘Shis thethed essehttially amnsistoin cawyieg phiatcondensationexci t ed state
deactivators. These additjves can notahly e i mproving the durability
of said conpositions. 'ﬁ‘lﬁéleﬁ%%eoﬁﬁﬁgurgfot?{%@upggtﬁ?l?%n envi saged within the
context of their photochrom c applications can be used in solution. Thus, a
phot ochrom ¢ solution I S can be obtgj.ned by dissolving at | east one of
sai d conpounds in an organic sol ventysuch as tol uene, dichl oronethane,

tetrahydrofuran or ethanol. The-sol u4jons obtai ned are in general
col ourl ess and transparent @ 3eéd to sunlight, they develop a strong

coloration and regain the(gﬂwo ; §Sgslate when they are placed in an area
of | ess exposure to the sun's rags o
| onger submitted to UW. In genersal,
the order of 0.01 to 5% by meig&f
col oration. The conpounds accordi ng

' ot herqpords, when they are no 20
2 ver'y | ow toncentration of product (of
yufficient to obtain an intense

D the invention are furthernore
conmpatible with support matrices ofu&gani c pol ymer or of inorganic
material, in a formincluded in said mdRpj,ces as well as in the formof a
coating Bq said matrices. 25 Also, within the context of the fourth aspect
of the invention in relation to

in which R,, Ry, Rg, L, m and n are as defined above with
reference to formula () ;

- with at least one derivative of propargylic alcohol, of formula (III)

15 below :
R, R,
0H>& (m)

H

in which R, and R, are as defined above with reference to
20 formula (1) ;

the condensation (I)/(III) being advantageously carried out in

the presence of a catalyst, this catalyst being preferably selected

from the group comprising : para-toluenesulphonic acid,

dodecylsulphonic acid and bromoacetic acid,



t he photochrom c applications, the object of the invention is a matrix

whi ch conprises - at |east one compound (1), as defined supra ; - ah#/MAR 2688
| east one (co)polyner and/or reticulate, as defined 30 supra ; - and/or at

| east one conposition, as presented above. 0 7 MAR 2003 PCTI US99/ 20472 WO
00115631 16 t interesting applications of the co f.,t he

i nvention a?vybﬁlﬁgg?gct those in which the photochrone isngjigggg?s@“dnuni formy
within or on the surface of a matrix f rlmad by a pol yner, a copol yner

and/or, mxture of (co) gro‘k,i %fdm?‘{e%?ﬁ'%"@%‘é%%@hﬁ‘ﬁﬁ@ﬁ%}»e of their behaviour

in solution or in a pol Yne DN ng to the
invention are colourless or slightly coloured in the initial state and
rapi dly devel op an intense colggation under a Wlight (365 nm or under a
| i ght source of the solar type. Mlly, they regain their initial
coloration once the irradiatior, ceas@®. 10The net hods of inplenentation
whi ch can be envisaged in order to obtain such a matrix are very vari ed.
Anpngst those known to ihwhigle Rs sind Rei ieeag defingdhaboyetwith Frfergiickftasi on in t he
(co)polyner, froma susg;ﬂ%@p. or solution of the photochrone, in a
silicone 0il, in an aliphatic¢’ or aromatic hydrocarbon) or in a glycol, or
from anot her pol yner nathe icandensatiorh@DAIITY pbeifpadvantagrohsdy carfied ditfihusi on is 15
commonly carried out at,a ratu f 50 to 200C.for a riqd of tinme of
15 minutes to several hd %esggaggggrad{hgtﬁfﬁfocofnﬁteexhgrte%rraebiyo? Cngﬁﬁoq?ymsr mat rix.
Anot her inplementation fitesitn] tiatdurs VY ethbsidé being particglatlp erafdteiochrome in a
formul ati on of pol yErlﬁrisabl matrices, deposjting this mxture on a surface

|t
or in a mould, and thB8RWEr FfiNE BEAIOR Heae ‘be?tv F%%&Oiuﬁ‘?'f_. Uhpede
i npl enenj@t i Q) daf ERBHRAKES solvaiifhudPasiblédeS xyldHe®r SaakydtdTedn B whizg article by
Crano et al. "Spiroxazines and their use in photochromc |enses" published
in Applied PHPIPEAEGHAYSIPYE gpopallyaddedss, Ed. Bl ackie and Son Ltd - 1992.

The fol | owi ng prodwf:s,sﬂwdaﬁlsn@&ttﬁ@@&meas%ti&mmoﬁﬁomdsp(lhf)t ecnf’gd poi ymer

materials for formng matrices which are useful in optical applications of

25 the phot otsferasat marbmpaleneithe E2obH A Y1 % mtanhepplieationt i on - those obt ai ned
fromalkyl, cycl oal kgl cod it rorfhlaAfth 3 WloGf fo Bk $i8bn siftfetin B 27 Y a1 kY
mono-, di-, tri- or tetraacryl ates or no-, di-, tri- or

15 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 derived
from (III), are obtained by rearrangement in an acid medium (cf. J. Org. Chem.,

20 1977, 42, 3403).
Said 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 scheme is given below :



tetramet hacryl ates, which are optionally hal ogenated or which conprise at

| east one ether andl or ester and/ox carbonate and/or 30 carbamate @ﬂRmm
t hi ocar bamat e and/ or urea andl or am de group, - polystyrene, polyether,

pol yester, polycarbonate (e.g. bisphenol A polycarbonate, diallyl

di et hyl ene qj(magg“pol ycar bonat e) 0 7 MAR 2003 WD 00/1 Sgg;gwsgg/ 20472
17 pol ycar bamat é, pol yepoxy, polyurea, polyurethane, polythiourethane,

pol ysi | oxane, polyacrylonitrile, ponaque, al i phatic or aromatic

pol yester, vinylic polyners, cellulose acetate, cellulosgyfriacetate,

cel l ul ose acetate-g; pnat g, or 5 yui oykpbutyral , - osec@bt ai ned from

Opi
di functional n®pponETs [ ]

which D Rio, R ~o, and R, ~ are™ tical or diffe ‘gﬂm

i ndependently a hydroy®&n or a net hyl %p ; D m and n~xxt e
i ndependent |y, integers®etween 0 and 4%¥rncl usive) : and dfes

advant ageousl y i ndependently equal to 1 15 or2; A X and [X ., which are
identical or different, are a hal ogen and represent, prﬁf %bly, a chlorine
and/or a bromne ; D p~ and g~ are, independently, inteders between 0 and 4
(inclusive); 20 - copolyners of at |least two types of copal yneri sabl e
nononers sel ected fromthe precursor nonomers of thelﬂi'w-rs | i sted supra
(notably those belonging to the group conpri sing @ﬁe'-/!!! | i c nonomers,
vinylic nononers, allylic nononers, and m xtures thereof)l. 25 In a
particularly preferred manner, the photochrones of the Inention are used
wi th resins which have a nanobi phasic structure and whi cl AL obt ai ned by
copolynmerising at leas two different, specific difunctional *fmononmers. Such
resins have been degpfsi B@heiid rduie iﬂx@gm BRmC e HBR bE &epid eF 3. A-2 762 84S,
0 7 MAR Z003 WO 001] 5631 PCT/ US991 20472 18 The anopunt of  phot ochrone used
in the (co)p6Yyhess YEPr4%Q) depends upon the degree of darkening desir ed.
Usual |y, between 0. QR qire2 Yndiks _vxﬁtqmin@%mforé A @@ﬂ-aﬁ{aﬂoh giccording to

the fourth of its aspects in relation to the applications of the

napht hopy# anprepdring e paphthotshefofomsula 4y tcharacterispd dn thet it pamprises the

following essential steps :

