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HISTORICAL AND THEORETICAL INTRODUCTION
I - Classical

The rotation of the plane of polarised light by quartg,
observed but misunderstood by Arsgo (1811) (1, 2), was
investigated fully by Biot (1812-1838) (3). To him we owe
the discovery, not only of rotatory polarisation in crystals
and in liquid media, but also of rotatory dispersion - the
change of rotation with wavelength,

K
A = />\L (Biot)nooooooooo(l)
It was Fresnel (1822) (4), however, who provided a

kinetic interpretation of optical rotatory power, He
showed that a plane polarised ray, on entering an active
medium, is resolved into two circular components, one
right- and one left<handed. These traverse the medium
with different velocities, a phase difference is set up,
and on leaving the medium they recombine to give a
polarised ray whose plane of polarisation is inclined

to that of the original, His mathematical proof,
elegant in its simplicity, involved the compounding of

wave equations for transverse vibrations, e.g.

Q,sin\—'(t'—-\]) : f\‘-ou-os—(t—\,) Hyhct- handed .

3,
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Prom these is derived the equation
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whence it can be deduced that, in a distance of lem., the

plane of polarisation rotates through an angle a given by
ol = Tr/x(%f“\f) cecsoveces(2)

where nq, np are the refractive indices for the left-

and right-handed circularly polarised components

respectively., The relationship between a and A is

important. In general, rotation increases with

decreasing wavelength, Biot's Inverse Square law

(Bqn. 1) was early recognised to be inadequate (5), and

later empirical modifications by Stefan (6) and Boltzmann

(7) proved to be of little use.

The first theoretical treatment of optical activity
was given by Drude (8), who based his treatment on
Maxwell's electromagnetic theory of light., Drude's
"dissymmetrically isotropic medium" was provided by ions,
the paths of which are "short helices twisted in the same
direction and whose axes are directed at random in space",
In such a medium, the rotation, a,is given by

k.
A = Z‘x___}_\oi ®ooceeccreveocves (5)

where Xois the wavelength of a characteristic vibration.
The equation predicts accurately the values of o in the
region of transparency. However, it also presents the
rotation as increasingssymptotically to infinity as)iﬁ>):,

followed by a reversal of sign on crossing the wavelength



of maximum sbsorption (FPig. I) A parallelism with
sodium vapour, the refractive index of whiech changes
with wavelength as predicted by Equation 3, is not to
be expected in compounds whose circular refractions are

controlled by absorption bands of considerable width.

— A

Fig, I

Drude's treatment received much criticism, It was
finally dismissed by Kuhn(9) who pointed out that Drude
had neglected a factor which would reduce the rotatory
power of his model to zero, The work of Cotton(10) on
coloured active tartrates, where the absorption band is
situated in the readily accessible visible region of
the spectrum, showed that o does not tend to infinity
as X — A, . In the case of potassium chromium
tartrate the rotation rises to a msximum on the long-
wave side of the band, falls to zero in the middle and
reaches a minimum on the short-wave side, The rotation

is said to be anomalous in the region of absorption,



This work of Cotton on active tartrates was
undertaken as a direct consequence of his pertinent
deduction that, by analogy with the linear dichroism
shown by tourmaline,(1}l), the circular components in an
active medium might suffer unequal absorption, His
postulate was fully justified by the investigation of
a solution of potassium chromium tartrate, where the
right and left components were absorbed to the extent
of 92,3 and 91.2 per cent respectively. This
unequal absorption of the two components is known as
circular dichroism and is represented by (¢, = () where
Eland {, are the molecular extinction coefficients for
left- and right-handed circularly polarised light
resgspectively. Circular dichroism reaches a maximum
at the wavelength of maximum gbsorption (only true
when the absorption process is unique) and falls off
rapidly as the absorption tends to zero. There is thus
a similarity between (i) the change of ordinary
refraction (n) with absorption (¢) and (ii) circular
double refraction (optical rotation) with eircular

dichroism (¢ =¢; ). This is illustrated in Figure IIL,

PR
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Although circular dichroism cannot occur except in the
region of absorption, there is no exact quantitative
relationship between thems The passage of a plane
polarised ray through a circuiarly dichroic medium
results not only in the rotation of the plane of
polarisation but in the production of an emergent
elliptically polarised ray. The ellipticity (p) is
expressed as

Q’«{"‘ a

'banqs =

ceveccssoe (4)

Q,{..Q—Q_L

where a, and aj are the amplitudes of the right and left

rays respectively. Provided ¢ is small, tan ¢ o~ ¢ ’

. a, 'Eﬁtt
and since 8,0° 3°¢ 3 L )
L& -&
?(in radianS)— ——@ 00....-.0.(5)

These combined phenomena =~ circular dichroism and
anomalous rotatory dispersion in the region of
absorption - are known as the Cotton effect, A
proportionality Between the ratio of circular dichroism
to absorption, and frequency, i.e. E“E*/goav s can be
deduced from Natanson's equation for circular
dichroism(12) and the Ketteler-Helmholtz equation for
the absorption of unpolarised light. This relationship
proved of great consequence in later theoretical work
(p.12)s A rule connecting the sign of rotation with

circular dichroism was formulated by Natanson and



Bruhat(13): "on the long wavelength side of an optically

active absorption band, the sign of the elliptical

vibration is the same as the sign of rotation, while on
the short wavelength side the ellipse is of opposite

sign to the rotation". Thus, a Cotton effect showing
positive rotation on the long-wave side of A, is
positive, and vice versa.

The optical activity of organic compounds was
attributed by Le Bel and van't Hoff to the presence of
an asymmetric carbon atom. However, it was soon
recognised that this was but a particular example of

Pasteur's generalisation that over-all molecular
dissymetry was the cause of optical activity. This
focussing of attention on the asymmetry of the individual
molecule was a natural consequence of the inadequacy of
Fresnel's rigid~helix theory when applied to active
solutions with molecules orienteated at random,

The work of almost & century had *tracked down'
'optical activity to the symmetry conditions of
molecules, but had left unanswered the fundamental
problem of what interaction between polarised electro=
magnetic radiation and a non-centrosymmetric molecule
causes the plane of polarisation to be rotated,

The opening years of the present century saw great



advances in a more accurate conception of atomic and
molecular structure, The ideas accrued from thls have
provided the mathematical chemist with a new tool,
theréby enabling him to solve in principle the problem
of optical activity.

II - Modern

Two satisfactory theories have been developed, one
framed in'the classical oscillator theory of dispersion
and the other in wave-mechanical terms, The latter,
though yielding rather unwieldy formulase, is based on a
more accurate description of molecular processes., Both
theories give essentially the same results, several of
which are of prime importance to the practising photo-
chemist and which will be discussed in Section III,

The application of classical dispersion theory to
the problem of optical activity was proposed independently,
and almost simultaneously, by Born(1l4) and Oseen(15).
These authors regarded a molecule as a system of discrete
units which are polarised under the action of the
electric vector of a polarised light wave. The flelds
of force associated with these displaced units then

interact with each other so that the resultant



polarisation is due to the combined influence of tle
radiating electric field and of the fields created by
all the other units of the molecule. This idea of
interacting resomators is known as tcoupling’. In his
original theory, Born showed that at least four, non=-
planar, isotropic electrons (these were considered to

be the vibrating units) were necessary for the production
of optical activity. In this treatment, uncoupled
electrons contributed nothing to the rotatory power, a
view which does not agree with the more modern treatments
of rotation and absorption. The purely wave-mechanical
calculations of McMurry(16, 17); on the strength of the
long-wave band characteristic of the ketonie group,
showed that (i) the transition is a forbidden one,
deriving its intensity mainly from the perturbation of

the permitted and very intense band at about 1900A., and
(i1) the electrons involved are the non-bonding

electrons on the hetero-oxygen atom, This has been

expressed as the change Py — 2Pz by Mulliken(18), or as
an N—A transition(19) which has no electric moment of

transition in any direction, The appreciable anisotropy

factor associated with such groups must therefore be
derived from the associated magnetic transition moment,

In the words of lowry, Simpson and Allsop(20,21):



"Phe act of rotation of the plane of polarisation takes
place when the electron (unshared) is raised to its
excited state, the orbital of which is located in the
double bond',.

Kuhn(22) applied the coupled vibrator theory to a
rather simplified molecular model embodying two
snisotropic, linear oscillators (x, y) separated by a
distance, d. With the introduction of a coupling
force, a vibration of one resonator must perturb the
other, Mathematical analysis shows that with coupling
two modes of vibration are still possible, these being
denoted by &, (of frequencyY,) and §, (of frequency,)
regpectively. The displacements of the particles in
both vibrations are:

x(ﬁ.) = acos 2w T , }(G‘l): _ L,.l’*" ) &écz_cosg\’:rﬂ,t

Z 2.
'TYL} \SL - \JI

~(5.)= - oy pess it y(6,) = beos 24T ceses(6)

et (322

Kuhn showed that the energy transferred to one wvibration
is different for a right- and left-handed circularly
polarised beam, resulting in a difference in the indices
of refraction for the two types of volarisation and thus
in optical activity, Moreover, when the incident

light frequency corresponds to one of the natural
frequencies, the difference in the energy transferred

means a difference in the intensity of absorption of a
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right- and left-handed ray. Such an effect (circular
dichroism) was observed by Cotton in 1896(10),

Having established the activity of such oscillators,
Kuhn then proceeded to calculate the magnitude of the
rotation associated with them. In the case of very

weak coupling, the rotation (¢) was given by

kodov [0
¢= COnSt.E * JZ———_\]{\-F\IL \];‘—.\]z‘]z eseeee (7)

where kyo = constant assoclated with coupling force,

d = distance of separation,
J\)Jl = characteristic frequencies of systems
Vv = frequency of incident light.

Born's criticism(23, 24) of this treatment, namely
the unreality of the model, is to the modern chemist
too strict and unimaginative, Kuhn, of course,
realised that éctive diatomics of this type could not
exist since one, two of three atoms have always a plane
of symmetry (the plane of the two or three nuclei),

The most obvious defects of the treatment abre the over-
emphasis of a coupling distance 'd', associated with
molecular dimensions, and the reduction of group
polarisability (anisotropy) to a straight line, These,
however, are outweighed by the success attending the
application of Equation 7 to experimental‘results.

The fundamental contribution made by Kuhn was the
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identification of the coupled oscillator frequencies
with those of natural sbsorption bands. Certainly
Drude and other workers made use of %@ s the frequency
of maximum sbsorption, but to them it was a limiting
factor rather *han an integral part of the mechanism of
rotation, To Kuhn "a molecule is optically active if
the vibrating moment“corresponding to a given absorption
band has various components in the different parts of
the molecule and at least two of these components are
not parellel to each other', This corresponds very
closely to the modern interpretation of.absorption
processes in terms of an electrical or magnetic moment
of tremsition. In generel, permitted transitions are
those in which the new nodal plane (excited state) is
at right angles to one vectnr of the incident radiation,
Coupling can then tske place between electric-electric
or electric-magnetic moments (see p. /b ). The
act;vity of classically symmetrical groups, for example
the ketonic group in camphor, was interpreted in terms
of the induging or vicinal function of neighbouring
substituents,

To the photochemist, the most interesting result
of Kuhn's theory is the connection between the intensity
of a band and its contribution to optical rotation.

The intensity of a band, given by its oscillator-
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strength (f£)(25, 26, 27) is
' b3
Jé Ly o= NiTe

m e

The contribution of this band to the ordinary refraction

is .
Ne .
(ﬂ\—\)q‘ = 2am J|‘-—\/2-
The contribution to the circular dichroism is
(at”ﬁ)§‘= Nelo By, v
27 m \}:‘—-\]1 \I.
Thus
(q\\_’“{)al =g
(4\— \) E“ or
€\~ €x

= g (a constant) = Anisotropy Factor..(8)

&
This factor 'g! is the amount by which the contribution

to the ordinary refraction has to be multiplied to get
the contribution to the optical activity. It thus
gives a measure of the activity of a band. It can be
shown that only wesk bands can have high anisotropy
factors, a fact supported by experiment and capable of
interpretation in terms of transition-moment theory (p.l!t ).
Moreover, the derivation of this relationship helps to
dismiss as untenable the polarisability theories of
Boys(28) and Kirkwood(29). As was pointed out by
Lowry and Allsopp(30,), the weak bands of molecules,
having moderately large rotations (e.g. camphor ketone

band), contribute in general very little to the
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polarisability of the molecule. This can only be
brought into conformity with theory if Kirkwood's
enistropy ratio (5 ) were to change markedly with
wavelength without altering the polarisability - which
is unlikely. It is interesting to note once more that
Kauzmann end his collsborators(3l) suggest that, in
polarisability theory, the optical activity of weak
bands is associated with electric-magnetic moment'
coupling (p. b ).

What is perhaps the most correct treatment of
rotatory power, based on more accurate descriptions:.of
molecular processes, has been developed by Condon, Altar
and Eyring(32)e These authors used as their starting-
point the results of the guantum-mechanical épproach to
optical activity presented in detail by Condon in
1937(33)s In this are integrated Maxwell's Electro-
magnetic Field Theory and the calculations of Rosenfeld(34)
on the electric and magnetic moments induced in a
molecule by a perturbing electromagnetic field. Condon's

expression for [M], the molecular rotation, is
W, 2 by
[M] - TN-'—LJ—"Z_P Z R —2uAiV V eense e (9)

by \/bq_ —v*
where

Pay 1s the probability that the molecule lies
in a particular electronic state with
definite relative positions for the atoms,
i.e, for a definite conformation of atoms.



