207317 Cycl ohexyl - di oxane Liquid Crystalline Conpunds The present

tijon relates to el ectrooptical displays of the guést-host type- and'to
Lb crystalline host materials for use in such displays. DESCRI PTI ON Ot“iii
THE\PRY OR ART The fam-ly of el ectrooptical display devices known generally

as guest-host devices are thought to have high potential utility for

i nformation di$;lay purposes such as digital watches or clocks cal cul ators

and other instruments. The typical guest-host. device includgs {) 52175f

flat, parallel transparent substrates carryrng transparent electro ‘
segnents on their facipng surfaces and a mxture of nematic I|qU|d crystal %

host :conpound an s:hx hr-od ¢ PR < ONPR Qcﬁse S Q\ggat es

and el ectrodes. ' I this arrangenent, ==
assune the orientation of the host liquid crystal nol ecul es relative to the
spaced substrates. The construction and operation of such guest-host ;
el ectir oopti cal displ§§ devices are well known as shown in the Helnmeier U S

Patent 3,55, 026 i ssuelt PEEBHJAYeNYSn retpes 19 Rlsghaontytid Urrigreat Hhost

di spliay. the hostgubdtepsistl tggeyamado MRIIRGH RS11AAINdsDARE-QNE foPRsOYRSTcdye
nol ecul es are alégned with their long axis parallel (honbgenous) to the
spacéd substrate #¥M3he unactivated (off.) state. However, when an

electric field is generated across the el ectrode segnent, t he liquid
crystal nolecul es align perpendlcularl (honeotropically) to the substrates’ -
as dé the guest dye_nol ecul es. Sl..&&“’f"ﬁﬂ i PHE RRIGR #RTe nol ecul es absorb

‘

onlyilight whose electric vector lies along the Ionq dye axis, the [err]
alighed dye nol ecul es absorb little lignt and the liquid crystal-dye T
m xt fire between acti Vet il eceleciteops bghrgiispday devices known generaily as i

guest-hast devices arc thought to have high potential utility for information

dis;lay purposes s.ach as digital watches or clocks, calculators ang

other instruments. The typica) guest-host devi#e includes a ﬁair of : ~

flat, parallel transparent substrates cérrying traasparent electrode

segments on their facing surfaces and a mixture of nematic Yiquid crystal

host compoénd and guest dichreic dye compound sealed betwsen the substrates

and electrodes. In this arrangement, the guest dye mclecules tend.to

assume the orientatio; of the host liquid crystal molecules relaﬁive to

tha spaced substratas. The constructicn and operation of such guest-host

ele;trooptical display devices are well known 2s shown in the Helmeier

U.S. Patent 3,551,026 issued Cecember 29, 1970.

t . ' In one iypg of guest-host display, the host liquid crystal molecules

. _and therefore the guest dye molecules are aiigred with their long axis P

. parallel {(homogenocus) to the spaced substratas in the unactivated (off)
state. However, when an electric field is generated across the elecircde

3 ) segment, the liquid crystal mclecuies align perasendicularly (homectropically)

to the substrates as do the guest dye molecuies. Sincge the dichroic dye

molecules absorb enly light whose electric vactor lies along the izng

dye sxis, th2 hemcotropically aligned dye molecules abserb Tittie light

and the liquid crystal-dve mixture between activztad slsctrode segments

appears essentially colaoriess or traaspgarent %2 the viewar of incigent

Yight. Of cource, homogencusly aligned sra2as of the aixture appeur
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appearf essentjaly colorl ess or transparent is the viewer of incident
| i ghtgls"OF course, honpgeneously aligned areas of the nmixture appear~
col*®¥f=ed -or dark.as a result of the perpendicular orientation of the dye *
nmol ggyl es to the incident ‘light. A display having lighf or colorless digit
or-3ynbol s on a dark or col or background is thereby provided.” Hovever,

st - host 'di Spl-ay devices of .this type suffer froma serious: drawback in
tfat, at best, the honogenously aligned dye nolecules will absorb onty 50%
t ke ld-ght incident upon the device, thereby resulting in poor display
gontra¥t. This limtation is due to the fact that only one pol ari zation
*direction of the incident light has its electric vector aligned along the’

| ong axis of the dye nolecule while the other polarization direction has

its el.ectric vect @blopdd gnedhkias aNfesertser (R deRRndicingr dyRntiXidh.of GAayat t enpt ed
solutiron to this drawhack has been to use well known substrate surface -

al ignment techni q@8kec¥igs fio dhe fpgiganhd it sf gheiantastneatiotinor & 1PHatce a
90[err]. twi st (heldigks bR sidd1s ANY dB & ot BRkHIRIBNGUSLY pAlviaaed |iquid
crystal nolecules fromone substrate to the other nuch as in the well known
tw sted nematic liquid crystal electrooptical display devices, for exanple,
see the Tayl or and Whidueb: ShesPAAAN1 5ol 35188 of BAGheERler foy 1974 and
Coates and Gray .U S. Patent "No. 4, 145, 114 issued March 20, 1979. The

