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INTRODUCTION

The Theories of Optical Activity.

Since the discovery of optical activity many
attempts have been made to explain the origin of the
" phenomenone. More recently, theories have been put for-
ward which lead to formulae expressing the optical activi-
ty as a function of other molecular parameterse. Although
the fesults of these theories are still unsatisfactory as
far as quantitative results are concerned, they are success-
ful in explalning qualitatively the causes of optical
activity. It is not yet possible, however, to establish a
systematic relationship between chemical constitution and
optical activity. A comparative study of the optical pro-
perties of compounds of simlilar chemical structure remains
one of the main methods of tackling the problem and much
experimental material has been accumulated in this field.

The problem of optical activity has been approached
from two sides: (1) Chemists have tried to find a model
which could explain - at least gqualitatively - the different
behaviour of a rotating substance to right- and left-handed
circularly polarised light. Le Bel and van 't Hoff found
a model satlisfying this condition in a tetrahedron formed
by the valenclies of the carbonatom with four different
substituents in the corners (asymmetric carbon atom).

Later this model was supplemented by others, as, e.ge, the
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pentagonal pyramid of the asymmetric nitrogen atom,
0.=0'.=disubstituted diphenyl derivatives whibh restricted
rotation, asymmetric sulphoxydes and inorganic complex
salts. In all these cases the model of the molecule
exists in two configurations which are in the relation of
object and mirror-image.

In order to explain the quantitative differences
between the rotatory powers of various substances, Guye(1l)
and Crum -amé Brown(2) went further in assuming that the
"dissymmetry"” of the masses of the four substituents cone
nected with the central atom was the decisive factor;
they introduced the "product of dissymmetry" (a-b)(b-c)

. (e-d)(a=c)(a=d)(b-d), where a,b,c,d are the masses of the
substituents as a functlon proportional to the optical
activity of any compound. This hypothesis was dilsproved
by Walden, who showed that even substances with a vanishing
product of dissymmetry (e.g., substances with two substi-
tuents of equal mass but of different structure at the
gsymmetric carbon atom) were optically active.

(2) Physicists have deduced from Maxwell and
Hertz's electromagnetic theory the conditions under which
& homogeneous medium causes rotation of the plane of
polarisation of light. The theory which had been applied
80 successfully to the problems of refraction and aﬁsorption

was extended to the problem of circular double refraction by
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Drude(3). He dovéloped formulae for rotation as well as
£

for rotatory dispersion. The latter « = f.i F:/Tf’
(k,, and N are constants) closely resembles the classical
formula for dispersion. This was not surprising since
Fresnel had shown that the rotation was relaﬁed to the
difference of the two refractive indices for left-handed
and right-handed circularly polarised light by the equation
¢ = ?&ﬁ-C*v—ndvmééw.Having used the dispersion theory based
6n the electromagnetic theory, Drude sought the explanation
of optical rotatory power in a certain type of electronic
motion. Oscillation of the electrons along spirals in
space seemed to be a sultable model fulfilling the required
physical conditions. It was, however, found later that
Drude's mathematical treatment did not correspond to this
model (4).
, Another important step towards the understanding of
optical activity was Cotton's(5) discovery of the effect
now called after him: the behaviour of the rotatory dis-
persion curve within some absorption bands and the circular
dichroism exhibited by such bands. The circular dichroism
is defined by the difference ( ¢,-:, ) between the absorption
coefficlents for left-handed and right-handed circularly
polarised light; ¢, and ¢, in turn are determined by
Lambert's formula - y"/sz- e e"“‘(um',{d is the thickness of

the layer of the medium, I,, the initlal intensity of the
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right-hended 1light, I, its intensity after passing through
the medium). The difference ( ¢ ~¢, ) was found to have
a maximum at the same wave length as the maximum of the curve
of total absorption (&:={lkt1&). . The rotatory dispersion
in such bands has bothﬁhaximum and?hinimum which are usually
separated by a reversal of sign ( [x] = 0°) coinciding with
the maximum of the absorption (and of the circular dichroism
curves). This striking phenomenon indicated that attention
had to be pald to the absorbing reglons which hitherto had
been neglected both experimentally and theoretically. It
also suggested that an electronic model might be found
which would account for the phenomena of absorption, re-
fraction, circular dichrolsm and rotation of the plane of
polarisation. Abgorption of light had been explained by
the friction in the forced motion of the electrons under

the action of the light wave by Helmholtz(6). Natanson(7) .
therefore derived formulae for rotation and circular 4i-
chroism, introducing a "damping factor" (already used by

Drude in his later t?eory). The results thus obtained
0N (A-Ae |

'°r°”%‘"~=‘jjﬁf757;7;ﬁ3 for iiifular double refraction
o A 4 d - YAK
and -k, = L(,\h,\?jﬁn,{* (73,=¢ %, D=constant, A, the

wave length of maximum absorption, /- damping factor) for
circular dichroism. From the first formula the angle of

rotation 1s obtalned by inserting for n, - n, in Fresnel's

formula (see page 3). The observed ellipticity is defined
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by the ratio 2223¢ & tan § Wwhere a,, a, are the amplitudes

Q. +Q
of left-handed and right-handed circularly polasied light

after passing through the medium. According to Lambert's
~ 4k 2 N 1. WP

e - ‘- '%k‘ _ l —-e T{& xl}

e-yf“*re—‘?‘ig /*c-%tc"‘_k"‘

and since the exponentials in this expression are always

law, this 1is equivalent to

small, the first two terms of the expansion into a series
A (Re—HKa)
2 ~ Y (H-4a)
~ BKe-ks)  (Siwee T (ke h) << L ) Noting that

will suffice as an approximation, giving "“"j’“

this again is a small quantity, tany may be replaced by
sin (e (4 80 that the equatioﬁ for small ellipticities
reads finally: ¢~ % (4 ~2):(fnd=|). in Natanson's formula is
the half-width of the circular dichroism curve and the
constant D 1s equal to /[ 'x(ke-ku)par = }’l/,,,T /7 (ee- €2 ) meax
Natanson's formula can be tested using the experimental

results for ( &.-¢a) and /  from the dichroism curves.

max
The agreement between the rotatory dispersion curve thus
calculated and the observed curve is satisfactory in many
cases.

The next great advance was made by Born(8) and
simultaneously Oseen(9), who solved the problem of inter-
action of a 1light wave with a system of electronic oscilla-
tors orientated at random in space and coupled with each
other. The problem is rather involved and can only be

solved by complicated calculation. It appears, however,

from the theory that the plane of polarisation of the light
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wave 1s rotated by a system of vibrators which have no plane
of symmetry.

Another important result is that at least four atoms
are necessary in order to cause rotation. Absorbing regions
of the spectrum were not dealt with (the motion was assumed
to be without friction). While being of fundamentsl im-
portance theoretically, the finasl formulae of Born and
Oseen contain too many unknown molecular parameters to be
practically useful. In a few cases, however, Born's theory
has been applied with success (10).

A similar treatment was suggested by Gray(ll) who
used a more special model (the'tetrahedron arrangement).

His results, which are 1in general agreement with the theorles
of Born and Oseen, did not lead to a formula which could be
tested experimentally.

A different theory was put forward by de Mallemann
(12): the coupling forces between the substituents were
neglected but the phase difference and the inhomogeneity of
the fleld of the light wave within the molecule were taken
into account. A system of vibrating electrons then produces
secondary waves whose plane of polarisation in general is
not the same as the plane of polarisation of the incident
light and rotation is thus caused. De Mallemann later
tried to simplify his theory so as to make it applicable to
practical calculations: 1instead of the tensors of polarisa-

tion in his original formula the mean polarisabilities
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calculated from the atomic refractivities were used and
direct coupling between the substituents was assumed. It
seems, however, that, apart from a calculation for the com-
péund CC1BrIF (which cannot be confirmed by experiment),
the theory has not been used in practice.

Kuhn's Theory. Starting from Born's theory, W.

. Kuhn(13) in 1929 set out to obtain expressions more amenable
to practical applications for rotatory power and circulsar
dichroism. Kuhn's basic model (See diagram) consists of a
pair of coupled vibrators movingvat right angles to each
other and separated by a finite distance. The left-handed

helix in Fig. a) represents the electric field vector of the

circularly polarised light wave; x; and x_ are two electric

2
charges vibrating along the arrows at right angles to one
snother. It is seen from the figure that 1f the distance d
between the oscillators = ‘&@ , the vector at the one oscil-
lator includes an angle of ™. with the vector at the other;
(in the course of one wave-length the electric vector turns
through 274 1in the course of ’\/1, therefore through ™).

In this case the wave 1s in phase either with both or with
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neither of the oscillators (in Fig.a) it 1s in phase with
both of them). In Fig.b) a right-handed helix acts on the
same model; here the electric vector obviously cannot be
in phase with both vibrators; 1f it is with the first, it
is of opposite phase with the second and vice versa. Simi-
lar arguments, of course, hold for the mirror image of the
model where the right-handed helix 1s in phase with both
oscillators (c and d). The work done on either of the
models by the right-handed and the left-handed wave wlll be
different since in the case a) the work done on both oscil-
lators is positive, E the electric vector of the light wave
and v the veloclty of the particle being of equal sign,
whereas in b) there are two terms of opposite sign since E
and v are of opposite sign 1f the wave is out of phase by éQ
with the velocity of the vibrator. ‘The difference in the
energy transferred by two opposite éiréularly polarised
beams to the model accounts for the difference between ab-
sorption coefficients for the two beams (circular dichroism)
and the difference between their refractive indices (rota-
tion). In general 4 is not equal to, but small compared

8cm. and A of the

with A , d being of the order of 10~
order of 10'5cm., but the arguments explaining the optical
gctivity of the model still hold qusalitatively. The model
may be generalised for an arbitrary number of oscillators
all coupled with one another and orientated arbitrarily.

In the case of gases and isotropic liquids the random
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orientation of the molecules must be taken into account.
Solving the equations of motion for the single pailr of

coupled vibrators, Kuhn obtained for its contribution to

the rotation: | 2id poae e vi-r*
= % ¢ Cs (et 4
B TSN S st gy,

where e, and e, are the electric charges of the oscillating

particles, my ind my their masses,  the frequency
corresponding to the head of the band and v~ Q/{l;', A", being
half the width of the band on the wave length scale, o« the
angle between the two oscillators and d thelr mutual distance.

The formuls still contains a number of parsmeters which can

not be obtained from experiments, e.g., ;'_::‘_.‘__
qorréspo_nding to the £y factors in the quanm;m‘—theory of
dispersion ("oscillator strength") - as well as- « are not
known. Kuhn got over this difficulty by making use of

his formula derived for clrcular dichroism: /('fg—",;) dv =

yi*Nd e e
PO i Sim enu 3 Inserting into the former formula
z .

6, e w=et
he obtalned ¢ = %4 Lo it gas 4 [€dr  where gj=

is assumed to be constant within a simple absorption band.

The integral / Eor is approximated to by Gauss's error
-(r—r. )

J
distribution curve E= 8 \O

which allows
expliclit evaluation of the integral. #) then finally

[ 4
N[/l 4 ) L 2
. roe,. ce/ Y- rv
becomes. 4:;0/ ~ e T
After some changes of variable and replacing an integral

{V.i

by an approximate value, Kuhn's final formule for the con-

© tribution of an absorption band to the total retation of the
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molecule 1is: g
M= 19 (¢e- ‘n)*« ra ( / f

Y3 E2 [‘ .(;- ,z(,,,. 2(ve )

M 1is the "molecular Bdotation" defined by /y el i dh s [x]

loo

where [®¥] 1s the specific rotation. The observed rota-

tions are the sum of the contributions of all absorption
bands of the molecule. On the other hand, subtracting
the contribution of an absorption band from the observed |
rotation, the contributions of the other bands may be obtalned.
Kunn's equation has been applied with considerable success

to the problem of resolving the observed rotatory dispersion
cﬁrve into the contributions due to various active absorp-
tion bands; it must, however, be borne in mind that the
formuls 1s semi-empirical as it includes the data of the
observed circular dichroism and not the parameters appearing
in Kuhn's basic model. Lowry and Hudson(l4) found that
absorption curves were more usually symmetrical when plotted
against wave-lengths than frequencies. They therefore

represented the extinction curve by the equation &=

6.",e'(asf) and made corresponding changes in the equa-
tion for the curve of circular dichroism. This leads to
a modification of Kuhn's formula where A throughout re-
places Vv and Ao)zﬁ The formula thus obtained proved in
many cases to be in better agreement with the‘observed
curves than Kuhn's original equation.
A more recent theory is that of Boys(15). Starting

from a special type of molecule, the rotation is expressed

x*
6 ‘. N C A
T 20 %) e Z(/{‘f/{0>

e e .-
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in terms of refractivities of the substituents and of mole-
cular dimensions. His mathematical treatment has been
criticised by Born(/6) on theoretical grounds. ‘When
applied to the calculation of the rotations of some simple
compounds, however,'good results were obtained.

With the replacement of the classical theory of
dispersion By the quantum mechanical treatment of molecular
optics, 1t had become necessary to revise the theories of
optical activity. This was first done by Rosenfeld in
1928 (17) who gave a consistent treatment of the problem
of rotatory dispersion on the basis of quantum theory.

His results are a "trenslation" of Born's(§ ) classical
theory into the language of quantum mechanicse Amplitudes
of the vlibrating electrons are replaced by transitlon pro-
babilities between the varlous states of the electron.

The decisive factor is the matrix element (a/p/b)(b/m/a)*
representing the change of the magnetic moment connected
with the change of the electric moment in a transition of
the electron from a to b under the action of the incident
light. Although Roéenfeld's formulae were not sultable
for practical applications, they are of fundamental import-
ance in providing the starting point for the more modern
theories. A similar treatment based on quantum mechanics
was given two years later by Born and Jordan(18).

In 1935 Born(16) attempted to adapt his earlier

(classical) theory so as to make 1t more useful to chemists.

“(a/p/b) = matriz element of the electric moment,
(b/m/a) = . " " " magnetic "

e S
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Although the formula applied to a spiro-compound gave the
right order of magnitude for the rotation, it still remained
- in spite of the conslderable simplifications made - too
complicated and requiring the knowledge of too many factors
to be of more than limited use.

It was not until 1937 that J. Kirkwood(l9) derived
a quantum theory of optical activity applicable to practi-
cal problems. Using Rosenfeld's results, he deduced
(after some sultable simplifications) a formule which he
epplied to the case of secondary butyl alcohol with con-
siderable success. Even in thils simple compound, however,
far reaching assumptions had to be made about the configura-
tion of the molecule (valency angles, free rotation, etc.).