~14=

Rbia1 = rotatory strength of transition

imaginary part of scalar product of matrix
components

(a3/p/by) and (by/m/as)

where

P = induced electric moment

m = induced magnetic moment

VLL= frequency of transition a—b
Here again, attention has been focussed on the
connection between the act of rotation and the
transition moment involved in going from state ‘a' to
state 'b'. Mathematically the problem has thus been
solved. The application of Equation é to a model was
carried out by Condon, Altar and Eyring, the basis of
whose treatment was the recognition of a correlation
between absorption and optical rotation, The interpretation
of molecular spectra(35) in terms of one-electron
transitions indicated that rotatory power might be
treated by the same method. In general, these transitions
are located in a particulaer chromophoric group
(e.ge ~C=0; N=0; -Nz etc. )  The problem thus
resolved itself into one of determining the initiasl and
final electronic states of these one-electron
transitions of the chromophore, The perturbation

of these states by neighbouring groups (viecinal action)



leads to altered states, between which transitions

are optically active provided the system has no centre

of symmetry. The eigenfunctions of the two perturbed,

non-degenerate states are
Vo= Yo+ 2y
W5=wﬁ-+§cbw

wherelzcwl are perturbation terms, and‘W& ,\V; are

cessecssse (10)

the unperturbed states (inactive) which are teken to
be hydrogen-like and of the form, for example,
,,l,__ z SI‘L ‘54‘
\Vl\q = L,\)zn('cfg) (e 1%)3'
Five types of perturbing forces (vicinal forces) were
considered by these authors. These were:=
1) Dipole forces, This was successfully
applied to phenyl methyl carbinol
nitrite,
2) Ionic fields and charges,
3) Perturbation of the surrounding atoms
by overlapping of the electronic
cloud of the chromophore.
4) 'Exchange' energies caused by the
'"blurring' of electron individuality
by the overlaepping of electronic
orbits.
5) van der Waals forces,
The one-~electiron theory offers a simple explanation
of the activity associated with weak absorption bands.

Thus, the carbonyl band is believed to be due to a
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transition between a 2py and a 2p, orbital with the

development of a new nodal plane at right angles to the
*

molecular axis (n—>m , N—A)(16, 19, 31, 36). This

transition, which of necessity must be associated with

nL

xr

J

a large magnetic moment (there is no change in the
electrical centre of gravity), can then couple with the
perturbing small electric moment also aésociated with
the band. This is, in the broadest sense, the
explanation given by Kuhn's coupled-vibration theory.
He did not specify that the vibrations were produced
by the oscillations of electrons (misinterpreted by
Lowry(37) ) To Kuhn, "the important factor was that
the vibrating electric moﬁent consisted of two
components, at right angles to each otheérseecees If we
can obtain in any other way an absorption band with
these properties, we will find it optically active in
a similar manner"(22), The one-electron theory is
really a refinement (both in the model and in the
treatment) of Kuhn's theory. Both have indicated the
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close correspondence between the mechanisms of absorption
and rotation. A more precise definition of vicinal
action is presented; the activity of weak bands has
been interpreted in terms of transition moments; the
anisotropy factor, first derived empirically by
Natanson from Drude's theory, has now been given a deeper
meaning in that it links band intensity with optiecal
activity and, as will be shown, asymmetric photolysis.
The importance of optical activity in the future
will depend largely on the recognition and application
of the correlation between ebsorption and rotation
processes. For example, a cursory examination of
chromophores giving rise to large rotations (nitroso,
carbonyl, xanthate, azido) brings to light one
outstanding fact. These groups are characterised by
Hlow intenpity bands, all of which could conceivebly be
attributed to forbidden transitions with large magnetic
transition moments, for instance, the tentative
assignment of the nitroso band as a gquasi-forbidden,
néﬂ:(38) or singlet-triplet(27, 39, 40) transition.
These facts in themselves might provide the
theoretical chémist with a new tool in helping him to
assign correct transition types to certain absorption

bands found in optically active molecules,
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II = As etric Photolysis

Circular dichroism involves the unequal absorption
of the two forms of circularly polarised light by an
optically active medium, It thus follows that, in a
racemic mixture, one enantiomorph will absorb one type
of light more than the other. If, in addition, the
material undergoes photolysis in that spectral region
corresponding to the asymmetric unit, the rates of
decomposition of the two isomers will be different if
one type of circularly polarised light is used, and
optical activity will arise. An equal amount of
rotation of opposite sign is produced with the other
type of circularly polerised light,. This idea, though
postulated about the beginning of the century, was not
successfully realised until 1929 by Kuhn(41) and 1930
by Mitchell(42),

Several conditions must be satisfied before an
asymmetric photolysis can be attempted, These are:-

1) The molecule must satisfy Pasteur's

fundemental criterion of dissymmetry,
viz. that it must have no centre of
symmetry.

2) It must show a region of circular

dichroism, i.e. an gbsorption band

associated with the asymmetric centre.

3) The compound must be photo-sensitive
within the region of circular



dichroism, so that the asymmetric unit
is destroyed during photolysis. The
ective band in copper racemate is not
photo-sensitive (42, 43), hence
Cotton's unsuccessful decomposition
with red light.

4) The quantum efficiency (¥) of the
photochemical reaction should be
approximately unity, Complicating
secondary processes (chain and
dark reactions) must be absent.

The fulfillment of conditions (1) to (4), though
ensuring that asymmetric decomposition will take place,
does not guarantee that the induced rotation will be
large. The required optimum conditions for this can
be deduced from Equation 11(44), which permits
calculation of the induced rotation from data for one
of the active isomers.

{ t
= o A= ""o essso0ecsve
& 3,- (= B) 9 - (11)
where '

a' = rotation developed from a solution

of the dl mixture,

a = rotation for a solution of pure 4
or 1 compound (concentration equal
to that of 4l mixture at start).

g = anisotropy factor,

B = degree of decomposition (a' is s
maximum when 8 = 0.6).

Accordingly, the greater the values of a and g, the
larger the value of a'. The greatest values of the

anisotropy factor 'g' are obtained when the circular
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dichroism and sbsorption are large and smell respectively.
Kuhn and Braun(4l) recorded the first successful
asymmetric photolysis with ethyl a-bromopropionate which,
after 50 per cent decomposition with ultraviolet light,
developed a rotation of 0,05°, The dimethylamide of
a-azido propionic acid yielded much better results(44).
After 37 per cent decomposition with left-handed
circularly polarised ultraviolet light, the isolated,
unchanged dimethylamide showed a rotation of =1,04° in
a ldm. tube for meréury yellow light. The most
numerous and interesting decompositions carr ed out
from 1930 onwards are by Mitchell, who has concerned
himself primerily with nitroso compounds which, if
monomeric, show a readily determined Cotton effect in
the red region of the spectrum, Of these, perhaps
the most important are the invariably monomeric chloro-

N Q

nitroso compounds of the type /;“\No prepared by the

action of chlorine on the ketoxime, They possess
several advantageous features, viz,:
1) They are generally solids.

2) In solution, their absorption bands
are conveniently situated in the
visible spectrum.

3) They decompose under the influence
of light to give the oxime hydro-
chloride or chloro-nitro compound
in the absence and presence of
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oxygen respectively(45).

4) The quantum efficiency of the process
is generally about unity(46).

Positive results have been obtained with:-

1) Humulene nitrosite(42).

2) B-chloro-p-nitroso-ad-diphenyl butane(47).

3) p-chloro-B-nitroso-bd~-dimethyl butane(48).
The optical enantiomorphs of these were not available
and consequently this work yielded only half of the
required data. Active chloro-nitroso compounds were
then synthesised by two methods:-

1) By direct resolution, e.g. (-)=Y=chloro-
¥ -nitroso-%-phenyl valeric acid(49),
A successful decomposition was carried
out but the results were poor and did
not warrant further investigation of
this line of approach. .

2) By making use of directional asymmetric
synthesis, starting from an active
ketone, The ketonic, active terpenes
offered the most obvious starting-point
and the optical properties of (=-)=2-
chloro-2-nitrosocamphane (B.1)(50), viz,
[a] 6000 = + 964°; [a] 7100 = -946°;
g = =0,15 at 7200A, appeared to make it
eminently suitable for the work
envisaged. Irradiation with red 1light,
however, caused an extremely rapid
mitarotation, thus marring its usefulness
for asymmetric photolysis,

Although complicated by this photomutarotation, the
optical properties of the parent compound justified the
maintenance of the camphane skeleton in the continued
search for chloro-nitroso terpenes suitable for asymmetric

rhotolysis.
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SUBSTiTUTED 2:2'-CHLORO-NITROSO CAMPHANES AND APOCAMPHANES
(- )-2-Chloro~-2-nitrosocamphane (B.1)(50), prepared

by the chlorinastion of d-camphoroxime in anhydrous

ether, showed a Cotton effect, but [alggy varied

between +100° and +200° in different preparations.

When prepared from the oxime hydrochloride the product

had [algop +700° which, after chromatographic

treatmént, rose to +964°, The hydrochloride group appeared
to be stereo-directing. A similar specificity has been
observed in the conversion of B-benzilmonoxime into its
more stable a=form(51). Irradiation of this chloro-nitroso
camphane with red light from a 1000 c.p., Pointolite lamp
caused an inversion of the curve of rotatory dispersion in
about 60 minutes, with little change in sbsorption. The
pyridine salt of (+)-2-chloro-2-nitrosocemphane-10-sulphonic
acid(60) (B.4) did not mutarotate in this way under the same
conditions, and therefore appeared suitable for asymmetric
decomposition. The maximum velue of the anisotropy factor
(g0) for the pyridine salt was approximately 26% smaller than
the corresponding value for the parent camphane (B.1).

This, with the overall smaller rotations of the salt

and the potential photochemical instability of the
pyridinium nucleus, outweighed the fact that it did not
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mutérotate and made it umnsuiteble for asymmetric
photolysis. The importance of B.4 was that it

" indicated a poSsible connection between the steric size
of the substituent and isomerisation, and determined the
approach to the problem of synthesising substituted
chloro-nitroso camphanes suitable for asymmetric
photolysis.

Pogsition of the substituent

io

| Y
'Y 3

Since the final assessment of the effect of a
substituent will be based on measurements of optical
rotation, every effort should be made to ensure that
substitution does not alter the configuration of the
camphane nucleus, The observation of mutarotation as
an inversion of the Cotton effect in the spectral range
500m. =700, indicated that the nitroso group attached
to Cg was involved in group interchange. To be
sterically effective, therefore, a substituent must be
located at Cg, Cg,9s Cy or Clo-‘ The relative merits
of each position are discussed separately.

Mono-substitution ét Cz introduces s new asymmetric

centre, whose contribution to the total optical rotation



might complicate the rotatory dispersion in the visible
speeﬁrum, especially if the substituent were a chromo-
phore (e.g. NOo, Ph). Moreover camphors mono-
substituted at Cz can exist in two stereoisomeric forms,
which are difficult to isolate in the pure state(52).
Mono-alkylated camphors are high boiling o0ils(53)
(aifficult to purify) while the sterically efficient
mono-halogenated and di-alkylated compounds do not form
oximes(54, 55).

The experimentel and stereochemical difficulties
involved in mono-substitution at Cg or Cg were
considered too great and no attempt was made to
substitute at these points. A substituent located at
Cg (trans to Cp) would be too far removed from Cy te
allow any interaction to take plece. Moreover, no
synthesis is described which can differentiate between
mono-substitution at Cg or Cg. The preparation of
such compounds is carried out in two ways: firet, by
direct substitution in an optically inactive camphor(66)
with subsequent resolution of the product and, second,
by rearrangement of substituted camphenes of the type A.

cH, CHy
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The rearrangement of such compounds produces uncertainty
in the stereochemical configurations of the products (eege
the uncertainty in the configuration about Cp)e

Many of the complications outlined above are
eliminated by substitution at Cq and Cqqe Replacement
of hydrogen in the Cqg methyl group (which does not
involve the bresking of a bond on an asymmetric unit)
can effect mo configurational changes(57). Substitution
at Cy, involving the rupturé» of the Cy~Cqq bond,
cannot change the configuration of Cq. This has been
rigorously established by the work of Ingold, Bartlett(58),
Barton(59) and Doering(60). A compound of the type B
is inert to nucleophilic substitution by both SNJ and

§N2 mechanisms, X

B,
Sy2 reaction is impossible because the presence of the

large gem=-dimethyl group on the bridge does not allow the
approach of the substituent on the side opposite that from
which X recedes (a condition necessary for the formation

of a stable transition complex with subsequent Walden

inversion).
"n mechenism £ails because the carbonium
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jon (if formed) would be unable to take up its most
stable planar configuration.

Nature of the substituent

A physical prerequisite of the substituent is size,
but to be of maximum use in the work envisaged, the
substituent must also satisfy the following chemical

requirements:=

(2) It must be inert both to chlorine and to
the hydrochloric acid formed during the
chlorination of the ketoxime. FPor this
reason, such groups as cC=2¢C and -~NHg
are unsuitable. :

(b) Irradiation with relatively intense light
of wavelength 500 <700 should leave the
substituent unchanged. In this, the effect
of reactive photolysis products on the group
should be considered. Esters, for example,
although photochemically stable to light of
this wavelength, would tend to be hydrolysed
by hydrochloric acid formed by the
decomposition of a chloro-nitroso compound.

(c) Light sbsorption by a chromophoric
substituent should not extend into the near
ultra-violet or visible spectrum,

(d) The substituent should be capable of
easy replacement by others differing both in

steric influence and in chemical
characteristics, e.g.