1- Reaction of a precursor (Ip,) of formula :

O
s
R,
L~
Q (Ipy)
(

10 R,

with at least one alkyl cyanoacetate of formula NC-CH,-COOR®
with R2 = alkyl preferably ethyl, so as to obtain the intermediate
product (Ip,) :

15



present invention is ophthalmc articles, such as ophthalmc or solar
spectacle articles, conprising - at |east one conpound accordi ng tg7q@$2m3
i nvention, and/or at |east one (co)polynmer and/or reticulate forned, at

| east in part, from 10 conpounds) of the invention, - and/or at |east one
phot ochrom qygmResi tion as defined above, - and/or at |egsf QBFedRLri X, as
defined supra, of an organic polyner material or of an inorganic naterial,
or even of a hybrid inorganic-organic nmpferial, said matrix initially
optionally 15 conprising at |east one. onmpound, of the invention. In
practice, the articles which are_r atiC@iRar |y covered by the present

i nvention are ophthalmc | S hrom c sol ar | enses, gl azing

(wi ndows for buildings, for Toco etg] nes, aut onobil e vehicles),

opti cal devices, decorative articl] ;oIaPsprotection articles,
information storage, ... 20 The prgesent_invention is illustrated by the

Exanpl es which foll ow of synthesis af i photo&hronic val i dati on, of
napht hopyrans of the invention. Said{cogpounds P)the invention are
@) EXAMPLC 1 : SYNTHESI S OF

conpared to a prior art conpound, C 1%
COVPOUND (1~ Step |: The following mixturd™ 10 g of 9-acetyl fl uorene
(Brown et al., Tetrahedron Asymmetry 1996, 7, 2029), S.47 g of ethyl
cyanoacetate, 4 g of gmmpni um 30 acetate, 2 g of acetic acid in 60 nml of

tol uene, is heated undarlheanalgyclisation of gy leadingtothe deermedigopdal f | ask

equi pped with a Dean-Stark collector. The reaction mxture is diluted with
50 m of toluene and then washed wth 200 m of water and then 0 7 MAR
2003 WO 00/ 15631 PCT/ US99/ 20472 19 100 g ¥ a saturated sodi um bi carbonat e
solution. The solution is dried over yagnesi ugjsul phate and then evaporat ed
to dryness. 15 g of a yellow sh oilf; arg effined. Ayield of 80%is
estimated according to the pr n ep 2 The following mxture : 14
g of the product of the previous st g, of acetam de is heated at 200
C for 3h. The mixture is then poured!while hot intogg0 m of water under
agitation. 2 extractions Wth di chl o ane (200 + 100 m) are carried
out. The organi c phase is then washed @' 100 M of water, 10 dried
over nmagnesi um sul phate and then reduced ¥ dryness. A brown oil is

5 (R4)m

3- High temperature decyanation of (Ip;) to produce the

intermediate (II) :

10
OH
20
(RS)n 87 /
R, (In)
L /‘
Ry,

The details on the whole of this method are given in the following

Examples. It really is a matter of a novel synthetic route in the field of



obt ai ned. The product is purified by chromatography on silica in eluting
with toluene and then tol uene/chloroform( 1/ 1 ). The purest
product-containing fractions are recovered and are reduced to drypeswg 20031
g (10 % of yellow powder are isolated. 15 Step 3 The following mxture :

1.0 g of t ct of the previous step, 2 g of sodi umpbygkepase in 10 n
of et hanol %P@ry eséllt ed at about 200-220 C for 6 hin a 12? m reactor (the

pressure devel oped is about 30 bars). Alf4ter cooling, the mxture is 20
transferred ipto.a flask d then.reduced to dryness. The paste.is then

di 5ol ved 1 nPROOTHOmSs e 1S xow P unklerels e ipdg, I e ooty
progressive agplehefitionfand eaivhii@l Remdydr ochloric acid. The precipitate is
recovered by filtration, washed, with 2x20 nl of water and then dried under
vacuum at 40 C over riqGAIdingyip &y Bird of ity agpggtsofhe objset ofpthe inyeptiongig 3 WO 00/ 15631

20 PCT/ US99/ %&?Eo?yn%r%ﬂd/ﬂr d bﬁ%a;ual: Ioeagmgae@ bg}ﬁl&ﬂﬁﬁsiﬁg Ehdor rab-lihigg R oduct  of

the previous step (2.58 mmole), O.

1, 1- bi s( par alessit trsxynehemss| opmoispa -2 D?P?lé'{opr@ 2gplefinesl eyprai Bhushehepr esence of
a catalytic ﬁ@xh‘tﬂégw%s Qﬁé}ﬁﬁxggoe{#k ?nv@ﬁiogolrzéﬁ %e s @B)n%%hﬁ@r?’ 4/ freat ed under

5 reflux for Ssina reac e ture 1's then washed with
3x30 m of 3kbmpprisad sinurcd)paymetisatde aand/ar h enosswiirtkhbl® 0 (aoymafomesst eFhecont ai ni ng 2

g of NaCl. The oduct i,s then purjfied by.a chro raphy. on,silica in
0 0t ng w ¢ COOHENES apifEr et s cibagied e TR PR ecuced t o
dryness. Aft gfarrited.€crystallisation froma toluene/ diisopropyl ether

m xture, 140 ng of coppoun are recovered.in the formof a clear

10 (.1
yel | ow sdPid. It sAeriRgtadoyra %Bﬁ?%PF%@eWSNW‘?B%@VFB?E%‘W EXAMPLE 2 :
SYNTHESI S OF o hPe3Mlidubdd) oflt'émgl@%lz?f tth%]%\%ntﬂh%s%@{&m#niéj chiyafieve is

synt hesi sed, in the sane_way as e conmpound of Exanple 1, from nethyl
9- xant henyl Rbieeéthe (rRgptianiif therefere: | J. Amer. Chem Soc., 1992, 114, 230).

20 St 4 The foll aw 1 . : : t i t
SPef. ! oA ARk Qo ol YRR 80Ukl o o s 5t

(4 mole), 1.3 go en propyn- mmol e) in
t he presence ngfhtlmpyrat denmatives snchuast defihedatone daieniabona@r dn Rmit&rendf of xyl ene,

is heated.under reflux for, 2.5 hours. Th ixture is n hed with 2x25
i of 3N ot Reest e 9 kb AR ind B IR,
phot ochr om c agl/erdvithiat ieast ioheion-photoakrenticadblioaringageniccessi ve puri ficati ons by

chromat ography on a siJica I el uent .hept ane/tol uene 70/ 30 and then
ot hyl  acet at 6/ hept AP oR3(S) Pl g CORPOSgHS ST SoPTPSe At 1Form
THF/ et hanol . ndghthopPra®ierivativeq @) andednk oMitPd@iviiies ad Gefdbd abovend¥i &l d 7.5 %

Its structure is confirned tiy proton NVR 30 EXAVPLE 3 : SYI YTHES1S OF
COVPOUND ( 3) leastgne lingaponerpss-linked (co)polymer containing at least one compound (1)

20 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. The
photochromic compounds of another type, non-photochromic colouring agents,
and stabilising agents are prior art products known to the person skilled in the art.