In the same year Condon, Altar and Eyring(20) showed
.on the basis of quantum mechanics (Rosenfeld's results)
that not only the coupling of vibrating electrons but also
the motion of a single electron in an asymmetric field can
glve rise to optical activitye. They also gave a quantum
mechanical treatment of circular dichrolsm. -Rough cal-
culations were made for some organic compounds using the
dipole moments of the various substituents and their mutual
orientation and distance. The basic model is a three-
dimenslional oscillator moving along the axex of an ellip-
soid. By the action of the‘neighbouring substituents the
wotlion is disturbed so that the axes of the ellipsoid are
8lightly twisted causing the electron to move along heli-

coidal paths instead of moving along the coordinate axes.
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The model is the plcture in classical mechanlcs of Rosen-
feld's result asserting that the rotation for a certain
wave-length is proportional to Im(a/p/v)(v/m/a): (a/p/b
and b/m/a ha&e the same meaning as above; Im denotes the
imaginary part of the complex matrix product). It is
clear from the model that a change in the electric moment
(as the electron changes 1ts elongation from the centre to
which it is attached) involves a change of the magnetic
moment (since the motion of the electron along the helix 1is
equivalent to a current in a coll corresponding to a magnet
parallel to the axis of the coil). The expression
Im(a/p/b)(b/m/a), denoted by R(a,b), is a quantitative
measure for the contribution to the rotation of the electronic
transition from state & to state b. The total contribu-
tion of the electron is found by summing over all states b
corresponding to all posslble transitions of the electron.
The mathematical analysis of the model is based on pertur-
batory theoryy R(a,b) is zero for the unperturbed three-
dimensional harmonic oscilllator because the selection rules
known to hold for the harmonic oscillator make alternatively
either (a/p/b) or (b/m/a) equal to zero. The asymmetric
disturbance of the field in which the electron moves makes
the term which 1s zero in the undisturbed fileld different
from zero 1n the first order approximation (in the disturbed

field). If (a/p/b) 1s equal to zero in the undisturbed

field, 1t is small in the first order approximation
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(otherwise there is no justification for using the pertur-
bation method) and the optically active band is weak (the
absorption being proportional to /(a/p/b)/z). Ir
(a/p/b) # 0 (in that case b/m/a = 0) the band is strong;
in both cases R(a,b) 1s of the same order of magnitude as it
i1s a product of a very small term and a term comparable with
unity. This fact bears out the established rule that large
anlsotropy factors are to be found only in weak absorption
bands because (& - &) 1s of the same order of magnitude both
in weak and strong bands. R(a,b) 1s therefore in general
1. = Between Kuhn's anisotropy factor and the "rotatory
strength' R there exists the relationship R(a,b) = f.g.t -ﬁ—"
The letters have the same meaning as above: a 1s the radius
of the first Bohr-orblt of the electron. ( f = Yaln sluusd’)
Unfortunately all these theorles do not enable the

chemlist to establish a system of relationshlips between
chemical constitution and optical activity; they rather
suggest that such rules do not exlst owlng to the sensiti-
vity of optical activity to changes in atomic distances and
orlentation. In fact, it seems that all the simple rules
found by chemists regarding rotatory power are only of very
limited validity.

‘Apart from Guye's theory on the dependence of the
rotation on chemical constitution (see p.2) there have been
mainly three assumptions as to the contributions of the

different parts of a molecule to the observed rotation.
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The principle of optical superposition. Van 't Hoff

believed that in a molecule consisting of several active
carbon atoms each of them accounts for a rotation independent
of the constitution at the other active C-atoms: the total
rotation 1s thus a sum of the rotations of the single active
C-atoms. While many cases were found where this principle
holds falrly accurately 1t is quite untrue in others.

Tschugaseff's intramolecular and extramolecular

superposition. The fact that actlve compounds with only

one asymmetric C-atom usually have a normal rotatory dis-
persion in the transparent reglons, whereas substances with
more than one active C-atom often exhibit an anomalous
rotatory dispersion outside their absorption bands, led
Tschugaeff(21) to believe that this phenomenon was essenti-
ally connected with the presence of more than one active
centre in the molecule. If there are contributions of
opposite sign anomalies . of thls kind are caused. Tschugaeff
assumed that such contributions come either from two or more
different active C-atoms in the same or in different mole-
cules which by intramolecular or extramolecular superposi-
tion cause the anomalous rotatory dispersion. There are,
however, compounds where one single active C-atom causes an
anomalous dispersion of the type described above (Kuhn(22)})

the reason for this being that even in substances with one
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active centre there are contributlions of different sign by
the different absorption bands of the molecule.
The Vicinal Rule. The fact that chromophoric groups

which #ew themselves are not asymnetric show circular di-
chroism 1s explained by the assumption that the vibratlions
of the electrons in this group are disturbed asymmetrically
by the other groups of the molecule. It 1s plausible
that the substituents next to the absorbing group should
prevail in the influence exerted on the electronic vibra-
tions of the absorbing group by the rest of the molecule.
Thus in cases where the rotation in the visible is mainly
due to the contribution of an active absorption band in the
blue or in the near ultra-violet, the rotation will be very
sensitive to chemical changes near the absorption group
but it will not be strongly affected by changes of consti-
tution in the further distant parts of the molecule. This
qualitative rule has been discussed by Kuhn(23) with many
examples and proved to be very useful. It, for example,
includes van 't Hoff's principle of optical superposition
83 & speclal case. Van 't Hoff's rule was found to hold
for substances where the two or more active C-atoms are
sufficlently separated so as not to be mutually influenced
by constitutional changes at one of them. The rule does
not hold for substances where the two active centres are
close to each other és, €ege, in tartaric acid. Another

consequence of the vicinal rule 1s the possibility of
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predicting the change of rotation due to the exchange of
two substituents from the change caused by the same exchange
of substituents in a compound of similar chemical structure.

The vicinal rule seems to some extent to contradict
Kuhn's model: from Kuhn's theory the distance between the
two coupled vibrators can be calculated by the formula d
if the absorption band is caused by electronic transitions
(dipole=-vibrations). These distances very often amount to

6 - 10 and sometimes 60 - 80 Angstroems where there can be
no question of vicinal interaction between the two oscllla-
tors. Kuhn tried to avoid this difficulty by assuming
that the scattering moments of weak absorptionﬂbands extend
over large parts of the molecule and poséibly even beyond
the molecule (23). In this case there would be vicinal
action on the particular scattering moment even by distant
substituents and the vicinal rule could not hold for such
cases. There is, however, no confirmation for the rather
questionable assumption about the s?acial extension of the
vibrating dipoles of weak absorption bands except the calcu-
lations based on Kuhn's model.

It 1s seen from the above survey that there is yet a
wide gap between strictly theoretical computations of rota-
tions which are possible only in a few cases of very simple
compounds and the quallitative rules with which the chemists

are working.
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Because of the inherent difflculties of the problem
the accumulation of experimental material remains a main
method in the research in relationships between optical
activity and chemical constitutlon. The present paper
glves an account of the rotatory power, circular dichroism
and absorption spectra of some keto-lactones which are of
Spécial interest since thelr specific rotation and circular
dichrolsm exceed those of any other substances measured in
isotropic solution. The corresponding measurements were
made for another keto-lactone where the wvalues are by no
means extraordinary and the experimental results are dis-
cussed on the basls of the theorles ofIOptical activity as
far as this 1s possible. The work also includes the
measurement of the absorption curves of some santonine

derivatives.
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EXPERIMENTAL

A). Description of the apparatus used.

a). The Ultra-Violet Polarimeter. (14)

Method of measurement: Kuhn's method of measuring the

angle of rotation in the ultra-vliolet 1s essentially the
same as that of the ordinary polarimeter; the mailn differ-
ence 1s that the ultra-violet-polarimeter measures the
rotatory dispersion of a medium by fixing the analyser at
certain angles with respect to the "zero-setting" and find-
Ing the wave lengths for which the angle of rotation of

the medium is just equal and opposite to the angle glven to
the analyser; (in the ordinary polarimeter the wave length
is fixed by means of a monochromator and the angle of rota-
tion is measured by finding a position for the analyser
where the half-shadow flelds match).

Kuhn's arrangement:

] ] T P r—--r—""“J AN 1\ J 1 r
o — = ) N
o lL .1 f; P ¢ l A ;E .“)3 Ly4

Pr
re
In the above sketch 81 1s the light source, s _ are

screens Lo, L;, L,, Lségollecting lenses, P the polariser,

A the analyser, C the cell containing the medium, Pr a
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prism and Pl the plate holder. The light source consists
of an iron arc (two iron rods of 0.5 cm. diameter) with a
current of 3 ampse. The position of the arc can be regula-
ted in all three degrees of freedom. In order to keep the
arc burning steadily the current feeding it first passes
through the coll of a large electro-magnet. When long ex-
posures are requlred the light source must be controlled
during the time of exposure: as the pole-ends burn down
1ron oxide is deposited around them and the position of the
light source changes: the wldening of the distance between
the poles causes the llight to fluctuate and sometimes even
to extinguilsh. If, however, the posltion of the arc 1is
readjusted at intervals of about five minutes and if the
pole-ends are cleared from oxlde powder as soon as the
intensity is reduced by it, thils light source works satis-
factorily even over periods of one hour or more. The

iron arc was chosen because 1t has the richest and most con-
tinuous line spectrum of all the common metals. In the
ultra-violet its lines only become scarce below 2400 2.

By means of the quaftz lens L2 the light 1s focused
on to the pin-hole of the screen 35,. Before entering the
polariser it passes through another quartz lens Lz.

The polariser. The llght was polariseéd by a Rochon-

..;:7//13 prism.. The Rochon-prism is made of two

? Thalves of d- or 1-quartz cut differently

with respect to their optical axes. In
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the first half the light travels along the optical axis,
in the second at right angles to it. .As the angle of
incidence on the second half (on the right hand side of
the sketch) is oblique, the extraordinary ray is deviated,
whereas the ordinary (being at right angles to the optical
axis) is not. A half shadow amangenent 1s provided by
cementing together two Rochon-prisms with their optical
axes inclined to each other by 50, This is done by
cutting a wedge of 5% out of a Rochon-prism and cementing
the two parts together. Of the two light beams polar-
ised at right angles with respect to each other, only

the ordinary enters the Analyser (after passing through
the cell C which contains the rotating medium). The
analyser is a Rochon-prism which 1s so situated that

the half with its optical axis at right angles to the
direction of the light beam comes first. The extra-
ordinary ray is then again deviated by the second half of
the prism and does not enter the slit S3 of the spectro-
scope. L# consists of two convex lenses, one of quartsz,
the other of fluor-spar, focusing the light on to the
8lit of the spectroscope. Pg and LG are collecting
lenses inside the spectrograph (made of quartz and pr is
the dispersing quartz prism. Pl is the holder for the

photographic plate.
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Ad justment. First the image of the light source

1s focused on the pin-hole of the screen S. The light
should pass through the centre of the collecting lens Loe
This 1s obtalned by altering the helght end mutual distance
of light-source, pin-hole and lens. The dlstance between
polariser and analyser 1s so chosen that the ordinary and
the extrsordinary ray are sufficlently separated so as to
prevent the latter from entering the analyser prism. The
distances between the analyser, the double lens L4and be-
tween the double lens and the slit of the spectroscope may
also be altered in order to focus the image on the slit.,

To find the zero-position ("crossed" position of the
two Rochon-prisms) the polariser is held in a fixed position
and by rotating the analyser the position of minimum in-
tensity of the emerging light is found, visually at first.
This may be done most conveniently by placing a slip of
white paper on the slit of the spectroscope and rotating
the analyser until the upper and the lower semicircles of
the half shadow-fleld match (at minimum intensity). Having
thus found the zero within 2-30, the exact position 1s found
photographically. To economise with the photographic
plates, each was cut into 4-5 strips, each strip being 2-1"
in width and allowing 4-5 photographs to be taken on esch
strip. Finding the zero to 1° (taking exposures with
analyser settings differing by 1°) then to 0.5°, 0.1° and
0.05°, the 1limit of accuracy of the instrument is reached.
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This limit 1s determinéd by the large half-shadow angle of
5°. The time of exposure was 40 seconds for Ilford's
Special Rapid Fast plates (700 H & D) and an aperture of
the spectroscope slit of Oe3 mm. On the plate horizontal
strips are seen, divided by a horlzontal line. The strips
represent the spectrum of the iron arc seen through the
upper and the lower half-shadow fleld. At zero-position
the spectra above and below the dividing line are of equal
intensity throughout; for the actual measurements of the
rotatory dispersion, the cell containing the solution of the
active substance 1s inserted between polariser and analyser;
the latter 1s then moved out of the zero position by a
sertain angle and a photograph is takeh. On the plate the
two half-shadow flelds then no longer match; 1if either of
them 1s darker.than the other throughout 1ts whole length,
the angle glven to the analyser 1s greater than the rota-
tion of the solutlion for any wave-length in the region.

If, however, there is a change over from darker in the top
half to darker in the bottom half, there must te a spot on
the strip where the two halves match. The wave-length

for thls spot is read from a calibrated scale (photographed
on the plate): the rotation of the solutlon for this wave-
length.1s equal to the angle given to the analyser. Glv-
ing the analyser a suitable set of positions, the rotatory
dispersion can be measured in the whole region of the instru-

ment. In practice the region for which measurements can
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be taken is limited by the absorptivity of the substance on

the one hand and by the sensitlivity of the instrument on

the other.

cell

The solution of the optlically active substance

was contained im a brass cell of 1 cm.
length with ends of fused silica. As in
some cases of strongly absorblng substances,
exposures up to 1 hour and more had to be
glven, it was necessary to prevent the sub-
stance in the cell from being decomposed
by the light of the iron arc. This was
done by using a cell with an inlet and an
outlet tube through which the solution
could flow slowly or which could be re-
filled from time to time without inter-
rupting the exposure. The solution was
kept in a burefte which was connected to
the inlet tube of the cell by a plece of
rubver tubing. Similarly the outlet tube

‘was connected with a glass tube leading to a vessel where

the exposed solutions were collected. The rate of flow

could be regulated with a screw-clip.

Circular Dichroism.

Method of Measuring Circular Dichroism in the Ultra-vViolet.

