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| NVENTI ONwTOho3g70asvent i on rel ates to pol yner bound conpoundx;T/iLe3/exspounds,
processes for their preparation, and a 3-di nensional optical data storage
and retrieval system conprising such_ conmpounds. 5 BACKGROUND OF THE

| NVENTI ON The fol |l owm ng publicati ons"&re referred to in the pr esent
description: 1) US 5,592,462; 2) US 5, 268,862; and 3) WD 01/73,779. 10
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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

50 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 needs to be 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

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



-2 photoi soneri zabl e nol ecul es. These nol ecul es have | ow t wo- phot on
cross-sections, so relatively high-powered |ight sources are required,

| eadi ng twoO ®wpeissi ve devi ces, slow data access, and dangecCTafiosienrage t o
the nedia. US 5,592,462 (Bel dock) describes a three di nensional systemfor
optical 5 data storage and retrieval, According to this publication,

i ncorporated herein as a reference,” ¥he data is stored and retrieved by
irradiating the storage mediumwith two interfering |ight beans. The use
of two | pabloidaaiizablel owsolehitedef Thede omaitcudes paiaviec ullaw pbre-pbatodf t he
vol ume being witten or read at every instance. US 5, 268, 862 é(li:{entzepi S)
descr i besras-sedtidnse serglativelyohighispowered light somress arggrednied: 16ad88sCr i be by
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15 as one of the states is stable at roomtenperature for only 15Q seconds.
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The pol yner-bound conpounds of the 25 present . invention e of the general
formul a (SPIrobsazopzyan7 deHuAtiET 1 LEFBIOeaiaEhe o BRaLY . patchy ‘?Ver’v\%h"f C(H 2C

memory is maintained 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 diethanol 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 medium 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 use in 3-D memory. The polymer-bound compounds of the

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



CC(l) ~1 %YCH2)nmWN (D1)nJ wherein the orientation of the substituents
is either cis or trans and wherein mand mn are independently O, 1 or 2; n
and n' arwaosdepsadently 0, 1, 2, or 3; WL and W2 are i ndepamdsontiBe
selected fromCN, OH C=CR, COOH, COOR wherein Ris a s straight or
branched Cl1_4-al kyl group, CONH2, OCH20OCH3. D1 and D2 are independently
selected fromR, N2, halogen or OR wherein Ris a hydrogen, Cl 4-alkyl
group optionally substituted by halogen. L is a linking group sel ected
from (CH2) aX or Q(CH2) bX, (OCHERHZTh BOMRE b bei ng 0-10, n being 1-4 and X
being O-C(=0 C-. 10 The pol yiely i s chosen from pol y(al kyl acryl ate)s or
their copoVyath&lsuch as @I ymer with stryrene. Mre specifically the
polymer is poly(nmebhyl thacryl ate). The&ffnvention is further directed to
a process forhes nt tegi s of conmpounds ) formul a (1'). The synthesis
conpri ses of[%dke\ Ivati zi ng>@mypwound of formula (11) 15 to a conpound of
formul a EIBH 2)nt W2 & H2C | derivatized rlI/CQ (I1) | (CH2) mMAL
(D)n WO QP070689 PCT/1L03/00136 -4- (D2)n" W2 m(HC 1 / (Ill) C=C
"(CH2)mMN¥  KIJ/ (D~)wherein the orientation of the substituents is either

cis ort R?v ré%eig Qge %gﬁt%{ign ¢ ik 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; W1 and W>
are independently selected from CN, OH, C=CR, COOH, COOR wherein R is a

5 straight or branched Cj4-alkyl group, CONH,, OCH,OCHs. Di and D, are
independently selected from R, NO,, halogen or O-R wherein R is a hydrogen,
C1.4-alkyl group optionally substituted by halogen. L is a linking group selected
from (CHa,).X or O(CH2)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)

W, .+(H,C
2m(h )’LL, = derivatized



in, in, W, W, D1, D2 are as defined above and D2' is a derivative of a D
group as defined above, e.g. OH OR or CH2X, X being a hal ogen or COOR, R
bei ng a 5woles@7edskkyl group. In the next step the conpound refT/ies/emba (111)
is reacted with a bi-functional spacer selected from X(CH2)aX or O CH2) bX,
(OCH2CH2)" X a and b being 0-10, n bejng 1-4 and X being a functional
group capabl e of attaching by chem cal neans to the polyner or a

pol ynmeri zabl e group, e.g. OH, 8% =0) C=CH2, hal ogen which forns the
linking moiety L to the poly te j o interacting at both ends) as
defined aboyg, Bty ernati vel y@orrpound of formula (I1) may be derivitized
and functionalizeg wth t fucntional @hcer to forma conpound t hat

i s capabl e of _bei ngCsH equently pol ynmeri zed in the presence of an
appropriate noper to vyi o(?" gyopolyrrer 15 The invention is yet further
directed to unds of f el I(I'1) and (111) being novel conpounds and
to their @ hésis. In the synthesis of conpounds of formula (11), for the
case wherein W or W are COOH, COOR, OCH2OCH3 or for the case wherein in
or M=2 and W or W2 is OH the process conprises reacting a substituted or
non- subst Wherteg theeorzértation af A fbktentssik \eitheaetsi@nrdmy Al whéreddin, n’,

i nternedi ate v%g\éz further reacted by a MMirry reaction to gl vé a
conpound 8 ¥ o ?? Dogire as definge aboyg aad danes aslerivativenel Bognosp aShe

PR L e IR Rl
phenyl %CGCCPUL;Ia'lk}}l%rb@p gauRk ﬁ@xttéﬂﬁﬂ HEA St dr MEGERSANY is LchiSlih 025 the

requi red conpound of fornula (11).

Conpoundsbiefinétiomaiispadel Isplestedrfesm X(IEIHZ?AX oF Ci(cmqw\ﬂ(wﬂz(y}@z)ﬁx% &N pmay be
obtai ned fromthe correspondi ngqqcorrpound wherein WL and W2 are OH wherein
the di - alkem®0-5in beng -é1 angt Xhbeingemfunstional gicsipdcaphkledof aftachirige by

d. | of th d f f d
Bonbr - Ac R FABRgInes . c BT a5l g o ¢ o REMIETIESle: eronb) - ndFoty i s
an ACCEpt@IC(@))@——)CPW'Iﬁ'Ibge% whRADOGE Sk l1%1h£qﬁ81ett§hf gc%e%%%?mér t"atfl?d phenyl

10 interacting at both ends) as defined above.

Alternatively, a compound of formula (II) may be derivitized and
functionalized with the bi-fucntional 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 (II) and (IID)
being novel compounds and to their synthesis.

In the synthesis of compounds of formula (II), for the case wherein W; or
W3 are COOH, COOR, OCH,0CH3 or for the case wherein m or m’=2 and W, or
W, 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 (I) with m, m’, W; and W, as
defined above. The resulting compound may further be chemically modified.

For the case wherein Wi or W, are CN and m=m’=0, substituted or
non-substituted phenylacetonitrile is coupled then modified if necessary, to yield

25 the required compound of formula (II).



rings which are Donor noieties. Thus the invention is also further directed
to the use of conjugated Donor-Acceptor-Donor conpounds of the present

i nventi onwq(@omusands of fonnula Il) in a 3-D nenory such rag/aesarndbed in
WO 01/73,779 1o wherein the active nmedi um conprises conpounds of formula
(I'l) bound to a polyner in order to achieve an ordered nenory. BRI EF
DESCRI PTI ON OF THE DRAWNGS I n order to understand the invention and to see
how it may be carried out in 15 practice, a preferred enbodiment will now
be descri bed, Compamdsfof formulkarill)i wiereimxamp)’s1 onl 3 andiW hand Wy areceNt o t he
acconpanyi ng. drawings, in which: Fig. 1 displays the em cal for ae of
several da#obe 8k opp s correspaBdingcompovad Whsre e S%I&FWF d°3FD nenory

according,to.t Lnvient i:0n4. Fi SLravl al etz $4 ectrum
Moo s iy AEHEChYGR gl A MR bt Bl Bkt S RECC T
3 shows an infgeae@f SHECHAEM cohf@shds’ e8F onfonuda Coouage of configzatetbmpound
4,4' -di net hyl -a, a-di cyanostil bene. Figs. 4A and 4B show t her modynam c

st abi | it Datopdh @sproeddonadstheti(rdy, whererthe i Whe(CHpEctC@H2)bYW 1 (BpIehVR f or t he
two cis and trans states of the conpo

4, 4' - di menhARKSEPIram@iely anlishi is psaadw ng” @%gmt@nﬂmﬁwa%tweémyhm of a

pol ymer - bound .a, a- di cyanosti.l ben r.

PCT] | L3 B SEich é‘“‘F%’.noé T F@? g%élﬁ%‘? g %@’8 t fr“}ﬁﬁme‘g ﬁ{fg&g‘g ?)‘2 A er made
of a, a-qjey i V {nd dfSthbSe@ueitt inyemedry mer i zed
in the gfrs gsﬁg‘zﬁ%&ﬁ‘g?ﬁgﬁ‘%ﬁg rc;)lllt-%to g?ﬁg?g@flshows th%QNuclleaf Magneti c
Resonancgcampetiidsnofoformutzo i dnnd3-I5 meneaty asich hie destribheel inhWOPIRGL E7Used as
a nononer to be polynerized. Fig. 8 (A shows the Nucl ea{ l\/ggne(ii C

Resonanc evhkgseint themadive megtiurgi empiisesacempeundsnes dpmpeae(hoafvnd 4 cigh

di et hyl ene gl ycol as a spacer to, P in its trans geonetry and (B) the
ul travi oI%)tlﬂgée'etqr&?ﬁt8fa°gletvﬁéln@5ﬂg8%m%rﬁbvm in (A inthe logical "0 and
"1' steps.

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 formulac 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-a,a-dicyanostilbene.
Fig. 3 shows an infrared spectrum, “read” region of a compound of the
compound 4,4’-dimethyl-o,a-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’-dimethoxy-a,o-dicyanostilbene.
Fig. 5 shows an infrared spectrum of a polymer-bound o, o-dicyanostilbene

through a spacer.



10 Fig. 9 shows a 3-dinensional nenory unit of the present invention
conposed of 4-nethoxystil bene-a, a-di cyani de bound to a polyner through a
spacer. DEDAISKEWSDESCRI PTI ON OF THE | NVENTI ON As nent i onedcalaaosonibe
present invention deals with conpounds bound to a 15 pol yner (conpounds of
formula (1)), a process for their preparation and their use in

3-di nensi onal nenory such as descri —in WD 01/73,779 wherein the
conpounds of the present invention forman active nedium suitable for

storing and VF%,U &Vi fpwsdad. uldaefssripectrite sforpounstdyinerinthate tofie
pol ymer are donor-acceptor-donor conpounds, hence the active nedium of the

3- di mensigpdicyaromilyeriesconveried sed raonapherdubsubseqiepily PAdyReHZEOWIBENds of
formula (11). The corTPound of formula (I1) of the present invention are
part of piresenaei afanetbyingthaciyletsl e for storing and retrieving data. The

basis of the 3:di si onal Or Yo A epl t nds with
i nci dent i ght'1&o {8 ‘P%(Fgﬁﬁﬁqeﬁrh@agﬁtﬁgeg%%ggnsgg& ron%gigﬁeco e%acal

St uCtr God o nd bR BftbnfcRBeGRd 35 bbiifer (B ffhyezonpounds ey be 25
regar ded"as ¢€hr onophores. e devel opnment of viable 3D optical data storage
requires a phgigi $nex) zébhe shecharldanaMaamtia Reghnandet i sppbigton of
cross-section. ~Sinple nolecules with this property hi’ive been desi %ned for
nonl i nead, doptiinettyl-capplicyeapstdhendhounik thippeh digthdanoehgol ahpipatdd
donor - accept or-donor structure D). l.n thi ar.adi I j ugat ed
nol ecul eP &% 18 Hm@egep}%f@é % %‘:?/‘8&6%’@55’% ﬁ%ﬁﬁtﬂrﬁgﬁf‘o%6&%§%or s at
its ends _and a - f.gy ce inits mddle section. The | onger

t he nol eé@?‘gr,l 1%%?{%%(5@@%9%&%& §Eeﬁ)(%)'rs and acceptors, the better the

mul ti R oton i@%obb@H&@s ch - aph@isicial Gaemoty Uit addilte poesent Hevertiom | ar
architectures, e.g. acceptor-donor-acceptor, achieve simlar results.
Exanpl es c@mﬁdgdftb rof54fmithoxystitienzat, edicyamde risiundeto et pelyseintrewgtoét her s,

al cohols, thiols and their salts, am nes, biphenyls, heteroaromatics e.g.
tetrat hi &adv.al ene, al kyl. Exanples of acceptor functionalization can

i nclude: pyridiniumand amoniumsalts, nmultiple bonds, azobenzenes,

nitriles, halides, nitro conpounds. Mre conplex conjugated systens nay
al so be DETAEEDDESCRIRTION OF i NVENTION

