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INTRODUCTIOHN

‘ In his van't Hoff uemorial Lecture to the Chemical

ﬁociety in 19013, §1r James Walker remarks that it is a
bonstantly reeurring ohenomenon in the history of
Loience to find a pioneer, capable, one might think,
of any mental ntép. stopning short on the threshhold
of some important discovery or generalisation. This
peculiarity is illustrated in & striking fushion by
the early history of stereochemistry.

Pasteur ® valuable work on the tertaric acids and
tartrates cannot be underestimated. He showed the
nature of the asymmetry of the crystzlline forms, but
the essentially practicsl mind of the Frenchman could
not picture an answer to the guestion, «hrc the atoums
of the dextro-rotatory acid grouped on the spirals of
a dextro-gyrate helix or placed on the sumuits of an
ir:egular tetrahedron?g Years elapsed and spuace

|fbrmu1ae, as we know them, ecame into existence associsa

ed with the names of Kekulé, Paterndo and Wislicenus,

scientists, van’t Hoff and le sel, precticslly simul-
'taneoualy, answered Pasteur’s question, The great
contribution of these inveatigators to stereochemistry

was to define a condition under which atyunelry could

‘appear, namely when at least one carbon atom in the

émoleculo wus attached to four different groups.

@Although for long atterwurde all known pairs of

[

%hen the tetrahedral carbon atom had been accepted by |




enantiomorphous substances complied with this condition,

it is surprising that van't Hoff never referred this
activity solely to the presence of the vsymmetric

carbon atom but rather to the dissymmetry which it

iintroducod into the wolecule as & whole. That is, a
:diasymmetrical molecule would be optically active
iwhather that state was caoused by an asymmetric atom o
;not. The far reaching truth of this generzlisation is
now beconing daily more evident as numerous optically
active compounds without asymmetric carbon atoms are

being prepared.

| This principle being established, research
Innturally turned to the elucidation of the manner in |
5whiuh the rotatory power varied with the vuriation of
the groups att:.ched to the asymnetric atom. Foremost
asong the early theorists in this conneetion occur the
namee of Guye and Cruwm Brown. The former (Compt.
rend. , 1890 - 189€) suggested that the degree of
asymuetiry could be determined by the displacement of
the cenire of gravity of the régular tetrahedron from
ite planes of symuetry. Thus &ll that had to be 1
considered was the mass of each group and the distance
of its centre of gravity from the centre of the

tetrahedron. Juye met with some success in his work
on suvstituted amyl alcohols, but he, hiuself, scon

discovered that the presence of two difierent groups

_of equal mass did not destroy optical activity us his
ithaory demanded.

: Although built on & less secure basis, in that it




stipuluted yet unknown uuntities, Crum sSfown’s
hypothesie (Proe. Hoy. Coceiidin., 1690, )7, 181} ;
was more enduring. He sug ested that, to each of th&
radicals about the asym.etric carbon atow, & function
K could be asseribed, such that the product of the

difference between euch pair of K’s would give the

rotatory power. In his opinion the value of any given
¥ would depend upon the composition and constitution of

the radical, Crum Srown could met suggzest any definite

mesns of evaluating X, but his views are of interest in
the light of modern theories of nolarity,

A few more or less unconnected facts which obviously
pointed to constitutional influences were known. Thus
the presence of a double or triple bond or a ring structure
usually incressed the rotatory power. Also it had b&en
discovered by Frankland (J.C.S5., 1899, 18, 368) that in
& homologous series ol optically active compounds the
value of the rotatory power sometimes undergoes &
sudden change as the growing chain attached to the
asymuetric atom reaches a length of five or six atous.
This was explained on tune busis of Baeyer’s Strain

Theory as being caused by the tendengy of the end of

the chain to return to the neighbourhood of the
avymnetric atom,

Qur knowledze of this type of change has been
considerably extended by the work of Kenyon and Plckaﬁd
(Jo Co Sy 1912 onvaris, see also Kenyon, Trans, Farad.

Soe, , 1930, 439) who showed that the maxius or minima




may occur not only as the chain reaches 6 or 6 but
deviations sometimes occur when the whole mglecule is
made uy of a chain containing this number of atoms,
However it wus not until 1907 when Betti began
his systematic resesrches that some definite progress
began to be made in elucidating the relationship
between the magnitude of the rotatory power and
substituent influence, lately, this worker has

summarised his results in two papers (Gazz. Chim. Ital

most complete and convineing results were obtained wit

a series of Schiff’s bases, of general formula I,

with benzaldehyde and substituted ben:aldehydés.

H
I C.Hs—g-N=CH~CbH5 , TI CuHs= G- NH,

also 10 or 1l cuarbon atoms in length, and that similar

1987, §7, 814: Trans.Far, Soc., 1930, 26, 337). Eis

Pl e e - 1o g e S ey TRy T Y A ik came b onh RAL S
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b

obtained by condensing,-nsphthol-phenyl-aminomethane,ll,

¢ HOH C,H.OH

of the substituents he took the power each had to
influence the dissociation of the carboxylic acids
corresponding to the aldehydes, as determined by the

discociation constants of the acids., From an exam~

to establish a remarkabdle parallelism betwecn the
variation of the rotatory power and the disscciation
constants, Compounde which have a higher positive

rotation than the Schiff
coutain)in gcneral)aldehydic reﬁiduea corresponding ¢t

A8 & measure of the “honnt1tutionaf”orﬁbhemicafumaaaaq

ination of over forty such couwpounds Betti has been sﬂlo

's base derived from benzaldehyde

e R
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carboxylic ucids with dissociation constants less thu¥
benzoic acid and vice versa. The nature of Betti's '
resulte hes been euphasised (Rule, Trans. Fare So0Ce,

1930, 26, 324) by comparing the o- and p- substituted
compounds with the corresponding acids in the fdllow!ng

series, The agreement is parsticularly good among the

para compounds.

M), ¥0p < CHg < €1 < DH < OCH,
k NOp > €1 >0H >CHy = OCHy = H"

[M]p HOg <C1 ¢ H < CHy< (OH, OCHs) < N(CHs)p
k N0z > C1l = H —=CHg > (0CHg, QH) = H({:Hg)s

The scope of series such as the above is however
not limited to problems in optiecal sctivity, but it has
a wide application in general organic chemistry. Thus
Olivier, (Rec. Trave Chim., 1914, $3, 244) in & number
of measurements of the velocitics of Friedel-Crafts
reactions between p-bromobenzene~sulphonyl chloride
and substituted benzenes to form sulphones, obtained
the series,

Cig > H > Hr > Cl —>N0g
iall these substituents being in the p-position. This

‘author has aleo found (Rees Trav. Chim., 1923, 43. 516,
37?5) that the rat ¢s of hydrolysis of p-substituted
\benzyl chlorides were in practically the same order

| CHg = H > 1 > Br > C1 = CO0H - NOg.
f
|

i
i



%ith only minor variations this seriee is repecated in
the influence of the substituents on other properties,
such ah the dissociation constants of wcids and bases
(Flirscheim, J.C.S., 1909, 95, 718) and the rate of

hydrolysis of esterc of substituted benzoic acids

(Kellus, Zeit, Phys. Chem., 1897, 24, 227). Hobinson
(Anan. . Rep., Chem. Soe., 1922, 98) has called it a'genéral
polar serics and the radicals composing it polar grouﬁa.
Until recent yesrs very litille was known as to
what occurred in an organic molecule when polar groups
were introduced. iutherford, Sohr and lLangamuir had
given us atomic models whick led to ideas of electro-
| and eco-valencie® in molecule formation, but it was in

the sphere of inorganic chemistry that these cgonceptions

were at first developed. In the latter state the bonding
electrons are more or less egqually shared by both ateI:
concerned in the combination, whereas in the former case,
ions with equal and opposite electrical charges are
formed by one or more electrons passing over completely
from one atom or group of atoms to the other. Ezﬁept
where ions are known to be produced the atoms in an
organic molecule were suprosed to be held together by
co-valencies and, while this is to a great extent true,
later developments have shown that various intermediate
stages may exist betveen a true co-vilency and a true
electro-valency, Yor example, the idea of the semi- |
polar do ble bond, as developed by Lowry and Sidgwick

.JI
stipulates that at a union one atom supplies both




|
electrons constituting the linkage. Thus trimethyl-|

amine oxide is formuluted, ﬁ'H3 L j
c+5—ﬁF:;<3 i
C Hy

Further evidence of this type of bond is fortheoming
from various scurces, for example, parachor mcaaurcmoLts
(Sugden, The Parschor and Valeney) and the resolution
of sulphoxides (Harrison, Kenyon and Phillips, J.C.S.:
1926, 2079).

It i now reamlised that when & co-valent linkage
is made Dy substituting a polar group in a hydrocarbon
molecule, the shared electrons are, in general, not

equally shared but are attracted more strongly Dy one

of the component parts of the resultaent molecule. T*ls
part acguires a small negative charge, while the otho'
|acquires an equal positive charge, Je Je Thouwnon:

(Phil. Mag.,l923, 46, 497) hes coupsred the introduction
of a polar group into a hydrocarbomimplecule to the
insertion of am electrostatic doublet or dipole, whie
varies in strength and orientation with the nature of
the substituent, dolecules containing such dipoles
'would, when placed in an electroetatic field, tend to{
orientate themselves with their dipoles opposing the |
field, Thomson therefore suggested that measurcment%
of dielectiric constants for long wavelengths would g}ﬁe
en indiecation of the dipole strength,if corrections wéra
made for the density and molecular weight of the |

substance. That this sugestion at least approximutek

to the truth was shown by Rule and Paterson,




(JeCeSe s 1924, 125, 2186) who calculated 2 number of

moleculsr inductive cupacities for compounds of the
typee CgHgXand C.lgX ,where X is a variable nuhutttuant.

They found that in their power to increase the inductive

| capacity of both types of compounds the substituents

fell in the order
NOg 2 CH = C1l > Br >CHy =H
which is once again an exuuple of a polar series, |
The whole theory of polar molecules has, within
the last few years, been placed on & much soundelr basis

by the aid of & theory of dielecirics due to Debye

|(Physika1. Zeit., 1912, 13, 97: Polere Lolekeln,
!Leipaig, 1929). It ies now generally accepted that
‘thn dipole moment of s monosubstituted hydrocsrbon is
a true index of the polarity of the substituent atom
of Zroup. The dipole mnﬁgntl/léof e molecule may be
defined as the charge on any one pele of the dipoles |
multiplied by the distunce beiween the poles,
Debye developed his theory in the following manner,
There are two mein influences operative when polar
molecules are placed in an electrostatic field. Firatly,

an equilibrium will be set up between the sbove-noted

tendency for the molecules to orientate themselves 1n|
'oppouition to the field and the tendency of thermal |
!agitation to orient them equally in ell directions.
iAt equilioriim,a certain number of molecules, depending

on their polurity, will be opposing the field.




‘Cecondly,the external field will cuuse an appreciadle
distortion of the molecules, the electrons dbeing
atiracted towsrds the positive eide of the field and |
and the protons tewards the negative side, This will
lead to an induced polsrization of the molecule as
distinet from the permanent polerizetion due to the
presence of polar groups.

The dielectric constant is & measure of the total

change of the field strength due to the presence of

the moleculess That is, it is e weasure of the
combined effects of orientation and distortion, ; !
According to Debye (Polare iolekeln) the electric

moment or total polarization, P, per gram molecule is |

given by _
£ 2ol i A R TR T

i E+2 it ) !

