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STUDIZES IN CIRCUL:AR  DICHROISM.

SECTION I - INTRODUCTION

No attempt to dezal in any detail with the phenomena
asgsocisted with circular dichroism can proceed without
reference to the pioneer work of Cotton in this direction,
work which heas stood the acid test of repetition by practi-
cally every investigator in this field. Indeed one of
the most recent publications is a repetition of Cotton's
work in order to discuss it from a modern theoretical
stendpoint (23).

It was in 1895-6 that Cotton first published the
results of his investigations on the optical properties
of complex salts of copper and chromium (4, 5). In
particulsr he found that for sulutions of potsssium
chromium tartrate =nd alkaline solutions of copper tar-
trate an incident plane polarised beam of light emerged
not only with its plane of polarisation turmed through
an angle relative to the plene of incidence, but, in addi-
tion the emergent l1ight was elliptical not plane. These
effects/



effects Cot ton found to be associated with a given ab-
sorption bend. The optical rotation showsd a meximum
on one side of the band and 2 mimimum on the other, the
rotation passing through zero at the head of the bénd,at
which point aleso the ellipticity of the emergent light
attained a maximum. Thcse associated phenomena, how
termed the "Cotton Zffect"™, may be illustrated by the

diagram below:

<

On theoretical grounds end as shown experimentally
by Presnel, ordinary opticel rotation is due to the
different refractive indices ( or speeds) of the two
circular components of the plane polarised beam. Cotton
suggested that the’elliptical polarisation might be ex-
rlained on the assumption of differmnt absorption co-
efficients for the two components in addition to their

differing refractive indices.



Direct measurement of the two extinetion coefficients
fully confirmed this hypothesis and to this unequal ab-
sorption of the two forms of circularly polarised light
the term "circular dichroism™ is applied.

The remarkable rotation effects associated with the
appearance of coircular dichroism inside the absorption
band indicated that further investigation along these
lines was likely to yield valuable results, and recent
develdpmenta in photochemistry fully justify this view.
In order to explain the ocecurrence in nature of com-
pounds which rotate the plane of polarisation of light
the initial production at some time of an asymmetric
compound must be postulated. By extension of the
pioneer work of Pasteur and Pischer several methods have
been develdped for the separation of optically active
compounds provided there is &n asymmetric agent avail-
able at some atsge in the process, but these do not fur-
nish any explanation of the ultimate origin of asymmetry.
In answer to the problem the "vitalists™ maintained th:ct
in the enormous asymmetric bias in nature it is indieca-
ted that the production and use of single optically
active substances is the very prerogative of life itself,
and that before life there were no optically active com-
pounds (9, 10).

In wontrast to the econtention of vitaliesm it may be

postulated/



- 4 -

postulated that the formation of the initial optically
active isomer must have ocourred by dissymmetrical in-
fluences outside all living organisms, =and to support
this theory some means must be suggested for producing
a total asymmetric synthesis. The photochemical ac-
tion of circularly polarised light is a case in point.
If a substance exhibits unequal absorption of the two
forms of eircularly polarised light (ecireuler dichroism)
and is moreover decomposed by light of the wave length
for which the dichroism is pronounced, then it is to be
expected that different decomposition rates will be ob-
tained on irradiation by the two forms of circularly
polarised light.

This idea was first advanced by Van't Hoff (34)
and the first systematic investigations were carried
out by Cotton in 1896, but although Cotton initiated
the experimentel attack in this £leld by a series of
brilliant researches ultimate sudcess was denied him,
and 1t was not until 1929 thot independent investiga-
tors, within a short time of each other, published re-
sults which definitely indicated the accomplishment of
an asymmetric decomposition by eircularly polarised
light (16, 25]).

The attainment of these positive results repre-
gonts an enormous advance in stereochemistry and

suggesta/
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suggesats that closer examination of the phenomena of
circular dichroism is likely to yield valuzble results
in the solution of many of the problems of opticsal
activity, but any attempt to provide a theoretical

basis for the interpretation of rotation phenomensa

must formulate expressions for the conmnection between
the rotation dispersion end eircular dichroism inside

a given absorption band. Judged by these standards,
the classieal theory of optical activity due to Drude
requires revision since the Drude funetion for the ro-
tation dispersion becomes discontinuous at the head of
the absorption bands and so cannot provide any quanti-
tative relationship throughout the band. It is true
that quantitative relationships have been derived and
experimentally verified on this theory for the maximum
and minimum of rotation compared to the ellipticity ob-
served, (1), but these sre only true for particular
points and do not give any continuous relationship. Not
the least achievement therefore of very recent theore-
tical work by Werner Xuhn is the mathematical formulation
of quantitative relationships for the absorption, circu-
lar dichroism and rotation dispersion inside as well as
outside the absorption band (13, 14). The results of
measurements on these quahtitiea have been very success-

Tukly utilised by Fuhn and his co-workers to confirm the
theoretical/
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theoretical formulations but so far most of the ohserva-~
tions have been taken for wavelengths in the ultra violet
and, beyond a very recent reference in Compt, rend.,'
(36, 37), no attempts appear to have been made =8 yet by
other workers to apply the analysis of Yuhn to other sub-
stances. It is therefore intended to deal in this thesis
more fully with the theory due to Werner Tuhn, particu-
larly with reference to the calculation of curves for
rotation dispersion from experimentel data for absorption
and ellipticity. The work to be described has been
carried out mainly towards the red end of the visible
spectrum, and will thus provide an interesting test as
to whether the formulae applied with such success to ab-
sorption bands in the ultra violet will be of equal value
for absorption in the red.

There will be given first of all an account of an
attempt to extend 2 former method for the direct deter-
mination of the absorption for the two forms of circular
light, and this is followed by & description of an im-
Proved form of apparatus which was successfully employed
to give quantitative measurements for absorption, rota-
tion and cireculer dichroism throughout the visible spec-
trum. Observations made with the apparatus for various
compounds are given, and the concluding section contains
a discussion of the results in relation to the theory of

Xuhp,



SECTION 2.

Zxamination of Ethyl X - bromopropionsate.

Circular dichroism is the term applied to the un-
equal absorption of the two forms of circularly polar-
ised lizht, which menifests itself by the appearance
of en emergent ellipticelly polarised beam from inci-
dent plane polarised light. The magnitude of the
effect may therefore be expressed =s the difference of
the extinction coefficients for right and left circular
light, respectively, or as the angle which characterises
the ellipticity of the emergent vibration. In the
eaerlier methods employed for the determination of either
of these quantities progress was slow, due to the ne-
cegeity for specially elaborate apparatus before even
moderately satisfactory results could be obtained. An
improvement towerds simplicity of procedure is seen in
the method successfully introduced by Mitchell for the
study of the circular dichroism of caryophyllene nitro-
site (24). This consists essentially of spectrophoto-
graphic‘examination of the absorption for the two forms
of circular light, a Fresnel triprism being employed to
give two contiguous beams of light, one right circular

and the other left.

At the beginning of the work described in this
Yhesis/
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thesis the announcement of positive results in asymme-
tric photochemistry had just been made by Kuhn and

Braun (16). PFrom the form of the rotation dispersion
curve for ethyl™- bromopropionate these authors assumed
the existence of circulesr dichroism about 2800 A.U. and
the positive results obtained on irradiation of the
racemate by circularly polarised light of approximately
that wave length justified their assumption.

It was decided to employ the method successfully
used by !Mitchell in the extreme red region of the spec-
trum and to test if it could be sufficiently modified
for an examination of ethyl A\~ bromopropionate in the
ultra violet.

Preparation of optically active
ethyl X - bromopropionate. CH;C-H BvC O OC, Hy
The starting product for the formation of this

substance was commercial lactic acid syrup which
usually shows a slight optical activity due to a
preponderance of one of the active isomers. This
activity is enhanced by the formation of highly rota-
tory lactides. Various samples were examined polari-
metrically until = specimen showing a fairly high ac-
tivity was obtained. The syrup finally used showed
Kspor (200 mn)+ 20°6°  in examination of this by the
sodium salt method of Patterson and Forsyth (28) in-

dicated that about 75{ of the syrup was d-lactic acid.
This/



This lactic acid syrup was resolved by crystallisa-
tion of first the zinc and then the zinc ammonium
galts as described by Patterson snd Lawson (29).