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

15 polymer (compounds of formula (I)), 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 to a different chemical structure. The active compounds may be

25 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, a long conjugated molecule carries charge-transfer



10 In a 3D nenory each chemi cal structure represents a different node, such
as for illustration, 0" and "1" in a binary representation. The different
chem cal wsxo3uwcedaspes nmay be two separate geonetric forns, BRCTELO®IE3@Nd
trans. An active medium should thus be understood as a plurality of

nol ecul es bound to a polynmer confined within a given volunme or a plurality
of nolecules (I1) that formpart of the 15 pol ynmer that are capabl e of
changing their states fromone isoneric formto another upon an

i nt er act jjgiorWiak bts! dndbtand Bhendrbé-Fan€¥e hébioerindnemddle sectampdhddongert he
energy required to photochemcally convert a nolecule of the aﬁti ve medi um

from t hetlfe meleculzhend ¢ stfanger the donoes amdlacneptoradhe beitaytheaniltipheioa; r ed
enbodi ment of the present . inventjon, .the nepory .appar at ccording to the
i nvent i oAbsssbaIces charagteistics gire dngipfditionn goipeY W%ﬁﬁ%ﬁ@?%eg’ g?i'g'st
energy, less than that of the  f.irst Liati en aqsel

portion B8f°PHY Olr'\?gc?\‘ga]i’umgc@rlﬁ%es nesglﬁglh# orIle et ﬁ%g%pgégdi £ ?onglgﬁcl%ijght

bears hahqigiofeiidionahn IABRIE! eheintehrRihd:s, et ithio aridbeftmliy
energy; to the sanme selected portion of the active nmedium _The conbi ned

ener gy ohmifidsg Bibheryld,i béterdaeommtiosd etghetetrathiiafubred¢na, i aflyl. Héamaplgs eof

substantially equal to the first 25 exci,&_ali on gner A sa/]ftemlﬁuitabl e
for thisaeedpteli fametionalizatien rapdacliugde: Byridiplun 35 %IW% B Salts, MPHEC ase

the | nvenphdn phelmmaitics dadyhids Compplads MEHELoRfoxOhREnt o
subst ant isalibs ey AESBE bt & @itk BFfocthide geoi@isgy of a second excitation
energy, thus "allFfowng the retrieval of the information in a manner simlar
to itgyprefergd 3minemnodemh oentitalgsrudase refreserie aalifferot madeesughi ti ng of

the information and the reading of WO 03/ 070689_PCT/HEL03é001361i1 -8 {he
i nf or mat iasrfonikusitatiah) V0’ aged bl inshddnay dspesaRjation . Fae siitersnt Chamieat i on

i isible ligh Ho _— houl.d j e f th
"ot oF mat FEHOWESP 1Y Be S MBI SPTRGdPEPEn St he Sy R phie P "
light in rl}a%&ﬁullﬂldstl{oﬁw ﬁlu@tberﬁtﬁn%;&go;d %é"%'i)hﬁraﬁ f @efciiks HYind o dqitdyrhwr | i ght

in the infrared region, o tectéd by nmeasuring Raman scattering.

Such a r epdfined m&ma?@dn wlligw e aglavlitidofmoteculasdHy) thdtdony pagmf el does
not destroy the stored information. As nentioned, the information. stored by
t he apparpeiysenthat ire qapaklersd changing thedrstatss §osr epe womerigdprmado ROt 5

units. Accordi to one odi nent,, the.data
upon annl%teractﬁ)n wﬁﬂ%g?l{. nﬁ‘le first excrtaﬁon energy corresponds 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
,0 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
5 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

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



units are binary digits, and each portion of the active nedium conprised in
the to volume represents a 0 or a 1. In this case, there is set a high

i someric watow7edspeshold and a |ow isoneric ratio, and vaEameopensé ons
having a isomeric ratio above the high ratio threshold represent 1 digit,
whil e portions having a isonmeric ratio below the lowratio threshold
represent the other digit. For exanpi @~ a vol une portion having 70% or

|l ess active mediumof the first isoneric formnmay represent O, while 15 a
vol une p@ltihefinh@vh nge B934T advenplishéd Wecordidpuonthé prdsentsmvention ssimgr i ¢ form
may represent 1. Alternatively, the data representation. is anal og, and each
concent r aisitde lipht However,dt smoud hepmdeestoasethagarisingaftthe IHermaepieYs of

(2o s gt PG TR R T il
I nterconver.s . 2 i i . . i ;
DL Coryetsh ot RSedap i, A GEEHIGALiL S, MEbeTspetine Each o

for a ) opgecRAtyofiehiRingyRAME) stitictirioS MReh al téadingf propedscat3bw Ane
t enperat ure o? gﬁ% I nt grconversion igg faster an %fter about 6 n%r}llt hs dat a

i s | ost . dd&endtdichithe systdialing ddes nos destoyshe stabtd infgrmationar i t eabi ity val ues

for various conmpounds of fonpula (l1): 25 und Lifeti It 1
4, 4' - di met hyl As, seatieyeth othe; lrkfeﬂaa@ofﬁéép%%y?% i%P@a’lEﬂﬁﬂ?%lloﬁﬁ‘u\g; IPW??%‘?I '

erasing).4,4' .-di.neth - - di A . i

(st ower EMESHRR) Vs 3PoTshiss T il 657 gyt tho BASIARAE heala®

3,3" 4, 4" 3Bl Ll B&Efﬁ%ggigs; and G¥ArEsn oF tHeattvReneditmabmprisdd ibdne
(faster erasing) e 3-dimensional nenory of the present invention may be

of a typeoRime feprdsepisariel a dr Irathisoust} thats ie setearbigh. isomptie titioetheesholdol ~ of

each desirable type of mnenory may be obtained since the chenjcal .structure
of the mandraylovcisoms:’s @@ﬁpéﬁ‘%d@hﬂn‘éﬂf’ﬂwsihaé’l%?dﬁ%me%rmfﬂ%é @y theos

gloﬁbf reag i e&?@%t&e@héﬂr@#&e@%‘l{&e}s fl%gtl? ﬁlﬁ@ %&EBHJ fathe bSoRERS ik BBLS on the

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 trams). At higher temperatures

-0 interconversion is more rapid, according to the Arrhenius equation. Each of the

isomeric structures (of 4,4’-dimethyl-o,0-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 (II):

25
Compound Lifetime writeability
4.4’ -dimethyl-a,a-dicyanostilbene > 100 years | write only
(difficult erasing)

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

(slower erasing)




each isoneric formand also ease or difficulty in "witing". Thus by
choosing the appropriate active conpound, the nature of the nenory,

whet her awomsilressence” or rewiteable nenory nay be cont redT/eds/odise shoul d
be understood that heating or 10 irradiating the entire nmenory can be a
process for erasing the stored nenory. The binding to the polymer of the
active conpounds (of forrmula Il or ITP)—resuIts ina well-structured 3-D
menory. The pol yner further gives physical support and d bility to the
menor y. [Iheq ahes fabthardl oiisdyaab Pr qued.tigarof tRewritablet i ng  pol ymer vary
and depend on the various acti've congounds (chrdnpphores), 15 additives and
reacti onstitbeaeet ers in the pol ymerizdtion reacti df??ter?’é‘ﬁ‘l%rai ure gradient,
pressur e, initiator —duration—ofpelyrertzation—and—addi-tion of

pl asticizer(s) or additional polyners enable a precise control of the

desired poly ., ln order . to eljm e . r I
supporting pgﬁ%‘ﬁe}'dHﬁ?lsé%éalltm%ﬁéﬁg%eogﬁﬁg%ﬁgpvgﬁ{nl%%dﬁ% rgf gc{r g@r% Jt)%

mai nt ai n«the. ghes 62k rENALAsieahbiioE A Prediftecaftraicsfl saeh kivsirsble oypreood, a
chem cal spacer 1s used. Put in other words the present invention provides
a three- gidgietisi angl beeosninedpsiacatths dhemistlosirmguienbbrthat ingmory-acve ol une
conprising an active medi um nmade_of corrpoulr}&s of formula g.l Ij') or [11).
Cons egsie sbmpoundssheiaies cerpaiugs-ngob the: Gapf PR oGS oETAMETIE | JOymg; ﬂé‘? 1) as
the active mediumis abl e.of changin 0 fi [ L Gp.: to a
second Zﬁﬁ?@éﬁi’é Pg)@-‘f 8?%?%%%@8}2%&? g‘er(g)é’%i)%géﬁq Sic%zﬁ%: id%%@%ﬁ értgt%llli@{ ?%n at a
first exehiidierceRiHOing YR6'aLof BFRARS @t haiindn. THUS By RRbusian thae f1rst
and the second 1soneric orms in a given volune portion represents a data
unit; saia@p ke a@PRadEMpaInAOHE A HTREEXHPETdhof3Ivbotes a “wile neiceig or
characterized in that said active nedi um conpr.ises corrpgunds according to
the i nvemewdteabtheepaonyomaydeogoresiled) &t shoyld dre pRdergioad dhet herfil Phn, sone
f which,  bej ffecti d - tor-d f.t |2 5

?DI ) n{lg( dyre l'aﬂ%g %W%W%\éﬁﬁg&@% Ce%(rg%e)ss or éfas%rgechg storg'c? nIe%(gw. The

binding to the polymer of the active compounds (of formula 1T or III) results in a

well-structured 3-D memory. The polymer further gives physical 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
»0 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 medium made of compounds of formula (II) or
(IIT). Consequently, a memory comprising of compounds of formula (II) or (III) as
the active medium 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



According to a preferred enbodi nent, the conpounds of forrmula (I1) may be
t hose wherein n=n'=0; nmFM =0 or 2 and WL=W2 are CN or OH, or may be those
wher ei n nwanab/onoesare 1, 2 or 3; mand m are 0 or 1; Dl arrTDRozeE3R or OR
to wherein Ris Cs-C4 alkyl; and WL and W2 are CN, COOH or CONH2. Turning
to Fig. 1 there are displayed several exanples of conmpounds of fornula
(I'1) that may formthe active nedi Gt a 3-di nensi onal nmenory as
described. In particular it should be understood that the conpounds of

formul a pdih} cRE@cteRizbdah kivat Bhidt aitise meedimmbtempldses coaymeptls pcatsding 10 DAD)
nol ecul es, which can be 15 interconverted between isonerization states by
t wo- phot the intediopt i on. Stil bene itself (1) is already known to have a high

t wo- phot on cross-section buyt.still  requifes supst i al t

phot 8i nt er con@g? {COMRY Q%S@HE‘PLa (Iﬁ%ggrﬂ&eelprffs nf%‘%@ﬁ%’@ F@Isjg %Eovﬁ ?’%ear
absorptipn._ch .St [ SnSugt tached to its central
doublg E%lﬁg G?I{?gﬁ‘%ﬁgbrz&é%ggptgggé%@gra%r&;tﬁgfvarilg'us nunbers of snet hoxy

groupss to the 20 phenyl rings (nmaking good donors). O her conpounds of
formula (11) according to the present inver}éi on may have the general
[

formul a: X-a{l2el \nostilbene, wher e % Pt her : 4, 4" -di snet hyl (2),
4, 4' - di met hoxy ?%Zzsofwaw@W?QFﬁcﬂﬁéhﬁé thoxy (4)ID These conpounds are al
transparent to radration with energy | ess than 450 nm The donor-acceptor
nature of these nolecules is seen visually by the existence of a 25

char ge-transf gc]p Mo k) al BREFRRA eribddiMéhethE c@ﬁ‘ltpbhﬁdsﬁlbﬁ@diﬂnﬁﬂﬁﬂl‘fmrum
(o} |

which tails nthe visible region |eading to a yellow color. This

absor bange thegdwhsrduoura’=0; mFargorovaatleWgtMe ine SNr on g8, @ADajdicecul es.
For exanple, 4,4'-dihydroxy-a,a- dicyanostilbene is yellqw, il ﬁ%t S
bi spot as $hasmvelerein(sandngaie Boher 3)m andgay Rre @ er I s88 SEFMR03/ 00136

concetr SISEHE (&b CHAR L ARG Wo &bt iAd esﬁ;ﬁéﬁO@ZiJBf ?@@ég-ﬁ%@?"%ﬁ%&is
ol ccul ed iy buiesy HeotisBRled fverl IR i A o O P! hese

conmpoundgom e ftiveseédiain HG03 Mimemsional diongory dswies@itmdon absor bance at an
energy of 230 nm results in conversion to the cis-isoner toagxﬁggree of .

