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(i) Li Absorption and Photo=pro

The classical eleetromagnetic theory of radiation, orig-
inally due to Clerk-Maxwell (1873), though capable of accounting
for many optical phenomena with a high degree of precision,
was inadequate in ihterpreting discrete absofption and emission
vof 1isht‘by matter. Deacriptibn of such processes later became
possible on introduction of the quantum théory by Plank (1900),
in which it was considered that energy transference occurs
only in small units or quanta (E), direectly proportional to
ihe fﬁéquenby of radiation.

E = hv ceeens (1)
The two approaches are not entirely independent, however, and
an understanding of the fundamental processes associated with
the interaction of light and matter is possible only on the
basis of their joint consideration.

The most successful treatment of atomic structure is derived
from the application of quantumemechanical principles, result-
ing in the concept of the wave-nature of the electron, and
extention of the approach to molecules is obtained by approxi=-
mating these to polymuclear systems, surrounded by the eleetrons
whose energy and distribution is to be determined. Unfortun-
ately, the method is strictly limited by the considerable
mathematical aifficulty attenaing its application to complex

structures, A pictorial representation is provided, however,
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by the 'molecular crbit2l! approach (reviewed Coulson, 1947)
applied by Bowen (1943, 1950) to explain the mechsnism of
intersction of a light-wave with a molecule.

. In this treatment, a series of wave~-patterns or ‘'orbitals?
is considered to exist round the nucleus of the atom, the
charge distribution of the electron being represented by the
square of the wave~amplitude. Permitted', or quantised
energy levels on Plank's theory then correspond to the electron
oscupylng the appropriate orbital, Since this resembles a
wave-pattern of vibrations about a point, resonance is set up
when the electron oscillation frequency co-incides with the
- eleoctric vector of the incident wave and energy transference
tckes place by increase in amplitude of electronic oscillation,
80 that the electrom is carried over to a stable excited state
(orbital transition). In such circumstances the total energy
of the wave is taken up by interaction, and the light is said
to be absorbed. Radiation of any other frequency merely
induces 'forced' electron oscillations resulting in an unstable
(non~quantised) transition which rapidly reverts to the origin-
al state. In this case, the light-wave suffers a reductiqn
in velocity but no lcss of encrgy and the process is accom~
vanied by the usual characteristies of transmitted light
(refraction, dispersion, etc.).

For absorption in the visible and ultra-violet regions of
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the spectrum, the frequency corresponds to the energy requirqd
for excitation of the outermost (valency) eleotrons, Equat-
ion (1) gives such changes as 50~100 K cal/mole, which is the
energy difference of the two molecular orbitals between which
transfer takes place, This is of the same order of magnitude
ag that required for many chemiczl reactions and accounts for
the photo-sensitivity of such processee,

Since electronic transitions in molecules are accompanied
by subsidiary vibration and rotation changes of structural
unite the absorption is spread over a range of frequencies. |
In solution this vibrational-rotational fine structure is gen-
erally masked by solute~solvent interaction, and continuous
absorption results, appearing in the extinction curve as a

'band envelope' which has the following charscteristies.

(1) The position in the spectrum, given by the
location of the head of the band. This
is the frequency of greatest probability
of transition (Frank-Condon principle)
and is characteristic of the chromophoric
group or conjugated system present.

(i1) The shape and width of the band. The former
is determined solely by the vibration-
energy ourve of the excited state, while
the latter is dependent on the relative
internuclear distances of ground and excited
levels.

(1241) The absorption intensity, determined by the
tosgillator strength', i.e. the number of
osocillating units per molecule, and pro-
portional to the integrated band area.
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The importance of (i) is shown by its dependence on the
energy of orbital transition. Although this is fundamentally
characteristic of the chromophoric system, wlcinal forces which
act in such a way as to diminish energy differences between
ground and excited levels will cause the light absorption to
be moved towards the red end of the speetrum (bathochromic
displacement), and those which cause increase in energy dif-
ferences will result in absorption shift towards the blue
{hypsochromic displacement).

The second feature further illustrates the dependence of
factors influencing the various energy states of the molecule,
e.g. substituants, but the matter does not lend itself to other
than purely empirical treatment.

Thé third characteristic is of greater importance, and
from this can be derived the mean 1life, T , of the excited
state, usually of the order of 10 sec. (Lewis and Kasha, 1945)

+ - 288, 107 V" [€dv RN §-))
where ¥ is the frequency (em. ') of the centre of the band.
Strong bands therefore correspond to small ™ wvalues and to
transitions vhich are 'permitted?!, i.,e. accompanied by a change
in dipole moment of the system. Conversely, 'forbidden'
transitions which occur only on distortion of the symmetry of
atomic levels by vicinsl forces, intense fields, etc., require

large T values and weak absorption bands result; ee.g. it has
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been suggested by Lewis and Kasha (loc. cit.) that the red band
of nitroso=-gompounds may be attributed to such a 'forbidden'
singlet — triplet transition.

The close relationship between structure and electronic
spectra is particularly well illustrated by the recent work of
Braude (1945, 1950) who has shown that for a 'permitted' tran-
gition in a given chromophore, both absorption intensity and
transition probability can be derived from simple geometrical
considerations of molecular structure.

In contrast to the detailed physical concepts by which
absorption processes may be interpreted, however, the exact
mechanism of most resultant photochemleal reactions is but
vaguely understood. Remarkably little information is avail-
able from which a clear picture of the method of change in the
activated transition state msy be formed. In general, it may
be suid that electronic excitation gives rise to a change in
amplitude of oscillation with a corresponding weakening of
bonding forces and results in a highly unstable state which may
lose the excess energy by one of the three following routes.

(1) Return of the molecule to its original stute
by the emission of one or more light quanta.
This is known as fluorescence.

(11) Collisions with neighbouring molecules giving

rise to an increase in kinetic energy,
apparent as a heat change in the system.
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(11i) Chemical reaction. This may be rupture or
rearrangement of the original molecule,
or reaction with another molecule.

When the third condition i1s satisfied, the resultant process
may be deseribed as a photochemical reaction. '

The following of such a photo=change is invariably attend-
ed by considerable difficulty because of the limitations
imposed on methods of me:nsurement by the small magnitude of |
the chemical trsnsformation. Optical methods are most suit—
able, where @pplicable, and the concentration of a particular
molecular species can often be derived spectrophotometricallyv
from a consideration of the decrease in height of a character-~
istic band in its absorption spectrum. For this purpose it
is necessary to be able to determine the property as a mole~
cular parameter. |

The intensity of sbsorption of a parallel beam of mono-
chromatiec light im an isotropic medium is related to the thick-
ness of the absorbing layer ({) and the concentration of
absorbent (o) by the Beer-Lambert law, which statea that the
fraction of incident light absorbed is proportional to the
number of absorbent molecules (n) in the light path,

I _ _~kn
hence Ie e
or log %2 = 0.4343 kno
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where Io is the intensity, of incident light, I the intensity
of transmitted light, log Io/I is termed 'extinetion' and k
is a constant known as the extinetion coeffieient. At constaont

temperature n ie proportional to ¢ (¢ in gmemols./L.), 80 that

log 32 - 0.4343 €'e £
oY 108%2163’?’ esecee (3)

where € is called the molecular extinction coeffieient, con- |
veniently used to plot the intensity of absorption against wave-
length, giving rise to the characteristic absorption spectrum,

The actusl amount of chemical change produced in such a
system depends on the relation between molecules 'photo-activated!
by absorbing a light quantum and final chemical changes ensuing.
The quantum efficiency is glven by the ratio

Y = number o ol 1 11 all
number of quanta absorbed

the importance of which was first emphasised by Einstein (1912),
Subsequently, Warburg (1924) made the pertinent observation that
equation of the ratio to unity was essentially axiomatic, and |
that divergence of observed results from this value was attribut-
able to the large number of secondary reactions invariably
attending the initisl process,

Chemical transformation resulting from absorption of
radintion is far from a simple matter. In photochemical
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reactions accompanied by a gain in free energy, the light acts
against the chemical forces of the system, the absorbed energy
is converted, portially, into chemical free energy and there
will, therefore, be a tendency for the resultonts of tlhie process
- to revert spontaneously to the recctants. = If the latier (dark)
reaction is sufficiently rapid, an equilibrium will eventually
result. Such a 'photostationary state' is attained where
illumination produces s finsl compositlion of the system vwhich
is appreclably different from that of the thermodynamic
equilibrium. As long as the photochemical conditions are not
changed, the composition will remein un:ltered, but on removal
of the light source, the system will tend to change in the
direetion of the thermal equilibrium. A theoretical treatment
of photostationary states has been made by Olson (1931).
Cochn and Stuckart (1916) have distinguished three types
of photochemical equilibrium.
(1) Only the forward reaction is light sensitive.
This is the simplest case in which equili-
brium is attained when the velocity of the
photo=process bhecomes equal to that of the
reverse dark reaction. As a corollary to
this, when the velocity of this dark reaction
is inappreciable, the photochemical process
goes practically to completion.
(i1) Both direct and reverse reactions are sensi=-
tive to light of the same wave~length. 1In
this case the reaction proceeds simaltane=-

ously in both directions at rates determined
by experimental conditions.
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(1ii) Both reactions are light-sensitive, but to

different wave-lengths. This essentially

reduces to (i) under the usual conditions

of monochromatic radiztion.
Since most photochemical processes have small temperature co-
efficients, the final equilibrium is dependent almost entirely
on the above conditions. 0f these, the first finds by far |
the greatest application in practice and many examples of re-

sulting photostationary states are to be found in the literature.
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(1) Optical Methods in Stereochemistry

Classical methods of sterecochemistry have proved inval~
uzble in the elucidation of structursl problems, but are largely
empirical in mnature. With the application of aneumeahanical
techniques, however, an undersitanding of the reloation between
atomic structure and valency configuration has been node pos-
sible. Thie moy be considered ag forming o modern theoretical
basis of sterecochemistry since it provides wn insight into the
origin of directed bonding. The subject hus been discussed
qualitatively from a molecular orbitnl standpoint by Coulson
(1947, 1952) and by Mills (1942).

It is known that the wave~uspects of the outermost elect-
rons supply the mechanism through which chemical combination
is effected, =2nd these have been shown to possess a marked
directional character in space (Pauling. 1931). The concept
of bonding by linear compounding of these atomic orbitals,
developed initially by Lennard-Jones (1929) was subsequently
applied by Slater (1931) and Pauling (loc. cit.) who showed
that the emergy of such a molecular orbital is lowest (i.e.
binding energy is greatest) when the component atomic orbitals
overlap 6ne another as much as possible.

In the case of the carbon ntom, the normal (ground) state
is one in which there are two unpaired electrons (2p*) corres-

ponding to bivalency. Preparation for the formation of a
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saturated molecule, requires promotion of an inner (28) elect-
ron to an empty (2p,) orbital necessitating an increase in |
energy of about 65 K cal/mole, and giving a total of four val-
enoy electrons (sp’ state). In order that equivalent bonds
may result, the four 'pure' orbitals must be mixed ylelding
'hybridised! orbitals, when celculation shows (van Vlieck, 1933)
that the most stable structure results when these four wave-
functions are direected symmetrically in space, forming an angle
of 109° 28* with one another. The fundamental reason for the
tetrahedrally directed valence around a carbon atom is thus
disclosed and provides the key to the problem of stereochemistry
in organic compounds.

An impertant consequence of the tetrahedral nature of
carbon lies in the potential configurational asymmetry of this
unit, long recognised as the source of optical rotatory power
in isotropic media (Pasteuxr, 1848). In contrast, however,
to the simplicity of the structural conditions leading to such
optical activity, the mechonism of the interaction of a light
wave with a molecule causing rotation of the plane of polar-
isation has resisted complete interpretation,

The first attempt to develop a theory of optiecal rotatory
power was due to Drude (1902). This was based on the class-

ical theory of dispersion and required the existence of eleotric
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charges vibrating in helicoidal paths, a view untenable on the
modern basis of molecular siructure.

A more satisfactory fornmlation is the classical coupled-
oscillator approach of Borm (1915) and Oseen (1915), extended
to a more precise form by Kuhn (1929, 1930). In the simplest
ease, the dissymmetric moleocule is considered as composed of
a2 number of non=parallel harmonic oseillating units of known
mass and charge. Resonance by interaction gives rise to coup-
ling of the vibrations and it is shown that the energy tronse-
ferred is different for the incidént right- and left-handed
eircularly polorised light, resulting in small differences of
refraction of the two and so in optical rotation.

Paralleling this theory, another similar in principle,
has been developed by Gray (1916), de Mallemann (1927) and Boys
(1934), referred to as the 'polariza¥ility theory! of optical
activity since it expressee the rotatory power of a molecule
in terms of the configuration and polarizabilities of the con-
stituent groups. By introducing = number of approximations,
Kirkwood (1937) has been successful in reducing the calculations
to a tractable form and has shown it to be successful in deter=-
mining the absolute configurations ond specific rotations of
simple molecular structures.

A more modern approach to the interpretation of optical

activity has been made on a wave~mechanical basis by Condon,



Alter and Eyring (1937). Detailed reviews are available by
Condon (1937) and by Kamzmann, Walter and Eyring (1940). It
is satisfactory to note that the close relationship between
absorption and optical activity is c¢learly recognised by this
theory, for electronic transitions must be the central feature
of any model which is tc give an adequate treatment of rotatory
power. The problem is considered ag8 a one~electron transition
within the given chromophoric group, following the procedure
successfully employed in the interpretation of absorption
spectra. Quantum mechanical calculations are based on the
theories of Rosenfeld (1928) on the electric and magnetiec mom-
ents induced in a molecule by a perturbing electromagnetic
field, the perturbations of the initial and final electronic
states by neighbouring radicals leading to alteration of these
gtates and giving transitions which are optically active, pro-
vided the sysiem as a whole has no plane or centre of symmetry.
It is in such s treatment that an adequate theory of
rotatory power, free from the defects of the artificizl oscill-
ator model must be sought. This method is capable of account-
ing for the observed order of magnitudes of optical rotations,
but a rigorous application to give strictly quantitative re-
sults is not yet possible. In general, it may be said that
the older classical theory is attended by the same limitations,

the greateast advantage of the wave=-mechanical approach being
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the new and broader concept of vicinal sction in molecular
structure effecting optical rotation.

Although Drude's 'charged particle! theory proved of
little value in providing s theoretical treatment of rotatory
power, it resulted in the first satisfactory study of rotate-
ory dispersion and led him to deduce a generzl equation which
represented o simple relationship between optical rotation
and wave~length. .

Thie proved vealid H r many substances in regions of trans-
parency, but was quite inndequnate in predieting their rotations
in the neighbourhood of optically active absorption bands,
evident from Cottont's work (1896) on the active eoloured turt-
rates. In these caces the rotation was found to reach a
paximia on one side of the band, falling through zero ut ihe
head of the band, to a2 minimum value of opposite sense on the
other side. Such anomzlous rotatory dispersion in the region
of absorption subsequently became known as the 'Cotton effect'.

The band in this region ig® usually assignable to a part-
icular chromophore linked to the asymmetrie carbon atom, and
it is a peoculiar feature of such 2 system thai Structural in-
version resulﬁs in reversal of the zssociated Cotton effect.
In this way, 2 method of assigning relative configurations to
stereolisomers differing in spacisl distribution of groups about

an active centre is possible; further, the velocity of isomeric
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transformation during a reaction is readily determinable from
the rate of inversion of the Cotton effect. .

Rotatory power, therefore, serves in the investigation
of certaln stereochemical problems but it is strictly limited
in scope. Other methods, while lacking such precision of
interpretation possess the advantage of wider fields of appli-
cation. Anmong these may be mentioned infra=red and Raman
spectroscopic techniques which have developed rapidly as methods
of determining structure, while the application of electronic
absorption spectra to questions of configuration provides an
outstanding contribution of optical methods to the development
of stereochemistry. Apart from the fact that they are indep-
endent of conditions of asymmetry, electronic spectra are a
" mach more sensitive index of differing steric configurations
than rotatory power. The existence of detectable optical
isomers with appreciable life times requires energy barriers
of about 15 X ecal/mole or more, to prevent spontaneous race-
misation by thermal excitation, whereas the smallest signifi-
cant wave-length displacements (~50A°) correspond to energy
increments of only 1 or 2 K cal/mole in the near ultra-violet
region of the spectrum.

Purely empirical use of absorption properties, e.g. for
the distinction of geometrical isomers was made as long ago

as 1910 by Hantzsch, but it is only comparatively recently
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that such correlations have been put on at lenst a qualitative
theoretical basis by Gillam (1936) and Zechmeister (1944).
More precise formulations of the relationsﬁip between the
geometry of absorbing systems and their eleetronie spectra have
been given by Mulliken (1939). ‘'Saturated' bonds do not
normally give rise to electronic absorption, but multivalent
linkages, whether in conjugated systems or chromophores, are A
eharacterised by definite bands in the spectrum. In an ideal-
ised model the unsaturation electrons are regarded as moving
in the electrical field due to the constituent atoms, Absorp~-
tion promotes electronic motion along the axis of the systen,
and wave-length and 1nten§ity are governed by the number 'n!
- of mobile electrons and by the effective path length 'L' of
the electronic oscillation. The following relationships have
been derived for small values of 'n' (Mulliken, loc. cit.)

A < JZ eand € < ¢
80 that A ie a very much less sensitive function of A than is €,
Increase of absorption intensity with increasing conjugation
is explained on this Wasis. The observed differences in A
between cis~-trans isomers must, therefore, be due to factors
other than '(', e.g. a change in the submerged vibrational
structure of the electronic band which may give rise to dis-
placements of the order of 50A° in the highest point of the
band envelope, in a direction difficult to predioct. The small
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differences in A max. between the stereoisomeric azobenzenes
and their derivatives may well be due to this effeect. In
highly eonjugated systems such ag the stilbenes (Lewis, 1937,
1940) uniplaner arrangement of double bonds and phenyl rings
providing a large number of mobile electrons and increasing
- the path length, is the most important factor in determining
}fhe various energy levels of the different forms. Steric in-
fluences give rise to the same type of effeet in saturated systems,
and a rise in potential energy of the ground state over that
‘of the excited state, in the thermodynamically less stable
isomer will result in 2 lower energy of transition for this
epimer with a corresponding bathochromic displacement of A max.
The application of electronic absorption spectroscopy to
problems of structural organic chemistry are many and the sub-
Ject has received mach atténtion in recent reviews, e.g. Braude
(1945), Klotz (1945), Zechmeister (1944), Lewis and Calvin (1939)
and others. Clearly, the method is particularly suited to
the investigation of photochemical processes resulting in mole-
eular rearrangement. When photoisomerisation occurs by virtue
of transformation at an asymmetric centre, the reaction is
accompanied by a change in rotatory power and the process may
more accurately be desoribed as 'photomutarotation'. In such
cases the elucidation of configuration differences from a study

of electronic spectra is supplemented by a consideration of



rotatory dispersion. The two conjugate methods have proved
of outstanding value in the present studies.
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(i) General Considerations

It has been reported by Mitchell, Vatson and Dunlop (1950},
that the results observed on irradistion of (-)-S-chloro-z-
nitrosocamphoane with red light are due to thebsimultanecus
occurrence of the two processzes = (1) fairly rapid mutarotation
end (2) slow photolysis. The second of these is normal for
such chloro=nitroso compounds, but the first was the intro-
duction of a new type of photochemical reaction, and was
attributed to the interconversion of the two possible stereo-

isomeric forms.,

~ This pertinent deduction has since proved to be fundamentally
ecorrect, but the simple experiments first carried out did not
permit these authors to make precise measurements of the
processes involved.

| In the present study, a photoelectric estimation of con-
centration has been developed, permitting the calculation of
8pecific rotations at time intervals during the irradintion.
These values show the true course of mutarotation, unaccompon~
ied by photolysis =g previously reported. A similar
estimation has been used by Carlin in studying the kinetics
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of rearrangement of benzidine (1951) and o~hydrazotoluene (1954)
spectrophotometrically, and it has been pointed out that a
number of fundamental requirements must be met before such o
method can be successfully employed. In the present instance,
the absorption curves of the two forms are identieal in shape
but displaced some 60A° from one amnother so that they overlap
(Graph II). The only point at which measurements may be made
is dictated by equality of molecular extinction coefficients
of the two isomeric forms, so that the value at this wave=-
length remains unchanged throughout the reaction. At shorter
wave=lengths the observed absorption will apnear to decrease,
and a2t longer wavee=lengths to increase. The experiment~l
realisation of such an isosbestic point may in itself be con-
pidered sufficient evidence for the existence of two
stereoisomers in equilibrium (Weigert, 1916), and gives the
only wave=length a2t which a photoelectric estimation of these
will be wvalid.
Specific rotations may be calculated from the usual

formmla

W = T ceeens (3)
where the concentration (¢), after a time interval is given

in terms of the extinctions at the pre~determined Wave-length
(k - log Io/1)



. The rotation, mso saleulated, is the true walue for the total
blue,; chloro-nitroso gompound present and is independent of

" agcompanying deoomposition omly if it may be assumed that the
products of photolysis have but negligible ocontributions te

the optical rotatory power of absoryption in the given region.
Irradiation jcf o sample to complete decomposition and examination
of the resultant eptical properties has shown this to be the

esin for the material being studled,

Al)} photochemical experiments in the present work have
been ocarried out on the optieal system fllustrated in Pigure 1.

cell

Lamp SrUP ‘ Ll
Meg. )

A high-pressure merocury discharge lamp aated as soures, the
light traversing the oondensing lens L , surroumded by a
eiroular stop vhich was imaged on the sellegarrier by L,. A
‘yellow Ilferd filter, inserted immediantely behind L, ensured
that only the meroury yellow doublet ( A-5770, 5790) was
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tranomitted. This is the most suitable and readily available
source of 'monechromstie’ light lying within the nitreso
absorption band since €..» lies within the range 2,5 - 8 for
all of the materials studied. ‘

In the ultra=violet photochemical experiments, irradiation
was ¢arried out direetly with a low~pressure mercury Kromayeyx
lamp, ¢eoled by oireulating water. No attempt was made to
render this souroe monochromatic beoause of the large number
of meroury lines in this regiom of the spectrum (see Bowen,
1953), but the introduction of a Chanee OX 7 filter eliminated
all visible light.

