; KLMNOPe3evh6T2# , WO 00/15628 PCT/ US99170471 NAPHTHOPYRANS ANNELATED | N
CS-C6, THEI R PREPARATI ON AND COVPCSI TI,ONS AND ( CO) POLYMER NMATRI CES () 7 MAR 2003
CONTAI NI NG THEM The present invention relates to novel annel ated

napht hopyran-type conmpounds S which have, in particular) photochromc
properties. The invention also relates to photochrom c conpositions and

phot ochroni c SPAeHAfA¥i ¢ articles (I enses for exanple) whi chPEBAS94-ai d
napht hopyrans. The invention also covers the preparation of these novel
napht hopyrans. The photchrom ¢ conpounds are capabl e of changi ng col our

under the 10 influence of a Q{ol - or nonochromatic light (UV for exanple)
and of returning to NABHTHOR &A& S AN TERBH Cs-Re Tl RBEBARATION at i on

ceases, or under ANRCOMRQNEHONSHIND (HPPROLYMER MATRICES COO TAINBYG THEM
nonochromatic light different fromthe first. The photochrom ¢ conpounds
find applications in various fields, e.g. for the manufacture of ophthal mc
| enses, contact | ens&hke prewshidnveprian wlates émnqyebawelgted haghthopyran-lype cempnuadsopt i cs

or phot ographic a u . : i Vi . angd. o vation
devf cos. gt a3 ngAChRk B QBkLER, Bhoolitily WiahRl, T IRERA ORISR 0T
st orage by opti phbtochmemicicpmpasitioficadiphogpchromic toplthdlingd aiticdés (bgpbets Hierl emarople)pt i s,

and i n parti cul afy; G SREGIAGERRod AL e 3rRRRE O QUL cheSSpallilof B fiRUPT | seS
one or nore photochrom c conpoun mist have - a hig rransni ssion in
t he absence of uwbval asphttoeyrans. - a | ow transm ssion (high colourability)

under sol ar irradiat ]rﬁ)n hot %ga 15 ecg) cgl gaatrei on d {ii ﬁcol or atli on_ ki n%i CSs,
a tint acceptable to Th&'Td PGP EY® ofc 57 Bt Spaeig, g9toy; wigler the
pref erably aomiimenande poly- bheombiasestictlight (UMfor Bxaniphs andbOreattdigytoalwit t he
di scol orati on of .the |

ens, 25 - mai nt.enance of the performncges, th
properties, witHHH2RCHR P We%’ﬁ’é’@ IBpdigriopg eeases. Qr e f}?ecéfﬁﬁ'eme of
durability, sine&npehdwe anirjragblyva@snsotigbhatizfiiightdifidrent ophthstitscat ed
corrective |l enses ang therefore expensjve. These | ens char eristics are
in fact deternined bghet E&@m& fr\’/‘ec"ﬂﬁ’(?t“ajéﬁfngrﬁpeh 6°‘1§dﬂﬁ8ﬂ?ﬂ§s§‘ i E"ﬁékﬂi’
contain ; coOnpOuRkGfa¥ifeCtr Bphftalrhitirkd3ey, reafiteet Diense r obe trtection OpldssdWPAR1t€803 WO
001 15628 PCINS99120471. .2 Moreovey, it is tQ be noted that, obtaining a grey

or brown tinf nEfmeacRtcsof Bloteeraphis apRaratysiopties or Qther ontisR) dgYigIsSRf PhssRYatiasy

di fferent col oulggvicds; glBzing) A¥dongivel oBjkdts) Bill BleerR br a&e&%phf&mm&vgdr@%w&yhs in
the visible. This .CO[T%I nation further inposes other requirenments of the
phot ochr oni ¢ corPpbtshimscription (§a¢iecul ar, the col oration and 5 discol oration

kinetics of the (twopOfhe REEDS cpiTRIMRIopHES, M RNARGRE A GpeRBRP Wagks amust
be essentially identical. The sanme applies for their _stablli’l ty with tinme
and al so for th@hptoghsemisiansmhich gomgrises ope ST MaeiphotaFhromis CoMPFURISIRH BAve

Anongst t he jpuner ous_@Qgﬁgﬁ@ﬁgg{h@inm%@g&mgtged in the prior art,
- a low transmission (high colourability) under solar irradiation,
- adapted coloration and discoloration kinetics,
- 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,
25 - a maintenance of the performances, the properties, within a temperature range
of 0-40°C,
- 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
30 compounds which they contain ; compounds which must furthermore be perfectly

compatible with the organic or inorganic support which constitutes the lens.
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benzopyrans or napht hopyrans nmay be cited which are described in patents or
patent 10 applications : US-A-3,567,605 US A-3,627,690, US-A-4, 826,07 MAR 2003
US- A- 5, 200, 116, US- A-5,238,981, 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, b98, 1 -95 05382, FR A-2,718,447, WO A-96 145 A- 97
21698 whi ch ﬁ'%ooo 62:tg\he reduced fornula bel ow 15 MRZOQGRSRg&I%%G%]ﬁe )

pat ent US- A-5, 645, 767 descri bes napht hopyrans whi ch have an i ndeno group

| inked to carbons 5 and 6 of the naphtho skeleton RL R2 2 A1 9 u/ _'-\ 20
0 7 MAR 2003 WD 001 15628 PCTNS99/ 20471 3 The US patent US-A-5,651,923

descri bes napht hopy Mereveiailistg b nptsh HeheRtainias 8 gty op SFpXE W g8y neqesiee- ¢ o
carbons 5 and Gpofiseladng: 1RAPRIWhokIBbREVT-diffRnt BhlodRe iR havitgdiidthetdiakintul | (1
(O 1S5 7/ 6/ The US patent US-A-5, 783,116 describes naphthopyrans having
a non 5 subst i tasasprionl evelenpths g ghp. vistle. Fhis gombipatian Fgrther (imposy \other) | 91
8~r bi These k g : ai X3 QY
specificati onsr}gﬁ}lﬂﬁg’gpg}ﬂg?ipﬁ?tﬁ%%ngﬁJ’?ﬁpg‘iﬂ?k't h{engé&g%‘%%otﬁén gfoghgg’f Ia§/1d do have
one or nore Sf disgelotien kingicoplthe (twg or pargh coralfipesyactiva phetoghromiddogipounds

transm ssion i nml;sp fe %peﬁﬁﬂﬁrqde%icaw'ﬂhg ga\{lileotlpsﬁe% f&'r}geixastability with time and also for
their compatibility with a plastic or inorganic support.
Amongst the numerous photochromic compounds described in the prior art,
benzopyrans or naphthopyrans may be cited which are described in patents or patent
10  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, 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, and WO-A-97 21698 which are of the reduced formula
below :

15

The US patent US-A-5,645,767 describes naphthopyrans which have an
indeno group linked to carbons 5 and 6 of the naphtho skeleton :

20



| 0 high colourability under solar irradiation, none of the conpounds

descri bed hitherto have the conpl ete conbinati on of the propertiengpM 0
after which are necessary for the production of satisfactory articles
particul ar, none of these conpounds is intrinsically grey or brown and the
necessity of using an additional photochrone in order to oltgi of
t hese two tin?@”ﬁgﬂgssubsist. 15 The phot ochromic conpound?‘gég%gg?ﬁg to
US- A-5, 645, 767 are obtained from substituted or non-substituted
benzophenones, which are allowed to react with a succinic acid ester, such
as the dinmethyl ester, in the presence of 3t ol uene and pot assi um

tent - but oxi de. A hal f d3teUSi paerthubSpy-6,d5ic93 \dbdcribesi Raphttop@ass \baviyg a
converted into acetoxynapht hal ene d,then into,carhox ht hol which is
Cyel Psed to obt HAISHOTARHENEPR Rt RPAS BURPERE MO Fe8Pule. The
reaction of this latter conpound with 0 7 MAR 2003 WD 001 15628

PCT/ US99/ 20471 4 a propargyRjc glRgohol in the presence ofR,QBSAR} eads to a
napht hopyran fused with an inégpone ring. The indene honmo,eGy
napht hopyran can be obtaineflbylstarting froma precursor ﬁaying a reduced
ket one function. This carbgAof/t he indene can be subdtiruted in various
ways. 5 As for e nah’t"h segl Wi th bd@}o ofuran resi dues
according to US-A-5, b87; 9 % pr epar ed by redefia a napht hol
fused with an indenone 11 ng hof uran ring, on the ¢ hand, and
with a propargylic al cohol op The napht hol fusedzwth an

i ndenone ring i s obtained for exs e as described in US A-5, 645,767 ;
whil e the naphthol fused with a naphthofuran ring 10 originates froma
reaction between a napﬁbh&ﬁwﬁ@hé}&dﬂéiﬂ@deﬁcﬁlgﬁdrr@izlyhmmhéh\é%? nait h or
wi t hout subsequ - [ of at |east one hydroxy. In this context, it
is to the crgdi?ﬁ%Pw?%g%%ﬁ%éﬁﬁgks for having been interested in the

above- nmenti oned napht hopyrans and for having selected, within this famly
of napht hopyrans fused in @& Ch-®th at | east one carbocﬁ% group of
specific 15 nol ecul es havi ng-paxticularly advantageous photékyom c
properties. The present invéntign thus relates, accordingftoslg first of its

aspects, to the(ﬁpnpo s ofdoermula (1) Q (R3). 20 finyfirkchrRz cn Rl and
R2 are identical or dand i ndependent I( )repvfse;se hydrogen, - a
| i near or branched al kylgregp~whi ch conprises | to\Z7Cs atons, 25 - a
cycl oal kyl group which corrpr 3 to 12 carbon atons, - § yl or

het eroaryl group which conpri~se€s in its basic structure 6 4 carbon
atons or 4 to 24 carbon atons respectivegﬁ and at | east one heteroatom

sel ect ed from sul phulhesecbnpwarcompennds As dgdn P, E claim7to\aisfp glgaspecifications

defined supra. 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

10  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 satisfactory articles. In particular, none of these compounds is
intrinsically grey or brown and the necessity of using an additional photochrome in
order to obtain one of these two tints does subsist.

15 The photochromic compounds according to US-A-5,645,767 are obtained
from substituted or non-substituted benzophenones, which are allowed to react with a
succinic acid ester, such as the dimethyl ester, in the presence of toluene and potassium
tert-butoxide. A half-ester is thus produced which is successively converted into
acetoxynaphthalene and then into carboxynaphthol which is cyclised to obtain a

20  naphthol fused with a benzofurancne residue. The reaction of this latter compound with



WO 00l 15628 PCT/ US99/ 20471 5 said basic structure being optionally
substituted with at |east one substituent selected fromthe whol e of WHEMARHMJ
substituents given bel ow +a hal ogen, and notably fluorine, chlorine an

brom ne, 5 +a hydroxy group, +a |linear or branched al kyl group which
conpri ses "1 to 12 carbonatons, +a |inear or branched ai koxy ar.ou whi ch
conprises 1 tWOPH¥hon at ons, 10 +a hal oal kyl or hal oal koxy aﬂﬁ% 0471
correspondi ng respectively t ot he (C1-C12) al kyl or al koxy groups above
whi ch are substitutedwith at | east one hal ogen atom and notably a

f1 uoroal kyl groupof this type, +a phenoxy @ér napht hoxy group optionally

substituted by @brdp@aslclindBsl ih iHRGseré oDDBBANGMS & Kyhphfopythk ¥4 WGift040 Whi ch
conprises Ito 6 _carbon atons, +a |inear or branched al kenyl group which

conprises 2 to IsensneBRe It indenshgmplgrusinf shisnaphthopyra 3 be SP‘a‘a?fi Byl stapting

group, +an - NHZ g6QunrdfrséfihyinblaReic@iRbton? fiRAGE SN éaﬁ%n%fltﬁeriﬁ@e'he fn  anched
al kyl groupwhich conprises 1 to 6 carbon atons, +a: R _, R . .- group,
25 R and R', weHbstiutad i vadistWaysal or di ff erent, |ndependently representi ng
a |inear or branched aly Kyﬂoi)gﬂeoh%h%hﬁﬂscﬂmar{vﬁﬁsbehzot Or GafifoiRh, A0

phenyl group optionally substituted by at |east one |iInear or branc ed
al kyl or al koxyawgording tawH$-@h5,60H38. theyarelprepareg by agapdam @@@mﬂwd)fusqfdepiﬂe@enti ng

together with t 0

7-menbered ring nﬁeno%ﬁ%ﬁ% %%Bﬁ %%é@%&%%@f%@%%ﬂl}%ﬁr\@i h og(éln
conprise at | easﬁ the neheot Trernahigha rfowd ovithsanl isdeneoke finp s obtaigreinfor sxampleuss and
nitrogen, said nitro o) S ifute t

which is a li ne%trS bbe branch§§4 %jyr qurl%)ﬁ% %hgjﬁ%?lit is{is?t&jw\i%taomé’rﬂthg}'f)%gm}% ons, 5
+ a met hacr yb oy brigitiateg ifroara ’actiag bgti;veqnla lgiphtquumonaanchzt & Bidlydokyragttigilenar al kyI
group, the al kyl conprising 1 to 4

car bon at ons, P(Hg?rh ’BQPVI“LSS%‘&"%?}Q' a%g? yioat eraﬁ)tt?ﬁgp’ﬁid?ﬁ ’hg the definitions

gi ven above, or 10 sai th thMoxﬁeidnstistméibmdiPAf tae thvEilork dgreiatieg befeﬁﬁm&radfbd

adamantyl, norbgo fl uor en al kyl ant hra I i dene

spi r o( C5- C8) cyciid. ‘i R'iﬂ"%\ﬁ‘tcﬁ‘r‘ iha@ﬁaé“&%{%%"%ﬁdeﬁ% B’t‘i’ onal Iy

substituted w tﬁapaﬂm;imstm@aenocts (Eehentﬁubsléast Waatcarbotyelecd Vﬁbﬁ]thf fsge"ciﬂgl R2 |
ch are identica

corresponding to an aryl or hetero r 15, R3

or differ entg, r epieadsteying W&H@ﬁ @Cﬁﬁ%@eg Sﬁ’glg'ﬁﬁfgﬂmwé‘ﬁ%i’eﬁ’ﬁi -ably fluorine,

chl orine or bromine, -Tge prese@dfiveftfionhaelarsl aaddfdihg &' Lt dMisGlpetOPiHeseS 1
to 12 carbon atons (advantagequsly 1 to 6 carbon atons), - a cycl oal kyl
group whi ch confampeuads gf @BmﬁQ Marbon atons, 20 - a linear or branched

al koxy group which conmprises 1 to 12 carbon at ons (advantageously 1 to 6
carbon atons), - a hal oal kyl, hancycIoaIkyL, hal oal koxy group
correspondi ng respectively to the al kylR~gcyctoal kyl, al koxy groups above,
which are substituted with at | east onedfahpgen atom notably selected 25
fromfluorine, chlorine and brom ne, dn 4 yl or heteroaryl group having
the sane definition as that given sgiprda YNgr RL, R2 , - an aral kyl or

het er oar al kyl group, the al kyl shigh is |ine@r or branched,
conprising 1 to 4 carbon atons and the afxl) and 30 heteroaryl groups having
t he sane definitions as those given suprafor Rl, R2 , 0 7 MAR 203 WO
00l 15628 PCj, %&%Qa?l - a phenoxy or naphthoxy group optionally
substituted at ast one linear or branched al kyl or al koxy group which
conprises 1 to 6 carbon 'atR}msdRfaraidelamlrvedtﬁﬂercamnden@p@d@ﬂyTGPNiSﬂlt -NHR

