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Opti.cal | y-acti ve conpounds This invention relates to optically
active materi aVQIYAHF83  their use as doping agents for |iqui d RETIBIHGI34 Or
a w de range of applications including solid state cholesteric filters

for 5 projection displays, ciroptidaldQl akt SR cofpbhcdd filter, etc.
The addition of an opticalTy-actrve conpound to a
non-opti cal | y-ac#i.ve .rlni,élntgig) crystalline

has is _,one of
procedures used For t ha Tonvar st o 6F n%%-(?gﬁ%agl]ﬂy-%‘é’ﬁ% Paterials and
opti cal | y- acthaie mssoplsasiepindhegerarsatfioc pligsied €oystedanpgbe, ai wid® range

converted tof hg sholastati G QAge nsgﬁagsqgesdc b Ds o SR by 4o 2TRYNL
9- Su ta . | S SI on manlffests

of an optically-active stanc _convers; '

itsel f by t RFUCEHIPRNESIRYAN FHi®AS| Belariserel prtical Ealter setc.
characterised by the so-called helical tw sting power (HTP) given in
Eqratifn 1 Ifne ad?ition I?f BEI I Joptically-actibdP &k@bbhﬂ&eiﬁ%g a
elical twi sting power.for snall congentrations. . p ([err _
i teh of " i HUCERLERBY ot PRy I (qyisEalLing g pnase P 1bCTIRD os

(M -helix proceduresxused for tp¢ectmatdion of the-dpphedlly-20tive into
sum over all ti Ly-achi 0 of th . dopant
X[ err] Op%r%ﬁgbfér(%%i oﬁ“%éfge%%?%?ﬁ@?eingmfug phaste; SHTR PSP I% fiet a
neasur e flr ¢dnvegtefcitengheofhalegtanic one ddganbeand fspeibt ekt nedsibyll he
Cano nethod widp+Soldi i ons obptne1d5-depant | uihenkast MesePhasevestNge
the optically-active guest ~and the non-optically-active host conpounds
are not necd®Hfepys 2ESgbhphiYi HRE RCIITECREE eOhl &7 st TOLRER 2 DI Aatix
sol ution is whichf riequerddaycehaseacteyi spd by-cddesi radllieathangesind bbeer
t her no- ic.sequence of .the initial host liquid crystalline
mat eri al , WA §: 980U 6881809 CONFI RVATI ON COPY

-1
= £ = 3 x (urP), (1)

x .

1

15 HTp = {2
dx

x=0

HTP (um™%) helical twisting power for small concentrations

L (pm) pit¢ch of induced helix, + for (P)-, — for
(M) -helix
X mole fraction of the dopant
20 ) sum over all optically-active conformers of the
f
dopant
X3 mole fraction of conformer i

Said HTP is in fact a measure for the efficiency of a given

dopant and is determined by the Cano method with solutions of the

25 dopant in the host mesophase. Since the optically-active guest
and the non-optically-active host compounds are not necessarily
compatible at the molecular scale, their binary solution is
frequently characterised by undesirable changes of the thermo-

tropic sequence of the initial host liquid crystalline material,
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| i ke for exanple a depression of the clearing point. Those changes

could in turnvt;@d;; gpgative effects on the phase properti esgp@%gﬁ;“
e

host, such as a decrease of the birefringence etc. Therefof
opti caIIy active dopant is sought so that with 5 very snmall concentrations
of this |attkike | fpge axampde of HKEPressigoubd bmei ndieedng point. THASesuch °

ef ficient op&m&agelsy eeawe ﬂpp%&ﬁ tpae&ee %regam?e efo&&ap% ok phase

derivatives describ ti caﬁay rve
bi napht hol Qi"é‘?‘ie\Fétlie?egf ﬁﬁ? haﬁ%l'erﬁlfh rﬁasrtﬁ aﬁecieas? a@‘enﬁfz%thléﬁfrmmel ng

heat ed. Beséfles,Thetth€bte ,prai*pwp&tib@m yiattive @éﬁé%@shyesélﬁﬁﬁu% thad NRlydes
asymTetr|5c r esol utl%ﬁh of bi na e as a crucial reaction

st ep. VLY A C?Wéltgﬁtb?fﬁ c8F | §ﬁéﬁgﬁﬁﬁt%pa¥ﬁr§e r@luge PADHBES
derivatives could eerindgaa.]' ,[err]' -tetraaryl-1, 3-di oxol ane-4,
5-di nethanols). 15 They have been knovvn for 15 years in asymetric

syntheses (D. s Sgehachet;al /88 995) an
Helv. Chim _ A?cta 80, 2515l t 89))‘ nggﬁlgg%b?l%test%é%ed %les g%ants

in nerratihflawésm#eseﬁﬁﬂa‘saéswsﬁd ﬁéaﬁﬁﬂteﬁi i dduc EBHATHENakbies ofowdver

(H G Kubsgdicagtyahesivde! binGBhfho ACt@er8@ati @007 may 1984k @ndpa?rQJ.al
I nter nat; onal Pat.ent !ggcatl on WO A-97/ 34886%3‘1‘? Thi s “ef ficiency
S

TADDOLs ‘Compifids Saake Ati XEED9 atPAthlt eFeFtIqtei FRE1T  REFRESARHLT ohal
stability dusxdensthe psesercetofinthedsl msghmseric rebbhgticn of binapht@bi

Lett. 36(11),, - 7- ( di scl oses 25 the conpound
(2R, 3R) - f%%tggt r%%ﬁaeﬁﬁ%? %angg 21%% %L t6traol as an internediate in
asynnetrlc synthe5|s [err However, no activity is given

for the conpoundirother type BIZAQGESSW'(%éEﬁSIdOAG)tSr epat esheo THIDCRE

dopants for RQivhiged Cryshohs o —IQ%ra&ﬂ’ﬁP@U@délcﬁJo‘iaﬁélt; SRk Mt A MRS s ) Of
but ane- -1,2,3,4-tetraol  of gener al foor mil a:
-2 15 ‘I‘hey 'have been known for 15 years in asymmetric syntheses (D.

Seebach et &l., J. Org. Chem. 60, 1788, (1995) and Helv. Chim.
Acta 80, 2515, (1987)) and recently investigated as dopants in
nematic host mesophases and found to induce large values of HTP
(H. G. Kuball et al., Helv. Chim. Acta 80, 2507, (1997) and
20 International Patent Application WO-A-97/34886). This efficiency
of TADDOLs compounds was essentially attributed to their
conformational stability due to the presence of the dioxolane

ring.

Tet. ZLett. 36(11}, 1995, 1827-1830 (Dubé et al.) discloses
- 25 the compound (2R,3R)-1,1,4,4-tetraphenylbutane-1,2,3,4-tetraol as

an intermediate in asymmetric synthesis:

OH OH
Ph Ph
Ph Ph

OH OH

However, no activity is given for the compound.

EP-A-0233602 (Hoechst AG) relates to <chiral dopants for

30 liguid crystals. The compounds are all derivatives of butane-

-1,2,3,4-tetraol of general formula:



[err] having no further substituents on the butane backbone.
It has been suggested that the |arge HTP observed with TADDCLs conpounds
is due to theiwooemdsss nati onal stability. 5 However we have nowcdissmiessed

that further conpounds that exhibit overcrowding of the chiral
atons and are sterically hi nder ed atypositions anal ogous to the a, a
positions in TADDOLS are equal ly effec ive at producing a | arge HTP.
Thus the invention provides opticallyyhcti butane-1,2,3,4- 10 -tetraol
derivatives of fornmula I: [err] i ch: Alerr],
Alerr], Alerr], Alerr] each independently presents hydrogen; or an
optional | y-substituted nmet hyl group; or an 15

optional ly-substituted aliphatic group with 2 to 80
C-atons, inpwhigh M%Qﬁhérprs%b@ta&m&srrau b€ butane backbone repl aced by
a heteroatomor a group -SO, -sq err]- , - SO
or - SO5-; or tlona sti uted aronatlc

or non-aronatic éarbktf’csycht:n fﬁgggs‘:ed that the. lange d 1&0“ SFTYRS' system
with 1 to 80mﬁaamxﬁn5compounds is due tandtheir cAhfsrratidhelr|stalfietey,

Alerr] eaggd ~9%Pe”%enﬂédé no%préggﬁgggae?;i hatOp%hfqﬁgg ycomnounds Fﬁat

-substitu |p’hat|c group wth
whi ch a C- at empib¥t t wyebFronsiiagnont aﬁ}lacéﬁ’tlr’zlita toms and areC-ghegsallymy

be replacedyby e AedelerRALOMnOlanaBogous to the @, a’ positions in TADDOLS 3-

are equally effective at producing a large HTP.

