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Optical Properties and Photochemical Behaviour of

some Nitroso Compounds.

Part I. -~ HISTORICAL and THEORETICAL.

The problem of the production in nature, in
certaln cases, of one of the optically active forms
of an asymmetric compound, without the corresponding
antipode, is one which has been the subject of specu-
lation ever since the discovery of optical activity in
certain organic compounds and the realisation that the
products of ordlnary synthetic chemlstry are lnactive,
le0., mixtures of the two optical antipodes in exsctly
equal amountse

Various investigators, in extension of the
ploneer work of Pasteur and Fischer, have developed
methods for producing optically active compounds from
inéctive starting products, by the influence of com-
pounds which are themselves optically active (1).
The problem, therefore, resolves itself into the question
as to how the primary optically activercompound could be
formed in nature.

It was realised, by early investigators, that

no hope of producing an answer to this question was to
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be found in purely chemical investigations, since the
chemical properties of optical antipodes are identical.
The necessity, therefore, became apparent for the use
of an unsymmetrical physical force as an activating
agent in a chemical change which 1s to result in the
creation of optlcal activity.

It is recorded that Pasteur attempted to make a
liquid active by placing 1t in a rapldly rotating tube
and that he suggested the use of magnetism to effect
separation of a racemic mixture into 1ts optical
antipodes. Other investigators have carried out
chemical changes under the lnfluence of magnetic fields
in the hope of obtalning optically active products, but
with nd success (3). Pe Curie and Cotton have examined
carefully the conditions which must be fulfilled by the
physical force to be used in experiments of this kind.

Curie pointed out that the physical agent must
possess the enantlomorphic asymmetry characteristic of
living bodles. InAother words, 1t must not be super-
posable on 1ts mirror image. This conditlon rules
out-thé use of either a magnetic field or rotatory move-
ment in a liquid (4).

Cotton drew attention to the very lmportant
condition that the force employed must be an active

participant in the chemical change involved (5).
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Curie's condition narrows the number of sultable
physical forces from which we can reasonably expect the
production of an asymmetric chemical action to the
following:=-

1. Electrlc and magnetic fields superimposed with
thelr lines of force parallel.
2. Light rays propagated parallel to the lines of
~ force of a magnetic field.
3¢ Circularly polarised light (6).
No success has, so far, been attained by the

use of the first two agents.

CIRCULARLY POLARISED LIGHT as an ASYMMETRIC FORCE in
| the PRODUCTION of OPTICAL ACTIVITY.

Fresnel, in the course of hls research on the
polarisation of light, discovered that when a beam of
plane polarised light enters a transparent optically
active medium it is decomposed into two opposite
| circularly polarised beams of the same amplitude but
travelling with different speeds. Owing to this
difference in speed a phase difference 1s set up so
that when the beams recombine, on leaving the medium,
to give a plane polarised beam, the plane of polarisa-
tion of the original beam has been rotated through an

anglee.
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In the case of a non-transparent optically
active medium the two circularly polarised beams may
be absorbed to different extents, (circular dichroism)
resuiting, on recombination, in the production of an
elliptically polarised beamn.

This latter case was first discovered and ine
vestigated by Cotton (8). With a solution of
potassium dichromate and potassium tartrate Cotton
found that the resulting elliptielty (i.e., the ratio
of the minor to the major axis of the elliptically
polafised beam) varied with wave length, rising to a
maximum at the head of the absorption band while the
rotation of the solution showed a maximum on the long
wave side and fell to zero at the head. This variation
of ellipticity and rotation within a region of absorption
is called the Cotton Effect.

The property of clrcular dichroism in the active
form of a photo-sensitlive compound leads to the possi-
bility of the use of circularly polarised light for the
production of optical activity from the racemic mixture
of such a compound. The antipodes of a mixbture of
this kind absorb different amounts of say left-handed
circularly polerised light, so that on illumination with
this type of light, provided a photochemical change
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takes place, one form of the compound will be destroyed
more rapldly than the other, resulting in the production
of optical activity. This optical activity &s the
result of an asymmetric photo-chemical decomposition.
Similarly, optical activity may be produced by the
preferentlial formation of the product of the photochemical
action if it is potentially optically active. This
optical actlivity 1s the result of an asymmetric photo-
chemical synthesis™. An asymmetric photochemical
synthesis will always be accompanied by an asymmetric
photochemical decomposition. This question will be
fully discussed later.

The production of optical activity by means of
circularly polarised light was flrst suggested by van't
Hoff in 1894 (9), and the natural significance of the
use of this particular agent was demonstrated by Byk (10),
who showed that an excess of circularly polarlsed light
of one sign (right) is present on the surface of the
earthe

Since the time of van't Hoff, numerous investi-

gators have worked along these lines but only in

*
This is not a true asymmetric synthesis according to

the strict definition of Marckwald (34). However, for

convenience, the term will be used throughout this thesis

in the sense 1indicated above.
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comparatively recent years has success been attained.
A 1list of positive results 1s glven below, where the
rotation produced was of such a magnitude as to make

the success of the experiment beyond doubt.

(1) EKuhn and Braun. (11).

These authors irradiated an alcoholic solution
of the inactive ethyl ether of K «bromo propionic acid
with circularly polarised light of wave length about
28004. After destruction of about 50% of the compound
it was found that the solutions exposed to left-handed
circularly polarised light had developed a laevo ro-
tation and converselye. The magnitude of the rotation
observed was o.oé°, but it vanished on standing. This
successful experiment was preceded by an examination of
the rotatory dispersion and absorption of the active
form of the compound, although the circular dichroism
was not measured. The active form of the compound
shows a Cotton Effect wlthin the reglon of wave lengths

which were used to effect the photochemical decompositione.

(2) Kuhn and Knopf. (12).

The starting product in this case was the di-
methylamide of «&=-azldo proplonic acid. The absorption
band concerned 1s a feeble one with its head at éQOOA
and is assoclated with the azido (NS) groupinge. The
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rotatory dispersion and circular dichroism of the active
form was examined and the degree of circular dichroism
found to be fairly high. Also the quantum yield for
the photochemical action was measured and found to be
approximately unity. The importance of this factor
will be discussed later.

After 36% decomposition of the compound with
left and right-handed clrcularly polarised light, the
rotation developed was in one case -1.04°, and in the
other +0,78°, These rotations did not change on
standing. This optical activity 1s definitely.due
to an asymuetric photochemical decomposition since 1t
has been shown that none of the photochemical decomposi-
tion products of the compound in question are potentially
optically active.

(3) Mitchell. (13).

Mitchell examined the rotation dispersion and
clrcular dichrolsm of caryophyllene nitrosite and found
a Cotton Effect within the region of absorption in the
rede. Since the racemic form of caryophyllene is not
known, the nitrosite of an analogous compound, humulene,
was used for the asymmetric decomposition.

The rotations developed by left and right-handed

circularly polarised light were measured at regular
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Intervals of time and graphs drawn, plotting rotation
developed against time of 1llumination. A remarkable
agreement between the two curves was found. The
highest rotation produced from a 7% solution of the
nitrosite was 0.30° for the mercury yellow line and

0.21° for mercury green.

(4) Karagunis and Drikos. (14).

These authors succeeded in producing an optically
active compound by the influence of e¢ircularly polarised
light on the addition of chlorine to triaryl carbon com-
pounds, thus:- |

R, R

1
N\ .
R.—C + Cl, —> Rlc_ Cl + Cl.
2 2 2
7/ R./’
R:5 3
The maximum rotation produced was 0.15°. This

rotation 18 very probably due entirely to an asymmetric
photochemical synthesis since there is some evidence
that any activity due to the triaryl carbon ¢ ompound
left behind would be destroyed by racemisation.

Below 1s glven a list of the properties required
by a compound which 1s to be used for asymmetric photo-
chemical work. It should be noted that in each case
of the above successful experiments these condltions
are fulfilled by the compounds usede.

1. The compound must be a racemlc mixture. Thus,

in genersl, it must contain an asymmetric carbon atom.
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This 6ond1tion is obvious since there must be two forms
of the compound present to react differently towards

the circularly polarised light used. In the case of
the compounds used by Karagunis and Drikos, this con-
dition was uncertaln, but the success of the experiment
placed it beyond doubt. In fact, the object of this
particular attempt to produce optical activity was to
show that the starting product was potentially optically

actlve.
2e The active form of the compound must show cir-
cular dichroism. In other words, 1t must show a Cotton

Effect within some spectral region.
Se The compound must undergo some chemical change
under the influence of the wave lengths of light for
which the active form exhiblts 1ts circular dichroism.
Several outstanding attempts at the production
of optical activity by the method indicated were doomed
to fallure because one or other of these three conditions
was not fulfilled, e.g., Cotton attempted an asymmetric
decomposition of alkaline solutions of copper racemate
(15). Conditions 2 and 3 are not satisfied in this
case, since Byk (16) has shown that the solutions are
not acted upon by light from the red end of tbe spectrum,
for which they exhibit circular dichrolsm and also



Mitchell (17) has demonstrated that solutions of the
active copper salt do not show circular dichroism for

the photochemically active wave lengths of light.

10.

Again, Cherbuliez (18) attempted to produce an optically

active compound by the influence of circularly polarised

light on the bromination of cinnamic acid, thus:-

Oca:cncoon N OCHBrCHBrCOOH
+ Br,

Here condition 1 is not satisfied and hence also con-
dition 2.

A recent attempt which is very similar to that
of Cherbuliez should be mentioned here. Davis and
Heggle (19) report the production of optical activity
by the influence of circularly polarised light on the
bromination of trinitrostilbene. The photochemical
action is a simple addition of bromine to a compound
which does not contain an asymmetric carbon atom, and
8o condition 1 1is apparéntly‘not satisfled. The
suthors, however, deduce that the positive result of
their experiment indicates that "the ethylenic linkage
of trinitrostilbene is by no meens the rigid structure
conceived by van't Hoff and suggests that it is in

some maenner potentially asymmetric." The rotation



developed was of the order of 0,04°, This figure,
however, is too small to be conclusive and does not
Justify further speculation on the point.

Besides confirmation to the three primary con-
ditions there are several other factors which pley an
importent part in successful asymmetric photochemical
work. These factors are summarised briefly belows
a) The specific rotation of the active form of
the starting product should be high. -

b) The degree of circular dichroism of the active
form should be great. This 1s usually expressed as

the anistropy factor, 'g', where g = 3L€il§éa

1l.

¢4 = the coefficient of absorption of one of the

active forms for left-handed circularly polarised light.

Er = the coefficlent of absorption of the same
form for right-handed clrcularly polarised light.

& = jié;tﬁé..
- 2

c) Einstein's law of photochemical equivalence
should be approximately obeyed for the photochemical

action. In other words, for every quantum of energy

absorbed one molecule only of the compound should be

destroyed. In a photochemical reaction in which more

than one molecule 1s decomposed by one quantum of light
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energy a molecule of the !'d' form, say, may be activated
and instead of being destroyed thereon 1t may react with
a second molecule. This secondary reaction is non-
selective, 1l.e., the probability of an activated 'd’
molecule attacking another 'd' molecule is the same as
the probability of it attacking an 'l' molecule, when
'd' and '1' forms are present in equal quantity. This
results therefore in a decrease in the efficlency of the
circularly polarised light; but, more important, as the
original compound 1s removed selectively and the residue
becomes richer in, say, the 'd' form, then the probability
of destruction of 'd' molecules in the secondary reaction
1s increased. This effect will, of course, reduce the
rotation developed. '

This result is perfectly general, no matter what
mechanism gives rise to the increase in the quantum yield.

