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SUMMARY

The subject atter of this thesis (the elucidation of the
mechanism of the aromatisation of diacetylenes and relatsd species) may
be divided into three sections, each dealing resvectively with the
aromatisation, by treatment with stronqg base, of linear diacetylenes,

cyolic ‘ca discetylene equivalents, and cyclic C,, or c]. & discetylenes

12
or their ejuivalents.

The aromatisetion of deca=1,9-diynes anl Aeca=4,6-diyne is
described in the first sectiom; this is followed by a detailed
examination of the requirements for base catalysed isamerisation of
octe~l,7-diyne. The oroducts from the latter resction, aromatic amd
non-aronatic, are identified, anl the non-aromatic ones are also
synthesisel for comparison. These olefinic by-oroducts are also treated
with base under similar coniitions in an attempt to elucidste the
mechanism of their transformation, and their nroducts are likewise
jdentified. Trestment of octa-l,7-diyne under varibqs reaction
conditions alao lesds to the establishaent of comlitions hécescary for
the fonaation of aromatic nroducts only. A retionale based upon the
findings in the course of this work anl recent related literature
renorts, is put forward for the formation of both the afautio and none

aromatic soecies.

The results obtained from the first vart of this work are



utilised in the following work on the related isomerization of cyolo-
soctadiyne equivalenta, Dshydrobromination of tetrabroangcyclocctanea
(one of the two isomers obtained has its structure proved by X-ray
analysis) with an excess of strong base yi~lds benzocyclobutcne and

styrens, as well as other nroducts. The analorous isonerisation of
cyclooctatetraene itself ylelds the same major nroducts, and these are
isolated and identified. Various reaction conditions are slso tried,
but comnlete control of reaction nroducts is not achieved. A machanistic
in’cerpmtation for the fornation of the various oroducts is again
oresented,

The third section deals with the similar preparation anmd
dehydrobromination of the hexa- and tetrabromocyclododecanes, as well
as the base catalysed isomerisation of cyclotetradeca-1,8-diyne. The
products are again identified, and a mechanism for their formation is
ovut forward. The synthetic potential of these reactions is discussed

bﬂemo



INTRODUCTION

The Formation of Benzenoid Compounis from Unsaturated Systems,

Controversy amd speculation have marked the progress of the
concept of aromaticity over the klaat century since Kekule's origimal
proposal for the structure of benzene, followed a year later by
Berthelot' sl ®asimple® synfhesis of it from three molecules of acetylena,
The facade of simplicity presented by this reaction concenled extremely
effcecctively its profound ccmplexity, so much so that it is only recently
thﬁt the ramifications of the reaction‘have become unierstood - and in
the process have helped to place one of o:fganic chenistry's fundamentals
on a sol;d basis‘ of facts. Indeed, this reaction is a pverfect example
of evidence supporting the original theories of aromaticity, anmd yet
still comvletely explicable against the background of kmwledée available
today.

Of necessity, the originsl speculations about the nature of
aronaticity devended on the practical results availgb‘le at that time, and
as such, ephasis was placed on the types of reacfions that "aromatic"
compounds Memm. rather than the degree of reactivity possible with
a certain arrangement of double bonds, though on reflection this is implied.
Agco:‘di:gly, examples of reactions carried out then and now are quite

mrazrous, their comparison is direct, but understanding now the theory and

&



degree of reactivity possible, not only are the products predetermined,
but starting materials and products are interconvertible, even though
they way be classified as ammatie or olefinic.

- Berthelot's original trimerisation of aoetylenel in 1866, (re-
examined in 1960, and founi to preduce also toluens, o-zylens, styrens,
naphthalene and other polymiclear hydmcarbonsz) was followed by other
similar reaotions." [(1).) (2); R=H, R'= cn}, and R = K'= iC'H5] but thers
the matth rested for many decades while the pivperties of "aromaticas®
were evaluated and aromatic reactivity formulated. Aromatic compounds
were produced by a variety of methods and reagents, but all had a preformed
six-membered ring - or caused it to beA formed in the course of a cyclisation
reaction involving e carbonyl or its e;;uivalent. . Detwa’mgemtion
reactions utilising selenium, sulphur or pelledium, were all known, but
even now their route (involving free mdieéla) 'is"boérlj understood.

Due to the intense interest in terpene chemistry prevalent at
that time, it is not surpris:lng to f‘lni the odd example of aromatisation
amongst some of their reactions - as for instance carvons (5) and
eucarvone (4) (itself an isomer of carvone) were known to give thymol (5)
on treatment with aoid,?’ ;6' Later work7-0n these compounds. produced
evidence that the rearrangsment of carvone hylrobromide (6) te eucarvone
(4) proceeded via a Wicyslic form (7). 8o, (with hindsight) it secms

strange that the possible existence of this route in reverse was not
recognised, that preformed six-membered rings were not neceasary



precursors of arcwatic rings. (The analagous conversion of the
dibromocarans (8) to p-cymene (10), probably via the bicyclie form (9)
has also been observed recentlys) .

This long lull, with its paucity of practical results, finally
enled about twenty-five years ago, when organic chemistry, possessing an
abunlance of theorics on aromaticity (oroduced by mathematicisns and
physical chemists), finally obtainéd the practical means to test them,
due largely to the development of the spectroscopies and various new
reagents and egx'xn;ent - largely by-oroducts of the tvwo major wars during
that period. .

As in all evolving sciences, the techniques had changed from the
scientifically brutal to the subtle, and tﬁmxgh knowledge on dehydrogen-
sation methods had been extended, and understanding of the catalytic
requirements gave some control of the end produots (e.g. the fomtion of
ethylbensene from l-vinylcyclchexene (11) over platimum at ao6° 9), this
bore no comparison to the advantages that the advent of new catalysts and
especially trecer experiments brought to this sphere. Thorough
investigation by Pines and his associates has shown that with' the
aporopriate oahlysts (various silicates anl slkaline or_aciﬂic alwainas)
_and at the correct reaction temperatures, hydrogemation and dehydrogemation
can oocur very Mil:.l'o‘u’ Also, the use of macrocyclic hydrocarbons
(1nstesd of cyolohexsne spscies) by Prelog st 81.12°13 nag produced a
variety of polyaromtic compounis depenting on the starting material



(outlined below).

Pa o
cyclononane /e 40 3 indene
¢cyclododecans -} acenaphthens, acenaphthaleno
cyclotridecans - fluorens

cycloheptasdecans ——————) 1,2-bengofluorens

Realisation that it waa not necessary to start with a cyclic
compound to ceuse aromatisation has produced some striking results, as for
instance, fifty-two, mainiy arometic, compounds were identified from the
pyrolysis of n-decane}‘ The sophisticated work on catalytic transform-
sation over chromia-alunina by Pines et al. using 1#0 labelled n-octane
has led to the identification of ethylbenzene ani all the xylenes, together
with cyolooctan'e andnetl\ylcycloheptane15 (after selective hydrogenation)!
Moreover, the aromatics could be prepared from either of the last two,
the redicactive assay corrcborating the postulated mechanism, (Scheme I),
where 1 = 6, 1 = 7, or 1 - 8 ring closure 1led to the appropriate and
diatinot end products. .

Work of this type has 1ed to the dcvelopment of the theory of
surface catalysis, where adsorbtion of the reagents on the substrate is
compulsory for reaction. = (In the previocus illustretions, the .uistmto
also participnted by hydrogenating or dehydrogenating the prizary species).
In partiocular, development of transition metal chemistry has produced the
sensationally efficient ”ur,xo‘o of Ziegler type catalysts, with which

unsaturated hydrocarbons form [-bonded complexes, thereby facilitating



molecular condensation.

An outstanding exaaple from some of the earlier work was without
doubt the commercially applicable polymerisation of acetylene to cyclow
soctatetraene by Reppe e_t:___a_.:l.16 ovar nickel cyenide in tetrahydrofuvan
solution, A more nertinent emnplg'_,is the trimerisation of dimethyl-
sacetylene to hexsmethylbenzene over a triphenylchromium catalyst in
tetrehydrofuran, where the mechanistic route is envisaged as shownm in
Scheme II.

The uses and mechanism of this type of reaction have been

jewed, 17,18,

19 ana the formation of the aromatic syatem is explained
by a stepwise replacemnt. of the tetrahydrofuren ligands of the
triphenylchromium complex (12) to form the “tetr&iettwlcyclobutadiene"
metal complex (13), which can then undergo an external Diels Alder
addition of dimethylacetylens, to give the hemmethylﬁenzem on rearrange-
sment and liberation of the original triphenylchromium.

A sinilgr reaction is the trimerisation of vixvlaoetylene,zo where
the acetylene group is the reactive portionm, to give (14) and (15) (using
tri-igobutylalusiniun/titaniuntetrachloride catalyst at -10°) respectively
-~ and again exp].;cable by the same mechanisu. Not only csn simple
arowatio compounts be formed, but by a julioclous cholce of catalysts,
either aromatisation or liasar polymerisation can Gocurst amd’ even bi- or
trioyolic strustures, such as (16) (from diphenylacetylens uaing tri-

sethylalusinium/titanium tetrachloride) can be easily obteined, 22



These reactions are directly comparable with Berthelot's original,
di;ffering only 7in the reaction conditioms and in scope of application.
However, recognition of thé mechanism, and the resulting awarenses that
classical concepts of aromaticity are not sufficient to explain the
properties of these new intermediates, or the formation of the end products,
has resulted in a deliberate quest for similor'ancmalies.

Hence the reactiona of dimettwlaéetylem dicarboxylate (18) with
the tetremethylcyclobutadiene (17), (generated in situ) gave a compound
identified as 3,4,5,6-totranethyldimethylphthalate (20), presumably formed
via the valence bond isomer (lé). Even more remarkable is the fact that
(19). haa been generated by the Amaction of zino with its dibromo
"derivative (21), emd‘is quite stablez“ (though heating it gt ].50o for a
short time will convert it completely to (20))., More astonishing still
is the reverse direct conversion of a benzene micleus into ak bdeyclic
‘#Dewar bengene® form,2? (admittedly by irradistion), as typified by the
change of (22) into (23).

As a consequence of these stulies, the actual synthesis of “Dewar
bonsene” (26) cane as no surpriso.% but as the inevitable. (‘l‘ha method
is outlined in Sohems III, (24) = (26)). Wurther work in this field has
_-beanom-i;a out &ince then by Arnett and Bollinger’/ and Viehe st 81, »29
with the tetre-artbubjl bensens (27) (Scheme TV) and the compounds
" resulting :fron triserisation of l-fluoro-2-tert-butyiacetylens [(29). Scheme
'¥]. In the forser series a Dewar bensens (27s) is cbtained and a



Ladenburg structure (28) postulated; in the lattei‘, not only a Dewar
benzens (30a), but an analogous Ladenburg structure (30b) are actually
obtained!

More recent work has also confimed the feasibility of converting
a double bond into a cyclopropane ring - and vice versa - as previously
postulated in the earlier eucarvone work, In one cm.’o sodio-~eucarvone
was reacted with triphenylmethylchloride, and yielded the dicyclic
derivative (31), which is closely rclated to (7), a postulated intermediate.
Sxanples of lizht catalysed conversion of double bond systems into a
cyclopropane are provided by the conversion of cyclooote~l, 5-diens (32)
to the bieyclic stmctum’l (33) amd the racemisation of (34) and (36)
which Vogel _e_}__t_l_?z maintain can only occur via (35).

The reversibility of the non-bensenoid benzenoid conversion is
clearly demonstrated by the reaction of benzene with diazomethane to give
cyclohepta-l, ).S-triem,’ » and substantiated still further by the anslogonus
reactions of compounds (37) am (40) to give the previously unobtainable
ompﬂm”‘ 3 (39) amd (42) . However, the importance of substituents
should be empha sisel, for in a previously quoted examnle [(8) —» (10)] and
in the ccwmn-siou,6 of (43) to (44) (as ovposed to the preparation of
cycloheptatriene from benzene, an exactly analogous riute) the preferred
state is aromatic, Thus, under the conlitions employed, the presumed
intermediate (41) Adoes not cive rise to phenol.

The obvious lesson in these exasples (and nany more are being



recognised now) is that reversibility is the common denominstor, and as
such it is possible to start from either aromatic or olefin and convert
one into the other as required. The word "aromatic® can no longer be

used to imply extraordinary properties, but only to describe the difference

in degree of reactivity and stability to different reagents. (An
adnirable discuseion and proof is offered in E. Clar's book! “Polycyolic
Hydrocarbons" Vol. I). An illustration is provided by the difference in
stability between benzooyclobutene (45) relative to its valence bond
isomer o-quinodimethane (46). The latter has been pos\:mlai:ed’8 as a
reactive intemediate, but only very recently identified as a breskdown
apeo:les’ 7 in a mass spectrometer - although there are several reactions
fin which benzocyclobutene apparently participates through the intermediacy
of the g-quinadimethans forn (see p.10).

Viewed ageinst this background of kw«ﬂedge, the results obtained

:o:i.gimuy by workers in this department (Harkin, “ Rosenfeld, A2 and

_Bguntonm) during the attempted repetition of Peﬁcin'a original wo:u-kl‘0
?no longer seems doubtful or 1monpfehensib1e. The observed aromatisation
":ot dipropargylacetic acid (47) .to m-toluic acid (48), and the later
':extomions of this reaction (by refluxing in strong base) to simple
diecetylenes, 2,45 has shown that the resction is a general one. What
was not known was the mechanism, and this, together with the identification
,:of other cyclisation products, has now been elucidated, (though not

without some difficulty), anl is dealt with in the first part of this



thesis.

Very recent work on the isomerisation of diynes and polyynes has
underlined the versatility of this veaction, and aromatisation occcurs
very readily in some cases, as demonstrated by the now classic work of

8k, 45, They

Sondheimer an? his co-workers on the fommation of annulenes.
foupd that base treatmeat of the cyclic compounrl.M cyclooctadeca~
1,3,759, 13, 15=hexayne (49) yielded triphenylene (50), a ‘result analogous
to the fomation‘s of 10-diphenylsuccindene (52) from the cyelic 016
dicne-tetrayne (51). Similor results have also been obtained by Hubert
aﬁﬂ Dale in their study of cyclic polyenes and polyynes. These workers
applied the aromatisation reaction to a series of cyciic_diynes, and
obtained the corresponding 1,2-polymethylenebenzenes in quite high
y:l.elas‘6 [(55)—. (54)]. thereby corroborating the results of some initial
stulies made by lcCrae~7 and w1llia~5'in the course of their doctoral
studies. |

The 012 cyclic diyne was the sm2llest ring aystem studied by any
of these authors - only very recently&a has a similar aromatisation been
achieved within a smaller ring system [(55)—»(57) via (56)]. The
qynthe;iu of benzenoid cowpounds from a smeller ring sise - namély the
eight-mombered ring - was therefore ega‘m.riqd. The csbenz_enoid. benz.o-
soyclobutene (45), though known for some time - in fact a 7,8-dibromo-
s bensocyclobutens (59) was synthesised in 1910 by Pirkelstein, although

this fact sas not published till fifty years IM:er"9 = had never been
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obtained by isomerisation of another hydrocarbon. Finkelstein’s methad

20,51, 52 who not only

has been recently verified by Cava and Rapier,
synthesised the dibromo derivative (59) from (58), but also succeeded in
converting it to the parent hydrocarbon (45) from the dibromide.
(Excellent reviews on this and related reactions are given by Bakexﬁ 5 an
Baker and %105 305 ‘). Another synthetic method developed by Cava, the
pyrolytic eliminastion of sulphur dioxide from the appmriate‘ precursors.
to yield assorted benzocyclobutene systems, is illustreted in the
pmpafationjé’j-,’ss of compounds (61), (65), and (70). The very interest-
sing observation was made that compound (70) arose via the formmation of
the 1,2-naphthoquinodimethane (69) - the corresponiing Diels-Alder adduct
of thia intemediate actually being isolated. Incidentally, an interest-
sing example ocours ia the propamtior? ? from (71) of (72) - a rather
exotic bensocyclobutens derivative - but again the aromatic ring is
preformed, though the synthesis does involve a transanmilar ring closure
to yield the required four-membered ring. |

In gémml. dehalogenation or dehydrohalogemtim? of palogemteﬂ
oyclic precursors can produce ring contraction or expansion - for which
amalogous hydrocarbon reactions are now known. For example, the ring
mm”&o.ﬁ on dehydrobromination of (73) or (74) to (75) has been
ntohed& by the expansion subsoquent upon the solvolysis of (76) to (77)
(as well as (78) by Airect replacement of the tosyl group).

Reaction of cyclooctatetrsens (79) with ohlorino“ gives the
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S
dichloride (80), which is converted tof -chlorostyrene (81) op hesting 3, 64

- but not to the hoped-for benzbcyclobutaﬂiem. This would seem to be
an exsmple of the instabllity of the four-membered ring system. Fowever
cyclohepte-1, 3, 5-triene and dichlorocarbens give (82) which can be
converted by heat to the raq'uired 7—chlorobenzocyclobutene65 (83).

In a .very recént example, 66 removal of four moles of hydroien
bromide from 1,2, 5.6-tetmbmocyoloootam (84) by potassium tert-butoxide
in dimethylsulphoxide at room temperature, resulted in the formation of
‘styrens as well as the expeétod oycld.ootatotraem -vbut no benzocyclo-

- sbutens. (This work has been checked in the present study (p. 5¢), and
.&nx'ocyolbhatem has -been found, though the reaction temgeratum detérmines
the yield). Henoe it is not improbable that oyolooctatetrsene - or one
6f its valency isomera - .eouid be a precursor in the rearrangement needed
to pmﬂuce the (mtic_: benzocyclobutens systeam.

' It seems preforable to postulate cycloootatetraene, rather than
qvolooctt-l. 5-diyne, for cyolooctym is the mueat cycloalkyne so far

1aolated 6. és.

As will be demonstrated later, (eige D. 14 ), valence
imﬂ isomers of the same molecule can exist and react similarly. The
fi:otnbrc-idc (84) ocould conceivebly give rise to a mixture of isomeric
@lrbocycléa which could sct as precursors for the formation of benso-
fmiobntom - and indeed wluio" identified bensocyclobutens as a major
Product.  This sequence, from ayclooota-1,5-3iene (available on the ton

Scale comaercislly), provides a simple two-stage synthesis of benzo-
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s cyclobutene.

This work has been extended in the second section of thia thesis,
end the other products also obtained - either under similar or diff-rent
conditions - are e~lucidated. The precise configuration and conformation
of one of the starting tetrabromides have been determined by X-ray
crystallogreaphy and those of the other isomer discussed. The structures
of other cyclic monobromo and dibromo compounds have also been examined.

The detection of a trace of cyclooctatetraene anongst the
reaction products from the dehydrobromination of (84) suggests that
cyclooctatetraens itself might take part in this rcaction, fhis compound,
first syntheaised by Willst!tter.7o produced and made easily available by
Reppe's method involving the tetramerisation of acctylene16 (analogous to
the trimerisstion of acetylene to benzenel). has had its relatively short,
but rather weird chemistry ably reviewed several tims.n'?z’

PHr instance, on irradiation cyclooctatetraecne gives benzene,
styrene, acetylene, bicyclo[A-2-0Joota-2, 4,7-triens and cycloocta~1,%,5-
triene as well as polymer.75'7"75 ° Oxidation proluces benzoic, vhthalic
and terephthalic u::!ula16 ani even tropylium salts have been isolated.76’ .
Recent interesting empler’ 79 of its transanmlar reactions are
illustrated in the conversion of (85) to (86) and (87) to (89) - presumed
to g0 vie (88), Again addition of a mole of bromine to cyclooctatetraene

80, 64 82 o

results in the dibromide (90). However, dehydrobromination r

this compound reforms the cyclooctatetraene system (91), rather than
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convert- it to an aromatic type.

The interconversion of benzene and its valence boni isomers has
already been discussed - the eight-membered ring and the bicyclic [ 422+0]
systems are likewise interconvertible. Thus in the neaotion” of (92)
with maleic anhydride, the identity of the intermediate (93) could be
deduced from the product (94). A similar intermediate (96) must exist
in the conversion of (95) to (77):85 the intermediacy of this
o-quinodimethane type of compound is further demonstrated by the formation

of (97) amd (98) respectively from bex'xzocyclobui:ene.86 It must be

mentioned that the seemingly anslogous reastion’ of (99) to (100) does
not avpear to proceed vis this type of intermediate, but rather by direct
bimolecular condensation, followed by rearrangement.,

Valence bond tautomerism between cyclooctatetraens amd benzo-
scyclobutene appears to be a distinct possibility - analogous to the
well-known cycloocta~l,3, 5-triene (101) - bicyclof[A*2!0]octa~2, A-diene

8s. Indeed, as in the oycloocta-l, 3,5-triene series,

(102) emmple.w’
where this campound (101) has been very rcently obtained from the linear
octa-1, 5.5.7-tetmm89 (103), so the conversion of the acyclic ene-diyne
(108) to various polyoyclic dimers of (46) has also been achievoﬂ.’e
Incidentally, the acyclic tetraene (103a) has been postulated as an

intermediate in the conversion of (104) to (105)90 (Scheme VI) and of (106)

to (107')91 (Scheme VII).

Pimally, the original observation by mlé in his massive study
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of cyclooctatetraene, that the valence isomer (109) could exist transiently
and could be trapped as its Diels Alder adduct has been corroborated > by
the isolation of (110) (formed by addition of dichlorocarbene to cyclo-
soctatetraens and subsequent hydrogenation). Theoretical anmd kinetic
studies” » 94 have also shown that Diels Alder adducts must proceed via
the form (109). In fact, the related compounds (111) and (112)95'96 and
the compound (109) 1tlelf97 have been successfully synthesised. These -
facts provide a rationale for Willis' oonveraion‘} of cydlboctatetmm
into benzocyclobutene, with compounmd (109) acting as an intemediaie.
Sondheimer's classic work on the anmlems,98 and their relevance

to the concept of aromaticity is well known. Recent developments »100,

101, loehave shown that in large rings (more than fourteen carbon atoms)
there is considerable stability inherent in a fully conjugated aystem, or
in one having appropriately positionesd double or triple bonds.

Various attempts to prepare a 012 anmilene have verified the
properties predicted for this ccapound, i;e. generel instability,
explosive decamposition, formation of bicyclic or aromatic compounds.

It has yet to be isolated, though it may indeed exist, Aromatisation of
oyclododeca~1,7-3iyne , or its double-bond equivalent, on treatment with
base should be facile, and a 1,2-benszocyclopolymethylene compound (54) or
related species should result.

Transanmilar reaction is feasidble; for example, palladium at 400°

12,13.

converts cycloalkanes into various aromatic compounis. Again,
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cyclododeca~1,7-diyne, ((53), m = n = 4), can form a [ 6:4:0] bicyelic

7 3

Syﬁﬂm’ (113), and (114) can be convertedm to the doubly bridged

compourd (115). Moreover, Soniheimer has obtained, 45, 46 as W-pmta.
triphenylene (50) amd 10-diphenylsucciniens (52) from the cm‘am C
unsaturated carboocycles (49) and (51) respectively. By-products, even
of a tricyclic nmature, are also obtainéd in a similar tashion from the
C,, enmlene amd C, , °yolic a1yne??*19%*  gnjer more ro;éing:ooxmuons
the 01 A and 012 diynes afford the appropriate 1, 2-benzocyclopolymethylene
compounds.

The extreme ease of fo:mat:ion]'o6

= and resultant commercial
availability - of the isomeric cyclododecatrienes [(116), (117) amd, in
trace amount, (118)] from the trimerisation of 1,3-butadiene over the
appropriate catalyst (e.g. titanium tetrachloride / aluminium pentachloride)
= has made these cyclic hydrocarbons the obvious starting mtgrials for

the aynthesis of a cyclic 012
stulies were carried out by McCrae'! - brominstion aml dehydrobromination

triyne = or its equivalent, 1Initial

giving aromatic materisl amongst other things. A re-examination and
extension of this reaction is the object of the last part of this doctoral

work,



DISCUSSION

Historical Introduction

Speculation about the nature of “-m-toluic acid” and 1its
remarkable transformations, ss deascribed by Perkin and S:lm::m.*sc—:n,m8 led
Eglinton end his co-workers to attempt a repetition of this early workf‘l’ 42.
Although this was unsuccrssful, 1t led subsequen‘cly to the discovery that
one of the possible stm;tuxps for this combohxxi; hepta-l, éadiyne—f‘!-
carboxylic acid (b‘(), itself could be transformed into m-toluic acid (48)
b;y the action of aqueous potassium l\ydroxide. 4 Thiq observation proved
to be 80 interesting that this same rearrange.nent was attempted with, and
succesafully extended to, the corresponding hydrocarbon hepta-l, 6—diyne
(119; n=3). This compound yielded toluene after isomsrisation with
base.*? - In order to exsmine the generality amd st»mctural requirements
of this unusual mgrmnge-ﬁent. \ﬁ.liia oxtended it to a series of
diacetylenic mdrocarbom” (119; n = 4,5,6,10, 1.

A survey by him showed that various exomples.l ;xisted of the base
oatalyseﬂ prototrooic rearrangewsents of acetylenes to allenss or dienes.
Burthermore, 1t was known that the triple bonl was more stable in the
2-’than in tlfiq 1= position of m alkyl chain, and .tbgt the migm‘tiori was
comideriahly.faoilitat'ed (as in double bond migmtién) 1t'it- led to a
cozuugatod;ysted as the end product.

These facts led Willis to a reappraisal oi' the relative
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effectiveness of verious base-solvent systems in promoting the prototropic
maMment of hepﬁe-l,é—diyng to toluene. = By vefluxing the hydrocarbon
with the basic system for suitable periods he discovered that systems
containing a free hydroxyl group were ineffective. In contrast, both
sodamide and potassium tert-butoxiae. in diglyme were effective. (It
should be pointed out that later v;'ork by Scn'xihe:ln'xer98 and Hubert and
Dalelo:" has shown that potassium tert-butoxide in tert-butanol can be

used to effegt rearrangenent, but only for specific systems, or at higher
pressures and concentrations than tried by Willis. Wurthermore, the
latter authors” have successfully carried out similar rearrangements of
cyclic diynes with dimethylsulpho:dde as solvent,

As potassiun tert-butoxide in digl&me was ‘round to be the most
effective reagent (isomerisations employing sodsmide showed the presence
of allenic arid ethylenic intermediates), Willis used it in all his
subseq\zeﬁt 1§meﬂsqtiom. In general, the basic medium was prepaxéﬂ
Just before use as an opalescqnt disp"&sion. by refluxing freshly pmﬁama
potassium tert-butoxide (previously heated at 160° under reduced pressure
until sublimation started) with ten times its weight of diglyme. The
diyne ani 'thzlfs .mgenf were then heated under reflux (in an atmosphere
of mtrogen) for the mﬁsite perloﬁ (4 = 15 hrs.). The reactior;mixtum
was theﬁ diluted with water and extracted ﬁth_« n-pentane, = Repeated |
washing of this extrect with 'vater, drying, arn concentration gave the

hydrocarbons resulting fran the isomerisation.
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Using this method, 43,107,109 a variety of atraight chain
« ,w-diacetylenes (119; n = 4, 5, 6, 10, 17) save products consisting

nainly of the isomeric o-dialkylbenzenes, the total conversion being in
most cases about 65%. The aromatic products were detected by their
absorption in the infra-red spectrum et 750 amd 690 cnrl, aue to
o-disubstituted and mono-substituted benzenes respectively; by pemmanganate
oxidation to phthalic and benzoic acids respectively, and by comparative
g.1.c, studiéa with anthentic alkylbenzenes where feasible . This
rearrlmgmnt was not confined to the terminal diacefylems; thus
nona~2, 7~diyne gave the same proportions of n-propylbenzene and o-ethyle
mothylbensene as did nona-1,8-diyne (119 n = 5). :_conaugated diynes
underwent the rearrengement with equal ease; thus both octa-3,5-diyne
and octa-l,7-diyne produced similar proportions of ethylbenzene and
o=Xylens.

These were the facts known about this rearrangement at the
comsencenent of these doctoral studies. There was ho doubt that
aromatic products were formed; whether they were the only products
forlgd was rether doubtful, for seversl of the infra-red spectra amd
g.1.c. traces showed inexplioceble peeks - indeed, the longer the chain
length the wore intermediates would need to be formed. The mechanistic
Toute of this reaction was still complete conjecture, though several
oould be mam by analogy with known resctions of acetylenss. The

isomeric peip deca~l,9-diyne and deca-4,6-diyne were chosen for a further



more detailed study of the reaction,
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Nem.r, spectra of the primary (A) and hydrogenated (B) products
from the base catalysed isomerisation of deca-4,6-diyne (CCl 4 solution).

Figure 2.



ABSORBANCE

ABSORBANCE

Infrared ard ultraviolet spectra of primary (A) and nydrogenated
(B) vroduct from the isomerisation of deca-1,9-diyne.

Infrared; Cell path 0.51 cm.; CS_ solution, 4.6 and 11.1 mg./ml.
resnectively of A and B,

Ultraviolet: Zeil path 0.1 and 0.2 em.; cyclohexane solution,
0.64 and 0.79 mg./ml. respectively of A and B.

Figure 3,
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The Preparation and Isomerisation of the Decadiynes

Deca-1,9-diyne and deca-4,6~-diyne were synthesised by the
standard methods outlined in the experimental section (p. 89 ), and their
purity checked by g.l.c. They were then treated with the reagent
described opreviously (in a 1:7 molar ratic, diyne to base) for 12 - 18
hrs. The reaction products, as characterised by their infra-red (Fig.1)
and ultra-violet absorptions were remarkably similar, both being
indicative of aromatic material (i?:igl 740, 710 cm.“l for boﬁh;)\:‘;:ﬁmw
265 may, £ = 1,900 and 2,800 respectively). The intensity of the ultre-
violet absorption of the product from decs-4,b-diyne was stronger tharm
that for the deca-l, 9-diyne product, but in both cases, the absorptions
were stronger than those expected for simple benzenoid systems.

The presence of other unsaturated (amd conjugated) products was
therefore inferred, and this view was confirmed by the n.m.r. spectra of
both products (Mig. 2a, again both practically identical), in which the
presence of ethylenic constituents was clearly shown by vinylic proton
absorption over the region 3.5 - 4,97, as well as aromatic products
(2.8 - 3.02). These olefinic properties disappeared completely when the
mixture was catalytically hydrogenated [under conditions which left the

benzenoid components unscathed (Fig. 2b)]. A marked decrease in the

intensity of the 710 cm..1 absorption in the infra-red (which must have
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and hydrogenatsd Decediyne iscmeriscation products.

Semple fetention Times (mins.) and ¥ commosition
Daca~1, 9-Aiyna
mixture 1902 1907 20,4 21.8 22.0 250& 2550 28.1 2902
£ & 5 3 2 2 10 18 20 57
Dece=1, 9=-diyne
hydrogenated :
mixture 6.7 8.0 8.4 19.4 20,0 20.8 21.8 22,3 23.8 25.4% 28.6 29,6
P 0w w18 2 2 1 0 ©0 9 9 17 28
Decam=h, 6=diyne : ,
mixture 19,4 19.8 20.6 22,0 22,2 25.6 25.2 28.4 29,5
g 6 5 3 3 2 14 19 17 3
Deca<4, 6-diyne
hydrogenated
mixture 6.6 8,0 8.4 19.4 19,9 20.6 21.6 22.4 23,6 25.2 28.5 29,5
4 6 2 32 1 1 0 1 0 3 4 12 18
g-butylﬁonzam 24,9
o~diethyl-
s benzens 28.3
O=N~propyl-
smethyl benzens

29,2
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been due to cls double bonds) was also moted, and the ultra-violet
spectrum was now of greatly reduced intensity and more characteristic of
aromatic compourds (Fig. 3).

G.l.c. analysis, using high resolution capillary columns, of the
primary reaction mixtures showed the presence of n-butylbenzene,
o-n-propylmethylbenzene, and o-diethylbenzene, the last two predominating.
(Pig. 4a). However, these were by no means the only pesks to appear;
at least six further products were indicated on the trace for each diyne.
Similar traces were obtained for the hydrogenated primary products
(Pig. 4b), but they did not contain any n-decane, thereby proving that
the primary olefinic constituents were most likely to be cyclic and not
straight chain compounds.

