THE PHOTOCHEMISTRY OF PARASANTONIDE

With an additional paper on

THE FLUORESCENCE SPECTRA OF SOME

POLYCYCLIC AROMATIC HYDROCARBONS.

THES IS

for the degree of

Doctor of Philosophy
of the

University of Glasgow.

Submitted by
ERIC JAMES YOUNG SCOTT, B.3c.

June, 1948.




ProQuest Number: 13855734

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction isdependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uest

ProQuest 13855734

Published by ProQuest LLC(2019). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, M 48106- 1346



The Photochemistry of Parasantonide.
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INTRODUCTION.

Asymmetric Photochemical Action.

Since the pioneer work of Arago and Biot (1)} in the
field of Optical Activity, a large number of compounds
have been discovered, which existed in two distinct forms,
identical in chemical and physical properties but differing
only in thelr behaviour to incident plane polarised light.
These forms were called "enantiomorphs" and were designated
"dextro-" or "laevo-" depending on whether the plane of
polarisation of the light was "rotated" through a positive
or a negative angle respectively. When attempts have
been made to synthesise such compounds in the laboratory,
equal quantlities of each enantiomorph were produced
simultaneously.A Such a combinetion of two enantiomorphs
would therefore be inactive and was termed a "racemic
mixture".

In some cases, optically active compounds have been
prepared artificially by the use of an Intermedilate reagent,
which was itself optically active. This was the principle
underlying the various methods of "resolution" of racemic
mixtures into thelr corresponding enantiomorphs developed
by Pasteur and others (2). Tt did not however seem likely,

as Pasteur (3) himself pointed out, that an optically active

compound could be prepared in the laboratory without the



interventlon of some asymmetric influence.

The fundemental problem was thus to discover what
asymmetric physical force in nature was responsible for
the production of optical activity. Of those forces
capable of interacting with matter (i.e., the electric
field, the magnetic fileld and electromagnetic radiatilon)
the one which was most likely to yield results would be
visible and ultra-violet radiation, since it was known to
be capable of initlating chemical reaction and, at the same
time, could occur in a form which embodied the necessary
elements of symmetry (4). In order to conform to the
latter restrictions, the physical agent should possess an
axls of symmetry, but neither a centre nor a plane of symmetry.

Fresnel (5) in 1866 discovered that light could be
circularly polarised, in which case the ether particles
were regarded as moving with uniform velocity about a central
point. He distinguished between right- and left-handed
polarisation according to the direction of rotation of the
particles. Thus a circularly polarised wave train would
exhlbit the symmetry properties of a right- or left-handed
helix, 1l.e., it would have no centre nor plane of symmetry
but the axls of propagation would be an axis of symmetry.

These symmetry conditions, it will be noticed, were

similar to those which determined the occurrence of optical



activity in chemical compounds, e.g., in tartaric acid (6).
A further relation between circularly polarised light and
optical activity was revealed by Fresnel (7). A circularly
polarised wave could be shown to be formed by the addition
of two plane polarised waves of equal amplitude and wave
length but with displacements orlented mutually at right
angles and differing in phase by a quarter of a wave length (8).
In a similar manner, plane polarised light was considered as
comprising two circular vibrations of opposite sense.
Fresner made use of this idea to explain the rotation of the
plane of polarisation by optically active compounds (9).
Thus by considering a plane polarised wave as being split up
into two circularly polarised waves, which traversed the
medium with different velocities and recombined to give light
polarised in a different plane from'the original, he was able
to express the rotation as a Circular Double Refraction:
5 () = R )

where V,,%. were the veloclities of the left and right handed
light, W,,M, were the corresponding refractions, C,JX were
the velocity and wave length of light in vacuo and X was the
rotation per cm. thickness of the layer.

S0 far we have restricted the discussion to the con-
sideration of the purely physical interaction of light with

matter. It would, however, be expected that circularly



polarised light would be most effective as an asymmetric
force 1f it could bring about some change in the chemical
structure of the compound concerned. It followed that
photosensitive racemic mixtures would probably yield the
most striking results. This was found to be the case and
the process of partially resolving a racemic mixture in
this way became known as Asymmetric Photochemical Actilon
(or Asymmetric Photolysis).

Now, according to the Grotthus-Draper Law of Photo-
chemistry (10), light could not initiste chemical reaction
unless absorbed by the system. Thus it was of paramount
importance to investigate the characteristic absorption of
a compound before proceeding with any photochemical‘work.

The degree of absorption of a compound could be ex-
pressed by the well known Lambert-Beer formula, which
defined the molecular extinction coefficient of a substance (g€ ]
in terms of the reduction of intensity (from Io to I) of a
parallel beam of monochromatic radiation, ﬁhe depth of
solution (.lcm.) and the concentration of the solution
(¢ Moles/litre): I=L,I6£CLor & = —,ggl‘lc%i (11).
Absorption curves were usually constructed by plotting <
against wave length of light.

In general, absorption increased with decreasing wave

length but, in many cases, maxima appeared in the curve



('bands'). This 'selective' absorption could be correlated
with so-called "chromophoric" groups in the molecule.  Thus
a band with € pax = 40 at Apax = 30004 was character-
istic of carbonyl group absorption.

In the case of the absorption of a racemic mixture, if
the molecular extinction coefficients of 1l- and d-enantio-

- _+ - .+
morphs were & ,&£ and their concentrations < ,C
respectively, then the fraction of light absorbed by the 1-
€ C

ECHET
light, both forms would absorb light to the same extent, 1l.e.,

form would be . In the case of unpolarised
Ei—==£+ and so 1f the compound was photosensitive, prefer-
ential decompositlon would not occur. However, 1if it could
be shown that, say, left handed circularly polarised light
was absorbed to different exteants by the enantiomorphs, i.e.,
E—L# Efl then it was probable the racemic mixture might
be partially resolved.

The first indication that d- and 1-forms might absorb
circularly polarised light to different extents in thls way
was the discovery of Circular Dichroism by Cotton in 1896.

Cotton (12) showed that when beams of right and left
circularly polarised light passed through an absorption
region of potassium chromium d-tartrate, then the former was
absorbed more than the latter. This phenomenon he called

"Circular Dichroism". If unpolarised or plane polarised



light was uged he found that the light became elliptically
polarised. This could be shown to be a direct consequence
of the circular dichroism and the ellipticity ( ¢ in

radians per cm.) was expressed by a formula analogous to that
shown on page 3: @ = v _:\T (KLN Kv) , KKy
absorption indices defined by I=Ioef£¥l(ll). For

practical purposes this formula was usually written:

€,-& = —HZHPTY . «: ellipticity (°), L : thickness

 of solution (cm.), e¢: concentration (Moles/litre), &.&, :
molecular extinction coefficientg for left and right handed
light, &;-¢w " : circular dicnroisi.

The curve drawn between circular dichroism (or

ellipticity) and wave length

had many features in common T

with the corresponding ab- ] o
sorption curve, of which not

the least important was that

the maxima of both curves T

&&
occurred at the same wave
length; It will be seen v ?
later that the ratio of circul- €
ar dichroism to absorption Fig. )

<A
_EL;_&_ » which was defined by

Kuhn (13) to be the "anisotropy

factor® (g), was of great importance in connection with

asymmetric photolysis.



An even more striking discovery was the anomalous
effect produced by circular dichroism in the rotatory dis-
persion curve, representing the variation of specific ro-
tation® with wave length. Generally, in a region of
transparency, the rotatory dispersion incréased with de-
creasing wave length but the curve was‘found to pass through
two maxima of opposite sense on either side of the dichroic
absorption band, while at the absorption maximum, 1t crossed
the axis of zero rotation. It has become customary to refer
to the variation of rotations and circular dichroism within
an absorption band of this type as the "Cotton Effect" (Fis.T).

It now became apparent that for asymmetric photo-
chemical action to occur in a chemical system, it was
necessary (but not sufficient) for one of the reactants of
the system to exhibit circular dichroism in one of its ab-
sorption bands. One might have expected that this condition
would have become "sufficient" if the qualifying restriction
of "photosensitivity of the compound" had been appended to
1t. This would have been incorrect for two reasons. The
radlation absorbed and causing photochemical reaction might
not lie within a region of circular dichroism. Alternative-

ly, subsidiary reactions might occur without the absorption

*Cotton, in hils original work, used ordinary rotations and
ellipticities instead of specific rotations and circular
dichroism respectively, since the concentration of his
#olution- was unknown.



of radiation (the so=-called "dark reactions"), which would
nullify the resolving effect of the light. Chain reactions
(i.e., Instantaneous dark reactions causing further decom-
position of the starting material) would be the most
effectlive in destroying any asymmetry developed. These
reactlons, however, could be detected by measuring the
Quantum Efficiency of the reaction.

The concept of Quantum Efficiency was based on the
Law of Photochemical Equivalence enunciated by Einstein (14)
in 1912. This law stated that a photochemical reaction
took place only when a molecule absorbed exactly a quantum
of energy. The Quantum Efficilency (¥) of the reaction
(1.e., the ratio of the number of molecules decomposed to
the number of quanta absorbed in the same time) would thus
be unity. Subsequent work by Warburg and others (15)
 showed that ¥ for many reactions deviated from unity; however,
it became apparent that the law probably held for the primary
reaction but that secondary reactions or deactivating pro-
cesses might modify the value of X . Chain reactions could
thus be detected, since )Y would be greater than unlty.

The three necessary conditions for Asymmetric Photo-
lysis could now be enunclated.
1) The optically active compound must exist in the racemic
form.

2) The d- or l-form should exhlbit a region of circular



dichroism.
3). The compound must be photosensitive to light within
this cilrcular dichroic region.

If the further restriction that y wes close to unity
was added, then the four conditions taken conjointly became
"sufficient". They did not, however, determine whether
the asymmetry produced would be detectable by the instruments
at one's disposal. To ensure the optimum results, the
enantlomorph of the compound should exhibit the following
desirable features (17):

1). High specific rotation.
2). High anisotropy factor (cf. p.6).
3). The-destruction of optical activity when photolysed.

The first successful asymmetric photolysls was effected
by Kuhn and Braun (16) in 1929 using ethyl X~ bromo-
propidnate- More convincling results were obtalned by Kuhn
and Knopf (17) in the following year. With r- X -azido-
proplonic dimethylamide, they obteined rotations of -1.04°
and 0.78° per dm. for left- and right-handed light respective-
ly. In 1930, also, Mitchell (18) measured the change in
rotation throughout the photodecomposition of humulene
nitrosite. Mexima of ¥0.21° end ¥0.3° were observed for
mercury gréen and yellow light respectively. These
iatter experiments were extended to simpler compounds and in

1944, Mitchell and Dawson (19) obtained a rotation of about
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%0.1° with # -chloro- 4 -nitroso ®d -diphenylbutane.

Mention should also be made here of two asymmetric
syntheses that have been reported. Karagunils and Drikos (20)
successfully chlorinated a triarylmethyl radical in the
'presence of circularly polarised light to give a partially
asymmetric product. Similarly, Davis and Ackermann (21)
in 1945, reported a synthesis of ethyl d-tartrate from
ethyl fumarate and ahhydrous hydrogen peroxide. A rotation
of 0.073° was observed in this case. A number of other
asymmetric photochemical actions have been recorded by
Davis and Heggle (22), Betti and Lucchi (23) and Ghosh (24)
but none of these gave results as striking as those already
mentioned.

It was thus shown, beyond any doubt, that circularly
polarised light could effect asymmetric action. Since
Byk (25) had shown that there was a predominance of one kind
of polarised light at the surface of the earth, it might
well be that such a physical force 1is the source of at lesast
some of the asymmetry in nature (26).

There is still, however, much scope for new work in
this field. The effects observed in all the cases described
‘have never been more than 1.04°, which 1is subject to quite a
high degree of error. Thus it is necessary (in order to

obtain a more precise understanding of the subject) to
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attempt to find larger values, so that equations such as

that derived by Kuhn (17) can be verified with some
certainty.

It was with such ideas in mind that the present re-
search (27) was embarked upon and, certainly, the remarkable
optical properties of parasantonide, which will be described

in the next sectlon of the introduction, did suggest that
frultful results would be forthcoming.
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The Sultabllity of Parasantonide for Asymmetric Photolysis.

In 1878, Canlzzarro and his coworkers studied a number
of compounds related to santonin, a naturally occurring sub-
stance extracted from the plant "Artemesia maritama" (28).
Several of these substances had large specific rotations.

In particular, santonide and parasantonide, both isomers of
santonin, possessed values for Bﬂﬁin chloroform of 744, 6T
and 897.25° respectively. Nasini (in 1883) examined their
rotatory disperslons with visible light and observed that
the specific rotations in each case increased rapidly with
decreasing wave length{29).

It was not however till 1939 that further work was
done on the optical rotatory power of these compoundse.

In that year, Mitchell and Schwarzwald (30) extended
measurements into the ultra-violet and obtained some remark-
able results. Both d-santonide and d-parasantonlde ex-
hibited two well defined maxima in their absorption curves
at about 3000 A. and 2350 A., within the first of which, a
Cotton Effect could be studied. In the case of santonilde
the specific rotations reached maxima of ﬁq = 25,000o and
[x] = -31,000° on either side of the band, while for
parasantonide the corresponding values were D{] = 52,000o

and ﬁq = -35,000o respectively. These latter maxima



13.

represented the highest specific rotations hitherto recorded
in homogeneous solution. Circular dichroism values were
also high, e.g., (él"fkl= 36.8 for parasantonide but the
corresponding value for t;e anisotropy factor (g = 6.037)
was not abnormally large. However, the value was still
_appreciable and, taken in conjunction with the high rotations,
indicated that both compounds would be ideally suitable for
asymmetric work. Since parasantonide gave the larger values,
it was chosen for further work in this connectlon.

Carnellutti and Nasini (31) were the first workers to
record that parasantonide in chlorcform showed a change of
rotation when exposed to sunlight. Mitchell and Schwarz-
wall (loce.cit.) confirmed this observation for alcoholic
solutions exposed to radiation from an iron arc. However,
it was not known with what specific absorption band (or
bands) photochemical action was associlated. Nor was 1t
known to what extent optical activity was destroyed by
irradiation. |

At the time, further investigations were dlscontinued,
since there seemed little likelihood of acquiring para-
santonide in the racemic form. However, in 1943 a synthesis
of santonin was reported (32), thus indicating that the
racemic modification might be accessible.

Before embarking on synthetic work, further experiments

were requlired to determine whether parasantonide satisfied
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the photochemical conditions for asymmetric photolysis (p.9 ).

An examination (33) was, first of all, made of the
effect of irradiating alcoholic solutions of para~santonide
with two different sets of wave-lengths: 1) the total
radlation from a mercury vapour lamp, 2) radiation lying
within the first absorption band (AWEZSOOO As)e In the
first case, after irradiating for 12 hours, the rotation of
the solution fell from an initial value of 11.12° to a small
negative value of -1.180. When only wave-lengths within
the absorption band exhibiting circular dichroism were used,
the rotation fell from 10.7° to a constant pbsitive value of
1.10°.

From what has been said, it will be reeal ised that
parasantonide in alcoholic solution seemed to be well sulted
for asymmetric photolysis. The dextro-modificetion ex-
hibited normal anisotropy factors and exceptionally high
gspecific rotations. Moreover, when photolysed within a
region of circular dichroism, a large part of its rotatory
power was destroyed.

It was still necessary, however, to establish that no
chain or dark reactions occurred. In addition, further
information was required on the influence of photolysis on
the large Cotton Effect, which 1s present in parasantonide.

Moreover, it was desirable that the photochemistry for both
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absorption bands should be investigated, since the course
of the chemical reaction seemed to be dependent on the
absorption band which enveloped the‘irradiating wave lengths.
These, in brief, were the problems which had to be
solved before synthetic work could be commenced. The
present work deals with their investigation. However,
before giving an account of the results obtained, a general
survey of the chemistry of parasantonlde is given in the

next section.
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The'Structure of Parasantonide.

Although it is now over 70 years since parasantonide
was first prepared, sﬁfficient work has not yet been
carried out to éstablish ité structure - In fact, of those
compounds closely felated to it, oﬁly santonin can be
represented by a formula which satisfactorily explains all

its propertles. The formula for santonin now generally

accepted is the one proposed by CHy ?-————CO
' |
Clemo, Haworth and Walton in o G CcH ,
. \63/9\6{' \gCH— H—CHz
1929-30 (34) (structure I). | |
’ i1 C 3CH,

Since then a synthesis confirming §§E“/I\\éﬁ/

2
this structure has been reported (32), CH, T

but other workers have not been able
to reproduce it (p. 48).

