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SUMMARY

This thesis is in two distinoct parts. Part I desoribes
an investigation of the oxidative coupling of ethynyl
compounds, and the syntheses of certain cyclic conjugated
a-diynes. Part II describes the investigation of the
addition of dinitrogen tetroxide to long-chain unsaturated
acids.

Part 1 is subdivided into three sections. Section I
describes the preliminary investigation of the oxidative
coupling reaction of ethynyl compounds, and its successful
extension to reaction in homogeneous organic medium.

Section II describes the use of a high-dilution modification
of the conditions %o provide the first cyclic poly-ynes, the
properties and reactions of which are discussed. Section III
discusses the possible syntheses of novel conjugated
macrocycles by the oxidative coupling reaction, and desoribes
one such macrocycle, from o-diethynylbenzene, and an
investigation of its properties and reactions.

Part II describes an investigation of the addition
products of the addition of dinitrogen tetroxide to long-
chain unsaturated acids, in an attempt to confirm the
reported findings, and to investigate the uses of the

produocts.
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INTRODUCEION

Both academic and industrial fields admit the importance
of acetylene and acetylenic compounds. On acetylene itself
is based an entire chemical industry, a major contridbution
being the manufacture of plastics of the polyvinyl chloride
type. Of late, interest in acetylenic compounds has
gathered momentum; numerous applications of acetylenic
intermediates in the synthesis of natural products have been
reported, of which the polyenes, unsaturated fatty acids,
penicillins, antibiotics, steroidal hormones, and the
naturally-ococurring insecticides provide diverse examyles%
In 1950, Jones in his Tilden lecturezreviewad the use of
acetylenic compounds in synthesis, and described a series
of pely-ynes recently prepared at Manchester. The following
years saw the rapid developmeni of poly-yne chemistry, the
highest member so far prepared being a fully conjugated
ootayne? In the course of the study of these compounds, the
characteristic ultraviolet absorption was identified. This
new tool was of great help in identifying natural poly-ynes,
within the next few years the structures of oenenanthotoxin?
oicutoxin? mycomycin?-Zgrooybin,’gnd erythrogenic acidlsere
elucidated. Many more naturally-occurring acetylenic
compounds will surely be discovered with this aid, and their

syntheses will offer great scope for the acetylenic



intermediate. A further impetus to the development of
acetylenic chemistry was provided in the published work of
Beppel%hﬁzhis associates, which helped to overcome much of
the technical difficulty associated with acetylene, and
presented new practiocal routes to the aspiring explorer of
acetylenic chemistry. A consequence of the increase in int-
erest 1is the appearance of several text-books on the subject,
of which must be mentioned those of Johnsonlgﬁ&4naphaol}
along with several excellent reviews of various aspects of
acetylenic chemistry, including one on the naturally-
occurring acetylenic csom.pounds].':j
In partiocular, the oxidative ocoupling reaction of

terminal acetylenic compounds has been widely exploited
| since its discovery by Glaser in 18691.'6 Many diverse ty%Z;zs
of acetylenic compound have been successfully submitted to
the reaction, and a variety of conditions employed, covering
solvent, pH, temperature, and time effects, all of which are

11,25-2
8. § However, a

adequately described in the literat%f
general shortcoming in acetylenic achievements was the laock
of investigation of acetylenic compounds with a methylene
chain separating the acetylenic linkage from the other
functional group or groups. This has only been partly
rectifiedzgithin the last few years. In particular, the
oxidative coupling reaction had not been applied %o a:w-
diynes, possibly because of the unsatisfactory aqueous-phase

nature of the existing oxidative coupling reaction.



Since the formulation of Baeyer's strain theory in
1885, considerable attention has been paid to this theoretical
aspect of the structure of all classes of oyclic compounds.
The work of Prelgg-ggd Blomqgﬁggvand their associates has
shed much light on the requirements of eyclic hydrocarbons
containing an acetylenic linkage. Since this present work
was begun, further contributions have been made by cron’ and
Sondhggﬁ§% and their associates, providing illuminating
accounts of ring strain observations and their correlation
with theory, using light absorption data as the main basis
of argument.

The present work started in 1955 with the immediate
aim of preparing oyclic polyacetylenic compounds. It was
considered thad® a high-dilution coupling would be preferable
to the conventional ooupling prooedure?sand Section I
desoribes the successful extension of the oxidative ocoupling
to0 reaction in an organic medium, and outlines the optimum
conditions for this extension.

A fundamental improvement in the eyes of the organio
chemist is the possibility of coupling such a:w-diynes at
varying dilutions to give cyoclic compounds, such as oyclic
a-diynes, possibly resulting rrom coupling at the highest-
achieved dilution. Short-chain polymers might also be
produced, and might have some application as synthetio

intermediates. Bome such successful attempts are desoribed



in Section II, and the properties and light-absorption data
of the oyeclic compounds themselves are discussed. An
investigation of the hydration of a-diynes is desoribed,

as little work had been done on that topic.

Section III deals with a synthesis of a novel
conjugated oyclic system, rendered feasible by the high-
dilution technique of oxidative coupling of terminal
acetylenic linkages. The interesting properties amnd light
absorption effects exhibited by this unusual system are
discussed. The preparative route is dealt with in detail,
as i1t ocontains several stages with unforeseen difficulties.

Part II describes a study of the addition of dinitrogen
tetroxide to long-chain unsaturated systema. The addition
of this reagent to carbon-carbon double bonds has been
carefully studied by Le%?:4g The latter postulated an ionioc
mechanism of addition, but the recent experimental work of

Sahechtegohad indicated a radical mechanism.
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Since unsaturated fatty acids are commercially
available, it was thought that addition oi dinitrogen
tetroxide might give products of commercial interest. Soms
additions to long-chain compounds have already been studied
by Porter and Wbod?légg by the active Rusg§527school of the
present day. On this account, the study of the addition of
dinitrogen tetroxide to several naturally-occurring fatty
acids, and to their trans-isomers, was undertaken. Infrared
spectroscopy proved to be invaluable in following the
addition, although its use in this field had not previously

been reported.



PART 1

, SECTION 1
THE OXIDATIVE COUPLING REACTION OF ETHYNYL COMPOUNDS
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HISTORICAL
In 1869 Glaserlgbserved that an ammoniacal alcoholie
solution of the copper derivative of phenylacetylene
underwent smooth aerial oxidation to give diphenyldiacetylene

in good yield. This was the first reported instance of a

CuCl
NH,C1 02
PhC=CH > PhC=zCCu > PhC=CC=CPFh
NHg
aq. alocohol

reaction in which a compound containing a terminal
acetylenic group was oxidatively coupled to give the

conjugated a-diacetylene., This oxidative coupling reaction
Oz
RC2CH ~—————> RC=CC=CR
of acetylenic compounds is one of a small class of reactions
in which two molecules condense to give a symmetrical

product.

Symmstrical Coupling
The Wurtz or Wurtz-Fittig reaction involves the action

of sodium on two molecules of a halide, or different halides.
2R + 2Na —m—> R.R + 2NaX

Olefins and paraffins corresponding to the alkyl halide are
formed as by-products by dehydrohalogenation of the halide

by the basic organosodium intermediates, and the postulation



RX + 2Na
RNe + RX

> RNa + NaX

> R.R + NaX

of free radical intermsdiates is now regarded as
58-60

unnecessary.
The Ullman reaction is employed in the symmetrical
coupling of aryl halides. If less drastic conditions are
Cu
2ArX -IO—OB-—-> Cqu + AT.Ar
desired, treatment of the arylmagnesium halide with an
equimolecular quantity of cupriec chloridglor other metallic

2 Cu012

2ArMgX > ArAr + 2MgXCl + 2CuCl

halidg§ furnishes the desired diaryl. Both couplings are
thought to proceed via the free radical Ar..

The Kolbe reaction produces long-chain paraffins by
electrolysis of the potassium salts of fatty acids. The

2RCO0K  ~———=> R.R

favoured explanatigg is that hydrogen peroxide, liberated at
the anode, oxidises the carboxylic anions to give the
paraffin and carbon dioxide, with possible intermediate
formation of an acyl peroxide, and liberabion of acid

radicals.
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A further example of symmetrical dimerisation occurs
in the formation of an &-diketone from treatment of two
4
moles of a ketene with diaocetyl peroxide? and the action of
diacetyl

peroxide RR'CCOCHRR*
2RR'CHCOCHRR!* > |
RR'CCOCHRR!*

65
zino dust and alkali on nitrobenzene leads to a symmetriocal
product, azobenzene.
Zn
PhNO, ——> PhN=NPh
OH-

The formation of a symmetrical product from the direct
coupling of two moles of a compound is also encountered in
the self-condensation of ketengg. This type of coupling,

hydrolysis
2RCH=C0 —-———> RCH=C-CHR > RCH3COCH,R

(I
0-~CO

and several other related instances, have produced cyclio
symmetrical products by ooupling of two moles of &
bifunctional compound, and these instances are reviewed in
the next section.

The mildness of the reaction conditions employed in the
oxidative coupling of acetylemnes ( as compared to soms others

of the class ), and thé excellence of the yields, have led
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to a thorough investigation of the synthetic application of
the coupling reaction of terminal acetylenic compounds.
Methods of Effecting the Coupling Reaction

The acetylenic compound itself readily undergoes
coupling, and many oxidising agents are known to effect the
reaction. The conventional reaction condit%é%é’ggmfgise
alr oxidation of the compound ( in alcohol ) with an aqueous
solution of cuprous chloride and ammonium chloride, in
either acid or alkaline conditions. Shaking of the above
mixture in oxygen in a hydrogenation-type apparatus (ensuring
intimate contact between the two phases) much improves the
yields and shortens the reaoction timggizs

The cuprous derivative RC=CCu undergoes oxidation by

air to give the diacetylenic compound. In addition to

2RC=CCu + Og > RC=CC=CR -+ 2Cuo

oxygen and air, the cuprous derivative has been successfully
oxidised simply by heatigg, or by the action of potassium
17,68,69.74 70 . 26,71,72
ferrioyanide, hydrogen peroxide, and cupric chloride.
An interesting extension is the coupling of what is
virtually the anion, in the observed coupling of the mono-
sodium salt of acetylene in liquid ammonia, on treatment

liq. NHg
>  HCECCsCH + ?..KNaM'nO4

2HCECNa <+ ZKMnO4
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with potassium permanganatg?

The Grignard derivative of the acetylenic compound has
also been successfully utilised in the oxidative coupling,
and oxidation with iodinZ?-ngrio ohloriad*add ouprioc
bromidzz’;§é§8s the diacetylenic compound, parallelling the
previously described preparation of diaryls. The Grignard
derivative may also be treated with an acetylenioc halide, to

7
give an unsymmetrical coupling, and Grignard ﬁéglexplained

RC=CMgX + IC=CR' ® RC=CC=CR + MgXI
the coupling of the halomagnesium acetylides by iodine as
1nvol#ing the above reaction.

a) RC=CMgX + Io

b) RC=CMgX + RC=CI

> RC=CI + MNMgXI

> RC=CC=CR + NgXI

The reaction between the Grignard derivative and the
acetylenic halide generally requires the presence of small
quantities of cobalt chloridzlor cuprous chloridg? In the
latter case traces of cuprous acetylide found at the end of
the reaction suggest that the ocuprous acetylide was an active
participant in the reaction. Schlubach and Franzen have
reportedvéﬁagnomaly in the reaction with di-iodoacetylene,
where the Grignard grouping is replaced by iodine.

2PhC=zCMgX + IC=CI ———=> 2PhC=CI + XMgCzCMgX

No evidence for the formation of Ph(CEC)sPh was obtained.
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Non-symmetrical Coupling
chodkiewic§4has recently extended the coupling reaction
to a non-symmetrical coupling of wide scope. Gonventional
coupling of dissimilar acetylenic compounds leads to a
CuCl/NH,4C1 RC=CC=CR

>  RC=CCZCR!
02 R*C=CC=CR!

RC=CH -+ R'C=CH

mixture of three productg? the eeparation of which is
usually extremely difficult. The new route parallels the
previously mentioned discovery of the extenslion of the
coupling to acetylenic Grignard derivatives, and involves
the double decomposition of a cuprous acetylide and s
halogenated acetylenic compound, leading to the non-
symmetrical a-diyne. Bromides were the only halogen
derivatives used in the investigation, as they were easily

RC=CCu + XC=CR? > RC=CCZCR' + OCuX

prepared and the most reactive of the halogenated acetylenes.,

The reaction can be written as below, with euprous ion as
Cu

RC=CH + R'C=CBr > RC=CC=CR* + HBr

base
a ocatalyst, in presence of a base for the removal of the
hydrogen bromide liberated during the reaction. The reaction
stops when all cuprous ion is converted to cupric, and
introduction of a reducing agent, e.g., hydroxylamine, is
necessary for the reaction to continue, and to prevent the

normal oxidative coupling of the free acetylene by the



cupric ion. A side reaction arises from the oxidisation of

the bromide and gives the symmestrical coupling product
4 At —
R'C=CBr + 3Cu «~--> R'C=CCu + 2Cu + Br =---> R'C=CC=CR*

derived from the halogenated acetylenic component. This
reaction might have applidation in the syntheses of
symmetrical diynes where the cuprous derivative is slow to
couple, and the proposed coupling would only involve
addition of cuprous ion to the halogenated derivative,
Chodkiewicz has made a full study of the reaction oconditions,
Various bases were employed, ethylamine furnishing the
most satisfactory results. Use of a catalytic amount of
cuprous salt favoured the suppression of the side reaotion,
which then only assumed importance if the cuprous derivative
was slow to react.

The synthetic importance of the oxidative coupling
of acetylenic compounds lies in the advantage that not only
acetylenic hydrocarbons, but many varled types of
difunctional compound containing the acetylenic linkage,
can be successfully submitted to the reaction. Thus in

16 17 10,18,19
addition to hydrocarbons, nitro compounds, aclds,
20~ 23 24,25
esters, e8 and alcohols Nave given the corresponding

diynes smoothly and in high yield. This advankage, in
addition to the discovery of several naturally-occurring

poly.yngg, has made the oxidative coupling reaction of the
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greatest importance in the synthesis of these compounds, as
the contributions of Bohlmagz-ggd Sarensgg’gﬁéaaately
testify.

Mechanism of the Coupling Reaction

Considering the number of contributions to the
literature on the coupling of terminal acetylenic compounds,
it is surprising that so little investigation has been
made of the mechanism of the coupling reaction. Straus
and Kbllek?gade a study of the effect of varying the cupriec
ion concentration on the rate of reaction, and reported
an increase in rate with increase of cupric ion concentration
Zalkind and his associatas’ Senaida. the cuprous chloride/
ammonium chloride coupling, and considered the reaction to
occur as 2RC=CH ——————>RC=CC=CR + 2H. They reported
no evolution of hydrogen, or deposition of metallic copper,
and concludedZZhat the reaction took place by a
disproportionation resulting in the a-diyne and more
hydrogenated products. Later they offeredzghe explanation
of hydrogen removal by oxXygen,and in an investigatigg of the
coupling of acetylenic alcohols, they proposed that the
reaction took place through intermediate formasion of
free radicals, with subsequent condensation.

% . ene I
> RC=2C*+H b) 2RC=C®* —--> RC=CC=CR

electron
acceptor

a) RCzCH
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The poor yields noticed in the coupling of secondary
alcohols were explained on the grounds that the formation of
free radicals was retarded by the balancing of the
supporting induetive effect of the alkyl group by the

R\ QRN
N\ _ S c.c=CH
H.C=CH it
(I:-L R7 14
CH o4

electronegative effect of the hydroxyl group. In the case
of the tertiary alcohols, the contributions of the two
alkyl groups outweigh the effect of the hydroxyl group.

By this mechanism they were able to explain the varying
yields in the ooupling of p-substituted phenylacetylsnes.

In the case of X = Me, high yiselds were obtained, but when
X = N02, the expected effect of slowing down of the reaction
with decrease in yisld was observed.

However, recent investigation§? following up an
observatigg that in aerial coupling, the rate increases with
inocrease in the'percentage of oxygen, have produced an
improved method of shaking in oxygen, and the intimate
contact gained between the two phases leads to very
satisfactory coupling of secondary alcohols. These
investigations also show the reaction to be applicable over

e wide range of pH, only failing when the acetylenic



starting material is attacked. The suggested reaction
conditions employ pH = 5, mildly acid, but strong enough to
prevent precipitation of the cuprous derivative.
The well—knogg dimerisation of acetylene to give,
amongst other products, vinylacetylene, also takes place in -
an acid solution of cuprous chloride and ammoniun chlorids.
Up to the present this process has been believed specific to
acetylene itself, attempt% to extend it to ethynyl compounds
in general having been unsuccessful. However, waedogvhasruxnﬂy
noticed appreciable formation of the ene-yne during
oxidative coupling of terminal acetylenic compounds, and its
formation, accompanied by the appearance of the character-
istic intense ultraviolet absorption, is likely, as a
competing side reaction.
Mkryen and Papazyagaproposed an explanation of the
oxidative coupling based on the following scheme.
2CuCl + 2HCL + 0,
2RC=CH + 2CuCl

> 20uCl, + Hg0
> 2(RC=CH.CuCl)

2(RCZCH. CuCl) -——> 2RC=CCu + 2HCL
2RC=CCu + 2CuCl, ~———> RO=CCZCR + 4CuCl
2RC=CH + 30, > RC=CC=CR + H,0

As proof of these contentions, they cited the failure of
the reaction in absence of air, and its success, still in

absence of air, with cupric chloride. This differed from
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the findings of Zal'kind?4égg seemed to indicate that both
coupling by air in cuprous chloride/ammonium chloride
mixture, and coupling by the action of cupric chloride?6
proceed by the sams mechanism. Reppe publichcdlg similar
contribution to the mechanism in 1955, as follows.
2RO=CH + 2CuCl + 2NH,Cl == 2(RC=CH.CuCl.NH,Cl)
20uCl + H,0 + 30,
2(RGECH.CuCl.NH4Cl + 2Cu(0H)Cl

> 2Cu(0H)C1

>
(RCECCECR.ZCuCl.zNH4Cl)<+ 2CuCl 4'ZHéO
(BCEGGEGR.ZCuGl.2NHécl)-& 2RC=CH

>

RC=CC=CR + 2(RCECH.CuCl.HH4Cl)
The preceding sequences are somewhat cumbersome, and the
serises of complexes postulated may or may not have existence.
However the reaction mechanism is but little clarified by
these sequences, and the simpler radicel mechanism seems
preferable. The main points emerging from these investiga
are that copper is shown to have a catalytic role in the
coupling, and that the oxidising agent appeasrs to be ocuprie
ion. Reppe has also provided data on the rate of the
cuprous chloride/ammonium chloride veactioni. Recent work by
Baxendale and Wbstcottggn the mechanism of the coupling
reaction of terminal acetylenes has conclusively estsblished.
that the oxidising egent in the commonly used ocuprous
chloride/ammonium chloride coupling is cupric iom, the
behaviour of cuprous ion being essentially catalytio.
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The dimer (I) was obtained simply by mixing (II) with copper
sulphate in acetate buffer solution (pH = 6). They
Me Me Mﬁ\ —
~C=C-C=C-C c—C=CH
M¢>C[ | < Me a :

Mc
o (I eon ea (D)

considered that the reaction was autocatalytlic, and that
the cuprous ion concentration built up with time until it
became stationary, when its removal by oxygen was balanced
by its formation from the reduction of cupric ion by the
acesylenic compound. The burfer was found to be necessary,

4 +
4RCZCH + 2Cu > RCZCCECR + 2RCECCul +4H

otherwise the developing acidity precipitated the cuprous
derivative of the acetylenic oompound.

The establishment of ocupric ion as the oxidising agent
in the ocoupling reaction provided the stimulus for the
following investigations,
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DISCUSSION
The main drawback to the agueous oxidative coupling of

ethynyl compounds is the frequent insolubility of the
acetylenic oomponent in the reaction medium, a feature whioch
of necessity imposes long reaction times. Water-soluble
ethynyl alcohols couple with reasonable rapidity, but the
oxidative coupling of long-chaim alkynes is often both slow
and incomplete. This might explain why the coupling has
only been recently applied to difunctional derivatives
containing two ethynyl groups. It therefore seemed of value

to find a method of extending the scope of the reaction,
whereby ethynyl compounds might be coupled in homogeneous
solution, preferably in a comparatively inert, easily
removable solvent. This would present attractive new
possibilities; firstly, such a manner of coupling would
render possible a full kinetic study of reaction rates;
secondly, it would be possible to study the coupling of
a:w-3iynes in both inter- and intra-molecular fashion,
leading in the first case to short- and medium-ochain polymers,
and in the second, to the hitherto unknown cyclic conjugated
diyne#, of which both the physical amd eheémiocal properties
are likely to be of interest.

Coupling in Organioc Medium
Cupric ion had been known to effect the oxidative
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coupling?éand its confirmation by Baxendalggas the oxidising
agent in the commonly used cuprous chloride/ammonium
chloride coupling simplified the problem, which now resolved
itself into an attempt to react cupric ion and the acetylenic
compound in an organic medium.

After some preliminary experiments, two model compounds
which were readily available in satisfactory quantity and
purity, were chosen. These were dimethylethynyloarbinol (I)
and phenylacetylene (LII). Both compounds couple readily
under the conventional conditions to yield the corresponding

100
a-diynes, 2:7-dimethylocta-3:5-diyne-2:7-diol (I) and

<:::>}CEc—CEC—<:::2> 0\0

diphenyldiacetylene (IV), which are colourless orystalline
solids with satisfactory melting points. TFollowing
Baxendale's procedure, an experiment was devised wherein

(II) was oxidatively coupled with cupric sulphate in a

" buffered aqueous solutton with ouprous chloride as catalyst.
The reaction yielded the a-diyne (I) in 58% yield, along with

the cuprous acetylide (V). The temperature of the reaction
Mazc(OH)GECCu ()/)

was that of the steam-bath, the time ellowed being two to
theee hours. According to Baxendale's mechanism, the
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maximum possible yield is 504, the remaining 50% being
uncoupled (V). This seems to suggest that the Baxendale
equation does not represent the complete reaction, but that
oxlidation by alr,or oxygen, or some other oxidising agent
has caused the coupling of part of the cuprous salt (V),
giving rise to further diyne (I) and regenerating cupric ion:

i+
2RCECCu + 4H + 0 > ROEZCOECR + 2Cu -+ ZH,0

2
Thus the combined equations give the overall relation :

Cu*+

4RC=CH + Og =———>  2RC=CCZCR + 2H,0
with a recommended concentration of 3 mole of cupric ion per
mole of acetylenic compound, With (II), in the absence of
the buffer, it was found that no reaction took place, the
liberated acid entirely inhibiting the reaction. However on
substituting copper acetate for copper sulphate, no buffer
was necessary, as the liberated aceti® acid did not hinder
the reaction. The use of pyridine as reaction medium proved
muoch more successful, as no cuprous derivative separated
from the solution. The experiment was repeated omitting the
catalyst and no deterioration in the yield was found. Thus
no buffer of catalyst is necessary, and the reaction seems
$o take place in both agqueous and organic media quite freely.
The successful prevention of precipitatioen of the ocuprous
derivative renders coupling in organic medium extremely

attractive. The coupling was also successfully applied to
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the preformed ocuprous derivative (VI) of phenylacetylene.
PhCz=CCu  (VI)
The reaction was performed in pyridine solution, as for the

2Cut+t *
2PhC=CCu > PhC=CC=CPh + 4Cu

free acetylenic compounds, and supports the postulate of
Baxendalggas to the course of the reaction.

A series of experimenBs was conducted with a wide
variety of cupric saltslg%d solvents in order to determine
the optimum conditions for the soupling reaction. Cupriec
salts were almost all successful in bringing about the
coupling, except in cases where the cupric ion i# too
strongly complexed to allow of participation in the reaction,
e.8,, cupric salicylate, and the ethylens-diamine complex
with cupric ion. A number of attempts were made with salts
of other metals with an easily removable electrom in the
outer shell, e.g., ferric and cobaltic asalts, but no success
has so far been achieved in either aqueous or organic medium.
Compounds which might be expected to effect the oxidative
coupling are the cobalt naphthenates, noted in the paint
industry as oxygen carriers, but results so far have been

inconclusive.

Optimum Conditions
From the results of the above experimsnts, the optimum
conditions may be summarised as follows ;

Cupric acetate is the most convenient and satisfactory
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reagent, as only acetic acid is produced to contaminate the
product. The benzoate, butyrate, stearate and naphthenate
are all successful in promoting the coupling, but
chromatography would be required for removal of the organic
acids, and in the case of the naphthenate, hydrocarbon
impurities present serious problems in separation. While
pyridine is a reasonably good solvent for cupric acetate,
the addition of methanol greatly increases the solubility.
Ether may be added if it is desired to lower the reflux
temperature to 40-60°.

Catalytic Coupling

An important extension has been the coupling with a
catalytic amount of cupric ion. Since the overall equation
makes no mention of copper concentration, the cupric ion
may be assumed to have a catalytic value, i.e., formation of
the ouprous derivative as an intermediate. It should
theoretically be possible to carry out the coupling
employing a catalytic amount of oupric ion. This has been
realised with a solution of (II) in pyridine:methanol:ether
containing an essentially catalytiw quantity of cupric ion
( in the form of cupric acetate ). Refluxing of the
solution caused a colour change to green, while passage of

oxygen effected the return to the original blue. Continued
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reversal of these states was carried out over a lengthy
period of time, and the pure diyne (I) was isolated in 81%
yield. It may be possible to extend the coupling reaction
to other metal ions. Since the reaction involves the
reduction of the cupric ion to cuprous, it might be
expected that ions such as cobaltic and ferric would be
cépable of bringing about the reaction, as they are easily
reduoed to the corresponding cobaltous and ferrous states.
From the periodic table, silver and gold must also be
considered, but these are unlikely to be of practical
importance on account of their high cost. However, copper
does have a unique position in the periodic table, and may
prove to be the only agent for this ooupling.