plUr pose of this hektieed drastack dh dhatstat (hestur thehgmogenopsiy (! taneddite medequidst er ;
what the orientati (A ' tor .of l,\nci tlight, there
W/|a| E)e a dye nol é’gﬁl gebs?i{b %&ﬁé&g%thgen*ég&bg{c\’/\%é‘hmpﬁe{hg5’5‘2@% g&%%?r ates wicthi
its | %)ng axi s par akswtingdnipae dieglapreottvassf f Sicis dbitatripd ifodue tollbhesfact: ‘ L
absor ),t hon_of 95-%1'.9;1: g\qsrret:ne()];olarization direction of the incident light has its o '

electric vector aligned along the long axis of the dye molecule while ; f

ihg other polarization direction has its electric vector aligned transverse

to the long dye axis. One"attempted‘solution to this drawback has been

. to use wellknown substrate surface alignment techniques such as rubding

Sy
.

or slope evaporatfon-to fnduce a 90° twist (helix) in the long axis of

the homogenously aligned }iquid crystal molecules from one substrate to"

- oo

L. the other much as %n'the well known twisted nematic liquid crystal

electrooptical display devices, for exampie, see the Taylor aﬁd White

U.S. Patent 3,833,287 issded Sept. 3, 1974 and Coékes and Gray U.S.

Patent No. 4,145,114'issued March 20,” 1979. The purpose.of this helical '

“ molecular structuré is to ensure that ﬁo matter what the orientation of
the electr.. veétor of the incident light,.there will be a dye molecule
at some distance between the spaced substrates with its long axis parallel
fd the vector to effect absorption. Thus, absorption of 95% or more of
the incident can be effected. Unfortunately, however, as is well knéwn

. " in conventional twisted nematic liquid crystal dev%tes. the host liquid

E ' crystal exhibits a positive birefrigence and tends tc act as an optical

waveguide so that the polarization of Yight transmitted thirough the

-

device is twisted synchronously with tha twist of the long axes of the
Jiquid crystal molecules that the lignt is passing through. The unfortunate

net effect is that the twisted guest-host display made with positive

R e I il

birefringent liquid crystal compounds is optically equivalent to a non-

IR




ji"

t he, fﬂtTﬁEﬂT’tHﬁ*bE"EffEtred* tm+0rtunately, however, as is well known in
cogﬁentlonal twisted nematic'liquid crystal devices,' the host |iquid
stal exhibits a positive birefrigence and tends to act as an opthalﬁ
gui de so that the polarization of light transmtted through the deV|ce
wi sted synchronously wi th-the twist of the | ong axes of the liquid :
; %tal nol ecul es .that the light is passing through. The unfortunate net
Jeffect i's that the twi sted guest - host display made with positive
+ birefringent |iqui.d crystal conpounds is optically equivalent to a fep- ;
7 twi sted honpgenously aligned guest h&st device with the attendant - poor'»lx'
contrast. The possibility of utilizing a host liquid crystal or m xtures
~~"thereof with minimal birefringent properties in such tw sted guest-host
di spl ay devi casisted tamogenously aligredamestciont Madte wits theiatteadant pparoposed by
Tayl or-in the JourQaI of Applied Phy5|cs 45(11), Novenber 1974 at page i
4,.721. Fbmevé? practlcal m xture of liquid crystal conpounds with |.ow
enough birefri nge‘ﬂ@&;obﬁSI‘lﬁQt oUptithiﬁd'le WS SR érybea) beanxderewn or devel oped
by prior art workers The cycl ohexyl cycl ohexane conEounds first
synt hesi zed by"tietfe H‘S‘EPﬁ‘?\‘I?a‘egiréf"“‘-lﬁhbéwp"@féni“ sugh twistedggpeptiBRA8) apparently .
do not have | Qs BO UG el Tndrbdr L fHerAEO RS EdsC Svaf Qhiti WP bRFo@YRFE - host -
di spl ays and mi xtures containing these conpounds are sonetines snectic
rat her than.ndmgler dnghe d&ﬁ&tﬁn&m&ﬁwﬁN%@deﬁ‘dY%bﬁpWéﬁf Pagspl i cati on
U:S.S.N. 17, 6&5751' ! ﬁ&emr thr§ctléaq7naxhipe topmd'm@-@?ysgjl HQW@J;OQ wieg kin and OF

cmm"ron assigneé herew th'di'scloses |iquid crystal conpounds of the fornul a:
low enough birefrlngence has not up to the present time been known or

. developed by prwor art workers. The gyclohexyl cyclohexane compounds
b - .. "first synthesized by Eidenschink et al, Angew. Chenm. i33. p. 90 (1978)
' apparently do not have low erough birefripéeht properties for twisted
guest-host disblays and.mixtﬁres containing these compoundé are ‘sometimes -

smectic rather than nematic at room temperature.

A copending patent application U.S5.5.4. 17,635 filed March 5, 1979
in the rame of Howard Sorkin and of common assignee herewnth disc!oses ‘

liquud crysta1 compounds of the formula:.

' o - -0 ;
_t - R {J"@ N

3 ' where R is alkyl, alkoxy, aryl, aryloxy, carboxy or carboxy ester.

etes 8 0 amrdmans munbs mimmieen G g80 00 ..