Kuhn and Braun's (13A) method of measuring circular

dichroism 1s based on the compensation of an ellipticity
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produced artificially with the equal and opposite ellipti-
city exhibited by the dichroic medium for a certain wave-
length. The elliptically polarised light is produced by

the double reflection of a Fresnel rhomb. It is generally
> I\

known that plane polarised light, when totally reflected,
bécomes elliptically polarised owlng to a difference in
phase arising betveen the components of the light wave vi-
brating parallel and at right angles to the plane of inci-
dence. The extent of ellipticity depends for each
mater;al on the angle of incidence and on the angle be-
tween the plane of polarisation and the plane of incidence.
Plane polarisation and cilrcular polarisation of the re-
flected light are speciai cases. (The definition of
ellipticity has been given on p.4). In the Fresnei-
rhomb the angles are such that the light which vibrates in
a plane in which also the axis of the rhomb lles, remains
plane polarised after leaving the rhomb and can be extin-
gulshed by the analyser. If the circularly dichroic
medium is inserted in the path of the light, the beam
falling on the analyser will be elliptically polarised and
it will not be possible to extinguish it for any position of
the analyser since there will always be a component of the
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elliptical wave which can pass through the analyser. By
giving the polariser a certain angle (keeping the position
of the Fresnel-rhomb fixed) an ellipticity equal and oppos-
ite to that caused by the medium can be obtained. In this
case the ellipticlty of the subétance will cancel the
ellipticity of the impinging light and the beam leaving the
cell is plane polarised although in a different plane (since
the actlive medium also rotates the axes of the ellipse re-
presenting the wave.). ' . As the light entering the analys-
er 1s plane polarised, 1t can be extingulshed by rotating
the analyser through a certalin angle. Since, however, the
polsariser 1is fitted with a half-shadow arrangement, the
matter is slightly different. The light emerging from

the polariser is not plane-polarised but consists of two
plane polarised beams includihg equal but opposite angles
“with fhe plane of tﬁe rhomb (a). The light after leaving

) 8 > J 899

the rhomb therefore consists of two begms with equal but
opposite ellipticity (see fig. b). After passing through
the medium the axes of both ellips?s will have been rotated
through“the same angle; at the same time the ellipticity of
one beam will be increased, that of thepther diminished by

the same amount. (). The same effect occurs in the light
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leaving the Fresnel-rhomb if the polarlser 1s rotated through
a certain'angle, since in thls case also, two ellipses with
axes of different length but of equal directlon represent

the two besms. Consequently, 1t ;s possible to find a
position for the polariser so that the ellipticities of}the
two beams leaving the cell with the medium are equal buf
opposite (fig. d). The components of these two waves
transmitted by the analyser are equal to one another and

the two half-shadow flelds therefore are of the same inten-
sity.

- The Apparatus and 1ts adjustment. The arrangement

is exactly the same as in the ultra-violet polarimeter except
for the Fresnel-rhomb which is inserted between polariser

.and cell. In order to keep the light beam which leaves

—1t 1t N ‘
N R |
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the rhomb on the level of the analyser and of the slit of
the spectroscopes, it is necessary to ralse the light-source,
lens Iy, screen S,, and the polariser. (The Fresnel-rhomb
was of fused sillica which 1s preferable to the brass trough
with windows of fused silica used by Kuhn and Braun).

To find the zero position (where the light leéving
the rhomb is plane polarised) the polariser is rotated until
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the two half-shadow fields match: this 1s done visually
as descrlbed for the polarimeter. The position having
been found, the analyéer is turned until both half-shadow
fiélds have & minimum intensity. By this the accuracy
of the instrument is increased (for small intensities
relative differences in illumination are observed more
easily); a readjustment of the position of the pdariser 1s
necessary. The accuraﬁe zero-position is obtailned photo-
graphicdlly as in the case of the polafimeter. To take
messurements, the cell with the solutlon 1s inserted between
the Fresnel-rhomb and the analyser and photographs are
taken for various settings of the polariser. On the
plate the wave-lengths are found where the twb half-shadow
fields are of equal intensity. In order to make full use
of the accuracy of the instrument for each setting of the
polariser the analyser should be rotated through an equal
inglé. This ensures that the minor axis of the ellipse
representing the light-wave wlll be transmitted and that

the Intensity of the 1light entering the spectroscope conse-

quently has a minimum. For small angles, however, this
can be neglected. The times of exposure are the same as
for the measurements of rotation. The circular dichroism

is calculated from angle of the polariser by the formulas

l{x 4343 x x
fe-En = _Tx}%i% (see pe4) where X 1is the

angle in degrees. (¢= w4 , = Uickuers 7/&#:4).
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Absorption Spectra.

a). Method. The Hilger Rotating Sector Spectro-
photometer measures the absorption of a medium by comparing
the intenslity of two equal light beams, one of which passes
through the medium whereas the other's intensity is dimin-
ished "artificially" by a known amount. If these two
beams after that are of equal intensity the absorption of
the medium must be equal to the "artificial" diminution of
intensity incurred by the other beam. We than know the
ratio I/I, (where I, is the original intensity, I the in-
tensity after passing through the medium) which -according
to Lambert's law - 1s equal to e-ac (where ¢ 1s the
molar concentration, d the thickness of the layer of the
medium and ¢ the molecular extinction coefficlent which
thus may be calculated).

b). Apparstus. The optical arrangement is shown
in the sketch below. The light from the light-source L
passes through the two prisms p1 and pz and through the
rotating wheels s. and 8 . The latter are made of solid

1 2
metal with sector-shaped apertures of equal sectorial

B L g
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sngle. The sectorial angle in one of the wheels can be

altered. The ratlo I/Io of the time-average of the in-

tensities of the beams after passing through the rotating
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wheels 1s equal to the ratio of the sectorlial angles

of the apertures in the wheels. The two beams then pass
through two cellﬂguﬁthe beam coming through the wheel with
variable sectorial angle passes through a cell containing
a completely transparent liquid, the beam coming through
the wheel with fixed sectorial angle passes through the
cell containing the absorbing medium. The cell contain-
ing the non-absorbing liquid (usually the pure solvent of
the absorbing substance whose solution is in the other cell)
is inserted in order to exclude errors due to partial re-
flection at the quartz ends of the cell. The beams
leaving the cells are not parallel but they cross in front
of the blprism bp. which renders them parallel. The bi-
prism is placed in front of the slit of the spectroscope.
As light-source a nickel spark run at 10,000 volts was
used. The wheel with the variable aperture is provided
with a logarithmic scale so that log I/Io can be read from
the scale for each setting. The cells are of brass (in
most cases 1 cm. long, fitted with quartz ends). The
spectroscope 1s the same as used for measuring rotatory
dispersions in the ultra-violet. Measurements are taken
by finding on the plate wave-lengths for which the intensity
of the two beams are equal. For this wave-length the
absorption coefficlent can be calculated from the scale
reading on the varlable sector and the concentration of the

solution. In order to measure the absorption coefficients
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for the whole range of the instrument it is usually necess-
ary to use solutions of different concenfrations.

Adjustment. In zero-poslition the two beams should
be of equal intensity for all wave-lengths. This posi-
tion 1s often rather difficult to find since the intenslty
shown on the plate 1s very senslitive to the levelling of
the rotating sector wheels, the positlon of the light source
and to dust suspended in the liquild gzﬁ%%%the ends of the
cells. The systematlic overcoming of all these difficul-
tles has been described by Gordon(24). Having found the
zero-position, readings are taken as described above. It
is advisable to control the correctness of the adJustment
5y taking a photograph with solvent in both cells on every
plate.

Preparation of the Substances.

The Santonine (C;gH;g0z) used was supplied by the
British Drug Houses. The melting point was checked and
found to be equal to that given in the literature (1700).

Santonic Acld (C15H2004) was prepared according to
the method of Abkin and Medvedev(25) by prolonged boiling
of santonine with a saturated solution of Ba(OH)z. The
refluxing was stopped as soon as all the barium-santoninate
had gone into solution, which usually took less than 12
hours (the duration of refluxing indicated by the authors).
Moreover, the dissolving of the crude acid in sodium car-
bonate solution and extraction of the solution with ether

was omitted since santonic acid obtained by repeated
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crystallisation of the crude acid from aqueous alcohol was
found to be purer than samples obtained after extractlon
with ether.

Santonlde and Parasantonide were prepared by
Canizzarro and Valente's original method (26), by reflux-
ing santonlc acld for several hours with glaclal acetic
acid and - after distilling off the latter - heating the
residue to 180° in the case of santonlde and 260-300° in
ﬁhe case of parasantonide. Parasantonide at this tem-
perature distils éver if the pressure is reduced (it even
distils partly at barometric pressure); it did not appear
to be necessary to continue the heating for four hours as
recommended by the authors since this did not improve the
yield. The whole procedure of heating and distilling
can be finished within 1% hours. The viscous distillate
is treated with a dilute solution of sodium carbonate and
ether. After removing the excess of ether the substance
was recrystallised from ether plus petroleum ether and later
from petroleum ether since the losses of material are too
great 1f the substance is recrystallised from ether (as
was done by the authors). To obtain a sample melting at
110.5° at least 10 recrystallisations are required which
diminish the yleld considerably.

Parasantonide-imide was obtained by the action of

gaseous smmonia on an alcoholic solution of parasantonide
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as described by Francesconi (27). Mo po 216-217°.
Parasantonic acid is formed by the action of con-
centrated hydrochloric acid on parasantonide and recrystal-
lisation from water (28). M.p. 170°,
Hydrosantonic acid is prepared by reducing santonic
acid with sodium amalgam (29), m.p. below 170° (dec.), and
Hydrosantonide by the action of glaclal acetic
acid on hydrosantonic acid in a sealed tube at 140-150°.
(30). M.p. 155-156°.
l-Desmotroposantonine (31) is formed when santon-

ine is stirred with 50% sulphuric acid at 50-60°. M. Do- 194°.
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EXPERIMENTAL RESULTS

A). Absorption Spectra.

As a preliminafy'to the study of the Cotton effect
the absorption curves were investigated in order to find
out whether the substance has an absorption band with
which the Cotton-effect may be connected. The presence
of absorption bandswes tested qualitatlively by means of
the Baly tube. Where bands were present, the extinction
curves were measured quantitatively with the rotating
sector spectrophotometer.

Parasantonide (Table I, Fig.I).

The absorption spectrum of parasantonide in
alcoholic solution has two definite and well-separated

absorption bands; one has its maximum ( &€ = 1170) at

A
A
the reglon between A = 3130 & and A = 3190 £ indicating

2980 R; the other has a maximum of € = 5000 at

2320 X. The first band shows a slight bulge in

the presence of é subsidiary band. ' The correspondence
between these absorptlon bands and the chromophoric groups
in the molecule will be discussed more fully later. It
may be mentioned here that the wave-length of the maximum
of the first band is the same as that of ketonic bands in
heavier organic molecules: the intensity, however, exceeds
the ordinary kétonic absorption camsiderably. The second
band may be due to one of the ring-systems in the molecule.



Absorption Spectrum of Parasantonide in Alcohol.

TABLE I.

Solution a).

0.03232 g. in 100 em®. alcohol, 1 = 1 cm.
sector reading

}\(’a) Sector read.. £ ° Sector read.
log /1, = AA) logT/p €

3241 0.3 228 2832 1.0 761
3217 0.4 305 2797 0e9 685
3202 0.5 381 2783 0.8 609
3192 0.6 457 2763 0.7 533
3187 0.7 533 . R'754 Q.6 AB"7
3177 0.8 609 2673 0.5 381
3164 0.9 685 2626 0.5 81
3132 1.0 761 2621 0.6 457
3117 l.1 837 2609 0.7 533
3092 1.2 913 2600 0.8 609
3083 1.3 990 . 2588 0.9 685
3060 - led 1067 2678 1.0 761
3035 1l.5 1141 2568 l.1 837
2945 1.5 1141 2566 le2 913
2920 1.4 1067 2558 ©1le3 990
2902 l.3 990 2556 l.4 1067
2882 l.2 913 2546 1.5 1141
2850 l.1 837

Solation b).

0.0227 g. in 100 em®. alcohol.

S
)\ (A) sector reading

&
2643 1.1 1192
. 2540 1.2 1300
2537 1.3 1410
2530 1.4 1518
2522 1.5 1627




TABLE I (Contd. )

Solution c). . 0.0113 g. in 100 cm®. alcohol.
. |

>\ <A) Sector reading €

2505 0.8 1732

2500 0.9 1950

2430 1.0 2164

2476 1.1 2380

2469 1.2 2600

Solution d). - 0.0057 g. in 100 cm>. alcohol.

) qQ
A(A) Sector reading £

2467 0.7 3028

2436 0.8 3280

2406 0.9 3896

23%0 1.0 4350

2368 1.1 4760

2258 1.1 4760

2251 1.0 4350

2205 0.9 3896

2194 0.8 3480







35,

The fact that the hydroxy acid corresponding to the

lactone parasantonide does not show this second band (see
below), suggests that it 1s caused by the lactone-ring.

In order to make full use of the accuracy of the instrument,
different solutions have to be used. As the readings for
concentrations varying between £ = 0.3232 g/L and 0.057 g/L
lie on a contlnuous curve, the absorption does not seem to

vary appreciably with the concentration.

Santonide (Table II, Fig.II).

It 1s seen from the graph that the extinction
curve of santonlde 1s verjr similar to that of parasanton-
ide:; the two bands have thelr maxima at almost the same
wave-lengths és the bands of parasantonide. The first
bend has a maximum of ¢ just over 1000 at )\ = 2980 R;
for the second £., = 5600 at A = 2280 §. The bulge
vetween A = 3120 % and A = 3190 £ can be observed al-
though not as clearly as in parasantonide. Since san-
tonide hasAvery probably almost the same constitution as
parasantonide, the same assumptions may be made as to the
correspondence between the chemical groups and the bands.

Paresantonide-imide (Table III, Fig.III).

The absorption spectrum of parasantonide-imide
shows two bands like the spectra of the two previous com-
pounds; both bands are at longer wave-lengths and more

intense. The band nearer to the visible has its maximum



Absorption Spectrum of Santonide in Alcohol.

TABLE II.

Solution a).

0.0340/100 cm.>

1l =1 cnm.

A (A) sector read. ¢

Sector read.

£

3270 Oel 72.4 0.9 651
3243 0.2 145 0.8 579
3233 0ed 217 0.7 507
3202 0.4 289 0.6 434
3187 0.5 362 0¢5 362
3173 0.6 434 0.4 289
3163 " 0e7 507 0.4 289
3130 0.8 579 0.5 362
3102 0.9 651 0.6 434
3083 1.0 724 0.7 507
3078 l.1 796 0.8 579
3060 1.2 868 0.9 651
3037 1.3 941 l.0 724
2941 1.3 941 l.1 796
2917 l.2 868 l.2 868
2879 1.1 796 1.3 941
2858 1.0 724
Solution b). 0.0069
2588 0.2 713 3565
2528 0ed 1070 3922
2508 0.4 1426 4278
2497 0e5 1783 4635
2494 0.6 2034 4991
2477 0.7 2542 5348
2467 0.8 2852 5348
0.9 3205 4991

2455
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at A= 3065 8 (¢=2900), the other at A = 2520 §

( & =7670). From the similar electronic structure of
the ketonic and the C‘= NH group it may be inferred that
the band at longer wave-lengths is the C = NH band: the
other band should be the lactamic band as in parasantonide

and santonide.

Parasantanic Acid (Table IV, Fig.IV)

There 1s only one absorption band with its maximum
£ = 57 at A = 2940 R. Towards the short wave-length
end of the spectrum the absorption increases reaching
£=221 at A = 2224 £ (not seem on the graph)s The first
band is at shorter wave;-lengths than the corresponding band

of parasantonide, but only 1/20 of its intensity.

Santonic Acid (Table V, Fig.V)

It is seen from Fig.V that the absorption band of
santonic sacid is similar to that of parasantonic acid.
A subsidiary band is indicated by the shape of the ex-
tinction curve between A= 3020 £ ana A = 3190 . This
may be due to the fact that santonic acid has two ketonic
groups, one of which 1s oonJjugated with a double bond
C = C whereas the other one lles in a saturated ring.
Hence they should not be expected to lie at the samée wave-
lengths.  The maximmm of the band is at A = 2920 A,



TABLE III.