Rate of Reaction

The effect of the concentration of cuprie ion on the
speed and yield of the oxidative ooupling reaction deserves
investigation, the only previous relevant work being that of
Straus and Kbllek?eon the effect of cupric chloride on the
coupling of cuprous acetylide., Similar studies using
cuprous chloride have been made by Repp%? Oxidative
coupling of propargyl alcohol in admixture at 0° with
cuprous chloride/ammonium chloride solution gave the result
that relatively large quantities of ocuprous chloride were
required to effect the coupling, as measured by the fall in
the uptake of oxygen on keeping the ouprous chloride
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ml,O:
CuCl : HOCH.C=CH
prake N

Og uptake curves

8000 1

50 100 iso  Mins,

concentration constant, and inoreasing that of propargyl
alcohol. However it was noticed that the reaction was
strongly accelerated by addition of small amounds of cupric
acetate to the reacting solution. The rate of Goupling was
similarlyzgound to inorease with increase in cupric ion
conocentration., The cuprous chloride/ammonium chloride
coupling reaction has the disadvantage of long reaction
times, due to its non-homogeneity, although the recent
refinement§4ﬁ§ge reduced these as much a&s possible. The
temperatures used in the Baxendaiggaqueous ooupling were
ca, 80°, and it was found that some time was ®equired for
these couplings also, possibly due to the tendency of the
precipitated cuprous derivative to continue to couple to the

diyne. In contrast,the couplings in organioc medium went
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extiremely quickly at that temperatuse, being more or less
complete after thirty minutes or less. The reaction was
observed as a blue/green colour change, the blue colour of
the oupric ion/pyridine complex being discharged as the
cupric ion underwent reduction to the ocuprous state. On
standing in air, however, the original blue colour returned,
presumably by air re-oxidation of the ouprous state,
Relative speeds of coupling were in the following order ;-
PhC=CH > szc(OH)CECH > CHS(CH2)30£CH
Kunichika and Okéoﬁave reviewed the oxidative coupling of
acetylenic compounds, and they provide a fairly comprehensive
summary of compounds submitted to the reaction, the
oxidising agent used, the yield, and the time of reaction.
Since the publicatio%pgf our preliminary findings,
Klebansk%ognd his associates have reported an investigation
into the mechanism and rate of the oxidative coupling
reaction. They have investigated the coupling of (II) and
other ethynyl compounds, both by the action of ocuprous
chloride/ammonium chloride/oxygen, and also by the action
of cupric ion in aqueous elkaline (usually ammoniacal)
solution. They postulate a three-stage process in which a)
38 the rate-determining process. Oxidation of the anion is
regarded as the only reasonabls explanation of the formation

of the radicals, and evidence in favour of a) is as follows.
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a) RCSCH —— TRC=C~ + H'

- +
b) RCZC™ + Cu > RCEC* + Cu

¢) 2RC=C* >  RCECC=CR
Appearance of RC=C™ in the conventional cuprous chloride/
ammonium chloride/oxygen coupling is facilitated by the
formation of the complex ion (RCZCCuCl.NH,Cl); as is evident
from the drop in pH on admitting the ethynyl compound to
the solution. In alkaline solution with cupric ion,
ionisation is believed to go through formation cf unstable
copper acetylides. The ease of coupling of ethynyl compounds
is shown to vary inversely as the pK of the:corresponding
carboxylic acid, an indication of the importance of the
mobility of the hydregen ion in causing reaotion, and
evidence for the rate-determining nature of a). In the
reaction employing cupric ion, alkali is necessary to
achieve reaction, as parallelled by Baxendale's mequirement
of a buffer. In the oconventional coupling with cuprous
ochloride /ammonium chloride, the developing acidity is
neutralised by the oxidation of cuprous ion to ocupric, and
20u + $0; + Hy,0 -—> 200 + 20H
the rsaction may then proceed as in the given sequence, with
an overall relation as follows below, in exact agreement

+ +
SRCZCH + 2Cu’ " > RCZCCZCR ~+ 2Cu + 2H

with our previous postulat%(.)3 These authors have shown the

reaction to be bimolecular, and polarographic investigation



has shown that there is no build-up of intermediates in the
solution, confirming the postulate of a much faster second
stage. The speed of the reaction in the ammoniacal cupric

ion coupling has been shown to vary with pH, rising to a
maximum at the maximum degree of dassociation of the ammonia
base. Addftion of ammonium salts, depressing the dissociation
of [WH,OH], has been shown to reduce the speed of the reaction.
The order of speed of reaction for several different types of

ethynyl compound was found to be as shown below.

PhC=CH > PhCH(OH)C:CH > MeCH(OH)C=CH & Phac(OH)CEGH

> Me2C(OH)C=CH > HO(CHg)poC=CH > CHg (CHp ) sC=CH
No success in employing other oxidising agents has been
achieved, in accordance with our findinég? although
Sohlubach'gssuccessful oxidation of the sodium salt of the
ethynyl ocompound with permanganate has been known for some
time, as has the coupling of the Grignard reagent of an
ethynyl compound by the action of iodinz% They consider
that copper may have an almost specific effeot in this
reaction, and mention that copper is kn%gg-%gsgive up an
electron to any species of ion, with the formetion of a free
radieal. No evidence of the capacity of RCZCH to yield a
free radical is to hand, but Favorskyevh&s obtained the

diyne from heating the cuprous salt of Me,C.C=CH, and they

3
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themselves have caused the ouprous sald of phenylacetylene
to react with isopropylbenzene to produce phenylacetylene,
indicating the intermediate formation of PhCZC? They offer
no direct proof of the existence of free radicals in the
aqueous reaction medium, but consider the formation of mixed
diyn%ésgs main products in the coupling of dissimilar
acetylenic compounds is best explained on the basis of
combination of free radicals. Quantitative formation of
final products in all of the couplings investigated leads the
authors to postulate the third stage as an unoomplicated

speedy recombination of the free radicals, and there seems to

be little objection to this argument.
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PART I

SECTION II

CYCLIC o-DIYNES
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1933
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-957
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HISTORY OF THE FREPARATION OF CYCLIC ACETYLENES

Ref.
Lespisau 110
Domnin 109
Blomquist et al. 37
Reppe et al. 12
Cram and Cordon 38
Cram and 39
Allinger
Epsztein and 111
Marszsk
Eglinton and 103
Galbraith
Sondheimer 40-44
st al.
Eglinton and 192

Galbraith

- A = A == e -

The first reported cyclic
acetylene

The first carboeyclio
acetylene

Synthesis of gyclo8ctyne

Preparation of a heterocyeclic
unconjugated diyne

Paracyclophane system with
an acetylenic linkage

Synthesis of an unconjugated
cyclic diyne

Cyclic acyloins containing
an acetylenic linkage

Cyclic conjugated diynes

Cyclic poly-ynes

A novel conjugated macrocycle
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_ HISTORICAL

Medium-size carbocyclid oompouhds containing an
acetylenic linkage, first report%ggin 1933, are now well
knoégzsgxg;gﬁcty%z being the smallest ring so far obtained.
These compounds are of interest for several reasons, notably
the correlations which may be drawn between the degree of
ring strain, the proximity of the acetylenic linkage to the
other functional groups, and their physicak and chemical
properties. The method of syntheggéséiven below involves, in
each case, ring closure of an a;w-diester to give the
acyloin, which 1s converted to the acetylene via the
diketone and dihydrazone.

%
Joom aE /" c=0 (" cemmE, [/ ¢
(CH}), - (CHp)! > (CH,)! - (CHp)) 5 (CHy)m
| \ 7 ca (o) \“nc=0 \Cac=mvm, \(nc
COOEt

At the commencement of this work in 1955, the only
cyoclic compounds reported containing more then one acetylenic

110
linkage were the heterocycle described by Lespieau, and the

CH,C=CCHy gﬂz C=CCHp
[ I Y
0 0 $=0 90
] ! 0
CHC=CCHp CH5C=CCH,

12
cyclic dimeric supphite ester of but-2-yne-1l:4-diol of Reppg)
formed in quantitative yleld in the attempted formation of



the dichloride by mixing equimolecular amounts of but-2-yne-
l:4-di0ol and thionyl chloride. Subsequently Epzstein and
narsza%;&ave reported the preparation of the mixture of

n
m
acyloins having the acetylenic linkage already present in the

ring, and by means of the reaction scheme previously
outlined, a 1l:8-diyne appears to be obtainable from both

r— GECj

(CHy)s  (CHp)
P

compounds.

Crab’hed elready explored this possibility with his
pnoparation of cyclododeca-1l:7-diyne, from an ester
containing a pre-introduced acetylenic linkage, in an effort

r—-cEc——l I———C:C——I
(CHp)y, (CHply (CHp),| |(CHg)y
— gz L _¢=¢

to find evidence for a cyclobutadiene structure. Light
absorption data howsver showed only C=C end absorption.



35
112-116

This followed his studies on the paracyclophanes, in which

regular ultraviolet spectra were obtained only up to

—

(c M), (TN

‘@“J

m=an =4, The spectrum of any smaller cycle exhibited

differences due to interaction between the 77 electrons of
the benzene rings when the methylene ochain no longer
sufficiently separates them. His efforts to prepare
gyclodeca-1l:6-diyne were however in vain,

A similar effect is thought to cause the anomalous
spectra of 1l:4-dihydrobenzene gerivativas of type a) and b),

H H
/ \¢=0
R \R: R 2,
R
@ b)

in whioch the distance betwsen the unsaturated groupings is
of the same order. The anomalies are attributed to either
120
a diredt spacial elsctronic interastion across the centre
18
of the six-membered ring, or strong hyperconjugat%on of the
¢yclomethylene groups. The first was considered unlikely,



in view of the directional properties of the 4rTelectron
orbitals, and the comparatively large distance (ca. 2.5A)
aoross the cyclohexadiene ring. The application of such an
argument to account for the ultraviolet absorption anomalies
in triptyo%%%, and the reassignment of the ultraviolet
absorption bands in these substituted gxg;gpexadie%gg,

constitute evidence in its favour.




«37w

DISCUSSION

Whereas cycloSctyne is the smallest oyclic acetylenic
compound so far prepared?7and gycloheptyne seems most
unlikely from consideration of molecular models, it is
obvious that a larger ring will be required to contain the
rigid, linear six-carbon a-diyne unit. The obvious route
to such a system is the oxidative coupling of a:w-diethynyl
compounds of type (VII). The conventional coupling of
such compounds would be expected to give poly-ynes such as
(VIII) and (IX), and continued coupling would yield
polymeric poly-yne chains. In homogeneous solution however,
complete coupling under high-dilution conditions, would
favour the formation of cyclic product%?sranging from the
ménomeric eyelic a-diyne (X), via the dimer (XI), to
macrocycles of type (XII).

HC=C(CHg ), CSCH  HCZC(CHj ), C=CC=C(CHp ) ,C=CH
(VII) (VIII)

HC=C( CHp ), C=CC=C ( CHp ) ,C=GO=C ( CH,, ) ,C=C0=C (CH,, ) , C=CH
(IX)

cEce=C C=0C=C C=C(CH, )0'—‘..0]
(' (052)2 ("/Hz) (01}.2 (( j

k C=CC=C
(X) (XT) (XII1)




The higher the dilution, the more favoured is the formation
of cycles of lower molecular weight. From a study of
"Catalin® models, it might be expected that a twelve-carbon
cycloalkadiyne (X, n = 8) is likely to be the smallest
reasonably stable ring. With decreasing ring size, the ring-
strain should increase, and would be expected to influence
the light absorption, particularly the ultraviolet region.
In addition to the interest in the physical properties, the
chemical behaviour of such systems seems equally worthy of
study, especially hydration and hydrogenation reactions,
possibly in a transannular fashion. The preparation of
highly conjugated cyclic poly-ynes, (and the corresponding
polyenes), would appear to be a natural extension of the
desired preparation of the simple cyclic alkadiynes.
Synthesis of Cyelic a-Diynes

In our own work, several long-chain o:w-dliynes have
been submitted to our newly-developed organic-phase coupling
reaction. The first such compound was the orystalline ester

. }24
(XXII), available in good yield by condensation of sebacoyl
chloride with but-3-yn-l-ol in pyridine, presumably via

CoCl CH=C=0 Co.o(cﬂz)zcscﬂ
[ pyridine | ]
(CHz)g > (CHp)g —(CHyp)g
l but«3-yn-l-oll )
cocl CH=C=0 co.O(cﬂé)zoacn
(XIII)

the kstegg. This compound was chosen because of the ready
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availability of the starting materials, and because
consideration of the "Catalin" model of the eyclised product
(XIV) indicated that it should be streinless. In addition,
it was thought that the presence of the ester groups might
render the ethynyl groups more reactive, as the simple
aliphatic ethynyl hydrocarbons were found o be relatively
sdow to couple. The faster the rate of coupling, the more
effective is the high-dilution addition.

When (XIII) was treated with cupric ion under high-
dilution conditions of addition, it coupled rapidly, and
after isolation by chromatography or sublimation, the pure
cyclic monomsr (XIV) was obtained in 47% yield, along with
small quantities (1-2%) of the oyclic dimer (XV) when a
lower dilution was employed. Polymeric material was also
produced. The coupling appeared to be virtually ocomplete,
from the absence of the ethynyl band in the infrared
spectrum of the ether-soluble product, and it seems that
the dilution achieved has almost suppressed the formation of

larger macrocycles.

(CH3)»C=CC=C(CHp) g ?0.0(032)2050050(033)20.0?
(fHZ)B (?32)8
.00~ (CHy) 5 C0.0-  CO0.0(CHp),C=COSC(CHS),0.C0
(xIV) (XV)

The monomer, the oyclic ester of sebacic acid and octa-3:5-
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diyne-1:8-diol (XIV), was characterised by analysis,

light absorpsion, hydrogenation, and molecular weight data.
The infrared spectrum indicated absence of ethynyl groupings,
and had bands due to disubstituted 6=C , the ultraviolet
spectrum exhibited the typical three a-diyne maxima. On
hydrogenation, the compound took up four moles of hydrogen.
The dimer (XV) was cheracterised by the same oriteria, the
infrared spectrum being more or less identical with that
of (XIV), end the ultraviolet spectrum showing the same
low-intensity maximm. (XIII), when submitted to the
conventional coupling procedure with cuprous chloride and
amonium chloride at room temperature, with addition of
dioxane to facilitate solution, gave mainly unchanged
starting material, and some polymeric, ether-insoluble
residues. Use of higher temperatures achieved only slow
coupling to acyclic material.

Thus the first cyclic a-diyne had been prepared, but it
was felt that the real objective should now be attempted,
namely the preparation of a simple carbocyclic diyne
containing no other functional groups. The a:w-diyne
chosen for oxidative coupling was tetradeca-ls13-diyne
(VII, n = 10). This diethynyl compound was chosen as it
was considered that a fourteen-membered carbon ring would

be sufficiently stable to eallow of characterisation, and the
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commercially available decamethylene dibromide provided an
easy route for its synthesis. Condsnsation of decamethylene
dibromide with two moles of soditm ecetylide in liguid

125-127
ammonia yielded (VII, n = 10) in 57% yleld. This compound

r.t./pressure
Br(CH, ) oBr + 2NaC=CH > HCZC(CH,, )1 nC=CH
2’1 - 2’10
llq.NH5
m.p. 33-34°
(VvII,n = 10)

had previously bsen prepared by bromination and dehydro-
bromination of tetradeca-l:13-diene, but was reportedlgg

a liquid, and must have been impure. Cyclisation was
carried out without the use of the high-dilution apparatus
as (VII, n = 10) is very slow to couple, and the product

was isolated and chromatographed on alumina to give the
ocyclic monomer and dimer, cyclotetradeca-l:3-diyne

(X, n = 10) and oyclo8ctacosa-1:3:15:17-tetrayne (XI,n = 10).

1 C=CC=C [“CEGGEG-—,

(CHp)y, (CHp)yg
—— (CH; )10 0

C=CC=C

(X,n = 10) (XI,n = 10)
Cyolotetradeca-1:3-diyne (X,n = 10) was obtained as a viscous
colourless liquid, readily solidifying at 18° as large
prisms, reddening rapidly on standing with simultaneous

-1

appearance of oarbonyl absorption at 1735cm.~ Its strueture
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1)

2)

3)

4)

CYCLIC POLY-YNES

Ring

Name Formula slze
cyclotetradeca- c.,H c
I%ﬁfaiyne 14410 14
cyclo8ctacosa~ Cc,.H C
1:3:15:17-tetrayne 28 20 28
cyclic ester of c, H.,0, 20
sebacic acid and 187244
octa-3:5~-diyne-1:8-
diol
cyclic diester of 036H48°8 40

sebacic acid and
octa-3:5~diyne~1:8-
diol

cyclic diester of C40H490g 44
terephthalic acid and 4078
dodeca-5:7-diyne-~

1:12-diol

cyclic ester of ConHnnl, 22
terephthalic acid and 2072074
dodeca~-5:7-diyne~-

l:12-diol

1 - no analytical data

S R D W - D S S NS TR G N - e .

m.p. Yield
18°  20-40%

101-102° 10-30%

55-56° 63%
109-110° ca. 2%
210-211° 354

145-148° <14t
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followed from analysis, light absorption, and the identity
of the fully hydrogenated hydrocarbon with a genuine sample
of gxg;gﬁetradee%ﬁg. The infrared spectrum showed the
absence of ethynyl groups and the presenoe of disubstituted
C=C (band at 2260om>Y), the ultraviolet showing the three
low-intensity maximm typical of a-d%%ﬁggflso-lss

From the later fractions, the dimsr, oycloBctacosa-
1:3:15:17-tetrayne (XI, n = 10), was isolated as a solid
m.p. 101-102°, and its structure was established by
enalytical, molecular weight and light absorptlion data, and
hydrogenation to the fully saturated gxg;gpotaoos%gg.
The infrared spectrum was almost identical with that of the
monomer, and the ultraviolet spectrum exhibited the expected
three maxima in the region 225-255mp. Exposure to light end/
or air resulted in the appearance of a brightly coloured
surface film. The polyacetylenic compounds of the first
desoribed series appear more stable than those of the
carbocyclic series, although after exposurs to air amnd/or
light, similar brightly-coloured films are found on the

surfaces of the orystals.
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Light Absorption of Cyclic a-Diymnes

The light absorption of the cyelie a-diynes should be a
valuable indication of molecular abnormaslities, e.g., ring
strain, trensannular interaction, etc. a-Diynes are stg%égs
to have ultraviolet absorption maxima at A 226, 238, and
254 mp (€ 300-400, 300-400, and 180-240 respectively). Thus
tetrayneé would be expected to absorb at these maxima with
e ca. 700, 700, and 400. The ultraviolet data of the
poly—ynes prepared are listed in table 1, along with
comparable daba for other poly-ynes. The g values of these
maxima are unfortunately low, and impurities brought about
by oxidation or hydration have strong absorption which may
markedly affect the diyne absorption. Ene-ynes are now
available on the preparative soalg? using conditions very
similar to those of the oxidative coupling reaction, and
a~diynes prepared by this method may be contaminated by
traces of ene-yne. Variations in the present work may be
attributable to the above causes. The reportedlgglue for
the first maximum of (XIV) was > 1000, and this unusually
high value may be attributed to the presence of ca. 5% of
ene~yne. The ene-yne, if present, is not easily removed by
recrystallisation of chromatography and no & valus of
<1000 was obtained. In subsequent experiménts material of

lower & has resulted, and careful chromatography and
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Table I

Poly-yne A , M E A .,
MeC=CC=CMe 227 560 236 550 250 160
BuC=CC=CH 230 300 238 300 251 200
BuC=CC=CBu 228 440 240 390 254 240
HC=C(CH,),0=C0=C(CH,),C=CH 226 530 240 460 254 300
HC=C(CHgp) 5C5CC=C(CH, ) sC5CH 226 540 240 510 254 440
HC=C(CH, ) 50=0C=C(CHp)5-0=CH 229 530 240 440 254 290
L (ca,),0=C0=C(CHp ) 50200=C 226 300 288 290 263 180
L (CH, ) 4 C=C0=C(CR,) ,0=0C=C 3 227 340 239 330 254 230
L (cH,);C=C0=C(CH,)5C=CC=C 1 227 280 289 300 254 180
(X, n = 10) 230 690 242 600 257 440
(XTI, n = 10) '226 490 238 470 254 320
XIv 226 680 238 550 254 220
v 225 420 240 380 254 190
HOCH,C=CC=CCH,0H 232 410 244 440 258 260
AcOCH,C=CC=CCHo0AC 233 700 244 670 258 480
HO(CHg ) ,05CC=C (CH, ) 50H 229 450 240 490 254 330

Ref,

25
25
25
43
43
43

43
42
43

25
130
130

erystallisation have failed to lower the ¢ value, which

remains fairly high, although there are several reported

instances of poly-ynes with e > 400 per a-diyne unit (see

table 1). The effect of substituents on C1 and 06 in
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hexa-2:4-diyigois to increase & to values between 500 and
1000, and a study of the variation of the intensities of
the maxima with different substituents revealed that the
intensities were in the following order 2~
OH < QAc < 0T's <(Cl <Br < 1I.
The value of ¢ for the first maximum of hexa-2:4~diyne-l:6-
diacetate is 700, and although substitution o&n Cl and 08
of octa-3:5~diyne did not have such a marked effeotlgg the
intensities of the maxima, the values for (XIV) do not
appear unreasonable. (X, n = 10), the only compound which
might possibly be subject to ring straim (from a study of a
"Catalin" model), has all three maxima shifted to slightly
higher wave-length, but this may not be significant,
considering the simplicity with which the compound
decomposes.

Ring strain and possible interactions might also affect
the infrared absorption of the lactone groups in the
heterocycles (XIV), (X¥), and (XVII) (to be desoribed later).
However, infrared evidence has shown that the carbonyl
frequency is practically unaffected by ring closure of the
open-chain diesters, and the compounds are thought to be
strainless, as indicated by consideration of their

nCatalin” molecular models. The V data are summarised in

table 1I.
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Table II
Sompound v’ avE e per C*0
(XIII) 1745 18 430
(XIV) 1742 18 490
(Xv) . 1743 = emccmmeecceeo
(Xv1) 1726 16 570
(XvII) 1727 0 cemmmmmmeeeee
acetone 1719 18 250

(Teken with Unicam S.P. 100 spectrophotometer with NaCl
prism in CCl, solution).

The a-diyne unit is less satisfactory for infrared
observation as its intensity is very weak and easily
masked by overtones and combination bands in aromatic or
oxygenated substances. The cyclic compounds seem to
exhibit normal absorption, and their C=C stretching

absorptions are compared with those of other a-diynes in

table III.
Table III

Compound IV i Solven
IV 2256 2150 “‘7ﬁff;;
(XI)n = 2252 2140 nu o1
SaGL00ecEn 2222 2152 nu jol
(OH)C‘CC=GC(OH)NB 2251 2123 nujol
HOBe. Ci, G20C=CCH, CE,, Oft 2174 2120 nujol
AoooR o c'cc,ccﬁgGQZOAc 2260 2150 ccl,
PhC=CA=CH (OH )les 2235 2132 ccls
CH o= CHCN 2228 ccly

(Teken with the Unicam S.P. 100 spectrophotometer with
-1 134
NaCl prism). V' CsN = 2228cmTL



Further Cyoclisations

A further series of terminal diethynyl compounds was
prepared in order to investigate any effects arising from
ring strain, or from interactions between the a-diyne unit

and an aromatic nucleus, in the derived oyclic compounds.

COCl1 C0.0(CHé)nCECH
/

Z NaOH =

coCl C0.0(CHz)nGECH

(XVI, n = 1,2, and 4
The above series of diethynyl diesters of terephthalic acid
were prepared from the readily available terephthaloyl
ohloride and propargyl alcohol, but-3-yn-l-ol, and hex-
S5-yn-l-0l. The latter was prepéred from 2-hydroxymethyl-
tetrahydropyran by literature method%?’lss A Schotten-~
Baumann reaction on the solid acid chloride gave the solid
esters directly, attempts to prepare them by Brewste%§g
method resulted in very low yields. These substances were
found to possess characteristic ultraviolet absorption,
A 242, 285, and 295 mp, (e 21,000, 1800, and 1500 reapectively)
Any eleotronic effects arising from approach of the a-diyne
system to the benzene ring might be expected to affect the

wa-ne
light absorption, by analogy with the work of Cram on the



paracyclophanes.

The oxidative coupling reactions had to be done in the
absence of methanol, as ester interchange took place in each
case to give dimethyl terephthalate and the acetylenic
aleohol, which then coupled to give the diyne-diol. It is
less probable that the cyclic compound was first formed and
then hydrolysed to the diester and the diyne-diol.