Kuhn (20) has derived a formula to predict the
value of the rotation to be expected by the decomposition
of a racemic mixture with circularly polarised light,
assuming that Einstein's law holds for the photochemical

action, thus

o = OC?,/-Z(/'_ﬂ)/&?///{‘B

o= the rotation developed from a solution containing the

141! mixture.
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&= the rotation of a solution of the pure 'd' or 'l1!
compound of concentration equal to that of the 'dl!
solution used.
g = the anistropy factor.
(5= the degree of decomposition.

Thus for a fixed degree of decomposition <' oo o<é%,
From thls relation the importénce of conditions 'a' and
'p! will be seen.
a) It has already been mentioned that an asymmetric
photochemical synthesis is always accompanied by a
simllar decomposition. The rotation due to such a
synthesis may oppose that due to the decomposition; thus
reducing the resulting effect. The converse, of course,
may occur, with a large resulting effect. However, it
is often impossible to predict the signs of rotations
produced in thls manner and so it 1s apparent that there
will be a greater chance of success if experiments of
this kind are restricted to simple asymmetric photo-
chemical decompositions where the centre of asymmetry
of the compound is destroyed by the action of light.
Sudh a restriction would also simplify interpretation
of results.

Much of the work described in this thesis deals
with photochemical actions which seemed likely to conform
to this particular restriction.



14.

For these investigatlions compounds containing
the nitroso grouplng were used.

Nitroso Compounds.

Nitroso compounds, from the point of view of
asymetric photochemical work, fall into the following
two groups:-

Ae Nitroso derivatives of naturally occurring compounds.
Be Simple aliphatic nitroso compounds.

Such nitroso compounds are generally blue, in
the mono-molecular form, with a narrow absorption band
in the red, and in many cases they are acted upon by

light of wave lengths within the band.

Ae Nitroso derivatives of naturally occurring compounds.

Mitchell (13), as previously described, has
investigated the nitrosites of caryophyllene and humulene.
Caryophyllene nitrosite exhiblts eircular dichroism and
anomelous rotatory dispersion (The Cotton Effect) within
the region of the absorption band in the red, and with
humulene nitrosite a successful asymmetric photochemical
decomposition was carried out.

Later Mitchell and Cormack (22) examined the
nitrosites of Zingliberine, Phellandrene and Bormylene.

The first two compounds were found to be too unstable
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for measurement of rotatory dispersion but with Bornylene
nitrosite some very interesting results were obtained.
This compound dissolves to give colourless solutions at
ordinary temperatures, which give normel rotatory dis-
persion, but on warming a blue colour is developed
accompanied by a Cotton Effect*; This phenomenon 1s
the result of the bi-molecular (colourless) form of the
nitrosite splitting down into the monomolecular (blue)
forme.

These results made it desirable to extend this
line of research and so several analogous nitroso
derivatives of naturally occurring compounds were ex=-
amined to see 1f they were suitable for asymmetric photoe
chemical work. The following were the compounds
examined:-

l. Santene nitrosite.
2. o« =Pinene nitrosochloride.
3« Bis nitroso l-menthone.
Difficulty in obtalning a reasonable quantity
of the naturally occurring Santene ruled out the first
compound while the other two compounds were found to be

too unstable for this work.

*The highest observed anisotropy factor is recorded

for these solutions.
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In the case of bis nitroso l-menthone, however,
it was found possible to take some measurements of
rotation-dispersion. This compound, like Bornylene
nitrosite, gives a normal rotatory dispersion curve at
ordinary temperatures and, while accurate measurements
were found to be impossible, an anomaly in the dis-
persion curve at the red end of the spectrum was detected,
on warming.

The investlgation of these compounds 1s described

in Part II.

Be Simple nitroso compounds.

The nitroso derlivatives of naturally occurring
compounds are convenlent for investigation from the
point of view of asymmetrlic photochemical work; prin-
cipally on account of the fact that they may be obtained
in the optically active form if the naturally occurring
compound is active and so measurements of optical rotation
and circular dichroism may be made. This field of
compounds has, however, become almost exhausted and so
it was decided to carry out an examination of some simple
nitroso compounds to see 1f they are suitable for this
work (cf. conditions previously enumerated).

First of all, nitroso compounds with the nitroso

group attached to an asymmetric carbon were examined
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from the photochemlical viewpoint. That is to say, a
search was made for a simple nitroso compound which is
decomposed by light with destruction of the asymmetric
centre of the compound.
Secondly, a method for preparation of an optically

active simple nitroso compound was sought. The obJect
of thls was to find out the magnitude of the rotation
and clrcular dichrolsm assoclated with such simple nitroso
compounds. Simpls nitroso compounds from these con-
slderations may be classified into the following groups:-

le Pseudo nitrols.

2. Secondary nitroso compounds.

3. Tertiary nitroso compounds.

Rl NO
\ie
l. Pseudo nitrols. C
/7 \

RZ NO2

The chief importance of this class of compounds

lies in the following change whilch takes place under

the influence of light, in many cases -

R, N
1,0 B\ MOz
B o= AN

R, MO, R, "o,

This change, of course, results in destruction of the

centre of asymetry of the compound.
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An investigation of pseudo nitrols from the
point of view of asymmetric photochemical work, includ-
ing an unsuccessful attempt to prepare a simple optically
active member of this class of compounds, was carried out
in these laboratories concurrently with this work (23).
ﬁR H 7

%/

2 Secondary nitroso compounds. C

Very few examples of this type of compound are
knowne. The reason lles in the ease with which such

compounds change over to the corresponding oximes, thus -

R H R
1\8/ _— 1\c = NOH
7\ > P

Ry NO R,

In fact, i1t is generally impossible to prepare secondary
nitroso compounds by the ordinary methods, presumably on
account of thls change over. Eege, by oxidation of

secondary alkylamines with Caro's acid, oximes result -

R H R H R

1 N,/ 1
Nl c 3 T = Nom
7N 0’ \NO e

whereas similar oxidatlon of tertiary alkylamines yield

tertiary nitroso compounds =
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R R R R
1l 1
N¢g” 3 . \c/'s
7N\ / N
R, N32 R, NO (24).

However, there are a few exceptions and two
of these, Monochloronitrosoethane and Trimethylethylene
nitrosite were examined. |

In the first case it 1s known that by the in-
fluence of heat or by solvent effect, the change over

to the oxime takes place.

CH, /H CHS\

3¢

\c’ —_— ,C = YOH (25).
/ \ -

c1 NO cl

This change over results in destruction of the asymmetric
centre of the compound and 1t was considered possible
that the same change would take place under the influence
of the red light sbsorbed by the compound. However,
in both cases considered, it was found that light had
little or no effect on the change in question. (See
Part III of thls Thesis).

An apparently'general method for the production
of secondary nitroso compounds was next considered.
This method is due to Lynn (26) and involves the replace-
ment of a hydrogen atom in a pﬁraffin hydrocarbon with
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the nitroso group from nitrosyl chloride*, by the
influence of sunlight, thus:-

H H
\ S \ /
+  NOC1 S c

/c'\ N + HC1
H / NO

Lynn claimed the production of blue secondary
nitroso derivatives of n-heptane ﬁ', principally
S-nitroso heptane, and furthermore indicated that these
blue compounds were changed over to the corresponding

oximes, by the influence of light, thus:=

CSHV H C.H

3
N\
,c( —_— /\c = NOH
/

6.k, NO CaH,

By analogy (with the above) n-hexane might be
expected to glve the following compounds:e

CH
3\ﬁ/H Czﬂs\é/ﬂ C5H11\ /H
7 N\ <N /C\
C4H9 NO , 05H7 NO , and also possibly H NO.

The first two compounds, (5 and Y nitrosohexanes,

contain asymmetric carbon atoms, and the asymmetric

T1It 1s of interest to point out that Tilden in 1874
undertook an investigation, with the same end in view, but
with no success (27).

ﬁLynn did not isolate the nitroso compounds from the

blue heptane solution.
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centres of these compounds wlll be destroyed by the
influence of light, if Lynn's theory concerning the
action 1s correct.

The photochemical action of nitrosyl chloride
on paraffins, apart from asymmetric photochemical con-
siderations, 1s of considerable interest since it is one
of the very few reactions for paraffins. LEynn's results,
however, are by no means conclusive and so an investiga-
tion into the reaction, discovered by this author, was
carried out.

As a result of this investigation 1t has been
shown that the blue colour which Lynn attributed to
secondary nitroso compounds 1s in reality due to tertiary
chloronitroso compounds, and for the special case involve
ing n-hexane an examination of the reaction has been
carried out in detail.

A full account of this work 1s given in Part III

of this Thesis. ' — —
R, N

3. Tertiary nitroso compounds. Rz——C—NO
R
S ._4

As has already been poilnted out, it is important,
if simple nitroso compounds are to be used in asymmetric
photochemical work, that the magnitude of the rotation

and degree of circular dichrolsm, associated with these
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compounds, be knowne. It 1s necessary, therefore, that
a simple optically active nitroso compound be prepared.
From conslideration of the general methods for
preparation of nitroso compounds the following method
appeared to be the only one sultable for accomplishing

this end:-
R1\ Caro's acid 1N\ *
R~C-NE, > R D o
2, ¢ "Ny 2~
R Rs

For such a preparation of an optlecally active simple
tertlary nitroso compound it 1s first necessary to
obtain an optically active simple tertiary alkylamine.
The "tertiary alkylamine selécted was ethylhyl
=methyl-c< ~amino-n-butyrate CHz'\(’;'_/ "

7N
CHE ~ COOCH,

principally on account of the fact that o<-methyle-c<
amino-n-butyfic acid, isovalin, may be resolved readily.

The preparation of the active ester of isovalin
has not been carried out before and some difficulty was
anticipated here, since, when attempts were made by
Fischer (28) and Gadamer (29) to prepare other simple
derivatives of this actlve amino acid, the products
proved to be inactive.

However, 1t was found possible to prepare the

active ester by the ordinary method and from it the



active nitroso compound, ethyl <X =methylec<X-nitroso-n-

CH,, NO
butyrate, Ji.f\g?’

o 7\
gHg  CO0C,Hg .

The specific rotation of the nitroso compound
was of the same order as the parentvamino acid and its
ester, while the circular dichrolsm proved to be too
small to measure, although a slight anomaly in the ro-
tatlion-dispersion curve was detected.

This successful preparation of ean optically
active simple nitroso compound is described in Part IV.

23
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Part 1I. NITROSO DERIVATIVES of NATURALLY OCCURRING
COMPOUNDS.

le. Santene nitrosite, (09 4N205).
Santene nitrosite 1s a blue solid and is pre-

pared by the action of nitrous gases on santene.

_ CHS
CHB—-— CH ~—C CH CH_— CH — é\
R .- I
23 CH ‘
7 [ 2 _¥o,,
CH — CH"—C CH CHan—— CH- _c
2 2 CH
3

The compound has two centres of asymmetry but prepared
by the above method it wlll be inactive. It is acted
upon by light and a white solld of composition Cng4 2 4
has been isolated from the products of the reaction.
No further information concerning the photochemical
action is available (2).

