' heIHhronbg“mﬁigg’pounds possessing both chronophoric and helical orderin
characteristics when used in conbination W|th nematic i qU| d crystal S are
di scl osed. T@hmbagﬁddnd Art Liquid crystal di s

o e ettt A e s

w © v . . ) .
0044666 Description Technical Field The pbresent invention relates to Iiqui
cryst al conpositions and liquid. crys!’&‘&@ﬁﬂ ay devices. Unique 5 . 1(

ar note
are the use o sucolh dl splays In and hel d cal cul ators and d| gltal watches
Wi | e theraaoagjreureiweral types of Ilbg;u dcry st?I di spl ay s I n use ';‘i‘l"l“b
particul arl t%h'!ﬂ!ﬂga asf °"l9é’|’ nBinent i 'ﬁﬁﬁl ns
i s knowd® s:y‘!'ﬁ@' "F\ cul o %I’a%m §“"f'}}’5‘g?%fpaa'c‘é?)lmﬂ e, e figg gr sueh
descri bed ﬁp\mﬁé p£ oﬂhq tal di l:sty?maJ%Bi aGartitilarfyitldhtageoudlaisplay for
Absor pt i vecdvaeh Wi ysthat pHQBsthms Baptay Fhis tyi:eufdisdlavdifas
Appl i ed Phyan(usscnhé:dlm théﬁt,erapqm e.gnsf\dﬁi@@nd ‘lNJT or, wé# ptive M?S%R

R o e L %& e

hormogeneo u Mpriding hEH D ﬂr vﬂmeﬁl d quid’chyatal; @ uédt G?d ic @e/ Sﬁdﬂm J)p’liy!ﬂw activeadditielig)
host posit hMBurﬁé?d"urﬁ?cieﬁt td pravidiel chblystéritlliquidcrgstd phaselilrcthe ahisencel yian elactic f#ald across the

opti cal |lzy alisplayatectrodbisthexdichraic dym@nersedm?lfsmha@msmtﬂ Q‘WG@ ?f%e Aigheunpel %"
|

liquid cr qupnt smgedthwswerea a‘%ﬁ" {iﬁ c
cispl 2y of fERED ‘%:éiw I.éaio bt '°a.,§ B
anmount, e. Qms |al ﬂ\Cth @tate, b@h oa uidDérisfal adyercis .
exhi b| t 253 ofiéhtsdito Eﬂ%aﬂbaﬂitﬁélv Bitle mcnaént ligheardiac bleapT trea;lgtmesndh@ng @rﬂ\eeallestmdela@abn eld -

i s appl i ed colored beckghowid; iscobeereest Py delectiven activatiqn ofjthe rsjastrades. infgrmpation canchy regdily

WI t h the el 833: A ﬁ%&%ﬁ:&?@;ﬁéh\éﬁ f}ﬁe l"?asg vy dgﬁw g&géﬁg{ % uLeOofaauxmary

et c ph%ﬁlgr % spd Cob fIngbdd dieplays,
an' Sot r gy d dh@é&dﬂaﬁ'g"e)ﬂfs l@#s H’W&i n dl?bf iaherenk Blsid%r&ag‘ii.aine sighifieantheglitivei C

dye in the pbnfqmmd:eeliaymeahtmh eso-dalied? Stocage dfdcecbr Yafterdlvegn dsattedingit dbgesyed whee thee

incident i nlav m-tweddroeaa fieldron 40 a fildioll ingchis jiiansitjoac 'thﬁda%ﬂe %P“G’M

col or ed baé’li ‘éﬂ‘sa ‘?1 g ﬂ"ﬁ;{f o ﬁ‘ﬁ"ﬁﬁ z‘h rl"g ;e Egs .

i nf or mat ol %y g l pl eft Sgni ntQFh%

phase Changﬁn liy> n @exrbic Mﬁvéﬁﬂ&ﬁt Bﬁn&dﬁﬁrﬂﬁﬂntﬁfheauxd érvstalyhlmé a'hes!efbwgms

do ot her \Aﬂuamdenemnym sheoricaltli andl: hmodae lcaﬂv\mstblwermw Grvanldi be:ﬂ!stqmﬂd

nematic di ¢ "&'9@“0"80}%‘59599?‘9""?'@8“' '\9 °e :ﬁow“ at“:?lﬁ"

i nher ent d| ste compn Eﬁﬁ{g"fp m 'sw N ,s| .

is the s% Cn%'l\? f, mo eerm efmﬂer u&'l bnaea-crﬁ ameeirymen ~
P t he di spl a)fnlktﬁreS\M prfobaﬁésasu H ed Optiesl inBoﬁopf/J ghask t Girfsmen Sénperakude, Iand/lehgnc

t hi s transirdgoetic mhelast Qpepneevm@mstry umrstmt teo} fijeskees dﬁ@ﬁva$tm?efre‘i1lt'a#'§9 P';ase'

di sappear emaeﬂemsrs*h B oPYF Fh?f%drsgsyon pO%'KXINJ%fR \é@ fch

scatt er s* ?thol @gg m .gm, s%éc.cﬁ:'ﬁ t99f‘

parti cul arI y %rpge,;t%b '(ﬂﬂah&ﬂ Nasnaﬁb yirildal MoverBer 1Ios1978qwcuie§d
Furt her, SIsgsunffclaﬁmmqunamuvﬁesmeoaach dyms Wiich [are reepiirgdto, becslibstitutedap theak,|oy oecandy e

“and di chr oi fiye aehitions, with anilinptor bubstitpted anilino gravgs. iapr ip t'leﬁ‘é" PPQ&W‘

rhydroxyl

n I substltuent
m xtur e. 5T s a tﬁr’@?gﬁ” acﬁcenta%aﬁv@ers&&&f;& P&’u:mlﬁﬂ: &Xe?@ and 13, that
phot ochem oécn’it i Mhﬁergu&irtﬂth e%l%b&ﬁ‘o@d%&ﬁ i AGbventional
addi tion i rﬂema mSaéﬁcn@p bffad) o hoeaura@n haeypee@sird-bio dpvias (Bhss,
into the dilnps ag thrbughaziidli As discussekd| herdiraboxst r:mbdt namhvlmeramjnmaﬂesm@?e qhh'@se
prior ars miwlmmiﬁ liguidi 1986'"?}? vehiah 56?1'&9 elve %c'égléFtP":a g’\R‘p‘a'f‘rs?é’fm'm 5 dapanty
crystal sys}heo tic lve m?g tFj é‘gﬁ.‘l&;a' ‘F ..Jﬁ"ﬁﬁr 3;#3‘1 gﬁa atenalsto
crystal s haygafh&ed Deiadity- aapasddnﬁai TatloSealby LHYerREnN $Niquid
conposi ti Oncrﬁﬂiﬂ rﬂiaw'alerx Uisaxsseihuaemabwm asaysthaﬂgenbrisi!pmcdemucglls{dablmtlar
m Xt ur es emayixtveesef Imuwpenstalsdasvesamphrtlaswlmmawahnlmmfb!@m txs'eth F‘P'BR@E"?’F e
t enper at ur efemasratue) Bdg poted thathe @rxareplesn ‘? ﬁ% '?"E“ 'Fjﬁaz‘ “F el
unpr edi ct ab%&‘; ﬁt‘w"f’ﬁ deﬂf?é valhipg esePuealRtYs B3 2 %xgse- aﬁ e sgpf ays
is that hig BAiSM PateR SpBGREETANG. NsEBRET SikcsédIRER cd,stsmowssnmnae@srsm@w at
nmust be issir et ohe Gpiicalip-active liqlid a4l icompdunt evith eldtivagy veakl rebgaive diglectde enisptropyn ata
nematic state in the field-on position. Normally vol tages of

2




P, s . _ .

bet ween 20 to 30 volts are required to switch a phase-change display to
~field-on state. EPO Patent PRublication No. 2,104 (Application No.
78300487. 2) filed Novenber 10 1978 teaﬂ:msﬁﬁem fic ant hraqui none-type

pl eochroic dyes whi ch re re bstituted indnR aRiRGirap? an lecﬁ,rgd
[ ve posit1 o e athecig et i e L
posi tion by bldetric AN Stropy | areSQvéill’rQlIﬁSIe rT Gutisally@étive @Graoundd witia eeiatiGely strong
states that omﬁmoé diélbtricanisbtrapy amLgdeh iirt Tabletls Exveanplatyadiahraiadyas !rstscubé’ws Hlent .
[err] whicls nay USiéi12RAS7 discones guestcighraigdves @ pluralipycs fP@f X ?g:%“ ™ e| ;L‘ag e
states at pagg,‘"'EPd in rrﬂgﬁe of ligyi hﬂctrxsgtal I';‘Pass} at?:'ﬁe Mst?rvscﬂ'e oseHsO Ine a?.

It is further qvighR e guthegsea FoIe dyes may be utilized in -
conventional Gedgliesf nFéraeser | cksz ef fect) or cholesteric-to-nematic,

phase- change- t y[Tee @reaant riaveotuini @lathe \td Gemch{quafgeqtﬁd ctvstnlegspl%s thich Ui W"El')° aydjiary,

di scussed hermlﬂM\!@'berm@éwPY en#alp a

di spl ays util? in ?ch\ai'f[amm m ou l w {:E;lée?z;'%seﬁl i verlm ”% %&%655

or contain a ﬁﬂm%ﬁ Erﬁl‘m akﬁr&ga&c,%ﬁm 4no§|qaalcaﬁﬁmms®m anids,

'azo. and azexysdhdigif H&d&rchia&id Bgsta%ma’ﬁitrohﬂ whictl eshpaunds po'ﬁms bgsh hdaﬁl oydeging ¢haeac-
mat eri al s di setnatsewda:rwnwahqilctchnrmmstﬂem 'eﬁaﬂl @Ptﬂé‘t"“ "‘E" Sta‘s o,
crystal materi alAsusesthgieinche terra elisheormie A an;?é"‘ "' cﬁ;‘gfé“”““ 5,

addi tives disf '&E&“@‘f RosH g‘g‘&'@ﬂét‘g ‘t°ﬁ'é’?rts"dfves Lquid r st ning the
Sl

mat eri al s. ,As odnpou oftlp b€ the |pkedbtit Ghvertoh ladd cthé&EM bﬁﬁﬁﬂiﬂd Sthilgnophonc
chemi cal | y-di ausiem alnara helizalBrdérivy @iedf in Iarsmuhdnmmatﬁal Lsethla m ithectergyThelical
vary nonl i neanddyrmndmemppememaabt dering grauRt oNefe the heljchromic

noted that t h@'@?& Sa' P'H“’ES °§°’P‘§1 %T'?WI exh%'fhe#%ﬁ%:z&%gh

vol t ages arzg bMe‘n)énﬁSérbd/ﬁnh
azo and azoXy ¢&f ,setch@,g, diéﬂ aﬂes tidy flekively aﬂmmobdlagescwmtexhubmng '
Bri i n Paten'snmﬁaaﬁ"gﬁmas,tdomd\nd sfeel56, 311 d| scl oses | i qur d cr st al

conposi tions condedelic WWEPO‘@SS ?fé‘Mztse‘i'fé" bgﬂ!‘f"ﬁ'- e deﬂ ({ﬁ"&"@‘x‘ m'
conmpound wi't h "Wé&%
666 | east %6“153%?1 etog starﬂt% &%ﬁ}ﬁ ¥Il rized lig

vﬂ\ﬁ a{ﬂ?unts of

DB bt o |ack of N

dicel ectric aniaaad rpers;eam esteridiobdeFing 6f tRYy ifiiid drfsta] pidge, he Helicheamiz BevB@y of the present
Exenpl ary opt iinvestion -dexi¢es eshibii ipprayed: prpstraés Qy Em@snsm deyjcescf thej nr'er - Jielighromic

negati ve di el ee\meP @mahv'ssml migreo efima perated at
corrp0und s Wt ﬁe tgrﬁgggjo a gmgg fgﬁ ays, dum:?%g?&% f’an‘;%:'%@ct " srtlonsT ::
in Table Fl. nd bdmafh)iff @ n@nftic staiJ IG rdlébszﬁhb @b hde.or presence ofldnSlectric

4,128,497 di scﬁbrese@hquaﬂttagedraehrrmunedyesndnm betwee hu:hatbstdry: moésopirage bmhdlr nRynatic
groups, Wwhi ch-hoeyotivgicalignimienteas is raquirestogperate tife Ph#:g&%ﬂ% '§?s§|“hHB%‘t hanyis 'a‘i"%':"
. These mat er‘i"al%@é‘i’g pematic AseRhase fona apmatic OmBRaPle HAUT LT 5 ffcthe
" guest-host and S U NGLH fsoFind 5848 BirhgdRentdof tw ﬂ?b.a tRIaRE Gubt-
i nvention rel ghghemich lﬂ r:%%ﬁ‘g: slt&]lél'ft;‘rﬁhafd’ dpSitabibouléeSPa Wﬁz@lveﬁc::r&quzﬁea as\ill be
auxi |l i ary pol afiscaseeédsheremaherbi t rapi d decay and no after-inage scattering and
require sigffi faré‘;faqnél)'/) reduced additives to obtain such perfornmance. The
superior displ MR oftie Heléh
use :of uni que Jtsgraf,scf“ a"d &‘%{, ﬁdﬁgﬁﬁa&é’iﬁ%ﬁgnhg?e&?ﬂmﬁgﬁat I C . |q?1| ’ Fomie

crystal s. Mre specrfrca Iy t he hel |chromc corrpounds of the present
i nyention asee DerafjeDeseriptiomi oni ¢, nonliqui.d-crystalline conpounds, 15

oubl e in nerratT‘t,eﬂei' "Eicé'ﬁ ays af the g deriyp, "Eﬁs a s from
odf e ol Bl zﬁ'r% e o ”%?‘ﬁa“&t'“ PR W‘g g
en used in c tQedst rofiopiRdrie Infoiety \andUit Gedst e Grelical drieding
term hel i cér Qﬁauayurwn ®.to refer to t he descrlbed helrchromc

cohpounds, to |i doe c!hrqmoybwal mqm rqqu asfyl dh‘!‘til'WP'H cra‘:;‘::f
also to di spl "‘Gé"(? ‘t!@@t ro s f gmu@‘%ﬁs wiw 'gﬁ vaw
20 -~ The hel h§§ th e@*&tﬁ%@p@ td tﬂé/\ﬁ E an ﬁﬁ@ﬁ@iﬂdm h

_ by havi ng agc hd’r 5f| Yeing aligned by nematlc liquid crystals. Useful dlchrorc groups must be capable of being
jomed with helical ordering moieties and the resulting helichromic molecule must be dichroic in nature and

have the ability to be aligned by liquid crystal materials. Exemplary dichroic groups are groups which are

characteristic of the well-known azo, azo-stilbene, benzothrazolylpquazo azo- methlne methine,

merocyanine, anthraquinone, and methine-arylidene families of dyes.
65 Suitable helical ordermg moieties or groups are those groups which impart helical ordering charac-

3




4 hJd
noi ety'and a helical orderi ng noiety in a si ngle rml ecule. As used in this
application, the term"helical orderi |m{§h "helical orderi ng groug”
refer€ to substituents which.i npart f el i chrom c conpound heli cal
ordering cheeis teihb Bélichromie6mpduna bs discgssed haeiyabbed. T usefulrgeeups mustivaush thq hqu-d
effective ansmimixtuef intvhichithe heinmrm@om d imindudedetoihayq 3 Besiiveit) or &g

e fagﬁttft%%ag* e R

convention .aagsmaieﬁﬁearb ormpaafatee hﬂfcil@&iehhgadryupainc damr
vol t ages Whietie/ ndishatbyl Bikyl toupd dronbiv, girtwtasy, 3- mejmtl mk!he)ahdndstpeetuvl bf'ml They
hel i chroni @re elaw'tdmefelffett'h@t (s torm. | nvent | on m:g E

nematic | i (1 t‘?i'Fh"PﬂHt"é’Pﬁ"a?:gJ:ﬁs ke d"(—‘é‘& jﬂﬂﬁ a{l,l' f,':gm':;
capabl e blbérr t d%ﬁd n'atel icHfditc dy 'H’évnr\ﬂ
sai d mxture o su stant!a y aT)so unpol ari zed |ight by propagat| ng the

unpol ari zed I'ight through two elli pt | calomes SO that bot h vectors of

| i ght- are aAtewminbed. |t | s beI [ eve %ck a%me meh’:ﬁ\l
physical g, St o TRm, T, 33°95"§‘§£%t o
hel i chrom @™ g@e aé| r q {' l&po BrigCcRaradier h&%ltﬁ ahﬁﬂ&ﬁﬁ\&demaﬂc : -
properties jgyiglery meha ﬁtlaﬂﬁ: ﬁ\ﬁbtﬁﬂSarﬂf the prior art. Helichrom c devices

enpl oyi ng hel h¢haroiniegercanipg 9ivelue ot | ox biektiet; whereinf whan| Qriscaa aaﬂ\aawepw agdz Ban

be oper age diumﬂms@ i éteét 3 \ﬁe$ B 1 'Hv@ewsggrst% géfffﬁ%tt‘?“'f;?%;t]fa& %
di spl ays,
a chol est ergu oﬂ‘d:’g;% agter é'iﬁrﬁan & OPS]M Wﬁbréhﬂth@ Ilﬁﬁﬁd grﬁuﬁ ise-l-d-l— .

