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INTRODUCTION,

In the yeer 1890, two eminent chemists, Crum
Brown and Guye, each advanced a theory of Optical
Activity. Crum Brown held the view that the
degree of sctivity of en optically ective compound
wes dependent on the differences between the four
groups attached to the asymmetric carbon atom., He
assumed a constant, K , characteristic of each group,
supposedly capesble of numerical representation, end
e function of its composition, constitution, and
temperature, (Proec. Roy. Soc. Edin., 1890, 181).

The roteatory power was supposed to depend on
the asyrmetry of the molecule, as celculated from
the values ‘of K for the four radicals, This
theory had much to commend it, but the determination
or}< has, so far, been found to be impracticable,

Cuye, (Compt., rend, 1880, 110, 74 et seq.),
on the other hand, attacked the problem from a more
mechanical point of view, He suggested that the
aetivity wes proportionsl to the degree of esymmetry
or/
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of the molecule, as determined by the displacement
of the centre of gravity of the regular tetranedron
from its six plenes of symmetry, ' As en approxi-
mation, Guye calculated the asymmetry of the |
molecule from the differences of the masses of the
four radicals,

Thie theory was sapplied successfully to the
compounds first exemined, but it collapsed come
~ pletely when groups of different constitution, or
structure, were linked to the asymmetric atom,
especially when these were of equal mass,

Thus of the two tneories, Crum Brown's was the
more far-reaching; for he connidared the

constitution, as well es the composition, of the

four groupe concerned, One of the simplest methode
of verying the constitution of a compound, is to
replece one, or more, hydrogen atoms by substituent
groups, During recent years, e number of studies
have been carried out, with a view to determining
the influence of substituents on various properties
of componnda;

Fllirscheim, (J.C.8,, 1809, 95, 718), investi-
gated the reactivity of substituted acids and
bages, and arranged the substituents in the order

of their influence, Iin the case of the acids,
X=R=COOH /
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¥=R=-CO0H, where R is any radical, and X, the sube-
stituent therein, Flifirscheim concluded that, for
the same solvent, the dissocietion constent, and
hence the reactivity, depends on two lactors,

(1) The dissociation conatent is proportional to
the force with which the negative electron adheres
to the acidic redical. The force depends on the
poler nature of the acidic radical, which,in turn,
depends on the polar nature of the substituent, The
more negstive this is, the greater the force becomes,
An influence of this kind is called the "polar

Fector®,

(2) The dissociation constent is inversely pro-
portional to the force of linkage of the hydrogen
atom to the eacidic radicel. This depends on the
affinity that the atom, to which the hydrogen atom
is linked, can place at the disposal of the latter,
such & force is varisble, end depends on the forces
with which the substituents are linked to the mole-
cule and on their position therein, This is
called the "Guentitetive Factor", A similer line
of argument is applied to bases,

From the values which he obtained for the

dissociation constants, Fllrscheim compliled & series

giving/



giving the order of their influences,

Olivier (Rec, Trav. Chim,, 1914, 33, 244)
investigated the effect of substituents in the
benzene derivatives CgliyX , by determining the
velocity of thelr rriedel-Crafts reaction with
para=-bromobenzene sulphonyl chloride. fle also
determined the velocity constent for the parallel
reaction where X, the variable substituent, was in
the para position in the benzZeneé sulphonyl chloride
molecule, For both reactions the following order
held:=

CHs> H>I>Br>Cl? KRG

In the case of the nitro-substituted acid
chloride, the meta-isomer was used, but Olivier
maintained that, 1if the pera-isomer had been
employed, the order would not have been chaenged,

He noted, however, that whenever the variable
substituent waes in the acid chloride ring, the
changes in the velocity constant were much smaller;
that is, the influence was wesker,

: To spproach closer to the subject of this
thesis, Betti, in 1808, initiated & claasic research
correlating the influence of substituents on the

opticel/



optical rotatory powver of a substance, with their
influence on secidic strength, (For summery, see
Gazz. Chim. Ital,, 1823, 53, 424).

Betti prepared a series of Schiff's bases,
fbrmad by the condenaation of the amine, denaphthol
benzylamine, with a large number of substituted
benzaldenhydes,

C¢Hg=G = NHp + OCH-CgH X —> CgH j-n:cn-cemx
10 OH €4 o6 OH

and compared the optical rotation of the bases with

the dissociation constante of the subetituted ben-

zoiec acids, derived from the sldehydes employed.
The observed rotatory powers, [ﬁ]b, (in

benzene solution), varied from +2676° to =991°,

and when these were arranged in order of magnitude,

they geve a series which corresponded epproximately

to thet ol the dissociation constante of the

derived benzole acids,

Table I /
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+ 363
+ 282
+ 266

+ 168
- 85.%
- 128
- 326

Teble I,
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Aldenyde employed
pedimethyleminobenzolc
veratric Vel
vanillic 3.0
anisic 3.2
p-hydroxybenzolic 2,9
o=methoxybengoic 842
cuminic 5.
p=toluie 5.1
protocatechulc B¢
m=tolulc 5.1
benzolic 6o
m-hydroxybenzolic 8.%
p-chlorobenzoie 0.3
mechlorobenzoic 15.5
p~nitrobenzoic 98.6
m-nitrobenzoie 34,5
galicylic 102,
o=-chlorobenzolce 132,
o=toluic 12,0
b-nitrosslicylic 880,
616.

oenitrobenzoic

for Acid



Betti and his co-workers obteined similar,
but less complete, resultes by using the ective
bases, a-naphthyl benzylemine, and e-&nisyl ethyl=-
amine,

Fule (Trans, Far, Soc., 1930, 26, 324)
analyses the above table, and notes that among the
mono-substituted ortho compounds, the substituents
influence the rotatory power, and the diasocietion
constant thus:e

[M, wos el c1 0HCH<OCHs

k N0 » Cl > OH>CHs »0CHy 7 H

‘and in the para-compounds:e

[n]D NOp< C1<H <CHs< (OH.OCH; ) < H(CHs )z
k HOx» €1> H>CHy > (OCHs ,OH) P N(CHy )g

Fule {(loc, cit,) observes that & more marked
agreement is noticeeble in the pare series than in
the ortho. This, he suggests, is possibly due to
disturbences in the case of the ortno derivatives,
arising from the proximity, in space, of the sub-
gstituent to the ssymmetric carbon atom,

The letter suggestion is disputed by Betti,
who emphasises the fairly close parallel between
‘the opticel rotatory powers of the compounds and
the dissociation constants of the derived acids,

iecently/
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Recently much work hes been done on the
electrical state of organic molecules, The idea
of dipoles is not & new one, for in 1912 Lebye
first introduced the theory, and suggested a method
of evaluation., In the modern view, the introduction
of 2 poler substltuent into & symmetrical hydroe
cerbon molecule is eqguivelent to the insertion of
an electiical doublet, or dipole. This mey be of
variable intensity, end, according to the neture
of the substituent, may hsve ite positive, or
negetive end towards the hydrocerbon chain to waieh
it is sttached.

~ Thomson (rhil. Eeg, 46, 497) suggested that the
relative magnitudes of these doublets could be
determined, irrespective of sign, by comparing the
molecular inductive capacities,for long wave lengths,
of the compounde R-X, where R ls & hydrocarbon
redicel, and X the polar substituent,

This led jule to calculate the effect of
various polar substituents on the inductive
capacities of substituted hydrocarbons (J,C,S8, 1924,
125, 2156), It was found thet, on being corrected
for molecular weight and density, the inductive
capecities, for long wave lengths, of liquids of
the series CzHsgX, fell into the following order:

RO, /



-]l]l=

N0g > CN > COCHz; > OH >CHO >C1>Br > I > Alkyl
and for the correspmding benzene series:
H0g > CH > COCHy > CHO > C1l>Br>Cglig > Cllg> H
Fule anéd Paterson investigated the rate of
ester formation from substituted benzolic anhydrides,

and found the velocities to fall into the following

HOgz > Cl > (H.CCHgz) > CHg
Mnally they summarised these and a number of other

results as follows.

Table II - see following page.

These results, they point out, indicate the
existence of a simllar substituent iInfluence in a
wide range of chemlical and physical properties.

Debye (Polar Molecules, Chem. Catalog C0.,1929)
describes a method of calculating the actual dipole

moment/
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Table II.

Molecular Inductive Capacities:-

CoHe X'} NO, > CF > COCHy > OH > CHO>CL >Br >I >Alkyl

CeH; X} NG, > CN > COCHy >CHO>C1l >Br> C{Ii;-)>CE, >H
Rete of hydrolysie of substituted benzoic esters:-

NO. < Halogens £ H <£ CH,

Rate of esterificestion of substituted benzoic acids:-

No catalyst NO, > Cl > H >ChHs

HC1l a= catalyst NO; € €1 <CBs <H

Rate of sulphone formation:-
KO, & Halogens L H < CHj

Rate of hydrolysis of substituted benzyl chlorides:-
NOp < COOH < Halogens < H <CHjy

Hate of ester formetion from substituted benzoic
anhydrides:-

NO, > C1 > (H,OCHs) > CHs

(1)

(i1)

(ii1)
(iv)
(v)

(vi)

(vii)

(1) Rule, loc, cit, guoted from Landolt-Bornstein's
"Tebellen!?,

(ii) Kellas, Zeit. phys. Ch,, 1897, 24, 227.

(iii) Michael and Qechslin, Ber., 109, 42, 317.
(iv) Kellas. loc, cit.

(v) : Olivier. v. ante,

(vi) Olivier, Rec, Trav. Chim., 1023, 42, 516, 775,

(vii) Rule and Faterson., loc, cit.
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moment of & compound, from data referring to its
dielectric constent, and refractive index. This
method has been used by Lange (Zeit, rhysik,, 1925,
33, 168}, Smyth (J, Am, C.8,, 1925-27), Errera
(Physik, Zeit., 1926, 87, 764), Willieme and hie
co-workers (J., Am. C,S8, 1827-28) and HBjendahl
(Theeis, Copenhagen, 1928).

These workers have amassed & lerge amount of
data, which indicetes thst the dipole moment is
cheracteristic of the substituent group, ratoer
then of the molecule as an entity, The values
which they obtainJlieﬁin general in a series
parallel to those found for the various propertics
mentioned above,

The series is usually known as the General

Folsr Series, One thus reelises thet the guestion

of the dipole moment of & group, if it may so be
ealled, is a very fundementel one,

The gquestion of correlating the electrical
gstete of an optically aective molecule, with its
rotatory power, has been the subject of the
rescarches of Rule and his co-workers,

Eule maintains that the rotatory power of

8/
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a compound is governed by the arrsngement and
nature of the polar groups present in the molecule,
end depends mainly on the dipole values of these
groups.,

This hypothesis, put forward first in 1924
(J.€.8., 1924, 125, 11%Z1) is, in & sense, &
modification of that of Crum Brown, fule suggested
that "the rotetory power of a molecule was & function
of the (dipole) moments of the four groups atteched
to the asymmetric astom, and taat the influence of &
substituent on the opticel rotation would, therefore,
depend in éign and magnitude upon the polerity of
the substituent”, (Irans, Far, Soc. 1930, 26, 323).

#hen one considers the rotstory powers of
derivatives of optically active alcohole, two
distinet effects, due to the substituents, are
noticeable. It hae been shown that, for esters
of the straignt chain eliphetic aecide, the
influence of variocus polsar substituents arranges
them according to the Cenersl rFolar Seriesg, BRule
end smith (J.C.S., 1925, 127, 2188) exemined the
rotatory powers of l-menthyl esters of the type
X=Clp~C00C; nH; g, Where X ie the varisble substituent,

For these compounds, the author's represented the
influence of the substituents as followe:e

CH 2 C1 > Br> 0OH >OCH,>CH,>COUH>££
This/



This series, they point out, is closely analogous
to the General (olsr feries,

Fule end Mitchell (J.C.S., 1926, 129, 3202)
investigated tne corresponding sec, f-octyl esters,
They found that in this series the arrengement is
very similar, the order of influence being as
follows:-

I»Br> €1 > CH,>0CH » CHy > H

The acidities of the substituted acids give the
arrengement =

€17 Br > I-» 0CHy > H 7 CHs

A gimilar effect is found with the sec,B octyl
para-substituted benzoates, fmle, Hay, Bumbers
and Paterson (J.C.8,, 1928, 131, 178), on
erranging the rotetory powers of these compounds,
in the order of their megnitude obtained

NOp;? COOH > OCHy »» C1 > CHg > H
In this series the general polar influence of the
groupe is also appsarent,

The second type of substituent effect is
noticeable when the optically active esters of
various ortho-substituted sromatic acids are con-
gidered. In this cease the groups do not follow
the general polar series completely. In the sub-
joined table the values for the rdtatory powers
of/

N
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of the l-menthyl esters of ortho-substituted
benzoic acids are those of Cohen (J.C.S. 1914, 105,
1892), while those of the sec, £ octyl esters, are
due to fule and coe-workere (J.C,5,, 19826, 127, 553,
21163 1928, 131, 1%8; 1828, 135, 401, 2274).

