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Introduction.



Ae &esamogghism and nomenclaturo

esomorphiam 15 a state or matter which is neither liquid

nor crystalline,but intermediate between the two,and,as such,
ltiéhtbﬁatiéélly commands the interest and inveatigation of

oth phyaical and organic chemists,the former to examine the
unique physical pr@pertiaa of tho state,and tha latter to

ynthesise campounds of the raquired nolecular dimensions
to exhibit the phenomencn.rherafore,only by ooll&boration of
‘erystellographer,physical chemist and orgenic chenist can any
‘substantial mdvencement be made in this field of study.
' This is epparent from a study of the literature on meso- -
aofphisa;Tha(dis¢évery'6f’ﬁesoaogphism,by Reinitzer in 1888,
‘4n melte of cholesteryl benzoate was followed,in a very short
tima,by'the preparatien of over two hundred and £4fty organic
aa&pounda ‘which show this phenomenon.This was achieved largely
by D.Vorlénder(l).It was immediately evident that all these
compounds had one common feature =- a very long molecule =
‘and this has always been accepved as a nae@maary pr@par@y of
a masemcrphic substance. - - ‘ T ' :

Initially.varieus opinions on aeaemaryhi&m ‘persisted.

Pemmann and Nernst maintained that the compounds were impure
‘and that the mesophase is an actual emulsion of two liquids.
Lehnann,Quincke and Wulff conoluded thet the mesophase ia a
'colloidal suspension of crystals in the amorphous liquid,and
‘Yorldnder believed that the mesophase has a fixed space




iattiqe.l‘he nicroscopic examination of mesophases [Gmnd;]e&n,
Mauguin and G.Friedel(2 and‘ji]soon dispelled these ideas '
and mesomorphism was established as a true physivcal‘ state,
intermediate betwaen the crystalline solid and the amorphous
liquid. | ; ,

With a large mmber ot eompmmd.s availabla for study,
Ge.Friedel was able to make a further detailed microscopic
examination of the mesophases and to name the phase types as
smectic,nematio and cholestex'ic.A study df the optical
properties of the first two made 1t ‘possible to essign
structures to these states,but,even now,little 1s known about |
the structure of the cholesteric phase.It is no long@r con-
sidered that these structures extend uniformly throughout the
malf bub that they persist in groups or swarms of molecules.
The whole melt is composed of a random orientation of these
groups as proposed by the Swarm Theory of E.Bose(4) in 1909.

Keasurements of ahmss in refractive index and viscosity wi@h

tmpemtum have siven @midcmble support to this theory.
The physical characteristics of these mesomorphs have there-
fore been albéely exanined and X-ray enalysis of crystalline
substances,which can form mesophases,may be of prime import-
ance in furthering knowledge of mescmorphic structure.
Little progress has lwwvér besn made on the qusatian of
the forces existing between the molecules in the mesophase
swarm,and Vérwnd@r alone has attempted to investigate the



‘effect of functional groups,present in the molecula,on the
phase-types and the phase-lensths.These factors aré no doubt
closoly related to the inton-molecular torcos whiah exist in’
the melt, and a closer atudy of the molecular dimenaiozm |
necessary for masomorphic aystams is of importanoe.Thie thesis |
is largely concernmed with such considerations. '

‘ The discovery end investization of mesomorphmm by Gl
Pennett end Brynmor Jenes(s and 6) in E-noalksloxy b@nsoic |
end trans—g—n-alkyloxg cinnanic mid.s m beea of first
importance in this oommion.as 1t has given a much more
simple molecular pattem to mvas‘bigate than the @omzalex az0-
and azoxy-compounds studied by Vorlander.ln mw.h aromatic
acids,the length and breadth of the molecule may be altered

. by changing the ether group,the arcmatic ring-system or the
substituent in the ring.In this wayﬂsﬂations_ from’ strict |
linearity and symmetry have been found to decrease,but mﬁ
necessarily to eliminate the mesomorphism.The ‘muws of these
mvsstigéticns on substituted and unsubstituted p-alkyloxy
benzoic and g—-alkylm Mphthoi.c acids are theroefore
discussed.

Since the Mtarpmtatmn of these results d@pands upon the
‘stm@tuml conceptions of mesomorphism,some account will first
be given of theories which are relevant to this study.

The crystalline and amorphous states are two common

- conditions in which matter may exist,but there is no.sharp



line of demarcation between the two.Glasses are well known to'
give gradual transitions from one to the other.Lahmann fcund
another such intermediate condition 1n anmoniun olaate.which
is depositad frcm ‘alcoholic solutions 1n a rarm which 1is
apparently crystalline.lere the particles seen to have a
definite geometrical form,but closer examination shows that
they are bounded by rounded surfaces and are capable of flow-
ing into one enother.Naturally,Lehnann called this inter-
mediate state a liquid-crystal,and smmonium oleate was indeed
_one of the first mesomorphic substances to be examined.The

. salt is now described as showing lyotmﬁic meae@omhi@.
because the liquid crystals are fdmed from solution end are
m@&iﬁ@d in their behaviour by the amount of water present in
the alwhal.Thm, ‘ . , o , ;
crystalling —water — liqnid crystal -excess watar—)mlwion

BH, Oleate ¢dehydration—  state . é-evaporation— goﬁgidal |
. solution.

Tho waw:rﬂsmdmly breaks down the crystal lattice to give a
solutmn vi.a the liquid crystalune Mate.&oapa.ﬁha alkali ’

netal salts of n&phchem.c and resin acids yand 9=bromo- |

phsmthreno-}-nulphonio wid show liquid crywallm@ Wates

by the @mmlled action of water. S

ILgotropic nesomorphs are relatively uncommon and it 1s
| surprising that one of the firet masomemhs to be discovered
should belong o this class.Nuch more common are the meso-
morphic states foum in the molten statos of mymmds.m this |

4.



case,the thermal effect breaks down the crystal lattice,so
that, |
crystalline ' ¢; 1iquid crystalline t,  amorphous
> —_—
state(I) ¢« state(II) e liquid(III)

increasing temperature -

S

These transitions take place at precise temperatures and are
reversible.In I there is a high degree of order in the
regular arrangement of repeating unit-cells.Heat causes the
perfect orientation to become disordered and,if molecular
conditions ére suitadble to mesomorphism, I will paga over
into III at the m.p. If conditions,which will be discussed
later,are Buiuxble.the order breaks down by'stag@s giving
states(II),which have certain degrees of order and are there-
fore enisotropic.Further heating to t, will destroy this '
orientation and giia«III.‘Thesa anisotropic melts are cloudy f‘
compared with the translufcent amorphous liquid 13#9 which
they f£inally pass.This type of mesomorphisa éan firat found -
by‘Reinitsar in molten cholesteryl benzoate.An ever increasing
nunber of such substances 18 now known. |
An unfortunate feature of this phenomenon and its study has
been the failure to find agrecment on nomeénclature.Many of .
the early publications are @@n@@n@@d\withﬁfruitléaa:ML
diccussions as to the relative advantages of the names liquid
crystals’ and “crystalline liquids.In effect neither name is
‘'satisfactory,as the state is neither crystalline nor liquid



in the true senses of thess words.Crystals have a threa
dimensional order,whereas the phases may have oply one or two
dinensional order.The word liquid is also 1napp§0priate as
the phase is often crystallins in hardnees,for example in
lecithin.G.Friedel proposed the name mesomorphism,thus
emphasising a state intermedlate between fhe crystalline and
smorphous Etates.This neme is more satisfactory and is mow
generally employed.The terms mésOphase,meso&crph and mésoform,
of the same dsrivation,will also bs used throughout this
thesiss | o |

F.Rinne(7) has raised objections to this nomanelature.ﬁé
points cut that the mame has no atructurallmeaning and over-
stresses the intermediate chabacteroﬂe claaaifiao méttar as
shéwing oither ataxy(a disordered orkamorphous struotura) or
eutaxy(an ordered struwture).%asemoryhic and crwaealline
substances will balang to this olaas of autaetitas,ainee they
poasess en orderad structur@.rh@ name paraerystala is there=
fore subatituted tor mesomorphs.This 1ntnodu@@s the wo»ﬂ
crystal to emphasise tho natural proximity of the state to the
crystalline conditicn,and the prefix para- amphasis@s uhaw
nany of the organic a@mpounds showing this type of auzaxy are
p&raosuhstituted benzene derivativwaoThus,ehe classification
15 (1) Atactites =--Isotropic liquids,gases end am@rpheus

o  matter | |
(25 Eutacvttésv



(a) Crystals ~-3-dinensicnal order
(b) Paracrystals ~l- or 2-dimensional order.

B. Smectic,nematic and cholesteric phases.

~ Vore than one type of mesophase may be found for one
caompound,s0 that the changes with increasing temperature may
be represented, |

Cryatal —%4— Mesophase I —t,-— Lesophase II —&t,—&morphous
1 -2 | 3 T1tquia.

The reversible transition temperatures,t;,t, and t,are
‘completely reproducible for a pure compound.The most important |
types of mesophase are the smectic and nematic.fhese names
were given by G.Friedel and are derived from the Greek words
smectos- soap-like,and nematos- thread-like.The term nematic
hes a special significance in that many nematic phases have
a threaded appearance.Smectic has less meaning,end was first
used for smmonium oleate,a sosp-gsalt,which was the first
smectic m;bstaneg meomised as such.The names have now ﬁeen
generally accepted,although Vorlénder(8) has criticised them
for their lack of significance,without being able to0 suggest
any more satisfactory names. " | ‘

There are,of course,many compounds whieh show .oixly oneé or
other of these phases.Some of these are given in the follow-

WaDe
121°
249°




n-Octyl g—azmlmmste o4’ , 175°
Nematic substances

p-Azoxyaniscle 116° © o 135°

p~Azoxyphenetole - 137° 167°
’ 165° : - 180°
170° 186°

Ammonium oleate shows only a smectic phase,but no
trensition temperature can be quoted for it since it is a
lyotropic mesomorph. |

give both a emectic end a nemstic phase.In all such cases)the
emectic phaso is formed from the crystalsiat a higher tempe
erature this changes into the nematic phase.Finally,at 33.
the isotropic liquid is produced.

Crystalline state 19'2“a m, nmm 133° ;
of I phase li.@rgg

In lyotropic uesomrpm(m.wo same conditions apply.For
mle,%ma—phmwhmwmmmm acid shows bwn
smectic and nematic phases with mmmg anounts of waw:e.

Son.d \mﬁar thick water, thin paste
—_— (eme &e) —""__) fﬁg%%’wmnw

It is therefore reascmable to say that the space lattice,

.w:wh three dimensional symmetry,is Droken down in steges,by
shermal agitation or by solvent effect,to give the isotropic
ligquid or the true solution respectively.In passing from solid
to smectic to nematic,there will be an increasing broeakdown of




orientation until the completely disordsred state is reached.
Therefore,the smectic phase must have a more highly ordered
structure than the nematic,and this is evidenced by the
latter'a greater viscosity.

The cholesteric phase is found in the melts of several
compounds,the majority of which contain the cholesteryl ring-
system.These substances have properties which are similar to
both smectic and nematic phases,with additional characteristic.
properties due to the broad,flat molecules.It is c}iﬂ‘iwl% to
essign these compounds to one of the two mesophase types,and
several suthors regard them as belonging to a third nesophase

. gmup.s.ﬁ'rmdel 18 emphatic that they are a modification of

the nematic phase however.His argument is that although many
compounds have been fejwrted to give more than one smectic or
‘nematic phme,ié has been proved in all cases that the authors
have mistaken a change in the appearance of cne phase for a
change of phase.Thus,if two mesophases are found,the sequence
is always one smectic followed by one nematic.Yet,several
substances show a smectic phase et lower temperatures and a
cholesteric phase at higher temperatures.Since two smectic
phases are never found together,the cholesteric phase must
therefore be equivalent to the nematic.However,cholesteric
compounds are always optically negative,whereas smectic and
nematic mesophases are always positive.lhis fact makes the
assignment to any of the two classes more dubious.



- . The £irst mesomorph,discovered by Reinitzer,was of this
t:pe'. Cheiewewl ‘benzoate is converted im;o & cholesteric
phase at mzm- into the isotropic liquid at 178.5:’

_ As the temperature is increased,and the crystalline solid
passes through the smectic and/or nematic phase to the
isotropic liquid,there 1s an increasing disorder of the
nolecular arrangoment.G.Friedel first introduced the con-
éegtiaa of a mesomorphic structure,which he derived from the
optical behaviour of the phases.This theory was used and
developed by Vorlénder and by Bose.In brief,the emoctic phase
is the moreo mw@mm and is equivalent to a onew
dinensional liquid,as shown in f£ig.l. : o
, This structure is also found in many

o SR S
o ' long-chain,paraffinic substences,but
/////////mwommwphmowcluomm
y— xh f'ree to £low over one another.That is,
| ~ .there 1is a strong lateral adhesion
, ' along the direction xx' and a weak

edhesion in the planes yy's As the
£izal temperature rises,the adhesicn nlong
xx' diminishes,and the layer structure breaks down to give
the nematic phaso,which ia a two-
dimensionsl 1iquid.The molecules are

— -~ 8till orientated in one direction,as
 fig.2 - shown in fig.2,but there is no

10




repeating spacing between the rods.Apart from a mthér
snaller intensity,the X-ray photograph is the same as that
of en emorphous 1iquid. |

The physical properties make it clear that there is no
reason to suppose that these structures extend uniformly
throughout a sample.The available data point rather to a
whole made up of agzlomerates of molecules,each swarm cone
sisting of some one hundred thousand nolecules.The molecules
in a swarm will have a definite arrangement which will be one .
of the two mentioned above,s0 that the swarm will vhav.e a
najor axis lying parallel to the lonz exis of the m&ﬁam
molecules,due to the tendency of the molecules to link end to
' sgnification of the molecular anisotroples results,
and this 1s evident in the optical,electric and magnetis
properties.The forees existing between the swarms are very |
weak,and between any two there will be & region in which the
nolecules will gradually change their oriemtation from tha
of one swarm to that of the mext.This transition will be
similar to a diffusion.For many purposes,the swarm may be
regarded as an elemantary Mi@l@.@&pam@ of giving Brownian
u a whole.This theory accounts for the k.nem

enisotropic and optical characteristics of mesophases end

the first exact treatment of the theory was given by Gmam
and Zernike(10).Physical research on the viscosity,magnetic
properties,electric properties and refractive index of meso~




phases gives increasing evidence for the existence orkswanms. |
A summary of these measurements is given by‘Ornstein aﬁd
East(11).

In general,the phases have been examined between a glass
slide end a cover slip,for convenience of microscopic investige-
ation.However,glass and many other surfaces have a prétcund

orientating effect on the swarms,an effect which may extend

| 0.02um. 1nto the layer on each side (12),(13) end (14).This

orientating effect causes the swarms to lie with their major
axes parallel to one another and perpendicular to the surface.

! The whole film is therefore regularly ordered.For a thin,well

mounted specimen,the whole sample may bde orientated and appear
transparent.Thus,the baaw%ifui pattorns,secn on microscopic
exanination of the phasas,ara'due to external orientations
of a fortuitous and variadble nature.lone the less,the effects
depend on the phase type,and the textures,so thoroughly
investigated by G.Friedel,are highly characteristic and in-
valuable fot the identification of the phases.tSome of the
characteristic appearances atvtho snectic,nenatic and
cholesteric phases will therefore be deseribed.

The smectic phase shows promounced layer flow,slthough this
is seldom seen without complications from the su@faeo itselft,
The flow arises from the layer structure dis@uased ab@va and

- the glid&ng cf the planes over one anetner,lxko the 1ndividu&l

12



units in a pack of cards.The stepped drops(¢outtos a gradins)
are most easily obtained by mounting a drop of the smectic
liquid over a hole in a glass slide or on a fresh cleavage
surface of mica (Plate I).In all other directions,other than
parallel to the layers,the
viscosity is high,and the
behaviour is that of a solid.
The distance between the layers
approximates to the length of a
molecule,deviations arising if
the moleculos are tilted.tiuch
layers have a very homogeneous
appearance.In ordinary light
the planes resemble an isotropic
liquid,but between crossed nicols,they are seen as homogeneous
birofringent patches which have the optical properties of a
positive uniaxial crystal.The optic-axial orientation varies
from patch to patch,but is constant for any one.At the junction
of two patches,the orientation changes from one to the other.
The region of change is very small and is seen as a chain of
very tiny focal-conic groups.In some cases,homogeneous patches
may be obtained,wherein the optic axis is perpendicular to
the slide surface.This homotropic condition may arise
spontaneously or by movement of the cover slip.&uoh areas are

extinct in parallel light and may be confused with the iso-



tropic liquid.iiie homogeneous planes are also complicated at
their edges by focal-conic groups.

More commonly,the smectic phase is obtained in the focal-
conic structure which extends over all the specimen.In
polarised light,this is seen particularly clearly as a series
of fan-like structures with stepped edges.Friedel studied the
optics of this structure and showed that the long axes of the
molecules lie along the lines which may be drawn from an
ellipse to a hyperbola with its plane at right angles to the
ellipse.All such lines will form cones of revolution and the

arrangement is that of Dupin*s
cyelides,the regular spacing
of the cyclides resulting in
a layer structure.Focal-conic
structures are therefore
further evidonce for the layer
theory of smectic substances.
Excellent accounts of focal-
conic structures and the
geometry involved are given by
G.FriedelO) an<l by Uir Zilliam Bragg(16).Atypical focal-
conic structure is shown in Plate 2.

Irrespective of the structure,the Bmectic mesophase is

always positive and uniaxial and unaffected by magnetic fields.

Electric fields have likewise no effect.A further character-

14



istic of the smectic state lies in its appearance from the
isotropic liquid in taltonnots
(fii5»>) .These resemble crystals,
but have rounded edges and an
ability to flow into one another*
They extinct between crossed nicols
and are in effect none other than

fig.3 focal-conic groups.

It may also be added that the homotropy mentioned above is
rarely complete and oily streaks are often visible.These are
birefringent and are the loops of very fine focal-conics,in
which the hyperbolae are normal to the length of the band.
The nematic phase

This phase shows neither layer flow nor focal-conic
structures and it is more similar to a true liquid.The phase

may appear as large homogeneous
areas(Plate p) which are uni-
axial and positive,showing
extinction in four perpendicular
positions.Unlike the immobile
smectic phase,dust particles
flow freely about from ono patch
to another.Yet,despite this
Brownian movement,the whole is

£-AZOXY ANISOLE
Plato i optically immobile,the swarms



immediately assuming the orientation of the optic axis of

any patch which they enter.The molecules have a nmarked
tendency to adhere lengthwise to the glass,forminz a pellicle
or skin.This orientation may exist throuzh a spocimen from
slide to cover slip.If it does,movement of the cover slip
cauges a doubling of the plane boundaries,the.qlide and cover
elip pellicles becoming visible.Twisting of the cover slip
gives a helicoidal transition from cne pellicle orientation
to the other.These pellicles have an axcraordinéry permanence,
and if the nematic phase 1s heated to the 1sotropic liquid,

..tha phase will often appear azain on cooling in exactly the

ceme distribution of homogeneous planes as before.Similarly,
erystallisation from the nematic phasa nay give the crystals
arronged in the pattern of the nematic patehéa.@hen the glass
is rigorously clean.thé pellicle has a low adhesion and homo=-
tropy may result. | o |
'In thick sections,the nematic phase more commonly appears
in the characteristic threaded structure,after which the
phase is named(Plate 4).Tho nature of the threads has been

examined by Zocher end Birstein(l5) who conclude that they

are lines of optical discomtinuity.They may be either the
meeting place of optic axes at all points of their length
or possidbly lines round which the medium is circulating,

- corresponding t0 a vortex ring.In the latter case,the

molecules and the optic axes are tangential to circles having

»
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the threads as axes.These threads may he free to novo about

in the bulk of the specimen,or they may have one end fixed to

the glass and the other end free to move, or they may be

attached along their length to the glass and remain at rest

in the pellicle.

£-AZOXY PHENETOLE
Plate 4

£-AZOXY PHENETOLE
Plate 5
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More rarelyfthe centred nematic
structure is formed.Between
crossed nicols,it appears as
black brushes, which radiate from
small centres in groups of two
or four(Plate $).

In contrast to the smectic,the
nematic appears from the iso-
tropic liquid as small spherical
droplets.These show a black cross
between nicols and are similar to
spherulites of crystals which
have developed as a result of
growth from a centre.The droplets
are here mobile,but they rapidly
coalesce to give one of the
nematic toxtmreo.

Also in contrast to smectic
substances,the nematic phase is

orientated by magnetic and



electric fields(l5).
The cholesteric phasa

This phase 18 shown by many cholesteryl esterﬁ end sub-
stituted cholesterols,and also by a few>0pt1c§1ly active
substances which do netveantain the eholaséaryl ring ayatma.
For example,dpmm31~4~cyano-bensyl1daaa-gramino~c1nnamate(I)
shows this type of phase.

Oc He= O(H=CHCOOC5 Hy | - (I)

The ehslesterie phase resembles both types discussed abové.
but parﬁieui&rly the ﬁweﬁtic}xf has certain additional
properties hawever;naﬁh as brilliantly iridescent interference
eeléursfln polarised light (varying from bluo-violet to green
or pink) end the optics of a negative uniaxisl crystal.The
distinctivae properties araﬂawtribaﬁed to the shaps of the
molecule.In the lower esters the ring system predominates,and
the sywtem‘is cholesteric,whoreas in the higher esﬁara;whiah_
have marked paraffinic vapeﬁ%iaa,sw@@@is ch&ra@éarin@ies are.
shown.%hen non-cholesteryl molecules show this phase,8.3. I
sbove,the molecular structure is found to be similar to a
cholesteryl oysten. .

The cholesteric phase appears from the 1sebr0pie liquid
as bitonnets and these coalesce to give a typical focal-conic
structure.In this condition,no brillient colour or high ‘

optical rotatory power is found.A slight cover slip displace=

18



ment immediately produces the Grandjean plane structure,and
brilliant colours and optical rotatory power at once appear.
In these planes the optic axis is normal and there is a
condition of homotropy.The planes are seen as strata which
are equally spaced and separated by regions of discontinuity
(Plate 6)«These are analogous to the stepped drops in smectic
substances,but the layer thick-
ness is very much greater and
varies in different cases from
2,000 to 80,000 ~.Cholesteric
compounds are all optically
active and are doxtro-in the
majority of cases..Vhen in the
plane stg%gvg¥re the optical
rotatory”is exceptionally high
X- IN A&OVE TEXT
Plate 6 and scattered light is circular-
ly polarised.If the incident light is circularly polarised it
is reflected if the circulation is represented by a right-
handed screw,and transmitted if the screw is left-handed,
gometimos this is reversed.The most remarkable feature Is
that the light which is scattered,like the light which is
absorbed,is right-handed.In all other cases of reflection of
circularly-polarised light the rotation sense is reversed—

these exceptions remain unexplained.

The cholesteric phase is therefore considered as having a



layer structure in whicp the plane of the ring system is at
right angles to the optic axis.If the layers are 500 to 5,000
molecules thick,the interference colours and the‘vary large
optical rotation can be accounted for.

It has recently been raporﬂed_thét many esters of f3-dihydro-
cholesterols of the allo-series are mesomorphic(l7),whereas
the corresponding esters of tne‘Apdihydro-ehelesterols of the
epi-series show no anisotropy in the melts. .
C. Chemical properties of mesomorphic substances

" The molecular formulae of a number of mesomorphic
compounds make 1t clear that alykossesa the common feature
of an elonzated molecule.The molecules are rod-cshaped and this
leads to the closest possible packing in the crystalline or
mesomorphic state.In this initiasl discussion of chemical
characteristics no attempt will be made to discuss which
structural types lead to smectic and which to nematic
properties,as this will.be detailed in the discussion of the .
results.Bernal and Crowfoot(18) have classified compounds s
smectogenic or nematogenic on the dasis of X-ray analysis of
the crystalline solids.It may be pointed out here that what
seens to be a suitable molecular pattern may not always
producé a phase.Thus the long chain f#tty acids have rod-
 ghaped molecules,yet these appar@ntlyisuitablé ajata&s‘ahaw
_no mescmorphiem.This 18 £0,despite the fact that their
molting points indicate a packing of linear molecules,with

20



only slight differences in the arrangaﬁent of tho terminal
groups for odd and even carbon chains.The dimerisation of the
molecules will also increase the favourable conditions,and
" the absence of mesomorphism must be due to the ;acﬁ of cohes-
ion between the carbon chains.lienceyonce the lattice is
destroyed the molecules will take up a random orientation and
give no intermediate mesophase where molecules would be held
‘together by cohesive forces.Thus,the molecule of a potential
mesomorph must be long and capable of giving cohesive forces
with which to attract neishbcuring_aoleeul@s.normél van der
| Waal's forces will be 1nsutficie§tly strong,and the cohesion
must be increased by inter-molecular ferces of a polar natures.
Indeed meny mesomorphic substances contain nildly active
groups,such as -é=a~.-m=éo or the azine group =CH=NeN=CHe,in
tﬁe centre of tha molecule,and these by their unsaturated
nature incresse the lateral adhesion.Aromatic rings have the
same function,and the phase lengths and stabilities are
increased with increasing number of tenzene rings. The
following examples bear this out.

CH;0400.Cglly «C0+004H, +CO+00cH, :C000 5 prage 1ength 140° -

CH50.00+CH,, 00 .0Cll, -0+ 00, «00+0CgH, +CO-003 M5 ygrg ho

phase length is about 5od=frnm 187°to red heat,whan'deccmpaso
ition occurs.Similarly,the compound ——
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~——prepared by Vorlénder,contains fwo nildly active groups and
four rings,and has been found to distil from the mesophasa.
That is,the isotropic liquid is unknown.These veiy stable"
phases must arise through the strongs lateral adhesion of the
molecules in the mesophasa. L

The saits of fatty’aeids,e.g.,a&monium nyristate and
similar compounds,may show thermal as well as lyotropic meso-
morphism.Ammonium myristate melts to a smectic phase which
persists over some 30" to 35 before giving the isotropic
- 1iquid.These salts will be more polar than the tr@@ acids
and sa give greator cohesion.The uhailcua salts of the soaps
show pronounced mesophases,e.g., thallous stearate shows a
phase of 45 from 118°to 163

. he nature of the términal group is also important,and
frequently it is an ether group (-OR) or an ester group
(=C0.0R),where R~ i8 a normal alkyl chain.These are called
active groups.Recause of their polar nature they incresss the
cohesion,and they do this not only laterally in the manner of
the centre groups,but also in en end-to-end manner. -

‘The terminal and central groups will give the molecule a
dipole nmoment,with the result that the moleauiés will axarvA
rotation moments on one anothaer.This will tend to orientate
them in parallel lines.Since the mutual attractive forces
will be effective over only very small distances,the molecules
will tend to link preferentially end to end,so that the swarm
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will be anisotropic and possess a long axis parallel to the
long axis of the molecules. o

These polar attractions must not be too great ;however or
the melting point of the compound will become so high that
the thermal azitation at this temperature will cause
spontaneous dicorder in the melt. ' |

- Hydrogen bondinz may also bring about this result.Thus in
hydroxy compounds,the memive int:er-mol‘écuvlar hydrogen-
bonding gives a vory high melting point and an agsregate
which is neither linear nor meaomorphic.l\lkyzation'moves
the ability to hydrégen bond,and the polar ether group,as well
as lengthening the moleculeyleads to cohesion of the molecules
in the melt so that mesomorphism may msulﬁ.ln the carboxylic
aclds,hydrogen btonding will also oscur,but in t:his‘ case 6n1y
a dl.mar 18 formed and morecver this will be linear.This was .
pointed out by‘G.ﬂ.Bmwc and Bi-ﬁmox; Jones(6),who showed
tha&;‘ ethyl p-p-propoxy-benzoate gives no phase,whereas the
dimeriaatian of p-n-propoxy-bvenzoic acid results in nm@ic
properties in the melt.In §his respect the mboxylizfnu%ery
important in increasing molecule length.

An alkyl group (-B) replacing the alkyloxy group (=OR)
usually results in destruction of the mesomorphic properties,
since it 1s non-polar and the end-to-end cohesion is reduced.

The molecular requirements for mesomorphism may be
sunnarised as follm’tm molecule must have a. rod-like shape
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containing active central groups to give lateral cohesion,and
polar terminal groups which will give end to end cohesicn,
necessary for swam formation.The individual ertécts of
various groupings have besn discuscsed by Vorlénder(l19).
De Physical properties of mesoforms

The most plcturesque features of mesophases examined on
glass slides under the microscope are dus to external orientat-
ing forces of the surface.The effect which these forces have
is dependent on the inner nesophase structure,but as far as
£inding more precisely what this inner structure 1s.the |
examination of theso textures (gouttes & gradinsfocal-conics
eto) canvbo of little help.Assuning that no drastic changes
in structure occur on moelting the crystalline state of a meso-
‘morphic substance,Bernal and Crowfoot(18) have carried out an
~ X~ray aéady of the crystalline states of several mesomorphic
compounds.The results show that the unit-cells of nematic N
compounds contain the molecules arranged in parallel formation
but the ends of the molecules are imbricated.This is the
structure which has already been sugzested es existing in
the nematic phase-&im&larly.tha crystals of smoctic ana
cholesteric substances have been §hawa to contelin the
molecules in parallel arrangement.but with the ends of the
molecules lying in line.This therefore represents a layer
structure.It seems therefore to be possidle to predict whether

a compound will be smectic or nematic,and the names emecto-
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- genic and nematogenic ars used to denote such substahces.&
combination of X-ray and optical methods is therefore likely
to give a great deal of evidence for the structure of meso-
phases. - . |
X-ray examination of the u;#wbi_.c phase itself provides
evidence for the layer structure,and measurements give the
layer thicknesses as equal to the length of a molecule,or lees
when the molecules are trilted.rhe angles of tilt: in several
thallous salts of the fatty acids have been measured by K.
Harmm(ao); o C |

o Although nematic phasosr give no X-ray spacings they have
" been more extensively exemined than the smwkm“pxmma in nany
- of their physical properties.For example,Zocher(l5) has carried
out a mathematical treatment of the criééxta#ing effects of
magnetic and electric fields on the wa’mla.aex?w@m Eudar
(ax).@nemd(éa) md'V;o'rlﬁnder(B) have studied ‘t»ha viaeoawy

of nematic phases and find the viscosity to be gmaﬁerthan
that of the motmpie nquzq.m the region at the ‘srmwimf
point a large increase in viscosity 1s found.In this snomalous
region the Hagwmisw;ne Law Wew’m shear and visewwi -
is disobeyed and,as far as viwoaikj m com@méd,t-ha semple
bvehaves as a g@lwine or a mbber aol.

Fhysical masurmams haw also aiwa furcher w:ldemc for

‘the Swarm Theory in nematic meaotem.kiwlm(lj).wm Ornstein
and Zernike’s mla&ieawhip baeween refractive index and trans- |
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.parency in a systen involving arbitrary gradients of refract-
ive index,has found good agrecment between transparencies

for varying light and thickness of specimen of thé mesophase.
This shows that the mesophase is an aggregate of irregularly
arranged doubly-refracting reﬁions.’.!‘ha*s' is’,it cortainns
molecular agsregates or swarms.Measurements of transparency
in capillaries also glve evidence for layers of high transe
parency in the regicns orientated by the glass.These values
sgree with the results of the experiments of Moll and Ornstein
(14) on transparency changes in magnetic fields. |

- Poéx(23) has shown that the Meﬂc rotation moment of a
sworm may be calculated from the dielectric constant es a
function of the megnetic field strengths applied.A valus of
10° polecules per swarm 13 found.Jezewski(24) arrives at a
similar value for the swarm size on the basis of dieleectric
neasurenments (24). | L

X-ray work by Rinne(?7) on lyotropic mesophases gives
indication of a leqér structure in the smectic pmo from the
sharp rings in the Debye-Scherrer photographs.

‘txcellent sumaries of the general sudbject of mesomorphiem
are given by Sir WeBragz(16) and (25) and by A«S.C.Lawrence
(26)+.A general discussion of experimental work on mesomorphism
to 1933 is to te found in the "Symposium on Liquid Crystals
and Anisotropic Melts” in the Transactions of the Paraday
Society of that year. | : |
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In conclusion the work of Weysand and Gabler(27) may be
ﬁentionad.These'authors have exemlned a considerable range of
azo~ and azoxy-phenyl ethers and ether anils.They draw
attention to the new case of monotropic mesomorphism.That is,
the compound melts at t; to give the amorphous liquid which
03 60011ng gives a nematic and/or samectlic phase.These phases
give transitions at t, or té and t; which are higher than t%,.
&oreover.they again claim the existence or,two smectic phases,
but in view of G.Friedel's investigations,the changas nay be

erely of structure in one phase. _ o
eaomoggggsm of certain substituted and unsubstituted
gﬁ@htboic and benzoic acids.

The necessity for length in the molecule of a mesemorph
has becn well established,and yet broad systems such as the
cholesteryl esters ahow distincet phases.The question arises—
how far can breadth be increased without destroying the meso-
morphic properties? B ‘

The study by RBennett and Jones of the mesomorphic prepertiea
of p-n-alkyloxy benzoic and cinnamic acids,both of which will
form very long rod-shaped dimers,showed that comparatively
éi&yle,moleculea can exhibit mesomorphism.In these types of
molecules containing an alkyloxy group to vary the length,an
aromatic ring system to incre&se'lataral édheaion,and a-
carboxyl groﬁp to further increase the length by dimerisation,
it is comparatively easy to alter the ratio of length to
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breadth or flat-arsas

The first ring system to be used éas naphthalene -~
Vorlander having already ahown that the anils of‘zss and
1:4 diamino-naphthalene show mesomorphism.In the present
study,the effective treadth of the molecules rolative to the
rotation axis was varied by alterinz the positions of the
suhstituents.rhe»6—g-a1kyloxy-2-naphthoic‘acids alona are
nesomorphicithe 5:1,4:1 and 712 n-alkyloxy naphthoic acids
give isotropic liquids on melting.From this it seems that
the breadth of the molecule cannot be increased groatly
without destroying the mesophasa(za).rhis view 18 supported
by the observation that chlorination of Rrg-am&loxy-bonzoio
acid to give the 3:5 dichloro- derivative eliminates the
mesomorphismralthough the mepe of the latter is 22°lower
than that of the parent acid.The disappearance of the phase
results from the broadening effaect of the two chlorine atoms.
Even one halogsen atom has a marked effect.éhd j-bromo-u-g—
alkyloxy benzoic aoids show no mesomo:phiam.nowaver,in the
less broad 3-fluoro- and 3-chloro- derivafivas short phases
are found.woy@over the phases are shortest in thé broader
chloro- compounds(29). ,

Sinilar results have besn found on halogenating and
nitrating 6~-n-alkyloxy-2-naphthoic acids in th@ B-bdsibion.
All these series exhibit masbmorphism,but the point at whiup
i1t first appears depends upon the substituting atom or group.
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present;.l‘he mosomorphism decreases from chloro- to bromo~ to
iodo= to nitro- wiﬁh increasinz molecular breadth(29).

The interprotation of the results of varying the breadth
of molecules,which are capable of showiny ,mesémorphism.ia
dealt with under the discussion of resulta.
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Tables and Graphs of Results.



6-n-aliyloxy-2-naphthoic acids.

30

Temperature of transition
to Phwo length
Alkyl group | emectic nmtic isotroplic snectioc|nematic
Kethyl — | 206 | A9 — 13°
Ethyl — 213 | 224° w—— 11°
| Propyl — | 208" | 208.5° — 0.5
ﬁuréyx -— | 198° 20845° — 10.5°
Anyl —— 179.5%7 199° — 1945
Hexyl — | 147° | 198.5° — 51451
Heptyl — 163° 192° — 29°
| owyi — | 160.5] 190° -— 28.5]
Nonyl 14645°| 147.5] 183.5° 1° 36°
Dacyl 139° 147° 181° 8° 34°
Dodecyl 119° 160° 174° 41° 14°
Hexadecyl 107° — 159.5° 5205°| -
Octadecyl s - | 161 87° —
TABLE |
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220 0

210
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Temperature of transition - )

to Phase length
M; group 'smeofuc nemuc mwropic | smectic nematic
Methyl — | — | z20.5°
Ethyl — | - | 269°
Propyl ' — 219.5 220.5° -— 1°
Butyl - w—— | 20945 am.s" B - 7°,
Angyl — | 189° | 208° -— 19°
Hexyl | 168" | 166° | 207° 2° | m°
z‘x;mri ' 165.5] 17645 aoz.‘; 11° | 24.5°
myi 169° | 181.51 197.5° | 12.5°| 16°
mongl | 169° | 185.57 19605° 16.5°| 9°
Decyl 167“ 186.5] 192.5° |- 19.5°| 6
Dodecyl ©152° | 185.57 187.5° 33.5°| 2°
‘Hexadecyl ‘143.5' - | 178.5° 36° —
Octadecyl | 138057 — | 174.5° 360 | —

TABLE 2 —
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20 5-CHLORO-6-n—ALKYLOXY-2-NAPHTHOIC ACID s.
10 QO0H
00 e
KEY;
90

MESOMORPHIC—»ISOTPOPIC.
SMECTIC—»HEMATIC

SOLID— »MESOMORPHIC OR ISOTROPIC
POLYMOPPHIC TRANSITIONS.

80

70

60

50

40

30

20

10

0]¢)

90

TEMPERATURE "C.

80
70

60
SOLID \
50

40
30

20 SOLID |

10

NUMBER OF _C. AT_OMS1IN A|LKYL CHAIIN.
1 F 1 ! E 1 1- +

|
6 7 8 9 10 2 14 16

00 j [ 4l5 i
GRAPH 2 33

2 3




14

egoyy

uoy4IsUeIy JOo oanjexoduoy

€ 378Vl

o 9f RALLA - |6°9¢Y

— | &€ | et | — [gemet
lg*t  |g*0f S°68T | .Z8T |S°T61

S [80ST .G°68T [G*28T 491 TLo0q

LT STt geT6T [S*6LT | .81 TAuoy
gezz 646 LO6T [S°€lt | Mot 14300

o WE ol 66T | 69T | 89T 1£adent
G092 | - JG02 | 8L | = 10!
.6°0T — 202 |5°96T — TAuy
ST —— ST | £T1R — 18ang
°0>. —— &2 &R — 14doxa

— o (v)Ise ——— —— 1Ly

- — (v)€of — — T8use
0730wou (000U o1dox3097| o7a8men | oy3oews | dnoxd tﬂmtv‘
Y3iuey o3




300 3-BROMO-6-n-ALKYLOXY-2-NAPHTHQIc AC10.S.
290 QO0H

oe
280 KEY: Br
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5=Iodo=G-n-alkyloxy-2=naphthoic acids.

