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INTRODUGTION

Optieal activity, the property of rotating plane
polarized light, has been investigated for one bundred and
twenty~-four yesrs. Arago was the first to observe the
| yhenamanaa when he noticed the optical activity of quartz
crystals in 1811, siaaa that date a vast amount of work has
been done to add to our knowledge of this subject and to
establish a physical &ﬂa chemical explanation of this property
possessed by meny inorganic compounds and by thousands of
organic compounds.

Biot laid the foundation for subsequent work on optical
activity. In 1815, Biot and Seebeck {1} found that water
solutions of sucrose and tartaric acld were optically sctive.
This discovery inaugurated the many investigations on tartarie
acid and hundreds of sugar derivatives, The discovery in 1817
by Biot (2) that turpentine vapor was cepable of rotating plane
polarized light proved the gh@nnmﬁaeﬂ.was not dependent upon
a specific orilentation of molecules as is the case with
erystals possessing this property. In 1835 Blot (3) observed
that the rotatlion varied directly with the length of the
column of active substance through which the polarized light
‘passed and Iintroduced the idea of speeific rotation. For pure
liguid and gaseous optilcally sective compounds he defined the
speseific rotation by the following equation:

T = B



where o( iz the observed rotation, 4, the density of the
1iquid or gas, an& l; %h& length of active substance through
which the light ?335&&@ The specific rotation of a solutiea
or gasecus mixture is g&v&a by the fﬁllewing‘expiessian:

N L7 - e |
where o( is the observed ratati&n, ¢ 1s the aaﬁ@eﬁtratﬁan of
a@tive substanaa 1n~gr&&s per 100 ce. of saluxi&n, and 1 the
distance through whioh the 931&?13@& iight pesses, The
molecular rotation was defined by the fcllawiﬂg‘eguatien:

AL

where /o¢/ is the specific rotation and ¥ the molecular weight
of the optically sctive compound. 7These two concepts, that
is, specific and w@leau&ar rotatlons heve made 1t possible to
systematize rotation dsta and to aamyare'ratakienﬁ on a
rational basls. |

Biot (4) found in 1838 that, in the case of d-tartario
- aold salutians, there was & ﬁ@ﬁ@ﬁﬂﬁgns‘iﬁaraasé in rotation in
going from the long wavé lengths to the short wave lengths of
the visible spectrum. This ghaﬁamﬁnﬁn is known ss rotatory
dispersion and in the work of Blot is found the origin of the
term "normal dispersion”, by which a monotonous inecrease in
rotation with a decrease in wave length of the l1light source
is designated. Any other type of dispersion has been called
*anomalous disgeraiaa“.

About 1848 Pasteur began his classio work on tartaric

acid. He found that dbelow E?oﬂ the sodium smmonlum salt of
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raeamiertartarie acid was composed of arygtals which differed
in their erystelline structure, and he pointed out that the
‘ﬁwe types present wﬁﬁa optical aatiga&éa ¢r mirror images of
each other, Pasﬁaﬁf laﬁériausiy separated these orystals
under the miaraseéye‘ané learned that one type was dextro-
rotatory and the other tyge laevo-rotatory. This great work
led the way %o @ development of a method of resolving
optiecally ineotive racemic mixtures of basie or aecidic com~
pounds. Salts formed by the interaction of the dextro and
laevo forms of racemic mixtures and the same optically sctive
acid or bese have different solubilities so that it is
possible to separate the itwo salis by fractional cerystal-
lization. Pasteur discovered another method of resolving
optically active compounds when he found that in some instances
mierobrganisms asct selectlvely in thelr dissimilaﬁiga of
racemlie mixtures; that is to say, the llving organisms attack
one of the fﬂrﬁﬁ, dextro~ or laevo-rotatory, more rapidly than
they do the other form. This method is more restrieted and
more speoifie than the one baged on fractlonal erystallizstion
of salts, but it has the advantage of not belng restricted to
compounds having baslc or acidic properties.

LeBel (5) in 1874 and Van't Hoff (6) in 1875 developed
independently the concepi of the asymmetric carbon ﬁtnm and
its relaetion to optically active compounds. While this theory
has done much to direet investigation in the field of optical

activity and to give = & pileture of dexiro and laevo forms,
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1% 18 peither & sufficlent nor a negessary eriterion for
optisel activity and has uot explained the fundemental nsture
of the phenomemon. G&inse the work of lLeBel end Van't Horf,

biphenyl sompounds of the type,

8 @
o<
~ 1
and spirane ocompounds of the typs,
[

a2 D—iy A&
S K ! ‘r/
b>b*“\ WX

e’ Y
]

have beoen shown Lo be opticoally sevive, Slncs compounds of

‘these types do not contain asymmetric esrbon atoms it is
goneluded that the latter are not necessery lor optlesl
sotivity,

Correlestions between chemical eanatitu%iéﬂ and optisal
aotivity ocan heve very 1litle mesning unless there is a clesr
underssanding of tho physleal basly and signiflesnce of
opiical rotatory power. Such an undersianding lnvolves s
thorough knowledge of atonlioe snd molecsular structure and the
nsture of and laws governing 1lght. Although these iwo
subjects are not fully understood it is only by applying what
is known sbout thew thet real progress la the fleld of optloal
activity can be made.

Az marly as 1825 Fresnel {¥] polnted eﬁ% that optical
rotation may be considered as circular double refraction.
Plane polarized light may be consldered to be composed of
right-hand and left-head elrcular polarized light, the
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resultent of whose vecltors represents plene polarized light.
Those two eam@aaents of @laae palarized light may indeed be
aeparate& by virtue of the fact that their refractx?e 1&&&@@5,
n; and np, are different. Gottcm (8) has observed that there
is e ﬁiffaréﬁcﬂ in the Intensity of absorption of right- and
left-heanded rays. This phenomenon 1s known as oircular
dichroism or tn& ”“attaa effeot”. |

In 1915 Born (9)¢an& Ogseen (10) saggeated that resonators
are the cause of aptiﬁal activity. nll&wing thelr work,
Werner Kuhn (11) in 1929 gave a mathﬁmatiaal treatmant of
optical aetivity which shows tha& vibrating electric
oscillators, resonators, in molecules may cause circular
éiakraiaﬁ; which in turn is responsible for the rotation of
plane polarized 1ight.

As Fresnel {7) polnted out, optieal rotatory power mey
be considered as ciigular double refraotion. ‘if"ni and np be
 the refractive iﬂ&iaes‘far left-handed aaé?righﬁﬁh&ndeé
ciroular light of wave length A 450, the réﬁ&tian‘ﬁer centi-
meter will be: '45 . Iégz__{gl - n,) , ; (1)
A rotstion of 166 per centimeter corresponds to a double
refraction ny - np =~3&Q*& fﬂr‘yellaw ligkt; aaadréing to
gqa&tiaahﬁi}ian&"Elggqgg bééamas of the order of one
millionth, This ea&aéla%ian .led  EKuhn to stete that (12)
'”the double refrsction is extremely small and the optical
getivity is but & wvery small disturbance of ordinary

refraction”. He also concluded that "Optical activity is a
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phenomenon of light refraeﬁian and, we shall find, in anslogy
with the law of additivity in molecular refraction, that the
agtiéal rotation of & compound is the sum of contributions of.
the various sﬂbstitusnts;,ﬁr, msrﬁ‘aaﬁﬁrately,véf thelr
absorption bands® {12).

From the foregoing considerations 1t 1s ¢laar that the
ssymmetry of vibrating eleotric asaﬁil&ters in an opticsally
active molecule i& & more fundamental property than the
asymmetry of masses or structural groups. It waspolnted out
by Xubn (12) that & glven substituent brings iﬁ%é,the molecule
a certaein absorption frequency. ?his%@hsmrptioa band by
'itaelf g?sﬁgeea nalaptieai rotatory pé@er but it becomes
active by couplling with other bands y?asent»in the molecule.,
If sthere sre Lwo or sa?e active absorption bands in,a m@leeﬁle
the agtia&i‘aativity will be a 3ammatian of the contributions
of the several eau@lad electric mﬁmsaﬁa*

An sttempt to determine the amount snd direction of
rotation from the molecular atraaturs{af the active molecule
was made simuliameously by Ph. A, Géye {13} and Crum Browa
(14) in 18920. The problem waa‘haﬁélad‘in.datail by Guye in
e series of papers (15) published from 1891 to 1895. The
hypothesis was summarized by Guye (16) in 1893. In his
treatment, the seaaail@& product of asymmeiry depends aﬁly .
on the masses of the four groups attached to the asymmstris
carbon atom. Thus 1if a, a; e, ané‘ﬁ are the fﬂrmuia weights

of the groups, then P, the product of ssymmetry which is a
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measure of the amount of the rotation and its sign, is given

by the following axprassiaaz
P = {e-bj{a~c){a-d}{b-c}{b-d){o~

4
{a+D+oei ‘

;K .
in which K is a characteristic constant. Thus if any two
groups are the same, two Of the formula weights will be the .
same and P beocomes zero. Also if om§intaraha§gsrany two of
the formula weights & reversal of éign for P is produced.
Such a change corresponds to the conversion e% a right~
rotating form of an aétivazmgleﬁaia to the left-rotating form.