Thus the invention provides optically active butane-i,2,3,4-

10 ~tetracl derivatives of formula I:

AdQ A7

in which:

al, a2, a3, a4 each independently represents hydrogen; or an
optionally-substituted methyl group; or an

15 optionally-substituted aliphatic group with 2 to
80 C-atoms, in which one or more C-atoms may be

replaced by a heteroatom or a group -SO-, —Sbgq

-S00-, -0s0- or -S0S-; or an optionally-

-substituted aromatic or non-aromatic carbocyclic

20 or heterocyclic ring system, with 1 to 80 C-atoms;

and

a5, a6, a7, a8 each independently represents an optionally-
-substituted aliphatic group with 3 to 80 C-atoms,
in which a C-atom, or two or more non-adjacent

25 C-atoms, may be replaced by a heterocatom or a



group -SO, -S2-, -SOO, -0SO or -SCS-; or an

optional | y-substi tut ed aromatl C or non-aromatic .
carbocyclic orVRBEY&F8tyclic ring system with 1 to PCT/IB99/01038
C-atons; or 5 one, two or three of Alerr], Alerr], Alerr] and Alerr]

i ndependent |y represents grouphydfogen:S@r, aﬁSOp‘t'j 0ﬁ<a$0-y stibssos-ut edr mehhyl

group; or an opt i onal |o$t§ylb§ﬂﬂytg5€&lac'ulteﬁaté§or% LQUP With g ¢ %r%&lgfiﬂic in

whi ch a C-atom may be replaced by a heteroatom and the remain

A5, Alerr], Alerr], &FéP?Tquﬁ&eBén%%?ﬂq"?VFHﬁ gda8at saﬁtemr with 1 to
optionally-substituted losal cpdwednis¢ group with 3 to 80 C-atons, in which a
C-atom or two nor e non adj acent C- atom; may be repl aced by a

het er oat gm or §tgt tug % -0SO-. or_ -SCS-; or an
opti onal IPy- °P&r pp & (HGres 8\‘“0%&1 néﬁda%onh’fqe@eBQ%'%]ciyc’fQR?eéPnts

het er ocycl i chydrogehng dzzystaem owtidmalllyeslm)s@tat@dirs,methk}l Wyidug;he opr Oxh SOS
t hat : cl etr ro]naw qng%ia;[n\:l\é)d %rllt Egi?lec Ofroé‘% %h’ % a»:%%sr Al e %i%{;g? r]

Alerr] repre dents APerr err ’r]“
may not represapi GODHbe amblaced b{;ea rﬂeMeatMerarn]d A{eeEéI]taln@i[eer bf abd
Alerr] are ald phgny then at | east one of Ale rr], Aerr],

rl,
Alerr] does ‘ot epr@senfnﬂﬁﬁfﬁﬁiﬁaﬁ.y rggresen “?hec"t‘re‘roﬁf"‘iél’lwtﬂé“ec
i ncl udestost raiighttthagrowndvithanchedso c- asdolmygl,, iaswhiedd a-aabill abedrasd

A ur At e U fRe nERoRllEne oS LIPS LOPLUAC kD) KV her Aotloly PR

giving an ara atic u tycto as amno.eyaho,
epoxy, hal ogengroup Téﬁd‘r:oxyS@m tr@OO‘OXO'Q,stOC OFIOS'sioét"e h’ét @No ArHETARBL th may

replace 25 casban; et dRghEAE dY tHoRIEPomIKIEAr NS SULPBH neddE i1 EASE
of ni trorgﬁn further substitution is possible with groups such as

al kyl, aryl BRd cyeFg RyEh 1 to BO C-atomgithe case of the present

i nvention, owng to the absence of the dioxolane ring, the new

opti cal Iff actithetbhet@meribo®, hat: 30 -tetraol derivatives of formul a
| have  obviously nor e conformati onal freedom than TADDOLS

derivati ves. wever t re,surpr §| n L;y fgund stikl to induce
| ar ge val ues O;Q?‘ﬁ_POV\Iﬁé hch} or three }\ g CP 'A repre_Sﬁgts

hydrogen, then A3, A%, A7 and A® may not represent COCH; and

s when A%, A%, A7 and A® are all phenyl, then at least one of Al,

a2, a3, A% does not represent hydrogen.

20 The term “aliphatic” 1includes straight-chain and branched
alkyl, as well as saturated and unsaturated groups. Possible
substituents include alkyl, aryl (thus giving an araliphatic
group) and cycloalkyl, as well as amino, cyano, epoxy, halogen,
hydroxy, nitrc, oxo etc. Possible heterocatoms which may replace

25 carbon atoms include nitrogen, oxygen and sulphur. In the case of
nitrogen further substitution is possible with groups such as

alkyl, aryl and cycloalkyl.

In the case of the present invention, owing to the absence

of the dioxolane ring, the new optically active butane-1,2,3,4-

30 -tetraol derivatives of formula I have obviously more
conformational freedom than TADDOLs derivatives. However they

were surprisingly found still to induce large values of HTP when



bei ng used as dopants in nematic host systens, as wll be denonstrat ed
in the forthco sectl ons. The conpounds of the invention may
be used as dop for liquid crystals for a w de rak§d/1899/01034
applications |nclud|ng 5 solid state cholesteric filters for projection
di spl ays, ciRaingr used p@Sarderants opt | cghatiq t bpst etystems, as will be

Al though one QindiRkeaedd Aleiht, f@IcohinflRIkiopd Alerr] may represent a
smal | group such as hydrogen or an optionally-substituted nethyl

group, we prefer there to b ul ki er grou A5 and A6, 10 attached
to the same carbort %t &r‘?f“n?ﬁ%‘gs pﬁ'lp EIF E)T‘Y/e’btcﬁl'loi} gf%rl?ﬁ used AfefiPping agemsy
represent hydicageriquidr ergsedkes abdy mnhyd@neamje A{ﬁarerdgllééeidsds A[cﬁﬁﬁ]m nd
Alerr] may re 185€n do o] eth se

f our bul ké grs”g’upg1 Sfﬁug &borqg e-l[g? Pﬁ[% rg] %)P%nr ﬁf' Aler rl]spéﬁﬁs’,b\[cé'rrrc]“l@‘éch
i ndependent | yDOhaepEesentOSJtlaﬁl Hhlttiegnal ¢yc substl tuted aliphatic 15 group
wth 3 to 80 CGatons, in which a CGatom or two or nore non- adj acent

C-atons, nmay be r nb t er gat 605 Qup g err
CLaLoms: may be T SplAGRg, Dind Pt ALY 1 s T feamnd AT Toly, £eBREEtht s
non- ar omat i ¢ TarBosyerp cserh h?eﬁt enslepeen cox i ary prdpanly-subatitnted edbyl

C- at ons. Hﬁ:%%%d |‘A;:e o] r&% r%l [N rbggt§ Stbﬁﬂ?@r ?9%_}{@ tyw or ,MEe

fused rings been fou e partl cul ar "The
i nventiont0 famthheed toetla essme tcarbompd iazal F‘yus mﬁe\temy only 1\7 and a8
butane-1, 2,3, 4-tetraol derivatives of fo Sﬂg 5 grrL,
Alerr], A[err"]ay AFBF T tall ?%?fépélﬁagn?’fiferlag{)*e At 8“6 h%legeIf\ randn
25 28 may S@idceRak! Yryaubgéd ! utes bewtwﬂpouwgéouﬁe th8be wlHch
optionally-substituted aljphatic group with to 80

C-atoms, i n Afiech c8fe LB KHoPEC RSt oﬁé‘“rra§”’%fe"'rably 2>, 2%, A7 and Afogpgled
by a het er OatJ_Q;rdiIegéqaexgi’JQUp reS@esent§q¢ﬁ{ Il eptionally-substituted akipBekic
- OsO witll 3 qptionall - substl Lut ed

(o)
aromati c {Fl ng ougte Vi t“ﬁ fo §6°ms' fi dhen a c- atone SF o §hd™
Alerr], Aler rﬂ]OP—A{:ewE}r}t Al-erteis eandy be nppeeetbrity @ hereprasentos a gmoup
optional ly- _go, -50,-, -soo-, -0§4PSEitidd, abkath&ﬂJn%‘i@y%&ﬁEt?l& 80
C- at ons, in which a C—atom or two or nofre non- adj acent
-5 aromatic or non-aromatic carbocyclic or heterocyclic ring system,

with 1 to 80 C-atoms. Carbocyclic or heterocyclic ring system
20 having two or more fused rings have been fcound to be particularly

suitable.

The  invention further relates to optically active

butane-1,2,3,4-tetraol derivatives of formula I, in which:

ail, a2, a3, A% each independently represents hydrogen; or an

25 cptionally-substituted methyl group; or an
optionally-substituted aliphatic group with 2 to

80 C-atoms, in which one or more C-atoms may be

replaced by a heteroatom or a group -S80-, -S0-,

-500-, ~0S0- or ~S0S-; or an optionally-

30 -substituted aromatic ring system, with 1 to 80

C-atoms; and

a5, a6, a7, A8 each independently represents an optionally-
-substituted aliphatic group with 3 to 80 C-atoms,

in which a C-atom, or two or more non-adjaeent



C-atons, may be repl aced by a het eroatomor a group -SO-,

-SJerr]- O or or an

optional | y su%?%ﬁ%gd arorratl Cori ng system wth PCTABINIBY g
C- at ors; 5 with the proviso that, when A5, A6, A7 and A8 are all phenyl,
t hen at | east one of CAA®™,, fﬁ{‘e@? rAPéWe}d Airera | hdbesoatstm r epr @sent
hydr ogen. Parti gbad | ysd Nt er®§ti ngsgpp) i cgéd-ongrargoR0ssSHbl @nl f

at | east one of the A er %c}ﬁo A err]t resi dues | ncl udes a pol yneri sabl e
gr oup. Pref er r e8P &1 Gt PRORHt Ot IR af¥EYp with
optically 10 active butang-dg B03c4ateig;aol derivatives of formula I,

wher ei n: Alerr] to A[err] have each |ndependently one

o hvar Goortrio b GFaTaTe e PRBRTradtt S g 8F st all bnéRyf) e”%

Imleani ngs of fonguka ddebo@rp?ne@ipf Al he,4rraa@$ g repr?slelnt;:) hydroge®f formula
C: err
[err] igcularl rtJrest£ r ssﬂb e i‘i rlt
which: 20 x[EAFFEEo-3er ri A% h IPRASFRNREHY | §FBer?e ts 2
-NH, - N(CHest] dne of the Al to A8 residGHE AHclude€k, poxgﬂé&ﬁﬁhbfi»gnoupsc>,
-CH2(SO -, -SQ2-, -CHerr](Sgerr])-, -COO, -0CO,
-0CO- O, -S S 3 ot T - SOS- ¢ oy
“CH err] CH err]-re(r:c%: e&]%mboarments d_ﬁ th(-]' r%,}n 1ono§9§.ates g§ 9%@4},}{
-Cerr] G0 oradigengltangohd?, 3.£-sathaal HETiERTiRE of formula I, whatexygen
atonms are not Ilinked directly to one anot her;

a5 to Al have each independently one of the meanings of

formuiz II:
-X*= (Sp*) s=X?~ (MG) X~ (Sp®) 1~ P (I1)