It was decided to prepare some santene nitro-
site with a view to attempting an asymetric decomposition
with circularly polarised light, in a similar manner to
that carried out with humulene nitrosite (13).

For the preparation it was first necessary to
obtain a quantity of santene. Attempts have previously
been made, in these laboratories, to 1solate santene from

various s amples of East Indian sandalwood oil, but with

no sSuccesse
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Another source of santene 1is oll of Siberian
fir, a product of the distillatlion of cones from Abies
Siberica (7). This oil, in the crude form, is not
on the market to-day. However, a refined oil of
Siberlan fir, commercially called Oleum Abletis, is
avallable and several samples were obtalned,

From the best sample, by fractional distillation,
about 0.2% of a santene containing fraction (B.P. 135 =
150°) was obtained and from it about 2% santene was
isolated in the form of the nitrosite, M. P. 116° on
recrystallisation from petroleum ether.

This small percentage of santene made it im-

practicable to pursue the matter further.

2. oK -Pinene nitrosochloride (ClOH16N 0 Cl1).

The active form of o ~Plnene nitrosochloride has
been prepared by Lynn (21). The specific rotation
glven is E?{L>= t540°. The substance is sald to form
blue solutions and it is decomposed by light. Also the
inactive form is easily obtained. From these considera-
‘tions it appeared to be a sultable substance for examina-
tion from the point of view of asymmetric photochemical
worke

A quantity of the inactive form was made by the
addition of 10 cece concentrated hydrochloric acld to a
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cooled mixture of equal weights (33 g.) of dl « -pinens,
glacial acetlic aclid and secondary butyl nitrite. The
white solid which separated was filtered off and re=
crystallised from chloroform by the addition of methyl
alcohol. It melted at 101.5° to glve a red liquid (21).
The compound dissolved in various solvents to
give slightly blue solutionse. The faint blue solution
in toluene was deepened in colour on warming, became
faint green on cooling and green on re-warming. Solutions
of toluene were kept at constant temperature (25° and 359)
in the dark but changed to a yellow colour in twenty
minutes. At room temperature the solution changed to
faint green in twenty minutes. This compound 1is too

mstable for further worke.

C -
H2 CH

/
3¢ Bls nitroso l-menthone. CH5 - CH /,C 03H7 N

\
CH2 - CO a

This substance is a white solid and according

202

to Baeyef and Manasse (30) "it could be crystallised at
room temperature under 50° from alcohol, benzene and
toluene. If one heats it above this temperature the
solution becomes coloured through decomposition, first
blue then green." From this description it was deduced
that by the influence of heat the bls nitroso compound is
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first of all split down into the simple nitroso compound,

CH, - CH NO
2 = “Fg
or, - ca{ e

c
3 AN A~ UN
- C H
CH2 0 03 .

in an analogous manner to Bornylene nitrosite, which
exists in the form of double molecules, glving colour-
less solutions at ordinary temperatures, these double
molecules being spiit up into single molecules on warm-
ing, glving blue solutions. In view of this analogy
with Bornylene nitrosite it was decided to prepare a
quantity of bis nitroso l-menthone and if the compound
is optically active to investigate the rotatory dis-
persion of solutions at ordinary temperatures and also
of solutions, which have developed a blue colour by

warminge

Preparation of bis nitroso l-menthone.

A quantity of optically pure l-menthone

Lﬁ]5461 -32,09° was obtained by oxidation of l-menthol

E*:L[pl -52.0°, with chromic acid. 20 gm. l-menthone
jel5 ]

was mixed with 15 g. amyl nitrite and cooled in a freezing
mixture. 1.5 ge acetyl chloride was added over a period
of four hours, with mechanical stirring. The liquid
became green and on standing overnlight deposited a mass

of crystalse Ice was then added, the mixture shaken

up for a short time with dilute caustic soda solution
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and then filtered. The pasty mass reéui;lﬂg’was washed
with water then mixed with methyl alcohol and allowed to
stand for several hours. After filtering, the white
solid was recrystallised from absolute alecohol and gave
MePe 111.5° (30). The solid dissolved in benzene to
give a colourless solution which on warming to about 70°
became blue. On cooling slowly the blue colour dis-
appeared at sbout 55°,

Rotation of bls nitroso l-menthone.

A solution of 01020 ge of the compound in 10 c.c.
benzene gave a rotation of +1.89° for mercury green
1light, 1 = 0.6 decimetre, temperature = 18°, This
givés E%:E461 +310°, The rotation decreased slowly
on standing, probably due to racemisation. After the
lapse of 2% hours the rotation of the above solution
had fallen to +1.75° and after standing for four days
in the dark the rotation had decreased by approximately
50%. This diminution of rotation on standing is,

however, not great enough to prevent constant results

being obtained from measurements at ordinary temperatﬁres.

Rotation-dispersion of bis nitroso l-menthone.

a) At ordinary temperatures.

The results of measurement of the rotation
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dispersion of a solution of 0.2008 g. of the compound
made up to 10 cece with benzene, at a temperature of
22°, are given in Table (1).

X = angle of rotation for a length of 0.6 decimetre.

wave length in Angstrom unlts.

A graph was drawn plotting oK against A. From the
resulting curve (Graph No.l) it is evident that the ro-
tation dispersion of bis nitroso l-menthone is perfectly
normal, for wave lengths within the visible spectrum,

at ordinary temperatures.

b) On warminge.

The apparatus for measurement of rotation at
higher temperatures was the same as that used by Mitchell
and Cormack for their work on Bornylene nitrosite (22).

The results of measurement of the rotation dis-
persion, at a temperature ofv48°, of a solution of
01934 ge. of bls nitroso l-menthone in 10 c.c. benzene,
are given in Table (2).

<X 1s the angle of rotation, for a length of 0.6
decimetre, measured as soon as the temperature was con-
stant at 48°.

o<,1s the angle taken immediately after the first
set of measurements.

Graph No.2 shows o plotted against /ﬁ (Curvéfl)
and also oﬁvplotted against ) (Curve 2).



Table (1).

Rotation-Dispersion of Bis nitroso l-menthone at 22°,

A | .
4600 +54 52°
5000 +4.,41°
5200 +3.89°
5400 ' +3.46°

. 5600 +3,18°
5800 +2, 769
6000 +2043°
6200 +2,17°
6400 | +2.00°
6600 +1.87°




Graph No.l«
Rotation-Bispersion of Bis nitroso l-menthone

Temperature 22°.

6300 6 600



Table (2).

Rotation-Dispersion of Bis nitroso l-menthone at 48°,

py L <
5200 +2,43° +2431°
5400 +1.99° +1.84°
5600 . +1,53° +1,42°
5800 +1.1.2° +0.94°
5900 +0.80° +0.76°
6000 “+0.61° +0. 55°
6100 +0.31° +0e34°
6200 +0417° +0.16°
[+]
6300 +0,02 —




Graph No* 2*

Rotation-Dispersion of Bis nitroso l-menthone*

(1) and (2) - Temperature 48°*
(3) - Temperature 58°.
H
m
SJ00 63.00
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The solution used in the above experiment was
then warmed up to 58°.  The results of rotation
measurements at this temperature are given in Table (3)
and are represented graphically in Curve 3, Graph No.Z2.

From these results 1t 1s evident that accurate
measurements of rotation dispersion at these higher
temperatures 1s lmpossible owlng to the rapid diminution
of the rotation of the compound with time. However,
the change of sign at approximately 6000A seemed to
indicate a Cotton Effect. To confirm thls change of
sign a fresh solution of the same concentration as before
was warmed rapidly up to 56° and measurements of rotation
dispersion téken. Table (4) gives the results obtained.
These reéults are represented in Curve (1), o< plotted
Wagainstl A , and Gurve (2), ' plotted against A», in
Graph No.3.

The reversal of sign 1s thus confirmed. This
reversal of sign glves rise to a very definlte increase
in negative rotation with wave length (anomalous dis-
persion) in the region‘GloOA - 63004, the highest
(negative) rotation observed being ££]6500A -429°,
Ellipticity measurements were attempted with the last
solution at 56°. A small smownt of ellipticity was
detected in the region 61004 - 6300A but, owing to
rapid diminution, it could not be measured with any

degree of accuracy.



Table (3).

Rotation-Dispersion of Bis nitroso l-menthone at 58°.

A ok o<
5200 +1,31° -
5300 +1.15° -
5400 +1,00° —_
5500 +0.87° — .
5600 +0.72° -
5700 +0,57° -
5800 +0.40° —
5900 +0,24° -
6000 +0,11° —
6050 - +0,05° -
6100 =0.07° 1 =0.04°
6200 «0.21° -0.17°
6300 -0.38° | -0.28°
6400 - -0.32°




Table (4).

Rotation-Dispersion of Bis nitroso l-menthone at 56°.

A oL ot/
5200 +2,11° +1.40°
5400 +1,57° +1.00°
5600 +1,08° +0,72°
5800 +0461° +04 37°
5900 +0.35° +0419°
6000 +0.16° +0,03°
6100 -0,08° -0.16°
6200 -0.28°  -0.30°
6300 -0.49° -0436°
6400 © - -0, 38°
6500 - -0.38°
6600 - -0435°




Graph No.5

Rotation-Dispersion of Bis nitroso l-menthone.

Temperature 56°.

§l4;ffi

T 1111
A1.00 63.00
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From these results there 1s little doubt as to
the exlstence of a Cotton Effect assoclated with the
absorption band in the red of the monomolecular form
of bis nitroso l-menthone. However, the rapid diminu-
tion of rotation with time renders the compound definitely

unsuitable for further work.




32.

Part III. - The ACTION of NITROSYL CHLORIDE on
' ' n-HEXANE in PRESENCE of LIGHT.

Introduction.

Secondary Nitroso Compounds.

The interest, from the point of view of
asymmetric photochemical work, in the possible influence
of light on the transformation of secondary nitroso

compounds to the corresponding oximes,

R H R
8 ——> "N\¢ =NoHE
7N |
R2 NO Rz
has already been indicated. In both examples con-

sidered below it has been shown that 1light has 1little

or no influence on this transformation. This 1s a

surprising result especlally in the case of trimethyle

ethylene nitrosite where it was shown that red light

has an activating influence on the compound since,

when oxygen is present, photo-oxldation takes place.
CHS\\*//H

1. Monochloronlitrosoethane. o //C\\

NO

This compound was prepared by the action of
chlorine on acetaldoxime and a good yleld of the bi-
molecular form was obtained (25).



The white solid dissolved in all solvents trie
to give deep blue solutlons. Solutions in ether and
glaclal acld were decolorised at the same rate in the
dark as when exposed to the light from a carbon arc.

A solution in benzene after four hours! exposure to

- the 1light from a carbon arc was compared with & simllar
solution which had been kept in the dark. The
solution which had been exposed to the light was very

slightly greener in coloure.

%
2. Trimethylethylene nitrosite. CHz—C — C{:-H
~ \
N02 NO

——

This compouwnd was prepared by passing the gases
from the action of nitric acid on arsenious oxide into
an ethereal solution of trimethylethylene, cooled in a
freezing mixture (31).