The finally purified c¢rystalline zinc ammonium
d-lactate showed 0(:.:;, (200mm) +1- 98° for 16 gms.

in 20 oms., dilute ammonia solution. Ethyl d-lactate
was obtained from the zinc ammonium salt by refluxing
with ethyl alcohol and sulphuric acid for several
hours (33). The pure product boiled at 55° /13mm and
showed Cizu” (100mm) =+12.737 The bromination of
this ester was carried out in chloroform solution by
phosphorus pentabromide (32). The ethyl & - bromo-
propionate thus obtained boiled at 49 - 51° /10 - 12 mm.
and 57°- 58° /16 - 17 mm. and showed C§&¢,(1oo mm)-57+ 38
and o(:fm ~ 49. 39,

This ester is a colourless liquid when pure but
rapidly becomes yellow even in subdued artificial light.
The vapour of the liquid causes great irritation to
the eyes.

Photographic examination for
evidence of circular dichroism.

As used for the 1qrevious work with caryophyllene
nitrosite, the component parts of the Fresnel triprism
were cemented together by Canada Balsam. For work in
the wultra violet the absorption due to the balsam had

to be avoided and to overcome this difficulty the Cadada
Balsam/
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Balsam was removed and the faces of the component prisms
put into optical contact by Messrs. Adam Hilger. A
Ilickel spark was used as source of ultra violet light
since the number of lines at 2800 A.U. assist the exami-
nation.

Except for the modifications rendered necessary by
the introduction of the Presnel triprism for the two con-
tiguous beams of circular light the procedure adopted was
that generally employed for absorption spectrophotography
in the ultra violet and the apparatus employed is illus-

trated in figure 2 below.

Quorg sixctrograph’  las  Baly tube Fresnel triprism Collimator. Ni Spark
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The print on foregoing page stows the absorption
due to a 0-22% solution of ethyl X -bromopropionate in
alcohol. Thé absorption for the one form of circular
light appears in the upper of each pair of exposures
whilst the lower shows the z2bsorption for the other
form. It will be seen that no difference of absorption
is apparent for the two forms of light at the wave
length (about 2800 A.U.) for which it might be expected
even although the great dispersion in this spectral
region by the type of apparatus employed assists the
sensitivity. Later publicetions by Kuhn (14) showed
that the circular dichroism was indeed very small, bt
the fact that it had been found possible to measure by
other methods a dichroic effect which was not observed
by the above apparatus indicated that whilat good as =
direct approach to the problem, the method is not
sufficiently refined for the observation of small

affects.
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SZICTION 3.

Improved Methods and Apparatus for Determination of

Rotation Dispersion, Circuler Dichroism and Absorption.

It was mentioned previously thect the megnitude of the
circuler dichroic effect may be expressed as the engle
which chearacteriscs the ellipticity of the light emerging
from the solution, but thot older methods for the deter-
nmination of this quantity were not entirely satisfectory.
freat progress in this field was rendered poscible by the
publication by Bruhat (2) of a suggested apparatus for the
measurement of ellipticity with standard optical instru-
ments. The great advantage of this method lies in the
fact that by means of an attachment to an ordinary polari-
meter, quantitative measurements of rotation and circular
dichroism can be made thoughout the visible spectrum withr
practically the ease and simplicity of ordinary rotation
dispersion observations. Moreover with slight modifica-
tion a similar method has been employed by Kuhn for con-
tinuing the measurements far into the ultra violet (18).
The theory and suggested form of apparatus is here briefly
summarised from Bruhat's publieidtions (2, 3) before giving
an account of the finel methods found to give very satis-

factory results.

The/
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The Zlliptical Vibration.

The form of an elliptical vibration is defined by
the relationshrp-g of minor to major axis. This re-
lationship (the ellipticity) is charccterised by the
angle & whose absolute value, less than 45°, is de-
fined by ltan [‘:—. g It is convenient to consider
this angle positive for right ellipses, and negative
for left ellipses. When the minor axis b is equal to
zero, the vibration is rectilinear snd the ellipticity
Zero. When the minor axis is equal to the major axis
the vibration is circular, its ellipticity is +45° for

s right circular vibration and -45 far 2 left.

The effect of the Quarter Wave Plate.

It can be shown that a rectilinear vibration, after
traversing a quarter wave plate, yields an elliptical
vibration whose axes coincide with those of the plate,
and the ellipticity of this ellipse is equal to the angle
between the incident vibration a2nd the slow axis of the
quarter wave ... coe cee «es cos .o ves 1l

and conversely,

if an elliptical vibration fall on a gquarter wave
plate so that the axés of theellipse coincide with
those of the plate, the emefgent vibration is recti-
linear and the aﬁgle between the slow axis of the quarter
wave and the emergent rectilinear vibration is equel to

the ellipticity of the €llipsSe eee  ese coe  see 2o
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It can be further shown thst for the more general
case of an elliptical vibration striking a quarter weve,
where the axes of vibration and quarter wave do not
coincide, that, provided the angles representing azimuth
of axes (X ) and ellipticity (X ) of incident vibration
are small, the ellipticity of the emergent vibration (§')
is equal to the angle between the major axis of the ineci-
dent vibration and slow axis of quarter wave (5"“& and
angle () between major axis of emergent vibration and
slow axis of quarter wave is equal to the ellipticity of
the incident vibration. (X=X )uee  vvs  ees  ses B

spplication to experimental procedure.

For = simple case where there is no rotation at the
point where the dichroism is to be measured (e.g. at the
head of the band) there may be employed an apparatus as

shown below:

f ¢ A
N |<L_| L | 1= ‘ y
- |
_T:L_‘\‘5““‘-———_;_______L_4
Eig. 3‘

Before the insertion of the tube T and quarter wave
Q@ the analyser A is set at zero for the light through
the polariser P. Thereafter the quarter wave Q is in-
troduced, with its slow axis approximately parallel to
the vibration from P and its orientation adjusted until

there/
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there is once more equality of illuminztion in the fields
seen by the observer; the slow axis of 9 is then parallel
to the vibration furnished by P and indicated by 4.

On the introduction of the tube T containing the cir-
cularly dichroic solution with zero rotztion, the emergent
vibration from T is elliptical; the major axis in plane of
incident vibration. The vibration incident on the quarter
wave Q is therefore an ellipse with its axes coinciding
with those of the quarter wave and hence by Lfg.the emer-
gent vibration is rectilinear, the angle between the emer-
goent vibration and the slow axis of Q being equal in
magnitude to the ellipticity of the incident vibration.
This angle is read by setting the analyser A to equal
illumination and the measurement of dichroism in this
simple case therefore becomes the same as the measure-
ment of ordinary rotation, w&th the same degree of
aceuracy.

Extension to Solutions exhibiting Rotation as well as
dichroism.

In order to extend this method to solutiona showing
both rotation and dichroism it is only necessary to com-
pensate first for the rotation of the solution by turn-
ing the polariser P. The emergent light from tube T is
then elliptical with its ames corresponding to those of
Q, T.

The /
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The drawback to this form of procedure is that both
4 and P should be mounted on graduzted circles, P giving
the rotation and the dichroism. Since, however, the
solution is isotropic the procedure can be modified by
interchange of light source and observer, first setting
P and then instead of rotating A turning both @ and P
at the same rate in the same sense. By examination of
the diagrammatic representation of this method it will
be seen that it can be carried out with an ordinary
polarimeter, provided there is introduced after the
polarising prism a quarter wave plate on a graduated
circle capable of rotation in the plane of mounting
and of removal and re-introduction in the same orienta-

tion.

HI

@
1 T r_l_ P!
| | | |

—
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Gv i Z T o+ - oo - a
\ \ d
\0 6\ "
‘ \

q.tz

Pig. &.

The type of mounting for the Quarter Wave introduced
just after the polarising prism is illustrated in Fig. 5.
M M is a slide which runs along the grooves G G and in
which the three holes Q, T, Qa are made &s shown. In
the two outside apaces are placed mica plates, wuarter
wave for yellow and blue light, respectively, two such
plates being sufficiently aceurate for the whole spectral
range and much more convenient than a series of plates,
each accurately quarter wave for individual colours. The
centre space is left blank. The whole system pivots
around the oentre and the amount of rotation is read on
the graduated circle at € . By this means one or other
of the plates can be introduced in the path of the light
ray and removed without disturbing the orientation of the
system.