- These compounds have a very low electrical threshold voltage of approximately
0.6 volt, and relatively low optical birefringence of & n equal to 0.1.
A copending patent application U.S.S.N. 17,634 filed March 5, 1973
in the name of Yin Yen Hsu and of common assignee heéewith discleses

compounds of the formula:

eSO O
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mhere Fy is alkyl, alkoxy, aryl, aryloxy, carboxy or carboxy ester. These
conpoy. ¥ls have a very | ow el ectrical threshold voltage of approximtely O.|
volT;zdarmd relatively | ow optical birefringence of [err] n equal to 0.1. Al (
copeﬁﬁlﬂg patent application U.S.S.N. 17,634 filed March 5, 1979 in the . !
nangf of Yin Yen Hsu and of common’ assi gnee herew th di scl oses conmpounds of
th@?forrmla [err] . Where Rlerr] is a straight chain alkyl of 1 to 30
afbon atops and Rlerr] is alkyl, alkoxy, acyloxy, alkyl carbonato having 1
ég $rh%ﬁs CN or Wat is still needéd, however, is a nematic liquid
rystal®l i ne -material having extrenely | ow opti cal blrefrlngence along with
the ot her requiretiersrfpisr p istraisghy chrioviitld of hedP chthen agms 3P, Wkt h | nproved
contrast. SUWARYE, Tifod NENT O 6 carulihd it RSoPRCIRRL, | dgnt i on,
there is prOV|deJ!a hew group of ' cofipounds ch' fof the first timne exhlblt
t he af orement i oneé®,+ equi red combi nati on of propertles |n particul ar
extrenely | ow optical, |rfr n e.and | Wthre s. The
conpounds of the mvg?la'?l Sn t'élir’e rg"eepfé'gweeﬁr I "Etmfa'lé %?mx S%Q mr"er] wher e R
and R[ err] .can betéMd saing atreslélyl v epticait siaegliﬁgemheuwhgahkylth@mha& koxy
groups. Al kyl substi t uents referred to provjde cqQ unds
extrenely | ow opt |"8gre“o?’r°%ﬁrgleﬁgt§rﬁ’f%‘“d%agq“es["er{g?'] d{f"‘fél'ﬂgg Brovgd (5?5“‘5?5”bel ow,
prief erably 0.005 or below. In addition, there is provided an inproved guest
host lel ectroopti cal - a

+

:
| !
SUMMARY OF THE INVENTION i

Aécbrding o the present:inventioﬁ, there is provided a new group R
of compounds which for the first time exhibit the aforementioned required
combin#tion of properties, inuparticula} extremely low optical birefringence
and_iow threshold voltages. o

The compounds of the invention are represented by the formulas:

o 2 R{%

where R.and R1 can be the same or different straight chain alkyl or

e o e bt toe

a!koxy'groups; Alkyl substitueﬁts are preferred to provide compounds
1 with extremely lue optical birefringence, e.g. An values of 0.05 or
- below, preferably 0.005 or below.

In addition, there is provmded an improved guest host e1e~trooptica1
display of excellent contrast and low driving voltage as a result of
employing as the optlcal guest host medium the aforesaid compounqs in
admfxtﬁre with a svitable well-known plecchroic dye such as dyes having

an order pérameter equal to or greater than .72.

ot i o



of excellent contrast and low driving voltage as a result of

enplp g as the optical guest host mediumthe aforesaid conpounds in

; e with a suitable well-known pl eochroic dye such as dyes having:&n.
granet er equal- to or greater than .72. DESCRI PTI GN OR'PREFERRED =
VENTS The conpounds of the pr esentg"nventi on may be prepared as

__.’{vollows Al: - [err] [err] 2: [err] 3: [err] 5 C. [err] or
4

err] where Rlerr] and mare as described herei nabove and wherein, in A
above .R.i's a straight chain alkyl group and in C. above Ris a straight ,
chain al kyl or al koxy group.pebcriprion of prERERRE] kpsbsli@s of nal-onic aci d™-, /
esters was carried out with potassium carbonate 1 n di nethyl formam de f~0r
convenience with the reaction m xture being stirred for one week at room

t errper ature to yi_ Qkéjcc%g%heﬁgf @QOM@S&E igwwﬂlgy LL Iprepared as follows:

H 006345 cooc My
Al: A
RBr + C'H k,t‘al/DMF; R-(,;}) + K 8Br
z A L
' : cmoH | b
‘ redoctug s R- CH - CH_oH - '
- : ' ‘”z"“ ' o
3 y f
;. ). £o0cz Hs foacx»; g
; : DIGLYME )
; RONe + BrCH =%+ RO+ MaBg
! cooczhs ' ¢ bo G Hg :
i 3 ma Y
cH0H '
:: reduct:yn > RDC" + G Hs Ol
i ' cH, OH _ : ;
b /). NI

reduction, - wa ey oM
oxidaticn R’ l Q ! cHo
' -‘.m

-\

“w
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“The™ reductlon of “the R—substltuted nalonlc aC|d esters was 10 carr
by .subsequent. reactions with borane nethyl sulfide conplex followed b
Vi tride reducing agent (e.g. sodium- bis-(2- nmethoxy-ethoxy) alumnu
Frydri de). Combi nation of these reactants provided yeilds over 80% of

