; e3e#dXT &z" 6" T#].-MOAPAt Op7 Optical Elenment for Efficient CGeneration of
Short Wave Laser Light The invention relates to an optical ele ¢ ngrUU
efficient g m\mmg“mm’short wave |aser light by frequency con s‘\ IZ 3
using a vvavmm and conpounds suitable for manufacturing this
layer. In a |arge«msnber of applicati _ons _ the present trend of devel opnent
is to replace electronic or opto-nechafi cal conmponent s by eI ectro-optical
or pure optical corrponents based on nonI i near ef e%ts
because i nOpticatiples @r_gpidicient 3 ' : : 5. 2

econoni cal Iy than the for mer . Many of these appl [ catl ons opti cal
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non- | i near tlipt laydr. materi al s, parti cuI arly by frequency doubling (" Second
Har moni ¢ Generation: SHG'), summation of frequencies, etc. Techni ques which
permt the integréatlon of the laser diode with the No activ f terial in an
i ntegrated opti &ala darge nwsher ok Applications: (e Aresent itend @k ¢j ent

frequency geq &n QP eepbicy rlﬂéct@ﬁhit idr fo?b@o-tﬁbﬁﬁ@m@&l chompo- condi tion
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t he power enS|t wave an nce t he Ilg |ntensS'ty of
avai | abl e pﬁs@esqu etmdscatmnsa &g vepticalnatarage nyrsaemisc autly daghd

expensi ve B@nﬁﬁys%hﬁaf ul%%drﬁgactﬂiﬁggé’d‘dlatsbf)nﬁ ght esdﬂi%@s NBMnet- fﬁhgurabl €
if the conyersion can 2 ve e confi uratLOES |nstead of in

g
t he af or enPht§nENELr P&t IW\A/a\Sén@‘EJ ftlil‘ﬁ TWaYSr ildtaTadt
conpr elssedgt/@llablarrghki mraQeSn%@Chitﬁertot tbgeni Iﬂ@zﬂgﬁ@bl&g ﬁﬂnemmd S\Bha\ctﬁriieehy by
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crystals and is applicable only to materials with suitable b| refringence.
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i s possible, soEffigientafrgguoacyeeomyersinn eaar bgppbiainedt @Qﬂhl 1fcbhfv be
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pr esent state of the art, x(2)-active materials potentially suitable for
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Monocrystal | i ne I norgani c Tayers. typi_cal e IS
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The object of the invention is to provide a novel frequencyconverting
optical elenent in which the wave-guiding layer is free fromthe

af orement i oned di sadvantages. This is achieved in accordance with &®hdPR 2003
i nvention, which provides an optical elenment of the kind nmentioned earlier
in which the wave-guiding |layer consists of a ferroelectric x(2)-active

nmononeric or polyneric liquid crystalline material having a periodic,
structure wofcH3Ermde qgﬁsﬁdg’ﬁé‘b ﬁl?ﬁc‘ﬁf‘}‘lﬁgll)‘fjeagﬁﬁmféﬁgl%gfzs bidaf@siEhe
period |engkh Oflfiihehd PiRBetdindRiiingnabnéitiomt uThebEolgwenpahre Chies ce t he
coherence | en tf]w:eh = N/ ~~i o}l.the terial., whereby ~~i = ~30(2co) -
2(err)(w), WPARIE=PHASE PACPNRIFEPMAUSYe fundamental wave, 0 =

zero-order node and (3 = propagation constant of the node. In an

al ternati ve jenbogi t I t] e rial NG . tQ its

birefri ngentl'pr og'égr?irgefs?ﬁ%aééggé&xglggb&;eﬁﬁgsoe rr%’ﬁglﬁﬁt H]e_ Sdg'l @grrponent s of
the No tenssyavaguideot ér therbwavegnide tihecomeedy| dimensionedui thec pposed
material forxﬂ&tcﬁ'ﬂng‘_ conditRse 19 ralfflld o Ofite MR diagidrtal 8whie Cwhggse which
can be dipolaryl ofiented [n the electric field. In mther, enbodi ment, the
ferroel ect rigVided &y ApWrBrdar modesc agdader REcfeGand, disaae ugidedr iR ed

in a bistablh¢ggh@nnaoddy Howdaey, ke c&mveltbich @fficiendyn dependsr dRcCehe
stabilized ferroel eftctfll C SSIi confi 8urat|frbv¥|th m%%er{al s_havi ng & | arge
hel'ical pitSAUBES @t APENBY eI APPENE BPLGEIRT PF &N TelBEL TR “frafBYi W s. The
el ect r o- opt isoell piowpenddess odf differes| erderic 1iquid crystals which are

rel evant for displays (LCDs) have been thoroughly investigated. Liquid
crystal s displays may, for exanple, be based on the "Surface Stabilized 3
0 APR 2003 - 4 RerrodVsetafi thefbisefringence) of sanisotrgpic Nwavegaides. | Thipl .
Phys. Lett. riiolo@diressdlisard e sihoion Th eirciinigaht corsgraIoehgetis C

ef fect" (SBFé i.seg Fi |r1 schilli nlg ]é et. al .. tagn . J. AEBI Ph(y;s. 30(1991)
741] . Pref ePRBIFabIe,OnlY, FQ omateripls With i tpitable: RirefHp@Pnce. cdRstiss of a
m xture of chsealconversioni betwedreaunbodss whii ¢hef same Sorderhdeas THefEMipl v,

t he Bi pol ar . or | o, i [ ol ien I -f kansi tyon
terrperature.1 glém‘t;%%@fghe@ éﬁ%{)&ﬁ%n:%lﬁ eogpﬂ?éégi&gaiﬁﬂg ﬁzé%}ﬁlr%cpeas a
Pockets deviobdain¢dt is, as an electro-optical switch or light nmodul ator in
t he spectral range from 1300 to 430 nm Preferably, the nlo-material has

t he phase sequence 1-Chol Snp- S*~-glass. Optionally, the elenent is operated
in the S*~ phaseP-so tWsft athparigdice| sruqtueest i eWdth sthipgnethed;, nknqwp-as
property beguaes pifeatiatehfiy, ¢héanpadiseaign dthahel eedvdguilieehshtbfial
switched off. Mure . parti cul‘ir o thﬁp? ti ceab a;srrenﬁ can be used for

doubl i ng t hd* PEiRERaNYommedulated; o PR, mefhoda bat chesomestnpaEanhm
preferably 96GmB0Osinge andscralativehpteasyl toy caompl et i poleds strudiurde
emtting in e e ;. £300 ue i nodul e.
| n anot her g%%éd?%&%t nﬁ?ﬁgblarﬁq%xljs 'rﬁ}ﬂnpgggpg{i@éﬂ}%ﬁf&’ {&?‘f gﬁg alilﬁ’es 0

t he wavegui QECHISaREIWReR (158 Egt‘P'é ¢ me UAeE (58 Blei gig"% et der
nonl i near deyi@Rseforyehigldlyl @ffieyddtg very attractive properties. They

conbi nes the ease of preparation of devices which are based on pol ed

nl o-polynmers with the intrinsic non centrosymmetric structure of
x~2) -active nonodnytalpsesent gmtenaifptle angt (2)-setivel emateniabsnd pol yneric

ferro- el ectr.i el t e i or_ X~2) - i teglals
because in #’ﬁg&qtk@érl?gegélgégll%ﬂgﬁag{e? @g%gﬁgﬁ?:‘ﬁ:ar ar &(vse?%](}?:é% %%p asgﬁé( S*~),
t hey possesfollpwingnclasaesio- symmretrical structure which is a prerequisite
for NLO-activity. In the S*~ phase) under suitable ~ ~ APR 200 -5

condi tions, these substances forma helical structure which can be
converted to a pHanar MPpesE¥stallieg cinasgania Wkdy6fF® e. g. by appl yi ng a weak
electric field. In that case the oriented dipoles will be at right angles

to the liquid tal director. h a. t hi by t hi.gh, d f
order, ths provibindy B e dieiadt GIRbOSThiGThes et parfay °° ©

| ow nol ecul arteheivedyel sidied, lintpri dliar pstahserioft dtsehiphvaosndifiear not been
consi dered ¢ ROT t —or. i : I §, 0B ul g figom

di scouragin Qgﬁgc\:/fleougs)l ?%Bum i gﬁ;esg@ma%%—&; er ?ggﬁgﬂ?ﬁ catnl I qlﬁl d crystal
m xt ures. aeadlyi pisednan- ai redarenngemateriaht Sorwjudging erleosubw (e. g. d22
= 0.027 pm ¥ = IAT , = 02 : . h they are
of no i ndustt_ralngﬁéuse@n vﬁac%lggz\llbe/?r.nqgg’r ?]ooe‘?’ %‘g{}f .2'(? %ﬁéﬁ?pfs‘tﬂger% %eur es
consi st ei t A3t IR PAEP#EEs ddshiaTemYER: LEXRETSBY® ng S*~ phases or a

conbi nati on of nesogenic nol ecul es form ng S~ phases and chiral dopants
capabl e of inducing the S*~ phase.



It has been discovered that efficient x~2>-active ferroelectric liquid
crystal materials can be achieved by incorporating nlo-active stri@®#AfR 30803
el enents having a high second-order hyperpolarizability in the

aforenenti oned chiral substances such that the axis which is relevant for
the non-linearity becones dipolarly in_the ferroelectric liquid crystal
configuration. As is known, nolecul es Ravi ng the formA 1l D where Ais

and el ectron acceptor, (bL denotes a brjdgf%cyvitg %blgell ocaliz el ectron
system and D dendtes & E2EEYVCOR-ANETBRII- &b eMYsHAYE Pabl $6nd ¥ Fie
donor - accepiRé @idadlvaned @i thaailidy Nirel wndtatd¥anpireicalady mwiel utespett t hi s
ki nd. Mesogenic nol ecules formng ferroelectric liquid crystal phases are
rod- shaped (PerfGIMPCRAIBES) . Consequent!y nl o-active nol ecul ar groups

i ncorporated transversely to the director nust be conpact. O herw se these
groups will destrpy t eI i ha Jhea: S0 t he
chiral No dopant 53.c3 Th@l%gqgggeﬁeﬁﬁ‘?&.Ial::)ér#pger'?hesg?%lgi ﬁlas%?gﬁnﬁ@y i€ St

hyper pol ari ingtiability of 3heirArko-zoeEficiemty\ with tthieee is a direct relation
linearity and the short wave-length spectral region of the No nol ecul e.
into the blue spectral ,regi ?n the rr this region., between the value of the
nonlinit of the thEn<RiFEnEl THeRRLETHIPR dfulhBrovite &t Heli IARENCYust be
transparent convertiig nepécal teloménd-ipheriyichnehdawape ueiding lgeexielftegnt as
an nl o-actlxe str[Pglct ua‘rital el enent . gcg‘r 515 Ig, it has been tfound that if
this No strdEQR dfi€eiHQEGRIEALIONGd, |s5 Y%@%ﬁ rated in a properly designed
snect ogeni ¢ nol ecule, an S *~ phase results. It has, also been found that
t he axis rel evantpfior;d 4l Enear | t rs : jwen a
h~bhl'y or der ed _cii]g{dga‘rs %?P{egr?{ééit ?‘En@dﬁ’r%‘ﬂ@é%f‘?ﬁeﬁgé% ‘ﬁ?e?ﬁgﬂmb‘gﬁgdu}% i s

i ncor por at e@revisies 8 opeicahiglamegtoab the kind |mgntigned yeediernin ewhich or

the chiral depawavenhddile. labepracudistieas ud efeerdeled ittt d (Amaizvem
conversion) follow val ues ?f t he gr der, of 10 ?rﬂv and. respectively,

m V,
for the nonMPRIBETICoOTT POIYRETICy Ity crpsfalling HBateTinl daVIig 2 These
val ues are Ipendgliedstruomse! arhdeli pévanits hguhsir phate pmavclingl Ywfpabkuidwel data

Ipie . \ .

coet 11 oi ont Vs, péanhn 3 OBenBEC feldth Sty e (PEBTEGRAD Silifle. o

pol ari zat i oRe{ng aqualow Awienthe ppheipacs &ﬂgﬁbalsu?éﬂérﬂt ofathe gnaigsial,

near - per f ec%lﬁ@r@B&aﬁBOELM[_?({‘(:]ZQJ)'hOQBQ(mB,hWiHP'u?C&|a?§§ilﬂ E{&lu%ﬂ‘egt bF thavers. A
8

new cl ass of | ecul es e previ ogsly desc ed properties has been
found. The ﬁ'é&ﬁ%’@ﬁ@ﬁl oo Br op&FT9-&Eder ’?’ngn cBnpRIRR2SFE0R ,
consequencecohstanei 6f nbeeetddy. desi gn concept which is described in the
foll owi ng. The substances are p-vitro-aniline derivatives having the
general fornmula: X~ R3 A2~--R2 1 n R4 X2 In this formula: 3 0 APR 2003
X1, X2~ one denot é8 ani0altarmhtivee embeodindendtefs thalRBR&rtiomhitbér RAterial, R6

each i ndepe | Y 180T r ﬁy@. I s ha3,.R4y each . d.pd |y
denote H, FBQ@]& é?ﬁﬁlﬁ@ﬁl&é_é%\f} owglre géll%{r}l b%ru o(\i/velr% %Sgyﬁﬁ\?\n ﬁm{ehe
provi so t hafl2X1CPEpoNENEy @it the SHPRENSAB X2 is different from R3; RIL:
denotes chiral al kyl or cycloal kyl in which, independently of each another,

L A e B M L MC I RN A
nono- or potnatsribbtidroisednbyS*, pHaseChr & ohigheatdadered ferresleedrkoxphasel t h
the 11 ret oM tEh el SEURBIAN CHided dn, e HRtBHE HEMAT. 05 Cyel oal kyl
resi due;
In another embodiment, the ferroelectric material forms an
S*. phase which is homogeneously oriented in a bistable manner by
boundary forces. This occurs in the surface stabilized ferroelectric
SSF configuration with materials having a large helical pitch or with
short pitch bistable ferroelectric SBF materials. The electro-optical
properties of ferroelectric liquid crystals which are relevant for
displays (LCDs) have been thoroughly investigated. Liquid crystals
displays may, for example, be based on the "Surface Stabilized



Al: denotes 1 to 4 six-nmenbered rings which are bonded to one anOt?ﬁrAPﬂrZUd]O
the p-nitro-aniline ring by a single coval ent bond and/or at one o
optionally a nunber of sites via -CH2-CH2-, -CH20-, -OCHz2-, -COO) - OOC,
-C0s-, -SOC-, -CH=CH, -C~-, -N=N-, -NeNO-, -ON=N-, -CH=N, -N=CH or

butyl ene, in which a CHZCHZgr oup can Qe repl aced by -COO-, -00C-, -HC=CH

O o Mt B APPSR B CRALROR B Oho BRSPS,
ulniu:os'gir t :JE)QGJ?S@) EBEQﬂJn@dd ?/thl&DﬁShortelPl(-atcb; Bpﬂhbhﬂiﬂ%&ﬂﬂ)&lbem%\i ¢ﬂﬁe¢;t"r gSI?I;{):g\éver
gy %i t rogenig%ef qifngﬁ% >(];I %Yhéf’ &hﬂgh”‘éﬁg ngb@%) Z?(IJE P

(preferably not nei ghbouring) can be replaced by 0 or S or a -CH2CH2- group

can be repl aced l)crﬁmm d1apbiche E”ﬁg%u? éii‘zbéltal ciﬁ&t"@:‘riefl %oﬁsﬂ'ts)"of

tetralin-2,6-di or oxo I az enotes a S|ng

coval ent boﬁdmlxm ofioct 1rabnx_ie -activez molgoplés r@}@ ¢ P bases , -~ -
-C0s-, -SUC) _CH=CH, -C--C, -~T_N. -N:N~- ~N N, - N:CH- or

butyl ene in whic s oup cats .be re

RO KSR Tet i e L R iseﬂiﬁ%cﬁﬁ%yc@i: % 351 o
tire struct the glepeitansitionllteshperitorX ~ , X2 R3 ~d R4 have the

significance gi ven previously: n~ denotes 0O car R2: denotes ch i ral or
.hiral alkyl or cycloal kyl in which, independcn t 1 y of one another,
one or nore non-A8i ghbthar ggbodimento' the opticek eleplentets gpavated ascao . or

- HC=CL- 1- ag%cicasaraeavhwh ACig oAl e M aPolpuidar Guftth lofRligpy! eno znd

~' ~ch can nono- of sti tut g,é é or | ower
al koxy, witme ‘élaE)‘PTO\ﬁinsd Fhél’ecé Rl Fapge IEhi1 Pitg 4 §‘i"c‘uat ed in an
al kyl chain c>n the first or second C atomand in the case of a

I ~| kYl b t h i wh I~y fi
the nunber U Ro EAPCHARAonbE BRs R Brs xharalig Hials) s¥dRhRed $Chdher e n
X1) X2, R1, SRna-84agkhski Kpteonahly, aﬂm/eleahgmi fis mpmetednm nthde8¢ eghase,
wr, ol e ”“”b§8 %I%Rw%igg Qﬂ gf%%fr?é BT LT p@ﬂwﬂ e~ 399 &'tg' Bcofle3-

groups I ndependent of one not n be replaced
by 0, S) -copeyatiGHimH disappears ovhepr shereleatrionfielghds @w'ticbpdupéfi are
those in which R2 denotes chiral or achiral alkyl or cycloal kyl in which,

i ndependent |y of .gqne another, .one or two no - nei hbourin groups can
be repl aced by Qﬁgre R%cu'iarll.b:@p aptcal, elgmsp pﬂ?é'ub& g’é&&H al so by
-C=C- and widoublingn the freqaenocy ofillaser Miglstulist tHeutveavédgnpth G, CN, | ower

| kyl I f t

ol of 1 oS-, Ukl B2 00Tl i PoRG S SPERICY 1o
a cycl oal kypoﬂﬁlﬁdjd@ én laserarddede aewitting tife the nEANSSY | TQ\iFPerSesQ“r 30gMm| es
the nunber @o f&nel gofrdqaehey dbEHIFALUMOTUIES Al- (CH2) m R4 x2 |11

In another embodiment, the dipolarly-oriented axis is at right
angles to the waveguide plane.