Cu
pyridine -

+ MeOH —— + [Bo(cm,) j0z¢],
heat

In the case of (XVI, n = 4),100% of the theoretical

quentity of dimsthyl terephthalate and 33% of dodeca-5:7-
diyne-1l:12-diol were isolated. When the'ﬁnue starting
materials were resubmitted to the oxidative coupling reaction
in pyridinegether alone, (XVI, n = 4) was found to couple
only very slowly, and a lower dilution had to be employed
for the coupling. No identifiable products have been
obtained from the oxidative coupling of (XVI, n = 1,2) under
high-dilution conditions, although the cuprioc ion was
reduced to the cuprous state, and infrared evidence
indicated removal of the ethynyl grouping. It is possible
that the oyelic compounds, on formation, underwent

spontansous decomposition, being oo unstable to exist under



the existing conditions. It is possible that the
buffering effect of the c4 mwethylene chain in the case of
(XVL, n = 4) confers stability on the oyclic poly-ynes
formed from it, shielding them from the influence of the
ester groups, which ultraviolet evidence indicates to be
appreciabl%?o In the case of (XV1, n = 4) two products were
isolated. The first proved to be the cyclic dimer (XV1l),
the cyclic diester of terephthalic acid and dodeoa-5:7-
Giyne-1l:12-diol; the second, of which only a few crystals
were obtained, has been tentatively formulated as the

monomer (XV1ll).

C0.0(CHg ) ,6=CC=C(CH,) 40.CO (752)4050050(732)4
ey
C0.0( CH,,) ,6=CC=C(CH,) ,0.CO co co
(xv11)
(XV111)

The lower-mslting solid was thought to be the monomer
(XV11l), infrared evidence supporting the oyelic stmuoturs,
and the ultraviolet spectrum had the expected maxima at
A 244, 286, and 294 mp, and two others at A 250 and 256 ma.
Lack of material prevented further characterisation. The
dimer was obtained after chromatogrephy in 354 yield, proof
of its structupe following from light absorption, analytical,



and molecular weight measurements. The ultraviolet spectrum
adequately supported the dimerie structure, the intensities
of the peaks being doubled ( ceorresponding to two |
~0.C0¢_>C0.0- units) in every case. No abnormalities were
noticed, indicating a ring system free from strain or
electronic interactions, and the compound appeared quite
stable. Small quantities of a hydroxyl-containing solid
were also isolated, and could have resulted from the
splitting of one of the ester linkages in the coupled
molecule. It would be of interest to repeat the cyclisation
using as high a dilution as possible, in an attempt to
isolate further quantities of the eyclic monomer, whose
properties, especially the ultraviolet absorption, would
appear to hold more interest than those of the stable dimer,
One further a:w-diyne was submitted to the oxidative
coupling reaction. This was hepta-l:6-diyne dlethyl-4:4-
dicarboxylate(XlX)?g This reaction might be expected to
yield the cyclic dimer under high-dilution coupling, giving
a substituted Cj, tetrayne. Recently Sondheimer and his
associates have described4%he parent 014 tetrayne ( X1, n=3)
from the oxidative coupling of hepta-l:6-diyne in aqueous
solution. This dimer has the highest maximum in the
ultraviolet region shifted to longer wavelenghh, and they
asoribe this effect to interaction of the adjacent parallel

a-diyne rods. (X1X) was slow to oouplse, and appeared to



yield unstable products. Room temperature coupling
conditions ( of. Bohlmann and Pollitt>’) were applied, end
though the ethynyl band at ca. 35000m:1 finally disappeared
from the infrared spectrum after one month, no stable
product could be isolated. Chromatography on alumina
afforded a red oil which appeared, from light absorption
evidence, to have the properties of a cyclic poly-yne, but
which was unstable, and polymerised on standing, and during
attempted hydrogenation, although 70% of the theoretical
uptake of hydrogen was achieved.

1t now appears that about the same time as the present
investigationa were in progress, Sondhelmer gﬁ_g&fo;ggel
following similar lines of study. Subsequent to our
repqrtedlg§tension of the oxidative coupling to Peaction in
organic medium, they have employed4gur reagent in the
oyclisation of short-chain a:w-diynes of type (VII) to give
a surprising series of compounds. In general, they have
found the a:w-diyne (VII) to give,as well as the cyclic
tetrayne (XI), a homologous series of cyclic compounds
extending as far as the cyclic hexamer with n = 5, whioch
possesses & fifty-four membered ring, considerably igg?eizs
than the largest carbobyclic ring previously reported.
It should be noticed that the larger systems, though

flexible, must take up roughly the shapes shown in the next
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diegram. Sondheimer‘as postulated that for the symmetrical
tetrayne (XI), electronic interaction between the a-diyne

HCSC(CH,, )  C=CH r——-c—cc'c-—]
(vI1) A (CHy)_
C=CC=C
(XT)
(cgoa)n (Sng)ncsccac(gnz)n
£ % " .
P 7 f
(CH, ),,6=CC=C(CH, )y (CHg ) ,C-CC=C(CHp ),
(aEg),, (905020 (G, )
N 4 e
< G d?' Q
/(’//, 0\ / Q
(), (o82), (o), (CRig)_
P ) 7
N ) o
\
(CHp ) ,C -GC_C(CH3) (CHg ), C=CO=C (CH, )

rods when the methylene chains no longer adequately

separate them might give rise to anomalies in the uldraviolet
spectra of the compounds. In the cases where n = 4,5, it
was found that no such effects were observed, but with n = 3
the ultraviolet spectrum exhibits a bathochromic shift of
the highest maxiggm, the first purely aliphatic case of such

non-classical interaction betwesn adjacent unsaturated



systems. The attempt to prepare (XI, n = 2) was

43
unsuccessful. The light absorption of the series of
tetraynes excludes the possibility of existence in the

l——- CECCEG—I

(CHp)y (CHp )y
7z L-czccsc N
c=c—c=c——] c=c——c=c-——-|
(cn)[ (B, = (e, ,[ (0B, )_
l:e—ts-r:c=c=c : l~ c=c—c=c——l

forms shown , considered plausible by crag?, as they would
require little decrease in entropy for the transformation.
The cyclic tetrayne (XI, n = 3) can be considered as a
oyclohexane molecule in which two opposite bonds have been
greatly slongated by the insemtion of an a-diyne group.
Consequently (XI, n = 3) could exist either in the chair or
boat form, and now that the normal 1l:4 interaction in the
oyelohexane boat form is impossible, it is of interest to
establish the preferred conformation. ZX-ray eviden%g has
indicated that in the crystal, (XI, n = 3) has a centre of
symmetry, and so must exist in the chair form. Considering

% s
'CH, G=GO=CCH, CH,, C=CC=ECHp
CHgCECC'EGCHa\ / C=CC=CCHgp
Cig

chair boat



the staggering of the hydrogen atoms in "Catalin® models
of both forms, it can be seen that the chair form is likely

to be the more stable conformation.

Production of Symmetrical Maoroocycles

The formakion of these poly-ynes appsars to be one of
the few reactions in which two or more molecules of a
symmetrical difunctional compound condense at both ends to
glve a carboeyclic large ring. Other examples of this
type of reaction are :-
a) Pyrolysis of heavy metal salts of aliphatic a:w=-

139-142
dicarboxylic acids, where M can be a heavy metal such as

[ | 60
N ] | |
(cl:az)yn-—)(cﬂa)n co + (GHp), (0p)_
C0.0 l co 1

thorium or ytitrium.

b) Treatment of the corresponding dinitrile with the sodium

-CHON CHON
T umwe | HpS0y | | l
(CHp), — (CHglpy | — (GHplp ‘ —(CH,), CO

éﬂ C=NH co

P tNa ?N NH

H
— €O
l e l ) 2 stages ( l ) ( ] )
(CBg)p.,  (CGHglpy ———> (GHg)) Cis)p
l H,SO [ [
c— CH—-l 874 (ofe]

th )
NHE CN
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-144
or lithium salt of an aliphatic/aromatic secondary ami3

under high-dilntion conditions.

¢) Dimerisation of the diketene, from the action of a

CoCl CH=C=0 'GH-G=0
| NEtz | I hydrol. ' l

(CEy), — (CHy),,op = (GH, )nz“ I b (), Co

cocl CH=C=0 l——-.cn w00 | 7 |

e

CH=C—CH CO—-
r__‘ l hydrol. l l
(CE,) o (0y), o —— (clmz)n (Tnz)n

?H—-G:CH 2 co

CO-$

tertiary amine on the diacid chlorid%%5 14 All these
reactions lead to macrooyclic diketones derived from two
molecules of the starting material, in addition to oyelio
monomeric ketones.

d) Also in this category is the acyloin condensation of

D Na

COOEtz)cufnoH
--H

COOBt

seueva\ec'ms



dlethyl hexahydrophthalate to produce what is probably an
eight-membered di-acyloi%?

e) The reasotion of certain terminal dibromoalkylbenzenes
with sodium or lithium phenyl has given large-ring

CH,_.Br
(CHEz)p

(cay),,
CH, Br

and other produota

CHpBr @— ‘%’z—@
_um (@),

(CHg)p | (CHy ),

Ot BT ("Ha )a‘©

and polymeric products

; - 148-155
hydrocarbons ;pnerporating phenyl groups.




Hydration
Potentially ons of the most interesting reactions

of these large-ring poly-ynes is the hydration of the
acetylenic and diacetylenic systems, possibly in a
transannular fashion. As very little work had bsen
156-%38 .
reported on the hydration of simple a-diynes, the
4

hydration of (XX) and (XXI? was undertaken. These
compounds werse prepared from the readily avallable

159-161
but-3-yn-1-0l, Both (XX) and (XXI) were found to be

HO(CHg ) ,C=CC=C(CHp)OH  CH5CO0(CH,, ) ,C=CC=C(CHp )g0C0CH,,
(XX) (XXT)

resistant to hydration, the material being recovered
unchanged after treatment with mercury resin in acetic
acid%szAn indirect method, addition of mercuric acetate,

wes tried, a method which has been used to accomplish the

163-165 16>
hydration of monoacetylenes. The reaction is said to
HgOAc
Hefdo) | Hy0
RCE=CR! ———» RC=CR' —— BGHECOR'
Hp0 | HCl
OHgOAc
for example 1) H‘g(OAc)2
= 3
HC-O(CEz)BCOOH 2) HoL > CH5CO(CH2)BGOOH

proceed through the unsaturated di- or (in the above
example) triacetoxymsrcuri-derivative, to the ketone.



=Bl

Hg0.C0CH,,
GHSCO.OH8—$==C-(CH2)BCOOH
0-Hg0.COCHz
This method was applied to the diol (XX), giving an oil
which did not crystallise, even after acetylation, and
which showed broad carbonyl absorption in the infrared
spectrum. The diacetate (XXI), on submission to the same
treatment gave an oil exhibiting hydroxyl and carbonyl
absorption in the infrared. Since this reaction with
mercuric acetate has been reportedlgg be irregular for
some compounds, the method was then tried on the simple
hydrocarbons phenylacetylene (III) and diphenyldiacetylene
(Xv). (III) gave acetophenone as expected. (IV), whioch
OHgO.COCHz
PhC=CH w Ph('J:: C-Hg0.COCH ~—H§i—) PhCOCH

| HC1
(III) Hg0. COCH,,

3

resisted attack by treatmeht with merocury resin in acetic
acid, gave a mixture of PhCOCH,COCH,PA°fce.50%), idenfified
as the copper enolat%?sand 2:5-diphenylfur%gv(in small
yield), together with soms colourless amorphous material
m.p. 130-145°, which was not further characterised. After
this work had beeh carried out, Russian pape%gsappeared,
containing a description of hyd@ration experiments on (IV),
using a mercuric sulphate catalyst. The products isolated
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were the sams as in the above case.

The merocuric acetate method of hydration is worthy
of apblioation to other cases, as it seems to hydrate all
the C=C content present, whereas meresury resin apparently

has little effect on the resonance-stabilised a-diyne unit.



PART I

SECTION IIX

CONJUGATED MACROCYCLIC SYSTRMS




DISCUSSION
The extension of the oxidative coupling of ethynyl
compounds to reaction in organic medium has made feasible

the synthesis of novel conjugated cyclic systems.

s Q
6=00=0 dff’ Q
o
&4 Q
W\

(XX11) ‘
C=CC=C

(XIII)

The structures (XXII) and (XXIII) were deemed likely
$0 be reasonably stable, and to offer some hope of
successful synthesis. They should be planar, rigid,
strainless systems, and one might conceive of some measure
of conjugation round the ring. Also the availability of
electrons might allow of complexing a metal lon within the
moleoule. The properties,e.g., light absorption, were
expected to be of interest, and reactions such as hydration
and hydrogenation seem worthy of investigation, with the

possibility of transannular reaction.
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Attempted Synthesis of Macrocycle (XXII)

The starting meterial required for the proposed
macrocycle is l:8-diethynylnaphthalene, (XXIV). Several

CztH  C=CH

(Xx1V)

routes to this compound were suggested, and those
considered most feasible are detailed in fig. 6. Compounds
(XX¥), (XXVI), and (XXVII) were considered to be possible

chH CH20H
Com. oM. ii CHO My
(XXV) (XXVT1) (XXVII)

intermediates. The diene (XXVIII) was the primcipal
objective, as there seemed reasonable hope of its conversion
%0 the diyne (XXIV). (XXV) was obiained by the following
established route. o o

| I| 171

0
K20r207/A00&Z Grignard 5
30% 55%

"HO HO
l 172
Jﬁ? Pb(0A°)4
trans —-—-—-————-—",'
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Synthesis of (XXVII) suggested a parallel with the route
of Halford and Weissmaf fo the diene (XXIX)l’&utlined
later. The proposed route to (XXVII) is shown in fig.7.
This route was only taken as far as the bromid%7?XXXII),
as it proved to be extremely tedious, requiring large
amounts of (XXX), the yields quoted in the literatu%z6not
being achieved. Time did not permit of carrying the
schems through to the diol (XXVII), and the route was
abandoned. The most promising route appeared to be the

one shown below. However the dialdehyde (XXVI), when

" " CHO  CHO
7 177 Y o 172
AgOAc /I, AN PboAc),
1a% 7 58%
(XXXIII) (XXVI)

submitted to the Witt%gsreaotion,gave no trace of the
expected unsaturated hydrocarbon (XXVIII), the sole
product being a phosphorus-containing liquid which was
not further characterised, No attempt was made to convert
(XXV) to the compounds proposed in the aforementioned
route, and work on these l:8-naphthalenes was abandoned,
in view of the facility with which intra-molecular side-~
reactions occurred. The general chemistry of these

1:8-naphthalenss has not yet been subjected to extensive



investigation, and the evidence that is available indicates
that the chemistry of such molecules is extremely complex,
steric effects causing much hindrance to the normal
reactions of the functional groups. Attention was therefore
turned to systems which would be less susceptible to this
$ype of behaviour, in particular the o-disubstituted
benzene series, of whioch o-diethynylbenzene (XXXIX) is the

- obvious starting material for the proposed synthesis of
(XXIII).



_Synthesis of Macrocycle (XXTII)

For the synthesis of the second proposed maorocycle,
several routes ocame under consideration. o-Diethynylbenzene
(XXXIX) hes been prepared by Deluohat}qgooording to the
following method. Deluchat reported that attempts to

CHOH. GHS -Hzo CH=CH2 231‘2
CHOH. GH3 GH:CHz
(XXIX)
CHBrCHpBr NaOBt C=CH c=
— + (XIVIII)
CHBrCHg Br C=CH CBr=CH 2
(XXXVIII) (XXIX) ~
CBr=CH
+ 2
CBr=CE[2
(XIVII)

d;hyﬁrobrominate (XXXVIII) with potassium hydroxide (So0lid)
gave naphthalenic produocts. The final route seleoted in
thié work was from the diens (XXIX) by bromination'and
dehydrobromination rather than by exhaustive methylation
and deamination of a substituted tetrahydro-isoquinoline,

Q0

(XXIX)
or possible ethynylation using lithium acetylide on
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o-dibromobenzene. The route to the diene (XXIX) was that
of Halford and wbissm%Z? ad juged preferable to that of
Deluohat}vﬁnd gave comparable results in our hands, (see
fig.8). The diene (XXIX), reported as showing no tendency
%0 polymerise at room temperature, set to & colourless
glass after four weeks at room temperature, affording a
25% recovery of dienms on distillation, and a residual
brittle, yellow polymer. (XXIX) gave the tetrabromide
(XXXVIII) on treatmsnt with bromine in carbon tetrachloride
l'M‘). Only one
orystalline bromide was isolated (73%), although two

(preferred to Brs/ether - Deluchat

/H - BV
c—R cl—R
Y \a
-~ ‘-‘ P - - 23
c R c— g Rz mo
N B. N By
Mmeso Si"‘l Yam['(«

compounds are ﬁossible, the meso and the d,l-racemate.
Possibly the trans- bromination of the first olefinic bond
exerts some stereochemical control over the addition of
the second mole of bromine to the remaining olefinic bond.
Deluchat also report%vgnly one bromide. However,
iaohrymatory oils were’also produced, from which could be
isolated further small quantities of (XXXVIII).
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Dehydrobromination
Attempted dehydrdbromination of the tetrabromide

-1
(EXXVIII) with sodamide in ligquid amm%gga nge a mixture

of two hydrocarbons, subsequently shown to be (XXXIX) and

(XI.). The axistance of shsarbhtion at 995em=tana glscmf}

(XI.). The existence of absorption at 995cm;-and 915om:}

- of

and of C=C stretch at laaocm.} in the infrared spectrum of
the distillate indicated the presence of appreciable

amounts of the CH—CH grouping. When the product was

C=CH cn-cna CH=CH
C=CH <i:::jj$-c E
HpC=CH

(XXXIX) (XLI)

coupled in high-dilution by the action of ocupric ion, the
only identifiable crystalline product was (XLI), isolated
in zo-so% yield after chromatographic treatment. Proof of
this strﬁcture followed from the analytical, molecular
weight, and light absorption data. Furthermore, catalytie
hydrogenation of (XLI) gave the fully saturated hydrocarbon
(X1LI1I), infrared absorption at 137805} proving the presence
ofAthe expected C-methyl group. Attempts to separate the

Ev
cuz@ (xL1)
Er
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mixture of (XXXIX) and (XL) into its two constituents by
chromatography resulted in only partial separation, the
earlier fractions enriched in the diyme (XXXIX), the later
fractions in the ene-yne (XL). Addition of bromine was
found to lack specificity. Treatment with potassium
merouri 1odide}81 -182 KéHgI4, gave the insoluble polymsric
meroury salt of (XXXIX), and (XLIII), the orystalline,

benzene-soluble mercury salt of (XL). "The polymerioc

CH=CH,
(XLITI) C=C-Hg-C=C m.p. 115°
Hzc:

merocury salb, however, could not be satisfactorily

regenerated to the parent ethynyl compound, as it proved

unexpectedly unreactive to alkaline potassium oyani%'}
The ultraviolet spectrum of (XLI) shows a fairly

1
close correlation with that of diphenyldiace}yiene (Iv),
close correlation with that of diphenyldiacetyiene (Iv),

both spectra showing the regular spacing of peaks the
25,71,132,133
eharaoteristic of the diP‘ggyégoly-ynessn_v““w ‘u‘_“g‘ EE?O

]y WUT U
the longer wavelengths, an effect which 1is repeated in the

spectrum of the mercury derivative (XIIII), when compared

with the spectrum of the meroury derivative of phenyl-
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acetylene (LII).

Ieandri and Tundolggncluded from an investigation of
the ultraviolet spectira of mercury-substituted compounds,
that the transitions in the diaryl mercury compounds, when
compared with those of the parent aryls, exhibited an
intensification and a shift to longer wavelengths. The
curves of benzene and diphenylmercury are reproduced in
fig.9, for comparison with the curve for phenylaoetyle%Q?
and that of the mercury derivative. The similar
intensification of the first transition, and the shift to
longer wavelengths are clearly demonstrated for the
acetylenic series, while the seconmd transition appears to
be swamped by the high-intensity absorption of the first.

Cases of anomalous reaction of sodamide in liquid
ammonia have been reported].'ss-l86 Attempted dehydro-
bromination of the furan derivative (XIIV) ga%gsthe

required monobromo compound (XLV), together with muoch

By Bv Gy
NhCVJ(\~c>:§;\OHh mAB"\\(B/ji;cnne nuo’/Zi\¢3/QX\\cnne

(XLIV) (XXV) (XTVT)
olefinic, bromine-free material, identified as (XLVI).
Also Bourguellevshowad that the action of sodamide,
suspended in toluene/petrol, on a :a~-dibromoethylbenzene

gave styrens, as well as phenylacetylene and much solid



1

CBr,CH,

product, the latter probably resulting from condensation
following previous elimination of bromine asoms from

different molecules. Since styrene dibromide is

CHBrCHpBr  NeMH,/liq.NH, C=CH
T 64t >

dehydrobrominated normally}7g l:4-elimination is postulated
in our case rather than a l:2-elimination. The benzylic
nature of the two a-situated bromine atoms is thought to

cause the elimination postulated bslow, re-aromatisation

éz?v " _
C—CH,Bv
_H —_—> -+NH23r+-Br
NH; 87 | —
H™ shift CH=CHBr =ZHBr C=CH
> —_—
aromatisation GﬁchZBr GH=CHé
(xV)

providing the driving force for the rearrangement (accom-
panied by a hydride shift) of the unstable intermediate.
A more detailed study was undertaken, using a two-stage
removal of hydrogen bromide. Under mild conditions,
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188
sodium ethoxide was found to be satisfactory in effecting
the removal of the first mole of hydrogen bromide. This
was studied with both styrene dibromide and (XXXVIII).

~~ “CHBr.CHyBr NaOEt(KOtBu) - CBr=CH,

a) l ) 2
N 94% NN
a=bromostyrene
N - l CHBr.CH,Br NaOEt(KOtBu) CBr=CH,
N CHBr. CHpBr 036 CBr=CH,
(XXXVIII) (XTVII)

Potassium t-butoxide was later used in these studies, as
it offered less likelihood of replacement reactions. The
yielda are almost theoretical when the two solutions in
hot t-butanol were mixed. It was thought that the sevond
stage, removal of the remaining mole or moles of hydrogen
bromide,would be sffected by further treatment with
potassium t-butoxide, or by sodamide in liquid am%ggi%?o
since the anomalous reaction would not occur, the bromine
gtoms of (XLVII), attached to an unsaturated carbon atom,
no longer having their benzylic character. With o=
bromostyrene and sodamide in liquid ammonia, the expected

reaction afforded phenylacetylene in reasonable yield,

CBr=CH,  NaNH,/liq,NH, C=CH
45%

S

together with solid, presumably polymeric, residue.
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Howevey, in the case of (XLVII), the expected diyne was
obtained in only 10% yield, being accompanied by a large

polymeric brown residue, insoluble in either aqueous or

CBr=Gﬁé NaNHg/liq.NHs C=CH
> + polymer
CBr=GHz 10% C=CH
(XLvII) (XXXIX)

organic phase. Treatment of both a-bromostyrene and

(XLVII) with potassium t-butoxide by mixing hot solutions
of the reagents produced, in each case, mixtures of the
required ethynyl compound and unchanged starting material,
as determined by refractive index and infrared measurements.

Continued refluxing with excess potassium t-butoxide,

o ‘ CHBr. CHgBr

NS CHBr.CHpBr xs KOtBu
(XVIII) CsCH  Bromine-
C=CH

+ containing
CBr=CHg residues

CBr=GHz xs KOtBu
(XLVII)
however, achieved fairly complete elimination. The
di-enebromide (XLVII) has strong absorption in the infrared
at 940cm.L and 90lom.~, as well as C=C stretoh at 1610cm}+
On prolonged treatment with potassium t-butoxide the

reaction product showed. little absorption at 901cm7}
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indicating removal of the GBr=CH2 grouplng, although C=C
stretch absorption in the infrared and refractive index
measurements indicated incomplete dehydrobromination. This
is believed to be due to elimination of hydrogen bromide
from (XXXVIII) to give the CH=CHBr grouping as impurity.

CHBrCHgBr 2KDtBu Br*GH CBr=CH2

CHBrCHzBr CH=CHBr

(XXXVIII) (ALVII) (XLIX)
This grouping has no absorption ab QOOcm:l(cf. infrared
spectrum of B-bromostyrene) and the irregular elimination
could be explained by the bulky t-butoxide ion "picking off"
an outer @-hydrogen atom. Consideration of "Catalin®
models of (XXXVIII) indicates that severe hindrance to
access to the inner a~hydrogen atoms is present in certain
conformations, and supports the latter possibility. The
configuretion of the B~enebromide group is thought to be
trens. In the infrared spectrum, & band at 95Lomsl is

-1

present as & shoulder on the main absorption at 94lom.™ and

might be asoribed to & trens double bond. The shift from

the normal frequency (9650m:l) could be attributed to

-1

the influence of the main absorption band at 94lem.™, and

to the effect of the bromine atom on the trans double bond.

e= C'//

5”7 Ner



This postulation is favoured by the fact that the grouping
survives the CBr=Cﬁz in dehydrobromination. This would

be expected as in the above molecule, only cis-elimination
of hydrogen bromide is podsible from the trans-g-ene-

bromide grouping. Trans-elimination is Kknowg 320

proceed
mach more rapidly than cis, which requires a two-stage
mschanism for its explanation.
;>c= (I; Rl R~c=c<§; —» R-CZC-EH

The diyne (XXXIX) may be prepared from either (XLV¥II)
or (XXXVIII) by the action of potassium tébutoxide in
t-butanol, the high§;§‘yield obteained direct from a single
operation being 55% of pure distilled material. Recent
worklg% these laboratories using potassium t-butoxide in
benzene has raised the yield to 60%. Higher-bolling
fractions appear to be a mixture of (XEVII) and the more
unsaturated (XLVIII), reported by Deluchat%74 The reaction
has the advantage that, if incomplete, the recovered
product may be recycled with further quantities of the
reagent until physical measurements indicate complete
dehydrobromination. O-Diethynylbenzene(XXXIX), identified
by Deluchat by analysis‘of the silver salt, possesses a

characteristic series of aromatic absorption bands in the
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in the infrared, and the ultraviolet spectrum resembles
that of phenylacetylene, although of higher intensity.