 Teble III.

Eﬁlﬁo for homogeneous l-menthyl end sec,B-octyl
" esters of the scids, X=-CgH,COCH,

Substituent X 5ruenth31 ester sec,B-octyl ester

NG, | -381° -122°

cooH -332 - 9@&9 117
ol 279 | 78,2
1 -239 | -77,8
CHy w251 © -88,1
I | -231 t -84.3
Br '5 -205 | -49.2
c1 ; -195 -47,1
OCHs | -148 33,0
N(CHy)e | -200 -28,1
| | 25,0

NHg ‘ «261

e e e e ———————————————— e ———— e ————— e T ———— —

Thue we sse that the influence of ortho
substutuents on the rotatory power is identical
for both l-menthyl end sec.f octyl esters, except
for/
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for the small diapiacement of iodine with respect
to bromine and chlorine, ihe emino and dimethyle
amino groupe arc also somewnalt displeced in the le
menthyl series.

On compearing this eseries with tae general
polar series obtaimed for the substituted acetic
esters, one notices certain points of simllerity.
The most polar groups still retain the same |
relative poeitione, but the intermediate groups,
hydrogen and methyl, sre stronugly dleplaced,
Methoxyl and the halogens are reversed, the
rotation felling below the level of the unsubstituted
compound, A further interesting polnt is that
the series can, on the vhole, be divided into two
parte, for substituents walch direct into the meta
position lie in one section, and those which
direct orthoe~para, in the other (Rule, J.C.S5, 1924,
185, 1122),

Fule, Bretscher and Spence (J.C.3,, 1928,
131, 2516) have investigeted & number of lementhyl
esters of ortho- and perlesubstituted napnthoic

acids, They obtained tho following figures:e

Teble 1V /
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Table IV.

20 A
£ 1~
[é} - of l~menthyl naphthoatasl{in benzene),

l=Hephthoates

Unsubs, «319°
2eCHs «99,6
2«0CHy  +#45.,3

['&nadbaJP&D-288€r

1=0CHs
3-C1
3=0CH;

2=-Naphthoates

-268
«278

FPerieKephthoates

Sy At ;Mat —
SeN0p =841
- 8=Cl ~1%2
8-0CHs =15%

Thus those substituente whieh have been

exsmined fall into en order similer to that for

the orthoe-substituted benzole esters, and sgree

with their directive powers in benzene substitution,

So great is the cormbined effect of the ortho-para-

directive methoxy group and the adjoining hydro-

carbon linking, (e2l20 o=-pe-directive) in the case

of the Z2emethoxy l-naphthoate, that the sign of

the rotetion is reversed,

Ihis divergence from the Genereal roler Series

constitutes the second type of effect, end it has

been suggeested thet the differences observed are,

in some way connected with the peculiar errangement

of/

¥

Tschugeeff, Ch, 2, (II) 1902, 1238,
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of the ortho substituent with respect to the
agymmetric radical,

Fow if en electrical doublet be situated
at one end of & hydrocarbon chain, it will exert
a field on edjacent psrts of the molecule, Thus,
according to whether the positive end, or the
negative end, is attached to the chain, there 1is
e tendency for it to attract, or repel, electrons,
This will slter the properties of the chaln, snd it
will have the effect, in the substituted sliphatic

acide, of & change in the degree of ionisation,

Cl « CHy = COU=ww=il Clg ~CHp =CUO0wwmwk

< .

N : 7
Increased ionlsation, Lecreased ioniestion.

In optiesl activity, these electrical changee
will be expected to have corresponding elffects on
tae rotatory power, It hes already been shown
for the optically sctive estere of substituted
acetiec scids, that the more electronegative tae
substituent, the higher is the rotatory power,
Withdrewing electrona from the vieinity of ihe
esyrmetric atom thus gives an increase in
rotation, wvhile the reverse holds for the effect

of electropositive groupe, such ss the dimethylamino,

_Influenca/
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Influence of Ionisstion.

In the foregoing pages it has been shown to
what extent the presence of dipoles in the mole-
cule may influence the physicel end chemical
properties, Accordingly it 1s to be expected
that the introduction of & free positive or
negative cherge would lead to changes of & simller
or even grester magnitude,

In benzene substitution, for example, the
presence of an ionic charge on & substituent in
the molecule has a great influence on the ecourse of
further substitution., (Fllrscheim, Chem, end Ind.,
1926, 45, 43; also Ingold and kobertson, J.C.S.
1926, 129, 16865), Normally,aniline substitutes
in the ortho snd para positions but if the smino
group be ionised, as in the sulphete, the main
product is the meta-substituted isomer,

When the sodium salt of an ecid ie formed,
the carboxyl group is ilonlsed, and the presence
of the negstive charge results in an electron
shift, Bjerrum (Zeit, physik, Chem,, 1623, 108,
240), has celculated that this electron shift is
of the same order of megnitude, but of opposite
gign, as that occurring when a ¢srboxyl, or

nydroxyl/



hydroxyl group is introduced into the hydrocarbon
chein of an organic acid,

Teking this fact es & primary assumption,
fule predicted (J.C.S., 1927, 129, 54) that in a
compound containing an ssymmetric atom linked to
three comperstively non-polar radicals end one strong=
ly poler amino or carboxyl group, the result of
ionisation would be to reverse the original effect
of the polar substituent upon the rotatory power,

F
The direction of the change in rotation from COCH

to {:Dg ghould be the seme as that from Nl—i‘; to ;‘;e ’
where the circled signs indicate a free ionic charge,
Thus if the introduction of a carboxyl group
into an asymmetric molecule raisee the rotatory
power, ionisation of that carboxyl group will tend
to lower the rotation, Conversely, if the intro-
duction of a baslc group lowers the rotation, the
values will rise on ionisation. £n exsmple of

this change is seen in the behaviour of the follow-

ing d-amyl derivatives,

-4 -
Cp Hg=CH(CHg )=CH, =NHp Cp Hg=CH(CHy ) =CHp »COOH
¢ >
e ] - o
free amine [gh)m 5.2 Ascid I@}D = + 10.5°
® @ ®®
CoH «CH({CHy )=CHp=NH5Cl  CpH ~CH{CHs )=CHp ~COONa
> €
Amine Hydrochloride falt: probably low positive
rotation,

[i]n =+ 11,7°
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The value for the salt is not obtainable, but tne
result has been derived by enalogy from the rotation
of its lower homologue, valeric acid,

karked chenges of this nature in the rotstory
power often occur on the ionisation of opticeally
‘active acids snd beses, When lactic or methoxy-
suceclinic acids are converted into their sodium gslts,
the sign of the rotation is sctuaslly reversed, Inis
also occure in the case of selt formetion from the
bases, d-menthylemine, d-amylamine and nicotine,

An excellent example of the slteration of
eign on ionisation ie afforded by the vsariastion of
the rotatory power of active amino acids 1in
alkeline, neutral end acid solutions, In neutral
solution, only elight ionisation occure; in aecid
golution, the electropositive §§e group ie changed
to the complex ;;E), with a positive charge; wiile
in alkeline solution, the electronegative COOH
group is almost entirely chenged to the negstively

R
charged CO0 complex,

Table
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Table V.

Alkeline solution  Neutral solution

s b
ﬂ,u-g-coo

d-aspartic
acid

;- 1 mol NHs

la) = -9,02°
l-asparagine
+ 1 mol KaOH

@] = -8.64° ¥

—_— e ——————— e ————————————

P@- h@ te § te
B3 H-{-000 or fi H=~000M

' Hybrid Ions

+ 4,36°

; - 5,30°

i

ieid gole
ution,

@234..
Ne(=COOH
i

+ 1 mol HC1

L

£ 30005

|
+ 1 mol HC1

'+ 24,6°

¥rom these results it may be seen that the

changes obaerved egree with the theory, for on

ionisation of the COOH group, & reverse change is

obtained to that caused by ionisation of the NH

group.

Solvent/
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Solvent Influence.

Hitherto very little definite information
has been gained concerning the influence of solvents .
on the rotatory power of an optically sctive come
pound, In 1826 hule and Mitenell noticed certsin
regularities in the veariation of the rotatory power
of substituted sec, f-octyl acetates in different
solvents, They found (J.C.S8. 1826, 127, 3202)
thet tné molecular rotations of the sec, P-occtyl
esters of methoxy, chloro, bromo and iodoacetic
acids gave a similer order of influence for a
range of solvents,

On eanalysis of the results only one definite
regulerity was discovered, It was found that in
the case of the solvents derived from benzene, the
relative depressions due to the entry of different
substituents into the benzene molecule was given

byte
CHy < H < 0CH5 ¢ C1 <Brg1I
eand thies held for all five esters.

" The authors noted that this order was aslmost
exsctly the reverse of that representing the
increase in rotatory power brought ebout by the
substituents when introduced into the molecule

of/



of sec, B-octyl acetate, viz,

H <CHy < OCHy £ €14 Br <1,

They suggested that, if the relationship
between rotatory power and solvent influence were
to be investigated, success would only result if
a series of similer solvents were employed, where
the character of the molecule undergoes no violent
chenge in passing from mehber to member, The
benzene series mentioned above is of thié simple
type..

Subsequent to this, several interesting
eflfects of solvents on thelrotatory power were
noticed by Rule, Bretscher and Spence, In
studying the rotatory powers of the substituted
menthyl naphthoates, they obtained the following

results:-

Taeble VI /



Solvent

Ce He

CSe

(CHs )oCO
CHC1s

Co H_OH

8=0C

1-C

-15%°

| =137

~ 26

Teble VI.

¥
 Be=N0p 2~0035
- 1-C00% 1-COOK
-8*1‘ .+%’9°
| w688 |=16.3
| |
| |
{ - 1'62.2
-389 =76,2
. =806 -
b

[i15461 of substituted menthyl

nephthoates (¢ =5)

1« 0H

2-CO0K

-384°

'%This ester wai not in & pure state,

References:

3-0CHs
2+CO0M

«206°

=181

-138

8 = J.c'st’ 1929' 135’ 2516.

b - J.C.S., 1928, 131, 1493,



-27-

The authors concluded that whether the peri
or ortho substituent raised or lowered the rotetion
of the parent ester, the effect tended to be
observed to the maximum extent in solvents of low
dielectric constant,

Thus it will be seen that this particuler
field 1is one which ies almost entirely untouched,
and which affords e possible opportunity for obtain-
ing further insight into the stste of the molecule

giving rise to optical ectivity,

The present thesis deales with an attempt to
extend the inveatigations on substituent influence
to compounds of the ether type, The derivatives
selected were l-menthyl ethers of the general

formule, Cjglg=0=CH X, and also the corresponding

phenyl ethers, CjgH;o~0=Cgi X, containing substit-
uente in the benzene nucleus,

Farther observations were made with a view to
examining solvent influence on the rotatory powers

of these compounds,
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Di sion of R t8.

It has been shown in the Introduction that
the insertion of an electronegative group into the
acldic radical of an optically active ester normally
has the effect of increasing the rotation. This
change has been discusced with special reference to
the l-menthyl and Bec.B-octyl esters of substituted
acetic acids, and of p-substituted benzoic acids.
The effect of a nitro-group in the ortho-pasition
always leads to an increased rotatory power of the
benzoic esters.

a). Bthers of Type S_J,.Q__ -:O-Cng ’

Relatively few ethers of menthol have been
described hitherto, but in the subjoined table are

given a number of rotatory powers for previously
known compounds, together with other values obtained

in the present research.

T TiL.
Rotatiors of Ethers 010"‘19‘0"0“23
].—, : ‘x; N ‘_X.. . "‘u .x'_j.._._.._ - "
H” CH:" | OaK ¢ X CONHsT

Exi | | %% Gl i,
[ 5 =163° =179° =183° =193° =194
x 21072 | ! |
for !

B3 | CO0CHg  OgHJ 000C,HF coom 01 ¥
G «233° =233 =234° =200° =353°
k x1072
for

2{011200211 £5e1 53 45.1 161 | 155
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The rotations refer to the homogeneous ethers at 20°,
with the exception of the ether marked | , which was
in 5> sclution in benzene. Values for ethers marked
X are from Bellstein's tLexicon', Dissociation
constants are from Landolt-Bornsteints 'Tabellent.

