WD 99/ 23071

PCT/ US98/ 21930 ) [ 1 NDOLE] HAPHTHOPYRANS, PREPARATI ON, COWMPOSI TI ONS
AND ( CO) POLYMER MATRI CES CONTAI NI NG THEM SYNTHESI S

| NTERVEDI ATERg 9972307 The present invention repgiBsoskanovel

[i ndol e] napht hopyran conmpounds whi ch have, in particul ar;
photochrom ¢ properties. The invention al $o relates to: 5

conpounds, synt hemﬁ)m S .PRIFHRAPIOR! enommonsmmh@nmmatlon
of said [indol e] napht hG@YRIEAS CONTAINING THEM, SYNTHESIS NNTERMEEIP@ESLi on  of
said synthesis internediates and said [ i ndol e] napht hopyr ans;
- photochrom ¢ conpositions and photochrom c ophthalmc articles (lenses
10 for exanple) which contain said [indol e] napht hopyr ans.

The phot ochrom c corrﬁ‘bcl [peksent igveptpatelaesab xmhdr{@idn@]xm;ﬂitbupynmdmmpbﬁmis

i nfl uence of ap or .nMmno- hr tic lLight or n
returning to idh havgdg ParP A ‘gﬁ%@ﬁoﬁc '%/ﬂ%eﬁt et e'ﬁvﬁflﬂ %lfﬁﬁﬁ %4ti on
ceases, or ungder the-tathpourdss eyntifesis mtermedxateﬁ;rmmhaﬁrblmﬁeﬁand/tlﬁfprapamby or
nono- chromatlc light different fromthe first. 15 The

phot ochr omi ¢ corfi&tif adqlslpphtigpyarsat i ons in various fields, e. g. for

the manufacture of ophfhal@farlfNSEs, sﬁﬂnt%ﬁxeﬁ?nﬁﬁé ea&ltégr Bdot eghi on

gl asses, filters, camera optics or ot ograp I C apparatus optics or
ot her opti cal de{mdcleklapmhbpyrans observati on devi ces gl azi ng, decorative
objects, bill element

f ornat i tora opti cal
inscription (coding)’P - ph ?cfbmmlc °°mp°smP'?‘F af’ﬂgh?t?cé’f%n“éf’p gcé (G%stcf’cs and
in particul afp t h&ﬁmﬁkmhlﬂi;cdnfa&dﬁld [@ndole]naphthopyhi@b.ochr om c | ens whi ch

corrprl ses one or ﬁ phot%ghr om ¢ conpounds mnust hav

a high transni ssi omtq RRYIPRATOTHE SARBOWSKS gre; $aRhle PE changing color under the _ a
| ow transm ssi Orinf(déh&*bfﬁ%b@f &Qhédo@&on&’d?i@%@ht?@k’%r éxﬁﬁxﬁﬂ)é’ﬂd&@emmm@'@o _
- adapted coloration and discol oration kinetics, tint
acceptabl e to t ieircnitaleplor When s lomironsiradistiert esasels) gr)undgprthe influence Of
preferably a maiht ; A ion and the
di scol orati on oft tﬁ?ghﬂ}g%sc?& anQFy gmg&n(:&érﬂ%mg@%%%éeﬂngrﬁglce}hgfé{'he _
per f or mancests t he pr Tlpephvtoelromiv ¢dmpousistfadpeplattions in varRAs fields, e. g. for r ange of
0-40[err]C,

the manufacture of ophthalmic lenses, contact lenses, solar protection glasses,
filters, camera optics or photographic apparatus optics or other optical devices and
observation devices, glazing, decorative objects, bill elements or even for
information storage by optical inscription (coding).

20 In the field of ophthalmic optics, and in particular the spectacles trade, a
photochromic lens which comprises one or more photochromic compounds must
have:

- a high transmission in the absence of ultraviolets,

- a low transmission (high colorability) under solar irradiation,

25 - adapted coloration and discoloration kinetics,

- a tint acceptable to the consumer (gray or brown preferably) with
preferably 2 maintenance of the chosen tint during the coloration and the
discoloration of the lens,

- a maintenance of the performances, the properties, within a temperature

30 range of 0-40°C,

SUBSTITUTE SHEET (RULE 26)



2 - asignificant durability, since these abjecti-ves sought
after are sophi sticated corrective | enses and therefore

expensi ve. These | ens characteristics are in fact determ ned by
the active wgogps@iot ochromi ¢ conpounds which they contai pergRsgRasseds which
must 5 furthernore be perfectly conpatible with the organic or inorganic
support which constitutes the |ens. Moreover, it is to be
noted that obtaining a gray or brown tint” may necessitate the use of
at | east two photochrones of different colors, i. e. having di stinct
maxi mal absor ption wavel ecng.t hs in R@f VIi.Si bln‘ﬁ' Thi s tassoci a,ﬁthi o& further 10
i nposes ot her requi referftSHEARY ﬁ!grab o8fif% ??%81’1’5 tisSOUBh BaFL i%%ul ar

t he col orati on apghisticatealcorréttive Rnies afd thefdé edpafisivtd. Wo or nore)

associ ated active phot ochrom ¢ compounds _nmust be . essentially .

i dentical . The same Hipt i kes rprackastics are @y £ | detgrmiedh by die A5HVeal so for
their conpatibi phdidchfdchib @ompiibts Cwhich! M¥yIaBhGin; comSHRBROT Iwhich > must
Anongst the nunerous photochrom c co ouna/s described in the prior

art, benzopy$ anfirthemhare phperésstly aerapatille wich thetasgrnighorcinorganic genportiwhaeh i n

pat ents or . ‘rﬁfétstl%ﬁalsi cations US-A-3,567, 605, US-A-3,627,690,

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

US- A-5, 429, 744, US- AVbredtet, 844,10 be notelf-thet dbtdfiBg &l dray WD Bro®h 0382, FR- A-
2,718,447, WO A-96 14596, WO A- ., 20 97 21698 and.in the Research,

i ol bsur e No. BSSSHISSIR v a0 1R watpefrpmed of eyl Sotots - <. faving

[err] distinct maximal ab§tStonCWIRRUAES i thai vidible, Tk iaSdoViatibIE further
specifications defined above. In 25 reality, if these compounds really do

have one or !fror EARSES HBETyEGTIETSRIS Ry thy @hotockiromicoingrpourds dn pamigelpr. 4 a hi gh
transm ssion i NedifigriG 3D WscOlbratibh "@Ndied SF h@MvP oP ildte) associated active

photochromic compounds must be essentially identical. The same applies for their

stability with time and also for their compatibility with a plastic or inorganic
support.

IS Amongst the numerous photochromic compounds described in the prior
art, benzopyrans and naphthopyrans may be cited which are described in patents
or patent applications US-A-3,567,605, US-A-3,627,690, US-A-4,826,977, US-A-
5,200,116, US-A-5,238,981, US-A-5,411,679, US-A-5,429,744, US-A-5,451,344,
US-A- 5,458,814, WO-A-95 05382, FR-A- 2,718,447, WO-A-96 14596, WO-A-

20 97 21698 and in the Research Disclosure No. 36144, which are of the formula

below :
Rl R2
11
R6_.
RS R3
R4

These compounds claim to satisfy the specifications defined above. In
25  reality, if these compounds really do have one or more of the basic properties

sought after, such as a high transmission in the absence of ultraviolets and a high



3 colorability under solar irradiation, none of the conpounds

described hitherto * have the conpl ete conbi nati on of the properties
sought after which are necessary for the production of satisfactory
articles whi Q%ane manuf actured i ndustrially. | npERUsoBLIshEr , None
of these cor?g undsis intrinsically gray or brown and the 5 necessity of
usi ng an additional photochrone in order t9 obtain one of these two

tints does subsi st. Several conpounds having two intense and
nore or | ess conplenentary absorption bands in the visible have been
descri bed (WO A- 3 : : afds LiadolidfedShi ed in
the yel |l ow oranggcgg#gj ?g)u'? %%Il\??dgluté%}?% oﬂ'efm mv%??ﬁﬁgﬁegtdﬁégh%dr glghlé and

(yellow) is far |hessthertmplste cambinatom ofttaprbpertyes sbughhatee whinhpouredsssary s -

ALt hough the. gendrate PERRaPAST sege e T df M bk Ak indugralys g

i ncl udes [i ndol e]ingaRichianwoanst tese Borhpovddd B] inripkitAyPatER0S biow@ andtthe
described in this prior ar% .docunent insofar, as %}?éd doc Frent does not
i ndi cate any et FBEESHIY cf3ising &) aediunal phatockeame 1p iOFigh Fog ‘E)PPFO%&)J‘ Hhswo

[ I ndeno] napht hopyhankeadsigf f ectively descri bed in said docunment but
no nmeans of access to the [indol e] naphthopyrans is suggested. It is to
the credit of the AppBSévseashcompounds bavingoposiagnssiand rorpeniess edmplementatcess

(an efficient sy [ ﬁ)e,ggg VST edg ' e of
conpound possess%is)&g%io?ib%grg y a v%%%gggeouggép@gé)gg?r%ré Eggﬁ%gé‘?sfﬁ‘i@ Mor e
20 specifical | y batdseye grmarsly sinmtep dr the yeilow/drgngerahé insthe iotes/blubdiuvever, t he
yel | ow orange, a se ng ban f hi hge % n{j ap_{ h colorability,
even at 40[ er 1 C,thea@@to‘?:ai“gfyg O} (T fess mt&‘é‘brﬁf IEI g%ﬁ 08 °%n°°¥|pﬁ‘€’tdr" o
Thus, the object a0fs thbBhdischssRiit agemeas far @Bmibsing saiakenapht hopyr an
conpounds of fornula I(Z\I?l: L
4 1though the general formula IA of the patent application WO-A-97 21698
includes [indolejnaphthopyrans, such [indole]naphthopyrans are not described in
this prior art document insofar as said document does not indicate any method of
1S  synthesizing said [indole]napthopyrans. [Indeno]naphthopyrans are effectively
described in said document but no means of access to the [indoleJnaphthopyrans is
suggested. It is to the credit of the Applicant to have proposed such a means of
access (an efficient synthesis method) and to have discovered that this type of
compound possesses particularly advantageous photochromic properies. More
20  specifically, they possess a particularly intense first band in the yellow/orange, a
second band of high Anex and a high colorability, even at 40°C, associated with
rapid discoloration kinetics.

Thus, the object of the present invention is [indole]naphthopyran

compounds of formula (I) ;



[err] . N-R5

i n which: [err] Rerr] and R err], identical or di fferent,

i ndependently represent: - hydrogen, 5 - a linear or branched

al kyl grouRybgeHdspg | to 12 carbon atons, - a cycloal kyl aroup having
3 to 12 carbon atoms, - an aryl or heteroaryl grouﬁcﬁé@ 8?@9_38 to 24
carbon atons or 4 to 24 carbon atons 4 respectively in its basic
structure and at | east one heteroatom sel'ected from sul fur, oxygen

and nitrogen ; said basic structure optionally being substituted with at

| east 10 one substituent selected from + a hal ogen and notably
fluorine, chlorine and brom ne, A 'feear or branched al kyl group
having 1 to 12 carbon atons, near or branched al koxy group
having 1 to 12 carbon atons, ar  or branched hal oal kyl or

hal oal koxy group correspondi ng resf to 15 the ((err]-Cerr])

alkyl and (CJerr]-Cerr]) qhk-A " above substituted wth at | east one
hal ogen atom and notably a ffforkt gelQup of this {lype, + a linear
or branched al kenyl group having capﬁgn atons and notably a

vinyl group or an allyl group, NH2 group, 20 + an - NHR group,
R representing a |linear or branched al group having | to 6 car bon
at ons,

(Rom

in which :
» R} and Ry, identical or different, independently represent :
- hydrogen,
5 - alinear or branched alky! group having 1 to 12 carbon atoms,
- a cycloalkyl group having 3 to 12 carbon atoms,
- an aryl or heteroaryl group having 6 to 24 carbon atoms or 4 to 24 carbon atoms
respectively in its basic structure and at least one heteroatom selected from sulfur,
oxygen and nitrogen ; said basic structure optionally being substituted with at least
10 one substituent selected from :
+ a halogen and notably fluorine, chlorine and bromine,
+ a linear or branched alkyl group having 1 to 12 carbon atoms,
+ a linear or branched alkoxy group having 1 to 12 carbon atoms,
+ a linear or branched haloalkyl or haloalkoxy group corresponding respectively to
15 the (C;-Cy2) alkyl and (C;-C,2) alkoxy groups above substituted with at least one
halogen atom and notably a fluoroalkyl group of this type,
+ a linear or branched alkenyl group having 2 to 12 carbon atoms and notably a
vinyl group or an allyl group,
+ an -NHj> group,
20 +an -NHR group, R representing a linear or branched alkyl group having 1 to 6

carbon atoms,



5 . [err] R and R,
identical or different, representing independently a |inear or branched

al kyl group having 1 to 6 carbon atons or representing, together with the
nitrogen - Swoghspi to which they are bound, a 5- to 7-nercwuses2i93ng whi ch
can conprise at | east one ot her heteroatom sel ected from oxygen

sul fur and nitrogen, said ni trogen soptionally being substituted with
an R'" group, a linear or branched al kyl group, having 1 to 6 carbon
at ons, [err] a methacryloyl group or an acryloyl group, 10 [err]

an epoxy group ogafornula: [err] - an aral kyl
or heteroaral kyl group, the linear or branched al kyl group having 1 to