Experimﬁntalﬂrasalﬁs in sé@@ homologous series appeared
at first to confirm Gﬁ?&*s hypothesis but‘latér work has
- shown that there are many ﬁiserepanaiasw Isaﬁe?ia groups
having the same'farmniévwaighﬁs but differing in configuration
produce diffaran£ fa%atzans.4'gxam@1E3 are lsomeric alkyl
radicals aaﬁ position 15@&3?3 in aromatlie radicals., It was
slso found that in the mejority of homologous series the
rotatory power and product @f asymmetry are not parallel but
subjeot to manifold deviations. These discrepancies led Guye
{17} himself to admit "that 1t 1s not alone the masses of the
four groups which exert the influence, but also their
relative positions, the actions whieh they have on each
other, their aanfiguraﬁio&s,v&ﬁ& finally the nature of the
elements themselves which are important in determining the
directions and extent of rotation”. |

In 1924 Rule (16) advanced the hypothesis "that the

rotatory power of & molecule was a functlon of the moments of
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the four groups atiached to the asymmetric aiem1 and that the
Influence of a substituent on the optical rotation would
therefore depend in sign end ﬁagnituﬁ&’uﬁea’shsféalarity of
the substituent®, While Hule admittsa (1y)that "no abséluta
method has yet been discovered for establishing the orientation
of an electronegative or electropositive dipole with respect
to the hydrocarbon chain to which the substituent is attached”,
he defined an eleectronegative group a&s one ”ha@iag its dipole
situated wlth the positive end towards the parent molecule

end therefore in its electrical 1#%1&@3@6 on the aﬁ3aﬁsnt
earbon chain resembling a yosiﬁivé'@harge.‘ in elecircyagitiva
group ls assumed %o be réprassnﬁaﬁ by & dipole of the opposite
orientation”,

Rule (19) disoussed polsr changes in terms of the
electron shift hypothesis. Thus the dipole of the substituent
in mono-substituted acetlc aclds brings about an slectron
shift which is,ﬁﬁasuraéﬂby the degree of lonlzation of the
acid. The effeet is illustrated by the following:

01 -0l ,CO0H

A —r——

Bleotron shift facilitating ionization

+ - ' e
HyeG+CHaCO0-H

Electron shift repressing lonizetion
Rule (19) paiﬂtedoﬁt that in 8 series of homogeneous
l-menthyl esters of monosubstituted acetlc acids, XCH,.CO0H,

the stronger the slectronegative charascter of the substituent
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present in the acid the higher is the rotation of the ester.
The scme correlation waes noticed in a series of l-menthyl
ethers, Gxaﬁ,gﬂﬂﬁgﬁ in the homogeneous state, where X is the
substituent.

It is & general rule that the rotations of optically
active aclds and bases decrease in magnitude and sometimes
even become reverseé in sign when the compounds are changed
to the lonized staté‘ %ﬁara x, ¥, and z are comparatively
pon~polar hydrocarbon groups, the elesctron shift on ioni-

zation of acids and amines may be ragresentad‘by the

following:
x = x ©
y-0-CO0H ; y=C-C00
Z z
x \ X @
y~C-Ni, . y-C-lit,
M , , z

ottt vmn———

flule pointedout (19} that, according to his hypothesis that
rctatary péwer is related to the polar properties of the
substituent, "firstly, ilonization tends %o reverse the polar
influences of the earbenyl and. amino groups, leading %o a
lower rotatory pawar, or cven to s reversal of sign (exceptions
found especlally with tertaric scid and its salts), and,
secondly, the rotatory powers of the unionized carboxyl
derivativés and of the ionized amine should tend to be of one
sign and those of the ionized mcid and unlonized smine should
tend to be of opposite sign, if the carboxyl be replaced by
an amino group®. This stetement assumes that a Valden

inversion does not ooocur.
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In 1906 Betti began a series of researches (20) designed
to show the influsnce of the chemical character of substituents
on optical rotatory @Gﬁ&?; Vorking with a series of eldehydo~
aminic derivatives of B-naphtholphenylamine metheane,

H H
C o Hg=C~N=C-R

€, oHq (OH) |

Bettl showed that there exlsted & "remarkable parallelism"
between the variation of the roitatory pover of the above
derivatives and the variation of the dissociation constant of
the earboxzylic acid RCODH, The aldehydes used were all
substituted benzaldehydes. Betti concluded {20} on the basis
of data obtained from over foriy compounds of the above
mentioned series that’”it is sasy to recognize that if atoms
or groups which help to raise its  '81aatra§égativ§* charscter
are introduced into the phenylie group of the radical,
=HC~C H,, the rotation is diﬁglaéaﬁ in & certain sense, whilst
1f the saiad sabstitaanﬁ&lééad rather to diminish the negative
Véharaeter of the p&éa#l radical, the rotation is displaced in
the opposite sense", |

The rotations were cbserved in benzene at iﬁéatiaal
conditions of temperature and concentration, and the dissoeci-
ation constants teken from Landolt (21) were values
determined in wétér solution. Equations were formulated that
expressed the molecular rotation ;{M?ﬂ in terms of only one

variable, Pgx for the acld RCOOH.
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Betti polntedout (20) thaet a more fundamentsl comparison
would be one hatwg&n the garmﬂnentveleatric moment of the
mglecule‘ané its raﬁaiary power. The electric moments or
dipole moments, a8 caloulated from the tam@ar&turé ooefficients
of the dielectrie eanat&n&, were: determined for some of these
aldehydo —aminic derivatives. This eamgarisaﬁlaf molecular
fatatinn and electric moments iﬁ?él?@g the same molecule in
solution in the same solvent and at the same concentration,
i.a‘, two dirfferent physical properties are determined under
the sems experimental aénéiﬁiana to obtein a rslé%ianship.

In this menner Bettl was able o0 show that as the whole electrie
moment of the compounds in the ahéva mentioned series decreased
the magnitude of the ré@atary pawér diminished. He also
pointed out "that for aﬁil ala@trie moments the rotatory power
of substanaeé, even with asymm&trié aanfigﬁratiaﬁs, ought to
become zero". | ‘

Considering the wérx of Rn&e'an& Bettl, it 1s apparent
that the elegtrical properties of organic radicals exert a
marked influence on the rctaﬁary'pawar of Qyﬁisalzyvaetive
- compounds. 1?‘%@& electron theory of valence holds,
varietions in the éissgciatiaﬁ or ionization of argaﬁie
yéamgounéa may be considered to be the reéult of wvariations in
the elaetrieal‘grépertias of the so-called nen~§alaffraéieals
attached to the polar groups. HMany investigations have been
made in an attempt to fimd an index for the electrical

properties of organic radicals; and Henriceh, Johmson, and
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Hahn (22) have glven a summary of the earlier theories and
work pertalning to classifying radicals on the basis of their
electrical properiies.

Hixon and Johns (23] established a functional relation
between the logarithm of the dissociatlon constants of amines,
RiiH,, and sous property of the radlieal K which they termed
Pelectron sharing ablilisy”. Por each dissocletion constant
there corresponded a non-polar organic radical. ¥When the
logarithms of the dissociation constants of the amines were
located on an arbitrarily drawn exponential curve as ordinates,
abscissa valuss for the radicals were flxed., VYhen the
" logerithms of the dissociation constants of & series of
carboxylic acids, RCQOH, were glattﬁﬁ,as ordinates egainst
these fixed values fTor the radicals a smooth exponentlal curve
was obtained. The ourves for the amines and acids were
expressed in methematlcal form by expressions of the type:

ax+b
log ¥ = Ke + ¢

where log K represents the logarithm of the dissociation
constant and x represents the abscissa value Tor the radical,
termed "eleciron sharing ability".