In this series, the order of influence of the
groups on the rotatory powers is in approximate
agreement with thelr general polar effect, as deduced
from the dissociation constants of the corresponding
substituted acetic acids. IHence, in the case of the
ethers, as in that of the esters, the general polar
influence is the governing factor. It will be
noticed that those acidities which can be obtalined,
run approximately parallel to the molecular rota-
tions. 0 values can be quoted for the aclds
HOGGJCHQ-COIma s HOL‘C—GHB-OOOCHB and HOOG-CHE-GOOO3H7,
the value showm in the table for the two latter being
that for ethyl hydrogen malonate.

In so far as the rotatory powers in the homog-
eneous state arve concerned, it may be noted that the
values fall ;nto the series:-~ T o

CONH, < COOCH, ¢ coogH, & cooH St
This arrangement indicates, that when the polar
effect of the electronegative carboxyl group is
weakened by the introduction of the weakly electro-

pogitive alkyl groups, the rotation is lowered. The

presence/
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presence of the strongly electropositive amino group
in the anide still further lowers the rotation.

! am VL LES
- 1 .
{ X | CORHE 000053 OOOGjHT_ CO0H
0] 5 ~194° -233° -234° -280° |

leverthelese, cauntion must be exercised in
interpreting the influence of complex groups of this
type. The relative order is, for example, altered
when the compounds are examined in solution.

Cne strongly disturbing factor is the tendency
of the carboxylic acid and the amide to underge
association, a tendency which will vary strongly
with the solvent. 1In alcoholic solution, the
solvent may become co-ordinated with the carboxyl
and anide groups.

It will also be seen that the rotatory power
of the benzyl ether is abnormally high in comparison
with the dissociation constant of the phbemyl substit-
uted acetic acid. This is in keeping with the usual
exaltation in optical properties due to the presence
of an unsaturated grouping. The same influence is
visible to a lesser extent in the value quoted for
the allyl compound.
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b). Sec Eff of Ionis .
An identical effect to that quoted in the
Introduction for the ionisation of optically active
acids and bases and of acidic and basic esters of
optically active alcohols, is found among the optic-
ally active ethers as may be secen from the following
tabletl=-
T IX.
X COONa COOH COOH COOH COOH = CONH, CONH,  Con|

Solvent Coli;OH C,H-OH CI OH Homog.C.H OH C.H OF  C H, |
2050 Oo B, ¥ L dﬁﬂi ol H?.
200 - K

I@Eﬁ,& 180 -231° -23F =241° =332 |~243.6 -245 o | -2

Here the influence of ionisation upon the aecid
in ethyl alcoholic solution is ¢o lower the rotation.
This is in agreement with the polar changes involved,
since the presence of a negative electrical charge

w1l Tend to reverse the normal effect on the
© asymmetric radical due to the positive pole of the
carboxyl group
t- S
-COOH - =000

Solution in 2 non=polar solvent such as
benzene raises the rotation above the value in
alcohol, while the repression of ionisation in
alcohol containing four molecules of hydrogen
chloride per molecule of acid, ralses it still
further. The last change is thus a reversal of

that discussed gbove for the conversion of the acid

into/
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into the sodium salt. The very high value for the
homogeneous acid is probably partly due to molecular
association,

In the case of the amide, the rotatory power
was also determined in aleohol containing two mole-
cular proportions of hydrogen chloride, in the
expectation that salt formation might become evident
in a small rise in rotation. It is well known that
the basic properties of the group CONH.are extremely
weak. lHevertheless, a very small rise could be
confirmed, which was greater than the order of exper-
inental error involved in the dtermination.

It is interesting to compare the fall in
rotation of the above carboxy-compound on ionisation,
with that recorded by Rule and Harrower, (J. C. S.,
1930,2319.), for the corresponding change for
d-menthyl hydrogen malonate. The figures are quoted
. for alcoholic solution ( ¢t 5 ) and for the line A\
=5461,

Table X. =
2% 20
Acid Acid [ Salt i) aa &
C | J g=0=0C=0H,=CO0H -~193° -185° 8
01 oFh g=0=CH,=COOH -231°  =180° 51

Hence, in agreement with theory, the result
of moving the carboxyl group one atom nearer the
asymmetric complex is $o increase greatly the magn-
itude of the change on ionisation.
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¢). Ethers of the Type, f:lo%-o-eg% p

The substituted phenyl l-menthyl ethers are
not strictly comparable with the aliphatic deriv-
atives discussed above and are therefore discussed
separately. Including the compounds of this type
described in the experimental section of this thesis
only four representatives are knomm, viz., the benszyl,
phenyl, pioryl and 2:4=dinitrophenyl ethers. In
spite of numerous attempts under varying conditions
it was not found posesible to prepare the 2:6-dinitro-
phenyl ether or any of the mononitro compounds.
Since the halides corresponding to le-menthol are not
available it was necessary to use sodium or potassium
nenthoxide as the starting material in all these
preparations, and in the case of the halogenated
benzenes containing only one nitro group it appeared
that the activation of the halogen was relatively
snall. Consequently, other by-reactions were
favoured, especially the formation of azoxy compounds.

The rotatory powers are swuarised in the
following tablei-

Table XI.
Aronatic l-llenthyl Ethers of the Typse, clonlg-o-x
x RemoR| ogEy  Ochs(N0;), | 061’!2‘(1‘?02)3
B, =-233° -301° =-149° -1082°

Homog.mc6ﬁ6(c=5an °6H6(°’5) in C H,(e=5)
% Tschugaeff, (J. Russ, Phys.Chem.Soc. 34, 61l.).
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Although a rotation is guoted for the 2:4=din-
itrophenyl ether, the value cannot be used in estim=-
ating the effect of the substituent group, as this
ether differs from the other compounds in exhibiting
a strongly anomalous dispersion. This peculiarity
is discussed in more detail later.

A comparison of the benzyl and phenyl ethers
shows that as was t0 be expected the increased
rotatory power caused by the introduction of the
phenyl group rises still further when the phenyl
group is moved nearer to the menthyl complex. In
agreenent with the exaltation caused by the intro-
duction of electronegative groupe inte the aliphatic
ethers, it is found that the powerfully electronsg=
ative picryl radical produces an enormous rise in
rotation. Thue the molecular rotation of the phenyl
ether, =301°, becomes =1082° in the se-trinitro deriv-
ative. A similar remarkable influence of the pleryl
group has been observed by Peacock, (Proc. C.S., 1914,
30, 275.), in thz case of cinchonine, ([} p+165°, in
acetone) and pieryl cinchonine ([i}, =1968°, in acetone).

These results therefore lead to the conclusion,
that, as in the case of the esters, the influence of
substituents on ths rotatory power of l=menthyl
ethers largely depends on the polarity of the sub-
stituent. The higher the electronegative polarity
of the group introduced, the higher is the rotatory

power/



-36-

power of the ether. The conparison holds for
aliphatic, as well as for aromatic esters and ethers,
although the evidence for aromatic ethers depends
only on the properties of the picryl compound.
Whether the introduction of chlorine or methoxyl into
the ortho position in the phenyl mucleus will bring
about a diminution in rotation, as has been observed
in the ortho substituted benzoates, has yet to be

determined.

d). Influence of Solvents.
If an electronezative substituent be intro-

duced into the acid radical of an ester of l-menthol
or/{=octanol, or into the second hydrocarbon residus
in an l-nmenthyl ether, the general effect is g rise
in the rotatory power. We may discuss in more
detail the manner in which the rotatory power may be
affected by the presence of solvents.

For the present purpose the mutual influence
of solvent upon solute can be regarded from two
points of view, viz:, (a) the changes due to the
variable polarity of the solvent and (b) those
caused by the variable polar substituents in the
solute.

According to Debye the presence of a dipole
in a compound will lead to dipole association, the
positive end of one dipols being attracted by the
negative/
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negative end of a second (and vice versa), as
represented in the following diagrami-

R~0H £1

o _2-1;1-0 635

This aasociatién will dlminish the internal elec~
trical field exerted by each of the pclar substit-
uents on the organic radical tu which they are
united. Thus 1f the chloro compound in the above
diagram 1s an optically active substance, 1t is to
be expected that dipole association with a polar
solvent will tend to neutralise the characterietic
effect of the chlorine substituent on the rotatory
POWeT .

This effect should be more marked for solvents
of high polarity, less for solvents of lower polarity
and should produce least change in solvents of zero
polarity. Thus, for an active compound in which the
rotation has been ralisged to a high value by an electro-
negative substituent, the rotation should e highest
in non-polar solvents such as benzene, where no neut-
ralisation of charpge occurs; and lowest in highly
polar solvents such as nitrobenzene, where the
maximim neutralisation occcurs,

Further, the more polar the subgtituent or
substituents in the optically active compound, the
greater is the influence on the optical rotatory
power and the greater will be the changes undergone

in/
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in the presence of solvents. And, in the limiting
case of an optically active substance with no polar
substituent, the same rotations may be expected in

all solvents whether of low or of high polarity.

These generalisations may be applied %0 the
ethers which are the subject of this thesis, although
in view of our almost negligible knowledge of solvent
action in connection with optical sctivity, it appears
certain that other as yet undetermined factors also
enter into the problem.

Both of the above effects may Le illustrated
by the values cobtained for the rotatory powers of
l-nenthyl picryl ether and l-menthyl methyl ether in
various solvents. In the following tables the
solvente are arranged in order of decreasing dipole

moments.

Table XII.



X7,
Solvent Action on l-Menthvl P;erﬂ, and Msthyl Zthers.
Solvent. (Hﬁ A.E‘imlﬁllﬁbﬁ‘ %%GBIL_LE her px 1018
cH GJ ~1075 «197+3 3.94
cH f"g ~1100 ~191.3 3.78
CH 303 -1139 ~198.7 1.64
CH 301 1403 -191.C 1.61
GH3I ~1420 ~120,3 1.6C
GHBr;\ (=1597) -188.2\ 1.30}
cacl3 \J ~1527 «189.3 | 1.10
on _oooH” ~1248 -198.9” 0,74
08, -1597 . =216.0 0
0C1, ~1541 ~195.1 0
Cdiyy (=2489) ~194.6 o
¢ 6r;5;so 2 =1306 -189.3 2.90
C 61-1 on 12022 «192,7 3.05
¢ gl CHO ~1277 1032 2.75
G g Br -1417 ~191.5 1.56
¢l ~-1472 -195,3 1.25
) cHBOf:H3 ~13C1 -196,8 1.16
C g OH, ~17%84 «192.7 0,40
O, «~1384 ~19%5,0 0

(0 i S, - (<173.5) (1.51)
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In the case of the pleryl ether containing
strongly polar groups, a marked change is observed
on paseing from polar 40 non=polar solvents. Thus
the rotation rises steadily from -1075°4in aceto-
nitrile to reach maximum values of -1597° and -1541°
in carbon disulphide and carbon tetrachloride, both
of zero dipole moment. A high value is also
obtained in bromoform. The varilations are somevhat
smaller in arcomatic solvents althouch here again the
lowest rotatory powers are observed for the three
nost polar liquids examined, namely nitrobenzene,
benzonitrile and benzaldehyde.

The molecular rotation of the methyl ether
only undergoes relatively small variations with
change of solvent. If we except aniline which
appears to form a highly coloured complex with the
solute,'the naximun observed range only amounts to
7.5 degrees for the aromatic solvents employed, and
to 28 degreecs for the aliphatic compounds. In
neither case is there any sign of a relationship
between the polarity of the solvents and the change
in rotation.

The results obtained for the l-menthyl phenyl

ether are sumnarised in Table XILI.
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Table XIII.
Solv & on f/=llenthyl Fh Ether.
¢-1% 1-1dm. ¢ =20° & = 18

Solvent i8] ggﬁl | R 1018
C gL 0, - 302° 3490
C gl Cn - 316° 3.85
8 (i CHO - 348° 2.75
C gl Br - 3AL° 1.56
O H I, - 367° 1.51
CoH X - 348° 1.25
062{500};3 - 334° 1.16
CgligCHy - 336° 0.40
CcHe - 353° 0o
CH 0N - 350° 3.94
0330;1 - 370° 1.64
CH,C1, - 371° 1.61
Criy1 - 359° 1.60
011013 - 338° 1.10
cz%ceoﬂ - 371° 0.74
C8, - 368° 0
CC1, - 328° 0

Cp By 4 - 348° 0
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In this case the varliations in molecular
rotation are also small, although somewhat greater
than those recorded for the methyl ether. The
Totatory powers in the bensene solvents give evid-
ence of a polar influence, the lowest values being
again exhibited in the two most polar liguids,
nitrobsnzene and benzonitrile. Ho regularities can
be traced among the aliphatic solvents.

The dispersion of the 2:4-~-dinitrophenyl ether
has already been shown %0 be anomalouns. This com-
pound cannot therefore be discussed in connection
with the ethers showing normal dispersion, but is
treated in detail in the section on dispersion.