‘Parasantonide is an isomer of santonin from which
it may be prepared (essentially) in the following way.
Santonin is converted into santonic acld by prolonged re=-
fluxing with alkali. This acid is then refluxed for 5-5
hours with acetic scid and distilled at 260-300° glving
parasantonide. It therefore seems that before any
attempt can be made to formulate a structure for para-

~ santonide, 'the nature of santonic acid must be known.
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However, even in this case, there 1is considerable
H
doubt about the structure. The formula II, Cl"‘ c“> cOzH
which was proposed by Abkin and Medvedevo = c ‘
\c/ N \cn-cu—cu3
(35), 1is inconsistent with experimental I l
CHa

CH: C
facts reported by Wedekind and Engel (36), \\C“:l\\cﬁi T

and Schwarzwalid (37). CH3
Wedekind and Engel showed that the reduction of
santonic acid with hydrogen iodide gave a hydrocarbon
with the formula CqgHog- This would indicate that the
acid consisted elther of two rings with one double bond,
or three rings. However, he was unable to detect an
ethylenic double bond in santonic acid by catalytic
hydrogenation. This suggested that the acid was a tri-
cyclic compound.
Schwarzwald examined the absorption spectrum of the
acid in alcohol and has shown that 1t consists merely of a
weak band ( € max = 42) at 2920 A. This is inconsistent
with the «#g ~unsaturated ketonic system present in formula
II. Many «f -unsaturated ketones have been studled by
Woodward (38) and in each case there 1is a second very 1intense
band (&£ ,5, 7 10,000) at about 2390 A. The spectrum ob-
served by Schwarzwald is characterlstic of an unconjugated
ketone. It is reasonable to conclude that in santonic acid
there occurs two isolated carbonyl groups in a tricyclic

skeleton.




18.

Parasantonlde itself is a lactone, since warming with
concentrated hydrochloric acid gives parasantonlc acid
Cl5H2004, from which parasantonide can be recovered by the
action of acetic anhydride. However, there is no chemical
evidence for either a carbonyl or hydroxyl group, which one
would expect corresponding to the two carbonyl groups which
are known to be present in santonlc acid. No oxlme can be
formed, but treatment with hydroxylamine hydrochloride
results in the addition of one mclecule of NH50H.

The absorption spectrum of parasantonic acid (37) is
simlilar to that of santonic acid, which confirms the presence
of at least one carbonyl group. In the case of parasanton=-
ide, the band at about 3000 A. 1s intensified 20 times, and

a new intense band appears = 5000) at 2320 A. Com=-

( €max
parison of these two spectra led Mitchell and Schwarazwald
(30) to suggest the existence of an eight membered lactone
ring in the molecule. The short wave band was assumed to
be directly caused by the presence of this ring, while the
position of the ring in close proximity to the carbonyl
group was concomitant with the Intensification of the band
at 3000 A. A model has been constructed showing that such
an octacyclic ring can be formed without any marksd strain
(33).

When the spectrum of parasantonide (a) is compared with



that of santonin (b), it will be

seen that the weak band in the

latter has been Increased in intensity,

while the strong one has been de-
creased. In addition, both bands
(in parasantonide) are shifted to
shorter wave lengths. A similar
observation has been made by
Gillam and West (39). The curve
of piperitone (a) is similar to
that of santonin since they both
contain an «f4-unsaturated car-
bonyl group. If the abnormali-
ties in the absorption of umbell-
ulone (c¢) are due to the addition-
al effect of the cyclopropane ring
(in "hyperconjugation and cross-
conjugation"), then it seems like-
ly that such a ring may also occur
in parasantonide. In view of the
suggestion already made that san-
tonic acid involves a tricyclic

system, 1t may well be that para-

santonide is a tetracyclic compound.

19.
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Thé optical rotatory power of a compound may be
influenced by many causes of a constitutional character
such as conjugation, the presence of closed rings, the
lactone ring, or the presence of a large number of asym-
metric carbon atoms in the molecule (40). It is unfor-
tunate that more work has not been done on the purely
chemical aspects of parasantonide since 1t 1s theoretically
of interest to know what structural factors are required to
give rise to such a large Cotton Effect. The present
thesis 1s submitted as a contribution on the physlcal side

towards an understanding of thils problem.
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T. MEASUREMENT OF QUANTUM EFFICIENCIES.

Preliminary work had indicated that the irradiation
of alcoholic solutions of parasantonide with light of wave
- lengths approximately equal to 3000 A. effected a photo-
chemical change accompanied by a great reduction in its
optical rotatory power. It was now necessary to show that
no chain reactions occurred. This could best be done by
measurement of the Quantum Efficlency of the reaction (see
p-8).

In view of the fact that the nature of the photolyses
seemed to be dependent on the band of parasantonide which
absorbed the incident radiation (p.1l4), it was decided to
measure the Quantum Efficlency for two different wave
lengths corresponding to each of these bands.

A group of mercury lines was employed as the exciting
radliation so that the reaction could be completed in a
reasonable time. Thus, although the radiation was not
strictly monochromatic, the error introduced by this
approximation was not serious, since the optical centre
could be determined well within the overall experimental
error of 5%.

The measurement of the Quantum Efficiency of the
reaction involved theestimation both of the amount of com-

pound changed during photolysis (usually about 10% of the
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initial concentration) and of the energy absorbed during the
change. It was found most convenient to measure the latter
by irradiating with a source which gave a constant intensity
and absorblng completely all the radiation incident on the
solution. The amount of energy absorbedhﬁould then be the
product of the intensity of the source and the period of
irradiation.

In order to estimate the degree of decompositlon
various physical properties have been used in the past,
es«ge., conductivity, change in absorption of the solution,
the volume of gas liberated during the reaction or the
pressure developed during the reaction. Owing to the ab-
normally high optical rotatory power of parasantonide in
alcoholic solutions and the marked fall in rotation of such
solutions when photolysed with ultra-violet light, it was
decided in the present case to use this property to estimate
the change in concentration of parasantonide. This assumed,
of course, that the specific rotation of alccholic solutions
of parasantonide did not change with concentration.

Nasini (41) had already shown that for the range of con-
centration 1 gm./100 ml. to 5 gm./100 ml. the value of [@E?
changed by less than 0.5%. So that if an initial concentra-
tion of 2 to 3 gm./100 ml. is used, variation of @q;o with

concentration may be neglected.



25.

Owling to ﬁhe fact that prolonged exposure to ultra-
violet radlation dld not reduce the rotation to zero, a
correction had to be introduced for the residual rotation.
The following formula was developed for this purpose on
the asSumption that the rate at which the residusl rotatlion
was formed was equal to the rate of decomposition of para-
santonide. Any deviation from this assimption would in any

case be expected to lie well within the experimental error.

1 f »
| | )
o | |
R & -
X, = o((o(,po(ooz { N ’@u) (lo(«,,)
P (““‘“a) | WU :
i N,
n %
im# y ~~ o |

" 1is the initisal rotation
K, 1s the rotation after exposure for time tn-
KXo 1s the final rotation after prolonged

exposure.

™, 1s the rotation aue to parasantoniace

after tlime tn'
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Quantum Efficiency for the photochemical decomposition of

parasantonlide .in alcoholic solution with the 3132-2895 A

group of wave lengths.

Initial concentration: 3.040 gm./100 ml.
Initial rotation (% )+ 18.79°

7 18.79 x 100 o
x| = =
[, = 5o wsor = 824
f
Rotation of solution after exposure for 11 hours: 17.08°

Rotation of solution after prolonged exposure : 1.28°

Corrected rotation . 18.79(17.08 - 1.28) _ 14.9g°
(18.79 - 1.28)
Final concentration: _ 16.96 : 2.744 gm./100 ml.

0.75 x 824
Change in concentration : 0.296 gm./100 ml.

Volume of solution : 7.19 ml.
Molecular Weight of parasantonide : 246

Number of Moles decomposed : 0.296 x 7.19
246 x 100

: 8.622 x 1072

Energy absorbed per sec. : 2.447 x 10™% cals.

Time of exposure ¢ 11 hours ;

Total energy absorbed : 2.447 x 107 x 660 x 60
: 9.69 calse.

Quantum Efficiency (y ) :

No. of gm.moles decomposed X 2.847 x 108
Energy absorbed (cals) x A (A.)

_ 8.622 x 107° x 2.847 x 10°
5.69 % 3000

= 0.85.




Quantum Efficiency for the photochemical decomposition of

parasantonide in alcoholic solution with the 2650-2537 A

group of wave lengths.

Initial concentration : 1.740 gm./100 ml.

Initial rotation : 10.96°
7 _ 10.96 x 100
BL = oo r Tom ¢ 80

Rotatlion after exposure for 18% hours : 10.02°
Rotation after prolonged exposure : -3.18°

Corrected rotation : 10:9€ x (10.02 + 3.18) , 10.23°

(10.96 % 3.18) :
Final concentration . _10.285 . 1,42 ./100 ml.
' ooe amro | Lr6%4 #8./100 m

Change in concentration : 0.116 gm./100 ml.
Volume of solution ¢ 7.20 ml.

Molecular Weight of parasantonide : 246

25.

Number of Moles decomposed : Oéiéexxlgég
: 3.396 x 10~°
Energy absorbed per sec. : 1.78 x 10'4 cals
Time of exposure : 18.5 hours
Totel energy absorbed : 1.78 x 10~% x 18.5 x 3600 cals

: 9.42 cals

Quantum Efficiency (4 ):

s Noe of gme. moles decomposed X 2.847 x 108

Energy absorbed (cals) x A (A.)

. 3.396 x 107> x 2.847 x 108
9.42 x B550

: 040
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Discussion.

Preliminary experiments on the photolysis of para-
santonide using different wave lengths had suggested that
the course of the reaction depended on the wave lengths
chosen. Thus wave lengths within the band ( Anmx = 3000 A)
gave rise to a posltive resicdual rotation whereas the total
radlation of the mercury lamp produced a negative rotation
(cfe peld).

The results of Quantum Efficiency measurements seemed
to confirm this. Using the longer set of wave lengths a
value of 0.85 was obtained. This value was twice as great
as that found when shorter wave lengths were used (0.40).

A further discussion of the difference in these values will
be given in the next sectlon which deals with the optical
properties of the irradiated solutions.

However, at this stage it can be said that in the former
case the Quantum Efficiency condition for Asymmetric Photo-
lysis has been fulfilled (cf. p.8). The value of 0.85 is
sufficiently close to unity to indicate the action involves
one molecule per quantum absorbed but that owing to the
collision of some excited molecules with other unreactive
molecules, some of the energy is dissipated as translational
energy. However, this dewlation from a value of unity is

not serious since y was sufficlently large to ensure that
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the asymmetric photolysis experiment would be completed
within a reasonable time.

It was posslible during the messurement of these
Quantum Efficlencles to check whether any appreclable dark
reactions involving parasantoniderccurred. No such re-
actlons could be detected (p. 63).

| In view of the anomalous results encountered, it was
thought advisable to investigate the possibility of a photo=-
oxidation occurring. However, oxygen was shown to have no

effect on the reaction (p.64).
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7. MEASUREMENT OF THE ABSORPTION, ROTATORY DISPERSION AND

CIRCULAR DICHROISM OF THE IRRADIATED SOLUTIONS.

Various attempts were made at this stage to isolate
crystalline products from the irradiated solutions. The
resin formed (in both reactions) after evaporating off the
alcohol was easily soluble in ether, alcohol and benzene,
slightly soluble in petroleum ether but insoluble in water.
It falled to crystallise directly from any of these solvents.
Refluxing with animal charcoal and rigorous chromatographing
using various solvents on an alumina column failed to yleld
crystals.

Important information could however be obtained about
the decomposition products of the reaction by the examination
of the absorption, rotatory dispersion and circular di-
chroism of the fully irradiated solutions.

It was hoped in this way to determine to what extent
the Cotton Effect present in parasantonide had been destroyed.
Moreover this new set of data was expected to indicate
whether the two photochemical reactions, using different
groups of wave lengths, gave simllar or different products.
In addition it was expected that some informatlion might be

gained concerning the neture of these products.
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(a) ~ Absorption Spectra

(1) Solution from the photolysis using 3132-2895 A.

The absorption of an alcoholic® solution contalning
0.029 gm. parasantonide in 100 ml. was first of all
measured. The results are shown in Table I and Fig.5.
This solution was then irradiated with the 3132-2895 A.
group until no further change in rotation could be de-
tected. Absorption measurements were again taken, the
results being shown in Table II and Filg.5.

The absorption data for parasantonlde agreed well
with those found by Schwarzwald (42), who recorded a band
at 2980 A with density equal to 1.5 for a concentration of
0.03232 gm./100 ml. The second band, which Schwarzwald
found at 2320 A, was not measured in this case, since 1t
required a more dilute solution.

It will be seen that neither of these bands was
completely destroyed by the irradiation, but that both
still persisted to some extent. The first appeared at
3000 A, and the second at 2350 A. This seemed to suggest
that a compound containing a similar chromophoric group to

that in parasantonide was one of the decomposition products.

* The alcohol for these measurements was speclally purified
by the method described by Weigert (43).



Table I

Absorption Spectrum of Parasantonide in Alcohol

¢ : 0.029 gm./100 ml.
1 : 1 cm.
Density ‘
A ()
(Log I/1)
2.0 2510
1.5 2525
1.3 2990
1.2 3045 2945 2545
1.1 3080 2920
1.0 3095 2900 25655
0.9 3110 2875
0.8 3140 2845 2565
0.7 3155 2825
0.6 3180 2810
0.5 3200 2780 2580
0.4 3210 21760 2595
0.3 3215 2725 2635
0.2 3230 2680
0.1 3250
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Table IT

‘Absorption Spectrum of Solution from photolysis

using 3132-2895 A.

Concentration of parasantonide before

irradiation

0.029 gm./100 ml.

1 : 1 cm.

Density ‘ A (A)
(Log I/I) .

2350
2375 2525
2400 2310
2410 2290
2420 2265
2450 2240
2435
2455
2480
2495
2520
2550

3020 2560

3165 2885

5250
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However, it was qulte possible, though not probable, thet
the absorption curve was concomitant with the existence
of two different types of absorbing molecule.

3ince the solution after prolonged exposure still
absorbed in the 3000 A. region, 1t was conceivable that
this was one of the factors producing a value of the
Quantum Efficiency of the reaction, which was less than
unity. An approximate calculation of this "inner filter"
effect can be made and is given below.

If the assumpﬁion is made that the absorption of the
irradiated solution is caused by one type of molecular
species, then, since the relative absorption of parasanton-
ide and product will be proportional to their respective
Densities, l.e., the proportion of radiation absorbed by
parasantonide will be _EE§$%25; where &,,&, are the

molecular extinction coefficients of parasantonide and

product respectively and <<, are thelr concentrations

(mol/1) (cfe p.5). Now from the above absorption measure-
£ _ 13 3

ments, ?i’“ °.3 so that for 10% decomposition of para-

santonide, the proportion of radiation absorbed by para-

| 1.3 x 0.9 = 117
santonlde wlll be T=—F5 3535 0.1 1.0
= 0.975.

Thus less than 3% of the incident radiation must have

been lost by this inmner filter effect.
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Complete destruction of the band at /\I'l'qaX = 300041in
parasantonide would have Indicated the annihilation of the
Cotton Effect associated with it. The fact that some
resldual absorption was still present suggested that the
Cotton Effect might still be present. Measurements on
rotatory dispersion and circular dichroism were thus

necessary to confirm this point.

(11) Solution from the photolysis using 2650-2537 A.

The data recorded in Table III and Fig.7 were obtained
from a solution containing 0.0252 gm. parasantonide/100 ml.,
which was irradiated with the 2650-2537 A group-.

It will be seen that the position and intensity of
each of the bands were similar to those recorded in the
case of longer wave irradiation (see p.29). They now
appear at 3080 A and 2310 A respectiveiy. This was the
first indication that there was any correspondence between
the two photoreactions.

In the case of short wave irradiation, a Quantum
Efficiency of 0.40 was found which was only half the value
observed for the other photolysis (see p.26). This differ-
ence could not be explained by an "inner filter" effect,
since 1t would be necessary, if this were the case, for

the intensity of absorption of the products to be about



Table III

Absorption Spectrum of Solution from photolysis using

2650~2537 A.

Concentration of parasantonlde before
irradlation : 0.0252 gm./100 ml.

1 : 1 cm.

Denslty
(Log I./T)

A(A)

2310
2340 2270
2350 2250
2370 2240
2380 2220
2210
2430
2460
2480
2490
2500
2510
2520

3150 2960 2540

3220 2860 2550

3280 2700
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ten times as great as that of parasantonide at about

2550 A., in order to diminish g to 0.50 (ef. calculation
p.32). In actual fact it was less than 30% as intense
as In parasantonide.

It therefore remained to attribute the low value of X
to dissipation of the energy in about half the excited
molecules by collision with solvent molecules.

These absorption measurements did, however, indicate
that there was a similarity in the products obtained in the
two reactions. Further confirmation of this fact was
gained from rotatory dispersion and circular dichroism

measurements.

(b) Rotatory Dispersions.

(1) Solution from the photolysis using 3132-2895 A.

In order to facilitate comparisoa with the optical
rotatory power of parasantonide, specific rotations were
calculated, assuming the concentration ¢ to be that of the
parasantonide before irradiation. The results are shown
in Table IV and Fig. 8.

In the visible, rotations increase with decreasing
wave lengths. A positive maximum is reached, however, at
about 4200 A, and the zero axis 1s crossed at 3660 A. The
curve then passes through a negative maximum x]" =-3400°
at 3280 A, and the axls is again crossed at 3245 A. The
rotation increasesvto another positive maximum @ﬂq= 7600°

at 3065 A.
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Table IV.

