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Introduction



A. Mesonorphlsa and nomenclature

Mesomorphlem is  a state o f matter which is  neither liqu id- j

nor crystalline I but intermediate between the two » and , as such» 

i t  automatically commands the interest and investigation of 

both physical and organic chemists, the former to examine the 

unique physical properties of the state , and the la tte r  to 

synthesise compounds of the required molecular dimensions 

to exhibit the phenomenon «Therefore , only by collaboration of 

crystallographer,physical chemist and organic chemist can any 

substantial advancement be made in th is  f ie ld  o f study.

This is  apparent from a study of the literature  on meso- 

morphism.Tho discovery o f nesomorphion ,by Reinitser in  1883, 

in  malts o f cholesteryl beasoate was fo llowed,in  a very short 

tine,by the preparation of over two hundred and f i f t y  organic 

compounds which show th is  phenomenon .This was achieved largely  

by D .Vorländer(  1 ) « It  was immediately evident that a l l  these 

compounds had ono common feature —  a very long molecule —  

and th is  has always been accepted as a necessary property o f 

a »esesorphie ‘ substance. ••

- ; in itia lly ,va riou s ~ opinions on nesomorphisn persisted.  ̂

Taaaann and lernst 'maintained that the ' compounds were Impure 

and that the mesophase is  an actual emulsion o f two liqu ids. 

Lehmann,Quince - and Wulff conoluded that the mosophase is  a 

co llo ida l suspension o f crystals in  the amorphous liqu id , and 

Vorländer believed that the mesophase has a fixed space
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a»oe in  furfcbering knowledge o f aesosaorphie structure*

L itt lo  progrès® M s  bowever basa Bade oa tbe question of 

the forces «x istlng  betveea the nolecules la  tàe aesopàase 

6warm#and Vorlander alona bas attaapted to investigate tha



effect o f functional groups, pres mit in  the molecule, on the 

phase-types and the phase-lengths• these factors are no doubt 

closely related to the inter-molecular forces which exist in  

the melt,and a closer study o f the molecular dimensions 

necessary fo r  mesomorphic systems is  o f importance »This thesis 

is  large ly  concerned with such considerations*

The discovery and investigation o f mesoaorphism by G*U* 

Bennett and Brynaor Jones(5 and 6) in  g-i^-alkyloxy benzoic 

and trana-iv-n-alkyloxy cinnamic acids has been o f f i r s t  

importance in  th is  connect ion, as i t  has given a much more 

simple molecular pattern to investigate than the complex aso- 

and azoxy-coapounds studied by Torlander*In such aromatic 

acids,the length and breadth o f the molecule may be altered  

by changing the ether group,the aromatic ring-system or the 

substituent in the ring*In th is way,deviations from str ic t  

lin earity  and symmetry have been found to decrease,but net 

necessarily to eliminate the mesomorphism.The resu lts o f these 

investigations on substituted and unsubstituted a-alkyloxy  

benzoic and n-alkyloxy naphthoic acids are therefore 

discussed* - .. ... .

Since the intexpretation o f these resu lts depends upon the

structural conceptions o f mesoaoxphism,soae account w i l l  f i r s t

be given o f theories which are relevant to th is  study*

The crystalline and amorphous states are two common

conditions in which matter may exist,but there is  no sharp* *
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lin e  o f demarcation between the two•Glasses are w ell known to 

give gradual transitions from one to the other«Lehmann found 

another such intermediate condition in  ammonium oleate,which 

is  deposited from alcoholic solutions in  a form which is  

apparently crystalline «Here the partic les s e w  to have a 

defin ite  geometrical fora »but closer examination shows that 

they are bounded by rounded surfaces and are capable o f flow 

ing into one another*9atura lly »Lohaann called  th is inter

mediate state a liqu id -crysta l »and ammonium oleate was indeed 

one o f the f i r s t  mesomorphic substances to be examined.The 

sa lt  is  now described as showing lyotropic mesomorphiea, 

because the liqu id  crystals are formed from solution and are 

modified in  th e ir behaviour by the amount o f water present in  

the alcohol «Thus»

crystalline —water— -»  liqu id  crystal-excess wat ar -4 solution
or

BEL Oleate f-dehydration — state «-evaporation—  co llo ida l
*  solution*

Tho water gradually breaks down the crystal la tt ice  to give a 

solution v ia  the liqu id  crystalline state «Soaps»the a lk a li  

metal sa lts  o f naphthenie and resin acids »and 9-bromo- 

phenanthrene-3-eulphonic acid show liqu id  crysta lline states 

by the controlled action o f water.

lyotropic mesomorphs are re la tive ly  uncommon and i t  is  

surprising that one o f the f i r s t  mesomorphs to be discovered 

should belong to th is  class .kuch more common are the meso

morphic states found in the m o lt »  states o f compounds*In th is
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case,the thermal effect breaks down the crystal la ttice »so

that,

crystalline t ,  liqu id  crystalline amorphous
-------- = —»  -------- --— >

s ta te (I ) _____  et ate ( I I )  <________ l iq u id (I I I )

increasing temperature

These transitions take place at precise temperatures and are 

reversible «In I  there is  a high degree o f order in the 

regular arrangement o f repeating unit-cells.Heat causes the 

perfect orientation to become disordered and ,if molecular 

conditions are suitable to mesoaorphisa, I  w il l  pass over 

into I I I  at the a.p* I f  conditions,which w i l l  be discussed 

la te r,a re  suitable,the order breaks down by stages giving  

states ( I I ) ,  which have certain degrees o f order and are there

fore anisotropic .Further heating to t 2 w i l l  destroy th is  

orientation and give I I I «  These anisotropic melts are cloudy

compared with the translucen t amorphous liqu id  into which
/

they f in a lly  pass «This type o f aesemorphis* was f i r s t  found 

by Reinitser in  molten cholesteryl benzoate «An ever increasing 

number o f such substances is  now known. ' ' ..

. Aa unfortunate feature o f th is  phenomenon and it s  study has 

been the fa ilu re  to find  agreement on nomenolature • Many o f ■ 

the early publications are concerned with fru it le ss  

discussions as to the re la tive  advantages o f the names’liqu id  

crystals" and "crystalline liqu ids «In e ffect neither name is  

satisfactory,as the state is  neither crystalline nor liqu id
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in  the true senses of these words.Crystals have a three 

dimensional order,whereas the phase® may have only one or two 

dimensional order*The word liqu id  is  also inappropriate as 

the phase is  often crystalline in  hardness,for example in  

lecithin* G.Friedol proposed the name mesomorphiea,thus 

emphasising a state intermediate between the crystalline and 

amorphous etates.This name is  more satisfactory and is  now 

generally employed «The terms monophase, mesomorph and mesofora, 

o f the same derivation ,w ill also be used throughout th is  

thesis*

F*Rinns(7) has raised objections to th is nomenclature*He 

points cut that the name has no structural meaning and over» 

stresses the intermediate character.Ho c la ss ifie s  matter as 

showing either ataxyCa disordered or amorphous structure) or 

eutaxyCan ordered structure)*Mesomorphic and crystalline  

substances w i l l  belong to th is  class o f eutactites,since they 

possess an ordered structure .The name paracrystals is  there

fore substituted fo r  mesomorphs .This introduces the word 

crystal to emphasise the natural proximity o f the state to the 

crystalline condition,and the p re fix  para- emphasises that 

many of the organic compounds showing th is  type o f eutaxy art  

pan-substituted benzene derivatives «Thus, the c lassification  

i s  (1 ) At act i t  es — Isotropic liqu ids, gases and amorphous
. . . . .  j

natter

(2 ) Eutactites

6



(a )  Crystals — ¿-dimensional order

(b) Paracrystals -1- or 2-dlmensional order.
B. Smectic.nematic and cholesteric phases.

More than one type o f mesophase may be found fo r  one 

compound, so that the changes with increasing temperature may , 

be represented,

C ry sta l— 11— »Mesophase I — 1 0 —> Mesophase I I  — t , Amorphous A . d  ■ *  liquid.
The reversible transition temperatures, t 1#t 2 and t^ ,are

completely reproducible fo r  a pure compound.The most important

types o f mesophase are the n o e t ic  and nematic .These names

were given by G.Friedel and are derived from the Greek words

eraectos- soap-like, and nenatoo- thread-like.The term nematic

has a special significance in  that many nematic phases have

a threaded appearance .Smectic has less meaning, and was f i r s t

used fo r  ammonium oleate,a soap-salt,which was the f i r s t

smectic substance recognised as such.Tho names have now been

generally aocepted,although Vorlander(8) has critic ised  them

fo r  the ir lack c f  significance,without being able tc  suggest

any »©re satisfactory names.

There a re ,o f course,many compounds which show only one or 

ether o f these phases .Some o f these are given in the fo llow 

ing tab le ,

Smectic substances ' Trsaigltlmjfempegatare sup.* 

Ethyl-g-azoxy-benzoat e 114* 121°

Efchyl-p-azoxy-cinaamate 140* 249°
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n-Oetyl p^azory-cinnamat e 94* 175
Hematic substances

¡v-Azoxyanisole 116° 135

j^Azoxyphenetole 137° 167

Anisaldazlno 165° 180

2^Methoxy-clnnamic acid 170° 186

Ammonium oleate shows only a smectic phase »'but; no 

transition  temperature can be quoted fo r  i t  since i t  i s  a 

lyotropic mesomorph*

Jfehyl g-adsd-aaino-cinnamateC X) and many other compounds 

give both a smectic and a nematic phase* In aH  sueh cases,the 

cmectie phase is  formed from the crystals tat a higher temp

erature th is changes into the nematic phase « f in a lly  9 at t^t 

the isotropic liqu id  is  produced*

Crystalline state 107°, smectic 114* nematic 133°. isotropic
o f I  ^  phase * phase ' liqu id

In lyotropic mesomorphs(9 ) 9the same conditions apply.Por

example #9-bromo-phonanthrene-3-sulphonio a d d  shews both

smectio and nematic phases with increasing amounts o f water*

so lid  ■ water v thick paste water, thin paste « c s s s  . ■ true  
---------> (aaeotlo)  ------■ * (nonatio) water > solution

I t  i s  therefore reasonable to  say that th e ' space la t t ic e ,

with three dimensional symnotry,ia broken down in  stages,by

thermal agitation or by aclwcat e ffec t9to  give the isotropic

liqu id  er the solution respectively.In  passing from so lid

to  smectic to  nematic9there w i l l  be m  increasing breakdown of

8



orientation un til the completely disordered state is  reached. 

Therefore,the smectic phase must have a more highly ordered 

structure than the nematic,and th is is  evidenced by the 

la t t e r ’s greater viscosity#

The cholesteric phase is  found in  the melts o f several 

compounds,the majority o f which contain the cholesteryl ring*  

system.These substances have properties which are sim ilar to 

both smectic and nematlo phases,with additional characteristic  

properties due to the broad ,flat molecules«It i s  d if f ic u lt  to 

assign these compounds to one o f the two mesophase typos,and 

several authors regard them as belonging to a th ird  mesophase 

group.G.Friodel i s  emphatic that they are a modification of 

the nematic phase however#Hls argument is  that although many 

compounds have been reported to give mere than me smectic or 

nematic phase,it has been proved in a l l  cases that the authors 

have mistaken a change in  the appearance o f one phase fo r  a 

change o f phase.Thus,if two mesophases are found,the sequence 

is  always one smectic followed by one nematio.Tet, several 

substances show a smectic phase at 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 nematie.Hewever, ehelesterle  

compounds are always optica lly  negative,whereas enactio and 

nomatic mesophases are always positive.This fact makes the 

assignment to any o f the two classes more dubious.
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repeating spacing between the rods.Aparfc from a rather 

smaller intensity,the X-ray photograph la  the aw # aa that 

o f an amorphous liquid*

The physical properties male# i t  a lta r  that thar# la  no 

reason to suppose that these structures extend uniformly 

throughout a cample.The available data point rather to  a 

whole made up o f agglomerates e f molecules,each swarm con

sisting  o f aw e  w e  hundred thousand molecules .The molecules 

in  a swam w il l  have a defin ite  arrangement which w i l l  be one 

o f the two mentioned above,so that the swam w il l  have a 

major axis lying p a ra lle l to the long axis of the individual 

molecules,due to  the tendency o f the molecules to link end tc  

end.A magnification c f  the molecular anisotropies results, 

end th is is  evident in  the op tica l,e lectric  and magnetic 

proporties.The forces existing between the swams are very 

weak,and between any two there w il l  be a region in  which the 

molecules w i l l  gradually change the ir orientation from that - 

o f w e  swam to that o f the next .This transition w i l l  be 

sim ilar to a d iffu s ion .fo r many purposes,the swarm may be 

vagasdsd as an elementary particle,capable o f giving Brownian 

movement as a whole .This theory accounts fo r  the known • 

anisotropic and optical characteristics o f mesophases and : 

the f i r s t  exact treatment c f  the theory was given by Omstein 

and Zem ike(lO ) .Thysical research w  the viscosity,m aipetle  

properties, elect rio  properties and re fractive index e f  a w e -  '
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phases gives increasing evidence fo r  the existence o f mw 

A summary o f these measurements is  given by Crostein and



units in a pack of cards.The stepped drops( ¿outtos a gradins) 

are most easily  obtained by mounting a drop of the smectic 

liqu id  over a hole in  a glass s lide  or on a fresh cleavage 

surface of mica (P late l ) . I n  a l l  other directions,other than

para lle l to the layers,the  

viscosity is  high,and the 

behaviour is  that of a so lid .

The distance between the layers 

approximates to the length of a 

molecule,deviations arising i f  

the moleculos are tilted.tiuch  

layers have a very homogeneous 

appearance. In ordinary ligh t  

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-axia l orientation varies 

from patch to patch,but is  constant fo r 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 o f the cover slip.&uoh areas are 

extinct in p a ra lle l light and may be confused with the iso

13



tropic liqu id .iiie  homogeneous planes are also complicated at 

the ir edges by focal-conic groups.

More commonly,the smectic phase is  obtained in the fo ca l-  

conic structure which extends over a l l  the specimen.In 

polarised ligh t ,th is  is  seen particu larly  clearly  as a series 

of fan -like  structures with stepped edges.Friedel studied the 

optics o f th is  structure and showed that the long axes of the 

molecules l i e  along the lines which may be drawn from an 

e llip se  to a hyperbola with it s  plane at right angles to the 

e llip se .A ll such lines w il l  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 fo r the layer 

theory o f smectic substances. 

Excellent accounts of fo ca l-  

conic structures and the 

geometry involved are given by 

G .F riede lO ) an<l by U ir /illiam Bragg(16).Atypical fo ca l-  

conic structure is  shown in Plate 2.

Irrespective o f the structure,the Bmectic mesophase is  

always positive and uniaxial and unaffected by magnetic fie ld s .  

Electric fie ld s  have likewise no effect.A  further character

14



is t ic  of the smectic state l ie s  in it s  appearance from the

isotropic liqu id  in taltonnots 

( f i i5»>) .These resemble crystals, 

but have rounded edges and an 

a b ility  to flow into one another* 

They extinct between crossed nicols 

and are in effect none other than 

f i g . .3 focal-conic groups.

It  may also be added that the homotropy mentioned above is  

rarely  complete and o ily  streaks are often visible.These are 

birefringent and are the loops of very fine focal-con ics,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 i t  is  more sim ilar to a true liquid.The phase

may appear as large homogeneous 

areas (P late j>) which are uni

axial and positive,showing 

extinction in four perpendicular 

positions.Unlike the immobile 

smectic phase,dust partic les  

flow free ly  about from ono patch 

to another.Yet,despite th is  

Brownian movement,the whole is
£ - A Z O X Y  ANISOLE

Plato i  optically  immobile,the swarms



immediately assuming the orientation o f the optic axis o f 

any patch which they enter*The molecules have a marked 

tendency to adhere lengthwise to the g la ss9forming a p e llic le  

or skin.This orientation may exist through a specimen from 

s lide  to cover s l i p . I f  i t  does9movement o f the cover s lip  

causes a doubling o f the plane boundaries,the s lide  and cover 

s lip  p e llic le s  becoming visib le.Tw isting o f the cover s lip  

gives a helicoidal transition from one p e ll ic le  orientation  

to the other .These p e llic le s  have an extraordinary permanence ( 

and i f  the nematic phase is  heated to the isotropic liqu id , 

the phase w il l  often appear again, on cooling in  exactly the 

e n e  distribution of homogeneous planes as before .Sim ilarly, 

crysta llisation  from the nematic phase say give the crystals  

arranged in the pattern o f the nematic pat ches .When the glass  

is  rigorously clean,the p e ll ic le  has a low adhesion and homo- 

tropy may result*

In thick sections,the nematic phase more commonly appears 

in  the characteristic threaded structure,after which the 

pliase is  naaed(Plate 4 ) »The nature of the threads has been 

examined by Zeoher and B irstein (15) who conclude that they 

arc lin es  o f optical die continuity. They may be either the 

meeting place o f optic axes at a l l  points o f the ir length 

or possibly lin es round which the medium is  circulating, 

corresponding to a vortex ring .In  the la t te r  case, the 

molecules and the optic axes are tangential to c irc les having

16



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 p e llic le .

£ - A Z O X Y  PH ENET OLE
Plate 4

£ - A Z O X Y  PH EN ET O LE
Plate 5

More ra re ly fthe centred nematic 

structure is  formed.Between 

crossed n ico ls ,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 liqu id  as small spherical 

droplets.These show a black cross 

between nicols and are sim ilar 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

17



electric  f ie ld s (15 ). 

The cholesteric phase

This phase is  shown by many cholesterol esters and sub* 

ctituted cholesterols,and also by a few optica lly  active 

substances which do not contain the cholesterol ring system. 

For example,d-aayl-4—eyano-benzylidone-g-araino-cinnamate( I )  

shows th is type o f phase*

ncQ ch- O c
H=CH.CO.OCe H5 ”11 ■ ~(X)

The M olest eric  phase resembles both types discussed above, 

but particu larly  the smectic.lt has certain additional 

properties however»such as b r i l l ia n t ly  iridescent interference 

colours in  polarised ligh t (varying from bluo-violet to green 

or pink) and the optics o f a negative uniaxial crystal .The 

distinctive properties are attributed to the shape of the 

molecule.In the lower esters the ring system predominates»and 

the system is  cholest e ric , who roas in the higher esters »which 

have marked para ffin ic  properties »smectic characteristics are 

shown «When non-cholestoryl molecules show th is  phase»#*®*, I  

above »the molecular structure i s  found to be sim ilar to a 

oholesteryl system.

The cholesteric phase appears from the isotropic liqu id  

as biteanets and these coalesce to give a typ ical feoal~co&io 

structure.In th is condition,no b r ill ia n t  colour or high

optical rotatory power is  found*A sligh t cover s lip  displace*

18



ment immediately produces the Grandjean plane structure,and 

b r ill ia n t  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 

(P late 6 )«These are analogous to the stepped drops in smectic

substances,but the layer thick

ness is  very much greater and 

varies in d ifferent cases from 

2,000 to 80,000 ^.Cholesteric  

compounds are a l l  optically  

active and are doxtro-in  the 

majority of cases..Vhen in the

plane structure the optical
power

rotatory^is exceptionally high 

and scattered light is  c ircu lar

ly  p o la rised .If the incident light is  c ircu larly  polarised it  

is  reflected i f  the circulation is  represented by a righ t- 

handed screw,and transmitted i f  the screw is  left-handed, 

gometimos th is is  reversed.The most remarkable feature Is  

that the light which is  scattered,like the ligh t which is  

absorbed,is right-handed.In a l l  other cases of reflection  of 

circu larly -polarised  light the rotation sense is  reversed—  

these exceptions remain unexplained.

The cholesteric phase is  therefore considered as having a

X -  IN A&OVE TEXT
Plate 6
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layer structure in  which the plane of the ring system is  at 

right angles to the optic axis . I f  the layers are 500 to 5*000 

molecules thick«the interference colours and the Tory large  

optical rotation can be accounted for*

It  has recently been reported that many esters of /3-dihydro- 

cholssterols o f thè a lio -se r ie s  are mesoaorphicC17 )«whereas 

the corresponding esters of the aO-dihydro-cholesfcerols o f the 

opi-series show no anisotropy in  the melts*

C* Chemical properties o f mesomorphic substane—

The molecular formulae o f a number o f mesomorphic 

compounds make i t  clear that a i l lo s seas the common feature 

of an elongated molecule »The molecules are rod-shaped and th is  

leads to the closest possible packing in  the crystalline or 

mesomorphic state«In  th is in it ia l  discussion o f chemical 

characteristics no attempt w i l l  be made to discuss which 

structural types lead to smectic and which tc nematic 

properties,as th is  w ill-b e  detailed in the discussion o f the 

re su lts .Bernal and Crowfoot(18) hate c lass ified  compounds as 

saectogenic or neaatogenic on the basis o f 2-ray analysis o f 

the crystalline so iid s .lt  may be pointed out here that what 

seems to be a suitable molecular pattern may not always 

produce a phase .Thus the long chain fa tty  acids have rod

shaped molecules,yet these apparently suitable systems show 

no mesomorphlsa.This is  so,despite the fact that th e ir  

melting points indicate a packing o f lin ear molecules,with

20



only Blight differences in  tho arrangement o f the terminal 

groups fo r  odd and oven carbon chains «The dimérisation o f the 

molecules w il l  also increase the favourable conditions9and 

the absence o f mesomorphism must be due to the lack o f cohes

ion between the carbon chains*Hence»once the la ttice  is  

destroyed the molecules w i l l  take up a random orientation and 

give no intermediate mesophase where molecules would be held 

together by cohesive forces .Thus,the molecule o f a potential 

mesomorph must be long and capable o f giving cohesive forces 

with which to attract neighbouring molecules «Normal van der 

Waal's forces w i l l  be in su ffic ien tly  strong,and the cohesion 

must be increased by inter-molecular forces of a polar nature* 

Indeed many mesomorphic substances contain mildly active 

groups,such as or the azine group -CH«H-H“CiI-,in

the centre of the molecule, and these by th e ir unsaturated 

nature increase the la te ra l adheaion.Aroaatic rings have the 

same function,and the phase lengths and s ta b ilit ie s  are 

increased with increasing number o f benzene rings* The 

following examples bear th is  out*

CH^OcCO»CgH^*C0•OCgH^«CO «OC^H^*C0 «OCgH  ̂ phase length 140° '

CHjO • CO • OgH  ̂*00. OC^H  ̂• CO • OC^H  ̂• CO • OC^H  ̂* CO • 00^^ , the

phase length is  about 300°,from 187°to red heat,whoa decompos

it ion  occurs»Similarly,the compound —

- o  CH=* (X) N=CH O '
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-—prepared by Vorlandar, contains two mildly active groups and 

four rings,and has been found to d is t i l  from the mesophase« 

That is ,the  isotropic liqu id  is  unknown«These very stable  

phases must arise  through the strong la te ra l adhesion o f the 

molecules in  the mesophase•

The sa lts  o f fatty  acids,e«g«, ammonium myristate and 

sim ilar compounds,may show thermal as w ell as lyotropic meso- 

morphicm • Ammonium my riot ate melts to a smectic phase which 

persists over some 30* to 35°before giving the isotropic  

liqu id  «These sa lts  w i l l  be more polar than the free acids 

and so give greater cohesion«The thallous sa lts  of the soaps 

show pronounced mesophases, e «g «, thallous stearate shows a 

phase of 4-5* from 113 to 163«

The nature o f the terminal group is  also important,and 

frequently i t  is  an ether group (-0B ) or an ester group 

(-»CO«OH),where R- is  a normal alkyl chain.Theso are called  

active groups »Because o f th e ir  polar mature they increase the 

cohesion, and they do th is  not only la te ra lly  in  the manner of 

the centre groups,but also in  an end-to-end manner«

The terminal and central groups w i l l  give the molecule a 

dipole moment,with the resu lt that the molecules w i l l  exert 

rotation moments on one anothor«This w i l l  tend to orientate 

them in  p a ra lle l 11m s .Since the mutual attractive forces 

w il l  be effective over only very small distances,the molecules 

w il l  tend to link p referen tia lly  end to end,so that the swam
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w ill  be anisotropic and possess a long axis p a ra lle l to the 

long axis o f the molecules*

These polar attractions must not be too great however or 

the melting point o f the compound w ill  become so high that 

the thermal agitation at th is  temperature w il l  cause 

spontaneous disorder in  the melt •

Hydrogen bonding may also bring about th is result «Thus in  

hydroxy compounds!the extensive inter-molecular hydrogen 

bonding gives a very high melting point and an aggregate 

which is  neither lin ear nor mesomorphic .Alkylation removes 

the a b ility  to hydrogen bond,and the polar ether group,as well 

as lengthening the molecule «leads to cohesion o f the molecules 

in  the melt so that mesoaorphism may resu lt*In  the carboxylic 

acids,hydrogen bonding w il l  also oecur,but in  th is  case only 

a dimer is  formed and moreover th is w il l  be linear.This was 

pointed out by G • is «Bennett and Brynmor Jones(6),who showed 

that ethyl j>-n-propoxy-benzoat e gives no phase »whereas the

dimérisation o f p-n-*propoxy-benzoic acid results in nematic
group

properties In the melt*In th is  respect the carboxylT is  very 

important in  increasing molecule length. •

An alkyl group (-B ) replacing the alkyloxy group (-0H) 

usually resu lts in  destruction o f the mesomorphio properties, 

since i t  i s  non-polar and the end-to-end cohesion is  reduced.

The molecular requirements fo r  mesomorphicm may be 

summarised as follows ithe molecule must have a rod -like shape
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containing active central groups to give la te ra l cohesion, and 

polar terminal groups which w ill  give ond to end cohesion, 

necessary fo r  swarm formation«The individual effects of 

various groupings have been discussed by Vorlinder(19)»

D. Physical properties o f nesoforas

The most picturesque features o f mesophases examined on 

glass slides under the nioroscope are due to external orientat

ing forces o f the surface«The effect which these forces have 

ia  dependent on the inner monophase structure »but as fa r  as 

finding acre precisely what th is inner structure is ,the  

examination of these textures (gout tea k grading focal-conics 

etc) can be o f l i t t l e  help »Assuming that no drastic changes 

la  structure occur on melting the crystalline state o f a meso

morphic substance»Bernal cod Crowfoot(13) have carried out an 

X-ray study o f the crystalline states o f several mesomorphic 

compounds.The resu lts shew that the un it-ce lls  o f nematic 

compounds contain the molecules arranged in p a ra lle l formation 

but the ends o f the molecules are imbricated«This is  the 

structure which has already been suggested as «c is t la g  in  

the nematic phase.Sim ilarly,the crystals o f n o e t ic  ond 

cholesterlo substances have been shown to contain the 

molecules in  p a ra lle l arrangement but with the ends o f the 

molecules lying in  lino  .This thoroforo represents a layer - 

structuro.lt seems therefore to be possible to predict whether 

a compound w i l l  be smectic or nematic,and the names «meets-.

24



genic and neaatogenie are used to denote ouch substaaees.A 

combination o f X-ray and optical methods ie  therefore lik e ly  

to give a great deal o f evidence fo r  the structure o f meso- 

phases.

X-ray examination o f the smectic phase i t s e l f  provides 

evidence fo r  the layer structure »and measurements give the 

layer thicknesses as equal to the length o f a molecule »or less  

when the molecules are t i lt e d  »The angles o f t i l t  in  several 

thallous sa lts  o f the fa tty  acids have been measured by K. 

Hermann ( 20 ) •

Although nematic phases give no X-ray spacings they have 

been more extensively examined than the smectic phases in  many 

o f th e ir physical properties »For example, Zoeher( 15) has carried  

out a mathematical treatment o f the orientating effects o f 

magnetic and e lectric  fie ld s  on the swairms .Herzog and Eudar 

( 2 1) , 0ctwald(22)  and Vorlander(8) have studied the viscosity  

of nematic phases and find the viscosity to be greater than 

that o f the isotropic liqu id  »In the region o f the transition  

point a large increase in  v iscosity  is  found »In th is  anomalous 

region the Hagen-PoiseuiUe ¿nr connecting shear and viscosity  

i s  disobeyed and,as fa r  as viscosity is  concerned,the sample 

behaves as a gelatine or a rubber so l»

Physical measurements have also given further evidence fo r  

the Swam Theory in nematic mesoforBS»Biwlla( 13) »using Ometein 

snd Zeraikds relationship between refractive index and traas -



pareney In a system involving arbitrary gradients of re frac t-  

ivo index,has found good agreement between transparencies 

fo r  varying ligh t and thldmess o f specimen o f the mesophase. 

This shows that the aesophase is  an aggregate o f irregu larly  

arranged doubly-refracting regions .That i s , i t  contains 

molecular aggregates or swarms «Measurements o f transparency 

in  cap illa ries  also give evidence fo r  layers o f high trans

parency in the regions orientated by the glass«These values 

agree with the resu lts o f the experiments o f Moll and Orasteln

(14) on transparency changes in  magnetic fie ld s «

7oex(23) has shown that the magnetic rotation moment of a 

swarm may be calculated from the d ie lectric  constant as a 

function o f the magnetic f ie ld  strengths applied«* value of 

10s molecules per swam is  found«Jeàewski(24) arrives at a 

sim ilar value fo r  the swam size on the basis o f d ie lectric  

measurements ( 24).

X-ray work by Rinne(7) on lyotropic mesophases gives 

indication o f a layer structure in  the smectic phase from the 

©harp rings in  the Debye-Scherrer photographs«

Excellent summaries o f the general subject o f aesomorphlsm 

are given by S ir  y.Drags(16) and (25) end by A«S«G«Lawrence 

(2 6 )«A general discussion o f experimental worlc on mesomorphism 

to 1933 lo  bo be found in  the "Symposium on Liquid Crystals 

and Anisotropic Melts" in  the Transactions o f the Faraday 

Society o f that year«
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In conclusion the work of 7/eygand and Gabler(27) may be 

mentioned.Theca authors have examined a considerable range of 

azo- and azoxy-phenyl ethers and ether an ils «They draw 

attention to the new case o f monotropio nesomorphism.That is ,  

the compound melts at t^ to give the amorphous liqu id  which 

on cooling gives a nematic and/or smectic phase .These phases 

give transitions at t 2 or t 2 and t^ which are higher than t^ . 

Moreover»they again claim the existence of two smectic phases, 

but in view o f G.Friedel*s investigations,the changes may be 

merely of structure in one phase.

S. Mesomorphism of certain substituted and unsubstituted

naphthoic and benzoic acids.

The necessity fo r  length in the molecule of a mesomorph 

has been well established,and yet broad systems such as the 

choiesteryl esters show distinct phases«The question arises—  

how fa r  can breadth be increased without destroying the meso- 

morphic properties?

The study by Bennett and Jones o f the mesomorphic properties 

o f £-n-alkyloxy benzoic and cinnamic acids,both of which w il l  

fora  very long rod-shaped dimers,showed that comparatively 

simple molecules oan exhibit mesomorphisn • In these types of 

molecules containing an alkyloxy group to vary the length,an 

aromatic ring system to increase la te ra l adhesion,and a 

carboxyl group to further increase the length by dimerisation, 

i t  is  comparatively easy to a lte r  the ratio  o f length to
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breadth or fla t-a rea*

Tho f i r s t  ring system to be used was naphthalene —  

Vorländer having already shown that the an ils o f 2*6 and 

1*4 dionino-haphthalene show mesomorphlsn.In the present 

study,the effective breadth o f the molecules re lative to the 

rotation axis was varied by altering the positions o f the 

substituents*The 6-n -alkyloxy-2-naphthoic acids alone are 

mesomorphic|the 5*1»4:1 and 7*2 n-alkyloxy naphthoic acids 

give isotropic liquids on melting.From th is i t  seems that 

the breadth o f the molecule cannot be increased greatly  

without destroying the mesophase(28)«This view is  supported 

by the observation that chlorination o f jv-n-amyloxy benzoic 

acid to give the dichloro- derivative eliminates the 

mesomorphism although the a*p* o f the la tte r  is  22° lower 

than that o f the parent acid.The disappearance o f the phase 

resu lts from the broadening effect of the two chlorine atoms. 

Sven one halogen atom has a marked effect,and 5-bromo-4-n- 

alkyloxy bensolc acids show no mesomorphisa.However,in the 

less  broad 3-f lu o ro - and 3-ch lo ro - derivatives short phases 

are found .Moreover the phases are shortest in the broader 

ehloro- compounds( 29)•

Sim ilar resu lts have been found on halogenating and 

nitrating 6-n -alkyloxy-2-naphthoic acids in  the 5-po®ibion. 

A ll these series exhibit mesomorphism,but the point at which 

i t  f i r s t  appears depends upon the substituting atom or group.
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present .The mesomorphism decreases from chloro- to brorao- to 

iodo- to n itro - with increasing molecular breadth(29) .

The interpretation o f the results o f varying the breadth 

o f molecules»which are capable o f showing mesomorphisa»is  

dealt with under the discussion o f resu lts.
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M i e s  sud Graphs o f Results*



6**Q̂ s lkyl03Ey*i*2<,i>naphthoioi aolds. ;

Temperatura o f transition
to Phase length

Alkyl croup aaactic nenatio Isotropic n o e t ic nomatic

Methyl — 206° 219° — 13°

m b & l — 215° 224* — 1 1 °

Propyl — 208- 208.5“ — 0.5°

Butyl -----.. 198“ 208.5“ — 10.5“

Aayi — 179*5° 199“ — 19*5“

H «y l — 147“ 198.5° — 51.5°

Hopfyl — 165“ 192° — 29“

Cetyl — - 161.5° 190° — 28.5

Konyl 146.5° 147. $ 183.5“ 1 ° 36*

Doeyl 139° 147° 181“ 8° 34*

Podocyl 119° 160“ 174“ 41° 14*

Hexadocyl 107° — 159.5“ 52.5“ ---- -

Octadocyl 114“ — 161° 47“ —

T A B L E  I
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S»chloro-*G-»n*allcylo3nr«»2»naphthoio acids»

'
Temperature o f transition  

to Phase length

Alkyl group caectic nematic isotropie smectic neaatie

Methyl _ 520.5° —  1 —

Ethyl . . . — 269° _ —

Propyl _ 219.5* 220.5° _ 1°

Butyl — 209*5* 216,5° y *

Amyl 109° 208° „ 19°

Hexyl 164° 166° 207° 2° 41°

Ileptyl 165.5* 176.5° 201° 11° 24.5°

Octyl 169° 181.5° 197*5° 12.5° 16°

Hosyl 169° 185.5* 19**5* 16.5° 9“

Docyl 167° 186.5* 192.5° * 19*5° 6°

Dodecyl 152° 185*5* 187*5° 55*5° 2*

Hexadeoyl 1*2.5* — 178.5° 56* —

Octadeeyl 158.5* — 174.5° 56* ----- ■

TABLE  2
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Toraperaturo o f transition  
to Phase length

Alkyl group snootic nematic isotropic snootio nematic

Mothyl — — 296.5td) — —

JSthyl — — 286*5" — —

Propyl — ----- . 230° _ —

Butyl — 219* 219"
ii

( o . 2°

Aiayl — 203" 204 # — 1"

Hozyl — 191" 198* — 7°

Hsptyl — 176° 189° — - 13°

Octyl 160*5° 161*5° 185.5° 1° 24*

Uonyl 163* 165" 182* 2* 17"

Docyl 165° 167° 179.5"
/

2° 12.5°

Dodocyl 146*5* 169" 172° 22.5° 3"

Hexadocyl 133.1? — 165° 31.5° —

Octadocyl 127° — 163° 36° —

TABLE  4
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5»altro»6«*a-all£.yloxy-2HttaphfhQl0 acids.
T

Temperature o f transition  
to Phase length

Alkyl sw ap Gnostic ncnatic isotropic n e s t le mera&tlo

Methyl _
— 502° , — .