= .-Pll m ?u_/ ______ (2) |

where € is the dielectric constant,
M , the molecular weight of the dielectrie,
/° - the density of the dielectric,
Py, , the polarization due to distortion,
Tib, the polarization due to orientation.
The next step is to evaluate 1%i. This unfortunately

|
can not oe done directly and ?igis therefore usually |

Eivan a8 the diflerence between P and P» , both of
vhich are amenable to direct measurement. The

Loreng-lorentz equation

Be Tt ML)

> M+ 2 e
where my is the refractive index of the dielectrie,
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gives the value of the distortion term. Thaorcyioally.
| far infra-red light should be employed in measuring

ny in order to take account of both electironic and

{utomic distortions, The atomic disnortieﬂpawevcr is
iuaually negligible s compared with the electroniec
'distortion and therefore visible light, the refractive
index of which is dependeﬁt on the latter phenomenon
only, is used,

By meking the appropriste determinations Debye
wae thue able to give a value to T}L, the permanent
1polarisation of the molecule. F. had yet to be
connected with/bb, the dipecle moment of the molecule.
A consideration of the conditions which limit the
orientation of the poler molecules under the influencd
of a steady field enabled Debye to arrive at the

foliowing relationship,

SURSNIING S S AP
[ (+)

where N is Avogadro’'s number,

T,the absolute temperature, and
| # the Boltzmann constant.
{ The main effects comsidered in this equation were
‘the influence of thermal agitation and dipole association.
1The latter phinomenon is one that is intimately
connected with the work to be described in this thesis
and so will be considered in some detuil later, Polar
molecules exert forcus on each other when close together

a8 in a liquid or highly compressed gas; they will




|
|
| i L
|

ithcrefore tend to arrange themselves in such a way as
ito minimise their external fields. This will apperently
iohangn their divole moments, In order to obtain the
'true value of and hence » it is necessary to

| B LA

‘aneure that the dielectric constant measurements are
[

jmade waen each molecule is well separated from its

;neighbours and dipole sssociation can not take place.
iﬂensuremonta in the vaporous state or in diluté solution
E1n 2 non-polar solvent, such as bengene or hexane, arJ
étwo available methods of which the latter is the most
ioonveniant and more generzlly applicable,

' These methods huve been used by Héjendahl (Thesis,
Copenhzgen, 1989), SBrrera (Leipziger Vortrage, 1929),
CeP. Smyth (Chem. Reve, 549, 1920), J. Williams (Chem.
Keve , 589, 1929), and many other inveetigators who
have determined the dipole moments for a large nuumber
of compounds,. From their results the most general
conclusion is that dipole moments of monosubstituted

ihydrocarbona are to a great extent characteristic of

the readical which brings about their existence and

independent of the attuched hydrocarbon residue. Thus
;nitr?-paraffins and aromatic nitro-hydrocarbons heave
practically identicanl dipole moments although the

hydrocarbon radicals are very different. Hojendahl
(loce c¢it.) has remarked on the sensibly constant

dipole moment of homologues, while Debye points out that
various simple aliphatic alcohols have the same dipole

moments. From thiese observations it is reasonable to
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|
|

suppose that the electron shift which conatitutes the
5' dipole tskes place only in the immediate neighbourhood
'of the substituent group. &ince the measurements
of dipole moments of monosubstituted hydrocarbons

pleces the substituent radicals in the series,

NOgp >CN >CHO ~halogens >0CHa > H >CHa >K(CHg ) g = lilig

lit would secm that the general polar series ropruant+
'!a gradual transition from groups which attract electr&na

|
strongly to groups which repel electirons,

With this picture of the change which a polar
group exerts on & molecule, the various regularities
already noted in connection with reaction velocity,
rate of hydrolysis and in particulsr Betti’s mvest:l.-!
'gntione become uxplicablg. As a further indication
of the universality of this e xplanation one might cite
a striking parallelism which has been shown by Rule

(Trans. Far. Soe., 1930, 26, 325) to exist among the

irotatory povers ofd -menthyl and,é’-ootyl esters of 1
monosubstituted acetic aecids, XCH, CO0C,oH; 9 and ‘
XCHQ COOCQH;".

TABLE
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X AL % 10*%e. 8. u. dfﬁibgl. Ofijéo

N(CHg)sg *1e 4 ~1564 9 -

H - 1567 3 ~ 12.8(3)
CHg +0¢ 4 16042 — 13, 0(3(
COOK -0 9 160, 2 -
0CgHg - 160, 6 -

OCHg -1, 2 165 ~16e3

OH ~le? 165 -

Br 1.5 169 -2848

c1 “le 5 171 ~17¢9

N ~5e8 174 -

() %illiams and Hojendahl (loec. eit.)

() iule and Co-workers,

(3)Pickard and Kenyon, J.Ce8., 1914, 20D, 8386,
Lepeeially in the case of the menthyl eutera'

the correspondence between the dipole moment series

and the rotatory power series is remarkable, Assumi

ng

the validity of the theory of polarity as outlined sbove,

Rule suggests (J.CeSe, 1931, 674) the optiecal rotatio
of a dissymmetric compound is dependent on the magnie
tude and ddisposition of the dipoles within the
molecule, Betti, on the other hand puts forward the
hypvothesis that the rotatory power depends upon the
dipole moment of the molecule ss a whole (Trans. Far,

500s » 1930, 26, 337).

n
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The observation of regularities when polar
substituents are introduced into an optically active
molecule, naturally led to investigations of the changes
in rotatory power when the same opticelly active
substance is dissolved in & seriecs of related solventg,
lsay monosubstituted benzenes,

Previous to this however, little or no definite

progress had been attained in this direction despite

| & number of researches on the subdbject. in most case
| the solvents used were too few in number or too varieﬁ

! |

' in type to allow the observation of regularities.
Pickard and #enyon (J.C. Se y» 1914, m; 836)

prepared a large number of csters of the type,

Clig CHX COOR, where R is the optically setive radical

and measured the rotatory

powers in & number of solvents, Although these

| solvents were of diverse types, Pickard and Kenyon foTnd

f hat they fell into pructically the same sequence in |
| / . |
| theiyr effects on the rotation of many different eaters,

Generally, it was suprosed that aolventi affected thef

rotation by altering the degree of molecular aaaoaiatTon

of the optically mctive molecules, but since esters

are, a8 & rule, not ascociated to any great extent, the
{abovc authors suggzested that the solvents may have had
a specific effect on the carboxylic grouping which is
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common to all the substunces examnined.

No genersl

iregularity that wight lesd to an explanation of the

|
|
|

iand the ester groupning indicated the direction in which

20

investigetion should be pursued.

(where X was respectively H, OCHg, Cl, Br and I1).

'mechanism of solvent sction was discovered, out the

|observstion of the probable effect between the solvent

Rule snd Mitchell (J.C.8., 1926 3202) were the
first to emnloy a series of solvents derived from
the same parent hydrocerbon, that is solvents which

differed only in the substituent group present. The

on five different d-sec- Q-octyl acetates, CHgX COUHgh,,

The

1
|

examined the effeet of & series of substituted uenzcnja

neture of their results is shown by the following table.

Kenyon (JeCoB.,p 1914, 108, 831)

Molecular Rotations ||, - tat
8 tions
dethoxy | Chloro | Lromo 1odo
Solvent |Acetate |Acetsate |Acetate |Acetate |Acetate
Homo g, +11.8 | +163 | +17.9 | +30,3 | +4l.1
Celiglliy | = + 0uB e +10.8 —
Cellg - led - 1.0 + 0.8 +10.1 +19.9
CeligOBt | = 2,4 - God - 5e2 + 4o 9 +16e 4
CeHpCl - D3 - 7.1 - G + 2.5 +12.1
CeHgBr - 7.0 -~ 848 + 16 |+ 941
Celigl ~1% 7 - 9¢9 - 1.0 + 2.9
Propioniec ester, [}]:f = 13,0° (homog). Pickard and
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It will be noticed that the influence:of substituents
when prepept in the optically wctive acetate molecule
is in the order, :
| 1 >3Br >C1 >0uME >le > H
and provided the same solvent ie employed for all, the
.order of the substituents is practicully independent of
the nature of the solvent. When the solvent is changed
\by introducing a polar substituent into the molecule,
as in CgligX (where X is CHg, halogens, ete.) The
influence exerted by the substituent in the solvent
on the dextro rotatory power of any single ester is in
the order

e~ H =0Et =Cl=38r —/1

That is the changes produced by substitution in the |
solvent molecules are almost exactly the reverse of those

produced by substitution in the nptically active molecgule,

Thus in & later paper liule (J.CeSe, 1927, 58) suggestead,

i that polar groups whether present in the asymuetric

|

fcompouna or in the solvent, also exert an influence o
' [

‘neighbouring molecules leading to correspomcing changes

éin rotatory power, 1
l 1
‘ The introduction of dipole moments gave a means aof

defining the polar nature of a solvent with much greaqor
certainty then had hitherto been possiovle, It was nit
then surprising, in view of the previously noted |
conclusions, that Kule and Melean (J.CeS., 19351, 674)
working with-é-m#nthyl methyl mnaphthalate, which is

extremely sensitive to change of sclvent, should have

.

l
|
|
l
|
|
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arrived at more definite conclusions than previous
investigators. They employed some fifty different
solvents which may be, for the most part, placsd in
four classes &8 derivatives of methane, ethane,
benzene and naphthalene respectively, and found that in
each series as the dipole moment of the solvent increpsed,
the rotatory pover of the solution decreased. This is

illustrated by the following tuble.

Solvent , El]ioux ] ALK 10" se. Be Ue
CelaCN 372 34 85
C eligli0g 423 3498 |
C ¢H s CHO 432 2675 :
/
0=CeHgCly 433 24 24
CeligCl 463 1, 62
Celigl 465 1. 50
Celigar 460 1. 50
C gHg0Me 466 1426
Celie 543 0
C gl sCHy 546 0
| ©=Cellg(iie)q 583 0
§| Cyclohexane G388 0
These authors advence the opinion that the

observed eifects are due to the influence of the solvent
dipole uron the internal electrical field of the solu e,

acting elther through deformation or dipole association.

| For example C,o Haqo + G
| }:0
R a2
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rule and Hill (JeCe8., 1931, 2£6563) have
observed similar veriations in the rotation of

d-sec=/3 =oetyl hydrogen phthalate and d-sec-/3 ootyl

both these recent papers by Rule and his eoéworkera.
the regularities were more evident in the ocenzene

solvents than in methane solvents, the explanation

gtructure of the aromatic radicals these differences
are of much less importance in the aromatic series.
IA& Fule and lclLesn (loec.cit,) point out such a
mechaniem of sclvent action is likely to be affected
by factors other than the mere dipole strength of the
solvent. Thus in the following table for -wmenthyl

metiyl naphthalate,

Solvent [gjﬁﬁ,,
CHa1 «556°
Cglipl -383
Celigl =465
C, olip Br -553

8~Cellg (CHy ) g -583

to the same iodine atom incresses in bulk, the rotatio

methyl phthalate in & series of related solvents, in

is so small that consideranble differenc«s in molecular

in X, Owing to the much larger volume and more rigiT

rises until it approximstes to that given in a purely

advanced being that in the lattier cuase the methyl radical

volume and in physical shape are involved by the varistions

it will be seen that as the hydrocarbon residue attached
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|
!

| non-polar solivent. This effect in general is stiributed
to two causes. Firstly the diminished frequency wit
which the polar substituent in the larger molecule will
come into the neighbourhood of the solute dipoles

; secondly the screening of the solvent dipole by the

bulky hydroearbon residue, thus progressively hindering

dipole association with the solute. ‘

4ssociation of Solvents.
Another fuctor wihieh is likely to interfere
strongly with the observation of regulerities in solvent
action is molecular association of solvent molecules
with themnselves. The two most comuon waye in which this

| can take place may be illustrated diagramuatically as

follows,

(DR i (Y=

i
| The dipole moment of & comvnlex such a8 (1) would be |

more than twice that of a single wolecule, while the
dipole moment of two molecules associated in the
manner (Z) would be zerc. (Smyth, Chem. Hev., 1920, §,
549). Rule and ldclean (loc. cit.) discuss this point
and produce definite evidence that it is operative

among the rotations observed by thems As has alresdy

been noted (p. ) this difficulty was overcome in the
measurements of dipole moments by diluting the associated
|

| polar substance with a non-polar medium such as bense%o
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| or hexane when it is progressively dissociated to the
| state of single molecules. In his measurements of

dipole moments Debye showed that many substances have

characteristic polarization-dilution curves. Thus

‘nitrobenzene guve & curve of shape (a) when progressively
diluted with benzene, while the ethyl alcohol polariz?tion

curve (b) exhibited & meximum, }

Bl

_____J7 42 i AR

In & compound, the polarization curve of which

(

S

takes the form shown in (&) the molecules are associsled
/80 88 to neutralise each others field (see (2) mand in
| {(b) a mixture is suprosed to exist, form (1) being
more stable at low concentrationy. and giving way to
form (2) as the concentration increases.