Rotatory Dispersion of Solution from photolysis using

3132-2895 A.

Visual readings c¢ : 1.65 gm./100 ml.

1 O 75 dme
1 f
A x (x]” A#) S =17
7000 0.41° 33.1° 5500 0.77° 62.2°
6500 0.52 42.0 5000 0.94 76.0
5900 0.64 51.7 4750 1.10 88.9
Photographic readings c¢ : 1.65 gm./100 ml.
1 : 0.75 dm.
{ ’
Al x [x37 A1) X (]
3870 0.80° 64 .6° 3620 ~1.00° -80.8°
3660 0.00 0.0 3530 ~4.00 -323.2
6 : 1.65 gm./100 ml.
1 : 0.1 dm.
7 /
AlA) o [x] Alt) X [x]"
o o o
3490 -1.00 ~606.0 3410 -2.20° -1333°
3460 -1.40 -848.3 3390 -2.60 -1576
3435 -1.80 -1091 3360 -3.40 -2061
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Table IV (Continued)

c : 0.165 gm./100 ml.

17 I
PICY, °< [x] Alr) X [x]7
3320 -0.40° -2425° 3250 -0.10° -606.0°
3205 -0.50 -3031 3240 0.10 606.0
3265 -0.50 ~3031 3235 0.30 1819
3280 -0.40 ~2425 3230 0.50 3051

c : 0.0825 gm./100 ml.

i

1 :01 dm.
17 17
A(A) X ] A1) X [x]
3195 0.40° 4849° 2965 0.50° 6060°
3170 0.50 6060 2945 0.40 4849
3110 0.60 7273 2925 0.30 3637

3010 0.60 7273 2900 0.20 2425
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The results obtained were, in part, unexpected. As
has already been indicated, owing to the incomplete
destruction of the 3000 A absorption band, a reduced Cotton
Effect might be expected (p.33). However, the residual
rotation was known to be positive (p.1l4), so one might expect
a Cotton Effect having the same sense as that in parasantonide.
In actual fact, the Cotton Effect has not only been reduced,
but also inverted and shifted to longer wave lengths.

Another important feature about the curve 1s that there is a
positive rotation superimposed on the Cotton Effect proper.
This rotation increases with decreasing wave length and
accounts for the anomaly of a positive rotation in the visible.
At the centre of the Cotton Effect (i.e., the point of in-
flection on the curve), the superimposed rotation reaches a
value of about 20000, thus the rotatory dispersion curve is
moved substantlally to the positlive side of the axis. Ir
allowance is made for this shift, the magnitude of the Effect
can be seen to be &5500°.

From the point of view of asymmetric photolysls experi-
ments, this result is not important, since rotation measure-
ments will be taken in the visible region. In view of the
fact that the curve crosses the zero axis at 3660 A, it
might be considered feasible in these experiments to take

readings at this wave length, since the corresponding
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specific rotation of parasantonide is 7200°, while that of

the products will be virtually zero.

(i1) Solution from the photolysis using 2650-2537 A.

It will be seen from the results shown in Table V and
Fig.9 that the "specific rotations" increase towards the
ultra-violet and reach a negative maxmmnn[ﬂy7= -92?00 at
3295 A. The curve then crosses the axis at 3175 A, and
passes through a positive maximum [KT7= 7500° at 2800 A.

The similarity between this curve and that in Fig.8
is striking. This time, however, a Cotton Effect having
the opposite sense to that of parasantonide was not unex-
pected, since the residual rotation in the visible was
negative (pe.14). The curve is again shifted to.longer wave
lengths (to 3200 A) and is reduced compared with that of
parasantonide (cf. p.35).

There are, however, a number of differences which
should be noted. Firstly, the magnitude of the Effect 1is
larger in this case (about 8500° compared with 5500°).
Moreover the curve is shifted to the negative side of the
axis. This indicates the superimposition of a negative
rotation, which increases with decreasing wave length. In

Fig.8 there is a positive rotation superimposed.



Rotatory Dispersion of Solution from photolysis

Table V

Visual

using 2650-2537 A.

readings ¢ : 1.51 gm./100 ml.

1 : 0.25 dm.

40.

! !
AA) x [x]7 A x [x]7
7000 ~0.4%° -111.3° 5500 ~0.84° _222.5°
6500 -0.48 -127.2 5000 -1.16 -307.3
6000 -0.64 -169.5 4750 ~1.47 ~389.4
Photographic readings c¢ : 0.151 gm./100 ml.
1 H O . l dm-

v 7 7
A(A) X [K] A X [«]
3425 ~0.60 -3973° 3345 -1.2° -7946°
3405 -0.80 -5297 3295 -1.4 ~9270
3370 -1.00 -6622

c 0004:54 gmo/loo mlo

1 ¢ Qo 1 dm.

1 l]
A(A) X (x]7 A o< [«]
3265 -0.40’ -8810° 3130 0.10° 2202°
3240 ~0.30 -6608 3080 0.20 4404
3220 -0.20 ~4404 2965 0.30 6608
3195 -0.10 -2202 2625 0.30 6608
3175 0.00 0000 2530 0.20 4404
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It is interesting to note that (in both curves) the
centre of the Cotton Effect seems to 1lie at longer wave
1engths than that 1n parasantonide. But the absorption of
the products occurs at the same position as that of para-
santonide. This would indicate that the Effect observed
is caused by only part of the absorption band. Confirmation
of this fact was obtained by measurement of the circular

dichroism of the band.

(¢) Circular Dichroism.

(1) Solution from the photolysis using 3132-2895 A.

As In the measurement of rotations 1t was necessary
to assume that the concentrations of the compounds exhibit-
ing circular dichroism were egqual to that of parasantonilde
before irradiation. The fesults for the long wave photolys~
is are shown in Table VI and Fig.1lO0.

The results confirm that the Cotton Effect has been
inverted, since the ellipticity (and hence the circular di-
chroism) is now of opposite sense. The fact that the
circular dichroism curve 1s steeper on the long wave side of
the band is consistent with the characteristic shape of the
corresponding rotatory dispersion curve. Moreover the head
of circular dichroism now appears at 3210 A. This is
identical to the point of inflection of the rotatory dis-
persion curve but is not at the maximum of the absorption

band (3000 A}- This suggests that at least two substances



Table VI.

Circular Dichroism of Solution from photolysis using

3132 -~ 2895 A.

c : 0.825 gm./litre; M : 246; 1 : 1 cm.

- gv"f!,

3320 -0.2° 1.81

3295 -0.3 2.71 32.8 0.083
3275 -0.4 3.62 65.6 0.055
3260 -0.5 4.52 82.0 0.055
3160 -0.5 4.52 164 .0 0.028
3080 -0.4 3.62 230.6 0.016
2950 -0.3 2.71 213.2 0.013
2740 -0.2 1.81 196.8 0.009

Table VII.

Circular Dichroism of Solution from photolysis using

2650 - 2537 A.

c : 0.660 gm./litre; M : 246; 1 : 1 cm.

év"f
A(A) x £~ & 3 9=~ =
Q
3360 -0.1 1.13
3310 -0.2 2.26
3305 -0.3 339
3295 -0.4 4.52
3285 -0.5 5.65 195 0.029
3270 -0.6 6.78 225 0.030
3220 -0.6 6.78 292 0.023
3210 =05 5.65 302 0.019
3180 0.4 4 .52 341 0.013
3130 -0.3 3.39 410 0.008

3050 -0.2 2.26 438 0.005
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absorb independently 1lh the same reglon 2800-3400 A., one
of which has a head of circular dichroism (and absorption)
at 3210 A. Alternatlvely, the selective absorption may
be entirely due to one substance, the band comprising two
components, of which only the long wave component exhibits
circular dichroism. This phenomenon appears in the Cotton
Effect of a number of compounds, including camphor (44).
The dissymmetry of the band is also manifest in the
values of the anlsotropy factor g, which are appended to
Table VI. They are not constant throughout the band but
have a value of 0.055 at 3260 A. This 1s interesting
because, although the values of circular dichroism are
much smaller than those of parasantonide, the anisotropy
factors are of the same order of magnitude, especially at

the maximum of circular dichrolsm.

(11) Solution from the photolysis using 2650-2537 A.

The circular dichroism in this case reaches a maximum
value of ( & — &L ) = 7.30 at 3245 A. (see Table VII,
Fig.11). This value is closer to the point of inflection
on the rotatory dispersion curve than to the maximum of the
absorption curve (3000 A). This agrees with the observa-
tions for long wave irradiation. The magnitude of circular

dichroism in this case 1s larger and so parallels the

larger effect noticed in the rotatory dispersion curve

(p.39).
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The anisotropy values are agaln comparable with those

of parasantonide.

The General Significance of the Measurements on the Cotton

Effect.

It can now be said thaﬁ the large Cotton Effect of
parasantonide 1s almost destroyed by irradiation. This
indicates that the main centre of optical activity in
that compound is no longer present. From the point of
view of asymmetric photolysils experiments, any optical
activity remaining may be consldered negligible (p.38).

A point of considerable importahce in connection with
these asymmetric experiments is that the decomposition
products are entirely resinous, so that parasantonide may
be easily separated from any contaminating products by
" erystallisation. This fact was noted by Uarnelluttl and
Nasini (31) in their original studies.

Owing to the insufficient knowledge about the structure
and chemistry of parasantonide, little can be said about
the types of chemical reactlons involved. What one can
deduce from these 1investigations is whether the reactions
with different wave lengths produce characteristic variations
- in the products obtained. Preliminary experiments indicated
that, in fact, two different sets of products were formed
in each case, sinee a positive residual rotation wa.s

observed when long waves were used, while with shorter wave
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lengths a negative rotation was obtained (see p.14).
The investigatlon of the respective Cotton Effects has
shown that such observations were fortultous and that the
curves obtalned in each case differ, not in type, but only
in degree. The difference in the two Effects may be
attributed to- the differents amounts of products formed.
It i1s pertinent to enquire, at this stage, whether
these results give any indication of the type of reaction
product to expect. The absorption spectra suggest that
some compound 1s present, which contains a similar chromo-
phore to that in parssantonide. However, the Cotton
Effect was centred at about 3200 A., which indicated the
presence of a weak band at that wave length. Such a
bénd, in conjunction with the intense band at 2300 A.,
i1s characteristic of an &8 -unsaturated carbonyl group

(¢cf. p. 5I).
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I1T. SOME ATTEMPTS TO PREPARE RACEMIC PARASANTONIDE.

For asymmetric photochemical experiments with para-
santonlide, the racemic form is required. Up till this
stage, all the work had been carried out with the dextro-
form, but 1t was now necessary to consider thé various
methods which might yield parssantonide in the racemic form.

There were three possible ways of approach.

(1) Racemisation of the dextro-form.

(2) Preparation from the racemic form of a closely related
compound.

(3) Synthesis.

Each of these alternatives was considered in turn.

(1) The structure of parasantonide is not yet known
but probably involves about three asymmetric carbon atoms
embedded in a three or four ring system. It did not seem
likely that ordinary racemising methods would be applicable
in this case.

(2) Paﬁ%antonide is prepared from santonin by the
method.indioated on page 16. It will be seen that in order
to obtaln the racemic form, it 1s necessary to prepare in-
active santonin or santonic acid. No methods are known
for producing either of these compounds 1n the racemic form
from related substances but there did appear to be one

possible way in which r-santonic acld might be prepared.
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Santonic acld 1s known to be a diketo acid. If 1t
is assumed that the new 3C = 0 group is created from the
I-hydroxyl group which exists in santoninic ascid (correspond-
ing to the lactone santonin), then it seemed likely that by
the prolonged action of alkall, the hydrogen atoms on carhbon
atoms 2 and II would tend to migrate, since they were ad-
jacent to 3C = O groups. Thus the stereochemical arrange-
ment of the resulting santonic acid would be controlled
probably by the inductive dissymmetry effect of the carbon
atom 5 on the rest of the molecule.

Now the enantlomorph of santonin is not known but
another l-rotatory lsomer has been described by Clemo (45)
and called AS-santonin. It seemed probable that if the
configuration of the carbon atom 5 in 2 -santonin was
opposite to that 1In santonin itself, one might expect that
the prolonged ection of alkali would yleld d-santonic acid.

In point of fact, it was found that the acid obtained
was practically inscluble in ether (unlike l-santonic acid)
and had a melting point of 163-166° which was depressed by

the addition of either l-santonin or l-santonic acid. It

was not the enantiomorph of the latter since EX]: = -103°
in chloroform, ¢ : 2.36 ([ng for l-santonic acid :

-75°).
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(3) Synthesis.

The complete synthesis of parasantonide involves in
fact the synthesis of santonin. Such a synthesis has been
described by Paranjape, Phalnikar, Bhide and Nargund (32),
who claimed that their product was optically active. If
this 1s true, then this synthesis would not yleld the re-
quired racemic parasantonide, so would be of 1little use in
the present case. However, considerable doubt has been
shed on the rellabllity of these claims, since it has been
found impossible to produceé similar asymmetry in analogous
compounds (46). This furnished sufficient justificsation
In attempting to reproduce Paranjape's work in the hope
that the product would be inactive.(cf. p. H50).

| Morrison (47) improved the first stage of the syn-
thesis by replacing sodium amalgam reduction by alkaline
hydrogenation using a Raney nlckel catalyst. Almost
theoretical yields of dihydroresorcinol (IV) could be
obtained from resorcinol (IIT) in this way. The con-
version of the former into 3-chloro- K'—cyclohexene-l-one
(V)vand the subsequent condensation with methyl malonic
ester has been effected by several workers (48) but
hydrolysis and attempted lactonisation led to complete
decarboxylation with the formation of 3-ethyl- ﬁr -cyclo-

hezene-l-one (VA).
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It seemed likely that this method would not yield fruilt-
ful results so it was decided to attempt to synthesise the
ketolactone (VI) by an alternative route.

After preliminery methylation of the dihydroresorcinol
with dlazomethane, a Reformatsky reaction was effected with
ethyl X -bromopropionate in the hope that dehydration of
the resultant hydroxyester (X) would yield the «pB -un-
saturated ester (XI). In actual fact, water was eliminated
inside the ring ylelding the isomeric «3 -unsaturated
ketone (XIV). This structure was established by two facts.
1) It was shown to be identicsl with a product isolated by
Carruthers from the condensation of 3 chloro- Af-cyclo-
hexene-l-one (48) with methyl malonic ester in alcoholic
solution.
2)‘The absorption spectrum of the compound in hexane had two
distinct characteristics (Fig.l2),

a) an intense band (log & = 4) atl Amax = 2300 A.,
b) a "step out" corresponding to a weak band (log & =

. . max
1.5) at ,lmax = 3200 A.
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These features indicated the presence of an %3 -un-

saturated carbonyl group.

An %yg-unsaturated ester would g
= % -
exhibit an intense band (logéimax = .
4) at about 2100 A, and a weak &t
band at 2500 A. In addition, 2}
/
the carbonyl group would contri- oA

’5600 3200 2800 200 2000
Fig\2 Absovph}m Spechum

2800-3000 A region. The overall o;'ﬁeﬁfmquypnmu&(J
and hypothetical curve

fov carresponding
VA unsatuvated estev(-- )

bute a week absorption in the

effect would be to produce one
intense band at 2100 A which would spread over to the 3000 A
region without possessing any perceptible subsidiary bands.
An analogous case to. this has been examined by Woodward (49).
Having established the position of the double bond,
attempts were made to close the lactone ring by several
methods.
1). Addition of bromine to the double bond followed by
hydrolysis using alcoholic potash, or boiling water (50).
2). Preparation of the dibromide followed by acetylation
and hydrolysis.
3)e Oxidation using hydrogen peroxide and a trace of osmium
tetroxide (51) followed by hydrolysis.
In none of these cases could a crystalline product be

isolated nor a semicarbazone derivative formed.
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Alternative method of approach. ( cf.p.5%).

A brief account will be given here of another attempt
to syntheslse the lactone (VI). This was based on analogy
with a synthesls of the pyrone (XVII) by Adams and Baker (52).
These authors condensed 4-methyl 2-bromobenzoic acid (XV)
with 4 n-amyl dihydroresorcinol (XVI) in the presence of
alcoholic sodium ethoxide and a trace of cupric acetate.

They obtained a yield of 80% of a mixture of the two
possible geometrical isomers. It was proposed to attempt
to effect a similar condensation between 1,2 cyclo-
hexanedlone (XVIII) and & =bromopropionic acid (XIX).

Two organic products were isolated. One was a liquid
collected betwesen 85-100°/15 mm. which possessed too low a
bolling polnt to be the required product. The second
distilled at 140-1509/3 mm. which partly solidified on stand-
ing but gave no ketonic reactions. This latter compound
possessed a falrly strong absorption band ( &max = 1300) at
approximately 2700 A, suggesting that it was probably benzen-
0id in character.

While this work was in progress, Cocker and Hornsby (53)
published a paper which Indicated that «:3-unsaturated
lactones of the type (XX) were highly resistant to catalytic
hydrogenation. In view of this fact and also the difficulty
in obtalning the required lactone by the above method, the

work was discontinued at this stage.
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The Condensation of 4-n-amyldihydroresorcinol (XVI)

with 4-methyl 2-bromobenzoic acid (XV). (Adams & Baker).