It may therefore be concluded that solvent
influences among the l-menthyl ethers under discuss-
ion lends some support t0 the theoretical views
expressed on page 37 , although the predicted agree-

ments are subject to a mmber of exceptions.



Digpersion.
The dispersion of l-menthoxyacetic acid and

its derivatives was found to be normal and simple in
all solvent$s in which the compounde were examined,
a8 is shown by the graphs herewith.

l-lienthyl picryl ether was examined in benzene
and in acetone and was also found to exhibit simple
dispersion, as was the case with l-menthyl phenyl
ether, and l-menthyl methyl ether.

Cn the other hand, when the dispersion of 1-
menthyl 2:4-dinitrophenyl ether was examined in
benzene, it wﬁs found to be highly anomalous. For
example, the molecular rotation of this ether for
N 35461 was found %o be = 155°, while for \ =4359
it was + 70°. In alechol and in acetone solutions,
the dispersion was still anomalous, but the rotations
for the wviolet line had now become negative in sipgn.
Accordingly an extended examination of the dispersion
was made for ¢wo series of solvents, derived from
benzene and methane respectively. In the case of
the benzene solvents the combined effect of the
trace of colour in most of the solvents, together
with the yellow colour of the ether made it impose-
ible to obtain values for'x A359. The walues for
the rotatory powers are repeated in the following
sumnary, which clearly shows the gradual change from
anomalous t0 normal dispersion as the polarity of

the solvent is increased,

Table XIV./
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Solvent Action on E-Henthyl 2:4-Linitrophenyl Ether,

~52—

Table

XIV.

Solvent [

CeHNOp
C¢ HgCH
Cg H5CHO
Cg HBr
CgHsI

Ce He, OCHs
Ce H5CHs
Cg Hg

CHs CHN
CHs OH
CHp C1p
Chs I
CHCls
Ciz COOH
CeHyg
CS2
CCly

A =4358

(+53,13)
(+57.,6)
(+80.5)

(=365.5)
(=209.2)
(-209.2)
(=241.5)
(~280.8)
(=72, 4)
-28.98
(-38.6)
+2%,36

s960
|
I

"236. '7 I
-249.6'

~26A£>;

-135,2
—125-7°
- 50
-112.%

«3569,0
-273,6
-299.4
«204,5
-263.0
-297.9
-154,5
-132.0
-144,9

e P

5 -\

-220. (<] l

-241.5%

=233,

‘lbl.s

«151.0
-165.8
=133.%
=1350.,8

-301.0
-264.0
~264,0
~206.1
-2066.2
-272,0
-193.2
~15€.3
-162,6

5780

-209 2

|
!

-233,4 |
| ~223.% |

| «128.8

i "152. 0

-276.9

 =238,3
«246.,3

| -188.4

'24’9.6

-1'?5. 9
-155,0

=154,5

MX 10

3.90
3.85
2.%75
1.56
1.25
1.16
| 0.40
0

X!
 1.64
' 1.61
| 1.60

1.10
0.74

Bracketed values are approximate, owing to partial
absorption.
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The usual causes of ancmalous dispersion are
(i) the presence of an absorption band in the spectrunm
of the compound in the region of the wavelength
enployed for the determlination of the rotatory power;
(11) the presence of two centres of asymmetry having
opposite signs of rotation and different dispersion
ratios and (iii) a low rotatory power lying in the
neighbourhood of the zero axis.

In the case of the 2:4=dinitrophenyl ether the
last cause sppears to be absent as the molecular
rotation of the compound is comparatively high,

In order to exanine the second possibility,
the absorption spectrum of the compound in acetone
was determined. Although the rotatory power is
ancnalous under these conditions, there is no evid-
ence ©f any definite absorption band over the range
of wavelenzth employed (up to the neighbourhood of

A =4359). 1If the anomaly had been associated
with the presence of an absorption band, it would
also have been expected to be even more pronounced
in the trinitrophenyl ether, which, however, actually
exhibite normal and esimple dispersion.
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There renalne the firct suggestion that the ancualy
is due to the exlstence of an additionsl ecentre of
asymietry. This is not at all 1mprohablé in vier
of the recent dliscovery of optical isomeriem in
derivatives of diphenyl and other sinilsx compounds,
in whieh the blocking of free rotation round az bDond
permits the occurrence of enantiomorphous forms in
substances which were fornmerly thought to be symmetr-
ical. |

low, the investigation of Jdipole moments has
ledd Debye to conclude that the oxyger bonds in ethers
form an angle with one another, probably similar in
magnitude to that subtended by carbon bonds. In
this case it is possible that the l-menthyl 2:4-din-
itrophenyl ether may exiet as an equilibrium mixture
of two mirror image forms, especially if the nitro
group in the ortho pesition exeris an electriecal

attraction on the menthyl complex.

C,H,
®)
J
CH,
Menthyl radical behind Menthyl radicsl in front

nitro group. of nitroe group.
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In the latter event the ether will exist in
the form of a mixture of unequal amounte of the
d=-nenthyl=l=isomeride and the l-menthyl=d-isomeride,
of which the latter will probably possess anomalous
dispersion (ef. l=menthyl d-camphorsulphonate).

The anomaly would be most evident in solvents
of low polarity (benzene and carbon disulphide) since
the electrostatic attraction which has been assumed
to exist between the menthyl radical and the nitro
group would then be at its maximum. In solvente of
high polarity the field exerted by the strongly polar
nitro group will be reduced by dipole association
with the solvent, largely releasing the menthyl group
from its sphere of influence and again allowing free
rotation around the C = O bond. The above assump-
tion also accounts for the observed reversal of the
usual effect of polar solvents, since a non-polar
nedium increases the anomaly and thus lowers the
apparent rotatory power.

In this connection 1t is of interest that
anomalous dispersion has previously been observed in
l-menthyl 2-methoxy le-naphthoate K f sl
by Bretscher, Rule and Spence, B
(J.C.8., 1928, 1493.)
and in the l-menthyl ester of benzene o-nitrosulphon-
ic acid by Gordon Smith (Thesis, Edinburgh, 1930),

to/
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to both of which a similar explanation may be
applied.

In conclusion, the writer wishes to express
his gratitude to Dr. H. G. Rule for his generous
interest and helpful advice during the progress of
this work.
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Sunnary.

(1). The influence of polar substituents on

optical rotatory powers of l-menthyl derivatives has
been extended to include the l-menthyl ethers of both
aliphatic and aromatic types.

(ii). The effect of ionisation on the rotatory power
of ethers containing acidic, and probably also basiec,
substituents is in agreement with prediction.

(11i). Improved methods are described for the prepar-
ation of l-menthoxyacetic acid, l-menthyl methyl
ether, and potassium and sodium menthoxides.

(iv). In some cases the influence of solvents on the
rotatory power of the l-menthyl ethers is in agree-
ment with the polarity of the solvent, highly polar
solvents tending to reverse the characteristic effect
of the substituents in the optically active molecule.
In other cases the solvent changes are small and show
no recularity.

(v). 1=MMenthyl 2:4=-dinitrophenyl ether is found %o
be definitely anomalous in solvents of low polarity
but its dispersion becomes normal, althouch complex
in solvents of high polarity. This change is
discussed in connection with the properties of other

ortho=substituted benzoic derivatives.
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EXPERIMENTAL

The menthol used in this investigation was
B.D.,H, "recrystallised menthol", and had a
rotatory power [«£]_ = - 49.75° in alcoholic
solution ( ¢ = 10 ),

The criterion of optical purity was a constant
rotational value, obtained by recrystallisation in
the case of the solid compounds, and fractionation

in the case of the liquids,



ﬁrMenthgi iethyl Ether.

This preparstion wes f{irst attempted, using a
modificetion of Lander's method for the ethyl ether,
(J.C.8., 1901, 9%, 731). Menthol, 50 gm,, was
mixed in a flask under e reflux condenser with
fresnh, dry, silver oxide, 100 gm., and methyl
iodide, 130 gm. o sction occurred at first,
so the flesk was warmed, Hesction set in, and the
mixture boiled of its own accord for about an hour.,
hen the ebullition hed ceased, the mixture was
heeted for eight hours on the water-bath, The
gilver oxide was filtered off, and washed
thoroughly with ether; the ether wes then distilled
off from the extrsct, end the product fractionated,
The portion boiling et 190-200° was collected
separately and its rotatory power determined,
Tschugseff (Beilstein, VI, p, 31) quotes for 1l-
menthyl methyl ether, Eﬂx: = «95,67°, D:O = 0,8607,
but the ebove preparation only gave Ea:ID = «50°,
The mixture was therefore remethylated,

After six methylations the [EJD hed only
risen to «65°, and the yield hed dropped to 15 gm.,
gince in eaeh'fractlonation only the portion bolling

at/
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at 193-200° was retained, Accordingly, a second
preparation wes carried out, and after six
methylations the rotation value had reached the
seme figure, The two yields were then combined,
end given a further six methylations, which only
inereased the Bﬂz:’ by smell chenges, to -70°,
the laest rise being very small indeed,

The difficulty obviously lies in the
separation of the unchanged menthol from the
o¢ther, by distillation; other methods were
therefore sttempted. The yleld wes heated with
sodium and methyl fodide, but the sodium falled
to react, and no change in rotation was found.
The mixture was next steam-distilled, until about
oné=third of its volume haed passed over, when the
remainder was separated from the water and dried.
The rotetion wes found to have risen to «%5°,
Evldently this process resulted in a partial
removal of menthol, slthough insufficient for the
purpose.

Lestly the mixture was heated with excess
para nitrobenzoyl chloride, snd pyridine, for
five hours on the water-bath, Ether was added
to the mixture, and the ethereal solution weshed
with dilute hydrochloric acid, dilute sodium

hydroxide/



hydroxide, and finally with water, The etheresl
layer was seperated, dried, and the ether removed.
¥hen the residue was irectionated, a portion was
obteined which boiled stesdily at 195°., Its
specific rotation was -85,41°, fThis portion was
re-fractionated carefully, and divided into two
precticelly equal perts, which boiled sharply at
193° and 197° respectively. The lower fraction
(b.pe 193°) had [a]p = =79.7°, and the higher
boiling portion -89,4°; this latter only emounted
to 3 gm,

A third preparstion was commenced with the
modificatione that the mixture was stirred, and that
the product from the evaporation of the ethereal
extract was not fractionated, This latter was to
avold losses in fractionation. After four
methylations the yield was freactionated, but the
portions showed so little change from menthol, thet
the method wes abandoned,

How, Tschugeeff's method of preparation, as
quoted in Beilstein (loc, c¢it,) was to treat sodium
menthoxide with methyl lodide, Owing to the
ineaccessibllity of his original peper, experimental
detells were unknown, but it was decided to attempt
the/
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the method using sodium menthoxide es free as
possible from menthol. Accordingly, Beckmann's
method (J. flr Prak. (II), 55, 16) was employed.
An equimolar mixture of sodium and menthol was
heated at 200° (meximum) in an etmosphere of hydro-
gen, which hed been carefully purified and dried,
For this purpose the hydrogen wae passed
successively through wesh-bottles contaeining acid
permanganate, silver nitrste, and elkaline per-
manganate solutions, two sulphuric acid bubblers,
end soda-lime and celcium cnloride tubes, in alle
glass apperatus with ground glass jolnts was used.
The Inlet tube for the hydrogen Ifitted closely
into the tubule of the flask, and the thermometer
was placed inside the inlet tube, which dipped
under the surface of the molten menthol. A long
outlet was ettached to the tubule of the‘racoiving
flask, and a calcium chloride tube wes fitted to
the end of this outlet to prevent backedifrusion
of moisture, In this way, 4% gm. of menthol

were treated with %7 gm, of sodium, and the mixture
kept at a maximum temperature of 200° for two and
a half hours, Although et the conclusion of

this time, sbout 1.5 gm, of sodium still remained
undissolved, the mixture had formed & viscous mase
of sodium menthoxide., To minimise the risk of

isomeriesation, the heating was stopped at this

stage/
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stage. A rapid stream of hydrogen was next blown
through, which carried over most of the excess
menthol,
‘The flask waes next cooled in ice, the con-

denser reversed, and 140 gm., of methyl ilodide added,
& vigorous action ensued, the mixture boiling
steadily, even when cooled in ice, and a copious
precipitaetion occurred. The mixture was then
heeted on the water-bath for four hours, after
which ether was sdded to the paesty product.
(Excess of sodium had previously been removed by
the eddition of methyl alcohol), The mixture was
filtered, the ether removed, and the residue
fractionated, Two fractions were obtained:-

B.F. 195-198°, @.p = <70,16° - [a] = «81.5°, 20 gn.
—————— 12 gm,

B.P., 198-210°, '"a:_-'D = «66,40%

A 80lid residue (methoxide, etc.) remained in the
flask,

A8 these fractions werse of close rotational
value, they were combined and treated with excess
para-nitrobenzoyl chloride and pyridine, The
mixture wes heated on the water-bath for three
hours, and then worked up as before, Two

fractions/
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frections were obtained:- b,p., 195-200° @ = «75,74°,
200205° @ p = «76.73° [¢] = ~89.16°. 4
further preparation was subsequently carried out,
In this case the reaction mixture was
allowed to stend overnight in the cold, and was
then refluxed for six hours, The sodium was
filtered of! with the sodium iodide, thus avoiding
the formation of & solid residue, This, when
fractionated in vecuo, geve three portions:-
b.p. 68~75° / 11 mm, {alp = «70,85° 6 gm,
75-85° fefp = =76.21° 22 gm,
85-05° fe = -63.57° 10 gn,

The fraction, b.p. 756~-85°, was treated
with pere~-nitrobenzoyl chloride end pyridine, and
heated on the water-bath for elight hours, It
wes then worked up as before, and on distillation
under 10 mm, pressure geve three portions:e

bep. 75-80° / 10 mm, foTp, = -79.28° 15 gnm.
80-81° fe1p = -82,50° 9 gm.
R S SR 0 8 G 2 gm,

For the second fraction [h]D was found to be
-95,85°%, which represents optical purity 8s obtained
by/



by Tschugseflf,

The first fraction end other frasctions of
the same order of purity were mixed together, and
treated with the acid chloride as before, This
yielded, on fractionation, 2 gm, which were of
sufficiently high rotation to be mixed with the
optically pure product from the previous
frectionation,

hotation values were determined for thie,
the final product, which showed that l-menthyl
methyl ether has normal dispersion, For this

product, [e], was found to be -95.17°.