CH CH CH c
5\0-0/ s + W0, = CHS\O C C/HI?I
VAEERAN 23 37 N

CHg H _ N02 NO

The resulting blue ethereal solution was washed with
water about twelve times, then drlied over anhydrous
sodium sulphate and the ether taken off under reduced
pressure. The resulting viclet blue oil on standing
became green and'deposited white crystals of the bi-

molecular form, M.P. 75°. The nitrosite gave blue

33.

d
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solutions which wére decomposed extremely slowly, in
the absence of oxygen, by light. This photochemical
action 1s so slow that it renders an attempt at an
asymetric photochemical decomposition with circularly
polarised light impracticable.

These experiments now led to consideration of
Lynn's 'secondary nitroso compounds', which, as already
mentioned, were‘apparently converted into the correspond-

ing oximes by the influence of light.

The work of Lynne.

The discovery of the action of light on solutions
of nitrosyl chloride in n-heptane is due to Lynn (26).
The reaction 1s apparently general for the paraffin
hydrocarbons.

In a later paper by Lynn and Hilton (32) the
results of investigation of the reaction involving
n-heptane are given in detail and a brief summary of
thls paper is glven below.

Crude nitrosyl chloride, made by heating aqua
regia and so contaminated with chlorine, was used
throughout since 1t was found by these authors that the
crude reagent gave the same reaction products with
n-heptane as did the pure.

A solution of crude nitrosyl chloride in n-heptane,
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red-brown in colour, "was placed directly in the sun-
light, the result belng an immediate evolution of hydro-
gen chloride which continued for about one half hour.
Sometimes samples appeared to be bolling vigorously.
Accompanying the evolutlon of hydrogen chloride was a
decided colour change from orange or reddish brown to
green or blue, the shade depending on the degree of
saturation. Tﬁe~colour usually obtained with highly
saturated solutlons was a verdant or emerald green.
Also at this stage minute globules of an oll, usually
light brown but sometimes dﬁrk, made their appearance.
After the reaction had proceeded thus far, hydrogen
chloride ceased to be glven off so vigorously the colour
gradually faded to either lighter shades of green or
Copenhagen blue, the quantity of precipitated oil in-
éreased and finally the colour disappeared entirely
an evident sign of complete reaction."

The precipitated oll was examined and found to be
a mixture of oximes (presumably in the form of the hydro-
- chlorides) principally butyronoxime (CsHV)zc = NOH.

The authors assume that since hydrochloric acid
gas 1s evolved at the beginning of the reaction the
other product is a simple nitroso compound, producing

the blue colour, and further that the dlsappearance of
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the colour and precipitation of the brown oil is the
result of thls secondary nitroso compound changing over
to the corresponding oxime by influence of the sunlight.
The changes were therefore represented thus:-

(CHSCH CH2)2CH2 + NOCl—— (CHSCHchg)ZCHNO + HC1

2
(CH50HZCH2)2CHNO-——> (CH50H20H2)2C = NOH.

It should be noted that Lynn confined his
chemical investigation to the precipitated oil and did
not attempt to isolate the nitroso compound from the re-
action. Neither did he examine the supernatant
liquid from which the oll had separated out. On these
grounds principally, the conclusions arrived at by Lynn
were considered to be rather speculative.

The principal nitroso compound from n-heptane
does not contailn an asymmetric carbon atom and it was
decided, therefore, to investigate the action of nitrosyl
chloride on n-hexane, in presence of light. By analogy
with n-heptane, the following nitroso compounds should

be formed in thils case:- - —_
H H H
*‘ ‘*‘ {

GH5 -,? - C4Hg, 02H5 - ? - CSHV’ and possibly 05H12 - ? -H
NO NO NO

These compounds by the influence of light should give the

corresponding oximes,

NOH NOH NOH
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Preliminary Experiments.

The n-heXxane used 1in all these experiments, unless
otherwlse stated, was obtained from the British Drug
Houses, and gave B.P. 67 - 68°.

A small volume of n-hexane, in a boiling tube,
was sabturated with the gases from aqua regla. When
completely saturated the solution was dark red in colour,
and at this stage was placed in strong sunlight. The
reaction proceeded almost exactly as described by Lynn
for n-heptane. To begin with, streams of hydrogen
chloride were given off and the solution changed in
colour from dark red to green and then blue and a little
light brown oil separated out. Finally the solution
became colourless and the light brown oil became dark
in colour. v

A series of experiments, as described above,
was then carried out to completion and the supernatant
ligquors, from which only a small quantity of oil had -
separated, were combinede. It was deduced that the
'oximes'! were mostly retained in solution. The hexane
was therefore removed by distillation and the residue
boiled up with dilute acid, to convert the 'oximes' to
the corresponding ‘'ketones', and steam distilled. . The

oll obtained gave a small fraction boiling at 115 - 130°
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and on warming above thls temperature it charred. The
o
fraction, 115 - 150°, gave nio 1,4190 and d4id not form

a semlcarbazone. The refractive index of the ketones
o
from n-hexane {(after Lynn) is approximately =0

D
and the boiling points 1lie between 120° and 130°. From

1.4030,

this it was concluded that the supernatant liquor did
not contain the oximes, as had been expected, and also
that the reaction 1s not as simple as Lynn had supposed.

The explanationbf the above-described compll-
cation of the reaction was discovered when one of the
experiments was stopped at the blue stage and the re-
maining nitrosyl chloride removed by blowing air through
the solutlon. The resulting blue solution was con-
centrated in a vacuum desiccator and the dark blue
liguid obtalned was subjected to the influence of red
light, |

(1) In presence of oxygen.
(2) In absence of oxygen.

In the first case the blue colour disappeared
fairly rapidly with no deposition of oil. In the second
case the blue colour disappeared slowly with deposition
of a black oil on the sides of the contalning vessel.
From this it was concluded that when oxygen is present

the nitroso compounds are photo-oxldised and 1t was
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probably the photo-oxidation products that were isolated
from the supernatant liquor described above.
In the next section precautions for prevention

of photo-oxidation will be described.

Experiments using crude nitrosyl chloride (from aqua

regla).
From consideration of the course of the photo-

chemical action it is evident that there are two
definite stages in the change.
(1) Formation of the blue compounds.
(2) Destruction of the blue compounds.
Furthermore these two changes require different
wave lengths of light. Thus, radiation other than
red will cause the formatlion of the blue compounds,
but red light is definitely necessary for the destruction
of these blue compounds*. The latter fact was observed
by Lynn but, pebuliarly enough, he seemed to consider it
- rather a puzzling phenomenon.
| Further experiments on the effective wave lengths
of 1light, absorption spectra, etc. will be described
later.
In order to inves tigate the possibility of iso-
lating the blue compounds from the reaction mixture it

is necessary to stop the photochemical action at the end

¥* By the Grotthus-Draper law.



40.

of the first stagse. To accomplish this end the wave
lengths of llght effective in the destruction of the
blue compounds were filtered off from the sunlight

by means of a solution of copper sulphate. To be
exact, the copper sulphate solution was used to cut
out wave lengths greater than 6100A.

The apparatus used consisted of a series of glass
tubes, about four feet in length, inside glass cylinders
containing the copper sulphate solution. Each of the
inside glass tubes was fitted with a cork and a lead-
out tube dippling under water to absorbs the hydrogen
chloride given off. The tubes were filled with the
hexane solution right up to the cork so that as soon as
evolution of hydrogen chloride began the small amount of
ailr present was driven out of the apparatus. This
precaution is necessary to prevent any photo-oxidation.

When the sunlight was strong the apparatus
described above was set up out of doors.

During periods when sunlight was not available
use was made of the radiation from a mercury vapour
lamp. In this case the copper sulphate filters were
found to be unnecessary on account of the fact that the
fed radiation from the mercury vapour lamp is very
feeble. Here, however, it was found to be necessary

to have water circulating round the glass tubes to
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prevent warming up due to'the heat from the lamp.

After one hour of falrly bright sunlight the solutlons
of nitrosyl chloride in hexane had ceased to evolve
hydrogen chloride and were blue in colour with only a
little oll at the bottom of the tubes. At thls stage
the inside tubes were removed, the blue hexane solutions
resaturated and the tubes replaced. This process was
repeated twice, when the resulting solution was a falrly
deep blue in colour.

About two litres of n-hexane were treated thus
with the gases from aqua regia, the resulting blue
solution decanted from the oil and air blown through it
for some time to remove any unchanged nltrosyl chloride
and most of the hydrogen chloride. An aqueous
solution of sodium bilcarbonate was then added and the
mixture shaken up for several hours in an automatic
shaker. The bicarbonate solutlon was then separated
off, the blue hexane solution dried over anhydrous
sodium sulphate and submitted to distillation under re-
duced pressure. The hexane distilled over first and
was only faint blue in colour. Then a deep blue dis-
tillate was obtained and a small amount of a brown
residue was left behind. The deep blue liquid, on
redistillation twice, boiled at 34 - 36° under a pressure

of 14,8 m.m.



Photo-oxidation apparatus*

and B - Glass windows sealed on with seccotine.
AB contains the blue solution¥*

C - Graduated tube filled with oxygen¥*
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Photo-oxidation of the blue ligquid, Be.Pe 34-36°/14.8 m.m.

A small quantity of the blue liquid was subjected
to the influence of the light from a carbon arc in the
photo-oxidation apparatus represented in the diagram on
the opposite page, and the volume of oxygen absorbed
was measurede. It was found that for complete de-
colourisation, 0.24 gme. of the blue liquid absorbed
6464 c.co OXxygen, measured at N.T.P. This value for
the amount of oxygen absorbed provides a good check on
the nitrogen content of samples of the blue liquid.

(See later photo-oxidation data).

Analysis of the blue 1ligquid, B.P. 34-36°/14.8 m.m.

A nitrogen estimatlion on the blue liquid gave

2% N, and a Carius estimation gave 29.2% Cl. These
résults, at first sight, are surprising, but on further
consideration a likely explanation suggests itself.
The nitrosyl chloride used was contaminated with
chlorine and Michael and Turner (38) have shown that
chlorine reacts readily with n-hexane, in the presence
of sunlight, to give chloro derivatives, chiefly mono-
chlorohexanes.

Monochlorohexanes contain 29.4% Cl.

Mononitrosohexanes contain 12.2% N.

From these flgures it is seen that a comblnation of
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these two compounds could be obtained to satisfy the
analytical data of the blue liquid approximately if
the presence of a small amount of dichlorohexsnes 1is
assumed.

In order to get over the difficulty of the
formation of chlorohexanes 1t was decided to use pure
nitrosyl chloride instead of the gases from aqua regila.
Even using pure nitrosyl chloride, however, formation
of some chlorohexanes 1s to be expected owing to the
following decomposition

NOCl —> NO + C1
which, as Kistlakowsky (33) has shown, takes place by
the influence of almost any wave length of light.

In the following sectlion 1s given a detailed
account of the investigation of the action of light

on solutions of pure nitrosyl chloride in n-hexane.

Experiments using pure nitrosyl chloride.

Preparation of pure nitrosyl chloride.

Pure nitrosyl chloride was prepared by gently
warming a mixture of pure nitrosyl sulphuric acid and
an excess of dry common salt (27). It is necessary

to have the apparatus for generation of the nitrosyl
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chloride made entirely of glass, as cork and rubber

are attacked very raplidly by the gas. The same applies
to the apparatus for preparation of nitrosyl sulphuric
acide.