Asyl — — 211° —

Octyl — — 187° — —

Nonyl — 174.5° 175’ — — 0.5°

Dccyl — 173.5° 175“ — 1.5°

Dodecyl 167° 170° 171° 3° 1 °

Iioxadecyl 160° 164° 164.5° 4° 0.5°

Octadeeyl 152° 159.5° 160* 7 .5 ° 0.5*

TABLE 5
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3-Fluoro«-4~n-alkylo3ey benzoic acids.

Temperature o f transition  
to Phase length

Alkyl group aaeetic nematic Isotropic smectic nematic

Methyl — — 211.5“ — —

Butyl — — 142.5° — —

Aayl — — 137° — —

Hexyl — — 129° — —

Beptyl — — 123° — —

Octyl — 117* 121* — 4°

loayl 112.5* 112.5° 116.5° <0.2 4°

Deeyl 108* 1 12 ° 116.5° 4° 4.5*

Dodocyl 108.5* 112.5° 114.5“ 4* 2 °

Ifexsdeeyl 94* — 1 1 1 ° 17° —

Octadocyl 113° _------ 115° 2 ° — .

TABLE 6
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3~0hloro»4~n-»alk:ylo3ar benzoic acid®.

Temperature of transition  
to Phace length

Alkyl group smactio nematic isotropic eaectic nematic

Methyl — — 217.5* — —

Amyl — — 134.5* — —

Haxyl — — 120° — —

Heptyl»
----' ---- - 117° — —

Octyl 94° 54° 95° <0.2* o.5°

ioay l 93° 95*5* 94.5° 0.5* 1°

Docyl 99° 100° 101° 1° 1°

Dodocyl 100° io r 102* 1° 1*

Haxadecyl 95* 98° 99* 3* 1*

Octadecyl — — 108* — —

TABLE 7
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Compounds which, possess mesomorphic properties are no 

longer a rare phenomenon and Vorlander,who was responsible 

fo r  the preparation of a vary large number,has remarked that 

th® synthesis o f a mesomorphic compound is  a matter o f no 

great d if f ic u lty ,provided that certain conditions are observed 

An examination of the physical constants and the formulae of 

a number of w ell known mesomorphic compounds shows clearly  

what conditions must be fu lfilled .T h e  most striking common 

feature is  the great length of the molecules re lative  to the 

other two dimensions.Only the cholesteryl esters possess 

considerable breadth or flat-area,but,here also,length  

predominates over breadth and thickness.A long and narrow 

or a saucer-shaped molecule has therefore become recognised 

as a necessary criterion fo r a mesomorphic substance.However, 

two other conditions must obtain,and these are that the 

melting point must not be too high,and that su ffic ien tly  

strong int©molecular forces must exist to preserve some 

order in the melt when th® crystalline la tt ic e  breaks down, 

tsinoe strong interaolecular forces resu lt in  high melting 

points,these two conditions are in opposition,with the 

resu lt that a l l  elongated molecules do not show mesonorphism. 

Thus,the melting point may be so high that when the la ttice  

breaks down the thermal agitation gives spontaneous disorder 

in  the m elt,or,as in the case o f the normal aliphatic  

carboxylic acids,the cohesive forces in  the melt are not
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su ffic ien tly  strong to preserve order even at the low 

temperatures at which the liqu id  state exists«Although a 

large number of mesomorphic compounds has been preparedfthese 

have been of widely d ifferent types and very l i t t le  system

atic  research has been carried out*It is  not possible to be 

more precise about the conditions fo r mesomorphism«

Of the few systematic investigations which have been made 

those of Bennett and Brynaor Jones( 6) and Weygand at al(27  

and 5 1 ) the most important «Bennett and Brynaor Jones 

prepared homologous series o f ¡>-n-alkylcxy benzoic and trana- 

£-n-alkyloxy cinnamic acids in  a l l  o f which the dlmerisation 

through the carboxyl group yields & long narrow molecule,and 

the cohesive forces are su ffic ient to give orientation in  

the molt without raising the melting points too greatly.The 

g-n-alkyloxy benzoic acids f i r s t  show mesomorphism when the 

alkyl group is  n-propyl,and nematic properties alone are 

observed up to n-beptyl «This ether possesses an additional 

short smectic phase.Further increase in the length increases 

the smectic phase length at the expense o f the nematic phase, 

which becomes progressively shorter, un til the purely smectic 

n-oetadecyl ether is  reached.These resu lts are summarised in 

graph 8,page 46.The importance o f molecular length Is shown 

by the fact that the trans-p-methoxy- and g-ethoxy cinnamic 

acids,which are longer than the corresponding benzoic acids, 

are mesomorphic»Again,as shown in graph 9,pago47,the lower
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neatera o f the homologous oerlos aro purely n@aatlc,©nd the 

n-nonyl other is  the f i r s t  to show additional smectic 

properties.The smectic phase lengths then gradually increase 

with increasing length o f the » -a lk y l chain un til, in the 

n-hexadecyl and n-octadecyl ethers,purely smectic properties 

are observed.These findings show very clearly  the effect o f - 

systematic increases in  the molecular length on tho 

mosomorphiem.

Weygand et a l examined homologous series of n-alkyloxy 

an ils ,aso - and asoxy- compounds.Although aonotropic aeso- 

aorphisa is  found in several o f these compounds,the offeet 

of increasing the length of the molecules by using longer 

» -a lk y l chains agrees with the observation© of Bennett and 

Brynaor Jones•tfeygand•s results aro d if f ic u lt  to express 

graphically,duo to the monotropic nature o f tho mosoaorphism

some cases,so that the molting points aro often higher 

than one or both of the transition points «However, the 

following figures in tables 8,9 and 10 show again that smeotio 

properties appear with longer chain lengths,that nematic 

phase lengths then decrease,and that with su ffic ien tly  long 

n-alkyl groups the system becomes purely smectic.
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T a b l e  8

lc>̂  ^ - n= n—^ (Rss n-alkyl group)

R & »P * »-a n -i s—i Coaments

Di-ethyl 159° — 190* — tionotropio nematic

Di-butyl 135“ — 124* — ft It

Di-amyl 112° — 106° — it II
Di-hexyl 102° — 114° — J^nantiotropic nematic

Di-heptyl 102° 9/ 109° — Ionotropic smectic and
enantiotropic nematic

Di-nonyl

O*\orl 99* 1Q71—*- ft it «• 
ft »t

Di-doêseyl 106° — 107* Daantiotropic smectic

s -a  saectic-nematlc|n-i nem atic-isotropicts-i smectic -isotropio

Table 9

R N»=^—̂  R (Rs g -a lk y l group)

H a .p . s-n n—i s - i Comments

Di-butyl 107° — 134° — knant iot ropic nematic

Di-amyl 82° — 119“ — it h

Di-hexyl 81° 72° 127“ — Monet ropic smectic and 
eaantiotroolc nematic

Di-heptyl 74* 92* 122.5* — Enantiotropic s and n
Di-octyl 76° 106° 124. £ — it « it »«

Di-nonyl 77* 113“ 121* — rf ft »* «

Di-decyl 78° 119.5> 123* — «  « it I*

Di-dodecyl 82* — — 122“ Enantiotropic smectic

®-a ©meetic-neaat ic | a -i nem atic-isotropic;s-i smectic-isotropic
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By contraßt, l i t t l e  was known about th® affocò of broadening 

th® mol ©culos and, apart from the t  raas-p-n^aikylogr ©innaml© 

acids,nono of th® compounds examined by til© above authors has



R.CH=N'
V-----/  ) n -CH.P R.CH=N N sC K B

I I I

By comparing the properties Of the naphthalene anils with 

those o f type II,ha proved that those based on naphthalene 

ware lees mesomorphic than the more lin ear an ils derived from 

4-4 * -di-aaino-diphenyl •

H I I I

cs V lo  mesomorph!« Mesomorphic

c ^ iy C U s o n - ¿«o mesomorph!« li'esomorphic

2r ° H3 •c6h$~
g-CH^O.CgH^- Weakly mesomorphic strongly aesoaoiphic

These facte shew that increase in molecular breadth w ill  

diminish the tendency to aesomorphism ,but,the effect need not 

be marked .This la st point was made d e a r  when Vorlimder (19) 

proved that certain 1t4-di~substituted naphthalene derivatives 

behave as varnishes or glases with a strong tendency to super

cool in  the mesomorphic state.These compounds are o f type I I I

When and H^G^H^.QCHj the amorphous melt supercool®

to a mesomorphic state,which can be obtained even at room
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t e m p e r a t u r e • ¿ h e n  t i l l e  l e  a l l o , v e d  t o  s t a n d ,  o r  l e  w a r n e d ,  

c r i s t a l l i c a t i ó n  o c c u r c . a n d  o n  f u r t h e r  h e a t i n g  t h è  c r e a t a l o  

pass © v e r  t©  thè amorphous n e l t  w it h o u t  fosaaing a n e c o n o r p h .  

I h a  n e s o n o r p h ic m  l e  t h e r e f o r e  m o n o t r o p ic .

fhes R  and H* are C g H ^ * O C H ^ #© r v ;h o n  1 le O g H ^ .O C g H ^  and 
E' le C g H ^ .O O H ^ ,t h e  tendonoy t© e u p e r c o o l  l a  l o s t , b u t  in 
both, ©nentiotropi© nomati© p h a e e e  are p r e s o n t . C l c a r l y , t h o c e  

v e r y  bread n o l e c u l o s  a r e  v e l i  abi® t© show thè p h e n o n e n o n  

o f  n e s o a o r p h ic a .

i d e i c t i n g  o v id o n c o  o £  t h è  o f f s e t  ©£ b r o a d e n in g  a n o l e e u l e

© a ite ability t© ih©« mesomorphisa i e  scanty and i l l - d e f i n e d *

T h e  p r a s e n t  i n v o s t i g a t i o n  was u n d e r t a lc e n  In t h è  e z p e o t a t io n

t h a t  i t  muid be p©ssibls,by g r a d u a l l y  i n c r o a c i n g  t h è  b r e a d t h

o f  ©ne p a r t i c u l a r  m o l e c u l a r  type9t© a d d  t o  thè k n o w le d g e  o f
/

thè effeet o f  dimensione o n  nesomoipàl®««
The b a h a v io u r  o f  Yorllnder's a n i l c  a n d  aso* c o r a p o u n d c , 

and a le o  t h o s e  c o n p o u n d s  p r e p a r a d  b y  W o y g a n d ,w o u ld  h o w a v e r  

b e  d i f f i c u l t  te relate to thè flndings of lta«lt a n d  

B s y n m o r  Jones on thè a l h y l o x y  b e n z o lo  and c i n n a n i c  a c i d a ,  

b o  c a u c a  o f  t h è  fundamental difforense® i n  t h è  m o le c u le  types. 
A s  has b e e n  p o i n t e d  o u t  i n  thè introduci ion ,aa a l l c y l o x y  

a r o n a t i c  c a r b o x y l i c  a c i d  lue c o v o r a l  advmntages In that 
d i a e r i s a t i o n  e n c u r a o  a v o r y  l o n g  n o ie  c u l o ,  a n d  In that thè 
length nay b o  v a r i e d  b y  e h a n g in g  t h è  a l k y l  gr©up*I©reeterf 
thè s y n t h e s e a  are lesa i n v o l v e d  t h a n  are t h o s e  ter aso* a n d  '

52



particu larly  asoxy- ccapmiMs.lt was decided to use th is  

molecular type,and to investigate fu lly  the behaviour @f 

series of naphthalene compounds by preparing n-alhylexy 

naphthoic acids.In  these,it is  possible to vary the effective  

breadth of the molecules by altering the re lative positions 

of the n-alXyloxy- and carboxyl groups .Thus, the narrowest 

molecules would be the 6-jfr»alhyloxy-2-naphthoic acids which 

would d if fe r  substantially from 4-n-alkyloxy-l-naphthoic acids, 

fhe study of such compounds would then allow comparisons to 

be made with the behaviour e f the p^ -a lky lexy  bensoio and 

trjyBS*pr#*slhylc>mj cinnamic acids*

1* TMsubstltuted n-aUg-loxy naphthoic acids
the f i r s t  series to be investigated was that o f the 

4 -|g»alkyloxy-l-aaphthoie aoids in which the 'a lky l groups used 

«e re  methyl to decyl ( dodecyl ,hexadeoyl and ootadecyl .Despite 

Vorlander'a observation e f aesemorphisa in  the' 114-naphthalene 

azo-an ils ,thosa acids have no mesomorphic properties «She 

abseaoe o f '» is o t ro p y  cannot be attributed to high thermal 

agitation In the m e lt »  state,which would cause spontaneous 

disorder,since the melting point values are not unusually 

high.iesemorphisia is  net uncommon in the temperature range 

200-250°and anisotropic melts existing at 250-500°are well 

established*In th is  series,the highest melting point»240° • .

was found fo r  4-methoxy-l-aaphtholc soldi thereafter, the 

melting point gradually decreased with increasing length of
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tli# alkyl group and. the lowest malting point is  fo r  the
4-tt-hexadecyloxy-l-naphthoie acid,at lj56*.#hen the melting 

points fo r th is  series of acids are plotted against the 

number of carbon atoms in the alkyl group alternations in  

nelting point are found,but these are irregular fluctuations, 
and the values fo r  - odd and even carbon chain ethers do not 

l i e  on two d istinct curves.Such behaviour,although common 
in certain series of mesomorphic compounds,is not an essential 

characteristic of such a series .There is,however,no doubt 

that the melting point value is  important in  determining 

whether mesomorphism will oocur,and what w il l  be the length 
of the phase.Thus,the Belting points of 184° and 197° for 
¿-raethoxy and ¿»ethoxy benzole acids must be considered too 

high to cause mesomorphisa,and that the absence of mesophases 
is  not due to the fact that the molecules are too short»This 

has already been established since mixed melts of these two 

acids cannot contain a dimer longer than that of ¿»»ethoxy 

benzoic acid end yet these melts are mesomorphic.This can 

only be attributed to the depression o f the melting point 

below 184*,so diminishing the thermal agitations in  the melt 

and permitting an ordered melt to exist fo r  a detectible 
range cf temperature .Mixed melts of 4-g-hexadeeyloiy~ sad
4-n-octadocyloxy-l-naphthoic acids,with n.ps. of 1̂ 6°and 
1.37 »5° respectively,were prepared which melted below 150°, 

but these exhibit no meeeaorphiSB. Many other cases of
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anisotropy in nixod molts of two non-nesonorphic compounds 
have boon previously reportod(5&*52 and 55)*

Since the molting points of tnoso 1*4- naphthoic acids 
can hardly bo considered to bo too high,tho absence of meso- 
morphiam in their molts can only bo attributed to tho fact 
that tho molecules are too broad»Yet,Vorländer reports that 
the 1<4—naphthalene azo-anils are mesomorphic•One of these, 
ethyl j£-1.11 • -di-aothyl-aaino-b enzal-l-aaino-naphthalenc-4- 
azo-benzoato(IV) has a•p•183-185° and gives a mesophase which 
cloars at 157•

In this case than there is mesonorphism,yot the molecule 
contains a naphthalene ring and,moreover, the melting point is 
higher than that of many of the 4-n-alkyloxy-l-naphthoic acids« 

In the crystalline solids of the 4-n-alkyloxy-l-naphthoie 
acids the dimer may have either of the two extreme con
figurations (Y and YI) show* below

Configuration VI would give a very broad molecule»half as

MetN C O O E t

IV
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broad again as Vorländer's azo-anils,and,since it  is  possible  

that the molecular configuration of the so lid  is  maintained 

when the la tt ic e  breaks down to give the aesophase or the 

amorphous liqu id ,th is  nay account fo r the lack of mesoaorphism* 

That is ,the  molecules are too broad to give a linear 

arrangement with su ffic ient cohesion to be maintained in the 

melt •

It  may also be argued that V,although the same breadth as 

the azo-anil molecules,is less lik e ly  to give an ordered melt, 

since the molecules contain two broad naphthalene rings and 

not,as in Vorländer*s compounds,only one which,in any case, 

is  almost symmetrically placed in an otherwise long and 

narrow molecule.This means that the molecules of the acid 

diners are more bifurcated,and less lik e ly  to give a packing 

in  their melts suitable fo r  the formation o f a mesophase. 

Yorlander*s compounds may conceivably pack together as follows
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This»or sons sim ilar packing of the linear molecules,is 

possible and may well give considerable cohesion in the

o f the molecules to one another.

On the other hand ,molecules o f type V are unlikely to give 

a closely interlocked packing which can repeat it s e l f  except, 

possibly ,with the shorter chain ethers.Such a packing could 

be represented in the following way

?lth the longer carbon chains,the packing may be much more

open and appear somewhat as follows

this may give sufficient la te ra l adhesion o f the molecules 
in the crystal to give, a reasonably high melting point »but in

molten state because of the close proximity of a l l  the parts

H—

OR
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the molten state the open packing may make it  possible fo r  

the molecules to swing round from th e ir linear orientation  

and so to destroy the order*

In the 4-n-alky1oxy-l-naphthoic acids,there is  an axis 

through the two -OH groups and the carboxyl group of the 

dimer,and another possible reason fo r the lack of mesoaorphisis 

in these acids may be in the rotation of the rings*In both 

of tho extreme dimer types V and VI,such rotation w il l  cause 

bifurcation of the molecules when the planes o f the rings are 

not para lle l*In  both cases too,and particu larly  In type VI, 

the mechanical effect in disturbing any orientation w il l  be 

very high,since the rotating naphthalene rings w ill  act as 

paddles.This rotation of the naphthalene ring could also  

occur in  Vorländer*s aso -a »ils ,bu t In these there is  only one 

such ring and there is  no other broad part o f the molecule 

with which i t  can become out o f phase«The mechanical effect 

of it s  rotation w i l l  also not be so great as that produced 

by two naphthalene rings in  the dimerleed naphthoic acids*

The explanation of the appearance o f meeemorphisa in  

Vorländer's compounds and the lack of anisotropy in melts 

of 4-n-alkyloxy-l-naphthoic aeids requires a knowledge of 

the packing of the molecules in  the crystals,and th is can 

only be obtained by X-ray analysis.

The 5-n-alkyloxy-l-naphtho i  c acids are likewise not meso

morphic, and in th is case the dimer may be represented by
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V II or V III

RO

VII

These alkyloxy ad ds  »ra c in g  from methyl to decyl.dodecyl, 

hexadeeyl and oetadeeyl,again have reasonably low melting 
points which In themselves would be unlikely to mask the 
mesomorphisa.The highest a.p* of 201° is found for the methyl 
ether»and the lowest of 117*5° fo r  the haxadecyl ether* ».hen 

the melting points are plotted against the number of carbon 

atoms In the alkyl chain their positions are irregular and 
two melting point curves are not present .The reasons fo r  the 

absence of mesomorphiam are therefore probably those which 

obtain In the isomeric 1$4 series*Again»such a dimer as VIII 
may be too broad to give a linear» ordered packing in the 

melt .The bifurcation in the dimer VII may mean that when 
the lattice breaks down the molecules are in such an open 

packing that the cohesive forces operate only at certain  

points and not along the entire length of the molecules* 

These are not strong enough to preserve a suitable orient
ation fo r anisotropy to  resu lt*

In th is series i t  is  seen that there is  no axis through 

the two -OR groups and the diaarising carboxyl group.
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Therefore,irrespective of whether the dimer is  of type V II 

or V I I I , i f  rotation occurs about either o f the ring-carboxyl 

bonds,the molecule w ill  assume a highly bifurcated structure. 

This w il l  not only destroy order in the melt but w ill  also  

cause a mechanical disturbance to any order while the 

rotation occurs.In a s tr ic t ly  linear dimer,such as is  

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

i t  can be seen that rotation w il l  not affect the packing of 

the rod-like molecules,since there w i l l  be l i t t le  mechanical 

disturbance,and the dimer w i l l  not become bifurcated.

In the ligh t of these results fo r the 4 - and 5-n-alkyloxy-

1-naphthoic acids,the remaining five  possible alkyloxy-1-  

naphthoic acids were considered unlikely to give mesophaeos 

m iL these were not therefore synthesised.The'2 -,3 - and 8-  

n-alky loxy-l-napht hoi c acids are analogous to ortho or met a 

substituted compounds which are known to.have no mesomorphic

p ro p e rt ie s ,e .g . ,£ -  and »-n -alkyloxy benzoic acids show no
\

mesomorphism.The 6 -  and 7-n-alkyXoxy-l-naphthoic aoids(X 

pnA x i )  w il l  give even greater branching and bifurcation in  

the diners than the 5 *1  compounds and would not therefore 

be expected to possess mesomorphic properties.

IX
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X XI

Similarly in the 2-saphthoi© acid® series,the  

and 8-rt-alkyloxy compounds ara branched molecules similar 
to ortho or mata substituted systems and 5-h -a lh y i«y -»2-  

naphthoio acids(X II) will give a dimer which is far from 
lin ear.

The 7-n-alkyloxy- and 6-n-alkyloxy-2-naphthoi c acids were 
the only two remaining naphthoic acids which seemed lik e ly  

to be potential mesomorphic systems.

The 7-n-alkyloxy-2-naphthoic acids again have no axis 
through the -OR groups and the dimerising carboxyl group.Of 

the two extreme dimer configurâtions,X III would be unfavour

able to the orientation necessary in a mesomorphic melt,

o
R

XII
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X III

and XIV( although having the axes o f the -Ok groups approximate
ly parallel«is also unlikely.Any free rotation in the melts 
of these acids will amuse the system to lose any semblance 

o f being rod-shaped«and it is  not surprising therefore that 

the n-oetyl and n-hexadecyl ethers«which were prepared and 

examined «are not mesomorphic* la  this case too, the absence 
of mesomorphic® cannot arise from high melting points ..for 
the n-octyl ether melts at lh2*5°and the g-hexadeoyl ether 
at 158°.

By contrast with the other n-alkyloxy naphthoic acids,the 

6-n-alkyloxy-2-naphthoic acids seemed more likely to exhibit 
mesomorphic® since they can give rise to a dimer with the - 
red-shaped ccnfiguratioa(XV) shown below.
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Although,unlike tha dimers of tha j>—n—alkyloxy benzoic*
acids,th is has no axis through tha two -OH groups and th® 

diaorising carboxyl group,thara is  a closa appi'oximation to 

on®,hut in  such a aolacula rotation may wall cause consider^ 

ahl© distortion.On the other hand,the dimer is  long,narrow 

©ad essentially  rod-shaped,and is  obviously the most lik e ly  

of the n-alkyloxy naphthoic acids to show mes©morphism. 

Indeed,the shortest molecule in th is series,6 -«ethoxy-2- 

naphthoic ac id ,is  mesomorphic,with a nematic phase length 

o f 13° between 206* and 219°. The results fo r these 6-n -a lk y l-  

oxy-2-naphthoio acids are summarised in graph 1 and tab le  1 

(pages 30 and 3 1 ) » The f i r s t  eight members are a l l  nematic, 

and,although there is  no regular change in the phase lengths 

as the carbon chain increases in length,the melting points 

of these and o f the whole series l i e  on two distinct curves 

(the red curves on tha graph).That is ,the  upper clearing  

points alternate and l ie  on two curves which represent the 

odd and even carbon chain © the».Th is suggests a packing of 

lin ear molecules with s ligh t differences in the arrangement- 

of th© terminal groups fo r  odd and even carbon chains(54 ). 

The fact that there is  no regular increase in the nematic 

phase length with increase in the chain length was also  

found in the j^n-alkyloxy benzoic and t n a s -o-n-alkyloxv  

cinnamic acids.However,the very short phase length o f 0 .5° 

(203-208.5**) iu 6-n-propoxy-2-naphthoie acid is  outstanding.
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At f i r s t  s ieh t , tiiare saarns to  ba no io ^ ic a i  reason fo r  th is  

alnost coapleta extinction  o f tho nasoaorphisr.ijalthoujfci 

iiarrowinu o f tho phase langtii at n -p ropy l haß toon noticed  

to  a la s s e r  dagreo in  corta in  sa riaa  o f n-alicyloxy an ilß  

willen ara at präsent being oxaminadCyp).It can only be 

concludaa tiiat tho n -propyl ciiain favours sono con figuration  

will ch caußas doviation  fron  st r ie t  lin ea i*ity  in  tho dimer. 

Thrao pose ib le  con figurations aro ehowa in  p lates  7 * 3  and y.

P lato 8
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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.lt 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.lt 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 -CĤ  to n-propyl•fhis is not unreasonable since 
continuation of the chain types snown in plates 8 and 9 may 
be disfavoured in 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 is required by X-ray methods of the crystal 
structure of 6-n-propoxy-̂ -naphthoic acid.
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vVhon the alkyl chain contains nine carton atoms a short 

smectic phase appears in addition to the nematic phase.Further 

increments in the chain length increase the length of the 

smectic phase at the expense o f the nematic phasetwhich 

decreases and is  absent in  the n-hoxadoeyl and n-oetadecyl 

ethers*The increase in the smectic phase length is  not 

entirely  smooth and»indeed»that of the octadocyl ether is  

s h o r te rW ° ) than in the hexadecyl ©ther(5 2 . 5 ° ) * I t  is  

unlikely that th is  arises because the octadecyl ether has a 

smaller tendency to be mesomorphic*Cn the contrary.it is  

probably due to the increase in the transition point and 

the melting point of th is particu lar ether*fhe values are 

llh ° fo r  the transition point and 161° fo r  the molting 

point»compared with the corresponding values o f 10?°and 

159*5°for the n-hexadecyl ether.Ihe greater thermal agitation  

in  the melt at the s ligh tly  higher temperatures may be 

su ffic ient to cause the order in the melt of the n-octadecyl 

ether to persist over a s ligh tly  shorter range*It is  of 

course possible that with very long chains the system becomes 

more like  a n -aliphatic acid»since the alkyl group is  then 

the more preponderant part of the molecule.Ihat is,the  

intermoleeular forces which operate between the rings and 

the carboxyl groups of d ifferent molecules,will have to hold 

increasingly long molecules in posit ion. i'his may cause a 

decrease in mesomorphism even in  very long molecules.lt is
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hoped in la te r investigations to dot amino whether this is  bo  

by preparing soma n-alkyl others containing more than eighteen 

carton atoms in a series which is  known to to mesomorphic.

The sudden appearance of smectic properties at a certain  

alkyl chain length and f in a lly  the establishment of purely 

smectic properties in the higher ethers are characteristics 

of nearly a l l  the series of mesomorphic compounds which have 

teen examined.In such phases the molecules must l i e  p ara lle l 

to one another with the ir ends in line as distinct from the 

p a ra lle l tut imbricated orientation of molecules in a nematic 

melt.As the rather belated appearance of smectic properties 

is  a common feature of a l l  series,the origin  of the smectic 

phase in a particu lar series w il l  bo examined la te r in this  

discussion.

2. trans-p-n-Alkyloxy cinnamic acids

fhat the molecules of 6 -n -alkyloxy-2-naphthoic acids, 

should exhibit mosoaorphisn is  not surprising when the 

sim ilarity  o f th e ir structure to the mesomorphic trans-p -a - 

alkyloxy cinnamic acids is  considered .This is  particu larly  

clear when the structures are drawn as fo llow s.
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The cinnamic acids d if fe r  only in the absence of the section 

of the naphthalene ring represented by the dotted lines.

Indeed the sim ilarity  is  so close that the behaviour of 

analogous members of the two series might well be expected to 

be identical.When the results published by Bennett and 

Brynmor Jones(6 )  were compared with those obtained fo r the 

6-n -alky1 oxy-2-n aphthoio acids,very pronounced difference©  

were observed.The three main points of difference are ( 1 ) in 

the cinnamic series there is  no alternation of the upper 

transition  points to give two curves fo r  odd end even carbon 

chain ethers,( 2 ) the n-hexadecyl ether has a short nematic 

phase in addition to the smectic phase and O )  the 

enantiotropic smectic phases do not appear until the n-decyl 

ether,although a monotropic smectic phase was reported fo r  

the jwaomyl ether.The above author® did not prepare the n- 

octadecyl ether and it s  preparation was undertaken to complete 

the series .The ether melts to a smectic state at 121° and 

clears at 153°without showing a nematic phase.This behaviour 

is  in agreement with the purely smectic properties o f 6 -j** 

octadecyloxy-2-naphthoic acid,but the low sup. of 121° seemed 

out of place when compared with the value reported fo r the 

lower n-hexadecyl ether in  the cinnamic acid series .In  order 

%o establish th is  point,ne^v samples of a number o f trans-p -a - 

alkyloxy cinnamic acids were prepared.The results are shown la  

graph 9 (page 47) and in  table 11  (page .For comparison »the 

transition points previously reported(6 ) are given in ta b le !2 .
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Tabi® Il trans-p-n-Alkylox? cinnamic acida

Temperature of transition  
to Phase length

Alkyl group smectic nematic isotropic enoctic Binati c

Methyl — 171° 187* — 16°

hUhyl — 191.5' 196° — 4.5°

Propyl — 165° 182° — 17°

Butyl — 15^° 186° — 32“

Aayl — 133° 176° — 38°

Hexyl — 155° 178° — 25°

Heptyl — 148° 174° . ---- 26°

Octyl — 14 7° 170° — 23*

Ilonyl 133.5° 144° 170.5* 5.5° 26.5*

Decyl w 150.5° 135* 16.5* 14.5°

Dodocyl 132° 157° 132° 25° 5°

Hoxadecyl 118.5* — 159* 40.5* —

Cctadecyl 121° — 158° 37* —
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Table 12 trans-o-n-Alkyloxy cinnamic acids Bennett, Jones (6)

ï Temperature of transition  
to Phase length

Alkyl group smectic nematic isotropic smectic nematic

Lîethyl — 171° 187“ — 16°

iSthyl — 191.5° 196“ — 4.5°

propyl — 163° 182° — 17°

Butyl — 15^° 186° — 32°

Amyl — 138° 176° — 38“

Hexyl — 153° 182° — . 29°

Heptyl — 150 ° 157° — 7°

Octyl — 147° 164° — 17°

Hosxyl — 141° 163°
mono

tropic 22“

Decyl w 144° 163° 11° 19°

Codocyl 132° 145° 153° 12° 8°

Hexadecyl 132* 154° 15Q° 22“ 4°

Octadecyl — ■ - - - - - - - - - - - - - — • - - - - - - - - - - - - —
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Wìì®» the graph and these new transition points fo r  the 

trans-p-n-ailcyloxy cinnamic acids are compared with the 

graph and table o f results (pages 30  and 3 1 )  fo r  the 6-n -  

alkyloxy-2-naphthoi c acids,the behaviour of the two series  

is  found to be the same «In both, the f i r s t  eight members are 

meantic,smectic properties f i r s t  appear in  the nomyl ether 

and occur with a nematic phase in the nonyl,decyl and dodecyl 

ethers,the hexadecyl and octadecyl ethers are purely smectic, 

and the upper clearing points now alternate regularly and 

l i e  on two curves fo r  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 

agreement would be any closer than th is and th at,fo r example, 

the phase lengths would be identical fo r  analogous ethers,or 

that the maximum phase lengths would occur at the same alkyl 

group in each series .The naphthoic acids, containing two 

naphthalene r in gs ,w ill have d ifferent intermoleeular 

cohesive forces from those in the cinnamic acids.On the 

whole,it might be expected that the cohesive forces would 

be stronger in  the naphthoic acids and that their melting 

points would be higher.Thls is  true in  nine o f the thirteen  

others examined,but probably other factors,such as the type 

of packing in  the crystal la t t ic e ,w il l  also have significant 

effects on the molting point . I f  the cohesive forces arc 

stronger in the naphthoic acids,then th e . order in the mese-
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phase should also require more energy to break i t  down.She 

transition points should therefor© be higher.Indeed,in a l l  

cases the clearing points fo r  the cinnamic acids are lower 

than fo r the corresponding naphthoic acids.This does not 

mean that the phase lengths o f the naphthoic acids are always 

longer than the cinnamic acids,since the thermal effects at 

the higher temperatures w il l  be greater in the former series 

and w ill  cause the order to break down more quickly.The 

result is that in only ten of the naphthoic acids are the 

overall phase lengths longer than in the cinnamic acids. 

Further,a maximum phase length of 51.5*18 found in 6-n -hexyl- 

oxy-2-naphthoic acid and of 58 ° in t rans-p-n-anyloxy cinnamic 

acid.

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 

m.p. of th is ether to 151.5°.In both c a se s ,i.e ., in the 

naphthoic and cinnamic series,the octadecyl ethers have short 

@r phase lengths than the hexadecyl ethers,and,as has been' 

pointed out fo r  the naphthoic acids,th is is  probably due to 

the slight rise  in melting point.

The values obtained fo r  the cinnamic acids in the present 

investigation agree exactly with those obtained by Bennett 
and Brynaor Jones fo r  the f i r s t  five members of the se rie s . 

Thereafter,discrepancies of varying order are found.The
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reason fo r th is was not clear until some of the original 

camples used by these authors were examined,when in many 

cases they wore found to have lost almost a l l  their mesomorph

ic  characteristics.The nonyl ether,reported to have n.p.141* , 

clearing point 163° , was found to melt to an amorphous liqu id  

over the range 137-14’l°»Oa cooling,the melt slowly gave a 

turbid mesophase at 141-139° and crystallised  at 137*Moreover, 

mounted samples o f the ethers prepared fo r  th is investigation  

were found to lose the ir mesomorphism when the sample was 

le ft  to stand ( the deterioration in sunlight was very rapid ) .  

It was also noticed that when samples were reheated they 

contained bubbles of gas«Such behaviour immediately suggests 

decarboxylation and th is may be one reason fo r  the 

disappearance of mesomorphic properties.lt is  possible that 

th is  occurs more readily  in the longer chain ethers fo r  

which the discrepancies were found.Loss of carbon dioxide by 

substituted cinnamic acids is  not uncommon and seems most 

l ia b le  to occur when more than one alkyloxy- group is  present. 

2 i4-Di-*aethoxy cinnamic acid has been found to decarboxylate 

very read ily .Professor Bryaaor Jones has indeed verified  that 

the samples used in his investigation may have been exposed 

to light during examination o f their mesomorphic properties. 

Hot only w il l  the loss o f carbon dioxide destroy the a b ility  

to dimerise and produce long molecules,but also,even although 

decarboxylation is  slight,the styrenes produced w il l

73



polynorlso and cause depression of the malting point of the 

cinnamic acid«That light can have th is offact on the transition  

points was confirmed in the case o f trans-p-n-octadacyloxy- 

cinnamic acid.The constants fo r  the frash ly  prepared material 

wara 120.5* end 153^but when the specimen (in  a corked tube) 

had boon exposed to ordinary ligh t fo r three months these had 

fa llen  to 117* and 151-154°. The upper clearing point was so 

indefin ite that,had the ether not been known to be purely 

smectic,the presence o f-a  short nematic phase between 151° 

and 154°might have been expected.Such behaviour may w ell 

account fo r  the reported observation of a short nematic phase 

in the hexadecyl ether which,when fresh ly  prepared,has been 

found to be purely smectic.