M
AN

Na.OEE / GuAc.

N

Condensation of 1,2 cyclohexanédione (XVIII) with -

«-bromopropionic acid (XIX).

c*u{ Cﬂi@ﬂ——-co
‘ CiH COH
: ' o
- Br AN
L RX NaOE€ /Cu Ac. 5
o ‘ o
\\\// ; ZQL.
\0 .tgd.vogemf:l.ov;
Xyrr

Yr



o4 .

- EXPERIMENTAL !

1. Preparaﬁion of Parasantonide.

(a) Preparation of Santonic Acld from Santonin (35).

Powdered barium hydroxide (100 gm.) was refluxed with
carbon dioxide free water (100 cc.) for 1 hour in a 500 cc.
flask. Santonin (20 gm.} was added and refluxing was con-
tinued in the absence of light for 10 hours.

The mixture was then cooled, diluted with water (25 cc.)
and shaken with concentrated hydirochloric acid (80 cc.)
until acid to litmus. The precipitated santonlic acid was
then extracted with ether (150 cc.) until the extract was
colourless. After evaporation of the ether, the residue
was refluxed for ten minutes in alcoholic solution with
anlmal charcoal and subsequentlywrecr&stallised from 605
alcohol.  M.p. 162-163° (Lit. 163°). Yield 10 gm.

(Lit. 55%).

(b) Preparation of Parasantonide from Santonic Acid.

Parasantonide was prepared by a modiflcation of that
first emplojed by Canilzzarro and Valente (54).

Santonic acid (10 gm.) was refluxed with glacial acetic
acid (50 mle.) for 5 hours. The solution was then treated
in five portions, the first of which was transferred to a
small distilling flask with the side arm fitting directly

into a recelver and the acétic acid was removed under
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- reduced pressure. The apparatus was then f1lled with
nitrogen and the flask heated slowly to between 260° and
300° on a metal bath, with nitrogen bubbling through the
viscous mass, whiech partly distilled. On reducing the
pressure, a further amount of material passed intb the
recelver. The entire distillate was dissolved in ether,
washed with dilute sodium carbonate solution, and dried
with Na2804. This procedure was repeated for the other
four portions, and the combined amounts of impure para-
santonide, obtained on distilling off the ether, were
crystallised from ether-light petroleum, and finally from
light petroleum alone. Mep. 110° (Lit. 110.5°).  About

ten crystallisations were necessary so that the yield of

crude parasantonide (about 25%) was much reduced.

2. Determination of the Concentration of Parasantonide

requlired for Quantum Efficlency Measurements.

The concentration of parasantonide was conditioned by
several factors. No radiation should be tranamitted by
the solution at the end of the experiment so that 90% of
the initial concentration should absorb all the incident
radlation. Moreover, the concentration should be as low
as possible so that the reaction may be completed 1in the

»8hortest possible time. If the concentration 1s too high
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only those molecules at the surface of the cell nearest to
the light source would be affected and thus there would be
a greater need for efflcient stirring.

The optimum concentration to be employed was found by
constructing a Hartley absorption curve (see Fig.13). It
will be seen that a 2% solution (1 cm.) is sufficient to
absorb the 2650-2537 A group, but transmits a 1little of
the 3342 A 1ine. In order to ensure absorption of this
wave length, a 3% solution was used for the 3132-2895 A

group.

5. Source of Radlation and Light Filters.

A Hewittlc vacuum mercury-vapour lamp running at
4.5 amp. was employed as a source of ultra-violet radiation
in all cases. The two different groups of wave lengths
were isolated by interposing between lamp and reaction
cell various sets of filters (55). |

In determining Yy with wave lengths within the first
band, the infra-red, visible and ultra-violet radiation
down to and including the 3342 A line were absorbed by a
filter consisting of 215 gm. of nickel sulphate (NiSO4,
7H20) and 60 gm. of cobalt sulphate (00504, 7H2O) in 600 ml.
aqueous solutlon. This filter was contained in a 500 ml.

fused silica flask, which also acted as a condens;ng lens.
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When used in conjunctlon with a sheet of mica (.05 mm.
thick), which absorbed ultra-violet light beyond 2800 A,
the followlng mercury lines were transmitted:-

3132 (strong), 3022, 2967, 2920 (wesk), 2895 (weak).

For the second band, a filter combination similar to
that suggested by Bowen (55) was used, viz., nickel sul-
phate (145 gm.) and cobalt sulphate (71.5 gm.) in 1 litre
aqueous solution, in conjunction with 3 cm. chlorine at
atmospheric pressure. This combination transmitted mainly
the following lines: |

2655 (strong), 2535-7 (strong), 2482.

4. Standardlzation of the Thermopile-Galvanometer System.

Energy measurements were made with a large surface

Moll thermopile and galvanometer which was calibrated

against a Hefner candle by the method suggested by Gerlach(S56).

5. Apparatus for the Measurement of Quantum Effielency in

the Ultra-Violet.

Lengtns

(a) Apparatus using 3132-2895 A group of Wave (Flg.l4).
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M : Mercury-Vapour lamp.

Fl ¢ Nickel Sulphate, Cobalt Sulphate filter contained
in a 500 ml. fused silica flask.

F2 t Sheet of Mica.

€™ : Cell

Sl, So, 53, 54 s Stops. In Sl was fitted a cylinder of
metal, spherically shaped at the end to filt close to

the flask. 84 is fitted with a shutter.

‘Radiation from the mercury-vapour lamp was condensed
by the 500 ml. fused silica flask containing the solution
filter placed 20 cm. from the lamp. The stop 85 was
positioned where.a sharp Image of the lamp was formed.
Behind this stop was fixed a sheet of mica (0.05 mm.), while
in front of it was placed the reaction cell. This cell
consisted of a fused silica tube of square section (7.5 x 1
x 1 cm.) with side tube for filling. A small piece of glass
tubing about 1 cm. long was Inserted for stirring and glass
ends of good optical quality were cemented in position.

Further blackened stops (Sl, Sgs 84) were interposed
at various points of the apparatus. The section marked A
was housed in a black box to minimise the amount of stray

1ight.

Procedure and Calculation of the Energy Absorbed per second.

The intensity of the radiating system was first of all
determined. )
Before the radlation from the mercury lamp entered the

cell it passed through a small rectangular slit (5.5 x 0.5 cm.)
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in the brass stop 83- The measurement of this slif was
made preclsely since it corresponded to the area of solution
irradiated. Fitted into the thermopile was a fused silica
window held in position by a black metal disc. A square
slit was cut in this disc (1.8 x 1.8 cm.) so that readings
could be taken for three positions along the slit Sze Thus
the average of thése readings represented the mean intensity
of light over an area of 0.9 sqg.cm. When the thermopile-~
galvenometer ;ystem was standardised, the silica window was
omitted and a stop inserted so that only an area of 0.9 sqg.cm.
was exposed.

| An example is here given of the calculation of the
intensity using the 3132-2895 A wave length group.
Deflections recorded for three positions along the slit at
commencement of expériment : 9.2, 13.75, 9.6 cn.
Total deflection : 32.55 cm.
Similar measurements made at end of experiment : 9.32,

14.05, 9.5 crme

Total deflection : 32.87 cm.
Mean total deflection : 32.71 cme.
Deflection when Hefner candle was placed at a distance of
1 metre : 2.88 cme.
Gerlach showed that under these conditions the amount of
enefgy falling on the thermopile was 2.25 x 107° cals/per

SQeCme. per Sec.
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Intensity at inner surface of cell when 1t does not contain

any soluticn ¢ 32.71 x 2.25 x 107° x 5.5 x 0.5
3 x 2.88

calg.rer cec.

A further correction had to be made since in the
measurement of the intensity of the mercury lamp, a slica
window was used. Thus when a solution filled the cell,
one of Ehe quartz-air interfaces was eliminated. The re-
flections thus were decreased, since those at a quartz-
solution surface could be neglected. The losses due to
reflection in such a case are usually taken as 4.5% - a

value which may be calculated from Fresnel's Reflection

Law (57).
Thus the energy absorbed by the solution would be:
32.71 x 2.25 x 107> x 0.5 x 5.5 x 1.045
cals. per sec.
3 x 2.88

and since the period of exposure was 11 hours, the total

energy absorbed would be

-5 % 5.5 x 0.5 x 1.045 x 11 x 3600

3 x 2.88

32.71 x 2.25 x 10

cals.

= G.69 calse.

The intensity of the radiating system was determlned
only after the mercury lamp had attained a condition of
constant energy output. This usually occurred after
about % hour rumning. Meanwhile 10 ml. of an alcoholic

solution of parasantonide had been prepared and welighed.
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The cell was also welghed and filled with solution. The
weight of the cell was again measured and so the volume of
liquid in it could be found.

The rotation of the solutlon was next determined.
Polarimetric measurements were always made at room tempera-
ture (17°) with sodium 1light (5893 4).

The cell was then placed in position behind the stop SS
and l1rradiation continued for 11 hours. Periodically the
cell was shaken to ensure thorough mixing of the solution.

At the conclusion of the experiment, the rotaztion of the
solution was again taken. After the quartz condensing flask
had cooled, another reading of the intensity was obtained.
This usually differed from the inlitial measurement by less
than 1%, as is indicated in the above calculation.

It was still necessary to determine the rotation after
pfolonged exposure to the same radiation. However, since
the nlckel sulphate-cobalt sulphate filter did not apprecilably
affect the wave lengths of radiation being absorbed by the
solution, it was dispensed with and was replaced by a water
filter. A fresh solution of parasantonlde was prepared with
the same concentration as that used in the Quantum Efficiency
experiment and was Iirradiated as before. Polarimetric
readings were taken periodically and lrradiation continued
until no further change in rotation could be observed. The
results of this experiment are shown in Table VIII and

Fig-l5-
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Table VIII

Xpfor sclution during the irradiation with 3132-2895 A.

¢ : 3.040 gm./100 ml. 1 : 0.75 dm.

Xy 18.79°  10.72° 6.78° 3.18° 2.04° 1.68°
Time (hours) 0.0 10.5  18.5  33.5  48.C  62.5
<o 1.54°  1.48°  1.44° 1.30° 1.28° 1.28°
Time 77.0 92.0 106.5 135.5 150.0 165.0
Table IX

xpfor solution during the irradiation with 2650-2537 A.

c 3 1074 go/lOO mle. l : 0075 dme.
Xy  10.96° 8.58° 6.73° 3.70  1.68° 0.30°
Time (hours)0.0 8.0 16.0  32.0  46.0  57.C
&Ly -0.52° -1.92° -2.60° -3.02° -3.18° -3.18°

Time 65.0 89.0 109.0 133.0 149.0 165.0
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(b) Apparatus using 2650-2537 group of Wave Lengths.

In essentilals, the apparatus was the same as that used
above, except that a weaker strength of the solution filter
weas employed (p-57) and a chlorine filter was substituted
for the mica plate. The chlorine was contained (at
atmospheric pressure) in a fused silica cell, 8 cm. in
diameter and 3 cm. thick. This cell was placed in front
of the stop 84 (see p.57).

The general procedure, calculation of the intensity
and determination of the rotation of the solution after
prolonged exposure was identical to that used in the pre-
vious experiments. The variation of rotatlon with time of

exposure is shown in Table IX and Fig.l6.

6. Investigation of the Existence of Dark Reactions.

In.the above experiments (in which the residual
rotations after prolonged exposure were determined) read-
ings were taken, not only immediately after irradiation,
but also dufing the period when the solutions were not being
exposed. No significant change in rotation could be ob-
served after such a "dark" period. In view of the large
specific rotation of parasantonide, this indicated that no

dark reactions occurred involving parasantonide itself.
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7. The Effect of Oxygen on the Reaction.

An apparatus of the type shown in Fig.l7 was used to
examine whether oxygen had any effect on the end point of

the reactlion using the longer set of wave'lengths-

4@ﬂ

Cell
Burette
Reservoilr
1? T2: Taps.
Fig 7.

‘.:\‘l .t.!‘,l'h,l']' Pt %

H oo

The reaction cell was filled with an alcoholic
solution of approximately 0.3 gm. per 100 ml. parasantonide.
This alcohol and also the water in the burette were first
of all saturated with oxygen. The whole apparatus was then
filled with oxygen and the rotation of the solution determined
(2.24°). .The cell was then exposed to ultra-violet radi-
ation (3132-2895 A), the level of the water in the reservoir
being 10 cm. higher than that in the burette. After 16
hours® exposure the rotation was constant at 0.08° and no
oxygen had been absorbed. This indicated that oxygen had

no effect on the reaction.
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8. Measurement of Absorption Spectra.

For all absorption work, a Spekker ultra-violet
spectrophotometer (A. Hilger) was employed. As is well
known, this instrument consists essentially of two beams
(initielly of equal intensity) one of which passes through
the absorbing solution, while the other has its intensity
diminished by a known amount. This 1s accomplished by a
rectangular aperture of variable area. The drum, which
controls this area, has a Density (log IO/I) scale.

9. Measurement of Rotatory Dispersion.

a

Visual readings were taken with a Hilger polarimeter
11luminated with light from a 100 c.p. Pointolite lamp,
after it had passed through a Zeiss-Winkel monochromator.

For photographic readings, the ultra-violet polari-
meter described by Mitchell and Gordon (58) was employed
but a Bellingham-Stanley polariser (half-shadow angle 60)

was substituted for the one previously used.
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Radiation from an iron arc (3 amps.) is condensed on
to a pin hole in a brass stop (82) by a lens (Lg). It
then passes through another lens (Lz) and the Bellingham
and.Stanley prism (P) fr&m thch it emerges plane polarised.
After being transmitted by the optically active medium
contained in a 1 cm. quartz cell (C), the light passes
through a stop (53) and the analyser (A) - a Rochon prism.
Finally a lens (L4) condenses the beam on to the slit of
-’the spectrograph (S ). Photographs are taken for different
settings of the analyser. Thus the wave length, producing

a given rotation, may be determlned from the equally

L]



illuminated portions of the two juxta-posed strips in the

spectrogram .

10. Measurement of Cilrcular Dichroism.

As in the case of the Ultra-Violet Polarimeter,
description of this apparatus may be found elsewhere, but
a brief account will be given here (59).

In essence the method 1s to compensate for the
ellipticity of the solution by polarising the incident
radiation with an equal ellipticity of opposite sense.
The emergent beam will thus be plane polarised and may be

extingulished by means of a Rochon prism.
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For these measurements a Fresnel rhomb (F) is inter-
posed between the polariser of the ultra violet polarimet

and the cell. If light falls on one end of this rhomb,

= I

er

plane polarised at an angle to the plane in which 1t under-

goes two reflections, then the emergent light will be

elliptically polarised. Since the polariser involves a

half shadow angle, the analyser is used, in fact, to match

two elliptically polarised rays in a slimilar way to the



matching of two plane polarised beams in the ordinary
polarimeter. For simplicity, instead of rotating the
Fresnel fhomb,-the polariser 1s rotated, the angle of the
latter belng used to calculate the circular dichroism
given by the formula:

4 x 0.4343. X, 7T
E- & = 5 T.% 180

where & is the angle in degrees of polariser,
¢ : concentration of solution (gm.mols/litre)
1 : thickness of layer (cme.).

For the measurement of rotations and dichroism,
Ilford's Speciai Rapid plates were usually employed but,
in the case of strongly absorbing solutions, the exposures
could be reduced by using Zenith plates. Exposures
varied from a minute (for transparent mediums) to an
hour, depending on the intemsity of absorption. This
instrument is not sufficiently sensitive to measure ro-
tations or circular dichroism in the strong bands at

about 2300 A in parasantonide and the irradiated solutions.

11. Preparation of Dihydroresorcinol (80).

Dihydroresorcinol was prepared from resorcinol by
hydrogenation using a Raney nickel catalyst at ordinary
temperature and pressure.

Raney nickel (about 25 gm.) was washed into a hydrogena-

tion flask (2 litre) with 50 cc. distilled water.  The
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sodium hydroxide and resorcinol were then dissolved in

100 cc. distilled water and the brown solution immediately

added to the hydrogenating flask. Further 50 cc. were

used to wash the beaker and wash in the remaining catalyst.
Hydrogenatlon proceeded at a rate dependant on the

guality of the catalyst. Generally when freshly prepared

about 400 cc. of hydrogen were absorbed, but after the

nickel had been used in two experiments and recovered after

D

each, the rate in the third experiment would be as high as
1000 cc. per hour or more. After about four or five usages,
the nickel became inefficient and a fresh amount was pre-~
pared. Variation of the concentration of caustic soda

also affected the rate of hydrogenation. Towards the
completion of the reaction (i.e., absorption of approximate-
ly 12 litres at 20° and 750 mm. ), the rate of absorption
decreased rapidly and eventually ceased.

The catalyst was then filtered from the colourless
liquid and made acld to congo red paper by slowly adding
concentrated H2804 from a dropping funnel, stirring con-
tinuously and keeping the solution ice-cold. 4As 2 3
was approached, the solid gradually separated from the
solution and at Py 3 the liquid was semi-solid. After

filtering off, the dihydroresorcinol was dried on a porous

plate. It was obtailned slightly impure, due to contamination
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with some sodium sulphate. It could, however, be crystal-
lised from bolling benzene. On crystallisation, the colour
tended to change from white to pale yellow.