The nitrosyl sulphuric acid was prepared by
passing sulphur dloxlide rapidly into ice cooled fuming
nitric acid, until brown fumes ceased to be evolved.

A mass of crystals was deposlted on standing over-night.
These were filtered off rapidly through a sintered glass
funnele. More solid was obtalned by addition of glacial
acetic acid to the mother liquor (35). The nitrosyl
sulphuric acid was purified by washing with glacial
acetic acid and then several times with carbon tetra-
chloride. The final pure white solid was kept in a

desiccator over concentrated sulphuric acid (36).

The absorption spectra of a solution of pure nltrosyl

chloride in n-hexane.

For the purpose of meking up solutions of known
concentration, for spectroscoplic examination the
nitrosyl chloride, prepared by the method described
above, was liquefied in a freezing mixture and weighed
directly into a flask containing the solvent. Exsminge-
tion of the absorption spectra in the visible was carried
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out with a Hilger constant deviation spectroscope,
which was first of all calibrated with a sodium flame.
The source of light employed was a 100 c.p. Pointolite
lamp. The solution used contained 0.54 gm. nitrosyl
chloride in 42.57 gm. n-hexane. Two definite
absorption bands with their heats at 6000A and 4780A
approximately were found.

The very narrow band at 6000A approximately can
be seen very well from the photograph given below.
This photograph is a print from a plate taken with a
spectrograph, using the above solution. The source
of light was the Pointolite lamp, which is very rich
in the red, and the plate used was panchromatic.

Logarithms of thicknesses are marked in.
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For measurements in the ultra violet the above
solution was diluted ten times and an ordinary spectro-
graph employed. Absorption bands with thelr heads
at approximately 3650A and 2900A were found.

The qualitative curve obtained from the absorption
measurements with the visual spectroscope and the measure-
ments in the ultra violet is given in Graph No.4.

It is interesting here to point out that
Kistiaskowsky (33) in his examination of the absorption
spectra of gaseous nltrosyl chloride detected bands
with thelr heads at approximately 59904, 4690A, and
3300A. The first two bands correspond to the two
bands in the visible at 6000A and 4790A for the solution

in n-hexane.

The wave lengths of light effective In the production

of the blue compounds.

Lynn and Hilton (32) in their investigation of
the photochemical action of nitrosyl chloride on n-
heptane point out that formation of the blue colour
takes place under the influence of sunlight or ultrsa
vioclet 1light.

From consideration of the absorption spectra

of solutions of nitrosyl chloride in n-hexane it is



Graph No.4.

Qualitative absorption curve of a solution

of pure nitrosyl chloride in n-hexane*

s>tH"
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Test for effective wave lengths of light in

production of the blue compounds.

l. Blue wave 1engths.

2780 A ( Head of BanJ)

7V,

5600A 4a50A

2. Orange wave iengths.

toooA (Head of Band)

RN

t300A s500A
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interesting to enquire whether light corresponding to
the absorption band in the blue (4780A) and the band
in the orange (6000A) 1s effective in formation of the
blue compounds from n-hexane.

In these experiments extra pure n-hexane was
uséd since it was found that some samples of ordinary
n-hexane gave & falnt blue colouﬁ with niltrosyl
chloride in the darke. This is probably due to traces
of unsaturated hydrocarbons.

In order to see 1f the wave lengths of light
corresponding to the absorption band in the blue are
effective in the production of the blue colour a
narrow band in the blue of the spectrum from the carbon
arc was 1solated by means of special filters. The
narrow band isolated 1s represented in the diagram on
page 47a. The fllters used were:-

l. Blue filter, Wratten 45,

2. A layer of rosaniline in water.
A solution of nitrosyl chloride in n-hexane was exposed
to this radiation for five hours. At this stage the
nitrosyl chloride was removed by means of a current of
air. The resulting solution was light blue in colour.
A similer solution of nitrosyl chloride in n-hexane
which had been kept in the dark was colourless on
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'removing the nitrosyl chloride.

The narrow band of the spectrum isolated to
test the effectiveness of the orange radiation is
illustrated on page 47a. The filters used were

l. Mercury yellow filter.

2. A layer of copper sulphate solution.
A faint blue solution was obtained after five hours’
1llumination with this radiation.

Thus it has been shown that light corresponding
to both the absorption bands in the visible is effective
in the first stage of the photochemlcal action. Ultra
violet light 1s much more effective, however, as is
seen very well from the speed at which the reaction
proceeds on exposure to the radiation from a mercury

vapour lampe.

The Photochemical action with pure nitrosyl chloride.

Investigation of the course of the photochemical
action of pure nitrosyl chloride on n-hexane was
undertsken in a similar manner to the investigation
using crude nitrosyl chloride. That is to say, a
large quantity of a solution of pure nitrosyl chloride
in hexane was exposed to sunlight from which wave lengths
greater than 6100A had been removed by copper sulphate
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filters. The apparatus was the same as previously
used and each solutlon was saturated and exposed to
light four times. As before, the final solutions
were light blue in colour and a 1little brown oil,
presumably the decomposition product of the blue com-
pounds, had separated out at the bottom of each tube.
An investigation info the exact nature of this
0il was carried out and is described in the following
section, while in a subsequent section an attempt to
isoclate the blue compounds from the blue mother liquor

1s described.

Exemination of the brown oil.

The oil, which hereafter is referred to as oil A,
was light brown in colour at first but on stﬁnding
became dark brown. It smelled strongly of hydrogen
chloride.

A sample of the o0il was dissolved in water and
neutralised by addition of barium carbonate. A top
layer of oll separated out. The resulting mixture
was steam distilled and the slightly yellow liquid
produced was drled over anhydrous sodium sulphate and
distilled under reduced pressure. The colourless

distillate boiled at 79 - 82°/10 mem., and gave

20°
n20° 1.4494. Trapesonz janz (37) gives n_ 1.4464

for methyl n-butyl ketoxime.
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Analysis of the liquld gave the following
results:-
62.3% C ; 1140% He
The calculated flgures for the oximes,
CeH,, = NOH, are
6246% C ; 1l.3% He
A second portion of the o0ll was submltted to
steam distillatlon without being neutralised. Such
e procedure will convert oxime hydrochlorides to the
corresponding ketones readily. The resulting
fragrant liquid was dried over anhydrous sodium sul-
phate and distilled. The liquid which distllled

over between 120° and 130° was colourless and gave

n%9°1.4055. A sample of pure methyl n~butyl ketone
(BePe 12645°) gave n%go 1.4030, On treatment with
semicarbazide hydrochloride the liquid (B.P. 120 =
130°) yielded a semlcarbazone, M.P. 1150, on crystalli-

sation from alcohol. Analysis of the semlcarbazone
gave the following results:-
53.3% C ;3 9«54 H ; 27.1% N,
The calculated figures fbr the semlcarbazones from the
ketones, C6H12°’ are |
53¢5% C ; 9.55% H ; 26.8% N,
From these results it is evident that the brown
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is a mixture of the hydrochlorides of oximes of formula

06H12 = NOH.
The three possible oximes from n-hexsne, with
formula 06H12 = NOH, are
CH3~- C - C4H9 R
I Methyl n-butyl ketoxime.
NOH
CoH. = C - C H
275 &OH s ? ethyl n-propyl ketoxime.

05H11 ) ? "E o hexaldoxime.
NCH

The first two oximes glve methyl n-butyl and
ethyl n-propyl ketones, respectively, on hydrolysis
and the third ylelds hexaldehyde. A complete analysis
of the oxime hydrochloride mixture was carried out by
the followlng method.

First of all the oxlmes were hydrolysed by acid
steam distillation. The liquid produced, which may
contain the two ketones and the aldehyde, was distilled
and boiled over almost entirely between 120° and 130°,
This boiling range embraces the boiling points of all
suspected constituents. A sample of the liquid
(BePe 120 - 130°) was then subjected to the following
test for hexaldehyde.

Michael and Turner have found that while hex-

aldehyde is readily oxldised by chromic acld solution



52.

in the cold, both methyl n-butyl and ethyl n-propyl
ketones are unaffected (38).

2 gm. of the llquld was treated with 25 c.c. of
a solution of chromic acid made by dissolving 16 gm.
potassium dichromate and 24 gm. sulphuric acid in water
and making up to 200 cecCe The mixture was shaken up
in a test tube frequently over a period of two days,
then neutrallsed with caustic soda and steam distilled
to remove unchanged ketones. The residue was acldified
with phosphoric acld and steam distilled agsain. The
distillate from this was then neutralised with ammonia
and excess ammonia boiled off. The resulting solution
gave no precipitate with silver nitrate indicating the
absence of hexoic acid.

To confirm this result a 1little hexyl alcohol was
shaken up with 25 cece of the chromic acid solution for
the same time then neutralised and steam distilled.

The distillate, after neutralising with ammonia and
boiling off excess ammonia, gave a large precipitate of
silver hexoate on addition of silver nitrate.

Thus it may be concluded that there 1s no alde-

hyde in the 1liguid B.P. 120 - 1309,
In order to find out the proportions of methyl
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n-butyl and ethyl n-propyl ketones in this liquid a
method, used successfully by Michael, was adopted (39).
Michael found that methyl n-butyl ketone forms
a semicarbazone with acid semicarbazide phosphate,
while ethyl ne-propyl ketone does not.
The semlcarbazlde solution was made by dissolv-

ing 5 gme of disodium hydrogen phosphate (NazHPO .12H20),

4
2.5 gm. of 89% phosphoric ecld and 3.6 gm. semi-
carbazlde hydrochloride in a little water and diluting
to a weight of 30 gm. Equal amounts (approximately
Oe2 gm.) of pure methyl n-butyl ketone (B.P. 126.5°)
and the mixture under investigation were weighed out
into short thin test tubes and 3 c.c. of the semicarbazide
solution added to each. The test tubes were shaken up
frequently over a period of two dayse The precipitates
were then collected together in small sintered funnels,
washed carefully with 3.5 c.c. water each and finally
dried to constant weight in a vacuum desiccator. By
comparison of the welght of semicarbazone from pure
methyl n-butyl ketone with the amount from the mixture
of methyl n-butyl and ethyl n-propyl ketones, the amount
of methyl n-butyl ketone in the mixture was estimated.

It was found by this method that the liquid B.P.
120 - 130° contained approximately equal quantities of
the two ketones. The figures varied from 50% - 55%

methyl n-butyl ketone.
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From these results i1t may be concluded that the
brown oil consists of a mixture of the hydrochlorides
of methyl n-butyl and ethyl n-propyl ketoximes in
approximately equal quantities.

Examination of the blue solution.

The blue solution, produced by the influence of
light on solutions of pure nitrosyl chloride in hexane,
was washed free from acid by shaking up for several
hours with dilute sodium bicarbonate solution. It
was then dried over arnhydrous sodium sulphate and
distilled under reduced pressure. The hexane which
distilled over first was practically colourless and the
blue distillate which was finally obtained, on redis-
tillation several times, boiled at 39 - 42°/13 m.m.
From one litre of hexane on1§ a few c.ce of this liquid
was obtained so 1ts preparation 1s very tedlous.
Analysis of the liquid gave,

5.8 N ; 25% Cl.

The absorption spectra of a solutlon of this
liquid in hexane was ekamined in the visible by means
of a spectrodensographe Graph No.5 shows wave length
of light plotted against optical density. Length of
solution = 2 cm. Concentration = 1le22 gme in 100 c.ce.