Absorptidn Spectrum of Parssantonlide-imide in Alcohol.

Solution a). 0.0093 g. in 100 cm>. alcohol. 1 = 1 cm.

5] )

)\<A) Sector read. ¢t ‘ MA)sector read. ¢
3321 0.1 264 2910 0.7 1843
5289 0.2 527 2883 0.6 1580
3270 0.3 791 2842 0.5 1319
3268 0.4 1055 2802 0.4 1055
3266 0.5 1319 2713 0.4 1055
3235 0.6 1580 2734 0.5 1319
3226 0.7 1843 2732 0.6 1580
3183 0.8 2105 2726 0.7 1843
3169 0.9 2370 2721 0.8 2105
3134 1.0 2635 2706 0.9 2370
3076 1.1 2900 _2702 1.0 2635
3064 l.1 2900 2700 l.1 2900
2988 1.0 2635 2697 1.2 3160
2958 0.9 2370 2687 1.3 3430
2936 0.8 2105 2683 l.4 3690

Solution b).  0.0047 g. in 100 cm®. alcohol.

2689 0.8 4220 2560 1.4 7390
2676 0.9 4750 2483 1.4 7390
2651 1.0 5270 2442 1.3 6850
2640 1.1 5800 2359 1.1 5800
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TABLE IV.

Absorption Spectrum of Parasantonic Acid in Alcohol.

Solution a).

1.074 g. in 100 ¢

3

m-~ e

1l =1 cm

)\(12\) Sector read.

e
AA) sector read.

3268 0.2 4.9 2750 1.3 32.0
3238 0.3 7.4 2732 le2 29.6
3220 0.4 9.8 2772 1.1 27.0
3199 0.5 12.3 2697 1.0 24.6
3183 0.6 14.8 2675 0.9 22.2
3173 0.7 17.2 2657 0.8 19.7
3163 0.8 19.7 2627 0.7 17.2
3152 0.9 22.2 2577 0.7 17.2
3135 1.0 24.6 2530 0.8 19:7
3134 1.1 27.0 2509 0.9 22.2
3117 1.2 29.6 2487 1.0 24.6
3107 1.3 32.0 2483 1.1 27.0
3087 1.4 34.4 2473 1.2 29.6
3060 1.5 36. 9 2466 1.3 32.0
2783 1.5 36.9 2452 1.4 34.4
2766 - 1.4 3.4 2437 1.5 36.9
- Solutlon b). 0.537 g in 100 cm°.

3083 0.8 39.4 2448 0.8 39.4
3038 0.9 44.2 2426 0.9 44.2
3024 1.0 49.2 2406 1.0 49.5
3002 1.1 54.1 2393 1.1 54.1
2865 1.1 54.1 2374 1.2 59.0
2842 1.0 49.3 2363 1.3 64.0
2796 0.9 44.2 2348 1.4 68. 9
2760 0.8 39.4




TABLE V.

Absorption Spectrum of Santonic Acid 1in Alcohol.

0600 3-. v 100

0 ,
Sector

A(4) reading €
. 3303 . 0.l _ 4.4
- 3222 ‘ Ce2 8.7
3192 03 13.1
© 3097 ' Qa7 3065
3022 = ' 0.8 34.8
2968 - 069 39.2
2862 0.9 39.2
2804 X, 0.8 34.2
2759 - 0.7 30.5
2701 . . 0eb 26.2
2590 ’ ' 0e3. 13.1
2438 - ' 0.3 13.1
2389 06 26.2
2378 . Qa7 30.5
2355 0.8 34.2

2348 0.9 s 39.5
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£e= 4], The subsldiary band seems to have 1ts maximum
in the neighbourhood of A = 3100 2. The measurements,
however, were not in this case sufficiently accurate so as
to allow of concluslions based on detalls in the shape of
the absorption curve: the curve was only recorded in order
to assert the order of magnitude of the iIntensity of the
band.

- Santonine (Table VI, Fig.VI)

Although the absorption spectrum of santonine
itself has been measured by Gomez (32), it was necessary
to measure it anew since the results of the Spanlsh
author were not accessible and the extinction of santon-
ine in the ultra-violet is valuable for the discussion of
the propertles of the santonine deriva tives. In PilgeVI
log ¢ (not & as in the other graphs) is plotted against
the wave~lengths, =0 that both bands can be shown on the
same graph. As in the case of the lsomeric lactones
described above, two bands are observed: there are, how-
ever, considerable dlfferences. The intensities of the
two bands are of different order of magnitude: their
maxima are shifted towards the visible reglon: both bands
are much more diffuse and consequently less distinct from
one anothere. It is seeﬁ on Fig.VI that the band in the

near ultra~violet has not even a definite maximum but
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joins on so closely to the second band that there is no
minimum separating them. The absorption starts in the
visible (santonine is decomposed by light through the
walls of glass vessels) and reaches & = 6 at A = 3800 X,
then the curve increases almost linearly up to & = 40.1
at A = 3328 &. There is at this point a marked fall in
the slope of the curve: the absorption remailns almost con-
stand down £o A = 3031 2, &€ = 45,9, This effect must
be considered as caused by the ketonic absorption band in
this region. Below A = 3031 R the absorption strongly
increases up to a maximum of ‘i = 9920 at A = 2370 8.

The spreading of the absorption towards the visible is
probably due to the fact that in santonine the ketonlc
group is embedded in the conjugated system =CH=CH-CO~CH=CH-;
it is known that conjJugated double bonds tend to shift the
absorption towards the long waves. As to the band which
is assumed to be the lactonic one, 1t 1s noticed that it
too spreads much further towards the visible than the
analogous bands of the two other lactones and that it 1s
much more intense. The fact that changes in the concen-
tration cause breaks in the extinction curve (shown on the
graph) indicates that in the case of santonine there is a
dependence of the absorption coefflicient on the concentra-

tilon.



TABLE VI.

Absorption Spectrum of Santonlne in Alcohol.

Solution a).  0.4294 g. in 100 cm®.

Sector {1 Sector
A Tesaing &  lose AC) Soctor & loge
3736 0.1 5.73  0.76 3019 0.9 51.5 1.71
3556 0.2  11l.5  1.06 2997 1.0 57.3  1.76
3501 0.3  17.2  1.24 2995 1.1  63.0 1.80
3454 0.4 22,9  1.36 2985 1.8  68.8 1.84
3380 0.5 28,7  1.46 2976 1.3  74.5 1.87
3355 0.6  34.4  1.54 2970 1.4  80.2 1.90
3328 0.7  40.1 1460 2967 1.5 86.0 1.93
3031 0.8  45.9  1.66
Solution b). 0.1540 g. in 100 cm°.
2957 0.5 96 1.98 2925 1.0 176  2.25
2947 - Qw6 112 2,05 2919 1.1 192  2.28
2944 0.7 128 2,11 2918 1.2 208  2.32
2934 0.8 144 2.16 291 1.3 224  2.35
2027 0.9 160 2.20 - 2971 1.4 239  2.38
Solution c). 0.02976 g. in 1000 cm®.
2558 0.9 7450 3. 87 2360 1.2 9920  4.00
2503 1.0 8270 3.92 2319 1.1 9100  3.96
2449 1.1 9100 3.96 2305 1.0 8270  3.92
2377 1.2 9920 4.00 2283 0.9 7450 3,87
2919 0.1 827 2.92 2731 0.5 4130 3.62
2829 0.2 1650 3.22 2689 0.6 4960  3.70
2777 0.3 2480 3.39 2660 0.7 5780  3.76
2741 0.4 3310 3.52 2631 0.8 6610  3.82
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TABLE VII.

Absorption Spectrum oftDesmotroposantonine in Alcohol.

Solution a). 0.0092 g. in 100 cmS.

g 6
A(A) Sector read. ¢ A (A) Sector read. €
3011 Oel 268 2737 0.4 1070
3005 0.2 5356 2718 0.3 803
2995 0e3 803 2670 0.2 535
2988 0.4 1070 2621 0.1 268
2975 0.5 1340 - 2417 0.1 268
2968 0.6 1605 2402 0.2 535
2963 0.7 1870 2383 0.3 803
2044 0.8 2140 2377 0.4 1070
2923 0.9 2410 2372 0.5 1340
2809 0.9 2410 2361 0.8 1605
2788 0.8 2140 8357 0.7 1870
2774 0.7 1870 2349 0.8 2140
2767 0.6 1605 2344 0.9 2410
2749 0.5 1340
Solution b). 0.0046 g. in 100 cm°.
2998 0.2 1070 . 2341 0.6 3210
29064 0.3 1605 2332 0.7 3840
2046 0.4 2140 T 2324 . 0.8 4280
2824 0.4 2140 2314 0.9 4810
_2774 0.3 1605 2312 1.0 5350
2715 0.2 1070 2304 l.1 5880
. 2400 0.2 1070 2298 le2 6420
2378 0.3 2805 2288 1.3 6950
2562 0.4 2140 2273 1.4 7490
2330 0.5 2875 2242 1.5 8020
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1-Desmotroposantonine (Table VII, FigeVII)

Only‘one comparatively sharp and intense absorption
band was observed in the absorption spectrum of l-desmo-
troposantonine. It has its maximum & = 2500 at A =
2865 ﬁ. This band is separated by a very low minimum
from the rapid rise of the extinctioﬁ curve towards the
far ultra-violet. TheIShape of the curve indicates that

¢ = 8020 A = 2241 £ is just below the maximum of s
second absorptiam band corresponding to the "lactonic”
absorption band of the lactones described above. The
absorption band at 2865 8 is not a ketonic absorption
band for there is no -é=o group in the molecule. It must
be attributed to the phenolic ring which is present: both
intensity and position of the band seem to conflrm this
assumption. The fact that thé other band has moved to-
wards the short wave-lengths beyond the range of the
SpectrOphotometef is explained by the presence of the
aromatic ring which stabilises the structure of the mole-
cule.

B)e Rotatory Dispersions.

Parasantonide (Table VIII, Figs.VIII & IX)

The rotatory dispersion of parasantonide in the
visible has been measured by Nasinil (33). His results
are included in Fig.VIII, in the reglon between A =6870 8



TABLE VIII.

Rotatory Dispersion of Parasantonide in the Ultra-Violet

in Alcohol.

Solution a). 0.3232 g. in 100 em°. 1 =1 cm.

(-] o
AG) o ] ACA) x (]
4063 1.30° 4022° 3647 2.30° 71160
4034 1.50 4641 3575 2450 7734
3920 1.70 5260 3521 2.70 8354
3719 2.10 6497 3485 3.10 9592
Solution b). 0.0453 g. in 100 cm®.

[] N [
A A) & [] AcA) o« (o]
3350 0.70° 15500 ° 3193 1.40° 31090°
3262 1.10 24430 3178 1.35 29980
3257 1.30 28870 3172 1.30 28870
3248 1.35 29980 3117 1.10 24430
3234 1.40 31090 3059 0.70 15550
Solution c). 0.0324 g. in 100 em®.

[-] [-]
A (A) o (] A (A) o (]
3042 0.45°  13890° 2859  -1.08°  =32400°
2941 -0.35 =10800 2846 -1.10 <33950
2902 -0.75 =23150 2699 -1.10 ~33950
2899 -0.85 =26230 2631 -1.05 ~32400
2878 -29320 2575 «0.95 -29320

-0.95
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and 4226 2. The dlspersion curve recorded by Nasini
(in CHCl3 solution) is seen to join on smoothly to the
curve obtained with the ultra-violeﬁ polarimeter in solu-
tions of the substance in alcohol. FigeIX shows the
rotatory dispersion in the ultra-violet; the slope in-
creases steadily and becomes almost vertical before reach-
ing the maximum of [] = 32,000° at A = /3210 &; there
is a reversal of sign of the rotation ([x] = 0°) at =
2980 ® and the rotations fall to a minimum of [x]) = -35,000O
at A = 2750 3. The readings could not be extended beyond
s region since the absorption of the second band is too
strong to transmit sufficient light; even in the region
of the first band exposures up to one hour had to be glven
owing to the small transparency of the substance. It
appears from Table VIII that the specific rotatioh does not
vary appreciably with the strength of the solution; all
the specific rotations measured in different solutions can
bé collected into a smooth curve. Parasant;nide is
slowly decomposed by the light of the iron-arc (the rota-
tion of an alcoholic solution decreases in the courge of a
few hours); it was, therefére, necessary to supply the
cell with fresh solutions during‘the exposure by means of
" the arrangement described on p.24% .
The rotatory dispersion of parasantonide in the

Wltra-violet is a striking example of a Cotton-effect



TABLE IX.

Rotatory Dispersion of Santonide in the Ultra-vViolet

in Alcohol.

Solution &). - 0.4030 g. in 100 cms. l1=1cm
] (-]
ANA)  « [e] A (A) ™ ~
3924  1.20° 29780 3555 2.80°  6949°
3776  1.60 3970 3451 3.60 8933
3660  2.00 4963 3360 5.20 12900
Solution b)s 0.0416 g. in 100 cm®.
o ¢
ACA) [o] A(4) o (o]
3307 0. 65° 15630° 3100 0.85° 20430°
3292 0475 118030 3075 0.75 18030
3274  0.85 20430 3059 0.66 15630
3263 0090 21630 3000 0.05 1230
3262  0.95 22830 2957 -0.45 =10800
3248  1.00 24040 2807 -1.80 -28850
3158  1.00 24040 2782 -1.25 =30050
3148  0.95 22820 2719 <1.25 =30050
3126  0.90 21630
Solution ¢). 0.0340 g. in 100 cm,
e (-
A(A) [ A(A) x f]
2945 -0.40° -11770° 2864 -0.80° -23540°
-0.90 =26470

2895 -0.70 -205690 2644
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o}
~ connected with the absorption band at A = 2980 A.  The
maxima and minima of the curve represent the highest
speclfic rotations measured in homogeneous solution up to

NoWe.

Santonide (Table IX, Figs. VIII & X)

The rotatory dispersion of santonide resembles
closely the rotatory dispersion of parasantonide; the
visible part (measured by Nasini (33) is seen on Fig.VIII).
The values measured with the ultra-violet polarimeter are
in good agreement with the results of Nasini for the
nei.ghboﬁring region in the blue. Positlive and negative
maxima of the dispersion curve as well as the reversal of
sign all occur at the seme wave-lengths as 1ln parasantonide.
The extrema, however, are considerably lower: the maximum

L) - 25,000°, the minimum [«] = -31p00°. The very
steep fall from the positive maximum to the longer waves
is also oEserved in this case. The viariation of the
specific rotation with the concentration is not appreciable.
The readings taken for the regiom near the visible are

recorded in Fig.VIIT.