0% (1), 18% (I pagBsard) shaildibeamderstond thet the compounggert foupd €514 nm
provid n%clt:u\{a\?lgf %rﬁ%%ocigoﬁgrslga{b 3 8&0&50088’[%5—% n(c))ff (ﬁ%)n@oﬂ:%l\ﬁees, 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 to increase its
nonlinear absorption 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 (II) according to
the present invention may have the general formula: X-q,0-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 yellow color. This absorbance band is found at
longer wavelengths in stronger DAD molecules. For example, 4,4°-dihydroxy-o,o-

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



conversions of 18% (2), 27% (3). Irradiation of the cis-isoners at 600 nm
gave no conversion of (1) and only a few percent conversion of (2), but
18% convewsi @m7eds9to (3) to the trans-isonmer. Al these rexu/mes/omed cat e
that a stronger DAD-architectures results in better interconversion of
phot oi somers (the "witing' and "erasing’ processes in a 3D optical
menory). The "readi ng' process, whereby t he phot oi soneric state of the
data is neasured al so needs to be a multiphoton process, thus the DAD

chr onophgibaseivivhbelahgh aBlbanbt)s Amiysis afsduepleThi & rangd of eengentrafionsn 15
i ntense enough signal to read data at the speeds that are n ces]iﬁlétfor

hi gh- def showithat thisebsorhpned ebayisdirer sApW, Bis {tHg1 dfraeolseulpn (1),
whet her in the ci t he, t t i yradiating th

medi um cnBSleRdas AR aRoaTss e e chOIFRHer Ak et BARY, (A g0 1 1e
radi atiog,  ng mj-féb&re&%‘fe'ﬁﬁegér e @&t?%cgse%ﬁ{ rd Qagdr’ WEL46(P iR, Rovidngot her.

Such a transition inthe nedirumi "'witing" process on the nenory
medi uny ARoSHAIGH absdrbhke BOSSI bhérky Yo D30 wih} irexgiltsi in thevasivhvee tiedi um
i.e. exerting a change in the chemcal structure of a conpound of fornula
(11) fromis-isoams td @ degmeei af: OO 8%t @3, B3Por(2Yy. Similar irradiation ghiadoWeakere i s
shown an ultraviolet-visibl.e spectrumo tBe co%und £257 o

4,4 - di meneRgy-af 314i0e%proyTding dwe-PhssoRRhsrBanGe, ey A% 3 TBFbAEYS at es
the action of "writi.gg' 4N . S i Lo s . ersion
of a a t FRR¥POSRE 1?% gi)azz%g(%?ﬁ%&;@mgeggﬁﬁg&% Sé@%?igomﬁ?%\%aqﬁ/on i's

done at dh{ELRA ofEY SheBARIS Rhb PRrdchiecUivekiiog of (tebat 18%d dumvessiai of

process the geonetr e of 'the "witten" information is determ ned

Wi th gyt (3pictherddmdsomer. A1l thege besuits medibate it reasRemhger DeslDsar¢lutecaneRaman
spectrum Fig. 3 30 displays a "read" region where the infrared s.%e;:t rum of
the trangeshli$' indibediehyintewonysysiqo g9 phetpisomsss dgesewritipg’ and “erasing

-a, a-di cyanostil hene i,s, given. As nentigqned.ahove, 0 : ich are
the actiPFEOarY 18f 2 D neRHSR) | TemOTY aBis frc??g%gngf’%gyeugsogg%g@?ﬁ rgei\@ Thi s
stabl | 11y 00sifieri AR Afle ki RIS Bled A hiQRIOMY - inbtiphbtorpepbay s an

ul travi ol'e spec?r umof cis- and trans-4, 4" -di net hyl -a, a-di cyanost i | bene.

Ther nody RRA theSMAID thoiophbrdsewileaiso sihatehisi morebfaailecbhiatwill rgswlein an
tenperature and nmeasured by NVR in order to elucidate the equilibrium
const ast iatedsaseroughs signat he aned gdatai af dhenseedat e nagengecessary  for

high-definition video applications.

All of the compounds of formula (IT), 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

20 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, i.e.
exerting a change in the chemical structure of a compound of formula (II) from
trans to cis is demonstrated in Fig. 2. In the figure there is shown an
ultraviolet-visible spectrum of the compound 4,4’-dimethyl-a,o-dicyanostilbene.

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

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



two states. The equilibriumconstant for 4,4'-dinethyl-a, a-dicyanostil bene
K442 K = 0.37, and since AG = -RT1nK, AG at 442K is equal to

15. 3kCal / wal 0307068sch a value is conparable to |iterature raa/mesowss rel at ed
conpounds. The activation lo energy for the transformation between the two
states is calculated by determning the rate of the reaction by NWR at
vari ous tenperatures, results of whichl2are shown in Fig. 4B. The preferred
conpounds of fromula (11) are synthesized by reacting a substituted or
non- subst i tu theideivové, @edofipoands, Wwhibilasggre or OR,
R bei ng 2 &&?QN%EQ&S% i\Veﬁvle%éhﬂmls{%t Br dd?lélZC( BOCHZCIRB to yield a corrpound
of formu h@tn(d IBEQrt wbtmhnemrj ard $tebletfor longgmeriads of tipie Thisstabilipomay bsf

formula (V) TETE O OOTidqgA Zn; Piyrldlne TFlFAHOC]—I O
(1V) OEt meas)redbyWneasy of@gggrqscnw g/ dA1digplays angilBayiplehsBECBURAT s may

Eﬁblig L uped o3 e e e eI | dhENvfle Yuipigh' PO 11
o9 SPRLARLEALYI SRR H Lo R AC ShORIEREE by NMRhmf@f)zlem

oxi di z& rirca m netri cal ben2| . 5 Conpounds of
formul a ghldaidhd@uilestitas dohait lddksaa fsstm chenencay tifforema tetvpen the

two states. The equilibrium constant for 4,4’-dimethyl-a,a-dicyanostilbene Kun'x

= (.37, 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 (II) are synthesized by reacting a

substituted or non-substituted benzil

Wherein A and A’ are H, halogen or OR, R being a C-C; alkyl group; with
a BrCH,C(O)OCH,CHj to yield a compound of formula (IV) which may further be

15

reacted to yield a compound of formula (V):

Et

6% =0 A

HO OH A

o)
Iv)

OEt
V)

20



whi ch can further be reacted to yield a conpound of formula (VIl1): ET OET H
00 \ - -\ / Reduction HOOHI A -I- (IV) H (M) CHOCH3 -1- A CH2CCH3
(V1) 10 wenpmaeds of fornula (11) wherein W and W2 are @NTys/Awa3obt ai ned
by further reacting conpounds of fornmula (VIIl) to yield the desired
conmpound of formula (IX). WO 03/070689 PCT/1L03/00136 -14- H/ N °
TMSCI / KON oo MECNDMF A A A N (VIH}3¢IX) A conpound of fornula (X) may
be obtained by reacting a non-substituted benzoylcyanide in a McMirry

reacti ong, {Mmted benzils may be obtained by reacting substituted or unsubstituted
benzoyl 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 (VII):
ET QET (H
04 %O ___

/ \ B3 - Reduction

LTI\ \ |>/ O

A HO OH l A _I_
? A
H

Iv)

(VD

(CHZOCH3
?CHZOCH3

(VII)

10 Compounds of formula (IT) wherein W7 and W» are CN may be obtained by
further reacting compounds of formula (VIII) to yield the desired compound of
formula (IX).



CNTiCl4/zZn \ /| - Pyridine O THE CN (X) 5 A substituted conpound, i.e. of
formula (XI) may be obtained by coupling two substituted benzoyl cyanide: D
NaOCH3 || wodN/074689CN NC (XI) D nay be nitro, hal ogen, RPROT/IOR/0MmbBerei n R
is aCl-C4 alkyl group and nis 10 1, 2 or 3. In the case Ris a CH3 group,
a benzylic hydrogen may be substituted by a hal ogen using the appropriate
N- hal ogenyl succinam de to yield a co]ff’puund of formula (XIl1). WO 03/070689
PCT/1L03/00136 -15- CN\ / - CH3 CN -/CH2Br CH3 14 \ C H3 s NC (XI)
(XI'1) The 3-dineHsi onal optical menory of the present invention is
conposed of coppounds of formula (1): (D 1) n\N/ D2) L -Pol yner

@ N\ @ s
n

A —
VAT VAR N Oy
_I_
HO A
N
(VIID)
1)

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

benzoylcyanide in a McMurry reaction:

CN
CN TiCly/Zn
e )
W Pyridine
THF
CN
X)

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

_ NaOCH, = CN

XD

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 CHs group, a benzylic hydrogen may be substituted by a
halogen using the appropriate N-halogenyl succinamide to yield a compound of

formula (XII).



CW m(H2C) C=C (CH2). WO (I) 5 wherein in and 1n'" are independently 0, 1
or 2. n and n' are independently 0, 1, 2, or 3. W and W are

i ndependewd og/gedsect ed from CN, OH C=CR, COOH, COOR wherrmLB3/0ME3@
Cl_4-al kyl group, CONH2, OCH2OCH3. D1 and D2 are independently selected
fromR N2, halogen or O R wherein Ris a hydrogen, 10 Cl_4-al kyl group
optionally substituted by hal ogen. 1%—a 1inki ng group selected from
(CH2)aX or O CH2)bX , a and b being 0-10 and X being O C(=0O C-. It should

be unders t hatCll may be the core of any bi-functional bridging group
whose fugcti opal Aroup eCA_papabI e of achi ngNby chem cal neans to the
corrpound@f; ;Er (Y1) %0 the polymex, e/g. GH,BO) C=CH2,
hal ogen. he yn@ / g oup/f pol y(al kyl

p be—setct
met acryl at & and!t hei ——CopolNBrerSl or-lodl ystyfend and/ its copol yners.
More specifically the polynmer is poly(me tac te). The pol ynmer may
be a honopol yner ere to the basic skel eton the polyner are attached
as side-chains t active compounds (chrom)ph&rgﬁ?) of 20 fronmula (I11) used
for interactions with the incident |ight. Ano option is to produce a
copolynmer. In such a case a conpound of fornmula (Il1) is first converted by
chem cal neans into a pol ynerizable conpound, i.e. a nononmer, w thout
effecting its activity with light. The resulting |ight-active nonomer is
e a0 0% 0 3RE3- Bl 80108 merdGryRof HEqibanditventioe ipcanposd of
anot her nononmér to torma copol yner ving “active conpounds as part of its
skel etoncoﬁgbﬁlﬂldyofc@nﬁhm(lﬁ there is shown the infrared spectrumof a
conmpound of © formula (11) bound to a pol yner )-L--P. The conpound

i . | |
of fornu |P~is 5 4,4 -dimethoxy a, g '%a}gr%‘o—?tofyf"}%ne, and the pol yner
ILYANG,
et

is polyneth L et,e)d Mg, TWe—Ki ndy ng iS(p}one t hrough a spacer (L)
and thus the d active conpound conpri'ses only of one free nethoxy
group and an OR group. The spectrum conprises of only a single absorption

@ posi 11 ons aRisialm endd e thiEDepGe 0. 10r 2. ind 7R RiRRchly b'®
1, 2, or 3. W and W, are independently selected from CN, OH, C=CR, COOH,
COOR wherein R is a Ciy-alkyl group, CONH;, OCH,OCH;. D; and D, are
independently selected from R, NO,, halogen or O-R wherein R is a hydrogen,