25 Within the context of the present invention, combinations 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

30 public in applications such as ophthalmic spectacles or solar spectacles. These
additional photochromic compounds can be those known to the person skilled in
the art and described in the literature, e. g. chromenes (US-A-3,567,605, US-A-



WO 00/ 1S631 PCT/ US991 20472 zlI The following mxture : 0.95 .g of bZWZUUJ
napht hol fromstep 3 of the preceding synthesis (3.8 mole), 1.25

1- p- di et hyl am no- phenyl - 1- phenyl - propyn-1-of (5.0 mmle) in the presence
of a catalytic amobunt of brompacetic acid in 15 m of toluene, is heated
under refl f .5 h. The m xture is then diluted with 5 THF and
then neutra |s°ggis6v;§lnth 1 g of sodium bi carbonate. The sol lﬁ?gﬁ;"’lﬂg}’%hen
filtered and then reduced to dryness. {fie product is submitted to a purif

ol uonel bept TaE 30T Vo A 2onsD, B AL TSk thfhaf S btytlobldoios o over ca.

evapor at ed t@SdA51258,98 Bndnd Bpiroxhzindse (Cramo zet n@lxt UAppliel BhotbchminidHF and 20 mi

of heptane. After .2 hoyr 0 i i ient tenperature, the
green-tinte °&’F’9“§IS§TtT’T’Sse%d'%Sa(glg-fﬁg‘ta&nts“%‘i’ég%gﬁa@g“ng “filtration. Yield : 400
g (32 9. IES) Ssau@bmp@litioﬁs £06tting teetle Diveriof canalNMBmpkisAVPLE 4 :© SYNTHESI S
OF COWOUND (4) 15 Step |: .| . ) L ,

9, 9- spi r ocycl _openP%'P}ﬂﬁcé@é’c‘%@‘é‘,“&@@&ﬂ“ﬁWP‘G&H’M‘? %fh‘éﬁ%g the tigt. epar ed accor di ng
to the fol | ow ng. SEHMERE Br mote blabiSiAk GhenBsieh af ALartiPbi@GHE hpeRt Y ant hrone
(WD 96/ 30357) with sodium borohydride in trifluoroacetic acid (W Gibble
et al., Syntexemple, 172, 1977) ; (2) Condensation of the organolithium
reagent forned by t L, On; - t-BuLi on acetal dehyde (W. Adamet al.,
Chem Ber., ( 126@%@8@?@%@%’,8&’hi ch leads to the alcohol ; (3) Oxidation
of the hydroxyl famitdricesotmoreargaralioaly,l function with the aid of pyridinium

chl orochromate (E. ,J. Corey et, al .Tetra ron Lett., 2b47, 1975). 25 Step
2 The fgirol owi ng ﬁﬂfé‘ﬂr"gc or %9’68’”3“8?“‘%F’&-‘tsgi’ﬁ%sg%h?ﬁ%'ﬁt yl - 10-acetyl -9, 10

di hydr oant hr acen@hes?. a8ditiges tanc hbtybly conatilo dmptoring, the. duriBiligf ofagd i ¢ acid, 6 ¢
of ammoni um acetate (1.5 g added every 4 hours) in 50 ml of toluene, is
heat ed under®PBP¥3Sf or 12 hours in a 100 m conical flask equipped with a
Dean- Stark 30 colth@ebmpounds 6f Bt inatiGbrlagddewithianheddaext & thie medi um and
the control tenperature is increased to 2S0C. After having distilled all
the sol vent Rypochromic applioations gan be yged/ingplutiony Fhusne phoogiBeBiE splaipruS99/ 20472 22
acetam dg | chﬁS@&bt&if?edft@[dﬁs'éomg'Et?ieastTA}r% offatd wnﬁzohédstiﬂﬁﬁ‘ﬂ&%f SflyenVi | st hot,

into 100 m water wth stifring. 2 extractions wth-toluene/ THF 1/1 (2 x
50 m) are rsache as Toluensy gishlonethase teahydrofuraga oh ethanpl HT18O0saldtions wat er and

Sui phat e andited e 1h BHERLERLRE AR bl bBredle Wifholl R ™ e

product is pleveldp ®siroby 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

20 longer submitted 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, in a form
included in said matrices as well as in the form of a coating of said matrices.

25 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 :

- at least one compound (I), as defined supra ;
- and/or at least one (co)polymer and/or reticulate, as defined

30 supra ;

- and/or at least one composition, as presented above.



chromat ography on silica in eluting with a tol uene/diisopropyl ether

m xture ( 111 ). The purest product-containing fractions are recoverQaZj MAR 2003
whi ch are reduced to dryness before recrystallising the desired product
fromtoluene. 2.4 g (40% of a yellow powder are isolated. 10 Step 3 The

fol |l ow ng ”%togﬁfﬁsi 2.3 g of the product of the previous ytfAReyAea 9 Of
sodi um hydroxide 1n 30 mMl of ethanol, is heated at about 200-220 C for 5 h

ina 125 mM reactor (the pressure develigped is about 30 bars). After
cooling, the m Xtur?mesrﬁés?irwranﬁg @ggr-&%ohgﬂmh@c&#n Kq 28t ';}fv@m[?ﬁduced to
ol v [ 0O0m o en

dryness. The paste is then diss n 1l wat er and t
neutral i sed fy it faet thbsmvin svhith e phortechsimeis disdérsddomifofnly witbwrot pathe d

hydrochl oric agid. .The precipitate is, recovered by filtration, washed with
Y 50 of SRGEGT ah G CTE QB RIEG Ak R MR S BRERE A br own
solid is coltggbfhers) quantitative yield. 20 Step 4 The follow ng m xtuxe :

750 ng of the product of the previous step, fi70 ng of
1, 1- bi s( par a- net hoxyHewipe Yisreaprie of Heir bphavionpingpbiien eringf podyresit al yt i c

amount of brngxgtr?fx?? | Coftfdutlad Qcc%tgiéugﬂm%e XMk a}escchﬁtgfeﬁd oygﬁ@lﬂyrefl ux for 4

hours in a5 reactor. A evaporation of t sol ve t he product
is purified dilowet inythe fritiad sthty afd rapidlyrdevelep agintgpbecobmatiinivinder agéy in el uti ng

wi th tol uene, then by.a filtratiop,on al um el, The.purest fractions
are conbi nedh%iﬁg%zgr%’%roer 0dg s e s&rﬁrfﬁ gg‘? 59% #ﬁe'%nagﬁ%%ﬁﬁ%?lf %‘f“ar e

recover ed i ninfthecdloratidrodncatheiimddationéeases) t s structure is confirmed by NMWR

spectroscopy. 30 EX=t MPLE 5 : | O~ 1.~ D, C ~ 7 NMAR 2003 WO 00/15631 23

Conpound!® 1 of the T%Fi"&ﬁm&f' Pf '%eaﬁﬂﬂfm &'htchl,ca‘? _b‘F eQvisagest iy orderjto g

consi der ed. SR isSchCORMBEN Ak Veby RABTREdN3L tHosB KabdR R e p&XANRIEd G

PCT/ US99/ 20471 Theéghot ochrom c pgﬂ%g,ertl es of said corrpounds’Hﬁ1 1) to {4}
e

and C 1 wer einlthe bt difgion Suihe) (@nepyEIeRdEora R SuBRRSS Yeglution o rate of 5
my in 50 m o ofcPhfomel s WidRidl & APARERL] ONRoh AR HyRRkaBE i 9 21 M) are
t hen neasured betrore and after
glycol, or from another polymer matrix, can be cited for example. The diffusion is
15 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 formulation of
polymerisable matrices, depositing this mixture on a surface or in a mould, and
then carrying out the copolymerisation. These implementation techniques , and
20  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.
The following products may be mentioned as examples of preferred

polymer materials for forming matrices which are useful in optical applications of
25  the photochromic compounds according to the invention :