The yield, which at this stage was about 80%, could be
increased to slightly over 90% by extracting the filtrate
(from the acidification) with %5 cc. portions of ether,
drying the extracts and evaporating the ether.

The product was usually kept in a dessicator as
water tended to decompose it. Since it was extremely
soluble in water, 1t was Iimportant that the volume of the
solution used in the hydrogenation should be as small as

possible.

12. Methylation of Dihydroresorcinol.

Diazomethane was prepared by the actlon of caustic
‘potash on niltrosodimethyl urea (61). It was distilled nether
over caustic potash before use.

Dihydroresorcinol (3.5 gm.) was powdered and added to
an ethereal solution of diazomethane (about 4 gm.) in small
portions. The solution was kept at a temperature of 20«
25° and continually stirred until complete solution was
effected. On addition of the solid effervescence occurred
owing to liberation of nitrogen. When the reaction was
completed, i.e., when all the solid was dissolved (dihydro-

resorcinol being practically insoluble in ether), the
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solution was left for an hour. The ether and excess
diazomethane were then distilled off, the water bath being
kept below 50°, and a yellow liquid residue was obtained.
Thils was used immediately since it decomposed on standing.
Unlike dihydroresorcinol, the liquid did not colour ferric

chloride purple.

13. Condensation of (0)-Methyl dihydroresorcinol with Ethyl

X -bromo-propionate (Reformatsky reaction).

Zinc was used in small turnings, milled from a block
of fused arsenic-free metal. Ethyl « -bromo-propionate
was prepared by the action of bromine and phosphorus on
propionic acid and subsequent estérification with ethyl
alcohol (62). The benzene was thiophene-free and was
dried over sodium before use. The apparatus was clean and
free frommoisture. Molecular quantities of all materials
were used throughout.

A three necked flask was fitted with dropping funnel,
stirrer and condenser. (The stirrér was only required if
there was any difficulty in starting the reaction).

Zinc (2 gm.) and a swmall quantity of mercurlc chloride were
heated gently until fumes of the latter appeared. The
benzene (100 cc.), the methyl ether (4 gm.) and bromo-
ester (6 gm.) were then run in.

The reaction commenced almost Ilmmediately and a
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precipitate settled out. After allowing the action to
proceed for about 10 minutes, the solution was refluxed
for about one and a half hours. During this time nearly
all the zinc dissolved. Sulphuric acid was added to de-
compose the zinc complex, and the mixture was extracted
with benzene. The extract was washed and dried with sodium
sulphate. The benzene was then distilled off on a water
bath and the remaining liquid fractionated. At 58-609/
13 mm. some unchanged bromoester distilled while at
130-150°/14 mm. a pale yellow liquid distilled. It seemed
to be homogeneous but failed to distil at a steady tempera-
ture. Optimum yield 3.5 gm. (50%). This liquid formed
a semicarbazone mep. 124-126°. The results of an analysis
are glven below and are compared with the theoretical values
for compound XIV (p+50).

Found (#)  Calculated (i

Carbon 56.96 56.92
Hydrogen 7.46 7.51
Nitrogen 16.73 16.60

14. The Condensation of &« -Bromopropionic acid with

1,2 Cyclohexanedione.

The method used for the preparation of 1,2 cyclo-
hexanedione was identical to that described by Rauh (63).

No improvement in yield (about 15%) was observed when



freshly sublimed selenium dioxide was used as recommended
by Kaplan (64). B.p. 85-87°/20 mm. The product - a
pale green liquid - was unstable, so was used immediately
for the next stage.

The o -bromopropionic acid was prepared in the same
way as the corresponding ester (p.71), but instead of
esterifying the intermediate acid bromide, water was added.
The acid was extracted with ether, dried over calcium
chloride and the mixture fractionated. At 104-106°/19 mm.,
&K -bromopropionic acid distilled as a colourless ligquid.

1,2-Cyclohexanedione (5 gm.) and o< -bromopropionic
acid (6.7 gm.) were added to an alcoholic solution of
sodium ethoxide (2.3 gm. sodium in 100 cc. solution).
After a trace of cupric acetate (0+5 gm.) had been added,
the solution was refluxed for 15 hours on a steam bath and
then poured into three volumes of water énd acidified.

The product was extracted with ether but when an attempt
was made to wash it with sodium bicarbonate, the agqueous
solution became coloured. The alkaline extract was
acidified and extracted with ether. Thus two sets of pro-
ducts were obtalned, neilther of which gave semicarbazones.

When the experiment was repeated, after the first
extraction with ether, the extract was dried and after dis-

tilling off the solvent, the residual liquid was fractlonated.
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Two liquids could be separated, one distilled at 85—1000/
25 mm., and the other at 140-150°/3 mm. The latter
partly solidified but could not be recrystallised owlng to
its low melting point and reslnous impurity.

The first fraction formed a 2,4-dinitrophenylhydrazone,
effervesced with sodium bicarbonate, decolourised bromine
water and coloured ferric chloride solution brown.

The second fraction did not form a 2,4-dinitrophenyl-
hydrazone, effervesced wilith blcarbonate, did not decolourise
bromine water and did not colour ferric chloride solution.

Both of these products were formed when the condensa-
tion was formed under various conditions. The overall
yields were very poor (about 15-20%), since the condensa-

tion seemed to give mainly resinous products.




SUMMARY .

The remarkable Cotton Effect associated with the
3000 A. absorption banq in d-parasantonide is described
in the Introductory Section of this Thesis. It was
pointed out that if it could be_shown that d-parasantonide
(in alcoholic solution) was photosensitive within this
region and if, in addition, no complicating dark or chain
reactions occufred, then it would be expected that r-para-
santonide would be well suited for asymmetric photolysis
experiments.

It was slready realised that d-parasantonide wa.s
photosensitive but it was not known with what absorption
bands, photolysis was associatedb(p.IS). Preliminary
experiments established that parasantonide was in fact
‘photosensitive within the band of circular dichroism at
3000 A, and also indicated that the type of reaction de-
pended on the wave length of the exciting radiation. Thus
with radiation within the 30004 band, the rotation fell to
a small positive value, while the total radiation from a
mercury vapour lamp produced a small negative rotation.

This suggested that the photochemistry in each case
should be investigated. Quantum Efficiency measurements
,gavé values of 0.85 for long waves and 0.40 for short

waves (Sectlon 1). These results indicated that no chain
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reactions occurred and that the deviation from unity must
be attributed to deactivating processes and not to any
inner filter effect due to the accumulation of the reaction
products (pp. 32, 35).

It was found impossible to isolate the products of the
reaction in a crystalline state, so irradiated soluticns
were used for absorption, rotatory dispersion and circular
dichroism measurements (Section 2). The irradiated
solutions 1in each case, exhiblted two bands similar in
position to those in parasantonide but much reduced in in-
tensity. There still remained a Cotton Effect, but it was
opposite 1In sense to that in parasantonide-. Moreover it
was much‘reduced in intenslty and shifted to longer wave
lengths.

The marked similarity between the two inverted Cotton
Effects suggested that the reactions with different wave
lengths were very similar in type, since the differences
between the two curves could be accounted for (at least
qualitatively) by assuming the same products were present
in varying amounts.

In view of the absence of dark and chain reactions,
and the destruction by ﬁhotoiysis of the strong Cotton
Effect assoclated with the 3000 A. band, parasantonide has
been shown to be well sulted for asymmetric photolysis

experiments.
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The next stage in the work was the preparation of
parasantonlde in the racemic form. Attempts made in
this direction were described in Section 3. The inability
of various workers to reproduce the synthesis of santonin
reported by some Indlan workers was also discussed.
Alternative methods of preparing the keto lactone (VI)
(which was an intermediate product in the Indians!
synthesls) did not yield the required product.

In conclusion, it can be said that, once r-santonin
can be produced in quantity, it will be pﬁssible to effect
the asymmetric photolysis of parasantonide. It is ex-
pected that the results obtained will be much larger than

has hithepto been recorded in experiments of this kind.
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Introduction.

Many substances exhibit a 'glow' when irradiated with
ultra-violet light. If the emlssion of light ceases when
the source of exciting radiation is removed, the phenomenon
is known as 'fluorescence'. The present paper is restricted
to the fluorescence obtained with solutions of polycyclic
aromatic hydrocarbons.

The first important stage in the development of
fluorescence\spectroscopy was the discovery by Stokes in 1852
that the frequency of the fluorescent emission was always less
than or at ‘most equal to that of the exciting radiation(l)-
In terms of the quantum theory, this statement reveals itself
as an application of the Second Law of Thermodynamics to the
fluorescent system, 1.e., the energy of the fluorescence
radiation is never greater than the energy absorbed.

It was not, however, till 1907, that it was rea ised
that fluorescence was not limited to the visible region of
the spectrum but, in fact, could be registered in the ultra-
violet. Stark(z), who established this fact, even suggested
that all compounds which exhibit selectlive absorption should
fluoresce. The fluorescence spectra of benzene, naphthalene
and other aromatic compounds were then studied in detail by
various workers. Particular mention should be made in this

(3) (4)

connection of the work done by Henril , Ley and Engelhardt

(5)

and Dickson .



n

A comprehensive survey was made of the fluorescence
spectra of aromatic pclycjclic hydrocarbons in 1930. About
this time, a search was being made for the cancer producing
('carcinogenic') constituent of coal tar. Meyneord, in 1927,
demonstrated that fluorescence spectra showed certain correla-
tions with the carcinogenic activity of many tars. Thus

(6)

Hieger in 1930 recorded the fluorescence spectra of a large

number of polycyclic hydrocarbons for comparison with the
spectra obtalned from carcinogenic tars. He found that various
hydrocarbons could be recognised by the characteristic type of

banded spectra they possessed. In 1933, Cock, Hewett and

(72

Hieger were able to isolate an active hydrocarbon from

carcinogenic pitch, which was later shown to be 3:4-benz-

(8)

pyrene .

(9) (10)

Sannie and Bandow have suggested that several
factors stich as concentration and impurities produce a large
effect on the intensity of fluorescence spectra. The investi-

11)

gations of Maynegrd and Roe( and Miescher, Almasu and
Kléui(lz), on the other hand, support the method - the results
of Sannie being attributed to the high concentrations used.
Hieger(ls) pointed out that Sannie's results were probably due
to the sensitivity of microphotometer technique employed and
that the visual method was justified to a large extent by the
results that had been established by its use. Since these

important investigstions, fluorescence spectrography has been




" used as an ald to many metabolic studies(lé). liore recently,
extenslve investigations of the several factors in influencing
fluorescence intensity have been made by Miller and Baumann(l5)-%
During the work described above, the fluorescence spectra |
of a number of polycyclic aromatic hydrocarbons were made with
somewhat greater accuracy than that origlnally used by Hieger(62§
Berenblum and Schoental(l6) have recently improved Hieger's |
technique and have systematically investigated the influence
of substitutlon on the spectrum of hydrocarbons such as
anthracene, S:4-benzpyrene, l:2-benzanthracene and chrysene.
They established that although shifts to the red occurred
depending on the position of the substituent and the type of
group introduced, the characteristic fluorescence patterns
persisted in the derivatives. In the present paper, these
researches have been extended further, using an improved
téchnique, all measurements being made, as far as possible,
under standard conditions. These conditions were established

after due consideration of the various factors which affect

fluorescence and which are summarised here.

Physical Factors influencing Fluorescence.

(a) Sharpness of the bands.

The sharpness of the bands depends mainly on the nature
of the solvent used. Tefinition 1s best in petroleum ether,

satisfactory in benzene and ethylalcohol, and poor in chlorine



(16)

compounds Diffuseness often arises when the fluorescent

compound is photosensitive. In particular, asny of the
polycyclic hydrocarbons may be photo-oxidised to transannular
peroxides (e.g., (@0 ) so thet solvents such as liquid
paraffin, in which oxygen has a low solubility, give sharper
spectra. Decrease in temperature usually causes an incrsase

in the definition of the bands(lv).

(b) Wave-length of the Fluorescence lMaximea.

The spectral positions of the maxima are independent

(18)

of the wave-length of the absorbed radiation , but are

.

influenced by the solvent used. In general, high refractive
index of the solvent is assoclated with large shifts o the
red(lg).‘ Thus the spectrum in benzene solutlion is shifted

to the red by 100 cm™ " compared with that in petroleum ether.
Liquid paraffin behaves similarly to benzene.

Sannle emphasised the importance of the effects procduced
by high concentrations on thevposition of the fluorescence
spectrum and, in particular, the shortest wave-length maximum(gz
Change in temperature also influences the position of the

(20)

maxima in some cases .
(¢) Intensity.
Thelintensity is strongly influenced by many factars,
e.g., the wave-length and imtensity of the exclting radiation,

//7
temperaturé;)the sensitivity of the photographic plate , the



(21) and oxygen-solubility(22}

(22)

concentration » the dispersion of the spectrograph and

viscosity of the solvent, the
the genersl set-up of the apparatus.

In the present investigations, fluorescence was examined
over the range 3300-8000 A. so that the same set-up of
apparatus could not be used in all cases. = Thus for the
visible region, a glass spectrograph was employed which gave
a higher dispersion than the quartz one used for the ultra-
violet. Moreover, although the 3650 A mercury line was
generally preferred as the exciting radiation, shorter and
longer wave lengths had to be employed under different circum-
stances (cf. Table 6). In view of the effect of concentration
on the position of the fluorescence, spectra were only recorded
in the region where Beer's Law held (i.e., increase in concen-
tration produced a proportional increase in intensity of
fluorescence) . In the specific case of l:2-benzanthracene,
it was found that increase in the concentration from 6 to
49 y/cc. produced a shift to the red in the position of the
shortest wave length band\of less than 2 A. As far as possible
petroleum ether was used as solvent, but in some cases benzene
or liquid paraffin was employed. The experlimental conditions
are described in more detall in another part of this paper
(p. 36) and are indicated for each specific compound in

Table 6.



The Wave Mechanical Interpretation of Absorption and Fluor-

escence.
Before describing the results obtained experimentally,
a brief account is here given of the explanation usually

accepted to account for the relations between the absorption

of light and fluorescence emission(ZS).
Exciled
Absorption arises State
when a 7T -electron passes
from the ground state of the . Ground
5 F'g- 1 State.,
molecule to an excited state™. FLUDRESCANCE  ABSORPTION

Since simultaneous chsnges in electronic, vibrational snd ro-
tational energies occur, the excited state may thus be re-
garded as possessing vibrational sub-levels (rotational
changes being neglected in view of their small magnitude).
Thus in absorption, an selectron passes from the lowest vibra-
tional level of the ground state to the various vibrational
levels of the excited sfate- The pattern of wvibrational
structure, which in general governs the width and symmetry of
absorption bands, 1is determined by the operation of the
Franck-Condon principle on the transition involved(24).

A molecule 1n an excited state will lose its surplus

vibrational energy easily by collision with other molecules

but may retain the remainder of its energy for a period of

“* For a further explanation of the part played by T- electrons
in visible and ultra violet absorption, see Appendix.



lo'aseconds- In the event of this happening the excess energy
will be emitted as fluorescence radiation. Thus fluorescence
arises when an electron returns from the lowest vibrational
level of an excited state to the different sub-levels of the
ground state. It is Important to note that whereas with
absorption the vibrational structure is related to the excited
state, the vibrational structure of fluorescence bands

correspond to the vibrations of the molecule in the ground

state-



Preliminary Observations.

In the present series of compounds investigated, the
fluorescence spectra have been compared (wherever possible)
with the corresponding absorption spectrum recorded in the
literature. A few typical examples are shown in Fig.2%.

The fluorescence and absorption spectra were obtained for
petroleum ether and alcoholic solutions respectively. In
general, it was observed that the fluorescence band of shortest
wave length approximately coincided with the longest wave
length absorption band. These bands are hereafter termed

the 'first fluorescence band' and the 'last absorption band!
respectively.

" In the case of perylene and 1l'!':2'-naphtha-2:3-fluorene
for example, it will be noticed that the fluorescence and
absorption spectra are related as mirror images. This re-
lationship, which was first formulated by Lewschin(25) in 1931
as a general characteristic of fluorescence, is exhiblted in
the case of many compounds (e;g., anthracene, dyes, etc.).

The flﬁorescence spectra of chrysene and 1l:Z2-benzanthracene
appear however simpler than their corresponding parts in the

absorption spectra. In the case of chrysene, the prominent

“* Measurements of intensity have not been possible in a large
number of cases, as only small amounts of material were avail=-
able. In view of this, the values of Log. R.I. are only of
significance when considering the relative Intensitlies of bands
and do not give any indication of the fluorescence power of the

compound .



"l- c «iw

J1£000cny
5ac(>A IfSod 4

Abiovihbh

2'. '"Tre F(*jQrescenc€ a*icf Absovphw
Aro/yigF/'c Jfyc<yoCarba*M.

2601 2go00QE

St)Ec('*'Q

of ShntfL Jb ycycfrc

iaooct



band at 24800 cm™' has no obvious corresponding band in the
absorption spectrum owing to the superimposition of the intense
vand at 31350 cm™'. The fluorescence spectrum of 1:2-benz-
anthracene will be discussed later (p. 24).