~compound 1V or IVa. The p-al kyl or alkgxy benzoi ¢ acids (compound VII1) used

“were 15 either comercially availall 8 or prepared according to well known
met hods. Conpound M I, 4-alkyl or al koxy cycl ohexyl carboxylic acid, was

pr epar ed, by hydrogenatlon usi ng either sodiumnetal in isoanyl alcohol

(tA\ans="sonmer separated fromcis by crystallization in 20 pent ane) or,

pr ef &f.ably, "by catalytlc hydr ogenati on over rhedium -The resulting

predom nantly cis isorng §€S transforned to trans with sodlun1nethOX|de in
pyrrolidine, altough d#h s may tbe enpl oyed, RRe ctlon of the

car boxyl groups of .q@Pgund \4LI r)Q'I 255 RIQ | omﬁound I X was
carried out with V'trlgﬁ ﬁdUCI g ag dwi'th yi e¥=gs ov¥r 95% Oxi dation
of conmpound I X to al ky alkoxy cl ohekyl carboxal-dehyde was then

achi eved with di mreZEyér J@kf oxi de ' N, N - di.cycl ohexyl &#bodi i ni de and

pyridiniuntrifluoro acetate as the Catalyst A mld; roomtenperature
feaction had yields of 70% and above of conpourgl X, The -dijoxane conpounds
of -the present invention are obtained as thbf 37_1q‘

o
2T
where R1 and m are as described hereinabove and wherein, in A,
above R is a stralght chain alkyl group and in C. above R is a
straight chain alkyl or alkoxy group. _
5 The alkylation of malonic acid esters was carried out with
potassium carbonate in dimethyl formamide for convenience with the
reaction mixture belng stlrred for one week at rocm temperature to
yield 90% and above ‘of compound III.
The reductlon of the R-substituted malonic acid esters was
10 carried out by subsequent reactions with borane methyl sulfide
- complex followed by Vitride reducing agent (e.g. sodium - bis-(2-
methoxy-ethoxy) aluminum hydride). Combination of these reactants
provided yeilds over 80% of compound IV or IVa.
The p-alkyl or alkoxy benz01c acids (compound VII) used were
15 either commercially avallable ‘or prepared according to well known
. methods.

' Compound VIII, l-alkyl or alkoxy cyclohexyl carboxylic acid,
was prepared by hydrogenation u31ng either sodium metal in 1soamyl_
alcohol (trans isomer separated from cis by crystalllzatlon in

20 pentane) or, preferably, by catalytic hydrogenation over rhodium.
The resulting predomlnantly cis isomer was transformed to trans
with sodlum methoxide in pyrrolidine, although other methods may be
employed.

Reduction of the carboxyl groups of compound VIII to methanol

25 ‘ to yield compound IX was carrleg out with Vitride reducing agent
with '



d cis isoners, typically in a 3:1 ratio. The isoners can be readily
Yed. by crystalllzatlon from hexanes, pentanes or other L well known .
SOJ gnts. The trans configuration is the one whi'ch presumably account's for
nematic characteristics-of the subject compounds. The follow ng: i
_granples are offered for purposes of ijl-ustration, rather than |imtation,
nd provide a nore'detail ed descrlptlon of- the subject dioxane conpounds.
# EXAMPLE 1 5- Propyl - 2 %4 Heot cl ohexy:)-1,3 oxane - A) Formation of
S 2-propyl - 1, 3 YRBPMETPH Pé‘dgﬁiﬁ'ﬁﬁﬁC?‘“V?““?o“a“?‘}‘ﬂt%‘rm‘%“yn‘é'&k’ #¥lnd bot.t om
flask fitted b Ra ReIGANILNERE oEEvddBIIRl MindEHgF AUirbRTNa PUr pOSes and al=, /-
air-driven stirrer the following material s+are added: .(1) 150.53 ml (%
mol e) of di eth)]-diRIFIohery keartpyi inidg angrpyridimuntpifagorg Rcetatsr 3oy br oni de (3)
166 gm (1.2 n&lt?l)/stpf Aplﬂtl@S%oHr{’emFﬂma:tegct(ié) ha%OyQQﬂ;s d770% and above
N, N-di met hyl formami de The flask is fitted wth a thermoneter and the
reactlon|ﬂ>d!ﬁ€#®%mtﬁirred for seven days at roomtenperature. The
tenperature of t r £t 0 urs and'then
drops to and 2?%515&%# c?%‘%lr‘n&?e &eggét}gaet "gf&éﬂegrregg&ng#hcfgas b{mt he tinmg.
Sampl es for gasns:mdoaati@gueaqshwpmmytaken petiondiTdpalibopemncharteveal t he

fol I ow ng- veadily separated by crystal\azatmon from hexanes, pentanes or other

P

well known solvents. The trans configuration is the one which presumably . A

accounts for the nematic rharacteristics of the subject cempounds. i
'Thg following examples are offered for purposes of illustration,
{ ' . rather than limitation, and provide a more detailed description of the

subject dioxane compounds.

v s

'EXAMPLE 1 - §
S=Propy1-2-(4 Heotyicyclohexy'.)=1,3 Dioxane : :

e tm———.