By an analysis of the rotation curves obtained with

rélmanthyl methyl naphthalate in mixtures of nitrobenzene
!and benzene, and ethyl alecohol and benzene, similar to
Debye’s analysis of his polarisation curves, Kule tmunilt
ielean (loc. cit.) were able to show that to a great
extent the rotation curves of the optically active

substance in mixtures of noltents corresponded to the

polarization curves of the solvent mixtures.

In the optical investigations slready described,

the compounds have been esters of complex structure
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ruch as menthyl methyl naphthelate or octyl hydrogen
phthalate, in which one of the chief influences aricot

Pho rotatory power is a spatisl one propasgatied between

the peri or ortho substituents. The present thesis
enls with optically active derivatives of simple stru
ith one exception all of the compounds examined are
erived from sec- B -octane, and the majority of them ¢

pnly one polar subetituent in the molecule. It was

koaired to determine whether similar solvent cffoctq

tould be observed in these caves and if so, whether the

irection of the changes could be related to those
caused by the association of the optically active

molecules with one another, It was also proposed to

mpleohol at different concentrations in benzene and hex
in order to discover whether the rotation curve
exhibited maxims or minine similar to those found for

the polarization of many such elcohols under such cond

examine the chenge in the rotatory power of aeo~13-octt:
@,

ing

cture,

ontain

|

itions,.
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PREPARATIVE.

Resolution of sec. &Qctxl Hydrogen Phthalate and
Preparation of - and £-sec.B-0Octyl Alcohol.

Racemic octyl hydrogen phthalate as supplied by

Messrs., Boots was resolved by the method of Pickard

|
|
|
| | !
and Kenyon (J. C. S., 1907, 2058: 1922, 2540). The!
ibrucine salt was formed in acetone and the separationi
'of the diastereoisomerides accomplished in the same i
medium. Both salts were then treated with mineral :

acid and the enantiomorphous phthalates so obtained :

repeatedly crystallised (usually five times) from QQ%i

acetic acid until the rotatory power attained the value

CL2O o
sa61 = * 58.3 (in ethyl alcohol, ¢ = §). These

|
| |
|optimally pure phthalates were now hydrolysed by boil%ng

| |
'with aqueous caustic potash. The alcohol was extrac#ed
with ether, the ethereal solution dried over anhydrou
sodium sulphate and the alcohol distilled under reduced

pressure, The observed boiling point was 71°/12 mm, |

|
j The most convenient quantity of phthalate to emp#oy

'in one resolution was found to be 250 grams, from whigh

approximately 60 grams of each of the pure phthalates |
and subsequently 28 grams each of the d- and -~ alcohqls
were obtained. Octyl hydrogen phthalate of a low

' activity was recovered from the mother-liquors and usbd
|

é in subsequent resolutions, The rotatory power of the
i |
| alcohol varied within the limits .(223.,; =+9, 60  to + 9. 67"
in a 1 dm, tube., Pickard and Kenyon quote on an average

20 °
HAgaes = 9.65. With two exceptions all the optically
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' active compounds descrioced in this thesis were prepared
from active octyl aleohol, and in most cases the yields

' obtainable were not very highs For this reason con=|

| siderable quantities of the zctive alcohols were reguired

as starting material, and it was found necessary to

carry through the above procedure nine times in the
course of the research.

| Preparation -2 - - e.

There are several methods descrived in the
literature for the preparation of this compound givin?
| specimens with widely varying rotatory powers. Havibg
| regard to the yield and consistency of results, the
' method of McKenzie and Tudhope (J. Biol. Chem., 1924,
'gg, 551) was adopted. Thionyl chloride (325 grams)

was added slowly to an ice-cold solution of.£-octyl

alcohol (26grams) in pure, dry pyridine (18 grams).

A white crystalline solid separated and, by heating on
| the water-bath, this was decomposed with vigorous evo*-
ution of sulphur dioxide. Heating was continued for|

|d hours, after which water was added and the mixture|
extracted with ether, The extract was washed thoroughly
with hydrochloric acid and subsequently with dilute ‘

| :
sodium bicarbonate solution followed by water. It was

[then dried over anhydrous sodium sulphate. After
irem.oving the solvent, a distillation under reduced
pressure yielded 12 grams of colourless liquid, boiling

at 57. 5-58°/12 mm,

Several different samples were prepared with
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rotations varying from&Xgge; = +31l.1 to Kggey = +30.0
in a 1 dm. tube. These values compare favourably with
Ethose obtained by other workers, as given below.

Levene and Mikeska (J. Biol. Chems, 1924, 59, 45)
2
oAy’ = 26.7%

20 =
McKenzie and Tudhope (loc. cit.)Xp = 29.2 : and

|
|
|
|
|
| Houssa, Kenyon and Phillips (J.C.S., 1929, 1704)
l 0(]:;& = 31.0°
%Pr  x -2 _Bromo-o e.

! As in the previous preparation, the formation of |
!the product involves an inversion of sign. To 32 grams
Iof cooled £ -octyl alcohol, 75 grams of phosphorus
:tribromide were slowly added according to the instructions
of Shriner and Young (J.A.C. S., 1930, 52 3537), so that
!the temperature did not rise above 5°. The mixture was
'well stirred during the addition of the tribromide and

;after standing overnight, when it was allowed to rise

to room temperature, it was heated on a water-bath fOﬂ
oone hour. The liquid was then poured into 200 cc. of:
ice-cold water and the octyl bromide, which saparated;
éas an oil, was extracted with ether, After washing ;
éand drying, this extract yielded 36.5 zrams (88.5% : |
fquoted yield 85.3%) of d-2-bromo-octane, boiling at

72 /13 mm,

The rotatory power of bromo~-octane so obtained was

20 o
i0¢543; = +44.0 4in a 1 dm., tube. This is a more
ihighly active product than that prepared by Shriner
20
and Young, who quotec(D = 29,8, Assuming a ratio

 %s461/%s59s Of about 1,18 this value foroly would
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20 '
'correspond approximately to & value of Kgagy = +350 27,

It was not vossible to obtain a direct comparison witq

the value of Shriner and Young as no polarimeter for use

'with the D line was available.

‘P,=
In the preparations noted above the complete
Thydroxyl group directly attached to the asymumetric
| carbon in sec~AR-octyl alcohol is replaced by anotherj
radical. This change leads to an optical inversion and
a product of variable rotatory power. The simple ;
]reaction giving the above ether (Kenyon and McNicol i
JeCa8ey 1923, I_%_Q. 14) H H

CH (CHz 56- OH *—7 c_H3(C.H,) c: ok—tch3(c_H,) C-OcCH;y

CH CH3 C'Hj
|indicates no detachment of the hydroxyl group, and |

there is no reversal in the sign of rotation. lhe

-Variation in rotation noted below is therefore aomewh?t

aurprising considering the vigorous method adopted t0|

d-Octyl alcohol (25 grams) of d:5461 = 19.644&'21

free the substance from unchanged alcohol.
|
'was slowly added to metallic potassium (S5gus) auapendéd

'in dry benzene (50 ccs.) The reaction was very slow
and after heating for 9 hours about 0.5 grams potaaaidm
Iremained 8till undissolved. This was removed from

|the liquid and freshly distilled methyl iodide (18 gmq)
Iwas slowly added, whereupon a copious white precipitate
iwaa immediately formed., The mixture was heated on a|
?water-bath for 20 hours to complete the reaction. T@e
Ipotaasium iodide was washed out with water and the dried
benzene solution specially treated in order to remove:

| unchanged alcohol. Preliminary experiments showed
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that a considerable guantity of unchanged alcohol re-

mained mixed with the ether and that heating with |

|phthalic anhydride as recomuended by Kenyon and Hcmicﬁl
did not appear to remove it very effectively. ;
Eventually the following procedure was adopted. Thei
crude octyl ether, after removing benzene, was heatedl
with one third of its weight of p-nitrobenzoyl chloride
and one third of its volume of dry pyridine for 2 or ;

hours on a water-bath, After cooling, the mixture w%s
treated with wzter and extracted with ether, the ethe#oal
extract being washed with dilute acid. When all thé
pyridine had been removed by this means, the extract |

was washed with caustic soda solution and finally wit
water. It vas then dried and distilled. The yield

of ether boiling at b?ﬁ/40 mu, was poor (10 graums: 3&.5%)
The rotatory power of the product from several preparqtiona
varied between the limitatiggsx = +7.36° to +6.14° inia

1l dm. tube. The figure quoted by Kenyon and MeNicol |

4 |
(loc. cit. ) is ®gges = +7.14°, yield 50%. |

Preparation of £-2 Nitro-octane.
Shriner and Young (loc. cit.) also described the

preparation of this compound. Finely ground silver
nitrite (47 gms) wecs suspended in dry benzene (65 ccs.)
and, with vigorous stirring, d-2-bromo-octane (36.5 g#ama)
!was slowly added. At no time did the temperature riﬁe
above 0° and after the addition of the bromide stirring

was continued for three hours. During this time the

fmixture slowly acquired room-temperature and thereafter

it was heated on a water-bath for six hours. The

benzene solution was then removed by decantation and
| the s0lid residue washed twice with small quantities

|
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25 cc. each time of benzene, the washings being
iaddod to the original benszene solution. This extruct
yielded 4 grams (13-4%3 of nitro-octane of boiling
point = 98-102°/18 mn, and rotation Xggey = =15+42°
(€= 1). 4 econsiderabdbly larger quantity of octyl

‘nitrite was also isolated. The poor yield obtained
| from the conversion of the bromide into the nitro-
‘compound made it necessary to repeat this reaction to
obtain sufficient material,

Shriner and Young (loc. cit.) quote a 1aﬁ,yield.
It was not possible to check the above rotution agalngt

< 48

their figure as they quote Ly = «10.8°, (absolute

!aloahol)?uhiah is useless for the purpose of comparison

f!n the absence of any information regariing the
| concentration of the solution and the length of tube

— e,

they employed,
|

It was desired to investigate the optical

| properties of a carboxylic derivative of octane
iaom@urabla with the aleohol, halides, nitro-compound
land ether aloo under examination. Unfortunately the

synthosis of auffioiaﬁt quantities of the corresponding

Lagidame-hexyl=propionic acid, Ce H'3>c H: COOH !
| 2 HQ, 2 :
would have roequired the use of u very large amount nti

' n=hexyl lodide, which is a comparatively inaccessible
‘aompnund. In the first instance, thercfore, the next

‘lower homologue wus synthesised, Thie proved to form
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alkaloidal salts having & poor power of recrystallisa
and could only be obtalined in a partially active con-
dition with the guantity available, The work with
this acid is desorived below. (page )

Attention was next turned to o-n -butyl-propionig
agdd, C He+CH(CH,)+CO0H, which has been resolved by
Levene and Bass (J. Blol. Chem., 1926, 70, 211).
Tids was prepared in the followlng stages.

(1)

Details of this stage in the preparation were
obtained from “Organic Jyntheses® (New York, 194,
Vol. IV, page 1lj. ..a. solution of sodium ethoxide
was prepared by dissolving 86 grams (1 mols) olean
sodiwa in 980 cc. of absolute aleohol (newly dried

by distilling from sodium). This solutionwas ¢ tirttﬂ
le)

and cooled to about 50°, after which 4985 grams (1 mo
of dimethyl malonate woere slowly added, To the
mixture, \500 grams (1 mole) of frechly distilled
n-butyl bromide were then gradually added, The
reaction set in rapidly with the generation of

considersble heat, The nixture wie then boiled under

reflux until neatral to litomus and thereafter as much
algohol «8 possible was distilled off on a steambath,

ion,

One litre of w.ter was added to the residue to dissolve
out the sodiumm bromide which hud been deposited and the

whole shaken thoroughly. The upper layer of the
dimethyl ester of n-butyl-malonic scid was separated
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and distilled under reduced pressure. It was i
|

r’oouoated over a range of 5°. Yield 430 grums.
(2)

In exactly the same way as above, the reaction
was agaln carried out using methyl iodide inastead of
butyl bromide and n-butyl-malonic ester instead of
malonie ester, As there is very iittle difference
between the boiling points of these mono« and di-

alkylated malonic esterp, separation by fructional
distillation was not attempted., The yield was
480 grams of crude dlalkylated eater,

(8)

The disubstituted malonic ester was hydrolysed
by boiling under reflux for 1C hours with & moleoular
proportions of potassium nydroxide in agueous alcohol |
{80% Yy volume). The alcoohiwl was then distilled orf!
and the residue taken up in water, from which the aai#

was precipitated by adding 20 per cent sulphurie acid.

| The resultant floculant mass was extracted with etnai'.

| At this point Levene and Bass rocommended aryst&lumrmn
but did not give experimental details, [or this .
reagson the method used by Rosetti (Bull. Joc. Chim., ;
1908, (3), 33, 683) involving solution in benzene aud!
precipitation with petrol ether was amployed, After
three precipitations a clean sudbstunce of constant
melting point (96°) was obtuined, Yield 135 grams.