The concentration of the solutions used in these
sxperiments was determimed by the limitations of the methods
used in estimating the optieal properties. For polarimetrie
work, the concentration should be as high as possible within
the 1imit permitting visual reading, so that the observed
rotation will be correspondingly large, while for spectro~
photometrie determinations s maximum value &8s impesed by the
absorption of the material at the given wave~length. The
soncentration must then be chosen so that the tronsmission
reading falls within the scale limits of the instrument.

The optinum value was found to be of the order of 1.57 for all
the materiale studied, giving maximum readings for log Io/X
0.8 and rotations of the order of 1°, Selutions were
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contained in a sealed 1 eme Vitreosil cell with strain-free
snd pleces, and a speolal carrier enabled it to be fitted
directly into the spectrophotometer, so that both polarimetrie
‘and absorption measurements eould be made rapidly during the
gourse of irradiation, Because of the ease with which these
gompounds undergo photo~oxidation, the aleohol used as solvent
in all cases, was Traed rom dissolved exygen by previous
distillation in an atmosphere of nitrogenm.

Rotation meazgsurements were taken with a Hilger triple~
field polarimeter, reading to 0.01%, and with a constant
half-shadow angle of 5°, A 12~y projection lamp served as
source, the light deing rendered monochromatie by transmission
through a Vinkel=Zeiss monochromstor.

Absorption measurements were made with a Unieam 5.P, 500
spesotrophotometer using slit-widths of 0,04 mm, Sinece the
spectral distridution im the red regiom is given as 43-«/mm,
of slit width, asouraecy is obtained to 1.7~ , and readings
Ay scoordingly be quoted to the minimum seale calibration
‘3 . heve)



The struoture of Z~ehloro-2«nitrosoeamphane requires that
any chemical reagtion giving rise to this material shall yield
s product eonsisting of a mixture of the possible isomers,
when the squilibrium atteined will depen& on the sum of all
sterco=-directing influences, both structural and environmental,
operative in the reaocting state. The first of these has been
fully illustrated by the study of a number of chloro-mitroso
derivatives obtained by systematie substitution of the (0-
position ¥y a series of chromophoric groups of wvarying sterie
size and influence (Veitoh, 1953), while the second has been
investigated by the preparation of the material under various
ghemioal conditions (Watson, 1950) which may be briefly
sumsarised.

Mitehell, et al. (1950) have shown that production of
Z2eghlorom2-nitrosocamshane By the usual method (Mitehell and
Dawson, 1944) ~ ehlorimation of d ~ gampher oxime in dry ether,
gave a mateyial with optieal rotations whioh varied in
different preporstions, By using the oxiaze hyydrochloride
instend of the oxime, a produst with greatly enhanced optieal
properties was obtained. A similax diveotiomsl influence of
hydrogen chloride in the interconversien of isomeric oximes
has beenm reported by Taylor and Roberts (1933), and is
attributed by them to & deersase in the torvsional rigidity of
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the carbon-nitrogen double bomd by the electric fields of the
fon~pair, so that sterecisomeric change takes place under
sonditions vhere the less stable form would normally exist in
the absence of a ocatalysts It 18 conceivable that & similar
influence is exerted by the aoid in the above preparation, so
that one of the isomeric forms is preferentially produced,
Buoch treatment ylelds s product showing a Cottom effeot with
M) max,> t700% € gax, = 13.8. Howsver, this is not a
stereocchemionl individual since treatment on aotivated alumina
vaises the rotation further. Although chromatography on a
mnbw of adsorbents is successful in effecting chemioal
purification, only speeial alumina (Light and Co.) appears to
have this remaykable effeat of greatly increasing the optical
rotation.

In a typical aase, a specimen of the blue material with
the above properties was dissolved in the minimmum volume of
iight petroleun and passed down & eolumn (30 em. x 1 om.,) of
alumina which had been acid~wachwd till neutral as desoribed
by Prins and Shoppee (1946), then activated at 300° for 4 hw,
Elution of the blue band with the same solvent yielded a
product having [A] oy, = +808% € o0 - 15,7. Repetition
of this treatment raised (L] .. to +964° while € o, remained
unaltered, illustrating that this is not merely a purifieation
but involves a change in the relative proportion of the twe
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stereoisomers.

It was inttially suggested by Hope and Mitehell (1083)
that such a proocess is the result of isomerisation to the form
of lowey fyee energy (higher votation) duving adscrption on
this polar phase. Howevew,; it seems more likely that the
gonfiguration differences influence the relative adsorption
affinitien of the exlsting isomers, with partial separation of
the blue dands during development of the chromatogram, and
preferential destruction (oxidation) of the more strongly
adsorbed form which has the lewer rotatiom. Such differences
in adsorbabilities sre well established for a large number of
simple pairs of the closely related type of ois~trans isomers,
®«gs maleis - fumarie aeid (Freundliich snd Schikory, 1926) and
mesaqonic ~ oitragonis seld (Behilow and Nekwassow, 1927), the
stilbenes (Zechmeister and MeNeely, 1942) and the isomerie
asobensenes (Oook and Jones, 1939), This sontention is further
supported by the following faosta.

(1) A mumber of such treatmenis are necessary before
the maximum value of rotation oan be attained,
~ and the overall yield is always low, < 80%, so
that extensive decomposition accompanies the
optical purification.

(11) Pragtionation ef the sluent in a typieal instance
yielded materials with the following rotationsse-

Fraotion 1, [\] oy, - +89S0
FPrastion 8, (LI pgay, -=t739°
Fraetion 3, (4] max, - +6819
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vwhile € ygx, remained constant at 13.7
{illustrating eomplete chemical purity in
sach caso,

The second of these, in itself, renders untensble the originsl
theory vhioh would require the later frastions to give products
of higher optiecal rotation.

The purest materiasl whioh csn ocomsistently Ve produced by
the ahon'mthoda has the fauawzlng propertiest~

(4] maxg, = + 9649 &t A - 6O0OA®
€ max, - 138 at A\ - 6600A0
MePe 145 « 1460 (&)

Bines these cammet be induced to undergo further change, it
must De concluded that complete separation of one isomeric form
khas been attained. This (=)=2«¢hloree2«nitrosceamphane serves
a3 starting material for the phetochenmiosl work later described.

The yotatory dispersion is resorded im Table 1, Graph I(i).
It will be seen that a typieal Cotton effeet is obtained with
4the following characteristies

(] g, = + 9649 at 6000A° Reversal 6700A° (4] 4p «~964° at TLO00A®

the indentation at the positive maximum oviginating from a seeond
tomponent, obvious as a 'shoulder' on the shsorption band in

the same spectral region. The remarkably high value of maximum
rotation for this compound has greatly faeilitated the



Botatoxy Dispersion of (=)e2~Chlorow2enitrosecumphsne

e - 0,2807 Solvent 3 slechol (oxygen free)

L= 3 am. £ - 180
10" A(A) L’ (L]° [ o AA) L° [£]°

BOO | 132 | +47L | 630 | 12,656 | +946
B20 | +1led4d | +BL4 | 640 | +2,60 | +929
B4O | *1.60 |+57L | 650 | +2,15 | +768
B50 “| +1.80 | +643 | 660 | +0,95 | +339
B6O | +1.92 | 686 | 670 0 0
B0 | +2.16 |+77L | 680 | -1.75 | - 625
B8O | +2.,45 | +878 | €90 | -3,28 | -804
B0 | +2.65 |+946 | 700 | -2,56 | - 911
600 | +2.70 |+964 | 720 | -3.658 | -946
€10 | +3.65 | +946 | 720 | -2,45 | - 876
620 | +2.,60 | +929




GRAPH 1
RohlFory DiSp€rsio-ai of
fa.) CMptp - Z* Tiihyosocawp kgTte
f) (+)-2~Cklorg>~ Z~ *iKgSOcCTnpksL-gie
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IABLE 2

Absorption Speetrum of (=)=-2=~Chlore-2-nitrosesamphane

e - 1,400% Solvent s aleohol (oxygen fres)

= 0406944 L= 10 mm,

0AR)| foy € 1AM Tep = €
740 «068 0,98 530 «065 0,95
730 0103 1.48 510 0034 0,49
720 159 229 490 +017 0.24
710 235 e 39 470 «005 0,07
700 e 352 507 450 +005 007
690 «520 749 430 «008 0607
680 o730 10,52 410 007 0.10
670 «875 12,61 390 <007 0,10
660 0955 13,76 370 «008 0,11

650 ¢ 900 12,97 360 o013 0,21
640 797 11.48 330 033 0,47

630 «685 9.87 320 «053 074
620 «592 8653 310 «085 1.22
610 512 738 305 130 1.87
600 o434 6025 300 «189 2,27
590 337 4,86 295 + 300 4.32
880 « 267 3470 290 430 6620
570 204 2.94 285 «711 | 10,22
560 o165 2,38

550 127 1.38




ooof! p< 00x( o7 A ooq 4 000 f 001 008 009 0090 0001
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polarimetrie estimation of the photochemical prosess,

The absorption spectrum is given in Teble 2, Graph II(a),
where two selective regions are appsrent; a weak band in the
visible vhich is charsoteristie of all monemeris nitroso
sompounds and gives rise to their nowrmal blue oolour, and
snother in the ultra~violet due to halegens It is worthy of
note that reviews of the literature have erronecusly reaorded
s Yand in this latter region with € gep, =100 at A= 3000A°
a8 a chayasteristic of the nitroso chromopheve (Braude, 1945s,
Gi1lem snd Stern, 1954). Referemoe to the origimal vork of
" 3aly sand Deseh (1908) om texrt-nitvosoisepropylasetons, however,
shows that these suthors appreciated this wos due to a u;
molecular form of the materisl, snd they obssrved a progressive
deorease in the strength of this band with eorresponding
_increase in intensity of the blue colour, under somditions of
depolymerisation.

The sffest of Jight lying within the visible snd ultrae
wiolet rvegisons of absowption of (=}e3«chlercegenttrosoczmphane
is separately comsidered in the folleving Beetious,.
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Irrvadintion of a solution of (=)~2w-chlore-2-nitrosocamphane
.sn oxygen~Tree alcohol was garried out mcoording to the
sxperimental precedure desoribed in Section (1), Table 3
gontains the relevant optical data after a2 mumber of timee
intervals to completion of the reastion.

Inspection of the results shows that the process is
sccompanied by n change in rotation from (Lln: = t947° t0 [Jws -
#290°, However, a corresponding €sll in the absorption from
€5 = 13480 t0 €orc™ 7479 cours in the same time, so that
sxtensive photolysis asecompanies the primary proeess which
glves rise to a produet of negative rotatory power at this wavee
length. ,

Appliostien of the photoeleotric estimation of concentration
previously desevibed has preoved invaluable in permitting
dotermination of specifio rotations at ench time~interval, and
~ the true course of the renotion is indicated by these. Such
estimations have been carried out at A = 6628A%, a waveelength
vhich haz been dictated from considerations set out later in
this Seotion

The ealoulated specific rotation falls from (L],  +947,



Irradiation of (=)~2-Chloro-2-nitresocamphane
with
Mercury Yellow Light ( A: 5770, 57904°)

6 - 1.206% Solvent 3 aleohol (oxygen free)
> 040598M AL = 10 mm, (sealed eell)
Absorption Measurements at A - 6625A°
Rotation lMeasurements at A - 6025A9
T L A1, | M| IgE | € Loy €
o) t1leld + 947 + 947 «825 13,80 1,140
025 1+ Q.94 + 979 + 804 « 300 13,38 1,127
0480 + 0675 + 622 + 652 +785 13,13 1,118
1.00 + 042 + 349 + 374 o770 12,87 1.110
200 + 0402 + 17 +18 760 12,71 1.104
3.00 - 0021 - 175 - 192 .753 12.5? 10099
4000 - 0.3‘? - 307 - 341 .743 12.40 1.093
6,00 - 0049 - 406 -~ 455 + 735 12,30 1,090
15,00 ~ Q.45 - 374 - 508 « 5608 10,17 1.00%
20000 - 0041 - 540 - 510 .550 9.20 0.964
2700 ~0a35 - 290 - 513 +466 7.79 0,892
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i dly of first, nd them mowve slowly, 40 o limiting walue of
(0,5 = wB0B® which resicts further change on somtinucd
irradiation, although the corvresponding absorption wolues tend
%o serc., FProm thece wesults it may be conoclusively asserted
et mtarotation does, in faet, ccour, and evidence is
presented later (p !5} im support of the contemtion that the
finnl wolue is that of a stereschenisully uniform materind
sesulting from the recetion and not thot of an equilibrium
mixture vhich would be derived from a photostotiomuyy stote.
The gradund inversion of the Cotton effect during
drradiation hus alrendy been desorided cualitatively (Mdtchell
ot al., 1950). 3y esploying the method deweloped in the
presant worie, it heos bDeen poscidle to determine the form of the
wetatory dlspersion ourve of the irrcdicted materisl preeisely,
For this purpose, the solution resulting from the previous
sxperiment was uced. This hae the properties resordsd in the
finel volues of Table 3, so that the concemtration is given by

Por convenionce of polarimetric veadings, the solution was
tronsferred to o 0,5 du. oell, The votatory dispersion ie
reoorded 4in Toble 4 and 1llustr:ted in Graph I, showing a
Cotton effeot with the following churacteristies



Rotatory Dispersion of 2-Chloro-2-nitrovocamphane
after Irradiation with
Meareury Yellow Light ( A - 5770, 5790A%)

(oaloulated)
e = 0,681% Solvent : alcohol (oxygen free)
L = 0,5 dme t - 18° |
LR GY [L1° | 10 Al) L L]

500 - 0,89 - 261 640 ~le40 ~412
820 " 0498 —- 287 650 ~le22 - 358
540 “lel4d - 338 660 -1400 ~ 295
550 - 123 - 361 670 ~ 045 13
560 ~1e33 - 392 680 +0e25 + T4
570 | -1.45 | ~426 | 690 | +0,76 | +224
580 - 1054 ~ 452 700 +1.11 + 327
590 ~1e62 - 47 710 +1e34 + 395

300 | ~1.68 | -494 | 720 | +1.45 | +426
610 | ~1.72 | ~506 | 730 | +1.39 | +409
620 | -1.64 | -483 | 740 | +1.28 | +3718

630 ~1l.54 T 452




wil~
[ ez, © *508° at 6060A% Reversal 6760A° (4] g1n. = +430° at 71604°

This is an inverted form of the original with smaller maxima
values and showing a displacement of some 60A° to longer waves
lengths, evident from the points of reversal of the curves, '
This shift is of import:nee vhen oconsidered with the asecompanye
ing changes in abserptiom, which will nowv be discussed.

The material resulting from the irradiation shows an
absorption spsetrum which is recorded in Table B and plotted in
Oraph I1(d), the ealculated values of molecular extinotion
soefficient being based on the finasl concentration already
darived for the rotatoryy dispersien., This gives an absoryption
surve of sxactly the same form as the original, but displased
some 60A° to longer waveslengths with remarkable regularity in
both the visible and ultra~vielet regions,

A more detalled investigation of the intermediate stages
of the reaction has shown that the absorption speetra, deter-
sined at various time~intervals, show a gradual displacement
from the originmal to the final as the reaction proeeeds, in the
same way as for the rotatory dispersiom. Suoch a series of
eurves is found to pass through a common peint of € - 13,8, \-
6628A° glving rise to the isosbestiec »equired for the photo~
sleotric estimation of comoentration and deteraining the only
wave~length suitable for this.

¥rom these changes observed during irradiation, a number



Absorption Speetra of 2-Chloro-2-nitrosocamphane

¢ : 1.206% (calce.

IABLE 5

after Irradiation with
Mercury Yellow Light ( A= 5770, 5790A°)
(observed and calculated)

0.681%) Solvent s aleohol (oxygen free)

: 0,0598M(0alo. 0.0337M) £ = 10 mm,
~1 0 L - Io

ro' Al ’DJ T €(°l’5') E(‘“(C‘) o™ A ’oj T 6(0175-) é(cdc.)
740 «060 1,00 1,78 530 023 0.38 0.69
730 «086 1l.44 2,56 510 <014 0.23 0,40
720 117 1,95 3.48 490 005 0,08 0.14
710 «159 2465 4,73 470 002 0.03 0,07
Y00 213 3.56 6632 450 «002 0,03 0,07
€90 «295 4,93 8.77 430 0002 0,03 0,07
680 «399 6467 11,82 410 .002 06,03 0,07
670 0453 757 13,42 390 0002 0,03 0,07
660 o454 759 13,54 370 «004 0407 0.12
650 «403 6.73 11,96 350 <017 0.28 0,32
640 338 5465 10,03 330 <020 0e33 0,60
630 «289 4,83 8659 320 «030 0450 0690
620 «256 4,28 7459 310 0053 0.89 1.60
610 224 374 6465 305 +085 1,43 2453
600 «186 3.11 5653 300 119 1,98 3.54
590 «139 232 4,13 295 186 3.11 5452
580 «105 1,75 3.12 290 303 5407 9,02
570 «083 1.39 2446 285 0419 7.00 12,46
560 <067 1.12 1,98

550 «051 0.85 1,50
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of oconclusions can be dmwn concerning the relationship between
_%he materials existing before and after the reactionm.
(1) Nomeidentity of the rotatory dispersion and
absorption curves show that these are not
one and the same compound,
(41) The remarksble similarity of absorption speatra
negensitates ¢losely related struetures, and
both show the seleative absorption charaster-
istic of monomerie nitroso gompounds.
(¢41) Inversion of the Cotton effect requires inmvers-
ion of the asymmetyic ocentre giving rise %o
the optiesl aoctivity in this speotral region,
i.¢. inversion of the NO ~ C1 ¢entre, C.,.
(4v) Analysis of the fimal material proves it to be
igomeries with the oviginal (Seection (iv)).
Buoh consideratieons permit of but ome interpretation of this
¥enctions photomutavotation of (-)~2«ghlero«2enitresecamphane,

which may be represented

7 NO T L NO
ED/ cl he ci
_— s

(=)w2nehlove-2w (+)nonchloree2e
nitrosocamphane nitroscoamphane

The configurations have been derived from further ‘gonsiderations
and are diseussed at the conclusion of the following Secetion.
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It is interesting to note that when 2-ghloro~2-nitroso-

‘ _esmphane, prepared from (X) camphor was exposed to light, no
ebservable rotation developed at any stage in the reagtion,

Wut the absorption curve of the final material was found to be
displaced 5O ~ 60A% to lomger wavcnlwh:, showing that both
ensntiomorphic forms had mitarotated, dut in opposite divections
and ot axactly the same rate. |



The preceeding work hes shown that abserption of light in
the region of the visible band gives rise to a pheto-exoited
state vhioh undergoes spontzaneous rearrangement by inversion
of the ohlorine and nitroso groups on C,, Since such energy
transference is directed to excitation of the nitrose group,
it seemed likely that a similar effect might be obtained by
sbsorption through the other funetional group, i.e. ahlorine,
vhich gives rise to the ultra~vielet region shown in Graph II,
The meroury arc emits o mumber of strong lines at - 2970,
2650 snd 2480A°, well within the required speotrsl region.

In the following work those of longer wave~lengths have bHeen
sarefully filtered out, so that the results may be unambiguously
sttriduted to absorption through the required ohromophore.

The experimental procedure has been deseribed (p ).

As a preliminary test of this hypothesis, it was decided
t0 use the displacement of absorption as a diagnostioc test for
stereomutation. The sxperiment was contimued until spectro-
rhotometric measurement showed that about 507 decomposition had
taken places. The spectrum wos redetermined at this ttm, and
with the aid of the usual estimation of concemtration, the true
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absorption was ealeulated (Table 6). This is compared with
the original in Graph III (1)(a snd b), where it is evident
thot tiu ghift characteristie of phetommtarotation has again
taken place.