4 carbon atons and the aryl and he}m'r_oaryl groups having the definitions

gi ven 15 above, or —y said two substituents R err] and R err]

t oget her form an adamantyl, a norbg,nyl, a fluorenylidene, a
di(Cerr]-Cerr])al kyl ant hracenyl i dene &®0ums spiro(Cerr]-Clerr])cycl oal kyl -

ant hracenyl i dene g 5 Sal {{ﬂ t bei Ny i at
| east one 20 01R %'%Peﬁs’ul %{tﬁlﬂ%% S Qllgsr%ée%%@é%né\}g&%’ %gje e‘?frl#%ayéfe?%w aryl
or heteroaryl gr elkggroup having éne § cizper stpmaocrepeeniing, tagethtn wall the nitcbgéd er ent ,
i ndependent|ly represent.. -__hydr ogen, - .a hal ogen, and notably
fluorine, chidri Qmto Whigh,fhry are b°“’¥ce a3l 29 T pembereg, rigg. 'ﬁﬁ‘ﬁﬁgﬁf‘ S9RRI 8t oup
having 1 to 12 caafiosheabMers hdrerdaamt Sfeds fym lodgen, talffr aad HRFogad, sk |
- a cycl oal kyl group havln% 3 to 12 carbon atons, .

nitrogen optionally being substituted with an R’’’ group, a linear or branched alkyl

group, having 1 to 6 carbon atoms,

+ a methacryloyl group or an acryloyl group,

10  +an epoxy group of formula :

—O0—(CH,)—CH;—CH, inwhichn=1,2o0r3,
"N/

0

- an aralkyl or heteroaralkyl group, the linear or branched alkyl group having ! to

4 carbon atoms and the aryl and heteroaryl groups having the definitions given
15 above,

or

said two substituents R, and R, together form an adamantyl, a norbomyl, 2

fluorenylidene, a di(C-Cg)alkylanthracenylidene or a spiro(Cs-Cg)cycloalkyl-

anthracenylidene group; said group optionally being substituted with at least one
20  of the substituents listed above for R, R, ; aryl or heteroaryl group;

* R3 and Ry, identical or different, independently represent :

- hydrogen,

- a halogen, and notably fluorine, chlorine or bromine,

- a linear or branched alkyl group having 1 to 12 carbon atoms (advantageously 1
25  to 6 carbon atoms),

- a cycloalkyl group having 3 to 12 carbon atoms,



6 - a linear or branched al koxy group, having 1 to 12 carbon atons

(advant ageousl y | to 6 carbon atons), - a hal oal kyl, a

hal ocycl oal kyl or hal oal koxy group correspondi ng respectively to t he
al kyl , cyc& %&ﬂ%, al koxy groups above, substituted with, o One

hal ogen om” notably selected fromfluorine, chlorlne an rom ne,

- an aryl or heteroaryl group having the iame definition as that given
above for Rlerr], Rlerr], aral kyl or heteroaral kyl group,
the linear or branched aIkyI group haV|ng | to 4 carbon atons and the
aryl and heteroary rou q? t he efipnitions as % those gi ven
above for Rlerr]&! ?{agP‘?l} nche °y€ﬁ“% Yfég rmé 9°'b?‘6‘ﬂi)(a Nﬂgé?“rs - NHR,
- CONHerr], - CQVBibon atoms), [err] . R having

their respective definitions given above for the am ne substltuents

of the Rlerr], ¥ bglpgikylas b@gcycbznagkvl o hadaadicoxy gyqup comespondingrespecd@ERy Orr] or
-COOR[err] groupe agl daéél%)loﬁlﬁﬂr SR60) $£9psaab%b£ as}lgéﬁfmtw whh aﬂfets&%négﬁg en

group having | to on atons a cycl da group havi ng 6 carbon
atons or a phenstbmgnaahly sgbectedrfedn ;Iucxuiascthlmnneeaddwm&at | east one of the

T A

[err] R err] repﬁ,esents - hydrogen, - a Ilnear or branched al kyl
atome). 0 i ST efi: 16 ek O isielse ol apniEv g o - o
at ons -
linear or brancheﬂb&i mﬁyhmgfheugd faaahagmzryl groéﬁ’s Ka¥ir ke ?afr&rﬁiﬁﬁlﬂgnmt abl y a

vinyl group or an allyl group, phenyl  or bénzyl group, optionally
subst i t ut ed 1 t hoseivasabevesfaeRofR: he substituents |isted above for the
Rlerr], Rlerr] valifge o:az{nﬁhe %u&@{k:ﬁr?_?@mﬁk; - CONH», - CONHR,
Rl
— AR
Neoooer —CoN_ .
R"" R"- -

R, R', R" having their respéctive definitions given above for the amine substituents
of the Ry, Ry values: aryl or heteroaryl,

15 -an - OCORg or -COORg group, Rg representing a straight or branched alkyl
group having 1 to 6 carbon atoms or a cycloalkyl group having 3 to 6 carbon
atoms or a phenyl group optionally substituted with at least one of the substituents
listed above for the R, Ry values: aryl or heteroaryl;

* m and n are, independently, integers of 0 to 4 ;
20 *Rsrepresents:
- hydrogen,
- a linear or branched alkyl group having 1 to 12 carbon atoms (advantageously 1
to 6 carbon atoms),
- a cycloalkyl group having 3 to 12 carbon atoms,

25 - a linear or branched alkenyl group having 2 to 12 carbon atoms and notably a
vinyl group or an allyl group, '

-a phenyl or benzyl group, optionally substituted with at least one of the

substituents listed above for the R;, R, values: aryl or heteroaryl,



7 - a;CORerr], -COOR[err] or CONHR[ err] group, Rerr]
representing a straight or branched al kyl group having 1 to 6 carbon
atons or a cycloal kyl group having 3 to 6 carbon atons or a linear or
branched al kapybsgem@up having 2 to 12 carbon atons and PCT/USSS/20950y an
allyl group or a phenyl or benzyl group optionally substituted w th at 5
| east one of the substituents |isted above for the R err], Rerr] values:
aryl or heteroaryl, - a nmethacryl oyl group or an acryl oyl group,

- an epoxy group of fornula: [err] 10

m’)”gﬁfa | zsvi g r gogpg.;agg;%pg; -£OBRULA CONHR DR S, R RR&eMBE Gstdghe & bbby ?er .

in whi ch: [ ealie]l eRfup havinghtd/ GovactRi@tonds, or & desteaikybgrovyr hagtingBeo 6 arbon

o oups whose bast ROt g Pt IE el Ak Bine Mulie 710/t SpdHERERY

rc1:[ap ht ]hg/l i kbi phe Byl noltzbyyr it\rdzylyl gx}‘ouus gf a pb???@'fhthﬂl g;ogb bﬁﬂfﬁtx@hmwﬁibftim&% iharr] -
err])al kyl car bazol e, i enyl .. benzot hienyl, dibenzofhien an

julolidinyl gr oiJps‘?as_f:{'é"rql}]‘he_s}{bsnmeﬁtﬁﬁ?t 3*1%[’&%‘ }heé’t_w%ﬁiaé@%w prhetedbsent i ng

a phenyl group substhéthdcBAoyi Qrohb@ra‘?x%@loylgroxép,p%l tion; 20 [err] Rlerr]

and Rlerr], identical or different, indéependently represent hydrogen, a

| i near or bra‘r@@ﬁé@‘)’eﬂrwf%hﬁ having 1 to 6 carbon atons, a hal ogen,
a linear or branched

—O—(CH,)—CH;—CH, inwhichn=1,20r3.
n \ /

o

10 Amongst said compounds of formula (1) above, those which are of formula

(I1) below are preferred:
R,

R1

7
R3
0w
N-R,

&

R

4
in which :
*R, and/or R,, identical or different, independently represent optionally

15  substituted aryl or heteroaryl groups whose basic structure is selected from those
of the phenyl, naphthyl, biphenyl, pyridyl, furyl, benzofuryl, dibenzofuryl, N-(C,-
Clalkylcarbazole, thienyl, benzothienyl, dibenzothienyl and julolidinyl groups; R,
and/or R; advantageously representing a phenyl group substituted in the para
position ;

20 +R, and R, identicatl or different, independently represent hydrogen, a linear or

branched alkoxy group having 1 to 6 carbon atoms, a halogen, a linear or branched



8 al kyl group having 1 to 6 carbon atons, a norphoelino group or a
di al kyl am no group - NRR' in which R and R' independently represent
a linear or branched al kyl group having 1 to 6 carbon atons;

[err] R-er{lodopsyrgsent s hydrogen, a linear or branched ap&pissgppa® having 1
to 6 carbon 5 atons, an optionally substituted phenyl or benzyl group, a

-COR[err], -COOR[err], or CONHR[ errg] group, Rerr] representing a
straight or branched al kyl group having 1 to 6 carbon atons or an
optionally substituted phenyl or benzyl group. Anongst t he

subst i uents (Blfidbu, S5 o CERE LRl 4 BSRASIROYALS oPL dlieabgusnt o0,

they are sone se an one

10  cross-|ingatp eNReECﬁn whicly RO ajd RThﬂiepemﬁtImEpmﬁensmchheareabrran&edgr oups
can prove to 1 E}‘ Lzﬂgéous Thus, the present invention includes, in
its first obje®dkY gr°“p ayipg, S0y r an conpounds, such as defi ned

above, whose st RUgdpkbséhs hydrogbﬂi\(h' me:so@srama@talksmgm@phwuz&tslcefboandlor
cross-1inking reactive group ai d roup conS|st|ng of an_al kenyl

group, advaht agfe@EsanopyicrAHY S@PStI&F‘F%/Phe“blr °fo‘?e“é>'1155°“P' r JWYR: ogicryl oyl
Oor epoxy groupeoNHR group, R reﬁ&%tmé Q@tré:@m%? uhdSheaallyD @ro'uﬁ“ﬁgﬂﬁ& P yhi ch

belong to this class ™ gr asped as nononers, different nature
or not, which cﬁalppnrae:anstormpmmﬂéméﬂwsdphenyldemigwmh ot her co-nonomners

| order to form hempRsl KEISGAARL B, b, ro SPRRLUBARANL BR RGeS ©

a photochrom c functiorra I NSO nonomners 0O
i nvent i on bear thepiatk @inct whick (anmprﬁwmdrdrdbaﬁ iat Jdasiaonk pﬂmmbtefmd/or
mechani cal propert lr%zbl()f macr onol It follows that

e per CobBe Bfs ifkabl® realiBie g, TRt PEvEnee of e aRreyr ERMEEan POVt agar or

branched honopgd )éHWn&OE\fusCQ'BﬁH Ytﬂ'@r;ﬁ'eseﬂtt d@ﬂa&tn lif RS, inC @3S fikst WhRdr, by the
conpounds of the invention. Siml ar[agl t’he above- menti oned

conpounds of t Hedoiglyaphthpeman: éﬁmﬁ@mds, suchn ¢ sdedieed abovs. owhose sYRaEYe agent s
having reacti vgchHRCh RIS o\‘i@'p@t}nﬁﬁ?ati%hla(ﬁ\’ﬁor crossBihkidg §8acheL ‘éﬁﬁiﬂ cigi ns of

phot ochrom ¢ or non-photochrom’'c polyners. The reticulTates (products
of cross-|inki Zgyp whnssung #f apecalisipybigroun, advantagesnglyivimtl cor allyl, eineft mer obj ect.

of the pr eggnt mEtﬂX&?lH[?ﬁryloyl Or epoxy group.

Thus, the compounds of the invention which belong to this class can be
grasped as monomers, of different nature or not, which can react with themselves
and/or with other co-monomers ‘in order to form homopolymers and/or
copolymers which are carriers of a photochromic functionality (insofar as said

20 monomers of the invention bear said photochromic functionality) and possess the
mechanical properties of macromelecules.

It follows that another object of the present invention is formed by these
linear or branched homopolymers or copolymers, at least in part constituted by the
compounds of the invention.

25 Similarly, the above-mentioned compounds of the invention can be
envisaged as cross-linking agents having reactive functions which can allow
bridges between chains of photochromic or non-photochromic polymers. The
reticulates (products of cross-linking) which can be obtained also constitute

another object of the present invention.



9 ., The conmpounds of the invention - [indole]naphthopyrans of

formula (I) - can be obtained in a general manner by the condensation
- of a compound of formula (I1) bel ow _

[err] - WO 9923071 in which Rerr], Rerr], mand mcausssaseoefi ned
with reference to formula (1) above; - with a propargylic

al cohol derivative of fornmula (111) below g

[err] .10 in which Rlerr] and Rlerr] are as defined with reference
to fornula (1) above (the condensati on reaction can be carried out in

sol vents such as tol ugpe cSthpounds ?fttﬁé l{rﬁrgx}{ﬁy Qf[&’rfd@@]riaﬂl’gf;gbﬁggg g?%ﬁlafzg)-a

catal yst such as para-toluenesulfonic acid o . cetic aci
or 15 - oah bhiobtained in@ gonenal ampnerdy thei dondensamon t et r al koxi de

E)gisgsvci ally ti tarlio!flgncompoun&g%foﬁ'ﬁ&lgaﬁib%Fo)w: an al dehyde of formula (I11")

OH

R @O )
o

(R4)m

(1

in which R; , Ry, m and n are as defined with reference to formula (I) above;
- with a propargylic alcohol derivative of formula (III) below :
R, R,

OH \\ (18]

H

10 in which Ry and R, are as defined with reference to formula (I) above (the
condensation reaction can be carried out in solvents such as toluene or -
tetrahydrofuran in the presence of a catalyst such as para-toluenesulfonic acid or
bromoacetic acid)

or
15 - with, in the presence of titanium tetralkoxide (especially titanium

tetracthoxide), an aldehyde of formula (III’) below :



10 [err] in which Rierr] and
Rlerr] are as defined with reference to formula (1) above (see EP-A-0

562 915 for exanple). 5 The conpounds of the invention obtained
by this _coqﬁge hon and which are of formula (I[epetassphay (formula
(I') in whic stierr] = H are then optionally, for the preparation of

t he conpounds of forrmula (I) in which R[gér] [err] H (formula (Ib) bel ow),
after deprotonation in the presence of sodium hydride, reacted with a

sui tabl e el ectrophilic conmpound of formula Rerr]X, in which Xis a
| eavi ng group; which can 10 schemati zed by the reaction bel ow

[err] s, for this synthesis of the

[ i ndol e] napht hopyrans of the inve no¥dl) conpounds of fornula

(I'l') are used on the one hand, ds of 15 fornula (l1I11) or the

correspondi ng al dehyde derivatives on the other. [err] Said

conpounds of formula (111) are known to the person skilled in that

art and are obtained fromthe correspondi ng ketone according to a nethod

descri bed not abiy¥hieh RnandReaesas defind; vth refsrenpgofommila beve FeER-At®ne i s

itself COsPRY1GifR exRinplef Prepared according to known methods such as
the Friedel Crafts 20 reaction (cf. WO A-96 14596 and cited references).
The al dehydes der i vatTheeomppunds of the invention obtained by this condensation and which

are of formula (Iy) below (formula (I) in which Rs = H) are then optionally, for the
preparation of the compounds of formula (I) in which Rs # H (formula (I,) below),
after deprotonation in the presence of sodium hydride, reacted with a suitable
electrophilic compound of formula RsX, in which X is a leaving group ; which can

10  be schematized by the reaction below :

R, R, R, R,
o)

I

electrophile
L R
NH N=R;
w D
R)m Rm

Thus, for this synthesis of the [indole]naphthopyrans of the invention,

novel compounds of formula (II) are used on the one hand, and compounds of
15  formula (III) or the corresponding aldehyde derivatives on the other.

