15 August 2006 WD 03/070689 PCT/1L03/00136 -1- POLYMER BQUND
DONOR- ACCEPTOR- DONOR  COVPOUNDS AND THEI R USE | N A 3- DI VENRQ aal 2096 CAL
MEMORY FIELD OF THE | NVENTI ON This invention relates to polynmer bound

conpoung@g gsfssompounds,  processes for their preparafiofg@3nd a
3-dimensional optical data storage and retrieval systemconprising such

conpounds. 5 BACKGROUND OF THE I NVENTI ON The foll owi ng publications are
referred to in the present descrigt+on: 1) US 5,592, 462; 2) US 5, 268, 862;
and 3) WD 01/73,779. 10 The conputerized era has raised the need to

provide reliabl pEPRER BOUND DONORICCCEPTORDEONOR!t s of data.

Ever-grow ng anounts of data are generated nowadays in personal and
conmer ¢ COMPOINDS AND FHIEIR USE B Asi-DIVEENSHIN BA&CALy, this denand
will surely grow. One approa dress this need is to use optical

met hods for the storage of d ; owi ng the stored information to be 15
mai nt ai ned undamaged for | ong periods of time, with no apparent |oss of
information. Three-di nensional data storage offers the possibility of

hol di n&1E L&@E}/TEEWVEETJO% media sinmilar in si ze to today's optical

medi a (CD, DVD) In er to ac ess the data | |nthe d|a however,

3D addr essi Sl@VF‘@%ﬁH F tes tPhIPQ A bpung femp n‘émﬂ S beam or
the i n@?&c@&%ﬁ Aeid W ) osrsmh%n¢ 'agbtdu%ignﬁ é}t'@%li‘ Bﬁa @nﬁ& As an

exanpl used aser beans ar to déefine a specific

poi nt . réMeﬁnﬁb%texﬁeoMﬁ §1@g§iftha:o otuis. 3D nedi a, there needs to be a
chem cal species within the medla that is able to adopt two different

forms. Furthernore, this species nust be switchable between the two forns

by tbe BACKGROEND OF THE E{VENTON and not by any of the light beams
i ndependently. In the 25 past, such devices have been devel oped based on

t wo- phot on ghsfileivipiblicktisisnarelifofted U6 in tAE Peesent description:
1) US 5,592,462;
2) US 5,268,862; and
3) WO 01/73,779.

10 The computerized era has raised the need to provide reliable means for the
storage of large amounts of data. Ever-growing amounts of data are generated
nowadays in personal and commercial computers, and with the progress of
technology, this demand will surely grow. One approach to address this need is to
use optical methods for the storage of data, allowing the stored information to be

15 maintained undamaged for long periods of time, with no apparent loss of
information. Three-dimensional data storage offers the possibility of holding
terabytes of data on media similar in size to today’s optical media (CD, DVD). In
order to access the data points in the media, however, 3D addressing is required. -
This can be achieved by one light beam or by the interaction of two or more light

20 beams in the substance. As an example, two focused, crossing laser beams are able
to define a specific point. In order to write data to the 3D media, there needstobe a
chemical species within the media that is able to adopt two different forms.
Furthermore, this species must be switchable between the two forms by the

'multiple light interaction, and not by any of the light beams independently. In the-

25 past, such devices have been developed based on two-photon absorption by known




WO 03/ 070689 PCT/I1L03/00136 -2- photoisonerizable nol ecul es. These
nol ecul es have | ow two- photon cross-sections, so rel ati viel4ugiisgH06ower ed
| i ght sources are required, leading to expensive devices, slow data

access, wahdoslggoer of damage to the nedia. US 5, 592,%@@%&9%) descri bes
a three dinensional systemfor optical 5 data storage and retrieval.

According to this publication, incorporated herein as a reference, the
data is stored and retrieved by +2radiating the storage mediumwith two
interfering |ight beans. The use of two |ight beans allows the definition

of a PREtbiseMbAZabRO! nhelecults. t MEhe¥®| ynGledésNg hwwd t lew Otwo-plaslomt every
i nstance. US 5, 268, 862 (Rentzepis) describes an active mediumfor use in a

sy st enciebs-setfions sokietatively Sugh-pewprpd Bightl sourcesTiaee raguiredn leedies tise of two
forns of a ., spir.obenzopyran deri Lve represent the two binary states.
Howev e FXPPFIEE UEaETSy %lowgéheﬂcﬁ?sé’i qﬁ‘é(aff e %ﬁ@’ﬁﬁgertgts[ﬁ?@e wer than room

t enper at ur epyqtay/ £ Thes! ik 2P LR Fof BstoM i tten

i nformat i oﬁ(;sayﬁ?zr’:ﬁéazldﬁ%aoaopeag%g %Sr ?Tg%reg’[duh? i sn I o%temo)e?g% ure. Raising

t he § edmersairagecal mateval. Pacerding t© thisopublicatidng inatpovated héretisasome of t he

states is stable at roomtenperature for_oply. 150 secon‘gs. Tj@a mai nt enance
of suctefercnesntie data isstprd and aetigved by frerdigme he glosrgeasdNE WL \Wo 01/ 73, 779

o ou B inffeatiadidht R, 308G pELUG N At HIORs debethidipta . o e
| NVENTh4Rice@r g&ﬁngngﬁ&e RblunidiRiid whttdSoraesest evbrytihgadcect that active

conpounds t ha be used as the active nmedium for a 3-di nensional nenory
are bound tdS#,368)8paxRentzepis)dd¢saribesamattiveveedinm fonsedn adystesn @6r ed menory

combuitis Koo GrRGELE 15 BerBrk. 165 iRRLRC S (1ot D4 RIS frembry.  The
For i P Rops R URGRE o' RRrsegm, B0aE0. M ErbsPoBnae s Bl L -
- Pol ymalemoWP is méirtained at a temperature lower than room temperature, typically at
-78°C. Thus writing, storing the written information, and reading are preformed at
this low temperature. Raising the temperature erases the entire stored information,
15 as one of the states is stable at room temperature for only 150 seconds. The
maintenance of such a memory is expensive and cannot be used commercially.
WO 01/73,779 describes the use of stilbene diethano] and substituted and

non-substituted stilbene diethylacetate in a 3-D memory.

SUMMARY OF THE INVENTION

20 The present invention is based on the fact that active compounds that may
be used as the active medinm for a 3-dimensional memory are bound to a polymer
in order to achieve a structured, -ordered memory. Thus the present invention
provides new polymer-bound compounds, new compounds, methods for their
synthesis and their vse in 3-D memory. The polymer-bound compounds of the

25 present invention are of the general formula (I):




2CClc %CH),W (D n wherein the orientation of the substituents is
either cis or trans and wherein mand m are independentlyAwgust29p 2: n
and n' are independently 0, 1, 2, or 3; WL and W2 are independently

sel ect eofgsaeddN. OH C=_CR, COOK COCR wherein Ris %&ﬁﬁsﬁo@h&ght or
branched Cl-4-al kyl group, CONH2, OCH20CH3. D, and D2 are 1 ndependently

selected fromF, NO2, halogen or OR wherein Ris a hydrogen, Cl 4alkyl
group optionally substituted by hdlogen. L is a linking group sel ected
from (CH2)aX or (CH2),, X, (OCH2CH2). a and b being 0-10, n being 1-4 and X
being O C(=0 G . 10 The polpgpr-H—Fogmesen from pol y(al kyl acryl ate)s or
their copol yners such as scopol ymer with stryrene. Mdre specifically the
pol ymer Wsn(etly( net hyl thhacrylate). The invention is further directed to
a process for t =_s_yr;pt/(es S of compounds of formula (1). The synthesis

conpri ses deri”vattgzi ng a conpound ofd) f or nul a (H 15 to a compound of
formula (Hl) )(D2) W (CHAQW,' derivatized C-c %CH2),W (Di)n 15 August

2006  MP\P8LE70689 PCT/ 1103/ 00136 -4- (D' 2)n' W2 ., (H2C C~ic (CH2). W (D)
n n

wherein the orientation of the substituents is either cis or frans and wherein m and
m’ are independently 0, 1 or 2; n and n’ are independently 0, 1, 2, or 3; Wy and W2
are mdépendently selected from CN, OH, C=CR, COOH, COOR wherein R is a

- 5 straight or branched Cj4-alkyl group, CONH,;, OCH,OCHs. D; and D, are
independently selected from R, NO;, halogen or O-R wherein R is a hydrogen,
Ci4-alkyl group optionally substituted by halogen. L is a linking group selected
from (CH2).X or O(CHx)pX, {(OCH,CHy), a and b being 0-10, n being 1-4 and X
being O-C(=0)C-.

10 The polymer is chosen from poly(alkylacrylate)s or their copolymers such as
a copolymer with stryrene. More specifically the polymer is poly(methyl
‘methacrylate).

The invention is further directed to a process for the synthesis of compounds
of formula (I). The synthesis comprises of derivatizing a compound of formula (II)

15 to a compound of formula (III)

| i
e m‘(HZCLzL /@ derivatized
T wm T
/Cj (CHuW,

©)!




wherein the orientation of tile substituents is either cis or trans and
wherein n, n', m in, W, W, D, D2 are as defined abolMeAugudt2006 is a
derivative of a D group as defined above, e.g. OH OR or CH2X, X being a
hal ogeny@rosffesd R being a 5 G -C4-alkyl group. In tﬁﬁnﬂfﬁﬁmﬁ%ep t he
conpound of forrmula (111) is reacted with a bi-functional spacer selected
fromX(CH2). X or O CH2) by, (OCH2CH2)nX a and b being 0-10, n being 1-4 and
X being a functional group capable®of attaching by chem cal neans to the
pol ymer or a polynerizable qnoup, e.g. H O C(=0 C=CH2, hal ogen which
forns the |inking noiety \Bﬂﬁhe polyner (after jo interacting at both
ends) asvydefprgd above. t Znatively, a conpound of fornmula (11) may be
derivitized an functi zzed with t KBDbi -functitional spacer to forma
conpound that is .capgpl e of being subsequently polynerized in the presence
of an appr ¢pr e non [ ;o yield a copolyner. 15 The invention is yet
finther diygectled to conﬁ Iof formula (11) and (111) being novel
conpourffs)iand to their synthesis. In the synthesis of compounds of formula
(11), for the case wherein W or W are COCH, COOP, OCH20CH3 or for the
case wherein in or mM=2 and W or W2 is OH the process conprises reacting
a substWheseis dhoeriendatioputfsthe substithebtsriz ielthérrisopameinar whdrelyn, @act i on t o

obtain i Rt;e | ate_which.is further reacted by a MMrry reaction to
gi ve a@gﬁp%héﬁ’gﬁ‘f ? iR 38 defied,phayeiapd Daj 1s ageriya@vas 2B grelafasned above.

The re i i r .chem cal | i.fied, .For the case

wher e S bEATER RHIIO b CHPE X Gt el s CO0R, beieg e it

pheny! daetenlkylrgrowp. ils theongxt step theesonpetind of toridul "GP ESRiMed ﬁiﬂf[iaeag A25 t[‘e
-------- S e eee ae-- ugus

2006 RNGSPER SBasepesiEeteboBONEE R orD§HeR QTE AN a st wher o
a erein
mem =l 4 20-?{')“111 \%ngrfj \a/\ﬁﬂ CN .be_obt ai ned, fromthe correspondi ng
conpoungﬁ%ner gin and %g$81ng]_fil H&%@?‘&I FUPecprbly| A terhgg ibypene i s
ftirthelemiealct @dardso tyi ghd Pagnﬁf Ay 'p%lyﬁfé?EQMQd-gm%%V%%] @ﬁ{t he conpounds
e e *

of fornul a_é are conj ugat
0-C(=0)C=CH,, halogen which forms the linking moiety L to the polymer (after

10 interacting at both ends) as defined above.

Alternatively, a compound of formula (If) may be derivitized and
functionalized with the bi-fircntional spacer to form a compound that is capable of
being subsequently polymerized in the presence of an appropriate monomer to yield.
a copolymer.

15 The invention is yet further directed to compounds of formula (I) and (IIT)
being novel compounds and to their synthesis.

In the synthesis of compounds of formula (1), for the case wherein W; or
W3 are COOH, COOR, OCH,0CH; or for the case wherein m or m’=2 and Wi or
W2 is OH the process comprises reacting a substituted or non-substituted benzil in a

20 Reformatsky reaction to obtain an intermediate which is further reacted by a
McMurry reaction to give a compound of formula (ID) with m, m’, W; and W, as.
defined above. The resulting compound may further be chemically modified.

For the case wherein Wy or W> are CN and m=m’=(), substituted or

non-substituted phenylacetonitrile is coupled then modified if necessary, to yield

- 25 the required compound of formula (IT).




5 Donor - Accept or-Donor structures, where the W, ( CH2) C=C(CH2) . W noi ety is
an Acceptor noiety which is "sandw ched" between the two ISubust2@0ed phenyl
rings which are Donor noieties. Thus the invention is also further directed
to the w@ss conj ugat ed Donor - Accept or - Donor COITpOLquﬁ] f e present

i nvention l?fzbgsr?pounds of formula H in a 3-D nenory suc (gié(m{ ?ascri bed WO
01/ 73,779 | o wherein the active nedi um conpri ses conpounds of formula (H)
bound to a polymer in order to aéhi eve an ordered nenory. BRI EF

DESCRI PTI ON OF THE DRAWNGS In order to understand the invention and to see
how it may @&ng@uﬁds@ﬁf@m&ulam) WheRinbgi=htel o 2pnd Wi aed WededNrent wil | now
be described, by way of non-limting exanple in\g;, with reference to the

- acconparyihegobirined figm therconmespomding) epmpouad sylieegis Whand Berdre §H f or nul ae of
several .donof - acc r-.donotr .c oun wWhi ch .be used in a 3-D nenory
accor di“fb&ret“bﬁ’f’ﬁka‘k%ﬁé‘gﬁp H?l%@ﬁﬁ%%%@%ﬁﬁ%@ﬁ%ﬂ?@m e spectrum
"wite" rege f the ;20 SAUBRHRd 4F4 fodthiiBt hYITy 2.a86- Fofinamest i | bene. Fig.
3 shows an ?%?fagr edﬂqspectru?n{m"read" reglﬁgn of (ﬂé} compoun %f the conpound
4, 4' 5 dDvabbjkeopta-Iomy astosturdshehere the J8m (CHNGECEH,)s Wouwnditgisodynani ¢
stability studies neasured by (A) Il traviol et spectrum . b ) NMR for the
two ci 8nahEenipn moidly aviugh ds méwa@ﬁ%oiawee@éhe two substituted pﬁen%?