A study of the influence ol solvents on the
optiecal rotstory power of this compound was

carried out,
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L-Henthyl Methyl Ether, Homogeneous, 20°.

[ |

A 6708 | 5883 5780 5461 | 4358
@, -62,60° -81,91° -ss.es‘g -9%7,01° | -161,23°
?‘,{_,__F L0160  .0122 L0117 L0103 | 0062
[] ~~ -72.88° -95.17° -99.55°1 -112.6° % -187.3°

[u]A ©123,9° | «161.7° .| =160.2°| -191.6° | =-318.3°
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Solvent Action on J-xanthyl Methyl Ither.

T & &m, €& =
Solvent % Eﬁggﬁl : Dipole Homent
! . U X 1018
S S 5
CHa W0, | -191,3° 3.78
CHgOH | -198,7° 1,62
CHaC1, -191.0° 1.61
CHgI -190,3° 1.60
CHBr, -188.,2° 1.30 Ly AL
CHC1s -189.3° 1.10
CHyCOOH -308.9° 0.74
CSe | -216.0° )
cCle | -195.1¢ 5
CeHisa l. ~104 ,6° 0
Coll1g ~192,.4¢ ? 0
CHgOH + HC1 | -196.8° | ?
= _ | b e
ColghO, | -189.3° | 3.90
CellsCN -192.7° 3.85
CeHgCHO ~193.2° 2,75
CeHgBr -191.5° 1.56
CeHgliia =173.5° 1.51 Red enlour,
? complex
CellaX «195,5° 1.25
CoHgOCHSg -19€,.8° 1.16
ColigClg -192,3° 0.40
ol -195.0° 0
Homogensous -191.5° ?



Preparation of {-kenthoxyacetic scid and ite

Terivatives.

(a) L-Menthoxyscetic acid.

The preparstion ol this ether-scid was
carried out according to the instructions of
Frankland end O'sulliven (J.C.S., 1911, 98, 2328),
using chloracetlic acid and sodium menthoxide, but
with the following modifications. The syrup

obtained from the ethereasl extract on eveporation

did not crystellies, and it wes therefore fraction-

ated in vacuo. Chloracetic aclid distilled at
83-85° under 10 mm, pressure, and the menthoxy-
acetic acid at 162-168°. The product was =
yellow syrup, for which [E]D was found to be
~«185,8°, in methyl alcohol ( ¢ = 5), (Frankland,
loe. eit., finds(k|, = -198.8°, after six re-
erystaellisations from sther)., On re-frection-
ation, the portion toiling et 183-164° / 10 mm,
was tesken, and was found to be cpticelly pure,
The present writer suggests that this is a much
-1ﬁpler method of purification than that of Franke
land end 0O'Sullivan, vield 44 gm,

The/

Woals
MM q_



The rotatory power of the acid was measured
in methyl and ethyl alechols, and in ethyl
alcohol conteining hydrogen chloride, end also in
the homogenecus state st 20%°, The observed
velues are glven in the tables herewith,

(b) Sodium f-Menthoxyacetate.

A solution of the sodium salt of thls ecid in
ethyl alcohol, wss prepared by titretion of a
weligned quantity of the acid with a standerd
solution of sodium ethoxide, end meking up to 10 ml.
with ethyl alecohol, fhis solution gave [?]5461 =
-180,4°, while that of the free aecid in ethyl
alcoholie solution wes -230,9°,

(¢) {~Menthoxyacetyl Chlorige.

Menthoxyecetic acid (20 gm,) wes treasted
with thionyl chloride (35 gm.,) in ¢ flesk with a
ground-in air cordenser fitted with 2 celcium
chloride tube, A violent reection ensued, which
may have been increesed by treces of water in the
recovered acid, necessitating cooling in ice,
#fter the reaction had sglowed ddwn, the mixture

wae/



was heected for sn hour st 50°, on a weter-bath,
until all ection ceased, The excess thionyl
chloride was then removed under diminilhsd
pressure at 50°, and the acid chloride used in this

1

form, vleld, 22 gm,

{d) K-Menthoxyacetamide.

Of the above yleld of acid chloride, 7 gn,.
were dissolved in dry benzene, and dry amwonie gas
introduced through & tube Jjust sbove the liquid
surface, When no more heat was evolved on
shaking, more bensgene was added end the gas lesd
removed, Any emmonlium chloride ete, was filtered
at the pump, ard the solution concentrated and
allowed to crystellise. Yield of crude amide,

7 gm.

The amide was recryétallisad from petrol
ether (b,p. 60-80°) until constant rotation was
found in five per cent, ethyl slcoholie solution,
It then gave [I]; = -205,4°, and [M]ges, = -243.6°,
The rotation of this compound was also determined
in benzene (¢ = 5), [M) 5467 = =220.6°.

A solution of l-menthoxyacetamide (¢ = §5) was
made in ethyl alcohol containing two molecules of
h:drogen chloride for each molecule of amide, but
no sppreciaeble change in rotation was obtesined,

nence/



hence little, il any, ionisation of the -CONH,
group can have occurred, ( [M]5461 = «-245,0%).

1-lienthoxyacetamide (m.p. 93°) forme white
needles, extrermely scluble in aleohol, sther,
acetone, carbon tetrachloride and methyl addchol.
It i1s also s=cluble in benzene and petrol ether,
but iz insoluble in water,

This compound was analysed for nitrogen by
Ter leulen's catalytic hvdrogenation method, ard

gave ¥ = 8,50, C,H .50 N requires N = 6,5%7%.

{e) uethyl /-Menthoxyacetate.

The remaining 10 gm. of the acld chloride
were added to excess metnyl alcochol, and refluxed
for four hourse, iater was added, and the ester
extracted with ether, IThis extract was waeshed with
sodium hydroxide, tanen with water, end finslly dried,
The ether was removed, and the ester fractionated in
vacuo. It boiled st 131° under 8 mm, pressure,
After four fractionations ihe ester wes obtained
optically pure, and hed a rotetion, in the
horogeneous state, Ei}ggﬁl = «275,6°, Doy = 0,8804,
Yield, crude ester, 9 gm; pure ester, 4 gnm,

otations were also%aken of the ester in ethyl

glecohol/
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alechol and in benzene (¢ = 5j,

This compound was enslysed by combustion for
carbon and hydrogen end gave: C = 68,32f, H =
10,62¢%. C1sfiz405 requires C = 68.42, H = 10,53},

(£) L-Menthvl f-ﬁenthoxyacetate.

l-Menthoxyacetyl chloride was prepered as
above, from 15 gm., of l-menthoxyacetic acid, On
this occasion the acid was dry, and the action was
slower, requiring heat to allow it to proceed,

To the acid chloride was added menthol (1,5
molecules) and the mixture heated for three nﬁuré,
corresponding to one and & hall houre alter tae
cessgatlion of evolution of hydrbgen ciloride, Ether
was then edded, and the ethereal extrect washed and
dried over calcium chiloride, Lfter remﬂviné tae
ether, the resulting syrup was heated in veacuo to
185°, below which temperature ell menthol and
menthoxyacetic acid distilled over. Yieid, 20 gnm,

The product remeining in the flesk was
recrystallised twice from metnyl alconoi, in which
is is sparingly soluble, and its rotation teken
{o=8), vield, 17 gnm.

As the ester so0 obtained etill hadéd a yellowlsh

colour/



colour, it was decolorised in methyl aleocholic
solution, with esnimal charcosl, fThie geve &
yield of white prisms, which were found to be
optically pure, m,p. 58.,5°,  Yield, 15 gm,

notations were taken in benzene (¢ = 5),
which gave [h]saal = «468.1°, and dlso in ethyl
alcohol (¢ = §). The values are given in the
sub Joined tables,

This compound wes anslysed for cerbon and
hydrogen by combusion end gave C = 74,907, H =
11,40%. C_H, o035 recuires ¢ = %8,01%, H = 11,3%,
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: f | |
A\ - | 6708 5893 5780 5461 4358 |

|- _ 322! |

~_l-menthoxyacetic acid, homogeneous 20°%, (£-1) (. 24 2)
o4 | - go% | _ar 20 | o ° _ " TR

| «T8,%2 | 106,88 | 108,82 124,50 207,32 D, - .g030
X | .01254  .00950 | 00811 | .00B03  .00482

[], | -64.01° -£4.55° | -88.18° | -09.95° .256.1° |
[M_])\ ‘%12.40 -éBO-Bo

| ~202,7° | -331,7° -552,5°
L-Iﬁenthoxyacstiq acld, 5% soln.,ethyl alcohol.-(ﬂﬂ)

e ~3,67°  -4,70, }-4.93" «5.57° -g.28° C= 5 (by
=% . 2725 .2128 ?.aoze 21795 .1078

[J,  ~71.08° -=01.01°  -95.45° <107.8° =-179,8° |
U'ﬂ,\ «152,1° =104,7° ~204.3° <230.9° -584.5° __:

L-ﬁmthogacetic acld,5¢ soln,.methyl alconol., ({:2)

o =7,38° -0.817  ~10,16° -11.46° | ~18.10° c:=528¢

o | +1358 | 1019 |.0884 |.08%0 | .0584

[d, | -72.61° -902,85° -96.10° |-108,6° | -180.7°

(M), . | 2140.0°  -198.6° -205.6° -232.6° -386.7%
{=Menthoxyacetic acid, 5§ soln, benzene. (L-1)

|29, 40°% | w966 |-10,24% |~11,46" | -18.01% | .Lgisy
,1351 1035  ,0986  ,08%3 ,0829

[, | =72,06° | ~94,08° -98.74° -111.5° -134,2°

[M]y, & -154.2° -201.3° -211.3° -238.6° -394.1°

{)

o~

)\ = 5481 »E-Menthoxgacetic acid Sodiun e-wentixmacetate
oniy | |

5¢ alcohol e HCL . 5% soln, &lcohol.
X -5,01° -$,40°
[, -112,7° -84,28°
[M], ~241,1° ~180,4°

_c,:_h’-&is’ e = 9-*L1p
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™1,

2 R

6708 5893 5780 5451 4358

{-¥enthoxyecetanide 57 soln, ethyl alechol. (M .W.21%:1)
-3,42° -4, 25° i-&.&a“ -5,00° T(B.05°) <z 448
.2924 .2553  .2227  .1966 | (,1246)
~76,85°  -99.12 | =100.9° -114.4° (-180.4°)
-1634%° «208,4° «214.9° -243,6° {-384 5°)
f%manthoxyacetamide'sﬁ #0ln, benzere,

-2, 64° @3.390° | w3,53° =4,02%° («6.,58®%) c-31-73
- 3788 <2950 .2833 .2888 (.1517)

-70,80° -90,01°% «04,80° ~107.7° (=1%96.%°)

-150,8° -183,6° -201,6° -229,6° (-376,3°)

Methyl (-Menthoxyacetate 5L athyl alecohol. (M.w. 22%.2)
-3.069° -4.83° -5,14°  -5.81° -0,54° A
<2710 .2070 .1946 1721 L1037
-72,14° -04,43° -100.5° ~113,6° -188,5°
-164,4° -215,3° -220,2° -259,0° -341:4°
Methyl fLﬁenthoxyacetata 54 benzene.'—ui$7
-3,57° -4.72° «4,00° 5.62° -9.28° SEALE
«2725 .2119 .2008 JA77¢ L1078
735,11 -04,01° «99,40° -111.9° -184,8°
~166,6° -214.3° -226,7° -255.2° -421.4°

Nethyl Lyuanthoxyaeetate Homogeneous 207,

-76,25° ; «100,04°
«01311 | « 01000

«77.78° -102,0°
-177.3° ~-232,6°

-104,63° ~118,54° ~197.10° ryde

. 00857
~106,86°

"24‘5o 00

. 00844 « 00607

«120,9° «201.0°

-2?5. 60 -45805‘,

= -5804%
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5%80

5461

5¢ ethyl sleonol, (M.w. 3424

0873
-114,5°
-403‘ 50

|-enthyl {=ontaoxyacetate
~11.46° |
L0841

-11.89°

«118,8°
-418,6°

L~¥entnyl [elenthoxyscetate

EC = %000

v13,47° -22,42°
L0742 | ,0446
-134,7° -224,2°

474 ,2° 3594°
—7%91°

5/ bhengene.