The percentage compositions of the primery amd hydrogenated
mixtures, as well as the peask assigmments, are given in Table I. The
closes correspondence of the aromatic isomers in both primery mixtures is
Cclearly demonstrated, but there appear to be discremancies between the
hydrogenated samples, possibly as a result of the incomplete hydrogenation
of the deca~l,9-diyne mixture. As the percentage of n-butylbenzene and
o-diethylbenzene drops drastically, so other materials must be present,
hidden in the pesks assigned to these compounis, [ikewise the decrease
in size of the unidentified peaks and the emergence of new ones with
markedly shorter retention times, probably means that these are the

unsaturated cyclics converted into only three aaturated parent compourds.
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G.l.c. of primary (A) and hydrogenated (B) product from the
isomerisation of deca—h,é—diyne.

Conditions: 50 m, poly(ethyleneglycol) capillary, 500, 18 p.s.i./.
6.0, total flow 55 ml,/min.

Figure 4,
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G.l.c. of aliquots from the base catalysed isomerisation of

deca=4, 6-diyne.

Corditions: 50 m. Ap'L' capillary, 103°, 20.75 p.s.i./7.1,
total flow 90 ml./min,

Figure 5.



However, certain unassigned peaks on the traces did not shift completely
on hydrogenation, so they could not correspond to any ethylenic products;
this point is discussed furthker in connection with the work on octa-1,7-
diyne.

A time study of the isomerisation, involving withdrawal of
aliquots at reguler intervals and subsequent g.l.c. analysis (in this
case using only deca-4,6-diyne) showed that 1saneris'at1§n occurred very
rapidly.  %ven after one hour the composition of the reaction mixture
was essentially the same as after 25 hrs., though some further isomerisat-
sion took place towards the end as indicated by the appearance of further
minor peaks (mg. 5). The cmpoaiti;n was conatant throughout the first
ten hours, the proportions of n-butylbenszene, o-diethylbenzene and
o-n-propylmethylbensens being 108 (108), 17% (16%) and 43% (38X) after

2 hrs., and 10 hrs, respectively.
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G.l.c. of the product from the base catalysed isomerisation of
octa~1l,7-diyne.

Conditions; 50 m. Ap'L' capillary, 81°, 17 p.s.i./5.8,
total flow 55 ml./min, :

Peak no, . Compounds Ep(min.l. Composition %

1 ethylbenzene 11.34 21

2 12.38 %

3 m- plus p-xylene 12.92 (

A 13.26 (16

5 o-xylene 14.56 ( 8

é 14.86 %

7 15.9 19

8 17.34 5

Figure 6.



SECTION I

Isomerisstion of Octa-1,7-diyne.

In view of the large rumber of isomeric possibilities for these
°10 by-products, detailed investigation of this aspect of the resrrange-
sment was tranaferred to the 68 aystem, using octa-l,7-diyne. This was
prepared by standard wethods and purified by preparative g.l.c. This
purified material was used for initial trials, but, as the isomerisation
products were the same from the purified and crude material, the latter

was used for all subsequent large scale isomerisations,

Treatment of the diyne with the sace basic reagent (in a molar
ratio of 135 of diyne to base) for 8 hrs.,heating under reflux yielded
an oil which had spectral characteristics very similar to those of the
¢, diyne products. (Dfx‘ 743, 709 cu.”Y; A :;:""" 251-256 mpm.,

€ = 2530). Typical ethylenic absorption was also present at 3.2 - 4,97
in the n.m.r. spectrum. Aliquots removed in the course of the reaction
and examined by g.l.c. showed that equilibrium was attained after 2 hrs,

Analyticel g.l.c. (capillary column) again showed that as well as
the expected o-xylens anmd ethylbenzene (5 3 proportion), at least six
other products were present (Pig. 6). On preparative g.l.c. of this
complex mixture, several cuts were obtained, one of which (Cut 4)
contained pure o-xylene (confimed by g.l.c. and i.r.). The other
expected product, ethylbenzene, was present in Cut 3, but the infrared



28 26 2 22 2018 6 MIN
G.l.c. of the C_ aromatic hydrocarbons (A) and Cut 5‘(B) from the
prevarative g.l.c. of the octa-l,7-diyne isomerisation product.

(o]
Conditions;  20% 7,8-benzoquinoline, 2 m. x i o.4., 80,
20 p.s.i.

1. ethylbenzene.
2. mnm=Xylene.

. D=Xylene.

4o urknown,

5. o-xylene.

Figure 7.
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G.l.c. of the hydrogenated products from the base catalysed
isomerisation of octa-~1,7-diyne.

Conditionss 50 m. Ap'L' capillary, 840, 18 p.s.i.

1. ethylbenzene

2. methylcyeloheptane
3. m- plus p-xylene
4. o-xylene

5. cyclooctane

Figure 8.
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22 20 18 16 % 12 10 L 6 4 -2 MIN

Preparative g.l.c. separation of the hydrogenated product from
the base catalysed isomerisation of octa-l,7-diyne.

Conditions: 20% poly(ethyleneglycol), 2 m. x I" o.d., 80°,

18 p.s.i,
Cut 1 ethyl acetate + CSH1 4 isomers.
Cut 2 ethylbenzene + m-xylene + p-xylene.

Cut 3 o-xylene.

Fipure 9.
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gpasctrum of this cut indicated the prﬁéeme of m- ard pexXylene as welll
This was proved conclusively by re-chromstogrsphy on a g.l.c. colunn
specific for aMatic hydrocarbons {7,8-benzoquinoline, Fig. 7). Hence
the aromatic hydrocarbons were present in a ratio of 5:3:2 of o-xylens:
ethylbenzene : m- and p-Xylene.

Alditional confimation of these other aromatics came aftexr
hydrogenation of the primary product, when the peaks due to the four
isomers were found unchanged, ani still in the seme proportions {¥ig. 8).
Again, other new peaks were present, and the two main ones were isolated
by preparative g.l.c. in the following way. A& poly (ethyleneglycol)
column was used for the initial separation of the arcmatic from the
saturated canpourds (Pig. 9), the latter, together with ethyl acetate
solvent, being rechramatographed on an A p “L* column to provide four
cuts., Cuts 1 and 3 were discarded (solvent anml insufficient materiel
respectively). The material in Cut 2 was identified as methyleyclo-
sheétm by spectroscopic (i.r., n.m.r.) ani g.l.c. comparison with an
authentic sample. The fourth cut was also studied by n.m.r. and g.l.c.,
and found to be cyoloootam by comparison with an authex;tié .sample. No
n~ootane could be detected amongst the hydrogenated products.

| The identification of these unexpected hvd‘mgemtion products
dexnanded that their unsaturated precursors be isclated and identified,
Initisl seperation into sromatic and ethylenic constituents of the

primary product was achieved by elution chromatography on a silver



2-methylcycloheptatriene
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5~methylcycloheptatriene

l-methylcycloheptatriene

FTEAN T S I
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.« Cycloocta~l, 3, 5~triene H

5.1.c. of the unsaturated constituents from the base catalysed
isomerisation of octa~l,7-diyne.

Conditionss 50 m. Ap'L'capillany,,51°, 15 p.s.i:/é.O.
total flow 55 ml./min,

Cut 5 Cut 4 Cut 3

/N

A 4 ry A

26 24 4 20 18 1R

% MIN
AN

Preparative g.l.c. gseparation of the above mixture.

Conditionss 20% poly(ethyleneglycol), 2 m, x 2" o.d.,
81, 5% ml./min.,

Cut 3: 1 + 25 Cut 4 3 +2; cut 5 &4,

Figure 10,
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nitrata/silica gel column. The fractions containing the latter compounds
(Pig. 10) were carefully combined and concentrated, then subjected to
preparative g.l.c., but only the last cut of the five contained & pure
compound. A more efficient column in an Aerogreph Autoprep again gave
five cuts (Fig. 10a); Cuts 1 and 2 were discarded, Cut 5 contained a
single compound, while Cuts 3 and 4, though containing several compounis
in common, were Obtained in sufficient quantity to identify their
constituents spectroscopically.

Cut 5 had infrared and ultraviolet absorption identical to that
of cycloocta~l,3,5-triene (101), and as only two vgroups of peaks centred
at 4.2% and 7.57 ¢ (ratio 3 ; 2) w;m present in the n.m.r. spectrum,
this was taken as sufficient proof of its idéntify.

Cut 3 had A S:PBM® 965 pu. (¢ = 3,400) and absorption at
0 ::im 790, 7650 740, 720, 705 cm."L in the infrared, highly suggestive
of the isomeric methylcyclohepts-l,3,5-trienes (ia-125). Cut & also
had \ :;:em 26h ~ 266 mp. ( € = 2750) and sbsorption at ] :ia]xm 795,
760, 735, 705 em.”} in the infrared. The n.m.r. spectra of both cuts
had siuilgrlties to each other ani to the spectra of the isomeric
methyloycloheptatrienes, (the l-, 2-, and 3-methyl jsomers only,and not
the 7-asthyl isomer), A close exsmimation amd comparison of tmﬁ
spectral properties with published data led to the conclusion that
Cuts 3 and 4 were largely mixtures of 2-uthyloyclohaputriexp (122)

[Plus 3-methyleyolcheptatriens (123)] and 1-methylcycloheptatriens (121)
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Infrared spectra (liquid film) of Cuts 3 ard 4 from the
preparative g.l.c. separation of the unsaturated constituents from
the isomerisation of octa-l,7-diyne,

Cut 3 Mixture of 2- and 3-methylcyclohentatrienes.

Cut 4 Mixture of 1- and 3-methylcycloheptatrienes.

Figure 11.
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N.m.r. spectra (CCla) of Cuts 3 and 4 from the preparative g.l.c.
separation of the unsaturated constituents from the isomerisation
of octa-1,7-diyne.

Cut 3 Mixture of 2- and 3-methylcycloheptatrienes.
Cut 4 Mixture of 1- and 3-methylcycloheptatrienes.

x = impurity.

Figure 12.
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N.m.r. spectra (CCl,) of the isomeric 1-, 2-, and 3-methyl-
s cycloheptatrienes

Fioure 13.



‘:plus the 3-methyl isomer (123) also | reapectively. This spectral data
is vresented for comparison in tabular form (Tables II, ITII, IV, p.100).
and the infrared and n.m.r. spectra of the compounis under discussion
are reproduced in Pigs. 11, 12 and 13.

Synthesis of these isoueric CBHw hydrocarbons (p. 30 ) amd
direct spectral (i.r., u.v., n.m.r.) and g.l.c. comparison {(on several
columns) at a later date confirmed that Cuts 3 and 4 did indeed contain
mixtures of these methylcycloheptatrienes, and that Cut 5 consisted of
pure cycloocta-l, 3,5-triens. (Though on standing, a second component
presuned to be its valence isomer, bicyclo[lt:Z:O]octanz, 4-diene (102)
also appeared).

Samples of Cuts 3, 4 and 5 (about 1 mg.) when hydrogenated (over
palladium-charcoal in ethyl acetate) in a Clauson-Xaas apoaratus gave
somewhat unexpected results, for Cuts 3 and A yielded only ~ 50%
methylcycloheptane, no starting material, and several other constituents
(by g.1.0.). Cut 5 produced none of the expected cyclooctane, nor
starting material, but did produce one major compound, presumed to be
cyclooctens, Literature reports discovered latqulo revealed that
complete hydrogenation of eight nembemd carbocyc.;lea is not possible
under some conlitions, cyclooctem_beimg produced in most cases, and
possibly a similar limitation may hold with a seven carbon ring compound.
Isomerisation on the catalyat surface may have been a further complicat-

$ing factor, and C.Q\_llti not be ignored in this case as an excess of



cetalyst was pieseni.

As the products isolated from the isomsyisation ull avpzarsd
to be end products end not genuine intermediates. attempts wove nade to
detect these transient members. Willis, in his initial ewplozatica of
reaction conditions had remarked that weaker hases or lower reaction
temperatures had resulted in incomplete conversion of starting materdiel.
On this principle, octa-l,7-diyne was heated under reflux (2 hra.) from
ambient with one molar squivalent of potassium tert-butoxide in diglyme,

film

max
269 (£ = 400), 280 (€ = AQJ),

The infrared spectrum had, as ususal, d 745, 700 cm,';l at the

c.hexane
max

293 ( £ = 450), 306 ( € = 30%), so mike those obtained before that it

ultraviolet spectrum showed A

warranted further investigation.

Analytical g.l.c. showed a new major component apart from ths
aromatic isomers, and a pure sample of it was isolated by preparative
g.1.c. This was collected as a solid (colourless platelets Qt Oo) which
gave a single pesk on rechromatography am had 3 1™ 1340, 1320, 1260,

- 102% cm.”} 1n the infrered and orly end absorption in the ultraviolet.
Hydrogenation over wllﬁiun—-olnmoal yielded n-octane (96X of caloulated
upteke for four double bond oquﬁnlents) .

This esme compouni was 1136 foumd and isolated by preparative
g-1.0. as a major product when octa-l,7-diyne was heated under reflux
with potassivm ‘g.g-t-butonde in tert-dutanol for 24 hrs. Its n.a.r.

spectrua hed pesks at 7.75 (M) amd 8.25 (@)T , while the mass spectrum
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G.l.c. of the hyGFOgenated, incompletely base catalysed nroducts
from octa-1l,7-diyne.

Comditions: 50 m. Ap'L' capillary, 84", 18 p.s.i.

Peak Compound B-T (mins.) Comnosition %
1 n-octane 3.7 29
2 ethylbenzene .8 8
3  methylcycloheptane 7.7 17
4., m-xylene, p-xylene 7.9 7
. 5. o~xylene 95 36
6. cyclooctane 12,7 >

Figure 14,



had a parent ion at /s 106,  This ovidence showms thin compnunl bo be
octa~2, 6-diyne (124), even though the ultraviolst abzorpiion ahserved
originally was characteristic of the linser acta-l.3,J,7-tetracnz {1LO3b}
(present only, of courze, in very small amount ac indicated by the low
¢ wvalues). It must be concluded that the tetrsems either rearrangsd
on the g.l.c. column to the octa-2,6-diyns, or being present only in
tiny amount together with the diyne, was overlooked completely.

That linear species were present in the reaction mixture was
proved by twdrogenati@ a cample, and g.,l.c, analysis (Fig. 14) shovg@d
that all the :wlene_a. ethylbenzene, cyclooctane, methylcycloheptans and
n-octane were present. This is in sharp contrast to the fully isomerisad
mixture, where no n-octane had been detected after hydrogenation,

A chance obaérvatiom that the isomerisation products varied
in their relative proportions depending upon whether the 1,7-diyne was
added to either a hot or a cold dispersion of the base, led to the
establishment of conditions for the formation of only o-xylene and
ethylbenzene only. It was therefore argued that heating increased the
proportié;\ of potassium tert-butoxide in solution, where reaction could
only ocour by one mechanism, whereas at lower temperatures 1souer§.sation
could occur not only in solution, but also on the surface of unaiagoivoa solid
pcrtﬁlea. When the diyne was added to a hot solution containing less
base than uu.ul a auner mmt of the umatumtod coupo'mis and the

and g—wlones was formed. PFinally, a hot dianeuion of potassiun
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G.l.c. of the isomerisation products from octa-1,7-diyne, using
a dilute, filtered solution of the base.

Conditions: 50 m. Ap'L', 75, 18 p.s.i.

1. ethylbenzene

2. Oo=~xylene

Pigure 15.
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tert-butoxide in diglyme (~ 2% concentration) was filtered hot through
sintered glass under nitrogen, to yield a pure dilute solution (~ 0.2 molar).
The diyne, when added to this solution at reflux, was completely converted
to o-xylene and ethylbenzene after 2 hrs, (with only traces of other
compounds. Fig. 15).

This would seem to Justify the assumption that at least two
competing mechanisms are at play in the heterogeqeous system, each yield-
ting its own set of products. Further weight is added to this argument
by the conversion of cyclooctatetraens on solid potassium tert-butoxide
to meinly m~ and p-xylenes along with o-xylene and ethylbenzene . This
point is elaborated in the section d’ealing with the mechanism proposed

for this isomerisation.



SECTION 111

Synthesis of Hydrocarbons Isomeric with Octa-l,7-diyne

As the investigation of the base catalysed isomerisation of
octa-l,7-diyne had reached the stage where most of the enl products were
‘known, and two possible intermediates had been detected, it was considered
v'uecessary to ‘syntheaise sane of the likely possibilities, and subject
-ithese in turn to the isomerisation conditions. The isomeric methyl-

E: cycloheptatrienes (120 - 123) were deemed possible sources for the

m- and p-xylenes; cycloocta-1,3,5-triene (101) was another possibilitys
.and it was hoped to synthesise octa<l,2,6,7-tetraene (125) as it was a
likely precursor of octa-l, 3,5,7-tetraene (103b).

No single method exisgted for preparing all the methylcyclohepta-
strienes (120 - 123), so two separate routes were used, The preparstion
of 7-methylcycloheptatneneln (120) is outlined in Scheme VIII.
.Addition of bromine to cycloheptatriens gave dibromotropilidens, which
was converted by heating in vacuo into tropilium bromide (126). This,
_wﬁen treated with methyl magnesium iodide gave the required iscmer (120)

4n 52% yield (purified by preparative g.l.c.).

' The more leborious preparation .- of the other three isomers is
‘outlined in Schewe IX. Birch reduction of o-toluic acid (127) gave

;1. A-dihydrotoludc scid (128), which in turn yielded 1, 4-dihydro-2-methyl-

sbenzyl alcohol (129) after reduction with lithium slusinius hydride.
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The p-toluenesulphonyl derivative (130) of this alcohol wes solvolysed
in glacial acetic acid (buffered) at 90° for 36 hra. to mive a mixture of
the 1-, 2-, ani 3-methylcycloheptatrienes (and the gcetates arising from
the alcohol). Elution chromatography separated off the hydrocarbons
from the rest, which were then separated into pure compourﬂs by
pmpﬁmtive g.1.c. Eesch methyloyoloheptatriens was ideatified
spectroscopically by comparison with putilished data. Analytical g.l.c.
of the hydrocarbon .aixture prior to separation showed it to consist of
16¢, 16%, and €0f of the 2-, 3-, and l-methylcycloheptatrienes along with
8% o-xylene. This composition differs from that in the litersture, ' l-
bt this is not considered significent as later work in this thesis

(p- 34 ) shows that these isomers can interchange unler the action of
heat alone.

The prepartition of cyéloocta»l. 3,5-triens was also by a published
rmrtc.n" (Scheme X). Allylic bromination of cycloocta-l, 5-diene (32)
and subsequent dehydrohalogenation by base yielded the required triene.
As braaination gave a series of products which could mot be ourified, the
crude reestion mixture was trested with the base, with the result that
starting cycloocta-l, 5-diene had to be separated from the cyclic triene
(101) by preparative g.1.c. Any ayclooota-1,3,6-triens (101a) formed
by dehydrobronination of a monobromocycloootadiens would be isowerised to
the condugated triens uoler these basic conditions. '

An atteapt to oiw the use of a crude mixture gave results
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ard products not compatible with the literature claims. Hence allylic
bromination of cycloocta~l,S.diene with two moles of N-bromosuccinimide
should have given the dibromide {133&) as an oil. The compound isolated
after chromatography of the product o0il was a solid, and had spectral
properties more in accord with (133b). An outline of its reactions and
spectral characteristica is given in the Apverdix (p. 146).

The preparation of the hitherto unknown octa-l, 2, 6,7-tetraene
(125) was attempted by two routes, both unsuccessful. In the first of
1:h<;se.n5 (Schems XI), attempts were made to add two moles of dibromo-
scarbens to hexa-l,5-diene (134) by standard methods, (potassium tert-
butoxide/bromoform). Very low yields of the diadduct (136) resulted,
and recyclisation and addition of another mole of bromoform to the mono-
sadduct (135) gave only slightly better yields. Worse atill, it was
found impossible to convert the diedduct (136) to the diallene (125)
with methyl lithium as claimed in the literature: only starting material,
i.e. (136), was recovered in every case.

The second route was by a very recent method, 116 for the
conversion of triple bonds to allenea, and involved addition of phosphorus
pentaechloride to a triple bomd (Schewme XII). Starting with octe-l,7-
diyne it was hoped to get the phosphorane complex (137) amd by hydrolysis
the bis-(chlorophosphomic acid) (138). Murther treatment of this
compound with aqueous sodium hydroxide was to generate the teminﬁ

diallene (125).
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This sequence of reactions was carried out on octa-l,7-diyne,
and at the end, allenic and acetylenic absorption wes observed in the
infrared spectrum of the product, as well as absorption at A {;p:gtane 208
am 212 nyu.in the ultraviolet. Analytical g.l.c. showed two major
components (71% and 18%) in the product, neither of which was octa-1,7-
diyne. From this information it was assumed that the major coumponent
was octa-l,2-diene-7-yre (139) and the other possibly octe-l, 3-diens-7-yne
(140). Both these compounds could have been formed from the mono-
addition product with subsequent hydrolysis giving the allene and this

isomerising to the diene. There was insufficient material to purify and

charwterisé each one properly.



Reaction Conditions

Starting aterial
Reagent Teup,
o-xylens immigyme  160°
. 23) ratio
ethylbensens xotBuigiyme  160°
21 ratio
ayalooote~l, J-diens - KO'Bu/diglyme  160°
231 ratio
oyolooctasl,S-diene  KCH/diglyme  160°
oyolooote-l,’-diene  Xo'mu/‘mum  80°
ayoloheptas xo'ma/aigiyme  160°
1,3, 5-triens 21 ratio
sethylcyclohepta-  XO'Bu/digiyms  160°
1,3, 5-trienes 251 retio
methyloyclohepte~ none 160°
1, 3 J=triemes
oyoloocta- xo‘maiglyme  160°
1,3, J=triens 21 ratio
oota~l, 2-81ene~ xo‘m/aigmn 160°
«]=yne 3 21 rmtio
octa~), 2-8iene-~ © none 160°
.7.“
Ootanl, 7-21yme  rom 160°

. drocarbons and related svecies.
s of CEHIO_Y\V

Products (I comnosition)

3.4 hre, 1007 starting mterial.

=& hrs. 1007 starting materisl.

3-4 hrs

2,4=d1i0n8 28%; others 10%.

8 hrs.

8 hrs.
products 51%; others 6X.

8 hre. 100£ starting material,

%
m=xylene 9%; p-xylens #{; ethylbensens 30s

m 7% m=Xylens 2};‘; PXylene %: ethylbensens “’

[ Y hm_lf,i‘ 7y eyclooota~l, 5-diene 38%; cyoloocta~l,3-diens 60f; others 2%,
3«4 hra. Gyclooota~l, S=diene €0%; oyclonctael,3-diens 38%; others 2€.
3<4 hra. 1007 starting material.

3-4 hra. 100{ starting material.

3=4 hrs. Equilibrium mixture of each other. TABLE VI.

5-4 hra. Equilibri.tm mixture of each others TARLE VII,

yidgbota-1,3, 5-triene 52%; ethylbenzens 10f; bloyalo[h:2:0]=cota~

m” “. L
starting
ER
'
o b gy ’
SR
¥ 1{ v%
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SECTION IV

Base Catalysed Isomerisation of C_H

1
WA

and Related Species.

o Hydrocarbons

After these 08 l o hydrocarbons had been prepared, they were
subjected to the same reaction conditions as had been used for the
isomerisation o?'odt’a-l.7—d1yne. The results of the isomerisations on
them and related compounds are summarised in Table V as well as Tables VI
and VII (p.116). The products were examined by infrared in most cases
and identified and estimated by g.l.c. The results may be summarised
as follows:

(1) " Nelther g_x_- nor p-xylene were produced by any of the
following: - g—-)érlene: ethylbenzene, cycloocta-~l, 3, 5~triene
. (101) or any of the isomeric methylcycloheptatrienes (120 - 123).
(11) - Cycloocta-l,5-diene (32) was readily converted to cycloocta-
1, 3-diene [Kl75) 80% ] by the standard reagent; similar treatment
of'..cycloocta-i. 3s 5=triene (10l) yielded ethylbenzene (10%),
bicyclo[h:2:0Jocte~2, A~diene[(102) 251 ] and starting material.
(1i1) - Nelither cycloheﬁi;atrigm nor the methylcycloheptatrienes

(120 - 123) produced sny aromatic compounds, either by treatment

with base or by simply heating under reflux. With base, all the

methylcycloheptatrienes formed one equilibrium mixture,

1mspe;=tive of the starting compound (Table VI). Heating
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without base produced equilibrium mixtures, but these depended upon the

starting isomer - probably because true equilibrium was not achieved as

rapidly as with base (Table VII).

(iv) The crude allene-yne, octa-l,2-diene-7-yne (139), was isomer-
sised completely. The products were o-xylene (51%), ethyl-
sbenzene (30%), m~xylene (9%), p-xylene (4%), and other minor
products (€%).

(v) When octa~1l,7-diyne was heated under reflux without base,
no isomerisation occurred.

(vi) When octa-l,2-diene~7-yne (139) was likewige heated without
base, the products contained not only the tvo components (139 and
140) from the starting material (385 and 13f respectively), but
also o-xylene (7%), ethylbenzens (4%), m-xylene (23£) and
p-xylene (9%), as well as minor products (6f). This result is
in striking contrast to that produced by base isomerisations and
to the thermal stability shown by octa-l,7-diyne.

These results (and their implications) described in his section,
are discussed fully in the following section. The results are interpreted

and included in the proposed mechanism for the overall reaction.



SRCTICH V

The Machanism of Base Catalysed Isomerisation of the Diynzs.

The migration of triple and double bonds has bsen known for s
long time, for as long ago as 1888 Povorskiill! described the iscmerisaiion
of but=l-yne to but-2-yne with alcoholic potassium hydroxide, and showed
that the alleme buta-l,2-diens was an intermediste. More recently,
the analogous rearrengement of pentyne (141) (with the gsms reagent) wau
shown to exist as an equilibrium mixture of pent-l-yne (141), the allens
(142), end pent-2-yne (143). The mechanism shown in Scheme XTI wec
proposed to explain this, but it also allowed for th; formation of a
conjugated diens (144). Jacobs, who proposed this, 314 not find any
diens, but later work by many suthors has shown that dienes oan be
forwed, though orly in certain favourable casea.?a'”'

"~ Much work has been done on the migration of triple bonds along
alkyl chains, or their isomerisation to allenes, anl only a few relevant
examples will be guoted. In general, terwinal acetylenes preferentially
migrete into the chain (as in the pentyns example), amd further rearrange-
sment t0 an allens Or diens only coours in special csses where these are
the preferred forme.}1? For instance, Normant and Mentione®2C prepared
&1‘6) from (145), and the researches of Moore o122 have shown that in
the case of qyclic acetylenes, 8.g. cyolomona-yne (147), base treatment

produces the preferred cyclonol~1l,2-dieme (148). There is less strain
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with the latter compound (only three comsecutive collintar. groups as
compared with four for the acetylens), ani as a consequence.an appwsciable
émrg difference between the two., In larger rings this bacomes less
for then conditions are approximately as in n-slkynes. Hubert and Dale99
‘have shown that treatment of macrocyclic alkadiyres (C12 - 020) with base,
 even under mild conditions, causes extenﬁive triple bond migration. With

the exception of the smallest ring (C the intermsdiate allenic

120+
compounds are only present in small amounts, and equilibrium ia achievsd
between the various positional isomerﬁ (the distﬁ.bution corresponding to
that demanded by conformational raquiféments) . ”

This situation is well illustrated by the formation of octa-2,6-
diyne (124) from 'octa-l.’?-diy“ne- on treatment with potassium tert-butoxide
in tert-butanol (as found in the_ course 'of.thie work).‘ Prom the rapld -
and presumsbly quantitative - rearrengement of the terminal diyne it isa
assuned that steric requirements are also important for linsar molecules.
Consideration of models of these diynes,(147) and (148), shows that for
‘oota-l.?—ﬂiyne there are four methylens groups tégether in the centre of
the molecule (with the a, groupa appropriately staggered as in any alkyl
chain). In (148) there are only two adjacent m@tmle;:eé. and 1t 1s
cbvious that for amy chain length of slkadiyne,migration of esch terwinal
triple bond irwards will decrease Ly one the mumber of interecting i,
groups with consequent decresse of Pitger strain. By this simple argument,

the other iscmer, octa~3,5-diyne (149) should also try to achieve the
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most energetically favoured form and in this case the triple bonds should
migrate away from each other for the same reason. FWurthermore, in the
case of this conjugated diyne there are six_consecutive methylens groups,
and it appears that as few as possible are preferred for maximum
stability in straight chain compounds.

The further rearrangement of triple bonds to dienes is also well
known, though again there has to be an additional gain in stability for
it to ocour. Thus rearrangement and migration (or vice versa) may lead

to a more stable conjugated system as in the f'ormat;ionlz2

of (151) from
(150). (In this case it is impossible for the second triple bomd to
rearrange). Similar migration, though of double bonds, has been achieved
by Weedon et al., who in a series of coumumcationflas' 124,125 1 ave shown
that’ base catalysed migration of double bonds in unsaturated acids can

be extensive (152—153) anl cause molecular change.

The rearrangemnent of triple bonds exclusively to dienes has been
.uaed.oxtemively by S¢:mﬁheimer.126 who used it to mske oyclic polyene-ynes
from the parent poly-ynes, [e.g. (49) to (154)]. From these studies it
agu:tn becane evident that rearrangement in these cyclic compounds had to
conform to the permitted stereochemistry. When this mu&n was
ntm on unsuitable compounds, rearrangement (to aromatic aystems) or
Wtim resulted. Similar results were obtained by Hubert and
1'% who succesdsd in following the migration of the double bonls

spectroscopically. Again, they formed either an equilibrium mixture
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(vitl_x one preferred isomer) or,under more forcing conditions, they
aromatised, [e.g. (155) to (156) to (157)].

A simple example,128 but one which illustrates all the possible
isomerisations of a triple bond, is the rearrangement of nona-2,7-diyne-
1, Micaﬁoxync ecid (158). Here, base isomerisation by one route
causés the formation of homophthalic acid (159), while by the other route
the base actually participates to form a derivative (160) of the starting
conpéun!. The full sequence of triple bond — allene — diens — further
rearranged product is utilised in explaining the end products, (Scheme XIV).
Hence in the present work, the formation of octa-l,2-diene-7-yne (139)
and octa-l, 3-diene-7-yne (140) from the same compound (albeit by a
circuitous route) is quite logical. As there is no driving force for
the formation of the dienes, the allene-yne (139) should be the preponierant
~ai:mctum.
| These reactions illustrate the ease and widespread ocourrence of
this isomerisation, both‘ in acyclic and cyclic systems, with both liable
to the same limitations. "rhe experimental data would seem to support
mne' original hypothesis that in the long chain diacetylenes there is
a -tgntion of the triple bonds inwards prior to aromatisation. One of
his other claims, however, does not appear to be correct (that polyenes
cannot aromatise) for the triple bonds have to isomerise to allenes or
dienes before arometisation can take placo - a8 illustrated in the examples

‘alresdy quoted. (The stereochemistry of the available double bond systems
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In fact, there»aré many cyclisation reactions of polyen=s known,
thoﬁ«;h nmoat occur at higher temperatures or upon irradiation, Of thases,
t.he Diels Alder type is perhaps best known, and iz 1llustrated by the
pymiytic aromatisation of limonens (161) to m-xylene (162)12? (schemeXy,
V161--o 162), and the cyclisation of elacostearic acid derivatives O
(16} ;—’164). (The simplest example of an internal Diels Alder reaction
is q;scxibod by Alder.l’l anml is the isomerisation of cis-hexatriens (165)
to cyolohexsdiens (166) at hod°). |
: A similar reaction” 2 exists in the conversion of (167) to (168),
aga.tn by pyrolysis, thm;gh it th be fomulato& as a simple Diels Alder.
it i.s a cyclisation reaction, similar to the oycliéationla’ of (169) to
(170). though it ias pmbébio that the triple bond rearranges prior to
§yc1:1uti.on. A related reaction, smuch used in explaining the aromat-
gjlntion' of cyclic comvounis, is the conversion of (171) to toluene (172),
which ococurs spontanecusly at rc;§m~te@emture.15"

Many reactions related to the Diels Alder, but initiated by
irrediation and involving only two double bonds, are also known.
clomt]'” to the previously discussed compounds is the equilibrium between
(175) amd (174), and the conversion of cycloocta-l,3-diene (175) to (176),
its bicyolic valence bomd isomer.l’6 he tem “valemce bom 1someris-
satiof as fllustrated®® by the reversible transformation of cycloocts-

1,3, 5-triens (101) im_o &cyclo[.ua:o]octapz. A-diens (102), describes a
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rearrangement that proceeds without the migration of atoms or groups
of atons. The structural change consists solely of a ®reorganisatiom”
of the o and@ W electrons within the fremework of the molecule,
gccompa.nied by corresponding changes in atomic distances and bond ancles.
[This term was first introduced by Grob and S';'c}'n:i,easx,:"3 7 to include &1l
the "Cops rearrangement® isomerisations, and is excellently reviewed by
Voge]}}a .]