» Said compounds of formula (III) are known to the person skilled in that
art and are obtained from the corresponding ketone according to a method
described notably in the patent application WO-A-96 14596. The ketone is itself
commercial or is prepared according to known methods such as the Friedel Crafts

20 reaction (cf. WO-A-96 14596 and cited references). The aldehyde derivatives of



(III) are obtained by a rearrangenent in acid nmedium (cf. J. Og. Chem
1977, 42, " 3403). * Said original conpounds of fornula
(rn) above open up an original and magni fi cent route to the
preparation M:sE:qu e] napht hopyrans of formula (1) of thecTuseszi9smvention.
Thus, the other objects of the present invention consist of: : -
t he met hod of preparing said [indol e] naphijhopyrans from said

conpounds of formula (11) (method specified above); - said
conmpounds of formula (11) thensel ves; 10 and - the nethod of
preparing sai d Compiula ébi(gl;émla@ge&,kwma 34 BRLBAGeE 1 Org ERAETIALY, Del ow
Sai d conpounds of formu are obtai ned accordi ng {5 an original

synt hesi s schene 3##0se vari ous steps are known to the person skilled in the

art, or 15 are adapt.eqd fromthe litegature. i d synthesis. sche

conpri ses: Pga‘g °§'§‘B@“‘L"F‘Pﬂ‘§‘d§ ﬂé OTBHA STk %%efo BERIP rigigst an

[err] magnifitéht ¥iteab ter[de’pEﬂauoﬂﬁi’nﬂ&le]nﬁ@h@fbﬁytﬁns&ff%rﬂﬁ1aQ£)fo|f ped wWith
reference to formula (1) 20 Z represents hydrogen or a labile
protecting grdupi®EetPias an acetyl group; to a Curtius

rearrangement, in or dgfustfe SRkl BEnE PRRANAGRE, EabEgra (V1)

- the method of preparing said [indole]naphthopyrans from said
compounds of formula (IT) (method specified above) ;
- said compounds of formula (II) themselves ;
10 and
- the method of preparing said compounds of formula (II); a method
described below.
Said compounds of formula (II) are obtained according to an original
synthesis scheme whose various steps are known to the person skilled in the art, or
15  are adapted from the literature. Said synthesis scheme comprises : '

- submitting the compound of formula (V)

074

w0
COOH V)
G

in which R; R4, m and n are as defined with reference to formula (I)
20 and Z represents hydrogen or a labile protecting group such as an acetyl

group ;
to a Curtius rearrangement, in order to obtain the compound of formula (VII) :



12 [err] . .
activating said conpound of formula (VIl) by diazotation in the presence
of HNerr] , and reacting said activated conmpound with sodium azide in

order to woooRddi N the corresponding azide of formula gcinksegraieso

[err] - photochem cal |y deconposing said azide in
order to obtain the correspondi ng cqzbazol e, followed if necessary (in
the hypothesis when Z [err] H), by the deprotection of the hydroxyl

gr oup. The acids of formula (V) (fornmula (V[err]) when Z = H
formul a (Vb) when 10 Z [err] H), “hEEF hydr oxyl function is protected or
not by a labile Z group, are easily accessi ble fromthe correspondi ng
benzophenones according to a sypiResi oute described in the
application WO A-96 14596g ai d aci ds undergo, in a way known
per se, a Curtius rearrangé%%nt Qrder to generate the am nes of
formula (M1). It is highly recont d tdNdarry 15 ) said Curtius
rearrangenent under mld conditions agcording to the reaction schene
bel ow

- activating said compound of formula (VII) by diazotation in the presence
of HNO; , and reacting said activated compound with sodium azide in order to

obtain the corresponding azide of formula (VIII) :

oZ
Se
N3
O

- photochemically decomposing said azide in order to obtain the

(VI

corresponding carbazole, followed if necessary (in the hypothesis when Z = H), by
the deprotection of the hydroxy! group.
The acids of formula (V) (formula (V,) when Z = H ; formula (V) when
10 Z = H), whose hydroxyl function is protected or not by a labile Z group, are easily
accessible from the corresponding benzophenones according to a synthesis route '
described in the application WO-A-96 14596.
Said acids undergo, in a way known per se, a Curtius rearrangement in
order to generate the amines of formula (VII). It is highly recommended to carry
15 out said Curtius rearrangement under mild conditions according to the reaction

scheme below :



13 ) ) oH

[err]

NH? (with Z [err] H, notably Z = acetyl group). The
(VMerr])[errgb6Wmon]) transfornati on can be deduced from PCRAUSISEHY

descri bed in J. Am Chem Soc., 1972, 94, 6203-6205. The Curti us
rearrangenent (V[ierr]) [err] (M) 5 i sl3n general carried out in
refluxing toluene in the presence of di phenyl phosphor azi de
(DPPA), triethylamne (NEt3) and tert-butanol (tBuCH). The
protected am ne function of th@dconpound (VI) is deproteaszed in order

to lead to the conpound (V I),lgenerally with trlfluoroa etic acid in

di chl oronet hane. 1 ’ ar omat i ¢ nucl eophi fitution via the
di azotation of an af¥la (tr ansf or mat {fe r] (M11)) is
wel | known to the person «d TCO0OHe—att= and geswodied not ably

I n Vogel's Textbook of Practical Organic Chem stry (fift edition, p.
922 and seq.). M) F y, the azide (VIM)), BYphotochronic
rearrangenent, |eads to the | cdRpazol e of formula Rids type of
rearrangenent of an ortho-azi ddbi phenyl is not abl y described in The
Chem stry of Heterocycles (Georg i ene Verl ag Stuttgart, New York,
1995), as means of access to carbazol es. In theokypot hesi s

wherein Z [err] H, the hydrg

3'n

' ®) 7 sti on of the carbazg
- "
~NHCOO+Bu:

(with Z # H ; notably Z = acety! group).
The (V,) =(VI) transformation can be deduced from the method described
in J.Am.Chem.Soc.,1972, 94, 6203-6205. The Curtius rearrangement (V) — (VI)
5 is in general carried out in refluxing toluene in the presence of
diphenylphosphorazide (DPPA), triethylamine (NEt;) and tert-butanol (1BuOH).
The protected amine function of the compound (VT) is deprotected in order
to lead to the compound (VII), generally with trifluoroacetic acid in
dichloromethane.

10 The aromatic nucleophilic substitution via the diazotation of an arylamine
(transformation (VII) — (VII)) is well known to the person skilled in the art and
is described notably in Vogel’s Textbook of Practical Organic Chemistry (fifth
edition, p. 922 and seq.).

Finally, the azide (VII), by photochromic rearrangement, leads to the

15  carbazole of formula (II). This type of rearrangement of an ortho-azidobipheny! is
notably described in The Chemistry of Heterocycles (Georg Thieme Verlag
Stuttgart, New York, 1995), as means of access to carbazoles.

In the hypothesis wherein Z # H, the hydroxyl function of the carbazole

obtained must still be deprotected. This deprotection step is carried out in a



obtained nmust still be deprotected. This deprotection step is carried out
in a 14

manner known per se. Thus, in order to deacylate such a function, the mld
condi ti onsy,g &gglare advant ageousl y operated under: in tgtiaoasiosni uran wth
0.5 N sodi um hydroxide at O[err]C. It is to the credit of the
Applicant to have prepared and tested tt}g ori gi nal 5 conpounds of
formula (1) described above; said conpounds possess particularly

advant ageous photochronic properties. Mre specifically, these novel
conpounds ossess a high_colorabjlity, with higher [err]mx, val ues
that the knownManner Sk“ﬂ‘é(ﬂlﬂeﬁo‘ v i AiHs P hag S%Qfétesst‘?hlhgt P‘E—f'{f“’ the mild
Furthernore, tRaGRIAOMRRWIEE AvEniELERN Ioﬁéx;@tewdnhert hie 1@faBflbfraROkiyrer or 10
inorganic material support matrices, both in the formincluded in said
matrices and 0-3 N sqdijim hydrexidedt §fC.a coating of said matrices.

In solution or in aRGkYRES f the ApbIREntGE TR i to.

i nvention are col ortess or r%gﬁltthyAggr&g?teg Int er{ﬂ%ﬁ??%‘e@ggt%ggﬂg rapi dly
devel op an 5 compounémefcfoontia (Bidesribedatove; Yeid| dogipburds §ossessipanicularly i ght
source of the Finall. hey regajn,their initial

col oration Wne%wﬁ ﬁtégél(%gghcﬂtéﬁ TGHe Bxéoggxgés'. Mol YpetifRAHly, thesg Bo¥Sl §PMBOUNES anot her
of its objectsposidse prRigRNtoloRVRRY i GRhr RighéreSinfaR WhIBesUat the kndn Sai d
conmpounds of for Iaél of the invention as photochrom c agents. In

ot her words, tP?é’%BY ERAPROUS SIS oposes: - novel

phot ochr oni ¢ conpourEkhetidir; MhesOBmgdhn®lard QEnAFRBWAR R ynfl§ bl vati ves
such as defined above ([i ndol e] nap%t?logr(ans%a, t.alien adl’?é(;h_rtllgopgr'yn%n a

m xt ure of 19 helgwRyis Matanal wiPpel matriges. bash in the femdndiuded prssidondwiessand conpound

of anot hgrnpd ¥p& 0@9@51%5 ﬁ%%ﬂﬂitﬁ&tdl:e%aﬂ one non-phot ochrom c col ori ng
agent ; - nove % otochrom c conpositions which conprise at
| east one napght sebytipn cor ez ipobiriev emdtfix, miie | colnpewpids hrogydiags) thaich as

defi ned above and/or  at | east ,.on Q) pol. r..and{or..reticul ate having
at |east one o@v?sdélfaa a%acﬁﬁ%%ﬁ%sp%a%ﬁﬂy °5°'(e882e F\l}é{éﬁ\%ga ra?‘ﬂ[é’ qte?ﬁ%‘é"n?’] oninits
structure. Sucintephotaichati@mmer divplightt(B&Mamy ana light source B Aiersolik typeast one

oo g5 B SRR Al LS RS st edeast | T one
According to another of its objects, the present invention relates to the use
of said compounds of formula (I) of the invention as photochromic agents. In
other words, the Applicant presently proposes:
- novel photochromic compounds which consist of the naphthopyran
20  derivatives such as defined above ({indole]naphthopyrans), 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 coloring agent;
- novel photochromic compositions which comprise at least one
naphthopyran derivative ([indole]naphthopyrans) such as defined above and/or at
25  least one (co)polymer and/or reticulate having at least one of said naphthopyran
derivatives of the invention in its structure. Such photochromic compositions can
contain at least one other photochromic compound, of another type and/or at least

one non-photochromic coloring agent and/or at least one stabilizing agent.



15 ) Sai d photochron ¢ conpounds of another type,

non- phot ochrom ¢ coloring agents, and stabilizing agents are prior

art products known to the person skilled in the art.

Conbi nat i onsw@feeR¥@i ochrom ¢ conpounds of the invention arrraisss/21%50

phot ochrom ¢ conpounds of the invention and photochrom c conpounds of

anot her type according to the prior art ar& particularly recomended which
are . suitable for generating gray or brown tints. The
conpounds of the invention, notably as photochrom ¢ conpounds, can be
used in solution. ThusSaid [ﬂhﬁkﬁlﬁﬁfcﬂ%ﬁlp&ﬁidﬂt bOMn6@Er [Pped bia-pHRtbchdmid

di ssolving at | east one of said conpounds in an orgapi c solvent such as

t ol uene, di E?{P%’F@%’Etﬁé’ﬁ@m?‘gf'P&P%FBFéfﬁ?% agrpr%d(tha,lfapwn fehibe 88PeM i ons
obtained are in ggABéBhtheart. COloOrless and transparent. \Wen exposed to
sunlight, they develop a high coloration and regain the colorless

state when they are pl&erehinatiansg of aphetpchiomic eompounds  efy thes igvention tah@{m'sun s
rays or, in other

general, a ver?/ IBW%%?]%%%?@F {’\gﬁyo tﬁ? glngh{?&}%%§d ﬁ@%ﬂg e(ré %)c pg?‘r;ﬁ% {5%/ 5% by
wei ght) is suffi chmititer trgpeciotoading anthe rpheﬂs:e afeopadticdlarlyrecommended which areThe
conpounds of the i nv nt_i On%th] ndol e‘l F/ht hopyrans of formula (1)) can
al so be used as a“pf lf‘(g?fﬁf VEERY 8 r& n#PSpersed unifornly in the mass or

on the surface OfheacoR@byHde of MR fniv¥ntiohNnét@ly as ph&otMsthicl ddhpb@Ris] NY
applications of the 20 conmpounds_of the invention are those in which the

phot ochrome is di §9epesased in solutigni Thyspiayphgtachiomic solyton kan berobiineddty a
pol ymer, copolymeg;sQivifg ?ﬁtl%@orﬁfof s?ldtc%rgﬂﬁn){%rl nv-gr ¢ Pg.lc T hotRE! | X

whi ch conpri ses said photochrone o ntion east one, in a
free form and/ or diciiotomsthaus; mrdiydeoﬁ(rmwrmﬂla}ameﬂ'hamtmns obtamed arefn geotralt e,

and/or in the for OnpOSLY | eflned2

above) constitut eég %no herq%)agjgpgc \?h & rsgset?ltgunﬁé}’gnfh% evelop a” hig The
met hods of i npl errmhchraxhomdwbgauhheambesemw \sb@aﬁey ire pladet int n 0bd &f Moss

such a nmatrix are ve'% vaé | ed. Anongst, t hos Q WB to the person skilled in

The & T heA T A YR e Frshos Bopre e oA i pEBE B |

solution of the uy. InRAACIVER RW dofceRtrBtidni of BRAUAI(SS thé &d@rrbf@|01n@swt£9 or

aromati c hydrocarbon, or in a 30 _ glycol, or from another polymer matrix,

can be cited for Wsighipisautfivisat to P‘P‘?lﬂﬁﬂ stenseg coloration.
The compounds of the invention ([indole]naphthopyrans of formula (I))

can also be used as a photochromic material dispersed uniformly in the mass or on

the surface of a polymer matrix. In fact, the most interesting applications of the
20 compounds of the invention are those in which the photochrome is dispersed

uniformly within or on the surface of a polymer, copolymer or mixture of

polymers. The (co)polymer matrix which comprises said photochrome of the -

invention (at least one, in a free form, and/or in the form of a (co)polymer and/or

reticulate, and/or in the form of a photochromic composition, such as defined
25  above) constitutes another object of the present invention.