A) Formation of 2-propyl-1,3 propanediol {compound IV)

Jo a 3 l1ter, 3 neck round bottom flask fitted with a condenser for
merely precautionary purposes and an air-dr1ven stirrer the following

materia1s are added:

1 o '(1) 150,53 m? (1 mole) of diethyl ma]onate
{2) 109 ml (1.2 mole) of n-propyl bromide
{3) 166 gm (1.2 mole) of potassium carbonate
(4) 400 ml of N,N-dimethy]formamiae

The flask is fitted with a thermometer and the reactioa mixture
is stirred for seven days at room temperature. The temperature of the

mixture rises to about 40°C for about 2-3 hours and then drops to and

AL
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TI VE ﬁf . . N-PROPYL ° DI ETHYL N- PROPYL D|ETHYL<:;§3

| (). Bl OM DE . MALONATE _ MALONATE 0
41.788%- .. - 58.18% ' 0 21 . 8.14%

17. '5}’7'% 74.09% 42.5 3. 44% : 9. 78%
86478% 65 ' ' 1.76% , : 7.65% .90.59% 168
0.87% ‘5. 64% 93. 49% The propyl -di et hyl mal onat e

Jgae i sol at ed by vacuum distillation and the reduced |n a 3-neck round

ot t f lask in xrure of the fo 1

‘bor ane™et hyl ufﬂiys de "B {%ﬂ% m'%?cl\?l(‘ %I%} %wm fﬁ gt (0.5

nol e) propyl di efroydtojraphgrané @aked )perid®idaty I00 réveat ﬂ{eu&m&w(n@) 650 m (2.25
‘wole) Vitride T The BMS conplex is added to a mixture of propyl diethyl

mal onate and tol uene dropwi se - with stirring at roomtenperature. This

partial. mxture is stirred for an additional one hour at roomterrperature
after the BMS has been added and then is refluxed with stirring for ten ,
hours, -cool ed t ¢I¥8 [err]C,"B%m Lt ransf er P HI;‘.E;[O arﬂ'%’gg%??wf- f unnel and| -
added careful ly ?5 opw se) 5 a refl ux iy xture uene and Vitri (%ie

T. After this addition, r4efdzx|X| ng cont isaues for anotber 30 m nutes and |

‘then the conpletg m xture 1) - (4) oled to tenperature and:" ~- <~
transferred to gll ar ge bea%elr& A sol utliﬂggf H[err]éb?gg]rr]/H[err]O in 133
ratlo i s- added tqe.$he conplsefae mi xture weiegstirringsesvdsi | the pH is 5 té

6. :Then, the corg)l ete mixture is diluted with net hanol and organlc salts“
/ar'e renoved by f$ tration an*. 7.65% , as, 20;5% o

R R 0:87% | 5.64% 93.49%

= e Lmvepet—y
.
-

The.proﬁy\ diethyl ﬁalonate is isolate& by vacuum disztiliation and
then reduced in a 3-neck round bottom flask in a mixture cf the fo]low‘ng' _
(1) Ggﬁe—gm-(3 mole) borane-methyl suliide comp]ex in toluene (ZM so]ut1on)
(2) 101 gm (0.5 mole) propy1 diethyl malonate _ '
(3) 300 + 300 ml toluene . ' ] | : |

(4) 650 ml (2.25 mole) Vitride T

The BMS complex is added to a mixture of propyl diethyl malonate
and toluene dropwise with stirring at room temperature. This partial.

- : ) mixture is stirred for an additional one hour at room temperature after

o eNrRAm s b smre 8 Ty e Sad. b s

‘the BMS has been added and then is ref?uiéd with stirring for ten hours, '-
cooled"to 20°C,-and transferred into én additional funnel and added carefully
{dropwise) into a refluxing mixture of toluene and Vitride 7. After this
addition, refluxing continues for énother 30 minﬁtes and then the complete

1 . wixture of (i) - '(4) is cooled to room témperature and trahsferred to a large
béaker.. A $folutien of.sto;/HZO in 1:3 ratio is added to the complete