Valence tautomerism is most frequently enccuntered asq ring open-
.z ing or closing, as these reactions can proceed in either direction.

104

For instance, (114) can be induced to form the polycyclic structure

(115), but this in turn cleaves readily to two molecules of phenanthrene
(1773. In a similar f‘ashion,9lvl5901"° (80; X = Br) and (106) can ring
open to their corresponding scyclic derivatives (178) and (103), (though
tﬁo latter may be a mixture), while the octatetraens (103) has been very
i'eoo_ptly xwep::n't;eds,9 as going in the opposite direction to (101).

" A reaction which 1is mechanistically even more relevant to those
in this thesis, is the base catalysed mhmnguuent’a and subsequent
dimiiution of cis-octe-A-ene-1,7-diyné (108) to the dimers (1680) amd
(1815. [Dm\lly via the intemiediates (179) amd (bG)] . Similar
intermediates may be postulated for the reactions of cyclic diynes, (in
medive ring compounds formstion of the allene would be facile), with
subsequent transanmlar bond formation to give the precursors necessary

for aromatisation. - Several of these reasctions have been already
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mentioned in the introduction (the section dealing with the arcmatisation
Qof' macrocyclic polyynesj eo these examples will not be further elaborated.
One notable example not mentioned before is the fomation“l of
biphenylene (183) in 25{ yield from the highly strainsa cyclédodecam
1.3,7,9-tetrayne (182).

One point coamon to all these examples, and investipgated by
Wiilis, is that none of the compounds which aromatise has less than sevean
carbon atons. Willis tried various conditions in the hope of arxomatising
hexa-l, 5-diyne (119; n = 2) but neither he nor Sonﬁl'xe:imerl"!’2 ever
sucoéeded. This is a strong pointer to the mechanistic requirements for
aranatiéation. and with this in wmind a scheme is prepased below for the
formation of mono- and o-disubstituted aromatics.

No matter where the acetylene function is placed in a molecule,
either linear or cyclic, its facile migration under base catalysis can
be t_aken as proved by the examples already quoted. In a linear molecule,
ten&m‘l acetylenes will migrate imwards, (via allene or diene forwation),
and in a conjugated diyne migration away from each other will dbe
energetically favoured. In the latter system, reaction and aromatisation
should be faster, for fewer migrations will be necessary before the
correct sequensce of unsaturated linkages is attained. 1In cyclic aysteas,
ring size will dictate the preferred state, whether allenic, acetylenic
or polyenic, ani the ease with which aromatisation can ocour.

A basic catalyst is nacesssry - unleas the resction is pyrolytic -
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for this type of reaction. Thermal rearrangement of the acetylene to
i:he allene or diene does not seem to occur, at least with octe-l1,7-diyne.
iience. base catalysed isomerisation to the allene, followed by further
ﬁigmtion until the reactive centres are within a seven or eight carbon
'f:haiix must occur. Anything shorter, amd it is impossible for them to
:reacf: anything loneger, then reaction may not take place or will yield
tonl.vimacrocyclics. Thereafter, if the allene-diene, or any of its
’equiéalents, is formed for any length of time, cyclisation can occur in
the manner depicted in Scheme XVI. (* See p. 49).
| By route A of the scheme, the allene-diens can be transformed
Einto’;the mono-substituted aromatic by a Diels Alder reaction; by route
B, the o-disubstituted aromatic should result. Obviously, the longer
the &uin length of the starting diyne, the more likely it is that the
. o~disubstituted isomer will result, for migration of both active centres
would be expected, and a tenminal allene or diene would not be expected
to ei:lat for a period sufficient for resction. Also, the asymmetrically
,.g-diisubstituted isomer (where possible) should become predominant with
mmaaing chain length, because, for statistical reasons, it is unlikely
that both aotive centres will migrate at the same rate towards or away
l’ro-occh other., In shorter molecules, e.g. the octadiynes, there is
1Went scope for statistical disorimination, and the symmetricel
isomer is predominant. However, in the products from both the deca-

tdiynes, the asymnetricel isomer is, as expected, predominant, with the



monosubstituted isomer least of the three. [If only one group migrsted,
then in all cases the (o-methyl) disubstituted isomer, via route B,
should result]. The final rearrengement of the cyclic triene (with one
double bond exo to the six membered ring) can proceed either by a base
catalysed allylic shift, or by a thermel rearrangement as in the
.conversion of (171) to toluene,

This mechaniss is alequate for the formation of two isomers only,
in a very dilute basic medium, This mechanism, however, cannot de
invoked for the formation of the m- anl p-xylenss nor the other cyclic
unsaturated isomers. One theory held until negated by experimental
trial, was that [1n a manner similar to the known ' methyl migration of
other alkyl bensenss, where the alkyl residue is C, or higher ] ethyl-

'sbenn:;o or g-iylem 'oould rearrange in strongly basic salution. This was
not the case.

It was also posaible that the umatunted. non-aromatic components
of the reaction mixture somehaw contributed to the production of these
other isomers. Initial oxpérlianta showed that the basic aysteam
nomeally used was the most efficlent in causing conversion of the trisl
ocompound, oycloocte~l,5-diene (32) to cycloocta-l,3-diene (175). Other
syztems tried were inferior in causing double bond migrations.  Although
this basic system was used with the various methylcyclohepte-l, 3, 5-triens
isomers (120 - 123), none of them could be aromatised to any of the

~ aromatic Products under these experimental comditions. Inatead
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equilibrium mixtures were formmed of all the pogssible foms, in proportion
to the relative atability of each isomer. The formation of a mixture of
the 1-, 2~, and 3-methyl isomwers from the 7-methyl isomer (120) [ which
can be synthesised in two easy stazes | constitutes the simplest synthesis
yet of these isomers.

Cycloocta-l, 3, 5-triene was knovmaa to form its valence isomer,
bicyclo[t: 2: 0] octa~2, A-3iene (102) readily on heating in the absence of
base. Treatment of cycloocta-l,3,5-triene with base gave a product
containing ethylbenzene in addition to the starting naterial and its
valence isomer (102). This is not too difficult to explain, for the
yield was low, and this means that the ethylbensene was probebly formed
from the bicyclic form as shown in Scheme XVII. Again no other aromatic
compounds could be detected.

In a likewise manner (as mentioned on p. 35 ), treatment of a
crude mixture of octa-l,2-diene-7-yns (139) and octa~l, 3-diene-7-yne
(140) with base resulted in the ususl products, with the m- and p-xylenes
forming only 13% of the total product. Hence this also is not an
intermediate for the foruation of these structurelly rearranged aromatics.
A now mecheniatic route for their formation had therefore to be proposed,
one which must include the formation anl rearrsenqement of intermcdiates
containing cyclopropene rings.

Prototropic rearrangement of donble bonda within cyclic and acyclic

systems i3 well authenticated. Tracer studies have shown that the
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migration of atoms in the manner shown by two examples, cycloocta-l,3,5-
triene (Scheme XVIII) and indene (Scheme XIX) are of widespread occurr-
153

gsence,

However, in the apparently similar C, series, the

9
equilibrium between (184), (104), and (185) is well established, more
akin: to the related interconversion of (186) with (187)yard (188) with
(189).1’ > In each case, a cyclopropane nng may be taken as equivalent
to a double bond, and prototropic rearrangement causes interconversion of
these species.

The most famous case, and one which is atill causing controversy,
is the cycloheptatriene - norcaradiene (190) equilibrium. The resctions
of these compounds are such that either structure could be the participant
in some cases, but recent work has shown that the cycloheptatriene seems
to be predanimnt.lu This does not clarify the issue, for structure
(191). (obtained from cyclopentadiens) is converted only at high
t@emtums to (192) and not cycloheptadiene as would be expected by
comparison of the products (194) and (196) from the anslogous reactions
of the oycloheptadiens amd cycloootadiens derivatives (193) and (195).
Again, anomalous results are obtained from the thermal pyrolysis of the
oyclohexadiene derlvnt‘.ln” (197), acyoclic products such as (198) being
formed.

This situation is couplicated even further, for work in the
terpens .ﬂq;l.d has provided prectically identical, but conflicting peirs

of resctions. Dehydrobrominstion of (6) anmd (8), (already quoted in
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the introduction'’ 8), yields two completely different products, one a
cycloheptadiene (4), the other the aromatic p-cymene (10) tt! A similar
pair of reactions exists in the preparation of oxepin (42), which is more
at&bie as the saven membered rlng” rather than the bicyclo (41), and the
reaction of benzene with dicyanocarbene, 36 which produces the bicyclic
compound (43), and 48 converted at 160° to the aromatic derivative (44)¢
Out of this melange of results, only one point emerges clearly - that
there is a mechanistic carte blanche anml each case must be treated on
its own merits.

For a variety of reasons, embodied in the examples quoted, the
formation of the aromatic and cyclic unsaturated compounis from
octa~1,7-diyne is thought to be best represented by SMS XX, XxxI, amd
XxiI.

Assuming formation of the allene-diene (199) by the route
nwy discussed, followed by an internal Diels Alder reaction which
simul tansously generates a cyclopropane ring, lesds to the fommation of
(200).  As there are various allylic protons which dould be abstracted
by a mucleophile for further rearrangement, each will be considered
separately.

Further prototropic rearrangement by route C would produce
O=xylene, anl the fact that it could arise by two different mechanisms
(Scheme XVI as well) may account for its being the major product,

Route D would lead to the formation of the intemmediate (201), which



cmﬁ either be converted to m-xylens as shown, or it could undergo
further rearrangement, as ifllustrated fully in Scheme XXI (discussed
below). FRoute B would be expected to produce 2-methylcycloheptatriens
(122), but as base treatment of any methyloycloheptatriene isomer forms
an equilibrium mixture, this will rearrange further and pz'odva;)e the
other isomers. No further isomerisation of the methyloycloheptatrienes
is expected.

As mentioned, (201) can rearrange in two ways, the first yielding
m-xylene, the aecoxﬂ.[Schm XXI, which has an analogy in the steroid
r1e1a'? (203) to (204)] would form (202), which could be comverted in
turn to p~Xylene by route H, or regenerate compound (201) and produce
more m-xylene as shown in route J. The fact that there is always an
aporoximately 331 ratio of mexylene to p-xylene would temd to support this
mecharism. Compound (202) could also arise directly from (200) as shown
by route G. This appears feasible from a consideration of molecular
models, bdut no analogies have been found for it in the literature,

The last of the unsaturated compounds, cycloocta~l,3,5-triene,
oould be formed by either route XK or L as shown in Scheme XXII. The
forser route involves an internal Diels Alder of compound (199),
formation of the bioyclic valence isomers, and rearrangement of these to
the triens. On the other hand, a very recent literature r\a»pm-t:89 claims
the formatiom of (101) directly from the tetraene (103a), and as this type

of molecule had been detected spectroscopically in the course of these
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studies, 1t seems that it could rearrange directly to the cycloccia-
1,3, 5~triens, without the intermediecy of the bicyclic foims.

These mechanisms provide an explanation of the products formed
by base catalysis of octa-l,7-diyne or octe-l,2-diens-7-ync. However,
‘the latter, when heated without bdase, élso aromatised to a considerable
extent, but the m- and p-xylenss were the major aromatic products {octa-
1,7~diyne could not be thermelly isomerised)., No reason can be fourd
for this, except that obviously the mechanisms in Schemes XXT, XXII must

be doninant, rather than that outlinsd in Schemo XVI.

. A recent omxdoatioa81 provides proof for the preferential
formation of the cis-allylic anion form of an olefin during base oatalysed
isomerisation in a strongly basic solution. Variatiomns in the rate of
isomerisation are depenient on the base employed, particularly the cation.
Simtlarly it is found that U-shaped pemtedienyl anions are more stable

than other planar forms, although the Corresponiing trensoid dienss are

more steble than the ciscid dienss.

Hence this observation lends weight to the mechanism proposed in

this thesis, insofar that an energetic preference has been shown to exist

for the formation of oiscid ionic forms, and thus oyclisation will be so

much sore facile.
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S¥CTION VX

Preparation and Dehydrobroaination of the Tetrabromccycioostanss

As was stated briefly in the introduction, Willis succeeded in
preparing benzocyclobutena by dehydrobrominating tetrabromocycloocctanz.

Of the other compourds formed concurrently with benzccyclobutene, é%yrene
and gyclooctatetraene wore identified by Willis.@ As other compourfis
were also known to be present, a repstition of this work was undortgken
with the intention of identifying them, and in the prccegs verhaps
elucidating their mode of formation - as was doms with the octa«l,7-
diyne isomerisation.

Bromination of cycloocta-l,5-diene gave a much =mmallexr yield of
colourless crystals than reported by Willis. (Bromination with
bromine/carbon tetrachloride gave a better yield). Moreover, published
11tersture aatal* corrcborated t.1.c. evidence that the product consisted
of two isomers and not one as claimed by Willis., Indeed, comparison
(t.1.0.s i.r., n.m.r. and m.p.) of freshly prepared material with a
samole of Willia' showed both to consist of the same two isomers. These
1.@03-: werc separeble on a silica column, and were cbtained as colourless
orystals of m.p. 1}5o and 158° respectively (a mixture of the isomers hsd
a.p. 100 - 110%).

Furthermore, both the n.m.r. and infrared spectra were

sufficiently different (Pigs, 16, 17) for some deductions to be made about
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their probable structurs. As both ensiyssd for CEH].;:" Y and gave

cycloocta~-1, 5-diene on debyomination with gzinc, it secms certain that

they are both 1,2, 5, 6~tetrabromocyclooctanes.  Assuming trans addition

- of bromine to the double bonis, and excluding any possible transannular

mechanism, only two configurational isomers can exist. These are (205)

and (206). The former has the pairs of bromine atoms anti to eech

othér. while the latter has them gyn. The anti isomer,(205), would have

all its bromines pseudo-equatorial [as in the most likely conformation
(207)], while the syn isomer {206) would have at best two axial and two
equatorial [as in (208)] . |

‘ As stated before, the infrared spectra of thsse two isomers

(Nujol mull; Pig. 17) display differences which persist in the solution

spectra (@2). Studies are in progress to determine whether any ”

aigpiﬁcant correlations can be made from ihe absorption spectra of these

: isomers at temperatures other than ambient. Some useful deductions can,

however, be made from the n.m,r. spectra run at ambient temperature
(Pig. 16). The spectrum of Tetrsbromide I consists of sharp pesks in

| three groups, while the apecﬁmn of Tetrabromide II displays only two

broad pesks (with only indications of further splitting)., These types

" of spectra are characteristic of fixed anl flexible conformations in

| wh case, Hence at ambient, the first isomer is in a relatively rigid
conformation (possibly all equatorial bromines), while the second

probably consists of an equilibrium mixture of severasl conformers.
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Agaln, studies of the spectra of these isomers run at higher amd lower
temperatures, should show whether this is the correct interpretation of
Yhese features.

| . The identity of each Tetyabromide seemed so interesting that an
X-ray investigation (by Dr. W. Oberhansli) has been made of Tetrebromide II,
and preliminary results (R factor of 20%) have shown it to have one peir

of bromine atoms equatorial, and the other pair axially orientated, as in
(208), in the crystalline state. Hence, on the basis of the mechanism

of addition of bromine atoms to double bords, the other Tetrabromide (1),
should possess the configuration illustrated by (207).

The next stage, Willis' dehydrobromination of the tetrabromo-
cyclboctane. was attempted after the above physical and chemical data hed
shown that both isomers possessed eight membered rings and were not
rearranged skeletally. This dehydrobromination was effected by heating
a mixture of them (8 hra.) with the ususl agent (potassium tert-butoxide,

} molar excess). The product had infrered ani ultraviolet spectral
properties (Fig. 18) identical to those reported by Willis for his

..produot. Prominent peaks in the infrared could be associated with olefinic
‘ois dcudle bonds, o film 1640, 1610, 710 cmil), emd with the

a1, V2 290, 725 ealh.

The ultraviolet speotrum had absorption at A :;:emm 260, 266, 272 mpe

o=disubstitution pattern of benzocyclobutene (

(1n3icative of bensocyclobutene), superimposed upon a broader absorption

over this renge (Mig. 18).
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Analytical g.l.c. (Fig. 19a) of the product on a variety of
columns confirmed the presence of benzocyclobutene (32%), and showed
styrene (7£), cyclooctatetraens (1%) and a major unknown (42f) to be
present also. As the total yleld of products was 40%, the actual yield
of bengocyclobutens was only 13%, in contrast to Willis' estimated yield
of 254 and 20%f by infrared spectroscopy and chemical degredation to
phthalic anhydride.

A study of the variation in composition over 24hrs. during a
reaction was made by withdrawing aliquots at regular intervals, examining
their contents by analyticel g.l.c., amd plotting graphically the
c@ition versus time (Pig. 20). From this it is obvious that reaction
is very rapid, equilibrium is reached in 3 hrs. and 1ittle change occurs
after 7 hrs. Initially, a high proportion of the resction mixture
consists of cyclooctatetraens; this means that dehydrobromination must
be very rapid to build up such a high concentration. Thereafter the
cyclbwtautﬁem concentration decreases steadily, while the other
constituents (especially the other major one later identified as cyclo-
socte~1, 3, 5-triene) increase at a similerly steady rate. The concentrat-
sion of bensocyclobutens, once forsed, stays at a constant level, whereas
éycibocupl. 325=-triens starts to decrease after ~17 hrs., probably due
to decomposition. The styrens (as well as other minor products) is
formed at the same rute, but again it decreases slowly during the

‘oourse of reaction.
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As both Tetrabromides I and IIwere available pure, it was of
interest to see whether their structural differences bore any relation to
product composition. Accordingly, dehydrobrominatlon with the same
agent (3 molaf excess, 10 hré. at 160°) yielded the following results -
whic;h are included in Table VIII. In both cases the quantity of
benzocyclobutene and styrene ié greater than obtained beﬁ:re from the
mixture of I and II, (although‘ the yields are 30 and 50f respectively as
cmm to 40% for the mixture). The simultansous decrease of the
major urknown compound (identified later as cycloocta-l, 3, S-triens) could
be due to the longer reaction time and its resultant ret;:ovalk through
decomposition. (The lower yield from I, and the smaller quantity of
cycloocta-l, 3, }tﬂem in the product mixture, supports this hypothesis,
though docompbsition could also occur during the extraction process) .
Hence if must be concluded t&t there is no significant difference in
composition between the end products derived from either tetrabromide.
This and the fact that the same isomers are oﬁtainsd from each tetrabromide,
suggests that the intermediates in each case are similar or inter-
zoonyertible. or that the confommation of each tetrabromide prior to
ddvdmbmd.m_tion is the same.

As a filtered solution of the base had been employed successfully
to produce only o-xylene and ethylbenzens from octa-l,?-diym. a similar
simplification of product was hoped for with the tetrabromides.

Accordingly a solution of the base in diglyme was filtered through
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sintered glass unier nitrogen, titrated to eatimate the amount of base
in solution, and an aliquot of this (sufficient to provide a 61 molar
ratio of base to tetrabromide) was employed for the dehydrobromination.
ﬁwénr. though the quantity of cycloocta-l,3,5-triene was diminished
(Tai):le VIII; 24%) it was not eliminated, though benzocyclobuters (37%)
end styrens (35%) between them accounted for all the rest.

| Another interesting result was obtained when 5, 7=-{dibromocyclo=-
:wt;-l. 3-diens (133b) was heated under reflux with the base (1:8 molar
ﬁtio) to produce benzoocyclobutene (44%), styrene (3%), cycloocta-

‘s t&t}aene (9%) and cycloocte-l,3,5-triene (32£) -~ comparable with the
yields from the tetrabromides. Though this is not direct evidence for
the ‘i:articipation of this partly dehydrobrominated tetrabmocyciooctam
.in fhe dehydrobromination resction, it does pemit this gtructural type
'to ho postulated as an intermediate. This point -~ amd a discussion of
the :relative stabilities of dibromocyclocctadienss - is presented more

fully in the section on the mechaniam of dehydrobromination and

isomerisation.

A very recent report® aescrived the dehydrobromination of the
tetrabromocyclooctanes with potassium ‘tert-butoxide in dimethyl-
. sulphoxide (IMS0) to produce only styrene (22f) amd cyclooctatetrsene
(788). This work has been repeated in the present study, using similar
conditions (the authors do not provide full details). Heating of the

totrabroaides in IMSO with potassium tert-butoxide (1:5 molar ratio) at
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20° for 24 hra. and at 70° for a further € hrs. yielded a bromine free
product, composed of cyclooctatetraene (66%), styrene (26%), and benzo-
soyclobutens (4%), but no cycloocta~-l,3,5-triene. Repetition of this
reaction, but heating at 80-90° for 24 hrs., yielded a product containing
cycloootatetraens (26£), styrene (6_1). benzocyclobutene (19£) and a host
of other products (all with shorter RT on g.1.c.). Hence, benzocyclo-
sbutene is produced, though the amount is dependent upon reaction
temperature, It is not likely that dehydrobromination should be slower
at h;mer temperatures, so the lower yield of cyclooctatetraene and
styrene may again be due to either further reduction, or decompoaition,

rather than a fundamental difference in the mechanism,
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SECTION VII

Isomerisation of Cycloocta~l -tetraene.

Previous work by Willis had shown that cydooctatetraene (a
probable intermediate in the dehydrobromination of the Tetrabromocyclo-
s octanes) could be induced to rearrange by base treatment to an identical
series of products (unmler conditions similar to those in the dehydro-
sbromination). As in the dehydrobromination, the reaction mixture was
complex, and Willis was able to identify only two of the products
(benzocyclobutene and styrene). He reported that the products from both
reactions were the same, though the components were present in different
proportions (g.l.c.). Accordingly, further studies were conducted to
idex}tify their products and observe the effects of different reaction
coniitions.

Cyclooctatetraens, when hested under reflux (8 hrs at 130°) with
& 134 molar ratio of potassium tert-butoxide in diglyme gave an oil in
l@t &0f yleld. This hed the same spectral characteristics as did the
Product from the denydrobroatnation of tetrabromocyolocctens: ( 3 Fil°
790, 750, 725, T10 oal's A O:POM™ g59 266, 272 mu: M. 2,
of. Fig. 18) .  As before, anmlytical g.1.c. (Fig. 1) confimed the
presence of bensocyclobutens (9£), styrene (2£), cyclooctatetrsene (1f£)
and the major urknown (37%; oycloocta-l,3,5-triene). The remsinder of

the aixture consisted of materials with shorter retention times, nresumed
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to be reduced products,

A time study (Mig. 22) of the reaction over a period of 24 hrs.
was effected in the same way as before, (i.e. withdrawal of sliquots and
examination by g.1l.c.). Trends similar to those observed in the
dehydrobromination study were noted. Thus the quantity of cycloocta-~
s tetraens decreased steadily throughout the reaction, while the other
constituents increased in proportion. A steady state was established
fairly rapidly, and as before, 8ll the unstable constituents started
to decrease after about 8 hrs., agzain probably throush decomposition.

The quantity of benzocyclobutene, once formed, stayed constant. The
"time lag® before cycloocta-l,%,5-triens avnears is probably due to an
initially lower reaction temperature as compared to the dehydrobromination
reaction temperature (due to difficulties in reproducing identical
reaction temperatures).

Analytical g.l.c. confimed that the products from both the
dehydrobromination and direct isomerisation of cyclooctatetraens were
very similar (FPigs. 19a, 19b), though the latter contained more secondary
products, For this reason, these were the products that were subjected
to preparstive g.l1.c. in an attempt to identify the secondary constituents.
Prepamative g.l.c. of & reaction product obtained in the usual manner
(8 hrs. reflux at 150°) yielded five cuts (Pig. 23a), each of which was
rechram~tographed, to check for purity. Cuts 5 and 3 contained one

component each; Cut 1 was in insufficient amount to be detected; Cut 2
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was a mixture of at least two compounds, while Cut A showed 2 new peak,
with shorter retention time, as well as the main compound. This second
‘component could not have been present originally in that cut; the
explanation must be that it is formed by thermal isomerisation of the
}min component On rechromatography. This explanation seemed quite
satisfactory once the identity of Cut & had been established.

When col lecting the cuts, no attempt was made to collect the
vpeaka due to oyclooctatetraene or styrene, as they were small and tended
to decampose extensively prior to collection. Benzocyalobutene (as
expected) constituted Cut 5 apﬂ its .iﬁentity was confirmed by
spectroscopic comparison (i.r., u.v,, n.m.r.) with an authentic sample.
'Cut 4 was also collected in aurficient amount to enable detemmination
of its infrared, ultmviolet and n.m.r. spectra, Prom these, it was
unhésitatingly identified as gyclowtbl. 3,5-triens. (The appearance of
a peak with shorter B,r on rechromatography can be ascribed to the
generation of bicyclofh:2:0Jocta~2, 4-3iene, (102), ita valence isomer).
Comparison of g.l.0. charscteristics aml spectrael data left hy Willis,
confirmed the fact that this was his major urknown, for which he
suggested a bic_yclic[bzz:o] structure,
| None of the other three cuts were identified. Cut 1 was
insufficient for any spectral measurements; Cut 2, a mixture of at
least two compounis had Amx 218, 248 ma in the ultraviclet. cCut }

hadl spectral characteristiocs (i.r., u.v., n.m.r.), which resembled those



of 2-methylcycloheptatriens (122), but could not be assigned to any
known coupdmd.

This isomerisation reaction was repeated to obtain more material;
this time heating was continued for 24 hrs,, after which the products
were subjected to prevarstive g.l.c, (which again gave five cutss PFig. 23b).
Analytical g.l.c. of Cuts 1-3 showed that Cut 1 contsined three compounds;
Cut 2 only one, while Cut 3 either decomoosed or isomerised, for two peaks
appeared with shorter R‘l‘ than the original cut had.

Cut 5 was, as before, shown (i.r.) to be benzocyclobutens. The
identity of Cut 4 was not checked, dut Cut 3 had an infrared spectrum
identical with that of ethylbenzene, and no ultravif)let absorption could
be detected at the concentration used. This assigmment could not de
substantiated through lack of an n.m.r. spectrum, and as the g.l.c. of
this sample was anomslous, its identity cannot be tsken as proved.

The infrared and ultraviolet spectra of Cut 2 were identical to
those of Cut 5 in the previous separation, though slight differences were
apparent in their n.m.r., spectra. The mass spectrum of this component
also showed a parent ion at /e 108, corresponding to Cyfl, , = euivalent
to a doubly reduced cyclooctatetraens. This compournd could not de
identified further.

Cut 1, though a mixture of three components, had an ultraviolet

spectrun similar to Cut 2 of the previous sepamtion, but although its

infrared and n.ma.r. spectre were obtained, the structures could not be
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identified.

These 'out of sequence’ cuts during preparative g.l.c. can be
explained by the rationale outlined on p.128 , 1.6, Cuts 4 and 5
correspond, but in each case these are preceded in actual fact by four
compounds, of which only three could be collected (this was confirmed
by anslytical g.l.c.). This confirms Willis' observation that the
reaction period does affect the nature and propertie¢s of the end products,
especially as these seem to be either reduced derivatives of cycloocta-
¢ tetraene or isomers thereof.

Simltamoualy with the work on the characterisation of the
products from the isomerisation of cyclooctatétmene, a series of
experiments was ’carr.led out with a variety of reagents and reaction
conditions. These are described in the follov;ing passages, and the
results are summarised in Table IX,

(1) When cyclooctateti-aena was heated under x;ef‘lux (with
various proportions of potassium tert-butoxide in diglyme for

10 hrs.) isomerisation to the ususl products occurred each time,

However, when phenothiazine (a free radical scavengqr) was

added, the quantity of cycloocta-l, ), 5~triene formed was much

reduced. (This result is discussed hx;'ther in thé mechanistic

-,

section). ’
(11) When s weeker base was employed (potassium hydroxide in

diglyme) the extent of conversion to the usuel products depended
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vofy much upon rsaction time, longer periods of reflux causing
more @xtensive conversion,

(411) A filtered solution of potassium tert-butoxide in diglyms,
to which was added cyclooctatetraene (molar ratio 13l or 2:1},
was also effective but conversion was much less rapid.

(iv) No isomerisation ocourred when either potassium tert-butoxide
in butanol, or potassium hydroxide on alumins, or solid potassium
hydroxide were used as catalysts,

(v) Cyclooctatetraene, when heated in contact with solid
potassium tert-butoxide (about 15007 was completely isomerised to
a mixture of the isomeric xylenes (22X total), and ethylbenszens
(50%) as determined by g.l.c. and infrared spectroscopy. A
series of peaks with shorter B,r values was also seen in the g.l.c.
trece. These were presumed to be further reductio.n products of
cyclooctatetraens. The i.solation of material tentatively
mentiﬁed as ethylbenzene from the isomerisation of cyo}oocta-

s tetraone with a suspension of potassium tert-butoxide in diglyme
now becomes more credible. (p. 60 ).

(Vi) ' Gyclooctatetraene, benzocyclobutsne, or styrene failed to

 pesct on heating (8 hrs. at 166°) without base in diglyme.
Bensocyclobutene or styx"em similarly heated alcne under reflux

for the-aﬁme time, also failed to react.

Since bensocyclobutens had been prepared from tetrsbromocyclooctane
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by heating with potassium tert-butoxide in DMSO (p. 56 ), it was hoped to
orepare it in a similar manner from cyclooctatetraene. Cyclooctatetraens
in a solution of DMSO containing éotassium tert-butoxide (152 molar ratio)
was heated at ~75° for 24 hrs. Fxtraction of the reaction mixture in
the Ausual manner yielded no isomerisation products, nor even any starting
material. Although the reaction was repeated, and the extraction
tecﬁnique modified, no starting materiel or product could be detected.

The reason for this is unknown - combination of the cyclooctatetraene

with the DMSO or complete‘ decomposition may be the answer.



SECTION VIII

The Mechanism of Base Catalysed Dehydrobromination

and Isomerisation of the C_ cyclics.
I

The X-ray structural analysis had shown that the Tetrabromocyclo-
soctane II has structure (206), best represented by (208), in which two
bromines are axial, and two are equatorisl. Assuming similar trans
addition of bromine to cycloocta-l,5-diens, then Tetrabromide I must be
(205), represented by (207), with all four bromines equatorial. The
n.m.r., spectre showed that even at ambient temperature, structure (207)
was relatively rigid, and structure (208) ﬂexible.ﬁ At higher temperatures
it is to be expected that both structures would become more flexible, and
this has some significance wheﬁ considering the mechanism of their
dehydrobromination,

Wwillis has already considered the conditions for bim§1ecular
1,2-elimination, where, as in all cases, the participating species have to

be trans-anti-trans. In the cyclooctsne molecule, as in others, trans

addition of bromine to the cis cycloaslkane leads to a situation where the
ot hydrogen and £ bromine will be mutually cis, and cannot attain the
necessaxy trans diaxial. conformation, Because of this,. By’ elimination
will be compulsory, amd it would be expected that the rate of dehydro-
sbromination would be dependent upon the ease with which this eliminmation

could oocur.
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As the Cq ring is comparatively flexible, thers should be no
difficulty in each bromine, regardless of its conﬁguration, attaining
the required conformation for fg3. ¥ elimination. This appears to be
confirmed by a study of the molecular models of each isqmer. Hence,
postulating a four stage dehydrobromination as in Scheme XXIII, (209)
would be the first intemmediate formed. Thereafter, if the secord
molgcule of hydrogen brom?.de; e;imimtea involved the loas of the other
bron_iine of that pair, (133) would result. From a study of its
molecular model, it appears to be rather strained, and as a reavlt
further elimination should be rapid to give (210). At this stage, further
dehydrobromination could gi\;e cyclooctatetraene, or by analogy with
cycloocta~1, 3, 5-triene. other products could be obtained by the formation
of tbe bicyclic structures (21le) and (211b).