The diyne is less stable than phenylacetylens, and
discolours on standing. It absorbéﬁ&bur moles of hydrogen
to give o-diethylbenzene, identified by infrared evidence

and refractive index measurements.

Oxidative Coupling of O-Diethynylbenzene.

The pure diyne (XXXIX) was oxidatively coupled by
the ocupric acetate:pyridine:methanol reagent, employing
high~dilution conditions, and the reaction product was an
olly solid which could be chromatographed on alumina in
benzene to give a lemon-yellow solid (31%) as needles.
This compound is believe?%;o be the desii'ad substance
(XXI1I), on the basis of its mode of preparatfon, its
light absorptéon, analytical and molecular weight
measurements, and its properties in general.

Although only one structure appears feasible from
the product of the oxidative coupling of (XXXIX), i.e.,
trimerisation to give (XXIII), there exists the possibility
of the formatiom of a cyelic dimsr or cyclic polymer, or
a linear polymer of unlimited chain length. A study of
nCatalin™models of the possible cyoclic products indicates
the likelihood of the formation of the strainless, rigid



trimer,

% rather than any of the other severely
strained cyclic possibilities, but the formation of the
linear polymer cannot be discounted. Attempts to establish
the structure of the substance are hampered by the
instability of the compound, while the possible formation
of ene-yne in the oxidative coupling might complicate the
identification of the product.

General Properties The substance is very speedily oxidised

in 1light or air to a black powdery solid, and decomposes
in a metter of a few hours at room temperature in the
absence of light and air (107#u.). It can be stored at
-10° for several weeks without appreciable decomposition,
but explodes on heating to 809 or on grinding. It
erystallised from benzene or ether in concentrated solution
as fine yellow needles, although slow svaporation of
solvent gave rise to extremely long, hair-like cryatals,

on several occasions.

Molecular Weight by X-ray Measurements It is at present

being investigated by x-ray crystallographic methods, which
have given the unit csll maasuremants}ggnd assuming two
moles in the unit cell, very satisfactory values were
obtained for the molecular weight from corystals grown from
ether and dioxane, the unit cell having been shown to be

identisal for orystals grown from benzene, ether, and
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dioxane. The molecular weight calculated for a erystal
grown from benzene solution indicaded the inclusion of one
mole of benzene in the unit cell, and detection and
quantitative estimation of this benzene were performed

by co-distillation with dioxane, followsd by determination
of the benzene content of the distillate by intensity
measurements in the ultraviolet (245-265 qp).

The method of immediate freezing of the dioxane
solution, thus preventing the benzene from entering the
unit cell of the solute, followed by evacuation and
distillation of the solid solvent in a vacuum-line system,
appears to be a practicable and accurate method of
estimation of solvent of crystallisation. It may be
worthy of application with respect to other systems, e.g.,
the well—known inclusion of the chloroform molecule in
the unit cells of crystalline steroids.

Analytical Data Analytical data satisfied the formulation

2C..H ,CH_ for the unit cell of crystals incorporating
30712” 66

benzene in their structure.

Light Absorption The infrared spectrum exhibited a series

of bands dus to the aromatic nucleus almost identical

with that of o-diethynylbenzene. The G=C stretching
frequency was present as two prominent bands (2215, 2134dﬁ§)
suggesting that the high conjugation encountefed‘in this

molecule does not appreciably alter the positions &f the
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of the bands. Absence of ethynyl absorption (ca. B300cir

)
favoured the cyclic structure, as a very long-chain
polymsr would be required to render the absorption
undetectable. The ultraviolet spectrum in hexane contains
three transitlons, with the principal series of bands
-1

exhibiting the regular spacing (ca. 2200cm. ) characteristic

25,71,132,133 . .
of the diphenylpoly-yhes, tBe principal maximum having an
intensity of 234,000.

Nuclear Macnetic Resonance Spectrum The spectrum was run

6n a very dilute solution, and the result%ggre of little
significance. Decomposition of the sample was suspected.
It 1s hoped to repeat the investigation with a pure sample,
and possibly with hydrogenated derivatives of (XXIII).
Complex Formation with Trinitrofluorenone (XXIIT) was

195- 197
found to form a crystalline complex with trinitrofluorenone

(Pr.N.F.), stable after storage for one year. Diacetylenic
linksges appear to be anable to complex with T.N.F., in
view of the inability of the following a~diynes to

give stable complexes. Complexes were pbtained, however,

CHgz(CHjp ) ;C=CC=C(CHp )CH,  ACO(CHy )G=CC=C(CHp ) Oso
(L) (Xx1) ‘

from diphenyldiacetylene (IV), tolene (LI), and (XXIII),
although not with the mercury derivative of phenylacetylene
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(LII). The aromatic nucleus appears necessary for complex

PhC=CC=CPh PhC=CPh PhCzC-Hg-C=CPh
(IV) (LI) (LI1)

197
wman).

formation with T.N.F. (ef. the work of Orchiﬁsgnd Ne
In the case of (LII), the mercury atom will prevent
complete conjugation between the two rings, with consequent
inability of the compound to form & stable complex with
T.N.F., Since none of the above acetylenic cpmpounds forms
a complex with hexanitrosobenzene (H.N.B.), while aromatic
compounds readily oompl%g? the diacetylenic system may

be presumed to have a negative effect in this type of
complexing. In the case of (XXIII), analytical data of
what appears to be a pure, single corystalline compound
suggest a ratio of 1.5 moles of T .K.F,, the first such
ratio reported, and from the rigid triangular shape of

the structure postulated for (XXIII), a geometrical
explanation of the unusual ratio is possible.

X~-Ray Determination of Structure Further x-ray

orystallographic studies have indicated that the cyclic
trimer cannot be fitted into the unit cell, although no
oyclic alternative can do so. A polymeric chain sbructure
was considered more likely to fit the avallable data.

It is hoped that further measurements on (XXIIT) end its




hydrogenated derivatives will clarify the present situation.
Hydrogenation of (XXTII)

Hydrogenation of the yellow poly-yne in ethyl acetate
over Adams' platinum catalyst took place fairly slowly,
with almost theoretical uptake of hydrogen. - The resultant
oil was with difficulty induced to crystallise, affording
a very low yield (ca. 1%) of crystalline material m.p. 136~
138°. The consitution of this hydrocarbom has been
formulated as (LIII), on the basis of its light absorption,
molecular weight, and analytical data. The infrared

} and

spectrum of (LIII) has no C-methyl band at 1376cm.
the ultraviolet spectrum has maxima identical with that of
tetral*ﬁ? which also contains four methylene groups per

aromatic ring. The low yield of crystallina hydroocarbon

(et (e,

(LIII) (LIV)




-90~

is thought to be due to partial condensation across the
ring system, leading eventually to the polycycliec
hydrocarbon (LIV¥). MNore recent work in these laborato%g%s
has produced hydrocarbons from the poly-yne (XXIII) by
primary reduction with excess sodium in liquid ammonia,
followed by hydrogenation to complete uptake of hydrogen.
In this way two hydrocarbons have been isolated, a high-
melting compound m.p. 230-231° (3% from the diyme (XXIX)|,
and a lower-mslting hydrocarbon m.p. 120-122° [}5% from
the diyne (XXXIXX]. Analyses of these hydrocarbons show
the presence of ca. 2 new rings, as neither light
absorption data nor tetranitromsthane tests reveal the
presence of double bonds. Consequently the trangannular
hydrogenation postulate appears well founded. Light
absbrption data of both compounds show maxi;& identical
with these of tetralin although the intensities are much
above the original values for (LIII). Although mass
spectrogpaphic determination of molecular weight gave
results of little significance with (LIII), application to
both of these new hydrocarbons has given values for the
molecular weights of 398t5, in close agreement with the
theoretical 390-396, according %o the number of rings
introduced by the reduction. No trace of Cemethyl
absorption was found in the infrared spectrum of either
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compound.

The above evidence, when summarised, appears to
favour the cyclic nature of the compound, and that its
stypucture is that of the cyclic trimer. It is hpped that
further physical determinations will clarify the situation,
and thet future hydrogenation and hydration studies will

provide corroborative evidence.



PART 1




=03

GENERAL
Melting points were determined on & Kofler Block and

are corrected,

The petrol referred to is the lighds petroleum fraction
of b.p. 40-80°.

Sublimations were carried out at 10"%m. on the Towers'

meroury vapour apparatus.

The alumina used for chromatography was "Brockman®
grade ¥V, unless otherwise stated.

The ultraviolet spectra were determined on a Unicam
S.P.500 spectrbhotomster, and , in one case, om a Cary

automatioc recdrding spsctrophotometer,

Infrared absorption meassuremsnts were made on a
Perkin Elmer model 13, double beam spectrophotometer,
using a rock salt prism, as a nujol mull, unless a solvent
is specified. For mors accurate measuremsnts, a Unicam
S.P. 100 spectrophotometer, with a sodium chloride prism,

was employed, with carbon tetrachloride as solvent.
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SECTION I

Oxidative Coupling in Agueocus Phasgs - Dimethylethynyl-

earbinol (5g.) was added with stirring to a solution of
cupric sulphate (12.5g.), sodium acetate (34g.), acetiec
acid (1.5g.) and cuprous chloride (0O.8g.) in water (500ml.).
When the blue solution was heated on the steam-bath, the
colour changed to green after ten minutes, and later a
yellow solid precipitated, deepening in colour on standing.
After thirty minutes at 70°, the final colour of the
precipitate was red, with a grey-green supgrnatant liquor.
The solution was allowed to cool overnight, the pH having
remained constant at 5.5 throughout the reaction. On
filtration, the red cuprous derivative of the carbinol

was obtained (3.3g., 36%), and upon ether extraction of the
filtrate, the crystalline diol, 2:7-dimethylocta-3:5-
diyna~2:7-diolloo(2.9g., 58%) as needles on recrystallisabion
from ether:petrol, m.p. 130-131° ( 1lit. 132°). Repetition
of the experiment, including pyridine (25ml.) as a
complexing agent for the cupric ion, did not affect the
yield.

Cupric Acetate - Anhydrous cupric acetate was prepared

in elmost quantitative yield by the method of Spath >

Oxidative Guupling Using Minimum Amount of Water. =

Dimethylethynyloarbinol(0.25g.) was dissolved in a solution
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of oupric acetate (0.5g.), sodium acetate (lg,), and water
(2-3ml.) in ethanol (30ml.). A trace of cuprous chloride
was added to the bright blue solution, and the solution
changed colour to greem on heating on the steam-bath,
finally turning reddish-brown after twenty minutes' heating.
On working up by removal of the main bulk of the solvent,
followed by addition of water, and ether extraction, the
2:7-dimethylocta-3:5-diyne-2:7-diol was obtained (0.15g.,
60%) .

Oxidative Coupling with Omission of the Buffering Agent.

~Dimethylethynylcarbinol (0.5g.) was dissolved in a
solution of cupric acetate (1.,2g.) in water (30ml.), with
a trace of cuprous chloride. The solution was heated on
the steam-bath, turning green after a few minutes, and
finally precipitating the red cuprous derivative. On
extraction of the filtrate, 2:7-dimsthylocta-3:5~-diyne-
2:7-diol (I) was obtained (0.24g.,48%). Repetition with
cupric sulphate replacing the cupric acetate failed to
achieve any reaction.

Oxidative Coupling in Organic Phase with Omission of
the Cuprous Salt Catalyst. - Dimethylethynylcarbinol (II)

(0.5g.) was dissolved in a solution of cupric acetate (1lg.)
in pyridine (50ml,) and the solution heated on the steam-
bath, A green colour developed almost immedietely, and



after twenty minutes the solution was removed from the
steam-bath and allowed to cool. On standing, the solution
regained the original blue colour. Working up by
acidification and ether extraction yielded the diol (I)
(0.39g., 768%). Repetition of the above in aqueous phase
gave similar results, but in lower yield, precipitation of
the cuprous derivative teking place.

Oxidative Coupling of a Cuprous Derivative - The

cuprous derivative (lg.) of phenylacetylene, prepared by
heating the hydrocarbon with agueous cupric acetate
solution, was dissolved in pyridine (60ml.) and added to
excess cupric acetate (2g.) in pyridine (60ml.). The
colour changed to green, and the solution was heated for
a totel of twenty minutes on the steam-bath. After working
up by acidificatidn and ether extraction, diphenyldi-
acetylene (IV) (0.35g., 70%) was obtained as large prisms
m.p. (ag. EtH) 84-86" (1it.= 88°)

Conditions of Coupling - The various reagenta and

conditions are summarised below, in table IV.



Table IV - /
Bsagent .. Solwvent ' Results
cupric - 1; water All achiseve satisfactory coupling. !
acetate 2) ethanol i
3) dioxane Pyridine:methanol is the best |
4) pyridine

solvent as cupric acetate readily !

dissolves, and the cuprous

derivative seldom precipitates.
cupric pyridine: Satisfactory coupling achieved.
benzoate ether

Removal of benzoic acid from

the product is necessary.
cupric benzene: Satisfactory coupling achieved,
butyrate ethanol :

Disadvantages are the smell and

the need for removal of the

butyric acid.
cupfic ; pyridine: Satisfactory coupling achieved.,
stearate ether

Necessity of removal of stearic

acid constitutes a disadvantage.
euprie benzense Satisfactory coupling achieved.
naphthenate ‘

Hydrocarbons contaminate the

product and are difficult to

remove.
cupriec water Satisfactory coupling achieved.
sulphate

Disadvantages are the necessity
for buffer solution and the
partial precipitation of the

cuprous derivative.
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Reagent Solvent Results

cupric 1) waker Both couplings were successful.
chloride 2) pyridine B
Disadventages are the necessity
for a buffer solution,
precipitation of the cuprous
derivative, and low solubility
of the reagent in pyridine.
(I1) gave very poor yields of

() with this reagent.

cupric pyridine: Both attempted couplings were

salicylate methanol
unsuccessful. Cupriec ion too

cuprioc salt ethylens~
of diamine strongly complexed?

ethylene-

diamine

ferric pyridine Both were unsuccessful.
acetate

ferric .. - water
nitrate

cobaltic pyridine No evidence of coupling
acetate

observed in any of these ocases.

cobaltic water
chloride

cobalt benzens
naphthenate




-99-

Optimum Conditions for Oxidative Coupling in Organic

Phase - (II) (0.4g.) was added to a solution of oupric i
acetate (2g.) in pyridine:methanol :ether (200ml.).

On refluxing the solution on the steam~bath, an immediate
colour change to green was notised, and after twenty

minutes, the final colour was blue-green. After removal

of the main bulk of solvent, followed by acidification and
ether extraction, (I) was obtained (0.35g., 88%).

Repetition in ethanol proved almost as successful.

Catalytic Oxidative Coupling. - (II) (0.8g.) was added

to0 a solution of cupric acetate (0.0lg.) in pyridine (1l0Oml.),
methanol (10ml.), and ether (30ml.). The solution was
reftuxed with passage of oxygen, turning green on removal

of the oxygen supply, and regaining the blue colour on
reconnecting the supply. The solution was refluxed in this
way for seven hours, then left overnight, numerous colour
chenges, and reverse colour changes having been brought
about. On acidification and ether extraction, (I) (0.65g.,
8l%) was obtained.
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SECTEON II

Sebacoyl Chlorid® sebacic acid (60g.) end thionyl
chloride (60ml,) were mixed in a 250ml. r. b. flask fitted

with a reflux condenser protected by a silica drying tube.
The mixture was refluxed for an hour on the steam-bath,
then excess thionly chloride was removed by evaporation
at reduced pressure, leéving a yellow liquid (68.7g., 98%%.
Acidioc absorption was absent from the infrared spectrum,
and on distillation in vacuo, sebacoyl chloride was
obtained as a colourless oil b.p. 128-134°/0.3 mm.
Dibut-3-yn-1l-0l sebacate - To a mschanically stirred

solution of sebacoyl chloride (13.3g.) in dry ether (150ml.)

was added but-3-yn-l-ol (8g.), then pyridine (1l0.5g.) was
added dropwise. The resulting precipitate was filtered off,
and the neutral filtrate evaporated down to yield a
ecolourless orystalline solid (17g.). Acid absorption

being detected in the infrared spectrum, the product was
dissolved in ether and passed over an alumina column. The
produot was recovered from the eluate (1llg., 61%}, as large
colourless, plétes m.p. 65-65.55 ¥g=0 1745emT™l. (Found ;

C, 70.5; H, 8.4; Cls'Hzeo4 requires C, 70.6; H, 8.5%).
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Gensral Method for Cyclisation Using the High-Dilution

Technique - The high-dilution apparatus employs & source
of oupric lon in a refluxing solvent (ether:methanol:
pyridine), which provides the diluent for the starting
material. Three factors influence the msasure of
successful dilution achieved:-

a) rate of refluxing of solvent

b) rate of addition of diethynyl compound

o) speed of coupling of diethynyl compound.

The diethynyl compound in ether or ether:methanol (100-200
ml,) was added dropwise over four to ten hours to a
refluxing solution of the cupric acetate reagent in
pyridine:methanol:ether (300-600ml.), as shown in fig.l1l2.
The ether proportion was adjusted to give a satidfactory
rate of reflux, yet not to cause any undesired precipitation
of salts from the solution. The solution was refluxed for
a further shorter pertod after completion of addition
before working up by removal of the main bulk of solvent,
followed by acidification and ether extraction. In the
case of diethynyl compounds which were slow to couple, the
procedure was modified, and is exemplified in the later

preparabion of gyclotetradeca-l:3-diyne.
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Cyeclic Ester of Sebacic Acid and Octa-3:5-diyne-1:8-

diol, (XTV) end the Cyclic Diester (XV).-

a) Dibut-3~-yn-1l-yl sebacate (lg.) was added in ether:
pyridine (100ml.) over four hours to a refluming solution
of cupric acetate (3g.) in ether:pyridine (500ml.). The
solution was refluxed for a further hour, then the green
solution was evaporated to smaller volume, acidified at 0°,
and ether extracted. On evaporation of the neutral ether
extract a brown oil was obtained, crystallising on standing
to a mass off needles. After chromatographic treatment in
benzene over alumina (30g.), the pure cyeclic monomer (XIV)
was obtained from the benzene and benzene:ether eluates as
ecolourless flat meedles (0.47g., 47%) m.p. 55—560, (Found :
C, 71.2; H, 7.9; M (Rast), 334; Cléga4°4 requires C, '71.1;l
H, 7.9%; M, 304). Light absorption - ¥ 2256, 2150, 1742cm.,
Am&ax. 526, 238, and 254mp (e 680, $80, and 220 respectively).
Ether elution afforded only microscopic amounts of the

dimer (XV).

The pure cyclic monomer (XIV) (0.205g.) was hydrogenated
over Adems' platinum eatalyst (in ethyl acetate) and

ebsorbed 57ml. (theory 60ml.) in ten minutes, whersupon

absorption ceased.
b) Coupling in lower dilution afforded a colourless solid,

extractable with hot petrol, from which it erystallised

in prisms (9%). On chromatography in benzene over alumina,
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followed by repeated recrystallisation from petrol, the
pure cyolic dimer (XV) was obtained (2%} m.p. 109-110°.

- Light absorption : Amax. 225, 240, and 254mp (e 830, 750,
and 380 respectively), infrared spectrum similar to that
of (XIV), (Found : C, 71.0; H, 8.0; M(Rast), 653;
0'3554808 requires C, 71.1; H, 7.9%; M, 608).

¢) Repeated use of this method of high-dilution coupling
employing very slow addition has increasgglthe yield to
63% of pure monomer.

Aqueous Phase Coupling of Dibut-3-yn-l-yl Sebacate «

(XI1I) (0.5g.) in dioxane (150ml.) was added to a
suspension of ocuprous chloride (Bg.), ammonium chloride
(8g.) and ammonia (2.5ml.) in water (20ml.) and the mixture
shaken in oxygen in a hydrogenation-type apparatus until
no more oxygen was absorbed. After three hours, uptake of
oxygen had virtually ceased, and the reaction was stopped,
the dioxane removed, and the mixture extracted with ether.
A dbrown solid (0.35g.) m.p. 57-60° was obtained, possessing
a.large absorption in the infrared at ca. 550005},
indicaeting much unchanged starting material, with possibly
some longer-chain material present. Ether-insoluble
polymeric material accounted for the remainder of the
starting material. Repetition of the above experiment,
using a smaller quantity éf dioxane (5ml.) and a higher
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reaction temperature (70°) gave an ether-soluble solid
identified as unchanged starting material, and a
erystalline solid (0.13g.) m.p. ca. 100°, with ethynyl
absorption in the infrared, indicative of a short-chain
polymer, from the intensity of the band. This solid was
not further investigated.

Tetradeca-l:13-diyne - Liquid ammonia (500ml.) was

run into a three-necked r.b. flask fitted with a stirrer

and cooled in a cooling bath at -50°, TFerric nitrate (0.5g.)
was added, then sodium (6g.) added portionwise with

stirring, allowing the blue colour to disappear after each
addition., Acetylene, purified by passage through two
sulphuric acid traps combined with a cold trap, was peassed
for two hours until the precipitate of disodium acetylide
had disappeared, and a grey solution resulted. An

autoclave was cooled down with liquid air, then with 1liquid
ammonia, and 1l:10-dibromodecane added (25g.) in ether (40ml,).
Phe solution of sodium acetylide was then added, the
autoclave sealed, and the reaction allowed to proceed for
twenty-four hours. The autoclave was then opened and

ammonia allowed to escape. Ammonium chloride, a solution

of ammonium chloride in water,and crushed ice were added,

in that order, and the mixture repeatedly extracted with
ether. Some polymeric material was deposited. The ether
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extract, after washing and drying, gave a reddish-brown oil
whioch solidified on seratching with a glass rod, in the
form of plates (8g.,57%) m.p. 29-30°. The solid gave a
negative Beilstein tesﬁ, and crystallised from petrol at
low temperature. Sublimaetion afforded small colourless
plates m.p. 33-34°, ¥~ 3275, 2100cm.T, (Found : C, 88.7;

H, 11.3; cléﬂaz requires C, 88.4; H, 11.6%). Basification
of the acid washings of the ether extract yielded a small
quantity of low-melting solid, with & negative Beilstein
test, possibly the diamine formed by ammonolysis of the
dibromids.

Cyclotetraceca-1:3-diyne and Cyclooctacosa-1:3315317~

tetrayne -Tetradeca-l:13-diyne (lg.) was dissolved in a
solution of Tupric acetate (4g,) in pyridine (100ml.),
methanol (600ml.,) and ether (800ml.). The solution was
refluxed for a total of seventy-two hours, and samples
withdrawn at intervals showed little reduction in the
intensity of the ethynyl absorption. The ether was therefore
removed and replaced by pyridine (500ml.), and oxygen was
bubbled continuously through the refluxing solution.

After a further seventy~two hours, the solution was brown
and the intensity 6f the ethynyl ebsorption in the infrared
was very smell. The solution was then eveporated to low
volume, acidified, and ether extracted. The neutral

extract deposited a red oil, mainly soluble in hot petrol.
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The petrol-soluble oil was chromatographed over alumina in
petrol to give, in the early fractions, cyclotetradeca~l:3-
diyne as a colourless oil (0.17g., 17%), which, after
distillation in a molecular still, formed prisms m.p. 18°,
(Found : C, 89.1; H, 10.4; Cl4H30 requires C, 89.4; H, 10.,6%)
Light absorption : absence of ethynyl band, and v 2215cm;l,
Amax. 230, 242, and 257mu (e 690, 600, amd 440 reapectively).
Later fractions gave cyclo8ctacosa-1:3:15:17-tetrayne
(0.30g., 30%) as needled m.p. 101-102° from mesthenol:ether,
(Found : C,v89.1; H, 10.5; M(Rast), 395; CgéH40 requires

C, 89.4; H, 10.6%; L, 376). Light absorption : infrared
spectrum similar to that of the monomer, Amex. 226, 239,

end 254mu (e 980, 930, and 630 respectively).

Hydrogenation of Cyelotetradeca-l:3-diyne - gyclo-

tetradeca-l:3-diyne (128mg.) was shaken in ethyl acetate
with hydregen over Adams' platinum oxide estalyst, and
absorbed 55ml. (theoretieal 64ml.) after uptake had ceased.
On removal of the solvent, & colourless solid was obtained,
which was extracted with petrol and chromatographed over
alumina in petrol, yielding plates (30mg., 23%) m.p. 54-550,
undepressed on admixture with a genulne sample of gyclo-
tetradecan%%g The petrol-insoluble portion was a brown oil
with acidic aebsorption in the infrared.

Hydrogenation of Cyclo8ctacosa-1:3:15:17-tetrayne -
Cxclo&ctacosa-l:&:lS:l7-tetrayne (75mg.) was shaken in
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ethyl acetate with hydrogen over Adams' pletinic oxide
catalyst until uptake of hydrogen ceased, absorbing 36ml.,
( theoretical 38ml.). On evaporation of the solvent , a
solid remained, partly soluble in petrol, which on
chromatography over alumine in petrol gave cycloBctacosans

0 129

small amount of red oil remeined, inséluble in petrol.