Al to a4 are hydrogen atoms or have each independently one of
15 the meanings of formula IIb or one of the meanings

of formula IIc:

1 2
- (Sp') p=X?- (MG) -X’~ (Sp®) ;=P (IIb)
1 2_ ey _wd
- {Sp7) ,~X- (MG) X (IIc)
in which:
20 %1 to x3 each independently denote -0-, -S-, -NH-, -N{(CH3)-
-CH{OH)-, -CO-, -CHs{(CO)-, =-S50-, -CH2{(SO)~, =-SO2-,
-CHp (803)-, -COO-, -0CO-, -0CO-O-, =-8-CO-, -CO-S-,
-s00-, ~-080-, -S0S-, -CHp-CHp-, —OCHz-, ~-CH20-,
-CH=CH-, -C=C- or a singie bond, in such a manner
25 that oxygen atoms are not linked directly to one
another;
X4 is a halogen;



X err] i s a hal ogen; - 6-
Sp[err] and Sp[err] are each independently straight or branched spacer
groups havi ng WOt98/64883C- at ons whi ch may be UNBCRARIB/D1984d,
or nono- or polysubstituted by hal ogen or CN, it
bei ng al so pqsgi R i I on-.adjacent CH err
groups to be ep?ggeg, i%gga%%M% édependently sd?%% gg ?ﬁdgggﬁﬁgﬁ?lﬁL??
one another, by -O, -S- groups having 1 taNHO Qyecrmy-, whios OHay -120-
-CHerr] (CO-, -CHerr](S@bubstituted, or mono- - @ ergdiy3Gbstidited - P .
-0Co, -0CO- O, -S-CO, C?S ey ia , -Cerr]C,
-(CFlerr])-[err], -(CD[elflPFerrPE & - GEWRFMY) 230N IF)tbler fa5d ape ¥
ranging Between 1 andmolb, nomvrabijadketrr tH,; agubup¥f esrbe EaAfdldced, in each

i ndependently denoting H_ H (CH.err err]-_or d wth

rangi ng between 1 and 15:°23¢€ mlf‘ﬁpel‘untlJ fraug Or}?yd?'b‘?fgﬁr'orby pr&trer abitey
a polymerisable group -NH-, -N(CH3)-, -CHg®)ectedo-fr-am (Che-, f-arpYE®L-,
CH err]=CW, CH err]=CWCOO 15 CH err] =C(Ph),_-COO

CH[ er r | =CH QOO Ph-, ~EPp 6999 =ow &3k ,~OC0 288161, ‘S“%OUH[ aFP1sT
(Ph) -CONH, CHerr]=C (EQeR )(Cg%Q;gII>CD CH &y | =G e (w2) -

CH err]=CH QOC-, Ph- CHECH, CH err )-Czl\l-((Cl—f'esrr])[err],gHO(, TS

I[-IO ]( %emr] ) [err]- rangH’SgHSEkﬁl'dheéﬁ] )1 eal’n]rd] E:% andHOw{ CIHér:(ﬁ’ r%¥ each
err , . i er err , AN, HO -
CH err]=CHPh-(O[err], l“df%?ﬂe“g;% 3251 3095 2V Gi t r?~w@ei H3th, <

or alkyl with 1-5 C atoneangBng between 1 and 15; being 1-9, m4 being O or
1, Ph being phenyl, Rerr] being al kyl with 1-5 C

atoms, and RP havi ng t@g hvdrogen or preferlrggﬂr ng Ofao;R_/mé)fis%%'ng group
met hoxy, cyano or a hal ogen;
selected from the formulae CHy=CW-, CHy=CW-COO-,
15 CHp=C {Ph) -C00-, CHp=CH-CO0~Ph-, CHp=CW~CO-NH~-,
CHp=C{Ph)-CONH-,  CHp=C(COOR')-CH-COC~, CH=CH-O-,
CH,=CH-00C-, Ph-CH=CH-, CH3-C=N-(CHz)pm3, HO-, HS-,
HO- (CH2) m3—» HS- (CH2) m3~» HO (CH32) p3C0O0-,
HS (CH2) 3C00~, HWN-, HOC(O)-, CH2=CH-Ph-~(0)ns,

/0\ R" R"
HWC—CH- , @CH:CH- or @*CH:COO—
20

with W being H, Cl or alkyl with 1-5 C atoms, m3
being 1-9, m4 being 0 or 1, Ph being phenyl, R'
being alkyl with 1-5 C atoms, and R'' having the

meaning of R' or being methoxy, cyano or a halogen;
25 n and m are each independently 0 or 1; and

MG denotes a mesogenic group comprising 1 to 4 aromatic
or non-aromatic carbocyclic or heterocyclic ring
systems and optionally up to 3 bridging groups, and
preferred are those selected from the meanings of

30 formula III:



25 n and m are each independently 0 or 1; and M5
denotes a nesogenic group conprising 1 to 4 aromatic

oor

non-aronmatic ¥WEEB ic or heterocyclic ring PCHRIPIAHB and
optionally up to 3 bridging groups, and preferred are
those selected fromthe meanghgg!of=30, -3 z3-CcY) f roula IH1(I1T),
-7- [err] in Wm-g% ?’_(_CZ[ ])?Z-GC[ 3 are in
each case i ndependent |y optionally- -substituted
non- ar onat i i ahdAAti c, carbocyclic 5 or heterocyclic
gr oups; Z[err] to Z[err] are independently from each other
- COO b in ~&ddher [daseH ehbibpendert@H @bklonals
-CH[err]Om% Lo, (&9 " C se L AR T & 68D O
or a single bond; and ~$ubsHPt R a%on‘sré?ﬁ‘étl‘?nd%b‘é‘ﬁ&éﬁtl farp?ﬁ%cg‘e‘rcs 0
to 3, such that 10 or heterocyd@lc beshigsa2 + a3 [err] 4.
Especially preferred are those in which (Jerr] to (Jerr] are sel ected
from [errz]l to 23 are independently from each other -C00O-, -0CO-,

-CHp-CHo—, -0CHz—, -CH20-, -CH=CH-, -C=C-,

~-CH=CH-CQ0~-, -0OCC-CH=CH- or a single bond; and

are independently integers 0 to 3, such that
10 al + a2 + 23 £ 4.

v
W
N
W
o)
Q.
')
W

Especially preferred are those in which ¢! to c* are

selected from:

(L)w (L)w (L)w {(L)w N
Q,@,@’@@H

\ Q=
(L)w (L) IL'\ -
o> 0 60

(L).._ (L)u. (L)w (L)m

N-N N-N
ﬂ \E_B/ ) /Q »\ and /QS»\
o ' s o

with:

15 L being -CH3, -COCH3, -NOz, CN, or halogen,
ul being 0, 1, 2, 3, or 4,
uz being 0, 1, 2, or 3, and

u3 being 0, 1, or 2.



W t h: 15 L being -CH err], -COCH3, -NO2, CN, or hal ogen,

ul - being 3, or 4, uz2 being 0, 1, 2, or 3, and
u3 bei ng 8WO]199/ 6%%}32. -RCT/1B99/01034
We have di scovered that, to attain high values of HIP for a gi ven

guest - host |i qui @echyseadiisiqwesysm’tmt,i ttol atdesn rialyghe viaQues of NBTEassy tzhe

si ze and they c\‘,g] g&g@%lﬁ@ Sit l};dl :';1% nglfjgxee %yst%%bstlt entC? ar o#ﬂd the

chiral centre(s e optlca y Ive t nﬁlecule(s
possi bl e to iNEaPRER Steh &13erahy tha confgy@mapienzht Juspdattvn Wth:he

optically a%bb‘é@lﬂh@ﬂ%&a&oﬁﬂ@ ﬂhe crlratlet::'éﬁﬁ)fe der 'd&atﬂh‘ée%pr\.c:QQI "UaL
where th Sfé g 03| ul d be derjvatised with bul A[eerr]
to A[err? sOOSE| f“ﬁ ﬁ?’é (tsértl ﬁg,ls l’c’ss1“ESJr‘= BXahprELse 4 ach%traGelgg{n&Fld
anal ogues athe Apeesdnt t dnvéfefar] withlOop@jyalapri ateiwd r usitdher-1 selxated
(Rom the fouke.d] AU LBIIAN I copnBhd & (SUICLEL Ao B! BDLELA 0"

(R R and (S nantioner four ~genera
groups coulodulbebet bemvatlsedemvnt bsEey ABI g &£ asgisedlusyng hgti,_eung,
net hods, with Alerr] to A%err riately selected fromthe fornula

0
b as or garﬂOE r 8¥¢ rorbertrﬁettisggg e SPALPERT Of 831 uBel Ay of
and/ or 10he appncyease sm.frUCz.LreQOfHéatebbedilfiyoantHe Vviotrhut herguesd tasfHirdc

crystalline te . . referre od| of the, present
i nvention ar %_ng g@xtmeéc)m.? &Y eaa":s“’lelIY%%:)f Symt hbeostlhs | o {}t%& epanticmeric
but ane-1, 2, 3o4ms. The £fowt r agdnederpdat i‘yésmcvf f@mnplsa lcopidr eibe; then

derivatised, using classical synthetic methods, with Al to a?
appropriately selected from the formula IIb as organic residues