The absorption band with its head at 6520A 1s characteristic
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Graph No. 5.

Absorption spectrum of a solution of

the blue liquid from n-hexane.
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of the nltroso group.

A photo-oxldation was then carried out with
the liquid by the method previously described. It
was found that 0.24 gme of the blue liquld absorbed
17.29 cece Of oxygen, measured at N.T.Pe

0.24 gm. of the blue liquid (2% N), obtained by
using crude nitrosyl chloride, absorbed 6.64 c.ce. of
oxygen at N.T.P.

The ratio of the volumes of oxygen absorbed by

the ligquids is -1-'&’-:5-;2? = 2.6, and the ratlo of the nitro-

gen contents is.§§§ = 2¢9

This good agreement indlcates that the total
nitrogen content of the liqulds 1s assoclated with
the light sensitive nitroso compounds.

The high chlorine content of the blue liquid
(254 C1 ; 5.8% N) 1s surprising and disagrees with

the view that 1t consists of a mixture of secondary

nitrosohexanes, C H__NO (12.2% N), and monochlorohexanes,

6 15

9.5% C1).
C6H1501 (29.5% )

This view also receives 1little support when the
properties of the blue liquid are examined and com-

parison made with the properties of known secondary

nitroso compounds.

As has already been mentioned, in the introduction

to thié thesis, generally speaking secondary nitroso
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compounds cannot be isolated owing to the ease with
which they change over to the corresponding isonitroso
compounds (oximes). This 1s well born out from con-
sideration of the researches of Tilden and Sudborough
(40) and Ipatieff (41) on addition of nitrosyl chloride
to compounds containing the ethylenic linkage, and the
work of Bamberger (24) on oxidation of secondary
alkylamines with Caro's acid.

The most obvious exceptlons to this rule are the
nitroso compounds from trimethylethylene - trimethyl-
ethylene nitrosite, nitroso chloride and nitroso
bromide. These secondary nitroso compounds are very
stable in the bimolecular (white) form but in the mono-
molecular (blue) form they are readily converted to
the isonitroso compounds by the influence of alkalis,
heat, etc.

Examination of the blue liquid from hexane shows
a decided difference in properties from secondary
nitroso compounds. Thus it may be kept for several
months in the dark without any apparent decomposition.
It may also be distilled several times under reduced
pressure at a temperature of 40° with little decomposi-

tion, and it is not decomposed by dilute alkalis.
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This stability of the blue 1liquid indicated that
the blue compounds present are not secondary nitroso
compounds. Further, the high chlorine content indi-
cated that the nitroso compounds contain chlorine. So
it seemed likely that the blue liquid is really a mixture
of chloronitrosohexanes, CH,,NOC1 (9.6% N ; 23.7% C1),
in which the nltroso group is not attached to the same
carbon as a hydrogen atom, and monochlorohexanes,
CeHqC1 (2905% C1). Such a mixture (approximately
50% of each) satisfies the analytical data.

The above supposition recelves some confirmation
from a molecular weight determination. The molecular
weight corresponding to mixtures of nitrosohexanes and
monochlorohexanes llies betwsen 115 and 120, while the
molecular weight corresponding to mixtures of chloro-
nitrosohexanes and monochlorohexanes lies between 149
and 120. The actual molecular welght found from
experlments on the lowering of ‘the freezing point of
benzene, by thellue liquid, was 156 which corresponds,
within experimental error, to a mixture of equal amounts
of monochlorohexanes and chloronltrosohexanes.

There are only two chloronitroso derivatives of

n-hexane in which the nitroso group 1s not attached to

the same carbon as a hydrogen atom. These are:-
Ccl
/
CHg - ? - C4Hg » Ppchloronitrosohexane

NO
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Cl

l
02H5 -C-CH Uz'chloronitrosohexane.

l 3’

NO

These two compounds have been prepared by the
action of nitrosyl chloride on methyl n-butyl and ethyl
n-propyl ketoximes respectively, by Rheinboldt and
Dewald (42). The boiling points given for the two
compounds approximate very closely to the boiling point
of the blue liquid from n-hexane.

For further confirmatlion that the blue ligquid
is a mixture of p and ¥ ¢ chloronltrosohexanes

and monochlorohexanes, the following experiment was

undertakens

Oxidation of the blue ligulid with nitric acid.

Rheinboldt and Dewald (42) have found that
chloronitroso compounds are oxlidised by light and oxygen,
or by nitric acid, to the corresponding chloronitro
éompounds. In the case of photo-oxidation the yield
of chloronitroAcompounds was not as good as when nitric
acid was used, indicating that photo-oxidation to chloro-
nitro compounds is accompanied by other photochemical
effects.

The bbiling points of chloronitro compounds are
considerably higher than the boiling points of the
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corresponding chloronitroso compounds (and so also of
the monochlorohexanes, in the case under consideration),
so 1t was considered that, by oxidation of the blue
liquid, a low bolling fraction of monochlorohexanes,
unaffected by nitric acld, and a higher fraction of
chloronitrohexanes, would be obtained. Analysis of
these fractions would, of course, prove that the blue
liquid has the constitution suggested.

10 gme of the blue liquld was added to a mixture
of 20 cecCe nitric acid (D. 1le42) and 10 c.c. glacial
acetic acid. The resulting solution was gently
warmed for about half an hour, when the blue colour had
completely disappeared. The solutlon was then diluted
with water and a yellow oll separated out. The oil
was separated off, dissolved in ether and shaken up with
dilute caustic soda solution, then with water several
times and the ether solution finally dried over an-
hydrous sodium sulphate and distilled under reduced
pressuree. After the ether had been removed two fractions
were obtalned.

(1) BePs 45 - 55°/15 m.m.,
(2) BePe 73 = 77°/15 m.me
A small smount of brown residue was left behind.
The first fraction gave a negative, while the

second gave a positive nitrogen test.
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On analysis the first fraction gave 29.7% Cl.
Monochlorohexanes, C6H1301, contain 29.4% Cl. |

The second fraction gave 22.0% Cl.
Chloronitrohexanes, 06H12N0201,contain 21.4% Cl.

The hlgh chlorine content in the secbnd case 1s
probably due to the presence of some monochlorohexanes,
so this fraction was redistilled.

On redistillation the second fraction boiled over
almost entirely at 79 - 80°/17 m.ms and on analysis
gave 21¢7% Cle From this result, coupled with the
analytical data previously given, 1t may be concluded
that the blue liquid consists of a mixture of approxi-
mately 507 chloronitrosohexanes ( 8 and ¥ chloro-
»nitrosohexanes) and 50% monochlorohexanes.

Concerning the origin of the acid oil 4, which
has been shown to consist of a mixture of the hydro=-
chlorides of methyl n-butyl and ethyl n-propyl ketoximes
in approximately equal quantities, it seemed likely that
it was produced by photochemlcal decomposition of the
" chloronitrosohexanes in absence of oxygen.

Rheinboldt and Dewald (42), although they ob-
served photo-oxidatlion of chloronitroso compounds im

general, do not record that such compounds are decomposed

by light in absence of oxygens It was therefore
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considered necessary to subject the blue liquid
(50% ?;(3 and (¥ chloronitrosohexanes » 50% monochloro-
hexanes) to the influence of light in absehce of oxygen,

in order to see if oximes are actually produced.

Photochemical Decomposition of the blue liquld in absence

of oxygen.

le In hexane solution.

A quantity of the blue liquid was dissolved in
four times its volume of n-hexane. Several glass tubes
were filled almost completely with this solution and
sealed off carefully. These tubes, cooled by circulat-
ing water, were illuminated with light for several days,
whereupon a black oil sepafated out and the blue colour
éf the solution disappeared slowly. When decomposition
was complete the tubes were broken and the supernatant
yellow liquid poured off. The viscous oil, which was
left behind, smelled strongly of hydrogen chloride.

This oil was washed out of tubes with water, the hydro-
chloric acld neutralised with barium carbonate and the
mixture produced extracted with chloroform. The chloro-
form solution was dried over anhydrous sodium sulphate

and distilled under reduced pressure. After the

chloroform had distilled over a colourless distillate

was obtained which, on redistillation, boiled at 80 -
82°/13 mem. This liquid gave n§°° 1.4493, (Methyl
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o
n-butyl ketoxime gives ngo

1.4464).

Thus itrseems that, as suspected, by photo-
chemlical decomposition of PG and ¥ chloronitroso-
hexanes a quantlty of methyl n-butyl and ethyl n-propyl
ketoximes 1s produced.

In order to confirm this result it was considered
necessary to carry out an analysis (carbon gnd hydrogen
estimation) of the foximes'! obtained. The yield of
'oximes! from the decomposition of the blue liquid,
deseribed above, 1s so small that 1t was decided to try
solvents other than hexane to obtaln a quantity for
analysise.

First of all ethyl alcohol was used and in this
case the reaction was found to proceed much faster,

with very little charring, and no deposition of oil
(oxime hydrochlorides being soluble in this solvent).
The decomposition proceeded in a similar manner in

solution in methyl alcohol and this solvent, on account

of its lower boiling point, was used.

2. In methyl alcohol solution.

About 20 gme of the blue liquid was dissolved in
30 c.cs of methyl alcohol and the solution, contained
in sealed glass tubes, was exposed to bright sunlight.
After an exposure of one day the blue colour had com-

pletely disappeared and the resulting solution was faint



brown in colour. The amount of hydrogen chloride
liberated in one solution containing 4.78 gm. of the
blue liquid was estimated by titration with caustic
soda solution and found to be 0.59 gm. Calculating
on the assumption that the total chlorine content of
the chloronitroso compounds, in the mixture of 50%
chloronitrosohexanes and 50% monochlorohexanes, is
liberated as hydrogen chloride the welght of hydrogen
.chloride 1s 0.64 gm. This result will be discussed
later. |

The faint brown methyl alcohol solution, from
the decomposition of the solution of the blue liquid,

was distilled under reduced pressure. The acld oil

63.

left behind, after the methyl alcohol had been removed,

was weshed with a little hexane seversl times end the

residue added to about 15 ce.c. water, in which it was

completely dissolved. This solution was then neutra-

l1ised with barium carbonate and extracted with chloro-
form. The chloroform solution, after drying over
anhydrous sodium sulphate; was distilled under reduced

pressure. After the chloroform had been removed the

residue distilled over almost entirely at 79 - 80°/11 nm,

o
This liquld gave ngo 1.4494. These values for the
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boiling point and refractive index correspond almost
exactly to the values obtained for the oxime mixture
from the acld oil A. On analysis the liquid gave
62.1%2 C ; 11.0% H.
The oximes obtalned from the acid oil A gave
62.3% C ; 11.0% H.
The calculated values from the oximes, CGleNOH, are
62.6% C ; 1l.3% H.