By modification of these suggestions to suit in-
dividual requirements and by the introduction of =a

suitable/



suiteble light source and monochrometer it was found
possible to arrange the apparatus described below,
features of which are its construction employing stan-
dard optical instruments and its utilisation for read-
ings of rotation and ellipticity throughout the entire
visible spectrum.

*A Spectropolarimeter was formed by combining a
Hilger polarimeter with a Hilger constant deviation
spectroscope. Two symmetrical slits were fitted to
the spectroscope, that next the polarimeter hsving a
lateral adjustment whilst the polerising system of the
polarimeter was turned through 90° so as to suit the
vertical field necessary for 1he.8pectrometer. As a
light source, good throughout the spectrum, but parti-
cularly useful for readings far into the red, a 1000
¢.p. Pointolite lamp was found most suitable. A
mercury-vapour lamp was used for calibration purposes.
The light from the Pointolite lamp was condensed direct-
ly on the front 8lit of the spectroscope, whilst that
from the mercury-vapour lamp came from the side and was
focused on a small totally reflecting prism which could

be moved away from the slit when not required.

%

The necessary mechanical additions and altere-
tions to the apparatus were very efficiently
carried out by Messrs. MeCulloch in the work-
shop of the Chemistry Department of this
University.
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The quarter wave plate for the ellipticity measure-
ments mounted on the special holder described above was
introduced immediately after the polarising system. gt
first the rotation of the plate was read by a vernier
scale as recommended by Bruhat (3), but due to the con-
struction of the Hilger instrument, the scale had to be
situated some distance from the observer on the side
next the light source and the inconvenience of reading
was intensified when a thermostat was necessary for the
observation tubs. The ellipticities under considera-
tion do not exceed a few degrees, and it was found to be
a great advantage to control the rotation of the quarter
wave plate by an arrangement exactly similar to the
analyser fine-ad justment and to fit both regulating
screws with graduated drums. One division on each drum
corresponded to a rotation of 0-012°.

For all measurements, the solution was cantained in
& 6 cm or 2-5 cm. glass tube with cemented end pieces.
The end pieéea must be specially tested for strain and
a smell correction for the ellipticity made when mecessary.
Ordinary polarimeter tubes with ends held in position by
metal screw caps are quite unasuitable for this type of
work. To avoid the use of glass windows in the thermo-
stat, the ends of the tube were held in brass sleeves

which /
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which passed through rubber stoppers in the walls of the
thermostat. Short pieces of rubber tubing fitting over
both sleeves and observation tube, made the arrangement
water-tight. The thermostat temperature was controlled
by a thermoregulator of the type described by Pattersom
(27).

Measurements of rotation and ellipticity were made
in the following way. The spectroscope drum was set for
the desired wave-length and a suitable half-shadow angle
chosen. Next, the analyser was adjusted to its zero
position, the quarter wave plate ( A = 5890 i. U.)
introduced, and its orientation regulated to maintain
equal illumination in the triple field. The solution
under examination was introduced, the quarter wave plate
removed, and a determination of the rotation made in
the usual way. The quarter wave plate was then re-
introduced, and if the solution exhibited circular
dichroism the equality of the illumination was destroyed.
Equality was restored by turning both the quarter wave
plate and the analyser in the same direction through the
same angle. This angle gives the amount of the}ellipti-
city. In order to determine its sign, the simplest
method is to examine a solution of known ellipticity in
the apparatus. Alkaline solutions of copper d-tartrate

give negative ellipticities and are convenient for this

purpose.
The /
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The absorption measurements were made with a Hilger-
Nutting photometer. This was employed along with the
constant-deviation spectroscope referred to 2bove. The
polarimeter thermostat was adapted for use with this ar-
rangement by fitting an additional tube for the solvent.
This could be done easily, since the centres of the two
apertures of the photometer were separated horizontally
by 38 mm. A 100 c.p. Pointolite lamp was used as light
source for the sbsorption measurements. Log(I,/I)is
read directly from the photometer scale.

(I, = incident intensity, I = emergent intensity).

By means of this apparatus there were obtained the

results described in the subsequent sections.
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Section 4.

Results of Measurements for

Caryophyllene Nitroaite. G H,N O

The @ircular dichroism and rotation dispersion of
this substance had been previously examined by Mitchell
with the methods outlined in the Section on ethyl A -
bromopropionate, but it was concidered of value to study
these effects in a new solvent by means of the apparatus
of Section 3, and to obtain quantitative measurements for
absorption and ellipticity in = form suitsble for the

theoretical treatment in = later section.

Treparction.
Caryophyllene 1is en\ggﬁ}cally active sesquiterpene
contcining the grouping ] and the nitrosite is
cf, ‘e,

formed by the addition of I, 0, at the double bond, and since

one of the carbon atoms 1s then joined to four\gif;erent
*

. ¢ -~ NO

groups it becomes asymmetric as indicated. z\ olo

CH,

The existing optical activity in the czryophyllene molecule
appears to be sufficient to cause the exclusive formation
of the dextrorotatory nitrosite.

The/
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The method employed was es8entially thet of Yremers
and Schreiner (12), the addition in small quantities of
glacial acetic acid to a well cooled mixture of caryo-
phyllene, saturated sodium nitrite solution, and petro-
leum ether, which leads to the liberation of the nitrous
anhydride and its absorption by the caryophyllene. Ls
the compound formed is light sensitive, the préparation
was carried out in a derk room, using only a sma2ll blue
light for illuminetion. Recrystallisation from alechol,
aqueous acetone, and several times from acetone in the
dark was required to give the pure deep blue ecrystals

melting sharply at 115° when quickly heated.

Ohservations.

By means of the apparatus described in Section 3
the observations shown in the accompanying table were
obtained for a solution containing 009 mol./litre
of the nitrosite in toluene, taken at 19°¢c. A 6 cm.
tube was used for rotations and ellipticities wmtil
the absorption became too great, whan'a 2.5 cm. tube was
employed. The resulte for rotation and ellipticity are
recorded as molecular quantities. The mean of & con-
siderable number of rapid determinations was found to be
the best method of obtaining relisble readings for the

difficult but important observations from 6200 A.U.

to/



- 24 -

to 6900 4i.U., where in addition to the decreasing sensi-
tivity of the eye for matching of colours there is added
the disturbing influence of the elliptical 1light, which
renders fine setting of the analyser scale very difficult.

The absorption was examined in 10 cm. cells, and
recorded as the molecular extinction coefficient 2t
defined-by I = 1,107%cd (d in em. ¢ in mols. per
litre),

In assessing the importance of an zbsorption bamd,
both for asymmetric photochemistry and for its contri-
bution to the optical rotatory power of the molecule,
the quantity of significance is referred to by Bruhat
(3 page 249) as theM™relative difference of absorption™
for left and right circularly polarised light and by
Zuhn (14, 15) as the "anisotropy factor". With a view
to its employment later in the theoretical section, the
quentity defined by Kuhn is calculated wherever possible
for the results of measurements. This anisotropy
factor "g" is defined as g =-i§i£L— where &g, &x, €,
are respectively the absorption coefficients for left
and right circularly polariséd light, and ordinary light,
but in practice it is generally determined by measure-
ments of ellipticity and ordinary absorption. Under
the present conditions, when observations made with the

same solution are reduced for the same 1length of solu-

tion under the same conditions the anisotropy factor
becomes/
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becomes equal to 2Yr 0-4343 where T is observed
Log.IOZI

ellipticity in radians.(18).

This quantity was calculated for the results ob-
tained with caryophyllene nitrosite and is shown in the
last column of the table on sheet 25 (a). It will be
seen that it is remarkably constant inside the a2bsoxption
band, in accordance with the predictions of Fuhn's theory
(Section 7). The generel form of the rotation dispersion
curve is that usu=lly associated with the appearance of
circular dichroism inside an sbsorption band, as indicated
in Pigure 1 of the introduction. A discussion of the
full/significance.of the curves and the calculation of
the rotations from the absorption and ellipticity date,

is given in Section 7.
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ROTATION DISPERSION iID CIRCULAR DICHROISM
OF CsRYOPHYLLENZ NITROSITE.

In this Table the results for rotatiom, circular di-
chroism, and absorption are given as observed values of
rotation, ellipticity ( in degrees), and Log I,/I for =
6 cm. tube under which 01rcumstances the anlsotropy fac-
tor "g" in the last column is equal to —ex 43X -017485x ellipheity
The table containing the results recorded as mziecular
quantities is placed for convenience in Section 7 (page 6l).

