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IXNTRODUCTTION,

The present day worker, in ths partieulasy brench
of chemistry about to be considered, hes at his come-
mand & wealth of organised literature which might welﬂ
be a source of envy to those engrged in one of the
lese studied sections of science, Yevertheless, there
are numerous problems, for o golution of which the ree
gerreh worker in optical activity and its allied sube
Jects is compelled to make e.coureions into the realms

of qualified conjecture. This footor prob bly accounts

for the great numvber of hypotheses which have Leen ade
vanced, from time to time, in efforts to sntisfy the |
sxperimental evidence so eterdily scoumalating, In
the interects of clerity and eeonomy of epace, no
inttﬂmpt has bgen mede in the present work to touch upe

.an nll these theordies ond it ie resliced thet much

work of n high standard has hnd to be pnosed over, |
From 1924 onwerds RULT and his coeworkers have

directed their efforts towards the elucidstion of the |
probleme of opticel aetivity, ne exhibited in & grenat
variety of compounds, on the bagis of en hypothesis
that the rot- tory power of = molecule i8 & function
of the moments of the four groups asttached to the
agsymmetric atom cnd thnt the influcnce of a substite
uent on the optical rotation would, therefore, depend

in/
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in sign and magnitude, upon the polarity of the sube
stituent (J.C.S. 1924,1121) The experimental avideneL
obtuined in the eariier part of the work was not con-
clusive, due largely, to the fact that the distinctiop
between electropositive and electronegative dipoles
was not clearly recognised. ILater work however, based
on the suggestions of DUBYE & J,J. THOM30N, has guné
far towards putting the whole study of the problem

on a more scecure basis.

Before going on to descrive the manner in which
the degree of polaurity of a group hes vesn investi-
gatad, it is desir-ble thal some iudication be given |
of the wey in whick such polarity can Le congidered ﬁg
exist in the generslly accepted picture of the =ton,
dne to RUPHER¥ORD, iy & planetary system consisting
of » nucleus snd heving negatively charged ulactrona!

moving in orbits zround it. |

KOSSEL (2nn. d. Paysik, ,1916,49,298) postulated !
the polsr bond , which was alternatively called an |
electrovaleney by LANGMUIR, The essence 0f Kosael's‘
postulation is that the two atoms wnderpgoing the
linkzge should be dissimilar, one tending to lose,
and the other to gain, electrong, There is no defie
nite bond between the atoms, which are held together
presumably by electrvetuatic attruction. They come
apart re dily in sclution =nd form independently

mobile ions. Compounds 80 united exkribit thoge

properties/
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propertics which sre connected with s=lts. KXeseping in
mind the rule of "“ocets" one can revresent the formae
tion of the polar bonds typieal in the case of sodium

ehloride by the equation:ie

& -

- o & . e =

1BNE5. 020 —3 2¥ay 28N

Kogmoli himself recognized, that slthough his thesory

of electronie tr=neference wae qulte gatisfactory as
an explanation of the ionized link between disgimilar |
atoma, it wrs entirely incapable of sceounting for ‘
non-ionized links between similar -toms. LEVIE (J,A, |
C.5.,191%5,38,762) explained this type of combinstion |
of atoms by suggesting that it wes possible for an \
glectron to be shered between two stoms so that, in
some way, it could coupt towurds the stability eof !

both, Thusi= ‘
01" + .07 — :¢1: T1: |

fhe two chlorine =toms each with valency for one clee~
tron might sstisfy themselves by shrring two electrous |
28 nbove, The molecule in this case is & single
gtructure zand considerable forces are reguired fo¢ dise
rupt it. Valency bonds of this type are laiown as
co-valencies. Thus, the theories of Késsel and'Lewls.
provide an electronic mechanism for the {wo kKinds of
linkage, polar 2nd nonevolar, which chemical evidence
requires, In the same paper, Lewis (loc.cit.) mekes a

further/
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further suggestion, which has subsequently been shown

“to explain the co~ordination compounds of WiIRNER, He |
suggests that the two shared electrcns, which consti~ i
tute o go-valenecy, can srise in two ways: (1) as they |
normally do by each of the ztoms concerned contributin#
one of them (as above) or (2) oy one of the stoms cone=

tributing boih. This new type of coevalency n2eds a

name, end gymbol., Tor this purpose the worg co-orgggy?

2ink is used, and it may be expressed in formnlse by i
gn arrow pointing saway from the stom which contributea|

the two glectrongie :

Av+ B — > ALRB or A—>3
This linkage is the semiepoler link of LOWRY and others
end may be written alternatively!s

+ L
A —B or A——3 |

Following on these theoretical considsrestions, 2 novel |
type of molzcular asymmetry hos been disgovered whieh
furnjshes experimentzl eonfirmetion of the existence of
this semi~polar linkage. fgymmetric molzenles, exhitiﬁ-
ing optical mctivity,'hava been cbteined with only thr%e
groups attoched to the central satoms These are organid
ﬂuléhinatea and sulphoxides to which the following i

gstruetural formulaze heve been zgeigned:-

:0:8:0: R 10: SR
- .R.'ou AND -8 R’
i + OR - 4 R ;
0 e G o= & i
~ R-l \R‘ |
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It can be seen that the unshared electron pair tskes
the place of a sepnrate group round the sulphur atom
gso that, virtually, there =re four different groups
present. If these are arranged tetrahedrally the
molecule is asymmetriec. PHILLIPS (J,C.S. 1925,2552) |
obtained compounds of the first type in an optically |
active state and H/RRISON, KiNYON & PHILLIPS (J.C.S.,
1926,2779 ) resolved compounds of the second type,
while CLARKE, KENYONW & PHILLIPS (J.C.S., 1927, 188)
resolved a sulpkonylimine in which the semi-polar
double bond is formed between a nitrogen atom and a
susphur atom. Purther evidence of this semi-polar
linknge is given by SUGDEN'S "Parackhor" (Sugden, The
Parachor & Valency,1930). A group containing a cemie

- polur bond might be compared to & small electro-magnet,
the negative charge being associated with one of the
two atoms so linked and the positive cherge with the
other, ©Such a group would be definitely and strongly |
polar, THowever, groupe which contain only co-valenciep
also may exhibit polarity., 1In suéh coges we muet
suppose thot although there is no actual transference
of an electron from one ntom to another, &s is assumed
in the cage of a gsemi-poler doubla-bond, vet the share
ing of the alectrons is not an egual one., The state

of affeirs might be represented somewhat as followsie |

Here/
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Here two ntome A and B ore linked by a co-valency, in
which B has a grester share of the electrons than A;

| the electronic orbits conséquently being disposed in
favour of B, In effect then, B assumes a small nega~
tive charge, and A, © correspondingly small, positive
charge, 'n import'nt point se¢ we shall see later is
whether the group AB will be oriented towards the

' moleecule into which it is about to be substituted as

' the douvlet ( — 4 ) or as ([ 4+ —).

Partial polarities, of the type just dealt with,
heve been employed in modern theories of organiec
chemistry, and & good denl of informetion about them
hag been obtained by the 2id of a theory of dielectrie
constents due primarily to DEBYS (Fhysikal Zeit.,
1912,13,97)., SIR J.J, THOMSON (Pril. Meag.,1923,46,
497) suggested a method, by which the relative polare

i ity of groups of simple structurs could be obtained
by comparing the specific inductive capacities of com-
pounds of the type 13X for long wave lengths,

Mtilieing this conception, RULE (J,C.S.,1924,

' 1121) e=leunlated the specific induciive cspscities

. for a compound of the type CgHgX and after making
allowunce for meleculer weight and density, found
that the influence of the substituente, X, in affect=-
ing this factor was in the order ¥Y0g) CW > COCHg

CHO > €1 > Br > %t > Me > H , which represents
2 progressively diminishing polar magnitude irrespec-

tive of sign.

Some/
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Some yesrs previously, FLURSCHZIM (J,C.S.,1909,
718) studied the influence of substituents on the
dissociation conetants of acids and bases and found
th "t he could place them in a more or legs well dee~
fined geries which approximetes to that given above.
OLIVIER (fiee. Trav. Chim, ,1914,244) carried out re=
search on the influence of substituents on the chemi=
cal reactivity of atoms =nd groups. The eriterion he
made use of was the speed of formation of sulphones
from p=bromoe=benzenesulphonyl chleride and a substitute
ed benzene, He found thet the substituents affected
the velocity coefficients in the order:=

Me > H ) Hals ) NO,
An examinstion by the same author of the hydrolysis
of substituted benzyl chlorides, the aubatituenté
agein being in the p-position, (ibid.,1923,516,775)
indicated a similar relative influence:ie

Me > H > Hals ) COO0H o NO,
BETTI (Summery in Cazz,chim. Ttal, 1923,53,424) core
related the influence of substituentis on optical ace
tivity with their other properties. He condensed the
optically nctive base, de snaphthol-benzylamine, with
benzaldehyde and substituted benzaldehydes., The
rotatory powers of the resulting compounds in benzené
solution varied from + 2676° to —991°, and when

srranged/
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erranged in order of magnitude, gave a series which
agreed =pproximately with that representing the dis-
sociation constents of the benzoic acids derived from
the aldehydes employed. The following modified table

indicates the results obtained.

TABLE I.
@ﬂif ‘ldehyde “mployed. |kxdTor de=
rived acid,
p=Series +26?6° p=Dimethyl-aminoe benzoic 1(7)
+1154° Anisie 300
+1049° p=Hydroxy~benzoiec 29
+691° p= Toluiec 5-14
+373° Benzoice 6+ 0
+882° p=Chlorobenzoic 9'3
+207° p=litrobenzoic 396
o-Series| +894° o=Methoxybenzoic 8°0
+373° Benzoic 6*0
-86° salieylic 102+ 0
-1280 o=Chlorobenzoic 132+ 0
-326° | 0~ Toluic 1240
—991° o=Nitrobenzoic 816+ 0

From the Table it can be gathered that among the mono=
subgtituted ortho-compounds the influence of substit-
uents on rotatory power and on the dissociation

constant/
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constant respectively is

[M]? NOp < CH, < €1 < OH < H < OCH,

& NOp > C1 > OH > CHy > 0CHz > H

and smong the para-compounds

15 ¥, < C1< E < CHy ¢ (OH,00H,) < N(CH,),
_ f NOp > C1> H > CHy 7 (0CHz,0H) > MCHzly
Trom considerations such as these it has been deduced
thet the similrrity of substituent influence, in all
these casges; is to be traced to a2 fundamental clectri«
cal chenge in the molecule due tc the presence of the |
gsubstituent group. This type of substituent effect
has been referred to ng the “genersl polar effect®
(ROBINSON, Ann, Rep.Chem, Soc, ,1922,98), In the major-
ity of cases the relative influence of a number of
common substituvents approximates to the following
seriegie

NO,, COOH, Malogens, OCH,, ¥, CHy, N(CHy )p

SIR J.J, THOMSON (loc.cit. ) a2lso advenced the
hypothesis that the magnitude of the electrostatic
doublet was a veetor properiy, and that feor die
gubgtituted benzenes containing two substituents of
gimilar type, the doublets will reinforce one another
in the ortho-position and tend to neutralise one
another in the para-position. In this case the
di~electric conastants sheuld prove to be eof the

order/



10,

order, o >m > p

s +
[ 9z o
STRoNG N\ L( WEAK

-

Yhere, however, the substituents are of opposite
tyve they will reinforce one snother in the poro=-
vosition, =nd oppose one another in the orthoeposition,

the predicted order then heing p>m> o !

: 5

(@ § '

WEAK N/ N/ STRONG |
+

These suggestions heve heen largely confirmed by the

experimental work of other workers although SSTERMANN
{"he Dipole Moment & Chemieal Ztructure « DEBYSE, page
27) points out some shorteomings of Thomson's theory i
in the quantitative applieation of thies veector pro= ‘
perty, and J.J. Thomzon himeelf remarks that thucere i
mey be ferces ecting between the zubetitvents which |
ciffect their reistive positions and thus chénge the

angles between the group moments. _
The recent rescorches of C.F, SMYTH, J.V, WILLIPHS,
%. HOJINDANL, J. ZRRIRA, end others, bvased on the work
of Debye and Thomson, have now estiablished the fact!
that the pregence of a polar group, a@ch as ﬁﬁg or
CH;, in & hydrocarbon molecule introduces an electre=
static doublet or dipole, and whet is importent, the

sent of this dipole moment of the molecule is the

group/ .
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group in question. The definition of & dipole moment
is given as follows. In general, the electrical
centres of the nuclei and electrons, in & group or
atom, do not coincide. The distance between the
electrical centre of the electrons and that of the
nuclei, multiplied by the charge at either of these
poles, is termed the dipole moment. The values of the
dipole moments for a great variety of compounds have
now been calculated, and for monosuvstituted hydro=
carbons are found to be characteristic of the substie-
tuent groups and largely independent of the hydro=-
carbon rzdicals to which they‘are astteched, Thus,
nitroeparaffins =nd aromatic nitro-hydrocarbons have
practically identical dipole moments, although the
hydrocarbon radicals are very different. It was '
considerations such as these which led the investie-
gators to congider that the electron displacement
which conetitutes the dipole, takes ploce within or
in the immediate vicinity of the substituent group. |
From the resesrches mentioned above on o, n, and p |
di-substituted benzene, it haos been concluded that
gubgtituents may e divided intec two claseces, identi=-
cal with the older ideas of electronegative and
electropositive readicels, namely!-

(1) Rlectronegative

NOp, COOH, C1, Br, I, OCH, and probably OH

and (2) ElectropoaitiYa
CHz, MH,s ¥(CHz),

Trom/
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From the dipole momenis found fo? different substi-
tuents it is possible to deduce series such as
NO,, CW, halogens, OCHs, H, and H, CH,, N(CHg ), 1H,
reprecenting a gradual transition from electronegative
groups, through hydrogen, to those of increaseingly '
electropositive character. The strong similarity

of the nbove series to that representing the influcnce
of substituents on the dissociation of carboxylic

acids, chemical reactivity and the optical rotatory
pewers of the substituted series of compounds prepared
by BETTI & RVULE and co-workers will be at once appara4t.
he to the actual measurement of dipole moments one ‘
point must be stressed, namely, that in order to get

8 true measure of the contribution f the dipoles %o
the total polarization it is necessary to assess the i
dieclectric constant under conditione whieh ensurs that
each mplecule is well separsted from Ats nz2ighbours, sa
thet no minimisation of the external field of the
dipoies, due to agsociation, or orientation of the
molecules, can take place, This end esn be achieved, |
ejther by laking measuroments in the vaporous state,

or in dilute solutions in =n inert solvent. The lotter
method is the onc most freguently emplioyeds DIBYS
(Polare Molekeln, LeipRig, 1929 ) gives 2 £:11 demerip=
tion of the method employsd in the calenlation of
these dipole moments

Following on the work of WILLIAMS, HOJEVDAHLI,

URRZRA & SMYTH, ressearches were carried out by RULE

whieh/
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which demonstrated a parallelism between the optical
rotatory vowers of = greant variety of substituted
compounds, the aipole momentc of the respective
substituents, and other properties of the compounds.
The follewing table {Trans. Far,oc. ;1932,325)
typifies this work. (The valuss of the dipole mo=

ments quotsd are due to J. W, WILIIAMS (J.A4.C.S.,

1928,2350) and HOJENDAEL (Thesis, Copenhagen,1928)),

il _for

Subgtituents N M, k of reid| £-tenthyl |[£~ Octyd
Ged e Tgtar,
0
n(cH, ), 144 e.mul *3x10 ~156¢ 9 o
)2 - 1+8 %10 15723° | ~12.8°
or, 0+ 4 14 * 160:2° | -13-0°
2]
COCH 0+ 9 160 * 160°2 "
oc B, - 03 150+ 5° -
O (0]
OCH, 1.9 33 " 165 «18¢3
7}
i 107 15 * 185 -
- (at 93%) i
By 15 138 * 169 g8
0 0
c1 1'8 165 i7d «17* G
0
CN 38 370 *® i74 -

The order of the molecular rotations corresponds

closely with thet of the dipole moments of the groups,

and/
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and, except for the carboxyl derivative, with the
dissociation constants of tke porent acids. It mey beé
deduced also, that the sironger the electronegntive
character of the substituent present in the aeid, the
higker ies the rotrtion of the ester. From these reé=-
sults, showing how the dipole nature of the substite
unent zrour is reflected in the degree of ionigation,
reactivity and in » generasl menner in the optienl
activity of compounds, we cannot but be convinced of
the {undementel chsrascter of such substituent ine
fluencee.

The next point thot suggests itself for discuss~-
ion is the mode of propagstion of the "seneral polar
effect”, This is suppcsed to take place in two ways
namely, direetly through egpace, and by meane of a
digplacement of the valeney electrone nlong the chain.
of =toms townrds electronegative groups, or awsy from
electropositive groups, In the majority of cases we
are, as yet, unenlightened as to the orientation of
sn electronezative or an electropositive dipole with
respect to the hydrocarbon ehain; but gensral prine-

ciples would indicate & mechaniem like that belew

_.1.. + -—
Cl CHy COO----- " R — H
R } —
“leetron shift facilitating Glectron shift ree-
ionization preseing ionization

The above example illustrates the case of substituent
influence on the ionization of hydrogen in carboxylic
acids/
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neids whieh is brought about by the loss of an
electron.

If we now refer back to the properties of the
' £ -Menthyl end £-octyl esters in TABLZ II we cen
' stote in the 1light of the clectron shift theory that
the introduction of = eubstituent, which causes an
electron shift awsy from the mgymmetriec complex,

results generally, in an increase in the rotatory

powersg of these esters. ! similar generalisation hes
|

' been found to hold for = egeries of menthyl ethers of

i the type

CﬁﬁlgOCHéx (RULE, Trans.Farad, Soc.,1930

' 326). Conversely we might reasonably expeset the

‘negative rotations of these esters to be lowered by

| the presence of an electropositive amino or dimethyle |
!amino group in the acid radicsl, 2 ckange which has
ibeen shown to oceur. (Tee TABLZ II),

|
We c¢an then see, Trom what has been given above, |

' that the dipole nature of substituents snd the con-

|
'aequent eleciron ghift in the sdjoining hydrocarbon

chain can be made to ~eccount gsuccessfully for simple
‘casea of ionization, and to predict, in a2 general way*
!the direction of the change in rotatory power followe |
'ing upon substitutior in an opticslly active ester or
' ether of the type just dealt with,

i A1l the compounde examined in the experimental
|pnrt of thie work were Jawmenthyl o=gubstituted
:benzoatea. The gquestion then of substitution in
‘benzoic esters should prove of particular interest,

It/
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It was found that the influence of groups in the
meta and para positions of the henzene ring was in
keeping with the general polar effect as exhibited

in eliphatic esters; but it soon became evident that
this was not the case when the substitusnts occupied
the ortho=position to the optically ective ester
grouping. / comparison of the following Tables (IIX
taken from RULZ (Trane Tar, S50¢.1930,333) & IV taken
from RULE, HAY, NOMBZRS & FATERSON (J.C.S.,1928,180))
will reveal some features peculiar to substitution in
the ortho-position. 7" liet of dipole moments is
included in colurm 4 of the Table.

TABLE TIII

THE _VALUES of [Mlo for the 0-SUBSTITUTED BINZ0IC

ACTERS (HOMOG IR ROUS)

Ortho A=0ctyl A=¥enthyl | u for substi-
Substituent tuent Groupe.
NO,, -122° -381° -39
COOH - 91° -330° ~1*0
coocH, . -268° ~0e 1
CH,(CO . -051° -3°0
0 0
oH ~78°9 -279 a1
" 778" -239° -
(4]
oMy -68°1 -231° . +0°4
1 -44-3° -251° -1+5
ar -49:2° ~205° =15
0 w0
c1 -4 ~195 -1+5
OCH, “3300° -1432 -1°2
WO, ) -28°1° =200 . +104
o' 0o 0 .
WHa -23%0 -261 +1°5




17.