Temperature of transition

to Fhase length

Alkyl group |smectic nematic isotropic | smectic lnematic
Yethyl | — — 296.5id) | — —
 Bthyl | —— — 286.5° — | —
Propyl | ;- — 230° p— —

, ; . “

Butyl — | 219" | a19° — | <o.2°
A.myl — 203° 204° — ) A
Hexyl -— 191° 198° — 7°
Heptyl — 176° | 189° — 13°
Octyl ' 160.5" 161.57 185.5° 1° 24°
Nonyl | 163° | 165° | 182° 2 17°

Decyl 165° 167° 179.5° , 2° 12.5°
Dedecyl 146.5] 169° 17é° 22,5°| 3°
Hexadecyl 133e5] == 165° 31e5° | ==
Octadecyl 127° | 163° 36° —
' TABLE 4 |
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3001
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S=nitro-6=n-slkyloxy=-2-naphthoic acids.

T

Temperature of transition

Phase length

38

to
Alkyl.group enectic |nematic L@atropic enectic |nemstic
Methyl - | - 502° — —
Amyl — — a1’ — —
Octyl — — 1a7° —— —
Nonyl — 174.5° 175° —— 0.5°
Decyl — 173. 5°1 175° — ‘1.5°
‘Dodecyl 167° | 170° | 17’ 3° 1°
Hexadecyl 160° | 164° | 164.5° 8° 0.5°
Octadecyl 152° 159. 5’| 1e0° 745° 05"
TABLE 5
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3-Fluoro-4-n=-alkyloxy benzolc acids.

Temperature of transition :

to Phase length
Alkyl group |emectic nematic |[isotropic smec#ic nematic
Kethyl -— — 211.5° -— —
‘Butyl -— — 142.5° — -—
Anyl — -— | 137° — | e
Hexyl — — 129° —— S
Heptyl a ——— 123° — —
Oectyl — 117° | 122° — §°
Nonyl 112.5°] 112.5° 116.5° 0.2 | &°
Decyl 108° | 112° | 116.5° 4° 4,5°
Dodecyl 108.5°1 112.5°| 114.5° 5° 2°
Hexadecyl 9% | e 111° 17° ——
Octadecyl 113° | =— | 15° 2° | —

TABLE 6
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GRAPH 6
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3~-Chloro=4-n-alkyloxy benzoic acids.

Tenperature of transition

42

to Phase length
Alkyl group amaqtic nematic [isotropic |smectic|nematic
Kethyl - — 217.5° -— —
Anyl — — 134,5° — -—
Hexyl — — | 120° - ——
Heptyl — —117° — ——
Octyl o4° 94’ 95° 0.2 0.5°
Tonyl 93° 95¢57  9445° 0.5°f 1°
Dacyl 99° | 100° | 101° 1° 1’
Dodecyl 100° | 101" | 102° v Y
Hexadecyl 95° 98° 99° 3° 1
Octadecyl —— — 108° — J——

TABLE 7




230
220
210
200
190
180
170
160
150
140
130
120
11O
100
90
80
70

60

TEMPERATURE

3-CHLORO-4-n-ALKYLOX YBENZOIC ACIDS.

COOH

KEY: OR

# MESOMORPHIC—t ISOTROPIC
- SMECTIC— »NEMATIC
SOLID—»MESOMORPHIC OR ISOTROPIC

POLYMORPHIC TRANSITIONS

SOLID |

NUMBER OF C. ATOMS IN ALKYL CHAIN.

7 8 9 10 2 14 16
GRAPH 7

43



Discussion of Results



Compounds which possess mesomorphic properties are no
longer a rare phenomenon and Vorlénder,who was rosponsidble |
for the preparation of a very large nunter,has romarked that
the gynthesis of a mesomorphic compound is a matter of no
groat difficulty,provided that certain conditions are observed.
An examinatlon of the physical comstants and the formulas of
a ruzbter of well knowm mesomorphic compounds shows clearly
what conditions nust be fulfilled.The most striking common
feature is the great length of the molecules relative to the
other two dimensions.Only the cholesteryl esters possess
\considerable btreadth or flat-area,bu$,here also,length
predonlnates over btreadth and thickness.A long and narrow
or a saucer-shaped molecules has therefore bLecome recognised
as a nacws&ary‘critarion for a m@semonphic subtstance.llowever,
two other conditlons must obtain,and these are that the
melting point must not bte too high,and that sufficiently
strong Iintermolecular forces must exist to preserve é@m@
order in the melt when the crystalline lattice bruaks down.
since strong intermolecular forces result in high m@lfing
points,these two conditions are in opposition,with the
result that all elcngated molecules ¢o not show mesomorphism.
Thus,the melting point may te so high that when the lattice
broaks down the thermal agitation gives &;ontanaéu@ disorder
in the melt,or,as in the case of the ncr&al aliphatic

carbexylic acids,the cohesive forces in the melt are not
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sufficiently strong to preserve order even at the low
temperatures at which the liquid state exists.Although a
large number of mesomorphic compounds has been propared,these
have been of widely different types and very little system-
atic research has boen carried out.It is not possible to be
more precise about the conditions for mesomorphism.

Of tho fow ayétematic investigutions which have becn made
those of Nennectt and Rrynmor Jones(6) and Weygand et al(27
and 97) are the most important.Benmoett and Brynmor Jones
propared homologous series of p-n-alkyloxy tenzoic and trans-
p-n~-alkkyloxy cinnsmic acids in all of which the dimerisation
through the carboxyl group ylelds a long narrow molecule,and
tne cohesive forces ars sufficient to give orientation in
thaimwlt wlthout raising the melting points too greatly.The
‘Eﬁgoalkylexj benzoic acids first show m@ﬁomorﬁhiam when the
alkyl group is n-propyl,and nematic properties alcno are
 observed up to n-heptyl.This ethoer possaesces an additional
short emectic phase.Purther increase in the length increases
the smectic phase longth at the expense of the nematic phase,
which beconmes pregreaaivalﬁ shorter, until the purely smectlc
n-octadecyl ether is reached.These results are summarised in
gr&ph‘a.p&@@ 46.The importance of molecular length is shown
by the fact that the trans-p-methoxy- end p-othoxy cinnamic
acids,which &re i@a@@r than the corresponding benzoic aclds,
are &@somefphic.Again,a& shown in graph 9,page4?7,the lower
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menters of the homologous serlies are purely nematle,and the
n-nonyl cther ie the first to show additional saectic

| propertics.The exectic phase lengstas theﬁ gradually lncrease
with increasing length of the n~-alkyl chain until, in the
n-hexadecyl and n-octadecyl ethors,purely smectic properties
are observea.rheaé findings show very clearly the effect of
systematic increases in the molecular length on the
mosomorphism.

Weyzend et al examined homologous series of gpalkyléxy
anils,azo- and azoxy- compounds.Although monotropic meso-
morphisn 18 found in several of these compounds,th@‘erfast
of increccing the length of the molecules by using longoer
n-alkyl chains egrecs with the otservations of TMennett and
Tryauzor Jones.Weygand's results are difficult to express
graphically,due to the monotropic nature of the mesomorphism
in some cases,s0 that the melting points ore often higher
then one or both of the tramsition polnts.However,the
following figures in tatles 8,9 and 10 show again that suectic
properties appear with longer chaln lengths,that nematic
phaeo lengths then docreasss,and that with sufficiently long
n-alkyl groups the system becomes puraly smectic.
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Takle 8

no<::j>-N==N_<C::>on (R= n-alkyl group)

R MeDo| =0 D=1 |5-i Comnents
Di-ethyl | 159°| === 150" | ~—e “onotropic nematic
Di-butyl 135°%| === |128"] wmee " "
Dieamyl | 112" | === 106 | == . -
Di-hexyl 102°| e | 114 | cwenm snsntiotropic nematic
pi-heptyl | 102°| 9771097 == Monotropic smectic and
. enantiotrop
Di"ﬁml 105 99‘T 107., —e " " "
) " ey
Di-dodecyl| 1C6°| === |107|—mm inantiotropic smectic
s-n smectic-nematicin~-1i nomatic-isotropicie-i smectic-isotropic
| Table 9
ao<::j>-N== _<<::j> (R= n~alkyl group)
] [Mmepe| B=n| D=l |gei Comnents

°

Di-butyl |107 | ==|134
Di-amyl | 82| ===|119°

Enantiotropic nematic

11 ”

Di-hexyl | 81| 72°|129° kanocropio smectic and

“ . 1 n pic nematic
Ui=neptyl | 74| 92° |122,5] == E‘n&n‘biotmp:l.c s and n

D-octyl | 76°|106° |124.5]
Di-nonyl | 77°|113° |121
Di-decyl | 78°|119.5|123

Di=-dodecyl| 82°|ewe |=== |122°| Enantiotroplec smectic

3] 1" " "

” (1} " L

" 11 " "

g-n smectic-nematicin-1 nematic-isotropic;s-1 smectic-isotrople
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Tatle 10

RO O S

Rv Unectic phase length | Nematic phase length

Di-butyl — 2?°

Zi-anyl —— 37°
Di-heptyl 18° 30.5°
Di-octyl 3¢° 18.5°
Di-nonyl 36° 8>
Di-decyl 51.5° 3.,5°
Di-dodecyl 40° ——

The sanm9 general effects of length increase on the meso~

morphisam have also been found in the present investigation.

Py contrast,little was known about the effect of broadening

the molecules and,apart froa the trans-p-n-alkyloxy cinnamic

acids,none of tha compounds exsmined by the above authors has

a brezadth greater than that of a temzene ring.The only
established fact would appear to be that the 27 nematlc phase
in p-n-amyloxy benzoic acid was eliminated completely by
‘di=-chlorination in the 315 positions.Cn the other hand,

Vorlander preparcd certaln naphthalene derivatives,which &ré

considerably troader than a benzene ring,and which poscess

mesomorphic properties.Among thaese are ca:rtain anils of
2t6~di-anino-naphtihalene(I)
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R.CH=N
N=CH.R ) R.CH=N N=C H.R
II

I
By comparing the properties ¢f the naphthalens anils with
those of type 1I,he proved that those based on naphthalene

wore less mesomorphic than the mors linear anils derived from

Leolp ' =3 i~amino-diphenyl.
R I ' II
cau5- No mesomorphien liesomorphic
ceﬁﬁ.cﬁwcﬁ- Ko mesomorphien léesomorphic
p~CH; «Cgllg=
ErC“5°-°6ﬁs‘ Weakly mesomorphic | Strongly nesomorphic
B~Call5+ gl

These facts show that increase in molecular breadth will
dininish the tendency to mesomorphisa,but,the effect need not
be marked.This last polnt was made clear when Vorldnder (19)
proved vhat certain li4-di-substituted naphthalene derivatives
behave as varnishes or glazes with a strong tendency to super-

cool in the mesomorphic state.Thesse compounds ars of type III

R.N=N Ne=CH.R'

III
When R=06H5 snd R'ncaﬂS.OCHB the amorphous malt supercools

to a mesomorphic state,which can be obtailned even at room
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temperature../hen this is allowed to stand,or is warmed,
crystallisation occurs,and on further heating the crystals
pass over to the amorphous melt without forming a mesomorph.
The mesomorphism is therefore monotropic.

%hen R and R' are GBBB.OCHB.er>wnaa R is Ceﬁs.oaaﬂs and
Rt is 0685.Ocﬁj,ehe tendency to supercocl is lost,but in
both,enantiotropic nematic phases are preseat.Clearly,these
very broad molecules are well able to show the phenomenon
of nmesomorphisa. '

Bxisting evidence of the effect of broadening a molecule
on its ability to show mesomorphism is scanty asnd ill-defined.
Thae ps@sant'inv&stigatimm was undertaken in the expectation
that it would be possible,by gradually increasing the breadth
of ome particular molecular type,to add to the knowledge of
the effact of d&m@&ét@ﬁ@ on nesomorphisnm.

The behaviour of Vorlénder's anils end a»@é compounds,
and also those compounds prepared by Weygand,would however
be difficult to relate to the findings of Bemnett and
Brynmor Jones on the alkyloxy benzoic¢ and cinnamic acids,
because of the fundemental differences in the molecule types.
As has been pointed out in the imtroduction,an alkyloxy
aronatic carboxylic acid has several advantages in that
dimerisation ensures a very long molecule,and in that the
length may bve varied by changing the alkyl group.Moreover,
the syntheses are less involved taan are those for azo= and
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particularly azoxy~ compounds.It was decided to use this
molecular type,and to investigate fully the behaviour of
series of naphthalene compounds by préparing n-alkyloxy
naphthoic acids.In these,it is possible to vary the effective
breadth of the molecules by altering the relative positions
of the gralkyloxy;and carboxyl groups.Thus,the narrowest
molecules would be the 6-gpalkylaxg-a~naphehcic acids which
would differ substantially from 4«§raikyloxy-1~naphthoie acids.
The study of such compounds would then allow comparisons to
be made with the behaviour of the pe-n-alkyloxy benzoic and
gsﬁggrgrgralkgloxw cinnanic acids.
1. Unsubstituted nes
The first sories to Ve investigated was that of the
4-p-alikyloxy-l-naphthoic acids in which the alkyl groups used
were methyl to decyl,dodecyl,hexadecyl and octadecyl.Despite
Vorlinder's observation of mesomorphiem in the l:i:4-naphthalene
azo-anils,these aclids have no mesomorphic properties.The
adsence of anlisotropy cannot be attributed to high thoermal
‘agiﬁaﬁioa in the molten state,which would cause spoataneous
disorder,since the melting point values are not unusually
high.lesomorphlem is not uncommon in the temperature range
200-250" and anisotropic melts existing at 250=300"are well
established.In this series,the highest melting point,248°,
was found for 4-methoxy-l-naphthoic acidjthercafter,the
melting point gradually decreased with increasing length of

kyloxy
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the alkyl group and the lowest melting point is for the
4-n-hexadecyloxy=-l=naphthoic acid,at 136.%hen the melting
points for this series of acids are plotted against the
nunber of carbon atoms in the alkyl group alternations in
melting point are found,but these are irregular fluctuations,
and the values for odd and coven carbon chaln ethers do not
lie on two distinct curves.Such behaviour,although common

in certaln series of mesomorphic compounds,is not an essential
&h&r&@teriscic of such a series.There is,however,no doubt
that the melting point wvalue is important in determining
whether mesomorphism will occur,and what will be the length
of the phase.Thus,the melting points of 184 and 197° for
p-methoxy and p-ethoxy benzoic acids must be considered too
high to cause mesomorphism,and that the abtsence of mesophases
is not due to the fact that the molecules are too short.This
has already besn established since mixed melts of these two
acids cannot contain a dimer longer than that of p-ethoxy
benzoic acid and yet these melts are nesomorphic.This can
only ve attributed to the depression of the melting point
below 184,80 dimix ng the thermal agitations in the melt
and permitting an ordered melt to exist for a detectible

range of temperature.lixed melts of 4-n-hexadecyloxy- and
4-n-octadecyloxy~l-naphthoic acids,with m.ps. of 136°and

137.5° respectively,wers prepared which melted below 130,

but these oxhibit no mesomorphism.lany other cases of
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aniéotrOpy in mixed melts of two nén—m@somorpnic coupounds
have been previously reportoed(56,52 and 53).

tince the melting points of these li4- naphthoic aclds
can hardly be considered to be too high,the absence of meso-
morphism in their melts can only be attributed to the fact
that the molocules are too broad.Yet,Vorlander reports that
the l:4-naphthalens azo-anils are mesomorphic.Cne of these,
ethyl p=ii lle=di-methyl-amino-tenzal-l-amino-naphthaleneo—i-
azo—ﬁanmcata(IV) has m.p.l&@—l89°and gives a mesophase which
cloars at 197%

MGZ_NO'C H=N‘8 _Oc OOEt

In this case then there is mesomorphism,yet tho molecule

contains a naphthalene ring and,moreover,the melting point is
higher than that of many of the 4-p-alkyloxy-l-naphtholic acids.

In the crystalline solids of the 4~p-alkyloxy-l-naphthoic
acids the dimer may have elther of tho two extreme con-
figurations(V and VI) shown below

8 °ij.'° 8 8/0_H ..... N 8

Configuration VI would give a very broad molecule,half as
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broad again as Vorlander's azo-anils,and,since it 1is poseible
that the molecular configuration of the solid.is nmaintained
when the lattice breaks @own to give the mesophase or the
amorphous ligquid,this may account for the lack of mesomorphism.
That is,the molecules are too broad to give a linear
arrangement with sufficlent cohesion to be maintained in the
melt.

1t may also be argued that V,although the same breadth as
tho azo=-anil molecules,is less likely to give an ordered melt,
since tho molecules contain two broad naphthalene rings and
not,as in Vcrlandér's compounds,only one which,in any case,
is almost synzetrically placed in an otherwise long and
narrow moleéule.This means that the molecules of the acid
dimers are mors bifurcated,and less likely to give a packing
in their melts suitadble for ﬁne formation of a mesophase.
Yorlénder's compounds may conceivably pack together as follows

OCH N N=-._N<::_>coose
-CH=N N==N Ocoost MQ-LN;’<:>CH==N | NﬂNOCOOEt
Me,,N<:> N=N®cooe_t |
.cn=ﬁ‘ N=N <::2>C005t qu<z::>cn-N N==N<:::>COOE£
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This,or some similar packing of the lincar molacuies,is
possible and may well give considerable cohesion in the
nolten state because of the clase proximity of all the purts
of the molecules to one another. |

Cn the other hand,molecules of type V are unlikely to give
a closely interlocked paciking which can repeat itself except,
possibly,with the shorter chain ethers.Such a packing could
be represented in the follewing way

R08 8
.-“.H—-O\ 8 ' 8 o 8
' /C OR
0" Nomtten!

iith the longser carbon ehaia&.the packing may be much more
open and appear somewhat as follows

This may give sufficient lateral adhesion of the molecules
in the crystal to give a reascnably high melting point,but in
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the molten state the open packing may make it possible for
tha molscules to swing round from their linear oriontation
and 80 to destroy the ofder.

-in the 4-n-alkyloxy-l-naphtholc acids,there is an axis
through the two -CR groups and the carboxyl group of the
dinmer,and anotner possible recason for the lack of mesomorphisn
in these acids may be in the rotation of the rings.In both
of tho extreme dimer types V and VI,such rotation will cause
bifurcation of the molecules when the planes of the rings aru
not parallel.In both cases too,and pérticularly in type VI,
the mechanical effect in disturbing any orientation will bde
very high,since the rotating naphthalene rings will act as
paddles.This rctation of the naphthalene ring could also
occur in Vorlidnder's =mzo-anils,but in these there is only one
such ring and there is no other broad part of the molecule
with which it can become out of phase.The mechanical effect
of its rotation will also not be so great as that produced
by two naphthalene rings in the dimerised naphthoic acids.

The explanation of the appearance of mesomorphism in
Vorlédnder's compounds and the lack of anisotropy in melts
of 4-n-alkyloxy-l-naphthoic acids requires a knowledge of
the packing of the molecules in the crystals,and this can
only bve ottained by X-ray analysis.

The S5-n-alkyloxy-l-naphthoic acids are likewise not meso-
morphic,and in this case the dimer may be represented by
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VII or VIII

R RO
on-« O-- e H-0
i )t
ST 4 No-H-...o?

VII VIII | |
~ These alkyloxy aclids,ranging from methyl to decyl,dodecyl,
. haxadaeylland octadecyl,agaln have reasonably low mélcing
points which in themselves would bte unlikely ﬁo mask the
mesomorphism.The high@st nepe 0f 201° is found for the methyl

OR

ethor,and the lowest of 117.5 for the hexadecyl ether.ihen
the melting points are plotted against the number of carbon
atoms in the alkyl chain their posibiens'are irregular and
two melting point curves are not present.The reasons for the
abtsence of mesomorphienm are therefore probably those which
obtain in the isomeric li4 series.Again,such a dimer as VIII
may be too broad vo give a linear,ordered packing in the - -
m@lt.ThmAhifurcatxan in thoe dimer VII may mean that when
the lattice breaks down the molecules are in such an open
packing that the cchesive forces operate only et certain
points and not along the entire length of the molecules.
These are not strong enoush to preserve a suitable orieat-
ation for anisotropy to result. |

In this series it 18 seen that thore is no axis through
the two -0OR groups and.tha dimerising carboxyl group.
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Therefore,irrespective of whether the dimer is of type VII
or VIII,if rotation;occurs about either of the ring-carboxyl
bonds,tho molecule will assume a highly bifurcated structura.
This will not only destroy order in the melt but will also
cause a machanical disturbance to any order while the
rotation occurs.In a strictly lirvear dimer,such as is

present in the p-n-alkyloxy benzoic acids(IX),

' Q---H-O
ol KW on |
. O-H----O S
S o o
1%t can be seen that rotation will not affect the packing of
the rod-like moleoules,eince there will be little mechanical
disturbance,snd the dimer will not becomeyﬁifurcat@d.

In the light o: these results for the 4- and S-n-alkyloxy-
l-naphthoic scids,the remaining five possidle alkyloxy-l-
naphthoic acids were considered unlikely to give mesophases
end these ware not thersfore synthesised.The 2-,3- and 8-
n-alkyloxy-l-naphthoic acids are analogous to ortho or meta
subﬁtitutéd compounds which are known to have no meésomorphic
properties,e.g.,0- end m-n-alkyloxy benzoic acids show no
masomorphisa.mhe 6~ and 7-n-alkyloxy-l-naphtholc acids(x
snd XI) will give even greater branching and bifurcation in
the dimers than the 5:1 compounds and would not therefore :,
be expected to possess mesomorphic properties. |
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Similarly in the 2-naphthoic acids series,the l=,3=,4-
and 8-p~-alkyloxy compounds are branched molecules similar
to ortho or meta substituted systems and S5-np-alkyloxy=2-

paphtholic aclds(XII) will give a dimer whicli is far from
linear. .

-
»
,*

o/

e
SOh
—

R
XI1I

The 7-n-alkyloxy- and G-n-alkyloxy=-2-naphthoic aclds were
the only two remaining naphtholic aclids which seemed likely
to be potential mesomorphic systems..

The 7-n-alkyloxy-2-paphthoic acids again have no axis
through the -OR groups and the dimerisinz carboxyl group.Of
the two extreme dimer configurations,XIII would be unfavour-

sble to the orientatlion necessary ia‘a,mﬁgemarphic nelt,
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and XIV,although having the axes of the ~0i groups approxinate-
ly parallel,is also unlikely.Any free rotation in the melts
of these aaids will cause the system to lose any semblance
of b@ing rod-ghaped,and it is not surpriaing therefore that
the n-octyl and n-hexadecyl ethers,which were prepared and
examined,are not mesomorphic.In this case too,the absence.
of mesomorphism cannot arilse frém high malfing peintavfér
the n-octyl ether melts at 142.5° and the n-hexadecyl ether
at’1531

Ry contrast with tho other n-alkyloxy naphthoic acids,the
é-n-alkyloxy=-2-naphthoic acids seomed mora likely to exhibit
mesonorphism since they can give rise to a dimer with the
rod-shaped configuration(XV) shown below.



Although,unlike the dimers of the p-n-alkyloxy btenzoic
acids,this has no axis through the two -OR groups and the
dimorisins carboxyl group,there is a close approximation to
one,but in such a molecule rotation may well cause consider-
able distortion.Cn the other hand,the dimer is long,narrow
and essentially rod-~shaped,and is obviously the most likely
of the n-alkyloxy naphthole acids to show mesomorphism.
Indeed,the shortest molecule in tuls series,t-methoxy-2-
naphthoic scid,is mesomorphic,with a nematic phase length
of 13°between 206" and 219°.The results for these Gen-aliyl~
cxy~2-naphthoic acids are summarised in graph 1 and tablq 1l
(pages 30 and 31).The first eignt members are all nenatic,
and,although there is no regular change in the phase lengths
@8 the carbon chain increases in length,the melting points
of these and of the whole series lie on two distinct curves
(the red curves on the graph).That is,the upper clearing
points alternate and lie on two curves which represent the
odd and even carbon chain ethers.This suggests a packing of
linear molecules with slight differences in the arrangement:
of the verminal groups for odd and even carbon chains(54).
The fact thal there is no regular increase in the nematic
phasa length with increase in the chain length was also
found in the p-n-alkyloxy bvenzoic and

rang-p-n-alikyloxy

cinnamic aclds.lowever,the very short phase length of 0.5°
(208—208.55 in 6-n-propoxy-2-naphthoic acid is outstanding.
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At first sieht, tiilare saarns to ba no io”icai reason for this
alnost coapleta extinction of tho nasoaorphisr.ijalthoujfci
iilarrowinu of tho phase langtii at n-propyl hal toon noticed
to a lasser dagreo in cortain sariaa of n-alicyloxy anill3
willen ara at prasent being oxaminadCyp).It can only be
concludaa tiiat tho n-propyl ciiain favours sono configuration
willch caufas doviation fron striet lineai*ity in tho dimer.

Thrao poseible configurations aro ehowa in plates 7*3 and y.

Plato 8



Plato 9

Configuration 7 would give a linear diner which would bo
expected to be able to produce marked nesomorphisa,whereas
configurations 8 and 9 respectively would jive increasing
deviations from linearity.It need not bo assumed that
configuration 8 or 9 is suddenly assumed by n-propyl sinco
tho chain configurations in 7,8 or 9 would give linear
molecules In the methyl and ethyl others. It would,however,
have to be assumed that the change to chain configuration 7
occurs In the n-butyl ether as a result of the addition of
a further -CH™ to n-propyl=fthis is not unreasonable since
continuation of the chain types snown in plates 8 and 9 may
be disfavoured Iin n-butyl and the higher ethers because the
configurations involved may increase tho potential energy
of the system through preventing the closest packing.fhese
and similar suggestions can only bo tentative explanations.
Definite evidence iIs required by X-ray methods of the crystal
structure of 6-n-propoxy-"-naphthoic acid.
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when the alkyl chain contalns nino carton atoms a short
snectic phase appears in addition to the nematic phase.Furtiuor
increments 1in the chain length increase the length of the
smoctic phase at the expenss of the nematic phase,which
decreases and is absent 1n the n~hoxadecyl and n-octadecyl
ethers.The increase in the smoctic phase length is not
entircly smooth and,indeed,that of the octadecyl ether is
shorter(47°) than in the hexadecyl ether(52.5°).It is
unlikely that this arises Yecause the octadecyl ether has a
smaller tendency to ve mesomorphic.Cn the contrary,it is
protably due to the increase in the transition point and
tho meltins point of this particular ether.lThe values are
114° for the transition point and 161° for the melting
point,compared with the corresponding values of 107°and
159.5°for the n-hexadecyl ether.The greater thermal agitation
in the melt at the slightly higher temperatures may be
sufficient to cause the order in the melt of the p-octadecyl
other to persist over a slightly shorter range.lt is of
course possible that with very long chains the system baeconmes
more like a m-alliphatic acid,since the alkyl group is then
the morse preponderant part of the molecule.lhat is,the
intermolecular forces which operate between the rings and
the carboxyl groups of different molecules,will have to hold
increasingly long molecules in position.ihis may cause a

decrvaso in mesomorphism even in very long molecules.It is
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hOped in later investigations to detornine whotier this is so -
ty preparing some n-alkyl ethers containing more than eighteen
carton atoms in a series which is knowm to bve mesomorphic.

‘The sudden apgearance of smectic properties at a certain
alkyl chain lenzgth and finally the cestablishment of purely
smectic properties in the higher ethers are characteristics
of ncarly all the series of mesonorphic compounds which have
becn examincd.In such phases the molecules nust lle parallel
to one another with taeir ends in line as distinct from the
parallel but imbricated orlentation of molecules in a nematic
melt.As the rather bvelated eppearance of smectic properties
is a comaon feature of all series,the orizin of the smactic
phase in a particular series will be examined later in this
discussion. |
2. trans-p-n-Alkvloxy cinnamic acids

That the molecules of G-n-alkyloxy-2-naphthoic acids

ghould exhiblt mesomorphism is not surprising when the

ginilarity of their structure to the mesomorphic trans-p-n-
alkyloxy cinnamic acids is een@idar@a.Thxs is particularly
clear when the structures ara drewvn as follows.

_ _COOH cd
RO/E:::K::ZJ/ o/Eii:[/

COOH

--ﬁ
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The cinnamic acids differ only in the absence of the aection§

of the naphthalone ring reprssented by the dotted lines.
Indesd the similarity 1s so c¢close that the behaviour of
analogzous members of the two series might well be expected to
te identical.Vhen the results published by Bennett and
Brynmor Joﬁes(&) were compared with those obtained for the
6-p-alikyloxy-2-naphthoic acids,very pronounced differences
were observed.The throee mailn points of difference are (1) in
the cinnamic series there is no alternation of the upper
transition points to give two curves for odd and even carbon
chain ethers,(2) the n-hexadecyl ether has a short nematic
phaée in addition to the smectic phase and (3) the
enantiotropic smectic phases do not appear until the n-decyl
~ ether,although a monotropic smectic phase was reported for

the n-nonyl ether.The abova authors did not prepar¢ the n-

octadecyl ether and its preparation was undertakaen to complets -

the series.The ether melts to a smectic state at 121° and
clears at 158°without showing a nematic phase.This behaviour
is in agrecment with the purely smectic properties of G-n-
e@t&d@@yloxy-zwnaphﬁhoic acid,but the low mep. of 121° seemed
out of place when compared with the value reported for the
lower n-hexadecyl ether in the cinnamic acid series.In order
to establish this point,nes samples of a number of trans—p-n=
alkiyloxy cimnnamic acids were prepared.The rasults are shown in
graph 9 (page 47) and in table 11 (page é9) .For comparison,the
transition points previously reported(G) are given in tablel2.
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Table 11

trans-p-n-Alkyloxy cinnamic acids

Temperature of transition

to Fhase length
Alkyl group| smectic|nematic|isotropic| smectic |nematic
Methyl —— 7y 187° — 16°
Ethyl —— 191.5° 1%’ — 4,5°
propyl — 165° 18 — 17
Putyl — 154° 186° — 32°
Amyl — 133° 176° -— 3g°
Hexyl — 153° 178° — 25"
Heptyl — 148° 174 — 26°
Oetyl —— 147° 170° — 23°
Honyl 138.5" | 1a4° 170.5° 5.5° 26.5°
Decyl 134° 150.51 165° 16.5°| 14.5°
Dodecyl 132° 157° 162° 25° 5
Hexadecyl 118.5" | w=— 159° 40.5 —
cctadecyl 121° — 158° 37° —
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Table 12 trans-p-n-Alkyloxy cinnamic acids Bennett,Jones(6)

‘ : Témpemture of transition
%o Phaso length

Alkyl group| snmectic| nematic |[isotropic| smectic|nematic

Yethyl —— 17r 187° | — 16°
Bthyl J— 191.5° 196° — 4.5°
Propyl - 165° 182° -— 17°
Butyl = | 186° — 32°
Amyl | — 138° 176° — 38°
Hexyl — | 155° | 182 — 29°
;«pﬁrl —— 150° 157° — 7°
octyl — | 17 | 164 — 17°
’f o nono-

Nonyl — 141 163° | trople 22°
—n;;yl | 133" | 144° 165° by 19°
T}odwwl 132° | 145° 153° 12° 8°
Hexadecyl l}2°. 154° | 158° 22’ 4°
Octadecyl —— B J— e S
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When the graph and these new transition points for the
. trans-p-n-alkyloxy cinnamic acids are compzared with the
- graph and table of results (pages 30 and 31) for the 6-n-
alkyloxy-2-naphtholic acids,the behaviour of the two series
is found to be the same.In toth,the first eight members are
nematic,smectic properties first ap.ear in the nonyl @ﬁher
and occur with a nematic phase in the nonyl,decyl and dodecyl
ethers,the hexadecyl and octadecyl ethers are purely esmectic,
end the upper oloarin@ points now alternate regularly and
lie on two curves for odd and even carbon chain ethers.

In these principal characteristics the parallelism between
the two series is now very good.It was not expected that the
sgrecnent would be any closer than this and that,for example,
the phase lengths would be identical for analogous ethers,or
that the maximum phase langthé would occur at the same alkyl
group in each series.The naphtholc acids,containing two
naphthaleno rings,will have differ@nb intermolecular
cohesive forces from those in the cinnamic acids.On the
whole,1t night be expected that the cohesive forces would
te stronger in the naphtholce aei&s end that their melting
points would be higher.This 1s true in nine of tho thirteen
ethers examined,but prodably other factors,such as the type
of packing in the crystal lattice,will also have significant
effocts on the melting point.If the cohesive forces are
stronger in the naphthoic acids,then the order in the meso-
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phase should also reguire more energy to break it down.The
transition/points should therefore be higher.Indeed,in all
cases the clearing points for the cinnamic acids are lower
than for the corresponding naphtholc acids.This does not
mean that the phase lengths of the naphthoic acids are always
longer than the cinnamic acids,since the thermal effects at
the higher temperatures will be greater in the former series
and will cause the order to bresk down more quickly.The
result 1s that in only ten of the naphtholic aclds are the
overall phase lengths longer than in the cinnamic aclids.
Further,a maximum phase length of 51.5°is found in 6~-n-hexyl-
oxy~-2-naphthoic acid and of 38°in trung-p-n-amyloxy cinnamic
aclde.

In the series of cinnamic acids,there is no shortening of
phase length at n-propyl and the short phase length of 4.5°
in the ethyl ether is no doubt due to the sudden rise in the
mepe Oof this ether to 191.5.In both cases,i.e., in the
naphthoic and cinnamic series,the octadecyl ethers have short-
or phase lengths than the hexadecyl @&n@rm,and.aé h&s been
pointed out for the naphthoic acids,this is probably due to
the slight rise in melting point.

The values ottained for the cinnamic acids in the preﬁaat
investigation agreae exactly with those obtained by Bennett
and Drynnor Jones for the first five members of the series.

prhereafter,discrepancies of varying order are found.The
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reason for this was not clear until some of the ori;inal
canples used by thece authors were examined,when in many
cases theoy wore found to have lost almost all their mesomorph-
ic characteristics.The nonyl ether,reported to have me.p.l4l’,
clearing point'l65°,was found to melt to an smorphous liquid
over the range 137-141.0n cooling,the melt slowly gave a
turbid mesophase at 1l4l=-139° and erystallised at 137.Moreover,
pnounted samples of the ethers prepared for this investisation
were found to lose thelir mesomorphism when the sample was

left to stand ( the deterioration in éunlight was very rapid ).
It was also noticed that when samples were re¢heated they
contained btubbles of gas.Such behaviour immediately sug;ests
decarboxylation and this may be one reason for the
disappearance of mesomorphic properties.It 1s possible that
this occurs more readily in the longer chain ethers for

which the discr@péncias were found.lLoss of carbon dioxide by
substituted cinnamic acids is not uncommon and seems most
1iable to occur when more than one alkyloxy~ group is present.
234~D1~$®thaxy ¢innamic acid has been found to decartoxylate
very readlly.Professor Brwﬁmor Jonés has indecd verified that
the samples used in his'investigabion nay have been exposed
to light during examination of their mesomorphic properties.
Not only will the loss of carton dioxide destroy the ability
to dimerise and produce long molecules,but also,even although
decartoxylation is slight,the styrenes produced will '

P
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polymnerise snd cause depresslon of the melting point of the
cinnam;c acid.That light can have this effect on the transition
points was confirmed in the case of trans-p-n-octadecyloxy-
cinnamic acid.The constants for the freshly prepared material
were 120.5'and 153 but when the specimen (in a corked tube)
had been exposed to ordlnary light for three months these had
fallen to 117° and 151-154.The upper clearing point was s0
indefinite that,had the ether not been known %o ba purely
smectic,the presence of-a short nematic phase between 151°
and 154 might have been expected.Such behaviour may well
account for the reported observation of a short nematic phase
in the hexadecyl ether which,when freshly prepared,has been
found to be purely smectic.

He&tingwfor quite short periods of time was also found to
be detrimental to these ethers.The pure n~heptyl ether,with
constants of 148°and 174,was heated in an oil bath for one
hour.0n cooling,the nematic melt crystallised to a soft
solid mass which suggested that polymerisation by decarboxyle
ation had occurred to some extent.lhis matariai nelted at
142-146,00d cleared indefinitely at 170-172:The p-nonyl ether,
with constants of 138.5)144° and 170.5°was much more affected
vy similar troatment and the crystals obtained on cooling
were quite brown.When a thin film of this material was
mounted on a slide and allowed to cool from the isotropic
1iquid,the smectic phase seemed %o have decressed in length
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and 8ll the changes were indistinct.The crystals softened

at 126jand flowed at 136°to a turbid melt which cleared at
157-164:That is,n0 &aactieigﬁgedstacvible on heating -which
agrees with the report of a monotropic emectic phase 1n the
n-nonyl ether(6).It is brobable,therefera,th&k heating had

a consideradble effect on the ethers during the actual
measurements made by Bennett and Brynmor Jones(6).As is
descrived in the discussion of the methods of'd@ter@iniag
mesomorphic transition points,their procedure invelved
heating the samples,cooling the&,a&& observing the number

of trensitions.This treatment was repeated several tinmes,
until at a certain temperature,the transition under consider-
stion Just failed to appear.It is clear now,that these
successive heatings must have led to loss of carbon dioxide.
In the present investigation,a fresh slide was mounted for
each determination of a transition point,the instrument
being pre~heated to some 5°below the spproximate value as
determined in an oxrdinary melting point spparatus,and the
glide inserted and heated at a rate of 2°per minute until the
ple was m@aa}u to the

transition aeaurred.;n this way,a sau
high temperatures for 2-3 minutes at the most and tho risk
éf decarboxylation thereby reduced to a minimum.