If (211a) is formed, then dehydrobromination can only oocur to
give (109), as mo bther hydrogen is trans to the brmﬁne. Ir (211b)
results, thén either (1(.)9);0? (212) can be formed, because either
hydrogen could be .elimimted"yith the bromine. m:'tiher rearrangement of
int_emediafea (109) and (212) would yield styrene anl benzocyclobutens,
There may be two reasons for the greater yield of the latter.
Stabilisation on achieving an aromatic system will be considerable, but
as the forumation of benzocyclobutene does not involve carbon-carbon bond
Cleavage, this perticular conversion will be energetically favoured.

The other reason is that (211b) may be formed in preponierant amount, and



hence fomﬁtion of (212) would be more likely than (109).

One point that requires to be dwelt upon" f‘urtﬁ_er is the probable
f‘oﬁnation‘of structures (133a, o, & or V). The fomation of '
structure (133) has already been commented upon, but neither (133a) nor
(133c) seens likely from work done in the course of this thesis (Appendix),
or from the literature.lq where all ‘attempts to prepare (133c) by
allylic bromination of cycloocta~l, 3-diene have been unsuccessful.
bueither of these dibromides is themally stable, let alone resistant to
base, and they would be expected to form (210) spontaneously, or by
further rearrangement to form (133d), then (133b). _ The latter éould
happen by an initiel allylic rearmngemént of one of the bromine atoms
(135a—9133d), followed by micration of the double bond into conjugation
with the other, to give (133b). That this sort of rearrangement does
take place, even thermally, is borne out by the marked lack of ‘success in
obtaining one product from the allylic bromination of cycloocta-1,5-diene
(p. 107 ), and the isolation from the reaction mixture of a compound with
a structure corresponding to (133b). The other interesting point is
that the dehydrobromination of (133b) yielded a mixture of hydrocarbons
very similar in composition to that obtained from the dehydrobromination
of the tetrabromide. Hence the dibromide (133b) is a posﬁible inter-
smediate in the dehydrobromination of the tetrabromide.

The reason that cyclooctatétmm is not suggested as the sole

intermmediate in Scheme XXIII for the formation of benzocyclobutene and
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eTyrma, 18 "rat thes= comnounds Are Not the malor prodncts from the §aax
cate! veed iaomerisction of cyclooctatetraene. Hence in the Ashydvoe
:bromination reaction there mnat be an alternstive rovate for their
formation, probably via (211) as shown, (The fomation of a large
amount of cycloocta-l,?,S5-triene instead of cyclooctatetrsene will be
discusaed at a later atage).

It 1s difficult %o rationalise the higher yield (35% of oroduact:
af styrene formed when a filtered maolution of base is used. It may be
due partly to the higher resction temperature, or the fact that a smaller
qiantity of bese was present, thereby forming less cycloocta-l, 3,5-triene,

Yet another different result im obteined ;hen 8 solution of
potassium tert-butoxide in dimethylsulphoxide (IMI0) is nused. A recent
literature report“ atated that the sole products were cyclooctatetraene
and styrene, When this reaction was repeated in these laborstories,
bengocyclobitene sas aiso found, in an amount dependent unon the reaction
temperature, It is logical to suppose that the main reaction is
straightforward dehydrobromination at lower temperatures, and that
rearrangeancnt to benzocyclobitene only occurs at higher temperatures,
&hat is inexplicable, is the complete lack of cycloocta=l, 3, )-triene,
which ia formed under every other reaction condition. The nature of the
nucleophilic specie= must be such that it is either too wesk to form the
octatetraenyl dianion (213), which may be a necessary nrecursor for

formation of the triems, Or that the presence of the sulphur compound
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scts as an inhibitor to ita formation, The formation of styrens rather
than benzocyclobutene is in accord with relnted reactions in the

literature, 113, 64

where halogenated cyclopolyenes have been converted to
p-halostyrene rather than the corresponding benzocyclobutene derivative
(p. 11 ). This must be dJue to an energetic preference, for with the
excention of willis' results and its orepamation from tetrmbromocyclo-
zoctrme,“ benzocyclobutene has never been synthercised directly from
cyclooctetetraene or any halogenated precursor with an eight meabered ring.

The occurrence of cyclooctatetraens in the reaction mixture from
the dehydrobromination of tetrabromocyclooctane suggested that it could
be an intermediate in the formation of styrene amd benzocyclobutene,
though poasibly not the main one in the dshydrobromination. A study of
the vast amount of research carried out on cyclooctatetraene in recent
years provides a ready explanation for the formation of styrene, benzo-
scyclobutene ami cycloocta~l, 3,5~triene.

The preferred conformation of cyclooctatetraene is now fully
established as a *tub’ (79a)., anl the generally accepted mode of base
catalysed prototropic rearrangement cannot apply in such a rigid non-
planar system, It must be converted into a more or less planar structure
which will parmit unhindered movement of electrons. As the energy to do
this would be aporeciable, some coampensating factor, such as the

production of a highly resonance stabilised aromatic system must be

involved. The addition of two electrone to cyclooctatetraens would give



69

it ten J7 electrons, and allow it to coaply with Huckel's (4n + 2)

fT electrons rule for pseudo-aromsticity, so the formation of the cyoclo-
soctatetraenyl dianion (213) should be facile under the appropriate
conditions. This species has been proposed by Katz et al., and its
spectral charscteristics, as well as its quantun mechanical assessment,

are in accord with theow.ua'lw’ﬁo'151'152'1”'

Marthermore, it has
been shown thst in the presence of alkali metals, (in tetrahydrofuran), an
equilibrius between the atructures (79a), (213) amd (214) (a radical anion)
is set up, with the equilibrium as shown. Purther work has alao shown
that thero is a diffeerence of 2,4 Kcal., in free energy between cyclo-
sootatetraens and the dianion, with the fomer being favound].'5 4

This dienion formation with alkali metels has been utilised to
prepare cyclooctatriene derivatives, such as the diacid (215), by
sddition of carbon dioxide to the dian:lonls > (213). PExperiments using

tracer techldqml

56 heve shown that both (216) and (217) are formed from
the disnion on addition of deuterium oxide, so that initially an
equilidbrium must exist between these forms, before (217) is converted to
the conjugated iaomer (216).

A related mecharism can de postulated for the formation of cyclo-
socta~l, 3, 5-triene from oyclooctatetrsene with base. Reaction of cyclo-
soctatetraene with potassium tert-butoxide could yield the dipotassim
salt of the dianion, and generate two tert-butoxide readicals, which could

either react in some further way, or become inactivated and take no
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further part in the reaction (Scheme XXIV). An attempt was made to
detect thesge tert-butyloxy radicals by electron spin resonance
spectroscopy, but this was unsuccessful. Though so far no direct
a.miogios have been found in the literature for this,under comparable
reaction corditions, these factora should not be held to invalidate this
argument without further experimental trial.

| The dipotassium salt of the dianion is thought to remain as such
for :-the duration of the reaction, and will form either of the cyclo-
soctatrienes on addition of water to the reaction mixture during the
extraction process [though the 1,3,6 isomer (10la) will be converted by
aquecus base to the conjugated 1,3,5 isomer (101)1. This same mechanism
will account for the formation of cycloocta-l,3,5-triene, again via cyclo-
srocté.tetraene. during the dehydrobromination of the Tetrabromocyclo-
soctanes. [ A related reaction has been observed with the cyclonone~
s tetraenyl ion (218), which gave cyoclononatetraene (219), indene (221),
and the dihydroindene (220)].

Some sort of related mechanism must also be poatulated for the
formation of further reduction products. These may arise by free radical
reduction of any free cyclooctatetraene in the rezction mixture, in a
mannier analogous to the reduction by hydrazine hydrate and oxygen of
cyclododeca~l, 5, 9-trienss to dienes, olefins, or even cyclododecam}sa )
Another possible mechaniss, related to the reduction of conjugated

polyenss with sodamide in 1iquid ammonia, is also feasible. In this
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oase, the potassium tert-butoxide would need to produce electrons which
could become solvated in the diglyme (which has a high dielectric
constant) or altermatively the electrons associated with the cycloocte-
stetraenyl dianion may de the reactive species. If either type was
formed, then subsequent reduction of cyclooctatetraene would be quite
likely.

The results of many investigations have helped to clarify the
reactions of cyclooctatetraene, in particular the fact that it apoeared
to react via the isomer (109) in some cases, in a fashion similar to the
valence tautowmerism of cycloocta-l,3,5-triene. (Its other isomer (46)
has also been proved as a participant in several reactions, exemples of
which are quoted in the Introduction, p.13 ). With the actual preparation
of this compound?! which has a half life of 14 mins. at 0°, it may be
said with certainty that (109) can exist in equilibrium with cycloocte-
stetraene. Hence, cyclooctatetraene can form either (212) or (109),
which in turn can forn benzocyclobutene or styrene (Scheme XXIII). The
simple applicability of this mechanism to both the dehydrobromination of
tetrabromocyclooctane ani the direct isomerisation of cyclooctatetraene,
is immediately obvious.

Various other reaction conlitions and compounds were tried with
a view to proving this mechanism. As expected, neither bensocyclobutene
nor styrene could be isomerised to anything else. Cyclooctatetraene

under most reaction conditions produced the same relative proportions of
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products (Table XI); the best yields of benzocyclobutene and styrene
vefe obtained with a weaker base (potassium hydroxide) or a filtered
solution of potassium tert-butoxide in diglyme - in a 2:1 ratio (much
less than usual). Hence excess base does seem to oreate a greater
number of side products, and more cycloocts~l,3,5-triens, The
proportion of side products, thought to be mostly further reduction
products (some proof was obtained for this), was as high as 50% of the
total at times,so that much further work needs to be done before this
Wes a practical synthesis of benzocyclobutene.

Pugzling results remein as before. Addition of cyclooctatetraens
to hot solid potassium tert-butoxide resulted in isomerisation, 72% of
the.'produots consisting of 08510 aromatic compounis, mainly ethylbenzene
(50%) and the isomeric xylenes! The remainder consisted of further
reduction compounds, without any benzocyclobutene or styrene., As cyclo-
socta-l, 3, 5-triene has been converted in small yield to ethylbenzene, it
must be assumed that the tetraene gives oycloocta-l; 3,5-triene, which is
in turn rearranged to the aromatios or reduced to the other minor products.
The reason for these being the preponderant products in this case is not
"ﬁont.

The r;vnim.ng problen resulted from the attempted isamerisation of
Qyclooctatetrasne with potassium tert-butoxide in IM30, when no products
Or starting material could be extracted from the reaction mixture! This

is als0 a mechanistic mystery. though it is hoped someone will be
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SYCTION IX

Preparation, Deshydrcbromination, and Isomerisation

of Clg_and c1 & Cyclic Compounds

As the direct preparation of c1 o

process, producing the isomeric ¢is, trans, trans- and trans, trans, trans-

carbocycles is now a commercisal

cyclododeca~l, 5, 9-trienes [ (116) am (117)) on the ton scale (by trimer-
sisation of butadiens over e.g. titanium tetrachloride/diethylaluminium
chlbrid915 9). these isomers form very useful starting materials for the

synthesis and isanerisétion of cyclic 012 polyenses,

The cis, trans, trans isomer[(llé), henceforth called c, t,t.] was
available in small quantities (100X pure by g.l.c.) from Aldrich Chemical
Co.; material cbtained from Koch-Light was less pure (~98%) and this

was used for reactions on a large scale. The trans,trans, trans isomer

[(117), henceforth shortened to t,t,t.] was obtained from Cities Service
Research and ﬁovelomegt Co., but required further purification
(fractional crystallisation from pentane gave ~ 99% pure material). The
@odtul properties (i.r.; n.m.r.) of both isomers corresponded with
their structurel assignment. |

The preparation of a double bond equivalent of cyclododeca-
1,5,9-triyne (224), by dehydrobrowination of the 1,2,5,6,9, 10-hexabromo-
scyclododecane isamers was underteken in a manner analogius to the

preparation of a oyclooota-l,5-diyne double bond equivalent (by dehydro-
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Infrared spectra (mijol mulls) of the hexabromo derivatives
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N.m.r. spectra (pyridine solution) of the hexabromo derivatives
of ¢,t,t-cyclododeca~l,5,9-triene (A), and t,t,t,~-cyclododecs-
1,5,9-triene (B).

Figure 24.
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sbromination of 1,2, 5, 6~tetrabromooyclooctans). Initial attempts by
ucCraeW to brominate the ¢, t,t. directly gave only intractable gums, so
pyridinium bromide perbromide (cf. p.119) was used instead. A repetition
of thia work in the present studies yielded s0lid hexabromo derivatives

of ¢ t,t. and t,t,t. by either method, The method with pyridinium

" bromide perbromide gave better ylelds than even a modified version of the
diréct bromination method.léo The physical properties of both solid
hexabromides [represented bty (222) and (223)] corresponded with

published da.ta.161 and the spectral characteristics of the hexabromide from
the c,t,t. isomer (222) corresponded with those obtained by McCrae.

- The spectral properties (i.r., n.m.r.)_ of the two hexabromide
isomers, though similar, were not identical [cf. the two tetrabromocyclo-
soci:m isomers (205) and (206)]. but further enalysis of the spectral
cMmteﬁstica was not possible - apart from identifying expected
absorptions. (Pig. 24a anmd b).

Attempts made by Alemxrler162

and Mccrasl‘7 to detwdrbbm-’nimto
hcx;bmocyclodoaecam had shown that the best reagent was potassium
terf-butoﬂde in diglyme, anl aocordingly this was used in this instance
as well. The bromine-fres oils obtained after extrection of the

reaction mixtures from the dehydrobromination (heating at 130° for 1A hrs.)
of the hexsbromides of either ¢, t,t. or t,t,t. hld similar spectral
charecteristics; several prominent bands oould be attributed to either

aromatic or olefinic chromophores (\) fiim 1640, 1490, 770, 730,
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G.l.c. traces of the products from the dehydrobronination of the
hexabromides from ¢, t, t-cyclododecatriene (A), and t,t, t-cyclo-
sdodecatriene (B).

1. 1,2-benzocycloocta-1, 3, 5-triene.

Figure 25.
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690 ole; for both nroducts which had A mzho mp and /\w 264 m e
respectively). Analytical g.l.c. showed that the constituents of each
product were the same, but present in different proportinns (Pig. 25).
This may be due to slightly different reaction comditions, for when the
dehydrobromination of the hexabromide (222) was repeated on a larger
scsle, the composition of the product was very similar to that from the
dehydrobromination of hexebromide (223).

As the n0st stable compourd in the dehydrobromination product
appeared to be the third major constituent (with longest RI.‘)' 80 the
isolation of this compound was undertaken. After imitial chromatography
of the reaction products, over silica gel, this compound was obtained in
a pure state bty preparative g.1.c. Itsspectral properties (i.r., u.v.)
were identical to those obtained by Hchr’ for his product 'A'. The
infrared spectrum showed bands charecteristic of o-disubstituted aromatic

(Q film

compounis 1495, 755 cm':l) as well as multiple bands in the region

800-650 cm.! of which several could be ascribed to cis double bonds, The
ultraviolet speotrum had A

ma
but the intensity (& = 6,450) was far higher than normally found for

x 264 mu., typical of aromatic chronophores,

aromatic miclei, s0 that a double bonl at least must be in conjugation
with the aromatic ring. The n.m.r. spectrum (Pig. 26), had absorptions
typical of aromatic, ethylenic and allylic or bengzylic protons in the ratio
13151. This data, coupled with & molecular weight of 156 (by maas

spectrometry), equivalent to C ot 5. 1is sufficient to confimm the identity
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of this compound as 1,2-benzocycléccta-1. 3, 9-triene (225a) as proposed by
McCrae, and not the other poasible isomera (225b ard c). (The other
structural degradations carried out by I'sk:(}rmal‘7 also confirm this
assigmment)., Furthemmore, hydrogenation (over 10% palladium/charccal)
of this compound, anmd g.l.¢. comparison of the product with & sample of
1, 2-banzocyclooct-l-ene [(226). prepared by another route, p. 80] showed
them to be the same,

Deshydrobromination of both hexabromides with potassium tert-butoxide
in DMSO gave 1, 2-benzocycloocta-l,3,5-triene (225a) as the major product
in each case (31% and 79% respectively, as determined by g.l.c.), fmt a
series of compounds with longer Rl' (on g.1.6.) than any obtained Lefore
' was also present, "l‘hesé may be either polmsatumgga c12 carbooycles
or other aromstic species such as substituted asulenes (227) or
Mthélema (228). . This view is substentiated somewhat by the detection
Of weak absorption in the ultraviclet at A 1°7° hexane 310, 330, 545 . an
well as abeorption at A"OT2™ 245 g,

To substantiate the results of these dehydrobrominations it was
desired to oarry out a similar reastion on a cyclododecadiyne. equivalent
- or in this case its precursor - such as a tetrabromocyclododecans,
Beduction of the oyclododecatrienes to dienes anl subsequent bromination

would give the required starting uteriai. A recent mumuonl

% mea
described the reduction of.o,t,t. (116) to gis-cyclododeoene (231) with

hydrazine hydrate/oxygen, catalysed Wy copper sulphate. This reduction
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proceeds step-wise, cis, trans-cyclododeca-1, j-diene (229) being fomed
initially, then preferentially reduced further to cis-cyclododecens (251).
though complete reduction to cyclododecane (233) could also ococur.

™his reduction was tried on both t,t,t. amd ¢, t,t., and the
resctions followed Yy withdrawing aliquots which were ew!ined by g.l.c.
With the former, reduction was rapid, and after 26 hrs, the reaction
mixture contained cyclododecane [(2})). 611]. tx-_s__m-oyclﬁdodecem [(250).
20£], and starting material (&f). The fourth compound present (11%)
was assumed to be .the Xrans, trans-cyclododeca-1,5-diene (232). This diene
formed es much as 29% of the mixture after A hrs.,” but thereafter the
quantity decreased stealily as the reaction time increased.

G t.t. (116) was reduced nore- slowly, ntw reaction conlitions
were identical. Thus, after 6 hrs., the resction mixture contained cis-
cyclododecens [(251), 19£], the starting material (27%), ami a compound
tak;n to be the cis, trans-cyclododeca~l, 5-3iene [(229). 54].

Hence, as this isomer (116) yielded more of the required diene,

a larger quantity was reduced urﬂQr similar conditiom over 30 hrs, to
give a mixture of cis-cyclododecens (29%), starting triene (22f), anl the
required cis, trans-cyclododecs-1, 5-diens (49;). [ Again, the oourse of
the resction was followed by withdrawming aliquots and analyaing by g.l.c.
the proportions of the reduced oo-panm:l

| Bromination of this mixture containing~50f of the diens (229)

with bromine/acetic acid yielded a brown gum upon extraction, which showed
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two main spots on t.l.c. analysis. (The hexabromide derived from the
bromination of ¢, t,t. in the mixture, precipitated out .‘dur.’mg the
reaction, and was ﬁ.ltefod off prior to axtraction). The 1,2-dibromo-~
scyclododecane (234) derived from the cis-cyclododecens (231) present in
the mixture (one of the i:wo major constituents of the extract) was
separated from the rest of the mixture by chromatography, anmd purified
by distillation. | Amlysf;a, and the spectral characteris.tics of this
materiel confirmed the structure assigned to it.

Al though the other major brcmimtion pmduct was purified further
by chmtogmptw and preparatin t.l.c., at best only a low melting gum
could be obtained. The spoctral characteristics of this materisl (which
consisted of two close running spots on t.1l.c.) were similar to those of
the dibromo- and hembﬁocyclododecanss (i.r..A Nam.T.), and its Rf value
was intermediate to these two compounds on t.1.c. A good elemental
analysis could not be obtained due to the diff.iculties' in purification.
The mass spectrum showed no parent ion, but ions at m/o 401, 403, 405,
and 407, (1535351 raﬁo). due to P - Br, were clearly visible., Further
fnmentation ions conﬁmod the presence of four bronim atoms originally.
'nm this material can be eaid to consist of two 1, 2. 5.6-tetnbmcyclo-
sdodecane isomers [mpreuubod by (2;5)] derived from the cis, trens-
oyclododeca~1,5-diene (229). Lack of time precluded a possible separation

of these isomers, amd hence _11: is impossible to say what their relative

configurations are, for this problem can only be solved by X-ray analysis.
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Dehyd robromination of this mixture of tetrabromocyclododecanss
with potassium tert-butoxide in diglyme {(1:8 molar ratic of tetrabromide
to base; heated at 130° for 16 hras.) gave, after extraction, a product
which was shown by analytical g.l.c. to contein only one comnourd., This
material, s clear oil after distillation, had physicel oroperties very
similar to thoase quoted in the literature for 1, 2-banzocyclcoct-leene
(226), and the avectral characteriatics were similsr to those obtained by
),!cc:-ete“7 for his product '®¢, which was the hydrogensted 1,2-henzocyclo-
:octe~l,3,5-triensc, TPurthermore, F.l.Co campam‘ggen of this nroduct with
the hydrogenated 1, 2-banzocycloocta-l, 3, 5«&'!‘1@“@1 obtoined oreviously in
these studies (p. 77 ). showed them to be the same compound. Henoe it
may be said with certainty that the product from the dehydrobromination
and subsequent isomerisation of tetrabromocyclododecans is 1,2=benzo-

s cyolooct-1-ene (226), |

A velated isomerisation of cyclotetradecael,B-diyns (53, m = n = 5)
with the same basic reaqent as reported by Hubert and D:ﬁ\le‘6 was also
investicated, The cyclotetradeca-l, 8~di;me was vnrepared (as described
by thess authovs) in 40% yield from none-1,8-diyne (119, n = 5) amd 1,5- .
dibromopentans. This oyolic diyne was heated under reflux {14 hrs,) with
potassium tert-butoxide (1:6 moler ratio of diyne to bese) in dizlyme.
The product obtained after extraction was a yellow oil, which showed
sbsorption in the infrared and ultraviolet charasteristic of arcmatic and

ethylenic chrosophores [l"is- 27; bﬁh 1660, 1495, 770, 750, 735
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Infrared (liquid film) and n.m.r. (CCl, solution) spectra of the
product from the base catalysed isomerisation of cyclotetradeca-
1’ 8'diyneo

Figure 27,
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G.l.c. traces of the primary (A), and hydrogenated (B) oroducts from
the base catalysed isomerisation of cyclotetradeca-1,8-diyne.

Conditions: 50 m, Ap'L' capillary, 1600, 20 p.s.i./5.3,
- total flow 45 ml./min,

Figure 28.
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Infrared (liquid film) and n.m.r. (CCl, solution) spectra of the
hydrogenated product from the base catalysed isomerisation of
cyclotetradeca~l,8~diyne.

Figure 29,
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.
ol 3\ hexsne
700 om, z

ox 250, 274 mie. (& = 2,150 and 1,750} « Ths Nom,Ts

gpeatriuc 2180 showed the presense §f’ aromatic, ethylenic, and allylic
protonz {Fig., 27}, Amalytical g.l.c, (Plg. 28) showed two major
coaponéxts (25 and 531) as well as some of the 3t’m~ting diyns (140).
Hydrogenation of this mixture {over 10% p&llad.ium/;rh&woal) gave
an 0il, which was shown by g.l.c. to coxj;sist of three main components
{25%, 25%, 437%), of which the lasitwo had retention times 3dentical with
those of two of the compounds in the orir;in.tﬂ. mi‘xture. Connparison with
cyclotetradscene showed that the firat pesk in the hydrogenatsd mixdturs
was due to ﬁhis compound (Pig. 28).: The spactra {i.ros' UoVos MM X0}

of this hydrogenated product showed absorptions which could bs assribed

VAR 405, 770, 785, 735, 700 amel;

/\:::ane 266, 274 mux. (£ = 280, 290); no absorpticn in the n.m.r. at

to aromatic material , {Fig.. 29;

302-h,71 due to ethylenic protons . Thus the compounds remaining after
hydrogenation can only be aromatic or cyclic isomers (and cyoclotetre-
:decans), of which 1,2-benzocyclodec-l-ene (236) is the most likely by
analogy with previous vroi-k. The 1§entity of the other consituent can
onli be guossed at; poaaiﬁle structures c@d be (243) or (244) or
some bicyclic [7:5:0] compound, ‘



SECTION X

Mechanism of Degzdrobmination and Isomerisation
of Cyclic 012 and °1! CcmE_c_mnda

The dehydrobromination of the hexabromocyclododecanss [( 222) and
(223) derived from (116) and (117)] must be considered as proceeding by
the same mechanism as in the dehydrobromination of the tetrabromocyclo--
soctanes (p. 64 ). Without an X-ray structural determination of these
compounds [(222) and (225)} it is impossible to assign definitely any ons
preferred conformation or configurdtion. The n.m.r. Spectra (Pig, 24)
of the hexabromides indicate apparent flexibility of the molecules; all
that can be deduced from a study of their molecular models is that trans-
anti-trans conformations can be adopted by the bromine atoms relative to
the protons, so again B, § elimination of hydrogen bromide should be
facile. Thus it would be expected, 'that as ¥, pelimination seems less
likely, so cyclododeca-l, 5, 9-triyne (224) would not be formed, and instead
the oyclododeca~l,3,5,7,911-hexaens (238) - the so-celled c,, anmilens -
should be formed instead. This particular anmilens has never been

63

isolsted, and Sonlheimer's stulyl of other annulene homologues has

shown that this system would be too strained to exist for any length of
time, 30 further rearrangement must be expected.
It is difficult to predict the mechanism of this rearrangement.

Isclation of 1,2-bensocycloocta~-1,3,5=triene (225a) shows that treans-
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sannular ring closure must cccur, but it is impoaaib]:e to asay at what
stage of the dehydrobromination sequence this occurs. Transannular ring
closure could take place with a partly dehydrobrominated species, in a
manter similar to that outlined in Scheme XXIIT [1.e. (210) to (21)] for
the (28 compounds., As there is no evidence at the mapent',as to the
extent to which this could occur, only rearrangement of the fully dehydro-
sbrominated species will be considered. (Scheme m.

As it does not seem feasible for dehydrobromination to yield a
oyciic triyne [such as (224), or possibly the less strained tri-allens
(237)]. 80 the only compound possible initially must be the amulene
(238). This, when represented as (258a) can be envisaged to undergo
transannilar ring closure to give structure (239), a bicyclic [63 40]
system. Turther base catalysed sllylic shifts can then occur to give
(239a) which should readily rearrenge to give the aromatic compound
(225a). which is 1, 2.benzocycloocta-l, 3, 5=triene.

The experimental evidence (and anslogy with previous systems)
~does seem to supvort this mechanism, The other two mejor pessks seen on
g.1.0. amalysis of the reaction mixture may in fact be compounds (239) or
(239a), for repetition of the dehydrobromination at a slightly higher
temperature, caused a marked decreese in their smounts. This would
inlicate that they hed been transformed into the aromatic compound, for
the amount of this in the resction mixture inoreased proportionally.

x:pémntn results also obtained by Hubert and 0010127 indicate that
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this is the structure to be expected, for in the formation of compound
(157) from (155), structure (156) was the favoured intérmediate with all
the double bonds in the mecrocyclio part of the molecule conjugated with
one another ani with the bensens ring. m-i-ko. structures (225 b amd
) MMMWM quite apart from the fact that they
were not identified amongstthe reaction products. It is imoossidle to
say whether the products [i.e. possidly substituted asulenes and |
nephthalenss (227), (228)] in the resction mixture from the dehydro-
sbromination in DMSO are formed ty this same mechanism (or formed at all)
until they are positively idemtified.

The preparation of 1,2-benzocyclooct-l-ene (226) from tetre~-
s bromocyclododecane (235) can be explained by a rationsle similar to that
for the formation of 1,2-bensocycloocta-l, 5, J~triens (225a) from the
hexabroaides [(222) am (223)], and this is outlined 1n Sohene TIVI.
The route ani mechenism is identiosl to that outlined in Scheme XXV for
the ‘w dehydrobromination, emcept that in this csse only four
double bonds instesd of six can be formed. Hence the product is 1,2-
bensooyolooot-l-ene, though it is interesting to note that the aromatic
ooapound 1s preferred to the C, carbocyole with the four double bonls
Placed in the most sterically favoured positions (which is presumetly
first formed). . A G, 9yolic diyne (55 m = n = 4) has also been aromatised
by Hubert ana Dale*é (under foroing conditions), and it is evident that

the starting materisl is of relatively little importance in determining
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the nature of the final products. So long as there are the seme mumbor
of double bondg in the intermediate mono-cyclic polyene, the samas
aromatic isomers will be formed when the ssme basic catalyst is employed
in #hese reactions,

. A report by Hubert and Dale, 9 that the aromatisation of cyclo-
s tetradeca~1,8-diyne (53, m = n = 5) with base gave bi- ard tri-cyclic
compounds (as well as aromatic compounds under more forcing conditiona%).
was E'_deelnod worth investigating, considering the results obtainsd with the
08 anrl 012 cyclic compounds. This diyne gave, after base isomerisation,
a pi"oduct whose spectral characteristics were coupatible with structure
(236), i.e. 1,2-bensocyclodec~-l-ene. However, as there were three major
cmz;omnts (one of them starting diyne), only ones could be arcmatic, while
the other was urknown, After hydrogenation, cyclotetradecane and two
. other compounds were seen (by g.l.c.) so it is hishly probable that there
are bioyoclic compounds other than the 1,2-benzocyclodec-l-ene being
forned. Thess may be, as suggested by Hubert and Dale,’’ either bicyolic
[7’ 530] compounis (anslogous to the fommation of cyclcheptatrienes from
the linsar octa-1,7-diyne) or m- and p-cyclophane compounds, such as (243)
mf(zu). Hence it is possible that in larger macrocyclic diynes, the
sams mechanisms can operate as for the isomerisatiom of octa-l,7-diyne.
'!hii_s resction could then be applied to the preparation, in two stages, of

- aul P-cyclophanes from the appropriate macrooyclioc diyne.



EXPRRIMENTAL

Genersl

Unless otherwise stated, the following experimental conlitions
apply throughout.

Quantitative infrered (i.r.) speotra were obtained with a Unicam
3P 130 grating svectrophotometer, (ecourecy pEY on'.'l). and survey spectre
with either Perkin Elner 157, 237 or Unicsm SP 200 (sccurscy > 10 oa:l).
All survey spectrs are corrected to the 1603 om:! bend of polystyrene;
only absorption characteristic of main functional groupes is quoted, The
letters (vn), (o), (o, (W, after quoted frequencies denote very strong,
strong, medium or weak intensity.

Ultravialet (u.v.) spectra were measured on either s Unicam
SP 500 (merual), 800 (automatic) or Perkin Elmer 137 U.V.

Early nuclear magnetic resonance spectrs,(n.m.r.), were recorded
(in carbon tetrachloride unless otherwise stated) on an Asacciated
Blectrical Inlustries model RS2 (60 megacyoles), while later spectra were
run on a Perkin Elmer B310, 60 megacycles instrument. Tetremethylsilane
was used as the internal standard throughout. |

Mass spectra were obtained with an Associated Electrical Imlustries
M3 9 instrument, either 'hot-box' or !'probe’ samples as indicated.