Parasantonide-imide (Table X, Fig.XI)

The transparency of parasantonlde~imide being much

- smeller .than the transparency of the two foregoing sub-

stances (see p.35), the rotatory dispersion could not be
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measured to the same degree of accuracy. The readings,
however, are sufficiently reliable to ascertain that the
negative maximum with [x] = 51,0000 A = 2800»8. strongly
exceeds the corresponding value of parasantonide. The
reversal of sign 1s at A=31)0 & (the maximum of the ab-
sorption band occurs at }\ = 3065 X) and the positilve
maximum [%] 34,000 at A= 3280 %, The fall of the dis-
persion curve towards the visible was not measured since
the substance is n_ot easily prepared in quantities as re-
quired to make up strong solutions (as would be necessary
| for the regilons of smaller fotation) and as it was thought
- by analogy with the curves of santonide and parasasntonide -
that these regions would not be of any particular interest.
The same applieg to measurements in the visible region.

() =1135° at A = 5895 £.)

Santonine, Parasantonic Acid, Santonic Acid,

_Iiygroséntonide and l-Desmotroposantonine.
Although the absorption in the reglon about A =
3000 X in the first three compourds is much weaker than in
the lactones described above, the rotatory dispersion could
not be recorded in the sbsorbing reglons since the rotations
are too small to be measured through the bands.
The rotatory dispersion of hydrosantonide was

measured in the visible in order to find out whether this



TABLE X.

Rotatory Dispersion of Parasantonide-imide in Alcohol.

Solution a). 0.0187 g. in 100 cm5.

o
At « fx] A « (]
3381 0. 55° 2940d° 3212 0. 58° 29400°
21788 -0.95 -50800 2807 -0.95 -50800

Solution b).  0.0140 g. in 100 cm®.

[+]
A (A) o (] A L [«]
3345 0.45° 32200° 3034 -0.28°  -17900°
3218 0445 32200 2740 -0.65 -46500

29012 -0.55 -39400
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lactone belongs to the strongly rotating compounds of the
santonine group: this is not the case as [O(Jﬁ = 258°,
[qucoozz 290°. No attempt was therefore made to measure
the rotatory dispersion in the ultra-violet.

The rotatory dispersion of l-desmotroposantonine
increases from (] = 101.5°, A = 6800 .?x to [«] = 201.50,
at A = 5100 &. The absorption in the ultra-violet is

too strong to allow -ef the measwement of the rotation.

Circular Dichroism.

Parasantonide (Table XI , Fig.XII )

In spite of the strong absorption, the circular

dl chroism could be measured through the band: the ellip-
tlicity readings amounted up to « = 1.50°. This 1is due
to the exceptionally high walues of the circular dichroism

(¢-z) = 36.8 at A = 3020 8. This is the highest
value mea siured in isotropic solutions so far. The
curve is not symmetilical but rather steeper towards the
- long wave-length side. It is interesting to note that
here the difference of the absorption coefficients for
left-handed en d right-handed clrcularly polarised light is
of the same magnitude as the absorptim coefficient
(¢= ‘A.;.&) of 'an crdinavry ketonic band (e.ge., acetone or
camphor) . The enisotropy factor g = {52_8_,, is recorded
in the fifth and-tenth column of Table XI: it is not con-
stant throughout the band as it should be - according to



TABLE XI.

Circular Dichroism and Anisotropy Factor of Parasantonide

in Alcohol.

0.0323 g« in 100 ¢

5]

m e

A (A) o ot ¢ oo
3257 0.40° 9.2
3234 0.60 15.9 280 0. 050
3205 0.80 18.5 410 0.045
3175 1.00 23.1 610 0.038
3148 1.20 27.7 735 0.038
3100 1.40 32.3 885 0.037
3091 1.50 34.6 935 0.037
2941 1.50 34.6 1140 0.030
2892 1.40 32.3 975 0.033
2846 1.20 27,7 820 0.034
2762 1.00 23.1 560 0.041
2706 0.80 18.5 439 0.042
2642 0.60 13.9 382 0.036
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Kuhn's theory - for simple absorption bands. While being
approximately constant in the mlddle of the band, it is
irregular towards its edges. The anisotropy-factor 1s
strong though not exceptionally high. i = 06037,

Santonide (Table XII, Fig.XIIJ)

The circular dichrolsm curve of santonide has a
maximum (& - g, )4..: 27 at A = 3000 R. The band 1is
rather narrow and the steeper side lies towards the far
ultra-violet. Owing to 1ts narrowness the curve cannot
easily be approximated to by Gauss's error curve (&-&)-=
= (€€, ) xe—(AéA’)Lalthough this formula 1s a satisfactory

€~ SR 7 ey .
approximation to most measured circular dichrolsm curves.

The anlisotropy-factor is falrly constant in the middle of
the band but falls towards the short wave-lengths j = 0.03.

-

Parasantonide-imide (Table XIII, FigeXIV)

Although this was not true for the measurements
of. the rotatory dispersion, the circular dichrolsm of
parssantonide-imide could be measured with the same accuracy
as that of santonide or parassntonide. The readings
amounted up to 1.25°%. 'I“he maximum &-¢& = 58 for A =
3040 X It is even higher than the circular dichroism
of parasantonide. The anlsotropy factor 1s very irregular,

as can be seen from Table XIII.



TABLE XII.

Circular Dichroism and Anisotropy Factor of Santonide in

Alcohol.
0.0416 g. in 100 em®.

/\ (/i) & €e- € € £ ::4
3222 0.35° 6.3 200 0.032
3197 0.55 9.9 310 0.032
3178 0.85 15.2 405 0.038
3162 0495 17.0 472 0.035
3134 1.05 18.8 565 04033
3100 1.25 22.4 670 0.033
3083 1.35 24.2 755 0.032
2912 1.35 24.2 861 0.028
2874 1.25 22.4 760 04030
2859 1.05 18.8 705 0.027
2852 0495 17.0 680 0,025
2846 0.85 15.2 660 0.023
2826 0.55 9.9 590 0.017
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TABLE XIII.

Circular Dichroism and Anlsotropy Factor of Parasantonide-

imide in Alcohol.

0.0140 in 100 cm .

S

A (53 o & ~€n '3 ﬁigi
3345 0.25° - 13.25
3325 0.45 23.8 .. 470 0.051
3292 0.65 35.0 520 0.067
3235 0.85 45.1 1620 0.028
3100 1.05 55.7 2800 0.020
2953 1.05 5547 2360 0.025
2892 0.85 45.1 1630 0.028
2828 0.65 35.0 1220 0.029
- 2931 0.45 23.8 1380 0.017
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The Chemistry of the Santonine Group.

In order to be able to discuss the optical pro-
perties of santonine and some of its derivatives, a
short summery of their chemical properties and consti-
tution - as far as 1t is known - will be useful.

| Most of the work on the chemlstry of santonine

and its derivatives las been carried out by Cannisszarro
and his pupils 1n the second half of last century. Al-
though these Italian authors were not able to establish
the correct formula of santonine and santonlc acid,
thelr thorough research on the properties and transmu-
tations of the many derivatives of santonine was funda-
mental for the later investigations in this field.
The dilscovery of the unusually elevated rotations of some
of the compounds of the group 1is also due to them.

Variocus formulae have been suggested for santon-
ine by Canmizzarro and @ucci (34), Francesconi (35),
Wedekind (36) and others. But it was only in 1930 that
Clemo, Haworth and Walton (37) and Clemo and Haworth (38)
succeeded in proving a formula agreeilng with all chemical
properties of santonine (I). It 1s a keto-lactone de=-
rived from tetrahydronaphthalene. Santonlne forms an
oxime when treated with hydroxylamine hydrochloride.
Action of acid trmansforms it into desmotroposantonine

(II): there is a tendency on the part of the
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CH=CH-CO-CH=CH to change over to the enolic form which
involves the change to the stable aromatic structure of
the unsaturated ring. Acted on by alkall santonine
forms santoninic acid (III), the hydroxy acid correspond-
ing to the lactone. The acid is unstable in neutral and
acid solutions where santonine 1is formed spontaneously.
Prolonged heatlng with alkali causes migration of the
double bonds and gives rise to the formation of santonic
acid (IV): from the latter, santonine cannot be recovered.
It 1s a diketo-carboxylic acld and gives - according to
the conditions - a monoxime or a dioxime by the aétion of
concentrated sulphuric acid - a lactone - metasantonide -
is obtained to which formula (VI) was assigned (39).

Proof for it is the fact that 1t can be reduced (Zn +
acid) to the lactone hydrosantonide which is identical
with the lactone obteined from hylrosantonic acid (which

is formed by the reduction of santonic acid with sodium
amalgam.) When santonine is reduced under the same con-

- dtlons as metasantonide, desmotroposantonous acid 1s
formed (VIII).. Metasantonide forms an oxime and -
acted on by acetic anhydride = 1t glves an acetyl deriva-
tive. The hydroxy acid corresponding to metasantonide
is not santonic acid but metasantonic acid which is a
stereoisomer ¢ of the former (V). Other ways to
prepare metasantonic acld are the oxydatlon of hydrosan-

tonide with Ag,0 and opening the lactone ring on heating
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santonic acid with acetic acid to 260-300°. These facts
confirm the assumption of Francesconi that the only differ-
ence between santonic and metasantonlc acid is the posi-
tion of the side chain with respect to the plane of the
ring. The mono- and dioximeas well as the mono- and
diacetyl derivatlves of metasantonic acid are known.

The monoacetyl compound is insoluble in alkall carbonate
solutlion and does not form an oxime: this led Francesconi
(39) to suggest for it the formula (IX). Analogous
formulae were suggested for the chlorlide and the bromide
of the aclid because of their insolubility in s&lkall
carbmate solutions.

When santonic acid is dissolved in glacial acetic
acld and - after distilling off the solvent - heated to
1800, santonide is formed:; the same procedure, when
applied to metasantonic acid, gives rise to the formation
of parasantonide. In this case the temperature has to
be higher. Parasantonide is also obtained from santonic
acid when the latter is heated (after treatment with

CH,.COOH) to 260-300° owing to the transformation of santonic

3
aclid into metassntonic acld at this temperature. Both
santonide and parasantonide are lactones of very similar
properties. The hydroxy aclids correspording to them are

not the acids from which they are prepared but isosantonic



48.

and parasantonic aclids: they are isémers of santonic acid.
They do not, however, form oximes or acetyl derivatives.
Acetic anhydride transforms them into the lactones and does
not act on their esters. The change from acid to lactone
and vice vers¥ does not take place as readily as with san-
tonine and santcninic acid. While acetic anhydride 1is
necessary to transform the acid into the lactone, warming
with concentrated HCl or alkali is required for the re-
verse reactlon. Treatment with zinc and acetlc acid
changes parasantonide into parasantonic acld instead of
reducing it (see metasantonide). From all these pro-
perties it appears that santonide and parasantonide must
have a constitution different from santonine or meta-
santonide. The fact that nelther lactone nor hydroxy
acid forms an oxime with hydroxylamine hydrochloride (the
lactone adds 1 molecule NHZOH) suggests the absence of

the distant ketonic CO group as present in santonine in
prSition 8. The chemical inertness of the other CO group
present in santonic acld cen be explained by steric hindrance:
the fact that no reduction is effected by mascent hydrogen
excludes for the lactones the double bond between the C-
atoms 1 and 2. The only alternative is the closure of
the lactone ring to the C-atom 8 after the enolisation of
the CO group. This enolisatlon may be made permanent

by a migration of the double bond at the hlgh temperature.
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of the reaction so that the hydroxy acids have no CO group
which could form an oxime. This does not agree, however,
with Francesconi's observation that acetic anhydride does
not react with the esters of parasantonic acid. The latter
fact also excludes the possibllity of an aromatic structure
like desmotroposantonine since in that case, the phenolic,
OH would give rise to the formation of an acetyl derivative
(such a derivative of desmotroposantonine is known).
There 1s, however, the possibility of a mlgratlon of the
double bond A 9-10 to A 10-5 with a simultaneous mi-
gration of the methyl group from 5 to 6 which also takes
place in the santonine-desmotroposantonine rearrangement.
In this case the fact that an oxime is not formed could
be explalned by steric hindrance of the CO in 8.
Parasantonide reacts with ammonia, splitting off 1 mole-
cule H20. Parasantonide~imide does not, however, show
the properties characteristic for ketone-imides: 1t is
| stable even to concentrated HCl and to alksalil carbonates
in the cold.  When the NH_ is split off the lactone
ring is opened at the same time and parasantonic acld is
formed. The same is true for the splitting off of

NH20H in the addition compound of parasantonide and NHEOH.

Steric hindrance of the C=NH group seems to offer the

explanation for thils behaviour.



Santonine and Some Derivatives.
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Dliscussion.

A). Absorption Spectra.

The absorption spectra of santonide and para-
santonide differ considerably from those of santonine
and the acids of the group. In none of the other com-
pound; was the Intense absorptibn band at about A = 3000 &
observed except l-desmotroposantonine, where an intense
band is found about the maximm at A = 2940 £.  The
other substances show a weak absorption band near A =
3000 X, which, by 1ts intensity and 1ts wave-length, must
be attributed to the ketonic-COs  For the two strongly
rotating lactones there are four alternatives: ‘1) the
band 1n question is caused b& a ketonic group which under
the influence of neighbouring substltuents 1s strongly
intensified compared with ordinary ketonic bands: 2) the
band 1s due to some other group present in parasantonide
and santonide but absent in the other compounds. Aro-
matic structure which at first sight mlght seem to offer
the explanation is unlikely for reasons derived from chemi-
cal evidence (p.49). A further fact against this assump-
tion 1s the disappearance of the strong band when the
lactone 1is trensformed into the nydroxy acid: 3) the
absorption is attributed to the lactone ring: or 4) to one

of the carbon skeletons in the molecule. Assumption 3)
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must be dropped for measurements on simpler lactones have
shown thagt the absorption of the lactone group must be ex-
pected to lie at the far end of the ultra-violet region
(see below, camphonolactone and /3 -butyro and p-valero-
lactone). Assumption 4) is improbable for the band loses
almost all its intensity when the lactone ring is opened.
Such a fundamental change should not be expected to take
place in the absorption of C-skeletons. Moreover the ab-
sorption o f carbon skeletons with isolated double bonds
usually lles at shorter wave-lengths. It is thus
necessary to return to the first of the alternmatives and
consider the band as due ﬁo a :CO group. Simlilar cases
where the absorption is strongly increased owing to the
presence of other gbsorbing groups near a \,CO group have
been observ8ﬂ: Othus 7diesphenol with then chromophoric
group =C = é - 6- has a ﬁaximm of &= 104 at A = 2725 ﬁ
and acetyl acetone has an absorption of & = 9430 at
A = 2730 R (40).