4, 4" - di - - i . i - Flg. 5. J pectrum of a
pol yrre B i ofts DROEUBAARS, PRENEe ifitiontis I Rufle AR €ne

""" use of “conjugated Donor-Adcepibrlenbr 268850MAs 0 HE0HREenPGIvnties/ 00136 - 6-
Fig. 6 shows an ultraviolet spectrum of a copol

mer nade of
a, oL- di{eyapovads dhismautaoly g a D meemoryrendney d@ﬁﬁﬂgﬁ@s‘éf(ﬁbﬂlﬁn,wfbol ynerized in
the presence of nethylnethacrylate. Fig., 7.shows t ucl.ear Magnetic
Resdfa regxbglyt PEHY o FICdIUDY, FOMRHEES ?I?&O@gdﬁfftﬁgnﬁl@ta@egl%%do%%hore used as
a m)noﬁB@n&PMdﬁ%b%?ﬁHz@&%rd@eﬁm%&ﬁ) shows the Nucl ear Magnetic
o

Resona spectrum o

BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the invention and to see how it may be carried out in
15 practice, a preferred embodiment will now be described, by way of non-limiting
example only, with reference to the accompanying drawings, in which:
Fig. 1 displays the chemical formulae of several donor-acceptor-donor
compounds, which may be used in a 3-D memory according to the invention.
Fig. 2 shows an ultraviolet-visible spectrum, “write” region of the
20 compound 4,4°-dimethyl-q,a-dicyanostilbene.
Fig. 3 shows an infrared spectrum, “read” region of a compound of the
compound 4,4’-dimethyl-o,o-dicyanostilbene.
Figs. 4A and 4B show thermodynamic stability studies measured by (A)
ultraviolet spectrum, by (B) NMR for the two cis and #rans states of the compound
25 4,4’-diﬁnethoxy—on,a-dicyanostilbene.
| Fig. 5 shows an infrared spectrum of a polymer-bound q,o-dicyanostilbene
through a spacer.




4, 4" -di et hyl - a, a~di cyanosti | bene bound t hrough diethyl ene glycol as a
spacer to PMVA in its trans geometry and (B) the ultravildl/uguspd®orum of a
t he conpound shown in (A) in the logical "0 and '1' steps. 10 Fig. 9
shows aygygipfeepasi onal menory unit of the present invephipi.Gemposed of

4- met hoxysti | bene-oco~-di cyal | i de bound to a pol yner througﬂ a spacer.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON As nenti oned above the present

i nvention deals with conpounds bofinrd to a 15 pol ymer (compounds of formul a
(I')), a process for their preparation and their use in 3-di nensional
TeNDry SUCHES. ¢eHisDGl LN dpbdhtth 8 Chl cbhfy@TRaMRISof Of the
present inveation Torman active lum sui tabl e for storing and retrieving
dat a. Ppedieyadktlbetcwnoatadas adaokmmercndosubitguenlyyrolymeized in the

donor - accept or-donor conpounds, hence the active nedium of the

3- di masseneadf methylngethastd®epri sed 20 of donor - accept or - donor conpounds of

formula (11).. Jhe conpo of - for mul of p | ntion are
part of an]ﬁé&t f;}-\1‘5_ O%E%)%ﬁﬂe‘g'ﬁ% éﬁjcoﬁeéo%??enaaegt%gr.n Jrf(eaif ?%B‘]inﬁl\gedat a. The
basiss 8k blttheSofll SBRGHOADe HRARS X rhéokl 1) Bé plpakiea, of the “compounds with
i nci'dent 'rght to 1nterconvert the active conpounds fromone chem cal

structure tKiga 8li {A)ershows ctheniNumleast Magnotie . Raoancet ispestwonpdiunds may be 25

regarded as chronmophores. The devel oprnent, of viaple 3D optical data storage
r equi rbé -dimstiatle,.gsieyanestifieae bpwnd theoy tﬁglgn% gB’F@]haSrﬁJ Fﬁq@rpﬁ’ot on

di
Cross- \an.... .Sinpl | [ r | desi gned for
nonl i n@gﬁ‘%&lﬁéaﬁ‘ “mﬁg@@gﬁ? %@%g#?%ﬁggg?#égwﬁ%o ég&ggﬁljﬁﬁagat ed
donor - eweRh PA) HOMe Togidal W bnd €1 stpdD) . I n Us paradigm a |ong conj ugat ed
mol ecul e carries charge-transfer 15 August 2006 WO 03/070689
PCT{ol LO3/ O(Rig6 9- FhowtomoBslimensiang! anctaomynuniy efh thegprasemnBveriigicceptor in its
m ddl e section.. The | on t he | ecul e, and the stronger i he donors and
accept@nﬂ?cs?‘gé)fblﬁeého’@’%ﬁ&mﬂ%ﬂ" @?B’r#é Eﬁ‘é"@r g‘hﬁc@"lgﬂ]ﬁ’f 3‘%‘6’8&‘? fics are. In
addi ti other simlar architectures, e.g accept or - donor - accept or,

achieve Simlar results. Exanples of donor 5 functionalization can include:
ethers and thioethers, alcohols, thiols and their salts, am nes,

bi pheny A RS THSGRRVT SN HPTERE KON R val ene, al kyl . Exampl es of

As mentioned above the present invention deals with compounds bound to a

| ‘15 polymer (compounds of formula (1)), a process for their preparation and their use in-
3.dimensional memory such as described in WO 01/73,779 wherein the compounds
of the present invention form an active medium suitable for storing and retrieving
data. Preferably, the compounds bound to the polymer are donor-acceptor-donor
compounds, hence the active medium of the 3-dimensional memory is comprised
20 of donor-acceptor-donor compounds of formula (IT). The compound of formula (II)
of the present invention are part of an active medium suitable for storing and
retrieving data. The basis of the 3-dimensional memory is the interaction of the:
compounds with incident light to interconvert the active compounds from one
chemical structure fo a different chemical structure. The active compounds may be -
95 regarded as chromophores. The development of viable 3D optical data storage
requires a photoisomerizable species that has a high multi-photon cross-section.
Simple molecules with this property have been designed for nonlinear optical
applications by the application of a conjugated donor-acceptor-donor structure -
(DAD). In this paradigm, a2 long conjugated molecule carries charge-transfer




acceptor functionalization can include: pyridiniurn and amoni um salts,
mul ti ple bonds, azobenzenes, nitriles, halides, nitro cdpbegugs2006bre
~conpl ex conjugated systens may al so be used as donor or acceptor groups.
10 I'n awdRs/miggy Y each chem cal structure represents#%qﬂ&ﬁﬁkﬁnt mode, such
as for illustration, '"0" and '1'" in a binary representation. The different
chem cal structures may be two separate geonetric fornms, i.e. cis and
trans. An active medium should +FAus be understood as a plurality of

nol ecul es bound to a polynmer confined within a given volunme or a plurality
Of Ol B S: ftd dds!aif'a, SALIBARRNTer Bbochlt i s RNl dha Thalhgeapabl e of
changing their States frodffone 1soneric formto another upon an

i Nt er atticimelemilé, nt itighdtronglrethé idosdrs end adcapiors) thenisatigy theanultiphwbonds to t he
energy required to photochem cally. convert a nolecuyle of the active nmedi um
from t Aesorhange cherpsieristigs fagg. nin cﬁdélt@@cdﬂheroﬁ@?-‘f%%c WYt 0% preferred

enbodi ent. of, the pre-sent..iovention, e papat cording to
t he in@%ﬁ?‘i"bﬂ"‘&?ﬁ%g?@%‘i: @Eg f'\‘cr ]gﬂ drfteér]lgtgtl %aﬁpgeﬁt Bgam g{;/i ng a first
ener gy furlcRSfalizhddh dahclade: teifrd ardsthiokttid, alcobils, thivdy 4id their saltse| ect ed
portion of the active nmedium and neans for directin additignal 1ight

beans hmirieng biphdinyls,oheteroerssnagice <.g1i fetrathinfalvalenen alkgl {Exaspleshpkshol d
energy, to the sane. sel ected rtion.of the active nmedjum .. The conbi ned

" ener gy ¥$EPOF Eléﬂcﬁﬂp}qg{lail?rg ffn H’é’ﬁﬁf’aﬂwdr“?fﬂma?ﬂﬂ EPEEu Fagé’?t m&'gg)?é are

- subst aptial e des thi ' i Onig¥gt@m sui t abl e

for thpéﬂ%h%%ogi%ﬂieé%tés’i&@nl e’s%érth%éciu ﬁcreﬁbﬁﬁaﬁ%ﬁi&ﬁﬁ%}f{ cl,J gor t he case

wher ei gystahss iaaglalko bevadedlas gonorloeacoeptorgemps. | n a preferred enbodi nent of
the invention, the isonmeric forms of the active ggi um have

subse ant i al Inya dDmemenreark chomicali Yrstuys represpals gydiberent g %r?&gl?excitation

h ] owi pg, t:he, tetrieval of ' L.an d Rull
Co 1 terp ool fatad” BF W i rpfeumtifoh  1E FRROR BealTONCL 21Ty G
‘the i nk@kdiRed QRayaBel ti SehRBR Pbnidirid Torfiigust cB0BE iy.080 0eA689

PCT/1L03100136 the information are usually acconplished according to the
pr es enmediwre shduddthus ba gnderstopd bea plughlity ofiovedecsles Hound ko pelyB¥t under st ood

that witing of .the,infornati on.ma cC L sh by irradiating the
acti vecﬂ%%?eaﬁwml?ﬁgl"leﬁ I’{P{“i“?‘P qr@éalgﬂaﬁyyégf%cﬁgqu?gs?@?lyﬁgqmzyﬁr{ %ﬂﬁ%e r egdi ng may
‘be n | [ i clilesgd' I {Phlo by neasurin
Rangg gg%egpgﬂge c%%biggf%agglhﬁgl progéekg%()lgtong%lb (I)I\%ﬁ gg‘%lf%gy dgieég %ot heat tge
syst enypaidarinegadtioh wigsligloyThd@rssdeitatibn erergyrnmttesponds to the energy

required to photochemically convert a molecule of the active medium from the first

chemical form to a second one. According to a preferred embodiment of the present
invention, the memory apparatus according to the invention comprises: means for
20 directing light beam having a first energy, less than that of the first excitation
energy to a selected portion of the active medium, and means for directing
additional light beams having additional energies different from the first threshold -
energy, to the same selected portion of the active medium. The combined energy of
the first light beam and the additional light beams are substantially equal to the first
25 excitation energy. A system suitable for this embodiment is described in ref. 2, and
in ref 1, for the case wherein one additional light beam is used. In a preferred
embodiment of the invention, the isomeric forms of the active medium have a
substantially different interactions with energy of a second excitation energy, thus
allowing the retrieval of the information in a manner similar to its preferred manner

30 of writing, described below. Both the writing of the information and the reading of




As mentioned, the information stored by the apparatus of the present
invention is stored as a series of data units. According oA emet ¥Wbodi ment ,
the data wunits are binary digits, and each portion of the active nmedium
conpris ' e 10 volunme represents a 0 or a 1. In ' , there is
set a hﬁgr?ylﬂ%o%%eri c ratio threshold and a low i sorrerl%égjﬂi(gﬁ‘?%? and vol une
portions having a isoneric ratio above the high ratio threshold represent
1 digit while portions having a igoneric ratio below the lowratio
threshol d represent the other digit. For exanple, a volune portion having

70% or,l ess activ | 3 i ihe BB RveRYor &esent 0, while
15 a V@Fdﬂﬁ)%gi%%ﬁ%wnqﬁ%ﬁ%@fﬁ raf%cr%;édﬂé%t | vg Iﬁ:rrfca%:?hlt]m of Qtn{]e sg:cond | soneric
form ymikld Bt a3GRéver it Sloul] Batdegdiood thitemdiigof tp iefandtammioay i s anal og,

and each concentration ratio represents a predef i,ne&ilpcéila(t a.unjt. The
conpoubel scafmflished by itrafjiedng the agive medipgomithchgt Bt 4agokt gher in  each

f their, tri cal ' Al ' . 20
o MBS OTElE e hadtis iy 8 a o GIE) s i RRRRbS o5 20
the Js éf@étéd:bﬂr[eg.ﬂfrieﬁrgeﬁarﬁﬁf séheréringliSmeh Aitadin@ peicesaamas o besrg) 1s stable

for 'a I'ong peri a. years) in a tenperature of up to 350C. At a
t enper a¢asnet héat @G Gtemnind doesnot destry thesstorad informatibnaf t er about 6 nont hs

data is lost. The foJlowing Tahle il|ystrates stabil. VS, iteability
val ues for Afampestien 6dﬁg(§mé¥1°1? &F‘?’FE‘* Z’y( ﬁlf) appgga%,?ﬁofi}ﬁdﬂﬁse?ﬂ etine
writeabi|i . 4. 4) - di n =] [ : ite onl
(di ffiE’ﬁ’F'&‘ttiae{‘rlﬁg'i"ﬁ%d)"gf% e%#%@?%%‘}lgg %@g@ rﬁ%?ﬁ??’ﬁ%ﬂ%ﬁ%ﬁ%r s Y
Rewr i t g Qe Hidrp \BRitsE i ieAdh) portion of the active thbdidngeapr2@da6n e 03/ 070689

PCT/1L03/ 00136 -9- 3,3'4,4' -tetranethoxy-a,a-dj cyano Ca. 5 ﬁ/ rs Rewr
t ead ovolpfesemesents ad) op)a bilpithie peser theterigjet ahigh isompre b dMssid%nory of the

. pr_esen'énc'i Q\ient.i on Jm

OW isomeric x)étib,ean fv&ﬁufrlg %%ri:?c)]cns having a isomeric ratio above the
high ratio threshold represent 1 digit, while portions having a isomeric ratio below
the low ratio threshold represent the other digit. For example, a volume portion
having 70% or less active medium of the first isomeric form may represent 0, while

15 -a volume portion having 80% or more active medium of the second isomeric form
may represent 1. Alternatively, the data representation is analog, and each
concentration ratio represents a predefined data unit.