Gas 1iquid chromatographic analyses were conducted on a variety

of instrusents and columns. Operating conditions, columns ani detectors



are quoted where nscesaary; retention times (RI" in mimites) were
calculated from the solvent front (pentane usually); all quantitative
work was dons with a flame ionisation detector, using pesk area or pesk
heights (as indicated). Emépt for a few known compounds (as iniicated),
no corrections were made for differences in detector response. Pye
Argon Chromatographs (equipped with a closed injection system anl flssh
i)mhcater) and a Perkin Elmer 451 Practometer were used for analytical
isothermsl runs; a Perkin Elmer F 11 and a Wilken's Aerograph 204 (dual
columns, dual flame ionisation detectors) for temperature programmed work,
anl the Fraotometer or a Wilkents Autoprep 700 for preparative work,
Alumina (neutral) of activity determined by the method of

Broo)mnananA was used; silica gel was normally ex B.D.H. unless indicated

otherwise. Silver nitrate on silica gel was prepared by two methods} ~6-5
() Silica gel (50 g.) was slurried in distilled water (200 ml.)
| containing silver nitrate (25 g.) for several mimites, filtered
and partially dried by suction. The remainder of the water was
removed under reduced pressure ani gentle heating (less than 75°);
at all times the material was shielded from light. Titration or
weighing of the product showed that silver mitrate comprised
108 wt./wt. using the above proportions.
(v) Silica gel was slurried with the required weight of silver
‘ nitrate as before. Water was removed completely by the freese

drying method. In this case, the actual amount of silver
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nitrate used deteruines the percentage composition.

Thin layer chromatography (t.l.c.) was done on Kieselgsl G
(E. Merck G.) prepared according to Stah1.166 of standard thickness.
muenta and sprays are indicated in each case,

Melting points were taken on a Kofler hot-stage and are
uncorrected. Refractive indices were obtained on a standard Abbe
refractometer.

Unless indicated otherwise, magnesium sulphate was used as

drying agent throughout.

e s



SWCTION I

Preparation and Isomerisation of Decadiynes.

WI.NHMB' 167 (119, n = 6)

To a suspension of sodium A«':cstylme]'68 (from 11 g. sodium) in 1liquid
ameorda (600 ml.) was added with stirring (over 1 hr.) a solutionm of 1,6
dibromohexsne (25.9 g.) in ether (40 ml.). The mixture was stirred
vigorously for a further hour, then left standing overnight. TEther
(200 ml.) was edded to the suspension, followed by solid amnonium chloride
(20 g.) with rapid stirring. This, anl the addition of aqueous ammonium
chloride decomposed any remaining acetylide, and evaporated of'f the bulk
of the ammonia. After decanting the organic layer, the aqueous solution
was extracted with ether, snd the combined ethereal extracts washed with
dilute sulphuric acid (2 N), saturated sodium bicarbonate solution, water,
and then dried, concentrated, and fractionally distilled. Fractions of
similar b.p. and refractive inlex were combined to yield 5.8 g. (46f) of
deca~1,9-diyne. b.p. 74-76°/16-17 am, ; n§° 1.8496. (nit.167
b.p. 78-800/29 o, 52)0 1.4528); \ 3 3250 (va), 2100 (m) c-:'l

1, &.manorobut.z.ml"

Thionyl chloride (50 ml.) was added slowly, with stirring, over

6 hrs. to but-2-yne-1,4-diol (25 g.) in dry pyridine (€5 ml), the
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temperature not being allowed to rise above 200. The thick, dark paste
so formed, was allowed to come to room temperature towards the end,
stirred for a further 2 hra. then left overnight. The resulting solid
mass was decomposed by the addition of crushed ice (150 g.), extracted
wifh ether, the extracts washed with saturated sodium carbonate, ani then
firied, concentrated, and fractionally distilled. PFractions of similar
b.p. and refractive inlex were combined to yield 15.2 g. (36£) of

1, idichlorobut-2-ynes b.p. €0-61°/10 sm..s n 1,508, (11£.29 b.p.
6°n7 o s 1P Lsop2y N P 500 (m), 1260 (w), 1260 (),

700 (vs) cart

Daca;-k. &dixner,o

| 1, A-Dichlorcbut-2-yne (10 g.) was added slowly, with stirring, to
a suspension of sodamide {from 7.7 g. sodium)in liquid ssmonia (500 ml.),
"followed by n~-propylbromide (22.12 g.) over 5 minutes. This mixture was
stirred with cooling (s0lid carbon dioxide-methanol) for 45 mimtes, then
for 1 hr. without external cooling, followed by stirring with intermittent
'ooo].ing for a further 2 hrs. Ether (200 mls.) was aided, followed by
s0lid ammonium chloride (20 g.). Any remeining acetylides were decamposed
by the cautious addition of an iced solution of ammonium chloride

(~150 ml.), and the mixture was left to stanl overmight., The organic
layeér was decanted, and the aqueous solution extracted with ether.

These ethereal extracts were combined, washed with 2N sulphuric acid,
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saturated sodium bicarbonats, water, dried, concentrated, and fractionally

distilled. Fractions of similar b.,p. anl refractive index were combined
) 20

to give 5.3 g. (32%) of deca-4,6-diynes b.p. 37-590/0-5 o,y Ay 1.4911

170

@it v.p. <60°/0.01 mn., 76°/2 mm.). Y T 2150 (w), 1330 (m),

1310 (m), 1270 (m) cmfl; A ::;H 225 LYo (¢ = 619).

Base Catalysed Aromatisation of Diynes

The General Hethod

The basic medium was prepared just before use, as an opale ent
dispersion, by refluxing freshly prepéred potassium tert-hutoxide (previous-
:lj heated at ~ 160° under reduced pressure until sublimation started) in
approxinately tem times its weight of digljme (dried by distillation from
sodium). The diyne and this reagent (in the required ratio) were fhen
heated unier re.ﬂux for the requisite length of time unier nitrogen. On
cooling, the resction mixture was diluted with water, extracted with
pent‘a‘mv, anl the extracts washed repeatedly, dried, and concentrated to
give the 1iquid hydrocarbons. Exoept for initisl experiments,
distillstion of the producta was not attempted, owing to the losses

ovcasioned throusth polymerisation.

The Isomerisation of Deca-l,9-diyne (119, n = 6).

The purity of both deca-1,9-diyne amd dece-4,6-aiyne was checked
by analytical g.l.c. prior to use (107 Ap'L', A* x J* o.d., 100°,

50 ml,/min.; purity 1006 for both; Ry deca-l,3-diyne = 7.88 mins.,
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deca-4, 6~diyne = 23.25 mins.).
Heating of the diyne (2 g.) with the above basic system (in a
molar ratio of 1:7) for 18 hrs. at 160° gave 1.9 g. (951) of a yellow
0il after extraction. This had A :;';“‘"" 265 mu. (€ = 1900) Pig. 3 ;
film ~1
\ max 740 (8), 710 (m) em. , no trace of ethymyl in the i.r, (Pig. 1);
nm.r. 2.94 (singlet), 3.5-3.6 (mult.), 4.0~4.1 (doudblet), 4.5-4.8 (mult.),

7.3=7.8 (mult.), 8.7-9.0 (mult.)? . g.l.c. data, Table I, p. 21.

rhé Isomerisation of Deca-4,6-diyne.

| Trestment of the diyne with the same basic system as above (1:7
moiar ratio) for 12 hrs.. at 160° gave 1.5 g. (79%) of products 5 2]:"
740 (m), 710 (s) cm'.'l: no trace of ethynyl in the f.r.; A :;}:m
265 . (€ = 2,800); nem.r. 2,95-2.98 (mult.), 3.5-3.6 (mult.), 3.8-4.1
(mult.), 4.5-4.8 (ult.), 7.3-8.2 (mult.), 8.7-9.2 (mult.)T. (Pig. 2a)

g.1.c, data, Table I, p. 2} .

Hydrogenation of the Decadiyme Primary Isomerisation Products.

Hydrogenation in ethyl acetate over palladium/charcoal (10%) of
either of the isomerisation mixtures pgave similar material -~ as détemimd
by .spectroscopy (1.r., u.v.) and analytical g.l.c. (Table I); %m‘ |
7580 (s) on:l for both samples (see Fig. 3); A :..t:mm 257, 264, 272 mm..
(€=100) amA:;:f”" 257, 264, 272.mu. (£ 50) for the mixtures
defxm from the 1,9~ anl 4,6~ isomers respectively. %o absorption from

othylehic protons in the n.m.r. spectruan for either product (Pig. 2).
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Analytical g.l.c, of Primary and Hydrogemated Isomerisation Products of
the Decadiynes (Table I).

The three expected isomers in the mixtures (o-n-propylmethyl- .
sbenzene, o-diethylbenzene, and n-buty).benzem) were identified by
c@pﬂﬂwn of their R, values amd by co-chrouatography with euthentio
samples. Several columns were tried for optimum resolution, the besat
resulte being achieved with a poly(ethyleneglycol) capillary column (Figs.
4a anib) . .

The pementage oomposition (to the nearest whole nanber) was .
calculateﬁ from the peek heights of the oomponents of the mixtures, aml

is not corrected for variations in detector response,

The ootimum conditions used were; - 50 m, ooly(ettwlemgh/col)
oapillary, temp. 50°, 18 o.a.:l /6.0 = total flow 55 ml. /min. Plame

ionisation detector, 300 v., x 256, Pilter 2.

‘Iime study of Deca-4, &diqne Isomerisation,

" Treatment of deca-,é-diyne unler the ssme conlitions as described
pr;éviously was followed by withdrawing aliquots (1 ml.) from the reaction
at reqular intervals over 25 hrs. Theee were worked up by the usual
method and their contents exsmined by g.l.o. (%0 |;1. Ap'L' ocsplllary, 10}0.
26.‘75 pP.s.i./].1 = totel ﬁ.a 90 ml./min.; ug-S) |

This study showed that isomerisation taekes plaoe very rapidly;
even after 1 hr. the coupooiuon of the mixture was practically the same

as after 25 hrs, Some further decomposition or isomerisation aia . seem
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to take place towards the end as evidenced by the appeararice of further
peaks. The composition remained the same throughout the first ten hours,
e.g. the proportions of n-butylbenzene, o-diethylbenzene and o-n-propyl-
: toluens were 9.7% (10.1%), 16.8% (16.17) and 42,57 (38.3%) after 2 hrs.

and 10 hrs. (in brackets).



SSCTION II

Isomerisation of Octa-l,7-diyne

Oote~1,7-diyne (119, n = 4) -.General

This material, prepared by staniard methods, 4, 11 was obtained
from R, G, Willis and I. D. Campbell, and showed several components by
g.l.c. It was accordingly purified by preparative g.l.c. (Perkin ®lmer
451, 1" x 90 oms. column, 20% poly(propylene)glycol, 90°, 10 p.s.i.
(nitrogen), R, 20 inina,) to give 100f pure material, This was used for
initial trials, but as the isomerisation products were the same from the
purified and crude diyne, the latter was used for all large scale
isomsrisations. (The impurities did not interfere with g.l.c. analysis).
Vo™ 3300 (s), 2100 (m),onlt

Isomerisation of Octe-1,7-diyne - Standand Procedure.
The diyne (2 g.) was heated under reflux (8 hrs.) with the basic

aysten (potassium tert-butoxide, from 3.8 g. potassium, in the ratio 1:5)
under nitrogen, to give after extraction, 0.35 g. (35%) of a yellow oil;

| Qm" 1652 (w), 1624 (w), 1605 (w), 1498 (s), 743 (8), 709 (s), 699 (®)oms
A:":"‘"’ 251-256 mu. . (€ = 2,530); nem.r. 2.45 - 2,9 (mult.),

5.2-f;3.7 (oult.), 4.1-4.9 (amlt.), 7.2-7.8 (mult), 8.0-8.2 (mult.),

8-7-;;91 (mult.)T. Aliquots removed in the course of the reasction, amd

exanined by g.l.c. (conlitions as below) showed that equilibrium was
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atteined after 2 hra.

Isomerisation of QOcte~l,7-diynes Analysis of the Product.

Analytical g.l.c. (Pig. 6; 50 m. Ap'L* capillary,
810; 17 p.8:1./5085 . tdbel flov 52 ml./min.) showed that eight
components were present. The two main components were identified by
B’l’ values and co-chromatography as o-xylene and ethylbenzene in a
proportion of 533 (by direct area comparison), and camprising about 607

of tfhe total reaction products,

Preparative g.l.c. [ wms, 20% poly(ethyleneglycal),
2 me x4 0.d., 85° 20 p.s.i. (helium) | furnished scveral cuts, one
of which was pure o-xylene (single peak on analytical g.l.c.); 9 :im
3060 (8), 3020 (s), 1605 (w), 1500 (s), 1390 (), 745 (ve) cm:’;

172

iderttical with published data. The presence of the m- and p-xylenes,

as well as ethylbenzene, in an earlier fraction was proved by i.r. and
V T 3050 (m), 3020 (s), 1605 (w), 1500 (a),
1360 (w), 795 (=), 770 (&), 740 (#), 715 (), 700 (ve) em:’; (11t.}77
5‘*\‘(7159“%13 790 (), 772 (w), 697 (ve) ca:’; m-xylens 770 (ve),

analytical g.l.c.;

“69A5f(c) cns p-Xylene 795 (vs) ensl).  G.l.c. (20f, 7.8-benzoquinoline,
2 m. x{ o.d., 80°, 65 ml./min.) showed toﬁr components present with
mtt.mtion times of 17.88, 19.12, 20,38, 21,8 mins, respectively.
Rthylbenzene, m-xylene, and p-Xylene had retention times of 17.8, 19.0,

and 20.3 min, respectively under identical conlitions (Fig. 7). The



material in the other cuts was insufficient to pemit identification.

Isomerisation of Octa-l,7-diyne; Anslysis of the Hydrogenated Product.

Hydrogenation of the isomerisation mixture (over 10§ palladium/
.ch;ar_coal in ethyl acetate) yielded a mixture of saturated and aromatic
compounds, as shown by analytical g.l.c. (Pig. 8; 50 m. Ap'L' caepillary,
84°, 18 p.s.i. inlet pressure). These were separated by preparative
g;l.c. in the following manner. A poly(ethyleneglycol) column (20%,

20, x }* o.d., 850. 18 p.s.i. helium) was used for the initial separation
of the aromatic from the saturated compounds (Mig. 9); the létter
(together with ethyl acetate solvent) were then rechromatographed on an
Ap'L* column (204, 2 m. x 3* o.d., 850. 18 p.s.i.) to give four main outs.
The_ first was ethyl acetate, and the seconl was identified as methyl-
soycloheptens; 3 T1% 2945 (a), 2914 (ve) 2853 (), 1460 (a), 148 (),
1377 (), 1366 (w). 1352 (w), 1048 (w), 966 (w), 814 () oul A
synﬁ)ntic\had m‘identioal spsctrun. The n.m.r. spectra of the isolated
éut and authentic methylcycloheptane were identical, having absorptions
at é.o. 8.M, 8.75, 9.1 T. Amalytical g.l.0, (50 m. Ap'L* capillary,
84°%, total flow 55 ml./min) showed this cospoun] by co-chrosatography amd
Ry to be identical with methylcycloheptane.

~ The third cut, containing two compounds was in an smount
insufficient for identification. The fourth cut was identified as

cyclooctane; on> signal in the n.m.r. spectrum at 8.46 T identical with
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authentic material and identical Ry Wwith cyclooctane by g.1.¢, (same

conditions as gbove). NO n-octane could be detected by g.l.c,

Isomerisation of Octa~1l,7-diyne; The Olefinic Constituents of the
Primary Product. A

(1) The reaction products (3 g.) from the base catalysed isomerisation
of octa~l,7-diyne (10 g.) were chromatographed on a 10§ silver mitrate/
silica gel column (40 g.) using péntana an! diethyl ether as eluants

(5 ml. fractions). The ultraviolet spectra of initial fractions were
aromatic in character, and the appropriete fractions (20-29) were
combined; later fractions (33-50) had more diffuse spectra consistent
with diens chromophores, anl these in turn were combined, and after
careful concentration, subjected to preparative g.l.c.

(1)  Utilising a poly(ethyleneglycol) oolumn (20%, 2 m, x }* o.d.,
;ei°. 55 ml./nin,) five cuts were taken (Pig. 10, 10s). The first two
connisted of solvent and trace materials, and were discarded, Cuts 3
andA A contained several components in common, and will be considered
later. The fifth cut was Obtained pure, am idemified spectroscopically
as ayolooctarl, 3, 5-triene (100)3 ¥ Lot 3010 (ve), 2935 (ve), 2895 (w).
883 (w), 815 (@), 775 (va). 742 (a), 702 (vo), 647 (va) oml, sdentical
vith & published speotrusd’® A :::”""" 263 mp.( € = 3,000). [L1¢.57
'1\‘., 265 mu. (€ = 3.600)) .

A more efficient oolumn[2%€ poly(ettyleneglyoct) €00, 12 x & o.d.,
7000. 180 ml./ain, ] installed in an Asrogreph Autoprep instrument
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yielded a more convenient separation. Again Cuts 1l and 2 were discarded,
but Cuts 3 and 4, as well as 5, were better separated, the last being
obtained in an amount sufficient for an n.m.r. spectrum; this had
sbeorption at 4,16, 4.3, 7.57 T (all broed singlets), identicsl with that
of a synthetic sample of cycloocts-l,3,5-triene.(p.109 ).

Cuts 3 and 4 were obtained in sufficient quantity to be identified
by their spectral characteristics as mixtures of mainly 2-methylcyclo-
shepta-1,3, 5~triene (122), [ plus 3-methylcyclohepte-l,3,5-triene (123)],
ard l-methylcyclohepta~l, 3, 5-triene (121), [ plus 3-methylcyclohepta~
1, 5.5—triemJ respectively. These three isomers, as well as the 7-methyl-
scyclohepta~l, 3, 5-triene (120) were synthesised by a published rout%lz’ m
(see p. 30 ), and a comparison of their spectral characteristics and
those of Cuts 3 and 4 follows in tabular form; their i.r, and n.m.r.
spectra are illustrated in Pigs. 11, 12, 13 (p. 26 ).

Comparison of these fractions by analytical g.l.c. (20f Cyano 'P',
A x 3 o.d., 50° 38 ml/min.) with synthetic meterisls showed that Cut 3
contained four components, the two major ones being 2- and 3-methylcyclo-
shepta~l, 3, 5-triene respectively. Cut 4 contained the 3- and l-methyl
isomers (major), while Cut 5 conteined only cycloocta~l,3,5-triene.

(111) A emall amount (~1 mg.) from each cut was dissolved in either
carbon tetrachloride or ethyl acetate and hydrogenated in a Clauson-Kaas

apparetus over an excesas of palladium on charcoal (10f). The products

were analysed by g.l.c. (50 m. Ap'L' capillary, 76°, 45 ml./min, total



TARLE II

Infrared Spectrel Data for the Isomeric Methylcycloheptel, 3, -trienes
and Cuts 3 amd 4 from Preparative g.l.c. of Isomerised Oote~l,7-diyne

cut 3 Cut 4 1-Methyl 2-Methyl 3-Methyl 7-Methyl

(1a) (122) (123) (120)
3200 vs
3022 3026 3028 3026
3012 2992 3014
2970 2965 2970 2970 2980 2962
2925 2944 2942 2930
2911 2920
2880 2885 2886 2882 2884 2874
2835 azko 2338 2836 2840 2852
1650
1625 1620 1633 1627
1610 1604
1500 1535 1540 1550 1550
1380 i;‘ég 1380 1578 1375 3
1298 1295 1295 1290
1145 1190
1080 1080 1059
1040
1025 1010 1005 1016
942 N5
855 854 858
825 822
0 0 79 7%
765 760 769 760
7%0 735 7”7 ”» 742
720 79
705 705 708 705 707
6

Values quoted are Q I 4n calt

Cuts 3 anl 4 run on PE 2357, all others on Unicam SP 130.



TABLE III

Ultraviolet Data for the Isomeric Methyloyolohepta-l, 3, 5-trienss
and Cuts 3 and 4 from Preparstive g.1.c. of Iscmerised Octa-l,7-diyne

Cut 3

Cut A

(12)

(122)

(123)

1ettyl!?  2-uetnyl? 3-metiy}? 7-metnyllt

(120)

264-266

260

250

259 _ 269 258
€ =220 §£s=275% E=23000 E£=2600 £=3800 £= 3310

BtOH

Values for l-, 2-, and 3-methyl isomers mA max all others are

/\c.hcnm

TABLE IV

Proton Magnetic Resonance Data

for the Isomerio Me

ol

trienss

and Cuts 3 and 4 from Preparative g.1.c. of Isomerised Octa-l,7-diyme

Cut 3 Cut &4  1-Methyl  2-Methyl  3-Methyl  7-Methyl
Gaa) (122) (123) (120)
3.53 3.55 3.6 395 3.6 34
doublet  triplet triplet  doublet  Jdoutlet triplet
3.9 3.93 3.98 3.98 A0l 3.9
mlt. mult. milt. malt. triplet  doublet
AT A7 A7A A.72 A.75 A7
malt. quartet  quartet mult, mult.  quartet
7.86 7.7 7.1 7485 7.75 8.4
triplet  doublet  doublet triplet mult, mult.
8.16 8.0 8.03 8.15 7.96 8.65
dcublet  doublet  singlet singlet triplet doublet

All ssmples rum in carbon tetrachloride with T.M.3. as internal reference.

Mid-points only of multiplets are quoted (7).
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flow. Peak heights used to calculate percentage composition).

Cuts 3 and 4 produced in each case a. 50% of methylcycloheptsne, no
starting material, and several other peaks.

Cut 5 did not contain a?v cyclooctane, nor any starting materisl,
but did have one major component, presumed to be cyclooctene.

Literature reports reveal that complete lxvﬂmgomtion of eight
membered unsatursted carbooycles is not possible under some comditions,
cyclooctens being the major product in most cases. Possibly a similar
limitation may aponly to the hydrogenation of the seven carbon ring
compounds. Isomerisation on the catalyst surface may be a further

complicating factor, especially when an excess of catalyst is present.

Isomerisation of Octa-1,7-diyne; Identification of Transitory Intermediates.
(15 The diyne (5 g.)‘.:;:heatea under reflux (2 hrs.) from cold with
rthe base (potassmu tert-butoxide from 1.85 g. potassium in a 131 molar
ratio) in diglyme (500 ml.) under nitrogen. The product was isolated as
.bef‘ore. and haa Y T 3000 (s), 2940 (vs), 2880 (s), 1970 (w), 1920 (w),
17éo (w), 1650 (w), 1620 (m), 1490 (s), 1450 (#), 1380 (), 790 (m),

775 (w), 745 (va), 700 (2) om:'s A S0 269 (£ = 400), 280 (£ = 400),
293 (€ = 450), 306 (€ = 305) 5;.. [' 11¢2* for oota-1, 5.5.7-tetmem

(2058); A :::' octame  ,¢7, 278, 290, oA mu. (€= several thousand -
msunble accurately due to deoompos:ltion)J.

Analytical g.l.c. (50 m. ap'L? capillary, eo°, 18 p.s.i.) showed
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one ;najor component (Rr relative to ethylbenzene 1.23) apart from the
aromatic hydrocarbons, Preparative g.l.c, E20,€ poly(ethyleneglycol),
2 m. x 3* o.d., 96°, 18 p.s.i.] yielded five cuts, the last consisting of
this major product. This was collected as a solid (colourless platelets

at 00) which gave a single pesk on re-chromatography. fi1

" 2922 (s),
2858 (m), 1435 (m), 1340 (w), 1320 (w), 1260 (m), 1025 (w) cmfl; end
abéo'_rption only in the ultraviolet.

Hydrogenation over palladium/charcoal (10%; 967 of calculated
upta:ko for four double bond equivalents) yielded n-octane (identified by
g.1.c.). These properties, as well as its correspondence to the compourd
iaol"a'cedv in section (ii), show this intermediate to be octa-2,b-diyne (124).
(11), Octa~1,7~diyne was heated under reflux in a solution of potassium

_tert-butoxide in tert-butancl (1.5 molar; 4:1 ratio of base to diyne)

for 24 hra. under nitmgen.lg2

Analytical g.l.c. [ 50 m, poly(ethylene-
sglycol) capillary, 5o°, 20 p.s.i./6.5, total flow = 75 ml./min.] showed
the mixture to have the following composition after 10 hrs. reflux. (A

munber of minor peaks were present also).

mins. £ Composition ¢ Compound
7.36 8 ethylbensene
7.92 7 P-Xylens
8.16 14 B-Xylene
11.0 26 o-Wylene
50.6 43 urknown,

* (Caloulated from pesk heights.
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Preparative g.l.c. [251 poly(ethyleneglycol) 600, 12' x &%,
125°, 140 ml./uin.] again yielded severel cuts, the last of which was the
unknown, identified as octe-2,6-diyne (124), colourless platelets at 0°,
i.r. and end absorption in the u.v. identical with that given above under
(1).. A mass spectrum had the parent peak at /e 106, i.e. Cotl o
n.m.r. absorption showed signals at 7.75 (singlet, AH), and 8.25 (singlet,
) T. No octatetreens (103b) or allens could be detected MMMm
sally.
(ii1) Hydrogenation over pellsdium/charcoal (10£) in ethyl acetate of
'the product obtained by wethod (i), followed by examinsation of this
material by anelytical g.l.c. (50 m. Ap'L' capillary, 84°, 18 p.s.i.)
dmastratod the presence of all three xylenes, ethylbenzene, n-octane,
cycloootane and methylcycloheptans in the proportions as indiceted in

'P.lg._». 14 (p. 28 ).

Isomerisation of Octa-l,7-diyne; Piltered Solution of. Base.
A hot dispersion of potasaium tert-butoxide in diglyme (~ 2%

.comeutmtion) was carefully filtered through a sintered glass filter
under nitrogen. The resulting dilute solution (~ 0.2 molar conoentration,
by titration) to whioch the diyns was added, gave complete conversiom to
9-Xylens and ethylbensene after 2 hrs. reflux (with only treces of other
components, Tig. 15) as shown Yty anslytical g.l.c. (50 m. Ap'L' cavillary,

7500 18 po .oi . )



SCTION IIX

whous of Hydrocarbons Isomeric with Octea-~1, 7-diyne.

o lohepta-1, 3, 5-triene (120)311+173

(1) " Brosine (40 g.) in carbon tetrachloride (125 ml.) was added with
stirring over 3} hrs. to a solution of oycloheptael,3,5-triens (ex Shell,
23 g.) in 200 ml. of carbon tetrechloride at 0°, The dibromotropilidens
complex obtained on removal of the solvent, was heated in vecuo for

72 hrs. (55-€0°/15-20 mn.).  The eclid greemish-yellow cake was ground
in & mortar under carbon tetrachloride, filtered off, washed, anmd dried
in vacuo at room temperature. The crude prodwot (38 g. 90X), m.p.~140°
deo. [11£.17% 163165 aeo.] was shaken vigorously with absolute ethanci
(350 ml., added at reflux) till solution was complete. The resulting
dark solution was set aside at -5o° for several hours, filtered rapidly,
-ana the solid washed with cold absolute ethanol (at -50°; 50 ml.) to give
gdul: solid (25 g.: m.p.~1bo° dec.). Removal of solvent of coryatallis-
sation by heating under vaocuum resulted in yellor crystals of tropylium
bmnia{(l'&“) same indefinite melting poinﬂs 3 zxjol 1250 (m), 1210 (m),
1040 (m). 980 (m), 670 (s),650 (#) omils A Eor' 243.208, 205-215 .
(éc 1,130, 1,660).

(11)  The orulde tropylium bromide (126), & g. was sdded over 30 mins.

" to a solution of methylmagnesium iodide in ether (75 m1.; from 0.8 g.
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magnesium and 47 g. methyl iodide). This mixture was stirred for 1 hr. at
20°, then refluxsd for a further 30 mins. Rxcess Grignard reageat was
decomposed with ice, the mixture extracted with ether, anmi the extract's
washed, dried, and concentrated to yield 1.3 g. (52f) of a brown oil.

This was purified by preparative g.l.c. (25 Cyano 'P' column, 15' x & *,
75°, 190 ml./min,) to give pure 7-methylcyclohepta-l,3,5-triens (120).

The spectral characteristics (i.r., u.v., n.m.r.; Tables II, III, IV)

were in agreement with values quoted in the literature.

s 12174 101y, (122), (129)]

(1) Birch reduction of o-toluic acid [(177). 25 g.| with methanol and

le, 2=, and 5-uetl'q1ciclohepta-l. 3, D=-trienes.,

sodim/liquid ammonia yielded 1,4A-3ihydrotoluic scia [ (128),23 g.;  90%]
m.p. 74-76° from pentane, (1it. 174 7L‘,'6 )

690 (m) om:!

(i1) Lithium aluminium hydride reduction of the dihydrotoluic acid

324 1720 (vs), 890 (vm),

(16 3.) in ether gave 1, 4-dihydro-2-methylbenzyl alcohol (129) as an oil

a5 9200, g0 15024 (116,112 120 1.5053), which was puritied by

b film

distillation (b.p. 109°/26 mn.); nax

690 (s) omy

5m (V‘)p 1040 (“)p 8” (5)’

(111) The p-toluenesulnhonyl derivative (130) of this alcohol was
obtained in 62f yield (by the action of p-toluenesulphonyl chloride in
dry pyridine for 44 hrs. at 0-50), m,p, 42-&50 from ethanol (11&12

42.43%; ) 2L 3360 (va), 1200 (v8), 1170 (¥s), 890 (e), 630 (s) cm:’
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(1)  Solvolysis of this tosylate [(130), € g.] in glecisl acetic acid
(7 g. ; sodium dihydrogen orthophosphate as buffer) at 90° for 36 hrs,
yielded 4.7 g. of a mixture of the required methylcycloheptatrienes and
of the acetates arising from the aloohol. This mixture was separsted
into its hydrocarbon and ester frections by chromatography (alumina,
Grede 1I) with n-pentane as eluant. Preverstive g.l.c. (25€ Cyano *P',
15* x ", 75°, 180 wl./ain.) of the hydrocarbon fraction yielded the
pure 1-, 2-, amd 3-methyloyclohepta-l, 3, 5-trienes, identified by a
cowvarison of their spectral properties (Tables II, III, IV) with
published d..ta.u'a' 123.
Anslytical g.1.c. on three different coluans [50 m. poly(ethylens-

sglyool) capillary; 20% silver nitrate/tri(ethyleneglycol); 20%

Cyano 'P' ] of the hydroosrbon mixture prior to separation, showed it to
| consist of 16%, 16¢, and 60% of the 2-, 3-, and l-methyl isomers, as well
as 8% o-xylens. These values differ from the literature ﬁrﬂinga}lz but
later work in this thesis, (p. 117), shows that these isomers can readily

interchange under the action of heat alone.

Attempted P__rggg_‘tion of Monobromooycloocta~-1, Eieman5 I 11212.51222 !

Gyolooota-l,5-diene [(32), ex Cities Services 47 g., o.M male],
N-bromosuccinimide (53 g., 0.)‘:mlo)mm bensoyl peroxide (2 g.) in
carbon tetrechloride (250 ml.), were heated under reflux for 3 hrs. to

Yield a yellow oil (after removal of the precipitated suocinimide by
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filtration, an! concentration of the solution). Distillation of this
oil, even unier reduced pressure, caused gross decomposition and was
disoontinued; (recovered 11.1 g., 10% yield); Qm" 1630 (w), 760 (s),
710 (s) ozt Chromatography over silica gel resulted in decomposition,
but use of neutral alumina (Grade I or II) geve a small amount of
| colourless needles, m.p. 119-125°, (found to be dibromide, p. 109 in
later fractions. The oil obtained from earlier fractions seemed to
oonsist of isomerisation products. WNo further purification was

attempted.

Preparation of Dibromooyclooctadienes > [(133a), (133v)]

A Dbromination method identicel to that deacribed above was used,

except that a 231 molar ratio of N-bromosuccinimide to cycloocta~l, 5-
diens was employed. Thin layer chromatography (silica; petrol; 3iodine
spray) showed two main spots as well as a minor one. (A single product
could never be obtained, despite variations in the reaction oconiitions).
| The oil obtained was chromatographed over alumina (Woelm, neutrel, Grade
II, pentane as eluant) to yield a solid, m.p. 122.5-123.5° sub., (11t113
124.125%), in the later fractions. This, unlike the oil in earlier
fractions, wes a single compound, and corresponded to the spot with the
lowest Rg in the t.l.c. of the reaction mixture.