(4) ot=-n-Butyl-propionic Aeid. |
The methyl-n-butyl-malonic acid was heated to |

180¢ in a flask fitted with an inclined air pendenaar;
There was a brisk evolution of carbon dioxide and when
this had ceaged the resulting monobasic acid was
distilled under reduced pressure, The yield wus
80 grams boiling at 119°/22 mm,

The quinine salt of the acid was formed by addin%
230 grams of alkaloid to 80 grams of the acid diauolde
in 530 cec. of hot acetone:. The quinine went into !
solution immediately and on sooling 132 grams of aalt?
erystallised out. The mixed salts were separated

| by repeated erystallisation from acctone; it was

noticeable that although the weight of salt decreased
with successive crystallisations, the quantity of ace#one
required to dissolve it increased. After the 4th, :
5th, and €th reorystallisations, samples (3 gm.) of !
the salt were decomposed with 10 per eent sulphuric !

acid (15 cc.) and the free organic acid was extracted

'with ether, Theextruct was washed with dilute |

sulphuric acid and water, dried over anhydrous aodium?
sulphate and distilled in wvacuoc.
Jolutions of the acid in benzene (¢ = 5) gave th+
following rotations:-
20
4th erystallisation, [ gseey = 21-1°.
5th orystallisation, [o{] 3261 = 23+5°.
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6th orystallisation, [of seey = 24+3°,

49 there remained only 53 grams of salt at thie
stage, 1% was thought advisable to convert it to the
acid as avove in order %o o'bwn sufficient material
for the work proposed. Yield 12 gramo of boiling
point 116+85-117%/20 ma.

In ether (¢ = B) the above aocld gave a rotation
of d—ﬁ“ @ 2¢33%, which on the assusption of a ratio

%es1/ Hasos approximating to 1.13, gives a value of
B 13505 in the neighboushood of 15:7°.F Levene and
Bass quote :29, = 10+6 in ether {¢ = 5¢5), Hence

the above resolution was not complete,

‘l'hia compound wao prepured in exaotly the sume
way ag deseribed above for the n~butyl propionic acid,
The malonic gynthesis was ocarrisd out-using

amyl bromide (265 grums) and sodiwm {40-8 gramg).
This ylelded 278 grame of n-auyl-mulonic cater of
boiling point 140~14B°/48 mm, The latter, on
trostment with molecular guantities of methyl lodide |
and sodium guve 230 grames of methyle-n-amyl wmalonic .’
ester, of boiling point 125-1127¢/12 mm, On hydrolyaing
the dialkyl malonic ester, 130 grame of methyl-anyl-

L]
- " e -

* o polarimeter fitted for detemining rotations
with the D line was available at this tine.
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malonie acid were cdtained, m.p. 96°, PFinally on

heating above ite melting point the latter guve |

66 grams of o ~n-amyl-propionie acidi, b.p. 134*126'/1# mm .

The whole of this preparution was carried through |
once more using smaller guantitess, when a further

35 grams of wocid were ochtalma.

(a) Attempted Hegelution with duining. .
To & solution of 8.5 grams of acid in B85 co. of

hot acetone was added 24 grame of gquinine. The

solution was cooled in ice and salt but nothing

separated out. The solvent was then evaporated down
in o desicecator, when & ayrupy liquid remained, which
eventually set t0 a glLase. Attempts to recrystallise
the latter from various wolvents proved unsuccessful
a8 it was either too soluble to be of any value for

resolution or separated as an oil.

()

Test oxporimenta‘wera firet carried out using
small gquantities, To a boiling solution of § grams
of oL ~n-amyl-propionic acid in 80 cc. of acetone f
wore added 10 grams of oinchonidine. Only about |
half of the alkaloid wemt into solution and when
sufficient acetone was aided to dissolve the remainder
no salt separated out on cocling. another attempt
was then made in which, insteud of adding more acetone
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the undissolved alkalold was filtered off, On
cooling the clear solution, a further quantity of
white solid separated which on filtering and drying
wad found to be cinchonidine. The filtrate, when
cooled in u freeging mixture, deposited successive
orops of crystula, These were separated and dried.
They were found to have melting points varying from
69¢ to 73° and were takenm to be the cinchonidine salt
of ol sn-amyl-propionic acid.

To ses if any resoiution huad taken place . the
final filtrate f:mfn the crystals wae evaporated to
dryness, ani the f{ree «cid libverated by adding dilute
sulphuric acdd, The organic a0ld wae extracted with
benzene, This solution was found to have a rotation
oc':'i“ = +0.2°( L= 2), whereas the cinchonidine is

laevorotatory. The salt whioch had been filtercd off|
was treated in the same way and the benzene sclution |

found to have a negative rotation.

The main part of the racemic aold was thentaken
and t reated in the sume manner. Cinchonidine
(170 grams) was added %o a solution of 35 grams
oL=n~amyl-propionic acid in 1200 ec. hot acetone,
The alkaloid which remained undissolved was filtered
off und,on cooling, 60 grams of s.lt were deposited,
This melted sharply at 72¢, The salt was again
dissolved in acetone, but a further deposition of

einchonidine occurred when the solution was heuted,




| ould be recoverad, After two reorystallisstions
| the weizght of salt had been reduced to 10 grams.

the resolution andi the very osmuall yleld of active salg,

34

and had to be filtered off., Decomposition of the
salt was also evident from the small quantity which

This was decomposed with 10 per cent sulphuric acid |
and the free organic acid extracted with ether. '!'hel
othereul oxtract was washed with dilute culpburic acid
and water, and then dried ami distilled. The rotation
of a benzene solution was OL::“ = «16+6° (@ = 4).,
In agreement with the propertiss of other acids
of this type, the rotatory power was unchanged after
prolonged heating with exceas of alkall, 48 has been
ghown by icRensie and smith (Ber., 1925, 58, 894)
such acids arc conparatively reudily racemised if one
of the groups attached te the secondary carbon atom
is an aromatio radical, I% was therefore not possidle
to racemise the recovered acid of weak dextre-rotation
for the purpose of utilising it in a further
resolution, Owing to the difficulties involved in

this preparation was not further exumined.

Se0-3-0otyl Hsters.

I am indebted to Dr. H. G. Rule for samples of |

the following octyl esters. The sec-A3 -octyl tOI\lﬂ.tij
were distilled before use but the sec~3 -ootyl methozév-
benzoates were received in the pure condition. The
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rotations of these compounds were ochecked in the
homogeneous state in a 1 dn, tube.

(1)  Zesee=/3-00tyl ozloluate,
Found OL::“. = +31.-16°, Rule, iay, Humbers and

20
Pateragn (J.O.&.. 1928. 13‘) quote 8461 ® +31.10°.

(2) i..-?‘_ O =Dotyl n-Tolusta,
30
Found A ggey = -42+63°, Bule and co-workers
17-8
quote A ggay = 43+04°,

{3) e gaa=Q

20
Pound olgger * “47:18%. RKuls and Ga-workers
a0
quote CL.‘.t = 47+25°,

o
Found Ayeey ® ~42.18°, Rule wnd Numbers quote
20
Agagr = =42:03¢,

1' 86
Loy ® =BLe12e,
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SOLVENT S,

' All solvents used were specially purified and

' benzuldehyde wus always freshly treated immediately
before it was required. The methods adopted for

purification are deascribed briefly in the following |
PAGES o :

(1) acetaldehvde. aytoun, Scott and Cols
_anet.aldehydr was dried over culcium chloride, boiled f

'over succinic acid to remove traces of basic impurity

and fructionated. BePs 20:8°,

(2) acetic acid, Kahlbaum's 1l00% acetic acdd
was cooled until about two-thirdis frozeny the liquid

portion was decanted off{ and the crystulline muss
frectionated., MH.p. 16°f bL.p. 118-118.2°,

.~ (3) Acetone. B.D.H. "bisulphite purified’

|

'acetone wau well dried over anhydrous calcium chloride

\and fractionated., B.p., 55-56°, The bottle was

afterwards kept in a desiccutor. I'

(4) Acetonitrile, Aytoun, scott and Co.'s |
acetonitrile was dried over calcium \ohlorid.e wnd

irr“.otiomt&d.. giving a colourless product, b.p. 80:7-81+4°,
(8) LAcetophenone, Merck’sl'acetophenone was partially
écryatulliaed andi the crystalline portion, filtered off,
| dried and fractionated. M.p. 2 0°% b.p. 201+8+20149°,
(6) 4niline, Kahlbaum's wniline "from sulphate®
‘was dried and fructionated giving a colourless liquid|of
bePs 1B2:9-183¢,
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|
(7) Anisgle. B.D.l. anisole was washed with sodiunm

:hydroxid.a solution and water and then fractionated. ‘
‘It waa colourless and gave no phenol reaction. B.p. lbaoa*.
| (8) QRensaldehyde. Kahlbaum's purified product vj
‘dried and fractionated, care being taken to expose to!
 the alr as l1ittle as possible., B.p. 170179239, l
- (9) DBensepne, B.D.H. "extra pure’ benzene was |
partially frozen out and the solid muss removed, drlad;
‘and fractionated. TF.p. 5:5°f b.p. 80=80-1°. |

| (10) XRenzonitrile, Aytoun, Scott and Co.'s product

‘was dried and partially frozen out; the crystalline
I;u'n"t'.i.ml was fractionated under reduced pressure. It
ml obtained as a colourless liquid of f.p. =12+9e,
and b.P. 82-5°/15 mm .

! (11) DBromobenzene. B.D.l. bromobenzene was walli

I
!mahed with sodium carbonate aolution and water, dr:l.ec{

‘over calcium chloride and fructionated under reduced
pressure. B.p. 50°/185 mm.
- (12)  garvon Disulphide. — ~ytoun, scott and Co.'s

'redistilled carbon disulphide was shaken with mercury

' to remove sulphur, dried over calcium chloride and

‘repegtedly fructionuted, bep. 46-46.2°,
| (13) Carbon Tetrachloride, The sample used had |
‘already been carefully purified. It was dried and :

|
fractionated, B.p. 131:6-131+8°,
[

? (14) Chlorgbenzene. The B.D.H. product was waehefcl

with sodium carbonate and water, dried over anixydroua'

|

;oaloium chloride und fractionated. B.p. 131+6-131.89,
i |
|

|
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| . |

. (15) ghlorofomm, Aytoun, joott and Co.'s chloroform
iwas shaken with congentrated Bulphurifo aclid for 7,'? ho1.|lr

! to remove aloohol. It was then washed with sodium |
%hydrox:l.d.o solution and water, dried over anhydrous
' potassium carbonate and fractionated. B.p. 60+7=60+9°,
?'rhis method is due to Hentzsh and Hoffmann, (Ber., 1911,
| _u.' 1777 ).