The compounds of formula (II) are stable at room temperature and higher in
each of their geometrical state (cis or #rams). At higher temperatures

o0 interconversion is more rapid, according to the Arrhenius equation. Each of the
isomeric structures (of 4,4’-dimethyl-,c-dicyanostilbene) is stable for a long
period (ca. years) in a temperature of up to 35°C. At a temperature of 50°C
interconversion is faster and after about 6 months data is lost. The following Table.

illustrates stability vs. writeability values for various compounds of formula (ID):

25 |
Compound Lifetime writeability
4,4’ -dimethyl-o,a-dicyanostilbene > 100 years | write only
{difficult erasing)

4.4’ ~dimethoxy-o,o-dicyanostilbene Ca. 20 years | Rewriteable

(slower erasing)




"wite once" or a rewiteable nenory A precise control of each desirable
type of menory may be obtained since the chenical structldriugyst 2006
menory-active 5 conpounds dictates its nature. For the case of cis-trans
geomnet g ok Mob®: the chemcal nature of the substit he doubl e
bond di%?at@?fferent stability of each isoneric fﬁ%@ﬁg&gﬁso ease or
difficulty in "witing". Thus by choosing the appropriate active conpound,
the nature of the menory, whether9a "wite once" or rewiteable nenory nay
be controlled. It should be understood that heating or 10 irradiating the
entirg r he a b TarcEr g TRewsitaprd henory. The bindi ng
to tha3’po’yr%ég&g?ﬂi?%é&adg#g%ﬁ%onpo%ﬁg?%%f formula Hof I1l) results in a
wel | - Béflb@ieur ed 3-D nenory. The pgol yner fi nt Heteragigggs physi cal support and
durabllity to the nenory . The chdnical _and_{ﬁhysi-eal—ppoperties of the
resulting polynmer vary and depend on the various active conpounds
(chrorrnphor,@%%) 5 additives and reactiqn paranet IRt | ymeri zation
reaction. Tt SAPER ona F%?B}Oglto?ﬂber Brse_gﬁﬁelf“??n %Pir% OE? _Og&r'gﬁff E)}g of

pol ymeagzat e~ 8P réiiehble fdory.PA ??édis%' FRroBf GHch Wstiableoypé opol yner s

enabl e a precise control of the deSired polynmer. In order to elimnate any
ef f ect metdoey shayubt uskihingd sinep ahe i chgmeal yetmctune of ethe rmemery-achge bound

conmpounds and order to maintajn the ¢chenm cal characteristjcs of the A
actii/ec%mdécﬁgﬁéﬁ%ﬁs gatgqqeﬁog © SpSec Bt FTHL gL cifﬁm?f‘fﬂh? words the

presengy . Loyent 0 Qfﬁ{e%\(ﬂ)&ﬁﬁen?s S ot b IRl Yidthte WRFREN sBIPRAY dFus for
I on In a volune conp

storing 1 nfrorna ri'sing an active medi um nade of
CoNpougdh i8émérds fomaandRiisdogase (of difficulfolsaaitngl Thusbyrelmsingaberpr i si ng of
conpounds of formula (11) or (I11) as the active nmediumis, capable of

~ changi sRproprinie activercomnoynhdhe patprsrofhthememosy ovhethes 2 8EERPIE” P6r m and back

.as a respon to a light.irradiation_at fir XGit ati ergy, wherein
t he coﬁ’@&ﬁ?i’g‘? Péﬁlinqr&trﬁ%' B%Pﬂ@éﬂﬁflhgt ﬁbfo}lgcfbsﬁlga%rﬁtg’oget%%n%gﬁns%ﬁgri c forms in
a giyve | P ' b, aratus ---
T R T Bl e gt e b 10 10 bei ng
char acbindirged the pblyater sl ative cempeutidsriof forpruiasHordUjpesulitin accor ding to

the invention. The conpounds of formula (11). of th resent invention, sonme
 of - whi Weli-structured 3-D nqgmory. The polymer furtlger éwes o ys?caP support and

durability to the memory. The chemical and physical properties of the resulting
polymer vary and depend on the various active compounds (chromophores),
15 additives and reaction parameters in the polymerization reaction. Temperature
gradient, pressure, initiator, duration of polymerization and addition of
plasticizer(s) or additional polymers enable a precise control of the desired polymer.
In order to eliminate any effects the structurally supporting polymer may exert on
the bound compounds and in order to maintain the chemical characteristics of the
20 active bound compound, a chemical spacer is used. Put in other words the present
invention provides a three-dimensional memory apparatus for storing information
in a volume comprising an active medivm made of compounds of formula (II) or
(III). Consequently, a memory comprising of compounds of formula (I) or (IIT) as
the active medivm is capable of changing from a first isomeric form to a second
5 isomeric form and back as a response to a light irradiation at a first excitation
energy, wherein the concentration ratio between the first and the second isomeric

forms in a given volume portion represents a data unit; said memory apparatus




bei ng effective donor-acceptor-donor, are of the forrmula: (D) (D2)rv

& HPC~C (CH2) MV _P/5 According to a preferred embodi nent,lx4egusbunds of
formula (11) may be those wherein n=n'=0, mem =0 or 2 and W=W2 are CN or
OH, or wWesfesdt hose wherein n and n' are 1, 2 or 3; dilzeare 0 or 1;
DI and D2 are Ror OP, jo wherein Ris Cl-C4 alkyl; an ang W2 are CN,
COOH or CONH2. Turning to M. 1 there are displayed several exanples of
conpounds of fornula (11) that may0—formthe active nediumof a

3-di nensi onal nenory as described. In particular it should be understood

that t{ig, aim@;\ﬁ%d% o 51l ladtie the 0@ cofirised bdfn%:lg@wg@@fmﬁg #abl e

donor - accepto onor (DAD) nol ecul es, whi'ch can I nt erconverted
bet weethe irs@enion.zat i on states by two-photon absorption. Stilbene itself (1)

is already known to have a high_twq-photon cross-section.byt .still requires
substantiaIThé‘WQWRO'-\ﬂgS ﬁﬁ(f?‘@i“ﬂ%&lbgﬁ&g? preseat ingEtion, §me of Whigh ger ¢ o

incre | : ' S i .istics, nitrile groups are
attacﬁlgegﬂé%ﬁffctugg@éfrlé}?%hpg%ﬁﬁn@}’ o%@ﬂ??r%%u% a good acceptor), and various
nunhers of methoxy groups to the 20 phenyl rings (making good donors).

O her conpounds of fornula 01) accordin E?o t he present invention may have
t he gener aPv |l a: X-ccot 7di ¢ ang@gbé e, where X is either:

4, 4' - di net hy@“ﬁ%@ﬂmﬁ(ml( _Jor 3,8D 4, 4" -tetranethoxy (4).

These conpounds are all transparent to radiation with energy |ess than 450

run. The donor-acceptor nature of these nolecules is seen visually by the

exi stence Qfcoardig ¢damefetrédambediment)the comyframmdeaf forhiuiaafil)aheyt of the
absorbance, spectrum which tails off_in the visibl g‘)re ion | eading to a
yel | ovbeBlose wimrein nznsd: Bamm'E00emd and Wetle 2t CN o) | Bhgths in

D | N | e, 4,4 5 di - i i | bene |
yel | onos R L) §p dedichh it ORI R SLGIEOS 157 1
AugstwROBH R YOO, Qii8685d W /ahi G/ AR1GK, COUMSF BN, dhitifg absor bance) .

Anal'ysi's of sanples at” a range of concentrations show that this absorbance
obeys Bizel 'fiseré aw, displasedistversl axanipled af compoaidsadifarmela xtbat miynt er nol ecul ar,

T ane- 1% S01E TROGUE O B AT UARROTS IRy BCORCI04G0 run. providing 5
t wo- phot on BhsAf RANGE A1 GAERBHIFhatiRO cOfporS W ftmiulh @QR¥er sion to the
actually photoisomerizable donor-acceptor-donor (DAD) molecules, which can be
15 interconverted between isomerization states by two-photon absorption. Stilbene
itself (1) is already known to have a high two-photon cross-section but still requires
substantial effort to photointerconvert its two isomers. In order fo increase its
nonlinear absotption characteristics, nitrile groups are attached to its central double
bond (making a good acceptor), and various numbers of methoxy groups to the
20 phenyl rings (making good donors). Other compounds of formula (IT) according to
the present invention may have the general formula: X-o,o-dicyanostilbene, where
X is either: 4,4’-dimethyl (2), 4,4’-dimethoxy (3), or 3,3’,4,4 -tetramethoxy -(4).
These compounds are all transparent to radiation with energy less than 450 nm. The
donor-acceptor nature of these molecules is seen visually by the existence of a
25 charge-transfer band in the near-ultraviolet of the absorbance spectrum, which tails
off in the visible region leading to a yéllow color. This absorbance band is found at
longer wavelengths in stronger DAD molecules. For example, 4,4’-dihydroxy-,o-

dicyanostilbene is yellow, while its bispotassium salt (stronger donors) is dark red




cis-isomer to a degree of. 0% (1), 18% (2), 33%(2). Simlar irridation at
a lower energy of 514 tim providing two-photon absorbande Auguei#ilg§y of 257
m gave conversions of 18% (2), 27% (3). Irradiation of the cis-isoners at

600 M Ga\vsehegse conversion of (1) and only a few per CP%’%LIL&%%? sion of (2),
t

but 18% conversion of jo (3) to the trans-isoner. All ese results

I ndi cate that a stronger DAD-architectures results in better

i nt erconversion of photoi soners {tlhe-'witing' and 'erasing’ processes in
a 3D optical nenory). The 'reading’ process, whereby the photoisoneric

state gn%é}%vﬂéﬁﬁgmbgﬁeweﬁdw BESASds0nt BBafpdTl boRbREABNPT OCess,  thus
C ores wll also k

t he DA r onop e this nore faCile. This will result in
an 15 phuvetimethérabsghbasiegbays Beerfslaw, thas # isindeddangpoelgeulatand ik e necessary

for high-definition vigdeo applications. Al of the.c ounds.of formul a
(11), W @m%@culaﬁ_apﬁélseing‘y%aWémﬁm@FﬂﬂWe P?W%@Eﬂeﬁ@}a%ﬂwﬁ i rradiating
the me e P idderd 4 HBSS %o S5t sk Gr 26PIERT pRdvadigg t T avi ol et
radi at ron, y Interconvert from one geonetric structuré to t he other.

Suchs atwé-phstoh | #bBorbindengt BiECHanQgi 6f LB@ rnvy febilbgin pooveesion do thbe menory
medi um An exanple of the possibility of "witing" in the active nmedium
i.e. ekdsarnergoa depmagé 0% (@hd ShEDi £ (2 Siilarigadition ¥onlesehd of fornul a

f nge A @ . of for
Shown' SRR 0F B34 G QLS Db BuEE ADiPbRcR e chergp QL wh BhvE 1ere 1S
4,4 -dp e%@mg%c@@m (b eiarion F1fe ERASMGTHAG00 i gvalggonst rat es the

action o nory, since it results in tthe conversion of a

a tranaoﬂmi@foﬁm?mcaoﬂyafewcpmentaﬁmmmc:ﬂ(@),bunil&% convdrsiomafi on i s done
at different wavel engths than the witing, where in the reading process
t he 1ge (o theczonssseme. Al thess results dadieate thata sirorger BAD-arcediss ned wit h out

distorti Lt., Lt be d fraRed } diatl ¢ t
i o arestfiii e, TP RuchiIoR oG phOGKBRES, e RO gnd BRSSP rhe ™
L1 ans- fdtosdl TR By DSy RSicrd000 Th VRLABGOTBRAGS GThLUOP/ G136 - 12-

-a, OL-di cyanosti | bene i ven, As nentione ove, the conpounds, which
ar e t hphotaisbineric gtatetof dtic ddie ismeanyed ssoenesdsiol be & mnltipbotgn peedessds of ti ne.

lﬂi 3| f ;ig\t;:t%elp t@{rug yg]?lfe)glpﬁr}gqgs igl(go%lakge 16 15110% fasc:ﬁg.cf}[ig%v%ﬂ?gshlt%gh 4A displays
1|5 intense enough signal to read data at the speeds that are necessary for
high-definition video applications.

All of the compounds of formula (II), whether in the cis geometry or the

trans geometry, upon irradiating the medium comprising these compounds with the
appropriate ultraviolet radiation, may interconvert from one geometric structure to

90 the other. Such a transition in the medium is the “writing” process on the memory
medium. An example of the possibility of “writing” in the active medium, ie.
exerting a change in the chemical structure of a compound of formula (i) from
trans to cis is demonstrated in Fig. 2. In the figure there is shown an
ultraviolet-visible spectrum of the compound 4,4’~dimeﬂ1y1—a,a~dicyanostilbeﬁe.