- those obtained from alkyl, cycloalkyl, (poly or oligo)ethylene glycol, aryl or arylalkyl
mono-, di-, iri- or tetraacrylates or mono-, di-, tri- or
tetramethacrylates, which are optionally halogenated or which
comprise at least one ether and/or ester and/or carbonate and/or

30 carbamate and/or thiocarbamate and/or urea and/or amide group,
- polystyrene, polyether, polyester, polycarbonate (e.g. bisphenol-
A polycarbonate, diallyl diethylene glycol polycarbonate),



exposure to a 365 nm Wsource. The observation of the tints and i BfefRi2ilies
devel oped is nmade by placing the solutions in the sun or before a sol ar
simulator. 15 The properties of these conpounds are given in the Table

bel ow. 0 7 MAR 2003 WO 00/ 15631 24 PCT/ US99/ 20472

ConSt r uct ur gygakei 2Ti nt 1 pou2* (di scol ocol our abi ht ynd1* r gidraghddoriyeO
Owe45113 sred | high_\ / / 1125nm mi i\ /(2) MO OVe45621 sviolet /high_\
[/ 1045nOm nmi ~ ~1(3)- "M= 45922 sblugy/ high\ / ~ ~04Sn | mn0(4) Me045198

spink / high_ Ove079nm Tyepdh 349 é; L ~1 601 8nm ~
inm* ~ max of the bang)mg’19 t he fongpé)stepwgvel éﬁ)ﬁ of t corrp%und bef ore
exposure. ** ~ max of tphbtﬂumrﬂdlam pdlgsilbxamge polyaaylehitiigt holgadmmdne conmpound

after exposure. E 03 VWO 0 /I5q31 PCT/ US99/ 20472 2 is
denonstrat ed by these nedRHe e ntYmg 'ﬁa?o YREDL XK SBYPSERs %6 “l?sﬁe i nventi on

have higher ~ 1's than tbea@nadioped sricerRoustlvdet Betke-pbsiofdtiprannel ated in
position 6,7 of t he naphthopyran and this inproves its sensitivity to
sol ar radiation. The ~ , Polyvigyl ‘{Wfél’conpounds are al so hi gher (bathochromc
shift) 5 and the intensiti es devel oped in the presence of W rays or solar
rays axe much hi gher thihpsefobmraineth&omnldbmgionsd moormpasimying the fonlARIGD03 WO
00l 15631 26 - CLAIMS 1. Naphthopyrans of the followng formula (l1): 5
Ry, CH, Ry
CH, ="~ (OCHR,-CH;),, —O 0-(CH,-CHR',,0),, = CH,
© &0, &, °

10 in which :
AR,R
independently a hydrogen or a methyl group ;

1> Ryy and Ry, are identical or different and represent

A m, and n; are, independently, integers between O and 4
(inclusive) ; and are advantageously independently equal to 1

15 or2;

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);

20 - copolymers of at least two types of copolymerisable monomers
selected from the precursor monomers of the polymers listed
supra, (notably those belonging to the group comprising :
(meth)acrylic monomers, vinylic monomers, allylic monomers,
and mixtures thereof).

25 In a particularly preferred manner, the photochromes of the invention are

used with resins which have a nanobiphasic structure and which are obtained by
copolymerising at leas two different, specific difunctional monomers. Such resins

have been described in the French patent Application FR-A-2 762 845.



(R3O in which (1) (R4)m PCTNS99/ 20472 10 L corresponds to a direct bond or
to a divalent residue : O S, NR~, (Rb represents a linear or brandh2®AR 2003
al kyl group which conprises 1 to 6 carbon atons), CR~-Rg, (CR~Ra)2, RFC=CRe
(R~ and Rg, which are identical or different, independently representing an

H, an OH, ' or branched al kyl or al koxy 15 group FiG&hoeAPr i ses 1
to 6 car boﬁvgk)@ﬁgl or a carbocycle selected fromthe fol OV\IAGng R and RZ

i ndependently represent 20 - a hydroge, - a linear or branched al kyl group

whi ch conpri ses (i : [.ch conprises

3 to 12 carbon a %éng?gﬁh%m%%pﬁgl%%gg&%h%%&3@6 eg%ﬁaf 4/ 20472 27 -

an aryl or st degeaof Harkeningalesited cUsuslynbetiweers 0.001 ands203aby weightrafdt ure 6 to 24

carbon atons or.4 to 24 carbon atons respectively and at |east one

het er oat om ése‘fsg%t ed from sul phur, oxygen and nitrogen; said basic structure

being 5 optional |y &ilbatdotdiigedo whé Howmth lo€aisst aspeetsSinbsdlationent tieel ected from
+ a hal ogen, and, notab fluorine, chlorine and bromne, + hydr oxy group,
+ a linedr GPﬁ{?P%ﬂ?é I‘PZO“L%P R}’I%“’QY’G‘EPp(Q:BWF“?tg‘%ﬁ‘@mf’ laBOtg“’Z @&?b&gﬂl‘b atons, + a
linear or braRgiasventidOKYoplihekiic GRIORE, atids dpitRalh 6REdMRNkpaiANSE, + a

hal oal kyl or hal oal koxy group corresponding to the (C G 2)p al kyl or al koxy

groups aboveértickssemprigieg y which are 15 substituted with at |east one
hal ogen atom and not.apleksnd Laiicnl KotbraBlzQb elhvehiibns shBfa; 1dis? || AT OF

branched al kenyl group conprising 2 ' carbon atons, and notably a vinyl
group or an allyl growps (co)miymeniaitl/gnr stigpulat formed,nat -1edsiRingpast) fromR

;;ag:rgseﬂlb;ng a |inear cgﬁlp(purng@fmﬁieig\l@%%n’group conprising 1 to 6 carbon

- and/or at least one photochromic composition as defined above,

- and/or at least one matrix, as defined supra, of an organic
polymer material or of an inorganic material, or even of a hybrid
inorganic-organic material, said matrix initially optionally

15 comprising at least one compound of the invention.

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, information storage, ...

20 The present invention is illustrated by the Examples which follow of
synthesis and of photochromic validation, of naphthopyrans of the invention. Said

compounds of the invention are compared to a prior art compound, C1.