. (16) Cyelohexune. B.D.HM. cyclohexane was dried,
' partially frozen out, dried and fractionated, M.p. 4+1°3
' DePs 8041=80+5°,
(1)

Io-dlchlorobenzens to ~20°, a small amount of crystalline

|
' substance (probably p-dichlorobenzene) was deposited

!rapldly filtered off at the pump. The liquid was thén'

On@ooling B.D.H.

idr:l.ed over calecium chloride and fractionated under
'reduced pressure, b.p. 60-61°/11 mnm,

- (18 )  Zthyl Algohol. “Absolute® ethyl alcoiol was
irefluxad. over freshly prepared lime and t hen fractionated,
' b.p. 78°. The bottle was kept in a desiccator.
- (19) Ethyl Ether. Macfurlan and Co.'s best |
‘quality anhydrous ether was dried with sodium wire and
the fraction boli.uns over 34-~36° collected. |

(20) jlexane, B.D.H. hexane ("free from aromatic
ihydrocurbom") was dried and fruoctiomated, b.p. 67-69?.
. (21) Jodobengene, The B.D.i. product was washed
:with sodium carbonate solution wund water, dried over
‘caloium chloride and fractionated. It wus obtained

practiocully colourless, b.p. 75°/16 mm,
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‘ (22) |Mesitvlenms, Merk's product was dricd over
'caloium chloride and fractionated, b.p. 164-165 .
(23) JMethyl Alchhol., “".bsolute” methyl alcohol
gwua purified according to the method of Bjerrum and
' Zichmeister, (Ber, 1923, §6, 897). The alcohol was

idllowed to stand in a reflux apparatus with clean dry
l
!anlm. (10 grams to each litre). 4 vigorous r

!reaotion set in and the aleohol boiled. When all th

%meta.l had dispppear:d the mixture was refluxed for

i‘ hours and then distilled, (first and last fractions
_' being rejected) in a current of dry air.

L (24) The B.D.H. product was

‘washed with potassium hydroxide solution and water, |

dried over caleium chloride and fruaction.ted, |
D.p. 41e3-42+2¢, |

(28) JMethyl Jodide, K  Aytoun, 3Jeott and Co.'s
!purifiad methyl fodide was washed with sodium carbonate

solution and water, dried over valecium chloride und
fractionasted, B.p. <2¢7<43+0°.,

(26) . Nitrobenzene., B.D.H. nitrobenzene was |
‘purtially frozen out. The crystalline portion was
'separated, dried and fructionsted under reduced pressure.
Fope 50625:7%F Dbep. S0-91¢A5 s,

(27) JHitromethane. The B.D.i. product was washed,
dried over caleium chloride and fructionated. It was
iohh!nud eclourless, bY.p. 108-110-1°, .
| (28) Toluene, aytoun, scott and Co.'s "pure® |

trluene wvas dried with codium wire and fructionated
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using a long column, B.p. 109:7=109.8°,
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DETERMINATIONS OF OPTICAL ROTATORY POWER:

In the following pages are recorded the rotatory

powers of the diiferent octyl derivatives, when |
idilsolwd in solvents of varying polarity as determined
from their dipole moments, The rotations are arranged
'in order of decressing values of [i]gyese l

| A polarimeter with an agouracy of % 0,01 was usid
and in the majority of cases the solution was contained
in a narrow-bore 2 dms. tube. In some cases where
| the observed rotations were very low, or showed very |
emall differences, a tube of 4 dme. length wae used,
?having a bore of 3-4 mmy The use of narrow-bore tubes

vwas mede necessary owing to the relatively small

quantities of opticelly active products available. 411
| the substances under examination, but especially the
}d-butyl-propionio acid and -2 =-nitro-octane, had to De

recovered by vacuum distillation and their rotations
checked many times during tie investigatione. The
| narrow-bore polarimeter tubes were not fitted with water
Jackets but the rotatory powers were determined in a ‘
constant-tenpersaiure room maintained at 20° (x 3°7)s |
 Temperature changes had little effect on the rotationlfi
iexcept in the case of d-R -chloro~octane and d- 2 -bro+no-
| octane. _ \

i Where determinations were carried out over a range
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of concentrations varying from the homogensous
substunces to & high dilution, the concentration is
expressed in terms of the wole fraction (f) of the

optically sctive substunce present in the mixture.
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DI3CUSSION OF RESULT S,

solvent maj’loo ec, q:isi [H]iiu ux 20 6.8.u.s
C8,. 5+00 3+12°| =2003¢ 0
ec1, 8400 2:99 | 194 0
Colyq 5400 2494 19.1 0
Ot 5+00 2063 17.1 1.66
CH 40H 5200 2+61 17+0 1.64
| e1gc00m 8400 2:85 | 1646 0+75
|Homogeneous 19. 34 15+ 3 -
legon 5400 2:28 | 14-8 3405
CHC1 5+00 2:19 | 14.2 1.10
CHaClg 5+00 2014 13+9 1.61
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(v) ZBenzene Type.

solvent gns;i.oo 0 el 17 o Y A 10 2.8.u.
£ 6H gCHO 5400 - 3e16°| =20+5° 275
CellgCH 5+00 2496 19.2 0+80
Colle 5400 2.98 19-23 0
?Gﬁgﬂﬂg 500 2.90 18.8 1-60 ||

oHgCOCH, 5400 2.80 186 297 E

oHgli0g . 5:00 2.80 18.2 3490 i

eHgOCHg 5400 2.78 18.1 1.26 ||
#,H,Br 5400 275 | 17.9 180
CeHgCL 5+00 2474 17.8 182 |
CeHal 5400 273 178 1.80 ||
CoHgCN 5+00 2.66 173 3.85 ||
?om@gonaonr 19.34 15+ 3 v !

[

d:o= 0+822 (Pickard and Kenyon, J.C.3., 1922, 121, 205;58) 3

&-sec=/3 -0ctyl aleohol has already been examined
polurimetrically in a number of golvents by Pickard |
rmd Kenyon (J.C.8., 1914, 108, 884), but in view of |
the regularities observed by Rule and his co-workers |

|

rho employed series of related solvents, it was dooidod?
to extend the investigations of the former authors |
long similar lines. Although the variation of the 5
lecular rotution with change of solvent is
omparatively small in the case of octyl alcolwl, a !

efinite polar influence isevident. With two or threé

]



45

exceptions, there is a general tendency for solvents
of low polarity to give high rotations and those of
high polarity to give low rotationa. Thus carbon
disulphide, carbon tetrachloriie ani hexane in thn
methane series and toluene and benzene in the benzene
series, all having a dipole moment approximating to
zero, are found at the heud of the lists, while the
more polar solvents give lower values,

This is as would be predicted on the « ssumption
of dipole association between optically active solute
and solvent (Hﬁla and MoLeun, loc. cit.). Nonepolar
solventa will split up the associated complexes of
ootyl aleohol to varying extents, depending upon a
factor at present unknown, but otherwise will have
little or no effect on the internal field of the
optically active molecules, Polar solvents will alseo
bring about the same change, but, in dddition, the
dipoles in the solvent molecules will be attraucted
to the hydroxylic dipoles, leading toassociation in
the manner indicated in the introductory section.
such an assoclation will lower the internal ftelg'af
the optically «otive molecules and with the majority

|of simple monosubstituted compounds this may bve

L

expected to result in a lowering of the rotatory powed
A8 may be obaervsd'rrom the tables, a moderately
good agreemant with the polarity of the solvent is

given with solvents derived from methane, in spite of
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the fact that a comparison is here made bhetween a
hydrocarbon and mono-, di-, tri- and tetrasubstituted

derivativea. In the cuse of the aromatic solvents

the differences in the observed values of « are smaller

!and experimental errors may account for some of the |
i .

' minor inversions found on comparing rotatory powers !
iwith dipole moments. The abnormal position of E

r %
benzaldehyde, however, is very striking, sddgwick

(Blectronic Theory of Valency, p. 148) points out thaﬁ
benzaldehyde may form a co-=ordination compound with ;
phenol or other hydroxylic domponnd, the aldehydic ;
oxygen acting as donor atom in the linkage, E
C H,- Cf’o —> H-0-R }
A definite chemical combination of this type would
probably exert a stronger infiluence than dipolar

assoclation and, if it existed between benzaldehyde

?and octyl alcohol, the solution would be e¢xpected to

;oxhibit an abnorm:l rotatory power. In this reapect
!1t is noteworthy that nitrobenzene, the oxygen atom
of which can act in the same way, and acetophenone,
which is rel.ted to benzaldehyde, also show rotations
higher than might be expccted. since the ketonic |

group in acetophenone is mure screened th.n that in

benzaldehyde At may be surmised that co-ordination

will be more complet. in the lutter case, thus aaooun*ins
1

for the more abnormal value for the rotation,

i
Further support for these conclusions regarding ;
S
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the mechanism of polar and non-polar solvent influendge
is provided by the following data weferring to the
changes in the rotatory power of octyl «leohol brought
about on dilution w!.t:h a non-polar medium. Aloohollfr

in general show a great tendency to s«sasoclate in the
homogeneous state, and this as.oclation may be assumed
to have much the same efie¢ct on the rotaution us
association with a polur solvent. In this manner the
low position which the rotatory power of the homogendous
alcohol on‘cuyiea in the tables is partly explained,
although it is unexpectedly low in relation to the

values obtained in aromatic solvents,
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| Table 11.

| In.gagh cage t=20° f=4dm

f = llole fruction of d~ ~sec~octyl alcohol.
(a) In Hexsnme.
gmu/lg; ec. £ "::el [H]::M
4-994 0-080 + 3:01¢ +19:6 *©

10+00 0+099 5272 1846

1607 0+151 8+41 18.1
20+00 0-203 10.83 1760
23+ 38 0+283 12.62 17+ 54
21403 - 0.283 1466 17.62
3000 0. 313 15.09 1729
33+02 0345 17-0 16-73
36400 0.372 18.21 16-91
37-28 0399 19.91 17.02
4205 0+453 2172 16479
50.01 0-5861 25-32 16445
§5.01 0-618 27+24(5) 16410
62+056 0709 30+ 32 15.87
69.99 0.819 : 3325 15-40
Homogeneous L =3 1920 15«24

| |
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(b) ZInBenzeme. L= 2dnm
gms/A00 ce. £ Gge01 (]saer
4+998 04038 4+ 1.48° +19:3 ©
9+ 9004 0+072 2-79 182
1599 0.119 4-23 17.2
22.01 0+170 8+64 1666
3001 0+224 7444 1612
32.37 04266 793 15+ 97
34476 0. 202 8449 15+87
36478 0+ 308 8.89 15+71
38461 04331 9.28 15+ 62
39497 0+ 346 9+51 15446
41.87 ' 0+ 368 10+01(5) 16+ 52
4353 0+ 388 10+ 16+40
47456 0+436 11+30 15.44
55+ 30 0+532 12+903 16s 20
62:42 0+647 14+49 15+09
71+18 0+789 16+ 54 15413
Homogeneous 1928 15+ 24

i
If the explanation of optical changes besed on ;
i

| dipole association with the solvent is correct, it

should be possible to trace the same effects on |

. progressively discociating the homogenecous alecohol hﬁ

gradually inercasing the dilution in a non-polur



| assymetric centre will then be realised.
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solvent such as hexane or benzene, Dissocliation

should be accompanied by a rise in rotation, since a
high dilutions the optically active solute will axial
largely in the form of single molecules and the fulli
electrical effect of the hydroxyl group at the E
The influence of dilution with hexune was first
examined and was foundi to lead to a definite rise in
rotation. Between the concentrations corresponding
to mole fractions 0.2 and 045, however, a curious
irregularity occurs, which appears to represent two |
maxima at the concenurations 0+28 and 0+4 respeottveﬂy.
On diluting with benzene a similur curve was obtained,
and although the irregularity in this solvent was
very small, it was situated at the same point as in
the former case. i
L. Lange (Zeit. Physik., 1928, 174) has detexmiqod
the variation of the polarization ¢f a numbsr of
aliphatic ulcohols as they are dissociated by the

addition of benzene, !
The polarization curves constructed from these

data show maxima, practically without exception, the

position und magnitude of which vary in & regular

manner from aleohol to aleoliol. These inflections

have been explained by Debye (Handbuch der Radiologiq.
Leipzig, 1925, 8, 597) on the supposition that in mdh

\
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fuolutlona an equilibrium ocours between the single

Imnleoulus of aleohol and twe types of .alcohol complexes,
one of which is less highly polarised thuan the 1ndiv:1na1
molecule and the other more s0. The less polarx aompiax
is supposed to be favoured at high concentrations, and
on dilution this is replaced by the more polar type E
until finally the alcohol breaks down completely into!