It 1s probably true to say that the mirror symmetry
relationship can be observed for a fluorescence and absorption
spectrum when only one electronic transition is involved.
However, even when there does not exist an exact correspondence
between fluorescence and absorption spectra use of this idea
may still be bf help in correlating the different bands in the
two spectra (cf. p. 26).

It will be seen from the examples cited in this paper,
that benzologues with rings fused in linear condensation and,
in general, polycyclic hydrocarbons with only a smallproportion
of their rings added angulerly, have simple fluorescence
épectra, which consist of a number of bands spaced at a con-
stant frequency interval, usually diminishing in intensity
with increasing wave-lengths. Anguler polycyclic hydro-
carbons, on the other hand, usually possess spectra comprising
two sets of equally spaced bands. lore complex types of
spectra are exhibited by pyrene and 3:4-benzpyrene (Flg.10).

Owing to the fact that the fluorescence intensity of
different compounds varies enormously, 1t is sometimes

difficult to say whether the spectre obteined experimentally
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of weakly fluorescing substances are characteristic of the
pure substence. The fact that compounds of similar structure
exhibit similar patterns 6f fiubrescence spectra provides a
criterion by which the purlity of spectra couid be judged. In
Fig.5 are shown the fluorescence spectra of four naphtha-
fluoreneé- The persistence of a subsidiary set of bands
through the whole series of compounds obtained by different
methods, indicates the set is a characteristic feature of the
spectra of compounds containing the fluorene structure:

The mirror symmetry relationship may be used as an
additional criterion of purity, if the absorption spectrum
is known and is not too complex. Thus those fluorescence
bands which do not correspond to bands.in the absorption

spectrum may be considered as caused by foreign material.

1. The Fluorescence Spectra of Homooydlic Aromatic Hydrocarbons

(a) Isomeric Tetracyclic Hydrocarbons (Flg.4).

Triphenylene. Long exposures were required for this compound

due to its weak fluorescence. This resulted in a rather
diffuse spectrum which was probably not characteristic of the
pure compound. The first maximum (which was clearly defined)

was situasted at 3537 A. This value is not far from that of

. . . 26
the last absorption maximum at 3500 A. (alcoholic solutlon)( ).

Chrlsené. The main bands are in general agreement with those

(11,12,42,16)

recorded by several workers Thus the
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fluorescence spectrum of chrysene may be represented approxi-
mately by the formuia v' : 27650 - 1420 m - 850 n; where
m 0, lLor2; n: 0, or 1. The fluoresdence maximum at
5616 A agrees well with the position of the last absorption
maximum at 3600 A (alcoholic solution)(gv). In this case,
the spectrum was recorded using both 3650 A and shorter wave
lengths as exclting radiation. The positions of the maxima
were the same in each case.

The spectrum of 3:4-benzphenanthrene ( (2:{53 )
aqcording to Chalmers(QB) is close to that of chrysene, viz.,

3690-4310 A (benzene solution).

i:Z-Benzanthracene. This spectrum resembles those recorded
(16)

by Hieger(6) and Berenblum and Schoental Two sets of
bands are present as in chrysene but are merged together.
The position of the first maximum (3853 A) agrees well with
the value of 3845 4 for the position of the last absorption

(29). The fundamental vibration frequency

maximum (alcohol)
(1410 cm=') is similar to that found for chrysene (1420 cm™ ).

Naphthacene. The maxima at 4713 A and 5060 A are not in

18
agreement with those recorded by Ganguly( ) for alcoholic
solution at 4750 and 5080 A respectively, but the last ab-
(30)

scorption maximum has been observed 2t 4735 A (in benzene).
This shift of 20 A to shorter wave lengths is of the same
order as that generd ly noticed when comparing the positions

of the first fluorescence maximum in petroleum ether and of
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the last absorption maximum in benzene solution.

(b) Isomeric Pentacyclic Hydrocarbons (Fig.5).

S t4 :5:6-Dibenzphenanthrene. The fluorescence of this compound

was very weak, so, as in the case of triphenylene, long ex-
posures were required, giving a diffuse spectrum. The first
maximum lies at 3764 A.

Picene. The fluorescence spectrum of picene 1s similar in type
to that of chrysene and can approxiﬁately be represented by

the formula v' = 26420 - 1370 m - 790 n. It agrees well with
the spectrum recorded by Hieger(G) and with the absorption

(31). The first fluorescence band (for benzene

spectrum
solution) is at 3785 A, while the last absorption band (for
CHClS) is at 3760 A.

2':3'-Naphtha 1l:2-phenanthrene. This fluorescence spectrum

qomprises three bands, the middle one being the most intense.
The first maximum which lies at 3918 A ié close to that of

the last absorption band (3930Ain benzene)-. The unequal
spacing between the peaks is probably due to the composite
nature of each of the bands. Extra purificstion by chromatc-
graphy and recrystallisation did not affect this anomaly.

1:2:7 :8=-Dibenzanthracene. This compound gave a comparatively

weak fluorescence. It is doubtful whether it (or the
spectrum recorded by Hieger) is characteristic of the pure
substance. The position of the first maximum (3542 A.) is

in agreement with the last absorption maximum (3950 & for
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)

32
benzene)( .

1:2:5:6-Dibenzanthracene. This spectrum can be approximately

represented by the formula v' = 25350 - 1420 m - 700 n and is
similar to those of chrysene and picene. Its position is in
agreement with that recorded by Hieger(6) and. Chalmers(zg)-

The latter gives values of 3940 - 3990, 4040 - 4090, 4180 -
4230, 4290 - 4380, 4440 - 4480 for the maxima in benzene
solutién- The corresponding values found in the present case
(in petrdeum ether) are : 3945, 4060, 4175, 4297, 4444 A. The
lagt absorption maximum for alcoholic solution is at 3950 A(55)-

21:3!'-Naphtha 2:3-phenanthrene. This fluorescence spectrum

is essentially of the anthracene - naphthacene type and can be
represented by the formula v' : 22195-1400 m. The first
fluorescence band appears at 4505 A, while the corresponding
absorption band (for benzene solution) is at 4525 A(54).

Pentacene. In view of the great photosensitivity of pentacene,

liquid peraffin was used as solvent (cf. p.4) and mercury green
light employed as exciting radiation. Although only one band
could be pﬁotographed, a second band was observed visually at
about 6250. 4. The pbsition of the first fluorescence maximum
at 5770 A agreed with that of the corresponding absorption

(35)

meximum (5800 A in benzene) .

(c¢) Isomeric Hexacyclic Hydrocarbons (Fig.6}-

Fulminine. In this case the formula v' : 26770 - 1400 m - 770 r

shows that the spectrum is very similar in type to that of
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picene and chrysene. It i1s interesting to note that the
spectrum is situated at shorter wave lengths than in the case

of picene.

1:2:3:4:5:6-Tribenzanthracene. This fluorescence spectrum

is similar in position and Type to that already recorded by
Hiegér(6). It 1s comparable in pattern with thet of 1:2:5:6-
dibenzanthracene. - The small band at 3798 A is probably not
the first fluorescence band since the last absorption band
(3880 A for benzene)(Sa) practically coincides with the
intense band at 3883 A.

3':3'-Phenanthra-2:3-phenanthrene. This fluorescence spectrum

compares well with those of naphthacene and 2':3'-naphtha-243-
phenanthrene and corresponds to only one electronic transition.
The position of the first band is at 4345 A compared with

(37)
4375 A for the last absorption band (benzene) .

Discussion.

It will be noticed in each case of the above series of
isomers, that the stralighter the chain of rings, the longer
is the wave length of the first fluorescence maximum,
paralleling an increase in chemical reactivity. It was
thought there might exist a simple rélationship which would
correlate the chemical reactivity and vosition of the fluores-

cence with the structure of the compound.
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The greater reactivity of anthracene over that of

pPhenanthrene has been accounted for N
. I\/'\)
by the fact that, unlike phenanthrene, Z
the 'Kekulé' structure® for anthra-
cene cannot be constructed using gz:
(38) Fig T
three benzenoid rings . One

of the rings must be qughonoid- In fact, according to
Fries' Rule, the most stable structuré of any aromatic
compound is likely to be that which contains the maximum
number of benzenoid rings or the minimum number of quinonoid
rings<59).

It was thought that this simple idea might be extended
to correlate the spectral position of the first fluorescence
band with chemical structure. It was, in fact, found that
if V was the difference in frequency between the first
fluorescence bands” of the spectra of a given polycyclic
compound and of its isomer containing all rings benzenoid,
then V was found to be approximately proportional to the

minimum number of quinonoid rings which could be accommodated

in a Kekulé structure of the former compound. This relation

* In this paper, in order to prevent confusion between
texcited structures! and 'exclted electronic states!', the

terms 'exclted' and 'monoexcited'! stnac tures have been re-
placed by 'Kekulé' and 'Dewar' structures respectively. A
Kekulé structure comprises alternating single and double bonds,
while in a Dewar structure, one of the bonds extends between

non-adjacent carbon atoms.
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is shown graphically in Fig.s. Chrysene; plcene and fulmiﬁine
were taken as the first members of the respective series.
Triphenylene was the only compound which did not conform to
this relationship, probably on account of the remarkable
symmetry of its structure.

The theory of Resonance provides an alternative method
of Interpretating reactivity in terms of structure. Accord-
ing to Pauling, the greater the number of possible resonance
forms, the greatervwill be the stabilising resonance energy
and the smaller will be the reactivity. Phenanthrene, for
example, will be more stable than anthracene since it possesses
5 Kekulé structures compared with 4 in the latter case(éo).

In giving an explanation of the spectral position of
fluorescence in terms of the Resonance Theory, it is lImvort-
ant to realise that resonance will normally stabilise both
the ground and excited states. It will, however, be expected
that Dewar structures will make a larger contribution to the
latter than to the former, so that the stabilisation of the
excited state will be greater than the ground state. Since
the difference in energy between the two levels will now be
reduced, there will be a corresponding increase in the wave-
length absorbed.

It might be expected that, to a first approximation,

the position of fluorescence would be related to the ratio of

the number of Dewar to the number of Kekulé structures.
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This connection is in fact found for the simpler polycyclicv
hydrocarbons and is illustrated for lincer addition of benzene
rings and the tetracyclic series of isomers (Table 1). In
the former case, increase in the number of rings increases
both the numbers of Kekulé and Dewar structures and also the
ratio of Dewar to Kekulé forms. This corresponds to a pro-
gressive shift to longer wave lengths. In Table 1B, the
numbers of Kekulé and Dewar structures again increase from
naphthacene to triphenylene but this time the ratio of Dewar
to Kekulé forms decreases corresponding to a shift to shorter
wave lengths. These calculations serve to explain in s
qualitative way the experimental results observed, but it
would not be expected that considerations of this type would
hold so well for hydrocarbons containing 5 rings or more, since
the Kekulé forms would probably not make a large contribution
to the reéonance hybrids.

The most satisfactory way of representing the fluores-
cence spectra of the above compounds schematically was found
to be the correlation of the position of the first fluores-
cence maximum with the corresponding number of Kekulé
structures. This scheme is shown in Fig.9.

The view of the approximate identity of the positions

of the first fluorescence maximum and the last absorption band,
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The Correlation of the Position of the First Fluorescence-

Maximum with the Numbers of Kekulé and Dewar Structures.

No. of No. of Dewar D  Position of
. Kekule Structures K First Fluor-
Series A. Structures (D) escence Maxe.
(K) (cm~")
Benzene 2 3 1.5 (374730)
Naphthalene 3 16 5.3  (31350)
Anthracene 4 48 12 26500
Naphthacene 5} ~ 110 22 21220
Pentacene 6 215 35.8 17330
Serles B.
Naphthacene 5 110 22 21220
1:2-Benzanthracene 7 112 16 25950
Chrysene 8 117 14.6 27650
Triphenylene 9 117 13 28270
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the data for the absorption of some compounds were taken from
the literature and inserted in this diagram. It will be
noticed that although the number of Kekulé structures seems
to be only indicative of the position of fluorescence when
considered in a serles of isomeric hydrocarbons, the number
of quinonoid rings seems to défine the position within broad
limits. These limits are indicated on the right side of the
diagram.

-Many features of interest arise from an examination of
this scheme.
(2) Isomeric compounds lie approximately on & curve running
diagonally upwards from left to right.
(b) Benzologues with rings fused linearly lie on a steep
curve, l.e., addition of one ring represents an extremely
‘large shift 1in the spectrum. However, if there already
exists a number of rings fused in the 1:2 position of naph-
thalene, linear condensation produces smaller shifts.
(¢) Angular addition of benzenoid rings produces smaller
effects than linear addition. With small molecules, angular
addition of a ring produces a shift to the red, while with

larger‘molecules the shift is much smaller and even to shorter

wave lengths.
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(d) More Condensed Structures (Fig.10).

The spectra recorded in this section are for the most
part simple although the compounds themselves are sometimes
highly complex. In fact, the most complicated spectra
correspond to the most symmetrical molecules such as pyrene
and coronene.

Pyrene. It was noticed originally by Hieger that pyrene gave
a characteristic spectrum consisting of a number of fine lines
in close proximity. Miescher et él.(lz) recorded a better
spectrum showing 5 pesks similar in fype and position to that
shown in Fig.10. There is very good agreement between the

- wave lengths of the maxima obtained from this curve and those

(28)

recorded by Chalmers for benzene solution. He found
maxima at 3730-3750, 3780-3800, 3830-3860, 3890-3920, 3930~
3970 A. The corresponding peaks for petroleum ether in
Fig.1l0 are 3725, 3785, 3835, 3880, 3925 A. The corresponding
long wave absorption maximum lies at 3710 A (alcohol)(él).

The complexity of the pyrene spectrum suggests that the
substance may have been impure. However, two different samples
were used, one being obtained from coal tar and the other from
petroleum. In each case, rigorous purification by chromato-
graphing, sublimation and recrystallisation was effected but
the fluorescence spectra obtained were identical. It must

therefore be inferred that the spectrum is probably character-

istic of the pure substance.
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1l:2-Benzpyrene. The fluorescence spectrum of l:2-benzpyvrene

is comparatively simple and seems to involve only one set of

bands.

S 4 -Benzpyrene . The fluorescence spectrum of 3:4-benzpyrene
(9,11,12,28,186)

has been recorded by many workers The exist-

ence of three sﬁperimposed sets of bands gives the spectrum its
characteristic 'fluted' appearance. The main bands are

spaced at a frequency of 1375 cm". This is similar to that
calculated from Sannie's measurements, i.e., 1360 em.” for
0.02 g./1 in benzene. The position of the first maximum in
heiane was 4040 A compared with 4033 A in the present case.

The last absorption maximum eppears at 4030 A (alcohol)(45)-

Other pyrene derivatives. The spectrum of 1:2:6:7-dibenz-~

pyrene is rather complex, the main set of bands being spaced

at 1370 cm". However, the spectra of 3:4:8:9-dibenzpyrene
and 2':3'-naphtha 3:4-pyrene are much simpler and are similar
in type to that of naphthacene.. The first fluorescence maxima
6ccur at 4490 and 4565 A, while the corresponding absorption
bands lie at 4510 and 4580 A respectively (both values for
benzene)§44). Tn the spectrum of 3:4:9:10-(dl 2':3'-naphtha)-
pyrene the characteristics of chrysene return, probably due to
the increase of emphasis on angulation in the structure. The

frequency difference again is about 1390 cm™'.
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Perylene and its Derivatives.

+ The fluorescence spectrum of perylene consists of one
main set of bands (spaced at 1360 cm*') with a suggestion of
a weak subsidiary set. Values taken from the literature
vary considerably from these observations. Seshan(45)

. records peaks at 4448, 4762 A for benzene solution,
Gangully's(ls) values are 4480, 4700, 5000 A for alcoholic
solution, while the present observations are 4380, 4644 and
4975 A. The wave length of the corresponding absorption
maximum is 4340 A (alcohol)(46).

The spectrum of 2:3:8:9-dibenzperylene is similar in
type to that of perylene itself, but the symmetry of the one
- band recorded in the case of 2':3'-naphtha 1l:2-perylene indi-
cates a spectrum of the naphthacene type.

Coronene. The fluorescence spectrum of coronene exhibits
one set of stfong narrow bands spaced af 1370 cm™ . In
addition there are a number of subsildiary bands corresponding

(47)- The main

to similar bands in the absorption spectrum
maximum at 4190 A pfobably corresponds to the absorption
maximum st 4200 A (benzene) .

AntYenthrene and its derivative:. The fluorescence spectrum

of anthanthrene consists of two superimposed sets of bands
while its 1:2:7:8-dibenz-derivative exhibits a simple

spectrum. The first fluorescence maximum of anthanthrene
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itself lies at 4300 A, while the corresponding absorption
(48)
maximum is at 4330 A (benzene) .

Discussion.