Heating for quite short periods of time was also found to 

be detrimental to these ethers.The pure î heptyl ether,with 
constants o f 148°©nd 174*,was heated in an o i l  bath for one 

hour.On cooling,the nematic melt crystallised  to a soft 

so lid  mass which suggested that polymerisation by decarboxyl
ation had occurred to sene extent .This material melted at . 
142-146^and cleared indefinitely at 170-172tfhe g-aenyl ether, 
with constants of 158.5»144* and 170.5*was much more effected  

by similar treatment and the crystals obtained on cooling 
were quite brown .When a thin film of this material was 
mounted on a s lide  and allowed to cool from the isotropic 
liqu id ,the smectic phase seemed to have decreased in length
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and a l l  the changes were indistinct .The crystals softened

at 126tand flowed at 156° to a turbid melt which cleared at
, phase

157-164.That is,no  smecticjwas detectible on heating -which 

agrees with the report o f a monotropic smectic phase in the 

n-nonyl e th er(6 ).It  is  probable ,therefore9that heating had 

a considerable effect on the ethers during the actual 

measurements made by Bennett and Brymmor Jones( 6 ) . As is  

described in  the discussion of the methods of determining 

mesomorphic transition points »their procedure involved 

heating the sample®,cooling them,and observing the number 

o f transitions.This treatment was repeated several times, 

un til at a certain temperature,the transition under consider

ation Just fa i le d  to appear.lt ia  c lear now,that these 

successive heatings must have led to lose o f carbon dioxide. 

In the present investigation, a fresh s lid e  was mounted fo r  

each determination of a transition point,the, instrument 

being pre-heated to seme 5* below the approximate value as 

determined in an ordinary melt ins point apparatus, and the 

s lide  inserted « id  heated at a rate o f 2°per minute un til the 

transit ion occurred. In th is  M y , a sample was exposed to the 

high temperatures fo r  2-3 ninut<33 at the most and the rich  

o f decarboxylation thereby reduced to a m inim ».

Some o f the less sign ificant differences in the constants 

may be due to the method of preparation o f the trams-s -n -  

alhyloxy cinnamic acids.A specimen o f n-octadeeyl ether
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was prepared by alkylation o f trano-p-hydroxy cinnamio acid, 

the method adopted fo r the whole series by Bennett and Brynmor 

Jones,but before the constant values of 121° and 153°were 

obtained,it was necessary to crysta llise  i t  twice from 9 #  

acetic acid,thrice from benzene,and twice from absolute ethyl 

alcohol»The same compound,with the same constants,was obtained 

a fte r  only two crystallisations from g lac ia l acetic acid when 

i t  was prepared by condensing jwn-octadocyloxy benzaldehyde 

and malonlc acid in pyridine (with piperidine as cata lyst). 

That a much less readily  purified  material is  obtained by the 

alkylation method was verified  in two other cases.

The d ose  sim ilarity  in behaviour of these cinnamic acids 

and naphthoic acids v e r ifie s  that mesomorphic behaviour is  

indeed a function of structure,and that sim ilarity in  

structure can be taken as a criterion o f sim ilarity  in  

mesomorphic behaviour. :

5. The. .© fiect..M ..broad«iig. the..icleoultg..o f .frragadJo&figfe

2-.napbth.oie acids .

(a ) bT substitution' in  the 5-posltion  

6-Hydroay- and 6-g-alkylomy-2HBaphthoic acid w ill  

substitute readily in  the - ^-position to y ie ld  molecules of 

structure XVI. ''

XVI
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From tills  structure i t  can be seen that the breadth of 

the molecule is  determined by the dotted lines and that 

there is  a space between the uppermost o f these lines and 

the 5-carbon atom.This space is  such that certain  

substituting atoms may be accommodated without broadening 

the molecule.From scale drawings and models o f these 

molecules , calculations were made to find what effect such 

substituents as the halogens and the n itro - group would 

have on molecular breadth*

lilMfL.II
Substituent

X

Covalent
radius

(A# )

van der f s a l 's  
radius

<A°)

Breadth 
"d" in
<A°)

Approach of 
X to upper
line (A* ).

H 0*30 1.2 7.9 -1 .2

F 0.64 1.55 7.9 —0*75

Cl 0*99 1.80 7*9 0.0

Br 1.14 1*95 8.20 ♦0.50

I 1.35 2.15 S.59 ♦0.69

bo2 — — 8.58 ♦0.48

the figures in table 13 make i t  c lear that 5 -fluoro - 

6-n-alkyloxy-2-naphthoic M id *  w il l  be no broader than . 

the unsubstituted acids,and that even chlorine may be 

introduced without affecting the molecular breadth*In the 

case of the 5-chloro- compound,the outermost point on the 

c irc le  representing the van der Waal’ s radius o f the 

chlorine atom lie s  on the dotted line  which represents one
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perimeter of the molecule.The 5-bromo- and 5 -iodo-6-n -alkyl- 

oxy acids w il l  however be increasingly broad,and w il l  be 

0#3 and 0•G^ A respectively broader than tlie unsubstituted, 

the 5 -fluoro - or the 5-chloro*-6-n-alkyloxy-2-naphthoic acids. 

(The effect of a H02 group was obtained by drawing the planar 

n itro - group to scale in  the 5-position of a scale drawing 

o f a G-n-alkyloxy-2-naphthoic acid.In  th is way,the maximum 

amount by which the group w i l l  project beyond the dotted 

line  was measured as 0.43 A ,so that the molecular breadth 

w il l  be 8.38 A .The n itro - group w ill  therefore affect the 

breadth of the system to a degree intermediate between a 

bromine ami an Iodine atom .Plates 10,11 and 12 show scale 

models o f 5 -ch loro-, 5-bromo- and 5-lodo-G-n-butyloxy-2« 

naphthoic acids respectively.

Plate 10 Plate 11
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-These substituted alkyloxy-naphtholc acids provide a means 

of investigating the effect o f changes o f breadth on meso- 

morphicn•Thus, i f  breadth alone affects the nesoaorphiem,tho

5 -fluoro - and 5-chloro- compounds should behave in an identical 

manner to one another and to the unsubstituted 6-n-alkyloxy-

2-naphthoic acids«Unfortunately,synthetic d iff ic u lt ie s  made 

i t  impossible to prepare the 5 -fluoro - compounds,but the 

series of thirteen 5-chloro-5-n-alkyloxy-2-naphthoic acids 

■was obtained.The melting point and transition point values 

fo r  th is series are summarised in table 2 and graph 2 (pages 

32  and 33 ).The methyl and ethyl ethers are not mesomorphic* 

the f i r s t  nematic phase occurs in the n-propyl ether.As 

usual,smectic properties are not found un til la te r in the 

se ries ,in  th is case in the n-hexyl ether,so that the n-propyl, 

n-butyl and n-aayl ethers are purely nematic.The n-hexyl ether 

has the maximum nematic phase length of 4-1° and a short smectic 

phase o f 2* .As the length of the n-alkyl chain increases the 

smectic phase length gradually increases,while the nematic 

phase decreases in  length and f in a lly  vanishes in the purely 

smectic hex&decyl and octadecyl ethers which have the same
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phase length o f 36°. The upper transition points to. the 

isotropic liqu id  fo r  th is series again l i e  on two distinct 

curves fo r  odd and even carton chain ethers.

There are »therefore, points o f sim ilarity  and points o f 

difference between the 5-ch lo ro - acids and the unsubstituted 

acids »although fo r  one particu lar alkyl group the two 

compounds w i l l  have the sane length:breadth ratio.Obviously, 

some other factor,other than the molecular dimension,is 

operative,and th is must be the cohesive forces which operate 

between molecules and which w i l l  undoubtedly be d ifferent 

fo r  the two series .In  the 5-chloro- compounds, the halogen 

atom w ill  be able to approach a neighbouring molecule more 

closely than w ill  the hydrogen atom in  the 5-posit ion of the 

unsubstituted cwpounds.lt would therefore be reasonable to 

in fe r that the cohesive forces w il l  be stronger in the 

chloro- compounds and that they w il l  have higher melting 

points.Since the cohesive forces operate mainly between the 

aromatic parts o f the molecules,these forces w il l  become 

weaker per unit length o f the molecule as the alkyl chain 

length is  increased, and th is  is  reflected in the general 

f a l l  in  melting point along a series .This is  true in both 

series,and the melting points f a l l  from the lower to the 

higher ethers with certain alternations fo r odd and even 

carbon chains.In a l l  cases the m.p* values are higher fo r  the

5-ch loro - compounds and the differences are lis ted  in table  

14.
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Table 14

n-Alkyl
"* group

m«p« in
6-n -alkyloxy-2-  
naphtholc acids

sup. in  
5-chloro—6—n— 

alkyloxy-2-napEthoic 
acids

Difference

Methyl 206° 320.5* 114.5°

Ethyl 213° 269° 56°

Propyl 208* 2X9.5° 11.5°

Butyl 193* 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°

Ifonyi 146.5° 169* 22. 5°

Decyl 139° 167° 28"

Dodecyl 119° 152* 33°

Hexadecyl 107° 142.5° 35.50

Octadecyl 114° 133.5° 24.5°

It  is  doubtful whether any significance can be attached 

to the trend of the differences In the cup. values without 

some knowledge o f the crystal la tt ices  o f the individual

members »since the manner o f packing o f the molecules w ill  

affect the cohesive forces and therefore the sups «The fact 

remains however that in a l l  cases the chloro- compounds melt 

higher, and in the case o f the f i r s t  two9where no mesoaorphlsm 

is found the melting points are very high «That i s ,  although 

5~chloro-S-netboxy and 5-chloro-G-ethoxy-2-naphthoic  acids
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have molecular dimension® slut able fo r mes©morphism,the 

thermal agitation at the temperatures required to break down 

the crystal la tt ice  n u llify  any tendency to orientation in 

the melt»The point at which mesomorphisa commences in the 

two series can therefore be understood in terms of melting 

point differences.A further difference occurs in the point 

in the series at which smectic properties f i r s t  appear,this 

being at n-nonyl in the nnsubstituted compounds and at n-hesryl 

in the 5~ohloro- compounds.Later In th is discussion,the 

factors which may determine when smectic properties appear in  

a aeries w il l  be discussed but fo r  the moment a l l  that need 

be ©aid is  that i t  is  thought that melting point is  not so 

important as the actual packing of the molecules in the so lid  

la t t ic e .Thus,although the unsubstituted and the 5-ch loro- 

compounds w il l  give the same rectangular pro jection ,it is  

lik e ly  that,in  the closely packed so lids,differences w i l l  occur 

In the packing due to the presence o f the la rger chlorine In 

the 5-posit ion. Since the type of packing in  the so lid  

probably determines the type o f aesophase which is  f i r s t  

formed,this difference in the point o f origin  of smectic 

properties may not be as anomalous as appears at f i r s t  sight.

fhe two series are sim ilar in that both give alternation  

o f the upper transition  points.These l i e  on two curves fo r  the 

odd and even carbon chain ethers,and the last two members of 

the series (the C16 and C^q )  are purely smectic.
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Tli® phas® lengths of the respective members of the series 
are not in a simple ratio to one another nor to the melting 
point® involved.This is evident from the list of melting 
points and total phase lengths given in table 15*

Table J £

n-Alkyl 5-SubstitU«taH 5-Substituent «C1

group m.p. ffcase length m.p. Phase length

Methyl 208° 13° 320.5° _

Ethyl 213° 11° 269° —

Propyl 208° 0.5° 219*5° 1.0*

Butyl 198° 10.5° 209.5° 7.0*

Amyl 179.5° 19.5° 189° 19*

Hexyl 147° 51.5° 164° 43°

Heptyl 163° 29° 165*5° 35*5°

Octyl 161.5° 28.5° 169° 28.5°
Honyl 1S6.5° 37° 169' 25.5°

peoyl 139° 42' 167° • 25.5° '

Dodoeyl 119° 55° 152° 35.5'

Hexadecyl 107° 52.5° 142.5* 36°

Cctadecyl 114° 4?° 138.5° 36°

K©viewing these figu re s ,it  can be seen that In ten of the

thirteen acids the overall phase length is  less  in  the 

5-oh lcro - compound© than in the uaaubetituted acids which 

have considerably lover melting points.In  the majority o f 

cases,ths shorter phases nay be attributed to the greater
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thermal agitation which overcomes the stronger cohesive 
forces in the mesophases of the chloro- compounds «In 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 approximately the same 
temperature range«the stronger cohesive forces between 
molecules containing chlorine are more able to withstand the 
name or even slightly greater thermal agitations than the 
unsubstituted compounds•That is,the effect of the cohesive 
forces predominates in these cases,Mid the chloro- compounds 
have the same or longer phase lengths at the higher 
temperatures.

Only the n-propyl other remains to be discussed and this 
has a phase length which is twice as long in the 5-chloro- 
compound as it is in the unsubstituted molecule*It has 
already been explained that the latter is anomalous and three 
possible orientations of the alkyl chain (plates 10,11 and 
12,pages 64and 65 ) have been suggested*Of these,the structure 
represented in plate 12 is the most likely to destroy or 
reduce the mesomorphisn.In the 5-chloro- compounds,however,

ethis orientation of the chain is unlikely due to the sterie 
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 11 «These 

orientations o f the propyl group w il l  give a lin ear molecule, 

and the larger phase length in 5-chloro-G-»-propoxy-2- 

naphthoie a d d ,a t  a higher temperature,may he «p la in e d  on 

these grounds«

At f i r s t  sight then,these two series o f acids should give 

identical resu lts because o f th e ir identical molecular 

breadth,but differences in  melting point and packing are 

other possible factors which are obviously o f importance and 

can give r ise  to differences in  tchaviour.Tho effect of 

temperature on mesomorphism is  thus shown to be very 

important and i t  explains w h y a mixture of g-methoxy- and 

2-ethoxy benzoic acids exhibit mesomorphism when th e . 

individual acids do not «This effect is  «p la in e d  entirely  

by the lower temperatures at which such a mixture melts.

There i s  therefore an.inherent d ifficu lty  in  comparing 

two series o f mesomorphic compounds i f  the melting points’ 

vary from one to the other, and,of course i t  is  not lik e ly  

that two d ifferent series would have the same order of 

molting point throughout •However, i t  was found that the 

transition temperatures from the so lid  to the mesomorphic 

or isotropic states fo r  the three series o f 5-*ehloro-,5- 

brome- and >>iodo-6-^^lkylcnqr-2-inaphthoio acids are reason

ably similar*This fact is  made clear by the figures in  

tab le  16«This is  particu larly  fortunate since there is  a
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progressiva increase in molecular breadth from chloro- to 

broao- to iodo-,80  that the differences may be attributed a l

most entirely to changes in molecular breadth,with only small 

fluctuations in phase length due to the differences in  

melting point*

fab le  16

»-A lky l group

Substituât in the 5-position

Cl Br I
m.p* E1*P* a .p .

Methyl 520*5° 303'(d) 296.^ d )

Ithyl 269* 281°(d) 286*5°

Propyl 219*5° 224° 250°

Butyl 209.5° 215° 219°

Amyl 189° 196*5° 205°

Hexyl 164* 178* 191°

Heptyl 165*5° 158* 176*

Octyl 169° 164* 160*5*

lionyl 169° iear 165°

Deeyl 167° 167° 165°

Dodocyl 152° 151.5° 146.5°

Hexadeoyl 142.5° 158.5° 155.5°

Octadecyl 158*5° 156.5° 127°
_____________ L

Before comparing the three series ,fhe individual 

characteristics of the broao- and lode- compounds w i l l  f i r s t  

be described*
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5~Promo-^n-alkyloxy-»2-naphtholc adds

The results fo r  th is series are summarised in table 3 and 

graph 3 (pages 34 and 35) «the graph is  very sim ilar to that 

fo r  the corresponding chloro- compounds «Mesoaorphism is  again 

f i r s t  observed in  the n-propyl ether,which has a transient 

nematic phase»The absence c f  mesomorphism- in the methyl and 

ethyl ethers is  again attributable to th e ir high melting 

paints and to th e ir molecular broadth, which is  c f course 

greater in th is  series«Hematic properties alone are found 

un til the alkyl chain contains 7 carbon 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 o f the smectic phase and a corresponding 

decrease in  the nematic phase length,until the purely smectic 

n-honadecyl and n-octadeeyl ethers are reached«Again,the 

upper transition points l i e  on two distinct curves which 

represent the edd and even alkyl chains« 

«^Iodo-6»a«mlkyloEx*2Miapfafthoic acids

Table 4 end graph 4 (pages 36 and 37) summarise the results  

fo r  th is  series «The greater molecular breadth,and the high 

melting points o f the methyl,ethyl sad m-propyl ethers, 

together account fo r  the absence of aesomorphism in these 

three ethers «Thus, the n-butyl ether is  the f i r s t  te possess 

a phase which is  nematic and very short «The nematic phono 
length then Increases and reaches a m ax im  in  the ¿»-octyl
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etner.lt is  here too that a short smectic phase is  found*

With the growth in the length of the alkyl chain,the lengths 

of the smectic become greater,while the lengths of the 

nematic phase become gradually shorter*This again results  

in  the n-hex&deeyl and the n-octadecyl ethers becoming purely 

smectic in nature.The upper transition points f a l l  as the 

length of the molecule increases and these points again l ie  

on two curves representing the odd and even carbon chain 

lengths•

Table 17

n-Alkyl
group

length of 
mole*in £ 
(monomer)

Substituent
Cl Br I

Breadth 
in  £

Ratio Breadth 
in  £

Ratio Breadth 
in £

Ratio

Methyl ' lj$.02 7.9 1.60 3.2 1.59 8.59 1.52
iifchyl 14.3 7.9 1.81 8.2 1.74 8.59 l.GG
Propyl 13.02 7.9 1.92 8.2 1.83 8.59 1.73
Butyl 16.3 7.9 2.06 8*2 1.99 8.59 1.90
Amyl 17.02 7.9 2.17 8.2 2.08 8.59 1.98
Hexyl 18*3 7 .9 2.32 8.2 2.23 8*99 2.13
Heptyl 19.02 7.9 2.43 8.2 2.32 8.59 2.21
Octyl 20.3 7.9 2*$7 8.2 2.48 8.59 2.36
fio&yl 21.02 7.9 2.68 8.2 2.56 8.59 2.45
Decyl 22*3 7.9 2.83 8.2 2.72 8.59 2.60
Dodocyl 24.3 7.9 3.08 8.2 2.96 8.39 2.83
Ilexadocyl 28.3 7*9 3 .5 8 8.2 3.45 8.39 3.3
Oetadeeyl 30.3 7.9 3*84 8.2 3.69 8 . » 3 .53

In these s e r ie s ,it  i s  o f interest to  compare the re lative

length (breadth ratios fo r  the various chloro-,brcaao- and iodo~
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alkyloxy naphthoic acids.Those figures are summarised 

tab le  17*The overall phase lengths In the three series
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In the three series,nematic properties begin at n-propyl in



morphism as fa r  as it s  molecular dimonsiono are concerned,i t a 

n.p. o f 269° is  high enough to involve rapid thermal agitation  

in the melt with the resu lt that any molecular orientation  

is  immediately destroyed*A further consideration is  that the 

length shreadth ratios o f the f i r s t  three ethers which exhibit 

mesomorphisa in the chloro- ,bromo- and iodo- acids are 1*92« 

1.83 and 1*90 respectively*The corresponding value fo r

2-ch l oro-6-et ho^-2-naphthoic acid is  only 1*81,which is  

probably too low fo r  a compound which melts at 26$*•

Shat broadening o f the molecule does decrease the phase 

lengths and therefore the mesomexphism is  shewn in tab le  18* 

I n  eleven of the thirteen ethers,the phase lengths decrease 

in  the chloro-, broao- and iodo- ethers as the molecular 

breadth increases.The only exceptions are the hephyl and 

octyl ethers »which show an increase from eh lero- to bromo- 

and,as expected,a decrease from trono- to iod o -*It is  

d iffic u lt  to account fo r  th is  increasefbecause the decrease 

in  melting point from chloro- to tome* is  only slight fo r  

these two ethers,and the thermal agitation in  the melts of 

the chloro- and trono- compounds « d l l  be very similar.¿loro- 

over »th is anomaly occurs at the point in  the series o f broao- 

compounds at which the maximum phase length appears « 4  a 

b ig  drop in  the melting point from the hexyl to the heptyl 

ether is  found.The heptyl ether is  also the f i r s t  tromo- 

compound to exhibit smectic properties,and i t  is  possible
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that at tills point in tits ssrias there Is a difference*

three series fcelow dodecyl decrease in  the order



in  the caries is  therefore oteppod back one unit of the 

alkyl chain with increasing molecular breadth,and th is  

contrasts with the origin  o f nematic phases,where the stepping 

tack is  not regular due to fluctuations in the melting points 

fo r  the three series.The following figures show that the 

melting points can hare l i t t l e  or no effect on the appearance i 
o f smectic properties,but that th is must be determined by 

the breadth o f the molecules affecting the packing in  the 

crystals«

Substituent F irst ether to be smectic m«p* Length (breadth ratio

Cl hexyl 1m* 2«32

Br heptyl 158° 2.32

I octyl 160.5! 2 .3s

it  i s ’ observed that,although nematic and n o e t ic  properties !

appear at d ifferent points in  the three series»and the 

general tendency is  fo r  the phase lengths te  decrease from 

chloro- to bromo- to iode -,the la st ether in  each series to  

show nematic properties Is  dedecyl«Further,the octadocyl 

ethers hare the sate smectic phase length o f exactly 2€f.It 

would appear therefore that in  the case o f the longer molecules 

the e ffect on the mesomerphlaa o f increasing the breadth is  

le ss  marked than fo r  the shorter molecules .This would be 

expseted from a purely dimensional viewpoint «The octadecyl 

ethers in particu lar art sc long that small changes in  the 

breadth have l i t t le  or no of feet and a constant phase length
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is  achieved despite variations in the substituent.

5-Hltro-o-n-alkylox.y-2-naphthoic acids

In th is series no oesoaorphism is  detected until the alkyl 

group is  increased to nonyl, and th is ether has only a very 

short nematic phase persisting over O.^Vl'he decyl ether is  

likewise nematic with a phase length of 1«^«Thereafter in 

the dodecyl »hexadecyl and octadecyl ethers smectic and 

nematic phases are exhibited.The smectic phases increase in  

length with increasing number of carbon atoms in the alkyl 

chain.The complete series of ethers was not prepared but a 

sufficient number were examined to establish that the upper 

transition points o f the even carbon chain ethers l i e  on a 

curve.Only three o f the odd carbon chain ethers were however 

prepared.

In th is series there is  a considerable reduction in the

meso&orphism compared with the 5-halogono- compounds .This is  

seen by the absence of mesoaorphism in  the f i r s t  eight 

members and by the shortness o f the phases.A maximum overall 

phase length o f only 8° is  found in the octadeeyl ether —  

despite the fact that the breadth of the n itre - compounds 

is  intermediate to the breadth values fo r the bromo- and 

iodo- compounds.The extremes of the lengthsbreadth ratios  

are given below.
n-Alkyl group 5-bromo- 5 -n itro - 5-iodo-
Hethyl 1.59 1.55 1.52
Octadecyl 5.69 3.62 3-55
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Ooae other factor must therefore cause the unexpected 

diminution in mesomorphiem and the effect of temperature 

must f i r s t  he considered.1 able 19 makes i t  possible to 

compare the lower transition points fo r  the three series.

lab ia  19

n-Alkyl group 5-bromo- 5 -n itro - 5—lodo—
Amyl 196.5° 211° 203°
Octyl 164° 18 7* 160.5°
lonyl 168° 174.5* 163°
Decyl 167* 173.5° 165°
Dodecyl 151.5° 167° 146.5°
HexadecyX 138.5* 160° 133.5°
Octadeeyl 136.5“ 152° 127°

Solely from the standpoint o f molecular dimensions,the 

n itro - compounds mould be expected to behave in  a manner

intermediate between the trono- and lodo- compounds.For
ether

example,the j^-propyl or fg-butyl^mlght hare been expected to

be the f i r s t  to exhibit mMioieQhism.lt is  evident from 

tab le  19 however that the 5 -n itro - derivatives melt consider

ably higher than the 5-breme- and 5-Xedo- compounds,co that 

thermal agitations in the melts o f the n itro - compounds w ill  

be greater.fh is  w ill tend to diminish the mesemerphisn,but, 

since the melting points are not markedly higher,this  

cannot be the so le  reason fo r  the deferment o f mesomorphiera 

u n til the n-nonyl ether and the shortening o f the phases to  

such a marked degree.Seme other property,ether 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 n itro - group.This is  probably stereo

chemical in character.

Models of the 5 -n itro - compounds show that the n itro - group 

cannot l ie  in 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 lik e ly  that the 

hydrogen on the «¿-carbon atom in the ring maintains the plane 

of the n itro - group at an angle to the plane of the rings. 

Plate 15 shows the orientation of the n itro - group re lative  

to th is hydrogen atom.

Plato 15

This means that the thickness of the molecules is  

increased to an extent that would prevent them from lying  

in p ara lle l planes unless they are some distance apart. 

Because of the dipole of the n itro - group the cohesive forces 

between neighbouring molecules in one plane may be high,but 

between molecules in d ifferent planes they may be low.This
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would account very well fo r  the re la tive ly  email difference  

In melting point between the n itro - and the bromo- and iodo- 

compounds.Furthermore,the greater lntermoleeular spacing 

between the planes would result in  a decrease in adhesion 

in the aesophase 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 s lide  over one 

another so that the orientation in one would not be that in 

the next layer»Such factors would cause a lesser degree of 

nosonorphism than would be expected at f i r s t  sight.

The persistence of nematic properties even in the hexa- 

deoyl and octadeeyl ethers may be due to a sim ilar cause.If 

we assume that in  the smectic mesophase we have numbers of 

micelles in which the molecules are arranged as in f i g .  4 (a ),  

then two conditions may occur on further heating .F irst l y , i f , 

as w i l l  be the case in the n itro - compounds,the cohesion 

between the planes o f the molecules is  weak,then as the 

temperature rises,and the cohesion further decreases,the 

molecules may s lide  over one another to give an imbricated 

structure such as is  proposed fo r nematic substances —  

f i g  4 (b ).Ih  other series,cohesion between the planes and the 

sides o f the molecules may both be high,so that the f i r s t  

breakdown may occur at the ends o f the dimer,and cause a 

slid ing  of the layers,as distinct from a slid ing  in a layer. 

Fig* 4 (c ) would represent such behaviour and the resu lt
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would bo equivalent to a smectic phase,which would disintegrate  

completely oa further heating without necessarily passing 

through a nematic condition.accept in  the case o f the n itro - 

compounds,in which the interplanar cohesion w ill be low ,th is  

la st state o f a ffa irs  w ill be most lik e ly  to arise  in  the 

longer chain ethers,where interlocking o f the chains may give 

a resistance to slid ing of the molecules along th e ir length.

(a^/Saectic

Temperature
,  /increase

substance
\
Temperature

\
increase

e«g* H itro - compound

/

-------------------------------------------------»
direction of s lid ing

movement

(b ) System now nematic

of\
movement

V
(o ) byoton now emectio

FIG. 4
The behaviour o f other series o f n itro - compounds would 

be interesting in order to establish whether these results  

are reproduced• However,the production o f a molecule in which 

the n itro - group is  forced out o f the plane o f the rings and
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yet is  capable of giving mesomorphisra,will not often arise* 

( b ) ' By replacing the n-alkyl group by branched groups

The pronounced mesomorphic properties o f the 6 -n -a lkyl- 

oxy-2-naphthoic acids are well emphasised by the study of 

the effect of substitution in the 5-position.However,when 

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

as in iso-propyl ethers, the mesomorphic charset e ristics  are 

greatly  reduced or destTOyed.lt can be understood that the 

effect o f branching in the alkyl group w ill  have a greater 

effect than substitution in  the 5-posit ion, since the branch

ing w il l  force the molecules apart by preventing the close 

packing of the alkyl groups which is  possible in the normal 

ethers.Thus,the iso -amyl ether,6-(3-methy1-butylozy)-2- 

naphthoic acid (X F II)  shows only a very short nematic phase 

between 194* and 194.5»and the iso-nonyl ether, 6 -0 *5 *5 -t r i -  

methyl-hexyloxy)-2-naphthoic acid ( I f  I I I )  melts to an iso

tropic liqu id  at 1?0*

■ The 6- i s o -propoxy- and 6 - (2-methyl-propoxy)-2-naphthoic

acids are' also non-mescmorphlo,and melt to the isotropic  

liqu id  at 21$°and 200° respectively.Only the broadening of
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the molecules and the prevention of close packing can 

account fo r  the narked dininution in mesomorphic behaviour.

The acetate o f 6-hydroxy--2-naphthoio acid has n.p.223°, 

and exhibits no nesoaorphiamt although the molecule w ill have 

the same length as 6~ethoxy-2-naphth©io acid —  which has 

a nematic phase o f 11° »from 213°to 224%The disappearance 

o f the mesomorphic properties may be attributed to the 

broadening o f the molecule,which,in it s  planar form,may 

have structures XIX or XX

However,the acetate tends to decompose in  the region of 

it s  melting point end th is w ill contribute strongly to the 

destruction o f the mesoaorphism .That th is  is  highly lik e ly  

is  shew  by the fact that the bensoate,which is  equally . 

broad,shows a nematic phase o f 2° between the sup. o f 257° 

and the clearing point o f 239*As would be expected,this melt 

ing point i s  much higher than that o f tho acetate,due to 

the greater molecular adhesion through the aromatic rings  

in  the benzoyl group.This might have been expected to make 

Bccesterphism less likely.However,the adhesion between 

molecules o f the benzoate would also be greater when the 

crystal la tt ic e  breaks down, and the nett resu lt would seem
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to favour nesonorphiem.An exact comparison between the 

acetate and the benzoate cannot be made since the former 

decomposes on melting«Were th is  not so ,it  is  possible that 

it,too,would exhibit mesoaorphieu.

The benzene sulphoimte,n«p«228.5»is not mesomorphic, 

which is  not surprising since the molecule w il l  be very much 

broader,and also thicker,due to the bulky,non-planar benzene 

sulphonyl group«

The acetate,benzoate and benzene sulphonate of 2 -hydroxy- 

benzole acid and trans-p-hydroxy cinnamic acid have been 

prepared and found to show no mesomorphism,and these facts  

do emphasise the strong mesomorphic tendencies in compounds 

derived from G-hydroxy-2-naphthoic acid«

It  should be noted that the mesomorphic properties of 

such systems are completely destroyed Mien the molecules 

can no longer dimerise.The ethyl ester of 6-n-hexadocyloxy- 

2—naphthoic acid is  i t s e l f  a very long molecule,but,unlike 

the free  acid, i t  cannot dim orice, and the compound melts to 

an isotropic liqu id  at 53?

These results prove that 'an increase in  molecular breadth 

can and dees diminish and even destroy mesomorphism,but in  

a strongly mesomorphic system,such as the 6-i>»alkyloxy-2- 

naphtholo acids, considerable increases in breadth can' be 

tolerated without substantial loss o f mesoaorphlan« .
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Unlike the 6-n-alkylcxy-2-ruiphthoic acids willed substitute 

in  the 5-position and do not su ffer a significant broadening 

of the molecule in  ovary case, subst it  ucion of a p-n-alkyloxy 

benzoic acid in tho 3-position must give a substantially  

broader molecule,since any substituting atom or group which 

may be introduced w il l  be larger than a hydrogen atom*In 

table 20 are given the lengths breadth ratios of the series of 

p-n-alkyloxy benzoic acids and the 3 -flu o ro -,3-chloro- and

3-bromo- derivatives.

4 . The o ffs e t  o f  broadening the molecules o f  p -n -a lky loxy

' benzole acids

3-oubstitucnt H P Cl Br
Breadth in iC 6.8 7.29 8.09 8.39
»-A lky l group LengthCX* ) Ratio Ratio Ratio Ratio
Methyl 10.82 1.59 1.49 1.34 1.29
Ethyl 12.1 1.78 1.66 1.5 1.44
Propyl 12.82 1.89 1*76 1.59 1.53
Butyl 14.1 2.0 ? 1.93 1.74 1.68
Amyl 14.82 2.18 2.03 1.83 1.77
Hexyl 16.1 2.37 2.21 1-99 1.92
Heptyl 16.82 2.4 7 2.31 2.08 2.0
Octyl 18.1 2.66 2.48 2.24 2.16
Kangri 18.82 2.76 2.58 2.33 2.24
Decyl 20.1 2.^6 2.76 2.49 2.4
Dodecyl 22.1 3.26 3.03 2.73 2.63
Hsxadecyl 26.1 3.85 3.58 3.22 3*11
Octadecyl 28.1 4.14 3.86 3.47 3.35
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From considerations o f molecular dimensions alone, 

substitution of a p-n-allcyloxy benzoic acid would bo expected 

to reduce the mesomorphisa.Moreover,if i t  were assumed that 

the molting points of the substituted and the unsubstituted 

compounds would be of the same order,then,since a lengths 

breadth ratio  o f 1.89 is  consonant with the presence of meso- 

phases in the p-n-alkyloxy benzoic ac id s ,it  might be expected 

that a substituted acid with the same ratio  would be meso

morphic »This would mean that mesomorphisa should begin at 

n-but y l (1.92 )»a -«a y l (1*8.5) and n-h@xyl(1.92) in the fluo ro -, 

chloro- and bromo- compounds respectively.'¿hon these series  

of compounds were prepared th is  was found to be very fa r  from 

true and the results,which are detailed in tables 6 and 7 

end graphs 6 and 7 (pages 40 to 43 ),may be summarised as 

follows.

p-n-Aljgrloxy benzoic acids(6 )

A nematic phase f i r s t  appears in  the n-propyl ether and 

th is  gradually increases in length up to and including the 

ii-heptyl ether which also possesses a short smectic phase. 