TABLE IV

20
THE_VAIUS of (ls of £-0CTYL HSTIRS of
m & p-SUBSTITUTEZD BENZOIC ACIDS.

Substituent m-Zgters p=igters,
Mo 107+8° °
| 5 #ACT D «119*%
' o}
. cooH - -119*1
o : hd
OMe - 93°%y -113*3
o] o
c1 - 92°4 -103° 86
Q s ]
Me - 94°0 -103*5
o n
H - 7748 - 778

In TABLE IIXI4t will Ye scen that H and CH3 occupy

(unexpectedly hilgh positions, so that the gubstituents,
|

;OHB, Cl, Br, ond I, lower the rotation of the unsube
‘stituted ester. In TABIE IV we see that OMe end C1
(Br and I act similerly) have exemctly the opposite
effect. Rule ir discussing TABLE III pointed ont that
with few exceptions the substituents could be regarded
ag being of two types, namely those which are medirec-
tive in benzene substitution, and raise the rotstion,
end those which are o,p~directive and lower it.
Hevertheless, apart from the three groups, COOH, H and
CH3 the arrangement in the octyl derivatives corres=-

ponds roughly with that expected on the basis of a

'general polar effect as may be seen from the values

of/
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bf S in column 4. In the case of the menthyl series
the anthranilate is =21so exgeptional,

| It is well known, thet slthough the electrical
field in the immediate neighbourhood of a molecnlar
Pharge may be very intense, it rapidly diminishes

Ias the distance from the charge increases. In the
case of p-substituted optically active benzoates we
Bhould thus expect that the substituent would be
effective chiefly through the medium of the carbon

chain separating it from the asymmetrie centres; the

same would be true toc & great extent in the case of

ithe mesubsiituted esters. “n examinstion of o=sub- |
!atituted esters however should reveal the influence of.
the substituted dipole acting direectly through spacs,
!aa well ag the elffect propagated through the chain of
‘atoms. Ve have just noted from TABLES III & IV that
o=substituted octyl and menthyleesters show an ab-
normel order of substituent influence, and RVLE (loc.
‘cit.] has suggested that the influence of certain
yaubstituents in the orthoeesters, as transmitted
through (ue ehain of atoms, is reversed by their ine
‘fluence propagated directly through space. He sup~
'poses that this reversal is associated with the
‘peculiar orientation of the o~substituent with respect
‘to the asymmetrie complex, and to the faet that the
'spatial influence 1s here operating through a much

shorter/
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shorter distance. In the coge of simple monatomie

subestituente such as Ci, T, and Br, this reversal is

represented as follows:i=

gy 5 CHy
/° -+
Q—C—' Q AND aCch— (@)
<L CH—CH CHy— CH
=y o

Investigations of a number of iidmenthyl napht- !

hivates indicates that the effects pecunliar to o-deri-‘
vatives in the “Benzene series sre present to an evan i
- grenter degree in the 1: 8 or peri-compounds. !
YeLuAN (J,C.S5.,1931,685) considers thaet in.f-menthyl
hydrogen naphthalate the pori-substituents are in
cloge proximity. He also shows that incresge of
temperature diminishes the high rotatory power of
Lementhyl methyl nephthinte in dekalin solutisn, the
value of [f)g,,, felling from -788° at 18° to -660°
at 986. This is interegting in view of the observe
tion of L. ZBAERT {LeipzigerVertrage,1930,60) that
increased molecular vibration leads to an incresse

in the mean distance between peri-groups., These
fagts, then, serve to support the opinion, that the

effect of substituents in the ortho and peri-~positions

is chiefly a space effect.
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THEZ _ACTION OF SOLVAENTS ON OPTICAL
ROTATORY _POYTR,

A survey of the literature on the zubject of
golvent action in genersl reveals the fact that great |
use ie monde of the phenomenon of asgsocistion to age
count for the features encountered., TICKARD & KEHYON?
(JeCuS.,1914,830) examined a lerge number of esters |
of the general formuls, CHs.CH.(O.CO.R)R', in aolveﬂt@
of various types and at varying toemperatures, and
made the important observation that in many cases thel
rotatory power of eack ester was affected in a similax
| manner by a change of solvent., ¥Yow, the only atoms !
of marked polar character in the ssters considered
are the oxjgen atoms contained in the carboxyl residué
and Pickard & Kenyon adopt the hypothesis that varia-:
tions in solvent snd temperature alter the desree nf
associstion of these esters, and consegquently their
rotatory power. Sueh association, however, they con= |
gider to be distinet from the ordinary process of
polynarisation, probably involving no alteration in
the mess of the optically aective molecule, bnt rother
a change in the valency of the oxygen atoms in the
- COOR group. This rejection of asgociation in its
ordinary sense, as sn explanation of the optical
changes, is of interest in the light of more recent
work by MISS B. B, SMITH (Tresis, @dinburgh, 1932)
Here it is pointed out that ethers, like esters, are |

supposed/
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supposed to undergo litile or no ascoclation. Nevers
theless, it was found that d -3« sec.~ occtyl methyl

ether exhibited & higher rotation when disgelved in

non=polar hydrocarbon solventis, then in the homogenew
ous state, o foct which the author attributes, in
part at least, %o the orientation of the eother mole= |
cules with respect to one another, and in such 2
manner ag to cause a diminution of rotatory power,
when the ether is in the homogeneous state. Here it
wonld geem that the nesociation that does exist es~-
capes detection by the ordinary methods of melecular
weicht determinstion, The molecules may, in fact, be
regarded as existing in o state of orientation which |
is not entirely fortuitous. Such orientation can,
however, be traced by polarisation meagurements., ‘
An admirable illustration of the use to which ‘
esgocistion cun be put in the elucidation of :colvent
action mey ve found in =z thesis by NMISS E, SMITH
(loc.cite) or in a paper by RULE, SMITH & HARROWER
(JeC.S., Bt present in the press), from whick the

following table and discussion are takeu.

TABLE/
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5 )
[ a5e5° | z1.8°| 31017 27:2° |26+9°((26:7)
5k61

s x 0'® 125 1 59 0 2490 n "

"The rotatory powers of nitro-octane when dissolved

in the cbove media seem st firet sight to precent few
| regularities; but they are rendily interpreted in

| terms of the varying degrees of associstion of the

- active molecules with one another, or with the col-

. vent. Vhen nitro=octsns is diluted with nitrobenzene,
& medium very similar to it in polarity and molecular
volume, it may be sgsumed that the electrical state of
the active complex suffers little change, the nitro=

. octane complexes being merely converted inte nitroe
octene=nitrobenzene aggregates, to an extent depen=-
dent upon the degree of diluticen. Hence there is only
| en ineignificant chenge in rotatory power. /'n excess
of 2 weakly polar solvent like anisole may be expected
to disgociate the nitro-octane more or less completely
at the concentrations employed, but it will not allow
the rotation to risgse to ite meximom value owing to

the/
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' the depressive influence of association betwesn nitro

and methoxyl groups. The addition of chlorobenzene
operstes in the same manner, but the solvent being |
relatively more polar than aniscle, the depression in:
this case is greater, snd the cbserved rotation lower,
altnough not 90 low as thet found in nitrobenzene.
On thie hypothesis, benzene, and to a still more
noticeabls exient, hexane, fails to elfect any cdne-
giderable disruption of the solute complexes ot the
concentration employed“;

The effects in hydrocorbon solivents, troceable
in the sbove table, sre assumed to be due to the fore

mation of definite assoeciatisn complexes. Thet sueh

18 provobly the case may be showm by reference to

molecular weigsht dsterminetions. Nitro-ethane in
eyclohexene {ce3) is stated by MASCARVILI & BUNATI
(Gazzets,1909,39,2,5652) to give a velue for the molee
cular weicht of 136, as against the theoretical value
of 76} again AUWERS (Zeit.phys.,Chem.,1093,12,689)

records a valug of 94 for nitropropsne (M,W,83) in

benzene, st ced, ond 84, at ceD+3,

Refersnce in the zbove discusgion was made to

| moleeular volume, This introduces ancther factor

which may modify appreciably the ijnterpretation of
solvent effect in some cases. The influsnce of the

gize/
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[
b

siz2 of the solvent molacule is revealed Dy & come
parison of the rotstory powers of L ~mentuyl metioyl
naprtrhalete, (RULE & Melwa¥, J,C,S,,1931,878) in

corrgsponding derivatives of four types of solvent.

20°
Solvent Bl ...
0
CH.I - 3356
% .
Cgﬁsl - 3830
cCHI - 465
6 5 ¢]
4 GIGH,?BI' - 553

Thesge four halides all have on electrical noment
approximating to 1+6 X 10.18, and the obperved var14
stione in rotatory power sre presuweably due to the
favt thet the larger organi¢ radical attsched to =
given dipole, the less frequently is the latter likﬂlﬁv
to come into the proximity of {the volar groupe in thq
optically activa molceule, These snme authors &!‘:‘.ﬂ.--i
mined t:lﬁe above ester in the three igomeric iyl
eklorides (¢ = 4). In thisg case there ig no alterae
tion in the molecular weight of the solvent molecules;
the only change 1c that, owing to the estructure of the
compounds, the peolar .01 group becomes increasingly

gerecncd as we pags from the normel, through the isg

to the tertisry chiloride.

Soivent/



Solvant |Ia!| Sl
: o
_' cnzcnac::«tz:'.%m - 450 10
i (CHy )pCM CH,C1L - 4640
[ . 0
| (cHy),C C1 - Bll'®

‘In sgreement with the above ecnclusions, the rotatory

Ipower was found %o be lowect in the normal and highest
jin the teriiary isomeride, the behaviour of the latter
Ibaing aimost that of a2 non~polary liquid,

i Hot ounly mey 'screcuing' be effected by the ine
|

creasing bulk of tkhe nydrocerbon radical, but slso byi

variation in the velume of a substituent group in the |

|
solvent molecule. The paracnor of the sabstituent |

| group in question {ef. SUEDEN, The Parachor & Valeney)
| |
| supplies e means of evtimeting this volune. |
| - .

| RULE & MITCHELL (J.C.%.,1926,3202) preparsd snd |
Iexamined the optlcally active d nF!- octyl esters nf |
methoxy-chlorc=, bromo=~ snd iodo-scetic aecids in s0le
| vents cegsx derived from the same parent hydroecarbon

benzene, They found that the influence of substituents

in the ester group in raising the rotatory power of

fﬁl-ocﬁyl acetote fell into the order,

| I>Br> Cl> OMe> Me > H

i and this order was found to hold generally whon the
esters were examinced in any one of the golvents em=

| ployed. Tagasing from cne solvent to another, they

' noticed/
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noticed that the influence exerted by the various

substituent groups in the solvent molsgule upon the

| series, suck as the above (O GHBX) in whieh the chare

rotatory power of any eingle ester, gave the followe
ing seguencs,
Mo >H >08t > €1 > Br H> 1

Ve see then, that the changes, produced by substitue ;
tion in the optically =ctive molecule, are alme=%{ the
execl roverse of the changes resulting from identical
substitution in the solvent molecule.

RULE & WIVCHELL were of the opinion that efforts
to datermine the relationship between rotatory power j
and golvent influence would be attended by a greater

measure of success if more use were made of gnlvont

actar of the mclecule as a whole did not undergo =ny
violent change from member to member,
Regsearch was carried out along those lineg and

the sdvent of values for the dipole moments of various

:eolventa, gave Rule a very definite method of testing

kie eguggestion (J.C.5.,1987,58) thet "polar groups,

 wnether present in the asymmetric compound, or in

. the solvent, also exert an influence on neighbouring

molecules, lerdins to correosponding chengees in rotae«
tory power®,
The cuccess that hae attended the efforts of

Rule and his cceworkers in this direction is admirably

' shown/
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shown by the following table extracted from a paper

by RULE & Mol AN (J.CsS.,1031,674) .

The epter eme

ployed was ,gomanthyl methyl naphihaiste , which wee

gelectead on acocount of ite extreme sensitivity to

change of solvent,

TABLE
Solvent Eﬂt:;‘ w10 eeats
3?20 3085
cenﬁcm ;
csaannb - 4R3° 3928
csnscﬂo - 430 296
0
() “0634612 - 4330 D04
05E501 - 463° le g2 |
CH I - 4685 i* 50 !
68 o '
o : * 50
CGHBBr 4860 1+ 5
: - 4006 o
cg%mm 4 A 105
- 0
Cﬁﬁﬁ 5456 :
- (i 0
cﬂnscs{s 54:0
K "’e“s“ma’s - 5{»@:50 0
4 -
65512 688 O

Tnblee for solvente derived from Methane, thane and

Wephthalene were aleo given and show the same type of

regularity a2 the abave,

RULZ & TOD (J.C. 5, ,1931,

19990 ) ana ¥I88 4. SUMITH (Thesis, Jdinburgh, 1932)

ghowed/
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' showed the same effect to obtain in £-menthyl pieryl

ether and in several of (ke optically active compounds
related to sec=/3 = octyl aleohol respectively, when
examined in a series of related solvents .

The most striking feature of the zbcve series is |
the clous relstionship existing between polarity of |
solvent, ng expressed by its dipole moment, and the
rotatory rower of the dissolved ester; the rotation
beinz lowest in solvents of high dipoie momenis, end |
highest in those of zero dipole moment, Solvents of |
intermediate polarity fell, on the whele, into the
order of their dipole valaes, but in this class, minor
divergences from the aforementioned generalization
are not infrequently encountared. Again; gome 0pti- |
cally active compounds {e.g. octyl bromide, and octyll

chloride, RULE, SMITH & HARROWER, loc.cit.) show an

glteration in rotatory power, with change of solvent,

| which i9 in the reverse sense to that encountered in

the examination of iiumenthyl methyl naphthalate, i.e,
the higheat rotztory powers are exhibited in solvents
of highest divele moment, and vice versa.

RULE & MoL2AN (J,C.2,,1931,686) advance the
opinion that the observed effeects are due to the in-
fluence of the solvent 4isoles upon the internal
field of the solute molecules acting sither through
deformation, or dipole nssociation (see below)

DEBYE/
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DUBYE (Polare Molekeln,p.48) deduces character=
istie polarisation-dissocistion diagroms for an age
! socinted polar iiquid on dilution with benzene or
hexane, Thus nitrobenzene gave a ¢urve of shape A,
' whon progreesively diluted witk benzene, while ethvl

elcohol axkibited = meximam in ites polsrisation curve

a A B

i
"

solarissation

fs Mole frac;ion
. X ~ of polar su
| P PT/\ atance in hydro-
carbon solvent,
TS =7 Je

| In & compound, the polarisation curve of which ag-

sumes the form shown in £, we may suppose that the
f molecules in the homogeneéous liguid undergo dipole
i sgsocistion so as to neutralise each other's field
. thus, Ef;:;; « Dilution of the solute ﬁnder conside~
| retion leads to an increase in the proportion of mole-
cules existing in the free state; the polarisstion
rising correspondingly. Yhen we consider type B howe
| ever, Debyc assumee thsat with rising conceniration,
the alcohol molecules firsi orient themselves in the
manner { = 4+ ) = + ) which actuslly resulte in an
increase in the nolariestion;: mut that in etill wmore
concantrated solutions two, »or mere, molcocules ave
| erranged into sggregates of a different type possegge-

ing a lower polrrisation. Hence & maxinmum value of

the/
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| the polarisation will be obtained =t some point X,

By & simple calculntion { = modification of which
will be described in the discussion of this thesis)
Debye, in the above disgrame, eliminstes the cone
tribution dne to the non-poler liquid present, and

iz sble to Tollow diesgrematicelly, the change in the
polarisation of the polar compound as it becomes Pro=
cressively dissociated, In a similar manner the
rotatory powers of b ~menthyl nethyl naphthalate, &s
determined in mixtures of polar and none-polar liguids,
were corracted approximstely for the rotation cone |
tributed by the nonepolar component (RULE & MeLiAW,
J.C.8,,1931,6881)., TFor mixtures made up of a non-
polar medium end nitreobenzene or ether, it was found |
thot the rotation-disesocistion disgrams thus deduced,
(representing the change in rotation as the poler
salvent became progressively dissociasted) c¢losely

rasombled those guoted by Debye for the corresponding

| variation in polarisation, Here also an increase in

polarisation was accompesnied by a fall in rotstory
power, and the form of the polarisation curve proved
to be the inverse of thuat obtained for the optical
rocetion. With ethyl alceoholic mixtures however, the
agreemant was )aes3 exacl, and the rosalt was regarded
as inconclusive (RULE & McliA¥, loc,cit. )

Extending/
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Gxtending thie type of investigsation to other

alcohols, these same aunthors (J,C.S.,1932,1400) ex~

amined the various effeectis produced Uy nu-propyl,

n- and iso~ butyl aleohols, and isce~ and terteamyl
aleohols and give disgrams showing the polsorisation
cgurve of the =2lcokol in guestion, plotted on the

same abgseissae as the curve representing the rotatory

| power oibﬂ-mﬂnthylamethyl naphthainte in salcolol-

benzene mixtures or verying compositions THlere again
it was found thnt chenges in the polarisation curves
are reflected in the varistions in the rotztory power
of the ester when dissolved in the corresponding bLenw
zane~aleokol mixture, and corrected for the rotation |
due to the benzene present: o naximum in the polari-
sation corregponding to 2 minimumn irn rotatory power. |
This ~grees with the relationship already established
in connectien with mono~substituted hydrocarbon sole
vents, where an incrcase in polarity lcads to = dimiw
nished rotation.
MISS SMITH (loeycit. ) recorde en interesting

exenminstion of octyl alecohol. FHere env irrepulariiles

| in ite degree of polsrisation brought sbout hy dilune

tion with a non-polar medium should be revealed di-
rectly in the vnolerimetris measurements carried out

with & syetem of two componente, Tlesing n~hexane asg

the solvent and varying the concentration of the octyl

aleohol/
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aleohol, a graph was ovtained which showsd that the
rotation varied irregularly with the concentrations.
Attegking the problem from snother angle, it
should be possivle to correlate (ke direction of the
optical change which occurs as increscsingly volar
solvents are empioyed, with thot produced by a chinge
in the concentration of {he active solule in a given
non-polar medium. ¥ the rotavory power cf the active
compound is displaced in a ceriein direction by sol-
ution in a highly polar solvent, then, o displacement
in the same sense sghould be ovbserved when the gone |

pound igs examined &t rising concentrations in 2 none-

| polar solvent. In both of these c¢ases, the change

should lead to an increased degree of dinrole aseocie=~|
tion. 1In the one cgse we have a rise in the de=gree
bf azsoceiztion (or moleceular orientation) due to an
1ncrenae in the polarity of the solvent medium, 2nd

in the other case & similar rize due to the incressed

' proximity of the poliar solute moleécules in the none

polar medium, .- Hence the optical changes shouid be in
the same direction. 2n agreement of this kinc was
observed by Miss Smith for the octyl derivntives
which she examined although the strongly polar nitro=-
octane wog somewhat irregalar, The last named come

pvound has been mentioned on page 22

1t/
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It has been suggested (RLT & MeLIAN, J.C,8.,1931
687) that the work of Rule might be correlated with
that of KUHN (Trens. Far.Soe.,1930,203) through the
medinm of SCHEZIBE'S researches {Ber,1926,59,2619)
on ketones in the presence of different solvents.
Scheibe observed a progressive displacement of the
typical ketoniec band towards the far ultra violset
region, as the polarity of the solvent inercassd.

If the rotation, for ezample, of an active ketonic
derivative is governed by the position of the band,
this change should lead to a progressive alterztion
in the rotatory power. Kuhn's original work upon thé
relstionahip of the rotatory power and the position,
and cire lar dichroism of the absorption bands in the
specirum of the molecule, nas been suppiemented by
later consideraztions,(KUHN, STEIRUOCHIMIE, FREUDINBIRG
1932, p.417) which indicate thnt the change in rote-
tion may in meny ceses, result from an alteration in
the'anisotropic properties of the band, without any
apprecisble change in its position,

With regerd to the effect of temperature upon
rotatory power of solutions of optically active come
pounds, there is but little in the litersture which
is of a sufficiently general charascter tc warrant
inclusion nt this junecture. However, PATTTIRS0N, DINN,

BICHANAN & 1OUDOW (J.C.S5.,1932,1715) are prompted,
ag/
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as ¢ regault of their inveetipgotions, to generalise in
the following menner. In sclvents which confer a
high rotational value, the rotatory power of an ope
tically zetive compound should diminiah, or else ine
cresagse only slowly with rise of temperature; wheress
in solvente of depreoasging influence, the rotation
ghould increase fairiy rapidly. Thus they show that
for solutions of cemphor in sulphuric acid, & golvent
whick ke » mirked effect in depressing the rotatory
power of camphor, & riee of tempersture results in an
increcse of rototion (in an absolute sense).
PATTROON & IOVDOW (JuCe e ,1987,1731) find a eimilar
effect, ueing L =chlorocamphor, In benzene, whiech
koo 8 deprogeing offect upon the rotstery power of
thie sabstance, it was found thnt Bn incrense of
tempersture produced 2 pronounced riece in rotatory
powar, In ethylene bromide, however, which sxhalte
the rotation, incressse of tempersture ra=sulted in a
riee of oniy a few degrees in the rotatory power.
Similar chaunges have been observed for ethyl t&rtratg
by To S FPATTERSON, (J4Ce5¢,1008,1843) and by
PATTIRSON & MeDONALD {J,C, 8, ,1900,321),

Yith 2 visw to obtsining confirmation ~nd farther
informetion of the voarious hypothesaes prenented in
this introduction, six £ emonthyl esters of ocecubstie
tuted benzoiec scide were subjected to a detsiled

investigation’/
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| investigations These six esters were examined ine

- dividually in serico of solvents derived from metnane

end benzene, 2 further sttempt to correlete rototory)
power with the polerisation of an hydroxylic come |
ponent was made in the coge of.ﬂf-menthyl gsalicylate |
in n~nexane., Hotation-dilution graphs were drawn for
all the esters, TFinelly, an investigation was undare
teken with a view to determining ths affect that
aelteration of temporature had upon the rotatory '
powers »f those esters in solution in polar and none |
polar solvents.

€everal of the ﬁ-menthyl o=gubstituted esters
used in this work were first prepareda by COHIN, who
examined their ectivity in the homogeneous state for |
the sodium line only (ef. J.0.3.,1914,1892)., Iater,
an investigation of some of these estere was mrde Yy
KEvYon & PICKARD (J.C.9,,1916,35). In that peper,
valuee for the roiatory powers are recorded, not only
in the homogeneoun state, but in golution aiso;
golvents of various typee beling employed. The offect|
on the rotatory power occasioned oy an aliorastlon of
termperature, ond Yy the ntilissntion of lipght of dife

ferent wavee~lengthe, is slso included in their rasulis
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A B, DH, sample of Penitrobenzoyl chloride wee
evailoble, Squel weights of this ond £ementhol were
| heated on on oil bath after the methed of COHEN &

ARMES (J.0.5,,1005,87,1190), The ester wans purified |
by erystallisation from aleohol, after which it gave

Q ao* o [
Mmp. 625 C and [‘i_] g «703*1 in benzene (¢ ed*008)
) |

| COMEN & AnM3S, (loe. oit.) quote m.p. 42 « 649,

‘nother sample of the ester gave ie
[n]:; az *703+4° in benzene (¢ = 4+222)
While KANYON & PICKARD, (J3.Ce8,.,19186,107,56) |

quotete

[’;“-.]% e «202+3° in benzene (mppx. 5° solution),
&/
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L glight modification of the method of “RTH

{Ann, Chim, Phye. 6 , 7, 485) was here employed.
‘Moleenlar propertione of phthelic asnhydride and
fementhol were hented together, in & flagk fitted

with o groundein glags condsnser, on an oil bath maine
toined et 110%C, for 36 hours, "hen cold, the cone
tente of the flask were taken up in ether and trange
ferred to a saparatary'funnal. Vater was added and
then dilute YaOl wuntil an slkaline resction was
‘shown after vigorous shaking, The ether frsction wes
geparated off, lMore ether was thaen edded and the |
contents of the separatory fumnel thoroughly agitated
again. The'ethcr leayer was allowed to zeparate out
=nd the agueous layer tapped off, This process was
repeated two more times., The water layer now conteine
'ed the Ye salt of thel -menthyl hydrogen phithslate,
which was then converted into the free aecid, by the
addition of excese dilute HCl. The free acid wee
‘extrocted with ether until exhausted. The combined
ethereal extrascts were thoroughly washed with water,
separated snd evaporated down to drynees, The resulte
ing solid was reorystallised twice from petroleum f
ether and dried in e vacuum desiceator. ".p. 111*5°c.