CH By ——3) CHOH ———3 CH,0R

| >

Qﬂlon C_chl-llcooﬂ,

(e) The chloro-nitroso derivatives should
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be crystalline solids. However it is very

difficult to obtain the derivatives in this

form as many of them are viscous oils,

The ultimate substituted camphors or apocamphors
should, if possible, be derived from opbically active
starting materials, The advantages of a common starting
material or intermediate are self-evident,

Integration of the facts presented in the last few
rages led finally to a selection of compounds whose
syntheses are outlined in the following flowsheets, It
should be remembered, however, that several of the
compounds were prepared at the dictates of the photo-
chemical results, obtained during the course of this

work,
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THE OPTICAL BEHAVIOUR OF SUBSTITUTED CHIORO~-NITROSO CAMPHANES
AND APOCAMPHANES

L = Notes on Experimental Procedure

Rotation measurements were made visually with a
spectropolarimeter constructed from a Hilger triple=~
field polarimeter (reading to 0.01°) and a Winkel-Zeiss
monochromator, A 12-v01t,>battery-supplied projection
lamp served as light source. A constant 'half-shadow®
angle of about 5° was used in the determination of the
rotatory dispersions of all the chloro-nitroso compounds
investigated. .A)jk-plate, introduced behind the
polarising system, allowed ellipticity measurements to
be taken with the spectropolarimeter(6l), Rotation
of the xh+plate was controlled by an arrangement
exactly similar to the analyser fine-adjustment, Both
regulating screws were fitted with graduated drums, one
division of which corresponded to 0,012°. Readings of
ellipticity were taken in a cell O,25dm. in length, in
which the strain-free end pleces were held to the main
tube by optical contact.

Absorption spectra were determined with 2 Unicam
8P, 500 photoelectric spectrophotometer, The slit-
width at the wavelength of maximum gbsorption of the

chloro-nitroso camphanes rarely exceeded 0O, O4mm, The spectrsl
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distribution of this instrument is 43wumper millimeter of
slit-width at 650w, The wavelength scale is calibrated
in 5m« per division from 600-1000m«, so that the slits
used fell within the limits imposed by the scale
calibration. The wavelength of maximum gbsorption was
always determined first.

The chloro-nitroso compounds were irradiated under
almost identical conditions. Light from a shielded
1000 candle-power Pointolite lamp traversed a large,
short~-focus condensing lens, a water-jacket (carrying a
stop, of diameter 4.,lcm. ), 2 red filter and a second
stop (2cm. diameter); it then fell on the reaction
cell (9.95mm. thickness), which was housed in a
blackened holder with a circular aperture of diameter
1, 8cme. This is 1llustrated diagrammatically below.
A special cell holder was constructed which could be
accommodated in the cell compartment of the spectro-

photometer (Diagram I). The slits of the Winkel-

s‘l‘o‘:
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Zeigs monochromator were kept constant while the change
of rotation (at one wavelength) with irradiation was
determined, Unless otherwise stated, all solutions were
made up in absolute ethanol which had been freed from
dissolved oxygen as far as possible by heating under
reflux for one half-hour in an atmosphere of dry
nitrogen. A flow of nitrogen was maintained until the
solvent had reached room temperature, In the text, such
solutions will be designated ‘'oxygen~free'. No attempt
was made to control the temperature during lrradiation as
the temperature coefficients of most photochemical
reactions are small, In this work, the temperature

variastion never exceeded +4°C.

II - 2-chlofo~2~nitroso—gpocqgghane;l;cafbggylicVgg;ghjzgfggg&_

The approach to the syntheses of non~mutarotating
chloro-nitroso camphanes must, of necessity, be determined
by the results derived from a detailed investigation of
the influence of environmental changes on the photochemical
stability of the chloro-nitroso group. The theoretical
and pfactical difficulties involved in substitution
have been outlined in the preceding section, The B-
keto acid (VIT), 2-keto-apocamphane-l-carboxylic acid
(ketopinic acid), was chosen as the first member of a

series of substituted cemphanes (or apocamphanes) verying

in sigze and chemical characteristics. The replacement
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of methyl by carboxyl on Cj involved principally
a change in the nature of the substituent rather than in
its size. Moreover, it was readily sasccessible and
satisfied most of the criteria set out in pagesdb-T
The solubility of the acld-oxime (VIII) in ether
was low and restricted the scale of preparation of the
chloro-nitroso derivative, Chlorination of VIII in
anhydrous ether, according to the method of Mitchell and
Dawson (47), gave a crystalline solid of relatively
high melting point, Purification was effected first by
passage through a column of silica-gel (benzene as
solvent and eluent) and then by crystallisation from a
mixture of benzene and petroleum ether. Analysis
confirmed that this compound was 2~chloro-2-nitroso-
apocamphane-l-carboxylic acid (B.2). The optical
properties of the blue compound were disappointing.
The values of specific rotation (Table I) and molecular
extinction coefficients (Table II) were low and high
respectively. These are illustrated in Graph I, The
absorption curve showed the 'step-out' on the short wave
side of maex, characteristic of nearly all monomeric
chloro-nitroso compounds. The complicated Cotton effect,
which cut the axis of zero rotation twice, was the first
observed with molecules of this type and indicated a marked

weakening of the directing powers of the asymmetric
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carbon atom (Cl) giving rise to a mixture of both possible
diastereoisomers. Evidence that this was indeed an
equilibrium mixture was afforded by the 'dark reaction'
shown by the blue material prepared from“the oxime in
ether, Examingtion of an ethanolic solution of B.2
which had been kept in total darkness for about one month
(not necessarily a minimum time) showed a simplification
of the curve of rotatory dispersion (Craph 1, Table 1).
The curve was poorly developed and the 'indentation'between
580 and 610my~ indicated the presence of opposing
contributions to the optical rotation. However, it
was essentially the rotatory dispersion of (+)-2-
chloro-2-nitroso-apocamphane~l-carboxylic acid (B.2').
The formation of B.,2' by 'dark reaction' was time-
consuming and it wes thought thet the stereospecific
action of the oxime hydrochloride in producing pure
(-)=2-chloro=-2-nitrosocamphane (B.,1l, pagedd ) might offer
a rapid means of displacing the equilibrium discussed
above, Passage of dry hydrogen chloride into an
ethereal solution of VIII precipitated an almost
equal mixture of the oxime hydrochloride and free oxime,
When this procedure was carried out in acetone, the
oxime hydrochloride (IX) was obtained in good yield and

was chearacterised by anslysis, Chlorination of IX in



TABLE I

Rotatory Dispersion of 2-chloro-2-nitroso-apocamphene-l-
carboxylic secid

¢ from oxime in ether . ¢ ¢ = 0,0190g, /10ml., Not
toxygen~-free!
B : from oxime hydrochloride : ¢ = 0,0191g, /10ml. Not)l=1ldm.
'oxygen-free!
¢ dark reaction. Time in : ¢ = 0,0191g./10ml.
total darkness, 29 days 'oxygen~free!
20 hours
)\(’"\/‘L) "; TN | 52 % [G']A : [G-]B {U-]c 1
o | L o : A
i 510 +0,08 | 40,29 = =0,05 + 42 | 41562 - 26
£ 520 @ 40,09 § - -0, 06 + 47 —-— - 31
530 48,10 = +0.30  =0,10  + 53 4157 = 52
' 540 40,07 @ --  =0,12  + 37 -— =63
| 550 @ 40,05 = 40,29 = ~0,16 = + 26 . +152 | - 84
- 560 -~ $#0,27  -0,17 -~ 4141 = «~ 89 |
1570 @ 40,01 @ 40,21 @ =0.22 + 5 = 4110 . =115 |
580 = =e -0, 20 -  =-= 2105
+ 590 @ +0,01 = 40, 17 -0, 16 + 5  +89 |, -84 |
600 | +0,00 -— =0,15 0 == | =79

/610 -0,09  +0,05 . =0,24 - 47 = + 26 -126 |
620 -0,21 = =0.15 = -0.27 ~111 =~ 79 | =141 |
630  =0,22  =0.22  =0.14 =116 | -115 | = 73 |
640  -0,04 0,07 = 40,26 | ~ 21 = - 37 | +136
650 | 40,21 40,15 = 40,58 = +111 @ + 79 | 4304
| 660 | +0,28 | +0.25 = +0,55  +147 = 4131 | +288

670 | 40,21 | 40,16 = +0,40 = 4111 | + 84 | 4210

| E | |
? 680 } 40,11 i 30,08 | 40.25  + 58 | +42 | +131

|
690 | 40,05 | +0,05 | 40,12 | + 26 | + 26 | + 653
Lvoo +0, 03 -- | 40,06 | + 16 | - + 31
- OSSR AR R




TABIE II

Absorption Spectrum of 2-chloro-2-nitroso-apocamphane=—1l-
carboxylic acid from the oxime in ether

Concentration, ¢ = 0,0456g, /5ml. : 'oxygen-free' : t = lcm.

Mols Wte = 231.68 : M=0.03936 : S1it at maximum=0.O4mm,

lf\(mﬁ) logj,; € : )\(‘m/u. ) log = 2" é £

510 = 0,042 ; L1 610  0,5875 j 14.9

? 514 0,052 .3 615 0,633 | 1641

- B20 0,063 1.6 ; 620 0.703 = 17.9

- B24 0,072 1.8 ; 625 0,77 . 19,6

- B30 0,090 2.3 630 . 0,825 20,9 |
534 . 0,101 2.6 635 0.865 = 21,9,
540 0,125 3 2 : 640 - 0,875 | 22,2

| 544 0.1375 3, 5 ; 645 0,842 = 21,4

1 548 - 0,152 3.9 ; 650 & 0,785 19,9 |
1 550 = 0,160 4,1 655 0.715 | 18,2 |
554 0,175 45 660 = 0,628 . 15,9g

. 558 0,192 | 4,9 f 665 = 0,519 | 13,2

. 560 0,209 | 5.3 670  0,4125 . 16,5
 B64 = 0,2325 | 5a 9 675 | 03245 8e2

. 568 | 0,260 6. 6 | 680 = 0,264 Ge 7

. 570 | 0. 2745 | 6s9m | 685 = 0,210 5o 3

- B74 | 0.314 T.9g 690 = 0. 1675 4,3

' B78 | 0.354 8,99 | 695 | 0.1355 3, &
580 1 0,369 - 9,4 700 | 0,108 2 7
B84 | 0,404 = 10,3 j 705 = 0,090 2. 3
588 = 0,434 11,0 710 . 0,075 1.9

| B90 | 0,450 | 1l.4 | 715 0. 062 1.6
694 | 0,470 | 1L9 | 720 0, 0515 1.3
598 - 0,498 | 127 | 725 0, 042 1.1
%605 0,55 | 18,9,
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ether gave a highly crystalline blﬁe compound, a solution
of which in ethanol showed once more a double crossing
of the axis of zero rotation (Table I, Graph I). The
equilibrium had not been displaced to any great extent,
but a stereo-selective formation of the (-) isomer was
evident from the greater development of rotation in the
range 500=610nm.s '

The optical properties of the blue acid made it
unsuitable for.asymmetric photolysis, but the effect
of the carboxyl group on the photochemical stability
of the chloro-nitroso group on Cg had still to be
determined, That the substituent had exerted some
influence at this site was evident from the
displacement of A max. for B,1 and B. 2 from 660mu.to
6405M. This represented a separafion of the ground and
excited levels. Irradiation with red light soon disclosed
a fairly rapid mutarotation. The change in rotation
with time of irradiation was followed at three
wavelengths corresponding to the maxima in the curve of
rotatory dispersion together with the change in logidl
at A= 530 and 660mu(Table III, Graph II). The solution
used was too concentrated to permit accurate determination
of the complete gbsorption curve after irradiation,
Rotation values, corrected for photolysis, are tebulated

for A= 660m..  The variation of log™ )t at 530mu.Was t00



TABLE 1III

Irradiation of 2-chloro-2-nitroso-apocamphane-l-carboxylic
acid from the oxime in ether

Concentration, ¢ = ©,0949g, /Bml. : ‘oxygen-free'.

1 = 0.0995dm, : t = 0,996cm,.

[0.]'= specific rotation corrected for photolysis,
Rotation-Absorption at SBOTM Rotation-Absorption at 630mu.
Slits: Slits:

Entrance = 1,1 : Exit = 1.1 Entrance = 2,1 ¢ Exit = 1.9
Mins. | o | loghk | 'Mins a logTelr
| 0 | 40,10 0,195 .0 | -0.25 |\
15 | +0,11 0,19 - 15 | ~0°26 \
55 +0,21 | 0,192 55 | =0, 31 \
1156 +0, 33 ( 0., 191 115 -0, 36 \
235 +0, 51 0. 191 2356 -0, 46
3256 +0, 57 0,1975 325 =0, 50
No change overnight No change overnight
445 \ +0, 56 l 0, 1855 445 '-0.52

Rotation-Absorption at 660 mu.

Slits:
Entrance = 2,1 ¢ Exit = 1.9
Mins. a - [a]? logi"/; _
0 +0, 26 +138 1,075
15 +0, 24 +130 1,056
55 +0, 04 + 22 1, 0375
115 -0, 19 -108 1,00
175 -0, 34 -198 0, 9756
235 -0, 49 -294 0, 95
325 -0, 59 -363 0. 925
- No change overnight _
445 l -0, 65 407 0., 910
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uneven to justify the presentation of corrected rotations,

while 1og£ﬁ

T at 630mu.was too large to be measured on
the spectrophotometer, A curve of rotatory dispersion,
constructed from the observed rotations developed after
326 minutes of irradiastion, is illustrated in Graph IIX
(Table IV). The choice of time was determined by the
'flattening-out'! of the curves of rotation and absorption
against time.