(20mg.)25%) as plates, m.p. 47-48° (lit. 48

02
Terephthaloyl Chloride® "~ Terephthalic acid (50g.)

was mixed with phosphorus pentachloride (135g.) in a 1 litre
r.b. flask, fitted with an air condenser, protected by a
silica drying tube. The mixture was heated until a uniform
brown melt resulted, then refluxed for thirty minutes,
following which phosphorus oxychloride was removed under
reduced pressure on the steam-bath, and the residue
extracted with ether. The extract yielded terephthaloyl
chloride a&s pale yellow needles (5lg., 90%) m.p. 79-80°
(1it. g1° 202). Terephthalic acid (4g.) was recovered
unchanged from the residues.

Dibut-3-yn-1-yl Terephthalate - Terephthaloyl chloride

(3g.) was added portionwise to a solution of but-3-yn-l-ol
(2.4g.) in 10% sodium hydroxide solution (60ml.), kept

at room temperature. The mixture was sheken for a few
minutes, amd allowed to stand for thirty minutes with
occasional shaking, then filtered, affording a crystalline
precipitate (2g,, 48%). The solid was purified from acid



=109~

by passage over an alumina column in ether, followed by
reorystallisation from msthanol. The solid orystailised as
colourless needles m.p. 114-115° (Found: C, 71,.3; H, 5.2;
61651404 requires C, 71.1; H, 5.2%). Light absorption :

¥ 3240, 2100, and 1'7100111.:1, xmax. 242, 285, and 295:!'1 (e
21,000, 1800, and 1500 respectively).

Diprop-2-yn-l-yl Terephthalate = Terephthaloyl

chloride (8g.) was added slowly with stirring to prop-2-yn-
1-0l (5.5g.) in 10% sodium hydroxide solution (180ml.).

The mixture was allowed to stand for thirty minutes with
occasional shaking, then filtered to give a orystalline
precipitate (ég., 63%). The pure diester was obtained by
passage over an alumina column in ether, followed by
recrystallisation from methanol, as colourless needles

m.p. 108-109° (Found : G, 69.6; H, 4.1; C. H. 0, requires

14710 4
C, 69.4; H, 4.1%). Light absorption : #3230, 2105, and
17100m:1, Amax. 242, 285, 295mp (e 21,000, 1800, and 1500

respectively).

2-Chloromethyltetrahydropyran -This preparation was

135 .
carried out according to Crombie et al., and gave impure

material in 50% yield, hydroxyl ebsorption being present in
the infrared. Removal of the hydroxyl-containing impurity
by shaking with alumina afforded pure 2-chloromethyltetra-

135
hydropyran (3%), no° 1.4619 (1it. 1.4620 ), absence of
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hydroxyl absorption in the infrared spectrum.

Hex~5~yﬁ~l~ol - This was prepared by the method of

29
Eglingon, and a reaction time of forty-five hours was
allowed. On distillation, the pure material (72%) had
0
n§ 1.4513 (lit. 1.4510).

Dihex-5-yn-1-yl Terephthalate - Terephthaloyl chloride

(5g.) was added portionwise to a swirled mixture of
hex-5-yn-l-o0l (5g.) and 10% sodium hydroxide solution
(100ml.). On continued shaeking, the mixture warmed up,

and the ester was precipitated at the ocompletion of the
reaction. The mixture was cooled under the tap with
sheking, and the solid quickly filtered off and repeatedly
washed with water, affording the crude material (6g., 80%).
On purification by passage over alumina in ether, the

pure diester was obtained as colourless needles m.p. 84-87°,
raised to 8'7-88o by repeated recrystallisation from
methanol, (Foumd : C, 73.7; H, 6.4; 020H2204 requires

¢, 73.6; H, 6.7%); light absorption : v 3240, 2100, and

1726cm. >

, Amax. 242, 285, and295 mP (e 21,000, 1800, and
1500 respectively).

Cyclic Diester of Terephthalic Acid and Dodeca-5:7-

diyne-1:12-diol ~ Dihex-5-yn~l-yl terephthalate (lg.) was

dissolved in & solution of cupric acetate (3g.) in
pyridine:ether (6:1, 700ml.), and the solution was refluxed

for & total of sixty-seven hours. The final colour of the
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solution was green. The solvent was then removed, the
solution acidified and ether extracted, the extract
yielding a brown solid (0.65g.), insoluble in petrol. The
8o0lid was almost completely soluble in benzene, and the
benzene solution was passed through an alumina column,
giving a micfocrystallins solid (0.35g., 35%), followed,
on elution with ether, by a brown, oily solid (0.0lg.).
The colourless solid had m.p. 190-2000, and further
chromatography established the presence of only one
compound, m.p. (repeated recrystallisation from benzene)
210-211°. (Found : C, 74.05; H, 6.5; M, 618; C,.H, O
requires C, 74.25; H, 6.2%; M, 648), light absorption :
w 2100, 17270m, absence of ebhynyl absorpbion, Amax. 242,
285, and 294 mp (e 38,000, 3900, and 2900 respectively).
The later-eluted brown solid had m.p. 1650, and had
hydroxyl absorption in the infrared. The petrol washings
yielded a very small amount of needle crystals on
chromatographic treatment in benzene over alumina,,

m.p. 145-148°, light absorption:v 1720cm. , absence of
ethynyl absorption, Amax. 244, 250, 256, 286, and 294 mp,
on a solution of umknown concentration.

Dodeca-5:7-diyne-1:12-diol =~ Hex-5-yn-l-ol (2g.) was

added to a solution of cupric acetate (8g.) in pyridine:
methanol (150ml.) and the solution refluxed on the steam-
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bath for seven hours, then allowed to stand overnight. On
acidification, followed by ether extraction, an oil was
obtained, solidifying on standing. On crystallisation

from ether:petrol, thick needles were obtained, m.p. 49-500,
(Found : C, 74.4; H, 9.4; Clzﬁiaoz requires C, 74.2; H,
9.3%), light absorption:1r 3400, 2174, and 21300m:labsenca
of ethynyl and carbonyl absorption, \max. 227,238, and

254 m (e 400, 380, and 230).

Attempted Cyclisation of Dihex-5-yn-l-yl Terephthalate

-~ Dihex-5~yn-l-yl terephthalate (lg.) was dissolved in
ether:pyridéne (1:1, 150m}.) and added over three hours to
a refluxing solution of cupric acetate (5g.) in pyridine:
mathanol:ethér (2:2:1, 500ml.) under high-dilution
conditions, and the solution refluxed for a further four
hours, and stood overnight. No colour change was noticed,
and a sample showed little reduction in the intensity of
the ethynyl absorption in the infrared. The solution was
then refluxed for seventy hours, whersupon the intensity
of the ethynyl absorption in the infrared was found to be
very small. The reaction product was then isolated by
removal of solvent, acidification, and ether extraction,
as a brown solid (0.88g.), insoluble in petrol. On
chromatography of the solid in benzene over alumina,
dimethyl terephthalate (0.60g., 100%) was obtained as long

needles m.p. 142°, undepressed on admixture with a genuine
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sampl§92 Further elution with methanol afforded a brown,
low-melting solid, which was recrystallised fmom ether:
petrol to give colourless needles (0.2g., 33%) m.p. 47-490,
undepressed on admixture with a genuine sample of
dodeca~-5:7-diyne-1:12-diol,
Attempted Cyclisation of Dibut-3-yn-l-yl Terephthalate

= Dibut=-3-yn-l-yl terephthalate (2g.) in ether (150ml.) was
added under high-dilution conditions over two hours to a
refluxing solution of cupric acetate (4g.) in pyridine
(600ml.) and the solution refluxed for a further two
hours. The solution turned green soon after the
commencement of the reaction, and some precipitation of
yellow solid took place. On removal of the bulk of the
solvent, followed by acidification and ether extraction,
the neutral extract afforded a partly solid residue.
Perephthalic acid was removed by redissolving the solid in
ether, and the recovered extract was sublimed, giving
colourless needles (20mg., 1%) m.p. 107-109° (Found C,
71.6; H, 6.0; M (Rast), 244; 01651404 requires 0, 71.6;

H, 4.5%; M, 270), light absprption : reduced ethynyl
absorption in the infrared, ultraviolet spectrum similar to
thaet of the open-chain diester (XVI, n = 2). Appreciable
quantities of the cuprous derivative remained in the
resction vessel, and some polymer was obtained during the

ether extraction,
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Attempted Cyclisation of Diprop-2-yn-l-yl Berephthalate

- Diprop-2-yn-l-yl terephthalate (2g.) in ether (150ml.)
was added over three hours under high-dilution conditions
%o a refluxing solution of cupric acetate (4g.) in
pyridine:ether (5:1, 600ml.). The solution was refluxed
for two hours after completion of addition, finally going
dark brown in colour. On working up by partial removal

of solvent, followed by acidification and ether extraction,
the neutral extract afforded a dark brown oil. On
distillation in a molecular still, the oil gave a solid in
the higher part of the tube, contaminated by a yellow oil.
Repeated sublimation at lower temperatures afforded the
solid as colourless needles (25mg., 1%) m.p. 135-136°.
(Found : G, 63.9; H, 6.2; M(Rast), 289; CM‘H]_OO4 requires
¢, 70.0; H, 3.3%; M, 242), light absorption : absence of
ethynyl absorption in the infrared, ultraviolet spectrum
similar to that of the starting open-chain diester (XVI,
n<=l).

Attempted Cyclisation of Diethyl Hepta-l:6-diyne-4:4-

dicarboxylate - Diethyl hepta-l:6-diyne-4:4~-dicarboxylate

(2g.) was dissoived with cupric acetate (5g.) in pyridine:
ethanol (1:1, 700ml.) and ellowed to stand for one month

at room temperature. A semple was worked up for infraered

analysis, and exhibited only smell residual ethynyl



-115-

absorption. The solution was acidified at 0° end ether
extracted. The neutral extract on evaporation afforded

a browny oil which was chromatographed on alumina (50g.) in
benzene. A yellow oil containing appreciable ebhynyl
grouping from its absorption in the infrared, was obtained
from the benzene eluate, while chloroform eluted a red oil
which, having been observed to polymerise to a gum during
earlier runs, was hydrogenated in ethyl acetate over Adams'
platinic oxide catalyst for twenty-one hours. The uptake
of hydrogen was 460ml. (theoretical for the tetrayne, 540ml.).
The infrared spectrum of the recovered oil suggested a
saturated syclic ester, v’17200m:1, absence of acetylenioc
and C-methyl absorption,but the oil set to an intractable
gun on standing, and no characterisation was achieved.

The red oil had the following light absorption : ¥ 1720,

8100cm:1

steadily toward the shorter wavelengths, with & 1700 at

, Amax. 254 mp (e 730), and ebsorption rising

A 226 mp.
Octa~-3:5-diyne-1:8-diol and Octa-3:5-diyne-1:8-

discetate - But-3-yn-l-ol (2g.) was dissolved in a solution
of cupric acetate (1g.) in pyridine:msthanol (1:1, 1loOml.).
Phe solution was heated at 70° for thirty minutes, causing
the discharge of the blue colour, regenerated by bubbling
oxygen through the solution. On working up by evaporation,
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acidification and ether extraction, the neutral exkract
afforded an oil which showed no tendency to orystallise,
although a silver nitrate test proved negative. The
impure (XX) was dissolved in dry pyridine (25ml.) with
acetic anhydride (3g.), the solution maintained at 60° for
twenty minutes, then allowed %o stand overnight (e¢f. Bowden
et g;?é). Addition of the solution to chipped ice (loog,)
afforded a colourless solid which was filtered off and
recrystallised from petrol (60-80°) as colourless flaky
plates (l.2g., 38%) m.p. 62-63° (lit. 63° 24:).
Hydration of Octa-8:5-diyne-l:8-diagetate

a) leroury resinlsz - Octa-3:5-diyne-l:8-diacetate (0.,3g.)
was dissolved in 90% acetic acid (2.2ml.) and mercury resin
(0.5g.) added. The‘solution was refluxed for two hours,
and on rendering alkaline, followed by ether extraction,

an oil was obtained which crystallised as tufts of fleky
needles from petrol m.p. 58-590, undepressed on admixture
with the starting material. O0ily residues showed hydroxyl
absorption in the infrared, with small acetate and very
smell C=C stretch absorption. Little hydration appears to
have been achieved, and hydmolysis seems to be a competing
side reaction.

b) Mercuric acetats - Octa-3:5-diyne-l:8-diacetate (0.3g.)
in glacial acetic acid (1,5ml.) was added to mercuric oxide

(0.75g.) in glacial acetic acid (4ml.) end the solution
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was refluxed for five hours on the water-bath, depositing
a large precipitate of mercurous acetate. The solutidn
was then filtered, the filtrate saturated with hydrogen
sulphide, and the sulphide precipitate filtered off. The
filtrate was taken to dryness and ether extracted, and the
neutral extract gave an o0il which on petrol extraction
afforded crystals m.p. 59-610, undepressed on admixture
with the starting material. The residual oil had hydroxyl
and carbonyl absorption in the infrared, as well as acetate
absorption. 2:4-Dinitrophenylhydrazine reagent gave a
faint red precipitate which was not further identified.

Hydration of Phenylacetylene -~ Phenylacetylene (0.3g.)

and mercuric oxide (2.0g.) were dissolved in glacial acetis
acid (11.5ml.) and refluxed for five hours. %he solution
was decomposed with acid, ether exkracted, and the ether
carefully removed to give acetophenone (0.25g.,67%),
identified as its 2:4-dinitrophenylhydrazofe. m.p. 242-244°,

(1it. 249°)
Diphenyldiacetylene - Phenylacetylene (2g.) was added

to a solution of cupric acetate (4g.) in pyridine:methanol
(1:1, 150ml.) and refluxed for two hours, the solution
turning green after thirty minutes. On working up by
evaporation to low volume, followed by acidification and

ether extraction, a solid was obtained (1l.7g., 85%),
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orystallising from aqueous ethanol as large prisms m.p.

85-86° (lit. sg° 16).

_Hydration of Diphenyldiacetylene -

a) Meroury resin - Diphenyldiacetylene (0.2g.), mercury
resin (0.5g.) in acetic acid (2.9ml.) and water (0.4ml.)
were refluxed for six hours. The solution on cooling
deposited the unchanged starting material (0.17g,),
identified by m.p. and mixed m.p. with diphenyldiacetylene,
undepressed.

b) Mercuric acetate - Diphenyldiacetylene (0.4g.) and
mercuric oxide (2.0g.) were refluxed in glacial acetiec
acid for five hours. Concentrated hydrochloric acid was
then added, and the miiﬁure poured into water. On ether
extraction an oil was obtained which, on treatment with
the 2:4-dinitrophenylhydrazine reagent, gave a small yield
of a red precipitate m.p. 167-175°. The light absorption
of the oil had v’lﬁQSGm:l, and the o0il gave & positive
ferric chloride test. The oil deposited solid insoluble
in methanol, m.p. 127-145°, which was not further
characterised, and the methanol soluble portion, on
treatment with a hot aqueous solution of cupric acetate,
afforded a copper emolate which orystallised on scratching
with a glass rod, as fine green needles m.p. 195-197° after
one recrystallisation from benzene. The copper enolate

166
o
of 1:4-diphenylbuta-l:3-dione has m.p. 199-201:
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The p-diketone was obtained in 50% yield (caloulated én the
copper enolate). On dilution of the mother liquors wiﬁh
petrol, a small precipitate of solid (50mg., 12%) was
obtained m.p. 77-81°. oOn recrystallisation froﬁ aqueous
ethanol, it was obtained as fine colourless needles m.p.

18 167

85-87°, identified as 2:5-diphenylfmran (lit. 91 ) by

characteristie infrared absorption as well as by mselting

point.
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SECTION III

Acenaphthenequinone- was prepared by the method of

Graebe and Gfellarlzg 30% yield, m.p. (after one reoryst-
allisation from acetis acid) 261-2620 (1it. 2670).
Cis~ and Trans-1:2-Dihydroxymethylacenaphthene - were

prepared by the method of Maxim;Z% overall 55% yield, 45%
as the trans- form m.p. 178-179° (1it,182-183°), 10% as the
eis- form m.p. 185° (lit, 187-189°). The extraction
method, however, was modified, so as to make use of the
solubility of the trams- form in ether to separate it from
the ether-insoluble cis- form, which can be extracted and
recrystallised from ethyl acetate.

L:8-Diacetylnaphtnalene (XXV) m.p. 169-170° (lit. 171-

172°) was prepared by the method of criegee’’#rom both the
cis- and the trans-diols in 84% and 65% yield respectively.

1:8-Dicarbomethoxynaphthalene was prepared by the

4
method of Geissman and Mbrriszgn 70% yield of pure material
m.p. 102-103° (1it. 102-103°) from a poor quality grade

of l:8-maphthalic acid.
1:8-Bis-({hydroxymethyl)-naphthalene

4) To a slurry of lithium eluminium hydride (2g.) in dry
ether (150ml.) in a thres-necked r.b. flask fitted with a

stopper, stirrer and reflux condenser, protected by a
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drying tube, was added 1:8-naphthalic ackd (5g.), partially
dissolved in dioxane (150ml.) in small portions, with &
further quantity of dry ether (150ml.) to faoilitate
solution. The solution was refluxed for forty hours,
whereupon very little residual carbonyl absorption remained
in the infrared spectrum. On working up with sodium
potassium tartrate solution, a solid (2.7g., 62%) was
obtained m.p. 150-152°, crystallising from chloroform as
needles m.p. 154-155°. Boekelheide repo}zg high yields

and m.p. 1580, but we have been unable to achieve similar
results on a large scale.

b) To & slurry of lithium aluminium hydride (0.6g.) in ether
(100ml.) in a three-necked r.b. flask fitted with &
dropping funnel, reflux condenser, and stirrer, protected
by drying tubes, was added the dimethyl ester of (XXX)
(3.2g.), dropwise (in ether) over thirty minutes. The
solution was refluxed for ten hours, and , on detecting
residual carbonyl absorption in the infrared of & sample,
for a further four hours with a further quantity of lithium
aluminium hydride (0.4g.). On working up by decomposition
of the complex with sodium potassium tartrate solution, an
ether extract was obtained yielding (XXXI) as colourless
needles (l.5g., 70%) m.p. 151-152°. In repetition on a
large scale, however, the yield decreased to 35%, with

probable large losses through use of excessive amounts
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of water to break up the emulsions formed in the working up.

1:8-Bis~-(bromomsthyl)-naphthalene - The diol (XXXT)

(2.0g.) was added portionwise to concentrated hydrobromic
acid (35ml.) at 0° and maintained ab that temperature for
two hours, then at room tempesrature for forty~-eight hours
(ef. Boekelheide's preparation of the dichlorid%vs). The
80lid became soft on reacting, and hardened to a cake on
standing. On recrystallisation from petrol (60-80°), the
dibromide (XXXII) was obtained (1.77g., 60%) as needles
m.p. 129-130° (Found : C, 46.1; H, 3.3; Br, 50.6;

GléﬁloBr gequires C, 45.9; H, 3.2; Br, 50.9%). Bergmann
reported m.p. 130-131,5° and gave only a bromine analysis.

Cis-Acenaphthene-1:2-diol was prepared by the method

of Gunstone and Mbrri%VZn 42% yield of erude solid and 149
pure, from petrol:ethyl acetate. Attemplis to hydroxylate
acenaphthylene with hydrogen peroxide:t-butanol, using

osmium tetroxide and vanadium pentoxide as catalysts,

returned unchanged acenaphthylene.
Naphthalene-1:8-dialdehyde (XXVI) was prepared by the

method of Grieg%gzin 58% yield m.p. 123-125° (1lit. 130°).
Wittig Reaction with Naphthalene-1:8-dialdehyde (XXVI)

- Triphenylphosphonium methyl bromide was prepered

178
according to Wittig and Sehollkopf.

methyl bromide (3,57g.) was added to & solution of phenyl-

Triphenylphosphonium

i

o



-123-

lithiumfogrepared from.lithium,metal (0.25g.) and bromo-
benzene (2.2g.) under an atmosphere of nitrogen. The dark
red solutidn was added through a plug of cotton wool to a
solution of the dialdehyde (XXVI) (0.92g.) in ether (l00Oml.),
and washed through with ether. A white precipitate was
formed, which reddened on standing. The mixture was allowed
to stand for thirty minutes, refluxed for three hours, and
kept overnight. On filtration, a red solution was obtained,
and & blackish precipitate. The red solution was washed
with sodium metabisulphate solution, acid and water, giving
aﬁ 0il partly soluble in petrol, the remainder being ether-
soluble, with hydroxyl absorption in the infrared spectrum.
Chrometography of the petrol-soluble portion on alumina

| afforded a colourless oil, and on stripping the column,
small amounts of a yellow oil. The colourless oil on
distillation afforded a clear liquid, b.p. 138°/1 mm.,
(Found : C, 79.4; H, 6.5%; with a residue of phosphorus),

light absorption : w 1585, g7gcmyt

, Amax. 251 mu (e 9000).
The product was not further characterised, as the reaction
is obviously complex.

O0-Divinylbenzens (XXIX) was prepared from o-xylene by

. 173 . .
the route of Halford and Weissman, with the following
modifications. In the preparation of the diester (XXXVI)

via the dicyanide (XXXV), omission of isolation of the purs
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(LXV) raised the overall yield (from the dibromide) from
60 to 83%. 1In the extraction of the water-soluble diol
(XXXWII); extreme care was necessary for high yields.
(XXIX) showed ¥ 1625, 991, and 915cm,~, and (XXIX) (1l4g.),
on standing in a stoppered vessel for four wesks, set to
8 viscous glass, distillation of which at 120-200°/20 mm.
afforded only 2.5g. (25% recovery) of the olefin. The
residue was a brittle yellow cake.

Tetrebromide of O-Divinylbenzene (XXXVIII) - (XXIX)

(45g,), in a small valume of carbon tetrachloride, was
brominated with the theoretical quantity of bromine (110g.)
in carbon tetrachloride (100ml.), by drppwise addition

with stirring to the cooled solution. On overnight
standing, a colourless solid (10g.) was deposited. The
solution was evaporated to smaller volume, and on cooling,
a further cerop (90g.) was obtained., Precipitation with
petrol afforded a further 13g. of product. Bromine was
added to the mother liquors until the red colour persisted,
and a further small amount of solid was deposited on
cooling and evaporation of the pasty oil. The final
product (113g., 73%) crystallised as colourless plates from
petrol (60-80), m.p. 72-74°. Deluchat reported mep. 71-74°
on bromination in ether, no yield stated.
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Treatment of (XAXVIIT) with NeNH, in liguid NH, - The
sodamide preparation followed the method of Vaughn 22,2;}79
Sodium (6g.) was converted to sodamide in liquid ammonia
(200ml.) using ferric nitrate as catalyst. (XXXVIII) (17g.)
in ether (150ml.) was added over five minutes and the
reaction mixture allowed to stand for thirty minutes.
Excess sodamide was decomposed with ammonium chloride (25g.)
and the mixture transferred to a beaker covered with
cellophane to prevent volatilisation losses, and allowed
to evaporate. After the ammonia had evaporated, ether
extraction afforded a black oil from which, on distillation,
was obtained a colourless liquid (4g.) b.p. 60-64°/1 mm.,
n§° 1,5880, light absorption : ¥ 3275, 2100, 1620, 995, and
leem:l The lLassaigne test for bromine was negative.

Attempted Cyclisation of the Reaction Product - To &

refluxing solution of cupric acetate (6g.) in pyridine:
methanol:ether (3:3:1, 350ml.), & solution of the product
(1g.) from the above reaction in ether (150ml.) was added
dropwise over three hours, employing the high-dilution
conditions., After completion of the addition, the reaction
mixtﬁre was refluxed for a further three hours. The
solution was then evaporated to low volums, acidified, and
ether extracted. The neutral extraet afforded amn o0il which

slowly solidified. The solid was extracted with petrol
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and ether:petrol, then chromatographed on alumina in petrol,
a colourless solid (0.2g., 20%) being obtained,
orystallising from methanol aé needles, m.p. 104-105?

(Found : C, 94.2; H, 5.5; M(Rast), 252; C__H., requires

20 14
C, 94.5; H, 5.5%; M, 254), light absorption ; w 2100, 995,
and 915cm21, Amax. 242, 283, 300, 321, and 344 mp (e 76,000,

28,000, 35,500, 36,500, and 30,000). Absorption of bromine
was much quicker than with diphenyldiacetylene, but was
still not selective. Later fractions from the column
afforded some blackish material which had no melting point
below 300°, and was not further characterised.

Hydrogenation of O-0'-Divinyldiphenyldiacetylene (XLI)

(XII)(313ng.) was hydrogenated in ethyl acetate over Adams'
platinic oxide catalyst for five hours, and absorbed 272ml.
(theoretical 317ml.) of hydrogen. The solution was passed
through an alumina column and evaporated to give an oil

from which, on distillation, was obtained (XLII) as a
colourless.ell (150mg., 46%) b.p. 180-190 (bath temp.)/l ma.,
n?* 1,5362 (Found : C, 90.0; H, 10.1; Cy.H,s requires

C, 90.2; H, 9.8%), light absorption : 1378em~l and typical
aliphatic and aromatic absorption.

Attempted Purification of (XXXTX) from (XL) =~

a) Addition of bromine lacked sufficient specificity.
b) Chromatography on alumina in petrol achieved only

partial enrichment; early fractions enriched in (XXXIX))
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later fractions enriched in (XL),

¢) Addition of excess potassium mercuri-iodide solution
afforded the mercury derivatives of the two components,
(XXXIX) and (XL). The mercury derivative of o-vinylethynyl-
benzene , (XLIII) was extracted with benzene, as needles
m.p. 1150, light absorption : amax. 248, 264, 278, and
292 mp (e 52,000, 32,000, 42,000, and 43,000). The
insoluble polymeric deriwvative of o-diethynylbenzens
remained, but treatment with alkeline potassium cyanide
proved unexpectedly ineffective in liberating the parent
acetylene.