Some of the less significant differences in the constants
may bo due to the method of preparation of the trans=-p-n-
elkyloxy cinnamic acids.A specimen of n-octadecyl ether
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was preparad by alkylation of trans-p-hydroxy cinnamic acid,
the.method adoptad for the whole serlies by Bennett and Brynmor
Jones,but before the constant values of 121° and 158°were
obtained,it was necessary to crystallise it twice from 9&%
acetic acid,thrice from benzene,and twice from absolute ethyl
alcohol.The seme compound,with the same constants,was obtained
after only two crystallisations from glacial acetic acid when
it was prepared by condensing Rrgrcctadeoyloxy’b@n&aldahyde
end malonic acid in pyridine (with pipsridiné as catalyst).
That a much less readily purifisd‘matérial is cbtained by the

" alkylation method was verified in two other caées.

The close similarity in behaviour of these cinnamic acids
and naphtholc acids verifies that mesomorphic behaviour is
indeed a function of E&rueture,and that similarity in
gtructure can be taken as a criterion of aimilariﬁy in
mesomorphic behaviour. '
Be gps offect of broadening

2-naphthoic acids A

(a) v substitution in the osition

6~-Hydroxy- and Smgralkylexybaumaphwhoi@ acid will |
substitute readily in the S5-position to yield molecules of

structure XVI. - <
r’// '\



From this structure it can be seen that the br@&dth of
the molecule 1s determined by the dotted lines and that
there is a space between the uppermost of these lines and
‘the S5=carbon atom.This space is such that cért&in'
substituting ate&s may be accommodated without troadening
the molecule.From scalo drawings and models of these
molecules,calculations were made to find what effect &u@h:
substituents as the halogens and the nitro- group would

have on molecular breadth.

Tab 1
substituent | Covalent| van der Waal's |Bresdth|Approach of
. radius radius "d" in (X to upper

X () () () |1ine (&)
H 0.350 l.2 79 -le2
F O.64 1.35 79 -0e73
c1 0.99 |  1.80 749 0.0
Br l.14 1.95 8.20 +0¢30
I | 1.33 2.15 8.59 +0.69
KO, —— — 8.38 +0.48

The figures in table 13 make it clear that S5-fluoro-
6-n—-alkyloxy-2-naphthoic acids will be no broader than
the unsubstituted aclds,and that even chlorine may be
“introduced without affecting the molecula: breadth.In the
case of the 5-chloro- compound,the outermost point on the
circle representing the van der Waal's radius of the
chlorine atom lies on the dotted line which represents one
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perineter of the molecule.The 5-bromo- and S5=-10d0-G-n-alkyl-
oxy acids will however be increasingly troad,and will be

Oe5 and 0.G9 A respectively troader than the unsubstituted,
the 5-fluoro- or the S-chloro~o-n-alkyloxy-2-naphthoic acids.
The effect of a Hoa group was ottained bty drawing the planar
nitro- group to scale in the 5-position of a scale drawing
of a 6-n-alkyloxy-2-naphthoic acid.In this way,the maximun
amount by which the group will project teyond the dotted
line was measured as 0.48 & ,80 that the molecular treadth
will be 8.38 A .The nitro- group will therefors affect the
broadth of the system to a degres intermediate tetween a
bromine and an iodine atom.Plates 10,11 and 12 show scale
models of 5=chloro=,5-bromo- and 5=1040=G-n=-butyloxy=2-
naphthoic acids respectively.

Plate 10 Plate 11l
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- Plate 12
These substituted alkyloxy-naphthoic acids pro§1de a means
of investigating the effect of changes of breadth on meso-
nmorphien.Thus,if breadth alone affects the mesomorphiem,the
S=fluoro- and 5-chloro; compounds should behave in an identical
nanner to one another and to the unsubstituted G-Qpalkyloxj-
2-naphthoic acids.Unfortunately,synthetic difficulties made
it impossidle to prepare the S-fluoro- com@ounds,but the
series of thirteen 5-chloro-G-n-alkyloxy=-2-naphthoic aclds
wasg  ottained.The melting point and transition point values
for this serles are summarised in tatle 2 and graph 2 (pages
32 and 33).The methyl and ethyl ethers are not mesonmorphici
the first nematic phase occurs in the n-propyl ether.is
usual,snmectic properties are not found until later in the
geries,in this caso in the n-hexyl ether,s50 that the n-propyl,
n~butyl and n-anyl ethers ars purely nematic.The n-hexyl ether
has the mexinum nematic phase length of 41 and a short emectic
phase of 2" .As the length of the n-alkyl chain increases the
smectic phase length gradually increases,while the nematic
phase decreases in length and finally vanishes in the purely
smsctic'h@xadecyl end octadecyl ethers which have the same
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phase length of 36.The upper tramsition points to the

" 4sotropic liquid for this series azsin lie on two distinct
curves for odd and even carbon chain ethers.

- There are,thercfore,points of similarity and points of
differcnce between the S5-chloro= acids and the unsubstituted
aclids,although for‘ons particular alkyl grsup the two
compounds will have the same lengthibreadth ratio.Cbviously,
some other factor,other than the molecular dimension,is
operative,and this must be the coheslve forces which operate
-between molecules and which will uﬂdoubtedly be different
for the two series.In the 5-chloro- compounds,the halogen
atom will Be able to approach a neighbouring molecule more
closely than will the hydrogen atom in the S-position of the
unsubstituted compounds.It would th@r@fore bte rceasonadble to
infer that the cohesive forces will bve stronger in the
chloro~ compounds and that they will have higher melting
points.Since the cohesive forces operate mainly between the
aromatic parts of the molecules,these forces will beconme
weaker paé un1€ length of the molecule as the alkyl chain
length 18 increased,and this is reflected in the general
fall in melting point along a series.This is true in bvoth
series,and the melting points fall from the lower to the
higher ethers with certain slternations for odd and ecven
carton chains.In all cases the m.pe. values are higher for the
5-chloro- compounds and the differences are listed in table
14.
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Table 14

| n-Alkyl mepe. in . mepe in
group | 6=n=-alkyloxy=2- 5~chloro=G=n= Difference
naphthoic acids | alkyloxy=-2-naphthoic
aclds
Yethyl 206" 320.5° 114.5°
Ethyl 213" - 269° 56°
Propyl 208° 219.5° 11.5°
Dutyl 198° 209.5° 11.5°
Amyl 179.5° 189° 9.5°
Hexyl 147° 164° 17°
Heptyl 163° 165.5° 2.5°
Octyl 161.5° 169° 7.5°
Lionyl 146.5° 169° 22.5°
Decyl 139° 167° 28°
Dodecyl 119° 152° 33°
Hexadecyl 107° 142.5° 3545°
Getadecyl 114 138.5° . 2445°

1t is doubtful whether any significance can te attached

to the trend of the differences in the m.p. values without
some knowledge of the crystal lattices of the individual

menbors,since the manner of packing of the molecules will

affect the cohesive forces and therefore the m.ps.The fact
remains however that in all cases the chloro= conpounds melt

higher,and in the case of the first two,where no mesomorphism
is found the melting points are very high.That is,although
Sechloro=G-methoxy and S5=chloro-G-ethoxy-2-naphthoic acids
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\hava molecular dimensions siutable for mesomorphisnm,the
thermal agitation‘at the temperatures required to break down
the crystal lattice nullify any tendency to oriéntation in
the melt.The point -at which mesomorphism commences in the
two series can therefore ba understood in terms of melting
point diffefances.A further difference occurs in the point
in the series at which smectic properties first appear,this
teing at n-nonyl in the unsubstituted compounds and at grhexyl
in the 5-chloro- compounds.Later in this discussion,the
factors which may determine when smectic properties appear in
a series will bve discussed but for the moment all that need
ve sald is that it 1s thought that molting point is not so
1myartant as the actual packing of the molecules in the solid
lattice.Thus,although the unsubstituted and the 5=-chloro-
conpounds will giva the same rectangular projection,it is
likely that,in the élosely packed solids,differences will oocur;
in the paciking due to the presence of the larger chlorine in |
the 5-position.81néa the typé of packing in the solid
probably determinea the type of mesophase which is first
formed,this difference in the point of crigih of esmectic
properties may not be as anomalous as appears at first eight.
The two series are similar in that both give alternation
of the upper transition points.These lie on two curves for the
odd and even carbon chain ethers,and the last two members of
tho series (the Cyg 804 Cyq ) are pursly smectic.
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The phase lengths of the respective memnbers of the series
are not in a slmple ratio to one another nor to the melting
points involvad.This is evident from the list of melting
points and total phase lengths given in table 15.

Table 15
n-Alkyl ' S-Substitueat=H S=Substituent=Cl
group DeDoe Fhase length DeDo Phase length
Lethyl 206° 13° 32045° —
Ethyl 213° 1 269° —
Propyl 208° 0.5° 219.5° 1.0°
Butyl 198° 10.5° 209.5° 7.0°
Anyl 179.5° 19.5° 189° 19°
Hexyl 147° 51.5° les4° 43°
Heptyl 163° 29° 165.5° 35.5°
octyl 161.5° 28.5° 169° 28.5°
Nonyl 146.5° 37° 169° 25,5°
Decyl 139’ 42° 167° 25.5°
Dodecyl 119° 55° 152° 3545°
Hexadecyl | 107° 5245° 142.5° 36°
Octadecyl 114° 49° 138.5° 36°

Reviewing these figures,it can be seen that in ten of the
thirteen acids the overall phase length is less in the
Sechloro- compounds than in the unsubstituted acids which
have considerably lower melting points.In the &adori&y of
cases,the shorter phases may be attrituted to the greater
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thermal agitation which overcomes the stronger cohesive
fqrcas in the mesophases of the chloro- compounds.ln the case
of the heptyl and octyl ethers,the melting points of the
chloro~ compounds are only very slightly greater than those
of the unsubstituted ethers and the phase lengths of the
former are either greater or equal to the phase lengths of
the latter.This would again indicate stronger cohesive forces
in the chloro- compounds,such that,in apprbxim&t&ly the same
temperature range,the stronger cohesive forces tetwoeen
molecules containing chlorine are more able to withstand the
same or even slightly greater thermal agitations than the
unsubstituted compounds.That is,the effect of the cohesive
forces predominates in these cases,and the chloro- compounds
have the same or longer phase lengths at the higher
temperatures.

Only the pn~propyl ether romains to be discussed and this
has a phase length which is twice as long in the 5-chloro-
compound as it 1is in the unsubstituted molecule.It has
already becn explained that the latter is anomalous and three
possible orientations of the alkyl chain (plates 10,11 and
12,pages 64 and 65) have been sugzested.Of these,the structure
represented in plate 12 18 the most likely to destroy or
reduce the mesomorphism.In the 5-chloro- compounds,however,
this orientation of the ahéin.is unlikely dus to the steric
effect of the chlorine atom,and the chain may be forced into
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configurations of the kind shown in plates 10 and ll.These
‘orieatations of the propyl group will give a linear molecule,
and the larger phase length in 5-chloro=-5-n-propoxy=2-
paphtholc acid;at a higher temperature,may be explained on
these grounds.

At first sight then,these two series of acids should give
identical rosults because of their identical molecular
breadth,but differences in melting point and packing are
other possible factors which are obviously of mporcwm and
can give rise to diffaMwa in behaviour.The effect of
tenmperature on mesomorphism is thus shown to be very
importent and it explains why & mixture of p-methoxy- and
p-ethoxy benzoic acids exhibit mesomorphism when the.
individual acids do not.This effect is explained entirely
by thé lower temperatures at which such a mixture melts.

There is therefore an inherent difficulty in comparing
two series of mwmomhm compounds if the melting points
vary from one to the other,and,of course it is not likely
that two different series would have the same order of
melting point throughout.However,it was found that the
transition temperatures from the solid to the mesomorphic
‘or isotroplc states for the three geries of S-chlorow,5=
promo- and 5-iodo-6-p-alkyloxy-2-naphtholic acids are reason-
gbly similar.This fact is made clear by the figures in
table 16.Thie is particularly fortunate since there is a
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progressive increase in molecular treadth from chloro- to
bromo= to iodo=,80 that the differences nmay be attributed ale
most entirely to changes in molecular btresdth .with only small
fluétuatiom in phase length due to the differences in
nelting point.

Table 16

Substituent in the S-position

n=-Alkyl group Cl Br I

MeDe DeDe Tepe
lethyl 320.5° 303(4) 296.5(a)
Ethyl - 269° 281°(a) 286.5°
Propyl 219.5° 22¢° 230°
Putyl 209.5° 213° 219°
ml 189° 196.5" 205°
Hexyl 164’ 178° 191°
Heptyl 165.5° 158° 176°
Octyl 169° 164° 160.5°
Nonyl 169° 168° 163°
Decyl o 167° 167° - 165°
Dodecyl 152° 151.5° 146.5°
Hexadecyl - 182.5° 138.5° 135.5°
octadecyl 138.5° 136.,5° 127°

Refore comparing the three series,The individual
characteristics of the bromo- and iodo~ compounds will first
be descriwd.



S5=-nromo=-6=n-alkyloxy=-2-naphthoic acids

The results for this series are summarised in table 3 and
graph 3 (pages 34 and 35).The graph is very similar to that
for the corresponding chloro- compounds.iiesomorphism is again
f£irst observed in the érprOpyl ether,which has a transient
nematic phase.The absence of mesomorphism- in the methyl and
ethyl ethers is again attributable to their high melting
points and to their molecular breadth,which is of course
greater in this serles.Nematic properties alcne are found
until the alkyl chain contains 7?7 e&rhcn atoms,when a short
smectic phase appears in addition to the nematic phase.As the
chain length is increased further,there is a gradual increase
in the length of the ame@tic phase and a corresponding
decrease in the nematic phase length,until kh@.burwly saaectic
n-hexadecyl and n-octadecyl ethers are reached.Again,the
upper transition points lie on two distinct curves whiah
represent the odd and even alkyl chains.
2:£p§9~6~a~al£ylo;3~a naphthoic acids

Table & and graph 4»(p&gaa'56 end 37) suzmarise the results
for this series.The greater molecular breadth,and the high
melting points of the methyl,ethyl and n-propyl ethers,

together account for the absence of mesomorphisa in those
three ethers.Thus,the n-butyl other is the first to poscess
| tic phase
nun in the p-octyl

a phase which is nematic and very short.The nems

length ehah increeses and reaches a maxi
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ether.It is here too that a short emectic phase 15 found.

iith the growth in the length of the alkyl chain,the lengths
of the smectic become greater,while the len;;ths of the

nematic phese tecome gradually shorter.This sgain results

in the n-hexadecyl end the n-octadecyl ethers bvecoming purely

gmectic in nature.The upper transition points fall as the

length of the molecule increases and these points ayain lie

on two curves representing the odd and even carbon chain

lengths.
Table 17
Length of ' Substituent .
n~Alkyl |mole.in £] ¢l Br I
group (nonomer) | Preadth|Ratio|Rreadth| Ratio |Breadth |Ratio
in £ in £ in £

¥ethyl 15.02 79 1.66 8.2 1.5%9 8-59 1.52
Ethyl 1443 7.9 [1.81 | 8.2 |1.74 | 8.59 [1.66
Propyl 15,02 79 |1.92 8.2 [1.83 8459 |1.75
Butyl 16.3 7.9 [2.06 | 8.2 [1.99 | 8.59 [1.90
Anyl 17.02 79 (2417 8.2 |2.08 8,59 |1.98
Hexyl 18.3 7.9 |2.32 8.2 (2,23 8.59 (2.13
Heptyl 19.02 7.9 |2443 8.2 2432 859 |2.21
Oetyl 2043 79 |2.57 8.2 |2.48 8.59 |2.36
Nonyl 21.02 79 2.68 8.2 256 8.59 |2.45
Decyl 2243 79 283 8.2 2472 8+.59 |2.,060
D@d@@?’l 2he3 709 3.08 8.2 2096 8.59 2&&5
Hexadecyl 283 7.9 3.58 8.2 |3.45 8.59 3.3
Octadscyl| 3GC.3 7.9 |3.84 Be2 |3.69 8:59 [3.53

In these series,it 1s of interest to compare the relative

lengthibreadth ratios for the various chloro-,bromo- and iodo-
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‘slkyloxy nasphthoic acids.These figures are summarised in
table 17.The overall phase lengths in the three serles are
given in table 18.

Tablo 18

p-Alkyl| Phase length of n~-Alkyl| FPhase length of

group |Chloro-|Rromo=- |Iodo-| group |Chloro-|Bromo- |Iodo-
tethyl — — -—- [Cctyl 28.5° 31.5° | 25°
Ethyl e ——— | = llionyl 25¢5° | 26.5° | 19°
Propyl 1.0 {0eZ | === lDacyl 25.5° 22.5 | 14.5°
Putyl 7.0° 1.5°| <0.2|J0decyl | 35.5° | 32° 25.5°
Amyl 19° 10.5°| 1.0|dexadecyl| 36° 35° | 31.5°
Hexyl 43° 26.5°| 7.0|0ctadecyl| 36° 36° 36°
Heptyl 35.5 | &4 |13

In the three series,nematic properties begin at n-propyl in
the chloro~ and bromo- acids and at n-butyl in the ilodo-
a@idé.‘ﬂith the progressive broadening of the molecules,as
a result of the increasing size of the substituting atoms,
it might have been expected that the mesophases would make
their first sppearance later in the ether serles.This may
wall have been the case if molecular breadth wore the only
factor affecting ma@emhim.ﬁwww.ths tenmporature at
which a compound melts is a further factor.The graphs

that in all thres series the mothyl and ethyl ethers nmelt
at a much highor temperature than tho othor membera of the
series.There 1s a steep fall in the melting point curve at

ng of the seriles.Although,therofore,5=-chloro=-

6-ethoxy-2-naphthoic acid may be capable of exhibiting meso-
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morphism es far as its molecular dimensions are concerned,its
mepe 0of 269° 18 high enough to involve rapid thermal agitation
in the melt with the result that any molecular orieatation

is imnediately destroyed.A further comider&ﬁon is that the
lengthibreadth ratios of the first throe ethers which exhibit
mesomorphlisn in the chloro=-,bromo- and iodo= aclds are l.92,
1.85 ami 1.90 respectively.The corresponding value for
5-chloro=-G-ethoxy=2-naphthoic acid is only l.81,which is
probably too low for a compound which melts at 269

That broadening of the molecule does decrease the phase

lengths and therefore the mesomorphism is shown in table 18.
| In elevon of the thirteen ethers,the phase lengths decrcase
in the chloro-,bromo- and iodo- ethers &s the molecular
preadth increases.The only exceptions are the heptyl and
octyl ethers,which show an increase from chloro= to bromo-
and,as expected,a decrease from bromo- to 10do-.It is
difficult to account f@x this incroase,because the decrcase
in melting point from chloro- to bromo- is only slight for
these two ethers,and the thermal sgitation in the melts of
the chloro- and bromo= @Wm will be very similar.kore-
over,this snomaly occurs at the pem'c in the series of bromo~
compounds at which the meximum phase length appears and a
big drop in the melting point from the hexyl to the heptyl
ether is found.The heptyl ecther is also the first bromo
compound to exhibit smectic properties,and it is possible
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that at this point in the series there is a difference in
the nature of the packing of the molecules in the crystals.
Later in this discussion it 1s sugsested that the appearance
of smectic properties in a series of compounds may coincide
‘with the occurrence of a different packing in the crystal
lattlces,and,as this change nay occur at different points
in the three series of halogeno- compounds,it may well
account for the partial deviations in the general trend of
decreasing nesomorphism with increasing molecular breadth.
‘Such dis@nwpanei@s,ésain emphasise how several different .
factors may well influence the mescmorphic behaviour of a
é@rias of oémpeunds.
i - In.addition,the maximu& phase lengths which éppwar in the
threo series below dodecyl decrcase in the order chloro- to
bromo- to iodo- and are 43,41° and 25° respectively.These

ma occur one unit of the alkyl chain later in the three
series of ethers at hexyl,heptyl and octyl respectively.With
regard to the possibility that a change in the nature of the
 erystal packing occurs when smectic properties appear in a
geries,it is interesting to note that thesoe maximum phase
lengths,which are equivalent to a large drop in melting
point,are found in these ethers which are the first in the
geries to exhidbit smectic properties.A lattice chang

@@ig@adin@ with the appearance of smectic properties may
therefore be a possidbility.The beginni

ng of smectic properties
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in the series is therefore stepped back one unit of the

alkyl chain with increasing molecular breadth,and this
contrasts with the origin of nematic phases,where the stepping
back is nét regular due to fluctuations in the melting points
for the three series.The following figures show that the
m@lting points can have little or no effect on the appearance
of smectic properties,but that this must be detormined by

the breadth of the molecules affecting the packing in the

crystals. ,

Substituent|First ether to be smectic|m.p. [Lengthibreadth ratio| |
cl hexyl lea’ 2.32
Pr heptyl 158° 2.32
I ~oetyl 160.5 2436

It is observed that,although nematic and smectic properties
aeppear at different points in the thres series,and the
genoral tendency is for the phase lengths to decrease fronm
chloro- to bromo- to iodo-,the last ether in each series to
ghow nematic properties is dodecyl.Further,the octadecyl
ethers have the same smectic phase length of exactly 36.It
would appear thorefore that in the case of the longer molecules é
the effect on the mesomorphiem of increasing the breadth is
l1éss marked than for the shorter molecules.This would be
expected from a purely dimensional viewpoint.The octadecyl
ethers in particular are 80 long that eue
treadth have lietla or no effect and a constant phase length
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is achieved despito variations in the substituent.
S5=liitro=-o=-n-alkyloxy-2=-naphthoic acids

In this series no mesomorphism is detected until the alkyl
group is increased to nonyl,and this ether has only a very
short nematic phase persisting over O.5.lhe decyl ether is
likewise nenatic with a phase leagth of l.5.Thereafter in
the dodecyl,hoxadecyl and octadecyl ethers snectic and =
nematic phases are exhibited.The émec§1¢.phases 1n¢re§se in
1angth with 1nc:aasing nunber of carbon atoms in the alkyl
chain.The complete series of ethers was #ot preparsd tut a
sufficient number were examined to establish that the upper
transition points of the even carbon chain ethers lie on a
curve.Cnly three of the odd carton chailn ethers were howaver
pfeparad. A ; ,

In this series there is a considerable reduction in the
m@somorﬁhi@m compared with the 5-halogeno- compounds.ilhis 1is
seen by the absence of mesomorphism in the first eight
menbers and by the shortness of the phases.A maximum overall
phase length of only 8°‘1s found in the octadocyl ether —
despite the fact that‘the'b:aadth of the nitro- compounds
is intermediate to the breadth values for the bromo- and
iodo= compounds.The exhr«més of the lengthibreadth ratios

are given below.

n-Alkyl group S=bromno- S5=nitro- S5=iodo-
Octadecyl 3469 3462 3.3
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Come other factor must therefore cause the unexpected
dininution in mesomorphism and the effect of temperaturs
nust first ve considered.Tatle 19 makes it poseidble to

compare the lowar transition points for the three series.

Table 19
n-Alkyl group S5=bromo- S5-nitro- S5=10d0=-
Anyl 196.5° 211° 203°
Octyl 164° 137¢ 160.5°%
Xonyl - - 168°. - 174.5° 163°
Decyl 167° . 173.5° - 165°
Dodecyl 151.5° - 167° 146.5°
Hexadecyl 138.5 160° 133.5°
Octadecyl 13645° 152° 127°

Solely from the standpoint of molecular dimemnsions,the
nitro- compounds would be expected to behave in a manner
intermediate between the bromo- and iodo- e&&paﬁnds.?or
exenmple,the n~propyl or grbuxslfggggt have beon expected to
bve the first to exhibit mesomorphism.It is evident from
table 19 however that the S-nitro- derivatives melt consider-
ably higher than the S5-bromo- and 5-icdo- compounds,so that
thermal agitations in the melts of the nitro- compounds will
be greater.This will tend to0 diminish the mesomorphism,but,
since the melting points are not markedly higher,this
cannot be the sole reason for the deferment of mesomorphism
until the n-nonyl ether and the shortening of the phases to
such a marked degres.Some other property,other than an
increase in molecular breadth and melting point,must be
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conferred, on the molecule of the alkyloxy naphthoic acid "by
introduction of the nitro- group.This is probably stereo-
chemical in character.

Models of the 5-nitro- compounds show that the nitro- group
cannot lie iIn the plane of the naphthalene ring system without
involving substantial strain in the molecule.The strain
involved is so large that it seems more than likely that the
hydrogen on the «;-carbon atom in the ring maintains the plane
of the nitro- group at an angle to the plane of the rings.
Plate 15 shows the orientation of the nitro- group relative

to this hydrogen atom.

Plato 15
This means that the thickness of the molecules is
increased to an extent that would prevent them from lying
in parallel planes unless they are some distance apart.
Because of the dipole of the nitro- group the cohesive forces
between neighbouring molecules in one plane may be high,but

between molecules in different planes they may be low.This
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would account very well for the relatively small.diff@r@noe
in melting point between the nitro- and the bromo- and iodo-
compounds.Furthermore,the greater intermolecular spac;ﬁg
between the planes would result in a dacraaée in adhesion
in the mesophase so that random orientation in the melt
would be more easily brought about.The rotation moment in
the dimer would also cause the layers to slide over one
another so that the orieantation in one wouid not be that in
the next layer.Such factérakwculd"cause a lesser degrea of
mesomorphism than would be expected at first sight.

The persistence of‘namatic propsrti&sxeven in the hexa-
decyl and oeﬁadsgyi ethers may be due 0 a similar cause.If
wo assune that in the emectic mesophase we have nunbers of
micelles in which the molecules are arranged as in fig. 4(a),
then two conditions may occur on further haaﬁing.?irstly.if,v
a5 will be the case in the nitro- compounds, th@ coheaion
_batwean tho planas of the molecules is weak,then as tn@
temperature rises,and the cchesion further decreases,the
m@iéa&le& may slidévdver cng another to0 give an imbricated
structure such as 18 proposed for nematic substancos ==
£1g 4(b).In other series,cohesion between the planes and the
sides of the molecules nmay béth te high,s0 that the first
breakdowmm may occur at the ends of tha_dimer,and cause a
s11ding of the layers,as distinct from a sliding in a layer.
Pig. 4(c) would represent such behaviour and the result
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would be equivalent to a smectic phase,which would disintegrate
completely on further heating without necessarily passing
through a nematic condition.fxcept in the case of the nitro-
compounds,in which the interplanar cohesion will be low,this
last state of affairs will be most likely to arise in the
longer chain ethers,where interlocking of the chains may give

a r@sistahea to sliding of the molecules along their length.

(g}/&mectic subatanef'

Tenperature o Tﬁ@p@t@kura
increass | increase
8.5+ Nitro- compound ' Qe 0@%?9 series
direction of sliding direction
movenent of\
- movenent

(b) System now nematic (e) System now snectic

FIG. 4
The behaviour of other series of nitro- compounds would

be 1neareaﬁing in order to establish whether these results
are reproduced.However,the production of a molecule in which
the nitro- group is forced out of the plane of the rings and
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yet 1is capable of giving mesomorphism,will not often arise-
(v) By replacing the n-alkyl group by branched groups

The pronounced mesomorphic properfias of the 6~-n-alkyl-
oxy-2-naphthoic acids are well emphasised by the study of
the effect of substitution in the S-position.However,when

the n-alkyl group is replaced by a secondary alkyl group,

as in iso-propyl ethers,the mesomorphic characteristics ére
greatly reduced or destroyed.It can be understood that the
effect of branching in the alkyl group will have é greater
effect than substitution in the S-position,since the branch-
ing will force the molecules apart by prevanting the close
packing of the alkyl groups which 18 possible in the normal
ethers.Thus,the iso-amyl ether,6-(3-methyl-butyloxy)=-2-
paphthoic acid (XVII) shows only a very short nematic phase '
‘between 194" and 194.5jand the iso-nonyl ether,6-(3:5:5-tri-
methyl~hexy1axy)oz-naphthcie a@id(IVIII) melts to an iso-
tropic liqaid at 170.

CH,C )
N <
\’tg 3 H"CD-(CH"
“CHy if& CH3
HOOC HOOJ:::I:::I
- XVID XVIII

The swgﬁgrprap@xy» and 6-(2-methyl-propoxy)-2-naphthoic
~aclds are also non-mesomorphic,and melt to the isotropic
1iquid at 215°and 200° respectively.(nly the broedening of
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the molecules and the prevention of close packing can
account for the marked diminution in mesomorphic behaviour.
The acetate of 6-hydroxy-2-naphthoic acid has m.p.2285
and exhibits no mesomorphism,although the molecule will have
the same length as 6-ethoxy=2-naphthoic acid -~ which has
a nematic phase of 11° ,from 213°to 224.The disappearance
of the mesomorphic properties may be attributed to the
"bmadmmg of the molecule,which,in its planar form,nmay

-have structures XIX or XX

‘ 0\\c/
\C’C Hy
HOOCCO/O [):j

However,the acetate tends to decompose in the régien of
its melting point and this will contribute strongly to the
d&stmatio‘n of the amm@rphim.mw this 1s highly likely
is shown by the fact that the benzoate,which is equally -
broad,shows & am&bié phase of 2° between the m.p. of 257°
and the clearing point of 259%As would be expected,this melt-
ing point is much higher than that of the acetate,due to
the greater molecular adhesion through the aromatic rings
in the benzoyl group.This might have been expected to make
mesomorphism less likely.lowever,the adhesion bvetweon
‘m,olwulw of the benzoate would also be greater when the
crystal lattice breaks down,and the nett result would seen
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to favour mesomorphism.An exact cempafiscn between the
acetate and the benzoate cannot be made since the former
decomposes on melting.Were this not 60,1t is possible that
it,to0,would exhidbit mesomorphien.

The tenzene sulphonete,m.p.228.551s not mesomorphic,
which is not surprising since the moleculs will be very much
broader,and also thicker,due to the bulky,non-planar benzene
sulphonyl group.

The acetate,benzoate and benzene sulphonate of p-hydroxy-
benzole acld and trans-p-hydroxy cinnamic acid have been |
prepared and found to show no &esomorphism,and these facts
do emphasise thé strong mesomorphlic tendencies in compounds
dotiv&d from G-hydroxy-2-naphthoic acid.

It should be noted that the mesomorphic properties of
such systems are completely destroyed when the molecules
can no longer dimerise.The ethyl ester of 6§a~h@x&dacyloxy~
2-naphthoic acid 18 iteelf a very long mole@nle,bux,unlike
the free acid, it aannat dimerise,and the compound melts to
.an isotropic liquid at 53¢

These results prove that an increase in molecular broadth
can and does diminish and even destroy mesomorphism,but in
a strongly masomsrp&ie aystem,su@h as the G-n-alkyloxy-2-
naphthoic acids,considerable increases in breadth can bve
tolerated without substantial loss of mesomorphism.
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4. The offect of broadsning the molecules of p-n-alkyloxy
" benzoic acids
Unlike the 6=-n-alkyloxy-2-naphtholc acids which substitute
in the 5-position and do not suffer a significant broadening

of the molecule in every case,substitution of a p-p-alkyloxy
benzolc acid in the 3=-position must give a substantially
broader nolecule,since any substitu&ing atoa or group which
nay be introduced will be larger than a hydrogen atpm.ln '
table 20 are given the lengthibreadth ratios of the series of
p~n-alkyloxy benzoic acids and the 3-fluoro-,3-chloro- and

3=t romo- derivatives,

Table 20 | |
3-5ubstituent H ¥ Cl Br
Preadth in & ° 6e8 729 | 8.09 | 8.39
n-Alkyl group | Length(A ) | Ratio | Ratio | Ratio | Ratio

¥ethyl 10.82 1,59 | 1.49 | 1.38 | 1.29
Ethyl 12.1 1.78 | 1.66 | 1.5 l.44
Propyl 12.82 1e89 | 1a76 | 159 | 1653
Rutyl 14.1 2.07 | 1.93| 1.78 | 1.68
Anyl 14.82 218 | 2403 | 1485 | 1.77
Hexyl 16.1. 2437 | 2421 | 199 | 1.92
Heptyl 16.82 2.47 | 2431 | 2.08 | 2.0
Octyl 18.1 2.66 | 2.48 | 2.24 | 2.16
Nonyl i8.82 2:76 | 2458 | 233 | 2.248
Decyl 2041 2.96 | 2476 | 2449 | 2.8
Dodecyl 22.1 3426 | 3eC3 | 2.73 | 2463
- Hexadecyl 26.1 385 | 3.583 | 3.22 | 3,11
Octedecyl 28.1 414 | 3.86 | 3447 | 3.35
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Fron 6onsidarations of molecular dimensions alcone,
substitution of a p-n-alkyloxy benéoic acid would be expected
to reduce tho mesomorphism.lioreover,if 1t were assumed that
the melting points of the substituted and the unaubstituted'
compoﬁnds would be of the same order,then,since a lehgth:
broadth ratio of 1.89 is consonant with the presence of meso-
phases in the p-n=-alkyloxy benzolc acids,it night be expected
that a substituted acid with the same ratio would te meso-
morphic.This would mean that mesomorphisn should begin at

p=-tutyl(l.93),n=amyl(1+83) and p=-hexyl(l.92) in the fluoro=-,
..chloro- and bromo- compounds respectively.t’hen thase series
of compounds were prepared this was found tolba very far fronm
true and the results,which are detailed in tables 6 and 7
snd graphs 6 and 7 (pages’uo to 43),may be sumwafise&_as ‘
follows. :
p=n=Alkvloxy benzolc acids(6) |

A nematic phase first appears in the n-propyl ether and
this gradually increases in length up to and including the
n-heptyl ether which also possesses a short smectic phase.
Further increase in the chaln length causes tho smectic
pfépartias to btecoms more pronounced,until in the n-octadecyl
ether the gradually decreasing nematic properties are extinet,
and the ether,which melts at 101°to a emoctic mesophase,

becones lsotropic at 130%
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' 3=Fluoro-4-n-alkyloxy tenzoic acids

Here nematic properties do not begin until the n~octyl
ether which has a phase length of 4° At the n-nonyl ether
smectic properties appear,although the first smectic phase
has a length of <0.2°.The maximum nematic phase length is
4,5°4n the n-decyl ether,but further increasesin the chain
lengths reduce the nematic phase length until the purely
smectic a-hexadecyl ether 18 reached.As the namaﬁic phase
lengths decrease,the smectic phase ;sngtha increase,and -
reach a maximum of 17° in the hezadecyl ether.The neocta-
decyl ether is likewlse purely smectic,but the phase length
is only 2°.A8 is frequently the case among these ethers
there 18 a sharp increase in the melting point from the
016 to the 018 ether in this series.Here the temperature
increase is 19° .Since the C;; ether must have dinensions
which are suitable for mesomorphism,the decrease in phase .
length from 17°in the hexadecyl ether to 2°in the octadecyl
ether must be due entirely to the greater thermal agitations
at these higher temperatures.

3=Chloro~4=-n-alkyloxy benzoic acids
As in the fluoro- substituted series,mesomorphic

properties first appear with the n-octyl ether,but,unlike
the fluoro- compound,this ether is both smectic and nematic
with phase lengths of only {C.2°and C.5°respectively.Fron
the p-nonyl ether to the n-hexadecyl ethar,whe smectic phases
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increase from 0«5 to 3+0jwhile the nematic phase lengths are
constant at 1.0-That is,unlike the fluoro- ethers,the n-hoxa-
decyl ether is nenmatic as well as smectic.It is Just possible
that this msy be due ¥o a thickening of the molecule as a
gsult of the presence of the chlorine atom.fLuch an explan-
ation would allow the application of the wvans arjunents which
were usced to account for the persistence of nomatic prOpertias'
in S5-nitro-G-n-alkyloxy-2-naphthoic acids.Adnittedly,no such
effect is found in the 5=chloro=,5«brono- or even S5-10d0-
G-p-alkyloxy=-2-naphthoic acids,tut in these molecules the
surface area is much greater,and there will be a grcater
surface for cohesion betwesn the molecule planes.ln the
benzoic aclids,the forcing apart of the smaller surfaces
by the chlorine atoms may minimis@ the adhesion in the smectic
state sufficiently to cause sliding,imbrication and the |
introduction of nematic properties,prior to the condition of
isotropy.Plate 14 shows a model of 3-chloro-i-n-butyloxy
benzolc acid,and when this is compared with plates 10,11 and
12 for 5=chlorow=,5-bromo- and 5=-iodo-G-p-butyloxy-2-naphthoic
acids,the greater relative slze of the halogen atom in the
benzoic acids can be readily appreciated.The n-hexadecyl ether,
DeDe g5,has a smectic phase length of 3°,but the n-octadecyl
ether,m.p. 103;shows no mesomorphic properties.Haere again,
the rise in melting point may account for the disappearance
of mesomorphism,in the same way &s it resulted in the
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jJ-Bromo-h-n-alkyloxy benzoic acids

ho raesomorphism was found Iin this series

The large deviation from the behaviour which might have
been expected from a consideration of lengthsbreadth ratios
alone are therefore apparent,and other factors must be
responsible for the absence of mesomorphism in so many of
these compounds.Tho other factor which is known to affect
mesomorphiBm is the temperature of melting,and a larger
decrease in mesomorphism on substitution could be explained
by an increase in melting point together with an increase iIn
molecular breadth*In table 21 the molting points of the
substituted and unsubstituted benzoic acids are listed
for comparison,with the overall phase lengths of the ethers

in parenthesis*
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Table 21

Substituent H by cl Br
n-Alkyl group

¥ethyl 184(=) | 211.5(=) | 217.5(=)

Lthyl 195(=)

Propyl 145(9)

Butyl 147(13) | 142.5(~)

Anyl 126(27) | 137(=) | 134.5(=)

Hexyl 106(47) | 129(=) 1207(=) -

Heptyl 9(56) | 123(=) | 11A=~)

Octyl 1004d) | 117(%) 94(0.5) 111(=)
Nonyl 9(49) | 112.5(%) | 93(1.5)

Decyl 92(57) | 108(8.5) | 9912.0)

Dodecyl 95142) | 108.5(6) | 10C(2.0)
Hexadecyl 100Y(33) w17 9514.0) 99(=)
Octadecyl 101°(299) | 113(2) 108\ =)

In all cases there is a progressive decrease in phase
langﬁh on passing from the unsubstituted acid to the fluoro-,
chloro- and bromo- acids.With regard to the malting‘points
the position 1s less simple.Apart from one or twﬁ axceptions.
thers is a sharp rise on passing from the unsub&titﬁted to
the fluoro- acids,a decrease from the fluoro= to the chloro-
acids and an inoraaaé from the chloro~ to the bromo= acids.