The methods of implementation which can be envisaged in order to obtain
such a matrix are very varied. Amongst those known to the person skilled in the
art, the diffusion in the (co)polymer, from a suspension or solution of the
photochrome, in a silicone oil, in‘an aliphatic or aromatic hydrocarbon, or in a

30  giycol, or from another polymer matrix, can be cited for example. The diffusion is



16 commonly carried out at a tenperature of 50 to.200[err]C for a

period of time of 15 m nutes to several hours, according to the nature
of the polymer matrix. Another i npl ement ati on techni que consists in

m xi ng the, ﬁ%ﬂ prome in a formulation of pol yrer i gaPspBsd | CES,
deposi ti ng m xture on a surface or in a nold, and 5 then carrying
out the copol ynerisation. These inpl eneg ation techni ques , and

others, are described in the article by Crano et al. "Spiroxazines and
their use in phot ochr orri c lenses” published in Applied Phot ochr om ¢

Pol S Ed d
agcg?g;ncgs\tmeg’l%?mg"{?&'r 'faérrﬁetd “f a& Neglpg’%fué%?tnﬂ*wd"f‘?g ﬁ}g‘?fe"tﬁ?‘Sﬂ of P?’e °£ 15al SO 10

envi sagabl e t anigué to $everapiivais atvoafimstoahi ﬁathha)f(tﬁ@quhwmﬁﬁx Advtgr t he
i nvention J eagt one of

) so relates.to the (co rafted b
the phot ochrorfﬁ'glementa"afégeﬁqq"l}’&f°%?b§5§/@ ‘%&H\&)s‘{ge mg%meégél%wut‘%@ef ol yner
mat ri x conpri SjoRenedizable aflrices, dep@itehgPARAKRIFOBR DOdurkabor VE Rl And MEANS
both matrices which conprise said photochrone in their mass and on

thei r surf agce, themepriving ouw dhe gppalvmeasaiions These implemsntgtar: ieekoniques , and
The fol I ow ng prod ées&madl?& BEODE Erd e%fmegg Ecﬁ(aﬂ esPOLARS A€ in

mat eri al s pref erred fo opti ca appl icat 1 ons ot ochrom ¢ conpounds
according to tdhetoplnmmm lenses" published in Applied BMtodmthMw@gstahecfdal kyl ,

cycl oal kyl, ar r RRLY (mono-, di-, 20 tri- or tetra-) acrylate
or poly (rmno-éllac&'can%sﬁ’f‘lﬂ(or tétra-) nethacrylate or having at | east

one ether and/or e$i atcobdatléeotvith ar bariant of eisllobjectcof thanAvemtion) Cit & also

t hi ocar bamat e and/ oy, urea_ apd/,or am de ro - pol ystyrene,
pol yet her, ‘%oleyé’é??élg’ e tﬁé@c‘g Wh%?ﬁ@“’(eé ﬂg (coppbreprs: Ahus, the ‘8 8%r bonat e,
dial Iyl di et hyanedasyOthe qeé)ya%&@rgitaﬁh b;paé Yot Heet ﬁre EtochidRley EPOXY,

pol yur ea, pol yur et hane, pol yt hi our et hane, pol ysi | oxane,
pol yacr yl oni t rdescsibes gbgugniThs, thel ¢xpressipe "tsp)nelysien mhasri gomprsing at leashy | i c

pol ymers, on€ BhbidcR3fe AGHL e?r;v%nnorﬁ Ghaadb %%ﬁz miafrlcBE Ghith Sompfifd Ldid 0S€

acet at e- propi onate or pol yvi nyl butyral,
17 - axbptoblymmuesn cheinmabsoarsk on eirt ;qxbse, aindopatpicdsygrefitadzibbaid nononer s
sel ected f [s° photochrome
The following products can be mentioned as examples of polymeric
materials preferred for optical applications of the photochromic compounds
according to the invention:
- optionally halogenated alkyl, cycloalkyl, aryl or aralkyl poly (mono-, di-,
20  tri- or tetra-) acrylate or poly (mono-, di-, tri- or tetra-) methacrylate or having 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. bi-sphenol-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,



precursor nononers of the polyners |isted above (notably selected from
(meth)acrylics, vinyls, allyls, and m xtures thereof), and - resins,
havi ng a nanobi phasi ¢ structure, obtained by copolynerisation of a 5

m xture of. adeﬁﬁﬁvl one or nore difunctional nononmers of tegpas¢s@ioand one

or nore functional nononers of type (b): * the

di functional nononer(s) of type (a) beingigf one or the other of
formulae (A) and (A ) hereinafter: + formula (A): 10
[err] in which: - Rerr], R[err], Rand R, identical or
different, i ndeDGQ@E&?}n&s%?ﬁt Rast Y45 %@snopc.ro-ﬁbl\fl{énzabn?ﬁxm@me&r Meted frgm - M
and n are, independentl I ntegers between I nclusive ; and are

advant ageousl y i mu@péntjemmyxe@qgélthq @olymsrs ZStEd abOVf— (notablyd setected; dhomt i cal or

di fferent 20ar e aégggga%ym@ggyg l&ﬁrﬂx%l Fe@@h%?c?@ anﬁhl ori ne and/ or

brom ne; are gers between 0 and 4
i ncl usi ve; - resins, havmo a ﬂaxfcxbrpmdua s(nkn)re obtained by copolymensauon of aferr]
in which: 25 % Rh%m,qé denti caIf (; erent,
i ndependent | y Jar émémﬁ%/?frab %‘ﬁ f OF qore Giiuncieng L type (&) and one o more
18 difunctional monomers of type (b):
= the difunctional monomer(s) of type (a) being of one or the other of
formulae (A) and (A") hereinafter :
+ formula (A) :
10
i s I*
CH, —C—(l.',l‘— (OCHR-CH D C': o— (Caz'CHR'o)Tﬁ—C=CHz

0

in which :

- R}, R'1, R and R/, identical or different, independently are a hydrogen or a
15 methyl group;

- m and n are, independently, integers between 0 and 4 inclusive ; and are

advantageously independently equalto 1 or2;

- X and X, identical or different, are a halogen and preferably represent chlorine

and/or bromine ;
20 - p and q are, independently, integers between 0 and 4 inclusive ;

+ formula (A') :
0 T
Hzc=?-—c— (0O—R) —O—ﬁ—C:CHz
R, 0

in which :

25 - Ry and Ry , identical or different, independently are a hydrogen or a

methyl group ;



- Ris a linear or branched al kyl radical having from2 to 8 carbon atons,

a cycl oal kyl radical having from3 to 6 carbon atons, an ether radical
of formula (R-OR') in which R and R', identical or different,

i ndependen{jog a linear or branched al kyl radi capcfgsss®@sd rom 2 to
4 carbon atons; * the difunctional nononmer(s) of type (b) - -long chain
al keni ¢ di functi onal ol i goner - beijgg of one or the other of fornulae
(B), (B') and (B") hereinafter: + fornmula (B):

[err] 10 i n which: - Rerr], Rerr], Rerr] and

Rlerr], identical Otacl's£fi€éa?&tbraﬂcﬂeiﬁa@ﬂ%ma_lNava{gefrd?e(dmeﬂba{amms,aZ l'i near

or branched al kyl radical, advantageously linear, having from1-to
carbon atons ; caelealisd radieab bandng femi 9l Gedrhonagiomnt asgrshrn sadical of formutany |
group; 15 O . r i L f o | ' c one
hydrogen and t Ié Oot]ﬁé?{%ﬂrlllcgﬂdaﬁa{? kg‘Lhrfltfcq‘r(gr |g%?‘“hg\%p%aa%ﬂﬂglrgnggﬂd@%%&car bon
at ons, advant agpeamabddyaliévi cudic2l Hawing from 2 todaatbon amtmens and particul arly

advant ageously ap i ropenyl radjcal,; : err].and. Rerr],
different, are® ﬂ\aeﬁﬁﬁatéﬁe%maﬁrgﬂkﬁﬁ&f 3% @ kl“lged@f%é%‘e'&ﬁ d‘%“cmg{“kenyl
radi cal havi ng dlipeifier2 beig 6f GriloB €e ottieP SFfornA e (B), 489 and(B’) héreimattert 0 4 20
carbon atons and particul arly advantageously an isopropenyl radical;

- Z represents a car banaT%"f‘Efﬁ@X‘on (-NHCO-O), a thiocarbanate

function (-NH-COS-) or a urea function (-NH CO NH); -
Z', independent from Z and advant ageously respectively with respect to 25
Z, represents a carb?mte func&i on (-OCONH), a %hi ocar bamat e function

(-SS-CO-NH) or a urea on‘l(-NH-CONH-); |2

19 R C—Z-(RTY)—R' =2 —C R,

R, R',

2

10
in which :

-R1, R'1, R2 and R';, identical or different, independently are hydrogen or
a linear or branched alkyl radical, advantageously linear, having from 1 to 4
carbon atoms ; and correspond particularly advantageously to a methyl group ;

15 - R3 and Ry, different, are independently one hydrogen and the other an
alkenyl radical having from 2 to 6 carbon atoms, advantageously from 2 to 4
carbon atoms and particularly advantageously an isopropenyl radical ;

- R'3 and R4, different, are independently one hydrogen and the other an
alkeny! radical having from 2 to 6 carbon atoms, advantageously from 2 to 4

20 carbon atoms and particularly advantageously an isopropenyl radical ;

- Z represents a carbamate function (-NH-CO-O-), a thiocarbamate
function
(-NH-CO-S-) or a urea function (-NH-CO-NH-) ;

- Z', independent from Z and advantageously respectively with respect to

25  Z, represents a carbamate function (-0-CO-NH-), a thiocarbamate function

(-S-CO-NH-) or a urea function (-NH-CO-NH-) ;



- R represents a linear or branched al kyl radical having from2 to 4

car bon at ons; - R identical or different when n [err] 2,
is a linear or branched al kyl radical having from2 to 4 carbon atons;
5 -- Yywdgdgihi cal or different when n [err] 2, is owggasssmrosul fur;

- nis an integer defined in such a way that the total nunber of carbon
atons contained in the |long chain situatedi%etween the two notifs Z and Z

be at | east equal to 18 and i s advantageously between 18 and 112
i ncl usi ve; + fornmula (B'): 10 [err]
in which: -R' BpRkdnls a Iilef drlbranSh&d dlify! rddical Kalving Rlot I lo, 4 &' | ,
Rlerr], Rerr], Rand Y are such as defined her ei nabove with reference
to fornula (B); 13%oms; - nis an integer defined in such a way that the
total nunber of carbon id t&i&”&i{ e b N bGiedr Q0 raki { hig noti f
(R-Y)n be at |east equ lem J&g ¥ e|ﬂs aavgnt ag]erousray‘t}%h ra g and
104 i ncl usi ve; havmgfrfoor?mql"rapa(th)it.oms [err] i n which:
5 - Y, identical or different when n 2 2, is oxygen or sulfur ;

- n is an integer defined in such a way that the total number of carbon
atoms contained in the long chain situated between the two motifs Z and Z' be at
least equal to 18 and is advantageously between 18 and 112 inclusive ;

+ formula (B") :

10

in which :
- Ry, Ry, R3, Rg, R}, R2, R'3, R, R and Y are such as defined
hereinabove with reference to formula (B);
15 - n is an integer defined in such a way that the total number of carbon
atoms contained in the long chain of the motif (R-Y), be at least equal to 22 and
is advantageously between 22 and 104 inclusive;

+ formula (B"):

20

in which :



20 - Rerr], Rerr], Rerr], Rerr], Rert], Rerr], Rerr],

Rlerr], R, R and Y are such as defined her ei nabove with reference to
formula (B); - Z is a carbamate function (-OCONH) or Z is

a thi ocar /Eso;unc“ on (-SCONH+); 5 pCTiUS9S219% | nt eger
defi ned |n such a way that the total nunber of carbon atons cont ai ned
in the long chain of the notif (RY)[errdp be at |east equal to 22 and

i s advant ageously between 22 and 104 i ncl usive. Such resins
have been descri bed by the Appli cant in the French patent Appl i cation

FR 97 05458 filed onghg,2Rg rkh 9{7, ﬁl’%eﬁe rﬁﬁ'?%&ﬁﬁh'a@%e%é | n 10
them at | east one shorf ¢hat'n dif nct ' onal metﬁ) acryl1c nononer type