From this it may be concluded that, when solu=
tions of ﬁ’é or {J chloronitrosohexanes in hexane or
methyl alcohol are acted upon by light in absence of
oxygen, hydrogen chloride is produced together with a
quantity of the corresponding oximes. Thus /3(5 chloro-
nitrosohexane gives hydrogen chloride and methyl n-
butyl ketoxime. This reaction 1ls probably not quanti-
tative although the amount'of hydrogen chloride produced
is almost theoretical. It was considered likely at
first that the two hydrogen atoms necessary for the

equation
CH
CHS\ /Cl 5\
C + 2H = C = NOH + HC1
7N\ 7
C4H9 NO C4H9 .
are obtained from the solvent. This, however, receives

no support from the fact that the chloronitroso com-

pounds are decomposed by light, in absence of oxygen,
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in solvents such as monochlorohexanes and hexane,
which will not part with hydrogen readily; and also
from the fact that when methyl alcohol was used as a
solvent no trace of formaldehyde could be detected.
The main significance, however, of this photo-
chemical actioh is that it explains the production of
the acid o0il A (oxime hydrochlorides) when solutions
of nitrosyl chloride in n~hexane are exposed to white

light, in the absence of oxygen.

Surmarye.

When a solutlion of nitrosyl chloride in n-hexane
is exposed to white light, the red solutlon evolves
hydrogen chloride, and changes in colour to green then
blue and finally colourless, with deposition of a brown
oil. The blue colour is due to 3 and ¥ ¢ chloro-

nitrosohexanes which are formed 1n the first stage of

the reaction.
The mechanism of the first stage of the reaction

is probably thus




66,

]

*
+ _—
C6H14 NOoCl1 > CGHISNO + HC1

secondary nitroso
hexanes _
Cely2 NOH |

',__N_og_

2CH N
6o 0C1

66 and &
chloronitroso=-
hexanes
Chlorohexanes are also produced at this stage
by the action on n~hexane of chlorine formed from

nitrosyl chloride by the action of light, thus,
§OC1 + 1ight — NoC1™"

> NO + Gl

The second stage of the reaction is decomposi-
tion of the chloronitroso compounds by red light with
oxime hydrochlorides as the principal product, when

no oxygen is present

06H12N001 S 06H12 = NOH.HC1
pb and ¥ methyl n-butyl and ethyl
chloronitrosohexanes n-propyl ketoxime
hydrochlorides

This is probably the stage at which the oll is deposited
although some oxime hydrochlorides could be formed in

the first Stage, as may be seen from the equations

previously glven.
Since the oil which 1s deposited contalins the

two oxime hydrochlorides in equal amounts, 1t may be
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concluded that PF and ¥V chloronitrosohexenes are
formed in approximately equal quantities. When
oxygen is present photo~cxlidation of the chloronitroso
compounds wlll take place at the second stdge. The
complete photochemical action is represented diagra-
matically on the opposite pagee

The research work described in this section
entirely disproves the theory of Lynn as to the course
of the action of light on solutions of nitrosyl chloride
in paraffins, and a paper embodying the main results
has been published (44).

Other workers in these laboratories are investli-
gating the posslbillitles of making use of chloronitroso
compounds-in asymmetric photochemlcal work in view of
the discovery, in the course of this research work, of
the photochemical decomposition of these compounds, in
absence of oxygen, a decomposition which results in the
destruction of the centre of asymmetry of the nitroso
compound

By, C1 Ry
NG s N\C = NOH + HCl
7\ e

R NO R

2 2
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Part IV. - PREPARATION of an OPTICALLY ACTIVE

SIMPLE NITROSO COMPOUNDe

The object of this preparation has already
been indicated in the iIntroduction to this thesis.

| The compound selected was ethyl X-methyl-o(-
nitroso-n-butyrate and the general method of prepara-

tion is given by the following scheme,

CH N CH NH CH NO

2 oilg COOCZH5 Czﬂs : 00002H5

Active iso- Ethyl K-methyl- Ethyl X-methyl-

valin XK~-aminoen- K=nitroso=n-
butyrate butyrate.

First of all a synthesis of the inactive nitroso
compound was carried out, in order to find out if the
amino group of the ester of lisovalin is oxldised
readily by Caro's acid to the nitroso group. This
was successful and it was found that when neutral
Caro's reagent was used about 20% yield of the nitroso
'compound was obtalned.

The nitroso compound proved to be a beautifully
crystalline solid melting af 65°C to give a blue liquid.
Solutions of the compound were faint blue in the cold

and on warming gently became deep blue. The compound



- 69

also appeared to be falrly stable since solutions could
be warmed up frequently over a périod of several days
without any apparent decomposition, and the blue melt
of the solid became white on solldification and remelted
at the same temperature to glve again a blue liquid.

A quantity of inactive isovalin was then prepared
and resolved into its optical antipodes. The method
of resolution, due to Gadamer (29), was fractional
crystallisation of the Quinine Salt of formyl isovalin.

The preparation and resolution of inactive

isovalin 1s now described.

Preparation of inactlve isovalin.

This was carried out by the action of Ittner's
3% ammonium cyanide solution on methyl ethyl ketone snd
hydrolysis of the nltrlle produced wlth concentrated
hydrochloric acid (43).

Clg NH CN CHS\ /NH2 HC1 CHS\ /NH2

\p -

/c =0 .._4.__._> /c\ > /c\ + NH C1
CoH, Colg CN Collg COOH

The resulting hydrochloride of isovalin was
separated from emmonium chloride by extraction with
alcohol and ether. The residue, after evaporating
the alcohol and ether, was freed from hydrogen chloride
by prolonged boiling with litharge, the precipitated
lead chloride belng filtered off and the solutlon freed
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from lead by precipitation with hydrogen sulphide.
The pure amino acld was obtained from the final
solution by evaporation until erystals appeared and
then addition of alecohol.

500 gme of pure isovalin was obtained by this
method.

Formyl isovalin (28).

100 gm. of the pure amino acid, dried at 115°C,
was heated in a bolling water bath with 244 gm. an-
hydrous formic acid for 3 hours. The formic acid
was then removed by distillation under reduced pressure.

The above process was then repeated twice with
the residue. The final residue was washed carefully
with 300 cece ice cold water and recrystallised fronm
nine times its welght of warm water. The resulting
white solid gave M.P. 170 - 172°, The yield was 30%.
The unconverted isovalin was recovered by evaporation
and reformylated.

The formic acid recovered from the sbove process
was dehydrated by several distillations over anhydrous
copper sulphate at a pressure of 120 mem., and used
over again (45). The apparatus used for these dis-

tillations was made entirely of glass.

The Resolution.

The resolution was first of all carried out as
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described by Gadamer (29) thus:-

20 gme formyl lsovalin was dissolved in 400 c.c.
warm alcohol and 52.2 gme Quinine, ["‘-]D -147°, added.
The resulting solution was allowed to stand for two
hours and the crystals, which had separated then
(approximetely 15 gme) were filtered off quickly and
recrystallised from about 120 c.c. alcohol, twice.

The resulting Quinine salt (approximately 7 gm.)
was placed in a continuous extraction apparatus and
15 cece water and 7% cece dilute sulphuric acid added.
The mixture was extracted continuously for about three
dayse The formyl compound separated out from the
ether extract and was crystallised from hot water.

The actlve formyl isovalin obtained thus gave
[och ~6.9° (Gadamer glves [o<] -7.29).

The isovalin was regenerated from the formyl
compound by bolling with dilute hydrochloric acid, re-
moving most of the hydrochloric acld by dlstillation
under reduced pressure and finally removing the last
traces by boiling with litharge. The amino acid was
crystallised by addition of alcohol to a concentrated
aqueous solutlon. The active 1sovalin obtained thus
gave [}Q]D +1045°, (Gademer gives [}(]D +10.75°) and

the yleld was 0+6 gme
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The yleld of optically pure amino acid 1s so
small that 1t wéé decided, for these experiments, to
sacrifice high specific rotation for a better yield
of a less optically pure compound.

Another resolution of the formyl compound wgs
then carried out and thls time half of the theoretical
quantity of the Quinine salt was allowed to crystallise
out. This quantity of crystals was recrystallised
five times from absolute alcohol. The final smount
of crystals (approximately 12 gm.) was treated as pre-
viously described to regenerate first of all the formyl
compound and finally the amino acid. The yield of
amino aclid was about le5 gme. and the specific rotation
[o(]D +89,

The mother liquors from deposition of the first
lots of crystals of the Quinine formyl isovalin were
worked up to recover the negative amino scid.

Altogether seven resolutions as described above
were carried out and the total amounts of active acid
obtained are given below.

10 gm., [X o *8-2%
15 gm., [o]p =7.0°,
15 g., LOL:ID +2.2°,
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Preparation of optically active Ethyl X ~methyl o{-amino

n-butyrate.

10 gme active isovalin l}(]b +8.2°, dried at
1159, was suspended in 75 c.c. absolute alcohol and
dry hydrogen chloride passed ine. In the course of
about an hour the amlno acid had gone into solutione.
The solution was then refluxed on a water bath for
3 hours, allowed to cool and the alcohol removed by
distillation under reduced pressure. In the dis-
tillation under reduced pressure the temperature was
not allowed to rise above 30°.

The viscous oll obtained was dissolved in a
little water, cooled to -10° and a layer of ether added.
33% caustic soda solution was then added slowly with
vigorous stirring, till exactly neutral. The ester
was finally salted out of the aqueous layer by addition
of potassium carbonate. The ether layer was then
decanted off and dried carefully by allowing to stand
over lime for about 12 hours. The ether solution was
then distilled under reduced pressure and about 4.5 gm.
ester, BePe 65°/20 mem., was obtained.

The specific rotation” of the ester was found to

be E‘JD +5,6°, for the pure liquid.

*Density taken as unity.



10 gm. of isovalin, [%¢JD -7.00, gave about
4.5 gms ester, [ééjb -446°.

10 gme of isovalin, l}eJD +2,2°, gave about
5 gme ester, [—;(]D +1.6%.

The rotation dispersion of the laevo ester was
measured and found to be normal. The flgures
obtained for a layer of 0.6 decimetre of the pure
liquid are given in Table (5).

oX = Rotation.
A = Wave length in anstlim units.

Graph No.6 shows rotation plotted against wave lengthe

Preparation of optically actlive Ethyl o(-methyi-o(_

nitroso-n-butyrate.

The Caro's reagent was prepared by triturating
10 gme. potassium persulphate with 20 gme concentrated
sulphuric acid at O°, allowing the mixture to stand
for one hour at this temperature and then pouring it
into 100 gm. 1ice. The solution produced was neutra-
lised exactly with solid potassium carbonate and fil-
tered.

1 gme of ethyl K -methyl=X-smino n-butyrate,
LQLJD +5,5°, was dissolved in 15 c.ce ether and added

74.



Table (5).

Rotatlion~Dispersion of laevo Ethyl o<-methyle -

T —

amino-n-butyrate.
A X
5200 -3.710
5460 -3.46°
5600 -3.11°
5800 -2.86°
5900 - =2.78°
6000 -2, 60°
6200 «2.41°
6400 -2.25°
6600 -2.,09°
6800 -1.99°




Graph No«6.

Rotation-Dispersion of laevo ethyl o< -methyl -oc-

amino-n-butyrate¥*



754

to 25 ce.ce of the above solution of Caro's reagent,
which had been cooled to 0°. The mixture was shaken
up vigorously for five minutes, when the ether solution
had become deep blue in coloure. The blue ether
solutlon was separated off, washed with sulphuric acld
to remove unoxidised amine, then with water and dried
over anhydrous sodium sulphate.