Yield of purified ester was 62*57 of theoretical,

ARTH/
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ARTH (loe. eit.) guotes @m.p. 110°c, wnile COHEN
POODRO¥FS, and AWDERSOW (J,C.S., 1916,100,232) reeord
mp. 111 - 212%,

The rotution of the ester waes found to be ie

[x]:; » 345087 in chloroform (47 concontrstion)
KYON & PICEARD (J.C. 9% ,1215, 107, 54) quote «=342.8°
in 5 ehloruform solution.

In conncction with this preparntion it ig intere
eeting to note that PICKARD & LITTIRBURY (7.0, %, ,191%,
I101.118) who prepared their ester from L -menthol and
the anhydride point out thoet when cryestallised from

acetie acid the ester has o melting point of about
119“0. If, however, it be kept for some dsys in con-

tact with the mother liquor, large priemstic needles
are formed, thic stable veriety melting st 122°,

! o f
Both varieties have E{]Da «91*43 in 57 CH81$ sole

ution.
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Thie ester wose prepered by treating the seid
ehloride of salicylic seid withfementhol, / number
of references to salicylyl chloride zre to be found
in chemicsl literature, M2YER (Monatsh, ,1901,22,430)
fajled to oytain any of the seld chloride by allowing
ealigylic seid to intersct with thionyl chloride, ale
though He MASTHR & AMMANN (J,A.C. 5, 1028,801,148, )

. record © small yield by this method, ‘ccording to the
CHUMISCHE FABAIK von HEYDAN (Cent. ,1901,2,518. ) ealis
eylyl chloride may e prepared from sodium snlieylate
snd benzene sulphonic c¢hloride, a statement which wn?
later contradicted, from thie source and also by
MPETSOHNT & LADISLAUS (DBer, .19-14.5'?,935); The laot
named workers, however give dircctions for the prepe
aration of the seid chloride from sodium salicylate
and thionyl chloride, and their method with slight
modifications wap employed here., The resgents used
were sodium solicylnte, powdered up finely and dried |
for eight hours at 120°C: purified pyridine (3 DL )
wne dried with stick IOH and fractioneted: f ementhol
(B ¥, recryst.): and thionyl chloride(3B,D.7. purie
fied),

One moleculer proportion of pyridine was added
glowly nt room tempercture to excese thionyl chloride
contained in a wide necked flosk fitted with & cork
and condenser, The renction wae vigorous at firet

and/
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and all the sodium ealicylute dissolved readily. The
flask was next allowed to stand for half an hour at
room temperature when an opalescent jelly with s
bluieh tint was obtained, The excess 50Cl, was then
removed by hesting the flesk on an oil bath at 60%
under diminished pressure., The contents of the flask
were next thoroughly extracted with petroleum ether
(0.p.60 = 89°) and the ethereal solution immodistely
filtered from sodium chloride at the pump with as
little loss of time aes poseible, The clear solution
Irelulting was transferred to a dietilling flask fitted
with an nir leak admitting dried air snd the petroleunm
 ether wep romoved by gently warming the flsok under

' reduced pressure, when a feintly yellow liquid of

' charscteristic odour was obtained. Yield, 887 of

| theoretical, KOPETSCHNI & IADISIAYE,(loe. ecit.)
quote a yield of 80 = 907 by this method, Ye MASTER
& AN quote @ 367 yield neing thionyl chloride and
the sodiom salt of salicylic acid ond desgseribe their
product as being = white orystalline subetance melting

1t IB°C to 2 colourlese eyrupy liquid which dietile ut
90°/11 mme, The selieylyl chloride obtained oe deperibe

 ed above wae treated without further purification with
a mixture of 0 ementhol (1 mol.,) and pyridine (3 mole. )

'in 8 flask which wos then heated over an oil bath, A
preeipitate ©f pyridine hydrochloride soon appeared

and/
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and the heating wae continued for four and & helf
hours at 120%C. The resction mixture once ¢old, wes
thovoughly waghed with water to remove pyridine hydroe

chloride and then neutralised with -wzcos solution

end agein waghed with water, The excees menthol was
removed Yy vigorous eteam distillation and the ester
was then extracted with petrolewn ether (b, p. 6"1~80°I
The extreet was dried over freghly imited sodium
sulphete and finally froctionnted, 5C grme of a pale
yellow digtillate being obtained from 80 grms, of
gsodium salicylate, RULD & Mag GILLIVRAY (J,0.8,,1929,
405) quote & 607 yield of pure ester, The ester at
thia etege showed a value of 0(;; o »waof?,"( y 1);

It was purified by diesolving it in warm methyl alcoe
hol (ef., RULE & Mmg GILLIVRAY, loe. oit.! and coallnﬁ
to -m”c in a freezing mixture of ice and salt, when
' the ester leyer which seporated was removed, taken up
in petroleum ether and waghed with woter, 'fier drye
ing over Wa.r_,_:'.so‘ it wag refractionated into three
portions, The middle fraction boiled ot 176°% /4 mma,

10

o
and geve o s »124°8 (1 dem. tube), This was

AN
refrectionated and the middle portion eollected.
"fter two more such treastments the rotoatien of the
seter remained conatant at o(¢;°b: . - 1.'25'?40 (Lg 1)
whence [_’:ﬂ:w s =331 5° for the homogeneous liquid
{ d:fng 1 %487, ) It wes a colourlesgs, 'viseous.

pdouriess/
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odourlesg oil having » beiling point of 1402 /0. 08 ms.
RULE & Hee GILLIVRAY ‘.loe.- eit. record 156°/0¢5 m.v
and [n];;m s »333°2% in the homogeneous liguid. The
egter po prepored wag contidered pure and was ut:lllﬂ!ﬁ
for the exocminutione of rotatory powers in the various
golventa,

¥ith u view to improving the yield of the ceter

a8 prepoered sbove three further experimente were
carried out. The salieylyl chloride was treated
with quontities of { ementhol remging from 1's to I
3 mo].u.. and the peried of heating ranged frem four |
' to seven hours at temperatures of 199° to 140% e
longer period of henting snd the higher tempersature
geve a erude product of somewhst lower rotutional
value o(;:ma «123+5% in a 1 dem, tube) while the
vield was not improved.

It wee thought that an adaptation of the sodium
menthoxide proceses (Of, VIRLIY, Bull, So¢. Chim, 1999
41,802) might yield the ester in more rendily purie |
fisble form ond poasidly in better guantity than the
above methed, The success theat attended the efforts
of RULZ, MILES & Mag GILLIVRAY (J,C.5,, 1929 2274)
(cf. also RULE & Mag GILLIVRAY J,C. 8. 1920, 407) 4n
preparing d - aeo./a ~00tyl salieylate by this methoﬁ
gave encourcgement to the belief, /coordingly exe
periments, eight in number, wore performed townrds
this end.

The/
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The amounts of sodium used varied from 04056 atom=
ic proportions to 0«7 astomie proportions 2nd of L- men=
thol from one to two moles. Temperatures ranging from
110° to 170° and periods of heating of from one half
to forty hours were employed. Some of the experiments
were performed in & current of nitrogen, others simply
in a stream of dry air., Ordinary distilling flasks
or Witimer {lasks and receivers were useds

The general procedure employed 1s given below.
The freshly cut sodium was dissolved in the £- menthol
et as low a temperature as possivle, The nethyl sali;
eylate, previously dried was added to the flask cone-
taining the sodium menthoxide 2nd a eurrent of ary

air or nitrogen passed through the solution. {In the
| experiments where nitrogen was used the dissolving of
ithe Na in the  nmenthol was conducted 21s8o0 in =
current of ﬁé in order to minimise possible oxidation
of the Nz metal). The passage of the air or nitrogen
through tke solution removes the methyl alcohel as it
is formed and thus enables the resction which is o
balanced one, to be displaced ws far as poseible, in
favour of the menthyl ester. The receiving flask
was cooled in ice and the resction =2llowed ¢ procesd
until the calculated voiume of methyl alcohol had
collected in the receiver, The reaction mixture was
then neutrealised with HCl, wasghed with wonter and then

extracted/
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extracted thoroughly with petroleum ether, This oxXe
troet wne dried over Nu,lo, end the solvent taken
off under reduced pressure, the regidus was then
distilled uwnder reduced presgure, Ixcess menthol
wag first dietilled off snd tl{e gater wus collected
in & gseparate receiving flesk,

The best resulte wore obtained using the follome

ing quantities te

b.?aenthol 68 groms,
“odium De8 @
Hothyl “alicylate 8o .

Here the heating was continued for twenty hm:ral
ot 160°C in a eurrent of s 8nd in & Vittmar flaok,
83 grems of a faintly yellowish oil were obtained |
having d:‘_::'. - 119.:30 (1 dem, tube), The
value ies thus considerably lower then that of thg |
erude product from the scid chloride preprration, i
which gave aC;‘: e = 124°2°, The avove was fractione
ated into three portions, the middle portion having
bepe 180%/1°5 mme, ond o(‘;:’: .- 119'90 { 1 dom,
tube), This fruction wee purified by dissolving,

a8 in the seid chloride method in methyl sicohol |
ond refractionating, 7"he middle fraction had b.D.
e 175 = 178°/4 mme, end on;H o = 120°4° ( 1 dom
tube), This on being treated again with methyl
slookiol and refractionated boiled at 199°/3 mme,

10°

o
and geve a value of =~ 124°2 for « , in a1 dem,

B0
tube, Hy this time however, the yield was too emall

to juetify further purification and the method wea,

for the time being, abandoned.
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Thies ester was prepared by heating together the
esleulated amounts of [ ementhol end benzoie ncid a\!‘ta’r
the method of 'RTH (’nn. Chim, Phys. 6. 7. 479), nmM |
ordinary round bottomed Pyrex flask however, being
substituted for the senled tube used by that worker,
* fine orystalline colnurlg’aa gubgtence wee finally

obtained. M.p. 54°C, [}.s]::w e = 262.1° in benzeme
(o » 4°000),

Huech of the work on this ester wihe done on a
purified sample, very kindly supplied by Dr RVLE,
who utilised the ascid chloride method in its preparss

tion, ‘'iis sample melted at 54%¢C end had [M]::- «aea-fso
in benzene, ¢ s 50032, (J.C.5, 19929, 403),

EKINYON & PICKARD (J,Ce3., 1916,107,62) regord « 276¢5°
for VLilgr. in benzene, 5' solution, COWIN & DUDLEY
ta'.c.i%.. 1910,97,1760) guote a melting point of 54°C
for their ester prepared from benzoyl chloride, while
PICKARD & LITTLABURY (J.C.8,1912,101,119) found that
their ester melted nt 85 = 55°C,
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PREPARATION

f pure sample of Peghlorobenzoic neid prepared
by Dr RULE was used as the starting point of thie
- praperation, The s¢id was trested with excess thiony
ehloride in e flask fitted with & ground~in condenger,

- The flask wes gently wormed on en oil beth until the
- renction began, after which the temperature wag grade
ually reised to 78°C and then meintained st that

temperature for an hour and o helf, The excess ﬁﬁczg

was removed under reduced pressure snd on exesce of

U ementhol wes sdded to the flask which was next

' hected on an oil bath at 1309C for two hours, The
contents of the fleck were neutralised with Ve,(04

- solution snd the exceseg menthol removed by steam

diotillation, The ester wos isclsted from n chloroe |

form extract of the ~eldified reeidue, ofter dchydras

tion over CaCls and removal of the solvent undexr ree

- duced preseure. The ester which ie o colourless oil i
wee mext dietilled under diminished pressure, = little
of the solid celd passing over firest {Compare COHEN
& BRIGES, J,0.8.,1903,83,1213). On redistilliing,

;b.p. 218 - aeo”xso mme. , the ester 2till showed signe
of slight impurity and gave & value of «198° gor ite
Imolecular rototion ot 90°0, ueing the Ya_ line snd

' the compound in the homogeneouns stnte, Tho ester s

therefore taken up agnin in CHCIS and shaken thoroughiy
with/
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‘with ¥aOM eolution and then with water severnl times,
It wes then dried over cat}12 and filtered; the sole
vent wag removed under diminished prossure snd the |
'resfidusl liquid dietilled in vaeuo, when it came over
' quite stendily snd without eny separation of solid, |
bep. 219°0/30 mms,

[H]T:‘, -198_”. “hen reduullad.it gave & boiling
point of 208°¢/0 ams. end [rz]z g ~107°0%,  Yield:ie
687 of theoreticcl (enleulated on o~chlorobenzoie
' scid)
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Gtarting with oejodobenzoie aclid the course of
the reaction mey bHe roeprogenticd ng follows e

COOH COOH cocq) COOCIOHW
I Oﬂ% oﬂa °°"5
—> —> —>

A polution of sodium nitrite (60 grme. in 100 ea

Hs0) was slowly edded to & solution of anthranilie
seid (80 grms.) in dilute 7,50, with conastant stirring;
the taemperature of the reszction mixture being kept doﬁn
to 0% by means of a freezing mixture of ice and salt.
Yhen excess of the nitrite, as indicsted by sturen
iodide paper, had besen added, a2 selution of 150 grme.
KI 4n 280 es #,0 was then slowly poured in, with
constant etirring, and the whole then allowed to stend
over-night: after which 4t was hoected on & steam-bath
until effervescence ceaped, allowed to ¢ool and filtere
ed at the pump. The solid remaining wae woshod with
warm sodium thiosulphate solution and then with wnter,
The scid was next dried; firetly at the pump, and then
on a porous piste, and finelly recrystallised from
boiling water, filtering whilet hot., I.p. 161%¢,

The yield was 90 grams, COHIN & RaPzR (J,C,.9.,88,
1292,1904) quote m.p, 162 - 163°C for thedr purified
weid/



acid prepared by the above method and a weight of iodo
~ acid nbout equel to the weight of snthrenilie aseid
etarted with, 3'0WRTT (Theeis, ‘dinburgh 1932) quotes
» melting point of 161°C ond a yield of 707 for the

fodo acid prepared in the same manner,

A method worked out by DARNETT,loes ecit., wae
uged for thies etuge of the preparation. 90 grams of
o=iodo benzoic acid were added to a solution obiained
by dissolving 148 grams of sodium metal in 60D e. @
of methyl sleohol, Copper bronge wng added to the
mixture heated under a reflux condenser for eight and
o half hours ot 118% The solation wes them filtered
at the waterepump, 2 deep amber coloured filtrete,
strongly elknline in resetion, being obteined. ‘ome
of the alcohol wns next removed by heating on the
gteamebath, To the well cooled eolution an excess of
HC1l was added and the gaparated oryestals were then
removed by filtration. The crude agid, af'ter drying,
wag recrystallised from ligroin from which solvent
beautiful eolourless fine needles were deposited,

Mo De 1ﬁ1‘4°C. Yield of Ofmethoxybenzoic acid was 917
of theoretical, B RWITT, loc.eit. guotes m,p. 99=1009
‘while COHEN & DUDLIY (J,C. % ,1010,07,1739) records

00 - 101° and DROMYELL (Amer.chem. jour, 189?,19.5?7)
cives 98°5 = 99°,
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The o-methoxy benzoic acid and PCly were hented

in a flask under & reflux oondenger for one hour at

125°. The P0013 produced wng then removed as far ag

possible in & current of dry air =nd under diminished

pregsure, Yo attompt wos made to distil the acid

chloride which wne converted directly into the emone

thyl e¢sters Yield of undietilled ecid chloride was

:92? of theoreticel, .

; d) P Gt AL LOEL O3 -.‘.!.s-f.’..'...

The oecid chloride above wasg heated with an eguel

weight of £ ementhol after the method of COHWN &
DUDLZY loc.eit. The reaction began at about 60° ana
wag completed by hesting for two hours at 130°% The
product wee steam distilled to remove excess £ emen=
thol and then digested with & solution of "eaCO4 te
remove free acid, af'ter which it wes extrzoted
thoroughly with petroleum ether, The combined exe
tracte were evaporated down and the ester recrysttle
lised from aleohol, "his wag found to be the most
suitable solvent, although the ester was much too
goluble even in this medium for egonomicol purificae~
tion, =nd consequently the yield was poor,. COHIN &
NUNLSY, loc.cit., record difficulty in getting the
ester to crystellise out from any solvent. Yo esuch
diffienlty/
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- difficnlty was experienced in the present case, the
ester crystallising out readily from a ¢ooled mleoholie
solution when seeded with a erystal of the ester,

The sster was decolourised by disgolving it in warm
aleohol and adding animal echarygoal, the mixture being
boiled gently on & water bath under & reflux condene
gey for twenty minutes., The solution wes then {iltere
. @d and the egster allowed to crystallise out, ’*fter
three more crystallisatione {rom alcohol, the value

| of [}I]:;:’l remeined constont end the ester wne then
considered pure. M, p, 42°C. COHEN & DUDLEY, loc.oit.
| quote 42°C, end give & value of 1s 24§ for d:?and

- uanao for .‘.-25]3“:‘ the ester being in the homogenee

- ous state, In the present instence, the value found
for d'::.’: was 1+030, "hfortunstely at the time of
thie preparation no polarimeter for taking resdings
for the Ma 5 1line was sveileble, and 8o no direet
comperison with COHIN & DUDLIY'S value c¢ould be made,
* reading howsver, tokem for the g yellow line gove
o velue for [H]::“ of - 1u8* ﬁa in the homogeneous
state, while in benzene soiution (¢ m 4°002) a value
of = 311'60 wae optainad for [M]:;;I

A gecond preparation of this came eeter Ly the

o 20°
above mgthod gave a product of m,p, 42 C and of [H-Jm
- 211¢0 1in benzene (¢ » 4°000), {

In some experiments thionyl ehloride was tried
ae the reagent in the convergion of the cemethoxy

benzoie neid into the acid chloride, /An excess of

:;ocla/
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80C1,,(110 grome) was elowly added to 33 greme of oe
methoxy benzoie =cid contsined in o flamk fitted with
groundsin condenser, 7The flasgk was warmed gently on
on oilebath and the resction allowsd to proceed gently
for three hours, The excess S0Cl, was then removed
under reduced pregsure and the crude acid chloride
weighed, ?191& 35 grams, Vithout attempting to purie
fy this oacid chloride further, 47 grams oflg-manthol
were added and the flesk gently warmed on an oilebath,
The renction set in about 42°C end NC1 wes evolved

briskly. The heating was continued for two hours at
;5g°c. The excees menthol was removed by steam dise

tillation and the solution neutrslised with sodium
cerbonate solution, It was then thoroughly extrocted

with petroleumesether and recrystollised as before from
sleohiol. / fine eolourless orystalline compound nu;ui
45-700 was obtained. This gave a value of « 209° for
[”J;;; in benzene (e » 5°000). The product was then
distilled under reduced pressure, b,p. 200°C /11 mms,
COMEN & DUDLYY loc.cit., quote 272 2260/12 mms;
Aftor dietillstion the compound melted ot 48°8°C end
gave o rotatory power, [hﬂ;:; of « 209° as before in
in benzene.

'ualitetive enelysies showed the presence of
chlorine in thie ester. F“urther, on hydrolysis with
alcoholic KOH, en acid wae obtained. This when cryse
tallised twice from petroleum ether, melted over a

renge/
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‘ronge of 83 « 89% This ncid weas evidently contamine
ated with chloroebenzoie acid as qualitetive enalysis
showed the presence of chlorine, The pure methoxy
iacid melts at 101°c. " peecond attempt to prepare the
‘noid ehloride using thionyl chloride wans mede, the
‘henting of the acid and thionyl chloride being for two
houre on an oilebath meintained at 60 = eooc. The acid
¢hloride obtrined was distilled nfter removal of tke
iexoaas thionyl chleoride. It bBoiled at 135 - 142°/18 mma.
:(?Iscﬁm & SLIMMSR,Ber, ,1903 36.11, 2585,, who also
' prepered their acid chloriﬂe'bw thionyl chloride quotq
‘2 boiling point of 145°/17 mme,) ‘o before the neid |
‘ehloride was trected with U ementhel and the regulting
‘egter recrystalliised from aleochol, (unlitative teste
again revealed the presence of chlorine in the final
product, The reaction was tharufoée not further

investigated,
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PURIFICATION OF SOLVENTS,

1) MRTHYL ALCONOL, This was purified by the method

o)

of BIZRRUM & ZICIMEISTER (Ber. 1923, 56, 897)

1 litre of the aleohol wos mixed with about 10
grme. of clean magnesium turnings (previously
washed with ether =nd thoroughly dried) snd ale
Jowsd to stand in the ell gleass distillation
apparsatus. The reonction was vigorous and whon
all the metal had disappeored the liquid was ree
fluxed for severasl hours snd then distilled in a |
current of dry air, the firet froction being ree !
jeoted,  middle froetion, b.p. 65°C was eollecte
ed in receiver fitted with s CaCl, tube, |

BENFOMITRILE, The B, NH, product wse dried over

freshly ignited MNa 890 e filtered and partisle
iy frozen out =znd the crystalline portion, |
{m. Do «10+9°¢) was ariea agrin and distilled
under diminished pressure in o Vittmar flask,

A middle portion of b.p. 68%0/10 mm. wae cole

'locted ne o colourlege liquid,

3) ZTOLUMNE, The B, 7 i, produet wes dried with metale

lic sodium wire for three days. 'The liguid wee
then deconted off and fresh sodlum wire put in
end the whole refluxed for forty minutes,
efter/
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aefter which the liquid wes directly fractionated
over o twelve buldb column, / middle portion
bepe 110°c wne collecteds

| 4) WITHYLUNS DICHLORIDG. The Be ' product was

washed with w-ter end then dried over CoCl,. It
wee then filtered and froctioncted and a coloure
leas middle frection, Lep. 40¢4 « 40+6°C, collect~
ods |
8) ARBON  DISULFHIDG sytoun, feott & Co's cerbon
| disulphide was shaken with resh Hg, until no
further darkening of the metal took place, It
wes next separnted, dried over CmCl,, filtered
end frectionntod as = colourless liguid, D.Ds
46 « 46+2°0,
6) BENZTTE, TeTeHe benzene “xtra Fure® woe dried
over catla, filtered and portielly f{rozen out |

the eryetolline portion being ree-dried end {race
|

tionnted and a middle portion L. ps 80 » GO luc.
woe utilised.