A | 8708
(L-2)
o ? -8,76°
& | 2138
[_‘o&]% | -8%.80°
[M] -308.4°
(k=)
A i -8,48°
6E | #1178
B, | =84.80°
TMT. 1 =2088,56°

-11,29°
. U886

-112,9°
-397.3° |

«11,74°

. 0852

«117.4°
-413,2°

C=-4§.000

«13,350° -22,01°
L0752 | 0454
-1330 00 | "'220.1 =

-4@3.1°;-774.7°

In the above table those values in brackets

are approximate, owing to absorpticn.




Attempted rreparation of o-Menthoxymethyl Benzolic

Acid.

CHp. CHy =0-CioHip
O 0 + KOCyoH,5> O
co’ : COOK

The phthalide used in this preparation was
obtained from phthelimide by Keissert's method of
reduction with sodium hydroxide and zinc dust.
(Ber., 1913, 46, 1489).

A solution of phthelide, 5 gm., in toluene
was added to a toluene solution of potassium
menthoxide, obtained from 0,87 gm. of potassium.
The mixture was boiled gently until a sample, to
which water had been added, only showed a faintly
elkeline reaction, Water was then added, and the
mixture shaken. The clear agueous layer was
separated off, acidified, and the resulting
emulsion extracted with ether, The ethereal sol=
ution was dried over calcium chloride, and the ether
removed. There remained a smell quentity of e
thick, sticky liquid, which, on drying in vacuo,
formed a resinous mass,

The preparation was repeated on & larger

scale/
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scale, using 18 gm. of phthalide, and gave a sinmilar
recinous yield. Then a sample of this was treated
with benzene and ether, small crystals were formed,
and the total yield was then treated with this
nixture. By varying the proportions of the
solvents, until an optimum mixture was reached,
whitish yellow crystals were obtained, m.p. 155°.
These were soluble in alcohol and very soluble in
acetone. A five per cent. solution of this zeid in
alcohol showed no activity. As a check, a five per
cent. solution of the sodium salt in aleohol was
prepared, which alsc showed no trace of activity,
and 1% wae concluded that this was not the required
acid.

fhe mother licuors from which the foregoing
subatance was deposited were treated with sodiuwm
hydroxide solution and the purified sodium salt so
obtained was acidified. The emulsion was extracted
with ether and the ethereal solution dried, On
evaporation of the ether an acid was obtained as a
resinous solid. This was also found to be inactive.
It was therefore assumed that the reaction had taken
place in a direction other than that indicated by the
above equation and the preparation was accordingly

abandoned.,



Attempted Preparation of o- and p-Nitrobenzyl

£~-Menth ther

Although it wae known that the hitrobenzyl
halides readily pass into stilbenes in the presence
of elkall, the preparation of the l-menthyl ether from
p-nitrobenzyl bromide was attempted in the hope that
a small amount might be isoclated. Two methods were
employed., The first was the intersction of
potassium mentnoxide.(from «09 gm, of potaéaium)
in solution in excess menthol, with p-nitrobenzyl
bromide, This, on heating, gave a highly coloured
yield, which, when treated with benzene, separated
into two portions. The first, which was insoluble
in benzene, but soluble in alcohol, formed a brown
powder melting ebove 200°, This was found to be
optiecally inective, and was probably 4:4'dinitro-
stilbene. The second fraction, in solution in the
benzene, weas separated from the excess menthol
present by fractionation in vacuo. Menthol die-
tilled at 95° under 12 mm, pressure, while the
second product sublimed atl40-148°as & brilliasnt
red solid, It was inactive, and was tsken to be

an/



an azoxy-compound. The small residue in the flask
was carbonaceous.
The second method used was heating a mixture
of 7.8 gm, menthol, 2,8 gm, potassium hydroxide,
3 ml. water, 235 ml. absolute alcohol and 10.8 gm,
p-nitrobenzyl bromide, gently for two hours, Very
little ection occurred, and on working up the
resulting mixture, only the starting materials,
together with traces of stilbenes and other
1ﬁact1va highly coloured products were obtained,
Similar highly coloured inactive products,
together with much ter, were obtained from the

ortho-isomer by both methods,




Purificatidn of Solvents.

(1) Nitromethane:-

The B.D.H. product was washed, dried over
calcium chloride, and fractionated. It was obtained
colourless, b.p. 100.8 - 101.1°.

(2) Acetonitrile:-

Aytoun, Scott and Compeny's acetonitrile was
dried over calcium chloride and fractionsated,
giving a colourléss product, b.p. 80,7 - 81.4°,
(3) Methyl Iodide:=-

Aytoun, Scott and Compeny's purified methyl
l1odide was washed with sodium carbonate aolution,'
dried over calcium chloride, and fractionated, -
b.p. 42,7 ~ 43.0°.

(4) Methylene Chloride:-

The B,D.H, product was washed with potassium
nydroxide solution, dried over calcium chloride and
fractionated, b.p. 41.8 - 42,2°,

(5) Acetone.

B.D.,H. "bisulphite purified" acetone was well
dried over calcium chloride and fractionated, b,.p.
55-56°,
(6) /
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(5) Methyl Alcohol:-

A semple of "ebsolute" methyl alcohol was
freed from acetone, refluxed over freshly prepared
quick-lime and fractionated, b.p. 63.7 - 63.8°,
(7) Acetic Acid:-

Eehlbaum's 100% acid was cooled until about two-
thirds frozen; the licuid was decanted off and the
crystalline mass fractionated, m.p. 16°, b.p. 118-118.2°.

(8) Chloroform:-

A good sample wae washed, dried and freactionated
to constant boiling point, b.p. 61-61.1°.
() Bromoform:=

B.D.H. bromoform (sp.gr. 2.85 - 2.90) was
washed, dried and fractionsted, b.p, 147-147.4°,

.(10) Carbon Disulphide:e

Aytoun, Scott end Company's redistilled carbon
disulphide was shaken with mercury, dried and
fractionated, b.p. 46-46.2°,

(11) Carbon Tetrachloride:-

The sample used had already been carefully
purified, It was dried and fractionsated, b.p.
77.6 = 77.8°.

(12) Hexane:=
B,D.H, hexene ("free from eromatic hydro=-

carbons") was dried and fractionated, b.p. 67-69°,

(13) /



(13) Ethyl Alcohol:-

"absolute” ethyl alcohol was refluxed over
freshly prepared lime and then fractionated, b.p.
77.8° under 749 mm, pressure,

(14) Benzonitrile:=-

Aytoun, Scott and Company's product was dried
and partially frozen out; the crystalline product-
waeg fractionated under reduced pressure, and was
obteined as a colourless liguid, m.,p. -12.9°, b.p.
82.5° under 15 mr, pressure.

(15) Nitrobenzene:

B.D.H, nitrobenzene was fractionated and the
portion boiling over 180,0 = 190,4° wae pertially
frozen out. The crystelline portion was melted,
dried and fractionated under reduced pressure,

M,Pe 546 = 5,7°, b.p. 920=-21° under 15 rm, pressure,
(16) Benzaldehyde:=-

Kehlbaum's purified product was washed with
sodium carbonate solution, dried and Iractionated,
care being taken to expose as little to the air as
possible, and to uese it within two hours of
fractionation, b.p. 179=179.2°,

(1%) Aniline:~

Kahlbaum's aniline "from sulphate" was dried
and fractionated, giving & colourless licuid of
b.p. 182,9 - 183°,

(18) /
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(18) inisole:-

B.D.H, anisole was dried and fractionated
and was obtained colourless and gave no phenol
reaction, b.p. 153.8°,

(19) Bromobenzene:e

This was prepared in the laboratory. It
was well washed with sodium carbonate solution end
water, dried over calcium chloride and fractionated,
bep. 154.8 = 155,2°,
(20) Iodobenzene:

This was also prepared in the laboratory and
was treated in the seme way as the bromo compou;;.
It was obtained almost colourless, b.p. 187.8 -188.1°.
(21) Benzene:=

B.D,H., "extra pure"” benzene was partially
frozen out and fractionated, m.p. 5.5°, b.p. 80-80.1°.
(22) Toluene:=

Aytoun, Seott end Company's "pure" toluene

was dried over metallic sodium wire and fractionated,

b.pe 109.7 = 109.8°%,



/-Menthyl ileryl Ether.

The pleryl chloride used in the following
preparationswas prepared by the method of Jackson
and Gezzolo (J. Am. C.S8., 1800, 23, 384). Sodium
(Cel® gm.) was dissolved in excess of menthol in
toluene solution, pieryl chloride (2 gm,) in
toluene added, snd the mixture heated on the water
beth for eight hours. After cocling, it weas
extracted with ether, and the ethereal extract
washed with water, followed by dilute sulphuric
ecid, and dilute sodium hvdroxide, Finally, it
wae weshed egeir with weter. By this means most of
the intense red colour of the solution was removed,
The etheredl layer was dried over calcium chloride,
and the solvent evaporated. The solid thus
obtiained was dried in vacuo, and recrystallised from
ligroin, Small yellow needlees were deposited
(m.p. 66=568°) and the mother-ligquor on concentration
gave plates (m,p. 110-111°).

The above prepsration wes repested, using
potesaium menthoxide, from 4,19 gm. of potessium,
instead of the sodium compound, since potassium
menthoxide is more rapidly formed, rieryl
chloride/
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chloride (26 gm.) was added to the toluene golution
of potasslum menthoxide thus cobtained, and the sane
procedure followed, Four crops of crystals were
deposited, (1) m.p. 66-68°, 4 gn.3 (2) m.p. 38=42°,
16.5 gm.; (3) m.p. 34-35°, 4,5 gm.; (4) residues,
3 gr. 4 five per cent, solution of the first crop.
in henzene gave a rotation [@]5461 = «21,25°%,

Owing to the low activity end low melting
point, it was supposed that this wae not the actual
ether, but probably & complex of the solvent with
pieryl chloride, or plcecric acid, contaminated with
menthol,

As the above method was not successful, the
ipstructions of Jackson and Boos (iAm, Ch, J. 1898,
20, 440) were followed in the hope of isclating the
complex composed of one molecule of tnhe ether with
one molecule of sodium menthoxide, & golutlion of
gsodium menthoxide in benzene wes prepared sné o
solution of pieryl chlorige in the same solvent
added to it. Sufficient ménthoxide was provided
to give two moleculee of menthoxide for sech mole-
cule of picryl caloride,
Colie (NC3 )3C1 + 2 NaOC, H 5> Cglp (KOz )3~0-C ) H,4,8200,,8,4

complex + NaCl
CeHz (W0 )5 =0mC 3o 1 g, NNROC 10" 19 + HCL P Cglly (NO, )3=0=C, H, o
+ €. H,0H + NaCl

The/



The mixture wes stirred vigorously, and & consider-
able amount of neet was evolved, wnile a deep red
colour developed throughout the solution. Oonly a
few deep red crystals could be removed by filtration,
end these on drying, end triturstion with hydro-
chloric acid, gave the ether as & yellow crystalline
g0lid. This wae recrystallieed from ligroin, and
melted at 132°, A solution in benzene, (¢ = 5),
gave [&]5461 = =381.9°. fThe original benzene
solution was therefore treated with dilute hydro-
- ehloric acid, and concentrated to & smell bulk. On
cooling, the residue solidified, The solid was
warmed, to melt the menthol present, and the latter
decanted off, leaving & srall yield of yellow
needles similar tec those cbteined from the complex,
The method of Jeckson esnd Boos (loc, eit.)
wes repested on & larger scsale, using potsssium
menthoxide, prepered from 1,7 gm. of potessium
and excess of menthol in toluene seclution, to which
was added gredueslly pieryl chloride dissolved in
not toluene. £ black mess formed, with the
evolution of much hest, sorme of the toluene being
driven off. The mixture was filtered, and the
precipitete washed thoroughly with benzene, when
it formed a dark erimson mass, whieh, on drying,

became/
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became a Lright crinson, Yield 12 gm, The
melting point of thie complex was ebove 140°, the
exect temperature not being obeserved on sccount of
the risk of explosion.