;slngla melecules, This aifords & plausible explanat4on
' of the maxima frequently found in the polurization-
:dilntlon curves of alcohols, Although no polarization
data are available for sec«/[ -octyl aleohol, there is

thus reason to believe that the rotution-dilution |
|

:haxano (p. = } also reflect the true nature of the |

| graphs now obtained for this compound in benzene or

i3 progressively diluted with the non-polar solvent.
Arguing from the behaviour of the alcohol in the
presence of polar solvents, it seems probable that th

inmxima in the rotation curves correspond to maximum
|

ivaluea of the polarization. ,
| Rule and McLean (loc. eit., and unpublished results)
|

|
'poiariaation changes taking place in the alconhol as i}
|
|

have measured the rotatory powers of { -menthyl methyl‘
naphthalate when dissolved in alcohol-hydrocarbon ‘

inixtnrea such as were investigated by Lange, and have |
| been able to show that the presence of maxima in the |
|

polarization of the alcohol leads to corrcsponding
minima in the rotatory power. In these cases also &




|
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i
i
|
|
|
|

' greater inflection was observed in hexane than in benzene,

!thns providing a further parallel with octyl aleohol. |

|
| TABLE III

|

|

i
| solvent | ms/00 go.| aales | [ “"u.._M.
CClg 3490 # 0-97¢ | +17.5° 0 |
08, 4+00 0-985 16:9 0
Cellyq 4+00 076 13.7 0 i
Homogeneous 1473 13.1 e I
CH X 3+ 99 0-66 11-9 1+68 I
OH 40H 400 0+58 9.9 1.64 I
Ol 4CO0H 4+00 0-52 0+3(8)] 0.78 :
CH 4CHO 4-01 062 Be 3 27|
CH 4N 3+99 0-46 8.3 3.05 |
CHaC1, 4:00 0-22 3+ 9(5) 1-61
CHC1, 4900 021 3.8 1-10
CH 4N04 401 - 0+02 - 0+35 378
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|
(v) Benzene Type. i

Solvent |gms/100 cc. c.::.l ] :2.,, M 1015*.3.'#.
Cellgl 400 + 184° | 42746 1+ 50 i
el gBr 3+99 1.19 216 1.5
Cells 3-99 1.11 200 <0 |
CeHgll 4:00 1.07 19.2 152 |
CeHyClg 4400 1406 19.1 05 j
CeHgO0H 3099 1.03 18+6 2025 |

b=-CgilyCly 4400 103 1846 2024
0 ¢l ¢ CHO 4+01 0.93 16+7 2:7%
CollCN 4:01 0-86 16+4 3485
Homogeneous 12.28 10-986 - |
ColighOy 401 0460 10+8 390 |
| |

19
| dg = 08076 (Kenyon and lMcNicol J.0.S5., 1923, 123, #6).
| - }
| From the results of molecular wuight-meauuramqnta‘

it is usually supposed that ethers huve little tanden#y

|

| to exhibit molecular association. If we assume that!

the meghanism of solvent influence ocutlined in the cage

| of ootyl aleohol is valid also in this instance, it i
somewhat surprising that the range of wolecular rotations
'in the above tubles is so wide. The ether linkage ‘t+

'not very highly polar, but it may be that although ether
molecules show little tendency to assogiate with timmlelvaa
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|
|

|

|

‘they may do so to a greater extent with more highly
‘polar molecules.

! An examination of the tables shows that among
ianph.-ztln solvents there ia a good agreement ﬁetwon
!rotatory‘ power and polarity of solvent. As in the
‘case of octyl aleohol, the non-polar liquids carion
‘tetrachloride, carbon disulphide and hexane give high
irotu.tiona. while acetaldehyde, acetonitrile and |
:nltmomno which are o trongly polar, yield solutions
of low activity., The inversion of sign in nitromethane
iia noteworthy.

|

Among aromatic solvents the agreement would be |
‘equally good except for the displacement of the tiwree |
halides, all of which give unusually high values. In
this renpecf; it will be observed that the ilodo-compound

'is more abnormal than the bromow-, and this is more so

‘than the chloro-compound. This arrangement is in the
im order as that representing the magnitudes of the
‘residual valencies of the halogen atoms, From these

:conaiderutions it may be sugpested that a tendency exists
‘towards some kind of chemical union between the etherf

‘and the halides, such as thut commonly assumed
%(?lmlimerf, Ber., 1904, 37, 4534) in the first stage
of the formation of a Grignurd reagent.

' Ry,
‘ RoO=Ri~+RI —> R;°\1 |
It 18 harily to be expected that a fundamentul change
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of this nature would allow a solution of océyl ether
in & halide to exhibit e norumsl rotation. A similar
explanation would hold for methyl iodide, although the
positions of the more highly substituted methylene
chloride and chloroform cannot be explsined in this

way. It may ve noted, however, that these last two

solvents are displaced in the same manner when octyl

alcohol i® the optiecally active sﬁbatance.

TABLE 1IV.

1n each case t=20° _f= 2 dus.
f = uole fraction of cl-sec-3 ~octyl methyl ether.

gmq}loo cc. 4 ‘*2:61 [gﬁiez
4, 002 0. 036 + 0.76 +13. 7
15. 44 Q¢ 146 2. 94 13 7
30. 66 0310 5,82 13.7
65370 Qs 601 10.18 13. 65
69, 36 0, 845 15 04 134 65
Homogeneous - 14.81 15 20

The polarization of diethyl ether as determined
by Debye remains practically constant when the ether

is diluted with benzene, the polarization-oonocntrnti&n
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diagram being a straight line. In a manner similar o

|

that employed for the aleohols (p = )» Hule and f
Melean (J.CeB8s, 19351, 674) obtained a diagram showing
the change in the rotatory power of menthyl methyl E
navhthalate gaused by ether when it was progresaivclyi
diluted with benzene. This also takes the form of ai
straight line making a small angle with the horizontai
axis, It ie therefore not surprising that on diluting
d-sec-B -octyl methyl ether with hexane, there is ver&
little change in the molecular rotation. Judgihg

from the rotation found for the benzene solution, ‘
(e = 4), dilution with this solvent produces a somewhat
larger alteration. A difference in this direction 1L
in agreement with the results of molecular weight
determinations, which show that benzene is more
effective in separating the molecules of an associated
solute than are saturated aliphatic hydrocarbons.
Appardntly the proximity of the weakly polar ether
molecules to ome another has quite a definite influence

on the rotatory power slthough they may not undergo

association to any great extent. The actual direetiqn
of the optical change with increasing concentration [
corresponds to that which would be expected from the i
influence of an added polar solvent, both leading |

to a diminished rotation.




Solvent |gms/100 ce. d:: ot (2] :: o fix 10" " 00 . 14
CHgCN 4,99 + 5,88 +87.7 3406
CH4OH 4,95 3479 56e 5 1. 64
CHgNOg 5. 04 3479 556 9 3,78
CH3 COOH Be 00 3671 556 0 0a 76
Collaa 4,97 3.67(6)| 54e8 0
relohexane| 5.04 e 66 544 0 0
Homogeneous 624 36 b3e O -
CHaClp 5o 04 3.61(5)| 533 e T
CHCl, B, 01 3.65(8)| 527 .10
CClg 8. 01 3¢ 85 524 6 0
GHsI 4. 99 B4 36(5) 5041 1. 66
CSg 4,97 3.23(5)| 4841 0

(b) Benzene Type.

CeligCH [ 8e 01 + 3.70(5) 58,0 5.80
Homogeneous « 62.,36 53¢ 6 -
CeligiOg 4 99 de 56 $2e 8 3 90
CoHgCHO 8,01 Se 48 8l € ce 74
0+CelyCly B¢ 00 de 38 49¢ 6 Se 24
CeligCl 4e 98 Je 29 49¢1 1. 52
CeHgor 4,98 3.23(5) 48, 5 1, 50
CpligOCHg 44 99 3¢ 20 47,6 1. 256
ColigCHg 40 98 Je 10 4€. 2 Oe &
Celia 4e 97 3¢ 08 5; 46,1 o
Celisgl 4e 99 3¢ 09(5 4640 1 50

d = 0,866 lcKenzie and Tudhope,(J. Biol. Chem. ,1924, 6%, 651)
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Among aliphatic solvents there appears to be a

!tendonoy for the strongly polar solvenis, ©.3. aceto=
nitrile and nitromethane to yield solutions of the
highest rotatory power, and for the less polar and

non-polar media such as chloroform, carbon tetrachloride

and carbon disulphide to give lower values. The polrr
influence is however. irregular and the hydrocarbons i

hexane and c¢yclohexane occupy positions in the middle|
of the table. |
A more definite relationship may be noted among
the aromatic solvents, for which the agreement is
excellent, apart froum & small displacement of iodobengene.
A striking point about chloro-octane ie that it

diiffers completely from other octyl derivatives

previously discussed, in that the presence of highly
polar solvents raises the rotatory power instead of
diminishing it. The direction of this change may have

& bearing on the question &s to whether the dextro-

Jrotatory halide is directly related to the d- or the
£Le-aleohol, a problem which has been examined by a |

number of investigators, ineluding Levene (J. Biol.Ch;uh.
1924, §9, 473) and in considerable deteil by Kenyon and
his co-workers (Houssa, Xenyon and Phillips, JeCeSs,
‘1929. 1700:¢ Kenyon, Tipsecomb and Phillips, J«CeS.,
1930. 418: Houssa and Phillips, J.CeSe, 1932, 108).
This point will be referred to agasin in the conclusion
of this thesis, An almost identical solvent effect




|
is found in the case of d-bromo-octane, as may be seen

from the following table.

TABLE VI

Solvent m-/e 100 ees [ X :: ; a @ﬁ] ::, 3 ux 10*2. Be Ue
CHyCH B¢ 00 + 8,92 | +85.8 34 08
CH,0H 5e 02 8. 85 85 0 1. 64
CE4NOg 4e 99 8e 59 82,9 3478

CHg COOH Be 00 8.58 | 82,7 1.4
Oollis ' B. 02 B.38 | 80,5 0
Homogeneous| (L= 2) 88,93 7867 -
Cyclohexane 5e 00 86O | 773 0

CECl, 5e 00 Bs0R | 7743 1. 10 ]'
eCl, Be 00 7496 | 7647 0

CHgI 4099 TeT2 | T4e4(5) 1. 66
CSg Be 00 7464 | 72.7(5) 0

d ® 1.090 (Plckard and Kenyon, Jo.CeSe, 1911, 99, 69).
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(o) Bensene Type Y= 2 dms.

Solvent wmo ad.| gaus [!E]::“ fux 10" €4 80 ue

Homogeneous +886 93 +78. 7 | -

C ¢l gON 8s00 4408 784 7 3485

ColighOg 44 99 4402 7746 5490 |

C ¢HyCHO Be 01 3496 7642 274 |
0-C gl Clg B 01 3¢ 80 73¢1 2424 |

CelgCl Be 00 3677 7248 .62 |

CoH gBr 5,08 | 3.72 71,6 14 50

CeHgOCHg 4e 99 3.69(5) 71.45 le 25

C il ClHy Be 00 3¢ 62 69, 8 0u 5

OCellg 5,01 3¢ 61 €9, & 0

Cellpl 4699 34 60 €94 5 1. 50
8=Cglg (Clig)g | 498 3.58 694 3 0

di = 1.000 (Plekard and Kemyon, JoCeBes 1911, 99, 69).

The arrangement in the foregoing tables diffcra;
i

little from that given under chloro-cctane. The
influence of aromatic solvents is in excellent agrecment
with their polar properties, and non-polar solvents
again give rotations of the lowest magnitudes. In this
case an ddditional solvent, mesitylene, wus examined,
and gave a slightly lower value than benszene or iodo-

benzene,
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|
!
|
| in eagh case t=2°  _{= 2 dns.
|
! f = lole fraction of d-Z-chloro-octane.
{a) 1in _Hexane.
W 20 20
21u8/100 cc. £ K g4 01 (] seea
Se B4 2 Qs 030 + 2.94 A *6le 6
€e 922 0w 059 Ba 72 { 6led
13, 00 Ou 159 144 80 61e 07
264 55 Qe 242 2le 64 604 51
54485 0e 326 28e 44 GOe €0
45, 43 Qe 444 37.11(5) 60s 66
50, 87 0e 506 _| 41.45 60, 63
6703 0 717 65le 94 60 50
756 80 De 829 €le 35 6Q0¢ 10
Homo geneous i 7000 60e 04
(b)  in Bengene. !
Be 090 0, 031 + 3.24 *47e3 |
12.756 0e 085 84 28 48, 2
19,99 O 138 134 06 484 49
3314 Os 242 22419 4971
4 6. 09 e HE9 3. 58 850, 82 _
z
65e 00 Qe 473 38419 51. 50
6786 Qe 662 48, 54 53¢ 10
| Homogeneous Gée B7 50. 38

|
d = 0,886 iacKenzie and Tudhope (J.5iol.Chem. .192%,_@_&. 551)
|
|
|
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A8 was stated on page s these dilution
measurements vere made in a 4 dms, tube, which was
unjecketed and had a narrow bore. The operations,
except that of weighing, were all carried out ina |

constant-temperature room meintained at 20° (+ 101.