25 The spectrum actually demonstrates the action of “writing” in the memory, since it
results in the conversion of a a frans isomer into a cis isomer. Reading the stored-
information is done at different wavelengths than the writing, where in the reading

- process the geometrical state of the “written” information is determined with out-
distorting it. It may be done by InfraRed irradiation or Raman spectrum. Fig. 3

30 displays a “read” region where the infrared spectrum of the #ans-4,4’-dimethyl




cls- and trans-4,4'-di nmet hyl -ccoc7di cyanosti |l bene. Ther rmofl)_ynam' C
equilibriumb5 between states is obtained at a given tenpéedabugust 296
measured by NUR in order to elucidate the equilibriumconstant and as a

resul t &BeseNeHIy difference between the two states. L1ibrium
constant for 4,4'-dinmediyl-CCoc-di cyanostfl bene V44Zd)lg¥@&§‘§)?ﬂgnd since AG =

-RTInK, &G at 4420K is equal to 15.3kCal/norl. Such a value is conparable
to literature val ues of rel ated cgppounds. The activation jo energy for
the transformati on between the two states is calculated by determ ning the

rate of t react, on.by. NVR var | f which are
shown O BEHEROS .en?ﬁ%glﬁf?%féﬁrgﬂﬁ%%e%;%?&%gg %%aﬂ(f)d;uﬁua?’g& ’%‘?’f’%‘&zl?é; synt hesi zed
by rea&éﬂ've%aﬁ ofﬂibqﬁélh%xzﬁ 8¢ s&me%fucﬁ%tp%ﬁbammn@.em HaKlityGndbbdMer ei n A and
A are H, hal ogen or , Rbeing a A-C4 alkyl group; wth a

Br CH2 Gh@)st@d2igHmenos pf spattrascopyrfigndAodisiflaysnan altr@wfqﬁ ispeetiEy of ur t her be

reacted to yield a coppound of .formul . ETEt 000..TiCld AAHOCOHA
Zn; Mg and fpps-44’dim tﬁﬁ)%@éwya(lvﬁm%(ei Thermadoande ccaWiB® 070689

PCT/ | L0680 6tes hSpraitth highlefiderifietatolSarddod3firoRlbl MR In ek €2Ct 1 NG
elucidate the equilibrium constant and as a result the energy difference between the
two states. The equilibrium constant for 4,4’-dimethyl-q,a-dicyanostilbene Kaa'x
= 037, and since AG = -RTInK, AG at 442°K is equal to 15.3kCal/mol”. Such a
value is comparable to literature values of related compounds. The activation
10 energy for the transformation between the two states is calculated by determining
the rate of the reaction by NMR at various temperatures, results of which are shown
in Fig. 4B.
The preferred compounds of fromula (M) are synthesized by reacting a
substituted or non-substituted benzil
— 7\UA
15
Wherein A and A’ are H, halogen or OR, R being a C,-Cq4 alkyl group; with-
a BrCH,C(O)OCH,CH; to vield a compound of formula (IV) which may further be
reacted to yield a compound of formula (V):

Siotheat O
{av) ’
) OEt

20




benzoyl chloride with substituted or unsubstituted benzene via a

Friedel -Crafts reaction to yield appropriately substi tutlédAupugheg|
acetophenone mhich may be oxidized to yield a symmetrical or

nonsy benzil. 5 Conpounds of formula (IV) ced to yield
a corrpmcﬁirw 8fgorrrul a (VI), which can further be rgg’\ét@g”{“g%. eld a
conpound of forrrula (M1): Err STH 00r H Reduction A A HOAA
(V) H(VO CH20CH3 \ 01/ A A CHEPCH3 (VID 10 Compounds of forrmula (11)
wherein W and W2 are CN may be obtained by flirther reacting conpounds of

10 05/ Bouelsa-BEopb o BRI IERAE iR ke fen oA 7

benzoy!l chloride with substituted or unsubstituted benzene via a Friedel-Crafts

reaction to yield appropriately substituted 2-phenyl acetophenone, which may be
oxidized to yield a symmetrical or nonsymmetrical benzil.

5 Compounds of formula (IV) may be reduced to yield a compound of formula (VI),
which can further be reacted to yield a compound of formula (VID:

HG = 0

()

(VD)

10 Compounds of formula (II) wherein W; and W, are CN may be obtained by
further reacting compounds of formula (VII) to yield the desired compound of
formula (IX).




A HN (VIH A conmpound of forrmula (X-) nmay be obtained by reacting a
non-substituted benzoylcyanide in a McMirry reaction: CNSTAWgst 209¢0r i di ne
TBF CN M 5 A substituted conmpound, i.e. of formula (M my be obtained by
coupl i bstituted benzoyl eyani de: NaOCH3 CN - <=\ Dn 12 Y,
~N NC 0not:g{y 6%“ni‘tro, hal ogen, R or OF, wherein R isﬂ%;r -’“&?"‘m kyl group
and nis 10 1, 2 or 3. In the case Ris a CIL group, a benzylic hydrogen
may be substituted by a hal ogen ugidng the appropriate N-hal ogenyl

succinam de to yield a conpound of formula (XR). 15 August 2006 WD

03/ 070689 PCT/4y LO3/00136 -15- CN CH3 CN CH2Br NB)UCC A 14

N
Ny e -
) @ I VAR N Q
H
- (VI Y
)

A compound of formula (X) may be obtained by reacting a non-substituted

benzoylcyanide in a McMurry reaction:

CN
CN  TiClyZn @
O< = O
| THF
CN
0.4

A substituted compound, i.e. of formula (XI) may be obtained by coupling
two substituted benzoylcyanide:

NC
D

D may be nitro, halogen, R or OR, wherein R is a C1-C4 alkyl group and n is

10 1,2 or 3. In the case R is a CHz group, a benzylic hydrogen may be substituted by a

halogen using the appropriate N-halogenyl succinamide to yield a compound of
formula (XTI). '




NC CH3 NC (XI) (XIl) The 3 -dinensional optical nmenory of the 2present
invention is conposed of conpounds of formula (1): (D 1)15rAuguRﬁ\ 00p2) TL
-Polymer \>-We&(H2QC=C(CH2),W _\/1I 5 wherein in and in'" are
I ndepe 1 or 2. n and n' are independently cOr 3. W and
arenﬁﬁgg@ggﬁgently selected fromCN, OH C=CF, COC](i>c \/\herel n Ris a
CI -4-al kyl group, CONH2, OCH20CH3. Di and D2 are independently sel ected
fromF, NO2, halogen or O-R whereifh-R is a hydrogen, 10 Cl. 4-al kyl. group
optionally substituted by halogen. L is a linking group selected from

(CH2). @ CHzZybX , a and b being 0-10 and X being O C(=0 C. It should

be undgr st §od (B, be the core pof anyppi-fanctional bridging group
whose Runcyion < O g-DycipBem cal means to the
O C(--0 C=CH2,

conpountH|df for ard—to=t h&\ p efy. O
hal ogen. CM5 r mBEEChe| & of oup of pol y(al kyl

nd the| r

“netacryl at e) copol yners, ﬁ@ yst yrefie and its copol yners.
Mor e specificg%iy the polyner is poly( hyl netacryl ate). The pol yner may
be a honopoly ) where to the basic skele of the polyner are attached
as side-chains the active conpounds (chr hores) of 20 fromula (11) used

for interactions with the incident |ight. Another option is to produce a
copolymer. In such a case a conpound of fornmula (H) is first converted by
chemi cal nmeans into a polynerizable conpound, i.e. a nononmer, w thout

effecting ifhg ﬁ&f&ﬁéﬁbibﬁawﬁtﬂaaﬂ m@’ﬁbr())( offtke V\%@swttimmubn ghéongmised/ef mononer i s
then - - - ---------- 15 "August 2 03/ 070689 PCT/ EL03100136 - 16-

pol ymecdnzpsindsof foempladBence of anot her nonomer to form a copol ymer havi ng
Do) L —Polymer

Odig %o
N W, m.(HzC)C=C(CH2)le_@ ®

wherein m and m’ are independently 0, 1 or 2. n and n’ are independently 0,

. 1,2, or 3. W, and W, are independently selected from CN, OH, C=CR, COOH,
COOR wherein R is a Ci4-alkyl group, CONH;, OCH;OCH;. D1 and D» are
independently selected from R, NO,, halogen or O-R wherein R is a hydrogen,

10 Cua-alkyl group optionally substituted by halogen. L is a linking group selected -
from {(CH2).X or O(CH2)sX , a and b being 0-10 and X being 0-C(=0)C-. It
| should be understood that L may be the core of any bi-functional bridging group -
whose functional groups are capable of attaching by chemical means to the
compound of formula (IT) and to the polymer, e.g. OH, O-C(=0)C=CH;, halogen.
15 The polymer may be selected from the group of poly(alkyl metacrylate)s and their
copolymers, or polystyrene and its copolymers. More specifically the polymer is
poly(methyl metacrylate).
The polymer may be a homopolymer where to the basic skeleton of the
polymer are atiached as side-chains the active compounds (chromophores) of
o0 fromula (IT) used for interactions with the incident light. Another option-is to
produce a copolymer. In such a case a compound of formula (II) is first converted
by chemical means iﬁto a polymerizable compound, i.e. a monomer, without-

effecting its activity with light. The resulting light-active monomer is then




active conpounds as part of its skeleton. Turning to Fig. 5 there i s shown
the infrared spectrum of a conmpound of forrmula (1f) bounkd August K6y mer
i.e. (Il)-L--P. The conpound of fornula 01) is 5 4,4'-dinethoxy

a, oc- dig¥an iy bene, and the pol yner is pol ynet hyhneﬁdjﬁf e (PMMA). The
bi ndi ngﬁibs @?&% t hrough a spacer (L) and thus the boun aé: O:O%{é conpound

conprises only of one free nethoxy group and an OR group. The spectrum
conprises of only a single absorptlben for the CN group, clearly
denonstrating that the cyano groups in the (x-positions are unaltered in

the Coﬂélgﬁlgfi?%d; g‘:[ Ttﬂséegﬁmccﬁ’l da&%ﬁ:gégilﬂ&w%erttﬁefo?ﬁni’%ﬁﬁﬁyﬁér hevinml a (11) to

t he bi pacer and subsequently to the polynmer. Fig. 6 shows an
ul t r avh@tvelcofipeaidsuipait of ite skepetby.ner - bound 4, 4' - di net hyl -
a, a-di cyanosti | bene through a spacer. The _ concentration of tttne chr onophor e

may be cal cliraingcto(lg. S dherg ispovpt @@ﬁé@#pﬁ?FWﬁ@o‘P&H%ﬂﬁ t he compounds
O 1 el ah RiRe g 3R anEe el Theohirghid of oD 0T Tormil @
bi - T 4ing 4> QBALHSRAGGL-dRYEndsHbehé SaHd! g %dll?ﬂ%?%ﬁh“ﬁbal&ﬁcth?ﬁ&iﬂia@@lmt h a polyner.

Thus” reacting a “coffpound of fornula ( bi functional spacer to
yield @Mvkpdie bifdihgrimdoae (hohgh & spaver IT) (andChrCHE) bomdngtive - £ | r

T eact | GomBRU GO PO Of GRS TRJhR oW 2561 DR SIS conpound of
For o Shsrhin Romprishy' 3 pi? 20 QinglO B AP A Thel! CeOBop ! earty - HOC O
- demonstrating that the cyano groups in the o-positions are unaltered in the course
10 of the chemical binding of the compound of formula (II) to the bi-functional spacer
and subsequently to the polymer. Fig. 6 shows an uliraviolet spectrum of the
polymer-bound  4,4’-dimethyl- q,o-dicyanostilbene through a spacer. The
concentration of the chromophore may be calculated (ca. 0.1 %).
The preferred polymers comprising the compounds of formula (II) are
15 synthesized by derivitizing a compound of formula (IT) and subsequently reacting
the derivitized compound with a bi-functional spacer and the resulting compound is

reacted with a polymer. Thus reacting a compound of formula (XII) with a
bifunctional spacer to yield a compound of formula (XIIL):
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A transesterification reaction of a compound of formula (XIII) with a

polymer yields a compound of forx_mlla. XIV):




CH20( CH2) 20(CH2) 20H NC (XIID H3C CN ;/*-CH, NC PMVA (Xl Al ternatively,
the compound of formula (1) may be obtained by reacting a2 of
formula (U to froma derivitized conmpound. The derivitized conpound is
then regglosaoidst h a bi-functional spacer to forman %&f[ﬁ@?ﬂbﬁke 5 nononer,
which is polynerized in the presence of a nononer to yie a copolyner.
Thus a conpound of formula (11) is reacted to yield a conpound of formula
(XV): CN RO Deprotection CN ORIRO NCi. TMsi | CH OHNC (Il) Ris a
Cl-4-al kyl. The appropriate spacer is prepared according to the follow ng
sche t el d aoipi -functional conpound of forrmula (XVI): Substitution
hal - ( 720H }th al-(CH2), 0 X Et20 (XVI) 10 where a and X are as
defi ned ahovg. next step the bi-functional spacer g}%{ﬂ)i S reacted
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Alternatively, the compound of formula (I) may be obtained by reacting a
compound of formula () to from a derivitized compound. The derivitized
compound is then reacted with a bi-functional spacer fo form an appropriate

s monomer, which is polymerized in the presence of a monomer to yield a

copolymer. Thus a compound of formula (If) is reacted to yield a compound of

formula (XV):
CN
RO _< >_<\ O_-ORDeprotectmn . M/ \
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(in xXV)

R is a Crealkyl. The appropriate spacer is prepared according to the
following scheme to yield a bi-functional compound of formula (X VI):

Substitution
hal-(CH,),0H +hal-X ——» hal-(CH,),0-X
Et,0

XVD
10

where a and X are as defined above. In the next step the bi-functional spacer (XVI)

is reacted with the compound of formula (1) to yield a compound of formula

XVIL):
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The NmR spectrum of the conpound QCVR), wherein Ris an alkyl group, a is

6 and Xyb%shfggO CH-CH2 is given in Fig. 7. The conp : rmula (XVID
I s subsequently polynerized in the presence of MVA t?égﬂ]éﬁ?og’gcopol ymer of
5 formula (Xv111l): O~ 0 0 MMA PMMA + Initiator O~~0 CN -00, :'-~CIN 7
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The NMR spectrum of the compound (XVII), wherein R is an alkyl group, a
is 6 and X is C(=0)CH=CH, is given in Fig. 7. The compound of formula (XVII)
is subsequently polymerized in the presence of MMA to yield a copolymer of
s formula (XVIID):
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DMSDC-hexyl-acrylate

Fig. 8 shows a ultraviolet spectrum of a compound of formula (XVIII)

15 wherein 4,4’-dimethyl-o,0-dicyanosiilbene bound through diethylene glycol as a
spacer to PMMA in its two isomeric states cis and tans, i.e. used in the memory of

the present invention as ‘o’ and “1°binary states. Turning to Fig. 9 there is presented

a picture of a 3-dimensional memory unit of the present invention in the form ofa
disc. The disc is composed of the active compound 4-methoxystilbene .

20 -o,o-dicyanide bound to a PMMA thro ugh a spacer.

Examples

Example 1: 4-Bromobenzil




O O Fig. 8 shows a ultraviolet spectrumof a conpound of fornmula CXVIH)

15 wherein 4,4' -dirnethyl-(I,ct-dicyanostil bene bound t hridugyheudt 2006yl ene
glycol as a spacer to PMMA in its two isomeric states cis and trans, i.e.
used i nylgBeRewry of the present invention as ' Jary states.
Turning to F?HS 9 there is presented a picture of aaﬂ?}gl'b 0ﬁslonal menory
unit of the present invention in the formof a disc. The disc is conposed
of the active conpound 4-net hoxystl3-bene 20 -c(,a7dicyallide bound to a
PMVA t hrough a spacer Exanpl es Exanple 1: 4-Bronpbenzil 15 August 2006
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stirring, degassed onob e zene C, under argon.
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2- phenyl - br onbacet ophenone (assune 0. was suspended in 70% AcOH
(250 r’ng&&,&ﬁﬂmtmﬂ ahé repaparationeof thedoBenR2 Axl drahggy ,soli)d wis wbtajnedas 15 added.
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reacti on was nto wat e mx ure was cooled in
i ce. thﬁrmﬁmnpl tate was

Crude 2-phenyl-p-bromoacetophenone (assume 0.1 mol) was suspended in
70% AcOH (250 mL) at ambient temperature, and SeQ; (12.1 g, 0.11 mol) was

15 added. The mixture was brought to reflux, upon which the starting material
dissolved, and several colour changes were observed over 12 b, culminating with a
clear yellow solution with a black precipitate. The finished reaction was poured
onto water (250 mL), and the mixture was cooled in ice. The precipitate was
collected, dissolved in ether, dried over Ca;CQs, and filtered, and then the solvent

20 Wwas evaporated to give the crude product (4-bromobenzil). A yellow solid was
obtained (Rf = 0.58 in 1:1 DCM:hexane), which showed several slower-moving -
trace impurities. Yield over 2 steps: 25.71g = 89%. It was used for later steps
without further purification.