(a) abov e )herzitdbente Withrsferepaeto fomple i n di f unctional al kenic rmnorrer

(of type (b) abgy. ;T‘oq napl obtain very
satisfactory conpr omgsgzg?r%{g&ﬁi gt? ot ocﬁ?{o °r(;a£)f§‘rea§lf5lgcratrbag's} :ﬁ'&%ﬁﬂl cal
properties. (-S-CO-NH-); The [i ndol e] napht hopyrans of fornmula (1) according
to the invention have 15 very rest hrom c properties wthin
such resins.? is an ifreqyde lé'? g’ ﬁ?‘ Eé‘?tﬂ]s‘f““{%t“ g‘gcaé?%’m fied
that the inter\gis @Riained in theNdng cﬁﬁlnto@ttfeaﬂétml(wvaﬁ,t&cht RasRE@N Y 22%nd

di net hacryl ate (conpound of forrrula(lA in Ich R = = H Rerr] =

R [err] = CH[ ery3dvaptageopsly-between2and 194 inclypives di f unct i onal mononer s of
Lype (@) is MOSU PASLUCHUAL hive GEATHERAMES by %Aﬁpgcag{&%x%mggu [err]

of | ong-chai n pol yoxyal kyl ene di functi on? oners r ting from
t he r eact iApplicdtion FR| Y5458 filsd ahithe R/l Moy d9%h These (re;smseomhilnh within

et ono. cibameE 8 195, 9ps S OF = AGRE ) DR oSy G R 0 e

and R are as dbdvenadd abdmet one loeg-emﬁndéfuﬁaﬁohﬂenkemc mbwiied (6f (v (l6

Cerr]-Cerr] a adical).as dif onal "nononers" of type 25 is
nost parti cul ata}"i%&e%ﬁ%ﬁﬁﬂéﬁmmn enablés o tainingrg yery Fa)"s{aF‘P‘yl “3"’?{?@8?9‘? din
general terns tegthowchidic ﬁ@péﬂn{sﬁﬁdcﬂ&ncaﬁb@ geg Nt of nonomer (s) of

type (a) is between_40 an arts by WEI ht for 100 parts by wei ght
of the mxture of % e quh pyansHf S‘H‘EPTQ) according to the invention have

21 15 very infeRstiEnBiocRbmi 1R bstetds SRMhirt 8Kl resis.t he (co) pol yner matri x
depends upon
With reference to said resins, it is specified that the intervention:
» of tetracthoxylated Bisphenol A dimethacrylate (compound of formula (A) in
which R=R’=H, Ri=R"1=CH3, m =n=2 and p = q = 0) as difunctional
monomers of type (2) is most particularly recommended; and the intervention
20 e« of long-chain polyoxyalkylene difunctional alkenic oligomers resulting from the
reaction of at least one alkenylisocyanate (especially 3-isopropenyl-c,o-
dimethylbenzylisocyanate or m-TMI®) and at least one diamine of formula
H>N-(R-O)s-R’-NH,, in which R and R’ are as defined above in reference to the
formula (B) (a C,-C4 alkyl radical) as difunctional "monomers" of type (b)
25  is most particularly recommended.
Finally, it is specified in general terms that within said resins, the amount
of monomer(s) of type (a) is between 40 and 99 parts by weight for 100 parts by
weight of the mixture of monomers of type (a) and (b).



t he degree of darkening desired. Usually, between 0.001 and 20% by wei ght

of it i S used. The phot ochrom ¢ conpounds according to
the invention can be used 5 alone or in a mxture with other products in
order to forgpgesseposi tion which can be a solid orPEI/U$MRI%0 in
solution or 1 n suspension for exanple, as has al ready been i ndi cat ed

above. These conpositions, which constitugk an object of the

invention as al ready indicated above, can therefore conprise the conpounds
of the i nvention and ot her additional photochrom c conpounds enabling
obL?! ni ng dar:<_ 10 th@irﬁ%&mdsmo@ét&ymeﬁsegmf)m(éo()ﬁol}eaeamalrﬁdeﬁeﬁi; lﬁm by Ejhe
public in applications suc _ as ophthalmc or ect es trade.
These additi onal %&gﬁéﬁgﬁﬂ@mg des”edcgﬂﬁhbﬁdg”eﬁ%ﬂ Oﬁlea"td g‘kYﬁ f# the
person skilled insidg art and described in t he Ilterature e. g.
chronmenes (US-A-3,567, 605, US-A-5,238,981, WO A-94 22850, EP A 562
915), spiropyrans or Kb BRctesBpsimie s9mponsdy porling, W3e gaventiomets b used

B ackie | e anne BF 4% pinyCRR dfer PROMAE B B0 T PO MRLE i T

according to t he cambemqlndrmr @ &nuid, is colothonporiis suspension for example, as has already
non- phot ochrom ¢ coI or.in ent s, whi ch enabl e ust i ALY the, tint
- and/ or one or o Ingc %ﬁi |aﬁ EG[E ?mg?]'éhwg‘é‘acﬁm'" a8, 0L Pheagent

for 20  exanpl e,mventlon as already mdrcat@dlﬁﬂo% c@rﬂ@xe&for&'@i‘:ﬁm@dﬁlé cdph{)ounds of the -
and/ or one or nore anti-radicals, - and/ or ,one or nore

phot ochi mi ¢ exci iR¥§nkanAng ofhes additipael ghgtochromic °°mP°““dS engbling obisiping diks can
notabl y enabl g i IPbAKbRAIebk6r SRR ekér?( 19fde§@a9yaépuamm<aﬁmchm§s ch
According to another of Tts aspects relative to the application o"%
conpounds of t he 2 nephitfiaingin, omrsolahespeaiylesc tiradd. ffh@epa@stmsl mhvtemwrmn |s

opht hal ni ¢ b can s R Bl 1ThE Berk @ i 12 BYRAToEe B 501 27
spectacl es trade accord

t he i nventi on andheolitegurt, easg. mmméaes (US-3)-h66 608y USHAIJS(!BSQ&MW(BI-B-@Q for rred,
at least in part 0 0, d(s) of the .

22 i nven??%?rrq ghé‘/%?%ﬁs gpé’gQEYTa‘Efn‘g naphbaseireryERs Eohe gAY east
one conpound @f Hidxazines (Ciaﬂd’@tmll %pﬁw#mtoc&bnﬁmﬁn&rwstém@'rw Blasieh as
defi ned above, of an orqanl c. pol ¥ material or an inorganic
material or even$o¥ondddil199s. gharres érrganl c hybrid materi al

i ncorporating t herei ngz cdnepeﬁhmga@comﬁgo@mn%u&m&n'aﬁgeaﬂrgg 5 In

practice, the articles nost particul covered resent invention
- non-photochromlc coloring agents which enable adjusting the tint,

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

- and/or one or moré 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.

According to another of jts aspects relative to the application of the
compounds of the invention, another object of the present invention is ophthalmic
articles, such as articles for the ophthalmic and solar spectacles trade, which
comprise at least one compound according to the invention and/or at least one

30  (co)polymer and/or reticulate formed, at least in part, from compound(s) of the



are photochrom c ophthal mc or solar |enses, glazing (w ndow panes for

bui | di ngs, | oconoti on engi nes, autonobiles), optical devices, decorative
devi ces, sol ar protection devices, information storage,

The pr efs_eng,oi gﬂﬁ,ﬁi onis illustrated by the exanple thatpdgidogifesdf 10

synt hesi s nc? phot ochrom ¢ validation, of a conpound of the invention

([1 ndol e] napht hopyran). Said conpound of22t he i nvention is conpared to a
prior art conmpound C . Exanpl e 1: Synthesis of conpound (1)
(Rlerr] = Rerr] =p-Cerr]Herr]OCHerr], 15 Rlerr] = Rerr] =H,
Rlerr] = CH[ er ijvintion and/oSkt@¢ustloneldmpBsiGorDdontiirifly 41Qéast eetdmondierle) (R err]
=R[err] = H) obtained fromthe correspandl ng benzophenone accordi ng

to WO-A-96 14596¢riio8 aad{aett least diepnasrix. such as defigedaboyt of &n e1ganic RUWPNsi on of
4 g of NaH (60 ekt 6t amiﬁkﬁ'gﬁiic Riafediall &t eS80 ofAn Mbreanic-orpatichybdd MGteriait 1 111 NG
under reflux for 30 min, the mxture is cooled to Q[err]Cand 20 3.12 m
of acetyl chl okcergorarieg Hengirt leastone compqunil §the drventh@0 at anbi ent

tenperature.and th . . M ton mxture is
ydrol yzed * o wiEAREEE bttt ol pilclaly chued SR bRREDIEGR ° ¢ 1y,
acetate. The oamgaphatochromic gtalsadmics oexsplaaclenstswigtabing widdiv rganesf faeN sodi um
hydr oxi de sol uti.pr d the .___conbi ned, aguequs .phagses are . acidified and
t hen extract edg\'lfd?rigs;{‘;ﬁmﬁ?ﬂ?“rﬁngws’@l‘w °QS§;}1 OPLE: tdﬁ’(‘g‘?s* FPRAVYASRGSS over
magnesi um sul f gdig pastection dpviead] infitm@tion Shagep). vent s, a

recrystallization in a mxture of diigsopropyl ether/heptane enabl es
isolating 6.36 g The Prgpenhdnyration \is  illpstrated by s gxemple othat followp &9ty | ) .

Step 2: Thegpr geitelis ObiaaiphSdcirbAl Vhfdtidn, Bf PA ARtholii TS BRNGvERidaN 100
of 30 tol uen%fﬁ 3.? m gf triethylam nlenare t hen gdded. Sti rrvleﬁr}lgni S
carried out f of{indple}aphthopyran). Said compound of the invention is compared to a prior art

23 at ggmd'o%%ctlerrperature, 5.39 m of diphenyl phosphorazi de are
added and stirring " is continued for 30 min at anbient tenperature.
2.36 M of tert-butanol are added and stirring is continued overni ght

up into ethyi Eeubblec ThaSRtgi eh pmRow o | Bkt SR2cR Ot 1"
bi carbonat as ARge/Rf«H, Rg=CcOHj) nagnesi um sul fate and evaporation of the
SOLYentS . nseh ColpglR 8 bl el V.5 LA iy BLhgael ofving
corresponding benzophenone according to WO-A-96 14596 are added at ambient
temperature to a suspension of 4 g of NaH (60 % in a mineral oil) in 200 ml of
THF. After stirring under reflux for 30 min, the mixture is cooled to 0°C and
20 3.[12ml of acetyl chloride are added. After stirring for 1h30 at ambient
temperature and then under reflux for 30 min, the reaction mixture is hydrolyzed
with 100 ml of water, then extracted with 200 m! of ethyl acetate. The organic
phase is extracted with 2 x 100 ml of IN sodium hydroxide solution, and the
combined aqueous phases are acidified and then extracted with 2 x 100 ml of ethyl
25  acetate. After drying over magnesium sulfate and evaporation of the solvents, a
recrystallization in a mixture of diisopropyl ether/heptane enables isolating 6.36 g

of beige crystals (compound of formula V).

Step 2 : The product obtained from step 1 is placed in suspension in 100 ml of

30 toluene, 3.1 ml of triethylamine are then added. Stirring is carried out for 10 min



(corrpound of fornmula VIl protected). Step 3 : The product of step 2
is placed in solution at O[err]Cin 90 ml of a 1/1 10 m xt ure of
trifluoroacetic acid in dichloronethane. After stirring at O[err]C for

30 min, the wpaghdgan M xture is diluted in 150 nl of tol ueapUAsRIBhHe

solvents are evapor at ed under vacuum The oil obtained is taken up
into 100 m of ethyl acetate and th2h washed wth a sol ution of
sodi um bi carbonate. After drying over magnesi um sul fate, the

evaporation of the solvents allows isolating 4.03 g of a just 15 vyellow

oi | (conpound of af Akbied:aenetarate 8. 3% mcéfediphenylphosphorazideype éddea'laﬁd ;trrﬁﬁigact of
step 3 is dissolved in 60 ml_ of acetone and 1s stirred at er 10

m of 12N HCl ar & Q8GR Rridmid ag gmbignt (gmeesditem- P} 9?@%%@&%’#% in the

i ni mum of wat er ng s‘é&hﬁ&” is 'Egntln%e&%}d@iﬂ%qdé}QJEﬂu;JcOA?ﬂet”evﬁﬁorQQn ot e sBlveft, solid
sodium 20 azide are then cautiously added (Beware of the potential release

of hydrazoic thegiird 15 talpn kg infosetyd iagatasel arfdois Whshedivrithagt sobftien of @diudi | ut ed
0 200 of 8t Milea BRIk magn UMY S RATLUL NI BnE sl O Of

pot assi um car onat e aque racte
et hyl acetate andaetbkmwcmhd:hmmzﬂ iocryaullizedftvasmsthatrod giving 5.28rg «fd mtemoli‘mWem um

sul fate and evap rated t . After recrystallization 25 from

net hanol, 3.74 g °8F’p8m51r°2§°rﬁ%‘%§fprﬁfe§te5)30l ated (conpound of fornula VII1).
Step 5: 1.35 g of the product of step 4 are dissolved in 30 ml of THF and
t he solution obtained is placed in a quartz recipient. The reaction

mxture is irradP¥Ped The progiat wfztem\? !S:Pri%d @ solytioroziA0°Gnia 9! pfvg Ler ol abo,

tubes for dar,[;r ORISR JOriffubfoacetic acxd in dichlorometh gne. & After stirring at 0°C for
24 4 days. The solvent 1s then evaporate After recrysta I zat i on

from met hanol , 30 mirg Tige negption mixtyes| ib dilntebwd B0 ralr o tolscxieamédhe( obvepowred of
formula I prote 27 of ogduct of
step 5in 20 m 8\}?3%%@ under valcgidg P %ﬁogglﬂ%%rér) ?ranﬁ%o %g @‘8‘& ed 0.5

N NaCH sol uti on a:emeea_drdehhn \iratsbed‘ema saturtiofn of sadiem bxcarbona~ Sfter ﬂ@dlgf(ﬂ'&r 20 min
at Oferr]C, the {ngg}xggihr%gulfate, t ceer\]ra&l#a%ﬂmﬁ %?gle\%lggms ﬁlows 1so[atmg 4.0 N3 g of a just

15  yellow oil (compound of formula VII deprotected).