Comparison of the fluoro- and chloro- series

The very large differcnce in behaviour betwecn the un-
substituted acids and the fluoro- compounds might have been
expected to have been accompanied by an equally large effect
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on passing from fluoro- to chloro-.lIndeed,from considerations
of the breadth of the mdleculeg alone,the effect might have
been expected to be greater in the case of the chloro-

~ compounds since there is a larger increase in breadth (0.654 )
_from fluoro- t0 chloro-,compared with an increment of 0.454
Tfram the unsubstituted acid to the fluoro- compound.This
increase in bresdth does lead to a diminution in phase length
‘in all cases from the fluoro- to the corresponding ¢hloro~
compound,but the mesomorphism begins at the same point in
each series.This can only be attributed to the decrease in
melting point resulting in smaller thermal agitations in the
nelte~a feaﬁnre_whiah counteracts the ;ncreasad breadth in
th@.ahloro~ conpounds.Thus,if the temperature of melting-

had been the same for the fluoro- and chloroe cumpoundﬁ.ths
origin of mesophases in the chloro- series might have teen
stepped back one unit of the alkyl chain to nonyl (as was
the case in the naphtholc series),and the phase lengths
would have been even shorter than those observed.It may be
argued'tkat the melting point differences are small énd that
to have these effects the influence of temperature must be
critical.It does seem that this is indeed the case,and

the effect in the n-octadecyl ethers has been mentioned
above.In these casces temperature increases of 19°and 13 in
the fluorc- and chloro~ series diminish end eliminate meso-
morphiem respectively.loreover,slight depressions of melting
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point have been shown both to incrcease phase lengths and,
in sonme caces,to bring about thae appearance of nesophases
in mixtures of two non-mesomorphic components.The following
results emphasise the significance of the offect of
temperature. . '

Mixed melts of 3-fluoro-4-n-alkyloxy benzole acids

(a) p~octyl ether - purely.namaticophase length 4f.117-12f

n-nonyl ether - smectic and nematic |
overall phase length a.0°.112.5-116.55
smectic phase leongth < 0.7
nematic phase length 4.0°

Bixture of equal parts of the octyl and nonyl ethers

A sample of this mixture was melted on a slide and a
cover slip pra&sed down on the melt.Cn cooling,the sample
behaved like the nonyl ether and showed a nematic and a
short smaectic phase.Although this latter phase is very short,
and appears only a little in front of the crystals on sudden
chilling or when crystallisation is nearly complete,it is
obviously longer than tha'sm@ctie phase in the purs grnonyi
ether. | |
M.p. of the mixture,107°to ll3jruns to a cloudy nematic molt,

119jclears and reverses sharply |
Thus,teking only the upper linit of running at ll3,the
phase length is now increased to & ,comparad with the phase
lengths of 4°for each of the comstituents.This corresponds
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to a depression of only 4 for the lower transition point of
the n-octyl ether,and gives an increase in phase lensth of 23
The prélimigary sofﬁening ih the mixed‘melt made it
impossible to determina the length of the short smectic‘phasa.%
(b) n-octyl - nematic phase length 4,117=-121
n~heptyl ether = mep. 123" ~-no mesomorphism
Kixture of the heptyl and octyl ethers in equal amounts

_This mixture ghows a nematic phase.which was deternined
as having a length of 2 vetween the m.p. of 114-1135and the'_
clearln& point of 120°Cn the other hand,a nixture of the
octyl ether and anather subatanc@ incapable structurally of
showing nesomorphism,in the ratio l:l,would have destroyed
its mescmorphiem.It may be inferred then that the heptyl
sthsr'is structurally capable of mesomorphism,but that its
ﬁalting'boint is too high,so that the éhaae length of 2°
for the mixture may b@ sald to be an infinite increase in
the mssomerphiﬁm of the haptylzgggra MeDe d@preasion of
only 3°,

(c) n-hexyl ether —~- m.p.128. 5,00 masomorphia&
n~-heptyl ethar - m.p.laj. no mesomorphisnm
' &thgge of the hexyl and h@ggx; ethers in equal amounts
The mixture shows & nematic phase on cooling from the
isctropic liquid.Although short,this phase is definite and

it behaves as though its length were less than 0;1?.31nee it

app&ais oniy on sudden chilling or when crystallisation of
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the sample is noarly cdmplete.The melting point determination
shows that the crystals pass over to tho isotropic liquid
between 12¢°and 1225but,1in this range,the sample is a nixture
of a cloudy}liquld and the isotropic ligquid.It therafora
fapresents a nesoxorphic systen,forned from non-mesomorphic
conponents.such tehaviour sugsests that the components are
’potential mecomorphs tut that thelr melting points are too
high for this to te scen in the usual way..

These and sinilar experinents illustrate Just how critical
‘nelting point can be as far as nesonorphiss is concarned.
Althougzh this will account for the tehaviour of the fluoro-
?éaries relat;v&‘to the chloro- serioes,it can hardly explain
‘the influence of a fluorine atom in a p-n-alkyloxy benzolc
acid.As has been seen,fluorination postpones the appearance
of mesormorphism four units in the alkyl chain,and causes a
marked diminution in the phase lengths,from a maxinmum of 57°
in the unsubstituted to a nmaximum of 17°in the fluorc- series.

A gradual change from the unsubstituted to the sutstituted
acids was not found'either in the G-p=alkyloxy-2-naphthoic
aclds,and the reason suggested for this was the high melting
points of the S-chloro- derivatives together with the strong-
er cohesive forces in such molecules.In both the naphthoic
and the benzoic écid series,the change in treadth of the
molecules will bve the same from chloro- to tromo- and from

btromo- to iodo-.llowever,since the lateral adhesicn of the
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molecules along their edges will depend on the closeness of
approach of the ring syctems,it can be seen that,since part

of the bulk of a substituent in the S5-position of the naphthoic
acids does not contribute to the broadening Qf the molecule
dusg to the reoessqln the naphthalene ring,the aromatic rings
in the tenzoic acids containing the same substituent will
approach one another less closoly.The following figures give
the distance in A to which the rings are forced apart by

substituents.

|Naphthoic scids - Benzoic acids

Substituent H|Cl| Br I H P Cl Br
Distance in A| O |0 |0.3 | 0«69 | = O [0.49] 1.29 | 1.59
The lateral adhesion,which will be less in the benzolc
acids than in the naphthoic acids,due to the smaller ring

system in the former,will ve further decreased by substitution, |
and the same substituent will have a greater effect in the
benzoie acids.It may be argued that this should lead to a tig
reduction in the melting peint of the ethers with incroasing
size of the substituent,wheress in fact the melting point
increases on fluorination.lowever,the foreing apart of the
molecules may only a§ply in the meaophasaé.?h&& is,a packing
such as is shown in XXI may be possible in the lattics,
resulting in a high melting point.In the subsequent mesophase
there must be a considerable molecular mobility for the
lattice to break down into micelles,and the interlocked



structure XXI may swell to give an arrangement of type XXII.

: X

Rozi:>xoou Ro<::>xoon

ROOOOH | | | |
_ o o . RO OOH

Roz::>xOOH

XXI e . XXII

This will have & low latersl adhesion and will confer
instabllity on thoe mesophases.If this occurs in the naphthoic
acids the dogroe of separation will be less.It is possible,
therefore,that,coupled with a high melting point,there is a
low molecular adhecion in the mesophases,and a tendency for
the molecules to turn and take up randonm orientations because
of the wide spacing.is the molecules are made longer,this
turning into a random orientation will become less easy and
the molecules may persist over a range of temperature in a
linear orientation in the molt.If this is so,then the late-
" ness of appearance of mesomorphism can be explained end so
c&é‘the ghortness of the phases which do in practice exist.

Compared with the fluoro- compounds,the packing in the
ocrystal labttice in the chloro- series would seen to be such
that a decrease in melting point arises.The effects of this
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fall in temperatura have been discusced,and the greater
cpacing in the mesophase would account for the shorter
phases at a lower Uemperatura.

The complote sbsence of mesouorphisn in the 3-btromo-i-n-
alkyloxy bonzoic acids is the only remaining point which
has nbt bean discussod.It wlll be recalled that the very
short mesophases of the chloro- compounds are here not merely
dininishod but comp;ately extinguiched.The ethers of the
bromo-’sarias nust have a pacikking in the crystal lattice
which causes higher melting than with the chloro- compounds
and,noreover,there may be less cohesion in tho melt itself
when the lattice bresks down.These two offects will work
together to mako mesomorphism less likely and,indeed,they
nay be sufficlent to destroy it.The maximum phase length in
the chloro~ serles is & ,and the minimum reduction in phase
length from fluoro~ tc chloro~ is from &4 to l.5.0bviously
then,if tiis reduction of ¥ which occurs on replacing
fluorinse by chlorine is repeuted when chlorine is replaced
by bromine,tho maxizum phase length in the bromo- serles
would be % of & =l.5 .But,the melting points of the bromo-
"acids are highe¢r than those of the chloro- acids and the
critical nature of temperature in these series is such that
thece higher melting polnts may wéll be sufficient to
eunihilate 8o short a phasae.
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335=dil=1alocno=it4-n-alkyloxy tenzolc aclds

S5to=di~Chloro=4-n-amyloxy tenzolic acid has beon previously
exaanined and shown to bte non-mesonorphic.It was decided to
prepare a lonzer chain cther of this type and also to
gynthesise a lony chaln 5315-di-fluoro-i4-n-alkyloxy tenzoic
acid in order to establish the tehaviour of such systens.

The following halogeno- sutstituted p-n-alikyloxy benzolc

aclds wore therefora examined:

315=di=-fluoro=4-nathoxy tenzoic acid 215° (211.5)
3:15=-di-fluoro-4-n-hexadecyloxy bvenzoie acid 22° ( 94° )
3$5=di~-chloro~4-n-amyloxy benzoic acid 163° (134.5)
315=-di~chloro=~4~n-hexadacyloxy tenzoic acid 6U5( 95° )

The melting points of the corresponding 3-halogeno=i—ne
alkyloxy benzoic acids are included above in parenthesis.
¢ith the exception of 5:5—d1—f1uoro-4—methcxy bvenzoic acld,
the di=-halogeno~ compounds melt consideratly lcwer than the
nono-halogeno=- derivatives.The above four di-halogeno=
compounds exhibit no mesomorphienm and €0 the systemns are
otviously too broad to show the phenomenon.This 1s hardly
surprising in view of tho short phases shown by the 3-chloro-
and 3=fluoro-4-n=-alkyloxy benzoic aclids.
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5. The orizin of the smectic phase in the series
In all the homologous series examined 1n this investigation,

and in the p-n-alkyloxy benzolc acids and the trans-p-n-

alkyloxy cinnamic acids examined by Bemnnett and Brynaor Jones

as well as in the series of compounds exemined by Weygand et

al,the following characteristics always arise-

(e) the shorter chain ethers show either no mesomorphia& or !
purely nomatic phases, | |

(b) a8 the chain length is increased smectic properties are
introduced, |

- (¢) further(incréas@a in the chain lergth give rise to more
. pronounced smectic properties,and in mary cases nematic i

properties disappear. :
These facts make it seem that smectic characteristics ;

may depend on , ‘ j

(1) predominantly saliphatic proporties in the molecule

(2) the grester length of the long chain ethers

(3) tbe lower tamperatures et which the higher members of the
saeries nmelt. ‘
The following discussion makes 1t clear th@t condition (3)

is not a determining factor in smectic phases in any greater §
degree than it 1s to mescmorphiem,and that the importance of
conditions (1) and (2) mey lie in their altering the nature
of the packing of the molecules inhthe crystals at some
ésage in the sariles.
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~ The molecular distribution in the micelles of smectic end
nematic states 1s co:aidered to be that of linear molecules
which in the former lis with their erds parallel and 1n'the
latter with no regular arrangemsut of the snds of the molecules.

\ ~cmectic - .  Nemstic |
It con by urderstood that the longer alkyl chains may tend
to interlock to some extent thus fprcing the molemcules to lie
parallsl to ono apovlhier and with their alkyl groups aldngsid@ ’
each other.”hia would eliminato the imbrication necsssérj to
neuatic auates and so give rise to sqectic prOp@rtiea.Thia
idea is in a@raem@nt with the establishad fact that the longer
chains favour smectic b@haviour buz 1t would not account for
the variatlon in chain 1an@th 1n the different series at which
smectic pr@p@r&ies first d@VGlOp-T&@ chain lengths and the
melting points at which smectic properties first appear in the '
series are liav@d below in table 22.This elso includes the
melting point of the preceding purely nematic ethers.

In this teble,(A) represents p~n~alkyloxy benzolc acids,and

(E) ispresants 6=-n-alkyloxy-2-naphtholic acids.
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‘Table 22

Series Chain length MeDe nmepe of tha
| Denatic Sther|

(A) Heptyl (7) 92° 106°
3=Fluoro=-(_(A) Nonyl (9) 112.5° ‘125°
3=Chloro=(A) Octyl (8) 94° 117°
(B) Nonyl (9) 146,5° 161.5°
5=Chloro=(B) Hexyl (6) - 164° 189°
5=Bromo=(B) Heptyl (7)- 158° 178°
S=I0do=(B) Octyl (8) - 160.+5° 17¢6°
S5=Nitro=(B) Dodecyl(12) - 167° 173.5°
tr&ns- n-alkyloxy- . \

¢ aclds Nonyl (9) 158.5° 147°

In all cases there is a steep fall in melting point from

the last purely nematic memter to the first ether which

shows smectic properties.the inference hero may be that in

all solids,which are.cépable of exhibiting mesomorphic

properties,the molecules are arronged with their long axes

parallel,and with their ends in line 50 as to form layers,or,
in other words, with a smectic packing in the solid.If the
malting point is high,isotropy may result from the breakdown
of this lattice,because of the hibb therm&l agitations.At a

acmawhat lower melting point,a lattice of this type may

break down with a sliding motion of the molecules to form a 
mobile fluid in which the parallel distribution of the
molecules is maintained but not the parallel distribution of

ney
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the ends of the molecules.The imbrication will result in a
nenatic melt.At still lower melting points,as a rosult of
smaller thermal agitations,such a lattice may ¢ive rise to a
fluid'with the same arrangement of the molecules as in the
crystal lattice.This will give & smectic melt which,as the
temperature is ralsed,may then give a nematic phase thfough
a slidihg action of the molecules along thelr lenzths,or it

may result in a complete thermal breakdown 1aédin@ 0 an
| 1éotropic'11quid.
| If this is the case,temperature alone will determine
whether a systen will be nematic or smectic.It would therefore
seem reasonable to assume that it would be possible to ‘
induce a sm@ctic‘phase in mixed melts of two purely nematic
compounds througsh melting point depression, just as it has been
shown to bafﬁassible to induce a nematic phase in nixed melts
of two non-mesomorphic substances.The induction of a smectic -
phasa in tuls way would be most likely if the mixed melt -
consisted of the last puraly.n@matio ethers in any seriles.In
no case has this been found to be possible,however.These
negative results have been recorded on mixed nmelts of the last
two purely nematic members of the nine series listed in
table 22. , _ \

This léads %o the idea tiat there are two separate packings

of the molecules in the solid 1a£tic@s of ncmatic and smectic
substances.Taking the cubic unit cell as an example,the two
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possibilities nay be represented disgrommatically as follows:
(a) lienatic

heating to melting I I l
>

yody=centred " nematic liéuid
cubic lattice : '

(b) Smectic

heating to melting . I I .
I4 . .
o ‘ emectic liquild
The crystals of the substituted end unsubstituted p-n=-

alkyloxy benzolic acids and 6~n-alikyloxy-2-naphtnolic acids are
not of course cublc,and,as would be expected from thelr great

length compared to the other two dimensions,they are ortho-
rhombic.llowever,the effect will be the sane as abcve,so that a
nomatic substance would have a tody-centred orthorhonbic
lattice and a smectic substance a non-body-centred ortho-
rhombic lattice.

It was hoped to prove that different lagtica& obtained in

19



smectic and nematic compounds in the same series by measuring
the refractive indices along the crystal axes.However,these
substances have very high refractive indices and no liquid
of sufficiently high index could te found for a standard
conparison.The refractive indices could of course bte |
mneasured and calculated from a knowledge of the optics of
individual crystals of the compounds,and it is hoped that
this will be done at a later date.However,the examination will
not be casy from the point of view of mounting individual
erystals of these waxy,fragile compounds on a universel
microscope stage.

X-ray powder photographe have bteen taken on &-n-amyloxy-
2-naphthoic acid (nematic) and on 6~n~decyloxy-2-naphthoic’
acid (smectic).Although these have not yet been fully
interpreted there is an obvious difference in the two lattices, .
quite independent of the differences in spacing which will |
arise from the longer chains in the n-decyl ether.

It seems possible therefore that there is a change in
lattice type which causes the fall in melting point from the
last nematic to the first smectic ether in a series and that
enectic and nematic characteristics are determined by the
type of packing in the crystal lattice.The type of packing
preferred by any compound will be that which is closest,and
gives the maxinmum cohesion,and on this basis it would B@®N 
reasonable that the very long chain ethers,such as the hexa-
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decyl and octadecyl ethers,should te,as indeed they are,
smectic.kven by using atomic models it is however impossible
to begin to predict which packing is most likely in differcnt
casaa.Tnerefore.nd predictions are poésible about the point
at which smectic properties start.The followinz rezularities
whiech have been found ars,however,worth mentioningt

(a) the closely similar 6-n-alkyloxy-2-naphthoic acids and
trans-p-n-alkyloxy cinnamie acids both start to show smectic
properties at nonyl.Douttless the closely sinilar nolecules
will give changes in the packing at the same alkyl chain
length. |

(bt) the gradual increase in molecular dbreadth from S-chloro-
to 5-bromo- to 5-1@&0—6—§ra1k31oxyca-naphthoic aclds is
marked by a regular displacement of one unit of thoe alkyl
chain of the points at which smectic properties ere first
evident.These alkyl groups are hexyl,heptyl and octyl in the
chloro-,bromo~ and iodo~ series respectively.It is possible
that here,too,the gradual increase in size causes a gradusal
displacement of the alkyl chain length at which the crystal
lattice type changes,and that the result of this is a
displacement of the point at which smectic properties begin.
. Yet the rosults in table 22 show that it cannot be said
that incressed molecular breadth will ceause smectlc propertles
to begin later in the series.For example,the &6-n-alkyloxy-2-
naphtholc acids first show emectic phases at nonyl,and this
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is later in theo series than any cf tho three halogeno-
substituted serles.:oreover,the ilncrease in treadth from
3=fluoro= to j-chloro-i-p-alkyloxy benzoic acids is
accompanied by the smectic properties at a chain length which
is one unit shorter.lio explanation of these effects can Yo
offered and it can only be said that it is possible that the
mahy factors which govern molecular paciking are probably
responsitle for the irregularity in the chain lengzths in the
series at which smectic properties are first evident.lntil
nore 1s known of the crystallography of these many compounds
these ideas on the origln of the smectic phase can however
only be considered as tentative suggestions.

Summary of eonclus&pns'

Despite the number of compounds which hsve been examined,
very few definite conclusions can yet te reached concerning
the precise relationship Vetween molecular shepe and mesoe
merphism.lhe idea that troadening a long molecule will
reduce its mesomorphism is amply Justified and this reduction
ie made evident both by shorter phuse lengths and by the
appearance of mesophases only when longer alkyl groups are
present.The effect of the treadth of a molecule on its meso-
morphic behaviour is however difficult to dissociate from
other variables such as temperature and the 3tréngtn of the
intermolecular forcas.Thus'it is only possible to equate

btreadth cuange to mesomorphic bvehaviour when the temperature
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conditions are closely similar.This is the casae in the
5-halogeno~o-n-alkyloxy-2-naphthoic aclds,but the melting
points azain vary suffic;ently to make it impossible to say
that the Yrecadth changes are solely reSponsible for all the
effects. /hen the malting points do vary for the same ether
in two series,irregularities in mescmorphic tehaviour will
bte found,and in all cases higher nelting points lead to
shorter phase lengths.In the j-fluoro-i4-n-alikyloxy tenzoic
acids,the effaect of temperature has beenrn shown to te véry
marked.The present study does show that certain conclusiocns
can bve reached tetwean systems of different breadths,and it
gives some indication of how much the treadth of molecules
may be increased in different cases without destroying the
mesoxorphism.The wide difference which breadth incruase has
on the naphthoic and btenzoic acids,dus to the several
variable factors which Opsrate,méka it clear that it would bve
very hazardous to predict the possible mesomorphic behaviour
of an unknown compound mersly from its molecular dimensions.
Since thae effect of breadth increments can vary both at
different temporatures and for different molecule types,it
is evident that many more homologous series of mescmorphic
compounds must be studied before more firm conclusions can te
reached on the molecular dimensions nec@&é&ry for meco-

morphisn.
The comparison of the 6-~n-alikyloxy-2-naphthoic aclds and
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the trans-p-n-alkylexy cinnamic acids does at least ostablish
that similarly-shaped molecules c¢an te expectéd to exhitbit
very sinilar mesomorphic properties.Clearly,molecular shape
is of first importance in determining,not only whoether
mesomorphism will or will not occur,tut also in deciding
where the phase types will begin and end.

Considerations of the smectic phase,and in particular
of the stage at which smectlc properties first appear in a
series would sugzest thabt,hsre again,molecular shape is
critical because of ité effect in determining the paciking
of the molecules .in the crystal lattices.iithout doutrt, .
exaninations of the crystal structure of nematogenic and
smectogenic substances will give valuatble infeormation in this
respact.Both X-ray and pure crystallographic methods would
bte of value,and an intereeting field of investigation lies
ahead. | ‘

It is well establisched that the longer the moleculo the
nore mesomorphic is the system likely to be,provided the
lateral adhesion is increased in proportion with the length.
That is,a simple increase in the length by indefinite
increases in the alkyl chaiﬁ would simply lower the cohesicn
snd give an approximation to the aliphatic open chain
carboxylic acids which ara not mesomorphic.Tha preparation
of compounds,whose molecules are even longer than fhe

naphthoic types and which contain tenzene rings to maintain
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the lateral adhesion,chould glve valuatle ianformation
concerning the effect of tamperaturé,in relation to the
length and breadth of the moiecules,on the mesomorphism.
Ipvestigations along these linaes are Veing undertaken,with
the object of obtaining results which can be compared with
those for the series already described.Such studies should

shed more light on the whole phenomenon of mescmorphism.
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Discussion of the Fhase Length

Determinations



Determination of the Phase Lengths

Using an ordinary melting point apjaratus containing
liquid paraffin,it is possible to determine tho mesomorphic
transition points,because the mesophase is a turbid fluid
which is easily distinguished from the solid or the amorphous
liquid.The high vicscosity of the smectlc phase prevents its
flow as a normal liquid,causing adhesion to the capillary
walls.In the nematic state,the turbid fluid runs like a
" normal liquid of low viscosity and has a well defined
neniscus.The observations made are therefore:

A purely smectic substance

. tolid tl » smectic T, » isotroplc
At tl the sclid 1is replaced by the turbld,viscous melt
which adheres to the walls in the caplllary tube.0nly at LN
does this chow any mobility when it flows and clears at the
same time.The transition is reversible exactly at t, and this
effect ig readily seen by the taappaaranca of tha turbidity.
A purely nematic substance

Solid tl > nenatic ts > isotropic

At t, the 0lid changes to a turbid melt of low viscosity,
which flows sharply in the m.p. tube.At ¥, the turbidity
disappears quite suddenly and this trensition is again seen
to ve favarsible et this temperatura.

A substance showin; a nematic and a smectic phase

5011d —t;— smectic —t,— nomatic—1t 3— isotropic
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The transition at ¥, is tho came as for a purely smectic
substancesAt t, the viscous,turbid fluid runs to a cloudy
nenatic gelt which then clears at tj.The roverse changjze atb
t5 is easily observed.Although the nonatic-cmectic transition
1s‘alao revorsibvle at tz.it is not possitle to seo tha change
back to tho smectic phase in the capillary,unless there
happens to be a differcnco in the opacity of thoe two maso?
phases. S

Cf those transitions,the one most liable to be mistaken
is thoe change of the s0lid to tho smectic state.For example,
there may be a slight softening and lattice disintegration
in even a very purc solid,and,althou;h the transition to tho
semectic phase is sharp,it may be difficult to distinzuish tho
'sotc@ning solid from the viscous smectic mesophase.This 1is
‘ particulérly true in the long chain n-alkyl ethers such as
dodecyl,hoxadecyl and octadecyl,since sollds contailning these
ether groups are largely paraffinic and quite wax-like.
toreover,the running of the smectic phase to the nematic phase
is affected by external factors.Thus,if the capillary tube is
wido and tho amount of sample is small,the more mobile nematic
'phase may simply form a thin film on the wall and'be unadtle
to flow to any bulk of "liquid." Impurities and abrasions on
the surface of the glass ars also likely to prevemt sharp
flowing at the trancsition péint.All the transition points 4in
the tabtlos and in section A of the exporimental have therefore
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been rechecked by heating the sample on & slide and obscrving
the actual changes in appearance of the phases under the
nicroscope.The solid-solld transitions wero determined in
this way too.

The measurements mads ty G.M. Bennett and Frymmor Jones(6),
on the p-n-alkyloxy benzoic and trans-p-n-alkyloxy cinnamic
acids,war@ carried out in this way.The substance was melted
on a small strip of microscope slide(lem.x3cm.) and covered
with a plece of cover slip.Solid-solid transitions were secn
by the naked eye &8s a wave chan;e in opaclty which passed over
the specimen.The nounted specimen was lowered by means of a
thread into a test-tube serving as an inner air bvath surround-
ed by the heated oll tvath.The bulb of a thermometer was next
to the specimen,and the upper end of the test-tube was closed
with a cotton wool plug.The temperaturse of the oil bath was
now slowly raised,and the speciuen from time to time suddenly
removed,placed on a cold slab and examined to see if any
s01id-s0lid transitions occurred.The actual transition
temperature could thus be determined to about t1° by finding
two adjscent temperatures between which the obvservable
transition just ceased to be detected.The mesonorphic and
polymorphic transitions were thus detormined.

In the pr@s@nt work,a more direct method has ﬁaen used
for the transition temperaturas determinations.A hgating bloek
was constructed which could be easily controlled by an
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external resistance at any required temperature tetween room
tenperatursc and 300.The slide was housed in this bloci and
the mounted specimen could be observed throush a microscope.
A plan and side elsvation of tuis microscope heating block
are shown in fig.5 .70 minimise temperature gradicnts in the
blocit itself , high conductivity copper was used.ihe tlock is
approxisately 4X ins. in dlameter and 1% ins. thick and
consists of two parts which are bolted together.The block
was made in two parts to facllitate the clean cutting of the
élide slot and the thermometoer pockat.The % in. hole 1is
covered above and below by‘glass cover slips which are held
in position by spring clips.These minimise ailr currents
which ﬁa& glve local;a@d cooling on the part of the slide
being examined under the microscope.It may be mentioned that
when Opefating at high temperaturss,l.e. abovae 200,consider-
able sublination may occur and render tha upper cover slip
opaque.Since tils could not te removed with ease for cleaning,
- when high temperatures obtalned,the upper cover slip was
discarded and replaced bty an ordinary glasc nmicroscope slids
which lies over tho hole on top of the brass outer casing.As
tho slide became opajue it could be gradually pushed over to
a clean part.This made continuous observatlon easy even when
rapid sublimation occurrcd.The slide slot is cut to allow
eaéy incertion and removal of a slide and the thermoﬁ%gggiis
drilled in such a way that the surface of the bulb is exposed
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to the alr in the hole between the covar slips.the temperature
raocorded 1s thercfore that of tho sample mountod on the end
of tho slide and not msrely that of the copper tloek beside
tha hble.Samples ware mounted,as descrived above,by meiting
tetween a glass slida and a cover 8lip to obtain a very thin
film of the specimen.The heater consists of about 22 feet of
36 gauge,round Nichrome wire,diameter 0.0075 in.This has a
total resistance of about 250 ohms.The wire is wound on @
circle of mica sheat,3) in. in diameter,with a ¥ in. hole in
the middle.Sligutly larger mica sheéts of the sanme péttern
are placed 6n elther side and the whole heater i3 secured
agalnst the underside of the blcek by & ¥ in. drass plate of
. the same pattern as the copper block to which it 1s bolted.
The wire is led off from Yeaneath thse block to the plug at
the side,which is attached to an IL~shapad brass plats bolted
to the side of the block.

A trass outer case for the bloeck was comstructed.Two %lin.
thick circular brass plates of approximately 5 in. diamster,
with a ¥ in. hole in the centre,are supported some 23 1in.
apart by four pillars of brass tubing to which thg plates
are bolted.The thin brass outer casing 18 bent round the
circular plates and bolted to the pillars.lhe heating block
is housed in this outer csse from the sids of which the plug
nounting protrudes.Two brass tubtes are let into the top and
botton of the casing and meet the copper block beside the
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spring clips which securs the glass cover slips.These tubes
arc coldered and trazed in position and complete the outer
jacket.Two % in. layers of asbestos board btalow,ons 4 in.
layer of astestos board abovs and a ¥ in. of aaﬁestoa cement
round the sides insulate the copper block.The upper plate of
tha outor casing is securely boltced through the upjer
inculation to the top of the copper tlock. ‘

The whole instrument is mounted on the rotating stage
of a Paker polarising microscope.The supporting bracket of
this instruzent had been cut through and a 4% in. braess column
inserted,thus raising the tarrel and focusing arrangement
well above the stage.Using a 1) in. objective,there is there-
fors a distance of 0.6 in. betweun the 1nsuiatad top of the
ocouter casiny and the obvjective.The heavy insulation on tha
undorside protects the lower opticél system of the microscops
from over-heating.

In this instrusent,a sample mounted on the end of a slide
may be heated gradually and olLserved undsr the microscope
frea from sir currents.An 830 ohm variable resistence in the
external circuit makes it possible to control the rate of
heating 60 that it can range from very slow to fast over a
considerabls range of temperaturss.The following figures,
obtained while calitrating the instrument,illustrate this
pointe. ‘ A
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seclstance

Temperature aftor (min.)

Rate cf temp. rise

in (° per min.)
gﬁﬁﬂm 0| 30| 60|120|{150 (180|210 §%§i§ ?%f;*in
o 1225713207 = | = | = | = 7.2° 3.2°
160 10°130°194°| 248 260"| 268°|272° 4.,0° | 0.13°
200 10°| 92713571747 184°|192°195° 2.7° | 0.1°
300 12°| 60" 8271257131°|136°139° 1.6° | C.l°
400 177 557 747 987103 106°|109° 1.3° 0.1
5C0 20°| 4x°| 577 767 82" 85 87° 0.8° 0.07°

The preclision with which a mepe. valus could bo nade was

deterained by tokinzg the meps. of purified organic compounds

coverirng a rane of temperaturs from 40 to 30ULiho mep.

values were then determinad in the usual way.lhe corrected

values ottained ty the two methods asreocd within * C.25)

provided that a slow rate of heating was cmployed im the

region of the m.pe.The optimum rate of huating was 2°per min.

The desizn of the instrument with a 6lido slot in one side
has the advantago that the specimen under otcervation has a

very slight temperature gradlent across it.The melting begins

at tho far sildo from the openins of tho slot and pasces

guickly,tut as a woell defined wave iron¥,across the field of

vision.This was particularly valuatle in detormining cértaln

transitions which,had tiey occurred uniformly over the sample,

would have been difficult to thect.Thisvwave front effoct

mado all transitions casily otcerved however.
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! ethod of detoerminin; mesomorphic and polymorphic transitions

The compound was melted on a glass slido.A cover slip was
presesed down on tie nelt and,wien cold,a thin film of the
s0lid was obttalned.fhe cpecimen was obsorved visually and the
nusber of polymorphic end mesomerphic transitions was counted.
Ty heating over a small flame it was possible to deternine
how many of the polymorphic transitions were cnantiotropic.
Zach of tho solid states wus then examined and characterised
under a Cooko's polarising microscope.Unless the range of
stobility of a solid was very small,it was thus possitle to
deternine the extinction,tne relative birefringence usin: a
quarvz wodge in cenjunction with polarised znd ordinary light,
and to ascertain at the same time whether the substance was
uniaxzial,blaxisl,positive or nezative,and to examnine the
general appearance of the crystals.If for examplavth@ra wore
three solids,one monotroplc and two enantiotfogie,lt was
possible therefore,when the actual transition temperaturecs at
which the solid-solid changes occurred in the heating tlock
had te¢n measured,to recognise which so0lid was monotropic by
its non-appearance with rising temperature.ihen,to measure
these solid-s0lid transition temperatures,a frosh slide was
nounted (to avoid prolonged heating of one sample ) end
inserved in the heating b;oek.Th@ temperature was allowed to
rise fairly rapidly (say 5°per min.) and the approximate

transition temperatures determined.The block was then allowed
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to cool until solid T reappearcu and the moeasuremonts repcated
using a rate of heating of 2°per min.,from 10°below the
transition point and until each transition had occurred.In
this way the points for the solid-solid changes on the graphs
were oblalned.These changes were deterusined in either polarised
or ordinary light depending upon which gave the better contrast
in the specimen.

The mesomorphic transitions weras of course known fronm
ordinary me.pe determinations.The temperature was therefore
raised quickly to within 1¢° of tais value and then controlled,
using a suitable resistance in the external circult,to a rate
of 2°per min.The transitions wero seen as a wave front passing
across the field of vision;and the phase typec was easily
recognised as belng elthur smectic or nematic by comparing !
the appearance with those described for these phase types in
the introduction to this theslis.A few of the eharacteriatic
appearances of the phases are illustrated bty the photo-

micrograpns shown in section A of the experimental work.These
photegraphs wers taken down thse microscope with the sample in
the copper tlock heated to thg required tamperaéure to render
the,phase.stable.Ths magnification in all cases is approximate-
ly 25 diameters.The nematic phases wars generally threaded or |
plated in appearance while tae smectic phases always appearad

in tho focal=-conle structurc.These focal-conics ware much

snmaller than the well dofined example ofiathyl p=azoxXy-
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btenzoate shown in the introducticn (Plate 2).lhe (jeneral
appearance of the smectic phases was that of a very fine
nozalc.These mesomorphic’transitions were always otserved
in polarised light in which the anisotropy gives well.défined
appearances to the phases.The transition to the amorphous
liquid occurred when tae fleld of view becama completaly
black and extinct.The transitions,smectic-nerzatic,szectic-
smorphous and nematic-amorphous are precisely reversitle and
the temperatures were recorded in both directions.Without
exception,the two values wars the same for each transition. -
Phe accuracy of all measurcments is *0.25 and the tomp- .
eratures measurcd ware correctad for expesed stem.The very
short phases'found in a few of tihe compounds coculd not be
. measured accurately.In a m.pe caplllary thesoe transitions
eithaer passed unnoticed or were only just detectitle,and
are probsbly less than 0.2°in length.
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Experimental Section A

lieasurement of Phase Lengths



A. Measurcments (all me.p. corrocted).

The thirteen ethers examined (methyl to decyl,dodecyl,
hoxadecyl and octadecyl) are all mesomorphic.Nematic phases
alone were 1&m1ﬂm in the first eight members,but increase
" of the alkyl chain to nine carbon atoms imtroduced,in |
addition,a very short smectic phase.The smectic phase length
gradually increased with corresponding decrease in the
nematic phase lm;mvil.m the hexadecyl ether,a smectic
phase alone was found.The trensition point and melting point
rise slightly for the octadecyl ether which is also purely
mawm.mﬂwmm and monotropic transitions were
observed in several of theso wiwr aclds, S
)~nonatic~206-6014d)s
The nematic phase appears &8 tiny droplets which coalesce to
give a nematic plate structure with well defined nuclei and
threads,and exhidbiting high doudble refraction.The solid - |
appears as arborescent crystals which show very high doudble
refraction and straight extinction.Individual crystals are
tabular and positive m.mm. . h changes are enantiotropic.
e lth apl Lo (mwpmwa&amatimalywlm).
Tha nematic phase first appears as tiny droplets,but these
rapldly coalesce to form homogeneous planes which show high
double refraction.The solid 1s acicular,positive biaxial and
has high birefringence.The extinction is straight.Both B
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chmés m enantiotropic.

' aphthoic acid(amorphous-208,. .
) solj.d) oThe nematic phase is very similar in 1ts mobility to
that in the ethoxy acid,but 1ts double refraction is lower.
The colours are 4th order in parallel light and between
+These

-ecrossed nicols.The s0lid appears as blades or prisms

have very high double refraction,straight extinction and
parallel clsavage and give positive dlaxial patterns.Again
both changes are enantiotropic.

mu.dI.Sol&dI is ma&mpm) +The nematic forn,when coalesced,
has a highly threaded structure with high flow properties and
high doudble refraction.If the temperature is allowed to fall,
the threads disappear and the mobility decreases until the
structure becomes homogeneous change in doudble
refraction.Solid I appears in large plates which show parallel
cleavage,stralght extinction and 4th order double refraction.
This passcs over to the more confused spherulitic structure

. of the stable 50lidT «This is similar to s0lid T in all its

- properties,excopt that the double refraction is higher.The
crystals are positive and biaxial.The changes are enantio=
tropicyaxcept those involving aoudn .