The mercury derivative of phenylacetylene, (LII), was
prepared by the same method and had light absorption :
\max. 250, 258, 270, and 278 mp (e 25,000, 43,000, 49,000,
and 36,000).

| Sbkyrene Dibromide was obtained almost quantitatively

by addition of the calculated quantity of bromine in carbon
tetrachloride to a solution of freshly distilled styrene
in the seme solvent. It was obtained from petrol (60-80°)
as needles m.p. 69-71° (1it. 71° 6).

o~Bromostyrens - Styrene dibromide (26.5g.) in

ethanol was treated with a solution of sodium ethoxide
[ from sodium (2.3g.) in ethanol (180ml.)] and brought

to reflux temperature . After one minute's refluxing, the
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alcohol was removed, water added, and on ether extraction

an oil (17g.) was obtained. The oil was distilled to give
a colourless liquid (l4g., 80%) b.p. 70-80°/1.5 mm., ngo

207 T -1
1.5886 (1it. 1.5881 ), light absprption : 883cm. and
absence of ethynyl absorption.
0-Di-(a-bromovinyl)-benzene (XLWII) - (XXXVIII) (45g.)

in hot ethanol (250ml.) was added slowly to & solution of
sodium ethoxide, from sodium (4.6g.) in ethanol (1l00ml,).
The solution was brought to reflux temperature and refluxed
for one minute. On working up by evaporation, addition of
water, and ether extraction, an oil was obtained (27g., 93%)

ngo 1.6384 (lit. for (XLVII) 1.6560174),

light absorption ;
v'QOlcmfl, absence of ethynyl absorption. On distillation,

four fractions were obtained :

Fraction Weight .ggo b.p./5 mnm,
1) 5. 1.6295 120-138°
2) 15¢g. 1.6380 138-142°
3) 4g. 1,6430 142-146°
4) 1le. 1.6520 146-155°

. -1
1) contained soms ethynyl ebsorption at 3275em., 2) and 3)
were of satisfactory purity (Found 3) : Br, 55.23; CldHaBra
requires Br, 55.5%4). The last fraction was thought to

contain unreactedm(XXXYIII), and a tarry residue remained

in the distilling flask.
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Phenylacetylens

a) a-Bromostyrene (12g.) was added in ether (100ml.) to &
suspension of sodamide from sodium (3.5g.), using ferric
nitrate as catalyst, in liquid emmonia (200ml.) over five
minutes, and allowed to stand overnight, in a Dewar flask,
protected by cellophane. Excess ammonium chloride (20g.)
was then added, and the mixture added to water (500ml.).
Ether was added and the layers separated. The ether extract
afforded & liquid which on distillation gave phenylacetylene
(3., 45%) b.p. 138-140°, ngo 1.5485 (lit. 1.5517°°%),
light ebsorption : v 3275 and 2100cm,

b) a-Bromostyrene (2g.) in t-butanol was treated with a
solution of potassium t-butoxide from podassium (0.8g.) in
t-butanol (45ml.). A white precipitate was obtained, and
the mixture was allowed to stand for one hour. The mixture
was worked up by distilling off the t~butanol, addition

of water, and ether extraction. The oil (lg.) obtained
from the extract proved to be a mixture of phenylacetylene
and unchanged a-bromostyrene, light absorption : v 3275,

2100 and 8850mfl, ngo 1.5835 (lit. for phenylacetylene

%,,

0-Diegthynylbenzens
a) (XLVII) (20g.) in ether (50ml.) was added over five

2
1.551%7

minutes to a suspension of sodamide from sodium (7.5g,), |
using ferric nitrate as catalyst, in lliquid ammonia (250ml. ).
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The solution was stood overnight in a Dewar flask
protected by cellophane, then ammonium chloride (20g.)

added to decompose excess sodamide, and the residue added

to water. An oil was obtained from the ether extract which,
on distillation, gave o-diethynylbenzene (lg., 10%) b.p.
72~75° /5 mm., ngo 1.5890 (1it. 1.5915174), light absorption:
v 3275, and 2100em;t. A bromine-containing polymeric brown
solid formed during the reaction accounted for the remainder
of the starting meterial., This solid was found to be
insoluble in both agueous and organic media.

b) (XXXVIII) (10g.) in hot t-butanol (50ml.) was added to

a solution of potassium t-butoxide from potassium (3.5g.)

in t-butanol (200ml.), affording the instantaneous formation
of a copious white precipitate. On working up by distilling
off most of the t-butanol, addition of water and ether .

20
extraction, an oil was obtained (5g.) nD 1.6142 (1it, for

(XXXIX) 1.5915174), light absorption : v 3275, 2100, 1620,

and 90lem.Y. Further treatment of this incompletely
dehydrobrominated product with an additional quantity of

the butoxide reagent from potassium (2g.), employing a

reflux period of two hours, and & similar working up of the
product,afforded an oil n§01£m5945 which gave on distillatior
a first fraction consisting of pure o-diethynylbenzene
(1.6g.,54%)} b.p. 65-70°/1.5 mn., nio 1.5900, light

absorption : absence of olefinic absorption. Later
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fractions afforded & yellow oil (0.5g.) b.p. 70-112°/1.5 mm.,

ngo 1.6129, light absorption : v 1620 and 90lem.+

, 85 well
as ethynyl absorption. Repetition of this process

employing benzene as a solvent for the potassium t-butoxide
reagent has producedlgields of pure (XXXIX) in excess of 60%.

Preparation of (XXTII) - (XXIX) (1l.5g.) in ether:

methanol (1:1, 150ml.) was added dropwise over fiwve hours
under high-dilution conditions to & refluxing solution of
cupric acetate (7.5g.) in pyridine:methanol:ether (2:2:1,
500ml.). The solution was then refluxed for & further four
hours, and filtered to remove a red cuprous derivative (0.58g.)
The infrared spectrum of a sample showsd no residual
ethynyl absorption, and the solution was evaporated to low
volume, acidified, and ether extracted. The neutral
extract gave an oily solid. This solid was extracted with
benzene, leaving a brown polymer, insoluble in all solvents,
The dark-coloured benzene extract afforded a yellow solid
on evaporation (0.72g., 48%), which was redissolved in
benzene and passed through an alumina column. A bright
yellow band was eluted rapidly, and a dark brown band
remained at the top of the column, only eluted with
methanol. On evaporation of the yellow solution, a lemon-
yellow solid was obtained (0.47g., 31%) as fine needles,
decomposition point 80°, (Found : C, 96.4; H, 3.85, M(x-ray
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data), 370, 373; CBOle.%;CeH6 requires C, 96.35; H, 3.65%;

M, 372.4), light absorption : v 2215, and 213dcm.~, Mmax.

~ 820,.5, 242,5, 251, 267, 283,5, 301.5 ] (log.e 4.98, 4.87,4.86,
4.65, 5.14, 5.37 respectively). The compound exploded on
heating or grinding, and turned black raepidly, obvious
decomposition having taken place after four hours in

absence of both air and light,

X-Ray Determination of lMolecular Weight - X-ray analysis

of a single orystal grown from benzene indicatedlgsunit cell
heving a = 28,34, b = 3.88 4, ¢ = 11,53 A, and p = 90°,
giving a molecular volume of 1244 33, X-ray powder
photograephs of crystals grown from benzene, ether and
dioxane indicated that the unit cell was essentially the
same in each ocase, measuremsnt of the diamsters of the

prominent rings on each photograph affording the following

data.
Nature of ring Diamster of ri in mm,

Crystal ex Benzene Ether Dioxane

weak 40,95 - -

weak 32,25 32,95 32,50

weak 29,00 29,00 28,80

strong 26,60 26.30 26,25

weak | 21,00 21,20 21,00

strong 16.00 15.85 15.85
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Density determinations on each type of erystal were carried
out by flotation of a erystal in an aqueous medium, and
gave the following results, enabling caloulation of the
molecular weight on the assumption of two moles per unit
cell.

Density Molecular Weight
Crystal from benzene 1.076 g./c.c. 403
ether 0,988 370
dioxane 0,995 373

CSOH13 raéuires M, 372.4, and assuming one mole of benzene

to be present in the unit cell, CSOle.%CGHG requires M,
411.
Detection of Benzene in the Crystal Structure -~ (XXIII)

(10.5mg.), erystallised from benzene, and thoroughly dried
by pumping in vacuo for two hours at rdom temperature, was
dissolved in dioxane (2ml.), and the solution transferred
to a trap in a vacuum line. The solution was chilled in a
liquid air bath, the bath removed, and the frozen dioxane
solution was distilled over in vacuo to & second similarly
cooled trap. Normal redistillation of the distillate
afforded a colourless’solution. This distillate (l.6ml.),
estimated for benzene content by ultraviolet ebsorption in
the range A 245-265 mp, contained not less than Q.%9mg. of
benzene; C..H...5C H, requires l.lmg. of benzene per

30712°° 6 6
10.5mg. of crystelline material. The estimation gave the



following data :

\max | 1%
. €1om.
249 m 1.36
255 1,73
261 l.24

Hydrogenation of (XXTII) - O-Diethynylbenzene (1.7g.)

was oxidatively coupled as previously described to give
(XXIII), dissolved in benzene, and this solution was
carefully evaporated to dryness and the solid redissolved
in ethyl acetate and hydrogenated over Adams' platinic
oxide catalyst (200mg.) for nine hours, taking up 470ml. of
hydrogen (theorstical 510ml.). After chromatography on
alumina an oil was obtained, which partially crystallised
on scratching with a glass rod, and was recrystallised from
ethanol:ether, giving colourless needles (20mg., 1%) m.p.
124-132° on sublimation at 90° on to a cold finger, small
feathery needles were obtained, m.p. 136-138°, (Found : c,
90.6; H, 8.4; M (Rast), 350; 030H56 requires C, 90.85; H,
9,15%; M, 396). Light absorption : absence of C-methyl
absofption in the infrared, but a spectrum resembling that
of tebralin; nmax. 266 and 273 mp (e 1260 and 1200), showing
a strong correlation with the maxime of tetralin, which has
Amax. 266.5 and 2873.5 m (e 600 and 600). Mass spectro-
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graphic determination of molecular weight gave no
significant result, peaks at 306 and 420 atomic units being
obtained. Lack of material prevented further analyses or
investigations.

Complex Formation with Trinitrofluorenens - The

method of forming the complex was that of Newma%?v-

admixture of hot, saturated solutions in acetic acid, and

recrystallisation ¢f the resulting complex from the same

solvent.
Component T,N.F., Ratio
Dodeca~5:7-diyne no complex
Octa-3:5-diyne~1:8- no complex

diacetate (XXI)

Meroury derivative of no complex
Phenylacetylene (LII)

Acenaphthylene 1:1
( Deep red needles m.p. 176-177°)
" piphenyldiacetylens (IV) 2:1

0

( orenge~red needles m.p. 160-161 (Found : G, 60.,5; H, 2.6;
N, 10,3; 2C;zH:N;0,.C1cH,, requires C, 60.6; H, 2.4; N,
10.1% )

Tolane (LI) 1:1
( Red needles, m.p. 132-133° (Found : C, 64.5; H, 3.2; N,
8.7; 013H5N507.014H10 requires C, 65.6; H, 3.1; N, 8.5%)
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Component T.N.F. Ratio
Télane (II) - 2:1

( Bed needles m.p. 122-125°. Attempted purification only
shifted equilibium to favour the more stable complex of
*.N.F. ratio 3:1 )

(XXIIT1) 1.5:1
( Red needles, decomposing at 160°, (Found : G, 70.5; H,
2.8; N, 7.7; 2050H12.5013H5N307 requires C, 70.4; H, 2.4;
N, 7.5%)

Héxanitrosobenzene, though reputedly a stronger
complexing agent than T.N.F.; when used in accordance with
the experimental details of Baileylggve no complex with any
of the acetylenic compounds detailed above, although it
gave a definite complex with acenaphthylene.
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PART II

ADDITION OF DINITROGEN TETROXIDE

TO LONG~CHAIN UNSATURATED ACIDS
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HISTORILCAL SURVEY OF THE ADDITION OF

DINITROGEN TETROXIDE TO C—C MULTIPLE BONDS

pre-1945
1946-49

1948

1950

1951-52

1953

1983
1953

1953

1955

1955
1956

1937

1957
1958

Ref.
Riebsonmer 209

Levy et el. 45-49

Comprehensive review

Addition under controlled
conditions, ionic mechanism

Addition to petroselinic
acid

Addition to ethyl cinnamate

Porter and Wood 51-52 Addition to long-chain

Vasil'ev and 56
Vil'yams

Vasiltev and 57
Vovchenko

Vasiltev and 53
Mikerin :
Weghofer 217
Campbell et al. 218

Schechter and 50
Conrad

Schlubach and 223
Rott

Vasil'tlev 54
Brand and 222
I.Stevens

Freeman and 284
Emmons

T.Stevens 225
T.Stevens and 226

Enmmons

olefins

Addition to diethyl maleate

Addition scheme

Suggested a partly fres-
radical explanation

Free~radical scheme pf
addition

Addition to acetylenes and
diacetylenes

Addition to erucic scid

Proof of the free-radical
nature of the reaction

Addition to acetylenes

Addition to camphene

Further confirmation of the

free-radical nature of the
reaction
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HISTORICAL

The best known and most important reaction of dinitrogen
tetroxide is that of addition to carbon-carbon multiple
bonds, although much work has been reportedzgg the use of
dinitrogen tetroxide for nitration and oxidation and other
miscellaneous reactions. Dinitrogen tetroxide has been
used for nitration of both aromatic and aliphatic
compounds, resulting in the production of the corresponding
nitro-derivatives. 1In reactions involving the use of
dinitrogen tetroxide, oxidation is often a complicating
faetor, and the reagent has been used as an oxidising
agent for peraffin hydrocarbons, oximes, and meny other
compounds. Oximes are oxidised by dinitrogen tetroxide

210-211
to the corresponding dinitro-compounds in good yield.
Among the miscellaneous reactions are the conversion of the
2RCOONa + 2N_O —— (RCOg)0 + 2NaNO

274 3 3
alkali metal salts of orgenic acids in good yield to the

+ N0

1 . .
corresponding anhydridéé? and the reaction with orgamo-
. 213 .
metallic compounds to give in many instances, good yields
+ -
ArMgBr - <+ - I\T204 — AI'I\I-.-.-I\I.I\TO5
of the aromsatic diazonium nitrates. Dinitrogen tetroxide

A4
has also been observed to effect the isomerisation of a

cis-olefin to a trams-:
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The reaction of dinitrogen tetroxide with carbon-
carbon double bonds was placed on a firm experimental basis
by Levy’gglggfs-ég Three modes of addition were reported
prior to this work, though Riebsomer, in his revigg,
pointed out that much of the early work had been done with
nitrous fumes (a mixture of dinitrogen trioxide and

>c=cg se—c% > c—c Ne—¢

— ] P 7
+ N,0 NOzNOz NO,ONO NO ONOz

274 2
45
tetroxide in uncertain amounts). Levy et al, have shown
that the produet arising from the postulated third mode
of addition is in fact formed by the addition of dinitrogen

>c=c¢%¢ Jc-¢ 05 >¢-c<
> I —_— b

-rNéOs NO ONO NO 0N02
trioxide, followed by oxidisation of the nitrite grouping
to the nitrate.

An interesting application of the reaction has been
the positioning of the double bond in oleic acid by
treating the unstable adduct in a sealed tube with
concentrated hydrochloric acid to give azelaic and
pelargonioc acids, after splitting at the position of the
double bonﬁ%S The yields of the aclds were not stated.

HCL
mB(CHZ)V?I—-('}‘H(CHZ)VCOOH —> O (Cg ) ;G —CH (G5, COOR

ONO  NO, 0 NOg
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CH,(CH,),COCH viae CH,(CH,),COOH CH,(CH,_) COOH
- 3 ely T8 UHgltHely _, Bs(GE,),

OQN(GEQ)BCOOH'OximB yzGH(CEE)VCOOH HDOC(GEz)VCOOH
OH

A similar scheme is given for the other isomerie nitro-
nitrate.

With the work of Levy cams the concept of controlled
experimental condition%sto avoid competing oxidative side
reactions, resulting in the production of unstable, tarry,
polymeric products. Levy stresse%sthe necessity for pure
dinitrogen tetroxide and pure peroxide-free olefins to
obtain consistent results and stable products., It is
probable that an interest in the chemistry of the nitronium
ion stimulated Lev%s(in conjunction with Ingold) to
postulate an ionic mechanism for the reaction. They

believed the first step to be heterolysis of the tetroxide,

+ -
1) Né04 — N02 + NOa
~ \c 5/
2 \c—-—_c PR "
- + S 7 > -—>  products
+ NOg NOz

and subsequent attack by the nitronium iom. This
hypothesis satisfactorily explained the observed initial
attack on the carbon atom richer in hydrogen, and carbon-
nitrogen rather than carbon-oxygen attachment. However,

Q6
dinitrogen tetroxide has been shown to ionise under
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heterolytic conditions to give a nitrosonium ion and a

Np0, — > N« NO,~
nitrate anion, and no products from these reactants have
been isolated. Also dinitrogen tetroxide is kno%%efrom
paramagnetic and spectral studies to homolyse readily to
nitrogen dioxide radicals, and at 27°, about 20% of the
tetroxide exists as the simpler form, while in ether
solution at 5°, it is dissociated to the extent of ca. 1%.
The colour changes on varying the temperature are related
to the equilibrium between the two forms. Consequently a
free~radical mechanism would seem & more logical
explanation. The orientation observed can be explained by
a free-radicel mecheanism, but carbon-nitrogen attaéhnant
mnst involve an explanation based on greater
hyperconjugative resonance in the transition state

° ¥ )\

§§N"£EE:C< 0=N~0--- ¢ ==20
‘/ ’\ '\

0

accompanying carbon-nitrogen bond formation, according to
50
Sohechter.
51-53
The results of Porter and Wood in the addition of
dinitrogen tetroxide to olefins of higher molecular weight
in general supported the results obtained by Levy. These
authors reported roughly equal amounts of NOZ'NDZ and
NO5,~ONO addition, and noticed the increased difficulty in
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separation of the constituents with lack of water-
solubility of the nitro-alcohol, due to chain length. They
reported a lack of crystallinity in the higher molecular
woight adducts, and made some investigation of their
reactions, without achieving quantitative yields in any
operation. They concludeds%hat the oxides of nitrogen

were not suitable for the general characterisation and
analysis of olefins. No mention was made of the mechanism
of the reaction.

In 1953, Weghoferz%Zaimsd a 42% yield of crystalline
nitrosate M:eGH(NO)-C(ONDz)MJa2 on addition of dinitrogen
tetroxide at -60° in the absence of solvent, to 2-methyl-
pent-2~ene. The remeinder he identified as the nitro-
alcohol. He gave a general scheme of addition :

NO,,-NO,, (if a symmetrical olefin)

2

olefin ¢ N30, — NO,-NO, and NO-ONO, ( unsymmetrical
\\N olefin, addition in presence of solvent)
NO,-ONO and NO-ONOp ( unsymmstrical olefin,
addition without solvent)
Addition to heptene was claimadz%g produce & nitro-alcohol
end a nitroso-alcohol RCH(OH)-CH(NO)R in the form of the
oxime. 1In the light of the earlier work, and of later

additions of dinitrogen tetroxide under controlled
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conditions, these results seem scarcely credible, and the
purity of the dinitrogen tetroxide used must be questioned.
Weghofer also made an investigation of the reactions of the
nitro~alcohols.

Mechanistic Investigations

The first doubts as to the ionic nature of the rsaction
were exprassed by Campbell et g;.ZIB On re-investigation of
the work of Schmidt?hfld Wieland- on the addition of
dinitrogen tetroxide to telane, they were unable to explain
the formation of substantial amounts of ¢is-l:2-dinitro-
stilbene by an ionic mechanism, and concluded that addition
to the unsaturated centre might proceed, at least in part,
by a free-radical mechanism. The work of Schechter and
conradsgrovided concrete evidence for such a mechanism, in
thét only a homolytic process could explain the addition

products of dinitrogen tetroxide to methyl acrylate.

Expected Products Actual Products

(by ionic addition) (Schechter 1953)

GﬂzaGECOOMb fﬁz-?ﬁcoome

i |

NOg NOo N02 OH
mz-GHGOOMe Hzo CHz—CHOOOMe CH= CHCOOMNe
| = | | |
ONO Noz ‘\g?s OH NOz NOz

cﬁz-GEGOOMb (cooa)zzaéo
.

5N02N02 polymeric products



~-145-

The above reversal of the expected orisentation in addition
rendered the ionic méchanism unlikely, and a free-radical
addition process was postulated on the basis of the nature
of the reaction msdium, the similarity of the reaction to
the addition of nitryl chloride to acrylic systemg?land the
extensive polymerisation during the reaction. The
homolytic process was assumed to involve initial attack by
nitrogen dioxide at the terminal position, with exclusive
carbon-nitrogen attachment, employing the previously stated
explanation based on greater hyperconjugative resonance in
such attachment.

Confirmetion of the radical nature of the reaction
was provided by the work of Brand and I.Stevens?zﬁsing
bromotrichloromethane as a transfer agent to divert the
course of the reaction of dinitrogen tetroxide with cyclo-
hexene. The observed complete suppression of the "normalt
adduets indicated that the heterolytic process, if operating
at all, was of minor importance, the main products being
1l-bromo-2-nitrocyclohexane, l-bromo-2-chlorogcyclohexane, and
2-chlorocyclohexanol. The existing evidence relating %o
the stersochemistry of free-radical additions to double
bonds has also been summarised by these authors.
Disubstituted double bonds appear to undergo a thermo-
dynamically controlled non-stersospecific reaction, where

the intermediate radical has the opportunity %o reach
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conformational equilibrium. As & consequencs, addition to
eis and trans isomers produces a product whose composition
is the sams from the cis as from the irans isomer.
Trisubstituted double bonds undergo a stereospscifio
addition arising from kinetic control, in that steric
factors may raise the energy orf ons of the conformations of
the inverting radical so that its lifetime is short in
comparison with that of the other.

The addition of dinitrogen tetroxide to acetylenic
compounds appears to have gained interest recently with the
work of Schlubach and Rott end of Freeman and EmmonZ3*

The former have added dinitrogen tetroxide to propyne,
but-2-yne, buta-l:3-diyne, and diphenyldiacetylene, the
latter affording a 34% yield of the crystalline 1l:4-dinitro-
1:4-diphenylbuta-1:2:3-triene, assigned the ecis config-
uration. Freeman and Emmons have carried out additions to
but-2-yne, hex-2-yne and hex-3-yne, and have established

the configurations of the products from infrared evidence.
They propose & free-radical mechenism as the most reasonable
explanation for the formation of the products isolated.

The continued reaction is believed to explain the

ONO . N204 R _
R-C=C-R —&> R- =C(NOg)R —> cis- and trans-Rrg-§~R
. 02 02
moy
N204 []
R-G=C-R ——— R-C(ONO)-G(NOg )R
o‘uo NO,

> RCOC(NOg)sR + NO-
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appearance of the a:u-dinitroketomes. T.Stevens has
studiedzgge effect of oxygen on the reaction of dinitrogen
tetroxide with camphens. Dinitrogen tetroxidevadds to
camphene under nitrogen in the usual manner, forming the
expected products, the nitro-alecohol, nitro-nitrate,
nitro-olefin and the dinitro-compound. In oxygen, however,
the resction took a different course, the products formed
being the nitrowmitrate (5%), nitro-alcohol and dinitro-
compound (10%), and an a-nitroketons (22%). About 30% of

CHg

ﬁ/c“:z’“’a

c

the adduot consisted of nitro-acids of undetermined
constitution. The intermediate formation of an a-nitro-
peroxy radical or an a-nitroperoxynitrate is postulated to
explain the effect of oxygen on the course of the reaction.
Finally the sams author has elegantly demonstratedzige
radical nature of the dinitrogen tetroxide-olefin reaction

in ether solution by obtainihg f-nitroalkyl iodides in high

yield in the presence of lodine. Also B-iodonitroethylenes

were produced from acekylenses, i.e., the intermediate

nitroalkyl radical was trapped by iodine before further

reaction could fake place.
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Vasil'ev et al. have carried out additions of
dinitrogen tetroxide to ethyl cinnemate. diethyl maleatds
erucig% undecylenig? and petroselingg acids. The struoctures
advanced for the addition products appeared unsatisfactory,
and addition of dinitrogen tetroxide to the last thres
olefins has been re-investigated in the course of this
present work.

