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1.

I NTRODUCTTIO N.

Optical Activity and the Polarity

of Substituent Groups.

The chemical enquiry into the nature of optical
activity has in the main been approached by selecting
a particular molecular model, to which one or more
‘asymmetric groups are attached, and determining the
effect upon the rotatory power of introducing one or
more substituents.

Tschugaeff (Compt. Rend., 1895, 120, 152)
examined the rotatory powers of a2 homologous series of
‘esters, and discovered that the removal of the active
.group further and further from the asymmetric centre
‘had the result of reducing its effect on the rotation
‘to an almost constant value. S8imilar conditions
‘according to Cohen (Organ, Chem.II, 1924, 241) deter-
mine the large variation in the rotation of f~-menthyl
‘benzoate when different substituents are present in
the benzene nucleus: that is to say, the -substituent
nearest to the asymmetriec centre usually produces the
greatest change.

A great nmumber of investigations have been

carried out in order to ascertain whether the influence

of active groups or substituents on the rotatory
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‘power of a compound bears any relation to their influ-
‘ence on other properties of the compound.

Flurscheim (J.C.S.,1909, 718) pointed out that
substituents could be placed in a more or less well-
Idefined series according to their influence on the
dissociation constants of acids and bases; and Olivier
'(Rec. Trav. Chim., 1914, 33, 244) showed that the
influence of radicals on the rate of formation of
'sulphones from p-bromobenzene sulphonyl chloride and

-fa substituted benzene in a Friedel—Crafté,syntheais
:(the benzene substituents all being present in the
para position) was in the order

CHz> H > Br > Cl1> N0, .

A further study by the same investigator of
.the influence of éubatituenta in the benzene ring on
'the ease of hydrolysis of the chlorine atom in benzyl
‘ehloride gave the following sequence of radicals for
the para derivatives:-

| CHy > H> I > Br)> Cl)> COOHD NO,.

The work of Betti (1907-1923) showed a similar
relationship between the influence of substituents on

'the rotatory power of a certain Schiff's base, =and
t heir influence on other properties of compounds.
He prepared the optically active compound by
. condgnaing the base d-pB=-naphthol benzylamine with

benzaldehyde and substituted benzaldehydes, and found
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that these bases on being arrénged in decreasing order
of rotatory power gave a series agreeing closely with
that fepresenting the dissociation constants of the
;benzoic acids corresponding to the aldehydes employed.
(The results are summarised in Trans., Faraday Soc.,
21950, 26, 337) .

Rule and Paterson (J.C.S., 1924, 125, 1121)
‘have pointed out that a series of radicals similar to
‘that obtained by Olivier and others could be construct-
!ed from the values of the dielectric constants of

‘compounds of the type CgHgX where X is the variable

'substituent. The influence of substituents in this
|case is in the-order

NOg > CN ) COOH > CHO > C1 > Br > CgHg) CHz> H.

Considerations such as these have led to the

conclusion that the similarity of substituent effect in
'all these cases is to be traced to a fundamental
jelectrical change in thelmolecule dué to the presence
of substituent group. In the majority of cases the
relative influence of a number of common substituents
approximates to ﬁhe following éeries:-

NOg. CN, COOH, halpgens, OCH_, Hy CH_, N(CHa)z.

3 3
This type of substituent effect has been called

the "general polar effect", (Robinson, Ann. Rep.Chem.
Soc., 1922, 98); and the substituents arranged in

;that order are referred to as the "general polar



series”.

An important contribution to this problem of
polarity was made by Sir J.J.Thomson (Phil. Mag.,1923,
Igg. 497) . The introduction of a polar group into a
hydrocarbon molecule was compared to the insertion of
ian electrostatic doublet. it was suggested that the
substituents were divisible into two classes (i) those
which require an electron to form a complete octet (OH,

NHy, CHg and halogens) and (ii) those which have one
electron over after completion of the octet (10,,COOH,

CHO and CN). The relative magnitude of these electro~
static doublets could be determined irrespective of
sign by comparing the molecular inductive capacities
for long wave lengths of the organic compounds RX
where R is a hydrocarbon radical and X the variable
!subatituent. The hypothesis was adjvanced that the
magnitude in question is a vector property, and that
for disubstituted benzenes containing two substituents
of similar type the doublets will reinforce one another
;in the ortho position, and tend to neutralise one
another in the para position: the reverse holding
true for doublets of dissimilar type. These suggest-
ions were only partly confirmed by R.N. Kerr, (Phil.
Mag., 1927, 331).

A great number of recent investigations have

been directed towards the determination of the "dipole
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moments® of compounds. The eleetrical centre of the
electrons in a2 molecule does not in general coincide
with the electrical centre of the nuclei; and the
distance between these poles multiplied by the charge
on one of them is defined as the dipole moment, which
can be calculated from data referring to the dielectric
constant and refractivity of the compound. Recent
researches by C.P. Smyth, J.W. Williams, K. Hojendahl,
J. Brrera =nd othere indicate that the dipole moment
is a characteristic of the substituent group and large:
ly independent of the hydrocarbon radical to which it
i- attached. It has been concluded from investiga-
tions by these authors that substituents may Dbe divided
into two classes in agreement with the older ideas of
‘electronegative (1) and electropositive radicals (2),
e.g. (1) N0g, OH, COOH, Cl, Br, I and OCHg and (ii)
CHzy NH,, N(CHg),. This classification therefore
replaces that formerly given by Sir J. J. Thomson.
From the dipole moments found for different substituents
it is possible to construct a2 series in which we pass
from a strongly electronegative group through hydrogen
towards groups of increasingly electropositive character:-

Hoz' OH. ha.logens, OCHZ’, H, CH 3 N{cua)gj N}igu

The great similarity between this series and
that representing the influence of substituents on

the dissociation of carboxylie acids, chemicesl re-
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activity and the optical rotatory powers of the sube
stituted series of compounds prepared by Betti will
at once be apvarent.

During recent years Rule and his co-workers
have supplied much evidence to show the validity of
the general polar series in predicting the effect of
substituents on the optical rotatory power of certain
types of compound. ~ This is illustrated by the
following table compiled by Rule; Thompson and
Robertson (J.C.8., 1930, 1889) in which a number of
Iﬁ-menthyl esters of mono-substituted acetic acids,

X +CHoCOOH, are arranged in order of increasing magni-

tude of rotatory power in the homogeneous state. The
:dipole moments./o, corresponding to the substituent
groups, the dissociation constants of the parent acids
ka, and figures recorded by Tasman (Ree. Trav. Chim.,
1927, 46, 653) for the speed with which the phthalide
ring in S-substituted phthalides is opened by alkalis,

being added for comparison.

T ABLE



TABLE I.
o s | mx108 phthalide

X [l&]D Ka 10 €.8.U. opening
N(Et) o =154.6° small - -
N(Me) , =156.9 +1.4 0.31 (NH,)
IH -157 .3 1.8 - 1.00
CHz  =160.2 1.4 +0.4 -
COOH =160.2 160 -0.9 -
OBt “160.6 23 - -~
0 Me -165 33 -1.2 -
OB -1656 (at 94 15 -1.7 -
Br -169 138 -1.5 1.53
c1 -171 155 -1.5 1.32
CN -174 370 -3.8 5.71

The mode of propagation of the general polar

influence has provided material for much discussion.

In all probability it is transmitted by two methods

(1) directly through space and (ii) by displacement or

shift of the valency electrons along the chain of atoms

attached to the substituent, the shift being towards

e lectronegative groups such as Hoa and COOH, or away

from electropositive groups such as CHz or NH,.

Klectronegative groups are generally assumed to be

groups having the positive end of the dipole situated
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nearest to the attached hydrocarbon chain, and electro-
positive groups to have the reverse arrangement. Thip
explanation is thought to be the most probable, although
no method for determining the s2bsolute orientation of
2 dipole in space has yet been evolved. Also, it is
a well-known fact that the dissociation constant of
acetic aﬁid is inereased when hydrogen is replaced by
-chlofina and depressed when replaced by CH:5 or Nﬂz.
The explanation on the basis of chlorine and methyl
representing oprositely orientated dipoles is thus

clearly demonstratedi~

Cl.CHp .CCGO A CHs.Cﬂz.COO H
Electron attracted by Cl Ilectron mepelled by CH3
facilitating ionisation repressing ionisation.

When we exumine the rotatory powers of {=menthyl
esters, in particular substituted aromatic esters, we
find in addition to the general polar type of influence
alresdy discussed a second type of substituent effect |
in overation. From considerations of wolarity an
abnormal influence is exerted in the ortho position in
the bengens ring by certain electronegative substituents

(e.g. CL, BrY, Ocﬁs}. These substituents lower the

rotation in the orthio position although they raise the
rotatory power of acetic esters. The following table

shows values of the rotatory powers of various [~menthyl

esters of orthoesubstituted and pare~substituted

benzoic acids.

TABLE X1/,
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IABLE II.
Ortho series Para series
[Mlgoo Substituent [H]Soo Subs tituent
-381° N0, I -237.5° NOg
-332 ~ CCOH =259 (100°) =0.CHy
-239 H -237 Cl
-231 CHS -237 (100°) Cﬁa
-205 Br -239 H
«195 Cl -233 (100°) H
~148 0«CHg

Rule (J.C.8., 1924, 125, 1121} has pointed out
that amongst the ortho-substituted benzoic esters of
Lc-menthol, in general, a substituent which is meta
fdirectiva in benzene substitution raises the rotatory
power, and one of ortho-para directive type lowers the
value. The following table is extracted from a paper
by Rule, Hay, Humbers and Paterson (J.C.S., 1928, 180)
and shows the values of [m]§°° for {~menthyl and
Leoectyl ortho-substituted benzoic esters; also the
percentage of meta and para products obtained on

nitration of ﬁhe oorresponding substituted benzenes:-

TABLE II



TABLE III,
Substituent X| L-octyl fmenthyl | Nitration of CgHgX
0 o

[u)2° ()20 g Fp

NO,, =122° - =381° 93 0.4

COOH =90 to =117| =332 76 1.2

H -77.8 -239 - -
CH, -68.1 -231 3.1 41
1 ~44.3 -237 - 66
Br -49.2 -205 0.3 62
c1 -47.1 ~195 - 7

0 .CHg -33.0 -148 chiefly o and p.

The maghitude of the change produced by the
Eabova substituents in the ortho position is thus found

to agree closely with the orientating power of the

Egroupa as deduced from the proportion of meta and ortho
para derivatives formed on nitration. The aporoximate
influence of ortho substituents has been sunrarised by
‘Rule and co~-workers (J.C.S5., 1928, 178) as follows:i=

e I, Br, C1, OCHS,(CBO).

L+
(M,), ¥O,, COOH, CH,CO, H, CH

3 3
where those to the right of hydrogen lower the rotation
and those to left raise it. The exact positions of

the ionised complexes are indefinite. With reference

to these charged groupings Rule (J.C.S., 1927, 54) has
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already drawn attention to the changes observed in
the optical activity of certain acids and bases on
ionisation, pointing out that the characteristic
:1nf1uance of COOH and NHp often tends to be reversed

when these are present as ionie complexes in the form
of salts.

Similar changes produced by ionisation have also
'been traced among ovtically active aliphetic esters,
but the lower rotatory powers caused by the introduction
of halogens and menthoxyl appear to be a characteristic
of o~substituted aromatic esters and are not found in
the corresponding meta or para derivatives, or in the
esters of mono-substituted scetic acids.

¥From the occurrence of a different type of
influence in ortho derivatives it.has been suggested
_ﬁhat the methed of transmission of a polar influence
may be directly through space as well as along the
chain of intervening carbon atoms. The fact that the
optical effect of the substituent on the rotatory power
seems related to the directive power of the group in
benzene substitution is of great interest in the light
6f suggestions made by Ingold (Ann. Rep. Chem. ZocC.,
1928, 140) concerning the transmission of orientating
effeets in the benzene ring. Ingold advances the
theory that a given electrochemical group may influence

benzene substitution by = direet action through space
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as well as by causing a shift throughout the chain of
iatoms.