© ©

wud)ow tho threaded nematic phase first appears,the
double refraction 1is only first order,but,as the temperature
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falls, t%ha oxrder rises to greator than 4th.The solid
crystallises in blades which are arranged  in spherulites.The
blades show straight extinction,parallel cleavage and high
double mﬁm@i@n and are mitiw bilaxial.Both changes are
enantiotropice

. naphthoic acid(emorphpus—198.5-nenatic-147=

_ 80114T,580144 T is mm@mma);’mm nematic droplets coalesce
to give a highly mobile threaded structure which rapidly
develops centres and has 4th order double refraction.At

about 180jthe double refraction becomes very higheScl4dIC
appoars as a fan-like structure of vory fine needl

wraxm extinction.The blades of stable solidl have straight
extinction and parallel cleavage.Poth mma have vory high

solid 1. %WWT)«%@ nematic form(Plate IS) 48 highly
threaded and the doudle refraction increases from A4th to

very high orders with falling temperature.S50lid T crystallises
extinction.Then e£0lidT appears in very similar,but smaller
blades.Both solids are positive dilaxial and all chang

solid T ~1$9.W1@I ).‘khs nenatic form m«mw to a
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homogeneous threaded structure(Plate I5 ) which,on cooling,
passes from 3rd to very high orders of doudblo refraction.
Moreover,the structure develops centres and becomes plated
befors the transition to solid 1T m@h.alxhe@h of narrow
range,supercools markedly.This solid i1s comprised of
spherulites of broad clear blades.SolidTI is much more opagque,
and resembles solid T with the injection of i:my noedles.
Both solids have a high double refraction,straizht extinction
and parallel cleavage.SolidI was identified as positive

bilaxial and all changes are enantiotropic.

Plate 16

(-}

gmectic~146.5-5014d I -ust-wxml:)‘rm nematic phase is
plate-like with well-defined cemtres(Platelé) end the
birefringence is high.The transition to the smectic is easily
detectible,when the whole changes to a very minute focal-
conic structure.Solid IT s acicular,the erystals show
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straight extinction,parallel cleavage and high doudle
refraction.S0lidT 1s similar,but has a denser structure with
a higher direfringence and was identified es positive bi-

| exial.All changes are m’aiotmm.

| mmxwwwmm).m plat@d nenatic phaso is easily
distinguished from the fine focal-conics and oily streaks of
the smoctic phase,although both have high double refraction.
The s0l1d crystallises in large sheets with straight
extinction and parallel cloaveges.The birefringence is high
and the crystals are positive biaxial.All changes
enantiotropice

smeeti.c

hoie acid(emorphous l?wmﬂwwo-[\—lw-
ematic end smectic phases are vory sinilar to
those descridbed £w decyl,but the smectic form has a lower
(4th order) doudle refraction.The smoctic phase is &
Plate |7 «The solid is comprised of fairly large plates which
end of 4th order birefringence.All |

bura &a mw to fally3xd order colours are seem in
poas which develop.The &olid appears as a mass
sh are positive biaxial.All changes
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are onantlotropic.

NEMATIC PHASE-- 5-CHLORO-6-*.-
Butyloxy-2-naphthoic ACID

Plato 17 Plate 18
G-n-Octado<r/lo-0T-2~gpirthoic aoid(@aorphous-1G17'saectio-
I1*£sol1d).The smectic phase is very similar to that of the
hexadecyl and the texture again becomes coarser as the
temperature falls.The larger areas which develop have 1st
order double refraction.The solid i1s a mass of waxy plates
which are positive biaxial and have 1st order birefringence.
All changes are enantiotropio.

2« 5-Chloro-6-zwalkylaxy-2-naphthoic acids.

Of the thirteen ethers exanined (methyl to decyl,dodecyl,
hexadecyl and octadecyl) jrethyl and ethyl alone are non-
nosomorphic.From propyl to anwyl the acids are purely nenatio,
but 1n hexyl,a short smectic phase appears.This gradually
Increases In length at the expense of the nematic>»which
makes i1ts last appearance in the dodecyl ethor.1"ho last two
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menbers of the series ave purely smectic. The transition
points to the amorphous liquid alternate for odd and even
mbem of carbon atoms in the alkyl chain and lie on two
 distinet curves.This is shown in the graph for this series.
Enantiotropic end monotropic polymorphien |
several of these acids.

In both cases,the mm appear as a@iwlar crystals which
mmm end high Muhla refraction.They are

p@swive blaxial

nemat1c~219.5-8011d)Even when the amorphous liquid is cooled
very slowly,the short nematic phase is over-taken by the
crystalline s0lid which d0es not super-cool 11y.This

ura vefore the nematic form has coalesced.The solid ia

acicular and the extinction is oblique.The double refraction
is very high and the crystals are positive blaxial.Both
transitions are enantiotropic.

614 (anorphous~216e 5=
wm.t oS0l4d 48 r wpw).Whm the nematic
e first foms,the birefringencoe is high and the structure
is very mobile with many thresds.As the temperature falls
towards 2105the double refraction decreases to 3rd or 4th
order«S50l1id T erystallises in broad clesr sheets,in contrast
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to the ﬁ.:w acicular structure of solidI[+Both solids have
high double refraction and gﬁﬁgﬁ& are positive dlaxial.
The changes are enantioctroplc,except those involving solidTl e
1d(anorphous-208-nenatic~
189=80114 TT =162=5011d TeSolid 7T is monotropic).The highly
birefrinzent nematic phase has characteristic plates gnd
threads.The latter decone less well-defined as the teaperature
falls.501id T consists of clear blades and the sppearance of
solid 7/ 18 marked by the injection of fine needles into this
structure.The stable s0lid T crystallises as a mass of dis-
torted dblades 'm needles.The three solids have high double
refraction and oblique extinction.Solid Twas identified as
positive biaxial.Except for transition to solid IL , the '

anges aroe enantiotropic.

mwawzwxwmzz «134=80114 T «80144 T is momotropic).
The plated nematic phase has a high double refraction.The
emectic form is of very narrow rangs,but has a characteristic
focal-conic structure and high birefringence.The three solids
are identical with those found in the hexyl ether.Again
5011dT was shown to be positive biaxial. |

¢ acid(anorphous=201=

~ penatic=176. weww-mﬁ.ﬁ-mxmv‘ «5S0lid 148 monotropic).
coalesced droplets of the nematic phase form a very
~ homogeneous structure,containing only a few threads.lematioc
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plates develop and the double refraction falls to about 4th
order.Then the smectic form appears as a ﬂne mozalc,with
oily stroaks.Solid JI crystallises in large clear plates mah
soon pass over to the stable s0lidT «.This is very similar, |
but the translubcent areas are much larger.Both are positive
blaxial,extinct obliquely and have high double refraction.
5wChl naphthoic acid(amorphous=197.5=
nmnmm.s-mmm-m-wuar «50144 1 18 monotropic).
The nematic phase has a highly centred structure of high
birefringence,which falls with rising temperature and is only
4th order at 195.The smectic form has & very homogeneous
focal-conic structure.Solid . crystallises in large,clear
~ sheets which have 4th order colours.5olidr eppears in smaller
sheets of much highor double refraction.Both solids extinct
obliquoly and are ly ordered,the whole section of the
£0l1ds behaving as a positive biaxial m'su.m changes
are enantiotropilcyexcept those involving solld il
S=Chloxe onylo: thoic acid(anorphous=194.5=
enatic-185, 5~sn0ct1o=169=50114 T +5011d L is monotropic).
The nematic form is almost homogeneous and the double
refraction is only slightly greater than 4th order.The smectic
phase consists of very minute focal-conics,but the doudle
refraction is high.In Pla!&o 19 ,the smectic form,on the right-
hand é&do.is seen invading the more homogeneous nematic phase
~on the left.Solids T end IL are identical with the correspond-
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ing solids of the octyl ether*
However,in this case,both solids
have a double refraction which is
much higher than 4th order*Again,
both solids are ordered and the
sections behave as one positive
biaxial crystal.ihccept for the
changes to solid jT ,all are
enantiotropic*
Plate 19
5-Chloro-6-n-decyloxy-2-naphtholc aold(aaorphous-192«5-
nematio~186*5-sncctio~167-solid)»'I'lhe nematic phase has a
well-defined plate structure which has a very noticeable
mobility«<The smectic mosaic of focal-conics has slightly
greater than 4th order birefringence«The solid crystallises
in badly defined plates which are less translucent than
the solids of the previous two ethers»The double refraction
is still high but the degree of order of the crystals in
a section is now lower,as indicated by the smaller number of
positive biaxial pattoms.All transitions are enantlotropio*
5-Chloro-6-n-d.odoc.yloxy-2-naphtholc acid(amorphous-137<5-
nematic-185.5*-3mectic-152-solid)*Tho short nematic phase
is threaded and the birefringence is 3rd to 4th order,as is
the case for the smectic form which appears in a fairly

coarse focal-oonlc structure«<The only solid crystallises in
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snall waxy plates which have 4th order colours.Again,the
so0lid is abundant in orientated positive bisxial crystals.

All the transitions are enantiotropic.

1 OP O L oxy-—2-napht : av;»(amoxphguﬂ-178.5~
smectic-14245-8014d I =119-g01id _).0n cooling,the amorphous
liquid passes directly to the smectic form,which appears as
Emall bdtonnets.These coalesce to a fine focalwconis structure
of 1st to 2nd order double refraction.Solid i crystallises
in distorted spherulites of fine needlesjsolid I consists of
ill-defined waxy plates which show a fair number of positive
biaxisl patterns.Both solids have the same bir@fniageace as
the smectic phase and all the changes are enantiotropice
5=Chloro-6=n-octadecyloxy=2=naphthoic acid(amorphous=174.5=~
smectice138.5+8014id I ~126~8014d T)«The emectic phase is
identical in appearance and behaviocur to that of the hexa-
decyl ethers.In appearance and birefringence the two solids
are also very sinilar $o those of the lattor ether.solid T
has fewer positive biaxial patterms.All transitions are

enantiotropic. |
In this series,the orientation of the stable molids on
class seems to incroase up to octyl end then to decrcase with

The methyl and ethyl ethers do not show mesomorphic
9r@pex®iaafvs@w‘pm@yal to hexyl,a nematic phsse alone is
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observed,but in heptyl,a short smectic phase appears.This
gradually increases in length at the expense of the nematic,
which makes its last asppearance in the dodecyl ether.The last
two mendbers of the sérioa are purely smectic.As was found for
conpounds,the transition points to

the corresponding chloro=

the emorphous liguid lie on two distinct curves.Enantiotropic
end monotropic polymorphism was observed in several of these
aclds. |

thoic(anorphous-28l=solid) acidse.
Poth orystallise in needles which extinct obliquely.The
double refraction i8 very high and the crystals are positive
biaxiale ' |

longer than 0.2.1% is soen 88 a very narrow wave-front before

the crystals.If the slide is suddenly cooled by a Jjet of .air,
the nematic form shoots ashead of the crystalline,but,on
stopping the air supply,it is rapidly over-taken and frequent-
| 1y obliterated by the solid.Py sudden chilling,the nematic
form 1s seen to have a characteristic threaded structure of
high doudle refraction.The solid crystallises in t&ne‘ needles
which have high doudls refraction,are positive biaxial and
extinct odbliquely.All chang:




213~8011d Z+S011d I 48 monotropic).The nematic phase 1s again
short,contains many threads and is highly birefringent. The
o ac.‘._.eulau:' crystals of monotropic solid 7 soon appear and, in
turn,this changes to the stable solid Z.The latter has a more
dense acicular structure which becomes cracked and overgrown.
Both solids show oblique extinction,high double refraction
and positive blaxial patterns.With the exception of the
transitions to solid 7 ,the changes are enantiotropic.
-naphthoic acid(amorphous-207=nematic- .
196¢5=8011d I ~193-8011d 7. =163=8014d )+ Vhen the ninute
dropleta of the nematic form have cmlwwd,ww give a homo~-
geneous structure of 2nd order birefringence.lematic plates

soon develop and the double refraction increases to 4th order.
Bolids 77 end 7L are acicular and the transition between the
two is not resdily seen.The latter has a denser structure.
aélmrm an extremely confused acicular structure.The high

birefringence of £olidT decreames slightly as the changes

to the higher temperature 'mstal ﬁ@ﬂifi_@&tim are nade.All
are positive biaxial and mum obliquely.Bach transition is
enantiotropic. |

178%8011d T ~174+5%s014d IC ~wmmmr).tma
hes a typical threaded structure(Plate20)of high double
refraction.So0lid 7il. erystallises in an open dbladed structure
which contrasts with the acicular solidJC «The overgrown
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needles of solid x. fora a confused
masselhe throe solid® are strongly
birafrJLngent and show oblique
extinction.Eone of the solids was
proved to be positive biaxial .All

changes are enantiotropic.

late 20
5-Bromo-6-n-heptyloxy-2-naphthoic acid(anorphous-199-neiaat ic~
165"smectic-153"solidIL-1""h.~sol1dXJ.The mobille nematic
form is threaded and the smectic form consists of small focal-
conics .Both phases have a high double refractiontas iIs the
case for solidIC which crystallises in large translucent
shoots,and for the maos of small plates which constitute
colidH.Both solids extinct obliquely,but,again,no optic-sign
pattems were found.
9-Brono-u-n-octyloxy-2-naphthoic acld(@aorphous-196-nematio-
173*5-smectic-16n"sol1dIL-122-sol1dH) . Ihe threaded nematic
form has 4th order double refraction which rapidly increases
2-3°before the appearance of the smectic phase.This iIs very
homogeneous and i1s succeeded by solidsc which crystallises iIn
clear sheets.The stable solidXis made up of small platos.In
both solids the double refraction is high and the extinction
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is oblique.Poth solids are positive biaxial and all the
transitions are enantiotropic.
S-Promo-6-n-nonyloxy-2-naphthoic acid(amorphous-192.5~nenatic-
179+5-smectic~168-g011id).The nematic form appears as very

large homogeneous patches which are separated by threads and.
show 4th order colours.The strongly birefringent smectic phase f
is ﬁkine mozaic of focale-conics with olly streaks.The solid
crystallises in 1arge.claar;hamoganeous plates.The extinction
is obligue to the faint cleavage and the double refraction i&'
high.The crystals are positive biaxial and~a117the chanzes are
enantiotropic. |
S=Rromo=Gen-decyloxy-2-naphthoic acid(amorphous~189.5~nematic-
182.5=-emactic~167-s0l1d)+The 4th order colours of the plated
nematic phase contrast with the bright whites of the strongly

birefringent smectic form which appears as a fine mozalc of
focal-conlcs.The extinction ia obliquoe in the large sheets in
which the solid crystallises.The double refraction is now |
beginning to decrcase as the chain length increases and is

only slightly greater than 4th order.The solid is positive
biaxial and all e&ang«s are en&ﬁviovropic.
SeBromo=G=n=dodecyloxy=-2-naphthoic acid(amorphous-183.5= |
nematic-182-smectic-151.5~8014d).The very short nematic and

the smectic phase are identical with those for the dscyl ether.

The solid 1is clear,but consists of a mass of plates.The double
refraction has fallen to 2nd order and the extinction is
oblique.The plates are positive biaxial and all the transitions
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are @nantiotrbpic.

S=Rromo-G-n-hexadecyloxy-2-naphthoic acid(amorphous=173.5=
smectic~133.5-80114)+Fhe smectic phase first appears from the
anmorphous liguid as b&tqnnets which coalesce to a mozaic of
small focal-conics.The solid crystallises as a mass ot tiny
plates.The s0lid and the mesophase have 1lst to 2nd order
birefringence.Individual detvterminations on separate crystals
show that they are acicular and positive biaxial. Poth

transitions are enantiotropice
ggur@@puﬁan-o@aad@@x;ggy—agaﬁghnggga acid(amorphous-172.5= o
smectic-135.5-8014d).The smectic phase and the solid ére |
very si&ilar to those described above for the heoxadecyl ether.
The double refraction is slightly lower(2nd order),and in
this case it was possible to show that separate crystals
extinct obliquely.Poth changes are again enantiotropic.

In this sarias,thitae@n ethers were again examined.lethyl,
ethyl and propyl are not mesomorphic,butyl to heptyl are
nenmatic,octyl to dodecyl show both smectic and nematic
properties,and hexadecyl and octadecyl are purmly smectic.
Enantiotropic and monotropic polymorphism is an outstanding
.feature of the series,but few of the solids were established

as positive biexial.
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of these ethers crystallise from the isotropic melt in blades
which fan cut and form spherulites.The cleaveze lies parallel
to the long axis of the blades.Individual crystals obtained
from glacial acetic acid are almost perfect rectangular

plates which are positive biaxial and show straight extinction.
If the methyl ether is heated gently on a slide,the liberation
of iodine i1s only slight and a clean isotropic melt can be |

obtained.

pyloxy=2-naphthoic acid(amorphous-230=s0ldd 7l «
21380144 7 «80144 7_ i3 monotropic).S0l4d 77 crystallises in
very fine needles which pass over to the coarser acicular
structure of s0lid7 +The stadle solid T crystallises in a
very confused and overgrown acicular structure.The three
solids have very high double refrastion,show oblique
extinction and are positive diaxial.
5-I10d0~6=n~but yloxy-2-naphthoic M(memhow&l%mﬁ@
219-80144 77 -203-s011d T+S0lid . is momotropic)s The
behaviour of the nematic is identical with that described for
S=bromo-t=p-propyloxy~2~naphthoic acid«.The phase length is
not gmm@x then 0.2.0nly when the melt is rapidly cooled
is the meso-phase seen as a threadsd structure of high
‘double refraction.Solid 7. quickly crystallises in large |
clear necdles.Solids 7 and T are also acicular snd all three
are similar to the eolids of the preceding ethor.The changes
are emantictropic,except those involving solid i,
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5-10d0=G-n-amyloxy-2=-naphthoic acid(amorphous-204-nenatic-
203%8014d 77 =176.5-8014d 7 ,Solid 7. 18 monotropic).The nematic

. phase is agai,n threaded and has a high birefringence.The
three s0lids are identical with those described for the propyl
‘ether of this series.All transiticns are enantiotropic with
the exception of those involving solid 7 .

- phthoic acid(emorphous-198-nematic~
191-s014d 7 ~162%80144 T.S0114 7T 48 monotropic).The nenatioc
phase is homogeneous except for a few threads and the double
refraction is again high.The three solids are again identical
. with those of the propyl ether,although 801147 is less cone

fused and overgrown.The transitions are enantiotropic except

when they involve s0lid 1L .

a=heptyl oxy-~2=naphth (emorphous-189-nenatic-
176=-8014d 7 ~lﬁ~9.M@1&dT.SQudL is mtmpio).cm first
eppearing from the amorphous melt,the nematic phase is
ebundant in threads and the bmmmww is high.This soon
decreases however,and when the solid begins to crystallise
the value is only 4th order.The three solids are sgain
identical with the s0lid states of the propyl ether.The
changes are enantiotropic,except those involving solid 7l .

) {: YL oXy =2 10ic_acid(amorphous-185.5-nematic-
161.5°emect10-160.558014d 7 =138%s014d T .Solid 7 is mono=
tropic).The nematic phase has a plated structure and the
double refraction is only 2nd order.The narrow emectic phase
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appears In characteristic,tnou snail focal conics and has

a high birefringence.Once more,the three solids are identical
with those of the propyl ether and tho changea are enantio-
tropic,except when they involve solidIT*

S-1odo-G-n-nony loxy-a—-naphthoic acid(@amor ghouee -v-2-oeatio-

167 smecfcic-16 jfool idiT -125"soi idT «¢ ol idIELis nonotropic) «
The highly biréfringent nematic phase consiste of large homo-
geneous areas containing a few well defined threads (Plate21)-

The smectic phase iIs very
similar to that of tho octyl
other described above .dolidlir
crystallises In large clear
sheets which have only a faint
parallel cleavage.bolidlLappears
In radiating needles which then
change Into the confused bladed
structure of tho stable solid1™*
In all tairea solids tho double refraction is high«the
extinction i1s oblique and positive biaxial pattems are found*
¢¢aogpt for changes to solidHI «the transitions are enantio—
tropic.
>»lodo-. J-n-d9oylox,y~ 1-ngahthoic acl t@norphous-17ve; ¢ nomatic-
167-eciO0tic-16>-oolid s -11V-BolldJ*dol1d77T 1s nonotropic).
The nematic phase,the smectic phase and the throe solids ore
closely similar to those of tho nonyl ether,and the only
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nonotrosic trancitions are those to solid M.
gyxado-ﬁumndad@Qz$g§3~a~n@ghthé§c aaid(amcrﬁhouﬁél721n@masio~
1658000t 1c~14Ge 580114 I =113=p01id I +5011d T 15 monotropic)s -
The nematic phase 18 plated and the mm@atia phase consists of
very fine foaal~can1@3,but;1n both,the double rafraetian'haa
fallen to lst-2nd order.The throe solids are identical wi%h'

thosoe of tho nmonyl ether.The transiticas are anaatiotrvyi@,
except theae involving so0lid 7.

&&@@@l@w135o5~$@liﬂl~.~103~$@liﬁlf)oﬁh@ snactic paas@ appears
from the amorphous liquid in datonnets which coalesce to
produce a fairly coarse focaleconic @@ruéﬁar@‘na@& solids
crystallise in blades,but those of solid I ars larger and
clear.The double refraction is lst-2nd order in the solids
and in the meso-phases.The 80lids have only faint parsllel
glamvu@@ and the eﬁﬁinQSLan is oblique+.The solids éra positive
biaxisl and all transitions are cnantiotropic. ‘
wma@%&euia?-aezxal_'~ll8~ﬁalid1_).rha cuoctic phase is
identical with that ol the hexadesyl @%ha‘.ﬁalﬁal_.erya@all&a&s
in waxy plates of lst-2nd order birefringzence.Solid T appears
in even emaller plates of lot oxder double refractioneshen |
individual emyawala'or tho s0lid were e#amin@d,kk@ae wore
r@aad‘to ba woll defined prisms which show obligue @Mﬁiﬁ@@i@aa

All transitions ars emantiotropice
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alkylexy-2=naphthoic acidse
Tho complete series of thirteen ethers was not prepared,

since mesomorphic properties do not appear until the nonyl
ether.liematic propertiss persist bveyond the dodocyl ethar
m are found in the hexadecyl and octadecyl ethors.Poly-
morphisn is marked in the highor sthors which wers examined.

iaphtholc acld(anorphousw302«-s01id).

The solid cr,,mallisw in well defined priesns which extinct
odbligquely end are positive blaxisl.The doudble rofraction is
vory high.

. neanyloxy=2e-naphth m(mamwlw&mm' .
Soldd 1 is mwmpm) «£014d 7T erystallises from *.zhe
anorphous liquid 4in large clear plates which have a distinet
parallsel cleavage.Solid T appears in broad arborescont sheats.
Both mu.u are positive blaxial and show oblique extinction.
The doubloe mf&w@im is agaln very highe
en=0otyloxy~2=naphthoic acid(amorphous=187-s014dT -
1530.)'*@03.1&.1_)‘&@11&& crystallises in well defined prisnms
which change over 'aﬁéaud aftor standing for soveral
ninutes.Solid7 has an opaguu structure of emall,distorted
bladess.Foth solids have hizh birefringence and oblique
extinction,and are positive blaxial.The transitions are

enantiotroplc,

Swali LG DO yloxy-2=nachtholc acie (wcrphawwwmtim
l?@»;—-a@l:&dﬂ_ ~1w~ammu.wm anorphous ligquid fraguontly
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eguporcools and only crystallisation is seen.Howevor,if the
slide is chilled,the nematic phace is seen as a threaded
structure of lst order birefringence.colid IT erystallises in
large clear shoots which show only very faint cleavase lines.
£011d T has a more dense structure of .omal

ler artorescent
sheeto.Nothsollids extinet obliquely,are highly birefringent
and chow many positive bilaxisl patterns.The 'tsmmmiem are
enantiotropice '

Swlit ro=bmnedecyloxy=2=naphthoic acid(emorphous175-nematic-
173.5=80144 77 ~133%8011d 7 )«The nematic phase is very homo-
geneous and tho double refraction is only lst order.ihe
golids are v@y sinilor to the corresponding solids of the
nonyl ether,except that the birefringence is now lowered to
4th order.All transitions are ensntiotrople.
nmﬁiM?WaWimwM@ud I «131=-8014d 1 )e«The throaded
nomatio phase soon changed
smoctic phase.Poth mesophas

e3 havo lst ordoer birefringence.

Again,the golids ere eiw@ly sinilar to those of the nonyl
ethor but the double refraction is only 2nd-3rd order.All
changes are enantiotropic.

end smectic phases are idontical with those described adbove
for thoe dodecyl cther.Solid 7T crystallises in blades and
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501id 7 in snall waxy plates and the double refraction of both
is lot-2nd order.They are positive biaxial.Crystals of the
solid,obtained from ethyl alcohol,are acicular and show

obliquo extinctlion.All transitions are enantiotropice

nonatlcel5d e =onoctic=152+0011d 1T =755=-8014d L) foth neao-
phases are again identical with thome of the dodecyl ether,
Solids I end L crystallise,in this order,in waxy plates,those
of ©0lid 77 bein: larger.Poth eolids are positive biaxiasl and
theix- birefringence is lst-2nd order.Crystals of the solid,
obtained from ethyl alcchol,sre acicular and ghow obligue
extinction.All transitions are enantiotropic.

The nethyl and Myl to h@p@yl ethers have been pmp@m
ecomorphisn.In the octyl ether,a short nomatic
sars and in the nonyl ether,an addfticnal smectic




50114 oryetallises in well defined prisms which show oblique
extincticn and very high birefringence.
3=T1luoro=t=n-butyloxy benzole acid(anmorphous-142.5-0011aT -
1375=s014d T ).&olszt_ crystallises in almost clear sheets
'me 501441 in narrow,radiating dlades.In both cases the
double refraction is high and the extinction odbliqua.
3-Fluoro=t-n-amyloxy benzoic asclid(amorphous-137-s0lid T -

- 9945=-5014d T )s50l1d T erysiallises in broad blades.The leng,
fine neodles of solidLgive a very opague struckure,but, in
both cases,the double refracticn is high and tho extinction

-

obliquo,

gain identical in w@@ewiw
ing s0l1ds of the amyl ethers
u?wal&d i MML)»%@ nomat ﬁm appears from
the amorphous ligquid as tiny droplets mm[&oea;éa caded
s 3rd-A4th orxder interferonce
urs which fluctuate slightly.Solid I erystallises in

rge cloar sheots and s0lid Tin fine radisting nocdles.

Poth solids have high double refraction ond ehos

" extinctione.All transitions aro cnantiotropic.

odblique
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3=P1UOrO=A=n=nOnyLoxX] ncid(emorphous=116.5-nenatice
12,5-smoctic~112.5=s0lid IL ~109=80114 T )+The noms
clossly resembles that of the preceding ether,but the dwhlo
refraction is higher (slightly greatoer than &4th order).On
3@@@& chilling,the emectic phase is seen as a fine mozale
of focalwconics.The double refracticn is difficult to detere-
nine,since crystallisavion occurs so quickly.The solids ave
elso very similar to those of tho octyl ether.All

tic form

are enantiotropic and the smectic phasa
than O.2.

phass is succeeded by the small focalwconid
phese and both have a double refrastion which is considerably

greater than 4th ordsr.All transitions are enantiotropic.

° oMy ‘k&@u

gether,but the double refractlion is only 4th order.iolid E:
crystallises in broad clear sheots,solid IT in fairly large
neodles end £011d7 in very fine noodles.Tho opacity increascs
in this order and the doudle refractions are lst order, and
order and 4th order respoctively.All the solids extinct
obliquelys.The transiticns are enantiotropic,except when thoy
involve solids IL and I7 . |
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3- 'luoro-'tn-hoxadanylon:, bonsolc acld(a”oryhous-Illl-sneotio-
94-solid)»ihe b&toxiueb© of tho
snoctie phG.no appear from the
amorphous liquid and coalesce to
a typical focal-conic structure,
fills In tiOQOTI in late 22 ,in
which the amorphous liquid is
black and completely extinct.

The double refraction of the
plate 22 phase is only 1st order.iho solid
crystallises in snail waxy plates which have Ist-2nd order
colours.Both change* are enantlotropio.

fr- luoro-~wn-octadocylojc/ benzoic acid(amo.iphous-lI"sEoctio-

II>solid XA -79*5-GolidX).The saectic phase is identical with

that of the hexadeoyl ether.hoiid XLcrystallises in Irregular

blades and solidjTin snail waxy plates.Both have a first order
birefringence and all changes are enantiotropic.

7* 3-Chloro«™*n”alkyioxy benzoic adds.

Like tho corresponding fluoro- compounds,no raesomorphlen

is found until the alkyl ¢roup contains eight carbon atoms*

In this series however,the phase lengths are very short.The

longest is the 3°smectic phase in the hexadecyl ether.fhose

ethers which are mesomorphic have both a nonatic and a smectic
phase.The nup* rises quite sharply in the octodecyl ether

which is not mesomorphic.
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3=Chloro=-4-nethoxy benzoic acid(amorphous-217.5-s011d).

3=Chloro=-i4=n-amyloxy benzoic acid(anorphous=134.5=s0lid).

5-Chloro-t=n~hexyloxy benzoic acid(amorphous=-12C=solid).
All three ethers crystallise in well defined needles which

show obliqué extinction and a high doutle refraction.lio
positive blaxial patterns were found in sny of tho solids.
3=Chloro=l=n~heptyloxy benzoic acid(amorphous-117=-s50l1d T -
111-6011d T ).8011d T crystallises in btroad blades which
extinct obliquely and have a high double refraction.These

properties are also shown by the smaller,denser blades of
5011d T which was identified as positive bilaxial.Toth changes
aré enantiotroplic. | |

3-Chl oro-4-n-octyloxy benzoic¢ acid(amorphous-95-nenatic=94=
‘smectic-94=s0lid I ~90=g01id T ).The strongly birefringent

nematic phase has a typical threaded appearance.The very short
snectic phase i1s seen only if the slide is chilled suddenly,
when 1t appears in a focal-conic atructﬁre.?h@ phase length 1s
less than 0.2° and no details can bte seen before solid I
appears.5olids™ and T crystallise in blades,tut the latter
1s much more dense and opague.Both s0lids have very high
double refraction,oblique extinction and positive bdiaxial
properties.All transitions are enantiotropic.
3=Chloro-4=n-nonyloxy benzoic acid(amorphous-94.52nematic-
93.5~sncctic-932s014d T -85%s0lid T ).The throaded nematic

phase and the focal-conic smectic phase are btoth strongly
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birefrinsenteThe broad blades of s0lid Il and the radiating
nocdles of solidT aro. easily distinguished and have the same
pmp@r&iw as tho corresponding solids of the octyl ether.All
the transitions are enantiotroplc.

| seyloxy benzole ecid(amorphous-101-nenatic=100=
smoctic=99~e01id T .Cclid IL 45 monotropic)sTho mesophases

aro similar to those of the nonyl ether,but tho double
rofraction has fallen to 4th order.Solld T erystallises in
well definoed blades and s0lidT is a denso mass of needles.
The cryctals of both s0lids are positive blaxial and show
oblique extinction end strong blrefringencs.The transitions
are enmantiotropic,except those involving eolid .
oro-f-n~dodecyloxy benzolc neid(emorphous-102-nomatic-
101~cmectic-100=5014d T+S014d T s m@tmpw). The doubtle
refraction of the typlcal emostic end nematic pheses is now
only 2nd=3rd order.Tho colids,which are otherwlse very similar
to those of the decyl ether,are only of slightly groater than
ath order birefringences.The @:u.y monotrople tronsitions are

those invelving solid 1T

9@-%@@1@-65@@1&&) +Tho double refraction of the mesophases .
18 pnow 2nd ordor.The solid crystallisea in very small needles.
Theoe oxtinct obligusly and show 3rd-4th order colours.No

positive tiaxial patterns were found.All changos are onantio-

tropic.
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3-Chloromii-n-octadecyloxy benzote aeid(anorphous-108-8011d)s
There is no nesomorphism in thig ethor and the solid appears
from the emorphous liquid in well defined bledes.The extinction
is oblique,the double refraction is 3rd ordor and the crystals

are positive biaxial.
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Discussion of Syntheses



A A4-n-Alkyloxy-l-naphtholic acids

Eéeh menber of thié’s@ries has teen prepared separately
from an avallable naphthalens derivative,and not simply by
the‘homclogous alkylation of 4-hydroxy-lenaphthoic acid.The
reason 1s that the hydroxy acid is not readily obtainable in
quantity by any convenient,direct method of preparation,and
although 4-methoxy-l-naphthoic acid may be obtained in large
amount ,this ether cannot be demethylated to give the hydroxy

éampound without the occurrence of simultaneous decarboxyl-
ation. ‘

4-llydroxy-l-naphthoic acid was first prepared by Heller
(30) in 1912 from the hydroxy aldehyde,which was obtained
by the action of hydrogen cyanide and hydrogen chloride on an
ether solution of lnnaghehbl in the presence of zinc chloride,
followed by hydrolysis of the imine hydrochloride(3l).As the
ring system and the hydroxy group are susceptible to attack
by most oxidising egents,the conversion to the acid was
effected by fusing the aldehyde with potassium hydroxide.The
product is described as crystallising from water in fine
yellow needles,n.p.183~4.A1though the aldehyde is now more |
readily availadble by the Adam's modification of the Gattermann
synthesis,the method of oxidation limits the amount of
material which can be handled conveniently.E°Cluggage and |
Lindstrom(32) have investigated methods of oxidising ana@huxy~f
1-naphthaldehyds and 4=ethoxy~l-naphthyl methyl ether ~ |
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praparéd by the Friedel and Crafts reaction of acetyl chloride
and l-ethoxy-naphthalene.They clain that alkaline potassium
permanganate oxidiées the aldehyde to the acid end the

ketons to 4-ethoxy-~l-naphthoyl formic acid,which 15 converted
by potassiun permanganate in acetic acid solution, in
quantitative yield,to 4-ethoxy-l-naphtholc acid.Repetition of
these oxidations gave '#er;y poor yields due to tho extensive
degradation of the naphthalene ring system.Sodiun hypochlorite
oxidation of M’ahaxy-l-napmhyl mothyl ketone gives 40-50%
yields of the acid,but the reacticn is very slow and the
large smounts of unreacted material render the product
difficult to purify.u°Cluggage end Lindstrom also emphasise
the stabllity of the ketone to oxidation.

Eethyl 4-hydroxy-l-naphthoate is descrided in an American
patent(33).A solution of l-naphthol in scdium hydroxide and
methyl alcohol is stirred with carbon tetrachloride and copper
powder for several hours at less than 50.Neutralisation with
an mormm.é acid precipitates the methyl ester of l-hydroxy-
2i4-naphthalene di-carboxylic acid,m.p.144 after crystallis-
ation from acetic acid.Removal of the methyl alcohol gives
the methyl estor of 4~hydroxy-lenaphthoic acid,m.p.178 after
crystallisation from methyl alcohol.Repitition of this
procedure gave no products.

Friedlander and Welsberg(34) describe tho preparation of
Winé-ulumpmmiel acid from 4-nitro-le-naphthonitrile by -
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reduction,and hydrolysis of the 4-amino-lenaphthonitrile.A
modification of their synthesis is & possible route to 4=
hydroxy-l-naphthoic acid,as shown beloww

 NHCOCH, NHCOCH; 30
86 axagion N >
Of92nisomgr RaCH hydrolysis
(35) NO,
NH
[:::I:::j diazotisation/, [:::I:i:] Fe/HCL/,
Cu,(CN) EtOH
e, 2t .
CN '
~ Qiazotisation |
and hydrolysis KMM}&
o . <5

" This route wonld'be vury_tedioug and,as is describved later,
tho 4-~hydroxy-lenaphthonitrile is very difficult to purify.
Hydrolyﬁis of the crude nitrile gives highly i&@uﬁ@ acid
which cannot be purified.

The other possible route from 4-nitro-l-naphthol has also
been eliminated as the 4-n-slkyloxy-lenaphthonitriles are
very stabla to dealkylaﬁion.

alkyl» reauctian diasotisak&en4=
aﬁion Gua(CN)a
NH,
QH
d@alksl-
A COOH
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As no convenient method of preparing 4~hydroxy-l-naphtholc
acid in qmtwy secmed possible,methods of synthesising the
individml‘ f=n-allicyloxy-l=-naphthoic acids were investigated.
Two methods were found to give good results.

(1) OR or | oR
CO— 00—
B COOH
The le-n-alkyloxy naphthalenes are brominated in 70-75%
yield by the method of Militzer(36),using iodine monobromide
in chloroform solution.The 4-bromo-~l-n-alkyloxy naphthalene
Grignard compound is prepared and carbonated(37) to give 80-
854 yields of the carboxylic ecids.i-kethoxy,ethoxy,propoxy
and butyloxy-l-naphthoic acids were prepared by this method,
but the higher members of the series wero synthesised by
method (2) below,which gives higher overall yields.Moreover
the w&a of formation of the Grignard derivatives of 4-bromo-
-l-n-amyloxy naphthalene and the higher bromo ethers is very
(2) R ' R R
CO— CO—C0)
' | - CN COOH

The nitriles aro obtained in 80-90/% yield directly from the
1-n-alkyloxy naphthalenes by the Friedel and Craftsreaction
with aluminium trichloride and cyanogen bromide in dry carbon
disulphide.The hydrolysis to the 4-p-alkyloxy-l-naphthoic acids
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is diffieult.and it 1s necessary to use hot,saturated
potassiu& hydroxide/methyl alcohol solution.The time of re-
flux until ammonia ceases to be @voivad varies,depending an.
the alkyl group,between 15 and 25 hours.In this way,the acids
.are obtainable in 95-97/% yield.

A large nawber of nitriles is preparable in this way(33)
end desplite the toxic properties of cyanogen bromide,it is
conveniently handled and still further increases the scope
of the Friedel and Crafts reaction. |

The yields obtained Ey the two methods compare as followsi=

Kethod
4-ethoxy~l-naphthoic (1)
4~gthoxy-l=-naphthoic (2)

By these methods,4~p-alkyloxy-l-naphtholic acids are
preparable in good yleld,but,as has been polnted out,neither
offers a route to the hydr@xy acid due to r@&&y decarboxyletion
when dealkylation is at#awyt@d.ln the Friedel and Crafts
‘reaction,in method (2),only very small amounts (1-2%) of
4~hydroxy=l-naphthonitrile are formed,indicating the stability
of the alkyloxy nitriles to dealkylation.Indeed,attempts to
de-ethylate 4-ethoxy-l-naphthonitrile,by prolonged reflux
with aceblc acid and 486 hydrobromic acid,failed completely.

naphthaleno-l=sulphonic acid by Royle and Schedler(39),who

170



used the followlng synthesis. . :
NH,_ » CN COOH

(Ij 3—'@2@‘2‘—"“—’2»(:0 boil W"’h‘@
s 10% KOH 7
OsH SOsH SO4H
COOH
KOH fusion ,
OH |

This procedure is spparently straightforward,but in
practice is latorious due to the difficulty of isoclating the
product of diazotisation of an amino-sulphonic acid.The
isolation involves the evaporation to dryness of the Sandmeyer
reaction mixtufe and the extracstion of the S-cyano-naphthalene-
lesulphonic acid with alcohol.This is never obtained pure,and
the S~carboxy-naphthalena~-l-sulphonic acid nust be purified
by erystallisation of its potassium salt.The synthesis was
attempted twice,but the experimental difficulties in the
evaporation of large volumes énd the purification of inter~
mediates make 1t a procedure with much to be desired.However,
it is the only method recorded in the literature for the
preparation of S-hydroxy-l-naphthoic acid in guantity.