hel i chrom ¢ conpositi ons renal nin a nenati c state regardl ess of the
bsence as- presence of an el ectr| c field. Hi gher voltages are r quired to
| ternate betwee opi-c

hol e] &!%?
Ilb’ﬁment as- |S—F§qgﬁ'_e'a’ T Opgrate tﬁg‘ﬁ| dse- a%ge deV| c fhe prior -

rt, than '—ngi-l‘?.,qu bheRl gfdlipt, Aaghiai\gBuds/ GElic darbéNiRide ﬁrom%&hﬂﬁr&tlém tiferdof Whbiel p -
omeot r ORb Us 83, graaTs| zgfr‘t}hee subetramd Bithof, 4 Sior Siadsitiotmr af G ar ady squibination thangof; and

el i chr oni cwhersimwhendis eh. anthraguinions baterpeyplicalicgthoximida ragical, ais 1pep irpubstititegon the
wi st nemat Mtoasn af gigtheterocyrye picarporimiperafictlyi d crystal  displlays to elimnate
optical bounc bR integbrihs 6 bl AsHofd bR, Prgtbrreaticholc!grdifps, @, &6 Yrospsluhich
ner ei naf t5r are zﬁf w‘ﬁi f?ﬂg&eéfopﬁﬁy&ﬂlbﬁfe b&?ﬂotﬁ}bﬁmrg?%gs;o, Eil:gh:nclﬁg(ie Inettinth, thetcganine,
Jr aphi ¢ pr esmtirquinonsisndaoetiies-aryiigepciemiliesiaives witicly ane perise well-knowp fn thi ért and which
hel i chr omi cwillibe sleseribeddf areater @E%?‘ﬂ'" Rr%’?fﬁa ﬁz’ibgﬂ ‘g"‘i!ﬁ"f‘ﬁﬂ"g szﬁf 9%% é{:’%“"s
Hevi ces. ' jﬁg

nvent i on dgilﬁ(&yh]ﬁ !%r{ﬁd%ﬁ )T “performance properties fromt ﬂ'g‘ré’ of

ini que hefi ch nam@nmmpauada orchﬁg §rElgs 4 whigh canbe sybstitnnle omfhehhemppresegrbup.
i nventi on aisdepaodent gn the ecqndmgmoom v@actlmm ﬂagle@n thetdy¢ frompwhi deningd: For

whi ch are SWG'BIGe WF‘PP ﬁ’eﬁa!ﬂ éz°|- %"Iz?' 'BFF§°"&H'B° g gmﬁds e
at | east Ong\e p, Zf ra en oup . IS ut
ina posnﬁoi ni Bjﬁon ﬂeql n to s Itg 5's§ 'aepagd oic dye.
s@n Bt

noi ety i r*® awhed§ rbﬁatmheﬁdtﬁiqtmfonﬁlﬁl@!dﬁﬁ isdGisstititediin -
this invent bﬁHbrmtl‘ﬁ'B o eaa:pabt ®, m r alpsmdns h ablichiaaddring oroepsadivedven gih hn Ofis an
N nC| dent el othr @ti'm! alllf&tlﬁ at"tgmter-uﬂw ﬁ"ﬂ'eaqv?‘S'P“Gl‘%NM@I @ﬁgﬁ 's‘“’d

or o i ups
?w two. ro w&% Wﬂ: Lr f;he
absor pt | O %Z“ﬁb‘g ‘ ?? s f?f? S anthedog Mihd G aﬁ trhsecawnsemwas &g‘gfgxéb
Wi th T especicdrod 83 Gtop HaliRg) a QI Gfdehri&bldﬁﬁlbttdch@'lfo tha Gtragbn (ﬁthéi(baﬂisﬁng or
capabl e of bedetgorsic g@msdvrimp mag affdct the driderpaeimetess talaﬂosptthmﬂ mthmhmm"cgm!g)
‘nust be capevel rerroiftech sybatijugrts incte iprmdindee of thel ava gm}?oi'se'ﬁ j kpw "T
resul ti ng"hé PifﬂPBﬁl‘%s‘H‘ﬁ\“?c‘ﬁIp?feﬁ'ﬁgf“’"ﬁ'é'°'6‘|°€ﬁ'i"6‘f”8 ‘H'"ﬁ’ plgrusseq iy 9 efe

ability to 'ﬁtL'hgﬂ:ﬁQmpé’ an‘l;ﬂUﬁtﬁl &rtﬁ/esﬁraéen{rﬁtﬁlhbral:a% beEéWHHeathérﬁm'rO séluble in,
groups are gématid fiquidiérystal &fn&:oﬁhﬁfs Ahick bre pér s6 krilwnlirthe sve The denatsliohid@rystals can have

erem

azo-stil be ne-;hebemmtr#nramh azmsotmn Gamerdily fiquid matﬁ he¥ing Wﬂbﬂ*@!ﬁ H@!;‘es of
ant hr aqui Rofielecttngonsienty b fimgithe @ 'twgeff;ggg? parials havi ;%{ sctne
Te1 1 or QEp e L B A o P P R L pre

aqr der 1.ng hﬁsé’i\ﬁre dielectric anisotropy. As used herein the term “positive” or “negative” refers to the net dlelectnc

anisotropy where mixtures are used.
65 Eutectic mixtures are also useful. llustrative are eutectic mixtures of 4’'-substituted 4-cyanobiphenyls
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substituted i rlahub&ryitaﬁtmhc?s wﬂ:ctaﬁdulﬂ oné ag% Mpol&;zeramdad&tl&n atiethelichréiic devides! oBthe
posi t1ons of Qrspntomvmqnar!lsMSanmdmnftlmeand na raftbrema wottatiogl ank avayviiveope@tedsat

- th radi
an-ant hr a quWﬁBWés pygr gﬁ‘ ieemd wéﬁ c;rr%mlc €0l pggmonsﬁ e‘fr:i?mgssegtlauy o¥ a ne(g'\aﬂc
ia
elhd

Wher e' nt he-‘!d 'dﬁ cP'g ure rewnth an or an'ﬁ,y onionic, nonliquid-crystailine helichromic
! th ouhld Béiftp soldBRDIAL erdatieUid8id drpéfel hriaterial, and the
car bOXI m de grt@(ﬂqnmm camﬂmmtug(amiz:htdinedveeﬁq having timigangdal3dimul 1, 2, 3, 4 or .

5/ 'Z may be substituted in the.1, 4, 5 or 8 positions of Q or any
copbination th 9 ; and wherei:n when Qis A%2ant hr aqui none. het erocyclic
di car boxi mi de Ta Qaén, aZd, hfo-sillbaﬁbd bénzbhiafdifRBb| 426t RGthiAG, 42BBnethidel Qﬁﬁi&yﬁfnes%ﬂme
het erocyclic okrﬂaé&aoadtmqimmaddsaairaquﬁaﬁm ¢lic BicarBoxiride fatiesler from 1 to 4.
As not ed above, neérem'em Qdmmhambb ogmnyp@s heycalamtﬂ"gp empgtemptm t'EB"'a!"@Of"emaﬂc '

characteri stlc"qﬂ s gﬂ@gﬁ A anﬂyaq o-methine .
. methi ne, mef caaaﬂmﬁ ﬁiﬁé %ﬂé . Q{@‘@g I.bﬂse.née%" aeéshaq?u EE% an
which are per sehriifl né<r@é1¥!1addﬂn§ 6 ghdater, .tweh in 1 aﬁleaqranbed and4, 1and 6, 1
great er det ai | andeyr i 1renti B@bsitidns eif@mr@dubheduqns ghlereof, ghe fuitigpr grovit@ithatZyhemds an anthra-
organic gro ‘Esquwn@ sadishiragd Zrincluslonariinkingareunrlioling i@ wherdin the lipkieg group is —CH=N—,
(+)-2-nethyl®al kyl and (+)-3-nethyl al kyl groups wherein al kyl i
preferably a | ower alkyl of 2 to 8 carbon atoms, (+)-citronellyl j
(+)-canmphanyl, (+)-3_EiJenl, MWW%—&RQ,—%MML)@W&% ThMunber
n, of helical ordering groups, Z, Whl ch can be substituted on the
chr.ofipphor i ¢ T8 enwsrqgle smmé-c ?ﬂa‘é‘i"dmo q?? swmbwﬁ*' @agt"r‘?;@a';‘g
sites-avail.abl é? rein wtl‘g éj‘gg‘ Y @ ul glc gﬂbwgider'rs c e??('é%iﬁ} dbﬁthe
h i r

an azo, azo- st,l,, gg,sap,qm, aigal rocya
azo- rrethl ne- base

56 The dichroic moiety Q may be substituted in a number of available posmons with one or more
. additional ballastmg groups Exemplary bal|astmg groups include

60 " NHy, —(CH};—CHy, —O—(CHy),CHs, —CH(CH)s, —O—C—CH,
C,H,,, phenyl groups, naphthyl groups, and combination_s' thereof, wherein pis1,23,0rd.
In addition, Q may be substituted in any available position on any aromatic ring by small side groups

which influence color absorption and solubility of the helichromic compound. Exemplary of such side
65 groups are lower alkyl groups, lower aikoxy groups, F, Cl, Br, NO,, NH(alk}, N(aik),, OH, CN, CF; and CHj.




v T - . :

thine, or nethine-arylidene group, n.is preferably 1 or 2 and the helic

rdering group, Z, is sybstituted 46 |naaéxmlt|on al ong the | ong axis of
o as-’not ‘to significantly decrease | 0844/66&tiveness as a dichroic dye.

When Q i s an ant hraqui none- base r oy Rladofi dolyako YpRichide tHeldiowing:

ant hr aqui none %@P'W&W“P?%ﬂ‘ﬂ%?ﬂ[‘%‘f’gag‘f ﬁ&gﬁeagﬁ Jr?o‘;rae of the 2, 3, 4, 5, 6,

7 .or 8 positions wth helical ordering groups. However, when Q is an

ant hr aqui none radi cal and 2 or gr t he aqui none skel et on may
be substifuted in the 1 _an@fl&ﬂﬁ ) oNﬂ 13@_6, 1 and 7, or 1 and
8 positions, or conbination her eof hel i cal dering groups. 50 Wen
t he anthraqw none i s substituted wnth two NH2 groups in either the 1 and 4
or 5 and 8 positions, the 2 and 3 6 and po '3 i ons of the

ant hr aquisone skel et on, respeg@/__gaﬁ ituted with a cyclic

di car boxi m de group having a he 0 ri ropp attached to the
nitrogen. O her ballasting or au hrom c groups whéch may affect the order

paramet er or absorption. band of the chronophoric nolety are permtted
ubstituets in the remainder of the avail able - positions as is known in
he art. The 55 preparation and structure. of efeﬁﬁed helichromc -
onpounds wi Il be discussed in er ydptal n- after. The _
el i chroni c conpounds ‘of the pr I nventi an]be conbined,w th, and
re solubje in, nematic liquid crystal conpo ongHyhi.ch are per se known
n the art. The nematic liquid crystals can eit.her a positive or-
negative dielectric ani sot r.opy- Gbnerally\ll crystals havi ng hi gher-

D T N

apsol ute .val ues of 60 dielectric- constant. are preferred. At this tine the
ppsitive pematic materials having d| el ect pMN ‘constants’ are nore .

readi l'y avai-l abl e and for conve S-Nef-< to for purposes: of-
i|lstration.herein. Mxtures of p i ve and negati@e naterials are also
useful, partlcul arly those mxtures havinhg.a nett pesifive diel-ectric"

ahi sotropé As “used -herei n the term"posmlve"‘ or - "negatlve" refers to the
net dieleftric ‘anisotropy where m res are used.~6 R. 'Eutectic mixtures -
are also useful. Illustrative arg CiN-N t f 4" -substituted -

41 cyanobi phenyls 4 0044 666 wh the 4 s are al kyl or

al koxy of 3 to 8 carbon atons. Representatlve {s the cOmercially avail able

"E-7" nmixfre fromB. D.H Ltd. Representative wf nematic liquid crystals:

havi ng negative dielectric ani sotRepywenaikghCys@fld be useful in the present

ipvention is the liquid crystal "EN- 18" devel oped by Chisso Corporation. 5
|l i chrom c devices of the pr.e_sent invention are simlar to liquid crystal

.. dilspl ay de#@®ices of the prior art in that they corrprii'se two plates of glass

" off nominal thickness spaced from W [ cron tens of mcrons
apart in a parallel configurati NafeT ac each glass plate
are coated with a thin filmof fo anple, i n1t' oxi de to forma

chducti vasel ectrode surface.. The el ectrode Nahi Bh is desired may be
prioduced by silk screen or photolithographic ni gues which are
wel | -known in the art. 10 The s fgﬁesc'g |_(%lach inwardly facing el ectrode
pattern are treated using technﬁ]u 3known 3 n the art to insure that the
hegl i*chromse-1iquid crystal mxture is horreogeneousl'y- or honeotropically-

orii ented. Honeotropic alignnent is preferred, i .e Hat the nol ecul es are

alli gned perpendicular to the ele de erf hel i chrom c di spl ays
off the present invention, int Tpted=aMs I e ic field, propagate
unpol ari zeg |ight thr ough two ell i.cal rmd o

whi ch wyt in the
absorption of both vectors of 1 ght and HE&" 4

ransm ssi on of the
characteristic color of the helichromc conp I'nthe presence of an

electric field selectively applied across el ectrodes the hel i chrom c and
liquid crygtal nolecul es bet the el et

ordering characteristics. T-b@-kﬂhw -
- sufficient : _ '

65
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conceritration of the helichrom ¢ conpounds alternate between a

heIg?hronic-conpound-colored state and a clear state, between the (6 o~
el ectrodes, when in the on and off stat@044%6&tively. A plurality of 20
“hel i chromi ¢ conpounds may be used to produce a display i ch "appears bl ac

in the absence of an electric field, i.e., essentially/@all visible

presence
LEA~ |t

wavel engt hs of |ight are abgagbed equal and tra rent i-n §h
of an electric fiel,d. d ( > q INQIN - —~MUR 23
is a characferisti (E'gc(:ﬁéotohe i chrom c i ces of pr esent

that no auxiliary polarizer is.require us, these helichro rﬁ'weV|ces
have brightness characteristics equiva change 25 \Ngpl ays and
superior to twist nematic liquid crystal devices, which require two

pol ari zers,™or guest-host liquid crystal devices which require one
auxiliary polarizer. In addition, the helichrom c devices of the present
invention display rapid decgy~tines, i. no after=tXxage ttering, and
may be operated at vol tag.a@em;m : N-aq. 'per;ate
traditi onalf$phase change d s. As di ssed her &=Adbover—{ he preferred
hel i chrom ¢ conpositions consi st essent y of 'a nematic 30 liquid crystal
material and, in adm xture therew th, ax=Qrganic, nonionic, _
nonl i qui d-crystalline helichrom c conpound, the helichrom c conpound being
soluble inzhe nematic liquid crystal material, and the helichromc .
conpound bei'ng a dichroic dye and having the general formula 35 wherein Q
is an azo, azo-stil bene, n\azol yl - p zo, net . azo- nmet hi ne, :
mer ocyani ne, nethine arylj '%Mﬁﬂ?@‘bﬂ'ﬂ BHe heterocyclic
di.car boxi magle radical ; an 9%rganic gr capabl ei pt=={ nparting. hel i cal
or_r-qre/r'i ng characteristic the m xture of nematic Ii- crystal .and
“helchrom c conpound; and 40 nis.an integer havi Rgea value of 1 or-
gt.eater; wherein when Qi.s an anthraquinone radical, Z is:substituted:in
the 2, 3, 4, 5, . itians of O or conbinations thereof, provided
Lhat when 87 o SemdiarGichoR 9l 8o G sibett e BB RilGwhGIC] ) P1 0L
substituted inthe 1 and 2, 1 and-3, 1 and 4, 1.and 6,1 and 7, or 1 and 8
positions of Q or conbinations thereof, and further provided that when Qis
an anthra-aguinone radi and Z i es a l4 nkj group |i ng it to.Q
wherein thé 1inking gro S Naht OH =§ht N=N = S [err]-,
-O[err], -[err], C 50 err], ph | groups, thyl gro , cyclic
car boxi mi de groups or conbinations thereof, wherein pis 1, 2, 3, 4 or 5 Z
may be substituted in the 1 5 or 8 | tions_of r any conbi nation
t hereof; affl wherein Men—@ﬁﬁwm@‘n%é - NPz di car boxi ni de
radical, nis 1 and Zis su tuted on e ni-trogen sai d heterocyclic.
di carboxi m de radical. 55 -The dichroic noiety Q nmay be substituted in a
nunber of avail abl e positions with one or nore additi-onal ballastin
groups. Exé&hpl aferRry disirpif groypsrfthe azermethine type include the following: '
[err] [err] phenyl groups, naphthyl groups, and conbinations thereof,
wherein pis 1, 2, 3, or 4. | ddi tion, y be subgtntuted in any
avai | abl e position on any Nr= mg&é@unah ps whi ch
i nfluence &bl or absorption an ol ubi ity t he hel i &liom ¢ conpound.
Exenpl ary - of such side 65 groups are |ower al kyl groups, |ower aikoxy
groups, F, d, Br, [err], NH(alk), NerrHo OHOHCN, [err] and CH3.
0044666 Exenpl ary dichroic groups of the ago And benzothi azol yl polyazo
types inclese the follow n@ : ' _

o : : >—.N-N @

s .