Subsequent work by several investigators {(24) which has
further demonstirated the soundness of considering that the
arbitrary absclssa values of the raedicals sre factors influenc-
ing the lonizeation of organic compounds and that this

procedure is & dependable method for elaésifying organie



radicals on a basls of their eleectrical properties, has been
summarized by Carr (25). These investigations include
ionizations of molds and bases in water, methanol, and ethanol,
ionizations of orgeno mercuric niltrates in water, equilibrium
constants of the reaction:
ZRHgI & RgHg + Hgl,

in ethanol, and eguilibrium constants for the reaction:

Cl,CH{OH)SR 2 C1,CHO + RSH
in benzene. Carr {26} added a true double decomposition
reaction:

RHgON + HC1 & RHgCl + HON
to the previocus work. In sll cases the logarithms of
dissociation constants or eguilibrium constants plotted agalnst
the absclssa value for the raﬁieala gave smooth curves to which

could be fitted mathematical equations of the form:

e
v ax+b +

Log X = ke o
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STATEMENT OF THE PROBLEM

¥ith a view Purther to clarify the effect of varying

redicals in optically active organic compounds, the work
presented in this thesls was undertaken. A 3aries of
A-substituted primary ethyl amines, ﬁﬁ§§§ﬁ,, in whieh only
the redical R veried were prepared and resolved. In order to
determine the 1af1ﬁﬁan¢fafkt&e?ﬁuhaﬁitu&nt R on the rotatory
power, rotations of thﬁ‘&min@sﬁin the hﬁmﬁgeaeéus state, in
methanol, in ethanol, in hexene, and of the hydrochlorides in
methanol were measured.

Studies were made to determine the effect of a change in

pH on the rotatory yawar, This was acaompliah&d by yragrass—‘
?igély adding gaaaaﬁs HC1 to the sective base until complete
neutralization hsd ocourred snd observing the rate of change
of the rotation. It was ex@@eﬁeﬁvthat such an investigation
would furnish evidence acmerniﬁng the 1111‘}&##@@ a-f". ifonization
on rotatory pover, “ |
In the series, ﬁ-%f%ﬁ,, i% 4is conceivable that changing
XYR from a comparatively “"electronegative * radical to a
comparatively "electropositive" radical may even reverse the
slgn of the rotation, To determine whether or not such is the
- case 1t 1s pecessary to compare the rotations of compounds
which have the same abaalat&ieonfigur&tien. In order to
establish this fact one of the optlcally active compounds of
the series must be converted into another member of the series

and the influence on the direction of rotation observed.
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Configurational studles of thils trype were carrled out im such
a manner that the probability of a Walden inversion oceurring
was remote.

' The dlssocietion constants of éix of the series of
‘o-substituted ethyl amines were determined inm methanol by the
h&1f~n@utraliaatimn ﬁﬁthsé‘iﬁ order to contridbute further data
in support of the work of Hixon and Johns (23) and to establish
a relationship bﬁtﬁﬁ&ﬂx@lﬁﬁ@?é@&i properties of the radicals -

R and /M7, for the emines, B~G%§ﬁ,
b ]
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EXPERIMSNTAL PART

Preparation and Resclution of Compounds.

Seeondary butylamine was prepared by the reduction of

ethyl methyl ketoxime (27) with sodium and absolute alcohol.
The oxime was prepared by mixing 260 grams {3.7 moles) methyl
ethyl ketone with a solution of 260 grams (3.7 moles)
hydroxylamine hydrochloride and 150 grams (3.7 moles) sodium
hydroxide in 500 cc. water. The mixture was allowed to stand
at room temperature for 40 hours whereupon an olly layer
separated, The oxlme distilled at 1&9~1§105. The yleld was
86 pef cent of the theoretical amount. Hinety grams of the
oxime reduced with 250 grams of sodium in 2 liters of absolute
alcohol gave 60 granms éf the amine hydrochloride (55 per cent
of the theorstical amount). The base was liberated with KOH
end dried over solld KOH. 7The amine was then distilled at
atmospheric pressure, b.p. &5~ﬁﬁgc. ‘

Resolution of sagaadary'buzylawiﬁa was ecarried out

according to the method of Leithe (28). ¥nough d-tartaric secid
was added to a water solution of the amine to form the acld
tartrate, The d-base-d-hydrogen tartrate, which crystallizes
first, was reerystallized three times to a constant melting
yaiﬁﬁ‘af §8~§gﬂs, When dried in s vacuum desiccator atfseaﬁ
the melting point of the salt was ralsed to 150“0. The free
emine was liberated with KOH, dried over solid XOH and

& 2]
distilled et atmospheric pressure. B.P. 66 C, &, = 0.726,
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), (no solvent) = +5.15, 20, 1 dm. tube, /o7y = +7.10;
Leithe's value /oif ‘= +7.80 (28).
gh?%giwﬁthyl'azaoho& ¢ =v9-5é} . 42,93
75" (ethyl aleonol, o = 3.&9}
[ed})" (hexane, ¢ = 15.4) = 6, 91

o
*égﬁi

X~Benzylethylamine was prepared from beﬁaylﬁwthyl xetone

by a modification of the Wallach {29) reaction. Benzyleyanide
was prepared by refluxing for six hours an al&shélia solution
of benzyl chloride and potassium eyanlde. B.P. 356/10 mn.
Phenylacetic seld was prepared by hydrolyzing benzyl cyanide
with cone, HuS0, (1:1). DBenzylmethyl ketone was prepared by
the method of Sabatier (30). This method involves passing s
mixture of glacial eacetic scid and phenylacetic acid over a
mengenese oxlde catalyst at &Gﬁaﬁ. The ketone, béiling at
31&«83$°G, was prepared in 46 per éant yield by this msthod.
The method of Wallach for preparing primary emines frém
ketones was modified by uslpg formemide instead of ammonium
formate. Fifty~-seven grems of benzylmethyl ketone and 70 grams
formamide were refluxed gently without stirring for 20 hours.
The contents of the flask was homogenecus at the end of this
time, -Concentrated sodium hydroxide weas added and the mixture
rafluxed for 12 howrs. The reaction mixture was extracted with
ether., The ether extrect was then extracted with an agueocus
HC1l solution, The base was regenerated from the HC1l solution
with sodium hydroxide and extracted again with ether, After

drying the sther extract over sclid XKOH the benzylamine
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hydrochloride waes prepared by passing dry HCl gas into the
ether solution. Yield, 30 grams hydrochloride (46 per cent
of the theoretical amount)., The bese was freed by adding KOH
and was then dried over solld Kﬁﬁ for two days. The amine
was distilled under reduced pressure, b.p. ?ﬁ*aﬁgfﬁ m. A
benzoyl derivative which melted at 13@39 was prepared.

“4Analysls of benzoyl derivative:
Per cent nltrogen

Wi. sample ce, H, Temp.  Pressure Found Caled. for
o o CysH,,0N
0.00267 g. ©.139 22 ¢ 723 5.62 5.86

oo~Chlorobenzylethylamine was prepared for the first
time by the following series of reactions: |

0-01-C,H,CH,C1 _KCN _  0~ClC4H CHuCN aA,ssssl

0-C1C,H CH,C00H _PCls_  0~01C,H, CH,C00L cﬁ,m‘

0~C1CH CH,COCH, formamlde a»alﬂ.ﬁ‘aﬂlmé;ﬁﬁ,
— © HH,

o-chlorobenzyleyanide, b.p. lEGaﬁ/g mm,, waes prepared In
90 per cent yield from o-chlorobenzyl ehloride, o-Chloro-
phenylacetioc acid was prepared in 95 per cent yleld by
hydrolyzing o-chlorobenzyl eyanide with H,80,. o-Chlorophenyl-
acetyl chloride was prepared by the method of Metzmer (31}.
A product bolling at 13@u135°s/QS»3s mm, was prepared in 83 per
cent yleld. o-Chlorobenzylmethyl ketone was prepared by
reacting zinc methyl lodide with the acld ohloride. dQne
hundred and sixty-five grams of the acid chloride gave 100
grams of the ketone, D.D. lﬁﬁniﬁﬁeﬁf 15 mm., This was a yleld

of 70 per cent of the theoretical amount.
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The o-chlorobenzylmethyl ketone was charecterized by
' o
prepering the oxime which melted at 120 G. The white
erystalline body was recrystallized from petroleum ether and
dried in & vacuum desiceator.
inalysis of the oxime:
, Per cent nltrogen
Wte Oxime cec. ¥,  Temp. Bar. Pres, Found Caled. for
G. 007200 0,880 283 ¢ 3% 7.45 7.63
o-o-Chlorobenzylethylamine was prepared by the method of
Wallach {29) modified as in the preparation of of -benzylethyl-
emine. Twenty-four grams of ketone and 50 grems of formamide
gave 10 grams of tha‘hydrocaléridﬁ, a yleld 52 per cent of the
theoretical amount. The frea]émins was regenerated with KOH
) 88 ‘
and dried over solid KOH. B.P. 75-80 ¢/8 mm., d, = 1.0789,
28 .
Analysls of amine:

Per cent nitrogen
¥t. smine e¢o., Ny Temp. Bar. Pres. found  Caled, for
0.088584 2.180 B0 ¢ - 7387 8.28 8,27

@
0.016090 1.182 20 C . 745 8.16

The benzoyl derivative was prepared by shaking the emine
with benzoyl chloride in & weak KOH solution and recrystale-
lizing from alcohol. MN.P. of benzoyl derivative, 155~136°Q.
Analysls of benzoyl derivative:

Per cent nitrogen

W4, Compound e¢o, ¥, Temp. Bar. Pres, Found Caled., for
| o |  CueH,,0NC1

0,010840 0.538 28 C 729 5.287 $.12

0.008874 0.406 28 C 728 5.23



n$atmwwmaawmmﬁwwmwwwwm&wmm was resolved by using d-tartarie

acld, Twelve grams of the pure amine and 10 grams tartaric
acid were dissolved in g boiling solution aw‘wmm e¢, water and
100 co. ethyl sleohol., The solution was allowed to cool to
room temperaturs., At the end of three days 16 grams of solld
‘material had erystellized. ~The mother liquor was filtered
off and the First fraction of erystals recerystallized twlce
from an aleochol watér solution mede up of equal parts sleohol
and water., Seven and Ilve-tenths grams of the d-base d-acid,
; - ‘ T N
which melted at 175 C, was obtained. kvww {in water conc., =
i~
m»quww = *NH&H. -
snalysis of d-base d-acid tartrate: |
, ; - . Per cent nltrogen
Wt, Semple e¢c. M, Temp. Bar., Pres. Found Caled, for
. . ¢ o ) mv&mpmmwmh QN.
. 0.003470  0.138 87 C C 745 4.54 74,38
, S . o |
0.003704 0.1828 87 ¢ 745 C 4.48
The free base dried over solid XOH gave the following
- Py ’ \ ©
egonstants: Db.p. 75-77 /6 mn., d, = 1.078,Xp = +14,9 at 235 C
28 @ £8 i ; :
1 dm. tube, joff = +13.7 mwww {methanol, conc., = 10.3) =

+11.4° {hexane, conc. = 13,0} = 12,7 .

*
The wwwﬁaawwmwwam of the dextro base gave the following
constants: m.p. 176-176 G, /oy (in water, ¢ = 5.78) = +9.0,
/67, (in mothyl alockol, o = 8.66) = +4.1°
The benzoyl nmwwﬁmwwﬁm of the d-base gave the following
aonﬂmmmm“ ﬁyw» wmmam* m@ﬁmmﬁwa,mmm%w.mwamwaw' 6 = (,97) =

e
+97

.
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wwmwwm»m of benzoyl derivative:
Per cent nltrogen

Wt, Sample ¢c. Ny Temp. Bar., Pres. Pound Caled, fTor
0,001926 0.08% 26 C 725 5.1 5.12

nﬁmwwewww@wwwwwﬁwww was prepared by a modification of

Jallach's method hmwv«,wmwm wxﬁmuwa‘m&mma‘m:wmw%wmm«www ketone
and 200 grams ammonium formate were refluxed at wmm:wﬁmam for
65 hours. mcwamvwwmaag sodium hydroxide was added and the |
mixture refluxed wvw 40 hours. Water was added and the basic
material distilled inte a 1:1 mawwwwaw of HC1l and water. The
excess water and HOl were distilled off under reduced wwwmamw@
until the hydrochloride erystellized in the distilling flask.
The snmine was regenerated with KOH and exiracted with ether.
After drylng the ether over solid KOH the hydrochloride was
precipitated by passing in dry HCl gas. Yleld, 60 grams
{50 per cent of the theoretical amount). ‘

The hydrochloride was treated with XOH and the liberated
amine dried over solid XoH and distilled at atmospheric
pressure. B.P. 204 C, d, = 0.917.

The resolution of oK -p-tolylethylsmine was carried out

according to the method of Ingersoll (32). Nineteen grams of
d~camphoric acid and 13 grams of the pure amine were dissolved
in 100 ce. ethyl zlcohol end 200 cc. water. The solution was
boiled until clear and mwwe&wm t0 stend at room temperature

for several Gays. The octashedral crystals of the salt formed

by the l-base with the d-seid separatling first were
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recrystallized twice from & water-asleohol mixture. Fifteen
k)
grams of the pure sali, melting at 172 ¢, was obtained. By
evayarating the mother liguor and recrystallizing several
times, 13 grams of the d-base d~acld salt, mgﬁg 18393, was
obtained. One and sewen hundrved and two thousandths grams of
the l-base d-acid salt nade up to 25 ec. with 95 per cent
ethyl aleohol gave the following rotation in a 2 dm. tube:
a5 o _&s ° ) : : R T
Xp = 1.83, joff,, = +9.05 . Ingersoll's velus, A7, =
. L} :
B8.75 (33). | |
One and six hundred and Tive tthSandthS*gﬁaﬁs‘af d~base
d=~acid salt made up Yo 85 co. with 95 per aeatiathglaleghel
28
gave the following rotation in & 2 dm. tube: Xy = +2.80,
28 © -t ¢
[/ = +20.2 . Ingersoll‘s velue, /fofp = +23.1 (82).
The cemphorates were treated with X0H and dried over
golid KCH before distilling.
) &
leof=p~Tolylethylaemine, b.p. 205 C., Rotation without
. - o Be o
solvent, 1 dm. tube Xp = -24.9 , /of, = «27.1 .
o o ,
d-ofp-tolylethylamine, b.p. 204 C, Rotatlon without
38 Red 2B o
solvent 1 dm., tube o = +30.3 , éh7b = +32,.4 ., This value
: ' ' 28 o
is slightly less than Ingersoll's value, zpab = +34.6 (32),
20 o
ﬁ??g {in hexane, ¢ = 18.5) = +31.5 , (in methyl alcohol,
e ~ 9,81} = *23‘?ﬁ, (in ethyl alcohol, ¢ = 20.6) = *22.10,
2O {3
/o], (hydrochloride in methyl alecohol, ¢ = 19.0) = 6.3 .

X~rFhenylethylamine was prepared by & modification of the
Vallach method (29). one hundred grams acstophenone and 100
o
grams formamide, heated at 160-170 for 40 hours and then
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refluxed with concentrated gmﬁium.hydrexide, yielded 75 grems
of the anine hydraaﬁlariﬁaiﬁﬁa per cent of the theoretical
émmuat, The extraction aﬁ& purification weféaa?ria@ out as
in the preparation of X-benzylethylamine, ‘?hé‘rréa base
dried over solld KOH boiled at 185-187 C.

The r&séluﬁi&a afi¥f§ﬁﬁnyle£hgi&ming was carried out

accarﬁiag'ta the method of Ingersoll (33). Fifty grams of.
amnine, b.p. xs&-z&vée, and 30 graﬁs l~malie‘aei&\were
dissolved in 90 cc. water, ‘Eﬁeagh acetic acid ta‘neutraliza
the execess base was added and then enough water to make the
total volume 200 ec, The solution was boiled until clear and
then &llowed to eéﬁpﬁ?ﬁta;aﬁ room t@mgarﬁture fér several
days. The salt, which crystallized slowly, was filtered off
and reerystellized twice from water. Twenty-six grams of the
d-o-phenylethylamine l-malate, with a mlﬁn;é\ééi‘xii‘f/af 182°¢C,
‘was obtained. The free bésé‘éried over solid KOH boiled at
184-185C. d. = 0.950 (33). |

Rotation without solvemt: 1 dm. tube,™p = +37.0°, /ofp = 56.9°.
Ingersoll's value [??;% - +59,5 (53} .