-CONHZ , 5 -CONHR, R1L R . . hyc%gef?r -CONR'" : R.
- a linear or branched alkyl group which comprises 1 to 12 carbon
atoms,
25 - acycloalkyl group which comprises 3 to 12 carbon atoms,

- an aryl or heteroaryl group which comprises in its basic structure 6
to 24 carbon atoms or 4 to 24 carbon atoms respectively and at

least one heteroatom selected from sulphur, oxygen and nitrogen ;



R, R, R' having their respective definitions given supra for the am B?
substituents of the values RL, R2 : aryl or heteroaryl, - an -OCORe o MAR 2003
-COOR$ group, R8 representing a straight or 10 branched al kyl group
conprising 1 to 6 carbon atonms or a cycloal kyl group conprising 3 to 6
carbon atons or a phenyl group which is optionally substituted w th at

| east one of WRAUEHstituents |isted above for the val ues SFTRSYEET. 5y
or heteroaryl ; or I5 at |east two adjacent R3 groups together form at

| east one aromatic or non-aromatic cyclic group having a single ring or two
annel ated rings, optionally conprising at 5l east one heteroatom sel ected
fromthe group comprising : GU¥ae0smRttPhite atnlly!S0ERRd Wil & 18k bReSe
annel ated rings being optionally substituted wth at |east 20 one
substituent sel ected from t (sobsttuprtvictegted Heonedhd mhpleoef tievauhstisoBegifasr t he

aryl or heteroaryl groups \M;,ie j.can formR and/or R2 ; mis an integer of
O0to4; Arepresents 0 R 2003 WO 001 15628 PCT/ US991 20471 8 ~(R4)..
(R )~ (A2) ~Rada (R4)~ ~ ~R5) ahalggerRmji Rotaldy flgorindachldBife jnd brominese annel at ed

rings (A) to (AS) a the dashe | ne presents the carbon C5 carbon C6
bond of the gapht hopyran ri rTgag}'Ar{?@rgrxﬁgJ“I%a (I') ; 5 athe a bond of the
annel ated ring (A4) or (A5) +catindaeod irankkad alkytigrhaewkioh tomprisesdap bdrarkd8 or to
carbon C6 of the naphthopyran tring of formula (1) ; a R4, which are
identical or different, repred8®, independently, an OH, an alkyl or al koxy
group which is linear or branghinearadhrahaihalkaxypdrowe shich teompriseain on2at ons
or two of the R4 forma carbogavlh%lgago‘?% ; a RS, R6 and R7 represent,

% f

i ndependently - a hal ogen, an | uorine, chlorine and bromne, - a
|'inear or brgnched al kyl graup naBAIRN & GAREIKSSSgrdud Edrrbshofidihd @RpaRti @IS to
(advant ageously 1 to 6 carbon atong), - a Q&EI oal kyl gr ou%, corresponding to
the |inear or branched above &C&R}r%%l%f’f PRYBroUps abpye thich rrsubitifvedat

| east one hal ogen atom not abkjth @t ikAstioneQmlosy at&ﬁpy@,nombnaaqm}oemylkgféupgrOUp
whi ch conprises 3 to 12 carbon_atons, a l|linear or branched al koxy group

whi ch conprises 1 to b 10 15 96hé&PBon atoms, - a phenyl or benzyl group,

optional ly substituted w th.ag ph&.a,atorqxa%zﬂm‘x loheip Spichbly #BRitsed bysdieds@bove
in the definitions of the radicals Rl o?' fornula (1) in the case in
whi ch the raficals 25 i ndepen&esrinesr o brepched alkyl or alkayy sipyn Wieh soewpesesdr v |

group, 0 7 MAR 2003 WD 00! 15628rREHHSI9/ 20471

+ a linear or branched alkenyl group which comprises 2 to 12
carbon atoms and notably a vinyl group or an allyl group,

+ an -NH, group,

20 + an -NHR group, R representing a linear or branched alkyl group
which comprises 1 to 6 carbon atoms,
+ a:
R..
—N ’ '\‘
N, A
R'I -
group,
25 R' and R", which are identical or different, independently

representing a linear or branched alkyl group which comprises 1
to 6 carbon atoms, a pheny! group optionally substituted by at
least one linear or branched alkyl or alkoxy group which
comprises 1 to 6 carbon atoms, or representing together with the

30 nitrogen atom to which they are bound a 5- to 7-membered ring



9 - a-NH2, -NHRR, R .. -N~anmno group, R. R R, R' having their
respective definitions given supra for the am ne substituents of the val ues
R, R2 : aryl or heteroaryl, 5 - a phenoxy or naphthoxy group opti oflal MR 2003
substi t ut ed by at |east one |inear or branched al kyl or al koxy group which
conprises 1 to 6 carbon atons, - a -COR9, -COORS or -CONHRO group, R9
representing avoewiéaes or branched al kyl group conprising 1 REG/E%4Hon
atons or a 10 cycl oal kyl group conprising 3 to 6 carbon atonms or a phenyl
or benzyl group which is optionally substituted with at | east one of the
substituents |isted above in the definitians of the radicals R~-, RZ of
formula (1) in the case in whi i ed?ﬁ‘e? dto
an aryl or heteroaryl group, lxgﬂgﬂ&ﬁchﬂﬁ%%{p@?ﬁ?ﬁ e g%%é%“%@%@:ﬁ

groups to together forma 5- t@(y@nrreuiﬁmr@dd@rtmaniseiddﬁtrmn-tamgrmtxo@llyl ng
whi ch can conprise at |east ong,haher oM AMeehaq) Shhilil 81 G of Bifiches
conprising : oxygen, sulphur an rogen ; an rnteger o 0 6

is an integer of 0 to 2, pis aikylgnoule@mpnsxhgﬂﬁ)@cmrbmn&tmd q is an integer
of 0to 3 ; vglth t he condltl n ac orgipgrtoowhichl lﬁﬁ‘gA) and (AZ) nis
zero only in>he case in whi ch® BI 1Rt #PW P 2FhE &"Btent R3 substituents

format |east one aronmtic-0#n m]layleuf herabhralk;ﬂygrbdpcﬂgramypgxhapmﬂ@chas $indagl e
ring or two annel ated rings, n conpyrising,at | east one

het er oat om sel ected from t he®y @8?%?’?5&%5 ta 45%?@%1‘?“’"‘5*11%% a‘éYi&nd
nitrogen, this or these anneh@érm}flrgtong&xabmgﬂ@demhilmgide;yalﬁﬂbst| tuted with

at | east one substituent selected fromthose having the definition given
above for the aryl groups ®hich can form R andlor R2. ' The conpounds of

the inventiop - naphthopyr aié @b §uB&iith® R|)and ROISRESr FordD aii famantyl,
colourability, even at 40C, combined with discoloration kinetics V\:hl ch are

0 7 MAR 2003 WO 00| 15628 PePeimgo; Ziyarenyliflgnes o adif @cCoaikiantiracsmilidenst | ohs

sought after. The col ours, SW#% ftb?e&ﬁoﬁl%nth\‘ac@x%ﬁéél Blogp vg,{“y gf,@;@mog{, nge to
bl ue. According to a first t he invention, the conmpoun

consi dered are of fornula emt)oniﬂh{ SWPFPE‘F?‘*N‘@GF W&B’éﬁﬂféhet%b%‘ﬁ@n@ﬂlstﬁﬁ@(we
annel ated rings (At) 5 or gAR) }ggoggﬁdngﬁgt@ggyﬁm}%&w Regpl 0 a second

enmbodi ment of the invention, thé conpounds corisi dered correspond to those
of formula (¥5) in which A Rs, \dndlwﬁ1d€ﬂ119ala>nd|léfﬁ@met¢meswgsnd@mﬁl?nﬂ&Aa) or (A5),

as defined above. It goes wi} ,h§€ly+ d;m;mé ox'x&%‘?@%'nﬁxéh al so covers

m xt ures of conpounds 10 (I) to at’ Teast two different types
sel ected fromthe group conps hmalng wowhrilatidd glonp whirhwleinphised\ 1=to (12 crbort hose

in which A= (AZ), those in C = t [ ich A = (A4) and
those in which A = (AS). Accécl)&r’] %%Vé?%gcg@%%} trodéch??%rclﬁ{laﬁl%_t of the invention,
t he conpounds covered are tm)&a/eloauoyl(gtvubwh@hgommstshbtoflarmibynatomsr;hl ch the
conpounds arg of formula (1) th t i acent oups
t oget her for2§| ng an aronatic’ i(l)mrearn%%;ag%hg%@& %r&éq Wﬁ)mh &Ssﬁgvﬁoﬁé C%E’ L ngl e
ring (a phenyl group, for exmmd(ec)vanmgebualy amrﬁaiaﬂbedtonmhgs (a benzofuran

group, for exanple), optionall I one het eroat om.sel ect ed
fromthe group conprising : fé@éﬁﬁp cg?aﬂ(ghdgzﬂ?aﬁlfogéeﬁfou? h?oére%ﬂ"g%‘??ese
annel ated rings being opti orheé.;iegmvslybstuetamyectymalkyladlkdxgegsdupoamwsu\bﬁéﬁ t uent
sel ected fromthose having the
are substituted with at least one halogen atom, notably selected
25 from fluorine, chlorine and bromine,
- an aryl or heteroaryl group having the same definition as that given
supra for Ri, Rz,
- an aralkyl or heteroaralkyl group, the alkyl group, which is lincar
or branched, comprising 1 to 4 carbon atoms and the aryl and
30 heteroary! groups having the same definitions as those given supra

for Rl, Rz .



20 definition given above for the aryl or heteroaryl groups which can form
R~ and/or RZ. The famly according to this third enbodi nent conpri ses,
inter alia, the conpounds (I) in which two adjacent R3 form at Ieastcp)gm
annel ated ring, for exanple a benzo group, and in which carbons 5 an 2003
t he phenant hrene skeleton are linked to at | east one alicyclic and/or
aromati c cycl ewamsieesponding to (A ), (AZ), (A3), (A4) or PEEUSRBP471The
conpounds according to this third enbodi nrent are, notably, naphthopyrans
(1) in which two adjacent R3 format |east one annelated ring, for exanple
a benzo group, and in which carbons 5 and B of the phenant hropyran skel eton
are linked to at |east one._s r
aromatic ring. 30 According F%ﬁgb%%hf?a#ﬂfhof@groﬁﬂQ?ﬂdél]taﬁ’% gg)s‘?tlr"l{\?gﬁglak &ag
conpounds envi saged are t hosenglinefrox fghehed al}(ylgir\a&nxxagmwewhxeb(mmmwg tt’he
conpounds in which A correspgnggodf ‘%’gﬁ) ) or (AZ) with at | east one of the
R4 substituents different from R ~U~.i WD 001 15628 PCTI US99120471
11 hydrogen and in which at hlea&mmqm am}dacempRs -HHoupsNHB notCeNiget. her
format |east,.one aromatic or aromatic cyclic group having a single
ring or two a?mel ated rings, optionally conprising at |east one heteroatom
sel ected fromthe group conprising ®xygen, sul phurgand nitrogen, this or

t hese annel ated rings being opthaI |y subsu—ml\e/d 5 W th at |east one
substituent selected fromthose haVng the definitjgon above for the aryl or
het eroaryl groups which can formR, and/or Rz. The conpounds according to
this fourth enbodi nent are, RoRaB"yhavingeirheqpyetian slefitifiorsryivehisapratfaothiR3 do

not forman annelated ring, for e I =1 a = - ,_and in which
carbons 5 and 6 of the napht WB‘"%%@’%@F%‘%og}}?vf’suﬁ%}g‘dgsomﬂto%ﬂf’ﬁgst one
alicyclic ring A which is difuf €0€0R; fob OMOORY) grawiy] Hy edffitekéhdihg PEtedight Bl Y,