Ferroelectric liquid crystals for use in second-order non-
linear devices have the following very attractive properties. They
combines the ease of preparation of devices which are based on
poled nlo-polymers with the intrinsic non centrosymmetric
structure of %(2)-active monocrystals.

In principle, both, low-molecular and polymeric ferro- electric
liquid crystals are candidates for y(2)-active materials because in
the ferroelectric phase, e.g. the chiral smectic C phase (S*¢), they
possess the non centro-symmetrical structure which is a
prerequisite for NLO-activity. In the S*: phase, under suitable



wherein X1, X2, Rl, R3, R4 and Al have the above significance a% Eﬂ not es
a whol e nunber of 6-16 and wherein one or two nonnei ghbouring - @H2 pgﬁﬁijps
i ndependently of one another, can be replaced by O S, -COO, -CH=CH or
-G --C. In the conpounds of fornula | a' uove the residues RL and R4 and/ or
(where n = 1} R2 and R3 or R2 and R4 candbe int erchanged, if desired. The
term"chi raI or achiral alkyl or cycloal kyl in which, independently or one
anotner. onEoRdidBe {IRAe"SuERRALES NormHa diedidap ﬁﬁmctta%er@mha?e&arp»beo S,
COOor-H I'n an I phatic resid

1, 4- phenyl eﬁ@ﬂ&me%i%hacﬁ}?% r]d’rOBSP Cﬁu%%‘lq %/‘EE et 8bybl¢ aEPI}’l@SI

lover al kyl 3 0tvehRVETec@ik ofi¥Id. erter ak&s chse tthe 61¢&lil©d0ﬁ1pdlb§ wilp| be adti on

strai ght - chai ed residyes wth,1 to 16, efer

car bon atonﬁlgzlﬁc?f‘ §Sa?(1<3}ﬁ,e ﬁﬂR@ﬁTY\ﬁf’io&?s?ﬁ?% S Cl?er‘i\/ls r“&l ‘I?&nf/‘lxgilg}
al kenyl oxyahkiyigh alelgoagy oxfr bmdt;/rl,)tlnjskpx(yudnbg)rwllnghomomckmt}yl oXY,
1- hal oal kyl, 2-hal oal kyl, 2 3 0 APR 2003 - 10 haI oal koxy)

2- haloalkoxycarbonyl cyanoalkyl) 2- cyanoal kyl yano kaoxy
2- cyanoal koxycar Ebh@lxéi -aedtvey faims, | of éDWe‘Wﬂ}PﬁFWI CQOF&CWPa ligdid))

2- et hyl al kexyear bﬁmhreslm%h@esypdrknbt é}?thYdﬂrEW ) besrei&ﬁg:efd@ﬁ%%y,
2- met hoxyal kéxycar bo f.l 8acryl oyl l!y;lyotzjtf‘anox cryl oyl oxynonanox
10- acryl oyIB%Pd&?&no% 1519Pé%#°§‘| 3Gy URaBE rag & l3’?"(3511§)1>7(yd0decanoxy,

gomst Eacr y: pﬁbﬁ&lf%@tSHQXYdatQ bRt h@ewle@yﬂl@quangrwywal mixtures. These

met hacryl o ecanox cr undecano

12met hacry! ﬁ‘fmfj/ @é‘ﬁ%& 1'Elﬁl %}% ﬁ‘W @/gnoq?;? 0.027

9(2-chl or oapm/l\ﬁyldmy):rﬁ).lﬁ)dnpxyv 10d{@ i@]&ﬂ%apmyVoyMy) decathaxy they

11-(2-chl or Qltae ré@ Q%I gﬁéﬁxsﬁ’{h eﬁggoi%’ats]e%e 2- chl or oacryl oyl oxy) dodecanoxy,
a 0

8- vi nyl oxyoctanoxy, vin xynonanoxy, 10vi nyl oxydecanoxy,
11-vi nyl oxyundecanoxy, 12-vinyl oxydodecanoxy, 8-vinyl oxy-carbonyl octanoxy,

9-vi nyl oxycar bongk AR 1&;%1&' BYY ﬁéNQﬁ{mfeﬁ @RmaNQX¥ither of chiral
11-vi nyl oxycar bont\{] decai]eochf% Vi nyI bon | dodeca

ax
8- (4- st yryl F§RP8ER¥N IR TWW‘@) %\Wéx?r 4§90 %/‘QP?I 9bxydecanoxy,
11%4 styr?/l)x)rmsy:gadﬁpanmaculég fd-’rmiémg’ ySc) Q)hlsa)de)sieimhh I(ﬂ‘)h)rral dopants c;xpable
8- (4styry ct 4-styryl) met hyl eneoxynonanoxy
10( 4- styryl?ﬁépﬁ &él'%e%@ d%n Mg 11- (4-styryl) net hyl eneoxyundecanoxy,
12-(4- styryl)nethyleneoxydodecanoxy, 7oct enyl oxy) 8-nonenyl oxy,

9- decenyl oxy, 10juhd§CBEN %Xco@éi‘éﬂd@ﬁﬁnléméﬁén@nﬂ(z)h@cthvge feAlBtirids 4-
to 7- merrbered sat ur at ed optionally chi ralewcr&ysuc as cy cl opentyl,

cycl ohexyl , 1guki ¢rysial mateEa Al al\F@rBTAtHRg | nlo- -active
2- et hyl cycmhemthl QIenﬁT@ﬁthy|hfa§0@hg)p%ntmgh0rse&d$h@d-|drl13r H?peilﬁilﬁ”ﬁlzabﬂ\i\@r

| kyl d .
a2 ght - o 0 pOrefe R0 chitd] by aRRES Bsh o fuP e rikis, BHIER 800,
~ atons) suchredevamt Hpr, the hyon- lpmpw beaomies dipdlaxly iat tbeyfemoelegtngy or
| butyI oxy, ﬂ d:U&@fslt u% or net hoxy or et hoxy. The term

whi ch 1I's uns

"1, 4- phenyl e stltut ed or substituted by F, d, |ower alkyl
and/or | ower al koxy and in which 1 or 2 CH groups is/are opti onaIIy

repl aced by ni trAgers kﬂawr@qmlarmumxas/ tns forfr WGI'IYDEFWhere A is

2-fl uoro- 1 4- | ene, diflu | ene .1, 4- phenyl ene.
> ety - 1, BRI rBRe cofReh A SEREEE F SteS R 3. “Gfyegiized
pyrim di ne e?le5t1(d>lny|systerﬁ nd\PB Addtes Jah eﬂdcfﬂrdmzdﬁﬂoﬁ aréli Hj'p@pd)lilhe l'i ke.

Preferred 4ph e Q[ o- ne) .

> 5 ai 1| uorigavrs fRls, i SN PR epfol, dRh°, ParaBIEOiEng is gn example
pyri m di ne-&f % mq/lbcm]mdofhblsl ikied. The term "1, 4-cycl ohexyl ene in which one
or two nonnei ghbouring -CH2- groups can be replaced by Oor S or one

- CHZCH2- group can be replaced hy -CH=CH " includes, traps-1, 4cycl ohexyl ene,
1, 3-di oxane- 2, 5- Mepogenic- r&pmudﬁ% forgnigigy (feEegleatec) .h@ldméysté}m

"tetralin- 2pl€5a§élsy|are dwmﬁl%pe:ld 2(1§m§fht el awh}i/dih@ﬂ@dm enehy? flotdictive The
term"traps- dicalln di substit egn% ?Olps deri,ved

Tom {1 nae BOTSTHIaT oRLA NGRS OTRLE Ay sl tp e mbSt 'be
(4aaH, 8a~3l-d)on:l aathy Qthenpisehshesee-gtanps 3wdily destodyt tiee |lidpeid drgstadlingi near

opti cal e n tuted
p- ni t roani W%gromgv%?@g @é’rlriﬁgnéé%g #’ﬁﬁ%&# &W%gbwlal ;egﬁﬁ{gct ural
units to giment hbEnpitevileusityaidadbde i bygerpaatizebiligyroperties to this class
of conmpounds. p-nitroanilines with a suitable substitution pattern are
avai l able commercially or can be prepared in a manner known per se. These

preparative nethods are al so described in the follow ng Schenes 1 and 2 and
in Exanples 1 to 5. 3 0 APR 2003 - 12 Scheme 1 1 / | No2



1) HNOa/ H2S04 \ 1) KMh04 2) (Ac)20 2) KOH NH2 NHAc 3) H+ COOEt / ~$@%m@?3
\ R-Ols OH COCH / NH2 DCC/DVAI' 02N\ HO0-R2 OR COCEt NO2 1)
OR 2) KOH 3) (Ac)20 COOH No2 \ ~ 1 ) H2SO~/NaNO, 2) H20 NH2 3) Et OH/ HCl
CoOH NHAc \ ~ 1) NHOa/HAc 2) KOHOR N2 R ~ ~ COO~ ~ R2 NH2 DCC _ = -
N, N - Di cycl ocar bodi i mi de DVAP = 4- (Di net hyl am no) pyri di ne 3 p APR 2003 1)
My/ THE 2) [(CH3)2CH20bB Br "~ 13 . Scheén® 2 N, O B HO- OOH N02 1) Br2/ CQz
Also, there is a direct relation between the value of the non-
linearity and the short wave-length limit of the transparent
spectral region of the nlo molecule. To obtain frequency conversion
into the blue spectral region, the material must be transparent in

this region.

5-Amino-2-nitro-1,4-phenylene has proven to be excellent as
an nlo-active structural element. Surprisingly, it has been found
that if this nlo structural element is suitably incorporated in a
properly designed smectogenic molecule, an S*; phase results. It
has, also been found that the axis relevant for the non-linearity of
the nlo group can be given a highly ordered dipolar orientation in
the S*:. phase if the nlo unit is incorporated close to the chiral group
of the liquid crystal molecule or the chiral dopant molecule.

From SHG measurements (1064 nm-532 nm conversion)
follow values of the order of 10 pm/V and 5 pm/V, respectively,
for the non-linear coefficients dz2 and dz1 of these materials. These
values are hundered times larger than the largest previously
published data and are comparably large as those for LiNbOj.

These high non-linear coefficients correspond to the observed high
values of the spontaneous polarization (up to 700 nC/cm2),
Analysis of measurement data shows a near-perfect dipolar
orientation of the molecules in the smectic layers. A new class of
molecules with the previously described properties has been found.
The new superior NLO properties of the new compounds are a
consequence of their molecular design concept which is described in
the following.

The substances are p-nitro-aniline derivatives having the
general formula:

X1 R3

R A1'[‘Z1—A2]'-R2 I
n
R4 x2

In this formula:



OH 2) ~~0S02- / K2C03 (S] NO2 * O O COCH - NH2 [R] DCC/ DVAP HOOR@@Rzg@Z
O[R N~ OO0 NO- Pd(PPtg)4 O[R 1) 20% NaCH MeOH/ H 20 2) 3NHCI 1) Pt
2) (CH 3C0)20 3) HNO3/HAC 4) 10% KOH N02 0 *o 0 ~~R2 NH2 [R] COOH NO2 O [R]
In these Schemes the individual substituents have the significance given
earlier.

- 7 -

X1.X2: one denotes -NO3 and the other denotes -NR5R6 in
which R3S and R6 each independently represent H or
lower alkyl;

R3,R4: each independently denote H, F, Cl, Br, NHy, NO3, CN,
lower alkyl or lower alkoxy, with the proviso that X1
is different from R4 and X2 is different from R3;

RI: denotes chiral alkyl or cycloalkyl in which, indepen-
dently of each another, one or two non-neighbouring
-CHj groups can be replaced by O, S, -COO-, -OOC-,
-HC=CH- and in an aliphatic residue also by -C=C- and
which can be mono- or poly-substituted by F, Cl, CN,
lower alkyl or lower alkoxy, with the proviso that the
centre of chirality is situated in an alkyl chain on the
first or second C atom and on a carbon atom in the case
of a cycloalkyl residue;

Al: denotes 1 to 4 six-membered rings which are
bonded to one another or to the p-nitro-aniline ring by
a single covalent bond and/or at one or optionally a
number of sites via -CH-CH3-, -CH20-, -OCH3-, -COO-,
-00C-, -COS-, -SOC-, -CH=CH-, -C=C-, -N=N-, -N=NO-,
-ON=N-, -CH=N, -N=CH- or butylene, in which a -CH2CH3>-
group can be replaced by -COO-, -OOC-, -HC=CH- or -C=C-
and/or a -CHp- group can be replaced by O or S. The
six-membered rings in Al, independently of one
another, stand for 1,4-phenylene which is unsubsti-
tuted or optionally mono-, di- or polysubstituted with F,
Cl, lower alkyl or lower alkoxy and in which one or two
-CH- groups can be replaced by nitrogen, or 1,4-
cyclohexylene in which one or two -CHjz- groups
(preferably not neighbouring) can be replaced by O or S
or a -CH2CH2- group can be replaced by -CH=CH-, or
naphthalene-2,5-diyl, decalin-2,6-diyl, tetralin-2,6-diyl,
thiadiazolyl or oxodiazolyl,

yAS denotes a single covalent bond, -CHz-CH3-, -CH20-,



3 0 APR 2003 - 14 Fornula | includes nolecul es which thensel ves E‘UrNPRSqu
phases and can therefore be used as such as x~2>-active wavegui de materi al .
A second group is forned by nol ecul es which do not thensel ves form S*~
phases, but which, as chiral dopants, induce S*~ phases in suitable S~
matrix m xtures. Further, conpounds of fornula | can al so be used as
nononers for the formation of LCsid CFFZ{DS p ners which have a

ferroel ectric phase. Eq{,_jtf(t(QOpurggg -arObr-efCHa6IH-, u€8€l-conpounds

of the general fornmula X' R3 .Ry.~_OMNENRS REH=N a.nheqrel R3, R4,
Rl and Al have the sNgi+ i'ggr@g ’gigt\igg above and R Er}%i ?lr)e%m%%éﬁ%al or

Sl
achiral alkyl in whiwglichi swtepéridehtTy- 0BT Y Céh‘obﬁerqp?afml by 0O~ CH2-
groups can be repl ac&(z%(gy IR C8- , oF CA=C- -didd6ky oCHL - 4orBligrodiepe and
whi ch can be nono- o I'y-substitwed with F, d, CN, “1ower al kyl and
| oner al koxy. Especirgplagerief r &d ‘onpounds for the formation of polyneric
x~2> active materials are conpounds of forrmula la in which RS carries in
the termnal position for exanpl | owi n ol ymeri zabl e
gr oups: CHQ_~pcoo Ctdz no0s t,h?g)"‘%ﬁg% E%gk CH2 %p~ >éoc or CH2=~ Ph
3 0 APR 2003 - 15 Accordingly) LC side chain polyners, which can be
manuf actured, for exanple, by pQlymerFzing acrylic acid derivatives, styryl
derivatives and the like or by p r-l1ike reactions of alkenes with
pol y(net hyl hydrogen sil oxane ) rman object of the invention.
Sur prisingly, anong these nl o-actyi ferroelectric liquid crystal
substances and m xtures of subgtancesx=exanpl es mave been found which
change into the glass state at | ow tenperatures and in the process freeze
in the dipolar order induced in the S*~ phase at a higher tenperature.
Clearly, these forms Bf Iiﬁgwxrrpl)e%,ull?ér arlb &t hawel efd Qe ﬁ‘chhée'%'i%ﬁd
crystal glass are pa‘?’ P& arly attractive for industrial use, since the No
properties are presepmefdoaﬁbéir oriented freezing of the material. The
LC-side chain polyners manufactured from conmpounds of fornula |, especially
of fornmula_ la, generally hg)ve A Re properties corresponding to the nononers;
that is tonsay, theydfmﬁi%S f€rrdel ectric S~* phase and non-1linear optical
properties. Another application of the proposed substances and polyners is
t hrough usgoof the bistabil iy, mrsuchicd alleyd Igrz e i3 ( SSF)
confi gur atlﬁg’ns. i§°%8§mé,ﬁ'¥‘grr el c;r'ﬁ tltlgguidr c ylg)tggf}g \i/\nl?tc‘%flgh’
sufficiently large hldepahdppti¥h As B LD eORGN I HNAEE sReR-BEighr
sui tably prepared ce%&ringhgcﬁgqugrmﬂ a:lagebhetdmzaigdpbycm’ sand@OLeati zed
by conpensation in ferroefectric:liguig; A xtures, InLthis case a
di pol ar ordered honogehabds 3|n|der a%lo%ﬁ%t?%ﬁkibg]uéd@kﬁt Qﬁe&:ﬁs&f o "E
efficient generati onp@én}flegquendy WBHARr §2BnPec anone anto ptodyl- sufbistitgtedact i on
of a short electric ull§e A@:,@I §6ivelr calitilisér Qﬁv@ppﬂﬁ&f Rgi}prﬂiléy SwWi t ches
the filmback into tH& rro%’hase:- mat ched orien at'i],on__ 4 .