Further increase in the chain length causes the smectic 

properties to become more pronounced,until in the ji-octadeeyl 

ether the gradually decreasing nematic properties are extinct, 

and the ether,which melts at 101° to a smectic nesophase, 

becomes isotropic at 130?
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Here nematic properties do not begin un til the »-o c ty l 

ether which has a phase length of 4° *At the n-nonyl ether 

smectic properties appear,although the f i r s t  smectic phase 

has a length of <0*2°«The maximum nematic phase length is  

4*5*1» the n-decyl ether,but further increasesin the chain 

lengths reduce the nematic phase length until the purely 

smectic n-hexadecyl ether is  reached «As the nematic phase 

lengths decrease,the enactic phase lengths increase,and 

reach a maximum of 17° in  the hexadeeyl ether«3?he n-octa- 

deoyl ether is  likewise purely smectic,but the phase length 

is  only 2 °«As is  frequently the case among these ethers 

there is  a sharp increase in the melting point from the 

®16 th0 ci s  **b*r  i& th is series «Here the temperature 

increase is  19° «Since the °13 ether must have dimensions 

which are suitable fo r  mesomorphic,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-ChloTO-4->3fr»alk^loxy bensolc acids

As in the flu c re - substituted se ries ,mesomorphic 

properties f i r s t  appear with the n-octyl ether,but;,unlike 

the flu c re - compound,this ether is  both smectie and neaatic 

with phase lengths o f only <0.2° and 0.5* respectivoly .From 

the {*-nonyl ether to the n-hexadecyl ether,the smectic phases

3-^luoro~4~n~alkyloxy benzoic acids

103



increase from 0.3° to 3.0°,while the nematic phase lengths are 

constant at 1.0°.That is,un like the fluo ro - ethers,the n-hoxa- 

decyl ether is  nematic as well as smectic*It is  just possible
k

that th is nay be due to a thickening of the molecule as a 

result o f the presence of the chlorine aton.Cuch an explan

ation would allow the application of the same arguments which 

were used to account fo r the persistence of nematic properties 

in 5~&itro-S~n-olkyloxy-2-naphthoic acids.Admittedly,no such 

effect is  found in the 3-ch loro-,5-bromo- or even 5-iodo-

6-n-alkyloxy-2-naphthoic acids,but in  these molecules the 

surface area is  much greater,and there w il l  be a greater 

surface fo r  cohesion between the molecule planes*In the 

benzole acids,the forcing apart o f the smaller surfaces 

by the chlorine atoms may minimise the adhesion in the smectic 

state su ffic ien tly  to cause sliding,im brication and the 

introduction o f nematic properties,p rio r to the condition of 

isotropy* Plate 14 shows a model of >-chloro**4~n-butyloxy 

benzoic acid,and when th is  is  compared with plates 10,11 and 

12 fo r 5 -eh loro-, 3-bromo- and 3-iodo«*G-n-butyloxy-2-naphthoic 

aoids,the greater re lative e lse  of the halogen atom in the 

benzoic acids can be readily  appreciated«?!*# n-hexadecyl ether, 

m*p* 93^has a smectic phase length of 3°,but the n~ootadeeyl 

ether,m*p* 108°, shows no mesomorphic properties «Here again, 

the r ise  in  melting point may account fo r  the disappearance 

of mesomorphlsm, in the same way as i t  resulted in the
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j-Bromo-h-n-alkyloxy benzoic acids

ho raesomorphism was found in 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 fo r 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 in 

molecular breadth*In table 21 the molting points of the 

substituted and unsubstituted benzoic acids are lis ted  

fo r  comparison,with the overall phase lengths of the ethers 

in parenthesis*
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Table 21

Substituent H P Cl Br

n-Allcyl group

Methyl 1S4*(-) 211.S t-) 217.S t -)
iithyl 1 9 # - )
Propyl U #  9*)
Butyl lv/af) 1 4 2 .# - )
Amyl ia.'(2/) 137t-) 13^<St-)

Hexyl 10£?(4/) 12S“( - ) 12Cf(-)
Heptyl 9^(56) 12St-) l iT t - )
Octyl 10Cft4£) l W * ) 94* 0.5) l i r e - )
Bonyl 92*420 112. #4*) 93*1-5)
Deeyl 92*5T ) 108ft®.5) 99*2.0)
Dodeoyl 9S*42) 108. # 0 ) 100X2.0)
Hexadecyl lCC'Gi') 94*17) 95X4.0) 99*-)
Octadecyl 101#(29) 113*2) lo s t - )

Xn a l l  Gases there 1© a progressive decrease in phase

length on passing from the unsubstituted acid to the fluo ro -, 

chloro- and brono- acids.With regard to the melting points 

the position is  less simple .Apart from one or two exceptions* 

there is  a sharp rise  on passing from the unsubstituted to 

the fluo ro - acids,a decrease from the fluo ro - to the chloro- 

aeids and an increase from the chloro- to the brono- acids. 

Comparison o f the fluo ro - and chloro- series

The very large difference in  behaviour between the un

substituted acids and the fluo ro - compounds might have been 

expected to have been accompanied by an equally large effect
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on passing from fluoro - to chicro-.Indeed,from considerations 

of the "breadth of tho molecules alone,the effect might have 

been expected to be greater in the case of the chioro- 

coapounds since there is  a larger increase in breadth (0.65A* ) 

from fluoro - to ch loro-, compared with an increment of 0.45^ 

from the unsubstituted acid to the fluo ro - compound.This 

increase in  breadth does lead to a diminution in phase length 

in a l l  cases from the flu o ro - to the corresponding chloro- 

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 

malts—a feature which counteracts the increased breadth in 

the chloro- compounds• Thus, i f  the temperature o f melting 

had been the same fo r  the f  lucre- and chloro- compounds «the 

origin  o f mesophases in  the chloro- series might have been 

stepped back one unit of the alkyl chain to nonyl (as was 

the case in  the naphthoic series),and the phase lengths - 

would have been even shorter than those observed.lt may be 

argued that the melting point differences are small and that 

to have these effects the influence of temperature must be 

a r lt ic a l . l t  does seem that th is  is  indeed the case,and 

the effect in the n-oetadeeyi ethers has been mentioned 

above .In  these eases temperature increases o f 19̂  and i f  in 

the flu o ro - and chloro- series diminish and eliminate meso- 

morphism respectively .Moreover, slight depressions o f melting
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point have boon shown both to increase phaso lengths and, 

in  sono cases,to bring about the appoaranoo of nesophasos 

in mixtures o f two non-nesonorphic components.The following  

rosults emphasise the significanco o f the effect of 

temperature.

Mixed Belts of 3-fluoro-4-n-alk:/lo3C7 benzoic acids 
<a) n-octyl other -  purely neaatie*Phase length 4° ,117-121* 

n-nonyl other -  smectic and nematic

overall phase length 4.0°,112.5-116.5° 

smectic phase length <0*2° 

nematic phase length 4.0*

Mixture o f equal parta of the octyl and nonwl ethers 
Â sample of this mixture was melted on a slide and a 

cover slip pressed down on the melt.Chi cooling,the sample 
behaved lik e  the nonyl ether and showed a nematic and a 

short smectic phase * Although this latter phase is very short, 
and appears only a little in front of the crystals on sudden 
ch illin g  or when crysta llisation  is  nearly complete,it is 
obviously longer than the saectic phase in the pure n-nonyl 

ether.
M.p. of the mixture,107*to 1151runs to a cloudy nematic melt,

119°! clears and reverses charply 

Thus «taking only the upper limit of running at 115 »the 
phase length is now increased to 6* »compared with the phase 
lengths of 4 °fo r  each of the constituents.This corresponds
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to a depression of only 4a fo r the lower transition point of 

the n-octyl ether,and gives an increase in phase length of 2? 

The preliminary softening in the mixed melt made i t  

impossible to determine the length of the short smectic phase.

(b ) n-octyl -  nematic phase length 4*, 117-121° 

n-heptyl ether -  m.p* 123° — no mesoaorphisa

Mixture o f the heptyl and octyl ethers in equal amounts 

. This mixture shows a nematic phase,which was determined 

as having a length of 2°,between the m*p* of 114-113°,and the 

clearing point of 120?On the other hand,a mixture o f the 

octyl ether and another substance incapable structurally  of 

showing nesomorphlsm.in the ratio  1 :1 ,would have destroyed 

i t s  mesoaorphisa* It may be inferred then that the heptyl 

ether is  structurally  capable of mesoaorphism,but that it s  

melting point is  too high,so that the phase length of 2°

fo r  the mixture may be said to be an in fin ite  Increase in
ether

the mesomorphlsa of the heptyl^for a n .p. depression of 

only 3*•

(c )  n^-hexyl ether —  a*p*128*3*no mesomorphic» 

n-heptyl ether -  a.p*123? no mesomorphisa

Mixture o f the hexyl and hep ty l ethers in equal amounts 

The mixture shows a nematic phase on cooling from the 

isotropic liq u id .Although short,this phase is  defin ite and 

i t  behaves as though it s  length were less than 0*1* , since it  

appears only on sudden ch illin g  or when crysta llisation  of
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the sample is nearly complete «The melting point determination 
shows that the crystals pass over to tho isotropic liquid 
between 120° and 122Ijtut ,±n this range,the sample is a mixture 
of a cloudy liquid and the isotropic liquid.lt therefore 
represents a mesomorphic system,formed from non-meaomorphic 
components .¿Such behaviour suggests that the components are 
potential mesomorphs but that their melting points are too 
high for this to be seen in the usual way.

These and similar experiments illustrate just how critical 
melting point can be as far as mesoaorphism is concerned. 
Although this will account for the behaviour of the fluoro- 
eeries relative to the chloro- series,it can hardly explain 
the influence of a fluorine atom in a £-n-alkyloxy benzoic 
acid.As has been seen,fluorination postpones the appearance 
of mesomorphism four units in the alkyl chain,and causes a 
marked diminution in the phase lengths,from a maximum of 57° 
in the unsubstituted to a maximum of 17°in the fluoro- series.

A gradual change from the unsubstituted to the substituted 
acids was not found either in the 6-n-alkyloxy-2-naphthoic 
acids,and the reason suggested for tills was the high molting 
points of the 5-chloro- derivatives together with the strong
er cohesive forces in such molecules.In both the naphthoic 
and the benzoic acid series,the change in breadth of the 
molecules will be the same from chloro- to bromo- and from 
bromo- to iodo-.However,since the lateral adhesion of the
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molecules along their edges w il l  depend on the closeness of 

approach of the ring systems,it can be seen that,since part 

of the bulk of a substituent in the imposition of the naphthoic 

acids does not contribute to the broadening of the molecule 

due to the recess in the naphthalene ring,the aromatic rings 

in  the benzoic acids containing the same substituent w il l  

approach one another less closely.The following figures give 

the distance in  A° to which the rings are forced apart by

substituents.
■ - Naphthoic acids Benzoic acids

Substituent H CX Bn I a p CX Br

Distance in  £ 0 0 0.3 0.69 0 0.49 1.29 1.39

The la te ra l adhesion»which w il l  be less  in  the benzoic 

acids then in the naphthoic acids »due to the smaller ring  

system in the form er,will be further decreased by substitution, 

and the same substituent w il l  have a greater effect in  the 

benzoic ac ids.It may be argued that th is should load to a big  

reduction in the melting point o f the ether« with increasing 

size o f the substituent »whereas in  fact the melting point 

increases on fluorlnation• However»the forcing apart of the 

molecules may only apply in the mesophases.That is ,a  packing 

siush as is  shown in  XXI may be possible in  the la tt ic e ,  

resulting in a high malting point .In  the subsequent mesophase 

there must be a considerable molecular mobility fo r  the 

la tt ic e  to break down into micelles,and the interlocked



struct lira XXI may swell to give an arrangement o f type XXII.

Thin w i l l  have a low la te ra l adhesion and will confer 
in stab ility  on the mesophases.If th is occurs in the naphthoic 

acids the dogma of separation will be loss »It  is  possible, 

therefore,that,coupled with a high melting point,there is  a 

low molecular adhesion in the mesophases, and a tendency fo r  

the molecules to turn and take up random orientations because 
of the wide spacing «As the molecules are made longer,this  

turning into a random orientation will become less easy and 
the molecules may persist ever a range of temperature in a 

linear orientation in  the melt « I f  this is  so,then the late
ness o f appearance of mesomerphisa can be «plained and so 
can the shortness of the phases which do in practice «1st.

. Compared with the flucre- compounds,the p&ddng in the 

crystal la tt ic e  in  the chloro- series would seen to be such 
that a decrease in melting point arises.The effects o f th is

XXI XXII
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f a l l  in  temperature have been discussed,and the greater 

spacing in  the mesophase would account fo r  the shorter 

phases at a lower temperature*

The complete absence of meaomorphisa in the 3-bromo-4»n» 

olkylcxy benzoic acids is  the only remaining point which 

has not been discussod.lt w i l l  be recalled  that the very 

short nesophasos o f the chloro- compounds are here not merely 

diminished but completely extinguished*The ethers o f the 

bromo- series must have a packing in  the crystal la tt ice  

which causes higher melting than with the chloro» compounds 

and,moreover,there may be less cohesion in the melt i t s e l f  

when the la tt ic e  breaks down .These two effects w i l l  work 

together to sake mesomorphtsm less lik e ly  and, indeed, they 

may be su ffic ient to destroy i t  .The maximum phase length in 

the chloro» series is  4° ,and the minimum reduction in phase 

length from fluo ro - to ehloro- is  from 4° to 1*5°Obviously 

then, i f  th is reduction o f % which occurs on replacing - 

fluorine by chlorine is  repeated when chlorine is  replaced 

by bromine,the m a x ism  phase length In the bromo- series  

would be f§ o f 4* »1*5° »But,the melting points o f the broa©» 

acids are higher than those o f the chloro» acids and the 

c r it ic a l nature of temperature in these series is  such that 

these higher melting points may well be su ffic ien t to 

annihilate so short a phase.
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31 5-dl-nalogeno-h-n-alkyloxy ‘tensóle acids
3 * ̂-üi-Chloro-̂ -n-ainyloicy tensóle aciu. has been previously 

examined and shown to to non-mesomorphic.It was decided to 
prepare a longer chain other of this type and also to 
synthesise a long chain 3i5-*di-fluoro-4-n-alicyloxy benzoic 
acid in order to establish the behaviour of such systems.

The following halógeno- substituted ]>-n-alkyloxy benzoic 
acids were therefore examined:

The melting points of the corresponding 3-halogeno-h-n- 
alkyloxy benzoic acids are included above in parenthesis.
With the exception of 315-di-fluoro-4-methoxy benzoic acid, 
the di-halogeno- compounds melt considerably lower than the 
mono-halogeno- derivatives.The above four di-halogene- 
compounds exhibit no mesomorphism and so the systems are 
obviously too broad to show the phenomenon•This is hardly 
surprising in view of the short phases shown by the 3-chloro- 
and 3-fluoro-4-n-alkyloxy benzoic acids •

H i. P«

3:5-di-fluoro-4-nethoxy benzoic acid 
3 *5^i-f luoro-4-n-hexadecyloxy benzoic acid 
3*5-di-chloro-4-n-aayloxy benzoic acid 
3 i3-di-chloro-h-n-hexadocyloxy benzoic acid

215° (211.3} 
72 *  ( 94°  ) 

103° U34.9*) 

6G.9°( 95° )
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5. The origin of the smectic phase la  the series

In a l l  the homologous series examined in th is investigation, 

and in the jj-n-alkyloxy benzoic acids and the trans-p-n- 

alkyloxy cinnamic acids examined by Bennett and. Brynaor Jones 

as well as in  the series o f compound© examined by Weygand et 

al,the following characteristics always arise—

(a ) the shorter chain ethers show either no mesonorphism or 

purely nematic phases,

(b ) as the chain length is  increased smectic properties are 

Introduced,

(c ) further increases in the chain length give rise  to more 

pronounced smectic properties,and in many cases nematic 

properties disappear.

These facts make i t  stem that smectic characteristics 

may depend on

(1 ) predominantly aliphatic properties in the molecule

(2 ) the greater length of the long chain ethers

(3 ) the lower temperatures at which the higher members of the 

series melt.

The following discussion makes i t  clear that condition (3 ) 

is  not a determining factor in smectic phases in any greater 

degree than i t  is  to mesomorphic®,and that the importance of

coalitions (1 ) and (2 ) may l i e  in th e ir a ltering the nature 

o f the packing o f the molecules in the crystal© at ©one 

stage in the se r ie s .
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The molecular distribution in  the micelles o f smectic and 

nematic states is  considered to be that o f linear molecules 

which in the former l i e  with their ends p a ra lle l and in the 

la t te r  with no regular arrangement of the ends of the molecules

Cmectic . hematic

It  can b© understood that the longer alkyl chains may tend 

to interlock to some extent thus forcing the molecules to l ie  

p ara lle l to one another and with th e ir alkyl group® alongside 

each other.This would eliminate the imbrication necessary to 

nematic state® and so giro  r ise  to snootio properties.This 

idea is  in agreement with the established fact that the longer 

chains favour smectic behaviour but i t  would not account fo r  

the variation in chain length in  the d ifferent series at which 

smectic properties f i r s t  develop.The chain lengths and the 

melting point® at which smectic properties f i r s t  appear in  the 

series are lis ted  below in tab le  22.This also includes the 

melting point o f the preceding purely nematic ethers•

In th is ta b le ,(A ) represents £-n-alkyloxy benzoic acids,and 

(B ) represents 6-n-alkyloxy-2-naphthoic acids.
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Tabi® 22

Series Chain length m.p. m.p* o f the 
preceding 
nematic ether

(A ) Heptyl (7 ) 92* 106°

5-Fluoro-(A ) Konyl (9 ) 112*5° 125°

3-Chloro*-(A) Octyl (8 ) n/i° 117*

(B ) Bonyl (9 ) 146*5° 161*5°

5-Chloro-(B) Hexyl (6 ) 164* 189*

5-Broao-(B) Heptyl (7 ) 153* 178*

5-lodo-CB) Octyl (8 ) 160*5° 176*

5-M itro-(B ) Dodecyl(12) 167* 175*5*

t  rans-p-n-alkyl oxy- 
cinnamic acids Honyl (9 ) 158*5° 147*

In a l l  cases there is  a steep f a l l  in melting point from j
i i

the last purely nematic member to the f i r s t  ether which j

shows smectic properties «The inference hero nay be that in f 

a l l  solids,which are.capable of exhibiting mesomorphic t

properties,the molecules are arranged with their long axes |

paralle l,and  with the ir ends in line  so as to form layers,or, 

in  other words,with a smectic packing in the so lid * I f  the ;|

melting point is  high,isotropy may result from the breakdown ¡j 

of th is lattice,because o f the high thermal agitations*At a : 

somewhat lower nelting point,a la tt ice  o f th is type may 

break down with a s lid ing  motion of the molecules to form a

mobile f lu id  in  which the p ara lle l d istribution of the 

molecules is  maintained but not the p a ra lle l d istribution of

• i .
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the ends o f the molecules.fhe imbrication w il l  result; in a 

nematic molt.At s t i l l  lower molting pointsfas a result of 

smaller thermal agitations»such a la tt ic e  may give rise  to a 

f lu id  with the same arrangement of the molecules as In the 

crystal lattice .Th is w il l  give a smectic melt which,as the 

temperature is  raised,may then give a nematic phase through 

a slid ing  action of the molecules along the ir lengths, or It  

may result in  a complete thermal breakdown leading to an 

isotropic liqu id .

I f  th is is  the case,temperature alone w il l  determine 

whether a system w ill  be nematic or smectic.lt would therefore 

seem reasonable to assume that i t  would be possible to 

induce a smectic phase in mixed melts of two purely nematic 

compounds through melting point depression,¿ust as i t  has been 

shown to be possible to induce a nematic phase in mixed melts 

of two non-aesomorphic substances.The induction o f a smectic 

phase in  th is way would be most lik e ly  i f  the mixed malt 

consisted of the la st purely nematic ethers in any series .In  

no case has th is been found to be possib le ,however .fheee 

negative resu lts have been recorded ©a mixed melts o f the last  

two purely nematic members of the nine series lis ted  in  

table 22.
♦

Shis leads to the idea that there are two separate. packings 

of the molecules in  the so lid  lattices o f nematic and smectic 

substances.faking the cubic unit c e ll os an «am ple,the two

118



p oss ib ilit ie s  nay b© represented diagrannatically as follows* 

(a ) Hematic

(b ) Smectic

The crystal© of the substituted sad uasubstitufced p -n - ' 

alkyloxy benzoic acids and 6-n-alhyloxy-2-naphthoie acid© are 

not o f course cubic,and,as would be expected from tho ir great 

length compared to the other two dimensions,they are ortho

rhombic »However , the effect w ill be the sane as above,so that a 

nematic substance would have a body-centred orthorhombic 

la tt ic e  and a smectic substance a non-body-cent rod. ortho- • 

rhombic la ttice*

It  was hoped to prove that d ifferent la ttices  obtained in
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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 liqu id  

o f su ffic ien tly  high index could be found fo r  a standard 

comparison .The refractive indices could o f course be 

measured and calculated from a knowledge o f the optics of 

Individual crystals o f the compounds , and i t  is  hoped that 

th is  w il l  be done at a la te r  date .However,the examination w il l  

not be easy from the point o f view o f mounting individual 

crystals o f these waxy, fra g ile  compounds on a universal 

microscope stage.

. X-ray powder photographs have been taken on 6-n-amyloxy-

2-naphthole acid (nematic) and on 6-n-decyloxy-2-naphthoic* 

acid (smectic) .Although these have not yet been fu lly  

interpreted there is  an obvious difference in the two la ttices , 

quite independent o f the differences in  spacing which w i l l  . 

arise  from the longer chains in the n-docyl ether.

I t  s e n s  possible therefore that there is  a change in  

la tt ic e  type which causes the f a l l  in  melting point from the 

la st nematic to the f i r s t  smectic ether in  a series and that 

smectic and nematic characteristics are determined by the 

type o f packing in the crystal la tt ic e  .The type of packing 

preferred by any compound w i l l  be that which is  closest »and 

gives the maximum cohesion, sod on th is  basis i t  would seem - 

reasonable that the very long chain ethers,such as the hexa-
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dec^l and octadeeyl others,should be,as Indeed they are, 

smectic.hwen by using atonic models i t  is  however impossible 

to begin to predict which packing is  most lik e ly  in  different 

cases•therefore,no predictions are possible about the point 

at which smectic properties start»The following regu larities  

which have been found are,however,worth mentioning«

(a )  the closely sim ilar 6-n-alkyloxy-2-naphthoic acids and 

tran »-p*n-alk,yloxy cinnamic acids both start to show smectic 

properties at nonyl•Doubtless the closely sim ilar molecules 

w ill  give changes in  the packing at the same alkyl chain 

length«

(b ) the gradual increase in molecular breadth from 5-chloro- 

to 5-bromo- to 5~iodo-6-n-alkyloxy-2-naphthoic acids is  

marked by a regular displacement o f one unit of the alkyl 

chain of the points at which smectic properties are f i r s t  

evident.fhese alkyl groups are hexyl,heptyl and octyl in  the 

chloro- ,bre®o- and iodo~ series respectively • It  is  possible  

that here,too,the gradual increase in siae causes a gradual 

displacement o f the alkyl chain length at which the crystal 

la tt ic e  type changes,and that the result o f th is is  a 

displacement o f the point at which smectic properties begin.

Tet the resu lts in tab le  22 show that i t  cannot be said  

that increased molecular breadth w il l  cause n o e t ic  properties 

to begin la te r  in the series.For example,the 6-n-alkyloxy-2- 

naphthoic acids f i r s t  show smectic phases at nonyl,and th is
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Is la te r in the series than any of tho three halogeno- 

substituted series.moreover,the increase in breadth from 

5-f lu o ro - to >-chloro-4—n-alkyloxy benzoic acids is  

accompanied by the smectic properties at a chain length which 

is  one unit shorter.ho explanation of these effects can be 

offered and it  can only be said that It  is  possible that the 

many factors which govern molecular packing are probably 

responsible fo r the irregu larity  in the chain lengths in the 

series at which smectic properties are f i r s t  evident.Until 

more is  known of the crystallography of these many compounds 

these ideas on the origin of the smectic phase can however 

only be considered as tentative suggestions*

Summary of conclusions

Despite the number of compounds which have been examined, 

very few defin ite conclusions can yet be reached concerning 

the precise relationship between molecular shape and meso- 

morphlsm.ihe idea that broadening a long molecule w ill  

reduce its  mesomorphlsm is  amply Justified and th is reduction 

is  made evident both by shorter phase lengths and by the 

appearance of mesophases only when longer alkyl groups are 

present.The effect of the breadth of a molecule on it s  meso

morphic behaviour is  however d iff ic u lt  to dissociate from 

other variables such as temperature and the strength of the 

intermolecular forces.'i'hus i t  is  only possible to equate 

breadth change to mesomorphic behaviour when the temperature



conditions are closely sim ilar.This is  the case in the 

5-halog@no-6-n -alkyloxy-2-naphthoic acids,but the melting 

points again vary su ffic ien tly  to make i t  impossible to say 

that the breadth changes are so le ly  responsible fo r  a l l  the 

effects* /.hen the melting points do vary fo r  the same ether 

in two se ries ,irregu la rit ie s  in  mesomorphic behaviour w ill  

be found,and in a l l  cases higher melting points lead to 

shorter phase lengths.In the ¿-fluoro-h—n-alkyloxy benzoic 

acids,the effect of temperature has been shown to be very 

marked.The present study does show that certain conclusions 

can be reached between systems of d ifferent breadths,and it  

gives some indication of how much the breadth of molecules 

may be increased in different oases without destroying the 

masomorphism.Tha wide difference which breadth increase has 

on the naphthoic and benzoic acids,due to the several 

variable factors which operate,make i t  clear that it  would be 

very hazardous to predict the possible mesomorphic behaviour 

of an unknown compound merely from it s  molecular dimensions. 

Since the effect o f breadth increments can vary both at 

different temperatures and fo r  d ifferent molecule typos,it  

is  evident that many more homologous series of mesomorphic 

compounds must be studied before more firm conclusions can be 

reached on the molecular dimensions necessary fo r meoo- 

morphism.

The comparison of the 6-n-alicy 1 oxy-2-napht hoic acids and
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the trans-p-n-alkyl0x7  cinnamic acids does at least establish  

that similarly-shaped molecules can be expected to exhibit 

very sim ilar mesomorphic properties.Clearly,molecular shape 

is  of f i r s t  importance in determining,not only whether 

mesomorphism w ill  or w il l  not occur,tut also in deciding 

where the phase types w ill  begin and end.

Considerations of the smectic phase,and in particular 

of the stage at which smectic properties f i r s t  appear in a 

series would suggest that,here again,molecular shape is  

c r it ic a l because of it s  effect in determining the packing 

of the molecules in the crystal lattices.Without doubt, 

examinations of the crystal structure of Hematogenic and 

smectogenic substances w il l  give valuable information in this  

respect.Both X-ray and pure crystallographic methods would 

be of value,and an interesting f ie ld  of investigation lie s  

ahead.

It is  well established that the longer the molecule tho 

more mesomorphic is  the system lik e ly  to be,provided the 

la te ra l adhesion is  increased in proportion with the length. 

That is ,a  simple increase in the length by indefinite  

increases in the alkyl chain would simply lower the cohesion 

and give an approximation to the aliphatic open chain 

carboxylic acids which are not mesomorphic.The preparation 

of compounds,whose molecules are even longer than the 

naphthoic types and which contain benzene rings to maintain
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the la te ra l adhesion, should give valuable information 

concerning the effect of temperature,in relation to the 

length and breadth of the molecules,on the mesomorphisa. 

Investigations along these lines are being undertaken,with 

the object of obtaining resu lts which can be compared with 

those fo r  the series already described«Such studies should 

shed more ligh t on the whole phenomenon o f mesomorphism*
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Discussion o f  tfco B isso  Langth

Determinations



Using an ordinary melting point apparatus containing 

liqu id  p a ra ffin ,it  is  possible to determine tho mesomorphic 

transition points,because the mesophase is  a turbid flu id  

which is  easily  distinguished from the so lid  or the amorphous 

liquid.The high viscosity of tho smectic phase prevents it s  

flow as a normal liquid,causing adhesion to tha capillary  

walls*In  the nematic state,the turbid f lu id  runs like  a 

normal liqu id  o f low viscosity and has a well defined 

meniscus.The observations made are therefore!

A purely smectic substance

¡¿olid-------1^-------> smectic------ t 2 ------ isotropic

At t-  ̂ the so lid  is  replaced by the turbid,viscous melt 

which adheres to the w alls in the cap illary  tube »Only at t 2 

does th is show any mobility when it  flows and clears at the 

same time.The transition is  reversible exactly at t 2 and th is  

effect is  readily  seen by the reappearance of tha turbid ity .

A purely nematic substance

S o lid ------- ----------» nematic ------ 12 ------ » isotropic

At t^ the so lid  changes to a turbid melt o f low viscosity, 

which flows sharply in  the m.p. tube.At t 2 the turbidity  

disappears quite suddenly and this transition is  again seen 

to be reversible at th is  temperature.

A substance showing a nematic aid a smectic phase 

C olid— t^—>■ smectic— 12— > nematic— t^— > isotropic

Determination o f the Pitas© Lengths
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The transition at t^ is  the same as fo r  a purely smectic 

cutstance.At t 2 the viscous,turtld f lu id  runs to a cloudy 

nematic melt which then clears at t^.The reverse change at 

t^ is  easily  otserved.Although the nematic-smectic transition  

is  also reversible at t 2, i t  is  not possible to see the change 

bach to the smectic phase in  the capillary»unless there 

happens to be a difference in the opacity of the two meso- 

phacos.

Cf these transitions,the one most lia b le  to be mistaken 

is  the change of the so lid  to the smectic state.For example, 

there may be a slight softening and la tt ic e  disintegration  

in even a very pure solid,and,although the transition to the 

smectic phase is  sharp,it may be d if f ic u lt  to distinguish the 

softening so lid  from the viscous smectic mesophase.This is  

particu larly  true in the long chain n-alkyl ethers such as 

dodecyl.hexadecyl and octadecyl,since solids containing these 

ether groups are large ly  paraffin ic  and quite wax-like* 

Moreover,the running of the smectic phase to the nematic phase 

is  affected by external factors.Thus, i f  the capillary  tube is  

wide and the amount o f sample is  small,the sore mobile nematic 

phase may simply fora a thin film  on the wall and be unable 

to flow to any bulk of " liqu id *" Impurities and abrasions on 

the surface o f the glass are also lik e ly  to prevent sharp 

flowing at the transition point*A ll the transition points in  

the tables and in section A of the experimental have therefore
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been rochocked by heating the sample on a s lide  and observing 

the actual changes in appearance o f the phases under the 

microscope«The so lid -so lid  transitions were determined in  

th is  way too.

The measurements made by G.M. Bennett and Brynaor Jonea(6 ) ,  

on the j^n-alkyloxy benzoic and trang-0-n-alk?loxy cinnamic 

acids,were carried out in th is way.The substance was melted 

on a small strip  o f microscope s lid e (lc a .x 3 cm.) and covered 

with a piece o f cover s lip .S o lid -so lid  transitions were seen 

by the naked eye as a wave change in opacity which passed over 

the specimen.The mounted specimen was lowered by means of a 

thread into a test-tube serving as an inner a ir  bath surround

ed by the heated o i l  bath.The bulb o f a thermometer was next 

to the specimen,and the upper end of the test-tub® was closed 

with a cotton wool plug.The temperature o f the o i l  bath was 

new slowly raised,an^ the specimen from time to time suddenly 

removed,placed on a cold slab and examined to see i f  any 

so lid -so lid  transitions occurred.The actual transition  

temperature could thus be determined to about ± 1° by finding 

two adjacent temperatures between which the observable 

transition just ceased to be detected .The mesomorphic and 

polymorphic transitions were thus determined.

In the present work,a more direct method has been used 

fo r  the transition temperature determinations .A heating block 

was constructed which could be easily  controlled by an
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external resistance at any required temperature between room 

temperature and j500°.The slide was boused in th is block and 

the mounted specimen could be observed throu,^h a microscope.

A plan and side elevation of th is microscope heating blocx 

are shown in f ig .  5 .To minimise temperature gradients in  the 

block itse lf,h igh  conductivity copper was used.The block is  

approximately 4% ins. in diameter and 1# ins. thick and 

consists of two parts which are bolted together.The block 

waG made In two parts to fa c ilita te  the clean cutting o f the 

slide  slot and the thermometer pocket.The yk in . hole is  

covered above and below by glass cover s lip s  which are hold 

in position by spring clips.These minimise a ir  currents 

which may give localised cooling on the part of the s lide  

being examined under the microscope.lt say be mentioned that 

when operating at high temperatures,l.e. above 200°,consider

able sublimation may occur and render the upper cover s lip  

opaque .Since tills  could not be removed with ease fo r cleaning, 

when high temperatures obtained,the upper cover s lip  was 

discarded and replaced by an ordinary glass microscope slide  

which l ie s  over the hole on top of the brass outer casing.As 

the s lide  became opaque i t  could be gradually pushed over to 

a clean part.This made continuous observation easy even when

rapid sublimation occurred.The slide slot is  cut to allow
pocket

easy insertion and removal of a s lide and the thermometer^is  
d r ille d  In such a way that the surface o f the bulb is  exposed
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to the a ir  In the hole between the cover slips.The temperature 

recorded is  therefore that o f the sample mounted on the end 

of the slide and not merely that o f the copper block beside 

the hole.Samples were mounted,as described above,by melting 

between a glass slide and a cover s lip  to obtain a very thin 

film  of the specimen.The heater consists o f about 22 feet of 

36 gauge,round liichrome wire,diameter 0.0076  in.This has a 

to ta l resistance of about 230 ohms .The wire is  wound on a 

e irc le  of mica sheet,3# In. in diameter,with a %  in . hole in  

the m iddle.Slightly larger mica sheets of the same pattern 

are placed on either side and the whole heater is  secured 

against the underside of the blook by a $ in . brass plate of 

the same pattern as the copper block to which i t  is  bolted.

The wire is  led  o ff  from beneath the block to the plug at 

the side,which is  attached to an JOshaped brass plate bolted 

to the side of the block*

A brass outer case fo r the block was const rusted .Two in.

thick circu lar brass plates o f approximately 5 in* diameter, 

with a %  in« hole in the centre,are supported some 2^ In. 

apart by four p i l la r s  o f brass tubing to which the plates 

are bolted.The thin brass outer casing is  bent round the 

circu lar p lates and bolted to the p illars.The heating blook 

is  housed in th is outer ease from the side of which the plug 

mounting protrudes.Two brass tubes are le t into the top and 

bottom of the casing and meet the copper blook beside the
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spring clips which secure the glass cover slips.Those tubas 

ore soldered and braced in position and complete the outer 

Jacket.Two %  in . layers o f asbestos board below,one %  in. 

layer of asbestos board above and a %. in . o f asbestos cement 

round the sides insulate the copper block.The upper plato o f 

the outer casing is  securely bolted through the upper 

insulation to the top of the copper block.

The whole instrument is  mounted on the rotating stage 

of a Baker polarising microscope.The supporting bracket of 

th is instrument had been cut through and a 4% In. brass column 

inserted,thus raising the barrel and focusing arrangement 

well above the stage.Using a U4 in . objective,there is  there

fore a distance o f 0 .6  in . between the insulated top of the 

outer casing and the objective.The heavy insulation on the 

underside protects the lower optical system o f the microscope 

from over-heating.

In th is instrument,a sample mounted on the end of a slide  

may be heated gradually and observed under the microscope 

free from a ir  currents.An 850 ohm variable resistance in the 

external circuit makes i t  possible to control the rate of 

heating so that it  can range from very slow to fast over a 

considerable range o f temperatures.The following figures, 

obtained while calibrating the instrum ent,illustrate th is  

point•
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Resistanc® inexternalcircuit

Temperature after (min.) Rata of temp, rise C• p e r min.)
0 ¿0 60 120 150 180 210 first¿Omin. Last

30min.

0 9°229°320* - - - - 7*2° 3.2*
100 10°130° 194* 24# 260*268*272* 4.0* 0.13°
200 10* 92*135°174°184°192*195° 2.7* 0.1°
¿00 12° 60* 82"123“131°136"139° 1.6° o .r
4oo 17° 55* 74* 98°10# 106*109" 1.3° 0.1°
300 20° 44° 57* 7o 82* 85* 87° 0.8° 0.07“

Th© precision with which a m.p. value could bo made was 

determined by taking the n.ps. of purified  organic compounds 

covering a ran;® o f temperature from 40* to 5üG*.ïh® n.p# 

values were then determined in the usual way.The corrected 

values obtained by the two methods agreed within t 0.25» 

provided that a slow rate o f heating was employed in the 

region of the sup.The optimum rate of heating was 2°per min.