... The only other method is due to Cason(40),who also started
with the readily available S~naphthylemine-l-sulphonic acid.

SO4Na CN OOH
[:::I:::] ary 111ation 10%H,80,/ [:::I:i:]
W4l & g sealed tube

at 220:5°/ OH
for 4 hours
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Cn repitition,the first stage to the nitrile went smoothly,
the average yleld of many experinents being 25%,but the
hydrolyeis of the nitrile could not be sffected by Cason's
procedure.Cason récerds that the temperature control is
eritical and that at 200t5°a product is obtained from which
no pure hydroxy acid is isolable.In this work the hydrolysis
was repeated at several temperatures.Temperatures higher than
225" gave mainly l-naphthol by decarboxylation,at 200°to 225°
~ the product was a mixture which could not be purified and
between 180° and 200°only very slight hydrolysis to Seaminde
le-naphtholic acid occurred.The hydmlysia nay be affected by
the strength of the aulphurie acid and it is not stated w&wﬂmr
Cason's 10% sulphurie acid is weight /weight or weight/volume.
In these ‘experinemte 10% weight/weight was used.In addition,
the synthesis is not suimble for the preparation of any
large quantity of the hydroxy acid,since the hydrolysis of
even 0.2g. of nitrile requires 10c.c. of acid end hence the
use of a fairly large sealed tube.

A differont ma@kw& was thax@few required,using S~amino-
naphthalene-1-sulphonic acid as the startinz material.The
latter was converted b’o S5-amino-l~naphthonitrile,as described
above,and this submitted to the muwm stages.

N COOH

diazotisation , _agueous KOH,
and hydmlysm hydrolysis

NH OH
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The finely divided amine sulphate is diazotised and the
nitrite~-free dlazonium salt solution is hydrolysed by dropwise
addition to boiling 40% weight/weight sulphuric acid.¥hen |
cold,the solid and solution are extracted with ether.The crude
hydroxy nitrile is extracted froam the ether Y}y shaking with
aqueous sodium hydroxide.Precipitation with an inorganic acid,
followed by crystallisation from 35% acetic acid gives a 657
yield of 5-hydroxy-l-naphthonitrile,m.p.203-5.The nitrile is
then hydrolysed with 304 aqueous potassium hydrozide to yield
90% of 5~hydroxy-l-naphthoic acid,n.p.238(d) M.p. values
quoted in the literature are 235-6(d)(39) and 237-240(d)(40).
The acetyl derivative is found to have mp.205.Recorded m.p.
values are 202(41) and 206(40).Methylation gives S-methoxy-
1-naphghpic acid,m.p.227.5.Fuson(4l) quotes the m.p. of the
mWhylLas_ 227,5%228.5. |

- In this way,5-hydroxy-l-naphthoic acid is obtained by a
shorter method than Royle and Schedler's,and although the
syathesis involves one more stege than Cason's,the overall
yield is slightly better.Moreover,the preparation nay dbe
" carried out on any required scale.

The n-alkyl ethers are prepared in good yield by alkylation
of the hydmm acid in aqueous alcoholic potassium hydroxide
solution.The ether acids are purified by crystallisation and
sublimation until a constant m.p. is obtained.None of these

Senwalkyloxy=lenaphthoic acids is mesomorphic.
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Ce 6=llydroxy=-2-naphthoic acid and n-alkyl ethers
6~llydroxy-2-naphtholic acid 18 prepared by demethylation of
the 6-methoxy compound which may be synthesised by @ith@r of

the two methods described.The series of sthers i1s prepared by
homologous alkylation of the hydroxy acid.

(1)
OH OCH3 OCH,
B+ HOOC

6-Prono-2-naphthol is prepared in 90-95% yield by di-
brominating 2-naphthol in acoetic acid solution and,without
isolation of thé 136~dibrcmo~2~naphahcl.iaducin@ with mossy
tin in hydrobromic acid/acetic acid solution(42).Methylation
of this product gives G-bromo-2-methoxy naphthalens in 6O-
704 yield after vacuum distillation.The unmethylated material.
18 rectvered from the alkaline reaction liguors.

The formation of the Grignard compound of G-bromo~2-methoxy
paphthalens 18 not quite straightforward.If lg.atom of -
nagnesium to lg.mole. of the bromo compound is used,the ylelds
of the acid on carbomation are comsistently low (15-20%).
Finally.the method of Fries and Schimmelschmidt(43) was
adopted.The solvent is a mixture of dry benzene and ether,
gnesium is used (lg.mole. of
ghout the

and a consideradble excess of mo

bromo compound to l.67 g.atoms of magnesium).Throu
reaction the magnesiun is continually re-activated by the
addition of small volumes of ethyl bromide.Carbonation of the
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reaction mixture and acidification gives the G-methoxy~2-
naphthoic acid which precipitates on evaporation of the ether.
50—55;?6 of the purified acid 15 abtainad A further 1C% may

be extracted from the btenzene,but this material can never be
purified completely.

(2) |
OCH; OCH, OCH
—_— —_—
CHyC O B HOOC

6=-Acatyl-2-methoxy naphthalene 18 prepared by the method
of Robinson and Rydon(44),who have shown that acetyl chloride
and aluminium trichloride react with 2-methoxy nsphthalene in
nitrobvenzens to give the G~acetyl derivative and in carbon -
disulphide to give tho l-acetyl compound.The yield of
purified 6-acetyl-2-methoxy naphthalene is consistently 50k.
The acid is obtained in 70-754 yield when the ketono is
‘oxidisetd by aqueous sodium hypoahlorita,usmgg dioxan as the
organic solvent.

There is little to choose between the two methods,either
in overall yield or in conveniencae of operation and both have
ﬁsan employed at various times. | ‘

G-Methoxy~2d-naphthoic acid is demethylated by refluxing
with a solution of 484 hydrobromic acid in acetic acid which . .-
has been saturated with hydrogen bromide.The product Mpam*se@s
on cooling and may be crystallised from water to give 70-75/
Yields of G-hydroxy-2-naphthoic acid.

175



The p~-alkyl ethers are prepared by refluxing an agueous
alcoholic solution of the hydroxy acid and the theorctical .
emount of potassium hydroxide with the n—alkyl brcmide or.
iodide.Acidification gives the ether acids which are purified
by cryctallisation from xylene and acetic acid to constant |
mlp.All the n-alkyl cthers prepared are mesomorphic.

D. 7-Hydroxy-2-naphthoic acid and n-alkyl ethers

SO;Na
CO OQ*——’OQ*——*
HO[::I:::rOOH

This procedure is identical with that used for the
preparation of S5~-hydroxy-lenaphthoic seid.lhe yleld of 7-amino-
2-naphthonitrile,prepared by distillation of the sodium salt
of the sulphonic acid with potassium cyenide at 500,1is much
lower in this case(7%).Howaver,only a small amount of 7-
hjdroxywa-naghthoic acld was required and so0 this method was
adopted.Diazotisation and hydrolysis yleld 764 of the
purified 7-hydroxy-2-naphthonitrile,which hydrolyses in 90/i
yield,with 2N potassium hydroxide,to the hydfoxy acid.This
procedure is a quick method of preparing small quantities of
7=hydroxy=-2-naphtholc acid in a pure state.Cne crystallisation
from 50/% ethyl alcohol gives m.p.269-270.The acetate has n.p.

176



208-9:The hydroxy acid has been prepared vofore from 7-amino-
2-naphthonitrile by hydrolysing with 66 sulphuric acid to
7-smino-2~-naphthoic scid,m.p.240,followed by dlazotisation
‘and hydrolysis to 7-hydroxy-2-naphthoic acid,m.p.262(45).
Butler and Royle(46) prepared the same compound,m.p.269%2707
from 7-amino-naphthalene-2-sulphonic acid via 7-cyano-
naphthalene ~2-sulphonic acid.lolmes and Trevoy(47) prepared
- P-mothoxy=~2-naphtholc acid,m.p.195=06,ty dehydrogenation of
7-methoxy=3 i4=dihydro=-2=naphthoic acid,and demsthylation
yielded 7-hydroxy=2-naphthoic acid,m.pe274=5¢

The 7=-n-alkyloxy~2-naphtholc aclds are preparsd by the
method described for the 6~g~a;kylamywa-naphthaic.acids.?h@
ethers ware erystallised to constant m.pe and show No mMoso~
morphic properties.
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ixperimental Section B

Preparation of Latorials



B. Preparstion of materials(all m.p. corrected)
1. n-Alkyl halides
| g-ﬁenyl,g—decyl.gédodacyl and n-octadecyl tromides could

not be purchased and were prepared bty the following method(48).
485% Hydrobromic acid(?1lg.,0.42mole.) and concentrated
sulphuric acid(l2¢.c.,0.25m0le.) wore mixed and the normal
aliphatic alcohol(O.22mole.) added.After refluxing for 6 hours,
the mixture was cooled.In one proparation tho bromide was
isolated by diluting the reaction mixture,separating the oily
layer end washing with cold concentrated sulphuric acid,water
and dilute sodium carbonate solution.During the concentrated
acid wash,emulsions form easily and make the separation
difficult.In subsequent preparations it was found casier to
proceed as follows.On dilution of the mixture,the oily layer
was extracted with ether end washed well with water.The
unreacted alcohol was removed by shaking thoroughly with a
saturated solution of calciun e&loiida and then,in the
following ordar.wiﬁh water,aqueous sodium carbonate asnd water.
The ethor extract was dried over calecium chloride,and the
residue,aftor removal of the ether,was distilled under

reduced pressure.

Yield(%) D.p. mepe.
n-nonyl bronide 80 116°at 28n.me -
n-decyl bromide 77 136°at 32 mem. ==
p-dodecyl bromide 76 175°at 32neme  —

178



n-octadecyl bromide 65 183'at 3m.m. 2328.5°
2+ 4=n-Alkyloxy-l-naphthoic selds . ‘
(a) l=n-Alkyloxy naphthalenes
v‘Vl-Naphthol(IQAg.,lmole.) was dissolved in a cooled

solution of sodiun(23g.,1g.atom) in the ninimum volume of
absolutg ethyl alcohol.n-Alkyl bromide or iodide was added in
an smount equivalent to l.2mole.,and the mixture refluxed
for 8 hours.’hen cold,the sodiun halide was dissolved out
§1th water and the l-naphthyl ether extracted with ether.
1-n~Octadecyloxy naphthalene was extracted with a mixture of
equal parts of ether and benzene.The organlc extract was
washed with dilute sodium hydroxide and water,and dried over
anhydrous sodium sulphate.After removing the solvent,the
residue was distilled under reduced pressure.The pure ethers

were obtained as colourless liquids or low melting solids
in 65-754 yleld.

Yleld ~ b.p. mep:
74 134’ at 13m.nm.
72. 152°at 17nm.m. 5°
66 143°at  3mene
68 160°at 4m.me  19.5°
66 173°at 6Ga.me  29.5°
66 165°at 4m.m.  -3°
67 171" at  Sm.m.

67 189°at S5m.ms
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Konyl 65 185°at  4men.

Decyl 67 212° at 4mem.

Dodecyl 67 227°at 3men.

‘Hexadecyl 65 258°at lmem. 3’
Getadecyl 65 236°at 10d.n. 50.5°

(b) 4~Bromo-l-n-alkyloxy naphthalenes(methyl to hexyl)
Powdered 10d1n6(63.5g.,0.25m0l0.) was discolved in chlore-.
form(350¢.¢.) and bromine(40g.,0.25n0le.) added.The solution |
was warmed to 50°to facilitate the formation of iodine mono-
bromide,cooled to 25°and added during 1.5 hours to an
efficiently stirred solution of the l-n-slkylexy naphthalenc
(Oe25molaes.) in chloroform(300c.cs),6xternally cooled in a |
water bath.After the addition,the mixture was stirred for a
 further hour at room bemperaturae.Water(l,400c.c.) was next
added and,while stirring vigorously,solid sodium hydrosulphite |
was eifted in until all the precipitated iodine was removed.
The sulphurous acid and hydrodromic acid were then n@utialia@d ‘
by adding; an excess of solid sodium bicarbonate.The pals @craw~i
coloured chloroform layor was separated,washed with aqueous (
sodiun bicarbonate and water,and dried over anhydrous sodium
sulphate.The chloroform was removed and the residue of 4-bromo-.
l-n=alkyloxy naphthalene distilled under reduced pressure. |

Yield (%) b.p. m:p. ‘
?5 . 1590 at 4a.m. ’

70 158°at 3mem.  48.5°
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Propyl 72 183°at 8m.m. 31

Putyl 67 194%°at Smeme. 25°

Amyl 70 181 at 3m.m. 47.5°

‘Hexyl 71 206°et Sm.m. 45°
inalysis for C1oHgeBreCR Analysis found

Ethyl claﬁllOBr requires C,57.4 jH,4.4 0.57-6;H,4.&%.
Propyl Cy ;i) ;0P requires C,53.874H,4.96  C,58.64H,5.0%
Butyl claﬁlsoBr requires C,60.2 §H,5.38 C,60.33H,5.55 .
Anyl Gy gH),OBr requires C,61.45§H,5.8  C,61.5iH,5.74
Hexyl 016H1908r requires C,62.6 §H,6.2 Cy63.13H,643p

(¢) 4-n-Alkyloxy-l-naphthonitriles(ethyl,amyl to decyl, |
dodecyl,hexadecyl and ocﬁa&&oyl)%

A mixture of bromine(363.,0.2mole.)and a small asmount of i

water(3.5¢.0.) were placed in a rbund-bottom&d £lask(250¢.c.),
fitted with a mercury-sealed stirrer,condenser and dropping-
funnel.Tho whole was cooled in ice and the mixture stirred |
vigorously during the addition of a solution of'sodxu&'eyanide f
(11.1g.,0.226m0le.) in water(86c.c.).The addition time was |
30 minutes.Stirring was continued for a further 2 hours,
while maintaining the temperature below 30.The cyanogen
bromide wés.dissillea off on a hot water bath,under an
efficient hood.The product may bve dried by echaking the
nolten cyanogen bromide with calcium chloride.This step was
. avoided by weighing tho distillate directly,ignoring the very
small emount of water which is carried over if the
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dimti;lation is done slowly.The ¢yanogen bromide was then
dissolved in carbon disulphide end the solution dried over
anhydrous sodium sulphate.This solution,containing a known
‘weight of cyanogen bromide per c.c.,was used for the Friedsl
and Crafts roaction.The cyanogen bromide distilled at 60-52°
as a colourless liquid which rapidly crystallised in
colourless neodles,m.p.52. |

A solution of cyanogen brémide(lO.Gg.,O.lmole.) in dry
carbon disulphide(l00c.c.) was added slowly to a stirred
solution of the l-n-aliyloxy naphthalene(O.lmoles) in dry
carbon disulphide(75c.c.) contalning powdered anhydrous
aluminiun triohloride(l@g..0.12mole.).Th@ addition was made in
30 minutes and the reaction completed by warming et 45°in a
water b&ﬁh for 45 minnxaa.rhé reaction mixture was then
poured onto crushed icoe and left to stand overnight.The layer
of carbon disulphide was diluted with ether and the total
extract washed with sodium hydroxide to remove the a&ali
amounts of 4-nydroxy-l=naphthonitrile produced by dealkyl-
ation.After a final wash with water,the organic extract was
)dried over anhydrous sodium sulphate and the solvents
distilled off.The solid resldue was recrystallised frmm
absolute ethyl alcochol to yleld about 80% of the &u@p&lkyléxy~
l-naphthonitriles in a sufficiently pure state for hyurolymia
to the acids.fmall enmcunts were recrystallised several times
for analysis and m.p. determination.The nitriles are colour-
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mailto:det@rmination.The

less crystalline solids which up to dodecyloxy are readily
80luble in alcohol,but hexadecyloxy and octadecyloxy require
 moderately large volumes for crystallisation.

roup ’

Gl 88 Cy M) ON C,79.2 $H,5.58iK,7.1  C,79.23H,5.64§,7.0%
CBH].J. 60’ Cylly7O Cy804343H,7.114K,5.86 C,80.13H,7.13H,5.9%
Cglly 5 62°01?H190ﬂ Cy804633H,7.5 $N,5.58 C,80.53H,7.43N,5.45%
Colly 5 5&’018112103 C,y8049 $H,7.863N8,5.24 C,80.73H,7.63K,5.2%
Caflyy 61’ Cygla 50N Cy81.143H,8.174N,4.98 C,81.24H,8.04N,5.0%
Colyg 55‘0203250&« Cy81e353H,8.474R,4.75 C,81.4311,8.64N,4.6
Cy 0y [y CoyHonON CyBLu541H,8e741N,4453 C,81.5iH,8.74N,4.3p
Cy2Hog 67'025115101% Cy8L.9 3H,9.2 §N,4.16 C,82.03H,9.24N,4.04
CygHs3 69" CoplizgCli €4 324443H,9.9341,3456  C,82.3311,9494N,3. 56
Calls9 77 Caglly 50l Cy820664H,104241,5433 C,82.74H,10:340 3030
Attempts to dealkylate any of these nitriles falled.Negative
results were obtained by refluxing with 48 hydrobromic acid,
with aluminium trichloride in carbton disulphide or nitrobenzene %
and with acetic acid saturated with hydrogen bromida. ‘
S@mé 13g+. of 4-hydroxy-l-naphthonitrile were accumulated
by acidifying the alkali washes of the Friedel and Crafts
reactions.The product proved to bé very difficult to purify
and the best sample,obtained by recrystallisation £rom 90%
ethyl alcohol with heavy loss,had m.p.172~&i§hia naterial gave %

’”\ w"‘; fQ Qaf’

poor analysis figures which were very low in nltrogen,and
yielded impure acid on hydrolysing es described below.
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4-Hydroxy=-l-naphthonitrile(4g.),n.p. 1727—&“. was refluxed
in hot satursted potassium hydroxide/methyl alcohol solution
(125¢c.c.) for 32 hours,until ammonia was no longer evolved.
The reactlion mixture was poured into water(400c.c.) and
gcidified with concentrated hydrochloric acid.On cooling to
Uythe solution deposited 2.9g.,65%,0f fine,light-brown neecdles,
m.p.174=5°(d) .This 4-hydroxy-l-naphtholc acid was very
difficult to crystallise except from water,which did not
improve the m.p.From the analysis figures the aclid was very
impure and the m.p. compares badly with the value of‘lBj-&°
- quoted by Heller(30).
(4) 4-n-Alkyloxy-l-naphthoic acids

Kethod (1)-— from the 4-bromo-l-p-alkyloxy nsphthalenes

Magnesium turnings(2.45g.,0.lg.aton) and a solution of |
the 4~bromo-len-alkyloxy naphthalens(2g.) in dry ether(20¢.e.) .
‘were placed in a round-bottomed flask fitted with a three= ’
necked adapter which carried a doudble-surface condensar'and
calciun chloride tube,a mercury-sealed stirrer and a dropping-
funnel.The mixture was refluxed at 60 for a few minutes and
if the reaction did not commence(i.e.,if a turbidity did not
appear in the solution),a small crystal of iodine was added
ab a uatalyac.rhg remainder of the bromo-compound(a total of
0.1 mole.) dissolved in dry ether(?75¢.c.) was added dropwise
in 30 minutes to the boiling reaction mixture.Refluxing was
thsa“cantinuad for 10 hours,after which time only a trace of
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mabnesium ramalned unreactad in the dark brown mixture.?h@
mixture w&s coeled and poured,with good sbirring.inﬁo eth@r’
(75¢c+c.) saturated with solid. carbon dioxide.The semi-solid
addition compound separated out and was decomposed by stirring
with 111 concentrated hydrochlaEic acid(50c.c.).The ether was
allowed to evapoéate and the brown free acid filtered.At this
staze thoe product was always slightly tacky and teanded to
turn tlue on standing,perhaps through oxidation of side rvact-
ion products.The acid was carefully wached freo from
magnesiun ion with dilute hydrochloric acid and water.gnd
finally dissolved in boiling 1N sodium hydroxide.lot filtering
removed any of the blua complex,and acidification of the

pale crange filtrate precipitated the ncarly white free écid.
which after ons crystallisation from glacial acetic acid was °
alnost pure.All the acids crystallised in colourless needles.

Alkyl group Yie1d(5%) Alkyl group Yield(%)
Yethyl 85 Propyl 80
Bthyl 82 Putyl 85

Method (2)-~ from the 4-gpalkyloxy~l-naphthon&ﬁrilas

The 4=-p-alkyloxy-l-naphthonitrile(0.1 mole.)was refluxed .
with a solution(250c.c.) prepared by saturating methyl alcohol
with potassium hydroxide st 50°Boiling was continued until
ammonia was no longer detectidle(l5-25 hours).The hot
solution was poured into water(l,000c.c.) and acidified.Tho
acid was filtered,rediszolved in boliling dilute sodiunm
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hydroxids and filterad hot.Acidification gave a guantitative

yield of the white acid which cryctallised from glacial acetic

acid in colouiless needles.The lowest yisld of almost pure

4-n-alicyloxy-l-naphthoic acid after ons crystallisatiocn was
- 95%.7his method was used to prepare all the acids listed

below,except methyl,ethyl,propyl and btutyl which were prepared
by method (1).For tho analyses end m.pe. values,the acids were

erystallised four times from glaciel acetic acid.

ﬁ&l MeDe
Toun

Kethyl . 248°

Sthyl 220°
Propyl 203°
Putyl 2135
Anyl 207°
Hexyl 212°
Heptyl 189°
Octyl 185.5°
Fonyl  161°
Decyl 17445°

Dodeecyl  147.5°

Hexadecyl 136°

Octadecyl 137.5°

Cyally (05 Cy71e29311, 4494
Cy3H) 205 C372.2 311,5.56
Cy4H1 405 Ca7305411,6409
015 160 Cy73:7741,6455

Cy gl g05 Co7#0424H,6.98

C1otao0s Ca75:0 311,7.35
| C18H2203 Cy75454411,7469

C19Ha405 Co76+0 §H,340
CagHagls Ce76+443H,8.28
Ca1llagls €768 §ily8.54
Coslls505 Co77.544H,3.99

Gty 03 Cs784643H,9471

3+ 5S=n-Alkyloxy-lenaphthoic acids

(a) £odium S-amino-nsphthalene-l-sulphonate

Analysis found

0,71.2311,5.2 ;&?

Cy72.13H,546 % -

Cy73.13H,641 %
Cy73.74H,603 %
C,74:44H,7.0 y ]
Cy78.94H,7.5 %
Cy75043H,7.6 %

C,7633H,3:2 %

C,77.03H,346 %
Cy7758H,940 %
Cy78e43H,946

Cy79+43H,10.0%

Technical 5¥aminn-naphthal@ne—l-suiphonic acid was
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dissolved in the theorotical amount of cold 21 sodium hydroxide
and the dark solution evaporated to dryness.The alightly |
purple sodium salt was powdered and completely dried by h@ating
in an oven at 200° for two hours.
(b) S-Amino-l-naphthonitrile
fodiun S-amino-naphthalene-l-sulphonate(70g.) and

potassium cyanide(l4Cg.) were ground together and dry distilled
in an all glass rotort which had a short but wide side arm to

act as a condenser.The heating was supplied by a high
temperature salt tath at 500>60C.Keaping the tbp of the retort
warn with a flamo,a dark,red-brown oil distilled and solidified
immedistely in the receliver.The distillate was dissolved in
voiling O.3N hydrochloric acid(l,300c.c.).The solution was
cooled to 30°and a small amount of tar filtered off.The
filtrate was neutralised with concentrated amuonium hydroxide
end the oranje-brown precipitate of 5~am1no~l~ﬁaphthbnitrila
filtered with euction.The dried product(15.73.) was distilled
under reduced pressure and gave a pale yellow solid,ll.3g.,
23.5%,b.p.187-193" at 2-3m.m.Although this material softened
and melted over the range 120=140,it was found to give very
satisfactory yields in the next stage of the synthesis.lwo
cry&t&llisaeions from 80 ethyl alc&hcl gave yellow h&@dla&,_
n.p.140°A large number of experiments gave yields which were
consistently 15 the range 22-2@%,after reducod pressure

diatillation(round:C,78.43H,4 83H,16.7.C requires

11 8 2

187




C,?BoB?‘H,#.?éSN.16066}@) .

(¢) s-liydroxy=-lenaphthonitrile
5-Anino-l-naphthonitrile(5.04g.,0.03 mole.) was dissolved

‘in glacial acetic acid at 80.40C5 (w/w) Sulphuric acid(GCe.c.),
at 8U,was added to this hot solution and the mixturc was

cooled rapidly to Ojwith good sgitation,to ottain the finely
dividéd aming sulphate.An excess of sodium nitrite(4.2g.,0.06
mole.),diesolved in water(3G¢.c.),was added dropwise at 0°to
the stirred solution and maintained under these conditions
until a clear brown solutlion resulted.The excess sodium nitrite
was destroyed by adding sollid urea or sulphamic acid until a
blank reaction to starch-iocdide paper was obtalnoed.The cold
diazoniun salt solution was added dropwise during 30 minutes
to boiling 40% (w/w) sulphuric acid(180c.c.).As tho addition
was nmade a red oil separated,but this becsme granular after |
about 10 minutes.'hen all the diazonium solution had been add-_g
ed,rofluxing was continued for ono hour and the mixture then |
aliowed to cool.%atar(}OOc.c.) wac added,and the crystalé and
the solution were extracted with ether.The etier layer was
axtract@d twice with N sodium hydroxide and acidifio&tion

gave a pink precipitate of D-hydroxy-l-naphthonitrile,&.3g.,
85ﬁfone crystallisation from aqueous acetic acid(35c.c5 of
glacial acetic acid and 65¢.c. of wat@:) pave slightly orange
n@adlas,5556@{,66-67%,m,p.204-6:This material was used for

the hydrolysia to tho acid.Two further crystallisations from
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the above sirength of agueous acetic acld gave light yellow

neadle@,m.p.209.5°(Found:C,??.B;H,ﬂ.l#;N,8.2.011370H réquirasn

C,78+13H,4.14411,8.285).

- (d) S-Hydroxy-l-naphtholc acid g
5-llydroxy-l-naphthonitrile(3.4g.,0.05 mole.) was dissolved ?

in a colution of potassium hydroxide(50g.) in water(100c.c.).

The light brown solution was refluxed until emnonia ceased to i
be e#olvad (4 to 5 hours).The solution was cooled,diluted with ’
watar(lCOc.c.) and filtered.Concentrated hydrochloric acid
precipitated the light brown S-hydroxy-l-naphthoic acid,B.46g.,’
90%,m.p.25a?d).This product was used for the alkylations,since
two crystallisations from water did not ralse the m.p.
Acetylation and two corystallisations of the product from
tenzene gave small,colourless plates,m.p.204=5.
(o) S5=iigthoxy-l-nsphthole acid

S-lydroxy~l=-naphthoic a@id(l.aﬁg.,o.ol moles), 104 aqueous
sodiun hydroxide(5c.c.) and dimethyl sulphate(2+53.,0.02 mole.) ?
were stirred at 40-50 for 30 minutes.During this time the
mixture was kept alkaline by adding small portioms of 104
sodiun h&droxide.loﬁ rethyl alcoholic sodium hydroxide(20c.c.)

was then adied and the whole refluxed for one hour to remove
any e¢ster.lhe solutionIWﬁa filtered hot and acidifled to give
the pale yellow 5-methoiy~1~naphthcic a@id,l.ag.,geﬁ,m.p.aaﬂi
2277Two crystallisations from 954 ethyl alcohol end one
sublimation at 190 at 2m.n. gave colourless necdles,m.p.232.5"
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(Found:C,?l.5;H,5.18.012H1005 roquires C,71.331,8.945%).
(£) 5-n-Alkyloxy-l-naphthoic acids

S-Hydroxy-l-naphthoic gcid(l.B%g.,0.0l mole.),potsssium
hydroxide(0.7g.,0.02 mole,),water(5¢.c.),athyl alcohol(uée.c.)
and the n-alkyl bromida or 1odide(0.Cll mole.) were refluxed

for 8 hours when using an 1odide and for 16 hours with a
tromidae.l0% aqueous potassium hydroxide(lCcsc.) was added and
the reflux continued for a further 2 hours to hydrolyse any
estor.The mixturs was cooled,diluted and acidified,and the
pale y@liow or light brown S5e-p-alkyloxy-l-naphthoic acld
filtered.the acids were purified for analysis and m.p. datermin—l
ation by two crystallisations from glacial acetic acid and one
from 95 ethyl alcohol.ixcept for the last threo members of the
following tablo,the crystallised aclds were also sublimed at
175-185 at 2u.m.However,after only one crystallisation from
‘glacial aé@tic acld the aclds were almost pure and the ylields

at this stage were bﬁww@@n 80 and 90k,

é&gx; ReDe Analysis for C; H,.CR.CCCH  Analysis found

Ethyl 201 Gy, 505 C,72.2 H,5.56 C,71494H,58 %
Propyl 189" - Cy,H;,04 C373.054H,6409 Cy72494H,5.9 %
Butyl 172° '6151»11605 Cy73.773H,6.55 C,73e73H,648 %
Anyl 143° | cmnmoj Cy74.424H,6.98 Cy78.23H,7.1 %
Hexyl 154° Gyt 200 Cy75+0 3H,7e35 . Cy78.73H,7.4 %
Heptyl 155.5°  CygHly50, C375.5441,7.69 - C475453H,7.6 »
Octyl 142.5° Cygt405 Cs76.0 §H,8.0 Cy75e93H,79 0
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omyl 143" CogHyc0s C,76.443H,8.23 Cy76+43H,8.3 %

Decyl 157° CppH>05 Cy76.8 3H,8.54 C,76.73H,3.4 %
Dodecyl  125° Ca5H5505 Cy774543H,8.98 Cy77 430,940 %
Hexadecyl 117.5° ContlyoQs Cy78+6411,9.71 Cy78¢63H,9.3 50
Octadecyl 122° CoglyyOs Co7901 H,10.0 C,79.2;H,10.15%
4. 6=-n=-Alkyloxy-2-naphthoic acids

Kethod (1)

(a) Mossy tin in water
Stannous chloride(112g.,0.5 mole.) was di@solvw&flﬁOc:c.)

and zinec Qust(30g.,0.463.aton) adied to the solution with
shaking.Heat was evolved and tho mossy tin precipitated
inmediately.’hen cold,the tin was filtered with suction,washed
well with cold water and desiccated in vacuo.The yleld was
about 55g. '

(b) G=Promo=2-naphthol
2=Naphthol(l44g.,1 mole.) &as suspended in glacial acetic

"~ acld(4C00ce.cs) contained in a 3 litre round-bottomed flask

fitted with a dropping-funnel and a reflux condenser.A solution
of bromins(320g.,2 moles.) in glacial acetic acid(l0Cc.c.) was
added in 15 to 30 minutes,keeping the flask well ghaken.The
2-naphthol discolved during this time and heat was evolved,
necessitating cooling towards the end of the aduition to
provent oxcessive loss of hydrogen bromide.vVater(lCCc.c.) was
added and the mixture heated to boiling,cooled to 1CC,mossy
tin(25g.) added and boiling conticued until the metal had
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dissolved.A cecond portion of moscy tin(25g.) was dissol?ed by
boiling and finally a third portion of tin(1lCOg.) was intro-
duce&.?ge.mixtura was toliled for 3 hours,cooled to 50 and
filtered with suctlion.The crystalline tin salts so romoved
wors washed in the funnel with cold glaclial acetic acid
(100cecs+)eThe filtrate and washinis were stirred into cold
water(3 litres) and the pink G~bromo-2-naphthol,which pre-
cipitated,was filtered.The solid was removed from the funnel
and washed by stirring with water(l litre).After refiltoering
and drylng at 50)the ylold was 214=223g.,96-100%.This product
contained some tin salts,but was pure enough for the next
stage.The mep. was 123-7
(¢) &~Bromo=2-methoxy naphthalene

6=-Bromo=-2-~naphthol(223g+,1 mole.) was dissolved in a
solution of sodium hyar@xidé(SO@.,z moles.) in water(s 11tr@s).»
Methylation was effected by heating to 70’ with two portions
of dimethyl sulphate(l26g.,1 mole. and 633.,0.5 mole).The
mixture was thoroughly cooled after each addition and f£inally
the product was filtered off.lhe solid was dried and distilled

under reduced pé@a@ur@.OVQr a large nuater of m&thyl&tions
the yield was 145=170g.,60-704,0f white crystalline solid,
@ep.103-570.p.189=199" at 20m.n.0ne crystallisation from ethyl
alcohol gave colourless needles,m.p.l06-7.

The recovery of ummethylated 6-bromo-2-naphthol from the
alkaline reaction liquors by acidification was quantitative.

192



(d) 6-Yethoxy-2=-naphtholc acid

O=-Bromo-2-methoxy naphthalene(23.735+,0.1 mole.),m.p.106-
7%was dissolved in hot Analar benzene(75¢+Ce¢ ) Laznesiun
:turnings(#g.,ﬁ.l?g.atom) ware placed in a 500c.c. round-
bottomed flask,fitted with a three-necked adapter which
carried a mercury-sealed stirrer,a double-surface condenser
and calcium chloride tube,and a dropping-funncl.The magnesium
was covered with dry ether(?75c.c.),and etched by heating

with ethyl bromide(O«5c.cs) and a oryetal of iodine.%hen the |
iodine colour had disappeared and the rcaction nmixture was
turbid,the hot benzene solution of the dbromo-compound was
added in 15 ninutes.During the addition the contents of the
flask were thoroughly stirred and heated in a water bvath at
50=-60°The nmixture vecame dark brown and stirring and refluxing
wera continucd for two hours.dthyl brozide(5c¢.c.) was then
added ot half-hour intervals in the following quantitioge

6 portions of O.5¢ec.,2 portions of 0.75c.c. and 1 portion of
O«5¢c.ce~=and boiled for a further 30 minutes.The overall time
of reflux was G.5 hours end only a very emall amount of
naznesiunm remained undissolved.The cooled raac@ioa nixture
was poured staadily,wi@h stirring,into dry ether(75¢+Cs)
saturated with solid carbon dioxide.The carbonated Grignard
compound separated as a viscous sami-solid and,when all ﬁh@
excess carbon dioxide had evaporated,the fres acid was 1ibor-
ated by thoroughly.etirring in lilconcentrated hydrochloric
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acid(75c.c.).The cther was evaporated and the whita precipitate
of tho acid was filtered and pressed dry.The benzene layer in
the filtrate wao rstéined-?ha acld was dissolved in hot N
godium hydroxide,filtered,acldified and the precipltated acid
filtered énd dried.One crystallisation from xylene ylelded
10.1 10 11.23.450=555,m.p+206,0ver a nunber of experiments.
Tho benzenoe leyer was extracted twice with cold N sodiunm
hydroxide and acldification of these extracts gave some light
btrown acid.Thls material was very impure end had m.p.170-3%
Threo crystallisations from xylana'gave about 2g.(10% of the
theoretical yield),m.p.196-8. |
Kethod (2)
(a) &-Acetyl-2-mothoxy naphthalene
Aluninium trichloride(200g.,1.5 mole.) was powdered and
dissolved 1n dry,redistilled nitrobenzens(l,200¢.c.).To this
‘solution was added 2-methoxy naphthalena(l92ge,1.22 mole.)
and the homogeneous mixture cooled well in ice water.Acetyl
chloridae(l20ge,1.53 mole.) was added dropwise with shaking

during 20 ninutes.The dark,bottle-zgreen reaction mixture was
allowed to stand et room temperature with occasional sheking
for 48 hours,aftor which it was poured into a vigorously

stirred mixture of 1ce(l,0003.),water(400csc.) and conceantrated g
hydrochloric acid(4C0c.c.).A8 the complex dacampos@d;tha green .
colour disappseared ana the brown nitrobenzene layer separated.
This was washed ﬁwica with water by decantation and the nitro-
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tonzene steam-distilled offlcaving a s0lid cake of the acetyl
conpound which was flltered.The dried colid was distilled at
1065-17¢" at 3=4m.m.This gave 184ge,76~77/4,0f a pale yollow oil
which rapidly solidified,but the m.p. was low.Cne erystallic-
aticn from absolute methyl alcchol(250c.c.) yielded colour-
less blades,l20g. 50 ,m.p. 10454

(b) 6=lethoxy-2-naphthoic ascid

A solution of sodium hypobromite was prepared by dissolve

"1ng sodium hydroxide(l40g.) in water(6Clc.c.) and adding bromine
(50csc.) with stirring at (~5.7he thoroughly cooled hypobromite

solution was added dropwlsoe to a stirred solution of G-acetyl-
2-methoxy naphthalene(50ge) dicsolved in dioxan(35Cc.Ce).
During the 30 minute addition the temperature roso graduslly
end was naintained at 35=40 by coolirng in a water bath.The
temperature was then raised to 50=55 to emsure complete
oxidation.The excesc bromine was destroyed by stirring in
8011id sodiunm hydrosulphite and the mixture diluted by pouring
into water(2 litres).500c.ce 0f ligquid were distilled off to
remove the dloxan and bromoform and the alkaline solution
filtored hot.Acidification with concentrated hydrochloric acld
yielded the pale yellow acid,&&.?@.&n@ crystallisation from
xylene gave nearly @@léurleﬁs needles of &-methoxy-2-naphthole
B01d 353578, 70=75/,m P« 205=6¢

6-Mothoxy=-2~naphthoic acid,prepared by either of the above
methods (1) or (2),was then demethylated and the 6~-hydroxy- ‘
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2-napathoic acid homologously alkylated.