15 permitting the increase of solubility and/or the increase of

compatibility of I with the guest liquid crystalline systems.
More preferred embodiments of the present invention are:

a) for wease of synthesis, opticaily active butane-1,2,3,4-

-tetraol derivatives of formula I wherein:
20 2! and A? are identical, and

23 and A% are identical, and

aAS to A8 are identical; and

by optically active butane-1,2,3,4-tetraol derivatives of

formula I wherein:
25 a3 and Af have one of the meanings of formula IV:
(SP?) ma= (O) ns—P* (IV)
Al and a2 have one of the meanings oi formula VA:
~-X>-MG~-X>- (Sp?) me—P° (VA)

and



23 Alerr] and Alerr] are identical, and A3 and A4 are
i dentical, an Alerr] to Alerr] are identical; and '
optically ag\v_f)\?gl“ss%ut ane-1, 2, 3, 4-tetraol derivatives of PCMBQ%IOM
formula |I wherein: 25 A3 and A4 have one of the neanings of
formula IV: AS to B8 have one of the meafip] efr foimyler¥g: ( O)
%ﬁrr]-P[grr] C I (v Alerr] and Alerr] have one of
e neani ngs o ornmul a VA M3 2 _p3 -X[err]-M> r]-
(Sp[err])[err]-Plerr] MG-X (§Q/A))m“ P and )
-9- - Alerr] to Alerr] have one of the neani ngs of
formul a VB: in which: 3 2
-I\/GX[err]-(Sp[err])[err] Plerr] (VB)

whi ch: ap[ IS alkylee h 0 to 20 C atons, 5
Plerr] |§D m[ef?]“é\)ﬂzlsP g e%t'o F=t%rr] - co |
p[err] H, CH err] C\/\[err] CH[_err] =CWerr]- OOO,
V\!,err]CH=§I+O rbr is H, CHy=CWS- or Cf-ewblcWerr]-O, with Werr]
being H CHerr], or d,
p3 is H, CHp=CW3-, CHp=CW5-CO0-, WSCH=CH-O- or
CHy=CWS-0-, with W3 being H, CH3, or Cl,
n! and m5 are each independently 0 or 1 in such a manner that
oxygen atoms are not linked directly to one
10 another,
MG is selected from:
L u‘ (L)uz (L)Iﬁ >__N
o O Oy Q-
_< >——N_.
(L)w (L) ]
o @@@ 0 %
N—-N
(Lw (Lya (L) (L) (L>u, ’
N- N-N
Y Ly, A ($
o * N
X3 is -0-, -CO-, -COO-, =-0CO-, ~-CHp-CHz-, -OCH2-,
-CHp0O~, -CH=CH-, -C=C-, -CH=CH-COO-, -OCO-CH=CH- or
16 a single bond, and
X5 is ~CO~ or -CHz-.

Preferred compounds of

A% have one of the meanings of

- 10 -

formula I are those for which A3 and

formula IV, Al and AZ? have one of



mMerr] and nferr] are each independently O or 1 in such a manner that
oxygen atons Vﬁ555%#a§ linked direcyly to one 10

anot her,

X err]

-OCCH err] -

- OCO- CH=CH-
is -CO or

S
the

_3£i f%?Tula VB, in which:

for which A3 and

is selected from [err] PCT/IB99/01034
-0, -CO, -COO, -0CO, -CHerr]-CHerr]-
meanings of formula@‘ﬂ[@’nl’d] @5, to GiEQldve ol of- %%aﬁ%f
er

a single bond, and

Alerr] have one of the neanings of formula IV,

A[err] and AM&r] have oAé of cyclohexylene, phenylene, biphenylene, -

maanl ngs

cyclohexygene

10

15

20

25

of
3

t he na\ghg}gﬁegg éprﬁyéhgn%ﬂ%quS to A8 have one of the

f ormul a is

phenyl ene, blphenylene,
denotes -0-, -C0~-, -CO00~, -0CO-, -C=C-, or a single

bond, in particular -0- or a single bond,

Sp? is straight-chain of formula -(CHy)y-, with v being
an integer between 0 and 20, especially preferred
being ethylene, propylene, butylene, pentylene,
hexylene, heptylene, octylene, nonylene, decylene,
undecyléne, or dodecylene,

p2 is H, CH2=CW®- or CHy=CW3-co-,

p3 is H, CH2=CW®-,  CH»=CWS-COO-, W5CH=CH-O- or
CHp=CW5-0-, with WS being H, CH3, or Cl, and

n* and m® are each independently 0 or 1 in such a manner that

oxygen atoms are not linked directly to one another.

Other aspects of the present invention are:

a)

a liquid crystalline material, especially in the form cf a
liquid crystalline mixture, (co)polymer, elastomer, polymer
gel or polymer network, comprising at least two compcnents,
at least one of which 1is an optically active compound,
characterised in that the optically active compound is a

butane-1,2,3,4-tetraol derivative of formula I;

a liquid crystalline material, especially in the form of a
cholesteric mixture, or cholesteric polymer network,
comprising at least two components, at least one of which is
an optically active compound, <characterised in that the
optically active compound is a butane-1,2,3,4-tetraol

derivative of formula I;

Preferred conpounds of formula | are those



napht hyl ene or phenant hryl ene, 5 X3 denotes -0, -CO,

-COoO, -0CO, - y a single bond, in particular -O
or a single bm”l a8 Sp2 i s straight-chain of for RfIAB9/01034
-(CHerr])V-, with v being an integer between 0 and 20,

especially ch)ef&[I’c&d:lesteric polymer nethﬁjmgabtematbwaw cdPARMEENEation
butyl ene,  pent yl ofN& dn ontlcally active lﬁggﬁ%ag%%) é@%@%ﬁpéﬁétzﬂ:&r{%e

nonyl ene, decvl &ne,

p[err] compsrllsl,lnﬂ—l[err]:c,\/\[err] or CH[err] =CWerr]-CO,

p[err] is H, CHerr]=CWerr]- CHerr]=CWerr]-COO,
V\[e”]CH:CH'O i0Or  at 1least one opt;Q{ﬁfJaLtMer ';]/aIQi anLQchﬂq'yag H,
CHerr], ad, and 15 md and nb are "each i ndependently O

such a rrasnner t hzctive nematic polymerdsghls, sPmpAungr ehish Iqaﬁkéﬁ d’rff%?@ﬂ y
to one another. from thel ABfeariSPEES-tfd bhEadresgBt ocENVetldaQnyas€tive anda)

aliquid crystalline natelaIM‘eas eC|aIIy|nth formof a iquid
crystal l'i ne” mi xt®ftfe CPFeosY pol diet Ve eF H¥t- ﬁepatﬁﬁ’r%ﬁér % examplge L orA‘J

pol ymer networ K, Mempr i 5i ngoat (Ileast twelconysent sLig. Cryst. aBo¥eadtilone
of which is an opt Iy Ve Cco ound, acterlsed in.that

the optically ac é\/g%l oung ?s act'l;P 3 88#%&?%’3 £ etYholPate?
derivatiie of foargn,ulaatlons USH®-SasPRlild diSrdtal beheavmt é1Bi-al-2 2¥pecical |y
inthe form of 6%2% 2 299 SAY! eSter T Bo_p WXy S04, O CRALBSHELIE ago,

pol ymer  netwo nprising at 'l east  two conponents, at |east
one of which is EB~B-0 643&@%&1%6@‘1‘@ 8c§9§/§3§0nﬁ§l§hﬁn3ﬂar%fb]telé’r“-n%ecﬁﬁoﬁl

that the EP-QPLI 604|940, agbine sagorpOuRd EPHS-0 686 939,

but ane-1, 2, 3, 4-tetraol derivative of formula I; c) a
chol esteric pol yngr net,) rk obt ai na [ _sati of an
optically acti ve poléi/ FRERLTS Oﬁeé%aiq i C E)Weyt TPent Oto rormg ?rp:% si ng:

i) at least one optically-active or/and non-optically- 5

-active Hemati c jpollynen dabteatwompound whi ch can be chosen fromthe

al ready reported broad range of optically-active and
non-optical |l y-act{jyve ngmabhgipt gr indhSnedYeng¥ami@olifld Aldving at least

one polymerisable functional group, more optionally a

diacrylate compound, and
v) optionally a stabiliser;

20 d) optically-active polymerisable cholesteric nixtures,

essentially consisting of:

i) 70 to 99 %, preferably 85 to 95 % by weight of at

least one non-optically-active polymerisable liquid crystal,

ii) 0.1 to 30 %, preferably 1 to 15 % by weight of an

25 optically active compound of formula I,

iii) 0.1 to 5 %, preferably 0.2 to 2 % by weight of a

photoinitiator,

iv) 0 to 5 %, preferably 0.1 to 1 % of a stabiliser, and

- 12 -



Mater. 5, 107 (1993), Ml. Cryst. Lig. Cyst. 307, 111
(1997), J. Mat. Chem 5, 2047 (1995) or in patent 10

appl i cations USVQ-"?JG‘!?Q?S 617; US-A-5,567,349; GB-A-2 297 556; PCT/B99/01034
GB- A-2 299 333; DE- A- 19 504 224; EP- A-0 606 940;

EP-A-0 643 12%)and EE’né\:&t@Q@c939mﬁ>pt¢t9daah«lam§elwste&k frgma, 0
606 940, EP-A-0 643 121 and EP- A-0 606 939, i) a ¢ FEREESAY
optically active gppemtt oo rRAYS Lxturgsin the F’PP?“‘erl&n StﬁF%lﬁthrm sity
iv) optional | y avnesntyhesdgenien caimpaentesdladnggordidred! eastiure . one

pol ynmeri sabl e functi onal group, nor e optionally a di acryl ate
conpound, and pLi.o il] . .

optical ly-active The F’Jl‘véegbfbg L ]ﬁfol eéctl?rgl c O%gound rgéséc,gfosed in the
essentiall§ cénsémir‘mga@fd the following cal‘?betnrwﬁ%i pyeﬁlethmlsy wBSch0aBd %
by weight of af d gaat Q& NQR- ARLE Sl 1 ACLEMRIRA! ¥OBEd SED! i d
crystal, onn pel} y th 30 % preferabl ; to 1a5 /Oge)gg Q%b ?GL}?%
25 opt i cahegl Hery vé‘-‘@énpeﬁnd 69r f oPHATRAC! HO‘Jben -Weylijj )Met@O@eno 8ep

preferably 0025480: ZeénbyneRi htTniGheaveriag, sr@bgsa@atm that®d present casd V)
O0to5 9% preferably 0.1 to_1 %of a stablllser and

- 12 - of  comgounds Lho| 58% er i OVEFEAR LBt aidTABLEP1Gy  Fh@) - st epRd
conpri si ngg (s S) -Of@ehyng tderabeveard Xiuge@ ids t BeaPDNRERECeSiALS apgkin

situ ol ynerisation of the resulting qrdered m xture.
The inventi vee?S ?%Ialcﬁoégf?%e“oceiﬁﬁou J(’j]so""d‘l‘ §CF%%Cetd°f‘nsT ®* foregoi ng and

the follow ng can be prepared by nmethods which are

_13..



known per se and which are described in standard works of organic

chem stry such_ _as for exanple, Houben-Wyl, Mthoden der .
Or gani schen, C}%?r?9é§“38|?‘ni eme-Verlag, Stuttgart. In the present c&SE&1B95/01¢%
conmpounds | the commercially avai |l abl e (RR) - and 10

(SS)-di net hylscHeaet nate are used as starting materials, for

exanpl e according to the follow ng reaction schenes:

- 13 - H O

Tae

Triethylamine Cl
Dichloromethane '

Y

_14_..