The design of the instrument with a s lide  slot in on® side 

has th® advantage that the specimen under observation has a 

very slight temperature gradient across it.The melting begins 

at the fa r  side from th® opening of tho slot and passes 

quickly,but as a well defined wave front»across the f ie ld  of 

vision.This was particu larly  valuable in determining certain  

transitions which»had they occurred uniformly over th® sample, 

would have been d iff ic u lt  to detect.This wave front effect 

mad® a l l  transitions easily  otserved however.

133



Vefchod of determining mesomorphic and polymorphic transitions 
The compound was molted on a clast; slide• A cover slip was 

pressed down on the melt and,when cold,a thin film of the 
solid was obtained.The specimen was observed visually and the 
number of polymorphic and mesomorphic transitions was counted* 
By heating over a small flame it was possible to determine 
how many of the polymorphic transitions were enantiotropic* 
gaeh of the solid states was than examined and characterised 
under a Cooke's polarising microscope*Unless the range of 
stability of a solid was very small,it was thus possible to 
determine the extinction,tue relative birefringence using a 
quartz wedge in conjunction with polarised and ordinary light, 
and to ascertain at the same time whether the substance was 
uniaxial(biaxial,positive or negative,and to examine the 
general appearance of the crystals*If for example there were 
three solids,one monotropic and two enantiotropic,it was 
possible therefore,when the actual transition temperatures at 
which the solid-solid changes occurred in the heating block 
had been measured,to recognise which solid was monotropic by 
its non-appearance with rising temperature.Then,to measure 
these solid-solid transition temperatures,a fresh slide was 
mounted (to avoid prolonged heating of one sample ) and 
inserted in the heating block»The 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 £ roappearea and the measurements repeated 
using a rate of heating; of 2°par nin.,frca 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 obtained.These changes were determined in either polarised 
or ordinary light depending upon which gave the better contrast 
in the specimen.

The mesomorphic transitions were of course known from 
ordinary m.p. determinations.The temperature was therefore 
raised quickly to within 10° of this value and then controlled, 
using a suitable resistance in the external circuit,to a rate 
of 2°per min.The transitions were seen as a wave front passing 
across the field of vision,and the phase type was easily 
recognised as being either smectic or nematic by comparing 
the appearance with those described for these phase types in 
the introduction to this thesis.A few of the characteristic 
appearances of the phases are illustrated by the photo
micrographs shown in section A of the experimental work.These 
photographs were taken d o w n  the microscope with the sample in 
tho copper block heated to the required temperature to render 
the phase stable.The magnification in all cases is approximate
ly 25 diameters.The nematic phases ware generally threaded or 
plated in appearance vmile the smectic phases always appeared 
in the focal-conic structure.These focal-conics ware much 
smaller than tho well dofined example of ethyl j>-azoxy-
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benzoate shown in the introduction (Plato 2).The tenoral 
appearance of the smectic phases was that of a very fine 
mozalc.These mesomorphic transitions were always observed 
in polarised light in which the anisotropy gives well defined 
appearances to tho phases .The transition to the amorphous 
liquid occurred when tho field of view became completely 
black and extinct«The transitions,amectiĉ noMatic,smectic- 
amorphous and nematic-amorphous are precisely reversible and 
tho temperatures were recorded in both directions.Without 
exception,tho two values were the same for each transition.

i'he accuracy of all measurements is i0.25*and tho temp- ■ 
eratures measured were corrected for exposed stem.The very 
short phases found in a few of the compounds could not be 
measured accurately.In a m.p. capillary these transitions 
either passed unnoticed or were only ¿ust detectible,and 
are probably less than 0*2° in length#
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Experimental Section A

Lloasurement o f Phase Lengths





changos aro enantiotropic.

aoMCi«ierpheua«»2®8. 5^nonatic-208^ 

solid )»The nonatlc phase is very sim ilar i n 'Its m obility to  

that in  the ethoxy acid»but its double refraction  is lower*

The colours are 4th order in  p a ra lle l ligh t and between 

Grossed niçois «The solid appears as blades er prisas »These 

have very high double re fract ion »straight extinction and 

p a ra lle l cleavage and give positive b ia x ia l patterns »Again 

both changes are enantiotropic»

._aiMC«tcr^oua*20a»s^B^ti»>l98^
s o lid i .So lid ir is  monotropic).The nematic fora»when coalesced, 

iiaa a highly threaded structure with high flow  properties and 

high double refraction . I f  the temperature is allowed to  fall9 
the threads disappear and the Mbüity decreases u n til the 

struct«#' hMSMS homogeneous.There is no chango in double 
refraction .G olid  ir  appears in  large  p lates which show p a ra lle l 

cleavage,straight extinction and 4th order double rofraction . 

This pasase over te the core confused spheraXifele struct«# 
of the stable sellài »mis i s  s ia i la r  te solid ir in a l l  its 
properties »except that the double refraction  is hl@her»Tht 

crystals oro positive and MaxXal*The changos are onantio- 

tropic»except these involving solidH • >
&^»Jaylwn^a«^Attdlc æ M («erAeufr»19tHftenatle -  179*5- 
so lld ).fh en  the «treaded nematic phase f i r s t  eppears9the 
double refraction is enly f i r s t  oidor »but »as Mie temperature



fa llfit  tho order rises  to greatar than 4th.Tho B a lli



homogeneous threaded structure (P la t e 15 ) which» on cooling» 

passes fr o »  3rd to very high orders of double refraction* 
Koreovor#the structure develop® centres and becomes plated

before the transition to solid T £ which »although o f narrow

conic sffnetnne*SelM IE is  acicular,tho





are onant lot ropic.

NEMATIC P H A SE --  5 - CH LO RO -6 -* . -  
B u t y l o x y - 2 - n a p h t h o i c  A C I D  Plato 17 Plate i 8

G-»n-Oct ado<r/lo:OT-2~napiithoic aoid( aaorphous-lGl̂ saectio- 
ll*£solid).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 is 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 examined (methyl to decyl,dodecyl, 
hexadecyl and octadecyl),methyl and ethyl alone are non- 
nos omorphic. From propyl to amyl the acids are purely nenatio, 
but in hexyl, a short smectic phase appears .This gradually 
increases in length at the expense of the nematic »which 
makes its last appearance in the dodecyl ethor.I'ho last two
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o f tho sordos aro puroly enoctic. Tho tranoition  

polnts to tho anorpheus liq u id  altornato fo r  odd and oren 
naabers of carbón éísís in tho alkyl Chain and lio on tito 
d istin et curros *$his is  shown in tito graph fo r  th is  serios» 

Eaaatiotropic and aonotropic polynorphien wao exhibited by 

soveral o f thoso acida*

5-Chloro-6-nothou-2-mphtholo(amorphoua-320.3^eollá).and 

S-Chl.ogo-&-athoxy-a-B>ptiteol8 ( aaorohoua-aS’A s o lld ) Mito, 

la both cacos,tho solida appaar as acicu lar cryotals which 

show stralghi cxtinction and high douhlo rofraction.Thoy aro 
positivo b iax ia l

ncnatic-219.5-solld)*LVen when tho anorphouo liq u id  is  coolod 

very slow lyftho ohort sanable pha3o is  ovor-ta’con by tho 
«ystalliao co lid  which déos not eupor-cool roadily.Thia  

occurs befara tho nenatic forra ha# coaloscod.Tho so lid  I.o 

acicular and tho oxtlsotton is obliquo.Tho double refraction  

is vory hich and tho cryctals aro paaitlva biaxial.Both  

tranaitions aro onantiotropic.

^^hloro^S^n^butvloxy^g^naphthoic acid ( anorphous-216»5̂ » 

nonatic-209*5*solid I • Solid  Ilío nonotropic) .'Ahen tho nonatic 

phaso f ir a t  fam a, tho birofrinsenco lo  high and tho atructuro 

is vory nobilo with nnny throado.As tho toaparaburo falla 
tmmxám 210^the doublo rofraobisa deoraaaaa te Jrd ©r 4th 

ordcr.C olidX cryatallisoa in bread c lcar choots,in contract
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to the fino acicu lar struct uro of so lid  lT*Bath so lids have
extinction

high double re fract ion and obllquoi9a&d arc positive B iaxial*

The chancos are cnantlotropic,except those involving eo lid X *

5 - ^ o r o ^ » > ^ l . g ^ g ^ ^ t h o . l c .  acldXenorphouB-203^neaatic- 

189-solid 3X -1 6 2 -so lidX »S o lid  X  is  monotropic) *The highly  

Birefringent nomatic phase has characteristic plate® and 
threads «The latter Become le ss  w ell-defined as the temperature 

fall®«Solid U L  consists o f clear Blades and the appearance of 
so lid  J l  is  narked By the injection o f fin e  needles into th is  

structuro.The stable so lid X c ry sta llise s  as a naso o f d is 

torted Blades and needles «The three so lid s have high double

refraction  and oblique extinction.SolidXwas iden tified  as
positive Biaxial*Except for transition  to solid j L  9 the 
changes are enantlotropic*

5-ChXa«>-fr-*-4>wrXmg»2-n»pt>tholo acia(raorphoaa^07-HaaaaUo- 

166H n ectio -16t^solid^T  -1 3 * -*o lid X »S o lidX  is nenetropie)*
The plated nematic phase has a high double refract ion. The 

onoctlc forn is  of very narrow range »But has a chara c to r i otic  

focal-con ic structure «ad high Birefringence »The three so lids  

are identical with those found In the hexyl ether.Again 

solidXw as shorn to Bo positive B iax ia l* 

9-Chloro-6-n-i>artyl«aty-a-*aphW>ole aeld (aaorphoaB-201- 

nonatio-176.5wEa«otlo-165.5-eoll4Z .S o lid  X  le  monotropio). 

The coalesced droplets o f the nematic phase fo ra  a very 

homogeneous c tract uro, containing only a few threads. Hematic
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platea devolop and tho doublé rofraction fa l la  to about 4th 

Order.Thon tho anectic fona appears as a fin a  mozaic9with 

o ily  et rosica »So lid  I I  c rysta ilisea  in  larga eloar platea which 

eoon pass arar to thè etablo so lid  X »This la  vory sim ilari 

but thè traaslutoeat area® ara auch larger*Both ara positiva  

b ia x ia l| extinct obliquoly and bava bigh doublé refraetlon » 

^h loro -6 -n -octy loxy-2 -n «phtholo  «eld(aaorphoua-197.5^ 

nematic-181* 5-om octic-169-solidX«S o lid X  is  nonotropic)*

Ihe nematio pbase bos a highly eentred strutture o f high 

blrefringence ,which fa l la  with ris in g  taaporatura and is  only 

4th ordor at 195»2he cnoctic fo ra  bos a very bonogonoouu 

focal-con ic st ruct uro »Solid  X  erystaH iae# in  larga tc laar  

sbaeto which bave 4th arder colours.SolidX  appears in  estoller 

aheets et mach highor double re fraetl© a»lo tb  so lide extinct

obliquoly and are bigìily  orderod,the wbole sesti« o f tba 
so lida bohaving as a positiva b ia x ia l c rya ta l.A ll ohanges
ara enantiotrepteiexeipt tho a a involving so lid  X *

nem atio-185*5-eaectio-16S-solidX«SolldX  is  monotropio) 

fba nonatio fona is almost bonosoneous and tho doublé 
rofraction  is only e ligh tly  greeter tban 4tb ordor.Tho c ctio

phaco consista of vary minuto focal-conico,but tho doublé 

rofraction  is h igh »Ia Plato 19 ,tho smootio fona,on thè 

band sido9is soon invadine tho moro hostogeneous aiutati® pbaso

on tbo loft »Solida X  cndX aro idemtioal with tbo corrospond-



ing so lids o f the octyl ether* 

However, in  th is case,both so lids  

have a double refraction  which is  

much higher than 4th order*Again, 

both so lids are ordered and the 

sections behave as one positive  

b ia x ia l crystal .ihccept fo r  the 

changes to so lid  j T , a l l  are 

enantiotropic*

Plate 19

5-Chloro-6-n-decyloxy-2-naphtholc aold( aaorphous-192 • 5- 

nematio~186*5-sncctio~167-solid)»'I!he nematic phase has a 

w ell-defined p late structure which has a very noticeable 

mobility«The smectic mosaic o f focal-con ics has s ligh tly  

greater than 4th order birefringence «The so lid  c rysta llises  

in  badly defined p lates which are less translucen t than 

the so lids o f the previous two ethers»The double refraction  

is  s t i l l  high but the degree o f order o f the crystals in  

a section is  now lower,as indicated by the sm aller number of 

positive b ia x ia l pat tom s. A ll transitions are enantlotropio*

5-Chloro-6-n-d.odoc.yloxy-2-naphtholc acid( amorphous-137 • 5- 

nematic-185.5*-3mectic-152-solid)*ïho short nematic phase 

is  threaded and the birefringence is  3rd to 4th order, as is  

the case fo r  the smectic form which appears in  a fa ir ly  

coarse focal-oon lc structure«The only so lid  c ry sta llises  in
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small waxy p lates which have 4th ardor colours• Again,the 

so lid  is abundant in orient at od posit Ito biaxial crystal®*
A ll the transitions art enantiotropic.

^ M o r o ^ n ^ a ^ . i .g l^ - -2 « « ^ h t fc ^ ig ..a o li( aaoxphous-173.5^

smectic-142 *5̂ *3 o lid  2T -119*oolidH  ) • On cooling, the amorphous 

liq u id  passes directly to the smectic fo ra ,which appears as 
nail tatonnoto.Theso coalesce to  a fine focal-conio structure 
o f 1st to 2nd order double refraction*Solid  H  crystallises 
in  distorted opherulites of fine noodlesjeolidJCconsists o f 

ill-d e fin e d  waxy plates which chow a fair number of positive  

biaxial pattorns.Both solids have the sane birefringence as 
the smectic phase and all the changes are enantiotropic* 
5 -Q h lo ro -6 «^ »cctad ecy l^^^artÉ h o lc  aold( anorphous-174. 5^ 

snootic-133* ̂ HBOlid X  -1262-solid £) .The smectic phase is 
identical in  appearance and behaviour to that o f the hexa- 

decyl ether*In appearance and birefringence the two so lids  

are also very sim ilar to those of the la tte r  ether. S o lid X  

has fewer positive biasimi patterns.A ll transitions are 
enantiotropic*

In this series,the orientation of the stable selida m  

glass s e n s  to increase up to octyl end than to decrease with 
further lem gt^Ug of the alky l chain.

3» 5-Brom o-^n-alkyloxy^rhapM holo,acida*

fhe methyl and ethyl ethers do net show mesomorphic 

properties.From propyl to hexyl,a nematic phase alone is
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needles of solid XL fora a confused 
mass•The 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-B romo-6-n-heptyloxy-2-naphthoic acid (amorphous-199-neiaat ic~ 
165^smectic-153^solidlL-l^h.^solidXJ.The mobile nematic 
form is threaded and the smectic form consists of small focal- 
conics .Both phases have a high double refractiontas is 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 
patterns were found.
9-Brono-u-n-octyloxy-2-naphthoic ac ld( aaorphous-196-nematio- 
173*5-smectic-16ĥ solidlL-122-solidH).l1he threaded nematic 
form has 4th order double refraction which rapidly increases 
2-3°before the appearance of the smectic phase.This is very 
homogeneous and is succeeded by solidJ C which crystallises in 
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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1s obliqua«Both solids are positiva biaxial and all the 
transitions aro ©naatlotropio*
5-Bromo-G-n-nonvloxy-2-nai)htho lc aoidCanorphous-192.SHQematie- 
179•5-saoctio-168̂ solid)•Tho nematic form appears as very
large homogeneous patches which are separated by threads and
show 4th order colours«The strongly biréfringent smectic phase
is ŝ ine mosaic of focal-conics with oily strooks.The solid
crystallises in large»clear»homogeneous platos»The extinction
is oblique to the faint cleavage and the double refraction is
high.The crystals are positive biaxial and all the changes are
enantiotroplc*
5-Bromo-5-n-de cvloxy-2-naphthoi c aold(aaorphouo-189• ̂»nematio- 
182.̂ ®mectic-167-solid)*The 4th order colours of the plated 
nematic phase contrast with the bright whites of the strongly 
biréfringent smectic form which appears as a fine mosaic of 
focal-conics«The extinction is oblique in the largo sheets in 
which the solid crystallises*the double refraction is now 
beginning to decrease as the chain length increases and is 
only slightly greater than 4th order*The solid is positive 
biaxial and all changes are enantiotroplc* 
5»Bromo-6«**-doaooyloxy»2-napl*tholo aold( amorphous-183 • J5- 
neaatic-182-smectic-151*5-solid) .Tho very short nematic and 
the smectic phase are identical with those for the deeyl ether* 
The solid is clear9but 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 ©nantiotropie*
5-Brorao-6-a-hexadeoyloxy»2-naphtholo acld ( amorphous-17i • 5- 
©mactio-133«5~solld)*fh© smectic phase f i r s t  appears from the 
morpheas liqu id  as baft onsets which coalesce to a mosaic of 

©mall focal-conics.The solid crysta llises  as a mass o f tiny 
plates.The solid and the mesophase have 1st to 2nd order 

birefringence* Individual determinations on separate crystals 
show that they are acicu lar and positive biaxial* Both 
transitions are enantiotropic*

5»Brmo*6-n-octadecyloxy^HBaohtholc aeld ( amorphoua-172 * 5^ 

amectio-135.5^solid) »The noetic phase and the solid are 
very sim ilar to those described above fo r  the hexadeeyl ether*

The double refract i n  is slightly lower (2nd order), and in  

this case it was possible to show that separate crystals 
extinct obllquely*Both changes are again enantiotropic*
*• 5-Iedo-6-n-aUarlap-2-n*Bhtholc »«M fl.

. in this series 9thirteen ethers were again examined .I'ethyl, 

ethyl and propyl are not mesomorphic,butyl to heptyl are 
nematlo,octyl to dodecyl show both smectic and nematic 

properties,and hexadecyl and octadecyl are purely smectic* 
Enantiotropic and monotropic polymorphism is an outstanding 
feature of the series,but few o f the so lid s were established  

as positive biaxial*
3-Iodo-6-nethoxy-2-naphtholcacld(aaorphous-295*5^solid) ,and 

VIodo»6-»eth«p*»2*€M̂ th©lc ac id (amorphoufl-28o.5^Bolid) .loth
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of theso otbors c ry sta lliso  fron  tbo Isotropie ae lt ln  bledos 

wbiob fan out and fora  ßpberulitQS.Tho ©loavage lie s  p a ra llo l 

to tbo long m im  o f tbo blados•Individual cryetalß obtaJned 

froa G lacial aootlo seid aro almost porfoct rectangular 

platos wbich aro positivo b ia x ia l and show straigbt ©xtinction. 

I f  tbo ao tb ji ©tbor is  hoatod goatly m  a slid© ttb© libo ratioa  

o f iodiao 1s c »ly  s ligb t and a clean Isotropie ao lt can bo 

obtained#

5-IM o-»6*ii-grosy loxy-2 «^^tbol©  acld( aaorphous-»23c£sollA H L  «* 

a l f o l i a r *B©Hd JE iS ao«iebropio)#s©lidjiL o ry sta llises  in  

v o ry  fino roedlos which pass ovar to tbo ooarsor acicu lar 

structuro o f eo lidZY lba  etablo so lid  £  cxystalllsos in a 

vory confused and ©vergr©«® acicu lar structuro.Ib© tbree  

solida bata very bigb doublt ro frast ion , ehern oblique 

oxtinction and aro positivo b iax ia l*

S"Iodo-i-n^bmtjrl«y »2 ««n aA tb e ic  acidC a»orpb©us-2i$*no*at io -  

219*solid JJE -Z O ^ so lid  X • Solid  JE 1s nonotropio). Tbo 

behaviour o f tbo nenntic is  identic o l with timt doocrltod fo r  

5-brono-G-E-propyloxy«2-napbtbolc aeid*Tb© pbaso iongtb 1© 

not groator tima 0*2¡Cnly when tbo so lt  is  rapid ly  cooled 

is  tbo nese-pbaii© soen as a tbroadod structuro o f bigb ' 

double ro fraetioa*Solid  JJE quiekly c rysta lliso s  in  largo  

cloar noadlos*Solids JE and x  aro also  acicu lar and a l l  tbroe 

aro sim ilar to  tbo so lid s o f tbo procoding othor.Tba Chanson 

aro enant io t ropic, exespt tboso involving so lid  JE •
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5-Iodo-6-^oarlcnc^2-nttpbthoio ael&Camorphous-2Q4^neaat ic- 
2 0 ^ * m li& M L -176.5 -so lid X »S o lid  X  is  nonotropic) «The neoatio 

phase 1® again threaded and ha® a high birefringence «The 

.three solids are Identical with those described fo r  the propyl 

ether o f this series «A ll transitions are enantiotropio with 
the exception of those involving solid j l  • 

5-Iedo-6-P-h«yrlox?-2-aaphtholo acld(aaorohouB-193^nmatlc- 

191-solid m l -1 6 2 -so lid x .S o lid  x  is monotropic)*The neaatio 

phase is homogeneous except fo r  a few threads and the doable 

refraction  Is again high.The three solids are again identical

with these cf the propyl ether 1 although s o lid x is  less eon- 

fused and evesgreen«fhe transitions a re . enantiotropio except

when they involve solidx •
3-Iodo-6-B-ii»pli?l<ag-2-P8Phti>olc «o id (aBQxyhoua-lS9w>9Batlo- 

176^eolid Hl  -1^9*5 -se lidX  «S o lidx  is monotropic).On f i r s t

appearing tm m  the amorphous nelt,tho nematic phase is 
abundant in  threads and the birefringence is  high«This soon

however, end when the solid begins to orystalliso 
tho value is  only 4th order«The three so lid s aro again
identical with tho solid states o f the propyl ether.The

aro enantiotropic f except those involving so lid  j L  •

l(anexfheiia-l§>«3-><&sBatie-
161.5-snecti©-160« 5 -so lid  ml - 138-s o lid  X  «Solid X- is  

trop ic ) «The ncmatio phase has a plated struoture and the 
double refraction  is  only 2nd order«fhe narrow sneotio 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-Iodo-G-n-nonyloxy-a-naphthoic acid( amor jhoua«»l:v-2-noaatio- 
16 ŝmecfcic~16j£ool id IT  -l25^soiidT «¿ olidlELis nonotropic) •
The highly biréfringent nematic phase consiste of large homo
geneous areas containing a few well defined threads (Plate 21 )•

The smectic phase is 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 solid I* 

In all tiire a solids tho double refraction is high «the 
extinction is oblique and positive biaxial patterns are found* 
¿¿coopt for changes to solid HI «the transitions are enantio— 
trop ic .

>»Iodo-.j-n-d9oylox,y- i-naphthoic acl t(anorphous-I7v• ¿¿nomatic- 
167-eciOOtic-16>-oolid JL -llV-BolldJ*dolid77T is 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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moaotropic transition© are those to so lid  Hu 
5-Iodo-6H3^odeoylox3^2-imohtholc acld( as0rphous-172~n©aat i©~ 

169-aaeet ic -146 .5 -so lld  JL - l l> *8 o lid L .«S o lid HEis  nonotropic)* ■ 

The nematic phase» is  plated and the n o e t ic  phase consists o f 

very fin e  fooal-con lcs9but9in  both9the double refraction  has 

fa lle n  to lst-2nd order*The three so lids are Identical with 

those of the noayl ether*The transitions are enantiotroploy 

except those involving solidHT*

5-Iodo-6-<i-h<gadaoylOT-2-oaphtholo aeM Caaorphous-lGS^ 

saoctie-1.3.5*9-solidTL -1 0 ^ »so lld i:) .Tho m ottle  phase appears 

fron the ceaorphoua liqu id  in  batonsets which coalosco to  

produce a fa ir ly  coarse fecal-con ic structure «Both so lids  

c ry sta llise  in  blades9but these o f so lid  IT are la rge r and 

cloar.Tho double refraction  is  lst-2nd order in  the so lid s  

end in -the neso-phases.The so lid s  have only fa in t p a ra lle l 

cleavage and the extinction is  obliquo*Tho so lids are positive  

b ia x ia l and a l l  transitions are onm tiotrople*

3-Iodo-6-D-oetadao?loi?-2-nai>htttolcn°lA(oaorptious-lG>. 

ciaectlo-127-ooiidK  -H S ^ so lid X  ) .The smectic phase is  

identical with that o f the hexadecyl other*Solld TE c rysta llises  

in  waxy plates o f lst-2nd order birefringence.¿o lidE appears 

in  even m a ile r  plates o f 1st order double r e f m et Ion* then 

individual crystals o f the so lid  were «gmlned9tfee*e were 

found to be w ell defined prisms which show oblique extinction. 

A ll transitions are enantiotropio*
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*%h o rdor.A ll tran sit ions aro w c a tie tso fi«*
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bogaolo aoldCoaoiphotio-US*jZmmmte1®~ 

lX2*5^saQctio-112*5-EOlidÍL - 109-c o lid X )*T íiq aoaatie form 

clcccly re sa b ie s  that ©f tho procedías ethor,Uit tho doiablo 

re frao tio » i s highor (o ü g h tly  greator thaa 4th ordor).On 

su d é « «h illia g ,b h e  cnoctlc phas© io  ceon as a fino  nosaic 

o f fooal-@ ©»l@ »*ftii dcubla ro fra o tio » i »  d iffic u lb  to  d eto r-' 

ala#*sime© cr^cta llicaticn  occuro so qulc^ly^ha ad id o  ara 

aleo vory d a lla r  to thoso o f tho oatyl o thor.A ll chongos 

ara enantiotropic and tho cn-actic pisas® lon jth  lo  not greator 

thaa 0*3*

3-"luorQ-q~n-dea?logy téngala «c ld(a3orgi»oua-U6.5^nooatle- 

112-caootlo-103^oollilX -10S^ooliaX ).Itia throadad neaatlo  

phaté lo  «aoeoodod hy tho m U  focoX-coalca o f tho cnoctlc 

phaca and both havo a dcublo rofractlcn  «fetoh ls  conaidoratly. 

groator thaa 4th ordcr.A ll tranoition3 oro eaaatlotropic. 

V?lw ro-»-o -<led«eylo^rJbaBaol,o»eM „(aaervh o iiii-llA .5 W t«tl<>. 

l lS ^ c n jc t lo - lo a .^ s o lld  X . Holléis M  and X  aro raoaosroplo). 

Tho aosophaaoo tero  tho cano nnpoaranco as thoco o f tho dooyl 

other,tut tho dcublo rofractlon  ls  cnly Hth crdor*Tolld HL 

orysta llisos la  bread ©loar choots.GOlld j£  la  fa lr ly  largo  

noodlos and s o l id l  la  vw y  fino M odlM cSh* opaclt^r lncroaaos 

la  th la  ordor and tho doublo ro frao iloas as»' ls t  orúor, 2nd 

oidor and 4th ordor rcEpoctlvoly.A ll tho col ida cxtinct 

obllquoly*Tho trancltlcno aro enantlotropic.oscopt é i s  thcy 

lmrolvo calida JE cnd JÍL •
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3- 'luoro-'t-n-hoxad a nylon:, bonsolc acld ( a^oryhous-lll-sneotio -

94-solid ) »ihe b&toxiueb© o f tho 

snoctie phG.no appear from the 

amorphous liqu id  and coalesce to  

a typ ica l focal-con ic structure, 

fills  in tiiOOTi in la te  22 ,in  

which the amorphous liqu id  is  

black and completely extin ct.

The double refraction  o f the 

p l a t e  22 phase is  only 1st order.iho so lid

c rysta llises  in  sn a il waxy p lates which have lst-2nd order 

colours.Both change* are enantlotropio.

fr- luoro-^wn-octadocylojc/ benzoic ac id (am o.iphous-ll^sEoctio- 

l l> s o l id  XL -79*5-,G olidX ).The saectic phase is  identical with 

that o f the hexadeoyl ether.hoiid  XL c ry sta llises  in  Irregu lar 

blades and so l id  jT in  sn a il waxy p lates. Both have a f i r s t  order 

birefringence and a l l  changes are enantiotropic.

7* 3-Chloro«^n^alkyioxy benzoic a d d s .

Like tho corresponding flu o ro - compounds,no raesomorphlen 

i s  found un til the alky l ¿roup contains eight carbon atoms*

In th is 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-aothox.y benzoic acid(anorphous-217. EAsolld) • 

3-ChlorQ-4-n-amjloxy benzoic acid ( anorphous-154 • ̂ A so lld ).

3-Chloro-4-n-hoxyloxy benzoic acid( aaorphous-12C-80lld) •
A ll three ethers c ry sta llise  in  well defined needles which 

show oblique extinction and a high double refraction.Iio  

positive b iax ia l patterns were found in  any of the so lid s . 

3-Chloro-4-n-heptyloxy benzoic acldCaaorphoua-llT^solldX -  

111-solid X ).S o lid X  c rysta llises  in  broad blades which 

extinct obliquely and have a high doublo refraction.These 

properties are also shown by the smaller»denser blades o f 

so lid X  which was iden tified  as positive biaxial.Both  changes 

are enantiotroplc.

3-Chl oro-4-n-octyloxy benzoic acid( aaorphous-95-Mnatlc-94^» 

saectic-94—so lid  JL -9 0 -so lid  H  ).The strongly birefringent 

nematic phase has a typ ical threaded appearance.The very short 

smectic phase is  seen only i f  the s lid e  is  ch illed  suddenly» 

when it  appears in  a focal-con ic structure.The phase length is  

le ss  than 0.2* and no deta ils  can be seen before so lid  JL 

appears.Solids X and X c ry sta llise  in  blades»but the la tte r  

is  much more dense and opaque.Both so lids have very high 

double refraction ,oblique extinction and positive b ia x ia l 

properties .A ll transitions are enantiotroplc.

3-Chl Qgo-4-n-nonyloxy benzoic acld (anorphous-94.5-neaat ic -  

93.5-saeetie -93 -so lid  JL -a ^ s o iid  X ) .The threaded nematic 

phase and the focal-con ic smectic phase are both strongly
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5-Ciilogo*4Htt-octid»ttyXapr baazolc acldC <raoiuhouo-lC8^oolid). 

Tboro io  no aM floofphlm  in  thio etin r and th% co lid  appearo 

froa th® aaorpbeua liqu id  in  w a ll doflnod blades*?ho oxtinction  

iß  oblique,th# doubl® refpactioa is  Jrd Order'©ad tu® erjßtala 
ar® positive b ia x ia l.
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Discussion off Syntheses



A* A-n-Alkyloscy-l-naphthoic acids

Each member o f th is  series has toon prepared separately 

from an availab le  naphthalene derivative «and not simply by 

the homologous alkylation o f 4-hydroxywi~naphthole acld.Tho 

reason is  that the hydroxy acid is  not read ily  obtainable in  

quantity by any convenient »direct method o f preparation, and 

although 4-methoxy-l-naphthoio acid may be obtained in  large 

amount,this ether eannet be demethylated to give the hydroxy 

compound without the occurrence o f simultaneous decarboxyl

ation.

4-I!ydroxy-l-naphthoio aeid was f ir s t  prepared by H eller 

(30) in  1912 from the hydroxy aldehyde,which was obtained 

by the action o f hydrogen cyanide and hydrogen chloride on an 

ether solution o f 1-naphthol in  the presence o f sine chloride, .. 

followed by hydrolysis o f the iaine hydrechloride<31) »As the 

ring system and the hydroxy group are susceptible to  attack 

by most oxidising agents,the conversion to the acid was 

e ffected  by fusing the aldehyde with potassium hydroxide.The 

product is  described as crysta llis in g  from water in  fin e  -

yellow  noodles, m • p • 183-^»Although the aldehyde is  now mere 

read ily  available by the Adaa*s modification o f the Gattermaan; 

synthesis,the method o f n id a tio n  lim its the amount o f 

m aterial which can be handled conveniently• HcCluggage and ;i 

Lindetrom(32) have investigated methods o f oxidising 4 -ethoxy-: 

1-naphthaldehyde and 4-ethoxy-l-naphthyl methyl ether —  ■

;t
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prepared by tho Friedel and Grafts reaction o f acetyl chloride

and 1-othoxy-naphthalene .They c la ln  that alkaline potassium

permanganate oxidises the aldehyde to the acid and the

ketone to 4-ethoxy-l-naphthoyl formic a d d , which is  converted

by potassium permanganate in  acetic acid solution, in

quantitative y ie ld , to 4-ethoxy-l-naphthoic acid . Repet it  ion o f

these oxidations gave very poor y ie lds due to the extensive «
degradation o f the naphthalene ring system .Sodium hypochlorite 

oxidation o f 4-ethoxy-l-naphthyl methyl ketone gives 40-50# 

yields o f the acid,but the reaction is  very slow and the 

large Mounts o f unreacted m aterial render the product 

d iffic u lt  to p u rify . H°Cluggage and lindstrom also emphasise 

the s ta b ility  o f the ketone to oxidation*

Methyl 4-hydroxy-l-naphthoat o is  described in  an American 

patent(3 3 ).A solution o f 1-naphthol in  sodium hydroxide and 

methyl alcohol is  s tirred  with carbon tetrachloride and copper 

powder fo r  several hours at less  than 5 0 *leu tra lisation  -with 

an inorganic acid precip itates the methyl eater o f 1-hydroxy- 

2s4-naphtholene di-carboxylic acid,cup.144* a fte r c ry sta llis 

ation from acetic acid.Removal o f the methyl alcohol gives 

the methyl ester o f 4-hydroxy-l-naphthoio acid,m .p. 170°a fte r  

crysta llisation  from methyl alcohol. Repltition of th is  

procedure gave no products*

Friedlander and Weisberg(34) describe the preparation o f

4-amino-l-naphthoio acid from 4~dtro~l-aaphthon itrile  by •



reduction,end hydrolysis o f the 4-am ino-l-naphthonitrile.A  

m odification o f th o ir synthesis is  a possible route to 4 - 

hydroxy-l-naphthoie acid,as shown below*»

i
This route would be Tory tedious and,as is  described la te r , ! 

the 4-4aydroocy«l~naphthonltrils is  Tesy d iffic u lt  to pu rify . 

Hydrolysis o f the crude n it r ile  glues highly impure acid  

which cannot be pu rified . j

The other possible route from 4-n itro-l-naphthol has also  

been eliminated as the 4-n -alkyloxy-l-naphthonitriles are 

▼ery stable to dealkylation.

O O ^ C reduction ̂
OR

n Y ]  diazotlsation/
- A 1 oua(ca)a

NOt n o 2 n h 2

^  OR ^ . JO*
r Y l  dealkyl- Y i

at ion '  k . hydrolysis ^ A /
CO O H
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As no convenient nethod o f preparing 4~hydroxy-l-naplitàoio 

acid in  quantità seeaed possib letaethod* o f synthesising the

disulphide.The hydrolysis to the 4-s-ollcylory~l-naphthoie acids



is  d if f ic u lt ,  and i t  is  necessary to  use hot »saturated 

potassium hydroxide/methyl alcohol solution.The time o f re

flu x  u n til ammonia ceases to  he evolved va ries ,depending on 

the a lkyl group »between 15 and 25 hours. In th is  way, the acids 

are obtainable in  95-97% y ie ld .

A large number o f n itr ile s  is  preparable in  th is  way(38) 

and despite the tox ic  properties o f cyanogen brom ide,it is  

conveniently handled and s t i l l  further increases the scope 

o f the Frledel sad Crafts reaction.