t he conpounds according to t inyentjon are of, formla in which- R,
Rz are identi®al or differen ragﬁlgac}/ ﬂ‘ﬁgﬁé"h‘aempys’%plr é%eﬁnga%‘ﬁ"t 2SI Pry 2
SUPS'[I tgt fed arylh or hfet eLoariy)lclogn(ghg@cﬁ;ptcbﬁpmsgh ﬁto?Stoﬁtb@ﬁHtgﬁF@f?Mhﬁ@dup 15
sel ected fromthose of phenyl, napht i phenyl ridy ur
benzofuryl, dibenzofiuyl, N P& ch Wﬁ?’%{) E"ZF‘B&‘?Q)W&I‘ a{)%’l‘séﬂ‘%omﬁfeﬁ‘ig%‘f%i“ényl
di benzot hi enyl , julolidinyl gsetpsve fofttre Adhebs OF RFE, adlyiRR haeeays] v
representing a para substituted phenyl group ; 20 - or R~ and RZ together

form an adamantyl or norbofhyl group. The inventors also take the credit in

that they haye proposed, i bh Svofddpbsht R%g@mtt%mepm at ﬁadi‘@ﬂ@:lrorﬁﬁiéto? of
synthesis of the naphthopyrans fused wt | east one carbocycl e annel at ed

on carbons 5 and 6, in whi @w-?remtec cyclisreaquphaype ofingle Enhensive aesielatod sises, s
obtai ned fromat |east one, wfghﬁkﬁ zﬁmrdnéﬁéeﬁ&oﬂn%a%&em&n e tgl%l&yc' e
W a

and 25 which is allowed to react | east one alk cyanoaceta t he
product obtai ned bei ng theﬁo@m}tﬁ}nécf’%e‘t,é‘ﬂah%ﬂq41§%E€Pon The invention al so

rel ates, according to a Se?ﬁ?@&i’ tQJse hinelaRRd Plﬁg l%nngtdﬁuanarf?tsmgtuted with at least
20 one substituent selected from those having the definition given above
for the aryl or heteroary! groups which can form R, and/orR; ;
e misanintegerofOto4;

s A represents :



of preparation, notably of the conmpounds of fornula (1) as defined above.
This nethod essentially consists in carrying out the condensation 30 aof at
Least one conpound having the formula (11) below 0 7 MAR 2003 WO QQ/MSRGeR
12 H (1) (R3)m PCT/US99120471 in which R3, A and mare as defined supra
with reference to the formula (1) ; -~ with at |east one derivative of
propargylic al e@whss2having the 5 fornmula (I11) bel ow R~ OHPRATMUSP9/471Nn
which R, and RZ are as defined supra with reference to the forrmula (1) ; 10
the (I'1)/(Il1l) condensation bei ng advantageously carried out in the
presence of a catalyst, this catalyst being preferably selected fromthe
group conprising para-tol uenesul phoni c aci d, dodecyl sul phopi c acid and
bronoacetic acid, or with aKiE@ st one alagﬁgﬁe derivatiYgE§Q ing the
formula {I11") 15 bel ow R~ (+t1 R cHO i n whi-ch(RR: and Rz gé defi ned
supra with reference to the f@nmula (1) ; thg (11}I(CIIT") @deensation
bei ng advantageously carried out in the 20 presence of a netal conplex,
preferably a titaniumconplex, titanium (IV) ethoxi @®ge] ng particularly

preferred. In practice, the reactio R ndensat jlonj bet ween conpounds (I1)
and (I11) can be carried out in so ts Such as gr,)XY! ene or
tetrahydrofuran, optionally to whi appropriate ysts have been added.

U 7 MAR 2003 WO 00/ 15628 PCT/ US99/ 204%), 13 As for @Rhg condensation of

conmpounds (1) and (I111"), referencgﬁpay be nmade for%ppre details to the

patent application EP 0 562 915. Sard conpounds of fofmula (111) are known
to the person skilled in thﬁttﬁgetannelatedrings (Ay) to (As) :

A the dashed line represents the carbon Cs carbon Cg bond of the
naphthopyran ring of formula (1) ;

5 A the o bond of the annelated ring (A4) or (As) can be linked
indifferently to carbon Cs or to carbon Cg of the naphthopyran ring
of formula (I} ;

A Ry, which are identical or different, represent, independently, an

OH, an alkyl or alkoxy group which is linear or branched and

10 which comprises 1 to 6 carbon atoms or two of the Ry form a
carbonyl (CO) ;
A Rs, R¢ and Ry represent, independently :
- a halogen, and notably fluorine, chlorine and bromine,
- alinear or branched alkyl group which comprises 1 to 12 carbon
15 atoms (advantageously 1 to 6 carbon atoms),

- a haloalkyl group corresponding to the linear or branched above
alkyl group, which is substituted with at least one halogen atom,
notably a fluoroalky! group,

- acycloalkyl group which comprises 3 to 12 carbon atoms,

20 - a linear or branched alkoxy group which comprises 1 to 6
carbon atoms,

- a phenyl or benzyl group, optionally substituted with at least
one of the substituents listed above in the definitions of the
radicals R;, R, of formula (I) in the case in which the radicals

25 independently correspond to an aryl or heteroaryl group,



and are obtained fromthe correspondi ng ketone according to a nmethod
described 5 notably in the WO A-96 14596 patent application. The ket[ppgm'?ﬂ”
itself commercial or is prepared according to the known net hods such a g
Friedel Crafts nmethod (cf. WO-A-96 14596 and cited references). Al dehydes
derived from (I111), are obtained by rearrangenent in an acid nedi um (cf.

1. Org. Chemwoa@s@s 42. 3403). Said conpounds of fornul a {¢TYSISRYT

obt ai ned according to a synthetic 10 schenme the various steps of which are
adapt ati ons of known met hods. The preferred general synthetic schene is
given below. CN CN OH COCEt ~ ~ RCN (R~)" 9 CO-Ef (~)" / ~ 200 C (R~), [/ i
NaOH 220 C OH (R-)m/ i This_sy réﬁl_giatN rroute is inspired fromthe work of
Sepiol et al. (Synthesis 1979, 15 From where it ensues that the
invention also covers a nethod ofR'pr eparing the naphthol precursors of
formula (11), characterised ifN hat i t amimoprdupes the foll ow ng essenti al
steps 1- reaction of a precursor gl pl) of fornmula ~~~n / ~IPt) A 20 with at
| east one al kyl cyanoacetate of fornmula CN - CH2 -COOR with Ra = al kyl,
preferably ethyl, so as to obtRjH, RH@VinBMEirrTMbcaitvedﬁmt!megivéd p@ya for he 7 MAR

2003 WO 00/ 15G28 PCT/ US99/ 20471 .1 ) er nal
cyclisation of (1pz) |eading 0" ’f’%sél%llgart] ermetciwl‘?%l (]§ bg"ﬂ aﬂgorﬁ m} ~R~ym/ ~

~I Pa) A 3- hiygh-tenperature decpymnadyioonaphfhoky pdhp bmlopatllyckubsatm&deay at least
intermediate {Il1) 5 The details met hod .ar e ﬁl ven in the

Exanpl es which follow. In any ?Pﬁg@earofebr?%cg?cﬁ}fylgrg R EBFWP vHch Lopipusss |

synthetic route in the field O&JmMmoﬁthrres ; and this route offers

advantages in ternms of ease of i e in economc terns. 10
According to a third of its as‘bé@@ %@“o‘ﬁj Q@gﬂgfgrtoﬂ% 96%???’?“6‘5“@”’

(co) pol yner (s) and/or reti cul adrsanchddt AMtyd @ebup YoRPlisHEE! iS6 RELANELAE or a
cross-linking at | east one nononger npri sing, at_ | east one conpound (1) as

defined abov® Thus, the conpotRigak 3((ilg5°“88?:’81i”lﬁ“}$g3 10§ Arvan PITRE At # B AR

t hensel ves be (co)nononers benzyl group which is optionally substituted with at least one of
the substituents listed above in the definitions of the radicals R;,
R; of formula (I in the case in which the radicals independently
correspond to an aryl or heteroaryl group,

15 - it being possible for two adjacent Rs groups to together form a
5- to 6-membered aromatic or non-aromatic ring which can
comprise at least one heteroatom selected from the group
comprising : oxygen, sulphur and nitrogen ;

A nisaninteger of 0 to 6, o is an integer of 0 to 2, p is an integer of

20 0to4and qisanintegerofOto3;

with the condition according to which in (A;) and (A;) n is zero only
in the case in which at least two of the adjacent R3 substituents form
at least one aromatic or non-aromatic cyclic group having a single
ring or two annelated rings, optionally comprising at least one

25 heteroatom selected from the group comprising : oxygen, sulphur and

nitrogen, this or these annelated rings being optionally substituted
with at least one substituent selected from those having the definition
given above for the aryl groups which can form R, and/or R,.

The compounds of the invention - naphthopyrans of formula (I) - possess a

30  high colourability, even at 40°C, combined with discoloration kinetics which are



and/ or can be conprised in (co)polynerisable and/ or cross-I|inkable
(co)polynmers. The 15 (co)polyners and/or reticulates thus obtained can
constitute photochrom c matrices such as those presented infra. Accofdi MAR 2003
to a fourth of its aspects, the present invention relates to the use of

sai d corrpounds of formula (I} of the invention as photochron s. The
obj ect of theWPAVLS¥ on is, therefore 20 - firstly, novel 8%’@8@%5%?11 c
conmpounds which are constituted by the napht hopyran derivatives such as
defined above, tafcen alone or in a mxture of thenselves and/or with at

| east one ot her photochronic conpound of ¥nother type and/or with at |east
one non-phot oc hﬁdaﬁwtccmé epplicaligno@egtt after- TiRaowel Which akadasiuotcadtls, aaiyC
conpositions whic corrprl e at | east one 25 naphthopyran derivative (I) as
defined above afiefPoFEH&bWE its derivatives, and/or at |east one linear or
cross-linked (co)pol ymacck@nd ab st AdmBoRASent QﬂethQOHﬂO&h'ﬂaﬂ GHe) c&gﬁeﬁddl ng to
the invention in its structure. Such, photochrom c

00/ 15628 PCT| USowsidgadare Q%foemm)@)smtwh&%g\ ¢oRIeSROBR taioAe @&thfr @asl@te@ﬁ@g%éaer

phot ochr omi cs cogmgg,rhgdefglfed ot her type and/or at |east one non-photochromnic
col ouring agent /or at |east one stabilising agent ; these photochromc
conpounds of anot her t ppeording e phiseard henahedizneablod the rgyentipanttes, ceprrpunds
stabilising age t led in
Tho art. Wt rePRABEE cRidspinddl bp PEORMED SRR AR ohOfr BPEARRLF il

phot ochr omi ¢ co@phiagsr @), ahdefingdhabortei on and/ or conbi nati ons of photochrom c
conpounds of the invention a phot o ounds of _anot.her t
according to the pri orhé? SWelltrrﬁ(emt S%Yr ?gagFh%rqvemir:og'cg%gr%‘ﬁereralxmr%s kﬁon&%’ *nati ons
bei ng i nterest i (1Y whith thelahg 't(hﬂ)deﬁiﬁ‘ @vosdiﬁ'éralhltﬁ)ei(ieléﬂéd femahaptony cgh@isingr br own
tints, which are desired by t icin | i cat] such ht hal m ¢
spect acl es or s‘Eﬂ“E’P“’?ﬁZ‘gt”bg’P‘égg #ﬁ‘ggéh%m ‘?X%EMFMH QSR Ay PG éo're%hnds can
be those known ﬂl@set.,herhgpgn&qm)siﬁakﬂowjnwnmhlae:@(s; and described in the
literature, e. g. chronene A—3,5q6‘3?7 605, US-A-5,238,981, WO A-94 22850,
EP-A 0 562 9l 5) spi roﬁwﬁ% 18 i AROREEIsRt 355 hotiphighoconiphunss eavere and
Spi roxazi nes 15, fHosdWhi€t befing 1o thé\ﬁﬂxllly AwIRBIOhE 66Hh Sl gs O bR YSWETE" |

Bl ackie & Son Ltd, 1992, chapter g? Sai d conpositions according to the

i nvention c&h alpssb%ﬂfpadaag@m&rsmpb 8B HPTHRL AL HEBAtG PgroRgEsmasiowrsligh

enabl e adj usti ngodRavidgnd single ﬁagi(aogshe@ﬂegrafp, fmreﬁmﬁ}sla)bbﬂwmelatg&%gs L5\/such as
an anti-oxidi sing agent fa exanpl e, nd/ or one or nore anti-

and/ or one or nesneofame BmPIacﬁ‘?fGéfP'@]e)*OP&HQP}IQSFC”BWtﬂ%rat IpBY: enp hrsereriern pelestedyci t ed
state deactivat Rom thegmag@omglng' Uﬁﬁerpﬁﬂpﬂﬁpﬁrﬂt}hﬁ‘ dg%mﬁk ®r R AXLIReH LS
durability of sai ositrons.” The conpoun the 1 nvention

envi saged wi t hi beingrmptiensHy @;bgtxt@pd Wﬁl@@trleast one substltuent selected from those having the

20  definition given above for the aryl or heteroaryl groups which can form R, and/or R,.

The family according to this third embodiment comprises, inter alia, the
compounds (I) in which two adjacent R3 form at least one annelated ring, for example a
benzo group, and in which carbons 5 and 6 of the phenanthrene skeleton are linked to at
least one alicyclic and/or aromatic cycle A corresponding to (Ay), (Az), (As), (Ag) or

25 (As).

The compounds according to this third embodiment are, notably,
naphthopyrans (I) in which two adjacent R; form at least one annelated ring, for
example a benzo group, and in which carbons 5 and 6 of the phenanthropyran skeleton
are linked to at Jeast one substituted or non-substituted alicyclic or aromatic ring.