Cis-Trans Isomsrisation

It is not surprising that the isomsrisation of
unsaturated fatty acids by oxides of nitroge%azad to the
formation of considerable guantities of nitrogen-containing
products. Griffiths and Hilditch usedzgzides of nitrogen
as isomerising agents for oleic, erucic, and petroselinic
acids, and compared the results with the isomerising effect
of heat treatment with sulphur. They concluded that the
equilibrium in the isomerisation lay at about 66%
conversion to the trans isomer, (and somewhat less for
petroselinic and erucic acids). The conditions favoured
were the use of minimal amounts of oxides of nitrogen
approximating in composition %o N50s, at temperatures of
10-20° Higher temperatures, or excesses of reagent, led
to larger amounts of addition products. In comparison,
sulphur (1%) at 200° effected a 55-60% conversion, with
about 2-3% of addition products formed. rhef Ras
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Fig.14
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subsequently shown, by studying the effects of the pure

oxides of nitrogen, that NO_ is the active agent in the

isomerisation, and has postilated a mechanism for the
interconversion. The NOZ molecule is thought to polarise
the double bond, drawing the 7lelectrons towards itself

to form a molecular complex (I) as illustrated (see fig,14).
The molecule may now rotate freely about the activated
carbon-carbon bond until a position of stablity (II) is
reached. The stable molecule will then tend to withdraw
its Tlelectrons and revert to the more stable irans-form
(III), liberating Noz. The measure of the successful
achievement of this last step determines the extent of
isomerisation. The failure to regain the 7Tfelectrons gives

rise to the nitrogen-containing addition products.
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DISCUSSION

The addition of dinitrogen tetroxide to olefinic
systems is worthy of study on several counts. There is
interest in the mechanism of the reaction, with possible
accompanying stereochemical control. The products are
also of interest, as the a-dinitro-paraffins and q-nitro-
aloohols are not otherwise easily accessible. In additions
to unsaturated fatty acids the reagents could be made
readily available, and the reaction might also be of
commercial interest, offering a possibly convenient
synthesis of amino acids and related compounds, or a method
of breeking down the chain to yield short-chain
difunctional compounds. On these counts, and because the
work of Vasiltev et al.on the addition to various
unsaturated acgggsgnd estggé 3Zs not considered particularly
satisfactory, an investigation of the addition of
dinitrogen tetroxide to oleic and elaidic, petroselinic and

petrodslidinic, erucic and brassidic, and undecylenic acids

wes made. ?
ms(cﬁz),,c':=c|3(c&g)76001{ CH5(0H2)7?=C(CH2)7COOH
Beid Hglaidic acid
oleic acid i
|
= ’ =C(CH_), COOH
GES(CHz)lo?-?(G53)4°°°H 035(052)10? ( 2)4

H

e petroselidinic acid

petroselinic acid
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H
‘ _ ]
033(05:2)7?—?(%2)110003 it (O ), C=C(CHz )1 COOR
H H H
erucic acid brassidic acid

HgC = CH(CH,, ) gCOOH
undecylenic acid
The radical nature of the reaction appears fairly well

establfgﬁgﬁé’%ig several reported findings cannot be
explained on this basis, in particular, the findings of
nghof§%7(described earlier) and of Vasiltev EE‘QETSV
The addition scheme of Weghofer is difficult %o comprehend,
and his claimed formation of a nitrosate is not met in any
of Levy's exhaustive researches. The purity of the
dinitrogen tetroxide of Weghofer must remain suspect. The
work which concerned us most was the work of Vasil'ev e}
al. on the addition of dinitrogen tetroxide to the
. unsaturated fatty acids, petroselinic, erucic and

undecylenic.. ‘The products resulting from these additions

are summarised in table IV.

Table IV
1) Addition of E@Qi.tO petroselinic acid
Product Yield Properties Structure
solid 17% m,p.121-122° on reduction afforded

diaminostearic acid

o] .
17 m.p. 92-94" A nitrosate, on
solid % P reduction affording a
mixture of mono- and
diaminostearic acids

remainder 1020 1.69 Treatment with alkeli afforded

n
o1l D the nitrous ester of hydroxy-
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Qnitrosteario,acid
(Cy 541506
2) Addition of No0, to Erucic Acid.
Product Properties Ssructure
solid  m.p. 123°  RCH(NO,)CH(OH)R!
solid  m.p. 136°  RCH(OH)CH(NO,)R!

(Y}elds of pure compounds, and nature of remainder, not
given,

3) Addition of NpoO4 to Undecylenmic Acid

Product _Properties Structure

solid m, p.121° Nitrealcohol HOCH,CH (CH, )oCO0H
;
NO,

PThe only product identified (yield not stated). 0ily.
adduct on heating affords sebacic acid.

In the work which follows, dinitrogen tetroxide has
been prepared and added under standardised conditions to
pure methyl oleate, to oleic, petroselinic and erucic acid
and their trans isomers, and to undecylenic acid. In ell
experiments, pure dinitrogen tetroxide, redistilled in a
current of oxygen over phosphorus pentoxide, was used.

Addition to Oleic Acid and its Methyl Ester.

Several additions were made to the above olefins under

varying conditions, including reversal of the order of

eddition, and these are listed in table V. 1In the
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additions to oleic acid, the reaction mixture afforded no
solid precipitate, and the resulting oil, after hydrolysis
with dioxane:water, did not solidify.

Table ¥V

Summary of Additions

Olefin Carrier Temp. Time Solvent Quantity
_ Gas (hours) of NpQy
1) oleic acid oxygen  -10° 2% ether excess
2) oleic acid  nitrogen 0° 1} ether theory
3) oleic acid  nitrogen 10° 2} cyclohexane theory
' 4) methyl oleate oxygen -10° 2 ether excess
5) methyl oleate nitrogen ° 2 ether theory
6) methyl oleate nitrogen 10° 1 dgggggﬁide excess
7) methyl oleate air 0° 1} carbon excess

disulphide olefin

The infrared spectra of these adducts were complicated by
the presence of hydroxyl and acidic absorption, the adducts
were therefore esterified with diazomethane in order to
facilitate the interpretation of the spectra. Since no
solid adducts were obtained on addition of dinitrogen
tetroxide to oleic acid, subsequent runs were made using

methyl oleate, avoiding the necessity for treatment with

diazomethane. In these instances, the addition was found

%o be virtually complete, and some conclusions as to the
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course of the reaction may be drawn from the table of
optical density data obtained from the spectra of the
adduots (see table VI).

| Table VI

- Optical Density Results

(measured with liquid film, with C=0 set at ca. 90% trans-
mission; results expressed as 0.D. : 0.D. C=0)

-0H -NO -ONO. =C-NO ~0=0
34000m~L 155%0om>! 16405m>] 152008-117406m=L

1) oleic acid 0.23 1.00 0.66 - 1.00
oxygen
ether

2) oleic acid 0.14 1.10 0.30 0.20 1.00
nitrogen

ether

3) oleic acid 0.14 1.10 0.40 0.16 1.00
cyclohexane
nitrogen |

4) methyl oleate 0.17 1.00 0.67 0.30 1.00
oxygen :
ether

5) methyl oleate 0.15 1.10 0.13 0,22 1.00
nitrogen
ether ‘

6) methyl oleate 0.32 1.10 0.13 0.26 1.00
nitrogen
CSs

7) methyl oleate 0.24 0.78 0.23 0.48 1,00
air

CS,
(rgversal of addition)
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No evidence of absorption attributable to a nitroso
group was found. In run 6, using carbon disulphide as
solvent, samples were withdrawn at intervals during the
addition for infrared inspection. The gradual appearance

l, as well as at 1557cm L

of a band at 1670cm. , was observed,
indicating addition as -ONO and as -Noa. No -0NO,,
absorption at 1640cm.’ was observed in the spectrum until
late in the reaction. This supports the accepted4gchema

of reaction, illustrated below. In the additions to oleic

Yo=¢{ >c—c¢<
—
+Np04 No, NO,
e
\ ~c—c¢ < H,0 >6—¢
0 ¢ IIWO (‘)H
NOg ONO o
2 \\igl\s
P9N
NO, ONO,

acid, it can be seen that the use of nitrogen as a carrier
gas moderates the ampunt of nitrate formed, as might be
expected, although it is questionable if the decrease in
hydroxyl content is significant. The nitro-olefin ia
thought to result from elimination of the elements of
nitrous acid from either of the two primary adducts.
Levy49has accomplished the conversion of a cyclohexene:

dinitrogen tetroxide adduct to l-nitrocyclohexene in almost
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quantitative yield by the action of dry ammonia, and we
have found that on chromatography of the hydrolysed adduct
on alumina&, appreciable quantities of nitro-olefin are
produced, apparently from the dinitro-adduct, as the
intensity of the hydroxyl and nitrate absorptions in the
infrared appears unchanged.

The methyl oleate adducts display a gradual diminution
in nitrate céntent as the carrier gas is changed from
oxygen to air and finally to nitrogen. It might be noted
that in this case the diminution 18 more marked than the
corresponding decrease in nitrate content shown by the
acid adducts. Few conclusions could be drawn with regard
to the effect of reversal of addition, as the excessive
nitro-olefin content found in the product invalidates the

rest of the data.
Attempted Separation of the Adducts into their

Respective Components

The use of alumina as the solid phase in chromato-
graphic treatment of the esterified adducts did not yield
reproducible results, but the use of silicaag%oved to be
satisfactory. On elution with petrol:benzene:chloroform
the mixtures were easily separated into two fractions of
approximately equal size. The first appearsd to be

composed of any unreacted olefin, along with the dinitro-,
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nitro-nitrate and nitro-olefin adducts. The second was
the pure nitro-alcohol, or mixture of nitro-alcohols,
unless any acidic material was eluted at this point.
Further attempted separation of the first fraction failed
to isolate any one of the three adducts, although unreacted
olefin could be removed. The nitro-alcohol fraction might
be expected to contain four isomers, and was obtained as

& yellow oil, in which no crystallisation could be induced,
and distillation of which appeared impracticable.

Reactions of the Components

The contents of the first chromatographic fraction
might be expested to be readily converted to the nitro-
olefin by the action of base. ILevy has described4§he
action of dry ammonia and of sodium hydroxide in eliminating
the elements of nitrous acid, or nitric acid in the case

of a nitro-nitrate adduct, to give nitro-olefins.

e
Sc—c< NE —c=c¢<
E7| | i I
NO; NOg NaOH No,,
N —_n”
_~c—¢< NeoR ~ —C=¢{
1: S > ]
NOs ONOg NO,

All attempts to accomplish this reaction with the nitro-

adducts of the fatty acid and its methyl ester proved

unsatisfactory. Infrared evidence indicated that the
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reactlion is accompanied by side reactions such as the
oxidative splitting of the nitro-olefin wpon formation.
The reaction also appearesd sluggish, the -N02 absorption at
1557¢m:lwas never completely removed from the spectrum.
Several attempts to prepare the nitro-olefin (presumably
as a mixture of two isomers) by treating the unhydrolysed
adduct with dry ammonia were also made, as described by
Levy4%or ocyclohexene, In all cases, the nitro-olefin was
formed in appreciable amounts, but was accompanied by
large quantities of nitro-alecohol, indicating that
hydrolysis was taking place before the ammonia could effect
the removal of the elements of nitrous acid. No satisfactory
explanation of the presence of water is to hand. The
reaction did afford a source of nitro-olefin in a reasonable
state of purity, as on chromatographic treatment on silica,
the nitro-olefin, along with small amounts of dinitro-
adduct, was obtained as an oil. The two isomers might be
expected to be formed in about equal amounts, as a result
of a non-stereospecific addition. Reduction of the mixture
cgs(cgz),,?= CH (CHp ) ,COONe CHB(GH2)7CH=?(CH2)7COOH
NOo NOZ
with lithium aluminium hydride afforded an oil which

appeared to be free of nitrogen, light absorption showing

only a hydroxyl grouping. On benzoylation, light absorption

of the resulting oil showed only ester absorption (-0COPh).
289 2%0
Lithium aluminium hydride has been knowh ©To effect hydrogen-
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olysis. The nitro-olefin proved unaffected by attempted
reduction with Raney nickel.

The nitro-alecohol mixture of isomers was treated with
agueous alkali and the product separated into a neutral and
an acidic fraction. The two positional isomers thought to
be present might be expected to give a nitroparaffin,
GE3(0H2)8N02, and a nitro-acid, along with an aldehyde and
an acld aldehyde, both of which would be likely to have been

converted to the corresponding acid under the conditions.

RCH —CHR! base '
{ | — RCHO + R'CHaNoa
OH NOg
RCH— CHR! base
| | — RCHzNoz + RT'CHO
I\TO2 051

Rz OHg(CHg)y- , R' = HOOC(CHZ)yp-

Only oily products were obtained, and from infrared evidence
the major nitro- content was in the neutral fraction. This
might indicate predominating nitrogeh attachment to ClO’

but the presence of unreacted material invalidates this

conclusion.
Attempts to prepare the nitro-olefin from the mixture

of nitro-alcohols by acetylation, followed by treatment

with potassium carbonate, were unsuccessful, the oils
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obtained containing little nitro-olefin.

General Procedure for Analysis of Adducts

a) Separation Methods
b) Estimation Procedures not relying on Sepabation.

Separaition Methods

Vapour Phase Chromatography - This technique is of little

application except in the case of very low molecular weight,
because of the high temperaturegat which the column would
have to operate. The adducts would also be unsteble at
those temperatures.

Chromatography - Reproducible results are obtainable on

silica, eluting with petrol:benzene:chloroform:methanol in
that order. The nitro-oletfin, nitro-nitrate and dinitro-
adducts axre eluted with petrol as one fraction, the nitro-
alcohol may be eluted with benzene:chloroform.

Crystallisation - In certain cases, by choosing reaction

conditions so that part of the adduct separates as a
precipitate during the addition, the dinitro-acid (ome or
both isomers) may be obtained in a pure condition.

For separation of the mixture of nitro-olefin, nitro-
nitrate and dinitro-compound, it appears that counter-

current chromatography or comparable high-resolution

techniques would be necessary.

Estimation Procedures not relying on Separation

Titration -The determination of equivalent weight is of
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little application if there is more than one product, as
the more products formed, the more difficult it is to
interpret the value obtained.

Infrared Absorption - The liquid film spectra of the

hydrolysed adducts shows the presence of nitro-alecohol,
nitro?nitrate, nitro-olefin and, depending on the
proportions of the components present, the dinitro-compound,

by the following detailed absorptions.

Grouping ¥ (om:t) e

-0H ca. 3400 medium

-C 0 1740 very sirong
-NOg 1555 very strong
-ONO2 1640 very strong
=C-NOs 1520 very strong

Only a rough qualitative estimation of the nitro~nitrate
content can as yet be made, as the data available are not
sufficient for its quantitative estimation.

Ultraviolet Absorption - If the presence of nitro-olefin is

indicated from the infrared spectrum, the intensity at

\max. ca. 245 mp can provide a measure of the nitro-olefin
- 133
content, (Amax. C=C-NOg@.240 mp (e ca. SC00) "

Nitrogen Analysis - An estimate of the total nitrogen content

may be used in conjunction with infrared evidence to provide

an eskimate of the nitro-alcohol content, providing that
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the nitro-nitrate and nitro-olefin are not present to an

appreciable degree.

lodine Number - The unreacted olefin in the adduct may be
determined from this value. In conjunction with the

estimate of trans olefin from the absorption at 965cm.T,

it can be used to obtain an estimate of the relative
proportions of cis- and trans olefin remaining in the adduct.

Addition to Petroselinic Acid

The addition of dinitrogen tetroxide to petroselinic
acid afforded two solid products, each in 12% yield, with
melting poimts similar to those previously reported5a(see
table IV). The higher-melting solid was assigned the
strueture of a dinitro-acid on the basis of analytical and
light absorption measurements. The lower-melting solid
exhibited identical analytical and light absorption data,
and thus the two solids are postulated as the threo and

erythre forms of the dinitro-acid, and the higher-melting

CHg(CHz )30 G[—Is((}Hz)lo
H —-No, H —-T0,
OpN —-H A
(CH, ), CO0H (CH, ) ,CO0H
threo form m.p. 127° erythro form m,p, 92°

compound 1is tentatively assigned the threo configuration on

the bas%élor its higher melting point and lower solubility
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in ethanol. There is nothing in the properties of the
lower-melting compound to suggest the nitrosate structure
assigned by Vasil'ev gﬁ’g;?? and a nitrosate would be
unable to yield a diaminostearic acid on reduction, as
reported. The residual oil had'hgo 1.465 (reported 1.686)
and from infrared absorption evidence consisted of a
mixture of nitro-alcohol and nitro-nitrate. The postulat?gn
of a nitrous ester of hydroxynitrostearic acid (bresumably
RCHONO) -CH (NO5)R') after treatment with alkali is difficult
to comprehend. Addition of dinitrogen tetroxide to
petroselinic acid under the standard condibions, as compared
with ﬁhat using the conditions of Vasil'ev, showed some
differences, notably the reduction in the formation of
nitfo-nitrate, and the crystallisation of the residual oil

to yield petroselidinic acid, the trans isomer.

Addition to Erucic Acid

Addition of dinitrogen tetroxide to erucic acid under
the standard conditions afforded some dinitro- adduct, and
much brassidic acid, the tramns isomer, precipitated from
the reaction solution in petrol. The oily remainder also
deposited brassidic acid. There appear to be appreciable

differences in the rate of addition of dinitrogen tetroxide

to the three acids. Oleic acid adds dinitrogen tetroxide

almost quantitetively under the given conditions,

petroselinic acid affords both addition end isomerisation,
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while isomerisation appears to predominete in attempted
addition to erucie acid. Thus the reverse reactions
illustrated below appear to be more important in the cass
of addition to erucic acid than to oleic acid. Using the

¢is-acid —— intermediate — -\ trans-acid
y radical \

l

product of
eddition

28
explanation of Khanz, the stable conformation of the

erucic acid:nitrogen dioxide intermediate is more effective

in regaining its +relectrons than is the similar complex

with oleic acid.
Addition to the Trans Acids

As a consequence of the above results, the addition
of dinitrogen tetroxide to the trans isomers of the three
fatty acids was undertaken, in order to avoid confusion due
to the competing isomerisasion reaction. Addition of
dinitrogen tetroxide to the three pure trans acids was

performed under the standard conditions, allowing long

reaction times, especially in the case of bressidic acid,
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Table VII -~ Summary of Additions
(crude yields, based on starting olefin)

Gompound Petroselinic Eleidic Brassidic
Dinitro- 12% solid 14% soli§ | 13% solid
edduct m.p. 127° m.p. 90 m.p. 91°
(2 isomers 12% soli ca. 14% oil |oca. 13% oil
possible) m.p. 92
Nitro-nitrate 15-20% oil 15-20% oil 10-15% oil
(4 isomers

possible)
Nitro-aleohol| 45-50% oil , 45-50% oil 50~55% oil
(4 isomers

possible)

Total ca. 90% ca. 90% ca. 90%

Elaidic acid afforded a crystalline solid, identified

by light absorption and analytical data as a dinitroatearic
acid. It appeared to be a single isomer. Chromatography
on silica of the esterified remainder afforded two major

fractions. The light absorption of the first fraction

showed the presence of the other dinitro-acid isomer, as
well as nitro-nitrate and nitro-olefin, from the relative

intensities 6f the peaks. The solid dinitro~ odduct:-

was assigned the threo structure, as the isomer present in

the oil is presumably lower-melting. The seoond fraction

was a mixture of nitro-alcohol isomers which could not be
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induced to crystallise.

Petroselidinic acid afforded the seme products as did

the cis isomer, and full addition was achieved. The
dinitro~acids from all additions, whether to cis or to the
trans form, were isolated in approximately equal proportions,
this non-stereospecificity supporting the alleged free-
radical nature of the addition.

Brassidic acid afforded a crystalline precipitate,

identified by light absorption and analytical data as

a dinitroerucic acid. It is likewise assigned the threo
configuration as the second isomer could not be crystallised
from the reaction mixture. The presence of the other
isomer was established as for elaidic acid.

The yields quoted in table VII for the solid dinitro-
acids and the nitro-alcohols are based on weights. The
additions to elaidic and brassidic acids are also assumed
%o proceed in a non—stereospecific  manner, and the
yields of the second dinitro- lsomers are assumed to equal

those found for the solid isomers. This enables an

estimate of the nitro-nitrate yield to be obtained from a

difference in weight, an estimate which can be compared
with that estimated from the infrared absorption of the

band. Nitro-olefin is usually found to appear after

chromatographic treatment, and is assumed to be formed
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from the dinitro- adduct. The reaction appears to produce
25-30% addition as ~NOp,-NO,, and 60-70% as ~N05, -ONO.
Levy reported4950% of dinitro- and 54% hitro-alcohol in the
addition of dinitrogen tetroxide to cyclohexens.

The dinitro addmet of erucic acid formed a solid methyl
ester m.p. 43-44°, while the methyl ester of the higher-
melting @initro- adduct of petroselinic acid had m.p. 47-48°
The lower-melting dinitro- adduet of petroselinic acid
formed a liquid methyl ester which on attempted distillation
under high vacuum decomposed to give an oil identified by
analytical and light absorption data as a pure nitro-olefin.
The distillate was slightly yellow, and decomposition
accompanied the distillation. Abttempts to convert the
solid dinitro- adducts, and the nitro-nitrate of the methyl estex of
petroselinic acid, to the nitro-olefin by the action of base,
resulted in incomplete reaction, the formation of nitro-
olefin being accompanied by splitting, and by much of the

starting material remaining unaffected.

Addition of Dinitrogen Tetroxide to Undecylenic Acid

The addition to pure undecylenic acid produced oily
material, which could not be induced to crystallise by

itself or in a solvent at low temperatures. On

chromatography of the esterified adduct, early fractions

containing the expected mixture of dinitro-, nitro-nitrate,
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and some nitro-olefin were obtained, and later fractions
crystallised to give the nitro-alcohol M.P. 55-56°, After
rgoovery of acidic material from the column, the yields

of the various adducts could be summerised as follows

Compound % Mode of Addition
Dinitro- 20-25% ~NO,,, -No,,
Nitro-nitrate 10-15%

65-70% -NO,, -ONO
2
Nitro-aleohol 55%

The yield of nitro-nitrate was estimated from the infrared
absorption spectrum, and the nitro-olefin present was
assumed to have been formed from the dinitro- adduct on

chromatographic treatment.

Reactions of the Nitro-alcohol

The nitro-alcohol ester was identified by infrared
absorption and analytical measurements. The reactions of
this compound were studied in view of the somewhat

surprising postulate of nitrogsn attachment to the

)
penultimate carbon atom.reporteg for the corresponding acid,

(a), rather than the expected terminal attachment (b).

CH—CH(CH, ) 8000&1& ?Hg"" fH( CHp, ) gCOOMe
] I
OH NOg NO, OH
(a) (b)
dinitrophenylhydrazone

Reaction with alkali afforded no 2:4-
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with the effluent, although a dark-red colouration was
observed on testing the recovered oil with the reagent.
This treatment completely eliminated the nitrogen content,
(disappearance of nitro absorption at urlssscm:l), and
mild oxidation of the recovered oil afforded sebacic acid
in appreciable quantity. This evidence favours the
expected structure (b), which might be expected to yield
nitromethane and an aldehyde-acid, which would be partially
converted to sebacic acid under the conditions, (&) might

be expected to yield formaldehyde and a nitro-acid.
base

02NGH20H(OH)(032)8000M9 —_ CHgNOz + GHC(Cﬂg)BCOOH
(b) g;;;—9 GH5N02 4+ HOOC(CHz)SCOOH

HOCHZCH(NOB)(CHQ)BCOOMG ——> CHO OgN(CH,, ) gCOOH
(a)

Confirmetion by detection of nitromethans on treatment

with alkali, or by reaction with formaeldehyde to give a
trihydroxynitromethane was achieved in neither case.

| Attempted dehydration to the aitro-olefin proved
unsuccessful, although the nitro~olefin obtained on the

chromatography of the original adduct had absorption in

the infrared at 965om:l, and no absorption at 890cm. ,

indicating that the double bond 1s trans-substituted (c),

. COOMe (CHs ) ,COONe
H c==c/(CH2)8 ol e
/ ~ NO
0oN H 2
2 (c) (d)
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and not part of the exomethylene linkage (d). Since Levy
has shown4%hat the same nitro-olefin is produced from the
dinitro- and the nitro-nitrite (--> nitro-aleohol) adducts,
the nitro-alcohol in this case might be expected to yield
the nitro-olefin (¢). Froﬁ the above evidence, and from
the lack of definite evidence publisheds%n support of
attachment to the penultimate carbon atom, the nitro-
aleohol ester is believed to have structure (b), and the
reported nitro-aleohol acid m.p. 121° is considered likely
to have a similar orientation of addition. The
incompleteness of hydrolysis observed on alkali treatment
of the ester often complicated the reaction products and
hindered possible crystallisation.

Addition of dinitrogen tetroxide to undecylenic acid
in the presence of excess lodine gave rise to two produects,
the iodonitro- adduct of the type described by T.Steve§§?
and the iodonitrate from the ionic reaction described by
Bachmann and LogaES%or the synthesis of such compounds.

T.Steve§§6has reported this complication in the reaction

with cyclohexene. The use of higher temperatures in an

attempt to increase the ampunt of free-radical addition

eand thus suppress the lonic addition reaction was of no

avail, little difference in the composition of the reaction
b

product being observed. Chrometographic treatment failed
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to achieve any separation of the components.

Addition of Dinitrogen Tetroxide to Acenaphthylene

It was thought of interest to attempt addition of
dinitrogen tetroxide to the reactive double bond of
acenaphthylene. The addition products might be expected to
be ecrystalline, and the yields obtained would determine the
stereochemistry of the addition (only two isomers possible
from each type of adduct). Also the addition to an aromatic
compound has not been reported, However, acenaphthene itself

has been nitrated with dinitrogen tetroxide to yield

N
7
NC, NC,
5:6-dinitroaoenaphtha§g? and this reaction might be expected
to interfers.