The y ie ld s ob ta in «! by the two methods « »p a r e  as fo llow s 1-

By these methods, 4-n-alkyloxy-l-naphthoic acid® are 

preparablo in  good y ie ld ,bu t, as has been pointed out »neither 

o ffe rs  a route to the hydroxy acid due to ready decarboxylation 

when dealkylation is  attempted .In  the Frledel and Crafts 

"reaction, in  method (2 ) ,only very-sm all «cunt®  (1-2%) o f

4-hydroxy-l-naphthonitrile are formed, indicating the s ta b ility  

of the alkyloxy n itr ile s  to dealty lation . Indeed,attempts to  

de-ethylato 4-othoxy-l-naphthonitrile ,by prolonged reflu x 

with acetic acid and 4 ^  hydrobromic acid »fa ile d  completely.

B. 5-Hjdroxy-l-Basirtholo .aid Mid n-alkyl others
5-Sydroxy-l-aaphtholc acid was f ir s t  prepared from 5-aalno- 

naphthaleno-l-sulphcnic acid by Boyle and &chodlor(39) »who

m m

4-ethoiy-l-naphthoio 

4-othoxy-l-naphthoi c

a )  57
(2 ) 76
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used the follow ing synthesis.

HH02/Gu2(CB)3 b o il Withy 
lG,í> KOH 'CO

CO OH

so 3H so3H

C O O H

KOH fust“CO
OH

This procedure is  apparently etraichtforwardjbufc la  

practiee is  latorioua due to thè d iffic u lty  o f iso latin e  thè 

product o f diazotlsation of aa amino-sulphonic acid .The 

iuolation  involves thè evoporation to dryneas o f thè Eandmeyer 

reaction mixture and thè extracción o f thè 5-cyano-naphthalene- 

X-sulphonic acid with alcohol.This is  n rrer obtained puro,end 

thè 5-carboxy-naphthaiene-Ì-suXphonic acid must he purifiod  

by crysta llisation  o f ita  potas slum salt.The systhesls was 

attempted twice,bu£ thè experimentad d iffic u lt ie s  in  thè 

evaporation o f largo volume» and thè p u rific a t ic i o f in te r- 

mediates moke it  a procedure with mueh to he desìred.However, 

i t  is  thè oniy method recordad in  thè Xiterature fo r  thè 

preparation o f 5-hydroxy-l-naphthoic acid in  quantity.

The oniy other method is  due to Cason(40) #mho aiso et art ed 

with thè read iiy  av a lla ti e 5-naphthylcnino-l-culphonic acid*

sealed tuto 
at 220*5°/ 
fo r  4 hours
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On rep it it io s ,  the f i r s t  stag® to  the n it r ile  went saoothly 

tli® average y ie ld  o f many experiments toeing 25̂ |toufc the

hydrolysis o f the s it  r i le  eould not toe effected toy Cason* s



The fin e ly  divided n in e  sulphate is  diazotlood and the 

n itr ite -fre e  diasonlun emit solution is  hydrolysed ty  dropwise 

addition to to ilin g  40% weight/weight eulphuric acid.When

1dgi?o39aSsg•rlH¿55*9z0«x>I19'giId

quoted in  the lite ra tu re  are 235-6°(d)(39) and 237-240°(d)(40)

She aoetyl deriva tive is  found to have op•205°*Recorded m.p* 

values are 202°(41) and 206(40)•«ethylation  gives 5-sethoxy-

l-naphjggjg aeid,a*p*227.3«Fu*on(41) quotes the n .p . o f the 

methyll os 227 *3-228#5»“

loxy-l-naphthoic aoids is  m



0 • 6-Hydroxy-2-naT>htholc add and n-alkyl ethers
6-Hydroxy-2-naphthoie acid 1® prepared by deaethylation of 

the 6-methoxy compound which may bo synthesised by either of 
the two methods described .The series of ethers le  proparod by 
homologous alkylation of the hydroxy acid.
(1)

6-Bromo-2-naphthol is  proparod in  90- 99^ y ie ld  by d i-

bremimatimg 2-naphthol in  aoetio acid solution and, wit bout 

iso la tion  o f the 1 s6-dibroao-2-naphthol, reducing with messy 

tin  in  hydrobremic acid/aootlo acid solution(C2).Mothylatlon  

o f th is  product gives 6-broao-2-mothoxy naphthalene in  60- 

y ie ld  a fte r  vacuun diet illa t io n  • The m eth y la ted  material- 

is  recovered from the alkaline reaction liquors.

- The formation o f the Grlgnard compound o f G-broao-2-methoxy 

naphthalene is  not quite straightforward • I f  Ig.atom o f 

magnesium to lg.m ole. o f the brono compound is  used»the yie lds 

o f the acid on eaxbonatlen are consistently low (15-20^). 

? in a lly .tbe  method o f Fries and Schimmelschmidt(43) was 

adopted.The solvent is  a mixture o f dry benzono and ether, 

and a considerable excess o f magnesium is  used (Ig.m ele# of 

bromo compound to  1.67 g* atoms o f magnesium) .Throughout the 

reaction the magnesium is  continually re-activated by the 

addition o f m a ll volumes o f ethyl bromide .Carbonatlon o f the
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reaction mixture and acid ification  gives the S-aethoxy-2- 

naphthoic acid which precipitates on evaporation o f the ether. 

50-55% the pu rified  acid is  obtained.A further 10/» may 

be extracted from the benzene,but th is m aterial can never be 

purified  completely.

(2)

6-Acetyl-2-methcxy naphthalene is  prepared by the method 

o f Boblnson and Bydon(44-),who have shown that acetyl chloride 

and aluminium trich lo ride  react with 2-mathoxy naphthalene in  

nitrobenzene to  g ive the 6-acetyl derivative and in  carbon 

disulphide to give the 1-acetyl compound.The y ie ld  o f 

pu rified  6-acetyl-2-aethoxy naphthalene Is  consistently 50%» 

The aold is  obtained in  70- 75% y ie ld  when the ketone is  

oxidised by aqueous sodium hypochlorite,using dioxan as the 

organic solvent.

There is  l i t t le  to choose between the two methods, either 

in  overa ll y ie ld  or in  convenience o f operation and both have 

been «p lo y ed  at v a r io «  tin es .

G-iíethoxy-3-naphthoie acid is  deaothylated by refluxing 

with a solution o f 48% hydrobromio acid in  acetic acid which 

has been saturated with hydrogen bromide.The product separates 

on cooling and may be crysta llised  from water to give 70- 75% 

yie ld s o f 6-hydroxy-2-naphthoic acid.
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The BrâXkyl ethara aro prepared by refluxing an aqueous 

alcoholic solution o f the hydroxy acid and the theoretical 

amount o f potassium hydroxide with the n -alkyl bromide or 

iod ide.Acid ification  gives the ether acids which are pu rified  

by crysta llisation  from xylene and acetic acid to constant 

m .p.All the n -alky l ethers prepared are mesomorphic.

D* 7~Hydroxy-3~naohtholc acid and n -alkyl ■ ethers

This procedure is  identical with that used fo r  the 

preparation o f 5-hydroxy-l-aaphthoie acid .the y ie ld  o f 7-amino-

2-aaphthonitrile iprepared by d is t illa t io n  o f the sodium sa lt  

o f the sulphonic acid with potassium cyanide at 500*is  much 

lower in  th is case (7$) * However, only a small amount o f 7 - 

hydroxy-2-naphthoic acid was required and so th is method was 

adopt od • Diasot isat ion and hydrolysis y ie ld  7&/« o f the 

purified  7-hy&roxy-2-naphthonitrile,which hydrolyses in  90̂ 1 

yield ,w ith  21 potassium hydroxide,to the hydroxy acid.This 

procedure is  a quick method o f preparing small quantities o f 

7-hydraxy-2-naphthoio acid in  a pure state .One crysta llisation  

from 5Q& ethyl alcohol gives m.p*269-270°.The acetate has m.p#
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208-9°The hydroxy acid has been prepared before from 7-araino-

2-naphthonitrile by hydrolysing with 66$ sulphuric acid to

7-amino-2-naphthoie acid ,a .p•240?foilowed by d iazotisation  

and hydrolysis to  7-hydroxy-2-naphthoic aeid,a.p.2S2°(45). 

Butler and Hoyle(46) prepared the sane compound,a.p.289-270^ 

from 7-aaino-raphthalone-2-sulphonic acid v ia  7-cyano- 

naphthaleme -2-sulphonic acid.Holmes and Trevoy(47) prepared

7-mothoxy-2-naphthoic acid,m .p.19$-6“by dehydrogenation o f

7-methoxy-.Ji4-dihydro-2-naphthoic acid,and deaethylation 

yielded 7-hydroxy-2-naphthoie acid,m.p.274-5?

The 7-n-alhyloxy-2-naphthoic acids are prepared by the 

method described fo r  the 6-n-alhyloxy-2-naphthoic acids.The 

ethors were crysta llised  to  constant m.p. and show no meso

morphic properties.
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jeScporiaontal Section  B

Preparation o f Mat©rial®



B* Preparation of m aterial»( a l l  m.p. corrected)

1* n-Alkyl halides
n-Iionyltn-decyl,a-dodecyl and n-octadecyl bromides could 

not be purchased and were prepared by the follow ing method(48).

Ilydrobromic acid(71g. ,O .42a0le.) and concentrated 

sulphuric & cid(12c»e.,0 .25aole.) were mixed and the normal 

aliphatic alc0hol(O*22aole.) adJed.Aftor refluxing fo r  6 hours, 

the mixture was cooled.In one preparation the bromide was 

iso lated  by d ilu tin g  the reaction mixture, separating the o ily  

layer and washing with cold concentrated sulphuric acid,water 

and d ilu te sodium carbonate eolut1on.During the concentrated 

mold wash,emulsions form eas ily  and make the separation 

d iff ic u lt .In  subsequent preparations i t  was found easier to  

proceed as follows.CM d ilu tion  o f the mixture,the o ily  layer 

was extracted with ether and washed w ell with water .The 

unreaoted alcohol was removed by shaking thoroughly with a 

saturated solution o f calcium chloride and then,in the 

follow ing order,with water,aqueous sodium carbonate and water. 

She ether extract was dried ever calcium chloride,and the 

residuef a fte r removal o f the ether,was d is t ille d  under

reduced pressure.

Yield(/0 b .p .

n-noayl bromide 80 116° at 23a.m.

n-decyl bromide 77 156* at 52 m.m

B-dodeeyl bromide 70 175°at 52a.m.
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183* at 3&»®» 23^28.5*n-octadecyl broaide 63

2 * ■ ■ 4~n-Alkyloxy-l-naphthoic acids - 

(a )  l-n-Allcvlox.y naphthalenes

1-Haphthol ( 144g •, lnole . )  was dissolved In a cooled 

solution o f EOdium(23g.,lg.atea) In the minimum volume o f 

absolute ethyl alcohol.n-Alkyl broaide or iodide was added in  

an amount equivalent to 1.2aole.,©nd the mixture refluxed  

fo r 8 hours.ilhen cold,the sodium halide was dissolved out 

with water and the 1-naphthyl ether extracted with ether. 

1-n-Octadocyloxy naphthalene was extracted with a mixture o f 

equal parts o f ether sod benzene «The organic extract was 

washed with d ilu te  sodium hydroxide and water, and dried over 

anhydrous sodium sulphate .A fter removing the sol vent, the 

residue was d is t ille d  under reduced pressure «The pure ethers 

were obtained as colourless liqu ids or low melting so lids  

in  63-73/« y ie ld .

A M i t m a Y ield  ■ t>.p.

Methyl 74 134° at 13n.n.

iSthyl 72 152° at 17a.m. 5°

Propyl 66 143° at 3 ».»*

Butyl 68 ISO6 at 4a.m. 19*3

Amyl 66 173°at 6a.m. 29*5

Hexyl 66 166° at 4a.m. - 3 *

Heptyl 67 171° at 5a.a.

Octyl 67 189°at 3a.n.
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Honyl 65 185° at 4a *m*

Decyl 67 212* at 4m *m*

Dodecyl 67 227° at 5a.a. ■

Hexadecyl 65 258° at ln.n* 51'

Octadecyl 65 256® at lGl.m . 50*5°

(b ) 4»Bromo-l-n-alk:yloxy naphthalenes(methyl to hexyl)

powdered i0dine(63*5g.,O*25mole*) was dissolved la  chloro- 

fora(350c*c*) sad bromino(40g •, 0 *25mole • ) added .The solution  

was warmed to 50° to fa c ilita te  the formation o f iodia® mono- 

bronido,cooled to 25°sad added during 1*5 hours to an 

e ffic ien tly  stirred  solution o f the l-n -a lh ylexy  naphthalono 

(O*25mole*) in  chloroform ( 300o • c• ) 9 externally eooled in  a !

water bath*After the addition,the mixture was stirred  fo r  a j 

further hour at room temperature *fa te r(l,4 0 0 c *c*) was next ' 

added and,while s tirrin g  v igorously ,so lid  sodila hydrosulphite 1 

was s ifted  in  u n til a l l  the precip itated iodine was removed*

The sulphurous mold and hydrobroaic acid were then neutralised  

by adding an excess o f so lid  sodila bicarbonate »The pale straw*'; 

coloured chloroform layer was separated,washed with aqueous 

sodium bicarbonate and water,and dried over anhydrous sodium 

sulphate*The chloroform was removed and the residue o f Wbromo* 

l-*n-alkyloxy naphthalene d is t ille d  under reduced pressure.

M f c f l . £sm 1MMW & j l l  . '  j
Msthyl 75 159°st 4m.a. j

jgthyl 70 ' 15d°at 3 »«a . . 48*5° |
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Propyl 72 188° at 8a.a . 31*
Butyl 67 199° at 5a.m. 25°
Amyl 70 181° at 3a.m. *7 .5°
Hexyl 71 206° at 5a. m. 45*

Analysis fo r  C10HQ.Br.0H Analysis found

Ethyl c12Hl l 0Br re<lu^r*s C i57*^ |H,4.4 C,57.6iH,4.64

Propyl O^H^OBr requires C,58.87|H,4*96 C,53.6|H,5.0$

Butyl C ^ O B r  requires 0,60.2 |H,5*38 C ,60.3|H ,5.^

Amyl Ci^Hi^OBr requires C,61.45|H,5»8 C,61.5|Ht5.?^

Hexyl C16%90Sr 0,62.6 |H,6.2 C,63.1|H,6.3/»

(o ) A -n -A te lo x y -l-^ o h th o n itrile s ( ethyl. amyl to decyl.

dodecyl«hexadeoyl and ootadecyl) 

A mixture o f bromine(36g. ,0.2aole. )and a small amount o f 

w ato rG .^e .e .) were placed in  a round-tot toned flask<250o.e.), 

fitte d  w itt a mercury-sealed stirrer,condenser and dropping- 

funnel. The whole wan cooled in  ico and the mixture stirred  

rigorously during the addition o f a solution o f sodium cyanide 

( l l . l g .  ,0.22Gnolo.) in  w ater(36o.e.).Ths addition time was 

30 minutes .S tirrin g  was continued fo r a further 2 tours, 

while maintaining the temperature below 3G#*i’ho cyanogen 

bromide was d is t ille d  o f f  on a tot water batt «under an 

e ffic ien t hood.The product may be dried by stating tte  

molten cyanogen bromide w itt calcium chloride.This step mm 

avoided by weighing tte  d is t illa te  d ire c tly , ignoring tte  very 

n a i l  amount o f water which is  carried over i f  tte
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distillation is dons slowly.The cyanogen bromido was then 
dissolved in carbon disulphide and the solution dried over 
anhydrous sodium sulphate.This solution,containing a known 
weight of cyanogen bromide per o.o.,was used for the Friedel 
and Crafts reaction.The cyanogen bromide distilled at 6C£*S2° 
as a colourless liquid which rapidly crystallised in 
colourless needles,m.p.52!

A solution of cyanogen bromide( 10.Gg. »O .lno lo .) in dry 

carbon disulphide(100c.c.) was added slowly to a stirred 
solution o f the 1-n-alkyloxy naphthaleneCO.lnole.) in  dry 
carbon disulphide(75c•0.) containing powdorod anhydrous 
aluminium trich lo ride ( 16g •, 0 • 12mole• )  • The addition was made in 
30 minutes and tho reaction completed by warming at 45° in  a 

water bath fo r  45 minutes .The reaction mixture was then 

poured onto crushed lee and loft to stand overnight .The layer 
o f carbon disulphide was diluted with other and the total 
»tract washed with sodium hydroxide to remove the n a i l  

amounts of 4-hydroxy-l-naphthonitrile produced by dealkyl

ation »A fter a fin a l wash with water,the organic extract was 
dried over anhydrous sodium sulphate and the solvents 
distilled off.The so lid  residue was rocrystallised  from 

absolute ethyl alcohol to yield about QO/o o f the 4-n-alkyloxy- 
l-n&phthonitriles in a sufficiently pur® state for hydrolysis 
to the acids .Small amounts were reorystalllsed  several times 
fo r  analysis and a.p. det@rmination.The n it r i le s  are colour
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less crystalline solids which up to dodecyloxy are readily 
soluble in alcohol |but hoxadecyloxy and octadeoyloxy require 
aoderately largo volumes for crystallisation*

Analynln fo r  010UG.OH.Ca AruUjalfi found

° f y

V !U

C6H13
C7II15

8a°C13Hu CB 0,79-2 11,5.5811,7.1 

60°C16H170H 8,80.54;II,7«ll|Xi,5*85 
62°ci?h19OM 0,80.63*11,7.5 *1,5*54 
54#ClsE2l0i 0,80*9 *H,7*86*1,5.24

C,79.2*H,5.6*1,7.0̂  
0,00.1*11,7*1*1,5.9/« 
C,80.5|H,7.4*H,5.4̂  
0,00*7*11,7*6*11,5.2/«

CqH17 61" C^H^GN 0,81.14*11,8.17*1,4.98 

C9H19 5i#C20H250H Q»81.35*H,0.47«H,4.75 

C1(p 2 1  C2 ln27m  0,31.54*H,8.74*N,4.53 

C12H25 67-C2 A i 0II 0,81.9 (H,9*2 *1,4.16

c16H33 69° C271I390Ii C»32.44*H,9.93*11,3.56 

C18H37 71" 0,82.66*8,10.2*11,3.33

C, 81.2*11,8.0jN,5*0/i 
0,81.4*11, Q.6*N,4.6/o 
0,31.5*11,8.7*11 »4*3/« 
0,82.0*11,9.2*11,4.0/« 
0,32.3*11,9.9*», 3.5̂  
0,82.7*11,10.3*11,3.3/«

Attempts to dealkylate any of these nitriles failed.BegatIts 
result® were obtained by refluxing with 48,« hydrobromic acid, 
with aluminium trichloride in carbon disulphide or nitrobenzene 
and with acetic acid saturated with hydrogen bromide.

Some 13g. of 4~hydroxy~l~naphthonitrlle were accumulated 
by acidifying the alkali washes of the Friedel and Crafts 
reactions*fhe product proved to be very difficult to purify 
and the best sample,obtained by recrystallisation from 90»« 
ethyl alcohol with heavy loss,had a.p.l72~4*.Thls material gave
poor analysis figures which were very low in nitrogen,and 
yielded impure acid on hydrolysing as described below.
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4-Hydroxy-l-naphthonitrIle(4g.),m.p. 172-4°, was refluxed 
in hot; saturated potassium hydroxide/methyl alcohol solution 
(125c.c.) for 52 hours,until ammonia was no longer evolved*
The reaction mixture was poured into water(4QGc.o.) and 
acidified with concentrated hydrochloric acid.On cooling to 
0°,the solution deposited 2.9g.,65̂ »of fine,light-brown needles, 
a.p.174-5°(d).This 4-hydroxy-l-naphtfaoic acid was very 
difficult to crystallise except from water,which did net 
improve the a.p.From the analysis figures the acid was very 
impure and the a.p. compares badly with the value o f  183-4° 
quoted by Heller(30)*
(d) 4~n-Alkyloxy-l-naphtho1c acids

Method (1)—  from the 4-bromo-l-a-alkyloxy naphthalenes 
Magnesium turningo(2.45g.,O.lg.atoa) and a solution of 

the 4-broao-l-n-alkyloxy naphthalene(2g.) in dry ether(20c.e.) 
were placed in a round-bottomed flask fitted with a three
necked adapter which carried a double-surface condenser and 
calcium 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 commenced *e.> if a turbidity did net 
appear in the solution),a Small crystal of iodine was added 
as a catalyst.The remainder of the bromo-compound(a total of 
0.1 mole.) dissolved in dry ether(73©»@*) was added dropwise 
in 30 minutes to the boiling reaction mixture. Ref lining was 
then continued for 10 hours, aft or which time only a trace of
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magnesium remained unreacted in the dark brown mixture.The 
mixture was cooled anti poured,with good stirring,into ether 
(75c.c.) saturated with solid carbon dioxide.The semi-solid 
addition compound separated out and was decomposed by stirring 
with 111 concentrated hydrochloric aoid(50c• e»).The ether was 
allowed to evaporate and the brown free acid filtered.At this 
stage the product was always slightly tacky and tended to 
turn blue on standing,perhaps through oxidation of side react
ion products .the acid was carefully washed free from 
magnesium ion with dilute hydrochloric acid and water,and 
finally dissolved in boiling III sodium hydroxide .Hot filtering 
removed any of the blue complex,and acidification of the 
pale orange filtrate precipitated the nearly white free acid, 
whioh after one crystallisation from glacial acetic acid was * 
almost pure.All the acids crystallised in colourless needles.
j & s t i u s s s s s L

YloldOi) Alkyl grouo ïisàâ(f»)
Methyl 85 Propyl 80
Ethyl 82 Butyl 85

Method (2)—  fresa the 4-g-alkyloxy-l-naphthonit riles 
The 4-î alkyloxy-l-napht honitrile (0.1 mole.)was refluxed . 

with a solution(250e• o• ) prepared by saturating methyl alcohol 
with potassium hydroxide at 50“Boiling was continued until 
ammonia was no longer dotectible( 15-2$ hours) .The hot 
solution was poured into water(l,000c»o.) and acidified.The 
acid was filtered,redissolved in boiling dilute sodium
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hydroxide and filtered hot «Acidification gave a quantitative 
yield of tlie white acid which crystallised from glacial acetic 
acid in colourless needles.The lowest yield of almost pure 
4-n-alhyloxy-l-napbthoic acid after one crystallisation was 
95/̂ ‘̂ is method was used to prépara all the acids listed 
below,except mathyl, ethyl »propyl and butyl which ware prepared 
by method (l).For the analyses and a.p* values,the acids were 
crystallised four times from glacial acetic acid*
Group ra.p* Analysis fo r  C^qH^.OH.COOH Analysis found

Methyl 248° c12nlû°3 0,71.29*11,4*94 0,71.2*11,5*2 %

Sthyl 220* °13H12°3 g»72.2 HI,5*56 C,72.1|H,5.6 % -

Propyl 203° C14H14°3 c t73*05|H,6.09 0,73.1*11,6*1 *
Butyl 213*5° c15H16°3 c *73*77$H,6*5> C,73.7«H,6 . }  %

Acyl 207° C16H18°3 Gt74.42|H,6*98 C,7*.*|H,7.0 %

Hexyl 212“ C17K20°_} 0,75.0 |I1,7.35 C,74.9*H,7*5 >

Heptyl 189° C18®22°3 0.75.^*11,7.69 Ct75.4*H,7.6 *
Octyl 183*5° °19H24°3 c »76.0 |H,3*0 C,7$.9*H,3*1 a

Hoayl 161“ °20H26°3 C,76*44*H,8.28 C,76.3|H,3.2 j .

Decyl 174*5° °21H26°3 °»?5*8 (H.3.54 0,77.0*11,8.6 fk

Bodecyl 147*5° c23H52°5 C#77.54*H,8*99 0,77.5|H,9.0 ¡4

Hexadecyl 136“ c27H40°3 c .73*64|H,9*71 C,73.4|H,9.6 Ü

Octadecyl 137*5° 0,79*1 |H,10.0 

3. 5-n-àlkyloxy-l-naohthoic acids .
0,79.4*H,10.C^

(a ) Medina ^Bgiao-naphthaleno-l^sulohonat®

Technical 5-aalno-naphthalene-l-suiphcnic acid was
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dissolved in the theoretical amount of cold 23 sodium hydroxide 
and the dark solution evaporated to dryness«The slightly 
purple sodium salt was powdered and completely dried by heating 
in an oven at 200° for two hours.
(b) 5~Amino~l-naphthonltrile

Sodium 3-onlno-naphthalene-l-sulphbnat e(70g.) and 
potassium cyanide(140g.) were ground together and dry distilled 
in an all glass retort which had a short but wide side arm to 
act as a condenser.The heating was supplied by a high 
temperature salt bath at 50c£socf.Keeping the top of the retort 
warm with a flame,a dark,red-brown oil distilled and solidified 
immediately in the receiver.The distillate was dissolved in 
boiling 0*53 hydrochloric seid(l,300c.c.).The solution was 
cooled to 30°and a small amount of tar filtered off.The 
filtrate was neutralised with concentrated ammonium hydroxide 
and the orange-brown precipitate of 5-anino-l-naphthonitrila 
filtered with suction.The dried product(15*7g.) was distilled 
under reduced pressure and gave a pale yellow solid,11.3g* •
23.5$,b.p. 187-193° at 2—5«.n.Although this material softened 
and melted over the range 120̂ 140°, it was found to give very 
satisfactory yields in the next stage of the synthesis .Two 
crystallisations from 8Q& ethyl alcohol gave yellow needles, 
a.p. 140°. A large number of experiments gave yields which were 
consistently in the range 22-26̂  «after reduced pressure 
distillationCFoundt Q ,73.4|H,4.8*3,16.7.0^^ requires
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C*7S*57|H,4-*76;IS,1S.6Q̂ »).
(o )  !3-II?4P0̂ y«»l«»naplithoaltglla

5-Amino-l-naphthonltrlle(3•C4g«»0.03 mol®.) was dissolved
in glacial acetic acid at 80.40/i (w/w) Sulphuric acid(60c*c. ) ,

at 80°, was added to this hot solution and the mixture was
cooled rapidly to 0°,with good agitation,to obtain the finely
divided amine sulphate*An «cess of sodium nitrita(4.2g*,0.0S
mole*),dissolved in water(j$Cc.c.),was added dropwise at 0sto
the stirred solution and maintained under these conditions
until a clear brown solution resulted*The excess sodium nitrite
was destroyed by adding solid urea or sulphamic acid until a
blank reaction to starch-iodide paper was obtained »The cold
diazoniua salt solution was added dropwise during 30 minutes
to boiling 4Q# (w/w) sulphuric aoid(180c•c•)•As the addition

i
was mad© a red oil separated,but this became granular after j

|about 10 minutes ."¿hen all the diazonium solution had been add- I
' !ed,refluxing was continued for one hour and the mixture then ■ 

allowed to cool•fat or(300c•c•) was added,and the crystals and
the solution were extracted with ether.The ether layer .was 
extracted twice with M sodium hydroxide and acidification 
gave a pink precipitate of 3-hydroxy-l-naphthonit rile,4.3g•,
33/««One crystallisation from aqueous acetic &cid(35c*e* of 
glacial acetic acid and 63c*c* of water) gave slightly orange 
noedlos,3 • 363 •, 6 S-67P,n*p • 204-S •This material was used for 
the hydrolysis to the acid.Two further crystallisations from
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the above strength of aqueous acetic acid, gave light yellow  

ne edles, m • p . 20>‘ . 5° ( Pound;C,77•Q t H,4•14{K,8.2. re quires

C,73»1;H,4.14|H,8.28^).

' (d ) 5-Hvdroxy-l-nanhthoi c acid

5-Hydroxy-l-naphthonitrile(8 .4g.,0.05 mole.) was dissolved  

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

Tho light brown solution was refluxed un til ammonia ceased to 

bo evolved (4 to 5 hours)«The solution was cooled,diluted with 

water(lGOc.o*) and filte red  .Concentrated hydrochloric a d d  

precipitated the light brown iHhydroxy-l-naphthoio acid,8.46g., 

90,l,m.p.2;50(d).This product was used fo r  the alkylations,since  

two crystallisations from water did not ra ise the a*p.

Acetylation and two crystallisations o f the product from 

benzene gave sm all, colourless p la tes ,a .p .204-5 #°

(e )  5-iethoiy-l-iiaihthoM....AoM,

5-Hydroxy-l-naphthoic acid (1 .83g.,0.01 m ole .),10,a aqueous 

sodium hydroxide( 5o.e») and dimethyl sulphat@(2*5g*,0.02 mole.) 

were stirred  at 40^60°fo r  50 minutes. During th is time the 

mixture was kept alkaline by adding small portions of 10^ 

sodium hydroxide.10$ methyl alcoholic sodium hydroxide(2Qc.c.) 

was than added and the whole refluxed fo r  one hour to remove 

any ester .The solution was fi lte re d  hot and acid ified  to give 

the pale yellow 5-methoxy-l-naphthoic ac id ,l*8 g*t9®$»iup.220^ 

2 2 7 »Two crystallisations from 95$ ethyl alcohol ami one 

sublimation at 190*at 2a.m. gave colourless needles,a.p .252#5*
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(FouadiCf71*3|H,5*18.C12H100^ requires C,71.3|H,4.94%).

( f )  5~n-Alkylorr/-»l~naphthoic acids

5-Hydroxy-l-naphthoic a c id ( l •BSg.,0.01 mole. ) »potassium 

hydroxide(0.7(5*»0.02 so l® .),w ater(5c .c .)»e thy l olcohol(4Gc.c.) 

and the n-alkyl bromide or iodide(0.011 mole.) were refluxed  

fo r  B hours when using an iodide and fo r  16 hours with a 

bromide.10$ aqueous potassium hydroxide(lCc.c.) was added and 

the reflux continued fo r  a further 2 hours to hydrolyse any 

ester .The mixture was cooled, diluted and acid ified , and the 

pale yellow or ligh t brown 5-n-alkyloxy-l-naphthoic acid  

filte rcd .ih a  acids were purified  fo r analysis and m.p. determin

ation by two crystallisations from g lac ia l acetic acid and one 

from 95% ethyl alcohol.Except fo r  the last three members o f the 

following tab le ,the crysta llised  acids were also sublimed at 

175 -̂185* at 2m.a»However, a fter only one crysta llisation  from 

g la c ia l acetic acid the acids were almost pure and the yields

at th is stage were between 80 and 90%.

AlkylGroup l».Ptmmummmmm Analysis for C^qH .̂OH.COOH . Analysis found

Ethyl 201' C13**12°3 0,72.2 |H,5.56 C,71.9|H,5.8 %
Propyl 189° G14H14°3 C,7$.05|H,S,09 C,72.9|H,5.9 %
Butyl 172° G1$H16°3 C#73'.77|H,6.55 0,73*7|H,6.4 %
Amyl 145° °16H18°3 C,74,42|H,6.93 C,7*.2|H,7.X *

Ilexyl 154° c17H20° i  c *',5.0 (H.7.55 C,74.7|H,7.^ %
Heptyl 135.$' C13H22°5 g»75.54|H,7.69 C,75.5|H,7.6 >»
Octyl 142.$° °19H24°3 c »76.0 |H,8.0 C,75.9jH ,? .9>
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tin (25g*) added sad bo iling  continued until tbs
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dissolved«A second portion o f nosey tin (25g .) was dissolved by 

boiling and f in a lly  a th ird  portion o f tin (lCO g.) was in tro - 

duce&.The mixture was boiled fo r  5 hours »cooled to 50* and 

f i lte re d  with euetion.The crystalline t in  sa lts  so removed 

were washed in the funnel with cold g la c ia l acetic acid 

(100c.c.).The f i lt r a t e  and washings were stirred  into cold 

wator(3 l i t r e s )  and the pink 6-brono-2-naphthol»which pre

cipitated» was filtered.The so lid  was removed from the funnel 

and washed by stirrin g  with w ater(l l i t r e ) .A ft e r  re filte r in g  

and drying at 50°»the yield  was 214-22j*g •, 96-100$.This product 

contained some t in  salts,but was pure enough fo r the next 

stag®«She m.p. was 12>-7t 

(e )  6-Bromo-2-methoxy naphthalene

6-Bromo-2-naphthol(223g.,1 mole.) was dissolved in  a 

solution o f sodium hydroxide(SGg.»2 moles.) in  waterCi l i t r e s ) .  

Methylation was effected by heating to 70* with two portions 

of dimethyl sulphate(12Gg.,1 mole, and 63g.,0.5 mole).The 

mixture was thoroughly cooled a fte r each addition end fin a lly  

the product was fi lte re d  o ff  .The solid  was dried and diet H IM  

under reduced pressure.Over a large number o f methylations 

the y ie ld  was 145~170g.f60-704,o f white crystalline so lid , 

a .p . 103-5»b .p . 189-199° at 2Chi.a.Ctoe crysta llisation  from ethyl 

alcohol gave colourless needles,a.p .106-7?

The recovery of «m ethylated 6-broao-2-naphthol from the 

alkaline reaction liquors by acid ification  was quantitative.
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(d ) 6-fcethoxy-2-naphtholc acid

6-Broao-2!-methoxy naphthalene( 23.7g • ,0 .1 mole.),m .p.106- 

7“was dissolved in hot Analar benzen0(75c.c.).Magnesium 

turnings(4g.,0 •17g.atom) ware placed in a 500c .c . round- 

bottomed f la s k ,f it  ted with a three-necked adaptor which 

carried a mercury-sealed s t ir re r ,a  double-surface condenser 

and calcium chloride tube,and a dropping-funnel.The magnesium 

was covered with dry ether( 75c.c.),and etched by heating 

with ethyl bromide(0*5o.c.) end a crystal o f iodine.When the 

Iodine colour had disappeared and the reaction mixture was 

turbid,the hot benzene solution of the bromo-compound was 

added in 15 minutes • During the addition the contents of the 

flask  were thoroughly stirred  and heated in  a water bath at 

5Ch*60*. The mixture became dark brown and stirrin g  and refluxing  

were continued fo r  two hours.ifthyl bromide( 5c*c.) was then 

added at half-hour intervals in  the following quantities—

6 portions of 0*5o«c. ,2 portions o f 0*75c.c. and 1 portion of 

0.5c.c.— and boiled fo r  a further 30 minutes.The overall time 

of re flux  was 6*5 hours and only a very small amount o f 

magnesium remained undissolved•The cooled reaction mixture 

was poured steadily,w ith stirrin g ,in to  dry ether(75e*o.) 

saturated with so lid  carbon dioxide.The carbonated Grignard 

compound separated as a viscous semi-solid and,when a l l  the 

excess carbon dioxide had evaporated,the free acid was l ib e r 

ated by thoroughly, s t irr in g  in 1tlconcentrated hydrochloric
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acid(75c.c.).The ether was evaporated and the whit a precipitate  

of the acid was fi lte re d  and pressed dry. The benzene layer in 

the f i lt r a te  was retained.The acid was dissolved in hot li 

sodium hydroxide, filte red  » acid ified  and the precipitated acid 

f i lte re d  and dried.One crysta llisation  from xylene yielded  

10.1 to ll#2g.»50~5^»a*P*2000lover a number o f experiments.

The benzene layer was extracted twice with cold ft sodium 

hydroxide and acid ification  of these extracts gave some ligh t  

brown acid.This material was very impure and had sup. 170-3°. 