The mutarotation took place without apprecisble
photolysis. The gradual development of rotation at
530 and 630m., with the change in sign of rotation at
660mw-(after 60 minutes ce. ), was consistent with a
greater rate of photoisomerisation for one of the
diastereoisomers, namely the change of the (+) into the
() form. The effect was markedly different from that
shown by B. 1. The rotatory dispersion curves for the
mutarotated products were of the opposite sign; the
velues of [a] for B.1l' were almost half of B.1l, 1In this
case, increases in rotation of 460% (at A= 530mx). were
observed (an effect which would be even greater if
corrections for photolysis were applied). The rotatory
dispersion curve of B.2" (Graph III) was much more
symmetrically developed, indicating a large preponderance

of one isomer, It should be noted that (a) the Cotton

effect of B,2" was structurally similar to that for the



TABLE IV

Rotary Dispersion of (-)-2-chloro-2-nitroso-apo=-
camphane-l-carboxylic acid (B.2") after 325 minutes®

irrediation of the blue material prepared from the

oxime in ether

1 = 0,0995dm,

e

A('m/u,) i a. obs, 1

| BO0 | +0.41
510 = +0,45
520 | 40,53 |
530 +0, 57 |
540 +0, 61
550 +0, 66
560 +0, 70
570 +0, 64
580 | 40,57
590 = +0,51
600 +0, 47
610 +0, 30
620 =0, 04
630 =0, 50
640 =0,79
650 -0,75
660 -0, 60
670 =0, 44
680 -0, 34
690 -0, 29
700 -0, 26
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pyridine salt of (})&2-chloro;2;nitrosocamphane#lo-sulphonie
acid but of opposite sign and that (b) a comparison of

(A, [0a]x~0) for B.2" end the 'dark reaction' product
(Graph-I) showed a displacement of about 1lOmu.to shorter
wavelengths. A similar displacement, but in the opposite
sense, had been observed with B.1l and B.1l' and proved of
great consequence in later work,

Both the size and chemical nature of the carboxyl
group have proved ineffective in hindering the
photomutarotation of B. 2. Thié functional group, however,
did offer the possibility of substituent enlargement by,
say, ester or salt formation, and it was hoped that by
so doing, evidence for steric hindrance of the change would
be obtained. By analogy with B.4, the preparation of the
pyridine salt of B.,2 was next attémpted. The
chlorination of the pure acid-oxime (VIII) in anhydrous
pyridine, at about -18°C, resulted in the instentaneous
formation of & deep-blue. solid, easily soluble in ether
and benzene, Analysis confirmed that it was a chloro-
nitroso derivative of the free acid. The curve of
rotatory dispersion (Graph IV, Table Va)
further substantiated that it was isomeric with B.2 or B. 2!.
Furthermore, the shape of the curve indicated that this
material, prepared from the oxime in pyridine, was

essentially the (+) form identical with that from the
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‘dark reaction', i.e. B.2'. The indentation at 580=610mu.
and the wavelength of zero rotationvwere almost
coincident., The identity of the 'dark reaction' and
pyridine products was established by irradiation of the
latter with red light, The results for this are given
in Tables Va,b,c (Graphs IV, V, VI), The curve of
rotatory dispersion constructed from the rotation values
after 300 minutes (21% decomposition, Graph IV), was
identical in shape with that obtained by irradiation of
the mixture of isomers (B.2) and showed a displacement

of 10=15mu. to shorter wavelengths. The larger
rotations for the (+) form permitted the use of a
solution suitable for both polarimetric and spectrophotometriec
work, ‘The spectrum obtained after this time (re=-scaled
to the original height) showed a corresponding
displacement, The amount of shiff, about 5mu, lay well
wifhin the resolving power of the spectrophotométer at
these wavelengths (pagedd.), This remarkable band-shift
was first observed by Hope (private communication) with
(+)=2=chloro-2-nitrosopinene. These were but two
‘isolated examples with molecules bearing little or no
stereochemical relationshdp. The use of band-

shifts as a diagnostic test for photoisomerisation was

not realised until rotatory dispersion and absorption



TABLE Va

Rotatory Dispersion of (+)=2~chloro~2-nitroso=-apocamphane-
1-carboxylic acid from the oxime in pyridine

Concentration, ¢ = 0,0665g. /Eml, : ‘oxygen-free!
A = Before irradiastion _

B = After 300 minutes® irradiation + gg'hours
total darkness

e
U]

O 0995dm,

Aeyu)? @, v‘[d]A % apobs.

510 . ~0,07 = 62 = 40,22
520 . =0,08 - 71 | +0.24
530 | =-0.10 - 89 | +0,25
540 | =0.13 | =116 +0, 28
550 | =0,15 ~134 +0, 30
560 ~0.19 | =169 | +0.34
570 | =0.22 ~196 +0. 29
580 ~0.19 | =169 | +0,26
590, | -0.14 | =125 | +0.24
600  ~0.11 - 98 | +0,19
610 | =0,14 | =125 +0, 07
630 | =0,01 | = 9 =0, 30
640 +0,28 | +249 =0, 44
650 +0, 46 +409 | =0,40
660 +0, 48 +427 | =0,31
670 +0, 40 +356 | =0.,22
680 +0, 25 +222 | =0.16
690 +0. 15 +133 | =0,13
700 Field speckled
L . {







Irradiation of (+)=2-chloro-2-nitroso-apocamphane=l~

carboxylic acid from oxime in pyridine

Concentration, ¢ =

1=

TABLE Vb.

0. 0565g, /5ml,

0, 0995dm,

Rotation-Absorption at

'oxygen~free’,

t = 0, 996cm,

650’”&#-

Slits:

Entrance = 1,75 Exit

1.2 Unicam slit = 0, 04mn,

Mins. | a obs. log17& | Temp.
0 | +0.46 | 0.816 -
20 +0, 01 0,73 21
180 =0, 24 0, 685 21,5
240 -0, 35 0. 661 2l. 6
300 =0, 40 0, 647 21
—
No change in% and logi%;after 9% hours in

total darkness.
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TABLE Ve

Absorption Spectrum of (+)=2~chloro-2-nitroso-aspocamphane-
1-carboxylic acid from the oxime in pyridine,

Concentration, as in Va, Vb,

A = Before irradiation.

B = After 300 mirutes irradiation + 9% hours total
darkness.

t = 0,995cm, S1it at Ay.. = O.Odmm.
ANy logl | logZs. logi?" M) logZ | logZs log:%‘3

- 'a 1.168"] e ~A 1,168 ~8.
500 0,0335 6 0,037 0.032 | 615 | 0,609 | 0,710 | 0,608
504 . 0,04 0,041 | 0,035 620 0,680 | 0,773 | 0,662
510 0,05? | 0,05 | 0,043 625 | 0,760 | 0,841 | 0,72
514 ' 0,0525 | 0,057 | 0,049 | 630 & 0,816 | 0,876 | 0,75
520 0,063 | 0,07 0,060 || 635 | 0,866 | 0,888 | 0,76
524 0,072 , 0,082 | 0,070 640 | 0.888 | 0,876 | 0.75
530 ; 0,088 | 0,099 0,085 |, 645 | 0,875 | 0,823 | 0,705
534 | 0,101 | 0,117 (0,100 | 650 | 0.816 | 0.748 |0, 64
540 | 0,125 | 0,140 0,120 || 655 | @740 | 0,668 |0, 572
544 | 0,135 | 0,152 {0,130 || 660 '@ 6,648 | 0,575 | 0,492
550 | 0,166 | 0,176 0,151 || 665 | 0,533 | 0,492 | 0,421
B54 [0J170°.0;197 | 0,169 || 670 | 0,402 | 0,401 | O, 343
560 | 0,198 | 0,234 | 0,20 675 | 0,317 | 0,327 | 0,28
' 564 | 0,2165 | 0,266 | 0,228 680 ' 0,248 | 0,319 !0, 273%
. 568 | 0,242 | 0,299 | 0,266 | 685 @ 0,198 | 6,219 | 0,188
| 570 | 0,265 | 0,315 | 0,270 690 @ 0.155 | 0,179 . 0,154
' B74 | 0,296 | O, 352 | O, 301 695 | 0,120 | 0,146 | 0,125
578 | 0,337 | 0,389 | 0,333 700 @ 0,093 | 0,120 |0, 103
. 580 | 0,355 | 0,405 | 0, 347 705 | 0,074 | 0,103 | 0,088
584 { 0,390 | 0,44 | 0,377 710 | 0,058 | 0,089 | 0,076
588 | 0,4325 | 0,469 | 0,402 715 | 0,048 | 0,072 | 0,062
| 590 | 0,440 | 0.485 | 0,415 720 | 0,0365| 0,059 | 0,051
| 594 | 0,4742 | 0,508 | 0,435 725 | 0,029. | 0,050 | 0,043
| 598 | 0,490 | 0,537 | 0,460 730 | 0,024 | 0,038 |0,0325
600 | 0, 5075 | 0,558 | 0,478 735 | 0,018 | 0,032 |0,0275
| 605 | 0,530 | 0,598 | 0,512 740 | 0,015 | 0,026 | 0,022
1610 | 0,560 | 0,648 | 0,656 |
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curve displacements were observed for other chloro-
nitroso camphanes, and will therefore be discussed more
fully later. The work described gbove on the blue

product from the oxime in pyridine was carried out on
meterial which had been chromatographed once, It was
found that attempts to purify it further by crystallisation
and passage through silica=-gel columms resulted in a

deterioration of the optical properties of the (+) form,

IIT - (+)-2-Chloro-g2-nitroso-10-bromocamphane (XVI. B.3),

Two factors determined the steps by which this
investigation was to proceeds These were the establishment,
if possible, of the dependence of mutarotation on the
nature of substituents located at Cq or Cio and the use of
substituents with gradually increasing steric influence.
The most natural choice, after the failure to obtain
suitable derivatives of ViI, was the homologous acid XXIX,
This keto-acid had been synthesised by Hasselstrom aﬁd
Hempton (62) (XXIV - XXIX), but the product was optically
inactive. Though potentially resolveble through the
carboxyl group by the usual methods, or through the ketone
by Woodward's (63) l-menthyl N-sminocarbasmete, this

route was

o-w-NH-lﬂH&'
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at Pirst rejected as being too long to give workable
amounts of optically active acid,.

Replacement of the primary bromine atom in 10
bromocamphor (XIV) appeared to offer the most direct
method of preparing active 2~keto~apocamphane-l=acetic
acid. The advantages of the bromo-ketone appeared to
be many and are listed below:~

(a) It was easily prepared in large quantities

from the starting material for B.2, viz. the active

16=-sulphonic acid (II).

(b) The optical properties of its chloro-

nitroso derivative (B.3) would be of great

interest because of the presence of the

sterically large 1lO~bromine atom.

(c) The substituent satisfied most of. the

photochemical criteria outlined in pages

ab-7 » and it should be capable of re-

placement by groups of varying size and

chemical properties, e.g. by -OH (XXIIL)

or by =CHoCOOH (XXXI) and the homologue

~CH,CHpCOOH.

The unstable sulphonyl bromide (XIII), prepared
from the potassium salt (XII) by grinding it with
phosphorus pentabromide, was decomposed in boiling xylene
to give the lechrymatory lO-bromocamphor (XIV)e The oxime
of XIV, prepared in pyridine according to the method of
Bachmann, Cook and Lawrence (64), crystallised from
ethanol in lustrous plates. Unlike the oxime of‘

2-keto-apocemphane-l-carboxylic acid (VIII), it was
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readily soluble in ether, and chlorination at 0°C
produced the deep emerald-green colour characteristic of
the preparation of all chloro-nitroso compounds in ether,
Removal of the solvent always gave a fairly mobile blue
0il which could only be induced to solidify after passage
through an activated alumina column, with petroleum ether
as solvent and eluent, It was readily soluble in most
solvents, but could be crystallised (lustrous plates)
from petroleum ether by allowing it to stand overnight

in the refrigerator, The specific rotation of this
meterial became constant after three recrystallisations,
while the melting point remained rather indefinite, shrinking
at about 118°C and collapsing at 131-133°C. Analysis,
however, confirmed that it was (+)-2-chloro=2-nitroso=10-
bromocemphane (B. 3).

The optical properties of B. 3 were much superior to
those of the blue carboxylic acid (B.2). The
characteristics of the bromo-compound were -

[a]570 = =-693° [“]660 = +832° : [alvo atA = 635mus

(6=6) = +1.11 at\ = 640ms. :fmax, = 19,2 8t A= 650m..
g, = 0,069 atA= 630mu s |

The curve of rotatory dispersion (Graph VII, Table VII)

bore a striking resemblance to that for the pyridine salt

(B.4), both showing a shallow 'step-in' on the longwave



side of maximum negative rotation. The absorption

curve (Greph VIII, Table IX) of the bromo-compound,

with its characteristic shoulder on the shortwave side

of Amax., was approximately the same height as that

for B.4 ({max. = 19,4) but displaced some 20mw to the
red, The symmetrical distribution of circulasr dichroism
over the absorption range in the blue pyridine salt was
not repeated with the bromo-camphane, for which a plot of
(€1 -€+) against Arevealed a shift of 10mmto the blue
(Graph VIII, Tsble VI). A similar effect had been
observed with the parent blue camphane (B.1l), but in

the opposite direction. The values of 'g', the
anisotropy factor, are tabulated in Table VI and
illustrated in Greph VIII, The shallow trough between
590 and 610 mm.corresponded roughly to the shoulder on

the absorption curve. ‘The compression of the dlchroism
curve to shorter wavelengths accounted for the relatively
high values of 'g' as the extinction coefficients
decreased rapidly.

Solutions of 2-chloro-2-nitroso-10-bromocamphane in
absolute ethanol, which had been freed as much as possible
from dissolved oxygen by distillation under an atmosphere
of nitrogen, were irradiated in sealed glass tubes

suspended‘in a large glass tank through which water



TABLE VI

Ellipticity, Circular Dichroism and Anisotropy Factors
of (+S-2-ehloro~24nitroso-lo-bromocgmphane

Concentration, ¢ = 0,0306g, /fml. : ‘oxygen-free',

Mol., Wt. = 280.61 : M = 0,02174 : 1 = 2,5cm.