proviso thal any centre ol chirality is situated in an

alkyl chain oD the first or second C atom and in the case
of a cycloalkyl residoe on a carbon atom in the ring, or,
where n signifies the number 0, R2 also denotes the

group

wherein X!, X2, R1, R3, R* and A! have the above
significance and m denotes a whole number of 6-16 and
wherein one or two non-neighbouring -CHj- groups,



The sane use can be nmade of the recently discovered surface bistable
ferroelectric (SBF) configuration) except that a small helical ﬁlept ﬁﬂ?ﬁ
required in this case. This condition is fulfilled by many of t 003

af orenmenti oned No substances. 3 0 APR z003 - 16 Non-bistable
configurations, e.g. of the "deforned helix ferroelectric" (DHF) type [see
Beresnev L. A et al., Liquid Cr¥stal s 5 ('198}%), 117%)]9 can al so be
considered for use acciadgpaaderily nef iafifeANPEKTaLaR-PS. FeRlaged | by Ps Sii n
this case, by applying.@Qe! atH%EH- brosC=0l.t age the material can be given a
di polar orientation and thus made x~2~-active. This orientation is retained
only as long as the field is applied. After the voltage has been sw tched
off, the layer relaxes into a x~2~-inactive state. It will be clear to a

person skilled i Lt t i % ci hed: ! auses of
t he S*~ phase al g%“"'zg‘a% Fégﬁ%ﬁﬁg ﬁfc‘arefecr)&g]g!ri Ifgd(r?go{e oggt Hpgélg ‘g{s;&g (r*, F*,
G, H, J*, dénoteEnttudilment achifrak radkpbtarc gyclolabipenin awdiekii agdepen-he
i nvention w e hhed w r : . Q 1yi awi ngs
| ani ch R opnt D Ao, S b B A0t b COREY St A
Fig 2 is a ma@gbanmtlmdsgut%rs,t HeQGyh -ﬂCaC?%rﬁ%diloeaavé?wﬁléereSIdue
fﬁnfi 1gura:i Qilso by ]Cﬁmp\é@cﬁrwm}hi @@H bengiﬁmbi- n@;armumqflgui ﬂfbs&itﬁt?ln:byha\{i ng
e structur iquid crystal cell and conptisi,ng _two, S ates 1,
coated with lﬁ’r E«ﬁs@}leﬁ?wﬁ @JKY%@éSFWGTG?ﬂWIYyQﬁlcﬂﬁﬂ%’égt &@; cl addi ng
| ayers 3, S oamntie ofl ohirakfy dst siveateddiax aar alkdyls pbaird con théefirsit eott rsedend
| ayers. A ferrg-. el 21 Copalal QUMD G i LSINQS :
t hus- coat ed%lgeggaq%éhf%ecg%g&g?o_ S%}%goélkgﬁir 5‘??‘35 gl P%a\fﬁlsge%}g@ytlﬁo
spacer. (not t§Bovifg, aewberddi signifigsr thenampthareBuRy dspedenatae thequi d
crystal |ayefy are al so used for guiding the optical waves in the liquid
crystal. An Optical grating 8 for coupling light into the |iquid crystal
| ayer 4 and an optical grating 9 for coupling Iight out are enbossed in the
cl adding | ayer 3. During nanufactur&' th®&space between the coated plates
is filled with a ferroelectric |iqui {ystal m xture and honogeneously
oriented in the electric field. IRl ernbel(edy)p+e- phase, a 3 0 APR
2003 - 17 d.c. field is applied anda{gns the | ateral dipoles of the
ferroelectric liquid crystal nol ecyses atx2right angles to tIﬂe pl ane of the
pl ate. The m xture is cool ed below the glass tenperature while the d.c.
field is applied, so that the dipolarly-oriented |layer is frozen in a
gl assy state. Light froma |aser diode emtting in the red or IR is coupled
into the vavgpuldls RIemNIRY] RIOT Ghd! ¢ BiY HHOSLRAVROSRAMIE N Eng! ddi N
| ayer, so ”r:jat the T ght_ ’propagates %S@n extraoréil nary Beam 1n a node of
TE char act erdenotes e Wholer numbea,©fs 0ok b wherean oRe BT SN APRCi on are
correct It y chmgnbbatkiaig' \(/EC)ZHQ-'[ i ups ei@lfdigﬁen@éntﬂjﬂeoﬁaidlﬁtctagbﬂ%c’t? cﬁi‘n}‘ et i veh
propagati on = E can~be adjusted at a val ue suc
that the seé%ﬁga%ﬁg:b%g’csyggépé’t -:%IIJ‘S—ICQ% ﬁ%'ﬁﬁ “1inear coefficient d21
travel s through the | ayer with phase matching and is in the formof a

TM i ke wave. At t etﬁg%d}{lpé{é&zdfgdf go{rﬂﬁlaf Ling@c[i’@é‘ttﬁle %‘i’gﬁ&e R1 and I%S

frequency-doubl ed wave are ﬁ ut_ Vi a% e second opti cal g .
enbossed i n ando|(aeraid I=ylor RZ aandiR 3o R amidy R4 éano&)lmt@rc angedh i
grating, as glasgefbed here, the nmethods of prismand face coupling as known
fromthe literature may be used. Fig. 2 shows an optical wavegui de el enent
conprising a liquid crystal layer with a periodically poled structure. As
in Fig. 1, it corph¢ seanmt chighbhes athtrels alkyl7 oe caicddaldyll hint neliishar ent

cpatical 1y angEpelBURiE] or, S “ifiber Shs" B ubrd” bbaseiBhbBGilE’ L6 'O
sur f ace- t r egreups|candbegepiacedsbg, O5 Syi 1G0-1 aw-H Hefandein ant abphatie
di sposed abgygidue aﬁlo%a/r Og%d-ab?r §;4C-glt1éﬁj?l"eﬁ€| 854 "WhidH q%g be' ¥idd- 6ri S

di sposed between the coate | at es, ical grati ngfg 8, 9 for coupling
light into Ay sbsefute e_blYi Eui(alvcg%t loweraadkyls o/ Ve XY | fMPrases
cl addi ng | ayfr tife stopepefi dsishapplivat AN Githaight-cRaitr Grb3anéRdd aRsidues
3(2w) - 2~i (w)_ apd.w d tes .t he,angul ar fre(}HencX of the fundqﬂe tall}\ wave
and ~i is t%‘ﬁr&p%j&?ﬂeéﬁr ¥ 1o 12, cartbon dtoms such as alkyl, alkoxy,
alkoxyalkyl, alkenyl, alkenyloxy, alkenyloxyalkyl, alkoxycarbonyl,
alkoxycarbonylalkoxy, alkanoyloxy, 1-haloalkyl, 2-haloalkyl, 2-



3 0 APR 2003 - 18 This quasi phase-natching method enables the D’ﬁ@gﬁg@
coefficient d22 to be used. Light is coupled in by the nethods é d in
connection with Fig. 1. The invention will be illustrated in nore detail by
the follow ng Exanples. In each case the optical antipodes of chiral
conpounds have the sane phase tran5| tion tenperatures and the sanme absol ute
tw st val ue

characteri zﬁﬁ]@aﬁiﬁ@y‘mbilgg%p C@ggop, :f?gagélﬁ X onz o BAEXI @-

st andsfor cg¢ sh@élﬂdcﬁ@ Sﬁtgadsﬁmombmyﬁp 1SyetiBradkyl,st2nrethfydr smectic
i & SR 2 B % PSRRI, nbRiR

5- ani Eo 2- PBtm@thleJiyﬂk}d oatmbdxsp}mllkmm abrﬂetiwxwgkoxycarbonyl -

were di osol %ifa%?{w’b?%?%?’s‘ Fop aeifloOfyfoRiknbkg) TIDCRERTOR {Ieglt 23
porti onw sed%:@ﬂ*ﬁ”hy,lo R W"DHJ 1GFATNP X ﬂ}iﬂ'acﬁy é’P‘H CaRPBYdi i ni de

while stirrgngetfi@rylb ?Iéb(y?od@ﬁoi rrgadn@@harc@?mﬁ@mroaiaumqf or]1@0 hours

filtered and cpnce ed.” Chr omaf 0 9{ 1he resi dye on sili W|th

ot ot st BRETY Iopaner feranote: 11 Bt ReryIds10ETaRtEsRpR k. | 13:75 cthyl

gt her/ he>2<anme(thatrylbylo))ydqda/@r(bﬂ)@ 986(1‘2 éhlcﬁdaepywylbxg)}ocmrcbml Y®henyl
am no- n

2~ ani no- 2. nf cﬁl"@i%ﬁs%%’? ‘?@ﬂyﬁ o F0%-FRl Mt iRt Plod f T .aag

materi al wadlptZpghlerpacryloylanig)-uad eAagolxlyr,u oh2d2-ghlerogicryloyloxy

4- hydr oxy- 3 &p@,pyzm ,@r& f yWwagqpr epar ed and
t hen hydrogcelgaéé APRS:ZVggg 339){91 3 Vﬁlﬁ%ﬁﬁbﬁﬁ?§% ucg0 for 5 hours.

The reacti oW TR Wtdécﬁégxﬁour éd"b‘?ﬁ’]t%‘yl‘ré'llfgﬁcrﬂ%od‘fy’l cvEpgloxydodee

T gave o5 g o oty g Bt o bl ohenkeat b o motpagat

o8, 565 5-C BGngBPKRIm dDy¥ N ERYEA bAaRIATHERG ", FL N Eony P B

4- hydr oxy- 3de¢anabenzdbAteinydorygadsor Hdalerampx yherB-€destyrphimat-e 6.9 g of
t I t t fl

pot st m cgelnae e 30 heslnghif 02 N CkROReES QB gt o v

and ext ract(e‘H'SltW)ééOKVﬁﬁdt?QﬂIﬂWBO AH2-04- Sdb/él’lﬁyP(}’éDId@ﬁaéQé(B{ t i&ré4- The

conbi ned or ggitiy¢ @E@w&n\@rﬁ)d@aﬁb&@ W § b 498y 11 ﬁfeuwl@ﬁeoﬂ hsﬂaﬁmp

magnesi um s b ate I q and c ncent r at eg %}%‘uromat t he

resi due on g {) AV )Wﬁw BPEHI’%’ e gdde y@y&?ngﬂ@qene-

3-vitro-4-[éRyufidecandxyxy) &@n@oﬁt}er)dsrrm‘thale/mdwdmuam)xﬁ rﬁ7xture of 1.7

g of ethyl écr;éhg'iex T[%an%ngfﬂ)y#oxg] a”f’Oﬁxqmtdqce?ih/lSig fl cohol

was hydrogena tTnu e of
hydr ogen hadodesanylery amd &@tzh tas\/aweil. Iatseﬂedtfbﬂ‘ mgmbered fsmtwaé% was

concent r at egpti 6ha Ry &Hﬁﬁpﬁha{%@fsdcme arse%k'éltﬂ)e‘m Bl byGRIdRY1W2-Bxirany]

.
2 col our | esd Gty dropuRedol deiesryd wagvr&%aff Lol 52 ©

3-am no- 4- [ﬁﬁlhg}cgelqpmyl benzbet dike’. 4 of nethanol, 1.7 nl of water and
0.4 g of potassium hydroxi de was heat ed to reflux for 4 hours. Most of the
met hanol was then distilled off and the reaction mxture was firstly
treated with 50 The-~teomswilever alklyk"handnilbever iadkhexy" alsindtev inh the

trat d of f and
rreq. hi SooaHE R he ﬁféfsggt i S’?Er%ﬁaﬁg?%ﬂ’ By S0P with

[a] D; zo = mpgctlael)y Aaak@lxut gmmaﬁ wWith &f tas "arﬁfﬁbon atomps,2 sBek yaoxy] benzoi ¢
acid and 12k é\a@q cpreppydwﬂﬂ V"ﬁﬁeth@ﬂ&e%tﬁbx90%ﬁd§’ 18x{osf and then

treat ed vmthl forrred separated fromthe

cool ed reac?Pio Wv(tﬂflrgc'di?d ﬂr?’&ghﬁrhpg’yda\% 5 SXXf T cthoxy.
3-acetyl am no-4-[ (R) - 2-octyl oxy] benzoi ¢ aci d. 3 0 APR 2003 - 20

The term "1,4-phenylene which is unsubstituted or substi-
tuted by F, Cl, lower alkyl and/or lower alkoxy and in which 1 or 2
CH groups is/are optionally replaced by nitrogen" embraces groups
such as 1,4-phenylene, 2-fluoro-1,4-phenylene, 2,3-difluoro-1,4-
phenylene, 2-chloro-1,4-phenylene. 2-methyl-1,4-phenylene,
pyridine-2,5-diyl, pyrazine-2,5-diyl, pyrimidine-2,5-diyl,



f) A solution of 0.4 m of nitric acid and 0.3 nml of acetic acid was
treated portionwise with 0.1 g of 3-acetyl- am no-4-[(R)2- ocig %@(ﬁenzm C
at O-C, stirred at this tenperature for 10 m nutes and then A

m nutes and then poured on to 6 g of ice-water. The separated solid was
filtered off and then dissolved in concentrated potassium carbonate
solution. The solution was extracted twjge.-with 50 ml of ethyl acetate each
time. The conbi ned organi c phases were washed twice with 50 ml of water

each tine, dried over sodium sul phate, fi red,and then conc ntrated Thi s
gave 5- acetRyridazineR,0rdiyd- &n‘i(ﬂf gb‘&y cﬁgyfmﬁéog@l&& d‘rﬁ,hlrf was used in

the nexé Stlﬁibﬂ/yllbheut Z- Phidi@l’-lmuphfel Eneﬂ 2%31311fhidmﬂm;ﬂwmcwnd§ can be
reparea 1 n sim |

E- aPri no- 2- AYTigIE- P(gﬁligct%rggwfbﬁngo%‘t)yé WB%‘](%EX%BQ %461}%423@‘1 the

1

-[ 4- (trafdskd.- pentyl cycl ohexyl ) butyl] - 4-bi phenyl
5-am no2-vitro-4-[(R)-2-octyl oxy] benzoat e;
p- (traps-5-decyl - mdi oxan-2-yl) phenyl
5-am no-2-vitro 'El(f( R)‘:Im— odi4epeighexylens dn which one or two non-

p- (traps- 51{5(1§ %J '@rgh %nzbé"r}:ﬁhi%@&l' by O or S or one
h

5-am no2-vitg R 20c "
p- (traps-5- 'eﬂ'@\‘@l‘]anngél "Efihy) phEiyH-" includes trans-1,4-

5-am no4- [ (dy) )cié’hék yilenehet gdwelibrxie- 225nd yobmzamﬁanm 5rdiylsand the
(E)-1- hept gk‘%/ mdl oxan- 2-yl )phenyl am no

-[(2S, 3S) 211 uor o- 3- net hyl val er oyl oxy] - 2- ni t r obenzoat e;
-(traps-5-[(E)-1-heptenyl]-mdi oxan-2-yl ) phenyl

- am no4- [(S) 2- h tyl i be .