Example 2: Reformatsky reaction of 4-bromobenzil _

25 Dimethoxymethane (50mL, freshly distilled) was poured on zinc granules
(150g, '-ISOmmol), and then ethylbromoacetate {(16.63mL, 150mmol) was added by
syringe, slowly enough to keep the reaction under control. The mixture was stirred
under reflux for 1 hour, afier which almost all the zinc had been consumed, then-

‘was allowed to cool to below reflux temperature. 4-Bromobenzil (8.67 g, 30mmol)
~3g in DMM (50mL) was then added dropwise via a pressure-equalized dropping




coll ected, dissolved in ether, dried over Ca2C03, and filtered, and then
the solvent 20 was evaporated to give the crude product (1 HoewsbsBedril). A
yell ow solid was obtained (Rf = 0.58 in 1;1 DCM hexane), which showed
sever al wil @WwedesgOVi Ng trace inpurities. Yield over ZpstRRsooso: 719 = 89%
It was used for later steps wthout ftirther purlflcatlon anple 2:

Ref or mat sky reacti on of 4-bronobenzil 25 D net hoxynet hane (501, freshly
distilled) was poured on zinc gralles (150g, 150nmmol), and then

et hyl bronpacetate (16.63niL, 150nitnol) was added by syringe, slowy
enoughﬁnﬂek%ﬁ& BOenmgasid SR HAGRIN GaY reMxedTiR IThXAfE cvBlingtorred under
reflux tor hour, after which alnost all the zinc had been consunmed, then
was al hmhmdt t&mpmai‘bret thebreshciionr wh quenckep evidt water (40 Brbhdhemmas (8. 67 g,
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(50mQ The organic |la was combi ned with one_ et her extractlgn (50nL) of
the 5 alpugoith 13?89?8;&@(%/@@1'(&)’1 ed elderomogedate te yiele hedueseRPMNENS ol vent s wer e

evapor a exC e I to yield the
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0. 71 '061? déteEIBy rodﬁewoglmgmtéRﬁa}ﬁissﬁmeps)@aa@@mé@mbl y the RR
and SS | orrers and sone slower “trace inpurities. Crude yield: 16.7g, the
- crude namlunpurm Osdd yield:htuTg,fthe thete proGuguvdsf usedtwithout Exthepl e 3:
4- br onost fi benedi et hyl acetate Ti Cl14 (5.04 nL, 40 mmol ) was added dropw se
by $¢rPWEkcati@nstirring, freshly distilled TBF (100 nQ giving a bright
yel | ow SUSpEQz?lhgﬂa:S %iﬂ}S?g%{ﬁBe(e 13etaf mol ) was then added portionw se,
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noting the appeararice 0 Salts. The 15 mi xture was stirred

under ref | uxicpes.04 ML, 40@ﬁ1dl%ﬁas€ﬁdﬂe&éﬂ)phﬁsm(dynn@fdsﬁmm fr%slﬂy nm) was
added by syri g t hen the material obtained in Exanple 2 (5,56 g,

t heor etlistliéd (16fond)), giving & beight mbowpwmzwcfad@tﬁ%%guﬁﬁ equal i zed
mmol) was then added portionwise, noting the appearance of the black Ti salts. The

' 15 mixture was stirred under reflux for 2 h, then was allowed to cool. Pyridine (2.5
mL) was added by syringe, then the material obtained in Example 2 (5.56 g,
theoretically 10 mmol) in THF (25 mL) was added via a pressure-equalized
dropping funnel. The reaction was stirred at ambient temperature under N» for 3
days, after which it had a deep red-brown color. Finally, the reaction was stirred

90 under reflux for 2 h, before being cooled and slowly quenched with 20% cone. HC1
(100 mL) added via a pressure~equalized dropping funnel. The purple mixture was
exiracted with ether (2x 50 mL), and the exiractions were dried over copious
NayCO; then condensed to give a crude yellow solid (4.8 g). This product was
subjected to column chromatography (DCM on silica gel) to give pure

25 4-bromostilbenediethylacetate. A light yellow oil containing only one isomer was -
obtained (Rf=0.41 in DCM). Yield 1.16 g =27% from 4-bromobenzil.




dropping funnel. The reaction was stirred at anbient tenperature under N2
for 3 days, after which it had a deep red-brown col or. HAugust2408e
reaction was stirred 20 under reflux for 2 h, before being cooled and
slow y waaaphesh W th 20% conc. HC (100 nl) added Vi di@ssur e-equal i zed
dropping funnel. The purple m xture was extracted with et (1er (2x 50 nilL),
and the extractions were dried over copious Na2CO3 then condensed to give
a crude yellow solid (4.8 g). Thi&lproduct was subjected to colum
chromat ography (DCM on silica gel) to give pure 25
4- br onpstTtenedrethytacetate. A 11 ghit_yetfow oil containing only one
i sonerfwas oftgined (Rf 0. .41 in DCK Yield 1. 16 g 27% from 4- bronobenzi | .
------ - b4 ust 2dOBRUEPER) 070689 PCT/ EL03/ 00136 -21- e f 'H NVR
3 2 abcghegm n66.80)7.00.700,7.20 09, 7.20 Br d s, 3.59, 3.60 4.08

. \—Q px@nplde 4: sA.8rW/fost i | benedi et hyl oxynet hoxynet hane Solid
Li Avd (142ng, go eq.)evvasrnf# '&?My added tE a stirring solution of the
conmpound obt n Efanpl e'3 (580ng, 1.3%mmmol) in diethyl ether (15nl)
i n an tee—bath—AH-er—the—+reacti-on—had—subsi ded, the ice bath was renoved
and the reaction was stirred for a finther 2 It, after which it was
quenched by the slow_additjon of I MHC _ (I . The ether | ayer was taken
al ong wi t h” Examplesds 4-Bsemostitberpdietiaylpzpan Eyer (15n), was dried over

MD2S04, fil . i N il b
di et hanol | (%@%ﬂﬁgg%%éggﬁgg%%ﬁ%y%% eﬁﬁyg‘ﬁ‘j%%%gﬁ’@ etr?g diegtehanol
(t heor gel doplpolnd obtARed iMEXambRSP(386fhg] 0.30i¥nolpinnditthekethert(haume) (25nL), and

Li Br (59ng, 0. 5nol eql.l) and tosic acid 58r’rg5
in an ice bath, After the reaction had subsided, the ice bath was removed and the

reaction was stirred for a fimther 2 h, after which it was quenched by the slow
addition of 1M HCI (10mL). The ether layer was taken along with an EtOAc
extraction of the aqueous layer (15mL), was dried over MgSOy, filtered, and
10 concentrated fo give crude 4-bromostilbene diethanol (399mg, theoretical 85%).
The crude 4-bromostilbene diethanol (theoretical 1.35mmol) was dissolved in dry
dimethoxymethane (25mL), and LiBr (59mg, 0.5mol eq.) and tosic acid (58mg,
0.25 mol eq.) were added. After stirring for 1 h at ambient temperature, further
LiBr (12 mg, 0.1mol eq.) was added, then stirring was continued for a further 18h.
15 Water (25 mL) and ether (25mL) were added, and the organic layer was taken along.
with one extraction (ether, 25mL) of the aqueous layer. The combined organic
solutions were dried over MgSOs, filtered, and condensed to give a crude product
(415mg), which was purified by column chromatography (DCM with 0-10%
EtOAc on silica gel) to give pure 4-Bromostilbenediethyloxymethoxymethane. A -
90 colorless oil was obtained (Rf=0.72 in 17:3 DCM:EtOAc). Yield: 27Img = 46%

over 2 steps.

TH NMR (CDCly)
abc m, 8.92 (2H), 7.08 (3H)
d t,2.89,2.91
e t, 3.49, 3.4
f s, 4.56, 4.56
- g s, 3.32, 3.33
hi m, 6.81, 7.18
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0.25 nol eq.) were added. After stiffing for 1 h at anmbient tenperature,
Ruther LiBr (12 ngy, 0. Inol eq.) was added, then stirrint 4BESEHN0 nued
for a further 18h. 15 Water (25 nlL) and ether (25nmL) were added, and the
or gani cwicammbocyds taken along wth one extraction (Sﬁdﬁgosﬂ}%m) of the
aqueous | ayer. The conbi ned organic solutions were over My2si4,
filtered, and condensed to give a crude product (415ng), which was
purified by col um chromat ography22BCM with 0-10% EtOAc on silica gel) to
gi ve pure 4-Bronostil benedi et hyl oxynet hoxynmet hane. A 20 colorless oil was
obtained (Rf = 0.72 in 17:3 DCM EtOAc). Yield: 271ng 46% over 2 steps.
C-4 "HNWR (CDC13) e 0-9 b Cd ~g h-i abc m 6.92 (2H), 7.08 (3H Br d
t, 2.89, 2. 9Ex&mple 63 Hithenddtthandl g | CZ -0 f s, 4.66,4.56 ~-Of - g s,
3.32,3.33 hi m 6. 81, 7.18 15 August 2006 \%O 03/.070689 PCT | LO3/ 00136
-22- Exanpl Bewl %7 %e?rmpat"ﬁ@d@ﬂ"t%lﬁm aRe 91711 gskyxsachn £ reacted
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Ti C14 (15ni, 120nol ), Z 15. 7g, 240mol ngmﬂf/“ dine (7.5m) and TBF

: 5 7z24femolThe reduction
(som preidine O Subl ant 355410 o P Stssthes o e tghpiitioa ™10 €111
further. The reduction was catried out as described previously, using LiAIH; (3.0g)
and ether (150mL). The crude product (10.3g) was purified by column
10 chromatography (1:1 EtOAc:hexane, then pure EtOAc on silica gel) to give pure

()

stilbene diethanol. A white crystalline solid containing only one isomer was
obtained (Rf=0.41 in EtOAc). Yield: 3.63g =45% over 3 steps.

TH NMR (CDC})

abc m,6.9-7.2
- d t 2.88

e t, 3.67

f S, XXX

15 Example 7: Stilbene dipropionitrile
Stilbene diethanol (640mg, 2.4mmol), ground KCN (480mg, 12.5mmol),
and KI (ca. 10mg) were suspended in a mixture of MeCN (5mL} and DMF (5mL).
The mixture was degassed and left under a slow flow of nitrogen, which was
bubbled through NaOH to neutralize evolved HCN. TMSCI (0.76mL, 12.5mmol)
20 was then added by syringe through a septum, and the reaction was heated to 60°C
for 5 hours. After cooling, the mixture was poured on 0.1 M NaOH (50mL), which -

was extracted with chloroform (50mL x 3). The combined eciractions were

combined, dried, filtered and condensed to give a crude product that was purified

by column chromatography (9:1 DCM:EtOAc on silica gel). A white crystalline
25 solid containing only one isomer was obtained (Rf = ca. 0.4 in 9:1 DCM:EtOAc).

Yield: 15mg= 2%. - -




to chromatography (1:1 Et QAc: hexane, then pure EtQAc on silica gel) to give
pure stilbene diethanol. A white crystalline solid contalniwgpsb?Pdp one
i somer was obtained (Rf 0.41 in EtOAc). Yield: 3.63g = 45% over 3 steps.

OH 'H MWgs0%k%~) d Cc b abc rn, 6.9-7.2 adt, 2-&%(]190390013?- 67 S, X XX
HO 15 Exanple 7: Stil bene dipropionitrile Stil bene di ethanol (640ng,

2.4mol ), ground KCN (480ngy, 12.5mmol), and KI (ca. 10ng) were suspended
in a mxture of MeCN (5nL) and DW2B5nl). The ni xture was degassed and | eft
under a slow flow of nitrogen, which was bubbled through NaOH to
neutralize evolved HCN. TMSClI (0.76nL, 12.5mmvol) 20 was then added by
syringe through a septum and the reaction was heated to 60'C for 5 hours.
After cool ibgampRe: Riitbene dicymidpoured on 0. 1 M NaCH (50nmL), which was

extracted with chloroform (50n, x 3). The. comi negl ect.racki Qns were

conbi ned, dTlpéd(zmst%f@gbé’fﬁ %déﬁ@@?ﬁ@%‘s? BY gviaes, g Fiiyne ﬁgsga@ét that was
our 1| gy by Y561 A0 Y TBRRSH I ks EERBRERS 785 B 12 g1 ). A vt
crysta ne sgﬁb ont al gi ng n‘iér one | somer was obtaihed (Rf ca. 0.4 in
9: 1 POYhED wis theiadlie pddionwisaonotihy the @ppdarie0 ®f tMObEK 07 6689

PCT/1L03/ 00136 -23- Exanple 8:; Stilbene dicyanide TiC4 (250, 0.2nmol) was
added Thepvikiee wps stired gadargefiux for 2y then wehpllowed & pogle (250n),

aaded Famtiont e B s eas P uRlestir Ut & Bl dh SEHE Mo 2o
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stirred at reflux under N, for 2h, bringing a deep blue color, before being cooled
10 and slowly quenched with 10% conc. HoSO4 (10%, 150ml) added via a
pressure-equalized dropping funnel. Water (200mL) was added, then the mixture
was extracted with ether (3x 200mL), the extractions were dried over copious
Na,COs, then were condensed to give a crude yellow oil. This product was
subjected to column chromatography (1:1 hexane:DCM, then DCM on silica gel) to
15 give pure stilbene dicyanide. A light yellow oil was obtained (Rf = ca. 0.5 in

DCM). Yield was not determined.