(Schenme 1) [err] (Scheme 2) [err] [err]

(Schene 4) H [err]
WO 99/64383 PCT/IB99/01034

{Scheme 2}

— 0
omﬂg&—@—-’(
0 oH

DCC
DMAP
Dichloromethane

O

\(CH2)60—~’<___

- 15 -



D fferent methods can be used for the formation of the sought

chol esteric network, starting fromthe pol yneri sable col oured 5

chol esteric m WOR¥43anuf act ured as described above. Pr eferablrm‘lmswolou
transparent substrates, optionally coated with I1TO (indiumtin oxi de),
and nore preferably glass or plastic subsDHaes, were used Sai d

substrates carried a layer of rubbed ; {4 de or

- 17 - pol yam de or a Iayer of oated phot opol yner. Said

| ayers are used to orient the elix whi ch forns spontaneously
in the chol esteric m xtur 8@#@ e the formation of disclinations,
the pol ymeri SgbeRechbl esthrMg t ur eTHBS 0&% fefr] coated into a thin
film or [err] provided between twoYof sald substrates which were

shear ed

) 9-BBN / THF
i) NaOH (3 M) , H,0, O(CHZ)H_fOH

- 16 -
SUBSTITUTE SHEET (RULE 26)



over a small distance until a planar order was obtained, or [err]
capitlary filled between two of the said substrates, t hen

subsequent |y cfYQY648H exanple, by UV light, preferably in 10 PCHEB99/01034
presence of a photoinitiator, for exanple an I RGACURE[err]. Ow ng to
the strength ofcida tshr ee-di mensi onal pol ynmer network thus formed, the
filmmay be peeled off and used, for exanple, as a sel f - supporting
chol esteric pol ariser. The refl ected colour fromthe forned
cholesteric layer is 15 dependent on th&¥piftch I ength of the cholesteric
helix, said pitch length being if saependent on the concentration
of the optically-active dopant in, gorgexanple, a nematic host. For
smal | and hi gh concentrations of the optically-active dopant, the

chol esteric netwrk reflects red and bl ue cglpurs respectively. 20

The novel optically active butane-1, 2T8F4-tetr derijvati ves of
formula | are highly suitable for produciing chotrexteeic filns whi ch can
be used in different optical and el ectro+optical appl i cations.

- 18 - Exanple 1: Preparation o

(2R, 3R)-1,1, 4, 4-t etranapht hal en- 2-yl - 0

but ane-1, 2, 3, 4-tetraol

HHCI (%) | ) =:>/—0((:Hz)‘o—< :H’O
O OH

Methanol

0]

Different methods can be used for the formation of the sought
cholesteric network, starting from the polymerisable coloured

5 cholesteric mixture manufactured as described above. Preferably,
transparent substrates, optionally coated with ITO (indium tin
oxide), and more preferably glass or plastic substrates, were

used. Said substrates carried a layer of rubbed polyimide or

- 17 -



[err] Under argon, 20.71 g of 2-brononaphthal ene
are added to a 5 suspension of magnesium (2.43 g) in 60 m of dry THF. The.
obt ai ned m xt W@99/6438%irred for 2 h at roomtenperature (w th PCTAB99/01034
occasional cooling within a ice bath, the reaction being exothermc).

Then a sol ut 'p@@y&fu.&e (o‘E) dﬂg?é;mgf tc@‘ra{é@tp%o&gpgﬂm@r Saj cfnla%gém ?J_\ &g@é THF

is added dropwi se to the co reaction 10 m xt'ure at
conpl et e addi*Ci 6’51825 APf) Potelpgadetbn whichy Sqrmse SiP§n§H‘°?‘-‘rL@dedP a’:he

fulrtPer 4( f115ahom@@m%e¢rrm&atm§ dD?irJ]:Teegtﬁde tﬁdwtﬂbr&atwratzégsg d\iﬁ[c;eﬁhighons,
sol ution ex W et her X e
conbi ned %&‘F 2’% ezf&rggf QOLGALHIE MiFtYFe wagsat urated Nad sol ution,

dried over rragne5| um sul phate and 15 evaporated to dryness. The obtai ned
yel | ow br bwn er esiahea isto a tbhnofrlimogeraphed on silica gel (CHerr]dJ[err],
CHerr]C[err]/Et20: 9/1). This af f ords (2R, 3R) -1,1, 4,

4-t et ranapht Ral en: 2- 3 e I t

mat eri al . ;?Ebv%déh #é%n tho oé phe sail Mt%%cggé \rllwlt g%ﬁgpg%%:ge ure
of Exanple 1, tqurf@|p@@ﬁkufléﬁpmqﬂ until a planar order was obtained, or
1,1,4,4-tetraarvl butane-1, 2,3,4-tetraol derivatives are prepared:

- 19 - e cd2R13R) £ih1badndedRbr Rad-dOlyk bitt RN 8uls 2raded- t et r aol

then subsequently cured, for example, by UV light, preferably in
10 the presence of a photoinitiator, for example an IRGACURE™. Owing
to the strength of the three-dimensional polymer network thus
formed, the £film may be peeled off and used, £for example, as a

self-supporting cholesteric polariser.

The reflected colour from the formed cholesteric layer is

15 dependent on the pitch length of the cholesteric helix, said
pitch length being itself dependent on the concentration of the
optically-active dopant in, for example, a nematic hést. For
small and high concentrations of the optically-active dopant, the

cholesteric network reflects red and blue colours respectively.

20 The novel optically active butane-1,2,3,4-tetraol derivatives
of formula I are highly suitable for producing cholesteric films
which can be wused in different optical and electro-optical

applications.

- 18 -



[err]

(2R, 3R) -1,1, 4,4-Tetracycl ohexyl butane-1, 2, 3,4-tetraol

[err] éZR 3R)

-1,1, 4, 4- Tetram) 6483 t et r ahydr opyr an- 2- yl oxy) phenyl ] - PCT/IB99101034

butane-1, 2, 3,4-tetraol [err]

;1 '[20t ; ol Examél?éqal :3R) Piépélratgion4b¥et{r2§9§18{]-21p?|1 g,ntl_—]t_e)élrgxlfgp q:%a:.lienzé-yl_
-te

10

15

20

butane-1,2,3,4-tetraol

Under argon, 20.71 g of 2-bromonarhthalene are added to a
suspension of magnesium (2.43 g) in 60 ml of dry THF. The
obtained mixture is stirred for 2 h at room temperature (with
occasional cooling within a ice bath, the reaction being
exothermic). Then a solution of L-(+)-dimethyl tartrate (2.23 gq)
in 20 ml of dry THF is added dropwise to the cooled reaction
mixture at 0°C. After complete addition (20 min), the reaction
mixture is stirred for a further 4 h at room temperature, poured
into saturated NH4Cl solution (150 ml) and extracted with ether
(3 x 250 ml). The combined ether extracts are washed with
saturated NaCl solution, dried over magnesium sulphate and
evaporated to dryness. The obtained yellow-brown residue 1is
chromatographed on silica gel (CHzCly, CH2Cly/Etz0 : 9/1). This
affords (2R,3R)-1,1,4,4-tetranaphthalen-2-ylbutane-~1,2,3, 4~

~tetraol as white crystalline material.

Yield: 6.2 g.

According to the procedure of Example 1, the following chiral

1,1,4,4-tetraarylbutane-1,2,3,4-tetraol derivatives are prepared:



(2S,3S) -1, 1,4, 4-Tetranaphthal en-1-yl butane-1, 2,3, 4-tetraol 5

(2?1 ?S) , -1, vgfoﬁsvélisg_set ranapht hal en- 2-yl butane-1, 2,3, 4-tet ragkrrun99/01634

(2R, 3R)-1,1, 4, 4- Tet r aki sbi phenyl - 4-yl but ane- 1, 2, 3, 4-tetraol [err]
(2R 3R) -1, 1, 428, It4laki $, {-CCqreat p4eanbaxynetiht?h al, eneendo)l -
butane-1, 2, 3,4-tetraol. 5 [err]

5
(2R,3R)-1,1,4,4-Tetracyclohexylbutane-1,2,3,4-tetraol
OH
OH
**
HO
10 H

(2R, 3R)-1,1,4,4-Tetrakis-[4- (tetrahydropyran-2-yloxy)phenyl]-

butane-1,2,3,4-tetraol

_20_



(2R, 3R) -1 ,1,4,4-Tetraphenant hren-9-yl butane-1, 2, 3, 4-tetraol [err]

: . (4R, 5R)
-3, 6- Di i sopr ofK2 9%64383di net hyl oct ane- 3, 4, 5, 6-t et r aol [err] PCT/B99/01034
(4R, 5R) -3, 6-Di-tert-butyl-2, 2,7, 7-tetranethyl octane-3, 4,5, 6-
-tetraol (2R,3R)-1,1,4, 4-Tetranaphthalen-1-ylbutane-1,2,3,4~tetraol