Three crystallisations from xylene gave about 2g.(10^ of the 

theoretical y ie ld ),a .p .l9 6 -8 r

U S M J Ü 1  ■
(a ) 6-Acetvl-2-raothoxy naphthalene

Aluminium trichloride(2Q0g.,1.9 s o le . )  was powdered and 

dissolved in  dry, red ist illed  nitrobenzene(1 ,200c • c • ) . To th is

'solution was added 2-aethoxy naphthalene( 192g*, 1.22 s o le . )  

and the homogeneous mixture cooled well in ice water .A cetyl 

chloride(120g*,1.53 s o le . )  was added dropwise with shaking 

during 20 minutes.The dark,bottle-green reaction mixture .was 

allowed to stand at room temperature with occasional shaking 

fo r  48 hours,after which i t  was poured into a vigorously 

stirred  mixture o f ice (l,000g.),w ater(400c.o .) and concentrated 

hydrochloric acld (400c.c.).As the complex decomposed,the green 

colour disappeared and the brown nitrobenzene layer separated. 

This was washed twice with water by decantation and the nitro
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benzene steam -distilled of$ leaving a so lid  cake of the acetyl 

compound which was filtered.The dried so lid  was d is t i lle d  at 

16^170°at >-4a.ia.Thls gave 134g.,76-*77$»of a pale yellow o i l  

v;hich rapidly so lid ified ,but the n.p. was low.Cne c ry sta llis 

ation from absolute methyl alcchol(2^<jc.c.) yielded colour- 

lees blade© ,120g*, 5O5», a . p.104—5*

(b ) 6-!,fothozy-2-nm>htho 1 c acid

A solution ©f sodium hypobromite was prepared by dissolv

ing sodium hydroxide(14 % .) in  water(6C0c.c.) and adding bromine 

(50o .c .) with stirr in g  at (£ 5* The thoroughly cooled hypobromite 

solution was added dropwis® to a stirred  solution of 6 -acetyl- 

2-aethaxy naphthalene(5Gg.)  dissolved in dioxan(350c• c * ) .

During the >0 minute addition the temperature rose gradually  

and was maintained at by cooling in a water bath.The

temperature was then rained to 50^55* to ensure complete 

oxidation .The « c e s s  bromine was destroyed by stirrin g  in  

so lid  sodium hydro sulphite and the mixture diluted by pouring 

into water(2 litres).500c*e* o f liqu id  were d is t i lle d  o ff  to  

remove the dioxan and bromofora and the alkaline solution  

f i lte re d  hot .Acidification with concentrated hydrochloric acid 

yielded the pale yellow acid,48.7g*One crysta llisation  fro «  

xylene gave nearly colourless needles of 6-aethoxy-2-naphthoie 

acid, j*5-57g. .70-75^, a.p.205-6o.

6-Methoxy-2-naphthoic acid, prepared by either of the above 

methods (1 ) or (2 ), was then ¿«methylated and the S-hydroxy-
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2-napktboic acid homologously alkylated.

6-Hydroay-2-naphthoic acid

6-*!othoxy-2-naphthoic acld(3.4g.,G.C42 mole.) was suspended 

in a mixture o f g la c ia l acetic acidO jSc .c .) ,43,S hydrobroaic 

acid (35c.c.) and g lac ia l acetic acid (20c.c.) saturated with 

hydrogen bromide »During the reflux tine o f 2.5 hours the 

methoxy acid dissolved»The dark solution was cooled thoroughly 

and the ligh t brown crystal® collected and washed well with 

water.One crysta llisation  from water(l,200c»c») gave 

69-7011»,of pale tan needles,sup.249°.One further crysta llisation  

from water gave almost white needles,m.p»290#.In a number of 

experiment® the yields were between 70  and 75^.

Derivatives

Acetate

5- liydroxy-2-naphthoic acld (0»5g») was dissolved in 0.5^

sodium hydroxide(5c.c.) and the solution cooled thoroughly in  

ice water while acetic aehydride(0• • c • ) was added dropwise

with stirring .A  white precipitate formed immediately and a fter  

stirr in g  fo r  a few minutes at 0,the solution was found to be 

acid.fhe acetate was filtered,washed w ell with water and a fter  

two crystallisation® from ethyl acetate had the constant a»p. 

228(d) .Knowles(49) has reported the sup.221-5*

' Benaoate

6- nydroxy-2-naphthoic acld(0.5g»)was dissolved in I  sodium 

hydroxide(5c.c.) and the solution well shaken with benzoyl

196



ch lorido (0 .5c.c.) .The mixture became warm and was allowed to 

stand fo r 15 minutes,with periodic shaking, until i t  had cooled 

to room .temperature.The suspension o f the sodium salt was 

stirred  thoroughly with concentrated hydrochloric acid and 

the benzoate o f the free acid filte red  o f f •The benzoic acid 

was dissolved out by S tir lin g  with cold ethyl alcohol(30c .c . ) 

and the insoluble benzoate refiltered«The white powder was 

crystallised  twice from ethyl acetate and gave small needles 

m.p.237?

Benzene sulphonate

The preparation was exactly as described above fo r the 

benzoate,using benzene sulphonyl ch lorida(0 .6c.c .) fo r  0*5g. 

o f the hydroxy acid.The bu ff coloured product obtained on 

acid ification  was crystallised  twice from g la c ia l acetic acid 

and once from ethyl acetate.The fine colourless needles had 

m.p*228.5*

The method o f alkylation was exactly as described fo r  the 

preparation o f the 5^*elkyl©xy*»l*^iaphth©ic acids (page 190) • 

After one crysta llisation  from g lac ia l acetic acid the ethers 

wore obtained as colourless needles in  85-90/;» yield.The a .p . 

values and analysis figures lis ted  below were obtained on 

samples o f the 6-n~alkyloxy-2-naphthoie acids which had been 

crysta llised  twice from g la c ia l acetic acid and twice from 

xylene
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A lky l
ffroup

Analysis fo r  C10HC.CR.COOH Analysis found

Methyl 205* C12H10°3 C»71‘29|H,4.94 O,71.2|H,5.0 %

hthyl 213* CX3H12°3 c »72.2 |H,5.56 C ,? 2 .H H ,5 .H  $

Propyl 208° C14H14°3 C,73.05|H,6.09 C,72.9|H,6.1 $

Butyl 198* g15h16°3 c *75*77<H,6.55 C,73.9lH,6.4 </d

Amyl 179.5* C16H18°3 0#74.42»Ht6.98 C,?4.3|U,6.9 si

Hexyl 147* c17h20°3 c »75.0 |H#7*35 C,74.9iH,7.4 %

Iieptyl 163° C18H22°3 c »75.54|H,7.69 Cf75.1|0,7*7 ¡6

Octyl 161.5° C19^a4°3 c »76*° *H» 8‘ ° C,75.9|H,8.0

lionyl 146.5° °20H26°3 C»76.44|Hi 8.28 Cf76.6|II,3.4 %

Docyl 139* C21H28°3 c *76.3 |H,8.54 C175 • 31II f 8 • G /«>

Dodecyl 119* c23H3203 Ct77.54;H,8.99 C»77.h»H,9.1 %

Hexadecyl 107° C27H40°3 0«78.S4|H,9.71 C*73.9jH,9.7

Octadecyl 114* C29U4403 (W * 1 l lI<10’0 C,79.2|H,9.9 *

G-JU^any loxy-2-napht hoic acid was prepared by the above

method «This 3-a@thy 1-butyl ether was crysta llised  three times 

from g lac ia l acetic acid and had m.p.194* (Found*C,74.3tH,7.G.

C16Ii18°3 r9( ûirdB C|74.42|Hf6.9S^).
6 -lso -nonyloxy-2~napht;holc acid was also prepared .This was 

the 3 15 *9-trlmethy 1-hoxyloxy acid and a fte r  three c ry sta llis 

ations from g lac ia l acetic acid the sup* was 170* (FoumdiC,76.6| 

H,8.2.C2qH20O  ̂ requires C*76*44jH,8.28$).

5« 5-Chloic-G-EHalkyloxy-2-naphtho1c acids

9-Chloro-6-hydroxy-2-naphthoic acid may be prepared either 

by the deaethylation of G-methoxy-2-naphthoic acid and o h lo r-
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ination of the hydroxy compound or by chlorination o f the 

aethoxy acid and subsequent dea@thylation.The overall y ie ld  

from 6~aGthoxy-2*-naphthoie acid is  better by the la tte r  method. 

The re lative yields were 50-51J& and 6jJ-64#.The 5-ohIoro- 

6-hydroxy-2-naphthoic acid was then homologously alkylated to 

give the n-alkyl ethers.

(a )  3^Chloro-6"»hydroxy-2«»naphtholc acid 

ô-Iïydroxy-2-naphthoic acid(18.8g.#0.1 mole.) was dissolved

in  g la c ia l acetic &cid(170o.c.) and a hot solution of 

dichloramine-T(12g.,0.05 mole.) in g lac ia l acetic &cid(60o.o.) 

followed by concentrated hydrochloric ae ld (0 «5e .c .) were added. 

The mixture was heated on the water bath fo r  4 hours «cooled 

and the ligh t brown crystalline product fi lte re d  .A ll the 

j>-tolueno~sulphonamide was retained in the mother liquors.

The so lid  was washed with a l i t t l e  g lac ia l acetic acid and 

several times with water.One crysta llisation  from a small 

volume o f absolute methyl alcohol gave ligh t fawn needles o f 

5-chloro~6-*hydroxy-2-naphthoic acid , 16g., 72-73%,m .p . 278t d ) . 

Sublimation at 16C&180* at l~2a.m* gave a white product ,a .p . 

279*(d) (F@Md*C,59.1|H«3«5i01il0*0.0^H^0^Cl requires C,59.4|

H,¿.15*01,1 5 * » ) .

(b ) 5-Ghloro-6-acthQ3cy-2-naphtholc a d d  

6-iethoxy-2-aaphthQio ac id (5• 05g.,0.025 mole.) was

dissolved in g la c ia l acetic aoid(150c.c.) at 40*.Dichloraaine-T 

(¿ g . ,0.0X5 mole.) dissolved in g lac ia l acetic acid (20c.c.) at
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40°and 2-4 drops o f concentrated hydrochloric acid wore then 

added.The mixture was refluxed fo r  4 hours.On cooling 4.73g., 

81*3$»of white crystalline product aep&r&ted, leaving the p - 

toluene-sulphonaaide in solution.The so lid  was washed with 

a l i t t le  g lac ia l acetic acid and with water»and dried.One 

crystallisation  from g lac ia l acetic acid gave an SQp y ie ld  

o f white needles o f 3-cliloro-6-aethoxy-2-naphthoio acid, 

m.p.320.5*

(c )  5-Qhloro-6-hydroxy~2-oaphtholc acid

5-Chloro-6-mothoxy-2-naphthoic acid(23 • G5g .,0 .1  ao le . ) ,

48/1 hydrobromic acid ( 230c#c.) and g lac ia l acetic aoid(230o.c.) 

ware refluxed un til a solution was obtained(14-16 hours).The 

reaction mixture was poured into water(l l i t r e )  and the pale  

pink p rec ip itate (20g .,*.p .270-273°) f i lt e re d ,washed with water 

and dried .Soxhlet extraction with ether removed some high 

melting material which was insoluble,and evaporation of the 

ether gave 18.5g**83#,m.p.271°(d).Gn@ crysta llisation  from a 

email volume o f absolute methyl alcohol yielded 17*%* *79^, 

of ligh t brown needles,m.p.273-9*(d)..Sublimation at 160-180° at 

l-2m.su gave a white product ,a.p.279°(d).

(d) 3-0hlorc!N.6«̂ .alfeyle»,-2Haa'phthoic acids
The method of alkylation was exactly as described under 

the preparation o f the 5-2ral^yloxy-l-aapkthoie acids (page I9Q. 

After one crysta llisation  from g lac ia l acetic acid the yields  

of 3*-chloro-6-n-alkyloxy-2-naphtholc acid® were 80-90^.
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Complete purification  was effected by carrying out an addition

a l crysta llisation  iron g lac ia l acetic acid and one from 

95,j ethyl alcohol «For the analyses and n .p. determinations 

the hexyl,hept y 1,nonyl,decyl,dodecy1 and hexadecyl ethers were 

also sublimed at 1-2» .a .

A t o l  '
STroup

m.p* Analysis

Methyl 320 .5 ' C ^  03C1

fithyl 269* ° 1/ IX1°5G1

Propyl 219.5“c14Hl i 0i Cl

Butyl 209.5°C15H150_jC1

Amyl 189° C1gH1703C1

Hexyl 1 » "  CX7!I19°501

Heptyl 165*5° ci8H2l°3C1

Octyl 169° C19H2303C1

Honyl W  G20H25°3C1

Decyl 167° C21H2703G1

Dodecyl 152* 023u510301

Hexadeoyl 142.^ C^H ^O jG l

Cctadecyl 138.5° C^H^O^Cl

fo r  01qH^.01.QR«CQQH

0,60.9111,3*8 (01,15*01

C,62.3(H,4.39(01*14.17

0,63.5(3,4.92(01,13*42

0,64.6(3,5.39(01,12.75

0,63.6(3,3*3 (01,12*13

C,66.6(H,6.2 (01,11.33

C,67*4(3,6.35(01*11.08

0,63.2 (II, 6.83; C l, 10.61

0,63.9(3,7*17(01,10.19

0,69*5(3,7*45(01, 9*79

0,70.7(3,7*94(01, 9*09

0,72.6(3,8.74(01, 7*93 

0,73*3(3,9*06(01, 7*48

0,60.7(3,3*9
01,13*3/«

0,62.3(3,4.4
01,14*3/«

0,63.5(3,5*0
01,13*5/«

0,64.8(3,5.5  
C l, 12 • Ö,)«

0,65*8(3,5.8
01,12.05/«

0,66.6(3,6.2
Cl,11.4/o

0,67.4(3.6.6  
C l,11.to

0,63.6(3,6.9
01,10.6/«

0,68.9(3,7*2
01,10.1/»

0,69.5(3,7*5  
01, 9*&«

0,70*7(3,8.0
01, 9 . i *

0,72.4(3,8.9  
01, 7 * ^

0,73*4(1,9*1 
01,7 *4/>
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6* 5~Bromo~6Ha~alkylo:xy~2~naDhthoic acids

These ether aoids were prepared by alkylation o f 5-broao-

6“hydroxy-2-»naphtholc acid.Compared with the corresponding

chloro co»pounds,the greater ateric factors involved,due to

the larger bromine atom ortho-to  the hydroxy group »always

gave rise  to a product which was contaminated with unreacted

hydroxy acid.The la tte r  has a high so lu b ility  in ethyl alcohol 
0

and a low so lu b ility  in benzene.Thus,crysta llisation  from 

alcohol followed by crysta llisation  from benzene with hot 

f i lt ra t io n  from Insoluble material yielded the pure 5-bromo- 

6-n-alkyloxy-2-naphthoic acids .The amount o f unreactod hydroxy 

compound increased with the length of the alkyl chain te  be 

introduced.The above method proved to be ineffic ien t fo r  chain 

lengths greater than nonyl.The higher ethers were therefore 

prepared by bromination of the 6^alkylGxy-2~naphthoie acids, 

when quantitative yields o f the bromo ethers were obtained. 

Starting from 6-hydroaQr-2-naphthoic acid ,th is la tte r  process 

has the disadvantage o f necessitating an alkylation and a 

bromin&tion fo r each ether.

(a )  5 »B . r » e ^ M d r ^ ^ ^ p h t h o . lc _ a c M .

6-Hydroxy^2~aaphthoie acid (18 .3g.,C .l mole.) was dissolved 

in hot g lac ia l acetic acid(20Ge.c*)#Broaine(16g*,Q*l so le * ) 

dissolved in g la c ia l acetic acid(5Go.e.) was added at @0°and, 

as the bromination proceeded smoothly,the product precipitated  

out .The reaction mixture was warmed fo r  one hour on the water
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bath at 80° to complete the reaction and remove most o f the 

hydrogen bromide .The mixture was cooled»diluted to 70Q-8Q0c.c. 

and the pale pink so lid  filtered.The y ie ld  was 25g. ,92- 95%, 

a .p .265-5“One crysta llisation  from g lac ia l acetic acid gave 

ligh t tan needles of 5-broao-G-hydroxy-2-naphthoic,19g•»70%# 

m*p*266° (Found*0,49.5|H,2.8;Br,29.5«Cjj>Hip0^Br requires C,49*44j 

H,2.62jBr,29*66/a).

(b ) 5-Brooo-6-n-alkyloxy-2-naphtholc acids

(1 ) Methyl to nonyl

By alkylating 5-broao-6-hydroxy-2-naphthoic acid 

according to the procedure described fo r  the 5 -n -a lkyloxy-l- 

naphtholc aoids(page190),the crude ethers were obtained.One

crystallisation  from ethyl alcohol (95%) and one from benzene 

( f i lt e r in g  from any unreaeted hydroxy compound) gave the almost : 

pure acids.The yields »which were between 60 and 80%, decreased 

with increasing length of the alkyl group.Two further
i

crystallisations from g la c ia l acetic a d d  gave the constant
t

m.p. values and analysis figures lis ted  below.

(2 ) Decvl.dodecyl.hexadecyl and ootadecvl,

The 6-n-alkyloxy-2-naphthoie a o id (l mole.) was 

dissolved in the minimum volume o f g lao ia l acetic a d d  at 80° 

and treated with bromine(1 mole.) dissolved in twice it s  volume 

o f g lac ia l acetic a d d  .The mixture was stirred  at 80“ fo r  20 min

utes, crysta llisation  occurring almost immediately the addition 

had been made .The reaction mixture was cooled and an almost
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quantitative y ie ld  o f the crystalline 5-broao-G-n-alkyloxy«2-- 

naphthoio acid fi lte re d  off«Two crystallisations from g lac ia l

acetic acid gave the constant n .p . values and analysis figures  

lis ted  below.

A t o i
Sroup

S»{? ♦ Analysis i

Methyl 50/(d) ^12^9

Bthyl 281(d) °13Hl l °3 Br

Propyl 224° c14H13°3Br

Butyl 213° c15H15°iBr

Amyl 196.5° °16H17°3Br

Hexyl 178° °17H19°3Blp

Heptyl 156° 018«21°3Br

Octyl 164° C19H23°3Br

Uonyl 168° C20H25°3Br

Decyl 167° °21H2?°3Br

Dodecyl 151*5° O y H ^ B r

11

138.5° Ca7HJ9°JBr

Ootedecyl 136*5° °29H43°3Ep

sis
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7» 5-Iodo-S~n-alkyloxy~2-naphthoic ad d s

j^Iodo-C^hydroxy-2-naphthoio acid was prepared ty  iod ia - 

ation o f 6-hydraxy—2~naphthoic acid,tut the product was very 

d iff ic u lt  to alkylate*In th is case the iodine at on ortho-to 
the hydroxy group w in  exert an even larger storio effect than 

that shioh operates in  the corresponding trono-compound »which 

was i t s e l f  very d iff ic u lt  to alkylate»The others were therefore 

prepared by iodination o f the individual 6-n-alkyloxy-2- 

naphthoio acids*

(a )  5»ledCH«6«*h,ydroxy»2*naphthoiQ acid

Sodium iodide(3g*»0.02 sole*) was dissolved in to ilin g  

g lac ia l acetic acid(10c*c*> and added to a solution o f d i -  

ehloramlne-f (2.hg*,Q.01 noie*) in warm glacial acetic acid 
C 5c *c*). During the addition the mixture was cooled and well 

stirred*fhe resulting solution o f iodine aonochloridtCO *02mole. ) 

was c lear and ligh t brown in colour.This solution was added 

with stirrin g  to 6-hydroxy-2«naphthoio aoid(3*76g«»0*02 mole«) 

dissolved in g la c ia l acetic acld(35o*c*) at 80*.Thè lodo- 

compound began to crysta llise  almost immediately»and after 20 

minutes »when the reaction was completai the mixture was cooled - 
thoroughly.©*# product ms filtered,washed with glacial acetic 
acid (25c.c.) and dried to yie ld  5-iodo-6-hydroxy-2-naphthoic 

acid,5g*»as tu ff  coloured needles,a.p«2>5td).Iodine was slowly 
given off from 220° and the decomposition to came vigorous at 
the m*p«The y ie ld  a fter one crysta llisation  fresa g lac ia l acetic
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meld was 80# and the m.p* remained unchanged (i?ound:C,42.1|

H,2O*I»39«9*0u H703I  requires C ,42.05fH,2.2ifI,40.44#). The

recovery o f 5-iodcn-6-hydro3y-2-naphtholc acid was quantitative*

i f  the iodinaticn liquors were diluted to 75# aoetie acid* 

Further d ilution w il l  precipitate g-toluene-sulphonaaide•

Shis precipitated material had m*p*225td ) ,and several 

crystallisations from g la c ia l acetic acid fa iled  to raise the 

sup* above 23o\d).

(b ) 5-Iodo-G-n~allCTlo3CiH»2-naphtholo acids '

The 6-g*alkyloacy-2-naphthoic a c ld (l  s o le . ) was dissolved 

in the minimum volume of g la c ia l acetic acid at 30°, and a 

solution of iodine monochloride(1 mole*) in  gl&oi&l acetic 

acid was added rapidly with stirr in g  «The iodo- compound 

began to crysta llise  2 minutes a fter the addition was 

complete,but the temperature was maintained at 80° fo r  20 

minutes to ensure complete reaction*After cooling, the 

crystalline 5-iodo-6-n-alhyloxy-2-naphthoic acid was filte red  

washed with g la c ia l acetic acid and dried*(hie crystallisation  

from g lac ia l acetic acid gave 85 to 95# yields o f highly  

pure material«The acids were crysta llised  to constant cup* 

from g lac ia l acetic acid and in  a l l  cases only' two c rysta llis 

ations were su ffic ient* '

The sup* values and analysis figures are lis ted  in the 

following tab le .
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however give n itro-derivatives of fa ir ly  high acetic acid 

so lu b ility ,a  suspension of these ethers(0.5s«> in g lac ia l  

acetic acid (25c.c.) was used.In both cases complete solution  

resulted during the nitration.A solution of fuming n itr ic  aoid 

(2 c .c .) in g lac ia l acetic ac id (2 c .e .) was added with s tirr in g ,  

the temperature was raised to 75*end these conditions maintain

ed fo r  10 minutes.The mixtures ware diluted un til e sy sta llle -

ation began at about 70°.Chi cooling,the yellow needles o f the 

crude 5-nitro-ô-n-alkyloxy-2-naphthoic acids were fi lte re d ,  

washed well with water and dried.The yields at th is stage were 

between 85 and 9596. Purification of these compounds involved a 

number of crysta llisations,as the mesophases were o f very 

short range and the transitions had to be obtained as sharp 

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

o f crystallisations in  parenthesis are summarised below. The 

constant n.p# values and analysis figures are also lis ted .

Alkyl Solvents and number o f crystallisations
Soup

Methyl

Amyl

Octyl

Bonyl

Deeyl

Dodecyl

Hexadecyl

Cctadocyl

G lacial acetic aoid (3 )

G lacial acetic acid( 3 )

G lacial acetic & old (2 ),to luene(l)

Absolute £tGH(4),toluene(l)

Absolute ht011(4 ) .toluene( 2 )

Absolute S tO H (l),g lac ia l acetic a e id (l )  ,toluene(4) 

Absolute BtOH(4) ,to luene (l)

Absolute htOII(5) ,to luona(l)

208



Alley 1 m ♦ p » Analysis fo r 0? rie  .H&* «03 «C0CH
M sm i A *  *

Methyl jJ02° Ô H 0,58.3 |H,3*64|N,5.67

Amyl 211° Cx6H17 ° 5M G»^3.37|H,5*61|i,4.62

Octyl 187° ci 9H23° 5M C,66.1 |H,6.66tH,4.C5

lonyl 174.5°G20H2505Ii C,66.85tH,6.96f»,3.9

Decyl 173*5°C2l H270^ll 0,67.58|H,7*24|ilt3.75

Dodeeyl 167° O ^ H ^ O ^  C,68.83|H,7.73|H|3.49

Hsxadeoyl 160° C27H3905M 0,70,9 *H»8*34|ri,3.0S

Octadecyl 152° C,71.75|H,8.87|Ii»2.89

0,53.2|Hf3.6|
M,5.5Sà

C,63.4iH,5.7l 
11 (4*7/i

C,66.2}H,6.Sf
11,4.1^

C,67.0|H,6.9t
H»3*9^

C,67.5|H»7«2|
l t3«@^

C,68.5*Ht7.7l 
1!,3.5k

C,71.1»H,8.6f
I ,  3.05^

C,71.9|H,8.9*
II, 2.85/*

9* 7~n~Alkvlo:xy~2-~naohthol c acids 

(a )  Sodiua 7~anino«»na7)htfaaleno~3~sulphonate

7**Aaino—naphthalsno—2—oialphonlc acid(223g.,1 s o le . )  was 

dissolved in  a solution of sodiua hydroxide(4Cg.,l mole.) in  

water(1 ,800c. o. )  at 80*.The eolation was evaporated to dryness, 

the residue was powdered and the ligh t brown sodium sa lt  

completely dried in an oven at 100?

<b) 7—Aaino—2«»naT?hthonitrlle

Sodiua 7-aaino~naphthalene-2-sulphonate(35s- )  and p o t a s s i «  

cyanide ( 70g. ) were powdered and thoroughly mixed.The mixture 

was dry d is t i lle d  in  an a l l  g lass retort heated to 5001600° in  

a high temperature sa lt  bath.A pale brown o i l  d is t i lle d  and
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rapidly so lid ified  to giV0'3*8g* o f palo yellow so lid.This was 

dissolved at 80* in a solution o f concentrated hydrochloric acid 

( 100*0« )  in mter(350o* o*) ,oooled and filtered f r a  a little 
tar*Concentrated aanenim hydroxide was added until the solution  

was ¿ust alkaline*and the pale yellow precipitate of 7-amino- 

2-maphthonltrile,3*3g* ,» .p *  140^160°, was fi lte re d  »One c ry s ta llis -  

atlon fresa beasene or absolute ethyl aleehol gave s ligh tly  

yellow needles,1*7$*, 7*1$,i»*p«194~6«2bln Material.ms pure 
enough for the conversion to the hydroxy-nit r i le  .Two further 
crystallisation® frost bans«# gave a.p.197* (FouadtC,78.4iH, 

4*8iH,16*7«Cu H882 requires C,78*57fH,4.76|JI,16.66^).

(e ) 7-HjtoKCT-a-naghthoaltrlle

7-Anino-2-naphthonitrile(5• 04g.,0.03 nolo*) was dissolved 
in boiling glacial acetic acid (60c.c.) and tc this solution

at 80°was added 40^ (w/w) sulphuric ac id (60c .c .).a lso  at 80*
*

She Mixture ms rapidly cooled to 0° to obtain the fin e ly  

divided mine sulphate«Sediisi n itr ite (4 .2 g *,0.06 noie*) in  

water(30o*e*) was added dropwise at Q*to the stirred suspension 

and maintained under these conditions un til a clear brown 
solution wm  obtained.The excess sodiun nitrite ms destroyed 
by adding sulphanic acid un til a  blank reaction m s given by 

starch-iodide paper.Tho cold diaaenlm salt soluti» ways added 

dropwise during ' 30 Biimton to a s t i r  rod and bo iling  4Q^ {w/w) 

sulphuric acid oolutiondOOc.c.).nitrogen was evolved,the solut

ion boemo rod and sono desk oil eepareted.Boiliag was continued
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fo r  on# hour.lhea eeld»the crystals and solution war# extracted 

with ether and tho 7-hydroxy-2-naphthonit r i lo  removed from 

the ether by shaking with two portions o f O.JH ©odium hydroxide. 

Acidification gave a pale pink precipitate which was fi lte re d .  

(Me crysta llisation  from acetic acid gave orange-yellow 

plQteo,3.35G* *7G/i,n.p.13^-5°.Two further crysta llisations from 

the same solvent yielded pale yellow plat@sfm.p.l®S.5° (founds 

Ct77*9|H,h.3|lM*2.Cu H70if re fu ires Ct78.1|H,4.14|I#8 . 2 ^ ) .

•(d) 7-l&drcgg^2-naAtholc acid

7-Hydroxy-2-naphthonitri!e(2. 5g. )  was dissolved in  M  
potassium hydroxide( 50c.c.) and refluxed un til no acre 

ammonia was evolvod(h to 5 hours).The solution was cooled» 

diluted with an egual volume o f water and acid ified  with 

concentrated hydrochloric acid• 7-Hydroxy»2-naphthoic acid 

precipitated as a pale pink so lid  which was fi lte re d  and dried» 

yielding 2.4g. ,90^»n.p.26-3-9°.This material was used fo r  the 

alkylations.Two crysta llisations from water gave pale yellow  

needles,s.p .2@£~270° (PoundiC,70.IfH ^.h .G ^H gO j requires 

C,70.21|H#4 .1 ^ ) .

(e )  7 -n -U ]g lo ay -2-napirtholo »o ld .

■ CMly the »-o c ty l and &*hoxadeeyl ethers wore prepared.

The method used was the same as that fo r  the preparation of 

the 5-a-alhyloxy-l-naphthoic acids (page 190 .The ethers were
;

purified  as fo llow s.

7-n-Oetyleaa^-aiahtiielo acid was obtained in  90jS y ie ld  a fte r
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one crysta llisation  from 90% ethyl alcohol as pale yellow  

needles,sup• 139 • 5-141 • 5 • Further crystallisatIon  from g lac ia l 

acetic acid and xylene raised the sup« to 141«5jbut fa ile d  to  

remove a l l  the colour.Whlte needles were obtained by subliming 

at 170°at 2-3a*cu,®nd th is material had n .p. 142.5°(Foundi 

Cf7^*0|H,7*9♦0^02^0^ requires Q,7S«0§H,8*Cf§)« 

7-»n-H«xsidegyl«y»2-»naphthole acid was obtained in 90,» y ie ld , 

m«p«13>-5*after one crysta llisation  front 90% ethyl alcohol« 

Crystallisation  from g lac ia l acetic acid and xylene gave pale 

pink needles,a«p«135*Ehe colour was removed by subliming at 

210-220° at 4m.a« »whereby colourless needles were obtained, 

sup• 158°.Further crysta llisation  did not a lte r  the a «p *(Founds 

C,78'6|H,9*7'^27^40^  w<iuir®fl C,78«64|H,9*71%)•

10« 3*yiuoro-4-o-mlkyloxy benselc acids • ■

These ethers were prepared by alkylating >-€l®ere-4-» 

hydroxy bensolo acid,which was obtained by the following 

reactions.

Keither the hydroxy a d d  nor the ethers have been reported in  

the lite ratu re  and the intermediate 2-fluoro-4—brono-anisole

CO O H COOH
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is also unknown• Therefore there was a degree of assumption
involved in  accepting that e-fluoro-an isole brominatea in the 

4-position.lt is mads highly probable that it doss sinos 
Ingold and IIolm©o(50) havo proved that nitration of £->fluoro- 

anisole gives 2 - f luoro-4 -n ltro~aaisole«However, t  o verify  the

position of substitution,> - f  luote-4-||-*amyloxy benzole aoid

was prepared by the following unambiguous route*
OH

-S '1! ! 1-

OCs+H„

OOH

fuming y
m o f  >

Fe/H01/v 
dtOH > 20 C r H„ 

H

este rif icat Ion v
-------------------—------------------ ?

F

O O H

OH„
]NH* laBQg/MaB?̂ / 

distillation

CfH,,
J  hydrolysis >
OOE*

This Bitted is aute longer and the yields are much poorer, 

but some >-fluoro-4-n-anylcxy benzole aoid was obtained .This

material ted the same m.p* as the mgrl ether prepared by the 
first Betted, and a mixture of the two gave no n.p. depression* 

The orientation in 2-fluoro-4-broao-anisole was theroforo 

proved*

The preparation from g-hydroxy benzoic acid w i l l  be desorib- 

ed first,followed by the noro direct method used fo r  the series 
of ethers*
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(1 ) 3-Fluoro-4-n-aaylogcv bensoic acid *

(a )  Aayloxy benzoic aold

This ether was prepared from ]>*hydroxy benzoic aold 

by the esse method o f alkylation as described fo r  the prepar

ation o f the 5“S~alkyloxy-l-naphthoio acids»One erysta lllsa tlon  

o f the crude product from g la c ia l acetic a d d  gave colourless 1 

needles,180g« l86-87$t®*p« 122-5'.

(b )  3-Bit ro-4-n-amyloxy benzoic acid

g-g-layloaey beaaolc aeld(104g.,0*5 mole.) fg la c ia l acetic 

aeid(600e.c.) and fuming n itr ic  acid(320c.c.) were heated fo r  

5 hours at 70°, cooled and allowed to stand over-night .The *

suspension of yellow crystals in  the nitration liquors was 1

poured in to water(5 l i t r e s )  and the nitro- compound f ilte r e d .

One crysta llisation  froa g la c ia l acetic acid gave pale yellow  

needles,90g. ,71-72/i,m.p.143.5°*Tv70 further crystallisations  

fro *  the same solvent gave nt.p.l50° (F©und*0f56*7|H#5.9|l,5 .5 . 

Ol^O^Kraquires 0,56.9tH,5.9|H,5. ^ ) .
(o ) 3-Anlno-'t-n-eay 1 oxj trozolo acid

5^itreMt-g«a*ylexy bensole acld(22.3g.,0.1 »ele.),$5l§ 
ethyl aloohol(23Qe«e*)  ,water(25c. e • ) ,  concentrated hydrochloric 

acld (5Gc.c.) and iron pin dust(21g. ,0.575g*at««) were refluxed 1 

on the water bath fo r  24 hours with vigorous agitation. i

Concentrated onnoniun hydroxide was added to the hot reaction 1

mixture « t i l  alkaline # and the whole allowed to stand over-night >- 

to ensure that all the ferrous hydroxide was oxidised to the
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more r@adi.ly fi lte red  fe rr ic  oxide.The inorganic oxide was 

f i lte red  o ff  and well washed with d ilute aanoniua hydroxide, 

un til the washings gave no precipitate on just acidifying  

with dilute acetic aoid.The f i lt r a te  and washings were 

concentrated to about iQGe.c., refiltered ,cooled  to 0° and 

aade s ligh tly  acid with acetic acid .The ligh t brown precipitate  

16.2g. ,80/i,of 3-amino~4-n-amyloxy benzoic acid was fi lte red  

and dried «The a .p . was 10(£l02o.The araino- compound was very 

d iff ic u lt  to purify  by crysta llisation  and the above material 

was este2d.fled.Bwe pure amino-acid was obtained by hydrolysis 

of the pure ester and th is product had sup.104° (Foundi0,64.3t 

H,7*4|H,6.4.012Hi?0^H requires 0,64.5»H ,7.6|I,6 .3^).

(d )

3-Aaino-4-§-aaylc«y benzoic aoid( 13g • ) ,  ethyl alcohol 

(lOOc.cO and concentrated sulphuric acld(4c«c*> were refluxed 

fo r  5 hours .The reaction mixture was poured into waterClOGe.e») 

neutralised with aqueous sodiua bicarbonate and the colourless 

o i l  extracted with ether .The extract was dried, the solvent 

removed and the residue d is t i lle d  under reduced pressure.The 

y ie ld  was 11.9g*t©QH»ef a colourless ©ll,b#p.21Q°at 5n.n. Cn 

standing,the o i l  became a colourless so lid ,a .p .3^36° .