The investigation of the rotatory powers of
ﬁ-nmnthyl naphthoic esters by Bretscher, Rule and
Spence (J.C.2., 1928, 1493) revealed further evidence
;in favour of this gpatial influence as the following

table showsi=

TABLE IV
200
{-ienthyl Naphthoates [$35461 in bengzene.
l-naphthoates 2=naphthoates Peri~derivatives
unsubetit., ~319° wunsubstit., =288° 8 - N0, ~B84)°
2 - CH3 =92 .6 l - O.Cﬁa -268
2 - O.GH3 +45.3 3= Cl 275 8 - Cl -172

3« 0.CHy =206 8 = OCH; - 157
300
Value of [MJD

The abnormal depressive effect of the ortho=-
Para directive substituents is exhibited in the several
prtho derivatiwes of the u~ and @-naphthoic esters,
and also when the groups are in the peri position.
The similarity of the effect produced in the peri
position to that obtained in the ortho substituted
benzoic esters ;a noteworthy. Frobebly the most
obvious explanation of this behaviour lies in the
spatial proximity of the ortho and peri substituents

to the ester grouping. A reasonable hypothesis is
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'that the anomalous behaviour of these groups with
respect to the general volar series is due to the
idirect propagation of =n influence through space,

'this influence (owing to the peculiar arrangement of
;tha o-substituents to each other) acting in an opposite
gense to that transmitted through the chain.

Homologous Series.

Another important type of influence was dis-
covered by Frankland (J.C.S., 1899, 75, 368) in
examining the molecular rotatory powers of a homologous
series, Frankland studied the rotation phenomena
exhibited more particularly in the ascent of = homolo-
gous series and found that in certain cases there was
a slight rise in rotation to 2 maximum followed by a
fall; in others a fall to a minimum followed by a
rise, the final fall or rise becoming more or less
asymptotic. Frankland observed that this periodie
jriae or fall in the rotation occurred when the carbon
chain contained five or a multiple of five carbon
atoms. This "growing chain" effect, which was later
again examined by Pickard and Kenyon (J.C.5., 1911, 99,
46) , was explained by Vrankland as being due to the
chain returning upon itgelf, in accordance with
Baeyer's Strain Theory and the commonly accepted views
of stereochemistry.

Similar conclusions have been arrived at by
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numerous other investigators from considerations not
only of optical activity but of a large number of
other properties such as sgtatic friction, adhesion,
eohesion, surface tension, surface pressure and
electrical properties of monomolecular films on water,
viseosity, dissociation constants, magnetic rotation,
toxicity, ete. [summarised by Lee,(Trans. Faraday Soc.,
1927, 634) ].

A very interesting investigation of the growing
chain effect has been carried out by Rule, Hay and
Paul (J.C.8., 1928, 1347) in the case of a number of
homologous Z-menthyl alkylexylie acetic esters and
:&-menthyl hydrogen dicerboxylic esters. The results
;were interpreted as showing that the growing chain
effect due to the return of the carboxyl group is in
the opposite sense to that due to thé return of the
;alkoxyl gEroup. This conclusion is in agreement with
the behaviour ofthe groups in the ortho~substituted
benzoic esters.

By making use of the valency deflexion theory
advanced by Thorpe and Ingold (J.C.8., 1921, 305),
Rule and Harrower (J.C.8., 1930, 2318) sought to
obtain further evidence bearing on a space effect.

In a series such asi-

H Y CH Y C.BH
& TR A
$ ok iz~ X% CgHp b
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the replacement of the relastively compact methylene
group by gemediallkyl groups of increasing bulk leads
to the substituents X and ¥ being forced into closer
eceontact, thus bringing sbout definite and predictable
changes in chemiecal and physical properties. [Ingold
:(J.C.S., 1921, 119, 308; 1928, 1598; and
;Ingold (JoCuSaey 1926, 10; 1929, 1692) ]. The actual
change in the angle « is assumed to be 2 matter of a
few degrees only (Ingold, loc.cit) e.g. from 115° to
109°, By suitably substituting for X and Y these
s tructural medifications were shown by Rule and Harrower
;[loc.cit.) to become evident in the optical preoperties
Bf the eompounds. Thesge a2uthors prepéred a series of

bptically active menthyl eaters of the typei=-

| aC =g

where X is either CQOH, OCHz, (C0O0) or COOC),H;o and
R = H, CHp or CgHs. The results are tabulated below:s

TABLE V./
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o
Rotatory Powers,[ﬁ]zo for (-Menthyl Esters,CR,— “°"C10%¢

TABLE V.
Substit.X State A=H | R=4e | R=Et
COEGIUHIQ Homeg . -311° 271,99 «279,.1°
COQH " 188.9 205.0 224.,7
O Lie " 1956.3 197.9 -
c°z°10H19 Benzene (C=H; 324 203 259
COEH ., 188 199 213
OMe " 184 190 201
uogclﬂnlg Alecohol (C=5) - 321 316
COuH ” 193 208 215
COQEa » 1856 164 166
Ole ¥ e 196 214 -

The inecreasing nroximity of X and CO0CyHyg
%esulting from the changes (CHo—> clue) g —> ClBt) 2
leads to a marked fall in the rotation of the dimenthyl

malonates (X = cazclanlg); to a rise in the values of

the hvdrogen malonates {X = COCH}; =and te a fall in

those of the corresponding sodium salts (X = COONa) »

—

BExtrapolated from values at 70°, 90°, etc., recorded
by Hell (J.C.8., 1923, 123, 110)

Rule, Hay and Paul (J.C.2., 1928, 1348).

Rule and Smith (J.C.5., 1925, 127, 2188) .
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The depressions following the conversion of the acids
'into their sodium salts increase continuously in
;magnitude from the malonate to the diethyl malonate.
All these observations are in agreement with the
‘influence of thé substituents X in the para snd ortho
substituted benzoic esters, on the assumption that the
;characteriatic ortho effects depend upon the proximity
iof X to the ester grouping. The methoxy esters how-
ever were found to exhibit a continuous rise from the
:unaubatituted to the gem~diethyl compound and thus
presented no parallel to the characteristic depression
brought about by the methoxyl group in f=menthyl o-methoxy-
benzoate.,

In regard to the modifications of the rotatory
épower brought about by the introduction of gemedialkyl
groups in the case of the di-/[~menthyl esters, the =bove
remarks epply only to observations of the rotatory
;powar in alcohol and benzene solutions. In the gem=
ﬁiethyl compound in the hnmogeneoua'atata, instead of
2 further fall there is a very slight rise in the
Fotation.

The object of this thesis was to extend the
series of gem=dialkyl malonic esters further for the
purpose of investigating the above anomaly; and alse

po prepare the corresponding hydrogen maslonates snd
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d-amino-monocarboxylic esters, in order to sscertain
the influence of salt formation upon the rotatory
| power,

The esters described in the following pages are
thus of three main types, in whieh (a) X = NH; (or
NH Cl) and R = H or CHz (b) X = COOH (ox COONa) and
R = Cafly or Cy4llg (e} X = CO0Cy k9 and R = Cgly or
C4Hig

Attempts to prepare the optically pure di= =
;manthyl eaters of diehloro ma2lonic acid and gem-dibenzyl

'malonic acid were unsuccessful.

Influence of Polar Solvents.

Until very recently there was very little
indication of any relationship between the molecular
'structure of a solvent, and its effect upon the
rotation of a dissolved optically active substance.
Following wup the experimeﬁts of Rule and iiitchell
(J.Ce8ey 1926, 3302), it was suggested in a later
' paper (Rule, J.C.85., 1927) "that polar groups whether
present in the asymmetric compound or im the solvent,
exert an influence on the neighhduring molecules
leading to corresponding changes in rotatory powear."
Rule and lMitechell {loc.cit.) examined a series of

substituted seec-fg-octyl acetates, Cﬁz‘XJﬁOQCﬁﬂlv. and



19.

found that the increase in rotation due to X was given
by

I> Br) Cl ) OMe ) Nie) H
_and provided the same solvent was used throughout,the
order of substituents was practically independent of
the nature of the solvent. When the solvent was
ehanged by introducing a polar substituent into the

molecule as in CgHgX (giving toluene, chlorobenzene

etc.) the lowering of rotation cszused by the substituent

in the solvent in the case of any individual ester was

in the order:~ |
e ) H)OEt )€1 )>Br) 1 .

The changes produced by substitution in the solvent are

thus almost exactly the reverse of those produced by

pubstitution in the optically sctive molecule.

Rule, Spence and Bretscher (J.C.5., 1928, 1493)
pointed out that among the peri-substituted f(-menthyl
naphthoates the characteristic influence of a substituent
was greatest in hydrocarbon seolvents, highly polay
solvents appearing to diminish the effeet of the peri-
substituent. |

Recently Rule and MclLesn (J.C.8., 1981, 674) have
¢ xamined the influence of solvents on the rotatory power
of f=-menthyl methyl naphthslate. The solvents selected
fell into four main types, namely simple derivatives of

the four hydrocarbohs methane, ethane, benzene and
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naphthalene. The value of [mjiizl. (Cc = 4) varied
from =219° in nitromethsne to =788° in decalin. In
the majority of cases they found the fall in rotation
to vary with the polarity of the solvent, as determined
Sy its dipole moment, and for a given polar substituent
the influence becomes less pronoﬁncad ag the molecular
volume of the hydrocarbon radical increases. The polar
influence of solvents was therefore best illustrated by
employing solvents derived from the same hydrocarboa,
end for these a rough approximation to = smooth curve
rau obtained when rotatory powers were plotted againaf
dipole moments. The authors concluded that the
sensitivity of the diqster towards solvents is intimately
#onnected with disturbances in the mutual relationship
6f the peri groups probably caused by electrical
éeformation or dipole association.

In the present thesis a study is made of the
effect of polar solvenis derived from benzene on the
jhomologous series of di~/{~menthyl esters of the type:~

_~%0g00819

| C05C oM 9

where R = i, CHgz, Coligy Calip or C4lig and also in the

case of [~menthyl acetate andﬁ?menthyl & amino isobutyrnte:=-

CO0C, H CH Co0C, LH
10 .
HQCC::- il and 5\\~u// 10719
H CHS’/’ \“NHq

<



21.

EXPERIMENT AL .

Preparative and Determinations of Rotatory Power.

L=lienthyl Acetate.

For comparative purposes the rotatory powers of
¢-menthyl acetate were determined in the homogeneous
state, and in the solvents benzene and alcohol for the
wave lengths 6708, 5893, 5461 and 4358 A.U. Further
rotations were made in simple solvents derived from
benzene for the wave length 5461 A.U. only. The
'observed and molecular rotations, together with the
graph of the recionrocal of the observed rotation plotted
against the square of the wave length of the light
used, are given in the following pages.

A sample of £-menthyl acetate (BeD.H.y 15 gms.)
was redistilled under reduced pressure, the first and
'last fractions being rejected. The main bulk of the

ester distilled a2t 108°C under 15 mm. pressure, and

;gave [u1;9‘4 = «79,459, Tschugaeff (Ber., 31, 364)
found [a]ﬁg‘4 = «79,.42°,

L-Nenthyl Acetate.M.W.188.2.

Observed Rotations.

Length of tube = 2 dem.

18.2° 18.2° 20° 18.2°
Btate | K00c.0*6708 |*5893 (%5461 | %4358
Homog, | = «56.11 | =73.48 | =86,75 [=143.8
Aleohol 5.188 6.68 8.73 | 10.40| 17.58
Benzenel 5.068 6.38 8.20 9.78 | 15.70
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Molecular Hotations.

- [} ¢ o

, . 2

g ./100 e 6708 5893 5461 4358

Homog. - «120.3 «-157.5 =185.9 -308.1
Alecohol | 5.188 128 167 199 336
Benzene 5.068 125 160 191 307

Rotatory Powers of g-lenthyl Acetate in Simple

Solvents derived from Benzene.

Length of tube = 2 dem. Temperature 20°C.
Solvent c @ obs. [mjgggl
£./100 c.c.
C H \T . . - @
6 5;02 5.010 8.84 175
CﬁﬁscN 5.240 9.48 179
06H50H0 D.066 9.36 183
CﬁﬂsBr 5.256 9.78 184
CGHSCl H.060 9.38 184
C H GCH b.114 9«57 185
6 5 3
06H50H3 H5.116 9.56 1856
06H3(CH3)3 H.160 9 .64 185
06312 5.170 9.86 189
CH 5.068 2.78 191
6 6
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di-{~Menthyl Malonate M.W,380.3.

The rotatory powers of the above ester previously
investigated by Rule and Harrower (J.C.S5., 1930, 2324) .
were observed in simple solvents of the benzene series
and also in alcohol, A sample after reerystallising

i Q
from methyl alcohol gave [ngiéi = «325° (in benzene)

(Rule and Harrower (loc.cit.) quote [H]égﬁl = = 324°,

Length of tube = 1 dem,
Rotatory Power.

18° .18°
1
Alcohol 4,934 -4 o050 362

Rotatory Powers of di-{~Menthyl Malonate in

Simple Solvents derived from Benzene.