-[5- (traps ﬁFé YAnliﬁ’(rjll oxegli'(l- ’ﬁj% &frﬁdl ?—é ﬁ }1 4 tetra'lvlydro

am no- 4- alqp@r%fﬁgféyblnoyl 9] rth { HIBS rdesa 6 -diyl" embraces
p- Octyl meruﬁlshbatlmeam p% adérived- YtdmO-tﬂaxﬁs(-Ei)ecaoctyl oxy] benzoat e;

- (
L8 oSBT DR 408 0 s
n
a

2- ( p- octndpitbajehet2q§P jdigkrand Fhanlike- 2- vi t r o- 4- [ (R) 2- oct yl oxy]
zoat e; 3 0 APR 2003 - 21 4-[2-(p-octyl phenyl)ethynyl phenyl

m no- 4-[ S- hexenoxy (R)-propionyl-2-oxy]-2-nitrobenzoat e,

- (7- oct enoxy) -The) por-hinear optical compounds provided by the invention

m no- 4- [ait %\?@Q&‘ 'f?%psﬁ.ﬂgé'tﬁﬁyéd 511 ?n?i]bfbaﬁﬂﬁié r PRSI O%hfch combines

-a

-(3-trans- e pr opox

- ami no- 4[ a& 751@%@{/ ?Btﬁt ta&aﬂ] DRI 1P oBEYE e previously
- [ 3- (t r angtedctipedt Ek@dl@émh?ﬂbbn\,ﬂﬁ@.pCm}’]tme@Ydss5'oﬁrfb6ﬁrﬁbunds p-nitro-

C

d

"G ot by SBES Y HiAgleY sERRRIT DR, A8 dvadable’ SBrthide® ©
4- (5- heptylcaﬂ-lpyon mam be| preipamed , inN aNmatineyckobwny ipear ssodThesele,

4- (di met hyl I
ranner 1o B gﬁg . E’ﬁ%d@”égéﬂﬂé e Tay e SIS Pl hecs: poous
1Mt r

5-dinethy| s 4. gt ony)benzoate as yeIIOM/crystaIs of
melting point 6062~C and [a] D, 20 - +3~. The

5-di met hyl am no-2-vitro-4-[(R)-2-octyl oxy] benzoic acid used as the starting
material was prepared as follows: a) The esterification of

S-am no-2-vitro-2-((R)-2octyl oxy] benzoic acid was carried out anal ogously
to the synthesis of 4-(5-heptyl-2-pyrimdinyl)phenyl

5-am no-2-vitro-4-[ (R) octyl oxy] benzoate. This gave et hyl

5-am no-2-vitro-4-[(R)-2octyl oxy] benzoate. b ) A mxture of 0.05 g of

et hyl 5-am no-2-vitro-4-[(R)-2octyl oxy] benzoate, 0.13 g of sodi um hydrogen
carbonate, 2.5 m of ethyl alcohol and 0.5 m of nethyl iodide was heated
to reflux for 72 hours. The reaction mxture was filtered and then
concentrated. Chromatography of the residue on silica gel with

di chl or onet hane gave et hyl

5-di et hyl am no-2-vitro-4-[(R)-2octyl oxy] benzoate which was used in the
next step without further purification. c) The saponification of ethyl

S-di net hyl am no-2-vitro-4((R)-2-octyl oxy] benzoate was carried out

anal ogously to the

e

91—/ T U'I'D (J'I-hU'IC)'-bU'IU‘IU‘IU‘I-hU‘I'D -b'_'



3 0 APR 2003 - 22 synthesis of 3-am no-4-((R)-2-octyloxy]benzoic acg@. APR 2003
Thi s gave 5di net hyl am no-2-nitro-4-[(R)-2-octyl oxy] benzoi c acid. The

foll owi ng conpounds can be prepared in simlar manner:

4' -[4-(trans-4-Pentyl cycl ohexyl ) butyl]-4-bi phenyl

4-[ (R) - 2f | uor ohexanoyl oxy] - 5- di net hyl am no- 2- ni t r obenzoat e;

4' -[4-(trans-4-pentyl cycl ohexyl ) butyl]-4-bi phenyl

5di net hyl am no-4-[ (R) - 2-fl uor ohexarﬂ@yl‘oxy] -2-nitrobenzoate. Exanple 3

2- Ami no-5-nitro-4-[ (R -2-octyl oxy] benzoi c acid,

4- (6- heptyl 2-pyri m di nyl ) phenol, N, N -dicycl ohexyl carbodii m de,

4(di met hyl am no) pyri di ne and di M hane were reacted i n an anal ogous

manner to Exanple 1. This gave - yl -2-pyri m di nyl) phenyl :
2-am no-5-nitrlo-4-((R)-2-octyl oxy] benzoate of nelti mPPbi nt 10SC and (a] D;
zo = +19. The am no-5-ni tro-4 RNO2- oct yl oxy] benzki ¢ Nl d used as the

starting mat

Al was—prepa f ol | ows—a)—A sO 6n of 20 _g of
4-t ol ui di ne axe” 400 HNQMH28@nC i

N d = 1. Rafig.eat ed
dropwi se at 0C wit (&)l ution of 15 gopfornitric acifd (d = 12 Sbgng%‘
sul phuric acid ¢d = 1.84). The Pddtct i o, fyenperat ure NHgmai ned 3pgbamcPC.

After conpletion of the addition the reaction m xture was stirred at OC for
a further hour and then poured on to 1200 m of ice-water in such a manner
that the reaction tenperature did not rise above 25C. The reaction m xture
was further diluted with 4000 ml of water and then neutralized with sodium
carbonate solggdepn. The separategdygglid was filter edCCﬁl;L’ washed portion-
wi se with watlr, 'ﬁ?i ed and then echstaI l'ized fromg | al cohol. This

el Ty ksGoyni t r oapA e S yel | ow crysgal s«-NHhc) A sol ution of
10 g of 4- 3- attroattt i @' 40 -H—oef—acet | ydri de—was—heated to
reflux for nut eR!—0Me cool BT eact) AP0, Xt Ur eXwas treat edNnwbl/RA200 Nl
of water, coqyed to OC and then %j rred)#OHOC for 30 ninutes.2)kKbg 3 0 APR
2003 - 23 separated solid was filtered)tid.0and dri &8’ This gave 11 g of
4acetyl am no-2-nitrotol uene. c) A suspension of 10 g of
4-acetylam no-2-nitro- toluene) 8 g of magnesi um sul phate and 500 g of
wat er was heated to reflux and then treated portionwi se with 24 g of
pot assi um per %anate and 8 g of magn®&i um sul phate within 20 m nutes. The
reacti on m xpA e Més heated to reflux for 5 hours apdxthen filtered while
hot in or de rem\HEH MMRIues of edy pq:zn m xt ure was
made sl i % 2ci d and e separated soli s filtered=Off and dried. This
gave 5. é}%g of [ 4- ac B2ni trobenzoi ¢ actgh,of melting point 217-220C. d
) The saponi fP®'ati on of 4-acetyl anino-2-nitrobenzoic acid was carried out
anal ogously to the synthesis of S-am no-2-nitro-4((R)-2-octyl oxy]benzoic
acid. This gave 4-am no-2-nitrobenzoic acid of nelting point 244-245C . e)
A warm s i 0Ny Qf ~a/m no-2-nitrobenzoic acid, 5 mM of water and
3.6 m o%%gqﬁ%p%ﬁéﬁ%ﬂgﬁhﬂei c acid was cooled to O-C, treated firstly
wth 8.5 g of ice-water and then with a solution of 1.3 g of sodiumnitrite
and 2.8 m of water at O-C within 10 m nutes. The reaction m xture was
stirred at this tenperature for 1 hour, then treated with 1.8 g of urea and
filtered. The _ filtrate was added dropwi se during 10 minutes to a boiling
solution of 12 m of concentrated sul phuric acid and 8.3 ml of water. The
reaction m xture was heated to reflux for 3 hours and then cooled to room
tenperature. The separated solid was filtered off. This gave 1 g
4- hydr oxy-2-nitrobenzoic acid as yellow crystals of nelting point 230C
(deconposition). f) The esterification of 4-hydroxy-2-nitrobenzoic acid was
carried out in anal ogously to the synthesis of ethyl
4- hydr oxy- 3ni trobenzoate. This gave ethyl 4-hydroxy-2-vitro- benzoate. g)
The esterification of 4-hydroxy-2-nitrobenzoic acid was carried out

anal ogously to the synthesis of ethyl 3-vitro-4-[(R)-2octyl oxy]benzoate.
This gave ethyl 2-vitro-4-[(R)-2octyl oxy] benzoate with (a]D;20 = _9.4~.



3 0 APR 2003 - 24 h ) The hydrogenation of ethyl 0
2-vitro-4-[(R)-nitrobenzoate was carried out anal ogously to the si’ngtwgs?i @
of ethyl 3am no-4-[(R)-2-octyl oxy] benzoate. This gave et hyl

2-am no-4-[ (R) 2-octyl oxy] benzoate as a colourless oil. i) The
saponification of ethyl 2-amno-4-[(R) -_2—1gct_yl - oxy] benzoate was carried
out anal ogously to the synthesis of 3-amno4-[(R)-2-octyl oxy]benzoic acid.
Thi s gave 2-am no-4-[(R)-2octyl oxy] benzoic acid of nelting point 94-95.5C
j) The acylation of 2-am no-4-[(R)-2-octyl oxy]benzoic acid was carried out

anal ogously to the synthesis of 3-acegy¢hemgni2no-4[(R)-2-octyl oxy]benzoic
ony o

acid with [a]D;ZO - -4.4~. k) The nitrati
2-acetylamn =[ (R) - 2- oct yl oxy] benzoi c a?n[d—was carried out }é&l—q)gousl y to

t he synt hesi sNQf gSacet yl ami no- 2-vitro-4- [ (Rx-2- oct yl oxy] benzoi Bgg0i d. This
gave 2acetyl amfno-5-vitro-4-[(R)-2-octyl oxy]benzoic acid. 1) Th

saponificatio 2- aceY My/aRf . ~o0-5-vitro-4 ) - 20ct yl oxy] benz aci d was
carried out a gousl Wt hesis o

5-am no-2-vitr -4-[(R)-)i e lﬁﬁ]benzoi c agjd. This gave

2ani no-5-vi troB®-[ (R) - 2- oct yi oxy] benzoi ¢ gt d>ofhe\fol | owi ng ¢ S can
be prepared in an anal ogous manner: 4-(Nonyl oxy)-4' b'bg |yl

2-am no-5-vitro-4-[(R) -2octyl oxy] benzoate, mglting p
4-[5-trans-5- hep%l?gl - mdi oxan- 2-yl ) pyri di n- 2 I

2am no- 4- [ ( B anoyl ozy] - 5- ni t r offfeny
4' - (dec-9-e xy)?-w- RO —am @ octyl

oxy- (R) - pr opi hnyl - %W@S@E Ke@heptyl - 2- pyri m di nyl ) phynyl
2-am no-4-[ (S)-2methyl but yl 6xy] - 5-ni t r obenzgat[&] p- heptyl oxyphefyl
2-am no-5-vitro-4-[(R) -2-o¢syl oxy] benzoat e; 3 0 APR 200 - 25

4' - pentyl - 4-bi phenyl yl 2-am no-5-vitro-4-[ (R -2-octyl oxy] benzoat e;

p- (trans-5-decyl - mdi oxan- 2-yl ) phenyl 2-am go-5-vitro-4

[ (R -2-octyl oxy] benzoate; p-[2-(trans-4-pen\yl cycl ohexybyiggl] phenyl
2-am no-5 vitro-4-[ (R)-2-octyl oxy] benzoate MeOH/H ,0
p-[2-(trans-4-pentyl cycl ohexyl)ethyl]phenyl 2-am no-4 2 §asci3

S) - 2- f 1 uor o- 3- net hyl val er oyl oxy] - 5- ni t robenzoat €;

4' -[4-(trans-4-pentyl cycl ohexyl ) butyl - 4-bi phenyl yl

2-am no4- [ (R) - 2-f 1 uor ohexanoyl oxyJ -5-nitrobenzoate; COCH
NO, 1) PtO;
. coop 2L CHICOR0 NO,
M’ ~ 3) HNOZHAC
' NH, 4) 10% KOH o
[R] * [R]

DCC/DMAP

HO—@—RZ

NO, 0
\
M/ Q—Q—RZ
NH,
[R] ’
In these Schemes the individual substituents have the
5 significance given earlier.



4' -[4-(trans-4-pentyl cycl ohexyl ) butyl]-4-bi phenyl

2-am nob5-vitro-4-[(R)-2-octyl oxy] benzoat e; 70 APR 2003
p- (3-(trans-4-pentyl cycl ohexyl ) propoxyl ] phenyl 2-am no-4

[ (R) - 2-fl uorohexanoyl oxy] - 5- ni tr obenzoat e;

p-[3-(trans-4-pentyl cycl ohexyl ) met hoxy}pienyl 2-am no-4

[ (R) - 2-fl uor ohexanoyl oxy] - 5- ni t robenzoat e;

4-[5-(traps-S-heptyl -mdi oxan-2-yl)pyridi n-2-yl]phenyl 2

am no-4-[ (R) - 2-fl uor ohexanoyl oxy] -5-nitrobenzoate;

p- (traps- 5-[ (E) - Fohepl®n linohaiesx amlzcylesphdrigh themselves form S*.

2-am no4d- [ (R adof r s SRt oakey(2).acti :
4' - (traps- 5@?%)8- %Hﬁeg{ﬁﬁy?%ﬂ}ogg%%(caﬁl-sg?y?g)b@glbi%gh%nyI 2;/c[t1\2'c waveguide
ami no- 4- [ ( Rnaefialor ohexanoyl oxy] - 5- ni t r obenzoat e;

5-[ p- (heptyl oxy) phenyl ] - 2- pyrazi nyl 2-am no-5-vitro-4-[(R)

2-octyl oxy] benzoate; 5-(p-( 10-undecenyl oxy)phenyl]-2-pyrazinyl
2-amino-4-[ (R) 25 15660BG B 115 xiprmesd, by @B&E’EB Se;th“:X do not them-

g' £1I[o( (R§ r gpssélvlﬁ§“£dfl¥)1€ys*é)t|lﬂ?a‘£g§,pBﬁﬂ%/d/l]liclr, Zw @h'gxra‘ivl dcﬁ?ﬂiﬁh,nﬁhll(;uche S*lc]
- - 2-oct yl oxy] ben €o S-[p-{traps-4-pentyl cycl ohex en
- 2- pyr azi nypﬁés-‘eé#%oﬁll?@gg, 3¢ F&’?‘f‘f’w}’@é@%& hyl>/val>/er oyl oiy] E)5- viyt ro-
benzoate; 5-[p-[(R)-2-octyl oxy] phenyl]-2-pyrazi nyl 2-am no-5-vitro-4
[ (R -2-octyl oxy] gﬁﬁ%’,ﬁ;‘am dds) of - WAL YT odd RIS We used as

- - Zoct ate

2-am no-5-vitro- oxyJbenzo ;. ) )
4-[ 2- ( p- oct JAquIeEnSAs) EoRythe| TerBatien 206 nk-Gosidey chais pqlymers. whigh dame
benzoat e; 43 - feriBe1eBHEC CPIRALK). - 4FBE PO YppodedikBreh e npregerktly Riséd

Fl h | -5-ni.tr.obenzoat g;
uoro exanggm%é)a d3 of the geznerale formula

X! R3

R1QA1_R5

R4 X2 Ia

wherein X1, X2 R3, R4, R1 and Al have the significance given
above and RS signifies chiral or achiral alkyl in which,
independently of one another, one or more -CHj;- groups can
be replaced by -O-, -S-, -COO-, -HC=CH- or 1,4-phenylene and
which can be mono- or poly-substituted with F, Cl, CN, lower
alkyl and lower alkoxy.

Especially preferred compounds for the formation of
polymeric x(2) active materials are compounds of formula Ia in

which RS carries in the terminal position for example one of the
following polymerizable groups:

cl
CHy=\ CH2=( cH=( CHy=\ CH =\
coo— coo-, coo-, o— . 00C-

or

CHy=\
Ph—



3 0 APR 2003 - 26 4'-[(S)-3-nethyl pentyl]-4-biphenylyl 2-dinethyl am no-4
(2S, 3S)-2-fluoro-3-net hyl val eroyl oxy] - 5-ni trobenzoat e; hydroqui BQNEPR 2003
i s[2-am no-5-vitro-4-[(R)-2-octyl oxy] benzoate]; biphenyl

4' - bi s[ 2-am no-5-vitro-4-((R)-2-octyl oxy) benzoat e; bi phenyl
4,4' - bi s[ 2-am no-4-[ (R) - 2-f1 uor ohexanoylyaxy] - 5ni trobenzoate. Exanple 4 The
est erification of 4-[2-am no-5-vitro-4-[(R)-octyl oxy] phenyl]benzoate with
4- hydr oxy-4' - nonyl oxybi phenyl was carried out anal ogously to the synthesis
of 4'-(5-heptyl-2-pyrimdinyl)phenyl
2' ?21 no- 2| vi ” 0 Acf&r@ingbpcl,ﬂ -9pé] RERFHPAISymidts s WEMA can be manu-

nony y

2- [ 2. ant noTECBHERy 167 ERAmBlE: ioBelsETAIBeAsEYS afid, derivativesp 1c
transition sﬁﬁ@lsﬂtrﬁ/&ﬁ@cst andsiid dikd Sér @y pd§tierclikar reagtipmisniof (Ch- 1)

as the st adFRRETaruR aopedt hilode Sm"%\/éw 7130 SRBE T bt o of
car bon di oxifdeéhenthvendidme was i ntroduced into 10.5 g of nolten

m ni trophenol heated in 120-140~C until the cal cul ated increase in weight

had been reached. Pure carbon di oxide was |ntroduced to renove residues of
bromi ne from t heSWBESINSY, nAMAnE . these plodGtvenritgiipedeqiic rlagvidst al 1 zed

twice for 1@ @A‘}lué‘@b'ﬁahwsr%mOtrril)@uﬁ@sdof'ré"ut%tﬂﬁ(y@ 8eﬂa@1fples have been

4- br ono- 3- |cat|o brono-3-nitro nol was
carri ed outtound) SBaLi ghieq Hat%ﬁ@ha 357 SHaUE iy 10w teMperatres e 1R
3-vitro-4- [th&)pﬂ;wsylﬂwiéaanzm ElirarSogwe mduced in the S*c phase at a

1-b 2- t f
2 (o bronogHEREH \etiiafiEgh, TCSEath ARERE fofhs o ot MRebyiap ol ©
t et r ahydr ofasntm vﬁasrcmdlct@dlcdrltrpwds @rumér ghassr @genpar.tlcmlarlg dttrgatiNesi um
shavi ngs S%} hﬁtd&s‘f‘ﬁaf”ﬂ‘ste“rﬁnlag' 'tl%lltﬂd ﬂﬂbh&tﬁ’és %rbCpriderPbd t Bffef €aCLI ON.