This solid had ¥ hor 1645 (w), 1150 (s), 840 (s), 783 (s),

755 (2), 719 (m), 708 (s), 578 (s) omo'; A :::m 224 mp. (€ = 3400);



109

the n.m.r. showed multiplets centred at 4.3, 5.4, 6.4, 7,22 in the ratio
2:1:1s1. The mass spectrum had a parent triplet at m/«: 264, 266, 268,
(1:2:1 ratio), arising from the presence of two bromine atoms in the
molecule. Found:s C 36.3; H 3.8 : CgH, jBr, Toquires C 36.1; H 3.8.
For a discusaion of the probable structure (133b) and reactions of this

compound see the Appendix (p.146.

1
Preparation of Cycloocta-l.3,5-triene 1 (101)

The oily product from the attempted preparation of mono~bromo-
écyclooctanl, 5-diens was heated urder reflux (3 hra.) with potassium
tert-butoxide in tert-butanol. The reaction mixture was cooled, water
was 2dded, this mixture was extracted with other, amd the extracts dried
and concentrated to give a yellow oil. (Potassium hydroxide in tri-
sethylene glycol, heated under reflux for 1 hr. was equally effective).
Chromatography of this over alumina (Grade I) with pentane as eluant gave
a colourless oil; b film 4600 (w), 1630 (w), 1210 (w), 1000 (w), 820 (u),
800 (w), 770 (a), 735 (a), 700 (va) on:'  Analytiosl g.L.c. [25% poly-
ﬂqthylemgl,veol), 12 x 3, 800. 45 ml./in:ln.] revealed one minor and two
| l;zajor components. The two major components were obtained pure by
preparative g.l.o. [25% poly(ettolensgiyeal), 12¢ x &%, 75° 80 ml./min.];
cycloocta~l, 5=diens was eluted first and identified by its i.r. spectrum.

; me later compournd was shown to be oycloocta~l, 3, 5-triens by its spectral

properties; ¥ :’;"‘ 850 (w), 820 (m), 780 (s), 740 (), 705 (vs), 650 (vs)
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cm;"l. identical with published data.172'

Preparation of 1,2-Bis(2, 2-G3ibromocyclopropyl) etham.ns 2175 (136)

Trial attempts to generate dihalocarbenes from sodium trichloro-
176 177.178

sacetate or phenylmercury tribromomethans failed, so
bromoform/potassium tert-butoxide in pentane was used (as outlined by
Skgttobollls ).

(1) Redistilled bromoform (68.2 g.; 0.29 mole) was added to a
stipphexasl, 5-diens [(15&), 8.2 g.; 0.1 mole, ex Lights, checked by i.r. and

hgxa.jS-l-m] inLdr.Y pentane at 0-5° over 6 hra, Stirring was continued for

g.l'_.o.] in dry pentans at 0-5° over 6 hra, Stirring was continued for
a further 18 hrs., during which the temperature was allowed to rise to
amBient. Water was then added, the solution extracted with ether, and
the extracts washed, dried and concentrated to yield 58.7 g. of an oil
| (odntairﬁng same bromoform). Purification was attempted by two methods.
Pirstly, repeated fractionmal distillation of this oil (29 g.)
yielded a fraction (3.8 g,) which gave only a single spot on t.l.c.
(ilica; petrol; lodine spray), b.p. 86-86%/14 ma; ny 1.5175, (1.7
b.p. 78-80/12 ma.; n§° 1,5180). This oil haa ¥ "% 1640 (m), 1110 (w),
iQtj (m), 995 (m), 920 (s), €90 (s) ool and the n.m.r. showed multiplets
oentred at A.l, 4.93, 7.7, 8.38, 8.8 (ratio of 15232 41). These
spectrel properties were identicel with reported values.179‘

A mass spectrum showed parent pesks at " /e 210, 212, 214 (15251
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ratio) corresponding to C AHhBrz' This is obviously a fragmentation
product of the original molecule, ani ions corresponiing to fragmenta of
the alkyl chain wers also observed. These spectral features and physical
properties permit this material to be identified as the mono-addition
product 1,1-dibromo-2(but-3-enyl)cyclopropane (135) obtained by
Slcattebo1179.

Chromatography of the distillate residues (1.5 g.) on alumina
(Grade II, 50 g.) with pentane as eluant (5 ml, fractions) yielded a
further 0.35 g. of the momo-edduct (135), and 0.6 g. of a solid, m.p.
68-69.5° (11t.179 68-70%, which hea ¥ F11® 1220 (m), 1210 (m), 1220 (a),
1050 (s), 1015 (8), 930 (w), 760 (w), 690 (va) ci:’  The n.m.r, had
mltiplets centred at 8.25, 8.79 T (ratio 431) identical with quoted
vslues.179 The mass spectrum showed parent ions at ai:pro:dmately /e

k22, A24, 426, 428, 430 (ratio ls&s6sksl) due to CgHl, Bry.  The quintuplet
(and the retio of these peaks) indicates the presence of four bromine
‘atoms in that molecule. This product would therefore appear to be the
.diadduct 1, 2-bis(2, 2-3ibromocyolopropyl) ethane (136).

Secondly, a pentane solution of the crude oily product (30 g.) was
washed repeatedly (x 25) with aqueous methanol (70330, methanolswater)
until no absorption due to bromoform was visible in the infrered. The
| pentam solution was dried and concentrated to ﬁdd 5.7 g« of material,
This concentrate, after chromatography on alumina (Grede II, 160 g.,

Pentane as eluant, 5 ml, fractions) yielded pure mono-adduct (135), 42 g.
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and diadduct [(136), 0.8 z.] rrespectively.

The combined yleld from this reaction was 8.35 g. (34%) of mono-
adduct (135), and 1.4 g. (4%) of diadduct (136). Although the reaction
was repeated several times, the yield of diadduct never exceeded 10%
(corresponding yield of monoadduct 31%).

(i)  Bromoform (7.6 g., 0.03 mole) was added over 1 hr. to a stirred
slurry of potassium tert-butoxide (from 1.2 g. potassium) amd the mono-
adduct [(155). 5 g.» 0.02 mole, obtained as under (i;)] in dry pentane at
0~5°.  Stirring was continued for a further 23 hrs., during which time
the temperature rose to smbient. Water was added, the mixture extracted
with ether, the extracts washed, dried and concentrated to yield an oil.
A pentene solution of this oil was washed repeatem.y with aqueous
methanol to yield 4.6 g, of bromoform free product. This, after
chramatography on alumina, gave 1.3 g. (15%) of the disdduot (136), amd

a recovery of 2.8 g. (5%) of the startim;} moxxi—addnct material (135).

Attempted Preperstion of Octa~l,2,6,7-tetraens.
(1) From 1,2-Bis(2, 2-dibromoqyclopropyl) ethans' 2 (136)

A solution of methyl-lithium in ether was prepared anl estimated
| b.y titration, using standard nothoﬂs.m In general, an ethereal
l.sélution of methyl-lithium was added dropwise to a solution (25 ml.) of
the disdduot (136) in dry ether (in a 2,51 molar ratio) over 20 mins.

with stirring and cooling, (-50° - =409, Stirring was oontinued for
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30 mins, at thls temperature, then for a further 30 mins, at ambient,
Fater was added, the ether layer separated off, washed till neutral, dried
and concentrated.

Rsaction times were varied from 1l to 2 hrs., temperatures from
-75° to 15°, and the ratio of base to diadduct from 2.5:1 to 41, but in
every case, only starting material could be recovered, (as determined by
i.r. and t.1.0.). The diadduct (136) was resistant to methyl-lithium
under these conditions,

(11) Prom Octa-l, 7-di,yn9116

Phosphorus pentachloride (61 g.; 0.3 mole) and octa-l,7-diyne
(6,75 g.» 0.068 mole) were stirred vigorously in bengens (150 ml.) for
60 hrs. at room temperature.. 'The pale yellow suspension was poured onto
crushed ice (~ 400 g.), and this mixture was stirred for 1 hr., then
extracted with ether. The benzene/ether solution m washed with brine,
dried (sodium sulphate), and concentreted. The resulting semi-solid was
taken up in light petroleum (40°-60°) and extracted with 10£ potassium
blcarbonate. The aquecus alkaline extract was acidified with dilute
sulphuric acid, and the 1liberated chlorophosphonic acid (138) isolated
A.byv ether extraction as a bx;mn gum (4.25 g.) after concentration. This
had )f&" 5400 (s), 2300 (m), 1730 (e), 1680 (s), 1620 (=), 1120 ().
1030 (s), 950 (s)., 850 (m), 760 (m) cm:1

The crude dalorophosphonic acid [(138). .A g:] was dissolved in

28 sodium hydroxide (40 ml.), and the solution heated under reflux
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(5 hrs.) on a steam bath, The reaction mixture was extracted with
pentane (after cooling), and the extracts were washed, dried, and -
concentrated to give en oil (250 ng., 13%) which had ¥ 112 3500 (),

19?0 (=), 1710 (w), 1620 (m), 860 (s), 840 (s) om:> (11t.1165 :;" 860,

A pentans

X -l
840 om. ) amd max

208, 212 mis.

Anslytical g.l.c.[ 50 m, poly(ethyleneglycol) capillary, 53,
17 p.8.1./5.8, totel flow = 55 ml./min. | showed two major compounds,
which had retention times of 12.52 and 39.36 min., respectively, neither
of them octa~1,7-diyne (B,r = 20.28 min.) comprising 71 and 18{ of the
total product. The first compound was assumed to be octa-l,2-diene-7-
yns (139); the later compound was not thought to be the diallene (125).
Due to scarcity of material, no further data was obtained, but the
second component may be octa~l, j=~diens-7-yne (146), obtained by further

rearrangement of the allenic molety.



STRCTION V.

Base catalysed Isomerisation of 0351 o-Hydrocarbons and Related Species.

General Procedures:

The hydrocarbon under examination was heated under reflux (~160°)
in-a dispersion of potassium tert-butoxide in dizlyme (molar ratio 132)
for 3-4 hrs, under nitrogen. The isolation procedure was identical to
that used in the isomerisations of octa-1,7-diyns. The products were
cavillary
exemined by 1sr. and analyticsal g.l.c, [50 . poly(ethyleneglycol)

caoillazy], which gave a quantitative evaluation (using peak heights,

Table V).

g-Xylene and Ethylbenzene:

These hydrocarbons were recovered unchanged, m- and p-xylene were

&bsent -

Cyoloocta~-1, 5-dienes
On heating under reflux with the above reagent this hydrocarbon

| yielded cycloocta-l, 3-diene (60%), starting material (38f) and others
(2§). Reaction with potassium hydroxide in diglyme for 3 hrs. produced
starting material (6074), the conjugated diene (38X) anl others (27) as
before. Reaction with potassiuam tert-butoxide in tert-butanol for 4 hrs.

yielded only starting material,
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Cyclohepta~l, 3, 5-triene;

The stanjard treatment for 3 hrs. yielded unchanged cyclohepta~
striens. Heating in diglyme without base did not cause isomerisation

either.

Methyloyclohepta-1, 3, 9=trienes:

%ach of the methylcycloheptatriens isomers (i.e, 7-, 1l-, 2-, and
3-methyl) was heated under reflux with thé basic mediun to form identical
equilibrium mixtures in each case (Table VI). Aromatic products were not
deteoted.

These same methylcycloheptatrienes, when refluxed (without base)
under identical conditions again produced equilibrium mi-xtums. but of
varying composition, probably because longer reaction times are necessary
for true equilibrium to be attained (Table VII). (These equilibrations,
esnecially of the 7-methyl isomer, constitute a simple preparation of the
other isomers in only three stages).

| TABLE VI

Base Catalysed Isomerisation of Methylcyclohepta-l, 3,5-trienes

Isomers in Product (% comvosition)

Starting isomer |7-Methyl | l-Methyl | 2-Methyl | 3-Methyl
7-Methyl 2 é1 15 20
1-Methyl 3 55 15 23
2-Methyl 2 58 14 | 19
3~Methyl 2 62 15 20




TABLE VII

Thermal Isowerisation of iethyloyclohepts-l,3,5-trienes.

Isomers in product (£ composition)

Starting isomer| 7-Methyl | l-Methyl | 2-Methyl 3-Methyl
7=-dethyl 32 14 o 55
1-Methyl A 86 5 5
2-kethyl A 50 33 A
3.Methyl é 3 4 56

Cycloocte~1, 3, 5-triene:

The triene, on treatment with the standard reagents was recovered

largely unchanged (52%).
(208 stiver nitrate/tri(ethyleneglycol); 5 B 34/5% dinonylphthalate;

However, by analytical g.l.c. on Qeveral columns

50 m. poly(ethyleneglycol) capilla:y] it was shown that ethylbengene
(10f) was also produced, along with bicyclo[k:Z:O]octa-z. h-diems (287, the
valence tautomer of cycloocta-l, 5.5—trlem?1 and several other minor

compounds, (11% of total).

Octe-1, 2-diene~7-yne (1222:
The crude allene-yne was heated under reflux (8 hrs.) with a &1

molar excess of the base. The products analysed as o-xylene (51%),
ethylbensens (30f), m- and p-xylene (9% and Af) with & other compounds.

Neither of the two major constituents of the starting meterisl were present.
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The diyne, when heated under reflux (8 hrs.) in diglyme without

base, was recovered unchanged.

Oota~l, 2-diene-7-yne (139)s

Similarly, heating under reflux (8 hrs.) without base of the
crude allene-yne material gave o-xylene (7%), ethylbenzene (4%), m~xylene
(23%) and p-xylene (9%£), together with some recovery of the constituents

(38% and 13X respectively) originally in the starting material, as well

as other minor products, (6% total).



SECTION V

Preparation and Dehydrobromination of the Tetrabromocyclooctanes

Preparation of Tetrabromocyclooctanes (205), (206).

43,181

(1) A solution of pyridinium bromide perbromide (120 g., 0.33
mole) in pyridine/nethanol (41, 400 ml.) was added slowly with stirring
to & solution of oycloocta-l,5-diens (20 g., 0.185 mole) in benzene/
methanol (1sl, 400 ml.) at room temperature and the mixture allowed to
stand overnight. Most of the methanol was removed unler reduced pressure,
the mother liquors added to water (500 ml.), and extracted with ethyl
acetate. The extracts were washed with &¥ hydrochloric acid, dried,
concentrated, and the residues (39 g.) orystallised from ethanol to give
the tetrabromide as colourless crystals (16.2 g., 21%) m.p. 100-110°
(li_t.uo 97-1100). Thin leyer chronatography showed two spots (silica;
petrol; 1iodine spray). Chromatography on silica (500 g.), with the
mixture (10 g.) dry-packed onto the column, and elution with petrol- |
carbon tetrachloride (25 ml. fractions) separated the isomeric tetrabromides.

The first tetrabromide (5.2 g.) hed m.p. 133.5-135° (11¢.11% 135%;
AL 31504 (6), 2010 (2), 996 (s), 93 (m), 890 (m). 785 (w), 693 (m).
673 (9) cm'.':l (Pig. 17). N.m.r. had absorption at 5.15-5.25 (doublet),

7.65 (trip.), 7.25 (Qoublet), 7.5 (singlet), 7.8 (singlet), 8.0 (singlet)T

(Pig. 16). Found C, 22.22; H, 2.86. Calculated for CH Br, ,
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C, 22.44; H, 2,80. The mass spectrum (hot box) failed to show a
parent ion, but pesks due to P -Br at "/e 345, 347, 3A9, 351, (quartet,
1:3:3:1 ratio) were present. Peaks at 266, 268, 270 (152:1) and 187,
189 (1:1) due to P -2, and P -3 bromine atoms respectively were also
present.

10

The second tetrabromide (2.9 g.) had m.p. 136.5-138° (11t-1° 139%;

A 0L 1250 (a), 1148 (s), 1075 (s), 928 (s). 913 (s), €10 (2), (5 (o),
6 “1
57 (s) om,

(Pig. 16). Found C, 22.21; H, 2.94. Cslculated for ca“mB'b » G

(®Mg. 17). N.m.r. showed broad singlets at 5.4 am 7.5T,

22.44; H, 2.80. The mass spectrum was identical with that of the first
1@1:.

(i1)  Bromine (16 g., 6 ml.) in carbon tetrachloride (50 ml.) was added
to cycloocte-1, 5~diene (5 g.) in 25 ml. carbon tetrachloride (with
stirring) over 3 hrs. at room temperature. Stirring was contimued over-
snight; the soclution was washed thoroughly, dried, and then concentrated
to give 6.8 g. (34f) of the same tetrabromides (t.l.c.; i.r.) as a solid
of m.p. 105-121°%, plus a lerge amount of oil which gave a positive test

for halogen and showed sbsorption due to gisg double bonds in the i.r.

' 110

Zinc Debromination of the Tetrabromides

Bach of the tetrabromides (400 m3z.) in ethanol (10 ml.) was stirred

and heated under reflux (8 hrs,) with a suspension of activated simlaz

(500 mg.). After cooling the reaction mixture, water was added, and the



solution was extracted with pentane (after filtering off excess zinc).
The pentane extracts were washed, dried, and concentrated. Analytical
g.1.c. [50 m. mly(etMlomMI) capillary, 510. 20 p.s.i./6.8, total
flow = 80 ml./min. ] and 1.r. showed the produst to be cyclooots-l,5-
diens, with only treces of other material. The result for each tetra-

sbromide was identical.

Dehydrobromination of the 1,2,5, &Tetmmoczclooctams.”

(1) A solution of the mixed tetrabromides (10.1 g., 0.024 mole) in
diglyme (50 mL) was added over 30 mins, with stirring to a suspension of
potassium tert-butoxide (from 6.6 g. potassium, 0.169 mole) in diglyme

(50 ml.) under ritrogen at 30°., Heating was started after the initial
exothermic reaction (causing a black coloretion) had moderated and
continued at :I.)Q° for 8 hrs. The mixture was cooled, water added, and
then extracted with pentans. The pentane solution was washed repeatedly,
dried, and concentrated. The brown oil (1 g., A0X) was filtered through
alumina (Grade I) to give a clear oll after concentration; ) fila 1640 (w),
1610 (w), 845 (w), 820 (m), 790 (ve), 750 (), 725 (ve), 720 (ve) cm:';

c.he
A max.

A::xm 260. 2660 272 mf" mytic.l g.1l.0. (ngo 19‘) [m m, po]_y.

NS 254 (s), 260, 266, 272w (Pig. 18) [ bensooyclobutens”’

slethyleneglycol) cepillary, 500, 20 p.s.i./6.5, total flow 3»70 ml./min.]
showed the mixture to consist of styrene (7£), benzocyclobutems (32£),

oyclooctatetraene (1£), and a major urknown compound (42%). Comparison
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of available data left by Willis showed this last compound to be the same
urknown as obtained by him, and which has now been identified as cyclo-
socta~1,3, 5-triens (p.126).

(11) A solution of the mixed tetrabromides in diglyme was dehydro-
sbrominated under identical conditions to those described above.

Aliquots of 1 ml, were removed at regular intervals over 24 hrs. and

worked up as described previously. The products were then exsmined by
g.1.c. (conditions as before). The percentage compositions were calculat-
sed from the peak heights of the components in the mixture and plotted

against reaction time. (See Pig. 20).

Dehydrobrominetion of Tetrsbromides I and II (205), (206).
The following method was used for both isomers.

(1) A solution of the tetrebromide (1 g.) in 10 ml. diglyme was added
over 5 mins, to a suspension of potassium tert-butoxide (from 0.66 g.
potassium, 157 molar ratio) in 25 ml. diglyme at 30° amd under nitrogen.
Heating was comaenced after addition and the reaction mixture maintained
at 130° for 10 hra. when, as before, water was added, and the mixture
extrected with pentane. The extracts were washed, dried and concentrated.
The ylelds of the isomerisation product from tetanes I and IT were
rQspocuvoly 91.3 mg. (30%) and 126.3 mg. (50%). Analytical g.l.oc.

[50 @ poly(ethyleneglyccl) capillery, 52°, 17.5 p.s.1./6.3, total flow

é5 ul./ud.n.] showed that their products consisted of benzocyclobutene
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(578 amd 52%), styrene (174 and 12f), cyclooctatetraene (4% and o),
cyclooota-1, 3, 5-triens (identificd later, 19% and 31%£), and bicyclo-

1 [4:2:0Jocte~2, A-diene (1dentified later, 2f amd 6f). 1In each case the
ocomposition is similar to that obtained from a mixture of both, though
the smount of cycloocts-l,3,S5-triens present this time was less - possibly

due to the longer reaction time and resultant polymerisation.

Dehydrobromination of the Tetrabromides Under Other Conditionms.
(41) 1 g. of the mixed tetrabromide isomers in 25 ml. dimethyl-
tsulphoxide (previously dried and distilled from calcium hydride ,
b.p. 75°/10 mm.) was aaded to a solution of potassium tert-butoxide (from
472 mg. potassium, 5:1 molar ratio of base to tetrabromide) in 25 ml. of
the solvent. This was stirred at room temperature for 24 hrs,, then
at 70° for a further 6 hrs. The mixture was cooled, water added, then
extrected with pentans; the extracts were washed repeatedly, dried and
concentrated. Analytical g.l.c. (as above) showed that cyclooctatetra-
sene (66%), bensocyolobutens (4%) and styrens (26%) were present as well
as &% unidentified material.

This reaction was repeated on the same quantity of materiel,
in the same proportions, except that heating was commenced imnediately
after addition of the tetrebramide to the basic solution, anmd the
tempersture was maintsined at 80-90° for 24 hrs. The extrection

procedure was as before. Analytical g.l.c. showed that cyclooctatetraene



124

(26%), benszooyclobutens (19%) and styrene (6%) formed 51% of the total
reaction products, the remainder having shorter retention times. (These
may be further reduction products).

(111) A suspension of potassium tert-butoxide in diglyme was filtered
hot through sintered glass under nitrogen. This solution was titrated
to estimate the concentration of base present. A volume of this,
sufficient to provide & 651 molar ratio was added to a solution of the
tetrabromide in diglyme. The mixture was then heated under reflux for
8 hrs. under nitrogen. This was then cooled, water was added, and the
mixture was extracted with pentans. The extreots were waghed dried and
concentrated. Analytiosl g.1.0. showed that the product oontained
styrens (35%), benszocyolobutene (37%), cyoloocta-l,3,5-triens (24%) anmd
its valence isomer, uoyclo[&: 2:0] octe~2, &-diens (6£).

(iv)  5,7-4ibromooycloocta~1, 3-diens [(15)1:), see Appenaix]m heated
under reflux (10 hrs. at 160°) with potassium tert-butoxide (158 molar
ratio) in diglyme under nitrogen. Benzocyclobutene (A4%), styrene (3%),
and oyclooctatetreene (9X) as well as cyoloocta~l,3,9-triene (32f) were

obtained as usual.



SECTION VI

Isomerisation of Cycloocta~l, 3, 5,7-tetraens. (Table IX)

General Procedure.

(1), Cyclooctatetraene (ex Aldrich, one pesk on g.l.c., 3.1 g.) was
heafed under nitrogen at 1500 for 8 hrs. with potassium tert-~-butoxide

(from $ g. potassium, 134 molar ratio) in diglyme (100 ml.)., Isolation

of the product with pentane in the usual way gave a brown oil (1.23 g.,

46%) which yielded a colourless liquid after filtration through elumina
(crede 1); ¥ TH1% 1640 (w), 1610 (w), 845 (w), 820 (m), 790 (vs), 750 (m),
725 (va), 710 (vs) emo's A S0 212, 259, 266 (sh), 272 (sb)man(Fig.20).
Anelytical g.l.o. [50 m. poly(ethylenmeglycol) capillary ), showed the
mixture to consist of benzocyclobutene (9%), styrene (2£), cycloocta~
stetraene (1X), and another major component (37%£) which corresponded to

the urknown obtained by Willis (later identified as cyclooota-l,3,5-

| tr;ém). The remainder of the mixture consisted of materials with shorter
retention times, presumed to be reduced materials (Fig., 19b).

(lﬁ:) A solution of cyclooctatetraene in diglyme was treated with base
and heated under conditions identical to those described above. Aliquots
Vofii ml. were removed at regular intervals over 24 hrs., and their products
| eminad by g.1.c. (as before)., The percentage composition was again

caloulated from the peak heights of the components, and plotted against
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reaction time, (Fig. 22).

Separation and Identification of Isomerisation Products.

(1)- Samples (20011.) of a pentane solution of the reaction mixture
ffom the isomerisation of cyclooctatetrasne were injected onto a 25%
Cysno ‘P! column (15' x Zw, 1150, 150 ml,/min.). Five cuts were taken
(mig. 2.3a), and each was checked by analytical g.l.c. (20% Oyano 'pr, 50°,
35 ml./min.). Cuts 3 and 5 contained single compounds; Cut 1 failed to
show anything due to insufficient material, while Cut 2 was a mixture of
at least two compounds. Isomerisation on rechromatography must have
ccourred with Cut 4, for apart from the main peek, it showed another with
a shorter Rr which could not have been present in the orig.{nal cut itself.
Cut 1. Insufficient material; no data obtained, |

Cut 2. Very little material, but this had A z:.:?m 218, 248 mAL -

out 3. Thie nea J T1% 3015 (s), 2965 (8), 2920 (s), 2880 (s), 1645 (W),

1620 (w), 1375 (w), 1015 (m), 995 (w), 715 (ve), €95 (vs) cm.'
A pentane
max

252 my; n.m.r, had peeks at 4,35 (einglet), 7.68-7.75
(mult.), 8.15 (singlet), 8.95-9.05 (doublet)T ., This material was
not identified, but its spectral properties were similar to tﬁoae
of 2-methylcyclohepta~l, 3, 5=triene.

Qut A, This material had ¥ 71" 3005 (s), 2930 (s), 2680 (), 2825 (),

a5 (@), 775 (), 745 (m), 705 (s), 645 (o) aml A DORAmO 2 mus

the n.m.r. spectrum showed absorption at 4.15, 4.3, 7.58¢ (gll
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singlets). Comparison of these spzctral oroperties with those

of cycloocta-1, 3, 5-triene (see p.109 ) confimmed this structural
assignnent,

This compound showed 02}(‘:‘ 3065 (m), 2960 (8), 2915 (s), 2815 (m),
1205 (m), 1000 (m), 780 (ve), 718 (ve) cu:'s A POS4™ o55 (gn,),
260, 266, 272 mu; the n.m.r. spectrum showed pesks at 2.95
(doublet), 6.8 (singlet) T in a 151 ratio. These spectral
properties, identical to those exhibited by benzocyclobutene, as
well as comparison with an suthentic sanple bty analytical g.l.c.,
proved it to be benzocyclobutene,

Repetition of this isomerisation, but hesting for a period of

24 hrs, instead of 8 hrg. resulted in a difference in composition.

Prepsrative g.1.0. of this product again provided five cuts,(®ig. 23b),

checked for purity by analytical g.l.c. [50 w. poly(ethyleneglycol)

capillary, 5§°. 18 p.s.i./6.1, total flow 60 ml./min.|. This showed that

Cut 1 was a mixture of three compounds, Cut 2 was a single compound, while

Cut. 3 must have decomposed or isomerised becausé two peaks with shorter

Rl,_than the original cut were obtained,

Qe 1. Tie material har ¥ 1% 3010 (s), 2925 (ve), 1380 (w), 735 (o).

685 (=), €75 (m) cml; A Ponian® 248 mu the m.m.r. spectrm
had absorption at 4.3 (doudlet), 7.76 (broad singlet), 8.22
(doublet), 8.8%-9.0 (doublet) T, None of the three compounis
(8.1.c.) in this cut could he identified.
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Cut 2, Both the i.r. and u.v. absorptions of this material were identical
with that of Cut 5 from the previous separation. The n.m.r.
spectrum obtained this time showed absorption at 4.4 (singlet),
7.7-7-8 (doudblet), 8.2 (singlet) T anmd nothing at 8.97. The
mass spectrum showed a parent ion at ®/e 108, (08812). equivalent
to a doubly reduced cyclooctatetraene molecule. This °sﬁ12
compound could not be identified.

This compound had ¥ T 3060 (m), 3020 (s), 2960 (s), 2925 (s),
2870 (m), 1605 (w), 1500 (m), 1455 (s), 1030 (w), 995 (s),

E

965 (w), 745 (8), 700 (vs) om..'l, very similar t0 that of ethyl-
tbenzene, NoO ultraviolet absorption could be detected at the
concentration used (aromatic absorption is week), nor was an

n.m.r. spectrum available.

§<
....

This was not collected this time.

g

Spectral comparison (i.r.) with benzocyclobutene confirmed the
identity of this compoumi.
These “out of sequence” cuts can be explained by the following

correlation between the two reactions. (Analytical g.l.c. confirmed

this).
| Cuts
lst reaction (8 hrs.) 1 2 3 A 5
2nd reaction (24 hrs.) 1 2 3 & 5
i.e. components a b ¢ 4 e Tt




Isomsrisation of Cyclooctatetraens with Other Reagents (Table IX)

(1) Gycloootatetraene was heated unler reflux (10 hrs,) with a molar
equivalent of potassium tert-butoxide in diglyme under nitrogen.
Amalyticel g.l.c. showed that the products consisted of benzocyclobutens
(15}). styrens (2£), cycloocta~l,3,5-triens (39%) and 'bicyclo[h:azo]octo-
2, k-diene (11%).

(11)  Cyclooctatetraens was heated under reflux (for either 8 hrs. or

24 hrs.) over potassium hydroxide (1s4.5 molar ratio) in diglyme.
Conversion of starting mterhl was more extensive with the longer reaction
time (only 13% remaining unchanged as compared to 53 £) and yielded 20%
instead of 13X of benzmocyclobutene (with a proportionate increase in oyclo-
socta~1, 3, 5~triene).

(114) A suspension of potassium tert-butoxide in diglyme was filtered
hot through sintered glass to remove uniissolved solid material, amd the
resulting solution titrated to estimate the amount of base present, A
volume of this solution, sufficient to provide a 151 or 21 molar retio,
was then euplayed for iscmerisation. With the former ratio, 61% of the
starting material was present in the end produots (after heating at
‘neflux for 8 hrs,), as compered to 13§ for the 21 ratio, Simultanecusly
under these conﬂitiqps benzocyclobutens (25£) and aycloootesl, }sJ-triene
'(‘81) were also pmdt;oed.

(iv)  Addition of phenothiazine (a free redical irhibitor) to &

Teaction mixture of oyolooctatetraens anl potassius tert-butoxide (1:2
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molar ratio) and subsequent heating at reflux (8 hrs. at 1600) yiolded
as usual starting material (29%), benzocyclobutene (11£), styrene (3%)
and oycloocta-l, 3, 5-triene (7%).
(v) No isomerisation occurred when either potassium tert-butoxide in
tert-buta.nol.’ potassium hydroxide on alumina or solid potassium hydroxide
were used,
(vi)  Cycloootatetraene, when heated in contact with s0lid potassium
terit-butoxide for 4 hrs. was completely isomerised to ethylbenzene (50%),
”’5 the o-, m-, and p-xylenss (10%, 7% and 5% respectively), without the
pm&uction of the other products nomally obtained. The other products
present evidenced shorter retention times during g.l.c. analysia and
were presumed to be reduction products. The mixture hed V" 1660 (w),
1600 (m), 1360 (@), 790 (m), 775 (=), 750 (m), 700 (ve) cal', typicel of
arqnatic materials.
(vi1) Potassium tert-butoxide in IMSO (of. tetrabromocyclocotans) was
not sucoessful as a catalyst., Heating cyclooctatetraens in this medium
(either at 20° or ~75° for 24 hre.) 3id mot produce any isomerisation
Products; moreover, the starting material could not be recovered (though
‘!ewral techniques were used) and it must be assumed that either reaction
with the medium or decomposition prevented simple iscmerisation.
(viii) Cyclooctatetraens, benzooyclobutens, or styrene failed to react

on heating under reflux without base (8 hrs. at 160°) in diglyme.