Addition to acenaphthylene under the standard conditions
afforded solid products (25%) and the remainder as an intract-
able oil. TFor this reason the reaction was not further
investigated, although & dinitro-derivative m.p. 160-1610 wes
isolated in 15% yield. The analytical data favour a dinitro-
adduct, but the low frequency of the nitro absorption in the
infrared (1520emTY), and the radically different ultraviolet
spectrum (with greatly increased intensity) when compared

with the spectra of acenaphthene and acenaphthylene,
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would be better explained by the inelusion of a nitro group
NC2 NOC,

in the ring. The constitution of the adduet could be
determined by degradation to the naphthalene nucleus, and

detection of any substituted nitro group.

SUMMARY

The results obtained in the additions described
follow the general patitern outlined by Levyégor the olefins
of lower molecular weight. The products isolated corresponrd
to those obtained by Levy4? Schechters? and Porter and w%%&?z
namely the dinitro- and nitro-nitrite adducts, from which
are obtained the nitro-nitrate, nitro-alcohol and nitro-
olefins, by oxidation, hydrolysis, and elimination of the
elements of nitrous acid, respectively. No evidence for
the formation of any other compound was found, and the work
of nghoferz%Zw seems even more anomalous. The findings of
Vasil'ev gg‘gijsglso appear suspect in the light of the
above results.

The work provides further support for the postulatga

of non-stereospecific radical addition to disubstituted

olefins, in the formation of the dinitro-acids in equal
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amounts from the addition to petroselinic ascid, and the
ionic mechanism of Levy4gay no be safely discarded.

The reaction conditions émployed allow & smooth reaction
to proceed virtually quantitatively, but little variation
has been achieved in directing the addition, except that
the nitro-niteate content can be substantiaelly increased
(5-»30%) by the use of dinitrogen tetroxide in excess, or by
the use of oXygen as a carrier gas.

Dinitrogen tetroxide has been added to oleiec, erucic,
and petroselinic acids, and to thelr trans isomers. The
products from addition to both isomers had identical
composition, evidence which supports the viewzéﬁat the
speed at which the intermediate radical reaches equilibrium
is rapid compared with the speed of the second step of the
addition. Also, there appears to be a difference in
reactivity among the ¢is-acids in the ease of addition of
the second mole of nitrogen dioxide to the intermediate,
and the tendency for the radical to go th the trans-acid
by withdrawal of the 7T electrons of the latter appears %o
be highest in the case of erucic, and lowest in the case of
oleic acid. The trans~-acids formed appear slow to add
dinitrogen tetroxide under the reaction conditions,

The preferred method of isolation for these adducts
of high molecular weight is esterification, followed by

chrometography. The dinitro-acids were the only compounds
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to precipitate during the reaction, and it may be possible
to choose concentrations and temperatures to favour this
precipitation. The remaining components are diffisult to
separate, special techniques such as counter-current
chrometography may be required to achieve complete
separation.

The properties and reactions of the crystalline
dinitro-acids, obtained in 10-20% yield, appear'worthy of
study, with a view to preparing the corresponding diamino-
acids, possibly by stereospecific reduction with palladised
charcoal. The nitro~alcohols are available &as a mixture
df the possible isomers in ca. 50% yield, but preliminary
investigation indicates that this oily mixture is not
readily converted into crystalline derivatives, or useful
degradation products, although reduction might afford
tractable amino-alcohols. The reactions so far investigated,
(hydrogenation, alkaline fission, removAal of the elements of
nitrous acid) appear difficult to achieve in & quantitative
menner. The average yield (based on the olefin) of the
products formed on addition to the four olefinic acids

investigated may be summarised as in table VIII.

Table VIIT
Adduct Yield
Dinitro- (2 isomers possible) | 25% (one or both isomers

may be solid)




Adduect
Nitro~-aleohol .

(4 isomers
possible)
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Yield
50% (liquid mixture)

Nitro-nitrate

(4 isomers
possible)

15% (liquid mixture)
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ELPERIMENTAL

Preparation of Dinitrogen Tetroxide -~ Anhydrous lead nitrate

(75g.) and silver sand (220g.) were dried at 220° overnight,
thoroughly mixed, and transferred to the reaction vessel

(see fig. 15). The furnace was brought o 500-600", and the
dinitrogen tetroxide evolved was swept out by the oxygen
stream into the first trap, and condensed there by a dry ice/
methanol bath. The dinitrogen tetroxide was redistilled by
removing the furnace and the reaction vessel from the

system, and replacing them with the trap containing the
dinitrogen tetroxide, using a second such trap to collect

the redistilled product. The characteristiv green colour of

dinitrogen trioxide was not observed at any stage.

General Technique of Addition of Dinitrogen Tetroxide to

Olefins - The apparatus used 1s shown in fig.‘lS. The
dinitrogen tetroxide in a diluent gas is led into the reaction
vessel containing the olefin dissolved in an inert solvent.
The temperature and durabion of the addition may be varied,
the usual conditions being a two-hour addition period, at 0°.

Addition of Dinitrogen Tetroxide to Cyclohexene -

Cyclohexene (6g.), carefully purified by distillation from
cupric stearate to remove peroxides, was dissolved in carbon
disulphide (200ml.) and dinitrogen tetroxide (6g.) added in

0
& nitrogen stream over one hour at 2. The solvent was
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removed, the oil hydrolysed by dioxane:water, and recovered,
Light absorption : w 3400, 1640, snd 1557cm., indicating
the presence of dinitro~, nitro-alecohol and nitro-nitrate
adducts. Similar reaction mixtures when treated in situ
with dry ammonia, gave the expected precipitate of ammonium
nitrate, but only partial conversion to l-nitrocyclohexene
was achieved, light absorption : v 3400, 1557, and 15200m'.'l,
indicating presence of the nitro-alcohol. On chromstography
on silica, the dinitro-, nitro-nitrate, and nitro-olefin
adducts were eluted by petrol:benzene, and the nitro-alcohol

by benzene:ichloroform.

Addition %o QOleic Acid and to Methyl Dleate - Oleic

acid was purified by the method of Brown and Shinowargééand
methyl oleate was prepared by treatment of the acid obtained
with methenol and sulphuric acid, followed by distillation
at reduced pressure., The additions were performed as for
cyclohexene and are detailed in table V. The light
absorption of the adducts is given in taeble VI (after
esterification with diazomethane). The esterified adducts
were chromatographed on silica, as reproducible results
could not be pbtained with alumina. Petrol:benzene was used
to elute the dinitro-, nitro-nitrate, and nitro-olefin
adducts, which eluted as ome fraction. Elution with benzene:

chloroform afforded the nitro-alcohol free from any
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contaminant, as an oil nga 1.463.

Action of Ammonia on a Methyl Oleate-Dinitrogen

Tetroxide Adduct - Methyl Oleate (6g,) in dry ether (256ml.)

was treated in the usual menner with dinitrogen tetroxide
(2g.) and dry ammonia passed in with stirring until
precipitation was complete. The solution was evaporated down
to yield an oil, light absorption : W 3400, 1567 and 1520cmr,
indicating the presence of nitro-alcohol and nitro-olefin.
The oil was chromatographed on silica to give the nitro-~
olefin (3g.) ngs 1.4607, light absorption indiceting a
fairly pure sample. The later fractions afforded the nitro-

alcohol, n§5 1.4631, free from any other type of adduct.

Addition of Dinitrogen Tetroxide to Elaidic Acid -

Elaidic acid (6g.), purified by recrystallisation from
ethyl alcohol,was treated in petrol (250ml.) at 0° under
nitrogen with dinitrogen tetroxide (2g.) over a period of
two hours. After the completion of the addition, nitrogen
was passed for an hour, then the crystalline precipitate
(1.1g.) was filtered off, the filtrate affording no further
precipitate on cooling. The filtrate was evaporated down

and the resulting oil hydrolysed with dioxane:water, and

recovered (7g.). The solid, the dinitro-acid, crystallised

A o ) )
from methanol as flat plates m.p. 89-90° (Found : C, 57.8;

i . ’ 9. 5 7.5“’
H, 8.9; N, 7.1; 018H54N206 requires C, 957.8; H, l; N, %),

-1
light absorption : v 1710 and 1557cm.” A further small
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amount of solid separated from the 0ily remainder, and was
identified as stearic acid by mixed m.p. and elemental
analysis (probably present as impurity in the starting
material). The oil remaining was esterified with diazo-
methane and a portion (5g.) was chromatographed on silica
(100g.). A mixture of dinitro-, nitro-nitrate and nitro-
olefin adducts (2.1g.) was eluted with petrol:benzene, light
-1

absorptionitv 1640, 1557, and 1580cm., with e

_ 15570m.”+

The nitro-alcohol (2.5g.) was

greater than €, 6400~
eluted with benzense:chloroform, light absorption:v 1557 and
3400cm. "

Reactions of the Adducts

a) Splitting of the Nitro-alcohol Adduct of Methyl @leate -

The nitro-aleohol (C.2g.) was dissolved in dilute sodium

hydrexide solution and stirred at room temperature for
eight hours. The solution was acidified at 0° with dilute
hydrochloric acid, and ether extracted, and the extract

separated into a neutral and an acidic fraction. The neutral

fraction afforded an oil, light absorption : ¥ 1557cm.,

indicating a nitroalkane, and absence of any aldehyde; the
acid fraction, after esterificetion with diazomethane, had
light absorption : ¥ 340C, 1740, and 1557cm:l(presence of

ester and nitro groups, with some unreacted nitro-alcohol).

From the intensities of the nitro absorptions, the larger
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content appeared to be in the neutral fraction., No 2:4-
dinitrophenylhydrazone could be isolated, and no
erystallisation of either oil was achieved.

b) Attempted Conversion of the Nitro-alcohol %o the Nitro-

Clefin Adduct.~ The nitro-alcohol (l.5g.) was treated with

acetie anhydride (0.6g.) in pyridine (5ml.), and the
solution was meintained at 100° for one hour, allowed to
stand for two hours, then poured on to chipped ice. The
resulting meutral oil had light absorption : v 1740cmlt,
absence of hydroxyl absorption. The o0il was heated for two
hours with solid anhydrous potassium carbonate (0.,2g.) at
lOOO, then ether extracted., The extract afforded an oil,
light absorption : ¥ 1740 and 1557cm. (small), indicating

decomposition of the nitro-acetate.

c) Attempted Preparation of the Nitro-olefin - A mixture

(0.5g.) of nitro-olefin, nitro-nitrate and dinitro- adducts
was treated in ether with dilute sodium hydroxide with
effective stirring for six hours. The ether layer was

separated, the agueous leayer acidified with dilute acid, and

ether extracted. The combined extracts afforded an oil, the

light absorption of which was relatively unchanged, apart

from hydrolysis of the ester. The ackion of alcoholic

alkali also failed to achieve appreciable change in the

light absorption of the oily mixture.
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d) Reduction of Impure Nitro-olefin - The impure nitro-

olefin (l.4g.) in dry ether (100ml.) was added over ome hour
to a stirred solution of lithium aluminium hydride (0.5g.)
in dry ether (100ml.) in a three-necked r.b. flask, equipped
with a reflux condenser, dropping funnel and stirrer,
protected by silica drying tubes. The solution was refluxed
for an additional ninety minutes, then worked up by addition
of dilute sulphuric acid after excess lithium aluminium
hydride had been decomposed by addition of water(care).

The ether extract afforded an oil which had light absorption:
6‘34000m:} absence of any absorption attributable to nitro
group. Preparation of the benzoyl derivative éfforded an

l, indicating only presence

0il, light absorption : v 1735cm.
of benzoate. Lassaigne test indicated almost complete
absence of nitrogen content. Apparently the nitro group
has been removed from the molecule by hydrogenolysis.

Addition of Dinitrogen Tetroxide to Petroselinic Agid.

a) Petroselinic acid (5g.) was saturated with dinitrogen

tetroxide according to the procedure of Viltyams and

Vasil'ev?6 The crystalline precipitate (1.28g.) was filtered

20
off, amd the recovered oil had ny 1.4650 after hydrolysis

with dioxane:water, light absorption : ¥ 3400, 1640 (large),

15570m:1, jndicating presence of nitro-aleohol and nitro-

nitrate adducts. The crystalline precipitate was separated
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into two compounds by their differing solubllities in
methanol. The first (0.6g.) erystallised from methanol as
fluffy plates m.p. 126-127° (Found : C, 57.8; H, 9.0; n, 7.4;
Cy1 gy NgOg requires C, 57.8; H, 9.1; N, 7.5%), light
absorption : v 1710, 1557cm:‘l, indicating a dinitro-acid.

The second (0.65g.) crystallised from agqueous methanol as
plates m.p. 90-92° (Found C, 58.0; H, 8.9; N, 7.4;

CléES4N206 requires C, 57.8; H, 9.1; N, 7.5%), light absorption
: w1710, 1555cm.~, indicating a dinitro-acid.

b) Petroselinic acid (4.5g.) in petrol (250ml.) was treated at
0° under nitrogen with dinitrogen tetroxide (l.5g.) over
thirty minutes. The crystalline precipitate was filtered off
(0.7g.), and the recovered oil was hydrolysed with dioxene:
water, and set aside. The precipitate was separated into two
components by their solubility differences in methanol, the
first (300mg.) m.p. 187°, crystellised from cold methahol,

and the second (350mg.) m.p. 90-920, from aqueous methanol.
The light absorption of both compounds was the same: v 1710,
1557cm.~, indicating the composition of a dinitro-acid. The
hydrolysed oil partly solidified, yielding crude petroselidinic
acid (2.8g.), crystallising from methanol as amall prisms m.p.

50_520’ undepressed on admixture with petroselidinic acid m.p.
227

549,

1710, 1640 and 15570mtl, indicating the presence of nitro-

The recovered oil(2g.) had light absorption : v 3400,

alcohol and nitro-nitrate edducts.
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Addition of Dinitrogen Tetroxide to Petroselidinic Acid

Petroselidinic acid (2g.), purified by erystallisation from
ethanol (m.p. 50-52°), was treated in petrol (250ml.) with
dinitrogen tetroxide (lg.) under nitrogen at 0° over a period
of two hours. The crystalline precipitate (0.6g.) was
filtered off, and the solid separated into its two components
as described in the case of addition to the c¢cis-acid, by
treatment with methanol. On evaporation of the mother
liquors, a small amount of oil was obtained, light absorption

: v 1740, 1557cmyt

, indicating that esterification had taken
place (esterification with methanol, catalysed possibly by
nitrous acid). The remainder of the adduet (l.3g.), after
hydrolysis and esterification with diazomethene, was
chromatographed on silica (30g.). The nitro-nitrate (0.4g.)
n§5 1.462, was eluted with petrol:benzene (2:1), and the

5 .
nitro-aleohol (0.82g.) ng 1.463, with chloroform:methanol

(1:1).
Preparation of the Methyl Esters of the Dinitro=-acids

Phe dipitro-acid m.p. 127° (50mg.) was esBerified with
diazomethane, filtered, the solvent removed, and a solid
obtained on standing, crystallising from ethanol as flat
plates m.p. 47-48° (Found : G, 58.9; H, 8.7; N, 6.8;

uires C, 58.8; H, 9.3; N, 7.2%), light
019H36N206 regq ’ ) ’

absorption : ¥ 1740 and 1555cm,, indicating a pure dinitro-




-186~

ester. The solid obtained on filtering the original reaction
solution was polymerie, m.p. 127°, H (Rast), ca. 3000,
insoluble in all solvents.
The dinitro-acid m.p.92° (50mg.) was esterified with
diazomethane in ether, and the solution evaporated to give

. 26
an oil n

D
fraction b.p. 195-205°(bath temp.)/lo-%m., (Found : C, 66.6;

1.463. The o0il was distilled in vacuo to give a

H, $.8; N, 4.1; C1gHzslNO, requires C, 66.9; ¥, 10.3; ¥, 4.1%),
light absorption : v 1740, 1520cmfl, ebsence of nitro
absorption, Amex. 245 mp (e 3800), indicating & nit®o-olefin.

Attempted Preparation of the Nitro-olefin - The dinitro-

acids and the nitro-nitrate ester were treated separately
with aqueous alcoholic sodium hydroxide at room temperature
overnight. After scidification, oils were obtained in &ll
cases, light absorptiomsv 1710, 1555(small), and lﬁZOcm:l
(small), indicating incompleteness of reaction, accompanied
by splitting , with removal of the nitro content.

Addition of Dinitroger Tetroxide 3o Zrucic ascid -~

Erucic acid {10g.), purified by crystallisation from einearnol
at low temperature, was treated in petrol (250ml.) with
dinitrogen tetroxide (3g.) under nitrogen at 0° over ome hour.
The precipitate (3.3g.) was filvered off, and on concentration
of the filtrate a further amount of solid (£.3g.) was

-1 _. o
obtained. The light ebsorpilon : v $65cm.”, virtual zbserce
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of nitro absorption, indicaeted the solid to be brassidic acid,
and on recrystallisation from methanol, brassidic acid m.Po
58° was obtained. From the residues, behenic acid (0.lg.)
m.p. 72-750, was isolated (probably present as impurity in
the starting material. The filtrate was evaporated, and the
resulting oil hydrolysed and esterified, light absorption :

¥ 3400, 1640, and 1555emT+

, indicating presence of nitro-
alcohol and nitro~nitrate adducts. Occasionally higher-
melting crystalline material precipitated along with the
brassidic.acid, and crystallised from methanol m.p. 89—900,
(Found : C, 64.8; H, 9.7; N, 5.3; G22H42N206 requires C,
61.4; H, 9.7; N, 6.5%), light absorption : ¥ 1710 and
15550m Y, indicative of a dinitro-acid. No further

gharacterisation of this product was attempted.

Addition of Dinitrogen Tetroxide to Brassidic Acid -

Brassidie aeid (3g.) m.p. 58—590, purified by recrystallisation
from ethanol, was treated in petrol:ether (300ml.) with
dinitrogen tetroxide (l.5g.) under nitrogen at 0° over a

total period of four hours. The solution was then allowed

to warm to room btemperature, and stood overnight. The
precipitate (0.18g) was filtered off, end on cooling, a

further amount (0O.4g.) was obtained, separable by treatment
with methanol into two components. The first (0.22g.)

o .
crystallised from methanol as plates m.p. 90-91 , identical



-188-

with the first crystalline precipitate, (Found : @, 61.5;

H, 8.8; N, 6.3; C, B N0, requires G, 61.4; H, 9.7; N, 6.5%),

light absorption : v 1710 and 1555cm.~, indicating a dinitro-
acid, On esterification of the acid with diazomethane, the

dinitro-ester crystallised as plates from methanol mep, 43~

o ) _
44°, (Found : C, 62.3; H, 9,7; N, 5,8; 025H44Néo6 requires

C, 62.2; H, 9.9; N, 6.3%). The second (0.15g.) was obtained
from the mother liquors, crystallising from methanol as

plates m.p. 74-75° and was identified as behenic acid by

formation of the solid ester (m.p. 51-54°) by treatment with
235

diagomethane. (Methyl behenate has m.p. 54° ). The
filtrate was evaporated to yield an oil which, after
hydrolysis, and esterification, was chromatographed on silica,
The first fraction, eluted with petrol:benzene (1l:1) had
light absorption : ¥ 1740, 1640, 1555 and 1520cm. -, with

1 greater than ¢ , indicating the presence

®15550m: “1640cmsl
of dinitro-acid, as well as nitro-nitrate and nitro-olefin

adducts. From the optical densities of the absorptions, the

nitro-nitrate was estimated to be formed in 10-15% yield.

25 .
Phe nitro-alcchol ester had np~ 1.462 (eluted with benzene:

chloroform). Earlier runs worked up immediately after

completion of addition invariably afforded mainly unchanged

brassidic acid.
Addition of Dinitrogen Tetroxide to Undecylenic Acid -

Undecylenic acid (5g.), purified by crystallisation from
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hexane at -10°, was treated in petrol (250ml.) with
dinitrogen tetroxide (3g.) under nitrogen at 5° over a period
of two hours. The solution was then evaporated down and
the resulting oil stored for a period of four weeks. No
satisfactory crystalline deposit having resulted, the oil
was esterified with diazomethane, light>absorption ¢ VW 3400,
1740, 1640, 1557 and 1520cm?1(sma11), indicating the
presence of nitro-alcohol, nitro-nitrate, probably dinitro-
and a small amount of nitro-olefin. No absorption at 890cmit
was observed, indicating absence of the CHp=C(NOg)R group.
The oil was chromatographed on silica (80g.) to yield the
following fractions :

a) 3.1lg., eluted by petrol:benzene 3:1, Light absorption :

w 1740, 1640, 1555, 1520cm;", indicating & mixture of
nitre-nitrate, nitro-olefin and dinitro- adducts.

b) 0.9g. , eluted by benzene:petrol 2:1, light absorption :

1

v 1740 and l5550mfl,(1640 and 1520cm.” absorption is small),

indicating impure dinitro-adduct.

¢) 2.1g., eluted by benzene :chloroform 2:1, light absorption

¥ 3400, 1740, and 1555cm>, indicating pure nitro-alcchol.

d) 1.9g., eluted with chloroform, light absorption : v 3400,

-1 i . .
1720 (broad) and 1555¢cm. , indicating an acidic nitro-alcohol

adduct(probably from incomplete esterification).
No successful separation was achieved on rechromatography

of the first fraction. The nitro-alcohol fractions
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crystallised on standing and hed m.p. 55-56° (ether:petrol),
(Found : C, 55.0; H, 8.8; N, 5.5; 012H23N05 requires C, 55.2;
H, 8.8; N, 5.4%), light absorption : v 3400, 1740, and

-1
1555¢cm. Light absorption of the fractions containing

appreciable ebsorption at 1520cm.L

(nitro-olefin), showed no
- -1

peak at 8900m}, but absorption at 965cm. (trans-olefin) was

present.

Reactions of the Nitro-Alcohol Ester

a) Splitting - The nitro-alcohol (0.44g.) was treated at 80°
for one hour with an agueous alcoholic solution (25ml.) of
sodium hydroxide (0.2g.). The red solution was acidified at
0° and ether extracted. The action of the base would be
expected to split the the nitro-alcohol ester into two
fragments, an aldehyde (probably converted to the acid) and
a nitro compound. The oll obtained afforded no precipitate
with the 2:4~dinitrophenylhydrazine reagent, although a
marked intensification of colour was observed. Light
absorption : v’l?lOcmTl, indicated the presence of an acid
with 1ittle nitro content remaining. Attempts to detect
formaldehyde or nitromethane were unsuccessful.

b) Oxidative Splitting. - The nitro~alcohol was treated as

above with base, and the recovered product shaken for an

hour with elkaline potassium permanganate at room

temperature. After acidification and ether extraction, a
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yellow solid was obtained, light absorption : v’l?lOcm:l,
indicating an acid free from nitro content. After
recrystallisation from ether:petrol, the solid had m.p..120-
1300, undepressed on admixture with a genuine sample of
sebacic acid. The solid appeared difficult to purify further.

¢) Dehydration - No dehydration was achieved on treating

the nitro-alcohol in refluxing benzene with a trace of

p-toluenesulphonic acid.

d) Reaction with Faraformaldehyde - The nitro-alcohol (0.2g.)
was dissolved with paraformaldehyde (0.07g.) in 95% ethanol
(2ml.) containing potassium hydroxide (lg. per 200ml.). The
fiask was stpppered and stood overnight; After working up
by dilution with water and ether extraction, the product was
separated into & neutral and an acid fraction by bicarbonate
extraction. The neutral fraction afforded no trace of the
expected trifhydroxymethyl)nitromethane, light absorption :

v 1740, 54000m:l(small), and no nitro absorption, indicating
an ester. The acid fraction consisted of unchanged nitro-
aloohol acid, the light absorption indicating predominance of
acid. Attempts to identify the neutral ester by hydrolysis

were unsuccessful.
Addition of Dinitrogen Tetroxide to Undecylenic Acid in

Presence of Excess lodine

Dinitrogen tetroxide (2.5g.) was added slowly over three

hours under nitrogen to a stirred solution of undecylenic
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acid (5g.) and iodine (9g.) in ether (250ml.) at o°.
Stirring under nitrogen was continued for a further hour,
then the solution was treated with esdinm thiosulphate
solution to remove excess iodine. After washing with water,
the ether extract afforded a colourless oil (10g.). Light

absorption : ¥ 1640 and 1555cmTt

, indicating nitrate and nitro
absorption, and & Beilstein test gave a positive result. 4
similar run at 200 furnished the same result. Part (lg.) of
the oil was chromatographed on silica (30g.) and eluted with
chloroform:methanol. A pink colour (iodine?) was observed

on the column, and the light absorption of the recovered
fractions indicated little separation., The fractions all
afforded a positive Beilstein test.

Addition of Dinitrogen Tetroxide to Acenaphthylene

- Dinitrogen tetroxide (4.5g.) was added slowly over ®wo
hours under nitrogen to a stirred solution of acenaphthylene
(6z.) in ether (300ml.) at 0°. After addition, stirring was
continued for a further hour. The solution was evaporated to
smell volume and the solid depositing was filtered off. The
first crop (1.06g.) was an amprphous brown powder, light
absorption : 6’1555cm:l, indicating a nitro-compound, and

the second (1.79g.) crystallised from benzene as plates m.p.
160-161° (Found : C, 58.9; H, B.1; N, 11.4; CjHN,0,
requires C, 59.0; H, 3.4; N, 11.5%; CpoHgNg04 requires C,



~-193-

59.5; H, 2.5; N, 11.6%), light absorption : v 1520cm.~,
Amax, 290 amd 349 mu ke 8900 and 11,700 respectively),
indicative of a nitro éroup or groups substituted in an
eromatic ring. The mother liquors afforded only intractable

gums and the products were not further investigated.
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