zh?;‘ (in hexene, ¢ = 9.75) = +38.4

Zhag‘ (in methyl alcohel, e = 7.56) = éE@.QQ

[o75° (in ethyl slcohol, ¢ = 14.51) = +25.8

Lo75° {hydreah&eriﬁa in methyl slochol, ¢ = 13.1) = +7.25

g&g:?ggylﬁthylamiaa (q%§~§igh&gglathz}§mine),

p-Phenylacetophenone was preparsd by the method of Dreake
9
and Bronitsky (34). 4 product melting at 119-120 was used
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for preparing p-phenylacetophenone oxime by the maﬁhn& of
Ingersoll and Vhite {35). One humdred and rifty grams of the
ketone ylelded 150 grams of the oxime melting at 18006* |
-p-Diphenylethylamine was made by the method of Ingersoll and
White (35). Torty grams of oxime, m.p. i&ﬂﬁﬁ, was reduced with
3 per cent sodium eumslgam in ethyl éiaahai; Twenty-five grams
of the hyﬁraahlaride‘meltiag at 230°§ represented a 58 per cent
yield. |

The amine was freed with NaOH, extracted with benzene,
and dried over solid KOH. After removing the benzene under
reduced pressure the amine remeined as an oil which solidified
on gooling. The amine forms a carbonate readlly in air and is
extremgly diffioult to purify. Some of the amine was sealed
in am@ules'fcr dissocistion constant measurements. The
benzoyl derivative obtained melted a%_l&&aﬂ. Ingersoll glves
179°C {corrected) (35). |

‘Resolution Gf<X~§*di§hagyletﬁg;&mine was accomplished by

the method of Ingersoll and %hita (36). Twenty grams of the
amine hydrochloride was treated with HaOH solution to
liverate the free base., Twelve grams of l-malic acid was
sdded to the free base in 300 cc. of hot water. The d-base
l-acid orystullized from the water solution on cooling and
was reerystallized from aleohol., Ten grams of the d-base
l-acid, melting at 178-179 C, was obtained.

Rotatlon of the hydrochloride of d-X-p-diphenylethylamine:
Ag?%?(in water, ¢ = Eﬁgé}‘n +10°. Ingersollt's value (35)
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&8 o
(¢ = 2.0) foF, = 12.8 .
Ingersoll's value for the free base in ethyl alcchol (35):
e B B <]
£o7), (in ethyl aloohol, o = B.92) = +24.8 .

Absolute methyl alechol used in the measurement of

dissociatlon constants was prepared by the method of Hartley
and Ralkes (86). Synthetic methanol was refluxed over aluminum
amalgam and distilled through a frectionating column. The
methanol was then aisﬁilieé from freshly prepared anhydrous
copper sulfate to remove volatile impurities, and kept in

stoppered Erlesnmeyer flasks.

Measurement of Dissocietion Constants in Methyl Algohol.

The apperstus used in thils work was maéeleé after that of
Goodhue and Hixen {87). The vacuum tube potentiometer of
Goodhue, Schwarte and Fulmer (58] was used to eliminate diffi-
culties arising from the high reslstances of the methyl alcohol
soclutions. A calomel half~cell made up in & 0.1 formal methyl
alcohol solution of sodium chloride was used as reference cell.
Since the cell can not convenliently be prepared to give s
definite potential, the e.m.f. of the calomel half-cell was
checked agalinst silver-silver chloride electrodes, freshly
prepared by the method of Harned (39). The cell used had an
e.m.T. of 0.0453 volt referred to the silver-silver chloride
electrode, After three months time this valus had changed to
0.0462 volt.

According %o Buckley and Hartley (40) the e.m.f. of the

silver-silver chloride electrode referred to the normal



hydrogen electrode in methyl alcohol is 0.0711 volt. This
value must be added to the voltage of the calomel half-cell to
refer it to the normal hydrogen electrode.

The hydrogen electrodes used were made of fi&ga about o mm.
square and were always used in duplicate. The electrodes were
platinized 1n a 3 to § per cent solution ef platinic chloride
with & current density of 0.4 amperes for four minutes, After
being washed with distilled water the pletinized elsctrodes
were electrolyzed ia dilute sulfurlc acid for about five
minutes., They were then washed with distlilled water and
finally with absolute methyl sleohol. Fr&shiy prepared elect-
rodes which checked within *0.0002 valtk varé ﬁs&é f@r‘éaah
e.m. . determination. Pslladium eleotré&@a were prepared in a
simil&r‘mﬁnaar using 3 to & per cent palledium chloride in HCL
salﬁtian instead of platinic chloride.

| The procedure used for the actual mé&surement of the
e.B.T.*s Was the saue as that used by Goodhue éna Hixon (87).
vThe pure amines, weighed samples sealed in ampules, were half~‘
neutralized with methyl aleghﬁl solutions of hydrochlorie acld.
The HC1 solutions were prepared by passing dry HCl gas inte
aﬁéﬂlute methyl slecohol which was then atandarﬂizéﬁ by
titya#iﬂg with & standard aqueous 3@1ﬁtian of sodium hydroxide,
411 aon&agtr&tien@rware expressed &s molel concentratlions of
thé total emine content. Care was taken te exclude molsture
from the solutions. The half-neutralized solutions were

placed in the U-tube of Figure 1. The hydrogen electirodes






- Gl -

were placed in the left arm of the U~tube which was connected
with the right srm by means of s ground glass sts§~coak.. The
calomel hé1f~esllinﬁ;»was introduced into the right arm by
means of a ground glaééyjaint, ¢, which prevent®d the mixing of
the two saiaziéns an& suhsaquen§ polsoning of éhe hydrogen
eleatra&es.',ﬁgk hydrogen, bubbled through absolute methyl
aleochol, anteréé the cell through the tube, b, and left through
tube a. Voltage readings were teken on the vacuum tube
potentiometer set mentlioned above for & period of at least two
hours. Measurements were made in an alr thermostat at 25°$,
ip;los. All hydrogen chloride solutions and half-neutralized
amine solutions were used immediately to avoid errors due to
esterifiocation {41}; : ’

. The caleulation of the dissocintion constants in methyl
alcohol at 2ﬁﬁ3 vas the same as the calculation in water except
that the dissociation constant for methyl alcochol (1.95 x 107"
(40}xﬁnssuﬁatituﬁed for that of water., The equations used in’

the calculations were:

E + Epgp = Eoqy

u},ﬁg &ﬁ - -
0.08591
PBongon 08 Komon - (7108 2
PKy = 16.6980 - (log ay)
“CH 4 OH

LS : = aatii&g%#gggggﬂ i}
Gia 0 CHa0H
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Where:
| 8y = activity of hydrogen lon
& = observed e.m.f,
Bypgr = ©.m.T. correction for barometric pressure
EZggy = 8.,u.f, 0f calomel half-cell referred to normal
| hydrogen electrode.
Knﬂ oH = &iasﬁciatien constant of methyl aieohél at 35QG

Kg = dissociation constant of amine in methyl alcohol
mz,eﬁ | , -

The data for the dissociation constants are given in Table I.

TABLE OF RESULTS I.

P T e.m.T.  f % T Kp
Gompound $  Molal : sorr. te;wlag aﬁzpﬁg T - OHaOH
' ;..gonc. : 760 mm. : Gﬁtﬂﬁ' (evg.)

sec-Butylamine  0.0539  0.8090  11.78 4.98 1.08 x 107
A-benzylethyl-  0.0776  0.7796(a) 11,25 5.47 3.38 x 10
- amine - ' ' S L
o-o-chlorobenzyl 0.08684 0.7696(a) 11.04 5.66 2,19 x 10°°
- ethylamine 5 - . ‘ o
of~p-tolylethyl- 0.04728 0.7686 11,08 5,67 2.11 x 107 ¢
amine 0.0%91 0.7679  11.02 5.68 :

o(-phenylethyl- 0.0685  0.7604 10.80 5.80 1.58 x 10°°
‘amine 0.0571  0.7603  10.90 5.80 | |

A-p~diphenyl- 0.0519 0.7545 10.80  5.90, 1.24 x 10~
ethylamine 0.0549 0.7543 10.79 6.81 v

{a) e.m.f. celomel half-cell = 0.1173 volt..
e.m.f. calomel half-cell for other measurements = 0.1164 volt.



Heasurement of Hotations.

Apparatus Used.

The pelariéaa§e used was a Franz Schmidi and Haensch
instrument. The light source used throughout the work was a
sodium arc light of wave length 5896‘2, Most of the measure-
ments were made with a micro tubse 1ﬁke&. in length. A few
measurements were made with a B0 em. tube, '

The polariscope and sodium arc lamp were enclosed in a
composition board air bath. Although no effort was made to
maintain a constant temperature, nearly all of the measuremsnts
were made between BO and 2503. The tube was placed in the
pbl&riaeape and the rotation read alter the temperature of the
tube and its contents had acguired that of the surrounding air.
The temperature, at which each observatlon was made, was
recorded. Observed readings could be checked by different

hd
cbservers to #0.05 .