30 According to a fourth embodiment of the invention, the compounds
envisaged are those of formula (I) given above, excluding the compounds in which A

corresponds to (A;) or (Az) with at least one of the R4 substituents different from



phot ochrom c applications can be used in solution. Thus, a photochromc

sol ution can be obtained by dissolving at | east one of said corrpouggsw q]?n
organi ¢ sol vent such as tol uene, dichloronethane, tetrahydrofuran AR 2L
et hanol . The sol utions obtained are in 30 general colourless and
transparent. \Wien exposed to sunlight, they develop a stron | orati on and
regain the coV8a¥1%6¥s state when they are placed in an ar eg@yﬁ?ﬁg@g@%
exposure to the sun's rays or, in other words, when they are no | onger
subjected to UV. 0 7 MAR 2003 WO 001 15628 PCT/ US99/ 20471 16 In general, a
very | ow concentration of product (of thelorder of 0.01 to 5% by weight) is
sufficient to ofydaigth M in WhithaleS0WO adjatellR; ghb\ps Ao APQogRtRr Raf af Iekishighet 0 t he
invention are furthernore conpati tf_l e Wth suppqort matrices of organic

poi yner or of i%%‘F’@wﬁrcmﬁ‘éf"é‘ﬁ"&lc}’cicrg’%f‘_PfWWSia_n%‘P%é‘ag i°h %%megmﬁﬂqgf’ces as
wel | as in the §@pmaigfcomphad hin@a®lons de@rod@in’ éefRfed NS Ghe Mol compriigcont ext
of the fourth aspect of the invention in relation to the photochromc

appl i cations, thesesbiurhur aid rifegen.{hie At thess apnelated rpes being prtiopally gpisHiusds - at

| east one coymoyfla: (dalron@ Subdithdnd RbcRY BOA those haVREY 1RE dhitloR 38ve 21he aryl

(co) pol yner an&ylorargttioguﬁlate,' nas dcefi ned (?ssapré ;10 -la?nd/ c}lf at elaéyast one
conposi tion, asorpetewanyt graupsdncd camfean Roand/ar Re-er est i ng appl i cations of the
conmpounds of the inventio i Chind ROSK;s! I ehpdd o] me is

di spersed uniformy w ]lf'ﬁ EO@?&%%ptaE% &lsrfﬁtrfaitglso?mgmrmt ?‘% %?%P%s’dﬁ‘ﬂéb%é

pol ynmer, and/ ornaplathagyyame (1) anefhic twa Bi dor mot &frm(aochpaldtgdreng forFeghrhplovirg 1t he
exanpl e of their hehawiour i.n solution, GO, 15 j.ncluded in a
pol ymer matri X aé’flg{ Scol out fmedslg ‘%‘F“;&Ht’gﬁﬁ %/nlago(f (o] u@gﬁlﬂﬁ Sl{elflgéonl i {“lﬁcg? %s%at e and
rapi dly develd opesatorientignbieringod ehzh isaliffaimt &omdAYand frght{A{)365 nm) or under a

7ot 1 SO ol RO At b i

can be envi sageghiti: order to obtain such a matrix are very varied. Anongst
t hose known to the person skilled in the.art, the 20 diffusion in the

(co) pol ymer, from a suspensio® Hgmécﬁll ?Itdi‘%eﬁenbfm‘{lﬂ CPEMSR 1P TRaL OH“H‘“’;Y

fsi | i cone ﬁi I, i In an al i phatbsttued aggﬂ(bﬁ’hétbxgar?b/g}bﬁlﬁ&hbﬁﬂic ﬂﬂwﬁdg (?'f»@{idlﬁi@' , or
rom anot her_ polynmer matrix, can be cite or. ex e.. .The diffusion is
commonly cattied out at a SEESigsbfrapthesedt @G"Xlo“ﬂgg’%’f@?}‘eéﬂpémdﬁb bt me of
15 mnutes to several houngazofig0rding to the nature of the gadnyémdyl,matrix.
Anot her i nplenentation techni ﬂ:;e 25 con? sts in mxing the cﬁt:lm ochronme in a
formul ati on of pol yneri sabf-€irtalatkyleardazolse p dusnyl. n Pepsattieny]. x tdieazathienyl. sur f ace
or in a nould, and then caupidi s;tm%@/mg)aamﬁi Sdslyor@presth@z para-

i npl enentation techni ques?l,i anrgggl?ﬁlser s, are descri bggd |)ﬁ@? hehlg]r%ti%l e by
Crano et al. "Spiroxazi nesubsHted phsy! g5e4p 5i n phot ochrom c | enses” published
in Applied fhotochrom c Pl K& @y@gﬁgﬁom%adghmloen@ggnﬁggbuht d - 1992. 30
The follow ng products may be nentioned a,s.exant}l)l es of preferred pol ynmer
materials for forning Fhetinyeaes aliiteke theceedis dethag theyrhaypprrpased. ipisifiedtdfons  of

B 8?12285 ochr om &, CORALNE SoRE fRfetiriphtieRis o Bre iAMDY AR fus® WitMiRa4QR3 VO

carbocycle annelated on carbons 5 and 6, in which route a precursor of the naphthol
type is obtained from at least one ketone which comprises at least one carbocycle and
25  which is allowed to react with at least one alkyl cyanoacetate, the product obtained
being then subjected to a cyclisation.
The invention also relates, according to a second of its aspects, to a method
of preparation, notably of the compounds of formula (I) as defined above. This method
essentially consists in carrying out the condensation :

30 —of at least one compound having the formula (II) below :



PCTNS99/ 20471 17 - those obtained fromal kyl, cycloal kyl, (poly or

ol i go)ethylene glycol, aryl or arylal kyl nonodi-, tri- or tetraacrylates or
nono-, di-, tri- or tetramethacrylates, which are optionally hal ogendt2MARI003
whi ch conprise at | east one ether and/or ester and/or carbonate and/or
carbamat e and/ or thi ocarbamate and/or urea and/ or am de grou -

pol ystyrene, PB¥19P8863&r, pol yester, polycarbonate (e.g. bi sp‘ﬁgm#?%‘m

pol ycarbonate) diallyl diethylene glycol polycarbonate), polycarbanate,

pol yepoxy, pol yurea, polyurethane, polythiourethane, polysiloxane,

pol yacrylonitrile, polyanide, aliphatic ot2aromatic polyester, vinylic 10
pol ynmers, cellul ose acetate) cellul ose tPiHacetate, cell ul ose T

acet at epropi onate or pol yvi nyl butyra t hose obtained fromdifinctional
nononers having the formul a belR w C R~lo CHz IOCCHRI |-CH )m ~ O

(CH -CHR 1 1 O~1-f~-~ cHz O (yPI G gl 015 in which, DR o, Rla,
Rl i and R~ ~ are identical or differenf g@and represent independently a
hydrogen or a nmethyl group ; D m~ and nl e, independently, integers

between 0 and 4 (inclusivey whighf;, K enddy ARLBIRAMI Mpb QR GEERRL! ¥ Kaual to
1 or 2; 20 ~x and X, which are 1dentical or different, are a hal ogen and

represent, preferably, a cloresede andlor a bromine ; D p~ and g~ are,

i ndependently, integers be d i foTie G YRES. at

| east two types of copol Vrr‘tgl\r‘fggg etarg?%nglﬁlqudrag%sgfep\é@emﬁag B;Péragé%it Vel§%)(r?l];eecur sor
nmononers of the pol yners | fostda(IBYpelaw : and preferably those belonging to
the group conprising : (neth)acrylic nononers, vinylic nononers, allylic
nononers, and m xtures thereof. In a particularly preferred manner, the
phot ochrones of the invention are udsd-W®ith resins which have a

nanobi phasi ¢ structure and which argroRtained hy, 0 7 MAR 2003 WO 00l 15628
PCT/ US99/ 20471 18 copol ynerising at | east two |%fer ent, specific

di functi onal nonomers. Such resins have heen described in the French
application FR-A-2 762 8. The anount of photochronme used in the

(co) pol ymer matrix dependsinwybish Ry laed Reeage @@Eﬁﬁeddapﬂééﬁtmfewm tp ¢ fortmsiizal |y,
bet ween 0. 001 and 20% by vg.ght of it is 5 used. Still according to the
fourth of its aspects in rel’ation to the applications of the naphthopyrans
(1) as phot déhrones, anot hthe (dBIHE rongdénsating peirgsaivantagevesiit camed sutaphtehal ni ¢
articles, such as ophthal njc or I i kSI at

| east one conpound (1) accpé?sa?cre]ﬁ??gﬁél%szqiﬁ%é%%{'s?obﬁﬁé br%tf(?a%g'n%% gtgé lé{?rnlr{%(g’ast one
(co) pol ymer and/ or reti cul growp doowprieng pat-tolveasstiphenigaaid,, doficcplnulplmmgawidds) of
the invention ; and/or at I%%stoac%gcea (pot ochrom ¢ conposition as defined
above ; and/or at |east o%’g rix, (as defined supra), of an organic

pol ynmer material or of an dérnarhgarieast oret @ddhgde, devivatenee havidg the Mydatulad(IiInor gani ¢
15 organic terial, said trix initially optionally conprising at |east
one conpound”of the inventl?rgg’ﬁv.' In practice, the articles which are nore
particularly covered by the present Rl>_\

(r)
R, CHO

in which R, and R; are as defined supra with reference to the formula
@;
the (II)/(IIP’) condensation being advantageously carried out in the
20 presence of a metal complex, preferably a titanium complex, titanium
(IV) ethoxide being particularly preferred.
In practice, the reaction of condensation between compounds (II) and (11I)
can be carried out in solvents such as toluene, xylene or tetrahydrofuran, optionally to

which appropriate catalysts have been added.



invention are ophthalmc | enses or photochrom c solar |enses, glazing

(wi ndows for buildings, for |oconotion engines, autonpbile veh| cles)y MAR 2003
optical devices, decorative 20 articles, solar protection articles,

i nformation storage ... The present invention is illustrated by the

Exanpl es whi c\? ﬁw of synthesis and of photochromic valj %EHM .Pf
conpounds of (I%e I'nventi on (naphthopyrans). Said conpounds 0 I nvention
are conpared to prior art conmpounds, C- and Cz . 0 7 MAR 2003 WO 001 15628
PCT/ US99/ 20471 19 EXAMPLES EXAMPLE 1 : S\\I(LI}I'I'HESI S OF COVPQJND (1) OH/ I O~
~CNi ~I ~I 5M0OEOH-~1Ii ~I | i compound (1) Step 1:
The foll owing mxture As fprOhfgccmﬂeniatwhé’rﬁypm@und-ﬁ(“h/mddmm refgpirch alag e - 2- one
{synt hesi sed a A 1956, 4213), 3.9 nm
of et hyl cyanog‘géeat g%rg&r%&éﬁ%wtgﬁenﬁmlg%gn%g%%%cm of acetic acid in 70
m of toluene, is 10 h%a'xtmhmmd&pffoeﬁmlmﬂll)rareﬁmﬂzmtqnhe@mmllleﬁIira&kaxequi pped
with a Dean Stark col #t ¢ (p%mm Correr;'our X g)e uen rlg gl stl I | ed of f
and the m xt ur & &5 &PV ar* (OUFE {gzkf C (acgfc ‘s}ﬁlorﬁ ‘fd

i nt er nedi at & ofnotaylyen lhpmo AT¢6el4|5%manoappmambmrI€he ketofidhie sl frdomttiemiabor isn 50
of toluene and then f||t

i nternedi ate cdi Gi?ﬂoac?r g‘bthf lﬂ’gﬁ'ﬂt P"adf eI?}{Jg%/vaegfzq%g;:8r fs ng &gdt °15"°

Step 2 The fol lwoings rms%uh@mxedzefere@ce@)f Aldaﬁydﬁi ﬂ%iﬁedﬁ@ﬁl(llhﬁaﬁr&&ﬂﬂd BY Step,
3 g of potassium hydroxide in 30.mn 2 @ ﬁlanol is heated at about
200-220C in a FEATaRgemeRtR phieid Bediven (h fy e Giamer 1900 #83) t he mixture is

transferred into a fl askd ssfpduiBNofl REHALIT) Aredd bMABSS accdinkN® P@y?ﬁﬂ%nbs then
di ssolved in 100 mM of water and then neutralised by the slow and

pr ogr essi veltaddFiemsrihoraroshEenstof At F afaperonsraf dnewn methadsThe prefrared

precipitate is gregé;g\gﬁ{ﬂeeqcmﬁeg,us vk bédsw. washed with 4x20 ml of water and
then dried under vacuum at 40C for one night. Yield 90 % 25 Step 3 The

following mxture : 808 rrgof dve product of tdag precedin 'pr 1.05 g of

1, 1 bi s(par a- net hoeﬁy 0 @
(®

.-

presence of a - e_%_lé_ﬂq,g)fm N the

This synthetic route is inspired from the work of Sepiol et al. (Synthesis
1979, 290).
15 From where it ensues that the invention also covers a method of preparing
the naphthol precursors of formula (II), characterised in that it comprises the following
essential steps :

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

(R:) py

20 with at least one alkyl cyanoacetate of formula
CN - CH; -COOR" with R* = alkyl, preferably ethyl, so as to obtain

the intermediate product (Ip,) :



0 7 MAR 2003 WD 001 15628 PCT/ US99120471 20 catal ytic quantity of
bronmoacetic acid in 45 mM of xylene in a 100 m reactor foi 6 hours.n-ﬂ'rﬂ% 0
m xture is then evaporated to dryness and the product is then isolated 5/ 33
chromat ography on silica in eluting with toluene. The purest photochromc
fractions areguepmiiged and are reduced to dryness. After apcruysosnesn
recrystallisation in THF | heptane, 640 5 ng of conmpound ( 1 ) are
recovered in the formof a solid. Its structure is confirnmed by NWR
spectroscopy. EXAMPLE 2 : SYNTHESI S OF OUND (2) 10 The foll ow ng

m xture : 701 ng of the product of ste of the precedi ng Exanple, 930 ngy
PR 1-of is heated under reflux
in the presence of a catalytic Gl f brompacetic acid in 25 m of
xylene in a 100 m reactor for 6
dryness and the product is then isolat py a chromat ography on silica in
eluting with toluene. The purest photochrom ¢ 15 fractions are conbi ned and
are reduced to dryness. %%"ﬁécb‘i’l’s%‘ﬁﬁﬁg@hgm@‘%)‘gﬁ’rté’:‘Bl‘if’%‘idl‘?éﬁ)a%h:the f or m of
a solid. Its structure is confirned by MNWR spectroscopy. EXAVPLE 3 :
SYNTHESI S OF COVPOUND (3) MeO MeO OMe 29 HMO i ~I Owe