Anisotropy
)\ Factor
-fu.| Rotation | Ellipticity | Log I,/I g
6900 -0-98° | -3-85° 1-25 - -09
6800 —-0-36 -4-52 1-28 - .11
6700 | +0.62 | -4-76 1-25 -.12
6600 +1-48 -430 | 111 - 12
6500 | +2-30 -3.68 | 92 | --12
6400 +2-61 -3-19 -82 --12
6500 +2-71 -2-58 -67 -+12
6200 +2-63 -2-15 54 --12
6100 +2-62 -1-66 43 -12
6000 +2:60 -1-16 30 --12
T S R SHORIUUVRUORp NNV U S

5800 +2-35 ~ -56 -15 -11
5500 +1-87 --13 -04 --09
5000 +1-38 - - -




Kllioib
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Rotation dispstrsion
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Section 5.

Zxperiments withgCaryophyllene Nitrosite
Hydrochloride  C,5 Hys N,O,CL .

In caryophyllene nitrosite there still remains an
unsaturated linkage (6). It is therefore of interest
to observe the effect on the rotation and allied pheno-
mena of addition of, for example, hydrochloric acid to

the remaining double bond.

Preparation.

The caryophyllene nitrosite hydrochloride wes pre-
pared ad described by Deussen (6) by saturating an
ethereal solution of the nitrosite with dry hgdrochloric
acid gas. It was found that the ether must be perfectly
dry before any hydrochloride is obtained, dbut if this
condition is satigfied the yielde are almost quantitative.
Light blue erystals melting at 129° were obtained by re-

crystallisation from ethyl acetate.

Observationa.

The observations were made under exactly the aaﬁe
conditions as those for caryophyllene nitrosite, using
a 0+008 mol./litre solution in toluene at 19°C.  The
results on the accompanying sheete show the same genesral

form/




- 27 -

form as for the nitrosite but the rotation effects are
much smaller, in agreement with the new anisotropy
factor, which is again constant but much smaller than
for the nitrosite.

It is interesting to note that whilst the absorp-
ﬁion is practically the same, the effect of the band on
the rotation dispersion is obviously greatly reduced.
This indicates that although the nitroso group, with
its ebsorption maximum at 6800 A.U, is chiefly re-
sponsible for the rotatory effects in that region of
the spectrum, the reet of the molecule influences the
rotatory contribution of the band to such an extent
that reduction of the unsaturation in other parts of
the molecule results in reduction of the anomalous ro-
tatory effects inside the absorption band. The quanti-
tative relationship between the reduction in the aniso-
tropy factor and the decreased rotatiom is again dis-

cussed in Section 7.
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ROT-TI0ON DISPZRSICH £ID CIRCULLR DICHROISH
O C.RYOZPEYLLIENZ LITROSITT EYDROCHLORIDE.

In this Table the results for rotation, circuler
dichroism, =nd absorption are given as observed values
of rotetion, ellipticity (in degrees), and Log Io/I
for a 6 cm. tube, under which circumstonces the

igotr t "™ in t
iﬁlsiu-i?g;ﬁ%f?a :-_g; .m he last column is equal
*y
The table containing the results recorded as molecular
guantities is placed for convenience in Section 7

(pagee6g).

)\ Rotation | ®llipticity| Log L /I ?’a‘iié’?gw
A,
6900 -~ 0.48° - 1-04 -
6800 - 0-17 ~2.16° 1:08 - 06
6700 + 0-24 -2.47 1-04 - .07
6600 +0-72 ~2.38 -97 - .07
6500 +1-10 -2:26 -83 ~ 08
6400 +1-45 -1-79 -68 - 08
6300 +1-47 ~1-41 61 | .07
I —
6200 +1-46 -1-18 <49 -+Q7
6100 +1-44 - .04 . 40 .01
6000 +1-42 - 71 -30 o1
5800 1-30 - .47 15 -.09
5500 1-01 ~ 04 -06 -.02
5000 o"'-"zz - -
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Section 6

The Development of Absorption and Circular
Dichroism with Rise of Temperature.

A Nitrosites

In view of the interesting results with the caryo-
phyllene derivatives it was thought that extension of the
work to other optically active nitrosites might be equelly
productive._ As regards the possibility of prepadation of
a crystailine product in a pure optically active form those
appearing suitable were the nitrosites of phellandrene,
zingiberene and bornylens. Since these are white solids
which give colourlesa solutions at room temperature, it
appeared at first that they would not be so any use in
connection with the study of anomalous rotation dispersion
phenoﬁena due to =bsorption in the red by blue coloured
compounds. It is known, however, thet nitroso compounds
frequently give coloﬁrless solutions at room temperatures
which turn blue at higher temperatures, the colour being
attributed to the dissociation. of white double molecules
into blue single molecules (30).  Solutiona of the-three

nitrosites/
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nitrosites indicated above were found to behave in this way,
but those of phellandrene and zingiberene were unstable to-
wards heat and therefore unsuitable far quantitative work.
The bornylene nitrosite was not affected to any great extent
provided the heating was not too prolonged. The results
obtained with the compound fully justified the long 2nd at
times not very pleasant series of organic reactionsnecessary
to prepare this substance.

Preparation of optically active Bornylene Nitrosite
from l-borneol.

This preparation comprises three distinet stages -
1. Preparation of Methyl bornyl xanthogenate from borneol.

2. Decomposition of xanthogenate to form bornylene and
purification of bornylene.

3. Preparation of nitrosite.

1. This is the first stage of Tachugaef's method for
the preparation of an unsaturated hydrocarbon from the corres-
ponding alcohol (31). The course of the experiment may be
represented thus, -

g:——clzﬂon o r Gﬁfcﬂs THQK&

{'\H:l
This is conducted by gradual addltlons of sodium to a

boiling solution of the bormeol in toluene.

I’ethyl bornyl xanthogenate is prepared by addition of

excess/
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excess of carbon disulphide and introduction of the methyl
group in the usuzl way by action of methyl iodide. Writing

the sodium salt &s TeQCHR this stage may be représented as

C//ﬁ NaOCHR CZ{f—OCHR 5if——OCHR
) W W

Ls first obtained the methyl bornyl xanthogenate was a

S Slia

dirty yellowish product meling at 52° but after several re-
crystallisations from alcohol pure white crystals melting

at 56° - 57°were formed.

2. The decomposition of the xanthogenate by dry dis-
tilletion with formotion of bornylene is the most uncertain
as well as disagreechle part of the process. Theoretically
the high temperature (170" - 220°) necemsary far the decom-
position presents the problem of poseible racemisation and
in practice the extraordinary volatility of the bornylense
itself restricts the use of reduced pressure to lower the
decomposition temperature. In addition the most intoler-
able smeils of the by-products at this stage constitute a

problem of their own when large quantities of the xantho-

OH—OCH;—GEED e CH—

? C\QGH S
C ' R ‘5 dIY 3 A GH H‘M(
EQCH, | I Iistilletion GHsT‘ , 5

—CH

CH;—JH——CH,Q,/
Boany. ene. CS,+ CHOH

€SO + CHSH



The apparatus illustrated below wasg ultimately found

to give satisfactory yields with a minimum of discomfort.

NI\

K slight vaeoum.

Fh cold wats.

6 Wk,

3oth flasks are made of pyrex glass and an important
fezture is the very wide side arm of the distillation
flask. Prom the first distillstion of the xanthogenate a
viscous liquid was obtained, but on redistilletion this
yielded a solid product, which in turn was distilled over
sodium until pure ( four to six distillations). The
pyrex flask with the very wide pyrex side arm was particu-
larly suitable for these distillations, as pert of the side
arm could be heated and the lower part cooled so as to ob-
tain a large part of the solid at A in diagram. At these
later distilletions most of thé s0lid ceme over between
130" = 140 and this bornylene had 2 pungent but not un-
pleasant smell. The final purificztion of the bornylene
to remove traces of other terpene compounds by selective
oxidetion was carried out as described by Henderson amni

Yeilbron (8).

e The preparation of the Nitrosite.