Example 9: Methylstilbene dicyanide (MSDC)

" 4-Methy] benzylcyanide (13.2mL, 0.1mol) and I (25.4g, 0.1mol) were dissolved.
20 in dry ether (300mL) at 0°C. A freshly prepared solution of sodium (4.7g, 0.2
mol) in MeOH (50mL) was then added over 30 minuts, during which time the
solution lost its color and a precipitate formed. The product was collected and
washed with ether. Additional material was obtained by condensing the
supernatant. A colourless solid was obtained (Rf = ca. 0.8 in DCM). Yield 12.8¢g

25 (99%).

'HNMR (CDCl;)  13C NMR (CDClg)
a 8, 2.46 a 21.5

c d 9
a b/=\e rEN cd m,7.35 7.73 be 124.5,129.3
O W\ O ed 128.5, 1298
NC Fooo1422

g 1169




(50n.) was added via a pressure-equalized dropping funnel. The reaction was
stirred at reflux under N2 for 2h, bringing a deep bl ue cbht8rgushbdd®r e bei ng
cooled o and slowy quenched with 10% conc. H2S04 (10% 150nlL) added via a
pressurgoarflssezed dropping funnel. Water (200n) was,@dgefheidshen the

m xture was extracted with ether (3x 200nmL), the extractions were dried
over copious Na2C03, then were condensed to give a crude yellow oil. This
product was subjected to col um-ch-emat ography (1: 1 hexane: DCM then DCM
on silica gel) to 15 give pure stil bene dicyanide. Alight yellow oil was
obt ai ned (RiExawmplO1® 4BrombethyY stBbehe'@igyaapfe det erm ned. Exanpl e 9:

Met hyl sti | bene (‘fl cyani de (| I\/ISIXC) 4- Met Hyl benzylcyanide (13.2nL, O Inol)
and 12 (25. 2gBramn¢ smicinimisie €2.d2 sk binokbet]. nifiol) andimgthglstibenéd@anide at O C. A

f hl d | uti f di 4.79,_0. 1) In Me 50nL
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col oyr legsthemtikinCyatoteh MienesbiinR the 2eacBiod mistufeGMs coxtiedsed ad g 25 (999/0) .
"H NVR (CDC13) 13 CNWR (CDC13) c¢c d 9 a s.2.46 a 21.5f Na b cdm
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WO 03/0Q7 -PCT/.1 103100136 -.24- Ex l e 10: 4-brononethyl stil bene
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met hyl ghid. panpangy Fnidea. 2()@“%0a.1§%{1ml ) were dissolved in refluxing CCl4
(50mMQ A catalytic quantity O benzoyl peroxi de was added, and the

reaction wag stirred under reflux rtor 2Zh. NO 5 exot herm sin was not ed.
After coolimg, the reaction m xture was condensed ang the
b o oy TH NMR (CDCL)
a d e pr a m, 2.37, 2.38
\ Q p bede m, 7.19,7.23, 7.32, 7.35
N f m, 4.48
10 Example 11: 4,4’-dimethoxy-o,o-dicyanostilbene

Sodium metal (17 g) was dissolved in MeOH (150 mL), and the resulting
solution was added over 2 hours to a stirring solution of (4-methoxyphenyl)
acetonitrile (50 mL, 0.37 mmol), THF (250 mL) and I, (93 g) at —5 C, under an
inert atmosphere. The yellow mixture was then stirred a further 15 minutes, after

15 which the solvents were removed under vacuum, The resulting solid was
partitioned between DCM (500 mL) and 0.025 M sodium thiosulfate (400 mL).
The organic layer was collected, combined with 2 extractions (100 mL) of the
aqueous layer, dried over magnesium sulfate, filtered, then finally condensed to ca.
50-100 mL. The yellow crystals were filtered off and washed with ether, giving -

20 pure trans (20.5 g, 38%). The remaining solution was condensed, then MeOH (100
mL) was added. More crystals formed, which were collected giving cis (10.8 g,
20%). The remaining solution was condensed and chromatographed to give
additional cis (14.5 g, 27%).

Total Yield = 86%. Analyses for frans-isomer: 1H NMR: m, 7.79; m, 7.01;

25 8, 3.88. 13C NMR: 162.0; 130.4; 124 6; 122.7; 117.3; 114.6; 55.5. EA: Expetd (
74.47,H 4.86, N 9.65), Rovd (C 7427, H4.83,N 9.61). . ' '




crude product was purified by colum chromatography. A large quantity of
nmet hyl sti | benedi cyani de renai ned unreacted. A colorl ess s’cﬁg Apeurb2008bt ai ned
(Rf ca. 0.7 in DCNO. Yield ca. 200 ng= ca. 5% 'HNI\/R(CDC~) b c CNO9d e
8 r a MyodsRfss?- 38 N N bcde m 7.19, 7.23, 7.32, 7.25 /d‘03%4610
Exanpl e 11: 4,4' -di met hoxy-ac~-di cyanosti |l bene Sodi um e aﬂ 7 g) was

di ssolved in IVEO—| (150 m.), and the resulting solution was added over 2
hours to a stirring solution of {25methoxyphenyl) acetonitrile (50 ni,
0.37 mml ), TUF (250 nL) and 12 (93 g) at -5 C, under an inert atnosphere.
The yel| ow Flathitfeqa0as. khes sshitdfthdild B:dibhodiibdicnut es, af ter 15 which

erTe

t he sol vent's vve e ‘T enoved “Uhder vacuu sulting solid was

partitioneds, b@tmmomdn(z?ﬁﬂnlﬂOZngaﬂn‘ﬁb&H\Mﬂsmﬁanngl sall &g e (400 nl).
The organic | ayer was collected, conbined with 2 extr gggg 100 nlL) of
{

the afueberd50Gmk) andihe selubemewaneapbekioHCs 4 sphition of spdiup en finally

d ff d
Conmenetehs of Mot SRRy e g@&gﬂﬁ@%&%ﬁ*m@@@ digd eogp of! an
sol ugi pRd Wes fRNARASL Precidiafe MROfbrinkd0 Th &t@dﬁ@%ﬂé&é& aidystal s
fornmed, which were co Iectedﬂ%OW ng cis ( 0 20% . The remai ni ng

soL ut | washedswitbnetbersent! avaterc Ao nmiperpataph and twashinge werelombined, ci s (14.5 g,
375(')1' Eenfusedls i wates Qe a5 D8 M gy oty GRSt DA 12% "5 5
mugust “IbRet sty ot SepiioR (Rh: g Julched; dnd he SobuPies N 9. O1)- 15

3, 3", 4rethovedd’ Thex preeipitatey - give ~-piire y anns B B1,H 48,5 -hexamethoxy-a,0:-
3, 4, 5 triinet hoxybenzyl nitrile (25g9) was raixed with iodine (43g, |nol.
eq. )10| ficgpnpstilb eHO0NL) and the solution was cooled to O C. A solution of

sodium (7. 9ﬁxampie 13: 4,4’-dihydroxy-o,q-dicyanostilbene
4,4’-dimethoxy-o,o-dicyanostilbene {example 11) (20.0 g, 35 mmol) and

Nal (20 g) were suspended in toluene (500 mL) under an inert atmosphere, then
pyridine (20 mL) and AICl; (20 g) were added. The reaction was protected from
15 light and stirred at reflux for 2 days. The finished reaction was decomposed with-
 10% HCI (200 mL) while hot, was cooled, then the crude product was collected by
filtration and recrystallized from MeCN. Pure compound is obtained (17.2 g, 96%).
1H NMR: s, 9.21; m, 7.74; m, 7.02. 13C NMR: 161.0; 131.4; 124.9; 123.6; 118.1;
116.8. BA: Expetd (C 73.27, H 3.84, N 10.68), Revd (C 73.36, H 3.99, N 10.94).
20
Example 14: Hydrolysis of 4,4’-dimethyl-o,o-dicyanostilbene
4,4’-dimethyl-o,o-dicyanostilbene (300mg) was hydrolized by reflux with
KOH (280mg) in EtOH (30mL). A 3h reflux yields the diamide (A), while a 18h
reflux yields the carboxylic acid (B).




nmol .eq.) in MeOH (100nL) was added dropw se, after which much of the color
5 had been lost, and a precipitate had fornmed. The preci plﬁé?@sff\%@ﬁ

col |l ected and washed with ether and water The supernatant and washi ngs were
conbi negyo o3parRglensed, and water (300nL) and DCI\/I(BOOn@éM%g00 ded. The DCM
| ayer was taken along with one extraction. (1 OOnL), dried, filtered, and
the solvent was renoved. The precipitate gave pure

trans-3,3"',4,4',5,5" - hexat net ho) W24;a- 10 dicyanostil bene. Exanple 13:

4, 4" -di hydro) Wcca-di cyanostil bene 4,4'-ditnethoxy-a, o~-di cyanostil bene
(exanple 11) (20.0 g, 35 nmml) and NalNK{:20 g) were suspended in tol uene

(500 mL) under an inert atnosphere,//hen idine (20 nQ and AIC13 (20 )
wer e added. The reaction was pro —@
for 2 days. The finished reacti on was“decq

oot and stirred at refl ux
‘W'th 10% HCl (200 mMQ
whi | e hotg s qndl ed, then thes @ ude py t “wé
and reLL@la i edm Ve & re conpoungyj s obtained (17.2 g, 96%. 1H

m

uc s collected by filtration
NNM s, S ;o m b, —092. 13C NVR (461. 0; 131.4; 124.9; 123.6; 119.1;
116.8. EA: Expctd /3. 27roll 3“4, N 10.68), Rovd (C 73.36, H 3.99, N
10.94). 20 Ex | e 14: Hydrol ysig of 4,4'-ditnethyl-ac~rdicyanostil bene

4, 4" -di met hyl - a, ov-di cyanosti | bene (300 s hydrolized by reflux with
KOH (280nmg) in EtOH (30nmL). A Aref yi s the diamde (A), while a 18h
reflux yields the carboxylic aci Nu 2006 WD 03/070689
PCT/11L03/00136 -26 NH2 0 CN O KOH™N2 ( NC HO 0O
o
OH
®)

'HNMR: (A):5 2.34, 7.1, 7.12, 7.33, 7.35.
(B):5 2.37,7.15, 7.18, 7.36, 7.39.

Example 15:

N-Bromo succinimide (2.9 g, 1.3 mol eq. mmol) and 4,4’-dimethyl-
o,a-dicyanidestilbene (3.2 g, 12.4 mmol) were dissolved in refluxing CCly (25
mL). A catalytic quantity of benzoyl peroxide was added, and the reaction was

10 stirred under reflux for 3 h, during which time further benzoyl peroxide was added -
every 30 minutes. After cooling, DCM (25 mL) was added, the mixture was
filtered, and the filtrate was washed well with DCM. The solvents were removed
under vacuum, and the product was isolated by column chromatography on silica-
gel (1:1 hexane:DCM, then DCM). Colorless solids were obtained (Rf = ca. 0.2 and -

15 0.31in 1:1 hexane:DCM). Yield 1.55 g (trans) and 1.09 g (cis)= ca. 63%,

'H NMR (CDCl3)

N
a d e Br trans cis
O \ O /" a  m245 m, 2.37
: bede m,7.35,7.56,7.75,7.81 m,7.19,7.23,7.32,7.35
£ m, 446 m, 4.46




OH (B) 1HN\NM (A):5 2.34,7.1,7.12,7.33,7.35. (B):8
2.37,7.15,7.18,7.36,7.39. 5 Exanple 15: N-Bronp succi ni ni>deugust 00§ 1.3
nol eq. mmol ) and 4, 4' -dirnethyl - a,a-dicyanidestilbene (3.2 g, 12.4 mol)
wer e di in refluxing CCl14 (25 nL). A catalyti .1y of benzoyl
peroxidgé&ggﬂggded, and the reaction was jo stirred Jﬁagﬁﬁgé %ux for 3 h,
during which tinme further benzoyl peroxide was added every 30 m nutes.
After cooling, DCM (25 nL) was adged, the mxture was filtered, and the
filtrate was washed well with DCM The solvents were renoved under vacuum
and the product was isolated by colum chromatography on silica gel (1: 1
hexane: DCM then DCND. Col orless solids were obtained (Rf = ca. 0.2 and 15
0.3in 1:1 1@CND. Yield 1.55 g (trans) and 1.09 g (cis)= ca. 63% 'H
NVR (CDCl~) b o ~Nder trans cis f am 2.45 rn 2.37 bcde rn, 7.35,
7.56, 7. 75, 4-Brodionhdthyl-419netylstBbent-ga-digyaps off exampla 42nme4 46 15 August

2006 WO Q3/07Q689 PCT/r .03/ 00 = 20 anp| :

4 br ol REDL W31 Sisatied RyAErsiBR NECN (0 e A SetSiens ghiee @ sz my, 2

nmol ' ' 2 ; i I lycol (2 ni,
5 caf? %Sir?odqnsf%d/fg%dng 2 %gﬁ@i%’g %%e?éqgg}j%%?aﬂrﬁgﬁr%ﬁa{gi]gir?ef/vgsysti rﬁed
“under @apaoat ahbisntiempératvesfoerlathy afief which ghdprodiict dad wisappeatddeapr oduct had

S;iﬁgﬁdee%reﬁgﬁedagﬁ TdLe(E.eI\r/Igistngfdthgysoil;légt' W'\a{sb %‘temgzredt Ql?de% Qvla\él?ur}ttl, fhen the moved under
mixture was dissolved in cther (15 mL) and washed with brine (10 mL x 3). The
aqueous extractions were extracted with ether (15 mL) to recover more material.
10 - The ethereal fractions were combined, dried, evaporated, and subjected to column
chromatography (DCM, then EtOAc on silica gel) to isolate the major product (pair
of spots, Rf ca. 0.7). A mixture of cis and #rans stilbene products was obtained.

Yield: 410 mg = 5%%.

"H NMR (CDCl,)

b ¢ N
a d e a s, 2.44
O W\ O f ghij K bede m,7.33,7.52,7.74,7.81
NC 0/ \O/ \OH m, 4.66

ghi  m, 365338

"~h

J m, 3.6-3.65
a k not observed
b . a s, 2.36
¢ Q bode m, 7.12,7.20,7.31

d e f m, 4.57
VA j m, 3.6-3.6%
NC Y on

k not observed

15

Example 17:

The trans isomer obtained in Example 3 (50mg) was dissolved together with
0.15mi. of H3S0; and polymethylmetacrylate (500mg) in CHCl3 (3mL). The
reaction mixture was stirred at 60°C for 18h. The polymer was precipitated by -

20 *slowly dripping the solution into swirling CHs;OH (30mL). The polymer was
collected by filiration, redissoived in CHCL, filtered, precipitated and dried.