CH=N

60




P ow iv
[err] 25 20 30 Exenpl ary dr chroic groups of the azo-stil bene type

rncludethefollovmng -lerr]: di chroic groups of the
5zo-h°ét hi ne type’include the foI | -owi n@ﬁﬂf% 0 044 666 Exenplary

di chroic gr OURRerftlary Bi@hraﬁtgl‘vuﬁeofttmﬂethrm{yudﬁacltrdaahi folibvdg:ng: [err] 20
Exenpl ary di chroic groups of the nethine-arylidene type include the
following: 30 [err] RR 45 S 55 Exenplary di chroi CC@oups of the

mer ocyani pe type include: 60 [err] 0044 -
666 Exenpl ary dichroic groups & @ a'?\t‘l?r“aq ne|type i ncl ude the

following: 50 NH 10 [err] H“Z cHglerr] 35 [err] N 40
NH2 O [err] . -

10

i -~ Exemplary dichroic groups of the methine-arylidene type include the following: L
_ til m CH@
35 : . : .
. R 5 - .

“ - CHH=CH,
. P

Exemplary diér;roic groups of the merocyanine type include:

| . o .
¢ = (CH=CH), = G—S
60 | | @EN/ "1 x-s

L S
65 ) . n'=1.2'or 3.
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55 . *The helichrom c azo and azo-stil bene dyes of this invention may be
synt hesi zed usi ng nethods of: di azoti zati on normal I'y enpl oyed to synt hesi e(
ot herazo and azo-stil bene dyes. TheO0lQ44:688 ur e abounds w th met hods of
di azoti zation.and specific or ' A i ikl ating to
di azoti zati onan a?,’_c‘)’bc%T"l'c P Eg@F Ji’ %ﬁﬁﬁ%@ﬁ%lg.ﬁe iﬁgﬁfe?ﬁér]fgsn&% ggzo and
~azo-stil bene type dyes may be synthesiged My-di rect diazotization of the
(+) chiral aniline. Preferred opticallf§-active anilines have a para .
substitufed (+)-2-nethyl butyl gregp~e ‘3- et hyl but yl group,
(+)-citronellyl group, (+-canmpha ) ) - 3-net hyl cycl ohexyl group,
or (+)-a-nethyl benzyl group. However, useful chiral anilines may
“have the optically active group in'theoortfa_or nmeta ring positions.
Additi on#8 substituents, other than amno groups, may be present on the
ring such as-nmethyl, nitro, cyano, and hydroxy groups. The preparation of
(+)- p- am no- 2- et hyl but yl benzene, i.e_, (gl Zhi aniline, is show in D
Dol:phin and Z. Muljiani, Journal of Cjem gal\ s; Vol. 58 [2], 414 65
- '1973). o5 0044666 Alternati ve QiA%OS0 derivative of the chira
anizkine may be utilized to synt pe helichrom c dyes by coupling
wi th an am no conpound. Diazotiz g al kali netal nitrite in mneral
acizd or using nitrosylsulfuric acild i ¢ also effective in the practice of

t he:'presgpt invention, and those™§killed in the art and science of :
sypthetic chemstry will 5 appreciate the, various techniques involved. . . .

Heki:chrom c polyazo dys. may be synthesized by sequential diazotization and
coupling. Reference is made to_U.S. 4,145,114, for._detailed procedures.

Q her pepjinent- references inc Sy_%,OB%PZ ,1029, 392;. 4, 027, 950; -
and. 4,116, 861. Helichrom c po ' - 3l SO synt hesi zed by -
tet™eazoti zation of a polyaryl anig ‘

: ) , _Lasgubsequent coupling with a
“chital nitroso benzene group. Heli cf 20' dyes. haviTig: . nore.than one
chiral ggfupjnay be obtained by reasyAa e '

chiral nrtroso conpound, obt-ai \by Joxi.ditiadn o e-:correspondi ng chiral
aryl am ne with caros acid ( ur i s N"h'd@m ‘Hickenbot ton,
Organic Synthetic Chemistry, Vo='1.1," p. 310 (19 , in a mnimmaquantity
of glacial acetic acid.- 15 = Helichrom c benzot hiazolyl polyazo dyes.may
be obtai f8d by converting benzothi azol gl am%gas to the corresponding

di azotate by the use of organic al kyl |itr't_sH The di azotate is then
coupled to an aniline in weak acigs ot hi azol yl azoaniline dye

internmediate is recovered. Furth i ofN-and coupling to chira
refm c dyes of the nethine type

chrom.c azo conmpound with a

.., anilines *ields helichronic conpot®ds:
may be synt hesi zed by conbi ni ng equi vallent ¥nollar anounts of a 20 chira
ani.line and an aromatic al dehyde (whi cR mé¥Hal S0 have a chiral substituent)
condensing in acetic acid, and heating. Helichrom c dyes of the azo-nethine
type may e synt hesi zed by several netth@%k@pmn to those skilled in the
art. Usually such nethods involve synthesi f '

(+)-4-(2-nethyl butyl)benzal dehy o oued, by, con sation with various
am no azo dye internediate to p H ral'y i ne dye. 26

Hel i.chrompc dyes of the nerocya cfe p red by known net hods
of reacting a nerocyani ne dye precu § a chiral halide. Exenplary
mer ocyani ne dye precursors are decribed N Tﬁe_Chenistry of Synthetic Dyes,
Monograph No. 127, pages 249-254 (1955). Helichrom c dyes of the
met hi ne- asy| i dBweelichmeniasze apy atotitberecdyes of this dwantion M3y e synthesized pging methods of
4. 033.948 diazotization normally employed to synthesize other azo and azo-stilbene dyes. Th_e Iltqratgre abounds V_(!!th -
’ ) " methods of diazotization and specific organic synthetic procedures relating to dnazotl-zatlon'and .coqplmg
' reaction schemes. Helichromic azo and azo-stilbene type dyes may be synthesized by direct diazotization of
the (+) chiral aniline. Preferred optically-active anilines have a para_substituted (+)-2-methylbuty! group,
s0 (+)-3-methylbutyl group, (+)-citronelly! group, {+-camphanyl group, (+)-3-math.yl cycloljexyl group, or
(+)-a-methyl benzyl group. However, other useful chiral anilines may have the optically active group in ghe_
ortho or meta ring positions. Additional substituents, other than amino groups, may be present on the ring
such as methyl, nitro, cyano, and hydroxy groups. The preparation of (+)-p-arrgino-z-m(‘athylbutylbenzene,
i.e., {+) chiral aniline, is shown in D. Dolphin and Z. Muljiani, Journal of Chemical Physics, Vol. 58 {21, 41_4
. 65 '"1973).
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fel i chromi.c ant hraqui none type dyes useful in the present invention may pe

synt hesi zed by 30 substituting an opthgﬁ*{gs ctive am no group onto.a (ﬁ

di‘chigi ¢ ant hr aqui none starting conpound. eful dichroic anthraqui nones

are disclos egﬂi Agtetﬁa&elﬁmoﬁmegmﬁzb phthe), @iralt?n%@ g 1be’ ytilizgdstoksypthpsizeze-type

ant hra- qui nbefishromigslyes by qouelingwith ap amingcpm A no .Eetgr%thi O isTY efrdbiy
; i ti ing: alkal I nityi C| ing nitrosyisulfuric acid is also e ive in

o o v\, o st S b R

type dyes p gciaqy{p,ilqg.fblug ( eSiiédved! N the ant’hra- quinone di carboxylic

acid or anhydr i d&ticMbinla palysddidysimayibé sy@thadizeliby lseduentiabdisebtization and.ceupling)IRetetence is

than [err], 3edand Us. %l‘esmnrds@i,ledi precedurgs. cQthesrpertingnt ratwueesmchalpn%%-ph@?&%

I

Parti cul 4 @24.9pRs |8 = ' :
i ncl ude ? rh %yf gf%%%g%ﬁm qz | F%wgﬁn%b a&? rgeosj’gzlgessizfé Pi Fe?r {)%Etleorf]lt of'angyomm (aﬂmine and
i 7 q pl C%a wajtr 0 ben roup:
[grr] 10 ™ O0%Gemiceide déerw i R thn 1ahe Cabirdi o A6y beToblsindd b Credotiig b
0 1044 666 HO helichfdmid £5 ledmpldlind With a chiral nitroso compound, obtained by [ogidation $6th@ @orresponding
farr] chiral aryl amine with caros acid (p{groggtiure is taught in Hickenbotton, Organic Synthetic Chemistry,
Vol. Ii, p. 310 (1956), in a minimum quantity of glacial acetic acid.
15 Helichromic benzothiazolyl polyazo dyes may be obtained by converting benzothiazolyl amines to the
’ corresponding diazotate by the use of organic alkyl nitrites. The diazotate is then coupled to an aniline in
weak acid and the benzothiazolyl azoaniline dye intermediate is recovered. Further diazotization and
coupling to chiral anilines yields helichromic compounds. :
Helichromic dyes of the methine type may be synthesized by combining equivalent moiar amounts of a
20 chiral aniline and an aromatic aldehyde (which may also have a chiral substituent) condensing in acetic
acid, and heating. ' S .

: Helichromic dyes of the azo-methine type may be synthesized by several methods known to those
skilled in the art. Usually such methods involve synthesis of {+)-4-(2-methylbutyl)benzaldehyde foliowed
by condensation with various amino azo dye intermediate to produce a chiral azo-methine dye.

25 Helichromic dyes of the merocyanine type may be preparep by known methods of reacting. a
merocyanine dye precursor using a chiral halide. Exemplary merocyanine dye precursors are decribed in
o The Chemistry of Synthetic Dyes, Monograph No. 127, pages 249—254 (1955). :
: Helichromic dyes of the methine-arylidene type are synthesized as shown in U.S. Patent No. 4,033,948.
Helichromic anthraquinone type dyes useful in the present invention may-be 'synthesized by
30 substituting an optically-active amino ‘group onto a dichroic anthraquinone starting compound. Useful
dichroic anthraquinones are disclosed in U.S. 3,960,750, and in U.S. 3,960,751. It is known that anthra-
quinones substituted with certain arylamino, heterothio, arylthio, or aminoalkyl groups are dichroic.
Helichromic anthraquinone dicarboximide type dyes may be synthesized by cyclizing the anthra-

- quinone dicarboxylic acid or anhydride with a chiral amine at high temperatures, i.e., greater than 150°C, .

as and high pressures, i.e., greater than about 10 atmospheres. '

Particularly preferred helichromic compounds of the present invention include the following:
- <|:H3
s - OCH,,CHCH,,CH -
40 0 C> 2CHCH,CHy (+)
*
CHy o )
45 | '
: . CHgaCHoCHCH0 s o
0. NH, O _ '
50 - 2 1 CH, . .
c\ |
DI ronoeors
56 i . .
| 0 N, O | |
0 NH, O o '
0 - _ ?HS
N —CH~
| ' g‘e °"'z CH-CoHs (+)
. . | | .
65 .0 NH, O
10
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0044666 H N {err] 10 CH3 20 [err] 0044666 CH2- CH2 0044 666 It is
bel i eved that the helichrom.c conpound nust be present in the helichromc
di sptays in a quantity sufficient tﬂouﬁéﬁﬂé that incident unpolarized |ight
is propagated through two elliptical nodes, and that both vectors of |ight
are absorbed. The anpunt of hel i *onpou \qui red to induce such a
pitch is dependent upon the_sj el i.chr conpound and the nunber
of helical ordering sites. iC nolecule will (#@sult ina
twi.sted®helix formation at : sepf rdtion than willl a relatively
shorter helichronmic molecule. Inlladdltioh, &"elichronic dye nolecule
having two helical ordering sites wils ePfect the twi sted helix.formation
at a |lower concentration than an anal ogous helichrom c nol ecul e having only
one hel recal ordering site. Typically, the quantity of helichrom c conpound
which will assure absorption of both vectors.of light is 10 between"1l and 5
percent and preferably 2 and 3 percent by weight 4 the bulk nematic |iquid
crystal material. The helichrom c conpounds of the\present invention have,

in-genensl , relatively high ues of t pti cal 'paraneteq+§. Thi s
paranmeter is %H?;Fﬂ LgH-GM, Ne Wi T compound. i '$
ori‘ented by the iguld cryst mat eri al dis dir related to the
contrast one observeSHswhen viewi ng the 15 devi ce. eneral , -dyes havi ng
hi:gh optycal order paraneters produce displays havi igh contrasts. The
det'erm nation of the optical order paraneter, S, is discussed in the
Journal of Applied Physics, Vol. 45, No. 11, 4718-23 (1974)..[err] 20 :
[err] wherein [err] is the absorbance in the abgﬁnn% of ~an el ectrie field

ang-[erg} is t he absorhance i e. presen f  .eTéptpic_fLe]d.¢§.is_a _
val:ue sonet hi ng IQ§§¢n§g«}g [T 1o y close to 1. Vélues of S
gredter than 0.5 and pfleferably=dreater t ‘0. 65Ngpsure contrasts: of = -

between 5:1 and 10:1. 2, The S val ue$ and absor pti on maxi num f or
seggralagf t.he. helichrom c conpounds of the present invention are shown in
Table |7 - TABLE | -Hel i chromic Conpound ~ '

(nﬁ) S

_CH3 " :

55

50 ' ’ *
* ' - CH_CHCH,CH, (+)
_CH3CH2CHCH2—@—N'_N-©'—N' @ N, N—@—- 2] 2 Hy |
' ' ©
' CH :
3 : :
~ 60 : ' . ' - NH, (+)
- . CHSCHZ?HCHZ NeN = 2
CH
TS

65
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r] 60 The helichrom c dyes of the present invention are generally nore
abl e than the optical.y-active chol esow?g@rl vatives typically used i n)/l
e’change devi ces. The helichronic dyes of the present invention are .