At first attempts were made to prepare the nitrosite

byy
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by the methods employed for other terpenes such as caryb-
phyllene, but these were quite wnsuccessful and ultimately
the preparetion adopted wes exacfly that of Henderson and
Feilbron (8), using 50 gms. bornylene at = time. After
frequent recrystallisations from acetone pure white cry-
stals of bornylene nitrosite melting at 163° were obtained.

The borneol used as starting material showed

9 .
{F& -37+9 (e¢ = 11'52 in alcohol) and the bornylene
510

9
obteined gave [d]m:f 22.8°(¢ = 7+63 in light petroleum).

Observations.

L8 already mentioned the solutions of the bornylene
nitrosite at ordinary temperatures are quite colourless
but on warming become blue. It was decided to take &
series of observations at different temperatures to see if
this alteration in the solution was accompanied by any ab-
normal effects on the optical propertiea.v Measurements
were therefore mede for = toluene solution of bornylene
nitrosite at different temperatures. The very interesting
result was obtained that along with the development of the
absorption band in the red giving rise to the blue colour
there was a corresponding éevelopment of circular dichroism
with a pronounced effect on the rotation dispersion curve.

The results for temperature at 14° and 63" are shown

in the accompenying table and graph (Sheets 32(a) and 58(by.

Observations/
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ROTATION DISPERSION AND CIRCULAR DICHROISM
OF BORNYLENZ NITROSITRE.

Temperature 63"

Wave- ] Aniso-
length, Temp,.14° o . tropy
£.U. | Rotation| Rotation| Ellipticity|Log I,/I| factor

6700 +1-04’ +0-38 ~1-81° 135 |0-041

6600 ¢117 0-93 —1-59 120 0:040

6500 1-29 1-44 ~1-18 0.94 [-0-038

6400 136 1-48 - —~0-80 0w4 |-0-083

6350 138 14 | -om 069 -0;031

6300 ' 1.4 1-39 . —0°69 0:65 |-0:032

6250 1:42 133 ~ 071 0:68 [~0-032

| -

?;86“ 144 | 136 | _o0.66 | 063 o032

6100 152 1-52 - 0-50 0°49 |-0-031
Mgboo 1+59 166 - 0-37 0 55 0. 084

5800  1-76 1-72 - 0-10 d»-lob - 0+030
;500 2-04: 1079 - . -

1.
5000 2466 2.08 - - -

gave & value for log L/I of l.44.

An sdditional absorption reading tveken at 6800 4.7,
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Observations teken at intermediate temperatures aon-
firmed these measurements and showed the gradual ﬂtera-
tion from the one type of rotation dispersion eurve to
the other. it 14° the solution is just beginning to
absorb red light and this accounts for the slight irregu-
larity in the rotation dispersion curve at this tempera-
ture. A very 8light ellipticity is dlso present but it
is too small to be measured with any accuraey. At 63°
two absorption bands have developed (6800 :4,U. amd 6250
4.U. approximate heads) and the influence of these bands -
on the rotation and ellipticity is very apparent. 48 in
the case of the caryophyllene derivatives the aniaoctropy
factor is calculated for tﬁe different wave length, It
will be noticed that it is remarkably constant in the
middl‘e of the weak band. As will be shown in Sectiom 7,
on the basis of Iuhn's theory it is possible to eatimate
the individual contributions of these two bandis to the
rotation dispersion and by summation of these contribu- |
tions to arrive at a curve of similar form to that ob-
»eerved.

The difficulty throughout the bornylene nitrosite
measurements is the disturbing influence of the undis- -
sociated molecules. The rotation curve for 63 1is
really composed of (a) the retation due to the undis-
sociated molecules and (b) the rotation due t°'iﬂh‘g"

dissociated/
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dissociated molecules which give the colour to the solu-
tion and are responsible for the abnormal rotation
effecta. 48 the exact amount of the dissociation was
not known, all the observztions were taken in a 6 em.
tube under the same conditions, 2nd are recorded as such.
The concentration (1-596 g. per 100 c.c. of solution

at 14’ ) was chosen so that with a 6 cm. tube readings
could be taken as far into the red as 6700 40U at the

higher temperature.

L paper embodying the results of this section with
2 description of the apparatus was recently published
in the Journal of the Chemical Society (26).

B. Nitrosochloridqg.

Txtension of the earyophyllene work might also be
considered from the aspect of the influence of groupings
associated with the nitroso group. In the nitrasitaa,
for example, the addition to the &ouble bond consiatgvof

~a nitroso grouping and a nitro grouping. It mayibfwj i
asked if the replacement of the nitro grouping by.anéthef
group would cause any great alteration of the effects

inside/
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inside the absorption band which is characteristic of the
nitroso group. The obvious course is to prepare a speci-
men of optically active caryophyllene nitrosochloride snd
examine its optical properties in the red. Unfortunately
the terpene nitrosochlorides as a class are difficult to
obtain in a pure homogensous form and in partieular this is
true of caryophyllene. The yields of the crude nitrosoé
chloride obtained in the initial stages of the preparation
are very small, Moreover this erude product is chiefly
composed of the inactive « caryophyllene nitrosochloride,
end contains only smell amounts of the active (3 8aryo-
phyllene compound together with a correspond ing smail
eamount of another active substance of rotation opposite to
that of the nitrosochloride (7). These latter two sub-
stances are very difficult to separate and naturally
exercise an enormous influence on the rotatory power of
one snother. A large amount of expensive material is re-
quired to obtain even a very small quantity of the final
active Rcaryophyllene nitrosochloride (7), and the heavy
expense of a complete study of this compound would only

be justified by exceptional results. It was thoyght that
it might be possible however to prepare from a reasoneble -
amount of starting meterial a sufficiently pure specimen

of Bcaryophyllene nitrosochloride to obtain some indication:

of the magnitude of the dichroic effect, if any.

Preparation/
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Preparation.

The nitrosochloride was prepared as described by
Deussen (7), when he showed that the caryophyllene nitro-
sochloride described by Wallach (35) was not homogenegus
but consisted of three substances. This crude nitroso-
chloride was obtained by the gradual addition of a satura-
ted solution of hydrochloric acid in ethyl alcohol to a
well cooled mixture of'caryOPhyllene, ethyl acetate,

‘ %lcohol, and amyl nitrite. The preparation must be done
in small quantities. The best results were obtained with
quantities of the order of 10 ccs. of each of the starting
me terial and fifteen simultaneous preparations gave a
yield of 5 to 6 gms. crude nitrosochloride, and geveral
series of such simultaneous preparations were run until
the total yield was 50 gms. .

By repeated extraction with a 10% solution of ethyl

acetate in aleohol about three grams of the mixture of the
@ caryophyllene nitrosochloride end the other substance
were obta ined. The subsequent separation of these two
compounds consists essentially of fractional crystallisa-
tion from ethyl acetate and alcohol mixtures, but as
Deussen remarks in his description of the vnreparation these:
two compounds stick stubbornly to one another. Large
quantities would be required for a complete separation bub

it was found possible to purify the (3 caryopljyllene nitro-

Sochloride from the other compound of opposite rotation
sufficiently/
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sufficiently for it to show 2 definite laevo rotation,

Obhservations.
Like bornylene nitrosite, caryophylliene nitrosochlo-

ride is a white substance dissolving to give colourless
solutions at room temperatures, but on werming these solu-
tions turn blue. It was found thset in this case the colour
change was more pronounced in ethyl acetate solution than in
toluene, but even at its best the depth of colour was slight.
Observations were made at 20" and 56 for a solution of 0.193
gms. B caryophyllene nitrosochloride (1I.Pt.144-146) in 5 cog.
ethyl acetate solution. The readings at the higher tempera-
ture were tzken as rapidly a8 possible in view of the vola-
tility of the solvent and the instability of the compound &zt
these higher temperatures. It will be seen from the results
overleaf that there is undoubtedly a dichroic effect at 56
and there are irregularities in the curve very similar to
those seen in the bornylene nitrosite results. At 6900 A.T.
the negative rotation has grown larger, whilat at 6500 - 6000
4.U. the observed laeve rotation has greatly dmereased. Thisg
is in aceordance with the rotation contribution of the ni-
traoso group to be expected at these wavelengths from the re-
sults with the previous compounds. Owing to the inetability 4

of the compound and the slight colour density, as well as @0k«

vent and purification problems, a quantitative series of .
measurements for determination of the anisotropy faator wa.
not attempted, but definite evidence is shown in the

given that the nitroso group may exhibit eircular &i
inside its characteristic absorption band, even when it
associated with some other than the nitro groups
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> Caryophyllene Nitrosochloride

Wave Length | Rotation Rotation )
AU, | et 20 st 56 | Ellipticity at 56
6800 é -0.33 -0.47 -0.47°
6700 . -0.33 -0.29 -0.52
6600 -0.32 | -0.21 -0.54
6500 20.30  -0.18 -0.52
6400 ~0.33 -0.16 -0.42
6300  -0.36  -0.21 -0.42
6200 § —0.38  -o.z ~0.38
6100 0.8 . -0.21 -0.33
6000 . -0.38 % -0.20
5800 . -0.46 - -0.30
5600 -0.54 | -0.37
5400 ~0.59 |  =-0.51
5000 -0.81 ~0.77
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Section 7.