- mixture with stirfing'until the pH is 5 to 6; Then, the complete mixture

is diluted with methanol and organic salts are r.moved by filtration and




f , ) - . -

washeg _ : with nethanol. At this stage, a single |ayer of,
"is obtai-ned, solvents are evaporated and gas chromatography i
-82% of 2- propyl 1,3 propanediol.in the raw product. Vacuum P
ation at 80-85.C and 0.75-1.1 mrHg provided a 70% yi-€l d -and 98. 9% -
i'ty. B. Formation of trans-4-lieptyl-cyclohexyl carboxal dehyde (conpound
| ntroduce 84 m .(0.3 hole) Vitride reduci ng agent and about 250 nl ‘dry
oenzene into a 3-neck flask fitted wigh a condenser and bring to refl ux.
f*Wthln 30 minutes, add dropwi se a solution of 30 gm (0.1 nole)
7 trans- 4- ept ylwashed @mmhvwﬁmmwhna@mcu\d thiy hagy eneingndiyonbi Mk rdte re‘H\u//
for addltlonq\ﬂg t} rs. Mxture is then cooled to 20- 30%er C and :
i ntroduced sI'&WRPYPI0E% ﬁ"g’f?trsrﬁ'ﬁgf"?pﬁfaée%a'?o% HEyomatoaeBYs Yt At n pl us i ce.
After additi @p,2-frdgy 1P, % tphipRnddSo1Vind Qe OMS pYodRét. I Wedud @fstanefibeat 20 ni nutes.
The resultln Iayers are then separated. The organic portion is washed
with water :afféarG #¢ HIxt- 1I\/ti"ﬁ@l"é‘f"r‘Te"af'h6"zt3h‘é“’%t)’l"v nt* P&1%enpved by
evaporation Purification of the internediate, trans-4-heptyl-cycl ohexyl
nmet hanol was not necessary as gas chromat ography showed 99.9 purity and
yi el d ‘of 98. By Farmetipert trangnd-lieptydtoyeldheryk canjoxalidehydg| (cemmpynd XOn a sui tabl e
flask with magnetic stirring bar: (1) 19;11 gm (0.09 nole)
trans- 4- heptyl - cycl ohexyl nethanol (2) about 100 ml benzene (3) about “100 -7
m .. (excess) di nbtraghcestfl flofd.da@oed)Vitrilie mdu¢idg BGentrminé pbgyyr25elimhe (5) 3.6 ni
(0. 045 nol &) r t ( N, N -dicycl chexyl
- carbodi i m de dH H}ngﬁ ﬁ?%?f ﬁegggfg%étfﬁéteggnﬁ‘ gc"(dgns" n‘PL'I"é t to the m xture.
The fl ask Was-eﬂeal adthvintldn wdnutesy,i aig ctrotheseaﬂdoltubﬁnmf)@bg’me(osl métepd at roo{m

1 eratur
erno ? trans-4-“eptylcyc1ohexyl carboxylxc acid in benzene and continue to reflux i
. - “ !
for additional 3-4 hours. Mixture §5 then cooled to 20-30°C and introduced
. f stowly with stirfing'into a 20% HC1 aqueous solution plus ice. After

addition, the mixture is vigorously stirred for another 20 minutes. The

~ resulting liyers are then separated. The organic portion is washed with

water and dried over MgSO4 and the solvent is:reMOVed by evaporation.

Purification of the intermediate, trans-4-hqpty1-;yclohexyl methanol was

not necessary as gas caronatography showed 99.9 purity and yield of 98.7%.
The next steh involved mixihg the folidwing in a suitable flask with

magnetic stirring bar:

(1) 19.11 gm (0.09 mole) tfan574-heptyl-cyc1ohexy1 methanol
(2) about 100 ml benzene - .

{3) about 100 ml_(excess) dimethyl au&i&ﬁeFSokFéx'vﬁ

(4) 7.5 mi (0.09 mole) pyridine s

(5) 3.6 ml (0.045 mole) trifluoroacetic acid

rooam

(6) 55.8 gm (0.27 mole) N,N'-dicyclohexyl carbodiimide

with the trifiuoroacetic acid'beihg added last to the mixture. The flask

was seéled with a drying tube and the mixture stirred at rcom temberature

EiH
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.removed azcstro

7

et --5’ | . l.s for 16 hours. The m xture is then o

tran; ferred 10 a large beaker and oxalic acid.is added in small portions

(fo mi ng occurs) to destroy any excess of NN err]-dicycl ohexyl . '

£badi i mde. -Then.the mxture is filtered and the solid portion

K cycl ohexyl urea) is washed several times with benzene. The organic
ltrate is washed with a solution of sodium bicarbonate and several tines

_._{: ith water. The solvent is.then evaporgbed and the raw al dehyde treat ed
Jwi th a concentrated sodium bisulfite solution. The s

conRlex-obt ai mgdis Sout-$10 1 (bel ik tyrea Frd thep paams EATT8F ad Aarge %ﬁaké'f ﬁrédr oxat'hen treated

i n potasSsium carbonate, solu (=1 Ihe) ks aedrdy- g pixydss @fcl ohexyl
car boxal dehydé“ﬂrﬁdﬂ’éfd ? T]i grék@évt?\n&t h°benzene and the solvent

evapor at ed. Thenlymej,aomaysr &?%daimdidepuﬁhttnythby“g‘dse EnfUREDGPLEMNY was 97. 2%

C. Formation of 5 propyl - pt C =i 3iabls QM N Bentenea 3-liter,
3-neck . round tfelitdcﬂ?f‘f‘f"éé?(“ﬁ f*ieé’g %f%YaL%E%g%sér‘ "Dean- Stﬂarl: ‘%rap and

air-driven stigg %F-ganichﬁiriﬁté Qisge B | ansal wrd o et sodium biEaTbeIAte 3¢ 0 14 m)l e). A
2- propyl - 1, 3- pr opanedi ol 21.5 h
trans- 4- heptylsewel dinex it “éﬁ"ﬁ'oxéﬂ‘%é%yﬂé’ {(253§I"2 g?)ap%“et?eanngetnee '?'21) Trace

. p-tol uene sul f%éngdfﬂegteﬂhaq Hic¥icdhtPatie8 sbdxomgmltioe pautign. affg hid water' S
o]

l'y. Refluxing is contin OUhéh £@bdeBough it
i's observed -t hetwlak lobtsated isathersudinip it rHFe er s'ﬁ"glsiﬁf%’r’gr}red within first:20

mnutes). Thep Ho*lgssl?@ﬂéﬁmaiessaﬁWdeh!r evaparast ohestridoychtendsi due .
romat o

checked by gas ¢ graphy. The raw compounds_ar ain two
rral n port i.ons wdrbdxalddeyde |pc<§!|ug/t is extracted mtm:t)aenzene ard' the soWth bRpérRtds !