7) WIPTANZ. BetwHe technicnl heptene was shoken
succosnively with cone. H,50,, alkali and finally
water, Tmried over CeCl, end frrctionsted over

| 6 buldb column, T.p. 98 = 96+5°C,

'8) HEX Hie Benelly product ("free from aromatie
hydrocorbons» ) was dried end froctioncted, DD
68*5 « 68+9°%,

9) IINT NG, WMl pentane was treated in similar
menner to heptane. T.p. 35 « 37°C,

o/
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MATHYL IO0NIDE. Ayteun, Deott & Coe's purified

methyl jodide woy ghaken with dilute Halll and
then with weters 1t wog dried over CaCl,, ond
fr-octionated ond & colourless fraction L. p.
40+7 » 437 pollocteds Hept in & derk bettls
over v small quantity of clesn Mg,

was discarded, The solid remeining (mp. 16°)
woe thenm froctiomcted. Tede 1187 « 128+2°%C,
OHIOROWOMME, The product of Yeefurlene & Co.
was dried end froctionsted, -~ middle portion
Befe 61 » 6102° wos colleoted.

CARDON _ THYRACHLORYD:
vhioh had already beenm purified, It wng roe
dried end froctisnated. D.p. 770 = 7989,
BENFALDTIY Ve The T WHe product was washed
with Ne,003 solution, dried over Ne,00, snd
rﬁmtim:‘.etad under reinged presgure ropidly,
eare being tolken to ovoid contaminotion with
eir ne for se posnibhle, This product was then
froshly refractionsted for eseh rotution in
which it wos employeds Tepe 179 = 270°7°%C,

t somple was obtauineble

wnp dried end fractionateds -~ colourioss lie
guid = Dype 1870 » 183 wae thue o'ptained.

Tandbaum®s 1007 soid was puriially
frosem out end the liguid fraction {ebout /)

AMILING, Fehliboum'e eniline *free from sulphute’
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ANISOLE, e TwHe onisole wano useds It was dried
and froctionated. » middle fraction, bBep.
153°8° woo colourless end gave no phencl ree

action,

CHIOROBINZANE, The By vH, product was washed
with alkall and then with water, dried over
cecl, and frectionsted = Bup, 13106 « 132°C,

BROMOBNINTS.  The Be D ile produet was tronted as
the ehlorobensene, SePe 154+8 « 1858*2°C,

) DORE % e iodobensene trocted in seme
mannor & bromobenzené, DHepe 7945 « 73%Ce/ 14 m’m

W The HeDeHe product wes dried and |
partially Trozen out. The solid froction wes

resdried and froctioneteds Mepe 4°C. Ape 8001-

800 3%,

Werek'es mesitylene weaes dried over
crole ond fractionsted, b.p. 164+1659C,
NITROM THANG, Be Dels nitromethene washed, dried |

end {roctioncted woeg useds 2 colourless ltquid
Bep. 100°8 = 101+1°C. was obtained,

ACTTORITRILU, TeTeH, soetonitrile, dried and
frrctionated gove o colouriess liquid, Bede B0V e
81+ 4°%Cs |
'CRTALDEHYDE, tytoun, Seott & Co's scetuldehyde
wes dried over caCl,, boiled over succiniec acid
to remove basie impurities and froctionated.

Bepe 20°8°0,
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WITROBHNZIINE, The B. s Hs product wae fractionated

end the portion of b.p. 190 « 190+4 was partially
frozen out. The crystalline portion (f.ep. 57)
wes melted, dried and fractionatea under dimine
ished pressure. B.p. 90 =« 91°C/15mm,
m=-DINITROBENZENE, Prepared in laboratory and purdy

fied by crystallisation from alcohol. Colourless
erystals, m.p. 89+8°C.
p=DINITROBENZ illie The B. v He product was purie

fied by repeated crystallisation from alecohol.
Almost colourless solid of m.p. 172+59C.

DEKALIN. (Decahydronaphthalene) The B, D.H.:
produet was dried and fraction:ted, b.ep., 191¢6 =
192+ 4°0C

0~DICHIOROBENZENH, The B, H. product was cooled
to -20%C. when & small emount of crystalline
gubstance (possibly pedichlorobenzene) deposited
aﬂd wag rapidly filtered off at the pump. The
filtrate was dried over CaCl, and fractionated
under reduced pressure, b.p. 60 « 61°C/11 mm.

Pp=DICHIOROD WZENE, Bs NI, pedichlorobenzene wes

repeatedly ree-crystallised from alcokol until
the product had & constant sharp melting point.

colourless crystals, m.p. 54°C,
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' 31) neBUTYL AICOMOT, The B %M. product was dried
for severnl daysg over freghly ignited !I%SO‘,

re’luxed for seversl hours with freshly out
rcaleium and then fractionateds Hpe 1176 =
117+ 8%,
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A1l the rotational values guoted in this research
wore determined on one of two polarimeters., One wae
s Hilger inetrument ueed in conjunction with e ¥elvin,
Tottomlaey and Baird mercury vapour are lsmp, the other
a Schmidt end Yaensch instrument woe used in the care
lier port of the work to take readinge for the Na
 and other lines. Iater, this “chmidt ond 'Maensch
inatrament wugo fitted with & " Doppel«ionochromator®
which is briefly deseridbed elsewhere in the thosis.
The mercury green line { \ = 5451 '.7.) was used
exclusively with the Milger polerimeter and recdinge
gould then be repeated, under optimum gonditiona,
‘with an sccursey of {)-01° in the obaserved < .

The length of the polarimeter tube used varied
with the requiremente of the various solutions to be
exemined, but the bulk of the values quoted were taken
in one or two decimeteyr narrow bore tubes, which one
abled the gnintion of ester to be made up in a 5 e.c.
gradusted flask, The larger tubes roquired an & or
10 e.e. flesks The polarimeter room was meintained
by menne of radistors and efficient ventilators, at
s temperature of 20°C within o range of ¥ 0¢5°C.

In the exominotion of temperature effeot, watere
Jacketed polorimeter tubes of “chmidt and Heenech

were/
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were employed , the bulb of a thermomster dipping ine
to the solution under observation. Yater driven by
small rotary impellers from two thermostats was ¢ire
culated through these jacketed tubes for o considere
able period before the actusl reading wee takcm.” By
altering the regulatore of these thermostate, a range
of temperature of approximotely 27 e 60% gonld be
obtained in the one and of 50 « 90° in the other., £
layer of medicinal pareffin lorgely prevented evapoe
rotion of water from these veesels. The few readings
taken below 20° were obtained by eirculating water
from the main water pipes through the jacketed tube,
There it was desired to compare molecular rotée
t:lonﬂ all taken at the ssme temperature the formulaie
[ ] = jx:\ wae used. Here  is the mngle of -
rotnt&on. ¥ 48 the Molecular weight of the sube
stence under consideration, £ is the length of
polarimeter tube used, ¢ is the number of grams of
gsubstance contained in 100 e¢.,¢ of the solution, 5
is the temperature and )\ is the wavelength of the
light employed: "here howover the temparatures at
which the various determinations were mnde differed

appreciobly, =8 in the experimente showing temporse

L d

 ture effect, then the more general formula

to
[H] e XXM 40 utilised. Tfere oM L C ond A
A £x [\ xcl, ?
repregent the come ag in the above first formuls,

while }» represents the number of gremsz of substance
in 100 groms of solution snd d i¢ the density of

solution,
There/
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There will be found under many of the tables
quoted in this thesie, o range of experimental error
wkich has been deduced on the assumption of an obe
servational erroy of o-aa‘ in the determination
of « These results muet be considered ns en
indication of the limiting error rsther than that
in the average determinntion where repented readinge

were obtained with closer agreemont,
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SOLVIEINT IRFLUZBNC R,

Trom the point of view of th following discuse
sion, the work 'mdertnken in this thesis may be ree
garded as falling into three mnin scctions, which
may be claspified aec solvent effecet, concentration,
effect, and tempereture effect. The esters, tho proe
paration of which has just been described, will be
discuseed individaelly in eoech of these fhree soctiong,
after which the whole of the axperimental data will
be reviewed, and any general relationships, where
suchk eppear to exist, established, /, summary will

finally be given.

T ,‘\BLEQ I.‘

A gerutiny of Table I roveals the fact that there
is an excellent agroement exieting between the rota~
tory power of the ester and the dipole moment of the
aronntic snlvent employed; the vonlue of the molegu=
layr rotaotion being grootest in those golvents of low
end 2ero dipole m ment, and lowest in those of high
dipole moment, I’niline would appear to be the only
real exception to this rogularity. In this solvent,

however, n distinct darkening in colour wae noted

when the ester went into solution., ! probadle oxe-

plonation of the obeerved fecte is that a molooular

compound/




, O=NITROBINZOATE 4n
8 _of the BUNZWNE TYPE,

aolvents are erranged in incresging values of [H]::“

remperature 20°Ce

OTG Cs

10
solvent |*%, &0, [TF.]M "(m,(.“bs' ) 8/300 eecs]| 12

23

Cellgy | 3000 [-4369 -12:47°| 4e024

CMaCN 3086 | ac89 12030°| 4ec0e 2
osCglaCly | 2024 | 4989 23+22° ge028 2
CeMgC | 2098 | 5029  688°| 4v008 1
Catig0d lepz | 8709 24e99°( ge02e 2
CellgD® 280 | 5779 16028°| 4e002 e
CaligT 1e50 | 6009 18e76°| 40006 2
Celigoty | 1028 | 6osq 18009 4eomo0 2
cﬁﬂs(cnslg 0 660 1733 | 4r006 2
C Mgty 0-5 [e671] 17°68°| geo2e 2
Colty™, | 2060 | 680% &e02°| 4e000 1

1

703 0e76°|  4qeo3

o

Celle
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compound ie formed between the aniline and the nitro
ester, CINGWICK (The Tlectronic Theory of Veleney,
pe 138) haos gugrented thot emines under certain cone
ditiona may exhibit strong donor properties, and
BENNET & WITLIS (J.Ce%, 19020, 258) have diccussed
formiloe for cosordination compounds formed by union
of a nitro compound with an amine, It is of interest
to note that the order, mesitylene, toluene ond bene
zene, which obteine in the above Table, is the roverse
of that found by 'TLE & MeL:zAY (J.C.5., 1931, 476)
for Jznmmnthyl methyl naphthalete, In view of a suge
geotion advenced by R'TLE, SHUITH & WARROVER 4n refere
énge to the gtrongly nesocicsted compound, nitronoatanj,

(see page 23) it ie poesible that this pertinl ine
vorsion ig due to the faet thet the nitro seter hes a
somewhat grenter tendeney to undergo ocegocistion with
jteelf in mesitylene thnﬁ in bensene solution, “olfe
asgociation would oper~te in the came sense ag agsocige

tion with the solvent to bring about a lower rotatory
power, end cuch & stato of affﬁirs wo1ld account for
the obgerved order of values for the moleculsr rotas
tions in theese solvents, The halogoen derivatives,
although 2ll of practienlly the ssme dipole mnment,
show a surprieing differ-nece in their effocts upon
the rototion of the solute., On page 24 thore was
ghown the offoet on the rotetory power of L ementhyl
mathyl naphthalnte of pasging from methyl iodide to
ethyl/




€6.

ethyl iodide and finally to iodobenzene; the oboerved
effect being attrib:ted to the alteration in the eize
of the orgenie rrndical attached to the dipole in
gquestion, Here, it scecms probuble that the observed
differences of rotatory power csn be attributed, in
large mensure, to the considerable variation in the
volumes of the Cl, %r, and I atome roepectively, someo
indication of which ie given by a comprrison of their
parsghors, SUGDEN (The Parachor & Valenocy, p.38)
quotea the following valuesg, Cl, 54.3, Pr 68,9, I,
91,0, JTodine, then, has a very large parschor, Ve
migkt well expect thst the resulting *screening"
would decronge the offective dipole moment of the
iodobenzene by hindering the clore approagh of other
polar molecules, Iodobenzene would thus behave as a
lees polar solvent than its dipole mment would ine
dicate, In bromobenzene thie offect should also be
evident to a leoss marked degree, in comparison with
chlorobenzene as stenderd. On thepe considerations
the prodicted o der of moleg:lar rotetions of the
nitro=coter dissolved in theose golvents would be
CaligCl ¢ Cgllgtr  Cgligl, which i3 the order existing
in the cbove Table,

TABLE/
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T/BLE 8,

ROTATORY POWIAS of L«MINTHYL oeNITROBMZOATE in

HOMOG 200U

SOLVENTS of the METHANZ

TYPE.

solvents are srrenged in inerensing values of [HQ;;;

Temperature ?.Dog. L = 1 _dem.
solvents | -3 ?f—r [H];:u .0(5,*” (ovs.) | &/200° c.c.
CH Mo, 3478 «475° «Gege® 4° 402
Gl 3e08 " 498° 7¢ 56° 4e 658
OO Re71 531° 8e63° 44954
o, 0ooH 1+40(0-75) 580° 8689 44832

: ICHEC"Q 1.61 553° 8+ 35° | 40610
o om 1e64 657° 8+96° 4+870
on_ 1 1+ 66 564° 7e68° 4°008

CyMtyg 0 564° g+42° 4°399
C .M,y 0 585° gees” 44304
ereld 1+20 586° g*40° 4+372
csﬁi; 0 587° §¢46° 40393
CeMyg 0 593° 8- 45° 4-304
ol 0 son° 9+ 08° 4062
0t 0 626° g+89° 4338
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TABLE 2

Tarning to Table 2, the same acreement of molee
cular rotation ond dipole moment of golvent ap wasg
noted in Teble 1 4is ngoin manifestod with aliphetic

derivatives. The range of rotation veiues {ie hore

150° indionting that the ester, although etill sensie
tive to change of eé-lvent, exhibite somewhat smaller
vardation in aliphatic then in sromstic solvents,

In thiz r speoct it ahéuld be noted that heptane,
hexene, pentane, and cyclo-haxane, although not
pimple derivativee of methene, have been included to
ghow the effect of additional nonepolar solvents,.
They have algo been included inm nl)l the other tablee
of this types The volues of the mole¢ilar rotation
in the homologoue compounds heptane, hexane, 2nd pene
tane difier only by three degrees, '@ has o ready
boen eurested, the molecules of the nitroeester in
megitylene soiution may tend to assume a definite
orientrtion towrrde one onother, {.e,, to undergo
dipole asvocintion through the medium of the strongly
polar nitro group. If go, this tendency should be
8till more mnrked in the aliphotic hydrocarbon sole
vents which have an even lower dielectric constent
snd are known to promote oseociation more thun 4row
matic hydroenrbons, “uckh associntion would resault in

lowared/
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lowercd rotontory powere in the fatty hydrocarbone,
and would explain not only the grouping of these nolo|
vents with chloroform in the Teble, but also the fect
that carbon disulphide and cardbon tetrasehloride yield
more kiphly sctive solutions, The two last eolvents
are composed of a symmetricel arrongement of dipoles
and are thue non-polar, in eo for ns thelr behoviour
in 2 uniform field is concerned, but owing to their
rolaer constitnents they are more offective diessoclate
ing solvente then the hexane or heptane, (See also
TIMYER, Moleeular Association, 1915, p.43.) The thred
chloro derivatives, cerbon tetrachloride, chloroforme
and methylene chloride, give progreseively lower
roteational valuce in keeping with their increasing
dipole moments, LKYON & PICKAuD (J,C.eB., 1915, 48)
guote E:ﬂ::w t ~492° for AL ementhyl oenitrobenszonte
in the homngeneo?a gtate., The 'wo extrome values
quoted for Eﬂ;:w in righly polsar and nonepolar gole
vents in Toblesl & 2 nre =436% (in Cgligh0,) and «703
(in C.M,). Mence the velue for the homogencous ester
lies in between those two extromes, In the sbeence of
other disturbing foetore thie relntionship ie to be |
expected, eince hydroerrbons and nitro compounds ree
present the limiting typee of non-poler eand polar

golvonte respectively. ' ‘

TABLES S & & /
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TADLIES 3 & 4.

tr '

Poler Solvent b\éfa‘lg'ﬁ [14] .;:u Asyel {obs, ) gflga Ce Cs
C,tC1 1+ 52 «537° «16072° | 4+000
peCgHyCly 0 616° 16°18° | 4°000
0=C, 7,01, pemg 587° 16°41° | 4+000

| A prelimineary experiment indiceted that the meximum

mole fraction of the solid peC,J,C1, which could

be conveniently employed was

tﬂhlac

0*420,

Thie value
wap then adopted for all the polar solvents in the

ROTATORY POUINS of L «MINTHY] owNITROBIIZOATE 40

SOLV AN

HIXTIR A0

CONTA

nINeG

2*988  MOLE

FRACTION of BENZINE,
—,

Temperature 209C. A w2 asm
Uaad et 10%® | e | ) oc
er Solvent |ax 10 []““ o{_n‘“(ohe. 2100 e, c.
r (3]
; 0 «598° 18 32 4* 000
p-csz{‘(ma)a . .
o 1 MO e 89 6689 18° 08 4° 000
656 0 ) o -
4 3*81 686 17°97 4* H00
' 0
e GH 4( 2)3

| Here the moximum mole froction of the least soludle

of the polar solvents = the peC 6554(35‘02 )g - wag

found to he 0010 and this velue was then adopted

for the table,
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TABLES 3 & 4

It wae noted in Trbles § & 2 that surprisingly
large varintions occurred in the rotatory powers of
the nitro eoter, ns determined in nonepolar hydroe
carbon polvents, Theee varintions in the particular
solv.nte considered, may be poossibly sccounted for by
varintione in the degree of association of the golute
molecnles with each other, It seeoms unlikely, howe
ever, that such an explanation can account for the

variotions in rotatory power in certein esolvents, the

nonepolarity of which iec due to a symmetrical arranges
mant of substituent dipeles., Jther factors would
appesr to come into operation, Consider the none
polar solvents, corbon disulphide and pe=dichloroe
benzene, The constitution of these would seem to
permit of some degree of dipole associstion since
they must exert a definite forece on & point cherge or
dipole in their immediate vicinity, mlthougk, as we
noted before in the cewe of csg and 0014, with refors
ence to a uniform external field they are nonspolar,
In carbon dieulphide however the two oppositely
eriented dipoles being separated only by one carbon
atom, lergely annul e¢ach other's infiuence., The poler
properties of such a solvent will be extromely wenk;
if indeed they exist nt all., In pedichlorobenzene

however, the coge is different, Mere the dipoles

being/




golvent for an optically active compound, would

2.

baeing separnted from ¢nch other by the 11l width of
a benzene ring, will hove an opportunity of exerting
their polarity 1ndapend&nt1y-of each other, at least
to some extent. On this assumption then, it might
be expec’' ed that pedichlorobenzene when used ns a
exhibit some fertures charncteristic of polar QﬂIV“ﬂdh
Theae expectcstions were fully reslized by an examinae
tion of the rotatory powers of X -menthyl o=nitro=
benzoate in the s lvents tabulated in Tables 3 & 4.
Ag gome of these derivatives are solids, o compariao?
was effected by using them inm equivalent proportions,
mixed with Lenzene,

In Table 3 it isc apparent that p~cﬁﬂgcla acto
a8 a more polar solvent than the monosubstituted
compound. The depression of the latter, as compared
with pure benzene (=703°) is 46° wuile thot emused
by an equivalent moleenlar proportion of p-cﬁ?{‘CI2
is avo. o congiderably greater decremge, In the cas
of'oncaﬂ4c22 the depression is 1160. slmoat double
that dae to the monosubstituted compound, which might
be expected from o consideration of the fact that
here the two CCl1 dipoles will reinforce e ch otherls
field, The depression crused by the p'cﬁﬂhCIE ie
apparently the reesult of the increased freguency with

whiech/
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which the individuel dipoles come into play, as come
pared with chlorobenzene,

In Table 4, for the corresponding nitro
derivative, the ronge of velues of the molecular |
rotation ie only 13° owing to the fset that the polar

component ie present in emall concentrstion becaunse

of the low golubility of pedinitro benzene, 7e find

that p.nﬁgﬁ(“qajg ceuses a Jdepresgion ae compared |
with thot for pure benzene of 5°. while the depregw
2ion coused by ”’“5“@‘“09)9 (13°? is ‘o more than
that due to the monosubstituted compound,

Similar experiments %ave been cerried ont by
RULE & MILL (J,C.3., 1931. 26568) and RULE & MeLiAN
(T.Ce%, 1931, 680) which in conjunction with the
above results point conclusively to the {faet thet
p=dichlorobenzene and pe=dinitrobenzene act frequentlﬂ
ag definitoly polar substsnces, and that medinitroe
benzene, although 1t hﬁa a dipole moment very similan

to that of the monosubstituted nitro ¢ mpound, ie

nlso c¢npable of behaving in a more kighly polar
capecity; due to th- fact that the dipoles are capmu+
of meting, in some meseure, independently tow rde i
neighbouring molecules, VLT & MeLiAW'S figures for!

y =ménthyl methyl naphthalste are given below
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TABLE Oo.