The ootyl halides, however, are veﬁy sensitive to temper-
Iature changes and for this reason the points on the |
| graph representing the dilution of chloro-ocotane with
}hexane do not lie guite evenly on the smoothed curve.
:Thore appeari to be no doubt that a decreasing

iconeeﬁtration in hexsne results in a very small rise,

 amounting to only about 2° on the molecular rotation,

;whareaa & much more definite changa in the opposite
;direetion is produced by the use of benzene. it ;

we assume that the lattler chanze is the normal one, L

it may be coneluded that an inecreasing degrec¢ of assoeiation
in this solvent leads to & rise in rotatory power, i

f.es to & change.in the same sense as that brought !

about by association with other polar molecules. Th+
maximum range of rotation observed in cach of these |
‘last two cases amounts to about nine degrecs.

Eith reference to the unexpected direction of

| these optical changes, it is of interest to note that
Smyth end hogers (Rog CeSes, 1930, g5, 2827) have
examined the polarization of n-heptyl bromide in heptane,
and find it to be represented by a smooth curve which

slowly but ataadily'falla a8 the conceniration is
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polar molecules, and does not sugyest any reason for;

increased, This is the usual behaviour of simple

the ovserved optical propertiecs.

e e -

Owing to the very small yields obtained of the
nitro-compound it was decided to examine the change in
rotatory power on dilution with hexane esnd denzene !
respectively and thereafter to investigete the i
influence of as many other solvents as was possible |
with the material available. The compound had to bJ

recovered several times and there remained only

sufficient material to examine three solutions,

TABLE VIII

In _cach case. t=20° L= 2 das,

f = Mole fraction of L-2-nitro-octane. i

{(a) In Hexane.

gu8/100 oce 4 0(:: 61 [ﬁ: 61
Se 994 0e 033 - 1,33 ~26e 45
17.98 Oe 152 e 90 20e 30l
27 27 0. 237 Je 03 26e 53
850,07 De 467 16 63 266 40
Homogeneous 306 386 26e 18
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 (¥)  1n Senzene. |
[
! gma; 100 ce. £ °<:: s [33:2 ex :
50 998 0 023 - 156 | «31,08
9 346 0s 055 34 48 294 61 |
154 80 Oe 095 Be 67 28, 53 |
| 534 71 Oe 420 184 35 27416
Homogeneous - 3506 83 26 68
|

The curves obtained by plotting the values of
the rotatory powers in hexane and in benzene ageinst |
the mole fraction of L-Z-nitro-oetane present in
solution afo very different in shape. Uitro-compounds

are knowvn to dissociete in such a manner as to reduge

'ths polarization, but once agein hexane does not appenr
r

able to break up the complexes to any appreciuble

extent even in dilute s2lutions Although it caunot

be said whether cowplete discociation is attained,

benzene certainly does tend to dissociate the aggragaken

|
' into single molecules, the change being accompunied b#

& rapid rise in rotation in dilute solutions, It

appears that a fairly large proportion of benzene is
iraquired before much discociation is perceptible, but
| once that stage has been reached the agiregates break
!down with great rapidity. From the polarization

éoxperiﬁnnts of Debye, and the rotation experiments of
| Rule and Melean, very similar graphs have been deduced




for the dilution of nitrobenzene with benzene. (fig.

page ).
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TABLE 11X

Hotatory Power gf»éwz-ﬂlgrg-ggggge in a few Typical

Solvents., I
inesgh case t=20° L= 2 dus. |
c o 20 1@ hL
Solvent gma/lool cCe 54 61 [.i] saer | Alx 10 e. 8]
Cc aﬂaﬁcns 4,01 - 179 ~50e & 1. 25
CeligCl 4,01 1. 59 31e & 1. 528
Cealig Se 99 1.56 3le1 ¥
CQHB;\‘GOQ 4, 00 10 57 27. = Je 90 |
Celly g Se 99 1. 35 <o 9 0
Homogeneous = 3085 26e 7 = i

20
d’o = 09824 (Shriner and Young. JOA-OC.S.. 133U. ﬁav

33356 ).

These results which at first sight ssem very

irregular, may ve explained in terus of the varying

degrees of association of the nitro-octane molecules

with one snother and with the solute,

dilution curve for ovenzene (page =
deduced that the rotatory vnower of nitro-octane, in
the form of single molecules is considersbly greater
~than 30-40°.

lowered by elecirical association beiween the highly

In the homogeneous state this value is

polar nitro-groups.

As is to be expected, little

From the

) it may ve
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change is produced by the addition of nit:io-benzene,

| the volarity of which is very similsr to that of the
| metive solute. In this medium essocimtion will take
place between solute and solvent, but this evidently
has the same effect on the rotation as association
between the active molecules. An excess of o weakly
polar solvent like snisole may be expected to dinaociLtc
the nitro-octane comploxes'more or les:y completely,
but will not allow the rotation to rise to ite meximum

value, owing to the depressive influence of mssociation

between the nitro-group and the methoxy-group in the
anisocle moieeule. An excess of chloro-benzene operates
in the same way, but being relatively more polar than
anisole the deﬁreaaion in this csce is greazter and th
observed rotation loiar. On this view benzene and to
a 8till more noticesble degree hexane fail to effect
ioompletc disruntion of the sol.te complexes, indicating
that the individusl molecules of nitro-octune should |
exhibit & very high rotatory power. These considerations

are further supported by molecular weight determinations

which have been recorded in the literature for nitro-
iderivativea dissolved in various solvenis, €. g
Initroothuno in 34 sclution in cyclohexane shows a
molecular weight of 13¢ instesd of 76 as required by
the formula (darscurelli snd senati, Gazzetta, 1911,
4la, 642) while nitropropsne in 4% solution in benzene
| shows & molecular weight of 94 insteud of 89 (Amvers

Zeit, Dh}m- Chem, , 1893, E’ 659)0




as required by the formula. Again from polarizatipn

| in ether solution. In order to test this point it

7L

-QA ~n= 1) Q
It 48 well known that carboxylic aecids exhioit
the phenomenon of molecular zssocistion to & remasrkable
extent, Lven in dilute solution in non-polar solvenis
and in the vaporous state at ordinary pressure thie

association persists, For exsmple, imvers (loc.ecit.)

found that the measured molecular weight of n-capryli

acid in a 2§ benzene solution wase 247 insteud of 144

measurements of acetic wcid (K. 4. Wolf and co-workerp,
Phys. 2Zeit., 1930, 31, =27) in very dilﬁte solution in
non=-polar aoliaggy. the calculated value of the dipole
moments is O.74) wheress the same meusurements when
made in dilute ether solution gave Al= 1,4 x 15‘.¢.a.u.
(6myth and Rogers, J.isCeS., 1930, §2, 1824). The
value of the dipole moment of zcetic acid fronm
polarization measurements in the veaoour state at very
low presvuree is wlso ls4¢ (Zshn. unpublished) hence

the probability ie that this is the true value ior the

unassoclated weolecule. It may have been considerations

' such as theve whick led Levene to conclude that optically

active onrvoxylic acids exhibit their maximum rotations

wae decided to carry out solution mesmsurements in ether
a8 well as in hexane and benzene, The results of these
experiments led to a further extension in which the

rexnasinder of the ucid wss diluted with scetone.
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f = Mdole fraction of ol -m-butyl-propionic aecid.

(s) In Hexane,
gms;md eCe b 4 0(::5; Eﬂi: ea |
54 000 Qe 045 + 2,34 +33¢ 7
Be 898 0e 079 4016 53 6 |
18, 79 0e 173 Be73 338 |
35497 O 344 16. 42 52485
55487 O 536 2446 524 69
696 51 26719 314 32 524 44
Homogeneous 40, 87 3% 17
(b)  1n Senzene. |
e 098 0e 013 + 1,03 +355¢ 3 }
4 948 0s 031 2443 abee |
10, 56 e 068 e 12 3449 |
18, 07 Oe 122 8s 67 54¢ 5
274 65 0e 196 15 09 54 07
374 64 e 283 174 66 33478
53¢ 70 Oe 447 24.72 3316 |
71, 20 Os 667 32 29 32,65 |
Homogeneous . 40,87 S&e 14
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(el 1o Ethex.
smn;’ 100 cc.  § 0&:: 81 E&]:: 61 J

Be 004 0s 025 + 239 +334 3

11016 0s 053 5¢ 31 344 3

144 59 00 072 7404 3407

18, 02 s 094 8479 3501

274 5 00 247 13,23 Bde 96

36, 94 Ou 207 17453 344 70

50s 62 T0 334 23, 59 336 56

Homgomous P 406 87 54 16

(d) 1n_Agetone.

4, 928 0s 026 + 2,50(6) +3Ge 6

8. 992 De 048 4 54 56e 4
106 30 0s 0868 Se 19 SCe &
e 6O O 132 11,256 S5« 75
S4e 46 Je 217 16685 30e 21
566 09 Oe 412 £6e 18 34421
674 42 De 566 51448 534 61
liomogeneous - 40,87 Sie 15

d:Q = 4 910. |

The diagrems obtsined by plotting the nxperimenllal
data in the usual way Jjustify expectations to a

certain extent, but some unexpeected points arise. ;



|
i 75

i |
|

'Thus with hexane as solvent, the curve is almost a
Jatraight line, rising slightly at high dilution. There

is evidently very little breaking down of the association

|complexes in this case. In benzene solution the

diésociation appears to be rather more pronounced and the

rotation apparently reaches a maximum value at great |
dilution. (The experimental error at this stage is large
but the positions of the points were verified by

repetition). It is doubtful however if this maximum
|

value corresponds to the rotatory power of the indiviiual

acid molecules, since under these conditions the molecular

|
weight determinations still give about double the normal

figure. From the general shape of the curves one may

‘conclude, however, that the rotation of the acid is lower
!in the associated state. On diluting with ether the

'rotation varies in almost exactly the same way as for

benzene over the greater part of the scale, and then rises

to a maximum, after which it falls rapidly. The

increased values observed down to O0+1 mole fraction a?pear to
be due to the greater dissociating power of the medium as
compared with hexane or benzene, resulting in a gradual

disruption of the acid-acid complexes and replacement |

by acid-ether complexes of a higher rotation. Judging
?from the normal molecular weights given by carboxylic‘
acids up to moderate concentration in ether solution
(cf. Turner, Molecular Association, p. 130) it must be

assumed that this replacement is nearly complete,

although no explanation can be given for the sudden fahl
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below Ol mole frec tion, The strougly polsr aclvent

agetone gives & swmooth curve which lies above those of

hexane, benzene and ether, This may be a normml effect,

in which case the solvents on the whole fall intc the ;

order of their polarities. On the other hand it might

have been expected that a highly polar solvent would
: |
depress the rotation as coupared with ether. In the

case of cotyl slcohol dissolved in benzaldenhyde (p. =

an abnorzally high rotation was observed, which it is
|
suggested is cuused by co-ordination between the keto- |

|
and hydroxy-groupings. A similaer co-ordination botwe&n

acetone and the hydroxyl group of the acid might be
expected a highly metive solution in the present exampl
Without further evidence it is difficult to draw more

definite conclusions from these results.

BETEHG,

TABLE

L&
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TABLE XI

[
| 40 egeh case t = 20° L= 2 dne,
1'
|

() - - te.