O={ydroxv-2=nanhtholic acid

 G-Methoxy-2-naphtholc acid(3.43e,0.042 molo.) was suspended
in a mixture of glacial acatic'acid(ﬁjc.c.),aﬁﬁ hydrotronic
acid(33c.c.) and glacial acetic acld(20c.c.) saturated with
“hydrogen tromids.During the reflux time of 2.5 hours the
methoxy acld dissolved.The dark solution was cocled thoroughly
and the liszht brown crystals collected and washed well with
water.Cne crystallisation from water(l,200ceCs) ave S.4g.,
69-70%,0f pale tan needles,m.p.24%.0ne further crﬁscallisation
from water gave almost white necdlas,m.p.zsdﬂln a nusber of
czperiments the ylelds were botwsen 70 and ?755.

Derivatives

Acetate

6~Hydroxy-2-naphthoic acld(0.5g.) was dissolved in 0.5H
sodiun hydioxide(ﬁc.c.) snd the solution cooled thorouszhly in
ice water while acetic achydride(O.35c.cs) was added dropwise
with etirring.A white precipitate formed immediately and after
stirring f£or a few minutes at O;th@ solution was found to be
acid.The acetate was filtered,washed woll with water and after
two crystallisations from othyl acetate had the constant m.p.
228(d) .Knowles(49) has reported the m.p.221=3%

' Benzoate | |

6-liydroxy=-2-naphthoic acid(0.5g.)was dissolved in N sodium
hydroxide(S5cecs) and the solution well shaiken with benzoyl
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chloride(0.5¢.c.).The mixture becamo warm and was allowod to
stand for 15 minutes,with periodic shakinj,until it had coo;ed
to roon temperature.The suspenclon of the sodium salt was
gtirred thorouzhly with concentrated hydrochloric acid and
the tenzoate of the fres acid filtered off.The b@nzbic acid
was dissolved out by stirrins with cold cthyl alechol(30c.c.)
and tho insoluble benzoats refiltered.The white powder was
crystallised twice from ethyl acectate and gave small needles'
mepe257° |

Benzeno sulphonate

The preparation was exactly as described atovoe for the
banzoate.uﬁin@vianz@na sulphonyl chlorida(O.6¢.cs) for O.5g.
of the hydroxy aeid.Th@'buff coloured product ottained on
acldification was crystallised twice from gladial acetic acid

and cnce from ethyl acetate.The fine colourless needles had

Mepe228. 5:

The method of alkylation was exactly as descridved for the
pr@p&r&ti@n of the S~p-alkyloxy-l-naphthoic acid@(pagalétﬂ.‘
After one crystallisation from glacial acetic acid the ethers
wers obtalned as colourless needles in 85-905 yield.The m.p.
values and analysls fizures listed below were obtainéd on
‘sanples of the 6-nw-alkyloxy-2-naphthoic acids which had been
crystallised twice from glaclial acetic acid and twice from
xyleno
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é&gx&  RsD. Analysis for C,.H..GR.COOH  Analysis found
roup | -

Pethyl 206  C)oH) 05 C,7L.293H,4494 Cy71423H, 5.0 %
Sthyl = 213° Cy3ily 005 Ch7242 41,5456 Cy72.33H,5.4 %
Propyl 208" Cpuly,05 C473+054H,6409 C472.9¢H,601 jo
Butyl 198° 01531603 Cy73e7741,6455 Cy73:93H,644 %
Anyl 179:5°  Cygligls Co74.42;31,6498 Cy78e331,6.9 %
Hexyl 147° '0173200j Cy75¢0 §H,7435 Cy789tH,7:8 %
Haptyl 163° C1aM205 0,75.54;3,7.69 Cy75.13H,7.7
Octyl  161.5°  Cy H,,05 G750 §H,8.0 Cy75.93H,840 3
Nomyl — 14645°  CyoH,c0; Cy76.444i1,8.28 Cy75.6311,3e8 %
Docyl  139° CoHo05 Co7643 §H,8.54  C,75.8411,8.6 5
Dodecyl 119° CzHs505 Cy77654;H,8493 C,77.43H,9.1 %
Hexadecyl 1C7° Conlly 03 C,78.643H,9.71 Cy73.9311,947 ib
Octadecyl 114° Coglly 05 C47941 31,100 Cy79.23H,99 %

6-1co-anyloxy-2-naphthoic acid was prepared by the above
nothod.This 3-methyl-butyl ether waa’orystalliaed thres times
fron glacial acetic acid and had me.p+194° (Found:C,74.33H,7.0,

016H1803 requires C.74.42§H,6.98%).

6~-iso~-nonyloxy-2=-naphthoic acid wes also propared.fhis was
the 31515-trimethyl-hexyloxy acid and after thres crystallise
ations from glacial acetic acid the m.p. was 17C (FoundiC,76.63
H,8.2.C,0H,;05 requires C,76.441H,8.287%). |
5. 5=Chloro-G-n-alkyloxy=-2-naphthoic acide

5-Chloro~d=~hydroxy-2-naphthoic acid may be prepared either

by the d@m@thylation of G-methoxy-2-naphthoic acid and ehlor-
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ination of the hydroxy compound or by chlorination of the
nethoxy acid and subsequent demethylation.The overall yield
from Gnmethoxy-aonaphthoie acid is b@ttér by the latter method.
'The ralative yields wers 50-51% end 63-64%.The S-chloro-
&-hydroxy-2-naphthoic acid was then homologously slkylated to
give the n-alkyl ethers.

(a) 5~Ghloro-6~hydroky~a~naphthoic acid

6=iydroxy-2=-naphthoic 8cid(18.83+,0.1 mole.) was diéaolvgd
in glacial acetic acid(1l70c.c.) and a hot solutiocn of
: dichloramine-1(12g.,0.05 mole.) in glacial acotic acid(60c.c.)
followed by concentrated hydrochloric acid(0.%c.c.) were added.
The mixture was heated on the water bath for 4 hours,cooled
snd the light brown crystalline product filtered.All the
p-toluene-sulphonamide was retained in the mother liquors.
The s0lid was washed with a little glacial acetic acid and
several times with water.One crystallisation from & small
volumne of absolute methyl alcohol gave light fawn neecdles of
S=chloro-6-hydroxy-2-naphtholc acid,16g.,72-73%%,m.p.275{d).
Sublimation at 160-130° at l=2mem. gave a white product,m.pe
279?d) (F@“ﬁdzC,S?.I:H.j.jgcl.16.0.011370501 requires C,59.44
Hy34153C1,15.9%).

(b) 5-Chloro-G-mathoxy-2-naphthoic acid

é~lethoxy=2-naphthotc a8cid(5.053+,0.025 mole.) was
dissolved in glacial acetic acid(15Cc.cs) at 40%.Dichloramine-T
(3@..0;013 mole.) dissolved in glaclal aeatic acid(20¢c.c.) ab
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mailto:dea@thylation.The

40°énd 2=4 drops of conceantrated hydrochloric acid were then
added.The mixture was refluxed for 4 hours.Cn cooling 4.753.,
»81.5%,or white crystalline product separated,leaving the p-
toluene-sulphonanide in solution.The solid waes washed with
a liétle glaclal acetic acid and with water,and dried.One
crystallisation from glacial acetic acid gave an 805 yleld
of white ncedles of 5-chloro-G-methoxy=2-naphthole acid,
meps 520454 | -

(¢c) S=Chloro-G-hydroxy=2-naphthoic acid
| S5=Chloro=i=-methoxy-2-naphthoic 8c¢id(25.55g+,0.1 nols.),
484 hydrobromic acid(250c.c.) and glacial acetic acid(250¢.c.)

wera refluxed until a solution was ottained(l4-1G hours).The
reaction nixture was poured into water(l litre) and the pale
pink precipitate(20ge.,m.p.270~275) filtered,washed with water
and dried.Soxhlet extraction with ether removed some high
melting matorial which was insoluble,and evaporation of the
ether pave 18450 5 83%,mepe271(d) «Cno crystalliaation from a
small volume of abaalute methyl alcohol yieldad 17.6g.,79%,
of light brown nesdles,m.p.273-9(d).Sublination at 160-180" ab
1-20.m. gave a white product,m.p.279(d).

(d) 5-Chloro=-6=n-alkyloxy-2-naphthoic acids
The method of alkylation was exsctly as described under

the preparation of the S-n-alkyloxy-l-naphthoic acids(page I190.
' After one crystallisation from glacial acetic acid the yields
of S~chloro-o-p-alkyloxy-2-naphthoic aclds were 80-90u.
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Complete purification was effected by carryinz out an addition-

al crystallisation from glacial acetic acid and ono from

95& ethyl alcohol.For the analyses and m.p. determinations
the h@xyl,thvyl,n@nyl.dsoyl,d@de@yl and h@xadacyl ebLers were
alsovsublimed at l-2mem. | ‘ '

i

¥athyl
.
Propyl
Butyl
Anmyl
Hexyl
‘Heptyl
Octyl
Nonyl |
Decyl

Dodecyl

eDs Analysis for CyH;eCl.OR.COOH \O“naia

320.5° 012H9 0.C1 C,6GC.93i1,3.8 3C1,15.C1 C, gd.?;ﬂ 1393

[ ] 010

269" Cy3H)10,01 C,62434H,4.394C1,14417 C’ﬁa,i§¥5ﬁ'“’

219.5°CyaHy 50,01 C,63451H,44924C1,13.42 C,63. 51H,5.01

Cl,15.5%

. 209.5°015H150501 C,68.64H,5.393C1,12.75 C,@g.&;ﬁ,§.5;

C1,12.8p

189" CpH 170561 €465.64H,5.8 §C1,12.13 0.65 83J g.s;
24054

164 CqynHqy00,01 C 6&.6;& 642 3§C1,11.58 C,66.631,6.2;
17 19 3 ) ' ! ! 1.11.4}0

165.5 C 0,01 C,67.4§H,6¢55§C1,11408 G,67.431,6.64
18721%5% © *c1,11.15

169° CqaH.,0:C1 C,68.24H,6.883C1,10.61 C,68.63H,6.93
1923Y3 s $il, ’ ’C .é&

169° C,nH,:0,C01 C,63.93H,74173C1,10.19 C,68.93H,7.23
20"25% 0 "C1,10. 10

167" CaHpp0501 C169.53H,7-451CL, 9479 C489.54H,7.54
’ * e

152° CazH5)05CL C470474H,7.945C1, 9409 0.30.7;Hi§-05

’ [ ]

Hexadecyl 142.5 Cpol50,01 C,72.64H,8.74301, 7.95 Co72.431,8.94

] ./‘"@

Cetadecyl 138.5?cagﬂu50501 C,75633H,9.063C1, 7.48 c,75.4;ﬁ.9 13

07 oo
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Ge S=Bromo=-C-n-alkyloxy-2-naphthoic acids

Thesoe ether acids were prepared by elkylation of 5~b§nm0~
6-hydroxy-2-naphthoic acid.Compared with the corresponding
chlorg compounds,the greater steric factors involved,due to
the larger bromine atom ortho-to the hydroxy group,always |
gave rise to.a product which was contaminated with unreacted
hy@rexy acid.The latter has a high solubility in ethyl alcohol
and A low solubility in b@ns@na.Thun;crystallisation from
alcohol followed by crystallisation from benzens with hot
filtration from insoluble material ylelded the pure 5-bromo-
6=-n=alkyloxy-2-naphthoic acids.The amount of unreacted hydroxy
compound increased with the length of the alkyl chain to.be
introduced.The above method proved to be 1n@ff1¢1aat for chain
lengths greater than nonyl.The higher ethers were therefore
prepared by bromination of the &-p-alkyloxy-2-nsphtholc acids,
when quantitative ylelds of the bromo ethers w@ré obtained.
Starting from 6-hydroxy-2-nasphthoic acid,this latter process
has the disadvantage of necessitating an alkylation and a
btromination for cach ether.

(a) 5=Promo-6-hydroxy=-2-naphthoic acid
G=Hydroxy-~-2-naphthoic acid(18.83+,0.1 mole.) was dissolved
in hot glacial acetic acid(2000.c.).Bromine(16ge,0s1 moles)
dissolved in glacial acetic acid(30c.c.) was added at 80°and,
as the bromination proceeded smoothly,the product prmo&pi%avaﬁ'

out.The reaction mixture was warmed for one hour on the water
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bath at 80" to complets the reaction and remove most of the
hydrogen bromide.The mixture was cooled,diluted to 700-800cC.cC.
and the pale pink solid filtered.The yleld was 25g.,92-93%,
m.p.263-5.0ne crystallisation from glacial acetic acid gave
light tan necdles of S=-bromo-G-hydroxy-=2-naphthoic,l9ge.,70/4,
neps265° (Foundtc,49.S;H,a.&ﬁr,29.5.011H70513r raquires C,49.443
H,2.623Br,29.65,5)

(®) 5~Eramanﬁnm—algzlagzra-n&gaxne1d aéida

(1) Eethyl to nonyl | :

By alkylating S5-bromo=-&-hydroxy-2-naphthoic acid
according to the ﬁroeedur@ desceribed for the S5-n-alkyloxy-l-
naphtholc acids(pagel90),the crude ecthers were obtained.Cne .
crystallisation from ethyl aslcchol(954) end one from b&nﬁane
(filterins from any unreacted hydroxy compound) gave the al&aae;

pure acids.The yields,which were between 60 and 8Cn,decreased
~with increasing length of the alkyl group.Two further
crystallisations from glacial acetic aclid gave the constant
m.p. values and analysis figures listed below. ’

(2) Decyl,dodecyl,hexadecyl end octadecyl

The G-p-alkyloxy-2-naphthoic acid(l mole.) was

dissolved in the minimum volume of glacial acetic acid at 80°
and treated with bromine(l mole.) dissolved in twice its volune
of glacial acetic acid.The mixture was stirred at 80° for 20 min-
utes,crystallisation occurring almost immediately the aadivioa

had been made.Tha reaction mixture was cooled and an almost
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quantitativo yield of the or&atallina S5=brono=G=n=-alkyloxy=2«
naphthoic acid filtered off.Two crystallisations from glacial
acetic acld gave the constant m.ps values and analysis figures
1isted below. |

%
|
J

A Mmep.  Analysis for CynHpeBr.OR.COOH Analyvsis
Gl'mm? R:D- =L 10''s ?ﬁ-—o
Kethyl  303(d) C 0,Br C,51.253H,3.24Br,28.47 C,51.13H, 3. 1.,
hy 12H9 ' P "Br,23.50 !
Ethyl 281(A) CyxHy10:Br C,52.93H,3+733B2,27.12 C,52.84H,3.8
hy. 13711Y3 ’ 8 ’  J2 ) ’Br, {:.é’ﬁ 8

Propyl =~ 224" ' Gyl ;05BT Cy54.364H,4. 2;Br.2).9 c 5a.zguéﬁ.1;ﬁ

Butyl 213° Cy5i) 5O5BT Cy55.73H,4+644Br, 24477 0,55 5;uag.a;3

Amyl. 196.5° Cy6ti3 70387 0,57.o;a 5.0&;Br.25 7% C, gg'gguéw 93

Hml 178° 017319053” 0;5801'51,50“1’&?.22 8 c'%.l‘ﬂﬁﬁﬁjg

.Heptyl 158° Claﬂalojﬁr Cy59. a;n.s 75;Br,21.92 Cy5933H,5484

Br,21.7%
Octyl 164° clgﬁzs sﬁr G,60. 23H,6.073Br,21.1 G,gg:géﬁ 603
Nonyl 168° CogHl2505BT 0,61e13H,G0364Br,20436 C, §§;353§%"'
Decyl 167°  CyyH,005Br Cy61494H,6.63157419+66 c,%%:g &@.&;
podeayl 151.5° Co5H5y 058 0,63.44;3.7.15;Br.18.a ¢, ga.gé%é;.e;
Hexadecyl 138.5° Contl5g0,Br C,66.,03H,7+943Br,16.3 c,gﬁ:ié§§;¢9
Octadecyl 136+5° ca.?fa‘U 3BT C467.044H,8:29357,15:4 °'§§;§§§&§'5'
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7+ 5-lodo=G=n=aliyloxy-2-naphthoic acids
5-Iodo=-0=-hydroxy-~2-naphthoic acid was preparsd bty iodin-

ation of &~-hydroxy-2-naphthoic acid,but the product was very

difficult to alkylate.In this case the lodine atom ortho-to

the hydroxy group will exert an even larger steric effect than
that which operates in the corresponding bromo-compound,which
was itself very difficult to alkylate.The ethers wore therefore .
prepared by iodination of the individual G-p-alkyloxy=—2-
naphtholc acids. )
(a) 5-Iodo-6-hydroxy-2-naphthoic acid

Sodiun iodide(3g.,0.02 mole.) was dissolved in Eoiling
glacial acetic acid(lCc.c.) and added to a solution of di-
chloramine~T (2.4g.,0.01 mole.) in warm glacial acetic &cid'
(5¢+cs)During the addition the nixture was cooled and well
stirred.The resulting solution of iodine monochloride(0.02mole.)
was clear and light brown in colour.This solution was added
with stirring to 6-hydroxy-2-naphthoic acid(3.76g.,0.02 mole.)
diseolved in glacial acetic acid(35c.c.) at 80.Thé lodo-
compound began to crystallise almost immediately,and afﬁér 20
minuﬁas,&h&n the reaction was complets,the mixture was cooled
thoroughly.The product was filtered,washed with glacial acetic
acid(25¢c.c.) and dried to yield 5-iodo-G-hydroxy-2-naphthoic
acid,5ge,88 buff coloured needles,m.p.235(d).lodins wes slowly

given off from 220°and the dacomposition became vigorous at

the m«p.Tho yleld after one crystallisation from glacial acetic
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acid was 800 and the m.p. remained unchanged (Found:C,42.1}
H,2.531,59.9.011H7051 requires C,42.054H,2.2331,40.44%). The
recovery of 5-1odo-6~hydroxy-2-nappthoic acid wes quantitative
if the lodination liquors were diluted to ?75% acotic acid.
Further diluticn will precipitate p-toluene-sulphonamide.
This precipitated material had m.p.225{d),and several
crystallisations from glaclal acetic acid failed to raise the
m.ps above 230{4). |
(b) 5-lodo=G-n-aliyloxy-2-naphthoic acids °

The sngfglkylexy-awnaphtnoic acid(l mole.) was dissolved
in the minimum volume of @1&01&1>ac@$i¢ acid ot 80°and a
solution of iodine momochloride(l mole.) in glacial acetic
aclid was added rapidly with stirring.The lodo- compound
began to crystalliso 2 minutes after the sddition was
complete,but the temperature was maintained at 8C° for 20

ninutes to encure @empl@ee‘ra&atian.kftar cooling, the
crystalline 5-iodo-G-p-alkyloxy=-2-naphthoic acid was filtered
washed with glacial acetic acid and dried.One crystallisation
from glacial acetic acid gaé@ 85 to 95% ylelds of highly
pure material.The aclds woere crystallised to constant m.p.
from glaaial acetic acld and in all cases only two crystallis-
ations w@ra sufficient. :

The me.ps values and an&lysis figures are listed Ln the
fallswing t&bla. '
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S

tlethyl

Etayl

ropyl
Tutyl
Anyl
Hexyl
Heptyl
Octyl
Ronyl

Decyl

D@d@ayl'

Hexadecyl 133.5°

MeDs.

Analysis for 010H5.I.0R.COCH '&nﬁlgsga

296.5(d) Cyolly 05T Cy43.9 i, 2.7431,38.72 C,44.031, 2474

I 38.5&

28645° Gyl ;04T Cy85+6 §H302241,37.14 Cy85.73H,3431

230

219

203
191

176

160.5°

163°

165

14645

Cetadecyl 127°

8.

I,57.455
clqnljojx Cy47.2 ;H,5.6531g55 68 C,47.43H,3.83

.50;0'

015H1503 C, 48 67;H 4. 0631,34.34 C, §85§f§w4°1'

13290

C17t19051 °y51~25tﬁ.#g7711,31391 °’515§§2§“'7‘

’

1,30

CagHag0sT Cy584564H,506311928.85 C,54484H,5.8;

I. 8075}%

Caalizg05T ©155+5 Ha5-9511,27:97 C,55:51, 5.9

Caslis105T Co57:273516-4311,26.35 C, 57,411,654

i,

ngﬁqujl C.61f49}ﬂ.?.59;1,22o4 C,&l.ﬁ;g%?.?s

.32‘

;AVW‘QggﬁykﬁhOi@ acids

The 6=n-alkyloxy-2-nsphthoic acid(0.5g.) was dissolved in
the minimum velume of glacial acetic acid at 55«60.0ue to the
lower solubility of the hexadecyl and octadecyl ethers,which
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howsver glve nitro-derivatives of fairly high acetic acid
solubllity,a suspension of these ethers(0.5g.) in glacial
acetic acid(25¢.c.) was used.In both cases complete solution
resulted during the nitration.A solution of fuming nitric acid
(2cec.) in glacial acetic acid(2c.c.) was added with stirring,
the temperature was ralsed to»75’and these conditions maintain-
ed for lo_minutes.mhé mixtures ware diluted until crystallis-
ation began abt about 70°Cn cooling,the yellow needles of the
crude 5-nitro=-G-n-alkyloxy-2-naphthoic aclds were filtered,
washed well with water and dried.The yields at this ctage were
between 85 and 95is.Purification of these compounds involved a
nunber of crystallisatidns,ga the mesophases were of very ”
short range and the transitions had to Ve obtained as sharp

as possidble to avoid error.The solvents used and the number

of crystalllisations in parenthesis are summarised below. The
constant m.pe values and analysis figures are also listed.

A Solvents and number of crystallisations
MEOUD |

Kethyl Glacial acetic acid(3)

Anyl - Glacial acetic acld(3)

Octyl  Glacial acetic acid(2),toluene(l)

Nonyl Absolute EtCH(4),toluene(l)

Decyl Absolute E@éﬁ(#),celuen@(a)

Dodecyl Absolute BtOH(1),glacial acetic acid(l),toluens(4)
Heoxadecyl Absolute BHCH(4),toluene(l)
Cetadecyl Absolute BtOH(S),toluens(l)
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Allcyl mep. Analyseis for C) oHg N0, < 0R .COCH sis
bmug oun

Methyl  302° ¢ oMy 0'53 Cy5843 JHy346430,5.67  C,58.23H,3.64
' ‘ Hy5e550

Anyl 211 CygH)pO0sN C,63.373H,54614K,4.62 c,g;aaé‘g.s.?;
) ‘ gk 7

Octyl 187°  CycHy2O:N Cy6Gel §H,6e68il,44C6 C,66023H,608¢

| 197235 ', ’ i ?ﬁ.a. 1y L

Nonyl 174.5ocaox«x25051~z Cy664853H,6+963H,349 c,;s_.?;oéa,s.g;
' igJe e

Decyl 175.5°02132705H Cy67.554H,7+24411,3475 C,§735:H,7.23

Dodecyl 167° C,.H,,O0.N C,63.833H4,7,7330,3.49 C,68.5;H,7.7;
25"31 3 .

Hexadecyl 160° Copll;o0cll C,7049 §H,8.5441,3406 0,71-135;.8.6;
1320555

Octadesyl 152° CpgH,;0cl Cy71s751H,8.874%,2489  C,71.94H,8.9
29743 ,2585/

9+ 7Z-n-Alkyloxy-2-naphtholic acids
(a) ggggum 7~a@§g@~ggphth&lsna-a~su%phonat§
7-Anino-naphthalene-2-sulphonic acid(223g.,1 mole.) was
dissolved in a solution of sodium hydroxide(40g.,1 mole.) in

" water(l,800¢.ce) at 80.The solution was evaporated to dryness,
the residue was powdered and the light brown sodium salt
completely dried in an oven at 100%
(b) Z7-Amino-2-naphthonitrile

Sodiun 7-amino-naphthalene-2-sulphonate(35g.) and potassium
cyanide(70g.) were powdered and thoroughly mixed.The mixture
was dry distilled in an all glass retort heated to 500%600°in
a high tomperature salt bath.A pale brown 01l distilled and

209



repidly solidified to zive 3.8g. of pale yellow s0lid.This was
dissolved at 80 in a solution of concentrated hydrochloric acid
(10cece) in water(350cecs),cooled and filtered from a little
tar.Concentrated emmoniua hydroxide was added until the solutian
was just elkaline,and the pale yellow precipitate of 7-amino-
2-paphthonitrile,3.3gs m.p.140~160,was filtered.Cne crystallis- |
ation from benzene or absolute ethyl al@eh@l'gave slightly |
yellow nocdles,le7ge,7+1%,meps194~61This material was pure
enough for the conversion to the hydroxy-nitrile.Two further
crystallisations from benzene gave mep.197° (Found:C,78.44H,
4.8;3.16.7-013.&8&2 requires C,78.573H,4.76§H,16.66().

(6) 7-H

7~am&ae~2mn&pnwh@naur1le(5.o&§.,0.05 nole.) was dissolved
in boiling glaclal acetic acid(60c.c.) and to this solution
at 80°was added 40% (w/w) sulphuric acid(60c.c.),also at 80.
The mixture was repidly cooled to O to odtain the finely
divided aemine sulphate.Sodium nitrite(4.2g.,0.06 mole.) in
water(30cscs) was edded dropwise at 0°to the stirred suspension
and maintained under these conditions until a clear brown
solution was obtained.The excess sodium nitrite was destroyed
by adding sulphamic acid until a blank reaction was given by
starch-1o0dide paper.The cold diazonium salt solution was added
dropwise during 30 minutes to a stirred and boiling 40% (w/w)
sulphuric acid solution(180¢c.c.).Nitrogen was evolved,the solut-
ion became red and some darit oil separated.Bolling wascontinued
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for one hour.%hen cold,the crystals and solution wem' extracted :
with ether and the 7-hydroxy-2-naphthonitrile removed from
‘the ether by shaking with two portions of 0.5N sodium hydroxide.
Acidification gave a pale pink precipitate which was filtered.
Cnoe exwm’b.a.llwation from 354 acetic acld gave orange-yellow
plates,3.85ge ,765,mepel83=5.Two further crystallisations from
the same solvent yielded pale yellow plates,m.p.186.5 (Founds
C477+91H,4+33N,8.2.C; ) H)ON requires c,7a.1m,4.mm,a.aaﬁ).
(&) 7-Hydroxy-2-naphthoie acid
P=Hydroxy-2-naphthonitrile(2.5g.) was dissolved in 2N
potassium hydroxide(50¢.c.) and refluxed until no more
snmonia was evolved(4 to 5 heum).ms solution was cooled,
diluted with an equal volume of water and acldified with
concentrated hydrochloric acid.?-Hydroxy~2-naphthoic acid |
precipitated as a pale pink solid which was filtered and dried,
yielding 2.4gs ,90%,mepe265~9This material was used for the
alkylations.Two crystallisations from water gave pale ‘yell.w
needles,nspe269-270" (PoundiC,7014H,4:.Cy 1 HgO, Tequires
Cy70e2LsH le145%) o

(e) 7=n-Alkyloxy-2-nap 1¢lds
- Only the nyl and n-hexadecyl ethers were propared.
‘The method used was the same as that for the preparation of
the B-y_walkwlm'-l-mph‘aheié acids(page 190).The ethers were
‘ purified as follows.

sid was obtained in 90% yield after
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one crystallisation from 90% ethyl alcohol as pale yellow
neadles,meps139.5>141.5 Further crystallisation from glacial
acetic acid and xylene raised the m.p. to 14l.5,but failed to
renove all the colour.White ﬁa@dlas wera obtained by snbliming
gt 170°at 2-3mems,end this meterial had m.p.142.5° (Founds
c,76.01ﬁ,?¢9o01983&03. requires C,76.03H,8.0/%).
Z-n=Hexadecyloxy-2-naphthoic acid was obtained in 90% yleld,
mepel33-5;after one crystallisation from 90% ethyl alcohols
Crystallisaticn from glaclal acetic acid and xylene gave pale
pink nesdles,n.p.l35.The colour was removed by subliming at

210-220 at 4m.m.,whereby colourless necdles were obtained,
m.ps138.Turther erystallisation did not alter the m.p.(Founds:
Cy78+63H,9, 7.027H#003 requires C,78.643H,9.71%).
10. i: luoro-4-n-nlkyloxy benzoic acids
These ethers wore prepared by alkylating 3-£1l00ro=ie
hydroxy benzoic aclid,which was obtained by the following

reactions.
OCH,  OCH, OCH,
Nwweammql ; F Br,/OHCl, AOF
'MMﬁme !

Br

. ocH OH
R Hé HBr/ . F

’ | acetic acld

COOH , , COOH

Reither the hydroxy acid nor the ethers have been reported in
the literature and the intermediate 2-fluoro-4-bromo-anisole
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is also unknown.Therefore there was a dezres of assxmptien‘
involved in accepting that o~fluoro-anisole brominates in the
4-position.It is made highly probable that it does since |
Ingold and Holmes(50) have proved that nitration of g—ﬂuém—
anisole gives 2~f1u9ro-#-nitre~mmola.How‘mr,to verify the
position of wbstiéutiw. 3=fluoro-4-n~anyloxy bvenzolc acid

was prepared by the following unambiguous route.
OH OCgHy, OCgH, OCgsH )

( ]_p Hyo1 ;[ ] [ ]N°= Fa/ﬁCl/ NH,
OOH COOH OOH '

) . CsHy CsHy :
esterification, M2 RallO,/NaBF,/ F hydrolysis |
| distillation ‘ .

OOE¢t OOE+

CsHu
F

COOH

This method is much longer and the yields are much poorer,
but some 3-fluoro-i-n-amyloxy benzoic acid was odtained.This
material had the some mep. as the amyl ether prepared by the
first method,and a mixture of the two gave no me.pe. depression.
The orientation in 2-fluoro-i-bromo-anisole was therefors

proved.

The preparation from p-hydroxy benszolic acid will be describ-
ed first,followed by the more direct method used for ma sories
of ethers.

213



(1) 3-Fluoro-4-n-amyloxy benzoic acid )
(a) p-n-Amyloxy benzoic acid
This ether was prepared from p~hydroxy benzoic acid
by the same method of alkylation as described for the prepar-
ation of the }malkyloxy-l-»napmkoic aclds.One crystallisation
of the crude product from glacial acetic acid gmm colourless '
needles,180g« ,86=874,mepe122=3"
(b) 2-Hitro-f-n-amyloxy benzoic acid
pen-Anyloxy benzoic acid(104g.,0.5 mole.),glacial acetic
acid(600c.c.) and fuming nitric acid(320c.c.) were heated for
5 hours at 70,¢ooled and allowed to stand over-night.The | ’
suspension of yellow orystals in the nitration liquors was i'
poured into water(3 litres) and the nitro- compound filtered. ‘
One crystallisation from glaclal acetic acid gave pale yellow
nwdlas,%@.,71-‘7%&.;»148.52%0 further crystallisations
from the same solvent gave mep.150° (FoundiC,56+73H,5.94,5.5.
CpoHy sOirequires C,56.98H,5¢91N,5.5%) -
S=litro=-t=n-amyloxy benzoic acid(22.3g.,0.1 mole.),95%
ethyl alcohol(280¢.c.),water(25c.c.),concentrated hydrochloric
ac1d(56c.c.) and iren pin dust(21g.,0.375g.atom) were refluxed
on the water bath for 24 hours with vigorous agitation. |
Concentrated emmonium hydroxide was added to the hot reaction '
nixture until alkaline,and the whole allom to stand over-night
to ensure that all the ferrocus hydroxide was oxidised to the
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more readily filtered ferric oxide.The inorganic oxide was
filtered off and well washed with dilute ammonium hydroxide,
‘until the washings gave no preciplitate on just'acidifyin@'
with dilute acetlc acid.The filtrate and washings were
concentrated to about 30Cc.c.,refiltered,cooled to ¢ and
nade s8lightly acld with acetic acid.The light brown precipitate
16.2g., 805,01 3-amino-4~-n-amyloxy benzolc acid was filtered
and dried.The m.p. was 100~102%The amino-compound was very
difficult to purify by crystallisation and the above material
was esterified.Some pure amino-acid was obtainod by hydrolysis
of the pure ester and this product had m.p.104 (Found:C,64.3}
H,?.ﬁ;N,6'4.012H1705R requires C,64.53H,7.631,6435). |
(4) Ethyl 3-anin amyl¢ nzoat

3=Amino-4-n-amyloxy benzoic aoid(ljg ),ethyl als@hol

(100cece) and concentrated sulphuric acld(4csc.) were refluxed

for 5 hours.The reaction mixture was poured into water(1CCc.c.)
neutralised with aqueous sodium dicarbonate and the colourless
oll extracted with ether.The exstract was dried,the solvent
removed and the residue distilled under reduced pressure.The
yield was 11.9g.,80%,0f & colourless 0il,b.p.210°at Smems On
standing,the oil became a colourless solid,m.p.34=36"

(e) 3

snyloxy b@naoat@(a.sg..o 01 mole.)
was atirr@d vigorously with water(8¢.c.) and concentrated
hydrochloric acid(8¢.cs),t0 obtain the finely divided hydro-
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chloride.The suspension was cooled to O-5 and a solution of
sodiun nitrite(1l.03g.,0.015 mole.)in water(3c.c.) was added
dropwlse with stirring.After about 90 minutes a pale yellow
solution resulted.This was filtered to remove a small smount of
tar.The solution was added dropwise to a suspension of sodium
borofluoride(l.6g.,0.015 mole.) in a small volume of water
(3c.c.) at less than 10.Stirring was continued for one hour
and the precipitated diazonium borofluoride was filtered.Tho
80114 was dried in a vacuun desiccator and gave 2.73g.,79%,
mep.93=-5(d).The dry solid was heated in an all glass distill-
ation gpparatus until most of the n&ﬁmgm and boron trifluorw
ide had been expelled.The temperature was raised to 180,but
only a few drops distilled even when the pressure was reduced
to 20men.The distillate and the still residues were extracted
with ether and the solvent removed.The residual dark brown -
oil was hydrolysed by refluxing for 2 hours with SN methyl
alcoholic potassium hydroxide.The hydrolysate was filtered
free from some charred material and acidified with 1:1l
concentrated hydrochloric acid.The dark brown precipitate of
3~fluoro-4-n-amyloxy bvenzoic acid was flltered,dried and
crystallised from 70% ethyl alcohol.The light brown needles
were recrystallised from 50% acetic acid end the yellow needles
were sublimed at 140 at l-2m.m.The white sublimate,0.4g.,16%
had m.p.137. |

216



(2) 3-Fluoro-4-n-alkyloxy benzoic acids
(a) o~Fluoro-anisole | |
Redistilled g-aniami_na(% +3ge41 mole.),concentrated

hydrochloric aud(léc)c-_c.) ‘and water(l00c.c.) were vigorously
stirred at 0" to obtain the finely divided hydrochloride.Sodium
nitrite(54+8g.,1.05 mole.) in water(100c.c.) was added drop=.
wise,with stirring,to this suspension at O.Stirring at O° was
éaatinuad until a clear brown solution was obtained.lhis was
filtered to remove a small emount of tar,and added gradually
to a suspension of sodium borofluoride(liCge,l.5=1.6 mole.) in
water(100c.c.) at less than 10.The mixture was then stirred
for one hour.The pale yellow diazonium borofluoride was filter-
od with suction and dried in & vacuun desiccator.The yield was
140G , B4 ,mep 95=100(d) .The dry solid was decomposed by heating
with a flame in en all glass distillation apparatus.The: '
distillate was diluted with ethor,washed twice with 0.5
oxide,twice with water and dried over snhydrous
sodiun sulphate.The solvent was removed and the residue of
o~fluoro-anisole distilled.The yield of colourless oil was
35=398 3743/, Dep+160=164"

o-Fluoro-anisole(18.9gs,0.15 mole.) was dissolved in
chloroform(50c.cs) and a solution of bromine(24g.,0.15 nole.)
" in chloroform(50c.c.) was added in small portions in lOminutes.
The mixture became warm and eventually began to reflux with
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coplous evolution of hydrogen bromide.When the first rcaction
~ had subsided,refluxing was continued until the bromins colour
had disappeared(2.5 hours).The chloroform was distilled off
and the pale yellow o0ily residue was distilled under reduced
pressure.The yleld of colourless oll was 26.7ge,957,bep.148-
150° at l4mem.The yiald. in a large mumber of brominations lay
consistently between 92 and 96/ (FoundiC,41.03H,3.03Br,33.9.
07H60!3W roquires C,40.973H,2:923Pr,39.02%).

(e) 3=F1 \etho: , : | ‘ |
2=Fluoro=i4-brono-anisole(5l.3g. ;0025 molo.) was dissolved
in Analar benzene(190c.c.).kagnesium turnings(10g.,0.42g.atom)
wero placed in a 500c.c. round=-bottomed flask,fitted with a |
three-necked adapter which carried a mercury-ssaled stirrer,

a double-surface condenser and calciua chloride tube end a
dropping-funnel.The magnesium was covered with dry ether(190
c«cs) ond etched by warming to 50%60°after sdding ethyl |
bromide(0.5¢.c.) and a orystal of iodine.The iodine colour
gradually disappeared end the solution became turbid.While
refluxing on a hot water bath,the benzene solution of the '

‘ md was added dropwise in 20 minutes.The mixture
. soon became brown and occesicnally the reaction had to be
modified by removing the water bath.Rofluxing was comtimued
for two hours when the magnesium was reactivated by adding
ethyl bromide(l2.5c.c.) at half-hour intervals in the follow-
ing quantities--6 portions of 2 c.c.,and 1 portion of 0.5¢.c. |
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Aftexr the overall reflux time of 5 hours,only a trace of
- nagnesium remained unreacted.The cooled reaction nixture was
poured steadily,with stirring,into ether(100c.c.) saturated
with solid carbon dioxide.The carbonated Grignard compound
separated as a viscous semi-solid.When all tho excess carbon:
dioxide had evaporated,the fres acid was liberated by stirring 3
in 131 concentrated hydrochloric acid(756¢.c.).The ether was
evaporated off and the white acid which precipitated,was ‘
filtered and washed with water.The benzeno layer in the filtrate
contained only a small percentage of impure acid.The 3-fluoro=
4-methoxy benzolc acid,28.55¢67%,m.pe209-211.5,was quite purs,
but without appreciable loss in yleld the m.p. was ralsed to
211.5" by dissolving in hot dilute sodium hydroxide,filtering
and reprecipitating with concentrated hydrochloric acid.This
naterial was used for the demsthylation.ihe me.p. was not chang-
ed from 211.5°by ono crystallisation from glacial pcetic acid
and two from absolute ethyl alcohol (Foundil,56.43H,4.1.
CBH7°5F requires C,56.534H,4.11%). |

(d)_3-Fluoro-A4-hydroxy benzoic acid

3-Fluoro-i4-methoxy benzoic acid(42.5g.,0.25 mole.) was

refluxed for 6-7 hours with 48/ hydrobromic ecid(1COc.c.) and
glacial acetic acid(100c.cs).The brown solution gave a solid
mass of orystals on cooling.These were filtered and dried,to
give 24g.,01=062%.The product is qﬁite soluble in acetic acid
snd in water and dilution of the mother liquors does not pre-
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cipitate the remaining 3-fluoro-4-methoxy benzoic acid.The

- acetic acld was therefore distilled off{ under reduced pressurs,
and the £olid residue completely dried,giving an overall yleld
Of 38453499/ smeps148-157"Although this light brown material
was quite impure,it was satisfactory for the preparation of
the ethers.