- The yield was 87% and purity by gas chromatography was 97.2%.

C; Foroation of 5-propy1-2-(4-hepty1cyc10hexft)-1.3-dioxana
To a 3-1iter, 3-neck round bottom flask fitted with a condenser, Dean~

étark trop and air-driven stirrer, the fo1lowing are introduced:

(1) 1e. 54 gm (0.14 mole) 2-propyl-1, 3-propanedi01
(2) 21 5 gn (0.102 mole) trans-4-hepty1-c1c]ohexyl-carboxaldehyde

(3) 450 m1 benzene

(4) Trace p-toluene sulfonic acid.

The mixouré is brought to reflux and the water removgd az<otropically.

' : (al 1
H Refluxing is continued for 6-8 hours (although it is observed that al

calculated amount of water.has forﬁed within first 20 minutes). Then the

penzene -is removed by evaporation and the residue checked by gas chromatography.

The : aw compounds are found to.contain two main portions with identical

iofra-red spectra (combined peaks being 95.6% and remainder befng impurities).

e - ——

The ratio of trans/cxs isomers was found to be 3.16/1.

--f Separation of the isomers and puriftcat101 of the trans isomer of

jed out by crystallization

~5-propy1-2-(4-heptycyc‘ohexyl)-1‘3-d1oxape was cary

e s o F s b S T Teb 4 S 4




crystalTl z
. From
purified c

st age. Transition tenperatures for trans-5-praopyl -
1, ‘3. di'oxane as neasur ed. on a Perkin-El mer OSC-2 machi ne were as foll ows:
C N

Spectra (combined peaks being 95.6%and remainder being

The ratio of trans/cis isonmers was fouhd to be 3.1671.
of the isoners and purification of the trans isoner of
-(4- heptycycohexyl) 1, 3-di oxane was carried out -by -
ation L :

pentane and hexane three times. Gas chronatography of the

onpound. reveal ed 99. 914% purity, the remaining 0.086% bei ng nost °
probably one of the higher honologues. No cis isoner was detected at_this

(crystal -nematic) 2 45.4[err]C N-1 (newatic-isotropic) = 49.9[err]C

i-n(opti cal

birefringence) = 0.048 O her exenplary conpounds have been

2- (4- hept yI cycl oheX3t—

: prepared by the sfigs begem a'\rdaged\urt.aeeesm‘estonmcm-ediaebgasdnsa\w taaguaridl| i sted

belom/along with corr
“5- Et hyl - 2- (4- Pent Y

(17.5[err]) nonot ¢n@dfCthe MI§RRF inGmol] Quéd. N N5 Q19 QdonE¥AdPhdtected at this stage.

S Et hyl - 2-

ey

(4-Fbpte|c¥clohexyl) 1, 3-Di oxane
ransiticn témperatures for trans-5-propyl-2-(4~-heptylicyclohexyl)-

1,3-dioxane as measured on a Perkin-Eimer DSC-2 machine were as follows:

C-N (crystal~nématic) = 45,4°C
N-1 (nematic-isotropic) = 49.9°C

An(optical birefringence) = 0.048
Other exemplary compounds have been‘pfepared by the snvthesis
procedyres set forth hereinabove and are listed below along with corres-

ponding properties.

EXAMPLE 2
$-Ethy1-2-(4-Pentylicvciochexyl)~1,3-Dioxane

TN =19.9%

I-N = (17.5°) monofropié nematic

An T = 0.004

EXAMPLE 3

5-Ethy1-2-(4-ng§ylcyc1oﬁexy1)-1,3-0€okane

41.3%

€-1 (crystal-isaotrapic)

(35.9°C) monotropic. smectic

1-5 {isotropic-smectic)

o8 EnERE 20 21 PR the cominine 1906t beipg eost pbebly

-

[P

ond



e L PRy T [ ~— - a—— e mm mm cmeane

monot r opi ¢ smectic -12-""EXAMPLE 4 -
51§utyT-2-(4-Fbptchyclohexyl)Jl,S-D oxane C-S (crystal -smectic)
29.2[err]C S-1 {snmectic-isotopic) 57.3[err]C 5