Discussion of Results with reference

to Theory of Terner Kuhn.

The Drude theory was the first systematic attempt
to formulate mathematicel expressions for the measure-
ments associated with the appearance of optical acti-
vity in certain substances, and is certainly the classi-
cal theory; but it hes been criticised both on its
fundamental assumptions and for its weaknesses inside
the absorption band (11). It is contended that the
conception of spiral electronic paths scarcely re-
presents the true state of matters inside the molecule,
and the simple form of the expression for the variation
of rotation with wavelength becomes discontinuous in-
side the absorption band. smongst later theoriés which
sought to remedy such defects that due to Born achieved
a firmer basis by the hypothesis that opticel activity
ie due to the mutual coupling of vibrators inside the
molecule but the treatment was cumbersome and the
simplicity of the final Drude formulation was entirely
lost. Zuhn adoptéd the Bornian basis but clarified

the/
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the treatment by means of a very simple model and has
provided an expression for the course of rotation which
while very complex inside the absorption band does re-
present the form of the curve and at greater distance
from the absorption band reduces to the simple Drude
expression (13, 14). In addition there is derived for
the first time a clear connection between the intensity
of the absorption, the circula r dichroism and the
rotatory power of the band.

The simplified model employed by Xuhn in his first

theoretical treatment may be represented as follows:
Z

AN
h 4

Fig. 7.

A particle of given charge and mass is lodged in
the zero point of the coordination system x, y, z. It
is elastically bound to its position of rest and has
the property of motion only in the direction of the
x - axis. A second pearticle of given charge and mass
different to first particle is lodged =t the point

z = 4. It also is elastically bound to its position

of/
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of rest and oan move only in the direction of the
y - axis.

Equations can be formulated for the motion of
these two particles both when éoupling is absent and
when it is present. The analysis shows that optical
activity does ngt appear if the vibrations are uh-
coupled. For the introduction of optical activity
coupling between the particles, as well as a finite
(in relation to the incident wavelength) interval is
hecessary. Such a model with coupled resonators
exhibits different relations of the characterietic fre-
quencies for left and right circular light, resulting
in the circular double refraction characteristic of
optical activity. Rotatory power is thus traced back
to a dependence on the rotatory semme of the light, of
the wark vﬁhich a circular wave does on the sgystem.
Kuhn extends the relations deduced from consideration
of this simple model to the general case of any number
of coupled resonators =nd by this means obtains formulase
which represent the course of rotation both inside and
-outside the absorption band. There is deduced a quan-
titative relation between rotatory power, absorption,
and ellipticity and in this conneetion it is shown that
the relative di.fference —Q?’-c—*— of the absorption
coefficients for left ond right circular light in a
band/
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1

band of uniform source is prbportioned to -y therefore of
constant sign and in a small band practically constant.
(€, &, &, extinction coefficients for left and right circular
light and ordinsry light respectively). The dichroism
however (& -& ) changes its sign in different absorption
regions so that the algebraic sum is zero.

This quantity <8' Yuhn denote& as the "anisotropy
fector" and it is of great value in assessing the relative
importance of different sbsorption bands. It can be de-
termined either by direct measurement of the individual
extinetion coefficients, or by determination of the cir-
cular dichroism and ordinsry absorption as deseribed in
previous Sections (page 24).

The quantitative mathematical treatment of the con-
siderations above yieldes the following equation for the
contribution of a definite absorption band to the optical

rotation of the molecule.[?l4) page 290J

- 2 +
@ N ,w ~£=~ 2
U A e%ﬂr Ode —¢ & [ ®e dx (..
7) AW Y, Jo e

o]

P = rotation per cm. at frequency.
1= absorption frequency. a
Cwen = MeEimum extinction coefficient (I =I e~¢9)
& = anisotropy factor at middle point of band.
Qe distribution parameter

The distribution paremeter ¢ determines the half
value interval v in which v =®1.6651.

The half value interval v’/ is frequency interval
between points in spectrum for which the
absorption is half the maximum abeorption.




<R x2 d
Ln integral of the tyme ¢ ¢ ax

for large values of C reduces to.ga ©

hence the expression (1) “»r large values of 2%;{
and lh%#— (i.e. when «J is far from Vo,the fre-

quency considered far from the absorption frequency)

reduces to the simple Drude form cs showm.

P Vv, o ™ Qg )
- O g6 vt _ l
YA & -3 = Conslany N
[¢]
Since els0 3ké?£ is in practice a large number,

the dependence of the rotation on the frequency is con-
trolled by the first factor inside the bracket, i.e.,
'_Ggﬂa VR
e (o JTe"“dx
0o
Mhen this is graphed we obtain a rotetion curve of the

type shown in Figure 1 (Page 2). ((14) page 291).

As given in (1) the formula is not suitable for
application to experimental data,

The following substitutions are made:
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The following substitutions are m=de: [{14) page 293]

iol. rot. [L';]-M where C is concentretion in gm. mol.
C per litre
-2ccd

Hipax = Ewa where X is defined by I -1I1,10
230 C

(1) now becomes, -

[M] = 160%xQ303% V 8; ner «65_9 _nb_"ad,( {L_)j%ﬁy

R Ju x

fhe exprecrion inside t:e brecket attscins a meaximum
(for ¥,-v=.0-90 ) of 0-541., If [95] is value of (1
et this point \I?g

—~ 100x3:303 ¥ Vg Wy 054
[qb] =Rl A

=t g%y i e ©

Insertion of the value for 3/0 from (3) into (2) gives

R % | . \J,ﬂ’
M- o et (S T[S Fd | @
054 \ffs .

fo
In practiceﬁhe last term of exuression inside the bracket

Yt VU "is large and the integral may be set equal to

®

C) , & small term which is practically constant
ino-ﬂr)

throughout the absorption band.

on/
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, On making this substitution there is obtained the
final form of the equation given by Kuhn as that from
which his curves are calculated. (Actually the final
form given in one of the original theoretical papers
ﬁ14), page 29% is incorrect, due to a misprint which

appears corrected some time later (23), page 60.)

A "la(—?‘l
_ ¢l * dx w__ @
- 5 | j“ R

It is regretteble that whilst curves in abundance

are to be found in the publications by Xuhn, tables of
data are not given and doubt is left as to the method
by which he evaluated the integral. At some distance
from the seat of absorption ¥uhn indicates that the
limiting value may be used and he hints at a geries
for the other positions, but at no time does he give
the full specimen calculation which would clarify the
whole treatment and application to experimental data.
In this comnection it is of interest that only very
recently a publication in a Prench journael containing
calculations with respect to Kuhn's theory was followed
by a report of an amended calculation after communica-

tion with Zuhn. (36, 37).
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Pig. 7.

This diagrem is reproduced from Z. physikal Chemie.
B. 8. (1930), page 296, and shows the results ob-
Tained by Fuhn snd Braun for a solution of azido-
propionic acid dimethylamide in ether.

Curve 1 showa the observed molecular rotation.
2 shows the observed absorption.

2' shows the calculated absorption.

3 shows the calculated rotatiom contri-
bution of the azide band.

4 shows the observed rotation minus the
calculated rotation ("difference
curve" ) .
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This diagram is reproduced from Z, physikal Chemise,
B. 8. (1930), page 306, and shows the results ob-
Tained by ¥uhn »nd Braun for a sulution of bromo-
propionic acid ethyl ester in hexane.

Curve 1 shows the observed molecular rotation.
2 shows the observed absorption.

2 shows the calculated sbsorption of the
bromide band.