The complex wag pleced in a mortar and ground
gently with dilute hydreoehloric acid, ‘when ite
colour enenged slowly to orenge. The colour
change viag ruch slower with the potassium complex
than with the godium, indicating that the complex
derived Ifrom potassium menthexide is more stable
to acid than that derived from the corresponding
sodium compound.

Difficulty waes encountered at this estage,
as the menthol liberated formed & layer eround the
unchanged complex, rendering the mass sticky, and
stopping the reaction, A 1little ethyl ether was
added, which nllowed the resction to proceed, the
pleryl etner being obtsined a= s yellow solid.
Yield 3 gm,

A repetition of the preparetion, using 18
gre. 0f pieryl chloride, gave 21 gm, of the dried
complex, The combined yilelds (about ¥ gm,) werse
recrystallised from petrol ether (b,p. 80-100°),
and gave an orenge coloured crystalline product
whichh adnered to glass, It wee dissolved in

the/
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the minirum amount of hot benzene, and the cloudy
solution so cobtained was precipitated by the
addition of petrol ether, A brown by-product was
filtered off, and the clear yellow licuore concen-
trated until crystellisstion set in, In this
nenrer, a yellow =olid was obtained, which, on
drying in vacuo gave [§]5451 =-2%6,8°, in benzene
(e =5), On recrystellisstion from petrol

ether, (b.p. 80-100°), the rotetion rose slowly,
until after several repetitions it reached [¢f, = -2v1.0°.
Subsegqusnt recrystallisations gave [&]B = -206,2°,
and -264,7°, (The D-line was employed, as 8 mer-
cury arc lemp wes not aveilable at this stege).

It was sssumed thet this represented opticel
purity, the riolecular rotation for the L-line
being «1082°, and for the mercury green line,
-1321°,

On each recrystaliisation the etner was
obtained in the form of very pale yellow crystele,
Dn drying the crystals and exposing them to 1ight
they darkened, end on solution in benzene or
petrol ether, & smell amount of & brown, insoluble
rowder wee obtalned, The letter wee soluble in
alcohol or ecetone, but not in benzané or petrol

ether/
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ether. 4s the solutions of this substance in
acetone or alcohol hed e very intense red colour,
it was not found poseible to obtain reedings for
it in the polarimeter,

A steady fall in the yield resulted and a
similar change seems to proceed in solution, as
solutions derken quite apjireciebly on standing.
When the ether was kept in the derk during tae
process of drying, less diecolorastion occurred,
and the compound so obtained was used for the final
determinations of rotatory power., Hence it appesrs
that the decomposition proceeds in the presence of

1isnt.
A sample of the ether was placed between two

surfaces of glass, end exposed to the mction of sun-
lignt,. After & preliminary rapid derkening, the
action seemed to proceed more slowly. On removing
the covering glaes a strong smell of méEhona was
perceptible, and the whole layer was rourd to be
viscous. Hence it would appear that menthone and
possibly menthol, together with the brown powder

insoluble in benzene are formed from grmantnyl

picryI/
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pieryl ether by the action of light, Owing to the
difficulty in obtalning reesonably large cuentities
of this ether, this reaction was not further
investigated.

notatory powers were observed for five per
cent, solutions Iin benzene and in acetone, The
rotation tebles are subjoined.

The compound was enslysed for nitrogen by Ter
Meulen's method of catalytic hydrogenstion, and gave
the value N = 11.248. Oy Hpy00Ns requires N = 11,44%,

;;ﬁenthyl piceryl ether separatez in yellow
plates from benzene or acetone, in clusters of
needles, tending towarde prisms from ligroin and the
petrol ethers, or in some cases long plates, These
are probably hexagonal prisms, Some photographs
of crystals are shown which are of blue-prints
taken directly, using the crystals as the negative,
Another print is shown of some abnormelly shaped
erystels deposited slowly from petrol ether solution
on standing at room temperature,

ljdenthyl pleryl ether is moderately soluble in
petrol ether or alcohol, and easlly eoluble in
acetonse,benzene and chloroform. It melts at 133°

end explodes violently at 150°,
The influence of solvents on the rotatory powers

of this compound was examined, the tables of these

values being subjoined,



A}
.'].0
normal

et
her (



97—

Normal crystals, from concentrated solution in hot

benzene, on cooling,

Hormal crystals fwrom dilute solution in benzene by

eveporation of solvent at room temperature,
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From Acetone, by evaporation of solvent, at room

temperature,

From Petrol Ether, ( b.p. 80-100°), at room

temperature,

From Petrol Ether,

saturated solution, on cocling.



A= 6708 5893 5980 5461 4358

£~Hanthyl_p1cg;1 ether, 4.40f soln, in benzene, (MW.36%-2)

x |=8.00 <12.98 |=13.90 | «16.68 -
=l 7 2 b ) L0770 | LOTS | L0600 -
[o -204,5 «295,0 | =315.9 |-379.0 -~
(M) |ews2 | <2082 |-m260 |23 | -

No reading could be obtained for A= 4358 as
owing to the yellow colour of the solution, total

absorption occurred,

l-ﬁentgyl piecryl ether, 3,349 soln, in scetone,

T
| Lo S

X -'5.89 | "‘. ‘4 ‘8;92 ¥ -10-55 -

i ' 185

X | »1688 [~~~ | +2283 « 0850 -
| -asav |

[d-] «l76.6 ; -222,0 @ =267.4 «315.6 =
=~ qaftu

[M] | «648.0 «818,7 |=9681.5 |~1168 | =

As above, no reading could be obtained for \= 4358,

owing to absorption,
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Solvent Action on f-:;le-nthyl Picryl Ether.

A=5461, e¢=17. £=1am ¢t ==20°.
= =
Solvent | @] 5461 ]| Pipole Sonc .
‘ ulomentls % soln.
| M X 10

CH,CN | -1075° |  3s.04 i
CHgNO, 100" | 5,78 1
CHy OH -1139¢ | 1.64 045
CHgCly | =1403° | 1.61 1
CHsI | -l42z00 | 1.60 1
CHBrg | -15973\ 1.30 F\I 1
CHC14 \ - -1s27° /,.' | 1.10 j B
CHg COOE -1248° | e 'L | 1
CSg . -1s97° | 0 o
CCL, | -1541° 0 1
Colze | (-1489°) 0 | D.25
CeHgNO, ~1506° | 3.90 1
CeHgCN -1222° 3.85 1
CoHgCHO -1277° 1 2,75 |
CeHoBr -1417° | 1.56 !
CeHgNH, Intense red colour, total :1I'bsorption
CoHsI -1472° 1.25 ! 1
CoH0CH, -1361° 1.16 R
CoHsCH, -1384° | 0.40 At
CeHe -1384° 0 [ %
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[-sentny1 2:4: Dinitrophenyl Etuer.

As a trial preparation, 2 gm, of potassium
were dlssolved in 40 gm, of molten menthol at 100°,
forming potasaium menthoxide, To this was =2dded
5 gm. of 1:2:4:chloreodinitrobenzene, and the
mixture shaken, A brown precipitete was deposited,
and the product waes then heated on the weter-bath
for two hours, It was cooled, treated with ether
and the precipitated potassium chloride filtered
off, The ethersal filtrate wes washed with weater,
dried, end the solvent evaporsated, Excess of
menthol was sublimed of'f, but the residue cone
sisted almost entirely of tar, and was unworkable,

The preparation was repeated, using two
molecules of potessium menthoxide per molecule of
the chlorodinitrobenzene, in order to see whether
a complex could be isolated, ae in the case of the
pieryl ether (Q.v.). The solutione were mixed
hot, with stirring. Again a dark product was
formed, with the precipitation of a solid which
proved to be potassium chloride. The highly
coloured mother-liquors were evaporated down,
eand left to crystallise for several days, The

menthol/
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menthol was washed out with petrol ether, small
pale yellow needles being left behind, These
seemed to be soluble in menthol, and to crystallise
out therefrom, as at an earlier stage, all éf the
solid dissolved in petrol ether. Yield of crude
ether 2 gm, '

The preparation was repeated, using 20 gm,
of chlorodinitrobenzene, and two moleculsr pro-
portions of menthoxide in benzene solution, On
this occesion the solutions were mixed cold. A
thick brown precipitate of potassium chloride was
formed, leaving pale yellow mother-liquors, which
were concentrated and allowed to crystallise for a
week, On extracting the crystalline produect in
the cold with petrol ether (b.p., 40-60°), 8 gm, of
yellow needles were obtained, m.p. 88°, The
product was recrystallised from petrol ether (b.p.
60=-80°), from which it crystallised in pale yellow
fibrous tufts of needles, These were ground up
and dried in vacuo, for three to four days, before
the rotations were teken in benzene solution (¢ = §5).
A desiccator painted black with Negroline was used
for drying this ether, as in the presence of light
it/
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it turns brown, probably owing to decomposition as
in the cese of the l-menthyl plcryl ether. In
benzene, ¢ = 5, this compound shows anomalous dis-

persion, the rotation for A = 4358 being dextro-
rotatory ( [M]geey  =154.5% [M]gzeq + 77.8°)

The ether was analysed for nitrogen by Ter
Meulen's method, and gave N = 8,658; C, H, Ny0
requires ¥ = 8,70%.

The dispersion of the compound was examined
in five per cent, solutions in benzene and in
acetone, and in 2,3 pef cent, solution in alcohol,
owing to its sparing solubility in that solvent.

The influence of solvents on the rotatory

powers of this compound was alsc examined,



=104

f-uenthyl 2:4:Dinlitrophenyl Ether, in benzene 5% aoln.(m W. 322 .t)

——
N = [ 6708 | 5893 | 5780 | 5461 | 4358
=0 i -1.88° !-3.31’ : 2,35° «2,41° +1,08°

ft  |-.5819  .4320 |-.42556 -.4149  4.9259

o) }-:s'r.ao | =46.20° | =4%7.00° -48.20° +21.607
| Ml | -122.1° |-248.9° | -151.4° -155.2°  +69.55°

' W

| l-Menthyl 2:4: Dinitrophenyl Ether, 1n acetons 5% soln,

| & [=mae® |32t [-same® [-em® | -suv0°
‘ 1
1

Ve

[, L-ez.eo" ‘-74.40" i-v-?.ec° -84,20° | =74.00°

L WMl -202.2° |-239.5° .-250 5° | «291.1° | -238.3°
. N =  =&ileld

« 3185 ll .2688 | 2071 «2068 . 2703

ﬁ-xentnlz 2:4: Dinltrophenyl Etner, in othyl alcohol.

———T Y — S ——— o M e S .

c—254%, £=2dm.

1 —_— i B —— ——— B e —— S ——————————————————— ]
1

*  |=2.68° |=3,29° |~-3.36° | -35.68° | +2.69°

Y« |.3732  |.3040 | L2077 |.2m% | .3m%

| | | |

[0]y |=57.38° |-%0.46° | -71.94° |

(M],  -184.8° |-226,9° -231,7° -253,8° |-185,5°

-78.79° | -57.81°
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Solvent Action on .-lenthyl

2:4:Dinitrophenyl Ether.

c = 2% 1=1dm, t=20°
!___ lolecular itotations ' R
Solvent | A =4358 ! 4240 | 5461 svao'*th T s
CQHSNOE[ - -236,7° =220.6° -209.27 | 3,90
CellsCN :. - -249,6 ~-241.5 -233.4 E 3.86
| CeHgCHO | - ~l.0 -233.4 -223.8°  2.78 G
CoHgBr | (453.1) | -135.2 ~151.3 -146.5 | 1.56
CeHsI | - 28D Lie1.0  -156.2 i 1.25
CoMsOCHs| . | =161.0 ~165.8 =-153.0 | 1.16
CoHsCHy | (467.6) | #112,7 =133.7  =128.8 | 0.40
Cefe (+80.5) % -109.5 =136.9 @ ~132.0 0
. } .
| CHsCN | (~865.5) | =389.0 -301,0 | ~276.9 j 3,94
CHZOH E(-zgg.z) @ 23,6 |=264,0 @ -238,3 | 1.64
| CHaCls i(-zog.z) | .209.4 -264.0 | -246.3 | 1.61
i CHgI . | (=241,5) E «204.,5 =206.1 E -188.4 1.60
E CHC1,4 “35(-239.ef(‘ -293,5i>-259.§\ -241.§§35 1.13i)
{ CHaCOOH | (w 72.44)) ~267.9 -272.0J. -240.67 | 0,747
f Collae | - 28,98 | -164,5 |-198.2 | -173.8 O %
Coe §(-38.64) | -132,0 | -159.3 | -158.0 | ©
GRls f $27.36 | -144,9 (=162.6 | -154.56 @ 0
% Cx'hle L:2 /).