[ei
m cal | y-phot ochenical ly stable in liquid crystalHispl%y systens, i.e.,
ist ure and ultraviol et

light will not readily destr he nol ecule, as is

case wWith certain chol ester |vat S s chol gst eryl
anoate. ¥5 0044666 In a%%l"k 6 ,@ eI| i C dyeg‘éof t he
sent invention are not thensely I [ qU| cr yst alli
stantially alter the thernodynanit properties of t
ture to which they are added, as do traditional op ally active
itives. AMnother significant advant age of devices utilizing the
ichromi c dyes of the present inver®on is that 5 the liquid crystal
erial need be adulterated h relat| - less foreign additive, i.e.

i
hiefi chrom ¢ corrpoun t* YOI se- change_devi ces, t her eby
[ 'egluci ng pobenti | ce dec sition. eneHech H (+)

t hey do not
iquid crystal

stantially rmre d 0| c dye and opti erl a?| més® b

sent in phase- change3d| splays to. attal ui val ent ONt r asdH,AS corrpar ed
di spl ays containing only -between 0.1 a ﬁ by wei ght helichromc '
cofpound. 1@, The helichrom c displays of t % present invention provide a
5? nificantly inproved display due, in part, to the elinmnation.of
ffer-image scattering. The elimnation of after-i magecﬁcatte%*ng IS
{ustrated in Flg . Referring to Fig. .2, the solidAife F Nepresents the -

bplli cal response of conve nal "phg hange I|qU|d taI +)
Hi $pl ay c-ont ai ﬁ_&ﬁ n@e-m.n : y<t bli=N nt b)}
heiight of a dic |t dye e conpriseAg 15 [errj= * 68% by v-' ght 20 OH
ﬁ - 40 and 10 percent by wei ght- of the opticall actl ve addl

chol est eryl _nonanoate. The dotted line G representsdthe optica sponse of

é' i'splay cOntaining the same "E-7" nematic liquid crystal material and 2-
pefcent by wei ght of a nmixture of helichron c cogpounds anal ogous to the

i ¢hroic dye m xture in the 45 phase change devi c® The hel | ciromc m xture
conpri ses [err] 50 : | *
err] OH 0 ¥54{spede = N-SHCH CoHg (+)
err] 60 . lerr] |

_ CHy
. 40 | _
| C2H5-CH—CH2 N=aN @ .N-N N
« | | A
. 50 -
P GHe o _ - e _
N C,Hg=CH=CH—N @ N=N _ -N=N @ —N~CHCH~CHg  (+)
| . . | |
S o © © -

60 - CHg ' :
N '

caHs-EH-cHz-Nn.u.@— N=N —@—N = N-@— ‘@ tu-cﬂg-cncd*s (+)
65 ' @ B |
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* . .
0.66% by wei ght 16 0 044 666 (nmde according to the procedure of Exanp 9)/
27) and [err] 5
[err}~0.66%by weight - 10 0 Each di spl #/044.666! | uni nated and subjected to
voltage of 10V at time 0. After 200 milliseconds the voltage across each
cell was reduced to Q. Thg resultant_optical of each cell was

traced with an osci|’~) ﬁﬁha d a i %%Cﬁ ont aipi.ng .t he
hélichron%c dye exhAyLe aFPer e%gﬂgttc 0 éﬁépproglnately
75 m|liséconds (iigi. ms.) after the voltage yas\elinin d. In conparison
the cell containi ng=the dichroic dye and chol e§ | nonandat e continued to
show significant after-imge scattering of lig 2ven 700 m|liseconds
(T=900 ns.) after the voltage was renoved. Thus, Fig. 2 illustrates .that
phase chaffge displays utilizing the helichrom c dyes of the present

i nventi-on have rapld 20 decay ti Wi th no after-inmage scattering as
conpared to the ' phass change" dispgl ays of the'eror art. Note that the

rel ative opti cal in bo he on ani a\f dtates were eqU|¥aIent for
the two digspl ay \u§—dl"‘ﬁ‘ u Solnds of the pr esent

i nvention thegg@ ageNr equi r ed r oduce afl | ceHjena Mg an equi val ent
contrast is | ess than one- hal f 4 hat reqU|r- th a“tonventi onal

"phase- change" conposition. Tabl® 11 illustPAetés theClzl atively Iom1vo|tage
requi remeqet s of helichromc dlsplays 26. TABLE |1 Contrast

Vol t'age Rati o Bri ght ness Requi red. (71rs) Conventi onal - phase change
devigce utilizing 10% chol est erol nonanoate in "E-7". 5:1 . 30@6 _

30 EEVICG utilizing the. 2@6hellchronlc conpound "“E-7" H 5:1
30%:. - 28 F IIustrat hat hel i nnd dis Iays require
l'ess”'vol tage to ream P-eNabd ) )= -%I HE2Hghal *ho

conv ntlonal onposntl .Curves and Egpyepresent the
optlcal resp .cells contai ni.ng 3percen el ght o? ‘the -dichroic
dye i xt ype used for Fig. 2, and 4, 40 12 cent by weight

chol:ésteryl nonanoate, respectlvely, in-"ET7" I|QU|d crystal material.

Dot t:ed curves A and B represent the optical response of cells containing 1
and "3 percent by weight, respectively, of the mxture of helichromc
conpbundg,used for Fig 2in" " tage r ired-to,reach any

par ticul ar (osptacagt,L-aH-HOHfENIE Nehad-icneH, ), -trovRiGHs b b)
~thehelichromc devic thar!l Q any of ' phase-)erande deyjces. In
addition, Fig. 1 illustfates téﬁ» hel ichrom c dis s require |ess foreign
addi'ti ves_46 than traditional pidse-change displays”to reach any particul ar
: percelvechontrast ratio. Fbllchronic conpounds of the present invention

may be utilized in so-called "guest-hest” liquid crystal displays, when
present in concentrations insuffici to prové gﬁ the m xture with helica
ordering characteristics. The constr i on of est-host" hqu|d crystal
di spl-ays “fs descri bed Appl i ed sics N
. “scz‘,:“*c“z_@— : N=N N=N @ N\ (4
_ CH3 . ; | | @ / |'\|2 /CH3
50 Wy cH,  *c
. N N
CHy=CH,
§5
H
bIl
\\bﬂfxwh CH “
v Yok
CH, *C




.4 ¢ . '
I_'J tters, Vol. 13, pages 91-92 (1968). In guest-host devices a "host'f
lquid crystal material- has its 50 oriﬁmw controlled by the )/-Z
appl Mat ion of electrical fields and i ; nteracts with "guest"”
Idi chroic dye nol ecul es to induce a cooperative conform ng gk, NIk
iQuest - host type displays in the "off" state require one pe an'lé_pr é absorb
c ?éri-a i

idne pol ari zati on$%d i nci t |ight yl e the gug di chr o}
ll spl ay ahsor hec ot NS «c‘) N=Nhe H &
fost l.iquid 'C&%%tal fat € , and t- the guesy=8f/e nol ecyl estHaar

ariented by the electric field so 55 that the roic d}&\‘ﬁb‘l'é‘c’lfl S
; = Loncenggaty on of

#ssunme their essentialily nonabsorbing state.
el i chromi,g coenmpound required to be present in guest-host %i splays is

et ween about 0.5 and 2 percent by weight of the bulk nematic liquid

i ystal material. i ) 0N are useful in guest-host displays

bt only to provide a d )i ' vm.il_cdm%bl..; absor bigne . '

qpl ari zatipn of light b sly. .-us@ﬂul'zisn t hese displays to

gl i mnate the 60 well known k obl em of opti'cal Bbgnce™ or "reverse tw st”
thout the use of the opti cdti y active doponts utilized in guest-host

d| spl ays of the prior art. "Optical bounce" is a hydrodynanic effect which

Il nders the ability of apeigl ay to return _precisely to the relaxed (no
age pr oﬂ’Uced) stat e, ¢ v%tcage cr the display is term nated.

lhi s phenonenon is disc S F"n’f’"i1 , SHaCiiggisn) . (Mhe helichronic
fyes of the present inventi o'rﬁ'-may. al so be u i zed g: traditional twst
fematic liquid 65 crystal di Sg'mys to eliminate "optital bounce" and thus
leduce th& decay time of the device. The 1 7 - 0044666 construction and

’ @ti on of tw st nematic type displays is well docunmented in‘the art,

e
2l g.U. S, 3,918, 796. Fhase devi cesmyal ternate { ween tr 1 ssion of |ight
And no t r angRhHic g -‘M’i\e@mgﬂ&&uﬁn—@m-mf@g@’h Gipt i )

;;Eross th® cel] . The ¥&Htents of“eftradition W st nefrat’i c ce 'l‘aDOf t he

drior art conpflases liquid crystallihe naterial and 5 optionally between -
2 and 3% by wei ght 'of an optically-active additive which elimnates ,
dpti cal bounce and reduces decay tinme. The present invention contenplates
tjhe use o# between apout. 0.1 and 1% by wei ght helichrom c_combound in order

to reduce optieal bolinc nd eli te the ne o utili 0 _id;,alg%-“ )
active |i qopds-Gry@tzatit dﬁ’t‘h@‘rﬁkﬁge_@ﬁﬁ' hr conpdundé % o(+
riepl ace the op Lcal ly-agiive dopafts conventional |y use 10 gueSts- host

nd tw stenemati © di spl elimnates the problems asso ed with these
additives as discussed ei nabove. I n addition, the concentration of.

hel | chrom ¢ conpound required to elimnate optical bounce is |ower than
when conventional optically-activ iquid cry | additives are used, thus
additi onald y reduci ng | § d cry, | datg.9n. The
fol I owi ng-JexarrpI es il 'E)ﬁs%ti‘z _téﬁ%o tﬁo’n@g@\&ﬁgg&‘ﬁ@% _aoccor dance with
ihe invention. It should lgybbe understood . that this is done solely by way
bf exanple and is intended nei ther to deli neate the scope of the invention
nor limtgthe anbit of the clains. Exanples 1-12 describe internediates
useful in the preparation of the helichrom c dyes, cribed, in Exanples

-13-28. Exanpl es 29*and 30 strate t se, of . hel OA £ _6Q0P@INAE.)I N
Ii qui d crystal Cgﬂgrﬁ]}‘aﬂ;‘gﬂ@? @x3 i'éﬁ’_ oll n?rlgh?guﬁéut@?he
speci fi ca;bj on, the antiti of materi are expressed in te of

per cent ages of wei gﬁi’g of the total 20

speci fied. Exanple 1 The internediate (

sition, unless otheTw se
pfrepared by mixing (-)-2- met hyl - 1- but anol (300 gm

7 2-met hyl butyl brom de was
80 - Tk * .
H3C-CH2(IJH—CH20H20HZCH2 -@— N=N @ N =CH .CHZCI:HCZHS
- N - | @ _ chy |

203
656
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'es), with 100 m . of pyridi ne. Over a period of 5 hours. 513 gm 3. 40
of [err] was added to the 2s m xture. The tenperature of the reacti
Dr'e during the PBr3 additions 0B44 666nt ai ned at 20-[err]. The product

was:t hen di £E St Be braseth iH & %&ihgm.cqr GV44HS quantity
(5 2 mog o D bl bl 8l o bl K o Rtn i 13 v
p ol euvBcRts e lig tbrepabs&ﬁe eﬁd m@ﬁdom&hmhed\mmmweem ioduceistch af pitclsis 5%
NatH,  t héapentmttaipen thisize GfRé Helichrdmi¢ momémemmw mao@awersrtmar 99r7at er

i Bp’eﬁl‘%f”% i hzwe e e ﬁf@fwﬁm%g?’ﬂg gl ve:

(+)-2- was recovere . [err] NucI ear
Magneti c Resﬂmnmea ofaﬂﬂhrbiﬁfclbaﬁmﬂnd Whith i asstre absomtlﬁn qrfrbmd vedimes Hligpbsed
st ructer betwéenﬂhmdrﬁ paiceot arfdenrefprably 3 a[\@ﬁrﬂ]ﬂfﬁ%r\mlg@ of thesbulk nenatis lipyid svpaldi at e

(+) 2- e f D n b t n at os of the
e S%Ih | :%f APre= #\aa p&&t &ésenF in ainl{or{ e,?ﬁg %PLF 5 %%fgh%g of th

her ei nbe & with which the compound is

N 3

1,2-bi s- nﬁé’ %{l‘eﬁﬁk 1i ] ﬁ%ﬁﬁﬁ Qﬁie&iﬁkl&bd (o the)contiasSadle dbsevBs Wien viewing the
1, 2- birs ( dévizeamydnphab s\rﬂs hasigettighaoptica( afderiparameters aroddceaisplayiaming high edntrastelheod of

Tanno et detgrminagionof cbesm-camdernqrssetgra Tagjscusgecs reveingl pf ApelipdFhvsiga Yol 82 N1
al-cohol Wh&7'&dRH%%4 2.4 gm hydrated pickel 40 chloride in 20 ni ethyl
al.cohol . The product crystallized gs orange needl es. b) Preparation of
(+)-2-aget hyl butyl magnesi um br-oni de. A/agm;sr umturnings (38.3 gm were
placed inadry 2 liter flask equrp ed wrth dropprn f unnel , nrtro

et e el g@ i sk
were sub 't
pr eparﬁdgrg '%1;% Ry re e ﬁgﬂ Q&ﬂ . ﬁrH?Itlﬁ H’eluch'rd?mé—?&nﬁ&mdﬁr of thd E\G§enWaS ‘
run'rnto.,ﬁ,mo.f,h.a .oihh-ﬁme y 221 7 gm (+)-2-methylbutyl bromde in 1

f-er” of ether which was dropped in atAmEenate sufficient to maintai n the
reactlon The Grignard reagent was refl f1 uxed for one, hour af r add i on was
coipl ghed. 50 ) Heflghsernie Somppyngf  (+) - 2- net hyl butyl benzene. re of
the:nickel catalyst prepared ingstepy(a) (1208 gm .0.39 mmol.), chI or obenzene
(135 mmol ) and gyher (50 nl) wasyadged (+) 2- met. hyla.utyl rragne5| um brom de

é , 2
(60. mol ), prepdgréd i ep&gg)_ 50, _@_ﬁ%};@éﬂ&%rgs S QP% ed to

[err], w(thcww
55 ref’f’ux for 20 hr. react ant re cooled to [err] and 10%

hydrochl oric acid was added to h | yze the mixture. Sodiumchloride is
added to saturate t.he aqueous |ay and the water phase was extracted with
3-50 M portions of ether. The conbined extracts are washed w th water,

<

, dried*®ver cal ci um chl opige, arfdaconcent rated in vacuo. The residue was . :
" distilled under oeduwd@sgw%mdiﬁ!ﬂst he product, which boiled at [err] (25
mm Hg) ,. was col | ed. strutture of the product was confirmed by NVR '

60 65 18 anpl.e 3 Preparation of the internedi aa¢ 0.63

(+) 4- #6240k ni trobenzene [err]-(+)-2-Methyl butyl benzene, prepar ed

accordl ng tdt he proNsd‘gmml;% 2’. (0.75 nol, 111.0 .grr)
CH, -

55 (+) CHSCHZCHCHZ-@—- —‘ '450 _ 0.60

60

The helichromic dyes of the present invention are generally more stable than the optically-active
cholesterol derivatives typically used in phase change devices.. The heiichromic dyes of the present
_invention are chemically-photochemically stable in liquid crystal display systems, i.e., moisture and
uitraviolet light will not readily destroy the molecule as is the case with certain cholestero) derivatives,

656 such as cholesteryl nonanoate
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e T a :

Was added to 200 m glacial acetic acid. This solution was added dropw se

to a mixture of 420 m . 90% fum ng nitw‘fﬁlﬁ#ﬂ and 180 m gl acial acetic 7)
aci &~ whi ch had been cooled at -[err] ining that tenperature, the

m xture was St infatigitior, 8iceQR&EhdNEHidmia Bgbs ofB @ pfasent iddentior &re AotTheémseives Ij@idwH/sAlline,
The reactio nheylﬁo petsdbstangallyeita thsxlterrawwmv\prpbp@sw'oe liduidwoystal mixsireth whish they erem

ether [err] ?f}gﬁ*f@s"taé ?%Eﬁi‘cﬂw,t:?!e et succe swe(% shpagl with

(2-100 11 pogs MR s %ggag gl 1%@ Fele
hydr oxi de " ( ZorhpélndTthdA0d: édﬂi?e%)uonaﬁﬂ%s Rie & by Pédukih ntna rd%%‘t)f a&tce
was dried oweconmoiyieh. Bigenetsl|sGhstantiaiy hfoﬁatcﬁthdi&b&e sl opadally sutice maeriavmdst bepresant in

reduced pr ePbeseshangel dispiays rttegtalf\teawvahw gnsrag} e$ ¢mmat9# to dispiays lerm:bdyrmmeen 0.1

reduced pr e§§ﬁ|?;é bym@,%% e pres gwentl |Le % Lh dwala

col I ect ed” o, LML ,w,,sz;f e aa,@eznofm RS et T
by NVR. Prepar feferring to Figx2 i saii mef'?éﬁﬂﬁﬁtﬁiﬂe%ﬁtv@ redpd Ese ofa conventlonal *phase-change”

i nt er medi at ayfpe)liguid 2ryset d!i;dldyubyda)unan'&l—v‘neerfmb Hifui® Orystal’marerid, |2 geraeht by weight of a
(+) - 4- (2- metdeprondyy mprire FastRsieiP@ne, prepared according to the procedure of
Exanpl e 3% (0.152 mol, 29.4 gn), 90 m anhydrous et hyl cohol, 3,05 gm
activated carbon and 0 032 gm férric chlorfde hexlqﬂyd @ was, I ef l uxed for
I10 minutes. Hydrazine hydrate (12.16 g it < hr otich a dr oppi ng

f unnel over a per i°S8%dY Weidh; nutes. | nt| nuéd for 5 hours and

the m xt % was filtered while still T vent was renoved under
rreduced pressure | eavi ng 24.5 gm of anber i qui d-OHhis was 35 then added

tto a m xture of 75 m HC ‘and 150 nt Water° The m xture was extracted using -
%00 m ether. The agueous phase was rendersd strongly al i ne usi ng sodi um
ydr oxi depel-l ets and the oil'y product waspextracy d_@_m The et her
extracts were dried over sodium hydr r@@ & and eth r was

evabgr ated. The r @sé%tegnteighti ne resi distilled and a 7Y, yield
of (+)-p-(2-nethyl butylaniline havi- nge g~ poi nt of | 89-Terr] (1 man)
was recovwered. Confirmational analysis (NMR and IR) verified 40 the :
product. [err] Exanple 5 Preparation of thé.intersediate