It is not possible to draw many inferences from such a
few examples of each type of condensed structure. It will
be seen, however, that the spectral positi&ns of these com-
pounds is to some extent in agreement with thelr reactivities.
For example, coronene 1s written conventionally with 6 benzen-
0ld rings but the position of the first fluorescence maximum
at 23870 cm™ . is situated in the "2_gquinonoid" region of
Fig. € . Perylene, similarly, is usually written with
4 benzenoid rings, but 1ts spectrum lies in the same area.
These facts are consistent with the general reactivities of
the two compdunds- Just as linear addition of benzene
rings in the case of naphthalene results in a big shift of
the spectrum to the red, whereas angular addition only pro-
duces small shift, so 2:5:8:9-dibenzperylene behaves as if it
had two quinonoid rings (the same as perylene) while the
spectrum of 2!':3'-naphtha 1l:2-perylene 1s in the 4-quinonoid
region. |

It will also be seen that those isomeric compounds
possessing the same number of Kekulé structures exhibit
fluoresence at similar wave lengths. Thus—Z':S'-naphtha

S -pyrene and 314 :8:9-dlbenzpyrene exhibit spectra at
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approximately 4500 A and possess 12 and 13 structures
respectively, whereas 1:2:6:7-dibenzpyrene which possesses
20 structures, exhibits a spectrum at much shorter wave

lengths (3950 A).

2. The Fluorescence S?ectra of 1:2-Benzanthracene Derivatives.

The effect of a number of different substituents in the
5 and 10 positions of 1l:2-benzanthracene on the first fluor-
escence band 1s shown in Tables 2 and 3. Within the limits
of experimental error, no difference could be detected in the
effects of various alkyl groups. Substituents containing
double bonds conjugated to the aromatic ring effect much
larger shifts than alkyl groups owing to the greater ease with
which an electron can be removed from the group. The fact
that ethoxymethyl- and hydroxymethyl give smaller shifts
than the methyl group indicates that a hyperconjugation or
(49)

charge transfer effect is occurring, which stabilises
the excited to a greater extent than the ground state (cf.

p. 16 ).

Methyl Derivatives of 1:2-Benzanthracene.

The fluorescence spectrum of 1:2-benzanthracene in
petroleum ether has already been illustrated in Fig.2.

Substitution with methyl groups in various positions in



25.

Table 2.

The Effect of Various Substituents in the 1l0-position of

1:2-Benzanthracene on the fluorescence Spectrum.

First Fluorescence  Maximum
Position ‘ Shift
(cm.=")
1:2-Benzanthracene 25950 —-——
10-Ethoxymethyl- " 25700 250
10-Hydroxyme thyl-" 25670 280
10-Acetoxymethyl-" 25650 300
10-Methyl- " 25620 330
10-Cyano- " 25180 770
Table 3.

The Effect of Various Substituents in the 5-Position of

1 :2-Benzanthracene on the Fluorescence Spectrum.

First Fluorescence ____ Maxigum_____
Position Shift
( Cme ~ ! )
1:2-Benzanthracene 25950 -
5-Ethyl- " 25890 60
5-n-Propyl- " 25870 80
5-iso0-Propyl-" 25870 80
5-Methyl- " 256850 100
5-Phenyl- " 25670 280

5-Carboxy~ " 24930 , 1020
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the molecule does not alter the characteristic shape of the
curve but in some cases the bands become rather diffuse
(eego, 9~msthy1-). The positions of the first fluorescence
maxima for mono and di derivatives are shown in Table 4.

It i1s interesting to compare the results for mono methyl
derivatives with the absorption.data recorded by Jones(5o)-
The absorption spectrum of 1:2-benzanthracene for alcoholic
solution exhibits a number of peaks in the region 3000 - 3850 A,
which seem to fall into two main groups, H', I', K and
H, I, J* (see Fig.2). The H and K peaks are taken as the
representative members of each group. It will be seen from
Table 5 that the displacements for the H and K maxima are
not equal for the same derivative. In particular, it will
be noticed that substitution in the I' posltion produces no
effect on the H band but shifts the K band quite considerably.
Moreover, 1lO0-substitution produces a greater effect on the
H maximum than 9-substitution, while with the K band the effect
1s the opposite.

The behaviour of the first fluorescence maximum is close-
ly similar to that of the K- band. In his discussion of these
effects, Jones did not seem to realise the importance of this

K band. He mentioned that in the case of I- and 6-methyl

* The lettering used here (with the exceptibn of H') is that
employed by Jones.



Table 4.

The Effect of the Substitution of Methyl Groups on the

First Fluorescence Band of 1l:2-Benzanthracene.

27.

(a) Monomethyl Carcinogeni- First Fluorescence
Derivatives =~ city Band
(61) Positiog Shift
) (Cm._ )
1:2-Benzanthracene - 25950 -—-
4-Methyl " + 25870 80
5-Methyl " ++ 25850 100
7-Methyl " + 28770 180
6-Methyl " + 25750 200
8~Methyl " - 25700 250
1'-Methyl " - 25680 270
3-Methyl " + 25670 280
10-Methyl " ++ 25620 330
9-Methyl " ++ 25400 550
(b) Timethyl
Derivatives

1:2-Benzanthracene - 25950 -——-
6:7-Dimethyl " + 25800 150
3':6-Dimethyl " - 25780 170
3':7-Dimethyl " - 25770 180
21:6-Dimethyl " - 25730 220
21:7-Dimethyl " - 25570 380
5:6-Dimethyl " ++ 25270 680
9:10-Dimethyl " +4++ 24670 1280
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Table 5.

A Comparison of the Shifts produced in the Absorption and

Fluorescence Spectra by the Introduction of Methyl Groups

into Vafious,Positions of 1:2-Benzanthracene.

Absorption Max.* First Fluores-
(cm'}Alcohol) cence Max.
H Band K Band (P.8)
Position Shift Pos.Shift Position Shift
1:2-Benzanthracene 29330 26010 ~== 20950 -—
4-Methyl " 29240 30 25970 40 25870 80
S5-Methyl n 28900 430 25910 100 25850 100
7-NMethyl n C 40%% 25770 180
6-Methyl " 7C s 100%% 25750 200
8-Methyl " 28900 430 25880 130 25700 250
1'-Methyl " 29330 0 25810 200 25680 270
10-Methyl n 28210 1120 25680 330 25620 350

9-Methyl " 28450 880 25450 660 25400 550

= The values for the absorption maxima in this section
were obtained from Jones' values, which were expressed
in Angstroms.

% The values of the shifts for 6- and 7-methiyl derivatives
were taken from the paper of Mayneord and Roe (52).
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(51)

chrysenes, Brode and Patterson had observed extremely
large bathochromic shifts in the absorption spectrum and had
attributed them to steric effects, but that no such behaviour
occurred in 1l:2-benzanthracene. It meay well be, however,
that the large-displacement observed in the K absorption
maximum and in the fluorescence maximum of the 9-methyl
derivative may be explained by such an effect.

Apart from the behaviour of 9-substitution, there are
other snomalous features about the results which should be
mentioned. One might expect substitution in the 3 and 4
positions would produce the same shift. In sctual fact,
the shift for 4-methyl is negliglible while that for 3-methyl
is quite appreciable. Similarly 8-substitution produces a
much larger effect than substitution in the 5 position.
According to the calculations of Pullman(55), the electron
denslities on the 3 and 4 positions are almost identical

(0.204 compared with 0.200), while the densities on positions
5 and 8 are also similar (0.198 and 0.196). It does not

therefore seem likely that the bathochromic shifts are re-

lated directly to the various electron densities in the various

positions of the molecule.

A method of vector addition such as that suggested by

: o4 |
Conrad-Billroth( ) is difficult to apply in the present case,
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since the molecule is not symmetrical. A similar difficulty
is encountered in interpreting the results qualitatively in
terms of the Lewis-Calvin-Jones~theory(55). According to

this theory the long wave band of anthracene is associated
with a development of an electric moment along the shorter

axis of the molecule (i.e., parallel to the direction of the
electric vector) (cf., p. 52 ). In an unsymmetrical molecule,
such as l:2-benzanthracene, one cannot say with certainty

what the orientation of the vector will be-.

One of the purposes of this research was to investigate
Whether any relation existed between the fluorescence spectra
and carcinogenicity. It is known that only slight modifica-
tions of structure may make a compound extremely potent as a
cancer producing agent. Thus 1:2-benzanthracene 1is not car-
cinogenic, but 9:10-dimethyl l:2-benzanthracene 1is one of the
most powerful carcinogenic compounds known. It will Dbelseen
from Table 4 that no relation seems to hold between fluores-
cence and carcinogenicity.

Tastly, the importance of examining the fluorescence
spectrum in addition to tﬁe absorption spectrum is manifest
iﬁ the case of l:2-benzanthracene and its derivatives. The
fluorescence spectrum is much less complicated than the

corresponding part of the absorption spectrum. Moreover,

those peaks which are prominent in fluorescence correspond to
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submerged bands in absorption. Conversely, the prominent

maxima in absorption appear as subsidiary maxima in fluorescence}

3. The Fluorescence Spectra of Some Aza-compounds .

From what has already been said, it wiil be realised
that the properties of the fluorescence spectrum are very
similar to those of the corresponding part of the absorption
curve . Thus all the empirical rules which govern the be-
haviour of these bands such as those describedvby Clar(56)
will hold in a similar way for the corresponding fluorescence
spectra.
| Thus it was not surprising to find that the introduction
of a nitrogen atom into a homocyclic aromatic ring did not
appreciably alter the position of the spectrum(sv). Quanti-
tative measurements made in the cases of chrysene and pyrene
revealed that the introduction of nitrogen increased the
intensity of fluorescence about ten fold. This, also, is
in conformity with the behaviour of absorption spectra in
similar circumstances.

In Filg.1ll the spectra of a number of aza-compounds are
compared with those of the analogous homocyclic hydrocarbons.
In all the cases examined, intréduction of nitrogen does not
appreciably alter the position of the spectrum and the type

of spectrum 1s retained in the spectra of chrysene and

1:2:5:6-dibenzanthracene. Introduction of nitrogen into
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pyrene causes a simplification of the pattern of the spectrum

analogous to that produced by the substitution of a methoxy

|
. . |
group in the same position. This suggests that the complex !
~.spectrum of pyrene is probably due to the characteristic 1

symmetry of the molecule. The spectra of 6-aza 3:4-benz-
phenanthrene and 3:4 :5:6-dibenzacridine are similar in position

to those of the corresponding hydrocarbons (pp. Ii,I%).

4o The Fluorescence Spectra of Some Alicyclic Compounds .

It was of interest to know whether fluorescence spectro-
graphy may be used as an aid in the identification of the
aromatic structure present in an alicyclic compound. It
would be expected thaf the examination of hydrogenated poly-
cyclic hydrocarbons might provide the most satisfactory
approach to this problem. However, in most céses, the
hydrogenated product is weakly fluorescent compared with the
parent hydrocarbon, and since complete separation from the
latter is difficult, the spectrum is sometlmes contaminsated,
both compounds being represented. The spectrum of 1':2':5':4'-
tetrahydrobenzpyrene is shown in Fig.l2 compared with l-aza-
pyrene; The latter compound was chosen since its spectrum
occurs at the same wave length as that of pyrene without ex-
hibiting those features which are probably peculiar to the
symmetrical pyrene itself. The shift to longer wave lengths

is characteristic of an additlonal hydrogenated ring. The
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fourth band of the spectrum is due to contamination with

34 -benzpyrene itself. It will however be noticed that the
general’ structure of the remaining part of the curve is very
‘similar to that of azapyrene.

A more satisfactory method of pursuing this problem
was found in the examination of the diacetates of diols of
polycyclic compounds synthesised by Cook and Schoenta1(58)-
These compbunds have the added advantage that they could be
easily separated from the parent hydrocarbons.

The fluorescence spectrum of 1l:2-diacetoxy-1l:2-dihydro-

pyrene will be seen to exhiblt the maln characteristics of

' -t
phenanthrene but is shifted to the red by about 500 cm .

. Such a shift seems to be characteristic of the introduction

of an additional hydrogenated ring containing two acetate
groups. The spectra of l:z-diacetoxy 1l:2-dihydrochrysene

and & :4~diacetoxy 3:4-dihydro 1:2-benzanthracehe are both
similar to that of 2-phenyl naphthalene, if allowance is made
for the expected shift to the red. In all these cases the
structures of the diols have been known from chemical evidence.
In the case of 3:4-benzpyrene diol diacetate, the structure
was not fully established. The presence of a chrysene
residual aromatic structure was indicated from the fluorescence
gpectrum and confirmed that the diol was formed in the ©6:7-

positions. If the 1:2~diol had been produced, the residual
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gtructure would have been that of 1l:2-benzanthracene, the
fluorescence spectrum of which lies at much longer wave
lengths. The fluorescence spectrum in this case indicates
which of a number of structures is likely to be the correct
one .

The diacetate of 5:9:10-trimethyl 1:2-benzanthracene diol
possesses a épectrum shifted to longer wave lengths compared
with that of 3:4-dilacetoxy 3:4-dihydro l:2-benzanthracene
owing to the larger number of substituents. This spectrum
1s similar to that of the discetate of 20-me thyl cholanthrene
diol with which it has great similarities in structure and
both are compatible with the structures suggested for these
compounds . The spectrum of 6:7-dihydro 20-methyl cholanthrene
1s shifted to shorter wave lengths as would be expected.

‘ The spectrum of the diacetate of 1' methyl l:2-benz-
anthracene diol does not seem to £it into the general scheme,
as it 18'%hifted to donger wave lengths than that of 2-phenyl
naphthalene. It is tentatively suggested that the effect of
the methyl group inAthat position in conjunction with any
strain present in the hydrogenated ring, may prevent the ben-
zene ring from being coplanar with the naphthalene structure
8o that its effect is much reduced.

Comparison 1s also made between the fluorescence spectra
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of 3:4-diacetoxy-3:4-dihydro 1:2:5:6-dibenzanthracene™ and
that of 1':2'-naphtha 2:3-fluorene. The shift to the red

1s not so large in this case since the methylene bridge is
already represented in the latter compound. The spectrum of
5-ethyl 7:8-dihydro 1l:2-benzanthracene is also of interest
Since it lies between the spectra of 1:2-benzanthracene and

phenanthrene as would be expected from its structure.

* The structure of this compound has been definitely

- established by Schoental. Chromic acid oxidation of the
diacetate gave the known 1:2:5:6-dibenzanthracene 3:4-~
quinone (69 ).
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Experimental.

A Fluorescence Spectra in the 3300-4000A Region.

'S

| C"Q
F!g. 13.

Radiation from a mercury vapour lamp S (Keivin,

Bottomley and Baird) contalned in a black box, was condensed
by a 500 mi- quartz flask contalning a 10% solution of nickel
sulphate (N1804.7H20). This filter absorbed the 3650 and
4047 A mercury lines, excitation being mainly effected by the
2537-2650 A group. A reduced image of the lamp was formed
about 5 mm. from the slit of a Hilgef medium quartz spectro-
graph (S1it : 0.1 mm.) which was inclined at 80° to the path
of the light. At the slit of the spectrograph was placed a
quartz cell (7 x 1 x 1 cm.) containing the solution to be

examined.

Procedure: Solutions of the fluorescing substance were made

up in petroleum ether (60/80) wherever possible and the con-
centrations adjusted visually so that no appreciable quenching
occurred. Each solution was then expozed for 5 minutes, a
number of spectra being registered on the same (Special

Rapid) plate. In order to ensure that no shift of the plate

took place in the holder, mercury spectra were recorded
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between each. of the fluorescence spectrograms. The plate
was then developed using a standardised technique (p. 39).

The positionsof the bands'were measured using a Hilger
microphotometer (slit : 0.2 mm.). The plate was initially
oriented in the holder so that the mercury spectra on either
side of the spectra were correctly aligned. Measurements
were then taken every O.5 mm. from the ultra-violet edge of
one of the mercury lines (either 3342 or 3650 A) until the
whole spectrum had been traversed. For accurate determina-
tions, readings were taken every 0.05 mm. near the heads of
the bands. From a distance-frequency calibration table, the
heads of the bands could thus be found.

In order to measure the relative intensity of the bands,
a reading was initially taken of an unexposed part of the
bplate.' The resistance in series with the photo cell was
adjusted so that this reading corresponded to the maximum
deflection on the scale (50 cm.). Readings were then taken
as before and the logarithm of these values subtracted from
10g1050- Intensity curves were obtained by plotting this
different (1oglOR-I.) against wave numbers.

The curve of chrysene shown ~in Fig. 4 was obtained

with this set-up, using a concentration of 13.3 y /cc.
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B. Pluorescence Spectra in the 3700-4500 A region.

In this case, radiation from a lMazda Compact Source
Mercury Lamp (250 watt) was condensed by two quartz lenses
(f ¢ 6" and 8") and passed through a Wood's filter. An
image about 3 mm. in helght was formed close to the spectro-
graph wiich was oriented at 80° to the path of the beam as
above. Panchromatic plates were used in this case with

exposures of 3 minutes. The procedure was the same as that

described in Section A. The curve of 1l:2-benzanthracene
shown in Big.4: was obteined with this set-up using a con-
centration of 24.5 5’/cc.

C. Fluorescence Spectra in the 4000 - 6500 A region.

In this set-up, a Hilger medlium glass spectrograph
replaced the quartz one used above. Green and yellow mercury
light were ﬁsed in the cases of pentacene and 2!':3'-naphtha
l:2-perylene'respectively by replacing the Wood's filter by
other suitable glass filters.