%aaauramﬁnt af,gétaﬁieavaf Soiﬁti#ﬁs‘

) B Solvents used in the rotation studies were Qﬁ-ger cent
ethyl aloohol, purified methyl alcohol, and hexane (Skelly
solvent B, fraction bolling at 63-68031. Solutions of ﬁha}?
snines were made up from weighed ampules., The smine hydro-
chloride asolutions were mad& up by neutralizing thé amines with
the calculated enmount of 8 methyl eleohol HO1l solution. All
concentrations were e xpressed in grams per hundred cc. of

solvent.
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fable of Rotation Data.

The Totation data are tabulated in Table I}:,f The equations
used in the calculations are the following:

For pure smines, ‘
LTy = 51

For the solutions,

. |
/7. = 100
i

Where,
i'o(7t
LD

™ = observed rotation

"

specific rotation of D line at temperature t .

4 = daéSityiaf pure amine
¢ = eaﬁbentﬁaaiaﬁﬁin grams per 100 ocq. sal@ent

i = 1&ngth af tube in declmeters

: Aﬁd, I -;;7 1’9"72 lﬁi}
- 'Z§7§ =M.,

 i¥hars, | |
B Z@7§ = makﬁauiar r&tatiaa of U line at temy.;

gi?g = sgﬁeifia r@tatiaa of D iine st tam@._%
| MW = mpieaular weight of amine '

nffeat of pH on ﬁataticn of ddxe?hugz;etgylamina.

Qn& ana two hun&red and sevenieen theusanéths grams of
d~of~phenylethylamine was éigsalvaﬁ iﬁ 26.5 e¢c. of methyl
aleochol. The awm‘f..af thé hydrogen elegtrode against the
calomel half-cell ia'méthyl aleohol was determigeﬁ‘by means
of the vecuum tube pats#ticmﬁter deseribed previously. Dry
gaseous HCl was passed into the solution in stegs'aﬁé the

a.m.P. and rotation measured after esch addition until the
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SUMMARY OF ROTATION DATA FOR A SERIES OF &-3SUBSTITUTED ETHYLAMINGS

TABLE II.
T 1 We .t ilMethyl :EtRyL :Hydro- :Hydrom-
Radical :  isolventiHexsne:alcooholisleohol:chloride:chloride
, S : : : s:in CHaOH:in H,0
Ethyl~ éﬁ?b B.80  B5.08 2.14 2.92 -0.99
' Tenp. 20 B2 20 25 20
Cone. 13.40 .54 2.49 7.56
Gye%o?exyl» L]y =4 gg ’ -6, ig
&, m@m?; . '
Conc. ' , l0.82
Hexahydro- [M7, 11.80 ‘ e -2.54
benzyl- (a) Temp. 15 5. éb
3(}!}@. ' o
o-Chloro- $i7 23,8 21.5 19.0 6,93 15,4
benzyl- Teomt. 20 25 26 ~ 27 27
Conoc. i3. ﬁ 10.38 - 8.66 3.78
Benzyl- 4375 48,1 48,5 39,7  46.6 33.5
qa) BMp. 15 'lﬁ{h} 15 5 15
fonc. 2 B BB 8.68 io.82 9,0
p-Tolyl~ %ﬁ?ﬁ 44,5 42.5  30.7  20.9  10.8
- Temp. - 80 20 20 22 16
v dona. 13.56 8.9, 20.6 19.
Phenyl- éﬁ 47.0 46.5  33.2  B1.7 11‘4
. omp.. 25 z& 25 20 15
'p-%s?yl- éﬁ7w ée;iﬁ ' gg.s | 3@.25
Q ‘ k. . . \\.
' Lone. 8»92 o ' 2.02

(a) Leithe, Ber., 65, 663-666.
{b) Yeasured 1n ﬁyEIbh%xana.
(¢} 1Ingersoll, J. am. Chem. Soc., 54, 279 (1933},
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amine was completely neutralized. Table III gives the data

obtained in this experiment.

K-p~xenylethylamine and X~p-tolylethylamine.

TABLE III.

Similar runs were made with

Concentration = 4,59 grams per 100 (based on amine st start)

0,1166 vy, = e.m.T. of calomel half-cell

L]
Temp, = 25 0C
. : . ‘:H o a8 : b

el Ts +& : pH : [T : L7
0,801 1.10 11,7 24,10 29.2
0.795 1.086 11.6 23.21 28.1
0.774 0.90 11.2 19.90 25.8
0.729 0.52 10.5 11,38 15.8

1.5 8.11 9.8

0«200

0.37

?K for 1/28 mutralizatiaaéf o(uyhéﬁylemyiamine = 10,9

ﬁ-«—Q'-Ghlﬁr@héﬂﬁylﬂ”’E}Iﬁ.}?‘l&fﬁiﬁe was changed to d-%-benzyl-

ethylamine by catelytic hydrogenation.

Sixtyethree hundredihs

gram of the pure dextro amine dissolved in 25 ce. ethyl alcohol

and b ce. glaclal acetlc acid was catalyticelly reduced using

0.1 gram palladium oxide catalyst., The catalyst was prepared
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by the method of Shriner and idems {(42). The hydrogenation
was carried out at room temperature and about six atmospheres
pressure for flve hours. ﬁvtﬁsﬁ with silver nitrate showed
the presence of the chloride fon at the end of this time.

After evaporating nearly to dryness on the steem plate,
the base was liberated with solld KOH end extracted with ether.
after evaporating off the ether the benzoyl derivative was
prepared by sheiing the base with benzoyl chloride and dllute
KOH. .

The benzoyl derivative after recrystallization from
aloohol gave the following sbnstanta; m.y.‘lﬁeaﬂ, Zh?;‘(in
ethyl aleohol ¢ = 1.66) = +6§a, Ay?;a{in shloroforn o =
5.00) = ~13.7 .

Analysls of benzoyl derivatives

Per cent
Wt. sample co. Hg Temp. Pres, nitrogen
o :
0.006996 0.378 23 - 731 ~ 5.80

Caled. for G, H,,0H, per cent N = 5.86
Wuaelitative anelysis of the benzoyl derivative showed

the absence of ehlorine,
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DISCUSSION OF RESULTS

Inspection of the data on the dlssociation aanﬁﬁaats of
the -substituted ethylamines, Table I, shows that the
compounds have been arranged in the deoreasing order of their
dissociation constants. This variation in dissoclation
constants may be considered to represent a varlaetion in the
properties of the radieal, R, in R~§§§ﬁ, which influences the
degree of dissociation. While there may be more than one
property whieh influences dissoclation, the predominating
property lis suralg an elﬁatriaal characteristic of the radical
which tends to repel or attract the hydroxyl ion if the
electronic theory of valence is wvalld,

According to the work of Hixon and Johns (23] and others
{24), it is to be expected ihat plotting the dissociastion
sonstants of the anines, ﬁwgégﬁg, as ordinates agalnst the
arbltrary abscissa values for the radical K will result in a
smooth curve of the exponential type:

log K = k‘aax*b + e
The curve shown in Flgure 2 ls obtained by plotting the
logarithms of the dissoclation constants of the o(-substituted
ethylamines in methanol as ordinates and the absclisse values
for the radicals as sbscissa. The ocurve obtained by Goodhue
end Hixon (24d) for primary amines in methanol is put on the
same graph for the sake of comparison. The slope of the curve

for the o -substituted ethylemines is less than that of the
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primery emine curve, This relationship is to be expected
Trom the work of Hixon and Johns {23) who pointed out that the
effect of removing the substituting group one or more carbons
from the polar group is to diminish its influence on the
dissoclation.
| éamyaria&n of rotation data must be attenpted with
reser?&ﬁian&, It must first be ascertained that the data are
comparable, ithat measursments ara‘mﬂd& under as ﬁaarly
identical ex@&rim&n%&lraanﬁitians'as possible. The specific
rotation is that angle of rotation which & liguid would
produce if it contalned one gram of aotive subatagae per cubile
centimeter snd if & column ten saﬁtimﬁtﬁrs in length opposed
the passage of the plane polarized raﬁ, The molecular
rotation is that engle of rotation which & ligquid would
grééaﬁe ir it contained one grem molecule of the aetivé
substance per hundred aubig centimeters and 1f a column ten
centimeters iﬁ length opposed the light yagsagé. Since the
molecular rotation is that obtalned when the light passes
through equal numbers of molecules, it shoulﬁ be used in
comparing the optical activity of o seriss of &amgn&nés.