( 0)  3-PlBQCT>-«-P-anylwor banzole a d d

Ethyl 3-aaine-4Hj-sayioxy benzoate(2 *5®.,0.0i mole«) 

was stirred  vigorously with w ater(Se.e.) and concentrated 

hydrochloric n c id (3 c .c .),to  obtain the fin e ly  divided hydro*
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chloride.The suspension was eooled to <£-5° and a solution of 
sodium nitrito(1.03s.,0.C15 mole.)in w atorO c .c .) was added 
dropwiso with stirr in g  «After about 90 minutes a pale yellow 
solution resulted «This was f i lte red  to remove a small amount of 
ta r . The solution was added dropwise to a suspension of sodium 

borofluorlde(X*6@«,0.015 mole.) in a small volume of water 

(3 c .c .) at less than 10*«Stirring was continued for one hour 
and the precipitated diazoniua berofluorlde ms f i lte re d  «The 

solid was dried in a vacuum desiccator and gave 2«73g*i79^» 

m.p.93-5(d).The dry solid was heated in an all glass distill* 
atien apparatus untU most of the nitrogen and boron t r lf lu o r *  

ide had been «pelled.fht temperature was raised to 180°,but 

only a few drops d is t i lle d  even when the pressure was reduced 
to 2€m*a«The distillate and the still residues were extracted 

with ether and the solvent removed «The residual dart brown - 

oil was hydrolysed by refluxing for 2 hours with 5H methyl 
alcoholic potassium hydroxide «The hydrolysate ms filtered 
free from ease charred material and acidified with 111 

concentrated hydrochloric acid«the dark brown precipitate o f 

3~£luero-4*j|-aayiexy beaseic acid was filteredfdriod and 
crysta llised  from 70% ethyl alcohol «The ligh t brown needles 
were recrystallised from 50# acetic acid and the yellow needles 
were sublimed at 140°at l-2a.rn.The white sublimate»0«4g.vlG£ 

had m.p.137*
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(2 ) 3-FXuoro-4~n~aXkyloxy beniole acids 
(a )  Q~yXuoro-anisoXe

Redistilled  o^aniBidino(92.3s * 91 mole. )  9 concentratad 

hydrochloric acid(19Gc.c.) and water(100o.c*) were vigorously 

stirred  at 0° to obtain the fin e ly  divided hydrochloride.Sodiun 

n itrite (5 4 .8 g .,1.05 mole*) in  water(100o.c.) m m added drop- 

wise• with stirring^© this suspension at 0«Stirring at 0° was 

continued un til a clear brown solution was obtained « ib is  was 
f i lte re d  to removo a small amount of tar»and added gradually  

to a suspension of sodium bor©flu©rlde(130g»9l»5~l*6 n o le .) Is 
water(X00o«e«) at less than lGVfhe mixture was then stirred  

for on# hour.Tho pals yellow diazoniun borofluorido m m filter
ed with suotion and dried in  a vaouua desiccator.The y ie ld  was 

ISO«» 98S$9a.p*95-lOQ(d) .The dry solid was decomposed by heating 

with a flame in an all glass distillation apparatus.The 

distillate was diluted with ethor9washod twice with 0*5® 

sodium hydroxide,twice with water and dried ewer anhydrous 

sodium sulphate.The solvent was removed sad the residue of 

g-fluoro -sn iso le  distilled.The yield of colourless oil was 
35-39«. f37-4^9b.p.l6c£l6*#.

0>) 2-Pluoro-4-bro»o-anlsoX»

o-Rluoro-anieolQCia.SG»,0.15 no lo .) ms dissolved in 
chlorofom (5Qc.c.) and a solution of breaine(2Sg«#Q*15 nolo*) 
in chloroform (50o.c*) ms added in mall port loan in IGminutos. 
The mixture became warn and eventually began te reflux with
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in Analar benzono(190c .c .).i:a 3noeiuri turningsC 10s*10.42g. atom) 

w©re placed in a 500c*c* round-bottoned flask,fitted with a 
three-necked adaptor which carried a mercury-sealed stirrer,
a double-surface condenser and calcim chloride tube end a

quantities— 6 portions o f 2 ©.©.,iuad 1 portion ©f 0.5©*©



After the overall re flux time of 5 hours »only a trace o f 

magnesium remained unreacted .The cooled reaction mixture was 

poured steadily»with stirring»in to  ether(100c*c.) saturated 

with so lid  carbon dioxide«The carbonated Grlgnard compound 

separated as a viscous sem i-solid, llhen a l l  the excess carbon 

dioxide had evaporated »the free acid was liberated by s tirrin g  

in 111 concentrated hydrochloric &old(75c.c• ) .The ether was 

evaporated o ff and the white acid which precipitated »was 

f i lte re d  and washed with water.The benzene layer in the f i lt r a te  

contained only a small percentage o f impure acid.The 5 -fluo ro -

4-methoxy benzoic acid, 28.5g.»67$»a.p. 209̂ *211 *5 »was quite pure* 

but without appreciable loss in y ie ld  the m.p. was raised to  

211.5®by dissolving in hot d ilute sodium hydroxide»filtering  

and reprecipitating with concentrated hydrochloric acid.This 

material was used fo r  the demethylation.The n.p. was not chang

ed from 211.5°hy one crysta llisation  from g la c ia l acetic acid 

and two from absolute ethyl alcohol (Foumdi0,56»4|H,4*l.

O ^ F  requires C,5£«5|H»4.11$).

(d ) 5-?luoro-4-h-Ydroxy benzoic acid
5-Fluoro-4-®ethoxy benzoic acid(42.5g*,0.25 mole.) was 

refluxed fo r  6-7 hours with 48^ hydrobroaic aoid(100o.o.) and 

g la c ia l acetic aoid(100o.o.).The brown solution gave a so lid  

mass of crystals on cooling .These were f i lte re d  and dried, to  

give 24g., 61-62/0.The product is  quite soluble in  acetic acid 

and in water and dilution o f the mother liquors does not pre
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cipitate th9 remaining >-fluoro-4-«m#tshoxy benzoic acid.She 

acetic acid was therefore d is t i lle d  o f f  under reduced pressure, 

and the so lid  residue completely dried,giving ©a overall y ie ld  

of 33*5g* t99^*»«p*148i-157“. Although th is ligh t brown material, 

was quite impure,it was satisfactory fo r  the preparation of 

the ethers•

A small amount o f the hydroxy acid was purified  fo r  

analysis .fo r  colourless needles ,a .p . 145-7*, one crysta llisation  

from water was necessary,with hot f i lt ra t io n  to remove a 

trace o f high m.p« impurity.further crysta llisation  from a 
mixture of water(2 parts) and acetic ao id (l part) gave small 

colourless needles tn.p. 146-7°. No other means o f purification  

attempted improved th is sup« or the analysis (FoundiC,53*0| 

H,3«8.C^H^0^f requires C,53»9fH,3*22%).However,the ether« were 

very readily purified  and the use of the impure hydroxy 

compound was not a disadvantage*

(e )  3 -»y iu o r^ 4 »s «a to l^ r . bensoio.so ld i

Theso others were prepared using the same method o f alkyl

ation «p loyed  fo r  preparing the 3-^-alkyloxy-l-naphthoio acids 

(page 190) »A fter one crysta llisation  from absolute ethyl alcohol 

th© yields o f almost pure ether« were between 80 and 

constant m*p* values and analysis figures lis ted  below were 

obtained on samples which had been further crysta llised  twice 

from benzene and once from g la c ia l acetic acid.

(
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Alkyl
Group

lEep#MMfliWW Analysis fo r  O^.F.OH.COGH Analysis found

Methyl 211.5° ° a W 0,56.5 |H,4.11 C ,56.5*H ,4.^

Butyl 142.5° CU H13°3F C,62.3|H,6.13 0,62.4*11,6.3/«

Anyl 137° C12H15°3? 0,63*7 <H,6.64 C,S3.7»H,6.7¿

Hoxyl 129° ° w ? W
C,65.0 |H,7*08 0,65.2*11,7.1$

Heptyl 123° °W H190/ C,GG.15|II,7.48 0,66.2*11,7.35/»

Octyl 117° °15H2 l V 0,67.16*11,7.83 C,67.3*H,7.8$

Monyl 112.5° c16H23°3F 0,68*1 *11,8.15 0,63.2*11,8*3/«

Decyl 108° c17h25° 5f 0,63*9 *11,6.64 C,69.1*11,6.7$

Dodeoyl 108.5° c19H29°3P 0,70.4 *H,8.95 C,70.6|H,8.Q$

Hexadeoyl 94° o23h57o3f C,72.63*H,9.73 C,72.5»H,9.8t*

Ootadocyl 113° *H,10.05 

11. 3-Chloro-4—n-alkyloxy Benzoic acids

C,73.4*H,9.9$

OH OH

Dlehloraaino~g in  
acetic acid

a t o l  
halide

(a )' 3^hloro~4-4>ydro3ar Benzoic maid

j^-Hydroxy Benzoic aoid(13.8g*t0.1 no lo .) was dissolved in  

g la c ia l acetic acid(100o.c.).A  solution o f dichloraaine-3? 

(12g«,0.05 mole.) in  gXaoial noetic aaid(100e.c.),and  

concent rated hydrochloric ac ld (0 .5 c .c .) were added and the 

mixture refluxed fo r  3 hours.Acetic ncid(100c.c.) was d is t i lle d  

o ff  under reduced pressure and the aether liquors»on cooling, 

deposited colourless ©rystala, 14g. , m.p.  169-172*.One 

crystallisation  from water gave pure 3-chloro-4-hydrcxy Benzoic
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acid ,12.3g*,70-71$ ,a .p »172*

■ 0>) 3-Chloro»4«»n~alkylogy benzoic acids
3-Chloro-A-hydroxy benzoic acid was alkylated by the ease 

procedure as was used fo r  the preparation o f the ^-n-allcyloxy-

1-naphthoie acids (page I9C& »The yields o f crude ethers were 

05-95/»»Certain of these ethers gave very short nesophases and 

to avoid error in  determining the transition points,they were 

crystallised  several times from various solvents.The solvents, 

the number o f crystallisations in parenthesis,the constant m.p. 

values and the analysis figures are summarised below*

Alkyl Group Solvent and number of crystallisations • run.
Bethyl

Amyl

Hexyl

Heptyl

Octyl

Honyl

Decyl

Dodocyl

Hexadecyl

Absolute ethyl a leoho lO ) 217*5°

90$ ethyl a lcoho l(2 ),g lac .acetic  a c ld (l )  13^»5°

Absolute ethyl alcehol(l),bensene(3 ) 120°

Absolute ethyl alcohol(2 ),benaene(l) 117°

90% ethyl alcohol(2 ),g lao .acetic  a c id (l )  9*° 

Absolute ethyl alcoh©l(2),bensene(l) 93°

80% ethyl aloohol(2),bensene(2) 99°

Absolute ethyl aleohol(3)»bensene(2) 100°

Qiao.acetic aoid(2),90% ethyl a lochol(3 )i 95°

Octadecyl
bensene(2)
Absolute ethyl a le eh o l(l) ,bensene(4) 108°
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( a )  3 ^ f | i » o ^ f a y á g e 9 g r  t u r n ó l a  m l &

g-Hydroxy bonzoic acid(27.6^.,0.2 n o ie .) m a dissolved in

• 
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solut ion, f i lt e re d , ao id ifled w ith  concentrated hydrochloric aeid



and refiltered.The dry so lid  weighed 43.4g.,95-9^I.One 

crysta llisation  from water(2 l i t r e s )  gave colourless needles 

o f i-lroao-4-hydroxy benzoic acid,34.5g. ,30^,a*p#177«5°*

(b ) 3-Bro:ao-4-n-alkylo:CTr benzoic acids

Only the n-octyl and n-hexadecyl ethers were prepared.

The alkylation method was the same as that which was used fo r  

the preparation of the 5-2^alhyloxy-l-naphthoic sold©.In each 

OMeithe y ield  o f crude ether was 91-93$ .Three crystallisations  

from g la c ia l acetic acid gave colourless plate© of 5-broao-

4-n-octyloxy benzoic ac id ,a .p .111° (PoundiC,55*0|H,6.5|Br>24.4. 

c15H21°3*r  r ®̂ .u ire® C,54.8|H,6.39iBr,24.3$).Twa c ry sta llis 

ations from benzene and one from g la c ia l acetic acid gave 

snail colourless plates o f 3-bromo-4-n-hoxadecyloxy benzoic 

aoid,m.p.99° (Pound:Ct62.6|Hl8. i 6|Brl18 .2 .C2^H ^ 0̂ Br requires 

0,62.58|H,8.3S|Br,18.14$).

13« 515-di-?Xuoro-4-n-alkyloxy benzoic acids

These were prepared according to the following set of 

reactions)using 2-fluoro-4-bromo-anicolo as starting material. 

?CHJ HBr/ 0^ F m t
acetic acid Bel rQ-

fe/BOl h2i lF

3*

HaJfOgA TaBP4 /
d is t i lla t io n

■&*

carbonatlon of  ̂
Qrignard compound
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H
R

h3
' ÌF HBr/

acetic acid

OOH OOH

altari halide

COOH

It  was not possible to introduce tbs n itro group d irectly  

into 2 -f luoro-4-bromo-anisole,as n itration only occurred at 

35°end at th is temperature the reaction was uncontrollable*

(a )  2-Pluogo-4-broao-phenol

2-Fluoro-4-broao-ani8ole(2Q6g*,l mole.) was dissolved in  

g la c ia l acetic acid(350c*c.) and 4S,S hydrobromic acid(2GCc.c.) 

added.The reaction mixture consisted of two layers,but»a fter  

refluxing fo r  2-3 hours,tho whole became homogeneous «The to ta l 

reflux time was 7 hours, when damethylation was complete «Acetic 

acid(40Cc.c.) was d is t i lle d  o f f  under reduced pressure and the 

residue,again consisting o f two layers,was poured into water* 

The ligh t brown layer o f the phenol was extracted with ether, 

washed twice with water,twice with aqueous sodium bicarbonate, 

and once with water,and f in a lly  dried over anhydrous sodium 

sulphate.Removal o f the ether and reduced pressure d is t illa t io n  

o f the residue yielded 2-fluoro-4-brono-phenol as a colourless 

oil,135g. .71-72^,b.p*702-72° at 0*3a.m.

(b ) 2-Fluoro-4-broiio-6-nit ro-ohenol 

2-Fluoro-4-bromo-ph#nol( 192g•,1 mole*) was dissolved in

g la c ia l acetic acid(300o*c*) and the solution cooled to between 

5°and 10°*A solution of fuming n itr ic  aoid(450c*o.) in g lac ia l 

acetic aoid(450c*o*) was added dropwise with good agitation, 

while maintaining the temperature below 10*.The addition time



was 1*5 hours,after which the mixture was poured Into a largo  

excess(G l i t r e s )  o f water.The yellow crystalline so lid  was 

f i lte red  1 washed with water and dried in a vacuum desiccator.

Tills material had n .p .59-00°and one crysta llisation  from 50,9 

aethyl alcohol gave pale yellow needles, 143g. ,62$,m.p.61*.

(e )  2-Fluero-4-broiio~6-iiltro -an lso l9
2-Fluoro-4-bromo-6-nitro-phonol(47•2g.,0  « 2 mole.) was 

dissolved in oyolohexanoae(425e«e«) .Powdered anhydrous potassium 

carbonato(255s » »1*7 mole.) was s ifted  into the solution with 

shaking to obtain the fin e ly  divided»deep orange potassium 

salt.Methyl iodide( 85g*tabout 0*6 mole.) was added,and,with 

good stirring ,the mixture was refluxed in  an o i l  bath at ISO0 

fo r  6 hour«.The colour of the potassium sa lt  rapidly disappear» 

ed and,on completion o f the reflux,the yellow-brown solution  

and suspended potassium carbonate were stirred  into su ffic ient  

water to dissolve a l l  the solid.The organic layer was separated 

and the solvent diet H IM  o ff  under reduced pressure .h ist 1 H -  

ation o f the o ily  residue gave a yellow o il*b .p * 117-121° at

5-4n.n.The o i l  soon so lid ifie d  and had a*p .49-50°. tee 

crysta llisation  from a n a i l  volume of absolute ethyl alcohol 

(2e.e* fo r  3 g .) gave pale yellow needles,41g.»7Q-71j4,a#p.53 »5* 

Further crysta llisation  did not raise the a «p . o f th is  material 

(F©uad!C,35»5»Ii,2*l|ii,5‘4|Br,52.Q. O^H^BFBr requires C,53*6t 

H,2. 0| I,5 «6|Br,32.C ^ ).



(d ) 2-Amino-4-bromo-o-fluoro-anlsolo•

2-iriuorQ-4~bromo-S-nIt ro-anicolo ( 75g .,0*3 mole.) was 

dissolved in 90$ ethyl alcohol(450c*c.).Concentrated hydro

chloric acld (27c.c.) and iron pin dust(60g.,about lg.atosi) 

wore added and the whole refluxed over-night on a water bath» 

with good agitation.The theoretical amount o f sodium carbonate 

(14 .5s*) was added and bo iling continued fo r  a further 2 hours. 

The mixture was fi lte red  hot and the precipitated fe r r ic  oxide 

washed thoroughly with hot ethyl alcohol .The alcohol and 

water were removed under reduced pressure and the dark o ily  

residue d istilled .The 2-amino~4~bromo~6-fluoro-anisola was 

collected as a colourless o i l ,6Sg.,83-34^,b .p .10^-112°at 3-4 

run. (FouM*0,38*lfH,3*2|Br,36.4|ll6.35* OyH^OHFBr requires 

Cl38.18|H,3.18*Brl36.35|H,6.36^).

(a )  31&-<U-FXuoro-4-bromo-anlsola

2-Amino-4-broao-G-fluoro-anisole(55g. , 0,25 mole.) was 

stirred  vigorously into 1*1 concentrated hydrochloric acid 

( 130c.c .).The fin e ly  divided hydrochloride was dlasotised at 

0̂ 5° by the dropwise addition o f a solution o f sodium n itr ite  

(17*38**0.25 mole.) in water (330.0. ) .A c lear brown solution  

o f the diasoaiua chloride was obtained a fte r  f i lte r in g  o f f  m 

» a l l  amount o f tar.This solution was added to a stirred ' 

suspension o f sodium borofluoride( 55g* *0«5 mole.) in  water 

(150o.c .),at less than lO .A fter stirr in g  at less  than 10° fo r  

30 minutes,the yellow diazonium borofluorlde was fi lte re d ,
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pressed dry and thoroughly desiccated la  vacuo.Dry d is tilla tion : 

of the borofluoride under reduced pressure gave a red-brown 

o i l  which was diluted with ether.The extract wa® washed with 

water,aqueous sodium hydroxide and again with water,and dried  

over anhydrous sodium sulphate.Heaoval o f the solvent and 

d is t i lla t io n  of the residue gave 2*6-di-fluor©-4-broao-snis©le j 

as a colourless o i l ,10.6g .,1 7 -W fb .p .213^2iaT(Found10,37*55* 

H,20|Br,35*9* GyE^Qf^Br requires C,37.66|H,2.24|Br,55*87%).

Cf) 3 t5-dl-Fluoro-4--m ethoxy benzoic acid

Xa a round-bottonod flask  fitte d  with a three—necked 

adapter which carried a mercury-sealed s t ir re r ,a  double-surface
*

condenser and calcium chloride tube'and a dropping-funnel,wero 

placed magnesium turaings(1.2g.,Q.Q5g*ab©m),dry ether(25e.c.),

2 16- d i - f luoro-4-bronoanisolc( 0 . 5s )»e thy l broaldo(0.15e*c.) 

and a « a l l  crystal c f iodine.The mixture m s warmed s ligh tly  H 

and a fte r 5-10 minutes the magnesium was thoroughly etched,as -i 

indicated by the disappearance of the iodine colour and the 1

turbid ity  in  the solution.The s t ir re r  m s then started,the ]'

flask  immersed in a water bath at 5<£6Q°and a solution of 

2 i6 -d i- f luoro-4—bromo-anisole( 7s •» a to ta l o f 0.03  mole.) in |'
Analar beasetae(25o.c.) added dropwise in  30 minutes .A vigorous

reaction commenced and the water bath was lowered once or j :
}:

twice to control the reflux rate.The mixture became dark brown i  

and,after the addition ,boiling was continued fo r  2 hours• ji

iithyl bromide( 1 . 75c . c . ) was then added at half-hour intervals i
\\
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in  the following quantities— 6 portions o f C*15c*c«,2 portions 

of G»33o*c* and one portion of 0.15c.c«The to ta l re flux time 

was therefore 7 hours.The reaction mixture was ©ooled and 

decantodifrom a small amount o f unreacttd magnesium,into dry 

cther(10Cc.c.) saturated with so lid  carton dioxide.The carbon

ated Grignmrd compound separated as a grey sludge.then a l l  the 

carbon dioxide had evaporated,the acid was liberated by stirrin g  

in  l t l  concentrated hydrochloric &oid( 100c• ©*)fhe organic layer 

was separated,washed twice with water and extracted twice with 

0*5» sodium hydroxide .The pale orange solution of the sodium 

sa lt  was ac id ified  with concentrated hydrochloric acid and the 

yellow precipitate o f 3 *5-di-flu©ro-4-®ethoxy bensoio acid 

filte red .C rysta llisa tion  from g la c ia l acetic acid gave colour

le s s  noodles,2 .8g. ,45-46$,a*p*213~**Two crystallisations from 

80% ethyl alcohol raised the a«p* to 215*fhe thrice crystallised  

material m s analysed (foundtC,51*0fB,3»2. requires

C,51*06|H,3.13%).

(®)

3 *3-di-Fluoro-4-aethoxy bensolc acid (0•?§•),g la c ia l acetic  

acid(10c*c.) and 48% hydrobromio acid(10e.c»> were refluxed  

fo r  5 hours .The ligh t orange solution was then evaporated to  

dryness under reduced pressure.fhe ligh t brown powder,a«p*15S~

ISS'.was recrystallised  from water to give colourless needles, 

0*3g.,78%.a.p*l©7-9°«G»e sublimation at 3»*m# gave a white 

pow&er,m*p.l68o(FoundlC,48.4|H,2.2.CpH40y?2 requires C,h8.28|
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(a) 3»5-dl-Chloro-'t-hjdroicy t>eaaolo sold
î -Mydresqr banmoic aoid(2Qg.) was dissolved in glaolal
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(b )  3 »5-dl-Qhloro-4-i^alkyloxy benzoic acids

3*i^i^hl©r© -4-hy&roxy benzoic acid was alkylated by 

the method used to prepare the 5-n~alkyloxy~l-naphthoie acids. 

Only the n-aayl and n-hexadoeyl ethers wore prepared .In  each 

ease,due to the eterio  effect of the two chlorine atoas on the 

hydroxy group, a l i t t l e  unreacted hydroxy acid had to be 

separated from the product.

3»5^1<*€hlor^«4*n«'»»j,lozy benzole acid

The crude ether was shaken with cold benzene.30o.o* o f th is  

solvent were used when starting with 2.G7g*,G*01 mole .»o f  the 

hydroxy acid.The insoluble hydroxy compound,0.3g.,m.p*2$0-5» 
was filte red  o f f .Evaporation of the benzene and crystallis
ation o f the residue from g la c ia l acetic acid gave white 

needles o f the n-aayl ether,l*9g.,&a|£,m«p.l0C&102o.Two 

crystallisations from SC£*80° petroleum ether gave colourless 

blades,m.p*103°(FoundiC,60.0;II,ij.l|Cl,25.G. ^gE^Glg 
requires C,51*99|H,5*05|0X,25.6^).

.-»c m

Starting with 2*07§*,0.01 s o le « ,o f  the hydroxy acid,the crude 

ether was again freed from unreacted hydroxy compound by 

shaking with cold benzon9(7Gc.c.) and f i lte r in g  «The f i lt r a t e  

was concentrated and allowed to c rysta llise  .This gave colour- 

less  p rim s of the n-hexadeeyl ether,3 »lg . t72^,m.p#60.5*Qae 

crysta llisation  from 40^60°petroleum ether did not ra ise  th is  

a.p*(FoundiC,64«l|H,8*ji|01,16*5*S2^Hjg0^0l2 requires o,S4*Q3f
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H,8O*|01,16.47?)*

15* trans-p-n-AlIcyloxv oianaafe acida

These ochara were preparad both by alkylatiag trfm#-p~ 

hydrozy cinnauaic acid and by condeasing the jw i-alkyloxy  

banaaldthydes with nalonic a@id.Tbe la t ta r  la  the botter 

aeth©d,sinct the ethers are nuch more easily  purifled.Only  

thoso ethers, whi ch showed aay serious discrepancy in  m.p. 

and transition point values froa the figures previously 

publiohed(6),wero analysed.

(a)
A solution o f p-hydrosy bGnzalciGbyde(12.2s.,0.1 s o le . )  

and salonio acld(22s* ,0.22mole* ) in  pyridine(75c*o* ) contala- 

lag  plperidinoCle.o* ) was allowod to standfprote@ted by a 

soda lia #  tube,fo r jS weeka.The mixture mm thon poured into  

ioeClOCg.) aad eoneentrated hydrcehlorlc ac id (60e.c .).îh e  

«h ite  precipitate was f i lt e r e d , washed with %  hydrochloric 

acidClCc.c.) and twiee with water(10o.@«)vand dried.Tha ncld 

was orystallleed fren water and gave colourloss needlesfS.6g., 

52-5J^»a*p*215*5-216*5*

0>) tran^ -j-D -U ky lo i?  o t o malo acida

The n-decyl and n-ootadecyl others were preparad by 

alkylation o f timM-g-hydrosy cinnaaic a@id.The nethod usod 

was thè sane as that fo r  the préparation o f the >^ -a lk y l@ xy - 

naphthoio acids «The crude p-deoyl ether waa erysta llised  thrlee  

f r a i  g lac ia l acatic acid and had a*p*133«The y ie ld  o f alaost
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pure product * a fte r one crystallisation,?/as 79/». The n-octadocyl 

ether was obtained In 80^ yield,m .p. 118°,a fte r one g lac ia l 

acetic acid crystallisation.The ether was further crystallised  

twice from g la c ia l acetic acid »twice from benzene and twice 

from absolute ethyl alcohol »and had a« p. 120.5°.

Analysis fo r  CgHg.OfUCOQH Analysis found

c19h28°3 w^tdres C,75*0|H,9*3 C,74.8|H, 9*2&

c27H44°i C»77.^|H,10.6 C,78.1|H»10.7^

I^Ilydroxy bcnzoldohydo(12.2s.,0.1 nolo.),anhydrous 

potanciin earbonate(60g. »0.4 s o le . ) fcycloh©xanone(80c.c.)  and 

the n -alkyl bromide or iodlde(G.16 n o le .) ware refluxed sad 

agitated as vigorously as possible .Alkylation was complote 

when the orange colour o f the potasoiua sa lt  o f j^hydm m j 

bonzaldohyde had disappeared and the solution m m yollow or 

colourless *Sie tine varied between 1 and 3  hours .She colution 

was decantod fron the potassltM carbcnato wMeh mm thoroughly 

w M  with e t h e r . »#  ether washings were added to  the eyele« . 

hoxanono solution and both se lves !» d is t i l le d  o f f  m  the water 

bath « d o r  roducod p ressu re *»#  residuo o f crude pgn-alkyloxy- 

bensaldchyde w m  then d is t i l le d  under roducod prcssuro.

Alkyl Y i e ld « )  b .o . Alkyl Y l e M « )  b.i>.
mmm.

Sthyl 73 106°at 3®*a. Aayl 50 145°at 5 m u

Propyl .64 ■ 144°at M u * .  H «*yl 60 158° at 4a.a.

Butyl 61 165*at 17 n.a.Heptyl 74 1548at 5 ».a .
233
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àìÌ2Li5£2iE. T U . ld « ) b .p . Hi » ]) »

Octyl 66 160° at l-2n.ru

Honyl 72 185° at 5^.m.

Decyl 78 185° at 4n.m*

Bodecyl m 194” at 8n.m. 24*

Hex&decyl 50 230° at 5m.a. 54*

Octadecyl 59 240* at 2n.ii. 48.5

(d ) trans-t>-n--AIkyloxy cinnamic acids

The g-n-alkyloxy bensald#hydt(0.02 m ole.),aalonle acid 

(5«2g.,0.04 m ole .),pyrid ine(8c .e .) sad piperidine(3 drops) 

were heated ©a a boiling water bath fo r  3 hours.The evolution 

o f carbon dioxide could no longer be seen a fte r 2 hours.The 

reaction mixture was poured onto ice (25g.) and concentrated 

hydrochloric acid (25c.c.) .The precipitate was filtered»washed 

well with d ilute hydrochloric acid end water,and crystallised  

once from cJQ/j acetic acid .In  a l l  cases, the yields o f colour

less  needles were between 90 and lOĜ S. Const ant n.p. values 

were obtained a fte r  a to ta l o f three crystallisations from 

98/» acetic acid«The n.p. values and the necessary analyses are/

lis ted  below. •

Altar! group B . P . ***? ! e r o w S±EL
Methyl 1?1* Butyl 154°

Ethyl 191.5° Amyl 158*

Propyl 165° Hexyl 153°

2 3 4



Alkyl m.p. Analysis fog Cp.iL.«OR.COCH Analysis found
Croup

Ileptyl 143° requires 0,73O|H,8.4 C,73»3|H, 8.5 %

Octyl 147°

Ifonyl 13B.5°Cig H2a0^ requires 0,74.5|H,9*0 C,74.3|H, 9*0 %

Daeyl 134.5*C19H2a0j  requires C,75*0|H,9.3 0,74.8|H, 9.2 >

Dodecyl 132° O ^H ^Q j requires 0,76.1*11,9.65 0,76.1|H, 9.5 %

Hexadecyl l lQ ^ C ^ H ^ O j  requires C,77»3*H,10.3 C,77.3|H,10.4 $ 

Octadocyl 1 2 0 . 5 ° requires 0,77«9|H,10.6 C,78.1*H,10.65$
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Publications
The transition points and melting 

points quoted in the thesis vary 
s ligh tly  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

SINCE 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 o f thteir 
mesophases have been extensively studied by Friede 1 
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 o f the effect of substituents on the 
range and character o f the mesophases. Vorländer1 
discussed the significance of certain structural 
features, and Bernal and Crowfoot2 attempted to 
indicate the types o f structure which would lead to 
the formation o f nematic and smectic phases. Wey- 
gand et al.3 made a systematic study o f 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 o f the relative 
importance o f 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 o f p-n-alkoxybenzoic acids and in the 
5-position o f 6-n-alkoxy-2-naphthoic acids.
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Table 1

First appearance o r: Smectic phase only Maximum phase-length
(a) nematic phase (b) smectic phase

X  =  H R  =  C,H, c, h 15 R =  CnH,, 57“ (R  =  C „H „)
F C,H„ C.H„ C i a H s s 16“ (K «= Cull,,)
Cl C.H„ c . h 17 4-5“ (R  =  C ,.H „)

Table 2

First appearance o f :
(a) nematic phase (b) smectic phase

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ t- - - - - - - - - - - - - -

Smectic p h a s e  o n l y
Maximum phase 

R <  C i * H * s

X  =  Cl 
Br 
1
NO*

R =  C , H ,  R =  C , H „  
C , H ,  C , H 1 S  
C , H ,  C , H „
C i H i *  -  C u l L i j

R =  C u t ! * *  a n d  C u f f  *7 
C i s H j s  a n d  C i g f f * 7  
C i a H t s  a n d  C i g H s ?

4 2 “  (R  -  C . H , , )  
4 0 “  ( R  =  C j H i s )  
2 5 “  ( R  =  C . H n )
1  - 5 °  ( R  =  C i o H j i )



In the benzoic acids the effect o f substituents is 
very marked. Introduction o f 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 C ioH ji, C l2I I „ ,  I'igbfaa and C181I37.

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 II ) 
affects its breadth (looked at along the lino o f 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 o f 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° 34° 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 o f 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 o f the propoxy- 
acids, and it is therefore not surprising that so short 
a phase is not found in 5-chIoro-6-ethoxy-2-naphthoic 
acid with its high melting point of 264°.

When the alkyl group contains twelve or more 
carbon atoms, the effect o f 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 o f this work will be published 
later. [Feb. 21.
1 Vorlftnder, Tran». Farad. Soc., 899 (1933).
1 llfrnal and Crowfoot, Trans. Farad. Soc., 1032 (1933).
■ Weygand and (¡abler J. prakt. Chem., 151, 215 (1933); Her., 2399 

(1938).
4 (¡ray and Brynmor Jones, Nature, 167, 83 (1951).
1 Brynmor Jones, J. Chem. Soc., 1874 (1935).
• Bennett and Brynnior Jones, J. Chem. Soc., 420 (1939).
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f

M esom orphism  of som e A lkoxynaphthoic  
Acids

T he existence of mesophases in the melts o f 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.

PrO O
O -H -C X  _

C  f  ) / ' <  / — O P r
h ) H Q " x = /

O

The structural features necessary for the occurrence 
o f double refraction in a liquid have been discussed 
by Vorländer ; but the relative importance of length 
and flat-area as factors in bringing about this 
phenomenon is not clear. I t  is well known that the 
cholesteryl esters o f 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 o f those acids have been 
synthesized and examined.

CH
\

CH

C 0 2 H

/

Of the thirteen 4-n-alkoxy-l-naphthoic acids (I) 
prepared, none shows mesomorphism (72 =  CH3 to 
C10H 21, C12H 26, CltH „  and CuHa,). Tho first mem
bers o f this series (72 =  C II3 to C8I I 17), like p- 
methoxy- and p-ethoxybenzoic acids, melt at tem
peratures above 180° C., but the melting points o f 
the higher members are much lower. The absence 
o f 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. I t  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 (I I )  show 
mesophases. In the case o f twelve of the thirteen 
acids prepared (It — CH3, C2H 5, C,H, to C10H 21, 
C12H 25, Cun;,., and C18H 37) the mesomorphism is 
readily observed; but with the w-propoxy- acid the 
temperature-range o f the nematic form is only a 
fraction of a degree. A  nematic phase only is found 
in the first nine members o f 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 o f 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 (I I I ),  are long molecules without the 
breadth found in their isomers of structure (I), and 
therefore able to orientate themselves so that meso
morphism can occur.

Examples o f mesomorphism in naphthalene com
pounds are not common ; the best known are the 
anils of 2 : 6-diaminonaphthalene, but Vorländer3 has 
shown that certain 1 : 4-disubstituted naphthalene 
systems exhibit mesomorphism. These, however, 
are resins or lacquers, such as anisal-l-amino-naphtha- 
lene-4-azobenzene. In  such complex structures the 
broad naphthalene nucleus is near the centre o f the 
molecule and, as a result, is probably o f less import
ance than it is in the dimerized 4-n-alkoxy-l- 
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 o f the 5-n-alkoxy-l- 
naphthoic acids may be of particular interest.

A  fuller account o f these investigations will be 
published elsewhere. In the meantime, other series 
of compounds are being examined.

G. W. Gbay 
B r y n m o r  J o n e s

University College,
Hull.
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300 Word Summary

In order to determine more c learly  the re lative 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-l-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 - ch loro-,5-bromo- and 5-iodo- derivatives.The 5 -n itro -6 -n - 

alkyl oxy-2-napht ho ic  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 -a lky loxy-2-naphthoic acids to the chloro-,bromo-,iodo-

and n itro — d e riv a tiv e s ,th e  phase len gth s decrease and the point 

at which mesomorphism commences becomes la te r  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 -fluo ro - 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 fo r th is purpose and fo r  

the measurement of the transition points.In  the discussion 

of results,some attempt has been made to re late 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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