The displacement after this arbitrary time of 100 min. is
about 30A%, in comparison with the full value of 60A® previously
observed, so that the rearrangemsnt is only about half eomplete
under these conditions. This is in agreement with evidence
supplied from rotation data, the value of [Llcos - +310° attained
heve, lying approximately mideway between the original of [LJcos
-+9497 and the final limiting value of [+J.n: - =508° (Table 3),

Having shown qualitatively that photommtarotation oecurs
under the influence of ultrarviolet light, it became desiradle
40 inveatigate the process in greater detail by the usual
polarimetric and spestrophotometric methods., The appropriate
optionl data for a smmmber of times during a typlical frradiation
are set out im Table 7. Termimation of the reaction was
necensitated after 210 min. vhen 757 of the material had under~
gome photolysis so that further absoryption readings became too
small to permit agourate messurement. During this peried, the
ealoulated specific rotations fall from (L1, =+983° ¢e (...,
=+2%89; but do mot attain a constant value as in the irradiation
with 14ght in the visible region. Comparison of the time
required for this fall in rotation with the ocorrvesponding values
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TABLE _6

Absorption Spectrum of 2-Chloro=-2-nitrosecamphane
after Irradiation with
Ultra~violet Light

1.564% (cale.: 0,740%) Solvent : aleohol (oxygen free)

0,0775M(0alce - 0,0366M) AL =: 10 mm,
Initial Fnal
To Lo

10" AN) ey T € log -% € € (cule.)
750 «045 0659 «029 037 079
730 109 1,40 « 065 0.84 1,78
710 2252 325 ol4l 1.81 385
700 ¢ 376 4,85 «1.98 2655 H5e4l
690 0563 726 2290 3674 7693
680 «800 10,32 400 5616 10,93
670 « 260 12,38 «475 6,13 13,00

660 1.060 13,67 497 6.4l 13,59
650 1,010 13.03 470 64,06 12.84

640 «890 11.48 «408 5.26 11.15
630 775 10.00 ¢ 350 4,51 9457
620 660 8,58 310 3497 8640
610 573 7439 272 3e51 7.43
600 0487 6428 227 2,92 6.21
590 374 4.82 «185 2039 5,06
580 «290 3e74 133 1.72 363
570 223 2.87 »108 1,36 2.90
560 «190 2445 «086 1.11 235
550 o145 1.87 068 0.88 1,86

540 «104 1.34 «048 0.62 1,31
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Irradiation of (=)=2«Chloro-2-nitresecamphs
with
Ultra~violet Light

e - 1.8887 Solvent 3 aleochol (oxygen free)
= 0.0936M : £ : 10 mm, (sealed eell)

Absorption measurements at A - 6625A°

Rotation measurements at A : 6025A°

Time A ] 0 | [ | 1oy = € loy €

((M('\\ )

0 + 1,80 +953 +9563 1.27 13655 1,132
B +1.68 + 889 926 l.22 13,03 1,115
15 +1le51 + 800 + 876 1.16 12,40 1,093
30 +1e28 + 662 + 801 1.06 11.10 1.045
45 +1404 + 551 +736 0695 10,21 1,009

60 + 085 + 450 + 668 0.86 9.18 04963
90 + 056 +298 + 531 0671 758 0,880
138 10433 +175 +411 0,54 5.77 0.761
180 10.17 +90 +286 0.40 4,28 0,631

210 +Oell + 50 +231 0,32 Sed2 0e534
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during the iyradiation with mereury yellow light (Table 3), shows
that the rate of photomatarotation has been almost halved in the
present case, vhile the fall in absorptiom values indicates an
inerenss, by a factor of about twenty, in the rate of photolysis,
Agcordingly, it is eonceivable that under these conditions, total
yearrangement is never attained before complete destruetion of
the materials The fallure of the specific rotation to reazch a
sanstant figure is attributed to this. The partioular value
veached has no preolse significance and is not characteristic of
the wave-length of radiation.

Te aonfirm this, it would be necoessary to start with material
which had already undergone extensive rearrangement and subsequent
purifieation. Exposure of such an isomerie mi.xtt\nro to 14ght
would obviously permit stereoisomerisation to proseed further
bafore complete decompesition. TFortunately, the required
material may be obtaimed without the laborisus processes of
frradiation and purification since this is essentially the preduet
resulting from incomplete transformation by light in the visible
vegion., Acoordingly, a solution of (»)~2-ghlovoe2e~nitroso~
samphane was sxposed to the mercury are, on the usual optieal
system, until [J..; hod fallen from +947° to a ealoulated value
of +484% (€ .- 11.,76). This solution was then cubmitted to
uitmvioht radiation, and the specific rotations caloulated
at various time-intervals, The results are set out in Table 8



IABLE 8

Irvadiantion of (¥)=2~Chlore-2-nitrososamphane

¢ - 2.655%
0ol 3LEH

vith
Ultra~violet Light

Solvent : aleohol (oxygen free)
£ 10 mm. (sealed cell)

Absorption Measurements at A - 6625A°

Rotation Measurements at A - 6025A°
o ° P Lo

T(;;j ) & [ | [A]iae | Vog F €
6] + 1,09 + 410 +484 1,556 11,76
30 +0.,78 + 294 * 400 1,33 10,10
60 + Qe59 +222 t 349 1,16 8480
90 10,43 +162 + 300 0,98 Te4d
1230 + Qe 30 +113 + 242 0485 6046
150 + 0619 +72 +176 0,74 5462
180 + 0009 + 34 + 95 0064 4. 87
210 + 0603 +11 +37 0,55 4,18
240 ~0s01 -4 - 1l4 0.48 3665
270 - 0,06 -23 -100 O.41 3612
300 -0,08 —30 ~-157 Oe35 2,70
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showing that the rotation continues to deecrease further from
(Weozs =+ p3a® previously observed, to a negative value of -15?0.
at vhich time photolysis has again become so extensive =g to
prevent further messurements,

It may, therefore, be concluded thet the reaction follows
the same oourse under the influence of both visible and ultrae
violet light, the only faotor preventing attainmemt of complete
sScreoisomerisation in the latter case, being the relative rates
of photomutarotation and photolysis.

Having shown that (=)~2=ohloro~2-nitrosecamphane isomerises .
under the influence of light, it remained to assign configurations
40 the isomeric forms., The compounds of estadlished structure
mat closely related to them are bormyl and isobornyl ohlorides,
vimoe absorption curves show a close analogy to the materials
under investigation. Surprisingly these spectra are not availe
able in the literature, and 80 have been determined here, For
the present work, the compounds were required in a high state of
purity. Bornyl chleride was obtainable from eommercial 'pinems
hydrochloride® while isobornyl chloride was prepared by
rearrangement of camphene hydrochloride, under eoarefully con~
trolled conditions aecording to Meermein and van Emster (1922).
The sbsorption spestra were examined as far as the lower limit
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of the instrument, n-hexane being used as solvent to preclude
the possibility of differences arising from dissociation. The
data are recorded in Table 9 and illustrated in Graph III (41)
where it is seen that & olose parallelism exiets between the
spectra of these two materials and those of the isomers under
fnvestigation (Graph II). Accordingly, it is suggested that
$he following pairs have similar configurations.

: NO : H : .- NO : -~ H
@(...u ED{“U @\ i ED\ cl

(»)=2~chloyoe2 Bormyl  (+)=2=chloro=2~ isoBornyl
_Bitrosogsmphane ghloride  nitroseocamphane chloxide

ndo L

It may be pointed out that this is only a comparison and
Bot a rigorous treatment, since a bathochromio displacement of
ubsorption indicstes omly a lower eénergy of eleetronie transition,
fses o smaller difference between the ground and excited levels,

ig. 2
Exci Fed o K
Levels I - I
{ Bathochvomtc 1( i BA"'\OCE\"'U"‘“‘; S w—
—_— —_—
{ ShiFF | ' ShiFF !
Ground | evel ! ‘ ! ‘
[ — - i
Bormy | iso Bormy | (=)-2-Chlovo-2- t#)-L~Chloro -2~ .
chloride chlovide ﬂ“l}r();omm.,y hane ,n',}u,aspca-u.ph ane

Energies of Transition



JABLE 9

‘Absorption Spectra
of
Bornyl and isoBornyl Chlorides

@ - 0.723% = 0,0419M | © - 0.803%7 - 0,0464M
Solvent § n~hexane Solvent : n~hexane
L = 10 mm, 2 = 10 nm,
AW 1oy F € Al L€
250 | .020 0048 | 250 | .033 0471
245 | .021 0.50 | 245 | ,033 0.71

240 «028 0,67 240 «039 0.84
236 036 0.86 235 #0850 1,08

230 «044 1,00 230 «066 l.43
225 «050 1.20 225 «085 1.83
223 #0563 1.27 223 »093 2,00
221 «058 1.38 221 «108 232
219 «067 1.60 219 o134 2,88
217 « 087 2,08 217 o174 3674
215 125 2,98 215 251 5040
213 0217 5618 213 376 8,10
212 « 280 6469 212 490 10,55

211 | o380 | 9487 |.211 | o590 | 12470
210 | o460 | 10.98
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Howeversy sima the trans~chlore coupeound (boruyl chloride) in
ons paly of etereciszomers has the higher energy of transition,
4% iv reasonzble to suppese that this will also be the case in
the other pair of similarly substituted cumphane strustures,

It 1o eatisfactory to note that confirmatory evidence is
supplied from o study of the relzted 3»halogeno~gzmphors as
recently reported by Cookson (1954).

Compound N s (2% Endo — Exo Shift
3+~ - ohloroeamphoy 3080 20A°
35 = dhlorogamphoy 3060 Bathochromie
3L « Dromucamphor 00 20A°
3f = bromossmphor 2020 Bathoahromde

Heve again, the more stable trans=halogeno isomers absorh at
shorter wvaveslengthe, i.¢: have higher energies of tyvansitionm,

In view of such sonformity in the sertes, the original comparison
way be sousidered valid. |
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{4v) (+)=2=Chloro=2~

To cemplete the evidence for the structural changes
postulated during the photomitarotation of (=)-2-chloro=2=-
nitrosocamphane, it remained only to isolate the second isomeric
form of the compound and compare its properties with those of
the material derived from the irrndiation.

Two separate approaches to this problem were available,

() Isolation of the required isomer by chemical

or physical methods from the stereoisomeric

mixture.

(11) Complete photochemical rearrangement to the

less stable form, with subsequent purificat=-

ion from the products of photolysis.
For the first of these n extention of the theory of the stereo-
directing influence of hydrogen chloride in the prepar-stion wos
¢alled for. This has been mentioned in Section (ii). It
was argued that if the reaction could be carried out under
sonditions in which the free hydrochloric acid would be removed
as quickiy as it wag produced, the rocsulting material should
show an inerease in the proportion of the less stoble form,
Acecordingly, chlorination of the oxime in pyridine was attewpted
at low temperature ond yielded a product with (I . 2+250°, in
confirmation of the above considerations. Repeated preparations,

under a variety of conditions, however, did not appreciably
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decrenss the specific rotation further from this intermediate
valne, 8o that the required sterecchemioanl individual esmmot A
be obtained by this procedurs. Although the method is unsuite
sble for the present werk, it is worthy of note that the
sqailibrium sttained requires approximately squimolecular zmounts
of the twe forms,

It has already bewn pointed out that chromatography on
alunina is effective for the required purpese, but that almest
somplete destruotion of the more strongly sdsorbed isomer occurs
before separation is finally achieved (p20) while the high
solubility in 21l ovganie solvents precludes the possidility of
separation bWy m¢Ma erystallisation, It was oonsidered
that differemces in physical preperties were more likely to
yield successful results and fragtional sublimation under high
vasuum was attempted Bdut this too, failed to schieve separation
of the stersoisomers. The first appreach was asbandoned in
Yiew of sush negative results, and attention turned to the
Yemaining method, |

Initially this proved equally unsuccessful sinees continued
irradiation of aleoholic solutions of the sempound resulted in
such extensive photolyeis that an intrastable gum invariably
resulted on vemoval of the selvent. It was found that photo-
mtavotation ocours equally well when a thin film ef the solid
is exposed to s strong light souree and this has formed the
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Yasis of the folleowing methed. |

A oylindrical 200 mi. oell containing 0.25 gme (»)=2wchloro~
Senitrossoamghone wos pla.ded vertieslly on one end and evasuated
40 0.1 mas  The bettom surfoge was eyt at 30+40°C on a warm
plate and the upper end cooled to =180° by contaet with a brass
vessel contoining liquid air. The material sublimed on the
#old upper surfage in the course of 30 whn., forming a thin
uniform film, The end of the eell was then irradiated with
JMght from o oaybon are, the sondensing Yeam first passing
through a eirculating water filter and an infra-ved filter (Chanoce
0¥ 20)s Exposure was sontimied for 30 min,, during whieh time
the ¢ell wus veverssd freguently., Thereafter, the vacuum was
Yeleasad and the solution of the material in light petroleum
ehromatographed on sugor eharaonl (25 x 1 om.). . The product
Mol (L], = »438% € - 18,7 (for A- 6680A°%); m.p. 140-141° (4).
™his mm was repeated several times und the produets were
soubined snd used os etarting material for the sesond stage which
soneinted of irvediation and purifieation es befove. This gave
& produst vith the follewing properties.

[4] g, - ~008° &t - 6060A°
€ m’l&“ at - 6680A°
Meps  140-240° (4)

Contimued proceseing by these methods 4id not ohange the rotation
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further, S0 that 1t muet be concluded that complete aepa?atien
of the Tequired stereoisomeric (+)=2w-chlore~2enitroscoamphane
has beem atitained. Anzlysis has confirmed that this product
‘s isomeris with the starting material,

Founds C, 59.8; H, 7.6 N, 8.7%
C,H ONCL requirves O, 59,73 H, 7.9; N, 6.9%

Sater; a modifieation of the above teodlmique was developed which
fasilitated preparation of the material in larger quantities.
This consisted of irradiating a strong solution of (+)«-2=ghlorow
S-nitroscocaphone in light petroleum in the beam of the oarbon
src as Befors. The solvent wvas permitted to reflux under
nitrogen to minimise photowoxidation and the temperature of the
fenction was limited by the low boiling point. This method
had the outstanding advantage that the transformation could be
followed by removing s sample of'soluﬂon at various timew
intervals, diluting and determining the coneentration speatro~
photometrigally., The speeific rotation was then caloulated
from the observed result, and gompletion of the reaction
indicated by attainment of the limiting wvalue of this property,
Purification of the resulting solution, after coneentration,
was oarried out by chrometography on sugar charcoal as before when
the resulting material had the properties deseribed adove.

The rotatory dispersion and absorption spestrum of
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(+)»2~ahloros2-nitrosogamphzne were determinmed and found to be
fdentiond im all respeocts with the wesults ealoulated for the
tinal produets of irradiation of the (~) fsemer by mervoury |
yellow light and reeorded in Table 4 ~» Graph I(d) and Table 5 -
Graph I1(B) respectively, mc that they need not be repsated here.

In comolusion, it may be asserted that the photomutaretation
of {»)e2=shloro-2enitrosecamphane by light lying within the
spestrsl vegions of selective absorption, has beem established
a8 oseurring by conversion of this material to the sterecisemerio
{+)ugegiloros2epl trosoeanplione, Wich differs from the owiginsl,
only in configuystion of the aiymmetriec sentve C.. |
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(v) Elastie Studies

 Although a thorough kinetis study of the phetochendoal :
resstions cosurring on srradiation of | {=)~2wohloronsenitrono~
qumphane ie clearly neeessayy to an mmmm of thess |
gomponent 'wmau, m¢ has Been made possidle only with the
MM of thu polarimetric and speetrephotometric methods
derived in the preceding Sections, In this way an under~
standing of the relative importance of tiu prim.ry and secondary
processes has been obtained and thelir velocities determined,
Gomparisen of the work in the visible and ultraevielet regions
hes shown thot the course of the oversll resstion is dAvestly
dopendent on the relationship between ‘ﬁuw wu 2utes,

Twe sets of faotors infiuence the veloddity of a paste~
shexioal reastion.

{1) These conasmmed with the vadiation, e.g. the
wave=longth and distribution of intenaiiy
af the radiztion penetynoting into the
reaction nixture, the area flluminated and
the gature of the optical poth,

(14) The vem:ining variable Pactors vhioh exert an
influence in the same way as in thermal re~
sutionn, v«Ge toupornture, Hressure, con~
ontration of reagtant, catalysts sad solvent,
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It is the purpose of the present work to offer comparative
wather than absolute values of the resction velooities and
pinee all experiments were carrisd out under oliroumstances in
which the abeve conditions were fdentical {except the difference
in radiation for the two speetral regloms coneerned) somparison
#f the vesulis may reasonably be made,.

Bimple kinetioc behaviour huas been observed in a surprising-
iy large mamber of photochemical reactions, i.e. direet
proportionality between absorbed emergy and remotion velocity.
Kinetie egquations have been derived for such behaviour by
Vegsoheider (1923) in the case of an irreversidle homogeneous
photochemionl remction which proceeds only onm illumination and
in wvhich the absorbing substance is transformed. The illumine
stion is effected by a parallel beam of monochromatie light,
etering the system at vright angles to the sell face and smerging
fron a pavellel wall. Assuming concemtration differences are
$lininated and the vessel is completely illuminated, it can be
shown, that after time *t' the coneentration is expressed by
the geneval equation

[ _ ~dSa )
A AL, £t = LS« + | —~ g ~*5ta-=) Y YT L 6‘)

vhers :le velooity constant
molecular absorption coeffisient
g mrm-numm areas of beam

of bemn in reasting system
I - z dent lignt intensity

"o



)=
& - initial concemtration of absorbing (and reseting)
species
{(a = x) - ¢ - coneentration at time ¢
Tvo limiting oases of sguation (4) are of importance.

Undsy these oiroumstances, the seoond term on the right-
‘hand side of aquation (4) mey be neglected since it approaches
the valne of 1n 1. The s@ation reduces %o

dees 45« large

j‘k //a x
S (IXT XY (5)

X <

The amount of material is thus proportionsl to the time, i,e.
the resotion velooity is constant throughout the experiment,

Yo neglected and the sxponentials of the numerator and
denoninator of the logarithmie term expanded into the series.

. x*
e* = - x + T

Approximating to the first two terms, equation {(4) becomes,

------

AT, = £ a-x : YT L (5)

f1.6. the reastion veloeity is proportional to the concentration
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of unchanged renoctant, which is the characteristic of a uni-
woleculay weaction. 8inee the present studies have been
sarried out under conditions of very weak absorptiom (o = 1.8%),
this sesond condition is of particular interest, and the kinetios
of wnimelesulay processes may be considered further.
In & First Order weantion, the rate is direotly proportional
to the coneentration. This may be expresced by
- i e veeeen (M)
shere *a' is the goncentration of remetant and 'k' is a |
proportionsiity eonstant, If the decrease im comeentration
after time L' is represented by 'x'; the folloving may be
simply derived |
m 2— = AL
e sevces (B)
This is the genoval eguation whioch all First Order reastions
mivt satisfy, and is seen to resemble equation (6) im fovm,
Rearvengement gives

J% | - — log a = QO
2.-303/t + loj(a x) 9

Iy Y (9) :
80 thet the plot of log (s ~ x) againet time will give a straight
line of gradient

sscess (30)
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offering o convenient method for caloulation of veloocity constants
from the slepe of the lime.

in ovder to compare the kinetic values derived for the
sompennent venstions of photomutarotation and photolysis in the
present work, the results must be caloulated om the basis of the
same units. The two processes may be considered,

{1) Photommstarc

In this ouse, the coneentration is expressed in terms ef
ths initial, intermediate and final speoifie votatioms, (L],
[JJ. and (U], respectively, But in order to bring this into |
esonformity with the Tellowing process of photolysis, the decrease
in soncentration due to phetomutarotation mst be represented
a8 & fall in moleoular extimetion coefficiemts.

Lot e - (W] - We} = € ax
nemge {ewx) - {(F: - wIe) - (wl< - (17)}
= ‘{ A1 — (J»]ac} '
m m { [A]& - [A‘]&-} = € Mmax.
) ‘ —_— € (Al — A=
therefors {3 - 3} - N TS TS

so that eguation (9) m Bow be writien

(A] —[K]x

_’f‘:.'__ A + '°9{me. )i~ A« - 'Dj € max. =0

2-303

esnase (11)
. AT =K
in vhich ease the plot of ([ -], against time will give

& straight line with gradient given by eguation (10).




intensity of the blue colour of the solution, This is detor-
mined from the spestrophotometyic measurements at the isosbestie
weveslength, If the observed molesular extinotion coeffieients
are saloukoted on the tusis of the originsl concentration, then

a8 - Emc\x.
c

]

{a~x)

#o that, for this purpose sgation (9) besomes

%‘L A + (g€ — 107 € mcax. = 0

2303 ! ssss s ‘13)
and the plot of € ngainst time will give 2 straight lime with
Eradient an Yefors,

A further ghavagteristie eomstant of suok unimoleculay

resotions is the halfelife period whieh, sinmee independent of
initial somocentration, is convenient for comparison of velooities

2-303 log 2, - 0693 :
Ay = A * sonnes (13)

Since all photechamioal reactions comsist of a mumber of
stages, the kinetioes of the overall reaction can he derived
satisfastorily only on the basis of the consecutive gomponent
veaoctions, ‘The following will occur in the present ease
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A — A* ssane k. 3——-——48* asses K,
A"‘———'—? B (YT XY k| 3’(—‘# ¢ 'YY21. kl
n‘*_‘——) e ' IYYY) k_,

whetre A wepresemts the original moleculay speciss

B wepresents the molscular specles resulting from
photomtarotation of A

¢ zepresents the moleoular speciss resulting from
photolysis of either A or B

the starrved members indicating the photo-exeited states. ,

he wate of a total resstion is determined by the velocities
of the slover scomponent processes so that the very rapid photo.
sxcitatien may be considered as nomewratesdeteramining in the
present cave, 1.e.