Step 4: The product of step 3 is dissolved in 60 ml of acetone and is stirred at 0°C.
10 ml of 12N HCI are added, then 1.105 g of sodium nitrite (in solution in the
minimum of water). Stirring is continued for 10 min at 0°C, 1.3 g of solid sodium
20  azide are then cautiously added (Beware of the potential release of hydrazoic
acid !). This is stirred for 15 min at 0°C, diluted in 200 m! of ethyl acetate and is
poured carefully into a solution of potassium carbonate. The aqueous phase
extracted with 2 x 50 ml of ethyl acetate and the combined organic phases are
dried over magnesium sulfate and evaporated to dryness. After recrystallization

25  from methanol, 3.74 g of a gray powder are isolated (compound of formula VIII).

Step 5: 1.35 g of the product of step 4 are dissolved in 30 mi of THF and the
solution obtained is placed in a quartz recipient. The reaction mixture is irradiated

with 2 UV lamps (15 W, 254 and 365 nm, Prolabo, tubes for darkroom CN 15) for



solution of HO. This is extracted with 100 ml of ethyl -acetate, the

organi ¢ phase I's dried over magnesium sul fate and the solvents are
evaporated. 225 ng of a just yel l ow solid are thus obtained (conpound
of formula 11). 10 Step 7: A catal ytic anmount (spalpdraysésizigsoof

br omoacet WO ¥ s added to a sol ution of 150 nmg of the product of
step 6 and 174 ng of bis(para- metfpoxyphenyl ) propargylic al cohol in 20
m of toluene. After stirring overnight under reflux, the reaction

m xture is purified over neutral alumna (eluent: 15 diisopropyl

t her/ Et QA th '
Si i g(r)pr opyf) ﬂg?Y/ShZB?é?%ég“gl (ahr% éi’%?f’r'%%‘[ g@éeé r§¢%§%1113 ém("c 5ﬁ%‘5ﬁﬁd of
formul a | 770 g\b¥ acle &Y @owder aretolated (compouht] eﬁfo&nulalﬁ mokatéd)on of 120 ng

of the product of step 7 in 5 m of anhydrous THF is 20 cooled to
O[err]C. 50 ng of NaH (60 %in a mneral oil) and 0.2 ml of nmethyl iodide

are then added&sysm%smua{ ¥f 276N8g bP Bfoliii® B f Bep 5 Uk 20 infl o?WHF@Qo&I@d tol5 m nutes
at Oferr]C nd the reaction is then quenched wth m of a saturated

amoni um chi or§° @eand 10 mlpdja sopleth O 5T1HN§0H§0@%9¢ aretaddeda bw%@n mix@re Et OAc,
dried over MySOLi20ftd P8 min ar 05€) mg% clich S‘fﬁé&%ﬁ%@ﬂd w‘\ﬁt il (N
c? /ﬁept an

recrystalllzatlon roma mxture o I 1 SOpropy e, 65 ng of
product (1) arwlut@mb&f@ﬁssaewmd veith 108 nilcafreghyli antats, the organfoophasd a | i n
which R er r]

oo i b Vet biagnesium qujfte and the solvenss are eyapprated, 225 mg of JuShics o1 | ped

in RD 31 144 ﬁ:iloxi/@blmﬂrathus obtained (compound of formula II). [err]

10
Step 7: A catalytic amount (spatula tip) of bromoacetic acid is added to a solution
of 150 mg of the product of step 6 and 174 mg of bis(para-
methoxyphenyl)propargylic alcohol in 20 ml of toluene. After stirring overnight
under reflux, the reaction mixture is purified over neutral alumina (eluent:

15  diisopropyl ether/EtOAc) and the photochrome is recrystallised from a mixture of
diisopropyl ether/heptane giving 130 mg of a green solid (compound of formula I
in which Rs = H).

Step 8 : A solution of 120 mg of the product of step 7 in 5 ml of anhydrous THF is

20 cooled to 0°C. 50 mg of NaH (60 % in a mineral oil) and 0.2 ml of methy! iodide
are then added successively. The reaction mixture is stirred for 15 minutes at 0°C
and the reaction is then quenched with 10 ml of a saturated ammonium chloride
solution. This is extracted with 100 ml of EtOAc, dried over MgS0O4 and the
solvent is evaporated. After recrystallization from a mixture of diisopropyl

25  ether/heptane, 65 mg of product (1) are isolated as a green solid (compound of
formula I in which Rs = CH3).



5 has been considered. This conpound is comercially avail abl e.

Exanple 3 " " The photochromic properties of said conpounds (1) and
C were eval uated. 10 To this end, said conpounds are

i ncor por at edygbyAesqat ri x at the rate of about 0. 05% BGT/URIB/ZHE0

A mxture of the starting materials is in fact carried out, whose nature
and, i nterveni ng amounts are specifiedsbel ow, the mxture is poured
into a lens nold of 2 mmthickness which is then submtted to a
hardeni ng cycle of 2 hours at 75[err]C 15 and then 1 hour at 120[err]C
The precursor st gkhinpl 2Btdhpama @f the matrix are: 0.05 parts
by wei ght of the otochrom c col oring agent: conpound (1)

or Ci; f or igcPﬂoral‘tmm?q‘@.dg:l’?Fé?‘t%?dtﬁykﬁéildﬁﬁﬂﬁﬁmﬂﬂﬁi:nyl benzene;

2.9 parts by wei ght of 2-ethyl hexyl nethacryl ate; 14. 4 parts by
wei ght of benzyl net hacryl at e; 0.5 parts by wei ght of

n- dodecanet hi ol ; CH,0 OCH

0.2 parts by weight of AMBN (2,2
provi ded by AKZO (Perkadox[err])); 3 parts by weight of
DI ACRYL 121 from AKZO Chime (tetraet hoxyl at ed
Bi sphenol A dinethacrylate); 5 028.q parts by weight of an

26

3
hyl butyronitrile)

i sopropenyl oligonmer of the type [pIMMerr]/ +

pol y(oxyet hyl ene) di amine (M= 60() ¥ oxyet hyl ene) di am ne

(M= 2000)]. Sai d isop ol i goner was obtained by reaction
of [err] 36.13 % by ghty”of

3-isopropenyl -[err]-di met hyl benzyl i socygnate 10 (CYTEC);

5  has been considered. This compound is commercially available.

Example 3
The photochromic properties of said compounds (1) and Cl were

evaluated.
10 To this end, said compounds are incorporated in a matrix at the rate of
about 0.05% by weight.
A mixture of the starting materials is in fact carried out, whose nature and
intervening amounts are specified below; the mixture is poured into a lens mold of
2 mm thickness which is then submitted to 2 hardening cycle of 2 hours at 75°C
15 and then I hour at 120°C.
The precursor starting materials of the matrix are:
0.05 parts by weight of the photochromic coloring agent: compound (1)
or Cl;
for
20 11.5 parts by weight of divinylbenzene ;
2.9  parts by weight of 2-ethylhexylmethacrylate ;
144 parts by weight of benzylmethacrylate ;
0.5  parts by weight of n-dodecanethiol ;



[err]44.71 % by wei ght of JEFFAM NE[err] ED 600 ( pol yoxypropyl ene

di am nes marketed by TEXACO) ; [err] 19.16 % by wei ght of
JEFFAM NE ED 2 000 (pol yoxypropyl ene di am nes marketed by TEXACO) . 15
Sai d nat_ri%ggw,;lai ning said phot pchr onm ¢ conpounds in igc9§H9deS
exposed to radi ati on (source: xenon lanp). The [err] values in the
vi si bl e and the discoloration kineggcs are given in the Table bel ow
27 Conmpound Structure [err] [err] [err]

discoloration DJerr]/DO DJerr]/DJerr]
visible visible Ikjnetbsts by weight of AMBN (2,2’-azobis(z-methylbu?«oni:rue) nm -nm

nm (Tlerr]) 25[err]C "40[err]C . [érr
402 452 564 36p§>V‘d€dQY3¥Z(§;. @erkadx /)G, 20

[err] 5 - 65, . . 92s
L 0. 99 0. 27/ 0. 423 pamsyby weight of DIACRYE®?21 #68 AR Chimie

(tetracthoxylated Bisphenol A dimethacrylate) ;
28.8 parts by weight of an isopropenyl oligomer of the type [m-TMI® +

W

poly(oxyethylene) diamine (M = 600) + poly(oxyethylene) diamine
(M = 2000)]. |
Said isopropenyl oligomer was obtained by reaction of
#36.13% by weight of 3-isopropenyl-o,a-dimethylbenzylisocyanate
10 (CYTEC);
©4471% by weight of JEFFAMINE® ED 600 (polyoxypropylene
diamines marketed by TEXACO) ;
*19.16% by weight of JEFFAMINE® ED 2 000 (polyoxypropylene
diamines marketed by TEXACO).
15 Said matrix, containing said photochromic compounds in its mass is
exposed to a UV radiation (source: xenon lamp). The Agax values in the visible

and the discoloration kinetics are given in the Table below.




It is shown by these nmeasurenents that the conmpound of the invention has

hi gher [err] val ues than the anal ogous conpound without the indole ring
ringed in 5 position 5,6 of the naphthopyran. Furthernore, the presence
of the two FpaseyRéMmON bands of the conpounds of the RQVSAY218¥ al | ow
covering a greater range of the vi si bl e spectrum Moreover, "a first
band is observed in the visible which is 2uch nore i ntense for the
conpounds of the invention, as well as faster discoloration ki netics.
It is also to be noted that the compound (1) of the invention has a U/ 10
band shifted further towards the visible which inproves its sensitiveness

to sol ar | i ght i 28
CLAI VS ompound j__ COﬁ%ﬂrﬁ ds of f\ Br i“a ( |}._) : discoloration | DOyYDO; | DOWDO;
[ err ] 5 i n which: visible | visible Kinetics

nm | nm | nm (Tin) 25°C | 40°C

402 | 452 | 564 | 36s  |0.84/0.45[0.37/0.20
)

365 | 424 | 503 92s 0.59/0.9910.27/0.46
Cl

It is shown by these measurements that the compound of the invention has

higher Amax values than the analogous compound without the indole ring ringed in

5  position 5,6 of the naphthopyran. Furthermore, the presence of the two absorption
bands of the compounds of the invention allow covering a greater range of the
visible spectrum. Moreover, a first band is observed in the visible which is much
more intense for the compounds of the invention, as well as faster discoloration
kinetics. It is also to be noted that the compound (1) of the invention has a UV

16 band shifted further towards the visible which improves its sensitiveness to solar

light.



[err] Rerr] and R err], identical or different, independently: represent:

- hydrogen, - a linear or branched al kyl group having 1 to 12 carbon
atons, 10 - a cycloal kyl group having 3 to 12 carbon atons, - an
aryl or _heggsaipl 9roup having 6 to 24 carbon atons or ﬂcfmssiéwwr bon

at ons respectively inits basic structure and at | east one -heteroatom
selected from sul fur, oxygen and ni2& ogen ; said basic structure
optional ly being substituted with at |east one substituent selected
from 15 [err] a halogen and notably fluorine, chlorine and brom ne,

[err] a linear or branched al kyl groufClh#iM$g 1 to. 12 carbaon _atons,

[err] a linear or branched al koxy group having 1 to 12 carbon atom;

[err] a linear or branched hal oal kyl or hal oaI koxy g:l:ﬂllnlﬂﬂnjlﬂ H m“lg
respectively to 1. Comspobbdsaotidrmiufe(ly:] ) al kyl and ( koxy

groups above substituted with at |east one 20 hal ogén & notably a
fluoroal kyl group of this type, [err] a linear or branched alkenyl
group having 2 to 12 carbon atons and;q.taokx a vi nyl group or an

al lyl group, 29

+ an -NH err] group, + an - NHR gObupyy R representing a |inear or
branched al kyl group having I to 6 é bon at ons, 5 +a

[err] R and R', identica erent, representing independently
a linear or branched ERYHe ing 1 to 6 cgrbon atons or
representing, together with the atomto ich they are bound,
a 5- to 7-nenbered ring which can conpr\ se Rs 10 | east one ot her

het eroat om sel ected from oxygen, sulf gnd nitrogen, said ni trogen

optionally being substituted with an oup, a linear or branched al kyl
group, having 1 to 6 carbon atons, . met hacryl oyl group or an
acryl oyl group, + an epoxy group ofjformul a:

5 R

in which :
* R} and Ry, identical or different, independently represent :
- hydrogen,
- a linear or branched alkyl group having 1 to 12 carbon atoms,
10 - acycloalkyl group having 3 to 12 carbon atoms,
- an aryl or heteroaryl group having 6 to 24 carbon atoms or 4 to 24 carbon atoms
respectively in its basic structure and at least one heteroatom selected from sulfur,
oxygen and nitrogen ; said basic structure optionally being substituted with at least
one substituent selected from :
15  +ahalogen and notably fluorine, chlorine and bromine,
+ a linear or branched alkyl group having 1 to 12 carbon atoms,
+ a linear or branched alkoxy group having 1 to 12 carbon atoms,
+ a linear or branched haloalkyl or haloalkoxy group corresponding respectively to
the (C-Cy2) alkyl and (C;-Cy3) alkoxy groups above substituted with at least one
20  halogen atom, and notably a fluoroalkyl group of this type,
+ a linear or branched alkenyl group having 2 to 12 carbon atoms and notably a

vinyl group or an allyl group,



[err] - an aral kyl or heteroaral kyl group, the linear or branched
al kyl group having 1 to 4 carbon atons and the aryl and heteroaryl
groups having the definitions given above, 20 or said two
substituent syig@kidn and Rl err] together form an adamantyl pCa/usesi®nyl, a
fluorenylidene, a di((err]-Cerr])al kyl ant hracenyl i dene or a ]
spiro(Cferr]-Cerr])cycl oal kyl - ant h2&cenyl i dene group; said group
optionally being substituted with at |east one of the substituents
|isted above for R err], Rerr]: aryl or heteroaryl group; 25 [err] Rl err]
and Rlerr], iden?hﬁdNHQ@nmbjferent i ndependent |y represent:

hydr ogen, - ah gen nd no ab fluorine, chlor

30 - a1 #dn RHROGPn, X EafeSiine ¥ dneti p hapeas) M g% SR, 0lb &t oms
(advant ageousl y Zarbon atoth® 6 carbon atons), - a cycl oal kyl group havi ng
3 to 12 carbon atons, - a linear or branched alkexy—grotup,—having 1 to
12 carbon atons (advantageously 5 1 to 6 carbon atons

hal oal kyl , a I?al ggycl oal kyl or hal oal koxy group corre m lllﬂ!l}%% “Lvel y
to the alkyl, cycl oal kyl, al koxy groups above,

| east one hal ogen atom notabl¥' sel ect ed fron1f|uor|ne chl orine and
brom ne, - an aryl or heterearyl group having the sane definition as

t hat given above for Rerr], 10 ?%.er"r], - an aral kyl or

het er oaral kyl group, the linear or branéf¥B al kyl group having | to 4
carbon atoms andgt by Roviiefiie m&ffer?@rrx rc%?ﬁ@ﬁxd%ﬁ&éﬁﬁﬁ&hﬁea?@pﬁagﬁum tions
as t hose given above for R err err am ne or am de
group: -NH err], alkyligstpep hav@gnll-ﬂ[) ércpr]bon ato@ONkRpresenting, together with the nitrdgen r |

atom to which they are bound, a 5- to 7-membered ring which can comprise at

10 least one other heteroatom selected from oxygen, sulfur and nitrogen, said
nitrogen optionally being substituted with an R”*” group, a linear or branched alkyl
group, having 1 to 6 carbon atoms,

+ a methacryloyl group or an acryloyl group,
+ an epoxy group of formula :
15
—O—-(CHz);—Cﬁz—/-CH2 inwhichn=1,2o0r3,

0
- an aralky! or heteroaralkyl group, the linear or branched alkyl group having 1 to
4 carbon atoms and the aryl and heteroaryl groups having the definitions given
above,

20 or
said two substituents R, and R, together form an adamantyl, a norbornyl, a

fluorenylidene, a di(C-Cg)alkylanthracenylidene or a spiro(Cs-Cg)cycloalkyl-
anthracenylidene group; said group optionally being substituted with at least one
of the substituents listed above for Ry, Ry : aryl or heteroaryl group;

25  +R3 and Ry, identical or different, independently represent :
- hydrogen,

- a halogen, and notably fluorine, chlorine or bromine,



R R, K havi ng their respective definitions given above for -the am ne
substltuents of the Rerr], Rerr] values: aryl or heteroaryl, -

an - OCOR[err] or -COOR[err] group, R err] representing a straight or

br anched %kg 23071 group having 1 to 6 carbon atons or perR¥6edAsdeky!l group
having 3 t carbon 20 atons or a phenyl group optionally substituted

with at |east one of the substituents 3¢ |isted above for the Rerr],
Rlerr] values: aryl or heteroaryl; [err] mand n are, independently,
integers of 0 to 4 [err] R err] represents: - hydrogen, 25 - a
l'inear or br ang?ﬁﬁ’eaf‘karhn&E@Mﬂvl@&dﬁﬁvﬂmgtIQO12c%@ﬂﬂm@fa@%t&@&@é@m ageousl y
1 to 6 carbon atons), - a cycl oal kyl group having 3

carbon atons, to6 carbon atoms), 31

- alinear or Db llgﬁ@(, r | to 12 carbon atons and
notably a Qw&fér%y 1%[) lnrg%tﬁqglc%gwﬂ&ng - a phenyl or benzyl
group, optionatd ynaub:sltraﬂohededkwytgnom hivé:@t toolde:ambn afoms (advantagesushst i t uent s

i sted above %he R[er , Rlerr] values: aryl or heteroaryl, 5 - an
-CORjerr], C&‘-ﬂ HR[ err] group, R7 representing a straight or
branched -ﬂhiﬂyilk)ﬂr@hﬂlod?al’dhlﬁﬁ&Halbalﬁofyagrbﬁmccﬂic@ﬁﬂhd@gr &Wdlpfﬂ kyl group
having 3 to 6 carbon ons or a linear branched ar

ken group
having 2 to 12theakybisyelealid. %H‘Ri‘y groups ah‘a)\teamb;mawdavl!hwt legstnns hé%%i‘ phenyl or

benzyl group O%hom&dlys%&atffowlﬁ%[nw&lﬂnﬁéandbrommleeaSt one of the
substituents |isted above for the Rlerr], Rl err] values; aryl or

heteroaryl, 16anarylorhetcioat} groeyhavingshgsame dgfinitien asithap givem thepe for Ry, - an

epoxy group of forrrul a: [err] 2.
The corrpoungls a@cor ding to claim1, of formula (I1):
[err] - an aralky! or heteroaralkyl group, the linear or branched alkyl group having 1 to

4 carbon atoms and the aryl and heteroaryl groups having the same definitions as

those given above for Ry, Rz, I

s o g )

"'N\ _ _‘.‘ or —CON\ .
15 R"* R™.* .
R, R, R" having their respective definitions given above for the amine substituents
of the R, R values: aryl or heteroaryl,
-an - OCORg or -COORg group, Rg representing a straight or branched alkyl
group having 1 to 6 carbon atoms or a cycloalkyl group having 3 to 6 carbon
20  atoms or a phenyl group optionally substituted with at least one of the substituents
listed above for the Ry, R2 values: aryl or heteroaryl;
» m and n are, independently, integers of 0 to 4 ;
* Rs represents :
- hydrogen,
25 - a linear or branched alkyl group having 1 to 12 carbon atoms (advantageously |
to 6 carbon atoms),

- a cycloalkyl group having 3 to 12 carbon atoms,



I n which: . [err] Rerr] and/or Rerr], identical or different,

| ndependently represent optionally substituted aryl or heteroaryl
groups whose basic structure is selected fromthose of the phenyl,
napht hyl , bi phemydse7ripyridyl, furyl, benzofuryl, dibenzof urydruddsp@herr]- 20
Clerr])al kyl carbazol e, thienyl, benzothienyl, dibenzothienyl and -

julolidinyl groups; Rlerr] and/or R éir] advantageously representing a
phenyl group. substituted in the para posi tion;

32 [err] Rerr] and R err], identical or different, independently
represent hydrogens ligeak onbranched alkenyl proap &ivérl 21kd OX yarhoroatpmband Agably ho 6
carbon atons, a halqggen,  a lin or branched al kyl group having 1 to 6
carbon atons, a %Pﬁ%&q%{)ﬂgﬂ“gﬁﬂ% a di al kyl ani no group - NRR' in
which R and R' indgpeitienteyzyl %wusseﬂtonau)l lsma{utcarwhﬁaé’ﬂ%ﬁﬁi oRe dF #hy! group
having 1 to 6 carbon_ atons Rézerr represents hydrogen, a linear
or branched al kyIS“B?‘B‘tﬁSISH‘é‘\?ii Akpve théheé‘lc vglygs: aryl ohetarearylan opt | onal | y

substituted phgnylnoFoagn Folbives %%
CONHR[ err], gr oup,anR[ g?\? brde%%sent}f%” q{jl]eﬂmse r g#l% m a yhledgr oup
having | to 6 alkcyh gtoup hatlrmrﬂstwﬁrcaamn erptrs onaad:)}c;oaﬂwbgbm;t hatving 3pb6rtyﬂboﬁ)r

ngf]yl group. 10 atoms or a linear %r branénj 3% Bc%gyl Oq];'oujpohavmgaZ { H carbon atoms and

notably an allyl group or a phenyl or benzyl group optionally substituted with at
least one of the substituents listed above for the Ry, R) values: aryl or heteroaryl,
10 - amethacryloyl group or an acryloyl group,

- an epoxy group of formula :

— —(CHZ),‘—(%Z—/CHZ in which n =1, 2 or 3.

O
2. The compounds according to claim 1, of formula (11) :
Ri\R:

T

e
(D

R,

15
in which :
*R) and/or R, identical or different, independently represent optionally
substituted aryl or heteroaryl groups whose basic structure is selected from those
of the phenyl, naphthyl, biphenyl, pyridyl, furyl, benzofuryl, dibenzofuryl, N-(C{-
20 Cgalkylcarbazole, thienyl, benzothienyl, dibenzothienyl and julolidinyl groups;
R; and/or R, advantageously representing a phenyl group substituted in the para

position ;



I n which [err] Rerr] and Rerr], mand n, are as defined in claim1l

with reference to fornmula (I). 15 4. A nethod of preparing
conmpounds of formula (11) according to claim 3, characterised in that
it conpri : - submtting the conpound of fornul a gfuses/2i93e

33 WO 99/23071 forr] _ -
which Rerr], Rlerr], mand n are as def32ned in claim1, with reference to
formula (1) and Z represents hydrogen or a labile protecting
group such as an acetyl group; 5 to a Curtius rearrangenent, in

order to obtai nRjhed Rgnjiootil of differeny limdeparidently represent hydrogen. a linear or
Lerr] branched alkoxy group having 1 to 6 carbon atoms, a halogen, a linear or branched
alkyl group having 1 to 6 carbon atoms, a morpholino group or a dialkylamino
group - NR'R” in which R’ and R”’ independently represent a linear or branched
s alkyl group having 1 to 6 carbon atoms ;
* R5 represents hydrogen, a linear or branched alkyl group having 1 to 6 carbon
atoms, an optionally substituted phenyl or benzyl group, a -COR7, -COOR7, or
CONHR?7, group, R7 representing a straight or branched alkyl group having 1 to 6

carbon atoms or an optionally substituted phenyl or benzyl group.

10 -
> Compoundsof ormula () AN O
OH O
L
NH ("
7 N\
(Ry)m
in which
* R3 and R4, m and n, are as defined in claim 1 with reference to formula (I).
15

4, A method of preparing compounds of formula (II) according to claim 3,
characterised in that it comprises :

- submitting the compound of formula (V)



- activating said conpound of forrmula (VI1) by diazotation in the presence

of HNO err], and reacting said activated conpound wth sodi um azi de
in order to obtain t he correspondi ng azide of fornmula (VII11):
[err] - wbB923071 - photochem cally deconposi ng sai d apcfiesgshises der to
obtain the correspondi ng carbazole, followed if necessary (in the
hypot hesis when Z [err] H), by the deddrot ecti on of the hydroxyl group.
34 5. A nethod of preparing conpounds of fornula (1)
according to claim1, characterised in that it conprises: -
condensi ng a conpound of fornmula (I1): OB [err]

w10

COOH V)
AN
, P (R4)m

in which R; Ry, m and n are as defined in claim 1, with reference to formula O

and Z represents hydrogen or a labile protecting group such as an acetyl

group ;
5 toa Curtius rearrangement, in order to obtain the compound of formula (VII) :
(074 . _
R @O R AR A
* [« L ] S *

NH, (Vi)

S

- activating said compound of formula (VII) by diazotation in the presence of
HNO; , and reacting said activated compound with sodium azide in order to obtain

the corresponding azide of formula (VIII) :

074
)
N3
e

- photochemically decomposing said azide in order to obtain the corresponding

(Vi)

10

carbazole, followed if necessary (in the hypothesis when Z # H), by the
deprotection of the hydroxyl group.



] ., Rerr], mand n are as defined in claim 1, with reference

in which Rerr

to formula (1); ei t her + with a propargylic al cohol derivative
of formula (I11) bel ow [err] 10 in
whi ch R[e% %gsjnR[err] are as defined in claiml wth peiesapsaeto fornul a
(1); 9. + with, in the presence of titaniumtetral koxide, an

al dehyde of formula (I111") bel ow. 1% [err]
in which Rlerr] and Rlerr] are as defined in claiml with reference to
formula (1); 35

In order to obtain conpounds of formula (1) in which R err] represents

hydr ogen; - deprotonatg’_ng, in the presence of sodi um hydride, said
conmpounds of f or mul 4 Wythod of prepaging Kemppuprsef, fprmuls (Ip acsarding o ¢limdn and

reacting them walletBedth &fat I ORtprlides :

- condensing a compound of formula (II) :

5 AT

OH

o0
NH (1

(Rydm

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

either
+ with a propargylic alcohol derivative of formula (III) below :

OH \\ (n

10 H
in which R, and R; are as defined in claim 1 with reference to formula (I) ;
or

+ with, in the presence of titanium tetralkoxide, an aldehyde of formula (III")
below :

15

:1>a o)

2 CHO

in which R and R; are as defined in claim 1 with reference to formula (I) ;



conpound of formula Rlerr]X, in which Rlerr] is as defined in claim1 but
different from 5 hydrogen and X is a |leaving group, in order to obtain
conpounds of formula (1) in which Rerr] is different from hydrogen.
6. A (co) pol Wemspsand/ or reticul ate obtained by pol yneri zarcoussndisor
cross-linking of at |east one nononer conigitut ed by at | east one-conpound
10 . according to claim1l or 2. . 7. A photochrom c conpound
characterised in that it consists of a conmpound according to claim1l
or 2, or of a mxture of at |east two conpounds according to claim|
or 2 or of a m xinprderdg obiain cergrundnel femminihia vaudidksdrriesents hydsogeng| ai m 1 or

2 with at | east opg.abiihe hGkOFALANINE sSSP R Wic¥ApAGI:S bYRfuia p AT/ 01

at | east one non-photo oring agen
phot ochr om ¢ conposhidchoR;s repraseacst bydrsgert emil tréwating ttheporwpith seseclectrophilie at

(o) pol ymer 20, Camants of BTub et ahich fiings RFSed i | 520 cinBkE, pm

optionally, at | gprisdgennsd Klii&leafiig RGP A Bider COBRALEpinR NP FhiRklat()Re

and/ or at | east one non-photochromc coloring agent and/or at |east one
stabilizing wHigh By is ditteyent from hydragen.p (co) pol yner matrix, characteri sed
inthat it conprises: - at | east one conpound according to claim1 or
2, - and/or at |east one co(polynmer) and/or reticulate according to
claim 6, - and/ o At(co)pelymen paed/etorticelate | ebtringsic by @olymerizatioh sndios .