10 Ciu-alkyl group optionally substituted by halogen. L is a linking group selected
from (CH).X or O(CH2)pX , a and b being 0-10 and X being O-C=O)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 (II) and to the polymer, e.g. OH, O-C(=O)C=CHa, 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 attached as side-chains the active compounds (chromophores) of

50 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 ihto a polymerizable compound, i.e. a monomer, without

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



o of the chemnical binding of the compound of formula (1) to the

bi -functional spacer and subsequently to the polymer. Fig. 6 shows an

ul travi ol wto speaiss um of the pol yner-bound 4, 4'-di met hyl - PCT/IL03/00136

a, a-di cyanosti | bene through a spacer. The concentration of the chronophore
may be calculated (ca. 0.1 % . The preferred polyners conprising the
conpounds of formula (Il) are 15 synﬂﬁesized by derivitizing a conpound of
formula (1) and subsequently reacting the derivitized conpound with a

bi - funct g@%ﬁerﬁz@éciﬁr fhangrebdifcer 65 uhbiheg eameemth ifsrm reeacpalgimer thavingpol yner .
Thus rea ti'ng a conmpound of forrmula (XII) with a bifunctional spacer to
yiel d a actipocompaindses pattafiiskeletor13C\ CN \ / \ (HOCH2CH2) 20 0~~~CHBr NC

KZC03/ CH3CN  H3C0\ /

{ansester 1 o 6 diigy SAhersr s Show N TSN Shceiiuat Pl it of

pol ymer vyi el ds Q nd of I XkV) v

D170 1B omﬂa@b%eﬁﬁ%@cﬁéy%%?%a%% r??@h%’z“#@?‘%?ﬁgf E&Mﬁw{&i)l&@%c@%iﬁﬁ)
CN H3C 2GHzginl ¥ RYME, -t é(ﬂoﬁima{eo%uvmbypm?lg@% Iqlg rodunethgfndthaorylate (1) may

be obtai néd by rea trng a® conpound of fornu ) to froma derivitized
conpound (PVIMAJeThyibindiag is done through a spacer (L) and thus the bound active

compound comprises only of one free methoxy group and an OR group. The
spectrum comprises of only a single absorption for the CN group, clearly
demonstrating that the cyano groups in the a-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 ultraviolet spectrum of the
polymer-bound 4,4’-dimethyl- a,o-dicyanostilbene through a spacer. The
concentration of the chromophore may be calculated (ca. 0.1 %).
The preferred polymers comprising the compounds of formula (I) are
15 synthesized by derivitizing a compound of formula (II) 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 (XIII):

— CN
HaC L
N2n — (HOCH,CH,),0
\ JCHBr K2CO5/CHiON

NC

(Xm) N2 —
NC <\:/>\CH20(CH2)20(CH2)20H

(XIID)
20

A transesterification reaction of a compound of formula (XIII) with a

polymer yields a compound of formula (XIV):



conpound is then reacted with a bi-functional spacer to forman appropriate
5 nononer, which is polynerized in the presence of a nononer to yield a
copol yrmer wolisugoa9s conpound of formula (l11) is reacted to y@Elaozoasmpound
of formula (XV): CN R\ / \ C~ DeProtection CN ORRONCi. TMs1 \ / \
OH ii. CH3OH NC (Il) (XV) Ris a Cl.4-alkyl. The appropriate spacer is
prepared according to the follow ng ¥¢hene to yield a bi-functional
conpound of forrmula (XVI): Substitution hal-(CH2)aOH + hal-X T

hal - ( CH2),50- 10 where a and X are as defined above. In the
next step3t spacer (XVlI) is reacted with the conpound of
formula (I1 ound of fornula (XVII@V\D%/O%O%A)
PCT/ | LO3/ 00136 Ré@ 4 W/ CRyTROR,),CROLGIE hal -Robmofareiecsty ) k2008
(11) CH3CN ON © -( a0-X NC (XVi1) The NMR spectrum of _the

conmpound (XVI1), wherein Ris an al kyl group, a
(XIIT)

“<
NI Pen

NC

“PMMA
(XIV)

Alternatively, the compound of formula (I) may be obtained by reacting a
compound of formula (II) to from a derivitized compound. The derivitized
compound is then reacted with a bi-functional spacer to form an appropriate

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

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

formula (XV):
CN
RO—@—Si /_—\ Deprotection — CN
N—? N __or RO
NC \———/ i, TMSI \_7 N </:\>—OH
ii. CH,0H NG J—
D (xv)

R is a Cis-alkyl. The appropriate spacer is prepared according to the

following scheme to yield a bi-functional compound of formula (XVI):

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

(XVI)
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 (II) to yield a compound of formula

(XVII):



is 6 and Xis C(=0OCH=CH2 is given in Fig. 7. The conpound of formula
(XVIl) is subsequently polynerized in the presence of MMA to yield a

copol yrmer waxoz/oBodser mula (XVIiI1): 0" 0 0 MVA PWA (1) | nikdTaLes/00@6 ON | n
Mold ONC 50C 0 /1T- 10 ly0" ~u O\ 12 hours O O OWDWVSDC- hexyl -acryl ate
NC 0" O Fig. 8 shows a ultraviolet spectrumof a conpound of fornula
(XVII1) 15 wherein 4,4'-dinethyl -a, at@!é)cyanosti | bene bound t hrough

di et hyl ene glycol as a spacer to PMVA in its two isoneric states cis and

trans, i.e. useehin t¢e nenory of the present i nv&iitamem as "~ o' and
“1' bi nar g @ ni n
3-di nensi onal e Fr

y T Fig. 9 there is presentedc a picture of a
for y i Iﬁ)reselrfed-(Cth@thn—i-n—t—htformof a disc.
The disc is conposedcof t¥we~active conpound 4-net hexsstil bene 20

-a, a-di cyanide ggund to a PWA thro ugh a spacer. EXdghples Exanple 1:

4- Br onobenzi|l WD 03/ 070689 A& ; -19 AIC13 (13.3 g, 0.1nmol) was
added to stirring, degasse (150 nL) at OC, under argon.
Benzoyl chl ori de (15. 4g, O. pe-Or-0oll,)4Pdk i ch) was sl ow y added
by syringe, then the reaction wagcdallowed to stir for 12h while it warned
to anbient tenperature. The reaction was finally heated to 100C 5 for |h,
and was then quenched by pouring qry@ya mxture of ice (200g) and conc.

The NMR spectrum of the compound (XVII), wherein R is an alkyl group, a
is 6 and X is C(=0)CH=CHj is given in Fig. 7. The compound of formula (XVID)
is subsequently polymerized in the presence of MMA to yield a copolymer of
s formula (XVIII):

o)
MMA PMMA
Initiator

-+

In Mold
50°C

10 “Wfo o
N0 O 12 hours
i . NC\;_.— O

DMSDC-hexyl-acrylate

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

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

the present invention as ‘0’ 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 of a
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



HCl (20 nmL). The organic |ayer was conbined with one extraction of the
aqueous |ayer (toluene, 100nmL), and was then washed with 3M NaCH (100ni)
and wat erwQ(@00Goasb, x2). The crude product was isol ated byavyosngiad the
solution over MSO, filtration, and evaporation of the solvent. An orange
solid was obtained to (2-phenyl-p-bronpacet ophenone), which showed one

maj or product (Rf = 0.53 in 1:1 DCMhexane) and a slower trace inpurity.
It was used without further purification. Crude

2- pheny! - p- br oS 10D lpe NoIneol) assuadled td stining, wegassed heometenzene 1050 Ac OH
(250 mL) at anbient tenperature, and Se02 %12. 1 g 0.11 rmlz@a‘was 15 added.
The mi xt unk) vis0%,ougder argone fBenzoylabbmiden{ bhdeh - 19els tasngbteired; ffipm

W oh e ohieny SRy slimus pdepdhy STERES bR (SRTRp Al i PLAE ' "
reaction yas. R%{rﬁ%d tB"!afn‘?bi\éfi‘ﬁt ??:Enéffe% rdThe r?&t‘igh%as@lﬁ&lw BeNBS tsP0hEd in
a col I'ect eq, v i

i
ice. The precipitate was di ssol ve n ether, dried over Ca2CQ(B,

and fi lst efopdh, afdlwiabeer hﬁerﬁﬁbdeﬁtpcﬂﬁir}gamte\aam}{taﬁeedf ice (g00® atdecarcude
product (4-bronobenzil). A yellow solid was obtained (Rf = 0.58 in 1:1

DCM hexand{] (¢hindh. Thoweghnie layenvas lcombinadowith @netexiastiompliithe aqueouyi el d
over 2 st . 25.71q = % |t for. i.t.hout furth
our 1 catlRge (e 00mL Jranb iyt Be wased Wik DY NEOFE ORI ettt e

D met hoxyi:net han , e i.Std i r |l e
(150g, 12‘4@@1@0@ 2otk orids %5‘?%}0%%% Isoffld ?Slfgfl%#%ﬁl%mggpﬁo%a@agdd% by
syringe, loQd,y figRRiah ahe éf@ﬁ@ra‘tiﬂﬁ fe@etsobienundarorags solid wekeobtaintdr e was

stirred wunder reflux for our, after which alnmost all the zinc had been
consungd, (2t ptemyl-pdsombohoatephdnonep ovhich shewedvonefrhajer pradvst R{F0.53 in

4- Bronmobenzi| (8.67 g, 30mmol) 30 in DVM (50inl) was then added_.dropw se

via a prekdu deEANSe d0dr PP WE \F@%ﬂ“@é]‘ﬁ%&é@ﬁsl E@%ffdﬁli it fL%Jélegunnel

over 30 m.ns nd the reaction was refluxed for 2 h. After cooling to

anmbi ent t%%‘?aﬁf)ﬂ'r e, the reaction was quenched with water (50 nlL), then was

|t r oduced | ntonfe RBRERNINBrontsHRelopRk AR (Hhling ONPind PR a8Tshisgdedits H2SOA
yer

(50n-LL). The organi was conbined with one ether extraction (50nL)
of the 70% AcOH (250 mL) at ambient temperature, and SeO; (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 h, 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;COs, and filtered, and then the solvent

20 was 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, 150mmol), 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, after which almost all the zinc had been consumed, then
was allowed to cool to below reflux temperature. 4-Bromobenzil (8.67 g, 30mmol)

30 in DMM (50mL) was then added dropwise via a pressure-equalized dropping



5 aqueous | ayer, was dried over MpSOH4, filtered, and the solvents were

evapor at

meso conpwana/ozedsoforrmula (111).

0.71 in
and S, S
crude pr

ed along with excess and hydrol yzed et hyl bronoacetate to vyi

EtOAc), with a very slightly faster by-product (possibly th
i soners) and sonme slower trace inpurities. Crude yield: 16.
oduct was used without furthetd—lo purification. Exanple 3:

eld the

A slightly yell ow solid va/btaiiaed (Rf

e RR
79, the

4-bronosti | benedi et hyl acetate Ti Cl4 (5.04 nL, 40 mmol) was added dropwi se
by syri ngfinkP ovkt B0 Rins, fdifiS tey readiisn i whse defTinked( @02 ril.) Afigi Wonljng tor i ght

yell ow s
noting t

uspensi on. Zinc “dust (5.23 g, 80 mmol) was thenmgded porti
hebignp canpaaturef theheablior kvasi queniched wm waget{ 34 whgr $¥asy

onw se,
red

d fl f 2 h, th [
hideq byintiduagh inona-sepaating anl e ari e Bkhipei 8% glis0a"e®
m_nol
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t heoreti
dr oppi ng
for 3 d
reactlon
slowy ¢
dr oppi ng
and the
a crude
chr onat ogF
4- br onpbs

4- br oppb
da\ /
m 1.17
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20
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s stitred 20 under reflux for 2 h, before being cool ed an
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unne e
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Yield 1.16 g = 27% from
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0 give
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h abcgh m 6.90, 7.00, 7.09, 7.20 Br d s, 3.59, 3.60 e 4.08 O f

Example 3: 4-bromostilbenediethylacetate

TiCls (5.04 mL, 40 mmol) was added dropwise by syringe to stirring, freshly
distilled THF (100 mL), giving a bright yellow suspension. Zinc dust (5.23 g, 80
mmol) was then added portionwise, noting the appearance of the black Ti salts. The
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
under reflux for 2 h, before being cooled and slowly quenched with 20% conc. HCI
(100 mL) added via a pressure-equalized dropping funnel. The purple mixture was
extracted with ether (2x 50 mL), and the extractions were dried over copious
Na,CO; 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
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.