Length of tube = 2dem. Temperature 20°C.
Bblvent g./goo sy @ ohs. [M]ggﬁl
CgligCN 4,987 8.72 -332°
06H5R02 4,987 8.50 324
CGHSI 4,997 8,55 326
06H300H3 4.987 8.606 330
CaﬂﬁcHS 4,990 8.44 322
06H6 5.003 8.54 335
Celiz( Clig) 5 4,990 8.80 335
06H12 5.000 8.70 331

¥For crude sample of this ester and of the succeeding
two compmoinds I em indebted to J. Harrower.
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Addition of One Atomic Proportion of

Sodium to di-/~liethyl lalonate.

The rotatory power of di=¢=menthyl malonate was
determined in calcium dried alcohol containing one
atomic proportion of sodium. The sodium was added in
the form of sodium ethoxide prevared by dropving the
required amount of sodium into ethyl alcehol which was
filtered through a glass wool filter into 2 burette and
titrated against standard (.9105")HCl using phenol
Iphthalin as indicator. Two titrations using standard
HCl were made, the mean taken, and the calculated
volume of sodium athoxide‘thereupon run into a weighed
amount of di={~menthyl mslonate (about .25 gms.) which
‘had slready been dissolved in a small amount of ethyl
Ialcohol. This was carried out in a2 5 e¢.c. standard
flask and the time of mixing was taken. The rotation
was taken as speedily as possible, the time noted, and
rotations were then read at intervals. By means of

a graph the value of the rotation at zero time was

d educed.
Rotatory Power.
Length of tube = 1 doem. Temperature 20°C.
c @ extrapol. § by

g./100 c.c.

5-028 '5.0 -3780
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di-fZ=lienthyl Dimethylmalonate M.%.408.2.

8imilar observations of the rotatory powers of
this ester were made in simple solvents of the benzene
series. [Mjgiﬁl = «204° (in benzene); Rule and

&

Harrower (J.C.5., 1930, 2321) find [Mlheg, = =203°.

Length of tube = 2den. Temperature 20°C,
. -20°
Solvent ¢ @ obs. | [M]
5461
€./100 c.c.
C HgCH  5.018 6.88 -280°
CGHEHOZ 4.984 7.08 290
06H51 4,980 3.57 293
CéﬂaBr 5.014 7.02 287
06H500H5 4,904 716 298
CBHSCHS 5.032 7.09 288
. . 2
CGHG 5.038 726 04
061-13( GH5) 3| 5.032 7.52 305
06H12 b.010 7.22 294

In this case a 1 dem. tube was employed.
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di-(=lienthyl Diethylmalonate M.W.436.4.

This ester gave [“32251 = «261°, Rule and

Harrower (J.C.S., 1930, 2321) found [M]%° = -2800,
5461

Rotatory Powers of di~{~Menthyl Diethylmalonate

in Simple Solvents derived from Benzene.

Length of tube = 2 dem. Temperature 20°C.
Solvent c @ obs. [M]ﬁgﬁl
z./100 c.c.
-, - o
CGHBGN 5.000 6430 275
. €46 282
06H5N02 5.000
CHI 5.040 6.07 263
6 B
06H50033 9.000 6415 269
5.010 590 257
c6H5GH3 :
Cellg 5.023 6 .00 261
. .82 296
CGHS(CHSJS 5.023 6.8
. ie 6 292
Cﬁnlz 4.988 6.67
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di-4-lienthyl Dipropylmalonate.

This ester was prepared in three stages from
malonic ester using the following method, the dimethyl
ester of dipropylmalonic acid being an intermediate

‘e ompound.

Limethyl Propylmalonate.
175 gms. of methyl alcohol were introduced into

a flask fitted with =an upright condenser, and 16.1 gmé.
of sodium added over a2 short period., When the first
reaction was over the flask and its contents were
'haéxed on the water-bath until the sodium completely
:diaaolved. ‘While the sodium methoxide was still warm
2244 gms. of methyl malonate were run in from a tap-
funnel; the solution remained clear 2t first but
eventually sodium dimethyl malonate was precipitated
as a ereamy white mass.

110.6 gms. of propyl bromide (redistilled,b.p.
69°=5=71°) were added. The reaction set in when the
flask and ite contents were placed on the water-bath;
‘heat was evolved and vigorous shaking was applied during
‘this period which extended to about thirty minutes.
The white cake of sodium dimethyl malonate gradually
disappeared, and the solution became turbid owing ﬁo
separation of aodium bromide.

To complete the reaction, the flask and contents
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were left on the water-bath for three hours, after
which the excess methyl alcohol was distilled off
from a brine bath., The resulting produect was cooled,
about an equal volume of water added and the ester
extracted with ether, The extract was dried over
calcium chloride overnight and the ether distilled off.
The main bulk of the ester distilled at 1950-205°C:
:Yield 68 gms.

Pimethyl Dinrggxlmalonate.

The procedure wae the same as in the previous
preparation. The eatef was distilled twice under
‘reduced pressure. The boiling point at ordiaary
‘atmospheric pressure was 222°C (Wby the capillary tube
method) . It was found that on standing the dimethyl
dipropylmalonate solidified to a crystalline solid.

The erystalline mass was then filtered in a Hirsch funnel

at the pump. MlMelting point = 25.2°C.

di—&-me thyl Dipropylmalonate.

The method used was the direct replacement of
the methyl groups in the methyl ester by methyl
radicals through the agency of metallic sodium. This
type of reaction was discovered by Purdie and later
s tudied by Verley (Bull.Soec.Chim., 1927, 41, 802).
'Recently it has been frequently employed by Rule and

co=-workers in the preparation of menthyl esters.
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33 gms. of purified methyl ester (1 mol.) were
mixed with .53 gms. of metallic sodium (.05 atomiec
proportion) dissolved in 71.5 gms. of menthol (3 mols.)
in a distilling flask attached to condenser and
receiver. The flask was kept immersed in an oil bath
up to at least halfeway up the neck for a period of
three hours. During that time = slow ecurrent of dry
air was maintained through the whole apparatus to
remove the methyl alcohol formed, and so allow the
balance of the reaction to proceed in favour of the
formation of the menthyl derivative. After three
hours heating a small gquantity of methyl alcohol had
collected in the receiver, and the residue in the -
distilling flask had turned a2 brownish colour, and
become viscid. Ether was added to the cooled product
‘and the extraect purified by washing with dilute acid
followed by dilute sodium carbonate solution. Finally
it was washed twice with water. When the water was
‘added an emulsion formed which took many hours to
settle. XEventually the ether extract was dried over-
night with celcium chloride. When the ether had been
removed the pressure was reduced to 12 mm. and excess
menthol driven off: the oil-bath was allowed to attain
190°¢C. By means of a ﬁercury pump a pressure of .35 mm,
was obtained and the ester distilled. Two fractions

were collected. The first fraction distilled at 135°%=



30 .

175° (20 gms.): the second fraetion distilled at 175°-
207° (15 gms.). The first fraction was assumed to
i‘oo mainly the mixed methyl menthyi ester and it was
retained for the preparation of (=menthyl hydrogen
d ipropylmalonate.
| The second fraction (yield 305 of the theoretical
at this stage) was shaken up with an equal volume of
methyl alcohol and allowed to settle at a temperature
approximating to =15°C. The thick oil was separated,
and after the addition of ether washed three times
with distilled water, dried rapidly over calcium chloride,
and the ether taken off in a hot desiccator.

The rotatory power of the ester (which was a
¢lear viscous liquid) was then observed in the homo=-

geneous state, @gagy = ~63.31° at 19.7°C (1 dem.tube) .,

On removing the ester from the polarimeter tube, howb.
ever, small erystals were noticed and on cooling a2
saticky crystalline mass was obteined. The ester was
therefore purified by recrystallisation from absolute
ethyl alcohol. Yield 6 gms. (yield 105) m.p. 78°=85°,
The crystals when powdered were not so sticky as before
and after a second reerystallisation melted at 85°=-93°C.
The ester was eventually recrystallised five times in
'all when it melted at 94°C and gave a constant rotation,
[Mjggzl = «288 (in benzene). The ester erystsllised -

in fine monoclinie crystals.
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The rotatory powers of the ester in benzene
and alecohol solution were observed for the wave lengths
6708, 5893, 5461 and 43568 AU, It was found possible
to obtain only a 2 per cent. solution in alcohol.
Further rotations using solvents of the benzene series
were determined for the mercury green line (5461 A.U.).
The observed and calculated rotations together with the
graph of the reciprocal of the rotation plotted against
the squere of the wave length of the light used, are
giYan in the following pages.
.Analxais:— 0.1586 gms. of the ester gave 00,4340 gms.

of co2 and Q,1596 gms. Ho0 representing C =
74,6, and H = 11,1. |
029H5204 requires C = 74,9 and H = 11.3.

di-{~lenthyl Dipropylmalonate H.V.464.4.

Observed Rotations.

Length of tube = 2 dem. Temperature 20°(approx,)

State g./goo e |“6708 | 5893 | “sas1 | %4358

Alcohol 2.068 |=1.83 | =2.47 =300 | =4.80

Bengene| 3.996 |=3.20 | =4.43 | =4.96 | =5.40.

Molecular Rotations./




loleculayr Hotations.

32,

State ¢ (1] [u] [u] [1]

¢ ./1000c,| 6708 5893 5461 4358
Alcohol | 2.068 | «207° 2790 «337° | =538°
Benzene| 3.996 | =189 -258 -287 -488

Rotatory Powers of di=/~llenthyl Dipropylmalonate in

Simple Solvents derived from Bengene.

Length of tube = 2 dem.

Temperature 20°C,

20
Solvent c @ obs. (x]
2./100 €. 5461
¢ H CN 4.023 : 2470
Cgllg 0 4.27 247
CoHg N0, 4,008 4,38 254
cﬁﬁscﬂo 4,060 4,47 256
#
B I 4. 6 2. ]
s 066 26 260
H_Br 4.050 4,64 266
06 5 6]
' 4. 4.68 271
06H501 oy 6
4 4,806 279
06H506H3 4.040 :
i 4.83 280
Cﬁﬁﬁﬂﬂa 4..01%
. . 287
C H, 3.996 4,96 .
' g . 31
06H3(0u5)3 4,010 5435 0
3.997 5e B9 314
CSHIZ

K
1l dem tube.
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Z=lenthyl Hydrogen Diprovylmalonate.

It was found by Rule and Harrower (J.C.3.,1930,
2320) that the production of [~menthyl hydrogen
.diethylmalonata by the half-hydrolysis of the di= =
menthyl ester was difficult, and gave a poor yield,
probably owing to the steriec hindrance offered by the
two alkyl groups.

The method adopted for the preparation of
A~menthyl hydrogen dipropylmalonate was exactly similar
to theirs, namely, the half-hydrolysis of the lower
boiling fraction obtained in the vreparation of the
corresponding dimenthyl ester. This_fraction {(bep.
135°«175°, under .35 mm.) was assumed to be the menthyl
methyl ester, and was found to.be more easily hydrolysed.

The proportions taken were as follows:-

20 gms., of ester

1.35 gms. of sodium diseolved in 1200 ecs.

of aleohol {R.35.).

The mixture was refluxed for forty-eight hours
until the titre (against N250 HC1l) for 2 cce. of
hydrolysis mixture was reduced to 4 ccs. The small
precipitate of disodium salt was filtered off, and
the alcohol distilled off under diminished pressure.
The residue was then dissolved by shaking with an

e ther-water mixture, and after repeated extractions
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with ether to remove menthol and any unchanged diester,
it was acidified and extracted with ether. The ether
extraet was washed with several changes of water, and
dried over calcium chloride. Ether was finally
removed in a desiccator kept at 55°C in order to dry
the ester thoroughly. At this stage the ester was a
yellow viscous liguid and gave [m]éfgl = «200% (in
Ialcohol).