The second absorption band common to the lactones
" of the santonine group is due to the lactone ring for the
reasons given above. Measurements made on camphono-
lactone, /3-butyrolactone and 4 -valerolactone showed that
the léctonic absorption band in these compounds 1s outside
the range of the instrument. This result does not disagree

with the above attribution of the band at 2300 & to the
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lactonic group since it is known that bands shift towards
the long waves @8 = the slze of the molectri%?ase%ize wave-
length of the head of the band depends on the structure of
the whole molecule: it is displaced towards the longer
waves in santonine owing to the presence of the somewhat
unstable conjugated system of double bonds in the molecule.
In desmotroposantonine the maximum of this band is outside
the range of the instrument owing to the stabillising effect
of the aromatic structure which tends to increase the fre-
quencies of the electronic oscillators in the molecule.
Having established a correspondence between the
absorption bands and chemical groups in the molecule, the
question aiﬂ.ses, what may be the reason for the intenmse
absorption of the ketonic band in parasantonide and santonide.
According to the.classical theory, absorption of light is
due to the rrictioﬁ in the motion of the electronic oscil-
lators moving under the influence of the electric fleld of
the light wave. The friction is caused by the transfer
of energy from the vibrator to other parts of the moleculs
(1ike in the case of coupled pendula: any particular
pendulum set into motion loses its emergy by setting the
others into motion). Or in the languagé of quantum
mechanics, ,tl‘zere is a finite probabllity that the energy
of an electron excited by the light wave will go to other

parts of the molecuie 1ifting another electron into an




83.

exclted state (the case of resonance emission where there
is absorption without transfer of energy to other parts of
the molecule can be disregarded for organic molecules).
According to both theories the vibrators which exchange
thelr energy should be near to one another since the further
distant parts of the molecule hardly affect the motion of a
part&cular electron. Applying this condition to the
present case, one should expect that in the two lactones
with the strong kefonic bands another chromophoric group
would be in the vicinity of the ketonlc CO group.  This
aétually happens 1f it 1s assumed that the lactone ring is
closed to the C-atom 8: the ketonlc and the lactonic CO-
groups may very well in that case be so close to each
other that they mutually disturb thelr electronic oscilla-
tors. There'is even the possibility ef a co-valency bond
(of the nature of a shared electron) between the two CO-
groups. As regards the possibility of the enolisation

of one of the CO-groups owing to the vicinity of the other,
the latter effect is observed in diketones or « - or fi-
exocarboxylic aclds. It may be noted that it is in such
cases (e.g., acetyl acetone and (diesphenol, see p.51)

that extraordinarily intemse absorption bands have been

recorded.




54.

B). Optical Activity.

The three highly rotating compounds are remarkable
not only for their elevated values of circular dichroism
and optical rotation, but dlso for the fact that there is
a Cotton-effect exhibited by failrly strong absorption
bands. Such cases have not been recorded in the past
since absorption bands of the intensity of &€ = 10° as a
rule do not have an anilsotropy factor of the same order
of magnitude as the weak bands galo'z). On the basis of
this experimental fact as well as on the ground of theoreti-
cal considerations, Kuhn (41) inferred that large anisotropy
factors are unlikeél y to occur in bands where f (the strength
of the band) is greater than 107° (the f-factors are cal-
culated from the formula f = em-N_/kd' . ./?dr was
evaluated by counting the area under the curve)fs

An attempt was made to apply Lowry & Hudson's
modification of Kuhn's equation for rotatory dispersion
(ses pp.9,10) to parasantonide and sentonide. The Tables

XV and XVIcontain the calculated rotations. For para-
santonide the circular dichnafsf curve was approximated to
by the equation ¢&-& = 38.¢ %’_‘i?‘;h-xw) The value 38 for the
maximum of the curve is slightly higher than the observed
value (36.5) but the higher value was taken in order to
obtain a bettér fltting of the calculated curve to the

observed one. The calculated curve for the circular

*p

1810 Eor the active band of parasantonide,
f

2.2x10 " " " " " parasantonide-imide.



Table XIV.

One Term Approximation to the Circular Dichroism

Curve of Santonide.

~[@=300 )
»££'€4=‘3'r xe(l?ﬂ )

A CA) Ee-€y | A CAY Ee-tn
3000 31 2950 29.4
3100 24.4 2900 24,4
3200 11.9 2850 18.1
3150 18.1 , 2800 11.9
3050 29.4 | 2750 5.5
3250 5.5 2700 1.7

3300 1.7

One Term Appfozdmation to the Circular Dichroism

Curve of Parasantonide.. . (A;i;oo
e~€43 J&re

MA) el N CA) fomty
3000 38 2950 36.5
3050 . 36.5 2900 32.3
3100 3243 2850 . 2640
3150 26.0 2800 - 19.4
3200 o 19.4 2750 13.3
3250 13.3 2700 8.4
3000 8.4 2600 2.9

3400 2.9



TABLE XV.

Two Term Approximation to the Circular Di-

chrolsm of Santonide.

(A 2100) (d‘3"°)l
190 5- - /a0
Curve A. fem by = 27x¢€ Xe
A (fe—-&.)wax: 27 /\o; 2700; e "'/00;
(4 . 0
A(A) fe - €a . A(A) e~ €a
3190 1.10 2890 23,79
3140 3. 58 2846 16,98
3090 8,75 2790 8.75
3040 16.98 2740 3658
2940 2379 2690 1.10
Curve B. . o
[fe‘é,g)uuuu s /‘o’ 3120 A 0= lﬂOA
° (]
A (A) Ee-€n ' ACA) fe-Eq
3270 1.69 3070 12.46
3220 5.89 3020 5.89

©. 3170 12.46 2970 1.69







TABLE XVI.

One Term Approximation to the Rotatory Dispersion of

Parasantonide.
& = 244 A (te-5) = 38, A\, = 3000 4 c= Ade
T e )
A Lt gB Selp I
(1 e 2(A+4o) e e dxt T
3781 3.2 0.1564 0. 0180 0.1744 6321°
3684 2.8 0.1936 0. 0183 0.2119 9651
5586 2.4 0.2353 0.0185 0.2538 12210
3488 2.0 0.35014 0.0188 0.3202 15470
3391 1.6 0.4000 0.0191 0.4191 21320
3342 l.4 0.4565 0.0193 0.4756 24490
3293 1.2 045073 0.0194 0.5266 27550
5244 1.0 0.5381 0.0195 0.5575 29610
3220 0.9 04 5407 0. 0195 0. 5602 29820
3195 0.8 0.5321 0.0196 O« 5517 29790
5146 Oe6 0e4748  0,0197 0.4945 27110
3073 0.3 02762 0.0201 0.2963 16630
3000 0.0 0.000 0.0203 0. 0203 1168
2028 -0ed =0.2762 0.0206 «0.2556  =15050
2855 =0e6 -0.4748 -040209 =0e4539 -27440
2806 -0.8 ~0e¢ 5321 0.0211 ~0e 5110 =31420
2757 =1.0 -0 5381 -040213 -0, 5168 =-52230
2660 -led -0,4565 0.0216 =0e4349 -28200
2542 -1l.8 ~0e 3468 -0, 0220 ~0e3248 -21870




TABLE XVII.

One Term Approximation to the Rotatory Dispersion of

Santonide.

A-do

5 =6, e = 190, (fe~8)pax = 31, Ae = 3000 R
A A) '{/at 6 e

( c e /¢ ol 2A+ho) cvﬁ 5l [x]

3950 5 0.1000 0.0122 0.1122 3563°
3601 3.162  0.1667 0.0144 0.1811 6070
3532, 2.8 0.1936 0.0145 0.2081 8292
3494 2.6 0.2122 0.0146" 0.2268 9135
3418 2.2 0.2629 0.0148 0.2777 11440
3342 1.8 0.3468 0.0150 0.3618 15240
3266 1.4 004565 0.0152 0.4717 20320
3228 1.2 0. 5073 0.0153 0.5226 22790
3190 1.0 0.5381 0.0154 0.5535 24420
3171 0.9 0. 5407 0. 0154 0.5561 24680
3102 0.6 0.4748 0.0155 0.4903 22230
3076 0.4 043594 0. 0156 0.3750 17160
3038 0.2 001947 0.0157 0.2105 9953
3019 0.1 0.0990 040158 0.1048 6150
3000 0.0 0. 0000 0.0158 0.0158 741
2981 -0.1 -0. 0990 040159 -0.0831 -3923
2962 ~0.2 -0.1947 0.0159 -0.1788 -8494
2924 -0.4 -0.3594 0.0160 -0.3434 =16530
26886 -0.6 -0.4748 0.0161 -0.4587 -22380
2848 -0.8 -0.5321 0.0162 -0.5159 =25500
2810 -1.0 -0. 5381 0.0163 -0.5218 -26160
2772 -1.2 -0.5073 0. 0164 -0.4909 -24890
2734 -l.4 ~0.4565 0.0166 -0.4399 -22650
2696 -1.6 -0.4000 0. 0167 -0.4167 =21730
2658 -1.8 -0.3468 0.0167 -0.3301 =17490
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dichrolsm is shown in Fig. XVa. The rotatory dispersion
was calculated with the constants (fe—f¢)~w= 38 0 = 244 8,

Ao = 3000 kaiq.@b. The agreement is not very satisfactory.
The greatest dlscrepancy between the calculated and the ob-
served rotations is on the long wave-length approach to the posi-
tlve maximum where the observed curve is very steep.

' For santonlde the agreement between observed and
calculated values (see Table XIVb, Fig.X®b) is slightly
better: the values given in Table XVIL have been calculated
with the parameters ( &-’ )max =31, 6 =190 2, Ao =
3000 X.(EXVI&) Here ( «8_‘"54 )max had to be chosen considerably
higher than the experimental value of 27 in order to get
even a tolerably satisfactory agreement between the curve
calculated by means of the spproximation formula and the
observed circular dichroism curve owing to the narrowness
and steepness of the latter. The main deficlency of the
calculated curve again lies in the region to the left of
the positive maximum and the same reasoning as in the case
of parasantonlde al.so applies here.

A better approximation both to the observed clrcular
di chroism and rotatory dispersion curves could be obtained
when the circular dichroism band was considered as composite.
The best results for both curves were reached by assuming
the presence of two subsidiary bands (curve A with the

meximum ( -t ) = 27, O=140, A=2940 &, snd curve B



TABLE XVIII.

Two Term Approximation to the Rotatory Dispersion of

-0.2353

0.0127

Santonide.
)
Curve A.  © = 1404 Ceby, = Ao 2940, ¢ =lar
)\ (A°) c‘/cxz o c;C .
- . - X
¢ e /¢ dx 2(A+Ao) e‘/e dx+ Z(%'f]c) [ec]

3800 5.8 0. 0863 0.0104 000967 3057
3660 4.8 0.1040 0.0106 0.1146 3840
3510 3.8 0.1330 0.0109 041439 4923
3360 2.8 0.1936 0.0111 0.2047 7314
3300 2.4 02353 0.0112 0.2465 9436
3240 2.0 0.3014 000113 0.3127 11590
3180 1.6 0.4000 0.0114 0.4114 15630
3120 1.2 0.5073 0.0115 0.5189 19970
3075 0.9 0.5407 0.0116 0.5523 21580
3030 0.6 0.4748 0.0117 0.4863 19300
2985 0.3 0.2762 0.0118 0.2880 11570
2895 -0.3 -0.2762 0.0120  -0.2642 =-10950
2850 -0.6 -0.4748 0,0121  -0.4627 =19460
2805 -0.9 -0, 5407 0.0122  -0.5285 =22630
2760 -l.2 -0.5073 0.0123  -0.4950 =21550
2700 1.6  =0.4000 0.0124  -0.3876  =17240
2640 -2e0 -0.3014 0.0125 -0, 2889 -13130
2580 -2e¢4 -0.2126 -9902




TABLE XVIII (Contd.)

Two Term Approximation to the Rotatory Dispérsi on of Santonide.

[+

Curve B. 0 = 100 (&&max = 15. A= 31204 - /_\é_l_g
A o ct d x o _ccxz, o

(A) C c-a/exc(x ZC m——+ a) e ﬁJ‘_fm L“l

o

3800 6.8 0.0735 0.0072 0. 0807 948
3700 5.8 0.0862 0.0073 0.0935 1129
3600 4,8 0.1004 0.0074 0.1078 2073
3500 3.8 0.1316 0.0075 0.1391 2815
3400 2.8 0.1936 0.0077 0.2013 4193
3320 2.0 0.3014 0.0078 0.3092 6598
3280 1.6 0.4000 0.0078 0.4078 8808
3240 1.2 0.5073 0. 0079 0.51562 11121
3210 0.9 0. 5407 0.0079 0.5486 12110
3180 0.6 0.4748 0.0080 0.4828 10750
3150 0.3 0.2762 0.0080 0.2842 6390
3090 -0e¢3 -0.2762 0.0081 -0.2681 ~-6145
3060 -0e6 -0.4748 0.0081 -0.4667 -10690
3030 =09 -045407 0.0082 -0.5325 -12320
3000 -le2 -0 5073 0.0082 -0.4991 ~-11790
2960 =l.6 «0.4000 0.0082 -0.35918 -93"74
2920 ~2.0 -0.3014 0.0083 -0.2931 =7065
2840 -2.8 -0.1936 0.0084 +0.1852 -4619
2720 =440 -061250 0.0086 =-0.126%7 =3292
2620 5.0 -01000 0.0087 -0 0913 -2460
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with (%-4 )= 15, ® = 1004, A,= 3120 . A justification
for this procedure can be seen fiomthe fact that both the
extinction and the circular dichroism curve of santonide
show a slight bulge in the region near 3160 X. Even the
fact that a single term of Gauss's error distribution

curveg which represents a falrly good approximation in the
majority of cases, is inadequate in the present case,
suggests that the band may be composite. FigaXVb and XVII

show the results thus obtained. The agreement, however,

is still not perfect. ( 7adles X, X )

It would therefore seem that the Cotton-effect in
santonide is brought about by superposlition of at least
two bands. There 1s, however, no proof of this being so: .
it is quite possible that the failure of the approximation
by a single term error-distribution curve to the circular
dichroism and the corresponding failure of the one term
approximation to the observed rotatory dispersion 1s due
"co theoretical limitations of the mathematical analysis.

In the case of parasantonide preliminary attempts
to carry vo:ut a two-term approximation were not very en-
couraging: there are indications that the curve of para-
sentonide 1s even more cmplicated than that of santonide.
The calculations being rather tedious and their results not
belng of great importance, these attempts were abandoned.

Discussing the question whether the observed Cotton=-

effects are simple or composite, it should be noted that in
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all three cases the maxima of absorption, circular dichroism
curves and the reversal of sign of the rotatory dispersion
curve occur at practically the same wave length (in the
case of parasantonide-imide there is a slight difference).
This fact does not support the assumption of a composite
nature of the Cotton-effects since 1t 1s not very likely
that two Cotton-effects would be superimposed in such a
way that the characteristics of simple Cotton-effect are
exhiblted by the resulting curve. The question must
therefore remain entirely open.

Kuhn's equation was not applied to the rotatory
di spersion of parasantonide-imide since in this case the
observations were not accurate emugh to draw any con-
clusions from a possible agreement or disagreement with
the calculated values.