0 Exanpl e 4: 4-Bronostil benedi et hyl oxynmet hoxynmet hane Solid Li Al H4 (142ng,
4mol eq.) was slowy added to a stirring solution of 5 the conpound

obt ai ned wo @wamsbe 3 (580ng, 1.35nmmol) in diethyl ether (PAWMILY3/0G186 an ice
bath. After the reaction had subsi ded the ice bath was renoved and the
reaction was stirred for a further after which it was quenched by the
slow addition of 1M HC1L (I O). The— ihwer | ayer was taken along with an
Et OAc extraction of the aqueous layer (15nmL), was dried over My2SM4,

filteredand 10 ncenirated to give crude 4-Qronostil bene di et hanol
(399nm, { heor et | 85/04 &m @#ﬂg 4- bronosti|l bene di et hanol (theoretical
1. 35mmol ) was di oI ved i f % }hoxymet hane (25nL), and LiBr (59ng,

0. 5nol eq.a) {t oshd aci caregiBm, 6.0007.06 7asl 7.20).|) were added. After stirring
for 1 h at i e} grrper ad ur e, S, BARAIRES  LiBr (|12 ng, O lnol eq.) was
added, then stiALing was cfbntl eﬁcﬁ?for a furthgr 18h. 15 Water (25 nL) and
ether (2%1nL) \wgr e added, fand the organi c | ayer| was taken along wth one
extracti en{ether—25aL) of the—aqueeus—ayer——The conbi ned organic

sol utions were dried over My2SO4, filtered, and condensed to give a crude
product (415ng), which was purified by coI um chr omat ography (DCM with
0-10% Et OAc dixasplech 4gBrc)m@sillb@m:élqﬂubrl@xymethoxymethane

£ oot bened S P BELAOUIELISNS AR SELSY GoR gl BRRSPLEL 0
! s Sl el 0 oy e S50 02,
g} e?hg ﬁollﬂ ah3cV B B3/TR68E rBAtonId bR, thiZice Badirptag rémoed b tlee
reaction was stirred for a further 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 MgsSOs, filtered, and
10 concentrated to 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 Mg,SQy, 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
20 colorless oil was obtained (Rf = 0.72 in 17:3 DCM:EtOAc). Yield: 271mg = 46%

over 2 steps.

"H NMR (CDCl,)
abc m,6.92 (2H) 7.08 (3H)

d t28 9,29

e t349 349
f s45645

g 3332 3.33
hi m, 6 81718




Benzil (6.27 g, 30mml) was, reacted using a Reformatsky reaction as for

4- bromobenzi| (Exanple 1), using, Zn (9.8 g, 150lnnol) DWM (150nL) and 5
et hyl br oi weaBaredse (111nL, 11 Omvol). Next, a McMirry rea®dmanosed3carri ed
out as described previously, but using TiCl4 (15nL, 120nol. eq.), Zn
(15.79, 240mnol), pyridine (7.5m) and THE (150 and 100nL). The crude
product was not purified further. ThéZreduction was carried out as

descri bed previously, using LiIAIH4 (3.0g) and ether (150nmL). The crude
product (10.3g) was purified by colum 1o chromatography (1:1 Et OAc: hexane,
then pure EtOAc on silica gel) to give pure stilbene di ethanol. A white
crystal line s@ixathplet Stitbeng diethgnaine |sorrer vvas obt ai ned (Rf 0.41 in

e T e SR b
t
Y s

(5m) {éﬁﬁ‘? eYREN towAGHRF fl

of ni t5rogteh?i‘ﬁv\h‘l%r két\%a?s(wﬁiﬁbl e lm’ﬁ ’IilaO—I to Eg%dtﬁ?glvlvze edg?sggﬁgm OW
TMBCl (0 dé&itibed Iptevinusly) bitOusies Tﬁ@E r(l&ﬁhdl@dzt)mokyarq Nden (1. @g%%llnelbi um and
the reaction was heated to 60(r for hours. After cooling Et;tga%f1xture

was pour pglrldme((715mLNaﬂ-lT(Pﬂb(d§8 amdml @ﬂmLQ\,a'gh@deﬁ(nr@éu% WS EWI BHES m (50nL

3 Th nb t t
égn?ﬂense%uﬁ%]gerglr BT U(%Flfr]g%"%?qrﬁl‘%d O't‘th%ﬁ (?%b%ﬂplie?’ {O:yggi’ %fnlggrmiﬁ )
chromat o p 9 E !
cont ai ni %ﬂgogﬂvgoﬁlés I'S E[(R\%/gs9'5}!)6:1Ig gct?&?@ggﬁa%%t Euﬁﬁggt ?& leC::l?/lﬁrEItﬁgA(S:;Jl '
Yi el d: 18hfBnatogMphYQ1 A3EATRE IR ximeel /théD BUROERDAC -0d3silica 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.

"H NMR (CDCL)

abc m,6.9-7.2
d t, 2.88
e t, 3.67
f S, X.XX

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 (5SmL) 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)
50 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 ectractions 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
55 solid containing only one isomer was obtained (Rf = ca. 0.4 in 9:1 DCM:EtOAc).
Yield: 15 mg= 2%.



Exanpl e 8: Stilbene dicyanide Ti Cl4 (25inL, 0.2nmol) was added dropw se by
syringe to stirring, fleshly distilled THE (250m), giving a bright yellow
suspensi owo @imassdust (13.8g, 5 0.2npl) was then added padi/@oswmEss noting
t he appearance of the black Ti salts. The m xture was stirred under refl ux
for 2h, then was allowed to cool. Pyridine (1 Or) was added by syringe
then benzoyl cyanide (13.1 g, 0.1 mm133 in THE (50nL) was added via a 1
pressure-equal i zed dropping funnel. The reaction was stirred at reflux
under N2 for 2h, bringing a deep blue color, before being cooled to and
slowy quenched with 10% conc. H2SO4 (10% 150ni) added via a

pr essur e- equakFixaatple 8oftilbege fliayanide Water (200nmL) was added, then the

m xtu tracted with eth i i
over Copi ous TheidoBm HoAmab et afideh deepise gy Srifee, GoenfBe JEREM" ' T <
pr oduct j.ec t.0 col . = d. h :

on s 11 cdogued THETERDRD. AVEE o PG BT E epersidn AR A T s,
obt ai “sedO(Z?gg}Z vﬁil%éthgn _%étgét} E/SMDC) wids, ineee ippestanes of e blabk diisaks 9:

Met hylst Il yani 4- Met hyl” benzyl cyani de (13.2nL, 0.l nol) and
12 (25. 4heQnixiole) waestrred smden eeflux fori 2h, dhyn emaseallqmbi(ﬁﬁ_po@»z Pydding f r )es hly

bS8 s i i it 155 P15 <00
G iR
]7-H3§NR3( %%Eg)aéﬁi%gﬁﬁg :(): rgl%ﬁ%.as, 2.p46ua 2]?1‘,5 ab - egf I_gl) cd En 9
03/ 070889  PCT/ | L%é 00136 \-mztg 10% cubib261FOL A0, ROMLL4zidedg VILE: © VO
pressure-equalized dropping funnel. Water (200mL) was added, then the mixture
was extracted with ether (3x 200mL), the extractions were dried over copious
Na,CO;, 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] benzyleyanide (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 (50mlL.) 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;)  '3C NMR (CDClj)
c d g a s, 2.46 a 21.5

a b/ rEN cd m, 7.35 7.73 be 124.5,129.3
. { . cd 1285, 129.8
NC O f142.2

g 116.9




Exanpl e 10: 4-brol nonethyl stil bene dicyanide N-Bronp succinimde (2.4g,
1.1nol eqg. Inlnol) and nethyl stil benedi cyanide (3.2g, 12.4mol) were

di ssol vedwiow3rogédsaxi ng CCl4 (50mL). A catal ytic quantity afCT/ineneayd

per oxi de was added, and the reaction was stirred under reflux for 2h. No 5
exot herm smwas noted. After cooling, the reaction m xture was condensed
and the crude product was purified b)24C'O| umm chromat ogr aphy. A | arge
quantity of rmethylstil benedi cyani de remai ned unreacted. A colorless solid
was obtained (F¥arpleCH): 40brbmiomddMstilbénel dcymide200 mg= ca. 5% b ¢ 'H NWR
(ChClb) a=CNdeB am 2.37, 2.38 bcde m 7.19, 7.23, 7.32, 7.35 Nf
f m 4. 46 10 BNSBph® dtcindpide @idmtlbonglag. mmpbyead seethylstibensbayanidoret al
(17 g) was dissolved_ in MeOH (15Q ), .an h esultin sol uti.on S
added ovdp-22, Addiemel V%PrﬁtdilﬁSPfVﬁé ta GFtoring CSFL Eaémém@%ww% of®
acetonitrile (:50 rL.. Q.37 I H 5 under
an iner tbGEF Sp&hg)flg? “ﬁ?ea@ér?’l %W %GEF éc?tgo%mgﬂgg £ ﬁlggd éﬁ(liérr?%gﬂg f?trZ?hg\gb 15

m nut eg, &hitRimistn WisGbtdd) A B2lcvenhs, the kenctieAayigeirt MR condensetandhibe
resulting solid was partitioned between DCM (500 nl) and 0.025 M sodi um
t hi osul f afredd 496dwdt) was Tineiftedydyi coluayerchnamatographyt e, lacgenguasiitywof h 2
extractions (100 nL) of the aqueous |ayer, dried oY,er maggesi Il fat e,
filtered methglstifhengdicyanide aemaiagd pareagted. docalgyess solifhwas, BPaBGdRNST al s

were filter .of d he ith ethgy, giving 20 pure trans (20.5 g, 3
8% . The %ﬁ&i1Hi[§8ﬁ@o%$8ﬂ'wgngoﬁﬁe%ed, then MeOH (100 nl) was added.
More crystals i v i 18 g, 20%. The

remai ni ng sol uti on was condensed and chr omat ographed to gijve additional

cis (14.5 9, 2% . [Jofal Yield = 86% AQRIR/&EICLPr trans-isonmer: 1H NMR

in, 7.79; m 7}0]; N 3.88.,13C I;INR: 707'2 30.4; 124.6; 122.7; 117.3;
114.6; 55.5. HA: 7 .I%f?, Hp4yB _ 9(,97:§ ,)7,'32R¢_ggl C 74.27, H 4.83,

N 9.61). WD 03f 070689 03001367 -25n 4.46

10 Example 11: 4,4’-dimethoxy-a,a-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 trans-isomer: IH NMR: m, 7.79; m, 7.01;
55 S, 3.88. 13C NMR: 162.0; 130.4; 124.6; 122.7; 117.3; 114.6; 55.5. EA: Expctd (C
74.47,H 4.86, N 9.65), Revd (C 74.27, H 4.83, N 9.61).