Mw) | +¢  +E=g) &

A S S O S PO SN
530 0.10 0,066 . 0,037 '
540 . 0,16 | 0,089 0,041 .
550 . 0,3 « 0,173 = 0,069 |
560 0,38 | 0,212 @ 0,058
570 0.57 . 0.318 | 0,068
580 0.78 . 0,435 0,068
590 0.97 | 0,541 0,064 |
600 I 1,13 | 0,631 0,063 |
610 .32 - 0,737 0. 065
620 1,61 = 0,898 0. 069
630 1,92 1,07 0. 069
640 1,99 = 1,11 0. 061
650 1,61 0.898 0. 047
660 1. 07 0. 597 0. 035
670 0, 61 0, 340 0. 026
680 0, 32 0, 179 0, 020
690 0. 21 0. 117 0. 020
700 0. 19 0.106 | 0,029
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circulated. Continuous exposure to the light from six
100 watt bulbs resulted in the complete disappearance of
the blue colour in about one month, Removal of the
solvent, which contained free hydrochloric acid (silver
nitrate) and acetaldehyde (apple smell = no attempt was
made to form & dimedone derivative) gave a small amount

of sticky brown solid which, after several crystallisations
from ethanol, was positively identified as 1lO0-bromocamphor
oxime (XV) (mixed melting point). It should be noted at
this point that XV did not form an oxime hydrochloride
under the usual conditions, namely the passage of dry
hydrogen. chloride into an ethereal solution of oxime, so
that the identification of a photolysis product as free
oxime was not unexpected. The amount of rotation

induced by asymmetric decomposition of the blue bromo-
compound was calculated by means of Kuhn's equation, viz.

=6.

a' = a. g (1-B). log 1
]
Thus, using a 5% solution in a 1ldm, tube, the rotation
developed (a') at 550ﬁﬂ.for 60% decomposition should be
approximately ‘

36,5 X 0,069 x 0.2 x O, 3979
‘= 1,45

- O. 140

a
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In all these respects, then, B.3 was as suitable as the
pyridine salt for asymmetric photolysis end possessed the
added advantages that a product of photodecomposition
had been identified and thus showed that it did not
contain an unsteble group (except that on 02) comparable
with the pyridinium nucleus in B.4,

These properties, however, would be vitiated by
mutarotation under the influence of red light. The
irradiation of (+)=-2~chloro-~2-nitroso-l0=-bromocamphane,
under conditions identical with those for B, 2 and B.2',
was carried out to establish this point. The results for
this are set out in Tables VII, VIII, IX (Graphs VII, IX, X).
The importance of spectrophotometric methods in
following the course of irradiation had been emphasised
by the 'band-shifts'® observed by Hope in (+)=2-chloro-2~
nitroso-pinane and in the previous carboxylic scid
(Be2, Be2'), so that the optimum concentration for
absorption measurements was used. This was made possible
by the large rotations of the blue bromo-camphane, A plot
of observed rotation against time (Graph IX) showed a
fairly slow fall in the first three hours. After 744
minutes, the rotation had changed by about 76% and.
appeared to be approaching the axis of zero rotation

without changing sign. This was unlike both the parent



compound (B, 1) and 2-chloro-2-nitroso-apocemphane-1-
carboxylic acid, where o had changed sign after short
exposure (60 minutes, ca. ), but was analogous to the
pyridine salt (B.4)s The effect shown by the latter
compound had, in the absence of absorption measurements,
been interpreted as a decrease in rotation due entirely
to simple photolysis uncomplicated by 2:2'~ mutarotation,
In the case of the bromo~compound, however, the curves

of a660

observed asgainst time,and log!i- ainst

T 660 &
time (plotted on the same scale as the rotation curve,

so that the percentage changes per scale unit were the
same) showed & complete lack of parallelism.(loé%i 660
changed 26.5% in 744 minutes), and indicated that the
 change in rotation must be a multiple process. This

was substantiated by the determination of the curve of
rotatory dispersion (Tsble VII Graph VII) after 1022
minutes® irradiation, when a displacement of 1O0mu(ca, ) to
longer Wavelengths was observeds The curves for the
mutarotating camphanes B.1 and B.2' also showed this
effect, The experimental determination of the
absorption spectrum after irradiation (480 minutes,

21.4% change in logzg 660> revealed a displacement

of A\max., from 650wmu. to 660 mw. and increasses in logL/I
(14% at N\ = 685m.) on the longwave side of }\\max. All

readings on the shortwave side were smaller than the
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TABLE VII

Dispersion of (+)=2-chloro-2-nitr

~10-bromo=-

camphene . before and after irradiation

Concentration, c

]

1=
o, =
obs. _
%j02¢ =
T— R
500 g -0, 57
510 I =0, 61
[ 520 : -0, 67
530 -0,73
540 "Oo 80 :
i 560 =0, 95
570 "10 OOmax.
580 -0, 98
590 - =0, 89
600 k -0, 80
610 E ~0, 74
620 i -0, 59
i 630 -0, 28
640 +0, 30
650 +0, 91
660 +1, 20max,
670 +1, 16
680 +0, 99
690 +0, 79
4 700 +0, 66

0, 0995dm,

0. 0725g. /5ml., :

'oxygen-free’.

rotation before irradiation.

rotation after 1022 mins. + 85%
hours in darkness,

mObSo

..d02e

 =0.35
=0, 41

-0, 49
-0, 52

-O. 52
=0,48
-OQ 32
| =0,12
+0, 10

+0, 28
+0, 37

+0, 41

-0, 55max,

+0, 42max,
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TABLE VIII

Irradiation of (+)=-2-chloro-2-nitroso-l0-bromocamphane

Concentration, ¢ = 0,0726g, /5mls : ‘oxygen-free'.
1 = 0,0995d4m, ¢t t = 0.995cm.

Rotation-Absorption at 660mu.
Unicam slit = 0. O4mm,
Slits: Rotation: ZEntrance = 1,75 Exit = l.4

N o To
Mins. « log= log [I Temp.
obs. T x 1. 36 P
0 +1, 20 0.882 1. 20 20
30 +1, 00 0. 83 1. 13 | 20.5
60 +0, 89 0. 808 1.09 21
120 +0, 70 0. 775 1.05 22
180 +0. 56 0. 758 0. 97 23
480 +0, 38 .0, 692 0. 941 22
No change affter 11 hrs. in darkness
744 +0, 31 0, 648 l 0. 882 22, b







TABLE IX

Absorption Spectrum of (+)=2-chloro-2-nitroso=10=bromo=
camphane before and after irradiation

Mol.

‘oxygen=free!,

wt.

+ 11 hours in

total darknes§~

?Hié;ém_?
D 14,4

Concentration, ¢ = 0,0725g. /5ml.
M= 0,05167 :t = 0, 995cm. H
S1it at Amax. = 0,Odmm,
A = Before irradiation
B = After 480 mins.
I B = Afver 46U mins, ¥ -1
; : 1, ! T ! l
Al £, logz logZ | Now)|
500, 0,52 . 0,0265/0,0177 | 620
504 | 0,62 0. 0318 (0, 020 625 |
510 | 0,77 0. 0395 |0, 025 630
514 0.86 0,045 0,028 635
520! 1,06 | 0,0545 |0,0345 640
524 1,20 0. 0618 |0, 039 645
530  1..51 = 0,0775|0,0465 650
534, 1.79 ' 0,0918 0,053 655
540 2,19 | 0,1125 0,066 660
544 ' 2,49 0.128 |0,0755 665
550 2,898 & 0,149 0,092 670
554 | 3,19 0.164 |0, 102 675
560 | 3,67 0.1885 0, 1195 680
564 4,01 0.206 0,180 686
570 | 4.69 0.241 0,150 690
574 | 5,29 0. 272 0,168 695-
578 = 6,03 0. 310 0,188 700
580 | 6,42 0. 330 |0, 199 706 |
584 7,19 0. 370 0,222 710 |
588 = 8,07 0.415 10,249 715
590 | 8,46 0. 435 |0, 260 720
594 | 9,22 0.474 0,290 | 72B
598 | 9,84 0,506 0,316 | 730 |
600 10,1 0.519 |0,330 .| 735
605 10, 8 0.555 |0, 357 740
610 11,4 0.585 |0,384 || 745
615 11,9 0,612 [0,408 |

€q

16, 6

. 16,9
' 18.1

19,1
19, 2
18. 5
17,2
15, 8
13.0
10.7
8., 956
7.19

5. 77-

4,62
3. 64
2. 96
2o 53
1. 85
1,651
119
0. 97
0,79
0, 64
0. 51

logle
OgIn

Ly Te
;logih

|

0, 668
0,738
0. 800
O- 87
O. 95
0., 980
0. 988
0. 949
0, 882
0. 813
6. 67
0. 548
0. 460
0. 370
0. 2965
0. 23756
0. 187
0, 1518
0. 120
0. 095
0, 0775
0, 0612
0. 050
0, 041
0, 033
0. 026

0,470
0, 506
0,548
10, 593
0,643

10 620

0, 436

0, 676
10, 688
0,69

0,675 |

0. 554 |
0,493
0. 422
0. 344
0. 280
0, 228
6. 1925
0.163
0. 133
0.1125
0. 095
0, 080
0, 067
0. 055
0. 0465
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starting values (Table IX, Graph X). It should be
noted that the bodily movement of the vibrationaléband
envelope for B.2' was shown only after re-scaling to
the original height.

Although irradiation of B.3 did not result in the
inversion of the Cotton effect these three facts, the non-

parallel curves of a ~time and logL7%;time; the

obs.
- displacement of the curve of rotatory dispersions; the
shif't of the absorption maximum and the increase in
logj;jat long~wavelengths, made it clear that photolysis
did not yield directly, products agbsorbing outwith the
visible spectrum, Moreover, these regults warranted a
reinvestigation of the pyridine salt of (+)-2-chloro-2-
nitroso~camphane~l0~sulphonic acid which had been stated
to be free from 'photo~mutarotation' by Mitchell and
Watson (50), solely on the basis that irradistion did
not produce an inversion of the curve of rotatory

dispersion. The absorption spectrum was not examined

after irradiation.

IV -~ The reinvestigation of the pyridine salt of (+)-2-
chloro-~2-nitrosocamphane=10-gulphonic acid(B.4) and
Be 5)s

attempts to obtain the free acid

The pyridine salt of (+)-2-chloro-2-nitrosocamphane~
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10-sulphonic acid was prepared according to the method
of Mitchell and Watson‘(Bé. Slow chlorination of the
sulphonic acid oxime (ITIT) dissolved in pure, anhydrous
pyridine at about -15°C., resulted in the precipitation
of the deep blue pyridine salt (10 minutes, ca. ). This
was filtered, washed with ether to remove the excess of
pyridine and dried on porous plate, Crystallisation from
gbsolute ethanol gave beautiful, long needles of the salt
melting at 152-153°C with decomposition, The extremely
low solubility of this material in all organic solvents
forced the gbove authors to use a dilute solution, whose
concentration gave a value of logL}Iat }\max. of about
0,45, The determination of the complete absorption
spectrum of this solution afber 30% photolysis would
have tended, therefore, to be inaccurate, Solution of
larger amounts in the same volume of solvent was effected
by grinding the crystaelline salt in an agate mortar and
warming the solution in a water bath at about 45°C.,  The
flask was given ample time to reach room temperature
before making up to the mark,

The irradiation of B.4 was carried out in the same
cell and under exactly the same conditions as for B,2, B, 2!
and B. 3. The result obtained by plotting the observed

fall in rotation at 655 against time (Graph XI, Table X)
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was essentially the same as Watson's, namely the slow
approach to the axis of zero rotation without change of
sign. As in the blue bromo-camphane, however, the first
indications of the presence of a second photochemical
process were the non-superposition of the curve of logj;z
at 630w« against time (on the same scele as the
rotation-time curve, so that the percentage change per
scale unit was the same) and the uneven variation of logiaz
at 655mu. (Tsble X) during the irradiation.  The |
absorption spectrum, determined after 271 minutes of
irradiation (logZ%;at 630 mu.had decreased by about

30%) revealed a displacement of Amax. from 630mu t0
635@w.and, as in the bromo-substituted camphane, large
inereases in the values of logjﬂzon the long-wave side of
A max, All readings on the short-wave side were smaller
than the starting values (Graph XII, Table XI). Continued
irradiation (total time, 516 minutes) resulted in a
further decrease in absorption in the range 675-500@M,
while the values at 680-720mu remained practically

stationary and were further proof of the presence of

two photochemical processes, On the basis of these

results, it was concluded that the blue pyridine salt,
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like (+)=2=-chloro~2-nitroso-l0~bromocemphane, was
subject to at least two reactions on irradiation, at
least one of which contributed to the absorption in
the visible spectrum,

The change in the spectrum of the pyridine salt
presented a difficulty not present in B.1l, 2, 2' or 3.
It might be argued that the band=-shift was due to the
presence of increasing amounts of chloro-nitroso sulphonic
acid (B.5), liberated from the salt by hydrochloric acid
produced by photolysis of the chloro~nitroso group on 02.
To elucidate this point, the spectrum of the salt,
dissolved in absolute ethanol containing hydrochloric acid,
was carefully determined at various intervals. The
amount of hydrochloric acid used corresponded to an
excess greater than that produced by 100% decomposition

according to the following postulated reaction sequence:

(4] 503 m-)
@ :+

The values of log /rat a selection of wavelengths

covering the absorption range remained unchanged (within

experimental error) after 21 hours (Teble XII),  There



TABLE X

Irradiation of the pyridine salt of (+)-2-chloro-nitroso-
camphane=-10-sulphonic acid

Concentration, ¢ = 0,0769g,/bml, Yoxygen~free!,

1l = 0,0995dm, : t = 0, 995cm,

Rotation (655mu)=-Absorption (655-630mu)

Slits : Rotation : Entrance = 1.8 Exit = 0,9
Absorption : 0,04125mm. at 655mu,
O. O0b54mm, &t 650‘»\/«. .
Mins. & obs,. log}.g logL%Ew logg?_ Temp.
Teso 1, 265 ese”

0 +1. 10 0. 87 1. 10 0, 532 18,75
30 +O. 97 ’ o - O. 525 190 2
60 +0, 87 0. 76 0. 961 0. 530 20

151 +0, 68 0, 673 0. 851 0, 542 21

271 +0, B3 0, 601 0. 760 0. 532 21,8
No change after 13% hours in darkness

516 +0, 41 0, 522 0, 660 0. 49 21, 8
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TABLE XI

Absorption Spectrum of the pyridine salt of (+)-2-chloro-
2=nitrosocamphane-l10-sulphonic acid before and after
_ irradiation

Concentration, ¢ = 0,0769g, /6ml, :