ROTATORY

PHTHALATSE in HOHOGENTEOUS

the BINZINE

TYPE,

PQYERS of £ ~MINTHYL HYDROGEN
SOLVENTS of

10
Solvents are arranged in incressing values of [M]. .,

Temperature 9Q°G. £ < 2 dem.
: 18 2o | = C.
SOLVANT  |ux 10 (), ., | sy (008D |8/200 c.c.
o 0 0

CgH NH, 1460 -275 =7+26 4+008
¢ 1 N0, 3+ 89 291° 7+68° 4-008
C B CH 385 zge: 7 73‘; 4+ 000
csHSCHO 2975 306 8+ 06 4.008
0-C R C1 | 2:24 314° 8.26° 4004
€ H C1 1. 52 344° 9+ 07° 4+004
C 1 Br 1. 50 346° 9+13° 44008
CH,0CH, 1°25 348° 9+ 1?: 44000
C M, I 1450 367° 9.41 4004
¢ H, 0 402° 10-61° 4.008
CqHgCHy 0.5 407’ 10.73° 4+ 008
cHglcH,), | O 431° 11+ 37° 4+ 006

In this case the solution was strongly coloured

and this would incicate some interaction of
ester and aniline.to form a salt,



785. '

| _ . a0 & I 20° |
;(\)c;‘ 0'#) [M].m; A | axio f’_ =0 crls [le A | uxio |
|

e cl «501° |42 | 2482 || C4Hg10p «527°%| 16| 3
| o e & 0

(0eC 1,01, | «470° |73 | 2+20 || maC(NO), | «B5107133) 3

peC B CL, -463%(80 | 0 | pecgyray),| =508°[3s| o

| fp e "ol, Tr-ection of polayr golvent in bencene
, ' mixtura,.

| :
| A = Tepression nt compared with pure benzene,

T £ BIJ.!T 5

In Table 6, ae in Tables 1 & 2, the cgrecmont

|of the moleculsr rototory power with the dipole

| moment of the solvent inwhich the eeter is examined !
‘le the most cutstanding festure, ¥YHere again & high |
| value of moleeular rotation goes hand in hand with a i
llow or zero dipole moment, and vice versa, ‘niline

i formes the only real exception to this regulnrity, but |

| £ »menthyl hydrogen phthalate produced a strong

it nag veen slroeady noted thet in thie solvent

colourntion. The most prob ble intercetion wonld be |
i tho* of galt formestion betweoen the base, and the |
| acidie ester, “'Li¢ (Trems, Tsrnday Hoc. 1930, 331)
| points out thet among the benzoie esters the ionizae
tion of ench groupe as COOM, "ﬂé, ete. in the orthoe |

pubstituted/
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TABLE 6.

THE _BOT/TORY POWERS
- PHTHALATE 4in HOMOGAENZOUS SOLVENTS of

2.0
Solvents ere arrenged in increasing order of Dﬂs‘q.u
Tempesature 20°C. AL = 2 dom,
E m ¥ 20 Ce
BOLVENT | an x 10 (il [ f008) | 8/100 e.e

LAt :a a

ot o 2 05 «300 7092 4-008

y 3078 301° 3+ 78° 1896
CHSHOQ 0 o

oy e 2em) 323 8+51 4+ 900
- 0 )

c“aon 164 334 £+81 4+ 008
A 1 0 [« ]

- o . "00 ¢
cnacaoyt 1+40(0m5] 334 881 4+004
CHC1, 120 345° 9+20 4+004

.0 0 .t
mzma 161 353° 9«290 4+ 000
¢a, 0 372 D80 4°000
= a
2 136 380" 10+ 00 4+004
. 9 380° 10¢39° 4+004
" o o
0 393 1038 44002
¢ H
8 12 a )

0 418 076 1+008
c,,nm ¢ %

. 0 419 1°38 0+ 500
6 14 [} 0

oo 0 432 332 O+ 464
812

W, B in those solvents in which the poor solubile

ity of the ester prevented a 42 solution
being made lower concentrations were employ=-
ede Even at the above low concentration in
Pentane difficulty was experienced in pree
venting the eater from crystelliising out on
the atopper of the flask,



| excluding thet found in aniline, is 140°

T
ortho-gubstituted compbunds leads to a ch&racteristic;

change of rotatory power, In the case of 15-menthyl :
hydrogen phthalate, salt formation results in a

decreased rotation. Thus I}ﬂShb, for the acid ester
in alcohol is =346°, while that of the corresponding |
sodium salt is =260°. ©Salt formation would then |
account for the low value found in eniline, The |
developement of a strong colour, however, would seem ‘
to be the outcome of some secondary reaction which

!
doubtless 2l1lso has an effect in prodicing the observed
e |
rotetion, y

The sequence, Caflgr CqlgCHys CGHS(CHS)S' which
repregents progressively increasing values of the
rotatory power in this Table, is the reverse of that |
noted in Teuble 1. The above order coincides with thai
found by RULE & MeLZAN (J.C.S., 1931, 676),

The order of the rotational values in the halo-
gen derivatives, Cl { Br < I, is the same as in

Table 1, and the total range of molecular rotations,

In Table 6 there agein exists that relstionship
which was noted in Tebles 5, 1 & 2, between polarity
of solvent and the optical rotatory power of the .
solute. “urthermore, as in Table 2, methyl iodide is |

somewhat/
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TABLE 7.

ROTATORY POWIRS of { «MENTHYL SALICYLATE im VARIOUS
ROMOGENEOUS SOLVENTS of the BINZINZ TYPH,

colvents are arrenged in incressing velues of [H]&“
5 & 0n, ,ﬂggm (ueatin

sorvinr |“% i‘..lg_.m [rg]:“ A g, OV ) 3/130 ©.Co
CeHa o -323° |  ~9e37° 4+ 008
CaMglMs | ©O-5 307" 9*a9" 4+ 008
500K 1-25 308° 9e 53" 4° 004
q.us*m 1060 334° 4*85° 4* 008
neC R, 0, | 2v24 335° 9+ 71° 4+ 008
0,1 (OH, \J 0 335° 9« 70° d» 000
cglg™y | 3089 339: 9e 8:5: 4+ 000
0,45 CHO e 75 343 9406 4* 004
Cglig0d 1«52 34.'5“ 9-9?° 4* 008
0yl BF 1+ 50 346° 20008 4* 000
CqllyT 1+ 50 352° 10000° 4° 002
g H1yCH 385 353° 10025° 4002
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somewhat displacged, giving too high = value of the
molegular rotation se compured to ite position in the
poler scale, The order of the none-polar solvente ie
thut of their dielectriec properties, and the ring
compound cyecloshaxene gives & value somewhat lower
than any of the aliphatic hydrocarbone. “he total

‘ranga of the molegular rotrtions is 132°.

TABLE 7.

A «Menthyl salicylate when examined in solvents,
apparently pregsente o type of effect which is practie
cally the reverge of thet noted for £ =menthyl oenitr
benzoate aaﬁ Ja-manthyl kydrogen phthalate, In Table
7 there ie a tendency for the solvente of zero and
low dipole moments to bDe related with the lower
values of rotatory power, The reolstionship Lowever
i by no means a close one, &nd meny irreg learities
ere evident. Thus we find a rotntional value of

¥3399 in nitrobenzene, end a value of only 40 less

in the nonepolar solvent mesitylene, /guing i0do=

benzene givee a valne only onc dersree lower then that

found in the high.y polar benzonitrile, Thet such
disorapancies ogcur is not unexpected, since the
total ronge of velues is only 309 ‘pparently then
thie egter ig not particulcrly sensitive to change of

golvent/




ROTATORY POWERS of £ «MENTHYL

€0.

TABLE &,

HOMOGENEOUS

SOLVENTS of the METHANE

SALICYLATE in VARIOUS
TYPE,

1.0
solvents ere arranged in increncsing values [h‘{] S

remperature 20°¢. L =2 dem.
| i3 Ce
solvent ’“é, §. z‘z? [ﬁ]‘;"w o kel (obs. ) g. /100 c.c.

CHs T 1°66 |-287° -8+ 35" 4+ 000
col, 0 202" gea7” 4+ 000
Cehhp 0 294” g 52" 4+000
0B, . 0 299° g+ 5g° 4° 008
CH,OH 1 64 300° g+ 71° 4+ 004
Cofiy g 0 304° g+81° 4° 004
Ceflyp 0 306° g*87° 4* 000
oH CN 3%05 308" 8* 92" 4* 900
CH, CHO 291 309° 8*96° 4+ 000
cH,cl, 1-61 310° g+98° 4+ 000
CH,No,, 3478 311° 9+04° 4°008
criel, 1°10 315° 9+12° 44000
CH, COOH 10{098)| 320° 9+27° 4+ 000
0 337° 9+ 77° 4+ 004

cs
2
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solvent, #nd it is probable that experimental error
will tend to magk eome of the finer distinctione in
the evaluntion of the molecular rotation. The order
of the solvents, chlorobenzene, bromobenzene, and
fodobenzene, ic however, the same as previously noted

in Tobles 1 & B,

! TABLE 8

The tendeney of the £ ementhyl selicylste to
give an inverted series ie more glearly {lluatrated
in this Teble than in Trble 7, In this rasgpect, it
srhould be observed that the range of rotatory powers
is greater in the former then in the latter sories,
being 50° in the case of "oble 8, The two outstande
ing exceptions to this relaticnehip are methyl iodide
end carbon disulphide, The halogen derivative has
been noted before ag gliving somowhat anomalons ro=
pults, In thies Table the lowesgt value qguotad is that
taken in methyl iodide, while that taken in jodoben=
zene 1g the highest. but one in table 7, The value
for the homoceneous ester ie Eﬂ:; s «332°,which
lies between the two extreme velues guoted in the
‘~bles above, viz, 2029 in carbon tetrsehloride

and -353° in benzonitrile.

TABLE 9/
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TABLE 9,

ROTATORY POWERS of ¢ «MENTHYL BRNZOATE

HOMOGENBOUS _SOLVENTS of the DINZMNE TYPE,

g
Solvents are arranged in increesing velues of [H];Z;M

Tempereture 20°C. 422 com
SOLV 2NT /;fs'lge fm];; o(g“, | (obs) 3/13?3 Ce Cs
C,Hgg 3e89 | «279° «8e 59° 44008
Oyt 0 280° 8+63° 4+ 008
0=0,4H,Cl,, 2404 ogn® ge70° 4° 004
C M s00H, 1e25 | o82° g*70° 4* 004
OgH,CH, 0.5 | 284’ eo78” | 4c004
¢ 1 Cl 1082 289° 8e80° 4+ 000
C M Br 1* 50 263° 9+00° 4+004
G HyCHO 2476 204° 9407 4008
G CN 3°86 300° 9+ 30° 4+ 000
Calg(Ciy)y | © 302° 9+28° 4+000
¢, 1, N0, 1*60 309° g+ 52° 4+ 008
c T 1*80 300° 9* 50° 4+008
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TABLE 10,

POWERS ot‘f el NP HY L

__STOHOG SN HOUS

solvents are arronged in increseing vslues of [M]

0

Temperature 20°c. AL s 2 don
T B . . ]
SOLVENT |Meedfl, [} ik o i (obe. ) 87100 e. 0
cel, 5 -243° 70 50° 4*008
Celyo 0 045° 70 58° 4+ 00p
om, 1 leca 250° ?7* 59° 4+004
C?“l 8 0 257° Do 920 4000
e Mty 4 0 261° 8¢ 04° 4+ 006
ovel, 1430 | 264° ge15° 4+008
CHy M0, 398 264° 8°*14° 42004
CgMyn 0 270° g+31° 4+000
om,ed, 1e61 | 270° g*32° 44006
omgonm 3e05 | 273° 8043° 42008
cry_scm 2+71 296° 8e 49° 4': 004
omgom 1%64 201 8+66° 4* 002
| c'rtsmnfx 0° 750-40] 2930 ge03° 4+ 006
cs, 0 293° 9-01° 4+ 000
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TABLE 9

The order of the rotatory powere relative to that
t

of the dipole moments of eolvente, would here seem to

be gquite haphazerd, the values in nitrobenzene dif= |
| fering from that in benzene by only onc degree, while
| in benmonitrile and in mesitylene the values are
actually the ssme, The total range of rotation
valuee is smell, being only 309, nevertheless the
halogen derivetives maintain the order obsarved in

the earlier Tablses.

TARLE 10

In thie Table, the order, slthough not very
pronounced, would appear to be that of low rotatory
end low dipole moment of solvent going hand in hand,
Methyl lodide and carbon disulphide are once again
displaced, the latter, 2g in the case of £ smenthyl

palicylate, being grouped with the nonepolar solvents,

| The mexismum range of velneg in the Tnble ig 50°,
| Tor the molegular rotation of the homogeneous benzoatp
| 109 |
COMEN & DUDLUY have recorded [l g, » -239° (J.0.5,

| 1910, 1760), Triilieing a eonversion factor of 1418
(ef, KINYOW & PICKARD, J.C.8 , 1918, 52) the value
20° .
| for the supercooled ester, [ﬁ]syu o 8hnould approxis= |
| mate to -282%, o value which is also indicated by e

continuation of the concentrntion curve for this ester

| |
to/ ‘
|
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TABLE 11,

QT AV, _0sC]

THE _ROTATORY POZERS of f i
in VARIOUS HOMOGENEOUS SOLVENTS of the BINZINRE

Solvents are arranged in increasing vealue of [}I] Z—;,’f

Zemeratyze 20°C. L= 2 dom (except in
HhﬂﬂJ%LajiJBmkl

' 18 | 7 ' ‘ Ca
SOLVE u 3 .
SOLVENT  |ux 10 (.. 0(&*(,’ {obs.) | g/100 c.c
o
0 2 0
C N, | 389 -231 -5+ 29 4+ 002
' ; 0 o
2024 i $2) ’:.,32 0
001,01 &o ) 4% 000
C(H SO 3-85 234 6% 38 4* 000
, 5]
COHO |2+75 240° Ge 54 4+008
o] 0
| 25 5o 4008
C H0CH, |1 240 53 .
e H 01 1+52 242° Ge 59° 4008
C g Br 150 242° 6+ 50° 4+ 000
CqHg 0 247° 6« 72° 4+ 004
(3] s ]
cHCH, |05 248 Gv 75 4+ 008
o
cu(ex )| o 253° 6+ 90 4. 006
x 5 3 332 4 5
C Hgl 1+ 50 254 6o 92 4°0m
Q O .
1+60 269 3+ 56 4+ 000
6 A M,

x
Here the soluation was tinged pink - due probably to
liberation of Iodine,
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TABLE, 12,

THE ROTATORY POWHRS of £ ~IMITH

in HOMOGENZOUS SOLVENTS of the MITHANGD

3

TYPE,

molvents are arranged in order of incrots

ing velues

of [M) :,:,,,

A 22 qom
ismluvent M ,:B M5ee, | olacfob®) | g /200 ouoy
CM3 10, 3¢ 98 «215° 885 4° 004
ot om 3405 217° 5+91° 4+ 008
col, 0 a03” 62 08" 4°004
ery T 1° 66 o060 6416° 44004
erol, 1020 pan® 80000 4+ 008
on, 01q 1061 228° 6*21° 4+ 000
-m3ﬂTIO se 71 | 230° ason® 4° 000
os,, 0 230° 6e31° 40 004
(M O 1064 234° 6*37° 4+ 000
cgfl1n 0 035° 6* 39° 4+ 000
engooon | 104(06) 237" 6+ 48° 4 008
Cq'136 0 e36° 6e48° 4+ 000
Ce¥ag 0 239" 6+ 61 40008
CgHan 0 250 ge 82 4+ 008




87.

to a point where it intersects the ordinate correse

ponding to the homogeneous compound (See Figure !
Q. ) This value of -282° lies between the extreme
&alues of =264° in nitromethane and -302° in mesity-
&1ene listed in the above Tables,

TABLE 11.

|
[
|
|
| With the exception of aniline, and iodobenzene,

both of which are in this case abnormal, the agree-

ment of molecular rotatory power and dipole moment

of solvent 18 good. The order moreover, is that notad;
|

for the nitro~ and carboxy- esters, i.e., solvents

|
|
!of kigh dipole moment yield solutions of the lowest
|

rotatory powers, In iodobenzene, the formation of a

|
coloured solution possibly points to some chemical l
' |
interaction which may vitiate the results, Benzene, ‘

|

'toluene and mesitylene arrange themselves in the

same order as was obtained by RULT & MeL@AN (loec.cit. )|
|

|
|
‘for menthyl methyl naphthalate., The totz2l range of
| values in this Table is only 310. so that the general|

| regularity found with this ester indicates that the

i irregilsr behaviour of Lementhyl salicylate is not,

i per se, due to its relative ins~nsitivity towards

| change of solvent.

|
' TABLE 12/
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TABLE 13.

in VARIOUS

HOMOG ENBOUS

YL o=liATHOXYBENZOAT

SOLVENTS

Solvents are arranged in increasing value of [H]

of the BENZENE

TYPE,

ro

i)

w

SBU)
Temperature 29°C.
i8 20 Ca
BOLVENTS x 10 W ve. 00 e.c.
o C :Lusf “Qna:(° o) | 8200 e £
c.H.(CH.) 0 ~198° -5:47° | 4-008 2
N b 0 !
o ¥ « 006 )
C R CH, o 5 199 5 500 4
CgH5O0CH, 1+25 200° 5 52 4+ 002 2
0
0=C H,C1, 2404 201° 5 54 4+ 004 5
¢ H NO 3+89 208° 5+66° | 44006 o
65 2 4 .
¢ A, 0 219 5° 84 4002 2
(]
C E C1 1+ 52 212° 5 8% 4+ 008 2
] =
CsHsBr 1+ 50 216° 5495 4°* 002 )
¢ H CN 3485 217° 2:96% | 4°000 1
6 5 " o
G, 1 CHO 275 218 6 03 4° 008 o
(5]
C A T 1+ 50 029° 6e 32 4° 004 >
0 0
<50 5 56 4° 008 1
C g1t NH,, 1 258 3
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TABLEZ 12.

In o far ag the two most highly polsr snlvente
gdve the lowest rotational values, and nonepolar
solvents the highest, some sgreoement with the relae
tionehip holding for the esters in the srometic sole
vente mey be claimed here, Coarbdbon tetrachlioride
forms the biggeet exception and it is significent -
that the voirtory powers in the chlorinated solvents
ere in the raverge order to that noted in the caee
of £ ementhyl oenitrobenzoate, while methyl iodide is
digplaced towards the polur end of the Table. The
maximum ronge of velues is 35° and the molecular
rotation of thes homogencous ester at 29°, for the
mereury green line, is «235°%, which ngain lies bee
tween the extreme values of »218° in nitromethane

and .asa° in mesitylene gquoted in Tables 11 & 18,

TABLE 13

Selvante influence the rotntory power of menthyl
o=methoxybonzonte in a menner which is in many ways

similor to that observed in the case of Lementhyl

salioylate, This is not sltopether surprising when
the similerity of the two substitucnts, the methoxyl |
snd hydroxyl groups, is recollected. Once angein in
this/
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TABLE

14,

THI_ BOTATORY  FOVRS of £ ~MUNTHYL o<MITHOXYIZNZOATE

in V. RIOUS

HOMD QBN ZOYS

S; GI.LV & ‘EIT \E

of the MUTHANE TYPH,

20
Solvents ere arrenged in incressing values of [X] e

Ls o denm
p %10 [H]“ I (ode) | 87205 et |
o ii BelUe -9‘“ d.nﬂ-! ¢ CeCe
o0 0 -181° ~4018° | 40008
Cglyn : ’
oH NG, 3+ 78 154 4-250 44008
0 158° 40 36 44008
Coflyg . N
o1 1+ 66 159 4+ 39 4004
ny o
ek 9 164° 4+ 52 44004
64 k |
CH,ON 3408 1670 40480 4+ 004
ceL 0 168 eose® | aeoce
4 . [#] . 4] L
on,CHo 271 in 4 ?30 44008
en_cl 161 172° 4+ 71 40002
"2 2 (¢] (o] i
crel, 1+10 1'310 4-740 4°010
¢ 0 171 4*72 4004
5 10 N d o |
0RO 54 199 5o 510 004
cs O 2‘330 Be 61 4°004
» 1e40(0+76)| 208° 5093° | 4e000
: CHSCM
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this Table the halogen derivotives fall into their
provious order, C1l < 3r < I, TNitrobenzene and
o=dichlorobenzene give similer values, as they do in
the cage of the salioylate, and the position thay

ocoupy indicates that they are displnged townrds the

non=polar end of the Table, » fagt which may be noted

in "eble 7, £lso, while ljodobenzene is connected with
& high rotation value in both Tsbles, The maximum
range of moleeculsr rotations, oxeluding the abnore

mally high value in eniline, is 31°

TABLE 214

¥o regulsrity of any kind is discornible for
the aliphate gsolvents, which would seam to influence
the rotation of the methoxy ester in an altogether
hephagerd manner, The maximum range of values is
57°, comsw & DLSY (J.C.8., 1910, 1740) quote

20 o

[, = -148'2° for L ~menthyl o-methoxybenzoste
in the homogencous state whenge Eﬂ:‘,, approximates

to -1?50. which lics vetween the extrome veluea of

-154° in nitromethane, and 3120 in benzene quoted
in Trbles 13 & 14.
‘he two extrome valnes exhibited by Lementhyl
| hydrogen phthalste in polar and nonep-lar eolvents
are «291% in nitrobonzene and «432° in pen:ane,
No value of Eﬂ:ﬁl, for this oster in the homogeneous

state/
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TABLE 15.