Exanple 12: 3,3',4,4',5,5" - hexanet hoxy-a, a-di cyanosti | bene
3,4,5-triinethoxybenzylnitrile (259) was m xed with iodine (43g, Imol. eq.)
i n ether We0Bmz)esand t he sol ution was cooled to 0OC. A sol mdTamo®6013©di um
(7.99, 1 nol.eq.) in MeOH (100m) was added dropw se, after which nuch of
the color 5 had been lost, and a precipitate had forned. The precipitate
was collected and washed with et her & gd‘mater. The supernatant and

washi ngs were conbi ned, condensed, and water (300nL) and DCM (300ni) were

added. The DCihawfie 12V8.3° hakgns’ Hexameicyy-@eedieyinatibens (100nL), dried,
filtered, and the solvent was renpved. The reC| i tat eéa%ve pure

51 r Znsdshsd 4,34, 5iﬁéleﬁmxyhmmllng‘mla®5g)Mamm5@hW iiogiae Lppl €493:
i roxy-a, a- di cyanost d
Egégnpnbelqugew@ g andabmelopioners qaled oG %&eﬁ @agﬁ AT 3t Lene
under, .a
wer e addgﬂ) S M&Qﬁﬁhﬁ@@?&% dﬁagﬁ{;?‘g%%%ﬂ{a %&t@gﬁg@rgﬂ)ug)
for 2 ofad bHERR 1B§tp agtieéi PhEag 4tehadeforBiRdo m@sﬁ@ci@th& who %oHEtted 26LnL)

whi |l e was coo he crude product was collected by filtration
and recr ywishéd iwigd diliermand GhatePullee csupq:mamit iandobashingsl Warg. @rgbmgé% 1H

NVR: s, 9.21: 7.74: 7.02. 13C NVR:

%1891 . i:gﬁ%ﬁxsze&o%ndsmlc(g@@nm apd DEM (@QO Wf%%’%gieécﬁl?lfzf)é%ﬂsl%% H
Ex |

4, 4' - di nfagypsep 5108%3@;83?@?‘33?\ on @03?“’13% ﬁ&eﬁyﬁltered c(l:ﬂéensoosl}/er}ttyg%se

(300n) 8{;é/(fhce>hlag ﬁ]%gp Eai% 'g\% Qre K%n&%@m} 55&5&%&3@;@-& aA 3h

refl ux y| a 18h reéfiux’yields the carboxylic
acid (@) didAenOsHIBARH89 PCT/ | LO3/ 00136 26 NH2 O CN O KOH NH2 NC Et OH

e Example 13: 4,4°-dihydroxy-o,a-dicyanostilbene
4,4°-dimethoxy-a,a-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. EA: Expctd (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,a-dicyanostilbene
4,4°-dimethyl-q, 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).



HO OOH (B) IHNW (A:b 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-Brono succinimde (2.9 g, 1.3 nol eq.

i nmol ) an@od3d7eadd net hyl - a, a-di cyani destil bene (3.2 g, 12cA/mn®ogi3eaer e

di ssolved in refluxing CCl4 (25 1nL). A catalytic quantity of benzoyl

per oxi de was added, and the reaction was to stirred under reflux for 3 h,
during which tinme further benzoyl pe‘r%@i—de was added every 30 m nutes.
After cooling, DCM (25 nL) was added, the m xture was filtered, and the
filtrate was washed well wth DCM The sol v s re renmoved under vacuum
and the product was isolated by colu na ography on silica gel (1:1
hexane: DCM then DCM . Col orl ess soI tayned (Rf= ca. 0.2 and 15
03in11hexaneDCl\/9.Y|eId155 s)a g (cis)=ca. 63% 1 H

NVR (CDC13),—h ¢ -ON _0_/ a d e trans s aY 2.45 m 2.37 NCf bcde
m 7. 35, . N 2372N?|235 Pm 4.46 m 4.46 WO
03/ 070689 7=_Exanple 16:

4- br onomnet hyI | bergna, Q-#li cyano of exanple 1 (652 ng, 2 innol)
was di ssol ved |nN62nhydrous MeCN (20 ), and diethylene glycol (2 n., 5
ca. 10 nol. Eg.) and K2CO3 (1.7g) were addedHOTh% reaction was stirred

under .
IO

o)

OH

'HNMR: (A):§ 2.34, 7.1, 7.12,7.33, 7.35.
(B):52.37,7.15,7.18,7.36, 7.39.

Example 15:

N-Bromo succinimide (2.9 g, 1.3 mol eq. mmol) and 4,4’-dimethyl-
a,o-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 0.3 1in 1:1 hexane:DCM). Yield 1.55 g (trans) and 1.09 g (cis)= ca. 63%.

"H NMR (CDCl5)

a Qi» Ng e Br trans cis
\ O a m 245 m, 2.37
f bcde m, 7.35, 7.56, 7.75, 7.81  m, 7.19, 7.23, 7.32, 7.35
m, 4.46 m, 4.46




argon at anbient tenperature for 18 h, after which the product had

di sappeared, as determned by TLC. Mst of the solvent was renoved under
vacuum tWwenostoesso m xt ure was di ssolved in ether (15 nlL) awd/masbmEss with
brine (10 nL x 3). The aqueous extractions were extracted with ether (15
m.) to recover nore material. 1o The ethereal fractions were conbined,

dri ed, evaporated, and subjected to—<dfum chromatography (DCM then Et QAc
on silica gel) to isolate the major product (pair of spots, Rf ca. 0.7). A
m xture of cis and trans stilbene products was obtained. Yield: 410 ng =
5% b c "HNW (CDC13) a- Ndeas,2.44\ / - f ghi j bcde m 7.33,
7.52, 7.74, TE&ampEe1®O-k f m 4.66 ghi m 3.65-3.8 j m 3.6-3.65 k not
observed a b a s,2.36 C bcde r’r]s.7.12, 7. 20, 7.3% f m 4.5é cC d %(f g hi
i ghi m 3.654dhremometh-4hmethplstitene-aa-dcyamg of emgleeh (8 B8 Bxanpl e

w0 D T el AUn BT Lo itch A0 BBy he TGRS )

reaction m i A . Retiyisiadesred eatded t at ed
by 20 Y 8%1 yéglﬁ(lﬁppl 'gﬁ%%gzgg%uﬂ'g@%%)aé% |1iT}%Sr CH?}O—I (%Om_). The pol yner

was  col haghed apbibhd terpeide fordB 35 afivedhich He@tadudt hat elisgpegedcaspi t at ed
and dried.” Utraviolet analysis reveal ed the presence of ca. 0.2%
chr omophdetermineshky Frlgdubiost Wb the/soneessvasarmaved/ wistesgvacuum, then the

mixture was dissolved in ether (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 = 59%.

b "H NMR (CDCl3)
a N d e a s, 2.44
O \ O fghij , bode m733752774 7.81
/ \O/ \ f m, 4.66
NC O OH " gni  m 36538
J m, 3.6-3.65
k not observed
a
b a s, 2.36
¢ Q bede m,7.12,7.20,7.31
d e f m, 4.57
NC \ fghij ghi m, 3.65-3.8
O K m, 3.6-3.65
NC © OH k not observed
15
Example 17:

The trans isomer obtained in Example 3 (50mg) was dissolved together with
0.15mL of H,SOs 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 CH;OH (30mL). The polymer was
collected by filtration, redissolved in CHCls, filtered, precipitated and dried.

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



-28- Exanple 18: PMWA (1.0 g) was dissolved in chloroform (71nL) and a
solution of Na (80 ng) in diethylene glycol (ca. 3nL) was added. The
reacti on wasosraeispored by 5 renoving aliquots to nonitor RATALp3/@gBsess of
the reaction. Functionalized PMVA at the amount of ca. 5 % was obtai ned
after 5 days. The functionalized PMVA obtained was dissolved in dry MeCN
(5 1nL) and 150 ng of 4-brononet hyl -— 238 et hyl - a, a- di cyani desti | bene and
pot assi um carbonate (100 ng) were added. This reaction was stirred for 5
days, after which the mxture was filtered and to precipitated tw ce by
dripping the reaction mxture into 50nm. CH3COH, isolation, washing the
preci pitate wiRiampleek8ss CH3OH and drying. Exanple 19:

PMVA- co- 5% h i id (20 . Q.1 | ' d d
obt ai ned i n EEMMA (30 Boviegliseyedintifarotog (FELd el ekl MBS (5
nl) at OC under,. ni . . d th
renct | on e PIRPUEEY ool (o AR Rgragn iget TifEleachih utfiRoRRied Bd The

t enper at inERiceot @ thoNiRs: the PRosesksWTdRs resdton Munctienalized PMMAI abbt ai ned
was di gsgé@ggm;g;?qgﬁ ITSI ni rr?Jm of acetone. Precipitation of ther product was

i ni tiat edhdynidimt sdfova.29 %dwias iobtainéd GRBOH, day. | B dunsfiopahizasn PMVi%n under
vacuum The precipitate was washed wel | with and.dried. Awiite

sol i d wasbttined veas, digsolypd|ipsiy Mebh P iyt égép‘ﬁgr%f gﬂ?{f’@ﬁfne(ﬂ\ga' nass)
of approxjmately 1 % Exanpl.e 20: 25 PMVA-c0o- 3% i i 0 ny,
0. | mol é‘lbrIH?t%é{’ryiah%n %Yﬁi}}‘g%él%eﬁ‘? ?B@lPoéaéé/ﬁll’g.qﬁgﬁﬁm‘%e?gﬁ%ﬁs@gv%d%#&Cm
(Im), thgy Q@%tﬁo%awa@s‘%ﬁwd ¥&S5 Bgdedfe Mhideass ngRupaSyad iflterd hod 18h,
then the sofvent was evaporated. The crude m xture was dissolved in a

m ni muyg qfre@?ﬁﬁt‘éﬂetwi@eﬂb?qhﬁiping)thmmadﬁomhlﬁﬂﬂrmo Shole CHzO, isedatigwl, vent s
were evaporated. The resulting powder was washed well WO 03/ 070689

PCT/ | LO3/wasbdte theagesipitatecritioruasnn (AiiQd apdderingacuum The powder (80ny)

was dissolved in dry CH3CN (31nL), and
4- br ononet hyl - 4' - net hyl sti | bene-a, a-di cyani de (25 ng, ca.

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
CHCJ; (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 to 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
50 addition of CH30H, followed by concentration under vacuum. The precipitate was
washed well with CH;0H and dried. A white solid was obtained. UV analysis

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

Example 20:

25 PMMA-co-5%-methacrylic acid (200 mg, 0.1lmmol acid) and diethylene
glycol (ca. 0.5mL) were dissolved in CHCl; (ImL), 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 CH3OH was

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



1.5 nmol. eq.) was added. K2C03 (150ng) was added, and the reaction was
stirred at anbient tenperature for 3 weeks. The supernatant and a

chl or of or monsahoasg of the 5 solid were dripped into stirripy/ICHB@HBE 50r L)
to precipitate the product, which was further purified by dissolving in
chl oroformand a further precipitation, The resulting colorless solid was
shown by UV spectroscopy to contain ©é? 3% of the stilbene conponent by
wei ght, corresponding to a ca. 20%yield of |inked chronophore from acid
funct i onayiitt ¢H,00 Bcanifi€d ddderdvddudmoThedpowdart(80me) ayas- dissopeatont diybene

4, 4' - di met hoxy- a, a- di cyanosti | bene éZg, 6. 8nmmol ) was, di ssol yed in

chl or of oIGHL{CNrBinlynded &htoneroethybéndiethydstibenmaear-difyerislsed> mgeca( 1. 67nL,
1.5mol . EQ.) was added_ by syrin and the ction was.stirr t hree
days at 1&@.01-[9‘1%) Was %fifgdr %éé@ﬁ?orpg %’P%@xﬂiéﬁ%géﬁgﬁ%esreﬁc%% Waf)gt?%%(ggtcol or.
Most of the.ls .start]j I i ange
spot, R et SRk i BT Bl MRSpBANEK B o ChERBIGH Ghulife STV E0OT
ca. 2% deg@ it §tRAnYECHIORE50ML)) t¥oprdeiphiGiel the ThvBudiCwiidh W . -
290. 3 %/D:X.BEHWNY%éZO %@I\I/@%t W.: 27%4.)36( i) )I\/ﬂg%)—{ Expg?pl e 21@21‘541 )

4- Hydr oxywak' funtheh puyifiad dyddisyalmbegt inl ddowfomn and a further precipitation. The

4, 4' - di hydr oxy-a, a-di cyanosti | bene ( le 13 30.0 %)l and 7.0 0

ver e di sgesulidee rologest spled '(’VfSGgﬁ‘l’Y}l ngﬁ?@ﬁ@ té?t?ﬂ?g He‘iae.?’&"?ﬁghfﬁ xt ur e

was brought to reflux. Jiodoethan H%] edthpoandio[£TJrUnni@s

conti nued 63"?1‘?1190%%}%#?( c‘ﬁg]lglﬁﬁeg?%éesgpe tg\gg%telﬁ%%' Cr%Ox/?u?lg Oﬁadg tur ned

or ange. E{E?o ] £ & MRS ciFRh&sbnaliswf fi ci ent HC was added to obtain a

yel | ow co or@bﬁfg nost %lf t he sol \?}gnt was 25 renoved. The m xture was then
taken up in DCM (150 nL), filtered, and the solid was washed with DCM