EXAMPLE 5 5-Et hyl - 2-(4-(4' Pentyl cycl ohexyl) cycl ohexyl)-1, 3-Di oxane G N

o (drysfal-isotropic)': 41.3[err]C'I-5_(isotropic-snectic)_: (35.9[er(i2%§3

175.8[err] C N1 180. 2[err]C 10 - I n theqgexanples, [err]n values were
determ-ned by neasurenents in a wedge cell according to well known
procedures. The above.exanples illustrate that a variety of physical and

nenﬁ?lw_ roperties can be obtained by EeapLBgithe | ength and shape of'
term nal” SUDStituents of 2-cyclohexyl Substituted 1, 3-di oxanes. 15 To
achi eve extrenely low A n vetButyl{dyii-HaptleyelchergElrdgB-Didxans pref erred
to enploy alkyl terminal substituents. For greater thermal stability, it
is preferred to enploy .al koxy term nal substituents or two six nenbered
saturated rings. Conpounds of th€-$riceystalrshesticg £d9.8/& menber ed
saturated rings exhibit higher ogLi Cqéineg&cll'ié@ééﬂie enagg 8P@n those with
only one such ring and will be useful 1n raising clearing points of
chlohexylédioxane m Xt ures :

_ EXAMPLE 5
5-Ethyl-2-(4~(4'Pentyleyclohexyl) cyclohexyl)-1,

3-Dioxane
C-N = 175.8%
. N-I = 180.2°%
10 In the éxampies,d.n values were determined by measurements in a

wedge cell according to well known procedures.

The above examples illustrate that a variety of physical and
nematic properties can be obtained'by varying the length and shape
of terminal substituents of 2-cyclohexyl substituted 1,3-dioxanes.

15 To achieve extremely low An values (optical birefringence), it is
preferred to employ alkyl terminal substituents. For greater thermal
stability, it is preferred to employ alkoxy terminal substituents
or two six membered saturated rings. Compounds of the invention

~ having two six membered saturated rings exhibit higher optical

20 birefringence than those with only one such ring and will be
useful in raising clearing points of c¢yclohexyl-dioxane mixtures
when included in small weight percentages. '
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mhen |ncluded in small melght percentaqes A13 CLAINB 1. A, Ilqu1d
stal | i ne conmpound of. the Tornmula: [err].wherée R and R[err] are thewsane
r)different straight chain al mis 1 or.2. 2. . The®
l/qui d crystalline conpound a m‘“ﬁ“‘u“mﬂmuﬂndl whereih R and Rerr] are
pot h straight chain alkyls. 3. * "¢" tA¥iquid crystalline conpound havi ng
an optical birefringence of 0.05 or | owgr —~and having the fornula: [err]
where R and R are the sane or different straight chain alkyl group. 4.

The liquid crystalline conpound according to claim3, wherein Ris prop
and Rlerr] is heptyl. 5. AgQLAGMS d crystalline conpound havjng. eptical
birefringence of .005 or |ower and havi ng t he fornula: [err] where R and
Rlerr] can be the same or different straight chain alkyl groups. 6.

The corfpound ackdddivid) crystdldine ssompbandeioff Fhe fopmidal: and R[err] is pentyl.
7. A liquid crystalline conpound, of the fornula: :

R CIAE ,'

where- R and R are the same or different straight chain alkyl or
alkoxy and m is 1 or 2.

2. The liquid crystalline compound according to claim 1,
wherein R and R are both straight chain alkyls. '
3. A:liquid crystalline compound having an optical blrefrlngence

of 0.05 or lower and having the formula.

k{)J\\V

where R and R1 are the same or different straight chain éikyl

group. .
., The liquid crystalline compound according to claim 3,
’ wherein R is propyl and R1 is heptyl.
5. A liquid crystalline compound having optical blrefrlngence

of .005 or lower and having the formula:
- o - o ‘
2 LR
_ o - .
1

where R and R’ can be the same or different straight chain alkyl

groups. _

6. The compound according to claim 5, wherein R is ethyl and R1
is pentyl.

7. A liquid cryotalline compound of the formula:

R LR 7

where R and R1 can be the same or different straight chain alkyl

group.
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[err] mhere R and R[err] can er ent stralght chaln al kyl
group. - 14~ 8: . Thé I| onpound according to cl ai
7, mMerein Ris ethyl and [ ﬂgml i'ﬂ mmi!b guest - host el ectrooptica|
dISp|ay including tHe |iquid crys und of claim1 as a host
saterial. 10. A guest-host el ectrooptical display including the |liquid
crystalline conpound of claim3 as a hastiymaterial . 11. A guest - host

el ectrqoptical display including the Iiquid crystalllne conmpound of claimb5
as a_h host—mat erial. The text of the speci fication has been reproduced by
photcopylng t he appllcants original typescript. It may contain a few

anendnent sg whi chpar ¢, rﬂl tgﬂ_%‘é’ S&g%eunth co?"él Q:%l-c iﬂlezgzé*h%%‘ﬁien Bat ent

cont ai ni ng Yt hese ant pren1se
Ofice is ethyl and R is pentyl.
9. A guest-host electrooptical display 1nclud1ng the liquid crystal-
- line compound of claim 1 as a host material.
10. A guest-host electrooptical display including the liquid
erystalline compound of claim 3 as a host material.
11. A guest-host electrooptical display including the liquid
- erystalline éompound of claim 5 as a -host material. '

The text of the specification has been reproduced by photocopying the applicants original
typescript. It may contain a few amendments which are difficult to read. The oxiginal
typesoript containing these emendments may be inspected on the premises of the Patent Office