The acid ester was purified further by dissolving
in a slight excess of dilute sodium carbonate solution,
thus forming the sodium salt, which was extracted with
ether five or six times to remove any traces of diester.
The purified solution of sodium salt was then onidified
with aecid, snd the vrecipiteted menthyl hydrogen ester
taken up in ether. This ethereal extract was shaken
up ten or twelve times with water, and finally dried
over calcium chloride. Ether was then removed in a

heated vacuum desicecator, in which the ester was dried

18
5461

It was noticed on filtering the ethereal extract

for iwelve hours; [u] = «208° (in alcohol) .

that crystals slowly formed; and in zbout 2 week's

t ime, the entire estercrystallised out, eventually
forming = slightly sticky powder. No suitable solvent
could be found for reerystasllisation and so the process
of purifiggtion was repeated. This time the product

gave [1]) = «207° (in alcohol), which was taken to
5461
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show that the ester was in an optically pure condition.
Yield, 2 gms. (4 per cent. of the theory). M.p.41l=42°C.
| The rotation of the acid ester was observed for
the wavelengthe 6708, 5893, 5461 end 4358 .f.U. in
alecohol and bengene, and also in the form of its
sodium salt in alcohol solution. The last determination
was made by dissoiving a known weight of the hydrogen
ester in =z standard flask, adding the requisite amount
of freshly-prepared sodium ethoxide to neutrslise the
acid taken, and then making up to the mark with alcohol.
Owing to slight opsqueness of the solution the rotation
for the wavelerngth 5461 AU. 2lone was determined.
The graph showing the reciprocal of the rotation
plotted against the square of the wavelength of the
1ight used is also given.
Analysisi- 0.1134 gms. of the ester gave 0.2920 gus.

of COp and 0.1086 gms. Hy0 representing
C=7.2 and H= 10.7.

0193340‘ requires C = 69.9 and H = 10.5 per cent.



{~lenthyl Hydrogen Diprovylmalonate. li..326.3.

Length of tube = Z dem.

36.

Ohaerved Aotations.

Temperature 18°C.

State H &« o - @
8/100 0.0, 6708 5893 5461 43558
Alcohol 5.062 -4 .24 =5.86 | =6.,42 | =9.46
Benzene | 4.994 |-4.14 |-5.63 |-6.48 |10.13
Molecular Rotations.
State ¢ [m] 8] (] (1]
g./lOO Gaba 6708 5803 5461 435§

Aleochol 5.062 -137° =170° =207° |[=306°
Benzene 4,994 135 - 184 -212 -331
Na.salt 4,018 - - 176 -
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di=fepenthyl Dibutylmelonate.

The preparation of this ester was exactly similar

to that of the dipropylmalonate.

Dimethyl butylmalonate.

The quantities used were:!~-
92.4 gms. of methyl malonate
16.1 gms. of Na dissolved in 175 gns. GH30H

123.6 gms. of n-butyl bromide.
The n-butyl bromide used was prepared from butyl
alcohol, using the sodium bromide and sulphuric scid
method. It was dried over calcium chloride for
geveral hours and distilled (B.p. 101°=-103°%).
| The main bulk of the monobutyl derivative
distilled at 109°«110°C under 13 mm. presauré. Lower
hnd higher boiling frections were also obtained. The
bommound did not solidify or show any asigns of crystalli-

sation on being maintained at 0°C. Yield, 756 gms.

Dimethyl dibutylmalonate,

The proportions taken were as follows:-

95 gms. of monobutyl compownd

11.6 gms. of Na dissolved in 126 gms. of OH30H

100 gma. of n=butyl bromide.
The entire yiesld of ithe previous ester was used as
;t was decided that purification could be left tothe
iator stage . The product distilled mainly at 140°C
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;;nder 24 mm. pressure, and was collected from 136°=145°,
It erystallised out in long colourless needles, m.Do.
=38°. which were powdered snd dried in a vacuum desiccator
for three days before being converted into the menthyl

ester. Yield 41 gms.

di=feiienthyl Gibutylmalonste,

Quantitiest-

41 gms. of methyl dibutylmalonate

58 gms., of sodium

76 gms. of menthol.

The crude ester mixture resulting from the
reaction (see dipropylmalonste} was taken up in ether,
and the extract washed and dried as in previous
:praparation, save that dilute ascid was used in place
of the dilure sodium carbonate. After removal of the
@ther the excess of menthol was distilled at 90°=115° C
under 16 mm. pressure. On redistilling under a high
.v§cuum the first fraction came over at 120°~190° under
A2 mm. pressure. It was assumed that this was the
;methyl menthyl derivative; the remainder consisted
laxrgely of the dimenthyl ester. After standing for
‘several days the latter erystallised out. It was
:purified by recrystallising several times {(about 10
‘in all) from absolute ethyl 2lecohol and eventually
gave 2 constag&gmﬁlting point 58°C, and a constant

‘rotation, [} = «227° (in benzene). Yield 26
5461
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gms, representing 4C per cent. of the theory. The
ester crystallised from alcohol in fine monoclinie
ervatals.

The required quantity of the solid was melted
and poured into a clean polarimeter tube which was then
placed in position in the polarimeter and allowed to
cool slowly, dust particles beingcerefully excluded.
The rotatory power of the ester in the supercooled
Btate was observed for the wavelength 54061 A.U.

The observed and ealculated rotations using
Blcohol and benzene as solvente together with the
graph of the reciprocal of these observed rotations
plotted against the square of the wavelengih o’ the
light used ave given in the following pages, as well
hs the rotatory powers in solvents of the benzene
%eries msing the mercury green line.
éggsitx:- It was not found possible to determine the

density in the supergooled state at 20°C.
A series of dehsitiea were therefore deter-
mined at 59.4° C, 79°C, and 89.8°C: and

the density at 20°C found by extrapolation.

D2 = Lo286; Dy = .0243; g 'Y = .9063.
p% = Los4.
4@



Analysisi~

die{-Mentlyl Dibutylmalonate. M.V.492.5.

40.

0.1405 gms. of ester gave .3906 gms, of

COs and .1446 gms. HoO representing C,75.8;

H. 1.5,

031H5604 requires C, 75.5 and H, 11.5 per

cent.

Observed Rotatione.

Length of tube = 2 dem.

Temperature 20 "C apovrox.

Benzenﬂ 5.012

State ¥
g./log ¢.0l ¢6708 “5893 %5461 4358
Homog . - - - =20 .59 -
Alcohol 4-954 -5.75_ ‘4.83 .5.78 .9047
Ban20n1 5.012 “2-95 "5-&) -4,61 -?.28
lMolecular Rotations,
ot P S [4Jgn0s | [Mlgaos| [Mdaer| [¥gase
Homog. - - «213 -
Aleohol 4,954 - 187 «241 «-287 «476
«145 - 187 220 - 358

¥ dem

. tube.
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Rotatory Powers of di-f=-lienthyl Dibutylualonate in

Simple Solvents derived from Benzene.

Length of tube = 2 dem. Teuperature 20°C.
Solvent C @ obs. (m] o5
£./100 c.e. 5461
06H5CN 4.926 d.24 -162°
06H5N02 4,932 3.29 165
05H5CH0 4,938 3.54 177
C H NH 4.926 4,30 215
65 2
e u.1* 4.905 1.79 180
6 5
C H Br 4,934 3.88 194
6 5
06H501 4,930 3.99 200
L] [ ] 2
06H500H3 4,926 4,22 1l
H_CH 4,932 4,30 2195
bt |
012 4,61 227
06H6 5.01
H (CH 4,924 4,88 244
c6 5( 5)3
4,948 D:28 262
CGHIB )
K
1l dem. tube ussd here.

-
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It was also attempted to obtain a Befiea of
results for this compound in solvents derived from
ethane; but in so far as very polar solvents were
concerned it was only possible to obtain 1 per cent.
solution with difficulty. The experimental error in
these solutions is in consequence very large; and

the series was therefore not completed.

Length of tube = 2 dem. Temperature 20°C.
]
Solvent c a obs. [H]ggﬁl
£./100 c.c.
Czﬁgun 1.018 =1l.14 -276
02H5R02 1.012 1.18 287
02H50H 4.954 5.74 287




43.

&-Hgnthxl derogen Dibutx;mg;onate.

This ester was prepared in exactly the same
manner as the previously described acid esters, starting
from the fraction of the methyl menthyl dibutylmalonate
boiling at 120°=190°. After removing the excess
menthol in the usual way, and then acidifying, the
e ther extract was washed twelve times with water, dried
over caleium chloride, and the ether removed. The
ester was obtained as a pale yellow syrup and wes
dried for a short time in a heated desiccator.

The rotstory power was observed in alcohol
and benzene solutions; the value for A g4,y Deing
also determined for the sodium salt in pure alcohol.

Analysis:- 0.1246 gms, of the ester gave 0.3235 gus.
of 002 and 0.1184 gms. 320 representing
C = 70&8 and H= 10.6.

C21H3804 requires C = 71.1 and H = 10.8 per cent.



44,

£-Menthyl Hydrogen Dibutylmelonate.i.W.364.3.

Obrerved Rotations.,

Length of tube = 2 dem. Temperature 20°C.

State G (¢4 «
Benzene 5 .200 w-dl .28 -4 ,84
Aleohol 4,947 4,04 4 .57
Molecular Rotations.
¥ _r"l
State o] [11;5769 [31_15461
lg./200 c.c.
Benzene 5200 =143 -l62
Aleohol 4,947 145 165
Na Salt 4,184 121 1356
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-lienthyl e-Amino-isobutyrate.

It was originally intended to prepare this

compound from a~hydroxy=-isobutyric acid thus

CHy cooH CHz (ool  (CHsz CookH Chx /cooM'

/
#EN g )¢ S LAY >e =2 »C
CHa, OH Ctx e CHs = NH CHy N NHy

Z
but this was not possible as there is a tendency for

the chloro-acid te decompose to form CHy = C(CHE}COOH.

methyl aerylic acid. Hence another method outlined

by 2Zelinsky and Stadnikoff (Ber. 39,1726) and Franchimont
and Friedmann (Rec.Trav.Pay.Bas., 27, 197) was resorted

to.
e-Amino-isobutyric Acid.

13 gms. of finely powdered potassium cyanide and

10.6 gns. of ammonium chloride were dissolved in a
little water in a pressure bottle, and 11.6 gms of
acetone were added. The mixture was heated in a
water-bath for five hours from 50°=60°C. As the
amino nitrile in question is very soluble in water, it
was not extracted by means of ether, but the reaction
mixture was treated directly with an equal volume of
fuming hydrochloric acid, and then saturated with
hydrogen chloride with cooling in a freezing mixture.
The mixture was left to itself overnight and next day

after dilution with an equal volume of water, it was

refluxed for two hours on the oil=-bath in order to
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complete the hydrolysis of the nitrile. Water and
hydrogen echloride were then expelled on the water-bath,
and the dry powdered residue extracted several times
with absolute alecohol. The hydrochloride of the
amino acid was recrystellised twice from water, and

very fine hexagonal crystals were obtained.

Methyl a=-Amino-isobutyrate Hydrochloride.

The hydrochloride was converted into its
methyl ester. The difficulty experienced in methylat-
ing a carboxyl group attached to a tertiary carbon atom
is well known, and the preparation e¢arried out as
described in the above transactions yielded scarcely any
free methyl ester. A yield of 35-40% (theor.) of the
pure methyl ester was obtained eventually in the
'following manner.,

The hydrochloride was dissolved in a quantity
of specially-dried methyl alcohol sufficient to
dissolve it at 40°-50°C. The solution was saturated
with dry HCl, and then refluxed. With hydrogen
‘ehloride gas still being passed in, it was allowed to
cool and the process was repsated. The solution was
finally saturated in the cold; and evaporated almost
to dryness in a desiccator. The moist mass was
finally pressed on a porous plate, and dried by

gentle heat. l.p. 158°=166°C.
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Methyl a-Amino-isobutyrate.

It was next necessary to prepare the free
methyl ester. For this purpose the hydrochloride was
dissolved in half its weight of cold water (it formed
a thin paste) and the mixture cooled in a freezing
bath, after having added a volume of ether five times
that of the water. Into this mixture was passed drop
by drop (with mechemical stirring) the calculated amount
of 33, aqueous caustiec aodé.. taking care that the
temperature did not rise above zero. This done,

e nough potassium carbonate was added to reduce the
mixture to a stiff paste difficult to stir. The
paste was extracted four times with dry ether, the
extract dried for ten minutes with anhydrous potassium
Icarbonato. and for. two days with anhydrous sodium
sulphate. The authors (Rec. Trav. Pay Bas., 29, 197)
state that the ester comes over to some extent vhen
distilling off the excess of ether. This was not
noticed particularly until the water-bath was in the
region of 100°C, and almost all excess ether had been
driven off. The ester smelt of ammonia on being
removed from the water-basth. It is recorded as dis-
tilling at 13%6°C under 749 mm. pressure without
decomposition, but when this was tried out on a

small scale, white fumes were evolved, and it was

therefore deemed advisable to distil at a lower pressure.
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‘'The bulk came over at 40°~40.5°C under 15 mm. pressure.
(45°C under 20 mm., pressure Rec. Trav. Bay Bas, 27,
197). Yield 26 gms. representing 35-4074 of the
t heoretical.