5 (25,3S)-1,1,4,4-Tetranaphthalen-2-ylbutane-1, 2,3,4~tetraol

- 21 -



5 (11R 12R) -10, 13-Di nonyl docosane-10, 11, 12,13-tetraol 10
15 - 23- .
WO 99/64383 : PCT/IB99/01034

(2R,3R)—l,l,4,4-Tetrakisbiphenyl—4-ylbutane—1,2,3,4—tetraol

(2R,3R)—1,1,4,4—Tetquis—(6—pent—4—enyloxynaphthalen—Z—yl)—

butane-1,2,3,4-tetraol

10




Example 2: (2R 3R) -2, 3-Bis-[4-(6-acryl oyl oxyhexyl oxy) benzoyl oxy] -
-1,1,4, 4-tetranapht hal en-1-yl butane-1,4-diol [err]

To a stirreO¥8Mion of (2R 3R -1,1,4, 4-tetranapht hal en- PGT/B9/01034
-1-yl butane-1,2,3,4-tetraol (0.78 g), 4-(6-acryl oyl oxyhexyl oxy)-

benzoi ¢ aci d4g} 546 -9) 6-20ud sbpdbppt-py hagt mepywliddicage { DVMAR), 6(Qebiadl) in
di chl oronet hane (20 m), a solution of N, N -dicycl ohexyl carbo- di i mde
(DCC) (1.03 g) in dichloronmethane (10 nl) was_added drop- w se. After
conplete addition (15 mn), the reaction s 10 further stirred
for 48 h at roomtenperature. It was OHtered and the filtrate
was concentrated under reduced press ined oily residue was

chr omat ogr aphed on silica gel (
: 9/1) affording (2R 3R)-2, 3-bis-[4-
benzoyl oxy) -1, 1, 4, 4-tetranaphthal

CH err]CJ[err]/Et[err]O
H oyl oxyhexyl oxy)
| butane- 15 -1,4-diol as white

crystalline material. Yield: 0.56 g. According to the
procedure of (Jamle, &.oihe Lol gALag, ol f Ales WIRLLSakl £ 5 o
1,1,4,4- tetraar?lﬁsgut ane- g tetrgo derel \53??5}@}5 20 are pr epaGr ed:
- 24 - —-tetraol
5

(11R,12R}-10,13-Dincnyldocosane-10,11,12,13-tetraocl

10

OH
HO

15

- 23 -



(2R 3R) -2, 3-Bis- [4- (6-acryl oyl oxyhexyl oxy) benzoyl oxy]-1, 1,4, 4-
-t et ranapht hal en- 2-yl but ane- 1, 4-di ol [err] 5 .
(2R 3R) -1, 1, 0396883} aki s- (4- (6-acryl oyl oxyhexyl oxy) benzoy| oRGE/1BS9/01034
phenyl ] but ane-1, 2, 3,4-tetraol [err] 20

Example 2: (2R,3R)—2,3-Bis—[4—(6-acryloyloxyhexyloxy)benzoyloxy]-

-1,1,4,4-tetranaphthalen-1-ylbutane-1, 4~-diol

To a stirred solution of (2R,3R)-1,1,4,4-tetranaphthalen-

§ -l-ylbutane-1,2,3,4-tetracl (0.78 g), 4-(6-acryloyloxyhexyloxy)-

benzoic acid (1.46 g) and 4-dimethylaminopyridine (DMAP) (0.61 gq)

in dichloromethane (20 ml), a sclution of N,N’'-dicyclohexylcarbo-

diimide (DCC) (1.03 g} in dichloromethane (10 ml) was added drop-

wise. After complete addition (15 min), the reaction mixture was

10  further stirred for 48 h at room temperature, It was then fil-

tered and the filtrate was concentrated under reduced pressure.

The obtained oily residue was chromatographed on silica gel

{(CH2Clp, CHpClp/Ety0 : 9/1) affording (2R,3R)-2,3-bis-[4-(6-acryl-
oyloxyhexyloxy)benzoyloxyl-1,1,4,4-tetranaphthalen-i-ylbutane-

16 -1,4-diol as white crystalline material.

Yield: 0.56 g.

According to the procedure of Example 2, the following chiral
polymerisable 1,1,4,4-tetraarylbutane-1,2,3,4-tetraol derivatives

20 are prepared:
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-25-

(2S,-35)-2,3-Bi s;& 4-656- acryl oyl oxyhexyl oxy) - benzoyl oxy] -1, 1, 4, 4-

-t et ranapht hal ¥®2/6§38But ane-1, 4-diol = [err] PCT/IBS9/0103AR
3R) -2, 3-Bis- [4'-(6-acryloyl oxyhexyl oxy) biphenyl-4-carbonyl- 5 oxy] -1,
1,4, 4't3traﬂ@@bbhﬁ12¥34§i¥LpUI@ﬁ%ﬁ§yf%9§b§bhexyloxb?ﬁéﬁzoyloxy]—1,1,4,4-

-tetranaphthalen-2-ylbutane-~1, 4-diol

10

(2R, 3R)-1,1,4,4-Tetrakis- (4~ (6-acryloyloxyhexyloxy}benzoyloxy-
phenyllbutane-1,2,3,4-tetraol

- 25 -



- 26- (2S5, 35 -2,
3-Bis-{4'-(6-acryl oyl oxyhexyl oxy) bi phenyl - 4- car bonyl - oxyl -1,1,4,
4-t et r anapht haWer9/438B but ane- 1, 4-di ol [err] PCT/1B99/01034

(25,38)~-2,3-Bis~[4-{6-acryloyloxyhexyloxy)-benzoyloxy]-1,1,4,4~
~tetranaphthalen-2-ylbutane-1, 4-diol

(2R, 3R)-2,3-Bis-[4'-(6-acryloyloxyhexyloxy)biphenyl-4~carbonyl-
5 oxyj-1,1,4,4-tetranaphthalen-2-ylbutane-%i, 4-diol

- 26 -



(11R, 12R) -11, 12-Bis-[4- (6-acryl oyl oxyhexyl oxy)benzoyl oxy] -10,13- 5
- di nenyl docosane- 10, 13-diol [err]
-27- WO 99/¢4383 1| e 3 A mixture is fornul at ed REOTEEIYO1084

of ; 0
(25,35)—2,3-Bis-[4'—(6—acryloyloxyhexyloxy)biphenyl—4—carbonyl—
oxyl]-1,1,4,4-tetranaphthalen-2-ylbutane-1,4-diol

(11R,12R)-11,12-Bis-[4-(6-acryloyloxyhexyloxy)benzoyloxy}-10,13-

5 -dinonyldocosane-10,13-diol

0,

=>\—0(CH2)6\0
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1 %by weight 5 and ROTN 3010

99 % by wei ght. The liquid crystal m xture ROIN 3010 is avail able
fromRolic  WOR4383ch Ltd., Switzerland. Forns a chptrstenios4
phase with a pitch of p = 2.25 [err]m 10

- 28 - Exanpl e 4 A mxture is formulated consisting of: [err]

Example 3

A mixture is formulated consisting of:

1 % by weight
5 and
ROTN 3010 99 % by weight.

The liquid crystal mixture ROTN 3010 is available from Rolic

Research Ltd., Switzerland.
Forms a cholesteric phase with a pitch of p = 2.25 [T

10
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15 % by wei ght and [err] Fornms a chol esteric phase with a

piteh of p = 370 nm - 29 -
WO 99/64383 PCT/IB99/01034

Example 4

A mixture is formulated consisting cf:

15 % by weight

and
o
0 N4
p—(cnz)4o~<:>ﬁ// @*O(Cﬂz)rd
ﬂb O 0
0
0\
H-CsHl b

85 % by weight

Forms a cholesteric phase with a pitch of p = 370 nm.
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CLAI M5 CLAI M5 1. An optically active butane-1,2,3,4-tetraol

derivative of formula I: [err] 5 in which: Alerr],
Alerr], Alerr]WORSAI8E each independently represents hydr ogercT/iBSs/0103N
optional | y-substituted met hyl group; or an

optional ly-substituted aliphatic group &iatlis 2 to 80
C-atons, in which one or m)re C- at ons mayAbe 10 repI aced by a

heteroatom or a group - -0 or

-S0S-;  or ‘an Opti afﬁaf/ly AHEL putane- 1, 2'-3srd*b§?FﬁR3edd8FbY1%R1|V@ opf
non- ar onat i c feambloeyicl i ¢ or het er ocycl icrin
wth 1 to 80 C atons;

and
Cuhsti tut ed al i phatic oroup wiih 5 ACOSNT onsp“ °“ﬁ|||||t\b|l\||i\l\\|\|‘ﬁ[|

which a CGatom or two or nore non icga nt OA2 C—atoms may
be replaced by a heteroatom or " group -SO, -SO err]
-SO00-, -0SO- or -SOS-; or an 20 n optionally-substituted
aromatic or non-aronmatic AlQO Ab;ocycl i c or heterocyclic
ring system with 1 to 8 e@ QTS one, two or
three of A5, A6, A7 and A8 independently r &t s hydr ogen; ejn_

optionally-substituted nethyl group; or an 25 optionally- substltuted

aliphatic group with 2 Catons, in which a C-atom may be replaced by a
heteroato‘?no%—’“ai”’gicé‘-up SO, -Sqerr]-, -SO0-, -0SO- or -SOS-; and the
remai nder of Alerr], A[err] Alerr], Aerr] i ndependently represent an

opgloonal | y- S'&'bStZJZt Uhed @ '%t' (:\Ln’érs)é*{%iently represents hydrogen; or an

optionally-substituted methyl group; or an
optionally-substituted aliphatic group with 2 to
80 C-atoms, in which one or more C-atoms may be
10 replaced by 2z heterocatom or a group -SO-, -S0,-,
-S00-, -080- oxr -50S8-; or an optionally-
-substituted aromatic or non-aromatic carbocyclic
or heterocyclic ring system, with 1 to 80 C-atoms;

and

15 a3, A%, A7, A% each independently represents an optionally-
-substituted aliphatic group with 3 to 80 C-atoms,
in which a C-atom, or two or more non-adjacent
C-atoms, may be replaced by a heteroatom or a
group -SO-, -S80,-, -S00-, -0S0O- or -S80S-; or an