[ The sglid waEwaspledhidHydetxyr4 anethdxy-edotdicyinpstifen®3/ 070689

PCT/ 1 L0O3/ 00136 -30 recovered startjng nma erigl ) Tﬁ; DCM@@I tion.was
evapor at ed t o 4 ydishoxsher-digyanesikiasney f2en :%‘“NP P 2665AKEY . Prhe

resulti "% nloroform I(f(f' %mfdlerI 5 ryedcrioﬁa'sngonditions, 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, Rr 0.1 in DCM,

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

MeO O < N Q 3 " Deprol'eCtiO£ MeoH

NC i) TMSI
Mol. Wt.: 290.3 Mol. Wt.: 200.1 Mol. Wt.: 276.3
i) MeOH

Example 22: 4-Hydroxy-4’-methoxy-o,o-dicyanostilbene
20 4.4’-dihydroxy-a,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 HC1 was added to obtain a yellow color, and most of the solvent was
s 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



the solid was washed well with water. [The solid is the bis-ethylated
product]. Conc. HO was added to the basic solution until a yellow col or
was obt ai wexgs/vomn 5 the precipitate was coll ected by fil thraviLosigo1s@shed
with water, and dried to give 46 as a yeIIow solid (259 . 1H NWR (CDC13,
298 K, 300 MHz, trans-isoner): in, é in, 6.9-7.0; g, 4.1; t, 1.45,
13C- NWR (CDC13, 298 K, trans-isoner) 161.2; 131.5; 131.3; 116.9;
115.8; 64.6; 14.9. EA' Expctd for 4605H20(C7223 H 5.05, N 9.36),

Revd (C ?e’eo%red"étémﬂ mhieﬁa@ 9)The IOCEX 3ohitien28as Brapuates ytb drgnm;:thﬁlnat e

6- Br onp- hexan- | - g, &2@ s _dissolved in diethyl P ng

cool ed i Wasctaicammj:eﬂl Ghﬁth‘de@H Oynby| Thenresplting spyﬁpsmngﬁs) f s"m%ded

th th { t nmbi t

vol ati | Eﬂieﬁ?&a'h%“@%sh%@l&% Wb otk e, SR e E@.%léﬁeﬁgﬁi’(’?u&? Tpur e
d 1 2

Soa e 1SR LRGN o fiRe Base s(Rrio Bk ?5‘%’?@“‘)%0?‘”?3 SR oy

181.1 ;Vb'th tfél’e Néblt%% Rafbafedd] by Wiirati@B35washe wittewntes, A4t didsdtngiv pt,ﬁl

met hacryl a thacrylic aC|d (10 m., 118 mmol) and KOH (6.62 g, 118 nmol)
were added yelldMsold R59%)) 'HaNMR (CD@s 298 K, s Mzt isarmoisgmghk ims t he KOH

was conmpletely dissolved. 1, 3- 2 2

added, erg Bid; if(m,l@?ﬁrfb ads] dﬁﬁ%%ﬁ%@@hnﬁ% gﬁ%ﬁgﬂr@e@gf&i%eﬂotr \évas
Most of a d repa r der
vacuum bigi%a%\]z\ésTg%\gd&f’e?sgff‘r%’)&P{’hgﬁp?n%}rgggn }%af% %?)n?Hz 3E gd%y?ﬁer was
removed f I ted d

Lo g ve thats: bESERReviREm2 ANITIBEN %‘%%’?8638%&%885 00136  -31 Iiquid
(9.4 gy 3 8%. 1H—NI\/R(CD013 298 K, 300 MHz): in, 6.10; in, 5.57; t, 4.27,

t, 2.50; in, 2.23; in, 1.94. Exanple 25;
Example 23: Bromohexyl methacrylate

6-Bromo-hexan-1-ol (5g, 28mmol) was dissolved in diethyl ether (20mL),
and cooled in ice under nitrogen. Acryloyl chloride (3mL, 37mmol) was added, the
the reaction was stirred at ambient temperature for 1 hour. The volatile compounds
s 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,t 3.65, m 3.6, m 1.8-1.9

g 0O
Substitution 35
N c»—{_ —> B\_/_\_/O_/<=
= O
VoLWi: 1811 MoLWi:905 L2 Mol. Wt.: 235.1

20
Example 24: Bromopropyl methacrylate

Methacrylic acid (10 mL, 118 mmol) and KOH (6.62 g, 118 mmol) 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,

55 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



5 4- Hydr oxy-4'-nethoxy-a, a-di cyanostil bene (Exanple 20 or 21) (ca. 25nm)
and bronohexyl nethacrylate (200ny, ca. 2nol. Eq.) were dissolved in MeCN
(15m.) underosmzeaseogen. K2CO3 (60nmg). The yel | ow sol uti on sawiLysmusned red
at the formation of the phenolate anion. The reaction was heated to 50C
for 18 hours, after which the color had returned to yellow, indicating the
end of the reaction. The 10 sol vent -wak—r emoved under vacuum then the

m xture was chromat ographed (chlorofonn on silica gel) to give pure

met hyl - sfijhingyed %@&JHENMRgeU(HQ)Q%tIQ, 30 g an,e6l 1B 7, §BR7:t,0L2AB) . Yiel d
ca. 10 ng'= ca. 35% e0 N36 HN NC WIliamson Meo 37 MIl. W.: 276.3
NC K2C03t, 2E§0;pﬁ,—2123;5nj\/h% Mol. W.: 430.5 50C Mol. W.: 235.1 15 Exanpl e
26: Copol yrmeri zati on nmet hyl -stil benedi cyano- hexyl - net hacyl ate (Exanpl e 25)
(ca. 3ng) was dissolved in a few drops of nethyl nethacrylate.

Prepol yneri zed, MVA 1, prepared by heating a filtered 1 % sol ution of
benzoyl perox%‘é“ﬂﬂg% at 60C for 2h) was added and the m xture was

shaken, | i ght | x_ﬁm%4_’Iﬁ&h&yih&&-@ﬁdﬁﬁﬁoitﬂ%@?@&rﬂpie 20giradly (taliSnag) 60C f or

18 hours, after it had ‘becone’a hard solid. The_ gl ass tube was then
broken t and dremdhetyiempibhynytate (dfemgs ha. MDod3EQToBEY dHeHlvedH ddeCH a) 0

U1 VO D) uhder nitrogen: K005 (6 i
gen. K,COs3 (60mg). The yellow solution slowly turned red at
the formation of the phenolate anion. The reaction was heated to 50°C for 18 hours,
after which the color had returned to yellow, indicating the end of the reaction. The
10 solvent was removed under vacuum, then the mixture was chromatographed
(chloroform on silica gel) to give pure methyl-stilbenedicyano-hexyl-methacylate

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

N
36
MeO
e H N
NC Williamson MeO O Q 37
Mol. Wt.: 276.3 — - Q 0 P —
K,COs NC

0
35 MeCN Mol. Wt.: 430.5
NN 50°C

Mol. Wt.: 235.1

15 Example 26: Copolymerization
methyl-stilbenedicyano-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
20 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.



20C CLONa 2 0 ZU/ U Zca U @& 4 UO4=4 OU W 03/070689
PCT/1L03/00136 -33- CLAIMS: 1. A conpound of forrmula (1) (D2)n'-L -Polyner
WV m (H2CwOo 03/0@ed89 (1) 'i ' (CH2)mA (D1)/ 5 wherein the rr/ieny/atison of
the substituents is either cis or trans and wherein mand |In' are

i ndependently 0, 1 o2 2; n and n' are independently 0, 1, 2, or 3; W and
W2 are independentl|y9sel ected fromCN, OH C=CR, COOH, COOR wherein Ris
strai ght or brancheg™§l4-al kyl group, CONH2, OCH2OCH3 hal ogen; 10 D1 and
D2 are independentll del ected fromR NO2, hal ogen or O R wherein Ris a
hydr ogen, Cl4-al kgl @roup optionally substituted by halogen; L is a |inking
group selected f dCH2) aX or Q(CH2) bX, (OCH2CH2)n a and b being 0-10, n
being 1-4
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DMSDC-hexyl-acrylate



and X being O C(=0) G ; and the polynmer is chosen from poly(al kylacrylate)s
or copolyners thereof. 15 2. A conpound of fornula (I) according to claim
1 wher ei nWoO=03/020589 nV-m =0, 1 or 2 and WL.=W2 are CN or OHPpatdiLbli@1pol yner
is polynethyl nethacrylate. 3. A conmpound of formula (1) according to claim
1 wherein n and n' are 1, 2 or 3; m%gd m are O or 1; D and D2 are R or
OR, R being Cl-C4al kyl optionally 20-Substituted by hal ogen; and W and W2
are CN, COOH or CONH2 and the polyner is methylnmethacrylate. 4. A conpound
of forrrula (1) WO 03/070689 PCT/1L03/00136 -34- (D2)n" W m(H2C _ /CGC
(rr) é@m (D1) N wherein the orientation of the substituents is

ei ther ci ans and wherein mand m are independently 0, 1 or 2; n
and n' are independent or 3; W and W are independently

sel ect ed If r om &\%on@_?uné:ct%on%ﬁ) COOR wherein Ris 5 straight or branched
Cl4 al kyl group, CONH2, OCH2OCH3, hal ogen; D1 and D2 are independently
selected fromR or OR wherein Ris an al kyl group Cl4 optionally
substituted by hal ogen, NO2. 5(D24)n chplie of formula (11) according to

claim4 wherein n=n'=0; n¥ 1 or 2 and W and W2 are CN or OH 10 6. A
conpound ac‘;\b@f(ﬂn% clal ereinnand n are 1, 2 or 3; in and m
are 0 or 1; D1 an OR, R being C1-C4 al kyl optionally
substituted b }l/&g nd WL and W2 are , COOH or CONH2. 7. A conpound
of fornula(j\J (D'2)n @RHMW(H2C |/ (I11)

A

Ol

s wherein the orientation of the substituents is either cis or trans and 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 straight or branched C;.s-alkyl group, CONH,, OCH,OCH3 halogen;

10 Dj and D5 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 (CHy)eX or O(CH2)pX, (OCH2CH,), a and b being 0-10, n being 1-4
and X being O-C(=0)C-; and the polymer is chosen from poly(alkylacrylate)s or
copolymers thereof.

15 2. A compound of formula (I) according to claim 1 wherein n=n’<0;
m=m’=0, 1 or 2 and W;=W» are CN or OH and the polymer is
polymethylmethacrylate.

3. A compound of formula (I) according to claim 1 wherein n and n” are 1, 2
or 3; m and m’ are 0 or 1; Dy and D; are R or OR, R being C;-Csalkyl optionally

20 substituted by halogen; and W; and W5 are CN, COOH or CONH; and the polymer
is methylmethacrylate.

4. A compound of formula (II)



CC ~i (CH2)mW1 (D1)~" 15 wherein the orientation of the substituents is
either cis or trans and wherein n, n', m in, W, W, D1, are as defined

above andwidi3/o7essa derivative of a D group as

or CH2X, X being a hal ogen or COOR, R being a Ci1-C4-al kyl group. 8.

process for the preparation of a corrp?#fnd of formula (I1) wherein W or
W2 are COOH, COOR, OCH2OCH3 or wherel

mor m=2 and W or W is OH,

process conprising reacting a substituted or non-substituted benzil
03/ 070689 PCT/IL03/ 00136 -35.(PBA ' wherein A and A are H, halogen or OR
R being a %11 | kyl group;lvvl/ h a BrCH2C(O OCH2CH3 to yield a conpound

of fornul a™Ck
formula (V): ET -T—
OH THE A O

|ch may r be reacted to yield a conpound of

t Tidqg A A

-\ / Z Pyridi \ /[ \ 1

nd of fornmula (VI1):

A

WO

\

defi ned abaaayiLes/epi3coH, OR

20

sai d

HO

5 wherein corrpouﬁ&)s of formula (V) -may further be

reduced to y a corrpoundCId»j)mWiorrrul a (V) , which can further be reacted
to yield ®, }xfe u

10

15

wherein the orientation of the substituenté is either cis or trans and 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
straight or branched Ci.4 alkyl group, CONH, , OCH,OCHs3, halogen; D; and D»
are independently selected from R or O-R wherein R is an alkyl group Ci4
optionally substituted by halogen, NOa.

S. A compound of formula (I) according to claim 4 wherein n=n’=0;
m=m’=0, 1 or 2 and W; and W; are CN or OH.

6. A compound according to claim 4 wherein n and n’ are 1, 2 or 3; m and m’
are 0 or 1; D; and D, are R or OR, R being C;-C4 alkyl optionally substituted by
halogen; and W, and W, are CN, COOH or CONHa.