A small amcunt of the hydroxy gcid was purified for
analysis.For colourless needles,m.p.l45-7,one crystallisation
from water was nec@ésary,with hot filtratlon to rwéova a
trace of high m.ps impurity.Further crystallisation from a
mixture of water(2 parts) snd acétic aeid(i part) gave small
colourlsss needles.m.p.1&6~7zﬂo othar.&eana of purification
&mtampséd inmproved this w.p.'or the analysis (Féund:C,S}.O;
H,3.8.C7H505F requires ,53.93H,3.22%) Howover,the ethgrs were
very readily purified and the use of the impure hydroxy
compcund was not a disadvantage.

(e) 3~?luoro=4-nealicyloxy btenzoic acids
These ethers were prepared using the same method of alkyle-
ation employed for preparing the §~§ralkyloxy-l~na§nthoic acids
(pege 190) «AfSor one crystallisation from absoluve ethyl alcohol
the ylelds of almost pure ethers werc between 80 and 85%.The

constant mep. values and analysis figures liaﬁsd below were
obtained on ea&ples whick had bveen further c¢crystallised twice

from benzenc and once from glacial acetic acid.
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Alyl meps  Analysis for CH;.F-0R.COCH  Analysis found
rou‘gg

'ﬁethy1, 211.5° Cully0;F  Cy5645 $Hy4ell  Cy56453H,4.24
Butyl 142.5° Cy1H1305F Cy62434H,6.13 C,62.83H,6.3%
Amyl 137°  CyoHf)g05F C,6347 §i1,6.64 C63:73H,6.7%
Hexyl 129° Cy 3t 7057 C46540 §H,7.08 Cy65+23H,7415%
Hoptyl  123° CyaHygOsF C265e15511,7.48 C,6642311,74355
Cetyl 117°  CygH, 05 €467.163H,7.83 C,67.33H,7.8%
Nonyl 112.5° €yl 0,F C46841 §1i,8.15 C,68.2¢4H,8.3%
Decyl 108° CypHo505TF C46849 311,664 Cy6eLgt 6,750
Dodecyl  108.5° C)gllrg0sF C,7044 §if,8495 Cy70464H, 8085

Hexadecyl 94° CosHzn0sF C4724631H,9473 C,72.53H,9.8b
Octadecyl 113° casﬁalqu Cy73¢5 §H,10405 Cy73.43H,9.9/%
11.

[;:] Dichloramine-~T in C alkyl ci
OOH

OCH COOH

(a) 3=Chloro-4-hydroxy benzoic acid |
p-Hydroxy venzoic acid(13.8ge,0+1 mole.) was dissolved in
glacial acetic acid(l00ce.cs).A solution of dichloramineTl
(12g+,0.05 moles) in glacial acetic acid(10Cc.c.),and
© concentrated hydrochloric acld(0.5c.c.) wore added and the |
nixture refluxed for 5 hours.Acetic a@id(lOOc.c;) was distilled f

off under reduced pressure and the mother liquors,on cooling,
deposited colourloss crystals,l4g.,80-8L%,m.p.165=172Cne 5
crystallisation from water gave pure 5-ch19ro-4~hydruxy benzoice :
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acid, 1235+ ,70~71%,m4p+ 1722
- (b) 3-Chloro-4-n-alkyloxy benzoic acids

3=-Chloro-4-hydroxy dbenzolc acid was alkylated by the same
procedure as was used for the preparation of the 5-n-alkyloxy-

l-naphthoic acids(page 190).The yields of crude ethers were

85-95%.Certain of these ethers gave very chort maaoﬁhas@a and
to avoid error in determining the transition points,they were

crystallised several times from various solvents.The solvents,

the number of crystallisations in parcnthesis,the constant mepe. |

values and the analysis figures are summarised below.

Alkyl Group _Solvent and number of crystallisations  m.p.

Kethyl
Anyl
Hexyl
Heptyl
Octyl
Nonyl
Decyl
Dodecyl
Hexadecyl

Octadecyl

Absolute ethyl alcchol(3) ' 217.5°
904 ethyl alechol(2),glac.acetic acid(l) 134.5°
Ab@eiuxe ethyl alechol(l),benzena(3)  120°
Absolute ethyl alcohol(2),benzena(l) .ll7°
90% ethyl alcohol(2),glac.acetic acid(l) 94°
Absolute ethyl alcohol(2),benzena(l) 93°
80% ethyl aleochol(2),benzens(2) | 99°
Avsolute ethyl alcohol(3),benzena(2) 100°
Glac.acetic acid(2),90% ethyl alcohol(3), 95°
benzena(2) o '
Absolute ethyl alcohol(l),benzene(s) 108°
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%;gz& Analysis for cﬁHj.Gl.Qﬂ.GGOH Analysis _ found
1 2°0Up '

Methyl  OgiL,0,Cl Co51e58H,3475§C1,19404 C,51+54H,3+84C1,19.15%
Amyl Cy oMy 50561 Cy59.45H,60194C1,14.6G C,59.641,6.34C1,14.6%
Hexyl Gy ;H)»05C1 C460.84H,6,631C1,1348% C,6047§H,6464CL,13.9%
Heptyl  Op,Hjo0,01 C,62.14,7.034C1,13.12 C,62.24,7.24C1,13.1%
Octyl  OygHy 0501 §,63.274H,7484C1,12.87 G,63.34H,7.54C1,12.5%
Nomyl  C)gHys0,C1 C,64:334H,7475C1,1149 C,64.44H,7.7401,12.0%
Doeyl  Cpollys0,0L C,65.274H,8.04C1,11.36 C,65.341,7.84C1,11.5%
Dodecyl 019H290301 Cy56.95311,8453C1,10.42 C,66.93H,8.54C1,10.4%
Hexadeeyl CpsH;,05C1 Cy69.64H1,9+334CL, 8:95 C,6946§1,9.51C1, B.9%
Octadecyl 035H410501 C,704664H,9474C1,8.36 C,70.73H,9.74C1, B.4%

H .
[ii] _Br,/acetic acid N [iij“ alkyl halide , [ji:r _
OOH OOH

(a) }mﬁrawe-4~gzg§g§z kenzolie acid |
p-lydroxy benzoic acid(27.6g.,0.2 mole.) was dissolved in

glacial acetic acid(2006.0.) at 60.Bromine(32g.,0.2 mole.) in
glacial acetic acld(30¢.c.) was added gradually to this solution.
The reaction mixture became hot and hydrogen bromide was evolved.
Aftor the addition,the solution was refluxed for 2 hours by
which time the bromine colour had disappeared.The sclution was
poured into water(500c.c.) and the thick white precipitate
filtered off.This was dissolved in dilute sodium bicarbonate
solution,filtored,acidified with concentrated hydrochloric acid
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and raofiltered.The dry s0lid welghed 435.4g.,95-9Gk.One
'crystallisatien frog water(2 litres) gave colourless needles
of 3~bromo~4-hydroxy benzoic acid,34.5g.,30/i,mepel77¢5¢
(b) 3=Promo-4-n-alkyloxy benzoic acids
Only the n-octyl and n-hexadecyl ethers were prepared.

Tho alkylation method was the samo as that which was used for
the preparation of the S5-n-aslkyloxy=-lenaphthoic acids.In each
case,the yileld of crude ether was 91-92%.Three crystallisations
from glacial acetic acid gave colourless plates of 3-bromo-
Ben-octyloxy benzoic acid,m.p.1llL (FoundiC,55.03H,6.5)Br,24 .4,
C1532103Br requires c,5&.ecﬂ,6.5938r,24.3%).Twu orystallis-
ations from benzene and one from glacial acetic acid gave
gmall colourless plates of 3-bromo-4-p-hexadecyloxy benzoic
8c1d,m.p+99" (Found:C,62.64H,8.361Br,18+2.C; 511;,0,Br requires
O,GQ.BSQH.8.3838:,18-14%).
13. 315=41-Fluoro=~i=nwalkyl benzolc acids

Thess were brapar@d according to the following sot of

‘r@achian&,using 2-fluoro-4-bromo~-anisole as starting material.

OCH, ' OH H CHy
¢ Hbr/ d F o, O g oM F
acetic acid, ____93_+ —Hel
' . Br Bs B ,

Br

CH CH
Fe/HCl n, F Eaﬁoa/NaBF4{_+ F F carbonation of
’ distillation Grignard compound
B Br )
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Ha KBI‘/ . H . R
"‘©F acetic acid , F@‘ alkyl haldde , [ T
O

OH . COOH COOH

It was not possible to introduce the»nitro group directly
into 2-fluoro-4-bromo-anisole,as nitration only occurred at
35°and at this temperature the reaction was uncontrollable.

(a) 2~F1uogp~#—pggwogghan§1
2~Fluoro-4-bromo-anisole(206g.,1 mole.) was dissolved in
glacial acetic acid(350c.c.) and 48 hydrobromic acid(20Cc.c.)
added.The reaction mixture consisted of two layers,but,after

r@tlﬁxing for 2-3 hours,the whole became homogeneous.The total
reflux time was 7 hours,when demethylation was complete.Acetic
acid(400c.c.) was distilled off under reduced pressure and the
residue,agaln conslsting of two layers,was poured into water.
The light‘brown layer'ot the phenol was extracted with ether,
washed twice with water,twice with aqueous sodium bicar%anaue,
and once with water,and finally dried over anhydrous sodium
sulphato.Removal of the ether and reduced pressure distillation
of the residue yielded 2-fluoro~4-bromo-phenol as a colourless
011,135 y71=72%,bep.70=72’ at Os5mem.

(b) 2-Fluoro-i4-bromo-6-nitro-phenol

2-Fluoro-4-brono-phenol(192g.,1 mole.) was dissolved in

glacial acetic acid(300c.c.) and the solution cooled to between
5°a§d 104 solution of fuming nitric acid(450c.c.) in glacial
scetic acid(450c.c.) was added dropwise with good agitation,
while maintaining the temperature below 10%.The adiition time
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- wa8 l.5 hours,after which the mixture was poured into a large
oxcess(6 litres) of water.The yellow crystalline solid was
filtered,washed with water and dried in a vaeuﬁm dosiccator.
This material had m.p.59-60"and one crystallisation from 504
. methyl alcohol gave pale yellow neodles,l43g.,62%,mepe61%

2=Fluoro=i-bromo=6=-nit ro-phenol (47 .2g. ,0.2 mole.) was
dissolved in cyclohexanone(425¢.cs).Powdered anhydrous potassium
carbonate(235gs,1.7 mole.) was sifved into the solution with
ghaking to obtain the finely divided,deep orange potassium
salt.lothyl 10d1de(85g.,about 0.6 mole.) was added,and,with
good stirring,the mixture was refluxed in en oil bath at 160°
for 6 hours.The colour of the potassium salt ropldly disappear-
ed and,on completion of the reflux,the yellow-brown solution
and suspended potassium carbonate were stirred into sufficient
water to dissolve all the solid.The organic layer was separated
end the solvent distilled off under reduced pressure.Distille
aticn of the oily residus gave & yellow 0il,b.p.117-121 at
3-fm.m.The oil soon solidified and had m.p.49=50. One
enyﬁtalliéawian from a small volume of absolute ethyl alcohol
(2c+ce for 3g.) gave pale yellow needles,4lg.,70=71#%,mepe53+5¢
Further crystallisation did not raise the m.p. of this material
- (FoundiC,33.53H,2413k,5.43Br,32.0. 07ﬁsojﬁFEr roquires C,33.63
Hy2403M,5.64Br,32.0%)
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(d) 2-Amino=i4-bromo=G-flucro-anisole-

2-Fluoro-4-bromo=-G=-nit ro-anisole(75g.,0+3 nola.) was
dissolved in 90k ethyl alcohol(450¢.c.).Concentrated hydro-
chloric acid(27c.c.) and iron pin dust(60g.,about lg.atom)
were added and tha whole refluxed over-night on a water bath,
with good agltation.The theoretical amount of sodium carbonate
(14.53.) was added and boiling continued for a further 2 hours.
The mixture was filtered hot and the precipitated ferric oxide
washed thoroughly with hot ethyl alcohol.The alcohol and
water were removed under reduced pressure and the dark oily
residue distilled.The 2~awino~4~brawo~6—flnofenani&els was
collected as a colourless oil,65ge,83-8475,bep.10G=112" ati 34
mems (FoundiC,38.¢13H,3.23Br,36.43H,6435 O7H7G§?Br requires
Cy384183H,3.18381r,36.353H,6.3G%) «

(@) 2:6~di-Fluoro-4-bromo-anisole

2-Amino-4-brono-6-L1luoro-anisole(55g. ,0.25 mole.) was
atirr@d vigorously into li:l concentrated hydrochloric acid
(130csce)The finely divided hydrochloride was diszotised at
0=5"by the dropwise addition of a solution of sodium nitrite
(17.38+40.25 mole.) in water (35¢.¢s).A clear brown solution
of the diazonium chloride was obtained after filtering off a
small amount of tar.@his.nolu$ian was added to a stirred

susponsion of sodium bPorofluoride(55g.,0+5 mole.) in water
(1500.cf),at less than 10.After stirring at less than 10 for
30 ninutes,the yellow diazonium borofluoride was filtered,
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pressed dry and thoroughly desiccated in vacuo.lry distillationé
of the bvorofluoride under reduced pressurg gave a red-brown :
oll which was diluted with ether.The extract was washed with
water,ajueous sodium hydroxide and again with water,and dried
over anhydrous sodium sulphate.Removal of the solvent and |
distillation of the iesidgs gave 216~di-fluoro=-4-bromo-anisole j
as a colourless 0il,10.6gs,17-18/,bep.213-218 (FoundsC,37.55;
Hy2e33B7,35¢9¢ Coll;CF ;Br requires C,37.663H,24244Pr,35.87%) .

(£)_315~-di-Fluoro=~i4-methoxy benzoic acid
In a round-bottomed flask fitted with a thres-necked

adapter which carried a mercury-sealed stirrer,a doubl@-aurtac@i
condenser and.c&lcium chloridae tube and é dropsing-funnel ,wero f
placed nagnesiun turnings(l.2g.,0.05z.aton),dry ether(25c.c.), j
216=di-fluoro=4=bromoanisole(0.5g),ethyl bromide(O.15¢.Cs)
and a small crystal of iodine.The mixture was warmed slightly
and after 5-10 minutes the magnesium was thoroughly etched,ss
indicated by the disappearance of the iodine colour and the
turbidity in the solution.The stirrer was then started,the
flask immersed in a water bath at 50-60°and a solution of
215=d1=L1uoTo=t=brono-anisole(7g., & total of 0.03 mole.) 1n
Analar benzene(25c.c.) added dropwise in 30 minutes.A vigorous

reaction commenced and the water bath was lowered once or .
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twico to control the reflux rate.The mixture became dark brown

and,after fhe addition,boiling was continued for 2 hours.
Ebhyl bromide(l.75c.c.) waslthén added at half-hour intervals
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in the following quantities--6 portions of CelSc.c.,2 portions
of Ge35cecs and one porxtion of o.iﬁa.o.Ths'total reflux time
was therefore 7 hours.The reaction mixture was coocled and
decanted,from & small amount of unreacted magnesium,into 4ry
ether(10Ccec.) saturated with solid carbon dioxide.The carbon-
ated Grignard compound separated as a grey sludge.¥hen all the
carbon dloxide had evaporated,the acld was liberated by stirring
in 13l concentrated hydrochloric acid(100c.c.)The organic laygr
was separated,washed twice with water end extracted twice with
Oe 51 sodiunm hydroxide.The pale orange solution of the sodium
salt was acidified with concentrated hydrochloric acid and the
yellbw precipitate of 3i15-dl-fluorc-4-methoxy benzoic acld
filtered.Crystallisation from glacial acetic acid gave colour-
1085 neodles,2.8g« ,45-46%,mpe213-4.Two crystallisations from
80% ethyl alcohol raised the mepe to 215.The thrice crystallised
‘material was analysed (Found:C,51.03H,3.2. cgﬂﬁ05?a roquires
Co514063H,3413%) 0 |

(8) 3315-di~-Fluoro-4-hydroxy benzoic acid

3 15-d1~Fluoro=4-mathoxy benzoic acid(C.?g.),zlacial acetic

acid(10c.c.) and 48% hydrobromic acid(l0c.c.) were refluxed
"for 5 hours.The light orange solution was then evaporatved to

dryness under reduced pressure.The light trown powder,m.p.158-
165;was recrystallised from water to give colourless needles,
Ge5gey78hemepel67-8.0ne sudblinmation at 3m.n. gave a white
pewdar.mgp.168°(FogndtC.QB.QgH,a.a.GyﬂqojFa roquires C,43.283
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Hy203/) ‘
(b) 3i15-di-Fluoro-f-n-hexadecyloxy benzoic acid
The hydroxy acid was alkylated by the method used to
prepare the S-pe-alkyloxy-l-naphthoic acids.Two crystallications
of the crude ether from 6@'-’-80" petrolsun ether gave colourless,
woxy plates,m.p.72,1n 75k yield (FoundiC,69.34H,8.9.0,5H50,F,
CyG9e343H,9.04)

coxy benzoio acid

_ p-iydroxy benzoic acid(20g.) was dissolved in glacial
acetic acid(170c.c.) at 40.The temperature was raised to 60
80°and maintained in this range for 4 hours while chlorine

was bubbled through the mixture.After 2 hours the m:xm~
conpound ‘w@an to separate and in a fuwmrf@hué.n the mixture
was saturated with chlorine,the whole was a thick paste.When
cold,the s0lid was filtered,freed from mgbine by stirring
with aqueous sodium hydrosulphite,refiltered,washed with water
and dried.The yield of nearly pure product was 23.6g.,76k,
mep.265-7Crystallisation from a large volume of glacial acetic
acid gave small,colourless nwélw.m.p.aﬁ?:t}@mw(ﬁi)
reports mepe265.
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(b) 3:15~di-Chloro~4-n—-alkyloxy benzoic acids
- 315=d1=Chloro~i=-hydroxy benzolic acid was alkylated by
the method used to prepare the S5-n—-alkyloxy-l-naphtholc acids.

Cnly the n-anyl and n-hexadeeyl ethers were prepared.In each
casa,due to the steric offect of the two chlorine atoms on the
hydroxy group,a little unreacted hydroxy acid had to be
separated from the product. |
315=21=Chloro=i=n-anyloxy benzoic acid

The orude ether was shaken with cold bonzeno.30c.c. of this
solvent were used when starting with 2.0?@..0.0l mole.,of the
hydroxy acid.The insoluble hydroxy compound,Ce3ge,meps250=5
was filtered off.Evaporation of the benzene and crystallise

ation of the residue from glacial acetic acid gave white
needles of the n-amyl ether,l.9g.,68/%,msp.1l00%102,Two
orystallisations from 60%80° petroleun ether gave colourless
blades,mep.103° (FoundtC,60.041,5:1301y25.6+ Cy,f;,0501,
roquires C,51.993H,5.05§C1,25.645) ‘

33 5~=di=Chloro=f-n-hexadecyloxy benzolc acid |
Starting with 2.07g+,0.01 moles,of the hydroxy acid,the crude
ether wes again freed from unreacted hydroxy compound by
shaking with cold benzene(70cec.) and filtering.The filtrate
wags concentrated and allowed to crystallise.This gave colour-
. less prisms of the p-hexadecyl ether,3.1g.,72%,m.p.60.5:0ne
erystallisation from &dlﬁo‘psnrbleum ether did not raise this
m.p.(FaundsG,@%.l;H,8.5;01,16.5.025ﬁ5§03012 requires C,64.03
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H,84343C1,16.47%) .
15. trans-pen-Aliyloxy cinnamic acids

These ethers were prepared both by alkylating trans-p-
hydroxy cinnamic acid and by condensing the Rrgralkyloxy
benzaldehydes with malonic acid.The latter is the baﬁter
moethod,since the ethers are much more easily puririgd.anly

those ethers,which showed any serious discrepancy in m.p.
and trensition point values from the figurés previously
published(6),were analysed.

A solution of Erhyﬁrﬂxy benzaldehyde(1l2.2g+,0.1 mola.)
and malonic acid(23g.,0.22m0le.) in pyridine(75c.c.) contain- ‘
ing piperidine(1lc.c.) was allowed to stend,protected by a |
soda lime tube,for 3 weeks.The mixture was then poured into
ioa(lOOg.) snd concentrated hydrochloric acid(60c.c.).The
vhite precipitate was filtered,washed with 5% hydrochloric
acid(10csce.) 8nd twice with water(l0c.c.),and dried.The acid
was crystallised from waber and gave colourless neodles,8.6g.,
sa-.ss%.m.p.als.s-am 52 o

The grd@eyl and graatad@ewl ethers were prepared by
alkylation of trans-p-hydroxy cinnamic acid.The method used
was the same as that for the preparation of the S5=pealkyloxy-
paphthoic acids.The crude n-decyl ether was crystallised @hriaa
from glacial acetic acid and had mepel33:The yield of almost §
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pure product,after one crystallisation,was 79/%.The p-octadecyl
ether was obtained in 804 yield,m.p.1l18jafter one glacial
acetic acid crystallisation.The ether was further crystallised
twice from glacial acetic acid,twice from benzene and twice
from absolute ethyl alcohol,and had meps120.5%

wsf‘ ) Analysis for CgH..0R.COOH Analysis found

Decyl  C)glyq0, mquireé 0;75.033.9.5 Cy78+83H, Y2k
Octadecyl cafxmoj requires C,77.93H,10.6 €784 14H,10.75

peHydroxy bm@dmde(m.as.,aol mla.),mmmm
potassium carbonate(60gs,0.4 mole.), ayelohmnwa(m@.e.) and
the n-alkyl bromide or 1o0dide(0.16 moles) were refluxed and
agitated as vigorously as possible.Alkylation was complete
when the orange colour of the potassiun salt é:e phydroxy
benzaldehyde had disappeared and the solution was yellow or
~colourless.The time varied between 1 and 3 hours.The solution
‘was decanted from the potassium carbonate which was thoroughly
washed with ethor.The ether washings were added to the cyelo-
" hexanone solution and both solvents distilled off on the water
bath under reduced pressure.The residue of @mﬁa p-n-alkyloxy-
bwaldwyda was then distilled under reduced pProssure.

75 106°et 3mem. Amyl 50 145°a% 3 meme
Propyl 64 = la4’at l4mens Hoxyl — 60 158°at &4mem.
Butyl 61 165°at 17 m.m.Heptyl = 74 154° ot Smeme
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Octyl 66 160°at 1-2mem.

Nonyl 72 - 185°at Smems

Decyl 78 135‘&3 4meme

Dodecyl 69 . 194 at 8mem. o
Hexadecyl 50 230" at 3mem. 3.
Octadecyl 59 240"at 2meme - 48.5°

(d) erauafg~a—Algzicxl_eggggyic aclds
The p-n-alkyloxy benzaldehyde(0.02 mole.),malonic acid
(3.28+,0.04 mole.),pyridina(ac.c.) and piperidine(3 drops)

were heated on a boiling water bath for 3 hours.The evolution

of carbon dioxide could no longer be seen after 2 hours.The
reaction nixture was poured onto ice(25g.) and concentrated
hydrochloric acid(25c.c.).The precipitate was filtered,washed
well with dilube hydrochloric acid and water,and crystallised
once from 98% acetic scid.In all cases,the yields of colour-
less needles were between 90 and 1C0k+Constont mepe. values
were obtained after a total of three crystallisations from
98% acetic acid.The m.p. values and the necessary analyses are
listed bvelow.

Allkyl ) BeDe Alkyl group ReDo
Kethyl 7r Butyl 154°
Ethyl 191.5° Anmyl 138°
Propyl 165° Hexyl 153°
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Alkyl MeDe Analyeis for CgH..CR.COCH Analysis found
utxroup

Heptyl = 148° OpgH,,0; requires Cy73.31H,8.4 C,73.33H, 8.5 % .
Octyl‘ 1479° o ‘

Honyl 138.5°018H2603‘ requires C,74.5;H,9.C C,74.33H, 9.0 %
Decyl 154.5’61932805 roquires C,75.03H,9.3 C,74.84H, 9.2 j
Dodecyl 132° 02135203 requires C,76.11H,9.65 C,75.13H, 9.5 % '
Hexadecyl 118.5°Cy5H, 05 Toquires C,77.331H,1043 C,77.33H,10.4 %
Octadecyl 120.5°02784403 requires ©,77.93H,10.6 C,78.13H,10.65%
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Publications

The transition points and melting
points quoted in the thesis vary
slightly in certain cases from the
values in these publications,which
are only preliminary reports of
some of the observations before
these had been redetermined with
complete accuracy in the heating
instrument.
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INFLUENCE OF SUBSTITUENTS
ON THE MESOMORPHISM OF
p-n-ALKOXYBENZOIC AND
6-n-ALKOXY-2-NAPHTHOIC ACIDS

By G. W. GRAY and Prof. BRYNMOR JONES
University College, Hull

NCE Reinliitzer’'s discovery of mesomorphism in

1888, a large number of organic compounds
which show this phenomenon have been prepared.
Their physical appearance and the texture of thteir
mesophases have been extensively studied by Friedel
and others; but there is at present little or no
information concerning the molecular dimensions
which determine whether a system will show meso-
morphism, or of the effect of substituents on the
range and character of the mesophases. Vorlanderl
discussed the significance of certain structural
features, and Bernal and Crowfoot2 attempted to
indicate the types of structure which would lead to
the formation of nematic and smectic phases. Wey-
gand et al.3 made a systematic study of certain
homologous series of alkoxyanils, azo- and azoxy-
compounds. Nevertheless, all that can be said is
that to show mesomorphism an organic molecule
must either be predominantly one-dimensional or
rod-shaped, as in p-azoxyanisole, or saucer-shaped,
as in the cholesteryl esters, thus allowing the close
packing in both the crystalline and mesomorphic
states. In no series, hitherto, has the influence of
substituents been systematically studied.

In an attempt to enlargo existing knowledge
regarding the molecular dimensions which would
appear to be necessary for mesomorphism to occur,
an examination Was recently made of the relative
importance of length to breadth, or flat-area, in such
molecules as the 4:1-, 5:1-, 6:2- and 7:2-n-
alkoxynaphthoic acids4 Here, only the 6-n-alkoxy-
2-naphthoic acids are mesomorphic. This investigation
has now been followed by a study of the influence of
substituents, particularly of the halogens, in the
3-position of p-n-alkoxybenzoic acids and in the
5-position of 6-n-alkoxy-2-naphthoic acids.
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Table 1
i First appearance or: i Smectic phase only Maximum phase-length
(a) nematic phase (b) smectic phase
X = H R = C,H, c,hB R = CnH,, 57“(R = C,H,)
C,H, C.H, CiaHss 16“ (K < Cull,,)
cl C.H, A 45°(R = C,.H,)
Table 2
,,,,,,,,,,,,,,,,,,,,,,,,, SRR
. First appearance o . Maximum phase
(a) nematic phase (b) smectic phase Smectic phase only < CitH*s
X = c R: ¢, S CoH, R:= cutl** and Cuffx 42 (R« C.H,,
Br CLH, CLoHIS CisH jsand Cigff'7 400 (R = CiHis)
1 C.H, C.H, CiaHts and CigHs? 25" (R = C.Hn)
NO* CiHir Cullij 1-5° (R = Coiokji)



In the benzoic acids the effect of substituents is
very marked. Introduction of the largo bromine
atom eliminates the mesomorphism completely. With
chlorine and fluorine the mesopliases persist, but
their length is reduced, and their appearance in the
series delayed. Thus, oven with a fluorino atom, the
nematic phase, which first appears in the unsub-
stituted acids in p-w-propoxybenzoic acid, is not
found until the hydrocarbon chain is lengthened to
octyl, in 3-fluoro-4-n-octyloxybenzoic acid. More-
over, in the unsubstituted acids a maximum phase-
length of 57° is found in p-n-decyloxybenzoic acid6*.
In the fluoro-substituted acid the maximum phase-
length is reducod to 16° and in the chloro-acids it is
only 4-5°. Both maxima are found in the n-
cetyloxybonzoic acids. Some of the data are sum-
marized in Tablo 1;the alkyl groups used were CHa
to CioH ji, Cl211,, l'igbfaa and C18L137.

In view of these results, the absence of meso-
morphism in 3 : 5-dichloro-4-w-alkoxy- and in 3-nitro-
4- n-alkoxy- benzoic acids is not surprising.

A substituent in the alkoxynaphthoic acid (type I1)
affects its breadth (looked at along the lino of axis
of the OR and COOH groups) less than it does in the
benzoic acid ; ovon with a chlorine atom in the
5- position, the molecule is only a little broader than
tlio parent acid. As a result, the decrease in the
mesomorphism is far less marked than in the benzoic
acids and, in all but the first members, mesomorphism
persists throughout the chloro-, broino- and iodo-
alkoxynaphthoic acids. The influence of a nitro-group
is much moro striking, since its size and its polar
character will probably affect oriontation in the melt.
The first eight acids in this series show no meso-
morphism, but a short nematic phase appears in
5 nitro-6-n-nonyloxy-2-naphthoic acid. By contrast,
a nematic phase is found in tho unsubstituted
6- alkoxy-2-naphthoic acids in the 6-methoxy-acid,
and the maximum phase-length in the first twelve
members is 49° in C-n-hexyloxy-2-naphthoic acid.
The influence of increasing group size on tho meso-
morphism is shown in Tablo 2.

A particularly interesting feature of theso results
is the appearance of the smectic phase. In the
chloro-acids, it emerges when It is hexyl, with
bromine as substituent when It is heptyl, and with
iodine when R is octyl. Thus, as the size of the
halogen atom increases, this phase appears pro-
gressively later in the series.

It might have been expected that tho appearance
of the nematic phase would be affected similarly.
That is, since a nomatic phase is found with iodine
and bromine as substituents in the butoxy- and



Table 3

Phase-length
X =cl Br 1 KO,
35° 31° 24° 4>
35° 3% 31° 4-5°
C,II, 35° 35° 35° 8°

propoxy- acids respectively, it might be found in the
chloro-series in the ethoxy-acid. Actually, the
lengths of the phases in 5-bromo-6-n-prqpoxy-2-
naphthoic acid and in 5-iodo-6-n-butoxy-2-naphthoic
acid are so short that they cannot be measured by
normal methods (they persist for less than 0-1°).
Moreover, the melting points of the ethoxynaphthoic
acids are much higher than those of the propoxy-
acids, and it is therefore not surprising that so short
a phase is not found in 5-chloro-6-ethoxy-2-naphthoic
acid with its high melting point of 264°.

When the alkyl group contains twelve or more
carbon atoms, the effect of an increase in the size of
the substituent, particularly of the halogen, is not so
marked, and the halogeno-stearyloxynaphthoic acids
become identical in their mesomorphic behaviour.

These compounds are the first extendod series of
substituted mesomorphic substances to bo examined
in detail. The gradual decrease in mesomorphism in
the naphthoic acids as the size of the substituent is
increased, together with its elimination in the benzoic
acids, aro noteworthy.

A fuller account of this work will be published
later. [Feb. 21.
1Vorlftnder, Tran». Farad. Soc., 899 (1933).
1llfrnal and Crowfoot, Trans. Farad. Soc., 1032 (1933).
lWe%/lgggg) and (jabler J. prakt. Chem., 151, 215 (1933); Her., 2399

4(jray and Brynmor Jones, Nature, 167, 83 (1951).
1Brynmor Jones, J. Chem. Soc., 1874 (1935).
* Bennett and Brynnior Jones, J. Chem. Soc., 420 (1939).
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(Reprinted from Nature, Vol. 167, p. 83, January 13, 1951)

Mesomorphism of some Alkoxynaphthoic
Acids

The existence of mesophases in the melts of p-n-
alkoxybenzoic and p-n-alkoxycinnamic acids has
already been established12. In these acids the length
of the rod-shaped molecules is enhanced by hydrogen-
bond formation, and the mesomorphism arises from
the association of the acids in double molecules. In
this way, p-n-propoxybenzoic acid, which has the
simplest molecular structure yet found to give a
mesomorphic form, acquires a structure which is
similar in length and shape to that of a typical
nematic compound, such as azoxyanisole.
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The structural features necessary for the occurrence
of double refraction in a liquid have been discussed
by Vorlander ; but the relative importance of length
and flat-area as factors in bringing about this
phenomenon is not clear. It is well known that the
cholesteryl esters of the saturated fatty acids exhibit
marked mesomorphism.

In an attempt to determine more clearly the
significance of these factors, the study of the alkoxy-
aromatic carboxylic acids has been extended to
4-n-alkoxy-l-naphthoic and 6-n-alkoxy-2-naphthoic
acids, and some twenty-six of those acids have been
synthesized and examined.

CH C 02K
CH

Of the thirteen 4-n-alkoxy-l-naphthoic acids (I)
prepared, none shows mesomorphism (72 = CH3 to
CiIH2l, CIH B ClItH ,, and CuHa,). Tho first mem-
bers of this series (72 = CI1I3 to C811), like p-
methoxy- and p-ethoxybenzoic acids, melt at tem-
peratures above 180° C., but the melting points of
the higher members are much lower. The absence
of mesophases in these acids may be due to the fact



that the broad naphthalene nuclei, lying at right
angles to the long axis of the dimerized molecules,
prevent them from orientating themselves in such a
way that mesomorphism becomes possible. It is
significant in this connexion that the introduction of
chlorine atoms into the ortho-positions of p-n-amyl-
oxybenzoic acid destroys its mesomorphism.

Unlike the 4-n-alkoxy-l-naphthoic acids, the
isomeric 6-n-alkoxy-2-naphthoie acids (ll) show
mesophases. In the case of twelve of the thirteen
acids prepared (It —CH3 CH5 C,H, to CIH 21,
CIHZA Cun;,., and C181 3) the mesomorphism is
readily observed; but with the w-propoxy- acid the
temperature-range of the nematic form is only a
fraction of a degree. A nematic phase only is found
in the first nine members of this series, the tempera-
ture-range of which reaches a maximum of 49° in the
hexyloxy- acid. With the decyloxy- acid a smectic
phase appears, the nematic henceforth becoming less
pronounced as the length of the alkyl group is in-
creased. These 6-n-alkoxy-2-naphthoic acids, which
show structural similarities to the trans p-n-alkoxy-
cinnamic acids (l11), are long molecules without the
breadth found in their isomers of structure (), and
therefore able to orientate themselves so that meso-
morphism can occur.

Examples of mesomorphism in naphthalene com-
pounds are not common ; the best known are the
anils of 2 : 6-diaminonaphthalene, but Vorlander3has
shown that certain 1:4-disubstituted naphthalene
systems exhibit mesomorphism. These, however,
are resins or lacquers, such as anisal-l1-amino-naphtha-
lene-4-azobenzene. In such complex structures the
broad naphthalene nucleus is near the centre of the
molecule and, as a result, is probably of less import-
ance than it is in the dimerized 4-n-alkoxy-I-
naphthoic acids.

In view of the difference in behaviour between
the 4-w-alkoxy-l-naphthoic and the 6-n-alkoxy-2-
naphthoic acids, the properties of the 5-n-alkoxy-I-
naphthoic acids may be of particular interest.

A fuller account of these investigations will be
published elsewhere. In the meantime, other series
of compounds are being examined.

G. w. Gbay
Brynmor Jones
University College,
Hull.
Sept. 12.
Jones, Brynmor, J. Chem. Soc., 1874 (1035).

« Bennett and Jones, Brynmor, J. Chem. Soc., 420 (1939)
*Vorlander, Trant. Farad. Soc., 899, 9j7 (1933).
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300 Word Summary

In order to determine more clearly the relative effects
of length and breadth on mesomorphism,certain series of
substituted and unsubstituted alkyloxy naphthoic and benzoic
acids have been synthesised.The 4- and 5-n-alkyloxy-lI-naphthoic
acids and the 7-n-alkyloxy-2-naphthoic acids are not meso-
morphic. On the other hand,the 6-n-alkyloxy-2-naphthoic acids
show pronounced mesomorphism,as is also the case in the
5- chloro-,5-bromo- and 5-iodo- derivatives.The 5-nitro-6-n-
alkyloxy-2-naphthoic acids exhibit mesomorphism only when
the alkyl group contains nine or more carbon atoms.As the
breadth of the molecules increases from the unsubstituted
6- n-alkyloxy-2-naphthoic acids to the chloro-,bromo-,iodo-
and nitro—derivatives,the phase lengths decrease and the point
at which mesomorphism commences becomes later in the series.
A decrease in mesomorphic behaviour is also found with
increasing breadth in the sequence p~™n-alkyloxy benzoic acids
to the 3-fluoro- and 3-chloro- derivatives.The appearances
of the polymorphic states and the mesophases of the
individual members have been examined in a heating instrument
which was specially constructed for this purpose and for
the measurement of the transition points.In the discussion
of results,some attempt has been made to relate the
differences in behaviour of these series to the molecular

shapes

(1)



The mesomorphism in the trans-p-n-alkyloxy cinnamic acids
has been re-examined and the previously published physical
constants and transition points have been amended.

In the synthetic section,the best methods of preparing
the unsubstituted naphthoic acids,and»wherever possible,the
hydroxy naphthoic acids,have been described and compared with

previously published routes to these compounds.
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