Similarly heating under reflux of bensooyclobutens or styrene with a
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suspension of potassium tert-butoxide (134 molar ratio) also failed to

bring ebout any iscmerisation,



SYCTION VII

Preparation, Dehydrobromination, and Isomerisation
of 012 and cl Compounds

Purification of Cyclododeca-l,5,9-trienss,
Commercially available material consisted mainly of the g&g,

trens, trans (116) and trans, trans, trans-cyclododeca-l, 5.9-tﬂenes (117).
Material obtained from Cities Service Reasarch and Development Co,.,
contained mainly the all trans isomer. This was lsolsted by fractional
crystallisation, andl recrystalliised from pentm (x 2) to give a compound
mop. 29-33% 998 pure. (116,297 31-32%; 3 P 110 (w), 970 (ve),

950 (ve) omst; n.m.r. (cDC1,) showed sbsorption st 4,57, 7.57 ¥ (broad
aiﬁglets. ratio 152).

A sample of cis, trans, tram«-oyolodoﬁmtr.tem. (1008 pure) was

obtedned from Aldrich Chemicals; material obtsined from Koch-Light was
~-98% pure and was used for resctions on a larger scale. The pure

material had n}z)s 1.50M (11¢,187 :%5 1.5080)3 9 2‘:
90 (), 720 (va) cal'; n.m.r. (CDCL,) had sbeorption at hé5-4.5, 7.65-

1020 (m), 970 (vs),

7957 (both unresclved multiplets, ratio 132).

Bromination of o, t, t-Cyclododeca~1, 5, 9-triens (1161

(1) With pyridinium bromide perbromide.
A solution of the above reagent (128 g.. 0.5 mole) in pyridine/
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methanol (4:1, 200 ml.) was added alowly (over 5 hrs,) with stirring to
a solution of c,t, t~cyclododecatriens (20 g., 0.125 mole) in benzens/
methanol (151, 250 ml.) at room temperature, and the mixture allowed to
stand overnight. A large volume of water was added (2.5 1.), the smolid
precipitate filtered off, and the aqueous mixture extracted with ethyl
acetate. The ethyl acetate extract was washed with 6N sulphuric acid,
aqueous sodium bicarbonate, water and then dried. The solvent was
removed to give a brown oil which yielded a further crop of the
orystelline hexabromide (222) on standing (49.3 g. total, 61%) m.p. 190-

192° (114,162

194-195%). The i.r. spectrum had V¥ :i':l 890 (),
860 (m), 850 (w), 830 (m), 690 (w), 670 (m) em,), identical with that
obtained by McCrae; 4 the n.m.r., (pyridine) had absorption at 5.1
(singlet), 5.3-5.45 (triplet), 5.8-6,0 (triplet), 7.65 (broad singlet)T
(ng.zu and b). Found, C, 22.11; H, 2.85; C,H JBr, requires
C, 22,443 H, 2.80. T.l.c. showed only one spot (silica, 5% ethyl
acetate/petrol, iodine spray).

(11) with broudm(ethaml’.‘éo

A solution of bromine (64 g., 0.37 mole) in ethanol (100 al.) was

added with vigorous stirring at room temperature to & }uxtum of ¢,t, t-
oyclododecatriens (20 g., 0.125 mole) anl ammonium carbonate (8 g.) in
ethanol (60 ml.) over & hrs. Water was added (1 1.) and the reaotion
mixture extracted with ethyl acetate. This extract was then washed with

utér and dried. Conoentration of this solutiom gave a brown oil, which
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yielded some crystalline material on standing (19 g., 24%). Comparis?®
(t.1.c., nm.p., i.r., n.m.r.) with the product from (i), showed it to b¢

the same compound.

Bromination of t,t%,t-Cyclododeca-l, 2, Q:triem gn;n

(i) wWith pyridinium bromide perbromide.

A method identical to that used for the bromination of the c t ¢,
isomsr was used. Reagent quantities and extraction procedures were gl80
the same. The crystalline hexsbromide (223) so obtained (31 g., 38%)

& 177-178%; ) 29 500 (), 860 (m), 7%0 (w):
780 (m), 740 (m), 660 (s) cm:]'; n.n:.r. (pyridine) had sbsorption at 4.72,

had m.p. 178-179° (11%.}

5.25, 7.6 T (all broad singlets; PFig, 24a amd b). Found, C, 22.68;
H, 2.98; 01251831‘6 requires C, 22,44; H, 2,80. T.l.c. showed one spot
only (silica, 5% ethyl acetate/petrol, icdine spray).
(41) With bromine/ethanol

The method amd quaﬁt:lties used were again identical to those used
in the bromination of the o,t,t. isomer. The »cryctalline solid so
obtained (5 g., €£) was found by comparison (tel.C., m.Pes ieTs, Nem.re)

‘to be the same as obtained in (i) above.

p_a_i_;ﬂrobmmim’cion of Hexabromocyclododecanes.
(1) 152,5,6,9,10-Hexabrouide from o, t, t-cyclododecatriens (222).

A solution of the hexsbromide (1 g.) in diglyme (10 ml.) was added

over 5 mins. to a suspension of potassium tert-butoxide (from 0.6 g.
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potassium; molar ratio of hexabromide:bsse = 1310) in diglyme (50 ml.)
under nitrogen at ~ 30°. Heating was started as soon as the initial
exothermic reaction had moderated, and was contimued at 150° for 14 hrs.
The mixture was cooled, water was alded, and then extracted with ether.
The ethemel solution was washed repeatedly, dried, then oonoentrsted.
The brown gun (0.46 g.) 8o obtained was filtered through alumine (Grade I)
with pentane as eluant, to give a clear bromins free liquid on
concentration (187 mg., 772); ¥ T 1640 (w), 1490 (mw), 810 (a),
760 (s), 760 (s). 730 (s), 690 (m) ca’; APPH4™ 505wy pnarytical
g.1.0. [50 m. poly(ethylemedqlycol) cavillary, 152°. 20 p.s.i./5.5, total
flow 50 ml./mdn.] showed three main components (55%, 15f, 24{ respect-
sively) in the roacti;on mixture. (Pig. 25).
(11) 1,2,5,6,9,10-Hoxabromide from t,t, t-cyclododecatriene (223).

| The same reaction was carried out onthé other isomer, using
Meptiul quantities and conditions. Again a brown gum (255 mg.) was
obteinsd after extraction anl yielded a clear liquid (148 mg., 61f) after
- filtration through slumine, This had J film 1640 (7), 1495 (m), 820 (m),
790 (=), 770 (s), 730 (w), 665 (m) omi's A P07 264 g, Analytical
£:1.0. (seme coniitions), showed the ssme three components to de present,
bt thess formel 10, A, and 74 respectively of the resction mixture.
(Fig. 25). The reesction was repeated to check the composition of the
product, and analysis by g.1.0. egein showed it to comeist of 11%, X%,
méax respectively of the ssme major components.



136

Separation and Identification of Dehydrobromination Products of
1,2,5,6,9,10-Hexabromide from ¢, t, t~Cyclododecatriens (222).

The dehydrobromination was repeated on a larger scale (20 g.
hexébromide) under identical conditions (ratio of base to hexabromide,
10:1; heated at ~ 140° for 14 hrs.) to yield 5.4 g. of a brown gum after
extraction with ether., This gave 4.73 g. (94%) of a clear oil after
fili:mtion through alumina, Analytiecsl g.l.c. (conditions as before)
showed that the same three major components were present (14%, 2%, 75¢
respectively). T.l.c. showed (silica, petrol, ‘fodine spray) one main
spot and traces of two others, sé the bulk of the product was purified
by chromatography (150 g. Merck silica, 50 ml. fractions, iso-pentane as
eluant), FPractions Boé} contained the major constituent of the mixture.
These fractions were checkéd for purity by anslytical g.l.c. and purified
“fux"?;her by preparative g.l.c. [201 poly(ethylenaglycol), 2 m. x ¥ o.d.,
1560. 35 ml./miu.]. The major constituent was distilled after collection
b.p. ~140°/1& mm, ; ngo 1.5963; (l:‘.t.l‘7 b.p. 700/0.8 mm, 3 nla)o 1.5980);
01 165 (w), 1495 (w), 805 (m), 755 (s), 725 (), 645 () om:l;
,\:::ana 264 !I/A-( € = 6,450); n.m.r. showed absorption at é.a5 (singlet;
M), 3.2-4.35 (miltiple singlet; AH)T and unresolved multiplets centred
“at é.&. 7:0, 7.45 T (total AH) (Pig. 26). A mass spectrum had a parent
iét;'at l“/e 156, i.e. corresponling to °12“12" This spectral data
.correspords t0 that quoted by' lloCraeq for 1, 2-bengzocycloocta-1, 3, 5=

triene (225a).
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Hydrogenation of the dehydrobromination product (10% palladiumn/
charcoal) gave only one product (as shown by g.l.c., conditions as bafore).
This was shown to be identical (by g.l.c. on several columns) with the
product obtained from the dehydrobromination of the tetrabromooyclo=-

sdodecane isomers, i.e. (226).

Dehydrobromination of the Hexabmogyclododeoam Isomers in IMSO.

The same quantities and conditions were used in the dehydro-
sbromination of both isomers.

A solution of the hexabromide (1 g.) in D4SO (10 ml.) was added
%o a suspension of potassium tert-butoxide (from 0.6 g. potessium;
molar ratio of base to hexabromide, 1031) in DSO (50 ml.) unler nitrogen
at room temperature, The mixture was heated at 80-900 for 20 hrs., It
was then cooled, water added (100 ml.) ani extracted with pentans. This
extract was washed, dried and then concentrated. The resulting dark
brown solution was examined by g.l.c. [50 m. poly(ethyleneglycol) capillary,
132°, 20@.0.1./5.6. total flow 55 ml./h_:in.]. In each case the peak
corresponding to 1, 2-benzocycloocta-l, 3, 5-triene (2252) was the major
component (31% and 79£ from the hexabromides of c,t,t. and t,t,t.
‘respectively). A series of amn.er peaks with much longer retention
times was also observed; these may be caused hy either poly-umaturdtod
¢

2 carbocycleas or aromatic isomers other than those with a single benzene

nucleus, The ultraviolet spectra of both extracts showed droad absorption
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hexans
at A max. 245 mm., but as well as this, both showed ili-defined

hexens
mexima of lower intensity at A max. 310, 330, 345 mp.

Preparation of CGyclododecens.

Cyclododecanol (1 g.) and sulphuric acid (50 ml.; 1s1 ratio of
watersconc. sulphuric acid) were heated on a stesm bath for € hrs. The
reaction mixture was cooled, water (50 ml.) was added, and the mixture
nsutralised (sodium hydroxide). This was then extracted with ether,
the extracts washed, dried, and concentrated to give an oil (0.85 g.,
94%) D:il: 995 (s), 740 (m), 720 (m) ome>. Anslytiosl g.l.c. [ 50 m.
po]y(efhylemglycol) capillary, 102°: 15 p.s.1./5.0, total flow 35 ml./
min,'] showed three components. The first (14%) was identified by
comparison with an suthentic sample as cyclododecans. The other two
(57% and 29%) were taken to be trans ami gis-cyclododecens [ (230) snd

(231)).

Reduction of Cyclododeca-l,5,9-trienes.

(1) trans,trens, trens-Cyalododeca~1,5, 9-triens. (117)
Cyclododecatriens (1 g.) in ethanol (50 ml.) was adde;i ﬁth

stim to hydragine hyirate (100%, 3.5 g.) containing copper sulphate

(100 mg.). This mixture was stirred vigorously while air was bubbled

through it for 26 hrs., Water (250 ml,) wes then added, the mixture
neutrelised (4il. sulphuric acid) anl extrected with pentane. This

pentane extract was washed thoroughly, dried and concentrated. Aliquots
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removed in the course of the resction were extracted in an identical
fashion. The pale yellow oil obtained had ¥ 7" 995 (s), 9%0 (s),

985 (m), 730 (s) cmtl. Analytical g.l.c, [50 a. poly(ethyleneglycol)
capillary, 102°, 15 p.s.1./5.0, total flow 35 ml./min,] showed four
compounds to be present in the mixture (61X, 20%, 11£ amd 8¢ respectively),
of which the first, seconl, amd last were identified as cyclododecane
(233), trens-oyclododecene (250), and starting t,t,t. The third

compound was taken to be trens, trens-oyclododeca~-l,5-diene (232). This
compound formed 295 of the mixture after & hrs., but thereafter its
ooncentration deoreased steadily. |

(11) cia, trens, trans-Gyclododecs~l, 5, 9=triene (116)

The same quantities and conditions were used as in (1) above,

film
nax,

980 (8), 710 (m) cmsl,  Anslytical g.1.C. again showed that three

but the reaotion was terminated after 6 hre. The product had )

components were present (194, 54%, 27£ respeotively) of which the first
and third were identified as ois-cyclododeoens (231) and starting o,t,t.
‘The second component was teken to be the gis, trens-cyclododeca-1,j-d1ene
(229).
(ii.i) Mon (11) was repeated on a larger scale as it produced more
oyc;doaowl.}um.

 Gtot. (100 g.) 1n ethanol (500 ml.) was edded with stirring to
lvdhdm hydrate (175 g.) contsining oogpor'mlﬁbato (500 m8+). The
antmmurhmdwummm. (during this
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time aliquots were withdrawn and analysed to eheckA the rate of reduction).
The reaction mixture was extracted as t;efore, and yielded a yellow oil
(90.4 g.) after removal of solvent., This had A iiaxlm 985 (s), 710 (s)
cm.'. Analyticsl g.l.c. showed cis-cyclododecens (29%), ols, trans-

cyclododeca~1,5-diens (49%) amd ¢, t,t. (22€) to be present in the product.

These compounds were not separated.

Bromination of cis, trans-Cyclododeca-l, 5-diene (229)

Bromine (80 g.) in glacial acetic acid (250 ml.) was added over
7 hrs. with stirring to a solution of the crude cyclododeca~l, 5-~diene
mixture (50 g.; contains 508 of the diens) in glacial acetic acid
(250 ml.). Stirring was contimued for a further 3 hra. during which a
- solid precipitated out of the reaction mixture. This solid (9.4 g.)
was filtered off, and identified as the hexabromide of ¢, t,t. (222) (by
t.1.c., m.pes ier.). Water (500 ml.) was added to the acetic acid
solution, followed by agq. sodium bicarbonate till neutral. This
solution was extracted with ether, ani the extracts washed, dried, amd
conoentrated to give a brown gum (111.7 g). T.l.c. (silica, petrol,
1odine spray) showed the sbsence of starting material {and only a trace
of hexsbromide), but two slower moving spots were observed. These spots
!hoyod that they contained bromine when sprayed with silver nitrate/

fluorescein,

Distillation of this gum was abandoned due to gross decomposition
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and lack of separation. Chrometogrephy wes moxe suecsssful. The gum
(75 g.) was chromatographed éver silice (500 g.) with peirol-diethyl cther
(200 ml. fractions) as eluant. Fractions 4=13 conts;ined the first
compourd (19.2 g.) while fﬁctiom 14-27 contained mainly the second
product (51.7 g.). \

A pure sample of the first product was obtgimd by preparative
t.l.0. and distillation, b.;;. ~120°/0.35 mn. (1it.1%0 129-151°/o.25 mm.) .
This yellow ot haa ¥ P10 1245 (m), 760 (w), 750 (w), 700 (@), 670 (m)
cm':l: the n.m.r. (CDCII.}) spectrum hed absorption at $.65 (multiplet;
1,2H), 7.93 (unresolved multiplet; 4H), 8.65 (broad singlet; 16H)T ;
in pyridine ‘these values changed to 5.55 (multiplet; 2H), 7.95 (un-
sresolved multiplet; 4&H), 8.75 (broad singlet; 16H)T. PFound C, 44,38;
H, 6.63. CyHooBr, Tequires C, 44.18; H, 6.75. A mass apectﬁn
showed parent ions at m/e 326, 328, 330 (ratio 1:2:1) due to the presence
of the two bromine atoms in the molecule., These physicél and spectral
properties amA sutﬁcient | to identify this compound as 1, Zdibmmcycic.
sdodecans (234) - produced f‘rom the ois-cyclododecens in the starting
material. .

The crude gua (16 g.) contalning the second major component was
mhmtognpﬁed again over silica (200 g. Merck), with petrol-diethyl

ether as eluant (50 ml. fractions). PFrections 34-55 contained the

required material (7.5 q.) which consisted of two spots very close

together on t.1.0, (silica; 5% diethylether/petrol; iodine spray) ama
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gave a positive test fOor bromine when spraysd with silver mitrote,
fluorescein. A sample of this material was further purified by
preparative t.1.c. to give a low melting gum. This had% £ilm 1250 (m),
910 (w), 790 (w), 670 (m) 0‘0:1: n.m,r. (pyridine) showed abaorpﬁon at
5.2 (broed singlet; 4&H), 7.9 (unresolved multiplet; &H), 8+6 (broad
singlet; @) . Found G 31.7; H, 4.5; ocalculated for clenzoﬁr .

C» 29.8;3 H, 41. A mass spectrum (probe) showed no parent ion at

®/e 480, tut ions at "/ AL, 403, 405, A07, (1332311 ratioc) dus to B-Br
were cClearly visible. PFurther fragmentation ions dus to loss of more
brosine ions were alsd present. T.l.c. showed this gum to consist of
two spots very close together, which hsd an Hf value intermediate betwsen
that of the dibromo- and the hexabromocyclododecanes. These properties

and spectral charscteristics would indicate this to be a mixture of the

1,2,5, 6=tetrabromocyclododecane isomers (235).

DOMmeimfion of 'htrabro@oczclododecam 522 2)

The dehydrobromination of the tetrabromide iscmers (1 g.) in
d1glyme (50 ml.) with potassium tert-butoxide (from 650 mg, potassiue;
1:8 malar ratio -of tetrabromide to bess) was carried out under identiocel
conditions to those given on p.134 for the dehydrobromination of the hexa-
s bromocyclododecanes,  Heating at 130° was contimied for 16 hrs. under
nitrogen, Rxtraction of the reaction mixture with diethyl ether gave

0.54 g, of a brown oil after comoentration, and 0.5 g. (91%) of a clear
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liquid after filtration through alumina (Grade I) with pentans as eluant.
Anslytical g.l.c. [50 m. poly(ethyleneglycol) capillaxy, 132°, 20 p.s.t./
5.6, total flow 55 ml./min,| showed only one compourd, with a retention
time identical to that of the hydrogenated 1,2-benzocycleoocta=l, 3,5«
triens [1.e. 1, 2-benzocyclooct-1-ens, (226)}. This material was
aistilled, b.p.~120°/14 ma.; 20 1.536% (11£.2%* b.p. 64°/0.8 mm.;
w20 1.5598), and haa U T 1605 (w), 1495 (s), 755 (vs), 710 (s) cm:l,
identical with that obtained by uccm"’; A :‘;’"“’ 252, 257 (& = 910),
265, 272 ma.(€ = 820), (111;.‘7)\:::’” 265 mpu.. (g.= 408); the m.m,r.
had absorption at 2.95 (singlet; 4H), 7.25 (triplet; A&H), 8.2-8.7
(broed multiplet; BH)T . A mass spectrum hed a parent ion at "/e 160,

i.e. equivalent to chH].S' This evidence proves the compound to be
1, 2-benzooyclooct-l-ens (226).

Preparation of Cyclotetradeca-l, 8-aiyne'>* ¥ (53 m=n=9)

Nona-1,8-diyne (119, n = 5), 1.2 g.; prepared by the general

method outlined om p.89 4in dry ether (35 ml.) was added with stirring
over 15 mins., to a solution of sodamide in liquid emmonia (from 0.48 g. of
sodium and 1 1. ammonia), After 2 hrs. pentemethylensdibromide (2.3 g.)

in dry ether (100 ml.) was ndded over a further 2 hr, pericd, The reaction
mixture was stirred for a further A0 brs. (more liquid smmomia was added

as necessary). So0lid ammonium chloride (~10 g.) was then added,

followed by ether (100 ml,) and the remaining acetylides were decomposed
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by the addition of an iced solution of ammonium chloride. The mixture
was extracted with ether, the extracts washed, dried amd concentrated, %o
yield the solid cyolotetrateca~l,8-diyne (0.74 g.; 40%) m.p. 98°,

74

(11t. 97-98°); n.m.r. ghowed absorption at 7.8 (broad singlet; &H),

8.55 (unresolved multiplet; 120)T .

Base Isomerisation of Cyclotetradeca-1,8-diyns (53, m = n = 5)

Cyclotetradeca~l, 8-diyne (200 mg.) in diglyme (10 ml) was added
to a suspension of potassium tert-butoxide (from 235 mg. of potassium;
ratio of base to diyne, &1) in diglyme (40 ml.) under nitrogen, and
heated under reflux for 14 hrs. The reaction mixture was cooled, water
was added, and it was extracted with pentans. The pentane extracts were
washed, dried and concentrated to yield a yellow oil (176 mg.; 88%) after
corﬁentmtiom This was Qistillgd. b.p. ~ 1500/1# mm,, and had 0 film
1660 (w). 1495 (w), 785 (w), 770 (w), 750 (m), 735 (=), 700 (w) cm:;
X:xm 250, 274 mp-. (€ = 2,150 and 1,750); n.m.r. had absorption at
2.9 (singlet), 3.2-4,7 (multiple singlets), 7.15 (triplet), 7.75 (multiplet),
8.5 (miltiplet) T. Analytical g.l.c. (50 m. Ap'L' capillary, 160°,
20 p.s.i./5.3, total flow 45 ml./ain.) showed two major components (258 and
55%) as well as some starting diyne (14f). |

Hydrogenation of the isomerisation product (108 pellsdium/charcosl)

in ethyl scetate gave a colourless oil which was distilled, b.p. ~110°/

14 om,, aod had ¥ T% 1495 (a), 785 (=), 770 (=)o 745 (2), 735 (w).
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702 (m) Ofﬁ:l; ) hexans 266, 274 e, (€ = 280 and 230): nomor. showed

max. .
abgorption at 2,9 (singlet), 7.15 (trinies), B.565 (sindlet), 8.65
(singlet)T, ond no ethylenic protons, Amnelytical 3.l.c. {zams corditiong)
ctfowed three main conatituents (254, 25%, 43%), the Cirst of which was
oyclotetrajecane, The latter two had retention times identical to two of
the canpohonta in the uﬂxydrogena;tea oroduot, At leant one of thgne
must be due to an aromatic compound, while the other Ay be a bicyclie
hydrocarbon with a similer retention time to one of the of.hei isomare

¢ization preducts.
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APPENDLX
piscusgion

The spectr:l nropsrties of the wvare G H,Br, compound (m.po 123 )’
isolated from the allylic bromimation of ecycloocta-l,5-diens, arve
somewhat at varionce with the chemical evidence for its structurae.

The structure (133c) proposed by Cope and his co““‘”kemlla for
the oil they obtained from an identical reaction was based uvon infrazed

ard ultraviolet characteristics and.the formation of a derivative. This,

& bis-dimethylaminocyeloostadiens, was gtated to be the 1, 6=ayclooctas=
1,3-d4ene darivative [(246), obtaired in 317 yleld), identified by
comnarison with a saunle obtained previously by aﬁother route, . Cope
also stated that the product from dimct bromination of cycloocta-l, 3, 5=
triene hed a similar ultraviolet spectrm to this dibromocyclooctadiena.
[or great interest is his observation that & suall quantity of solid
{mepo '12}-1250) 2’;@. cxysfallise from the oil on standing at 9809. and that
thfs analysed as ca“lom'zq Reductive do‘omnimtibn of tﬁo 1imid ‘
dibromocyolooctadiens (133c) with lithium alwnini\m.rhydride qave a
mixture of cycloootadiema. whereas debromination with magnesium gave a
53% yield of cycloocta~l,, S-triens (101).

In the prasent work, a direct speotrsl comparison (.., ueve,

N.m.r,) has been made between cyploocta~l,3-diene (175), H5=-bromocyclo-
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s octa=l, 3-diene {{132&), synthesised by mono-allylic bromination of
cycloocta-l, }adiem}r anl the gsolid dibromosyslooctadiene. (Tables X, XI,
ard XII).

In the infrared svectra, there are distinct aimilai‘i’cies in the

1

region below 300 cm. for all three comoourds (Table X), but in

particuler bstween 5-bro.ccsoloccta<l, 3=Aiene (132a) ani the solid

1 in the spsotrum of the dibromide can

dibromide. The band at 578 cm,
be attributed to the C =~ Br stretohing frequency of the non-mllylic
bromine atom, for this band is totally sbsent in the other speotra.

The ultraviolet spectra (Table XI) are asain similayr (veriations
in '\m.do occur, devending on ring size and substituentamé), though
the intensity of the absorption (& = 6,140) from S5-bromocyclooctael,3-
diens does nseem to be rather high.92 Quite definitely, the absorntion
due to the dibromo compound, carnot be ascribed to two isolated double
bonds under any circ'mstances. | |

The n.n.r spectrum (Fi1. 30) of this comnourd is rather
interesting, It can be divided maturally into four groups (protons in
the ratio 2:1:1s 1), each of which consists of sharp multinlets, pos=ibly
indicative of a rigid stnxctﬁm; By conparison with other reference
conpounds (Table XII), several of these groups can be allocated to the
orotons 'msponsible without any difficulty. The inteération alno shows

fbur olefinic protons, two protons on the same carbon atoms as the

bromines, and two other separate pairs, prohabdbly due to the adjacent
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mathylens protons. This evidence will be discussed move flly lé‘cer.

Several reactions, gimilar t2 those carried sut by Copes, Wwera
alsoc atteapted. Reaction of ths @ibromide with lithium aluminium
hydride/lithiwn hydride in tetrahydrofuran gave one major preduct
(comprising 79% of the total, by g.l.c.), which was identified (i.r.;
8.1.c.) as cycloocta-l,5-diens (32). Treatment of cyclooctael,3=disne
(175) with this reag=nt caused no rearrantement. ¥When 5-broaccyclooctas
1l,3~diene (157a) was treated in a likewise manner, only cycloocta=l, 3=
diene (1751 was obtained, ‘ |

When the 201id dibronide was dehalogenated with either zinc or
magnesium, it did not give any nroduct which couald _be identified as
cyoloocta=1,3,5=triene (1.¥,; Qel.C.).

Titration of the dibrowide in mth;ml/%mter with silver nitrate
solution indicated the presence of one allylic bromine atom per molecule,
though as the titr#tion was carried qut on & very sasmall scale, this
result may have been subject to a aisnroﬁortiomtely"lme error,

Prom the above deta, the chemical evidence favours the presence
of an MJugatd diens, though only one allylic bromine seems to be
present, | However, it is impossible for a cycloocta-l,’-diens structure
to have only one allylic bromine, 30 the only alternstives are the 1,3~
e 1,4~ inomera. Cope himself "/ has shown that allylic shifts are
feasible during resction, and the possibility of this oocurring during

the hydride reduction raction camnot be excluded. The marked failure
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N.m.r., single and double resonance spectra at 60 Mc.p.s. of g
5, 7-dibromocycloocta~1, 3~-diene.

Figure- 30.
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of the dibromide to yield c&clooctaal, 5, %w¢riens on treatment with zinc
or magnesium, would a8lso seem to gliminate & pog<ible 1, 2-dibrono
structure.

Thus it sesms certain that the struoture (133c) oproposed by
Cope, cannot be applied to this compound. It ia likely, from the
evidence quoted by him, that he was in fact working with 2 mixture of
at least two isomers, | especially us attempts to pmparé (133¢c) by allylio
bromination of cycloocta~l,3-diene (175) in the course of this work -
ard by Cope himself on another occaiiohlé? - failed c@letely. 1t is
probable that for steric reasons, siz:mctum (133c) is too unstable tc be
isolated, or even to exist. Also the spectral evidence doses not ssem
to fit this structure either.

From the conflicting evidence so far, the only structure that
could possibly fit appears to be (133b), and the resalts from the spin
decoupling experiments, though not clear cut (Fig. 30), seem to fit this
structure, Two ifiportant deductions can be made from these.
Imdiation of eithexr Group Bl or 132 protons affects the Group C protons,
and hence these protons are probably in a 1,3 position, on either side of
the Group C pmtoﬁs. Purthemmore, irrsdiation of Group C has no effect
on the protons of either Group A or D, and this rmst mean that the Group
C protons are not adjacent to those of Groups A or D. ~ These facts can
only be wated - if the interpretation is correct - by structure

(133B), in which the protons are assigned according to this interpretation.
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A flow sheet embodying the formstion of neossible dibromocyclo-

zoctadiene isowers is shown in Scheme XXVII, Routes 4, B or C arise
through the formation of the three possible didbromo isomers . Of these,
route C is the most probable for aforic reasons, Thia is, of course,
negleoting any possible allylic migration of the double bonds prior té
bromination. Further allylic rearrangemerit of bromine atoms would 1ea;d
to (133c) by route A as nroposed by Cops., Similarly route B could lesd
to (245b) amd (246¢), both of them 1.2-dibrmnidea; and accordingly ruled
out by the epectroscopic anl chemical evidence availsble, V Route C- i3
the one t_:hat renuires to be postulated for the formation of (133b).

This also involves an initisl allylic bromine migration to give (133d) ,
which then has to rearrange further by migration of a double bomd into
conjugation with the other (either bomd nay migrate) to give (133d), with
only one allylic bromine, arﬁ the other bromine in a position, At the
moment, these routes are ali hypothetioal, (lacking experinental evidence)
and would require further detalled study to decide whidh is most feasible

and actually does take place,



APPENDIX

wxnerimental

Preparation and Purification of Dibromocyclocctadiene

The method for nrevaring these compounis from cyclooctawl, 5=
diens is given in the Fxperimental Section (v, 108). The solid, (m.p.
122.,5-125,50) under inveatigation was purified as describsd, and analysis

(C amd H; mass spectroscopic) showed it %o have the mnlecular formula

| CgHy Brs V) PT 1685, 1150, 840, 783, 753, 719, 708, 578 cmot

)\:::?mne 224 mu. (€ = 3,400); n.m.r., multiplets centred at 4.3 (4H),

9.4 (21), 6. b (2H), 7.2 () T. {(rig. 30).

(Table X);

Reaction of Dibromocyclooctediene with Lithium Alumirdum Hydride/

" Lithium Hydride'S®

A solution of the solid dibromocyclooctadiene (500 mg.) in dry
tetramrdroﬁaran (40 ml.) was added to & slurry of lithium ﬂ.uﬁiniun
hydride (196 mge) and lithium hydride (570 mq.) in dry tetrahydrofuran
(25 mi.) at a rate sufficient to maintain reflux. me_ﬁn'm- was heated
under refilux for a further 3 hrs.‘. cooled, ani water adde? slowly (50 ml.,
1:1; water and tetrahydrofuran) to decompose excess reagent, followed by
aqueous sulphuric acid (75 ml.). The mixture wa§ extracted with. ether,
washed, dried, anmd the ether extracts concentrated. The oil obtained

had \)::i' 16‘0 (m), 800 (s8), 700 (vs) cm:]'. identical with oycloocta~
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1,5-diene (32). Amalytical geleCo [ 50 m. puly{ethyieneglyeol) cavilliary,

52°, 18 p.s.i./6.2, total flow 58 ml./min. | showed that 1t comprlesd 797

of the total reaction nroduct. Treatment of cyclooctasl, j-diens unier

the sams conditions caussd no igomerisation te aycloscie=l, S-diene.

Attempted Dshalogenation of Dibromecyclceoctadiens

(1) Using 2inc
A solution of the solid dibromocyclooctediene (250 mg.) in

mlﬂz

ethanol (10 ml.) was aided to a suspension of activated zi (&1

excess) in ethanol (10 ml.) over 5 mins, The mixture was heated undex
reflux (with stirring) for 2 hrs, It was then cooled, water was edded,

amd the agueous solution extracted with pentans, This extract was
washed, dried and concentrated to yield an oil which had N film 1660 (m),
1150 (m), 1100 (m), 1070 (m), 1040 (m), 1010 (m), 980 (m), 940 (m),
850 (@), 850 (m), 800 (m), 700 (va) omi's A POT2™ 21, 226 my,
Analytical g.l.0. (as above) showed one peak with By less than cyclo='
toctatetraene, but greater than cycloocta-1, 3-diens or cycloocta-l, =
diene.
(i1) Using magnesium.