MOLECULAR ROTATIONC of VARIOUS #3TERS in SOLVENTS

of the BINZMNE TYPZ in a CONCENTRATION of

APPROXIMATELY 4 FER CHENT,

-

£ _dm, tube employed. famparaturs 20°0,
20°
M,
..
g N

CqoCcHig | C00CH| €00CoHig | €00C oM | C00GoH | c00 ¢ oH g

[+7)

..E ( NGO, I /\Toou |Om° lt‘l_ |UH

> L/ k/ /s L/ l\/

Solvenls 3\ _
'l

C H YO, 3489 | -456°| ~279°| »291° |-205° |-231° |-330°
CaH5CN 3.85 | 468°| 302°| 206°| 219°| 234°% | 353°
CeigCHO [2:95| s01° 264°| 3069 | 212° | 240° | 343°
0-CgH,Cl, | 224 208°| 282°| 314°| 201°] 232° | 335°

Colighfly |1060 | 680°| 300°| 278° | 2587 | 262° | 334
CoHgCl 1052 | 570°| 280°| 344°] 212°| 242° | 343°
CqHgBr 1.50 | m77°| 203°| 346°| 216° | 242° | 346°
(o]

CeHgl 1es0| s09°| 309°| 357°( 229° | 254° | 352

‘ o o 4 cd

o noci. |2e25| s06°| 282°| 348°| 200° | 240° | 528
g'ighy 3 5 B R 5 .
Caly(CH, )| O 560°| 202°| 431°| 198°| 253°| 335
B 9 o o

¢.H.CH 0 671°] 284° 207°| 199°| 248°| 32v
50 5 0 4] 0 o o

# 212" | 247°] 323

' 2 402
CGH6 ) 703 ?O
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TABLE 16.

~SULSTITUSD BIENZOATES in

VARIOUS SOLVEINTS of the METHANE SHERIES,

ube emplo . Temperature 20%¢.
20°
Mo
- —_ =
s coquH"‘f CaoCoH, w{oH? mgn"’:‘? Cooq, A, QO“BC,DH,?
o 2 x5 o ocHy ce oH
4
Solvents 3\

CHzN0 | 3+78 | ~475°|-264° [~301° [-254° p215° [-311°

CH,CH 5206 | 498°| 273°| 300°| 167° |227° | 308°
cHscHo | 2:71| 531°| 276° [ 323°| 171° | 230° | 309°
CHy T 1.66 | 584°| 250°| 380°| 159° | 2256° | 287°
CHz0H 1.64 | 557°| 281°| 334° | 199° | 234°| 300°

CHoCl, | 1:61| 553°| 290°| 383° | 171° | 228° 310°
CH,COON (9:38] s50°| 295°| 5340 | 208° | 237°| 320°

s ]
CHC1, 1.20| 588°| 2849 345%| 171° | 2279 3150
CSq o 5050 203°| 3980 | 203°% | 2329 337°
cCl, 0 son®| 243°| 386°| 168° | p23°| 292°
CgHyo 0 503°| 246°| 393°| 151° [ 235°| 294°
Collye 0 s5824°| 257°| 416°| 158° | 238°| 304°
CaHaa 0 585°| 261°| 219°| 164° | 239°| 29¢°
Cyllya 0 s67®| 290°| 432°| 171°| 250°| 306°
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gtate could be found in the literature, but it may !

‘be deduced from the concentration curve 3 on pege

that thie will probsbly lie well within the limiting

- |
values of »291° and «432°. 7This being mo, it follows

| that for the six Lemsnthyl o-substituted esters |
|

congidered above, the value of the rotatory power of |

the homogeneous esgter in every e¢ase lies between the E

| two extreme valuas for highly polar and nonepolar

| solvent® in the corresponding Tables, RULI, SMITH

‘9
| & HARROWER (J.Ce®, in the press.) found a similar

|
| stote of affairs to exist in various hydroxy, methoxy,
|

halogen and nitroedorivatives whick they investigated,

With a view to obtaining additional information |

——

from the figires given in the forogoing Tables, the
3 |

dipole moments of the various solvents were plotted |

iagainst the corresponding molecular rotatory powers. |
‘In the resulting Crephe no valuee will be found for |
eniline which hns been omitted on cccount of the abe |
normal resulte to which it giveas riee,

Tor ease of reference the modified Tables 15 & |

' 16 nhave baen compiled., These show the data used in
|
drawing the two CRAPHS I & II,

i Any detailed examinstion must still be made by |

ireference to the Tanbleg beeccuge of the somowhat arbis
trery menner of drawing the ‘raphs: this is due to ‘

ithe/ _ |
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E THE Rotatory Powers oF f/~MENTHYL ESTERS 3

PLoTTED AcGAINST [DiPoLE MoMENTs OF SOLVENTS

OF THE BENZENE TYPE. .
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' the fact that in each curve, there are several

96.

| rotation velues which result from solution of the

' ester in solvent® of: the same, or very similar, dipole

' hump oceurring in the middle of each nt w = 1+5 i@

| eauged Dy the halogenated solventa which have praege

moment. "or example, in CRAPH II there sre six ;
different values of [i],, for eaeh seter in none
polar solvente, and in CGRAPH I three different |
rotations reeult from solution in the halogsnated
solvents, all of dipole moment, 1°5 approximately,
However, the method of drewing adopted'haa been ape-
plied consietently in easch cnse, 8o that the resalting
curves are compsrable, nT

These curves illustrete, quito decidedly a
fasture that a serutiny of the Tables would not reée .
veoal, viz., thet there ig o definite family relntianaf
ship between the ®ix eote of values, snd indicate that
no very specific solvent offects are brought about
when the ortho hydrogen atom in menthyl benzonte is

replaced by Hﬁz, CcooH, OH, Cl1l, or OMe groups,; despite

the very large changes in the rotatory powers of the
individual eoters.

OHAPH Y

A most striking feature of thies diegrem is that |

all the eurves have similar ghapes. The eurious

tienlly/
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I RoTATORY POWERS OF /-MENTHYL ESTERS l

PLOTTED AGAINST DiPOLE MOMENTS OF
~706 SOLVENTS OF THE METHANE TVPE .

............ = y1 o=ni e
............ b =lenthyl t ?

B o seissenenes X = vl salicylate

} s ahA R L= by 1
............ L= vl o=metho 3
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|
practically the aéma dipole moment, and whieh, in theé
cnge of ¢ach ester exemined, caused depreseione of |
rotatory power in the order C1 > Br > I, 1 second

ihteroating feosture is the slope of the-aurves. The |
nitro ester (2), in whiech the owgubetituent produces !
the meximm effect in rasieing the rotatory power, has%
the steepest slope. The eorboxy ester (3) of relativk-
ly kigh rotation hos also a comprratively steep alopeé

For these two highly sotive compounds, therefore, e

congiderable diminution in rotatery power, as has

|
|
rise in the polarity of the solvent reseulte in a
|
|
already been deduced from the Tables, The chanpes

observed in the remaining four esterg are mach legs

murked,

oRAPH IIX

Here the similerity of the shepe of the curves

ie not go pronounced a8 in OR*FH I , Irhther words

the effect of aliphrtie solvents of varying pelurity |
upon the rotetory powers of the esterg is not so
rognlar ag that obtained with eolvente derived from |
the pﬁrent hydrocarbon benrene, T"he divergent prope
erties of the two series of solvente has alrendy been
commented upon by cther workere on the eubject (ef. |
RULE & WILL, J,C.% , 1931, 2655). It seems not

unlikely/ |
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|

|

|

Lnlikaly that the grester bulk and rigidity of the |
?enmone ring in the aromatic solvents tends to mini- {
se differences corising from the variable structure

f the sttached substituent groups. The sudden drop |
pccurring about the middle of these curves for alie
%hatic liquids, ie ceused by the solvents, methyl ‘
iodide, methyl aleohol and methylene chloride, all of
%hich have dipole momente of approximately 1°65 e, 8. u.

rha vertiecal fall at the .eftehond eond of the curves ‘

is due to the various non-polar solvente, the order ofj

Fhieh, among themselves, may vary from case to cnge,

faut for o difference in the relative poeitions of the
i

18
‘ekloroform point gy.x 10 e 1+9) the ecurves ' & B
wonld be amlmost identical in shape., Once sgain it

'may be geen s in CRAPH I that the nitro ester and

the carboxy ester suffer a pronounced diminution of

rototory power when oxamined in solvents of incroaping
ipolarity. The remuining four esters give curves lees
:definite in their slope, but it would appenr that .
‘curve C has & general upward trend not dlecernible in |
| the others, indicating that L ~monthyl salicylate !
!should porgibly be clasaified separately. owever, |
ithe extent of thie divergence ie olight and further
{svidenca far such an retion maet be aought before a i
idefinite prououncement can be made. “uch additional

jsvldence is fortheoming from an examination of the |

‘concentrntion/ |
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- INFLUENCE of CONCENTRATION,

| : I
iaoncentraticn chsnges whieh is deseribed in the f
lfollowing section. UUL:I {ef, HYULE, SHITH & W RPpOWSR, |
JeCoBsy in the press) has suggested that if the
change in rotatory pewer conseguent upon dissolving
e given optically anctive solute in golventas of ine

|dreaaing polarity, is cansed by an incresee in the

' degree of associstion botween solute and solvent, |
| !

' then an optical chenge in the seme direction may be

anticipated when the solute is exnmined at inareaaing‘
concentiratione in & nonepoler gsolvent; bheceuse suech

a procedure leande to = greater dogree of mssocinrtion

between the solute moleculag themselves {ef, pore 39.%
Trom an exeaminastion of the eolvent Trbles, in i
conJunction with the above Craphs, it may be conelude |

ed, therefore, that four of the esters under exoaminns

tion show definite verintions in roteotory power, in
'relation to the polarity of the solvent, Tor three

|of these, the nitro carboxy and chloro derivatives,
|

9
' the rot tions diminish ce the polerity increoses,

iwhilat for the salicylic ester the chonge apparently
Ioccure in the oppoeite di;cetion.

If ¥ suggestion quoted nbove holds, it should |
be found thrt incressing the concentration of the |
'nitro= carboXy and chkloro= ecters in & nonepnlar
éaolvent will reanlt in & progressively decressing
velue of the rotatory power, while f»wmenthyl gnlicye

|1ate under similar conditione will give mn incoressing

velig,

“eference/
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TARL

B ly 2

IHE _RQTATORY  POWERG of £ ~HENTHYL eeNITROBENZOATH
at VARYVING
Temperature 20°C.
G 20
8 /100 eoe, o{n“@f@ [.ﬁ] B /5
0 0
D002 - 9°33 - 711 2
o 0
R« 060 958 700 2
°. o
4°008 18+ 48 703 2
o )
9* 9748 92 36 684 .. r §
o o
25428 10797 647 56 2
26« 569 85477 s«::iu 1
0
37°* 200 75°a% Be0* 4 1
T™he renge of experimentsl error is from [M];L 23 2030

when ¢ & 2002 g/100 c.e. to @1];:’. t oe25°
when ¢ * 37200 g/100 c.e.
rssuming observotionel error in reading A g, of

* o0 03°
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TABLE 18,

2

THZ _ROTATORY POWERS of . <MANTHYL  HYDROGH PHTHALATE

gt VARYING CONCENTRATIONS in BUENZENT,

Temperature 20 c’_C.

[ _/;Lg'.") Ce Co f °<5!;-bl (obs, ) [H] ;1:131 /f
O 0

3* 038 - 4°00 400 1
40004 10° 55 400 2
6+ 044 15087 390" 5
13976 18:23° 307" 1
14+ 180 1848 396 1
20" 094 26°94 392°4° 1
21° 384 2788 391" 1
544264 33062 389°1° 1
43°034 54+ 04 381°7° 1

Above = concentration of 43°034 g./100 c.c. satise
fectory resdings could not be obtained.
Experimental error in the graph ranges from

D’ﬂ;u s T & -GOQ 2t a concentration of 3° 033 g/100 c.c.
to D{H;d=t9°21_ et € =z 43:034 g, /100 c.c.

assuming en error of * o 030 in observing 03541,;



. ZH3. ROTATORY
VARYING _GONCSNTRATION

g .--

Be /'lg;) S. C. {suo3e®) | D] :-:,,3 A
4+ 008 - g*63° ~297 o
g+ 016 19°57° 300 2

164838 3754 3060 o

e 308 61°37° 310°1 -

. 347248 38+90° 313°3 1

38° 088 41-41° 316" 7 1

40+ 110 48°68° 31941 1

450490 52478 s0002° 1

60+ 066 80+83° an1* 3’ 1

50°132 70008 3217° 1

69+288 31-95: 393°6° 1

75¢230 88+ 83 305 1

8o *676 08° 40" 309 1
Homogeneous 125 7&0 331°6 r 1
‘esuming om obpervationsl error of 7003% in the

reading of the obaservedd,,; the eﬁerimental grror in
the resulting greph renges from [M].., e $1:03° at ,
a concentration of 4+ 008 g/19) .o %o [‘“" - L8 w0 08
in the homogeneous. liquid,

In the sbove concentration graph snd in =11 those
that follow any point lying out of the generel
direction of the groph wae checked by teking another
point st approximstely the sume conecentration.

T™e nbove Rotatory Towers were determined in a
Sehmidt & Haengeh polarimeter fitted with a
"Doppel-lionoghromator® in which the incident light
ie pupeed through two sete of digpersion prisms,

The value of the Hg, green line here io )\ n.npbs?.u.
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TABLE 20,

THE ROTATORY POWERS of £ -MENTHYL BENZOATE
at VARYING CONCHENTRATIONS in BENZ ML,

0;1 o{ 20
/107 e. e, Shabl [K] Sh6| L
]
1+ 908 - 4+35 - 28390 o
0 0
3+ 064 6568 283 2
o 0
4°* 000 8468 289 o
0 0
10+ 002 21+ 70 089 2
o .
15° 114 32495 £81.7° o
0 o
a6 008 27«11 2819 1
{4 (4]
38+ 584 41+88 2822 i
o Q
450 072 48°94 289+ 3 1

ao 0
The experimental error ranges from [M]ma:= T1:9 at
0 o
¢ = 14998 g/100 c.c to [M]ﬁ: toel7 &t

I

¢ = 45072 2/100 c.c. on the zgsumption that the

observational error in reading « s,  is > 0s03°
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g./.tg& C. e Ay (008 ) [ ;:“

24164 - 3ean° 248°

4° 004 Ge ?2: 24?:

4+252 7+ 18 04"

Ge 480 0 gsa 2{80
10+ 164 17+ o'p"’ 345.90
13+ 622 LA 29: a47e ?:

| 83+ 236 w'&ﬁo 246° 7,
42° 296 700 %o_ 244; 1
62928 103°*46 242
79t 012 125°80° 240"

 Hemogen gous 173 4?0 034 ﬂo
{108 '?i)?o

Assuming an error of T or as° in the obaervation of

°‘)m,, then the axperimental error in the graph ronges
from*t 1002  at 9144 87100 0,08, tot 0e 24° in the
homogeneous state,

| Lack of clarity et the higher concentrations vie.

60928 2/100 ¢.0. and 74012 £/100 e.¢. made

acourate re-dinge diffienlt,
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THE. _BOTATORY POYIRS ofdRMENTHYI, geMiTHOXYE
g% VARYING CONCENTRATIONS {m Bunzima,

Tempacature 20°C
i flc. e 20
£ /100 0.0, o(a-&gﬁhu‘ [‘H]‘;;*(_; /ﬂ
ne 026 - 1047° . 210° 1
5]
4" 000 2+01 2110 i
Q
47008 gegl 210" o
L]
9+ 986 7 10 000° 1
0
16° 080 2egs s06° Ya
> " o
o5 976 4° 89 eosa 4

'.!.'hé renge of experimental error is from [M];o“ s T4 %"
at ¢ = peodg 27100 6.0 to [M]:_:”:tl‘a
at o & 25976 £/100 Q. 8. agsumings an observeas
tional error of 1 O° a3° in the rending of < me
neadinge could not e obtained beyond = eoncentration
of 25°976 g/l00 c.¢. on nocount of the opagity of
the solution in the polarimeter tubs.“
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RotaTroRY Powers oF L-MeENTHYL ESTERS PLOTTED
AGAINST CONCENTRATIONS IN INON PoLAR SOLVENTS .
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| reep ctively, heve 2 decided downward slope, indicate

'-solvent bensene, results, as proedicted, in s decremse

| ing rotatory power, Curve C, representing ,@-menthyll

| ing Curves D, and F, it may be etnted thet the esome=

r

keeping with the grester range of values noted for

.izpmenthyl benzonte, and.f-menthyl o-m@thox&banzoaﬁe

108,

Reference to GRAPH III , which ies drawn from
the data reeorded’in Tables 17 to 22, indicates that
these expoectntions nre roslized, The curves A & B

& B reprecenting the nitro- gerboxy and chlorq esters

ing that incressing concentrntion in the non-polar
_ (1)

g iieylate in n-hexane, heg a dlstinet and decided

upw'rd treond, which indicates thot in thie golvent,

incrense of concentrntion gives rise to an increanse

of rotetion agein ag predicteds Tarthermoere, the

glope of Curve A ig stecper than that of B or E, in

the ﬁore polar nitroe-ester with chenge of solvent

(Sees GHRAPHS I & 1I1X.) With regard to the remsine
what indeterminate regilte obtained for the esters,

in the solvent Tables and Craphe, ie here roflected

in the comparstive flatnoege of the gorresponding
concentrations curves, nlthough, ae reference to ‘
Trbles 20 & 22 will indicate, there 18 no tendency ‘
in either of these Curves townrds én upward trend,

In this respect these two estors fall into line with
the/

(1) Hexane was gelected in thie case in the hope
of detecting the presence of & moximum or i
minimum in the Curve, which wonld be expecte
to show morae mﬁflhlt*ly in hexane than in
benzene {of, "ML1 & Mel.2ANW, J,C,5,, 1932, 14@4)

|




to the optical changes produced by verying theo sole |

phenomenon of sesocintion supplies & rendy meang of

appear that the full effect of the exaltation 1ie

| in non=polar solvents rosults in the more or less

: the free ester molecules may then exhidbit tﬁe fall

| dissolving the eotere in highly polaer solvents, esuch

109.

the nitros and carboxy~ caters, In general, thersfori.
these rogults confirm the conclusions drawn by RPULRA
HARMOWER & SMITR (loc. cit.) from a study of deoctyl
and deamyl derivatives (ef. p. 32.)

Considering the resulte just discussed relating

vent end concentration, it would eppear that in the

case of the nitro, carboxy end hydroxy esters, the

explaining the obgerved dats. 7The normal effeot of
the nitro and the carboxy group in the ortho position

is to raise the rotation of the unaubutituted.ﬂumsn-

thyl benzoate, In the homogenabue gsters it would

mosked by a certain degree of associntion between

the estor molocules themselves, DNigsolving the estoer

qomplete,brbakdewn of the assneiation eguropgntes and |

effect of thelr substituent groups, the rotation of

tha ester coneeszuently rising, On the other hand,

28 nitroe~benzene, lends to ths formation of solutee
golvent eggresntee, which further diminishes the
field exerted Ly the substituent grouping, cauging e
£a11/ |
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fall in rotation, below that of the homogoncous
ester, OSolvents of intermediate polarity ect in e
gimiler manner, the formetion of solute-solvent
complexes bringing about a more partial nentraliesas
tion of the dipole fields in the ester, and yielding
golutions of intermediate rotstory powers, / simie |
lar explanation may be appliad.to the ealicylic ester
(whick will be declt with in greater detnil lnter)
elthough in thie case nrll the optical changees are
reverged in direction, possibly owing to some struce
tural peculiarity of the hydroxy compound, such as
the co=ordination between the hydroxy and ketonic
groupe in the ortho positions, It is prob-bly eige-
nificant that the three esters which give definite
variatione, are those conteining the three most
pplax ortho sudbotitauents, |

- "hen we congider the remeining three esters,
it is clear thnt fectors other than thet of dipole
asgocistion are ¢oming into play. “he normal effect
of the ¢hloro and mathoxy groupe is to lower the
rotation of the unsaubstituted £ =mentkyl benronte,
Dy analogy with the arguments applied to the carboxy|
end the nitro ester, it might have be:n expected
that diessolving the esters in nonepolar medie would f

rogult/
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result in 2 lowering of the rotation, while solution
in the high.y polar solvents should rafise the value,
The sslvent effect Curves show the limited extent to
which such expectations nsre renlized, and moreover,

| that the unsubstituted ester behaves in much the scme
‘manner, “gain, on this hypothesis, increasing the
concentration of the methoxy=- or chloroe esters in
non=polar media might have been expected te rceenlt in
n rise of rotstion, due to the masking of the charace
| terietic effeet of the octer dipoles by the formation
of soluteesolute complaxes, or nt lesst by come
gpecific orientotion of the solute molaenules with

regpect to vach other, Yo such effect is, however,

that one of the factors regponsible for the small
influence of solvent or ¢oncentration, is that of
*ﬂéreeuing‘. A compnrison with the solvent affects
redorded in the literature forﬁomenthyl acatate and
,e-'-oc'tyl oemothoxy benzonte supporte such a view,
A «Menthyl scctate (RU7T & HITEMIE, J.C.8., 1932,

2335) when exsmined in solvents of varying polrrity,

growed definite chnngee in rotestory power, whick
were in pood ngreement with the dipole momont of the
golvent. In thig =pter the dipoles pitunted in the
cerboxy group may be regsrded as being sceroened by
the/

found, se may be seen from OCHAPH III, It is probabl

l

|

LG
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|

1

.

the bulky menthyl residue on one side, but relrntively

accesaible {rom the opposite dircctions In e~ootyl

o=methoxy=benzoate {cf, MISS SMITH, Thesls ‘dinburgh,
1932, or RULRE, SMITH & HARHOWSR, J,C.S,, in the
prese. ) the dipoles of the crrboxy~ and methoxye

groups mre mgain strongly screenad on one side only,

| this time by the phenyl group. The open chein octyl |
rssidue on the other oide, apparently doeg not
geriounely hinder the approaeh of other polar molee

enles, since this ester, when exanmined in vorious

golvents, showed the came type of rogulority as was
noted in the cnuge off/-moﬂthyl acatate, ﬂ-!ﬁanthyi :
o-mﬂthpxybenzoate. on the other hend, showed but
little regularity when e amined in zolvents, which
may partly be attributed to the faet that here the
dipoles of the ¢ rboxy and methoxy groups are gerecns
ed on both sidee - on one si&e by the phenyl and on
the other by the menthyl residuee, thus proventing ‘
any free approach of the golvent molaculess Fuch &

gtate of aff ire would nliso ceem to apply to.fementhyl

o=chlorobenzonts and Je'-manth:,rl benzoate., It appenrs,

nowever, that the more powerful dipoles of the nltro-@

carboxy groups, and to & lesper éxtent of the hydroxy
group, when congidered in relstion to their molecular

volumes, »re sufficientyl strong to overeride such

_gcreening/
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Pcraening effecte,

in ,@-menthyl snlicylate we have & compound
phich huzg abnormal propertieg, snd it is clear that
the arguments appifed to the oenitrobenzoate end
hydrogen phthalate, which like the hydroxy ester have
higher rotations than the unsubstituted compound,
leannot hold without modificntion in thin cose.