(+) 4-(2-met hyl butyl ) - benzal dehyde 45 '
ferr] Triflueroacetic acid (150 cc) was ad{ % %nﬁal ning 14.0 gm
hexanet hyjsenet et ram ne (HMIA). (+)2- ; fENze § ') was then

- &dded and' t he M Xtgie% WPaeigitl | uxed fa The d€ep orange m xture
-was distilled to renbve excess trif id. Wien about one third
fihe vol ume renmined, the nixture was poure into 600 mM ice water and
Stirred fgr 15 mnutes. Sodi um carbonate w& 55 added with stirring until

. the mixture was basic and the product was extracted with ether. The ether
“extract was amsmw'cem i vwinhepf mncbpmailv&ebtiweddltyemmmtsrul henasostdn The dbtead linasG

fenoved | eatd® fRgeongegfa D"Wﬂ@t“ @F‘Gfé’ﬁ GE'VStﬂ'ma?"ﬂkégdz
acuum di tPﬁ%& g”??‘ of "53-9 &%F e ”’5?9%8?"&?“8 "bfhe rojg Ay Mbpurg dthe

onfirmed b °"°° GEETPIES 78% 60 65 19 0044 666

Exanpl e 6 The |nterrred| ate (+) N- 2- rret hyI bl.& yl - a- napht am ng, was prepared
y the procedure described bel ow lezTHCHZCFls

CHy

?Tl'l',l_n{

50 0.68% by weight

e

0.66% by weight
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————

- of 't'ihe wat er | ayer as was possi bl e we

’

5. a)iPreparation of the secondary ltriflam' de OI:I a- Em noetnaglht h?Inene. H @

err] According to the nmethod discl os ndri ckson

'['Tet_']r”é | ett, 38 3839 (1973), 1 nole §W6{‘e napht hyl am ne (142.9 g) was

di ssol ved i maﬁamdsﬁmhtwrmmwanEaraﬂdmeﬁﬂ ed to [err] Trifluoronethane-

sul foni ¢ anhydride was then added dropw se, not allowi ng the tenperature of

the Feaction mxture to rise above 15C at any tine during theczl-gddltlon

When the addition was conplete, the reacti&n mxture alloled to warmto .

[err} ‘and was then poured |n2|o 4 liter v pﬁ'gfg@;ﬁgﬁggt Im(jgh
t o sepd

o S phaa%ew @JiJhQWE ; “ The- remai ni ng organic

| ayer: was,pextracted with three 500 m portlons di et hyl et her. The drying |

was. renoved fromthe diethylether exPracts by filtration and the

| et her was renoved using a rotary evaporator. A 78%yield of _

j or onet haﬁq@smpmmlu(;umtena pdhsubjebtedi® a BB&geqifi )l OV Simb ©CARLE ROBChllid&endalaRy €

83 %@" ﬁ°"3”a| 8|TI"P ultant dptien! teemqnea:ﬁlemhucdlewmc@o&ﬂgm
t XQCOSEQ e an a 1§§

dyp lexhibited “ﬂﬁﬁ?’émm
o <l Sl W el ??‘?“ D aks@@m%g?

red byfter-inhage scafteying ofllight epcrozdaemnseaﬁd tr*-=h rﬂsn a@dﬂ:ﬁﬂaxa 9;\{51’;6{% e .
lugtrates thatphaps chandedlisolayrutilizing the elithromig dyesiofithe plesehi Bvént ave\léh‘&l

% eg"e Fﬁgﬂ PR e e mewe%lw,g o ishepshange syt o heidoart
0

. tnve optlc cont &n&ﬁ {1 \e’; g ere fﬂ\tsf gyo dlsplays .
jor orremmaen&u&rbmm:dﬁstna alfg %ﬂd &E} %ﬁ%ﬁ
ss0l veatnpositigh)Table Il itintratesithe rakaningiyl rommltqb hammmamf Sanciro&m

m G'é of a-am no napht hal ene prepared i-n step (a) was added. The

= ound di ssol ved i medi ately and the FABEY e was reéfluxed, ‘for 30.

‘The flask containing the -reaction dggnriser € Was then fidhsd Wth a

St.ark wat er col |l ector: and.an. addltlon fRafie! . Brighthesd ! mﬁggm\\ll\ggt

| s r JdHalied Y. 50% and the refTux te )

ed at [ﬁzﬁgfh’&vmﬁg‘;&a&dm&wﬂed asd the rsgw ux -t enpapat ure
ped to [err]. The azeotrope was sel ectively renoved fromthe trap and.

he 46 r 1°N‘5'{ "‘951‘6 1 the flask vva ,about 200_nore nmi s of
benZéne #ms afﬁgg EP"%"SF e{(}an to crvstal ilze in refl ux fhen the
r efi-ux terrperature was about [err] indicating renoval of ethanol and water.
Theif | as ?h'temrtmla isplpns reduire rlmpltagego ety enyepaniclaF pereaiad
by - ot ar Yre ‘EE%FE:%S? ‘%:g %}Pﬂw ?& Hﬁ"%seﬁ Pe ¥y E represent the optlcal
I b G E R bl .ﬁg Emﬁ&%mi Y
t he :pr oductand@sregresdht mereﬁhchlyesaansblaf &me e ve oft
(+J<N-(2- msﬂ‘ dmith Ic romwtqombbum; mmyigsmfnf'unylrham&ﬁhtehm edid Fc _
[err] 62. 91p ﬁ % °'t EHVGI'WO\SQféy t("b)lellchfrém mata?wmmnv odthde
and 45 988 (i st thil i%; gl oh FAR 4{%‘”‘“"2‘.‘? e iree
of Exanple 1, HRARmiY o) nd re e

d ue ﬁﬁoﬂl Lll'xm
66 .hour s 'Iélrwtar disnidys, ovharrpvetm m coﬁ@mraiubﬁu :ﬁ@fﬂ&feﬁt&b proviab &4 Pa/éﬁlé%
1 liter Pfé?"sawﬂ heconstetion of mstsee" mzut-dé byl oﬁsgllzg’aéagb?nﬁéﬂtl 0 msaf/raa: V:hyslis
s S —??e ices a uid crystal material has its
sol uti On mﬁﬁtt %rm &kegappgcaig:elr';| o% electnc fi eldesyand in ?urn interacts with “guest” dichroic dye
L molecules to induce a cooperative conforming alignment.

Guest-host type displays in the “off” state require one polarizer to absorb one polarization of incident
light while the guest dichroic material in the display absorbs the other polarization. In the “on” or “bright”
state the host liquid crystal material, and thus the guest dye molecules, are oriented by the electric field so

56 that the dichroic dye molecules assume their essentiallly nonabsorbing state. . :
) The concentration of helichromic compound required to be present in guest-host displays is between
about 0.5 and 2 percent by weight of the bulk nematic liguid crystal material.

Helichromic compounds are useful in gusest-host dispiays not oniy to prowde a dichroic dye moiety
which will absarb one polarization of light but are snmultaneously useful in these displays to eliminate the

60 well known problem of “optical bounce” or “reverse twist” without the use of the optically active doponts
utilized in guest-host displays of the prior art. “Optical bounce” is a hydrodynamic effect which hinders the
ability of the display to return precisely to the relaxed {noi image produced) state, when the voltage across
the display is terminated. This phenomenon is discussed in Ann. Phys., 79, 273 (1972).

_ The helichromic dyes of the present invention may also be utilized in traditional twist nematic liquid

65 crystal displays to eliminate “optical bounce" and thus reduce the decay time of the device. The
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fr oduct remaining is vacuumdistilled at 1 mmof nercury. The product
|| eeted at 150-[err] was the deswecbgu () N-(2-net hyl - ,
jutyl ) - N-trifluoronethylsul fonyl a- napht hyl am ne. drol ysi s

N (2 e e il e
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2 hen di sfqtivg iay! nti%ontntio sed in
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dgbndenser, nemtitairtogrde is ower ten waﬂdcoawmnabnpttcelhrr@eﬁvef"m"ﬁ' ETystal additiyes,qrp, ysed. thus

tlRibes, was f padition lvireducing, possikle/l igig crypt I eI dagrad
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ridi ssol ved upﬁi}amIbﬂumljpht:ﬂimmivebmas:nb%ﬁmteﬂta—:——zmamblesfﬁ%edﬁoe@smteithsh@°f :

& diethylet hdqchrp@mmmmdem tlmd ervegplydisplays He t P'%% d *hf°"9h|g“‘ thel

M gl yne/ 1 i t heres ﬂgtﬁ‘ é’pf"d’? SrPre odpms Pf@?’?“]‘ﬂ '@Pﬁ Arthe ok

@ oduct of?® sf‘ﬂ???'é'?"'%?%?t s B8 100 m .of t he dry diglyme and pl aced

igto the addition funnel. This. solution maaptehen slowy dropped into:the

hifdri de sol uti Ome iaimedise (+)}{2anetithitiutyl bomida svag rQ;thv muheq mmnwmgmmhew

e ° _ : . ]
d the chloroformwas renoved using the rotary evaporator. The oily @

t§e ther rmneﬂ-émoaati\!@wawd of pyridine. fﬁEﬁﬁ'Pé°fr5d1° @ E1om °;,hc° o
The react i#Hnmpdure: R e';“’f“p"lgd?%a% %‘Hﬁé % jﬂﬁ;@ﬁ@lb _
yi! l'aw mi xt u%e n?i V‘@ﬁ sgoh?e‘a %JSI ami% SWARhSER successuon '
tgansferred Wih @eweoﬂ,t dntveter,dﬁammgs 4 heeto ateli B8Oy acld fimafheeaterrgeinlAfter

| it er of wat dtyingi dvier enhydioes) calaum rsuifatey theTmommtﬂmee was stripped  pfé @nd @196P'1°#'!@é[“%

jat agm Ct PragsurRa 4+ } re) .
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sl ution was a exfract ion. The conbi ned ether extracts were
washed twice with 1 liter water and wer eExhnipiec2 Wi t h magnesi um sul fate. The
efiher was enoved uhgrmodtsta mzsvapmm bmemmslpmafﬂehmhﬂ Pregedyre depgiibecnesqinke|opy

- fAom NaOH pel | ets at u SUr e rqc QR bot}, 08 pyﬁ,r at 93. 3-Pa

tg 133 Pa (0% ff rtiod qu\ o &mf?f mo*ésé" s ethsuﬁQ%aoet'_
yllel d. The swu...s.es@ivs 97 m if\§09 nl WA stnwducwmaaa bR grviydiztea ke
_7ViPr epar atwoahlaridetndnm miétiRy Biedhiok se groduchbrystailizedhas| dul) oraagereepdieday | ami ne 45. _

*3i[err] H50 was ared accordl ng to the rocedure disclosed by Borsch

ett al. in J. A 8"’""93 ’*‘2‘3‘9’)’ ag 2” ; i Ydnnet,
0::01 gm a- napht, ﬁ"ﬁﬁ{'ﬁé}’ ar ét ’g:"e zg ;l Jay uﬁi{]emﬁ%éexégv@g}g? ger?iggrnn'g

wi:th 2. 15 gmgGachigmne and stirred for f|ve m nutes, after
whi ch the sol ut(wmnﬁﬁ.ylbwlrmeddhazgp) ﬁbmrad@s:@ﬁil 1%, ptocadye f@g@plgmm 125 mi dry

cyanobor ohyd Pthdlewqm'y' intedeafiagi fgliqued by 22 Wt ‘?’%’B'“ itgFiof pthigravhich was
hq—FFéctBB lixed for one fiour

stiirred overf @t 3 g auff é?HFlﬁ‘F”éf” 8,Hngpad FRReent W5Rieied
-s€parat ed for Hd“a"wasé’qu ggg layer. An IR spectra of the orgam c layer (a

briown oi |) Shpmﬁiirdmn 6ﬁ{ﬁ-bmﬂr¥ihyigmmqanaﬂd very little absorption int he OH/ NH
r dg| on (330-- 36‘0:h ! ol g the nm@e&imschrsﬂarddllfmﬂmﬁ (208 gmma?%ggd *ﬁszla;y pﬁ%gg;"
as a r

cdnponent hafhd ﬁ ﬁw B e e o T sy Aot lvos

r %Coverfe . &S "?&'m a 0 ants were cooled to 20°C and 10% hydrochloric acid was added to hydrolyze the

i ’ mixture. Sodium chloride is added to saturate the agueous layer and the water phase was extracted with

' 3—50 mi portions of ether. The combined extracts are washed with water, dried over caicium chloride, and
concentrated in vacuo. The residue was distilled under reduced pressure and the product, which boiled at
91°C (25 mm Hg). was collected. The structure of the product was confirmed by NMR.
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in 21%yield. The structure of the am ne product was nfi

6 0044666 Exanple 8 Preparation of thg i nt er medi atcg Hrmed .by

‘canphanyl - a- napht hyl ami ne [eerMﬁﬁﬁor (10 gm, 9.4 gm

thyI am ne, 0.1 gm a-naphthyl am ng; Hcl 4 and 30 gm 1A nol ecul ar 15
ﬁ %qagﬁﬁiohﬂe %Qenﬂldaﬁé‘fl)f-d-'m\’l&h ,a-m;benzSle um cyanobor ohydride (2.5

grr) was adde ropw se and stirred under N2 for 48 hours. The sieves were

d by filtration and 5 drops of co"hcentrated HCl were added to the-

tefuntil it was acidic (pH < 7). "1'he soI was stripped by boiling

gm pot assi um hydr oxi d(WI) _ﬁdgdc iNo,Ng m xture. The

. s phase was extracted h %t pver? si umtcar bonate. The

ext'facti ons were flltered to renove theC*hpt a55| um car bonate. After the 20

.ethr Wa® evapor at e the mxture was
- M t f ‘?Qc YRS 6f ex3inBil 2VRGS Hd, 1TEgm)
; ZLI ?OI l(f?“ atpyl atég acggep'g?@h sol 2. ep i 6‘@?53365 Sréixturk stzneﬁltsor&
m
r'S

e e u@hnch Eaeamh eo&e@atemmmaummg thate

.maﬁe s @Y dcrheomh)uuraannaphtphyﬂeammé %fr'?%— c’fﬂﬁﬁﬁ?‘rm

desgri be.d bi’:hd dctsomgné extractadbveithr2e500m 'emft@m; ?“’Q'%‘HE“
repl-aced b 9@50439&3“' ipwgphed . g‘ﬁ%_ grm@lxtgalvbagla@@sv?.ﬁ
reT;[]er I %yd sca tﬂns&_ﬁ“ gy GII red o@dﬁrﬁﬁﬁfal’aﬁdmefdstiltaedlghﬂ’vaﬂow
E id Eéyc Doiling e pES1§0°C (M4rmem Hak wagtoliected.
Ar at Jg0 GiviN %yidnian admt:teTr(e-ls)ruexumhwnheu@yibaHMRr ne 40 [err] Using the
E(r)g eduredof Exarrpl e 1, (+)-4-nethyl hexa "‘f& is converted to the
_ ponlngo | | b 'accordln tothe dure -
(()1) mpl e PEPe %gt” %&ﬂ@ '5!&%2%'% 42 s convertedgto proce e

=m35,hyl hexyl benzene. Then, follow ng the ’.. oceduyr es- descri bed in
les 3 and 4, the (+)-4- nﬂhylﬂ;cf?ﬂim? \ NH rated and reduced to
met hyl hexyl aniline. The structt roduct I's’ 50 confirmed by
NVRE Exanpl e 11 Preparat|on of the Cithtermedi ate,

(237t hyl but vi ) phanyl azac a6l clzaial Sieacuasthiigrolie frdce
iethy| a”'($ g3 g,ﬁ# )h wwml anh\%?o:ﬁ,:ﬂig , S%M)aetWaté&edm!EIaydﬁoﬁé;r;)?;ﬁfgma;e'
(1671 gm), Hekdhipdrate Gvasaefuxet fog 10 (muﬁxesns]w}azihe m@tadmg,g,q)gmbua ppeq ):g; gh a
r
etllood

cortéent r at enlodp ﬁmﬁlomrp@er of t X was itere
[ al t W s Emsmglu erﬁtugris pressure Ieavmgz éﬁ am efh&‘%va h

then ad ed to axlxture of 76 ml HCl and 150 ml water. The mixture was extracted using 200 mi ether. The
aqueous phase was rendered strongly alkaline using sodium hydroxide pellets and the oily product was
extracted with ether. The ether extracts were dried over sodium hydroxide pellets and the ether was
evaporated. The resultant amine residue was then distilied and a 77% yield of {+)-p-(2-methylbutylaniline
having a boulmg point of 88—90°C (1 mm Hg) was recovered. Confirmational analysts {NMR and IR} verified
40 the product. [a]d® = 11.8°.