‘oxygen-free',

t = 0. 995cm. : MOl. W‘t. = 360. 87

A = Before irradiation : 81it at A\max. = O, 049mm,
B = After 271 minutes : S1it at Amax, = 0, 041mm,

C = After 561 minutes,

Nr I | I !
Mew) log®,  log7, logZ | M) log%, | logz, log% |
500 | 0,0425 0,030 = 610 | 0.675 @ 0,472 0,411 |
504 | 0,048 0,034 & = . 615 | 0,740 0,51 0,442
510 | 0,0575 0,041 | = . 620 | 0,800 | 0,552 '0.474
514 | 0,0695 | 0, 0455 = . 6256 | 0.85 | 0,585 ;0,505
520 | 0,085 | 0,054 ;0,056? | 630 | 0,87 | 0,601 0,522
524 | 0,0972 | 0,0625 = 635 | 0,860 | 0,615 |0,5375
530 | 0,118 | 0,076 0.073 640 | 0.812 | 0,608 |0, 5376
534 | 0,134 | 0,085 | = 645 | 0,735 | 0,593 |0, 529
540 | 0, 1565 | 0, 101 0,095 650 | 0,632 | 0,562 |0.515
544 | 0,1725 | 0.110 | = 655 | 0,632 | 0,532 |0,49
550 | 0,1925 | 0,130 |0, 1175 660 | 0.4275 | 0,489 |O,457
554 | 0,220 | O, 1435 = 665 | 0,338 | 0,447 |0.428
560 00 260 Oo 1715 Og 1525 670 O. 268 Oo 597 %Oc 586 H
564 | 0, 30? | O, 1925 |0, 171 675 | 0,211 | 0,355 |0, 3475 |
568 | 0,330 | 0,214 | = 680 | 0,173 | 0,307 |0, 308
570 | 0. 352 | 0,225 |0, 200 685 | 0,134 | 0,262 |0, 259
574 | 0,394 | 0,249 0,219 690 | 0.1045 | 0,217 |0, 218
578 | 0,432 | 0,274 |0, 237 695 = 0,0835 | 0,177 | =
580 | 0,448 | 0,283 |0, 2487 700 | 0.0635 | 0,144 |0, 1456
584 | 0,480 | 0,309 O, 265 705 | 0,050 | 0,121 |0.123
588 | 0, 508 | 0,330 |0, 287 710 | 0.041 | 0,101 |O.1025
590 | 0, 5175 | 0, 342 |0, 295 715 | 0,032 | 0,086 |0.087
594 | 0,540 | 0,365 |0, 320 720 | 0,025 | 0,070 |O,0715
598 | 0,568 |0.390 |0, 340 725 2 0.0565| =
600 |0.585 |0,402 [0, 350 730 - 6,050 | =
605 | 0,625 |0,435 |0,3775 735 - 0,042 | &
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TABLE XII

The effect of hydrochloric acid on the spectrum of the
pyridine salt of (+)-2~-chloro-2-nitroscamphane=10=

sulphénlic acid

Concentration, ¢ = 0,0763g. /5ml. absolute ethanol
containing 16mg. (ca. ) HC1/10ml,

t = 0,996cm,
Minutes
Almu) o 120 454 | 1264
580 | 0,445 0, 445 0,441 | 0,44
590 | 0,508 0.508 | 0,506 : 0,505
600 | 0,572 0. 572 0.572 | 0,57
625 | 0,838 0. 838 0.83 0.83
630 | 0.858 0. 858 0. 85 0. 85
635 | 0,850 0. 845 0, 84 0. 835
640 | 0.806 0, 800 0.798 | 0.79
665 | 0,331 0,338 | 0,337 | 0,327
670 | 0,263 0. 264 0,263 | 0,260
680 | 0.168 0. 168 0.165 | 0.1645
690 | 6,1045 | ©0,1046 | 0,104 | 0,100
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was no displacement in the position of A mex. It was
concluded, therefore, that the changes observed on
irradiation of the blue salt were due neither to the
formaetion of non-isomeric blue acid (i.e. B.5) nor to a
change in the medium, The results from the above
experiment can be equally well applied to the other
chloro-nitroso eamphanes,

The removal of the pyridinium nucleus in B.4 to give
the free sulphonic acid involved a large alteration in
the size and nature of the substituent located at Ci0°
Two distinct methods of effecting this were attempted.
Chlorination of a rapidly stirred suspension of the oxime
(II1) in a large volume of ether for several hours
yielded no trace of the chloro-nitroso sulphonic acid,
The free acid, prepared by dissolving the blue salt in
concentrated hydrochloric acid, could not be purified
( watson)s The passage of an agueous solution of the
pyridine salt through a column of ion-exchange resin
(Dowex IR 400(H)) resulted in the complete exchange of

pyridine, Sheking with octyl alcohol partially
| separated the blue acid, but removal of the solvent under
reduced pressure resulted in an almost instantaneous loss

of colour.
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VY - (a) The postulate of band-shifts in optically inactive
camphanes; (b) the chloro-nitroso derivative of l-camphor
oxime

The spectrum of Watson's d-(-)-2-chlero-g-nitroso-
camphane (B.1l), which had been subjected to irradiation
with mercury-yellow light, was determined and rescaled
to its original height, This revealed - not unexpectedly -
a bodily displacement of the entire envelope to longer
wavelengths (Hope, private communication). At this stege,
then, four chloro=-nitroso camphanes derived from d-camphor
showed, to varying degrees, a change in their gbsorption
gspectra after irradistion. These were

1) d=-(-)-2-chloro-2-nitrosocamphane (B,1),

2) d-2~chloro-2-nitroso-spocamphane~l-carboxylic
acida (B.2, B.2').

3) d-(+)=-2-chloro-2-nitroso-10-bromocamphane (B, 3).

4) a-(+)-2-chloro~2-nitrosocamphane-10~sulphonic
acid as pyridine salt (B.4y.

It was now realised that absorption measurements alone
could be used as a dlagnostic test for the occurrence of
a photo-process giving rise to products absorbing in

the visible spectrum, and could be applied to optically
inactive chloro-nitroso camphanes, This was conditioned,
however, by the fact that the asymmetric centre at Cq
must direct the addition of chlorine in the same way in

both enantiomorphic oximes to give true mirror-image
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chloro-nitrose camphénes.

This postulate was substantiated by an examination
of the optical properties of the chloro-nitroso |
derivative of l-camphoroxime (Clarke, Honours Thesis;

. @lasgow, 1953), 1-Gamphor, prepared by chromic
anhydride oxidation of 1l-borneol, formed a highly
crystalline oxime, chlorination of which in anhydrous
ether gave a 2-chloro-2-nitrosocamphane, The general
shape of the curve of rotatory dispersion showed it to
be 1-(+)-2-chloro-2-nitrosocamphane, enantiomorphic with
B.l.  Irradiation of an ethanolic solution of this
compound with mefcury—yellow light resulted in an
inversion of the Cotton effect with & corresponding
bathochromic shiftvof the absorption spectrum, It could
‘be safely assumed, therefore, that irradiation of an.
equimolecular mixture of d-(-) and 1-(+)-2-chloro-2-
nitrosocamphane would produce the expected_shift in the
spectrum.  There sfill remained some fundamental
difficulties in the application of this concept to
inactive compounds, €.g., the relationship between the
amount of shift and the composition of the mixture of
isomers produced by irradiation. These are treated

later in the Discussion.
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VI - 2-Chloro-2-nitroso-apocamphane-l-acetic acid (XXXI B, 6
. and its methyl ester (XXXIV B.7),
$A' - Attempts to prepare optically active 2-keto-gpocamphane=

l-acetic acid (XXIX) :

These experiments were undertaken before it became
apparent that photoisomerisation was accompanied by a
change in the absorption spectrum of boﬁh active and
inactive compounds. All routes to the active acid
proved sbortive and thus will be discussed briefly.

(a)b The protection of the ketonic group at 02:-

All condensation reactions directed at replacing the
. 10-bromine atom would be complicated by the presence of
the reactive methylene group at Cz and the potentially
enolizable carbonyl at 02. Protection of this latter
group with a suitable reagent would resolve these
difficulties and it was decided to form the cyclic
ethylene ketal of 1l0-bromocamphor by reaeting the ketone
with ethylene glycol in boiling benzene (catalysed by
p-toluene sulphonic acid). The ketal (XVII) was obtained
in excellent yield as a colourless, mobile oil which was
stable to alkali, Hydrolysis to the ketone was easily
effected with dilute methanolic sulphuric acid..

(v) The direct replacement of bromine with lithium:-

The carbonation of an organo-metallic compound
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offered the easiest route to the corresponding acid,

The choice of metal was determined by the greater reactivity

of organo-lithium compared with that of the more usual

magnesium derivatives. The purified bromo~ketal in

anhydrous ether under'an.atmosphere of nitrogen, failed

to react with lithium, which had been finely divided and

cut to give a clean surface.

(¢) Coupling of the bromo~ketal with n-butyl lithium:=

The ketal, dissolved in anhydrous ether, was gradually

added to a dark grey solution of n-butyl lithium in ether.

The reactibn mixture was poured on to a large excess of

dry carbon dioxide and extracted with caustic soda.

The alkaline solution was acidified, extracted with

ether and the ether extract dried. Removal of the

ether gave a small amount of material (oil) which was

hydrolysed with methanolic sulphuric acid, "Working-up"

in the usual manner yiélded a small amount ochrystalliné

material whose melting point was about 70° higher than
that for the ilnactive keto-acid.  Almost 70% of the

| unchanged bromo-ketal was recovered from the original

ethereal mother liquors (from caustic soda extraction

of the carbonated material).

(d) Replacement of bromine by cysno:-

Replacement of bromine by cyano, followed by hydrolysis,
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should give the required) -keto scid., The prolonged
heating of intimate mixturesof the bromo-ketone (or
ketal), cuprous cyanide and pyridine (18 hours at 200°C)
resulted in the formation of a dark brown mass, from which
nelther cyano compound nor starting material could be
extracted.

| The failure of all these reactions to yield a bromine-
replaced camphor was not entirely surprising. An
examination of the camphane skeleton revealed a close
analogy with neopentyl compounds, which are notoriously
inert to replacement reactions (Sy2) in anhydrous media.
Neopentyl chloride, which had been heated at 200° for
90 hours with cuprous cyanide and pyridine, was recovered
unchanged (65), while the Grignard reagent, slowly formed
by neopentyl chloride, could only be characterised by
reaction with phenylisocyanaté to give tert,-butylacet-
anilide (66)

Coh, X eH, X
¢ ¢
Cb/ ‘I\CL }‘“ C/ ! \ C'“S
¢ |
Cg”’/’qr\“~c7 ’ N
H
Camphane | Neopentyl

Moreover, it was found by Lowry that "there is no single

reaction in which B=bromocamphor behaves as if it
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contains the group -CHgBr" (67).

'B' - The synthesis of inactive 2-chloro-2-nitroso=
apocamphane=l=gcetic acid

The detection of the complexity of the photoprocess

in chloro-nitroso camphanes by spectrophotometric
measurements eliminated the necessity of using
optically active compoundé and made the synthesis of
Hasselstrom's § - keto-acid more feasible. At several
stages durihg this rather long and tedious preparation,
the literature cohditions wefe found to be inadequate
and some time was spent in re-esteblishing these:=

(2) The yield of hydroxy-anilide ( XXVII) was doubled
by strict limitation of the time of reaction and by |
careful "working-up'. The reaction was stopped one-snd-
a-half hours after the addition of catalyst by pouring
the éther into water, The phosphorus. pentachloride, in
which most of the anilide was occluded, was then carefully
decomposed by adding it gradually to a mixture of ether
and water., Repeated washing (total, 5 litres) of the
combined ether extracts with water resulted in the
deposition of appreciable amounts of crystalline product,
The aqueous washings, after standing overnight, yielded
almost 15% of the total amount. Yields of 60~-65% were

obtained without steam-distillation of the ether extract:

(b) The lactone (XXVIII) proved to be a light brown
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solid which crystallised poorly from hexane (literature)

and melted over a very wide range, It was finally
purified by chromatography on silica gel and crystallisation
from light petroleum (needles). Analysis confirmed that

it was indeed the lactone of 2-hydroxy-spocamphane=l-

acetic acid.

(c) Repeated attempts to prepare the keto=-acid by
boiling an alkaline solution of the lactone in the presence
of solid potassium permangsnate (literature) proved to be
too drastic and no trace of the acid was obtained. The
gradual addition of a solution of permanganate to an
alkaline solution of the lactone at room temperature
gave excellent yields of the acid which was characterised
by analysis. The preparations of the oxime and its chloro-
nitroso derivative presented no unusual difficulties and
are described in the appropriate section.

2- Chloro-2-nitroso-apocamphane-l-acetic acid (XXXI B, 6),

This compound, prepared in the usual way from the

ether-soluble oxime, resembled its lower homologue B, 2, B.2'
in its chemical properties, viz. soluble in benzene but
insoluble in petroleum ether at room temperature. It

was purified by passage through a column of silica gel
(benzene as solvent and eluent) and by crystallisation

from a mixture of benzene and petroleum ether, The

absorption spectrum of this material showed the
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characteristic shoulder on the short-wave side of Nmax.
(630mu), while the height of the band ({max. = 17.7) was
about 21% smaller than that for B.2 and thus indicated a
marked weakening of the effect of the substituent on

the electronic processes in the chromophore,

Irradiation wiﬁh red light resulted in a rapid fall
in log;;max. of about 25% (Table XITI) in 180 minutes.
This was much faster than for the bromo-compound ®. 3),
but almost identicsl with that for the pyridine salt
(B.4) which shows meximum absorption at the same wave-
length. Examination of the spectrum after this time
(Table XV, Graph XIII) revealed once more large increases
(experimental) in logii;on the long-wave side of \max.
All readings on the short~-wave side were smaller than
thé initial values. Moreover, the position of Nmax. had
been displaced from 630mu to 665fya. It was concluded
that the elimination of the chromophore at Co was
preceded by a photo-process resulting in the formation of
a compound also absorbing in the visible spectrum and
which was thus responsible for the change in A maxe. etce
Pblgrimetric examination during irradiation showed no
development off rotation, so that the two optical

enantiomorphs must react photochemically at the same rate.