3 shows the cealculeted rotetion contribu-
tion of the bromide band.

4 shows the observed rotation minus the

calculated rotation ("difference
curve").



In his first attempt to formulate theoretical
curves to show the rotation contribution of a given
absorption band, Yuhn employs equation (5) page 44,
agssigning a numerical value to Bﬂ . In many cases
he later justified the value given‘to @ﬂ by measur-
ing the anisotropy factor g at the head of the band,
and the maximum molecular extinction coefficient
which enables ﬁ}to be determined exactly by means of
equation (3) page 43. In a recent paper (23) he
definitely states that the curves were calculated us-
ing the value afﬂﬂ obtained from anisotropy factor
and extinection coefficient measurements.

By means he is able to show for various absorption
bands what is termed the contribution to rotation of
the band in{question, and by subtraction of this from
the observed values for the rotation, there is obtain-
ed a difference curve which represents the rotation
contribution of the rest of the molecule.

In order to illustrate the type of results obtain-
ed the accompanying figures (pages 45, 46) are taken
from the publice tion of Fuhn (14) pages 296 =nd 306).
Pigure 7 on page 46 shows the results with azidopropionic
acid dimethylamide. Whilst the "observed curve™ (1)
shows a distinct anomal&, the "difference curve™ (4)

obtained by subtraction of the "azido curve" (3) shows

no/
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no such anomaly, thereby indicating that by means of
(3) the rotation contribution of the azido band
( Ao = 2900 4.U.) can be represented.

Por the curves in Tigure 8, page 46, we have a
gimilar type of reasoning. The contribution of the
bromo band of X~bromopropionic ester is calculated
and Auktracted from the observed rotation giving
the different curve (4), which this time still shows
a 8light anomaly, but very little when compared to
curve (1).

It will be noticed that the absorption due to
the band is represented by a ialculated error curve
of the type M =o€, C-@‘f}g where ® is the constant
defining the hslf value interval V' as in the cal-
culation for rotation (pege 41). In later examples
Kuhn arrives at rotation curves by summation of the
individual contribution of several small overlapping
bands; in one casse he has four such bands with the same

anisotropy factor (19).

By suiteble mathematical menipulation of several
curves from the expression (5) with different values
of the constant Bﬁl and ebsorption frequency Vo, it
would probebly be quite possible to smooth out the
anomalies in any given example of a typical "Cotton
effect™ rotation curve, and in this respect the Kuhn,

lends/
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lends itself to doubtful extension. The exact
significance of the final "difference curve" which
Yuhn interprets as the "rotation due to the rest

of the molecule™, is a 1little obscure =nd as yet

no definite check on ite final form can be obtained.
If the minor absorption curves necessary for the
smoothing of any minor anomalies are enfirely masked
by the main band then the justification for their
introduction is only to be found by the final result
that the difference curve is smooth. So far as the
thedry attempts to formulate curves for rotation
dispersion its value will be considerably greater
when the actual rotation to be observed can be ob-
tained from the equatioﬁ derived.

Nevertheless the theory does represent an
advance in that it renders possible the calculation
of the form of the curve to be expected as the rota-
tory contribution of a given band, on the basis of
measurements for circular dichroism and ordinary
absorption. In the work described in previous
Sections it was fomnd possible in meny cases to
evaluate g. It is therefore of interest to see if
by utilisation of the considerations outlined in the -

Fuhn theory, it might be possible to formulate curves

of the type obtained in the compounds studied.

+ 7



- 50 =-

It has elready been suggested that the
eanomalies in the red region of the rotation
dispersion curves studied zre due to the ni-
trogo group. This can be confirmed by the
form of the difference curve obtained on sub-
traction of the ™uitroso curve" from the ob-
served curve for the rotation dispersion of
the compounds. If the "difference curve™
so obtained shows no irregularities then it
can be concluded that the abnormal eptieal
effects in the red are due to the nitroso

band.



e

The case of bornylene nitrosite is of particular
interest since with the appearance of two zbsorption
bands in the red, there is the simultaneous develop-
ment of circular dichroism and a complete alteration
in the form of the observed rotation curve. It is
necessary first of a1l to distinguish the absorption
contributions of the two overlapping bands. This
can be done by I 's method of representing each
individual zhsorption contributiogAby means of a

[}

curve of the type K = I € : where O = Toem 7
A:in this case being the wave length interval bet-
ween points in the spectrum for which the absorption
is half its maximum value. Then a complete observed
absorption curve is not available, as in the case of
bornylens nitrosite,where readings could not be ob-
tained beyond 6900 A.U., X may be assessed by observ-
ing the distance of fhe one h=lf value position from
the head of the band and doubling this to give }: .
Unfortunately in the case of bornylene nitrosite the
exact location of the half value position for the méin
band cannot be accurately gauged due to the disturbing

influence of the secondary band, and measurementis are

not/
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not available on the long wave side where this secon-
dary would not interfere. Similarly the secondary
band constants are obscured by the main band effects.
Several combinations of curves were tried until there
were obtained those shown graphically on sheet 60(a)
and the calculated values for which appear on sheet 60,
It will be seen that the curve obtained by the sum of
the values for the two calculeted curves shows guite

good agreement with the observed curve.

By means of the values for O and)\o obtained from
these curves, along with the anisotropy factmrg; at
the head of each band =nd the maximum extinction
coefficient the contribution of each bamd to optiecal
rotation may be calculated by means of equetions on
pages 42 to 44. In the case of bornylene nitrosite
the dissociation effects make it impossible to calcu-
late the molecular rotation and extinction coefficients.
In this case the necessary alterations in the constant
were made and into equation (2) were inserted the valus
for g, and Log I, /I and the values of X , the rota-
tion for a 6 om. tube for different wave lengths, were
calculated. In the form given by Fuhn the equation

gives the rotations in radiens and the factor 57.30

was therefore/
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therefore introduced to bring the result to degrees.

The equation used for calculsting bornylene nitrosite
. : (Main Boui)
therefore became

M= 6800, g = 0.040, maz. log Io/I =1.4-4]
€= 365

-éiL +4
d - EOOOO%O8OOX O O4:Oxl- .:_1573 s"sf 43)“6800
2w x X

A—G5oo

_é-aoo)A 365
z + (%o

In order to eveluate the integral of the

—c? ‘
type e e dx inside the bracket, a series
o
was employed until € = 2 when the value |
RC

was used. [?.f.(lé) pege 290—291{}

The series used was

‘ 5 15
1 e - (Bel, (ol - (JEo), ... - (JEc R
E 105 10505 105.5l7 1.3.5.’7l.'.l5

It was found necessary to take the series as far as
the term in C“rfor gsome of the values of C near 2

becfore the next term could be neglected.

By/
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By these means the rotation curves reprecenting
the individual contribution of the two bs=nds =2t 6800
and 6200 A.U. were calculated. They ere reprecented
graphically on sheets(ggéfnd the calculated values
are shown on page, 60. On summetion of these there
is obtained the cﬁrve shown on sheets(ggb) Ttwill
be seen that the two maxima and the frough of the
calculated summation curve and observed curve sgree
very well. The difference curve obtained by sub-
tracting calculated from observed values is very
gimilar to that obtained 2t 14°. It must be re-
membered that this difference curve here represents
not only "the rotation of the rest of‘the molecule™
in this red region but also the rotation due to the
undisgociated molecules. In addition the anisotropy
factor for the band 2t 6800mis somewhat indefinite
due to the difficulty of observation at that wave
length and a variation of this wuld assist in smooth-
ing out the slight irregularity stiil existing in the
difference curve. In view of all the disturbing
influencea there is a good agreement between the form
of the calculated and observed curves and this is
reflected by the.comparative smoothness of the

difference curve.
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AaCeryophyllene IJitrosite and

pCaryophyllene I'itrosite Nydrochloride.

In these compounde it at first -~appeared that,
unlike the bornylene nitrosite, the absorption duwe
to the nitroso group consisted of one uniform band
with its head at 6800 a.U. Curves for the rotation
dispersion formulated on this basis however would
not give the very definite negative value at 6800
a.Us, nor such 2 pronounced flattening effect at A
6000 - 64004u,the flattening being very noticeable
in the case of the hydrochloride. In addition there
is the rapid rise of the anisotropy factor to a eon-
stancy over a very long range. 411 these cmsidera-
tions, in addition to the bornylene fesults, sucgested
thet the absorption for the nitrosite and the nitrosite
hydrochloride might again be due to the summation of
two bends, the secondary band in this}case being com~
Pletely masked by the main band. (c.f. (19) where four
overlapping bands had & constant anisotropy factor).