Kyk andk <k snd X

This pervmits simplification of the process %o
A > 8
k3

vhere the oonversion of A to C mey proceed by sither of the twe
sompeting routes. It will be shown that under certain
senditions, the first of these ic preferred and the seocond may
be neglested, so that the mechanism further weduses to




X, x,
A > B > @

Sueh o Sweestige provess ie of particulay impertamee sad may be
eonnidswed Turther.

Iz gmernl, the pyecive mathematieal trestment of gone
semtive yougtions is extremely 4iffioult. However, the
sisplent auoe outlined above msy be trested by the fullowing
sono erntl one .

Lot a' be the initial comowntration of Ay 'x' the mmount
of 4% ohanged in Sime Y& ond 'yt the conoontendion of ‘Yol
fomwd at the some instant. Then ot time '4°

8 -(aex)y € -2 6 -(xey

noe of *AY fs givem By

- At sesoss (24)
wWikle the wate of deecxponition of '8Y, wideh is the sume o the
Yale of formtion of *C* ip

F = ey ,

assese (1B)

Selution of theas rute equutions give the dependemos of eon-
smtyation of *AY, 'BY and 'C* on time, Integrotion of equation
(14), substsitution of the valus of 'x' so obtained, in equation
{18) nnd imtegwatiom of the lotter ylelds the following !



smprensions.,
¢, - ae ™t . ‘ sassee (16)
A —A s
8 - /7124”(@ - e—kzi) snenne (1y)

8. - ToF[Chhe™D) = (h-he™)] sienes (1)

'msmmwmmm«u% 0, and & with
time for sonsesutive veastions vith k <X o |

Pig. &

ca"nc‘n_

Time

X% A5 soen that the concentvation of the interwsdiste produst,
¥B%, ¥ises $0 & meximum and them falls vith time. This is
sharsoteristic of eonsecutive vemetions with ocomparahle values
of velogity constants and has been used to identify such s
mechaniem in the present work,
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An attempt wmay now be made to apply the kinetis methods
formilated to the reastions osourring on irrvadiation of
(= )BeehlorosRenitrososamphane with meroury yeilow Adght.
he experiment has already bBeen dencribed (p 19) and the observed
date recorded in Table 3. TFrom thess, the required values
have been caloulated and are set out in Table 10. The course
of Mthtatim of apecies 'A' is shown in terms of
moleculay extinction ecefficients in Graph IV (1) and is seen
0 be uﬁanonual in forms The plot of the logarithms of the
ordinates against time gives a straight line whieh ie shown on
the same groph. I¢ fg evident that the progess of photo-
mtarotation does, in fact, oomform to kineties of the Pirst |
Order, The characteristic eomstants may therefore be salculated,

tan 0 - 0.843
Now g-%an (180 « ©) - » gam ¢
fwom equation (10) k, - -8.303g - 0,06 hys'

smation (13) gives (%) - -@‘ﬁu = Xalf TXa

The photolysis obaerved dﬁﬁu this irradiation doss not



TABLE 10

Kineties of the Photomutarotation
| of (=)=2=Chloro-2-nitrosoeamphane on
Irradiation with Mereury Yellow Light ( A = 5770, 5790A°)
| (Data derived from TABLE 3)
[L]: = +947° 3 [{), = =508°

{1 -y = x5 (4 -Wle) = »
€... 7 13,80 at A - 6625A°

Tr«;e o X 0 )/CGMA, - X | -
| e el € legedence

o 1455 | 1380 | 1,140 13,80 | O 0
085 | 1312 | 12,07 | 1le082 | 13638 | 1la31l | 0,42
0680 | 1160 | 1048 | 1e020 | 13413 | 2,65 | 0,67
1,00 882 | Te8B5 | 0,895 | 12,87 | 5,02 | 0,93
2,00 | 526 4,58 | 06661 | 12,71 8.13 | 1,09
3400 316 272 | 0e435 | 12,57 9685 | 1623
6,00 53| Oedd | =06357 | 1230 | 11,86 | 150
15,00 0 - - 10417 | 10617 | 3463
80.00 - - - 9.20 9.20 “60
27,00 - - - 7.79 7.79 | 6,01




M) ) s, (A > vlL

AT HAI-D
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eomstitute the second component reaction, sinee the observed
vesults ave due to decomposition of both species 'A' and 'Bf,
The phetolysis of *A! under these conditions is, mo doubt,
small, but there is a8 yet mo evidenos from vhioch it may be
sonoluded that this is completely negligidle. The required
information is obtalnable from irradiastion of (+)«sschlore=
S-nitrososamphane, i.e¢. speeies 'B' and this has been carried
ot under the ususl conditions. The moleoular extination
soslfieionts are caleulated on the dasis of the original eon~
eentration and ave set out in Table 11. Togc€. is plotted
against time in Graph IV (11), illustrating a linear relationw
ship s0o that this resction also obeys the FPirst Order law,
The constants are derived in the usual way.

dan 0 = 0,008
from eguation (10) X, - 2,303 x 0,008 - 002 hrs
smation (13) gives (8,), - Saf2R . 5033,
It is ween that photemutarvotation is very mmoh were ¥opid than
photelywis under the same experimental conditiens, the relative
Pate is given b4y

B ma

Having shown that ~ml:mt«v:m:r-xnvr of speeise "B sheys kineties



IARLE 1A

Kimetics of the Photolysis
of (+)e2=Chloro-2=-nitrosocamphane on
Irradiation with Mercury Yellow Light ( A - 8770, 5790A%)

8 - 3..150% Solvent s aloohol (oxygen fres)
= 0,0871M A = 10 mm, (sealed gell)

(L] - [de- «508° at A - 6025A°
Absoxption Measurements at A - 6628A°

Time I. .
(l-w.) IOJ f E (\7 E

0 0783 13,72 1137

B 0,752 13.18 1,120

4 0.728 1276 1.108

6 04702 13,30 1,090

8 0,678 11,89 1,078
i1 04645 11,30 1,053
24.5 04495 B8.67 0,938
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of the First Order, it is of interest to note that the plot of
308 € againet time during the irradiation of («)e2edhloro=2=
mitrescoamphane (Table 3) initially gives a complex surve dut
this later resolves into a straight line (Greph V (1)), the
gradient of whieh is the same as that representing photolysis
_ of the marrans& molecule. The inflexion indicates the time
at which a complex photochamioal maetﬁ.au‘aemutms of

2 Tee ‘ t :i‘ the ommlmlem:.
tolysis o original mo
(iﬂ <o mit

photolysis of the rearranged mole
vesolves to a simple process, vis. (i14) slope., This M¢
of 643 by, is in agresment with that given hy the intersset of
dog { LI=LIs €..x]  on the axie of time in Gwaph IV (1),

AS this yoint, ¢ - 6,0 hy, and

@ €} -

h

: m " &~ [
“' k k . [JJ,«. — [J\].c l

It

m : €i — € 13-80

#o that the resction is %&, 100 = 92,87 gomplete
‘wnder these conditiens. -
A8 & temt of the hypothesis that the overall vesstien may
be approximated to two rate-determining prosesses the gon~
oemtration of C,, C, and O _ wers oaloulated at the various times
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in terms of moleoular extinetion coefficients (Table 10).
Osnsideration shows that these ave given by

® — (e
8, = GJi-icCmex

) — e
¢, = € - W, Emex

6. = €... — €

Ihe values have Deen plotted in Graph VI whioh exhibits the
gomarel Torm illustrsted in Figure 3 for comsecutive reagtions,
i*% the coneentration of *A' falls contimugusly, that ef 0!
insyeases gontinuously, but the concentration of *‘B' first ‘rises
t0 & maximum end them falls with time, The faet that the
surves of %A' and 'B' interseot in this emse is a consequenace ,
of the appreeciably differcnt rate constants for the two proeesses,
More preeise eonfirmation is given in Table 12 (a), where
the cbesrved values of C,, C, and C. at a yumber of arbitrvary
times are compared with those coleulated from equations (16),
{17) and (18) using the wvalues of k , and k, previously obtained.
All of these are in remarkably good agreement in view of the
minber of approximations introduced, substantiating the genersl
validity of the mechanism postulated for the total photochemionl
reuction. |
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TABLE 12

Conseoutive Reaction Kineties

Observed and Calculated Values of C,, C, and C,

(a) Izradiation by Mercury Yellow Light

at various Times

A cB

URY: obs. calc. obs. calc. obs cale
(he)

§ 4,58 4.51 8el3 9,05 l1.23 1l.28

4 1.42 1.47 10,98 114,65 - -

6 0.33 0044 L Lad - -
10 - - 11020 11.64 3.55 2008
185 - - - - 3663 3.18

C.

(T"’:?:) obs. cale- obs. calc.

45 - - 3034 0.50

60 10.90 11020 - -

920 ) - - 5.97 1‘56
1356 8456 8,75 - -
180 738 7.60 - -
210 - - 10,13 4.83




Irradiation of («)~2«cghloro=2enitrosogamphane with ultra-
viclet 1ight gives results which differ frem those obtained
with visible light in that photomutarotation is mever complete
and photolysis ocours mich more yapidly. It is af interest,
therefore, to extend the kinetic methods to this process to
- 44scover if any information eam be gained conserning the
mschonism operative under thess conditions.

The photomttarotation of speeies 'A' to 'B' has been
ealoulated from the experimental dats resorded in Table 7.

This is expressed in Table 13 in terms of molecular extinetion
coefficients as before. The logarithm of this quantity against
time is plotted in Graph VII (i) illustrating & linear relatione
ahip from the slope of whieh the charasteristic ocomstants may
be derived.

tan © = 0.084
from equation (10) k - 2,303 x 0,084 - QuA9 hXa
oqation (13) gives (t,), - f23 - 3,50 nr.

Irvadiation of (+)=2«ohlore-2-nitroscosmphane under gon~
ditions fdentical with the above gives the rate of photolysis



IABLE 213

Kineties of the Photommtarotation
of (=)=2~Chloro~-2-nitrosocamphane on
Irradiation with Ultra~violet Light
(Data derived from TAELE 7)
[A]; = +9539 3 [A]e = -508° (assumed)
AT - e 7o g [AIi-[A]e = o
€oer.” 13,55 at A = 662549

Tl . N T -
o x 7 Eman | Py {Gend € m €
0 1461 13455 l.134 o
-] 1434 13.34 1.125 0452
15 1385 12,89 1.110 1.15
30 1309 12,18 1,086 2,45
45 1244 11.60 1,065 Se 34
60 1173 10,90 1,037 4.37
90 1039 9,65 0,985 5.97
135 918 8456 0,933 778
180 793 7.38 0,868 927
210 739 6.88 0.838 10,13







TARLE 14

Kinetiocs of the Photolysis

of (+)=2=-Chlore~-2~nitrosocamphane on
Irradiation with Ultra=violet Light

¢ - 1.241%‘
- 0.0617M

Solvent 3§ aloohol (oxygen free)

j—"lOm.

[L1:= [A].= —508° at A = 6025A0

Absorption Measurements at A = 6625A%

Ttane

3 1,-'" lo
(i) ) J T € J €
0 0.847 13,75 1.138
30 0.562 9.12 0.960
45 00432 6,86 0.836
60 | 0.370 64,01 | 0,779
90 0.243 395 0.597
120 0.163 2.64 O0.421
150 0,106 1,72 0.236

(sealed cell)
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of the reerranged product. The data fron such an experiment
are regorded in Table 14 ond illustrated in Graph VII (4i).
Againy the plot of log€ against time is o straight line
indicating First Order kinetios so that the usual constants
moy be caloulated

"éan@ = (e 360

from equation {10) K, = 2303 x 04360 = 0,83 m"'
squation (13) gives (t,). = 9..%% - 0,84 Br.

The rate of photormtarotation relative to photolysis ie given
by the ratio

vhich is very much smnller than that observed in the visible
irradiation., This results in o different mechonism for the
overall reamation in the pmwnﬁ case, which is mode evident
from the following considerations.

It was argued that if the pmcamesbawrﬁm on ultrae
violet irradistion of (=j=2-chloroei-nitrosocamphone were
assentially photomuturotntion followed by photolysis of the
rearranged ovoduct, the plot of log € agaimst time should
vicld a curve of the szne form g thot obtained fron the visible
irvradiation, fe.c. complox initinlly and later resolving into

a straight line. The repults from Table 7 owe shown In Groph
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V {(41) vhere 1t is ovident thot a linear relaotionship exists
botween these quantities at all times. This is attributed
to the relatively minor vele played by compoment (i) (ps¢)

#0 that the overall reaction appears to be phetolysis of both
spevies, and simple kineties result.

Farther, in attempting to apply the oaleoulations of con=
segutive reaotions to the farehc:lnz data, it was observed that
although C, and C. oould be derived at various times in the
usual way (Table 7), attempts to odtain C, as the differemce

C, - By = C, - (€ ot Em)

led to negntive and therefore meaningless values for this
quantity, Table 12 (b) compares observed values of C, and C.
vith those caloulated from eguations (16) and (17) using the
velooity constants of the reactions previously determined.
It 48 vorthy of note that the values of C, compare reasomably
m. This follows from the dependence of equation (16) on
X, alone confirming that the method used in deriving this rate
sonstant 1is striotly accurate, while the caleulated values of
C.» dependent on both k, and k, are in no way comparable with
the obuerved data,

It mast De concluded that the results for the reaotiom

soquence,
X, k,
A— B ——¢€
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obtained from independent experimental atudies of the two part-
progesses are not in agreement with the results observed during
the irradiation of (~)e2echlore-genitroscommphane with ultra-
violet :u.m. The third component reastion cammot therefore
be negleoted, and the total process

¥ ,B. k,
‘/ \>A e
k,

must be considered.

The fuvestigation has been successful in illuetrating the
ecomplexity of the nmiea mechanienm under these eomditions,
although a precise analysis has not been pomsible in this cane
since there is no avsilable method by which Xk, say be evalusted,




PHOTOISOMERISATION
of

() '(+)-2~Chlom-2-n1troso;;inane
(11) (~)=2-Chloro=2«nitrosccarane
(441) (+)=2=Chloro~2-nitroso~p-menthane
(iv) (=)=3-Chloro~3-nitrose~p-menthane
(v) 4 «2=~Chloro-2-nitroso=lemethylcyelohexane
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(1) PHOTOISOMERISATION OF (+)=2=CHLORO=2=NITROSOPINANE

General Considerations

Attribution of the photoisomerisation of (=)=2-chloro-
nitrogocamphane to inversion of the asymmetric chloro-nitroso
centre, C,, requires a difference in environmental influence
of the remainder of the molecular structure on the normal and
photo~excited states of the chromophores. The effeot is no
doubt due to the proximity of either the 10-methyl group or
the 134 gem~-dimethyl bridge since these give rise to the only
influences near enough to affect the stereochemistry of the
centre concerned.

An obvious extention of the investigation was therefore
the study of a series of derivatives in which the molecular
skeleton had suffered varying degrees of modification, so that
the effect on the photochemieal processes might be determined.

The present work is concerned with the first member.

NO
cl

2=chloro=2-nitrosopinane
In this ease the bridge has been moved to link C, and <, so
that although the gem-dimethyl groups occupy essentially the
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same position in space with rebk tion to the funetional groups,
the locking effect has been removed from the stereocchemistry
ef C,.

(+)=2=Chloro=2-nitrosopinane

It was at first considered an unfortunate complieation
that the structure of pinosamphone requires the existence of

two isomerie forms

IIEHII,O .0

pinocamphone isopinocamphone
‘Lp: +25° 5?' J‘D = +lla 0'

80 that no interpretation of the results would be possible
unless the ketone were initially isolated as a stereochemically
uniform materialy a requirement which has been met in the
Present case,

It has been reported that pinocamphone and isopinocamphone
may be prepared by oxidation of the corresponding pinocampheols,
but isolotion of the isomeric forms of the alcohol (of which
there are four) is in itself a very laborious procedure (Schmidt,
1944). Although l-isopinocampheol occurs in oil of Hyssop,
the fraction is too minute to provide a profitsble source of

starting material. A more satisfactory procedure has been
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found in application of the method used by Aschan (1933) for
the separation of the closely relnted 4 and / santenones, i.e.
fractional crystallisation of the semicarbazones and subsequent
hydrolysis to yield the isomeric ketones.

The crude pinocamphone wasg obtalned by fractionation of
Hyssop oil in which it occurs to about 50% and the semicarbazone
of this submitted to crystallisation from methanol to constant
MePe 228 = 2509, corresponding to thot of the normal form
(Asehan. loce cite). Mild hydrolysis by steam distillation
with oxalic acid ylelded the required material which gave an
oxime but no oxime hydrochloride under the usual conditions.

The blue o0il resulting from chlorination of this oxime distilled
only under high vacuum to give (+)=2=chloro-2-nitrosopinane
with the properfies

[Wear=+390°% at A = 6600A
ewnx =19.,12 at A= 6350A
bape 47° at 0e4 mm,

Founds Cl, 17.5%3 C H NOCL requires Cl, 17.6%

The rotatory dispersion is set out in Table 15 and shown
in Graph VIII (i)(a) where it is seen that the Cotton effect
typical of these blue compounds results. This has the

characteristics

Q
(L), = +390° at 6600A Reversal 6700A [dJ.. = =390 at 5700A0



Retatory Dispersiom of (+)=2-Chloro=-2-nitreosepinane

¢ = 1.00% Solvent 3 alcohol (oxygen free)
£=10 sm. t - 18°

™" AQ) L° (63° ' A @A) L’ [T
540 ~0edd - 310 620 0617 - 170
850 ~0e33 - 330 630 - 0402 -20
560 ~Qe36 - 360 640 +0e19 + 190
570 “0e39 — 390 650 +0e368 + 360
- B8O -0e39 - 390 660 +0e39 + 390
580 ~0e37 - 370 670 + 0,37 + 370
600 -0e33 -~ 330 680 1+ 0e32 + 320
610 ~ 028 — 280 690 + 0428 + 280
700 + 0421 + 210




Abvsorption Spestrum of (+)-2-Chloro~-2-nitrosopinane

¢ = 1.00% ' Solvent s algohol (oxygen free)
= 0,0496M L= 10 mm,.
o A )| log If € 10t A @) oy % €
720 20562 1,056 620 o736 14,84
710 «074 1,49 610 « 637 12.84
690 o174 3450 530 +498 10,04
680 e 265 5.54 580 0412 8,30

670 » 404 8.11 670 « 307 6.18
660 «648 13.06 560 0226 4,55
650 «826 16465 550 0175 3452
640 0934 18,83 530 «096 1.94
630 945 19.03 51 «049 0,98
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The maximum rotation is c¢onsiderably smaller thonm that of
(=)=2=chloro=2~nitrosocamphane but still gquite suitable for
the application of polarimetric measurements to be used in
the present work,

Absorption data are recorded in Table 16 and the curve
illustrated in Graph VIII (ii){a). This shows the same form

as the blue camphane but with o higher value of € ...