A second conslderation is the state of the substance
the optical ectivity of which 1s belng determined., For con-
paratlive purposes the gaseous state would perhaps be the best
since intermolecular forces ere at & minimum, dut the
experimental difficulties involved meke it extremely

difficult if not impossible to measure the rotations of a
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serles of compounds by this method. The ihfluaaca of solvents
on the rotation is different for various compounds since

some aclive subastances in solution will show a maximum or
minimum in rotation as the caaﬁﬁntraﬁien‘varies and these
maxima or minima will not be at identical concentrations for
different compounds. These conslderations maeke it unwise to
attribute much significance to aﬁmQarisaaa of the‘ratatiaas
of solutions, unless the varistion of rotation with concen-~
tration is known for each member of & serles., Measurements
of the rotatien of optically active liguids may be considered
compsreble, because the substances are at similar states,
Comparison én this basls will be mede in this study.

A third consideration i1s the wave length of the polarized
light ased}inwmakiﬁg rotation measurements. As has been
pointed ocut the optical activity of substances varies with the
wave length of the light source ﬁad this variation may be
abnormal or enomalous in some instances. The ideal study would
inelude dispersion data for each compound studied and the
comparison of rotations would be maéa’aﬁ the basls of absolute
molecular rotation which eliminates errors due to differences
in dispersion among various members of a series. Lowry (43)
defines absolute maié&ul&r rotation and stresses the
advisabllity of using it in comparisons whenever possible.

The eguation for simple dispersion, neglecting terms after

the first one, is:
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%here X = gbserved rotation
A= wave length of light

Ao=  sharacteristic wave length for compound
determined from the dlspersion datse

Now K is defined as the absolute rotation and may be determined
by measuring the rotation at a wave length, A, such that

2 (% . ) ; )

A‘_k@ = 1. Under these conditions o= X. Then the absoclute

molecular rotation, /ifaps ® /o aps MW, whers [o pe =
— 100 |

absolute specgific ru%atia&,’aﬁﬁ H.%W. = molecular welght.,

If it is reasonably sure, however, that the dlispersion
is normal, esmpariaogs may be made using rotations nmeasured
at a definite wave length., 0%t (44]) determined dispersion
data for o{-phenylethylamine in the liquid state. Anamlysis
of his data shows that the dispersion 1s simple and normsl.
¥hile this fact may not be taken as conclusive evidence that
the other members will have normal dispersion, it strongly
suggesets that they may be consldered to possess the same type
of éiagaraibn curve., On the basis of these considerations
the rotations of the D line of the sodium flame will be used
in the comparisons.

A fourth consideration is the configuration of each
member of the serles., If magnitudes of molecular rotations
for a given series are to be compared the valuses for compounds
having the same configurstion should be used. When a series
of derivatives of opticelly active compounds, such as l-menthyl

esters, and tartarlc seid esters are studied, all members of



- 43 -

the series have the same configuration since the same
optically active substance is used to prepare the derivatives.
When each member of the series is syntheslized and resolved, as
is the case with the series studied in this thesis, it becomes
necessary to {gaamrt &aﬁ'é’& members of the serles to other
members in order to prove the relstive ;eanfiguratisnm
| &silthe {28) converted active d~gn&nyia$hylamine into
o(ueyalahexyifathyiaﬁiae by catalytic hyaragenation‘ and showed
that they had opposite slgns of rotation for the same ocon-
figuration. Therefore the dextro form of d*yhﬁnylethﬁ&mina
must be compared with the laevo form of X-cyeclohexylethylamins.
By catelybtic hydrogenation, Leithe (28) mlso converted
X~benzylethylamine into of-hexahydrobenzylethylamine and showed
that they haed the same sign of mtat;ea for the same configur-
ation., Therefore the dextro forms c:i‘ these two éam;@eunﬁa
should be compered. The work done in this theslis on the proof
of conflguration of &-o-chlorobenzylethylamine shows that the
dextro form of this amine should be émzp&rﬁﬁ with the dextro
form of o~ t:ezséylethymmiam By ‘hyﬂfagenaticn in the
presence of palladium oxide the ahl@ﬂﬁe present in the dextro
form of the former sompound was replaced with hydrogen and
' the o{-benzylethylamine obtained was shown to be the dextro
aa‘mpcmé. | :
Configurational studies have not been sede ‘on secondary

butylamine or o(-p-tolylethylamine. It will ba.nwassary to

assune. tﬁms the dextro forms of these two members of the series



have the seme configuration as the dextro forms for o~phenyl-
ethylamine, o{~o-chlorophenylethylamine, <x~beﬁzyi$tﬁylamine,
X-hexahydrobenzylethylamine, and the laeve form of o(-gyclo-
hexylethylamine., The validity of the eewyarlsans~maﬁa in this
thesis will depend on this assumption.

When the radical R in the X-substituted ethylamines,
CHy

ﬂ‘g?ﬁﬁa, is varied, the molecular rotation of :he pure active
liquid veries. Changing R from phenyl to cyclohexyl changes
the moleeculsr rotation fr0m ¢4%.&n at 159$’33 ~§.3ﬁa at;15°c,
that is, replacling the relatively "electro-negative" group,
phenyl, by the relstively "eleciro-positive" grouy, eyeclohexyl,
produces a marked change in the optical activity even to the
extent of changing the sign of rotation. IMembers of the
series derived from faﬁicals with intermedliate electrical
properties have moleculer rotations between these two extrenme
values.

In the introduction 1t was pointed out that the electriesal
properties of the radicals attached to the asymmeiric sarbon
atom are the fuﬂﬁamﬁgtal properties which affect the retatian.
The compounds, R~§§§E,, studied in this thesls differ only in
the redical R. The influence exerted by R on the molecular
rotations is to be compesred with the influence exerted on
dissocistlon constants and dipole moments. ?hé data tabulated
in Teble IV are arranged so thai the molecular rotations of
the pure lliguids incorease from the top to the bottom of the

table. The other physicel constants listed are: the



dissociation ecaa%aaﬁs of A-gubstituted ethylamines in
methanol, the dissociation constents of primery emincs in
water, the dissociation sconstants of the a&rhﬁiylic acids in
water, and the dipole moments of the chlorldes measured in
benzens.

The moleoular rotation listed for of-p-diphenylethylamine
ie the value for the amine in ethyl alcohol. The pure amine
is a solid at room temperature. Comparison of the data given
in Teble II will show thet the molecular rotations for the pure
amines are higher in every case ithan the maleéuiar rotations
for the ethyl alcoohel solutions. From these conslderations it
is apperent that thecifyediphenylethylamine should be placed
below ahgh@ﬁylethyiaaine in Table IV.

%ith the axaaytian of the comstant for ol-benzylethylamine,
‘the dissoecistlion constents of the ol-substituted ethylamines
decrease as the moleculsr rotations inerease. %ith the
exception of primsry benzylamine, the disscciation constante
for the primary emines in water decrease as the molecular
rotations inorease. ¥Yith the exception of the cans&&nt for
o-chlorophenylecetic acid, as the dissociation constants of
the carboxylic acids, RCOOH, ineresse there 1s an increase in
the molecular rotations of the ol~substituted ethylamines.

The dipole moments of the chlorides, RCl, decrease with a
corresponding inerease in rotation. JOrtho-chlorobenzyl
chloride is seen to be an execepiion in thié compurison.

If we adopt Rule's coneeption of the charge of the
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{a) Biggy an& ﬁilliams, J. Chem. Soc., 1188~-92 (1934).

TABLE IV.
: GHy :  CHy t . ¢ RO
: R-C~NH, : R~C-~NH, : RNH, : R-COCH :Dipole
BRadical B H % it H :g A :ma?aﬁt
¢ i % K . g:K ¥ ‘ B $:1
s JM] Bon, onx10" 3&,&333 : 25,0%10% penzene
Cyclohexyl  ~-4.086 {15 ) 48.00 ©1.26 2.09
e
Ethyl 5.20 (20 ) 1.080 50.00 1.40 2.086
Hexehydro- 11,80 (15 ) ‘ 2.20
benzyl
2]
G*Shl@raﬂ‘ 23&39 ‘25 } ‘Gleg Q&éﬁ 3-33{&) giﬁg
benzyl ; : :
o
D*?ﬁlyl 44;56 (gﬁ )' Q.gll Qwﬁﬂﬁl? 5&3% 1‘93
) L
Benzyl 48,10 (15 ) 0.338 2,00 5.50 1.85
Phenyl 49.40 (15)  0.158 0.00005  6.60 1.56
ethanol
Reference  Table IIX Table I  (24d) (24d) (45)
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dipole characteristic of & substitusnt il@)% an electro~
negative s&h&titu@nt‘ia aﬁ& having its dipole oriented with
the positive charge aé;a&aaz to the carbon chain, This
orientation would bring about a repulsion of the hydrogen ion
bf the carboxylic acld and an inerease In lonlization. Fronm
this standpolnt the dissociation aanszants of the acids may be
taken as an index to the relative "electronegamtivity” of the
subsiituent dipoles. S8imilarly the dissoeiastion constants of
the o(~substituted ethylamines and the primery amines may be
considered as an index to the electrical properties of the
radieal influencing the lonlzation. Hixon and Johns (23) have
termed this progerty of radicals "elsctron sharing ability”
and have arranged the non~polar ﬂrgénis radicals in the order
of their capacity for exhibiting this pyoyarty in influencing
the equilibrisa sr‘reversibla processes.