RULE & HMACGTLLIVEAY (J7,C.S., 1929, 474) state that the
menthyl eetere of salicylic and enthranilic scids sre

the only compounds in whiel the presenee of an o,p=

ld!reetive subgstituent in the nrtho position is known
}tu reise the rotntory power of /@-menthyl benzoete,
Thege sathors consider thet the effcote are poseibly
a rogalt of the compounds exieting in an internally
lco=ordinated state (ef, SINGWICK, J,C.5., 1920, 472;
SIDCWICK & T7BAYK, JoCefley 1921, 979}, end quote in
support of this view the low boiling points of the
ortho isomerides ae compnred with those of the me aind
pecompounds, mrnd zlse the relatively low solubllity
.of the galicylate in hydroxylic sclvents (ef. SIDNGWICK,
loc.cit.)s In this connection, it mey be noted that
| TTANER (Holeeular ‘ssociatien, pe134) records that
mathyl salicylate (M,7, 182) gives mnleéu;ar waight
veluee in naphthslene at C w 107 to C e 23 rrnging
from 151 to 171. This euggests that in thie solvent,

| scome/




~530

20°
Shol

310

320

114.

_£-MENTHYL. SALICYLATE
N m-HEXANE .

10

20 30 40 $0 60 YO Q0 Q9O 7100 7110 120
———— CONCENTRATION — g-/:oac,c. i



115,

gome at least of the cster molacules are in the une
coordinated stste snd congeguently free to particie
pate in ordinary molecular association, 7Tt is evi-
dent, however, that if ordinary association does
oceur with the menthyl ester, it must lead to a rise
in the rotatory power, & change whioh also follows
when the ester ie dissolved in highly pelnr solvents,
In addition, the optical chasngee which take
place when the salicylate is diluted with hexane, are
irregular in charneter, as beoomes more obvious when
the valuee of the rotetory power are plotted on a
larger scnle in CRAFH IV, It will be seen that a
méximum ie superimposed on the nérmal trend of the
Carve 5etwesn the concentr~tions ¢ w 35 and ¢ s 67,
"hia 1rr§gqiar1ty regembles that found for the rotae
tory power of oetyl alecohol in hexane by MISS ZHITH
("hesis, “dinburgh, 1932) and the maxima in the
polériaationa of various alcohols in nonepolar gole
vents se observed by LANCHE, TFrobably the explanation
advanced for the polaerisstion phenomensa by DEIYE,
viz. zseneintion of the hydroxylic dipoles in the
form {— + ){— +) instead of the more agual :-_’: ;;,
alsc sccountg for the abhnormal opiicel properties,
Before lerving the gpubject of hydroxylic come
pounde, it was decided to investipgete the optical

variations/




116.

TABLE 23,
£OVIRS g d IONTTT. 0« NITROSIMIGATE

Tamsaraturs H/0

0 e

£o /150 ¢, . =(MI(nhs} [H"“]m: [EEZ]-"'HH Y

10000 | 4.338 - .29% | 4n26% | -628° 1
0:810 |  8¢000 41 38° 631° | a92° é
0e802 | o 492.03° ess | 618 | &
Qs 218 Fe DD 44-22° ﬁ?&ﬁ 5150 4
00233 | 8e009 aaens’ | ees®| 613° | &
oe182 | B4000 45028° 690° | 600" 4
o127 | 50000 o2e74” | 694 | 600° | 4
0e038 | 8o 000 22v93° eoe®| sm° )
Oe 000 42232 9-'?-3° 703° e 1
Yhere ie

£y s Mole frection of CS,

[H,',:] e Voleeular rotation of ester in

the Cglly «Cte mixture,
[¥ = Ocolouletes velue of the molcous

lzx rotation uneed in plotting
the deduced curve, indicating
the rotaticn in the TS5, come
ponent of the mixture,
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POTERS of £ «MINTIYL 0eNITROBENZOATE
ENE and CARBOW TRTRACHIORIDE,

P o

£ 3/’13?3 eooe |4 (o08) | Ml | Doy | £

%Gl A(uer) Y 1)

30000 | 4e962 e 9°88°% | w807° | w607 | 12
00985 | 84000 40001® | 610° 608° | &
0863 | 50000 “a0ea3® | 617" | o’ |4
00631 | Beo00 41°89° | 5a9° 500° | &
00385 | 8000 43+47° | 663° 587° |4
oe282 | 52090 a4008° | em°® | s82® |4
00280 | 8e000 as'08” | e8a® | ova° |4
02080 | B+000 asre2” | eos” | s33° |4
0:000 | ge232 9e96¢° | 708° | — 1

Vhere te

£o ® lole froction of 6014

[z.ﬂ,,a(m,) 2 Moleculur rotation of ester in
C H,»CCl, mixture.

qu{mhg

68

4

8 Caleculated value of the moloe
culsyr rotation uesed in plotting
the deduced curve, indicating
the rotation in the CCl

component of the mixture.
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TABLE 25,

THE _ROTATORY POWIRE of € -MNTHYL o-NITROBENZOATE

in MIXTURES of n-BUTYL ALCOHOL and n-HEXANE,
Temperature 20°C.
C.
t, |stooee|oly, |M.a]  [DBl,,, £
: o -
1:000 | 5:000 | -19-26° | -584° | <584 o
0
0+ 935 . 19°16° | 584 584 "
0° 845 . 19°15° |  s84 584° "
0 0
078 " 19°* 13 383 586 "
0 o
0° 717 " 19° 12 583 587 "
0 0 UL "
0° 699 " 19° 14 584 585 '
0° 605 " 10+13° | se3° 586° "
(o] 0 (4]
0* 601 " 19° 15 584 586 "
0° 491 " 19* 10° 533° 584° .
0+ 381 . 19.04°| se1° 579° "
0° 328 " 10°14°|  s84° 591° "
0 266 " 10°20°| 86 604° "
o
0e 262 " 19°18 585 601° 2
0 ~ 0
0+203 " 16° 15 584 599 "
o o
0+ 106 " 19° 03 580 593 R
0 (5]
0°* 000 " 18°98 579 - i
Vhere: =
- 9 = Mole fraction of the n-Butyl
5 Alcohol.
[, .] = Holecular rotation of the ester
1) in the slcohol~hexane mixture.
(2] s The caleculated value of the
54 L)

molecular rotation used in-
pPlotting the deduced curve.
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‘|veristione undergone by one of the kenzoie estere in
golvent mixtures composed of an aleohol and 2 none
polar medium, £ «¥enthyl o-nitrobenzoate was gslecte
na the sotive solute on agecount of ite high rotation,
and n-butyl alecohnl as the hydroxylie solvent because
of the definite effects it haos been found to give with
& ~menthyl methyl naphthel-te {ef. R7LZ & MeLirX,
JeCuSe, 1932, 1420) The observed readings sre given
in Table 28 and the Curve deduced from these data is
drewn on ORAPH VII,

Ag dbutyl aleohol exhibite a1 maximum value of
polrnrieation at moderate concentrations in benzene,
it was expected that thie effective incresse in the
polarity of the bensenessleohol mixture might be
revesled in n minimum rotatiorn powar of the nitroe
eutef in polution. “uch & depresajon, if it did
oceur, would only become fully evident when a correce
tion had been apnlied for the prosence of the none
polar diluent, On the other hend, if the binery
mixture consisted of two nonepolur solvents, euch as
benzene =2nd carbon tetrachloride, or venzene and
carbon diealphide,, we would expeet the Oreph repre~
genting change of rotation with varying ecomposition
of the solvent mixture, to be & straight iine. {ef.
RULE & Mel iAW, J,C.8., 1932, 1401, algo the introe
duction to this Theeis, p.31)

The/
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The method of drawing the necensary deduced ‘
Curves {8 adopted from that due to DEBYR (*Pelare
Molekeln"). Reference to ORAPH V will indicnte
the procedure, MNoleecular rotations ere plotted nsg

ordinntes, snd mole fractions of polar solvent (fé)

ne absciscne, (L, » ._“:}L__*_ s Where n, is the
27 W ¥ mp 1
number of molecules of nonepolar solvent and nQ the |
number of molec:les of polar solvent) In all thcaL
diegrams, the loftehsond oxis of ordinutes represente |
solution in pure bYenzene or hexane (tl e 1) and the |
rights=hand axis solution in pure butyl aleshol, 032 !
i
or 901 (t sl)e Ty plotting the observed molesulnr |
rotntiona ['H';-\sw against the correeponding mole
froetionse té of polsr solvent, we obtain Curve 1,
If we nsgume thet the rotrtion due to the benzene

alone i8 proportional to the mole Iremetion of this

compound present in the solvent mixture, then the ;
contribution of this component to the rotatory |
power is repreaented by 8 gtrnight line, 2, joining

the point reprasenting the rotntion in pure benzene

to the rightehand oripgin, This arcunte to the !
agpumption thnt the Lenzene remaine completoely |
normal even in preegence of strongly polar substkncaa*
which, ne scveral work rs heve pointed out, ie not |

necessrrily the case., Yevertheless, the sicczee that

|
hne rlrendy nttended the use of such disgrams in f
|

£ 1'.' gng/ i

(1) Tor thies purpoae, ?W, and P614 are cleseed oo
potentinlly polsr compounds,
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I
giving resulte in & predicted diresction would seem !
to indicate thet the error involved is not very cone i
siderable, If from any point g on the experimﬂntal|
Curve, ® parpendleular’be droppad to the horizontal |

axis, thenis

Efl,:a] = [4] g + Dels,

D*l.e] , eorragponding to point &, is obtuined di-
rectly from Curve 1 and [ﬁ;lfl is given by the |
point where the perpendicular cute the cbove atrnight:
line, Mence by difference we have the value of

[ £ whioh, when divided by f,, gives [1], enabling
ug to plet a point on the curve elkowing the offect of)
the pelnr solvent alone on the rotdtion. L guecession
of sueh points {ef, Toble 23) defines the Curve 3,

|
|
whioch indicates the effect of the progressive dilue i
tion, of the pelar liquid on the rotaztory power,

e =bove ~rgument is besed on the agsumption
that each ecmponent in the ternery system examined
is at 8ll times evenly distributed throughout the ’
entire syestem, fecording to DIDYR & HUCKELS* theory |
of solutions, however, polsr mol - -cules tend to cluge
ter around other polar nmolecules, "han a2 polor soluf?
such as L smenthyl o=nitrobenzoate, is present in a
mixture of polsr snd nonepolar golvents, we might

therefore expect the concentration of the polar

solvent/
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solvent molegnleg to be greater in the neighkbourkood
of the =olute mrlaciles than in the bYody of the

lignid, ‘ctually it is found thst thie only appenre
to take plaece to ony grest extent when the polar 1

golvent ig pregent in small concentration, In the

deduced Curves 3, in GRAPHS V & VI , this influence
is observable se an incrersed depression of the lefte
. hand end, The depreoseion is g&rticulﬁrly.m&rked ba-‘
low concentrations of 0°2 mole fraction in GRAPHS
'V & VI, (eof. R'ULE & MoL3IAN, J,C.8,, 1931. 684)

where tho deduced Curves dip dowmwnrda towarde more

positive values,

The polrrieation Curvees of errbon diealphide in
benzene (WILIIAMS & 06C,J.A.C.S, 2928, §0,1,,94) end
of carbon tetrschloride in bYenzene (WITITAMS &
KROMEA, J.A.C. S, 1927, 49.2., P478) are drewn in red
on CRAPHS V & VI reopectively for the purpose of

comporigon, Tt mey be noted that in both of thece

Graphe the deduced Curves, 3, cre,for the major part
streight lines in sgresment with whet might be antie
cipated from the corrsgponding polerisation Curves

of curbon disulphide and carbon tetracghloride, In
GRAFH VII 4t should be noted that the polnriantion%
Curve (in red) of nebutyl alcohol shown ie that i
detormined by AVGE (7,Phyeik, 1925, 33, 174) in |

benzene/



benzene golution, no deta being given for n-hexane, |

The comparison thoroefore botween this Curve and the

deduced Curve for,E-manthyl o=nitrobenzonte, which
|
alone is here shown, ¢2n only be mnde in en approxis

mote senge, ven 80, it is evident that the maximume
in the pnl-risation of the alcoholebenzene mixtures |
¢orresponde to & minimum in the rotatory power of
the menthyl o-nitrobenzoate dissolved in the mixe
tures., This fluotuation realisce the anticipatione
outlined sbove, and 48 also in sgredment with the
resultes of RULE & MeLiAW (loo. cit.,) for menthyl
nmothyl naphthalates, t lower values of f2 the rotowe

tion Curve falls in the seme menner as in the o8,

and 001‘ disgrams,

It may therefore be concluded that the preesence :
of & hydroxy group either in the moleenle of the aol#
vent or in that of the optically nective solute, |
givee rise to annmelies in the rotation, such 1rregu{
lorities in general having a counterpart in the |

abnormal polerisation of the hydroxy compounds. !

INFLUNCH/
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TABLES 34 & 26.

AL <MIYTHYL _o<NITROBEN7OATE,

S

a) IN  NITROBRNZENZ,
Temperature 20° 25° 38° | 59° | 77°
dee 1+ 200 1195 1.182 | 1.1563 |1+147
4
c = 4° 000 L =1 am
c’ ! : t°
Temperature 4o 74 S [M] G
0 O o
12¢86, 1207 - 5°82, - 441,
20° 0, 1°200 5°754 439
44° 5, 1197 5* 55, 432,
46° 5, 1195 5° 544 431
71°8p 1°151 5* 38, 428,
95°8 1°128 5° 28 429
L MINTHYL o«NITROBENZOATE,
b)  IN DEKALIN
Temperature. 10° 40° 6o® 80°
d i': 0893 0-878 O+ 864 0* 840
¢ = 4* 000 A =z 1 am,
; . £° £°
Temperature, 4 X S3.61 [M] o
1370, 0:898 - 7°649 - 581°
16°0 0° 896 7* 55 575°
o o] (s]
218, 0891 7°449 570
34° 0, 0* 885 7*200 5564
49°*0¢ 7871 696, 546
69° 24 0° 856 6* 690 5330
94° 0 0* 836 635 519
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TABLES 35 & 27.

/g «MENTHYL HYDROGEN PHTHAIATEH,

a) IN NITROBEN7.ENE,
0
Temperature 20° 40° 60 800
6{:3 14199 | 1°180 1+161 1+143
c s 4°000 A= 1 gm,
& L%
Temperature d 40 A sy [MJ@LM
(4] o
10°5_ 1+ 209 - 391, - 295°
20 Og 1*200 389, 208
34°5, 1° 186 39824 204
50° 0o 1*171 3*72 200
81" 0, 1+ 142 3 624 2899
985 1°125 3+ 58 290
£ ~MIETHYL, HYTROGEN PHTHALATE,
b) IN DEKALIN,
Temperature. 20° 40° 60° 80°
d o 0°8930 | 0-8784 0°8636 |0+8496
¢ = 4000 L= 1 en,
to° te
Temperature. O{A" o{m’_w [M] Bl

4] (4] (4]
10°8, 0899 - 5320 - 402,
17° 9 0+ 895 5334 404
35° 54 0 8862 522, 402
475, 0+ 873 5 104 397,
76° 0, 0° 853 4797 396
94+ 5 0+ 839 4°82 390°
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%8 36 & 28,

Temperature. 209 42° 80 800
dt 2 14207 1+198 1. 159 1. 140
¢ ®» 4° 000 L e 1 am.
CD to
Temperature. i 0651;6! [M] kg
1327 14203 - 4498, - 3419
2040 1+ 195 4+91 339
34°0g 1+184 4829 3369
48°2, 1+ 170 4072 333,
74+ 5 1° 145 4+61, 332,
97°0° 1123 4+45 a27°.
L o MSNTHYL SALICYIATE
B) IN DEKALIN,
Temperature, 20° 40° 60° go°
d &, 0891 0+876 0- 862 00 847
L |
¢ s 4°000 Ae 1 am.
_ - -
Tempersture. o(f;o Xﬂ;b! [M]s;m,r |
0 ) w
13+4, Oeg96 - 492 - 337,
203, 0» 890 4+88, 337,
360, 0879 4+ 85 338
47°0 e § 182, ~
wag %-g i §§§ gﬁ
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TABLES 37 & 29.

X MINTHYL BENZOATE,

a) IN NITROBEN”INHE,

Temperature. 20° 40° 50° 80°
de: 1.195 1-176 1. 157 1.139
¢ = 4+000 L =1 am
TBTE . t2 £ iy
Temperature, dqn A g0 ” [M] il
14+ 5, 17801 - 4.38, - 283°
2146, 1194 432 281
35°5, 1-181 4°25, 2809
4'7'20 1+170 4*17 277,
73% 0gq 1+ 145 407, 276,
077 1°122 3+ 96 274
L ypmruyI,  BENZOATE,
b) IN DEKALIN,
e 0 0
Temparatura. 20° 40° 60 80
o :: 0+ 890 0. 875 0-861 0+ 846
e 4000 £ =1 am
e &° o
Temperature. d'4° X 530/ [nq]ﬂ}w
15090 0.893 - 4°199 - 2729
8187 0+ 888 4°17, 272
34+ 59 0879 41180 274,
2 0O 9 =12 )
i 02 O 855 4- 09, 2733
94+ 8 0+ 834 408 284
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38 & 30.

£ ~MENTAYL o-CHLQROBENZOATE

&) I¥N NITRORENEEMNE,
Temperature F 20° 40° 600 80°
dbo 2.119 | 1.180 | 1.160 | 1.141
¢ = 4000 A « 1 dm.
d & L [M to
Tempersture u® Sk Gl $%.6/
0 o <10° o
2124 1-198 3+15¢0 2320
36.g° g:: 1?6 3¢ %o 8300
45.82 1148 990 539
96°0 1*126 2+91 228
A ~MENTHYI, 0-CHLOROBENZQATH
b) IN DEKALIN,
- - ° T .0
Temperature _20° 40° 60 80
dee 00893 | 0-878 0863 | 0-849
e = 4+000 Lw 1l dm,
Temperature dEe A sy0 W [M];;M,/
0 - e ¢}
10+5 0: 900 «3e 57 «260
o | oEE | ¥Es | A
20.0° 0: 8% 3+ 50° 2540
7204 0* 854 3° 50, 2680
98¢0 0+ 835 3¢ 52 296




132,

a’ I-ﬁ 1*w0-: T s )
) 0 o o
Temperature 29 40 60 80
d§ 1.197 10178 1.159 14140
e w 4000 La) dnuﬁ
.Tampamture de 2 L 6/ [M] sya;
1240, 10204 - pe81; - poog
Die "J 1198 De ?40 1990
365+ 0 10189 2+ 65¢ 194,
45’0 1*173 2’59 191,
?7‘0 1*149 51 189
98'0 1123 ”’48 199
£ SHINTHINL o «METHO Y3 N OAT S
B) XN DEKLIN,
Tempersture 20° 40° a0° 80®
d; 0e891 | 0876 0+861 00 847
e & 4°000 La 3 dm.
Temperature d,j:: L s501 [M] St
0
125 Oe BOA .p.og @ 1g5
200 0g 5851 B+ 387 1729
35 8g 0*879 0* 512 184,
48° 5 0*869 2+ 820 187,
74* 0 0* 8561 0'64 200,
98+ 5 ¢ 833 Ak 4 211
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TABLES 32 & 33.