-

Example 5
Preparation of the intermediate (+)4-(2-methylbutyl)-benzaldehyde
) *(i?HCHz _@-cm
"CHy - -
50 3

Trifluoroacetic acid (150 cc) was added to a flask containing 14.0 gm hexamethylenetetramine (HMTA).
{+)2-methylbutyibenzene (14.8 gm) was then added and the mixture was refluxed for 21 hours. The deep
orange mixture was distilled to remove excess trifluoroacetic acid. When about one third the volume
remained, the mixture was poured into 600 ml ice water and stirred for 15 minutes. Sodium carbonate was
55 added with stirring until the mixture was basic and the product was extracted with ether. The ether extract *
was washed with water and dried over sodium sulfate. The ether was removed leaving 18 gm crude (+)-4(-
2-methylbutyl)benzaldehyde. This was vacuum distilled (78°C at 0.07 mm Hg). The structure of the product

was confirmed by NMR. The- weld of the product was 78%.

65

19




. me

d e 7 e .

0 044 666 cooled to [err] and diazotized by addi ng dropwr se 6.9 gm NaNQ2 i

30 M water. After the conpletion of cbmk ation, as indicated by

$tarc¥|°( i odi de paper, the clear diazoniumis added to a nmixture of 12.1 gm

2,5- dimethylaniline in 100 i glacial &sevaieéacid. Coupl i nﬁ' occurred and a

saturated s dj U inteemediate &Nt W%V'Mﬁéﬁ%’éy'%“%ﬂf%%’fpﬁ’ﬂ’eb‘b etRsoegdyse deggibed

bridht red %ﬁ d%uct was col | ect ed by filtration and redispersed in 50 5 m

vater. A $0lJipiepiraith of BYsBbnddR) GRimiao6H damishdppabm. i N wat er was added

until the pH was greater than 7. The product was filtered, washed and dried

to yield (+)-p-(2-nethylbutyl)phenyl azQ- ; 5% di met hyl ani line in 85% yi el d.
§$C|-87% sul furic acid in

nat er and,di azoti zed by the dropW| se aWwfion of nitrosylsul furic acid at

err] until diazo formation was conpl efeN\To this solution was 10 added 12

im 2, 5-di net hyl ani |l i ne di ssol ved i n 2 gI aci aI acet [ c aci d. After

oupllng was conpl ete the mxture

te and .
; rdi g s ”T I 1 73),1 mole of a-
ell“'t rﬂ‘l | Zed u M m‘llgn %s d% ?ve n %ﬁ aneg:@dtg;ole % nf ﬁ;é’ne-
;e i chronf FTW&P Was &M?éj r@( al tbrﬂﬁbrétﬂ're%f l/é’a&ﬁoﬁ ise
r uctur e Olab ¥ du?ing EHeQIdOIR hen Wﬁ&dﬂi wisBommpleté, action mlxture was
t f 6 tHe 6H. fmf Rhplats, D/
nple 12 I%nemrtatmamntodb"(:tdnd wiag then mdedaiha 4 liters of i n:e water with rapid agitation. The organic

_;+) p (2- metphgdelvae Mlﬁm‘b gy euz 8 ANd s iRy efrth watey layar a8 was poss;b;e was
nter nmedi %t & Bl plol %‘Qg H&E‘{ ’:i’ W%&‘ % uszgg
|

ubstituti ngo@ﬂ'et&ﬂaﬁatj' htf& eq do%)QEs recovered.
l'i chrom ¢ Compesbadsprb th edGh 3abrs B6iliry Baok tejrachloride and 200 gm activated carbon
[ 442- et hy|veabgd e)irim ropiture why ifvriedigtely it rna hrtermt. etrds:olosawetelets of pure triflamide of a-

+ - 442- rrt'c halene e arbyof“taﬂf de van |
0,012 "3% e wﬁ Fl'é“ﬁrrﬂ* ,gggd RS20 P PETe
and m - vvater pon ool'1 ng err |um n| 15 nol, 0.85 gm

s added sIbwwlreyarwﬂ'bhloemﬁnbdhtrﬂbmﬂgmhenﬁmwaﬁwmoabpfﬁhay@ér] \Wen the - -
m ne wasseconpl etel y-di azoti zed (a negative reading on starch-iodide- '
aper), coupling was effected by slowl y addi the tol d di azoni um sol ution
tio an ice cold solution of 2-naphthol V12 inpl 1 72 gm dissolved inh 10 .-
i 45 10% NaOH. | nmedi ately an orange 'ﬁr NFSPQCHy the azo formed. After .
30 minutessthe precipitate was filtereg ashed with water, vacuumdried
and recrystallized from 50 m of met hycohol The orange col ored need es
nelted at 74- 75C [err] = 490 nm El emestdl anal ysis confirnmed the
structure of t

was. diss d j | etha and .7

14 Hel i chyp ﬂfﬁm“%ﬂ ﬁgéﬁxf% ibs ‘i%r MW; %ﬁiﬂé aﬂk&m ﬁrrﬁ?ﬂw.mve -~
[err] 55 60 HUséd) for Nteé]‘l’h’d flagk odntllin@§ thd Sthen fitted with

1- et hyl am racneén-lsraﬂ:rmata-molmmq mnmenneddrtﬂmfﬁhnrgmmé) v@068 oSsolvent ethanol was reduced by
23 approximately 50% and the reflux temperature was recorded at 74°C. 200 ml benzene was added and the
. reflux temperature dropped to 64°C. The azeotrope was selectively removed from the trap and when the
45 remaining volume in the flagk was about 100 mi, 200 more mis of benzene was added. The salt began to
crystallize in the reflux when the refiux temperature was about 80°C indicating removal of ethanol and
water. The flask was removed from the trap and the remaining benzene was removed by a rotary
evaporator yielding 63 gm of the sodium sait of trifluormethanesulfonamido naphthalene in a 99.2% vyield.
The structure of the product was confirmed by an IR spectra.

50
_ ¢J Preparation of (+)-N-{2-methyibutyl)-N-trifluoromethyisulfonyi-a-naphthylamine

55

62.91 gm of the product obtained in step (b), 45 gm potassium iodide and 45 gm (+)-2-methylbutyl-
bromide, prepared according to the procedure of Exampie 1, were dissolved into 500 mi dimethyi-
formamide and refluxed 66 hours. The reaction mixture, containing precipitated KBr, was drowned in 1 liter

65 water and extracted with 500 mi chioroform. The chloroform solution was dried using magnesium sulfate
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*666 nol) of (+)4-(2-methylbutyl)aniline (prepared according to the @
. wedure of Exanple 4), 2.6 gmof potassium acetate and 0.05 gm of :
yd'rat ed copper acetate in 10 m of gp44666nzene and heating under nitrogen
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e

resi due was crystal lized fromethanol giving 1.5 gmdark
err% erq]of 647 and 603" nm and NWVR

éi.g d was

nili no raqui'none. 10 Exarrpl e 15

| i dene) (2 nmet hyl butyl ) --ani |l i ne

0. 02 npl :t+) 4(2- rrethyl butyl)anlllne

e of ‘Exanple 4) 3.55 er:e
N - diset hyl - ani nobenzall d I‘% ) Ve aiwed tinsterid mmebur' ‘t a din
ilable fr}h?l aﬂasﬁ&d ut dlﬁﬁ"iﬁgﬁaﬂ"ﬁ"?@h‘ Qrsuﬁ?d& @t 2000
uxing t ﬁ%;‘;‘ Lﬁth aﬁeraﬁmesarmgeqqu d m ﬁcewTurgeﬂask &hies
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whi ch 545‘17‘,“‘,51%,‘,. dﬁﬂf uredgato M@Eommw Rod oy 2 gj tekifafd the

|ch Edimﬂeé P o di l me/lithium aluminum hydride
h@h&hgﬂeazfm the, éw“'ﬁ%d%&ﬁﬁf"?? 13 SRl T azobenzene 30 4

;“”Az odli ani baen ves keptis 0 L&l ih AR baskingdiginme g o
Sodi um n| t"F'-i rﬁf@? vﬁf ﬁﬁ%@ﬁf&d :Jﬂtqdreduldh@ solutige: apd m yvgonsgl},%
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clerr telrazminedts &ol wi206n was %:V egh}fﬁﬁteié}eppﬁﬁmnblmgdSMMdfpmdm 'ttﬂ@? |
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chromc 4-. (NN d| rrethyl‘dﬁrno b
was prepared by mxing 3.26
pared according to the 20 pr oce

. 3

to & I’ ‘ﬁ téé@ﬁ@w&eupédem agsea"rmf t‘*r » rdhstrlirgon waedistined frare NaQH peliet
chi anl | i nae'memugalruea 'ailﬂ° ﬁo‘ ﬁait’iér'tf‘ 3UP;l0'7(t® rem Heln 14411307 9PF
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% t:;:uer?ed :'yhe mixture was stirred overnight at room

897 (1971).
d Borsch et al. in JLACS,, 93, 2
‘l,)u;:dd l;‘i;fl)sgem l::y-naphthwamme-HCI were added to 256 mi absolute

hich the solution

I} and stirred for five minutes, after w

“mli(uzt?: ::vanoborohydnde was added and a brief exothetm‘;

e temperature. The bottom organic Iayetr; wa? sag:;aa:d
a brown oil) showed no carbonyl g¢
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S e o was confirmed by NMR.
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v refluxin
.1r\rﬁ)l_e of

action m xture. Colum chromatography on al um na using
yields the pure dye. 60 65 0044 666 -
666 Exanple 18 Helichromc

! ik TP bl mwh@?;,ﬁ‘ggﬂg:imgmgui none [err] [err] (+)

4,5-Tri chl oroant hraqui none (1. . 005 nol) prepared by the

ret hod of A GoldbergmJ.C. S., 1791 (1931) wagHH ¢Med in 20 M of hot
of (+);/-(' CHyet\ayl butyl )aniline, 5.8

e. Then 4.9 gm (0.03 no
sium acetate and 0.1 g
then heated undgr nitr

npeé_ac_et' e added. The
slowy to [20[ efr] the course of the

feaction was followed by thin layg ~R) chro ogr%_l‘lgh (TLC) on silica gel

| uene/ hexane. Wen the ure way _ tantly the tri-
dye (TLC-cyan spot) heating wasceigiHi nued for another 15
[err]e m xture was then cooled. The reaction m xture was dil uted
of cambhaf grd16la BmUBkdsnthiatRinY, 0SICEW S-niEHIRAMe-HcF BAJ 36 S 1A Tilichuls
ogevapherd addati @108 brityddls heBange SodiiitlcybachotoRld#al /5y daPadasd %p\:isaer
ndztirecnderdbiieradB hoyry Thinsievey were denmovertibychiltzzniot amesidragschf sdricérpiated HOf

| vent | eav)/§f 2ddegite the ltrgte upt favas prigic datt Mmjgﬂmt \“is; ippagiby boiling dnd:i0a@eh

P s A TR e e e
ot el R e T S
unenchf cheecuryiwas wplleeted. 3R spectra verified that this material was the product. =~ :
(+)-2-[4-(2-nmet hyl buty) benzyl ide) - 1- Et hyl - 1, 2- di_hydr oqui nol i ne
_ o S : . Example9 . - el :

( Brepasating ptihe iptermeriate Hd-NdamethwlcysioheeiHaadphtiyianiies. cor r espondi ng
t hyl butyl)fl uoro- benzene by the well-known Schi‘emann reaction.
g a mxture of 0.1 nol e of e fH.uor/.o e 40 deri vative and

qui nal di ne et hyl t osyl at @ O(L_FQ:Hof acetditrile and 0.2 nole
pyl ethylam'ne for 5-6 hr! he "ar
ated and purified‘by col r"ﬁt‘

(+)-Bis-1,5- a-nethyl benk\A4hi'no) ant hraqui nofle 50 _ :
gm of 1, 5di chl or oant hr aqui e~was conbined with an excess (.10

- i 1TER RI99eBlrn despribad nyExaraple § wenepented exsept that the: 10rgn §f amphohwasieplaced by -
R AR R e

zati on i'mes. from hexane yie (it-as eRtBYiamNe: . 65

hr omat oy¢erphyHcExanpl e. 20 45

the pure product -had a nelting point of lampid ¥ r] and its structure wa
bonf i r med byPrgmtioQg the intermediate {+)-4-methylhexylaniline - , :

CHjy

. Using tI?e procedure of Egtample 1, (+)-4-methylhexan-1-ol is converted to the corresponding optidally-
active bromide. Then, according to the procedure of Example 2, the optically-active bromide is converted to
(+)-4-methylhexylbenzene. Then, following the procedures described in Examples 3 and 4, the (+)-4-

methylhexylbenzene is nitrated and reduced to (+)-4-methylhexyl aniline. The structure of the product is
confirmed by NMR. : '

" Example 11

'P!'epar_ation of the intermediate (+)_-p-(2-methylbutyl)phenylazo-[2.5]'-dimethy|phenylazo-[2,5]-
dimethylaniline o : . . '

(+)-p-(z-m'ethylbutyl!anili'ne {16.1 gm), prepared according to Example 4, was dissolved in 100 mi
concentrated hydrochloric ‘acid and 50 ml of water was added to disperse the acid salt. The slurry was

22
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rrple 21 Helichromc |+)
[4 ( 3- et hyl cycl ohexyl am no) ] napht hyl azo azobenzene H5 (+) .
0044 666

L i
00 6 !
4- pheny

[err] ©
[err]

. 1e& B ¥a Sa3B r&dﬁ 060 l3% NN P 50 S whelk. RRerHle Bnpftion of
sord ] o ver B it el pe N e e B o
was di '_:-_t i Zed diﬁubtﬁ@ar@hﬂ 0eniQ acﬁl@étl&ﬁhr&l dobbltn@ otdorrédaridl a s’auratﬁtéaﬂlumaﬂd&dsolutron
dropwi p&; When \d?sa%mcitqadwwn;z\gg;o SO Tid mlggbtre@ ctiyas\ealiscted b‘efdtredmbgd @dlsners:d th50
the prpdiict isntB! weter. Aslusionef 20% by e ¥ m?\;,@sy ester than
pr eparfed accor d?: :? I:F'Pﬂ?s 'f“é%’e‘ﬁ?ﬂ‘ d@é@ﬂ% TP ‘ggb‘fﬁdﬂ%m’é@‘gggmahy'a"“m
acetidq &id. Aftemrs

&bl brodlLch@sl mwdrsedvadhemmrmtem QUINRS adi®in iWatdr bRHlazbiied By the
5 wei g ht drayiivisecidditiorost nm’bsyghmc latid wEal0®runtilatisdo forrhdtion ads cofipidtdd s wis solution was

hel i cHr & c oomideht? o Sdimsthylaniliee diss oleﬂ*oﬁﬁm%'ﬂa 8 t»oncut,uAIftﬁmudosngs qonjplete the

fnet h :% 33 dilyte '°° "Y‘I‘?'a?ﬂi‘ bY W n.The
S err ? n lighrt |c inter: qﬁf recmﬁd tr on in T 5'6%5.%?%? liugtHr 0°m erc romic

C|troneIIyI)am nonap y - azo dye [err] _
| i equ val ents of the i nt er medi at-e Exaspiri@d i n Exanple 7 were
coupl ed.at 0. 1 edfiprpeatiemef tog '"!!'Bﬂed'aleéﬂ'i‘&M?‘&M@EWV'WT‘MGH\Q“&BF""E‘he procedure :

chrorrat._;jgraphy on al um na us % # ene/ met. as the ent - The
Be of 4 he produ? \Aﬁs e NRNa EI'P‘] i .