25 EXAMPLE 1 : SYNTHESIS OF COMPOUND (1)

Step 1:

The following mixture : 10 g of 9-acetylfluorene (Brown et al., Tetrahedron

Asymmetry 1996, 7, 2029), 5.47 g of ethyl cyanoacetate, 4 g of ammonium
30 acetate, 2 g of acetic acid in 60 ml of toluene, is heated under reflux for 4 hours in

a 100 ml conical flask equipped with a Dean-Stark collector. The reaction mixture

is diluted with 50 mi of toluene and then washed with 200 ml of water and then



R -N"R. i group, R and R', which are identical or different, 25

i ndependent |y representing a linear or branched al kyl group conpri0gi MAR 203 o
6 carbon atons, or representing together with the nitrogen atomto which
they are bound a 5- or 7-menbered ring which can conprise at |east one

ot her heter | ected from oxygen, sul phur and 30 nit 0¥l d
nitrogen be%ﬁg}ggp Fonal |y substituted with an 0 7 MAR f&ﬁ%ﬁ% 00/ 15631

PCT/ US99/ 20472 28 R'' group, which is gglinear or branched al kyl group
i si I 6 ] + - vl | oyl
comprising | 449 lgk%/ffaagﬁﬂ e 5 QG grcﬁf}loﬂaéé Q@g{;&\[ ﬁil;ixea ?ﬁg@ggg@%? o\?\?ﬁrr y' oy

group, - an ara or het eroar rou ichis 5
| i near or br anghsihm odphetei asd tign Eviporatedcta rdoowessal  geof anallowish ail wte and

het eroaryl groups. havi .definifions. given above, —or said two
subst it uent sog??&ﬁ%& ﬂﬁlgggé@;ﬁé?t@%‘{ﬂcﬁ?{ﬁ’&gé%gﬁf’ﬂ??o,n Rbor ny!,
fluorenylidene, di(C, -0C6)al kyl ant hracenyli dene or 10

spi ro( CS- C6) cycl oal kyl ant hracenyl i dene group ; said group being optionally
substitutéd wWePK at |east one of the substituents |isted above for R~, RZ :

an aryl or hepheroahihe HiQbe ;14 31 adpbduct WiihpRlisud depid §alg g different,
i ndependently 15 represent - a tydr ogren, - a halogen, and notably fluorine,
chl ori ne or beetantidels heatgd pt 208 8E for 31b rfhn atixwireds her pgnusd pvhilk hethintoonpr i ses 1
to 12 carbon ( g I hon. A cycl oal kyl
group conpri gﬁdnlgl@ft‘gaqe%gﬁg%r %n %’%lgrrg%l&-cg%ﬁIa‘%lﬂgg}c%?@%%aﬁ%%%o gl koxy group
conpri si ng 110@mi2recarrizd oua s gdnichhasetisithen washgd with@x B)0aardfovateat ons), - a

hal oal kyl hal.ocycl oal kyl., or | oa] kox ro orrespondi ng.to the al kyl,
o ol P " b g Shhehiom Siuphite 8% BRAredBkR SRRERSROBOWARILE: | (ot ou i th
at | east oneob@ined) eThearedct ROjuailibd b ehadadrabliy bh fslli¢arin RRuing RH@r i ne and

brom ne, - an _aryl aor heteroaryl oup having the sane definjition as that
gi ven supra fpenRR-andshen EOI‘%SHe/%W%fg{?W B Dn ety sures! iyadughrespginingne al ky |

group, Wwhi chfh&ioaPark rét8Mredoind Rfe3odlba ko d%m.ri.%ggo &) beydhowaolag atons, and
the aryl and heteroaryl groups having the sanme definitions as those given

supra for Rl arefgolated.0° 7 MAR 2003 WO 00/ 15631 PCT/ US99/ 20472
15

Step 3.
The following mixture : 1.0 g of the product of the previous step, 2 g of sodium
hydroxide in 10 ml of ethanol, is heated at about 200-220 °C for 6 h in a 125 ml
reactor (the pressure developed is about 30 bars). After cooling, the mixture is
20  transferred into a flask and then reduced to dryness. The paste is then dissolved in
50 ml of water and then neutralised by the slow and progressive addition of
concentrated hydrochloric acid. The precipitate is recovered by filtration, washed
with 2x20 ml of water and then dried under vacuum at 40 °C overnight. Yield
0.9 g (99 %).
25



29 - an amne or amde group : -NH2, -NHR -CONH2, -CONHR, R R -N or -
CONR' R' R R, R' having their respective definitions given supfd H&f208he
am ne substituents of the values R~, RZ : aryl or 5 heteroaryl, - an , OCOR6
or -COOR6 group, R6 representing a straight or branched al kyl group

conpri sing Jvotoﬁ/lﬁslcar bon atons, or a cycloal kyl group corm.r]; biMder3 tO 6
carbon atons, or a phenyl group, optionally substituted wth at |east one
of the 10 substituents |isted above fOPOthe values of R, RZ : aryl or

het er oar yl ' St m.and n are, independently, integers of 0 to 4 and of 0 to 3
respectivel y; e@g‘represents 15 - a hydrogen, - a linear or branched al kyl
group whi ch Thfallowig rixtute 1026 g af Herpréduonaf thaphéviohagao@sI8ymoley) 6 car bon

atons), - a cycloalkyl, group which conprises 3 to 12 carbon atons, - a

| i near or br %§%§€31 rh&%ﬂﬁﬂﬁwﬁmﬁeﬁ%}Sfﬁf@sﬁésmf?d%b 0 $eWESELhon at ons,
and notably gr yamtiOaRsit OF bkhoatetil lacidliRUR. mk ofoxyliRNK hetfed REMZY! group,
optionally substituted with at | east one of the substituents |isted above

for the val ueefuyfor@ houryin /109 mhreapter. dhe grixture is thgn wasled with Ix@OART or CONHR~
group, R~ re ' A s rising 1 to
6 carbon at o?r{é,ﬁégéwgﬂgly Idgogfdﬁﬁ&gl%%%th?g?rfﬂp%?g’?tﬁgkéﬂ}rg%gg%rf ogpatoms, or a
phenyl or beTeprodycois pheo puiifiadadly layhwuistogiaphit exsilivatimelating wilstolenee of t he

substituents.Jisted above in the.defini,tion of the radical RI R~ in
formula (1), The, PUfest diagtions ate combingil ohd" ardy refuce o, sRmeli Bt 8631
PCTNS99/ 204 7iécrySlallistions #of £ nhuess @iistprdppliae migntd, 140 mgaif campdun@r  het er oar yl
gRI;O:JQE' 210 Na1 E:rré%) oglg-gcf inatgg ol;xglort]gcltegr y%llg\!v %nld. Itg ];tch?ul;tgumlc%nigxlwne%)byS 'n which

NMR spectroscopy.

EXAMPLE 2 : SYNTHESIS OF COMPOUND (2)

15 Stepslto3:
The naphthol derivative is synthesised, in the same way as for the compound of
Example 1, from methyl 9-xanthenyl ketone. (Rochlin et al., J. Amer. Chem. Soc.,
1992, 114, 230).