Behaviour on Irradiation

The effeat of monochromatie wisible radiation on (+)=2-
chloro=~2e-nitrosopinane was determined by exposing a solution
of the material in oxygen free alcohol on the optical system
previously desoribed (p 2') and the process of the reaction
Tollowed by the usual polarimetric and sgectrOphotometric
methods., Data for a number of time~intervals are set out in
Table 17 where it will be seen thot the calculated specific
rototion falls from [Mgwe: =390° to a limiting value of -167°
in 7 hr. The primary fall in rotation is aguin evident,
giving rise to a product with the same sign of rotation as the
original material. The rotatory dispersion was determined at
this time, the concentration of blue compound being given by
the application of the ususl formala to the appropriate values

at *4' = 7 in Table 17,



IABLE 17

~ "Ivradiation of (+)=2-Chloro-2-nitroscpinane
| with
Meroury Yellow Light ( A - 5770, 57904°)

e = 1.00% " Solvent 3 mlcohol (oxygen free)
= 0,0496M A= 10 sm. (sesled cell)

Absorption Measurements at » = 6400A°
Rotation Measurements at A = 5800A°

—-{D‘J —D‘]oc}; = X
12;-:-4) A° (o, | B0 | = log % | log fﬂ ¢ oy €
0 | -0.39 | -390 | -390 | 226 | 2,352 | 4912 | 18,41 | 1,265

0u5 | ~0432 | 320 | 320 | 1565 | 2,190 | <912 | 18441 | 1,265
1,0 | -0,28 | 280 |-281 | 116 | 2,065 | «910 | 18437 | 1,264
2,0 | “0.22 | -220 | -221 | 56 | 1748 | 4908 | 18432 | 1,263
4.0 | -0,18 | 180 |-182 | 17 | 1.230 | «902 | 18420 | 1,260
760 | 0416 | -160 | 165 Y - 2885 | 17.87 | 1,252
17,5 | 0,16 | 160 |-167 | = 0845 | 17,04 | 1,231
29,0 | “0.,15 | “150 |-169 | =~ «795 | 16,03 | 1,205
44,0 | 0414 | 140 |-167 | - o740 | 14,92 | 1,174
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.o X . 0,885 _ o
4] e, ko 1.00 0.912 = 0.970/0

This has been used to ealeulate specific rotations which are
given in Table 18 and illustrated in Graph VIII (1)(b) showing
& Cotton effect with

L] .“T206° at 6700A° Reversal 6400A° [ll,4, = =1809 at 5550A0°

A bathochromic displacement at almost 100A° has taken place from
the original curve and this has détermined the wave~length
chosen for polarimetric readings os the mean of the two minima,
i.e. A = 5800A°,

The absorption spectrum was examined »t the same time and
the results, based on the original concentration, recorded in
Table 19. Very little photolysis has occurred during this
periods €.,, has fallen from 18,41 to 17.87, so ikt it is
hardly necessary to calculate the true values from the estimsted
concentration in order to compare this curve with the original.
The two are shown in Graph VIII (ii) where it is apparent that
"a shift of about 100A° to longer wave-lengths has agoin resulted,
thus fixing the isosbestic wave~length for spectrophotometrie _
measurements at A = 6400A°, The shift is of considerably greater -
magnitude than that observed for 2e-chloro=-2-nitrosocamphone but
no particular significance is attributed to this as the energy

changes corresponding to such displacements in this speétral



Rotatory Dispersion of 2-Chloro~-2-nitrosopinane
after Irradiation with
Mercury Yellow Light ( A= 5770, 57904°)

(ealoulated)
e - 0.970% Solvent 3 alachol (oxygen free)
L= 10 mm. ¢ = 18,59
0" AA)| A [A]° |[roae)| A7 1’

850 “ 061l -114 620 - 0,10 -103
560 ~0.12 -124 630 -~ 0,08 -82
570 “0ed3 -134 640 + 0408 + 52
580 ~0el6 -167 650 +0,16 + 167
590 - 0616 -167 660 +0420 +206
600 -0.14 -144 é70 +0620 +206
610 - 0ed2 -124 680 +0e19 + 198
690 016 +16%7




Absorption Spestrum of 2-Chloro-2-nitrosopinane
after Irradiation with
Meroury Yellow Light ( A- 5770, 57904°)

(obeerved)
= 1.00% Solvent ¢ aleohol (oxygen free)
= 0.0496M | £ : 10 mm.

A Q) g %9 € 107 A Q) ey %; &

- 720 +066 1e33 . 620 +576 11,61
710 +100 2,01 610 « 507 10,22
700 | 4149 3,00 600 454 9.15
690 «239 4,81 590 «402 8,10
680 0 3T9 7.64 580 o 297 5,98
670 «581 11.71 570 « 215 4,33
660 +803 16,18 560 166 Se 34
650 «914 18,42 550 131 266
640 o873 17,60 530 +068 1,31
630 «763 15,38 610 +028 0,56
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region are of the order of only a few K cal/mole.

Further determination of both rotatory dispersion =nd _
sbsorption curves were made after completion of the irradiotion
at 44 hr. However, the salcuk ted values showed no further
echange from those previously observed, so that the reaction
mist have attained completion within the initial period of 7 hr.

Kinetic Studies

It is of interest to apply the kinetic methods previously
used to the present investigation. 1In this way a comparison
of the rates of the component processes and their relative
importance in determining the overall reaction mechanism may
be studied. .

The primary fall in rotation has been followed polarimetri-
eally and the reaction velocity may be determined simply from
the change in specific rotation. VWhen (K], [L]and L], have

the usual significance, equation (9) may be written

zfos A+ loj{g,Lj —»[J\]d} - log{(&]i~[ﬂw} :} O sseees (29)

The appropriate data have been colculated and are included in
Table 17, and since negative rotations have been used in the
estimotions, it is neecessary to represent the decrease in this
property as - {W .} to obtain a positive difference. The
plot of the quontity and its logarithm ogeinst time are shown
in Graph IX (i), where the latter is seen to be a linear






relationship ¢ nfirming kinetics of the First Order. - The
constants are calculated from the slope of the line

‘ tan @ = 0.288
from equation (10) k - 2.303 x 0.288

-1
= 0:66 hre.
. 0,693 -
equation (13) gives (t,é: = S = 1,05 hr.

{

The kinetics of photolysis of both original and rearranged
species is indicated by the fall in concentration of blue
material during the reaction. This may conveniently be measured
a8 the change in €, ,, recorded in Table 17. Log €.y is
plotted against tize in Graph IX (ii). Initially complex, this
resolves to a straight line 8 the reaction proceeds, indicating
simple kinetics for the photolysis of species '3B' after complet-
ion of the primary process. It is satisfactory to nite that
the inflexion of this curve occurs after about four hours, in
excellent agreenent with the time of 4.0 hr. given by the
intersect of log fg{DJ - [13@} on the 't' axis. At this point

Mj"{ﬂl 'Edf} =0
giving - {BJ —[l];} =
Yow since {0 - WLy = ”{’3‘70°+H>7"} = 223°

the reaction is ggggg X x 100 = 99.6% complete at this time,

Kinetics of the photolysis of specles 'B' are determined

as Pirst Order from the linear relationship of the latter part
of Graph IX (ii)e The usual constants may be derived from this

tan 6 = 0,0021



*«B9w

from equation (10) k., = 2,303 x 0.0021 - 0,005 hr,”'

equation (13) gives (t, ), = 9-'-%9-'-3- = 144,6 hr,

The rate of fall in rotation relative to photolysis is given by

%Z - S8 - 132,0

this unusually high value arising from the exceptional photo-
chemical stebility of the material and not from a rapid primary
process, The wveloeity of fall in rotntion is only slightly
greater than thot of (-)~2=chloro=-2-nitrosocamphane under
identical experimental conditions. This is given by the ratio
of the appropriate velocity constants

0a66 -
5—:%%- 1.18

From the foregoing results it may be conecluded that the

mechanism of the total reaction

can be approximated to the first two stages in this case without

introduction of appreciable error.

Conglusions

The results derived in the preceeding Sections bear a close
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analogy to those observed for (=~)=2=-chloro~2-nitrosocamphane

under the same conditions. These may be enumerated.

(1) Pall of specific rotation to a limiting value

(41) Bathochromic displacement of the curves of
both rotatory dispersion and absorption.

(4i1) Consecutive component reactions obeying simple
kinetics with similor overall mechanisms and
comparable rates for the primary processes.
There is, however, a very importsant comslderation in which they
differ:s mnon~inversion of the Cotton effect in the present case.
It might be argued thnt this is attributable to incompletion
of the initi»l wrocess, i.e. attainaent of » photo~stationary
state, but the availoble evidence does not support this
contention, There is no dark reaction of the moterial either
before or after irradiation; & necessary criterion for such o
gtate (p 7). TPurther, the value of 1. = -167° ylelds simple
results for the kinetic ealculstions vhich would not be expected
if this were not at least very close to the final value. It
seens reasonsble to conclude that the primary reaction is either
complete, or very neagly 50, undcr these conditions.

Sinece non-inversion of the Cotton effect precludes inversion
of the chloro=-nitroso centre, an alternative reaction must be
considéred which will yield a product with ontical properties
very closely reloated to those of the original ﬁutqrinl. ‘n

isomerisation of the pinocamphone — isopinocanphone type presents
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itself as the obvious interpretation,

h 4

normal iso

i.e. rearrangement of the molecular skeleton to accommodate the
excited ohromophore endo to the bridge, which has been deseribed
by Shoppee (1952) and Barton (1953) as the more stable position.
This offers the same relative result as inversion of the MO - Cl
centre in the camphane skeleton where the position of the gem-
dimethyl bridge is fixed. Since the former is expected to be

a change of lowver energy, it will be preferred in structures
where this is »nossible.

It is worthy of mention that the parent ketones of this
series show a similar relationship of optically rotatory power
(po63)e

The above considerations, together with the sign of the
original ketone, and that of the Cotton effeet which gives the
spacial arrongement of the groups on C,, have enabled the con-
figurations indicated to be attributed to the isomeric forms.

/ In aecordance with the definitions for such photo-processes
already given (p17), it moy be concluded thnt (+)-2=chloro-2-
nitrosopinanc undergoes photoisouerisation on irradiction with

light lying within the region of visible absorption.
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(i1) PHOTOISOMURISATION OF (~)=2=CHLORO=2-NITROSOCARANE

General Considerations

, Investigation of the phofo-proeesaes occurring on irradinte-
ion of (+)=2-chloro~2-nitrosopinane introduced a new type of
intramolecular rearrongement which proved to be a logical con=-
sequence of imposing conditions of photomuitarotation on such

a potentially labile structure. Continuing the skeletal mod-
ifications, the next member of the series necessitated a molecule
in which the secondary ring system had been further condensed,
leading to the obvious choice of 2-chloro=2-nitrosoccarane.

NO
Cct

In this, the mutuwal influence of the asymmetric centre C,
and the gem~dimethyl bridge is but little changed from the
preﬁous case. It remained to discover if photoisomerisation_
by eis=trans skeletal rearrangement was general to such struct-
ures on exposure to light of suitable wave~-length, and to
determine, if possible, whether this change took place through
displacement of the C, methyl group or of the cyclopropane ring,

by the photoexcited chromophore.




) S
- ) oD oro=2=-nitroso

As only one form of carone is known to exist, the absence
of cis~trans modifieations greatly simplified preparation of
ihis ehloro~-nitroso compound making it unnecessary to develop
a tecimique for the separation of isomers.

d=earone

L,:+14546°

High optical rotatory power is charagteristis of the
strueture, evident from the oxime which has [&],: +283%; six
times the magnitude of the rotation of the oxime camphor, It
appears, therefore, thot the choice of the basic ring system
was particularly sulitable for the present study. An unusually
high rotation may be predicted for the 'blue compound' leading
to greater precision in the determination of the course of the
reaction froa measurements of optical rototion.

Caronc itself has not been found to occur in nature but is
obtained by ring closure of the weadily ovailable dihydrocarvone
hydrochloride on boiling with alcoholic alkali. Commercial

tearvol! (de=carvone, 1) served as starting materizl, and
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reduction of the double bond conjugated with the carbonyl

-group wes effected on careful treatment with zinc dust in

alocoholle alkali according to the method of Wallazch (1894)
yielding dihydroecarvone (II)., This readily adds hydrogen
chloride to give the required intermediute (III).

.0 20 940 @40 @4 NOH NO
v v . c‘
C!
N H
I Ii1 v

X I v Vi

The ketone (IV) beils at 210° with ‘partia.l isomerisation to
carvenone (Baéyer, 1894) but distills under reduced pressure

to give a colourless, movile 0il ylelding an oxime but no oxime
hydroehloride under the usual conditions. Chlorination in dry

ether gives (-)~2~=chloro=-2-nitrosocarane as a viscous blue oil

which distills under high vacuum.

[(A]wny = +1800°% at A = 5900A°
€ = 16442 at A - 6675A°
beps 56=57° at 0.25 mm.

Found Cl, 17.7%; C,H NOCl requires Cl, 17.67%

The maximam rotation, as anticipated, is remarkably high,
almost double thnt of the previously unsurpassed (=)=2=chloro=2-

nitrosocamphane. The cowplete rotatory dispersion is recorded



IABLE 20

Rotatory Dispersion of (=-)=2«Chloro~-2-nitrosecarane

¢ = 0,676% Solvent 3 alcohol (oxygen free)
£ = 30 mm, t - 18°
R (A L° (]° |t'A@)|  &° [4]°

8580 10692 +1361 640 t1le13 +1671
560 1096 +1420 650 +0.88 +1302
570 1+ 1e01 +1494 660 + 0018 +266
580 + 1.14 +1686 670 - 0460 -
590 1 1le21 + 1790 680 ~1.08 ~1553
600 +1.19 + 1760 690 -1.08 -~ 1598
610 +1410 +1627 700 -1.00 -1479
620 +1408 +1663 710 ~0e93 -3378
630 +1.14 +1686 720 ~0e89 -13%




Absorption Spestrum of (-)~2=Chloro-2-nitrososarane

‘0 = 0.676% Solvent s aleohol (oxygen free)
= 0.,0335M L= 10 mm,
AR Loy T € Aty 22 €
780 016 045 650 448 13,37
770 «022 0.66 640 « 568 10,99
760 «031 0.93 630 « 320 9.558
750 «042 1.25 620 297 8,86
740 «056 1.67 610 # 260 776
730 »084 2451 600 204 6.09
720 116 3046 590 148 4.42
710 «171 5,10 580 112 3¢ 34
700 « 240 7.16 570 «095 2.8
690 « 368 10.69 560 «080 2.39
680 «484 14.45 550 «058 1,73
670 «550 16442 540 «040 1.19
660 «520 15,52
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in Table 20 and illustrated in Graph X (i)(a) showing the usual
Cotton effect with |

() pax s +1800A° at 5900A° Reversal 6620A° [y, :-1600° at 6850A°

Absorption studies form an important part of the present
investigation =nd the data for this ecompound are set out in Table
21. The curve characteristic of chloro~-nitroso compounds is

illustrated in Graph X (ii)(a).

Behaviour on Irradiatio

~ For photochemical investigation the material was irradiated
in alcoholic solution by mercury yellow light in precisely the
manner alrendy desceribed for the preceeding 'blue compounds'
(p~). As usual, rotation and sbsorption measurements were
employed to follow the course of the reaction, there values being
based on the concentration estimated photoelectrically at each
time interval. Data are given in Table 22 where 1t is seen

that the specific rotantion falls from +1790° to a limiting value
of +12499 after 1,25 hre As in the case of (+)-2=chloro=-2-
nitrosopincne, this value remains unchanged on further irradistion
in spite of continued photolysis, thus indicating completion of
the primry reaction responsible for the fall in rotation,

The rotatory dispersion was determined after 1.5 hr. and the



Irrsdiation of («)=2-Chlore=-2-nitrosocursne
with
Mereury Yellow Light ( A= 5770, 5790A°)

e = 0.676% Solvent 3 aleohol (exygen free)
= 0.,0335M L= 10 mm. |

Absorption Measurements at A : 671049
Rotation Measurements at A= 5940A°

A1 - AT, = «x

T{n:.{) L0 | Ty | e | X | T x| g2 | € log €

0 +3e2L | +1790 | *1790 | 537 | 22730 | 550 | 16,41 | 1,215
0025 | +0477 | *1139 | +1452 | 199 | 2.299 | «430 | 12,82 | 1,108
050 | +0,60 | +888 | 11338 | 85 | 1929 | +362 | 10,80 | 1,033
1600 | 10,40 | +591 | 11271 | 18 | 14255 | +265 | 7,62 | 0,882
1025 +9.33 +488 +1249 - - .215 6“2 00808
1.50 {40428 | +414 |+12563 | = - o182 | 5,43 | 0,735




Retatory Dispersion of 2«-Chloro-2-nitroscearans
after Irradiation with
Mereury Yellow Light ( \- 5770, 5790A°)

(ealoulated)
¢ - 0,237 Solvent : alcohol (oxygen frase)
£+ 10 mm, t = 18,5°
0 AW L [41° AW L (47"

6860 + 0620 + 837 640 +0e23 +994
560 +04,21 +909 650 +0,19 +821
570 +0e22 +953 660 t0es11 +497
580 +0e24 | Y1038 670 ~0,08 - 345
590 +0426 +1126 680 “0.,21 - 909
600 10623 +994 690 -0.28 |-1210
610 + 0420 + 865 700 ~-0.26 -1126
620 + 0621 1909 710 -0s,25 |-1081
630 +0e24 |+1038 720 -0.24 | -1040




V{0

calculated values based on the concentration estimated at this
time. These are given in Table 23 and the curve superimposed ,
on that of the original material in Graph X (4)(b), This gives
~a Cotton effeat with

(M pax s +1126° at 5975A° Reversal 6680A° .y, --1265 at 6925A°

The result comprres well with thot for the 2e«chloro=2-
nitrosopinane, Once more the product of irradiation shows a
curve of rotatory dispersion similar to the original but of
smaller magnitude without change of sign. Further, the points
of reversal show 2 bathochromic displacement of about 7540,
Accordingly, the wave-length chosen for poelarimetric readings
during the reaction was the mean of these two minima, giving
values vhich were praeticilly unaffected by the gradual
displacement. | _

Detzrmination of the absorption spectrum 2t this time show=-
ed that extensive photolysis had nccompanied the fall in rotation,

Transmissions at the moxima are proportional to concentrations

Final (108 I,) mox, - 0,188 at X = 67504°
Initial (108 I, 1) yax. - 0s550 at A - 6675A°

so that only 9¢288 x 100 - 34.27 of total 'blue compound' remains

after this time. The concentration, therefore, is given by



Absorption Spectrum of 2-Chloro=-2-nitrosogarane
after Irradiation with
Mereury Yellow Light ( A: 5770, 5790A°)
(observed and ecalculated)

e = 0,676% (eale. - 0,23L%) Solvent : aleohol (oxygen free)
: 0.0335M(oale. = 0,0L15M) £ = 10 mm,

CA@)| log £ | €. Ecle. | 10A@)| Vog F | Eobs | Ecale.
780 «010 0630 0.87 650 140 4,18 | 12.22
770 «015 | 0445 1,31 640 o117 | 3.49 | 10,21
760 +021 0.63 1,83 630 «102 3404 8691
750 «028 0.84 245 620 +090 269 7.86
740 «036 1.07 314 610 «078 2633 6481
730 +050 1.50 4,37 600 «062 | 1,85 5,41
720 «069 2,06 6,02 590 «045 | 1,34 393
710 «095 R84 8430 580 037 | 110 3423
700 o126 3276 | 11,00 570 «032 | 0,96 2,79
690 #156 4,66 | 13,62 560 «028 | 0,84 2445
680 o176 525 15,37 550 «020 0,60 1.75
670 «180 5437 15.72 540 «018 | 0,54 1,57
660 136 4.86 14,23




-

I 0.188 :
¢ : o, f - 0.676 3%2S - 0,237 - 0,0116K

and this is the value which has been used in determining the
final curves of rotation and absorption. The latter is shown
in Graph X (1i)(b) (Table 24) together with that of the starting
material. Again, the product shows the characteristic batho-
chromic displacement from the original, about ?5A9, giving the
isosbestic wabve~length used for intermediate measurements as

6710A°,

KEinetic Studies

In previous examples of photoisomerisation s clearer view
of the inner mechanism of the photochemical reaction has emerged
from the application of kinetic methods. It is instructive to
éxtend these to the present study and cospnre the results with
those derived in other cases.

Polarimetric investigation has shown that the primary
reaction is ngoin one which causes a fall in optical rotatory
pover of the material. This property has been employed to
meagure the changes, ond volues of [A- ], 2are included in Tobhle
22 at each timé interval. Tor First Order kinetios, equntion
(19) should be satisfied, 28 is indeed found to be the case.

The relstionship of (] -] and the logarithm of this quontity

with time are shown in Grdbh XTI (i), the latter being clearly
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linear. The characteristic constants are derived from the slope
of this line in the usual way

tan © = 1,490

~1

from eqnatioh (10) k, = 2,303 x 1,490 = 3,43 hr.

equation (13) gives (t,), - 9"-%9“:’ = 0420 hr,

(
The remarkably high value of k, indicates a much more rapid
primary process thun hag been observed for the previously
investigated chloro=nitroso compounds. The overall reaction is .
comparable, however, in that photolysis continues after completion
of the initial reaction. Total decomposition is given by the
fall in € .., with time, and this is recorded in Table 22. Graph
XTI (i1i) illustrates the relationship of Llog €., /t which is seen
to be complex at first, simplifying to a straight line as the
reaction proceeds. The inflexion, 28 before, is significant in
indicating the tramsfer from u compound to & simple kinetic
mechanisn. _
The linear part of this curve provides the necessary inform-
ation for calculation of the kinctic constants for the secondary

procees.

tan o = 00325
from equation (10) Xk, - 2,303 x 0.0323 - 0,744 hr.
. 0.693 _
equation (13) gives (t, ). ~ k. = 04933 hr,

'
T
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Comparison of the rates of primary to secondary reaction is given
by the ratio

. 3,43,
‘lf:" D44 ~ 4261

2

‘and from this value it may be concluded that the composite
mechanicm

k78 _k,
A‘//////7k \\\\?2 c
3

may, to a first approximation, be reduced to the first two
stages,

It is of interest to compatre the veloeity of the initial
photochemical reaction with that of (+)=2-chloro~2-nitrosopinane.,
The ratio of the primary rate constants is

Sa44
0.66 = 2e32

This shows a considerable increase in velceity in the present
case and would appear to be a consequence of the lower stability
of the excited state induced by the more highly strained

structure.

Conclusions

‘The suitability of the structure of (-)-2=-chloro-2-nitroso~

carane for the present work has been clearly illustrated. Some
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doubt remained, however, conecerning the stability of the cyclo=-
propane ring in the presence of free hydrochlorie acid produced
during photo-decomposition. Baeyer (1894) has shown th~t with
hydragen bromide and acetic acid, earone undergoes ring fission
with addition of HBr to gihydrocarone hydropromide.