The procedure varied slightly, since a wave length
scale was imprinted above and below each spectrogram. Micro-
photometer readings were taken every 20 A. For accurate
readings, the distance of the head of the band from a line
on the scale had to be determined and the wave length found
thereafter by interpolation.

The curve of l:2-benzanthracene obtained using a con-

centration of 98 ) / cc. was the same as that shown in

Fig. 4 .
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Intenéity Mgasurements-

Intensity measurements were made in some cases by
matching the intensity of spectrograms prdduced by the com-
pound and a standard solution of 3:4-benzpyrene. The ratio
of the concentrations required to give the same photographic
density was teken as an inverse measure of the relative

intensity of the fluorescence.

The Development Process.

(2) For Panchromatic Plates

Developing Solution

Metol

>
o
.

Nag80z; (eryst.) — 300 g.

Hydroquinone 16 g.

NagCOs (cryst.) 200 g.

NaBr - 4 ge.

Water up to 2 1.
One part of this solution was diluted with_two parts of water

] and the plate developed for three minutes ét 18°C in total

darkness. |

(b) For Special Rapid Plates

Solution A

Hydroquinone 36 g.
Na S0z (cryst.) 200 g.
Citric acid ' 14 g.

KBr 9 g-.
Viater up to 2 1.



40.

Solution B : 18% solution of NaOH.

One part of éach of these solutions was mixed with two parts
of water'andbthe plate developed at 18°C for three minutes
in red light.

Fixing in each case was effected by a solution contain=-
ing 500 g. Hypo, and 50 g. potassium metabisulphite in 2
litres. After ten minutes in this solution the plate was

washed for one hour and dried.
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The Fluorescence Spectra of Polycyclic Aromatic Hydrocarbons:

Maxima in Wave Numbers (cm")

a
» IO Positions of Fluor-
9 g g escence Maxima
& > wdd (Cm™ ).
a} - odJ
: 0 O Ka
Fig.3 0 Ex
21:1'-Naphtha 2:3-fluorene (d) P. 25 87580,26170,24800;
26370,25400.
1':2'-Naphtha 1:2-fluorene (a) P. 25 27500,26120,24730;
1!':2'-Naphtha 2:3-fluorene (a) P. 25 27420, 26000,24620;
| 26700,25330.
2':1'-Naphtha 1l:2-fluorene (d) P. 358 27300,25930,24500;
26630,
Fig.4
Triphenylene (a) P. 25 28270
Chrysene (a) P. 25 27650,26230,24800;
26800,25530.
1l:2-Benzanthracene () P. 36 25950,24530,23130.
" Naphthacene (b, £) P. 36 21220,19760.
Fig.o
314 15 :6=-Dibenzphenanthrene (a) P. 25 26570.

Picene (a2,b) B. 36 26420,25030,23680;
| 25600,24270.
2':3'-Ngphtha 1:2-phenan- (b) P. 36 25525,25990,22695.

’ threne
1:2:7:8-Dibenzanthracene (a,d) P. 36 25370.
1:2:5:6-Dibenzanthracene  (a) P. 36 25350,23950,22500;
24630,23270.
2':3'-Naphtha 2:3-phenan- () P. 36 22195,20800,19400.
threne
Pentacene (b) Par.54 17300,16000(%)
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o
o P 353 Positions og Fluorescenc:
©  § B Mexima (cm™').
S B e
© = 0T
| 2 5 Al
Fig.6
Fulminine (b) B. 36 26770,25370.
26000,24630.
1:2:5:4:5:6-Tribenzan- (a) P. 36 25750,24370,22900;
‘ thracene (26330),25070,23730.
3':2'-Phenanthra 2:3- (a) B. 38 23020,21500,20065
phenanthrene
Fig.10
Pyrene : (a,c) P. 25 26850,26430,26070,
25770 ,25470.
1:2-Benzpyrene (a) P. 25 27250,2575C.
3 4 -Bengpyrene (a) P. 36 24795,23420,22050;
| 24500,23200;
| 24100,22880.
1:2:6:7-Dibenzpyrene (b) P. 36 25280,23880,22550.
: : 24800.
3 :4 :8:9-Dibenzpyrens () P. 36 22270,20950,19430.
2':3'-Naphtha 3:4-pyrene (b) P. 36 21900,20500,19130.
3:4:9:10(Di-2' :3'-Naphtha)- (b) P. 36 19400,18000,16730.
pyrene 18670
Fig.10
Perylene (a) P. 36 22830,21530,2010C.
2:3:8:9-Dibenzperylene () P. 36 23120,21660.
21 :3!'~Naphtha 1:2-perylene (b) Par.57 16270.
Coronene (f) P. 36 23870,22500,21230.
(principal bands only)
Anthanthrene (a) P. 36 23270,21930
‘ | 22900.
1:2:7:8-Dibenzanthanthrene (b) B. 36 21180,19845,188605.
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benzanthracene

4 ]
8§ 2
& > P Positions of Fluor-
5 o B2  escence liaxima
w @ 9T (em=").
@
Fig.11 M
6-Aza-chrysene (a) P. 25 27670,26200,24770;
‘ : 26870,25430.
1:2:5:6-Dibenzacridine (a) P. 25 25350,23970;
: 24700.
1-Azapyrene (a) P. 25 26900,25530,24270;
26270,24930.
1-Methoxy pyrene (a) P. 36 26530,25250,23920;
26230.
6-Aza-3 :4-benzphenanthrene (a) P. 25 26830,25560,24330;
26330,25000.
314 :5:6-Cibenzacridine () P. 36 25480,24100,22770;
24800,23470.
Fig.12 ‘
1':2':3':4'-Tetrahydro- () P. 25 26330,25030.
benzpyrene 25700.
1:2-Diacetoxy-1l:2-dihydropyr-(e) B. 25 27930,26870,25500.
ene
Phenanthrene (e) P. 25 28800,27430,26070;
28000,26600.
1:2-Diacetoxy-1l:2-dihydro- (e) B. 25 28900,27500,26170;
chrysene 28400,26850,25400.
3:4-Discetoxy-3:4-dihydro~- (e) B. 25 28670,27350,26150.
1:2-benzanthracene .
2-Phenyl naphthglene (e) P. 256 29230,27900,26430;
28660.
34 -Benzpyrene diol di- (e) B. 25 27230,25830,24420.
acetate :
5:9:10-Trimethyl 1:2-benz- (e) B. 256 27870,26880.
anthracene: diol dlacetate ‘
20-lMethyl cholanthrene (e) B. 25 27970,26660,25300.
diol dilacetate
€ :7-Dihydro 20-methyl (a) P. 25 28370,27000,25600.
cholanthrene
1'-Methyl l:2-benzenthra- (e) B. 25 29070,27700,26500.
cene dlol diacetate _
3s4-Diacetoxy-3 4-dihydro- (e) B. 25 27070,25700,24300;
1:2:5:6-d1ibenzanthracene 26500.
5-Ethyl 7:8-dihydro 1:2- (a) P. 36 27270,25870,24470.
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Table 7.

The Fluorescence Spectra of 1l:2-Benzanthracene Derivatives:

Maxima (cm").

All measurements were made for petroleum ether solutions using

3650 A as the exciting radiation and a quartz spectrograph.

A Methyl Derivatives Source Fluorescence Naxima (cm=')
1' Methyl 1:2-benzanthracene (a) 25680 24330 22970
3 Methyl- " (a) 25670 24270 229200
4 Methyl- " - (a) 20870 24450 23030
9 Methyl- " (a) 25850 24430 23030
€ Methyl- " (a) 28750 24330
7 Methyl- i (a) 25770 24330 22930
8 Methyl- " (2) 25700 24270 22900
9 Methyl- " (a) 25400 2400¢C
1C Methyl- " (a) 25620 24230 22870
2':6 Dimethyl " v (a) 25750 24300 22950
21':7 Dimethyl " (a) 25570 24150 22770
3':6 Dimethyl " (a) 29780 24330 23000
3':7 Dimethyl " (a) 25770 24330 22930
5:6 Dimethyl " (a) 25270
6:7 Dimethyl " (a) 25800 24350 23000

9:10 Dimethyl N (a) 24670

Be Other Substituents

5 Ethyl " (a) 25890 24500 23030
5-n~Propyl " (a) 25870 24500 23030
5-iso-Propyl " (a) 25870 24470 23030
5 Phenyl " (a) 25670 24260

5 Carboxy " (a) 24930

10 Acetoxymethyl " (a) 25650 24300 22870
10 Ethoxymethyl " (a) 26700 24330 22910
10 Hydroxymethyl " (a) 25670 24300 22900

10 Cyano " (c) 25180 23830 22500
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Specimens were provided by

(a) Professor J.W. Cook,

(b) Dr. E. Clar,

(c) Dr. G.M. Badger,

(d) Miss E.M.F. Stevenson,
(e) Dr. R. Schoental,

(f) Professor J.M. Robertson.

P ¢ petroleum ether,
B : benzene,

Par : 1liquid paraffin.
25 ¢ 25837-2650 A,

56 ¢ 3650 Aj;

54 ¢ 5461 A;

58 ¢ 5770 A.

The glass spectrograph was employed when the position
of the first maximum was less than 25000 cm™' (4000 A).

" The accuracy of measurement of the peaks depended on
the sharpness of the band, but in general was approximately
+100 cm™' for the quartz spectrograph and 70 cm~ ' for the
glass one.

The maxima are grouped into sets (i.e., peaks spaced
at approximately a constant frequency interval). This
was not done in the case of pyrene owing to the complexity
of the spectrum.
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S UMMARY.

The fluorescence spectra of a number of polycyclic
aromatic hydrocarbons and their derivatives have been in-
vestigated and the results obtained, correlated with the
corresponding absorption spectrum, when the latter was known.
In general, the behaviour of the fluorescence spectrum
parallels that of the longest wave length band system of the
absorption spectrum. The shortest wave length fluorescence
>maximum for petroleum ether solution was found 1n most cases
to be shifted approximately 15 A to the red or 15 &4 to the
blue, when compared wlth the corresponding longest wave ab-
sorption maximum for alcohol or benzene solution respectively.
As a consequence of this, it was not surprising to find that
the introduction:of a nitrogen atom into a homocyclic ring
did not appreciably alter the position of the spectrum (p.31)
since the absorption spectra of homocyclic and the correspond-
ing aza-compounds, in general, occur at approximately the same
wave length. '

In a number of cases, the mirror symmetry relationship
held between fhe fluorescence band and the gofresponding region
of the absorption cu;ve but sometimes the latter consisted of
more éverlapping sets of bands than the former. The case of

1:2-benzanthracene is an example where the main maxima of:
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the fluorescence spectrum correspond to weak maxima in ab-
sorption and vice versa (p.26). This fact indicated that an
investigation of the fluorescence spectrum should be made in
cases where the absorption spectrum 1s complex, since it is
probable that the results obtained may help in the elucidation
of the latter.

In order to attempt to correlate the position of
fluorescence in the spectrum with chemical reactivity and
structure, the fluorescence spectra of a number of isomeric
tetra-, penta- and hexa-cyclic hydrocarbons were investigated.
The spectrél position of the shortest waée length absorption
band was found to be dependent (within broad limits) on the
number of quinonoid rings which could be accommodated in a
'Kekulé '™ structure for the molecule. The results were also
ihterpfeted‘in terms of the Resonance Theory and it was found
that, to a first approximation, the position of fluorescence
could be correlated with the ratio of the number of 'Dewar'™
structures to the number of 'Kekulé' structures (p.16). The
fluorescence spectra of a number of more condensed structures
(e.g., pyrene, coronene, etc.) were also recorded, but only a
few of each type of compound were avail lable. However, as far

as possible, the correlation of fluorescence and reactivity

“The meaning assigned to the terms 'Kekulé' and *Dewar'
structures in this paper is given in a footnote, p.l1l5.
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with structure was dlscussed. More data on these types of
compounds will have to be obtained before wider generalisations
(of the kind described above) can be made.

The influence of substitution on the position of the
fluorescence spectrum of l:2-benzanthracene was investigated
(pe24). The shifts obtained seemed to depend on the
»charactef’of the substituent and the position of substitutlon.
The agreement between the shifts of the fluorescence spectrum
and the longest wave absorption maximum of 9 monomethyl
derivatives was good. No theoretical interpretation of the
results was, however, possible.

Alicyclic compounds were found to exhibit spectra
simila; to those of the aromatic structures present in the
compounds (Section 4). This indicated that the study of the
fluorescence spectrum of an alicyclic compound might reveal
which of a number of possible strﬁctures is probably the
correct one. It is known that the absorption spectrum of
such a compound may give valuable information in this con-~
nection, but in view of the simplicity of the technique and
the sméll quantities of material required, fluorescence
spectrography provides a useful additional weapon to tackle

such a problem.
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APPENDTIZX

The Wave Mechanical Theory of Absorption of Electromagnetic
(60)

Radiation
. According to Wave Mechanics, when the movement of an
electron 1is restricted in space by the operation of an
electrical field, then the electron must be treated as a
wave, the amplitude of which is known as the wave function.wf-
The variation of qf in space is given by the well known
Schrddinger wave equation. Corresponding to each solution
of this equation, there is a fixed value of the total energy
of the electron. = Thus, in the case of a planetary electron
in an atom, the 'quantisation' of possible energy levels
arises as a direct consequence of this type of treatment.
The picture of electrons rotating in orbits is now
- replaced by that of stending wave surfaces with antinodes
where the electron 1s most likely to be situated. Thus if
n 1is the 'quantum number', s orbits are regarded as wave
surfaces with n spherical nodés (one of which lies at in-
finity) and p orbits as wave surfaces with one planar node

through the nucleus and (n-1) dumb-bell shaped nodes (with

one at infinity) (Fig.l4) | 2o
y) (Fig.14) N AV
On either side of each node, ve \CF:l'

\ < ;

the wave function is opposite in s
PR YA
phase and continually oscillates : [ - :3
1% ’



50,

backwards and forwards. In the case of a planar node (which
is directed in space) oscillation glves rise to a fluctuating
'dipole momentf. Such dipole moments are important in con-
nection with the absorption of electromagnetic radiation.

’If plane polarised radiation falls on, say, a hydrogen
atom, the wave function of the electron in the atom will be

set into oscillation by the electric vector (Fig.l5).

Yl
N
Wi \ -
SR 4 H O —> el
X > \\ , . : \;
~ ’_/
.- \ ',
Fl_q,fs g “;

Two conditions, however, must be satisfied before absorption
will occur. 1) The frequency of the radiation must correspond
to the difference in energy between ﬁwo orbitals.

2) A 'dipole moment of transition' must be
developed,i.e., the orbital of higher energy must possess one
}nodal plane in addition to those nodes present in the other
orbital. For maximum absorption to occur, the electric
vector must be4oriented at 90° to this new nodal plane. Thus
the ls ¢«—> 2p transition is permitted, but the ls «——>2s
transition is forbidden since the extra node in the 2p orbital
is a planar one, while the corresponding node in the 2s
orbital is spherical.

Rigorous wave mechanical treatment of molecules has only

been possible in the case of hydrogen. However, wvarious
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approximate methods of calculation hsve been used for more
complicated molecules and useful results have been obtained.
Approximate molecular orbitals are constructed by combining
atomic orbitals. Thus the combination of two s atomic
orbltals produces a o molecular orbital, while two p atomic
orbitals give rise to a 7 molecular orbital. Further
kciassificétion of these orbitals is made as follows:-

-----

o, No nodal planes (* )
T

1 Nodal plane at 90° to the chemical link (F(=
M. 1 Nodal plane containing the molecular axis ?:::g
Mg 2 Nodal planes: one containing the molecular (3%&}
Fig.16. axis and the other at 90° to it.
Thus thg transitions TG>Ty , Cus>7,  are forbidden; all
the others are 'permitted'.
}All C-C and C-H links are of the o3 type and absorb
in the far ultra-violet because of the high energy required
to excite one electron to the next highest orbital ( o in
this case). Thus in general transitions involving o electrons
lie in the far ultra-violet. In the case of ethylene, however,
only three of the bonds on each carbon atom are ofa oy
character, the extra link 1s formed by the interaction of two
p orbitals in phase, giving rise to a 7, orbital. Thus a

'double bond' may be regarded as a comblnation of 0y and a

m, orbital. It is this latter orbital which produces
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absorption at 1750 A. In this case an electron passes
from a T, to a g orbital.
In the case of benzene, in addition to the two

possible orbitals corresponding to the M, and Ty

orbitals of ethylene (1 and 6 in @ N
Fig.1l7), there are also four inter- " >
L 6.

mediate possibilities (2,3,4 and 5).
The absorption of benzene at 2600 A i&'
5.

is attributed to the passing of an

electron from orbital 2 or 3 to 4

or 5. This transition is forbidden Fq.!7.
by the above considerations but becomes permitted when
associated with the unsymmetrical vibration corresponcing
to the 1engthening and shortening

of the hexagonal atomic skeleton

along one direction, Fig.1l8.

The long wave absorption bands of Fiq.18

naphthalene and anthracene correspond to simllar transitions.
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