TABLE XIiI

Irradiation of 2~chloro-2-nitroso-—apocanmphane=l=gacetic
acid.

Concentration, ¢ = 0,0471g. /5ml. : ‘oxygen~-free',

1l = 0,0995dm. : t = 0.996cm,

Rotation (650mu) = Absorption (630mw)

Slits Rotation - Entrance = 1l.8 : Exit = 1l.256

Absorption - 0. 04 5mm,

PSR ORI T

Mins, o ~ log™ly | Temp.
O = 0,00 | 0,695 | 20.5
60 = 0,00 0.605 | 2L.5

120 | 0.00 0,552 | 2L.5

180 | 0,00 0,520 | 22,0

Note: The difference between log i, at 630mm.(Table XV)
and log IL.|T at 630 mw (Mins., = 0) is consistent with photo~-
decomposition during a spectrum determination lasting
one-and~a~half hours.

TABLE XIV

Irradiation of 2-chloro-2-nitroso-apocamphane=l-methyl=
acetate

Concentration, ¢ = 0,0516g. /Bml, : 'oxygen&free‘
t = O. 99501’1’1.
Absorption at 630mue 81it = Q. Odmm,_

Mins. log™/x Tenmp,
0 0, 69 19
. 60 Q. 58 20
145 Oe 50 21

Note: The difference between log™/r, at 630mu (Table XVI)
end log® |1 at 630m«.(Mins. = 0) is consistent with photo~
decomposition during a spectrum determination lasting
one-and-a~quarter hours.



TABLE XV

Absorption Spectrum of Z2=-chloro-2-nitrosgso-apocamphane=l=-
acetic acid before and after irradistion

Concentration, ¢ =0,0471g, /bml, ¢

= 235,71 :

'oxygen-free’

M = 0,03996

81it at Amax., = O, O4mm,

\(”"/‘)
. 610

6156

5

i
i

620 |

625

630 |

635
640
645
650
655
660
665
670
675
680
6856
690
6956
700
705
710
7156
720
7256
730
735
740

1l = 0,995¢cm, ¢ Mol, Wt.
A = Before irradlation
B = After 180 minutes 1rrad1ation
>\(~w)l e,\ logh Th log = e
480 . 0,40 O. 016 0. 012
490* 0, 57 0, 02250, 017
500‘ 0, 82 0. 032510, 024
504 | 0,94 0, 03750, 028
1510 | 1,16 0. 046 0,034
’514' 1, 32 0, 05250, 040
1520 1,66 0., 066 0,049
1524 | 1,94 0,077 10,087
530 2,34 0. 093 {0,069
534 2,67 0,106 0,078
40 | 3,12 0,124 (0,092
544 | 3,39 0,135 |0,101
. BB0 | 3,89 0. 155 .0, 115
(554, 4,43 0, 176% |0, 131
{560 | 541 0., 215 10,160
564 | 6,09 0. 242 (0,180
568 | 6,77 0. 269 0, 200
570 | 7,12 0. 283 0,211
574 | 7,82 0,311 |0, 232
578 | 8,55 0. 340 |0, 263
584 | 9,41 0. 374 |0, 278
588 | 9,96 0. 396 {0,295
590 10,2 0,405 |0, 302
594 10,8 0,429 10,319
598 11,4 0,452 |0, 337
600 11.8 0,469 |0, 349
605 |12, 8 0. 5075 |0, 375

§
1
1
{
|

Ea

13,9
15,2
16,4 |

17.5
17. 7
17,3

14. 8
12,9
11, 3
9. 56

: 8,05

6, 69
5, 66
4,72
3. 71
3,02
2,41
1.89
1,46
1.21
0, 94
0,76
0, 63

0,48

Lo
logz,

T,
1°gfe.

16,3

O, 556
0, 605
09 65
0, 695
0, 705
0. 68786
0. 6475
0. 59
0, 6515
0, 4475
0, 380
0. 320
O, 266
0. 2252

0. 409
0, 440
0.470
0. 505
0. 520
0. 525
0.520 |
0. 5075 |
0,490 |
0,464
0. 440
0,413
0. 377
0. 338

0. 1875%20,'298
0, 1475%0, 254

0. 120
0. 096
0,075
0. 068
@, 048
0. 0376
0, 030
0. 025
0. 019

0, 209
0, 172
0, 138
0. 1175
0, 100
0, 08256
0, 069
0, 0575
0, 060
0, 042
0,035
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Since such isomers are generally agreed to possess

the same free energy, this was not a surprising result.

'¢! - Inactive 2-chloro-2-nitroso-apocemphane-1-
‘ methylacetate (XXXIV B.7)e

Substituent enlargement of the preceding 1l0-acid
was undertaken to determine the effect, if any, of a
sterioally lerpger group on the extent of spectrum=-
displacement. The crude methyl ester (XXXIT),
prepared by the Fischer~Speier meéhod, proved to be a
mobile oil which was oximated as such in a buffered
(potassium acetate) aqueous solution of hydroxylamine
hydrochloride, The oxime (XXXIII), initially
obtained as an oil, was induced to solidify by
scratching small amounts on a watch glass and then
by seeding the bulk (m.p. 61-66°C)e No attempt
was made to purify it by crystallisation. Removal
of the ether after chlorination of XXXIII at 0°C. gave
e small amount of deep blue viscous oil,  This was
chromgtographed through a column of silicé gel with
benzene as solvent and eluent. Vacuum distillation
of the solvent yielded the blue ester as a sticky solid,
which was dried by pressing on porous plate, It was

extremely soluble in most organic solvents at room
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temperature, and an analytical specimen was prepared by
further chromatography followed by complete removal of
the solvent (m.p. 55-58°C),

irradiation with red light under conditions identical
with those used for all the preceding compounds resulted
in a fall of log;%[at A max. (630mw) of about 27% in
145 minutes (Table XIV). This was slightly faster
then for the 10-acid (XXXI). The photoisomerisation of
this material was revealed by the examination of the
absorption spectrum after 145 minutes of irradiation
(Table XVI, Graph XIV). The observed values of log /T
on the iong~ and short-wave sides of A maX. were respectively
greater and smaller than the initial values. The
position of A max., was displaced to the red by about 103M,
l.es from 630 to 640wu. It was concluded from these
results that the introduction of a methyl group in
XXXT had in no way eliminated the photoisomerisation,

VII - g-Chloro=-g2-nitroso-10-benzylcamphane (XXXIX B.8).

The starting material for the b -keto acid (XXIX),
namely 10-benzoyl borneol (XXV), offered an attractive
route to an inactive, 1lO-substituted camphor with all
the properties necessary for the successful investigation
of photomutarotation.  10~Benzyl camphor XXVII), with

its sterically large and chemically inert substituent,



TABLE XVI

Absorption Spectrum of 2-chloro-2-nitroso-apocamphane-l=-

methylacetate before and after irradiation

Concentration, c

0.0516g, /5ml. @

1 = 0,995cm, Mol.
M = 0.03973
A = Before irradiation
B = After 145 minutes irradiatlon

ANe) o €, 1031 1081- | Aéw)
480 | 0,39  0,0155 0,010 610
490 | 0,58 | 0,023 0,015 | 615
500 | O, 82 0,0326 0,021 | 620
504 | 0,94 | 0,037 0,023 | 625
510 | 1.4, 0,045 0,030 | 630
514 | .32 0,052 0,034 | 635
520 | 1,65 0.065 0,043 | 640
524  1.89 0.075 '0.,0475 | 645 |
530 | 2,30 i 0,091 0,057 || 650 |
634 | 2,59 | 0,1025,0,065 | 655
540 | 3,04 0.120 0,078 || 660
544 | 3,31 0,131 [0,0875 | 665
B50 3,79 ! 0.150 0,103 | 670
654 | 4,28 0,169 0,115 | 675
660 | 5,11 @ 0,202 [0,136? | 680
564 6,79  0.229 0,165 | 685
568 | 6, 50 0.257 10,17262 @ 690
570 | 6,86 0.271 10,1822 | 695
574 | 7,56 0.299 0,199 | 700
678 8,28 0.327510,220 | 706
580 @8, 66 0. 3425 .0,2275 | 710
584 9,28 0,365 10,2475 | 715
588 | 9,74 0.385 0,366 | 720
590 @ 9,99 0.395 0,274 | 725
594 16,6 0.420 10.296 | 730
598 11,2 0.444 0,317 | 735
600 11,6 0, 4575 [0, 330 | 740
605 |12, 5 0.494 0,360 |

'oxygen-free!

Wt. = 259,73

S1it at Amaex, = O, 04lmm,

T U

¥

¢, log%, |log%,
: 13.5 0. 535 |0, 390
147 | 0.2895 o428
i 161 0, 635 0,452
17.2  0.680 0,484
L A7 T 0, 70 0., 500
7.5 = 0.69 0,513
- 1667 0. 660 .0, 520
15,7 0. 620 [0, 5175
14,4 0,57 0,506
12,4 0.488 0,488
10,6 0,420 [0,460
9,11 @ 0,360 (0,430
7.54 0,298 0,395
6. 38 . 0,262 '0.550
5,31 = 0,210 0,304
4,28 @ 0,169 §0.256?
3.40  0.1345 0, 208
2.64 0,1045 0,168
2.14 . 0,0845 0,1375
1.64  0.065 0,115
1,33 ;| 0,0525 0,094
1,06 @ 0,042 0,080
0.78 | 0,031 |0,065
0.56 | 0,022 [0,0475
0,43 | 0,017 0,039
0.38 | 0,015 [0,032

§
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could be prepared from the keto-alecohol (XXV) by (a)
specific reduction of carbonyl to methylene and (Db)
oxidation of a secondary 2lcohol group to the corresponding
ketone, Both these steps.were.successfully carried out
and are discussed briefly below.

(a) Direct use of the Huang-Minlon reduction (68) of
carbonyl to methylene (XXV—XXXVI) by thermal decomposition
of the intermediate hydrazone (XXXV) in alkaline
diethylene glycol proved unsuccessful because of the low
solubility of XXXV in this medium, Inexplicably,
however, the isolated and purified hydrazone dissolved
readily in the glycol by heating to a temperature not
exceeding 100°C, Nitrogen was readily split out by
heating at 180-200°C. for a short time in an open flask,
and gave the secondary alcohol (XXXVI) in good yield.

The latter was purified by distillation but could not be
induced to crystallise, It was characterised by its
phenylurethane, m.p. 139-140°C,

(b) The sbove alcohol was smoothly converted to the
ketone (XXXVII) by chromic anhydride oxidation in glacial
acetic acid. This product also proved to be a viscous

0il which failed to crystallise, Its oxime, prepared



«60=

in pyridine (64), was a stable solid which crystallised
readily from petroleum ether in fine, matted needles
(mepe 127-127,5°C)s Its identity wes& confirmed by
analysis.

Chlorination of the ether-soluble oxime (which did
not form an oxime hydrochloride) to give the blue chloro-
nitroso derivative was remarkably slow. Dissolution in
light petroleum of the pale blue material (obtained by
removal of the ether) resulted in the precipitation of
appreciable amounts of unreacted starting material
(mixed melting point). This was removed by filtration
and the solution was then passed through a column of
activated alumins, Removal of the solvent under wvacuum
yvielded a smell amount of blue gum which did not
crystallise from tho usual solvents. No attempt was
made to submit it for analysis and it was used in this
state for the irradiation experiments,

The photochemical decomposition of this material
proceeded very slowly, taking 300 minutes to decompose
by ebout 20% (Table XVII). In this it was comparable
to the 10-bromo compound but much slower than the l10=-
acid and its methyl ester, Determination of its
spectrum after 300 minutes and 540 minutes (corresponding

to 33% ca. decomposition) showed neither a displacement



TABLE XVII

Irradiation of 2-chloro-2-nitroso~l0=benzylcamphane

Concentration, ¢ = unknown : ‘oxygen-free!

t = 0.,0995cm,

Absorption at 665mus _S81it = O, 035mm,

. B oy
Mins, log{'z Temp,
-0 1,017 19
60 0.93 = 20.5
150 0.860 @ 21,5

240 0.825 = 22
300 0,805 22
Left overnight
L540 0. 69 22

, I
Note: Difference in log /fa at 665mum (Table XVIII) and
log >/t at 665mw (Mins, = O) is consistent with
photodecomposition during a spectrum determination lasting
one-and~-a-~half hours,
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of?km:ax. nor increases in logf°/I(Table XVIII, Graph XV).
- However, several points of interest were revealed by a
comparison of the original spectrum with those obtained
after irradiation but rescaled to the initial height
(}og%f = 1,025). The percentage differences were
‘negative on the short-wave side of A max, (average
difference =‘1.5%), while on the long-wave side they
were positive (average difference = 3%). Admittedly,
these were not very diffefent from the permitted
experimental error of 2%, but the absence of a random
distribution of error in these measurements indicated
that elimination of the active centre at Cg did not take
place directly. Moreover, the almost exact super-
position of the re~scaled values, after 300 and 540
f%minutes of irradiation, showed that the maximum amount
}of isomerisation had taken place within the first 300
minutes. Although the balance of evidence tended to
confirm that a secondary photo-process had taken place,
it must be emphasised that a nonfdisplacemen# of the
spectrum of an inactive coﬁpound cannot be interpreted
unambiguously and that the results for this compound

must be considered with caution.