Examl 3. 40 Helichromc "

(-1 I am noanthraqw none &az nmet hyI butyl) 2 3 d| Cal’bOXI m de [err] 50 S
a) Pr ation of thra di car |tr| '
he o Bedur o s TR o BB SRSt U LG el Sy o
added successr on 18 gm sodi um cyani de, 0 3 gm anmoni um- vanadate 3.2 gm .
sodi acet at e Rrepalayioe oftHejicheomsic Cemgprmds, 4- di ami no ant hr aqui none- 2- sul foni ¢

hi's mi xture was stirred and heat ed EE"BF”] ‘for I~ hour: -Air 55 wds -
t hen bbbl ed_t g r (Y% precipitate was
recovefied by flthI m.% ‘Ww“"%é' qg"’?%ﬁ h "aghtm| Péd and oven dried
to recgver the deS| red product in quantitative yiel d. b)° reparation of -

1, 4- di Ex“m no- 2, 3- ant hr aqui none d| car box,l m de. rd| ng to pr ocedur e
desch@ed in U S. Patent =No. ? NN sol.uti on of
60 630,?parts ‘oy wej ght. 98. 204 sul uP|c2| Ci d2| n er, 126 s by weight -
dri ed powdered 1, 4- di ani no- 2, 3- ant hr ggyli none- di car boni t 1 ffen prepared -

accord¥ng to Step (a) above i.s added. An exothernic reac  occurs with

theterrperatg(‘r)e risin bg{ga The mr%ure S heated fg Hl'Jﬁ “}01 er']20 )
~and is’-then oaql e u E-‘P iPrepa 0 yary moi, 2.0 gm
h ite

t enperat ur e, e%’ggﬁé 5 aé?gm%‘;%% “;%’; ,?..ft% %‘&mﬂ”ﬁ%@w f o e dves
70% by vol une lefely dibzbtRél (a datNe r |oﬁgta fch-iddfde PagdeR) daasImg %ﬁeﬁe&ﬁ@ﬁ%wlyaddmg

crystals are 6&hotwdadrmdurarsduﬁuheo srejoaiard sutlitibly off 2-dablithéli(®012 mbh .70 g@hgjesolved in 10 mi

crystals ar e 48\al9PchinCll. irmegiariyanserhngeipereipitdte ofthé azo; forned. After 30 minutes the precipitate was
filtered, washed with water, vacuum dried and recrystallized from 50 mi of methyl alcohol. The orange
colored needles melted at 74—75°C . CHel3 = 490 nm. Elemental analysis confirmed the structure of the
product. : - ' : .

& Example 14
Helichromic {(+)-1 methylam|no-4-[4-(2-methylbutyl)amlino] anthraqumone

‘i"‘a

{+)
.
CHzcl’”_-"_cz_Hs

60 -

. CHj
gs Was prepared by mixing 2.0 gm (0.0063 mol) of 1-methylamino'-4-bromo-anthr_aquinone, 2.51 gm (0.0063

23




l4 666 acid in water. The orange crystals are then slurried Wit h wat er, @
p| ng the tenperature. at about 70 to bw for 90 m nutes during Wmch '
g \t+he crystals changed from an orang 866 ue color. The bl ue crystals

Al ée separ at ed n)) éfi (+)-a-Ehanyisubdladilid (pRpired! atdoidingh®ttheVpioeddutensfi Exainble 4), 2.6 gm of
fitlit rate was ®otagsigm g@tatebjor‘[’ddfroschny friydrated cgn@dm@te in 1"0 mi of nitrobenzene an: heatmg"u;\daf;

.=. _ t [ t tr t istilled o .
#4- di am no- am@g&gcuﬁemy rgﬁzﬁgﬁ%ﬁqﬁ% Afterca’ PRYCR the Bitrosme P Y Ptg

p aration Of um in a oling to room temperature 1 mi of toluene was

dded to dissolve t red produce ndt ingoluble aterla was filtered off. The toluene fiitrate was
- di ami noant?ﬁu ﬁ Wm iﬂétﬁyﬁ EH ?::g Shs/tbitEining'thd deep blue product
b :; jording to tweee adr Listéppeé st salvast] andnhureStdquhecrt/sté\hed from Sethand @ivirg 1.5 gm dark
kXt ure of 40 Ryenleigddsgentyrystais, mip. B C VD OfB4T #nd:63:0m erNMR 3ncR epaivsisepnfirmed that
fepared accort ‘i’fgd‘{"b"b;‘ﬂ"éﬁﬁ "(’B}*’E?UB?}EV“’"E"'?IHT‘? Sefhyibyiyagijpol anthraquinone.
) - 2- et hyl?outyl am ne, 158 parts by wei ghbisqﬁq]h,‘gnol and 240 parts by wei ght
L2

{11 obenzene ivuidifcHic SN, RLdihBiEniR® béngyidbne ethyiB&ylPaniingr e i s cooled to
8dm t enperature and the desired product is isolated by filtrati on. After

ishi ng with nethanol and then wateer, thg=py oduct y| I's 90% of
goretical '8 The struct ur e(+of Hg@zopncag doatH :} - NIRig)Exanpl e 24
Hel i chrom c (+)-2-[6-net hoxybelnzot hi &< yl azol - 2- et hyl but yl am no
ht hyl azol -1, 4- di net hyl benzene 6- met hoxy 2- am nobenzot hi azol e (5
) was di ssodasailepared 1yOmixing 26 gy {0:02i raotp(¥9-da2islethyidutyMdniline Gpreparat] avadrdingl to khe
wat er bat ko triogdee os&bmm r$t55}am1(0®3 mdl) pN,N/- gleta mlmbcmld@vdqjarslsﬁ)bmeqﬁ “Linde”
qm 1, 4-di o%&?\@“lﬂbg ( I'fﬁzor ‘Eft'PaPF“g'cﬁ"Gt’?fb'h'"g the
C

i v
1 rog t for 1 uaet%s h th .
diately, PERR) edﬂfaéilﬁammm:f}y abotatd] un %ﬁ@ ffg ’és;’fn?«m"@“
| um pr opanGasdivecutiml distiltéaiwics) blp: 108X mMSgiv hibH ﬁdhf?édt upbPcabiig
t ered of gs vénti IR specttal confirmed the straxthireofi the pbéhet. and dried. The - .

inet hoxybenzot hi azol e- 2- di azotate as the monohydrat € was recovered in 70%

| i n s o, TS

[err] 13&1 gm of 2, 5; |nethy an|I| | Ivedl acral o
et i c acid. ThagcRmp @ 0l " ch“s
dfet i c acid sol uti of - ne. | d| at eI he b ht red upI ed duc ,.,3 :

88 separ ated and an hour after t addltlon was conpl ete e addition of
J0 M wat er,sseparat ed the dye internediate. A 20% by wei ght sol ution of

‘and the pr wmhtrmvdemsdclﬂ)gt 0fd. Two equivalents mmwawna hreMtssqlved A md f 31 glacial

i | oom terrper @'"“ asd eoniad]p @°C chPf Eaféﬂ,ﬁy olution was
bound (4 t“&%ﬁt“ ;ﬁi@@ 0 Bl &0 Sy
, mittrosyl sul Ur(bﬁgﬁ\ﬂ .4.(229. ran péal mf@c uaraa%yﬁ' iHgSthe bis-

‘t on -conpl et i oditradb 1%(156 cival ﬂi’lmelﬁh@la&ﬂ |abﬂt|b @éld ias50°P.OUoaCtompletiontof coupling the
_iI ution of 3. wlugm ;nwt(aﬂmdetsmldgdm?ll qarkgnate and ke pretipitatedphelighiipraid compound was
ailcpr ding tq b I"“ vin filtratign. Thede %P"&‘b%l“@s Aifigd b‘Af't"%!P“%ﬂ’?Rﬁ‘W%@""’a gel using
idupl i ng t o*prB¢ erBPridBout 2 hours, sodium acetate is added to raise the
H to-5. Neutralization of the m xture toE{‘Uﬁ,p?ewth a solution of 20% by

ei ght sodi um (ry-eH2ametbidbuityt)-aNStndtrathidzolylaznieeabebaend i | t r at i on and wat err washed

yi eI ds the helrchromc dye. . The structure of the dye is confrrrred by NMR

55 . 50 Exa 25 Hel i i c
(¥) - 1- (napht hyl t hi azol yl azd')sﬁé A(CH pll-b! benzene 60
NHs Cae sepaHr [err] 65 - o nap | - |azoI e (? 02N§a) was

conver ted to the corr espondr n azot ate accor d| n to 27

55 5-mtro-2-ammo-thlazoe was diazotized in mineral acld using sodium nitrite and coupled in the
i . conventional manner with one equivalent aniline. Recovery of the free base of the monoazo dye and
S *  subsequent condensation of one equivaient of thin dye with one equivalent (+)-4(-2-methyibutyi)4’-
B nitrosobenzene in a minimum quantity of glacial acetic acid affords the helichromic dye upon recovery
. from the reaction mixture. Column chromatography on alumina using chloroform yields the pure dye.




4666 the procedure of Exanple 24. 2.38 gm of" the di azotate was di ssol ve L(
g 50 M water at room-t enper at ur g ga4 6660w y dropped into 100 m of a 309
; .fl}Vic acid in water solution contal n| ng. 0.9 gmaniline. The coupling
agti on occurred inmedi at el n with a 30% by wei ght
s§! ut i onHefchroms (erh ﬁ?‘Hﬂﬁ‘?r"{‘g‘yﬂﬂwﬁﬂ?&mhe pL“la tﬁh?:dt“gvvas filtered and washed
£t h water. 3 gm (90%theoretical) of the d ed 5 » d e I nt er nedi at e was
oft i ngd. The structure of the intergediws "8 g of the above
Jfﬁ er nedi at e vas di azotized in cold gitr¢syl fur| c cr d solution and
1 9 § 2- net hyl bﬁ ¥1) - a- napht hyl ani ne,
% : : ' anple 6, which had been
dgssol ved in 50 rrt gl aci al acet] 1. Y red blue helichromc

: c_:;'rrpou’r?d was rec0\7’er egﬁhby r fictipe product was :
Hnfirmed byl a"s'\Lhromc (‘i) c‘j'r"-’(;yc?cr"hexyl dye 20 [err]
(+) HSCCH-CH The heiichronic ye I nt €Hgedi at e :

#) - p- 2 iﬂ - et hyl butyI )p enyI azo-[ 2, 5] - di net hyl phenyl azo- (2, 51 %ﬁ_ﬁ/

dizfret h{A ani | R @188 5MCh.006 erdl) Greparets by E»eamstqs ed

i & 50 ”'?* A “Qi'g”z“rgfn?;h"%e%osw et petarny TBere ‘ggﬁ;& ? r%‘

ueé@asdreaammam&tmnn
rlbilﬁr % rsiolted at @Iﬁ°‘éf" hgpixtre W‘s‘
ae vy mﬂ( ZEBNaI Of @m cous materia

, Sétdr um ni 5“.51,;(1{3;1.&% gapmat p@a@@% Prt 9'§‘dﬂf 5§°
yl)-a- .fﬂlﬁmsseomdmmwbw mo'ﬁ'dﬂ o “t“" ‘Er °%mn Vlo a" 2805 The
Gai

tO

EDPWi Se  asctha Heatd ewatsO %
fi UM 2By clis@s dterisl weatesn he 'tg a‘?‘";" t° rﬁgf A ppreoaiuubsltﬁeggdyee
red A
fied selidind JhEMN2n9s 2%y 'ﬁ'" st c}f gel " and a 4:1 tol uene/ met hanol
U4 on as:the el uent The structure Bambpled9 hel | chrom c product was

i rmed I-Qh’ch%(+)4@[442-methylbutvl)benzvlldene)-1-Ethv| 1-2""“""'“‘“'"°|""e 7 Branple 27

§ 4-[4-(2-net hyl butyl ) pte ey -[4-)lcan Jlam*n%)ﬂapht hyl azol azobe
nzsse e [err] -~~~~~ NH . g |d&,5(}-| CH

[e‘?.,;r] (;*) - N-canphanyl - a- napht %‘ amne (2.26. ¢ prep ‘_ed accordl ng to
Ex@npl e, 8, was- di ssolved in 25 gl acial aceti ¢ aci d.
(- p- (% met hyl but yl ) phenyl azof’Bh"ényI azo)aniline (0.1 nole), prepar ed
rding to 55 Exa

SUE Qo itk BédreBPonBingo (- rzumqt!ayuu Y
di- @.z ot | Zed U %‘Zﬁ’nﬁmﬁﬁiﬁr ﬂﬁﬂéﬁ%ﬁonagv dflu:drngmmm:'e(lqgo A % ?d}#ggoerr\::;:
pwW
was

O nNnT 0N D :T.SQ..O._-Q-

dri b obquiraldindGthyhbdyste iv G0 ol
3 m&’fbtrsabh& ngleM'ISaim ﬁé“"??"a?\?tq?gg%{'cbeds‘ﬁa a ed to the
o] soI uémmwdrmhg- with 100 gmice. After the coupl I ng reaction occurred
our) the mxture was diluted with glfipig@po wat er and solid sodi um acetate
ydrate ’ dAbjIahfso)dnthraduinos®| Ut i on was then brought to
usi*hg H\étY?E'8 Sgg?t'gg%‘kdﬁ%h%% ?odl um hydroxide in water. The solid dye.
vvas col | ected by filtration, dried and recrystallize m t ol uene.
Chr.' mat ography on silica usi ng di chl or onet hane ass el afforded the

co_r_r irméd by NWVR

55 N ‘
LY
(|3H/ \H .

CH,

& f (+)-a-methylbenzyi-
e was combined with.an excess (10 gm) o
. o Fw?[c?l"’n’ Y l:é%lc:rl\z“t,lae’:tg:ﬁlqg?fc for 4 hours. Column c’h‘;o‘;n?‘togra;;hze:::;’gp?:::ctgel and
. s hexane yielded the pur
tallization 3 times from hexane y
65 tom?\pheea:utrl;ep?g‘::; ::g ;e z\ryelstmg point of 134—136°C and its structure was confirmed by NMR.
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6528 ° 0044 666 Exanple 28 Helichromc '

(4)-1.-[4- (4-net hyl hexyl ) phenyl azol -i 4- 44( 2 net hyl but yl ) benzyl i denel napht ha 7>>
ene [ke’rr] (+)4-(4-net hyl hexyl)anili ne @ gr’r), prepared according to
Exanple 10, is added to a solution of 1 0 goncentrated hydrochloric acid

and 100 m  W@icfomic tl?a-ﬁhéﬁ%%-d' (§ﬁubt&{3r8}éroh&5|%ﬁudnrﬂﬁthﬁ&d atbbarzehd zed using

6.9 ngOdI um n|tr|te The cl ear diazoniumsolution Is then added to a

sol ution of 15 lg - am nona hylene in_ 50 m glacial acetic acid.
Coupl i ng ®cecur,s an s dNto Sd 5 solid sodium
acetate tri hgdrate uct co peut’kaki zi ng the

m xt ure vmthasolutlon of 25%sod|umhydr delnvva
‘the product by filtration. The product (24.7 gn) is t
m hot et’Ranol and 17.6 gm (+)-4-(2-nethyl butyl)benza yde%Hpr epar/?
according to Exanple 5, is added. To this mxture is added 0\1\ ol uene
sul fonic acid and 'the dye product forns al nost i mredi ately. Upgg'mcos'l"z ng

the product is collected by filtration. Chromatography on 20 silica using

tol uene as el URhebylab Brlired0.1 inel) ved disshiverhin 50 cfam&cbmmmwtéwo#mtwe'eéi °G ig

confirmed nmathE]E*a '%502'91 ?;’Pfed'? étUF' °11 rﬁ""' u | mﬂ%"@%y

of t he presé

nemati c 235 um o Nae ﬁn weree &S e Sp es&rﬂhmlcrunmtbu&d @aQI&oVQ& by

Pol ar oi d. " Hehrémitopraplayrdnsiicausing 9 tdluqnblevtflamlame éluent IR apd NMReapfirmed the steustuss of

the cell andheprofuetdhi if tolugne Stoyyas {20nmif £ j xed to the rear surface of one of

the pol arizers to produce a reflective g’lﬁ@e&&% Three fill m'xtures V\Bre :
&ko

pr epar ed 0 ,Qm;,ﬁé (ﬁ.rgg.(;,mem)g,ﬂﬁgn@f.mm I chromi g conpounds of, the
pre nt I nventi on. fill mxture was pure "E-7", aposrtlve nemati c