Attempts to prepare the 'blue compound' of the intermediote
dihydrocarvone hydrachloride were repeatedly unsuccessful and
led to the formation »f o green resinous naterial under the most
carefully controlled conditions. It must be concluded thot
this dihalazens compound is highly unstable and accordingly may
be excluded =s an end product of the photochemical reaction.

The observed results can, therefore, be interpreted in the usual
waye |

Comparison may convenlently be made with the ocase of
2~=ghloro=2=nitrosopinane, The relevant results have already
been enumerated (p 77). To these mny be added

(iv) Non~inversion of the Cotton effect on

completion of the primary reaction.
The interpretation of these observations has already becn given
and the change may be considered to be of the same type in the

present instance,

NO

v

nor »al is0



indicating skeletal rearrangement in such a way that the excited
chromophore finally occupies the more stable endo positions in
this case, with respect to the C, methyl group.

A twoedimensional representation of such a2 molecule is
’misleading. however, and the distribution of the various groups

in space is better indicated as follows

Cl ] Cl

Vil VIII IX

The configurstion of C, is derived from the sign of the Cotton
effeet, and the skeletal stfucture is assumed to be trans
(normal) so that the_origihal material must be represented by
either VII or VIII. Of these, it is clesrly illustrated in
VII that all neighbouring groups are as far removed from the
sphere of influence of the absorbing chromophore as possible,
accordingly no chonge could be accounted for on the basis of
thig structure. The alternative VIII, however, shows the C,
methyl group suitably ordented to necessitate transformation to
IX on nitroso excitation. This is the change which is postu~

lated, occurring through inversion of C, and not of the secondary
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ring system a8 in the previous case,

In conclusion, (=)=2-chloro-2-nitrosocarane may be cited
as a further example of a compound which undergoes photo- |
isomerisation on absorption of radiation in the visible region,
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(111) PHOTOISOMERISATION OF (+)e2eCHLORO=2=NITROSO~p=MENTIANE

General Considerations

The phenomenon of photo-rearrangement of chloro-nitroso
derivatives of bicyclic terpene structures hos been well
illustrated by the eanses of 2=chloro=2-nitrosocamphane (6,5 =
membered ring system), 2-chloro-Zenitrosopinsmne (6,4 - membered
ring system), and 2~-chloro=2=-nitrosocarane (643 - membered
ring system). The question next arcse of whether such a
process were limited %to strained polycyclic structures, or if
it were of more general charncter. GTlucidation of this point
necessitated investigation of 2 similor derivative in which
the seocondary ring had been completely removed, the molecule
8till retaining the possibility of existing in syn and anti
forms. Such considerations led to the choice of 2-chloro-2-
nitroso=p~menthane as the material most closely related to
those previously studied and satisfying the above conditions.

NO
cl

2=chloro=2«nitroso~p-menthane

The continuity of the series has been carefully maintained
and the gem=-dimethyl group is now situated on C,, outside the
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sphere of influence of the chromophoric centre. It is interest-
ing to note, therefore, that if photoisomerisstion is shown to
ogour in this structure, it must inevitably proceed by inversion

of the C, methyl and not of the isopropyl group.

{+)=2-Chloro~2-nj trogo~p-menthane

carvomanthbne. like pinocamphone, is known to exist in

stereo&nqperie forms

earvomenthone isoecarvomenthone

the above configurations being derived from their relationship
with the established struetures of the corresponding menthones
(Read and Jotmston 1934, 1935). Of each modification, the syn
and anti forms of the oxime have becn prepared (Hlekell and Doll,
1936) so that the task of obtaining a stereochemically homo-
geneous intermediate for the nresent work appeared formidable,
Fortunately, for the first stage, it hos been possible to

obtain a high degree of epimeric purity in the ketone by choosing
as starting material the naturally occurring carvone. Carvo=-

menthone itself is found %o occur in small quantities in the
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0il Blumes Malcomii (Read et al., 1934 and has been prepared
independently by Baeyer (1893) and Wallach (1893) by oxidation
of carvomenthol. Commercial ‘Ycarvol?!, on distillation,
provided the necessary d-carvone which was hydrogenated using

a2 palladium hydroxide-calcium carbonate catslyst according to
the method described by Rezd -nd Jo'mston (1934). These
authors have investigated the equilibriua of le-carvomenthone
and l=isocarvomenthone resulting fromn the preparation of this
material by various methods and have concluded that the above
procedure yields a product in which the normal form is highly
predominant. Iin contact with the catalyst, some isomerisation
of carvone to the aromatie structure carvacrol invariably '
takes place, and since these are inseparable by subsequent dig-
tillation, it was found convenient to cantinue to the oxime

stage before attempting purificatien.

-0 ot
AN
oaYvone carvacrol
BePe 2300 bepe 2389

The erude l=carvomenthone was oximated in the usual way
and the precipitated material dried on porous plate to remove

0ily products consisting of unchonged carvacrol and lowe
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melting isomeric oximes. Fractional recorystallisation from
1ight petroleum to constant melting point finally ylielded a
material with

[L], = =30,9°
Meps 95=97°

Comparison of these properties with those of the four possible
modifications recorded under (Hickell et al., 1936) shows

conclusively that the method has been successful in isolating
a stereochemically individual oxime of the normal form of the

ketone.
Oximes of Carvomenthone
l=oarvomenthone l-isocarvomenthone
I II I IT
(K], =42.3° 91.2° =72,5° «65,59
me.Pe 100=101° 30-329 64=659 30=31°

The required intermediate was, therefore, available in the
desired stote, and since the formation of an oxime hydrochloride
does not take place under the usual conditions, the 'blue
compound?! waos prepared by direct chlorinntion of the oxime in
dry ether. Removal of the solvent yielded (+)=2=chloro=2-
nitroso~p~menthane as a non=viscous blue liquid which distilled

under high vacuum and had the properties



Rotatory Dispersion of (+)«2«Chloro-2-nitreso~p-menthane

¢ - 1,507 Solvent 3 aleochol (oxygen free)
£+ 10 mm, t = 18.5°
ID;‘ A (Ao) OLO [J\]v lo—‘ ‘/\(Aa) oL o [OL.]o

580 -0620 -133 640 “0e37 - 247
560 “0e23 -1563 650 -0e621 - 140
670 - 0627 -180 660 +0408 + 863
580 -0s31 -207 670 + 0028 + 187
$90 -0s37 - 247 680 +0¢40 + 267
600 -0e34 -222 690 +Qe47 + 33
610 ~0e¢32 “213 700 + 0651 + 340
620 -0.34 -227 710 + 0653 + 383
630 -0e37 - 247 720 +0¢48 + 320




Avsorption Bpesetrum of (+)»2«Chloro«2-nitroso-p-menthane

8 = 1.204%7 Solvent 3 aleohol {oxygen free)
= 04,0598 L= 310 m,

1o AR ey %f" € 1o AN ey 2 €
780 042 073 650 525 8.85
770 <066 1.11 640 «485 8.19
760 «091 1,53 630 «450 7.59
750 o121 2,04 620 «382 6e4d4d
740 171 2,88 610 «290 4,90
730 243 4,10 600 225 | 3,79
720 «346 5.83 590 177 2,98
710 o511 8462 580 152 2456
700 o717 12,09 570 «125 2.11
690 «830 14,00 560 «091 1,53
680 «820 13,83 550 «060 1.01
€70 «730 12,31 540 2043 0.73
660 o614 10,36




CD
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(L], = +353° at A = 7100A0
€nr. = 14,08 at A = 6870A0
bePe 53.5° at 0.5 mm.
Founds Cl 17.3%s C_H NOCl requires Cl 17.4%

107718

The maximum rotation is seen to be considerably lower than for
the corresponding bicyclic derivatives. Complete rotatory
dispersion data are set out in Table 25 snd the curve shown in

Graph XII (i). A typical Cotton effect results with
(... = +353° at 7100A° Reversal 6570A [4]...= =247 at 5900A°

Determination of ahsorption has shown the band character-
iatic of these compounds. The results are reecorded in Table

26 and illustroted in Graph XII {ii)(a).

Behaviour on Irradiation

The result of exposing an alcoholic solution of (+)=2-
chloro=2=nitroso~p-menthane to mercury yellow light has been
investigated by the photochemical technique already desceribed
(p2!), polarimetric and spectrophotometric measurements being
used to determine the wnrogress of the reaction. The
appropriate data are recorded in Table 27 and have becn cal=-
culated from the concentration (estlmated) at ench time

interval in the usunl waye. A surprising result is observed.



ZABLE 27

Irradiation of (+)=-2-Chloro-2~nitroso~p-menthane
with
Merocury Yellow Light ( A = 5770, 5790A9°)

Solvent 3 aleohol (oxygen free)
2 -

6 - 0.892%

= 00438 10 mm,

Absorption Measurements at A = 6870A°

Rotation Measurements at A= 5900A°

! ek A [Wdos | T | ey —.i: € log €
0 -0eR22 | — 247 - 247 «610 13:93 | l.l44
1.0 ~ 017 -191 — 287 0453 10434 1,014
2.0 “0s14 | -157 -~ 254 e 378 8,63 0,936
S0 | " 0412 | ~135 - 256 e 322 7635 0,866
4.0 “0el1l -123 | —268 « 280 6+39 0806
5.0 0,09 -101 - 247 250 5271 04757
6;9 '0008 - 90 - 246 0223 5009 00707
7.0 0,07 ~78 | — 236 2202 4,61 0,664
800 -0.07 -78 - 265 0181 4013 0.616
900 — Q406 - 67 — 250 o164 3e74 0.573

10,0 ~ 0606 - 67 | —282 e145 Se 31 0,520
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The corrected specific rotation is secn to remnin comstont,
within the limits of experimental anccuraey, throughout the
reaction. This was at first interpreted s due to the
absence of a primary change, but furthe® considerution has
shown that it is rother the inability of the method to detect
such a process.

Attention was, therefore, turned to absorption data, to
determinevif the shift charncteristic of photoisomerisation
had taken ploce. Photolysis is seen to occur fairly rapidly
and after n time of 3.5 hr. € .,, has follen to 6.833 rather
less than half the original vilue, =2nd sceordingly the lower
limit for which complete spectral determinction can be mnde
accurately. A fresh sauple of the solution on which the
previous absorption measurements had been made was used, being
irradiated on the same optical system for 3.5 hr., at which
time € ..., was confirmed to be 6.83. The concentration of

tblue compound® at this time is given by the usual equation

| 6,83 y
o - co o - 1.204 THAGE - 0.05847 - 0.0287M

ahd this value has been used in the calculation of molecular
extinction coefficients which are set out in Table 28, The
curve is superimposed on that of the original material in

Graph XIT (ii)(b) where 2 small bathochromic displacement,



IAELE 28

- Absorption Spestrum of 2«Chloro-2enitroso~p-menthans

after Irradiation with
Mercury Yellow Light ( A= 5770, 5790A%)
(observed and calculated)

1.204% (ealc. = 0,584%) Solvent t alcohol (oxygen free)
0.059%M(0alo. - 0,0287M) A : 10 ma.

o
"

n

0" A(A)

g2 | €t | €aake |EcmEc|10AWN 15T | Eobs. | Ecale| € - €4

780
770
760
750
740
730
720
710
700
690
680
670
660

o018 | 0,30 0.62
«028 | 0,47 0,97

650 | 4242 | 4,08 | 844l | 1t0,44
0220 | 3471 | 7465 [+0,54
«043 | 0,73 1,51 630 | «204 | 3444 | 7,09 | +04,50
«058 | 0,98 2¢02| =~ 620 | o180 | 3403 | 6625 |t0,19
.035 1043 2.95 ‘0.07 le .136 2.29 4.72 +0.18
od32 | 2,06 4,24 [70,14 | 600 | o105 | 1,77 | 3465 |t0,14
o174 | 2,93 6404 [ 0.,21 590 | 4084 | 1,42 | 2,92 | t0,06
258 Py 8496 |-0434 580 | 4075 | 1e26 | 2460 -

o358 | 6,04 | 12,45 [-0.,36 | 570 | 4060 | 1,01 | 2,08
0405 | 6,83 | 14,08 |-0,08 | 560 | 4044 | 0,74 | 1,53
0390 | 6,58 | 13456 [+0427 550 | 4032 | 04,54 | 1.11
e342 | 577 | 11,90 [+0.41 540 | 4027 | 0446 | 0,95
282 | 4,75 9,79 [¥0.57

o
8
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estimated at about 15A°, is indicated. This might be con-
sidered as approaching the limit of experimental accuracy, but
confirmatory evidence is supplied on consideration of the data
get out in the last columm in Table 28, which regords the
difference between initial and final molecular extinction
coefficients. All of these are seen to be negative at wave~-
lengths longer than the head of the band and positive at
shorter wave=lengths. Such a lack of rondom distribution of
error cannot be attributed to any method of ealculation but
must be eonsidered as due to 2 small but detectablé batho=-
chromic displucement. Precise determination of the isosbestic
point is unnecessary in this case and the wave~length of the
head of the band has been used for intermedinte absorption
measureﬁnnts.

A rotatory dispersion curve was also constructed at this
time, the specific rotaztions being calculated from the estimat-
ed concentration. In agreement with the data in Table 27,
no difference from the original material could be found, so
that the results need not be recorded further. This method
has a much lower experimental accuracy than the former, however,
and 1t may only be concluded that any changes in rotations
are too small to be detected.s Turther determinations of both
rotafory dispersion and anbsorption made at later times served

merely to confirm the sbove results.
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Kinetic Studies

Since it has not been possible to follow the initial
process pdlarimetrically in this case, the application of
‘kinetic methods is severely limited and serves merely to
indicate the overall mechonism of the reaction.

Absorption measurements provide the only data avallable
for the present investigation and give the total concentration
of 'blue compound' present »t each time interval during the
photochemical reaction. These vilues are given in terms of
molecular extinetion coefficients in Table 27 and the logarithm
of this parameter is plottcd ageinst time in Graph XIV (ii)
(a)e The curve is of the usual form indicating a two=component
process to the point of inflection at a time of about four
hours, thereafier simplifying to photolysis alone. Since
this latter part of ti.c curve is linear, ¥First Order kinetics

are indieated =nd ithe velocity constonts may be caleulated

tan 6 = 0,0466
from equation (10) X, = 2,303 x 0.0466 = Q.107 hr, '
equation (13) gives (t ). - 0.693 - 6,47 hr

k,
The rate of photolysis is therefore intermediate between those
0f (+)=2=chloro=2=nitrosopinmme (k, = 0,005 hr. ) and (=)~2-

chloro=2~nitroscearsne (k, = 0.744 hr. ), ond since the primory
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reagtion attains completion in » relatively short period, it
mzy be deduced that the usual mechanism applies

k7 0~ k,
A-///7 k‘\\\\\\? ¢
3

with permissable approximation to the first two stages.
Transition from complex to simple kineties haaAbeen shown
in previocus cases to repressent change from =2 eompouﬁd photo=~

echemical reaction consisting of

(a) photolysis of the original moleoule
(b) rearrangement of the original molecule

and (¢) photolysis of the rearranged molecule

to (c) alone. Such o stote moy be considered sufficient
oriterion for this tyre of mechonism =snd provides the third
method by which photoisomerisation can be deteoted.

Conclusions

It is instructive to compare the results observed on
irradiation of (+)=2-chloro~2~nitroso~p-menthane with those of

the previously investigated materials.



(1) There is no detectable chunge in optical

rotatory power throughout the reaction
in this ocase.

(14) The usual bathochromic displacement of
absorption curve is observed, of con=
siderably smaller magnitude here.

(1i1) Kinetic considerations show that the total
reaction eonsists of consecutive component
processes, The overnll mechanisn is
pimilar to the previosus cases.

(iv) Non=inversion of the Cotton efrect precludes
inversion of the asymmetric centre C,.

This is the first instonce in vhich the initial process
cannot be detected from changes in optical rotatory power,
however, the results can be satisfoetorily interpreted only on
the basis of the usual type of intramolecular isomerisation in
which the two epimers have rotatory powers not appreciably
different. Confirmatory evidence ieg supplied from the small

but real displacement of the visible absorption band.

normal iso

The above configurations are derived from the following

considerations
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(i) The precursor of the 'bluc compound' has
been shown to be o stereochemically
homogeneous materizl of the normal (trans)
form. It is reasonable to conclude that
the skeletal structure of the resultant
chloro~nitroso compound will be trans also.

(11) Sign of the Cotton effect gives the relative
configuration of the centre C. with respect
to the established configuration of (=)=2-
chloro=2=nitrosocamphane.

(41i) Cis~configuration of the nitroso chromophore
and neighbouring methyl group must exist
before nhoto~rearrangement is possible.

The isomers are more clearly illustrated in three~dimensionsal

representations

cl c!

NO i NO
vnormal iso

vwhich are in agreement with the conclusions of Bose (1952).
Expressed in terms of Barton's éecently elaborated method of
conformational analysis (1950, 1951), "esrvomenthone, being
the more stoable epimer, should hove both the methyl and iso=-
propyl groups linked by equatorial bonds while isoenrvomenthone
should have the isonropyl group equatorially linked and the
methyl group polar linked®.
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In the photochemical reaction under cons}ideration it is
evident thot excitation of the nitrosco chromophore causes
repulsion of the vicinal methyl group to the sterically more
stable endo position, resulting in inversion of the mnléeula.r ‘
strueture to the iso form. The phenomenon of photoisomerisat-
ion is thus shown to extend to suitable monooyclie derivatives

a8 in the present sase,
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(iv) PHOTOISOMIRISATICN OF («)=3wCiLORO=3=HITROBO=P =M IHTIANE

Conside

‘ As an extension of the series J-chloro-3-nitroso~pe
menthane was chosen as o molecule which was expeoted to yileld

interesting information compared with the previous member.

NO
cl

3wghloro=3-nitrosoc=p=-menthane

Modifioation of the structure in this case has resulted in
situation of the chromophoric centre vicinal to the isopropyl
group instead of the C, methyl. The results may, therefore,
be expected to agree qualitatively with those derived for the
corresponding 2=epimer, but to be of slightly different
magnitude. It was hoped that if such evidence were available
it would prove valuable in substantiating the validity of the
previous interpretation of the photochemnical reaction, parti-

cularly in view of the absence of information from rotation

datae

(=)=3=Chloro=3=nitrogso=~p~menthane
Since the early experiments of Beckmann (1889), the
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isomerisation of the menthones has been the subject of extensive
study by a2 number of workers particularly noteworthy among whom

are Read and his collaborators (J. 1925=-1952, weviewed 1930),

So <o
l~menthone J~-isomenthone
(4], = =28446° A, = =932

The mechanism of this inversion under the influence of aecids
has been investiggted by Bell (1938) who postulates a proto-
tropic ohange, and since the asymmetry of C, is lost in the
enolic intermediate, inversion of the isopronyl group is
permitted to yleld the isomeride. It is interesting to note
that the kinetiecs of this rearrangement aore found to be of the
First Order. Obviously the some mechanism cannot be operative
in the inversion of the chloro-nitroso derivatives, but the
results serve to indicate the ease with which these structures
undergo internal rearrangement. |

The first synthesis of l-menthone was that of Moriya
(1881) by the oxidation of l-menthol. Subsequently it has
been prepared by reduction of d-pulegone, piperitone and other

unsaturated ketones. Modification of the former method,
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however, is most suitcoble znd results in a reaction which has
been reported by Read (1926) to be completely free from 8
accompanying inversion, so that, by this proeedure, no difficulty
was experienced in obtaining a stereochemically uniform start-
ing material, After distillation the ketone had the properties

beps 7845°/10 mm.
E’L]D = -24.90

The oxime and oxime hydrochloride were prepared in the usual
way, oare being taken in the latter stuge to introduce the
minimam amount of HCl, a potentially powerful inverting agent.
A salt with melting point 117-119° was obtained

l-menthone l~isomenthone
oxime hydrochloride oxime hydrochloride
mepe 117=119° . m.p. 132°

showing that stereochemical homogeniety had been retained.
Chlorination in dry ether gave an emerald green solution which
yielded (=)=3=chloro=-3=-nitroso=-p-menthane s a non-viscous
blue liquid on removal of the solvent and distillation under
high vaouum. The properties were found to be unchanged on

chromatographic treatment with Light's activated alumina.

(.. =t225% at A = 6200A°
€E.ax*20.62 2t A= 6750A°

o
bnpo 56 at C.25 mme



‘Retatory Dispession of (=)=-3~Chloros3-nitreso~p-menthane

e = 1,069% Solvent 3 aleohol (oxygen free)
= 0,0526M £ =18°
@) AC w3e |eaa|  4c e

560 1+ Q.16 +150 640 t Q.16 +150
560 t 0s17 +159 650 0 0

570 +0.19 +178 660 -0.16 ~350
580 +0e21 +196 670 -0e30 - 28}
590 + 022 +206 680 ~0+38 - 327
800 +0.18 +168 690 ~0e36 - 338
610 +0.17 + 159 700 ~Qas37 - 346
63@ +0.24 + 228 710 -0.36 - 338
630 +0.23 + 315
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Absor¥ption Spectrum of (=)=3=Chloro-3-nitroso-pe-menthane

e - 0.911% Solvent s alcohol (oxygen free)
= 040448 £ = 10 nm,
W AW) ey /If" € 10 ' A) ey % €

780 025 0456 650 +610 13,62
70 «038 0.85 640 532 1l.88

760 | .056 1.25 | 630 | o500 | 11.16
750 | .081 1.81 | 620 | .408 9.11
740 | 118 2,63 | 610 | ,332 7.41
730 | 189 4,22 | 600 | .258 5.76
720 | .293 6,54 | 590 | .196 4.38

710 | .438 9.78 | 580 | .,165 3,68
700 | .638 | 14.24 | 570 | .135 3,01
690 | .830 | 18,58 | 560 | .096 2.14
680 | .888 | 19.82 | 550 | .064 | 1.43
670 | 830 | 18,53 | 540 | L050 | .13
660 | .720 | 16,07
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Found Cl, 17.5%; C H NOClL requires CL, 17.4%

[[Zt3

Like the closely related (+)=2=-chloro=-2-nitroso~-p-menthane,
the maximum rotation is quite small, which appears character-
istlie of such strainless monocyclic structures. The rotatory
dispersion is of the usual form as illustrated in Graph XIIX
(1) and recorded in Table 29.