Ultraviolet analysis revealed the presence of ca. 0.2% chromophote in the product. |




m xture was dissolved in ether (15 nL) and washed with brine (10 nL x 3).
The aqueous extractions were extracted with ether (15 nibd degwsed®éer nore
material. io The ethereal fractions were conbined, dried, evaporated, and

subj ect ggh gs@rg® utim  chromat ography (DCM then Et T, iz ca gel) to
I solate the major product (pair of spots, Rf ca. O.O%%. l[%ﬂ;{n xture of cis

and trans stil bene products was obtained. Yield: 410 ing 59% b H NWR
(CDC13) CNde ~=e as,2.44f g2841 ) bcde rn, 7.33,7.52, 7.74, 7.81 Kk
rn, 4.66 r,jr, ghi rn, 3.65-3.8 NC OHf i rn, 3.6-3.65 k not observed a
bas,2.36 bcde rn, 7.12, 7.20, 7.31 Ndf rn, 457 G g hi i ghi rn,
3.65-3.8 C0J m 3.6-3.65 k NHKk not observed 15 Exanple 17: The trans
i somer obt agggaiple$Exanpl e 3 (50ng) was dissol ved together with 0.15m, of

e EELTG) 0ol S0 S RS
col 1 cofie) ByipRyienE B! Greariid Pt Bidel Qe ifttph b bonitclRE DL ¥IE "o
dri eg. removing aliquots to monitor the progress of the reaction. Functionalized PMMA at

the amount of ca. 5 % was obtained after 5 days. The functionalized PMMA

obtained was dissolved in dry MeCN (5 mL) and 150 mg of 4-bromomethyl-

4’-methyl-o,o-dicyanidestilbene and potassium carbonate (100 mg) were added.

This reaction was stirred for 5 days, after which the mixture was filtered and

10 precipitated twice by dripping the reaction mixture into 50mL CHsOH, isolation,
washing the precipitate with aqueous CH;0H and drying.

Example 19:
PMMA-co-5%-methacrylic acid (200 mg, 0.1 mmol acid) and the
15 compound obtained in Example 3 (50 mg, ca. 1.5 mol. eq.) were dissolved in
CHCl, (5 mL) at 0°C under nitrogen. DCC (36 mg, ca. 1.5 mol. eq.) was added and
the reaction was stirred for 24 h during which it warmed fo ambient temperature.
The solvent was removed under vacuum, then the solid obtained was dissolved in a
minimum of acetone. Precipitation of ther product was initiated by the slow
29 addition of CH;0H, followed by conceniration under vacuum. The precipitate was
washed well with CHzOH and dried. A white solid was obtained. UV analysis

revealed a chromophore content (by mass) of approximately 1%.

Example 20:

5 PMMA-co-5%-methacrylic acid (200 mg, 0.lmmol acid) and diethylene
glycol (ca. 0.5mL) were dissolved in CHCI3 (1ml), then DCC (ca. 100mg) was
added. The reaction was stirred for 18h, then the solvent was evaporated. The crude
mixture was dissolved in a minimum of acetone, an equal volume of CH3;OH was

added, and the solvents were evaporated. The resulting powder was washed well -




Utraviolet analysis reveal ed the presence of ca. 0.2% chronophore in the
product. 15 August 2006 WO 03/ 070689 PCT/ EL03/ 00136 - 28-15gugnst 20068: pmvA
(1.0 g) was dissolved in chloroform (7nL) and a solution of Na (80 ng) in
di et hyl geaszghoige! (ca. 3nmQ was added. The reaction TPNdped by 5
renoving aliquots to nonitor the progress of the reaction. Functionalized
PMMA at the anmpbunt of ca. 5 % was obtained after 5 days. The functionalized
PMMA obtained was dissolved in &2 -MeCN (5 nL) and 150 ny of

4- br omonet hyl - 4' - et hyl - a, o~- di cyani desti | bene and pot assi um car bonat e
(100 MyLReHRORINE dricd Bhder A, OMhe RSt (S0rRE) Wi dissdlsn @f tLer which the
m xture was filtered an O precipitated twce by dripping the reaction

m xt ur €H;aN (F00), 2GH3Rbtommedtiatlidomethydsibineey, thrdicyanize (@5 trag,ecani t h aqueous
CH30H and dryi ng. Exanple 19:. PMVA-co- Qénﬁ%ﬂgcrych aCi%E%%OQ ng, 0.1 mmol
aci d) drumehiedq.) v8s addedoleldOn o amas §as © LPAckon Wes WA & 5 npl . eq. )

were dissolved in C , ryolol: ng, ca. 1.5
mol . ed’.n%‘ Enpsth g??f? “’%%%Snﬁ%g‘[ﬂe@%%gé}gﬁ F@?’é"é&?@?’a%@ﬁ% ng which it
- war ned gbie 38R @iipel SRS iRiRE €H.OFNG08))M8 PreciFitatd BiEO6Eucyneligith vacuum then
the solid obtainéd was dissolved in a mnimmof acetone. Precipitation of

“ther pwadUetthenegsrrified thyadissdIvivg irh ehletafoyne and d furtherpreeipitti®oHIbe ol | owed by
concentratj on under uum, The i pifate s washed I ith CH30H and
dri ed. resu tcgr@gﬁﬁ %P\i%@a%ﬁ}%%@gwwﬁﬁﬁgﬁc%ﬁo c?né%aqae%l%ﬁdlcthgmomphor e
cont enty; ' | a ; :

PNEvV | A%%%%O;ag@ ﬁé?%gc@gwégﬁg’ci ﬁ.% 803%6 E%Og})énfm?&gc dl)d gflc}mclj{ie%t hyl ene

gl ycol chmmophoferfiom weid dustitioaslityed in CHC13 (Inl), then DCC (ca. 100ng) was
added. The reaction was stirred for 18h, then the solvent was evapor at ed.

The crude mixture was dissolyed in a mpinumof acetone, an equal vol une
of @HB0H wakxamplecd: AdhviroRedsortheny-g.qodicyanastiiiseet ed. The resul ting powder

was washed yel L. 19, S983L it A8l 03287 WanH/ whd 3438 in
chloroform (20mL) under anhydrous conditions, under nitrogen. TMSI (1.67mL,
1.5mol. Eq.) was added by syringe, and the reaction was stirred for three days at

50°C. During the reaction, it slowly becomes a dark purple color. Most of the
15 starting material was recovered. The product is an orange spot, Ry 0.1 in DCM,

which moves fast in ethyl acetate. Yield, ca. 50 mg = ca. 2%.

N 31 N 36
MeO Deprotection MeQ
eMe ....._P__..__> H
NC i) TMSI NC
Mol. Wi.: 290.3 Mol. Vt.: 200.1 Mol. Wt.: 276.3

if) MeOH

Example 22: 4-Hydroxy-4’-methoxy-o,c-dicyanostitbene
20 4,4-dihydroxy-o,o-dicyanostilbene (Example 13) (30.0 g) and KOH (7.0
g) were dissolved in acetone {150 mL) under an inert atmosphere. The mixture was
brought to reflux, iodoethane (15 mL) was added, and reflux was continued for 3 h,
by which time the red reaction mixture had turned orange. The mixture was cooled, -
sufficient HCI was added to obtain a yellow color, and most of the solvent was -
25 removed. The mixture was then taken up in DCM (150 mL), filtered, and the solid
was washed with DCM. [The solid was washed with water and dried to give




-29- with CH30H then (hied under vacuum The powder (80ny I) was di ssolved in
dry CH3CN (31UL), and 4-brononet hyl -4' -1 net hyl stil bene- alXAugse38i de (25
ng, ca. 1.5 nol. eq.) was added. K2C03 (150ngy) was added, and the reaction

was stiwoEoakge anbi ent tenperature for 3 weeks. The mﬁﬁﬁgt and a
chl orof orm washing of the solid were dripped into stirring OH (50mMQ to

preci pitate the product which was further purified by dissolving in
chloroform and a further precipi+d)ion. The resulting colorless solid was
shown by WV spectroscopy to contain ca. 3%of the stilbene conponent by

wei ght  LOU&ES E@Rﬂig’%ﬁ(iafeﬂag The DXNOHIuBbA Wis &va Pbﬁﬂad tohdrpwseptaee from acid

functionality. 10 : 4-Hydroxy-4'-nethoxy-u,,ct-dicyanostilbene
4, 4" - diveetdkon W (x odeﬂm@Hr(@e@ il ehiee (e@@tm@ sn&pnmﬂl()n wasfitiered anded i n

chl or of orm (ZOrrL) nder dr ous I,ons T™MSI (1.67m,
1. 5nol thepspld WasW; B@ d5 1ﬂelsrtE%\ Wﬁé gﬁﬁ}cﬂed for three

days aﬁlaﬁ?%@sw%] 443§ 16 B a@ﬁ%to dﬁ%n uhfil ég@ﬂ&\ﬁ’ 8&%&%%@1&%&&5&:}?” pl e color.

Most o |ng I’TB. erla was recovere he pro I'S an orange

- spots fge O;Qeéﬁpﬂtdile Q@/bollé&fﬁd filraien, fvhed withtvutdr, ambldddeto gived@l, ca. 5 0 ny
ca. 2% ~-~N 31 N 36 oDerotectlonI\/ENL// -~-M H N~-J i) TMSI NC

- bl . adne yelmcsoadms%)véﬂe CDGll 298V, 300 MHz, trursyisqiseM Bxanpl e 22:

£ YOO B 35 AR a0 K s 20 (7.0 o
vere dygeol 1491191 Cﬁ@@ené@ﬁmth orcler Bafkid R4E-028 PROREENS3, The ni xture

was brolght 6 reflux,” i odoét hahe (15 nl) was added, and refiux was

cont i nHesl03,a¥ 9.36), Rcvdb&mspﬂllngﬂ@h@) red reaction m xture had turned
or ange. The m xture was cool ed, sufficient HC was added to obtain a
yel lidw col or, and nost of the sol vent was 25 renoved. The m xture was then

taken up i nExampfeJﬁ Bro &ohexyi e acryla%nd the solid
6-Bromo-hexan-1-ol (5g, 28mmol) was dissolved in diethyl ether (20mL),
and cooled in ice under nitrogen. Actyloyl chloride (3mL, 37mmol) was added, the
the reaction was stirred at ambient temperature for 1 hour. The volatile compounds
15 were removed under vacuum, leaving slightly impure compound (designated 35)
(5.9 g, ca. 65%).
NMR: m 6.3-6.5, m, 6.1-6.2, m 5.8,t4.15,13.65, m 3.6, m 1.8-1.9

\__/_\_P ’_{— Subsm‘ut‘ion> Br\_/_\_P &35

Et,0

20
Example 24: Bromopropyl methacrylate

Methacrylic acid (10 mL, 118 mmol) and KOH (6.62 g, 118 mmoi) were
added to DMF (100 mL), and stirred with heating to 70 C until the KOH was
completely dissolved. 1,3-Dibromopropane (25 mL, 2 ca. 2 mol. eq.) was added,

95 and stirring was continued at the same temperature for 18 hours. Most of the DMF -
and the excess dibromopropane were then removed under vacuum, Hexane was-
added (50 mL), the inorganic material and polymer was removed by filtration, then

the material was again evaporated under vacuum to give the product as a colourless




was washed wwth DCM [The solid was washed with water and dried to give 15
August 2006 WD 03/ 070689 PCT/|L03/ 00136 -30- recovered stArt§UsE2Me erial).
The DCM sol ution was evaporated to dryness, then was taken up in 0.5 M

NaCH ( 2Q@ i3fyosgone resul ting suspension was filtered aﬂbﬂrﬂ]j%ﬁlf&o' id was
ted pro

washed well with water. [The solid is the bis-ethyla uct]. Cone.

HCI was added to the basic solution until a yellow col or was obtai ned, then
s the precipitate was collected b§ltiltration, washed with water, and dried
to give 46 as a yellowsolid (25%. 'H NVR (CDC13, 298 K, 300 Nfl h,

trans-j; o | HH3NIR - J0OMHA: In; 6.10; $95.57; t, 4.27,
C NNR(@?EQ% %?}I’G .ni;:[-i Song(?'[j)élfsbn%@?)iﬁ’ g%.(gl 27 1 ?. 5: 131. 3t;’ 116.9; 115. 8;

64.6; 12.59; mEA23Eptod. for 46-0.5 H20 (C 72.23, H 5.05, N 9.36), Rcvd (C
72.53, H 4.99, N 9.29). 10 Exanple 23: Bronphexyl nethacryl ate

6- Brono- hexa' n-1-ol (5g, 28mmmol) was dissolved in diethyl ether (20ni),

and cool ed E%] dlﬁﬁzgnder nitrogen. Acryloyl chloride (3nL, 37nmol) was
added, the HePP&Rtti on was stirred at anbi ent tenperature for | hour. The

vol atil e CconpRUARS-4LmeiRg-d,ardiviadostiBale Je 20| aredii) Gen. binght | y i npure
corrg%und (desi gnated 35) X(y(S. 9 g}?ﬂca. 659%) . NII;\’/R- in 6.3-6.5, 1n, 6.1-6.2,
in 5. 8mnd brmdhiexyl Bebacrylate 200mg; ga.12woh Ig).) weradisydead iuMeSN B R2O Mol .
W.: 181. W.: 90. | AW 235, 2 a : propyl
et hachlyOdet R Ao (OFE) TE veibw Sl TRSi@ieg o420 e ol )
ver e Qﬁﬁa Q\cf]\ﬁ{e anfORITRS # b Keak@ab 504 £ 18Gokrgnt i | the KOH
was c%%p et%ﬁr} I's 09{1/%%‘?3 1,3%%?%%%%}%3 (25 m., 2 ca.0 2 nmol. eq.) was
added, af@d vettich thicicolor had reasmedint yehloer ingicatihg theamd of dgreactionr €hé or 18 hours.
Most of the DW and the excess di brormpr%%gne wer e t hen rerr?lvgd under
vactunsolygss awes wegoved under vacuum, then the ture was chromatographe

(chloroform on silica gel) to give pure methyl-stilbenedicyano-hexyl-methacylate

(designated 37) (Ry=0.48). Yield ca. 10 mg = ca. 35%.