After - ) le et on of the a m xt ure” was heat ed under
reflux for Oé.'lfffi}P freezing) 0k t Tfhémﬁé sion was 95% (by gas

chromat ography). 20 m of the soluti on of the Gignard reagent were added
2 mxture of 10 MO ok CriitPs ShRUpROIBBIISoETB R Giorhr Gompounds' of® ' ©
t et r ahydr offormmla Al,t espexiaily eof ofomiultahéa,acgﬂmbraiﬂty thave ethet ipropetietsur e was
war med sl o f t 30 mnutes. The
reaction m‘@o%rés@ohﬁﬂfg t%mi')j‘?éo3’%’(@ |nto %6{ antof (g[ﬂs%thggrgg oé)l c acid. The
sol uti on wisTragletricd $0 pPih@SQM% oM -4inegHi opiiealr Mﬁﬁ@ﬁl%ﬁad extracted
three tines with 100 nl of ethyl acetate. The conbi ned organic phases wer e
washed twice with_ 100 m _of. ter) .drjed over di m sul phat |tered and
concentr at ed. O#%ﬂ’g'tﬂtggPBBhﬁmﬁPnt RE F'é%ﬁ&‘ij’é"’éﬁ PPHE‘&"’&S ﬁhpgi)fﬁ’ﬁtsure of
et hyl acet as ethandght hadodt (thel bisalilityaie surface stabilized ferroelectric

4] 2- (4, 4-di | )] Rheny!

4-[2- (4, 4- (SREYY 9@8@%@0 11 )?Ehg Kno¥fH, Ferdbbfbcndc) fufy %rfbials T and
2.88 m of azwuéﬁg@@mly si@mmrhedmatbopucb agswme obisiahle awiiehing statgsctinre of

0.684 g of gl t*ﬁbgym);?reph}éd) -é1is( R TRe Ofd 1&38/]1E quqlca@ggiéa?gt rggt&éﬁph?»)fl and

[
bi
4,

4.6 m of to ye e reactiqn mxty %ﬁ o} ours with
vi gorous s#PRHZEG. DX CRMPCHSAIIAY, 1A OIGHOGECHNE o seistado MBYNERS- on and 1
m of concdnt t}ﬂtsedasaemmrdl blarabedensdr etozmla o blﬂﬁ:rft@ﬁ@hl qvhmhxttslre was
extracted with eetglen chl ori. '¥h organi ¢ phase

separ at ed, 4VB &RP&S rﬁ% ugeprhcd? OQnd) W@é%t"tcé’t €8nvéﬁ§l8ﬂat%ad‘r aphy
of the remb@uadopte&i thoou ghe lactiionh of ari shtont eeleétrit ipplseaceat electdic

cycl ohexan a )

2-[2" -vit rg) Sé/é) p@t)si‘t% nt%faﬁt? gﬁﬂ%ﬁenyﬁyﬁ ]ﬂlH1 oaCK IPI (f R 90)128‘2’0| ine. e)
0.62 g of phase matched orientation.

2-[2'-vitro-4'-[ (R -2-octyl oxy] 4- bi phenyl yI]4 4- di met hyl - 2- oxazol i ne was
heated to 95C while stirring é of drochh;l)rl,c aci d. After

cool ing) the prddi%iseite %ﬁscﬂ"l ©ro@dss p a‘r]i’& FeeAly \dispoveredi surfagat er .

T{te preci plbtiithble/\a‘éntd&%mheatsBR)Ocaﬂﬁ 3%“6"? {@xas peshut th s\mﬂlfl’rﬁ%lﬁcalt
irrin I N (0] e SO 1 ON 1 an er
Cvol 191 itk IR rSuede i e a c  Th spRuther s i BTEAS B, alihy £R' S5 o

APR 20D3 the aforementtoned nlo substances.



- 28 concentrated hydrochloric acid. The precipitated solid was fikbeA’Pﬁ%{B
off. After drying in a vacuumthis gave 0.48 g of

4-14' -[ (R) -2o0ctyl oxy]-2' -ni trophenyl ] benzoic acid. f) The reduction of
4-[4'-[ (R -2-octyl oxy] -2 -ni trophenyl ] benzoic acid was carried out

anal ogousl'y to the synthesi s of ethyl 3-am. no 4- [(R) 2-octyl oxy] benzoat e.

Thi s gave 4-[2-am no4- | 0% en I oi,c, acid The

acetylgatl on E)f 41‘{021’§Fﬁ[tg\ °4°P(‘ y B%Fgﬂ ] @&gQUPEdg}E‘Fwaas carri ed

i d TS Py s Sacabyl “a p [Qé" Do aIS““‘"”ﬁed%‘ RLL‘?E‘“CO’???“LBQEZ? '
i i i

The nitrati gﬂd@) 41 f-gﬁa&éf’y PS go%’ﬂ%eﬁe%ztjt% %‘5 ﬁ‘%}ln]gbi € acid was

carri edI out i revea tixgo us| y( ?bactme shayenesi In ghis case, y applying a

5-acetyl amn nitrao ) T

4-[ 2- agetylﬁeﬁ'laﬁg !5}’ Pt“?o é}Bi%eR % (?3%/?{# ﬁhlg%ygﬂ%nzo%igg%d%m)n The

saponi fi cat t&tmmfaxtdhéhg_mmg @ng[ Faative. hlS orientation is retained ‘only

4- [ 2acEtyl ap ﬁ%ng B} Q- field Ry~ Z5 58! OAHANERY NoEREOhEs 364¢h Wdtci | e

out anal ogou?tl esi 2
S- ami no- 2- nP poth& WZT BXSS- IR P B&Hzactiyg gstatgy s gave
4-[2-am no-5-nitro-4-[(R)-2octyl oxy] phenyl ] benzoi ¢ acid. The follow ng

com()guag;t)c/?n be r‘wﬁgri)ed g athyanalef) A 3kiTed §h the art that the
4-[ 2- am no-ﬁrwxbuml—y4[demnbedcpymbk] pmelybf bidvez S&t:ephdde.al§&-dpply 78 176. 1C.

4' - (4- Hept

4-[(2-am' P i ?é‘gé}ﬁ‘l”[d(eﬁ)feﬁroel?CWSXEh% eyt fhandoada MpXPc 1) 95-96. 10
transition: (SA-1) 74C. 4'-(4-Pentyl phenyl) phenyl

4-[ 2-am no- 5- ni t Eghklyd ﬁ@m@ QﬁttYwJ ﬂcﬁl‘eé]lé e@ﬁ”ﬁé’@dr@mé’lfb the” AVenk42€C,

transition (.S 160. ran

4-(2-trans- épgemlill fli’sf’ ll&yTefﬂ')'e[“feaﬁ? nBes accompanying
nitro-4-[( R)lraz,vmgtsylmxyqlﬁbbﬂyl ] benzoat e. Mp. (CGSp), transition 3 0 APR
2003 - 29 (Sp-Ch) 132C, transition (Ch-1) 139C, nonotropic transition,
(S*~Sp) 62C. 1, 4-Phenyl ene

bi s[ 4- [ 2- ani no- 5Fig.t doist-4 (dRgranmagicosgtinentirpbghzeawavegupde (edemont,175,
transition fgg Ch) 186C, transition (Ch-1) 201 C. Exanple 5 The
esterification of 4-[5-amno-2-vitro-4-[(R)-2-octyl oxy]phenyl]benzoic acid
vmth 4- hydroxy-4' -octyl oxybi phenyl was carried out anal ogously to

- (5-hepty- 2- pyFi z;lu@yh) ghairimmkatit ngectionl ttheodeH (40 -Atarakyivexy]
benzoate Thi s

4' (octyl oxyV4Y S\éf;}h %yFQPf&ﬁ‘{rétlé’ﬁ‘l no- 2-vitro-4-[ (R)-2octyl oxy] benzoate. M p.
(G 1) 177.8-180.5C, transition (Sp-Ch) 128C, clearing point (Ch-1) 150C

The &1 5-an no-2eyq £ oepl Rl 2ot fxﬂéma%h] %@é’ggm@% d as. the

starting materja roxypheny )ben20| C
aci d was eshaying é@PvﬁtIWtéfmd?fola digaid geystal cellt ABd sGAMPELSIBE ofWet hy|

4- hydr oxy- 3gl!l's§rﬁta%b2qat? cJﬁ‘t'eS WJM? tehmg arénl( 4lévtesdesy Megy! )F&.ﬂ?ﬁi&i@ b )
The etherification of Ef’gé (AI ogsgé‘f benzoat e scarrlad out
2nal ogous! ywgeaireaied lbnalhg Tapbs it 8 (108 TelBAGNS 1adeT itz oat e
Thi s gave edispbsed [eh [thB) el2caoidg! m&drpheWIﬂertr&nctmﬁﬁc Hjuidecrystal 4 is
saponi fi cat ( Ly | ] ri ed out
anal ogousl yd@@o?%d eﬂg&ﬂ Ae}lm[t@e &%a%q% éﬁF? ?%E%ctbﬂ{gq?gen%?csgcﬂl’g Thi s
gave 4-[4- (lmgugb@(ystgky;pﬁégmlyy)emzs(pa@eac(m@t shown). The cladding layers
homogeneously orient the liquid crystal layer and are also used for
guiding the optical waves in the liquid crystal. An optical grating 8
for coupling light into the liquid crystal layer 4 and an optical

grating 9 for coupling light out are embossed in the cladding layer
3.

During manufacture, the space between the coated plates is
filled with a ferroelectric liquid crystal mixture and homoge-
neously oriented in the electric field. In the ferroelectric phase, a



d) 3 g of 4-[4-(R) -octyl oxy)phenyl]benzoic acid were dissolved in 110

of glacial acetic acid at 95C. A mxture of 9 m of fumng nitric aé.UdA%RqulU}
9 m of glacial acetic acid was added dropwi se to the solution. The
reaction mxture was heated while stirring to 90-95C for a further hour and
then heated to boiling for 10 m nutes. Thereby about 40 m acetic acid
were distilled off. 3 0 APR 2003 - 30 l7he reaction nixture, cooled to
roomtenperature, was poured on to 250 m of ice-water and the resulting

s]9I i4d[\§/as_ I'd élelrf?%doi‘sf a Fayﬁhal Alig I@ggﬂe ranmlﬁazﬁemﬂfhﬂh@q?@ﬂ% gave f2 6 g
0 - -nltr 00,4 enzol acl € r,educ (0}
4-[3-nitro- ﬁ’?f?‘% él%lég éﬂ&‘/‘}(} }ﬁ‘g%f:iﬂ&]én?g }}q g 0 f Ue

anal ogousl yptl@te: heTﬁE“hﬁQ&lr& i idlyd Belaw nhedgldsk) tdmpetatiioewWhidazthet e.

Thi s gave 40{3? ?}FAH %R&p & %hgf(%ghgf%lmﬁn&%ﬁteac'lzijerf Xs Wézen in

acetyl ation up of

4-[ 3-am no- 4 (gRssA aeatgl oxy] phenyl ] benzoic acid was carried out anal ogously
to the synthesis of 3-acetylam no-4-[(R)-2-octyl oxy] ben20| c aC| d Th| S gave
4-[ 3-acetyl am no-4-[{R)-2-octyl oxy] phenyl ] benzoi ¢ aci d.

4-[ 3-acet yl am no- 1414;%1@ Q)rom @cﬂ@ﬂeéx %ﬁmlit%ﬂal the;ded Wérlg déidéﬂlﬂl‘?ﬂ

several portih@nstheOwhavBgliid®felen®nxt Wi odfe Wt fhe gsrqnﬂ gl agibdsséd ini ¢heci d
(vol. 2:5) ¢ ition the reaction

gﬁ[ldvmlthlce @Pte qn&éetlon of the ad
m xture was "li Ingy 1ayerp-§0 ¢ he, 15 PIBPASHES e85 4Ry SHIACTHAM on to
100 M of i d=aat dn. aThoder efl’ﬁEt ahamicserl | dfwde flayaretlddknéss amd Weesshed wit h

wat er. The

4-[5-acetyl éﬁn%?é-dj{]gqf rprOHa%? 08¢ og)r& t%%eny ﬁetl)]e relatlcvea t|odt}\)/\?as used

wi t hout f ur thegctinm iafi ¢be | dincetort e shiprdie RIOPagRMPRNCONSIENtH ) of
saponi i cat iypg 'T’f':’ H}?d@cc‘ihy @”!1 st 4R vaaluc such that the second

4-[ 5acetyl a[BaaE -nitro- @Ft yl oxﬂ1 hené/ Jtlgenzm c, acid \Mis carried
Out ana| Ogo J)’}’XQIBC'[ Béng%? egi% non-iimear (o] ]Clent d2] traV

5- am no- 2- nithfeugh [thB)&y@eththbwzmamlﬁﬁgdanJ hissirgate fidi®n nof af TM-

4-[5-am no-2-ni tro R gctyl,o nyh b o) T oW n
coErpounds ci Iév rJeE)a%\édthic eéﬂ é%afﬁ 8%12 m%r#él&'d%%eq“al Ql%d ?hé wng

-[ 2- (tran§re1qqmmyydoyb1e(d1&(yv¢eanwqumm>é¢@lout via the second optical
4-[5-am no - 4= t 30 I oate. M C
16%5. 5-167. 6%@1&{@ §"L“°E§%S§§h§ﬁy ep)r%%@%%yllmz P (&)
4-[ 5-am no- 2- nltro 4-[ (R) - 2oct yl ] phenyl ] benzoate. Mp. (C 1) 187.2-188. 3C

2 ([JSAPR 2003 - fjAs 4an "%féfrﬁhﬁwpﬁﬁ@ﬁh lmﬁbm vmt a gratmg, éslc)ieslcé'%be 138, 0C
am no-2-vitr en enzoat.e.

Exanpl e 6 ‘F’aéﬁ%r%‘[eghg%l ¥1:§l‘€ @Pyi F?/I%%R:}%rﬂfe@% E

4[ 2- am no- 5litetatare- i@y -B& acted.oxy] phenyl ] benzoate} : A sol ut| on of 1 g of

4- (11- acryl oyl oxyundecanoxy) phenyl 4-[2-am no-5-vitro

4[ (R) - 2-oct yl oxy] phenyl | benzoate and_2.4 ng of a, a' azoi sobutyronitrile in

2.8 M of toluen lgs% VTt lopsicgdnway e paidef @ﬂemgntnqomﬁﬁauwwséwédnly

heated at 7Qevif] Qa%PWhV@Sﬁéﬁodl@ﬁlWSEBE‘dr Strubidre! 9@9'1‘:1”9‘1%;;51

pol ymeri zati on m.xture to roomteégjera re the separated

Filtercd of COMBIIRS BIQ Iash, BIBIGH lof Tt SORLEN, AV BL IEARSPRIRI SIGRITQSES; s
sl owl y adde@,déopHeweter,3fHe rdlecroded ltavel a whaimedysttiezupe| ysedr for

proet P oL o= pffeay, 7aebteCRERBE°bE 4%, Rl AT Taket” CBRTBRR, ur

11-acryl oyl (suyimdettramrly):lﬂthhyg layers 3, 5 with a low index of refraction

4-[ 2- | t gt
L8 T o e rputed oo ohl EREIMBIABRSOR Shysflestc gyl
4-(11-acryl @yyﬁ)aqudécéw;@h befeen the coated plates. Optical gratings 8§,
4- [ 2ani no- 5gvighf %ﬁgﬂﬁ@ 11 h Cintb Oxavd F&\R”ksf]tlh@nlzigai& dt59@l aRykhes Srar ti ng.

mat eri al ol | o xyundecanoxy) phenol: A
m xture of 9"‘3"2}%‘3@11%"0 %d@@gab‘!g alﬁéfeg é of hydroquinone in 200 m of

2but anone as well as 4 g of potassium carbonate is heated under reflux for

o1 The' res: due 1Hs SREiPshtf Ahkolsnrh oFfeC: ﬁﬁﬂ%"é&lﬁfe 2B (2R,
times with 2800 @ denaies odae( \IMN;)J zsrqlfemw:w fi’d}d@@h@lf@ 1 swavei mdeach
time and sutBsqgu tlgygbg\%moﬂmé d%@ﬁpr The soI ut| on is dried over sodium

sul phate, filtere apor at e Recrystal lization froma small anount of
ethyl acetate gives 4 g of 4-( 11-hydroxyundecanoxy)phenol. Mp.: 99-100.5C



b) 4-(11-Acryl oyl oxyundecanoxy) phenol: 5 g of

4- (11lhydroxyundecano~:y) phenol, 12 g of acrylic acid and 0.85 g P APR 2003

pt ol uenesul phoni ¢ acid are di ssolved in 250 nL of chloroform The reaction
3 0 APR 2003 - 32 mxture is heated under reflux on a water separator for
48 hours. After cooling the reaction n% ture is washed twice with 100 nil of

a 10% (w v) sodi w0y dLagen e BARRn O idihan BRGRIA THeaMth-HRARANES! | Y

three times with er eac ( ng} e organlc phase
over sodi umcoeffibkené tbe tohber vsask mL§M|1§tW“I§§do¥f\‘ q mmethgises 5.2 g

of 4-(1llacr d | FiM n. 72-74C. c)
4-(11-Acryl g}%ﬁ%&?ﬁ?&%ﬁ%ﬁ%‘%ﬁﬁ%% [ég/lam no-5-vitro-4[ (R) - 2-octyl oxy] pheny

| ] benzoate: The esterification of
4-[ 2- ami no- 5-vi tWhﬁ%n@o@cwﬂlow]ﬂhfsmaltc}d)emzmncreadedal\l\nb the