20 Step4:
The following mixture : 1.0 g of the product of the previous step (4 mmole), 1.3 g
of 1,1-bis(para-methoxyphenyl)propyn-1-ol (4.8 mmole) in the presence of a
catalytic amount of bromoacetic acid in 15 ml of xylene, is heated under reflux for
2.5 hours. The mixture is then washed with 2x25 ml of 3N potassium hydroxide

25 and then with 25 ml of water. The photochromic product is then isolated after 2
successive purifications by chromatography on a silica column (eluent
heptane/toluene 70/30 and then ethyl acetate/heptane 20/80) followed by a
recrystallisation from THF/ethanol. 150 mg of a clear yellow product are obtained.
Yield 7.5 %. Its structure is confirmed by proton NMR.

30
EXAMPLE 3 : SYNTHESIS OF COMPOUND (3)



(11) L represents a direct bond, an oxygen, a radical -CHz or (%éﬁgﬂ 10
or the carbocycle below R and/or Rz, independently represent opti ARV003
substituted aryl 15 or heteroaryl groups the basic structure of which is
sel ected fromthose of phenyl, naphthyl, biphenyl, pyridyl, furyl,
benzofuryl, “;q f)f uryl, N-(C -Cg}al kyl carbazol e, thienyaoralReaeihi enyl,

di benzot hi enyl, julolidinyl groups ; R~ and/or RZ advantageously
representing a para- substitut ed phenyl ogroup or R and RZ 20 together form
an adamantyl g0 &S e i near or
branched al ky fopgﬁﬁl%vgﬁ @%)r | gfstﬁe JEE%EOZ car bsge r1%/&9{(&)%% ﬁ}gcﬁﬁg tionally
substi tut ed :p/h&mgl# (3cﬂmhneh)z,ylz§grafdm dlmem&mmo-plﬁmQ?pheoyl p@@)dh-lFR%lgroup, R~

0 7 MAR 2003 G 1 PCT1U 99/t%1013,72 311 resen} I5| ?

branched al kg? 21)“” FAFICRCTY @ P S AP h PRt 3 r1l 6‘3t onal ly

substitut ed ﬁh@ﬂe(hsmtebemeyieﬂ@rwps hST&mmaphtshmycnma withcamgliofig to claim
1, of formula in which L dgbilgnot orrespond to a direct bond. 4. A

met hod of3 pr'@déra{“i‘]&‘ef‘ REUtFREEAGE W A sodjpmsicashonate, The solutionds B§nt o any one

of claims 1 ﬁl‘?ergd angm?ern%e&ueéd 13 @Fhnkss. THRProdukt @wﬁm&e@!olavpmemoﬁw in carrying
out a 10 condensation of at |east one conpound of fornula (I bel ow (R3)~

Rs (I1) ~~m dBormatogrppthy honRa silika cofesm in clyting avith arteluwmwanmé 30M th

referenceto argylic
al cohol , of ?é%tﬁ(ﬁohcmmﬁ ﬁé‘%bﬂgﬁfle O%E}eéllﬂ'%dr&g& \A%(a?ﬂzsﬁ%gﬁd gRg are as
defi ned wi t htherehertedrin e nistufeqaf fuhloof(THF @idd0em! of hep@ing. AR2200:3 o\D 001 15631

PCT/ US99/ 20472 32 d 1 ] a4 | d
out in tHE prebeime Aapel REREL I dpentinteq e BroffBSRIPRET ) sl ect od

by filtration. Yield : 400 mg (32 %). Its structure is confirmed by proton NMR.

EXAMPLE 4 : SYNTHESIS OF COMPOUND (4)

15 Stepl:
9,9-spirocyclopentyl-10-acetyl-9,10-dihydroanthracene is prepared according to
the following sequence: (1) Reduction of the spirocyclopentylanthrone (WO
96/30357) with sodium borohydride in trifluoroacetic acid (W. Gribble et al.,
Synthesis, 172, 1977) ; (2) Condensation of the organolithium reagent formed by

20 the action of t-BuLi on acetaldehyde (W. Adam et al., Chem. Ber., (126), 2697,
1993), which leads to the alcohol ; (3) Oxidation of the hydroxyl function to a
carbonyl function with the aid of pyridinium chlorochromate (E. J. Corey et al.,
Tetrahedron Lett., 2647, 1975).

25 Step2:
The following mixture: 5.05 g of 9,9-spirocyclopentyl-10-acetyl-9,10-
dihydroanthracene, 2.22 g of ethyl cyanoacetate, 1.1 ml of acetic acid, 6 g of
ammonium acetate (1.5 g added every 4 hours) in 50 ml of toluene, is heated
under reflux for 12 hours in a 100 ml conical flask equipped with a Dean-Stark
30  collector.
5 g of acetamide are then added to the medium and the control temperature is

increased to 250°C. After having distilled all the solvent off, the reflux of



fromthe group conprising . para-tol uenesul phonic acid, dodecyl sul phonic
aci d and bronmpacetic acid ; 5 - or with an al dehyde derivative, of JffdiARilE
(rrr') below R ~~CHO (iB') in which R~ and Rz are as defined with
reference to fornula (1) in claim1 ; 10 the condensation (I11)/(111") being
advant ageougl & i €d out in the presence of a netallic cQRrRIDbar2
preferably a conplex of titanium titanium(1V) ethoxide being particularly
preferred. 5. The nethod according to %X:;u m 4, characterised in that the

starting 15 I u . | owi ng
essenti al stagagB%éqgkéﬂt L)po%%woggp?%gﬁrsc{g%wh%gu% wgr“%ﬁlhg "lffg)~ t (I1Pi)
20 with at Ilé)asml ocﬁmtealwktillsnmyng,rﬁ)ammtmnewnh tdlwemeiNHEY HXIC(QOHZO&XIW with Ra :

al kyl preferablyeth as to [ duct (1p2) 0
7 MAR 2003 V950 gaf‘ @35 }"iﬁgﬁg B ‘?2“’?%?5‘4 R S
cyclisation saﬁua(tdqoeddxdnea:dloﬁge s6lufidie dried ewreﬂa@teau@ fubphate( &83) hed | Pa) 5 10

R4 3- H h t t t h t di at
E| | g m( R3) I %gdtlcf:cin)%o c?ry#erss? ‘ge o&:rl] aox 1S ogtamgé p%l}xe pro cr:togsu?)Srl 1edeb}|' ntermediate

chromatography on silica in eluting with a toluene/diisopropyl ether mixture (1/1).
The purest product-containing fractions are recovered which are reduced to
dryness before recrystallising the desired product from toluene. 2.4 g (40%) of a
yellow powder are isolated.

10
Step 3 :
The following mixture : 2.3 g of the product of the previous step, 2.6 g of sodium
hydroxide in 30 ml of ethanol, is heated at about 200-220 °C for 5 h in a 125 ml
reactor (the pressure developed is about 30 bars). After cooling, the mixture is

15 transferred into a flask and then reduced to dryness. The paste is then dissolved in
100 ml of water and then neutralised by the slow and progressive addition of
concentrated hydrochloric acid. The precipitate is recovered by filtration, washed
with 2 x 20 ml of water and then dried under vacuum at 40 °C overnight. A brown
solid is collected in quantitative yield.