7. A compound of formula (IIT)

l/§§D'2)n
W, i (HL,C [~ (I
ECZC/J
o o Wy
s
(D 1)n

wherein the orientation of the substituents is either cis or frans and wherein n, n’,
m, m’, Wi, Wa, Dy, are as defined above and Dy’ is a derivative of a D group as
defined above, e.g. OH, OR or CH,X, X being a halogen or COOR, R being a
C1-Cy4-alkyl group.

8. A process for the preparation of a compound of formula (II) wherein Wy or
W, are COOH, COOR, OCH,OCH3; or wherein m or m’=2 and Wy or W3 is OH,

said process comprising reacting a substituted or non-substituted benzil



ET CET HO O \ Reduction J- QD HOOHI I A- 1 A (IV) H(VlI) 10 WO
03/070689 PCT/|1L03/00136 -36- CH2OCH3 00 A -1- A CH2OCH3 (M1) 9. A
process fwo @roegpasi ng a conmpound of forrmula (I1) wherei n \WCTamdA3/MA36 ar e CN
by reacting a conpound of fornula (VIII) to yield a conpound of formula
(IX): HN TMSCI/KCN MECNDVMF A A HQN (VII1) (1X) 5

SN\_ /) —

wherein A and A’ are H, halogen or OR, R being a C;-Cy4 alkyl group; with
a BrCH,C(O)OCH,CHj to yield a compound of formula (IV) which may further be

I
e
I

reacted to yield a compound of formula (V):
Et

HO OH

T1Cl4
Zn Pyndme / \ /
A

o)
Iv)

OEt
V)

wherein compounds of formula (V) may further be reduced to yield a compound of

formula (VI) , which can further be reacted to yield a compound of formula (VII):

5.
Y~ 0

A HO A |_
(Iv) H
(VI)

10



10. A process for the preparation of a conmpound of forrmula (X)),

sai d

process conprises reacting a benzoyl cyani de under basic conditions. CN CN
Ti C14/ zn W0 03/0768%x0 Pyridine THE CN (X) 10 11. A proces<dTaLoY/bd36
preparation of a conmpound of forrmula (Xl), said process conprises

honmocoupl i ng of a substituted phenyl acﬁ)l onitriles WO 03/070689
PCT/ 1 L0O3/ 00136 -37 NaOCH3 ~ CN Dn V77

"“0\// Dn CN12 NC (X)

wherein D

may be R or OR wherein R wherein Ris a Cl-C4 alkyl group and n is 1,
20or3. 12. A process forOtheOpthparation of of a conpound of fornula X I,

said 5 process conpri

ing reacting a conmpound of fornmula X, wherein Ris

a CH3 group: L\ (/ Z\\OCH3 -~CH2Br NBX/CO 4 CH3 NC (XI) (XIl) wherein

X is hal ogem: } pr

ess for the preparation of a conmpound of formula

(XIV), said pr cegp ¢ @
A C=
A
CH,OCH;4
(VID)
9. A process for preparing a compound of formula (II) wherein W1 and W

are CN by reacting a compound of formula (VIII) to yield a compound of formula

IX):
H
N
</ \>
=|= \ / \ TMSCI/KCN
A K1 \ | / \
_‘J\_ MECN/DMF A </ \>
_|._
HO A
N
(VIIL)
IX)
5
10. A process for the preparation of a compound of formula (X), said process

comprises reacting a benzoylcyanide under basic conditions.

CN
CN TiCl4/Zn
LB A
w Pyridine
THF
CN
X)

10 1L A process for the preparation of a compound of formula (XI), said process

comprises homocoupling of a substituted phenylacetonitriles



10 (a) reacting a conpound of fornmula (XIl1) with a bifunctional spacer:

H3C CN\ / \ (HOCH, CHZ) ZO CHBr K2CO3/CH3CN N ONC H3C CN (XI1) \ Q..
CH20( CHz ) w@( @Brz)e&OH (XI11) WO 03/070689 PCT/1L03/00136 -PRA/I0I/00136
transesterifying the conpound of formula (XIIl1) with a polyner: H3CQ CN
0"-~--CH20( CH2) 20( CH2) 20H pol ynet hyl rre(té?a_crylate(Pl\/NA) NC (XIll) CN H3C
NC GCH21,1 PWA (XIV) 14. A process T the preparation of a copol yner of
formula (XVII1), said process conprising: 5 (a) reacting a conmpound of
formula (1) to yield a compound of formula (XV): CNR\ / \ / \ OR
Deprotection' ROCNNCi. TMBI OQOH ii. CH3OH (1) (XV) wherein Ris
a Cl-4-al Wk prepari ng¥aQCH: - f unct i dhs formula (XVI):
Substitutio hal/- R) aOH~=—frat= X . hal - _/Dn

2

CN \ /

NC

(XI)
wherein D may be R or OR, wherein R wherein R is a C1-C4 alkyl group and n is 1,

2 or 3.
12. A process for the preparation of of a compound of formula XII, said

5 process comprising reacting a compound of formula X1, wherein R is a CH3 group:

@@{ ——/>CH3 @ - ——\ ,CH,Br
CHs \_/ NBX/CCly \CI:H{ —§_@
NC

(XI)
(XID)
wherein X is halogen.

13. A process for the preparation of a compound of formula (XIV), said
process comprising:

10 (a) reacting a compound of formula (XII) with a bifunctional spacer:

H3C\_ CN
N\ /N — (HOCH,CH,),0
-—-——ﬁ
<\ /\:CHBr K,CO3/CH;CN

NC

H3C\_ CN
X1 \ / \ -
W&\ B0(CH,0(CH )08

(XIID)



Et20 (XVI) wherein a and X are as defined in claim1; 10 (c) reacting said
bi -functional spacer of formula (XVI) with the conpound of formula (XV) to
yield a cewpouiessef forrmula (XVI1): WO 03/070689 PCT/ | LO3/r@0n263/0013® - CN
Wl liamson RO CH + hal - (CH2)aO X 50C 0. NC K2CO3 (XV) CH3ICN CN RO O O
-(CH2)aO- X NC (XVI1) (d) polynerizi the conpound of formula (XVII1) in
the presence of a nononmer to o0 o o O PM\/A IniU) o\ / NIn Mld C
NC - IXvte S5TCfT C N 12 hours o | ~C N~~0 Ccve C

DVBDC- hor b)) transsster fyingCti@ compound of formula (XIII) W1th a polymer:

— CN
HaC {3
\_7 N\
\ /\ CHZO(CHZ)ZO(CHZ)zOH polymethylmethacrylate (PI\/HV[A)

NC

L.
v

(XIII)

H3C\_ CN
<A
NC \ // "CH,
“PMMA
(XIV)

14. A process for the preparation of a copolymer of formula (XVIII), said
process comprising:

5 (a) reacting a compound of formula (IT) to yield a compound of formula (XV):
— /CN
V/ \ Deprotection —_ CN
RO_@ \\/ / \ OR " » RO
NC \=/ i. T™SI \_7 N\ </:\>7OH
ii. CH;OH NC —_—
an

wherein R is a C;4-alkyl

(b) preparing a bi-functional spacer of formula (XVI):

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

(XVI)

wherein a and X are as defined in claim 1;
10 (c) reacting said bi-functional spacer of formula (XVI) with the compound of
formula (XV) to yield a compound of formula (XVII):



O yield a copolynmer of forrmula (XVI11): (XVIl1l) 5 15. A process according
to clains 13 or 14, wherein the polynerization step conprises the addition
of at | easto @rgogsbasti ci zer. 16. A conpound of fornmula ( XWATILO3/@lBs - RO O
-(CH2)a0-X NC ( XVII) 10 wherein Ris a Cl-4-alkyl group, ais 1 to 10
and X is C(=O CH=CH2. 17. A corrpound_g?_for mula (XI11) WO 03/070689
PCT/1L03/ 00136 -40- H3C CN NC ~ ~\ CHzo(CH2) ZQ(CHZ) zOH (XI11) 18. A

copol yner of forrrul a (xXyl'11). 19. A three-dinensional nmenory apparatus for
storing infor voI une conprising an acti VeI um which is
capabl e oRE a gi N p edo tly I’Ol’nﬁl gﬁi to arsecond isoneric form
as a response toTrradyat on dht e 2$11Q/ ng = en® gy substantially
equal to a first excNfatio nergy, wherein the condefsration ratio
between a first & a second |sorrer|c formin any gi% vol une portion

represents a data unit; sai I\hpparat us being characterized in that
said active nediumco ou@ﬁ]}orwl a (()I |) according to claim
2 bound to a to polyner ac i ng ai hree di mensi onal
menory apparatus of claim 19, whel@in conpound of formula (11) is a
donor - accept or-donor conpound. 21. A nenory apparatus according to claim
19, conprising: (XVID)

(d) polymerizing the compound of formula (XVII) in the presence of a monomer to

DMSDC-hexyI -acrylate

yield a copolymer of formula (XVIII):
(XVIII)

15. A process according to claims 13 or 14, wherein the polymerization step
comprises the addition of at least one plasticizer.

A compound of formula (XVII):

M@o o

(XVID)

10
wherein R is a Cy4-alkyl group, ais 1 to 10 and X is C(=O)CH=CHo.
17. A compound of formula (XIII)



(i) neans for directing a |ight beamhaving a first energy, different from
15 said first excitation energy, to a selected portion of the active

medi um  wod3(o7egs9 means for directing at | east one additi acaiiLbi/ghse beam
having at | east one additional energy, also different fromsaid first
excitation energy, to said selected.pg tion of the active nmedium 20
wherein the conbined energies of the first |ight beam and that of the at

| east one additional_|ight beamare substantially equal to the first
excitatiohls *" The apparatus according to any of clainms 19 to 21
further conpWyi si ans reading the data units fromthe concentration
rati o of the tes2of the active nmediumin different portions of
said active nediump 0 sBB@@OSEﬁﬁﬁﬁﬁéP%0136 -41 23. The appar at us
according to any of clains 19 to 22, wherein the two isoneric fornms have a
substantially different 6§§prption coefficient for absorbing energy of
second t hreshol d energy. . The apparatus according to claim23, wherein
said substantially different 5 absorption coefficient is in the infrared
region. 238 AnARRRaLyatdtrasaRadi(Ryl, any of claims 21 to 24, wherein said
means for reading the data units conprises neans for directing a first

| i ght beal9havAnbreerdiaras@nabineheireappirbas foastdringdaforthatixaiih atvadmmener gy
to a selected portion of the active nediun and 10 neans for directing at

| east onece@atisingram aqtivghimedivamvriich tﬁgcmg]ee‘a%ctha@gmg predpmimandly fsoraregy

R
sai d at Hgﬁ‘%hex%ﬁ}%uﬁﬁghﬁélﬂnéﬁual b Qs PSR MatiSn SHMRY, Whertd theSGRBLk At tat i on

ener gy.

ratio between a first and a second isomeric form in any given volume portion
represents a data unit; said memory apparatus being characterized in that said active
medium comprises a compound of formula (IT) according to claim 2 bound to a
10 polymer according to Claim 1.
20. A three dimensional memory apparatus of claim 19, wherein said compound
of formula (II) is a donor-acceptor-donor compound.
21. A memory apparatus according to claim 19, comprising:
(i) means for directing a light beam having a first energy, different from
15 said first excitation energy, to a selected portion of the active medium;
and
(i) means for directing at least one additional light beam having at least one
additional energy, also different from said first excitation energy, to said
selected portion of the active medium;
20 wherein the combined energies of the first light beam and that of the at least one
additional light beam are substantially equal to the first excitation energy.
22.  The apparatus according to any of claims 19 to 21 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.



10

15
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23.  The apparatus according to any of claims 19 to 22, wherein the two isomeric
forms have a substantially different absorption coefficient for absorbing energy of
second threshold energy.
24. The apparatus according to claim 23, wherein said substantially different
absorption coefficient is in the infrared region.
25.  An apparatus according to any of claims 21 to 24, wherein said means for
reading the data units comprises
¢ means for directing a 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 least one additional light beam having at least one
additional energy different than said second excitation energy, to said selected
portion of the active medium,;
wherein the combined energy of the first light beam and said at least one additional

light beam is equal to said second excitation energy.