36 T i ccardi 0.claj haracterised in that
the (co)pol yner ergss-hnlrﬁg)gggflt éﬂciégsg ?o‘%’%@g Sﬁnglvtmmngy Iali:sl :St 6 cgn?po(‘)lﬁ{li onal |y
hal ogenat ed abkyhgeomiygltoalhinyl pr 2ryl or aral kyl poly (rnmono-, di-, tri- or
tetra-) acrylate or poly (nono-, di-, tri- or tetra-) nethacrylate or
having at least 5 one ether and/or ester and/or carbonate and/or

carbamat e and/ or thi ogaK bgHdRicBromic compound characterised in that it consists of a
compound according to claim 1 or 2, or of a mixture of at least two compounds
according to claim 1 or 2 or of a mixture of at least one compound according to

15 claim 1 or 2 with at least one other photochromic compound of another type

and/or at least one non-photochromic coloring agent.

8. A photochromic composition, characterised in that it comprises :
- at least one compound according to claim 1 or 2 and/or at least one (co)polymer
20 and/or reticulate according to claim 6,
-and, optionally, at least one other photochromic compound of another type
and/or at least one non-photochromic coloring agent and/or at least one stabilizing

agent,

25 9. A (co)polymer matrix, characterised in that it comprises :
- at least one compound according to claim 1 or 2,
- and/or at least one co(polymer) and/or reticulate according to claim 6,

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

_
| /{Il/ll////l//ll!////l[l///ll/
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_ and/or urea and/or am de group, - polystyrene, polyether; polyester,

pol ycar bonat e, polycarbamate, polyepoxy, pol yurea, pol yurethane,

pol yt hi our et hane, pol ysil oxane, polyacrylonitrile, pol yan de,

al i phatic or tic polyester, vinylic polyner, cell ulpegrisopgésate, 10
cel | ul ose "{’9?2@‘2’?2 cel l ul ose acet at e-propi onate or pol yvinyl butyral,

- copolyners of two or nore types of no rs or mxtures of polyners
rmenti oned above, and - resins obtained by copol ynerisation of a

m xture of at |east one or nore di functi onal nononers of type (a) and

one or nore difuncti®Tak mamomeoslingftotclaie 9] Eharacleyised in that the (co)polyrhére

di functional nono bei ng of one or the other of

formul ae (A aﬁfcfe{gge§l?‘)ﬁglr‘é? M@W&(ﬁ st + fornmula (A):

[err] 20 -opthdhalmhﬂbgenated alkyl, Bystsatltyl, ﬁl&frra}alkprﬁ;i@mﬁm- dlernlérca| or

di fferent, |ndependen % are hydr ggen, or % gr oup - mand
n are, independ®RoarTy 4‘ PERRIY mB’éR' ‘é’nt“O%F?Haﬁ ’?WUM ghavglg@téﬁag

advant ageous| y ohd @B R dsker %ﬁ%} chrBodatePindor carbamate and/af tﬁfooaraadﬁiet i cal or
different, are a hal ogen and preferably represent chlorine / or
br om ne; and/or urea and/or amide group, 37 -

P ]?gf'm‘}l Zr ‘(3 A! ndep%mgs&%' %olyletﬂ&ze%%iﬁst@?%‘?ﬁgrbgnﬁé‘dpcﬁyca{iﬁinuzj% ¥Siyepoxy,
polyurea polyurethane, polythiourethane, polysiloxane, polyacrylonitrile,
polyamide, aliphatic or aromatic polyester, vinylic polymer, cellulose acetate,

10 cellulose triacetate, cellulose acetate-propionate or polyvinylbutyral,
- copolymers of two or more types of monomers or mixtures of polymers
mentioned above, and
- resins obtained by copolymerisation of a mixture of at least one or more
difunctional monomers of type (a) and one or more difunctional monomers of type
1s (b)
» the difunctional monomer(s) of type (a) being « of f one or the othet of

formulae (A) and (A") hereinafter : B —

 ormula (A): AR lll!

R CH, R}
it i P2
cﬁz=c—ﬁ— {OCHR-CH,} ~—0 T 0= (CH,~CHR' O)Tﬁ—c=CHz
0 CH (o}

20 (X), Pox),

in which :
- Ry, R'}, R and R, identical or different, independently are a hydrogen or a
methyl group ;

25 - m and n are, independently, integers between 0 and 4 inclusive ; and are
advantageously independently equalto L or 2 ;
- X and X', identical or different, are a halogen and preferably represent chlorine

and/or bromine ;



5 in which: - Rerr] and Rlerr] , identical or different,
i ndependently are a" hydrogen or a net hyl group; - Ris a linear
or branched al kyl radical having from2 to 8 carbon atons, a
cycl oal kyl r‘?(g;&é., having from 3 to 6 carbon atons, an ethEVUSOHPWal of
formula 10 - in which R and R, #dentical or different,
i ndependently are a |inear or branctfed al kyl radical having from2 to
4 carbon atons; * the difunctional nononer(s) of type (b) - long
chain al keni ¢ difunctional ol i goner - being of one or the other of
fornul ae (B), (B“?a%ﬁiafGB“‘?epﬁ‘&eE‘%ﬁFﬁtgéﬁ& between 0 and 4 inclusive ; + formula (B):
15 [err] + formula (A" : .'n whi ch: - Rerr], Rerr], Rerr]
and Rlerr], identical or different’, independently are hydrogen or a 20
| i near or branched al kyl radical, advant ageously linear, having froml to 4
car bon atons ; and correspond particul arly advant ageousl y to a mnethyl
group; - R3 and R4, different,fare independentff ¥ one hydrogen and the
ot her an al kenyl r adi cdgcmvr—n@—f {QOMR2—t+0—6CcaIHOH, at ons,
advant ageously from2 to 4 car bog at ons and parti cuI arly
advant ageously an i sopropenyl ratical; 0 W 99f 23071
38 hic - Rerr] and Rerr], different, are
i ndependent |y oné‘% drrogen and the other an al kenyl
radi cal having framaadtml Gideatidabor ditfeveht, irdepeadintlg anus hydrdge@ Bt 2 micthyh car bon
at ons and particul arly advantageously an
i sopropenyl radi &8P > - Z represents a carbamate
function (-NHCO @ is.a ﬁnéah'oﬁ%%m%rw’&l h&¥ig from 2 to 8 carbon atoms, a S

(-NHCOS) or a urea function (-NH
cycloalkyl radical havmg from 3 to 6 carbon atoms, an ether radical of formula

10 (R-O-R") in which R' and R", identical or different, independently are a linear or
branched alkyl radical having from 2 to 4 carbon atoms;
+ the difunctional monomer(s) of type (b) - long chain alkenic difunctional

oligomer - being of one or the other of formulae (B), (B") and (B”) hereinafter:

+ formula (B) :
15
RJ
T ik
R, ¢=2= (R=Y) —R'—2! —¢ R!

R R!

2 2
R,
in which :

- Ry, R'y, Ry and Ry, identical or different, independently are hydrogen or 2
20  linear or branched alkyl radical, advantageously linear, having from 1 to 4 carbon
atoms ; and correspond particularly advantageously to a methyl group ;
- R3 and Ry, different, are independently one hydrogen and the other an alkenyl
radical having from 2 to 6 carbon atoms, advantageously from 2 to 4 carbon atoms
and particularly advantageously an isopropenyl radical ;
\\

gy



- Z', independent from Z and advantageously respectively with respect to Z
represents a carbamate function (-O-CO-NH), a thiocarbamate function
(-S-CO-NH) or a urea function (-NH CO NH); -
R represents a |inear or branched al kyl radical havi ngpdfosmaziob® 4 carbon

atons; - WO099/23071 10 - R identical or different when n [err]
2, is a linear or branched al kyl radical3$having
from2 to 4 carbon atons; - Y, identical or

different when n [err] 2, is oxygen or sulfur;
n i s an integer- RighndRY, d1ffesut; lareaindepgndehnty oﬁhbydmgcaland\mmmeraﬁ alkeiybon at ons

contained in the,l uat ed between the and Z' be at
| east radwﬁ%g‘“ng o 2%% HER AT afﬁ”ﬁ?ﬁ?%é%%@ﬁ?é&é%ﬂ% PYOMBet ween
(13 ;;md 1[12 | ?Cuéalp!ﬁ@tcularlv advantageously an isopropeny! radlcal _ + fornmul a

') err
20 - Rlerr], R fepresqufserqabampgedunation QNI-C0- Ofk[‘é?‘ﬂcafbﬂpétﬁ fgnctigg err], R and
Y are such as qaiirasishier £Lnaametony N'PI—CO-NH) ref erence

toforrrula(B is an integer defined in
such a way t hat- Zhendeperdentrfiorbe apd adammeaoufbormpectwely with respect to Z,

cont ai ned i n g, 408 oSk o TBLEO R DU EL e fbchiaot, equal to 22

and is Ween g% and 104
i ncl usi ve; (-S-CO-NH-) or a urea ﬁmctxon (-NH—CO-NH—) ; 39
formila (B): - R' represents a linJax@cr)rr \lranched alkyl radical having from 2 to 4 carbon atoms ;
10 - R, identical or different when n 2 2, is a linear or branched alkyl radical having
from 2 to 4 carbon atoms ;
- Y, identical or different when n 2 2, is oxygen or sulfur ;
- n is an integer defined in such a way that the total number of carbon atoms
contained in the long chain situated between the two motifs Z and Z' be at least
15 equal to 18 and is advantageously bétween 18 and 112 inclusive ;

+ formula (B") :

in which :

20 -Rj, Ry, R3, R4, R}, R, R'3, R4, R and Y are such as defined hereinabove with
reference to formula (B);
- n is an integer defined in such a way that the total number of carbon atoms
contained in the long chain of the motif (R-Y), be at least equal to 22 and is

ad\)antageously between 22 and 104 inclusive;

| RRR AR A



|nV\,h|ch - Rlerr], Rerr], Rerr], Rerr], Rerr], Rerr], Rerr],

Rerr], R, R and Y are such as defi ned herei nabove with reference to
formula (B); - Z is a carbamate function (-OCONH) or Z is a
t hi ocar bamat wofepyesays on 10 (-S-CO- NH ) ; - nis an | RCEYS8M24BVPi ned in
such a way that the total nunber of carbopn atons contained in the

|l ong chain of the notif (R-Y)[err], be at39 east equal to 22 and is

advant ageously between 22 and 104 incl usive. 15 AT

ophthalmc or solar article conprising: - at | east one cb nd
according to claim1 or 2, - and/or at |east g m“\m Mand/ or
reticul ate accorgy ulra?Bﬂ! aim 6, - and/or at “‘“ i e ition

according to clal r%ﬂg and/ or at |east one netrix according to one of
claims 9 or 10. 20 12. The article according to claim 11,
characterised in that it is 08nsti tuted by a | ens. 13. A

gl azi ng and/ or optRgal devicegonprising: 25 - at | east one ¢rnpound
according to claim1 pr— R, = /[or at |east one qkép) petmer and/ or
reticul ate accorﬁi' ale 1 \ib-ﬁﬂfi?;—aﬁ'l?aﬁ on jtion
according to claiin 8, | a i

- and/or at |east one matri xRaccording to clainms 9 or RO,

14. Conpounds according to claiml1, in which Rerr]
s

in which :
-R1, R, R3, Rq, R'1, R'), R'3, R4, R, R'and Y are such as defined hereinabove
with reference to formula (B);
- Z' is a carbamate function (-O-CO-NH-) or Z' is a thiocarbamate function

10 (-S-CO-NH-);
- n is an integer defined in such a way that the total number of carbon atoms
contained in the long chain of the motif (R-Y)y, be at least equal to 22 and is

advantageously between 22 and 104 inclusive,

15 11. An ophthalmic or solar article comprising :
- at least one compound according to claim 1 or 2,
- and/or at least one (co)polymer and/or reticulate according to claim 6,
- and/or at least one composition according to claim 8,
- and/or at least one matrix according to one of claims 9 or 10.
20
12. The article according to claim 11, characterised in that it is constituted

by a lens.

13. A glazing and/or optical device comprising :
25 - atleast one compound according to claim 1 or 2,
- and/or at least one (co)polymer and/or reticulate according to claim 6,

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



represents: 5 - hydrogen, ﬁ] el R, Rranghed al kyl group having
to 12 carbon at ons, - a cy aving 3 to 12 carbon
at ons, - an linear or branched WE m ﬂ ﬂan ng 1 to 12 carbon 10
atoms, - woddnerioal kyl, a hal ocyc al oal k Pﬁﬂ
correspondi ng respectively to the aIkyI cl oal kyl, or al Koxy groups
above, substituted with at | east one haI og‘i atom sel ected from
fluorine, chlorine, and bromne, 15 - an aryl or heteroaryl group having
t he sane deflnltlacag/ I gﬁven inclaiml wth respect to Rerr] and
Rerr], - an aral ﬁytl ca5t é'?aé?’baa‘%ca"ldlé‘ﬁlt°g¢°cﬂfplalm$&0ﬂl|0near or branched

al kyl group having 1 to 4 carbon atons and the aryl and het er oar yl
groups having the sanme definitions as those 20 given in claiml1l with

"respect to Rlerr] and Rerr]; - an -OCOR[err] or -COOR{err] group,

where R err] has the sane definition as given in clrarmi————

O R