From the observed anisotropy factor Kuhn drew con-

clusions about the dimensions of the model of coupled

| vibrators: he deduced the formula d?g{% (locecit.) where
g is the mean anisotropy factor within the band and d the
distance between the two coupled vibrators. For para-
santonide ( A= leo-scm.; g = 3110-2) the fommula gives
a7 16 R, waich is certainly impossible as the dlameter
of the whole molecule must be considerably less than that.
Kuhn himself found many cases where d was greater than

the atomlc dimensions.
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Since, howéver, in all these cases where d was found
to be of greater order of magnitude then the molecular
diameter, the absorption was weak (f$£ 10'5). Kuhn &

Bein (# ) modified the formula for d, taking into account
contributions by quadrupole as well as dlpole oscillators.
(It is interesting to note that Condon, Altar and Eyring
(20) state that quadrupole vibrations do not contribute
towards circular di chroism). Quadrupole moments can
account only for very w eak absorption (f~'10'6) and since
the circular di chrolsm ¢ -f certainly cannot exceed the
totel absorption, it is seen that a quadrupole vibration
could not substantially contribute to the circular di-
chrolsm in either parasantonide, santonide or parasantonide-
imide where f for the (f-¢y)-band is of the order 107° -
10-4. It is therefore necessary to use Kuhn's first
formula for the calculation of d. The result d 2 16 R
is even more improbable in the present case because accord-
ing to Kuhn's theory a strong coupling force is necessary
to cause an appreciable anlsotropy factor in a strong band.
It 1s quite impossible to assume that an electronic
osclllator is influenced by another osclllator from which
it 1s separated by a distance of 16 R,much less can a
strong coupling force be supposed to exist between the two.
All these facts show that Kuhn's model is not sulted to
explain the optical activity of the high-rotating lactones

of the santonine group.
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Most modermn theories are not suitable for the
discussion 6f the optical activity of complicated mole-
cules (see Introduction). Condon, Altar and Eyring's (20)
theory makes an excep tion. It suggests that vicinal
action by other substituents causes optical activity in
an electronic oscillator. If, therefore, compounds of
otherwise similar structure differ in their optical activ-
ity, it must be assumed that the structure near the ab-
sorbing group which controls the optical activity in the
visible region 1s different. Optlcal activity of a
chromophoric group will increase with the asymmetric dis-
turbance exerted on it by the electric field of the
nel ghbouring substituents. (This result of the theory is
the explenation of Kuhn's rather empirical vicinal rule).
The previous dilscussion has shown that there is, in fact,

a strong disturbing influence on the electronlc structure
of the ketonic CO-group caused by the proximity of the
lactone group. The rotatory strength R can be calculated
(see pp.13,)4). It is of the order of unity in contradiction
to the result derived by the theory that R 1 in general.
It thus appears that neither (a/p/b) nor (b/m/a) can be

small compared with unity in the present case, so that the
conditions under which a first order approximation in the

perturbation theory cen be applied do not exist in the

2 fg.d. A S S N T s
preserlt case. R =] f.;.zﬁ-- a— = 10 Xx 37 Jo Az;z X 0'52-(/0'6’ —~ l
-2, ~2 3 3'07,/0"'—
= 22x10 x 2'Exl0 xt—x 2EIAT o .
for parasantonide. R 7 oy Iy

for parasantonide-imide,
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In discussing the Cotton-effect ¢f some ketones
Lowry, Simpson and Allsopp (42) sugrested that it is caused
by the motion of one of the two "lone pair" electrons of
the O-atom. This assumption was based on an analysils
by Mulliken of the absorption spectrum of formaldehyde
(43),(434).The attribution of the optical activity in
parasantonide, santonide and parasantonide-imide to the
motion of‘an electron, in a strongly asymmetric field in
which it moves, is plausible since both chemlical and
optical propertles (ppiss) suggest that neighbouring groups
are decisively influencing the structure of the ketonic
CO-group. (In the case of the imide the group in which
the asymmetric electron moves is of course the C = NH,
which has an electronic structure simllar to that of the

-C0- graup: both have 10 electrons in the outer shell).




PART II.

Absorption Spectrum, Clrcular Dichroism

and Rotatory Dispersion of Camphono-

lactone in the Ultra-Violet.
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PART II.

Absorption Spectrum, Circulsr Dichroism and

Rotatory Dispersion of Camphonolactone in

the Ult ra-Violet .

In order to extend the investigation on the

optical properties of keto-lactones, the Cotton-effect

of camphonolactone was measured. Thlis substance was

Q\w'co chosen because 1t is one of the
a_‘______c\H/Z’CH,; few comparatively simple compounds
OC/ C—CH, of that type where the CO and the

\CH,~ CH, lactone ring are close enough to

Iinfluence one another.

Preparation of the substance.

a). «a' -dibromocamphor was prepared according to
Lowry (48) by the action of bromine on camphor at_lOOo,
mep. 60°. lo] ) = 60°.
b). Dibromocampholide was obtained by oxidising
« o' -dibromocamphor with fuming nitric acid (Forster (49)),
mep. 152°. |
¢c)e Camphonolactone (49) was prepared by hydro-
lysing dibromocamphollde with alcoholic potash, m.p. 194o ,
(o], = -117.3°.
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Absorption Spectrum (Table I, Fig.I).

The absorptlion of camphonolactone was measured in
alcohol and 1n water. In alcohol a band is observed
with the maximum € = 22.9 at A = 2970 A. In water
e =29.5at A=2880 .  There is thus a considerable
di fference between the extinction curves in the two sol-
vents, water having the effect of shifting the absorption
band towards the short waves. This resﬁlt is in agree-
ment with the investigations made (44) on the solvent
action on the ketonic absorption. It was found that
water with its large dipole moment strongly polarises the
-CO0=-group unless the latter 1s protected against the
approach of the solvent molecules by nelghbouring sub-
stituents.  Below = 2590 £ in alcohol and A = 2430 &
in water the absorptiom increases steeply towards the
ultra-violet end of the region: the highest value was
measured for A = 2184 § (&€ = 221) where the maximum is
not yeﬁ reached. According to all probability this ab-
sorption is part of the lactonic absorption band which 1s
beyond the range of the instrument. Comparing the ex-
tinction curve with the extinction curves of parasantonide
and sentonide, it 1s noted that the two bands in the
spectrum of cemphonolactone are shifted towards the short

wave lengths because the molecule is smaller and more

saturated.
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TABLE I.

Absqrption Spectrum of Camphonolactone in Water.

Solution &). 0.3460 g. in 100 cm°.

7\ Sector e, Sector
AA) reading € ACA) reading €
3207 0.1 4.9 2404 0.5 24,6
3160 0.2 9.8 2377 0.6 29.5
3098 0.3 14.7 2366 0.7 34.4
3031 0.4 19.7 2350 0.8 39.3
2968 0.5 24.6 2339 0.9 44.2
2877 0.6 29.5 2323 1.0 49.1
2793 0.5 24.6 2315 1.1 54.1
2724 0.4 16.7 2308 1.2 59.0
2563 0.3 18.7 2299 1.3 63.9
2448 0.3 14.7 2297 l.4 68.8
2425 0.4 19.7 ' 2293 1.5 73.7
Solution b). 0.0692 g. in 100 em®.
2343 O.1 24.6 2262 0.6 - 147.4
2303 0.3 73.7 2230 0.7 172.0
2291 0.4 98.3 ' 2206 0.8 196.5
2277 0.5 122.8 2184 0.9 221.0
B).

Absorption Spectrum of Camphonolactone in Alcohol.
0.9670 in 100 cm. |

3359
5293
3236
5211
3193
3168
3156
5121
3096
3070
3031
2985
2968

O.1l 1.9 2887 1.1 21.0

0.2 3.8 2847 1.0 19.2
0.3 5.7 2808- 0.9 17.1
0.4 7.6 2776 0.8 15.2
0.5 9.5 2747 0.7 13.3
0.6 1l.4 2698 0.6 11.4
0.7 13.3 2655 0.5 9.5
0.8 15.2 2616 0.4 7.6
1.0 19.2 2516 0.3 5.7
1.1 21.0 2471 0.4 7.6
1.2 22.8 2410 0.8 15.2
1.2 22.8 2405 l.2 22.8
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Rotatory Dispersion (Table II, Fig.IL).

Camphonolactone exhlbits a Cotton-effect in the
region of its ketonic absorption band. There 1s a nega-
tive maximum of the rotations at A = 3230 & of [« =-
1550 .9. The reversal of sign occurs at A = 3030 %
and does not coincide with the meximum of the absorption
bend in either water or alecohol (it is A = 2070 % in
alcohol ). It is seem from the graph that a positive
maximum of the dispersion curve is not reached although it
is clearly indicated by the shape of the curve. The
slope of the curve between A = 2860 X and A = 2580 Jox
is much smaller than in the nel ghbouring regions: this
fact must be attributed to the fall of the rotation con-
tributed by the ketonic band to the right of the positive
maximume. The fact that the 'positive rotations in that
region are much smaller than the negative maximum suggests
that there must be a subsidiary negative contribution to
the rotations 1n that region. . The sharp rise of the
dispersion curve below A = 2600 R, on the other hand,
proves the presence of a positive contributlion - probably
from the optically active lactme band. This change of
sign of the subsidiary rotatlon between 2750 and 2600 £
may be due either to a Cotton-effect exhibited by a sub-
sidiary band in that region or to the superpositlon of
the positive contri‘pution of the lactonic band and the



TABLE II.

Rotatory Dispersion of Camphonolactone in Alcohol.

l. Visible Spectrum.

¢ = 1.7424 g. in 100 cm®. 1 = 10 cm.
/\(/i) ] [e] /\(/;) P (<]
6800 -1.64° -93.9° 5100 = =2.80° -157.1°
6350 -1.84 -100.6 4900 -3, 07 -172.8
5895 -2.00 -114.8 4750 -3.63 -208. 4
5460 -2.31 -132.6 4600 -3.78 -217.0
5250 -2.59 -148.7

2. Ultra-violet Reglon.

Solution a). ¢ = 1.7424 g. in 100 em®. 1 = 10 cm.

A(A) P (x] A(A) « fa]
4039 -5.2° -298,5° 3420 -8.20 -941.3°
3796 7.2 . -413.2 3410 -15.2 -872.7
3748 -8.2 -470.7 3405 =16.2 -929.8
3678 -9.2 -528,0 3394 -9.2 -1056
3610 =10.2 58545 3391 -9.7 -1114
3548  -11.2 -642.8 3380 =10.2 -1170
3520 ~12.2 -700.3 3377 «10.7 -1228
3477  -13.2 ~757.7 3350 =11.2 -1285
3440 -14.2 -815.1

Solution b). ¢ = 1.3070 g. in 100 cmS.

4205 -0.20° -306° 3143 -1.90° -1454°
4039 -0.50 - =383 3098 -1.80 -1378
3804 -0.60 -419 3090 -1.40 -1071
3654 -0.70 -535 3069 -0.50 -383
3512 -0.80 -613 2968 0« 50 383
3420 -0.80 -613 2857 1.00 765
3373 «1.00 -765 2579 1.40 1071
3343 =1.40 -1071 2536 1.80 1378
3312 -1.80  =-1378 2519 2.10 1607
3292 -1.90 -145¢4 2485 2420 1683
3267 '=2.00 -1530 2475 2030 1760

3187 - =2.00 -1530 2461 2.40 1837.
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negative subsidlary rotatlion caused by the absorption bands
in the far ultra-violet. The latter is more likely, as
the gbsorption spectrum does not show any sign of a sub-
sidlary band in the region between 2750 and 2600 L. The
change of sign of the subsldlary curve explains itself by
the plausible assumption that the contribution of the ab-
sorption bands in the far ultra-violet 1s only small and
almost constant over the rage of the polarimeter, whereas
the contributiyozi of the lactonle band in the nearer ultra-
violet A ~ 2000 R determines the sign in the region up
to A~ 2600 X, but does not contribute appreciably to the
subsidiary curve. for A> 2900 fx. It would have been
deslrable to attempt a mathematical analysis with the aid
of Kuhn's formula, but the accuracy of the measurements
was not sufficient to justify the resolution of the ob-
served éurves into their components. (See also circular

dichroism below).

Circular Dichroism (Table III, Fig. III).

The cifcular dichroism curve of the ketonic band
of camphonolactone has its maximum at A = 3030 8. In
accordance with Natanson's rule, 1t 1s negative since the
rotations at the long wave length side of the band are
negative. Ge-f‘)maxz -1.17. The maximum coincides

“with the reversal of sign of the rbtatory dispersion curve



TABLE III.

Circular Dichrolsm and Anisotropy Factor of Camphono-

lactone in Alcohol.

0.1307 g. in 10 cm® alcohol. 1=1 cm

A o Ee~ta
(A) — o ~ (e~ ta) € -
3312 0.55° 0.234 2.85 0.082
3275 0.95 0.402 5.25 0.076
3209 1.35 0.571 7.4 0.077
3160 1.75 0.741 12.0 0.062
3132 2,25 00952 14.8 0.064
3120 2.35 0.895 15.7 0.063
3116 2,45 1.066 15.9 04067
3097 2.55 1.079 17.0 0.064
3087 2,65 1.121 17.7 0,063
2954 2.65 1.121 22.7 0.049
2931 2,55  1.079 22.1 0. 049
2928 2.45 1.066 22,05 0.048
2927 2,35 0.995 22, 0 0.045
2922 2.25 0.952 2149 0. 043
2885 2.20 04927 20.9 0.044
2824 1.70 0.717 18.4 0.039
2766 1.50 04633 14.7 0. 043
2715 1.10 0.464 12.0 0.039
2670 0.70 0.288 10.0 0.029

2590 0.40 - 0.169 6.7 0.025
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but not with the maximum of the gbsorption éurve. This
is in agreement with Lowry's (50) observation that in
ketonic bands the rotation and circular dl chroilsm curves
are shifted towards the longer wave lengths compared with
the absorption curve of the band.

The curve is steeper on the side of the visible
region and can in this part be approximatedto by Gauss's
error dlstributlon cuwve with the following constants:

A, = 3030 Ao, (te-&Nnaz-117, G’lj/The disagreement between the
calculgted and the measured curve on the short wave
lengths side may arise because of a subsidiary circular
dichroism curve. The shape of the curve seems to
suggest this. The irregularities in the measurements
(the bulge at A = 2760 £), however, lie within the ex-
perimental errors of the instrument and the mere fact
that the simple gpproximation formula is not sultable for

the whole band does not entitle to any definite conclusions.

Discussion.

The Cotton-effect of camphonolactone is not simple
but it is - as far as magnitude 1s concerned - certainly
not extraordinary. The intensity of the ketonic ab-
sorption is quite normal and the fact that there is a con-
siderable difference between the absorption in alcohol and
in water shows that the:CO group is unprotected against
the polarising influence of the solvent molecules as it
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would be if other substituents were near to it. This
fact as well as the chemical formula (from which it appears
that the ketonlc and the lactonic)CO groups are not near
to ene another) show that none of the causes which were
suggested to account for the abnormal optical activity in
ﬁhe sentonine derivatives are present in thls cass.