Lgain measurements beyon& 6900,were not availahle

and/
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and no definite helf value position could be estab-
lished. By successive trizls, however, it was

found possible to formulate the curves sho'n on sheet
(61b)) where it will be seen that the absorption for
both compounds can ne very sccurately represented as
the sum of two overlaming bands. In both compounds
the main constants for the band are the same but for
the hydrochloride the secondary band is relatively
more intense. The effect of this is seen when the
celculated curves for rotation are drawn, sinee in
the summation the relatively greeter effect of the
secondary band in the hydrochloride causes a greater
flattening at 6000 - 6400§,although the generally
lower rotation for the hydrochloride also enhances

the flattening.

The calculation of the rotation émrves was on
the lines indicated for the bornylene compound ex-
cept that in this case it was possible to calculate
molecular rotation. It is interesting to note how
the much lower anisotropy factor for the caryophyllene
nitrosite hydrochloride indicates immediately the much
lower contribution of the band to the molecular

rotation/
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rotation, even although the meximum molecular extinection
coefficients are almost the same.

The calculated curves for these compounds (sheets 61,
?ﬁbg)when compared to the observed curves give every
Justification for the belief that the rotstion esnomaly -
and indeed almost the entire rotation - in the red is
due to the nitroso ahsorption. The difference curve
is very similar for both compounds, although as might
be expected, it is higher for the nitrosite than far
the hydrochloride.

There is still a slight anomaly in the difference
curve but it is very slight and only its regularity
makes it of importance. This small anomaly may be
explained by the assumption of minor absorption bands
completely masked by the larger bands. It will be
noticed also that in one of the examples from Kuhn's

work given on page 46 a slight anomaly still remains.

The foregoing represents an attempt to employ
absorption and ellipticity measurements (giving the
values of g and ¢ ) to formulate graphg for the com-

tribution to rotation of given absorptim bande on
the/
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the lines of the very recent work of Werner Xuhn.
Difficulties in the form of disturbing factors such
a8 dissociation in the case of bornylene nitrosite,
the absence of complcte absorption data due to the
difficulty of continuine measurements beyond 7000 .U,
and the general difficulty of optical mecasurements in »
the extreme red, cannot be entirely eliminated, but
even with these it is plain that the form of rotation
dispersion curvesa inside absorption bands can be

accounted for on the lines of the Fuhn theory.

Criticism may be directed =t the_justificétion
for calculating an chsorption curve slways as if it
were of the form xe)(,me—cgand at the somewhat vague
gsignificance of the results obtained for the
"difference curva"t In this 1lstter comection
gstudies of groups of closely rélated compounis can
do much to confirm the explanations advanced by Kuhn
on the basis of electronic distribution. In
addition there is in practice.the tedious nature of
the calculations necessary to evaluate an expression

for the rotation which at best is only sn approxima-

tion.

A/
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A valuable feature is the introduction of the

be =G
¢

since this gives a quantitative significance to

expression for the "enisotropy feactor™,
the rotatory contribution of different absorption
bands, and is moreover capable of extension to

include other influences such as solvent effect.
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ROTATION AND ABSORPTION FOR BORNYLENE

NITROSITE

Rotationa for 6 cm. tube | Absorption(log I,/I)
] for 6 cm. Zube. .
Calculated . Calculafted
i L _]_é" B-b - , *' -
)\' %:nlg ggﬁd Sum ‘sggvedi Diff. Tﬁg.xifé igzgu.l Sum sersrgd
Av J | |
6900 |-+52° ~-10°—'62°§ - - . DR -
isoo“hos -13 —~1Qi* N R VU 144  1-44
6700 |+ I+ .54 |-15 +-39 +0-38° --01° | 1-3¢  -02 1-36  1:35
6600 |++97 |-22 [+-75 +0-95 +18 | 1-07 -06 |1-13  1-20
6500 |v1°14 |--B1 |+-81 +l-44 +63 | 74 15 | 89 94
6400 [+1-16 ."'52 +.84 +1-48 +64 | 43 B -'14? 4
- 6350 - ’f - |- o . 31 40 a1 69
6300 |+1:00 ~-21 *+-79 +1-39 60 | 22 48 70 65
- 6250] - L ] ] .. as .53 .68  -68
6200 |+ -"'17 J “‘o”] +-77 +1°36 459 | 09 55 .64 .63
6100 |+ 59 [+ 22 T+ 81 +1-52 +.71 .03 48 51 49
-—?5065“7“-—32 +35 7+ .87 +1-66 +-79 .01 31 .32 -33
5800 |+ 43 +-25 68 *1‘72,,,,+1.04, - .06 .06 .10
5500 |+ +34 +13 ++ 47 +1em9 ez - - - o
~—5560 -29 #+09 38 Té wc)s;"“f;"l,'70}'7 - - -
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ROTATION 4ND ABSORPTION FOR CARYOPHYLLENE

" NITROSITZ.
Rotations (] Mol. Zxt. Coeffts. at
Calculated Celculated |
vy B [B-4 ~
A | Main | Sec. Ob- Mein |Sec. Ob-
gy| Bend | Bend | Sum served Diff.| Band {Band | Sum served
6900 |-1570° [~292° -1862° -1815°|+ 47°| 23| - |23 | 23
6800 0 |-322 -322 - 666 -344| 24| - |24 | 24
6700 |+1609 | - | _ +1149 | _ 23| - |23 | 23
6600 |+ 3465 |~575 +2890 +2740 —150 | 21| - |2 | 21
6500 |+4790 -725 Y4065 +4260 +195)| 18| 0-7|19 | 17
6400 |+ 5615 -795 +4820 (+4830 + 10| 14| 1-4|15 | 15
: i | i
6300 |+ 5944 ~765 |[+5179 +5020 -159| 10| 2-2|12 | 12
| |
6200 |+5860 -554 |+5306 +4870 |-436) 6-9) 3-1|10 | 10
6100 |+5560 |-194 +5366 +4850 |- 516 4-5 3-5| 8:0 8:0
6000 |+ 4635 |+198 |+4833 +4815|~ 18| 2.6 3:5| 6-1] 5°6
5800 |+ 3095 |+833 |+3928 +4350 |+ 432 0.7 2-2| 29| 2-8
5500 |+ 2455 |+671 |+3126 I+ 3465 |+ 339
5000 |+ 1870 |+30e |t 2176 + 2555+ 379
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ROTATION AND ABSORPTION POR Ci4RYOPHYLLENZE
NITROSITE HYDROCHLORIDE.

Rotations [M) Lol. Txt. Coeffts. X
pdlod - e
Calculated : Calcul ated
A B |B -4
)\ Main | Sec. Ob- Tain Sec. Ob-
fy.| Band | Band | Sum. |served Diff.) Band Band Sum|served

6900 | -920° |-190°

e

-1110° -1000° +110°| 28| . |22 | =22

|

i . SRS SO S

PN S P e

6800 0 -210 -=210 - 354 5-144 22-5 - |22.5 22-5

e b

|

:

6700 |+ 941 - - + 500 - 22 | |22 =22
6600 |+2030 -374 |+1656 +1500 - 156 | 20 20 20
6500 |+2805 -472 [+2333  +2290 ;~ 43|17 | 8 |18 17

6400 |+3290 |-517 | +2773  +3020 :+ 24713 1°5 |14 | 14

NS - — —H

| 6300 |+3480 -498 |+2982 (+3065 * 83| 9-7(2-4 | 12| 13

6200 [+3435 -360 | +3075 §+3045 - 30| 6°5|3*2 | 10| 10

JR . . - e — . N — e

| 6100 (+3260 -126 |+3134 |[+3000 -134 4°3|3-7 |8-0 83

6000 |+2710 (+129 |r2839 +2956 +117) 2:5/3°7 |6-2 62

! . e e o U b . - [ S B —
5800 |+1810 [+542 | +2352 |+2708 |+356| -7/2:4 |3:1] 31
T;* . . o

5500 |+1438 |+436 |+1874 |r2105 [+ 231 - | - | - | 14

5000 [+1094 |+199 |[+1293 |+1500 |+ 207
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