Bracketed values are approximate, owing to partial

absorption.
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Solvent Action on 2:4:Dinitrophenyl B-Menthyl Ether.

P ¥ B o8 26, t = 20°.

Solvent )= 4358 4940 | 5461 5780
et LA B 1

A T lE A L] ek fdee i e
CoHgCN -1.55 .6452 -1.50 .6667 -1.45 | .6896
CoHsCHO =164 | .6098] =145, .6896, ~1.39 | 7194
CEHBr (+e33 3.03) =0.84 1.191 =0.94 1.064 -0.91 | 1.099
CeHsI "0078 1.282 "1000 1.00 -0.97 1.050
CelsOCH, | =1.00.1.00 | -1.03 .9709 -0.95 | 1.053

CeHsCHs | (#6442 @ 2.38) | =070 1.429 «0.83 1,205 =0,80 | 1,250
CeHe (+50 = 2.00)| =0.68 1,471 -0.85 1.177 -0.82 | 1.220

CHaCN | (=227 .441)  -2.23 .4484 -1,87 .5348 -1,72 ,5815
CHzOH | (-1.30 .769); =1.70 .5883 =1.64 .6095 -1.48 | .6756
CHgCly | (~1.30 .769)? «1.86 5376 =1.64 ,6098 -1.53 | .6536
CHsI @.50 .66?)! -1.27 .7874 -1.28 .7812 -1.,17 @ .8547

CHCly  (-1.80 .555 | -1.82 .5494 -1.61 .6212 -1.50  .6667

1.55 .6452

CHgCOOH (-.45 2.22) -1.85 .5405 -1.69 .5917
CSe (-.24  4.17)| -0.82 1.220 =0.99 1.010 -0.95 | 1.053
CCl, +e17 | 5.88 | =0.90 1.111 -1,01 .9902 -0.96 | 1.B42
Calis ~e09 | 11.1 | -0.48 2.084 -0.60 1.667 -0.54 | 1.852'X-

% exthis £22dw

Bracketed values are approximate, owing to partial
absorption.
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/-uentnyl phenyl Ether.

Potassium menthoxide weas prepared fraom
potassium (7,8 gm.) end menthol (100 gm.), keeping
the temperature of the menthol at 100° by means of
a water-bath, 90 this, 40 gm, of iodobenzene
were added, the mixture kept at 100° for eighteen
hours, snd subseqguently heated in an oii-bath at
180° for aix hours. At the end of this tire,
the action sppeared to have ceased, as no more
potassium iodide was depositing. fhe produect was
then transferred to & distilling flask, and
distilled in vecuo,

The fraction boiling up to 100° under k2 mm,
pressure was taken to be menthol and menthene, etc,,
as most of it distilled at 95-97°. A second
portion then came over, the temperature rising
slowly to 140° and remeining fairly steady. This
portion was re-distilled in vecuo, and separated
sharply into two fractions, the lower boiling
steadily at ©¢7° under 12 mm., and the higher
uniformly at 144°,

The yield of the latter only emounted to 5
gm., and gave [a)5461 = «130,4° (¢ =5, in
benzene), The ether was then recrystallised
from/
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from alcochol, 85 per cent., and the product (3 gm,)
wes dried in vacuo. This ,when dissolved in benzene
(e = 5) gave [?]5461 = «149,6°, On further re-
erystallisation, the rotation rose to the constant
value =154,0°, which wae taken to represent opticel
purity. This corresponded to & molecular rotation
of =357,3°% (A = 5461), Yield 2 gm,

l-lienthyl phenyl ether forms colourless
needles, m.p. 49.6°, b.p. 144° under 12 mm,
pressure, It is Ireely soluble in benszene, ether
end acetone, less soluble in alcohol and petrol
ether,and insoluble 1in water,

The compound was analysed for carbon and
nydrogen by combustion, snd gave ¢ = 82,698 ;
H = 10,38%; C,,H,,0 requires C = 82,76% ;
H = 10.,35¢,

The effect of solvents on the rotation of
this ether was investigated, the results being

given in the table herewith,
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f—-ﬁenthyl rhenyl Ether. 5§ solution in

benzene, [=1 , t = 20°, (M.wW. 232°2).

8708
& «5,00°
Y #2000
«100,0°
B,
: [M]\ =232, 00

5883
-6,48°
»1541
~129,8°
=301.,1°

] -7.,60°

5451

"'153. 80

| «356,8°

4358

-12.58. S IR

| .0808
-5?4. ‘ »
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Solvent iction on f-ﬂenthll ihenyl kEther.

e=17: L=1lam: t=20"

18

Solvent | | [ ﬂ] 5461 A x 1O
Ce HglOp - 302° 8.90
CeHCH : - 316° 3.88
C HgCHO ;' - B348° j 2,95
Cg He By | - 344° | 1.66
Cg Hglilp ) - 36%° | 1.5
CeHgl - 348° 1,25
Ce H50CHly - 334° l.16
Cg H;CHy - 336° | Ue %0
Ce H - 353° b Oy

CHy CN - 350° | 3.94
CHy OH | - 370° i 1.604
CHe Clg - 371° é 1.61
CHy I ._ - 359° |~ 1460
CHCls - 338° ‘ 1.10
CHiy COOH | - 37° | G.74
CSe - 368° , 0

CClq :' - 328° 0

CeHy 4 - 348° o
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Attempted Freparation of 2:&:Dinitropaenyl Kenthyl

Ether.

L8 lechloro-2:6-dinitrobenzene i= not quoted in
sany liszts izsued by chemical menufscturers, the
writsr corrumicsted with six of the larpgest flrms
with g view to having it prepered, but without
success, une firm, nowaver, refaerred to essrs
Hickson of Ceaztleford, who had a cruds mixture
wnlen wvas atated to contair 2:5- and 2:4-dinitro-
ehlorobenzenes, ¥essre Hicleon kindly sent s kilo-
gram to the present writer, end it wee this crude
sutectic mirxture which wes ueed in the nhope that the
2:¢=ether would be forred in suificient gquantity
for isoletion,

iceerdingly, two moleculer proportione of the
crude mixed isomers {which melted et sbout 30°)
were sllowed to intersect at 120° with one proportion
of' potessium menthoxide ip the homogeneousa sgtate, A
very deep red colour developed, whien could not ve
removed by purilication, henee no rotastory powers
cculd be cbeerved for any of the producte,

The reaction wes next attempted in toluere
solution at 110°%, but agein & strong colour
developed.

The/
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The third attempt was made in benzene solution
when a coplous dark red precipitate was deposited.,
This suggested complex formation as in the case of
the piocryl ether (ge.v.). The precipitate was shaken
with dilute hydrochlorio acid and a 1little petrol
ether (b.p. 40-60°), leaving a yellowish viscous
nass. When this was extracted with hot petrol
ether (be.p. 80=100°) the solution deposited pale
yellow crystals on cooling. These were found to
be optically inactive, and were soluble in alkall;
they were therefore taken 10 be a nitrophenol, which
was borpe out by the fact that the original nmized
isomers produced a styong irritant action on the
skine. The filtrate from the precipitate was
evaporated and allowed to orystallise, but the
resulting mass was of such a dark colour as %0 be
useless for polarimetric observations.

In the final preparation the crude chloro-
nitro compound was purified by treatment with alkali,
and recrystallisation from benzene. This purified
product was then allawad t0o interact with potassiun
menthoxide at about 506. The object of working at
this low temperature was to minimise the formation
of azoxy-compounds. Unfortunately, the only
product which could be isolated by the
usual/
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usual means was the 2:4-dinitro-ether (v. ante),.
Thus ae it was not known for certain if the mixture

obtained from Messrs Hickson actually contains any
l=chloro-2:6-dinitrobenzene, the preparation was

abandoned.
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Attempted Preparations of o- end p-Nitrophenyl {-

Menthyl Ethers,

EocS

Humerous attempte were made to prepars these
ethers, but with no succéaa. Freparations were

carried out under veriocus conditions, as follows:-

(a) rFotassium menthoxide was prepared from 3.9 gm.
of potassium and excess menthol at 170°, and the
mixture was then treated with 25 gm. of p-iodo-
nitrobenzene, A very violent reaction ensued, and
after this had subsided, the product wes kept st 150°
for two hours, Ihe mixture was quite black, snd on
treatment with petrol etner (following the method
used for the 2:4-dinitrophenyl ether) gave & black
inscluble tarry residue, which on extrasction with
petrol ether (b.p. 80-100°) yielded only p-iodo-
nitrobenzene. The portion soluble in petrol
ether (b.p. 40-607) was fractionated in vacuo, and
gave menthol, and e little p-iodonitrobenzense,
c-Iodionitrobenzene, under the same conditions,
reacted strongiy, but gave a very dark brown syrup
which could not be obtained crystalline. On
distillation this was separated into unchanged
o-iodonitrobenzene, and a tarry residue, which

could/
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could not be further purified,

{(b) The preparations were repeated, working at
120°, but as before, only the starting materials

and tarry products were obtained.

(e) In toluene solution st its boiling point, 110°,
less reaction seemed to occur, and the starting

materiels, with tarry syrups were sagein obtained.

(d) The reactions were carried out in benzene
solution at its bolling point, 85°, with the same

results.l

(e) As it wes thought thet the presence of aﬁceas
menthol was perhaps preventing e separation of the
ether, if formed, potagsium menthoxide was pre-

pered free from menthol by Beckmann's method (v.
ante). This was sllowed to react in two portions

in boiling benzene solution, with the two lsomers,

As before, only dark strongly coloured products

were obtained, togsther with menthol and the starting
materials, Since large amounts of menthol were
recovered, it showed that the reactions were pro-

ceeding along lines other than those desired,

RE) ¥
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(£f) It seemed that some of the intense red colour

of the residues was due to iodine or iodine com-
pounds, snd the chloro-compounds were tnerefore used
instead ol the lodo. The reactions were first
carried out in benzene solution in the cold, and
the mixtures were then heated at 85° for two hours.
Hdalide was found in the prescipitates insoluble in
benzene, and & considerable crop of needles was
obtained from the para~compound, The product,
however, proved inactive; 1t melted at 155°, and
was probably 4:4'-dichloroagzoxybenzene (m.p. 155°).
The ortho-isomer gave a brown terry syrup which

could not be entirely freed from menthol.,

(g) 4s Beckmann's method of preparing sodium
menthoxide involves a prolonged heating, (about
three hours) at high temperatures (200°) which may
tend to the isomerisation of the menthol, a
modified procedure was worked out which offers

certain advanteges,

Improved liethod of Preparaﬁion of Sodium and Fotassium

lenthoxides,

Four or five molecular proportions of menthol
were placed in a distilling flask, the side tube of

which was stoppered, the neck being fitted with a
long/



~117-

long air condenser, The flask was heated to 150°
in an oil-bath, and one molecular proportion of the
metal, cut into smell pieces, was graduslly sdded
through the air condenser, In this way 7.8 gm, of
potassium may be diesolved in about thirty-five
minutes, The sppsratus was then resrranged as for
a distillietion under diminished pressure, and the
excess of menthol distilled over at low pressure ir
e current of hydrogen. The menthol passed over
rapidly, and the residue in the flask suddenly
solidified, It wae assumed that the bulk of the
menthol had then been removed, and this was shown
to be correct by subsequently weighing the distilled
menthol. The distilletion with the oll-bath at
150-160° took three-quarters of an hour, which
means that the reaction was carried out about
fifty degrees lower, and in half the time of
Beckmann's method. With prectice this might be
lmproved upon,

ihe product was used for & final attempt by
allowing it to cool, adding the ortho-compound
dissolved in dry benzene and shaking vigorously.

After standing in the cold for three hours,
the Wixture: wes: warmed st 70° for three hours,
by the end of which no more so0lid was belng depositcd.

On working up the product, the bulk of the menthol

was/
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weeg recovered, together witnh s syrup of very
intense colour, which was found to be inactive,
These preparations were then abendoned, as the
p-nitrochlorovenzene formed 4:4'-dichloroazoxy-
benzene, and the ortho-isomer, highly coloured

inactive by-products.