N 36
M”‘H Pat . on "
NG Williamson MeO Q A - 37 .
Mol. Wt: 276.3 W » @ 0 O-f
oy
BU—\_})—(O_% MeCN Mol. WL 430.5
— 50°C

Mol. Wi.: 235.1

15 Example 26: Copolymerization
methyl-stilhenedicyano-hexyl-methacylate (Example 25) (ca. 3mg) was
dissolved in a few drops of methyl methacrylate. Prepolymerized MMA (3mL,
prepared by heating a filtered 1% solution of benzoyl peroxide in MMA. at 60°C for
2h) was added and the mixture was shaken lightly to mix. The mixture was heated
- 90 in a glass tube at 60°C for 18 hours, after which it had become a hard solid. The

glass tube was then broken to release the polymer monolith.




added (50 nQ the inorganic material and pol yner was rennﬁﬁg by filtration,
then the material was agai n evaporated under vacuumto g “@ﬁbmHWoduct as
a colourless 15 August 2006 WD 03/070689 PCT/1L03/00136 -31- liquid (9.4
g, 38% woHishideso CDC13, 298 K~ 300 NI Hz): in, 6.10; in,p&vipdsmeizs 4- 27, L,
2.50; in, 2.23; in, 1.94. Exanple 25: 5

4- Hydr oxy-4' - met h@xy- a, (x-di cyanostil bene (Exanple 20 or 21) (ca. 25nm)

and bronohexyl nefhacrylate (200ng, ca. 2nol. Eg.) were dissolved in MeCN
(15nmL) under nitpogen. K2CO3 (60ng). The yellow solution slowy tanmed red
at the formati ok df the phenol at e ani on. The reaction was heated to 500C
for 18 hours, ftler which the color had returned to yellow, indicating the
end of the reac ¢ The 10 solvent was renoved under vacuum then the

m xture was chromgtographed (chloroformon silica gel) to give pure

met hyl - sti | benddi gyano- hexyl - net hacyl ate (designated 37) (Rf = 0.48).
Yield ca. 10 ng Ta. 35% M f N36 HFN NG - WIliamson Me "~~37 M. W:
276.3 0 K208 0-2NG B~.~~25 MeCN Mol. W.: 430.5 500C Mol. WJ 236.1 15
Exanpl e 26: Copd) ynerization netliyl-stil benedi cyano-hexyl - met hacyl at e
(Exanmpl e 25) (c&. 3ng) was dissolved in a few drops of nethyl

nmet hacryl ate. Prepol ynerized MVA (3nL~ prepared by heating a filtered 1%
sol uti on of benzaoyl peroxide in MVA at 600C for 2b) was added and the

m xture waé shalen |ifhtlyfto nix. The nixture was heated 20 in a gl ass

395

tube at 6 f or=18 S Bter which it had becone a hard solid. The
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gl ass tube was then broken to rel ease the polynmer nonolith. 15 August 2006
WO 03/ 070689 PCT/EL0O3/00136 z z 0000 ~=0 ~=0 ~~0 O LléfN‘@ftz ©z z ca
0 <0 0 15 August 2006 33 CLAIMS: 1.- A conpound of forrmula (1) W
wherein, the orientation of the substituents is either cis or trans and
wherek a and d are independently O, 3:3, 2, or 3; W and W are

I ndependently selected fromCN, CeCR™C001% COOP, wherein R is straight or
branched Cl -4-akl group, CON% OCH70CH-. hal ogen; D, and D2 are

i ndependent|ly selected from & NO2. halogmor OR wh=jn Ris a hydrogen,
Cl- 4al kyl group optionally substituted by halogen; L is a |linking group
selected from (CH2)2X or QCH2)A (OCH2CH2). a and b being 0-10.-n being
1-4 and X being O C~-=0 C-, and the polynmer is chosen from

pol y(al te)s or copolyners thereof. A conpound of formula (1)
‘accordin ffaim | wherein une=o; and W -~%are CN and the polyner is

- pol ynet hyl MebAGEYLAE of formula (O

L VNP
| \ \ ( \:, ®
_ : o W, =7 (D) pa=-L-Polymer

wherein. the orientation of the substituents js either cis or frans and wherein n and o°

are independently 9, 1,2, or 3; |

W; and W, are independently selected from CN, C=CR. COOH, COOR wherein R

is straight or branched Cy.-alkyt group, CONH;, OCH,OCH; balogen;

D; and I, are independently selected from R, NO,. halogen or O-R wherein R is a

hydrogen, Cj4-alkyl group optionally substituied by halogen; L is a linking group

selected from (CHy);X or O(CHyX, (OCH,CH:), 2 and b being 0-10,n being 14
. and X being 0-C(=0)C-; and the polymer is chosen from poly(alkylacrylate)s or

copolymers thereof. |

2 A compound of formula (I) according to claim 1 wherein p=n"=0; and

Wy=W are CN and the polymer is polymethylmethacrylate. | _

3. Acompound of formula (I} according to claim 1 wherein p and o’ are 1,2 or

3;; Dy and D, are R or OR, R being Cy-Cyalkyl optionally substituted by halogen; and
- Wyand W, ave CN, COOH or CONEL and the polymer is methylmethacrylate,

4. A process for the preparation of 2 compound of formula (X), said process

comprises reacting a benzoylcyanide under basic conditions.




3. A compound of formula (1) according to claiml wherein v and n' are 1, 2
or 3;: D and D2 are R or 01~ Roeing G -C4aj k3j opti onal1dAemssiq06ut ed by
hal ogej %o and W and W are CN, COCH or CONH2 and the polyner is

met hyl meffiacrylate. 4. A process for the preparation of a compound of
formula (X), said process conprises r4eacti ng a benzoyl cyani de under basic
condi tions. 15 August 2006 34 N /CN’I vew/n 0 \0 Pyridine'~ THP CN 5. A
process for the preparation of a conmpound of formula X14 said proem
conprising reacting conmpound of fOrnulalU, Werein Ris a CH3 group .CN CH3
C142Br ,\ DCIH 3 N13YJCC4 \ 01/ NC CH3 NC whnfia X is balogea. 6. A prons

for the preparation of a conpound o Qr mul@N (M), said process

conpri si ENct i T corrpoun al g==xXR) with a bifunctional
spacer VAeR VISt JC%WN CN NG £H2ONCH; 0012h0yl  (XQ (b)
transest ér-fyi ng% he ¢ ound of formula (X th a polyner: 15 August
2006 CN

- 5. A process for the preparation of a compound of formula XTI, said process
comprising reacting a compound of formula X1, wherein R is a CH; group:

s N NBX/CCly \c,:na/#\ ;
NC

XD
o XX)
wherein X is balogen.
6. A process for the preparation of a compound of formula (XIV), said process
comprising:

(a) reacting a compound of fornula (XII) with a bifimetional spacer:

ﬁac\""" CN
\ ) (HOCH,CH,),0
Ny Ny S -
NC \ JCHer KCO4/CH,CN

H3C..\'_‘ CN
e | \_7 N/ \
| " \ /N cmocmyocsnon

X

)] transestenﬁrmg the compound of formuta (XIII) with a polymer:




35 H3C ON pol ynet hyl met hacrylate (PMVA) C\ / NO CH20(CH2) 20(CHkOH (Xg ON
H3 NO PMMA (XM 7. A process for the preparation of a co %Wtwﬁfornula
(XVM, said process conprising (a) reacting a conpound of fornmula (11) to
yield a conpound of forrmula (XV): ON RO ON ORb NOPOO// <i. TMSI O
[1.Cf30ff NO wherein Ris a Cl4-a (b) preparbg a bl -Anetlonal spa= of
formula (XVI): bat-(C H2),, OH +hal - X (§ hal - (CH2)aO- X MO wherein a and X
are as defined in claim1; (c) reading said bi-functional spacer of fornula
(XVI) with the conmpound of fornula (XV) to yield a conpound of formula,
(XVII):Hlé ust @906 36 ON R O LN OH + bal -(CH2),, O x
S &
<0
| nd T CHocEnocnon  polymetylmethacrylate (PMMA)

[
e

()

\_7 ¢ )
. \_/CH,_

NC BMMA

(XIv)

7. A process for the preparation of a copolymer of formula (XVIH), said process
comprising: | |
(a) reacting a compound of formula (II) to yield 2 compound of formula (XV):

CN
R - Deprotection CN
O—Q_m— OR —————>p0
NC — i. T™SI N O——os
i CHyUH NC —
@ exv)

wherein R is a Cjg-allyl
(b) preparing a bi-finctional spacer of formula, (XVI):

Substitution
Etzo

XVl
wherein a and X are as defined in claim 1;

(c) reacting said bi-fimctional spacer of formula (XVI) with the compound of
formula (XV) to yield a compound of formula (XVII):




NC K2coq (XV) cU3CN ON RO --J/ 0-(CH 2)ao A NO CAM PoI I zing the
conpound of fornmula MM in the presence of a nononer to }@guﬁ 008~ vC uh=
0O OKC yield a copolymer of fornmula (XVM: 8. A process accordl ng to clains
6 or 7, wherein the polymnerization step conprises the addition of at |east
one plasticizer. ON RO NO QCVM 9. conpound of forrmula QAN I): wherein R
Is a C4-Ayi group, ais | to 10 andX'is C(=0 CH=CR2. 10. A conpound of
formula CVMD 15 August 2006 37 HSC -QO,,, CH20(CHOZQ(CH2) 20n NG (XI'I'1) 11 -
A copol yner of formula (XVP.

CN Witliamson
R
c’_—<}‘\$—(}—0}1 + hakCH0x TC
= EoCO4

CHaCN
r@_\g—@‘ 0-(CH»,0-X

(d) polymenzmg the compound of fommla (XVI0) in. the presence of a monomer to

A

[}
MM

PV
. Initiger w%
OM% sgox.
NG

PRESOC ek Xyt /;YO\
Q
yield 2 copolymer of formula (XVIIJ):
XV
8. A process according to claims 6 or 7, wherein the polymerization step

comprises the addition of at least one plasticizer.

CN
RWO-(CH;)@X
NC =

(v
9. A compound of formula (XVI):

wherein R is 2 Cr-alkyl group, ais 1 to 10 and X is C0)CH=CH;.
10. A compound of formula (XTI




12. A three-dinensional nenory apparvatus for storing inf tionit, a
vol ume conprising an active nedium which is capabl e of @%&ﬁ%ﬁH§M6

predom nantly froma first to a second isoneric formas a response to
irradiation of a |light beam having an. energy substantially equal to a
first excitation energy, wherein thejgoncentration ratio between, a first
and a second isoneric formin any given volune portion represents a data
unit; said nmenory apparatus being characterized in that said active nmedi um
conprises a conpound of fornula (R) according to claim2 bound to a pol yner
accor di hgC ai . 13. A three di nensional nenmory apparatus of claim 12,
wherein s formula (11) is a donor-acceptor-donor conpound.
14. A nmeno ording to claim12, conprising: (a) nmeans for
directing a |ighNcbea VIhGCEIPI &P ener gy, different fromsaid first
excitation energy to a selected portion of the active medium and (b)
means for directing gimhean Ono additional B& beam having at |east one
additional energy, also different fromsaid first excitation energy to
sai d sel ected portion of the active medium wherein the conbined energies
of the Il.iiscopolsyiy cffammiadd Vil of the at | east one additional |ight beam

are sub ntially equal, to the first excitatipn energy. 15. The apparatus
accor di iu%?f gﬁfﬁ%‘y 10831 10ppTyappgrafus g’ﬁ *%h@%@éﬂ% isangplusmeans for

readi ngeddisicial A Bdtive SoddnMiN v Walal g,}é(?g L.sgneric states
of the act’ive rredlﬂ%ﬂm in di ffeljgglnitﬂs p ﬁi%gﬁtg&aggmg I ﬁ@%%?um 15 August
2006 3first B a Seendispmenit fovn as e pesponsg to radingion bf glightiean, Baviog 4k, wherein the
two isoneric ,for have a substantially different absorption coefficient
for absWr%‘bm[%}' t%%ﬁ%’ﬁﬁ“’!%ﬂ"@%@ ‘@%ﬁ"@@’.e oppeeniongalar at us

accordi i sechiEEShdkicBing i éﬂg,s% tJ f bsorption
coeffi c?gﬁ%%és:hﬁ%mi% i nf rafﬂé%l regl om'rsl. 1 %&ﬁ%&’ %{JI%%Q

us®according to any of
cl ai ms dafa wmit;] Said wiesrosy appesitos being) shdracterized dnlitivg shideactiod meditint S conpri ses

comprises a compound of formula () according to claim 2 bound to a polymer
accordipg to Claim 1.

13. A three dimensional memory apparatus of claim 12, wherein said compound

of formula (II) is a donor-acceptor-donor compound.
14. A memory apparétus according to claim 12, comprising:
(a) means for directing a light beam having a fitst energy,
different from said first excitation energy, to 2 selected portion
of the active medium; and
(b) means for directing at least onc additional light beam having at
least one additional energy, also different from said first
excitation epergy, to said selected portion of the active
mediun;
wherein the combined energies of the first fight beam and that of the at least one
additional Jight beam are substantially equal to the first excitation SOCLgEY.
15. Thé apparatus according to any one of claims 12 to 14 further comprising
means for reading the data units from the concentration ratio of the isomeric states

of the active medium in different portions of said active medium.




means for directing a first |ight beam having an energy different than.
said second excitation energy to a selected portion of t Beast FW06nedi um
and neans for directing at |east one additional |ight beam having at |east
one additional energy different than, said second excitation energy, to
said selected portion ofthe active ??di um wherein the conbi ned energy of
the first light beamand said at |ea one additional [|ight beamis equal

to said second excitation enerqgy,

16. The apparatus according to any of claims 12 to 15, wherein the two isomeric
forms have a substantially different absorption coefficient for absorbing energy of

second threshold energy.
17. The apparatus according to claim 16, wherein said substantially different
absorption coefficient is in the infrared region.
18. An apparatus according to any of claims 14 to 17, wherein said means for
reading the data units comprises

¢ means for directing 2 first light beam having an energy different than said
second excitation energy to a selected portion of the active medium; and

’ means for directing at Jeast one additional light beam having at least one .
additional energy different than said second excitation enetgy, to said selected
portion of the active medium;

~ wherejn the combined energy of the first light beam and said at feast one additional
light beam is equal to said second excitation epergy,