[[]... = +2256% at 6200A° Reversal 6500A° [W1.. - =346° at 7000A°

Precise location of the visible absorption band is of .
fundament:l importance in the present study and has been deter-
mined from the data set out in Table 30, The result is shown
in Graph XIII (11)(a) before exposure of this material te

visible radiation.

Behaviour on Irradiation

The photo-processes occurring on irradiation of (=)=3=
chloro=3-nitroso-p-menthane by mercury yellow light on the
optical system previously described (p2!) have been investi-
gated by the usunl methods based on rotantion and absorption
measurements and kinetic results derived from these.

To ensure that the initial photochemical reaction, if
preéent, was not obsecured by simultaneous photolysis, spectro-

photometric estimations of concentration have becn employed
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at each time interval and corrected values are recorded from
these, Complete information is given in Table 3L which pro-
vides a most interesting result. Calculated specific rotations
ére seen to remain essentially constant, but the obvious inter-
pretation of absence of the primary process here must be
considered with caution and attention turned to the remaining
methods before a final assescment may be made.

That photolysis of this material proceeds fairly slowly
is illustrated by the data in Table 31, the value of molecular
extinction coefficient requiring rather more than the 9,25 hr,
given to fall to half the original value. In view of the |
extremely small displncement found in the case of (+)=2=chloro-
2=nitroso~pementhane it was concluded that o longer exposure
was desirable in this case before attempting to determine any
band displacement. Accordingly, the previous experiment was
repeated and irradiation continued for 22 hr. at which time
€=7.97. Investigation of the absorption simultaneously
with a fresh sample of the unirradisted material yielded data
which are recorded in Table 32 along with the correctcd values
of € derived from the concentration estimated at this time

. k. 297 - -
¢ = Co ko 0.911 . 888 00227/0 0.0179140

The curve is superimposed on thot of the original material in



Irradiation of (~)«3=Chlore-3=-nitrose~p-menthane
with

ZABLE 31

Mereury Yellow Light ( A: 5770, 5790A°)

- 1.069%
* 0.0528M

Rotation

Solvent : alecohol (oxygen free)
(sealed cell)

£ - 10 mm.

Absorption Measurements at

Measurements at

A= 6800A°

A= 580049

T i<

(h.)

[&] obs.

[d)cate.

Mj%;

(ﬁjé

0425
0475
1,75
3e25
5,25
Te25
9.25

10620
+ 0418
+0.18
+ 019
+0e16
10,15
+0.13
+0,.11

+18%7
+178
+168
+168
+ 150

1140

+122
+103

+187
+193
+193
+203
1198
+202
+193
+182

1,060
0,980
0,925
0,875
0,800
0.732
0,670
0,604

20,19
18.67
17.62
16,67
15.24
13.94
12,76
11,50

1,308
1.271
1.246
l.222
1.183
1.144
1.106
1.061




TABLE 32

Abserption Spectrum of 3-Chloro=3-nitroso-p-menthane
after Irradiation with
Meroury Yellow Light ( A= 5770, 5790A°%)
(observed and caloulated)

"

6 = 0.911% (eale. = 0,227%) Solvent : aloohol (oxygen free)
= 0.0448M(0alc. = 0.0179M) A = 10 mm.

(" Al Ioj Iff € obs. € cale. é; -€, 10'A®) '07 J:f" Eobs. Ecale. | €. — €

780 | ,0L0 | 0422 | 0,55 650 | o246 | 5449 | 13,69 | “0,07
770 | 015 | 0,33 | 0.82 640 | .217 | 4.84 | 12,06 | -0,18
760 | 4022 | 049 | 1.22 630 | ¢203 | 4,53 | 11,30 |-0,14
750 | 4032 | 0671 | 1477 - 620 | 4172 | 3484 | 9458 | 0,47
V40 | 4046 | 1.03 | 257 [+ 0606 | 610 | o134 | 2,99 | 7.46 | -0,05
730 | +O75 | 1L.67 4,17 |+ 0,05 | 600 | 4108 | 2,41 6401 | ~0425
720 | o115 | 252 | 6629 | +0e25 | 590 | 4079 | 1a76 | 4439 | 0,01
‘710 .173 3084 9.58 +O.20 580 0067 1049 3.72 "0004
700 | +284 | 5467 | 14,14 | + 0,10 | 570 | 4055 | 1.23 | 3,07 -

690 | o331 | Te39 | 18443 | 10,10 | 560 | 4036 | 0,80 | 2,00 -
680 | 357 | 797 | 19,87 | 0,05 | 550 | 4030 | 067 | 1,67 -
670 | o335 | 748 | 18465 | 0,12 | 540 | 4022 | 0,49 | 1.22 -
660 | 4292 | 6451 | 16423 | “0.16
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Graph XIII (ii)(b) where a shift of about 10A° to shorter wave-
lengths is seen to result. Confirmation is given from the
values of €. -€r in Table 32. Again the sbsence of random
disecrepancies is perhaps more satisfactory evidence of the
reality of absorption displacement than the small difference
observed on graphing the results. It has been unnecessary to
make a precise determination of the isosbestic point for such
a small shift, and the head of the band has been used for
purposes of intermedinte measuremnents. Purther investigation
of rotatory dispersion at this time gave results vhich were in
close agreement with those of the original material and so are
recoxrded in Table 29. |

Pinally, it may be stresced that the methods here employed
for the detection of photoisomerisation are not invalidated by
the magnitude of the changes observed, since rearrangement in
gpacial distribution of groups canmnot be correlated quantitat-
ively with changes in optical properties of the resulting
isomerides. It is satisfactory to note, in such cases, that
further confirmation is available on investigation by kinetie
methods.

Kinetic Studies

' In the absence of rotation data kinetics are, of necessity,

limited to the application of spectrophotometrlie measurements
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set out in Table 31. The fall of molecular extinction
goefficient is a measure of the decrease in concentration of
the total 'blue compound! as the reaction proceeds. Por
conformation to the First Order law, the logarithm of this
quantity plotted against time should yield a straight line.

The results obtained are illustrated in Graph XIV (ii){(b) which
shows the relationship to be complex up to a time of about
three hours and thereafter linear. The characteristic con-

stants for this final process may be calculated

tan 6 = 0,020
from equation (10) k, - 24303 x 0,020 = 0,046 hr,

equation (13) gives (t,). - 9&%2§ = 15,08 hr,

2

illustrating the greater photochemical stability of this mat-
erial over the corresponding 2-epimer (k, - 0,107 hr.').

That such a reaction mechanism, with veloeity constants
of the above order of magnitude, consists of primary, secondary
and tertiary components of which the last moy be neglected, has
been demonstrated previously. The signifiocanece of these

results will now be considered.

Conclusions

The following observations have been made during the irradiation

of (=)=3=chloro-3=-nitroso-p~menthane.
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(i) No change is detectable in optical rotatory
power. This precludes any possibility
of inversion of the asymmetric centre C;.

(1i) There is a small displaocement of the visible
absorption band to shorter wave-lengths.

(111) Kinetic considerations show the overall

reaction to be a composite one and confirm

the existence of a primary process.
The avallable evidence is consistent with the requirements for
intramolecular rearrsngement as in the previous cases.

Displacement of the absorption band has already been

established as a diagnostic test for isomerisation and kineties
provide evidence of completion of the initial reaction after
S hre. The results are in no way invalidated by the lack of
supporting data from rotation measurements which merely implies
failure of the method to meet the required degree of precision.
It has already been pointed out that the magnitude of the |
changes observed has no particular significance since these can-

not be derived from steric considerations. The transformation

may, therefore, be represented

normal iso

configurations being based on the following considerations
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(1) The structure of the original ketone and
subsequent intermedistes suggest that it
is justifiable to assume a normal, i.e.
trans, configurution for the initial
"blue compound'.
(41) It is more reasonszble to consider that the
sign of the Cotton effect gives the con-
figuration of the centre C;, with respect
to the corresponding 2~derivatives, than
otherwise.
(1ii) Cis~orientation of the active chromophore and
vicinal alkyl group are required in a
structure capable of change.
The above configurations are seen to be in agreement with these
requirements, and it is evident that for the form of lowest
free energy, inversion of the iso-propyl group on C, must follow
photo~exgitation of the chromophore responsible for absorption
in the given spectral region.

It is a2 peculiar feature of this moterial that on irradi-
ation the absorption should suffer a hypsochromic displacement,
in eontrast to all other members of the present series which
have been found to be bathochromic. The example is not
isolated, however, and finds comparison in the (+)=2=chloro=-2e
nitroso~apocamphane=l~carboxylic acid studied by Veitch (1953).
Direction of displacement is of doubtful significance, however,
for it has already been pointed out (p 35) that this is related

only. to the energy of electronic transition.
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(v) PHOTOISOM RISATION OF

2= CHLOROm 2= I TROS0 =1 = e T VL OV CLOIEX ANE

General Congiderations

The present investigation has been concerned with a study
of the photochemical behaviour of chloro-nitreso derivatives
of a ge¥ies of structures in which the secondary ring system
has been progressively degraded from that of the parent
camphane. The results recorded in the preceeding Sections
show thot photolsomerisation occurs when a vicinal constraint
(alkyl group or ring system) faolls within the sphere of influence
of the photo=ecxcited chromophore. 1In all cases yet studied,
two stericelly effective groups (or group plus ring) have been
operative, in that rearrangement proceeds by inversion of one
with respect to the other. It was of interest, therefore,
to conesider the case in vhich the secondary ring system had
been completely removed, leaving the undernoted struotursl unit,

gomuon to all members of the present series,

NO
Ct

2=ghloro=2=nitroso-lemethylcyclohexane

T4+ remained to determine if any change were detectable on
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irradiation of this material, i.e. if photoisomerisation is
attributable to rearrangement of the spacial distribution of
groups centred on C, ond C,, or dependent entirely on the

existence of cisetrans skeletal modificationse.

i-2=Chlorg=2~nitroso=l=methyl cyclghexane

The preparation of this 'blue compound' was greatly _
fascilitated by the ready avoilability of the starting material,
o-methylcyclohexanone which, by its simplicity of structure
obviated the tedious task of seporation of isomerides esperienced
in previous preparations. The ketone has one outstanding
disadvantage, hovever, being avusilable only from synthetic
sources it is not optically active, though potentially so by
virtue of the asymmetric centre C,. The literature contains
no reference to attempted resolution although this has been
carried out for the corresponding 3=-epimer. It was considered
that separation of the enantiomorphs might be effected through
the funetion of the carbonyl group by one of the following
methods,

(1) Using the reagent 5(A-phenylethyl) semioxamazide
developed by Leonard (1950), which has proved
successful in the case of 3=methylcyclohexanone.

{11) Through the amine-bisulphite addition complex

used by Adams (1949), again with success for
the S=epimer.
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(111) By the method of Woodward (1941) using L=
menthylhydragzine a8 in the classic resol-
ution of camphor,

Of these, the first secmed the most profitable, and work
wag commenced on the attempted resolution. At about the same
time, however, a repeated study of the photo-processes attend=-
ing the irradiation of (+)=2=chloro-2-nitrosopin=ne brought to
light the shift in sbsorption band accompanying rearrangement,
and subsequent re-investigation of the other 'blue compounds®
established such a spectral displacement as characteristic of
photoisomerisation., The final proof of the validity of this
deduction was supplied when the chloro=nitroso compound of (*)
camphoy was irradiated in the usual way and the expected band
displacement observed, showing that the absorption shift was
in the same direction #ar both enantiomorphs (Hope and Mitchell,
19563)s This method of detecting photoisomerisation has,
therefore, proved a useful tool in extending the investigation
of such processes to optically inactive and racemic compounds,
while kinetic data hove served further to substantiate the
results derived. In view of these methods of investigation,
it was felt that the resolution of o=methylcyclohexanone was
no longer justified, and attention turned to a study of the
chloro=nitroso compound from the inactive ketone,

The oxime and oxime hydrochloride of (+)l-methylcyclo-
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hexanone were formed in the ususl way and the salt chlorinated
in a large volume of dry ether to give o decp green solution
after several hours. Removal of the excess chlorine and
‘solvent yielded i~2~chloro~2=nitroso=-l=methyleyclohexane as a

non=visgous blue liquid which distilled under vacuum,

€ max. - 15,14 at A = 6850A°
beps 67-68° at 14 mm,
Found Cl, 22,073 C I NOCL requires Cl, 22,0%

Consideration of previous 'blue compounds' illustrates the
low value of rotatory power of such monocyclic chloro-nitroso
structures, so that it is doubtful if the oytieélly active
material would have proved of mach greater value for the present
studies than the above. It is true thot absence of rotation
data render it impossible to verify the sicreochemical homo-
geniety of the synthesised material, but conditions have becn
controlled to conform to those employed in all other cases, so
that there is no reason to suppose it is other than the isomeride
possessing the lowest free energy and greatest stability which
is produced here. The necessary absorption data before
irradiation have been recorded in Table 33 and are illustrated

in Graph XIV (i).



o
f=2eChlere=2-nt troso~-l-mothyl oyelchartuns

& - 3.080% | Bolvent s sloohol (émygen free)
= 9.@6’9‘“ L - 10 wm. l
10 AA)| 1oy f; € 10 A A)] oy % €

5085 | 540 | .046 | 0.68
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Behaviour on Irradiation

Investigation of the molecular processes arising from |
irradiation of an alcoholic solution of i-2=-chloro=2=nitroso=-
l-methyl cyclohexane under anaerobic conditions and on the usual
optical system has been limited to the interpretation of data
derived from absorption measurements. These are set out at |
various time intervals in Table 34 where the decrease in mole=~
cular extinction coefficients is seen to be fairly rapid,
falling from 14.84 to 5.25 in 2.5 hr. The concentration of
material remaining at this time was estimated spectrophoto~

metrically
k 00418 g
¢ = Qo ko = 10086 1.00 - 0.452‘/1’7 = 000283‘1

and a complete absorption spectrum determined, the value of €
being based on this concentration. Data are recorded in Table
35 and the curve superimposed on thot of the original material,
re~determined simultoneously with the above. No displacement
is detectable in this case, although irradiation has been con=~
timied to a limitation imposed by extensive photolysis.
Further, the values of €. € in Table 35 show no progressive
change with wave=length, a test which has proved sensitive in
determining even small spectral displacements in previous
cases.

The absence of an initiul rearrangement is indicated but



Irradiation of 4«2Chlovos2-nitrencel-methyleyelohexane
vith

Hereury Yellow Light ( \: 5770, 5790A°)

s - 1.080% Bolvent 5 alcohol (oxygen free)
= 0.0674M L= 10 ma. (sesled osld)

Absorption Measurements at A - 6900A°

T tme E- 1o
(h‘r-) ,0‘7 T € jé

gs 1.000 | 1484 | 1am

2.8 | 595 | 8.99 | 0944
2.0 +488 T.38 | 0,860

2:8 +»A18 6,22 0:793




after Irradiation vith
Mereury Yellow Light ( A - 5770, 57904%)
(obmerved and ealeulated)

% - 340807 (eales - 0.4587) Solvent ¢ sleshol (oxygem free)

: 906781 (sud e, - 0,00824) £ = 10 ma,

10 A(A%) [og i, Eobs. | Ecale Ci-€E. 1874 log % Eohs | Ecale. |E; ~E¢
T80 | +OAY | OsR5| 0,59 - 650 | 288 | 4.27 | 30413 - 0.49
Y70 | 084 | 0,36 0.88 - G40 | 4254 | 3,77 | 894 |~ 0,43
760 | 4O3Y (0.86| 1.3 - 630 | 4845 | 3,63 8,61 |+0,38
T80 | 080 | 074 3.75 | « | 620 | <214 | 3,18 | 7.54 [-0.12
T40 | 4072 | 2407 | 803 |+0,00 | 610 | 152 | 2428 | 5,41 | 0.00
T30 | o308 | 2485 | 3,67 |1 0409 | 600 | 328 | 181 | 4,39 | 0.47
730 | o356 | 2,30 | 5,48 (10,01 | 890 | 088 | 1.3} | 3.10 |-0.,01
Ti0 | 238 3.50| 8430 |-0.,46 880 | 072 | 1,07 283 [t 0,08
m ¢M 5,00 11,86 |+0.,04 | 570 | 057 | 0.84 1.99 -
690 tm 6,20 | 34,73 |+ Oudl | 5680 | 042 | 0,63 1.49 -
680 ‘489 6.38 :5 234 |70.,30 850 | 028 | O, 38 0.90 -
670 | « 386 | B.T72| 13,87 |- 0.22| 540 | 015 | 0,33 | O.B4 -
660 | 4334 | 4496 | 12,77 |- 0,38
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consideration mst be given to kinetiec studles before the

results may be unambiguously interpreted.

Kinetic Studies

The change in concentration of reactant with time is con-
veniently represented by the value of molecular extinection
coefficient at the head of the absorption band and the plot of
log €./t is shown in Graph XIV (ii)(c) (Table 34). It is
significant that a completely linear relationship results,
negessitating Mrst Order kineties and a simpie overall
mechanism with no indication of primary and secondary progesses,
The velocity constant may be calculated from the straight line
in the usual way

tan 0 = 0,156
from equation (10) k, = 24303 x 0,156 = 0,359 hr,
eqation (13) gives (t,), = 4823 - 2,93 mn,

The reasction is represented as destruction of the rearranged
moleoular speeies, 1.e. the second component of the possible

sequencge
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and is considerably more rapid than the photolysis of specles
‘B! observed for other 'blue compounds!, with the exception of
the highly unetable rearranged (+)~2=-chloro-2-nitrosocarane.

Conclusions

Irradiation of i=2-~chloro=2=nitroso~l-methylecyclohexane
has given rise to results which differ fundamentally from those
observed in other cases. It is unfortunate that no information
is available from rotation data, but spectral displacement of |
absorption and compound kinetics, both characteristic of photo-
isomerisation under these conditions, have not been cbserved,

The facts are explicable on the assumption of absence of
initial rearrangement before photolysis. It is difficult,
however, to reconcile this view with a consideration of the
molecular processes known to occur in closely related structures
and interpretation of the results must be derived with care.

An alternative explanation suggests itself on consideration of
the relative thermodynamic stabilities of the theoretically

possible stereoisomers.

NO NO
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The energy barrier separating such siructures would be expected
to be very smell, snd it is concelveble that the corresponding
photo=processes, if existent, would he extremely rapid and
accordingly detectable only with great difficulty. Such an
interpretation requires thot the energy of transition of the
nitroso group (band location) is unaffected by the relatively
smali structural differences in isomeric forms, and that re-
arrangement proceeds with a quantum efficiency of such magni tude
as to be without influence on the kinetics of photolysis. ,
Whatever the true explanation, the results are significant
in illustrating two points of outstanding importance in
relation to the previous work.
(1) In cases where primary rearrangement is absent
(or undetectable) the kinetics show s linear
relationship of the logarithm of concentrate-
ion with time throughout the period of
irradiation. Compound kinetics may, there-
fore, be unambiguously interpreted as
representing complex photo-processes, thus
substanticting the validity of the third
method employed Tor detecting rearrangement.
(41) Photoisomerisation, in the sense in which it
has been previously observed, is not dependent
merely on the relative spacial arrangement of
the groups on the asymmetric and vicinal
centres, but 1s possible only in structures
theoretically capable of existing in cis-trans
skeletal modifications.
In this respect, the present investigation of i-2-chloro-

2-nitroso=l=methylcyclohexane has proved invaluable in providing
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unusual opportunities for the study of results observable on
irradiation of a structure intimately related to those of the
other menbexrs of the series but rendered essentially incapable
of undergoing the primary process of photoisomerisation,
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It hss long beon knovn that mony ternenes and their
derivatives readily undergo rearrongement in the presence of
both acidic and basic catalysts. What is perhaps the most
prominent work in this field is due to Lowry and his collabor=
ators (J., 1898~1915) on substituted camphors and related
compounds. The mutarotation of A =nitrocamphor is particularly
interesting and was erroneously congsidered by its investigwtor
to be due to partisl conversion of the normal into the aci-form
in solution. He noted soceleration of the change on exposure
to light (1900) but records no attempt to carry out the trans-
formation by this means alone. More recently, Bell and Sherred
(1940) have shown that the reaction is, in fact, due to inter-

conversion of the two possible stereocisomers.