Prom the foregoing consideratlions based on the data given
in Table IV it can be concluded elther that there is a .
relation between the molecular rotutions of thg éﬁinaa, E~S?%H,,
van& the electrical property of the radical, ﬁ, as mﬂasuredﬁ
by dissoclatlon constants and the dipole moments of the
echlorides, RCl, or that the parallelisms noted are coincidental.
If a parallelism were aﬁservaé for only one case it might be
coneluded that the relation is ascecidental; but since four
cases have been shown to exhibit psrallelisms with only four
discrepancies in twenty-six comparisons, it is logloal to

conclude that there 1s & relstion between the electrical
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than the molecular rotations of the pure amines éaé_%hat the
order is unchanged if the members be placed according to the
fmagnituﬂe of the rotations. These observations are in support
of Rule's gaﬁﬁralizatiaﬁ {see page 12) concerning the efrfect

of salt formation on optical sctivity.

A
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CONCLUSIQNS

{1) The dissocistion constants of a serles of
of~gubstituted athy&a@&n@s @laaafthb'non*galarfarganie radicals
in the same Qréar‘aé do.  the diesociation constants of the
primary amines, | B

~{2) There is a gualitative relation between the
glectrical yrnyar%iea,&sxmsésnra& hy dissoclation constants
and dipole moments,of the redicesl, R, and the molecular
rotations of a series of o(~substituted ethylamines,

{3) The dextro forms of o(~o-chlorobenzylethylamine and
ol{~venzylethylamine have the same aénfigaratiéﬁ;

{4} The effect of a change uf‘gﬁ on the ro#aﬁi&a of
~phenylethylamine is greatest‘at half-neutralization of the
amine.

{8) Converting the series of ol-substituted ethylamines
to the hydrochlorides lowers the rotation., The order of the
members of the serles placed by the magnitude of rotations is

not changed in this conversion.



SUMMARY

{1} Ssaozﬁ&ary butylemine, &X~benzylethylamine, ol~p-tolyl-
ethylamine, (~phenylethylamine and O(*;;«ﬁi};h@aylathylmme
have been prepared and resolved into optically sctive forms.

{8) A~0o=-Chlorobenzylamine has been prepared and resolved
into its optically active forms for the first time.

{3) The dissociation constants of the of(-substituted
ethylamines gaentianaﬁ in (1) and {2) have been measured in
methanol by ithe half-neutralizsastion method.

{4) A proof of the relative sonfigurations of olog-chloro-
benzylethylamine and of-benzylethylemine has been given.
| (5) The effect of pH on the rotation of ﬁod-phenyl-»

ethylamine has been determined,



(1)
(2)
(3)
(4)
(5)
(8)
(7)
{8)
(9)

(10)
(11)
(12)
(13)
(14)
(15)

(16)
(17)
(18}
{19)
(20)

(21)
(z2)

- 58 -

REFPERENCES

Biot eand Seebeck, Bull. Soc. philom., 190 {1815) .
Biot, Mem. de 1'icad., 2, 114 (1817).

Biot, 1bid., 13, 116 (1835).

Blot, ibid., 15, 93 (1838).

LeBel, Bull. soc. chim. 157 §_§, 337 (1874).

Ven't Hoff, ibid. /27 25, 295 (1875).

fresnel, Ann. chim. phys. /17 28, 147 (1823).
Cotton, ibid., 8, 360 (1896).

i. Born, Physik. %., 16, 251 (1915); Ann. phys., 55
177 (19187 (o — =

Oseen, ibid., 48, i (1915).

¥. Kuhn, Z. physik. Chem., B 4, 14-56 {1929) .

o—

W. ¥uhn, Yrans. Feradey Soe., 26, 293-308 (1980}.
Guye, Compt. rend., 110, 714 (1890}.

Crum Brown, Prog. %ie}g + 500, Ldinburgh, i.'?, 181 (1880).

Guye, Compt. rend., 111, 745 (1881); zbm.., 114, 473
{1892)7 4., 116, ma, 1378, 1451, 1454 (TB95); ibid.,
118, ges“‘{'iﬁ%)""fbm,, 120, 157, 458, 632, 1274 (18957.

Guye, Compt. rend., 116, lﬁ‘?& (1893} .
Guye and { havanme, Bull. soc. chim. ‘{57 l::a, 195 (1895).

flule, J. uhem, Sec., }.}.21 {3.924)‘
Rule, Trans. Faraday Sec., 26, B21~336 (l?ﬁ@},

Bettl, Gazz. ehim, uah, 36, II, 392 (1906} ; ibid., 46,
I, aas 220 (19186); é‘,‘% 11, 276 {19293

Landolt, ?aba;&en, II, 1156 {1928).
Henrich, Johnson, and Habn, *Pheories of Organle

uhamiatry” John Wiley and Sons, New i’fark {i922)
pp. 75-167.



(28)
(24)

(88}

(26)
(27}
{e8)

{29)

(20)
{81)
{82)

(¢8)
(34)
(35)

(s6)

(37)
(38)

(39)
{40}
(41)
(42)
(43)

Hixon and Johns, J. Am. Chem. Soc., 49, 1786 (1927).

(8) Johns and Hixon, J. Phys. Chem., 34, 2218-25 (1930).

{b} Craig and Hixon, J. A. bh%Eﬂ”gbe., 58, 4367-72 (1981).
¢} Starr, Bulbrook, and Hixom, ibid., ﬁZ"sgﬁlmvs {1932},
(4} Goodhtie and Hixen, ivid., 88, 1220-Z% (1934).

{e) Johns end Hixom, J. Phys. Ohem., 34, 2326-35 (1930).

(f) Johns and Hixon, J. Zm. »ﬁ%ﬁ:”goe., 56, 1333-36 (1934).

Be. L. Carr, Unpublished thesis for Ph.D. Towa State
College Library (1934). "The Reverslible Splitting of
&rganamﬁraurie ﬂyaaiﬁ&ﬁ with Hydrogen Chloride™, pp. 7-8.
EQ L' b&rr, ihién, ?3}1 *’il*%a

Orgenic Synthesis, Vol. 11, 58-80 (%iley and Sons) .

lLelths, 3&:., &3, 800-805 (zase}; é§;££3[7ey9,

‘Wallach, Ann., 343, 54-75 (1905).
Sabatlier and Moillle, Compt. rend., 15& 830 (1914).

Metzner, imn., 298, 375 (1897).

Ingersoll and Burns, J. Am, Chem. Sec., aé, 4712~15
(1932).

Ingersoll, ibid., 47, iléﬁ*?ﬁ (1925).

Drake end Bronitsky, ;gég‘, 52, 3712 (1930).
Ingersoll and White, ibid., ﬁé, 274-81 (1932).
Hartley and Ralkes, J. bh&m. 506G, 12’? aa& {19285).

Goodhue and Hixon, J. ﬁm. uhem. SG@., bs, 1539 (1934),

Goodhue, Schwarte, and Fulmmr, Igwa State uoll. J. Sei.,
7, 111 (1%33}

Baekley and ﬂartlﬁy, ?hil‘ 8, 437‘8 339 (1929).

Nonhebel and Hartley, ibid., [ﬁ?jgg, 729 (1925).
shriner and Adams, J. Au. Chem. Soc., 46, 1683 (1924).
Lowry, J. Chem. Soc., 103, 1, 1068 {1913).




- 55 =

(44) o©Ot%, Ann., 488, 196 (1951).

{48) fTrens. Faredsy So¢., 30, appendix (1934).

(46) Liguier, Gompt. rend., 180, 1917 (1925),
{47) Vellinger, Compt. rend., 162, 1685 (1926).




	1935
	The dissociation constants and rotations of some alpha-substituted ethylamines
	J. Marvin Burch
	Recommended Citation


	 