4-(11-acryl ?ghoé% %?a'?}‘% %%yrf%%gfﬁ’aﬁz}%h‘iﬁé eSbeet E‘Hﬁﬁw%‘%ycﬁﬁaf he

synthesis o
[ 5- ami no- 2- compounds Bava- cthf:ylsamc] gﬂmgzl Htamsitden e t¢rEpanatuee8) andrhthe gave

2.6 g of 4-(11- o] d t
4-[ 2am no- 5-%/1}1[ F%{E) i&g{-ég(:??/ S/] plﬁenym 2 %Salttee st rrlan5| tion (KI-KI'I)
56.5 - 58C, mp. (KI I-1) 68C The follow ng nononers can be prepared in an

anal ogous manner THe (Gbbréeiati ohsl @swn@@padmu&mmng the phase

4-[2-am no-5-vitro-4- - 2- on hen Lbenzoate 4-(
11- et hacr y M8\ Sbt}?%d&‘é% )Eﬂﬁ
4-[ 2-am no-5-vitro-4-[(R)-2octyl oxy] phenyl]benzoate
4-[11-(2-chl oroa Vs y] phenyl 4-[2-am no-5-vitro-4-
[ (R -2-fluor ohexa%;lo%/?%é@)%ﬁ ﬂ&%fﬁgﬁébate 4-( 11-vi nyl oxyundecanoxy) phenyl
4-[ 2- ami no- 5-vi trSostar{d(SRMcsnwanqz] phenyl ] benzoa~e,
ol y{4- (10-vinyl gxy yétées‘i %rpﬂﬁeé't‘xc A, B, C etc;
[ 2- am no- 5-vi t[&? ’4- 2 oct%sngwy %/HetégngatFe)ezc
[11-(4-styryl) ycu ;
ﬁlaznélno 5- v: §|N:) ﬁa%dﬁﬁpcﬁy;hqﬁy] phenyl ] benzoat e,
-(4-styry un anoxy
[ 5-am no-4-[ ( 2 ’Efsf 38&‘5{@ t%ﬁ’f;l’val er oyl oxy] - 2- ni t rophenyl ] benzoat e,
[11-(4-styryl) Eresﬂaylﬂenﬁnxysmtdepmnoxy] phenyl
[ 2-am no-5-vitro-4[ (R)-2-octyl oxy] phenyl ] benzoate, 4-(
10- undecenyl oxy) phenyl
4-12-N, N-di met hyl am no-5-vitro-4- [(R&@E&Mxy] phenyl ] benzoate, 4-(

11- acryl oyl oxyundecanoxy) phenyl 4-[5-am no- 2- vi tro 4-1 (R - 2 octyl

oxy] phenyl ] benzoat 0< APR 20Q3 ners.can be
manuf act ured t he (ﬁ &m i A" B{Eo rﬁaﬁﬁgfz octy oxy?bg nzdi¢" acid,
0.1 g of 4-(5-heptyl-2- pyr1m1d1ny1)phcnol and 0.04 g of 4-

(dimethylamino)pyridine were dissolved in 10 ml of dichloro-
methane and the solution was treated portionwise within

10 minutes with 0.07 g of N,N'-dicyclohexylcarbodiimide while
stirring. The mixture was stirred at room temperature for

40 hours, filtered and concentrated. Chromatography of the
residue on silica gel with ethyl acetate/dichloromethane (vol. 1:8)
and recrystallization from diethyl ether/hexane (vol. 1:1), gave
0.09 g of 4-(5-heptyl-2-pyrimidinyl)phenyl S5-amino-2-nitro-4-
[(R)-2-octyloxy]benzoate of melting point 105°C,

p
4-
4-
4-
4-
4-
4-
4-

The S5-amino-2-nitro-4-[(R)-2-octyloxy]benzoic acid used as
the starting material was prepared as follows:

a) A solution of 10 g of 4-hydroxy-3-nitrobenzoic acid
and 370 ml of ethyl alcohol was prepared and then hydrogen



poly { 4-( 11-Acryl oyl oxyundecanoxy) phenyl

4-[2-ami no-5nitro-4-[(R)-2-octyl oxy] phenyl] benzoate } , poly { 4-§0 APR 2003
11- et hacryl oyl oxyundecanoxy) phenyl 4-[2-am no

5-vitro-4-((R)-2-octyl oxy] phenyl ] benzoate} poly { 4-]

11- (2-chl oroacryl oyl oxy) undecanoxy] phenyl- 4-[ 2

11 Vi ny! oy EHIGEIn e, Bsny NEAOEEL Aok ST o) TR Rf el oéyfepﬁ‘gésyu
5

benzoate } poprddy drt-to 1GOH myl oﬁylcarwatwl dedamlmc(ysqménwd i avdo-

t 4- t I
\1“1 EZ stg/ﬁy %&%ﬁ %gg%%ﬁg%nylngﬁgﬁ }ﬂcogBP ahd 4Yried. This gave
vitro-4-[( r52go©lfybd)oyl] Uyﬂr%y&@attr@penwty pfasmelting point 68.5-

11-(4-styryg PRKy] 4-[5-am no-4 [(25,3

S)-2-fluoro- -netﬁﬂféé o;? gy] '2-ni trophenyl | benzoate } , poly { 4-]
11-(4- styryl)nethyleneoxyundecanoxy]phenyl

4- [ 2am no-5-vi trgy4- [(AR)mzxmébeW]gheflyéthb@mzqﬁtcﬁo}{y -3 ritrobertbate,

St r o F%ﬁ?“e”ﬁc@ axgrief il o609 oporyassion
11- acryl oy| canhomdes aarodky) pOenly |of4 elbylamethyl ketone was heated to reflux
vitro- HF’%Ivgnﬂgpt/' O@ﬂbl‘}%gﬂléhllgk %atc%blehd %%epbg IndAH ahYr Soded

pol y{4' - acryl oyl ox ecan

[ 2- ami no- 5- inter avatef (F ZcUé@?tledx} ﬁ;ﬁ@‘erﬁmfﬁ)ewl hzo'%QBﬂ ofhdigfhyy nethes at i on
of 4" -(11-agfoy aymexyuTHecabmbined- bt BYthses were washed with 500 ml

anal ogousl yof oWBH: pifigAeoN Sk IAPHGS AT VTG COTEIh At o F oA

4-[ 2- am no- Ehnoina wzx[aﬁ:)ﬂi)y- Z}fochgllm;dlwﬂemyls]lhengel a)/ltthdnshlgmme&uﬁ& g of
pol y{4'-(11l-acry a

4-[ 2-ami no- %‘%(/?t$ 812' gt@%@(@]—m gnﬁ%é %x(ya? e}l_zoﬁeasass torfan5| tion:
90C, transiy¢lbow( &il:- SA) about 140C, transition (SA-T): 270C. 3 0 APR
2003 - 34 The nononeric 4'-(11- acryloyloxyundecanoxy) 4- bi phenyl yl

4-[2am no-5-vitro-4-[(R)-2-octyl oxy] phen at,e use sthe tarting
material was prefar edg"asmetI“IrGV\B? ¥7p ¥ ‘]38’ 3 nitro4 ?(1?) 2-0 f

j E'ygr oxy- jox&]ﬁcdl‘bdwxmdmaﬂbmﬁ lvtﬁbw&ohahavsy nh?@ﬁ)%mfted over o
ydr oxy ar ut_ _analogously to
% p‘\flﬁtﬁgﬁ Exg%‘l%ege@a h| S gave

t he synt hespsl( Eyd@ rﬁy_ﬁ&gianox 2:12’19

4 hydr oxy- 4f1n(slmdhydl’h&yumkymnway) fillfeed yoif whe. thclinltmwcxvab)

11- A h f
- h§drox§rW{f%’ﬁegfﬁﬁf?eéan%xﬁ?ﬁxw‘ﬁgep"r@‘dug S“eﬁﬁ“a‘% gbfqginglnogousl y
to the estedi @mméthaﬁe 483va - h@goﬁuﬁ@bihn%mmﬂoi( EXQRIVEO%H) . Thi s

gave 4' - (1lpagiddteYALx EoleedBax it 4hydr oxybi phenyl. M p.:91-92C c). 4'-(
11- Acryl oyl oxyundecanoxy) - 4- bi phenyl yl

4-[2-am no-5nitro-4-[(R) - 2-octyl oxy] phenyl ] benzoate: The esterifi- cation
of 4'-(1lacryl oydoxyuAdeEInnbn) of - Byslgoxyf beghdnBlamino-4-[(R)-2-octyl-

anal ogoust ySFUGEoRis Mt of SYMRREEY I PR HC ity ecanﬁﬂgi‘p%eﬁfﬂ N

X
4-[ 2- ami no- petaissium y@omeCWIsohﬂtedph@nm IUEréUa fhquEga s6cof. th s
gave 4' - (11 kAN g&‘e{ eReaim bhlﬂ’@e %actlon mixture was firstly
4-[ 2- am no- V|tro- - - -oty oxy oat @1

transition t(rgg\t_qd) Wlﬂ%? rypies. ?P e(r} dﬁa SpSh%héPy 84 "THE fol | owi ng

nononers cagomeemiasar Eﬁlpkﬁlrﬁf\ ah@l odpves sepangted solid was filtered off
and dried. This gave 0.44 g of 3-amino-4-[(R)-2-octyloxy]benzoic
acid with [a]p;® = -29.30.

e) A solution of 1 g of 3-amino-4-[(R)-2-octyloxy]-
benzoic acid and 12 ml of acetic anhydride was heated at 90°C for
1 hour and then treated with 100 ml of water. The solid formed
was separated from the cooled reaction mixture and dried. This
gave 0.9 g of 3-acetylamino-4-[(R)-2-octyloxy]benzoic acid.



4' -( 11- Acryl oyl oxyundecanoxy) - 4- bi phenyl yl

4-[2-am no-5nitro-4-((R)-2-octyl oxy] phenyl ] benzoate, 4'-( APR 200

11- acryl oyl oxyundecanoxy) - 4- bi phenyl yl 2-am no-5nitro-4-[(R)-2- octyl o>f>R] :

benzoate, 4'-(11-acryl oyl oxyundecanoxy) - 4- bi phenyl yl

S-am no-2nitro-4-[(R)-2-octyl oxy] benzodbe; p-[trans-5-]

10- (2- chl oroacryl oyl oxy) decyl ] - m di oxan- 2yl ] phenyl

2-am no-5-vitro-4-((R)-2-octyl oxy] benzoat e,

5- (p-undec- 10- enyl oxyphenyl ) - 2- pyrazi nyl 2-N,N

di nmet hyI ani no- 44 ( R) -&- $olutioshef addymbxgf 1itrif tacibetnd H-d ml of 8S2R 2003 -

35 4 - XY SRS #- 0. plrervf! B-adetgt namino-4-[(R

5 nltro 4- %(:%ag%g ﬂel%é(@] IXgiétnz YSQ:XW/H ¢ 3 £ R).
-[8-(2- cm-ochowyn%«/mmay) @ét?l"@yfmeﬂu ahdhis yemperairg, tor

6 met hyl - gtefs' wdoftﬁéanavl 209C- fomni 10 afientssatand [thes poured on

f1 ﬁugfgyla,ofll(t&;( gfqeﬁgq%h@gg W% éfrﬁ?qcf osé)i #‘so fltered off and then
2- am no- 4- [{idspl4Bd S8 - éommyitea potzyslsamnducammﬂeysphmomraawenw

t 4- 2-chl h | dmt th
57 o B AL A R 0 o et s e
10- met hacr yI'ley | combimd )dr@nnuatwlasenewfe@w wshed povigee Mt

manuf act ur %gaiqqoggolggﬁh%gouﬁ cABRRRE §(5(ﬁmﬁ hgﬂ@hgfgerrﬁmwr@@egn@mmr s: Poly

{ 4" -( 11-acry canoxy

ani no- 5- vi toagcgntaed - o@f@ﬁo@]"ﬁheﬁ%ﬁ)ﬁ%?ﬁﬁ?%’ IHo-§- [{(RQ"Z
11-acryl oyl yindgeenesic) adidi Whivhylwis drsedi i thevinexo- s431[)(ﬂ)th2>u®ct yl oxy]

benzoat e
J further purification.
The following compounds can be prepared in similar manner:

4-(Nonyloxy)-4'-biphenylyl] 5-amino-2-nitro-4-[(R)-2-
octyloxy)benzoate, m.p. (C-I) 140-142°C;
4'-[4-(trans-4-pentylcyclohexyl)butyl]-4-biphenyl 5-amino-
2-nitro-4-[(R)-2-octyloxy]benzoate;
p-(trans-5-decyl-m-dioxan-2-yl)phenyl 5-amino-2-nitro-4-
[(R)-2-octyloxy]benzoate;
p-(trans-5-[(E)-1-heptenyl]-m-dioxan-2-yl)phenyl 5-amino-
2-nitro-4-[(R)-2-octyloxy]benzoate;
p-(trans-5-[(E)-1-heptenyl]-m-dioxan-2-yl)pheny1 5-amino-
4-[(R)-2-fluorohexanoyloxy]-2-nitrobenzoate;
p-(trans—S-[(E)-l—heptcnyl]—m-dioxan-2-y1)pheny1 5-amino-
4-[(2S,3S)-2-fluoro-3-methylvaleroyloxy]-2-nitrobenzoate;
p-(trans-S-[(E)-l-heptenyl]-m-dioxan-2—y1)pheny1 5-amino-
4-[(S)-2-methylbutyloxy]-2-nitrobenzoate;
4-[5-(trans-5-heptyl-m-dioxan-2-yl)pyridin-2-yl]phenyl 5-
amino-4-[(R)-2-fluorohexyanoyloxy]-2-nitrobenzoate;
5-(p-octylphenyl)-2-pyrazinyl 5-amino-2-nitro-4-[(R)-2-
octyloxy]benzoate;
5-[p-(trans-4-pentylcyclohexyl)phenyl]-2-pyraziny1 5-amino-
4-[(S)-2-methylbutyloxy]-2-nitrobenzoate;
4-[2-(p-octylphenyl)ethynyl]phenyl 5-amino-2-nitro-4-[(R)-
2-octyloxy]lbenzoate; :



poly { 4'-( 11-acryl oyl oxyundecanoxy) - 4- bi phenyl yl 5-am no
2-vitro-4-[(R)-2-octyl oxy] benzoate } , poly { p-[trans-5-] 30 APR 2003
10- (2-chl oroacryl oyl ) oxydecyl ] - m di oxan-2 yl ] phenyl 2-am no-5
-vitro-4-[(R)-2-octyl oxy] benzoate ) ,

pol y{net hyl [ 5- ( p- undecyl oxyphenyl) 2-pyfazinyl 2-N, N

di net hyl am no- 4- Ll(-r%x@u ggr A l?]gﬁwg]rﬁe%,t r@ggmﬁﬂ; al ?5'1?8‘)?&?éxyp°| y {

4-( 11-rmethacryl oy
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The 5-dimethylamino-2-nitro-4-[(R)-2-octyloxy]benzoic acid
used as the starting material was prepared as follows:

a) The esterification of 5-amino-2-nitro-2-[(R)-2-
octyloxylbenzoic acid was carried out analogously to the synthesis
of 4-(5-heptyl-2-pyrimidinyl)phenyl 5-amino-2-nitro-4-[(R)-
octyloxylbenzoate. This gave ethyl 5-amino-2-nitro-4-[(R)-2-
octyloxy]benzoate.

b) A mixture of 0.05g of ethyl 5-amino-2-nitro-4-[(R)-2-
octyloxy]benzoate, 0.13 g of sodium hydrogen carbonate, 2.5 ml of
ethyl alcohol and 0.5 ml of methyl iodide was heated to reflux for
72 hours. The reaction mixture was filtered and then
concentrated. Chromatography of the residue on silica gel with
dichloromethane gave ethyl 5-dimethylamino-2-nitro-4-[(R)-2-
octyloxy]benzoate which was used in the next step without further
purification.

c) The saponification of ethyl 5-dimethylamino-2-nitro-4-
[(R)-2-octyloxy]benzoate was carried out analogously to the
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melting point 105°C and [a]p;*® = +19°.