Liq cryst&l mat er i aI ava| | abl e from BDH Chenmi caI S, 30. L e, Engl a;rﬂ*s
Aniot her fi | I r"n\g(t ure vvasTH E- 7" dofaN Witk gy Q;QEy

honanoat e La e chiig e am\ =) " 7" and 5/o by ght e |chromc \%
§+) 1-[ 4- ‘?2 hyl butyl') -ani | i no] {@ hydroxyant hr a-. @ none. An oscill oscope

and cH-eCHj ng
d| 596I ved |\t;|%-100

[

irace was used to observe the optr 24l rise and deca attern of - ceIIs
il led with each of the above m xtures, asafunctlono ' V\/q

':el I's Were S %PF trt P‘P"(‘Rﬁf’ ﬁg Ti mn% Qe blllj,e h%ﬁgh%%ﬂt W '
gas nount d p | o w I'??é%\tr Géﬁ 5‘\45 lta fﬁ &h.ThSQchﬁﬁeofthe
#ocat ed at ﬁﬂ&wrhhndﬁﬂamgsashhﬁ cell surface was focused on
ﬂhe di spl ay. An |ntermttent RVS voItage of 5 volts at 1 kHz was i npressed

dcross the el ectrode surfaces of the ¢ { QptJj ¢ nodul ati on of
dach cel I‘W\d‘é‘"%%‘%‘f’v"éd 4\71‘“&“'1‘9‘@%’“?'8‘?'1"@5 'é‘E?"MbBWﬁ'tz%é""EgP’f'B dl8 a phot onet.er,

| Spectra Physics Co.,  Princeton, NJ ), fitted with a photopic filter and -

donnected to a time base oscil | oscaope. "h tRi s way optical contrast and
he rise and 40 decay characteristi h dj spl re determ ned. The
i splay c#| filled with "E-7{t0 ' O\rP-Pérlr -active dopants '

:"

Ixhi bited a severe optical boks ‘ l;g;d pn extended decay tine when
%

he vol tage applied across the Cell edCH:,:I'he di splay cell filled

“ ith 1 % by wei ght chol esteryl nonagoatpgn, Nn0" E-7" exhi bited no detectable
ptrcal bsunce and a radically reduced decay tinme, as conpared to the cell -
lont ai ni ng omlIPyemeW?' 0f L.4@iamiine-2f-aph nPM-‘I"@CPOM’!’h 5% by vvel

P pe et

I
he cel | - then bubbled through the mixture and after 4 hours a blue precipitate was recovered by fi |trat|on Thrs
preclpltate was water washed and oven dried to recover the desired product in quantitative yreld

b) Preparation of 1,4-diamino-2, 3-anthraqumone dicarboximide. '
According to the procedure described in U.S. Patent No. 2,753,356, to a hot {80°C) stirred solution of
- 60 630 parts by weight 98.2% sulfuric acid in water, 126 parts by weight dried powdered 1,4-diamino-2,3--
anthraquinone-dicarbonitrile, prepared according to Step (a) above, is added. An exothermic reaction
occurs with the temperature rising to 140°C. The mixture is heated for 1 hour at 1560°C and is then cooled to
about 40—45°C. Keeping the mixture at this temperature, enough water (255 parts by weight) is added
dropwise to make a 70% by volume acid solution. After cooling to room temperature, orange crystais are
68 obtained and are separated by filtration. The orange crystals are washed with 'a_70% solution of sulfuric

. - 26




j% chol esteryl nonanoate. Exanpl e 30 50 The reduction in decay
| Tor guest-host type liquid crystal - displays utilizing a helichromc
the present i nvention was ill usﬂﬁ“666| n the follow ng manner:
A Senol & xed AL WrpeRab IS & bdl 70 to 8-
a t] | hwa kee mpe a 70.to 80°C,
at ' Ve' égiéﬂ‘wﬁftﬁﬁuﬂ}?ﬁ iy ﬁdtée%ﬁciﬂe @P&P fta gﬁ‘a‘lﬂleﬁﬁlb? o i3 cRstals are-

one p&y parEiea ®y fwaaone ddmrélayta&dd with haeuatawaﬁltthmr&tne Wik tidl fré& After @rying the

was] #PCH- 113124_d,§,g ydafdmgtth sﬂap%)byovammhs wai
€al | y- aC(tH)-!-ﬁte&dlﬂuﬁ/laM&leﬂQEﬁﬁrts b@e@ht&teuawrahdameartsrbameamlmmws heateldffiar
€hird um mnquewsatmc TAEHIRUE X coolsd e oo mer@tb 13;? ﬁp?%m is isolated by

L hr oni svapfjing thla m?ﬁt eor cal The
oscope %ﬁ%?“ﬁ’g‘é ‘t°8 g’é@&t he optlcal r| se and deca,y pattern

as [agf unction of time when 60 each cel | exdmpid 24 um nated and subjected to an
i i t t ent Hatibleemici(-€)-2[B-elethosybenznthiakiylgzolicld- (R-methyjutiaringlinaphthglazoFhé cel |

ni ng dyimethyjbengenp” exhi bited a severe optical bounce and a protracted
dedag: ti me when the vol tage appl i ed across @ cell was renoved. The cell

co ning 1 % di chFus and 1 % " CB- e_xhi_ bi t gd. no Hlet-ect abl e
optigal beunce(gpd sharp y Rhagagter - el | containing
1% I chrom c dye exhib detecta pt1 cal d gharp decay
29 0 044 666 characteristics, simlar/To the cell tai n_F'F\gc_ @B515" .
Thi xarrpl e illustrates the effect | vena§s of the h r.om' [¢ s of the .
prggent igyention in reducing optical botnce. in addk oh;* in_ hé&l¥ chromic
di 4T ays only Badoxy2iaginobdnadtribone (@a-dmawﬁso(daeinnmhmﬂ nmﬁheaﬁ thexglikicrewas

bepgot hi azol

g

.gzal éval | abl e fromthe E. q%f%:?#bo%@t of the 55 ‘
pl epghr oi c cﬁ/gfep e $ean goéf'% q;zq\ﬁ 2 AR50 B byweight
i ig{'é énjth"?ggtdlcg bo;Er ﬂe, E:;
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‘55 ' Example 35
Helichromic {+)-1 -(naphthylthrazolylazo)-4-[4-(2-methylbutylammo)naphthylazo]benzene

\>—N- N-N @ N CH CHC H
©

80 (4)

3 .

2-amino-naphthyl-{1,2)-thiazole {2.02 gm) was converted to the corresponding diazotate according to
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65 The cell containing 1% helichromic dye exhlbtted no detectable optical bounce and sharp decay

29




-

[iquid.crystal conposition being the conposition of Claiml, and said ,
hel i-chrom ¢ conpound being present 50 in an amount ineffective to allow
said m xture to substantially absorb unpol ari zed or polarized |ight

i nci dent thereon in the absence of an A@34666 fiecld, but effective to

el.ini nate t hendyalrRBUNaRIIS 1&feSSh cOaifiRh E@Ns DA SR PRTNSSEHIE th de%ggc ebd B¢
71 The |i QUI del&hw;ﬁ@dlye §lope a:yédemfeaéﬂhﬁ%&%m&%eggg n &ddit nhﬁehé %J%&splg;:
co npound is pnkts}&nlw weight foreige eddithvatihelichrireic wee iis @bditet! thprbdaced disphy pevicEhe shiye

ei ght  of saPE‘q" ) Y!Fr‘ 35 copvantiens) disriay, copmining 2%gby weight fpeign eddjtivessidichroic dye
di spl ay de¥i B&=RRY 51’?’?@" B'&ﬂm ve to the absence or presence of an.

&l ectric fi eleflimssai d devi ce having no auxiliary polarizers and conprising a
I_ayer of a nematic liquid crystal conposition and two conductive el ectrodes
03| ti oned, reshécbmpamitipn cadisdrgmssentiqiip ot regatdlighidcaystalohataal ahd) inydixtuahedewith,
jematic | |’ﬁuP iﬁ%@t pgnionls ;@@@'H@'F"@Ws@'@mh%!?ﬂ'fnglce@mmndabd'? heffchegmiceeqmirognd being

i§i qui d cryst & g’ﬁf{}: iquid ervsialnatetialeang 539 BelichmmicsamBeydheing adishroisfve and
onl i qui d- cryst rom c conmpound,qgai d helichronic corrpound 60

#ei ng sol ubl ehérsinsai d nerrat ic liquid crystal material, said helichronic
pnpound bei ng ‘h'RJIF%hmlaeo-ew'@nersmnebthedolvtInplm.cmetb eranetty memwgwat. methine

bast one hefryidepe. gptheaapin erﬂS“’ °"F %{P‘E Vg 1“1"

aracteri st |,&,$d f ol °'§;,45‘,.’,3’%:¢mf %og E‘S 8 '3: 'F4 &'3 TS )}' ik - sﬂ‘g?’fx&ﬁ? g'%eg‘at'c
@bnpound, and ek dn ed pﬁyvmg\aq,aﬁgapp& eat®i Ng present in said mxture in an
Fount ef fzecvvherantwhemnl i9an srthrdquinond wadical 2isSulssituteatin ghel2y 3,a05,8; B otid pesitiohs 260 or
ght inci dePRm*l"Ff@P’éﬁfhe"P?f mfh‘edeﬁbsﬁw@en fis anar@?rmnone raglicel|agd grigi2 orgr@Rer, Z may be

4 b | | qt é 1F 1ap 109é| 7 1 oplﬁoqs ions
{an o BB g "ﬂ‘*aaﬁm SR ety e

@ ai m8 whaerein said helichromc corrpound is present i-n .a concent rgat i on of
et about 1 and 5 percent by weight of said |liquid crystal con]p05|t|on
0. The i qui d-f,Gi‘W'!-al —§Hs§*ﬂ-ay—dé=\ﬂ-oe—©+ et iR sk eXGH: -s@(bﬂs)ﬁenﬁ-r ~
I§i quid crysta IPQSH.L | Reve t| ons

e comeartin e AR el i e

Bmat i que et and&ihe \ﬂmﬂl 9 ¥R Sntirequittons heterdcﬁdl‘bd?& i dnd 26s substxtuted on
rganl que nothenmnuqusnuayamc dicasboxuidenatiiesle de cristal liquide, to ledit

dbnpos6 h6l i chio PE-%' tigetof blvé‘emcq"@dﬂstm@wmww darkeniatéen- n6mat | q
dt ledit 99 g, mﬂﬁ kit H'M;mwgd reathylalky siuens (4
II u A )~ group, benzy group.
lla fornule g aldn ?resdoﬁswe to eg %‘ ctric field, said
4zo-stil benedevbemmsrisingmd anlxipiﬂl yaar&er. e bf ematidiiquide |rtempmroa,6a&sammnducnve

6t hi ne- ar yI ?'msenwm mﬁefebuamewo ma@m@acbﬁ@f&andcgyet eaid oemhm)rqﬁfu dqstal

A est un Qaims1 P@."rs' E‘!&F" t incan
L R T R ?;.‘;z:' S
6l i chr omi qugclarRéd lighR Sricidéht thErasr Y tha %Bdthce o anV, Sid .au ’sald

llor sque Q espolariaed ligiit ineitlera rHelaoa irLiths presence’ ofan aRktric ﬂadl es p05| tions

5, 6, 7 ou 8 d&- Thedliquidcanystal dispian mcsoh@amsou@ememrdvfsl-q\mmb mmmed@mretenu“

r'adi cal afif Hi°agf] i; ,.%%IM ,:,‘jfﬁgg"f":gg“%ﬁﬂ : ,,§,ﬂ' éj'j?%glﬂ%ao ﬂ S;%L::i

- g <oy

1 et 2, 1 etdedice
et sous r 6serevadubtveeledrogesdp smbﬁdﬂU&sﬂcﬁ\&ty, bdjace el kai
conprend un liguidepstatkomppsitiandeing theicoreasition almh-m u:apd sdmd ﬁeﬁchrd)mlg cmmnaimng present
i ai son e&%tiP an amount ineffective to allow said mixture to substantially absorb unpolarized or polarized light
incident thereon in the absence of an electric field, but effective to eliminate the hydrodynamic effect of
. optical bounce and reduce decay time.
7. The liquid crystal display device of Claim 6 wherein said helichromic compound is present in a
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55 8. Aliquid crystal display device which is responsive to the absence or presence of an electric field, saud
device having no auxiliary polarizers and comprising a layer of a nematic liquid crystal composition and
two conductive electrodes positioned, respectively, adjacent opposing surfaces of said layer, said nematic
liquid crystal composition conslstmg essentially of a nematic liquid crystal material and, in admixture
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60 being soluble in said nematic liquid crystal material; said helichromic compound being a dichroic dye, said
helichromic compound comprising at least one helical ordering moiety capable of imparting helical
ordering characteristics to said mixture of nematic hqund crystal and helichromic compound, and said
helichromic compound being present in said mixture in an amount effective to allow said mixture to
substantially absorb unpoliarized light incident thereon in the absence of an electric field and to

&5 substantially transmit unpolarized light incident thereon in the presence of an electric fi eld.
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65 substantially transmit unpolarized light incident thereon in the presence of an electric field.
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daB die n@neatnk ﬁ %nd zwel Hilfspolarisatoren, sine Schicht aus einer nematischen Fliissigkristallzusammensetzung
und zwei leitende Elektroden besitzt, die einander entgegengesetzten Flichen der genannten Schicht

benachbart sind, wobei die nematische Flissigkristallzusammensetzung die Zusammensetzung nach

Anspruch 1 ist und die helichrome Verbindung in einer solchen. Menge vorhanden ist, daB sie nicht

65 geeignet ist, das Gemisch bei Nichtvorhandensein eines elektrischen Feldes zu einer betrichtlichen
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Absorption von darauffallendem, unpolans:ertem Licht zu befdhigen, aber bei Vorhandensein eines
elektrischen Feldes geeignet ist, die hydrodynamische Wirkung einer optischen Reflexion zu beseitigen
und die Abklingzeit zu verkiirzen.

7. Flusslgknstallanzelgevornchtung nach Anspruch 6, dadurch gekennzeichnet, dal die helichrome
Verbindung in einer Konzentration von etwa 0,1 bis 1,0 Gew.% der Flissigkristallzusammensetzung
vorhanden ist.

8. Flissigkristallanzeigevorrichtung, die 'auf das Nichtvorhandensein oder Vorhandensein eines
elektrischen Feldes anspricht und keine Hilfspolarisatoren besitzt und die eine Schicht aus einer
nematischen Fliissigkristallzusammensetzung und 2wei leitende Elektroden besitzt, die einander
entgegengesetzten Fldchen der genannten Schicht benachbart sind, wobei die nematische Fliissigkristall-

zusammensetzung im wesentliéhen aus einem nematischen Flissigkristallmaterial im Gemisch mit einer

organischen nichtionogenen nichtfliissigkristallinen helichromen Verbindung besteht, die in dem
nematischen Flissigkristallmaterial loslich und ein dichroitischer Farbstoff ist und mindestens eine
wendelférmig ordnende Gruppierung besitzt, die geeignet ist, dem Gemisch aus dem nematischen
Flassigkristall und der helichromen Verbindung wendelfdrmige Ordnungseigenschaften zu verieihen, und
die helichrome Verbindung in dem Gemisch in einer solchen Menge vorhanden ist, daB sie nicht geeignet
ist, das Gemisch bei Nichtvou-handensein_e'iries elektrischen Feldes zu einer betrichtlichen Absorption von
darauffatlendem unpolansnenem Licht zu befdhigen, aber geeignet ist, das Gemisch bei Vorhandensein
eines elektrischen Feldes zu einer betrichtlichen Absorption von darauffallendem polarisiertem Licht zu
befahigen und zum betrichtlichen Ubertragen von darauffalendem polarisiertem Licht zu befahigen.

9. FIusslgkrlstaIlanzelgevornchtung nach Anspruch 8, dadurch gekennzeichnet, da® die helichrome
Verbindung in einer Menge von etwa 1 bis 5 Gew.% der Flassigkristalizusammensetzung vorhanden ist.

10. Flassigkristallanzeigevorrichtung nach Anspruch 8, dadurch gekennzeichnet, da die nematische
Fiassigkristalizusammensetzung die Zusammensetzung nach Anspruch 1 ist.

¢

33