Concentration, c

) TABLE XVIII
Absorption Spectrum of 2;-chloro—2-nitroso-lO-—benle‘-

= unknown :

1

0. 995cm. ¢

Before irradiation

A=
B = After 300
_C = After 540

To
Aeyw) | logx,

(1)
500 0., 0275 |
504 0. 032
510 0. 036
514 0.042
520 0.051%2 |
524 ? t
530 0. 0645 |
534 0. 0725
540 0. 090
544 6. 102
550 0.122
554 0. 1375
560 0. 162
564 0. 176
570 0. 198
574 0. 215
578 0. 236
580 0. 248
584 0. 278
588 0. 310
590 0. 330
594 0. 370
598 0.416
600 0. 4375
605 0. 484
610 0. 522
615 0, 555
620 0. 588
625 0. 625
630 0. 655

camphane before and after irrasdiation

'oxygen-free'

Mol. Wt.

= 291, 8%.

minutes S1it at A max., = O, 035mm,
minutes 78
! . . Yo | ) % O
g'lo.gife | 1ogjf'I-¢ | logTs loinC (4)=(1)
X 1,273 x 1l.486
()  (3) | (4) (5)
| !

0.048 | 0,041 ' 0,061 |0,061

0.053 | 0,047 | 0,067 |0,069
l 0,067 | 0.056 | 0,085 |0.083
0,075 | 0,0645 0,095 | 0,096
10,0935 | 0,079 | 0,119 0,117 | =2,5
. 0,105 | 0,092?2 | 0,134 10,187 | =2,5
- 0,1245 0,106 ' 0,158 0,158 | =2,5
10,135 | 0,115 '+ 0,172 0,171 -2, 3
1 0.165 | 0,140 @ 0.211 0,208 -1,9
0,181 | 0,153 0.230 0,227 @ =2,6 |
0,191 | 0.162 0,243 0,241 . =2,0
/0,213 | 0,185? - 0,271 |0,276 “2,5 !
1 0.240 | 0,804 0,306 |0.,303 -2.3
. 0,255 | 0,2187? 0,326 0,324 @ =156
. 0,285 | 0,244 @ 0,363 0,363 = 1,9
1 0.3185 | 0,2725 ' 0,405 0,405 | =2,6 |
. 0,340 | 0,287 | 0,433 0,426 = =1,0
| 00374 | 0,320 | 0.476 0,476 = =1,7 |
0,409 | 0,347 0,521 0,516 .= =0,2
- 0.458 | 0,390 | 0.583 0,579 -0, 9
| 0.487 | 0,412 & 0.619 0,612 20,9
| 0.51 0.435 | 0,649 i0.646 =0, 9

over,
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640
645
650
655
660
665
670
675
680
685
690
. 695
| 700
. 705

715
720
7286
730
7356
740
745
760

635

To
log=,
(1)

0,705
0.768
0. 832
0,923
0. 975
1. 015
1. 025
0,975
6. 908
0.824
0. 704
8. 562
0. 460
0. 371
0. 305
0. 249
0. 204
0.1725
0. 140

0,118

0, 100
0,083
0,071
0. 0565

e e

TABLE XVIII

(cont. )

— i

- { - o ‘ Io
1o§%3 ;log%t élog%g §log£c

: i 'x 1,273 x 1,486
() ()  (4)  (5)
{ i t

0.556 - 0.469 0,70 |0, 697
0,600 | 0,51 0,764 |0,758
0,655 | 0,555 0,834 0,825
0.712 | 0.608 0,906 {0,903
0.758 | 0,648 0,965 0,963
0.798 | 0,680 1,015 1,01
0.805 | 0,690 [1.025 !1.025
0,779 | 0,668 0,992 0,993
0.734 | 0.628 [0,934 0,933
0,660 | 0,565 0,840 10,839
0,560 | 0,484 |0,713 0,719
0,460 | 0,391 |0.586 0,581
0,370 | 0,324 10,471 0,481
0.304 | 0,2595 0,387 0,386
0.251 | 0,21752!0, 319 0,323
0,207 | 0,1775 {0,264 0,264
0,170 | 0,1455 0,216 '0.216
0,138 |0,118 0,176 0,175
0,116 {0,099 0,148 (0,147
0,098 | 0,0845 [0.125 - 0,126
0,080 |0,068 0,102 0,101
0.067 | 0.0577 8,085 0,086
0.0545 | 0,046 (0,069 0,068
0.045 |0,039? 0,057 10,058

% 0
(4)-(1)
0.7
=0¢ B
+0, 2

4.3 |
44,6

. +24 0

-1l.0
"’Qo 1

42,9

+1.9 |
+1.3 |

P +4e3

+2¢ 4 :

+5e 2

+5e 7
+5, O
+2,0
+2. 4
-2+ 8
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VIII - Attempts to prepare optically active 2-chloro=-2-
nitroso~l0-hydroxycamphane (XXlil. B.9) and some ether
derivatives of the hydroxy-ketone

The replacement of'bromine by hydroxy in 10-
bromocamphor, which was achieved by Iki (69), represents
the only exception to Lowry's conclusion sbout this
ketone (67)s The preparation of XXI and its chloro-
nitroso‘derivative was undertaken because the hydroxy
substituent offered a further variation, both in the size
and chemical nature of a 1lO=-substituent,

The drastic conditions employed by Ikl to replace
the 10-bromine atom, namely prolonged heating at 190°C
of a melt of the bromo-ketone, potassium acetate and
glacial acetic acid, gave the 1O0-acetoxy derivative (xx)
in good yield. The product, reported as an oil,
solidified after vacuum distillation and melted at
28=-29°C, Analysis confirmed that it was indeed the
acetox& compound described by Iki. Saponification of
XX with aleoholic potash yielded the crude hydroxy-
ketone (XXI) as a pale yellow, rather sticky, solid.

The oxime of XXI, prepared in aqueous caustic soda,
crystallised readily from light petroleum as fine, non-
lustrous needle clusters which melted at 178-179°C.,

softening at 90-100°C, Its ddentity was established
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by micro-analysis. Prolonged chlorination of XXII in
ether gave, at best, a pale green colour. The extremely
pale blue, wax-like solid obtained by the removal of
the ether, appeared to be contaminated with starting
material from which it could not be separated. Change
of reaction medium to pyridine and dilute hydrochloric acid,
also failed to give 2 pure product. Attempts to prepare
the chloro~nitroso derivative (XXIII) from the oxime
hydrochloride were unsuccessful, Paésage of dry hydrochloriec
acld into a concentrated solution of the oxime in ether
resulted in the instantaneous precipitation of a low
melting (20-30°C), hygroscopic solid, presumsbly the
hydrochloride,

The preparation of ethers from XXI by the usual
Williamson method must be preceded by the blocking of
the carbonyl function at Cg. As with the 10~bromo-
ketone, this would eliminate condensation at the reactive
methylene group on 05 and at the potentially enolisable
ketonic group. Accordingly, attempts were made to
prepare the cyclic ethylene ketal of XXI by reacting it
with ethylene glycol in boiling benzene, Removal of
the solvent after a total reflux time of about 50 hours,
followed by high-vacuum distillation of the residue, gave

a2 small amount of water-insolubze oil. The residue,




T .

golidified on cooling, and failed to crystallise, It
could be only partly purified by vacuum sublimation.
_ Analysis of this material, which closely resenbled
camphor in appearance, gave the following figures:=-
% , 69.84 FH , Q.26
The calculated values for a molecule doubly-condensed
through the hydroxy-group (below) are:-
% 4 70.98 @ %H , 10,13

in reasonable agreement with

CH,0- Chy e, 0. cH,

e o
the experimental values. In this respect, the hydroxy-
ketone (XXI) resembles the l:2-hydroxy-ketones described
by Ewlampiew (70, 71), which do not form ketals but
lactolides, The syntheses of 1lO-ethers had therefore
to be abandoned,
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DISCUSSION

The investigation of the optical properties of 2-
chloro-2-nitrosocamphanes is complicated by the presence

of the adjacent asymmetric centre at C, which stereo-

1
directs the addition of chlorine to 02. The effect of

Cl is essentially composite, representing the contribution
of the centres at both Cl and C4. The effect and
configuration of the latter is, of necessity, fixed by

the 01—04 bridge. If stereo-selective addition occurs

aé an irreversible process there is, in consequence, a
preferential formation of one of the two possible
diastereoisomers. Again, if either of the two asymmetric
centres is optically labile (say 02), the compoéition of
the equilibrium mixture can be controlled by first-order

asymmetric transformation, examples of which have been

studied by Turner and Harris (72).
Clo C'O

\ |
G4 ———— /clm

C. &) Co c, ().
The application of such a concept to chloro-nitroso
camphanes is not without justification. The complicated
Cotton effect shown by 2-chloro-2-nitroso-apocamphane-~l-
carboxylic acid (B.2); when prepared from the oxime or oxime

hydrochloride in ether, represents without doubt a mixture
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of both diastereo-isomerides present in large amounts.
The gradual simplification of the curve of rotatory
dispersion observed when the mixture is dissolved in
ethanol (Graph I) can be interpreted in terms of an
asymmetric transformation to give a mixture with a
preponderance of the (+) form, which has greater stability
(lowest free energy) in the solvent used. One other
type of equilibrium-displacement has been observed with
the chloro-nitroso camphanes. Preparation of the parent
compound (-)-2-chloro-2-nitroso-camphane (B.l) from the
oxime hydrochloride in ether, instead of from the oxime,
results in the formation of a mixture greatly enriched

in the (-) form (50). Of the optically active Cl’

C substituted camphor oximes described in the previous

10
section, two do not form oxime hydrochlorides (viz., XV
and III), while chlorination of the oxime hydrochloride
of 2-keto-apocamphane-l-carboxylic acid (VII) gives a
product whose complicated Cotton effect is so little
different from that from the oxime that no pertinent
deductions can be made. The effect of hydrochloride
formation on the equilibrium mixture has not been
satisfactorily explained. It may well be that it
operates by yielding only one of the two theoretically

possible stereoisomeric oximes (which have never been

detected) and thus predetermines the position of the
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carbon-nitrogen bond. There exists, in this, a close
analogy with the transformation of B-benzilmonoxime into
the more stable a-form under the catalytic influence of
undissociated hydrogen chloride, lithium chloride or
tetramethylammonium chloride. This was investigated by
Taylor and Roberts (51), who attributed the change

to a reduction in the tortional rigidity of the carbon-

nitrogen double bond by interaction with the fields of
the undissociated catalysts. It is difficult to

reconcile this mechanism with the fact that chlorination
of the oxime to give a small excess of the (-) form is
carried out in the presence of large concentrations of

undissociated hydrochloric acid.

CH

CHy 3
~Q
~N

P s © o+

NOH

The mutarotations of organic molecules (e.g., a and
p-d-glucose and 3-nitrocamphen) are almost invariably
observed in the visible region of the spectrum, where no
absorption band is present. The curves of rotatory
dispersion for such molecules are consequently quite
simple and devoid of structure. It is therefore
conceivable that the changes in rotation are due to the
formation of molecules of intermediate structure also

absorbing outwith this range and with simple dispersion
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curves. A1l chloro-nitroso camphanes, however, absorb in
the region 500-750m«. and show an anomalous curve of
rotatory dispersion. Photomutarotation to give an
inverted Cotton effect in the same wavelength range
- therefore indicates the maintenance of a monomeric nitroso
unit in the camphane molecule, and available evidence
supports the assumption that mutarotation involves an
inversion of configuration about Coe This concept is

not foreign to the field of substituted camphors.

The classical mutarotation of 3-nitro-camphor - at one
~time attributed to the formation of the pseudo-nitro
compound (73) ~ has been shown by R. P. Bell, on
chemical evidence, to be an inversion of the configurations

about C, to give the diastereoisomer (74).

3
The evaluation of the effects of substitution by
polarimetric measurements is based on the following
assumptions:—
(a) Substitution at C; and C;o does not alter
their spatial configurations (see section on
'Substituted chloro-nitroso camphanes').
(b) The contribution of these centres to the
total rotation in the visible spectrum is
very much smaller than that of the nitroso
group.
It is argued, therefore, that changes in the sign of

the curves of rotatory dispersion are intimately related
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to changes in the configurations about C That is,

o
chloro-nitroso camphanes with Cotton effects of
opposite sign have different configurations at 02.

The results obtained for the series of substituted
camphanes or apocamphanes are summarised in the accompanying
chart and are discussed below.

(a) Effect of substitution on the curves of rotatory
dispersion:

If it is aocepted that thorination of the oxime or
oxime hydrochloride yields a preponderance of the
diastereoisomer of lowest free energy, then it becomes
obvious that, in the compounds investigated, a fundamental
function of the substituent is to alter the thermodynamic
stability of the molecule. This is borne out by B.3 and
B.4 the Cotton effects of which are opposite to that for the
parent camphane (B.l) and indicate different configurations
“about C2. This change in the C,-configurations by the
introduction of a substituent can be accounted for in two
Wayse The substituent may operate by mechanically
determining the position of entry of the chlorine atom and
may thus be said to exert a steric effect (applicable to
B.3 and B.4), or it may operate by affecting the stereo-

directing properties of the asymmetric centre at Cl'
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The mixture of isomers obtained by chlorination of the
oxime or oxime hydrochloride of 2-keto-apocamphane-1-
carboxylic acid in ether would suggest a marked 'loosening'

of the directing power of C That the (+) form of B.?2

1
is the most stable can be deduced by the 'dark-reaction'
exhibited by the mixture. On the other hand, the
formation of the (+) isomer in pyridine can be attributed
to the influence of the solvent in determining the

isomer with lower free energy. The evidence suggests
that substitution, resulting in the repiacement or
modification of the 10-methyl group, favours a

configuration at C, opposite to that in B.1l and it is

2
predicted that the Cotton effects of the inactive
camphanes B.6, B.7 and B.8 would be similar to those
of the 10-bromo and pyridine salt. In the absence
of -an established stfucture for any one of the active
compounds, it is impossible at this stage to assign even
relative configurations to the members of the series.
At best, it can be said that the configuration at C2 in
B.1 is opposite to that in B.2 , B.3 and B.4.
(b) Effect of substitution on fhe absorption process

| located in the nitroso group:

That the substituent exerts some influence on the

height of the excited level above the ground level of the






























































































































































































































































































