,Z, MENTHYL _o«NITROBENZOATH,

IN AROMODENZ SNE,

s

Temperature. 20° 40° 60° 80°
o : = 1+483 1.457 10431 | 1-408
¢ 40 ,6 s 1 dm,
o o
Temperature - o(\;%‘, [M) e
1329 1:492 - ?-31: - 5917
20° 0, 12483 7°60, 579
48°0, 1° 447 7° 08, 550,
86 Og 1423 €+80) 5407
08* 5 1+ 381 6* 38 519
Temperature, 9° 20° 40° 60° 80°
d ;o 1.010 | 1:008 | 009919 0. 9752 |o.0581
¢ g 4°000 Lw 1 dm,
o co
Temperature, dfe oluzicr [l
0 ‘
11+ 0, 1 017 - Beond - 4769
21+ 0 1+ 005 6+13 471,
36¢ 0, 0994 B» 92 o 459,
49" 80 0" B83 5* 790 454
78+ 07 0° 960 5° 55, 448’
068 0 944 5 39 4439
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INFLUSNCE OF 7T MPARATURS

Tarning now to the affect of tempermture upon |
the rotstion of the menthyl esters in solution, it !
might heve Leon antieiprted theat an incresse of |
tempernture, in so far =zs it would tend to break
up agsociation complexes and diminish moleoounlar
orientation generslly would have the same effect ove ;

diluting the esters with & nonepolsr medium, ORAPH

VIII showing the effset of temperature upon the
rotatory powsr of the gix esters in dekalin indicatep
that 1ittle or no evidence of sueh a change oan De

observed. It is obvious however, that there is a J

etsedy chirnge in the slope of the Gréphn 68 we pass
from the highly setive nitro compound to the leest
asetive ester, the methoxy derivative, At the ome | [/
extreme, the rotation fslle with rise of temperae il
tura, and at the other, the rotation rises, |
One explesnation of these chonges i suggested

by the work of IBi%T (Leipziger Vortrege, 1930, 69) i
mentioned on pege 19 of the introduction, It hae
already been stoted (ef, page 19) thet the influence |
of substituents in the ortho-position of the bene

zoic esters, i8 probably lorpgely a spatial @ffect,

ise of temperature will resgult in an increased

molecular vibration which in turn may bae supposed

to/ : |
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GRAPH  VIII

r ROTATORY POWERS OF /-MENTHYL ESTERS 1
IN DEKALIN PLOTTED AGAINST TEMPERATURE .
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- &n exelting °{fect upon the rotation of the unsubsti-
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to lead, on tbert's views, to an increasse in the

aversge mean distance between the -coacm!{l9 group
and the substituent group in the ortho position., If

now, the introduction of the ortho suvetitusnt hesg

tuted ester, then it might be expected that a rise of
tempernture would canse a fall in rotation, The nitrh-
and cnrboxy= derivatives frll into this cotegory and
28 mhAy be seen, the appropriate temperature Curves |
each indicnte a definite fall in rotation, with ine
eresging tempernture, As ism to be expected on this |
hygothénla. the nitroeester, which has the highost !
rotatory power, shows n more rapid fell thon the lees
active menthyl hydrogen phthalate, * similar explaw
netion would seem to hold for the nitroeester in i
bromobenzene &nd benzZonitrile, Curves Al and.Aa. on
GRAPH IX , Whore, however, the normel effect of

the orthoe-substituent is to lower the rotation, then
a rigce of tompercture »n 'bert's obssrvations should
result in o rise of rotntion, The chloros and
mothoxy= esters both ehow such & rise, the lotter in
keeping with ite very low rototory power, &g compared
with¢9~menthy1 benzoate, showing the jprester change
witk inerense of tempervture, .0 eMenthyl benzoate

showe an increncing rotation to the extent of 12°

while/
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ROTATORY POWERS OF f- MENTHVL ESTERS

IN POLAR SOLVENTS PLOTTED AGAINST
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|

|
|
iwhile the salieoylic ester shows an even emaller

- ehange. “hen we come to consjder the esters in |
' nitrobenzene colution (of., Tobles 34«39) it 18 found ‘
ithnt in every inotance there fe a gmall drop in the !
' rotation value with rising tomperanture, In no cage,
!hnwavar, is this greater than 14° and there ieg no

[

 apperent regularity in the dnta obteined. (ef. nlso
| GRAPH  IX),

Only in the case of the nitroes, carboxye, and
chloro= gctere does golution in dekalin result in sn
apprecinble increase of the rototion velue for the
correosponding homogeneous saters, It ie felt that in

|
|
!
i
the remaining thre: esters the changes, conegequent !
|
i

upon digeolving the opticully active compounds in

this aolvenf, are ingufficient to warrant the drawiniL

of conelusione., With regerd to th: r:cent generalis

i
|
|
J
;

|
tion of PATTARSON, DUNN, BUCHANAN & LOUDON, mentioned|

. f
| on page 33 of thie Thegis, it should thue be found

|
that rise of tempersture in the ceee of the nitroe,
. earboxy= and chloro= asters, in dekalin, should ree |
| sult in a‘fall. or at most e elight increase, in
rotatory power. 28 Tablas 28, 27, ond 30 indicate,
| this helds in & mrked degree for the nitroeeceter,
where o rototion value of -581° at 13° ie chnnged to
one of -510° at 96°, and to a leeser extent for the

carboxy/
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|

|

|
ecarboxy ester, Toselbly the chloroesster may sleo i
be oonsldered re coming within the scope of the above
prediction, ae it suffers = rise of only 16° when
the dek@lin golution 48 examined over a temperature
range similar to that used for the nitro- and carbazé

estars,

Yhen we eonaider the esters in nitrobonzene !
solution, it is found that thie golvent depreseeca i
the value of the homogeneous nitroesaster to the oxe
tent of 5a° and reises that of the methoxy ester by |
25°, Yevertheless, reieing the temperanture of the
nitrobenzene solutiona of these eaters to similar

axtents, resalte in & fall of rotation in both cages;

again the carboxy-ester, which hag, in nitrobenzene,

an apprecisbly lower rotstion value than in the

homogensous condition, aleo axhibite s elight fall
under comparable conditijons, “uch results are cloeare
ly not in sgreement with Patterson's generalisation,
In this solvent then, it appears that some secondary!

influences are at work, and moreover, the extent to

which these sre exerted is such ag to mesk completelf
eny regalarities which might be interpreted in the
ltgﬂt of ‘bert'g observations, or correlsted with
the resulte obtained in dekalin, and in gencral
agroement with the work of PATTHE0N and his coe

workera,



| high dipole moment (ef, 2VLE & coesworkers, J.C,%.,
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SUMMARY AWD CONCLYSIOFN

IRFLTANCE of SOLVIRTS and of CONCENTRATION,

tn investigation has been made of the solvent
influencers exerted by liquids of the seme molecular
type (monosubstituted venszenes and substituted derie
vatives of methense) uson the rotatory powers of the
oix &omentlwl o=subgtituted benzoétae prepored in
the experimental part of thie "hesie, In the case oﬂ
g.-menthyl o=nitrobenzonte and'&-menthyl hydrogzen
phthalete, excellent agreement between rotatory power
and dipole moment of solvent employed, was found to |
exist: the rotation being higheat in those solvents

of low and zero dipole moment, snd lowsst in those of
i

1931,674,2652; 1937,1400,0332), 1Indications of a

| similar relationship wore given hwwg~menthy1 saliocye |

late in solution: here, however, in general, an ine
verted order of effects was noted, the highest rotae
tione being recorded in those solvents of highest
dipole moment, Of the remaining three esters, _ﬂ_-men«-;
thyl o=chlorobenzoete was found to give changes in |
solution similar to, although less merked, than thoee
of the nitro and carboxye- eaters.whileigpmenthyl Donie
zoate end &fmenthyl o=methoxybenzoate grve regulte

which/ |
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which were emall end indeterminate, 7he fact that ‘
the three estare which contain thebmast polar ortho-!
gubstituente, viz,, Hog, COOH, and OH are those
which give the most dofinite solvent and concentrae-
tion effects is, it 1s thought, significant,

folvents of two types, viz., those derived rrami
the parent hydrocerbon benzene and those from methané.
were employad in the ~bove investigations, In gene
eral, thoss of the former type geve the mirs ragular!
results, a fact whiech, it is suggested, is due to
the stabilieing influence of the rigid sromstie j
nucleug and to the grerter tendeney of the esters to%
exint in the ngeocisted state in nonspolor aliphﬁtlai
golventa,

A grophical method of showling theess results
indicated that the diagrams obtained on plotiing
molecular rotation egainet the dipole mément of the

solvent, although showing similar irrspularities for

cortain solvonte, differrd chiefly in their angle of;
alope, The rotetory power of the highly active nitré
cater foll off ropidly ce the polarity of the solvmnﬁ
inerensedy the rate of chonge was gomewhat lese with |
the carboxy ester, end still lese, end in the opposite
direction, for the less nctive salicylate, ‘'pert |
from these variotions, ne very speoifie offocts toe |

wards solvent iafluence »re ghown when the orthow

hydrogen/
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|

| ortho=hydrosen atom in menthyl benzoate is replaced

|

by 0, COOH, OH, C1 or OMe.

Yhen voerious die-gsubstituted benzenes were used,

|
|
|
|
admixed with benzene, ns sclvents, 1t was found that !
|

|
tion of ggmmmthyl o=nitrobenzoate to a grocrter extent

gyceﬂic12, which hos a high dipole moment, behaved as

'@ strongly polar medium, It thus depressed the rotae

than sn equivalent molecular proportion of the corress

ponding monosubstituted halogen compound, The parae i
compound hes zero dipole moment, nevertheless, it was

found that it beheved nrs o relatively strong polar

' solvent, “hie peenliarity is explained on the age

sumption thet in pedichlorobenzene the oppoesitely

oriented chloro=groups are held se far apart by the

rigid benzene ring that they csn, in large measure,

| exert thelr influences independently towards en ade |
rjacent optica.ly cetive molecule, 7This same explanae
| tion ghould hold for pedinitrobenszene, which also has

a zero dipole moment, “wing to the loi\aolubility of

' the dinitroescompounds in benzene, the range of values

| obtained when me and pedinitirobenzenes were used 28
| eomponent solvents, wes slight, beeause of the smell
mole fraction of thess substances precent in the

solution, The results obtained wers gonseqguently not

go decisive ag in the case of the di-gnbstitated
 halogen/



| eolvents; while £ementhyl selicylote under gimiler
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|
relogen compounds, but indicated clearly that pedie

nitrobenzene doas functiocn os £ polar substence in
gpite of ite zers dipole moment, ‘'hesge conclusions
nre in general agreement with those of LR & HILL i
(loe. cit.) and WL & MeLEAN {loc. eit.). |
Yollowing s suggestion of ''ule (ef. 27LE, SMITH
& MANHOWER, loe. eit.) we were ensbled, from & cone |
sidaratioh of the various solvent influences, to prow
dict, with considerable accursey, the offeect that sn‘
ineresging concentration of the solute, in & none
polar medium, would h=ve upon the rotation., Thus,
the eoncentration Curves ofafomenthyl o»nitrobenzoat4
ﬁ-mnthyl hydrogen phthalace and,f-menthyl o=ckloros
benzoate ell indientaed o definite decrease of ratmbﬁ
with incressing concentration of solute in nonepolar

conditiona, menifested, as anticipated, the opposite |

| effect. ™ence 1t may be concluded that the nitro

. and esrboxy ecters exhibit diminished rotations, '
. either through =esociation with & highly poler sole

| menthyl ealigylate in he.ane also showed & decided

vent, or Oy selfe-tssocintion when the concentrntion
in & non-polar solvent ie incressed, ¥ith the snlie
eylate the direction of there optical changes 1o

reverged, “The rotationegoncentration Craph for

upwoerd/
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| .
| |
!upward infloxion botween ¢ u 35 and ¢ ¢ 80, It haa |
ibaan pointed out that the exietence of such an ine |
;flexion for the ealicylate is in genersl agrecment _;
‘with the results of RULE, SMITR & H R:OWER (loe. cit.]!
ffor oetyl aleohol, ' gimilar type of effect was i
'noted by PATTIRSON & MoDMMALD (J,C,S5., 1998, 937)
}for ethyl tartrate in benzene. Theose frregalarities !

‘would seem to be charncteristic of compounds containe |

|
| ing & hydroxy groupe In the cage of the two remaine ‘
lng_astarﬂ,.ﬂumenthyl venzoate end Lementhyl ocemethe j
oxybenzoate, somewhat small ond irreg:lar solvent %
influences were reflected in concentration Curves of
no very definite inclinntion, The above sgsumption, |
lanpplement@d by a coneideration of molecular serconw !
' ing in the cases of the chloroe, methoxy cnd the f
unsubatituted menthyl benzoate, furnished a satieface
| tory explsnation of the observed data, '

4 farther consideration of Nule's suggestion !

leads to another interceting conclusion, L=lMenthyl

oegnbstituted bonzoates, due to the lergs proportion I
of hydrocarbon radicals in the molecules, sre, baulk i
\ for bulk, relatively lees polar than polvente of the ;
| benzene or meihane type containing & eimilar auba£1$=i
| uent group. “hue, in such highly polar solvents og |

. nitrovenzene/
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nitrobenzene and nitromethene, it should be found
for exemplo, that the nitro ester possdsses & rotation
lower than thet of the homogeneous active liguid. ‘

“n the other hend, in hydrocarbon media, such ae

benzene or hexene, the «ater, at high dilution,

lsrpgely existe in the unsssocinted stnte, ond may be

i regerded ag exhibiting a rotatory power more truly

charscteristiec of the moleocular structure then that

observed in the homogeneous condition, or in the
prasence of polar solvents, Thie rotastion value
therefore, will be higher than that of the homogenes

ous ester, The geries of solvente employed in the

| pregent inveestigrtions of solvent effect, renged from

none=polar hydrocerbons to the very highly polar nitr
and oyanoegompounds. It might thon be anticipnted
that the esters in the homogeneous state would 21l ‘
posses rotatory powers intermedinte in value between‘
those observed in golvents of the two extreme, poler
and nonepolar, types, The experimentel regulte
indicate that for ench of the six estars examined,
this generalisation holds. :

,ﬂ «Menthyl salicylate hno been made the subjeect

of n special explancstions On the obeervations of
SIDGWICK, end SIDGWICK & BWBAVK [loe. oit,) it is

postulated that the sbnormal ree:lts obtained with
this ester, sre partly due to the fmet thnt it exxatq:
in/ |
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in the form of a co-ordinated compound, in which the
hydroxy and kestonie groups in the ortho pesition to |
eagh other, nro concerneds Tt ie coneidered probable
in view of the moloculnr weight values quoted in the i
liternture for methyl salicylote in naphthalene, thet%

some ot least of the menthyl salicylate moleculss are

in the wm-comordinated state, and therefore, free to

.
|
participate in ordinary molecular association, 7o
explain the maximum observed in the rotationeconcene j
tration disgram for this ceter in hexene, it is suge |
gevted thnt the kind of associntion which takes placoi
iz that indicated by DiIBY? in hie polariseation ree

gesrches, in which the dipoles orient themselves in |
i+ —) |
| {~ i )
That the hydroxyl group leede to abnormalities

the form (— +)(— +), ce well se in the form

when pregent in the solvent moleoule, ae well a&s in

that of the solute, ie shown by the “reph illustrate
ing the optical variatione undergone by zzamanthyl
o=nitrobenzoste when sxamined in & binsry solvent
mixture of nehexene and ne~butyl aleochol, It wee
found, ag antiecipnted, that 2 minimum in the deduced
rotation Curve of the nitro ester, co'reeponded to a
maximum in the polsrisation Curve of the nebutyl

|
|
aleohol mixture, end 1t 48 coneluded that abnormale |
ities in poloriention are r={lected in eorrespondingi
|
|

anomalies/
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ianomaliea in the rotation of the optically nctive |
golute, These raepgulte, and those obtnined by the
l

examinrtion of the same estor in the binary solvent

mixture of benzene=carbon tetrachloride and benzenee

carbon disulphide, are shown to be in agreement with

the similer researches of "nle end Melean on _J -mene

| thyl methyl nephthalete,

In view of the type of

| esters examined in thkie Thesis, the following obsere
vations of W, KUHW (Stereochemie, Freudenverg, 1932,

prge 420«421) are of particiler inter.st, He pointe |

out that cubstitution in tha phenyl grouping of
Lamenthuyl and L-octyl venzontes, slmost certeinly

produces s greater chenge in the abag;ption spectra

of the unsubstituted compound, than does & similar

gubstitution in the corresponding o:sters of acetie
. @cid. Turthermore, he observes that these ssme

sabstituents have a very much greanter effect in alterL
ing the rotatory power of the nnsubstituted Uanzaatai
than that of the uneunbstituted acetnte. "“hen it iso :
rememberad that the nbsorption bands of the unaubati%
tuted benzoste are already very close to the visiblef
ragion of the gpectrum one may acssume with oertaiuti
that ehnnge in the rotatory power of Lementhyl and |
L =0ctyl benzonte, following upon sudstitution in

the phenyl residue, may be referraed back to alteras

tion in the nature and povition of the absorption

|

vands/ !
i

|

|
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bands which are characteristic of the phenyl group.
Such &n assumption gives additional justification
for the suggestion (cf. page 33.) that the present
work on solvent influences can be correlated with
the theories of KUHN, via the researches of SCHUIBE,
KUHN (ibid. ) slso stresses the point that the
phenyl group, in the above respect, ies to be con~
sidered as a single unit, and thet it has the facult&
of transmitting, with facility, substituent influencTs
which have an important besring on rotatory power.
BRIUGLAB has recently observed (Zeit., fur phys. Chami
1932, B.16,249,Pt.II) that even among substances of
zero dipole moment and which contain no polar groupe*
electrical differences are to be found which are duei
to the polarisation of the molecules and especially |
to 2 certain anisotropy of polarisability. 7This is i
found to be the case to a quite appreciasble extent |
with benzene. ’‘ny set of conditions which alters
the electrical equilibrium of the phenyl grouping, |
due . to its anisotroplie properties under the influence
of an electrical field, will, it may be imagined,
interfere with the transmissions of substituent ;

influence, These conditions which bring about a .

deformation of the normal configuration of the

phenyl/



| eince WALDSW (Ber., 1906, 38.1.380), in an extensive

1409,

| phenyl srouping (e.gs the presence of highly polar

golvent moleeoules) will, at the sems time, have come !
specific offect upon the substituent group itself, i
Roth of these offsects will moke their contribution ;
towardas the rotation actually observed. i
The added complexity which considerntions sueh [
es the nbove intreduce into the study of the L-menthyl
o=gubatituted benzoates, ie at once apparent, i
It hns alrendy besn suggested that the mein
features encountored in 'n examinstion of,ﬁr-menthyi J
o=gubstituted benzontes in nimerous solvents, and at
varying concentratione in nonepolar solvents, can be
aceountad for by the poetulstion of an nesociation
of solute moleculas with ench other and with the
molecules of the solvent omployed, "he mors astrongly
polar the solvent, the greater is this tendency toes |
wnrde the formntion of soluteesolvent complexae Supe !

posed to be, Nonepolar polvents, on the other hand,

tend, in lerge moasure, to bresk down the solutes
solute complexes which may exist in the homogeneous
active ester. In the ¢ iteore eontalning the less
polayr substituent groups, Cl and Mife, in the ortho=
position, an additional consideration, namely that of
soreening, was taken into account, [
|
|

The above conclusiong are of partigular interest

reviow of the earlier worx done 4in econnection with

the/
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the rotatory powers of optically active compounds,
remerks that the influence of solvente in affecting
the rotntion of on optically active seclute, is proe
bably twofold, 7Tt ic due to (a) its power of afroct-!
ing tho degree of megsociation of the sclute molecules
with eceh other, end (b), a constitutive factor,
Neepite the argument of many workers in this field
to the effect that the degree of agsocietion is not
reletod to the megnitude of the rotatory power, the
evidence advanced by Rule, Omith and Harrower, and
that contained in the prosent Thosie, goea far to
confirm the sceurasecy of 7elden't views., Ve now
renlise that the constitutive factor is the electrie
cal structure of the solvent, which econtrols not only
ite powor of sltering the degree of essoclation be-
tween solute moleeules, but also, its ability to

bring about associntion between solute and solvent,

INFLUZRCE of TWMPIRATIRE

It was sntieipated thet rise of temperature
would diminieh the degree of associction and thuse
hrve the esme effect upon rotation as diluting the |
egters with a nonepolar mediums This was not found
to be the case and, to nccount for the observed facts,
uge ie made of o conclusion of W MT'a (ef, page 19);
which involves an incrense in the meon distance

between/ :
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between the two groups in the ortho position with ;
increasing tempernsture, It seems poseible that any !
chenges in the degree of association brought abont by!
veriation in tempersture are, in the preseni cages, |
emell in their effect upen the rotatory power, come |
pared with the influence of econfigurational changes i
in the mean positione of the molecule, ‘hert's |
viewe nccount setisfectorily for the csse of the |
aix,ﬂamcnthyl o=gubstituted bLenzostes in the none ?
polar golvent dekslin., " rise of tempereture appearﬁ
to nffect the rotatory power of these eeters in i
de¥slin in & greaded senge, n8 we psss {rom the high1$

|
nctive nitro ester, for which & rise of temperature

lende to & pronounced fall in rotantion, to the leaati
active methoxy ester, the rotation of which rises i
with increasing tompersture, Thueg, the high rotée |
tion brought sbout by the introduction of the nitro,
or corboxy groups, into the ortho position, falls off
with rise of temperature, “imilarly, the lowering

in the rotation caused by the presonce of the o=
methoxy group, tends to disappear, Zoth of these
changes are in the direction to be expected, if, as
nggumed b& 'ule, the opticsl effecte wre meinly due
to the substituent influence transmitted dircetly |
through space. 7The phenomena cbgerved in .dekalin

anre also eorrelsted in part, with the goneralisation

of/
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of PATTURAOM, DUNN, BUCHANAN ond JOUNON (ef. pnge 33)

to the effect, that for & golvent which reisee the
rotrtory power the value will be diminished by an
1ncréase in temperature, It is cuggested that in
nitrobenzene solution, secondery influences come

into play, which ecompletely mssk any rogualarities

existing betwaoen temperature change snd varistion of |

rotation.
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|
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