A eolution of the dibroocyclooctadiens (100 mg.) in ether (10 ml.)

was added to & suspension of magnesium turnings (100 ng.) in ether

(10 ml.). This mixture was heated under reflux on a steas bath for 2}
hrs. The rewaining magnesium turnings were filtered off and the ether

solution concentrated, The resulting oil had A z:go 215, 255 mp-
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Analytical g.i.c. {es bafore) showed two peaks, the major onz (57%) with

a very short Rye the other (43f) with a longer RP’ though both had R
L) T
a very short
values less than thet of cycleocte=l, 3, S-triene,

Titration of the l'maroznocxe;looc‘izadiene.3‘89

A solution (loo/u,l.) of the dibromocyclooctadiens in methanol /
wa'ger (43) ratio) was titrated with a staném‘d silver nitrate solution
(eosin as indicator), till the colour changed from orange to pale yeollaw,
Required 50.5/,91. (mean velue). One bromine squivalent reqx;irss 5&07’/,1”
so this was 92.3% of theoretical. ;ieme only one allylié bromine

appears to be present in the dibromocyclooctadiene molecule.

Prevaration of 5-Bromocycloocte-l,3-diens {(132a)

A mixture consisting of cycloocte-l,3-diens (8.15 g.; 0.075 mole),
N-browosuccinimide (30 g.; 0,17 moles), and benzoyl peroxide (0.5 g.)
was heaﬁed under reflux (3 hra,) in carbon tetrachloride (150 ml.).
After this perioa. the precipitate was filtered off and the solution
concentrated to give a yellow oil (12 g., 85%). Thin layer chromato-
$ graplv' (silica; petrol; 3iodine) showed that noms of the constituents
from the allylic bromination of cycloocte-l,5-diene corresponied to the
main component of this reaction. Distillation of thias oil did not purify
it coupletely, and exvessive decomposition during attempted column
chrozatography prevented further purification, This material had

bep. 52-68°/0.2 mas 0 1,5506 (11£.%° bup. 56°/0.8 mue;  m 1.5489);
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Q :i’.‘ 1195 (‘)ﬁ 1135 (ﬂ). 900 (g). 785 ('). 755 {8), 695 (vs) cm:l;
)\:;:emne 235 mp. (¢ = 6-1"0): n.m,r., multinlets centred at 4.25 (4H),

5.15 (1H), 7.9 () T. TPFound C, S1.4; H, 5.98; CBHuBr requires

C, 51.35; H, 5.83. The mass spectrum (hot box) had a varent ion at
"o 214 (corresponding to G, H,,), and no ions of any significance which
could be ascribed to bromine atoms were present. These spéotral and
physical prooerties agree with those quoted for }bmocycloootaol; 3=
«ﬁom. None of the reaction conditions tried yielded the desired 5,8

dibromocycloocta-l, 3=diene (133¢).

Reaction of 5-Bromocycloocta=l,3-diens (132s) with Lithium Aluminium
Hydride/Iithium Hydride

A solution of 5-bromocyclooctasl, 3=diene (200 mg.) in dry tetre-:
shydrofuran (10 mls) was reacted with lithium aluminium hydride/lithium
hydride (60 mg. and 160 mg.) in tetrahydrofuran (10 ml,) as described
before (p. 151 ). After extraction the resiultant oil had 3 ::i’“ 930 (m),

830. (m), 800 (m), 690 (s) cuy> Amlytical g.1.¢, (207 Cyano “pv, 50°,

40 ml./ain.) showed only cyoloocta-l,3-diene to be present.
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Infrared Sneotral Data.

Cycloocta~ H5=-bromocyclo- ™" bromnocyslo- Dibromocyclo-
1,3=diere : 0cta=l, 3-diens s octadiene : octaliene
( film gq7ly ( film ool ( KBr omsl) ( CCLA om3l)
3026 5035
3008 3504 3009 2938
2976
2960 2960
2948
: 2954 2937
2926 2924 '
2902
X 2379 2382
2852 2850
2824
1663 1654
. 1645 1648
1639 1636
1628 1624
1618
1487 1488
1445 1842
1424 1424
1289
1195
1164 1164 1164
1155 115 1150 1147
1137
1110 1114
9l 907 914
840
810
793
789
780 783
57 759 753
733
720 719
¢ 200 708
70 3
660 7
631
594
278 576
540

496
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FABSE XX

Ultraviolet Spectirsl Deta.

Cycloncta~ S=bromocyclonctae Dibroaocyeclo-
1, 3=diene 1, 3-diens : octadiene
c.hexane c.hexane c.hexzne
( A maXx. ) ( Amax. ) ( A mex. )
2’0 %a 255 H!/!&t ?2& _m/‘:-’. ’
§ = 4240 &= 6140 € = 3380




1o
2.
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6.
7o

8.

TAELE XiI

R M.B. Spectral Data for Varicug . Gyeiies.
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Compound T velues {centres of muitiplets quobed)
Cyclooctasl, S-diens 4,45 7.62
Cysloocta-1, 3-diene 4.3 T.85 8.5
Cyclooctesl, 3, S-triens 4,23 758
Cycloocta-1,3, 5y 7=tetrasne 4.3
Tetrabromocyclooctans I 5&2 Tk  7.25 7.8 8.0
Tetrabromosyclocstane II ) 5.4 7%

5-Bromocyclooctacl, 3-diens 4,25 5.15

Dibromosyelcoctadiens 4.4 5,45 6,45 7,25
Al spoctmmninocl‘omeptSamé (GL‘CIB).

7.9

Double irrediation experiments were conducted with the didrome-

soyclowotadiens (in CCl,, using the Perkin Eimer BS 10 60 Moopos.

instrumert). The points of irrediation (1) to (5) are shown

diagrammatically in Fig. 30. Due to the complexity of the spectrum,

irredistion also caused unnnba interaction with other energetic sub~levels,

and this deciessed the effectivensss of these irradiations,

may be sumasrised as follows,
Irrediation {12
Group B was resolved into two distinct triplets (ratio 1:21),

The results
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as if two separate protoms were interacting with an adjecent methylens
group,
The absorption dus to Group C was basically uneltered, though one
of the peaks appesared to collapss., Group D was completely unaffected.
Hence Group B is adjacent to Group A, i.e. at least ons of the
two protons in that group must be allylic, for if both were allylic and
equivalent, the absorption should be much less complex in the primery

irradiation trace.

Irradiation (2)

Group C is resclved into apperently six peaks, whioch oculd be
ascribed to a double AB system, consisting of & doublet amd & quadruplet.
This could be dus to each proton of the two in that group interacting

independently with a single proton which is respectively ois or trans.

Group D is unaffected, and hence not adjacent to Group Bl

Group A could not be checked due to side band disruption in that region,

Irrsdiation ‘2}

Group C again appears to be a double AB system with eight separate
peaks spparent, The reason should be the seme as stated above, exoept
mtﬂﬁlﬁntbimmtimmlduﬂththcpmmwﬁmﬁl,

The better resolution between these pesks may be due to either more

precise irradiation, or to stronger interection.
Group D does not appear t0 be affected, but as irrediation is not
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precigely on Group sz 80 optimm conditions may not have Deen attainad

for this to occur.

Irradiation (&)

Both Group A and D are unaffected, showing that they are not

adjacent to Group C. This can leave oriy Group Bl and Bz next to
Group C. The absorption for this group is indeed different, and consiests
of a triplet (152:1 retio) intermingled with a quadruplet possibly from

an AB system, The triplet should arise fxrom the interaction of the
proton in Group 32 with those of Group D, while the quadruplet may be duse
to the interaction of the Bl proton with ons of the Group A protons, thouch
it is difficult to understand why the coupling should be relatively so
great, Another possible reason is that if irraediation of the Group C
protons is incomplete, only one of them being fuilly irradiated, then the
other may be interscting with the Group B pro'f.on to give the quadruplet
(with these protons trans to one another to account for the large

separation).

Irrediation

Irradiation of Group D does affect Group A, but the complex
pattern cannot be interpreted.

Group B is again transformed into a triplet (11251 ratioc) amd a
quartet (fine splitting)., The triplet is probatly due to the unaffected
Proton of Group B, intersoting as usual with Group A. The qusdruplet
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must be due to interaction between the protons of Group Bz and those of

Group C, though it is not understood why a quadruplet should result.



Scheme XXVII K He,
Hp Br
 (1338)
Br
(132a)
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497. Rearrangement of Diacetylenes to Aromatic Compounds.
By G. EcLintoN, R. A. RapPHAEL, R. G. WILLIS, and J. A. ZABKIEWICZ.

Hepta-1,6-diyne-4-carboxylic acid (I) readily undergoes base-catalysed
aromatisation in high yield to m-toluic acid. The rearrangement has been
extended to diacetylenic hydrocarbons of types (II) and (III) which give
mixtures consisting mainly of the correspondingly o-disubstituted and mono-
substituted benzenes.!

By dehydrobromination and hydrolysis of diethyl di-(2-bromoallyl)malonate Perkin and
Simonsen ? isolated a crystalline acid, CgHgO,, m. p. 47°, which they named * ¢-m-toluic
acid.” They assigned to it the plausible structure hepta-1,6-diyne-4-carboxylic acid (I},
and reported that it underwent a remarkable isomerisation by treatment with hot mineral
acid, or even by boiling with water, to give m-toluic acid. Attempted repetition of Perkin
and Simonsen’s route to this compound was uniformly unsuccessful in our hands.
A preparation of authentic hepta-1,6-diyne-4-carboxylic acid, m. p. 45-5°, was carried out
by dialkylation of diethyl malonate with prop-2-ynyl chloride followed by careful
hydrolysis and decarboxylation.® This acid was substantially unaffected by boiling water
and was only slowly attacked by mineral acid with the formation of lactonic products.4
No indication could be found of the production of m-toluic acid or its derivatives under
any of the conditions previously described.2 However, when the diacetylenic acid was
boiled with potassium hydroxide solution it was transformed virtually quantitatively into
m-toluic acid.

Perkin and Simonsen suggested an unlikely mechanism involving hydration of the two
triple bonds of hepta-1,6-diyne-4-carboxylic acid and aldolisation of the resulting diketo-
acid. This latter acid has now been prepared by hydration of acid (1) but, as expected,

(HC=C*CHy),*CHCO,H HCE=C'[CH,],'C=CH CHy'[CH,),"(C=C)y [CH, ) CH,

@ (I1) (111)
treatment with base produced only 3-methyl-5-oxocyclohex-3-ene-1-carboxylic acid 4
with no trace of m-toluic acid. In order to examine the generality and structural require-
ments for this unusual rearrangement it was extended to a series of diacetylenic hydro-
carbons. Preliminary experiments showed that potassium t-butoxide dispersed in boiling
bis-(2-methoxyethyl) ether (diglyme) was a convenient basic medium. Treatment in this
manner of the hydrocarbon most nearly related to (I), hepta-1,6-diyne (II; # = 3), rapidly
caused substantial aromatisation to toluene. In a similar manner a variety of straight
chain aw-diacetylenes (II; » =4, 5, 6, 10, 17) gave products consisting mainly of the
isomeric o-dialkylbenzenes, the total conversion into aromatic compounds being in most
cases around 65%,. The rearrangement was not confined to terminal acetylenes; thus,
nona-2,7-diyne gave the same proportions of n-propylbenzene and o-ethylmethylbenzene as
did nona-1,8-diyne (II; # = 5). Conjugated diynes underwent the rearrangement with
equal ease; thus, both octa-3,5-diyne and octa-1,7-diyne produced similar proportions of
ethylbenzene and o-xylene.

To study the reaction in more detail the isomeric pair, deca-1,9-diyne and deca-4,6-
diyne, were investigated. Analysis using a high-resolution capillary gas chromatography
column calibrated with known synthetic mixtures revealed similar proportions of the
expected benzenoid isomers, n-butylbenzene, o-methyl-n-propylbenzene, and o-diethyl-
benzene, the last two isomers predominating. However, these wer> by no means the only
peaks to appear; at least six further products were indicated on the traces from both
diynes. The ethylenic nature of these ‘“ abnormal ” constituents was clearly shown by
the nuclear magnetic resonance (n.m.r.) spectra of the total product. That at least some
of these olefins were conjugated was demonstrated by differential ultraviolet (u.v.)



spectroscopy. Infrared (i.r.) spectra showed strong indications of cyclic ¢is-double bonds
(sharp band at 700 cm.™). These olefinic properties disappeared completely when the
mixture was catalytically hydrogenated (under conditions which left the benzenoid
constituents unscathed). The absence of n-decane, demonstrated by gas-liquid chrom-
atography (g.l.c.) of the hydrogenated mixture, showed conclusively that these olefinic
constituents were certainly not straight-chain compounds but were most likely cyclic in
nature. Certain unassigned peaks on the traces did not shift on hydrogenation; these
almost certainly could not have corresponded to ethylenic compounds and this point
is discussed below in connection with the Cq diyne.

In view of the large number of isomeric possibilities for these C,, by-products, detailed
investigation of this aspect of the rearrangement was transferred to the Cg system.
Similar base-catalysed isomerisation of octa-1,7-diyne produced an eight-component
mixture (capillary column). The expected ethylbenzene and o-xylene formed the two
most important components of the mixture. As in the C,j series, the spectral data (u.v.,
n.m.r., i.r.) clearly indicated conjugated ethylenic unsaturation (cis-CH=CH), and these
characteristics vanished on hydrogenation. Examination by analytical and preparative
g.l.c. of the hydrogenated mixture showed, of course, that the peaks due to ethylbenzene
and o-xylene had not altered their position. However, most unexpectedly, a partly
resolved double peak was also unaltered in position after hydrogenation, strongly suggesting
the presence of two further aromatic isomers; these were identified by g.l.c. as m- and
p-xylene! Two further components of the hydrogenated product proved to be cyclo-
octane and methylcycloheptane, identified by gl.c. and n.m.r. Employment of milder
rearrangement conditions (2%, butoxide in diglyme for 2 hr.) gave a very similar product
distribution,. with the addition of two acyclic products tentatively identified as octa-
1,3,5,7-tetraene and octa-2,6-diyne.

At this point it was found that a drastic simplification of this product complexity
could be achieved by using carefully filtered butoxide solutions in diglyme. Even though
the solution was extremely dilute (~0-29%, butoxide), it effected very rapid and clean-cut
isomerisation of octa-1,7-diyne to a 9 :5 mixture of o-xylene and ethylbenzene with the
formation of less than 1%, of by-products. It would therefore seem at first sight that the
formation of anomalous side-products in the isomerisation is associated with the presence
of solid butoxide; this point is being further examined.

The simplest conception to account for the production of monoalkyl- and o-dialkyl-
benzenes from diacetylenes would seem to be a multiple prototropic rearrangement to
a cis-allene diene of the type shown, followed by either an intramolecular Diels-Alder
reaction % or internal attack on the allene by a terminal carbanion ® as depicted. Such

(v a mechanism would imply the necessary involvement of at least a
:— ==V H=R  seven-carbon chain and it is interesting to note that base-catalysed
\ C/ - rearrangement of hexa-1,5-diyne under the above and other con-
ditions 7 furnishes no detectable trace of benzene. Since the original
announcement ! of this aromatisation a number of allied base-catalysed transformations
have been reported, e.g., cyclo-octatetraene to benzocyclobutene,8 non-conjugated macro-
cyclic diynes to 1,2-polymethylenebenzenes,® cyclododeca-1,3,7,9-tetrayne to biphenylene,
cyclohexadeca-1,9-dien-4,6,12,14-tetrayne to 10-diphenylsuccindene* c¢is-oct-4-en-1,7-
diyne to two dimers of o-dimethylenequinone,!? cyclo-octadeca-1,3,7,9,13,15-hexayne to
triphenylene,’® and 1,6-dithiacyclodeca-3,8-diyne to 4,9-dithiabicyclo[5,3,0]deca-1(10)2,7-
triene.l

Suggested mechanisms for the production of alicyclic products and m- and p-dialkyl-
benzenes in the non-homogeneous reactions would be premature at this stage. Certainly
alkyl- and o-dialkyl-benzenes remain unaffected under these conditions and therefore
cannot be the source of the unexpected compounds. Further experiments are in hand to
clarify these findings.



EXPERIMENTAL

Light petroleum had b. p. 30—40°. Diglyme [bis-(2-methoxyethyl) ether] was purified by
neating under reflux over sodium and subsequent distinatlong The g.l.c.‘ studies were made
with a Pye Argon chromatograph (packed columns) equipped with a strontium-90 detector and
a Perkin-Elmer model 451 fractometer (50 m. Apiezon L capillary column and 2 m. packed
columns) equipped with a flame-ionisation detector. The Packed columns were also used for
small-scale preparative separations, using a hot-wire detector.  Peak areas were measured by
means of a planimeter and standard solutions of the various aromatic hydrocarbons, smgly
and as mixtures, were used to evaluate the possible differing response of the detector; in practice
these differences were found to be negligible. . .

Quantitative i.r. measurements were obtained with & Unicam S.P. 130 grating spectro-
photometer and survey spectra with either a Perkin-Elmer 137 or 237 instrument. The u.v.
spectra were measured with a Perkin-Elmer model 137 UV and with a Unicam S:P- 500 spectro-
photometer. An Associated Electrical Industries model RS2 (60 megacycles) instrument was
employed for the n.m.t. spectra, with tetramethylsilane as internal standard.

Diethyl Di-(2-bvomoallyl)malonate.—The original method ? from 1,2,3-tribromopropane was-
repeated but a much better yield was obtained by using 2,3-dibromoprop-1-ene as follows.
The dibromopropene 15 (67 g.) was added dropwise to a stirred suspension of diethyl sodio-
malonate [from sodium (7-8 g.) and diethyl malonate (29 8.)] in ethanol (125 ml.) at 60°, and
the mixture heated under reflux for 30 min. The bulk of the solvent was removed under
reduced pressure and the resulting suspension poured into dilute sulphuric acid. Isolation
with ether and distillation, gave the ester as an oil (43 g-), b- p. 122—123°/0-1 mm., %, 1-5010
(lit.,2 b. p. 191°/11 mm.), which solidified to long needles, m. p. 7° (Found: C, 40-5; H, 4-6; Br,
39-3. Calc. for C,,H,;4Br,0,: C, 39-3; H, 4-6; Br, 40-2%); vmax (film) 1735s, 1616s, 1200s,
and 855s cm.l. All attempts to convert this ester into ** $-m-toluic acid’’ by the reported
method ? failed. Tt was noteworthy, however, that drastic alkaline treatment produced
excellent yields of m-tolnic acid. B

Hepta-1,6-diyne-4,4-dicarboylic Acid.—Dimethylhepta-1,6-diyne-4,4-dicarboxylate, m. p.
46°, was prepared in high yield by the dialkylation of diethyl malonate with prop-2-ynyl
chloride ¢ or bromide. This ester (7-5 g.), in methanol (20 mlL), was added to a warm solution
of potassium hydroxide (5 g.) in 809, aqueous methanol (20 ml.). The resultant suspension
was heated for 2 hr. on a steam-bath and diluted with methanol (20 ml.), the precipitated salt
was collected, dissolved in water, and acidified, and the crude free acid was extracted; it
(4-2 g.) had m. p. 139—140° [benzene-light petroleum (3 : 1)] (lit.,1® 140°).

Hepta-1,6-diyne-4-carboxylic Acid (I).—The dicarboxylic acid (2-2 g.) was dissolved in
pyridine (15 ml.), the solution heated under reflux for 90 min., and the solvent removed in vacuo.
The residue was treated with dilute sulphuric acid (100 ml.); the resulting acid crystallised
from light petroleum in large prisms (1-4 g.), m. p. 45-5° (lit.,16 45°).

Isomevisation of Acid (1) to m-Toluic Acid.1»18—The action of boiling water, hot dilute
sulphuric acid (109,), or hot potassium carbonate solution on the acid (I) produced no m-toluic
acid, as indicated by the absence of its characteristic spectral properties. Successful isomeris-
ation was carried out as follows. A solution of the acid (I) (590 mg.) in 10%, aqueous potassium
hydroxide (50 ml.) was heated under reflux for 4 hr. Acidification, and crystallisation of the
product from water gave m-toluic acid (420 mg.), m. p. 111—112°, identical with an authentic
sample.

2,6-Dioxoheptane-4-carboxylic Acid."—A solution of the acid (I) (2-8 g.) in water (200 ml.)
was heated under reflux with mercury-impregnated Amberlite IR-120 H resin (2-8 g.) for
30 min.?® Isolation by means of ether yielded the dioxo-acid (2:6 g.) as needles, m. p. 72-5°
(from ethyl acetate-light petroleum) (Found: C, 56-0; H, 6-8. C,H,,0, requires C, 558;
H, 7:0%). Base treatment of this compound gave no m-toluic acid, but the product showed
spectral properties in accord with the expected 3-methyl-5-oxocyclohex-3-ene-1-carboxylic acid.

Preparation of Diacetylenes.—Hexa-1,5-diyne,2® hepta-1,6-diyne,?! octa-1,7-diyne,2? nona-
1,8-diyne,?*2¢ deca-1,9-diyne,?* nona-2,7-diyne,?25 octa-3,5-diyne,?® deca-4,6-diyne,?® tetradeca-
1,13-diyne ” were prepared by standard literature methods.

Heneicosa-1,20-diyne was obtained as follows. Undeca-10-yn-1-yl chloride *® (17-3 g.) in
benzene (250 ml.) was treated with triethylamine (11 g.), set aside overnight at room temper-
ature, then acidified with dilute sulphuric acid, and the diketen isolated with ether, The



residue after removal of solvent was dissolved in aqueous ethanolic potassium hydroxide
[potassium hydroxide (13 g.) water (10 m1.), ethanol (125 ml.)], set aside for 48 hr., and refluxed
for 4 hr. The heneicosa-1,20-diyn-11-one (13:6 8.) separated from the cooled solu‘;ion in plates,
m. p. 46—47° (from aqueous methanol) (Found: C, 83-4; H 11.0. C,H,,0 requires C, 83-4;
H, 11-3%); Ymax (film) 3270, 2110 (~C=C-H), and 1700 cm -1, A mixture of the ketone (500mg.),
dioxan (10 ml), water (20 ml.), concentrated hydrochloric acid, and zinc amalgam (10 g.) was
heated under reflux for 6 hr., during which time a further quantity of acid (5 ml.) was added.
Isolation by light petroleum and chromatography on alumina (grade V) gave heneicosa-1,20-
diyne as a waxy solid, m. p. 47—48° (from methanol) (single peak on g.l.c.) (Found: C, 87-3;
H, 12:6. CyHy, requires C, 87-4; H, 12:6%); Vmax. (film) 3300, 2110, and 725 cm.™.

Aromatisation of Diynes (General Method).—The basic medium was prepared just before use,
as an opalescent dispersion, by refluxing freshly-prepared potassium t-butoxide (previously
heated at 160° under reduced pressure until sublimation started) with ten times its weight of
diglyme. The diyne (500 mg.) and this reagent (3 g. of butoxide in 30 ml. of solvent) were
refluxed under nitrogen for the requisite period (4—15 hr.). The mixture was diluted with
water and extracted with pentane. Repeated washing with water, drying (MgSO,), and
evaporation of the extract gave the hydrocarbons.:

The aromatic products were detected by the absorption bands, y(CH), near 750 and 690 cm.™
due to o-disubstituted and monosubstituted benzenes, respectively; by permanganate oxid-
ation to phthalic and benzoic acids, respectively, and by comparative g.l.c. studies with
authentic alkylbenzenes where feasible.

Diacetylene Main benzenoid products
Hexa-1,5-diyne (II; % = 2) —
Hepta-1,6-diyne (IT; » = 3) Toluene

Octa-1,7-diyne (II; » = 4)
Octa-3,5-diyne (I11; #n = 1)
Nona-1,8-diyne (II; » = 5)
Nona-2,7-diyne

Deca-1,9-diyne (II; » = 6)
Deca-4,6-diyne (III; # = 2)
Tetradeca-1,13-diyne (II; # = 10)
Heneicosa-1,20-diyne (I1I; n = 17) }

Ethylbenzene and o-xylene

n-Propylbenzene and o-ethyltoluene

——

n-Butylbenzene, o-n-propyltoluene, and o-diethylbenzene

Complex mixture of isomeric o-dialkylbenzenes

Deca-1,9-diyne and Deca-4,6-diyne.—The relevant hydrocarbon was heated under reflux as
above for 8 hr., and the product examined by capillary g.l.c. and n.m.r., ir.,, and u.v.
spectroscopy. (A time study of the progress of the reaction of deca-4,6-diyne showed that no
diyne was detectable after 1 hr.; after 25 hr. the g.l.c. pattern was essentially similar.) The
product of hydrogenation with 109, palladium—charcoal in ethyl acetate was examined in
exactly the same manner.

The *“ before ” and ““ after *’ results for deca-1,9-diyne are illustrated in the Figure. The
g.l.c. trace of the primary product showed a nine-component mixture, of which the three peaks
indicated corresponded to n-butylbenzene, o-diethylbenzene, and o-n-propyltoluene in

Physical properties of aromatic reaction products.
Bands in 800—650 cm.™! region

CS,; 0-51 mm. cel Amas, (mp)
ri__,_( 2 mm. ce . Rgr (cy‘(l:lfohexane) €
o-Diethylbenzene ¥CH 753
Avd 8 1-00 265 175
c® 160
o-n-Propyltoluene yCH 745
Avk 14 1-06 265 265
c* 150
n-Bytylbenzene yCH 744 696
Avk 18 7 094 262 215
e® 95 195 005
Primary product from deca- yCH 753 742 707 .
1,9-diyne Av sh ~18 10 1-00 264 1905
e? ~85 100 80 (l)gg
Hydrogenated product from yCH 753 742 697 .
deca-1,9-diyne Avk sh ~8 ~7 100 264 115
e* 55 90 5 106

Ryr = Retention time relative to o-diethylbenzene (for conditions see Figure).




approximate proportions of 2: 5: 6; these identifications were made by direct comparison with
_authentic samples (see Table). The hydrogenated product also showed the expected peaks
for these aromatic isomers in the same proportions. Seven other components were detectable
in the hydrogenation product but n-decane was not present.

The n.m.r. spectrum of the primary product clearly showed the presence of ethylenic com-
pounds (vinylic proton absorption over the region t 3:5—49) as well as aromatic products

{r 2-8—3). This was confirmed by the disappearance of the former absorption in the n.m.r.
spectrum of the hydrogenated product. The ir. absorption of the primary product clearly
3 B
2
1
— T
¢ 46 40 34

Retention time (min.)

Apiezon L capillary column with flame-ionisation detector; 50 m.; 81°; 50 and 110
ml./min., respectively (total flow). 1. n-Butylbenzene. 2. o-n-Propyltoluene.
3. o-Diethylbenzene.
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o
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T
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o
T

1 L !
800 750 700

Wave number (cm.™%)

800

Cell path 0-51 cm.; concentrations 4-6 and 11-1 mg./ml., respectively, in carbon

disulphide.

€.

o1}k ot

ost o'
rof | 1 1o Hy ) -
225 275 325 225 275 325

Wavelength (my)

Cell paths 0-1 and 0-2 cm., respectively; concentrations 0-64 and 0-79 mg./ml,
respectively, in cyclohexane.

G.l.c., ir., and u.v. characteristics of the primary product (A) and the hydrogenated
product (B) from the rearrangement of deca-1,9-diyne.

showed the presence of o-dialkylbenzenes (Table). The strong band at 707 cm.™? was found to
be due predominantly to cis-ethylenic absorption, its sharpness being indicative of an endo-
cyclic ethylene. This band vanished completely in the hydrogenation product revealing a
small residual absorption at 697 cm.™ due to n-butylbenzene. The presence of conjugated
ethylenic unsaturation in the primary product was revealed by the u.v. spectrum. In the



hydrogenated product this band collapsed to reveal the weak absorption in the 260 my. region
characteristic of alkyl-benzenes.

" The cognate rearrangement of deca-4,6-diyne gave substantially the same products (g.l.c.,
nm.r., ir, and u.v.). The relative proportions of the aromatic hydrocarbons were essentially
the same, but there was a greater preponderance of ethylenic consitityents.

From these results it would seem that the main products from these two isomeric diynes
were the three expected aromatic isomers. At least some of the remaining unassigned g.l.c.
peaks must correspond to a range of unsaturated conjugated cyclic hydrocarbons. As the
isomeric possibilities for such structures of molecular formula C,(H,, are very numerous it was
decided to obtain further insight into these by-products by obtaining analogous compounds
from a hydrocarbon of lower molecular weight.

Rearvangement of Octa-1,7-diyne.—(a) The conditions of the preceding experiment were
used; no further isomerisation could be detected after 2 hr. In these circumstances octa-
1,7-diyne gave a primary product separated into eight components by capillary g.lc.
(Apiezon L; 50 m.; 81°; total flow rate 55 ml./min.). The two main components were identified
as the expected o-xylene and ethylbenzene in a proportion of 5: 3 (by direct area comparison).

However, most unexpectedly, a partly resolved double peak was present, which appeared
to be due to m- and p-xylene. Preparative g.l.c. [poly(ethylene glycol) column, 20%; 2 m.,
85°; 20 p.s.i. pressure] furnished a fraction which was shown by ir. and analytical g.l.c.
(209, of 7,8-benzoquinoline column; 2 m.; 80°; 65 ml./min.) to contain m- and p-xylene. The
total aromatic constituents were shown to be present in the proportions of o-xylene : ethyl-
benzene : m-xylene 4 p-xylene = 5: 3: 2 (by peak area). Their. (film; yCH, cm.™) and g.l.c.
(retention time; min.) identification data for the aromatic constituents were as follows.
Product: 795w, 790w, 743vs, 707s, 697s; R, 17-85, 19-10, 20-35, 25-70. Ethylbenzene: 790vw,
772w, 697vs; Ry 17-80. m-Xylene: 770vs, 695s; Ry 19:00. p-Xylene: 795vs; R; 20-30.
o-Xylene: 743vs; R, 25-65. The possibility that the m- and the p-isomer had arisen by
isomerisation of o-xylene or ethylbenzene under these conditions was disproved by direct trial.

Examination of the primary product, using g.l.c,, and n.m.r,, i.r,, and u.v. spectroscopy,
showed the presence of conjugated ethylenic carbocycles. Hydrogenation of the primary
product and g.l.c. (capillary column) showed the four aromatic peaks due to ethylbenzene and
the three xylenes. Apart from these, four further peaks were obtained; the two predominant
ones were isolated by preparative g.l.c. in the following manner. A poly(ethylene glycol)
column (209, stationary phase; 2 m.; 80°; and 18 p.s.i. pressure) was used for the initial
separation of the non-aromatic fraction, which was then subjected to further separation on an
Apiezon L column (209, stationary phase; 2 m.; 85°; and 18 p.s.i. pressure). The two
predominant fractions were collected and identified as cyclo-octane and methylcycloheptane
by direct comparison (g.l.c., n.m.r.) with authentic samples.

(b) The use of a 29, butoxide dispersion for 2 hr. gave a similar spread of products with the
addition of two further components. One was detected in the mixture by its strong absorption
at 269 (¢ 400), 280 (¢ 400), 293 (c 45), and 306 my (¢ 305) (cyclohexane); this suggested the
presence of a small percentage of the acyclic octa-1,3,5,7-tetraene [Ap,y. (iso-octane) 267, 278,
290, and 304 my].?

A second acyclic component, isolated by preparative g.l.c. [209%, poly(ethylene glycol); 2 m.;
90°; and 18 p.s.i. pressure], possessed properties compatible with its tentative formulation as
octa-2,6-diyne 2° (u.v., end absorption only) vp,, (film) 2338w, 2235w, 2050w, 1435s, 1375w,
1340m cm.™’. Hydrogenation with 109, palladium-charcoal gave a product identified by
analytical g.l.c. as n-octane.

{¢) A hot dispersion of 2%, butoxide in diglyme was carefully filtered through a sintered-
glass filter under nitrogen. Use of this filtrate for the isomerisation (2 hr.) gave a two-
component mixture of o-xylene and ethylbenzene, as shown by g.l.c., with only traces of other
components.

We thank Mrs. F. Lawrie for the ir. spectra, Miss M. Mackay for the n.m.r. results,
Mr. J. M. L. Cameron, B.Sc., and his staff for the microanalyses, and Miss P. Pellitt for some of
the g.l.c. measurements. We are greatly indebted to the Institute of Petroleum Hydrocarbon
Chemistry Panel for financial support (to R. G. W. and J. A. Z.).
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