,6-nentgxl a-Amino=-isebutyrate.

The quantities taken were as follows:~

22.5 gms. of methyl a=-amino~isobutyrate

56.5 gms. of menthol

«86 gms. of sodium.

The aodiumlwas dissolved 1n.the menthol in
the usuzl way. Keeping the oil-bath at 125°-130°C
:almoat thie calculated amount of CHSOH distilled over
in a current of air, the maximum temperature to which
'oil=bath was raised being 138°C. The mixture in
the flask was cooled somewhat, taken up in petrol ether,
and the whole acidified by means of dilute sulphuriec
acid after the addition of some water. Menthol was
' removed from the aqueous mixture by repeated extraction
with petrol ether, and the agueous liquor was then
made alkaline with sodium hydroxide. The liberated
amino compound was taken up in petrol ether, washed
' with water and then driéd over anhydrous sodium
| sulphate. Some difficulty was experienced during
the above acidification, owing to the formation of

three layers of liquid. The greater part of the
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ether was taken off on the oil-~bath, and the solution
was poured into a crystallising dish, and tsken down
in a vacuum desiccator. Afterwards, it was transferred
to a distilling flask, and the pressure reduced to
9 mm., but no unchanged methyl ester distilled over
on raising the temperature. 7The menthyl ester was
distilled twice using s high wvacuum pumnp, the rotatory

power being observed before and after each distillation.

Pressure B.P. ®ea61 in 1 dem. tube.
036 mm. 90°C =74 .65 at 20 .3°C
0015 mme. 32"0 "“.69 at a)oc

The ester before distillation gave Bgqpy = =74.30 at

20°C which shows that it was obtained in a comparatively
pure state.
Density:- bf? = .9366
Analysigi- 0,1198 gums. ester gave ammonia vhich
required 65.85 ces. of 056N HCl represent-
ing 5.81p Hitrogen.,
claﬂzvoan requires 5.814% Nitrogen.
The rotatory powers were observed for the wave=-
lengths 6708, 5893, 5461 and 4358 A,U., using the

ester in the homogeneous state, and also in alcohol

and benzene solutions. These values together with
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the graph of the reciprocal of the observed rotations
plotted against the square of the wavelength of the
1ight used, appear in the suecceeding pages. The
rotatory powers for the same lines were observed for
the hydrochloride of the ester in alcohol solution.
The latter was prepared by adding the calculated
amount of alcoholic hydrogen chloride to a weighed
quantity of the ester dissolved iﬁ a little alcohol
in a standard flask, and then making up to the mark
with aleohol.

The rotatory powers of fementhyl e-amino~

isobutyrate were also determined in some simple solvents

derived from benzene.

{=lienthyl a=-Amino-isobutyrate. i.W.241.2.

Qbserved Rotations,

Length of tube = 2 dem. Temperature 20°C approx.

RN L /130 o.ol®6708 | %5893 | “sac1 | %4358
Houog » - ~48.55 | =63.70 | =74.65 |=123.5
Benzene | 5.280 5.37 | 6.92| &.36 | 13.49
Aleohol | 5.098 5.66 | 7.43| 8.69 | 14.39
CHCL salf]  4.700 5.34 | 7.16| 8.44 | 14.11

Hglecular.ﬂotationa./
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lolecular Rotations.

b " [l gnoe |[“sges | (Mlgaen | *Igass
g./mo CeCa

Homog. - =124.8 | =163.7| =192.4 | =317.2

Bengene | 5.280 123 158 191 309

Alcohol | 5.098 134 176 206 341

HC1 salt| 4.770 137 184 217 362

Rotatory Powers of f-iienthyl a=Amino~isobutyrate in

Simole Solvents derived from Benzene,

Length of tube = 2 dem. Temperature 20°C approx.
: c 20’
b?lVﬂnt g./loo cie. @ obs, [L‘i]aqsl

¢ cHigCH 54126 8.08 -189°
} LEN | ) -
0635.402 5.016 7 .84 188
CglHgCHO 5.012 6.86 [165]
C  H Wi, 5.072 8.38 199
06}1513:' 5.720 9.83 [208]
06115001{3 4,820 7.31 183
c H 5.280 8.36 191
6 6

L si > § raction.
bote oot ite BeF (5 52021, 8) points out that methyl

amino =acetate sbsorbvs uozfram the air. This was sus=
pected in the case of =menthyl w~amino= isobutyrate:

it wae kept therefore in a small burette which had a
¢ slcium chloride-sodalime tube attached.
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£ -lenthyl Aminoacetate.

The production of this ester recquired the pre-

paration of glycocoll ester hydrochloride.

Glycocoll Ester Nydrochloride.

This was obtained by condensing formaldehyde
with ammonium cyanide to form methylene amino aceto-
nitrile, which was hydrolysed in the presence of cold
ethyl alcohol saturated with BECl to form the glycocoll
ester hydrochloride, m.p. 138°. Klages (Ber. 36,1506)

records m.p. 144°.

Glycocoll ZLster.

50 gmes. of glycocoll ester hydrochloride (Fischer,
Ber. 34, 433) were mixed with 25 cue. of water (whereby
a partiasl solution took place); 100 c¢.c. of ether wéro
i ntroduced, and the mixture treated with cooling with
?40 c.c.e 0f 33 per cent sodium hydroxide solution.
Then as much dry granular potassiunm carhohata was added
as was sufficient to convert the watery mixture into
a thick paste. After vigorous stirring the ethereal
mixture was poured off, the paste being extracted two
or three times with 2 little ether, and the united
ethereal solutions, after filtration, dried for ten
minutes with enhydrous potassium carbonate, followed
by seversl hours with anhydrous sodium sulphate. The

ether was removed, and the ester then distilled at
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4 3°=44°C under 11 mm. pressure. Yield 52 per cent of

theoretical.

5-ﬁentg[1 Amninoacetate.

Guantities tskeni~

7 gns. glycocoll eater

21.2 gms. menthol

«312 gms. sodium.

A trial preparation was carried out in the same
manner as the previous ester. On adding the glycocoll
ester to the sodium menthoxide, however, it was observed
that the mixture, after shaking, became solid. It was
therefore almost impossible to maintain a current of
‘dry air throughout the apparatus te facilitate the
removal of ethyl alcohol. The calculated amount of
ethyl alcohiol was, however, distilled over by m2in-
‘taining the flask and ite contents at 1109-~120°C for
three hours. HEther and dilute acid were added to the
cold mixture as in the previous preparation, but it
was found that a considerable quantity of green=coloured
solid refused to dissolve. Filtrﬁtion was therefore
resorted to, and the product worked up in the usual
way. About 3 c.c. of the menthyl ester (3 per cent.
of theoretical yield) were obtained eventually: this
includes the yield obtained when the preparaticn was
tepeated with somewhat larger quentities.

The green solid was examined; it was found to
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contain nitrogen; and possessed the properties of a
diketo piperazine. This ie apparently the main
product of the reaction.
The ester was distilled twice under high
.vacuum. Although, by the slight trace of menthol in

the neck of the distilling flask, it appeared to decom=
2¢’

“sa61
was unchanged by distillation within the limits of

pose slightly, the rotatory power, = «§5,79%,

experimental error.

Determinations of the rotatory power were mede
as before, using the ester in the homogeneous state
and in benzene solution. The rotatory powersof the
ester and its hydrochloride in ethyl alcohol were also
determined.

After these deteminations of rotatory power

the ester was purified through the hydrochloride. The

rotation of the regenerated ester was uncheanged.

L]

@ensitx:- D§9 = ,9760.

Anglysisi~ 0333 gms. of ester gave ammonis which
required 2.85 c.c. of UB6N HCl representing
6.71 per cent Nitrogen.

812H2302E requires 6.57 per cent Hitrogen.

-jlenthyl Aminoscetate. M.7.213.2./
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Lelienthyl /‘minocacetate. ji.¥.213.2.

Observed Rotations.

Length of tube = 2 dom.

Temperature 20°C approx.

State ¢ @ @ « @
g./100 e.e. 6708 5893 5461 4358
Homog . = w55.,00| »74 42| =35,79|«142.79
Benzene 5.014 5.90 8.04 9.18 16.75
Alcohol 4,972 - « 9.20 -
HCl salt 4.952 - - 9.20 -
golccular Rotations.
Biate L/lgﬂ ot [tlgmos | [Mlsa0s | [¥lagenl®igzss
Homog . - «122.3 «-158.2 | =187.5| =312
Benzene 5.014 126 171 195 323
Alcohol 4,972 = - 188 w~
HCl salt 4,952 - - 198 -
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Attempted Preparation of {-lMenthyl a-Amino

diethylacetate: (Colig)la C(NHg). COOCygH3g-

This first required the preparation of the
hydrochloride of @-amino-diethylacetic acid and the

corresponding methyl ester.

Hydrochloride of a~amino-diethylacetic acid,
Guantitiesi-

13 gms. KCHN
10.6 gm=, NH401
17.7 gns. of diethyl ketone.
This compound was prepared &n exactly the same menner
as the previous dimethyl smino compound. - Yield (using
four times the above amounts) 20 gms.' The compound

did not melt; but sublimed at high temperatures.

Hntgxl aster.

The above hydrochloride wase not so soluble in
Imathyl alecohol as the corresponding dimethyl derivative.
IThe esterification was repeated four times, but the
yield (6 gms.)] was still too small to proceed with,
since the free methyl ester had first to be prepared
before introducing the methyl radical. The amino acid

melted at 187°=192° and wag not further exanmined.
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Attempted Preparation of di-/l-lienthyl

Dichloromalonate.

The preperation of this menthyl ester was
attempted, using the method outlined by Heinbach for
the preparation of the ethyl ester (Ber. 35, 1815).

Dichloromalonic Acid.
10.4 gms. of finely divided and weli~dried

malonic acid were taken, covered with 100 c.c. of dry
ether, and then 25 gms. of sulphuryl chloride dropped
slowly in. After all the malonic acid had been brought
'into solution by gently warming on the water-bath, the
g nseous products of the reaction were driven off, and
the ether removed. The etherenl residue was allowed

to stand in the vacuum desiccator for several days.

di-L-Menthyl Dichloromslonate.

| Reinbach (loc.cit.) esterified the ethereal
residue by mixing it with 12 c.c. of ethyl alcohol,
and passing through dry gaseous HCl. Using menthol
'instead of alcohol, HCl was passed in for eight hours,
excess menthol taiken off at the pump, and the residual
liquid distilled using the high vacuum pump. It was
subjected to three distillations, each time rejecting
the first and last fractions until the rotation was
constant. It was noticed, however, that the boiling
‘point fell with each distillation (from 124° to 93°C

under almost the same pressure)} which suggested that
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decomposition was taking place.

15°

-~ . o - .
Sagey * 83.85° {using 1 dom. tube)

Analysisi=- The compound was analysed by Carius' method; and
it was found not to conform to the expected
formula. In fact as much AgCl was formed as
there was Agl0; present. The constancy of
the optical rotation, however, suggested a
stable compound, =nd a further analysis gafe
26.2 per eent Cl., di=/f=Menthyl dichloro~
malonate should contain 15.8 per cent Cl.

The compound mey be the e-menthyl ester of
dichloroacetic acid which containse 26.6 per

cent Cl.
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Attempted Preparation of di-felienthyl
Libenzylmalonate.

The preparation of this ester was attempted in_
‘order to obtain further evidence of the space effect of

bulky gem-groupings in substituted malonates.

Diethyl benzylimalonate.
Quantitiesi~

120 gme. ethyl malonate

11 gms. sodium

60 gms. benzyl chloride.
Using the usual method of preperation (Ber., 35, 1821)
an ester was obtained which distilled at 203°=205°C

under 7 mm. pressure. Yield 77 gms.

Diethyl dibenzylmalonate.

The procedure was the same as in the previocus
fpreparation. The main bulk of the ester distilled at
250°-252°C under 40 mm. pressure. Yield 67 gms.

Qi—&}.&gmg; g.‘.bﬁngxlma.lonate (see previous preparation)

GQuantitiea:~

67 gms. of dibenzyl methyl malonate

98 gms. of menthol

ﬁvz gns.of sodium.

The difficulty with this syrupy ester was its

ipu:r.'ﬁ:t’it:a‘c‘.icu’x. Distillation even with the use of the
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‘high vacuum pump would have inevitably resulted in
‘decomposition. Purification was attempted in the
following manner.