The 2-amino-5-nitro-4-[(R)-2-octyloxy]benzoic acid used as
the starting material was prepared as follows:

a) A solution of 20 g of 4-toluidine and 400 g of
concentrated sulphuric acid (d = 1.84) was treated dropwise at 0°C
with a solution of 15 g of nitric acid (d = 1.48) and sulphuric acid
(d=1.84). The reaction temperature remained below 0°C. After
completion of the addition the reaction mixture was stirred at 0°C
for a further hour and then poured on to 1200 ml of ice-water in
such a manner that the reaction temperature did not rise above
250C. The reaction mixture was further diluted with 4000 ml of
water and then neutralized with sodium carbonate solution. The
separated solid was filtered off, washed portion- wise with water,
dried and then recrystallized from ethyl alcohol. This gave 23 g of
4-methyl-3-nitroaniline as yellow crystals.

b) A solution of 10g of 4-methyl-3-nitroaniline and
40 m! of acetic anhydride was heated to reflux for 15 minutes.
The cooled reaction mixture was treated with 200 ml of water,
cooled to 0°C and then stirred at 0°C for 30 minutes. The
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reaction mixture was heated to reflux for 3 hours and then cooled

to room temperature. The separated solid was filtered off. This

gave 1g 4-hydroxy-2-nitrobenzoic acid as yellow crystals of

melting point 230°9C (decomposition).

f) The esterification of 4-hydroxy-2-nitrobenzoic acid was
carried out in analogously to the synthesis of ethyl 4-hydroxy-3-
nitrobenzoate. This gave ethyl 4-hydroxy-2-nitro- benzoate.

g) The esterification of 4-hydroxy-2-nitrobenzoic acid was
carried out analogously to the synthesis of ethyl 3-nitro-4-[(R)-2-
octyloxylbenzoate. This gave ethyl 2-nitro-4-[(R)-2-
octyloxy]benzoate with [a]p;2® = -9.40.
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2- octyloxy]benzoate as a colourless oil.

i) The saponification of ethyl 2-amino-4-[(R)-2-octyl- oxy]
benzoate was carried out analogously to the synthesis of 3-amino-
4-[(R)-2-octyloxylbenzoic acid. This gave 2-amino-4-[(R)-2-
octyloxy]benzoic acid of melting point 94-95.50C.

) The acylation of 2-amino-4-[(R)-2-octyloxy]benzoic acid
was carried out analogously to the synthesis of 3-acetyl- amino-4-
[(R)-2-octyloxy]benzoic acid with [a]y;?® = -4.40,

k) The nitration of 2-acetylamino-4-[(R)-2-octyloxy]-
benzoic acid was carried out analogously to the synthesis of 5-
acetylamino-2-nitro-4-[(R)-2-octyloxy]benzoic acid. This gave 2-
acetylamino-5-nitro-4-[(R)-2-octyloxy]benzoic acid.

1) The saponification of 2-acetylamino-5-nitro-4-[(R)-2-
octyloxy]benzoic acid was carried out analogously to the synthesis
of 5-amino-2-nitro-4-[(R)-2-octyloxy]benzoic acid. This gave 2-
amino-5-nitro-4-[(R)-2-octyloxylbenzoic acid.

The following compounds can be prepared in an analogous
manner:

4-(Nonyloxy)-4'-biphenylyl 2-amino-5-nitro-4-[(R)-2-
octyloxy]benzoate, melting point 133-134°C;

4-[5-trans-5-heptyl-m-dioxan-2-yl)pyridin-2-yl]phenyl 2-
amino-4-[(R)-2-fluorohexanoylozy]-5-nitrobenzoate;

4'-(dec-9-enyloxy)-4-biphenylyl 2-amino-5-nitro-4-[octyl-
oxy-(R)-propionyl-2-oxy]benzoate;

p-(5-heptyl-2-pyrimidinyl)phenyl 2-amino-4-[(S)-2-
methylbutyloxy]-5-nitrobenzoate;

p-heptyloxyphenyl 2-amino-5-nitro-4-[(R)-2-octyloxy]-
benzoate;
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4'-pentyl-4-biphenylyl 2-amino-5-nitro-4-[(R)-2-octyl-
oxylbenzoate;
p-(trans-5-decyl-m-dioxan-2-yl)phenyl 2-amino-5-nitro-4-
[(R)-2-octyloxy]benzoate;
p-[2-(trans-4-pentylcyclohexyl)ethyllphenyl 2-amino-5-
nitro-4-[(R)-2-octyloxy]benzoate;
p-[2-(trans-4-pentylcyclohexyl)ethyllphenyl 2-amino-4-
[(2S,3S)-2-fluoro-3-methylvaleroyloxy]-5-nitrobenzoate;
4'-[4-(trans-4-pentylcyclohexyl)butyl-4-biphenylyl 2-amino-
4-[(R)-2-fluorohexanoyloxy]-5-nitrobenzoate;
4'-[4-(trans-4-pentylcyclohexyl)butyl]-4-biphenyl 2-amino-
5-nitro-4-[(R)-2-octyloxy]benzoate;
p-[3-(trans-4-pentylcyclohexyl)propoxyllphenyl 2-amino-4-
[(R)-2-fluorohexanoyloxy]-5-nitrobenzoate;
p-[3-(trans-4-pentylcyclohexyl)methoxy]phenyl 2-amino-4-
[(R)-2-fluorohexanoyloxy]-5-nitrobenzoate;
4-[5-(trans-5-heptyl-m-dioxan-2-yl)pyridin-2-yllphenyl 2-
amino-4-[(R)-2-fluorohexanoyloxy]-5-nitrobenzoate;
p-(trans-5-[(E)-1-heptenyl-m-dioxan-2-yl)phenyl 2-amino-
4-[(R)-2-fluorohexanoyloxy]-5-nitrobenzoate;
4'-(trans-5-[(E)-1-heptenyl-m-dioxan-2-yl)-4-biphenylyl 2-
amino-4-[(R)-2-fluorohexanoyloxy]-5-nitrobenzoate;
5-[p-(heptyloxy)phenyl]-2-pyrazinyl 2-amino-5-nitro-4-[(R)-
2-octyloxy]benzoate; —
5-[p-(10-undecenyloxy)phenyl}-2-pyrazinyl 2-amino-4-[(R)-
2-fluorohexanoyloxy]-5-nitrobenzoate;
5-[p-(trans-4-pentylcyclohexyl)phenyl]-2-pyrazinyl 2-amino-
5-4[(R)-2-octyloxy]benzoate;
5-[p-(trans-4-pentylcyclohexyl)phenyl]-2-pyrazinyl 2-amino-
4-1(2S,3S)-2-fluoro-3-methylvaleroyloxy]-5-nitro- benzoate;
5-[p-[(R)-2-octyloxy]phenyl]-2-pyrazinyl 2-amino-5-nitro-4-
[(R)-2-octyloxy]benzoate;
p-[(E)-4-octylstyryllphenyl 2-amino-5-nitro-4-[(R)-2-
octyloxy]benzoate;
4-[2-(p-octylphenyl)ethynyl]phenyl 2-amino-5-nitro-4-[(R)-
2-octyloxy]benzoate;
4'-(10-undecenoxy)-4-biphenylyl 2-dimethylamino-4-[(R)-2-
fluorohexanoyloxy]-5-nitrobenzoate;
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biphenyl 4,4'-bis[2-amino-5-nitro-4-[(R)-2-octyloxy]-

benzoate;
biphenyl 4,4'-bis[2-amino-4-[(R)-2-fluorohexanoyloxy]-5-
nitrobenzoate.

Example 4

The esterification of 4-[2-amino-5-nitro-4-[(R)-octyloxy]-
phenyl]benzoate with 4-hydroxy-4'-nonyloxybiphenyl was carried
out analogously to the synthesis of 4'-(5-heptyl-2-pyrimidinyl)-
phenyl 5-amino-2-nitro-4-[(R)-2-octyloxy]benzoate. This gave 4'-
(4-nonyloxyphenyl)phenyl 4-[2-amino-5-nitro-4-[(R)-2-
octyloxy]phenyl]benzoate. M.p. (C-I) 90.1°C, transition (Sc-SA)
1320C, transition (SA-Ch) 186°C, clearing point (Ch-I) 190.6°C.

The 4-[2-amino-5-nitro-4-[(R)-2-octyloxy]phenyllbenzoic acid
used as the starting material was prepared as follows:

a) A gaseous mixture of carbon dioxide and bromine was
introduced into 10.5 g of molten m-nitrophenol heated in
120-140°C until the calculated increase in weight had been
reached. Pure carbon dioxide was introduced to remove residues of
bromine from the reaction mixture. The product mixture was
recrystallized twice for 10% aqueous hydrochloric acid. This gave
8 g of 4-bromo-3-nitrophenol.

b) The etherification of 4-bromo-3-nitrophenol was
carried out analogously to the synthesis of ethyl 3-nitro-4-[(R)-2-
octyloxy]benzoate. This gave 1-bromo-2-nitro-4-[(R)-2-octyl-
oxy]benzene.

c) A solution of 25.4 g of 2-(p-bromophenyl)-4,4-
dimethyl-2-oxazoline in 100 ml of absolute tetrahydrofuran was
added dropwise under nitrogen to 2.7 g of magnesium shavings so
that the mixture boiled slightly as a result of the reaction. After
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20 ml of the solution of the Grignard reagent were added
dropwise at -70°C under a nitrogen atmosphere and with vigorous
stirring to a mixture of 10 ml of triisopropyl borate and 0.5 ml of
dry tetrahydrofuran. After completion of the addition the reaction
mixture was warmed slowly to room temperature and stirred for a
further 30 minutes. The reaction mixture was then poured into
100 ml of 10% hydrochloric acid. The solution was adjusted to pH
9 with solid sodium carbonate and extracted three times with
100 ml of ethyl acetate. The combined organic phases were
washed twice with 100 ml of water, dried over sodium sulphate,
filtered and concentrated. Chromatography of the residue on silica
gel with a mixture of ethyl acetate and ethanol (vol. 2:1) gave a 4-
[2-(4,4-dimethyl-2-0xazolyl)]phenyl- boric acid.

d) 0.6g of 4-[2-(4,4-dimethyl-2-o0xazolyl)]phenylboric
acid in 1.14 m! of methanol and 2.88 ml of 2M aqueous sodium
carbonate solution were added to a mixture of 0.684 g of 1-bromo-
2-nitro-4-[(R)-2-octyloxy]benzene, 80 mg of Pd(PPh3)4 and 4.6 ml
of toluene. The reaction mixture was heated to 80°C for 48 hours
with vigorous stirring. After cooling, 10 ml of 2M aqueous NasCO3
solution and 1 ml of concentrated ammonia/ water were added
and the reaction mixture was extracted with 20 ml of methylene
chloride. The organic phase was separated, dried over magnesium
sulphate and concentrated. Chromatography of the residue on silica
gel with a mixture of ethyl acetate and cyclohexane (vol. 2:3) finally
gave 0.79 g of 2-[2'-nitro-4'-[(R)-2-octyloxy]-4-biphenylyl]-4,4-
dimethyl-2-oxazoline.

e) 0.62g of 2-[2'-nitro-4'-[(R)-2-octyloxy]-4-biphenylyl]-
4,4-dimethyl-2-oxazoline was heated to 95°C while stirring in
15 ml of 3N hydrochloric acid. After cooling, the precipitate was
filtered off and washed with 10 ml of water. The precipitate was
then heated to 70°C for 40 minutes with vigorous stirring in 15 ml
of 20% sodium hydroxide solution in methanol and water (vol. 1:1).
After cooling, the reaction mixture was neutralized with



gQkQOQQEX6+1! 110 10%R&&&&' () - @ YY#MLO% f & ()- ! TY#nl0%a& ()- 10%
>& ()1 100 ()- 11 109418 () - QUOQORZR3RWX9. 11 10 U710% UK () - 610%,
U ()-! A#f 1096WNNN& ()- !B#f 10%1& ()- ' 0 109%& ()-@Vv' 0 APR 2003
109%JU&' () - @BRARSRBRI RRR Sj H1! 10 U71! 10%GG& () -1 10938 ()-!
109%GG& ()-S, 109%G& ()-' 109%G& ()- 10 U 0281 SCTVTATUWWzX6HL! 10
| B&LOWPPE ()-18& G'10% & ()-S SH10%GE () -!
concentrated hydrochloric acid. The precipitated solid was filtered
off. After drying in a vacuum this gave 0.48 g of 4-[4'-[(R)-2-

octyloxy]-2'-nitrophenyl]benzoic acid.

f)  The reduction of 4-[4'-[(R)-2-octyloxy]-2'-nitro-
phenyl]benzoic acid was carried out analogously to the synthesis of
ethyl 3-amino-4-[(R)-2-octyloxy]benzoate. This gave 4-[2-amino-
4-[(R)-2-octyloxy]phenyl]benzoic acid.

g) The acetylation of 4-[2-amino-4-[(R)-2-octyloxy]-
phenyl]benzoic acid was carried out analogously to the synthesis of
3-acetylamino-4-[(R)-2-octyloxy]benzoic acid. This gave 4-[2-
acetylamino-4-(R)-2-octyloxy]phenyl]benzoic acid.

h) The nitration of 4-[2-acetylamino-4-(R)-2-octyl-
oxy]phenyl]lbenzoic acid was carried out analogously to the
synthesis of 5-acetylamino-2-nitro-4-[(R)-2-octyloxy]benzoic acid.
This gave 4-[2-acetylamino-5-nitro-4-[(R)-2-octyloxy]-
phenyl]benzoic acid.

i) The saponification of the amide function of 4-[2-
acetylamino-5-nitro-4-[(R)-2-octyloxy]phenyllbenzoic acid was
carried out analogously to the synthesis of 5-amino-2-nitro-4-[(R)-
2-0ctyldxy]]benzoic acid. This gave 4-[2-amino-5-nitro-4-[(R)-2-
octyloxy]phenyllbenzoic acid.

The following compounds can be prepared in an analogous
manner:

4'-(5-Heptyl-2-pyrimidinyl)phenyl 4-[2-amino-5-nitro-4-
[(R)-2-octyloxy]phenyl]benzoate. M.p. (C-I) 175-176.1°C.
4'-(4-Heptyloxyphenyl 4-[2-amino-5-nitro-4-[(R)-2-octyl-
oxv]phenyllbenzoate. M.p. (C-I) 95-96.10°C, transition: (SA-I) 74°C.
4'-(4-Pentylphenyl)phenyl 4-[2-amino-5-nitro-4-[(R)-2-
octyloxy]phenyl]lbenzoate. M.p. (C-Sa) 1420C, transition (SA-Ch)
160.89C, transition (Ch-I) 168.1°C.
4-(2-mans-4-Pentylcyclohexy)ethyl]phenyl 4-[2-amino-5-
nitro-4-[(R)-2-octyloxy]phenyl]benzoate. M.p. (C-Sa), transition
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oxylphenyl]benzoate. M.p. (C-Sa) 1759, tramsition (SA-Ch) 186°C,
transition (Ch-I) 201°C.

Example 5

The esterification of 4-[5-amino-2-nitro-4-[(R)-2-octyl-
oxy]phenylibenzoic acid with 4-hydroxy-4'-octyloxybiphenyl was
carried out analogously to 4'-(5-hepty-2-pyrimidinyl)phenyl 5-
amino-2-nitro-4-[(R)-2-octyloxy] benzoate. This yielded 4'-
(octyloxy)4-biphenylyl-4-[S-amino-2-nitro-4-[(R)-2-
octyloxy]benzoate. M.p. (C-I) 177.8-180.5°C, transition (SA-Ch)
128°C, clearing point (Ch-I) 1500C,

The 4-[5-amino-2-nitro-4-[(R)-2-octyloxy]phenyl]benzoic acid
used as the starting material was prepared as follows:

a) 4-(4-Hydroxyphenyl)benzoic acid was esterified with
ethanol analogously to the synthesis of ethyl 4-hydroxy-3-nitro-
benzoate. This gave ethyl 4-(4-hydroxyphenyl)benzoate.

b) The etherification of ethyl 4-(4-hydrophenyl)benzoate
was carried out analogously to the synthesis of ethyl 3-nitro-4-[(R)-
2-octyloxylbenzoate. This gave ethyl 4-[4-[(R)-2-octyloxy]-
phenyl]benzoate.

c) The saponification of ethyl 4-[4-(R)-2-octyloxy]-
phenyl]lbenzoate was carried out analogously to the synthesis of 3-
amino-4-[(R)-2-octyloxy]benzoic acid. This gave 4-[4-(R)-2-
octyloxy]phenyl]benzoic acid.

d) 3 g of 4-[4-(R)-octyloxy]lphenyl]benzoic acid were
dissolved in 110 ml of glacial acetic acid at 95°C. A mixture of
9 ml of fuming nitric acid and 9 ml of glacial acetic acid was added
dropwise to the solution. The reaction mixture was heated while
stirring to 90-95°C for a further hour and then heated to boiling for
10 minutes. Thereby, about 40 ml acetic acid were distilled off.
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to 250 ml of ice-water and the resulting solid was filtered off.
Recrystallization from 50% ethyl alcohol gave 2.6 g of 4-[3-nitro-4-
[(R)-2-octyloxy]phenyl]benzoic acid.

e) The reduction of 4-[3-nitro-4-[(R)-2-octyloxy]-
phenyl]benzoic acid was carried out analogously to the synthesis of
ethyl 3-amino-4-[(R)-2-octyloxy]benzoate. This gave 4-[3-amino-
4-[(R)-2-octyloxy]phenyl]benzoic acid.

f) The acetylation of the amino group of 4-[3-amino-4-
[(R)-2-octyloxy]lphenyl]benzoic acid was carried out analogously to
the synthesis of 3-acetylamino-4-[(R)-2-octyloxy]benzoic acid. This
gave 4-[3-acetylamino-4-[(R)-2-octyloxy]phenyl]benzoic acid.

g) 220 mg of 4-[3-acetylamino-4-[(R)-2-octyloxy]-
phenyl]benzoic acid were added in several portions to 2.8 ml of a
‘mixture of nitric acid/glacial acetic acid (vol. 2:5) cooled with ice.
After completion of the addition the reaction mixture was stirred at
0°C for a further 20 minutes and then poured on to 100 ml of ice-
water. The precipitated solid was filtered off and washed with
water. The resulting 4-[5-acetylamino-2-nitro-4-[(R)-2-
octyloxy]phenyllbenzoic acid was used without further purification
in the subsequent reaction.

h)  The saponification of the acetylamino group of 4-[5-
acetylamino-2-nitro-4-[(R)-2-octyloxy]phenyllbenzoic acid was
carried out analogously to the synthesis of S5-amino-2-nitro-4-[(R)-
2-octyloxylbenzoic acid. This gave 160 mg of 4-[5-amino-2-nitro-
4[(R)-2-octyloxy]phenylbenzoic acid.