M-OWVe' 10Me0l i i OMe conpound (3) StRep < (Ipy)

1- (p- met hoxyphenyl ) - 6- met hoxy- 3, 4- di hydriomapht hal ene derivative

(synt hesi sed according to the nethod adapted fromOg. Synth. Coll. Vol
I, p 729) is convert ed-highaer@@ratume dgoysugtichenf (kpgkto peodise theciaremaudpen®@nt , in
basi ¢ nedi u% of the correspondi ng 0 7 MAR 2003 WD 00l 15628

PCT/ US99/ 20A71 21 bronmohydrin (according to J. Org. Chem 1986, 3407). The
ket one i s then obtai nethelietailean tharvgeleeofithd method aeigilveo immeldi Exainples tvileh epoxy
derivative. Th apht hol derivative of t 1 i.s then synthesi i.n the
same way as be$f8l?°é’7'qg gy &yenlt dﬁﬁd“"‘("ﬁ{gf% HS%?laSP'ﬂtgalcbﬂ?Xﬁeéﬁéﬁei Eﬁgé‘f t he
derivative of thhewofiretadiandthitrepe vifdradivineages in terms of ease of implementation and

1, 1- bi s(p- met haxyphenyl )-propyn-1-of as in Exanple 1. The product (3) is
obt ai ned after ‘5%‘%“?’?‘%& n. Its structure is confirmed by NWR
spectroscopye 1 O EXAMRchrdthg: toSYNRrESIf StOrsgebdy/PdNBbjécd) of the invention is

(co)polymer(s) and/or reticulate(s) obtained by polymerising and/or cross-linking at

least one monomer comprising at least one compound (I) as defined above.
Thus, the compounds (1) according to the invention can themselves be (co)monomers
and/or can be comprised in (co)polymerisable and/or cross-linkable (co)polymers. The

15 (co)polymers and/or reticulates thus obtained can constitute photochromic matrices

such as those presented infra.

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

20 - firstly, novel photochromic compounds which are constituted by the
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 ;

- secondly, novel photochromic compositions which comprise at least one

25 naphthopyran derivative (I) as defined above and/or one of its derivatives,
and/or at least one linear or cross-linked (co)polymer containing at least one

compound (I) according to the invention in its structure. Such photochromic



Compound (4) is obtained by reaction of the derivative internediate of type
Il of the preceding Exanple with the 07 MAR 2003
1- par adi et hyl am nophenyl - 1- p- met hoxy- phenyl - propyn 1-of as in Exanple 1
The product (4) is obtained after purification. Its structure is 15 conf
rmed by NVR GR6hé@scopy. EXAMPLE 5 @ SYNTHESI S OF COMPOUNMRTiSYo AWl OVE OH /
~~O0O\N/ V] ~\ 1 i conmpound (5) 20 Conmpound (5) is obtained by reaction
of the naphthol derivative (50D ng) above (obtained according to the nethod
descri bed by Newman et al., J. Aner. CheE? Soc. 1938, 60, 2947) with the

1, 1- bi s( p- net hoxyphenyl ) -propyn-1-of (560 ng) as in Exanple 1 with a reflex
time of 2 hours. 300Comgosifons sADHEOmHAN (36 )leagh ancopthey phatochtande cpmpoundcaf i on.
Its structure is confj MR ( /15628
22 EXAMPLE G : SYI\I'I'H%E!étIBS ebééOVPQJlEI%?gCg; RRchromit chloMifg, aeticanfor 47

PCT/ US99/ 20471 MeO Qpast dnej stabijlising epentinthesea@dhogrhspmic: comipeunds of another type,

2- (1- napht hyl ) cycl ohex: i i LS. Pr . t] t he
magnesi um deri vati V&%ﬁ?ﬂ@?@%ﬁﬁ%ﬂcﬁ%ﬁx%ﬁ%ﬁ@ v&sgﬂéag’gg%c%ﬁ%hgg%@i(%gcor di ng
t o Takahashb et al . prodetts kinsdirtothe pgyomskilledi theqrt. 617) fol | owed by an
oxidation wth pyrigini chlorochromat e (according.to Cor t.al.
Tetrahedron Lett. 1‘8‘?@" L{g%ﬁ%téx{ ‘?ﬁ&‘}wf %Fsle%tw&r‘{%n%ﬁ‘? ’xfoﬁrﬁ) énagmé?. %Fé’og(}chmmlc

2- ( 1- napht hyl ) eymponhd@xdnienidyendiord aigl/od fcorbinatione yhpleaahionti€ corpogndsfofalfaoni um
acetate, 4 m of aceti aciﬂlin 40 mi dof t ol.uene is$eateﬁl under reflux in
a 100 m 1 ask "REUOP SR PRATHroRicgempowds of aegicr Bt areording: togha,prpr art ase, o

tol uene is th?ﬁarﬁétﬁdriyhéc@ﬁnﬁﬁcfed&ﬂﬂh &&ntgnagiﬁns&féﬁg&lférée&in@[r&hﬁdl@b@d:edgﬁitable )
tenmperature of 200C i s then maintain or, 3 hqurs. e.hot nediumis then
bouped i 1t 0906 BTG ARt Lt POBHAT 5 BB B i PEIEEE Sty
filtration. A peciputbialid i spaddcR b Goletpevideles e Mubice ad@hbml NpHdDcHroRicd Of
cyanat ed naphthol (1p3). Step 2 The follow n ] xture : 3.5 g of the
product of thecﬁ@éggi%bgf@ﬁe, kngwg t?)fhep‘?ffsagéguga Pyte a%tiaad dpssribed ipthepy
n-butanol, is heahed 3t crbRttes AAA33E609) UB-A3238b8 1, 9RG14004 27896, EB-Aour s.

After cooling, the mxture is transferred into a flask and then reduced to
dryness. The p8sté 913) tshEryans §o npbthosnronses iUSoA-Swd 888 1) a9d spiserqzines

neutral i seqdsby ¢ &LOWABHILdPhOSEHEE POy RsdtLar ph MaREARsbRLADI99),
hydrochloric acid. The precipitate is recovered by filtration, washed with

4x20 m of wat étPERé)-t hen dried under vacuumat 40C for one night. The
napht hol (type 1) gafi dofipSsitRl Aestaslg i hOHadibe Siak8 cHinglid: O 7 MAR 2003

- non-photochromic colouring agents which enable adjusting the tint,

- and/or one or more stabilising agents, such as an anti-oxidising agent for
20  example,

- and/or one or more anti-UV,

- and/or one or more anti-radicals,

- and/or one or more photochimic excited state deactivators.

These additives can notably enable improving the durability of said

25  compositions.

The compounds of the invention envisaged within the context of their
photochromic applications can be used in solution. Thus, a photochromic solution can
be obtained by dissolving at least one of said compounds in an organic solvent such as
toluene, dichloromethane, tetrahydrofuran or ethanol. The solutions obtained are in

30 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 subjected to UV.



WO 00/15628 23 PCT/US99120471 Step 3 : The followng mxture : 1 g of the
product of the preceding step, 1.5 g of 1, | 07 MA

- bi s(par a- net hoxyphenyl ) - propyn-1-ol, is heated under reflex in the R 2003
presence of a catalytic quantity of bronpacetic acid in 15 m of xylene in
a 100 m reagifonf@g S S hours. The product is then purifiReniRyoroan
chr.omat ography on silica in eluting with a toluene/ heptane (70/30) m xture.
The purest photochromc fractions are conbined and are reduced to dryness.
After recrystallisation fromtoluene/ hepgiI 230 mg of conpound (6) are
recovered. Its structure is confirnmed b MR s pectroscopy. 1 O EXAMPLE 7 :
SYNTI | ES1S OF GoadmereiNpvery Jowgeoceaatiop|of prpduct ©f the|order pf .01vj0 5P kyorgightinel ( 7)

Conpound (7) way as that described for conpound
(6). For . the§?f§¥19ﬁth§iﬂ6§§%‘%Qg%era?lﬁgdaﬁ%pht hol is allowed to react with 1.1

g of 1,1-bis(para 1’Bxen®nfpomydphmsdix)gr prtbpywenu@f arg ffurtheemaqe eslapatlbleowfvltla _
cat al yt i c quant . atrgrsggpr%%p%ﬁg b&ﬁrﬁ of ﬂo%gmg}n @Ilaltﬁalferﬁ'lemcl ?ﬁ% L uct s

then purified bliP rona T °ca’ e h I'ng w dere hept ane
(80/20) m xtsur matn'Ebﬂspmtlesmthﬂfoﬂmo:ﬂurooanngofsmmatum are conbined and are
reduced to dryness., After recrystalli.sation uene( di i sopr opyl
ether mxture, 800 o’&lth@gi%fﬁ? ‘%? % ou ?g’(,gBt\/og%g]dmvﬁn?gn (TE?IIJ'rOé 0 is
confirmed by Nihisihesiic Splicitiyns, Eé(élbj&thﬁe inveneis st GhicEehvipasiD ( H~
Compound (8) is obtained in a way anal pgous,to that described for Exanple
(6) in 25 allowing the naftefone U‘éff &s qefingdsupra sy ¢ h

1- (par a-di met hyl ami nOphenMJd}orﬂtléhBtQiMde B¥er dird®r reticulble,fas NbfiRd 2003 WO
00l 15628 PCT/ US99/ 20471 24 EXANVPLE 9 : SYNTHESI S OF COVPOUND (9) MO OWve 0

I\ 00 i @0 1 i conpountd(ont RS Re GEPOSYP™-as PINEAARYS n a way anal ogous

to that described for Tﬁ%ﬁﬁﬁ'nﬂer@ﬁﬂl 3 @at&hﬁBﬁth@Go houfids of the invention are in
2- ( 1- napht hyl )cycl opent anone. LE 10 : HESI S OF COMPQU t(10) 0 _

NJ | www | ~factthose in which the ppotwhmrpe is d}sper§ed|umf@'51(l,3btyma of g@)hewgace 0
i nt er medi at e pgma&tfi%seh (%@ﬁoméradn%sdc@gry%%%rmtwef% yigishod as that

described in Exanple npound i s then obtained coupl ing with
1( par a- nor phol i nophenfpljﬂ“{ﬂnﬂomw&nﬁi‘? Q%Sbﬂlf belgwioys ingeodutionbidel compaErdmibl e 1.

Its structyse iR, Ganh rﬂ&%ep%atﬁw%es&w&s@%FB%tly coloured in the initial state and
rapidly develop an intense coloration under a UV light (365 nm) or under a light source
of the solar type. Finally, they regain their initial coloration once the irradiation ceases.

The methods of implementation which can be envisaged in order to obtain such

a matrix are very varied. Amongst those known to the person skilled in the art, the

20  diffusion in the (co)polymer, from a suspension or solution of the photochrome, in a

silicone oil, in an aliphatic or aromatic hydrocarbon, or in a glycol, or from another

polymer matrix, can be cited for example. The diffusion is commonly carried out at a

temperature of 50 to 200°C for a period of time of 15 minutes to several hours,

according to the nature of the polymer matrix. Another implementation technique

25 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 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,

30 The following products may be mentioned as examples of preferred polymer

materials for forming matrices which are useful in optical applications of the

photochromic compounds according to the invention :



0 7 MAR 2003 WD 001 15628 25 EXAMPLE 11 : SYNTHESI S OF COVPOUND (11)
,PCT/US99/ 20471 _ NMez OGHOO i I i i L I 1 I~1 1i Ii Ii I~ 1~ comp@JnEAR 2003
(11) The internedi ate napht hol conpound was obtai ned according to the sane
method as 5 that indicated in Exanple 3, fromthe benzotetral one (obtained
according to AYOEIMSs28 et al., Arch. Pharm 1987, 320, 1110PCTVHEY@4d! of
tetral one. Conmpound (11) is then obtained by coupling with

| - (par a- di met hyl am nophenyl ) - 1- phenyl - propyn- 1- of as descri bed in Exanple

1, followed by a purification by chromatography. Its structure is confirmed
by NMR spectroscopy. 10 EXAMPLE 12 : SYNTHESI S OF COVPOUND (12) Conpound 12
was obt ai ned by readickosbtafedtilom aill@t,@dt&(ﬂiy@,ﬁ@lﬂﬁl@h@d)&hyl@fe ghealymlyEorkryMikyl mono-
1-t hi enyl - 1- phenyl - propyn-1-of as described i.n the Ia}st tep of Exanple 1,
fol l owed by 15 a pur@‘f’it‘i’:'aﬂrit%rﬁa%aat&%?rd‘?%‘t%&f'atﬁhﬁ’f.tetfat‘%et?F‘B’ fep.¥Ch &€ conf i r ned
by NVR  EXAVPLE 13 ;priaXiiliHeiGkesatédor GRMRCLRNE st 128 )eadtlond etherMa@oresee O | | O
conpound (13) 20 0 7 MAR 2003 WD 00l 15628 PCT/ US99/ 20471 26 Conpound 13
was obt ai ned by reaend/asrragpnatengndioncabaaiie AnHornthiorirbrsraly 8BY/S Wetdaccording to
Robi nson, J. sChem : 1390) with

1, 1- bi s( par a- net hox%ﬁ%gﬂé??ﬁ?pépyn- 1-ol, followed by a purification by

chr omat ogr aphy. |t s- plystesner polyethet; opeliyestase dpokyparbivrte 56-35)(&5@49@1%4 . COVPOUNDS