20 optionally~substituted aromatic or non-aromatic
carbocyclic or heterocyclic ring system, with 1 to
80 C-atoms; or

one, two or three of A5, 2%, A7 and a8 independently represents
hydrogen; or an optionally-substituted methyl group; or an
25 optionally-substituted aliphatic group with 2 C-atems, in which a
C-atom may be replaced by a heteroatom or a group -SO-, -S50,-,
-S00-, =-0SO- .or =-80S-; and the remainder of a3, a6, a7, a8
independently represent an optionally-substituted aliphatic group

- 30 -



with 3 to 80 Catons, in which a Catom or two or nore non- adj acent

C-atons, may be replaced by a heteroatomor a group -SO, -SJerr]-,
SO0, -0S0 oMONBEEB3 or an optional | y-substituted ar omat | RCHFB99/01034
non-aromati ¢ carbocyclic or heterocyclic ring system 5 wth 1 to 80

C- at onrs; withi t B ttwe BPovisommshatin which[ errf-athen obe, twd ok thsee

f A , A : th
M), A erri R A A e E;%%yﬁf%{e%?ég’?is%%ta Soscips (T 1

] .
when Alerr], AN%rrSCAlertPand “BFST r 9T ar$PSei OFhey PPt prml lt-sbast taves of
Alerr], 10 aromfteerbr Wfeiarbmaderddrodegsl oton eREESEHCINKIRIEENs vt o,
2. An cboti CatlrF: 31{ tgcgd chatbut ane-1,2,3,4-tetraol deLi,ALa.'r,J;’\+e~’a{§'LLS

clainmed i cl' wher €i n KTse’rr], Alerr], Alerr] and A : \um
i ndependent |y represents an optionally-substitut eﬂm. ‘iﬂ “a W th
- J *

3 to 80 Giigthorbe provifsioshtetC-at om or two or nor el acerst
C-atons, 15 nmay be replaced by a heteroatomor a group -SO, -S(err]-,
- SO0, - B0 - - L0r tianally-gubstg t ufed _aro ic_or non-
-aromatic car boc‘i@% i€§(%)r’s h%v?oerggygﬁq‘lrcegri#g éyétZAm’ V\%‘thafdt (r?etéorem“s“nts
C- at ons. 3hydrdyen,ophecald,yAbacaT wad bYtrayendt 2réhréskatraody; and

derivative as 20 clained in claiml1l or 2, wherein at | east one of the
Alerr] to Alerr]. 4 esidu i nclydes a.pol ynerisable graup. 4, An
[ hpen @ S0 RD AREAYCES QaROKIRN PR0RT L Wit pne a8 2%,

optically acti t et

any precemi ng chaj m3,wWhér@bds not rephsent] h{droear r] have each

i ndependently one of the m(eani ngs of 25 formula I'l:
-x[err]-(Sp[esr])[err f(l - (MR-l eprnd s splerxly)lerr]l-P . . fue A
(rr); ‘er r]A%t 01)% eéragrﬁl]y l\@lé'ié[e hﬁ%’ﬁrg)edgh%é%bgrrstegf Lﬁéveqeerégﬁt‘v‘ as

i ndependent | yclgri@edf in claim 1, wherein A%he atpanl ngsd af® fardmuliadepbn®sntdie
?fSEh? neanirgg%resents an optionallylghbggg{GQé% Ehgbhatic group with 3 to 80
C-atoms, in which a C-atom, or two or more non-adjacent C-atoms,

15 may be replaced by a hetercatom or a group -80-, -80,-, -S00-,

-080- or -S0S-; or an optionally-substituted aromatic or non-

~aromatic carbocyclic or heterocyclic ring system, with 1 to 80

C-atoms.

3. An optically active butane-1,2,3,4~tetracl derivative as

20 claimed in claim 1 or 2, wherein at least one of the Al to a8

residues includes a polymerisable group.

4. An optically active butane-1,2,3,4-tetraol derivative as

claimed in any preceding claim, wherein:

A3 to a8 have each independently one of the meanings of
25 formula II:
1 2 3 2 )
-X'~ (Sp") s~X*~ (MG) -X°~ (SP*) n~P (I1);
al to nt are hydrogen atoms or have each independently one of

the meanings of formula IIb or one of the meanings

of formula IIc:



[err] in which: Xerr] to Xerr] each [ ndependently

denote -0, -S, -NH, -N(CH3)-, 5 CHOH)-, -CO,
- CH2( CO) - - S®0, 99/643351 ) - 802- -CH ePCT/IB99/01034
(SQer/l),ﬂ - OCO- S—CO, -CO S,
CH[_er Br] —BCH Pr,_p-CHerr] Oy
A u\ i ngl eé%ogé‘[.gl n(bsdl?c)h a maﬁég Ea (1Ib)
N @ mré not |inked di rect ly to one 10 anot her;
X[ err] i s a hal oger;(Sp?) ,-X3p[(MG)-¥hd Sp[err] are EBTHL)
|ndependently straight or branched spacer groups having
1 to 20 C-at ogs which my be unsubsti t ut ed, or
nono- abstit ut ed by 15 hal ogen or CN, it being
al so pOSSI bl e for one or nore non-adj acent CH err]
groups to be xlelabax;%d, | Ba€RChndependently denote -0€AaSes+ ndependentcysf+om
one anot her, by - -S -NH, -N(CH err] )

-COo., CHFerr](CO) | OHERI9H)S@) -<C0-, ~CH2(CO)-~,' =SO-, tqiadpp (SCIéP?]')
000, -000, -000-O, -Se ﬁso y= CO-8o0-, 200co-, -0CO-0-, -S= %Efr]-@ors—

CF d
rgangl[ﬁgr;rLZat \[N:(ra:]] 1 aggD[lgrrsa%ew_]&SpT'angs(q\%gm}_) C(V\[err]) éerr] —Cgizg—n >

i ndependent |y denoting Hhcgh&g—i[eré]:),[gy SQE]g% d},@ Uin sucn a manner

rangi ng between 1 and 15; rogen or

pol ynmeri sabl e group sel ethad brcmnIQSatoms are not llmlhaei dimamliae to one
CHerr]=GW, CHerr]=CWCQ.,.. CH err]=C(Ph)-CO0,

CH[ err] =CH COO Ph-, CH err]=CW CO NH, CH err]=C (Ph) -CONH,
CH err] C(COO?') CH[err] COO CH[err] =CH O, CH2=CH OCC-,
Ph- CH=CH, CHf%err]- C-I\I-(@H[@rlra]lpﬁF@rr] HO, HS-, HO (CHerr])[err]-

spl and Sp? are each independently straight or branched spacer
groups having 1 to 20 C-atoms which may be

unsubstituted, or mono- or polysubstituted by

15 halogen or CN, it being also possible for one or

more non-adjacent CHz groups to be replaced, in each
case independently from one another, by -0-, -5-,
-NH-, ~-N(CH3)-, -CH(OH)-, -CO-, -CHg(CO}-, ~CH2(SO)-,
-CH» (80»)-, -COO-, -0CO-, -0CO-0-, =-S-CO-, -CO-S-—,
20 -C=C-, -{CF2)}-r, -{CD2)g- or -C{Wl)=C(W2)-, r and s
ranging between 1 and 15, and W! and W2 each
independently denoting H, H-(CHz)gq- or Cl with g

ranging between 1 and 15;

P is hydrogen or a polymerisable group selected from
25 the formulae CHp=CW-, CHo=CW-COO-, CHp=C(Ph)-CO0-,
CH»=CH-CO0O-Ph-, CHo=CW~-CO-NH~-, CHp=C (Ph) -CONE-,
CHp=C (COOR* ) ~CH»—COQO-, CHp=CH-0-, CHp=CH-00C-,
Ph-CH=CH-, CH3-C=N-(CH2)m3, HO-, HS-, HO-{(CH2)n3-,
HS-{CH»)m3-, HO(CH2)p3COO-,  HS(CHp)p3COO-,  HWN-,
30 HOC (0) -, CH2=CH-Ph-{0) 4.,
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HS- (CHerr])[err], HO (CH err])[err] COO “W“ﬁ I‘I' lmrr]COO
HAN-, 30 HOC(O) -, CHerr]=
with®¢ ei

- 32 - WPEpi64383 ‘hg °H, A BETABIRPRO34 ¢ h

1-5 C atons, nB being 1-9, m4 being 0 or 1, Ph being
phenyl, R bfj ng al kgl with 1-5 C atong and R’  havi ng
the 5 meani ng_of \R or be met hoxiﬁl cyan a hal ogen;

n and m are each i nde¥hadHTy 0 = M@‘CHZGQ&a
mesogeni ¢ group conprising 1 to 4 aro or non- aromati c

car bocyclic or het er ocyclic ring systens and
optionally up to 3 bridgiwighgwoupsng H}OC15.0r aARylopitgally cagtbMe, m3

but ane-1, 2, 3, 4-tetr aol erlval e S clalnedln cl ai m 4, ich P
is a polynerisable gr oup% Tl é m%\ bem?l cal?y l'acﬂ’1 §e1ng pilens\rl\ﬂ R

but ane-1, 2, 3,4-tetraol deingatilkel asth 1-%| & eedms n ehdi B 4 bavOng i hhe
whi ch MG iss a group sel ealte%filflgoa? ghegr bel%aﬁé%§y %Jé}{owka alddyogkft ! ]

i n which: Cerr] to err] are eac case ependent | y
optional | y- -substituted non aromatic, ar omatl c,
carbocyclic n and m are eachindgpeReRnidlyi € O dipa®d 20 Z[err] to
Z[err] are independently fromeach other -COO, -0CO,
-CHerr]-CHeqa ] -, - OCHfserar ImesogeniaH gaﬂfdu]pOcpmpr'rsCilriaChi- to 4 Gremaile, or

non-aromatic carbocyclic or  heterocyclic ring

systems and optionally up to 3 bridging groups.