The following compounds can be prepared in an analogous
manner:

4'-[2-(trans-4-pentylcyclohexyl)ethyllphenyl 4-[5-amino-2-
nitro-4-[(R)-2-octyloxy]phenyl]benzoate. M.p. (C-I) 166.5-167.6°C.

4'-(4-Pentyphenyl)phenyl 4-[5-amino-2-nitro-4-[(R)-2-
octyl]phenyl]benzoate. M.p. (C-I) 187.2-188.30C.
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Manufacture of poly{4-(11-acryloyloxyundecanoxy)phenyl 4-
[2-amino-5-nitro-4-[(R)-2-octyloxy]phenyl]benzoate}: A solution of
1 g of 4-(11-acryloyloxyundecanoxy)phenyl 4-[2-amino-5-nitro 4-
[(R)-2-octyloxy]phenyllbenzoate and 2.4 mg of a,a'-
azoisobutyronitrile in 2.8 ml of toluene is gassed with argon at 0°C
for 10 min. and subsequently heated at 70°C in a closed vessel for
48 hours. After cooling the polymerization mixture to room
temperature the separated polymer is filtered off and dissolved in
10 ml of tetrahydrofuran. The solution is slowly added dropwise
to 300 ml of methanol, whereby the polymer preciptates. This
dissolution/precipitation procedure is repeated a further four
times, the filtrate is dried in a vacuum and gives 0.57 g of poly{4-
(11-acryloyloxyundecanoxy)phenyl 4-[2-amino-5-nitro-4-[(R)-2-
octyloxylphenyl]benzoate}). Glass transition: 55°C, transition (Sc*-
SA): 1090C, transition (Sa-I): 1280C.

The monomeric 4-(11-acryloyloxyundecanoxy)phenyl 4-[2-
amino-5-nitro-4-[(R)-2-octyloxy]phenyl]benzoate used as the
starting. material was prepared as follows:

! a) 4-(11-Hydroxyundecanoxy)phenol: A mixture of 5 g of
11-bromundecanol and 5 g of hydroquinone in 200 ml of 2-
butanone as well as 4 g of potassium carbonate is heated under
reflux for 48 hours. The reaction mixture is filtered and the
solvent is distilled off. The residue, dissolved in 400 ml of ethyl
acetate, is washed four times with 100 ml of a 10% (w/v) aqueous
potassium carbonate solution each time and subsequently twice
with water. The solution is dried over sodium sulphate, filtered
and evaporated. Recrystallization from a small amount of ethyl
acetate gives 4 g of 4-(11-hydroxyundecanoxy)phenol. M.p.: 99-100.5°C

b) 4-(11-Acryloyloxyundecanoxy)phenol: 5 g of 4-(11-
hydroxyundecanoxy)phenol, 12 g of acrylic acid and 0.85 g of p-
toluenesulphonic acid are dissolved in 250 ml of chloroform. The reaction
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sodium sulphate the chloroform is distilled off and this gives 5.2 g of 4-(11-

acryloyloxyundecanoxy)phenol. M.p. 72-74°C.

c) 4-(11-Acryloyloxyundecanoxy)phenyl 4-[2-amino-5-nitro-4-
[(R)-2-octyloxylphenyl]lbenzoate: The esterification of 4-[2-amino-5-nitro-4-
[(R)-2-octyloxylphenyllbenzoic acid with 4-(11-acryloyloxyundecanoxy)-
phenol was carried out analogously to the synthesis of 4'-(5-heptyl-2-
pyrimidinyl)phenyl [5-amino-2-nitro-4-[(R)-2-octyloxylphenyllbenzoate
(Example 3). This gave 2.6 g of 4-(11-acryloyloxyundecanoxy)phenyl 4-[2-
amino-5-nitro-4-[(R)-2-octyloxylphenyllbenzoate. Transition (KI-KII)

56.5 - 58°C, m.p. (KII-I) 68°C

The following monomers can be prepared in an analogous
manner:

4-(11-Acryloyloxyundecanoxy)phenyl 4-[2-amino-5-nitro-4-[(R)-2-octyl-
oxylphenyllbenzoate,

4-(11-methacryloyloxyundecanoxy)phenyl 4-[2-amino-5-nitro-4-[(R)-2-
octyloxylphenyllbenzoate,

4-[11-(2-chloroacryloyloxy)undecanoxylphenyl 4-[2-amino-5-nitro-4-.
[(R)-2-ﬂuorohexanoyloxy]phenyl]benzoate,

4-(11-vinyloxyundecanoxy)phenyl 4-[2-amino-5-nitro-4-[(R)-2-
octyloxylphenyllbenzoate,

poly{4-(10-vinyloxycarbonyldecanoxy)phenyl 4-[2-amino-5-nitro-4-[(R)-
2-octyloxylphenyllbenzoate},

4-[11-(4-styrylDoxyundecanoxylphenyl 4-[2-amino-5-nitro-4-[(R)-2-
octyloxylphenyllbenzoate,

4-[11-(4-styryl)oxyundecanoxylphenyl 4-[5-amino-4-[(2S,3S)-2-fluoro-3-
methylvaleroyloxy]-2-nitrophenyl]benzoate,

4-[11-(4-styryl)methyleneoxyundecanoxylphenyl 4-[2-amino-5-nitro-4-
[(R)-2-octyloxylphenyl]lbenzoate,

4-(10-undecenyloxy)phenyl 4-[2-N,N-dimethylamino-5-nitro-4-[(R)-2-
octyloxy]phenyllbenzoate,

4-(11-acryloyloxyundecanoxy)phenyl 4-[5-amino-2-nitro-4-[(R)-2-octyl-
oxylphenyl]lbenzoate.
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poly{4-[11-(2-chloroacryloyloxy)undecanoxy]phenyl 4-[2-
amino-5-nitro-4-[(R)-2-fluorohexanoyloxy]phenyl]lbenzoate},
poly{4-(11-vinyloxyundecanoxy)phenyl 4-[2-amino-5-nitro-
4-[(R)-2-octyloxylphenyl]benzoate},
poly{4-(10-vinyloxycarbonyldecanoxy)phenyl 4-[2-amino-5-
nitro-4-[(R)-2-octyloxy]phenyl]benzoate},
poly{4-[11-(4-styryl)oxyundecanoxy]phenyl 4-[2-amino-5-
nitro-4-[(R)-2-octyloxy]phenyl]benzoate},
poly{4-[11-(4-styryl)oxyundecanoxy]phenyl 4-[5-amino-4-
[(25,3S)-2-fluoro-3-methylvaleroyloxyl-2-nitrophenyl]benzoate},
poly{4-[11-(4-styryl)methyleneoxyundecanoxy]phenyl 4-[2-
amino-5-nitro-4-[(R)-2-octyloxylphenyljbenzoate},
poly{methyl [p-undecyloxyphenyl 4-[2-N,N-dimethylamino-
5-nitro-4-[(R)-2-octyloxy]phenyl]benzoate]siloxane},
poly({4-(11-acryloyloxyundecanoxy)phenyl 4-[5-amino-2-
nitro-4-[(R)-2-octyloxylphenyl]benzoate}.

Example 7

Manufacture of poly{4'-(11-acryloyloxyundecanoxy)-4-biphenylyl 4-
[2-amino-5-nitro-4-[(R)-2-octyloxylphenyllben- zoate}: The polymerization
of 4'-(11-acryloyloxyundecanoxy)-4-biphenylyl 4-[2-amino-5-nitro-4-[(R)-2-
octyloxylphenyl]ben- zoate} was carried out analogously to the
polymerization of 4-(11-acryloyloxyundecanoxy)phenyl 4-[2-amino-5-nitro-
4-[(R)-2-octyloxylphenyl]benzoate}. This gave 0.63 g of poly{4'-(11-acry-
loyloxyundecanoxy)-4-biphenylyl 4-[2-amino-5-nitro-4-[(R)-2-octyl-
oxylphenyllbenzoate}. Glass transition: 90°C, transition (Sg*-Sa): about
140°C, transition (SaA-T): 270°C.
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a) 4-Hydroxy-4'-(11-hydroxyundecanoxy)biphenyl: The synthesis
of 4-hydroxy-4'-(11-hydroxyundecanoxy)biphenyl was carried out
analogously to the synthesis of 4-(11-hydroxy- undecanoxy)phenol
(Example 6a). This gave 4-hydroxy-4'-(11-hydroxyundecanoxy)biphenyl.
M.p.: 144-146°C.

b) 4'-(11-Acryloyloxyundecanoxy)-4-hydroxybiphenyl: The
esterification of 4-hydroxy-4'-(11-hydroxyundecanoxy)bi- phenyl was
carried out analogously to the esterification of 4-(11-hydroxyundecanoxy)-
phenol (Example 6b). This gave 4'-(11-acryloyloxyundecanoxy)-4-
hydroxybiphenyl. M.p.: 91-92°C.

c) 4'-(11-Acryloyloxyundecanoxy)-4-biphenylyl 4-[2-amino-5-
nitro-4-[(R)-2-octyloxylphenyllbenzoate: The esterifi- cation of 4'-(11-
acryloyloxyundecanoxy)-4-hydroxybiphenyl with 4-[2-amino-5-nitro-4-[(R)-
2-octyloxylphenyllbenzoic acid was carried out analogously to the
synthesis of 4-(11-acryloyloxy- undecanoxy)phenyl 4-[2-amino-5-nitro-4-
[(R)-2-octyloxy]- phenyllbenzoate (Example 6¢). This gave 4'-(11-
acryloyloxy- undecanoxy)-4-biphenylyl 4-[2-amino-5-nitro-4-[(R)-2-octyl-
oxylphenyllbenzoate, m.p.: 110°C, transition (Sa-I): 137°C, monotropic
transition (Sg*-Sa): 84°C.

The following monomers can be prepared in an analogous manner:

4'-(11-Acryloyloxyundecanoxy)-4-biphenylyl 4-{2-amino-5-
nitro-4-[(R)-2-octyloxy]phenyl]benzoate,
4'-(11-acryloyloxyundecanoxy)-4-biphenylyl 2-amino-5-
nitro-4-[(R)-2-octyloxylbenzoate,
4'-(11-acryloyloxyundecanoxy)-4-biphenylyl 5-amino-2-
nitro-4-[(R)-2-octyloxy]lbenzoate,
p-[trans-5-[10-(2-chloroacryloyloxy)decyl]-m-dioxan-2-
yllphenyl 2-amino-5-nitro-4-[(R)-2-octyloxy]benzoate,
5-(p-undec-10-enyloxyphenyl)-2-pyrazinyl 2-N,N-
dimethylamino-4-[(R)-2-fluorohexanoyloxy]-5-nitrobenzoate,
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5-nitro-4-[(R)-2-octyloxylbenzoate,
4'-[8-(2-chloroacryloyloxy)octyloxy]-4-biphenylyl 2-amino-
6-methyl-4-[(R)-2-fluorohexanoyloxy]-5-nitrobenzoate,
[p-(11-acryloyloxyundecyl)-2-primidinyl]phenyl 2-amino-6-
fluoro-4-[(R)-2-fluorohexanoyloxy]-5-nitrobenzoate,
2-amino-4-[(2S,4R,5S)-4-methyl-5-octyl-m-dioxan-2-yl]-5-
nitrophenyl trans-4-[p-[8-(2-chloroacryloyloxy)octyloxy]-
phenyl]jcyclohexyl]methyl ether,
(E)-p-[2-amino-4-[(R)-2-fluorohexanoyloxy]-5-nitro-
styryl]Jphenyl 4-(10-methacryloyloxydecyl)benzoate.

The following polymers can be manufactured in an analogous
manner from the aforementioned monomers:

Poly{4'-(11-acryloyloxyundecanoxy)-4-biphenylyl 4-[2-
amino-5-nitro-4-[(R)-2-octyloxy]phenyl]benzoate},
poly{4'-(11-acryloyloxyundecanoxy)-4-biphenylyl 2-amino-
5-nitro-4-[(R)-2-octyloxy]benzoate},
poly{4'-(11-acryloyloxyundecanoxy)-4-biphenylyl 5-amino-
2-nitro-4-[(R)-2-octyloxy]benzoate},
poly{p-[trans-5-[10-(2-chloroacryloyl)oxydecyl]-m-dioxan-2-
yllphenyl 2-amino-5-nitro-4-[(R)-2-octyloxy]lbenzoate]},
poly{methyl[5-(p-undecyloxyphenyl)-2-pyrazinyl 2-N,N-
dimethylamino-4-[(R)-2-fluorohexanoyloxy]-5-nitrobenzoate]-
! siloxane},
poly{4-(11-methacryloyloxyundecanoxy)biphenylyl 4-[2-
amino-5-nitro-4-[(R)-2-octyloxy]phenyl]benzoate-co-4'-(11-
methacryloyloxyundecanoxy)-4-biphenylyl 2-amino-5-nitro-4-
[(R)-2-octyloxy]lbenzoate} (1:1),
poly{4'-[8-(2-chloroacryloyloxy)octyloxy]biphenylyl 2-amino-
6-methyl-4-[(R)-2-fluorohexanoyloxy]-5-nitrobenzoate},
poly{[p-(11-acryloyloxyundecyl)-2-primidinyl]phenyl 2-
amino-6-fluoro-4-[(R)-2-fluorohexanoyloxy]-5-nitrobenzoate},
poly{2-amino-4-[(2S,4R,5S)-4-methyl-5-octyl-m-dioxan-2-
yl]-5-nitrophenyl [trans-4-[p-[8-(2-chloroacryloyloxy)octyl-
oxy]phenyl]cyclohexyllmethyl ether},
poly{(E)-p-[2-amino-4-[(R)-2-fluorohexanoyloxy]-5-
nitrostyryl]phenyl 4-(10-methacryloyloxydecyl)benzoate}.
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aims

1.  An optical element for efficient generation of short-
wave laser light by frequency conversion by means of a wave-

guiding layer, wherein the wave-guiding layer consists of a
ferroelectric x(2)-active monomeric or polymeric liquid crystalline
material having a periodic structure which permits a quasi phase
matching of a guided laser beam, the period length of the three-
dimensional structure being equal to twice the coher- ence length ¢
= n/AP of the material, whereby AP =By (Qw) - 2Bo (w), with @ =
angular frequency of the- fundamental wave, 0 = zero-order mode
and B = propagation constant of the mode.

2. An optical element according to claim 1, wherein the liquid
crystalline material contains a mixture of chiral molecules having a nlo
molecule group with a 1? -active axis which is oriented essentially
transverse to the long axis of the chiral molecule, and liquid crystal
molecules forming S¢ phases,

or a x® -active side chain copolymer forming S*¢ phases
and having chiral side chains with a nlo molecule group, the x®-active
axis of which is oriented essentially transverse to the long axis of the side

chain.

3. An optical element dccording to claim 1, wherein the
material, by virtue of its birefringent properties, can be used for
phase matching of the dz1 component of the nlo tensor,

4.  An optical element according to claim 1 or 3, wherein
the material contains a mixture of chiral molecules with a
nitroaniline derivative incorporated transversely to the longitudinal
axis and liquid crystal molecules forming Sc phases.
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oriented in the electric field.

6. An optical element according to any of claims 1 to 4,
wherein the ferroelectric LC material forms an S*c phase which is
homogeneously oriented in bistable manner by boundary forces.

7. An optical element according to any of claims 1 to 3
wherein the dipolar orientation is fixed by cooling below the glass
temperature.

8. An optical element according to claim 1 or claim 3,
wherein the ferroelectric liquid crystal material consists of a
mixture of chiral nlo-active molecules which form S*c phases.

13

9. An optical element according to claim 1 or claim 3.
which, by using the Pockels effect, operates as an electro-optical
switch or light modulator in the spectral range from 1300 to
430 nm.

10.  An optical element according to any of claims 1,3, 4 or
8, wherein the mixture has the phase sequence 1-Chol-SpaA-S*c-
glass,

11. An optical element according to claim 1 or claim 3,
wherein the element is operated in the S*c phase so that when an
electric field is applied the x(2) property becomes operative but

disappears when the electric field is switched off.

12, An optical element according to claim 1 or claim 3 for
doubling the frequency of laser light having a wavelength of 850 -
1300 nm.
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13,  An optical element according to claim 1 or claim 3,
wherein the dipolarly-oriented axis is at right angles to the
waveguide plane.

14, A frequency-doubling module comprising a laser diode
emitting in the range from 850-1300 nm and optically coupled to
an optical element according to claim 1 or claim 3.