Cl, C2 AND C3 Conparat i o A i - napht hol and

1, 1- bi s(p- met hoxyph%ﬂ%’/ﬁaﬂ\ﬁ&g&og{g@??g&&ﬂl @@%’B@?&f@ﬁ rg&?%}i‘%’imgt%o Corpound C2

is of formula CH O fXDydpbxy;- pelyures; ipolfnwktharie, Golyphimurecha@2 ipslysibwamey ci al |y

avai |l abl e. Conpound 93 iF gqscrilbed in.thhe USmpatent US- A-5, 783, 116.
polyacrylonitrile, ‘polyamide, aliphatic or aromatic’ poly€ster, Vinylic

10 polymers. cellulose acetate, cellulose triacetate, cellulose acetate-

propionate or polyvinylbutyral,

- those obtained from difunctional monomers having the formula below :

Rip CH, Ry
CH, =~ (OCHR,-CH,),, —0 0- (CH,-CHR",,0), ~—=CH,
O CH v (0]
( )p| ) ( )ql
15 in which :
AR, R, Ry and R'), are identical or different and represent

independently a hydrogen or a methyl group ;
Am, and n, are, independently, integers between 0 and 4
(inclusive) ; and are advantageously independently equal to 1 or2 ;
20 AX 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 selected
25 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.
In a particularly preferred manner, the photochromes of the invention are

used with resins which have a nanobiphasic structure and which are obtained by



15 EXAMPLE 15 The photochrom c properties of said conmpounds (1) to (13),

Cl, C2 and C3 were evaluated. 20 Said conpounds are dissolved, at the rate
of 5ng in 50 rnl of THF and the UV-visible absorptions are then m8dsMARI03
(optical path of 1 cnm) before and after exposure to a UV source at 365 nm
The observat iwlgoRksghe tints and the intensities devel opedpdHydiBsarndy

pl acing the solutions in the sun or before a solar simulator. The
properties of these conpounds are given in the Tabl e bel ow. 0 7 MAR 2003
WD 001 15628 PCTNS99/ 20471 27 COVPOUNDSTRUCTURE7~ 1 *~,

2**T1/ 2TI NT(di scol oration) (1) M- oMe381 nnb36 nml6 spinko Il / //(2)Nvb381
nnb72 nnd svi olcenolymerising gf lggst two ditfereny, gpesific difpctionl mep@eerh $8ch resinsdieet \  / MeO

11/ i OVe(4) M- i - : L I/ il/OMe O 7 MAR 20D3
VO 00l 15&3223 28*%%%@3%‘/%&%“ lé%ﬂl[’)ﬁé%ﬁlc%%@% 1

*~. 2**T1/ 2TMT( di scol orThe ipwaynt 5 proteCiviems #sadris e (eQipdymesrmasithe depends uppn  OVE392
unsss tuna svi b beer o0 RuBCHan, AR DUOE i A ERR Gl e s 2
COVPOUNDSTRUCTwb~, | *JL 2**T1/ 2TI NT(di scol oration)(9)MeO _ Owe392 nnf562
6 sred brown\ / ~o Sltih according to the fourth of its aspects in relation to the applications of
the naphthopyrans (I) as photochromes, another object of the present invention is
ophthalmic articles, such as ophthalmic or solar spectacle articles, comprising :

¢ at least one compound (I) according to the invention ;

10 e and/or at least one (co)polymer and/or reticulate formed, at least in part, from
compound(s) of the invention ;

e and/or at least one photochromic composition as defined above ;

e 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-
15 organic material, said matrix initially optionally 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

20  articles, solar protection articles, information storage, ...

The present invention is illustrated by the Examples which follow of

synthesis and of photochromic validation, of compounds of the invention

(naphthopyrans). Said compounds of the invention are compared to prior art

compounds, C; and C; .



i 1 11 (10)~~ _ N396 nnS60 nnmlO svioletl ~ 1ii(11)_ Nwe, 3g7 ,~S84

sblued i il1i(12)381 nns30SO sred\ / Sli i 0 7 MAR 2003 WO 0011 MA&@US
PCT/ US99/ 20471 COMPOUND STRUCTURE ~.1* 7~2** T1/2 TINT (discoloration) (13)
MO Owve 374 nm494 nm26 s red Of ~ 0 C1 MeO OVB 355 nm 496 nm > 100 s

red \ / | Cwéoohisezs OV 368 nm 490 nm 39 s red ~I ~I | |~ gegafdbofobs 369 nm
490 nm89 s red ~1 1 f~ i * ~ max of the band of the |ongest wavel ength of
t he conpound before exposure. ** ~ max of the band of the | ongest

wavel engt h of the conpound after exposur 5 The observation of the
solutions in the presence of solar radiation or Wradiation shows that the
conpounds of the invention have ~, 1 #XAMPRE§hi ch are shifted towards

| onger wavel engt hs (bat hochrom ¢ shift) and fast discoloration kinetics in
conparison to anal ogous conpounds C 1, C2 and C3. 10 0 7 MAR 2003 WO
001 15628 31 CLExMArLE 1 :sySongsmordomybusih@) f ol | owi ng formula (1) (~)~ cn
PCT/ ~S99/ 20471 5 in which R- and RZ are identical or ﬂeiofferera,t.e and

i ndependently represent- hydrogen, - ,a |inear or,branc @ | group which

conprises 1 to 12 car apons, 10- cl oal roup wh onprises 3 to
12 carbon atons, - an r _het exdaryl _gro iLch gonprides in its basic
structure 6to 24 carbon ms or 4 24 carb t ons ectively and

at | east one heteroatom ected frog@’sul phur, ygen and trogen ;said
basic structure being optionally substituted with at | @ onel5substi t uent
sel ected fromthe whole of the substituents givenbel owmandlal 0gen, and
notably fluorine, chlorine and brom ne,+ a hydroxy group,+ a |linear or
branched al Ryl group which conprises 1 to 12 carbon20atons, + a |inear or
branched al koxgegyoup which conprises 1 to 12carbon atons, + a hal oal kyl or
hal oal koxy group correspondi ng respectively tothe (Cl-C 2) alkyl or al koxy
groups above wAhEhoHewing umsxtyre Ut Sef i 3fh [nenylsadrdibyde- HepatnleaeZase and
notably a fluoyQahkyed GRS 10t NHIB & ¥PEJ. Chem. Soc. 1956, 4213), 3.9 ml of ethyl

cyanoacetate, 7 g of ammonium acetate, 3.6 ml of acetic acid in 70 ml of toluene, is
10  heated under reflux in a 100 mi conical flask equipped with a Dean Stark collector for
16 hours. The toluene is then distilled off and the mixture is left several hours at 220°C
(cyclisation of the intermediate of type Ipz). The reaction mixture is then triturated in 50
ml of toluene and then filtered. 7.27 g of a yellow solid corresponding to the
intermediate compound 2-cyano-1-naphthol (structure Ips) are obtained.
15
Step 2 :
The following mixture : 2.0 g of the product of the preceding step, 3 g of potassium
hydroxide in 30 ml of n-butanol, is heated at about 200-220°C in a 125 ml reactor for 6
hours. After cooling, the mixture is transferred into a flask and then reduced to dryness.
20  The paste is then dissolved in 100 m! of water and then neutralised by the slow and
progressive addition of concentrated hydrochloric acid (4 ml). The precipitate is
recovered by filtration, washed with 4x20 ml of water and then dried under vacuum at
40°C for one night. Yield 90 %.

25 Step 3:
The following mixture : 808 mg of the product of the preceding step, 1.05 g of 1,1-

bis(para-methoxyphenyl)-propyn-1-ol is heated under reflux in the presence of a



0 7 MAR 2003 WD 00/ 15628 PCT/ US99/ 20471 32 + a phenoxy or napht hoxy group
optionally substituted by at |east one linear or branched al kyl org)RMARY
group which conprises 1 to 6 carbon atons, + a |inear or branched al kenyl
group which conprises 2 to 12 5 carbon atons and notably a vinyl group or
an allyl gr owp,w?sﬁﬁp -NHZ group, + an -NHR group, R represepusithos! | near
or branched al’kyl" group which conprises 1 to 6 carbon atons, 10 + a: ~R..
-NR. .. group, R and R', which are identica) or different, independently
representing a linear or branched al kyl oup which conprises 1 to 6 carbon
atons, a phenyl glrc_)up optignally substituted by at 15 | east one |inear or
branched al kyl c¥alytg gusRiity pf brgmagsstic 3cig dpndp inaledf xylang it a JAP 5ol rreastas fer, 6-or
representing t qggt ek sk it Ben Biabsaeen ax(&@ammb& ct ﬂq?geﬂgﬁatp@%w a 5-
to 7-nmenbered ring which can conprise at [east one other heteroatom

sel ect ed from skypgegraghylopisilica nrgtuting with tpdusne. Ih¢ purast phasephrone fragjongaré onal |y
20 substituted w 1. ' j 1 J, | Or. al.kyl group
conprising 1 tSXV&B‘E%“f‘E’S rlzlgreaﬁegércg{ﬂ po+dr££yrsr%ﬁ1ﬂae(§: 3 ?/f%%/s tmgs%%ﬁlpm?;ﬁgﬁggtg?ey Iégyyl

group, - anSar algoficompouné(Brrsarciviyd inghofepn of heolal. Ky btrugtuowis confininedby s

Ihi near or br anmﬂ)eg@&porpi{si ng 1'to 4 carbon atons, and the aryl and 25
eteroaryl groups having the definitions given above, or said two
substituents R~ and RZ together form an adamantyl, norbornyl,

fl uorenylidene,, di - 6) al kvl hr. oyl i dene or spiro(G

- C6) cycl oal kyl M&%%ﬁﬁfé eO%?ng&;%égi d group being p 7 MAR 2003 WO
00/15628 PCT/ US99/ 20471 33 optionally substituted with at | east one of the
substituents |ist above for R~ corresponding to an aryl or heteroaryl
oroup Y | Tl Rag gt S AR RGP 7 absruSRant Hrampien Siont |y -
a hal ogen, and niaaifdkapa-ditetBylamigophetyl-04phéte-propyi ROl 8 Beat&@l undar reflWER ItheOl
branched al kyl group ich conprjses, 1 to 12 carbon atons (advant ageously |
to 6 carbon at 8FEgCce of &CqR|C A WoéPrB'i?Bac\ﬂ‘ﬁ a4 Bt it 9B ylene; i & B00Rk hon

atons, - a |ineatofor bhaus ed ki@ Xy ther SraPordll eNAGRIPAIISES plodic® iskBencar bon
atons (advantageously 1 to 6 carbon atons), 10 - a hal oal k

|,
hal ocycl oal kyl ,lsomsﬁégér gsamategrany or lcade plyvieg wigh tolspra dhg %?Sijlpttoepcbmi% kyl ,
cycl oal kyl ,j5al k@eibndhRURMbABP YR alhetlted kS dSMBS! 1B Midhpofld (2§38t One

hal ogen atom notably selected . .
obtained in the form of a solid. Its structure is confirmed by NMR spectroscopy.

EXAMPLE 3 : SYNTHESIS OF COMPOUND (3)

MeO MeO

O
O‘ o

OMe

20 compound (3)

Step 1:
The 1-(p-methoxyphenyl)-6-methoxy-3,4-dihydronaphthalene derivative (synthesised
according to the method adapted from Org. Synth. Coll. Vol III, p 729) is converted into

25 an epoxy derivative by rearrangement, in basic medium, of the corresponding



fromfluorine, chlorine and bromne, - an aryl or heteroaryl group having
the sanme definition as that given 15 supra for R-, R2, - an aral kyl or
het er oar al kyl group, the al kyl group, which is linear or branched, 07 MAR?003
conprising 1 to 4 carbon atons and the aryl and heteroaryl groups having
the same def iyl §gi0g as those given supra forR-, R2, 20 - ap@henos7Or

napht hoxy group optionally substituted by at | east one linear or branched
al kyl or al koxy group which conprises 1 to 6 carbon atons, - an ami ne or
amde group . -NHz , -NHR, -CONHZ , -CONWR, -N~-R ~, or -CO~R . ~~'" R.
... ~R. .,; 325 R R, R' having their respective definitions given
supra for the aﬁ?oﬁ@h%lﬂéﬁ‘i"@i‘}é’ﬁt‘%léﬂg't my 1780 4407 Theetoneis then gptaingd Bt oar yI |
- an - OCORB or r&@@l@gm&hw&acﬁmﬁ&meps%&ﬁsatrve.l ght or branched al kyl
group conprising 1 to 6 carbon atons or a 30 cycl oal kyl group conprising 3
to 6 carbon at okbe maphtholsiseyasive efrtpngdl is then synfhesisesion the wmaeay1as Gefgre.