20
Step 4 :
The following mixture : 750 mg of the product of the previous step, 670 mg of
1,1-bis(para-methoxyphenyl)propyn-1-ol, in the presence of a catalytic amount of
bromoacetic acid in 20 m! of xylene, is heated under reflux for 4 hours in a 50 ml

25  reactor. After evaporation of the solvent, the product is purified directly, firstly by
a chromatography on silica gel in eluting with toluene, and then by a filtration on
alumina gel. The purest fractions are combined and are reduced to dryness. 79 mg
of compound (4) are recovered in the form of a violet oil. Its structure is
confirmed by NMR spectroscopy.

30
EXAMPLE 5§ : compoUND C1
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cellulose triacetate, cellulogse acetate-propionate or 5 chl yvi nyl butyral ,
exposure to a 365 nm UV source. The observation of the tints and inténsities

developed is made by placing the solutions in the sun or before a solar simulator.

15  The properties of these compounds are given in the Table below.
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in which :

10 o L corresponds to a direct bond or to a divalent residue : O, S,
NRs, (Rs represents a linear or branched alkyl group which
comprises 1 to 6 carbon atoms), CR;R;, (CR;R,),, R,C=CR, (R,
and R;, which are identical or different, independently
representing an H, an OH, a linear or branched alkyl or alkoxy
15 group which comprises 1 to 6 carbon atoms) or a carbocycle

selected from the following :

o, O

e R, and R, independently represent :
20 - ahydrogen,
- a linear or branched alkyl group which comprises 1 to 12
carbon atoms,

- acycloalkyl group which comprises 3 to 12 carbon atoms,
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20 + an -NHR group, R representing a linear or branched alkyl

group comprising 1 to 6 carbon atoms,
+ a
R
—N
\R" %
group, R' and R", which are identical or different,
25 independently representing 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-membered ring which can comprise at least one
other heteroatom selected from oxygen, sulphur and

30 nitrogen, said nitrogen being optionally substituted with an
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- an aryl or heteroaryl group having the same definition as that
givensupraforR, R, ,
- an aralkyl or heteroaralkyl group, the alkyl group, which is
30 linear or branched, comprising 1 to 4 carbon atoms, and the
aryl and heteroaryl groups having the same definitions as

those given supra for R, R,,
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- a linear or branched alkyl group which comprises 1 to 12

carbon atoms (advantageously 1 to 6 carbon atoms),
- acycloalkyl group which comprises 3 to 12 carbon atoms,
- a linear or branched alkenyl group which comprises 2 to 12
20 carbon atoms, and notably a vinyl group or an allyl group,

- aphenyl or benzyl group, optionally substituted with at least
one of the substituents listed above for the values of R|, R, :
aryl or heteroaryl,

- a -COR, , -COOR, or CONHR, group, R, representing a

25 linear or branched alkyl group comprising 1 to 6 carbon
atoms, or a cycloalkyl group comprising 3 to 6 carbon atoms,
or a phenyl or benzyl group optionally substituted with at
least one of the substituents listed above in the definition of

the radicals R, R, in formula (I), in the case in which these
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¢ R, and/or R,, independently represent optionally substituted ary!
15 or heteroaryl groups the basic structure of which is selected from
those of phenyl, naphthyl, biphenyl, pyridyl, furyl, benzofuryl,
dibenzofuryl, N-(C,-C¢)alkylcarbazole, thienyl, benzothienyl,
dibenzothienyl, julolidinyl groups ; R; and/or R, advantageously
representing a para-substituted phenyl group or R, and R,
20 together form an adamanty! or norbornyl group;
* R represents a hydrogen, a linear or branched alkyl group which
comprises 1 to 6 carbon atoms, an optionally substituted phenyl

or benzyl group, a -COR,, -COOR,, or CONHR, group, R;



N10%#& () -- NLO%#&' () -- N1O%#&' () -- N10%#&' () - - NLO%#&' () - - dH, 4N10%#&' () - - N10%%#
& ()--NL1O%#& () -- NLO%#&' () -- NLO%#&' () - - NLO%#&' () - - NLO%#&' () - - xX<, 4N1DV4NBE 4883
& ()--N10%#& ()-- N10%#&' () -- N1O%#&' () -- N10%#t&' ()--/K B
X\ <, 4ANLOYNLO%#&' () - - NLO%#&' () - - NLO%#&' () -- N10%#&' ()--/K B
N109%4#&' ()--w 2%}?%\&00/#& ()--NLO%#& ()--NLO%#& ()--/K_
NL0%&& () - - NP D, 4N109N10%#&' () - - NLOY#&' () - -1 K_
N109%#& () - - NLO%&##&' () -- N10%#& ()--[ 2, 4N?%\110%#& ()--(/K_B
N109%4& () - - NLO%#&' () - - (NLOY4#&: 2. AN10% K. B N109%#&' () - -
NLO%&' () - - NLOY&&' () - - ( r(ﬁpé‘?ﬁﬁ!&“‘g)“‘“%ﬁfb /5?&“‘8’ alkgl £roNn GRS e 106

NLO%#&' () - - NLO%#&' () - - NEQY#R afoins; bE @REsRli¢natly NGBS bhenNL 0P @&izy) - - X\ @ 4NL10%
/ NLO%#&' () - - NLO%#&' () - - NLO%#&' () - - NLO%t&' () - - N10%t& () --/K_B
t T4, ANNLO%#&' () - - NLOY%#&8[OP- N1094#& () - - N10%#&' () --/ K B

N109%#& () - - $&sS3, 4NN10%#&' () - - N10%#&' ()--NlO%#& ()--1K B

N1O%#& () -- NLOY#& ()-- &) *+, - W ?, ANNNLO%4& & - N1O%4#&' ( i--/K B

N10%&’ () 5- NBody=hthopyrans @ogesding o clainp 34 8fyfo 1OV which. Lidops not

N109%4&' ()--Nlogﬁ,%s%% %gﬁgy - - NLO%#& () --59: <=>?k; , 4N K B

N109%#&' () -- N10 “-N10%#& () -- N10%t& () - - ?@\CDEFpT, 4N K_B
N10%t&' () - - NlO%#& ()-- NlO%#& ()-- NlO%#& ()-- NLO%#&' () - - NLO%#&' () - - FGHI KL\
@ 4N/ Nlo%#& - - N10% - - Nlocy & - NlO%# - - N1OVB& /K B
MNOPRSTX\ @ 4 N160 ‘% Q‘N‘i‘ﬁé&é‘%‘}"("z‘ﬁ fo @y

N1O9%8#&' () - - TIohNKEYThimb, 1451/3[\51(3%@)1111 Mf)ﬁ’#&exﬁt)aﬂy RE488n (Chrryindlol a
NLO%#&! () - NLOUE! () - - Z[\] Abf | \'<, 4N NLOWE' () - - NLOW&! () -- / K_B

CT/US99/20472

NLO9%4& ( Y1O- NEPRAERsation © N100g& () - - f hkp| } ~CB, 4NNLOYG& ()--/ KB
N10%#& ()- - NL1O%#&' () - -oRd{Q84&Sone kompod®Efotnhala (10 heldW :K_B
NLO%#&' () - - NLO%#& () - - NLOYE' () - - NLOY4#&! ()--N 0%& ()--1 P, 4N/ K_B