The layer of Caro's reagent which had been
separated off was neutralised again with a little solid
sodium carbonate, a further 25 c.c. Caro's reagent and
20 cece ether added to it and the whole shaken ﬁp for
another 5 minutes. A further amount of blue ether
solution was obtalned.

" The blue ether solutions were combined and
évaporated in a vacuum desiccator. When the ether had
almost entirely evaporated beautiful transparent crystals
of the nitroso compound began to separate out. These
were collected and dried on porous pot and gave M.P.

54 - 58°, which 1s 7 = 11° lower than for the inactive
compound.

The yield from 1 gm. of the amine was 0.25 gm.
nitroso compounde

The laevo ester was also converted to nitroso

compound by thls method.

The rotation of the actlve nitroso compound.

The rotation of a solution in ether of the
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nitroso compound from the amino ester, [§<J +5,5°
was measured and gave [QQL)~6.8 .
Length of solutlon ln decimetres = 1 = 0.6.
Concentration of solution in gme per 100 CeCe = C = 6.54.
Temperature = 20°.

The nitroso compound from the amino ester,
[cK 4,60 gave [;é]D +641° in ether solution.

o.s. ¢ = 7e64e Temperature = 20°,

Rotation-Dispersion of the active nitroso compound.

le Nitroso compound, [é{]D -6.80.

Table (6) gives the results of measurement of
rotation dispersion of the nitroso compound
1 = 0.6, Cc = 6454 Temperature = 20°,

These figures are represented graphically in Curve 1,
Graph Noe'7.

From thls curve it 1s seen that the dispersion
is normal on the short wave side of 6000A. At 6000A
the curve begins to flatten out and a definlte minimum
is seen at approximately 66004, indicating the presence
of a small Cotton Effect in this region.

. o
2. Nitroso compound, [C"JD +6el o

Table (7) gives the results obtained for the

dextro nitroso compound.



Table (6).

Rotatlion-Dispersion of laevo Ethyl < -methyl-c<X-nltroso-

n-butyrate at 20°,

P <
5300 -0.48°
5500 -0439°
5700 -0.32°
5800 -0.26°
6000 -0,23° :
6100 ~0.23°
6200 ~0.22°
6300 -0,21°
6400 -0.18°
6500 ~0413°
6600 -0.12°
6700 -0.13°
6750 ~0.18°
6800  =0423°




Table (7).

Rotation-Dispersion of dextro Ethyl o(-methzl-o<-

nitroso-n-butyrate at 19°.

A : L
5300 +0.45°
5500 +0.40°
5700 +0,35°
5900 +0,28°
8000 +0,22°
6100 +0.20°
6300 +0,18°
6600 +0.14°

’ [o]
6750 +0416




Graph No* 7

Rotation-Dispersion of ethyl (*-methyl-—
nitroso-n-butyratee
(1) Laevo at 20°e

(2) Dextro at 19°.
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1 = 0.6. c = 7.64. Temperature = 19°,
. These figures are represented graphically in Curve 2,
Graph Noe7e

The anomaly in the dispersion is not so prominent
in this curve but the agreement with Curve 1 is practically
within experimental error.

Rotation-dispersion measurements were now taken
at different temperatures. The anomaly in the dis-
persion curve is due to the monomolecular blue form of
the nitroso compound and so should become more accen-
tuated on wérming, when the solution becomes more blue
and less accentuated on cooling.

Table (8) glves the results obtained at 0° for
a solution of the laevo nitroso compound

1 = 0.6 ¢ = 6451

These results are plotted 1g Graph Noe.S. From this
curve it is seen that the anomaly has almost dlsappeared.

For measurements at higher temperatures, when
strong absorption in the red begins, it is necessary to
use a thinner layer of solutlon if readings are to be
possible at the red end of the spectrum. This, un-
fortunately, rvesults in a diminution of actual rotation

to be measured.

Measurements with a layer of 0.25 decimetre of a

solution of 04364 gme of nitroso compound, [‘"]n +6.1°,



Table (8!0

Rotation-Dispersion of laevo Ethyl o<-methyl-o< -

nltroso-n-butyrate at 0°,

A <
5300  -0.58°
5500 -0.52°
5700 ~0,45°
5900 -0.41°
6100 =0, 35°
6300 ~0.32°
6500 ' -0.31°
6600 =0.29°
6700 -o.zeé
6800 -0.28°




Graph No.8.

Rotation-Dispersion of laevo ethyl o”-methyl-oc-

nitroso-n-butyrate at 0°.
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in 5 c.c. benzene, were taken at 30°, 40° and 50°.
At 50° it was just possible to see through the solution
at 6700A.

The readings are glven in Table (9); Graph No.9;
Curves 1, 2 and 3 show rotation readings plotted against
wave length, at 500, 40° and 50° respectively.

The anomaly in the dispersion curve was not so
pronounced at these higher temperatures. This may be
accounted for by the low value of the actual rotation at
these temperatures, due primarily to the short length
of solution which had to be used and also to a certalin
amount of decomposition of the nitroso compound.

A test for clrcular dichrolsm was made with the
solution at 50° but none could be detected.

Summarye
It has been found possible, by the method
described, to prepare an optically active simple
nitroso compound, ethyl o -methyl-o -nitroso-n-butyrate.
The specific rotation of the nitroso compound
prepared from dextro isovalin,owhidh was approximately
75% optically pure, was [;4 20 -6.8° in solution in

o D
ether. This glves (PQJD -9.1°, for the optically




Table (9).

Rotation-Dispersion of dextro Ethyl o4 ~methyleoX -

nitroso-n-butyrate at 50°L 40° and 50°.

] !
Aol o o
(Temp. 30°) (Temp. 409 (Temp. 500)

5500 - - +0e12°
5700 +0432° +0,24° -
5800 - - +0,08°
5900 +0,22° +0420° -
6000 - - +0,06°
6100 +0,17° +0.17° -
6200 - +0415° +0406°
6300 - - +0404°
6400 +0,12° +0.12° +0,04°
6500 - - -
6600 +0412° +0,12° +0,04°
6700 - - -
6800 +0,13° +0,12° -
6900 +0.14° +0.12° -




Graph No, 9»

Rotation-Dispersion of dextro ethyl-c*-
methyl-oc-nitroso-n-butyrate*
(1) Temperature 30°*
(2) Temperature 40°*

(3) Temperature 50°.

ateas*
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pure nitroso compound, assuming that there is no race-
misation in the process of formation. It should be
no;ed that this specific rotation is really a come-
bination of two factors, flrst, the specific rotation
of the blmolecular compound and secondly that of the
monomolecular compound, since the solutions at this
temperature were light blue in colour.

No circular dichroism was detected in solutions
of the nitroso compound at temperatures up to 50° but
a slight enomaly in the rotation dispersion curve, at
20°, was found in the reglon of the absorption band in

the red*, indlcating a small Cotton Effect.

The magnitude of the rotation and circular di-
chroism assoclated with the active form of Ethyl «-
methyl-cX-nitroso-n-butyrate is too small to make this
compound valuable from the point of view of asymmetric

photochemical worke. However, other members of the seriles,

02H5\\ //No to which the above compound belongs,
///C\\ may show larger effects and these other

CHa COOR, members may be obtained in the optically

a@tive form by the method described in the foregoing section.

¥*The head of this band was found to be at 68004

approximatel ye



80.

Acknowledgments.

I wish to aclkmowledge my great indebtedness
to Dr. Stotherd Mitchell for his valuable adviee and
guldance throughout the course of this work; also
to the Carnegle Trust for the Universities of Scotland
and the Trustees of the James Reid Stewart Foundation
for Scholarships which enabled me to pursue this

research.




REFERENCES.

(1) Ritchie, "Asymnetric Synthesis and Asymmetric

—  Induction", St. Andrews University
publication, No.XXXVI, 1933.

(2) Miller, Arch. Pharm., 1900, 238, 366.

(3) Boyd, Inaug. Dissert., Heidelberg, 1896.

(4) Curie, Journal de Physique, 1894, (III), 3, 409.

(5) Cotton, Journ. de Chim. phys., 1909, 7, 81.

(6) Mathieu, "La Synthése Asymétrique", Paris, 1935.

(7) Aschan, Ber., 190‘7, 40, 4918.

(8) Cotton, Ann. de Chim. et Phys., 1896, VII, 8, 347.

(9) van't Hoff, "Die Lagerung der Atome im Raume",
1894, Pe 304 .

(10) Byk, Zelt. physikal. Chem., 1904, 49, 641.
(11) Kuhn and Braun, Naturwiss., 1929, 17, 227.

(12) Kuhn and Knopf, Naturwiss., 1930, 18, 183,

(13) Mitchell, J.C.S., (1930), 1829.

(14) Karagunis and Drikos, Zelt. physikal. Chem., (1934),
B, 26, 428.

(15) Cotton, Journ. de Chim. Phys., 1909, 7, 8l.

(16) Byk, Zeit. physikal. Chem., 1904, 49, 641,

(17) Mitchell, J.C.S., (1930), 1829.

(18) Cherbuliez, Arch. Sce. phys. nat., 1925, (v), 17, 159,
(19) Davis and Heggle, Je.A.C.S., (1935), 57, 377, 1622.

(20) Mitchell, "The Cotton Effect and Related Phenomena',
=" 1933, pe7l.

(21) m, JOA.C.S., (1919)’ _4_1-, (1), 365.



(22) Mitchell and Cormack, J.C.S., (1932), 415.

(23) Gordon, "The Cotton Effect as exhibited by some
Nitro compounds", Thesis, Glasgow
Unlversity, 1936.

(24) Bamberger and Seligman, Ber., 1903, 36, 685, 70l.

(25) Piloty and Steinbock, Ber., 1902, 35, 3101.

(26) Lynn, J.A.C.8., (1919), 41, (1), 368.
(27) milden, J.C.S., (1874), 630.
(28) Fischer and Gravenitz, Annalen (1914), 406, 5.

(29) Gadamer, Journ. fur prak. Chem., (1914), [2], 90, 407.

(30) Baeyer and Manasse, Ber., 1894, 27, 1915,
(31) Schmidt, Ber., 1902, 35, 3727, 3737,
(32) Lynn and Hilton, J.A.C.S., (1922), 44, (1), 645.

(33) Kistlakowsky, J.A.C.S., (1930), 52, (1), 102.

(34) Marckwald, Ber., 1904, 37, 1368.
(35) Scott and Johnson, Journ. Phys. Chem., (1929), 33, 1977.

(36) Biltaz, "Laboratory Methods of Inorganic Chemistry"
(2nd Edition), 1928. Translation by Hall
and Blanchard, p.206.

(37) Trapesonzjanz, Ber., 1893, 26, 1433.

(38) Michael and Turner, Ber., 1906, 39, 2153.

(39) Michael, Ber., 1906, 39, 2146.
(40) Tilden and Sudborough, J.C.S., (1893), 479.

(41) Ipatieff, Journ. Russe Phys. Chem. Soc., 1899, 31, 426.
(42) Rheinboldt and Dewald, Annalen, 1927, 455, 300.

(43) Gulewitsch and Wasmus, Ber., 1906, 39, 1184.

(44) Mitchell and Carson, J.CeS., (1936), 1005,




(45) Garner, Saxton and Parker, Amer. Chem. Journ.,
1011, 46, 236.