The ester was shaken up with an equal volume of
‘methyl alcohol {containing 4 per cent Hg0) in a
:uoparating funnel which was placed in luke~warm water
lurﬁil ester and solvent formed one liquid phase. The
'separating funnel and contents were then plaged in a
freezing mixture: the ester was thus thrown out and
was separated, taken up in ether and washed ten times
with water. The aleohol~free extract was then dried
‘with calcium chloride and the ether taken off in a cold
desiccator. Eventually the ester was dried in a
!haated desiceator for three days.

The syrupy ester was purified four times in all,

|but the rotation did not remain constant.

1 a = «20.20 ) 14.3°C

2 a e -22.14 § 18.7°¢
)Jin 1 dem. tube

3 a = =22,31 g 14.5°¢

4 a = «-27.16 ) (20.506

Owing to the heavy loss of eater'by the above

' treatment the purification was abandoned.

Purification of Solvents./




(1)
(2)

(3)

(4)

6l.
urification of Solvents.

Ethyl Aleohol. "Absolute® ethyl alcohol was

refluxed over freshly prepered iime and then

fractionated, B.p. 77.85°/749 mm.

Benzene, B.D.H. "extra pure® benzene was nartially
frozen out, dried and fractionated; f.p. 55°, b.

P 800"80 .10 &

Benzonitrile. B.D.H. benzonitrile was dried and
partislly frozen out; the crystalline portion was
fractionated under reduced pressure. It was
obtained as = colourless liquid of f.p. =12.9° and-
b.p. 82,5°/15 mm.

Hitrobenzene, B.D.H. nitrobenzene was fractionated

and the portion boiling over 190°~180,4° was
partially frozem out. The crystalline portion was
meltedy dried and Tractionated under reduced pressure;

f.po 5-66"5670: b.po 900'91“/15 mm.

(5) Benzesldehyde. B.D.H. benzaldehyde was washed with

NagCOz solution, dried and fractionated, care being

taken to expose to the air as little =28 possiblej
bep. 179°=179.2°,

(6) Aniline. Kahlbaum's aniline "from sulphate" was

dried and fractionated, giving sn a2lmost colourless

liquid; Ib.p' 132 -90‘ 183° .
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(7) lodobengzene. B.D.H. iodobenzene was well washed
with sodium carbonate solution and water, dried
pver e¢alcium chleride and fractionated; b.p. 187.8%=
i88.1°.

I(s) Bromobenzene, Treated in the same way as the iodo-
compound . It was obtained almost colourless;
"BeDe 154.8°%155.2°,

(9) Chlorobenzene. Treated in the same wey &s thé bromo-

compound; b.p. 131.6°=132°,

(10) Anisole. B.D.H. anisole was dried and fractionated.
It was colourless and gave no phenol reaction; Db.p.
153,8°.

(11) Ioluene. Aytoun, Scott and Co.'s "pure" toluene
was dried with metallic sodium wire and fractionated;
bepe 109.7°-109.8°,

(12) ¥esitylons. B.D.H. mesitylene was dried over
ealeium chloride and fractionated.

(13) Cyclohexane. B.D.H. cyclohexane was dried, partially

frozen out, and finally re-dried and fractionated;

b.p. &0 «1%=80.3°,
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Dispersion Hatios.

On plotting the reciprocal of the rotation
against the square of the wavelength a strazight line
graph, within the limits of e;perimental error, is
obtained for the esters examinéd. The following

table shows the values of the dispersion ration

@4388 %5893 *
G .
%5893
Homog . Benzene Alecohol
Lementhyl scetate 1.96 2.01 1.92

di=Zementhyl dipropyl-
malonate - 1.94 1.90

di-f=menthyl dibutyl-
malonate - 1.96 1.92

{~menthyl hydrogen
dipropylmalonate - 1.70 1.80

Le=menthyl «-gnino=
isobutyrate 1.93 1.04 1.95

L-menthyl aminoscetatd] 1.92 - 2.04
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LISCUSSION OF RESULTS.

For the purposes of comparison the values of

o

w20
the rotatory power [Mjzse, for the esters of the

general tyre, CR3

following table.

e

Several additiohal vealues have been

— CO0C. H

10 19 are reproduced in the

dinecluded from other sourecss, as indicsted in the foot~
notes.
Substit, X State | R=M Re=Me R=Et | R=Pr| R=Bu
7 "
2 4
COLH " 180.9 | 205.,0"| 225,50 - -
3
OMe " 195.3 | 198.¢" - - -
H A 165.9 . » - s
N, " 187.3 | 192.4 - - -
€090y il g | Benzene | 324 | 203 269 266 | 227
( 0=5) ,
co_k " 188 | 199 | 213 | 212 | 162
Olie » 184 |190 | 201 - -
H " 191 - - e =
RHg . 1956 191 ”» * *
: : 362 ’ . 2
C0,C 08,0 A%%i% 1 382 321 315 337 | 287
cQ; H 193 203 215 207 | 165
CO, Na " 185 164 166 176 | 135
0 le n 196 214" - - »
H " 189 - o ™ e
HH, » 1686 206 " id =
HH,HC1 " 188 217 - - -
ete. recorded

1. Extrapolated from values at 709 ¢

by Iallg J.C.L’-.,lgg:i, 123’11.0} .
Rule, Hay and Faul,
Rule and Smith, (J.C.5.,

Resulte for these homogeneous esters and their
in aleohol and benzene

ined by Rule and Harrower,

2
Se
4.

corresponding values
determ

gsolutionswere !
(J-CGSQ’ lgm. 3321] .

30°

(1‘]-1(;.:'.".‘ 1928' 134&} .

1925, 127, 2188} .
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Amino Fsters and their Hydrochlorides of the type

C00C,~H 20
— 10 . ;
TABLE I.

Bubstit.X State R=H R = Me
NHE Homog. -187.3° -102,4°
Hﬂz Benzene 195 191
Hﬂz Alechol 198 206
H32HCl Aleohol 198 217

S8ince the gemediethyl amino compound was not
obtained it is difficult to say very much about the
influence of the gem-dimethyl group in increasing the
proximity of the amino substituent to the carbomenthoxy
complex. As will be seen from the above table there
is a rise in the value of the rotation as we pass from
the unsubstituted to the dimethyl derivative in the
homogeneous state and in alecohol solution; but in
benzene the value falls. Probably the most reliable
index of the rotation is that given in benzene which
is a2 non-polar solvent. In alcoholic solution the
econditions are complicated by the power of the hydroxylic
solvent to associate with the amino group, and a
similar state of association must be attributed to the
homogeneous amino ester. It is not possible to discuss

the influence of such changes upon the rotatory power



66.
until more is known as to the nature of the electronie
rearrangement involved. In dilute benzene solution
the tendency will be for the associated molecules to
become separated. Since the electronegative carboxyl
group leads to a rise in rotation im the malonate, a
rise which is further increased in the dimethyl
derivative, it is probably to be expeoted that the
electropositive amino group should produce 2 change of
the reverse type as is zctually observed in benzene
solution.

It is to be noticed that the conversion of the
aminp-acetate into its hydrochloride produces no per-
ceptible difference in the value of the rotation (i.e.
any rise in the rotation is so small that it falls
within the limit of experimental error). On the other
hand, in the case of the gem~dimethyl compound, salt
formstion causes a rise of 12°. The behaviour of the
corresponding acid esters when converted inte their
gsodium salts (Rule and Harrower's figures) is very
similar, although the change is here in a downward
direction. As similar results have been observed
gamong the ortho-substituted amino~ and carboxy- benzoates,
it may be assumed that the greater magnitude of the
veriations in the gem~dimethyl amino ester is due to
the amino group being forced into closer proximity to

the ester group containing the active radicsl.
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It is interesting to compare the molecular
rotations ofiﬂ-menxhyl amino-acetate with those of the
alkylamino-acetates prepared by Rule, Thompson and
Robertson (J.C.8., 1930, 1888) .

TABLE II.
ol )
Rotatory Powers, [M], ., fox ;monthx; esters of
coocC
s T
the type, H,C
' 8 \“‘X
20° 20 20°
Substit. X M M) A
e Mgger | Poge T

(homog.) (in aleohol) | {hydrochloride
in alcohol.)

N(CH3)2 165.5 201 207
WH, 187.5 198 198

The higher value obtained for the unsubstituted
amino compound suggests that it may oecur to some
extent in chelate type. 1In the chelate compound the
co~ordinate bond between the ketonic oxygen and the
hydrogen atoms is supposed to produce an electron trans-
fer away from the asymmetric atom, which would be
expected to lead to an increase in the rotatory power

B
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Bubstitution of the amino substituent prevents co~

ordination as the dlminishing values NH, —%*H(CH3)2v—->

H(Ciﬂk)z in the homogeneous state appear to show.

These changes, however, are of very small magnitude.

The opposite trend of the values for the amino~compounds

in aleohol and their hydrochlorides in the same solvent

is in sgreement with an increasingly stromger posgitive

field exerted at the asymmetric atom by the respective

substituents as a result of increased ionisation.
Co~ordination of the unsubstituted amino-compound

is thus one factor which may cause anomalies in a series

such as that of the {-menthyl esters of monosubstituted

acetic acids. Nevertheless, the general tendency of

the electropositive groups (NEty, NMep, NHz, H, CHz)

to give low rotations is readily seen from the follow

ing table.

TABLE III.
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TABLE III.

Rotatory Powers of Homogeneous (-Menthyl Esters of

Monosubstituted Acetic Acids: KCHZCOOH.

Substit, X | mx16° Kg x 10° [n]ﬁ"o
N(Bt)y - ~154 .6°
N (Me) 5 +1.4 Small 166.9
NH,, . 158.2
H +0.4 1.8 157.3
Clg 0.9 1.4 160.2
COOH . 160 160.2
0C,H, .1,2 23 160+ 6
0 CHig -1x? 33 165
OH =1¢8 7 16 165
Br ~1.5 138 169
c1 *1.5 155 171
CN 3.8 370 174

Aecid Uisters and their Sodium Salts of the type

CO04CqH
R.C— 210719

; Rotatory Powers,|[i]

o

2
) - B4 &1
TABLE IV.

Substit.X | State R=H | R=Me | R#Et | R=Pr |R=Bu
COCH Bengene | =188° | =190° | «213° | -212° |«162°
COOH Alcohol 193 203 215 207 1656
C00OKa Aleohol 185 164 166 176 | 135
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Rule and Harrower observed a continuous rise
in the optical rotations of the dialkyle-substituted
ﬂ-mnnthyl hydrogen malonates containing the grouvs,
CHy —> C{CHg}, —C(CgHg)y. The experimental
results recovrded in this thesis, however, shew that at
the gem-dipropyl hydrogen malonate there is a slight
fall, and at the gem~dibutyl compound a decided fall
in the optical rotation, as.obaerved in alecohol and
benzene solutions (see curves in figure 1).

The observed rise in the rotation for the first
three members of the gem~dialkyl hydrogen malonate
series was apparently, as pointed out by Rule and Harrower
(loc.cit.), in accordance with the deductions drawn for
prtho~substituted bengzoic esters. The continuous rise,
however, for the corresponding methoxyl derivatives was
not analgous to the characteristic depression brought
about by the methoxyl group in {~menthyl o-methoxyl
benzoate. It was, therefore, suggested by these authors
that the continuous rise in the rotatory powers of the
methoxyl and carboxyl esters for the first three members
of the series might be due in part to the normal
specific influence of the alkyl groups.

The following values of [mlD observed by Rupe
(Trans. Faraday Soc., 1914, 10, 46) for methyl substituted
acetic acids indicate that the primary influence of

the substituent is to raise the rotation]
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and this effect is ultimately masked by a second
(possibly spatial) effect which depresaes the rotation
in the tertiary compound. The fall in the case of
the tertiary compound is even better demenstrated
when vhenyl groups are substituted:=

[,
CH3C05CH1g -158° (ud,
CHzCHgCOuCy Hyg 160.2 Uglig g C0,Cy B9  =185.1°
(CHg) gCHCO5C 1 H19163 .5 (Cglig) gCHCO5Cy Hyg 226.8
(CHyz) 5CC05C, Hig 161.5 (Cglig) 3C0gC Hig  14.6 (in toluene)

The values of the ovtical rotation of the gem-dialkyl
hydrogen malonates rise and fall in a very similar
manner, and probably from the same cause.