NLOY4& () - - NLOY& () -- NLOY& () -- NLOY& () - - NLOYE () - -NlO%#& O--1\ @ 4N KN
10%¢& () - - NLOY#&' () - - NLO%#&! () - - NLOY§g () - - NLO%#& () - -/ K_
xX<, AN/ NLO%#&! () - - NLO9G#! () - - NLO%#& ([) - - NL10%t&! () -~/ K_B
NLO9&&' () --|° @ AN NLOY#& () - - NLOTHE -N10%t& ()--/K B
NLO%& ()-- NLO%& ()--| @ I Il NLO%#& ()--/K B
NLOY& () - - NLOY&' () - - NLOYGHE" (2% N109#& () --/K_B

10968 () - - NLOY&&' ()--t X, 4N/ / K_B
NLO%&&' () - - NLOY%#& () - - NLOY&&' () - - NYOUs®) () - - NLOY&' () - - NLOY&! () - - pPO, 4N10%
#& () - - NLO%#& () - - N1O%#&' () - - N10%G&A( N N10%#&' () - -/ K_B

5S3, ANLO%& () - - NLOU#&' () - - NLOW& ()~ NJO98&: () - -/ K_B

15 in which R,, R,, Ry, L, m and n are as defined with reference to
formula (I) in claim 1;

- with a derivative of propargylic alcohol, of formula (IIT) below :

(Im

N
H
20
in which R, and R, are as defined with reference to formula (1)
above ;
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in which R; and R; are as defined with reference to formula (I)
inclaim1;

10 the condensation (II)/(III’) being advantageously carried out in
the presence of a metallic complex, preferably a complex of

titanium, titanium (IV) ethoxide being particularly preferred.

5. The method according to claim 4, characterised in that the starting
15  compound (I} is produced by carrying out the following essential steps :

1- Reaction of a precursor (Ip;) of formulia :

o)
(Rl)n
R,
/
Q (Ipy
(

Rom

20 with at least one alkyl cyanoacetate of formula NC-CH,-COOR®
with R2 = alkyl preferably ethyl, so as to obtain the intermediate
product (Ip,) :
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2- Thermal cyclisation of (Ip,) leading to the intermediate (Ip;):

OH

CN
Wt

R

5
L py)

5 ®),

3- High temperature decyanation of (Ip;) to produce the
intermediate (II) :

10

Ry

6. A (co)polymer and/or reticulate obtained by polymerising and/or cross-
linking at least one monomer comprising at least one naphthopyran according to

15 claim1or2.
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&MO%‘1$4&I () - at least one compound according to any one of claims 1 to 3,
and/or at least one linear or cross-linked (co)polymer which
contains, in its structure, at least one compound (I) according to
claimior2;

- and, optionally, at least one other photochromic compound of

15 another type and/or at least one non-photochromic colouring

agent and/or at least one stabilising agent.

9. A (co)polymer matrix, characterised in that it comprises :
- at least one compound according to any one of claims 1 to 3,
20 - and/or at least one co(polymer) and/or reticulate according to
claim 6,

- and/or at least one composition according to claim 8.

10. The matrix according to claim 9, characterised in that the (co)polymer is
25  selected from the following list *
- those obtained from alkyl, cycloalkyl, (poly or oligo)ethylene glycol, aryl or arylalkyl
mono-, di-, tri- or tetraacrylates or mono-, di-, tri- or
tetramethacrylates, which are optionally halogenated or which
comprise at least one ether and/or ester and/or carbonate and/or
30 carbamate and/or thiocarbamate and/or urea and/or amide group,
- polystyrene, polyether, polyester, polycarbonate (e.g. bisphenol-
A polycarbonate, diallyl diethylene glycol polycarbonate),



10~$~10~$~10~%~ f210%$~& ()-F f2210%#& ()-F) 010%&Z3$z& ()-X|[:vWA I Fl?%
"& ()-M I F10%z#48& ()-M @O%$4& ()- F 109%4$4& () - mMLO%$4& () -)07 MARZ00
YLO%$4& ()--, |[:vUd  (fT#10%9 | & ()-z S s109W ()-f S s10%424& ()-f

, YLO%$7& ()-z , YIOU$<& ()-2z) 109%4$4& ()- ftijkl{ZMB 104%$4(104%$4104%4

[ 109348 (o fohGeA#QE () -! /10%0& () - f#10% $j & ()-2z) ddrisdsfosR|

& ()-zly+W[ZM3@ 104$4(104$4104%4  T10%& ()- 10% & ()- 10% & ()-
~f109%#& ()-) @ 10%#&' ()- Normal"™ " Head'gglg 13] ¢c" "Headi ng 23] c" "Heading
33] c¢" "Heading 43]c" c" LNg 6 Ten Hea c" "Headi ng
83]c" "Heading 93]c"A r@g’aul an'i}%%r ag Mgﬂﬂlgo]’nt gél?‘f 69<’>g%]et¥l%i tj opUW pSv
kWks&ML: @ CE?KV"hqVz qez spoidtiopgetbanay oolyzildxhne, ¥yagdonirile, polyamide,

gl 1"$& *+, . W11111111111wWR579m ; <= ’7{2 VB "

CDDDVEEKFFh HgJ L OOP{ QRUNIAFP}EC 2§ ARFa W&EF%‘% 2inyfie chehrasrsy LIBISEMTZf ~ To~T. a
#IKKVFi W 1" #$0& ()*+acetat/e0%@M§7ﬁﬁcaa‘¥€>3@ﬁ@5€§5}b%®1&ﬁw or

RomanAri al Courier New'h Root EntryWrdDocunent

| " #$9&R' () *5+, - . / 01234567 g9lyvinylbutyral,

<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~

L #$9&R' () * +, - . / 0123456788s€ obtained from difunctional monomers having the formula below :

<=>? GABCDEFCH JKLI\/NCPQ?STU\/V\XYZ[ \ ]~ _"abcdef ghi j kl mopqr st uvwxyz{| }~

" #$UR' ()*+,-./0123456789:

cH i, R'
<=>? G\BCDEFGH] TUAMKY, hij_kl ymopgrst uv {|}~
| HSUR () * +, - ‘?}10‘12 4 o Mkﬂ‘&%,,oﬁn,—g—"ﬁé‘ﬁl
<=>? @ABCDEFCHI JKL QQSTU\/V\XYZ[ \] X ),,abcde( ni j kI mopgr st uvwxyz{|}~
" #39& () *+, -./0123456789: ; <=>?@\BCDEFGHI JK

10 in which :
AR,NR
independently a hydrogen or a methy! group ;

1o Ryy and R’ are identical or different and represent

A m,; and n, are, independently, integers between 0 and 4
(inclusive) ; and are advantageously independently equal to 1

15 or2;

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);

20 - copolymers of at least two types of copolymerisable monomers
selected from the precursor monomers of the polymers listed
supra, and preferably those belonging to the group comprising :
(meth)acrylic monomers, vinylic monomers, allylic monomers,
and mixtures thereof.

25

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

30 claim 6,



07 MAR 200

WO 00/15631 PCT/US99/20472

36
- and/or at least one matrix according to one of claims 9 or 10.

12.  The article according to claim 11, characterised in that it is constituted by a

lens, by a glazing or by an optical device.