10 5. An optically active butane-1,2,3,4-tetraol derivative as

claimed in claim 4, in which P is a polymerisable group.

6. An optically active butane-1,2,3,4-tetraocl derivative as
claimed in claim 4 or 5, in which MG is a group selected from the

meanings of formula III:
15 CHzt-C?) o t27-C?) 1 42°-C*) o3 (ITI),
in which:

cl to ¢t are in each case independently optionally-
-substituted non-aromatic, aromatic, carbocyclic

or heterocyclic groups;

20 2zl to 23 are independently from each other -C00O-, -0CO-,
~CHp-CHz-,  ~-OCHp-, -CHz0-, -CH=CH-, -C=C-,

—-CH=CH-CO0-, -0CO-CH=CH- or a single bond; and

al, a2 and a3 are independently integers 0 to 3, such that

al + a2 + a3 £ 4.

25 7. An optically active butane-1,2,3,4-tetracl derivative as

claimed in claim 6, in which cl to ¢4 are selected from:

- 33 =~



-CH=CH COO-, -0CO CH=CH or a single bond; and al, a2 and a3 are

I ndependently integers O to 3, such that al + a2 +
a3 [err] 4. W699/64383 An optically active butane-1, 2,3, 4-t et5a899/01034
derivative as claimed in claim6, in which (Jerr] to Clerr] are
selected from L - 33 - [err]
L bei ng -CH[err]( -)‘E:OCI—|[err(L)m-NCIer( )»e CN, or pgjpgen, é_ ul being
0, 1, 2, 3, or 4, 2 b 0, 1, or 3, uz~N being 0, 1,
or 2. 8. A i cal l i Ve ne’ 1, 2§ t &t ré@)ﬂ’ér Pvative

N N
as

l

(1w (L)
(L) -N

(L)ys ,(L)uz (L)w (L)y

N-N
\

oy, L .
AR

with:

t—l

being -CH3, -COCH3z, -NO2, CN, or halogen,
ul being 0, 1, 2, 3, or 4,

5 w2 being 0, 1, 2, or 3, and
u3 being 0, 1, or 2.

8. An optically active butane-1,2,3,4-tetracl derivative as

ciaimed in any of the preceding claims, wherein:
al and A2 are identical, and
10 A3 and A% are identical, and

AS and A8 are identical.

9. An opticdlly active butane-1,2,3,4-tetracl derivative as

claimed in claim 8, wherein:
a3 and A¢ have one of the meanings of formula IV:

0?) ma— (O) ns—P? (IV),

n

15 (

Al and A2 have one of the meanings of formula VA:

- 34 -



claimed in any of the preceding clains, wherein: Al and A2 are

i deritical, an A3 and A4 are identical, and A5 and A8
are identi cal %09;}3438’? An optically active butane-1, 2,3, 4-RE@VIB#1034
derivative as clainmed in claim8, whgrei n: A3 and A4 have one
of the neanings of formula IV -MG-X>~ (Sp?) ma~P°> (
(Sp[err])[er]r-(Oferr]-Plerr] (rv X[Ae>rr]
and Alerr] h of gt he neanings_of fornula VA

- 34 - g\;{(‘f%eﬁ]%o h haveaﬁ&eAggtU’%g‘eﬁé\%’é%r%f Sprmpkr MBani ngs of formul a
VB: [err] I n which: 5 Spl[err] Is alkylene with O to
20 C atoms; p[err] -MGE-%B- éanr] = err]- or
CHerr]=CWerr]-CoO; p[err] %P’snl %\F CH[err]:CWert(YB,)

CHerr]=CWerr]-COO, Werr] CH=CH O or
CH err] =CW et?]9'0Pwith Werr] being H CHerr], or O

Wi

nferr] are each independently 0 or 1 in such a manner that .
5 sp2 is alkylene with 0 to 20 C-atoms; “‘ \“““‘“
* c L
p2 is H, CH2=CW5- or CHy=CW5-CO-;
p3 is H, CHp=CW53-, CHo=CW3-C00-, WPCH=CH-O-  or

CHp=CW>-0-, with W5 being H, CH3, or Cl;:

g X 3 .
m4 and mS are each independently 0 or 1 in such a manner that
10 oXygen atoms are not linked directly to one another;
MG is selected from:

o

(L)w (L) (L) (L) >_N
SRR R oo S

N N
@@\ ;N; (L)
(L) (L (L (L (L)y ;H:

N-N N-N

ﬂ A I
o , 75;}&' . //(\))L\“ and S

b

x3 is -0-, -CO-, -CO0-, -0CO-, -CHp-CHz-, =-OCHy-,
-CH»0-, -CH=CH-, -C=C-, ~CH=CH-C0O0~, -0CO-CH=CH- or a
16 single bond; and
X5 is -CO- or -CHp-.
10. An optically active butane-1,2,3,4~tetraol derivative as

claimed in claim 9, in which:



10 oxygen atons not tly to one another; MG
S selectedfrom [err] \‘ u‘ i\‘ [err] is -0,
-CH[err ’

-CO, ,wog%:, s-OCCH err] -

CHerr]o-, - S derr]C, CH=CH-COO - 000 CHECH- or 3 FETABSS/01034

si ngl e bond,; nd X[err] C 0.

optically attive butane:1,2, §yﬁl?h?xryalo e’der| \??’tewg_g%{s Ef%r?erﬁ%éef‘ﬁ'

claim9, in which: naphthylene or phenanthrylene;- 35 - MG
S cycl ohexyl ene, phenylene, bi phenyl ene,

naphthyl ene g8 phenanthrylene _o- _¥b€rrlecoo- notes. <O, , %O)O
-0CO, -(Jerr]C, or a sﬁyngl es ’ 00 o@ﬁd in pértolrc%rmg- ,
or si ngl e bond; 5 SpXond, in PartisC\éagbra@ghtarchanmle)fbchdr mul a
-(CHerr])v-, with v bei ng an integer between 0 and 20;

5 sp? is a straight-chain of formula -(CHy)y-, with v being

an integer between 0 and 20;
p2 is H, CHy=CW3- or CHy=CW>-CO-;

p3 is E, CHy=CWS-, CHy=CW5-C00-, WSCH=CH-O- or

CHp=CW>-0-, with W being H, CH3, or Cl; and

10 mwm? and md are each independently 0 or 1 in such a manner that

oxygen atoms are not linked directly to one another.

11. An optically active butane-1,2,3,4-tetraol derivatives as
claimed in claim 10, in which Sp2 is ethylene, propylene,
butyvlene, pentylene, hexylene, heptylene, octylene, nonylene,

15 decylene, undecylene, or dodecylene.

12. Use of an optically active butane-1,2,3,4-tetraol derivative
as claimed in any of the preceding claims as a dopant for liquid

crystals.

13. A 1liquid crystalline mixture comprising at least one
20 optically active butane-1,2,3,4~tetracl derivative of formula I

according to claims 1 to 11.

14. A 1liquid- crystalline mixture as claimed in claim 13,

essentially consisting of:

i} at least one polymerisable non-optically-active liquid
25 crystal,
ii) an optically active compound of formula I,

iii) a photoinitiator, and

iv) a stabiliser.
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plerr] |s H CHerr]=CWerr]- fﬂﬁﬂ&ﬂ“ﬂ“ﬁﬂﬂﬂﬂﬂ

p[err] ‘ H  CHerr] CVWerr] l“

W er r] CH=CH O-WO spfpsss CH er *] =CW'er M - &, * wi t WWW?’?IO“
being H CHerr], or d; and 10 nferr] and nferr] are each

i ndependent | 50 oPn1 opkisatly-@otaMRedighag crystalline film obtejigeilat diys

are not ||nk%ﬁedhféﬁgldbn%>919ﬂeg a@ﬁ&é}%g the mllﬁtureA&la@héaahkyclﬁ%'1\49 in
but ane-1, 2, 3, 4-tetraol erivatives claim 10,

whi ch Sp[errt}"e |@PnQﬂﬁ§9Fen%“°“ﬁ3r6B9Ieﬁ% site bHnyBﬂ%Xmeﬁi§ﬁF9P%nePn the
hexyl ene, heptyleneg orastyd efixturaonyl ene, 15 decyl ene, undecyl ene, or
dodecyl ene. 12. Use of an optically active butane-1, 2, 3,4-tetraol
derivativ d an ptece cl a t for
Tauid 8 cifstaParmdPe st NeRedel DEECPELR Ol Thedha? SRl (%

| east one 20 seépﬁ@eﬁMYyraéﬁqfenﬁuf-a@\@t rvisibietiaysileagtivati ve of fornul a
I according to clains 1 to 11. 14. A liquid crystalline

mxture as j6lai ﬁBQ olfN a ChRAIvierlFilm acRosahG akby ca@nsi Qtsi g 0f6 as a i)
at | east one neri sabl e~ non-optically-active liquid 25

crystal, broggy % n@aﬁogiﬁ%ﬁﬁﬂ ly active conmpound of fornula I, iii)
a photoinitiator, and i V) a stabiliser.

- 36 - 15. An optically-active liquid crystalline film
obt ai nabl e by the steps conprising ordering the mxture clainmed in claim
14 in the nononeric state and in situ WV pol ynerisation on the

resulting ordered m xture. 5 16. Polyner filmaccording to claim15 being
capabl e of
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sel ectivel y#reflecting light of visible \_Navelafngt hs. 17. I
pol yper fi.l maccording to clai mgj (})@0]{632&&1 br oad- band pol GRibe)
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