PCT/ US99120471 34 which is optionally substituted with at |east one of the
substituentslisted above for the values of R-, R2 : aryl or heteroaryl ; or
at Least twoSadf@eént R3 groups together format |east one aromatic or 5
non-aromati c cyelj ¢ | [ I r G Ngs,
optionally corrpr%lo}gP?\Lg'ﬁg%ﬁgf ggﬁs{ﬂ{] éhgbﬁltaar eﬁg{;&gé@g% g%ggee%%ed&? érlglrrrlgtsﬁg Wré'!rhg%p
conprising : oxydeis(p-sathptyphengbrgropin-t-ogamin Exsnpleot. Thegweduan (3 limbeeined ngs
bei ng optional | y,subst i} ut i . ituent selected from

t hose havi ng théﬂe&}e)\?ril nﬁa{“.&l”oﬁgﬁwxi‘é%'a°8’\L}'g’?°§f)by3{§?“?9%§‘§%?g “or heteroaryl
groups which can formR~ and/or Rz ; mis an integer of 0 to 4 ; A
represents: ~a)f ~lR~),  ~(R~). . i Ax), . (A3) (Ra)o (R4)~ ~ (RS) q (Rs)P
(R4 (A-) it P eﬁyg.{% 'Sr?*(n@ﬁ"e&?lﬂ% (As) 15 a the dashed |ine
represents the carbon CS carbon C6 bond of the naphthopyran ring of formula

(I) ; a the a bgnd of ,the nelated r.in A4) .or. (AS) can be |inked
indifferently t orBBt‘?“Bgﬁl}c%g.@?m?dgbycrﬁ?cﬂ?fhg%e é%mfaﬂﬁe Wée‘)ﬁﬁf‘ﬁ%f)ﬁ?fgﬁe ﬂi‘ﬁéheof

}‘o(r]I mul ad( I )I ; ZQre&(c;Eié Examblieckihtlhahe1iplﬁiﬁdihlbmﬁlhmﬁbpliﬁlfrlflﬁﬁ-mfhfgcf-ﬂﬁhﬁ B nched
i ndependently, an OH, an a or oxy. grou ich i i near or branche
and whi ch conpr ?’95%5 i ]?Wlecgr%Sﬁr@f’ﬁn(gyﬁrObﬂ%d%e’i H‘E‘f%ﬁ“%ﬁ?nsﬁuci‘}ﬁ? Bonyl
(CO ; a RS15 Ren@infedy NMREgS€dRtpyl Ndependently 25 - a hal ogen, and

notably fluorine, chlorine and brom ne, 0 7 MAR 2003 WD 001 15628
PCT/ US99/ 20471 35 - a linear or branched al kyl group which conprises 1 to

12 carlion~ at opgsMARKVERIRBKIRcOMPbONB(SFar bon at ons) ,

MeO OMe
o QLS
— X
20 Compound (5) is obtained by reaction of the naphthol derivative (500 mg) above
(obtained according to the method described by Newman et al., J. Amer. Chem. Soc.
1938, 60, 2947) with the 1,1-bis(p-methoxyphenyl)-propyn-1-ol (560 mg) as in
Example 1 with a reflux time of 2 hours. 300 mg of compound (5) are obtained after

purification. Its structure is confirmed by NMR spectroscopy.



- a hal oal kyl group corresponding to the |linear or branched above I7kml
group, which is substituted with at | east one hal ogen atom not abl AR 2003

fluoroal kyl group ; - a cycloal kyl group which conprises 3 to 12 carbon
atons, - a linear or branched al koxy group which conprises 1 to fi carbon
atoms ; - a RiANie#" benryl group, optionally substitutegpctdsholzil east 10

one of the substituents |listed above in the definitions of the radicals R
Rz of formula (1) in the case in which the radicals independently
correspond to an aryl or heteroaryl groue2 - a-NHz~ -NHR, R _. -N ~ |~~~
amino group, "R.. ..-' 15 R R, R' having their respective definitions

gi ven supra f OrEXAMPLEG: ﬁé”’é!%@l"i"?ﬂ@ﬁ?@mdf) the values R, Rz : aryl or

het eroaryl, - a phenoxy or naphthoxy group optionally substit ut ed by at

| east one Iinear or branched allryl or al koxy group which conprises 1 to 6
carbon atons, 20 - a -COR9, -COOR9 or -CONHR9 grolf epresentlng a

| i near or branched al kyl oup conprising 1 to 6 ca atons or a

cycl oal kyl group conpﬂsﬂ-fWS to 6 caﬁbjﬁ atons or a00|enyl or benzyl. group
which is optionally subs @ ) w-t—h st——ene @@ e substituents

| i sted above in the definitions of the radicals g‘;:ﬁ,F& of formula (I) in
the case in which the radicals independently corr&spond to an aryl or

het eroaryl group, - it being possible for two adj asemie@®S groups to
together forma 5- to 6-nenbered aromatic or non-aromatic ring which can
conprise at |east one heteroatom sel ected fromthe group 30 conpri sing
oxygen, sul phurStearid nitrogen ; 0 7 MAR 2003 WD 00/ 15628 PCT/ US99/ 20471 36
anis an integer 0.t0.6 0 1is e S _an i nteger - of
0 to 4 and q i 83 4 aeREpSistonGiapdpe Fovali R ronded Bueon T SeCuRAr ¢ o

V\Ihhi Chdi n (A-) al@ﬁiva(lﬁe?))f nbio&loi%ﬁﬂlthaleﬂiﬁ \yltﬂ Epo&hﬁycl@ﬁ@cﬁnd (covkdigdtoalakhi@siiter t Wo  Of

t he adjacent R3 s ent s e aronptic Qr non-aromatic
cyclic group hé’(n “g‘ ‘i’f”hg‘}sé‘“r S%] 8r Qof%ﬁﬁ‘f’?doﬁ%llaf‘yoxﬁ O WippyTigiuym
conprising at Icsmbmam@tel(@b&a@gtom@@b @ICT@ﬁhédfr&mdtthBﬂgfmn corrprl sing :
oxygen, sul phur_and nitrogen, this or these annel ated rings bei

optional Iy Qubdiefatiewing, mixtusg © | &4 of fell Dapepydeyrlohexangpes ct- 3 @ 1°F cﬁﬁhyf hose

havi ng the def Icydnbacefatel 4Q & MgRondl0 ¥Rt hiher aelid add wmmw/ef fueh@ns f orm R,
andlor RZ. 2 - %Pounds accordi ng%ato claiml, of fornula in which A

corresponds t o heaied wderrefluxima A90mbfipsk pqpinpeq with a Dean ek caléecﬂ’éfff”r%@“fsn claim

1. 1 83 - Corrmblmx@en@qscmexdu@ﬁuemfpml 1% glof &ktafridenas @dc(eh)A'tE}nﬂéﬂit\QQ of\
corresponds to one of the annel ated rlng {A3), (Aa (As) as defined in

claiml. 4 - C3RpEUAdhen mainsaipndfer 3 bousmnf %h@ rm’duem it mwree ingo 289 md of ul a
(1) in which atyleand meorafl pridifitaRdl 268Rled 73 BRAKRS tAOQe%hJ@ﬁﬁlsaftfaﬁ Al | east
one aromatic or non 20 aronatic cyclic group having a single ring or two
annel at ed ri ngsthaegbenableaphtyiniog ipeios eyappietnapkeb@iipone het er oat om sel ect ed
fromthe group conprising : oxygen, sulphur and nitrogen, this or these
annel ated rings being optionally substituted with at | east one substituent
sel ected from Spge having the definition given in claim1 for the aryl or

het er oaryl grozfpéfdm.\av trgiﬁﬁﬁréc%%%‘fﬂ{%%&%t&he cedin s%@gtagﬁﬁtfa?sﬁﬁprd' ng

to any one of ai s , acterised 1n that the ornmula (1)
in which - 28 , hijifoxideini2d e of whitanot, lﬂleﬁtf:‘bat@h@ut3%23Q‘iﬁetpeh%ﬁemltrbgctqr,efplr835ent

t | b ¢ f
opt Lonal 1y SUDsbl{ e ARH B BLNLc B Uy JERLRS] UGIMLES O
furyl, benzof uffht pasth iselrenafisselydd in NOQ @1 -oCopwf hm@thclanbambdeé byttllm |ow land

benzot hi enyl , %{'o%reegszl\%tath%gx lof concentrated hydrochloric acid. The precipitate is recovered by

filtration, washed with 4x20 ml of water and then dried under vacuum at 40°C for one

25  night. The naphthol (type II) is thus obtained in quantitative yield.



0 7 MAR 2003 WD 00I 15628 PCT/ US99120471 37 julolidinyl groups ; R and/or
RZ advant ageously representing a pai a- substituted phenyl group ; - Oclr M&R 2003
and R2 together forman adamantyl or norbornyl group. 5 6 - A nmethod of
preparing the conpounds of forrmula (I) according to any one of clains 1 to
5, character{gagidehs that it essentially consists in carryiragusssizoite
condensation ->of at |east one conpound having the formula (11) below H
(R3)m 10 in which R3, A and mare as defined supra with reference to the
formula (I') ; -i with at feast one derivagive of propargylic al cohol,
having the fornula (111) below R~ R off ~~ cm H 15 in which R and R2 are
as defined supr#Bdth reference to the fornula (1) ; the (11}/(111)°

condensati on befRUfMNARt ABARKIS 1Y gCoff iHeCBrodutt oMtHeNBretafzeRES 05 @ of
catal yst, this catal yst being pr eFer ably selected fromthe group conprising
par a-t ol uenesul lphb'ﬁﬁpéfamftﬂ’?‘yﬁé‘ﬂgdy?ﬁmlrﬂio‘ﬁihéat%il‘lﬂ‘mZGﬂ}i’héP Beorsseceof &8 acid,

or with at |eash,phe qEAnR@héa(fﬁgo%gaﬁétM%idVﬁ’ 15haY bN@y1dden faofd@}]}hlare]éét(lrlfo) sbel ow

R~ (I'Il") CHO in whic _ are as defined supra with reference to the
formula ZS () hours. Ghey profirt 29 0en \nifixgl bys elrgmmogranhgony siticp7in d@inghwith a

(re)ys(¢rrrt) co | [ adva ?Hgﬁ ey : ' @Ag sence
of a netal con&?@%,&mﬁét%gé?ggﬁgn lgﬂ?téi ?fz]in U%PE%&%%%& ? ?Ctngirﬁ ﬂ%??ﬁtl ed(%'%’ oxi de
bei ng parti cul ard yeducedf ®r deydess. SAffer- refiystallisatibn dreac ganehefhgptore, B&Img 6f
characterised in _that the startji o nq [m r ) is produced by
carrying out t H&™P %lfnfi(gékliaﬁegrgcé’gesr%edh? ?Satﬁ‘%{s‘?ee'ggo - ?Jeb cﬁ‘n’%%p éc?*m%fo%'r ecursor (I1pl)
of formula 0 (R7)n ~ (1P1) Awth at |east one al kyl cyanoacetate of

I)g{g?lnat %g ]Ca,:lt e&%%%g%ﬁ)pfﬁgguﬁ@%m(ei)eia?llé gt hyl, so as to

| o M,O om
3 “ 1]
N . QO‘ o % 0‘

compound (7)

Compound (7) is synthesised in the same way as that described for compound (6). For

the last step, 1 g of the naphthol is allowed to react with 1.1 g of 1,1-bis(para-

15  methoxyphenyl)-propyn-1-ol in the presence of a catalytic quantity of bromoacetic acid
in 20 ml of toluene. The product is then purified by chromatography on silica in eluting

with a toluene/heptane (80/20) mixture. The purest photochromic fractions are
combined and are reduced to dryness. After a recrystallisation from a
toluene/diisopropy! ether mixture, 800 mg of compound (7) are recovered. Its structure

20 is confirmed by NMR spectroscopy.
EXAMPLE_8 : SYNTHESIS OF COMPOUND (8)
Compound (8) is obtained in a way analogous to that described for Example (6) in

25 allowing the naphthol derivative to react with 1-(para-dimethylaminophenyl)-1-phenyl-
propyn-1-ol.



2- thermal cyclisation of (Ip2) leading to the internediate (1p3) Hww.i~
(R\)m/ ~ (1P3) A | S 3- high-tenperature decyanation of (Ip3) to pbddAR&003
the internediate (11) 8 - A (co)polyner and/or reticul ate obtai ned by

pol ynmerising and/or cross |linking at Least one nononer constituted by at

| east one conﬂ'&%ﬂ“&&cor ding to any 20 one of clains 1 to PCTAS99/20471

phot ochrom ¢ conpound characterised in that it is constituted by a conpound
according to any one of claims | to 5, or by a mxture of at |east two
conpounds according to any one of clains 34to 5 or by a m xture of at |east
one 25 conpound gl aims 1 to 5 wth at |east one

ot her phot ochron%%b%%gggéﬁgﬁ%@j@&%e and/ or at |east one )

non- phot ochrom ¢ col ouri ng agent. 0 7 MAR 2003 WO 00/1 5628

PCT/ ' US99/ 20471 39 10 - A photochrom c conposition, charagterised in that
it conprises - at |east one conpound accqrding to”é ¢ of claine 1 to 5

; - and/or at |east one I|i roor crosgcJiy nked (co) #¢r having inits 5
structwe at | east one co (") ac ng to any ofigg of clainms |I toy; -
and, opiionally, at |east>~eneother-photaochrormi c pound of anot her type

and/ or at | east one non-photochrom c col ouring ag and/ or at feast one
stabilising agent. 10 11 - A (co)polynmer matrix, characterised in that it
conprises - at |east one conpound (1) according to°ere@®ne of clains 1 to

5) - and/or at Cemptundi® icobpiaal in DWaRERMEHsNG tha debdbin %ngar&,gé‘?éﬁ{l ?th

| east one copol [ /.0 ticylate according to claim

matrix accorgi nég{ar}ﬁ%g%%n?%'ﬁgtﬁﬂkéa%%?‘]“&ed in that the (co)polyner(s)
which constitute it is (are) selected front the following list - those
obt ai ned from al.kyl . cycl oal kyl, oly or oligo)ethylene glycol, aryl or

ai yl al kyl nono ’-"%/M'i '%’BYNTH@%/’FQE\&&W Ned1®r nono-, di-, tri- or

t et ranet hacayl ates, which are 20 optionally hal ogenated or which conprise
at | east one ether and/or ester andlor carbonate and/or carbamate and/ or

t hi ocar bamat e and/ or urea and/ or am de group) - polystyrene, | yet her,

pol yester, polycarbonate (e.g. bisphenol-A polycarbonate, di yl

di et hyl ene gl ycol paoky s@ Hoxy, pol yurea,

pol yur et hane, pol yt ey L t'rile, polyam de,
aliphatic or aromatic i @ @ lfulose acet at e,
cellulose triacetate, c [ vinyl butyral, -

t hose obtained fromdif ul a bel ow 30 07
MAR 2003 WD 00/15628 P

compound (10)

10

The intermediate phenanthrol was obtained according to the same method as that
described in Example 3. Compound (10) is then obtained by coupling with 1-

(para-morpholinophenyl)-1-phenyl-propyn-1-ol as described in Example 1. Its structure
is confirmed by NMR spectroscopy.