Golvent mf’ 100 cc. 0(:2 61 @i]:: e |Jx J.Oi :. Se La.
Cyeclohexane 4e 01 +* G774 +84. 9 0 :
Homogeneous (L= 1) 51616 8l & - !
8=Cells (CHg)s| 4403 2,49 | 7645 0

Cele 4400 24 29 711 0
CoHgCH, 4402 2, 31 TLO | 08 |
CelsOCHs 4405 24 27 690 7 .26 |
CeHpliOg 4601 24 07 6349 390 |
CeligCl 5498 1,960 6140 leb2
CeHpir 3¢ 99 1495 604 0 .60 |
0=CoHaClp 4. 00 1.84(5) 67.2 Ze24 |
CelisCH 4e 01 1.85(8) 56.8 3.86
CoHgCHO 4000 1, 88 56 4 2 74
CeHpl 4401 1.72 Bae b 150
d:o_ 0. 95622 (Rule, Hay, Numbers and Paterson, J.Cs8s ;.
1928, 176). |
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(%) _Ls -m= toluste.

© 20 20 18 '
Solvent gas/100 ece Xsaes [4_3] saea| AX 10 2e 8. P.
Homogeneous [ L= 1) 42, 63 | =111.4 |
CeligOCHy 4:00 5. 45 1064 9 186 |
Cyelohexane 3499 3¢ 36 10401 0 ‘
C el aCHg 44 00 3. 27 101 5 0e B |
0 ol gli0g 4,00 3416 979 3s 90
Celle 4.00 3 09 9be 8 0
CeligCl 4401 3¢ 00 9o 7 1. 52 |
Celighr 30 96 2,96 919 1,60 |
C ol gCHO Be 99 2 90 90. 1 Be74 |
CellgCN 4 00 2487 8940 3088 |
Celisl 4,00 2¢ 87 89 0 1. 50 ‘
0=CeligClyp 4. 01 £e 85 8841 Bed | I
' |
di% 0,9492 Kule Hay, Numbers and Paterson (locs it ).
|
(e) L= D= ‘
Homo geneous wD4e 36 =182 B -
C el s0CH 40 03 3485 118, 3 .80 |
:~CgHgCHy 4,01 3,76 116, 2 0u b ‘
8=Cqlig (CHy ) g 4. 02 3¢ 76 1158 0 |
Cyelohexane 4e 04 Se 77 1146 7 0
Cellg 40 00 3¢ 08 1119 ) ‘
CelgCl Be 99 B¢ 87 1044 7 62 |
C HgBr 46 02 B¢ 39 104e 5 180 |
Colipl 44 00 3¢ 30 108 4 .60 |
C i CHO 44 00 3¢ 26 10143 1.74 |
CeligON Be 99 3¢ 20 P90 3 5486 |
Celiphily 4e 02 5418 984 9 3,90 |
0~ CaligCly 4e 08 3¢17 977 Lo 24
|
|

. ’;a f a I
d;% 0,9492 Rule Hay, bBumbere and Paterson (loc. ecit. ).
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[Joeos

Solvent mo; 100 ece, o(:: P UE 1O @4 Be U

| Homosomaucl - ~Z8, 88 ~58¢ & -
ColigChia 3099 1.04 344 0 b

i CeligOCHg 44 00 0 97 524 0 1. 28

‘ Cellg 4s 02 0« 90 29 6 0

| celtsc2 4400 0s 79 26¢ 1 1. 62
Celphir 4o O Os 76 240 8 1¢ 50
CelighiOg 4o 02 Os 67 £24 0 3490
CellgON 44 00 Do 64 2l.1 e 85 |

| 0=CaligCly e 00 Ou 59 19:1 Ze 24

| celgz 40 02 Oe 67 16 7 1. 50
C oH 5 CHO 42 01 Qe B5 18,1 2o 74

20
dg = 1,000

(hulﬁ and Numbers J, Ce Se » 1936. 211&).
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¢ 80 20 18
Solvent gu8/100 ocs [Lpar: | [Hlsees| fx 20 esetpe
ilomo geneocus ,(,2- 1) 4Ze 15 | «111s4d -
CeligOCH, 401 3617 104e 4 1, 25
Cyelohexune 4. 01 Se 08 1014 & Q
CeligCHiy 30 99 2,98 98s 4 Oe &
Celighiog 44 00 2478 9240 e 90 |
Celig 4 00 277 9le 4 ) |
CeHsCl Be 99 272 90s 0 1 B2 |
C oligBr 3499 24 69 8940 260
CeligCHO 44 00 2o 68 Bbe 4 Ze 74 |
C ol sCH 4s 00 2o 67 86e 1 3485 |
0-CgHaClg 4,00 Ze 66 87.8 e 84 !
Celigl 4. 00 Z4 63 85.5 .80 |
|
204 s : i
d; = 0,9959. Rule and Bumbers (loce.eit.). i
(e) -L=u¢ |
Homogeneous (L= 1) «5le 37 | <13644 -
Celia0CH; 5099 4606 | 13402 10 25
Celigliiy 4¢ OO0 Se ¥l 12849 Je O
8~Cglly (Clig)g 4. 01 Se 87 129, 2 Os &
Colls 44 00 3480 | 12546 0
Cyelohezane 44 00 3478 | 124e9 0
Celighr 4e 00 3466 | 1171 1. 60
Celigll 44 00 3485 | 11740 1 52
Celpl 4s 02 383 | 1i6w0 14 50
C gHigCHO 44 00 3044 | 21344 2e74
CeligCN Be 00 539 | 111.9 3 85 ;
C ¢l gN0g 399 3633 | 11043 3¢ 90
0=CeligClp 46 00 3423 | 10760 e 24 "
|
dg = 00,9940 (kKule and Numbers loc. cit.).




These esters were examined in order to determine

determinations were confined to the Lenzene series of

3 In every case there ie a genersl tendency for

' ®olvents of low polarity to hesd the list with the

[hlghoat values of the rotatory powsr, Strongly polar

whether the solvent influences were of a regular nature,
and if so, the direction in which they meved. Ag ther

was only o limited quantity of esnch ester uvailuble, the

' solvents, as being likely to yield more definite result

©

B

in particular, there are & number of ainor displacemen

anisole and nitrobenzene usually giving higher vulues
| in the para series, although anisole again behaves
somewhat abunormally. The maximum range of the

from the ortho to the meta and pusra derivutives,

probably vecause in neither of the esters under

TUxamination does the ortho substituent possess a high

| pﬁllri tyu
|

bottom of the tables. Among the ortho and meta 1som311de-

' than corresvond to their pelar charceter and fodobensene

observed rotations does mot differ materislly on pussing

liguide in the same way tend to occupy vositiocns at thﬁ

|

g,

in general giving & lower value. The ugreement is vetlter




' dipole moments of the solvents employed. kLxgcept for
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CONCLUBION AND BUUMARY.

The present work extends the investigations of
rule and Melean to inolude examples of simple optlcallL
aotive compounds related to see-S-ocotyl aleohol ,most 5
of which contain only one definitely polar group in thL
molecule, Among the substances studied are the
hydroxy, methoxy, chloro-and bromo-derivatives, the
nitro-compound, and & carboxylic acid (nmot directly
related to octyl alecohol). in addition, the behaviour
of the more complex o-, m~ and p= mntnosy:bonieiﬁ and -
o~-, m= and p-toluic esters has been examined.

In practically every cuse the evidence showe that)
when series of related solvents are coupared, there is
a well merked tendency for the rotutciy powers of the

solutions to arrange themeelves in the order of the

the octyl halides, the bhighest values of the molegular
rotations were observed in mome-polar liquide or those
of low polarity, In the majority of examples the
regularity of the ag.eement is disturbed by minorxr
displaceaents, For exauple, iodobenzene freguently
gives sbnormsal values, which may be traced to the high

residual valency of the iodine atome In the case of
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ootyl aleokol the rotautory powers in benz:ldehyde and

nitrobenzene occupied an umexpectedly high poeition'tn_

the table, probasbly because these solvents become co- |
ordinated with the hydroxylie solute. Again .the
irregularities observed in the case of mnitro-octane

be explained on the basls of verying degree of association
of the strongly polar nitro-compound with itself or with
a polar solvent. It is obvious that a reguler polsar
influence of the kind under examination can only be

readily discerned provided (a) that optically active
solute is itself more or less completely dissocecimted |

in the solvents under goneideration, and (b) that the !
process of dipole-sssociation between solute and aolva+t
is not disturbed by a more intimate type of chemical
union.

It is interecting to note that the rotatory power
| of oetyl aleonol on continuoue dilution with hexaene
exhibiss mexine and minime similar to those which have
been observed Ly lLange in the polarization of aleohols

] (®e 2 isoamyl sleshol) when they are treated in the same
!vaam Dilution experiments wci%fﬁ;rrtoﬁ out with ootyl
ether, ehlprewootana, nitro~octene and A -n-butyl-
| propionic acid. These coupounds sll gave regular curves
except the a¢id when dissolved in ether, for which a
moximunm wes found.

in all these cases the direction of the optical
chenge with incressing concentration in bLenzene of

lhexano confirmed the conclusions drawn frem the behaviour
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of polar solvents,. The results indicate that a
modification in the sswe sense ie produced by association,
irrespective of whether this occurs Letween the molecules
of the active solute, or between the solute und an added

polar solvent.

The oetyl halides differed in &« surprieing way from

| the remaining octyl derivatives, as their rotatory powers
Lwera found to rise, either with inereansing concentrution
in benzene or with increusing polarity of the solvent.

i1t is interesting to consider whether these facte thre
|nny light on the family relationships existing bet-.wcenh

the halides and the aleobol from which they are preparéd.
Levene has concluded that the dextrorotatory sleohol,
is genetically related to the lsevorotatory halide.

and bases his ressoning om the supposed similarity of |

the fellowing nelar changes, both of which he states
bring about an inversion of sign.

—9H — -So.H . -OH —> —C}.
Ho Walden inversion can take pluce in the firet of these,
and therefore it is sscumed that none occurs during the
second. '

Kenyon and his co-~workers have made a detalled
exsmination of the conditione under which the dextro-
alcohol may be converted into the d- and C-halides
respectively, as a result of which they conclude that
the d-aleohol ie spetislly related to the d-halide,

In considering the changes undergone by the oetyl

| derivatives, we msy sessume for the moment that the
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aloohol is related to the halide of oprosite sign. it

will then be found that on comparing the vurious

derivativee prepared from the dextrorotutory aleokol,
the direction of the change is in every cwuse towards &
disinishing dextrorotation (or, what amounte to the same
thing an increzsing lsevorotation) as the polarity of
the solvent becomes grester, Two compounds situated
on the border line between dextro- and lsevo-rotations
are d-ootyl methyl ether, which ie lmevorotatory in
nitromethene solution, and d=octylacetate (examined by
Pickard and Lenyon, Je¢CeSe., 1914, 138, 881t and Kule
and Mditchell, J.Cefe, 1926, 189, 5208) which is laevo-

rotatory in all the ercmatic solvents employed. Tue

latter compound is regarded by Pickard snd isenyon se |
l
belonging to the d-series but resembles the halides 1nf

yielding more leevorotatory solutions in asromatic solvents

of high nolarity,. In the corresp»onding cause of

|
d=amyl aleohol there is no possibility of a Walden

Iinversion. and there is a similar change-ot the sign
|of rotation on paesing from the sleohol to its halides
iand to the acutate, No solvent influence has yet
!been determined for the amyl derivatives, but it is
Eposslblo that enexanination of the halides might be of
I'mm.’mtasmae in solving thies problem.

On this asssumption that the lacvo-helide belongs to
Fthe G-series the various simple derivatives under

‘examination fall into the following order us regards the




muzgnitudes of their rotatory powers: - nitro-octane,
octyl aleohol, oetyl methyl ether, chlore-octane,
bromo~occtane. This seguence of groupse

B0g > 0H > Oile > Cl > Br.

does not however correspond very closely to the polar

order, since the nitro group is the strongest clcctro~i
negative substituent snd the methoxyl group the weskest.
Although it appears that the evidence in this
thesis dealing with solvent 1nf1ucnoe}leads B0
support to the view that d-cctyl alookol is spatially |
related to the laevorotatory halides, it must be
concluded that our knowledge of volar influences is at
present too undeveloped to allow a definite decision to

be made.

In conclusion, I wish to stale my Indebtedness to

Dr. Hs Ge¢ Hule and to express my thanke for much

valuable advice and helnful criticism during the ocuraé
|

of this investigation.