The sharp increase of the rotation towards the short waves
suggests a Cotton-effect of opposlte sign to that of the
ketone band in the lactone band. The anisotropy

factor (see Table If ) 1s not constant but decreases to-
wards the short wave-lengths. This agein 1is 1n agree-
ment with Lowry's rule for the optigal activity of ketonic
bands (see p.66). An additlional reason for the sharp
fall of the absolute value of the anlsotropy factor to-
wards the short waves may be the superposition of a
positive contribution from the lactonic band to the nega-
tive anlisotropy factor of the first band.

Absorption Spectra of /3 =Butyrolactone and

¥ -Valerolactone in the Ultra-Violet.

‘8

As no extinctlon curves of simple lactones seem
to have been recorded in the llterature, it was necessary
to carry out some measurements on such compounds in order
to see whether these are compatible with the attribution
of the shért wave-length absorption bands in the santonine

group to the lactone ring.
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Preparation of the Substances.

l). /3 -Butyrolactone.

a). B -bromobutyric acid was prepared by the
action of HBr on crotonic acid (45). The acid was dis-
tilled in vacuo (13 mm.).

b). /3 -butyrolactone (46). B-bromobutyric acid
was neutrallsed with I\Te.ch'5 solution and heated to 40-45°
for several hours during which period the solution was
repeatedly extracted with ether. After drying the
extract with CaClz and removing the ether, the lactone was
repeatedly distilled in vacuo (72-73°, 29 mm.) in order
to obtain an optically pure sample.

2). J* =Valerolactone.

The lactone was prepared by reducing laevulinic
acid with Na in alcohol(47) and subsequent acidification.
The lactone was extracted with ether and repeatedly

rectifled in vacuo.

Measurements (Tables 4, B). (Fig. A).

It is seen from the graphs that no absorption
bands were observed in both lactones, but merely an in-
crease of the absorption towards the ultra-violet end
of the spectrum. Bearing in mind that even the much
heavier molecule of camphonolactone and even that of
l-desmotroposantonine showed no maximum of the lactonic
sbsorption in the region accessible to measurements,

thls result 1s what should be expected.



TABLE A.

Absorption of Jp ~-Valerolactone in Hexane.

v

0.0856 g. in 10 cms.

[]
Sectlon e Section
Acd) reading = °© ALA) reading €
2507 0.1 1.17 2365 0.9 10.5
2483 0.2 2. 34 2362 1.0 11.7
2460 0.3 Se D1 2351 l.1 12.9
2850 0.4 4,67 2330 le2 14.0
2434 0.5 5,84 2318 1.3 15.2
2423 0.6 7.01 2296 1.4 16.4
2404 0.7 8.18 2284 1.5 17.5
2387 0.8 9.37
TABIE B.
Absorption of A -Butyrolactone in Alcohol.
7
0.0881 g. in 10 cm®.
[ ®
Section Section

A (A) reading £ A (A) reading €
2435 0.3 2.9 2521 1.0 0.76
2376 0.4 3490 2315 1.1 10.74
2355 0.5 4,89 2308 l.2 11.71
2340 0.6 5.86 2302 1.3 12.69
2338 0.7 6.83 2300 1.4 13.66
2331 0.8 7.81 2281 1.5 14.64
2326 0.9 8.77
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The difference of the shape of the two curves 1is
explained by the fact that for /3 -butyro lactone and
alcoholic solution was used, whereas the readings for
J- -valerolactone were taken in hexane. Measurements
on ﬂ -butyrolactone in hexane (not recorded in the
graph) showed that the absorption in this medium is con-
slderably shifted towards the short waves - even beyond
the absorption of the wvalerolactonse. The extinction
in alcohol may be influenced not only by the polarising
effect of this solvent but also by a partial alcoholysis
of the somewhat unstable ﬂ -lactone.
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S UMMARY,

As a preliminary to investigating the optical
activity of some high rotating compounds of the santonine
group, the ultra-violet absorption spectra of parasantonide,
santonide, parasantonide-imide, parasantonic acld, santonic
acid, santonine and l-desmotroposantonine were studied
(Part I, a).

The rotatory dispersion and circular dichroism of
the first three compounds were then examined. They show
a very strong Cotton-effect coﬁnected with an intense ab-
sorption band near A = 3000 X (Parts Ib and Ic: See also
Mitchell & Schwarzwald, J.C.S., 1939, 889). The extreme
values for the specific rotations lying betweenl[dﬂ] =
25,000° and (]| = 50,000° and the maxima of circular
dichroism lying between ( fec-~én )max= R7 and (&e-t ) .=
58, are much higher than the corresponding values of any

other substance in homogenecous solution measured up to

Ee~Ea
&

of 5.10'2, observed in weak(optically active) absorption

nowe The anisotropy factor is of the .usual order
bands. The optical activity of the other santonine
derivatives could not be investigated in the absorbing
regions because of the small anisotropy factors of their

bands.
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After a brief account of the chemistry of the com-
pounds (Part Id) the absorption spectra of parasantonide,
santonide and parasantonide-imide are discussed in the
first section of Part Ie. By excluding all alternatives
on grounds of chemical evlidence and comparative study of
the absorption Spectra of felated substances, the absorption
band near 4* = 5000 ﬁ is in santonide and parasantonide
attributed to a ketonic:bo group whose intensity is increased
because of vicinal action of other substituents. Examples
are cited where a similar increase in the ketonic absorption
has been observed. In parasantonide-imide the correspond-
ing band 1s caused by the ketimino-group. The more
intense second band shown by the three substances is due to
the absorption of the lactone group. This again is proved
by comparing the absorption of the lactones and those of the
corresponding hydroxy-acids. Reference is also made to
the absorption of simple lactones, whlich is compatible with
the assumption made.

The discussion of the optical activity (Id, second
section) includes attempts to apply Lowry and Hudson's
modification of Kuhm?®s formula to parasantonlide and santone
ide. In neither cases can the circular dichroism curve
be represented satisfactorily by one term of Gauss's error

)

distribution curve ¢ -t, = (£.-¢) The agreement

~may’

between observed and calculated rotations is not much
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better. Better results were obtained for santonide by
splitting the observed circular dichroilsm curve into two
components which are indlcated by the shape of both ab-
sorption and circular dichrolsm curves, applying the
approximation formula to each of them and adding the rota-
tions. The question whether the Cotton-effect in santonide
is com@osite could not be declded because the near
colncidence of the wave lengths of maximum absorption,
circular dichroism and of the reversal of sign of the
rotationsdees not support the assumption of a composite
effect, while the mathematical analysis seems to suggest

it. Application of Kuhn's theory leads to a

distance between the two coupled oscillators whilch ex-
ceeds the diameter of the molecule. Another contradiction
to Kuhn's theory is the fact that an anisotropy-factor

of the order of 10'2‘13 exhlbited by a strong absorption

" band of f~ 1072,

Condon, Altar and Eyring's theory seems more suit-
able for the qualitative explanation of the effects ob-
served as 1t postulates the presence of some conditions
which in the present case were assumed because of evidence
derlved from chemical properties and absorption spectra.
The extremely high opticai activity should therefore be

attributed to a very strong asymmetric disturbance exerted
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on the motion of the electrons of the ketonic CO=-group by
a nelghbouring substituent = probably the lactone group.
Part II gives an account of the absorption spectrum
(measured in water and alcohol), rotatory dispersion and
circular dichroism of camphonolactone, a simpler ketolactone
where the ketone and lactone group are near to one another.
The substance shows an ordinary ketonic absorption band
connected with a Cotton-effect. The rotatory dispersion
indicates the presence of several contributions of partly
opposite sign to the observed rotations. Neither rota-
tions nor circular dichroism are unusually high. The
Discussion shows that the conditions supposed to account
for the phenomena observed in the santonine derivatives
are not present in camphonolactone.
Finally, the absorption of / -butyrolactone and
J+ -valerolactone is recorded in order to confirm the
assumptions made regarding fhe absorption spectra of the

santonine derivatives.
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THE _PHOTOLYSIS OF 1-4, DIPHENYL-2-
CHLCRO-2-NITROSOBUTANE.




The Photodecomposition of 1,4,Diphenyl-2-

N

chloro=2-nitrosobutans.

The photochemistry of chloronitroso compounds
has been studied by some authors (1) partly as a problem
of considerable interest in itself, partly with a view
to find substances which are sultable for asymmetric de-
composition, il.e., the partial resolution into its opti-
cally active com?onents of a racemate by the action of
circulafly polarised light. The present investigation
on the action of light on diphenyl chloronitrosobutane
was carried out with the latter aim in view. Like
other aliphatic chloronitroso hydrocarbons, it fulfils
the following preliminary conditions: the absorbing group
is attached to an asymmetric carbon atom: it is fairly
transparent in the spectral reglon of the absorption band,
so that it might be hoped that small rofations caused by
the sction of light could be detected and = by analogy
with the other compounds of this type - it was expected
to have a quantum yleld of the order of unity. An ad-
vantage of diphenyl-chloronitrosobutane compared.wiph
other chloronitroso compounds is 1ts readiness to crystal-
lise, axd, ity stability, which makes its preparation and

purification very easy.



2.

A)e Preparation of the Substance.

1,4,diphenyl-2-chloro=2-nitrosobutane was first
prepared by S. Mitchell according to Piloty's method by
passing a stream of dry chlorine through a cooled ether-
eal solution of 1,4,diphenyl-butanoneoxime (2). Soon
after the chlorine starts passing through the solution
the latter turns blue and at the same time a voluminous
precipitate of the oxime-hydrochloride is formed owing
to the liberation of hydrochloric acid in the course of
the reaction. The precipitate gradually disappears and
soon after it has vanished entirely the reaction is finished.
The ether is evaporated and the intenseyblue oil that is
left crys?allises from methyl- or ethyl-alcohol. After
2 - 3 further crystallisations its melting point remains

constant at 49°: micro combustion gave the following

results:-
Found Calculated
c 70.22% 700 24%
H 5. 56 5.85
N 5043 5.12
cl 13.12 12,96 (Stepanow's method).

The yield is almost theoretical. Cooling is not necessary.

1l,4,diphenyl-butanone-oxime was obtained in the

usual manner by bolling the ketone with the equivalent
amount of NH20H.H01 an¢ sodium carbonate with aslcohol and



water for half an hour. It can be recr&stallised from
alcohol or pétroleum ether: being a mixture of the two
stereo isomers, 1t has no sharp melting point but rather
melts over a range from 106 - 115°. The two forms can
be separated by repeated recrystallisations, but this
involves great losses and was not necessary for the
present purpose(Z).

l,4,diphenylbutanone was preparedvby oxldation

of 1,4-diphenyl butanol with chromic anhydride in acetic
acid ( 2).

B)e The Action of Light on 1,4,diphenyl-2-

chloro-2-nitrosobutane.

Se

Solutions of the compound were exposed to ordinary

electric light in sealed tubes which were almost complete-

ly full (to restrict photo-oxidation as far as possible).
The following arrangement provided a
sufficlently high intensity of the
illumination so as to compleﬁe<the de-~
composition of a 5% solution in 12-14

hours. The diagram represents the

circle 1s a large cylindrical glass vessel whrough which

arrangement seen from above. The inner

water is circulated and in which the sealed tubes are sus-

pended vertically: the small circles represent & 60-watt
lamps and the large outer circle is a large cylindrical



cover of tin reflecting most of the radiatlion into the

glass vessel.

Decomposition Products.

The decomposition 1s marked by the disappearance of
the blue colour of the chloro-nitroso compound. In
methyl alcohol as solvent, the final colour is very faintly
greenish - almost colourlesse. In benzene or carbon-
tetrachloride there 1s a change of colour to yellow.
Investiéations were confined to the decomposition in
methyl alcohol. Hydrochloric acid is formed during the
decomposition. Tltration with NH,CNS and AgNOz showed
that the yleld of HCl was 99.6% per decomposed moles.

"In other chloronitroso compounds the amount of HCl =-
though always over 90% - was smaller, perhaps owlng to the
greater impurities of these substances which are mostly
liquids (3).

When the solvent after completed decomposition is
evaporated, a greenish oil mixed with white crystals is
lett. The solvent was removed under reduced pressure,
the temperature always belng kept below that of the room.
As the 01l is much more soluble in methyl alcohol than the
crystals, this solvent was used directly for the purifi-
cation of the crystals. They have no sharp melting
point but melt over a range (115-127°). By analogy with

the decomposition observed in other chloronlitroso compounds,

it was first thought that this product might be the oxime



5.

hydrochloride. A sample of the latter substance was con-
sequently prepared by passing a stream of dry HCl through
an ethereal solution of the oxime. The voluminous pre-
clpitate which readily forms consists of fine crystals
melting between 123° and 130° (dec.). Mixed with the
crystals of the crystalline decomposition product, a defin-
ite lowering in the melting range of the former was observed.
When mixed with the diphenyl-butanone oxime, no lowering of
the melting range of the latter was observed. Com-~ ;
bustion gave the following results:- C 80.552 H 7.19, |
N 6.22. The theoretical values for the oxime are:- C 80.33,
H 7.11, N 5.84. A further identification was necessary
particularly in view of the disagreement in the value foﬁnd
for N. The molecular weight was measured by ﬁeans of
Menzies' differential thermometer (M = 236, theor. 239).
The crystalline decomposition product was sube-
mitted to steam distillation in the presence of dilute
H,80

27 7¢°
the condenser and in the recelver. After two crystalli-

An o1l was obtalned which soon crystalllsed in

sations from petroleum ether it melted at 450, which is
also the melting point of diphenyl-butanone. Combustion
gave C 85.22, H 6.91; the theoretical values for diphenyl-

butanone being C 85.7, H 7.14. The mixed melting point
with a sample of ketone obtalned by vapour distillation of
the oxime in the presence of acid was equal to the melting

point of the two pure substances. The fact that the



crystalline decomposition product is diphenyl butanone
oxime is therefore established beyond doubt.

The decomposition yielded 40 - 50% oxime (% of
the theoretical amount of oxime). For the formation of
the oxime two atoms of hydrogen are required which are
supplied either by a second decomposition product or by
the solvent.

If methyl alcohol acts as a donator of hydrogen,
formaldehyde should be found among the decomposition pro-
ducts. Séardh for formaldehyde has been unsuccessful in
the photodecomposition of chloro-nitroso-butane (3 ).

To te§t for CH20 in the present case the solution contalned
in the sealed tube was submitted to steam distillation.

The first parts of the distillate were diluted with water
and added to a solution of dimethyl-dihydforesorcinol
(dimedone) in water. A crystalline precipltate was
formed after standing for some hours. After recrystal-
lisation from slcohol it melted at 188-189°. The melting
point glven in llterature for the precliplitate formed by
dimedone gnd formaldehyde in aqueous solution is 187-1880.
The presence of formaldehyde was thus proved. The
quantitative determination of the formaldehyde formed dur-
ing the decomposition was carried out as follows:- after
complete photodecomposition the solution was subjected to

steam distillation which was stopped as soon as it became





































