CHz ~ (CCHR-CHZ)m~ -OCH3 0-(CHZ CHR W~WCH2 p ( )P CH3 "~;)g~ O.in 03
DRo RIlo, R11 and R 11 are identical or di fferent and represent 07 MARZUU

i ndependently a hydrogen or a nethyl group ; 5 0 m and n~ are,

i ndependently, integers between 0 and 4 (inclusive) ; and are

advant ageous™P ©0d8@pendent |y equal to 1 or 2 ; DX and X', RGH{USPP/24¢#7d
identical or different, are a halogen and represent, preferably, a chlorine
and/or a bromine ; Dp, and q, are, independently, integers between 0 and 4
10 (inclusive); - copolyners of at |east 26wo types of copol ynerisable

nmononers sel ectged fﬁQ'gW:ﬂ@ xFB?EHﬁ?cﬂfND"(PﬂO”erS of the polyners |isted
supra, and pre f'era'%ﬁé‘y—r hose onging to the group conprising :

(meth)acrylic nononers, vinylic nmononers, allylic nononers, and m xtures
thereof. 13 - An ophthalmc or solar article conprising - at |eagt, one

conmpound (1) according to any one of clainms 1,05 - and/ | east one
conposition according to cl ain | east one (ca)pal yner and/ or
reticul ate accor diyig) to cl ailg | east one rﬁat| i X according
to one of clains or 12 ordi ng gl om | 3,
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absorptions are then measured (optical path of 1cm) before and after exposure to a UV

source at 365 nm. The observation of the tints and the intensities developed is made by
placing the solutions in the sun or before a solar simulator. The properties of these

compounds are given in the Table below.
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* A max of the band of the longest wavelength of the compound before exposure.

** X max of the band of the longest wavelength of the compound after exposure.

The observation of the solutions in the presence of solar radiation or UV
radiation shows that the compounds of the invention have A1 and A2 which are shifted
towards longer wavelengths (bathochromic shift) and fast discoloration kinetics in
comparison to analogous compounds C1, C2 and C3.
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+ alinear or branched alkyl group which comprises 1 to 12 carbon
20 atoms,
+ a linear or branched alkoxy group which comprises 1 to 12
carbon atoms,
+ a haloalkyl or haloalkoxy group corresponding respectively to
the (C,-C},) alkyl or alkoxy groups above which are substituted
25 with at least one halogen atom, and notably a fluoroalkyl group

of this type,
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group,
R' and R", which are identical or different, independently
representing a linear or branched alkyl group which comprises 1
to 6 carbon atoms, a phenyl group optionally substituted by at
15 least one linear or branched alkyl or alkoxy group which
comprises 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 nitrogen being optionally
20 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, which is linear
or branched, comprising 1 to 4 carbon atoms, and the aryl and
25 heteroaryl groups having the definitions given above,
or
said two substituents R; and R; together form an adamantyl,
norbornyl, fluorenylidene,  di(C;-C¢)alkylanthracenylidene  or
spiro(Cs-Ce)cycloalkylanthracenylidene group ; said group being
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optionally substituted with at least one of the substituents listed above
for Ry, R; corresponding to an aryl or heteroaryl group ;
e Rj3, which are identical or different, represent, independently :
- ahalogen, and notably fluorine, chlorine or bromine,
5 - 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 alkoxy group which comprises 1 to 12 carbon
atoms (advantageously 1 to 6 carbon atoms),
10 - a haloalkyl, halocycloalkyl, haloalkoxy group corresponding
respectively to the alkyl, cycloalkyl, alkoxy groups above, which
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
15 supra for Ry, Ry,
- an aralkyl or heteroaralkyl group, the alkyl group, which is linear
or branched, comprising 1 to 4 carbon atoms and the aryl and
heteroaryl groups having the same definitions as those given supra
forR;, Ry,
20 - a phenoxy or naphthoxy group optionally substituted by at least
one linear or branched alkyl or alkoxy group which comprises 1 to
6 carbon atoms,
- an amine or amide group : -NH; , -NHR , -CONH, ,
-CONHR,
R
-—N\ | 1 or —CON: )‘
25 R"~ R" .~
R, R, R" having their respective definitions given supra for the
amine substituents of the values Ry, R; : aryl or heteroaryl,
- an -OCORg or -COORg group, Rg representing a straight or
branched alkyl group comprising 1 to 6 carbon atoms or a

30 cycloalkyl group comprising 3 to 6 carbon atoms or a phenyl group
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which is optionally substituted with at least one of the substituents-
listed above for the values of Ry, R; : aryl or heteroaryl ;
or
at least two adjacent R3 groups together form at least one aromatic or
5 non-aromatic cyclic group having a single ring or two annelated rings, A
optionally comprising at least one heteroatom selected from the group
comprising : oxygen, sulphur and nitrogen,
this or these annelated rings being optionally substituted with at least
one substituent selected from those having the definition given above
10 for the aryl or heteroaryl groups which can form R, and/or R; ;
e misanintegerof0to4;

e A represents :

- o G .

(A (A) (A9
. -7 (R4 )o
(R,
& o
(Ry)p Ry,
A) (Ay)

in these annelated rings (A)) to (As) :

15 A the dashed line represents the carbon Cs carbon Cg bond of the
naphthopyran ring of formula (I) ;

A the o bond of the annelated ring (A4) or (As) can be linked
indifferently to carbon C;s or to carbon Cy of the naphthopyran ring
of formula () ;

20 A Ry, which are identical or different, represent, independently, an
OH, an alkyl or alkoxy group which is linear or branched and
which comprises 1 to 6 carbon atoms or two of the R4 form a
carbonyl (CO) ;

A Rs, R and Ry represent, independently :

25 - ahalogen, and notably fluorine, chlorine and bromine,
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- a linear or branched alkyl group which comprises 1 to 12 carbon-
atoms (advantageously 1 to 6 carbon atoms),

- a haloalkyl group corresponding to the linear or branched above
alkyl group, which is substituted with at least one halogen atom,
notably a fluoroalkyl group ;

- acycloalkyl group which comprises 3 to 12 carbon atoms,

- a linear or branched alkoxy group which comprises 1 to 6
carbon atoms ;

- a phenyl or benzyl group, optionally substituted with at least
one of the substituents listed above in the definitions of the
radicals R, Ry of formula (I) in the case in which the radicals

independently correspond to an aryl or heteroaryl group,

- a "NHZ, 'NI_IR,
’ R...
—N N \) amino group,
Rn -

R, R', R" having their respective definitions given supra for the
amine substituents of the values Ry, R; : aryl or heteroaryl,

- a phenoxy or naphthoxy group optionally substituted by at least
one linear or branched alkyl or alkoxy group which comprises 1
to 6 carbon atoms,

- a-CORy, -COORy or -CONHRy 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 or
benzyl group which is optionally substituted with at least one of
the substituents listed above in the definitions of the radicals R,
R; of formula (I) in the case in which the radicals independently
correspond to an aryl or heteroaryl group,

- it being possible for two adjacent Rs groups to together form a
5- to 6-membered aromatic or non-aromatic ring which can
comprise at least one heteroatom selected from the group

comprising : oxygen, sulphur and nitrogen ;

& ()-

p10% & ()- ( pl0% & ()- ( pl0% & ()- ( plO% & ()-
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A nis an integer of 0 to 6, 0 is an integer of 0 to 2, p is an integer of -

0to 4 and q is an integer of 0 to 3 ;
with the condition according to which in (A;) and (A;) n is zero only
in the case in which at least two of the adjacent R; substituents form
at least one aromatic or non-aromatic cyclic group having a single
ring or two optionally rings, optionally comprising at least one
heteroatom selected from the group comprising : oxygen, sulphur and
nitrogen, this or these annelated rings being optionally substituted
with at least one substituent selected from those having the definition

given above for the aryl groups which can form R, and/or R,.

2 - Compounds according to claim 1, of formula (I) in which A corresponds

to one of the annelated rings (A;) or (A;) as defined in claim 1.

3 - Compounds according to claim 1, of formula (I) in which A corresponds

to one of the annelated rings (A3), (As) or (As) as defined in claim 1.

4 - Compounds according to any one of claims 1 to 3, of formula (I) in
which at least two of the adjacent R3 groups together form at least one aromatic or non-
aromatic cyclic group having a single ring or two annelated rings, optionally comprising
at least one heteroatom selected from the group comprising : oxygen, sulphur and
nitrogen, this or these annelated rings being optionally substituted with at least one
substituent selected from those having the definition given in claim 1 for the aryl or

heteroaryl groups which can form R, and/or R,.

5 - Compounds according to any one of claims 1 to 4, characterised in that

they are of formula (I) in which : |
- Ry, R; are identical or different and independently represent optionally
substituted aryl or heteroaryl groups the basic structure of which is
selected from those of phenyl, naphthyl, biphenyl, pyridyl, furyl,
benzofuryl, dibenzofuryl,
N-(C,-Cg)alkylcarbazole, thienyl, benzothienyl, dibenzothienyl,
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julolidinyl groups ; Ry and/or R; advantageously representing a para--
substituted phenyl group ;

- orR; and R; together form an adamantyl or norbornyl group.

5 6 - A method of preparing the compounds of formula (I) according to any
one of claims 1 to 5, characterised in that it essentially consists in carrying out the
condensation :

—of at least one compound having the formula (I) below :
OH

W)
O,

10 in which R;, A and m are as defined supra with reference to the
formula (I) ;

— with at least one derivative of propargylic alcohol, having the

formula (IIT) below :
R R,
0H>\ (m)
H
15 in which R; and R; are as defined supra with reference to the formula
@;

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

presence of a catalyst, this catalyst being preferably seiected from the

group comprising para-toluenesulphonic acid, dodecylsulphonic acid
20 and bromoacetic acid,

or with at least one aldehyde derivative, having the formula (II’)

Rl
>:\ ()

R; CHO

below :

in which R, and R; are as defined supra with reference to the formula

25 {@;
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12 - The matrix according to claim 11, 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 arylalky! mono-

, di-, tri- or tetraacrylates or mono-, di-, tri- or tetramethécrxlates, which are
20 optionally halogenated or which comprise 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,
25 polyepoxy, polyurea, polyurethane, 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 below :
30



, 10%VBME' ()- (10%BM&' ()-bcdg}bA410MBM &F 1098 '3 & ()- f10% *: & ()-

"@o0% *: & ()- s310% *: & ()- Y( 0% *: & ()- 10MSMLOMBM OR| [ : A410M5M () 7 MAR 2003

10% *: & ()- 10% :& ()- #10%*j & ()- . 10%iu& ()- & 10% & ()-

& 10% *: &' ()-X | [: AMA1OMBM S y#10% #: & ()- JS y#10% # & ()- @ y#10% *F

& ()- . ()- #910% *: & ()-U gl09% (] & ()-U vU4 M& () -

&rrilo%vt‘ﬁl\/& %QB/M&I%O :10:*: S510% *: & ()- 410% *: & ()- wﬁ%ﬁ%

y#10%¢&'()-lo7f{|[ vU410 109BME ()-f  MLOYBVBME! () - 1ocy<>">&'()

10%BME' ()- el0%s S& ()- ! S10%VBME () - /l ||[ vU410 ! 10%vBME () -

f 109m3$h& ()-S f10%WE ()-S 10%VBME () - MN&() 10%\/$|v&§) | Ap| | [:v U410
.- (

'10%VBME () -S f &MBRRQUVBME' () - $10% # 1090VBME! 1%V VR ()
SLOMMBNE ()] | |CH, FHHEGOCHR, :OPBVEOL S 45 TR s

10%vBME () - 10%BME'Q)-f f, 10%vBME (X -ZC}NO mal " " Heading 3&]c" " Head| ng
23] ¢c" "Heading 33]c" "Heading 43]c" " Headi ng 53] c" "Heading 63]c" "Heading
73] c" "Heading 83]c" "Heathiwigehd3] c" A " Def ault Par agraph Font

f R&6+07' Aul MRS_Z' cmt hz\ P#Y "E&( A‘V

| " #SYR () *+, -. 701w 5AIQ i s ﬁw’ Ry & “ﬁ‘»éﬁ ?592 °8“7 fééqff '°P’°S°“t

t =?A&DFG3! NKLLMNPQSTU{ V; V\t\ﬁbaebé\manuy#édﬁarbgwer@/mﬂtyl wiswB] } } d~#ER hoi  zv* CEK;
ENTZdj q$* 09[ hov4DKQWi ) 07=Cl Q OFLV\]dj P*06Z! \ az=b! | | 23456789:

<= >’7@\BCDEF%-]-1I JKLM\ICPQ?STU\/W(‘Y 1™ bd@&f}#ﬁ“m rfﬂ&ﬁ%fdﬁ sﬁemﬁ{alﬂ?

| "HEOR () *+, -./0123456789: ; frichd@)BGhdats ﬁ@%nt%%éﬁqﬂﬁébéﬁdeﬁﬂlﬂa%'t@loﬂ\iew h Root
Ent r yWor dDocurrent P"#$UR' () *+,-./012345678

<=>7? @\BCDEFGHI JKLMNOPQRSTL J\A’&(YZ‘[ V4, ~whielt, atg ciflegirg] L rdifSsent.sara avbajogen pnd

" #39& ()*+,-./0123456789:

)CHR$

' feral hlo
<=>? @\BCDEFGHI JKL NNOPQ?STU\%WET’K pryferably. & chjorine %&’6%’?’3? Uvwxyz{ |}~
" #B9& ()*+,-./0123456789: A’:;x?’P@Bq;I:)EﬁG-ihdbpendently, integers between 0 and 4
10 (inclusive);

- 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.

15
13 - An ophthalmic or solar article comprising :
- at least one compound (I) according to any one of claims 1 to 5,
- and/or at least one composition according to claim 10,
- and/or at least one (co)polymer and/or reticulate according to claim 8,
20 - and/or at least one matrix according to one of claims 11 or 12.

14 - The article according to claim 13, characterised in that it is constituted

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