In less complicated terpene structures, skeletal trans-
formation of the normal — iso type is common and has been well
illustrated by the work of Read (reviewed, 1930) on such com~
pounds as pinocnmphone, carvomenthone and menthone, in which
cases the equilibrium existing between the isomeric forms
under o variety of conditions his been extensively studied.

A close anslogy, therefore, exists between the rearrangements
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of these materials and the puotoisomerisations observed for
their chloro-nitroso derivatives.

Interpretation of the changes attending the photo-processes
hae been based on the data sumaarised in the accompanying chart
and derived from three separnte methods of investigation, some

relevant points of which msy be briefly considered.

(1) optical Rotatory Power - Only in the case of I there a

reversal in sign of rotation on completion of the tramsformation ,
80 that this is the only member in vhich inversion of the nsy-
mmetric centre need by considered. Criticism has becn directed
against the postulated structurasl change (Veitch, 1953) on the
argument that the Cotton effect is not completely inverted and
the final wv:lue of [A].. = =508° falls considerably short of

the initial (L]....-+964°, It must be pointed out, however, that
the epimers described hove the relation of diastereoisomers and
not enantiomorphs so that there is no sound vasis for supposing
even approximate equality of optical wrobtatory powers. In all
other cases, nodification of the curve of rotatory dispersion
suggests molecular renrrangement without direet effect on the

active centre.

(4i) Electronic Absorption Speetra - Frogressive displacement
of A... in a characteristic absorption band during a reaction

is usually attributable to some form »f isomerisntion, and
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numerous examples of change in speectral location due to re=
axrangenents of the cis~troms type are to be found in the
literature. The internretation of experinental data must be
derived with care, however, since » chonge in dielectric con-
stant of the nedium frequenitly results in the same effect by
the differing contribvution of solv tion to the stabilities of
ground and excited levels. It ig known that irradiation of
chloro~nitroso compounds invarisbly results in considerable
photolysis to the corresponding oxime with liberation of
hydrogen chloride (Mitchell, Schwarzwsld -nd Simpson, 1941)
80 that these reactions are accompanied by the necessary
change in the solvenﬁ. To confirm thot the displacements of
)m~m_in the present cases were independent of these conditions,
samples of hydrochloric acid, in quantities calculated to
represent 100% decomposition, were introduced into solutions
of the blue materisls snd their spectra re-determined, Yo
ehange was detectable for any of the compounds studied so that
the observed shifts may be unambiguously interpreted as arising

from molecular transformation.

(111) Kinetic Studies - A truly internal rearrangement must be

unimolecular in charscter and obey First Order kxinetiecs, This
has been found to be the case for a laryge number of stereoiso-

merisations, e.ge. the mbarotation of d~nitrocamphor (Bell and



-116-
Sherred, 1940) and the menthone —sisomenthone interconversion
(Bell and Caldin, 1938). 1In = photochemical reaction the
further requirement of incomplete asbsorption of incident
radiation is necessary before such simple kineties become
possible. This condition has been satisfied in the experi-
mental procedure adopted in the previous investigations and
the overall mechanism hos been shown to be dependent only on
the relative rates of the individual cowmponent processes.
Comparison of the velocity constaonts for each compound is given
in the chart, vhere k, is seen to be considerably greater than
k, in all cases with the exception of the ultra~violet irradi-
ation of I. Here k,> k, so that completion of the primary
resection before total decomposition of both isomeric forms is
not possible. XKinetic considerations have proved of wvalue in
asseseing the relative importince of individual reactions but
do little to explain the exact mechanism of photochemieal
transition.

Of the tetrahedrally directed valence about the active
centre to which the absorbing chromophore is attached, two
bonds are employed in ring formation, the remaining two joine
ing the functional groups to carbon in such a way that the
planes of the pairs are perpendicular (a). This is the con=
figuration of greatest thermodynanqic stability and rotation

of the molecule from this state will require the surmounting

N
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of a potential energy barrier in the region where the four
linkages fall in a common pl=ane (b). Beyond this peint the
potential energy again decreases and there will be a minimum
when the planes of paired bonds are again at right angles (c).
The height of the barrier above the average energy level of a

given form is the energy of activation of the transition.

\\}:ff’No \\C//’ ‘\\Cti,cl
% el Y ‘\\c| 7N
(2) (v) (e)

It is extremely improbable that a molecule absorbs enough
vibrational energy from radiation for complete dissogiztion to
ocour. It is muach more likely that the first stauge in a
photo=~rearrangement is excitation to a higher eleetronic level.
In the case of monomeric nitroso compounds, the change has been
attributed by Lewis and Kasha (1945) to u IOWbenerg& singlet
triplet transition which is expected to occur but rarely, i.e.
with very low probability, in accordance with the observed low
intensity of the ~bsorption band. Such & state requires the
uncoupling of the spins of a pair of unsaturation electrons,

80 that the resultunt triplet stote may be considered as
analogous to a diradical. It is upparent that this marked
weakening of bonding may well affect the configuratim of the

molecule, the final result being portial de-loenlisation of
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the C~N bonding orbital with subsequent trunsition to (b).
Prom this state the excess energy may be lost by re-emission
of radiation or in the form of kinetic energy by collision.
Many activated molecules, however, will pass over the barrier
to the second form (¢), the relative stabilitics of initial
and final states being determined by the steric constraints
and non~bonded interaction forces of the molecular environment,
In time, the nuwber passing over the barrier in one direction
will equal the number passing in the other and a condition of
equilibrium will be attained, the position of this photo=-
stationary state depending on the relative rates of the
photochemical and therm:l dnrk reactions.

In the materials studied, no detectable reverse reaction
has been observed on leaving the products of irradiation in
absence of light for long periods. It must be concluded that
the reverse thermal reaction is very slow, so that the photo-
process may be assumed to proceed practically to completion.
(=)=B3=Chloro~3=nitroso=p~menthane is a possible exception to
this general rule, for there is some evidence that on keeping
the originol materisl for periods of the order of one year,
some change to a substance of opposite sign of rotation occurs,
The resulting material hes not been isolated in a pure state,

however, and the observation is of doubtful significance.



=119~

Configurations of the materials resulting from photoe-
chemical transformation are included in the chart together
with thelr original structures, both having been derived from
considerations presented in the appropriate Sections. 1In
the case of I the unusuzl rearrangement may be attributed to
the unigque bridged formstion of the molecule in which the
stereochemigiry of centres C, and C, is locked by the gem~
dimethyl bridge, so that 2 moranl — iso change is not possible.
Absorption of radistion with subsequent accommodation of the
photo-excited nitroso group on the energetically fovoured endo
position (Shoppee, 19523 3Barton, 1953) must, therefore,
preaeed‘through inversion of the asymmetric centre resulting
in the ocbscrved mutarotation. In this respeet the compound
is the exception of the series. In other materiales cis~trans
rearrangement occurg more rendily. This is not a surprising
result considering the small energy differences between the
various conformntions of such ring structures, e.g. the energy
barrier separnting the exisl snd equatorial forms of methyl-
eyclohexane has been calculated by Pitzer -nd Beckett (1947)
as only 2 ¥ cal/mole. A tronsform:tion of this type in the
present case again results in endo positioning of the excited
chromophore ond stericnlly influencing alkyl group or ring
Bystem, which is esaentially the sowe result as thet derived

in the photomtarotation of 1.



The investigation hns clearly illustrated the effect of
neighbouring groups and secondary ring systems as structural |
factors influencing the course of rearrangement. The stereo=~
mutation of (~)=2«chloro-2-nitrosocamphane is not a unique
example 28 was initially anticipated and & similar change
induced by light has been found in siupler terpene structures.
It may be predicted that photoisomerisg-tion will be comuon to
all chloro=-nitroso compounds where the asymmetric centre is
included in a ring system carrying sterically influencing
groups in positions rendering the molecule potentially capable
of existing in cis and trans forms. The phenomenon doubtless
extends to a wider field of compounds where the changes are

less readily detectabley
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Note All stages involving the final
dhloro-nitroéq compounds werse
carried out in very diffuse
light.

i-}-g-Chloro-g-gitgosogg@pgggg

d-Camphor Oxime. - The method of Auwers (1889) proved conven-
ient in the preparation of large quantities of the oxime which
had mep. 118°%; (4], = -42.2° (17 ale.).

d-Camphor Oxime Hydrochloride. ~ Dry hydrogen chloride from
the Tucker generator (1949) passed into a solution of the oxime

in anhydrous ether at 0°, precipitated the required oxime
hydrochloride as a fine, crystalline material m.p. 159%; (&],:
=43,6° (15 alce).

(=)=2=Chloro=2-nitrosocomphane. - The above camphor oxime

hydroghloride in dry ether was chlorinated according to Mitchell
et al. (1950), but with the following modificatioms. After
removal of the ether, the blue solid was dissolved in the
minimam volume of light petroleum, snd the unchanged oxime
hydrochloride filtered off. The filtrate was transferred to



a column of sugar charcoal (50 x 2.5 om.), and the blue band
eluted with the same solvent. This treatment ylelded a
product with [4]_.,-+707° at A- 6000A%; € ...* 13.6 at
6600A%; m.p. 145-146° (d). Passage of the material through
a column (50 x 2.5 om.) of Light's alumina (activated at 200°
for 4 hr.) gave a product with [L]..:+803%; €..v = 13,73
mepPeo 145-146° (d). Re=adsorption on slumina raised [LJ....to

+964°% while the absorption muximm and m.p. remained unchanged,

Inactive 2-Chloro-2-nitrosogamphane

The preparation and purification were similar to those for
(~ )=2=ghloro=2~nitrosocamphane. After chromatographic treat-
ment on sugar charegoal, the product was found to have absorption

maximm and m.p. identical with the above compound.

Bornyl Chloride

Commercial 'pinene hydrochloride' (22.5 gm.) was crystallised
twice from 'AnalaR' amyl alcohol (18.5 gm.). The orystals
were washed with methyl alcohol (2 mle), and trituration with
this solvent removed the remaining traces of amyl alcohol,
Thé product, dried 'in vacuo' over sodium hydroxide, had m.p.
132-133% [4],- +25,9° (17 alcs).
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isoBornyl Chloride

This is best prepared by the rearrangement of camphene hydro=-
chloride under carefully controlled conditions according to
Enerwﬁin and van Emster (1922). In refluxing the hydro-
chloride in presence of ethyl Wromide at 56° for 6 days, the
constant boiling point apparctus described by Tucker (1953)
was found convenient with acetone as bath fluid. Subsequent
purification was similar to that for bornyl chloride. The
authors claim 99.6; stereochemical purity by this method.

The product in this case had the satisfactory m.p. 159-160°,

{+)=2=Chloro=2-nitrosocamphane

A photochemical technique hns been employed for the preparation
of this material from (-)~-2=chloro-2-nitrosocamphane. The
procedure has been fully described in the text (pp 42743),

(+)=2=Chloro=2~nitrosopinane

l-Pinacamphone., ~ Distillation of oil of hyesop gave a
fraction, b.p. 212-214/741 mm. This crude pinocamphone was
purified through the semicarbazone which, after recrystailis~

ation from a large volume of methanol hod w.pe. 228-230°,

The ketone wag regencrated by stcam distillation with oxalic
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acld, nnd on subsequent distillation had the properties b.p.

208-209°/745 mm.; n) - 1,4743; 4, - -19,7°,

1-Pinocamphone Oxime. = The above ketone was oximated by the
method of Cook and Bachmann (1936) to give a product which
distilled at 83°/0.4 mm. and had +,- ~18,9°,

(t)=2«Chlore=2=nitrosopincne, = This oxime (4 gm.) was dissolved

in dry ether (100 ml.), and chlorine passed in for 1,5 hr.,

the solution early attaining a decp emerald colour. Removal

of the solvent and excess chlorine under reduced pressure left

the chloro-nitroso compound a8 2 blue 0il which distilled under
vacuum, b.p. 47°/0,4 mm.; [41... = +3902 at A = 6600A°; € ~ax. -
19,12 at »-6350A%; Found Cl, 17.5%. C,H NOC1 requires Cl, 17.6%.

(~)=2=Chloro=2=nitrosocarane

d-Carvone. - This ketone is svailable in the form of commercial
tearvol! which was found satisfactory on re~-distillation, b.p.
231-233%/755 mmes =1 -1.4980; 4,= +56,5°,

l=Dihydrocarvone, = Saturstion of the double bond conjugated
with the carbonyl group is best effected by reduction with
Zn/KOH as described by Wallach (1894) and was found to proceed
smoothly and in good yield. Purification of the product
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through the bisulphite compound, as descrived, gave dihydro-
carvone, b.ps 8845%/11L.2 mme 1™ - 1,4703; &,: =15,93%,

1~-Dihydrocarvone Hydrochloride, - According to Klotz (1944),
saturation of the remaining double linkage is attained on
passing dry hydrégem ehloride into the ketone until an increase
in welght corresponding to 120, of the theoretic 1l amount has
ocourrecd. The product of this process was found, on distile
lation, to contain unchanged l=-dihydrocarvone, and further
treatment with hydrogen chloride was necessary to give the
required material which distilled at 68«~70°/0.25 mm. and had
n, :1.48003 &, = =13.07°, |

d=Carvyone, = Ring closure of the above dihydrocarvone hydro-
chloride wis effected in zlcoholic potassium hydroxide, |
essentially as described by Richter, Wolff and Presting (1931},
but modified according to Klotz (loc. citse)s The product had
Depe 86=87°/12.2 mme; n’:1.478l3 4, =+131°. Removal of
unsaturated impurities by weshing with neutral permanganate
solution raised the rotation to +145.6°, the other properties

remaining unchanged.

d=Carvone Oxime. = Oximation of the above ketone by the method

of Cook et al. (loee. cit.) resulted in the required material,
which, on distillation had, b.pe 123=125°/14 mm.; +, - +283°,
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(=)=2=Chloro=2=nitrogocarane, = Dry chlorine was passed into
a solution of the oxime (1.2 gm.) in anhydrous ether (10 ml.)

which was kept at =10° by means of o freezing mixture. The A
usual green colour developed nfter a few minutes, but chlorin-
ation for a period of not less than 1 hr. was found necessary
to ensure complete reanction of the oxime. Removal of the
solvent and excess chlorine under reduced pressure and without
raiging the temmerature, gove the chloro-nitroso compound as

a blue viscous o0il which distilled under vacuum, but vhich was
very sensitive to thermal decomposition at bath temperatures
even slightly in excess of the boiling point, be.p. 56=570/0.25
mmeg [L]mn = +t18009 at X = 5900A0; € ..., = 16,42 at 2= 66750,
Founds Cl, 17.,7% C_H NOCl requires Cl, 17.6%.

w76

(+)=2=Chloro=2=nitroso-p-menthane

l»gggxgmgnthogé. = d=Carvone was obtaincd as before on distil-~
lation of commereial ‘carvol', und hydrogenated as described
by Read and Johnston (1934) with a palladium hydroxide-calcium
carbonate catalyst. After 3.25 hr. 97.8% of the theoretical
amount of hydrogen had been sbsorbed. The product contained
a considerable amount of carvacrol by isomerisation of the
original ketone, und since this is inseparable by distillation,

the above material was used in preporation of the uext stage



and purification effected thers.

i-Carvomenthone Oxime. = The crude l=carvomenthone was oximated
by the usual pyridine method and the resulting mixture poured
into ice-water. The precipitated oxime was dried on porous
plate, then 'in wvacuo' and on crystallisation from low=boiling
petroleum had, m.p. 95-97°; (4], : =30,9° (1.1 alc.).

(+)=2=Chloro=2=nitroso-p=menthane. = The oxime (2.5 asm.) in dry

ether (100 ml.) was chlorinated for 0.5 hr. at 09, the solution
initially becoming o deep blue, and later green. Removal of
the solvent and excess chlorine under reduced pressure left the
blue non-viscous chloro-nitroso compound, b.pe. 53.5°/0.5 mm,;
[l oa = t353°% at A = 7100A%; € .. = 14.08 at A:=6870A°%; Found
Cl, 17.3% C_H NOCL requires Cl, 17.4{. |

(=)=3=Chloro=3=nitroso=p=menthane

l=Menthone. = Chromic oxidation of 1~ menthol was found to
proceed satisfactorily (Org. Syn., I, 340) giving the required
ketone in good yield and in a high degree of stereochemical
purity. Re=distillation gave a product with the properties,
DePe 78.5°/10 mney n° - 1.4506; (4], = =24,9° (17 alc.).

%

1-Menthone Oxime, =~ Oximation of the above ketone procecded
smoothly by the usual method, ylelding o product which distilled



under reduced pressure, be.p. 82°/0.,2 mm. and solidified to a

low-melting solid on standing overnight at 0°.

i-Menthone Oxime Hydrochloride, = Dry hydrogen chloride was
passed into a solution of the oxime (2 gm.) in anhydrous ether

(20 ml.) for 2+3 min. nfter which the excess gas and about
half of the solvent were removed at the pump. On allowing
this solution to stand in the refrigerator, the required oxime
hydfdchloride was obtained os a fine crystalline material;m.v.

117-118°.

(«=)=3=Chloro=3-nitrogso=-p=-menthane, - A solution of the oxime

hydrochloride (0.5 gm.) in dry ether (250 ml.) was chlorinated
in the usual way for 25 hrey, during wvhich time the colour
gradually developed to a dark green. Removal of the solvent
and excess chlorine left a residual blue oil which was taken
up in the minirum volume of light petroleum, and traces of
oxime hydrochloride filtered off. The filtrate yielded the
required chloro=nitroso compound which distilled under vacuum,
b.;é. 56°/0,25 mme s [(dTone - + 225° at A- egooAQ; € inn. = 20462
at »-67504%; Found; Cl, 17,57 C,H NOCL requires Cl, 17.4%.

[

Inactive 2-Chloro=2=-nitroso-l-methylcyclohexane

The oxime of 2-methyloyclohexanone, prepared by the pyridine
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method had b.p. 114-115°/16 mm. and yielded an oxime hydro~
chloride on treatment of sn ethereal solution with dry hydrogen
ehloride. Chlorination of this salt (0.5 gm.) in anhydrous
ether (250 ml.) at 0° for 2 hr. gave an emerald green solution. .
Removal of the solvent and excess chlorine under reduced pressure
left the required compound as a viscous blue oil, b.p. 67-68°/
14 mm.g €., - 15.14 at A - 6850; TFound: Cl, 22.0% C_H NOCL
requires Cl, 22,0%.






Investigation of the photochemical reactions attending
light absorption of a number of chloro=nitrnso terpene derivat-
ives has shown a simple intramolecular rearrangement in the

case of the following compounds

| ‘(i) (~)=2=chloro=-2~nitrosocamphane
(ii)‘ (+ )-z-chloroézénitrosopihane .
(111) (-)-2-ehloro-2-nitrosocai‘sme‘
(iv) (+)=2=chloro=-2-nitroso-p=-menthane
(¥) (=)=3=chloro=3=nitroso~p-menthane
(vi) 4i ~2-chloro-2-nitroso-l-methylcyclohexane,

When such photoisomerisation occurs by transformation at an
asymmetric carbon atom, there is a resultant change in optical
rotatory power and the process has been more accurately deseribed
as 'Yphotomutarotation'.

The phenomenon was first ohserved with (=-)-2-chloro=2=-
nitrosocamphane (Mitchell, Watson and Dunlop, J., 1950, 3440)
which Bas formed the parent member of the above series, the
others having been structurally designed to illustrate the
environmental influence of the neighbouring groups and ring
system of the camphane skeleton on the chromophoric centre.

Three distinct methods of investig:tioa have been employed,
studies of (a) optical rotatory power, (b) electronic azbsorption
spectra, and (c) reaction kinetics. The first of these has

found particular application in the case of (1] where spectral



displacement ond reversal of the Cotton effect on irradiation
indicates inversion of the chlovine snd nitroso groups abogt

the active centre. The second method has shown the batho~
chromic displucement of absorption characteristic of this

change, and kinetic measurements illustrate a complex mechanism
which has been successfully analysed to nonsecutive First Order .
component processes. Final evidence of the postulated rearrange-
ment has been provided by isolation of the isomeriec (+)-2-¢hlcro-
2enitrosocamphane form the product of irradiation of the (=~)

form.

In all other cases, skeletal traunsformation of the normal
— iso type hzs ﬁeen found to tzke place, snd occurs more
readily thon inversion of the csymmetric centre. Such © change
causes 2 decorease in sypecific rotation without reversal of the
original Cotton effect. The usu~l displocement of absorption
is observed =and kinetic studies hove shovn the overall mechonism
to be similar to that of (i).

Configurations have been ascigned to each pair of stereo-
isomeric compounds frowm considerations of their optlcesl pro=-
perties. These are based on the structures of (+)- znd (~)-
2eghloro=2«ricrosocamphsne which in turn hove been derived from
the established econfigurations of the closely relsted bornyl
and isobornyl chloridese.

' It is concluded thet isomeriswm proeeeds through steric

interaction of the photo=excited chromophore and vieinal alkyl



group or ring system, vhichever is more favourzbly situated,
Photomitarotution results only vhen the moleoular structure is
rigidly fixed. In all other cases skeletal rearrangement is

preferred.
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