In the case of the conversion of the gemdipropyl
and gem~dibutyl compounds into their respective sodium
galte the conseguent fall in rotation is fairly large
in both cases, and this is in agreement with the fact
that these are relatively otrong acids as compared with
the unsubstituted derivative. The following figures
for the primary dissociation constants (K;) recorded
by Gane and Ingold extend only as far as the dipropyl
derivative:i~

Acid Ky

CH, ( C00H) ,, 00141
( CHz) gC( COOH) 3 00066
(CoHg) oC{CO0H) 5 00639
( Cxlig) oC(COOH} g 009
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AB wo ascend the series (see curve in figure 1)
there ia a general decrease in the rotateory power of
the sodiuam salis; a result spparently of the increased

!
proximity ef tne CO0 and C00CjpHy9 ecomplexes. For

the corresponding free acids up to the dipropyl
derivative there is a general increase, both in alcohol
and benzene #olutions, due in all probasbility to the
carboxyl group being forced into closer relationship
with the carbomenthoxy complex. This behaviour is
similar to that of d-sec~§ vetyl hydrogen phthalate
and terephthalate, and their sodium salts as observed
by Rule and MaeGillivray (J.C.S., 1929, 2275). Super=
imposed upon these changes is a tendency for a maximum
rotation to occur at the dipropyl Aderivative, the

gignificance of which is discussed later.

(d=sec-ootyl (d=sec-8
Sclvent [i.‘*.]M hydrogen tere- [M]sgﬁ.octyl hydro-
61 phthalate.) gen phthalate.)
Alenliol +145° +162°

Sodium salt
irn zlecohol | +148.3 +83.35

The behaviour of the unsubstituted hydrogen
malonate on ionisation resembles that of the aecid
tarepﬁihate, whereas that of the higher homologues is
more comparable to the aecid phthalate. The negative

pole formed on ionisation, the result of complete
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separation of the two compenents of the OH dipole,
may be regarded as having amore pererful and extensive
edectric field, then would, in ordimary circumstances,
belong to a simple dipole., As the distance between
the negative pole, and the asymmetric atom decreases,
when we pass from the unsubstituted to the higher gem-
dialkyl compounds, the difference between the molecular
rotations of tho free acids and their ionised forms,
although it doss aot inerease with any regularity,
nevertheless, maintains the high magnitude set by the
gem-dimethyl) derivative. The reel difference between
the COOH group and ceolraaidua for the higher homologues
is probably diminished somewhat by the ionisation of
the acid esters in alecohol.

The sudden fall at the dibutyl compound (see
figure 1) may be either a periodie depression in the
curve, or due to some radical change in the relation
between the carboxyl and carbomenthoxy complexes with
greatly reduced distance. In the peri-derivative,
l=menthyl nydrogen nerhthalate, Rule and Mclean
observed that the rotation of the aecid is highly
positive in benzene and of a low negative value in
alcohol. In this case, also, it eppears that when
the carboxyl group is brought into very close proximity
to the estér complex the rotation iz strongly diminished

as compared with the corresponding ester in which no

free carboxyl is present.
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The final conclusions drawn from the curves in
figure 1 are summarised with those ol the dimenthyl

esters at the end of the next gection.

Retatory Fowers of di-f~Venthyl gem-Dialkyl Malonates

OUpCiolig

of the tyne R ﬂ”/’c

WER T guGao e

ZQELE V.

State "A=d R =ife R=pt R=Py R=Ba
Homog. |=311° | »271.9° [ -271.9° - -2137
Benzene| 324 293 259 288 227
Alcohoi| 3é2 321 316 3" 28%

It was observed by Rule and Harrower (loc.cit.)
that the molecular rotations in benzene and alcohol
solutions exhibit on the whole 2z regular decresse,; as
we pseas from the malonate to the gem~diethyl derivative.
At the geme~dipropyl compound there is a monderate rise
followed at the gem~dibutyl compound by e very marked
fall in fotation. The genersl decrease can be explained
a8 being due to the packing of the carbomenthoxy com
plexes together as s result of the decreased angle
between the corresponding valency bonds as we pass from
the unsubstituted malonate to the gem~dibutyl compound.

A Bimilar effect has been observed by Cohen
(T.CeB.y 1916, 225) in the rotatory powers of dimenthyl

phthalate and terephthalate.
Col Conll
2 o 1 q
CU,_Cmqu
€O, CoHyg
Coxcloqu

o

[MI™ = Zs2¢ (terephthabte) [ =-uun (pitholte)
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it has already been pointed out that the behaviour
§f the gem~dialkyl hydrogen malonates was comparable to
that of the acid phthalates: the resemblance between
the corresponding dimenthyl esters is even more striking.

Walden (Zeit.Phy. Chem., 1896, 20, 377), in an ex-
amination of the diamyl esters of fumaric and maleic

acids, found that the molecular rotation [Mlb of the
fumaric compound (+15.7°) was greater than that of the

maleate (+11.8°), a case similar to that discussed
above.

It is interesting at this point to summarise the
three principal homologous series of,£'~manthy1 eséera
of aliphatic acids, namely:-

1. Homologous Series of the type, C, H,,,;, Cozcloﬂlg
2. Homologous Series of the type,(cxbHzl)n(cozcmnm)2
3. Homologous Series of the type,(C, ﬁuulzc’ﬁ°°z°1onlg)z
In the first type (Jﬂ-menthyl esters of the normal
fatty acids, studied by Tschugaeff) neither the mole-
cular rotations nor the dissociation constants vary to
any great extent. The usual effect ascribed to the
return of the growing chain is first apparent in the
valerate, leading to a slight rise in this and the two

succeeding members.
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TABLE VI,
Ester K [m]D ( homog)
H.CO0M -0214 -146 ,3°
Cﬁa +COOoM .00130 157 .3
CoH 5 COOM 00145 160.2
csn,?céon 00175 156.9
o gcoon .00159 157 .3
C.H, GOO0M - 00156 157.7
¢ H COOM 00147 157.7
6 13 :
¢, . Coou .00146 155.8

Both the menthyl and octyl esters of the second
type have been S$nvestigated by Hall (J.C.8.,1923, 105:
1923, 32), and here any chain effect is apparently
subordinated to and almost obliterated by an alternating
effect supposdd to be due to the alternate cis and trans
structure of the saturated dicarboxyliec acids and their
derivatives. (See note on page 80) .

low, in the third type (menthyl esters of the
gemdialkyl malonates examined in this thesis) the
only exception to the general decrease in rotatory
power 28 we ascend the series, as observed in alcohol

and benzene solutions, occurs at the dipropyl compound.

This abnormality, therefore, resembles that of the

acetiec acid series, except that it is more pronounced.
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TABLE VII,
200 200
Ester. X, Xy mlmex [M]n
{ homog.) (C=5 in
benzene.)
(Coow), | 107 - - «3710
Cﬂg( 000K 5 | 00141 | 43.7 «311° 278
(CHgz) 5C{ CO0H) o 00066 | 15.3 271.9 246
(CoHg) oC( Co0M) 5 00639 B0 | 279.1 222
( Cxzlip JocC{coou) o 008 342 - 259
J( CyHg) o C{ COOL) 5 - - 213 1.8% |

In the malonic series there sppears to be little
or no connection between the abnormal variations in dis-
sociation constant and rotatory power. This is only

to be expected since the moclecules of the menthyl ester
c¢an only in a general way be compared to those of the
simpler acid; the considerable bulk of the wentlhyl comf
Plex will exert a great influence on the spatial dis- |
position of the carboxylic groups. The values in thal
last column of Table VII are plotted in figure 2 and
clearly show the deviation at the dipropyl compound
from the otherwise steady fall in rotation with increas~

ing length of the gem-dialkyl group. As has already
been stated the general fall in rotation is interpreted’

as being due to the inereased packing of the ester EYoups.
This anomalous behaviour of the dipropyl compound

is illustrated not only by its oplical rotation but
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also by iis welting point, and the solubility of the

estsr in athyl aleshnl. Five ey cent. sclutions in
aloohol ware mads for aevary ester of the geries with

the exception of the cipropyl derivative for which it
wae only possibie tc prepare 2 twe per cent., solution.

H.p. of unsubstituted ester ® 57-27.8°C.

Bep. of gem~dimeilyi ester = 208~215° under 2 mm.
pPressure .

Hepe of gem-diethyl ester = 52=53°C.

H.p. of pgem=dinropyl ester a Q42¢,

Ueps of gemedibutyl ester = Ba* C.,

In the homogeneous esters (see molecular rotations
in Table V) this maximum in the rotatory power was
already becoming apparent in the diethyl derivative.
The dipropyl ester was not examined in the homogeneous
sgtate owing to the small amount of materiasl aveileble,
but judgirg from its behaviour in solvents, it is
probable that the maximum effect is exhibited in the

homogeneous state in the dipropyl compound.

General Conolusions for Homologous Series of Hsters

CO2Ci1nH
of the tyvne, 3201::: 2920 19, where X = COOH,
X

Co0la ox 003010319.
I. All these esters (as indicated by the curves in

figures 1 2nd 2) exhibit relatively hizh wvalues at
the gem=dipropyl and lew values at the gem-dibutyl

derivative.
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II. The gurvee for X = COCH end ¥ = caol trend in
opposite directicas bet»g9en the unsubstituted and
dipropyl compoundz; asnd this has been interpreted
a5 being dve to the inarascsed proximity of the group
A to the earbonsulhaoxy complex. Owing fo insufficient
data it ie not voosible to pursue the comparison
farther, the trond of the curves above the dibutyl

derivative teing unkrown.
|
III. %The curves for X = °°2°13319 snd CO0 Both tend to

fall wiih increasing molecular weight of the ester.
They show in addition a mamimum at the dipropyl

derivative.

The faect that all compounds show & maximum at
the dipropyl compound argues a common cause., At this
point the growing alkyl chains have completed the
first svirals of 5 carbon atoms {ineluding the common
atom marked Z end the carbon of the carboxyl group).
In reslity there are two growing ohains present which
are identical with ons another:-

Olig........ ... CHgCHo X _C0sCy0Hg
Oify........... QlgOHy"" 00X
It may be noted that the spiral ie not the only
form a2 chain can assume, nor considered solely on
mathematic2l grounds is it the most probable (Pickard

Kenyon and Hunter, J.C.8,, 1931, 1) . Nevertheless, the
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accumilative evidence, as supplied by over thirty
different nhysical properties (Lee, Trans, Faraday
Soe., 1927, 634) points to a spiral formation. It
would therefore appear that polarity is a factor
‘whieh musti Le taken inte account in connection with
these returning chain effects. Rule, Hay and Paul's
results (J.C.8., 1928, 1347) for cases in which
alkyloxyl and carboxyl radicals respectively were
situated at the termini of growing chains have already
been mentioned in the introduction to this thesis.

In the two homologous series under discussion we
have positively charged hydrogen atoms at the end of
each growing chain, and it is very probable that each
of these radicals, on the return of the chain in the
dipronyl compound, is strongly attracted by the corres-

ponding negatively-charged ketonie oxygen, e.g.

The greater stability of the ring formation in
such a case may well account for the higher rotation.
The rise would be further inereased in the malonates
owing to the double action of the second propyl and

COOR groups.
Until the values for higher homologues arelarail-

able it is not possible to draw any more definite con-

clusions from the experimental results under discussion.

Note/
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Note:= The low rotatory power of the diuli—menthyl
malonate is explained by Hall (J.C.S.,1923, 105) on the

¢is configuration

already assigned to malonic acid by Price and Brazier
(J.C.8.,1915, Jo7, 1719.) .

The effect of adding one atomiec proportion of
sodium to di= [ -menthyl malonate in alecoholic solution
is recorded in the experimental section of this thesis.
The rotation speedily falls on adding the sodium (in
the form of sodium ethoxide} owing to hydrolysis of the
e ster, but by extrapolation by means of a time~graph,
it was found that for the sodium compound [Mjgg;lw -378°,
The molecular rotation of the ester itself in alcohol is
[H]20° = «362°, The rise in rotation is possibly due

5461
to the production of the enolic form e.g.

JO
H. e o
“!-.,OM

he presence of the double bond might well be sufficient

to cause an increase in the rotatory power.
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Influsace of Folsr Colvents.

In the follewing table are summarized the rotatory

€0,C, KB
pawsre of L-menthyl eatere of the type, Rgc/ 2720739

~x

in gimple solvents derived from benzena. The solvent
effoad is first examined in detail for each ester, and
then the significance of the effect iz discuseed for
the saries ae a wbole,

The di~l~menthyl gem~aialkyl malonstes are
particularly suliable for examination in solvents, as
these eaters contain two asymmetrie groups and two
alkyl chains, and the resulting effeci= are in consequence
almost doubled.

o

20
Hotatory Fowers [Iﬁ]mﬁl of ﬂ-»mentl_ul EBsters of the

CO50 M40
type ch< in Simple Solvents derived
A

from Bengense .é




Rotatory Powers [#]

82,

the type ch =

X

o

20
Le -
5461 of L-iienthyl Esters of
C0a01nH
L 2V10419

derived from DBenzene.

in Sigple Solvents

Solvent” | XeH | X :%azu gfégzn ?c:gat)zm P}i{:gggu ?(:%ém };‘-;:ﬁ?{g
Cg Hyg CH «1799% | =332% | «280° |=275° | =247° |«162° | «189°
C gligNO, 175 324 290 282 254 165 188
C glig CHIO 183 - - - 256 177 [1658]
CeliglHg 208 - - - - 215 192
Cellnl - 326 | 2903 263 260 180 -
C gligBr 184 - 287 - 266 194 [208]
CgligCl 184 - - - 271 200 -
CgHgOCHz | 185 330 208 269 279 211 183
C M CH, 185 322 288 257 280 218 187
CeHg 191 325 294 261 288 227 191
C H,(CHz) | 185 335 305 206 310 244 -
CgHya( Cyeclo-

bexane) 189 331 204 292 314 262 -

[ ] Probable chemical interation

¥ The solvents are arranged in

dipole moments.

TABLE VIII./

with solvent.

order of diminishing
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TABLE VIII.
Rotatory Powers of [-Menthyl Acetate in Simple Sol-
yents derived from Benzense.

18 - 20

Solvent e % 10 $°y oy Py
C H NO 3.89 -175°
6 6 2

C H CN 3.85 179
8 D

C H CHO 2.75 183
6 5

¢ H HH 1.60 208
68 2

¢ H Br 1.50 184
6 5

¢ H C1 1.52 184
6 5
¢ H OCH 1.25 185
65 3
C HCH 04 185
65 3

¢ H (CH ) 0 189
63 32

¢ H 0 191
6 12

CH 0 191
6 6

The ester did not show a great variation in rotatory
power between polay and non-polar solvents, the meximum
difference being 129, With the exception of the value
in aniline, in which association is probably responsible
for the ébnormally high figure, the rotations are approx-
imately in the order of the dipole woments of the solvents
used. When the rotatory powers of the ester are plotteéd
against the dipole moments of the solvents a rough

approximation to a smoth curve is obtained (see Figure 3).
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ZABLE IX.
Rotatory Powers of di- £ -Menthyl Malonste in Simple
Solvents derived from Bengzene.

18 af

Solvent. px 10 (M) Sa61

C H CH 3.85 -5323°
6 5

C H NO 3.89 J24
685 2

CHI 1.50 326
¢ B

¢ H oCH 1.26 330
8 B K]

C H CH 0 322
685 3

C H 0 325
6 6

¢ H (CH ) Q 335
6 3 3 3

C H €] 331
6 12

For the malonate, the maximum observed variation
amounts only to 9°, the lowest value being in toluene
(=322°) and the highest in mesitylene (-335°). These
differences are not very much greater than the probable
experimental error, which is of the order ¥ 2°., 1o
connsction whatever can be observed in this case between
the molecular rotation, and the polar nature of the
solvent.

It is interesting to compare these values with

those obtained for {(-menthyl acetate inasmich as the
deviation from the law of optiecal superposition is

most obviously explained by the spatial proximity of the
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two carbomenthoxy complexes, recalling the similar
changes in the o= and p~ dicarboxylic esters derived

from benzgene.

TABLE X,
Rotatory Powers of di-f-lenthyl Dimethyl Malonate
in Simple Solvents derived from Benszene.

! 18 20
Solvent pmx10 [1«1]15'461
Ce Hy CN 3.85 -280°
C H N0, 3.89 290
CgHg L 1.60 293
€ H Br 1.50 287
CgHgOCHA 1.25 298
C g Hy CHy 0 288
CeHg 0 294
CeHa(CHg) s | O 305
CeHyp 0 294

The maximum range here is 256°, and, as in the
previous case, little or no agreement can be traced
between the dipole moment of the scolvent and the

rotatory power of the dissolved ester.
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ZABLE XI.
Rotatoxry Powers of di- £ ~Menthyl Diethylmalonate In
Simple Solvents derived from Bengens.

18 " 20

Solvent MmxE 10 [K]5461
¢ H CH 3.88 -275°
6 5

C H N 3.89 282
65 2

CHI 1.50 263
6 5

¢ ¥ OCH 1.25 269
68 3

C HcH 0 257
65 3

C H 0 261
G 6

C H (CH ) 0 206
63 33

CH 0 292
6 12

In this compound the irregularities amount almost
to a reversal of the effects which might be expected
from the work of Rule and MeLean upon Le-menthyl methyl
naphthalate, The rotations in polar solvents are
higher than in the non-polar solvents bengene and
toluene. Cyclohexane and mesitylene, however, give

8till higher wvalues.
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TABLE XII.
‘Rotatory Powers of di- L-lenthyl Dipropylmalonate in
Simple Solvents derived from Benzene.

18 -

Solvent m % 10 [M] 5461
C H CH J.86 -247°
6 5

CH IO 5.89 254
66 2

C H G 2.75 206
6 b

CHI 1.50 260
€ 5

C H Br 1.50 266
6 b

CHC 1.52 271
6 b

¢ H OCH 1.25 279
6 b 3

C HCH 0 280
66 3

C H 0 287
6 6

C H (cH ) 0 310
S s> 2

CH Q 314
6 12

This ester offers a strong contrast to the com-
pounds previously discussed. In this case there is an
excellent agreement between the dipole mments of the sol-
vents and the rotatory powers of the dissolved ester.

On plotting these two values in the form of a graph
(fig. 4) the points lie on a rough approximation to &
smooth curve. The maximum variation here amunts to
67° on the molecular rotation. As has already been

pointed out by Rule and McLean (loc. eit.), the polar
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solvents are themselves associated to varying degrees.
Hence, the polar influence of the homogeneous solvent
will be less than that anticipated from the magnitude
of its dipole moment, which is calculated for extreme
dilution in a2 non-polar medium. In addition, further
irregularities will be caused by the varying molecular
volumes and structures of the solvents. In nocase,
therefore, is a close mathematical agreement to be ex-
pected between the dipole moment and the value of the
rotatory power.
TABLE XIII.

Rotatory Powers of di- £ -lenthyl Dibutylmslonate in
Simple Solvents derived from Benzene.

18 v

Solvent Mm% 10 (3 ]5461

C HCY 5.856 = 162°
6 B

C H NG 3«89 i165H
6 5 2

C H CHO 2476 177
b -0

c I HH 1.60 215
g b 2

C HI 1.80 160
6 6

¢ H Br 1.580 194
6 b

C H C1 1432 , 200
6 5

¢ H OCH 1.28 211
6 3 3 '
C H CH 0 215
6 5 3

C H 0 227
6 6

C H (CH ) o 244
6 3 3 3

C H 8] 262
6 12
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The rotatory powers of the dibutyl derivative are
also in excellent agreement with the polar proverties
of the solvent. Only one solvent, aniline, is appre-
¢ iably displaced in the third column. The highest rota-
tory vower is observed in cyclohexane and the loweest in
benzonitrile, a difference of 100°. This range is
therefore greater than that found for the dipropyl come
pound. On plotting the molecular rotations against
dipole moments of solvents, the graph (fig. 5) is found

to be an aprroximation to a smooth curve.

T ABLE XIV.

Rotatory Powers of AL-lenthyl a-Amino-isocbutyrate in
Bimala Solvents derived from Bensene.

Solvent Mmx 1018 (x] 861

CHCE 5485 -189°
6 5

¢ H NO 3.89 138
65 2 )

C H CHO 2.75 165
6 5

C H MH 1.60 199
65 2 \

C H Br 1.5 208
6 5

C 1 OCH 1.25 183
65 &

CHCH 0 iav
65 3

cH 0 191
6 6




80 .

This compound shows no greast .variation in rotatory
power; save in benzaldehyde and brompobenzene, two sol-
vents which are in a position to react with the sclute.
Probakly in this case a further factor interfering with
a simple relationship is the high associating power of

the zmino group in the basic ester.

Jdn figure 6 are plotted graphs showing the values
[M]5461 for the foregoing dimenthyl esters in common
solvents, the horigontal axis indicating the azscending
homologous series.

It is very interesting to follow the variations in
solvent influence as we ppss from the malonate to the
dibutylmalonate, i.e. in the series CH , (CH ) C:,
(CH ) ¢, (cn) G, (GH) ¢, Rafﬁrence iozdiagram

25 2 372 4 9 2
6 illustrates three separate cffects in operation, namely
(2) an inereasingly regular influence, due to the polar

nature of the solvent, as the molecular weight of the

ester rises, (b} =2 more or less continuous fall in the
molecular rototion with inecrease in molecular weight

of the esters, and (e¢) a third effect leading to depres~
#ions and maxima a9 the size of the substituent alkyl

inereascs. These three influences are discussed

separately in the following paragraphs, in which the

comparison is restricted to curves 1l=8 in fig. ©

represent ing solvents of the benzene series.



The polar effect of the solvent is seen even more
¢learly from the diagram than from the tables of mole~
cular rotations., The values for the unsubstituted
malonate and the gemdiethyl ester show practically no
relationship to the dipole moment of the solvent.

Thoee for thé{gggwdimethyl malonate are in moderately
good agreement, while for the dipropyl and dibutyl~
malonates the arrangement is almost identical with that
of the dipole moments. Among the highey homologues,
therefore, the greater the dipole moment of the solvent,
the lower is the rotatory power of the dissolved ester.
These results strongly regenble those recorded by Rule
and McLean (loe. eit.) for £ ementhyl methyl nephthalate,
which were interpreted on the ascumption that in the
more polar solvents the charscteristic influence of the
carboxylic divoles upon the active group was diminished
through dipole association with the solvent. Thie view
is also supported by the behaviour of [ -menthyl acetate
which has definitely lower rotations in the strongly
polar liquids, nitrobenzene and benzonitrile.

The eurious partial inversions found for the
malonate and the diethyl compound suggest that the
polar character of the solvent may affect the rotation
by more than one mechanism. The most probable processg
in the average case is association or dipole association

between sclvent and ester. In addition to the polarity



92.

of the solvent as indicated by the dipole moment it is
likely that the residual valency of both solvent and sol-
ute enters into the problem: This mey account, for
example, for the differences observed among the non=
polar solvents bengzene, toluene, mesitylene and cyclo=
hexane. Another possibility is that the rotation may
be influenced by the inereasing length of the alkyl
chain in the ester; which may return to the neighbour-
hood of the carboxyi group. The most stable arrange-
ment of the molecule in this case is almost certain to
vary with physical structure ss well as the polarity
of the solvent.

The more or less continuous fall in rotation,
as the length of the gem~dialkyl chains increase, appears
to be best interpreted according to the Thorpe-Ingold
theory of velengy deflexion. As the bulk of the
alkyl groups becomes greater, the carboxy-umenthyl
complexes will be forced closer together. It has
already been pointed out that this proximity in the
case of the bhengena diesrboxylie esters leads to a
dinminished rotation, hence, on this basis the low
molecular rotation of the higher members of the malonie
series is to be expescted. This point could be dis-

cussed with more certainty if the shape of the curve
were known for still higher homologues of the series.
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The present results, however, go to support the con-
elusions previously advanced by Rule and Harrower.

The meaxima whieh are observed in solvents for the
dipropyl member may be the result of an attraction of an
electrostatic nature leading to ring formation of

particular stability,

y o+
CHs

CH, 4
\ /EO

R T O0C,Hyg

in which the hydrogen atoms at the alkyl chain (+} are
held by the oxygen (-} of the ketonie group. A similar
stable structure for the dibutyl member (where the
rotations are of a low order) is apparently ot possible.
It is evident that some fundamental changs, some radical
alteration in the residual affinity of the molecule has
teken place in the dipropyl ester, and that this change
is even more persistent in the dibutyl ester since these
two esters show large variatiens in rotatory power, and
an inereasingly good sgreement between their molecular
rotations in solvents and the dipole moments of the latter.
At 211 events the entire results obtained in the
golvents of the benzene series, especially when graphed
a8 in figure 6, enable us to follow the chain effect
in a homologous series more systematically then othere
wise would have been the case, and they are a confirma=
tion of the suggestion made by Franklend (J.C.8.,1912,
101, 660) namely, that some solvents should permit a
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more unrestricted development of the rotatory effect
of 2 homologous group than is the case when the same

compounde are examined in the liquid condition.

In conclusion I wish to thank Dr. H. G. Rule
for much valuable advice and guidance during the

course of this investigation.



